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MpeauncnoBue

Llenu v npuHumnbl ctangaptudauum B Poccniickon Pegepaumm yctaHoBrneHbl PegeparnbHbiM 3aKOHOM OT
27 pekabps 2002 1. Ne 184-d3 «O TexHN4YeCcKkoM perynnmpoBaHnmy, a npasuna NpMMEeHEHUst HauMOHarmnbHbIX CTaH-
naptoB Poccuinckon Pegepaummn — FOCT P 1.0—2004 «CtangapTtusaums B Poccunckon ®egepaumm. OCHOBHble
NONOXEHNS»

CBegeHusi 0 cTaHAaapTe

1 MOArOTOBIJIEH ®eneparnbHbIM rocyaapCTBEHHbIM YHUTAPHBIM Npeanpustuem «Bcepoccuickunin Hayy-
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MepYeCKoW opraHusaumen « Hay4Ho-nccrnenoBaTenbCkuii LEHTP KOHTPONSA U ANArHOCTUKN TEXHUYECKUX CUCTEMY
(AHO «HWL KO») Ha ocHoBe COBCTBEHHOIO ayTEHTUYHOIO NepeBoa Ha PYCCKUIA A3bIK MEXAYHAPOL4HOMo AOKY-
MEHTA, YKa3aHHOrO B MyHKTe 4

2 BHECEH TexHu4yeckum komuteToM no ctaHgaptmdaumm TK 125 «Ctatnctuyeckme metodbl B ynpaBneHum
KauyeCTBOM NMPOAYKLMNY

3 YTBEP>XEH V1 BBEJJEH B JEMCTBWE MNpuka3om PeaepanbHOro areHTCTBa Mo TEXHUYECKOMY perynu-
poBaHuto 1 metpororim ot 16 HosA6pst 2011 1. Ne 555-cT

4 HacTtosawmn cTangapT MAEHTUYEH MexXayHapoaHoMy AokyMeHTy PykoBoacTteo MCO/MOK 98-3:2008/o-
nonHeHune 1:2008 «HeonpeaeneHHOCTb n3mepeHud. YacTb 3. PykoBoACTBO MO BbIpaXeHM0 HEONPeAeneHHOCTH
namepeHus. lononHeHne 1. TpaHchopmmnpoBaHme pacnpeneneHunin c ucnosnb3osaHnem metoga MoHTe-Kaprno»
[ISO/IEC Guide 98-3:2008/Supplement 1:2008 «Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995) — Supplement 1: Propagation of distributions using a Monte Carlo method»].

B ctaHgapT BBeAEHbI TEXHUYECKNE N3MEHEHUS 1, MOArOTOBMEHHbIE TEXHUYECKMM YNPaBsoLMM KOMUTE-
ToM (TMB) NICO, koTopble BblaeneHbl ABONHON BEPTUKANBHOW NMHUERN, pacnofioXXeHHOW crneBa OT COOTBETCTBYHO-
LLlero TekcTa.

Mpv NPYMEHEHNM HACTOALLErO CTaHAapTa PEKOMEHAYETCs UCMOSIb30BaTh BMECTO CChINIOYHbIX MEXayHa-
POAHbLIX CTAaHAAPTOB COOTBETCTBYIOLLIME UM HALMOHASbHBIE M MEXKIOCYAaPCTBEHHbIE CTaHA4aPThI, CBEAEHNS O KO-
TOPbIX MPVBEAEHbI B AOMOSTHUTENBHOM NpurioxeHun OA

5 BBE[IEH BIEPBbIE

UHpopmauusi 06 usMeHeHUsIX K HacmosiweMy cmaHOapmy rybriukyemcsi 8 exe200H0 u3dagaeMoM UHQOP-
MauuoHHOM yKkaszamerne «HauuoHanbHble cmaHOapmbi», @ MeKCm U3MeHeHUU U MonpasoK — 8 eXXeMeCcsYHO
u3dasaeMbix UHGHOPMaUUOHHbIX yKkasamersix « HauuoHarnbHbie cmaHOapmbiy». B criyyae nepecmompa (3ameHbi)
usiu ommeHbl Hacmosiuwe20 cmaHdapma coomeemcmeyrowiee ygedomrieHue 6ydem orybriuKo8aHo 8 EXXeMeCSIY-
HO u3dasaeMoM UHGHOPMaYUOHHOM yKkasamere «HauuoHanbHble cmaHdapmbi». Coomeemcmeyrouiast UHQop-
Mayusi, yeedoMIIeHUE U MeKCMbI PasMewaromces makxe 8 UHGhopMayuoHHOU cucmeme obuye2o nosb308aHUs —
Ha ogpuyuansHoM catime @edeparibHO20 a2eHmemea ro MexHU4YeCcKoMy peayrupo8aHUro U Memposioauu 8 cemu
WHmepHem

© CraHgapTuHdopm, 2012

HacTtoswun CTaHOapT HE MOXEeT ObITb MOMHOCTLIO UMM YACTUYHO BOCMNpoun3BeaeH, TMpaKmpoBaH 1 pacripo-
CTpaHeH B Ka4ecTBe OC*)I/ILI,I/IaJ'IbHOFO nsgaHus 6es paspeLueHnda Cbep,epaanoro dreHTCcTBa no TeXHN4eCKOMY pery-
JIMPOBaHUIO N METPOJIOTMA
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BBeaeHue

0.1 O6wme cBegeHus

B HacTosLweM cTaHgapTe paccmaTpmBaeTcs TpaHCOPMMPOBaHME pacnpeneneHnii Ang sagaHHom matema-
Tudeckon mogenu namepenun [Pykosogcteo MCO/MOAK 98-3 (3.1.6)] ¢ uenbto NonyveHns OLEeHKM HeonpeaeneH-
HOCTV U3MEPEHUIA 1 peanu3auus 3Tol npoenypbl metogoM MoHTe-Kaprno. MeTog npyMeHM K MOSENsIM C MPoun3-
BOJSbHbIM YMCITOM BXOAHbLIX BEMWNYMH U €AMHCTBEHHOW BbIXO4HOW BENUYMHON.

MeTton MoHTe-Kapro saBnsieTca npakTUiecKom ansTepHaTMBOW CNoco0by oLeHKM HeonpeaeneHHocTn no GUM
[PykoBogctBo MCO/M3K 98-3 (3.4.8)]. MeToa nmeet ocoboe 3HayeHune, koraa:

a) NMMHeapu3aLums Mogenu He obecneyYrBaeT ee afileKBaTHOIO NPeACTaBEHWS;

b) pacnpeaeneHve BbIXOAHOW BENWYMHbI, HANPMMEP BCIEACTBUE CBOEN BbIPAXKEHHOW aCUMMETPUA, HE MO-
XeT BbITb ONMCaHO HopMarbHbIM pacnpeaeneHnem (pacnpegenernem Faycca) unu maclwtabrupoBaHHbIM CMe-
LLIEHHbIM {-pacnpeneneHnem.

B cnyyae a) oLeHKI BbIXOOHOW BENUYMHbBI U COOTBETCTBYHOLLIEN CTAHAAPTHOM HEONPEAENEHHOCTU, NOMYyYeH-
Hble B cooTBeTCcTBUM ¢ GUM, MOryT okasatbCcs HeoCToBEpHbIMU. B crnyyae b) npu oueHke HeonpegeneHHoCTH
MOTYT ObITb MOSTy4YeHbl HEAOCTOBEPHBIE MHTEPBArbl OXBaTa (0006LLEHNE NOHATMSA PaCLUMPEHHOW HeonpeaeneHHo-
cTu, ucnonbayemoro 8 GUM).

GUM [PykoBoacTtBo MICO/MOIK 98-3 (3.4.8)] «...ycTaHaBnmBaeT 0OLLYy0 METOLOSOMMI0 OLEHNBaHWSA Heonpe-
OEMNEeHHOCTU...», OCHOBaHHYIO Ha UCMOMb30BaHUM 3aKkOHa TpaHCHOPMMPOBaHKS HeonpeaeneHHocTen [Pykosoa-
ctBo MICO/M3K 98-3 (pasgen 5)], korga BbixogHas BENUYMHa NOAYMHAETCS HOpMaribHOMY pacnpeaeneHnto unm
MaclTabrpoBaHHOMY cMeLLeHHOMY f-pacnpegeneHuto [Pykosoacteo MCO/MOAK 98-3 (G.6.2, G.6.4)]. Npu aTom
3aKOH TpaHCOPMUPOBaHNSI HEONPEaEeNNEHHOCTEN NO3BOSISIET Y4ECTb HEONPEAENEHHOCTN BXOAHBLIX BENUYMH U
BbIYMCINUTL CTAHAAPTHYH HEoMNpeaeneHHOCTb OLIEHKWN BbIXO4HOM BEMMYMHEI HA OCHOBE:

1) HaMMyYLINX OLLEHOK BXOOHbIX BENNYUH;

2) cTaHOapTHbIX HEONPeaEeNneHHOCTEN OLLEHOK BXOAHbLIX BEMUYMH;

3) uncna cteneHen cBoboabl 4N CTaHAAPTHBIX HEONPeAeneHHOCTEN OLLEHOK BXOAHbIX BEMNUYUH;

4) BCex HeHyNeBbIX KOBapmnaLmmn nap 3TUX OLEHOK.

Kpome Toro, nonyyeHHas MoTHOCTb pacnpeaeneHnsi BEpOSTHOCTEN BbIXOAHOW BENUYNHBI MO3BONAET Onpe-
OEenVTb 115 BbIXO4HOW BENMWYMHBI MHTEPBAr oxBaTa C 3ajaHHOW BEPOATHOCTbIO.

Haunyuywume oLeHKN BXOOHbLIX BEMWYMH, UX CTAaHA4apTHbIE HEONPEAENEHHOCTM, KOBapuaLmm 1 Yncna crene-
Hel cBoboabl NpeAcTaBnaloT cobon Ty MHpopmaumio, KoTopas Heobxoauma AN NPUMEHeHNss MeToa pacyeTa
HeonpegenenHoctn no GUM. MeTog, ycTaHaBNMBaeMbI HACTOSALLMM CTaHAAPTOM, OCHOBaH Ha UCMOSb30BaHNN
NIOTHOCTEN pacnpeieneHns BEpOATHOCTEN BXOAHbBIX BEMNWYMH A1 NOCNEAYLLEro pacyeTa NioTHOCTM pacrnpe-
[eneHns BEPOSITHOCTEN BbIXOLHOM BENNYMHBI.

B 10 Bpems kak 4ns npyMeHeHnsa cnocoba oueHnBaHns HeonpegeneHHocTy no GUM cyLlecTByOT HEKOTO-
pble orpaHu4eHusi, TpaHcopMmMpoBaHKE pacnpeaeneHnin Bcerga no3BonseT NofyyYnTb NOTHOCTb pacnpeaene-
HVS1 BEPOSAITHOCTEN BbIXOOHOW BEMNWYMHBI HA OCHOBE pacnpeneneHnii BXOOHbIX BeNuYmH. MNnoTHoCTb pacnpeaene-
HYS1 BEPOSITHOCTEW BbIXOAHOW BENNYMHBI NPEACTaBNSiET COOO0N BbIpaXXeHUe 3HaHWS 00 3TOM BENUYUHE, NOYyYEeHHO-
ro Ha OCHOBE 3HaHMI O BXOAHbLIX BENMYMHAX B BUAE COMOCTaBMEHHbIX MM pacnpeaeneHuii. Nocne nonyyveHus
NAOTHOCTM pacnpeaeneHnsi BepOSTHOCTEN BbIXOL4HOW BENWUHYMHBI MOTYT BbITh OnpeAeneHbl MaTeMaTu4ecKoe OXu-
[aHune, UCMNorb3yeMoe B Ka4eCTBE OLIEHKM BbIXOLHOW BENUYMHBI, U CTAHOAAPTHOE OTKIMOHEHMWE, UCTIONb3YEMOE B
KauecTBe CTaH4apTHOW HeonpeaeneHHOCTM 3ToM oLeHKU. Kpome Toro, MoTHOCTbL pacnpeaeneHnsi BEpOsiTHOCTEN
MOXeT ObITb UCMONb30BaHa A NoNyYeHUst UHTepBara oxsaTa 411 BbIXOL4HOW BEMMYMHbLI, COOTBETCTBYHOLLLErO
3a4aHHON BEPOATHOCTH.

Vcnonb3oBaHue NnoTHOCTEN pacnpeneneHnsl BEPOSITHOCTEN B COOTBETCTBMU C HACTOALLMM CTaH4APTOM B
OCHOBHOM cornacyetcsi ¢ npuHumnamv GUM. MNnoTHOCTb pacnpeneneHnsi BEpOsiTHOCTEN BENUYMHBI OTpaXkaeT
COCTOsIHUE 3HaHWI 00 3TOM BENNYMHE, T. €. OHA YMCIIEHHO ONPEAErNsieT CTENEHb AOBEPUA TEM 3HAYEHUSM, KOTO-
pble MOryT ObITb NPUNMCaHbI YNOMSAHYTOW BENMYMHE Ha OCHOBE AOCTYNHON MHopMauun. MHdopmaumst 06bI4HO
COCTOMT 13 HeobpabOoTaHHbLIX CTAaTUCTUYECKUX AaHHBIX, PE3YrbTaToOB M3MEPEHUS], HAayYHbIX BbIBOLOB, MPOdECCHO-
HamnbHbIX CYXXOEHUIA.

[nga nocTpoeHnst NNOTHOCTY pacnpeaeneHns BEPOSITHOCTEN CIyYaiHOW BENUYMHBLI HA OCHOBE HAbnaeHWI
MOXeT ObITb MpuMeHeHa Teopema barieca [27, 33]. MHdopmaums o cuctematudeckux aodektax MoxXeT ObiTb
npeobpasoBaHa B COOTBETCTBYIOLLYHO NIIOTHOCTb pacnpeaerieHns BEpOSTHOCTEN Ha OCHOBE NMPUHLMNAG MakcuMy-
Ma aHTponun [51, 56].

v
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TpaHcopMmpoBaHWe pacnpeaeneHnin MMeeT bonee LWMPOKYH 06nacTe NPUMEHEHS, YeM crnocob oLeHnBa-
HKs1 HeonpeaeneHHocTn no GUM. MeTtoa TpaHchopMUpoBaHnst pacnpeneneHunii Ucnonb3yeT 6omnee 06LIMPHYHO
MHOPMALIMIO, YEM Ta, YTO COOEPKUTCS B HAUIYYLLIMX OLEHKaX M COOTBETCTBYHOLLMX CTaHOAPTHBIX HEOMNpeaereH-
HOCTSIX (@ Takke B YMcnax creneHen ceoboabl 1 koBapraLmsx).

VicTopuyeckuin 0630p npuBeaeH B MPUITOXKEHUN A.

Mpnmeuvanne 1 — B GUM paccmaTtpuBaeTtcs criydan, Koraa nuHeapu3aumns Mogenu U3MepeHust Hernpumve-
Huma [PykoBoactBo MCO/M3K 98-3 (npumevanue k 5.1.2)]. OgHako 3TO pacCMOTPEHME OrpaHUYeHO UCMONb30BaHMEM
TOMbKO OCHOBHbIX HENMUHEWHbIX YNIEHOB B psge Tennopa Ana  (QyHKUMM M3MEPEHUsi, a Takke NpeanonoXeHnem o Hop-
MarnbHOCTU pacnpefeneHns BXOOHbIX BEINYUH.

MpumevyaHune 2 — Crporo roBopsi, B GUM f-pacnpeneneHve onmcbiBaeT He BbIXOAHYH BENUYKHY Y, a Benn4u-
Hy (Y — y)lu(y) [TouHee, kak yka3aHo B GUM, (y — Y)/u(y)], rae y — oueHka Y, u(y) — cTaHgapTHasi HeonpeaeneHHOCTb
oueHkm y [PykoBoactBo MCO/M3K 98-3 (G.3.1)]. Takoe npencraBneHve MCNonb3oBaHO M B HAcTOsLLEM CTaHOapTe.

MpunmMmeyvyaHune 3 — lMnNOTHOCTb pacnpefeneHns BEPOSTHOCTEN He criedyeT NOHUMMAaTb B CMbICIE YaCTOTHOrO
OnMcaHus BEPOSITHOCTMU.

MpumeyaHune 4 — «OueHnBaHNe HeoNpeaerneHHOCTM HeMnb3si paccMaTpyBaTh Kak TUMOBYHO 3adady, Tpebyto-
LYK MPUMEHEHNSI CTaHAAPTHBIX MaTteMaTunyeckux npouenyp. OT nonb3oBaTtens TpebyeTcs AeTanbHoOe 3HaHVe NPUPOAbI
N3MePSEMON BEMUYMHbBI U NpoLeaypbl U3MepeHusi. [103ToMy KayecTBO OLIEHKM HeonpeaeneHHOCTH, MPUMMCaHHON pe-
3ynsTaTy U3MEPEHU, 3aBUCUT, B KOHEYHOM CYETE, OT MOHUMAaHUS, KPUTUYECKOro aHanmaa n npodeccnoHansHom Jobpo-
COBECTHOCTM BCEX MWL, MPUHUMAIOLLMX y4acTve B ee nonyveHun» [17].

0.2 OcHoBHble cBeaeHusi o JCGM

B 1997 r. cembto MexayHapogHbIMY opraHm3aumnsamn, nogrotosmeimmmn B 1993 r. « PykoBOo4CTBO MO BbIpa-
YKEHMI0 HeonpeaeneHHocTn namepenusy (GUM) n «MexayHapoaHbI crioBapb Mo MeTponorumi. OCHOBHbIE 1 06-
LLI€ NMOHSTUS U CBA3aHHbIE C HUMU TepMUHbI» (VIM), 6611 06pasoBaH O6beaUHEHHbI KOMUTET NO PYKOBOACTBAM
B meTpornorun (JCGM), Bosrnaensembii gupekropom MexayHapoaHoro 6topo mep n BecoB (MBMB), koTopbii
NpUHAN Ha cebs OTBETCTBEHHOCTb 3a YKa3aHHbIe JOKYMEHTbI OT TEXHUYECKOW KOHCYNBTAaTUBHOW Fpynmbl N0 METPO-
norum (NCO/TAT 4).

Yupegutenamm JCGM, nomumo MBMB, sisnsatotcst MexxayHapoaHas anektpoTtexHunyeckas kommuceust (MOK),
MexayHapoaHas degepauus KNMHNYECKOM XuMmmnn 1 nabopartopHon meamumHbl (MOKX), MexayHapogHoe co-
TPYOHMYECTBO MO akkpeauTaumm nadopatopuin (UINAK), MexxgyHapoaHas opraHmsaums no ctangaptmudaumm (MCO),
MexxayHapoaHbIli COt3 TeopeTnyeckon 1 npuknagHom xummnm (MKOTMAK), MexxayHapoaHbI CO3 TEOPETUYECKON
n npuknaaHon pmsukn (MHOTMAI) n MexxgyHapoaHasi opraHm3aums no 3akoHogarternsHon meTtponorum (MO3M).

B pamkax JCGM co3sgaHbl e Paboumne rpynnel (PI). 3agaven Pl 1 «BbipaxkeHue HeonpegeneHHoCcTH
N3MepeHusa» ABMSeTCa coagencTBme ucnonb3oBaHmio Pykosoactea (GUM), nogrotoBka ONOMHEHU K PykoBoa-
CTBY U MHbIX JOKYMEHTOB, CNOCOBCTBYIOLLMX €ro LUMPOKOMY NpumeHeHuto. 3agadent PI™ 2 «Pabover rpynnbl o
MexayHapoaHOMY CITOBapt OCHOBHbLIX M 06LWMX TepMmHoB B MeTposnorum (VIM)» asnsetca nepecmotp VIM n
coaencTBue ero npumeHeHuto. bonee nogpobHyto nHgopmaumio o gestensHocTn JCGM MOXHO HalTW Ha caiTe
www.bipm.org.

HononHenns Kk GUM, nogoGHble TOMy, YTO MOSOXEH B OCHOBY HACTOSALLEr0 CTaHAapTa, MMEIOT Lienbio pac-
MPOCTPaHUTb PYKOBOACTBO Ha Te acneKTbl, KOTOPbIE B 3TOM PYKOBOACTBE B MOMTHOM Mepe He OTPaxeHbl. [1pn aTom,
ofHako, paspabaTtbiBaeMble AOMOMHEHNS COOTBETCTBYIOT, HACKOMbKO 3TO BO3MOXHO, O0LLIE METOAONOMMN, U3I10-
XeHHor B GUM.
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HAUMWOHANBHBLIN CTAHOAPT POCCUNCKOWU PEQEPALMNMNU

HEOMPEOENEHHOCTb USMEPEHUA
Yactb 3
PykoBoACcTBO No BbipaXeHUI0 HeonpenerneHHOCTU U3MepeHus
OononHeHue 1
TpaHcchopMupoBaHue pacrnpegeneHn ¢ ucnonb3oBaHmem metoga MoHTe-Kapno

Uncertainty of measurement. Part 3. Guide to the expression of uncertainty in measurement. Supplement 1.
Propagation of distributions using a Monte Carlo method

Oara BBegeHna — 2012—10—01

1 O6nacTtb npuMeHeHus

B HacTosLem cTaHaapTe yCTaHOBIEH YACTIEHHbBIN METOL, COrMacyoLLMACA C OCHOBHbIMM NpuHLMnamm GUM
[PykoBoactBo MCO/M3BK 98-3 (G.1.5)] n npegHa3HayYeHHbIV Anst NONyYeHNst OLEHKN HeonpeaeneHHOCTU naMmepe-
HUs. DTOT METO MOXET ObITb MPUMEHEH K NTHOOBLIM MOAENSM, UMEIOLLMM EAMHCTBEHHYHO BbIXOOHYO BEMNUYMHY, B
KOTOPbIX BXOAHbIE BEMMYMHBLI XapakTepuaytoTcs NobbIMU 3a4aHHBIMU (PYHKLMSMY pacnpeneneHns BeposiTHOCTEN
[PykoBoactBo MICO/M3K 98-3 (G.1.4, G.5.3)].

Tarke kak GUM, HacTosiLmMin cTaHaapT NOCBSILLEH BONPOCaM ONpeaeneHnst BblpaXKeHUs Ans Heonpeaernex-
HOCTU U3MepeHMS XOPOLLIO ONpeaeneHHoN (PU3NYECKON BENNYUHDBI, XapakTepmnsyemMon eANHCTBEHHbIM 3HaYeHNneM
[PykoBoactBo NCO/MOK 98-3 (1.2)].

B HacTosiLLeM cTaHgapTe YCTaHOBMNEHbI TaKKe METOAbI, MPUMEHMMbIE B CUTYaLMSX, KOrga YCrnoBus npume-
HeHusi cnocoba pacyeTa HeonpegeneHHocTn no GUM [Pykosoacteso MCO/M3K 98-3 (G.6.6)] He BbinonHsAoTCA
U nHdopMauust 06 1x BbINOSNHEHUM OTCYTCTBYET. CTaHAAPT Takke MOXET ObITb MPUMEHEH B CUTYaLMsIX, KOr4a
BO3HMKAIOT TPYAHOCTM NpK oLeHke HeonpeaeneHHocTy no GUM, Hanpymep BcneacTame CnoXHOCTU Mogenu. Metoapl
N3NoXeHbl B BUae, 0bneryaroLLem ux nporpaMMmpoBaHme st pacyeToB Ha KOMMbIOTEPE.

HacTosimin ctaHaapT MoOXeT ObITb MCMONb30BaH Ars onpeaeneHnst NNoTHOCTU pacnpeaeneHms BeposiTHOC-
TeN BbIXOOHOW BENNYUHBI, YTO NO3BOMSIET NOMYYNTb:

a) OLIEeHKY BbIXOAHOWN BEMNUYUHBI;

b) ctangapTHyt0 HeonpeaeneHHOCTb, aCCOLMNMPOBAHHYHO C 3TOM OLEHKON;

C) UHTepBarn oxeaTa Ansi BbIXO4HOW BEMMNYMHbI, COOTBETCTBYIOLLMIN 3a4aHHOW BEPOSITHOCTM OXBaTa.

Mpu 3agaHHbIX (i) MOgenu, onuckiBaloLLEN B3aMMOCBSA3b BXOAHbIX BENUYMH C BbIXOAHOW BEMMYNHOMN, U (ii)
NMOTHOCTSIX pacnpefeneHns BEpOSTHOCTEN BXOAHbIX BENUYMH CYLLECTBYeT €AMHCTBEHHAas MNOTHOCTb pacnpeae-
NeHNsi BEPOSITHOCTEN BbIXOAHOW BENMUYMHbI. Kak npaBuio, nocneaHsisi He MOXeT ObITb onpeaeneHa aHanmnTu4ecku.
HacTroqawuin ctaHgapT no3BoNgeT onpeaenntb BENUYMHbI, yKa3aHHbIe B nepedncneHunsx a), b) u c) c npuemnemonm
TOYHOCTbHO, HE UCMONb3Ys NPUONIKEHWI, KOTOPbIE HENMb3si OLLEHNUTb KONIMYECTBEHHO.

HacTtosawwmii ctTaHaapT NO3BOMSET NONYYNTb MHTEpPBAr oxXBaTa Ans 3aaHHON BEPOSATHOCTM oxBaTa, B TOM
yncne BepOSITHOCTHO CUMMETPUYHBIA M HAUMEHbBLLWI MHTEPBAarbI.

HacTtosawwmii ctTaHaapT NPUMEHUM K CTaTUCTUYECKM HE3aBUCMbIM BXOAHBIM BEMMYNMHAM C COOTBETCTBYIO-
LMY PYHKLMAMM NNOTHOCTU pacnpeneneHms BEPOATHOCTEN, a Takke K CTaTUCTUYECKN 3aBUCUMbIM CIydYaliHbIM
BENMYMHAM, ONMCaHHLIM COBMECTHOW MITOTHOCTLIO pacnpeneneHns.

Kak npaBuno, HacTosLWun cTaHgapT NPUMEHSIIOT B Cny4vasix, koraa:

- BKIag, pasHbIX COCTaBMSAOLLMX HeonpeaeneHHOCTN MOXeT ObITb CyLLeCTBEHHO HeoanHaKkoB [PykoBoaCcTBO
MCO/MBK 98-3 (G.2.2)];

- TPYAHO U HeYAOOHO HaXoAWTb YacTHbIE MPOU3BOAHbIE OT (DYHKLNM U3MEPEHMS], KaK TOro TpebyeT 3aKoH
TpaHchopMMpoBaHUSA HeoNpeaeneHHOCTEN;

- pacnpenerneHne BbIXOOHOW BENUYMHbBI HENb3Sl CYUTATb HYM HOPMarbHbIM, HA MacliTabupoBaHHbLIM CMe-
LeHHbIM -pacnpegenennem [Pykosoacteso MNCO/M3K 98-3 (G.6.5)];

U3paHue odmuymanbHoe
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- OLleHKa BbIXOAHOW BENMUYMHbBI U COOTBETCTBYIOLWAs CTaHAapTHas HEONPeAeNeHHOCTb MMEIT Npnbnusm-
TenbHO oaMHakoBoe 3HadeHue [Pykosogcteo MCO/M3IK 98-3 (G.2.1)];

- MoZenb ABNSeTCs JOCTaTo4uHO crnoxHow [Pykosogcteo MCO/MOK 98-3 (G.1.5)];

- NNIOTHOCTY pacnpeaeneHnsi BepoSTHOCTEN BXOAHbIX BENMMYMH acummeTpuyHbl [PykoBoacteo MCO/M3K
98-3 (G.5.3)].

Mpexae Yem NPUMEHATb MeTo, YCTAHOBMEHHbIN HACTOALUM CTaH4APTOM, PEKOMEHAYETCH NPOBEPUTD,
MO3BOMSIIOT JN YCINOBUS N3MEPUTENBHON 3a4a4m MCMoNb30BaTh Cnocob oueHnBaHus HeonpegerneHHocTn no GUM.
Ecnv ycrnoBms no3BonsitoT, TO OCHOBHBIM METOAOM pacyeTa OCTaeTCH OLEHNBaHNE HeonpeaeneHHOCTU Crnocobom,
ycTaHoBneHHbIM B GUM.

3HaveHve ans HeonpeaeneHHOCTN N3MEPEHUI, KaK MPaBuo, 4OCTAaTOYHO NPUBOAWTL C OAHOW NNy ABYMS
3Havyawmmm umcpammn. MeTtoabl, yCTaHOBMNEHHbIE HACTOALMM CTaH4APTOM, NMO3BOSIAOT NOMYYUTb OLLEHKM C YKa-
3aHHOW TOYHOCTLIO.

lMprvMeHeHWe cTaHgapTa UITIoCTPMPOBaHO NOAPOOHBIMU MPUMEPaMN.

Hacrosawwmin ctangapt cnyxuT gononHeHnem kK GUM u gormkeH 6biTb ncnonb3oBaH BMecTe ¢ HUM. OH He
NCKITHOYaeT MCNoMb30BaHUs Apyrmx METOL0B pacyeTa HeonpeaeneHHoC Ty, He npoTueopeyawmnx GUM.

MpnmeyvyaHune 1 — Hacroawmi ctaHgapT HEMPUMEHUM K MOAENSM, ONUCbIBAEMbIM MHOTO3HAYHBIMU (DYHK-
uMsMK (Hanpvmep, B BMOE peLUeHUs KBagpaTHOro ypaBHEHUS 6e3 ykasaHus, Kakol M3 KOpHeEW OOoMmkeH ObiTb BblOpaH).

MpumMeyaHne 2 — B HacTosilemM cTaHZapTe He PacCMOTPEH Cry4yail, Kora anpuopHO U3BECTHA MIOTHOCTb
pacnpeneneHns BEpPOSITHOCTEN BbIXOAHOW BEMWUYMHBI, OOHAKO YCTaHOBIMEHHbI B HEM MeTo MOXeT ObiTb MoanduLmMpo-
BaH 1 Ans aTom cuTyaumm [16].

2 HopmaTuBHbIe CCbINKK

B HacTosiLem cTaHgapTe NCnonb30BaHbl HOPMATUBHBIE CCbINKWU Ha CreayroLLmMe JOKYMEHTbI:

Pykosoacteo MCO/M3K 98-3:2008 HeonpeneneHHOCTb n3mepeHusi. HYacTtb 3. PykoBoACTBO MO Bbipaxe-
HM0 HeonpeaeneHHocTn namepeHus (GUM:1995) [ISO/IEC Guide 98:2008, Uncertainty of measurement — Part 3:
Guide to the expression of uncertainty in measurement (GUM:1995)]

PykoBogcteo NCO/M3IK 99:2007 MexxayHapoaHbIl crioBapb No MeTposiornn. OCHOBHbIE 1 O6LLME NOHSATAS
1 cBA3aHHble ¢ HUMK TepMuHbl (VIM) [ISO/IEC Guide 99:2007 International vocabulary of metrology — Basic and
general concepts and associated terms (VIM)]

3 TepMmuHbI M onpeaeneHus

B HacTosLwem cTaHaapTe npuMmeHeHbl TepmuHbl no Pykosoactey ICO/M3K 98-3 n Pykosoactsy UCO/M3K 99,
HeKOTOpble 13 KOTOPbIX (MPY HE0OXOAUMOCTU, MOAUMULMPOBAHHbBIX) NPUBEAEHBI B HACTOSILLIEM pa3aene.

O60o3Ha4veHns, UCMosb30BaHHbIE B HACTOSILLEM CTaHAapTe, NpuBeaeHb! B npunoxeHun G.

3.1 pacnpepaeneHue (BeposaTHocTen) (probability distribution): dyHkums, ycTaHaBnmBaroLLlas BEPOATHOCTb
TOrO, YTO CryyariHasi BENUYuHa NnpuHUMaeT 3aJaHHoe 3HaYeHne Unn NPpUHaAnexuT K 3adaHHOMY MHOXECTBY 3Ha-
YEHWA.

MpumeyaHune— Cymma BEPOATHOCTEN NMPUHSTUSA CIyYanHON BENTMYNHON BCEX BO3MOXHbIX 3HAYEHUI paBHa 1.

[MogudmumpoaHo no otHowweHuto k MCO 3534-1:1993, cnosapHas ctates 1.3, PykoBogcteo MCO/M3K
98-3, cnoeapHas ctatbs C.2.3]

MpumeyaHune 1 — PacnpegeneHne BEpOATHOCTEN Ha3blBAaETCA OAHOMEPHbLIM, €CIM OHO OMWCbIBaeT NnoBe-
[eHNe eQuHCTBEHHOW (CKanspHOM) criyyanHol BeNMUMHbI, 1 MHOTOMEPHbIM, €CMM OHO OMUCLIBAET MOBEAEHNe BeKTopa
cnyYanHbix BenuyuH. MHoromepHoe pacnpegerneHe BepOsiITHOCTEN OMUCLIBAETCA Takke COBMECTHbIM pacnpeaerieHu-
€M 3TUX CIyYalHbIX BESINYUH.

MpumeyaHue 2 — PacnpefeneHne BeposTHOCTEN MOXET ObiTb NpedAcTaBneHo B Buae yHKUMKU pacnpeae-
NeHus 1 NIOTHOCTM pacrpeneneHnsl BeposiTHOCTEN.

3.2 dpyHKUMA pacnpeaeneHus (BeposaTHocTen) (distribution function): ®yHkuwms, yctaHaBnmBatowas ons
KaXk[oro 3Ha4yeHus1 & BeposiTHOCTb TOro, YTO CryyaliHasi nepemeHHast X MeHblue unv paBHa &;

Gx (§) = Pr(X<¢).

[MoandurumpoBaHo no oTHowweHuto k MCO 3534-1:1993, cnoapHas ctatbs 1.4; PykoBoactso MMCO/M3K
98-3:2008, cnoBapHas ctatbsi C.2.4]

2
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3.3 nnoTHoCTb pacnpeneneHus (BepositHocTen) (probability density function): MepBas nponssogHas,
€CINKN OHa CYLLIECTBYET, (PYHKLMM pacnpeaeneHnsi HenpepbIBHOW CRyYanHom BESTNYNHbI

gx (§) = dGx(§)/dC.

MpumeyaHue— gy (§)dE HasbiBaeTCa «3NEMEHTOM BEPOSITHOCTUY:
gx (§)dE=Pr (E <X <E+df).

[MoandumumpoBaHo no oTHoweHuto k MCO 3534-1:1993, cnoBapHas ctaTbs 1.5; PykoBoacteso ICO/M3K
98-3:2008, crioBapHasi ctaTtbs C.2.5]

3.4 HopmanbHoe pacnpegeneHue (BeposaTHocTel) (normal distribution): Pacnpegenenne BeposaTHoc-
Ten HenpepbIBHOWM CriydanHom BennymHbl X Takoe, YTO COOTBETCTBYIOLLAS NIIOTHOCTb pacnpeneneHns BEeposTHO-
CTen Oansi — o <& < + o UMeeT BUA;

9(2) = #expl—%(é%)z].

oV2rn

MpumeyvyaHne — U — MatemMaTunyeckoe oxungaHue X, 6 — CTaHOapTHOE OTKMOHeHne X.

[MogudurumposaHo no otHowweHmto kK MCO 3534-1:1993, cnosapHas ctaTes 1.37; PykoBogcteo MCO/M3K
98-3:2008, crnoBapHasi ctaTbs1 C.2.14]

MpumMmedyaHune — HopmanbHoe pacrnpefeneHe HasbIBalOT Takke pacrpedeneHvem Maycca.

3.5 t-pacnpepneneHue ({-distribution): PacnpeneneHne BeposTHOCTEN HENPEPLIBHOWM CryYanHOW BENUYM-
Hbl X, NIOTHOCTb pacnpeneneHnst BEpOSITHOCTEN KOTOPOM ANt — e <& <+ oo MMEET BUA,

T[(v+1)/2] g2\ 2
9% = TnTvrz) (1 * 7) ’

r4e v — 4ucro creneHen ceoboabl (NonoXnTENbHOE Lieroe Y1Cro);

©
I(z) = [t*Te7ldt _ ramma-gyHkums, z > 0.
0

3.6 matemaTn4yeckoe oxuaaHue (expectation): XapakrepucTtumka cry4anHom BENMYMHbI, KOTOpasa ang He-
NPepbIBHOW Cry4anHoM BenMYuHbI X C NIIOTHOCTLIO pacrnpeaeneHunst BEposiTHOCTeN gy (§) umeeT Bug

E(X) = [Egy(E)dE

MpnmevyaHune 1 — He Bcakaa cnyvanHas BenMYMHa MMEET MaTemaTUYeckoe OXuaaHve.
MpunmMmeyaHune 2 — MatemaTmyeckoe oxuagaHue cnyyvaviHon BenuuuHbel Z = F(X) nmeet Bua:

E(Z) = E[F(X)] = [F(&)gx(&)dE.

—oco

3.7 pucnepcus (variance): XapakrepucTvka CryyYanHOn BENNYMHbI, KOTopas A HENpPepbIBHOM CIly4anHon
BENMYMHBI X C MIOTHOCTLIO pacnpeaeneHns BEPOSTHOCTEN gy (§) uMeeT BUA

VIX)= JIE-E(X)Pgx(E)dE.

MpunmMmeyaHue— He Bcakaa cnyyarHas BennyMHa UMeEET JUCNepPCUio.

3.8 craHaapTHOe oTknoHeHwue (standard deviation): lMonoxuTenbHbIN KBagPaTHbIN KOPEHb U3 AUCTIEPCUN

[V
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3.9 MomeHT nopsaka r (moment of order r): MatemaTtnyeckoe oXxXnaaHue r-i CTeNEeHN Cry4anHon BENMNYMHDI

E(X")= | &gy(E)de.

M pnmedyaHune 1— Ll,eHTpaJ'IbeIM MOMEHTOM NopAaKa r ABndeTCA MateMaTun4eckoe oXxwunaaHue CJ'IyHaVIHOVI
BenuuuHbl Z = [X — E(X)]".

MpumeyaHune 2 — Matematmdeckoe oxuaaHne E(X) npegcraBnsieT cobori MOMEHT nepBoro nopsiaka. [duc-
nepcua V(X) ABNAEeTCA UeHTpallbHbIM MOMEHTOM BTOPOro nopsdanka.

3.10 koBapuauums (covariance): Xapaktepuctika AByX CIyYarHbIX BENWYUH, KOTOpas B cry4Yae Henpe-
PbIBHbIX CIyYaiHbIX BENWYMH X; 1 X, C COBMECTHOM MIIOTHOCTLIO pacnpeneneHus gx(o), rae X = (X;, X5)',
o= (&, &) meeT BUA

Cov(Xy X5) = | [[e1—E(X1)][E2~E(X,)]gx(0)dEdE, .

MpumeyaHune— He Bce napbl CriydanHbIX BENVYMH UMEIOT KOBapuaLmio.

3.11 maTpuua HeonpeaeneHHocTu (uncertainty matrix): Matpuua pasmepHoctu N - N, Ha rmaBHon auaro-
Harnm KOTOPOW pacnoNioXeHbl KBagpaThl CTaHAAPTHLIX HEoONpeaeneHHOCTEN, COOTBETCTBYHOLLMX OLEHKaM-KOMMO-
HEHTaM BEKTOPHOW BENUYUHBI padmepHoCTU N, a OcTanbHbIe 3N1EMEHThI NPeACTaBnsoT cObon KoBapuaumm ang
COOTBETCTBYHLLMX OLEHOK.

MpumeyaHune 1 — Matpuuya HeonpegeneHHoct U, pasmepHoctu N - N, COOTBETCTBYIOLLAS BEKTOPY OLEHOK
X BEKTOPHOW Benu4YuHbl X, UMEET BUA:

[u(x, xq) . . . u(xq, Xy) ]

(u(Xns X9) o u(Xy, Xp) |

rae u(x;, X;) = uA(x;) — aucnepcusa (kBagpaT CTaHAApPTHOW HEONPEAENeHHOCTN) OLIEHKN X;;
u(x;, X;) — KoBapuauua x; n x;; u(x; x;) = 0, ecnn anemeHTbl X; 1 X; BekTopa X HeKopenmpoBaHH.I.

MpumeyvyaHune 2 — KoBapuauum Takke MOXHO TpakToBaTb Kak COBMECTHblE HEOMNPeAeneHHOCTMH.
MpumeyvyaHune 3 — MaTpuuy HeonpeaeneHHOCTM Takke Ha3blBalOT MaTPULEN KOBapuaLuii U OUCNEPCUOH-
HO-KOBapWaLMOHHON MaTpuuen.

3.12 untepsan oxeata') (coverage interval): iHTepBan, NOCTPOEHHbIN Ha OCHOBE UMetoLLIeNCs MHopMa-
LW 1 coaepXaLlmii 3HaYeHne Crny4anHomn BENMYMHbI C 3a4aHHOM BEPOATHOCTbIO.

MpumeyaHune 1 — VHTepBan oxsaTa uMHorAa HasbiBaloT BaieCoBCKMM MHTEpPBAIoM.

MpumeyvyaHune 2 — B obwem cnyyae AnA 3agaHHON BEPOSITHOCTM cyliecTByeT 6ornee ogHOro uHtepsana
oxBaTa.

MpumeyaHune 3 — VHTepBan oxsaTa He credyeT HasbiBaTb AOBEPUTENbHBIM MHTEPBANOM, YTObbl nsbexarb
nyTaHuLbl C TEPMUHOM, UMEIOLLIMM CTPOTryI0 CTaTUCTMYeckyto HTepnpetaumio [Pykosoacteso MCO/M3K 98-3 (6.2.2)].

MpumeyaHune 4 — [laHHOe onpefdeneHne OTNMYaeTcs OT onpederneHus, npuBedeHHoro B PykosBoactse
MCO/M3K 99, nockornbKy B HacToOSLLEM CTaHAapTe He MCMNONb30BaH TEPMUH KUCTMHHOE 3HA4YeHue» Mo MpuyuHam,
n3noxeHHslMm B GUM [PykoBogctBo MCO/MBK 98-3 (E.5)].

3.13 BeposATHOCTbL 0xBaTa (coverage probability): BeposiTHOCTb TOro, YTo 3Ha4YeHMe Criy4anHON BENMNYMHBI
Haxo4uTCs B rpaHMLax MHTepBarna oxeara.

MpumedyaHune— BepoarHocTb oxBaTa MHOrAa HasblBalOT ypoBHEM aoBepus [PykoBogcteBo MCO/MOIK 98-3
(6.2.2)].

M B oTeuyecTBeHHbIX HOPMAaTUBHbIX OOKYMEHTax MHTepBal oxBaTa MHOrOa Ha3blBalOT MHTepBarioM HeonpeneneH-
HOCTW.

4
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3.14 pnuHa nHTepBana oxeara (length of a coverage interval): PazHocTb HanbonbLIero 1 HAaMMEHbLLETO
3HaYeHUN NHTepBana oxaara.

3.15 BepoATHOCTHO CUMMETPUYHbIN UHTepBan oxsaTa (probabilistically symmetric coverage interval):
WHTepBan oxsaTta, 4518 KOTOPOro BEPOATHOCTb TOr0, YTO 3HAaYEHNE CryYariHOW BEMNYMHBI MEHbLLE HauMeEHbLUIErO
3Ha4YeHUs (HKHEN rpaHuLbl) MHTepBarna oxsaTa, paBHa BEPOATHOCTM TOr0, YTO 3HAYEHWE CryYariHOW BENWUYMHBbI
GonbLue HanbonbLLEro 3Ha4YeHNs (BEPXHEN rpaHuLbl) MHTepBana.

3.16 HaumeHbLWINI MHTepBan oxBaTta (shortest coverage interval): UHTepBan oxeata, MMeOLWMIA Hau-
MEHbLLYIO ANVHY CPeAM BCeX BO3MOXHbIX MHTEpPBAaoB OxBaTta Afs AaHHON CryvanHoW BEMUYUHBI C OAMHaKOBON
BEPOSTHOCTbLIO OXBaTa.

3.17 TpaHchopmmpoBaHue pacnpegeneHun (propagation of distributions): MeTtoga, ucnonb3yembin gns
onpeaeneHvs yHKUMK pacnpegeneHnst BbIXOGHOW BENMYMHbBI Ha OCHOBE hYHKLMIA pacnpeaeneHns BXOAHbIX Be-
FIMYUH, OT KOTOPbIX BbIXOAHAsA BENMYMHA 3aBUCUT (DYHKLIMOHASBHO.

MpumedyaHune— Metog moxer ObITb @aHANUTUYECKUM UMW YUCIIEHHbIM, TOYHbIM UMK I'IpVI6]'IVI)KeHHbIM.

3.18 cnoco6 oueHnBaHuA HeonpepgeneHHocTn no GUM (GUM uncertainty framework): MNpumeHeHne
3aKoHa TpaHCopMMPOBaHMSA HeonpeaeneHHOCTEN U ONUCaHne BbIXOAHOWM BEMNMYMHBI C MOMOLLbO HOPMasibHOro
pacnpegerneHus nnv MaclutabupoBaHHOIO CMELLEHHOrO -pacnpeeneHuns, No KOTOPbIM MOXET BbITb paccymTaH
COOTBeTCTBleLIJ,I/IVI MHTEepBal oxBaTa.

3.19 metog MoHnTte-Kapno (Monte Carlo method): MeTog TpaHcdhopMmpoBaHus pacnpegeneHunin Ha OCHOBe
MOZENMPOBaHUS CryYarHbIX BbIGOPOK U3 3TUX pacnpeneneHuni.

3.20 npeaen norpelHocTy BbluMcrneHus (numerical tolerance): lNonoBrHa OfIMHBI HAUMEHbBLLETO MHTEP-
Bana, Coaep)kallero Bce Yncna, oTpaxatoLme pesyrnbsraT BblMUCIIEHNI, KOTOPbIE MOTYT ObITb KOPPEKTHO Npea-
CTaBreHbl 3aaHHbIM YACIIOM 3HaYaLwmx Lmdp.

Mpumep — Mpu ucnonb3oeaHuu e npedcmassieHUU pe3yibmama ebl4YucsieHus1 08yx 3Ha4aujux yugp 3anucu
1,8 coomeemcmeyrom ece 4yucna 6onee 1,75 u meHee 1,85. To20a npeden nozpewHocmu ebivucrieHusi 6ydem
paseH (1,85 — 1,75)/2 = 0,05.

MpwumeyaHune— PacyeT npegena norpeLlHOCTN BblYUCAEHUA — CM. 7.9.2.
4 CornaweHus U ycrnoBHble 0603Ha4YeHus

B HacTosiLeM cTaHgapTe NCNOMb30BaHbI CrieAyHLMe CornalleHns U YCroBHblE 0603HaYeHNS.
4.1 MatemaTnyeckasa mogernb nameperus [Pykosoactso MCO/MOK 98-3 (4.1)] ogHOMEpPHOW (CKansipHOW)
BENMMYMHbI MOXET ObITb MpeAcTaBneHa B BUAe yHKUMN f:

Y = f(X), (1)

roe Y — BbIXxo4Has ckansipHasi BenuumHa, a X — sektop N BXOAHbIX BENWYMH (X4, ..., Xp)". Kaxpas BennumHa X;
paccMaTpuBaeTCs B KayecTBe CIyvanHOW BENWYMHBI, MPUHUMALOLLEN 3HAaYeHNs £;, C MaTeMaTUYeCKnUM oxuaa-
HMeM x;. Y — cryvyanHas BenuymHa, npuHMMaoLas 3HayeHus 1, ¢ MateMaTU4eCcKuM OXUAaHUEM .

MpnmMmeyvyaHune 1 — B HacTosWeM cTaHOapTe OOMH U TOT XKe CMMBOJT UCMOMNb30BaH Ans U3nYeckon Benuym-
Hbl U CITy4aiHOM BENWYMHBI, KOTOpas 3Ty BenuuuHy npeacraenget [cm. Pykosoacteo MCO/M3AK 98-3 (4.1.1, npumeyanwue 1)].

MpunmevyaHune 2 — XoTa MHOrME MOZENN U3MEPEHMI MOTyT ObITb NpeacTaBneHsbl opmynoi (1), 6onee ob-
UMM NpPeACTaBreHeM SBMsSeTCs

h(Y, X)=0,

rae X n Y cBsA3aHbl Mexay cobon HesiBHOW doyHKUMel. B niobom criyyae ans npumeHeHus metoda MoHTe-Kapno gocra-
TOYHO, YTOObI KaxaoMy gonyctumoMy X Obifio NOCTaBEHO B COOTBETCTBME 3HAYeHMe Y.

4.2 HacTtosiLumi ctaHgapT oTCTynaeT oT 0603Ha4YeHWIN, YacTo NCMOSb3yeMblX A4S 0003Ha4YeHUsI NIIOTHOCTEN
pacnpepfeneHusi BeposiTHoCTel 1 dhyHKUMI pacnpegeneHus [24]. B GUM ogHo 1 To ke o6o3HaveHue f cnonb3o-
BaHO Kak Ang oyHKLMN U3MepeHust, Tak U AN NNOTHOCTU pacnpeaeneHns BEPOSiTHOCTEN, YeM CO34aeTCs HEKOTO-
pas nyTaHuua. lNockonbKy B HAaCTosILLIEM CTaHAapTe MOAeNsaM yaeneHo ocoboe BHUMaHme, Ang NioTHOCTU pac-
npegeneHns BeposaTHOCTEN U (DYHKUMK pacnpeaeneHns BMecto obo3HadeHun f u F ncnonb3oBaHbl, COOTBET-
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CTBEHHO, g1 G. |/|CFIOJ'Ib3yeMbIe B 0003HA4YEHMAX MHOEKChI COOTBETCTBYHOT cnyqa|7|H0|7| Benn4ynHe, o KOTOpOVI naet
peyb. O603HaueHue f ocTaBneHo Ans onucaHus (byHKLI,I/lI/I n3mMepeHuna.

M pnmMmevyaHne — Onpep,eneHMﬂ, npmuBegeHHble B pasaene 3, OaHbl B COOTBETCTBUM C M3MOXEHHbIM cornatue-
Huem 06 0603HaYEeHUsIX.

4.3 B HacTosILLeM CTaHAapTe NIoTHOCTY pacnpeerneHnsl BeposTHOCTEN MOryT OblTb onpeaeneHbl ANs cKa-
nspHor X mnu BektopHon X crnyyarHbIX BeNUYUH. [Ins ckanspHOM criydanHom BenuymnHbl X NNOTHOCTb pacnpene-
neHus BeposiTHoCTel obo3HaveHa gx(E), rae & — Bo3moxHoe 3HaveHue X. CrnyyanHon BenuynHe X COOTBET-
CTBYHOT MaTemaTtumyeckoe oxunganme E(X) n ancnepems V(X)) (cm. 3.6, 3.7).

4.4 TINOTHOCTb pacnpeneneHns BepoSATHOCTEN BEKTOPHOM CryyariHoM BenuyunHbl X 0003HavatoT gy(0), rae
o(&y, ..., En)" — BEKTOP BO3MOXHbIX 3HAYeHUI BenuymHbl X. Bektop X paccmaTtpuBatoT Kak BEKTOP CryqarHbIX
BEITNYMH, KOTOPOMY COOTBETCTBYIOT BEKTOP MaTemaTuieckmx oxvaanmn E(X') n kosapmnaumoHHasa matpuua V(X).

4.5 noTHOCTb pacnpeaeneHnsi BEepOSTHOCTEN HECKOMNbKMX CryHYanHbIX BENUYMH YacTO Ha3blBalOT COBMECT-
HOW, Jaxke eCnu BCe BXOAHbIE BENNYUHBI ABMAOTCA HE3aBUCUMbIMU.

4.6 Ecnv anemeHThl X; BekTopa X He3aBWCMMBbI, NIOTHOCTb pacnpeaerneHns BeposaTHocTen X; obosHavaoT
gx; (&)-

4.7 TINOTHOCTb pacnpeneneHns BEposSTHOCTEN 1N (OYyHKUMIO pacnpeaeneHns ana Y obosHavalT gy(n) v
Gy(n) COOTBETCTBEHHO.

4.8 B HacTosILeM CcTaHdapTe CriydanHyo BenuunHy 0603HayatoT nponncHom Byksoi, a ee maTteMaTnyeckoe
oXuaaHue Unm oLEeHKy — COOTBETCTBYHOLLEN CTpoYHOM BykBoW. Hanpumep, oueHKy BenuynHbl Y (OLEHKY ee
MaTeMaTU4ecKoro oxmnaaHus) obosHadvatot OykBon y. Takoe 0003Ha4YeHne YacTo HeyqobHO B cryyae hmsnieckmnx
BENNYUH, 4151 KOTOPbIX TPAAULIMOHHO UCMOMNb3YIOT MHbIE CUMBOSBI, Hanpumep T Ans TemnepaTypsbl v t 4ns Bpeme-
HW. MoaToMy B HEKOTOpPLIX NpuMepax (pasgen 9) ncnornb3oBaHbl Apyrve o6o3HaveHus. B aTom cnyyae crnyyariHas
BennynHa obo3HayeHa CBOMM OOLLEMNPUHATHIM CYMBOJSIOM, @ €€ OLleHKa (OLeHKa ee MaTeMaTUyecKoro oxuaa-
HYS) — TeM e CUMBOJIOM C «KPbILLKONY. Hanprumep, OTKIoHeHWe kannbpyemon KOHLEBOW Mepbl AMNMHbI OT HOMU-

HanbHoro 3HadeHus npu 20 °C (cm. 9.5) 0603HaueHo 5L, a ero oLeHka — §L.

MpumeyaHwune— CMMBON C «KPLILLKOW» B NuUTepaTtype No MaTeMaTu4ecKon CTaTUCTMKE UCMONb3ylT ANS
0003HaYEeHUs1 OLEHKN.

4.9 B HacTosLWeM cTaHgapTe TEPMUH «3aKOH TpaHC(OPMUPOBAHUSA HEONPeAeNeHHOCTEN» UCNOMb3YIOT B
CMbICr1e annpoKCUMaLmm yHKLMM n3MepeHns psaom Tennopa nepeoro nopsigka. AToT TEPMUH Takke MOXET ObITb
NPUMEHEH NPU UCMOMb30BaHNK pasnoxeHus B psg 6onee BbICOKOro nopsigka.

4.10 lMoACTPOYHbIN  MHOEKC «C» ANS CyMMapHOW CTaHAapTHOW HeomnpedeneHHocTn [PykoBoacTBO
NCO/M3K 98-3 (5.1.1)] B HacTosILLEM CTaHAapTe paccMaTpuBaeTCA Kak u3nuiiHuin. CtaHgapTHas HeonpeaeneH-
HOCTb OLIEHKW Y BIXOAHOW BENWYMHbI Y MOXET ObITb 3anumcaHa Kak u(y), XoTs ucnorb3oBaHue 0603HaveHus uy(y)
ocTaeTcs AoNyCTUMbIM, ECINN 3TO NOMOraeT 3a0CTPUTbL BHUMaHUE Ha TOM, YTO MMEEeTCS B BUAY CyMMapHas CTaH-
AapTHas HeonpegeneHHocTb. OnpegeneHne «cyMMapHasy B JAHHOM KOHTEKCTE Takke SABNAETCH USNULHUM Y
MOXeET ObITb OMNyLLEHO, MOCKOBKY MPUCYTCTBUE CMMBONA «y» B U(Y) yXKe yKasblBaeT Ha OLIeHKY, C KOTOPOW acco-
LMmMpoBaHa AaHHas cTaH4apTHast HeonpeaeneHHoCTb. Ele 6onee HeyMeCTHbIM CTaHOBUTCS UCTIONb30BaHNE HUX-
Hero MHAEeKca «C» 1 onpeaeneHns «CyMMapHasy, korga pesyrnstartbl OGHOIO Ui HECKONBbKUX N3MEPEHWUIA U COOT-
BETCTBYIOLLME OLEHKN HEONPEAENEeHHOCTU SABNATCA CXOAHLIMW AaHHBIMU ANS NOMyYeHUs OLEHKM Heonpeae-
NEHHOCTY NocneayLLen BENUYUHDI.

