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MpepucnoBue

Lienu v npuHumMnbl ctangaptusauum B Poccuiickon ®egepauuu ycraHosneHsl degeparnbHbIM 3aKOHOM OT
27 pekabps 2002 r. Ne 184-d3 «O TexXHM4ECKOM pPerynupoBaHumny, a NpaBuna NPUMEHEeHUs1 HaLMOHATbHbIX CTaH-
napros Poccuiickon ®enepaunn — MOCT P 1.0—2004 «Crangaprtusauus B Poccniickon Peaepauymn. OCHOBHbIE
MOSNOXKEHNAY

CeeaeHua o craHpapre

1 NOArOTOBJEH deaepanbHbiM roCyaapCTBEHHbIM YHUTAPHBIM Npeanpusituem «Bcepoccunckumn Hayy-
HO-UccneaoBaTenbCkuin MHCTUTYT MeTponorum um. 1. U. Mengeneesay (PIryr «kBHUUM») u ABTOHOMHOM HEKOM-
Mep4ecKom opraHusauuein «Hay4yHo-nccneaoBaTenbCkuin LIEHTP KOHTPONS U ANArHOCTUKN TEXHUYECKUX CUCTEM»
(AHO «HWL] K[1») Ha ocHOBE COGCTBEHHOrO ayTEHTUYHOTO NepeBoAa Ha PyCCKUM A3bIK MEXAYHAPOAHOIO AOKY-
MEHTA, YKa3aHHOro B NyHKTE 4

2 BHECEH TexHu4eckum komuteToMm no ctaHaaptudauum TK 125 «Cratucruieckme METOAbI B yNpaBneHun
KaueCTBOM NPOAYKLIMN»

3 YTBEP>KOEH /1 BBEJEH B JENCTBME lNMpukazom deaepansHOro areHTCTea no TEXHUYECKOMY perynu-
pOBaHUIO M MeTponorumn ot 16 Hoabps 2011 r. Ne 555-c1

4 Hacrosawuin CTaHaapT AEHTUYEH MeXayHapoaAHOMY IoKyMeHTY Pykosogacteo MCO/M3K 98-3:2008/00-
nonHeHune 1:2008 «HeonpeaeneHHOCTb M3amMepeHua. YacTtb 3. PykoBoACTBO MO BbIPaXXeHUIO HEONPEAENEHHOCTU
namepenusi. flononHeHue 1. TpaHcopMrMpoBaHue pacnpeaeneHuii ¢ ucnonb3osaHuem metoaa MoHre-Kapno»
[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 craHaapt BBEAEHbI TEXHUYECKNE U3MEHEHUSA 1, NOATOTOBEHHBIE TEXHUYECKUM YNPaBASIOWLUM KOMUTE-
ToM (TMB) NCO, KoTOpbI€ BblAENEHbI ABONHON BEPTUKANbLHOW NMHUEN, PACNONOXEHHOW Criesa OT COOTBETCTBYIO-
LLero TekcTa.

Mpu NnpuMEHEeHU HACTOSAILLIEro CTaHAapTa PEKOMEHAYETCH UCNONMb30BATb BMECTO CCbINIOYHbIX MEXYyHa-
POAHbIX CTAHAAPTOB COOTBETCTBYIOLLME UM HALMOHANBLHLIE U MEXTOCYapPCTBEHHBIE CTAHAAPTDLI, CBEAEHUS O KO-
TOPbLIX NPUBEAEHLI B AOMOMHUTENLHOM NPUoXKeHun OA

5 BBEJIEH BMNEPBbIE

6 NEPEN3OAHWE. Mapt 2013 .

UHpopmayus 06 U3MEHEHUSX K HacmosiuieMy crnaHO0apmy nybrukyemcs 6 exe200H0 u3dasaemMom UHpop-
MayUuoOHHOM ykasamene «HayuoHansHbie cmaH0apmbi», @ MEeKCm usMeHeHuUl U nonpaeoK — 6 eXXeMecsyHo
usdaeaembix UHhOPMaUUOHHBIX yka3amensax «HauuoHanbHbie cmaH0apmbiy. B criyqdae nepecmompa (3aMeHbi)
unu ommMeHb! Hacmosweao cmaHOapma coomeemcemeyiouiee yesedomneHue 6ydem onybiuKo8aHo 8 exemecsy-
HO u3dasaeMoM UHEhOPMaLUOHHOM yKka3amene «HayuoHanbHbie cmaHdapmel». Coomeemcemeyrowas UHphop-
mayus, yeedoMIeHue U mekcmel PasmMeLalomcest maicke 6 UHghopmMayUuoHHOU cucmeme obLwezo rnonb308aHuUs —
Ha ocpuyuansHoM calime @edepanbHo20 a2eHIMmemea ro MexXHUYECKOMY Pe2ynupo8aHUIo U Memposioauu e cemu
WHmepHem

©CraHpaptuHdopm, 2012

© CTAHOAPTUH®OPM, 2013

Hacroswui craHaapr He MOXeT ObiTb MOSHOCTbLIO UM YaCTUYHO BOCNPOU3BEAEH, TUPAXMPOBAH U pacnpo-
CTpaHEH B kayecTBe 0mLUmManbHOro usganus 6e3 paspelueHus deaepanbHOro areHTCTBa No TEXHUYECKOMY pery-

NTMPOBAHMIO U METPOJIOTUM
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BBegeHue

0.1 O6wue cBegeHun

B HacTosilLeM cTaHaapTe paccmaTpuBaeTesl TpaHchopMUpoBaHUe pacnpeaerneHuii Ans 3afaHHon MaTema-
Tudeckor Mmoaenu namepenui [Pykosogcteso MCO/M3K 98-3 (3.1.6)] ¢ uenbto nonyyeHnst oLeHKU HeonpeaerneH-
HOCTU U3MEPEHUIA U peanu3saLms 3Toi npouedypbl MetogoM MoHTe-Kapno. Metog npyuMeHM K MoAernsiM ¢ Npous-
BOJbHbLIM YUCIIOM BXOIHbIX BEMWYMH U € UHCTBEHHON BbIXOQHOW BENUYMHON.

Mertoa MoHTe-Kapno siensietcst npaktudeckon anstepHaTuBom crnocoby oLieHku HeonpegeneHHocTy no GUM
[Pykosoacteo MCO/M3K 98-3 (3.4.8)]. MeToa nmeet ocoboe 3HaueHue, koraa:

a) NMHeapusauus Moaenv He obecnevnsaeT ee agekBaTHOrO NpeacTaBneHNs!;

b) pacnpegenerue BbIxoQHOW BENUYMHDI, HANPUMepP BCNEACTBUE CBOEI BblPaXKEHHOW aCUMMETPUN, HE MO-
XeT BbITb OnMcaHo HopMmarbHbIM pacnpegeneHuem (pacnpeaeneHnem Maycca) unm maclTabupoBaHHbLIM CMe-
LeHHbIM {-pacnpegeneHem.

B cnyyae a) oLieHKM BLIXOAHOW BEMUHUHBI 1 COOTBETCTBYIOLLEN CTaHAAPTHOM HeoNpeaesIeHHOCTU, MoSTyYeH-
Hble B cooTBeTCTBUM ¢ GUM, MOryT okasaTbCca HeqoCTOBEPHLIMW. B cnyyae b) npu oueHke HeonpeaeneHHOCTU
MoryT 6bITb NOSyYeHbl HeOCTOBEPHLIE UHTEPBasTbI OXBaTa (06006LLIeHe NOHATUA pacLUMPEHHOW HeonpeaeneHHo-
CTu, ucnonssyemoro 8 GUM).

GUM [Pykoeogcteo ICO/MOK 98-3 (3.4.8)] «...ycTaHaBnMBaeT obLLyt0 METOAONOMI0 OLEHUBAHWA Heonpe-
[AeSIeHHOCTN...», OCHOBaHHY0 Ha UCMOMb30BaHWN 3akoHa TpaHcdopMupoBaHUs HeonpeaeneHHocTel [Pykosoa-
ctBo MCO/MOK 98-3 (pasaen 5)], korda BbixogHas BENNUMHA NOAYUHASTCA HOPManbHOMY pacnpegeneHuo unn
maclTabuposaHHOMY cMelLeHHoMY f-pacnpeaeneHuto [Pykosoacteo MCO/MIK 98-3 (G.6.2, G.6.4)). Mpu aTom
3aKOH TpaHcgopMMpoBaHUA HeorpeaeneHHOCTeN NO3BONAET yHecCTb HeonpeaeNneHHOCTU BXOAHBIX BESINHUH U
BbIYACIUTL CTaHAAPTHYO HeonpeaeneHHOCTb OLEHKN BbIXOAHOW BEMMYMNHBI HA OCHOBE:

1) HaUNy4LWKX OLIEHOK BXOAHbLIX BEMUYUH;

2) cTaHgapTHLIX HeonpeaesieHHOCTe N OLLEHOK BXOAHBIX BEMNYUH;

3) uncna cteneHeli ceoboabl AN CTaHAAPTHBIX HEONPEeAENeHHOCTEN OLIEHOK BXOAHBIX BEMTUYUNH;

4) Bcex HeHyneBbIX KoBapuaLuii nap 3TUX OLEHOK.

Kpome Toro, nony4yeHHas NAOTHOCTL pacnpeaeneHns BeposiTHOCTEN BbIXOAHOW BENUUMHBI NO3BONSIET onpe-
AennTb ANs BbIXOAHOW BeNUYUHBLI MHTepBar oXBaTa C 3afjaHHON BEPOSITHOCTbLIO.

Hanny4dlwmne oLeHKM BXOAHBIX BEMWYUH, UX cTaHAApTHbLIE HeonpeaeneHHOCTU, KoBapuaLun U Y1cra ctene-
Hell ceoGoabl NpeacTasnaoT cobol Ty MHdopMaLuuio, koTopas Heobxoauma 4t NpUMeHeHUs MeTofa pacyeTa
HeonpegeneHHocT no GUM. MeTog, ycTaHaBnnBaeMbIil HAaCTOSILLMM CTaHAAPTOM, OCHOBaH Ha UCMONb30BaHUN
NSoTHOCTEN pacnpeaerneHns BeposTHOCTEN BXOAHBIX BEMUUMH A5 nocnedytoLlero pacyeTa nioTHOCTU pacnpe-
AeneHnsi BepOsiTHOCTEN BLIXOQAHOW BEMUYNHBI.

B To Bpems Kak Ans npumeHeHus criocoba oueHnBaHus HeonpegeneHHocTu no GUM cylecTByOT HEKOTO-
pble orpaHuy4eHus, TpaHcdopMUpoBaHue pacnpegeneHunii Bcerga nossonsieT NonyunTs NAOTHOCTL pacnpeaene-
HWs1 BEPOSATHOCTEW BLIXOAHOW BEMUYUHBI HA OCHOBE pacripeaesieHNni BXoaHbIX BenuyuH. MnoTHocTb pacnpeaene-
HUS1 BEPOSITHOCTEI BbIXOAHOW BENMYNHBI MPeACcTaBnsieT co60i BblpaXXeHne 3HaHUA 06 3TO BENUYMHE, NOSTyHeHHO-
ro Ha OCHOBE 3HaHWIA O BXOAHbIX BEIMYMHAX B BUAE COMOCTaBREHHbIX UM pacnpeaeneHuid. Mocne nonyyveHuns
MIOTHOCTU pacnpeaeneHwsi BeposiTHOCTEN BbIXOAHOM BENIMYUHEI MOTYT BbITh onpeaesieHbl MaTeMaTU4eckoe OXu-
AaHne, NCNonb3yemoe B KaUecTBe OLIEHKWN BbIXOAHOW BEMNWUYUHbI, U CTaHAAPTHOE OTKIOHEHWE, UCMOSb3yeMOoe B
KayecTBe CTaHAapTHOW HeonpedeneHHOCTU 3Tol oueHkU. Kpome Toro, NAIOTHOCTL pacnpeaeneHns BepoATHOCTEN
MOXeT 6bITb UCNoMnb3oBaHa Afs NoydYeHUsl MHTepBana oxeaTa 4ns BbIXOAHOW BEMUUMHBI, COOTBETCTBYIOLLErO
3a1aHHON BEPOATHOCTM.

UcnonbaoaHue NiioTHOCTEN pacnpeerieHnsl BeposiTHOCTEN B COOTBETCTBUM C HACTOALLMM CTaHAapToOM B
OCHOBHOM corsiacyeTcs ¢ npuHuunamn GUM. MNnoTHocTb pacnpegeneHns BeposTHOCTEN BENNUUHBI oTpaXaeT
COCTOsIHUE 3HaHWI 06 3TOW BeNMUMHe, T. €. OHa YUCSIEHHO onpeaenseT cTeneHb AOBEPUS TEM 3HAUYEHUSIM, KOTO-
pble MOryT 6bITb MPUNMUCaHbI YNOMSIHYTOM BENIMYMHE Ha OCHOBE A0CTYMNHOW uHdopmaumn. MHdopmaums o6biuHO
COCTOMT U3 HeoBpPaboTaHHbIX CTaTUCTUMECKUX AaHHbIX, PE3YSIbTAaTOB N3MepPEeHUs, Hay4HbIX BbIBOAOB, Npodeccuo-
HasbHbIX CYXXAEHWIA.

[ns nocTpoeHust NNOTHOCTM pacnpederneHns BEPOSITHOCTEN CAyHanHON BENUHUHBI HA OCHOBE HabnoaeHU
MoXeT bbITb NpuMeHeHa TeopeMa Baiteca [27, 33). UHdopmaLma o cuctematTudeckunx scgpdekrax MoxeT BbiTh
npeobpazoBaHa B COOTBETCTBYIOLLYIO MITIOTHOCTL pacnpeAeneHns BEpOATHOCTENA Ha OCHOBE NMPUHLIMNG MaKcUMy-
Ma aHTponuu [51, 56].

\%



FOCT P 54500.3.1—2011/PykosoacTeo UCO/M3K 98-3:2008/ lononHeHue 1:2008

TpaHcchopmmnpoBaHue pacnpegeneHnin MMeet boree LMpoKyo 0brnacTb NpUMeHeHUs, Yem crnocob oueHnBa-
HUA HeonpeaeneHHocTy no GUM. Metopg TpaHcdopMupoBaHus pacnpegeneHuia ucnosnbayeTt 6onee obwnpHyo
UHOPMaLMIO, YEM Ta, YTO COAEPKUTCS B HAUIYYLLMX OLIEHKaX M COOTBETCTBYIOLNX CTaHAAPTHBIX HeonpeaeneH-
HOCT$IX (a Taloke B unicrax creneHein cBoboabl U koBapuauumsix).

Uctopuuecknia 063op npuseaeH B NpUIoKeHuu A.

Mpumevanue 1 — B GUM paccmarpuBaetcs cnydan, Korga nuHeapusaumsi MOgenu U3MepeHus Henpume-
Huma [PykoBoactBo MCO/M3K 98-3 (npumevanue k 5.1.2)]. OgHako 310 paccMOTpeHUe OrpaHMYeHO UCNONb3OBaHUEM
TONbKO OCHOBHBLIX HEMUHEWMHbIX YNeHOB B psiae Tewnopa anst (yHKUMM M3MepeHusl, a Takke NPeanonoXeHWeM O Hop-
ManbHOCTN pacnpeaeneHns BXOOHbIX BEITMYUH.

NMpumeyanune 2 — Crporo roBopsi, B GUM t-pacnpeaeneHne onvcbIBaeT He BbIXOAHYIO BENUYUHY Y, a BENU4U-
Hy (Y = y)u(y) [TouHee, kak ykazaHo B GUM, (y — Y)/u(y)], rae y — oueHka Y, u(y) — crtanaaptHas HeonpeaeneHHOCTb
oueHkn y [PykosoactBo MCO/M3K 98-3 (G.3.1)]. Takoe npeacraBrneHve UCMONb30BaHO M B HACTOsILWLEM CTaHgapTe.

MpumeuvyaHue 3 — NnotHoCcTb pacnpeaeneHns BEPOSITHOCTEN He crneflyeT NoHWMaTb B CMbIC/e YaCTOTHOrO
ONNCaHUA BEPOATHOCTM.

MpumeyaHune 4 — «OueHnBaHne HeonpeaeneHHOCTN HEMNb3s paccmMaTpuBaTh Kak TMNOBYIO 3agady, Tpebyio-
Y0 NPUMEHEHNs1 CTaHJAPTHBIX MaTtemaTtuyecknx npoueayp. OT nonb3oBarens TpebyeTca geTanbHoe 3HaHUe NPUPoAabI
NU3MEepAEMON BENUUMHBI U Npoueaypbl naMmepeHusi. No3Tomy KauyecTBO OLIEHKM HeonpeaeneHHOCTU, NPUNUCAHHON pe-
3ynbTaTy U3MepeHun, 3aBUCUT, B KOHEYHOM CHETE, OT NOHUMAaHUA, KPUTUHECKOTO aHanusa n npodeccuoHanbHon go6po-
COBECTHOCTU BCEX MWL, NPUHUMAIOWMX yHacTue B ee nonydeHnm» [17].

0.2 OcHoBHbIe cBegeHusn o JCGM

B 1997 r. cembio MexayHapoaHbIMN OpraHu3aumsamMu, noarotosmsLLMmmn B 1993 r. «PykoBoACTBO Mo Bbipa-
XKEHWIo HeonpeaeneHHoCTU namepeHusa» (GUM) n «MexayHapoaHbIi crioBapb No MeTposiorun. OCHoBHble U 06-
LLiMe MOHATUS 1 CBsIZaHHbIE C HUMK TepMuHbI» (VIM), 6bin 06pasosaH O6beaNHEHHbIN KOMUTET NO PYKOBOACTBaM
B MeTponorun (JCGM), BosrnasnaemMeii gupektopoM MexxayHapoaHoro 6opo mep n secos (MBMB), koTopbIid
NpWHsN Ha cebst OTBETCTBEHHOCTb 3a YKa3aHHble AOKYMEHTbI 0T TEXHUYECKOI KOHCYNBTaTUBHOM rpynnbl Mo METPO-
norun (UCO/TAT 4).

Yupegutenamun JCGM, nomumo MBEMB, sisnsitoTcst MexxayHapoaHaa anekTpoTexHudeckas kommucensa (MIK),
MexayHapoaHas deaepaums KNMHUYeCKoi XuMun n naéopatopHon meanumHel (MPKX), MexxayHapoaHoe co-
TPYAHWYECTBO Mo akkpeanTaumn nabopatopuii (MNAK), MexayHapoaHas opraHvsaums no craHgaptusaumm (MCO),
MexxayHapoaHbIii coto3 TeopeTudeckon U npuknagHon xumun (UKOMAK), MexayHapoaHbIii o3 TeopeTuyeckomn
1 npuknagHoin cousuki (MKOMAIM) n MexayHapogHas opraHusauuns no 3akoHogatesisHoi metponorun (MO3M).

B pamkax JCGM co3saaHbl ABe Pabouune rpynnel (PI). 3agaveit Pl 1 «BolpaxeHue HeonpeaeneHHoCcTH
n3MepeHusi» ABNsieTcsl coaeicTeme ncrnons3oaHuio Pykosoactea (GUM), nogrotoska gononHeHui k Pykosoa-
CTBY W MHbIX JOKYMEHTOB, CMOCODCTRYHOLLMX ero LMpokoMy npuMeHeHuo. 3agavert P2 «Paboyeit rpynnel no
MexayHapogHOMY CroBapo OCHOBHbIX U 0BLWnx TepMuHoB B MeTponorun (VIM)» siensetca nepecmotp VIM 1
copeicTame ero npuMmeHeHnto. Bonee noapobHyto nHdbopmaumio o gesatensHocTn JCGM MOXHO HaTW Ha caiiTe
www.bipm.org.

OononHerus k GUM, nogoGHble TOMY, YTO MOMOXEH B OCHOBY HACTOsILLIEro cTaHAapTa, UMeroT Lierbio pac-
MpPOCTPaHNUTL PYKOBOACTBO Ha Te acneKThl, KOTOpbIE B 3TOM PYKOBOACTBE B MOMHOW Mepe He oTpaxeHbl. Mpn aTom,
ofHako, paspabaTbiBaeMble JOMOIHEeHUS COOTBETCTBYHOT, HACKOMbLKO 3TO BO3MOXHO, O6LLE METoZ0N0rm, U3so-
xeHHoi B GUM.
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HALUWOHANBHBIA CTAHOAPTPOCCUMWUCKON EJEPALUUM

HEONPEOENEHHOCTb U3MEPEHUA
YacTtb 3
PykoBoAcTBO No BbipaXeHUIO HeonpeaeneHHOCTU U3MepeHUs
DononHeHue 1
TpaHccopMmupoBaHUue pacnpeaeneHun ¢ ucnonb3osaHnem metoga MoHTte-Kapno

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

DaTta BBegeHus — 2012—10—01

1 O6nacTb NnpuMeHeHUs

B HacTosiLLeM cTaHdapTe yCTaHOBMEH Y/CNEeHHbI MeToA, CornacyoLmMincst ¢ 0CHOBHbLIMU NpuHLUMnamm GUM
[Pykosoacteo UICO/MIK 98-3 (G.1.5)] 1 npegHasHaYveHHbI 4715 MONyYeHUs OLeHKN HeonpeaeneHHoCTH uamepe-
Hus. 3TOT MeToA MOXET ObITb NMPYMeHEeH K NiobbiM MogensiM, MMetoLLMM eAUHCTBEHHYHO BEIXOAHYHO BETMYUHY, B
KOTOPbIX BXOAHbIE BEMNYMHBI XapakTepuayroTes NtobbiMy 3adaHHbIMK hyHKLUSIMI pacripegenieHnst BePOATHOCTEN
[PykoBoacteo UICO/MOK 98-3 (G.1.4, G.5.3)].

Takke kak GUM, HacTosiLmMIA cTaH4apT NOCBSILLEH BOMpocaM onpeaeneHns BbipaeHUa ans HeonpeaeneH-
HOCTUN N3MepEeHUsi XOPOLLIO onpeaerieHHOM (husndeckol BENUYMHbI, XapaKTepu3yeMoit eAMHCTBEHHBIM 3Ha4YEHUEM
[PykosoacTeo MCO/M3K 98-3 (1.2)].

B HacToseM cTanAapTe YCTaHOBMEHbI TakKe MeToAbl, TPUMEHNMbIE B CUTYaLMSX, Korga YCrnoBus npumMe-
HeHusi crnocoba pacyeTa HeonpeaeneHHocTu no GUM [PykosoacTteo MCO/M3K 98-3 (G.6.6)] He BhinonHa0TCA
nnn nHdbopmaLysa 06 UX BbIMOHEHUM OTCYTCTBYET. CTaHAapT Takke MOXET ObITb NPUMEHEH B CUTYaLMsIX, Koraa
BO3HMKAIOT TPYAHOCTM NpY oLieHke HeonpeaeneHHocTy no GUM, Hanpumep BeneacTare CriokHOCTYM Mmoaeny. MeTtoapi
U3NoXeHbl B Buae, obrneryaroLLemM Ux nporpaMM1MpoBaHue Arsi pacieToB HA KOMMboTepe.

HacTosawwii ctaHgapT MoXeT 6bITb UCTNONBL30BaH Ans onpeaeneHust NoTHOCTU pacnpeerieHUsl BEeposiTHOC-
Tew BbIXOAHOW BEJIMYUHDI, YTO MO3BONSET NONYHUTL:

a) oLeHKY BbIXOAHOW BeNIMYMHbI;

b) craHgapTHyto HeonpeaeneHHOCTb, aCCOLMUPOBAHHYIO C 3TOW OLIEHKOIA;

C) UIHTepBas oxsaTa Af1sl BbIXOAHOW BENUYMNHbBI, COOTBETCTBYHOLLMIA 334aHHOI BEpOSAITHOCTU OXBaTa.

Mpu 3agaHHbIX (i) MOaeny, onUckIBaOLLLEN B3aUMOCBA3b BXOAHBLIX BEMIUUMH C BbIXOAHOW BENUUUHON, U (i)
NNOTHOCTAX pacnpeaeneHnsl BepOATHOCTEN BXOAHbIX BEMUYMH CYLLECTBYET eAWHCTBEHHAs MIOTHOCTbL pacnpeae-
neHus BeposITHOCTEl BbIXOAHOW BenrMumHbl. Kak npasuno, nocneaHas He MoxeT ObiThb onpeaerieHa aHarIMTUYecKu.
HacToawui ctaHgapT no3BonsieT onpegenvTb BeNUYUHBI, ykaszaHHble B nepedncneHusix a), b) u c) c npuemnemoit
TOYHOCTBIO, He UCMONb3Ys NPUBIUKEHUIA, KOTOPbLIE HEMb3S OLEHUTL KOIMYECTBEHHO.

HacToawwii ctTaHgapT no3BonseT NoNy4nTb MHTEpBan oxeaTta Afs 3agaHHON BEPOSATHOCTU OXBaTa, B TOM
yncne BepOATHOCTHO CUMMETPUYHBIA U HAUMEHBLUWIA MHTEPBANbI.

HacToawuii ctTaHaapT NPUMEHUM K CTaTUCTUHECKN He3aBUCUMBIM BXOAHBIM BESTMYMHAM C COOTBETCTBYHO-
LMK DYHKLMSMI NINOTHOCTU pacnpeaeneHns BEpOTHOCTEN, a Talkke K CTaTUCTUYECKU 3aBUCUMBIM ClyYaiHbIM
BeNMYMHaM, ONMCaHHLIM COBMECTHOM MNOTHOCTLIO pacnpeaeneHus.

Kak npaeuo, HacTosILLMiA CTaHAapT NPUMEHSIIOT B C/ly4asX, koraa:

- BKNag pasHbiX COCTaBNSIOLLMX HeonpeaeneHHOCTU MOXeT BbITh CyLLiecTBeHHO HeoanHakoB [PykoBoacTeo
NCO/MIK 98-3 (G.2.2)];

- TPYAHO UNK HeyAoBHO HaxoauUTb YacCTHbIE NPOU3BOAHLIE OT (OYHKLWKN U3MEPEHUS, KaK Toro TpeGyeT 3aKoH
TpaHCchopMUPOBaHNA HeonpeaeneHHOCTeN;

- pacnpeaeneHve BbIXOAHOW BENUYUHBI HENb3A CUNTATb HU HOPManbHLIM, HU MacLITabUpPOBaHHLIM CMe-
LWeHHbIM t-pacnpeaeneHunem [Pykosoacteo MCO/MOK 98-3 (G.6.5));

Uznanue ocpuumnansHoe
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- OLieHKa BbIXOAHOM BENUYMHBLI U COOTBETCTRYIOLLAS CTaHAapTHas HeonpeaeneHHOCTe UMetoT NpMbanan-
TenbHO oaunHakoBoe 3HavyeHue [PykoBoacTeo MCO/M3IK 98-3 (G.2.1)];

- MoZenb siBNnsieTcs goctaTtouHo cnoxHoi [Pykosogcteo MCO/MBK 98-3 (G.1.5)];

- NNOTHOCTKM pacnpeaeneHns BEpOATHOCTEN BXOAHLIX BENMYMH acuMMmeTpuYHbl [Pykoogcteo MCO/M3K
98-3 (G.5.3)].

Mpexae YeM NPUMEHSITL MeToZ, YCTaHOBIEHHbIA HACTOALLMM CTaHAapTOM, PeKOMeHAyeTCsi MPOBEpUTb,
MO3BOSSIOT JM YCIOBUSA M3MEPUTENBHOM 3a4au4mM NCMob3oBaTb cnocob oLeHnBaHust HeonpeaeneHrHocT no GUM.
Ecnv ycrosusi No3BosisiioT, TO OCHOBHLIM METOAOM pacyeTa 0CTaeTcst OLeHWBaHWe HeonpeaeneHHOCTU crnocobom,
ycTaHoBneHHsIM B GUM.

3HauveHWe ana HeonpeaeneHHOCT U3MEPEHUIA, Kak NpaBuio, 4OCTaTOYHO MPUBOAUTL C OAHON N ABYMS
3Havawummn Ludpamn. Metogel, ycTaHOBMNEHHbIE HACTOALLMM CTaHAAPTOM, MO3BOSISOT NOMYYUTb OLIEHKM C yKa-
3aHHOM TOYHOCTbHO.

Mp1MeHeHWe cTaHaapTa UINMCTPUPOBAHO NOAPOBHEIMU NPUMEPaMU.

Hactoswmwii ctaHgapT cnyuT gononHeHnem kK GUM 1 gorkeH 6bITb MCMonNb30BaH BMecTe ¢ HUM. OH He
UCKITHOYaET NCMONb30BaHWS APYrMX METOAOB pacyeTa HeornpeaeneHHoCTH, He npoTueopeyalumx GUM.

MpumevyaHne 1 — HacTtosiwumii cTaHgapT HEMNPUMEHUM K MOZENSAM, ONUCbIBAEMbIM MHOTO3Ha4YHbIMU DYHK-
uMsIMU (HanpyMep, B BUAe peLueHusl KBagpaTHOro ypaBHeHust 6e3 ykasaHusi, Kako U3 KOPHeW AormkeH ObiTb BbiGpaH).

MpumevyaHne 2 — B HacTosileM cTaHdapTe He PacCMOTPEH Cry4aW, Koraa anpuopHO M3BECTHA MITOTHOCTb
pacnpegeneHvsi BEpOATHOCTEN BbIXOAHONW BeNMYMHbI, OAHAKO YCTaHOBMEHHBIN B HEM MeTod MOXeT OblTb MoaMdULUMpo-
BaH W ansa aTon cutyauum [16].

2 HopmaTuBHbIe CCbINKHK

B HacTosiILLeM cTaHdapTe UCMob30BaHbl HOPMaTUBHbIE CCbINKW Ha credytoLlue AOKYMEHTbI:

Pykosoacteo MCO/M3K 98-3:2008 HeonpeaeneHHocTb 3aMepeHus. Yactb 3. PykoBoacTBO Mo Bbipaxe-
HUto HeonpeaeneHHocTU naMmepeHust (GUM:1995) [ISO/IEC Guide 98:2008, Uncertainty of measurement — Part 3:
Guide to the expression of uncertainty in measurement (GUM:1995)]

Pykosoacteo MCO/MBK 99:2007 MexayHapoaHsblii crioBapb no MeTposiorni. OCHOBHbIE U 06LLME NOHATUSA
1 cBsi3aHHble ¢ HUMK TepMuHbl (VIM) [ISO/IEC Guide 99:2007 International vocabulary of metrology — Basic and
general concepts and associated terms (VIM)]

3 TepMUHEI 1 onpeaeneHus

B HacToslweM cTaHgapTe npMmeHeHbl TepMuHbl o PykosogacTsy UICO/M3K 98-3 u Pykosoactey MCO/MOK 99,
HeKOoTopbIe 13 KOTOPbIX (MPpK HEOBX0AUMOCTU, MOAMMULMPOBAHHBIX) MPUBEAEHLI B HACTOSILLIEM pasfere.

0O603Ha4eHUs1, UCMOb30BaHHbIE B HACTOSILLIEM CTaHaapTe, NpUBeAeHbI B NpunoxeHny G.

3.1 pacnpepeneHue (BeposaTHocTen) (probability distribution): ®yHkumMs, ycTaHaBnvBatoLWwasn BeposTHOCTb
TOro, 4TO CryyariHas BennumHa npuHYMaeT 3agaHHoe 3HaueHe Unu NPUHaANeXuT K 3a4aHHOMY MHOXECTBY 3Ha-
YeHWiA.

Mpumeyanune— Cymma BEPOATHOCTEN NMPUHATUS CITyHAWHON BENUYMHON BCEX BO3MOXHBIX 3HAYEHUI paBHa 1.

[MoaunduumposaHo no oTHowweHuo K MCO 3534-1:1993, cnosapHas ctaTtea 1.3, Pykosogcteo MCO/M3IK
98-3, cnosapHas ctaTbs C.2.3]

MpumedvyaHne 1 — PacnpegeneHne BepOsiTHOCTEN HA3blBAETCS OAHOMEPHbBIM, €CNN OHO ONUCLIBAET MOBE-
AeHve eQUHCTBEHHOW (CKansipHOM) Cry4amHOW BenuuvHbl, | MHOTOMEPHbIM, €CNM OHO OMNUCLIBAET NOBEAEeHWe BEKTOpa
cnyyanHblX Benu4mH. MHOromepHoe pacnpegeneHve BeposiTHOCTEN OMUCHLIBAETCSl Takke COBMECTHbIM pacnpeaeneHun-
€M 3TUX CIy4YanHbIX BENWNYUH.

MpumedaHune 2 — PacnpegenerHne BeposiTHOCTEN MOXeT OblTb NpeAcTaBneHo B Buae yHKUMKM pacnpege-
NeHWs1 1 NMOTHOCTU pacnpeaeneHnsl BEPOSTHOCTEN.

3.2 byHKuuna pacnpepeneHus (BepoaTHocten) (distribution function): ®yHKuMS, ycTaHaBnuBatowas ans
KaXXZoro 3HayeHust & BepOSTHOCTb TOro, YTO CryvaiiHas nepeMmeHHas X MeHbLUe UK paBHa &

Gy (§) = Pr(X<g).

[MoawndmumposaHo no otHoLueHuto k MCO 3534-1:1993, cnosapHas ctaTtbst 1.4; Pykosogcteo MCO/M3K
98-3:2008, cnosapHas ctaTbs C.2.4]

2
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3.3 nnoTHoCTb pacnpegeneHun (BepoAaTHocTen) (probability density function): Mepeas npoussoaHas,
€CNW OHa cyLLecTBYET, hyHKLMW pacnpeaeneHns HenpepbiBHO CryYaiHo BeNMYnHbI

9 (8) = dGx (8)/dE.

MpumedaHue— gy (E)dE HasbiBaeTCA «3NEMEHTOM BEPOSITHOCTU» !
gx (E)dE = Pr(§ <X <& +dg).

[MoaundmumposaHo no oTHoleHuto k MCO 3534-1:1993, cnosapHas ctaTbs 1.5; Pykosogcteo MICO/M3K
98-3:2008, cnosapHasi ctaTbsi C.2.5]

3.4 HopmanbHoe pacnpegeneHue (BepoAaTHocTei) (normal distribution): Pacnpeagenernve sBeposiTHoc-
Telh HenpepbIBHOWM CryvaiiHoi BennimHbl X Takoe, YTO COOTBETCTBYOLLAS NOTHOCTL pacnpeieneHns BEposATHO-

CTel ansi — oo < & < + o UMeeT BUA;
2
gx(&) = —] exp[—%(& ) ]

ovarn

MpumevaHue — U — MaTeMaTMHyeckoe oxuaaHvne X, c — CTaHgapTHOe OTKIIoOHeHue X.

[Moauduumposaro no oTHoleHuto kK MICO 3534-1:1993, cnosapHas ctaTes 1.37; Pykosoacteso UCO/M3K
98-3:2008, cnosapHasi ctaTbsi C.2.14]

MpumeyaHune — HopmansHoe pacnpegerneHve HasbIBalOT Takke pacrnpegeneHvem raycca.

3.5 t-pacnpegeneHue (-distribution): PacnpegeneHne BepoATHOCTEN HENPEPLIBHOR CRyYaitHoh Benu4n-
Hbl X, NNOTHOCTb pacnpeaeneHunsi BeposiTHOCTEN KOTOPON ANsi — oo <& <+o0 MMeeT BUA

TP I A
9x() = e (1+ V) ,

rae v — uvcno creneHei co6oasl (MONOXUTENLHOE Lienoe Y1Cro);

T(z)= [t*""e7'dt _ ramma-thyHkuus, z> 0.
0

3.6 maTemaTuyeckoe oxmgaHue (expectation): XapakrepucTvka cnyvyaviHown BENUYMHbI, KOTOpast A1s He-
npepbIBHON cryyaiiHo BenuumnHbl X ¢ NNOTHOCTLIO pacnpeaeneHus BeposiTHocTel gy (€) meeT By

E(X) = [Egx(&)dE.

MpumedaHue 1 — He BcAkaa cnyyanHas BenvymMHa MMEET MaTemaTuyeckoe OXnaaHue.
MpumedaHue 2 — MaTemaTnyeckoe oxuaaHne crnyyanHomn sBenuunHel Z = F(X) nmeet Bua:

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

3.7 pucnepcusn (variance): XapakTepucTuka criyvanHoi BenuinHbl, KoTopasi 47151 HeMnpepbIBHOW CriyYaiHo
BENUUMHBLI X C NNOTHOCTbIO pacnpeaeneHuns BeposTHoOCTel gy () MeeT Bua

VX)= [IE-E(X)Pax(E)de

MpumeyaHwu e — He Beskan criyyaitHas BenuuMHa UMeeT QUCIEPCHIo.

3.8 ctaHgapTHoe oTKNoHeHue (standard deviation): MonoxuTensHbIA KBagpaTHbIA KOPEHb U3 AUCnepcun

VX2
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3.9 MomeHT nopsgka r (moment of order r): MatemaTtuyeckoe oxugaHue r-i cTeneHn crny4yanHon BenuymHbl

E(X") = [ Egx(E)dE

MpumevaHne 1 — LleHTpanbHbIM MOMEHTOM MOPSIAKA I SIBNSAETCA MaTeMaTudeckoe oxXugaHve criydaviHom
BenuuuHel Z = [X— E(X)].

MpumedvaHue 2 — Matematndeckoe oxmaanve E(X) npeactaenser cobol MOMeEHT nepeoro nopsigka. Juc-
nepcusi V(X) siBnsieTcs UeHTpanbHbIM MOMEHTOM BTOPOro nopsgka.

3.10 koBapuauusa (covariance): Xapakrepuctuka AByX CnydalHbIX BEMYUH, KOTopasi B criyyae Henpe-
PBIBHBIX CITy4aiHbIX BenUYMH Xy U X, ¢ COBMECTHOM NNOTHOCTLIO pacnpegenenust gx(o), rae X = (X, X5),
o= (&, &) umeeT BUA

Cov(Xy, X3) = T T[§1—E(X1)] [az—E(Xz)]gx(o)d§1d§2-

—00 —00

Mpumedyanne — He Bce napbl cnyyaiHbIX BEMHUH MMEIOT KOBapUuauuio.

3.11 maTpuua HeonpepeneHHocTU (uncertainty matrix): Matpuua paamepHoctv N - N, Ha rnaeHol guaro-
HanW KOTOPOW pacnonoXXeHkl KBaapaTbl CTaHOAPTHLIX HeornpedeneHHOCTeN, COOTBETCTBYIOLLMX OLIeHKaM-KoMMo-
HeHTaM BeKTOPHOM BennuMHbl paamepHocTu N, a ocTanbHble aieMeHTel NpeacTasnatoT cobol KoBapuaumum 4ns
COOTBETCTBYHOLLMX OLIEHOK.

MpnmevaHwne 1 — Matpuua HeonpegeneHHocTn U, pasmeproctn N - N, COOTBETCTBYIOLWLAA BEKTOPY OLEHOK
X BEKTOPHOW BenUuMHbl X, UMeeT BUA:

u(xy, Xq) . . . uxy, Xy)

[U(Xns Xq) - - U(Xpy, Xy) ]

rae u(x;, X)) = u?(x)) — aucnepews (KBaapaT CTaHAAPTHON HeonpeaeneHHOCTH) OLEHKU X
u(x;, X;) — xoBapuauma x; U X;; u(x; x;) = 0, ecnn anemeHTbl X; u X; Bekropa X HEKOPENnUpOBaHHbI.

MpumevaHnune 2 — KoBapuauum Taikke MOXHO TPaKTOBaTb KaK COBMECTHbIE HEONpPeAereHHOCTH.
MpumevaHnune 3 — Marpuuy HeonpeaeneHHOCTU TaKe HA3bLIBAIOT MATPULLEI KOBapuaLuii unm aucnepcuoH-
HO-KOBapWaLUWOHHOW MaTpuuen.

3.12 unTepean oxeara') (coverage interval): IHTepBan, NocTpoeHHbLIt Ha 0CHOBE UMeloLLieCs MHAOPMa-
UMM 1 coaepXaLLnin 3HaueHWe CnyvaiHoi BenuynHbLI € 3aa4aHHON BEPOSITHOCTLIO.

MpumevaHune 1 — NHtepBan oxeata MHOIQA Ha3biBaloT GalieCOBCKUM MHTEPBArioMm.

NMpumevwaHune 2 — B obwem cnyyae anA 3ag4aHHON BEpPOATHOCTM CyluecTByeT Oonee ogHoro uHtepeana
oxsara.

Mpumevanune 3 — Untepean oxeata He crnedyeT Ha3bIBaTb AOBEPUTENIbHBIM UHTEPBArNoM, 4Tobbl n3bexartb
nyTaHuubl C TEPMUHOM, UMEIOLLIUM CTPOTYIO CTaTUCTUYECKYI0 uHTepnpeTaumio [Pykosoacteo MCO/M3K 98-3 (6.2.2)].

NMpumevaHune 4 — [lanHoe onpegeneHne oTnuyaeTcst OT onpegeneHusi, npuveegeHHoro B PykoBoacTee
MCO/M3K 99, nockonbky B HacToAWEM CTaHAApTe He UCMONb30BaH TEPMUH «UCTUHHOE 3HAYEHWe» MO NPUYMHaM,
uanoxexHHsim B GUM [Pykosoacteo ICO/M3K 98-3 (E.5)).

3.13 BeposaTHOCTL oxBarta (coverage probability): BepositHocTb Toro, 4To 3HaueHue cnyvaiHo BENUYUHbI
HaxoauTcs B rpaHULIaX MHTepBana oxsara.

MpunmeyaHune— BepoATHOCTb OXBaTa MHOIgA HasbiBalOT ypoBHeM Aosepus [Pykosogacteo MCO/MOK 98-3
(6.2.2)].