4.11 B HacTosiLemM cTaHAapTe MCNonb30BaHbl TEPMUHBLI «MHTEpBarn oxBaTa» U «BEPOSTHOCTb OXBaTay.
B GUM B ka4eCcTBe CMHOHUMA «BEPOSTHOCTU OXBaTa» UCMONb30BaH TEPMUH «YPOBEHb JOBEPUSA» C Npeaynpex-
OeHreM, 4TO 3TO He TO XKe caMoe, YTO «AoBepuTenbHasi BeposaTHOCTby» [PykoBoacteo MCO/M3K 98-3 (6.2.2)],
MOCKOMbKY NOCNeaHI TEPMUH UMEET CrieLmanbHOe onpeaeneHme B MaTeMaTu4eckon CTaTUCTUKe. T. K. B HEKOTO-
pbIX 3bIKax NepeBos C aHrMMNCKOro TEPMUHOB «YPOBEHb JOBEPUS» U «AOBEpPUTENbHAS BEPOATHOCTbY COBNa-
[aeT, B HACTOsILLEM CTaHAapTe TEPMUH «YPOBEHb JOBEPUS» HE UCTONb3YETCS.

4.12 Ina 0603Ha4YeHnsa AecaTuyHon opobu ncnonb3yeTcs sansTas’).

4.13 Ecnv He onpeeneHo nHave, To Yvicna npeacTaBnaoT C 3a4aHHbIM KONMYECTBOM 3HaYaLLmMX Ludp.

Mpumep — Yucna 0,060, 0,60, 6,0 u 60 npedcmaesieHbl ¢ MOYHOCMbLIO G0 d8yx 3HavYauwjux yugp. B amom
c/lyyae 3anuck ¢ MOYHOCMBIO MOJibKO Ao 00HOll 3Havaujeli yugpsi: 0,06, 0,6, u 6 - 107 — 6ydem HekoppekmHod.

B OpuUrMHasne Ha aHrfMNCKoM A3blke B AAaHHOM nogpasgene YKa3blBaeTCA Ha UCnosnb3oBaHWe B Ka4ecTBe gecsa-
TUYHOrO 3HaKa TOYKM BMECTO 3ansiTow.
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4.14 HekoTopble CUMBOSTbI, UCMOSb30BaHHbIE B HACTOSILLLEM CTaHAapTe, MMetoT 6onee 0gHOro 3HavYeHus
(cm. npunoxerue G). OgHaKo UX CMbICI NOHATEH N3 KOHTEKCTA.

4.15 B HacTosWwem cTaHAapTe UCNosb30BaHbl CreayoLme CoKpalLeHns:

CGPM — NeHepanbHas KoHdepeHLmMs Mo Mepam 1 Becam;

IEEE — VIHCTUTYT MHXEHEPOB 3NEKTPOTEXHUKUN 1 ANEKTPOHMKM;

JCGM — Ob6beanHeHHbIN KOMUTET MO PYKOBOACTBaM B METPONOrny;

GUM — PykoBOACTBO MO BbIPAXXEHNIO HEONPEAENEHHOCTU N3MEPEHNS;

VIM — MexayHapoaHbIin cnoBapb no Metposiornn. OCHOBHbIE 1 OBLLME MOHATUS U CBA3AHHbIE C HUMM
TEPMMHBI.

5 OOwue NpUHUMNBbI

5.1 OcHOBHbIe 3Tanbl OLEHKU HeomnpeaeneHHOCTU

5.1.1 OcHOBHbIe 3Tanbl OLEHKM HEONPEAENEHHOCTM BKITHOYaOT B cebsi hopMynMpPOBKY M3MEPUTENLHOWN 3a-
Aadn, TpaHcopMmnpoBaHue pacrnpeaerneHnii n nornyyYyeHne oOKoHYaTenbLHOro pesyrnesrara:

a) (hopmynmpoBKa N3MEPUTENBHON 3adaun BKIOYAET B ce0s:

1) 3agaHve BbIXOOHOW BENWUMHBI Y (M3MepsSieMON BEMNYMHBI);

2) BbISIBNEHNE BXOAHbIX BENUYNH X = (X4, ..., X)), OT KOTOPbIX 32aBUCUT BbIXOAHAs BEMUYUHA Y,

3) cocTaBneHve Moaenu naMepeHus, onpeaensitoLlen B3auMocBsa3b Y € BXOAHbIMU BENUYMHaAMK X

4) npunucbiBaHve pacnpeaeneHunin BEposaTHOCTEN (HOpMaibHOro, MPSAMOYTOfbHOMO U T. [.) BXOAHbIM BENu-
YnHam X; (MM COBMECTHOrO pacnpeaeneHns BepoSTHOCTEN BXOAHBIM BENTMYMHAM, HE SABASIOWLUMCS HE3aBMCK-
MbIMW) HA OCHOBE UMetoLLLENCA MHOPMaLIK;

b) TpaHchopMMpoBaHme pacnpegeneHunii npegycMaTpuBaeT onpeaerieHne NIoTHOCTN pacnpeneneHns Be-
POSAATHOCTEN BbIXOAHOW BENNYUHBI Y Ha OCHOBE MIIOTHOCTEN pacrnpefeneHns BepOSTHOCTEN BXOAHbLIX BENMUYUH X;
1 NCNOMb3yeMOW MOAENN N3MEPEHNS;

C) NONy4eHNe OKOHYATENBHOIO pe3yrnksrarta npeanonaraeT NCnofib30BaHUE MITOTHOCTY pacnpeneneHns Be-
POATHOCTEN BbIXOAHOW BEMNUYMHLI Y A5 onpeaeneHus:

1) oueHKM MaTeMaTUYECKOro OXNAAHUS BENNYMHBI Y B BUAE OLIEHKN V/;

2) OLEHKM CTaHOAPTHOIO OTKIOHEHWS BENUYMHBI Y B BUAE CTaH4APTHOW HeonpeaeneHHocTu u(y), accouum-
poBaHHol ¢ y [PykoBoacteo MCO/MO3K 98-3 (E.3.2)];

3) MHTepBana oxaaTa 4N BeNn4nHbl Y, COOTBETCTBYHOLLLENO 3a4aHHON BEPOATHOCTM (BEPOATHOCTU OXBaTa).

MpumeyvyaHune 1 — B HekoTopbIX Crydasx oLeHKa BbIXOAHOW BEMUYMHBI B BuAEe MaTteMaTU4ecKoro OXugaHus
MOXeT okasaTbcsi Henpuemnemown [cMm. Pykosoactso MCO/M3K 98-3 (4.1.4)].

MpumeyaHune 2 — HekoTopble BeNuYMHbI, HanpuMep nogyvHsiowmecs pacnpegenenuio Kowm, He umetot
MaTemaTM4ecKoro OXWAaHWA M CTaHAaPTHOro OTKNoHeHus. OgHako MHTepBan oxBaTa Ans BbIXOQHOW BeNWUYUHbI BCerga
MOXeT ObITb NOCTPOEH.

5.1.2 lMpwn oueHke HeonpegeneHHocTy no GUM cyHKummn pacnpeneneHnsi BXOAHbIX BENUYYH B SBHOM BUAE
He ncnonb3ytT. OgHako B cooTBeTCcTBUMM ¢ PykoBoactBom MCO/MOBK 98-3 (3.3.5) «...cTaHgapTHYO Heonpeae-
NEHHOCTb TMNa A paccyMTbIBaIOT MO NIIOTHOCTM pacnpegeneHns BEpOATHOCTEN, ... MONy4YeHHOW 13 pacnpegene-
HWS1 YaCToT..., @ CTaHOAPTHYIO HeonpeaeneHHoCTb Tuna B — no npegnonaraemon NNOTHOCTU pacnpegeneHms
BEPOATHOCTEN, OTpaxaroLLen CTeneHb yBePEHHOCTW B MOSABIIEHNM TOTO MM MHOTO cobbiTus.... Oba noaxoaa mc-
MOsb3YHOT OBLLENPUHATBIE MHTEPNPETaLIMM NMOHATUS BEPOATHOCTY.

MpwnMedyaHne— TpakToBKa pacnpeneneHs BeposSTHOCTEN MpW ONpeaeneHnn OLeHKN HeonpeaeneHHoCTr
TMna B xapaktepHa gns GariecoBckoro aHanmsa [21, 27]. B HacTosilee BpeMs NpoaospKaloTcs uccrnegoBanus [22] rpa-
HUL, NpUMeHnMocTn dhopmynbl  Yanua—CaTtTepTyanTa Ans pacdeTa vucna creneHen csobobl, NpUnNucbIBaeMbIX CTaH-
AapTHOW HeonpeaeneHHoCTU.

5.1.3 ®opmynrpoBKy M3MepUTENbHON 3aa4m OCYLLECTBNSET METPOSIOr C BO3MOXHbIM y4acTnem cnewua-
n1cTa B TOl 06nacTui 3HaHWIA, B KOTOPOW NPOBOAAT n3MepeHue. B HacTosLeM cTaHaapTe NpuBeaeHb! pekomeHaa-
Lmm No BbIGOPY NIIOTHOCTU pacnpeaeneHnst BeposiTHOCTel [cTaama 4) atana a) B cootBeTcTBumM ¢ 5.1.1] ans Heko-
TOpbIX 06LLKMX criyyaeB (cM. 6.4). Tanbl TpaHCHOPMMPOBaHUSA pacnpeaeneHnin n NoslyYeHns OKOHYaTENbHbIX
pe3ynbTatoB [6) 1 B) B COOTBETCTBUM € 5.1.1], ANs KOTOpbIX NpBeAeHbl NogpobHbIE yKasaHus, He TpebytoT go-
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NONHUTENBHON METPONOrMYecKor MHGOPMaLMM U MOTyT ObITb BbINOMHEHbI C 060N AONYCTUMON TOYHOCTbIO AN
NMOCTaBIIEHHOW 3aauu.

MpuMeuyaHue— Kak Tonbko atan NoCTaHOBKM 3aJayun a) B COOTBETCTBMM C 5.1.1 BbINONHEH, TEM CaMbIM
NNOTHOCTb pacnpeneneHns BEPOATHOCTEN ANS BbIXOAHOW BeNWYMHbI hopMarnbHO NOMHOCTbIO onpedeneHa. OgHako
BblUMCIIEHME MaTeMaTUYECKOro OXWAaHWs, CTaHOAPTHOrO OTKIIOHEHUSI U MHTEepBarna oxeaTa MOXeT rnoTpeboBaTb npu-
MEHEHMUS1 YNCNEHHbIX MeToAOoB, 0bMnafaloLMX HEKOTOPOI CTeneHbio NpUenmKeHus.

5.2 TpaHcthopMupoBaHue pacnpegeneHumn

B HacTosLem cTaHgapTe paccMaTpuBaeTcs obLwmii addeKTUBHbIN Crnocob onpeaeneHns (YUCNeHHbIM Me-
TOOOM) PYHKLMM pacnpeneneHns crnyy4anHom BennynHbl Y:

n
Gy(n)= [gy(z)dz.

—o0o

3JT0T cnocob ocHoBaH Ha npumeHeHun metoaa MoHTe-Kapno ans TpaHchopMupoBaHusa pacnpegeneHun
BXOAHbIX BEMNWYMH (CM. 5.9).

MpumedyaHne— dopmanbHO MNAOTHOCTb pacrnpefeneHns BepoATHOCTEN CrlydalHOW BEMUYMHBI Y MOXHO
npeacTtasuTb B Buae [9]

o

gy () = [ - [ax(EBM—FENdEy .. s,

—oco —oo

roe o(-) — penbra dyHKuMn [npaka, 1 NpUMEHATb YMCIEHHbIE MeTOAb! BbluMcneHns N-kpaTHOro nHTerpana (MOCKOmnbKy
B obLlem criydae OH He MOXeT ObITb B3AT aHanutuyeckn). OgHako Takow Cnoco® YMCMEHHOro BbIYMCIIEHUSI NMIIOTHOCTY
pacnpegeneHuns BepoaTtHocTen Y Hea(pdeKTUBEH.

5.3 Mony4yeHne OKOHYaTENbLHOro pe3yrnbraTa

5.3.1 OueHka y BXOAHOW BeNUYUHbLI Y npeactaBnsieT cobomn oLeHKy MaTeMaTUYeCKOro oxuaanusa E(Y).
CraHgapTHas HeonpeaeneHHoCTb U(y) OLEHKM ¥ NpeacTaBnsieT cobov OLeHKY CTaHAapTHOrO OTKIOHeHUs Y,
T. €. NONOXUTENbHbIN KBaapaTHbIV KOpeHb 13 aucnepcun V(Y).

5.3.2 VinTepBan oxeata Ans Y MoxeT OblTb onpeaeneH Ha ocHose Gy (). Ecnn 3agaTe Tpebyemyto BeposiT-
HOCTb OXBaTa p Y B3siTb Nt0O0E YNCIO 0. U3 HTEpBara oT Hynsi 4o (1 —p), To rpannuammn 100 p %-Horo nHTepBana

oxsaTa ans Y OygyT 3HaveHus GY (o) m GY (p+ o), T. e. kBaHTMNM pacnpegenenns Gy (n) ypoBHen an (p + o)

COOTBETCTBEHHO.
5.3.3 Bbibop o = (1 — p)/2 no3sonseT onpeaenntb BEPOSITHOCTHO cummeTpuyHbIi 100 p Y%-Hbi nHTEepBan
oxBarta, rpaHuLamMm KOToporo ABMATCA KBaHTUNM ypoBHen (1 —p)/2 n (1 + p)/2.

MpwumedyaHwne— Ecnv nNoTHOCTb pacrnpeneneHnst BepossTHoCTeEN Ans Y CMMMeTpU4Ha OTHOCMTENBHO
MaTeMaTUYeCKOro OXuaaHus y, TO NMonyvYeHHbln HTepBan OyaeT coBnagaTh C UHTepBanom y + U,, rge pacluvpeHHas
HeonpegeneHHocts U, [PykoBogcteo MCO/M3IK 98-3 (2.3.5)] paBHa npou3seAeHUo CTaHAapTHON HEOMpPeaerneHHOCTH
u(y) Ha KoabMLMEHT oxBaTa, COOTBETCTBYOLLMIA AaHHONW MIOTHOCTU pacnpeaernienns BeposaTHocTen. B obwem criyyae
NAOTHOCTb pacnpeneneHnsl BEPOSITHOCTEN BbIXOAHON BENUYMHbI HE MOXET ObITb BblpakeHa B aHanMUTUYEeCKOM BUAE.

5.3.4 Ecnv NNOTHOCTb pacnpeaeneHnst BEposiTHOCTEN acCMMMETPUYHa, To 6oree NoaxoaaLLmm MOXeT BbITb
BbIBGOp 0, oTnMYatoLwmmnes ot (1 — p)/2, Hanprmep NO3BONSIOLLMI NONYYNTb HaumeHbLnA 100p %-HbIn MHTepBan
oxsara. Ecnu nnoTHOCTb pacnpeaeneHns BeposaTHOCTEN yHUMOAarnbHa, TO OHO 0bnagaeT Takum CBONCTBOM, YTO
HaVMeHbLUNIA MHTepBan oxeaTa byaeT BkMoyaTth B cebs Moy aToro pacnpeaenenus. JaHHoMy nHtepsany oyget

1 -1
COOTBETCTBOBATL 3HAYEHME o, Y0BNETBOPSIOLLEE COOTHOLLIEHUNIO Jy [Gy (Oc)]=gy [Gy (p+oc)]. B cniyuae pac-
npegeneHus obLuero Buaa 3HavyeHune o, cooTBeTcTByoLlee HanmeHblemy 100 p %-Homy MHTepBarny oxeaTa,

[OIMKHO ObITb TaKMM, YTODObI pa3HOCTb G}1 (p+o)— G}1 (o) Bblna MUHUManbHA.

5.3.5 N CMMMETPUYHOM NMOTHOCTU pacnpeaeneHns BEPOSTHOCTEN, HanpUMep A1 HOPManbHOro Un mac-
LUTaBMPOBaHHOIO CMELLLEHHOTO -pacnpeaerneHms, MCnorb3yeMbiX Npu oLeHBaHnm HeonpegeneHHocTy no GUM,
BEPOSTHOCTHO CUMMETPUYHBIA U HanmeHbLnin 100p %-Hble MHTepBarbl OXBaTa CoBMadaroT Mexay cobon. [oaTto-
My B cnocobe oueHvBaHnsa HeonpeaeneHHocTv no GUM aTu nHTepBanb! He pasnuyatoT.
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5.3.6 Ha pucyHke 1 nokasaHa cyHKums pacnpegenenns Gy (n), COOTBETCTBYOLLAS aCUMMETPUYHOW NIIOTHO-
CTV pacnpeneneHnsi BEposTHOCTEN. [MyHKTUPHBIMY BEPTUKaNbHLIMW MIMHUSIMU MOKa3aHbl rpaHuLbl BEPOSITHOCTHO
cMmMmeTprYHOro 95 %-Horo MHTepBaria 0xBaTa, a MyHKTUPHBIMU FOPU3OHTarNbHBIMU MMHUSMU — COOTBETCTBYHOLLME
3Ha4veHus BepositTHocTh 0,025 1 0,975. CrnoLwHbIMY IMHUSIMU MOKa3aHbl rpaHnLbl HaMMeHbLIero 95 %-Horo HTep-
Bana oxBaTa M COOTBETCTBYIOLLME 3HAYEHUSI BEPOSTHOCTU, KOTOpbIE B AaHHOM criydae pasHbl 0,006 n 0,956.
[nvHa aTnx AByX MHTEpPBanoB oxBaTa A5 AaHHOro NpMMepa CocTaBnsieT CoOOTBETCTBEHHO 1,76 1 1,69.

Y A
1,0

0,8

0,6

0,4

0,24

I I [ I
0 0.5 1.0 1.5 2,0 25

Xy

X — BenuunHa (bespasmepHasi); Y — dpyHKUMSA pacnpegeneHns

PucyHok 1 — ®yHkums pacnpegeneHns Gy (1), BEPOATHOCTHO CUMMETPUYHBIIA
N HaumeHblunin 95 %-Hble MHTepBarbl oxBaTa

5.4 Cnocobbl TpaHchopMUpoBaHUs pacnpegeneHnmn

5.4.1 TpaHccopmMupoBaHWe pacnpeneneHnin OCyLLECTBSIOT HECKOMNBKUMIM criocobamu:

a) aHanUTMYeCKMMN MeTodamu, obecnevnBaroLLMM ONpeaerieHne NIoTHOCTU pacrnpeaeneHns BeposTHOC-
Ten ans Y 3a cyeT NpUMEHEHMSI MaTemMaTn4ecknx npeobpasoBaHni;

b) npumeHeHnem 3akoHa TpaHCHOPMUPOBAHUSA HEONPEAENEHHOCTEN, OCHOBaHHOTO Ha 3aMeHe (OYHKLMMN 13-
MepeHUsi ee annpokcumaLumen psgom Tennopa ¢ YneHamm nepsoro nopsigka [Pykosoacteso MICO/M3K 98-3 (5.1.2)];

C) MPYIMEHEHNEM TOrO e 3aKoHa TPaHCOPMMPOBaHUSI HEONPEeAEeNeHHOCTEN [CM. nepeyuncrnieHune b) Beiwe],
HO C Y4ETOM YJIEHOB pa3noxeHus 6onee Bbicokoro nopsigka [Pykosoacteso MCO/M3K 98-3 (mpumedanne k 5.1.2)];

d) uncnenHbiMmn meTogamu [Pykooactso MCO/M3K 98-3 (G.1.5)], B TOM 4mMcrie ¢ NCnonb30BaHNEM MeToAa
MoHTe-Kapno (cm. 5.9).

MpumeyaHue 1 — AHanUTUYECKME METOAbI NPEBOCXOAST BCE NMPOYME C TOW TOUKWU 3PEHUS, YTO OHWU He UC-
Norb3yloT NPUGAMKEHWn. OQHAKO OHWM NPUMEHMMbI TONBbKO B MPOCTbIX criyyasix. [pyMeHeHne aHanuTUYeckux MeTodoB
N NpUMepbl MX UCMONb30BaHUA npuBeaeHbl B [8, 13]. [lanee aTM MeToAbl B HacTosILIEM CTaHAapTe paccMaTpuBaloTcs
TONbKO B npumepax (cMm. pasgen 9).

MpumeyaHune 2 — Metop MoHTe-Kapno B HacTosiLeM cTaHaapTe MCMorb3yeTcsl Ana NonyvyeHns pacnpege-
NEHUs1 BbIXOOHOW BESIMYMHbI, @ HE B KA4eCcTBe MeToda UMUTaLMOHHOIO MofenvpoBaHus. MNpu oueHke HeonpeaeneHHo-
CTU Ha 3Tane TpaHchopMMpPOBaHUS pacrpeeneHnin pellaemas 3ajada sBnsieTcs AeTEPMUHMPOBAHHONM, NO3TOMY B
UMUTaLMOHHOM MOAENMPOBaHMM CryYaiHOro mpouecca HeT HeobXoaUMOCTY.

5.4.2 GUM gonyckaeT NnpMMeHeHne NOAXO0AO0B K OLIEHKE HEONpeaeneHHOCTU, OTIIMYHbIX OT TOro, YTO UC-
nonb3oBaH B camoM GUM [cm. PykoBogcteo MCO/M3K 98-3 (G.1.5)]. OgHako caMbiM 06LWUM 13 3TMX NOAX040B
SIBMSIETCA TOT, YTO YCTAHOBIEH B HACTOSILLIEM CTaHAAPTE U OCHOBaH Ha TpaHCOPMMPOBaHUK pacnpeaeneHunin. [ns
TNIMHENHBIX 1 NTIMHEAPU30BaHHbIX (YHKLIMIA M3MEPEHMS U BXOAHBLIX BENNYUH, MOAUYNHSIFOLLIMXCA HOpMaribHOMY pac-
npegenexHnto, Takon noaxofd cornacyetcs ¢ nogxogom GUM. OgHako B cny4yasix, korga ycrioBusi NpUMeEHeHUs
nogxoga GUM He BbinonHstoTes (cM. 5.7 n 5.8), noaxoa, yCTaHOBMEHHbIV B HACTOSILLEM CTaHAapTe, NO3BONSAET
nony4nTb 060CHOBaHHbIE 3aKITFYEHNSI O HEOMPEAEIEHHOCTH.
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5.4.3 TpaHcdopmmnpoBaHue pacnpeaeneHuin Tpedyet Bbibopa nogxoasiero metoga. Ecrnv moxHo npoge-
MOHCTPVPOBATb, YTO YCINOBWSI, HEOOXOAMMbIE A1 MOMNyYeHUs AOCTOBEPHbIX pe3ynbTaToB B cooTBeTCTBUM ¢ GUM,
BbIMOSTHEHbI, TO MOXET ObITb Ncnonb3oBaH noaxon GUM. Ecnv nmetoTcs OCHOBaHUA nonaraTb, YTO OLeHKa Heo-
npegeneHHocTu, nonydeHHas no GUM, okaxxeTcst HeJOCTOBEPHOW, TO JOIMKEH ObITb MPUMEHEH APYron Noaxoa,.
Mo>KeT BO3HMKHYTb CUTYyaLMs, KOrga CIIOXHO OLeHUTb 060CHOBaHHOCTb NPMMEHeHUs cnocoba oueHMBaHNS HeOo-
npegenenHoctn no GUM. OgHako BO BCEX TPEX BbILLEOMNMCAHHbBIX CITydasix XOpPOLUUA pe3yrnbraT MOXET ObiTb
nosy4eH ¢ ucnonb3oBaHnem metoga MoHTte-Kapno. B nepsom criyyae metog MoHTe-Kapno MoxeT 6biTb NpoLLe B
NPUMEHEHUK, HanNpUMep, BCReacTBue TPYAHOCTEN BblMMCIIEHNSA KO3 PULIMEHTOB YyBCTBUTENBHOCTU [PyKOBOA-
ctBo NCO/MBK 98-3 (5.1.3)]. Bo BTOpOM criyyae metog MoHTe-Kapno no3BonmT NonyyYnTb JOCTOBEPHbI Pe3yIib-
TarT, T. K. ero NPUMEHEeHVe He TpebyeT MCNoMNb30BaHNSA OOMOMHUTENBHBLIX NPEANoNoXeHn. B TpeTbem cnyvae
meTof MoHTe-Kaprno moxeT ObITb MpMMEHEH Kak COOCTBEHHO Arsi NOMyYeHWs OLIEHKN HEONPEAENEHHOCTH, TaK 1
015 OLEHKM KavyecTBa pe3ynbTaToB, NoyYeHHbIX CNocoboM pacyeTa HeonpegeneHHocTy no GUM.

5.4.4 TpaHcdhOpMUPOBaHME MOLENbLI0 U3MEPEHWI NITOTHOCTEN pacnpenerieHns BeposTHOCTEN Jx; (&),

i=1, ..., N BXOAHbIX BENNYUH X; AN NONy4YeHUs NIOTHOCTY pacnpeneneHns BEpoATHOCTEN gy (1) BbIXOOHOM
BENMYUHBLI Y, MOKa3aHO Ha pucyHKe 2 ang Tpex HesaBucumbix X; (N = 3). PucyHoK 2 MOXHO cpaBHUTbL C

PUCYHKOM 3, UIIKOCTPMPYHOLLIMM 3aKOH TpaHCHhOpMMPOBaHUsA HeonpeaeneHHocTen. Ha pucyHke 2 dyHkumm gx; (§;),

i=1, 2,3 npeacrtaBnsoT cobon NNOTHOCTY pacnpeieneHnst BEpOSATHOCTEN CyYanHbIX BENUYMH, MOOYNHSIFOLLINX-
Cs1 COOTBETCTBEHHO HOpPMaslbHOMY, TPEYroNbHOMY M HOpMaribHOMY 3akoHaMm. COOTBETCTBEHHO (DYHKLMA gy (1))
nokasaHa aCMMMETPUYHOW, YTO OObIYHO UMEET MECTO B CrlyHae HENMMHENHBLIX MOAENEN U aCUMMETPUN QYHKLNIA

gx; (&)

SN

gx4(&1)

—] Y=/ b—>

9x(&p) gy(m)

gx3(E3)

PucyHok 2 — TpaHcdopmupoBaHue pacnpeneneHuin Tpex (N = 3) He3aBUCUMbIX BXOAHbIX BEMWUYMH

5.4.5 Ha npakTuke TOoNbKo B CaMbiX MPOCTLIX CIly4Yasix npeobdpasoBaHue pacnpeaeneHunin MoXeT bbiTb Bbi-
nonHeHo 6e3 npudnmkeHuin. MNpu oueHke HeonpeaeneHHocTy No GUM npumeHsieTcst oanH MeTog, NpUonmKeHus, B
meToae MoHTte-Kapno — gpyron. [1ns HeGOMbLLOW, HO BaXXHOW NOArpynMbl 3agay OLEHKN HeoNpeaeneHHOCTN B
cootBeTcTBMU ¢ GUM He TpebyeTcs npumeHeHnst NpubnmxkeHni (pelueHne saensaeTcsa TodHbiM). Metog MoHTe-
Kaprno He no3BonsieT Nony4YnTb TOYHbIE Pe3ynbTaThl, HO Ars LUMPOKOro Krlacca 3agad oH 0yaet 6onee 060CHOBaH-
HbIM, Yem noaxon GUM.

5.5 MNpepcTaBneHue pesynbTaToB

5.5.1 Nocne BbINONHEHNs TPaHCOPMNPOBaHNUS pacnpedeneHnii JormkHa bbiTe OTpaXeHa, Kak npaBuIio,
cnegyrowasa nHopmMaums:

a) OUEeHKa ¥ BbIXOOHOW BENUYMHBI Y

b) ctangapTHas HeonpeaeneHHoCTb U(y) OLEHKN y;

c) 3aganHas 100 p %-Has (Hanpumep, 95 %-Hasn) BEpOSATHOCTb OXBATa;

d) rpanuupl BeibpaHHoro 100 p %-Horo (Hanpumep, 95 %-Horo) MHTepBana oxsata anga vY;

€) gpyras 3HauMmas nHpopmaums, Takas Kak TMn nHTepBara oxeaTa (BepOSATHOCTHO CUMMETPUYHbIN UK
HaUMEHbLLWR).

5.5.2 3HaveHnus y, u(y) v rpanny 100 p %-Horo nHTepBarna oxeata s Y AOMmKHbI OblTb yKasaHbl C TaKUM
KONMMYECTBOM 3Havalmx umdp, YTobbl HULWNA pa3psa 3annucy 3Ha4eHns 3TUX BENMUYMH COBMagan ¢ HU3LWUM
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pa3psigoMm, cnonb3yembiM Ans 3anucu u(y) [Pykosoactso MCO/M3K 98-3 (7.2.6)]. O6blvHO Ans npeacTaBneHns
u(y) BOCTaTOYHO OA4HOM UMK OBYX 3HAaYaLLMX LMdp.

MpumeyvyaHue 1 — lNpeacraBnsgeMoe YUCIIEHHOE 3HAYeHWE OBbIYHO MOMyYarT MyTEM OKPYrMEHUs Yncna,
cogepxallero 6onbliee KONMMYecTBO 3HaYalmx umudp.

MpumeyaHue 2 — dakTopoM, BAMSIOWMM Ha BbIGOp NMpeacTaBneHus pe3ynsTaTtoB O4HOM UK ABYMSI 3HaYa-
WuMmn umdpamu, sSBnsieTcs 3Havallas uudpa Bbicllero paspsaa B 3HaveHun u(y). Ecnv a1o 1 unu 2, To norpeLuHocTb
oKpyrreHus u(y) 6yaeT cornocTaBuMa C camyvM 3HaYeHWEM BenuuuHbl. Ecnu ke nepsas 3Havawas uudpa pasHa 9, To
OTHOCUTENbHAs MOrPELLUHOCTL OKPYrNeHns byaeT MeHbLue.

MpumeyaHue 3 — Ecnu nonyyeHHble pesynbTaTthl AOMMKHbI ObiTb MCMOMb30BaHbl B AanbHENLWMX BbluMcHe-
HUSX, cnegdyeT onpefennTb, eCTb M HEOBXOAMMOCTb B COXpaHeHUM GOMbLUEro YMcna 3Havallmx Lmdp.

lMpumep — Pe3ynbmamei Ans y, u(y) u e2paHuUy, uHmMepeasna oxeama e cry4ae, Ko20a UHMepeasl oxeama
acummempuyeH omHocumesibHO y, a u(y) umeem dee 3Havawjue yugpsbl, npueedeHbl 8 aude: «y =1,024 B;
u(y) = 0,028 B; HaumeHbwuli 95 %-HbIl uHMepean oxeama: [0,983, 1,088] B».

Te )xe pe3ynbmamsbi & cry4ae, ko20a u(y) ebipaxxeH oOHoU 3Havauwjel yugppol, umerom eud: «y = 1,02 B,
u(y) = 0,03 B, HaumeHbwull 95 %-HbIl uHMepesasn oxeama: [0,98, 1,09] B».

5.6 OueHnBaHue HeonpegeneHHocTn no GUM

5.6.1 B GUM yctaHoBneHo obLee pykoBOACTBO, pacnpOCTPaHALLEECS Ha pa3Hble acneKTbl NocneoBa-
TENbHOTO OLIEHNBAHNSI HEOMPEAENIEHHOCTU B COOTBETCTBUM € 5.1.1, M yCTaHOBMNEH CNOCO0 OLEHNBaHUSt Heonpeae-
NIEHHOCTW ANs 3TanoB TPaHCHOPMMPOBAHNSA pacrnpeaeneHnin u MoNyYeHNs OKOHYaTENbHbIX Pe3yNnbsTaToB n3Mepe-
Hus. ObLyas cxeMa oLeHNBaHWS HeoNpeaeneHHOCTH, ycTaHoBneHHas GUM, npuHaTa MHOrMMU opraHn3aumusamu,
HallMa LUMPOKOEe NPaKTUYECKOE NPUMEHEHNE, CMONb3YEeTCsl B CTaHA4apTax M pyKOBOACTBAX, B KOTOPbIX paccMaT-
pvBalOTCS BOMPOCHI OLLEHKM HEONPEAENEeHHOCTU U3MEPEHUS, U peanin3oBaHa B NPporpaMMHbIX CPpeACTBaXx.

5.6.2 Cnocob oueHnBaHus HeonpeaeneHHoct no GUM BkntovaeT B cebs crniegyowme atanbl. Kaxgas
BXOAHas BeNu4nHa X; MoAenu XxapaktepuayeTcst MaTemMaTuYeCKUM OXUAaHNEM 1 CTaH4APTHBIM OTKIOHEHVEM
NAOTHOCTM pacnpegeneHns BepOosATHOCTEN, MOCTABMNEHHOW B COOTBETCTBME 3TOW Benu4YMHe [PyKoBOACTBO
NCO/M3K 98-3 (4.1.6)]. OueHky MaTemMaTMiYeCcKoro OXmMaaHus NPUHUMAIOT B KAYEeCTBE HaUMy4Llen OLEHKU X;
BENUYMHbI X, @ OLLEHKY CTAaHAAPTHOIO OTKIIOHEHNSA — B KAYeCTBE CTaHAAPTHOM HEONPEeaEeNneHHOCTU U(X;) OLEHKM
X;. Ha ocHoOBe 3TVx faHHbIX B COOTBETCTBMM C 3aKOHOM TPaHCOPMUPOBAHWS HeonpeaeneHHocTe [PykoBoaCcTBO
NCO/M3K 98-3 (5.1.2)] yepes pasnoxeHne yHKLMN N3MepeHns B psg Tennopa c COXpaHEHNEM YIIEHOB NEPBOro
nny bonee BbICOKOro Nopsifka MasnocTu, NonyyatoT:

a) OLLEHKY y BbIXOOHOW BENMUYMHBI Y,

b) ctaHOapTHYO HEONPEAENEHHOCTb U(X) OLIEHKN V.

OueHky y onpegensitoT Kak 3HadeHue pyHKuMM naMepeHus B Todke x;. [pu onpegeneHun nHtepeana
oxBata angd Y vcnonb3yloT NPeAnofiokeHne, YTo Y NogYMHAETCS HOpManbHOMY pacnpeieneHnto unu, ecnm
yncno creneHen ceoboabl, COOTBETCTBYHOLEE U(Y), KOHeYHO [PykoBoacTBo CO/MBK 98-3 (npunoxenne G)],
MacLLTabupoBaHHOMY CMELLEHHOMY t-pacnpeneneHuto.

MpumeyaHue— B uncno xapakTepncTUK BXOOHON BEMMYMHBI MOXET BXOAUTbL TakKe YMCIO cTeneHei cBo6oabl
ans u(x; ) [Pykosogcteo MCO/MOK 98-3 (4.2.6)], a Takke, Npy He0OX0AMMOCTH, NoMapHble KOBapmaLuum OLEHOK BXOAHbIX
BenuunH [Pykosoacteo NCO/MOK 98-3 (5.2.5)].

5.6.3 OTanbl TpaHChOPMMPOBaHMS pacnpeneneHnii u Nony4YeHnst oOKoHYaTenbHbIX pedynsratoB no GUM
[aTanbl b) 1 ¢) B 5.1.1] BkntovatoT B cebs cneayome KOMNbOTEPHBIE PacyeTbl [CM. PUCYHOK 3, NNMOCTPUPYHO-
LLIMI 3aKOH TpaHCOPMMPOBaHUS HeonpeaeneHHocTen ang mogenu ¢ tpems (N = 3) He3aBMCMMbIMU BXOOHBIMU
BenuumHamm X = (X4, Xy, ..., X3)", COOTBETCTBYIOLLMMM OLEHKaMM X; Y CTaHAAPTHBIMW HEOMNPEeaENeHHOCTMU 3TUX
OUEHOK U(x;), i=1, 2, 3; OLLEHKOW BbIXO4HOW BENMWYMHBI Y SIBMISIETCS )y C COOTBETCTBYHOLLIEN CTaH4APTHOM Heonpe-
OENeHHoCTbIo U(Y)]:

Xq, U(Xq) ——>

Xo, UXg) —»  Y=f(X) }—, u(y)

X31 U(XS) =

PucyHok 3 — TpaHcdopmupoBaHne HeonpeaeneHHocTen
ans Tpex (N = 3) He3aBNCHMMbIX BXOAHbIX BEMUYUH
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a) B COOTBETCTBUM C NMOTHOCTBIO pacrnpeeneHns BEPOATHOCTEN ANa BXOAHbIX BenuunH X = (X, ..., Xy)'
onpeaensioT OLEHKN MaTEMaTUYECKOrO OXMAAHNA X = (X4, ..., Xy)| 1 CTAHAAPTHOMO OTKMOHEHNs (CTaHAapTHbIE
HeonpeaeneHHoCTH) u(x) = [u(xy), ..., u(xy)]". Ecrv X; SBRS0TCS CTaTUCTUYECKM 3aBUCUMBIMM (MIMEIOT HEHYIEBYIO
KOBapuaLmio), TO MCMOMb3YHT COBMECTHYH NMOTHOCTL pacnpegenenms X;

b) onpegensitoT uncno creneHen cBoboabl (6ECKOHEYHOE UMM KOHEYHOE) NS KaXO0M U(X;);

C) ANS K&XA0W Napbl 3aBUCUMbIX BENUYMH X; U X; HA OCHOBE COBMECTHOM NIOTHOCTY pacrnpeaesnexus X; u
X; onpeaensioT koBapuaumio (B3aUMHYH0 HEONPEAENeHHOCTb) U(X;, X;) ANs X; U X;;

d) onpeaensitoT YacTHbIE NPOM3BOAHbIE NepBOro nopsaka ot f(X) no X;

€) BbI4UCTISAIOT OLEHKY , MOACTaBMNASA B YHKLMIO n3mepenns X = Xx;

f) BbIUMCNAT KO3 PULMEHTBI YyBCTBUTENBHOCTM Mogenu [PykoBoacTeo MCO/M3K 98-3 (5.1.3)] uepes 3Ha-
YEeHUS BbIYNCIIEHHbBIX YACTHbIX MPOU3BOAHBIX B TOYKE X;

g) BbIUMCAIAIOT CTAHAAPTHYIO HEOMPEAENEHHOCTb U(Y), 06beanHss u(x), u(X;, X;) N KOIDPULMEHTLI YyBCTBM-
TenbHocTn Mmogenu [Pykosogcteo MCO/MBK 98-3, hopmynebi (10), (13)];

h) BBIUMCASIOT Vi [UMCIO 3dhpeKTMBHBIX CTeneHen ceoboapl ans u(y)] no popmyrne Yanua-CatrepTyanTa
[PykoBogctBo MCO/M3IK 98-3, hopmyna (G.2b)];

i) BBIYMCIISIIOT PACLUMPEHHYIO HEOMPEAENeHHOCTb U, 1 COOTBETCTBYIOLMIA MHTEPBAST OXBaTa (4ns 3aAaHHOM
BEPOATHOCTM OXBaTa p) ang Y (paccmaTpuBaeMoit B Ka4eCTBe CryYaiHOM BENTMYMHBI) TOCPeaCTBOM BbIGOpa MHO-
Xutensa onsa u(y) B Buae kBaHTuUnsa pacnpegenenuns doyHkumm (Y — y)/u(y), npegnonaraemMoro ctaHaapTHbIM HOp-
MasbHbIM pacrnpegeneHneM (ansi Vg = o) U t-pacnpegeneHnem (Ons Vg < oo).

5.7 YcnoBus npumeHuMocTn cnocoba oueHnBaHusi no GUM B cnyyae nuHerHoOM mogenu

5.7.1 B cnyyae nuHeriHbix mogenen (PyHKUUSt M3MepeHmns nMHeriHa OTHOCUMTENbHO Xj) MPUMEHEHMe 3akoHa
TpaHcopMMpoBaHKs HeonpeaeneHHOCTEN BCeraa KOpPEKTHO.

5.7.2 ViHTepBan oxBaTa MOXeT bbITb onpegerneH B cootBeTcTBumM ¢ GUM npu BbINOMHEHNW CREAYOLNX
YCOBWIA:

a) npumeHnma copmyna Yanua-CattepTtyanTta Ansi BlMUCNEHMS Ymicna 3pPeKTUBHBIX CTeNeHen cBobobl
u(y) [Pykosoacteo MCO/M3K 98-3 (G.4.1)], ecrniv ogHOM UM HECKOSBKUM U(X;) COOTBETCTBYET KOHEYHOE YMCIO
cTeneHen ceoboabl;

b) ecnu ctaHgapTHOM HeONpPeaeneHHOCTY OLEHKM KaKON-Nbo BXOAHOW BENMUYMHBI X; COOTBETCTBYET KOHEY-
HO€ YNCNOo cTeneHen cBoboabl, TO 3Ta OLEHKa He 3aBUCUT OT OLEHOK APYTrX BXOOHbIX BEMNUYH;

C) MIIOTHOCTb pacnpeneneHns BeposTHOCTEN Ans Y MOXeT ObITb annpoKCUMMPOBaHa HopMaribHbIM pacrpe-
AerneHnem nnm maclTabupoBaHHbLIM CMELLEHHbIM -pacnpeaeneHnem.

MpumeyvyaHune 1 — Ycnosue a) obecrneymBaeT BOIMOXHOCTb ONMcaHns Y MacluTabupoBaHHbIM CMELLEHHBLIM
t-pacnpepeneHuem.

MpumeyvyaHune 2 — Ycnosue b) ceazaHo ¢ Tem, 4To GUM He paccmaTpvBaeT BO3MOXHOCTb OLEHUBAHUSA
HeonpeaeneHHOCTN B Criyvae 3aBUCKMMbIX X; C KOHEYHbIM YACMOM CTeneHern cBobofpbl.

MpumeyaHune 3 — Ycrnosue c) 3aBeOMO BbIMOMHAETCS, €CNY KaxXaasa criydanHas BenuunHa X; NoguvHseTcs
HopmanbHOMYy pacnpegeneHunto. OHO BbIMOMHSETCA Takke B Cryvae, Korga BbIMOMHEHbl YCNOBUSI LLEHTPanbHOW npe-
AenbHoun Teopemsbl [Pykoeoactso MCO/M3K 98-3 (G.2)].

MpumeyaHune 4 — Cnocob oueHnBaHus HeonpedeneHHocTM No GUM He MoxeT OblTb NPUMEHEH, ecnun
BenuynHa Xj, BKnag kotopon B u(y) ABNsSieTCS AOMUHUPYIOLLMM, HE MOAYMHSIETCS HOpMarbHOMY pacrnpeneneHuio.

5.8 YcnoBusi npMMeHMMOCTU crocoba oueHuBaHusA HeonpegeneHHocTn no GUM gnsi HenuMHelHbIX
mogaeneu

5.8.1 3akoH TpaHchOopMMpPOBaHMS HEONPEAENEHHOCTEN MOXET ObITb MPUMEHEH ANS HENMHENHBLIX MOAEeNewn
Npv BbINOMHEHNM CEAYIOLLNX YCITOBUNA:

a) yHKUMS f MeeT HenpepbIBHY NPOM3BOAHYIO MO KOMMOHeHTaM X; BekTopa X B OKPECTHOCTSIX OLEHOK
X;;

b) ycnosue a) cnpaBeannBo B OTHOLLEHUM MPON3BOAHBIX BCEX NMOPSAKOB, UCMOMNb3YEMbIX B 3aKOHE TPaHC-
POpMMPOBaHMS HEOMPEOENEHHOCTEN;

C) BENWYMHBI X;, BXOOALME B 3HAYMMbIE UneHbl pasnoxeHns dyHkuum f(X) B pag Tennopa BbICLLMX NOPSA-
KOB, HE3aBUCUMBI;

d) BENUYMHBI X;, BXOOALME B YreHbl pa3noxeHns dyHkumm f(X) B pag Tennopa BbICLUMX NOPAAKOB, NO4YM-
HSIHOTCSt HOpMarbHOMY pacnpeaerneHuio;

€) UneHbl BbICLUMX MOPSIAKOB, HE BKIHOYEHHbIE B annpokcumaumio f(X) psagom Ternopa, npeHebpexxumo
Marbl.
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MpumevyaHne 1 — Ycnosne a) HEOOXOOAMMO ANSA MPUMEHEHUSA 3aKOHa TpaHCOPMUPOBaHMSA HeonpeaeneH-
HOCTEW, OCHOBAHHOIro Ha annpokcmmaummn f(X) psagom Tennopa nepBoro nopsigka, korga HenvHerHocTb f(X) HesHaun-
TenbHa [PykoBogctBo MCO/M3K 98-3 (5.1.2)].

MpumevyaHune 2 — Ycnosne b) HeOOX0AMMO AN MPUMEHEHUSA 3aKOHa TPaHCOPMUPOBAHUSA HeonpeneneH-
HOCTel, OCHOBaHHOro Ha annpokcmmaumn f(X) psgom Tennopa 6onee Bbicokoro nopsaka [Pykosogctso MCO/M3K 98-3
(5.1.2)]. BolpaxeHue Ana Hambonee BaKHbIX YNeHOB Gonee BbICOKOro nopsaka, Kotopble HE06X0AMMO y4ecTb, npusBee-
Ho B GUM [Pykooacteo MICO/M3K 98-3 (npumeyanue k 5.1.2)].

MpumeyvyaHune 3 — Ycnosue c) oTHOCUTCSA K paccmaTpmBaeMomy B GUM cnyyato, Korga B pasnoxeHun B psg
Tennopa y4nTbiBatOTCS YNeHbl BbICLLUMX MOPSAKOB, onpedensembix HedaBucumbimn X; [PykosogctBo MCO/M3K 98-3
(mpumeyvaHue Kk 5.1.2)]. Bo3MOXHOCTb y4yeTa YNeHOB BbICLLUMX MOPSAKOB, ONpeAensemMbiX 3aBucMMbIMK X;, B GUM He
paccmaTpvBaeTcs.

MpumevaHune 4 — Ycnosue d) npeacraBnser cobon yTouHeHue yteepxaeHna GUM [Pykooacteo MCO/M3K 98-3
(mpumeyvaHue k 5.1.2)] 0 TOM, 4YTO 3aKOH TPaAHCHOPMUPOBAHUSA HEOMNPEeAENeHHOCTEN, YYUTBIBAIOLNIA YNeHbl BbICLUNX
NopsAKOB, OCHOBaH Ha NPeanonoXeHun 0 CUMMETPUYHOCTM MITOTHOCTEW pacnpeneneHns BepostHocTen ana X; [19, 27].

MpnmevaHnune 5 — Ecnm Tpebyemoe Ans CyLeCTBEHHO HENMUHENHON (PYHKUMN U3MEPEHUSA aHanUTU4ecKkoe
onpegeneHne YacTHbIX NPOU3BOAHbLIX BbICLUMX MOPSOKOB NPEeAcTaBnAeT TPYAHOCTM UM MOXET MPYBECTU K owwnbkam, To
AOnyckaeTcsi NPUMEHEHNEe MeTOA0B YMCIEHHOro AnddepeHUnpoBaHnsa C UCNONb30BaHNEM COOTBETCTBYHOLWErO Npo-
rpamMmHoro obecnedeHus. Kak BapuaHT, YaCTHble NPOM3BOAHbIE MOTYT ObITb annpOKCUMMPOBaHbI YUCIIEHHO METOOO0M
KOHeuYHbIX pasHocTen [5]. (B GUM npusegeHa popmyna KOHEYHO-Pa3HOCTHOW anmnpoKCUMaunn Ans BbIYMCIEHUS YacT-
HbIX MPOU3BOAHbLIX NepBoro nopsaka [PykosoactBo MCO/MOK 98-3 (npumevanue 2 k 5.1.3)].) OgHako cnegyet cobrto-
AaTb OCTOPOXHOCTb, ONEpupys KOHEYHbIMW Pa3HOCTAMW ANS GNU3KUX 3HaYeHU PyHKUMW, MOCKOMNbKY MOrpeLHoOCTH
OKPYFMEeHNs Ynucen npu MUCnonb30oBaHUM apudMETUKN C KOHEYHOW TOYHOCTbIO CMOCOOHBLI NPMBECTU K 3HAYUTENbHBLIM
owmnbkam B pacyeTax.

5.8.2 HTepBan oxBaTta MOXeT OblTb onpeaeneH B cootBeTcTBUM ¢ GUM, ecnu BbINOMHeHbI YCriosus a), b)
1 C), ycTaHoBMeHHble B 5.7.2, a npumevaHue 3 u3 5.8.1 3ameHeHo Ha cnepytoLlee: «YcrnoBue ¢) Heobxoanmmo Ans
TOro, 4Tobbl MHTEpBan oxBaTa Mor ObITb ONpeaAeneH U3 pacrnpeaeneHnin 3TUX BENNYUHY.

5.8.3 Ecnn ycnosus 5.8.1 unmn 5.8.2 BbINONHEHbI (YTO CNpaBeanvBo Ans MHOMUX MPaKTUYECKMX CUTyaLni),
TO 3TOro 06bIYHO JOCTATOMHO A1 KOPPEKTHOO NpYMeHeHns cnocoba oueHBaHns HeonpeaeneHHocTn no GUM.

5.9 Metoa MoHTe-Kapno gns atanoB TpaHchoOpMMpPOBaHUA pacnpegeneHur u nosyyeHus
OKOHYaTenbHbIX pe3ynbTaToB

5.9.1 MeTtog MoHTe-Kapno obecneumBaeT nonyyeHme NnpubnmkeHHOro YCNIEHHOTO NpeacTaBneHnst MaTe-
MaTtmyeckoro oobekTa G, KOTOpbIM MOXET BbITh, B YaCTHOCTU, (PyHKUMA pacnpegenennst Gy(n) ana [32, ctp. 75].
OCHOBHbIM NPWHLIMNOM 3TOrO NOAX0Aa ABMAETCS NOyveHMe NOBTOPHbIX BbIOOPOK 13 NAOTHOCTEN pacnpeaeneHuns
BEPOSITHOCTEN AN BXOOHbIX BENUYMH X; Y MONyYEHNE COOTBETCTBYHOLLEN BbIOOPKN HA BbIXOAE MOLEN.

5.9.2 Mockonbky Gy(n) cogepxuT B cebe BCo N3BECTHYHO MHAOpMaLMio 06 Y, To Ha ocHoBe NpubnmxeHus G
MOXeT BbITb NoMyyYeHa annpokcMMauus Mobom xapakTepUcTUKA Y, TaKoM Kak MaTeMaTnyeckoe oxunaaHue, auc-
nepcus N NHTepBan oxearta. KayecTBo NomnyyYeHHbIX pe3ynbTaToB yryylaeTcs No Mepe yBenMyeHus ynucna
BbIGOPOK.

5.9.3 MaTtemaTtunyeckoe oxmaaHue 1 gucnepcus (a Takke 6ornee BbICOKME MOMEHThI pacnpeneneHnst) MoryT
ObITb ONpefeneHbl HENOCPEACTBEHHO MO BbIOOPKE Ha BbIXxoAe Moaenu. [ns onpeaeneHns nHTepeana oxasarta
HeobXo4MMO NPeABapUTENBHO 3Ty BEIOOPKY YNOpsSA0YnTb.

5.9.4Ecnmy,, r=1, ..., M, npegctaensitot cobot M 3Ha4yeHuin Ha BbIXO4e MOAENMN, B3ATbIX HE3ABMCMMO 13
NMOTHOCTUN pacnpeaeneHns BeposaTHOCTEN Ans Y, TO NpUBnmkeHHbIE 3HaYeHUst MatemaTndeckoro oxuaganms E(Y)
n gucnepcumn V(Y) moryT ObITb NOfyyYeHbl MO 3TUM BbIOOPOYHbIM 3HadYeHusiM y,. B obwem cnyvae Bce
MomeHTbI Y [Bkntodast E(Y) u V(Y)] MoryT BbiTe annpoKCMMUPOBaHbI UX BbIGOPOYHbLIMY 3Ha4YeHnsamMu. Ecnm o6o-

3HaAUUTb My0 YMCIIO 3HAYEHMI BbIGOPKU, HE NPEBbILLIAIOLLIMX HEKOTOPOrO NPOM3BOSIbHO BbIGPAHHOIO 3HAYEHUS V),

TO BEpOSTHOCTb Pr(Y < y,) MOXHO npubnnkeHHo onpeaenuts pasHon M, /M. Takum obpa3om no Bbibopke y,
0

MO>XHO NOCTPOUTL CTyNeHYaTyo YHKLMIO, annpoKCUMUPYHOLLYIO dOyHKUMIO pacnipegenenns Gy(n).

5.9.5 Kaxpgoe 3HadeHue y, OnNpepensitoT Ha OCHOBE CIyYanHON BbIOOPKM BXOOHBIX BEMWYMH X; U3 KX
pacnpeeneHnn BeposaTHOCTEN 1 nocneaytoLero npeodpasoBaHns 3TUX BXOOHbIX BEMUYUH MOAENbIO n3Mepe-
Hus. Mprbnwkerne G, nonyyeHHoe metogom MoHTe-Kapno, npegctaBnser cobon BbIGOPOUHbIe 3HaYEeHWs y,, pac-
MONOXEHHble B CTPOro BO3pacTatoLeM nopsiake.

MpumedyaHune— CyuwectByeT Hebonbluas BEPOATHOCTb TOro, YTO HAWAYTCA AreMeHTbl BbIOOPKM Y,
coBragatroLyue rno 3HaveHuto. B aTom cnyyae noctpoutb CTPOro BO3pacTatoLLyo NocrneaoBaTeslbHOCTb MOXHO, BHOCS B
coBnagarnLmne anemeHTbl BbIGOPKM Manble cryyanHble BO3MyLUeHus (cMm. 7.5.1).
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5.9.6 NpumeHeHne meTtoaa MoHTe-Kapno gns TpaHcdopmMmpoBaHns pacnpeaeneHmin cxeMaTtuyeckm noka-
3aHO Ha pUCYHKe 4 anga crny4vas 3apaHee 3agaHHOro 3HadyeHus M (cnyyan, korga M He 3apjaertcsa 3apaHee, pac-
cmatpuBaeTtca B 7.9). NostanHasa npouenypa metoaa MoHTe-Kapno BkntoyaeT B cebs:

a) BbIOOp vmcna mcnbitanui M (cm. 7.2);

b) dopmupoBaHue B kaxxgom n3 M ncneitaHuin N-MepHOro BEKTOpa BXOAHbIX BENMYMH X; B COOTBETCTBUM C

NX 3aKoHaMu pacnpegenenus (cm. 7.3);

C) nony4yeHve Ans Kaxaoro Takoro BEKTopa 3HaveHus Y Ha Bbixoge Mogenv nsmepeHuns (cMm. 7.4);
d) pacnonoxeHve nonyyeHHblx M 3HayeHuin Y B CTPOro BospacratoLemM nopsake, obecnevmsaroLlee

noctpoeHune npubnmxeHnss G (cm. 7.5);

WexogHule gaHHble
Ona npuMmeHeHna
metoga MoHTte-Kapno

CoBMeCTHas NMoTHOCTb
BeposiTHOCTH gx(E)
ANSA BXOAHLIX BENWYMH X

BeposTHOCTL
oxsara p

Paspen 6 TepmuH no 3.13

Mogenb
Y = f(X)

Moppasnen 4.1

Yucno M
MCTIBbITaHWA MeToaa
MouTe-Kapno

Moppa3znen 7.2

TpaHcthopmupoBaHue pacnpegeneHuii
meTtogom MoHTe-Kapno Ha ocHoBe
COBMECTHON NMOTHOCTW pacnpeaeneHuns
BEPOSITHOCTEN BXOAHLIX BENUYNH

1 MOAEenu 3MepeHus

M BEKTOPOB X4, ..., Xpy
u3 pacnpegenenus gx(&)

Mogpaspen 7.3

M BbixoaHbIX 3HAYEHWUIA
y,=fix), r=1,... M

Mogpaspen 7.4

PesynbTar npuMeHeHus MeToga
MonTe-Kapno: cyHKums pacnpegeneHums
BLIXOAHOW BENWYMHEI

OuckpeTHoe npeacTaenexnve G
thyHKUMKM pacnipegeneHus
ANsi BbIXOAHOW BENUYUHL! Y

Mogpaspen 7.5

OKoH4aTenbHbIA
peaynsTar

OueHka y u ee
cTaHgapTHas Heonpe-
AeneHHocTb u(y)

Moppa3snen 7.6

WuTepean oxsata
Wiow: ¥4 high] Ana Y

Mopgpaspen 7.7

PucyHok 4 — JTanbl TpaHCHOPMUPOBaHUS pacrpedeneHnin 1 NMoryyYeHUsl OKOHYaTemNbHbIX Pe3ynsTaToB

OLeHMBaHMs HeonpegeneHHocTn metogoM MoHTe-Kapno
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€) nosny4eHne Ha ocHoBe G oueHkn y ons Y 1 ee cTaHAapTHOW HeonpeaeneHHocTn u(y) (cMm. 7.6);
f) noctpoeHne Ha ocHoBe G MHTepBana oxBaTa Anga Y, COOTBETCTBYHOLLErO 3a4aHHOM BEPOATHOCTU
oxeaTa p (cm. 7.7).