1 B oTeuecTBEHHbIX HOPMATUBHLIX AOKYMEeHTax WHTepBan oxeBaTa MHOrAa Ha3biBalOT MHTEpBanomMm HeonpeaeneH-
HOCTW.

4
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3.14 anuHa uHTepBana oxsara (length of a coverage interval): PasHocTb HanbonbLiero u HauMeHbLLIero
3HaYeHW MHTepBana oxeara.

3.15 BepoATHOCTHO CUMMETPUYHBLIA UHTepBan oxBara (probabilistically symmetric coverage interval):
WHTepBan oxeata, AN KOTOPOro BEPOSITHOCTb TOr0, YTO 3HAYEHUE CNyYanHOoW BENYMHLI MeHbLLEe HaUMEHbLLETo
3HaYeHUsI (HWKHeW rpaHnLbl) MHTepBara oxBaTa, paBHa BEPOATHOCTU TOTO, YTO 3HaYeHWe CryYvaiHON BENUUYUHLI
6onble HanbonbLIero sHa4eHUA (BepxXHen rpaHyLb) MHTepBana.

3.16 HaumeHbLIMK UHTepBan oxBara (shortest coverage interval): MUHTepBan oxsaTta, MMeloLLuiA Hau-
MEHbLUYH ANMHY Cpeaun BCex BO3MOXHbBIX MHTEPBarioB oxXBaTa 4ns AaHHOW CryYaiHoN BEMYNHBI C OAMHAKOBOM
BEPOATHOCTLIO OXBaTa.

3.17 TpaHcdopmMupoBaHue pacnpepgeneHui (propagation of distributions): MeToa, ncnonbayemslii ans
onpeaeneHns yHKUMM pacnpeaeneHnsi BoIXoAHON BENUYMHBLI Ha 0cHOBe hyHKLMIA pacnpeaeneHns BXoaHbIX Be-
JINYUH, OT KOTOPLIX BbIXOAHAA BENUYMHA 3aBUCUT (PYHKLIMOHASMBHO.

n pumevaHne — MeTO,El, MOXET ObITb aHANMUTUYECKUM UNN YNCNEHHbIM, TOYHbIM NN I'IpMGJ'IVI)KeHHbIM.

3.18 cnoco6 oueHusaHusa HeonpegeneHHocT no GUM (GUM uncertainty framework): MpumeHeHve
3aKoHa TpaHchopMUpoBaHUS HeonpedeneHHOCTER U oNcaHWe BbIXOAHOW BEMMYUHBI C MOMOLLIbIO HOPMAanbHOTO
pacnpegeneHusa unu MacwtabuposaHHOIO CMELLEHHOro E-pacnpeaeneHus, No KOTOPLIM MOXET BbITb paccuTaH
COOTBETCTBYHIOLLWIA MHTEpBan oxsarTa.

3.19 metoa MoHTe-Kapno (Monte Carlo method): MeTog TpaHcdopmMupoBaHua pacnpeaeneHunii Ha ocHoBe
MOZENUPOBaHUA CRyYaiHbIX BbIBOPOK U3 9TUX pacrpeaeneHunit.

3.20 npeaen norpelHocTU BbluucrieHUA (numerical tolerance): MonosvHa ANUHBI HAUMEHbLLETO UHTEp-
Basa, cogepallero Bce 4Y1cna, oTpaxarowme pesynbsraT BbIMUCIIEHWUI, KOTopble MOFYT BbiTb KOPPEKTHO Npes-
CTaeMneHbl 33gaHHBIM YACNOM 3HavaLLmX Lndp.

Mpumep — lMNpu ucnons3oeaHuu e npedcmasiieHUU pe3ysibmama ebIYUcsIeHuss d8yX 3Ha4Yauux yugp 3anucu
1,8 coomeemcmeyrom ece yucna 6onee 1,75 u menee 1,85. Toeda npeden nozpewHocMu 8blvUCIICHUSI 6ydem
paseH (1,85 - 1,75)/2 = 0,05.

MpunmedyaHun e — Pacyer npegena NOrpeLlHOCTU BbIUMCIIEHNA — cM. 7.9.2.
4 CornaweHus 1 ycnoBHble 0603HaYeHNA

B HacToslleM cTaHOapTe UCNoNb3oBaHbI crneaytolulme cornalleHus 1 ycnoBHble ob6o3HaveHns.
4.1 MaTemaTunyeckast Mmoaens nsmeperus [Pykosogcteo MCO/MOK 98-3 (4.1)] oaHOMepHO (CKanspHOW)
BENUYUHBI MOXeET BbITb MpeAcTaBneHa B Buae pyHKUWK F:

Y = f(X), (1)

rae Y — BbixogHasi ckansipHas BenuumHa, a X— Bektop N BXoAHbIX BENWYUH (X4, ..., Xy)'. Kaxaas senuynHa X;
paccMaTpuBaeTCca B KavecTBe cnyqa|7|H0|7| BeNNYNHbI, anHmmaroLu,eM 3Ha4YeHn4d a,', Cc MmaTeMaTun4eCKknM oXxxmaa-
HUEeM X;. Y — cnyqa|7|Ha$| Benn4vnHa, npuHMMatrLllasa 3Ha4eHUA 1, C MaTeMaTU4eCKUM OXXUaaHNEM Y.

MpumedvaHune 1 — B HacTosieM cTaHgapTe OAUH U TOT XXe CUMBOJ UCMONb30BaH AN (OU3NYECKOW BENUYU-
Hbl W Cry4anHONM BEMUUMHBI, KOTOpas 3Ty BenuumHy npegcraenseT [em. Pykosogcteo MCO/MOK 98-3 (4.1.1, npumevanue 1)).

MpumeyaHune 2 — XoTsa MHOMVE MOZENV UaMepeHui moryT ObiTh NpeacTaBneHsl hopmynon (1), Gonee 06-
WMM npedcTaBneHvem sIBNsieTcsi

h(Y, X)=0,

rge X v Y cesidaHbl Mmexay coboli HesiBHOW chyHKumel. B nobom cnydae ansi npumereHus metoga MoHTe-Kapno gocra-
TOYHO, 4TOObI Kaxxgomy aonyctumomy X 6bino NocTaBneHo B COOTBETCTBME 3HaqeHue Y.

4.2 HacTosuii cTaHaapT oTCTynaeT oT 0603HaYeHWI, YacTo UCMoNb3YeMbIX At 0603HaYeHUs NNOTHOCTER
pacnpefeneHnst BeposTHoCcTel 1 yHKLMIA pacnpeaeneHuns [24]. B GUM ogHo v To ke 0603HaueHWe f ncnonb3o-
BaHO Kak Anst byHKLMU M3MepEeHUs, Tak U ANs NIOTHOCTU pacnpeaenieHNs BePOosiTHOCTEN, YeM CO34aeTCsl HEKOTO-
pasi nyTaHuua. MNockonbKy B HAcTosILLEeM cTaH4apTe MogensiM yaeneHo ocoboe BHUMaHWe, Ars NNOTHOCTY pac-
npeaeneHnst BeposaTHoCTen 1 pyHKLMM pacnpeaeneHnsi BMecto o603HaueHuii f n F ncnonb3oBaHbl, COOTBET-
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CTBEHHO, g U G. UcnosbayeMble B 0603Ha4YeHUSIX MHAEKCHI COOTBETCTBYHOT Cly4aliHOW BeNu4mHe, 0 KoTopon nget
peub. O603HaveHue f ocTaBneHo Ans onucaHusl pyHKLUU U3MepeHusl.

MpwumeyaHune— Onpegenexns, npuBedeHHbIe B pasdgene 3, AaHbl B COOTBETCTBUM C U3NOXEHHbIM cornawe-
HveMm 06 0603Ha4“eHNAX.

4.3 B HacToALLEeM cTaHAapTe MIOTHOCTU pacnpeaeneHusi BepoATHOCTEW MOryT BbITb onpeAeneHbl AN cka-
napHor X nnun sektopHoi X crnyyariHbIx BenuuuH. [ins ckansipHoi cnyvaHon BenuumHel X NoTHOCTL pacnpeae-
NeHus BepoATHoCTel obBosHauveHa gy(E), rae & — Bo3MoXxHoe 3HadeHue X. CnyJaiiHoii BenuumHe X cooTBeT-
CTBYIOT MaTeMaTudeckoe oxuaanue E(X') n aucnepcusa V(X) (cm. 3.6, 3.7).

4.4 MnoTHOCTb pacnpeaeneHusi BeposiTHOCTE BEKTOPHOM cryqaiHol BenuunHel X obo3HaualoT gy{o), rae
o(&y, ..., &) — BEKTOP BO3MOXHbIX 3HaYeHWI BenuuuHbl X. Bektop X paccmaTpuBaloT Kak BEKTOP CriyyaiHblX
BEJIMYMH, KOTOPOMY COOTBETCTBYIOT BEKTOP MaTemaTuieckux oxuaaHun E(X ) n koeapvauuoHHas matpuua V(X).

4.5 MNnoTHOCTL pacnpeaeneHyst BeposiTHOCTEN HECKOSbKUX CNyHaliHbIX BEAUYUH HYaCTO HasbIBaloT COBMECT-
HOM, Aa)Ke ecnv BCe BXOAHbIE BENNUMHBI SABNSIIOTCS HE3aBUCUMbBIMU.

4.6 Ecnv anemeHTbl X; BekTopa X He3aBUCUMBI, IITOTHOCTL pacnpeaeneHns BeposiTHocTel X; oboaHauatoT
gX,' (&I)

4.7 MnoTHOCTb pacrpeaeneHnst BeposiTHocTel U hyHKumMio pacnpegeneHuns ana Y obosHayaoT gy(n) u
Gy{(n) cooTBETCTBEHHO.

4.8 B HacTosiLLeM cTaHaapTe criydaiHyto BenuiuHy obosHavaoT NponucHon 6yKBoK, a ee MaTteMaTuyeckoe
oXuaaHue Unn oLeHKy — COOTBETCTBYIOLLEN CTPOYHON BykBoW. Hanpumep, oLeHKy BenuumHbl Y (OLLeHKY ee
MaTemMaTU4ecKoro oxuaaHus) obosHavaroT 6yksol y. Takoe 0603Ha4eHUe YacTo HeyaobHO B criydae pusnyeckmx
BEJIMYUH, A1 KOTOPbIX TPAAULIMOHHO UCTONb3YIOT UHBIE CUMBOSbLI, HaNpumep T Ans TemnepaTypbl U t Anst Bpeme-
HW. Mo3ToOMY B HEKOTOPLIX MPMMepax (pasaen 9) UCnonb3oBaHbl Apyrue 0603HaqeHus. B aToM cnyyae crnyvaiiHas
BennyMHa o6o3HavyeHa CBOUM OOLLENPUHATEIM CUMBOSIOM, a ee oLeHKa (oLueHKa ee MaTeMaTUYecKoro oxuaa-
HUS) — TEM XXe CUMBOJIOM C «KpbILLKOW» . Hanpumep, 0TKNoHeHWe kanubpyemol KOHLLeBOM Mepbl AIHLI OT HOMU-

HanbHoro aHaueHust npm 20 °C (cM. 9.5) obosHaueHo 3L, a ero oueHka — §i.

MpumedyaHune— CUMBON C «KPLIWKOW» B NUTEpaType no Marematu4eckon CTaTUCTUKE UCNONb3YIOT AN
0603Ha4YeHUA OLLEHKM.

4.9 B HacTosilLleM cTaHAapTe TePMUH «3aKoH TpaHcopMUpoBaHUs HeonpeaeneHHOCTER» UCTIoNb3YIOT B
CMbICIie annpokcumaLmn oyHKLMN U3mepeHust psgom Tenopa nepBoro nopsigka. SToT TEPMUH Taloke MOXKET ObITb
NpVYMEHEH NpY UCTONb30BaHWUU Pa3noXeHus B psif 6onee BbICOKOro nopsiaka.

410 lMoAacTpoyHbli  MHAEKC «C» ANsl CYMMapHOW cTaHOapTHOW HeonpegeneHHocTu [PykoBOoACTBO
MCO/MOIK 98-3 (5.1.1)] B HacTosLLLEM cTaHAApTe paccMaTpyMBaeTCs Kak M3nuwHWin. CTaHgapTHas HeonpeaeneH-
HOCTb OLIEHK/ Y BbIXOAHOW BENUYMHBI Y MOXET BbITb 3anvcaHa Kak u(y), XoTsl ucrnonb3oBaHve 0b6o3HaueHus U (y)
ocTaeTcs 4ONYCTUMbIM, CIIN 3TO NOMOraeT 3a0CTPUTb BHUMaHUE Ha TOM, YTO UMeeTCsl B BUy CyMMapHasi CTaH-
AapTHas HeonpeaeneHHocTe. OnpeaeneHve «CyMmMapHasi» B JaHHOM KOHTEKCTe Takxke SIBNSieTCsl U3NULLHUM U
MOXeT ObITb OMYLLEHO, MOCKONbKY MPUCYTCTBME CUMBONA «y» B U(y) Y)Ke yKasbiBaeT Ha OL|EHKY, C KOTOPOW acco-
LMmMpoBaHa AaHHas cTaHAapTHas HeonpeaeneHHocTb. Elle 6onee HeyMeCTHBIM CTAHOBUTCS UCTIONb30BaHWE HK-
Hero MHAeKca «C» 1 onpeAeneHns «CyMMapHas», Koria pesyrnbsTaTbl 0AHOro UMM HECKOMNBKUX U3MEePEHUIA U COOT-
BETCTBYHOLLME OLIEHKN HeoNpeaeNeHHOCTU ABNSAKTCS UCXOAHBIMW AaHHLIMY AnNst NOoNydeHUsi OLeHKU Heonpeae-
NEeHHOCTU NocneayoLer BeNUHYUHBI.

4.11 B HacTosilLeM cTaHAapTe WUCMoNb3oBaHbl TEPMUHLI «MHTEPBAI OXBaTa» U «BEpPOSITHOCTb OXBaTay.
B GUM B kavecTBe CUHOHUMA «BEPOSITHOCTU OXBaTa» UCMONb30BaH TEPMUH «YPOBEHBL [OBEPUSI» C Npeaynpex-
OeHueM, UYTo 3TO He TO Xe caMmoe, UTO «AoBepuTenbHasi BepoaTHocTb» [Pykosoacteo MCO/M3K 98-3 (6.2.2)],
MocKorbKy nocrneaHui TEpMUH UMeeT crieumansHoe ornpeaeneHue B MatemaTudeckon ctatuctuke. T. K. B HEKOTO-
pbiX s13bIKaxX NepeBo/ C aHINIMACKOro TEPMUHOB «YPOBEHb A0BEPUS» U «O0BEepUTESIbHast BEpOSITHOCTL» COBNa-
[aeT, B HacTosilLieM cTaHAapTe TEPMUH «yPOBEHb I0BEPUSI» He UCTIONb3YeTCs.

4.12 insa 0603Ha4eHns aecaTMiHol Apobu ncnonbayercs sanatasn’).

4 .13 Ecnu He onpeaeneHo nHayve, To Yucna NnpeactaBnaoT ¢ 3ag4aHHbIM KONMMYECTBOM 3Havawmx undp.

Mpumep — Yucna 0,060, 0,60, 6,0 u 60 npedcmaeneHbi ¢ MOYHOCMbIO 00 A8yx 3Havaujux yugp. B amom
cnyyYae 3anuchk ¢ MOYHOCMLIO MOJILKO A0 00HOI 3Havawed yugpb:: 0,06, 0,6, u 6 - 107 — 6ydem HexoppekmHoLi.

1) B opurmHane Ha aHrnuMiickom sisbike B AaHHOM Moapasaene ykasbiBaeTCa Ha UCMONb30BaHWe B KajyecTee Aecs-
TUYHOIO 3HakKa TOYKUW BMECTO 3arnsiTon.
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4.14 HekoTopble CUMBOIbI, UCMOMb30BAHHbIE B HACTOSILLEM CTaHAapTe, UMetoT 6o5ee 0gHOro 3HaYeHUs
(cMm. npunoxeHune G). OgHaKo UX CMbICI MOHATEH U3 KOHTEKCTa.

4.15 B HacTosWeM cTaHAapTe UCNOb30BaHbI CrieaytoLme CoKpaLleHWst:

CGPM — leHepanbHas koHdepeHLMs Mo Mepam 1 Becawm;

IEEE — UHCTUTYT MHXEHEPOB aNeKTPOTEXHWNKA 1N SNEKTPOHUKM;

JCGM — O6beanHeHHbIN KOMUTET Mo PYKOBOACTBAM B METPOSIOTUN;

GUM — PykoBoACTBO MO BbIpaXKeHUo HeonpeaeneHHoCTN U3MepPEeHUs;

VIM — MexayHapoaHblii crosapb no MmeTponoruv. OCHOBHbIE U 0BLLME MOHATUA U CBA3AHHbBIE C HUMMU
TEPMUHbI.

5 O6wme NpMHUMNBI

5.1 OcHOBHbIe 3Tanbl OLeHKU HeonpeaerneHHOCTU

5.1.1 OcHoBHble 3Tanbl OLLeHKN HeonpeaeneHHOCTY BKtovatoT B ce65 hopMynnpoBKY U3MepUTENbHOM 3a-
Aaun, TpaHchopMMpoBaHUe pacripedenieHunii U NonyveHne okoHYaTeNbHOro peaynsrara:

a) popMynupoBKa N3MepuTensHON 3aaadn BkoYaeT B cebsi:

1) 3agaHune BbIXOOHOW BENUYNHBLI Y (M3MepseMOi BENTUYNHDI);

2) BblIsiBNEeHWe BXOAHbLIX BeNUYMH X = (X, ..., Xy)T, OT KOTOPbIX 3aBUCUT BbIXogHAA BENUYMHA Y;

3) cocTaBneHne Modenu U3MepeHus, onpeaensioLer B3anmocsssb Y ¢ BXOAHbIMUY BENMYMHaMK X;

4) npunucbiBaHne pacnpeneneHnii BepoATHOCTER (HOpMarbHOro, MPAMOYrONLHOMO U T. A.) BXOAHLIM BENu-
YmHam X; (MNv COBMECTHOrO pacripefesieHns BEpOATHOCTEN BXOAHLIM BeNUYMHaM, He ABNAWUMCA He3aBUCH-
MbIMW) Ha OCHOBE UMetoLeicst MHopMaLny;

b) TpaHcopMmpoBaHUe pacripeaeneHunii npegycmaTpusaeT onpeaeneHue NNOTHOCTU pacnpeaeneHns Be-
POSATHOCTEN BbIXOAHON BEMUYMHEI Y Ha OCHOBE NIIOTHOCTEN pacnpeaesieHsa BepOsATHOCTEN BXOAHBIX BEMUHUH X;
1 UCMOSb3YEeMOI MoAEeNN N3MEPEHWST;

C) noflyYeHne oKoHYaTeNbHOro pesynerarta npeanonaraeT UCnofib3oBaHWe NNOTHOCTU pacnpeneneHns se-
POSITHOCTE BbIXOAHON BENNUUHBI Y Ans onpeaeneHus:

1) OLLeHKM MaTeMaTUYECKOro OXXnAaHNS BENMUUYUHLI Y B BUAE OLEHKM ¥,

2) OLEHKN CTaHAAPTHOIO OTKIIOHEHWA BeNUYMHBI Y B BUAe CTaHAApTHOW HeonpeaeneHHoCTH u(y), accoLmm-
poBaHHoli ¢ y [PykosoactBo UCO/M3K 98-3 (E.3.2)];

3) uHTepBana oxearta Ans BENuYMHbI Y, COOTBETCTBYHOLLIEro 3ajaHHO BeposITHOCTU (BEPOSITHOCTU OXBaTa).

MpumeuyaHue 1 — B HEKOTOPLIX CAy4asx OUeHKa BbIXOAHOW BENWYMHBLI B BUE MAaTeMaTUyecKoro oXxunaaHus
MOXeET oka3aTbCsl Henpuemnemoii [cM. Pykosogcteo MCO/MOK 98-3 (4.1.4)].

Mpumevanue 2 — Hekotopble BENWYMHLI, HaNpUMep noguMHsOWMecsa pacnpeaenenmio Kowwm, He nmetot
MaTeMaTUYEeCKOrO OXMAAHUS U CTaHOAPTHOro OTKNoHeHuA. OaHako MHTepBan oxeBaTta Al BbIXOAHOW BENWYMHbI BCeraa
MOXeT OblTb MOCTPOEH.

5.1.2 MNpw oueHke HeonpeaeneHHocTN No GUM cyHKUMKM pacnpeaeneHust BXOAHbIX BENUYUH B IBHOM BUAe
He ucnoneaytoT. OgHako B cooTBeTcTBUU ¢ PykosoacTteom MCO/MOIK 98-3 (3.3.5) «...cTaHaapTHYt0 Heonpeae-
JNEHHOCTb TUMAa A paccYMTLIBAIOT MO NIOTHOCTU pacnpeaeneHusl BeposiTHOCTel, ... MonydYeHHoN U3 pacnpeaene-
HWSA YacToT..., a CTaHAApPTHYI0 HeonpeaeneHHOCTb Tuna B — no npegnonaraemoit NNOTHOCTM pacnpeaeneHuns
BEPOATHOCTEN, OTpaXatoLLen cTeneHb YBePEeHHOCTU B NOABNEHWUU TOTO UK MHOTO cobbiTus.... Oba nogxoaa uc-
Mosib3yoT OBLLENPUHSITLIE UHTEPNPETALMN NOHATUSA BEPOSITHOCTUY .

MpumeyaHune— TpakToBKa pacnpeaeneHns BEPOATHOCTEN MNpU ONpeneneHnn OLEeHKM HeonpeaerneHHOCTH
TMna B xapakrepHa gns GariecoBckoro aHanmsa [21, 27]. B HacTosiwee BpemMs NpoAaormkaloTcst uccriegoBanus [22] rpa-
HUL, NpumeHUMocTH ¢hopmyrbl  Yandya—CaTtTepTyaiiTa ana pacyerta yucna creneHei cBobo/bl, NPUNUCHIBAEMbIX CTaH-
[apTHOW HeonpeaeneHHOCTHU.

5.1.3 ®opMynMpOBKY U3MEpPUTENbHON 3a4a4m OCyLLEeCTBNAET METPOSIOr C BO3MOXHBLIM y4acTueM cneuuva-
nucTa B TO 06n1acTy 3HaHWi, B KOTOPOW NPOBOAAT U3MepeHue. B HacTosLeM cTaHgapTe npuMBeaeHs! pekomeHaa-
LMK no BbIBOpy MIOTHOCTU pacnpeAeneHust BepoATHOCTeN [cTaaus 4) aTana a) B cooTBeTCTBUM ¢ 5.1.1] anst Heko-
TOpbIX 06LWMX cny4yaes (cM. 6.4). STanbl TpaHchOpMUpPOBAHUA pacnpeaeneHnid U NoNyYeHUst OKOHYATENbHbIX
pesyneTaTtoB [6) U B) B cooTBEeTCTBUM € 5.1.1], ANA kOTOpbIX NpUBeaeHbI NoApobHLIe yKkasaHus, He TpebyloT ao-



FOCT P 54500.3.1—2011/PykoBoactBo MCO/MIK 98-3:2008/ AononHeHue 1:2008

NOSTHUTENBHOK MeTpOﬂOFquCKOVI I/IH(*)OpMaLI,I/II/I 1M MoryT 6bIThb BbINOMHEHbI ¢ Noboi ,EI,OI'IyCTI/IMOVI TOYHOCTbIO ANA
nocTaBneHHOW 3agauun.

MpwumeyaHune— Kak ToNbko 3tan NocTaHOBKU 33/1a4m a) B COOTBETCTBMM C 5.1.1 BbINONHEH, TEM CaMbiM
NNOTHOCTb pacnpeneneHnss BEposiTHOCTEN ANnsl BbIXOAHOW BernuuuHbl hopmanbHO MOMHOCTLIO onpegeneHa. OgHako
BbIMUCIIEHME MaTEMATUYECKOTO OXMAAHUS, CTaHAAPTHOTO OTKMOHEHUSI U UHTEpBana oxeBara MoxeT norpeboBate npw-
MEHEHUs! YMCIIEHHbIX MEeTOA0B, 0bnafalWwmx HEKOTOPON CTENEeHbI0 NPUBNVXKeHUs.

5.2 TpaHcchopMUupoBaHUue pacnpegeneHui

B HacTosiLeM cTaHgapTe paccMmaTpuBaeTcst 06Lwmii adbcbeKTUMBHbIN Cnocob onpeaeneHust (YUCNeHHbIM Me-
ToAoM) byHKLUMK pacnpeaeneHus crnyvyaiHom BeNuinHb! Y:

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

—oco

9T0T cnocob ocHoBaH Ha npuMeHeHWn Metoga MoHTe-Kapno ans tpaHccgopMuposaHua pacnpeaeneHuii
BXOAHbIX BENUYUH (CM. 5.9).

MpumeyaHwue— dopmarnbHO NIOTHOCTL pacnpenerneHnsi BEpOsiTHOCTEN CryYanHON BENUHUHBLI Y MOXHO
npeactaenTb B Buge [9]

oo oo

gy(n) = J ng(&)S[n—f(&)]d&N--- dg,,

—o0 —oo

rge 6(-) — penera yHkumm Oupaka, n NpUMeHsITb YMCIEHHbIe MeToAbl BbMMCNeHna N-KpaTHOro uHTerpana (nockonbKy
B oOLeM cny4ae OH He MOXeT BbiTb B3SIT aHanuTnyeckn). OgHako TakoW Crnocob YUCNEHHOTO BbIYMCIEHUA NIIOTHOCTU
pacnpegeneHust BeposTHOCTEN Y HeadhPeKTMBEH.

5.3 Mony4yeHue oKOoH4YaTenbLHOro pesynkrara

5.3.1 OueHka y BXOAHOW BENUYUHBLI Y npeacTaBnsieT cobomn oLeHKy MaTeMmatudeckoro oxuaanus E(Y).
CraHgapTHasi HeonpedeneHHoCTb U(y) OLeHKN y MpedctaBnsieT cobor OUeHKY CTaHAapTHOrO OTKNOHEeHUA Y,
T. €. MONIOXKMTENbHbIV KBaApaTHbIA KopeHb U3 aucnepcun V(Y).

5.3.2 NHTepBan oxsata ans Y MoxeT BuITh onpeaeneH Ha ocHoBe Gy (n). Ecnv 3agaTte TpebyeMyto BeposiT-
HOCTb OXBaTa p M B3SITb 1060 YNCIOo oL U3 MHTepBana oT Hyns 4o (1—p), To rpaHuuamn 100 p %-Horo uHTepBana

oxBaTa ans Y 6yayT 3HadeHusi G;1 (o)u G}1 (p+ o), T. e. kBaHTUNK pacnpeaeneHna Gy (n) yposHer au (p + o)

COOTBETCTBEHHO.
5.3.3 Bblbop o= (1 — p)/2 nossonsieT onpeaennTb BEPOSTHOCTHO CUMMETPUYHLINA 100 p Y%-Hblii MHTEpBan
oxBaTa, rpaHML,aM1 KOTOPOro ABNATCA KBAHTUMW ypoBHeN (1 —p)2 n (1 + p)/2.

MpumMeyaHWe— Ecnv NNOTHOCTb pacnpeaeneHnsl BEPOATHOCTEN ANa Y CUMMETPUYHA OTHOCUTENbHO
MaTeMaTU4eCcKoro OXugaHusa y, TO Nony4eHHbIn uHTepBan Gyger coBnapatb ¢ MHTepBanom y + U, roe paclumpeHHast
HeonpeaeneHHocTs U, [PykoBoactso MCO/MOIK 98-3 (2.3.5)] paBHa npon3seaeHunio CTaHAAPTHOW HeonpeaeneHHoOCTH
u(y) Ha ko3tbdULMEHT OXBaTa, COOTBETCTBYIOWMIA AAHHOW MITOTHOCTU pacnpeneneHns BeposaTHOCTeln. B obwem cniyuae
NMOTHOCTb pacnpedeneHns BEPOSATHOCTEN BbIXOQHOW BEINMUMHBI HE MOXET ObiTh BblpaXeHa B aHaANMUTUYECKOM BUAE.

5.3.4 Ecnv nnoTHOCTbL pacnpeaeneHns BepoATHOCTEA acMMMeTprYHa, To 6onee Noaxoasaiumm MoXeT ObITb
BbIBOP o, oTNMYatowmiics oT (1 — p)/2, HanpUMep NO3BONSIIOLLMIA NOMYYUTL HaumMeHbWUA 100p Y%-HblA MHTepBan
oxeaTa. Ecnu nnoTHoCTb pacnpeaeneHus BepoATHOCTEN yHUModaribHa, To OHO 06naaaeT Takum CBOACTBOM, YTO
HavMeHbLUWIA MHTepBan oxsaTa 6yaeT BkMoYaTh B cebsa Mmoay atoro pacnpeaeneHus. [laHHomy nHTepsany 6yaer

-1 -1
COOTBETCTBOBATL 3HAYEHWE O, YAOBNETBOPAIOLLEE COOTHOLUEHUIO Jy [Gy (oc)]=gy [Gy (p+0c)]. B cnyuae pac-

npegeneHua obLuero Buaa aHaueHne o, cooTBeTCTBylolLee HaumeHbLiemy 100 p %-HOMy UHTepBany oxeaTa,

[OMKHO BbITh TAKUM, YTOGLI pa3HOCTbL G;1 (p+o)— G;1 (o) 6bna MUHUMAnbHA.

5.3.5 inst cuMmeTPUHHON NAOTHOCTU pacnpeaesieHnst BepOATHOCTEN, Hanpumep 411 HOPMarbHOMO UK mac-
LWTabupoBaHHOIO CMELLIEHHOTO f-pacnpeaeneHus, UCNosb3yeMbiX Mpu oLieHWBaHUK HeonpegeneHHocTy no GUM,
BEPOSITHOCTHO CUMMETPUYHBIA U HaumeHbLIWIA 100p %-Hble HTepBanbl 0XBaTa coBnagaroT Mexxay coboii. MoaTto-
My B crocobe oLeHnBaHUA HeonpeaeneHHocTu no GUM aTu uHTepBaribl He pa3nuMyator.
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5.3.6 Ha pucyHke 1 nokazaHa cpyHkuma pacnpegeneHus Gy(n), COoTBETCTBYIOWAA aCUMMETPUYHON NNOTHO-
CTU pacnpeaeneHusi BeposiTHoCTeN. MyHKTUPHBIMU BEPTUKANBHBIMU IMHUSAMU NoKa3aHbl rpaHULbl BEPOATHOCTHO
CUMMETPUYHOro 95 %-Horo HTepBarna oxsarta, a MyHKTUPHBLIMU FOPU3OHTaNbHLIMU NIMHUAMU — COOTBETCTBYHOLLME
3HaueHus sepositTHocTu 0,025 1 0,975. CnnowHbIMW ANHUSIMU NoKasaHbl FpaHULbl HauMeHbLero 95 %-Horo UHTep-
Bana oxsaTa W COOTBETCTBYIOLLME 3HAYEHUSI BEPOATHOCTU, KOTOpble B AaHHOM cnydae pasHbl 0,006 u 0,956.
OnuHa aTux ABYX MHTEpBAIIOB oXBaTa ANa AaHHOro NpuMepa coctaBnsaeT cooTBeTcTBeHHO 1,76 1 1,69.

Y A
1,0

0,8

0,6

0,4

0,2

>

T T T T
0 0,5 1,0 1,5 2,0 25 X

X — BenuunHa (6espasmepHasn); Y — cyHkuua pacnpegeneHus

PucyHok 1 — dyHkuma pacnpeaeneuma Gy (1), BEPOATHOCTHO CUMMETPUYHBIN
1 HauMmeHblWwuin 95 %-Hble MHTepBanbl oxBara

5.4 Cnoco6bl TpaHchopMUpoBaHus pacnpegeneHui

5.4.1 TpaHcopmupoBaHue pacnpeeneHunii ocyLLEecTBASIIOT HECKOMNBKMMU criocobamu:

a) aHanUTUYeCKUMM MeTodamu, obecneumBaloLLMK onpegeneHne MNoTHOCTU pacnpeaeneHust BeposiTHOC-
TeW ANa Y 3a cyeT NpUMeHeHUs MaTeMaTUieckmx npeobpa3oBaHuii;

b) npumeHeHnem 3akoHa TpaHcopMUPOBAHUSI HeonpeaeneHHOCTEN, OCHOBAHHOO Ha 3aMeHe (OYHKLIMA 13-
MepeHnsa ee annpokcumaLmeit psaaom Telnopa ¢ uneHamu nepeoro nopsigka [Pykosoactso MCO/MOIK 98-3 (5.1.2));

) NPYMeHeH1eM TOro Xe 3aKoHa TpaHccopMUpoBaHUS HeonpeaeneHHoCcTel [cM. nepeuncrieHue b) Boilue],
HO C y4eTOM UrieHoB pasrnoxeHusi bonee Bbicokoro nopsigka [Pykosoactso MCO/M3K 98-3 (npumeyvanve k 5.1.2)];

d) umcneHHbiMu MeTogamm [Pykosoactso MICO/MIK 98-3 (G.1.5)], B TOM uMcne ¢ ucnonb3oBaHUEM MeToaa
MoHTe-Kapno (cm. 5.9).

MpumeuvaHue 1 — AHanuTUYECKMe METOZbI NPEBOCXOAAT BCE MPOYME C TOW TOUKM 3PEHUsl, YTO OHU HE UC-
nonb3yloT Npubnuxeruit. OaHAKO OHW NMPUMEHUMbI TOINBKO B MPOCTLIX crnyvasix. [pUMeHeHWe aHanuTUYeCKUX METOA0B
W NPUMEpPbI UX UCMONb30BaHus npueegeHsl B [8, 13]. [lanee 3Tm mMeToAbl B HACTOAIWEM CTaHgapTe pacCMaTpuBaloTCA
TONbKO B NpuMepax (cMm. pasgen 9).

MpumeuvaHue 2 — Mertog MoHTe-Kapno B HacTosiwem cTaHaapTe UCnonb3yeTcs Arsi NoryyeHusl pacnpeae-
NEHWA BbIXOAHOW BENUYMHLI, 8 HE B KAYeCTBE METoAa UMWUTAUMOHHOIO mMoaenupoBanus. pu oueHke HeonpeaeneHHo-
CTW Ha dTane TpaHCHOPMMPOBAHMS pacnpeerneHni pewaemas 3agada siBnsieTcs AeTePMUHMPOBAHHON, MO3TOMY B
MMUTALUUOHHOM MOAENUPOBAHUU CIyHaWHOroO Mnpouecca HeT HeobBXxoanMoCTH.

5.4.2 GUM gonyckaeT NnpumeHeHue NoaxoAoB K oLueHKe HeonpeaeneHHOCTU, OTIIMYHBIX OT TOro, YTO UC-
nons3osaH B camom GUM [cm. Pykosoacteo UCO/M3K 98-3 (G.1.5)]. OaHako cambIM O6LLUM U3 3TUX NMOAXO40B
SIBNAETCA TOT, YUTO YCTAHOBIIEH B HACTOSILLIEM CTaHAApTe 1 OCHOBaH Ha TpaHcdopMUpoBaHWK pacnpeaeneHuia. 4ns
TNNHEWHBLIX U NUHeapu30BaHHLIX (OYHKUMNIA M3MEPEHUS U BXOAHBIX BENUYUH, NOAYUNHSIIOLLMXCSH HOpMaribHOMY pac-
npepenexHunio, Takon noaxod cornacyetcs ¢ nogxogom GUM. OgHako B criyqasix, korga ycrioBust puMeHeHust
noaxoga GUM He BbinonHsitoTes (cM. 5.7 1 5.8), nogxod, yCTaHOBMEHHbLIN B HACTOSILLLEM CTaHAapTe, MO3BonsieT
nosy4nTb 060CHOBAHHbIE 3aKIIOYEHNS O HeonpeaeeHHOCTH.
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5.4.3 TpaHcdopmupoBaHve pacnpegeneHunii Tpebyet Bbibopa nogxoaswero metoga. Ecnv MoxHo npoge-
MOHCTPUPOBATb, YTO YCNOBUSA, HeobxoauMbIe ANA NONYyYEeHUA AOCTOBEPHbIX Pe3ynbTaToB B cooTBETCTBUN ¢ GUM,
BbINOJTHEHBI, TO MOXeET 6bITb UcMonb3oBaH noaxod GUM. Ecnu nmetoTcst ocHoBaHUs nonaratb, YTO OLEeHKa Heo-
npeaeneHHocTy, nonyveHHas no GUM, okaxeTca HeAOCTOBEPHON, TO A0MKeH GbITb NPUMEHeH Apyrol noaxon,.
MoxeT BOSHUKHYTb CUTyauus, Korga CrioXHO OLEHUTb 060CHOBaHHOCTEL NPUMEHeHNS cnocoba oLieHWBaHWSI HEOo-
npeaeneHHoctn no GUM. OgHako Bo BCeX Tpex BbILEONUCAHHbIX Cy4YasX XOpOoLNiA pesynsraT MOXET BbiTb
nony4eH ¢ ucnonbsosaHnem metoga MoHTe-Kapno. B nepsom cnyyae metog MoHTe-Kapno moxeT 6bITh NpoLue B
NpUMeHeHUN, Hanpumep, BCneacTeue TpyAHOCTEN BblMUCNEHNA KO3thDULMEHTOB YYBCTBUTENLHOCTU [PykoBOA-
ct80 MICO/M3K 98-3 (5.1.3)]. Bo BTOpom cnydae meToa MoHTe-Kapno no3sonuT nony4nts 4OCTOBEPHbIN pesyrib-
TaT, T. K. ero npuMeHeHne He TpebyeT UCMONb30BaHUS AONONHUTENBHBLIX NPEANoNoXeHun. B TpeTbem cnyyae
meTtoa MoHTe-Kapno mMoxeT 6bITb NpUMEHeH kak cobCTBEHHO ANA NoNyYeHUs OLEeHKN HeonpeaeneHHOCTH, Tak U
ANSA OLEHKN Ka4ecTBa pesynbTaToB, MofydeHHbIX cnocobom pacyeTta HeonpeaeneHHocTH no GUM.

5.4.4 TpaHchopMUpOBaHWEe MOAENbLIO M3MEPEeHNA MIIOTHOCTEN pacnpedeneHus BepOsTHOCTEN gx; (&),

i=1, ..., N BXoAHbIX BENIMYMH X; ANsi NONYyYEeHUs NNOTHOCTU pacnpeaeneHns BeposiTHOCTeN gy (1) BbIXOAHOW
BeMMYuHbI Y, nokasaHo Ha pucyHke 2 ana Tpex HezaBucUMbIX X; (N = 3). PUCYHOK 2 MOXHO CpaBHUTL C

PUCYHKOM 3, UISTOCTPUPYIOLLIMM 3aKOH TpaHChopMUMpoBaHUs HeonpeaeneHHocTel. Ha pucyHke 2 doyHKUMN gix; (§;),

i=1,2,3 npeacraensioT cobol MIOTHOCTU pacnpeaeneHns BEPOATHOCTEN CRyYaiHbIX BESIMYUH, TOAHUHAIOLLIAX-
€51 COOTBETCTBEHHO HOPMAlbHOMY, TPEYrofbHOMY U HopManbHOMY 3akoHaM. COOTBETCTBEHHO byHKUMA gy ()
rokasaHa acCMMETPUYHOM, YTO OBLIYHO MMEET MECTO B CrlyHdae HeNMHEVHbIX Moaenen v acumMMeTpumn dyHKLMIA

gX,' (E:)

N

9x4(&4)

[\ —| v=r00 |—

gx(&p) gy(n)

N —

9x3(E3)

PucyHok 2 — TpaHcdopmupoBanve pacnpegenenui tpex (N = 3) He3aBUCUMMBbIX BXOAHbLIX BENUUMH

5.4.5 Ha npakTuke TONbKO B camMbIX MPOCTbIX Criyvasix npeobpasosaHune pacnpegeneHuin MoxeT 6biTb Bbl-
nonHeHo 6es npnbnwkeHnia. Mpu oueHke HeonpeaeneHHocTy no GUM npumeHsieTcst oamH metoa npubnukeHus, B
meTode MoHTe-Kapno — apyroit. [Ans HebonbLUoi, HO BaXKHOW NOArpynbl 3aaad oLeHKW HeonpedeneHHOCTH B
cootBeTcTBUKN ¢ GUM He TpebyeTcsa npyMeHeHWs NpubnukeHuii (pelleHne sensietca TouHbIM). Metog MoHTe-
Kaprno He no3sonsieT Nony4nTb TOUHbIe pe3ynbTaThl, HO ANs LUMPOKOro Knacca 3agay oH 6yaet bonee obocHoBaH-
HbIM, Yem noaxoa GUM.

5.5 NpeacraBneHne pesynsraTtoB

5.5.1 Mocne BbINonHeHWs TpaHcopMMPOBaHKS pacnpegeneHuii 4omkHa BbiTe OTpaXkeHa, Kak MpaBuno,
cregytowas HdopmMaums:

a) oLieHKa ¥ BbIXOOAHOW BENUYUHBI Y

b) ctaHgQapTHas HeonpeAeneHHOCTb U(Y) OLEHKN y;

c) 3agaHHasi 100 p %-Has (Hanpumep, 95 %-Hasi) BepOATHOCTL OXBATa;

d) rpaHuubl BeIGpaHHoro 100 p %-Horo (Hanpumep, 95 %-Horo) HTepBana oxsata aAnd Y;

e) Apyrasi s3Ha4nmasi UHdopMaLus, Takas Kak TUN UHTEpBana oxeara (BepOATHOCTHO CUMMETPUYHLIA UNK
HanuMeHbLUKIA).