MpumevyaHne 1 — dopmmupoBaHue BbIGOPKM M3 pacnpeaeneHnii BEpoSTHOCTEN paccMaTpmBaeTcs B 6.4 1 B
npunoxeHun C.

MpnmevaHune 2 — CpegHee apudmeTnyeckoe U3 M 3Ha4yeHWn Ha BbIXOA4E MOLENWN ABMSAETCA CryyYamHOon
BEMUYMHON C MaTeMatudeckum oxuaannem E(Y) un gucnepcuen V(Y)/M. Takum obpasom, 6rnm3ocTb cpegHero apvdme-
Tuyeckoro k E(Y) nponopuuoHansia M2,

MpnmevyaHune 3 — Ha atane €) MoXHO ncnonb3oBatb M HeynopsaodeHHbIx peanusauun Y. OgHako ans
onpefeneHvs nHTepBana oxearta Ha aTane f) 3HauyeHus BbIOOPKN BLIXOAHbBIX 3HAYEHW MoAenn HeobXoAMMO yrnopsifo-
YNTb.

5.9.7 3 dpekTnBHOCTE MeToga MoHTe-Kapno npv onpeaenennm y, u(y) 1 MHTepBarna oxsata anst Y 3aBucuT
OT afekBaTHOro Bblbopa uncna ucnbitaHun M [atan a) B 5.9.6]. Pekomergaumm no onpegeneHmno 40CTaTOMHOro
3HaveHusa M 1 no gpyrim Bonpocam peanmsauumn metoga MoHTe-Kapno npusegeHsl B [7] (cm. Takke 7.2 1 7.9).

5.10 YcnoBusa npumeHumoctn metona MoHrte-Kapno

5.10.1 MNpumeHeHne meTtoga MoHTe-Kapno ans tpaHchopmMmpoBaHus pacnpegeneHunin ¢ nolydyeHmem pe-
3yNbTaToOB OLEHNBAHUSA HEONPEeAEeNeHHOCTV TPebyeT BbINONMHEHNS CreayoLMX YCNOBUIA:

a) yHKUMSA n3mepeHmns f — HenpepbiBHa No Bcem X; BekTopa X B OKPECTHOCTM HauMyyLLIMX OLEHOK X;
BXOAHbIX BENUYMH X;

b) cbyHkuMs pacnpenenexHus ans Y HenpepbiBHA 1 CTPOro Bo3pacTaroLasi;

C) MNOTHOCTb pacnpegerneHns BepoaTHocTen Ans Y:

1) HenpepbIBHa Ha UHTepBarne, rae ee 3Ha4eHNsi CTPOro MNONOXUTENbHbI,

2) yHumopganbeHa (T. €. UMeeT eQNHCTBEHHbIN MakCUMYM),

3) paBHa HyIto UM MOHOTOHHO BO3pacTaeT creBa OT MOAbI 1 MOHOTOHHO yObIBaeT unm paBHa Hyrio cnpaBsa
OT MOAbl;

d) E(Y) n V(Y) cywiecTBytoT;

e) BblbpaHHOe 3Ha4YeHne M aBnsaeTca 4OCTaTOMHO BOMbLLNM.

MpnmevyaHnune 1 — B otnuume ot TpeboBaHMA a) HEMPEPLIBHOCTU CaMol OYHKLUM M3MEPEHUS HUKaKMX
YCMNOBUWI Ha NPOU3BOAHbIE 3TOW PYHKLMN HE HanaraeTcs.

MpnmeyvyaHune 2 — Ycrnosusa a) u b) obecneumBaoT 0gHO3HAYHOCTE (PyHKLMM oBpaTHOM DyHKLMK pacnpene-
NeHns 1, cnegoBaTenbHO, MO3BONSAIT ONpeaenvTb MHTepBan oxeaTa. Ecnv onpegeneHne nHTepsana oxeaTta He Tpeby-
eTcsl, TO HeOOXOoANMbIM SBNAETCH TOMbKO YCIOBUE a).

MpnmMmeyaHune 3 — Ycnosue c) HEOHGXOOAMMO TOMbLKO B CryyYae onpeerneHusi HauMeHbLLEro MHTepBana oxBa-
Ta. Torga ycnosue c) obecneyvBaeT eQMHCTBEHHOCTb HAaMMEHbLUErO MHTEpBana oxBaTa, COOTBETCTBYHOLLErO 3aaHHON
BEpPOATHOCTWN oxBaTa. Ecrnn mopa sBNseTcA rpaHUYHONM TOYKOW MHTEepBana, Ha KOTOPOM MIIOTHOCTb pacnpeneneHus
BEPOSATHOCTEN OTMNYHA OT HyIsi, TO OAHO M3 [ABYX YCIOBUIA NepevmcneHuns 3) SBnseTcs NULLHUM.

MpnmevyaHune 4 — Ycnosue d) Heobxoanmo Ana obecneyeHnss CXOOUMOCTU MO BEPOATHOCTU OLIEHOK, MOry-
YeHHbIX MmeTogoM MoHTe-Kapno, npu yBenvdennn M (cm. 7.2).

MpnmeyvyaHnune 5 — Ycnosue e) Heobxoammo Ans obecnevyeHns JOCTOBEPHOCTM pe3ynbTaToB OLEeHMBaHWS
HeonpegeneHHoctn (cm. 8.2).

5.10.2 Ecnn ycnosus, ykasaHHble B 5.10.1, BbINOMHEHbI, TO pe3ynbTaThl OLEHUBaHWS HEONPEOEeneHHOCTH C
ncrnonb3oBaHneM Metoga MoHTe-Kapno MOXHO cuntaTb AOCTOBEPHBLIMU. OTU YCIOBUS MEHEE XXECTKUE, YEM Te,
BbINOJSIHEHNE KOTOPbIX HEOBX0AVMMO NS OLeHMBaHWs HeonpeaeneHHoctr no GUM (cm. 5.7 n 5.8).

5.11 CpaBHeHuMe cnoco6oB oLeHUBaHUA HeonpegeneHHocTn no GUM u metogom MoHTte-Kapno

5.11.1 Lenbto noapasgena sBnseTca cpaBHeHUe NpUHLMNOB, NeXallMx B OCHOBE OLiEHMBaHNA Heonpeae-
neHHoct no GUM n metogom MoHTe-Kapro, ncnons3yemoro ans npeobpasoBaHus pacnpegenenuni. B Hactos-
LLieM noApasaene nNpuBeAeHbl HEKOTOpble 060CHOBaHUS NCMoNb3oBaHMsA MmeToaa MoHTe-Kapno B ycnoBusix, kor-
Oa 000CHOBaHHOCTb MPMMEHEHMs cnocoba oLeHMBaHKsA HeonpeaeneHHocTy no GUM ocTaeTcst HEAACHOM.

5.11.2 insi cpaBHeHus cnocoba oLeHnBaHns HeonpeaeneHHocTn no GUM ¢ metogom MoHTe-Kapno nones-
HO caenaTtb 0030p OCHOBHbIX nonoxeHnn GUM, kacatoLmxcsa oueHOoK HeonpeaeneHHocty Tunos A u B. Tpu
onpegeneHnn oueHkn HeonpegeneHHoctn Tuna A GUM no3BonseT nonyyunTb HaumyuLlyto OLEHKY BENUYMHDI U
COOTBETCTBYIOLLIEN CTAaHOAPTHON HEONPEeAENEHHOCTU B BUAE CpeaHEro apudpmeTnyeckoro 1 BbI6OpOYHOro CTaH-
OAPTHOMO OTKITOHEHUS, NMOMYYEHHbIX HA OCHOBE HE3aBMCUMMbIX HabnogeHui. Mpu onpeaeneHnmn oLeHKM Heonpeae-
NIEHHOCTM TUNa B Mcnonb3ytoT anpuopHble 3HaHUSA O BENMYMHE A5 ONUCAHKS C €€ NMOMOLLbI0 MII0THOCTU pac-
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npegeneHns BEPOSITHOCTEN, HA OCHOBE KOTOPbIX ONPEeAEnsitoT HAUMYYLLYH OLEHKY BEMNUYMHBI U COOTBETCTBYHO-
LLIYIO CTaHOApTHYH HeonpeaeneHHocTb. B cootBeTcTBUM ¢ GUM 06a Trna oLeHOK OCHOBaHbI Ha UCNOMNb30BaHUN
pacnpegeneHun sepositHocTen [PykoBoacteo MCO/MBK 98-3 (3.3.4)] n ob6LLenpr3HaHHbIX MHTEpnpeTauuii Bepo-
atHocTu [PykoBoacteo MCO/M3K 98-3 (3.3.5)]. B noaxone GUM oueHvBaHWe HeonpeaeneHHOCT! noapasymeBa-
€T TpaHCchopMMpOoBaHMe pacnpenesieHnin BEpOATHOCTEN, MOCKOSbKY BXOAHOM U BbIXOQHOW BENMYMHAM B HEM CTa-
BATCS B COOTBETCTBME ClNyYaliHble BENMYMHBI, 0OnagatoLme CBOMMM pacrnpeaeneHnsimm BeposTHocTel [PykoBoa-
ctBo NCO/MOBK 98-3 (G.6.6)] (cm. Tarke 5.1.2).

5.11.3 B meToge oueHnBaHusa HeonpeaeneHHocT no GUM nnoTHOCTbL pacnpeneneHnst BEPOSATHOCTEN Bbl-
XOZHOWM BENWYMNHBI B IBHOM BUAE He onpeaenstoT. CCbinku HacTosILero ctaHaapTa npy pacCMoTpeHun noaxoaa
GUM Ha pacnpegeneHmne BbIXOAHOW BENNYUHBI MICXOOST 13 TOrO, YTO CyLLECTBOBAHME Takoro pacnpeaerneHms
00yCrnOBEHO CMbICITOM NPOLeypPbl OLEHNBAHUS.

5.11.4 MeTop, ycTaHaBnmMBaembln HACTOSALLMUM CTaHOAPTOM, B MakC1ManbHO BO3MOXHOW CTENeHn COBMeC-
Tum ¢ GUM, 0coBeHHO B OTHOLLEHWNM UCNOMb30BaHNsI NIIOTHOCTEW pacrnpeieneHnsi BEPOSITHOCTEN ANS OnncaHms
BCEX BXOASALUNX B MOAENb U3MEPEHMUS BENNYMH, HO MOXET OTNINYATLCA OT HEro B CreaytoLLeM:

a) BCeM BXOOHbIM BennynHam X; B ASBHOM BUAE NPUNMCaHbl COOTBETCTBYHOLLME MOTHOCTY pacnpeaeneHms
BEPOSATHOCTEN (a He CTaH4apTHbIe HEONPeAEeNeHHOCTMN OLLEHOK X; 3TUX BEMIMYMH) Ha OCHOBE MMetoLLIencs HAop-
MaLmmn 06 3Tux BenmumnHax. Knaccmdmkaumsa oueHok Ha oueHkn TunoB A v B He ncnonb3yeTcs;

b) BbuMcneHne koaddurumeHToB YyBcTBUTENBHOCTM [PykoBoacTBo MCO/M3K 98-3 (5.1.3)] He siBnseTcA
HEOTbEMSIEMOM YaCTbio METOAA, U, CNeaoBaTeNbHO, BbIYMCIIEHME UMM YUCTIEHHAS annpOKCUMAaLMs YaCTHbIX NPo-
N3BOAHbIX PYHKLMKN N3MepPeHMs Mo X; He TpebyeTcs. TeM He MeHee, METOA MO3BOMSAET NOMYYNUTb MPUBIKEHHBIE
3Ha4YeHUs KO3 PULMEHTOB HYBCTBUTENBLHOCTU, KOTOPbIE, OA4HAKO, He ByayT COOTBETCTBOBATL KO3hduLIMEHTaM
pasnoxeHus pyHKUUN n3amepeHmns B psg Tennopa nepBoro nopsiaka, a dyayT yunTbiBaTb BCE YIEHbI BbICLLETO
nopsiika aToro pasnoxeHus (CM. npunoxexuve B);

C) uncneHHoe npeacTaBnenne pyHKUUM pacnpeneneHnsi BbIXOAHON BENWYMHBI Y, NONHOCTLIO onpeaense-
MO€e BUOOM MOAENN N3MEPEHNS U MNOTHOCTAMM pacnpeaeneHns BeposaTHOCTeN Ans X, He OrpaHNyYnBaeTCs HOp-
MarnbHbIM pacnpegeneHmem unm maclutabpoBaHHbIM CMELLEHHBIM f-pacnpeaeneHnem;

d) nockonbKy MMOTHOCTb pacnpeaerneHns BeposaTHOCTEN ANng Y He ABnsgeTcs B obLem cryyae CMMMeTpuY-
HOW, NHTepBan oxeaTa Ansa Y Takke He Bcerga CUMMETPUYEH OTHOCUTENBHO ee oueHKkn. CneqoBaTensHo, Ans
BbIOOpa MHTepBara oxearta, COOTBETCTBYHLLENO 3a4aHHON BEPOATHOCTU OXBaTa, HEOOX04MMa AOMNOSNHUTENbHAsA
MHdopMaums.

5.11.5 Tak kak cnocob oueHnBaHns HeonpeaeneHHocTy no GUM onepupyeT TOonbKO HaumyyLmmMm OLeHKa-
MW X; N COOTBETCTBYHOLLIMMW CTaHOAPTHLIMW HEOMNPEAENIEHHOCTSIMU (a Takke, Npu HE0OXOAMMOCTM, KOBapuaLsMm
1 ymcrnamu cteneHern ceobopbl), NpegocTaBnseMas UM MHdopMaLmsi 0 BbIXOOHOM BennymHe Y orpaHunyeHa. Mo
CYLLIECTBY, OH MO3BOJISAET NULLIb MOMYYNTb OLEHKY Y ANt Y M COOTBETCTBYHOLLYIO y CTaHAAPTHY Heonpeaenex-
HOCTb U(y), a Takke, B psige cryvaeB, OLeHKY vmcna adeKkTUBHBIX cTeneHel csobobl. Ecnu dyHKums namepe-
HWS IMHeriHa No X, TO OLEHKN ¥ U COOTBETCTBYHOLLIEN HeonpeaeneHHoCTH u(y) ByayT gocToBepHbl. Beto octans-
HYH0 MHJOpMaLMio 06 Y, B TOM YMCIE MHTEPBASibl OXBaTa, MOfly4atoT Ha OCHOBE AOMOMHUTENbHbBIX NPEANONOXEHNI
0 BMAe pacnpegeneHns Y (oHo aBnsgeTcs nmbo HopMarbHbIM, MMB0 MacluTabnpoBaHHbLIM CMELLEHHbIM E-pacnpe-
OeneHvem).

5.11.6 MeTog MoHTe-Kapno obnagaet cnegyroLwmmm npenmyLLecTBamu:

a) COKpaLLalTCA aHanMTU4eckme pacyeTbl B CryyYae 6onee CroXHbIX U HEMMHENHBIX MoAernen, 0COBeHHO
BCINEACTBWE TOrO, YTO He TpebyeTcs onpeAeneHne YacTHbIX NPOU3BOAHBLIX MEPBOro UK GoMee BbICOKUX NOPSAa-
KOB, HEODXOANMbIX A1 OLEHKM KO3(PDULIMEHTOB HYBCTBUTENBHOCTM B COOTBETCTBUM C 3aKOHOM TpaHChopMUpoBa-
HYS1 HeonpeaeneHHoCTy;

b) B 00LLEeM cryyae yny4dLiaroTes oueHkn Y st HennHernHbix mogaernen [Pykoeoacteo MICO/MOK 98-3 (4.1.4)];

C) ynyuLLATCA OLIEHKM CTaHOAaPTHOW HEONPeAeNeHHOCTN OLEHKN Y AN HENMMHENHbIX Mogenen, 0CO6eHHO
Korga X; npunucaHo HerayccoBo (a, HanpuMep, aCMMMETPUYHOE) pacnpeneneHne, 6e3 HeobxoaMMocCTy onpeae-
neHns Npon3BOAHbIX BbicLMX nopsiakos [PykoBoacteo MCO/M3K 98-3 (npumeyanue k 5.1.2)];

d) cyLecTByeT BO3MOXHOCTb MOCTPOEHUS MHTEPBara oxBaTa B COOTBETCTBUM C 3a4aHHON BEPOATHOCThLIO
0OXBarta, Korfa nrnoTHOCTb pacnpeaeneHns BepoaTHOCTEN Ang Y He MOXeT ObiTb a4eKBaTHO annpoKCMMMPOBaHa
HOpMarbHbIM pacrnpeaeneHem nnvM MaclLTabrpoBaHHbIM CMELLEHHBIM -pacnpegerneHnem, T. €. Korga LeHTpanb-
Hag npegensHas Teopema HenpumeHuma [Pykosoactso MCO/M3K 98-3 (G.2.1, G.6.6)]. Annpokcumams Hop-
MarbHbIM pacnpegeneHmem unm maclutabnpoBaHHbIM CMELLEHHBIM f-pacnpeaeneHneM MoXeT ObITb HeaaekBaT-
HoW, koraa (1) pacnpegenenve, NpUNMCaHHOE AOMUHUPYIOLLIEN BXOOHOW BeNuynHe Xj, He IBNSIeTCA HopMarib-
HbIM pacnpegeneHmem unn macltTabrpoBaHHbIM CMELLEHHbIM t-pacnpeaeneHnem, (2) MyHKUUS Moaenm Henm-
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HelHa, (3) ownbka annpokcumaLmm, o0ycrnoBneHHas ucnosnb3yemon hopmMyron Yanua-CattepTyaiita ans pacye-
Ta uncna achPeKTUBHBIX CTeNeHel cBoboabI, ABMAETCS CYLLIECTBEHHOW;

€) Ans onpefenennst MHTepeara oxeaTta He TpebyeTcsa ncnonb3oBaHns koadduumeHTa oxeaTa [PykoBoga-
ctBo NCO/M3K 98-3 (2.3.6)].

6 MNnoTtHocTH pacnpegeneHus BGpOHTHOCTeﬁ BXOAOHbIX BE€JINYUH

6.1 O6bwwme nonoxeHusA

6.1.1 HacrosLwmin pasgen CoaepXmT pekoMeHaaLumm no BbIoopy B HEKOTOPLIX TUMNYHBIX CUTYaLUSAX MIOTHO-
CTeun pacnpegeneHus BepoATHOCTEN A5 BXOAHbBIX BENUYMH X; Ha aTane opMynupoBKN 3aa4m OLeHMBaHUSA
HeonpeaeneHHoCcTU. Beibop NNoTHOCTM pacnpeneneHns BEpOSATHOCTEN MOXKET ObITb OCHOBaH Ha Teopeme bBarneca
[20] vnn Ha NprHUMNe MakcumyMa aHTponum [8, 26, 51, 56].

MpumeyaHne— B HeKoTOpbIX cny4yaax Bbl60p NPUNMCbIBAEMOW MIIOTHOCTU pacnpeaeneHns BEPOATHOCTEN
MOXET ObITb OCHOBaH Ha WHbIX COO6pa)KeHVI$|X. Ho Bcerga AomkHbl ObiTb 3adMKCMpoBaHbl OCHOBAHWSA, MOMOXEHHbIE B
OCHOBY 3TOro Bbl60pa.

6.1.2 B obuwem cnyvae BxofHbIM BenundnHam X = (X, ..., Xy)" COOTBETCTBYET COBMECTHasi NMNOTHOCTb
pacnpegeneHns BeposTHOCTEN gy(0) (cM. 6.4.8.4, npumeyaHue 2).
6.1.3 Ecnu X; He3aBUCUMBI, TO KaXX40M Benn4YmHe X; MOXeT ObITb NOCTaBrneHa B COOTBETCTBME NIIOTHOCTb

pacnpenenenus BepositHocTelt 9x; (&), B1A KOTOpPOI BLIGMPaKOT, OCHOBLIBASCH Ha aHanMae HabroaeHui (oLeHKa

HeonpegeneHHOCT Tina A) Unun Hay4HbIX CyXOEeHUsAX ¢ ucnonb3oBaHvem (cm. [50]) nctopum HabnogeHun, gaH-
HbIX KanMBPOBKM 1 AKCMEPTHBIX OLIEHOK (OLleHKa HeonpeaeneHHocTy Tuna B) [Pykosoacteo MCO/M3K 98-3 (3.3.5)].

6.1.4 B cnyyae, korga He3aBMCUMbI TOMbKO HEKOTOpbIE U3 X, HAUBUAYanbHble NIOTHOCTU pacnpeneneHms
BEPOATHOCTEN MPUNMCBLIBAIOT TOMNBKO 3TUM BXOAHBIM BENNYMHAM, a A OCTarnbHbIX MPUMEHSIFOT COBMECTHYHO NMOT-
HOCTb pacnpegerneHus.

MpumeyaHNe— B page cnyyaeB OT BCEX MU HEKOTOPbIX 3aBUCMMOCTEN MexXay BXOOHbIMY BENUYUMHaAMM
MOXHO 130aBUTLCSI MOCPEACTBOM MX 3aMeHbl Ha Apyrue nepemeHHble BenmuunHbl [PykoBogctBo MCO/M3K 98-3 (F.1.2.4,
H.1.2)]. Takas 3ameHa MOXeT ynpoCTUTb Kak MPUMEHEHWe 3akoHa TpaHCHOPMMPOBaHWS HeonpeaeneHHOCTEN, Tak n
3aKoHa TpaHchopMMpoBaHna pacnpefeneHuin. bonee nogpobHo 3TOT BONPOC C UAMIOCTPALMEN NpyMepamMy paccMoT-
peH B [15].

6.1.5 3Haunmas nHpopmaLums Ans BeIGopa NNOTHOCTU pacnpeaeneHnst BeposiTHoOCTer A X; npvBeaeHa B
GUM [PykosogcTteo MCO/M3IK 98-3 (4.3)].

6.1.6 B HacTosLLEM CTaHaapTe He NpPUBOAATCA NOAPO6OHLIE pekoMeHAauMm Mo BeIBOPY NIIOTHOCTEN pacnpe-
OereHns BepoSATHOCTEN MHAMBUAYarbHbIX U COBMECTHbIX. By BbIGpaHHON NNOTHOCTU pacnpeaeneHnsi BeposT-
HOCTEeN B HESIBHOM BuAe BKIHOYaeT B cebs 3HaHMSA U NpaKTUYeCKniA OnbIT MEeTPOriora, COCTaBnsALWero Mmogenb
N3MepeHNs, KOTOPbIN B KOHEYHOM CHETE HECET OTBETCTBEHHOCTb 3a Ka4€CTBO KOHEYHbIX Pe3ynbTaToBs.

6.1.7 CnpaBoYHbIM PYKOBOACTBOM MO BMAAM pacnpeaerneHms BeposTHOCTEN MOXET CnyXuTb [18].

6.2 Teopema baneca

6.2.1 Ecnu nHdopmaumsi 0 HEKOTOPOI BXOAHOW BenuymnHe X CogepunTcs B cepumn HabrniogeHun, paccmarpu-
BaeMbIX Kak peanusaumm HesaBUCUMbIX OOVMHAKOBO pacrnpefeneHHbIX criyvyanHblX BeNUYMH € 3afaHHOM (hopMoi
NNOTHOCTW pacnpeeneHnst BepOATHOCTEN, HO C HEM3BECTHBIMM MaTeMaTUYECKMM OXUAaHNEM 1 OUCMepCren, To
npunucbiBaemasi BXOAHOW BenuymHe X NioTHOCTb pacnpeaeneHns BEpOATHOCTEN MOXET ObITb paccymTaHa no
Teopeme barieca. PacueT BkrtodaeT B cebs aBa aTana. CHayana HeM3BeCTHbIM MaTEMaTUYECKOMY OXXMAAHWIO U
avcrnepcun NpUNUCbIBaT HEMHOpMaTMBHOE COBMECTHOE pacnpeaeneHune (anpnopHoe). 3atem, NCrosnb3ys Teo-
pemy barieca, COBMECTHYIO NNOTHOCTb pacnpefeneHns BepoSTHOCTEN YTOYHSIOT Ha OCHOBE AaHHbIX CEPUN Ha-
GnogeHnii, B pesynbraTte Yero nosny4aroT COBMECTHYIO MIIOTHOCTb pacnpeaeneHuns (anoCTepropHyo) Anst AByX
Hen3BEeCTHbIX MapameTpoB. [locne 3TOro MCKOMYH anoCTEPUOPHYHO NNOTHOCTb pacnpegeneHns BepoATHOCTEN
HEN3BEeCTHOIro MaTeMaTUYECKOro OXNAaHNS, KOTOPYHO PacCMaTpMBalOT Kak MIOTHOCTb pacnpeaernieHns, Npunmchbl-
Baemyo X, BbIYUCNSIOT MHTENPMPOBaHNEM COBMECTHOM NIIOTHOCTU pacnpeneneHns no obrnact BO3MOXHbIX 3Ha-
YEeHWU Henm3BeCcTHON gucnepcun (cMm. 6.4.9.2).

6.2.2 B cooTBeTCTBUM C Teopemoit baneca ons yTOYHEHUS NNIOTHOCTU pacnpenenenns BepoATHOCTEN UC-
Nnonb3yHT NPOM3BEAEHNE aNPUOPHON MIOTHOCTM pacnpeaeneHns BEposiTHOCTEN Ha hyHKLMIO NpaBgonoaoous [20].
PyHKUMS NpaBooNoao6us B CryyYae He3aBCMMbIX HAOMIOAEHWI SBMSETCS NPON3BEAEHNEM 3HAYEHMNI MITOTHOCTEN
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pacnpeaeneHns BepoSTHOCTEN (HanpyMep, rayCCoBbIX C HEM3BECTHLIM MaTeEMaTUYECKMM OXUAAHUEM 1 gucnep-
cren) ans nonyyYeHHbIX HabnogeHun. ANOCTEPUOPHYIO MIOTHOCTL pacnpeneneHns BEPOATHOCTEN Moy4YaroT UH-
TerpnpoBaHnem Npon3BeAeHNS anpYOPHON NITOTHOCTY pacnpeneneHns BEpOSATHOCTEN 1 chyHKLMM NpaBgonogobms
Mo BCEM BO3MOXHbIM 3HA4YEHUSIM ANCMEPCUN C NOCNERYOLLEN HOPMUPOBKO.

MpumeyvyaHune 1 — VHorga (Hanpumep, kak B 6.4.11) cnyyaiiHble BENUYMHbI, ANs1 KOTOPbIX MOMyYeHbl Habmnto-
OEHVS, OMMCLIBAOTCS MIOTHOCTLIO pacnpefeneHns ¢ eAMHCTBEHHbIM NMapamMeTpoM pacnpenenexHvs. B Takux cnydvasx
MaTeMaTU4eCKOMYy OXMAAHUI0 3TOr0 pacnpeaeneHvs NpUnNUcbIBaloT HEMH(POPMATMBHYIO anpuUopHY0 NIOTHOCTbL pac-
npefeneHns BEPOSITHOCTEN, a anocTEPMOPHOE pacnpefeneHve, NoHMMaemMoe Kak pacnpegeneHue X, dopmupyroT
HenocpeacTBEHHO B COOTBETCTBUM C Teopemol baneca 6e3 nocneayroLlero MHTerpupoBaHus.

MpumevyaHune 2 — Teopema baneca MoxeT ObiTb Takke NMPUMEHeHa ANS pasHbIX NPeAnonoXeHUn O Buae
pacnpegeneHus Habnogaemblx CriydanHbIX BEMNWYMH, HanpuMep, Korga UX HEU3BECTHbIE MaTEMaTUYECKOE OXWAAHWE U
CTaHOapTHOE OTKIOHEHME MnonaratoT paBHbIMU Mexay COOON.

6.3 MpuHUMN MakcuMyma 3HTponumn

6.3.1 Mpu ncnonb3oBaHUM NPYHLMMNA MaKCUMyMa SHTponuK, BBegeHHoro [hxenHcom [25], BeiGnpatoT eguH-
CTBEHHY!0 NMOTHOCTb pacnpeneneHns BepOATHOCTEN N3 BCEX BO3MOXHbIX pacnpeaeneHuii ¢ 3agaHHbIM1 CBON-
CTBaMK, HaNpMmep 3adaHHbIMU LIeHTPanbHbIMY MOMEHTaMU PasfnyHOro NopsAKa Unv 3agaHHbIMY MHTepBanamu,
Ha KOTOpbIX NMOTHOCTb pacnpeaeneHns BepOATHOCTEN He paBHa Hy 0. OTOT MeTo 0COBEHHO NoneseH ANns BbI6o-
pa NnoTHOCTU pacnpeneneHns BeposSTHOCTEN BEMNYUNH, 4151 KOTOPbIX AaHHble HabnoaeHnin HedoCTYMHbI, Unv Be-
FINYUH, KOTOPbIE HEBO3MOXHO N3MEPUTD.

6.3.2 Npu npMMeHeHnM NpUHLUMNa MakcMyMa 3HTPOMUM B Ka4eCTBE NIIOTHOCTU pacnpeaerneHnsi BeposTHO-
cTen gy (&), KoTopasi ailekBaTHO XapaKTepr3yeT HEMOSTHOTY 3HaHUsI O BeNUYUHE X, BblOMpatoT Takyto, Anst KOTOPOW
hyHKUMOHanN

Slgl = -] gx (€)Ingy (&) dE,

npegcrasnsowmii cobon aHTponuto no LLleHHoHy [48], JocTrraeT Makcumyma npy orpaHUYeHnsIX, onpegensieMbix
nmetoLencsa nHdopmaumern oo X.

6.4 BbIOOp NNOTHOCTU pacnpenernieHNs B HEKOTOPbIX TUMUYHBLIX YCITOBUAX

6.4.1 O6LwKe nonoxeHus

MHdopmaums, npueeaeHHas B 6.4.2—6.4.11, no3BonsieT BblOpaTh NNOTHOCTU pacnpeaeneHns BeposiTHOC-
Ten criy4qarHbIX BENIMYUH Ha OCHOBE PasrMyHom MMetoLLencs nHdopmaLmm ob aTnx BenuumHax. Bug nnotHoctn
pacnpefieneHns BeposTHOCTEN gy (&) onpenensieT:

a) hopMynbl AN MaTeMaTU4ECKOro OXXuaaHua n aucnepcmm X;

b) cnoco6 nonyyeHusi BbIGOPKM 13 gy(E).

CsepeHus, npuBeneHHble B 6.4.2—6.4.11, n rpadpmyeckoe npegcrasneHme pacnpegeneHunin, K KoTopbiM aTu
CcBefeHMs OTHOCATCA, cobpaHbl B Tabnvue 1.

Tab6nuya 1— VMHdopmauusi o criyqaiHON BENUYMHE U BUA COOTBETCTBYHLLEN MMOTHOCTU pacrnpeieneHunst BeposiTHO-
cren

MHdopmaLma o BenvynHe PacnpeneneHune BeposTHocTen MyHkT
HWXHAA 1 BEpXHSA rpanuubl: a, b PaBHomepHoe R(a, b) 6.4.2
HeTO4YHO n3BECTHLIE HMXKHASA U BepX- | KpuBonnHenHo-TpaneuenganbHoe 6.4.3
HAS rpaHuubl: a+d, b+ d CTrap (a, b, d)
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OkoH4yaHue mabnuusi 1

6opke

WHopmauma o BennynHe PacnpepeneHune BeposaTHocTen MMyHKT
Cymma OByx paBHOMepHO pacnpepe-| TpaneuevwgansHoe Trap (a, b, B); 6.4.4
NEHHbIX BENWYUH C rpaHuuamun (a4, bq)| a = aq + ay, b = by + by,

n (ay, by) COOTBETCTBEHHO B=1(by—aq)— (by—as)ll(b—a)
Cymma OByx paBHOMepHO pacnpefe-| TpeyronbHoe T(a, b); a = a4 + ao, 6.4.5
NEHHbIX BEMUYUH C rpaHnuamu (a4, bq)| b = by + by
n (as, by) N paBHON ANVHON HOCUTENSs
lapMoHuyeckoe konebaHne wexay| ApkcuHycHoe (U-oGpasHoe) U(a, b) 6.4.6
HWXHen (a) n BepxHen (b) rpaHuLamu I l
Haunyuwas oueHka x n ee craHgapT-| HopmanbHoe (rayccoBo) 6.4.7
Has HeornpegeneHHocTb u(Xx) N(x, U3(x))
Haunyuwas oueHka x BekTopHon Benun-| MHoromepHoe HopmarbHoOe (rayccoBo) 6.4.8
YMHbI M COOTBETCTBYOLWAA MaTpuua He-| N(x, Uy)
onpepeneHHoctn Uy
BbiGopka HesaBucuMbIX HabntogeHwi| t-pacnpepenenve (CtblogeHTa); 6.4.9.2
X4, ..., Xp U3 HOPMAnbHOro pacnpegene- n
HUS C HEU3BECTHLIMW MaTeMaTUYECKUM tn—1(’_‘v szln); X=Xx;/n,
oXxugaHvem u gucrnepcuen i=1

n

_\2
s? =Z1(x,- - x) /(n—1)

i=
Haunydwas oueHka x, paclwupeHHasi| t-pacnpegenenve (CtblofeHTa); 6.4.9.7
HeonpegeneHHocTb U, KoadduumneHt )
0XBaTa k,, UCro 3 EKT. CTeneHemn cBo- t, (x, (Up/kp) )
6oabl Vs eff
Haunydywas oueHka x HeoTpuuaTtenb-| QKCnoHeHumnanbHoe Ex(1/x) 6.4.10
HOW BEMUYUHBI l\
Yucno q noacuutaHHbIX 06BbEKTOB B Bbl-| MaMMa-pacnpegenenve T'(q + 1,1) f\ 6.4.11

MpunmedyaHUe— padurkm NNoTHOCTEN pacnpeneneHns BeposiTHocTel B Tabnuue 1 gaHbl 6e3 cobnogeHus
macwTaba. pacmk MHOromMepHOro HopmarnbHOro pacnpeferneHnst He nokasaH.
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6.4.2 PaBHOMepHOe (NpsiMOyrosibHoe) pacnpegerneHue

6.4.2.1 Ecnn egvHCTBEHHOM OOCTYMHOM MHpopMaumnen o BenuumHe X ABNAOTCA HWXKHSAS @ U BEPXHSAS b
(a < b) rpaHMLbI BO3MOXHbIX 3HA4YEHWI 9TON BENWNYMHBI, TO B COOTBETCTBUM C MPUHLMMNOM MakcMmMyMa aHTponun X
cnegyert onvckiBaTb paBHOMEPHbLIM pacnpenenennem R(a, b) Ha nHTepBarne [a, b].

6.4.2.2 [InoTHOCTb pacnpeaeneHnsa BeposTHocTen Ana X B 3TOM Cliyvae MMeeT BUA:

0, E<a
gx(§)=11/(b-a), as&<b
0, E>b

6.4.2.3 MaTtemaTnyeckoe oxungaHue n gucnepcmnsa X umetot Bua;

(b a)2

E(X)= (2)

6.4.2.4 [1nss oopMmnpoBaHMs BbIBOPKM 3HAYEHWI CryYaNHOM BENNYNHBI, MOOYMHSAOLLENCA pacnpeneneHmo
R(a, b), Heobxoonmo crny4vamHble 3HaYeHUWs r, NONMyYEeHHbIE N3 CTaH4APTHOIO PaBHOMEPHOINO pacnpeeneHuns
R(0, 1) (cm. C.3.3), npeobpaszoBaTthb cnegyroLmm obpasom:

E=a+(b-a)r.

6.4.3 PaBHOMepHOe pacnpepeneHue ¢ HETOYHO U3BECTHbLIMU FrpaHULaMu

6.4.3.1 O BennunHe X MOXeT ObiTb M3BECTHO, YTO OHA HAXOOWUTCHA B MHTepBare c rpaHuuamm A n B,
A < B, Takom, 4TO cpegHsst Touka uHTepBana (A + B)/2 dukcupoBaHa, a annHa nHtepsana (B — A) TOYHO He
onpeaerneHa, Ho U3BECTHO, YTO A NnexuT B nHTepBarne (a+ d), a B— B nHTepBane (b + d), rae a, b u d 3agaHbl
nnpu atom d > 0, (a + d) < (b — d). Ecnu Hukakon gpyro nHdopmauum o X, A n B HET, TO B COOTBETCTBUM C
MPUHLMNOM MaKCMMyMa SHTPOMUM criyyariHas BenuyunHa X MoXeT BbITb onncaHa KpUBONMHENHO-TpaneLenaanb-
HbIM pacnpegenennem CTrap (a, b, d).

6.4.3.2 [noTHOCTb pacnpeaeneHnsa seposTHocTen ana X B 3TOM Cliyvae MMeeT BUA:

[0, E<a-d

In[(w + d)/(x=E)], a—d<f<a+d,

9x (&) = 241 Inl(w + d)/ (w—d)], a+d<E<b-d,

In[(w +d)/ (E—x)], b—d<E<b+d, ©)
0, E>b+d,

roe x = (a+b)2nw=(b-a)l2 aBnaOTCsA, COOTBETCTBEHHO, CPEAHEN TOYKOW 1 NOMNYLUMPUHON MHTepBana [a, b]
[PykoBoacteo MCO/M3K 98-3 (npumeyaHue 2 k 4.3.9)]. 3Ta NNOTHOCTb pacnpeaeneHnsi BEPOSATHOCTEN MNOXOXa Ha
TpaneuenaanbHyto, Ho GOKOBbIE CTOPOHBI TPANeLUM He SBASIKOTCS NPSAMbIMU TMHUSIMA.

MpumedyaHune— dopmyna (3) MoxeT BbITb NpeAcTaBrieHa B criedyloLlem Buae, yAoGHOM Ans NporpaMmmpo-
BaHMs:

w+d
0@ gymex (0 =y )
6.4.3.3 MaTtematun4yeckoe oxuagaHue n gucnepcus X MMerT Bua;

Ex) =220 vix) = % <. (4)

MpumeyaHune 1 — [ducnepcus, nonyyeHHas no cdopmyne (4), Bcerga 6onblie AMcnepcr COOTBETCTBYHOLLETO
paBHOMEPHOrO pacnpegeneHus, nomnyyYyeHHon no dopmyne (2), 7. e. korga d = 0.

Mpunmevanune 2 — B GUM uHdbopmaumsa o6 X, aHanornyHasi npusegeHHon B 6.4.3.1, ncnonb3yetca ans
NPUNMCbIBaHUSA YnCna cTeneHen cBoboabl AN CTaHO4apTHOW HeonpeaeneHHOCTU, CBA3aHHOW C Haumny4lwen oueHkon X
[PykoBoacTtBo MCO/M3K 98-3 (G.4.2)].
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6.4.3.4 [Ins nony4yeHusi BbIGopoyHoro 3HaveHus & n3 pacnpenenenus CTrap (a, b, d) HesaBmcumo Bibrpa-
tOT ABa 3HAYEHWsi r{ U r, U3 cCTaHdapTHOro paBHomepHoro pacnpegenenus R(0, 1) (cm. C.3.3) n dopmumpytoT
BEMUYNHBI ag U bg:

ag=(a—d)+2dn, bg=(a+b)-as,

§=ag+ (bs—ag)r.

MprumMmedyaHune— a;— BbIDOPOYHOE 3HAYEHVE M3 NPAMOYrOMBLHOrO pacnpeaeneHns ¢ rpaHuuamm a + d, a bg
dopmupytoT Takum obpasom, 4TOObI CpeaHsa Touka Mexay as U bg coBnana ¢ 3agaHHbIM 3HadYeHneMm x = (a + b)/2.

lpumep — B cepmugbukame yka3zaHo, Ymo 3Ha4yeHue HanpspkeHusi X Haxodumcsi e uHmepsaise 10,0 B+ 0,1 B.
Kakasi-nu6o dpyzasi uHghopmayusi omHocumesnbHo X 8 cepmughukame He ripugedeHa, 0OHaKO MOXHO rpeorosio-
JKumb, YMoO 3Ha4YyeHUsl 2paHUlY, uHmepearsa sieJIflomcsi pe3ysibMamoM KOPPEKMHO20 OKpyarieHUss HeKoOmopoz20
qucioeo20 3Ha4vyeHusi (cMm. 3.20). lMockonbKy 3Ha4YeHue 0,1, ykazaHHOe 8 cepmugbukame, Moa2sio 6bImb Mos1y4eHo 8
pe3ynbmame okpyarieHuss 0o odHolU 3Havawjel yugpsbl 106020 yucna usz uHmepesana (0,05; 0,15), mo 3a uHmep-
easl1 HemMoYyHo20 3adaHusi 2paHuu, e npedesiax KOmMopbIX HAXOOUMCS , MOXHO NpuHsMb uHmepsas om 0,05 do
0,15 B. C y4emom cka3aHHO20 I10J10)KeHUe uHmepeasia MOXXHO c4Humamb ¢hUKCUPOBaHHbIM, a €20 OJIUHy u3eecm-
Hol Hemoy4Ho. Hauny4wel oyeHkol X 6ydem x = 10,0 B, u, ucrnonb3ys ebipaxeHue (4) onas a=9,9B, b=10,1B u
d = 0,05 B, MOxXHO nosyqums 3Ha4eHuUe coomeemcmeyroujeli cmaHOapmHou HeorpedesieHHOCcMu u(x):

2 2
w() = @2 . (099" - 0,003.

CnedoeameribHo, u(x) = (0,0036)’/2 = 0,060 B, ymo conocmaeumo c 0,2/[12 = 0,058 B e criy4ae u3eecmHbix

MOYHbIX 2paHuy, Komophble nosy4Yyaromcsi 3ameHol d Ha HoJsib. Micnonib30eaHue MOYHbLIX 2PaHUl, 8 3MOM cJlyqae
OGaem 3HayeHue u(x) Ha 4 % MeHbuWe, YeM & CJTy4ae HeMOYHbIX 2paHuy. 3HaYUMOCMb INaKo20 PacXoXXOeHusl criedy-
em paccMampusamb 8 KOHmMeKcme usmMepumersibHoU 3adayu.

6.4.4 TpaneuenganbHoe pacnpepgeneHue

6.4.4.1 B GUM [PykoBoacteo NCO/M3K 98-3 (4.3.9)] pacCMOTPEHO NPUMEHEHNE CUMMETPUYHOrO TpaneLe-
naanbHoro pacnpegernenus. Ecnu cnyvanHas BenuyunHa X siBNSIETCH CYMMOW ABYX HE3AaBUCUMbIX CryYanHbIX
BennUMH X; 1 X5, kaxxgas u3 KOTopbiX NOAYMHSAETCS paBHOMEPHOMY pacnpeneneHuto R(a;, b;) ¢ HUWKHen rpaHuuen
a; v BepxHew rpaHuuen b; (i =1, 2), To X nogvvMHAETCs CMMMETPUYHOMY TpaneuenaansHoMy pacnpeaerneHumto
Trap (a, b, B) CHWXHeW rpaHnLEel a, BepXHel rpaHuLen b 1 napaMmeTpom 3, paBHbIM OTHOLLEHUIO ASNHBI BEPXHE-
rO OCHOBaHMWS TpaneLuun K ArnMHe ee HUXKHero ocHoBaHus. [NapameTpbl TpaneuengansHoro pacnpegeneHmns ces3a-
Hbl C NapameTpamMy paBHOMEPHOrO pacnpeneneHnsi cregyowmmm COOTHOLLEHNUSIMA:

a=a,+ay b=by+by B=A/hy, (5)

roe

hy = M2 (o)l 5 b3 gy <, (6)

6.4.4.2 [NOTHOCTb pacnpeneneHns BeposiTHocTeln s X (pUCYHOK 5), nonyyeHHasi B pe3ynbraTe CBEPTKU
OBYX pacnpegeneHuii [42, cTp. 93], umeeT BuA;

0, E<x—L,
(-x+1z) /(A3 = 23), x-hp<B<x-1,,
Ix (&)= {1/(Aq + 1y), X=ASE< X+ Ay,
(x+2, =) (13 = 23), x+hi<E < x4y, (7)
0, E>x+M,,

rae x = (a + b)/2.
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MpumedyaHune— dopmyna (7) MoxeT ObITb NPeACcTaBneHa B criegyollemM Buae, yaobHOM Ans nporpaMmMumpo-
BaHMSA:

gx (&)= M+1 7, min (7»1 1 » max (A, - [E-x], 0), 1).
g(€) 4

1{(7&1 + R‘E)_

a=x-%  x-A X x*hy  b=x+i, &

PucyHok 5 — lMnoTHOCTb TpaneuenaanbHoro pacnpefenernvs cymmbl X = Xy + Xs
paBHOMEPHO pacnpefeneHHbIX CryyarHbiX BenuinH Xy n Xo

6.4.4.3 MaTtemaTu4deckoe oxuaaHme n gucnepcusa X MMmeroT Bua;:

B0 =252, v =S8 (1)

6.4.4.4 [Ins nony4yeHunsi BbI6opoyHoro 3HaveHus & n3 pacnpeaenenus Trap (a, b, B) He3aBUCUMO BbIGMpPaoT
[0Ba 3Ha4YeHus ry Ur, 3 ctaHgapTHoOro pasHomepHoro pacnpegenexus R(0, 1) (cm. C.3.3) n hopmupytot

t=a+ 2501+ By + (1= By,

6.4.5 TpeyronbHoe pacnpegerneHue

6.4.5.1 Ecnn BennunHa X gBnseTCcA CyMMOW ABYX HE3ABMCUMBbIX CIyYarHbIX BENMYMH, KaXKaas U3 KOTOPbIX
NoAYMHSAETCS paBHOMEpPHOMY pacnpegeneHuto (cMm. 6.4.4), n (by — a,) = (b, — ay), T0 13 BbipaxeHui (5) n (6)
cnepyet, 4to A4 =0 1 B = 0. Takum obpasom, TpaneuengansHoe pacnpegenexuve Trap (a, b, 0) npeBpalLaeTcs B
CYMMETPUYHOE TpeyronbHoe pacnpeaenexue T (a, b) Ha nHTeparne [a, b].

6.4.5.2 [NoTHOCTb pacnpenenexHns BeposaTHocTeln ansa X B 3TOM Criyyae UMeeT BUA;

0, E<a,
(€ —a)/w? a<&<x,

9x (&)= (b-8)Iw? x<E<b, (8)
0, E>b,

mex=(a+b)2uw=>x,=(b-a)2.

MpumedyaHune— dopmyna (8) MoxeT BblTb NpeAcTaBneHa B crieqytolleM Buae, yaobHoM Ans nporpaMmmmpo-
BaHUS:
2|E - x|
0].
b-a’

6.4.5.3 MaTtemaTtuyeckoe oxugaHue n gucnepcusa X umeroT Bua;:

(8 = , 2 max [1-

a+b (b—a)2

E(X) =232, V(X) =5,

6.4.5.4 ins nonyyeHns BbIGOPOYHOro 3HaveHns & u3 pacnpenenenus T(a, b) He3aBMCUMO BblGMpatoT ABa
3Ha4YeHus ry U r, U3 cTaHgapTHOro paBHoMepHoro pacnpegenenuns R(0, 1) (cm. C.3.3) n dpopmupytoT

E=a+ %a(q + rz).
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6.4.6 ApkcuHycHoe (U-ob6pa3Hoe) pacnpeaeneHue

6.4.6.1 Ecnn n3eecTtHo, 4T0 BenmnymMHa X U3MEHSAETCS N0 rapMOHMYECKOMY 3aKOHY Mexay npeaenbHbIMU
3HaYeHnsMn a u b, a < b, HO B MOMEHT HabntogeHua asa @ npoLecca HeEM3BECTHA, TO B COOTBETCTBUM C
NPVHUMMOM MakCMMyMa SHTpoNuMM Ansi onucanms @ criegyeT UCMONb30BaTb PaBHOMEPHOE pacnpegerieHve
R(0, 2r). Torga pacnpegenexue X, nony4aemMoe B pesyrnbsrarte npeodpa3oBaHus

a+b b-a

X=2+2

sin®,

roe @ noguuHsieTcsa pacnpegenenuio R(0, 2r), 6yaet apkcmHycHbim (U-06pasHbiv) pacnpeaenexunem U(a, b) [18].
6.4.6.2 NnoTHOCTb pacnpegeneHus BeposTHocTer A4ns X B 3TOM Criyvyae uMmeeT Bua;

0, E<a
gx (§) =2/ m)(b - a)* (25 -a-b)*1"?, a<g<b
0, E>b.

MpumedyaHune— lNocpeacTtBomM 3amMeHbl NepeMeHHON
X=a+(b-a)Z
MOXHO OT pacnpefenenus U(a, b) nepentu Kk ctangaptHomy pacnpegeneruio U(0,1) ans senuunHel Z:

_z(=2y"2x, 0<z<1,
0z (@)= {3(1-2"*Im 0g<t ©

CnyvaiiHasa BenuunHa Z umeeT MaTemaTtudeckoe oxuganve 1/2 n gucnepcuio 1/8. Pacnpenenenuve (9) HasbiBaloT
ApKCUHYCHbIM, T. K. COOTBETCTBYIOLLAA eMy PYHKLUMS pacnpeneneHuss uMeeTt Bug

1

Gz(z) = 1 arcsin(2z - 1) + 2

T
370 yacTHbIN criyyal GeTa-pacnpeneneHusi, korga oba napameTtpa pacnpefeneHnst paBHbl O4HOV BTOPOW.

6.4.6.3 MatemaTtnyeckoe oxungaHue n gucnepcms X uMeroT Bua;

a+b (b - a)?

E(x) =957, vix)=

8

6.4.6.4 [Ina dpopmmnpoBaHns BbIBOPKM 3HAYEHUI CryYaHOW BENUYMHbI, NOAYNHSAIOLLENCS pacnpeaeneHmnio
U(a, b), Heo6xoamMMOo criydanHble 3HaYeHUs 1, NonyYeHHbIe N3 CTaH4AapPTHOro paBHOMepHoro pacnpeaeneHuns R(0,1)
(cm. C.3.3), npeobpasoBaTh crnegyroLmnm obpasom:

a+b b-a

€= > Ty sin2nr.

6.4.7 HopmanbHoe pacnpegeneHue (pacnpegeneHue Maycca)

6.4.7.1 Ecnu HaunyyLwas oueHka X 1 COOTBETCTBYHOLLAsA CTaHAapTHasA HeonpeaeneHHOCTb U(X) ABnsTCA
€[MHCTBEHHOW AOCTYMHON NHGopmaLmen o BenninHe X, To B COOTBETCTBUM C NPUHLIMMNOM MaKCUMyMa SHTPOMMU
cnyJaiiHyto BenuuuHy X crieflyeT onuckiBaTh HOpMankHbLIM pacnpeaeneHnem N(x, u?(x)).

6.4.7.2 [InoTHOCTb pacnpenerneHns BeposiTHocTen Ang X umeet BuA:

1 (€ - x)?
= ex — .
9x(©) P u(x) p( 2u2(x)]
6.4.7.3 MaTtemaTnyeckoe oxugaHue n gucnepcusa X umeroT Bug;
EX)=x, V(X)=uAx).

6.4.7.4 [Ins bopMmpoBaHNS BbIGOPKM 3HAYEHUIA CryHaiHOM BEMMYMHBI, MOOYMHSIIOLLENCS pacripeaerneHmnio
N(x, U?(x)), HeOBXOANMO CryYaiiHbIE 3HAYEHWS! Z, NOMyYEHHbIE N3 CTaHAAPTHOrO HOPMAarbHOMO pacnpeaeneHns
N(0,1) (cm. pasgen C.4), npeobpaszoBaTh cneayowmnm obpasom:

(10)

E=x+u(x)z
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6.4.8 MHoromepHoe HopMasnibHoe pacnpegeneHve

6.4.8.1 Cutyaums, onucaHHas B 6.4.7.1, MoxeT ObITb pacnpocTpaHeHa Ha N-MepHyo cryyanHyo Benu-
UMHy X = (X, ..., Xy)". Ecnu egnHCTBEHHOM OOCTYMNHOW MHGOpMaumei ob X sBNseTcs Haunydllas oLeHka
X=(Xq, ..., Xy)" 1 COOTBETCTBYIOLLASA HEBLIPOXAEHHASA MOMNOXMTENBHO OnpeferieHHasl MaTpuvua HeonpeaeneHHo-
cTen

u? (x;) u(xg, Xp) o U(Xy, Xy)
U, - :U(Xz’ X1) :UZ(X1) :U(Xz: Xn) ,
u(xn, X)Xy, X))  uF(xy)

TO criyyanHas BenumymHa X MoxeT bbiTb onvMcaHa MHOrOMepPHbIM HopManbHbIM pacnpegeneHnem N(x, U, ).
6.4.8.2 CoBMecTHas NnOTHOCTb pacnpegeneHns X umeet Bug

9x (O)=[(ch)l\ld:etux]“zexp[—;(o—x)T U}1(o—x)]. (1)

6.4.8.3 MaTemaTtunyeckoe oxugaHue 1 koBapuaumoHHasa matpuua X MMET BUA:
EX)=x, V(X)=U,.

6.4.8.4 [ina popmmpoBaHmns BbIBOPKM 3HAYEHWUI CryYaiHOW BEMWMYMHBI, MOOYMHSIIOLLENCS pacnpeaeneHunio
N(x, U, ), HesaBucumo BbibupatoT N 3HadeHun z;, i = 1, .., N, criy4aiiHO BENNYUHBI, UMEIOLLEe CTaHdapTHoe
HopmanbHoe pacnpegenexme N(0O, 1) (cm. pasgen C.4) n dhopmmpytoT

o=x+R"z

roe z=(zy, ..., Zy)', @ R — BepxHsis TpeyronbHas MaTpuua, nofyvyeHHas pasnoxeHvem Xoneukoro U, = R'R, (cm.
pasgen C.5).