5.5.2 3HaueHus y, u(y) v rpaHny 100 p %-Horo MHTepBana oxeaTa Ans Y A0MKHbI ObiTb YKkasaHbl C Takum
KONMYECTBOM 3HaYaLLMX Ldp, YTOObI HA3LWWIA paspsag 3anicu 3HaveHUst 3TUX BEIMHMH COBMagan ¢ HU3LLIUM
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pa3psigoM, ucronbayemsiM Ans sanucu u(y) [Pykosoactso MCO/M3K 98-3 (7.2.6)]. ObbiuHO Anst npeAcTaBneHust
u(y) BocTaTouHO OAHOM UK ABYX 3HavaLLmX Ludpp.

MpumedvaHue 1 — MpeacraBnsaemMoe YACNEHHOE 3Ha4YeHMe O6bIMHO Mony4aloT NyTeM OKPYITNEHUs Yucna,
cofepxaluero 6onbliee KONMYECTBO 3Ha4alLmx Lumdp.

MpumeyaHue 2 — DakTOPOM, BNMSIOLLMM HA BLIGOP NPEACTABNEHNS Pe3ynbTaTtoB OQHOW WM OBYMs1 3Haqa-
wumu uudpamu, SBNAETCA 3Havawaa umdpa sbiclIero paspsga B 3HaqeHun u(y). Ecnv ato 1 unu 2, To NorpewHocTsb
okpyrneHust u(y) byget conoctaBuma C camMmm 3Ha4YeHUeM BenuuuHel. Ecnu ke nepeasi s3Havawasi umdpa paeHa 9, 10
OTHOCUTESbHASA MOrPELHOCTb OKpyrneHus ByaeT MeHbLue.

MpumeyaHune 3 — Ecnm nonyyeHHble pesynbratel A0MKHBI GbiTb MCMONb30BaHbl B AArNIbHEWLLMX BblUMChe-
HUSIX, CriegyeT onpeaenuTb, eCTb MM HEOBXOAMMOCTb B COXPaHEHWUM GONbWEro Yncna aHavalwmx umdp.

Mpumep — Pesynsmamsi 8515 y, u(y) u epaHuy, uHMepearsa oxeama e csy4Yae, Ko20a uHmepeas oxeama
acuMMempu4yeH OMHOCUMENbHO y, a u(y) umeem dee 3Haqaujue yugpbl, npueedeHbl e eude: «y =1,024 B;
u(y) = 0,028 B; HaumeHbwiuli 95 %-Hbili uHMepean oxeama: [0,983, 1,088] By.

Te e pesynomambi 8 cry4ae, ko20a u(y) ebipaxeH 00HOU 3Havauwjell yudgppol, umeirom eud: «y = 1,02 B,
u(y) = 0,03 B, HaumeHbuwiuil 95 %-HbIl uHMepean oxeama: [0,98, 1,09] B».

5.6 OueHuBaHue HeonpegeneHHocTn no GUM

5.6.1 B GUM ycraHoBneHo obLee pykoBOACTBO, pacnpoCTpaHsoWeecs Ha pasHble acnekTbl nocrneaosa-
TENbHOro OLEHVBaHNSA HEOMNpPeaeneHHOCTY B COOTBETCTBUM € 5.1.1, 1 yCcTaHOBNEH cnocob oLieHMBaHUS Heonpeae-
TIeHHOCTW A9 3TanoB TpaHcopM1poBaHUs pacrnpegeneHuii U NoNyYeHUst OKOHYaTefbHLIX pe3yrnbTaToB U3Mepe-
Hus1. OBLLaa cxeMa oLeHUBaHWS HeonpeaeneHHocTH, yctaHosneHHaa GUM, npuHATa MHOMMMK OpraHu3aunsamu,
HaLLa LMPpOoKoe NpakTnYeckoe NPUMEHEHVe, CToNb3YeTCsA B CTaHgapTaxX U pyKOBOACTBAX, B KOTOPbLIX paccMmar-
pvBaOTCA BOMPOCHI OLIEHKW HeoNpeaeneHHOCTV UsMepeHns, U peannsoBaHa B NPOrpamMMHbIX cpecTBax.

5.6.2 Cnocob oueHnBaHWs HeonpegeneHHocTn no GUM BkniovaeT B ceba cnegylowme atanbl. Kaxgas
BXoAHas BenuuvHa X; MoOenu xapaktepuayeTcsl MaTemMaTuieckum oXxnaaHnem v ctaHaapTHLIM OTKIIOHEHWEM
MIOTHOCTU pacnpedeneHnsi BEPOATHOCTEN, MOCTaBAEHHON B COOTBETCTBUE 3TOW BenuuuHe [PykoBoacTBO
NCO/M3K 98-3 (4.1.6)]. OueHKy MaTeMaTUYecKoro 0XumaaHua NPUHUMAKT B Ka4ecTBe Hauny4llen OLEHKMN X;
BEJIMYMHBI X;, @ OLLEHKY CTaH4apTHOrO OTKIIOHEHWSI — B Ka4ecTBe CTaHAAPTHON HeonpeaenieHHOCTU U(X;) OLIEHKM
X;. Ha ocHoBe 3TiX JaHHbIX B COOTBETCTBUM C 3aKOHOM TpaHCchopMUpoBaHUA HeonpeaeneHHocTel [PykoBoacTso
MNCO/M3K 98-3 (5.1.2)] uepes paznoxeHue byHKLUN M3MepeHus B psg Ternopa ¢ coxpaHeHUeM YNeHOB Nepeoro
1nm 6onee BbICOKOro MOPsiAKa ManocTu, NonyYaroT:

a) OLEHKY ¥ BbIXOAHOW BENUYUHBI Y,

b) cTaHaapTHYI0 HeoNpeaeneHHOCTb LX) OLIEHKM .

OueHky y onpedensitoT Kak 3HadeHue pyHKUMU u3amepeHus B Touke X;. [Mpu onpeaeneHun uHtepeana
oxBata Anst Y WCnofib3yoT NpednonoXeHne, YTo Y NogunHsIeTCsl HopMarnbHOMY pacrnpefeneHuo unu, ecnu
yncno cteneHel ceoboabl, cooTBeTCTBYOLEee u(y), koHeuHo [PykoBoacteo MCO/M3K 98-3 (npunoxeHue G)],
MacLUTabrpoBaHHOMY CMeLLleHHOMY E-pacripeeneHuio.

[MpumedyaHune— B uncno xapakrepncTnk BXoAHOW BENUYUHBLI MOXET BXOAUTb TAKKe YMCIIO cTeneHen cBo6oabl
ansa u(x; ) [PykoBoacteo MCO/M3IK 98-3 (4.2.6)], a Taioke, npu HeobxoAMMOCTH, NonapHbie KOBapuaLumm OLIEHOK BXOAHbIX
BenuunH [Pykoeogcteo MCO/M3K 98-3 (5.2.5)].

5.6.3 OTtankl TpaHchopMrpoBaHUA pacnpegeneHuii U NonydeHnst okoHYaTenbHbIX pesynstatoB no GUM
[sTansbl b) 1 c) B 5.1.1] BKNtOYatoT B cebs crefytoliMe KOMMbITEpHbIE pacyeThbl [CM. PUCYHOK 3, UNIIOCTPUpYIO-
LLIMIA 3aKOH TpaHcdopMUpoBaHUs HeornpedeneHHocTew ansa moaenu ¢ Tpemst (N = 3) HezaBUCUMbIMU BXOAHLIMU
BenuuuHamu X=(X;, X, ..., X3)', COOTBETCTBYHOLLMMU OLIEHKAMU X; W CTaHAAPTHLIMU HEOMPEAENEHHOCTSMM 3TUX
oueHoK u(x;), i=1, 2, 3; oLeHKoI BbIXOAHOW BeIMUYUHBI Y SIBIISIETCS ¥ C COOTBETCTBYIOLLIEN CTaHAapTHON Heonpe-
aeneHHocTbo u(y)]:

X1, U(Xq) —
Xo, U(Xg) — | Y=F(X) |—y, u(y)

X3, u(x3) E——

PucyHok 3 — TpaHcdopmmupoBaHue HeonpeaeneHHocTen
ans Tpex (N = 3) He3aBUMCUMbIX BXOAHbLIX BEMWUUMH
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a) B COOTBETCTBUW C MNOTHOCTLIO pacnpeaeneHs BeposiTHOCTEN AN BXOAHbLIX BenuynH X = (X, ..., X,\,)'r
onpeaensioT OLEHKN MaTeMaTUYeCKoro OXMAaHUs X = (Xy, ..., Xy)' 1 CTAHAAPTHOTO OTKMOHEHUS (CTaHAApPTHbIE
HeonpeaeneHHocTH) U(x) = [U(Xy), ..., u(Xy)]". Ecriu X; SBRSIOTCS CTATUCTUHECKM 3aBUCMBIMU (MIMEIOT HEeHYNeByHo
KoBapuvaLuio), TO UCMOSb3YHT COBMECTHYO NIIOTHOCTL pacnpeaeneHus X;

b) onpegenstoT vncno cteneHer ceoboabl (beckoHeYHoe UM KoHeUHOoe) AN Kaxaon u(Xx;);

C) ANA Kaxxgow napbl 3aBUCUMBbIX BETUYUH X; 1 X}- Ha OCHOBE COBMECTHOW MITOTHOCTW pacnpeaenerHus X; n
X; onpepaenstoT kKoBapuaLto (B3aMMHyo HeonpeaeneHHOCTb) U(X;, X;) AN X; U X;;

d) onpegensitoT YacTHbIe NPpon3BoaHbIe NepBoro nopsigka ot f(X) no X;

€) BbIMUCIAOT OLEHKY , NoAcTaBnsAs B OYHKUMIO namepeHust X = X;

f) BbMMCNAOT KoadhbULMEHTLI YyBCTBUTENLHOCTY Mogenn [PykoeoacTeo MCO/M3K 98-3 (5.1.3)] uepes 3Ha-
YeHUS BbIYUCMEHHbIX YACTHLIX MPOU3BOAHLIX B TOUKE X;

g) BLIMUCTISIIOT CTAHAAPTHYIO HEOMPeAeneHHOCTb U(y), 06beanHas U (x), u(x;, X;) 1 KO3PPUUNEHTLI HYBCTBN-
TenbHocTM Mogenu [Pykosoactso MCO/M3K 98-3, dopmynel (10), (13)];

h) BBIMMCISIOT Ve [UMCTIo 3dpdheKkTUBHBIX cTeneHel ceoboapl Ans u(y)] no dopmyne Yanya-CatrepTyaiita
[Pykosoacteo MCO/M3K 98-3, hopmyna (G.2b)];

i) BBIMUCIIAIOT paclUMpeHHyH HeonpeaeneHHocTs U, 1 COOTBETCTBYIOLLWA MHTEPBAN OXBaTa (AN 3agaHHoM
BEPOSITHOCTW OXBaTa p) Ansa Y (paccmaTpyBaeMol B Ka4ecTBe CriydaliiHoi BenMiMHbI) MocpeAcTBOM Bbibopa MHO-
XuTens ans u(y) B Buae KBaHTUNA pacnpedeneHus doyHkumm (Y — y)/u(y), npeanonaraemoro ctaH4apTHLIM HOp-
MarbHbIM pacrpegeneHvem (48 Vei = o) UNU f-pacnpefeneHnem (AN Vg < oo).

5.7 YcnoBus npuMmeHUMocTu cnocoba oueHuBaHusi no GUM B cnyyae nuHeiHon mogenu

5.7.1 B cny4yae nuHenHbIX Mogdenei (byHKLUA U3MepeHus IMHenHa 0THOCUTENbHO X)) NPUMEHEHUEe 3aKkoHa
TpaHchopMUPOBaHWA HeonpeaeneHHOCTel Bceraa KOpPeKTHO.

5.7.2 HTepBan oxsaTa MOXeT ObITb onpefeneH B cooTBeTcTBUM ¢ GUM npu BbINOMHEHUU cneaytoLimMx
YCINOBWIA:

a) NpumeHnMa cpopmyna Yanua-CatrepTysiiTa 4ns BoluMcneHns uicna adpdeKTuBHbIX cTeneHer ceoboabl
u(y) [Pykosogctso MICO/M3K 98-3 (G.4.1)], ecri 0A4HOM UIW HECKONBKUM U(X;) COOTBETCTBYET KOHEYHOE YUCIO
cTeneHen csoboabl;

b) ecnu ctaHgapTHOI HeonpedeneHHOCTU OLEHKU Kako-TMbBo BXOAHON BENUYMHBI X; COOTBETCTBYET KOHEY-
Hoe YMCro cTeneHel croboabl, TO 3Ta OLEHKa He 3aBUCUT OT OLEHOK APYrnX BXOAHBLIX BESINYUH;

C) NNOTHOCTbL pacrnpeeneHust BeposiTHOCTEN ANA Y MOXeT BbITb annpokcumMMpoBaHa HopManbHbBIM pacnpe-
JeneHveM v macluTabrupoBaHHLIM CMELLEHHBIM -pacnpeaeneHnem.

Mpumevyanune 1 — Ycnoeue a) obecneqHnBaeT BO3MOXHOCTb ONMCAHUA Y MacwTabupoBaHHbIM CMELEHHBIM
t-pacnpegenexuem.

MpumevyaHune 2 — Ycnoeue b) cesazaHo ¢ Tem, 4to GUM He paccmatpuBaeTr BO3MOXHOCTb OUEHUBAHUA
HeonpeaeneHHOCTN B CnydYae 3aBUCUMbIX X; C KOHEYHbIM YMCIIOM cTerneHen cBoboabl.

Mpumeyvanne 3 — Ycnosue c) 3aBeAOMO BbINONHAETCA, €CNU KaXAAA cny4anHasa BenuyumHa X; nogHuHAeTca
HOpManbHOMY pacnpeaeneHuio. OHO BBIMNONHAETCA TaKKe B crnyyae, Korga BbiNONHEHb!I yCNoBUA ueHTpaanoﬁ npe-
AensHow Teopemsbl [Pykosoacteo MCO/M3BK 98-3 (G.2)].

Mpumevanne 4 — Cnocob ouenHnBaHus HeonpegeneHHoctTn No GUM He moxeT ObiTb NPpUMEHeH, ecnu
Benu4MHa X;, BKNag KOTOPON B U(y) SIBNSIETCA AOMMHUPYIOWWM, HE MOAYMHAETCA HOPMAanNbHOMY pacnpeaeneHuio.

5.8 Ycnoeus npumeHUMocTu cnocoba oLieHUBaHUA HeonpeaeneHHocTu no GUM ans HenMHeNHbIX
mopaenen

5.8.1 3akoH TpaHchopMUpOoBaHUS HeonpeaeneHHOCTEN MOXET ObITb NPUMEHEH AN HEeNIMHENHbIX Moaenei
npy BbINONHEHWUW CrieayoLMX YCIOBWIA:

a) byHKUMA f UMeeT HenpepbIBHYIO MPOU3BOAHYIO MO KOMNOHEHTaM X; BekTopa X B OKPECTHOCTSIX OLLEHOK
Xi;

b) ycnoeue a) cnpaBeanueo B 0THOLEHUM NPOU3BOAHLIX BCEX MOPSIAKOB, UCTMONb3YEMbIX B 3aKOHE TpaHC-
chopMUpoBaHUA HeonpeaeNeHHOCTeN;

C) BENUYMHLI X;, BXOASILLIME B 3HAYUMBIE UneHbl pasnoxeHust pyHKUuK F(X) B paa Terinopa Beiclunx nopsia-
KOB, HE3aBUCUMbI;

d) BenuunHbl X;, BXxogsLme B uneHbl pasnoxkeHus dyHkuumy f(X) B pag Terinopa BbiCLUWX MOPAAKOB, NOA4M-
HAIIOTCS HOPMasIbHOMY pacnpeaerieHuto;

€) YneHbl BbICLUNX NOPSIAKOB, He BKIOYEHHbIe B annpokcumaumio f(X) psaom Tennopa, npeHebpexumo
marnbl.
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MpumedvaHue 1 — YcrnoBue a) Heobxogumo ANst MPUMEHEHUs1 3aKoHa TPaHCHOPMUPOBaHUA HeonpeaeneH-
HOCTeN, OCHOBaHHOIro Ha annpokcumaumn f(X) psgom Tennopa nepeBoro nopsigka, korga HenuHenHocTb f(X) HesHaun-
TenbHa [PykoBogcteo MCO/MOIK 98-3 (5.1.2)].

MpumedvyaHue 2 — YcroBue b) Heobxogumo Arst NpYMEHeHUs1 3aKoHa TpaHCHOPMUPOBaAHUA HeonpeaeneH-
HOCTel, ocHoBaHHOro Ha annpokcumaumm f(X) psgom Terinopa 6onee Beicokoro nopsgka [Pykosoacteo WCO/MOIK 98-3
(5.1.2)]. Belpaxenve ansi Haubonee BaxHbIX YneHoOB Honee BbICOKOrO Nnopsiaka, KoTopble Heo6XxoaMMo y4ecTb, Npueeae-
Ho B GUM [PykoBoacteo MICO/M3K 98-3 (npumevanue k 5.1.2)].

MpumevaHune 3 — Ycnoewe c) oTHOCUTCA K paccmaTtpuBaemomy B GUM cny4alo, Korga B pasnoxeHun B pag
Ternopa yunTbIBAIOTCA HNEHbI BbICILIMX NOPSAAKOB, onpeaensembix HesaBucumbimm X; [Pykosogcteo MCO/MOK 98-3
(npumeyanmne k 5.1.2)]. BoaMOXHOCTb y4eTa YnNeHOB BLICILMX MOPSAKOB, OnpeaensieMblX 3aBUCUMBIMKU X;, B GUM He
paccMaTpuBaeTcs.

MpumevaHue 4 — Ycnosve d)npeactaenser coboii yTouHeHne yteepxaenns GUM [Pykoeogcteo MCO/M3K 98-3
(npvmeyaHve Kk 5.1.2)] o Tom, 4YTO 3aKOH TPaHCHOPMUPOBAHUS HeonpeAerneHHOCTEeN, YyYMThIBAIOWMIA YNeHbl BbICLUNX
NnopaaKoB, OCHOBaH Ha NpearnonoXeHun 0 CMMMETPUYHOCTM MITOTHOCTEN pacnpepernexsna sBepoatHocTen ana X; [19, 27].

MpumevaHne 5 — Ecnn Tpebyemoe Ansi CYLECTBEHHO HENMMHENHON (DYHKUMN M3MEPEHUs1 aHanutu4eckoe
onpegereHne YacTHbIX NPOU3BOAHBIX BbICLUMX NOPAAKOB NPEACTaBrsieT TPYAHOCTU UMM MOXET NPUBECTKU K ownbkam, To
JonyckaeTtcsl NpUMEHeHne MeTodOB YncneHHoro anddepeHUMpoBaHusl C UCMONb30BaHWEM COOTBETCTBYIOWErO Npo-
rpaMmmHoro obecnedenusi. Kak BapuaHT, YacTHble NPOU3BOAHbIE MOTYT ObITb anMpPOKCMMUPOBAHbLI YMCIEHHO METO4OM
KOHe4HbIX pasHocTer [5]. (B GUM mpuBegeHa dopMyna KOHEUHO-PA3HOCTHOW annpoKcMMmauuun ans BblYUCNEHUs YacT-
HbIX MPOW3BOAHbIX Nepeoro nopsigka [PykoBoacteo MCO/M3IK 98-3 (npumeuanve 2 k 5.1.3)].) OgHako cnegyet cobnio-
AaTb OCTOPOXHOCTb, ONEPUPYS KOHEYHBIMU PA3HOCTAMM AN ONM3kMX 3HaYeHWn YHKUMK, NOCKONBKY MOrPeELHOCTH
OKPYIMEHUs1 Yncern Npu MUCMosb30BaHUN apuMETUKN C KOHEYHOW TOYHOCTBIO CMOCOOHBI MPUBECTU K 3HAYUTENbHLIM
ownbkam B pacyeTax.

5.8.2 iHTepean oxeaTta MoxeT BblTb onpeaeneH B cooteeTcTBUM ¢ GUM, ecnu BbinonHeHbl ycnosus a), b)
U c), ycTaHoBNEHHbIe B 5.7.2, a NpuMedaHre 3 13 5.8.1 3ameHeHo Ha cnefyiolliee: «Ycrosue ¢) Heobxoanmo ans
TOro, YTobbl MUHTEPBAN OXBaTa MOT ObIThb OMpeAeneH U3 pacrnpeneneHUin aTUX BeNUUnH».

5.8.3 Ecnu ycrnosus 5.8.1 unun 5.8.2 BLINONHEHbI (YTO cripaBearniuBo A MHOTUX NPaKTUYECKUX CUTYaLni),
TO 3TOro 06bLIMHO AOCTATOMHO A1 KOPPEKTHOrO NpUMeHeHWs cnocoba oueHWBaHWs HeonpeaeneHHocTy no GUM.