MpumeyvyaHne 1 — Bmecto pasnoxerus Xoneukoro U, = RTR MOXeT ObITb MCMonb3oBaH nobon apyrow
cnocob dhakTopmusauum maTpuubl HeonpeaeneHHOCTEN.

MpnmMeyaHune 2 — 13 MHOroMepHbIX pacnpeferneHnini B HaCTOsALWEM CTaHAapTe paccMaTpyMBaeTCs TONbKO
MHOroMepHoe HopMarbHOe pacnpefeneHue, 4acto NpMMeHseMoe Ha npaktuke. lNpoueaypa nonyyeHus BblGOPKU 13
MHOFOMEpPHOro HOPMarbHOro pacnpefeneHns npueeaeHa Bbiwe (a Takke B pasgene C.5). Ecnn Heobxognmo ucnornb-
30BaTb MHOrOMEPHOE pacnpeferneHne, OTIMYHOe OT HOpMarsibHOro, TO HeOOXoAMMO OMpeaenuTb npoueaypy hopMmnpo-
BaHWsi BbIOOPKM M3 3TOro pacnpeneneHus.

MpnmevyaHune 3 — B cnyyae He3aBUCUMBIX ClyYalHbIX BENWYMH MIOTHOCTE MHOTOMEPHOrO HOPMarnbHOro
pacnpegenexus (11) npespawaerca B npou3seneHve N MnoTHOCTE OOHOMEPHbBIX HOPMaIbHbIX pacnpeneneHvin Bepo-
ATHoCTen. B aTom cnyyae

U, = diag [u2 (X1)s s u? (XN)],

gy (0)= ﬁgx, &),

1 (& - x)?
9x (él) \/EU(X,-)exp[ 2U2 (X,') )
6.4.9 t-pacnpegeneHue
6.4.9.1 O6bI4HO t-pacnpeneneHne NOSIBNSETCS B ABYX CIyvasx: Npu oLeHke psina HabnogeHun (cm. 6.4.9.2)
N UHTEPNPETAaLMKN OaHHbIX, MPYBOAMMbIX B cepTudmKaTax o kannbdposke (cm. 6.4.9.7).
6.4.9.2 Ecnu nmeetcs cepusi U3 N HeE3aBUCUMbIX HAONMIOAEHWUN Xy, ..., X,, CITyHaAHOW BENMUYMHBI, NO4YMHSIO-
LLieric HopMarnbHOMY pacrnpeerneHunio C HEM3BECTHBIM MaTeMaTUYECKUM OXUOAHNEM Ly U HEM3BECTHOM Aucnep-

cuen 0(2), N(l.l_o, 03), 1 3a BXOAHYHO BenwleyX NPUHUMAKT OLLEHKY MaTeMaTn4eCKoro OXXnaaHus |, T, Npunn-
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CbiBasi iy U G35 COBMECTHOE HEMH(POPMATVBHOE anpropHOe pacnpefeneHne u ucnonbays Teopemy baiieca,
MOHO Nomny4nTb 6e3ycnoBHOE OAHOMEPHOE pacnpeaerneHue Ans X, KoTopbiM B JaHHOM crnyyae byaeT maciuta-

BupoBaHHOEe CMelLLleHHOoe -pacnpegeneHue f, (7(, s? /n) cv=n-1 creneHamu ceoboasbl, rae

1(x, - 7‘>2

>

1
Xi» $"="n 9.
1 i

M=

v 1
X_”f

npeacTaBnsitoT cobon, COOTBETCTBEHHO, BbIBOPOYHOE cpeaHee 1 BbIOopoyHyto ancnepcuto [20].
6.4.9.3 NnoTHOCTL pacnpeneneHus BepoaTHocTen ana X umeet Bua;

-n/2
T'(n/2)

_ 1 1 (e-x)
9x(8) = Ti(n-1)/21J(n-N)n sivn 1+ n—1(s/ﬁ) : (12)

rae I'(z) — ramma-gyHKLmnS:

o

I'(z) = [t* e at, z>0.
0

6.4.9.4 MatemaTtnyeckoe oxungaHue n gucnepcumst X uMeroT Bua;

n-1 g2
n-3"n

E(X) = x, V(X) =

roe E(X) onpegeneHo tonbko anga n > 2, a V(X) — toneko ansi n > 3. Takum obpasom, Ans n > 3 Hauny4was
oueHka X 1 COOTBETCTBYIOLLAS €/ cTaHOapTHasi HeonpeaeneHHOCTb UMELOT BUA!

X=X, u(x) = ,’,’:; -+ (13)

MpnmevyaHnune 1 — B cootBeTcTBUM ¢ GUM [PykoBoactBo CO/M3K 98-3 (4.2)] cTaHaapTHYH HeonpeaeneH-
HOCTb U(X), COOTBETCTBYHOLLYIO CpeaHeMY apnMETUYECKOMY N HE3ABUCUMbIX HABMNOAEHW, cnedyeT BbIMUCNSATL Mo dop-

myne u(x) =S/\/;, a He no dopmyne (13). B kauecTBe Mepbl 4OCTOBEPHOCTM U(X) MCMOMBb30BAHO YMCMO CTENeHen
cBoboabl v = n — 1. Kpome Toro, oLieHkam HeonpeaeneHHoCTM Tuna B Takke npeanoxeHo CTaBUTb B COOTBETCTBUE YNCIO
cTeneHen cBoboabl, OCHOBAHHOE Ha CyOBLEKTMBHOM CYXXOEHWM O CTENEHU OoBepusi k 3Tol oueHke [Pykosoactso NCO/
MO3K 98-3 (G.4.2)] (cm. Takke 6.4.3.3, npumeyaHune 2). 3HaHue Yncrna cTeneHen cBoboabl, COOTBETCTBYHOLLMX Heonpeae-
neHHocTyn u(x;), Heobxoanmo Ans onpedeneHns Yicna 3ddeKTUBHbIX CTeneHen cBoboab! Ve, COOTBETCTBYHOLLMX Heomnpe-
aeneHHoctun u(y), no dopmyne Yanya-CatreptyanTa.

MpumeyvyaHune 2 — B GaliecoBckon MHTepnpeTaLmun BEPOSITHOCTA, UCMOSb30BaHHOW B HACTOSILLEM CTaHaap-
Te, TAKOro MOHATUSI KaK HafEeXHOCTb OLEHKM HeomnpeaerneHHOCT He cyllecTByeT. COOTBETCTBEHHO, B HACTOSILLIEM CTaH-
JapTe 4Yncno cteneHer cBoboabl OLEHKM HEOMpeaAeneHHOCTM Tuna A He paccMaTpuBaETCs Kak Mepa 3Tow Heonpefe-
TNIEHHOCTW, @ MOHATME Yucna crteneHen cBoboabl ANs OLEHKU HeonpeaeneHHocTn Tuna B He ncnonbayetcs.

6.4.9.5 [1ns hopMmpoBaHms BIGOPKM 3HAYEHWI CIyYaiHON BENMMYMHDI, MOOYMHSIOLENCA pacnpeaeneHunto
t, ()?, s? /n), BbIGMpatoT 3HaYeHUs t Cry4yamHOWM BENMYUHDBI, MOOYMHSIIOLLIENCS LEeHTpanbHOMY -pacnpegeneHuto
cv =n-1crteneHamu ceobogbl [PykoBoacteo MCO/M3IK 98-3 (pasgen G.3)] (cm. Takke pasgen C.6) n dopmu-
pytoT

S

§=Y+\/Et.

6.4.9.6 Ecnv BMECTO OLIEHKM CTaHOAaPTHOMO OTKINOHEHUS S, BbIYMCIIEHHOM MO OAHON BbIOOpKe HabnoaeHuin,
CNoSb3yoT 06 beANHEHHYI0 OLIEHKY CTaHAAPTHOTO OTKIIOHEHMS S, C V), CTeNeHAMU CBOBOAbI, MOMyYEHHY0 Mo
Q cepvsim HabMNOAEHWIA:
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TO UMCO cTeneHel cBoboabl v=n—1 ans macwtabrupoBaHHOrO CMELLEHHOTO f-pacnpeneneHus, NpunmMcaHHo-
ro X, Heo6X0ANMO 3aMEHUTL YUCTIOM CTeneHen CBo6oab! v, AN 06bEeANHEHHON OLEHKM CTaHAAPTHOTO OTKITOHE-
HUS S,. B pesynbrate dhopmyny (12) Heo6Xxoanmo 3aMeHUTb Ha

2T (Vo +1)/2

rlvo+1)2] (e-x

el R Y N =y N =t L Py A |

a gopmynbl (13) — Ha

- Vo S

1y _ Sp.
=X = ngx,, u(x) = Vo -2 dn

6.4.9.7 Ecnn ncTo4MHMKOM MHpopMaLuum o BenuudmHe X aBnsieTcsa ceptudpmkat o kanmbposke [PykoBOACTBO
NCO/M3K 98-3 (4.3.1)], B KOTOPOM yKa3aHbl Hauny4LLas oLeHKa X, pacluMpeHHas HeonpeaeneHHOCTb U Koadh-
duumeHT oxearta k 1 Yncno apPeKTUBHBIX CTENEHEN csoGonu Veif, TO BENMYMHA X MOXET ObITb onmcaHa MaclLu-
TabmpoBaHHbIM CMeLIJ,eHHbIM t-pacnpepenexuvem t, (X, (U 1k ) ) C V=V CTEneHsammn ceoboabl.

6.4.9.8 Ecnun v 6eckoHevHO unun HeonpeaeneHHo (a npy OTCYTCTBMM COOTBETCTBYHOLLEN MHOPMaLIMM
ero cnegyet cumTaTbh 6eCKOHEeYHbIM), TO X MOXeT OblTb NpUnMcaHo HopmMarnbsHoe pacnpegenerve N(x, (Up/kp)z)
(cm. 6.4.7.1).

M punmMmedyaHme— 3710 HOpMarlribHOe pacnpegjerneHne 6y,u,eT npegenbHbIM criydyaem MaCLLITa6VIpOBaHHOI'O
CcMeLLeHHoro t-pacnpegenenus t, (X, (Up /kp)z) npu v CTpeMsLLMMCS K GECKOHEYHOCTH.

6.4.10 SkcnoHeHUMarnbHOe pacnpeaerieHue

6.4.10.1 Ecnv eANHCTBEHHOM AOCTYMHON MHbopMaLMen 0 HeoTpuLaTenbHOM BennYmHe X ABnsieTcd ee Hau-
nyywas oueHka x > 0, To B COOTBETCTBUM C MPUHLMMNOM MakCUMyMa SHTPOMMU BENUYMHa X MOXET ObITb OnncaHa
3KCMOHeHLManbHbIM pacnpegenenem Ex (1/x).

6.4.10.2 NnoTHOCTL pacnpeaeneHns BeposaTHocTen anga X B 9TOM criyvae MmeeT Bug

exp( -EI/x)/x, £=20

6.4.10.3 MaTtemaTtuyeckoe oxumgaHue n gucrnepcusa X UMeroT BUA:
E(X)=x, V(X)=x

6.4.10.4 Ins dpopmmpoBaHusi BbIGOPKM 3HAYEHUI CyYalHON BENMYMHbI, MOSYUHSIIOLLENCS pacrnpeaeneHmnio
Ex(1/x), BbIOUpatOT 3HAYEHUS I CryYanHON BEMUYMHBI, MTOOYMHSIIOLLIENCH CTaHAapTHOMY PaBHOMEPHOMY pacrnpe-
penenno R(0, 1) (cm. C.3.3), n hopmumpytot

E=—xInr.

MpumeyaHwUne— JONONHUTENbHYIO UHMOPMALIMIO B OTHOLLEHUW MPUNUCLIBAHUS NIOTHOCTM pacrnpeneneHus
BEPOSATHOCTEN HEOTpULATENBbHOW BENUYMHE MOXHO HanTh B [14].

6.4.11 Namma-pacnpegeneHue

6.4.11.1 BennunHa X MOXeT NpeacTaBnsiTb COO0M cpeaHee YMcno 00beKToB, 06naaatoLLmx onpeaeneHHbIM
CBOWNCTBOM (#anee — oO6beKTOB), B BbIOGOpKe (hUKCUPOBAHHOIO obbema (HanpumMmep, CpeaHee YnMcno vYactuy, B
obpasue Bo3ayxa, B3STOM 13 YACTOW KOMHATbI, I CPeAHEeE YNCNO (DOTOHOB, U3MYYEHHbIX UICTOYHUKOM 3a yCTa-
HOBJIEHHBIN NMPOMEXYTOK BpeMeHU). Ecnn ¢ — 4ncno o6beKkToB, NoACHUTLIBAEMbIX B BbIOGOPKE 3aA4aHHOro obbe-
Ma, — SBMSETCS CIy4YanHON BENTMYMHON C HEUM3BECTHLIM MaTeEMaTUYECKNM OXUAAHUEM, NMOAYMNHSIOLLENCS pac-
npegenenuto NyaccoHa, To B COOTBETCTBUM C TeopeMow Baneca (mocne npunucbiBaHUSA MaTeMaTU4eCKOMY OXWn-
OaHuo anpuopHOro paBHOMEPHOTO pacnpeneneHns Ha 6eckoHeYHOM MHTepBarne) pacnpegenexune X 6yget noa-
YNHATLCHA raMmma-pacnpegenexuio G (g + 1,1).
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6.4.11.2 [NoTHOCTb pacnpeaeneHns BeposaTHocTen ansa X B 3TOM Criydae UMeeT BuA;:

_J&%exp(-E)/q, £20

9, =15 : <0, (14)
6.4.11.3 Matemartunyeckoe oxungaHue n gucnepcusa X MMeroT Bua;
EX)=q+1, V(X)=qg+1. (15)

6.4.11.4 Ins doopMUpOBaHKS BbIOOPKU 3HAYEHUI CIyYaiHOM BENUYMHBI, MOOYMHSIIOLLECS pacnpeneneHmio
G(q + 1, 1) He3aBucKMO BbIOUpatoT g + 1 3HayeHun r, i =1, ..., g + 1, cnyvyanHowm BeNMYMHbI, NOAYNHSAOLLENCS
cTaHgapTHoMy paBHoMepHomy pacnpegenexuto R(0, 1) (cm. C.3.3), u dopmumpytoT (cm. [18])

q+1

E=-InIr.
i=1

MpnmevyaHnune 1 — Ecnu noacHeT OCYLLECTBAAIOT MO HECKOMNbKMM BblibOpKam (COOTBETCTBYIOLLMM OAHOMY U
TOMY Xe pacnpefeneHuto lNMyaccoHa), a q; — 4Mcro o6beKTOB, OBHapYXXEHHbIX B -1 BbIbOpKe obbema S;, To pacnpenene-

HMeM CpefHero konnyecTsa 0OBbEKTOB B BbIOOpKe o6bema S=ZS,- 6ynet G(o, B)co=1+ Xq; uP=1. dopmynsl (14)
i i

1 (15) B 9TOM criyyae NpUMEHSOT Anga q = Zq,-.
I

MpnmeyaHune 2 — Namma-pacnpegeneHne asnsetcs obobLieHnemM pacnpegeneHvs xu-ksagpaT U 1Cnosnb-
3yeTcs AnA aHanv3a nHgopmauum, OTHOCALENCS K AMCNEPCUSM.

MpumevaHnune 3 — Cneundudeckoe ramma-pacnpenenenune B 6.4.11.4 — a1o pacnpegeneHve Jpnaxra,
npegcraendliee cobon pacnpegeneHve cymMmbl g + 1 cnydamHbIX BENWYMH, NOAYUHSAIOWMUXCA SKCMOHEHLManbHOMY
pacnpegenenuio ¢ napameTtpom 1 [18].

6.5 PacnpeaeneHus, nony4aemble Mo npepaLllecTBYOLMM pacyeTaMm HeonpeaeneHHOCTU

BbINONHeHHbIe paHee BbIYMCIEHNS HeONpeaeNeHHOCTH MOTYT BbITb MCMNOMb30BaHbI A1 NPUMNMUCLIBAHNS pac-
npegeneHns BbIXOAHOW BENMYMHE, KOTOpas B NOCNeayoLwmnx pacyetax HeonpeaeneHHOCTN MOXET BbICTynaTb B
KavecTBe BXOAQHOMN BENWYMHBI. Takoe pacnpegeneHne MOXeT MMETb aHanMTuyeckoe npeactaBneHne, Hanpumep B
BMAe HopmarnbHoro pacnpegernerus. OHO MOXET Takke MMETb BUA annpokcumaumm pyHKUMM pacnpeaenenms
AONsi BENWYMHbI, MONYYE€HHON, HanpuMep, Npu NpeLlecTayowem npumeHeHnn metoga MoHTte-Kapno. Cnocobbl
OnvcaHunsi Takon PyHKLMKM pacnpeaeneHns npusegeHsl B 7.5.1 u pasgene D.2.

7 NMpumeHeHue metona MoHTe-Kapno

7.1 O6wme nonoxeHus

[aHHbIN pa3gen cooepXuT ceeaeHus o npumeHeHun metoga MoHTe-Kapno ans TpaHcgopMupoBaHust pac-
npegenexHni (CM. npoLeaypy, onMcaHHyto B 5.9.6 1 rpadnyveckn n3obpaxeHHyo Ha pUCYHKe 4).

7.2 Yncno ncnbiTaHU Nnpy npumeHeHun metoaa MonTte-Kapno

7.2.1 Ans npumeHeHusa metoga MoHTe-Kapno Heobxoammo BbIGpaTh YMCno ncnbiTaHni M, T. €. 4yncno Ha-
OGntoaeHWN BbIXOAHbBIX 3HAaYEHMI MoAENM. ITO YNCINO MOXET ObiTh BbIGpaHO 3abnaroBpemMeHHO (40 NpoBeaeHus
NCnbITaHU), HO Torga ByaeT NCKYeHa BO3MOXHOCTb YrpaBneHnUs TOHHOCTBIO Pe3yNnsTaTtoB, NOMYYEHHbIX C No-
MOLLIbIO AaHHOro MeToAa. [MpuymHOM 3TOMY CRYXUT TO, YTO YMCMO UCNbITaHWUI, HEOBX0AUMOE Anst NONyYeHns
pesynbsTarta BblMUCNEHUS C 3aJaHHON TOYHOCTbLIO, 3aBMCUT OT POPMbI NITIOTHOCTM pacnpeaeneHns BeposaTHOCTEN
BbIXOAHOW BEMNWUYMHbI U OT 3a4aHHOIO 3HaYeHUs BEPOATHOCTU oxBaTa. Kpome Toro, MeToA BbIYMCIIEHUS SBMSETCS
CTOXaCTMYECKUM MO CBOEN NpMpoae, MOCKOIbKY 3aBUCUT OT CryYanHOWN BbIGOPKK.

MpumeduaHune— Kak npasuno, suibop M = 108 nossonseTt noctpouts 95 %-Hblil MHTEPBanN oxeaTa Ans
BbIXOZHOW BEMUYUHBI C TOYHOCTBIO 4O OAHOW UMK ABYX 3HAYaLLUMX Ludp.

7.2.2 PekoMeHayeTcs BbIGMpaTh 3HaveHne M [ocTaTodHo 60nbLumM (Hanpumep, npesbiliatolmm B 104 paa)
no cpaBHeHuto ¢ 1/(1 —p). Torga MOXHO oXxmaatb, UTo G obecneunT npuemnemMoe ANCKPEeTHOE NpeacTaBneHne
Gy(n) B6nu3mn rpanuny, 100 p %-Horo nHTepsana oxeata ans Y.
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7.2.3 TlockonbKy Henb3si 3apaHee rapaHTUpOBaTh, YTO BbibpaHHOe 3HayYeHne M obecneyvnT JOCTaTOuHYHO
TOYHOCTbL NPUBIMKEHNS, MOXHO MCMONBL30BaTh NPOLEeAYpY aAanTMBHOIO BbIOOPa, YTOUHSIA 3Ha4YeHne M B npoLiec-
ce 1cnblTaHui. HekoTopkle pekoMeHZaumm no aganTMBHOW NpoLenype Bbidopa M npvBeneHs! B [2]. AnanTtuBHas
npoLenypa, ycTaHoBreHHas B 7.9, No3BonseT onTMMarbHbIM 00pasom Nony4nTb 3Ha4eHne M, COOTBETCTBYHOLLEE
3aaHHOWN TOYHOCTW BbIMUCIIEHUN.

MpumedyaHwune— [na cNOXHON MOAgenu, Hanpumep, TpebytoLweln NonyYeHns peLleHns METOAOM KOHEYHbIX
3MEeMEHTOB, NpUMeHeHne GOMbLLIOro YMCna UCMbITaHWN MOXEeT OKasaTbCA HEBO3MOXHbIM. B aTom cnyvae pekomeHayert-
CS NPeACTaBUTb MIOTHOCTb pacnpefeneHns BeposiTHOCTEN BbIXOAHOW BEMUYMHBI gy (1) B BMAE rayCCOBCKOro npubnike-
H¥A (kak B GUM). OT0 no3BonsieT MCnonb3oBaTb OTHOCUTENBHO HebonbLuoe Yncno ncneitaHun M, Hanpumep 50 nnm 100,
a nonyyeHHble No pesynbTatam UCMbiTaHWN BbIODOPOYHOE cpefdHee M BbIODOPOYHOE CTaHAapTHOE OTKMOHEHWE MPUHSATb,
COOTBETCTBEHHO, 3a OUEHKM ¥y W1 u(y). Ana onucannsa Y n NoCTPOeHUs MHTepBana oxsaTa WMCMOMb3yT NAOTHOCTb HOp-
MarnbHoro pacnpegeneHus gy (n) = N(y, u?(y)). XoTsi yMeHbLUEHNe YMCia UCTIbITAHNIA HeM3BexXHO yXyaLlaeT CBONCTBa
MeTo[a B 4acTu annpoKCMMaumn pacrnpefeneHns BbIXOAHOW BEMUYMHbBI, OHO BCE Xe NO3BONSET y4eCTb HENMHENHOCTb
MOZenn U3mMepeHus.

7.3 Bblbopka u3 pacnpeneneHuss BeposATHOCTeN
[ns npyumeHeHnsa metoga MoHTe-Kaprno dopmupytot M BekTopoB X,, r=1, ..., M(CM. 7.2) B COOTBETCTBUU

C MNOTHOCTAMM pacrpeeneHns BeposTHocTen Jx; (§;) pnst N BXOZOHBIX BENWYMH X; unn, ecnm ato Heobxoanmo,

13 COBMECTHOWN (MHOTOMEPHON) MITOTHOCTY pacnpefeneHus gy(o). PekomeHgaumm no hopmmnpoBaHmto BbIOOPKM
Ans Hanboree pacnpoCTpaHEHHbIX pacnpegeneHnin (paBHOMEPHOIO, HOPMaslbHOr0, MHOFOMEPHOTO HOPMaIbHOTO
n t-pacnpegenennst) npueeaeHb! B npurnoxeHum C (cm. Takke 6.4). OgHako BO3MOXHO NosyveHre BbIGOpOK, COOT-
BETCTBYHOLLMX 1 OPYrMM pacnpegenenunam (cm. pasgen C.2). HekoTtopble pacnpegeneHms MoryT 6biTe annpoKkeu-
MUPOBaHbI pacnpegeneHusmMmn, NonyYyeHHbIMY B pedynbrate npumeHeHnst metoga MoHTe-Kapno npw npegpiay-
LLMX BbIMUCIIEHMSAX HEONpPeaeneHHocTH (cM. 6.5, 7.5 n npunoxexue D).

MpumedyaHune— [ns 4OCTOBEPHOCTU pe3ynsTaToB NpumeHeHns metoaa MoHTe-Kapno HeoGxoaumMo, YTobhbl
reHepaTopbl NceBOOCHyYaiHbIX YMcern, UCMomnb3yeMble Ans POPMUPOBaHMs BbIGOPOK M3 3adaHHbIX pacnpeneneHun,
obnaganu cooTBeTCcTBYOWMMM cBocTBaMu. B C.3.2 npuBeaeHbl HEKOTOPbIE KPUTEPUM MPOBEPKN CHOPMUPOBAHHBIX
BbIGOPOK Ha Cry4anHOCTb.

7.4 OueHKa BbIXOOHOW BeNUYUHbBI

7.4.1 BbIXOAHYH0 BENWYMHY ONPeAEensoT Anst Kaxaon n3 M Bbi6opok no N 3Ha4YeHNsiM BXOOHbIX BEMWYMH B
Ka)kOoW, NMoryYeHHbIX B COOTBETCTBUM C 3a4aHHbLIMW MITOTHOCTAMUW pacnpeaeneHmns BeposTHocTel. Ecnmn o6o3Ha-
4YnTb M BbIBOPOK YEPES Xy, ..., Xy, [AE -1 BEKTOP COCTOUT U3 CyYaMHbIX 3HAYEHWUN X4 1, ..., Xy, ;» U K&XKO0E Takoe
3Ha4eHwe X;, , MONy4YeHO B COOTBETCTBUM C NIIOTHOCTbLIO pacnpeaeneHns BeposaTHOCTEN AN BXOAHOW BENUYUHDI
X, TO BbIXOZ, MOAENN MOXHO NpeAcTaBuTb B BUAE

y, =f(x,), r=1, ..., M.

7.4.2 Ecnn X; aBnaloTCs 3aBUCUMbIMU BENUYUHAMK, TO B 7.4.1 He06X0AMMO NCNONb30BaTb COBMECTHYIO
NMOTHOCTb pacnpeaeneHus.

MpwumedyaHune—lpu UCnonb30BaHUN 3aKoHa TPAHCHOPMUPOBAHUS HEONPEAENEHHOCTEN, Koraa aHanMTuyec-
Kve BblpaXKeHUs NPOU3BOAHBLIX (PYHKLUN U3MEPEHUS MO BXOAHbIM BEMUYMHAM U3BECTHbI TOYHO, 3HAYEHWSI BbIXOLHOW
BENUYMHbBI U 3TUX NPON3BOAHBIX MOMyYaT B TOYKE HAUMYYLUMX OLEHOK BXOOHBIX BENWUYMH. ECnn aHanuTnyeckne Bbipaxe-
HUS1 AN NPOU3BOOHbBIX HEWU3BECTHbI, U ANSt X OLEHOK MCMOMb3YHT NpubnmikeHne B BUAE KOHEYHbIX pa3HOCTEN, TO
nony4atoT 3Ha4YeHUs TONbKO BbIXOAHOW BenuymHbl. CornacHo pekomeHaauun GUM [Pykosoacteo MCO/M3K 98-3 (npw-
mMeyaHue 2 k 5.1.3)] 3HayeHuss yHKUMN n3MepeHns 6epyT B TOYKaxX Haumy4llMx OLEHOK BXOAHbIX BENUYMH, a Takke B
TOYKaXx, OTCTOSILLMX MO 06e CTOPOHbI OT ATUX HaUMYYLUNX OLEHOK Ha PacCTOSHUN OAHOW CTaHO4APTHOW HeonpeaeneHHoOCTH
(Bapbupysa No oyepeaun Ans KaXaon BXOOHOW BenuuuHbl). B meToae ke MoHTe-Kapno 3HaueHusi BbIXOAHOW BEMWYMHBI
nonyyarT Npy BapbMpPOBaHWUM BXOOHbIX BEMIMYMH B OKPECTHOCTM MX HauyylMX OLEHOK, Tak YTO B OTAENbHOM BbIGOpkKe
3Ha4YeHVe BXOAHOW BENWYMHbI MOXET OTCTOATb OT €€ Hauny4lleln OLEHKM Ha HECKOMbKO CTaHOAPTHbIX OTKIOHEHWn. ToT
dakT, 4To B MeToge MoHTe-Kapno 3HaveHus OyHKUMM U3MEPEHMNIA NONyYatoT B pasHbIX TOYKaX, MOXET NOpOoAUTbL BONPOC
0 CBOMCTBaXx BbIMUCIUTENBLHOW NpoLeaypbl, B YACTHOCTU, O ee YCTOMYMBOCTU U (B Criyvae NpUMeEHEHUst aganTUBHOWM Npo-
ueaypbl) cxogmmocTtu. [py BO3HUKHOBEHUM COMHEHWIA NONb30BaTeNto crieayeT yoeamTbes B TOM, YTO MeToa AaeT A0CTo-
BEPHbIE OLEHKM BbIXOAHOW BEMUYMHBLI AN AOCTAaTOYHO GOMbLUMX OKPECTHOCTEN HaUMyYLIMX OLEHOK BXOOHbLIX BEIUYUH.
OpHako cnenyeT oXuaaTb, YTO BOMPOCHI YCTOAYMBOCTU M CXOAMMOCTU YUCIIEHHOTO METOA4A MOryT CTaTb KPUTUYECKMMMU
TONBbKO B UCKITHOYUTENBHBIX CryYasX.
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7.5 AuckpeTHoe npencraBneHue pyHKUUM pacnpeneneHns BbIXOAHOW BefIUYMHbI

7.5.1 OnckpeTtHoe npeactaeneHne G dyHkumm pacnpeaeneHust Gy(1) BbIXOOQHOM BeNMYMHBLI Y MOXET ObiTb
NomnyyYeHo criegyroLmmM o6pasom:

a) 3HaYeHus BbIXOOHOM BEMWYUHBI Y, r =1, ..., M, nony4eHHble B COOTBETCTBUN ¢ MeTogoM MoHTe-Kapno,
pacnonaratot B HeyGblBatoLLeM nopsiake, 0603Haqast ux y), r=1, ..., M,

b) ecnu cpeau 3Ha4eHwii y;,) €CTb COBMAaAAaOLLME, TO B HUX BHOCAT MUHUMAaTIbHbIE CRyYaiiHble BO3MYLLe-
HUWs1, YTOGbI NOMyYeHHasi B pesynbsrarte nocnefoBaTernbHOCTb Vy, =1, ..., M Gbina cTporo Bospacratowei [cm.
ycrnoeue b) B 5.10.1];

C) nonyyeHHas nocnegoBaTenbHOCTb Yy r= 1, ..., M, onpegensiet G.

MpnmevyaHune 1 — /3 BO3MOXHbBIX anropuTMOB COPTUPOBKKU, NMPUMEHSEMOWN Ha dTane a), pekoMeHayeTcs
BbIOMpaTb TakoW, B KOTOPOM YMCIO onepauuin nponopumoHansHo M In M [47]. B 06bl4HbIX anroputmax CoOpTMPOBKM YUCIIO
onepauwii NPONopLMOHanbHO M2, 4To HeOBOCHOBAHHO yBENMYMBAET BPEMS BbIMMCTIEHWI (CM. 7.8).

MpnmeyaHune 2—B nepedncneHun a) ICNONb3OBaH TEPMUH «HeybbIBaOLLMNY, @ HEe «BO3pacTaloLWwni» BCnea-
CTBME BO3MOXHOMO paBeHCTBa Mexdy COOON HEKOTOPbIX 3HAYEHUW Y, BbLIXOAHON BENUYMHBI.

MpnmeyaHune 3 — BHeceHne B coBNagaLlme 3HaYEHNS BbIXOOAHOW BENMUYUHBI TOMBKO OYEHb MarbiX BO3MY-
LeHui [cm. nepeuncrieHne b)] obecneynBaeT HENM3MEHHOCTb CTATUCTUMECKUX CBOUCTB ().

MpnmeyaHune 4 — HeobxoauMOCTb BHECEHNS MarbiX BO3MYLLEHUA Ha dTane b) B AeNCTBUTENbHOCTU Mano-
BEPOSATHA M3-3a OrPOMHOr0 MHOXECTBa PasfUYHbIX YMCEN C NnaBatoLlert 3ansaTon, NOSBNAIOWMXCS Ha BbIXOA4E MOAenu
npu nogade Ha ee BXOA AaHHbIX C reHepaTopa cryyaviHbix Yncen. Tem He MeHee, BO3MOXHOCTb BHECEHUSI MarbiX BO3MY-
LEeHU JorkHa ObITb NpefycMoTpeHa NpYMeHAeMbIMU NPOrpaMMHBLIMK CPEACTBaMU.

MpumeyvyaHune 5— M3 nocTpoeHHOro Ha atane ¢) npubnmkeHus G MOXHO M3BMNeYb pasHoobpasHyto Aonorn-
HUTEMNbHYIO MHpopMaumio. Tak, NOMUMO OLEHOK MaTemMaTU4EeCKOro OXuaaHusa U CTaHAAPTHOTO OTKMOHEHWUs, MOryT BbiTb
noryyYeHbl OLEHKM KOIhPMLMEHTOB acMMMETPUM 1 3KCLeCca, a Takke Apyrne CTaTUCTUKKM, HanpyMMep OLEeHKU MOoAbl UInn
MeanaHbl.

MpunmeyaHune 6 — EcnuBbixogHas BenuunHa Y Oy[eT B AanbHenweM paccMaTpuBaTbCH Kak BXOOHasA Benu-
YMHa NPV OLIEHUBAHWM HeonpeaeneHHOCTN APYroro U3MepeHus, To BbIGOPKY M3 ee pacnpefeneHns nerko nonyvnTb
Cry4aHbIM (PaBHOBEPOSITHBIM) BbIGOPOM 3HaYeHWA U3 ¥, r=1, ..., M (cm. 6.5).

7.5.2 MocnenoBaternsHOCTb ¥, (MU y,) MOXET BbITb NpeAcTaBrneHa B BUAE rMCTorpaMMbl (Mpu COOTBETCTBY-
toLLLeM BbIOOpPE LUMPKWHBI KIaccoB), NpeacTaBnsioLLe cCobo pacnpeaeneHne YacToT NosIBIEHWS BbIXOOQHOW BENU-
YuHbI. MNocne HopMMpoBaHMsl, 06ecneYnBatoLLEro paBeHCTBO NITOLLAAMN NOA FIMCTOrpaMMO eAVHULE, €€ MOXHO
paccMaTpuBaTh Kak anmnpoKCUMaLIMo NIIOTHOCTY pacnpeerneHns BeposTHOCTEN gy(N). Bblumncnenus xapakrepuc-
TUK pacnpegerneHms 0ObIYHO NPOBOAAT MO NpUbNMkeHWto G, a He MO MOCTPOEHHOW rMCTorpaMme, NOCKOSbKY pas-
peLleHne NocneqHel 3aBMCUT OT BbiIOopa LUMPUHEI KNaccoB. TeM He MeHee, TMcTorpamMmma MOXeT ObITb NoresHa ¢
TOYKM 3PEHUS TOHMMaHMS1 0COOEHHOCTEN NIOTHOCTY pacnpeaeneHnsi BEPOSITHOCTEN BbIXOAHOW BENUYMHbI, HAnpy-
Mep CTeneHn ee acMMMeTpum (CM. Takke npumeYaHme 1 k 7.8.3 B 4aCcTK UCMONb30BaHMS rMCTOrpamMmmbl Npy 6onnb-
LUNX 3HaYeHnAxX M).

7.5.3 B psage cnyyaes TpebyeTca annpokcumMauusi Gy(n) HenpepbIBHOW hyHKUMEN. DTOT BONPOC paccmaTpu-
BaeTcs B npunoxexHum D.

7.6 OueHKa BbIXO4HOW BeNM4YMHbI U ee CTaHAAPTHOW HeonpeaeneHHOCTH
B kayecTBe OLEHKN ¥ BbIXOOHOM BEMWYMHBI Y MCMOSb3YI0T BbIODOPOYHOE cpeaHee

~ 1
V=2 (16)

a B KaYecTBe OLIEHKI ee CTaHaapTHON HeonpeaeneHHOCTY U(y) — BbIBOPOYHOE CTaHAAPTHOE OTKMOHeHWe U(Y):

VA(P) = Z(y, 7). (17)

MpnmMmeyaHune 1 — [Na YNCNEHHBIX BLIYVMCIEHWI CrieQyeT MCnonb3oBaTth hopmyny (17), a He 9KBUBANEHTHYHO
en matemaTtnyeckn opmyny

u?(y) = Zyr -

OTO CBA3AHO C TEM, YTO OYEHb YacTo B METPOSIOrMK U(y) MHOTO MEHbLLIE MO MOZYSIO, YEM ¥, U, Kak crnea-
CTBME, YnCna B NOCNe0BaTeNlbHOCTH y, B UX 4ECATUYHOM NPEACTaBEHNM UMEKOT MHOMO COBMaAatoLLmMX umdp B
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cTapLmx pa3psgax. B atom cnyyae norpeLHoCcTv OKpyrneHns B apumMeTrke C KOHEYHOW TOYHOCThHO (MPU BbIYK-
TaHUM GNN3KUX MO 3HAYEHUIO BENTUYMH) MOTYT NPUBECTM K OOMNbLUMM OLLIMOKaM B pacyeTax (GOXOAALMM Aaxe A0
TOrO, YTO BbIpPaXXEHME B KPYITbIX CKOOKax CTaHeT oTpuLaTenbHbIM, T. €. CpegHui kBagpaT byaeT MeHblue KBagpa-
Ta cpepgHero). PesynbraThl Takmx BblMUCIIEHNI ByAYT MMETb HEYAOBNETBOPUTENBHYHO TOYHOCTB (CM. [4]).

MpumeyvyaHune 2 — B HeKOTOPbIX OCOOLIX CryyYasX, KOrAa OAHON M3 BXOAHBIX BEMUYUH NpUNMcaHo f-pacnpege-
NeHne C YUCNoM cTeneHeln cBoboAbl MeHee Tpex, MaTemMaTuyeckoe OXuaaHue U CTaHOapTHOE OTKMOHeHWe Y, COOTBET-
CTBYIOLLME NMNOTHOCTU pacnpefeneHns BeposaTHOCTEN gy(n), MOryT He cywlectBoBaTtb. Kak cneacteue, copmynbi (16)
n (17) He cnocobHbl obecneunTb NornyYeHne coaepxartenbHbix pedynstatoB. OgHako uHTepsan oxeata Ans Y (cm. 7.7),
MOCTPOEHHbIN Ha ocHoBe G, DyadeT coxpaHsaTb CBOE codepXaTeflbHoe 3HauyeHue.

MpumeuvyaHune 3 — B oblem cnyyae y He BygeT COrmacoBbIBATLCS C OLIEHKO BbIXOAHOW BENUYUHDI,
Mosy4eHHON NO HaWMyYLIMM OLEHKaM BXOAHbIX BEMMYMH, T. K. AN HEMUHEHON hyHKUMN namepeHnus f(X) matematuyec-
koe oxupanue E(Y) = E[f(X)] # f[E(X)] (cm. [PykoBoactBo MCO/M3K 98-3 (4.1.4)]). HezaBMCUMMO OT NUHENHOCTU UNn
HenmHenHocT cyHkumm f(X) npu M, cTpemsiieMcst k GeckoHeqHocT, y  cTpemuTes Kk E[f(X)], ecnu nocneHsst Benuum-
Ha CyLLlecTByeT.

7.7 UHTepBan oxBarta AN BbIXOAHOW BENUYUHbI

7.7.1 NnTepBan oxsata Ans Y MoxeT ObITb NONy4eH Ha OCHOBE AUCKPEeTHOro npubnmkeHns G ans Gy(n)
aHarnorM4Ho Tomy, Kak oH 6bin noctpoeH anst Gy(n) B 5.3.2.

7.7.2 Ecnv pM — uenoe 41cno, To 6epyT g = pM, B NPOTUBHOM Cry4ae B Ka4ecTBe ¢ MOXHO BblOpaTb
uenyto vactb (pM + 1/2). Toraa [ Yiow Yhign] fBNsietcs 100p %-HbiM nHTEpBanom oxaata aAns Y, rae Yiow = Y(y),
Yhigh = ¥(r + q) A0S Mt0Goro r ms pagar=1, ..., (M- q). BepositrHoctHo cummeTpuryiHbin 100p %-Hbin HTEpBan oxsara
MOXXHO Nony4mnTb, BblbpaB r = (M — q)/2, ecnu (M — q)/2 — uenoe uucno, nnu r = int [(M — q + 1)/2] B npoTMBHOM
cnydae. [ins onpegenexus HaumeHbLlero 100p Y%-Horo nHTepBana oxsaTta criefyeT BolopaTh Takoe r*, 4Tobbl ons
BCeX r, NpuHagnexawmx pagy r=1, ..., (M — q), BbINONHANOCH HEPABEHCTBO

y(r'+q) -y () <sy(r+q)-y(n.

MpumeyaHune — [OCKOMbKY YNCTIEHHbIE 3HAYEHMS, MONyYEHHbIE B pe3ynbTate npuMeHeHust metoga MoHTe-
Kaprno, crniyyaiHbl no cBoen NpuMpoae, TO HEKOTOPbIE U3 NOCTPOEHHbIX (M — q) nHTepBanoB OyayT MeHbLUE, YEM B CPEAHEM
(Npy MHOrOKpaTHOM MPUMEHEHNV MeToAa), a HekoTopble — Bonblue. MoaToMy npu Bbibope HanmeHbluero 100p  %-Horo
WHTepBana oxasaTta crnefyeT UMeTb B BUAY, YTO ero AnvHa OyaeT, kak npaBuiio, MeHbLUe, Yem ecniv Obl OH Obin paccunTaH
Ha ocHoBe Gy(n), unu, YTO TO Xe camoe, YTO BEepOATHOCTb OXBaTa Ans NMOCTPOEHHOro 3MMMPUYECKOTO HaUMEHbBLLErO
100p %-Horo uHTepBana oxBaTa OyaeT B AEWCTBUTENbHOCTU MeHblle, Yyem 100p. OgHako ansa Gonbwux M 3TUM
OTIIMYMEM MOXHO MnpeHebpeyb.

lMpumep — C nomMouwibto 2eHepamopa nceedocnyyaliHbIX Yuces1 O7si padHOMEPHO20 pacrpedesieHuUs1 8 UH-
mepesane [0,1] 6b11u nosyyeHsl 10° ncesdocnyyaliHbix 3HaYeHul, U Mo 3moli 6bI60PKe 8bILEONUCAHHBLIM CrIOCO-
60Mm 6b1s1 TOcMpPoeH HauMeHbwWul 95 %-HbIl uHmMepeas oxeama. Bcezo ama npouedypa 6bina noemopeHa 1000
pa3. CpedHsisi eeposimHocmb oxeama cocmasuna 94,92 %, a ebi6opo4Hoe cmaHOapmMHoe OMKJIOHeHUe 8ePOSIMHO-
cmu oxeama no 1000 peanu3ayusim npoyedypbi cocmasusio 0,06 %.

7.8 Bpems BbluUCneHum

7.8.1 bonbluasi YacTb BpemMeHu BblumcneHum no metony MoHTe-Kaprno pacxoayeTcs Ha BbINOMHEHUe crie-
AYOLNX Tpex 3Tarnos.:

a) reHepupoBaHve M criyuanHbIX 3Ha4EeHWIN B COOTBETCTBUM C 334aHHON MITOTHOCTLIO pacrnpeaeneHusi Bepo-
ATHOCTEN ANS KaXK40N BXOAHOW BENUYMHBI X; (UNU COBMECTHOM NITOTHOCTY pacnpenenexHus ans X);

b) onpeneneHne M cooTBeTCTBYIOLNX 3HAYEHWUIA HA BbIXOAE MOAENM;

c) pacnonoxeHne M 3Ha4YeHuin BbIXOLHOW BENNYUHEI B HEYObIBaOLLEM NOPSIOKE.

7.8.2 Bpems1, Heob6xoa4MMoe Ha BbINOSTHEHUE 3TUX TPEX 3TanoB, NPSIMO NponopuuoHansHo M ons atanos a)
nb)n M In M gna stana c) (npu ucnonb3oBaHny 3oEKTUBHOIO anropMTmMa COpTUPOBKK [47]).

7.8.3 B cny4yae npocTon MoAEeNV 1 HE3aBUCUMbIX BXOLHbIX BENTMYMH BpeEMS, HEOOX04UMOE Ansi BbIMOJIHE-
HWs aTana c), OyaeT npeobnagatoLmm, a obLLee BpeMsi BbIYMCIEHNIA HA NEPCOHANbHOM KOMMBIOTEPE C TaKTOBON
4acTOTOMN MpoLiecca B HecKonbko rurarepl, npu M = 108 coctaBUT Heckonbko cekyHa. Ecnm xe npoueaypa
COPTMPOBKM He AABNSeTCA 3aTpaTHON N0 BPeEMEHM, TO, 0603Ha4MB T, BPEMSI BbIYMCIIEHNS OQHOMO NCeBAOCTyYan-
HOro 3Ha4YeHNs1 B COOTBETCTBMM C 3a4aHHOM NIIOTHOCTbLIO pacnpeaenennsl BEpOSITHOCTEN NS BXOAHbLIX BEMWYMH, a
T,— BpeMsi BbIYUCIIEHMS OHOIO 3HAYEHMNS BbIXOOAHOW BENUYMHbI, MOMYYUM NPUBIKEHHYO OLLEHKY 0bLLEero Bpe-
MeHU BbluncneHun B suage M(T, + T,). Ons cnoxHon mogenuy npeobnagatowmm bynet cnaraemoe MT,,.
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Mpumeuyanue 1 — Ecrim mogenb npocta, a M — oueHb Gonbluoe uncro, Hanpumep 108 unn 109, To spems
COPTMPOBKN MOXET ObITb 3HAUMTENBHO OOnbLUE BPEMEHW BbIYMCIEHUS 3HAYEHWUS Ha Bbixode mMogenu. B Takom cnyyae
npeanoyTUTENbHLIM MOXET ObITb OLEeHVMBaHWE HeOonpeaeneHHOCTN He MO 3KCnepuMeHTanbHoM yHKUMM pacnpenene-
HWS, @ No rmcTorpamme, NOCTPOEHHOW ANSA psaa y, .

MpnmevyaHne 2 — OpUEHTUPOBOYHO OLIEHKY BPEMEHM BbluMcneHni metogom MoHTe-Kapno mMoxHO Bbinor-
HWTb Ha nNpumepe, 3aAaB MOAENb U3MEPEHUs B BUAE CyMMbl NATW YNEHOB:

Y = cos Xy + sin X5 + ctg X3 + exp (Xy) + X1é3.

Kaxxgow BxogHoM BenuymHe X; npunmcaHo HopMmaribHoe pacnpegeneHuve. Ynucno ncnbitaHun metoaa Bbio-
paHo paBHbIM M = 108. OTHOCUTENLHOE BPEMS! BLINONTHEHWS OnepaLiyii;

a) reHepupoBaHust 5SM cny4varHbIx Ymcen;

b) BbiuMcneHna M 3HavyeHun Ha BbIXOA4E MOAenu;

C) copTnpoBkn M 3Ha4YeHUI BbIXOLHOWM BENNYMHBI, — COCTaBsSIET, COOTBETCTBEHHO, 20 %, 20 % 1 60 %
06LLIero BpeMeH BbIYUCIIEHWIA, PABHOTO NPUBNM3NTENBLHO HECKOMNBKMM CEKYHAAM MPW BbINOSTHEHWM PACHETOB Ha
nepcoHanbHOM KOMMbKTEPE C TaKTOBOW YaCTOTON B HECKOMNBKO rmrarepl.

7.9 ApanTtuBHas npoueaypa peanusauum metoga MonTe-Kapno

7.9.1 O6wme nonoxeHus

CyTb aganTuBHOM Npoueaypbl COCTOMT B MOCNEA0BATENbHOM YBETMUYEHMM YNCTTIA UCMbITAHWIA 0 TEX Nop,
roka nosy4YeHHble YUCHOBbIE OLEHKM CTAaTUCTUYECKMX XapaKTePUCTUK HE CTaHyT yCTaHOBUBLLMMUCS. YnCNEHHbIN
pesyrnbraT CYMTAETCS YCTaHOBUBLUMMCS, €CINY COOTBETCTBYHOLLIEE EMY YABOEHHOE CTaHAAPTHOE OTKITOHEHME CTa-
HET MeHbLUEe 3aaHHON TOYHOCTY BbIYMCIIEHWS CTaHO4apTHOW HeonpeaeneHHocTn u(y) (cm. 7.9.2).

7.9.2 TOYHOCTb BbIYMCIIEHUS1 YUCTIOBbIX 3HAYEeHUN

Ecnun o603HaunTh Yepes nyg YMCNO CYLLECTBEHHbIX 3HAYALLMX LMD B YNCMOBOM NPEACTaBNEHUN BENUYM-
Hbl Z, TO NpeAen NOrpeLlHOCTM BbIYMCIEHUS O 3HAYEHWs Z ONPeAensitoT creayoLwmm obpasom:

a) NPeACTaBNAT 3Ha4YeHMe Z B BUAE C - 10’ rpe ¢ — uenoe yncno, cocTosilee U3 Ngig 3HAYaLLMX LMdp,
[ — uenoe uncro;

b) onpegenstoT & no hopmyne

5=110". (18)

lMpumep 1— OueHka 8bIXOOHOU 8e/1U4UHbI Os1s1 amaJsioHa Maccbl HomMmuHasnom 100 2 [Pykoeodcmeo UCO/MIK
98-3 (7.2.2)] cocmaensiem y = 100,02147 2. CmaHOapmHasi HeornpedeneHHocmb u(y) = 0,00035 2, npuyem obe
3Ha4Yawue yugpbl paccMampuearomcsi Kak cywecmeeHHble. Takum o6pa3om, ngyig = 2, u u(y) Moxem 6bimb npeod-

cmaersneHa 8 eude 35 - 1075 2, cnedosamesnbHo, ¢ = 35 u I = —5. Takum o6pasom, § = % 105 = 0,000005 2.

Mpumep 2 — Ycnosusi me e, ymo u 8 npumepe 1, 3a UCK/TIOYEHUEM IM020, YIMO MOoJIbKO 00Ha 3HaYyaujasi
yugppa e u(y) siensiemcesi cyujecmeeHHol; ngiq = 1 u u(y) = 0,0004 2 = 4 - 104 2. 9mo daem c =4 u l = —4.

CnedoeamernbHo, § = % 104 = 0,00005 a.

Mpumep 3 — lNpu usmepeHusix memnepamypsi u(y) =2 K. Tozda ngig =1, u(y) =2 - 10 K, ymo daem c¢=2 u
[ = 0. Takum obpa3om, § =% 10 K=0,5K.

7.9.3 HasHauyeHue aganTuBHOM npoueaypbl

B pesynkrarte npuMmeHeHWs aganTMBHOW NpoLeaypbl, NpUBeaeHHoM B 7.9.4, [OMKHbI ObITb OnpeaeneHsb:

a) oLeHKa y BenuuuHbl Y,

b) craHgapTHasa HeonpeaeneHHOCTb u(y);

C) rPaHMLb Yoy, U Yhigh MHTEPBaNa OXBaTa Ans Y, COOTBETCTBYIOLLEro 3a4aHHO BEPOSITHOCTU OXBaTa.

Mpun 3TOM YMCIOBLIE 3HAYEHUS KaXXO0W M3 BblLLEYKa3aHHbIX YETbIPEX BEMMYMH AOMKHbI B CPEAHEM Y0B-
NeTBOPATb 334aHHON TOYHOCTU BbIYMCIIEHUSI.

M punmedvyaHune 1 — TO, YTO BbIMNOJIHEHNE TpeGOBaHMﬂ K TOYHOCTU BbIYUCIEHUI MOXET ObiTb rapaHTupoBaHO
He 6e3yCcrnoBHO, a TONbKO B cpeaHeM, 0OyCrnoBMeHO NPUPOAON Cry4aiHOCTW, Ha KOTopow ocHoBaH meTon MoHTe-Kapro.

MpunmeyvyaHune 2 — C yBenmyeHMEM Y1Cra UCMbITAHUIA CKOPOCTb CXOAUMOCTU OLLEHOK ¥ 1 u(y) 06bl4HO ropas-
A0 BbllLE, YeM OLEHOK Vigy U Yhigh-

M punmedvyaHune 3 — Kak npaBuso, 4em oonblue BEPOATHOCTb OXBaTa, TeEM 6orbllee YMCno UcrnbITaHUM Tpe6y-
€TCs Ans onpefenenus Yoy Y Yhigh C 3a4aHHOM TOYHOCTHIO BbIYMCHEHNS.
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7.9.4 Mpouenypa

MpakTnyeckas peanusaumnsa agantMeHoOW npoueaypbl Metoga MoHTe-Kapno ¢ nocrneaoBaTtenbHbIM yBenmye-
HWEM YMcna NCMbITaHUA COCTOUT B CreAYHOLLEM:

a) 3a4atoT Ngg;

b) sagator M = max (J, 10%), rae J — HaumeHbLLee Lenoe, 6onblue unu pasHoe 100/(1 — p);

c) 3agatoT h =1 (cyeTuunk ntepaumii metoga Monte-Kapno);

d) BinonHsoT M ucnbitanni metogom MoHTe-Kapno (cm. 7.3 n 7.4);

€) NCnonb3yT M Nony4YyeHHbIX Ha BbIXOAE MOAENN 3HAYEHUN 4, ..., ¥y, BN BbIMUCIIEHUI B COOTBETCTBUM

¢ 7.5—7.7 o4epenHoit, h-it ouerkn y™ Bennuntel Y, ee craHaaptHoit HeonpeaenenHocty uly ™), nesoin ") n

npason yhlgh rpanuy, 100p %-Horo nHTepBana oxsarta;

f) ecnn h =1, To yBennuMBaloT cHeTYNK h  Ha eguHWLY 1 BbINOMHAT aTan d);
g) BbIYMCAOT BbIGOPOYHOE CTAaHAAPTHOE OTKIIOHEHWE S, CPEAHEr0 3HAYEHUs NOMNyYeHHbIX B pesyrbraTe
utepauuii oueHok Y, ..., ) no bopmyne:

2

h
s =hmn 207 -y)

r=1

1 h
mey=+4 Z .

h) aHanormyHbeIM 06pa3oM BbIMNCNAKOT BbIGOPOYHOE CTaH4APTHOE OTKIOHEHWE A1 CPEAHUX 3HAaYEHU OLle-
HOK U(Y), Yiow U Yhigh;

i) ucnonb3yoT Bce hM 3Ha4YeHU BbIXOAHOW BENUYMHBI A4S BblYMCTEHNS U(y);

j) onpenensoT Npeaen NorpeLlHoOCcTy Beluucnenns & ans u(y) (cm.7.9.2);

k) ecnu xoTsi 6bl 0OAHO W3 3HAYeHWi 25, 2 23yhigh npeBbILIAET §, TO YBENMYMBAIOT 3HA4YEHNE

u(y) 28}’low’
cyeTyMka h Ha eguHWLY 1 Bo3BpaLlalTcs K atany d);

1) ecnu Bo3Bparta k aTany d) He NPOM30LLIIO, Y 3HAYEHMS BCEX BbIYNCISIEMbIX OLIEHOK MOXHO CYMTaTb yCTa-
HOBUBLUMMUWCS, TO Ha OCHOBE NOfy4YeHHbIX hM 3Ha4YeHWI BbIXOAHOW BENUYMHBI B COOTBETCTBUM C 7.5—7.7 BbluMC-
nsot y, u(y) v 100p %-Hbl nHTEpBan oxeara.

MpumeyvaHnune 1 — OBbMHO Ha 3Tane a) 3afatoT Ngig = 1 UNK ngg = 2.

MpumeyvyaHune 2— Ha atane b) Bbibop M npon3BoneH, HO AOMKEH OCHOBLIBATLCA HA MPAaKTUYECKNX coobpa-
XKEHUSAX.

MpumeyvyaHne 3 — Ha atane g) y MOXHO paccmaTpvBaTb Kak peanusaumio CriydaHon BenuYMHbl CO CTaH-
AAPTHLIM OTKIOHEHMEM S,,.

MpumMmeyaHune 4 — CraHgapTHble OTKIMOHEHWS, NOMyYeHHbIE B COOTBETCTBUM C g) U h), UMEIOT TEHOAEHLMIO K
yMeHbLUeHMo no 3akoHy h~2 (cm. 5.9.6, npumevaHue 2).

MpumeyvyaHne 5 — B Tex cnyyasax, Korga onpenenaTb MHTepBan oxearta He TpebyeTtcs, MPOBEpKY TOYHOCTH
BbIYMCIIEHUN Ha 3Tane k) AOCTAaTOYHO BbIMOJHATL TOMBKO AN 25, U 25y

MpumeyvyaHne 6 — MHOXUTENb 2, UCNIONb3YEMbIA Ha 3Tane k), OCHOBaH Ha MpeacTaBneHun BbIGOPOYHbIX
CpedHuX B BMAE ChyyaviHbIX BEMUYUH, NMOAYMHSIIOMXCS HOPManbHOMY pacnpefeneHuio, U COOTBETCTBYET BEPOSTHOCTU
oxsara, npnbnuantensHo paBHon 95 %.

MpunmMeyaHune 7 — AnbTepHaTUBHBIN HeadanTUBHbBIN NoAXoA Ans nocTpoeHus 95 %-Horo BEpOATHOCTHO CUM-
METPUYHOro MHTEpBaNa OXBaTa, OCHOBAHHbIA Ha MCMOMb30BaHMM CTAaTUCTUK BUHOMUHanNbHOro pacnpegenexus [10],
cocTouT B criefyolleM. BeiGupaioT M = 10° unu M = 10°. ®opmupytoT uHTepBan [y, (s, e ana M=10° r=2420,
$=97581,aans M =108 r=24747, s =975254. 3T0T nHTepsan byaet 95 %-HbIM TONEPaHTHLIM UHTEPBANOM AMs YPOBHS
posepusa 0,99 (cm. [PykooactBo MCO/M3K 98-3 (C.2.30)], [55]), T. e. BepoATHOCTb OxBaTa COCTaBUT He MeHee 95 % B
99 %, Kak MUHUMYM, cry4aeB npuMeHeHns metona MoHTe-Kapno. CpefHsia BEpOATHOCTb OXBaTa AJ1si Takoro MHTepBana
6yneT paBHa (s — r)/(M + 1), uto npesbiwaeT 95 % Ha BENUUMHY, yMeHbLUatoLLylocs ¢ poctom M. Tak ans M = 10° cpeanss
BEpOATHOCTb oxBaTa byneT 95,16 %, a pna M = 106 — 95,05 %. (Bo3moxxeH 1 opyrovi BbIGOp 3HAYEHWI I U S, U NPU 3TOM
He obsa3aTenbHo, YTobbl X cymma cocTaBnana M + 1. octato4yHo [10, pasgen 2.6], 4Tobbl pa3HOCTb (S — r) y4OBNeTBOPS-
na ycrnoswuto
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M . .
> Mcjpl(1-p)M 7 <1-099,

j=s-r

M M! .
rae Cj :m Hamnyqumm pe3ynerat COOTBETCTBYET CUTYyaLU MK, KOrga nesasd YaCcTb 3TOro HepaBeHCTBaA AOCTUraeT

MaKCUMarbHOrO 3Ha4YeHus, NP KOTOPOM HEPABEHCTBO €eLle BbIMOMHAETCA.) TN pe3ynbTaTbl MOryT GbiTb pacnpocTpaHe-
Hbl Ha Apyrue 3HavYeHUsi BEPOSITHOCTM OXBaTa W Apyrue 3HaveHust M.

8 lMNpoBepka pe3ynbTaToB

8.1 MNpoBepka pe3ynLTaTOB OLEeHUBaHUA HeonpegeneHHoctu no GUM cpaBHeHneM ¢ meTogom
MoHTe-Kapno

8.1.1 Cnocob oueHnBaHusa HeonpegeneHHocTy no GUM Bo MHOIMX cnydasx pabotaeT xopoLuo. OgHako He
BCEeraa MOXHO cpasy onpenenvTb, CObMnoaeHsbl N Bce YCroBus ANs ero npuMmeHeHus (cM. 5.7 n 5.8). OBbIvHO
ropaszio npoLle OLEeHNTb HeoNpeaeneHHOCTb C UCNONb3oBaHNeM MeToda MoHTe-Kapino (npu Hanmyimm cooTBeT-
CTBYHOLLLETO MPOrpaMmMHOro obecneyveHms), Yem BbISCHUTb, BbINOSHEHbI NN BCe YCroBus oueHmBaHusa no GUM [8].
Mpw HanNM4YMM comMmHeHMn B 060CHOBAHHOCTY NpUMeEHeHMs cnocoba oueHmBaHns no GUM nony4yeHHble ¢ ero nomo-
LLIbHO pe3ynbTaThl HYXKOAKTCs B NPOBEPKE, @ MOCKONbKY Anana3oH YCIIoBUIA, MPU KOTOPbIX MOXKET ObITb MPUMEHEH
meToq MoHTe-Kapno, 3HaunTenbHo wupe, YeM ans metoga no GUM, To ans Takon NpoBepKn pekomeHayeTcs
COMOCTaBWTb pe3ynbraTthl oueHnBaHust no GUM c pesynstatamu oueHnBaHns metogom MoxTe-Kapno. Ecnv cpas-
HeHve noaTeepauT o6ocHOBaHHOCTL NpuMeHeHns GUM, To cnocob oueHnBaHus HeonpeaeneHHocTn no GUM
MOXHO OyZeT NPUMeHSTb B ByayLueM ANns CXOXMX 3adad. B npoTnBHOM criyyae cnegyeT paccMOTPETb BO3MOX-
HOCTb 3aMeHbI Ha ApYyrom cnocob oLeHVBaHWS HEONPEAENEHHOCTH, BKINoYada TOT e meToa MoHTe-Kapno.

8.1.2 lpu cpaBHEHWM ABYX METOA0OB PEKOMEHAYETCA PYKOBOACTBOBATLCH CeAyoLen ABYXaTanHon npo-
Leaypon:

a) NpUMeHUTb cnocob oueHmBaHus HeonpegeneHHocTn No GUM (BO3MOXHO C y4ETOM YSIEHOB BbICLLIETO
nopsigka pasnoXxeHus pyHKLUM n3amepeHus B psig, Telrnopa B 3akOHe TpaHCopMMpoBaHUSt HEONPEeaEeNeHHOCTEN)
(cm. 5.6), ansa onpenenerus 100p %-Horo MHTepeana oxsata y + U, rae p — 3aaaHHasi BEPOSTHOCTb OXBaTa;

b) npumennTb agantusHyto npoueaypy MoHTe-Kapno (cm. 7.9.4) ons nonyyeHvs ctaHgapTHOM Heonpeae-
NEeHHOCTU U(Y) U rpaHuL, Vi, U Yhign 3adaHHoro 100p %-Horo nHTepBana oxsaTa Al BbIXOAHON BEMUYUHbI
(BEPOSITHOCTHO CUMMETPUYHOIO UM HAaUMEHbLLIETO) (CM. Takke 8.2).

8.1.3 MNpoueaypa cpaBHeHWsI NO3BONSET ONPeAENUTb, COMMacytoTCs N1 MHTEPBasbl OXBaTa, MOy4YEHHbIE B
COOTBETCTBUM CO CNOCOOOM oueHMBaHUS HeonpeaeneHHocTn no GUM n metogom MoHTe-Kapno, B npegenax
3a[laHHOM TOYHOCTU BblYUCNEHUIA. TOYHOCTb BbIYUCIIEHUI NS rpaHNUL, MHTEPBAaroB OXBaTa ONpeaensioT Yepes
TOYHOCTb BbIPaXXEHWUs1 CTaHAAPTHOM HEONPEAENEHHOCTU U(Y) YMCIIOM CyLLIECTBEHHBIX 3HaYaLLmMX uudp B ee gecs-
TUYHOM NpeacTaBneHnn (cpaBHu ¢ 7.9.2). [insa aToro:

a) onpenensawT Npeaen NorpeLlHoCTU BbluncrieHns 6 Ans u(y), kak ykasaHo B 7.9.2;

b) cpaBHMBaOT MHTEPBarbI OXBaTa, MONyYeHHbIE B COOTBETCTBUM CO CNOCOOOM OLEHMBAHMS HEONpPeaeneH-
HocTn no GUM u meTogoM MoHTe-Kapno, 4Tobbl onpegennTb, MOMy4YeHO NN B 3HAYEHMAX rpaHuL, MHTepBana
0XBaTa, BbluncneHHbIx o GUM, Heobxoamnmoe Ynicno BepHbIX 3HavaLmx uudp. Mpu aTom onpeaensitoT:

d10w= |y_Up_ylow|= (19)
Ahigh = 1Y + Up = Vhigh | (20)

T. €. abComnTHbIE 3HAYEHNS Pa3HOCTM COOTBETCTBYOLLMX PaHUL, ABYX MHTepBanoB oxsata. Ecnu kak d,,,, TakK
M Ohigh HE NPEBLILIAIOT §, TO CMocob oueHnBaHMs HeonpeaeneHHocT o GUM B aToM criyyae MOXHO cunTaTb
NPUMEHVMBIM.

MpumeyaHune—Pe3synstar cpaBHeHus Oyder 3aBUCETb OT TOrO, KaKOW BEPOATHOCTM OXBaTa COOTBETCT-
BYIOT CpaBHMBaeMble UHTepBanbl. [103TOMy NPOBEpPKY BbIMOMHAT TOMbKO AN KOHKPETHOW 3aAaHHOW BEepOSiTHOCTU
oxBara p.
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8.2 MNpumeHeHne meTtoga MoHTe-Kaprno npu npoBeaeHMn nNpoBepKn

[ina BbinonHeHust npoeepku no 8.1 meton MoHTe-Kapro formkeH ObITb peanv3oBaH AJ1s 4OCTaTO4YHO 60rb-
woro yncrna mcnbitaHuin M (cm. 7.2). Ecnn 0603HaunTb Yepes Ngg YNCIMO CYLLECTBEHHbBIX 3HaYaLLmMX undp B
[EecAaTUYHOM NpeacTaBneHnn u(y) Npu NpoBepke NPUMEHNMOCTM cnocoba oueHnBaHusa no GUM, a yepes 6 —
[OMYyCTUMYHO MOrPeLUHOCTb BbluncneHmns u(y) (cm. 7.9.2), To Ans NonyvYeHnst B Lensx NPOBEPKN pesyrnbTaToB
MeToaom MoHTe-Kapno pekomeHayeTcs MCnonb30BaTh €ro afanTyBHbLIN BapuaHT (cM. 7.9.4) 0o JOCTUXKEHUS No-
rpPELLHOCTH BbluncneHusa o/5 [T. e. B 7.9.4 Ha aTane k) d crniegyeTt 3ameHnTb Ha o/5].

MpumedyaHue— B cpegHeM yMeHbLUEHWE MOrPELLHOCTY BblYMCneHus Ao &/5 TpebyeT MoBbILIEHNS Yucna
ucnbiTaHmii M B 25 pas. BbinonHeHne onepauuini ¢ BEKTOpaMu CTOSb OOMbLUIOM pa3MepHOCTU MOXET NpeacTaBnATb
coboli cepbesHyo Npobnemy Ans psga KoMMbloTepoB. B aTom cnyvae Ans BbIYMCINEHUSI CTATUCTUHECKMX OLIEHOK PEKO-
MeHOyeTCs MCnonb3oBaTh NpubnmkeHne gy (1) ructorpammont Ans psga y, . [pu aToM YactoTa nonagaHuii B COOTBET-
CTBYIOLLMIA KNacc rmcTorpamMmmbl YyTOYHSETCS B Xxo4e utepauuii (cm. 7.8.3, npumedanve 1).

9 Mpumepbl

9.1 UnniocTpaums nonoxeHUM HacTosIWero crtaHgapTa

9.1.1 MNpuBeaeHHbIE B HACTOSILLLEM pa3fernie NpUMepPbI UNMOCTPUPYIOT pasnnyHble BONPOCH! MPUMEHEHNS
MOSIOXKEHWIN HACTOSILLErO CTaHAApTa, BKIoYas NCnonb3oBaHue crnocoba oueHnBaHust HeonpeaeneHHocTy no GUM
C y4eToM 1 6e3 yyeTa YNeHOB pasnoxeHns yHKLMN n3MepeHns B psf, Telnopa BbICLUMX MOPSIAKOB M CONOCTaBne-
HME MOMNyYeHHbIX C Ero NOMOLLBIO Pe3yrbTaToB C pe3yrnsTaTami:

a) metoga MoHTe-Kapno ¢ ncnonb3oBaHeM 3aaHHOro Yncra ucnoitaHui M,

b) agantueHom npouenypbl MmeToga MoHTe-Kaprno (cm. 7.9.4), B koTopor Heobxoaumoe 3HadveHne M onpege-
nsieTcs B XO4e utepaumi;

C) coyeTaroLL MMy nepeydncneHHoe B a) n b).

9.1.2 HekoTopble 13 NpUMepoB NOCBSLLEeHbI BONPOCY, NOATBEPXAAIOT N pe3ynbTaThl, yka3aHHble B 9.1.1,
nepeyvcneHve b), pesynsrathbl oueHuBaHus HeonpegeneHHocTn no GUM. [Ang uenen cpaBHeHWst pe3ynbTaTtos
MCMOosb3yeTCH COOTBETCTBYHOLLMM 00pa3oM BblOpaHHbIN Npeaen norpeLlHoCT! BbluucnieHms o (cM. 7.9.2) ans
oueHkn u(y). PesyneraTthl C UCNONb3oBaHWeEM aganTUBHOM NpoLeaypbl Metoga MoHTe-Kapno nonyyeHs! ons no-
rpeLwHocTm BblumcneHust 8/5 (cMm. 8.2). B HekoTopbIx Criydasix pe3yrnbraTbl CPaBHMBAKOTCH C PELLEHUSMM, NOyYeH-
HbIMW @HaNUTUYECKU.

9.1.3 Kak npaBuno, pesynsraTtbl NpeAcTaBneHbl B BUAe, ycTaHoBNeHHOM B 5.5. OgHako anst obnervyeHms
CpaBHEHMS pe3yrkTaToB, NOyYEeHHbIX pa3HbIMY METOL4AMM, YACTO UCMONb30BaHO Ooree pekoMeHA0BaHHbIX 04-
HOW UNu ABYX 3HaYaLLmx undp.

9.1.4 B ka4ecTBe reHepaTopa nceBAocnyyarnHbIX Yucen u3 pasBHoMepHoro pacnpegenexus (cm. C.3) uc-
nonb3oBaH Buxpb MepceHHa [34]. 3TOT reHepaTop NpoLlen BCECTOPOHHIOW NPOBEPKY CTAaTUCTUYECKUX CBONCTB
nony4aemoii BLIGOPKM 13 paBHOMEPHOro pacnpeaenenus [30] v peanusosaH B nakete MATLAB") [36], koTopbilii
MCMNONb30BaH 415 MONyYeHNs pesynsTaToB B NPYMepax HaCToSLEro pasgena.

9.1.5 MepBbIvi npumep (cM. 9.2) npeactaBnsaeT cobor agauTreHyto Mogens. OH JeEMOHCTPUPYET coBnaae-
HWE pe3ynbTaToB, MOyYEHHbIX C NpUMeHeHneM metofa MoHTe-Kapro, ¢ Temu, 4To NonyYeHbl CnocoboM OLEeHN-
BaHus HeonpeaeneHHocTn no GUM B cnyyae BbINOMHEHMS YCIOBUIA MPUMEHUMOCTM NocneaHero (cM. 5.7). 3Ta
MOZEemNb pacCMOTpPeHa ANs pa3nnyHbIX MIIOTHOCTEN pacnpeaeneHns BEPOATHOCTEN AN BXOAHbIX BEMWUYMH, YTO
MO3BOSISIET NOKa3aTb HEKOTOPbIE OTKITOHEHUSI PE3YNLTATOB B CUTYaLMAX, KOTr4a BbINOMHEHbI HE BCE YCIOBUSA NPU-
MEHMMOCTM cnocoba oueHnBaHKs HeonpeaeneHHocTn no GUM.

9.1.6 Bropoii npumep (cm. 9.3) npeactasnseT cobori 3agady kannbposky Npu n3amepeHnn maccl. OH noka-
3bIBaET, 4YTO CNocob oLeHBaHUs HeonpeaeneHHocT o GUM gaet oocToBepHble pesynbtaThl Ans JaHHOMo npu-
Mepa TOSfbKO B TOM Criydae, Korga yuTeHbl BKNagbl YIEHOB pasnoxeHus pyHKLMM n3mepeHnst B psig Tennopa
BbICLUMX NMOPSOKOB.

9.1.7 Tpetun npumep (cM. 9.4) OTHOCMTCS K 0ONacTu ANeKTpUYECKMX n3mepeHunin. OH NokasbIBaeT, YTo MoT-
HOCTb pacnpeferneHns BEPOSITHOCTEN NS BbIXOLHOW BENUYNHBLI MOXKET ObITb CyLLIECTBEHHO aCUMMETPUYHOW, U,
Takum o6pa3om, cnocob oLeHnBaHUS HeonpeaeneHHocT no GUM MoXeT faTb HeAOCTOBEPHbIE Pe3ynbTaThl Aaxe

) MATLAB sBRsieTcs KOMMEpYeCKUM MPOAYKTOM, YAOBHLIM ANS YUCOBLIX pacyeToB, TpebyeMbix B npumepax
HacTosiLLero ctangapTa. VMiHdopmauus o6 Mcnonb3yemMoM cpefcTBe MpuBeAeHa Tonbko Ans yaobcTea nonb3oBaTeneit
HacToslero ctaHgapTta. Ee He cnefyeT paccmatpuBaTb Kak pekoMeHZaLuMio UCMofb30BaTh MMEHHO 3TOT KOMMepYec-
KW MPOAYKT B NPaKTUYECKUX BbIYMCIEHUSX.

34



FOCT P 54500.3.1—2011/PykoBogcTtBo MCO/M3IK 98-3:2008/ AononHeHune 1:2008

npw y4eTe YNeHOB pasnoXeHns OyHKUMM n3MepeHmns B pag Ternnopa BbICLUMX NOPSAKOB. PacCMOTpeHbI cryyan
KaKk He3aBMCMMBbIX, TaK 1 3aBNCHMMbIX BXOOHBIX BENNYNH.

9.1.8 YeTBepThiN Npumep (cM. 9.5) — 310 NpumMep KannmbpOBKM KOHLIEBOWM Mepbl AfMHbI, B3ATbIN 13 GUM
[PykoBogctBo MCO/MOBK 98-3 (pasgen H.1)]. [laHbl NOSICHEHUSA OTHOCUTESBHO UCMOSb3yEMbIX B MPUMeEpE BXO-
HbIX BENMYMH MOAENN U NIIOTHOCTSIX pacnpeaeneHns BepoSATHOCTEN AN 3TMX BENNYMH, a TakkKe NPMBELEHO CpaB-
HeHne pe3yneTaToB, nonyvaembix no GUM, ¢ nony4YeHHbIMM € ncnonb3oBaHnemM Mmetoga MoHTte-Kapno. Pesynbra-
Tbl MOMyYeHbI Kak Anst npubnmkeHus, ncnonb3oBaHHoro B GUM, Tak n 6e3 ncnonb3oBaHms 3Toro npubnmkeHns
OS5 JaHHOW N3MepUTENbHON 3agaqn.

9.2 AaanTnBHas moaenb

9.2.1 NocTaHOBKa 3agaumn
B HacTosiLem npumepe paccMOTpeHa agaMTUBHAA Moaenb

Y=X, + X, + X5 + X, (21)

npegcraBnstoLast cobom YacTHbIN Cryyar obLLen NMHeHon Mogenu, paccMoTpeHHon B GUM, ong Tpex pasnuy-

HbIX COYEeTaHWI NNOTHOCTEeN pacnpeaeneHns BeposaTHocTen Jx, (€;) nnsa BxoaHbIX BeNuuMH X, paccmatprsae-
MbIX KaK He3aBuCKMble. BxoaHble BenuumHbl X; W, cnegoBaTenbHO, BbixoAHas BenvuuHa Y 6e3pa3mepHbl. B

nepBOM COHETaHUU Kaxgaa U3 gXi (&,) ABNAETCA NNOTHOCTbIO CTaHOAPTHOIO HOpMaribHOro pacnpeneneHns (Ka)K-
[0aa BXoAHad BennyvnHa )(, MMEET HyleBoe MaTteMaTnyeckoe oXxxnaaHmne n eguHM4yHoe ctaHgapTHoe OTK.I'IOHeHl/Ie).

Bo BTOpPOM Cco4YeTaHn BCe gX,- (&/) ABINAKOTCA NITIOTHOCTAMU paBHOMEPHOIo pacnpeageneHnd Cc HyrnesbiM MatemMa-
TUYECKUM OXngaHnem n eguH1MYHbIM CTaHOapPTHbIM OTKITOHEHUNEM. TpeTvu7| Ha6op MaeHTU4YeH BTOPOMY, 3a UCKIHO-

YeHneM TOro, YTO Af1A MNOTHOCTY pacnpeneneHns BeposaTHocTen Jx, (€4) cranpapTHOe oTKIOHeHwe paBHo 10.

MpwumedyaHne— bonee noapobHasi uHgopmMauus 06 agaUTUBHLIX MOAENsX, NOAOOHBIX ONUCbIBaEMbIM
hopmyrioli (21), rae BXoaHble BENMUYMHBI pacnpenerneHbl Mbo no HopmasribHOMY, NGO Mo paBHOMEPHOMY 3aKOHY, NGO
YacTblo MO HOpPMaribHOMY, a YacTbio MO paBHOMEPHOMY 3aKoHy, NpuBedeHa B [13].

9.2.2 HopmanbHO pacnpegerieHHble BXOAHbIe BENUYUHbI

9.2.2.1 Kaxxgon BXxogHOW BeNUYMHe X; IpunmncaHo cTaHgapTHoe HopMarnbHoe pacnpegenenne. Havnmyywmmm
oueHkamu X; aenatotes x; =0, /=1, 2, 3, 4 ¢ COOTBETCTBYIOLLUMMU CTaHOAPTHLIMY HEONpeaeneHHoCTaMM u(x;) = 1.

9.2.2.2 lNony4yeHHble pes3ynbTaTthl [C TPEMs 3HaYaLMMK Ldpamn ansa obneryeHnsa nx ConocTaBneHus
(cm. 9.1.3)] npBeaeHbI B NepBbIX NSATU cTonbuax Tabnuupl 2.

MpumeyaHune—Tlockonbky B AaHHOM Cryyae, Tak e Kak 1 B ApYrux criydasx, paccMaTpyMBaeMblX B HACTOSILLEM
npumMmepe, N3BeCTHO, YTO NNIOTHOCTbL pacnpeneneHunsa BepOﬂTHOCTeVI and Y CMMMETPUYHa, TO paccMaTpnBaeTCA BEPOAT-
HOCTHO-CUMMETPUYHBIN (95 %-HbIN) MHTEpBan oxsara.

9.2.2.3 B cOOTBETCTBMU C 3aKOHOM TpaHCHOPMUPOBaHUs HeonpeaeneHHocten [Pykosoactso MCO/M3K 98-3
(5.1.2)] Haunyuwen oueHkon Y 6yaet y = 0,0 c COOTBETCTBYIOLLEN CTAaHOAPTHON HeonpeaeneHHocTbo u(y)=2,0
npu OCTaBMNeHWn B pesynbrarte oLeHnBaHus ans u(y) AByx 3Havawmx umdp (6 = 0,05) (cm. 5.5). BeposiTHOCTHO
CUMMETPUYHBIN 95 %-HbI MHTEpPBan oxeaTa Ans Y, 0CHOBaHHbIN Ha kKoaddumumeHTe oxsaTa 1,96, 6yzet [-3,9, 3,9].

9.2.2.4 MpumeHenne metopa MoHTe-Kapro (pasaen 7) ¢ uncnom ucnbitanmin M = 10° gaet y = 0,0; u(y) = 2,0
1 BEPOSTHOCTHO CUMMETPUYHbLIN MHTepBarn oxeata [-3,9, 3,9]. [1sa nocneayowmux npuMmeHeHnsa metoga MoHTe-
Kapno ans M= 10° nanu pesynsTarhl, COrNacyoWmMecs ¢ Nory4eHHbIM paHee B pamMKax yCTaHOBMEHHOMN TOUHOCTY
BbIYMCNEHUN. DTN ABa NPUMEHEHNS (C Pa3NnYHbIMU CrlydanHbIMU BbIOOPKaMU U3 TEX e pacrnpederneHunin) noHago-
Gununce, 4TO6BHI NPOAEMOHCTPUPOBATL Bapuaumy MofnyvaemblX pesynbTaToB. YeTBepToe u nAToe 3HavYeHus
(1,23 - 10° 1 1,02 - 108) npeacraensaoT coboit YMCNa UCTIbITAHWIA, MOMyYEHHbIE B pe3yrkTaTe AByX NPUMEHEHNI
aganTmBHoW npoueaypbl MoHTe-Kapno (cm. 7.9) anst norpeluHocTy Bbluncnenms o/5 (cm. 8.2).

9.2.2.5noTHOCTL pacnpeneneHns BeposTHOCTEN ANs Y, NonyyYeHHas aHanMTu4ecku, npeactaBsnseT cobomn
NAOTHOCTb HOPMaIbHOIo pacnpeaeneHnst C MaTeMaTU4eCKUM OXXMOaHNEM, PaBHBIM HYIO, U CTaHAAPTHBIM OTKIO-
HEeHneM, paBHbIM ABYM.

9.2.2.6 Ha pucyHke 6 nokadaHa nnoTHOCTb pacnpegeneHns BepodtHocTen ang Y (rayccosa), nonyveHHas
cnocobom oueHvBaHusa HeonpepeneHHocTn no GUM. Ha pucyHke nokasaHa Takke ogHa U3 annpokcumaumn
(ructorpamma) ana M = 108 3HaueHWit BLIXOAHON BENUUMHBI Y AMCKPETHLIM npubnimkeHnem G (cMm. 7.5) ans
AaHHOW NNOTHOCTM pacnpedenenus, nonydeHHas metogom MoHTe-Kapro. paHuLbl BEPOSTHOCTHO CUMMETPUYHO-
ro 95 %-Horo nHTepBarna oxsaTta, Nosfly4eHHble 0boumMn MeTogamu, NokasaHbl BepTUKanbHbIMW TMHUAMU. Hop-
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ManbHas MNOTHOCTb pacnpeaeneHns 1 ee annpokcMmaLums BU3yarbHO HepasnuyMMbl, Tak e Kak U rpaHuLbl CooT-
BETCTBYHOLLMX MHTEPBANOB OxBaTa. [1ns AaHHOro NpMMepa Takoe cornacue siBNsSeTcs oXuaaemblm, T. K. cobnoaa-
IOTCS BCE YCITOBUSI NPUMEHMMOCTM cnocoba oueHnBaHns HeonpeaeneHHocTy no GUM (cwm. 5.7) n 3agaHo gocta-
TOYHO 6onbLIoe 3HaYeHne M.

v
0,20 ST

\
0,15 f \

0,104 Z \

0,054

A Mo |

-8 -4 0 4 8 X

X — BenuuuHa (GespasmepHas); Y — MSIOTHOCTb pacnpeaeneHnsi BeposiTHOCTe

PucyHok 6 — TMpubnuxeHns nNoTHOCTW pacnpefeneHns BepoaTHocTen Ang Y npu HOpManbHOM pacrnpeaeneHum
BXOAHbIX BEIUYMH, NOMyYeHHbIX crnocobom oueHnBaHnsa no GUM n metogom MoHTte-Kapno

9.2.2.7 B cTonbuax 6—8 Tabnuupl 2 npuBedeHbl pesynsraTtel NpUMEHEHWs npoLeayp nposepku no 8.1 1 8.2.
B cootBetcTBuMM € 7.9.2 ngig = 2, NOCKOMNbKY U(y) onpenensitoT ¢ AByMs 3Havalmmu uudpamu. Takum obpasom,
u(y)=2,0=20-10"", c=20un/=-1. CnegosaTensHo, B COOTBETCTBIN C 7.9.2 npeaen NorpeLHOCTY BbIHNCTIEHNS
cocTaBnsieT

_1 -1 _
§=5-10""=0,05.

B Tabnuue 2 npyvBeaeHbl Takke abContoTHbIE 3HAYEHNS PA3HOCTN BEPXHUX U HVDKHUX FPaHUL, MHTEpBaros
oxBaTa, MoNy4YeHHbIX cnocobom oueHnBaHus no GUM 1 ¢ nomoLlpto aganTuBHOM npoueaypbl Metoga MoHTe-
Kap1o, dioy U Ghign COOTBETCTBEHHO [CM. dhopmynbl (19) v (20)]. MokasaHo, 4To NPOBEPKOIA C MOMOLLLIO aAanTuB-
HOW Npoueaypbl NoaTBEpPXAeHa 4OCTOBEPHOCTb Pe3yrbTaToB, Nony4YeHHbIX crnocobom oueHvBaHus no GUM ans
56=0,05.

Tabnuya 2 —lNpumeHeHre k mogenu (21) B cnyydae HopMarnbHoro pacnpegeneHus X, (a) B COOTBETCTBMM CO CXEMOM
oueHkun HeornpegeneHHoctn no GUM (GUF), (b) meTtogom MoHTe-Kapno u (c) aHanutudeckum metogom (9.2.2.2, 9.2.2.7,
9.2.3.4).

BeposiTHOCTHO cMMMeT- [locToBepHOCTb pesynb-
MeTon M y u(y) PUYHBIA 95 Y%-HbIl ow | Ghigh Tatos no GUM

MHTepBan oxeaTa (6 = 0,05) noaTBepxaeHa?
GUM — 0,00 | 2,00 [-3,92, 3,92] — — —
MoHTe-Kapno 105 0,00 | 2,00 [-3,94, 3,92] — — —
MonTe-Kapno 108 0,00 | 2,00 [-3,92, 3,92] — — —
MonTe-Kapno 108 0,00 | 2,00 [-3,92, 3,92] — — —
MoHTe-Kapno, agantueHbiii | 1,23 - 10%| 0,00 | 2,00 [-3,92, 3,93] 0,00| 0,01 Oa
MoHTe-Kaprno, agantusHbii | 1,02 - 108| 0,00 | 2,00 [-3,92, 3,92] 0,00| 0,00 Oa
AHanuTn4eckum — 0,00 | 2,00 [-3,92, 3,92] — — —
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9.2.2.8 Ha pvicyHke 7 nokasaHa 3aBUCUMOCTb ANUHBL ( Yhigh — Yiow) 95 %-HOro MHTepBana oxsara (cMm. 7.7) oT
3Ha4YeHUsa PyHKLUMN BEPOATHOCTM (onpeaeneHHor no G) B TOUKe ero nesow rpaHuubl. Kak u cnegosarno oxugatb
ONA CMMMETPUYHON NITOTHOCTU pacnpeneneHvs BeposTHOCTEN, MHTEpBan UMeEeT HaUMEHbLLYIO ANNHY, eCriv OH
CMMMETPUYEH OTHOCUTENBHO MaTEMaTUYECKOTO OXNAAHUS.

Y A
15

12—

I -
0,01 0,02 0,03 0,04 0,05 X

X — 3HauyeHue beHKLlI/II/I BEPOATHOCTMN ANA neson rpaHuubl MHTepBana oxeaTa, Y — anuHa MHTEepBara oxeaTta

PucyHok 7 — OnuHa 95 %-Horo nHTepBana oxeaTta B 3aBMCMMOCTU OT 3HaYeHMSA PYHKLUM BEPOATHOCTU
ONsi ero NeBow rpaHvupbl B AMCKPETHOM npeacTtaeneHnn G, nonyyeHHoMm metogom MoHnTe-Kapno
Ans mogenu, onuceiBaemon dopmyron (21)

9.2.2.9 B 9.4 naH npumep aCMMMETPUYHOM NFAIOTHOCTU pacnpeneneHnst BepoATHOCTEN, ANsi KOTOPOW Hau-
MEHbLLMIN UHTEPBAI OXBaTa CyLLECTBEHHO OTNIMYAETCS OT BEPOSATHOCTHO CUMMETPUYHOrO.

9.2.3 BxoaHble BeNMYMHbI, ONUCbIBaeMble PaBHOMEPHLIMU pacnpeaeneHnsimm ¢ OANHaKOBbIM
HocUuTenem

9.2.3.1 Kaxxgon BxogHOWM BenNuyMHe X; NpunmcaHo paBHOMepHoe pacrnpejeneHne ¢ HynesbiM MmatemaTu-
YECKUM OXMAaHUEM N €4UHUYHBIM CTaHAAPTHBLIM OTKIIOHEHWEM (B OoTnnyme oT 9.2.2.1, rae BXO4HbIM BENUYUHAM
npunmMcaHo HopMarnbsHoe pacnpegenenne). Haunyywmmu oueHkamu X; aengtotea x;=0,i=1, 2, 3, 4 ¢c cooTBeT-
CTBYIOLMMY CTaHAAPTHLIMY HeonpeaeneHHocTamm u(x;) = 1.

9.2.3.2 AHanornyHo 9.2.2.3—9.2.2.5 nony4eHbl pesynbTathl, NpeAacTaBneHHble B Tabnuvue 3. AHannTu-
Yyeckoe pelleHre [AONS rpaHuL, BEPOSITHOCTHO CUMMETpUYHOro 95 %-HOro uHTepBana oxeaTta, a MMEHHO,

+2 \/5[2— 3/ 5)1’4]z + 3,88, 6bIN0 MOy4EHO B COOTBETCTBUM C NMPUSOKEHUEM E.

9.2.3.3 PrcyHOK 8, NOCTPOEHHBbIN 41151 AaHHOrO Criyyast, aHariormyeH pucyHKy 6, HO B OTNIMYME OT pUCYHKa 6
MOXXHO 3aMeTUTb HEBOMbLLME PasnMyms Mexay anfnpoKCMMaUUsiMM NIIOTHOCTY pacnpeaerneHnst BEpOATHOCTEN.
Cnocob oueHvBaHust HeonpegeneHHoctTy no GUM gaeT ogHy 1 Ty e NNOTHOCTb pacnpeaeneHns BeposaTHOCTEN
ans Y n B cnyvyae HopMaribHOro, 1 B criydae paBHOMEPHOro pacnpeneneHuns X;, nockonbKy U B TOM, ¥ B APYroM
cny4vae n matemMatmnveckmne oXXnagaHua, n CtaHaapTHbIE OTKITOHEHUA paBHbI MeXay coboii. NMnoTHOCTb pacnpene-
neHusa BepoATHocTen ana Y, nonyyeHHas metogom MoHTe-Kapno, MeHblue NNOTHOCTM pacnpeaeneHns BeposiTHO-
cten, nonyyeHHon no GUM, B OKPECTHOCTM MaTeEMaTMYECKOro OXXMAAHUSA U, B MEHbLUEN CTeneHn, B obnacTu
«XBOCTOBY» pacrnpeaeneHuns n, HA06opPOT, HECKOSBKO BbILLE B MPOMEXYTOYHbIX 0OracTsIX Ha «CKITOHax» pacnpe-
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YA
0,20

0,15 / \
\
M

0,054

N _

T T >
-8 4 0 4 8 X

X — BenuuuHa (6e3pasmepHasi); Y — MNMoTHOCTb pacnpeneneHusl BeposiTHOCTEN

Pl/lcyHOK 8 — To xe, 4TO 1 Ha PUCyHKe 6, HO 4Nsa paBHOMEPHO pacnpefeneHHbIX BXOAHbBIX BEMUYUH C OAMHAKOBbLIMMU
mMaTeMaTu4eCKMMn OXnagaHnAaAMmn U ogunHaKoBbIMU CTaHOAPTHbIMU HeonpeaeneHHoOCTAMU

nenexHua. rpaHVIleI nony4YeHHbIX UHTepBarioB 0XBaTta CHOBaA MOYTU Hepasnn4inmbl BU3yalribHO, HO B YMNCI1OBbIX
3Ha4YeHnAX, npmneseaeHHbIX B Tabnuue 3, MOXHO yBUOETb HebonbLUne pasnnyusa.

Tabnuuya 3— Toxe, 4yTo 1 B Tabnuue 2, ANS paBHOMEPHbLIX MMOTHOCTEN pacnpefeneHns BeposdTHocTen Ans X;
C OAMHAaKOBbIMWN MaTeMaTUYECKUMN OXUAAHUAMU U CTaHAAPTHLIMWU OTKNOHEHUSMU

BepoATHOCTHO cUMMET- JocToBepHOCTb pesynb-
MeTop M y u(y) PUYHBIA 95 Y%-HbI dow | Ghign TatoB no GUM

MHTepBan oxeaTta (6 = 0,05) noaTeepxaeHa?
GUM — 0,00 | 2,00 [-3,92, 3,92] — — —
MonTe-Kapno 105 0,00 | 2,01 [-3,90, 3,89] — — —
MonTe-Kapno 108 0,00 | 2,00 [-3,89, 3,88] — — —
MoHTe-Kapno 108 0,00 | 2,00 [-3,88, 3,88] — — —
MoHTe-Kapno, agantusHein | 1,02 - 108| 0,00 | 2,00 [-3,88, 3,89] 0,04 | 0,03 Oa
MoHTe-Kapno, agantusHein 0,86 - 108| 0,00 | 2,00 [-3,87, 3,87] 0,05| 0,05 Het
AHanutnyeckum — 0,00 | 2,00 [-3,88, 3,88] — — —

9.2.3.4 BepoaATHOCTHO cuMMeETpUYHbIN 95 %-Hbin nHTepBan oxeaTa, onpegeneHHbin no GUM, B gaHHOM
Cryyae HeCKOMbKO MPeBbILLIAET MHTEPBar, NOMYyYeHHbIV aHanMTuyeckum pacyetom. Kak u B criyyae HopmarsnbHO
pacnpeneneHHbIX BXOAHbIX BENUYMH, MPUMEHEHa npoLeaypa nposepku (tTabnuua 3, ctonbusl 6—8). Kak 1 paHee,
Ngig =2, u(y)=2,0=20- 107!, ¢=20, /=-1 1 §=0,05. PasHoCcT1 Mexay rpaHnLamm dy,,, 1 Ohigh B AAHHOM Cry4ae
Bonblue, YeM Anst HOpMarbHO pacnpegerneHHbIX BenuynH (Tabnuua 2). MNepeas npoBepka ¢ NOMOLLbIO aganTuB-
Hom npoueaypbl metToaa MoHTe-Kapno nokasana, 4to pesyrnbsraTbl, Nofy4YeHHbIe CMOCOO0M OLeHUBAHUS Heomnpe-
AenerHHoctn no GUM, asnstotca goctoBepHbiMK, OfHaKo BTopas MpoBepKa 3TOT BbIBOA HE NOATBEPAMNA, XOTH
nosly4eHHbIe B XOAE NPOBEPOK 3HaYeHUst 0o, U Ohign ONW3KM K Mpeaeny norpewwHocTy Bolducnedus 6 = 0,05
(HecooTBeTCTBME 3aABNEHHON TOYHOCTY BbIYMCIIEHNI MOXHO OBHapyXuWTb, €CAN NCMNOoMb30BaTh BonbLUEe YNCIO
3HavaLmx umMdp, YeM nokasaHo B Tabnumue 3). Pasnuune B pesynsratax AByx NpoBepok Metogom MoHTe-Kaprno
0B BACHAIOTCA CTOXaCTUYECKOW NPMPOAON 3TOro MeToaa.
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9.2.4 BxoaHble BefIMYnHbI, ONUCbIBaeMble paBHOMEpPHbIMU pacnpenerieHMAMU € pas3fiM4yHbIMU Na-
pameTpamm

9.2.4.1 B Tabnvue 4 npencraBreHbl pe3ynsTaTthl 4118 npuMepa, aHanorm4yHoro paccMoTpeHHomy B 9.2.3, HO
Korga cTaHgapTHOe OTKIMOHeHve Ans X, paBHO AeCATU.

9.2.4.2 Yncno ucnbiTaHnii M, nonyyeHHoe Npu peanuaaunm agantuBHOM npoueaypbl Metoga MoHTe-Kapno
(0,03 - 10811 0,08 - 108), HamMHOro MeHbLLE, YeM B ABYX NPEAbLIAYLLMX CIyHasX Ans AaHHOro npumepa. OcHoBHas
MpU4YMHa COCTOUT B TOM, YTO B A@HHOM Cryyae npeaern norpewwHocTy BbluncneHmns 6 = 0,5, nonyyYeHHbIn, Kak 1
paHee, U3 ycrnoBus npeacraBnenns u(y) AByMs 3Havawmmuy umdgpamu, B 4ecaTb pa3 bombLue ee 3HavYeHus B ABYX
npeabigywmnx cnyyvasx. Ecnv 6bl ucnons3oBanock npegbiayLiee 3HaveHune 6 = 0,05, To 3HaYeHnst Obinn npumep-
Ho B 100 pa3 6orblue ykaszaHHbIX B Tabnuue 4.

Tabnuua 4 — To xe, yTo 1 B Tabnuue 3, B clny4yae, Korga 4erBeprtad BxXoAgHaaA BeNMYMHaA MMeeT CTaHO4apTHoe
OTKIMOHEeHue, paBHOE OeCATU, N HET aHalMMTU4YeCKOro pelueHuns

BeposiTHOCTHO cUMMeT- [locToBeEpHOCTbL pesyrb-
MeTon M y u(y) PUYHBIA 95 %-HbIN Aow | Ghigh Tatos no GUM

MHTEepBan oxsaTa (6 = 0,05) noaTeepxaeHa?
GUM — 0,00 | 10,1 [-19,9, 19,9] — — —
MoHTe-Kapno 105 0,00 | 10,2 [-17,0, 17,0] — — —
MoHnTe-Kapno 106 0,00 | 10,2 [-17,0, 17,0] — — —
MoHTe-Kapno 106 0,00 | 10,1 [-17,0, 17,0] — — —
MoHTe-Kapno, agantueHbIiii |0,03 - 108 | 0,01 | 10,2 [-17.1, 17 1] 28 | 2,8 Hert
MoHTe-Kaprno, agantusHbein [0,08 - 108 | 0,00 | 10,1 [-17,0, 17,0] 2,9 2,9 Het

9.2.4.3 Ha pucyHke 9 nokasaHbl ABe annpoKkcuMaumm nioTHOCTU pacnpeaeneHnst BeposaTHocTen ans Y.
BuaHo, 4TO OHUM CUMNBHO pasnuyarTca Mexay cobon. JoMmuHmpytoLas ponb pacnpegenexms ana X, oyeBngHa —
NAOTHOCTb pacnpeneneHns BepoATHOCTEN ANnd Y Noxoxa Ha NNOTHOCTb pacnpeaeneHnst BEpoaTHoCTEN Ang Xy,
HO MMeeT Bonee NoKaTble «CKIOHbIY, YTO 0BYCMOBIEHO BMAHMEM NIOTHOCTEN pacnpeaeneHns BEpOATHOCTEN
OpYrnx BXOOHbIX BenudnH X, i =1, 2, 3.

2
0,04 -

0,03

0,02

0,01

0 1 I >
-40 -20 0 20 40 X
X — BenunuvHa (6es3pasmepHas); Y — NnoTHOCTb pacnpeneneHvs BeposATHOCTEN
Pl/lcyHOK 9 — To xe, 4YTo N Ha pucyHke 8, 3a UCKNIOYEHNEM TOrO, YTO CTaHOapTHOe pacnpenenexHne
YeTBEPTON BXOAHOM BENNYMHBI paBHO 10
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9.2.4.4 Ha pricyHke 9 nokasaHbl Takke rpaHu1Lbl BEPOSATHOCTHO CUMMETPUYHOTO 95 %-HOro MHTepBara oxBa-
Ta ong Y, nony4eHHOro Ha OCHOBE annpoKcMMauui. BHyTpeHHSAs napa BepTUKarnbHbIX JIMHUIA (CNOWHbIE MVHNN)
nokasblBaeT rpaHnLibl BEPOATHOCTHO CUMMETPUYHOro 95 %-HOro nHTepBeana oxsaTa, onpeaeneHHOro MeTOA0M
MonTe-Kapno. BHelwHsas napa (MyHKTUPHbIE NMHUW) MOSTyYeHa Ha OCHOBE OLEHVMBAaHUS HEONMPEAENEHHOCTUN MO
GUM c koadhcpmumeHTom oxBaTta k= 1,96.

9.2.4.5 BeposaTHOCTHO CUMMETPUYHBIV 95 %-HbI MHTEpBan oxBaTa, OnpeAeNneHHbI CNoCO60M OLeHNBaHMS
HeonpegeneHHocT no GUM, B aTOM crny4vae CyLleCcTBEHHO BorbLue Nofy4YeHHOro C MCNOb30BaHEM MeTOAa
MoHTe-Kapno. Kak v paHee, npumeHeHa npoLeaypa npoBepku (Tabnuua 4, ctonbusl 6—8). B gaHHOM cny4dae
Ngg = 2, u(y) = 1,0 - 10", 10 - 10%, ¢ = 10, / = 0 u & = 0,5. MMpoBeaeHHasH [ABaX[bI NPOBEPKA C MOMOLLbIO
aganTuBHoro metoga MoHTe-Kapro nokasana, 4to pesyrnbraTthl OLeH1BaHus HeonpeaeneHHocTy no GUM aenstoT-
¢S HegocToBepHbIMU. OgHaKOo pe3ynbTaThbl NPOBEPKM Obinv Obl MONOXMUTENBHBIMU MPY YCITOBUM COXPAHEHWUSI OAHOMN
3HavyaLen unpbl B AECATUYHOM NPEACTaBEHUN u(y), T. €. Koraa Ngg = 11 6 = 5. B aTOM criyyae Bce UHTepBansbl
0XBaTa, NOMy4YeHHbIe pasHbIMU crioco6amu, Menm Bbl 0auH 1 ToT xe Bua: [-2 - 107, 2- 10"] (cm. 4.13).

MpumedyaHune—Ycnosus LeHTpanbHOW npepensHon Teopembl [Pykosoacteso MCO/M3K 98-3 (G.6.5)] B
3TOM Crlyyae BbINOMHATCS HE B MOMHON Mepe M3-3a AOMWHUPYIOLLErO BIIUSIHUS paBHOMEPHOro pacnpeeneHus ansa Xy
(cm. 5.7.2), 4TO [OMKHO ObINO MCKMIOYUTL BO3MOXHOCTL MPUMEHEHUS crnocoba OueHVMBaHWA HeonpeaeneHHOCTH
no GUM. B HacTosiLem NyHKTe pe3ynbTaTbl MPUMEHEHUsT JaHHOro crnocoba npvBedeHbl A5 CONOCTaBNEHMUs!, MOCKOMbKY
Ha MpakTUKe nosfb3oBaTenu 3a4vacTyto npeHebperatoT BbIMOSIHEHMEM YCMOBUI LIeHTpanbHOW npeaenbHON Teopemsl n
nornararT BbIXOAHYHO BENUUUHY Y NOQYMHSAOLLENCS HOPMarbHOMY 3aKoHYy (0COBGEHHO Koraa norb3ykTcs COOCTBEHHbIMU
nporpamMmmHbIMW CPeACTBaMU pacyeTa HeonpedeneHHocTn — cm. 9.4.2.5, npumevaruve 3).

9.3 KanubpoBka macchbl

9.3.1 MNocTaHoBKa 3aaauun

9.3.1.1 PaccmoTpeHa kanvubposka rmpn W ¢ MaccoBo MOTHOCTBIO Py, CPABHEHMEM C 3TanOHOM R TOM xe
HOMWHaIbHOW Macchl C MACCOBOW MIOTHOCTLIO pr MYTEM B3BELLUMBAHUS Ha BECax B BO3yXe C MacCOBOW MOTHO-
CTblO p, [39]. MocKkonbKy pyy, 1 pr B 0OLLEM CRyvae pasnnyHbl, HEOOXOAMMO YUYUTbIBATL EVCTBUE BbITarNKMBato-
wen cunbl. C yyeTom 3akoHa Apxvmea Moaernb M3MEePEHUst UMEET crieyoLnii BUA!

My, (1=pg Ipw) = (Mg +dmg) (1 —p, /pg), (22)

rae my, — macca rmpu;
Mg — Macca 3TarnoHa;
dmg — Macca Marnoro AOMNOSTHUTENBHOIO Py3a C MIIOTHOCTBIO P, 4OOABNEHHOIO K 3TanoHy R, 4ToObl ypaBHO-
BeCuTb ero ¢ rmpen W.
9.3.1.2 O6bI4HO MpK KanNMBPOBKE MaCC UCMOSb3YIOT MOHATME YCITOBHOWM Macchl. YCNoBHasa Macca myy, —
3TO Macca BooGpaXKaemoii rMpiy ¢ MacCoBOIA NMOTHOCTBLIO Py = 8000 kr/M3, KoTopas Npy B3BELIMBAHUM B BO3AYXE
C NMOTHOCTLIO BO3AYXa P, = 1,2 kr/M® ypaBHoBecuT rupto W. Takum o6pasom,

My (1= pao/Pw) = Mw, ¢ (1= Pao/Po)-
9.3.1.3 B 0603Ha4eHNAX YCNOBHbIX Macc myy, ¢, Mg . ¥ 0Mg . dopmyna (22) npuHumaeT Bug

My, ¢ (1 =palpw) (1- PaolPw) " = (Mg ¢+ 3mg o) (1—palpr) (1- PaolPR)- (23)

dopmyny (23) MOXHO NPeACTaBUTb B NPUBNUKEHHOM BUAE, NPUrOAHOM AN GONbLUMHCTBA NPaAKTUYECKUX
cuUTyauui:

m =(m +6m )1+ - (i—i)
W,c R,c R,c (pa paO) P PR

Ecriv 0603HaunTb Yepes 3m = (My, o — Myom ) OTKIIOHEHUE YCIIOBHON MACChl TUPU My, , OT HOMUHASTBHOI
Macchl Mpu M., = 100 T, TO MoAEenb U3MepeHns Ans AaHHOro npuMepa byaeT UMeTb BUA:

om = (mR,c +5mR,c)|:1 + (pa _paO)(ﬁ_ PL):| ~ Mhom - (24)

MpwumedyaHune — lNprumeHeHne 3akoHa TpaHCOPMUPOBAHMSA HeONpeaeneHHOCTN K «TOYHOMY» Mogenu,
3agaBaemoni popmynon (23), 3aTpyaHUTENBHO M3-32 CMOXHOMO BMAA YaCTHbIX MPOM3BOAHbLIX. K «TOYHOMY» mMoaenu npo-
e npumeHntb Metop, MoHTe-Kapno, nockonbKy B 3TOM Cryvyae HeobXoAMMO TONbKO CchopMMPOBaTh BLIXOAHbIE 3HAYe-
HUS Mogenu.
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9.3.1.4 EQnHcTBEHHasA AOCTYNHaA MHGOPMaLMsA OTHOCMTENBHO aTanoHa R 3aknio4aeTcsa B TOM, YTO Mg .
n dmg , — 9TO, COOTBETCTBEHHO, HanIy4LIMe OLeHKN MacChl 3TarnoHa u ee cTaHaapTHoW HeonpeaeneHHocTy. B
COOTBETCTBUM C 6.4.7.1 KaXKA0WN N3 3TUX BEMTUYUH NPUMNUCBLIBAIOT HOPMasibHOE pacnpegeneHme ¢ Hannyywmmm
OLueHKaMVy B Ka4eCcTBe MaTeMaTUYECKOrO OXKNAAHUS COOTBETCTBYIOLLMX BENTMYUH U MX CTaHAaPTHbIMY Heonpeae-
NEHHOCTSAMM B KA4eCTBE CTaHAAPTHbBIX OTKIOHEHWI. EAMHCTBEHHasA AOCTynHas MHOPMaUWs O P, Py U Pr — 3TO
HKHAS Y BEPXHSAS TPaHMLIbl BO3SMOXHbIX 3HAUYEHUI A1 KaXKA0M U3 9TUX BENUYNH. COOTBETCTBEHHO (CM. 6.4.2.1),
KaXXOoM 13 3TUX BENUYMH NPUMNMCLIBAOT paBHOMEPHOE pacnpeieneHune B npeaenax rpaHumL, BO3MOXHbIX 3HaYe-
HUI. B Tabnuue 5 npectaBneHbl BXOAHbIE BEMWYMHBI U MPUMMCAHHBIE MM NIIOTHOCTY pacnpeneneHns BeposTHOC-
Teit. B aToi Tabnuue HopmanbHoe pacnpeaeneHie N(u, %) 3aaaH0 MaTeMaTUYECKUM OXMAAHNEM L U CTaHAapT-
HbIM OTKITOHEHMEM G, @ paBHOMEpPHOE pacnpeaeneHue R(a, b) ¢ rpaHMuamm nHTepeana a u b (a < b) — matema-
TUYECKMM OXnaaHueM (a + b)/2 n nonoBMHOM ANvHbI MHTepBana (b — a)/2.

MpumeyaHune—[na BennuuHbl pyg B MOAenu, 3agasaemMon hopmyrnon (24), yctaHoBreHoO 3HaveHve 1,2 Kkr/m3
6e3 COOTBETCTBYHLLEN HEONPEeAENeHHOCTH.

Tabnwuuya 5— BxogHble BENUYMHDI )(, C COOTBETCTBYWLWMMUN MNOTHOCTAMU pacnpeneneHns BEPOSATHOCTEN ANA
mMmoaenu KaJ'IVI6F)OBKVI MaccChbl

[MapameTpbl
Xi Pacnpene- MaTtemaTtuyeckoe CraHpapTHoe MaTtematuyeckoe MonosuHa AnWHbI
neHve
oxvaaHue [ OTKIOHEHNE G oxuaaHve x = (a + b)/2 Hocutens (b — a)/2

mg ¢ N(u, 62) 100 000,000 mr 0,050 mr
dmp o | N, o?) 1,234 mr 0,020 mr

Pa R(a, b) 1,20 kr/m3 0,10 kr/m3

Pw R(a, b) 8 - 103 kr/m3 1-103 kr/m3

PR R(a, b) 8,00 - 103 kr/m3 0,05 - 103 kr/m3

9.3.2 TpaHccopmupoBaHue pacnpenerieHU U nonyvyeHue pesynbLTaToB
9.3.2.1 Cnocob oueHnBaHus HeonpegeneHHocTn no GUM n agantueHas npouenypa metoga MoHTte-Kapno

N _
(cm. 7.9) GbInM cnonb3oBaHbl 4 NOSyYEeHWS OLEHKN M BENWUYMHbLI dmM, ee CTaHA4apTHOM HeONpeaeneHHOCTH
u(dm) n HammeHbLLero 95 %-Horo MHTepBana oxearta Ans dm. [NonyyeHHble pe3ynbTaThl NpUBeAeHbI B Tabnuue 6.

Tabnwuuya 6 — Pesynsratbl BblYMCIEHUA ANA KanMBpOBKM Macchl

~ HaumeHbLuni [ocToBepHOCTb pe-
MeTozn 5/,} M u(dm), mr 95 %-HbIn g MT Ohighs MI 3ynstatos no GUM
UHTepBan (6 =0,005)
oxBaTa, Mr nogTeepxaeHa?
GUM, ¢ ncnonb3oBaHNUEM YIIEHOB 1,2340 0,0539 [1,1285, 1,3395] | 0,0451| 0,0430 Het
1-ro nopsigka
MoHTe-Kapno 1,2341 0,0754 [1,0834, 1,3825]
GUM, ¢ ncnonb3oBaHWEM YIIEHOB 1,2340 0,0750 [1,0870, 1,3810] | 0,0036| 0,0015 Oa
bGonee BbICOKOro nopsiaka

9.3.2.2 [Inst LOCTUXXEHUSI NOrPELLHOCTM BblbMCieHUs &/5 (cM. 8.2) ¢ §, COOTBETCTBYIOLLEV OHOW 3HaYaLLen
uncppe B u(dom), 6bino BeinonHeHo 0,72 - 108 ucnbITaHW B COOTBETCTBUM C afanTUBHOA npouenypon metoga
MoHTe-Kapro (cm. 9.3.2.6).