5.9 Metoa MoHTte-Kapno gns atanoB TpaHccopMUpPOBaHUA pacnpefeneHUid U MonyvyeHusn
OKOH4aTellbHbIX pe3ynLTaToB

5.9.1 Metoag MoHTe-Kapno obecneunsaet nonyveHue npubnmxeHHoro YUCIeHHoro npeacTasneHnst Marte-
maTudeckoro obbekTa G, KOTOPbIM MOXET ObITb, B YaCTHOCTW, (hyHKUMSA pacnpedenerHuns Gy(n)ana [32, ctp. 75].
OCHOBHbIM MPUHLIMMIOM 3TOrO Noaxoaa sSIBMAETCs nonyveHne NoBTOPHbIX BeIGOPOK 13 NIIOTHOCTEN pacnpeaeneHus
BEPOATHOCTEW AN BXOAHbIX BEMMUMH X; 1 NoSlyYyeHne COOTBETCTBYOLLEH BLIBOPKM Ha BbIxoge Moaesnu.

5.9.2 Mockonbky Gy(n) coaepXuT B cebe BCo U3BECTHYHO UHbopMaLmio 06 Y, To Ha ocHoBe NpubnimwkeHus G
MOXET ObITb NMony4veHa annpoKcMMaLms Noboi XxapakTepucTukn Y, Takoi kak MaTemaTuieckoe oxugarve, auc-
nepcusa Unu nHTepsan oxeata. KauecTso nonyyveHHbIX pesynstaTtoB ynydllaeTcss N0 Mepe yBernMveHWs vucna
BbIBOPOK.

5.9.3 MaTemaTuyeckoe oxugaHue 1 gncnepcus (a Takke 6onee BbICOKME MOMEHTbLI pacnpeaeneHnst) MoryT
ObITb OnpegeneHsl HenocpeacTBEHHO Mo BbIOOPKe Ha Bbixode Modenu. [ns onpedeneHns MHTepBana oxasaTta
HeobxoaVMo NpeaBapuTesIbHO 3TY BEIGOPKY YNopsaoumTb.

594 Ecnny, r=1,.., M, npeacrasnsoT coboil M 3Ha4eHU Ha BbIXOAE MOAENM, B3ATbLIX HE3aBMCUMO U3
MMOTHOCTM pacnpeaeneHnst BeposiTHocTel Ans Y, To NpUBnmKeHHbIe 3HauYeHUst MaTemaTuyeckoro oxunaannsa E(Y)
u aucnepcun V(Y) MoryT 6bITb NonydeHbl NO 3TUM BbIGOPOYHBIM 3HadYeHUsIM .. B obliem cnyyae Bce
MoMeHTbI Y [Bkntouas E(Y) n V(Y)] MoryT BbITb annpoKCUMUPOBaHbI X BbIGOPOYHLIMK 3HaYeHusiMU. Ecnn obo-

3Ha4YUTb Myo YMCNO 3HAYEHUI BbI60pKI/I, He npesbiluakolL X HEKOTOPOro NPpoOU3BOITIbHO Bbl6paHHOFO 3Ha4eHnsA vy,

TO BEPOSATHOCTb Pr(Y'< yp) MOXHO NpubnukeHHo onpeaenuts pasHon M, /M. Takum o6pasom no BeiGopke ¥,
0

MOXXHO MOCTPOUTL CTYNEeHYaTYHo hyHKLMIO, annpoKCUMUPYIOLLYO (byHKLMIO pacripegeneHunst Gy(n).

5.9.5 Kaxgoe 3HadeHne y, OnNpegensitoT Ha OCHOBE CrydYalHoOl BbIOOPKA BXOOHBLIX BEWYMH X; U3 KX
pacnpegeneHuii BepOSITHOCTER 1 nocneaytoLero npeobpa3oBaHWs 3TUX BXOAHLIX BEMMYMH MOAENbI0 n3Mepe-
Hus1. Mprbnukerre G, nonyveHHoe meTogom MoHTe-Kapno, npegcrasnseT coboii BbIGOpPoUHbIe 3HaYeHNs y,, pac-
MoNoXeHHkIe B CTPOro BO3pacTatoLLeM nopsiake.

MpumedyaHune— CywectByeT Hebonblwas BeposiTHOCTb TOro, YTO HanWAyTCA anemeHTbl BbIGOPKK y,,
coBMagalrowyme no 3HaveHvio. B aTom cny4ae nocTpouTtb CTPOro BO3PacTalolLylo NOCMNeAOBaTeNbHOCTE MOXHO, BHOCS! B
COBMagatowme anemeHTbl BolOOpKM Manbie CryYaiHble BO3MyWweHus (cm. 7.5.1).
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5.9.6 MprmeHeHne meToga MoHTe-Kapio gns TpaHcqoOpMUpoBaHusa pacnpenesieHnii cxemaTmyeckn noka-
3aHO Ha pUCYHKe 4 Ans cnydasn 3apaHee 3a[aHHOro sHadeHus M (cnyvai, korga M He 3afaeTcsa 3apaHee, pac-
cmaTpuBaeTcsa B 7.9). NoatanHas npoueaypa metoga MoHTe-Kapsio BkioyaeT B cebs:

a) BbIGOP uncna ucnbitaumii M (cm. 7.2);

b) chopMrpoBaHue B KaxAom u3 M ncnbiTaHuii J1/-MmepHOro BekTopa BXOAHbIX BEMMYMH Xt B COOTBETCTBUM C
nX 3aKoHamu pacnpegeneHus (cm. 7.3);

C) Nosly4YeHne A1 KaxK0ro Takoro BeKTopa 3HauyeHus Y Ha BbIXofe Mogenn ndMmepeHus (cMm. 7.4);

d) pacnosioxeHue nonyyvyeHHbix M 3Ha4YeHWn Y B CTPOro Bo3pacTawlieM nopsake, obecneumsarollee
nocTtpoeHune NpuéamxkeHns G (cm. 7.5);

PrcyHok 4 — Ortanbl TpaHcopmypoBaHua pacnpefeneHnii 1 nosyvyeHuss OKOHYaTe lbHbIX Pe3y/ibTaToB
oLeHVBaHUA HeornpegeneHHoctTn metofoMm MoHTe-Kapno

14
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e) noslydeHve Ha ocHoBe G oLeHKM y Ana Y 1 ee cTaHaapTHOW HeonpegeneHHocTu u(y) (cm. 7.6);
f) noctpoeHne Ha ocHoBe G WHTepBana oxsaTa ANd Y, COOTBETCTBYHLLEro 3aaHHON BEPOSITHOCTU
oxsaTta p (cMm. 7.7).

MpumedvaHue 1 — dopMupoBaHne BbIOOPKU M3 pacnpegeneHnii BEpOATHOCTeN paccmaTpusaeTcs B 6.4 1 B
npunoxenun C.

MpumeyaHue 2 — CpegHee apucdmeTnyeckoe n3 M 3HaueHW Ha BbIXOAe MOAENU SIBNSIETCHA ClyYalHoOn
BENUYMHON ¢ martematuyeckum oxuganuem E(Y) n gucnepcveinn V(Y)/M. Takum obpasom, 6nusocte cpeaHero apudme-
Tnueckoro k E(Y) nponopunonansHa M-12,

MpumevyaHune 3 — Ha artane e) MoXHO ncnonb3oBate M HeynopsigodeHHbIX peanuaauuii Y. OgHako ans
onpeaenexHns nHTepeana oxeata Ha atane f) s3HaueHns BbIGOPKM BbIXOAHBIX 3HAYEHWII Moaenn Heo6XxoauMo yrnopsiao-
YNThb.

5.9.7 3ppexTuHocTe MeTOaa MoHTe-Kapno npw onpeaeneHun y, u(y) v UHTepeana oxearta Ansi Y saBucut
OT ageKkBaTHoro Belbopa uvicna ucneltaHuii M [atan a) B 5.9.6]. PekomeHgaumm no onpeaeneHnto 4ocTaTouHoro
3Ha4eHusa M v no gpyrum Bonpocam peanuaauumn metoga MoHTe-Kapno npusegeHsl B [7] (cMm. Takke 7.2 1 7.9).

5.10 YcnoBusa npumeHumocTtu metoga MoHTte-Kapno

5.10.1 NpvmeHeHne meToga MoHTe-Kapno ana TpaHchopMMpoBaHUA pacnpeaeneHunii ¢ nonydeHnem pe-
3ynbTaToOB OLeHVMBaHUA HeonpeaeneHHoCTW TpebyeT BbiNnoTHeHWs cCreayoLLMX YCIoBMiA:

a) pyHKUMA namepeHuns f — HenpepbiBHA Mo BCeM X; BekTopa X B OKPECTHOCTU HaunyyllinxX OLEHOK X;
BXOAHbIX BEMWNYUH X;

b) dyHKUMS pacnipegeneHns ans Y HenpepbiBHA U CTPOro BospacTaloLas;

C) NIIOTHOCTbL pacnpeieneHus BeposiTHocTe ans Y:

1) HenpepbIBHa Ha UHTepBare, rae ee 3Ha4YeHUsi CTPOro NONOXUTENbHbI,

2) yHumModanbsHa (T. e. UMeeT eAMHCTBEHHbIA MakcuMym),

3) paBHa HyJT0 UM MOHOTOHHO BO3pacTaeT cresa OT MOkl U MOHOTOHHO y6biBaeT Uy paBHa HyIio crpasa
OT MOAbl;

d) E(Y) n V{Y) cywiecTyoT;

e) BblbpaHHoe 3HayeHne M ABnsieTca 4ocTaTouHO B6onbLUMM.

MpumevyaHne 1 — B otnnmune ot TpeboBaHusi a) HENPEPLIBHOCTU CaMOW (DYHKUMN U3MEPEHUS HUKaKWX
YCMOBWI Ha MPOV3BOAHbLIE 3TOW (PYHKUUM He Hanaraertcsl.

MpumeyvyaHune 2 — Ycnosusa a) n b) obecneunsaloT 0gHO3HAYHOCTL DYHKUMKM o6paTHON yHKUMKM pacnpeae-
NeHvs W, cnegoBaTensHo, NO3BONSIOT onpeaenvTe UHTepBan oxearta. Ecnu onpepenernne nHtepBana oxeata He Tpeby-
eTcs, TO Heo6XOAUMbIM SIBMAETCH TOMNBKO YCrOBUE a).

MpumedvaHue 3 — Ycnoeue c) HeOGX0AMMO TONMBKO B Cryyae onpefAernneHns HaMMEHbLIENO UHTepBana oxXBa-
Ta. Torga ycrniosue c) obecneunBaeT eaMHCTBEHHOCTb HAUMEHBLLENO WHTEPBAra OXBaTa, COOTBETCTBYIOWENO 3a4aHHOM
BEPOATHOCTM OxBaTta. Ecnn mopa sBnseTcs rpaHMYHON TOYKOW MHTepBana, Ha KOTOPOM MNOTHOCTL pacnpeaeneHuns
BEPOATHOCTEN OTNWMYHA OT HYMA, TO OAHO M3 ABYX YCINOBWI MNepeuncrieHns 3) SBNseTca NUWHUM.

MpumevyaHue 4 — Yenosre d) Heobxogumo ansi obecneveHnss CxoguMocTU NO BEPOATHOCTU OUEHOK, NOMy-
YeHHbIX meTogom MonTe-Kapno, npu yennuennm M (cm. 7.2).

MpumeyvyaHne 5 — Ycnoewe e) Heobxoanmo ana obecneveHns [OCTOBEPHOCTU pe3ynbTaToB OUEHMBAHUA
HeonpegeneHHocTn (cm. 8.2).

5.10.2 Ecnu ycrnoBus, ykazarHble B 5.10.1, BbINONHeHbI, TO peaynbTaTbl OLEHUBaHWS HeoNpeaeneHHOCTH C
ncnonb3oaHveM metoaa MoHTe-Kaprio MoXHO cuuTaTth 4OCTOBEPHBLIMU. OTU YCIIOBUSI MEHEE XKECTKWE, YEM Te,
BbINOSTHEHWE KOTOPbLIX HeobXoarMOo ANsi oLeHMBaHUA HeonpeaeneHHocTy no GUM (cm. 5.7 1 5.8).

5.11 CpaBHeHue cnocoGoB oLeHMBaHNUA HeonpedeneHHocTu no GUM u metogom MoHTe-Kapno

5.11.1 Uenbto nogpasgena siBNsieTcs cpaBHEHWE NPUHLIMMOB, NeXallx B OCHOBE OLIeHNBaHUA Heonpeae-
nenHocTy no GUM 1 meTogom MonTe-Kapno, ncnonssyemoro anst npeobpasosanus pacnpegeneHuii, B HacTos-
LLleM nodpasaene npuseaeHbl HekoTopble 060cHOBaHUS Ucnonb3oBaHus MeToda MoHTe-Kapno B ycnoBusix, Kor-
[Aa 060CHOBaHHOCTL NpUMeHeHUs criocoba oLeHBaHKA HeonpeaeneHHocTy no GUM ocTaeTcst HESICHOM.

5.11.2 ins cpaBHeHWs cnocoba oLeHnBaHus HeonpeaeneHHocTy no GUM ¢ metogom MoHTe-Kapno nones-
Ho caenatb 0630p OCHOBHbIX nonoxeHuin GUM, kacatolumxcs oLeHok HeornpeaeneHHocTV Tunos A 1 B. Mpm
onpegeneHnn oLeHkn HeonpegeneHHocTn Trna A GUM nossonsieT nony4nTs HanmyuLWyto OLEHKY BEMUYUHbI U
COOTBETCTBYOLLEW CTaHAapTHON HeonpeaeneHHOCTU B BUAe cpefiHero apumMeTM4ecKkoro 1 BbI6opoYHOro cTaH-
0apTHOro OTKIOHEHWS!, MOSyYeHHbIX Ha OCHOBE He3aBUCUMbIX HabrtogeHuiA. Moy onpegeneHny oLeHKV Heonpeae-
NeHHocTU TUNa B ncnonbaytoT anpuopHble 3HaHUsS O BENUYMHE Arst ONUCAHUS ¢ ee NOMOLLbH MIIOTHOCTW pac-
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npeaeneHus BepoATHOCTEN, HA OCHOBE KOTOPLIX ONPeAeNAoT HauNyuLLYo OLEeHKY BENUYUHBI U COOTBETCTBYHO-
LLyto cTaHAApTHYHO HeonpedeneHHocTb. B cootBeTcTBMM ¢ GUM 06a Tna oueHoK OCHOBaHbI Ha UCMOSb30BaHWUK
pacnpegeneHuii BeposiTHocTel [PykoBoacteo UCO/M3K 98-3 (3.3.4)] u obLienpusHaHHbIX MHTepnpeTaLmii Bepo-
sirHocTu [PykoBoacteo MCO/MOK 98-3 (3.3.5)]. B noaxoae GUM oueHusaHue HeonpeaeneHHOCTU nogpasymeBa-
eT TpaHcchopMUpoBaHWe pacrpeaeneHnii BeposiTHOCTEN, MOCKOSbKY BXOAHOW U BIXOAHOW BENUYMHAM B HEM CTa-
BSITCS B COOTBETCTBWE Cly4vaiiHble BeNMuMHbI, obragatoLme CBOUMU pacnpeaeneHnamm BepoaTHocTei [Pykosog-
ctBo MICO/MOIK 98-3 (G.6.6)] (cm. Tarke 5.1.2).

5.11.3 B MeToae oueHnBaHus HeornpeaeneHHocTy no GUM nnoTHOCTL pacnpegeneHna BeposiTHOCTEN Bbl-
XO[HOI BENUYUHBI B AIBHOM BMAe He onpeaensitoT. CCbUKM HACTOSsILLEro cTaHaapTa Npyu pacCMoTpeHUn noaxoaa
GUM Ha pacnpegeneHune BbIXOAHOW BENUYNHBLI UCXOANAT M3 TOTO, YTO CyLLIeCTBOBaHWE Takoro pacnpegeneHus
0o6ycnoBneHo cMbICNOM NpoLeaypbl OLIEHUBAHUS.

5.11.4 Metoa, ycTaHaBnNMBaeMblii HACTOSILLMM CTaHAAPTOM, B MaKCUMaribHO BO3MOXHON CTEMNEHN CoBMeC-
Tum ¢ GUM, ocobeHHO B OTHOLLIEHUM UCTIONBL30BaHUS NIIOTHOCTEN pacnpeaerneHnst BeposiTHOCTEN Ansi onvMcaHust
BCEX BXOASLUUX B MOAESb U3MEPEHUS BEMUYUH, HO MOXKET OTNIMYATLCS OT HEro B criefyoLLeMm:

a) BceM BXOA4HbIM BenuunHam X; B IBHOM BuAe NpynucaHbl COOTBETCTBYHOLLME MITOTHOCTU pacrnpeaeneHust
BeposiITHOCTEW (a He cTaHAapTHbIE HeonpeaeneHHOCTU OLEHOK X; 3TUX BEMWMYUH) HA OCHOBE UMetoLLelics MHdOop-
Mauum 06 aTux BenuuuHax. Knaccudukaums oueHok Ha oLleHku TunoB A v B He ucnonbsyercs;

b) BeiuMcneHne koacbduumeHToB YyBcTBUTENLHOCTU [PykoBogcTeo MCO/M3K 98-3 (5.1.3)] He siBnsieTcst
HeoTbeMIeMoW YacTbio MeToaa, U, cnefoBaTenbHO, BbIMMCIIEHUE U YNCTIeHHas annpoKCUMaLMs YacTHbIX Npo-
M3BOAHbIX PYHKLMK 3MepeHus o X; He TpebyeTcs. TeM He MeHee, MeTog, MO3BOSISIET MOMYUMTh NPUBIKEHHbIe
3HaueHus ko3 ULMEHTOB YYBCTBUTENBHOCTU, KOTOPLIE, 0AHAaKO, He ByayT COOTBETCTBOBATL koadhduumeHTam
pasnoxeHusi yHKUMKM namepeHus B psg Telinopa nepeoro nopsigka, a byayT yumTbiBaTh BCE YNeHbl BbICLIEro
nopsifka aToro pasnoXxeHus (CM. npunoxeHue B);

C) uicneHHoe npeacTasneHne pyHKLUM pacnpeaeneHns BLIXOAHOW BeNuuHbI Y, NofHOCTLIO onpeaense-
Moe B1AOM MoAeNy U3MEePEHUs U NNOTHOCTSIMU pacnpeAeneHust BeposiTHocTel anst X, He orpaHU4MBaeTCsl Hop-
MarbHbIM pacnpeaeneHnemM unu MaclTabnpoBaHHbIM CMELLEHHLIM -pacnpeaeneHem;

d) nockosbKy NNOTHOCTL pacnpeaeneHnsl BeposiTHOCTeN Ansl Y He siBnsieTcs B obLueM criyvae cuMMeTpuY-
HOW, MHTepBan oxeaTa Ans Y Takke He Bceraa CUMMeETpUYeH OTHOCUTESBHO ee oLieHkU. CriegoBaTenbHo, Ans
Bblbopa HTepBana oxsarta, COOTBETCTBYHOLLEro 3agaHHON BEPOATHOCTU oxBaTa, HeobxoaumMa AononHUTeNsLHast
WHbopMaLms.

5.11.5 Tak kak cnocob oLieHMBaHUsi HeonpeaeneHHocTn No GUM onepupyeT ToNbKO HaunyylMmMm oLeHKa-
MU X; U COOTBETCTBYIOLLMMU CTaHAAPTHLIMU HeonpeaeneHHOCTAMM (a Takke, NPy HeobxoAMMOCTU, KOBapUaLMsSIMM
W yucnamu cteneHern ceoboapl), npegoctasnsiemMas MM HgopMaLna o BbIXogHOW BenuunHe Y orpaHudera. Mo
CyLLEeCTBY, OH NO3BOMSET NULLb MONYy4YMTh OLEeHKY y Ans Y U COOTBETCTBYIOLLYIO ¥ CTaHAApTHYHO HeonpegeneH-
HoCTb U(y), a TaKke, B pade cnyyaes, oLeHKy Yncna apdekTUBHbIX cTerneHei ceobogbl. Ecnu dpyHkums nsmepe-
HUs1 NMHeHa no X, To OLeHKM y 1 COOTBETCTRYIOLLEN HeonpeaeneHHocTU u(y) byayT aoctoBepHbl. Beto octanb-
HYt0 MHpopMaLmio 06 Y, B TOM YKcre NHTEepBarbl OXBaTa, Nofy4aroT Ha OCHOBE AOMOMHUTENBHBIX MPeanonoXeHUi
o BUAe pacnpegenenuns Y (oHo sBnsieTcs 6o HopmarbHbIM, B0 MaclLuTabupoBaHHEIM CMELLIEHHBIM -pacnpe-
AeneHvem).