9.3.2.3 Ha pucyHke 10 nokaszaHa annpokcMmaLusi NNoTHOCTEN pacnpeaeneHnst BeposTHoCTen anga ém, no-
NyYeHHbIX NpUMeHeHneM crnocoba oueHnBaHns HeonpegeneHHocTn no GUM ¢ ncnonb3oBaHneM YneHoB NepBoro
nopsigka B npeacTaBneHnm yHKLmm namepenns psgom Temnopa n metogom MoHTte-Kapno. HenpepbiHas kpusas
COOTBETCTBYET NIIOTHOCTN HOPMAarbHOIO pacnpeneneHns ¢ napameTpamu, onpegeneHHsIM1M cnocobom oLeHnBa-
Hus HeonpepeneHHocTy no GUM. BHyTpeHHsist napa (MyHKTUPHBIX) BEPTUKaNbHbIX NIMHUA NOKa3blBaeT HAaUMEHb-
LW 95 %-HbIi UHTEpPBan Anst dm, NOCTPOEHHbLIN HA OCHOBE 3TOW NIOTHOCTU pacrpefeneHus BeposiTHocTel. Mc-
TorpaMmma npeacrasnseT cobov annpoKCMMAaLIMIO MITOTHOCTY pacnpeaeneHnsi BepOSATHOCTEN, MOCTPOEHHYO METO-
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nom MonTe-Kapno. BHelwHsist napa (HenpepbiBHbIX) BEPTMKaNbHbIX MMHNU MOKa3biBaeT HanMeHbLnA 95 %-Hbin
WHTepBan oxeaTta A 6m, NOCTPOEHHbIN Ha OCHOBE AVMCKPETHOro NpeacTaBneHns YHKLMN pacnpeaeneHms B
cooTBeTCTBUM C 7.5.

YA

0

| -

| 1 I
0.9 1,0 1.1 1.2 1.3 1.4 1.5 16 X
X — OTKIIOHEHVe 3m YCNOBHOW Macchl rMpy OT €€ HOMUHAMLHOTO 3HAYEeHUsl, Mr;

Y — NroTHOCTL pacnpefeneHust BePOsiTHOCTEN, Mr !

PucyHok 10 — Annpokcumaumn nroTHOCTU pacnpeneneHns BepOSATHOCTEN AN BbIXOAHOW BENMUYUHBI Om,
norny4YeHHble C UCMOMb30BaHeM crocoba oLeHuBaHWs HeornpedeneHHoctu no GUM ¢ yy4eTom uneHoB
nepsoro nopsgka u metogom MoHTe-Kapno

9.3.2.4 PesynbTraThl NOKa3bIBAKT, YTO, XOTS CNOCOO OLeHMBaHUSA HeonpeaeneHHocTn no GUM (¢ yyetom
YrneHoB nNepBoro nopsigka) u metod MoHTe-Kapno gatoT o4eHb 6rnskme OLEeHKM dm, 3Ha4YEHNSA COOTBETCTBYHOLLMX
CTaHOapTHbIX HeonpeaeneHHoCTeN 3ameTHO pasnuyatotcd. 3HadveHue (0,0754 mr) ans u(B/r\n), nosiy4eHHoe
meTogoM MoHTe-Kapno, Ha 40 % ©Gonblie 3HadeHus (0,0539 mr) onsi Tol ke BeNUYMHbI, MONTyYEHHOIO CNOCo-
Bom oueHnBaHus HeonpedeneHHocTn no GUM (¢ yyeTom UneHoB nepBoro nopsigka). T. €. oueHka, nonyyeHHas
no GUM, B gaHHOM crnydae OyaeT nsnuiiHe onTMMUCTUYHON. B TO »xe BpeMsi XOpOLLIO COrnacyoTcst Mexay cobon
OL|eHKa u(5/n\7), nosny4eHHas ¢ ucnonb3oBaHnem metoga MoHTte-Kaprno, n 3HadeHue (0,0750 mr), nonydeHHoe cno-
cobom oueHuBaHnsa HeonpegeneHHocT no GUM ¢ yuyeTom uneHoB 6oree BbICOKOro nopsigka B pasnoXeHum
dyHKLMN n3mepeHus B pag Ternopa.

9.3.2.5 B tabnuue 7 npuBeaeHbl YacTHble MPOM3BOAHbLIE NEPBOro nopsaka MyHKUMK n3mMepeHus [chopmy-
na (24)] no BXogHbIM BENUYMHAM 1 KO3 DULNEHTbI HYBCTBUTENBHOCTU, T. €. 3HaYEHUS 3TUX NPOM3BOAHBIX B TOY-
Kax Hanny4Lumx OLEeHOK BXOAHbIX BENWYMH. OTU AaHHbIE NOKa3bIBatoT, YTO Afsi paccmaTtprBaemMoro npuvepa npu

Tabnuya 7 — KoachdrumneHTbl HyBCTBUTENBHOCTY ANS MoAenu namepeHns [opmyna (24)] B npumepe kannubposku
mMacchl

X; YactHasa npoussoaHas KoatbdumumeHT 4yBCTBUTENLHOCTYH
MR, ¢ 1+ (pa—pao0) (1/pw — 1/pR) 1
dmg, ¢ 1+ (pa—pao) (1/pw — 1/pR) 1

Pa (Mg, ¢+ 8mg o) (1lpw — 1/pR) 0

Pw ~ (Mg, ¢ + 3mg, o) (Pa = Peo) / piy 0

PR (Mg, o+ 3mMg o) (Pa = Pa0) /PR 0
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npumeHeHun cnocoba oLeHBaHns HeonpedeneHHocT No GUM ¢ y4eTOM YreHOB NepBoro nopsiaka pasnoxeHus
MOXeT ObITb MCNONb30BaHa aaanTMBHAsA Mogenb

om = mg ¢+ 8rnR, ¢ ™ Mhom-

MeToa MoHTe-Kapno Takon annpokcumauum He Tpebyer.

9.3.2.6 B Tpex npaBblIx cTonbuax Tabnuubl 6 npuBeaeHsl pedynbstaTbl nposepku (cM. 8.1 1 8.2) npu coxpaHe-
HUW OOHOW 3Havalen undpbl B u(gﬁv), T. €. ngg = 1. CneposarernbHo, (531) =0,08=8-1072, torga (cm. 7.9.2) ¢
=8 n [ =-2. Takum obpasom, & = 1/2 - 1072 = 0,005. 3HaueHuns d,y, " Ohigh MOKa3bIBAIOT PA3HOCTYU B OLiEHKAX,
COOTBETCTBEHHO, A5 HVXKHEWN 1 BEPXHEN rpaHuLbl MHTepBarna oxeata [cM. popmynbl (19) u (20), rae BMecTo ¥
HY>XHO NOACTaBUTb 8/1;7]. B nocnegHem ctonbue Tabnuubl 6 npvBeaeHbl UTOMM NPOBEPKN JOCTOBEPHOCTU pe3yrbTa-
TOB, NONYyY€EHHbIE NPU YCIOBUM COXPaHEHUS OAHON 3HavaLlen LMdpbl B NpeacTaBneHnm u(gﬁv). Ecnv B npeacras-
neHnn YHKUUN N3MepPEHNS paaoM Tennopa yuTeHbl TONbKO YNeHbl TepPBOro nopsaka, To npuMeHeHune cnocoba
oueHvBaHus HeonpeaeneHHocTy no GUM faeTt HegocToBepHble pesynbraThl. ECnin yuTeHbl YneHbl 6onee BbICOKO-
ro nopsigka [Pykosogcteo MCO/M3K 98-3 (npumedanue k 5.1.2)], To npumeHeHne cnocoba oLeHBaHus Heonpe-
aenenHoctn no GUM o6ocHoBaHo. CrnegoBaTenbHO, B JaHHOM NpUMepe HENMMHENHOCTb MOLENN TakoBa, YTO y4e-
Ta TONbKO YIIEHOB NEPBOro NOpsiAKa B pasnoXeHnn YHKUUM M3MEPEHNS HE40CTATOUHO.

9.4 OnpepeneHne KoadhduumeHTa paccornacoBaHusi AnA KanMbpoBKU U3mMepuTens
MolLHocTu CBY-curHana metogom cpaBHeHUst

9.4.1 NoctaHoBKa 3agauun

9.4.1.1 lNpw KanMBpoBKe CpaBHEHMEM KanmnopyeMblii M STANTOHHbIA U3MEPUTENTN MOLLIHOCTM MOOYEPELHO MNo-
MeLLatoT B nore crabunbHoro reHepatopa CBY-curHana. Mornowaemasn namepuTensmm MOLWLHOCTL B 0bLLeM
cnyyae OygeT pa3Hon BBUAY HECOBMNaAEHNSI X KOMMIEKCHbBIX KO3MMULMEHTOB OTpaXKeHUs No HanpshkeHuto. OT-
HoLleHre Y MOLHOCTH Py, MOrnoLLeHHOM kanmbpyemMbiM M3MepUTENEM, K MOLLHOCTM Pg, NOrMoLLEeHHON 3TanoH-
HbIM n3mepuTenem, umeet sug [43]:

2 2

L b1l hen

- - 2 2
s 1-|rg[" [1-ryrgl

(25)

rae ' — KoahULMEHT OTPaXKeHNs NO HaNPSPKEHWIO reHepaTopa CurHana;
')y — KO3(hPULIMEHT OTPAXKEHMS MO HANPSPKEHUIO KAaNMBOPYEMOro N3MepuTens;
I's — ko3ahULMEHT OTPaXKEHUs MO HANPSXKEHUIO 3TaNOHHOIO 3MepUTens.
OTHoLeHe, onpeaeneHHoe opmMyson (25), HasbiBatoT KO3 PULIMEHTOM paccoriiacoBaHusi, 3HaHNE KOTO-
poro HeobxoAMMO AN NPOBEeAEHMS KanNMBPOBKN METOAO0M cpaBHeHus [1, 28].
9.4.1.2 B HacTosLWEM NpyMmepe paccMaTpUBaeTCA criydan OTCYyTCTBUSA OTPaXKEHNA 3TaroHHbIM U3MepuTe-
nem un reHepaTopoMm curHana, T. €. korga I's = I'g = 0, 1 3Ha4YeHna n3mepsaeMon BennyvHbl ONpeaenstoTcs

[ENCTBUATENBHOM X; M MHUMON X, YacTsiMu BennuuHbl Iy, = X, + jX,, rae j% = —1. Mockonbky [Ty 2 = X3 + X3,
dopmyna (25) npuHumaeT Bua

Y =1-X3 - X3. (26)

9.4.1.3 Ha ocHOBe 13mepeHui NosyYeHbl HanmmyyLLe OLEHKM X4 U X, BENUYMH X5 1 X, 1 COOTBETCTBYHOLLME
UM CTaHZ4apTHbIE HEONPeaeneHHOCTU U(X4) 1 u(X,). 3avacTtyto X, n X, He ABNs0TCS He3aBucMbiMn. KoBapraums
u(x4, Xp), CBAI3aHHAs C OLLEHKaMM X4 U X,, MOXET ObITb npeacTaBneHa B BUAE U(Xq, Xp) = r(Xq, Xp) U(X1)u(x,), rae
r = r(x4, X,) — k03tppuumeHT Koppensuum [Pykosogcteo MCO/M3K 98-3 (5.2.2)].

MpumedaHKe— Ha npaktuke MHXEHEP-3NMEKTPUK MOXKET 3aTPyaHATLCS B YUCIIOBOM OMpPeAEeNeHnn KoBapu-
aumn. B Takmx cnyyasx oueHUBaHWE HeOoNpeaereHHOCTU MOXET ObiTb MOBTOPEHO B UCTLITAHUAX C Pa3nNYHbIMU YACTIEH-
HbIMW 3HAYEHUsIMU KOIhDULMEHTA KOPPENSALMU, YTOObI U3y4nTb ero BnusHWe. B JaHHOM npumepe npoBefeHbl BblYKC-
neHns ¢ koadpuLmMeHTOM Koppensaumu, paBHbIM Hyno 1 0,9 (cm. 9.4.1.7).
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9.4.1.4 B cooTBeTcTBMM C 6.4.8.1 BekTOpy cnyyaiiHbIx BenmunH X = (X, X,)" npunucana asymepHas
NAOTHOCTb HOPMArbHOTO pacnpegeneHns ¢ MaTeMaTUYECKUM OXUAaHNEM Y KOBapaLMOHHOW MaTpuLIEN COOTBET-
CTBEHHO

|:X1:| UZ(X1) ru(x,)u(xy)
: (27)

2
X2 ru(x;)u(x,) u”(xy)

9.4.1.5T. k. BenuuuHbl X, n X5, Bxogsiwme B oopmyny (26), Ha npakTyKe mMarbl Mo CPaBHEHWIO C EAMHULIEN,
COOTBETCTBYIOLLEE 3HavYeHne Y Byaet 6nm3ko K eaguHuue. NoaToMy B KayecTBe MOAeNy N3MePEHUst MOXHO Npu-
HATb

Y =1-Y =X3 + X5. (28)

B cooTtBeTcTBUM C hmsmnyecknm cmbicniom 0 < Y< 1 u, cnegoeatenbHo, 0 <dY <1,

9.4.1.6 OueHka dy BenuumHbl dY, ee cTaHaapTHasi HeonpeaeneHHocTb U(dy) 1 nHTepBarn oxearta s oY
OOMKHbI BbITb NOMYYEHbI AN PA3NUYHBIX X1, Xo, U(X4), U(X5) W (X4, Xp). Bce aTn Benu4unHbl 6e3pa3mepHsl.

9.4.1.7 PaccmatpumBatoTCs WEeCTb CrydaeB, B KaxXaoM U3 KOTopbiX X, = 0, u(x4) = u(x,) = 0,005. B nepsbIx
Tpex cnyyasx x; npuHuMaeT 3HaveHus x4 = 0, x; = 0,010 n x4 = 0,050 npw r(x4, x,) = 0. OcTanbHbIe TpK crny4yas
COOTBETCTBYHOT TEM Xe 3Ha4YEHUSM X4, HO NpU r(X4, X,) = 0,9. PaznuyHble 3Ha4eHus x4 (ConocTaBrMble ¢ Habnoaa-
€MbIMW Ha MPaKTUKE) NCMONb30BaHbI C LIENblo MCCeaoBaTth, 4O KAKOW CTEMEHN MOTyT pa3nuyaTtbCs pesynbsraThl
OLEeHMBaHUS HeoNpeaeneHHOCTU, NOMYYEHHbIE PasHbIMN METOAAMMU.

9.4.1.8 B cnyyasx, korga r(x4, x,) = 0, KoBapraumoHHas matpuua [cMm. dpopmyny (27)] ctaHoBUTCS gmnaro-
HanbHoi: diag [U?(X,), U?(X,)], @ COOTBETCTBYIOLIEE COBMECTHOE pacnpeadeneHne X, u X, npespallaeTtcs B
npoussegeHne OByX OOQHOMEPHbIX HOPManbHbIX pacnpegeneHun Xy, i =1, 2, ¢ MaTemMatu4ecknm OXugaHueM X;
W CTaHZapTHbIM OTKITOHEHMEM U(X;).

9.4.2 TpaHchopMupoBaHue pacnpegerneHUn U nonyvyeHue pesynbLTraTtoB NpuU HyJieBOW KoBapua-
UMM MexXay BXOAHbIMMU BellIM4MHaMum

9.4.2.1 O6LMe NonoxeHus

9.4.2.1.1 OueHrBaHVe HeonpeaeneHHOCTN OCHOBAHO Ha TPaHCOPMUPOBaHUM pacnpeaeneHnin, peanunso-
BaHHOM:

a) aHanMTUYeCKU (B LieNsIX CPaBHEHNS);

b) ncnonbsoBaHnem cnocoba oueHMBaHUA HeonpegeneHHocTn no GUM;

C) c ucnonb3oBaHvem metoga MoHTe-Kapno.

MpwumedyaHne— Bce ykasaHHble MeTOAbl HE OOECneYMBatoT NOyYeHME Takoro pacnpeaeneHns BEPOATHOCTEN
ansi 8y, 4tobbl, Kak 3TO AMKTYIOT hrandeckne coobpaKeHUsi, BEPOSITHOCTb 3HAYEHWI Jy, NMPEeBbILIAOWMX eanHuLly, bbina
paBHa Hyn. OgHako AnNA AOCTAaTOYHO MarnblX HeonpeaerneHHocTen u(xy) U U(X,), Kak B JaHHOM NpuMepe, MOXHO yka3aH-
HbIM (PU3NYECKMM OrpaHnyeHremM npeHebpeyb U annpoKCMMMPOBaTb MIOTHOCTb pacnpefeneHns BepoATHOCTEN AN
Sy bonee npocTon byHKUMEN, OnNpedeneHHON Ha MHOXECTBE BCEX HeoTpuuaTenbHbiX 3HaveHun dy. Bonee ctporuii pe-
3ynbTaT [He 3aBUCALLUIA OT YCNOBUSA ManoCTU 3HAYeHUN U(Xq) U u(x,)] Mor Obl GbITb MonyyeH B pamkax GariecoBCKOro
nogxopa [51], yunTbiBatoLLEero anpuopHyo MHdopmaumio 06 n3aMepsemMon BenuyYnHe, OLHaKo ero pacCMOTPEHME BbIXO-
OWT 3a paMKu HacTosiero ctaHgapTa (cMm. pasgen 1, npumedaHue 2).

9.4.2.1.2 OueHkn dy n u(dy) MOryT ObITb MNOSTyYEHbI aHANUTUYECKM Kak MaTEMaTUYECKOE OXXMOAHNE U CTaH-
[apTHOe OTKIMOHEeHMe MITIOTHOCTU pacnpeneneHnst BepoatHocTen anst oY (cm. pasgen F.1). B cBoto ovepenp,
NNOTHOCTb pacnpegeneHns BeposTHOCTEN AN &Y MOXeT ObITb NoMyYeHa aHanmnTUYECKn U MCNoMb30BaHa Ans
onpegenenns rpaHnL, HaumeHbLuero 95 %-Horo MHTepBarna oxeaTa B criydae, korga x4 = 0 (cm. pasgen F.2).

9.4.2.1.3 Cnocob oLeHnBaHus HeonpeaeneHHocTr no GUM ¢ ncnonb3oBaHMEM YSIEHOB NEPBOro Nopsiaka u
yneHoB Gonee BbICOKOro NOpSAKa pa3noXeHus B psag Tennopa NpUMeHeH Anst KaXaon U3 Tpex OLEHOK X4 Npu
r(xq, X5) = 0 (cm. pasgen F.3). OueHka dy BbIXOQHOW BeNMYMHbI 8Y Kaxabivi pa3 bbina nonyyeHa no gpopmyne
[PykoBogctBo MCO/MBK 98-3 (4.1.4)]

N
dy = x5+ x5.

9.4.2.1.4 Metog MoHTe-Kapno 6bin NPUMEHEH B KaX/I0M U3 CIly4aes C YMCrioM ucnbitaHmin M= 106,
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9.4.2.2 OueHka BXOAHOW BENMUYMHBI X4 = 0

9.4.2.2.1 ing cnyyas, Korga oueHka BXOAHOW BenuynHbI X4 = 0, Npy NpYMeHeH1n 3akoHa TpaHCopMmnpoBa-
HWS HeonpeaeneHHOCTEN HeOBX0ONMO YUNTbIBATb YIEHbI BbICLLNX MOPSAKOB, MOCKONbKY YacCTHbIE MPOM3BOAHbIE
dY no X; n X, B TO4Ke X; = X4, X5 = Xp NPU X4 = X, = 0 paBHbl HyM0. CnegoBaTtenbHO, eCnn B 3akOHE TpaHcdop-
MUPOBaHMNSA HEONPEOENEHHOCTEN YYNTBIBATH TOMBKO YIEHb! PA3foXKeHNs NEPBOro NopsaKa, TO noryvYaemast OLeH-
Ka CTaHOapTHOW HeonpeaeneHHOCTV NS BbIXOAHON BENMYMHbI OyaeT HEKOPPEKTHOM (PaBHOM HyIHO).

MpumMedyaHune— AHanormyHas TpyaHOCTb BO3HVKAET U MPU OLEHKE Xq, HE PaBHOW, HO OCTAaTOMHO GRM3KOM K
HyTHO.

9.4.2.2.2 Ha pucyHke 11 nokasaHa nioTHOCTb pacnpeaeneHnst BEposaTHoOCTeN Ans dY, nonyyeHHas Ha OCHO-
Be TpaHChopMMpPOBaHNS pacnpeaeneHuii;

a) aHanNUTMYeECKM (3KCMOHEHLManbHO yobiBatowasa kpmeas ansa dY >0 v Honb Ansa Y <0);

b) ¢ ncnonb3oBaHnem cnocoba oLeHnBaHMsA HeonpeaeneHHocTy no GUM ¢ yueTom uneHoB 6oree BbICOKOro
nopsigka ansi Toro, YTobbl OXapakTepu3oBaTh BbIXOAHYIO BENUYNHY HOPMaribHOW MITOTHOCTBIO pacnpeaernenms
(konokonoobpasHas kpueas);

C) c ucnonb3oBaHnem metoga MoHTte-Kapno (ructorpamma).

Y A

18—

154

12

3 /
//'
0 = : .

T |
-300 -200 -100 0 100 200 300 X

X — oTknoHeHne dY koadpuLmMeHTa paccornacoBaHnst OT eanHULbl (YMHOXEHHOEe Ha 106);
Y — nNnoTHOCTb pacnpefeneHusi BEpOSTHOCTEN (YMHOXEHHas Ha 103)

PucyHok 11 — PesynbraThl OueHnBaHUS Ans MoAaeny koadduumeHTa paccornacoBaHms, NPYUMEHsSemMoro npu kanmnb-
poBke nsmeputenen mowHoctn CBY-curnana, B criyvae
X4 = Xo =0, u(xq1) = u(xp) = 0,005, r(xq, xo) =0

9.4.2.2.3 3 pucyHka 11 BUAHO, 4TO MCMNonb30oBaHue cnocoba oLeHmBaHus HeonpeaeneHHocTy no GUM ¢
y4eTOM uneHoB 6oree BbICOKOro nopsiaka Ans OnMcaHms BbIXOAHOW BENUYMHBI HOpMaribHbIM pacnpeneneHuem
AaeT NNOTHOCTb pacnpeneneHns BEpOATHOCTEN, KOTOPas CyLLECTBEHHO OTIIMYAETCH OT MNOSyYEeHHON aHanMTnyec-
KUM peLueHneM. AHanuTu4ecKkoe peLleHre npeacTaBnseT cobow YacTHbIN Criyyan pacnpeaeneHns xu-ksagpat
(pacnpeneneHvie cyMMbl KBaApaToB ABYX CITyYanHbIX BENNYNH, Kaxkaast U3 KOTOPbIX NOAYNHAETCH CTaHO4apTHOMY
HopMarnbHOMY pacnpegerneHuto) (cM. pasgen F.2).

9.4.2.2.4 T. K. BCe "YaCTHbIE NPOM3BOAHbIE PYHKLIMM n3mepeHud [doopmyra (28)] nopsifka Bbille ABYX paBHbI
HYmo, MNONyYeHHOe peLLleHne, No CyLLECTBY, COOTBETCTBYET YYETY BCeX YNeHoB psga Tennopa, T. €. MONHOMY
yyeTy HeNMMHENHOCTM paccmaTpuBaemMon mogenu. CnegosatensHo, MONyYeHHOe HopMaribHOe pacnpeaeneHne
ABNSETCHA HAMNYYLLUM NPUBNVKEHWEM CPeaM BCEX BO3MOXHbIX, onpeaensembix no GUM, ans onucaHmns cBOMCTB
BbIXOAHOW BENNYMHBI.
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9.4.2.2.5 MoxXHO caenatb BbIBOZ, YTO NPUYMHA PaCXOXOeHUs pe3ynbTaToB NPUMEHEHUS aHaNnTUYeCKoro
meToaa u cnocoba oueHnBaHus HeonpeaeneHHocT no GUM B Tom, 4TO B nocregHeMm criyyae Ans onucaHus
BbIXOAHOW BENNYMNHbBI MCMOMNB30BAHO HOpMarbHOE pacnpeaerneHme, KoTopoe, 0gHaKo, He MOXEeT aAeKBaTHO anm-
POKCUMMPOBAaTb aHANUTUYECKOE peLLeHne AN AaHHOW KOHKPETHOM 3afayn.

9.4.2.2.6 N3 pucyHka 11 BUgHO Takke, 4TO NNOTHOCTb pacnpeaeneHns BEPOSITHOCTEN, MONyYeHHas MeTo-
AoM MoHTe-Kapno, NofHOCTLI0 CornacyeTcs C aHanMTUYECKUM PeLLEHNEM.

9.4.2.2.7 OueHKkn 8y MaTeMaTnyeckoro oxmnaaHus oY nosnyyeHsbi:

a) aHanUTUYECKK;

b) c ucnonb3osaHnem cnocoba oueHBaHWA HeonpegeneHHocT no GUM;

C) ¢ npumeHeHneM metoaa MoHTe-Kapno.

3HayeHns oueHOK npuBedeHbl B cTonbuax 2—4 cTpoku, cooTBeTcTaytowen x4 = 0,000, Tabnuubl 8. B
cTonbuax 5—8 npuBeaeHbl COOTBETCTBYIOLLUME 3Ha4YeHus u(dy), nonyyeHHble o GUM ¢ y4eToM TOMNbKO YNieHOB
nepBoro nopsaka pasnoxeHus (G,) 1 ¢ yueTom uneHoB Gornee Bbicokoro nopsigka (Gy).

Tabnuuya 8 — OueHkn koapdurumeHTa paccornacoBaHuns, NofyyYeHHble ANS BXOOHbIX BENUYMH C HYNIEeBON KoBapwva-
uuen aHanutudeckn (A), cnocobom oueHmBaHua HeonpepeneHHoctn no GUM c uneHamun nepsoro nopsgka (Gq) v
yneHammn 6onee Bbicokoro nopsaka (G,), metogom MoHTe-Kapno (M)

. 3y/11078 u(dy)/108 HawMeH;)?;:?aQ‘gnZ)-;;;?ov_lgnepBan
A G M A G1 G2 M A G1 G2 M
0,000 | 50 0 50 50 0 50 50 [0, 150] [0, 0] [-98, 98] [0, 150]
0,010 150 | 100 150 | 112| 100 112 112 — [-96, 296] [-119, 319] [0, 367]
0,050 (2550 | 2500 | 2551| 502 | 500 502 502 — [1520,3480] [1515,3485] | [1590,3543]

9.4.2.2.8 OueHka dy = 0, nonyvyaemasi npu NoACTaHOBKE OLLEHOK BXOAHbIX BENMUMH B (OYHKLMIO U3MEPEHMS,
ABNSIETCSA HEKOPPEKTHON. [MNpaBumnbHbIf (MOMYyYeHHbI aHANMTUYECKN) BUA NNOTHOCTY pacrnpeaeneHms BeposTHOC-
Teu gsy(1) NokasbIBaeT, YTo gsy(M) = 0 Ansa Bcex dy < 0. Takum o6pa3om, oueHka dy = 0 exuT Ha rpaHuLe obnacTtu
3HayeHun, rae pyHKums gy(n) oTnmnyHa ot Hynd. OueHka, nonyvyeHHasa metogom MoHTe-Kapno, cornacyetcsd ¢
aHanMTUYeCcKMM peLueHnem. 3aKoH TpPaHCOPMUPOBaHNS HEONPEAENeHHOCTEN C y4ETOM YSIEHOB PasnoXeHns nep-
BOrO NOPsAKa AAeT yXe YNoMsHyToe HeBepHOE, Hyrnesoe aHadeHune ans u(dy). 3Hadenue u(dy) = 50 - 107, nony-
YeHHOe C 1CNorb30BaHMEM 3aKoHa TpaHC(OPMUPOBaHNS HeonpeaeneHHoCTe Npu yyeTe YneHoB 6onee BbICOKO-
ro Nopsifika cornacyeTcs Co 3Ha4YeHMeM, NoryYeHHbIM aHanuTuyeckn n metogom MoHte-Kapro.

MpumMedyaHune— OueHkn ansa u(dy), Nony4eHHble B pe3ynbrate HECKOMbKUX MOBTOPHBLIX MPUMEHEHUIA MeToaa
MoHTe-Kaprno, fatoT HeKoTopbIi pa3bpoc B OKPeCTHOCTU 3HadeHust 50 - 107, Mocne nosTopeHuit Metoga MoHTe-Kapno
elLe HEeCKOmnbKO pas, Ho yXe ¢ 6onblUMM 3HAaYEHUEM YKCna UCTbITaHUI M, pesynsTaTbl BHOBb HAXOAUINUCH B OKPECTHOCTU
50 - 1075, Ho yxe ¢ MeHbLUIMM pa3bpocom. Takoe yMeHblleHe pa3bpoca SBMSETCH OXuaaeMbiM 1 Habrniogaetcs Ans
pasHbIX BblMUCMEHWI, ncnonbayowmx metoq MoHTte-Kapno. YTobbl yBuaeTb pearnbHble U3MEHEHUSI YMUCTIEHHbBIX pPe3yrb-
TaTOB NPUMMEHEHNs1 MeToda HeOOXOAMMO MCNonb3oBaTb ANs UX NPeACcTaBneHnst GonbLlee YMCNOo 3Havalumx Ludp.

9.4.2.2.9 Ha pucyHke 11 nokasaHbl HauMmeHbLUne 95 %-Hble MHTepBanbl oxBaTa Ans COOTBETCTBYHOLLUX
annpokcMmaumin gyHkLmmn pacnpeaenenus 8 Y. Mintepearn, 0603Ha4YeHHbIA MYHKTUPHBIMU BEPTUKANbHBIMU TMHASIMM
1 NOMNyY€eHHbIN HA OCHOBE crnocoba oueHrBaHus HeonpeaeneHHocT no GUM, HeKOppeKkTeH — OH CUMMETPUYEH
oTHocuTenbHO 3Y = 0 1, Takum obpasom, gonyckaeT 50 Y%-Hyt0 BEPOSITHOCTb CyLLLECTBOBAHUSI OTPULLATENbHbIX
3Ha4YeHu dY, He MMeLMX PU3NYECKOrO CMbIcna. HenpepbiBHbIE BEPTUKamNbHbBIE IMHUN YKa3biBaKOT rpaHuLbl
HavMeHbLuero 95 %-Horo nHTepBana oxaaTa, MoJTy4YeHHbIE Ha OCHOBE aHaNUTUYECKOrO peLLEHMs!, Kak OnmncaHo
B F.2. I'pannupl HanmeHbLuero 95 %-Horo nHTepearna, onpeaeneHHble ¢ ucnonb3oBaHem Mmetoga MoHTe-Kapno,
OT HUX Ha pUCyHKe 11 HEOTNNYNMBI.

9.4.2.2.10 paHuLbl HAMEHbLUWX MHTEPBAroB OXBaTa, COOTBETCTBYIOLLME OLeHKaM CTaH4apTHOW Heonpe-
OeneHHoCTU, NpuBeaeHHbIM B cTonbuax 5—8 ctpoku, cootBeTcTByoLLEN X4 = 0,000, yka3aHbl B ctonbuax 9—12
Tabnuupl 8.
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9.4.2.2.11 Ha pucyHke 12 nokasaHa 3aBUCUMOCTb ASMHBI ( Yhigh — Yiow) 99 %-HOro mHTepBana oxsara
(cMm. 7.7) OT BEPOSITHOCTM €ro NEeBOW rpaHuLbl, OnpeaesieHHoN No annpoKCcMMaLMmn NAOTHOCTU pacnpeaeneHus
BEPOSATHOCTEN, MoNy4YeHHon MetogoMm MoHTe-Kapno n nokasaHHow Ha pycyHke 11. B gaHHoM npumepe 95 %-Hbin
MHTEepBas OxBaTa, PaCnonoXeHHbI CUMMETPUYHO OTHOCUTENTBHO MaTEMaTUYECKOro OXXUAaHus, He SIBNseTcs Hav-
MeHbLIMM 95 Y%-HbIM MHTEPBanom oxBaTa. HaumeHbLumnin 95 %-Hbl MHTEpBan oXxBaTa O4eHb CUITbHO OTIIMYAETCSA 1
OT BEPOSATHOCTHO-CMMMETPUYHOTOo 95 %-HOro nHTepBana oxeata. Ecnv ans nocnegHero nnowaan nog nioTHO-
CTblO pacnpefeneHnsi BEpOsiTHOCTEN CIEBA OT ¥y, W CMPaBa OT Yyig, PaBHbl n coctasnstoT 0,025 (unn 2,5 %), To
Anst HammeHbLuero 95 %-Horo nHTepBarna oxeaTa 3T1 3HavyeHus OyayT paBHbl, cooTBeTcTBEHHO, 01 0,05 (Mm 0 %
n5 %). OTOT PUCYHOK MOXXHO CPaBHUTL C PUCYHKOM 7 ANst agAMTUBHOM Mogdenu (CM. 9.2), B KOTOPOW NIIOTHOCTb
pacnpeneneHns BeposaTHOCTEN Anst Y CUMMETPUYHA OTHOCUTENBHO MaTeMaTU4eCKOro OXMAAHWS.

Y A
800

600

400+

200+

| I I I
0,01 0,02 0,03 0,04 0,05 X

X — 3HayeHve PyHKUMN BEepOSTHOCTU ANS NeBOW rpaHnLbl MHTEpBana oxeara;
Y — AnvHa nHTepBana oxaata (yMHoXeHHas Ha 106)

0

PucyHok 12 — OnuHa 95 %-Horo nHTepBana oxeaTta B 3aBMCMMOCTU OT 3HaYeHUs PYHKLMN BEPOSATHOCTM
ANs NEeBOW rpaHnLbl MHTEpBana oxsaTa, NMOCTPOEHHOro C ucnonb3oBaHnem metoga MoHTe-Kapno
Ans MoAenu, onuceiBaemon dopmyrnon (28)

9.4.2.3 OueHka BxogHou BenuynHbl x4, = 0,010

9.4.2.3.1 Ha pucyHke 13 nokasaHbl NIOTHOCTM pacnpegeneHns BepOATHOCTEN, NOSyYeHHbIe Crocobom oLe-
HVMBaHMsA HeonpepeneHHocTn no GUM ¢ ncnonb3oBaHMeM YNEHOB pasnoXeHus TOMbKO NepBOro nopsigka u ¢
NCMNONb30BaHNEM YNeHOB pasnoxeHns bonee BbICOKOro nopsaka, a tTakke metogom MoHTte-Kapno ons criyyas
OLEeHKN BXogHoM Benmn4mHbl x4 = 0,010 1 koadbdumumeHTa koppensaumm r (x4, x,) = 0.

9.4.2.3.2 [noTHOCTL pacnpeneneHns BeposiTHOCTEN, nonyyeHHas metogoM MoHTte-Kapno, umeet Hebonb-
LLIOV NEBbIA CKIMOH, HECMOTPS Ha TO, YTO OHa obpe3aHa B Hyse, HaMeHbLUEM BO3MOXHOM 3HaveHuun §Y. o
CpaBHEeHWIO ¢ pesynbTratamuy Ans X, = 0 oHa 6onee 6rmska no hopmMe K NAOTHOCTSAM HOPMaribHOro pacnpeaeneHns,
NOsy4eHHbIM C MpUMeHeHneM crnocoba oueHvBaHus HeonpegeneHHocTy no GUM. NnoTHocT HopmarnbHoro pac-
npegenexHns, B CBOK ovepeb, 4OCTaTOMHO Bnnsku Apyr K Apyry, MMEIoT MaTeMaTnyeckoe oxxnaaHme BennynHbl
3Y, paBHoe 1,0 - 107*, 1 cTaHaapTHble oTknoHeHnst 1,0 - 1041 1,1 - 10™ cooTBeTCTBEHHO.

9.4.2.3.3 Ha pucyHke 13 nokasaHbl rpaHuLbl HaMMeHbLIMX 95 Y%-HbIX MHTepBaroB 0XBaTa, NOMy4YeHHbIX C
MCMoMnb30BaHNEM BblLLIEYKa3aHHbIX TPeX MeToaoB. CrnoLHbIe BEPTUKAbHbIE NMHUM NMOKa3bIBaOT FPaHNLIbl UHTEpP-
Barna, nony4eHHoro metogom MoHTe-Kapno, nyHKTUPHbIE BepTUKarnbHbIE NUMHUM — UHTepBana, Nofy4YeHHoro Ha
OCHOBe cnocoba oueHnBaHns HeonpegeneHHocT o GUM ¢ y4eToM YneHOB pasroXeHWs TONbKO NepBoro nopsia-
Ka, a LUTPUX-NYHKTUPHbIE BEPTUKarbHbIE IMHUM — MHTEpBarna, Nnony4YeHHOro Ha OCHOBE TOro xe cnocoba no GUM,
HO C y4eTOM YNEHOB pasnoxeHns Bonee BbICOKOro nopsiaka. VIHTepsarkbl, nonyyYeHHble Ha OCHOBe cnocoba oue-
HMBaHWA HeonpegeneHHocTn No GUM, HecKomnbKo CMeLLeHbl BIIEBO MO CPABHEHWIO C UHTEPBANOM, MONYYEHHbIM
metogom MoHTe-Kapno. Kak 1 B npeablgyLLeM cryyae, OHM BKIOYatoT B cebs pmanyeckn HEBO3MOXHbIE 3HaYe-
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Hus &Y. MIHTepBan, nony4eHHbI MeTogoM MoHTe-Kapro, MMeeT NeBYH rpaHuLy B Hyrne, HauMEHbLLIEM U3 BO3MOX-
HbIX 3HAYEHWI, N CMELLEH OTHOCUTENBHO MHTEPBAarnoB, NornydeHHbix no GUM, npubnuantensHo Ha 70 % cTaH-
[apTHOW HeonpeaereHHOCTU.

v A

0 T f >
=400 =200 0 200 400 600 800 X

X — OTKIOHeHNe JY Ko3hdULMEHTa PaccorNacoBaHmUs OT eanHULL (YMHOXeHHoe Ha 108);
Y — NMoTHOCTb pacrpefeneHns BEPOSTHOCTeN (yMHOXeHHas Ha 10%)

PucyHok 13 — To e, 4To 1 Ha pucyHke 11, Ho ans x4 = 0,010 1 ¢ AByMS KPMBBLIMU, NOMYYEHHBLIMU CMOCOOOM
oueHmBaHust o GUM (BbICOKWI MWK — YYTEHbl TOMbKO YrieHbl 1-ro nopsaka; HU3KU MUK — YYTeHbl
YneHbl 6ornee BbICOKOro nopsigka)

9.4.2.3.4 CoOTBETCTBYIOLLME 3HAYEHNS FPAHWL, UHTEPBANOB NPUBELEHbI B NPEANOCreaHen CTpoke Tabnuub! 8.

9.4.2.4 OueHka BxofgHoW BenuyunHel x4, = 0,050

9.4.2.4.1 PrucyHok 14 aHanornyeH pucyHky 13, HO OTpaxkaeT pesynbraThl, nonyyeHHsle ans x, = 0,050. Ha
pu1CyHKe 14 NNOTHOCTY pacnpeaeneHns BEpOATHOCTEN, NOMNyYeHHbIEe B COOTBETCTBUM C 000MMM BapuaHTamu cnocoba

YA

w
|
e
—

. M |

I I I
500 1500 2500 3500 4500 X

X — oTknoHeHne dY koaduLmeHTa paccornacoBaHns oT eauHNLbl (YMHOXEHHoe Ha 106);
Y — NnoTHOCTb pacnpefeneHus BeposTHOCTEN (YMHOXEHHas Ha 104)

PucyHok 14 — To e, 4To 1 Ha pucyHke 13, Ho ansa x4, = 0,050
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oueHuBaHus HeonpegeneHHocTn o GUM, B1u3yanbHO NOYTU HEOTNMYUMBI Apyr OT Apyra. Kpome Toro, OH1 HamMHO-
ro Gnvpke K annpoKcyMaLmMm NAOTHOCTY pacrpeaeneHns BeposaTHOCTeN, nonyyYeHHon metogom MoHTte-Kapro. MNoc-
negHsAst UMeeT He3HaYUTENbHYIO aCMMETPUIO, OCOBEHHO 3aMETHYIO Ha XBOCTax pacrpegerneHns. ViHtepsarbl oxsa-
Ta, NoryYeHHble B COOTBETCTBUM C ABYMS BapyaHTamu cnocoba oLieHnBaHus HeonpedeneHHoctn no GUM, Buayanb-
HO Taloke NOYTU HepPasNUYNMbI, HO BCE eLLE CMELLEHbI OTHOCUTENBHO MHTEPBANOoB, MOCTPOEHHbLIX MeToAoM MoHTe-
Kapno. CmelleHne coctaBnseT npnbnuantensHo 10 % ctaHgapTHOM HeonpeaeneHHOCTH. VIHTepBanbl, nonyyeH-
Hble Ha OCHOBE OLieHKM HeonpeaeneHHocTn o GUM, Tenepb He ABNS0TCSH (OU3NYECKN HEKOPPEKTHBLIMU.

9.4.2.4.2 COOTBETCTBYIOLLME 3HAYEHUS FPaAHNL, MHTEPBANOB NPUBEAEHbI B MOCIEAHEN CTpoke Tabnuupl 8.

9.4.2.5 AHanu3 pe3ynsraTos

Mo mepe yaaneHus X, OT Hyns pesynbTaThbl, TOflyYeHHbIe Ha OCHOBE criocoba OLEeHVBaHWA HeonpeaeneHHo-
¢t no GUM ¢ y4yeToM YneHoB pasnoXeHus NepBoro nopsigka v vneHos 6onee BbICOKOro nopsigka, Bce bonee
NpubnmkaloTCs K pesynsratam, Nory4eHHbIM Ha ocHoBe MeToda MoHTe-Kapno.

Mpnmevyanne 1 —Cnydann x4 = X, = 0 HE OTHOCUTCA K NPeAenbHbIM, K3K30TUYECKUM» CUTYaLUsM, HO, Haobo-
pOT, NpPeAcTaBnseT HaMbomnbLUMN UHTEPEC ONS MHXEeHepa-aneKkTpuka, NocKornbKy OH COOTBETCTBYET OTCYTCTBUIO paccor-
nacoBaHns Mexagy KanmbpyembiM naMepuTenem MOLLHOCTU 1 3TaroOHOM.

MpunmMmeyaHune 2 — lNockonbky Mogenb CUMMETPUYHA OTHOCUTENBHO X4 U X5, Te e camble pe3ynbTaTbl Obinm
6bl Nony4eHbl NPV BapbUPOBAHUM 3HAYEHUS Xo, A HE Xj.

MpumeyvaHune 3 — OgHOM U3 NPUYKH, NoYeMy cnocob oLeHnBaHus HeonpedeneHHocTn no GUM c yyeTtom
TOMBbKO YNEHOB Pa3foXeHVs NepBoro nopsiaka UCMomnb3yeTcs Ha MpakTuke, SBMASETCS NerkogoCTyMHOCTb COOTBETCTBYIO-
LMX NpOrpaMMHbIX CPeAcTB. [puyem B HEKOTOPbIX CUTyaumsx pesynbraTtbl, Mofy4YaeMble B pamKkax Takoro nogxofa, He
BbI3bIBAOT BOMPOCOB. [Nsi cryyas xe, koraa X4 = X, = 0 (prcyHoK 11), onacHOCTb NPUMEHEHWS Takoro MOAXoAa OYeBMaHa,
MOCKOMbKY OH AaeT HYNeBYI0 OLEeHKY CTaHAapTHOW HeonpegeneHHocTn u(dy) u, criegoBaTenbHO, HYNeBOW MHTepBan
oxsaTa ans 8Y npw noboi 3agaHHoON BEPOATHOCTM oxBaTa. B cnyyae x4 =0 (Mnn X # 0) u u(dy), AnvHa nHTepBana oxasara
Ansa §Y OTNMYHa OT HyNs, T. €. NMONyYeHHbIN pesynbTaT He SBnsAeTcs 3aBedoMo abCypaHbIM, 1 O ero BO3MOXHOW HEKOppeK-
THOCTM TPYAHO CyAuUTb, HE MMEeS anpuopHOW MHAOPMaLMM O pearibHbIX BO3MOXHbIX 3HAYEHMAX YKa3aHHbIX BEMNUYVH.
Takum obpa3om, onacHOCTb MPUMEHEHNS MPOrpaMMHbIX CPEACTB, peanu3ylolmx crnocob oueHUBaHUS HeonpeaeneH-
HocTn no GUM, coctont B TOM, Y4TO NPV MarnbIX 3HAYEHUSAX X4 U Xo MOMYYEHHbIE C MX MOMOLLbLIO pe3ynbTaThbl, Oyayyn
HeoCTOBEPHBLIMU, MOTYT BbiTb, TEM HEe MeHee, HenpeayMbILUNEeHHO NPUHATHI 338 A4OCTOBEPHbIE.

9.4.3 TpaHccopmMmupoBaHue pacnpenenieHU U NoslyvyeHue pesyribtaTtoB Mpu HEHYNeBOW KoBapu-
aummu mexay BXOAHbLIMU BeNIMYnHaMm

9.4.3.1 O6Lme nonoxkeHus

9.4.3.1.1 OnncaHHble Bbiwe MeToabl (CM. 9.4.2) Obinn NpUMEHeHbI A4S criyvast, korga X; KoppenupoBaHHbI
n r(x4, Xo) = 0,9. OgHako ncnonb3oBaHHbIN CNocob oueHnBaHUs HeonpeaeneHHocT No GUM yuuTbiBan TonbKo
YneHbl pasnoxeHns PyHKLMN n3MepeHns B pag Ternopa nepBoro nopsiaka. 310 CBA3aHO C TEM, YTO, B OT/IMYME OT
cnyyas, korga X; HeKoppenvpoBaHHbI, NPU HanNMyMn KoBapuaumin cnocob oLeHMBaHWSA HeonpeaeneHHOCTH No
GUM c yyeToMm uneHoB 6osee BbICOKOro nopsiaka He NMpUMeHSoT BB1AyY oTcyTcTBUst B GUM COOTBETCTBYHOLLMX
dopmyn (cM. 5.8). Bce ocTanbHbie BONPOCH! BbIMUCIIEHMI @aHANOMM4YHbI 9.4.2.

9.4.3.1.2 OueHky u(dy) no GUM c y4eTOM UneHoB pasrnoXeHns NepBoro nopsaka onpenenstort B COOTBET-
cteum ¢ F.3.2. MpumeHeHne ans aaHHoro npumepa dopmMynbi (F.7) no3BonseT NonyynTb BelpaxeHue ans u?(dy)
npu x, = 0 B BUOe

u? (8y) = 4x2u? (x,).

CnepoBaTenbHo, U(dy) He 3aBUCUT OT (X4, X,), M CNOcob oLeHnBaHNsA HeonpeaeneHHocT! no GUM ¢ yyeTom
UYIEHOB PA3fIOXEHWSI NEPBOro MopsiAka [acT Te ke pesdynbraThl, 4To M B 9.4.2. B yacTtHocTn, kKakn B 9.4.2.2.1,
Ans cnyyas x4 = 0, BHOBb OyaeT NonyyeH TOT Xe HEKOPPEKTHbIN pedynbTat: u(dy) = 0.

9.4.3.1.3 MeTtog MoHTe-Kapno ocHoBaH Ha hopMnpoBaHUM CryvanHbIX arieMeHToB BekTopa X BbIOOPKOW 13
OBYMEPHOro HOpMarbHOro pacrnpeaeneHns ¢ 3agaHHbIM MaTeMaTUYeCKUM OXXUOAHNEM Y KOBapUaLMOHHON MaT-
puuen [cm. hopmyny (27)]. Vicnonb3oBaHa npoLeaypa B COOTBETCTBUM € pa3gernom C.5.

MpunmedyaHne— He npuHumas Bo BHUMaHWE HEOOXOAMMOCTb (DOPMUPOBaHNS Cy4YanHON BbIOGOPKN 13
MHOrOMEpHOro pacnpefenenus, peanusauns metoga MoHTe-Kapno ans crnyyas KOppenupoBaHHbIX BXOAHBLIX BEMWNYUH
OyaeT He HaMHOrO CroXHee, YeM AN He KOPPEnMpPOBaHHbIX.
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9.4.3.2 OueHKM BXOAHbIX BennynH x4 = 0, x4 = 0,010, x4 = 0,050

9.4.3.2.1 lNony4yeHHble pe3ynbTaThl NpMBeAeHbI B Tabnuue 9. Pe3ynbraThl, NonyYeHHbIe Ha OCHOBE MeToAa
MoHTe-Kapno, nokasbiBatoT, 4TO, XOTS 3y HEe 3aBUCUT OT Koppernsaumum mexay X, oueHka u(dy) OT Hee 3aBWCHT,
npuyem B bonbLuen cTeneHn ans maneix X,. CooTBETCTBEHHO, 3aBUCHT U rpaHnLbl 95 %-HbIX MHTEPBAroB OxBaTa.

Tabnuuya 9 — OueHkn Ko3hbuLMEHTa paccornacoBaHns, MNOMyYeHHble AN BXOAHbIX BEMUYMH C HEHYIeBOW
koBapuauuen [r(xq, xo) = 0,9] aHanuTnyeckn (A), cnocobom oueHnBaHus HeonpegeneHHoctn no GUM (G) n metogom
MoHnTe-Kapno (M)

8y/10‘6 u(6y)/10‘6 Havmenbwnn 95 %-Hbin nHTepBan
. oxBaTa Ans 5y/1078
! A G M A G M A G M
0,000 | 50 0 50 67 0 67 — [0, 0] [0,185]
0,010 150 100 150 121 100 121 — [-96, 296] [13,398]
0,050 2550 2500 2551 505 500 504 — [1520, 3480] [1628, 3555]

9.4.3.2.2 Ha pucyHkax 15 1 16 nokasaHbl NAI0THOCTY pacrnpegeneHnst BepOSTHOCTEN, MOMNyYeHHbIE Ha OCHO-
Be crnocoba oueHnBaHns HeonpegeneHHocTn no GUM ¢ y4eToM YneHoB pasnoxeHus nepBoro nopsigka (Konoko-
noobpasHbie kpuBble) 1 MeTogom MoHTe-Kapno (ructorpammel) ans cnyyaes x4 = 0,010 n x4, = 0,050, cooTBeT-
CTBEHHO. paHnLbl HAUMEHBbLLUNX 95 %-HbIX MHTEPBANOB OXBaTa NoKa3aHb! LUTPUXOBLIMU BEPTUKaNbHBIMU NIMHUS-
MW Ans cnocoba oueHmBaHust HeonpeaeneHHocTv no GUM 1 cnnoLUHbIMY BEPTUKaNbHbIMU NMHUSIMU ANs MeToaa
MonTe-Kapno.

MpumedyaHune— CTporo roBops, yCrosus, Npu KOTopbIx 8Y morna 6bl BbITe onncaHa HopMasbHbIM pacnpe-
AerneHneM, He BbIMOMHATCS NPU NPUMEHeHWN ANs AaHHbIX CllyyaeB crnocoba OueHUBaHUS HeonpeaeneHHoOCT Mo
GUM (cm. 5.8) [PykoBogcteo MCO/MOK 98-3 (G.6.6)]. OpHako BBMAY 4acTOro MCnonb30BaHWs 3TOro cnocoba Ha npakTuke
MOSlyYeHHbIE C ero NOMOLLIO MAOTHOCTM pacnpeaeneHns BeposiTHOCTeN 1 rpaHuubl 95 %-Horo nHTepBsana oxeaTa noka-
3aHbl Ha pucyHkax 15 n 16.
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-400 -200 0 200 400 600 800 X

X — OTKIOHeHNe JY Ko3hdULMEeHTa PaccornacoBaHus OT eanHULbl (YMHOXeHHoe Ha 108);
Y — NroTHOCTL pacnpeAeneHust BePOsiTHOCTeN (YMHOxeHHas Ha 10%)

PucyHok 15 — Pe3ynbraTbhl OUeHMBaHUS ANS MOAenu KoadduumeHTa paccornacoBaHus, NpUMMEHSEMOro npu Kanvo-
poBke uamepuTener mowHoctn CBY-curHana, B criydae x4 = 0,010, xo = 0, u(x4) = u(x,) = 0,005, r(x4, x») = 0,9
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X — OTKIOHeHME §Y koadduLMEHTa PacCcOracoBaHUs OT eAnHULI (YMHOXeHHoe Ha 10°);
Y — NMoTHOCTb pacnpefenenns BeposTHOCTeN (yMHOXeHHas Ha 10%)

PucyHok 16 — To e, 4To 1 Ha pucyHke 15, Ho ana x4 = 0,050

9.4.3.3 AHanu3 pesynsraTos

B cniyyae x; = 0,010 (pucyHok 15) Koppensunsi 3ameTHO NoBnusana Ha pesynsraTbl, MoNy4YeHHblIE METOAOM
MonTe-Kapno (cp. ¢ pucyHkom 13). U3ameHnnacek cama hopmMa annpokCMMUpYoLLEN NAOTHOCTU pacrnpeaeneHus
BEPOSATHOCTEN, U, KPOME TOro, COOTBETCTBYIOLLIMI UHTEPBAI OXBaTa y>Ke He MMeEeT NEBOCTOPOHHEN rpaHuLibl B
Hyne. B cnyyae x; = 0,050 (pucyHok 16) pasHuua B pesynbsrartax Anis CriydaeB HEKoppenvpoBaHHbIX U Koppenu-
POBaHHbIX BXOAHbIX BEMUYNH (Cp. C pUuCyHKOM 14), MeHee 3ameTHa.

9.5 KannbpoBKa KOHL,eBOM Mepbl OJIUHbI

9.5.1 NMocTaHoOBKa 3agayun: mofernb N3MepeHus

9.5.1.1 nuHy KoHLEeBOW Mepbl HOMUHaNoM 50 MM onpeaensoT ee CONocTaBNeHUEM C U3BECTHbLIM 3Tarno-
HOM TOrO ke HOMMHara. HenocpeacTBEHHbIN pe3yrbTaT CONOCTaBeEHNS ANWH ABYX KOHLIEBLIX Mep NpeacTaBnsieT
coboli pasHocThb d:

d=L(1+00)—Ls(1+ag0s), (29)

roe L — namepsieMast BeNuynHa, T. e. 4nnHa kannbpyemoi koHueBo Mmepbl npu 20 °C;

Ls — anuvHa atanoHa npu 20 °C, npuBeaeHHas B cepTudmkaTe o0 KannbpoBke;

0L U 0lg — KOI(PMLMEHTBI TEMMOBOIO PacLLUMPEHMs COOTBETCTBEHHO KannbpyeMmon KOHLEBOW Mepbl AMNWHbI 1
3TaroHa;

6 1 65— OTKIOHEHWS TemnepaTypbl COOTBETCTBEHHO KarimbpyeMon KOHLEBOI Mepbl 1 3TarnoHa OT HopMarbHOWN
Temnepatypbl 20 °C.

MpumevaHnune 1 — B GUM paccmatpuBaeTcs Ta xe usmeputenbHasa 3agada (pasgen H.1).
MpumevyaHne 2 — [ns AnNvHbI KOHLEBOW Mepbl B HacTosWweM noapasaene npumMeHeHo obo3HauveHue L
BMecTo 0603HaveHus1 [ ncnonb3oBaHHoro B GUM.

9.5.1.2 B cooTBeTCTBUM C dhopMmyrol (29) BbiIxoaHas BenuumHa L MoxeT ObITb onpeaeneHa Kak

Ls(1+ agog)+d
L= 1+ b ’

(30)

a B KayecTBe NpubnmkeHns dopmynbl (30), TPUMEHUMOTO B GOMbLUMHCTBE NPaKTUYECKMX CUTYaLMIA, MOXKET ObITh
“cnonb3oBaHa hopmMyna

L=Ls+d+ LS (0(393 —069) (31)
51



FOCT P 54500.3.1—2011/PykoBogctBo MCO/MIK 98-3:2008/AononHeHune 1:2008

Ecnu pasHocTb Temnepatyp kannbpyemon KOHLEeBOM Mepbl 1 3TanoHa 0603Ha4nTb Kak 00 = 6 — O, a pas-
HOCTb UX KO3(PMLMEHTOB TEMMOBOIO PacLLUMPEHUs Kak do. = oL — Olg, TO popmyrnbl (30) 1 (31) NnpuHMmaroT BUA
COOTBETCTBEHHO

Ls[1+ ag(6 - 80)]+d
= 1+ (0g + o)

(32)

L=Lg+d—Lg (50 0+ ag-50). (33)

9.5.1.3 OueHky pasHocTh d ANUH KannbpyeMon KOHLLEBOW Mepbl U 3TanoHa onpeaensioT Kak BelbopoyHoe
cpegHee No NATU HabntoaeHNsM, NONyYeHHbIM HE3aBMCMMO C UCMOMNb30BaHNEM KannbpoBaHHOIO KoMMNaparopa.
PasHocTb d MOXHO npeacTaBuThb B BUAE:

d=D+d, +d,, (34)

roe D — cnyyaviHas Benm4ymHa, Anst KOTOpOW NonyyYeHo BbIBOPOYHOE cpeaHee No NATU HAbNIAEHNSIM;
d4 1 d, — BENUYMHBI, ONMCbIBAKOLLME, COOTBETCTBEHHO, ClyYaiHble U cucTemMaTuyeckne aeKTbl, CBA3aH-
Hble C UCMONb30BaHMEM KOMMapaTopa.
9.5.1.4 BenuuuvHa 6, npeacraensioLLas cobon OTKNOHEHME TemMnepaTypbl KanMbpyeMon KOHLIEBOI Mepbl
anuHbl ot 20 °C, MoxeT ObITb NpeacTaBneHa B Buae:

0=0,+ A, (33)

rae 6,— cpegHee OTKINOHEeHVe TeMnepaTypbl KOHLEBOW Mepbl AnnHbl oT 20 °C;
A — BenM4YMHa, onMcbIBaroLLAs LIMKNNYeckme koniebaHnsi OTKIOHEHWS TeMnepaTypbl OT 6.
9.5.1.5MNoacrtaenss opmynbl (34) v (35) B hopmynbl (32) 1 (33) v BBeast 0603Ha4YeHMe Ol Anst OTKIOHEHWS
L oT HOMUHanNbLHOW AnuHbI L5, = 50 MM KOHLIEBOW MEpPbI, MOXHO 3anucarb

Ls[1+ 0g(0g + A - 30)] + D+ dy + dy
oL = T+ (0g + 80)(8g + A) ~ Lhom

(36)

nnm
SL=Lg+D+dy+dy—Lg[50 (8 +A)+ 0 860] — Lo (37)

OT1 3aBUCMMOCTY MOTYT ObITb PaCCMOTPEHBI Kak MOAENN N3MEPUTENLHON 3aa4yun.

9.5.1.6 BbixogHom BenuunHon ans mogenew (36) n (37) sasnsietcd 6L, a BxogHbIMY BenuunHamu — Lg, D, d,
dy, O, 0, A, oL 1 80. ATa Mogenb oTnMyaeTcs oT npueaeHHo B GUM (pasgen H.1) tem, yto B8 GUM mogenu,
onuceiBaemble hopmynamu (34) n (35) HacTosiLLero ctTaHgapTa, paccMaTpuBaloTCS Kak nogmMoaenu mogernen,
onvckiBaemblx popmynamm (32) n (33), 1. e. B GUM BHadarne oueHBaHne HeonpeaeneHHOCTU BbINOMHEHO Anst
NnoAaMOoZernen, CoOoTBETCTBYOLLMX hopmyriam (34) u (35), nocne 4Yero nosy4YeHHbIe OLEHKN HEONPeaeneHHOCTM A4S
d v 6 661NV NCMONBb30BaHbI Afs ONMCAHWS 3TUX BXOAHbIX BENWYMH B MOAENSX, COOTBETCTBYHOLLMX chopmyriam (32)
1 (33). B HacTosLeM npumepe, rae Ang nonyvdeHus oLeHok ncnonsdyetcs metog MoHTe-Kapno, Takoe asyxatan-
HOE OLIEHVBaHNE He MPUMEHSIETCS.

9.5.2 MNocTaHoBKa 3agauv: NpMNUcbiBaHMe NIIOTHOCTEN pacrnpeneneHUsa BepoOATHOCTEN BXOAHbIM
BeJIM4YMHam

9.5.2.1 O6Lme NONoXeHNs

B nocneayowmx noanyHKTax npueegeHa MHopmaums o Kakaon BXOAHOW BENUYNHE MOLENEN, COOTBET-
cTBytoLLmMx doopmyram (36) n (37). Micnonb3yemas nHgopmaLmMs OCHOBaHa Ha onvcanunm, npysegeHHom B GUM, n
KaXkabl pa3 AaeTcs CCblfika Ha COOTBETCTBYHOLLMIA CTPYKTYPHbIV anemeHT GUM, oTkyaa ata uHcdopmauums B3saTa.
Kpome Toro, nokasaHo, kakum 06pa3om ykazaHHasi MHhopMaLys UCNONb3yeTcs Npu BbIOOpe pacnpeneneHns BXoa-
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HbIX BENWUYMH. Bce cBefeHns, cBs3aHHbIE C NPUNUCBLIBAHMEM pacrpedeneHnii BXogHbIM BeNMdyMHam Mmoaenen
n3mepeHunii, cobparel B Tabnuuy 10.

Tab6bnwuya 10 — lMNNoTHOCTM pacnpefeneHnsi BEPOSTHOCTEN ANs BXOAHbLIX BENMYUH AN MOAENeN KOHLEBbLIX Mep
AnuHbl (36) 1 (37) Ha ocHoBe AocTynHow nHdopMauum (9.5.2.1). (OcHoBHas MHopMaLKMsa O NIIOTHOCTSX pacnpeaerneHns
BEPOSATHOCTEN npuBefeHa B Tabnuue 1)

[MapameTpbl pacnpegenexus

B | e omern " P ; ; p
Lg t, (1, 62) 50000623 HM | 25 Hm | 18
D t, (U, 62) 215 Hm 6HM | 24
d4 t, (1, 69) 0 HM 4 HMm 5
dy t, (U, 62) 0 HM 7 Hm 8
og R(a, b) 9,5-10%°c' |135-106°C™"
6o N(u, 62) -0,1°C 0,2 °C
A U(a, b) -0,5 °C 0,5 °C
ot CTrap (a, b, d) -1,0-10%°c" | 1,0-10%°C" | 0,1-106°C™"
K3 CTrap (a, b, d) -0,050 °C 0,050 °C 0,025 °C

9.5.2.2 innHa L aTanoHa
9.5.2.2.1 NcxogHast nHchopmaums

B cepTudmkate o kannubposke A5is STanoHa ykasaHa oueHka ero anvHel npy 20 °C I:S =50,000623 mm

[PykoBoacTteo MICO/MOK 98-3 (H.1.5)] n paclumpeHHas HeonpeaeneHHocTb aToun oueHkn U, = 0,075 Mkm Ans
koadppuumeHTa oxsata k, = 3 [PykoBoacteo MCO/M3IK 98-3 (H.1.3.1)]. B cepTudmkate ykasaHo, 4To 4ncno
ahbeKTMBHBIX CTENneHen cBo6OAbI 415 CYMMapHOW CTaHOAPTHOW HEONPEAENEHHOCTH, Ha OCHOBE KOTOPOW Obina

rnoriydeHa yrnomsiHyTas pacLuMpeHHas HeornpeaeneHHOCTb, Vg [u (ﬁ s)] =18 [PykoBoacto MCO/M3K 98-3 (H.1.6)].

9.5.2.2.2 Beibop pacnpegerneHus
BenunuuHe Lg 6bino npunucaHo MacLuTabrupoBaHHoe cMelleHHoe t-pacnpeaeneHue t, (1, 62) (cM. 6.4.9.7)
CO 3HaYEeHMAMU NapamMeTpoB

9.5.2.3 CpepHsasi pa3HoOCTb A4nvH D
9.5.2.3.1 UcxogHas nHdopmauums

BbibopoyHoe cpegHee D no nsitn HabnogeHnsam pasHoOCTM ANVH Kannbpyemow KOHLEBOW Mepbl OJTUHBI 1
atanoHa coctasnset 215 Hm [PykoBoactBo MCO/M3IK 98-3 (H.1.5)]. O6beanHeHHOe CTaHOapTHOE OTKITOHEHNE,
xapakTtepuaytoLlee pa3HocTb L n Lg, onpegeneHo no 25 He3aBMCMMbIM HabntoaeHNsiM pa3HOCTU ONNH ABYX 3Ta-
TNOHHbIX KOHLIEBbIX Mep AnuHbI 1 cocTaBnseT 13 Hv [PykoBoacteo NCO/M3K 98-3 (H.1.3.2)].

9.5.2.3.2 Beibop pacnpegerneHus

BenuunHe D 6bIN0 NpUnMcaHo MacluTabupoBaHHoe CMeLLeHHoe t-pacnpeaeneHue t, (1L, 62) (cMm. 6.4.9.2
1 6.4.9.6) co 3Ha4YeHNAMN NapamMeTpoB

S

w=215HmM, 6= 5 =6 HM, V=24,
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9.5.2.4 CnyyanHoe BnnsiHve d, komnapaTopa

9.5.2.4.1 NcxogHas nHgopmanms

CornacHo cepTtudmkaTty o kanmbpoBke KoMnapaTopa, UCMOoSb3yeMOro Ans cpaBHeHust L u Lg, HeonpeaeneH-
HOCTb, CBAI3aHHas CO CryYarHbIMy 3deKTamm 1 OLeHEHHas! MO LIECTM HE3aBUCUMbIM HabM4EHUSIM, COCTaBNSET
0,01 mkm ans BeposTHocTH oxBaTa 95 % [PykosBoactBo MCO/MBK 98-3 (H.1.3.2)].

9.5.2.4.2 Boibop pacnpegeneHus

BenunuuHe d, 6bino npunucaHo maclutabupoBaHHoe cMelLeHHoe t-pacnpeaeneHue t, (1, 62) (cm. 6.4.9.7)
CO 3HaYeHVAMY NapameTpoB

3HaueHue K g5 nonydeHo no GUM (tabnuua G.2) ana v =35 creneHen ceoboapbl n p = 0,95.

9.5.2.5 Cncrematnyeckoe BnusiHve d, komnapatopa

9.5.2.5.1 cxogHas nHpopmaums

B cepTudmkaTe ykazaHa HeonpeaeneHHOCTb KomrnapaTopa, CBA3aHHas Co cucTteMaTnieckumm adpdektamu.
Ona coctasuna 0,02 Mkm «Ha ypoBHe Tpex curmax [Pykosoacteo MICO/M3K 98-3 (H.1.3.2)]. BOo3MOXHY0 HETOY-
HOCTb B 3asIBITEHHOM 3HA4Y€eHWUN HEONPEAENEHHOCTN MOXHO NPUHATL paBHoM 25 %, 1, Takum obpasom, Ymcro

3bpeKTUBHBIX CTeneHen cBob6oabl COCTaBUT Verr [U ((9 2)] = 8 [PykoBoactBo MCO/M3K 98-3 (H.1.6)].

9.5.2.5.2 Beibop pacnpegeneHus
BenuuuHe d, 6biro npunmcaHo maciutabrposaHHoe cMelLeHHoe t-pacnpeaeneHie t, (1, 62) (cm. 6.4.9.7)
CO 3HaYeHVAMY NapameTpoB
Up _ 20
=0HM, 6= 1~ =% =THW,v=8.
H » 9%k, T 3

9.5.2.6 KoadhpurupmeHT TemMnepaTypHOro pacLUMpeHns o.g
9.5.2.6.1 cxogHas nHpopmaums

OueHka koathuLMeHTa TEMNEPATYPHOrO pacLUMPEHUs 3TaroHa ykasaHa B Buge d.=11,5-10°%°C'¢c
L 1) patyp p p y e og

BO3MOXHbLIM 3HAYEHVNSIMI 3TOV BENMUMHBI B MHTepBane 2 - 107° °C™" n paBHoMepHbIM pacnpeaenexmnem [Pyko-
BoacTBo MCO/MBK 98-3 (H.1.3.3)].

9.5.2.6.2 Beibop pacnpegeneHus

BenununHe og 661110 NpunmMcaHo paBHoMepHoe pacnpegenenne R(a, b) (cMm. 6.4.2) c rpaHuuamm

a=95-10°°Cc”', b=135-10° °Cc™".

MpumedyaHne— M3-3a OTCYTCTBMA MHGOPMALUN O JOCTOBEPHOCTU FpaHUL, pacnpeneneHns BblopaHo
paBHOMepHOE pacnpegerneHne ¢ TO4HO M3BECTHbIMU rpaHnuamMmu. MHQ)OpMaLI,VIﬂ O rpaHuuax pacnpegeneHna morna
ObITb OMyLLEeHa B onncaHumn npumepa, paccMoTpeHHoMm B GUM, no Ton npuymHe, YTO COOTBETCTBYOLLMIA JAHHOW BXOLHOW
BennynHe KOS(*)(bVILI,VIeHT YyBCTBUTEJIbHOCTU Obin NPUHAT paBHbIM HYIHO, U, TAKUM 06p830M, AJaHHaA BennynHa He morna
OKasaTb BIIMAHUA Ha pe3yrnbraT oueHMBaHNA HeonpeaeneHHoCTn no GUM ¢ Y4YETOM TOJIbKO YJ1EHOB Pa3rioXeHUaA nepBo-
ro nopsagka.

9.5.2.7 CpeaHee OTKIIOHEHME TemnepaTypbl 6

9.5.2.7.1 NexogHas nHgopmanms

TemnepaTtypa n3amepuTenbHOro cTora ykasaHa pasHor (19,9 + 0,5) °C. YkasaHo Takke, YTo OLeHKa CpeaHero

OTKIIOHEHUA TeMnepaTypbl 90 =-0,1°C umeet HeonpeaeneHHOCTb, CBA3aHHYH C HeonpeaeeHHOCTbH cpe,u,He|7|

TemnepaTypbl UI3MEPUTENBLHOTO cTona, U (éo) =0,2 °C [PykoBoacteo MICO/M3BK 98-3 (H.1.3.4)].

9.5.2.7.2 Bbibop pacnpegenexus
BenuuuHe 0, 6bIno npunmncaHo HopManbsHoe pacnpeaeneHne N(u, 62) (cm. 6.4.7) co 3HaYeHnsMK napa-
METPOB

u=-0,1°C, o¢=0,2°C.

MpwumeyaHwne— HopmanbHoe pacnpenerneHne BbibOpaHO M3-3a OTCYTCTBUS MHOpMauumn o6 UCTOYHMKE
OLIEHKM HeonpegerneHHocTn Ans 6y (cM. Tawke npuMevaHue k 9.5.2.6.2).
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9.5.2.8 BrnnsiHue LmMKnnyecknx konedaHui TemnepaTypbl A

9.5.2.8.1 NcxogHas nHgopmaums

TemnepaTypa n3amepuTensHOro ctona ykasaHa pasHou (19,9 £ 0,5) °C. YkazaHo Takke, YUTO MakCUMarnbHbIN
casvr Temnepatypbl A = 0,5 °C npeactaensieT cobov amnimTydy NoYTY rapMOHUYECKMX U3MEHEHUIA TeMnepaTypbl
B M30NMPOBaHHOWN TepMoAMHaMMYeckon cucteMe. FapMoHuyeckme kornebaHus TemnepaTtypbl BO BPEMEHM COOTBET-
ctBytoT U-06pasHomy (apkCMHYCHOMY) pacnpegeneHunto 3HadeHmn temnepatypbl [Pykosogcteo MCO/MOK 98-3
(H.1.3.4)].

9.5.2.8.2 BbiGop pacnpegeneHus

BenununHe A 6bino npunucaHo U-obpasHoe pacnpegenenue U(a, b) (cm. 6.4.6) ¢ rpaHmLamm

a=-05°C, b=0,5°C.

MpunmeuyaHune— M3-3a oTcyTCcTBMSA MHPOPMALIMM O AOCTOBEPHOCTU rpaHuy, BeibpaHo U-o6pasHoe pacnpeae-
fNleHne C TOYHO U3BECTHbIMU rpaHuuamu. Takas uHdopmaums Morna 6eitb B GUM onylueHa no Tow Xe npuymHe, 4To
yKkazaHa B npumevaHum k 9.5.2.6.2.

9.5.2.9 Pa3HOCTb KO3hHOULIMEHTOB pacCLUMPEHNS do.

9.5.2.9.1 NcxogHast nighopmaums

OLEHKM rpaHnL, U3MeH4YMBOCTM Sa. cocTansioT + 1- 1078 °C~" ¢ paBHOI BEPOATHOCTBLIO NPUHATUSA BENNYU-
HOW oL N0OOro 3HauYeHMs BHYTpK aTux rpaxmu, [Pykosogcteo MCO/M3K g§-3 (H.1.3.5)]. BO3MOXHy HETOYHOCTb
B 3asIBNIEHHOM 3HayveHun rpaHuL, npuHumatoT 3a 10 %, uTo gaeT v [u(da)] = 50 [PykoBoacteo NCO/M3K 98-3
(H.1.8)].

9.5.2.9.2 Bbibop pacnpegeneHus

BennunHe 8o npunmMcaHo paBHOMEPHOE pacnpeneneHne ¢ HETOYHO 3aaHHbIMKU rpaHuuamm (cm. 6.4.3) ¢
napameTpamMu pacrnpegeneHms

a=-1,0-10%°C”", b=1,0-10°°C™", d=0,1-10°°C™".

OcHoBow ang Bblbopa 3Ha4YeHns napameTpa d nocnyxmna MHopmMaLms 0 BO3SMOXHOW HETOYHOCTU rpaHnL,
pacnpegenenunsi B 10 %.

9.5.2.10 PasHocTb Temnepatyp 66

9.5.2.10.1 NcxoaHasa nHgopmaums

OTanoH n kanmbpyemasi KOHLEBas Mepa B CpeAHEM UMEIOT OOHY U Ty e TeMNepaTypy, 04HaKO Pa3HOCTb UX
Temnepartyp 66 MOXeT C O4MHAKOBOW BEPOATHOCTbLIO NiexaTb B Mobow Touke nHtepsana ot — 0,05 °C go 0,05 °C
[PykoBoactBo MCO/MOK 98-3 (H.1.3.6)]. BO3MOXHYO HETOYHOCTb 3TOM pas3HOCTU oLeHnBatoT B 50 %, 4To faet
Verr [U(O0L)] = 2 [PykoBoactBo MCO/M3K 98-3 (H.1.6)].

9.5.2.10.2 Bbibop pacnpeneneHus

BenunuuHe 66 npynucaHo paBHOMeEpHOE pacnpefeneHne ¢ HETOYHO 3a4aHHbIMU rpaHuLamm (cm. 6.4.3) ¢
napameTpamMmu pacrnpeaerneHms

a=-0,050 °C'", b=0,050°C, d=0,025"°C.

OcHoBoW ans Bblbopa 3HaYeHns napaMmeTpa d NocnyXxuna MHopmMaLms 0 BO3MOXHOW HETOYHOCTU rpaHnL,
pacnpegenenusi B 50 %.

9.5.3 TpaHcdopmupoBaHue pacnpeaeneHu U nosyyeHue pes3ynLraTtoB

9.5.3.1 Cnocob oueHmBaHus HeonpeaeneHHoctn no GUM

MpumeHeHmne cnocoba oueHnBaHns HeonpeaeneHHocTn no GUM ocHoBaHO Ha:

- UICMONb30BaHMM YIEHOB NEPBOro NOPSiAKa B annpokcumaLmm oyHKUMU namepeHuns [dopmyna (36) unm (37)]
psigom Tennopa;

- BbIYMCIIEHMM HEONPEAENEHHOCT Ha OCHOBE 3aKOHa TpaHCOpMUPOBaHUSA HEONPeaENEeHHOCTEN C UCTONb-
30BaHuem hopmynbl Yanya-CatrepTyanTta Ans oueHK/ Ymucna adheKTMBHbIX CTeneHen cBobodb! (C OKpyrneHnem B
CTOPOHY YMEHbLUEHWS);

- UICMONb30BaHUN A1 BbIXOAHOW BENUYMHBI MacLUTabupoBaHHOIO CMELLEHHOTO t-pacnpeneneHns C YACIIom
cTeneHen cBoboabl, MonyyYeHHbIM Nno doopmyne Yanya-CatrepTtyaiTa.
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9.5.3.2 MeTtog MoHTe-Kapno

MpumeHeHne meToaa MoHTe-Kapno Bkno4vaeT B cebsi:

- (hopMMpoBaHMe BbIOOPOK 13 paBHOMEPHOro pacnpegenenus (cm. 6.4.2.4 n C.3.3), HopmanbHoro pac-
npegenexus (cMm. 6.4.7.4 n pasgen C.4), t-pacnpenenenus (cm. 6.4.9.5 n C.6), U-obpasHoro pacnpegeneHus
(cm. 6.4.6.4) n paBHOMEPHOTO pacnpefeneHns ¢ HETOYHO 3aaHHbIMU rpaHmLamu (cm. 6.4.3.4);

- UCMONb30BaHVe aganTuBHOM npouenypbl Metoga MoHTe-Kapno (cm. 7.9) ¢ NorpeLlHOCTBI0 BbIMUCTIEHMS
(6=0,5), COOTBETCTBYIOLLEN YUCTTY Ngig = 2 3HAYALLMX LMDP B NPELACTaBNEHNN CTaHAAPTHOW HEOMPeAeneHHOCTU.

9.5.4 Pe3ynbratbl

9.5.4.1 B tabnuue 11 nprBeaeHbl pe3ynbsraTthl, NonyYeHHble ANsi MOAENN, onMcaHHon opmynon (37), ¢
ncnonb3oBaHneM nHdopmaumm, npueeaeHHon B Tabnumue 10. Ha pucyHke 17 nokasaHbl INOTHOCTY pacnpeaerne-
HWUsi BEposiTHOCTEN Ans dL, nonyyeHHble Ha OCHOBE MpUMeEHEeHMs1 cnocoba oueHVMBaHUS HeonpeaeneHHOCTH
no GUM (cnnowHas kpusasi) n metoga MoHTe-Kapno (rmctorpamma). PacnpegeneHune, nony4yeHHoe oLeHvBa-
H1em HeonpeaeneHHoctn no GUM, npeacraensieT cobon t-pacnpeneneHue c v = 16 cteneHsimm ceoboabl. MpaHu-
Ubl HaMMeHbLLUMX 99 %-HbIX MHTEPBANOB oxBaTa Ans dL ANs AByX METOLOB OLEHMBaHWS NoKasaHbl B BUAE BEPTU-
KanbHbIX FIMHUIA U BU3YarbHO HEPA3NTUYMMbI.

Tabnwuya 11— Pesynbrarthl, NonyyYeHHbIE ANS MOAENW, onuceiBaemon hopmyrnoi (37), ¢ ucnonb3oBaHWem nHgopma-
unn, npuBeaeHHon B Tabnmue 10

MeTon 5L, HMm u(sL), HMm HaumeHbwnin 99 %-Hbli MHTEpBan
oxsata ans oL, Hm
GUM 838 32 [746, 931]
MoHTe-Kapno 838 36 [745, 932]
Y A
0,012
0,010
0,008
0,006
0,004
0,002
0

T T T T >
650 700 750 800 850 900 950 1000 X
X — OTKIOHeHne ANUHbI Kanw6pyeM0|7| KOHLleBOVI Mepbl ONMUHbI OT HOMUHana, HM;
Y — NnoTHOCTb pacnpeneneHusi BEPOSITHOCTEN, HM™ '

PucyHok 17 — Pacnpegenenue 8L, nonyvyeHHoe cnocoboM oueHvBaHus HeonpegeneHHocTn no GUM (konokonoo6-
pasHas kpuBasi) 1 metogom MoHTe-Kapno (ructorpamma) anst mogenu no dgopmyne (37) ¢ gaHHbIMK Tabnuupsl 10

9.5.4.2 B apanTtvBHoIi Npoueaype Metoaa MoHTe-Kapno 6bino BeinonHeHo 1,26 - 108 ncnbitanmit. Boinu
NpoBeaeHbI TakKe BbIUNCIIEHNS ANA BEPOATHOCTM oxBaTa 95 %, Mpy KoTopbIx 6bino caenaHo 0,53- 108 ucnbiranmii.

9.5.4.3 Pesynbrathbl, Nony4eHHble Ans HenMHenHo Moaenu [(bopmyna (36)], aeHTUYHbI pe3ynbTatam Tab-
nvubl 11 Ans 3agaHHoro Yvcna 3Havamx umdp.

9.5.4.4 B nony4yeHHbIX pesynbraTtax CyLeCTBYOT YMEPEHHbIE pasnuyus. B crniydyae npuMmeHeHns metoaa
MoHTe-Kaprno u(§L) Ha 4 HM BorbLue, YeM MpY UCMONb30BaHMM cnocoba oLeHMBaHMA HeonpeaerneHHocTv no GUM,
a anvHa 99 %-Horo nHTepBana oxeara Aanst oL 6onblue Ha 1 HM. 3TK pe3ynbTaThl PaBHO CripaBeanyvBbl Kak ansi
HEeNWHENHON, Tak 1 ANs annpoKCMMMPOBaHHOM MoAenen. BaxkHbl Nn 9TV pa3nuyusi, 3aBUCUT OT TOTO, Kaknum obpa-
30M MpeanonaraeTcs NCMorb30BaTh NOMyYEHHbIE Pe3yNbTaThl.
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MpunoxeHune A
(cnpaBo4Hoe)

UcTopuyeckana cnpaBka

A.1 GUM npepacTtaenseTt cobovi JOKYMEHT, OXBaTbIBAOLLMIA MHOIME BOMPOCHI, B TOW UMW UHOW CTENEHN CBS3aHHbIE
C OLIEHKOW HeonpegeneHHOCTU. HecmMoTpsi Ha TO, YTO B HEM OTCYTCTBYIOT SIBHblE CCbINKM Ha MeTod MoHTe-Kapno, ncnone-
30BaHMe 3TOr0 MeToAa M3HavanbHO npegnonaranock npu paspabotke GUM. MNpoekt GUM (nepBoe usgaHve) oT MIOHS
1992 r., BbinyweHHbIn ISO/TAG 4/WG 3, koHcTaTupyeT [G.1.5]:

«Ecnun 3aBncumocTb mexay Y 1 BXOAHBIMU BENUYMHAMU HENVHENHA UM €CNN U3BECTHbIE 3HAYEHNs NapameTpoB
BEPOSATHOCTHbBIX XapakTepucTuk X; (MaTtemMaTM4yeckoro oXxuaaHus, gucnepcmm, MOMeHToB 6onee BbICOKOro nopsiaka)
caMun ABMNATCHA OLEHKaMU, XapakTepusyroLWUMMNCS COOTBETCTBYIOLLUMMUN pacnpefeneHnaMmn, a npeacraBneHne 3aBucu-
MOCTM B BuAe psga Tewnnopa c YneHamm nepBoro nopsiaka He ABAseTca AOMyCTUMbIM NpubnmkeHnem, Torga pacnpege-
nenne Ana Y He moxeT ObiTb BblpaXeHO B BUAe CBepTkM. B aTom cnydae, kak npaBuio, Heo6Xo4MMO MCronb3oBaTh
bonee CrnoXHble BbIYMCMEHUSA C NPUMEHEHMEM YUCIIEHHOro meToda (Takoro, kak metond MoHTe-Kaprno)».

A.2 B onybnukosaHHow Bepcun GUM aToT nogpasfen 6bin 3amMeHeH Ha cneayoLmn:

«Ecnn dyHKuMoHanbHas 3aBMCMMOCTb Mexay Y M BXOOHBIMW BENUYMHAMMN HenvHewnHa 1 nNpeacTaBrieHne 3Town
3aBMCUMOCTM paaomM Tewnopa nNepBoro nopsgka He ABNSeTcs AOoMNyCTUMbIM npubnmkerHuem (cM. 5.1.2 n 5.1.5), Torga
pacnpegeneHve Y He MOXeT ObITb NOMy4YeHO Yepe3 CBEPTKYy pacnpefeneHnii BXOAHbIX BENWYMH. B Takux cnyyasx Heob-
XOAMMO MCNONb30BaTb ApPYyrve aHanuTUYeckue WUnn YMCrieHHble MeToAbl pacyeTay.

A.3 B HacTosilem cTaHgapTe BHECEHHas hopMynMpoBKa «apyrme aHanuTtuyeckne nnm YUCneHHbIe METOAbI» pac-
CMaTpvBaeTCs Kak BO3MOXHOCTb MCMOMb30BaTh BCE MOAXOAALME METOAbl OLEHWBAHUSA HeonpeaeneHHOCTN B Aonorn-
HeHue K ycTaHoBneHHoMy B camom GUM. 310 cornacyeTtca ¢ no3uumen HaumoHansHoro IHCTUTYTa cTaHOapTOB U TEXHO-
norvn CLUA (HACT) [50]:

«[6.6] Mosnuma HACT npepycmaTpuBaeT crieaytowme NCKMoYeHns 13 ynoMsHyToro npasuna: (cm. npunoxenve C):

«OyeBngHoO, 4TO NMO6ON OOOCHOBAHHLIM CTATUCTUYECKNIA METOA, MPUMEHEHNE KOTOPOro TEXHWYECKM OnpaBAaHo B
CYLLECTBYIOLLMX YCMOBUSAX, MOXET OblTb MCMOMNb30BaH AN ONpeAeneHns akBuaaneHTa u;, u, wunu U. Kpome Toro, mexay-
HapoAHble, HauMOHanbHble UM AOroBOPHble cornalueHus, B Kotopbix HACT npuHumaeT yyactue, moryT notpebosatb
oTtctynneHus ot obwwmx npasun HACT. B o6ounx criyyasix BCe BbIMOMHEHHbIE AENCTBUSA MO OLEHUBAHWUIO HEOMNpeaeneHHo-
CTU N nX 060CHOBaHME AOIMKHbI OblTb JOKYMEHTUPOBAHbI»».
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MpunoxeHue B
(cnpaBo4Hoe)

KoaddpmumneHTbl YyBCTBUTENLHOCTU U GloaXeT HeonpeaeneHHOCTU

B.1 Hn cam 3akoH TpaHChOpMMpoBaHMSA pacrnpedeneHuin, Hu ero peanusaumsi ¢ Ucnonb3oBaHvem metoda MoH-
Te-Kapno He npepnonaraloT nonyyYyeHus 3HaveHun koadduumneHToB vyBcTBuTensHocTn [Pykosoactso MCO/M3K 98-3
(5.1.3)]. OgHako 3ahmMKCMpOBaB BCE BXOAHbIE BENUYMHBI, KDOME OOHOM, B TOUKE UX HAWUMyuLLEn OLEHKU, MOXHO UCMOMb-
3oBaTb MmeToa MoHTe-Kapno ons nonyyeHusi NNOTHOCTU pacnpefeneHns BepPOATHOCTEN AN BbIXOAHOW BENWYMHbI MoAe-
N C €QUHCTBEHHOW BXOL4HOW BENIMUMHOM B KQYECTBE HE3aBMUCMMOWM nepemeHHon [8]. OTHOLLEeHe CTaHO4aPTHOro OTKITOHe-
HWUS1 3HAYEHWUI Ha BbIxoA4e mMoAenu (CM. 7.6) kK CTaHOAPTHOW HeonpeaeneHHOCTU AN Haumnyudllen OLEHKN BXOOHOW Benu-
YMHbI MOXET BbITb MPUHATO 3a KO3 MULMEHT HYyBCTBUTENBHOCTU. DTO OTHOLLEHMNE COOTBETCTBYET TOMY, KOTOPOE 6bINno Obl
nony4YeHo Mpu UCNOoNb30BaHWUM NpPeAcTaBneHnsa PyHKLUUM n3MepeHns psagoM Tennopa € YneHamy pasnoXeHus Beex
BbICLUMX MOPSAAKOB. [JaHHbIN NMOAXOA MOXHO paccmaTpuBaTbh Kak 0606LieHne npubnumxeHHon opmMynbl C YaCTHLIMA
npoussogHbiMn B GUM [Pykosogcteo NCO/M3K 98-3 (npumevanve 2 k 5.1.3)]. B obwem cnydyae n koapduLmeHTbI
YyBCTBUTENBHOCTU, U BKNaAbl KaXOoW BXOOHOW BENUYMHbLI B HEOMpPeAeneHHOCTb OLIEHKM BbIXOAHOW BENuWYuMHbl ByayT
oTnM4aTbCH OT TeX, 4TO nonyyeHsl no GUM.

B.2 B npaktuke MHOrMX MW3MepeHu MPUHATO YKasbiBaTb NepeyeHb COCTaBMALMX HeonpeaeneHHocTn u;(y) =
=|cf u(x;), i=1, ..., N, rae ¢;— i-n KoadPULMEHT YyBCTBMTENBLHOCTH, @ U(X;) — CTaHAApPTHasA HeoNpPeaeneHHOCTb, COOTBET-
CTBYIOLLAA OLEHKE X; -1 BXOAHON BENWUYMHBI, BHOCALLEN Bknag B U(y). OBbIYHO Takow nepeyeHb NpeacTaBndalT B BUAE
Tabnuupl, Has3biBaeMon GrogxeToM HeonpedeneHHocTu. Ee coctaBneHne MOXeT ObiTb MONe3Ho Ana uaeHTudukauumn
YNEHOB, BHOCALLMX AOMUHUPYIOLLMIA BKNaA B HEONpeAeneHHOCTb U(y) OLEHKM BbIXOOAHON BenuunHbl. OpHako B crnyyasx,
Koraa BMECTO TpaHCcOopMMpOBaHUA HeonpeaeneHHocTen 6onee 060CHOBAHHO MCMNOMNb30BaTb TPAHCHOPMUPOBAHME
pacnpeneneHvi, BIO[KeT HeonpeaeneHHoOCTH creayeT paccmaTpyBaTh Kak HEKOTOPbLIN BCMOMOraTemnbHbIA MHCTPYMEHT.
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Mpunoxenune C
(cnpaBo4Hoe)

dopmMmupoBaHue BbIGOPOK U3 pacrnpenernieHuin BepoATHOCTEN

C.1 O6Lwme nonoxeHus

C.1.1 B HacTodWwem NpunoXxeHn1 npuBefeHbl pekoMeHgaumm no hopMmMpoBaHnio BbIGOPKM B COOTBETCTBUM C
3afaHHON PyHKUMEN pacnpeaeneHusa BeposaTHocTen. dopMupoBaHue Tako BbIGOpKM npeacTaBnsieT cobow KryeBom
MOMEHT Mpu TpaHCHOPMUPOBaHUM pacnpeneneHun ¢ ncnonb3oBaHneM metoga MoHTe-Kapno. B kayecTBe MCTOYHWMKOB
MHOPMaLIMN MOXHO uKcnonb3oBaTh [37] (cOopHuK Tabnuy, matematudeckmx dyHKumn) n [38] (bubnmoTteka cooTtseT-
CTBYIOLLMX NPOrpamm).

C.1.2 lNeHepaTtop nceBAoCnyYanHbIX Yncen Ans nboro pacnpegeneHns, B TOM Yucne, ANS PacCMOTPEHHbIX B 6.4
(cm. Tabnuuy 1), MOXeT TeopeTnyeckn ObiTb NOMyYeH Ha OCHOBE 3adaHHOW (PYHKUMM pacrnpefeneHus u reHepartopa
BbIOOPKM AnA paBHOMepHOro pacnpegeneHns (cm. C.2). NeHepaTop ANs paBHOMEPHOro pacnpegeneHus paccmartpvsa-
eTtca B C.3.3. [Ina HekoTOpbIX pacnpefeneHni, Takux Kak HopmarnbHoe pacnpefeneHvne unu t-pacnpepeneHune, bonee
ahdekTMBHBIM ByaeT Mcnonb3oBaHWe reHepaTopoB, cneumnanbHO pa3paboTaHHbIX UMEHHO AN 3TUX pacnpenerneHum
(Hanpumep, paccmaTpvBaeMblx B HacTodwem npunoxeHun). O6lwme pekomeHpaunym no MOPMUPOBAHNIO BbIGOPKU B
COOTBETCTBUM C 3a4aHHbIM 3aKOHOM pacrnpefeneHus npusefeHsl B 6.4.

MpunmedyaHune — HacToAwmnn ctaHaapT He orpaHNYMBaeT BO3MOXHOCTM MCMNOSb30BaHWNS reHepaTopoB,
OTNINYHBIX OT OMUCaHHbIX B AaHHOM npunoxeHun. OgHako nepeg Mx UCnosrb3oBaHNeM HeobxoanMo ybeanTbes B TOM,
YTO reHepupyemble MK nocrefoBaTenbHOCTY 06nagalT AOCTAaTOYHO XOPOLWMMUK CTaTtucTuyeckumm ceoricteamu. Cpega-
CTBa TECTUPOBAHWA reHepartopa nceeaocnyvYanHbIX Yncen Ans paBHOMEPHOro pacnpefeneHuns ykasadol B C.3.2.

C.2 PacnpegeneHus obLiero sMaa

Bribopka ans noboi cTporo BospacTatoLleit o4HOMEPHON HenpepbIBHOW yHKUMKM pacnpeenenns Gy (§) moxeT
ObITb NonyyYyeHa NOCPEACTBOM BbIGOPKM M3 paBHOMEPHOro pacrnpefenenus. [ns atoro:

a) BbIOMpaloT cryyanHoe 4ncno p M3 paBHoMepHoro pacnpegenenus R(0,1);

b) onpepensitoT &, yaosnetsopsitoLiee ycroBuio Gy (&) = p.

MpumeyaHune 1 — Tpebyemas Ha aTane b) obpatHas dyHkums & = G;} (p) MOXeT BbITb HandeHa aHanUTK-

YeCKn nnun onpepgerneHa 4YncrneHHbiMn MmetTogamu.

lMpumep — BxodHol eeniuquHe X npunucaHo 3KCMoHeHyuabHoe pacrnpedesieHUe ¢ MameMamu4eckum OXxu-
OdaHuem x > 0, onpedesisieMoe MI0OMHOCMbIO pacrpedesieHuUs1 seposimHocmel gy (&) = exp (-& /x)/x e obnacmu &€ >0
u gy (&) =0e obnacmu & < 0 (cm. 6.4.10). [MonyyeHHasi uHmMezpuposaHuUeM NoMHocmu pacrpedesieHus1 eeposim-
Hocmeli ¢pyHkyusi pacnpedesneHuss umeem eud Gy (&) =1—exp (-€/x) e o6nacmu &20 u Gy (&) =0 e o6nnacmu
& < 0. AHanumuuyeckoe peweHue daem & = — x In (1 —p). 3mom pe3ynbmam Moxem 6bIMb HECKOJILKO YIPOUWEH.
TMockonbKy Onsi cny4aliHolU eenu4uHbl Q, Nod4YuHsIowelicss pagHoMepHomMmy pacrnpedeneHuto R(0,1), cnyyaliHas
eenuyuHa (1- Q) makxe 6ydem nod4UHsIMbLCS Pa8HOMEPHOMY pacrpedesieHUro, MO MOXHO 3anucamb 06pamHyto
yHkyuto e sude & =—xIn p.

MpumeyaHue 2 — YucneHHo 3HauveHue & OBbIYHO OMPenEenstoT Kak TOUKY nepeceyeHust C Hynem yHKLmUm
Gx(&) — p. Ons onpenenenuns & MoxeT ObiTb MCMNONb30OBaH anropuTM Moucka OTpeska, Ha KOHLax KOTOporo ¢yHKLMs
MMEET pasHble 3HaKW, Takow, HanpuMep, kak MeTOA AefleHus oTpeska nonosam unu, 4to 6onee adhpeKkTMBHO, KOMBUHA-
LMW NIMHEVHOW WHTEpnonauMm 1 MeTtoda gerneHus otpeska nononam [11].

MpumeyvyaHune 3 — lNpn Ncnonb3oBaHMM reHepaTopa CriyYamHbIX YMCEN U3 PaBHOMEPHOro pacnpeaeneHus
ONs nonyyveHnst BbIGOPKN NCeBAOCyYalHbIX YMCEN U3 APYroro pacnpeneneHns cnegyeT NOMHUTb, YTO BbiNadeHue 3Ha-
yeHus p = 0 nnm p = 1 MOXeT NpmMBeCTU K cOO0 reHepaTopa. [pumepom MOXET CryXuUTb IKCMOHEHUManbHoe pacnpeae-
nexwue (cm. 6.4.10). Ero nnoTtHocTb pacnpenenenus [popmyna (9)] ANs ykasaHHbIX 3HAYeHUn p He onpegeneHa. leHepa-
TOp, onucaHHbI B C.3.3, owmnbok nogobHoro poga He OaeT.

C.3 PaBHOMepHOe pacnpeaerneHue

C.3.1 O6Lwue nonoxeHus

C.3.1.1 leHepaTop ANs paBHOMEPHOrO pacnpeferneHns sBMseTca OCHOBOW AN NMOyYeHUst NCeBAOCyYaliHbIX
yncen u3 noboro pacnpegenenus (cm. pasgensl C.2, C.4 n C.6) npyn HanuunyM COOTBETCTBYHIOLLErO anroputma munu gop-
Mynbl. [py 3TOM KayecTBO MoflydaemMon BbIOOPKM M3 MPOU3BOSILHOIO pacnpeneneHns 3aBUCUT OT KavecTBa paboThbl
reHepartopa Ans paBHOMEPHOro pacnpeeneHnst U CBOMCTB MCMOoSfb3yeMOro anroputma npeobpasoBaHus. Takum obpa-
30M, TOJTbKO reHepaTop, CMOCOOHLIN BOCMPON3BOAUTL BbIOOPKY M3 paBHOMEPHOro pacrnpefeneHns ¢ XOpoLuMMK CBOW-
CTBaMV BMECTE C XOPOLLUMM anropuTMom, obecrnevmBaeT reHepupoBaHue NceBaoCyYanHbIX YMCEN, XOPOLIO Cornacyto-
LMXCA C 3afaHHbIM pacnpeneneHnem.

C.3.1.2 OTctopga BbITEKAeT BaXXHOCTb TECTMPOBAHWSI reHepaTopa MCeBAOCyYaliHbIX YMCen AN paBHOMEPHOro
pacnpegenexus [31]. Ecnn nonb3oBaTtenb He yBepeH B kavecTBe paboThl reHepaTopa, TO ero He cneayeT UCMoNnb3oBaTh
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[0 Tex nop, noka COOTBETCTBYHOLLIEE TECTMPOBaHWE He ByaeT npoBeaeHo. B MpoTMBHOM criyyae He UCKIKYEHO NnonyyveHne
oLWMBOoYHbIX pe3ynbTaToB. PekoMeHayeTcsa ncnonb3oBatb cpeactea tectupoBaHusa cornacHo [30]. B C.3.3 npuBeneHa
npouenypa reHepMpoBaHns NCEeBOOCIyYalHbIX YiCen AN paBHOMEPHOrO pacnpeneneHuns, Kotopas yCnewHo npoLuna
yKasaHHOe TeCTMpOBaHWe 1 NpocTa B NMPUMEHEHUN.

C.3.1.3 lMapameTpbl Npoueaypbl reHepMpoBaHNs NCeBAOCYyYaNHbIX YMCEN, COOTBETCTBYHOLMX PaBHOMEPHOMY
pacnpegeneHuto R(0,1), — BXOAHON, BbIXOAHOW, @ TaKKe ABMSIOLLMINCA OOHOBPEMEHHO BXOAHBLIM U BbIXOAHbLIM, — OMpe-
nenexbl B Tabnuue C.1.

MpumeyvyaHnune 1 — lNpu 3agaHUM OOHOTO M TOrO € HAYanbHOrO YMCMa Pe3ynbLTaToM MOXET ObiTb reHepupo-
BaHVe OOHOM 1 TOWN Xe NocnenoBaTernibHOCTY CyYaviHbIX Yncen. ITOT hakT ABMAETCH BaXHbIM 311IEMEHTOM PerpeccuoH-
HOro TECTUPOBAHMSA, UCNOMNb3yeMOro Ans onpeaerneHns CornacoBaHHOCTU Pes3yrnbTaToB, MOMYYEHHbIX NPOrpaMMHbLIM
CpPEeAcTBOM, C pesynstataMmu npeabiayLmnx BepCuil.

MpumMeyaHune 2 — HekoTopble reHepaTopbl NCEBAOCYYaHbIX YMCEN MPW Kaxaom obpalleHuy Bbl4alT OAHO
crnyyanHoe, a HeKoTopble — MOCneaoBaTenbHOCTb 3HAYEHWUN.

Tab6nuuya C.1— lNpouenypa reHepMpoBaHUs NCEBAOCIYYaNHbIX YMCen A5 CTaHAapTHOrO paBHOMEPHOro pacnpeae-
neHus

BxogHoi napameTp

Q — 4UCrO 3HAYEHMIN B reHepupyemol nocrefoBaTenbHOCTH

BxopHow/BbixoaHOM NapameTp

t — BeKTOp-CTOJ’IﬁeLI,, ANEMEHTbI KOTOPOro MOryT M3aMeHATbLCA B XO4e BbINOJIHEHUA npouenypbl. MNonb3oBaTtento 0bbiy-
HO HeT HeOGXO,EI,I/IMOCTI/I 3HaTb, KakK U3MEHAKTCA 3Ha4YeHuda 3TOro napameTpa, HO OH NoMoraeT KOHTpOJimpoBaTb
BbIMOJIHEHNE Npouenypbl reHepupoBaHnAa CJ'Iy'-IaI7IHbIX yucen. 3t napamMmeTpbl MOryT ObITb peann3oBaHbl Kak rno-
OarnbHble nepemMeHHble U He BXOAUTb ABHO B (*)OpMaJ'Ibele napameTpbl npouenypbl. O,ELI/IH NN HECKOJIbKO 3J1eMeH-
TOB ¢ onpependeT Ha4dalnbHOE 4Y1cno, ucnonb3dyemoe npu cnegyruiem 06paLLL€HVII/I K npouenype.

BbixogHou napameTp

Z — BeKTOp-cTonbeL, q 3Ha4YeHun, cocTaBnsaoLwmx Boibopky 13 R(0,1)

C.3.1.4 lMceBgocnyyanHoe 4ncno x Bolbopkn 13 R(a, b) onpegensitoT npeobpasoBaHvem x = a + (b — a)z, roe z —
anemeHT BblGopkn 13 R(0,1).

C.3.2 MNpoBepka kayecTBa CIly4yalHON BbIOOPKU

C.3.2.1 Kaxpgpln reHepaTop NCEBAOCIyYaWHbIX YACEN OOIKEH:

a) obnagaTtb XOpPOLIMMK CTAaTUCTUYECKUMU CBOWCTBaMU;

b) npegycmatprBaTh BO3MOXHOCTE peanusaumn Ha nobom s3bike NporpaMMUpOBaHUS;

C) AaBaTb OOHW U Te Xe pesyrnbraTthl 471 OOHOMO U TOro e HayanbHOro yMcna Ha nobom KoMnboTepe.

XenatenbHo Takke, YTOObI OH GblNT KOMNAKTHBLIM, T. €. MPOCTLIM NpU peanu3aumn. OZHUM U3 TaKUX reHepaTopoB,
6rnM3ko NpUBRMXKaLWMNXCS K YOAOBNETBOPEHUIO NEpeYncneHHbix TpeboBaHui, sBnseTcs reHepaTop BuxmanHa-Xunna
[52, 53]. OH ncnonb3oBancs BO MHOMMX MPUMOXEHUSIX, BKIOYas BblUMCIEHWe HeonpeaeneHHocTu. OgHako AnuHa ero
LMKNa (KOMMYECTBO reHepupyeMbIX NCeBAOCYYalHbLIX YMcen A0 UX NoBTOpeHNs) cocTasnsieT 23", uto cerogHs cumtaeTcs
NS HeKOTOpbIX 3afay HedocTaToyHbIM. Boree Toro, npy ero TECTUPOBAHUM HE MO BCEM KPUTEPUSIM Bbinn MosyyeHbl
nonoXxutenbHble pesynbtathl [35]. HakoHel, 3TOT reHepaTtop Obin pa3paboTtaH Ans 16-paspsgHbIX KOMMbLIOTEPOB, Toraa
Kak cerofHsi MOBCEMECTHO MCMONb3yTCcs 32-pa3psaHble U 64-paspsifHble KOMMbTEpSI.

MpumedyaHue— epuon NocrnegoBaTenbHOCTU 3HAYEHWIA, MOMYYEHHBIX C MOMOLLLIO reHepaTopa MceBaoCy-
YaliHbIX YMCer, — 3TO KOMUYECTBO MOCNeaoBaTeNbHbIX NCeBAOCTyHaHbIX YCEN 40 UX NMOBTOPEHNS.

C.3.2.2 Ins KOMNMEKCHOM NPOBEPKN CTAaTUCTUYECKUX CBOMCTB reHepaTtop TeCTMpytT naketom nporpamm TestUO1
[30]. 3TOT NporpamMmHbIN NPOAYKT BECbMa OeTanvM3npoBaH U BKMOYaeT B cebsa GonbLloe KONMMYEeCTBO CTAaTUCTUYECKMX
TEeCTOB, B TOM YMCre pacLUMPEHHbIN nakeT kpaw-TectupoBaHusa BigCrush. HekoTopkle reHepaTopsbl, yCNewHo Bbiaep-
XaBLUMe 3TO TeCTMpOBaHWe, NpUBEAEHbl B CNUCKe, cocTaBneHHoM BuxmaHHoM u Xunnom [54]. B ux yncno BxoauT u
YCOBEPLLEHCTBOBaHHbIN reHepaTtop BuxmaHHa-Xunna (cm. C.3.3), obnagatowmin cnegyowmm ceocteamn [54]:

a) ero NpocTo peanusoBaTb Ha MOOM S3blke NPOrpaMMMPOBaHUA, OH He 3aBUCUT OT NOBUTOBBLIX Onepauun,
UCMONb3yeMbIX B HEKOTOPbIX reHepaTopax;

b) cTpykTypa reHepatopa (KOnM4ecTBO MHGOPMALIMK, COXPaHAEMON reHepaToOpoOM Mexady 3anpocamu) HeBenuka
n nerka B obpatleHum (cpaBHu ¢ napameTtpom t B Tabnuue C.1);

C) OH MO3BONSAET NEerko MonyyYnTb HECKOMbKO MocnefoBaTenbHOCTEN, HEOOXOAUMBIX AN BbiCOKONapannenbHbIX
NPUNOXEHWI, YTO, BEPOATHO, ByaeT 0COGEHHOCTBIO BLIMMCMEHWIN HeonpeaeneHHocTn B byayLiem;

d) cyLlecTBYyOT BapuaHTbl reHepatopa Ansa 32-pa3psgHbix U 64-pa3psagHbIX KOMMNbIOTEPOB.
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C.3.3 Npouenypa reHepMpoBaHUA BbIOGOPKM NCEeBOAOCITyYalHbIX YNCEN U3 paBHOMEPHOro pacnpeaeneHus

C.3.3.1 Kak 1 ero npeawecTBEHHWK, ynyylleHHbI reHepatop BuxmaHHa-Xunna npepcrtasnseT cobor KoMOuHa-
LIMIO KOHIPY3HTHBIX reHepaTopoB. HOBLIV reHepaTop codveTaeT B cebe YeTbipe Takmx reHepartopa, Toraa Kak npegplayLias
Bepcus codetana Tpu. Hosolll reHepaTop nmeeT nepuoa 212!, npuemnembiit ona no6oro BO3MOXHOMO NPUMEHEHMS.

C.3.3.2 B tabnuue C.2 npmBegeHo onvcaHne ynyudlleHHoro reHepatopa BuxmanHa-Xunna ana nonyyvyeHus ncesno-
cnyyanHbix yncen n3 R(0,1) ana 32-paspsgHoro KomnbtoTepa.

C.3.3.3 Ansa 64-pa3pagHbiX KOMMbIOTEPOB Luar a) BblyMcneHus, Bkntoyas (i) u (i), B Tabnuue C.2 gomkeH ObiTb
3ameHeH Goree NpocTbIM LLUAroM:

«a) Anga j=1, ..., 4 BolumcrsIOT ;= (g; X ij) mod dpy.

C.4 HopmanbHoe pacnpeaeneHue

Mpouenypa, onncaHHasa B Tabnuue C.3, obecneunBaeT BLIOOP CryyariHbIX 3HAYEHWIN U3 CTaHAAPTHOro HopMmarb-
Horo pacnpegenenunsa N(0,1) ¢ ncnonb3oBaHnem npeobpasoBaHnsa bokca-Mwonnepa [3]. CnyyanHoe 3HavyeHue X n3
HopManbHoro pacnipeaenenns N(U, 62) BLIMUCASIOT MO OpMyne X = | + 6z, rae Z — cryyaiiHoe 3HadeHne na N(0,1).

C.5 MHoromepHoe HopMmarnbHoe pacnpegeneHue

C.5.1 N3 BCex MHOromepHbIX pacnpefeneHuin HanbonbLlInin MHTepec NpeAcTaBnseT COBMECTHOE HOpMarnbHOe
pacnpefeneHne N(m, V), rae M — BEKTOp MaTeMaTUyeckoro oXxupaHus pasmepHoctu n - 1, a V — koBapuaunoHHas
mMaTpuua pasmepHoCcTU n - n.

C.5.2 3HayeHuna cnyyariHon BenuunHbl n3 N(m, V) [45, 49] moryT GbITb NOMyYeHbl NyTeM MCMONb30BaHUS Npoueay-
pbl, onucaHHon B Tabnuue C.4.

Tabnwunya C.2 — YnyyweHHbli reHepaTop BuxmaHHa-Xunna ana ncesaocnyyariHbiX YMcen n3 paBHOMEPHOro pacrpe-
aenenHva Ha unHTepsane (0,1) Ana 32-pa3psgHoro KomnbloTepa

BxopgHoun napameTtp

Het
BxopgHble/BbIxogHbIe NapamMeTpbl
iy, LlenouncneHHble napameTpbl, KOTOpble TPEDYOTCA B Ka4eCTBE BXOAHbLIX BEMWYMH N U3MEHSAIOTCS B npoLecce
io, BbINONHEHWA npoueaypbl. [Nepen nepsbiM obpalyeHnem K npoueaype VMM NpycBamBaloT 3HaveHus ot 1 go
i, 2 147 483 647. Mexgy obpalleHusMn 3HaYeHUs napameTpoB OCTalTCH Heu3MeHHbIMW. [lonb3oBaTtento
ig, 06bIYHO HET HEOOXOOMMOCTH 3HaTb, KaK M3MEHSOTCA 3HAYEHWs 3TUX NapamMeTpoB, MWCMOMNb3yeMblX B MPO-

Luegype reHepupoBaHWs MceBAOCyYalHbIX Yncen. [aHHble napameTpbl MOryT ObiTb peanu3oBaHbl Kak rno-
HanbHble NepeMeHHble U He BXOOWTb SIBHO B ¢hopMarbHble napameTpbl npoueaypbl.