5.11.6 Metoa MoHTe-Kapno obnagaet cneayoLlyMm npenmyLLecTBamu:

a) coKpaLlatoTcst aHanMTUYeckne pacyeThl B crydae 6onee CNoXHbIX UM HENMHERHBIX Mogenei, ocobeHHo
BCMeACTBUeE TOro, YTo He TpebyeTcs onpeaeneHne YacTHbIX MPOU3BOAHbLIX MePBOro U bonee BbICOKUX Nopsia-
KOB, He0BX0AVMbIX A4N51 OLIEHKN KOS DULIMEHTOB YYBCTBUTESNBHOCTHU B COOTBETCTBUM C 3aKOHOM TpaHChopMupoBa-
HUSA HeorpeaeneHHoCTY;

b) B 06LLEeM criyyae ynydLlatoTes oLeHk Y Anst HenvHelHbix Mogeneii [Pykosoactso MCO/M3K 98-3 (4.1.4)];

C) yNy4LLIATCs OLEHKN CTaHAapTHOW HeonpedeneHHOCTU OLeHKU Y Ans HenuHelHbIX Mogernen, oco6eHHo
Korga X; npunucaHo HerayccoBo (a, Hanpumep, acuMMeTpUYHoe) pacnpeaeneHue, 6e3 HeobxognmocTy onpeae-
NeHna Npou3BOAHbIX BhICLLUX Nopsigkos [PykosoacTeo MCO/M3K 98-3 (npumedanue k 5.1.2)];

d) cyLLecTBYeT BO3MOXHOCTb NMOCTPOEHNSI MHTEpBara oxXBaTta B COOTBETCTBUN C 3a4aHHON BEPOSITHOCTLHO
oxBara, korga NioTHOCTL pacnpegeneHnsl BeposiTHOCTEN And Y He MoXeT BbITb aaeKBaTHO anmnpoKCMMUPOBaHa
HopMarnbHbIM pacrnpeaeneHuemM Unu maclLuTabupoBaHHbIM CMeLLLeHHbIM f-pacnpeaeneHnem, T. e. Korda LeHTpanb-
Hasl npedenbHas TeopemMa HenpumeHuma [Pykosogcteo MCO/M3K 98-3 (G.2.1, G.6.6)]. Annpokcumaums Hop-
ManbHbIM pacnpegeneHnem unm MacllTabrypoBaHHBLIM CMELLEHHBIM E-pacnpeaeneHnem MoXeT BbiTb HeagekeaT-
HoM, korda (1) pacnpegeneHue, npunMcaHHoe AOMUHUPYIOLLEN BXOOQHOW BeNMUnHe X;, He SIBNSIeTCA HopMarsib-
HbIM pacnpegeneHuem unu MmaclutabupoBaHHbIM CMeLLeHHbIM f-pacripegeneHneM, (2) hyHKLWA Mogenu Henu-
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HeliHa, (3) oLumnbKa annpokcumMaLmm, 0bycnoseHHas ncrnonb3yemoit dopmyrnon Yanua-CaTtepTysiita 4ns pacye-
Ta yucna apdekTUBHbIX cTeneHel csoboabl, ABNAETCA CyLLECTBEHHOW;

e) Ans onpegenexHns MHTepBana oxsarta He TpebyeTcs ncnonb3oBaHus koadpdurumeHTa oxsarta [Pykosoa-
ctBo ICO/M3K 98-3 (2.3.6)].

6 MNMnoTHoCcTM pacnpeaeneHns BepOSITHOCTEN BXOAHbLIX BENUYUH

6.1 O6wme nonoxeHus

6.1.1 HacToawuii pazaen coaepXuT pekoMeraaLum no BbI6opy B HEKOTOPbLIX TUMUYHBIX CUTYaLIMSIX MIOTHO-
CTel pacnpefeneHus BeposiTHOCTEW AN BXOAHbIX BeNUYMH X; Ha atane dbopMynMpoOBKX 3a4ayvu oLeHNBaHNSA
HeonpeaeneHHoCcTU. Belbop NNoTHOCTW pacnpeaeneHus BeposTHOCTEN MOXeT BbITb 0cHOBaH Ha TeopeMe Balieca
[20] unu Ha npuHUMnie MakcumMmyMa aHTponuu [8, 26, 51, 56].

MpumMeyaHue— B HekoTOpbIX cry4asix BeIOOp NpUNMCLIBEEMON NIMOTHOCTU pacrnpeAeneHusl BeposiTHOCTEN
MOXeT ObITb OCHOBAH Ha WHbIX coobpaxeHusix. Ho Bcerga AomkHbl ObiTb 3ahMKCMPOBaHbI OCHOBAHWSI, MOMNOXEHHbIE B
OCHOBY 3TOro BbiGopa.

6.1.2 B ob6wem cnyyae BxodHbIM BenununHam X = (X, ..., Xy)' COOTBETCTBYET COBMECTHAS MIOTHOCTb
pacnpegeneHns BepoaTHOCTEN gy(o) (cM. 6.4.8.4, npumeyarue 2).
6.1.3 Ecnun X; HesaBWCUMBI, TO Kaxaol BenuumHe X; MoXeT GbITb MOCTaBreHa B COOTBETCTBUE MIIOTHOCTb

pacnpepeneHns eposiTHocTeit Jx; (), BIA koTOpoiA BLIBPALOT, OCHOBLIBAACH Ha aHanN3e HabroaeHUi (oLeHka

HeonpeaeneHHoCTV T!na A) Uin HayuHbIX CYXXAEeHUsIX C ucnonsaoBaHnem (cMm. [50]) ucTopun HabnogeHwuid, aaH-
HbIX KATMBPOBKM 1 SKCNEPTHLIX OLIEHOK (OLieHKa HeonpeaeneHHocTh Tvna B) [Pykosoacteo MCO/M3K 98-3 (3.3.5)].

6.1.4 B cnyyae, Korga HesaBUCUMbI TOMNLKO HEKOTOPbIE U3 X, MHAUBWUAYaNbHEIE NNOTHOCTU pacnpeaeneHus
BEPOSITHOCTEN NPUMUCHLIBAIOT TONBKO 3TUM BXOAHBIM BeTMHMHAM, a ANsi OCTarbHbIX NPUMEHSIOT COBMECTHYIO MI10T-
HOCTbL pacrnpeaeneHus.

MpumedyaHue— B psage cnyyaeB oT BCex UMM HEKOTOPbIX 3aBUCUMOCTEN Mexay BXOAHBIMW BenNUYMHamu
MOXHO M30aBUTLCSI MOCPEACTBOM MX 3aMeHbl Ha ApYIve nepemeHHble BenuynHbl [Pykooacteo MCO/MOIK 98-3 (F.1.2.4,
H.1.2)]. Takasi 3ameHa MOXeT yNpoCTUTb Kak NMPUMEHEeHWe 3aKoHa TPaHCOPMUPOBaHWUS HEONPEAENEHHOCTEN, TaK M
3akoHa TpaHchopmupoBaHusa pacnpegenennin. Bonee nogpobHO 3TOT BOMPOC C MNMIOCTpaUMeil NpumMepamMn paccMmoT-
peH B [15].

6.1.5 3Hauumas nHdopmauma ans seibopa NNOTHOCTU pacnpeaeneHus BeposiTHocTel A4ns X; npveedeHa B
GUM [Pykosoactso UICO/M3K 98-3 (4.3)).

6.1.6 B HacTosiLLleM cTaHaapTe He NPUBOAATCS NogpobHbIe pekoMeHAaLwmm Mo BbIBopy NNOTHOCTER pacnpe-
AeneHnsa BepoATHOCTER UHAUBMAYANLHbBIX UM COBMeCTHbIX. Bua BbIGpaHHOM NNOTHOCTY pacrnpeAeneHusl BeposiT-
HOCTell B HESIBHOM BUAE BKIOYaeT B cebs 3HaHUsI U NpaKTUYeCKUiA ONbIT MEeTPosora, COCTaBnsItoLLEero Moaesb
N3MEpPEHUS, KOTOPBIA B KOHEYHOM CHETE HECET OTBETCTBEHHOCTb 33 Ka4€CTBO KOHEUHbIX pe3ynsTaToB.

6.1.7 CnpaBoyHbIM PYKOBOACTBOM MO BUAaM pacnpeeneHusa BepOATHOCTEN MOXeT cnyXuTb [18].

6.2 Teopema Baiteca

6.2.1 Ecnu nHdopMaumsi 0 HEKOTOPOW BXOAHOM BenuunHe X coaepxuTcs B cepyumn HabnogeHuin, pacecmarpu-
BaeMbIX KaK peanvsauum He3aBUCMMbIX OAWHAKOBO pacnpeaeneHHbIX CryYaiHbIX BENMUKMH ¢ 3agaHHo dopmoii
NNOTHOCTW pacnpefeneHus BepOSITHOCTEN, HO ¢ HEU3BECTHLIMU MaTeMaTUYECKUM OXMUAaHUEM U AUCepcueit, To
npunuceliBaeMas BXogHo BenuumnHe X NioTHOCTb pacnpeaeneHnsa BepoAaTHOCTER MOXeET BbITb paccunTaHa no
Teopeme Baiieca. PacueT BkioyaeT B cebsa ABa aTana. CHayana HenssecTHbIM MaTeMaTUIECKOMY OXUAAHMWIo U
Avcnepcun NpUnUcsIBaloT HemHopMaTUBHOE COBMECTHOE pacnpeaeneHue (anpuopHoe). 3atem, UCnosb3ysi Teo-
pemy Balieca, COBMeCTHyI0 MNOTHOCTb pacnpeaeneHunst BEpOSTHOCTEW YTOUHSIIOT HA OCHOBE AaHHbIX Cepun Ha-
6nioaeHni, B pedynsTaTe Yero nony4alT COBMECTHYIO MIIOTHOCTL pacnpeaeneHnsl (anocTepruopHyto) Ans AByX
HensBeCTHbIX NapamMeTpos. [Mocne 3Toro NCKOMYIo arnocTepUopHYIO NNOTHOCTL pacnpeaeneHnst BeposTHOCTEN
HEen3BeCTHOro MaTeMaTU4ECKOro 0XnaaHWs, KOTOPYHO paccMaTPUBALOT Kak NSTOTHOCTbL pacnpeaeneHust, PUnuchi-
BaeMyto X, BbIMUCISIIOT UHTErpupoBaHMeEM COBMECTHON MIIOTHOCTU pacnpeaeneHnsi o 0b6racTi BO3MOXHbIX 3Ha-
YeHWUIn HensBecTHOW aucnepcun (cM. 6.4.9.2).

6.2.2 B cooTBeTCTBUM C TeopeMoli baileca anst yTouHeHUs NNOTHOCTW pacnpeAeneHnsi BEposiTHOCTEN UC-
nosb3yloT NpousBeaeHe anpUoPHO NMOTHOCTU pacnpeaeneHna BepoATHOCTEN Ha chyHKUMIo npaegonoao6bus [20].
PyHKUWA NpaBgonogobus B criyyae He3aBUCUMbIX HabniogeHW ABNAETCA NponsBegeHeM 3Ha4YeHWUI NIIoTHOCTe
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pacnpefeneHus BeposiTHOCTEN (Hanpumep, rayccoBbiX C HEU3BECTHLIM MaTeMaTUHECKUM OXuaaHuem v aucnep-
cuein) Ans nonyyeHHbIX HabnogeHUA. ANOCTEPUOPHYIO NINOTHOCTL pacnpeaeneHns BepoOATHOCTEN Nony4YatoT UH-
TerpumpoBaH1em NpousseaeHVs anpyopHo NNOTHOCTU pacnpeaeneHust BeposATHOCTeN U chyHKLMM Npaeaonoaobus
Mo BCEM BO3MOXHbLIM 3HAYEHWsAM AUCrepcum ¢ nocneayoLeid HoOpMUPOBKOIA.

MpumevaHune 1 — VHoraa (Hanpumep, kak B 6.4.11) cnyyaiHbie BENUYWHBI, AN KOTOPLIX NOMy4YeHbl Habno-
OEHWS, ONMUCbIBAIOTCS MITOTHOCTBIO pacrpefernieHnsl ¢ egUHCTBEHHLIM NapaMeTpom pacnpegenenus. B Takux crniyvaax
MaTeMaTN4eckoMy OXUAAHWIO 3TOro pacrnpegeneHns nNpunuceiBaloT HEMHMOPMATUBHYIO anPUOPHYIO MITOTHOCTb pac-
npegeneHns BepOsiTHOCTEN, a anocTepuopHoe pacnpegenieHue, NoHMMaemoe kak pacnpegenenve X, opmupyiot
HenocpeacTBEeHHO B COOTBETCTBMM C TeopemMol barieca 6e3 nocneayowero MHTErpMpPOBaHus.

MpumevyaHue 2 — Teopema Bbalteca MoxeT ObiTb Takke NMPUMEHeHa ANA Pa3HbIX NPEANONOXEeHUA O Buae
pacnpepeneHns Habnogaembix CriyyYaiHbIX BENWYMH, Hanpumep, Korga ux HEM3BECTHblIE MaTeMaTUYeckoe OXuaaHue u
CTaHJApPTHOE OTKIIOHEHWE MoraralT paBHbIMU Mexay COOON.

6.3 MpuHUMN MakcMmyMa aHTponuuU

6.3.1 MNpw ucnonb3oBaHMM NpUHLMMNA MakcMyMa SHTponuW, BBefeHHoro keitHcom [25], BbiGUpaloT eavH-
CTBEHHYI0 NNOTHOCTbL pacnpefeneHns BeposTHOCTEN U3 BCeX BO3MOXHbIX pacrpeiesieHnii ¢ 3agaHHbIMU CBON-
CTBaMU, HanpuMep 3adaHHbIMK LieHTpanbHbIMW MOMEHTaMW Pa3nMYHOro NopsaKka Uiy 3agaHHbLIMU UHTepBanamm,
Ha KOTOpbIX NIOTHOCTL PacrnpeaeneHrst BEpOSITHOCTEN He paBHa Hymto. 3TOT MeTod ocobeHHo noneseH Ans BbiGo-
pa nrnoTHOCTU pacrpeaeneHnsl BepoATHOCTEN BENUYUH, A5 KOTOPbLIX AaHHbIE HabnogeHui HeaAoCTYNHbI, UNU Be-
JINYUH, KOTOPbIE HEBO3MOXHO N3MEPUTb.

6.3.2 MNpu npyMeHeHNI NPUHLIMNAa MakKCUMyMa SHTPOMWM B KAYECTBE MIIOTHOCTY pacnpeaeneHnst BeposTHO-
cTelt gy{(&), koTopasi aaeKkBaTHO XapakTepusyeT HEMOMTHOTY 3HaHWS O BeNnUnHe X, BbIGUPatoT Takyto, ANA KOTOPOM
dpyHKLMOHAnN

Slg] = - gx (€)Ingy (€)dE,

npeAcTaensitoLLuii coboit aHTponuto no LeHHoHy [48], focTuUraeT MakcMMyMa NpY orpaHUHeHNsX, onpeaensiemMblixX
nmetoLerics nHdopmaumein 06 X.

6.4 BblGop nnoTHocTK pacnpefeneHns B HEKOTOPbIX TUNUYHBLIX YCIOBUAX

6.4.1 O6wWuMe nonoxeHus

WHbopmMaLums, npueeaeHHas B 6.4.2—6.4.11, no3sonseT BblGpath NOTHOCTU pacnpeneneHnst BeposTHOC-
Tel crny4vaitHbIX BENWYMH Ha OCHOBE pasfiM4yHon uMetoLLercst uHdopmaumm ob aTux BenMumHax. Bug nnotHoctn
pacnpeeneHunsi BEposTHocTel g,(&) onpeaenser:

a) dbopMynbl ANS MaTeMaTUYEcKoro 0XxuvaaHusa u aucnepcun X,

b) cnocob nonyyeHnst BLIGOPKM U3 gs(&).

CeeaeHus, npuseaeHHble B 6.4.2—6.4.11, 1 rpachudeckoe NpeactaBneHue pacnpeaeneHuii, K KoTopbIM 3Tu
cBefieHNst OTHOCATCS, CobpaHbI B Tabnuue 1.

Tabnwuuya 1— Wucdopmaums o criyyariHoW BeENUYUHE M BUA COOTBETCTBYIOLLEN MIIOTHOCTW pacnpeaeneHns BeposiTHO-
cTen

WHdpopmaums o senuuuHe PacnpepneneHue BeposiTHocTen MNyHkT
HwxHsa n BepxHsAs rpaHuvubl: a, b PasHomepHoe R(a, b) 6.4.2
HeTouHO M3BeCTHbIE HUWXHASI U Bepx- | KpuBonuHeiiHo-TpaneuenaansHoe 6.4.3
HAA rpaHuub: a+ d, b+ d CTrap (a, b, d)

18



FOCT P 54500.3.1— 2011/ PykoBoactBo NCO/M3K 98-3:2008/ ononHeHue 1:2008

OkoHyaHue mabnuubi 1

G6opke

NHdopmaumsa o sennyune Pacnpenenenne BeposaTHocTel MyHKkT
Cymma aByx paBHOMepHO pacnpepe-| TpaneuewganeHoe Trap (a, b, P); 6.4.4
TNEHHbIX BEMWYMH C rpanuuamu (aq, bq)| a=aq +as, b = by + by,

u (as, by) COOTBETCTBEHHO B=(b1—aq)—(by—as)/(b-a)
Cymma aByx paBHOMepHO pacnpepe-| TpeyronbHoe T(a, b); a = a + ay, 6.4.5
TNEHHbIX BEMWYMH C rpanuuammu (a4, bq)| b = by + by
u (as, by) N paBHON ANMHON HOCUTENSI
FapmoHnyeckoe konebanune wexay| ApkcuHycHoe (U-obpasHoe) U(a, b) 6.4.6
HWxHel (a) n BepxHel (b) rpaHmuamm ' l
Haunyuwas oueHka x n ee ctaHgapT-| HopmanbHoe (rayccogo) 6.4.7
Has HeonpeaeneHHocTb U(x) N(x, t(x))
Hauny4was oueHka x BekTopHON Benu-| MHoromepHoe HopmarbHOe (rayccoBo) 6.4.8
YMHbI U COOTBETCTBYIOWAs MaTtpuua He-| N(x, Uy)
onpegeneHHoctn Uy
BbiGopka He3saBucumbix HabnwaeHwi| pacnpepenenve (CtblogeHTa); 6.4.9.2
X4, -..y Xn U3 HOPManbHOIO pacnpeaene- n
HWS1 C HEU3BECTHLIMM MaTemMaTU4eCKUM tn—1()_(’ szln); X=2Xx;/n,
oXungaHvem n gucnepcuen i=1

o _\2

s?=3 (x,- - x) /(n—1)

i=1
Hawnyvwas oueHka x, paclwmpenHasi| pacnpegenenve (CtblogeHTa); 6.4.9.7
HeonpegeneHHocTb U, koaddurumneHt )
oxBara kp, umncno aekT. CTENEHEN CBO- t, (x, (Up/kp) )
6oabl Verr off
Haunyywas oueHka x HeoTpuuaTtenb-| SKCNoHeHuunansHoe Ex(1/x) 6.4.10
HOW BENWYMHbI
Uncno g noacumMTaHHbiX 06bekTOB B Bbl-| lamma-pacnpenenenuve I'(g + 1,1) i 6.4.11

MpunmedyaHwune— Npacdukn NNOTHOCTEN pacnpeneneHns BEposiTHOCTeN B Tabnuue 1 gaHbl 6e3 cobnogeHns
macwTaba. Mpaduk MHOrOMEpPHOrO HOPMAarbHOIO pacrnpeaerieHnst He MokasaH.
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6.4.2 PaBHOMepHOe (NpsiMoyronbHoe) pacnpeaeneHue

6.4.2.1 Ecnn egnHCTBEHHOM AOCTYNHON UHpopMaumei o BenuunHe X ABAAIOTCA HUKHAS @ U BEpXHSIA b
(a < b) rpaHuLIbl BO3MOXHbIX 3HAYEHWUIA 3TOW BENUYNHDI, TO B COOTBETCTBUM C MPUHLMNOM MakcMMyMa aHTponuu X
cnegyet onuUcbiBaTh paBHOMEpPHLIM pacnpeaeneHuem R(a, b) Ha uHTepBane [a, b).

6.4.2.2 NnoTHocTL pacnpeaeneHns BepoaTHocTer Ans X B 3TOM criyvae uveeT Bua;

0, E<a
gx(8) =11/ (b-a), a<f<b
0, E>b

6.4.2.3 MaTemaTtuueckoe oxugaHve u aucnepcus X uMetoT BUA:

E(X)="%", V(X)= "5 )

6.4.2.4 ina cbopMupoBaHUs BbIGOPKN 3HAYEHWI criydyaiHOM BENUYUHbI, MOAYUHSIIOLLEACS pacripedeneHuio
R(a, b), Heobxoaumo cny4aliHble 3HaYeHWs r, NoNy4YeHHbIE U3 CTaHAAaPTHOTO PABHOMEPHOrO pacrnpeaeneHust
R(0, 1) (cm. C.3.3), npeobpasoBaTtb cnegyowmm obpasom:

E=a+pb-ar

6.4.3 PaBHOMepHoOe pacnpegeneHue ¢ HeTOYHO U3BECTHLIMU FpaHULaMKU

6.4.3.1 O BennumHe X MoxeT OblTb U3BECTHO, YTO OHA HAXOAWTCH B UHTEpBarne ¢ rpaHuuaMu A mn B,
A < B, Takom, 4YTO cpefHsist TouKka UHTepsana (A + B)/2 dukcupoBaHa, a AnvHa uHtepeana (B — A) TOYHO He
onpeaeneHa, HO U3BECTHO, YTO A NEXUT B UHTepBane (a + d),a B— B uHtepBane (bt d), rae a, b ud 3agaHsl
v npu aTom d > 0, (a + d) < (b - d). Ecnu Hukakoi apyroi nHgopmaumn o X, A u B HeT, To B COGTBETCTBUM C
NPVHLMMOM MakcUMyMa 3HTPOMNMU cryqaiHas BenuunHa X MoXeT ObITb onncaHa KpMBOSIMHEHO-TpaneLenaass-
HbIM pacnpeaeneHvem CTrap (a, b, d).