KoHcTaHTbI

UeTbipexmepHble BEKTOPbI C LEMOYUCTIEHHLIMI KOOPANHATAMM, T. €. @ = (ay, a, as, a4)' U T. 4., Takne, YTo:

a’ = (11 600, 47 003, 23 000, 33 000),

bT = (185 125, 45 688, 93 368, 65 075),

c’=(10 379, 10 479, 19 423, 8 123),

d7=2147483123 x (1,1, 1, 1) + (456, 420, 300, 0).
Mexay obpalleHnsiM1 3Ha4YeHUsT KOHCTaHT OCTaltoTCs HEU3MEHHbLIMMU.

cooTww

BbixoaHon napameTp

r MceBpocnyyariHoe ymcno m3 R(0,1).

AﬂFOpVITM BblYUCIIeHUsA

a)Ons j=1, .., 4
i) Boiumensiot j; = a; (iymod b;) — ¢; [i; /bj],
ii) Ecrm j; < 0, To 3ameHsitoT j; Ha ; + dj;
4 .
b) Betancnsior W =2 i; /d;
¢) BelumcnsaoT r=w—[w].

MpwnmedaHne— [w] o3HayaeT HanbornbLUee Lernoe, He NpeBocxodsilee w. 3anucb ij mod bj o3Havaer
OCTaToK OT AerneHuns ij Ha bj
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Tabnwunya C.3 — [eHepaTop nceBaocnyyariHbix Ymicen bokca-Mionnepa

BxogHo napameTp

Het

BbixogHoi napameTp

Z4, [Ba crnyyaiiHbIX 3HauYeHusl, NoJlyYeHHbIX HE3aBUCMMO U3 CTaHAAPTHOTO HOPMAarbHOro pacnpeneneHus
Z3

AnropuTtm BbluncneHus

a) HezaBuncumo reHepupytoT crnyyariHble Yucna rq u r, u3 R(0,1);

b) zy=4/-2 Inrycos2nr, n zy=,/-2 Inr; sin2nr,.

MpumeyvyaHnne 1 — Ecnn V — nonoxutensHO onpegeneHHas matpuua (T. €. Bce ee COOCTBEHHblE 3Ha4YeHus
CTPOro MOMNOXUTENbHbI), TO MHOXMTENb Xoneukoro R eanHcTBeHeH [23, cTpanuua 204].

MpumeyvyaHne 2 — Ecnm V He ABRSETCS NOMNOXUTENbHO ONpeAeneHHON MaTpuuen, TO U3-3a BO3MOXHbIX
oLWNBOK OKPYrMeHnst Unu Jpyrux NpuYmH R MOXeT He cyllecTBoBaTb. bonee Toro, B cnyyasx, korga OgHO Ui HECKOMbKO
COBCTBEHHBIX 3HaYeHun V' XOTA M MOMOXWTENbHbI, HO OYeHb Marbl, MPOrpaMMHas peanusaumsa anroputma dakropmsa-
U Xoreukoro MoXeT okasaTbCs HecnocobHon cchopmmnpoBatb MaTpuuy R mn3-3a owMOOK OKpyrneHus B apudMeTrKe ¢
nnasatoLlen 3ansTon. B nobon us atmx cuTyaumin pekoMeHayeTcs BHOCUTb B V mManble BO3MyLLEHUS Takum obpasom,
4yTObOblI MHOXUTENBb R AN «BO3MYyLLEHHOW» MaTpuubl V' 6bin xopowo onpegeneH. MNpocTtas npoueaypa BHECEHUS BO3MY-
LweHun onmcaHa B [49, ctpaHuua 322] n peanusoBaHa B reHepatope MULTNORM [45].

Mpumeyvyanne 1 — Ecnm V nonoxuTensHO nomnyonpegeneHHas matpuua, Toraga ee MOXHO NpeactaButb B
Buge V = Q/IQ", roe Q — opToroHansHas Matpuua, J1 — anaroHanbHas matpuua. Toraa matpuua J12QT moxet 6biTh
ucrnonb3oBaHa BMecTo R ans dpopmmpoBaHns Bbibopkn 13 N(0, V) gaxe B cnyyae matpuubl V HEMOMHOro paHra.

Ta6bnuua C4— [eHepaTop criyyamHbIX Yncen n3 MHOroMepHOro HopmaribHOro pacnpeneneHns

BxopgHown napameTtp

Pa3MepHOCTb MHOFoMepHOro HopmMasnibHOro pacnpegerneHusa

BeKTOp MaTeMaTUYECKUX OXMUOAHUN pa3mepHoCTHn n - 1
KOBapVIaLLVIOHHaH mMmaTpuua pa3smepHoCTn n - n

Yucno reHepupyemMbiX BEKTOPOB, COCTOALLUMNX U3 I'ICQBD,OCJ'Iy'vlaIZHbIX yucen

Q<g >

BbixogHol napameTp

X MaTpuua pasmepHoCcTn n - q, j-W cTOnGeL, KOTOPO — reHepUPOBaHHbIV CryYalHbIi BEKTOP M3 MHOrOMEPHOro
HOpMarnbHOro pacnpegerneHus

AﬂrOpl/lTM BblYUCIieHUsA

a) Ins matpuisl V' hopMUpYIOT MHOXUTENb XOMNEeLKoro R, T. €. BEPXHIOW TPEeyronbHY0 MaTpuLly, yAOBMNETBOPS-
toutyto ycrosmio V = RTR (ana reHepupoBaHus g BEKTOPOB (hakTopusaumio MaTpuubl V HEo6XOANMO BLIMOMHNTL
TONbKO OOWH pas).

b) MeHepvpytoT MaccuB Z pasMepHOCTW N - G YMCEN M3 CTaHAapTHOTO HOPMAarbHOrO pacrpeaeneHus.

c) Boluncnsawt X=m1T + RTZ,

rae 1 — BekTop-cTonbeL], COCTOSALLMIA U3 eAVNHUL, U UMEIOLLNA pa3MepHOCTb q - 1.

C.5.3 Ha pucyHke C.1 nokasaHo 200 Toyek, nomny4eHHbIX C ucnonb3oBaHvem reHepatopa MULTNORM [45] u3

N(m, V), roe
_[20] , _[20 19
M=130[ V=119 20}

OTO coBMeCTHOe pacnpeferieHme ABYX MONOXUTENbHO KOPPenupoBaHHbIX BennyuH. MNogobHble reHepaTopbl onu-
CaHbl B ApYrnX UCTOYHUKax [12].
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-2

-4 T T T T T
-4 -2 0 2 4 6 8

X — BenuunHa 1; Y — BenunynHa 2

xy

PucyHok C.1 — Bbibopka 3HaYeHUn U3 ABYMEPHOro HOpMarbHOro pacnpeneneHust
C MOMOXUTENBbHON Koppensauunen

C.5.4 Ha pucyHke C.1 TO4kM 06pasytoT BbITSHYTbIA HAKIMOHHbIA 3nnunc. Ecnv HeamnaroHanbHble 3eMeHTbl MaTpu-
Upbl V 3aMeHWTb HYNMEBbIMU 3HAYEHNUAMW, TO 3TU TOYKM 06pasytoT Kpyr. Ecnn Obl anemeHThI rmaBHOW AvaroHanu 6binm He
paBHbl Mexay cobol, a HeamaroHarnbHble 3fIeMeHTbI ObINKM paBHbl HYMH, TO TOYKM O0b6pasoBany Obl ANAWNC C rMaBHbIMK
ocAMW, napannenbHbiMM ocaM rpadmka. Ecnm Obl aneMeHTbl rmaBHOW AuaroHany 6binu oTpuuaTtenbHbIMA - Y1ucnaMmm
(T. e. BENWMYMHBI UMENU OTpULATENBHYIO KOPPEnsALMi0), TO rMaBHas OCb annunca mmerna Obl He NONOXMTENbHbIA (Kak Ha
pucyHke C.1), a oTpuuaTtenbHbIA HaKIOoH.

C.6 t-pacnpepeneHue

Mpoueaypa, onncaHHast B Tabnuue C.5, npeactaenseT metog [29], [44, cTpaHuua 63)] reHepnpoBaHUs BIGOPKN U3
t-pacnpegeneHus ¢ v cteneHsMu ceoboapl.

Tabnuya C.5— eHepaTop nceBgocnyYanHbIx Yucen ans t-pacnpeneneHus

BxopgHow napameTtp

Y Yucno creneHen ceobopbl

BbixoaHou napameTp

t Bbibopka n3 t-pacnpegenexHus ¢ v cteneHsMm cesoboapl

AﬂFOpVITM BblYUCIIeHUsA

a) HesaBncmMmo reHepuvpytoT criydaiHble Yucna rq U r, u3 paBHomepHoro pacnpegenexus R(0,1).

b) Ecrm rq < 1/2, T0 BoluMCAsIOT t = 1/(4r{— 1) M v = r, /{?; B NPOTUBHOM Cry4ae BbIMUCASIOT t=4r{—3 v =r,.

c)Ecrm v<1—|f/2 urm v<(1+ Ny V* D2 10 npuHumMaloT ¢ B kayecTBe BbIBOPOYHOTO 3HAUYEHUS U3 t-pac-
npeaenexHunsi; B MPOTUBHOM Crly4ae NoBTOPSAOT Mpoueaypy C wara a).

MpunmeyaHune— Ytobbl cTaHOAAPTHOE OTKIIOHEHME f-pacnpeneneHns ¢ v cTeneHsaMm cBobobl Obino KoHeY-
HbIM, 3HAYeHNe v [OIMKHO ObITb Oonblue ABYX.
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Mpunoxexue D
(cnpaBo4Hoe)

HenpepbiBHaa annpokcumaums yHKLUU
pacnpeaeneHusi BbIXOAHON BeNTMYUHbI

D.1 B HekoTOpbIX cnyyasix npeanodtutensHee paboTtaTte He C AUCKPETHbIM NpeacTaBneHnem G, a ¢ HeMpepbIBHOW

annpokcumaumen éy(n) byHKUMKN pacnpefeneHns Ans BbIXOAHOW BenuymHbl Y (cm. 7.5).

MpumedyaHue— MNpeumyliectsa paboTbl C HENPEPLIBHONM anMpoKcUMaLye COCTOsAT, HanpuMep, B TOM, YTO:

a) BbIOOpKa M3 3a4aHHOro pacnpeaeneHns MoxeT GbiTb BbinofiHeHa 6e3 HeOBGXOAMMOCTU OKPYINeHUs, kKak B
crny4yae OMCKPETHOro npeacTaBrieHus;

b) ana onpeneneHus HaUMeHbLLETO MHTepBana oxsaTta MOryT ObiTb MCMONb30BaHbl YMCTIEHHbIE METOABI, TPEdYo-
e Ans cBoei paboTbl HENPEPLIBHOCTL (OYHKLMM pacnpeaeneHus.

D.2 YT06bI chopmmpoBaTh éy(n), MCnornb3yT AnckpeTHoe npefctaenedne G = {y(, r=1, ..., M} ans Gy (n) B

COOTBETCTBUM C 7.5.1 nocrne 3ameHbl COBMaAalOLLMX 3HAYEHUA MOAernv Ans y(, [kak Toro Tpebyet atan b) B 7.5.1] B
COOTBETCTBUM CO creaytoLen nNpoueaypou:

a) 3HaYEHUsAM () MPUMNUCHIBAIOT PABHOMEPHO OTCTOSILME APYT OT Apyra 3HaYeHUst BEPOSTHOCTEN Py = (r — 1/2)IM,
r=1, .., M [8], koTopble NpeacTaBnsOT COOON CPefHNEe TOYKM MHTEpPBAanoB LWMpuHOW 1/M, NOKpbIBaOLWMX AMana3oH
U3MEHEHNS BEPOATHOCTU OT HyNs OO €AVHWLbI;

b) dopmumpytoT éy(n) B BMAe HenpepbIBHOW CTPOro Bo3pacTaroLen KyCOYHO-NMHENHON PyHKUMK, NocneaoBaTerb-

HO coeanHsolen M Toyek [y(,), pl,r=1,.,M:

~ r-1/2 n-y
Gy(n) ="+ “
M(.V(rH) —Yr)

), y(r)SnSy(r_H), I'=1,...,M. (ﬂ1)

MpumeyaHune—dopmyna (D.1) moxeT BbITb MCNOMNb30BaHa Kak OCHOBa hOPMUPOBAHNSA BLIGOPKMN 13 éy(n)

ONs nocneayoLwen oueHKn HeonpeaeneHHocTn (cM. pasgen C.2 B Yactu hopmMmnpoBaHus BbIGOPKM HA OCHOBE (PyHKLIMM,
obpaTtHom K chyHKUMM pacnpedenenus). Hekotopble GMONMOTEKM M MakeTbl MPOrpaMm MpPeoCTaBMAOT CPeACcTBa TaKowm

KYCOYHO-NHENHOW UHTepronauun. MNockonbky Gy (m) KYCOYHO-NIMHENHA, TO TaKoW e BUA UMeeT 1 obpaTHas yHKuus,
YTO MO3BONSAET MCNOMNb30BaTh AfS €e MOCTPOEeHUs Te Xe MporpamMMHble CpeacTBa.
D.3 Ha pucyHke D.1 nokasaH rpacpuk Gy (1), MOCTPOEHHbIN Ha 0cHOBE 50 BbIGOPOYHBIX 3HAYEHMIA U3 HOPMarTbHO-

ro pacnpegeneHus ana Y ¢ NioTHOCTbIO pacnpeneneHns BeposiTHOCTEN gy (T]), MaTeMaTu4eCKuM oXxXngaHunem, paBHbIM
TpeM, U CTaHOaPTHbIM OTKIMOHEHMEM, paBHbIM ednHULE.

Y A
1,0

0,8

0,6 -

0,4

0,2

0 T T | T
1 2 3 4 5

X — BbIxogHasa BenuumHa Y; Y — BEPOATHOCTb

b

PucyHok D.1 — Annpokcvmaums éy(n) dyHKummn pacnpegenernnsa Gy(n)
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D.4 Ha ocHoBe npubnuxeHus éy(n) 3apaBaemMoro ¢gopmynon (D.1), MOXeT GbITb NOCTPOEHO NPUBNMKEHNE

gy(M)=G'y(M) ANs NMNOTHOCTW pacrpefereHns BEPOSATHOCTEN BbIXOAHOM BENUYMHBI, NpeAcTaBrsiollee coBoM KyCOYHO-
MOCTOAHHYI0 (DYHKLMIO C Pa3pbiBaMu B TOHKaX M = y(q), ..., ¥(m)- MaTemaTnieckoe oxuaaHne y 1 CTaHaapTHOE OTKIOHe-

HME u(y) BEnM4MHbl Y, ONMCHIBAEMON MIOTHOCTLIO PACTIPELENEHNst BEPOSITHOCTEN Jy (1), PaccMaTpuBaloTCs COOTBET-
CTBEHHO KaK OLeHka Y 1 ee cTaHOapTHas HeonpeaeneHHOCTb U MMEKT BUA:

~ 1 M "
Y=m & Yoy (D.2)

r

Il
=N

M-1

M
u?(y) = g (Y(r)— ~)2 % (Y(r+1 Y(r))2 ; (D.3)

r=1
rae /J,BOVIHOIZ LTPKUX cnpaea OT CMMBOJ1a CyMMUPOBaHUA NOKa3bIBaAET, YTO I'IepBbII7I n I'IOCJ'IG/J,HI/IVI YreHbl CyMMblI HGOGXO}J,VI-
Mo BpaTb ¢ KoadhdumumeHTom 1/2.

MpumeuyaHue—[Ana goctaTouHo 6onbLUMX 3HadeHnin M (Hanpumep, 10° nnu 6onee) y ¥ u(y), nonyyeHHble

¢ ncnonb3oBaHneM cdopmyn (D.2) n (D.3), B obwiem crnyyae ¢ nNpakTUYECKOW TOYKU 3PEHUSI HEOTMMYMMbI OT OLIEHOK,
nomny4eHHbIX no gopmynam (16) n (17) cooTBETCTBEHHO.

D.5 Ecnu o — ntoboe 3HaveHne mexay Hynem u (1 — p), rae p — Tpebyemasi BeposATHOCTb oxBaTa (Hanpumep, 0,95),

TO rpaHuubl 100p %-Horo MHTepBana oxeata MOryT ObiTb MOMTyYeHbl Ha OCHOBE Gy/(1) C MOMOLLbIO 0BPATHOMN IMHENHOW

nHTepnonsaumm. Ytobbl onpeaennTb HDKHIO PaHnLY Yo TaKylo, YTO o= éy(ylow), HeobxoAMMO HaWTu uHAEKC r, Ans
KOTOPOro TOYKU [V(r), Pr]1 W [¥(r + 1), Pr+ 1] OYBYT YAOBNETBOPSTH YCIIOBWIO:

Pr S0 <Pr+ 1.

Torga nocpefcTBOM 06pPaTHOM NUHENHON WHTEPNONALMM Nonyyaem:

-p
Yiow = Yyt [J/(r+1) r)]p = ;,r

AHarOrM4YHO, BEPXHIOKO MPaHULY Yhigh, ATt KOTOPOR (p +01)= éy(yhigh), BbIYMCNSIOT MO popmyne

p to — pg
. = + — —_——,
Yhigh = Y(s) [Y(s+1) y(s)] Psi1 — Ps
rae VHOEKC S TakoW, YTO TOYKM [ys, PS] n [Y(s+1), Ps+1} YAOBNETBOPSAIOT YCINOBUIO

Ps <P +0<Ps+1.

D.6 3HauveHune o = 0,025 paeT MHTEpBan oxeaTta, OrpaHUYeHHbIN KBaHTUNAMKU ypoBHen 0,025 n 0,975. 3ToT BbIGOP
obecneymBaeT BEPOATHOCTHO CUMMETPUYHBIN 95 %-HbIl MHTepBan oxeata Ans Y.

D.7 HaumeHbLuniA MHTEpBan oxsaTa MOXeT B obllem cryyae ObiTb NonyYeH Ha OCHOBE Gy (n) NyTem onpenere-

HWA o, Ans kotoporo H(o) =G‘Q(p+a) —G‘Q(a) 6yneTt npuHUMaTh MUHUMarnbHOe 3HadeHue. MPAMON YMCNEHHbIV

cnocob onpegeneHus MMHMMyMa — BblYMCIieHne 3HadeHunn H(o) ana 6onblion no oobvemy BbiGopku {0y} paBHOMEPHO
pacnpefeneHHbIX 3Ha4YeHun o B MHTepBarne oT Hynsa Ao (1 — p) n BeIGOp 3Ha4YeHusa o, 13 3ToW BbIBOPKKM, KOTOPOMY
COOTBETCTBYET MUHMMarnbHoe 3HaudeHue {H(oy)}.

D.8 BbluncneHve nHTepBana oxBaTta CTaHOBUTCA Mpolle, ecnm pM — uenoe yucno. Torga 3HayeHve o, Ans KoTopo-
ro H(c) MuHumaneHo, pasHo r*/M, rae r* — 3HaveHue MHAeKca r, Ans KOTOPOro AnvHa uHtepsana [V + pumy — ¥
MUHMManbHa cpegu Beex r=1, ..., (1 — p)/M.
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MpunoxeHune E
(cnpaBo4Hoe)

MHTepBan oxearta ANs CBEPTKU YeTbIpeX NPAMOYrofibHbIX pacnpeaerneHni

E.1 B 9.2.3.2 npoBeaeHO aHanNnUTMYeCcKoe pelleHne B Buae
¢2J§[2 - (3/5)1’4] ~ +£3,88,

npeacTaBnsoLLee cobow rpaHuLbl BEPOATHOCTHO CUMMETPUYHOTO 95 %-HOro nHTepBana oxasaTa AN BbIXOOAHOW BENUYK-
Hbl Y, onpegensiemol yepe3 mofenb B BUAEe afAMTUBHOM (DYHKLMKU YeTbipeX BXOAHbIX BENUYMH, KaXOOW U3 KOTOPbIX
NPUNMCaHO OOHO U TO Xe PaBHOMEPHOE pacnpeferneHne C MatemMaTUYecKUM OXuAaHWeM, paBHbIM HyIMoo, U CTaHAapT-
HbIM OTKITOHEHWEM, paBHbIM eAuHuue. B HacToswem npunoxeHny npveBefeHo 060CHOBaHWE 3TOro pesynbrara.

E.2 INnoTtHOCTb paBHOMeEpHOro pacnpeaenenns R(a, b) (cm. 6.4.2) ans cny4yanHoOn BENUYMHBI o, paBHa MOCTOAHHO-
My 3HaueHnio (b — a)~! Ha oTpeske a < p < b 1 HynO BHE 3TOro OTpeska. PacnpeaeneHne CyMMbl N HE3ABUCUMBbIX
CryYamnHbIX BENUYMH NPeAcTaBnseT coboi CBEepTKYy UX pacnpeneneHnin u, ecnv Bce criydaliHbie BENMYMHbI NOAYMHSIOTCS
pacnpegenexuto R(0,1), nmeet Bug bu-cnnanHa B,(p) nopsiaka n [T. e. CyMMbl CTEMEHHbIX PYHKUMIA C nokasaTensmm
cteneHn o ( n— 1) BKNOYMTENBHO] C y3namu B Todkax 0, ..., n [46]. TouHoe BbipaxeHue ans B,(p) [6]:

n

B,(p) = ﬁ Eocn’ =1 (p-r)i ",

I
e Cn = W z, = max (z, 0).

B yactHocTh, Ha nHTepBane 0 < p < 1 cBepTka YeTblpex NPSMOYronbHbIX pacnpeneneHun dyaet nveTb BUA

Ba(p) = gp°

(Ha nHTepBanax mMexay OpyrMMuy y3namm UCKOMOE pacnpefeneHue Tawke byaet umetb BUA KyGUUECKUX NOMIMHOMOB, HO
apyror opMbl), cneaoBaTenbHo,

1

B,(p)dp =| A p* || = 1 - 00417
[Ba(p)dp=| 540" |y =54 =0
0

(cm. Takke [6]).

E.3 JleBas rpaHvua Yoy BEPOATHOCTHO CUMMETPUYHOTO 95 %-HOro MHTEpBarna oxeBaTa 3aBedOoMO NEXUT MeXay
HyNeM v eOQVHULEN, NOCKOMbKY AN AaHHOW BEPOSITHOCTM OXBaTa NioLiaib, nexallas nof KpMBoW NIOTHOCTU pacnpeae-
NeHns BEPOSTHOCTEN Ha UHTepBane crnesa oT Y, paBHa 0,025, Ho

= 1.1
0,025 = 20 < 24"
3Ty nnowags MOXHO 3anucaThb B BUAE
Ylow
4
J. B4 (p)dp = iylow = %1
0

TaKkuM 06pasoM, Vi, = (3/5)M4.
C yyeToM CUMMETPUM pacnpemeneHust Ans npasoi rpaHuLbl MHTepBana oxsata rnosnyyaem

Yhigh = 4 — (3/5)"4.
Takum obpa3om, BEPOATHOCTHO CUMMETPUYHBIA 95 %-HbIi MHTEpBan oxBaTa UMEET BUA:
[(3/5)4, 4 — (3/5)Y4] =2 + [2 — (3/5)"4].

PacnpegeneHve ans kaxgow M3 BXOAHbIX BEMIMYMH C HYNMEBbIM MaTeMaTU4YeCKMM OXUOAHUEM W eAUHUNYHbBIM
CTaHAapTHbIM OTKIIOHEHVWEM MMeeT BUA R(—\/g, \/5) OTO 03Ha4aeT, YTO MHTepBan oxBaTta, MOSyYeHHbIA ANA CBEPTKM
yeTbipex pacnpegenennii R(0,1), HyXXHO CMeCTUTb Ha ABE €AVHWLbI BIIEBO U YMHOXWTb €ro rpaHuubl Ha 2\/5‘ 4yTO M gact

dopmyny (E.1).
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MpunoxeHue F
(cnpaBo4Hoe)

3apgava onpegeneHna koadduumeHTa paccornacoBaHus

B HacTosiem npunoxeHnn paccMaTpuBalOTCA HEKOTOPblE AeTanu 3agayv onpegerneHns KoadduumeHTta paccor-
nacoBaHusa npu KanubpoBke nameputens MowHoctn (cm. 9.4). B pasgene F.1 monyyeHbl MatemaTnyeckoe oXvaaHue u
cTaHgapTHoe oTkroHeHue 3Y (cM. 9.4.2.1.2). B pasgene F.2 aHanuMTW4ecku nonyyeHa nroTHOCTb pacnpeneneHnss Bepo-
aTHocTen ansa 8Y, korga x4 = Xo = 0 1 r(xq, X2) = 0 (cm. 9.4.2.1.2). B pasgene F.3 cnocob oueHMBaHNA HEONPEAENEHHOCTM
no GUM npvMeHeH Ans HEKOpPENMPOBaHHBIX Y KOPPENUPOBAaHHbIX BXOAHBLIX BeNuYMH (cMm. 9.4.2.1.3 n 9.4.3.1.1).

F.1 AHanuTnyeckoe peLleHne AnsA MaTemMaTU4eCcKoro OXXuaaHus U CTaHAapTHOrO OTKIOHEHUA

F.1.1 Oucnepcnsa BenuunHbl X MOXET OblTb BblpaKeHa Yepe3 MaTeMaTudeckme oxuaaHus, Kak [42, ctp. 124]:

V(X) = E(X?) - [E(X)]2.
Takum obpasom,
E(X?) = [E(X)]? + (X) = X% + U?(x),

rae X — Haunydwas oueHka X, a u(x) — cTtaHgapTHas HeonpeaerneHHOCTb 3TOM OueHKW. Takum obpasom, Ans Moaenw,

onvcbiBaemor oopmynon (28) [fY =1-Y = X21 + X% ], nmeeT mMecTO

8y = E(8Y) = x5 + x5 + u? (x4) +u?(xp).

OTOT pesynbTaT cnpaBefnvB HE3ABUCUMO OT:

- doyHKUMI pacnpegenenusa X; un Xo;

- HanMM4uns WU OTCYTCTBUS Koppensaumn mexay X, un Xo.

F.1.2 CtaHgapTHas HeonpefeneHHOCTb AN 8Y MOXeT ObiTb NoryyYeHa Ha OCHOBE BbIP&XEHUS

u2(6y) = uz(x%) + uz(x%) + 2u(x21, x%)

rmepgnd i=1,2 uz(xz,-) = V(XZ,-) " U(X21, X%) = Cov(X12, X%) Torga, npumeHsis Teopemy [Mpaiica Ana HopManbHbIX

pacnpegenexui [40, 41], MOXHO NONy4YnTb
u?(dy) = 4u2(x1)x21 +4u2(x2)x§ + 2u4(x1) +2u4(x2)+4u2(x1, x2)+8u(x1, xz)x1x2. (F.1)

Ecrm x, = 0 1 u(xy) = u(x4), TO, 3aMeHsIst U(Xy, Xp) Ha r(Xq, X2)U?(X4) MOXHO MOMYYUTb

1/2
u(dy) = 2{x21 + [1 +r%(x, xz)]u2 (x1)} u(xq).
F.1.3 Ecnn X7 n X, HekoppenupoBaHHsl, T. €. U(Xq, Xp) = 0, To dhopmyna (F.1) npuHumaet sug

u?(By) = 4u?(x1) x5 + 4u?(x0) x5 + 2u™(xq) + 2u*(xy). (F.2)

dopmyna (F.2) moxeT ObITb NpoBepeHa npumeHeHneM cdopmynsl (10) n3 GUM [PykoBoacteo MCO/MOK 98-3
(5.1.2)] n HenocpeacTBEHHO criegytoLLien 3a Her popmynon ns GUM [Pykosoactso MCO/M3K 98-3 (npumedaHue k 5.1.2)].

F.2 AHanuTuyeckoe pellueHue Ana cny4vasi HyneBomn oLUEeHKU Ko3apprLMeHTa OTPaXKeHUs MO HaNPsHKEHUIO NpU
HyneBoOW KoBapuaLlum

F.2.1 Onsa cnyyas x4 = xo = 0, r(x4, Xo) = 0 1 u(xq) = u(X) NNOTHOCTb pacnpeaerneHns BeposaTHocTen gy () ana Y
MOXeT ObITb Mony4yeHa aHanuMTM4ecku. Takoe pelleHVe MonesHo MMeTb AN nocredytollero pacyeta HeonpeaeneHHo-
CTU KanubpoBKN M3MepUTens MOLHOCTU. B ykazaHHOM NpeanonoXeHUn BbIXOOHYHO BENUYMHY MOXHO MPeAcTaBuTb B
BMAae

8Y:u2(x1)|: X21 X% }

(x) 12 (%)
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F.2.2 YneH B kBagpaTHbIX CkOOKax, KOTOPbIN MOXHO 0603HaunTL Z, npeacTaBnseT cobov CymMMy KBagpaToB ABYX
HEe3aBMCUMMbIX BEMWYMH, Kaxaas u3 KOTOpbIX MOAYMHAETCS CTaHO4apTHOMY HopMmanbHOMy pacnpepenexHumio. Cneposa-
TenbHO, CryyYanHasa BenuynHa Z nogunHAeTCa pacnpedeneHuio Xu-kBagpart ¢ AByMs cTeneHamu cesobofbl [42, cTp. 177],
Tak 4To

Y =1A(xy) Z,
roe Z vMeeT NMNOTHOCTb pacnpefeneHnsl BeposTHOCTEN
92(2)=15(2)=e"?/2
F.2.3 MNMpumeHeHne obuer hopmynbl AnS NAIOTHOCTM pacnpeaenieHns BEPOATHOCTEN OYHKLMN CyYaHON BENUYm-
Hbl [42, cTp. 57—61] B cnyyae anddepeHUmMpyeMoii n CTporo BospacratoLer yHKuum aprymeHTa (B 4aHHOM crnydae Z) ¢

3aJaHHbIM pacnpegeneHmemM Mno3BonseT NofyYnTb MAOTHOCTbL pacnpedeneHns BepOATHOCTEN ANS BbIXOAHOW BeNUYu-
Hbl 0Y B BUAOE

] S I N o 0
gvin) u2<x1)"2[u2(x1)] 2u2(x1)exp( 2u2(x1)}“2

F.2.4 3710 nossonsieT NOoNy4nTb BbIPpaXeHUd Ond MateMaTtudeckoro oxuaaHua n gucnepcun ond dY:

8y = E@Y) = [ngsy (m)dn= 2u? (xy),
0

u?@By) = V(3Y) = [(n-8y)?gsy M)dn = 4u* (x).
0

Takum 06pasoM, CTaHAAPTHOE OTKIOHEHUe cocTarnseT 2u%(x4), YTO COrnacyeTcsi ¢ pesynsratamil, MPUBEAEHHbI-
mu B F.1.

F.2.5 VIHTerpnpoBaHme NIOTHOCTU pacnpedeneHns BepoATHOCTEN AaeT (PyHKUUIO pacnpeneneHns cneayoLero
Buaa:

Gsy(n) = 1— exp [— 2u2‘1(x1)], n=0. (F3)

F.2.6 Ecnu dy, — Takoe m B dpopmyne (F.3), ans kotoporo Ggy (1) = o ANst Nto6oro o, yA0BNETBOPSIOLLENO YCIOBUIO
0<a<1-p,TOrga

8y = =202 (x4) In (1 - ),
1 100p %-HbI HTepBan oxeata Ans 8Y (cm. 7.7) nmeeT BUA!
[8Yos 8Yp + ol = [F207 (x4) In (1 = @), =212 (x1) In (1 = p = 01)]. (F.4)

[nwHa atoro nHTepeana 6yp,eT paBHa

H(o) = — 2u? (x1)ln(1 - &)

F.2.7 Hanmenbwnii  100p %-Hbl MHTEpBan oOxBaTa COOTBETCTBYET TAKOMy O, ANS KOTOPOro H(o) MMHUMansHoO
(cm. 5.3.4). Tak kak H(o.) — cTporo Bospactatowas dpyHkums o ansg 0 < o< 1 — p, 70 H(ol) JocTUraeT MmHUMYMa B TOYKe
o = 0. Takum obpasom, HaumeHblmnin 100p %-HbI MHTepBan oxesaTta Ans 8Y nMeeT BuAa:

[0, —2u2 (x) In (1 = p)].
Onsa u(x4) = 0,005 HanmeHbwNA 95 %-HbI MHTepBan oxeaTta npeacTtasngeT cobon [0; 0,00014998].
F.2.8 BeposiTHOCTHO CUMMETPUYHBIN 95 %-HbI MHTepBan oxBata Ans dY cootBeTcTBYeT o = (1 — p)/2 (cm. 5.3.3) n
uveeT Bug
[-2u2 (x4) In 0,975, =21 (x4) In 0,025] = [0,0000013; 0,0001844].

OH Ha 20 % pnuHHee, YeM HanmeHbnA 95 %-HbI MHTepBan oxeaTa.
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MpumedyaHNe — NprBeaeHHbIN Bbille aHanNM3 4EeMOHCTPUPYET aHaNUTUYECKUA BbIBOL, NMPUMEHUMBIN K
HeKoTopbIM 3ada4am nogobHoro Tvna. B gaHHOM YacTHOM cnyyae pesynbratbhl Mornu 6bl 6bITb NonyyeHsl GbicTpee, ecnn
NPUHATL BO BHMMaHue hakT, 4To ggzy () — CTporo ybbiBawowasa (yHKUMSA, a HavMMeHbLUMI MHTEepBarn oxeaTta Bcerga
BKItOYaeT B cebs Moay pacnpepeneHus.

F.3 NMpumeHeHune cnocoba oueHnBaHuA HeonpedeneHHocTn no GUM k 3agaye onpefgeneHus koadcumumeHTa
paccornacoBaHus

F.3.1 HekoppenupoBaHHble BXOAHbIE BENTUUYUHbI

F.3.1.1 B 3agade onpegeneHuns koacpdpuumeHTa paccornacoBaHus, pacCMoTpeHHon B 9.4, B KayecTBe Mogenm
N3MepeHns 1cnosnb3oBaHa crneayowas:

8X = f(X) = f(Xq, Xp) = X5 + X3,

rae BenuumHam Xy u X NpUnucaHbl HopMarbHbIE pacrpeaeneHnsi ¢ MaTeMaTUHecKUMi OXUOAHUSMA Xq U X, Ancrep-
cnammn U3(x4) U U%(X,) COOTBETCTBEHHO.
F.3.1.2 Npumenenne GUM [PykoBoacteo MCO/M3IK 98-3 (5.1.1)] naet

6y=x21+x%

B KayecTBe oueHkM Y. HYacTHble npousBoaHble OT pyHKLUMM nameperust no X; ansa i = 1, 2 umeroT Bug

df _ d*f
dx; 2X;, Ve, =2

1

F.3.1.3 CnepoBatensHo, B cootBeTcTBUM ¢ GUM [PykoBoactBo MCO/MOK 98-3 (5.1.2)] onsa cTtaHgapTHOM Heonpe-
AeneHHocTn u(dy) cnpaBefMBO BbIPaXEHMWE:

(dd—g) u (X1>+(d‘;’§ ) u <xZ)]

OCHOBaHHOe Ha annpokcumaummn f(X) psgom Tennopa nepsoro nopsgka. Ecnv HenunHenHocTb f(X) 3HaunTenbHa [Pyko-
BoacTeo MICO/M3K 98-3 (npumedanme k 5.1.2)], To k doopmyne (F.5) crienyet fo6asnts yneH

u? (8y) = = 4x3u? (x1) + 4x3u2 (xy), (F5)

X=x

1| d?% , d*f 2 2
S|+ = = U (xq)u“(x9).
X
B pesynsrate dopmyna (F.5) npuHumaet Bug
u? (By) = 4x3u? (xq) + 4x3U% (x) + 4u? (X1)U?(xp). (F.6)

F.3.1.4 Tockonbky 8Y nogunHaeTcs HopMarbHOMY pacnpefeneHuio, 95 %-Hbli uHTepBan oxeata ans oY mmeer
BUA

dy £ 2u(dy).

F.3.2 KoppenupoBaHHble BXOAHbIE BeNMUYUHbI

F.3.2.1 Ecnu BxoaHble BeNMYMHblI KOPPEnMpOoBaHHbI, TO MaTpuua HeonpeaeneHHocTel Ans Haumyywmnx oLeHoK
BXOAHbIX BENUYMH onpeaeneHa dopmynon (27).

F.3.2.2 Npumenaa GUM [Pykosoacteo MCO/M3K 98-3 (5.2.2)], MOXHO NOmnyynThb:

u?(dy) =

X=x

(ddTa) u (X)“L(dgj(f ) “ (X2)+2cg§ d(;; rlx, X2)u(x1)U(X2)]

= 4x21 u? (x4q) + 4x§u2 (x2) + 8r(x1, x2)x1x2u(x1)u(x2). (F.7)
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MpunoxeHue G
(cnpaBo4Hoe)

OcHOBHble 00603Ha4YeHus

A cnyvaviHas BenuuuHa, npeacTaBnsaowas cobol HKHIOW rpaHuLy PaBHOMEPHOro pacnpeneneHust
C HETOYHO 3afaHHbIMU Npejenamu

a HWXKHSASI rpaHuLa obnacTui, B npefenax KoTOpol HaxoguTcs CryyaiHasi BenuymHa

a LieHTpanbHas Touka MHTepBarna, O KOTOPOM M3BECTHO, YTO B HEM NEXUT HWXKHSA rpaHuua A paBHO-
MEPHOro pacrnpefeneHns ¢ HeTOYHO 3aAaHHbIMU Mpeaenamm

B crnydyaiiHasi BeNnuuMHa, NpeacTaBnstolas coboll BEPXHIOW rpaHuLy paBHOMEPHOTO pacnpefeneHus
C HETOYHO 3agaHHbLIMU Mpegenamm

b BEPXHSIA rpaHvua obnacTu, B npegenax KOTOPON HaXOAWUTCA CryyailHas BenuymHa

b LieHTpanbHasi Touka MHTepBana, O KOTOPOM U3BECTHO, YTO B HEM NEXUT BEPXHSIS rpaHuLa B paBHoO-

MepHOro pacnpenerneHna ¢ HeTO4YHO 3adaHHbIMKU npeaenamMmmn

CTrap(a, b, d)

paBHOMEpPHOE pacnpefeneHne ¢ HETOYHO 3afaHHbIMU rpaHuLamMu ¢ napameTpamu a, b n d

Cov(X;, X;) KoBapuauus CriyYanHbix BenuumH X; n X;

c Lernoe AEecATUYHOE YMCIIO C Ngig 3HaKamu

cj i-N KOAMPULMEHT HYyBCTBUTENBHOCTM, MOMYYEHHbIN KaK YacTHas Npou3BoAHas MYHKUUM N3MepeHus
f No i- BXOAHOW BENW4YMHe X; B TOYKE X OLIEHKN BEKTOpa BXOOHbIX BENnYnH X

d MONOBUHA ANNHbI MHTEPBAsIOB, O KOTOPbIX U3BECTHO, YTO B HUX feXaT HWKHAA A 1 BepxHAs B
rpaHvLbl PaBHOMEPHOrO pacnpefeneHust ¢ HEeTOYHO 3a4aHHbIMK nNpeaenamu

high abcontoTHasd pasHOCTb 3HAYEHWI NPABOCTOPOHHMX FPaHWUL, UHTEPBarnoB OxBaTa, MOSTyYEHHbIX Ha
ocHoBe crnocoba oueHnBaHusa HeonpegeneHHocT no GUM u no metogy MoHTte-Kapno

diow abconoTHas pas3HOCTb 3HAYEHWI NEBOCTOPOHHMX FPaHWL, UHTEPBArnoB OxBaTa, MOMy4YeHHbIX Ha Oc-
HoBe cnocoba oueHnBaHWsA HeonpeaeneHHocTn no GUM u no meTtogy MoHTe-Kapno

E(X) MaTemMaTuyeckoe OXuaaHue CrydariHoW BenuumHbl X

E(X) BEKTOP MaTeMaTU4eckoro OXmaaHus BEKTOPHON CryyalHOW BenuunHbl X

E(X") -1 MOMEHT Cry4arHon BenuyYuHbl X

Ex(\) 3KCMOHeHUManbHoe pacnpegeneHne ¢ napameTpoMm A

f dYHKUMA M3MepeHnsi, CBA3bIBAKOLLAsA BbIXOOHYIO BEMUYMHY Modenn Y ¢ BXOAHbIMW BenUYMHamu
Xy ees X

G AVCKpeTHoe npepcTasneHne dyHKUmn pacnpegenenns Gy(m) BbIXOAHOW BeENWYMHbLI Y, nonyYyeHHoe
meTogom MoHTte-Kapno

G(a, B) ramma-pacnpegeneHue ¢ napamerpamu o v 3

ax(&) MMOTHOCTb pacrnpefeneHnsi BePOSITHOCTEN NepeMeHHol & Ansi BXOAHOW BenuuuHbl X

gx(o) COBMeCTHasi (MHOromepHasi) NI0THOCTb pacnpeAeneHnsi NepemMeHHoON o Ans BXOAHON BenuynHbl X

9x; &), NMOTHOCTb pacnpeneneHnsi BepPOSiTHOCTEN nepeMeHHol &; Ansi BXOAHOW BenuumHbl X

Gy(m) YHKUMA pacnpegeneHns nepeMeHHon M AN BbIXOAHON BenuyuHbl Y

éy(ﬂ) HenpepbiBHaA annpokcumaumsa dyHkummn pacnpegenenus Gy(n) BbIXOAHOW BeNWYMHbI Y

gy (n) NNOTHOCTb pacnpeferieHns BepoATHOCTEN NMepeMeHHON 1 AN BbIXOAHON BenuyuHbl Y

gy(m) npou3sogHas oT éy(n) no m, ncnonb3dyemas Ans annpokcMMauuu NioTHOCTU pacnpeaeneHns
BEPOATHOCTEN gy (M) BbIXOAHOW BENUYMHBI Y

J HavMeHbLUee uenoe, 6onblee unu pasHoe 100/(1 — p)

kp Koo dULIMEHT OXBaTa, COOTBETCTBYIOLLMI BEPOSATHOCTU OXBaTa p
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/ Lilenoe Y1cno B npeacTaBneHnm ¢ - 10/ YncroBoro 3HaueHus, e ¢ — Lienoe AecsTUYHOE YNCTO C Ndig
3HaKamu

M yncno mucnbitTaHun metoga MowHTte-Kapno

N YMCNO BXOAHbIX BENUYNH Xy, ..., Xy

N(0,1) cTaHAapTHOe HopManbHOe pacnpefeneHue

N(, 62) HOpMarbHOe pacnpefeneHne ¢ napameTpamu L U G2

N(m, V) MHOroOMepHOe HOopMarnbHOe pacnpegeneHue ¢ napameTpamu mMm un V

n yncno HabnogeHui

Nt KOMMYECTBO 3HayalLMX UMdp Yucrna, paccMaTpuBaemblX Kak JOCTOBEPHbIE

Pr(z) BEPOSITHOCTb COOLITUS Z

0 BEPOSATHOCTb OXBaTta

q uenas yactb uncna (pM + 1/2)

q yncno obLeKToB B BbIOOpke (0O6BEM BbIGOPKN)

R BEPXHSIA TpeyronbHas maTtpuua

R(0,1) CTaHgapTHOe paBHOMepHoe pacnpeneneHne Ha nHtepsane [0, 1]

R(a, b) paBHOMeEpHOE pacnpegeneHue Ha uHtepsane [a, b]

r(x; X;) KO3(PDULIMEHT KOPPENALMM OLIEHOK X; U Xj BXOAHbIX BEMUYMH X; v Xj

s OLeHKa CTaHOapTHOro OTKMOHEHWS MO N HabmOEHNsaM Xy, ..., Xp

s, obbeanHeHHasa oueHKa CTaHAapTHOrO OTKITOHEHWUSI MO HECKONbKUM CEpUsSM HabnioaeHui

-,‘— BEPXHUI MHAEKC, 0603HaYaLWmMin TpaHCNOHMPOBaHNE MaTpuLbl

s, CTaHOapTHOe OTKMoHeHue anst cpeaHero z 3Havennin z(D, ... z(") B aganTueHol npoueaype meTona
MoHTe-Kapro, roe z MmoxeT o6o3Ha4yaTb OLEHKY ¥ BbIXOOHOW BENUYMHBI Y, CTaHOApTHY0 Heonpeae-
NEHHOCTb U(y) OUEHKU y, NEBOCTOPOHHION Vg, WIN MPABOCTOPOHHIOW  Yhigh FPAHULY UHTEpBana
oxatagna Y

T(a, b) TpeyronbHOe pacnpegerneHve Ha uHtepeane [a, b]

Trap(a, b, B) TpaneLueunganbHoe pacnpeneneHne Ha nHTepearne [a, b] ¢ napameTpom 3

t, t-pacnpegeneHne ¢ v cteneHsiMm ceoboapl

t, (1, 62) MacLUTabupoBaHHOe CMeLLeHHOoe t-pacrnpeenerne ¢ napamMeTpammi L U G2 1 v CTeneHsiMn cBoGoab!

U(0,1) CcTaHgapTHoe apkcuHycHoe (U-obpasHoe) pacnpegeneHne Ha uHtepsane [0,1]

U(a, b) apkcuHycHoe (U-obpasHoe) pacnpegeneHve Ha nHTepsane [a, b]

U, pacluMpeHHas HeonpeaeneHHOCTb, COOTBETCTBYIOLLAA BEPOATHOCTU OXBaTa p

U, MaTpuua HeonpeaeneHHOCTN ANS BEKTOpa OLEHOK X BEKTOPHOW BXOAHOWM BenuuuHbl X

u(x) u(x) BekTop [U(Xq), ..., u(xy)]T CcTaHaApPTHLIX HEOMPEeAeneHHOCTel ANA BEeKTOpa OLEHOK X BEKTOPHOI
BXOJHOW Benu4inHbl X

u(x;) CTaHAapTHas HeOMNpeaeneHHOCTb OLEHKM X; BXOOHOW BENUYMHbI X;

u(x;, ;) KOBapuaLmsi OLEHOK X; W X; BXOLHbIX BENUYUH X; 1 X;

u(y) CTaHfgapTHasi HeonpeaeneHHOCTb OLEHKN ¥ BbIXOOAHON BENUYUHBLI Y

u(y) cTaHJapTHasi HEOMNpeaeneHHoCTb

usy) CyMMapHasi cTaHgapTHasi HeoNpeaeneHHOCTb OLEHKN ¥ BbIXOOHON BEMUYUHBLI Y

ui (y) i-A cocTaBnswoLLasa CTaHAAPTHON HeonpeaeneHHOCTH U(y) OLEHKN y BbIXOOHOW BeNuYMHbl Y

vV KOoBapuaunoHHasi (AncnepcrMoHHO-KoOBapuaLlMoHHasa) matpuua

V(X) ancnepcus cnyvarHon nepemeHHon X
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V(X)V(X) KOBapuaLuMoHHasi MaTpvua BEKTOPHOW CriyvYanHon BenuunHbl X

w nonoBuMHa AnvHblI MHTepBana [a, b] [w = (b — a)/2]

X BXO[Hasi BEMMYMHA, paccMaTtpvBaemasi kak criydanHas BennyunHa

X BEKTOP (X1, ..., Xj)| BXOOHbIX BENMYMH, pacCMaTpUBaeMbIX KaKk CryyaiiHble BENUYMH, OT KOTOPbIX
3aBWCUT BbIXxogHas BenuynHa Y

X; i-A BXxOoOHas BenuyuMHa, paccMaTpuBaemMasi Kak criyyariHasi BENUMYMHA, OT KOTOPOW 3aBUCUT BbIXOA-
Has BenuunHa Y

X OLeHKa (MaTteMaTudeckoe oXxmaaHue) BenuumHbl X

X BEKTOpHas OLieHKa (BEKTOPHOE MaTemaThyeckoe oxuaanue) (Xq, ..., Xy)| BennumHel X

X cpenHee apudmMeTnyeckoe n HabnaeHWA Xy, ..., Xp

X; oLeHKa (MaTemMaTuyeckoe oXuaaHue) BEnUYMHbl X;

X; i~e HabnogeHne B cepun HabnogeHun

Xi r r-n 3NeMeHT BbIGOPKM CryYalHbIX 3HAYEHWUI, NMOMYyYeHHbIX NpU peanu3auun metoga MoHTe-Kapro,
13 MIOTHOCTU pacnpeneneHns BEPOATHOCTEN Anst BENMUYUHBI X

X, r-n BEKTOp, c?p,epmau.mﬁ 3NEMEHTBI X1, 1y ..., Xy, r, MOMy4EHHbIE 13 N nnoTHocTen pacnpegeneHus
BEPOSATHOCTEW ANs BXOAHbIX BENMUYUH Xy, ..., Xy U3 COBMECTHOWM NMOTHOCTU pacnpeaeneHns ans
BeNU4YMHbI X

Y (ckansipHas) BbIxogHas BENMMYMHA, paccMaTpuBaemMasi Kak cryvaiHas BennynHa

y oLueHKa (MaTemaTuyeckoe oXuaaHue) BenuuuHbel Y

y OLEHKa BenuunHbl Y, nonyyeHHas kak BblbopoyHoe cpegHee M 3Ha4YeHWI BbIXO4HOW BENUYMHLI Y, B
pesynbrate peanu3auuym metoga MoHTe-Kapno nnu kak matemaTnyeckoe OXuaaHue BenuuuHbl Y,
ONMMCBLIBAEMON MIIOTHOCTBIO pacnpeneneHus BeposTHOCTEN gy (1)

Yhigh NPaBOCTOPOHHSIA rpaHuLia MHTepBana oxearta ans Y

Yiow NEBOCTOPOHHASA rpaHuLa uHTepBana oxeata ansa Y

Yr r-e 3HavyeHne yHKUMM n3mepenus f(x, )

Y r-e 3Ha4yeHvie OyHKUMN N3MEPEHNs Nocne pacnonoxenus M 3HaveHun y, B HeybbiBatoLLemM nopsake

z(M h-e 3HayeHve BenuuMHbl Z B afanTuBHOW npouenype metoga MoHTe-Kapro, roe z moxet 0603Ha-
YaTb OLEHKY y BbIXOOHOW BEMUYUHLI Y, ee CTaHOapTHY HeonpeaeneHHoCTb U(y), NeBOCTOPOHHIOW
(Viow) Iyt NPABOCTOPOHHIOK (Yhign) FPaHNLY UHTEpBana oxsara ang Y

o 3HayeHVe BEepOATHOCTU
napameTp raMmma-pacnpeneneHus

B napameTp TpaneueunaanbHOro pacnpefeneHns, paBHbIi OTHOLLEHWNIO AMWHbI BEPXHEro OCHOBaHUS
Tpaneumm K ONIMHE HWXHEro OCHOBaHUSA Tpaneuuv

B napameTp raMmma-pacnpeneneHus

I'(z) raMMma-gyHKUNSA nepemMeHHon z

) npegen norpeLHoCT BbIYMCIIEHNSA YMCIIOBOrO 3Ha4YeHus

8(2) aensta-yHKuna Oupaka nepeMeHHon z

n nepemMeHHasi, onMcbiBaoLLasi BO3MOXHbIE 3HAYEHUS BbIXOOAHOW BENMUYMHBLI Y

M NonoBvHa ANNMHbI BEPXHET0 OCHOBAHUS Tpaneuuu TpaneueunaanbHoro pacrnpeneneHus

Ao NonoBMHA AJMHbI HWXKHEro OCHOBaHMA Tpaneuuu TpaneueugansHoro pacnpeneneHus

u MaTeMaTU4ecKoe OXuaaHue CryvYanHOn BenuuYMHbI

v yncno cteneHen cBobonpl t-pacnpeneneHns Unu pacnpeneneHns xv-ksagpar

Aeff 4ncno apheKTUBHLIX CTEMEHEN CBOOOALI, COOTBETCTBYIOLLMX CTaHOAAPTHOW HeonpeaeneHHoCcTn u(y)
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Vp uncno creneHer cBo6oAbl AN 06bEANHEHHOW OLEHKM CTaHAAPTHOMO OTKMOHEHUS S, MOIyYeHHOM
Mo HECKONbKMM cepusiMm HabniogeHun

& rnepemMeHHas, onucbiBaloLas BO3MOXHbIE 3HAYEHUS CriydanHon BenuuuHbl X

o BekTopHas BennumHa (&4, ..., Ey)', onMcbiBaloLas BO3MOXHbIE peanuaaunii BEKTOPHO! BXOAHON
BenuumHbl X

& nepeMeHHas, onucbiBaloLlas BO3MOXHbIE 3HAYEHUSI BXOOHON BENMUYMHBI X;

o CTaHAapTHOE OTKIOHEHWE CryYanHON BENUYMHBI, XapakTepuayeMon pacnpeneneHnem BeposiTHOC-
Ten

62 avcnepcuns (kBagpaT CTaHAAPTHOrO OTKIOHEHUS) CryYalHOW BeNUYMHBI

(0] dasa rapMOHUYECKM U3MEHSIOLLENCS BENUYMHbI

X% pacnpeferneHve xv-kBagpart C v cTeneHsMu csobodbl
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Mpunoxexne OA
(cnpaBo4Hoe)

CBeAeHNsi 0 COOTBETCTBUM CCbINIOYHbIX MeXAYHAPOAHbIX AOKYMEHTOB
HauuoHanbHbIM cTaHgapTam Poccuiickon ®epgepaumm

Tab6bnuuya OAA

O603HavyeHne U HauMeHoBaHue COOTBETCTBYHOLErO

O603HayYeHNe CCbINTIOYHOTro CreneHb
MeXAyHapoaHOro JOKyMeHTa COOTBETCTBUA HalMoHanbHOro ctaHgapTta
Pykosoacteo MCO/M3K 98-3:2008 IDT FOCT P 54500.3—2011 (PykoBogctBo MCO/M3K 98-3:2008)

«HeonpepeneHHocTb namepeHus. Yacts 1. PykoBoacTBo no
BblpaXXEHWI0 HEONpeaeneHHOCTN U3MepeHnsa»

*

Pykosoacteo MCO/M3K 99:2007 —

* COOTBETCTBYIOLLMNIA HALMOHASbHBIV CTaHAAPT OTCYTCTBYET. [lo ero yTBepXxaeHns pekoMeHOyeTcs UCnonb3o-
BaTb MEPEBO/ Ha PYCCKUIA SA3bIK AAaHHOMO MexayHapoaHoro craHgapTa. [epeBof AaHHOMO MexayHapoAHOro CTaH-
AapTa Haxogutca B PepepanbHOM MHPOPMaUMOHHOM (DOHAE TEXHUYECKUX perflameHToB U CTaHA4ApTOB.

MpuMedaHwune— B HacToswen Tabnvue UCNonNb30BaHO crneaykllee ycrnoBHoe obo3HayeHne cTeneHu

COOTBETCTBUA CTaHAapPTOB:
- IDT — ngeHTUYHbIe CTaHAapThbI.
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