6.4.3.2 NnoTHOCTL pacnpeneneHnst BeposiTHocTen Ana X B 3TOM cnyvae umeeT Bua;

0, E<a-d
In[(w + d)/(x-&)], a—d<f<a+d,
Ix(E) = 251 In[w + d)/ (W—d)], a+d<E<b—d,
In[(w + d)/ (E—x)], b-d<E<b+d, @)
0, E>b+d,
rae x=(a+ b)2nw=(b—a)/2 aBnaoTCcA, COOTBETCTBEHHO, CpeaHel TOUKON 1 NoNyLLIMPUHOM UHTepBeana [a, b)

[PykoBoacteo MICO/MOIK 98-3 (npumeuanue 2 k 4.3.9)]. O1a nNoTHOCTL pacnpedeneHns BepoATHOCTEN NoXoXa Ha
TpaneueungasnbHyto, Ho 60KOBblEe CTOPOHbI TpaneLumn He ABASTCA NPAMBbIMU IUHUSIMU.

MpumeyaHune— dopmyna (3) moxeT ObITb NPeAcTaBnNeHa B cneayiowem Buae, yaobHom anst nporpamMmmMupo-
BaHUA:

1 w+d
gx(é)—ﬁmax (lnm, 0).

6.4.3.3 MaTemaTnueckoe oxugaHue u gucnepcensa X MmeroT sua:

2
Ex) =252 vy = E7 4 4 )

Mpumedanune 1— ucnepcus, nony4eHHas no cdopmyne (4), Bcerga 6onblue AUcnepcun COOTBETCTBYIOLLETO
paBHOMEPHOro pacnpeaeneHusi, nony4eHHon no gopmyne (2), 1. e. korpga d = 0.

MpumevaHune 2 — B GUM undopmaumsa o6 X, aHanormyHas npusegeHHon B 6.4.3.1, ncnonesyertca ans
NPUIUCLIBAHWA YMCna cTeneHen ceobodpl ANs CTaHA4APTHOW HeomnpeaeneHHOCTU, CBSI3aHHOW € Haunydwen oueHkon X
[Pykoeogcteo MICO/M3K 98-3 (G.4.2)].
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6.4.3.4 [ins nony4yeHus BbIGOpoUHoro 3HaveHus & us pacnpeaeneHus CTrap (a, b, d) HezaBucumo BblbGupa-
lOT OBa 3HAYeHWs ry U r, U3 cTaHdapTHOro paBHomepHoro pacnpegenexust R(0, 1) (cm. C.3.3) u dopmupytoT
BeNWYUHLI ag U bg:

as=(a—d)+2dr, bs=(a+b)-as

€ =ag+ (bs— ag)n.

MpumeyaHnune— a; — BbIGOPOHHOE 3HAYEHWNE M3 NPSIMOYIONBHOTO pacrnpeaeneHns ¢ rpaHnuamm a + d, a bg
hopmMpyIoT TakuM 06pa3oM, YTOBbI CpeaHss Touka Mexay as U bg coBnana ¢ 3aaaHHbIM 3Ha4YeHneM x = (a + b)/2.

Mpumep — B cepmuchukame yka3aHo, Ymo 3HavyeHue HanpspkeHusi X Haxodumecsi @ unmepsane 10,0 B *0,1B.
Kakas-nu6o dpyzas ungpopmayuss omrHocumensHo X @ cepmugukame He npusedeHa, 00HaKo MOXHO npednoso-
Kumb, 4YMoO 3Ha4YeHUsl 2paHul, UHMepeaasa sessIioNIcsl pe3ysibMamoM KOPPEeKMHO20 OKPy2a/IeHUs1 HeKomopo20
quc108020 3HaveHus (cm. 3.20). MockonbKy 3HaveHue 0,1, ykazaHHoe @ cepmudbukame, M02s10 6biMmb MOJTYHEHO 8
pesynbmame okpyaneHust 3o o0Hol 3Havyauwel yugppsi 1106020 vyucna u3 unmepeana (0,05; 0,15), mo 3a uHmep-
8as1 HeMoO4YHO20 3adaHusl 2paHuy, 8 npedesax KOMOPbLIX HAX00uMCst , MOXHO NMPUHSIMb uHmepeas om 0,05 do
0,15 B. C yyemom cka3aHHO20 OJIOXEeHUe UHMepaasia MOXHO cHumams YUKCUPOBaHHbLIM, a €20 ONUHy u3eeci-
Holl Hemo4Ho. Hauny4wel oueHkoil X 6ydem x = 10,0 B, u, ucnonb3yst ebipaxenue (4) dna a=99B, b=10,1B u
d = 0,05 B, MOXXHO nosly4ums 3Ha4eHue coomeemcemeyiouweli cmaHoapmHol Heonpedes1eHHOCMU u(x):

2 2
w?(x) = % + % = 0,0036.

CnedosamensHo, u(x) = (0,0036)"2 = 0,060 B, ymo conocmasumo ¢ 0,2/ J12 =0,058Be cny4yae uszeecmHbix
MOYHBIX 2paHuUL, Komopbie nosyYvaromcsi 3ameHol d Ha Honb. Micnonb3oeaHue MOYHbIX 2PpaHuUY, 8 AMoM ciyYae
daem 3HaveHue u(x) Ha 4 % MeHb e, YeM @ CrTyYae HeMOYHbLIX 2paHuY. 3Ha4YUMOCMb MaKo20 pacxodeHus cnedy-
em paccMampugamb 8 KOHMeKcme usMepumersHol 3adayu.

6.4.4 TpaneueunganbHoe pacnpegeneHue

6.4.4.1 B GUM [Pykoeogcteo MCO/MIK 98-3 (4.3.9)] paccMOTpeHO NpUMeHeHWe CUMMETPUYHOTO TpaneLie-
naansHoro pacnpegenerus. Ecnu cnyyanHas senuumHa X sABNsSETCS CyMMOW ABYX HE3aBUCUMbIX CryYaiHbIX
BEMYUH X, U X5, KaxKaas 13 KOTOPbIX MOAYMHAETCA paBHOMEPHOMY pacnpeaeneHnio R(a;, b;) ¢ HUWKHeR rpaHuuen
a; v BepxHen rpaHuuert b; (i = 1, 2), To X nog4nHAETCA CUMMETPUYHOMY TpaneueuaansHOMy pacripeferneHunto
Trap (a, b, B) ¢ HWXKHel rpaHuLEel a, BepxHei rpaHuuen b u napameTpoM [3, paBHLIM OTHOLLEHUIO AJTUHLI BEpXHEe-
ro OCHOBaHWSA TpaneLum K AfIMHe ee HKHero ocHoBaHuA. MapaMeTpbl TpaneuenaansHoro pacnpegeneHnsl cessa-
Hbl C NapaMeTpamy paBHOMEPHOro pacripegeneHns cneayrowmmm COOTHOLIEHUAMMN:

a=ay + a,, b= b1 + bz, B = ?\1/}b2, (5)

rae

Ay = |(b1—2y) ‘2(b2‘32)| A, =222 o<, <h,. 6)

6.4.4.2 NnoTHocTL pacnpegeneHns BepoaTHocTer ans X (pUCyHOK 5), NonyyYeHHasn B pe3ynbraTe CBepTKU
OBYX pacnpegenenuii [42, ctp. 93], UMeeT BUA;

[0, E<x—MA,
(g—x+xz)/(x§ - )»21) X—Ay<E< X= Ay,
Ix(8) = {1/(A + 1), X—A<E< X+ Ay,
(x+2, —é)/()»% —x%), X+Aq<E < X+ Ay, (7)
0, E>X+Ay,

rae x = (a + b)/2.
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MpumeuaHune— dopmyna (7) MoxeT BbiTb NpeacTaBneHa B criefytowem Buae, yaobHoM ans nporpammmupo-
BaHusI:

gx (@)= » + % min (7»1 J % max(, - [E-x], 0), 1)_
g(&) 4

(A + A)

1 I
a=x-h, x-Ay X X+ b=x+2, &
PucyHok 5 — lNMnoTtHocTb TpaneuenaanbHoro pacnpegenedms cymmbl X = X + X5
pPaBHOMEPHO pacnpefeneHHbIX CnyYanHbiX BenuumH X3 n Xp

6.4.4.3 MaTemaTtunyeckoe oxungaHue n gucnepcna X MMeroT BuAa:

a+b (b a)
2

EX)=222, V(X)=

(1+B?).

6.4.4.4 ins nony4eHns BblGopoyHoro sHaveHus & ua pacnpeaenenus Trap (a, b, p) HezaBucuMO BbIGUparoT
ABa 3HaJYeHvs 1y U r, U3 cTaHgapTHOro pasHoMmepHoro pacnpegenexus R(0, 1) (cm. C.3.3) u chopmupytot

E=a+ 232+ B+ (1- )}

6.4.5 TpeyronbHoe pacnpegeneHue

6.4.5.1 Ecnu Benu4rHa X ABNSIETCA CYMMON ABYX He3aBUCUMbIX CITyHaHbIX BENWYMH, KaXAasl U3 KOTOPbIX
noAuMHAETCS paBHOMEPHOMY pacripegeneHuio (cMm. 6.4.4), u (b, — aq) = (b, — a,), To 13 BblpaxeHuli (5) n (6)
cnegyer, uto A, =0 u 3 = 0. Takum obpasom, TpaneuengansHoe pacnpegeneHue Trap (a, b, 0) npespallaercsi B
CUMMeTpUYHOe TpeyronkHoe pacnpegenenve T (a, b) Ha uHTepBsane [a, bl.

6.4.5.2 NnoTHocTb pacnpegeneHns BeposTHocTen Ans X B 3TOM cryvae nmeeT Bua;

0, E<a,
(€ —a)/w?, a<i<x,

9x (&)= (b—E&)/w?, x<E<b, (8)
0, E>b,

rae x =(@a+b)2uw=Ax, =(b-a)2.

MpunmedaHune— dopmyna (8) moxeT ObiTb NPeACTaBreHa B cneayowem Buae, yaobHoMm anst nporpamMmMupo-

BaHUA:
max (1 — M, 0)
b-a

6.4.5.3 MaTemaTtuueckoe oxugaHue u aucnepcust X uMetoT BUA:

gx (€)=

E0) =220, vy - 057,

6.4.5.4 [Ina nony4eHns BbIBOpoUHOro 3HadeHus & s pacnpegenenus T(a, b) HeaaBucMMo BblGUpatoT Asa
3HavYeHust ry U r, N3 ctaHaapTHOro pasHomepHoro pacnpegenexuns R(0, 1) (cm. C.3.3) u opmupytot

E=a+ b—;a(q +r2).
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6.4.6 ApkcuHycHoe (U-o6pasHoe) pacnpegeneHue
6.4.6.1 Ecnvt n3secTHO, 4To BenuuuHa X U3MeHSeTCsa No rapMoHUYECKOMY 3aKoHY Mexay npeaenbHbIMU
3HayeHUsIMK a@ U b, a < b, HO B MOMeHT HabnogeHus dasa @ npoLecca HeM3BecTHa, TO B COOTBETCTBUU C
MPUHLIMMIOM MaKkCcUMyMa SHTpONUW Ans onucanvs © cnegyeT UCMonb3oBaTh PaBHOMEpHOe pacnpepeneHue
R(0, 2r). Torga pacnpegenexue X, nonyvaemoe B pesynkrate npeobpasosaHus
a+h b-a

x=222+ 25

sin®,

rae @ noguuHsieTcs pacnpeaenenuo R(0, 2x), 6yaeT apkcuHycHeIM (U-06pasHiiM) pacnpegeneruem U(a, b) [18].
6.4.6.2 NnoTHOCTL pacnpegeneHnsi BeposiTHocTel Ana X B 3TOM criydae UMeeT BuA;

0, E<a
gx (€)=1(2/m)[(b - a)* —(26-a-b)*]"?, a<&<b,
0, E>b.

MpwumedyaHune— locpeacTBOM 3ameHbl NePEeMeHHOM
X=a+((b-a)Z
MOXHO OT pacnpegenenusa U(a, b) nepeiitn k cTaHgapTHOMY pacnpegenenunio U(0,1) ana BenuunHbl Z:

_Jz(1-2y"2 5, 0<z<1,
020 = {502 0zg<t | ©

CnyualiHas BenvuuHa Z umeeTt matemaTudeckoe oxmaanne 1/2 n gaucnepcuio 1/8. Pacnpeaenenue (9) HasbiBaloT
APKCUHYCHbIM, T. K. COOTBETCTBYIOWAA eMy (byHKLlMFI pacnpegeneHna UMeeT eua

1

Gy(z) = %arcsin(Zz -1+

370 yacTHbIV cnydal 6eTa-pacnpeaeneHus, korga oba napameTtpa pacnpeneneHus paBHbl OAHON BTOPOW.

6.4.6.3 MaTemaTtunueckoe oxuaaHue n gucnepcus X uMmetoT Bua;

a+b (b - a)?
2 VX)) ="

E(X) =

6.4.6.4 Nns cbopMmpoBaHUA BbIBOPKU 3HAYEHWUIA CRyYaliHOW BENUUMHBI, MOAYMHAIOLLEeCA pacripeeneHunto

U(a, b), HeobxoanMo criyyaiiHble 3Ha4eHust 1, Nory4YeHHbIe U3 cTaHgapTHOro paBHoMepHoro pacnpeaeneHus R(0,1)
(cm. C.3.3), npeobpazosaths cnegytoLLMm o6pasom:

a+b b-a .
g = 7+t sin2nr.

6.4.7 HopmanbHoe pacnpegeneHue (pacnpegeneHue Maycca)

6.4.7.1 Ecrnv HaunyudLwas oLeHKa X U COOTBETCTBYIOLWAA CTaHgapTHas HeonpeaeneHHOCTb U(X) SABMSIOTCA
eaVHCTBEHHOW AOCTYMHOM MHdopMaLMeit o BenudmHe X, To B COOTBETCTBUM C MPUHLIMMIOM MaKCUMyMa 3HTpoMnuu
cnyyaliHyto BenuumuHy X crieflyeT onvcbiBaTh HOpManbHeIM pacnpeaeneruem N(x, u?(x)).

6.4.7.2 NNOTHOCTL pacnpeaeneHus BeposiTHocTen Ana X umeeT BUA:

ox )= | -S522 |
6.4.7.3 MaTemaTunyeckoe oxuaaHue u guenepceuns X UMeroT Bua;
EX)=x, V(X)=uA(x).
6.4.7.4 ns dpopMupoBaHus BeIGOPKY 3HAYEHWIA CryYaitHO BENMYUHBI, NOAUYMHSAIOLLENCA pacrpeaeneHunto

N(x, UP(x)), He0BXOANMO CryHaiiHble 3Ha4YeHUS Z, NoNyYeHHbIe U3 CTaHAAPTHOTO HOPMAIbHOTO pacrpeaeneHust
N(0,1) (cm. pazgen C.4), npeobpasoBath criegytoLiMm 06pasom:

(10)

E=x+u((x)z
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6.4.8 MHoromepHoe HopmanbHoe pacrnpegeneHue

6.4.8.1 Cutyauus, onucaHHasa B 6.4.7.1, moxeT 6bITb pacnpocTpaHeHa Ha N-MepHYto CryyailHyo Benu-
YmHy X=(X;, ..., Xy)" . Ecnu egmHCTBEHHON A0CTynHON wHdopmaumeid 06 X sIBNSieTcs Haumydlas oueHka
X=(Xq, ..., Xy)" ¥ COOTBETCTBYIOLLAA HEBLIPOXAEHHASA NMONOXUTESLHO OMNpeaerneHHas MaTpuua HeornpeaeneHHo-
cTen

u? (%) u(xg, Xz) ... U(xq, Xy)
U, - y(x2,x1) :Uz (x1) 'U(XZ’XN) ,
U(Xn, Xg)  U(Xn, Xp) o U (xy)

TO crnyvaiiHas BenmymHa X MoxeT 6bITb onMcaHa MHOroMepHbIM HopManbHbIM pacnipegeneHvem N(x, U, ).
6.4.8.2 CoBMecTHas NNOTHOCTL pacnpeaeneHus X umeet sug

1 1 T 41
gx(0)=—"""""=7exp|-5(0—-x) U, (0—x)|
X( ) [(zn)NdetUx]ﬂZ [ 2( ) x ( )] (11)
6.4.8.3 MaTemaTu4eckoe oxmaaHue u KoBapvauuoHHasa Matpuua X umetoT BUA:
EX)=x, VX)=U,.

6.4.8.4 [ina dpopmrpoBaHusa BLIGOPKN 3HAYEHWI CriydYaiiHO BEANYMHBI, MOAYUHSIOLLENCA pacnpeaeneHuo
N(x, U, ), HezaBncuMO BbIGupaoT N 3HadeHul z;, i = 1, .., N, cny4qaiHoi BeNUYUHBI, UMeroLWen cTaHaapTHoe
HopmanbHoe pacnpegenenve N(0, 1) (cm. pazagen C.4) n popmupyrot

o=x+R"z

rae Z=(z4, ..., Zy)", @ R — BepxHAa TpeyroneHasi MaTpuua, nonyyYeHHas pasnoxeHuwem Xonewkoro U, = R'R, (cMm.
pasgen C.5).

MpumevyaHune 1 — Bmecto pasnoxenns Xoneukoro Uy = R'TR MoxeT GblTb MCNOMNb30BaH No6Gon apyromn
crnocob ¢hakTopusauMm MaTpuubl HEONpeaereHHOCTEN.

MpumeyvyaHune 2 — N3 MHOTOMEPHLIX pacnpeaeneHuii B HaCTOSILWLEM CTaHg4apTe paccMaTpuBaeTCsl TONbKO
MHOTFOMEpHOe HOpMarbHoe pacrnpefereHue, 4acTo NpumeHsiemoe Ha npaktuke. [Mpoueaypa nornyyeHus BbIGOpPkK U3
MHOrOMEPHOro HOpPMarnkeHOro pacnpegeneHus npueseaeHa Boiwe (a Tawke B pasgene C.5). Ecnm Heobxogumo ucnonb-
30BaTb MHOTOMEPHOE pacripeferieHue, OTIIMYHOE OT HOPMAaribHOro, To Heo6xoauMo onpeaenuTb Npoueaypy opMmupo-
BaHusl BbIGOPKM U3 3TOrO pacnpeaerneHus.

MpnumevaHue 3 — B cnyyae HE3aBUCUMBIX CMyYalHbIX BEMWYMH NIIOTHOCTL MHOTOMEPHOIO HOPMAanbHOro
pacnpeaenexus (11) npespawaetcs B npoussegenne N NMoTHOCTEN OAHOMEPHBLIX HOPManbHLIX pacrpegeneHwii Bepo-
ATHOCTEW. B aToM cnydae

U, = diag [uz(x1), -t (XN)],

N
gx(0)= lj[1 gx, (&)

1 (& - Xi)2
;)= exp| — -
9x (&1) \/EU(X[) p( 2U2 (X,')
6.4.9 t-pacnpeaeneHue
6.4.9.1 O6bluHO t-pacnpeaeneHue NOABSIETCS B ABYX Cry4yasiX: Npy oLeHKe psiaa HabnogeHui (cM. 6.4.9.2)
W MHTepnpeTaLWy AaHHbIX, TPUBOAUMBIX B cepTudumKaTax o kanubposke (cM. 6.4.9.7).

6.4.9.2 Ecnu umeeTcs cepust U3 n HE3aBUCUMbIX HAONIOAEHWI Xy, ..., X,, CTYYANHOW BENUYMHBI, NOAYUHSIIO-
LLerics HopmaribHOMY pacripeferneHuio ¢ HeU3BECTHLIM MaTeMaTUYECKUM OXXUOAHUEM Ll M HEU3BECTHOW Ancnep-

cuen (5(2), N(uo, (5(2)), 1 3a BXOOHYIO BeJ'II/I‘lMHyX NPUHUMALIOT OLIEHKY MaTeMaTU4eCKoro OXKuagaHua L, 7o, Npunu-
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ChiBasi [y U G3 COBMECTHOE HenHdopMaT1BHOE anpuopHoe pacripedeneHie 1 ucronbays Teopemy Balieca,
MOXHO nosy4mTh 6e3ycnoBHoe ogHOMepHoe pacripeaeneHue ansa X, koTopbiM B AaHHOM criydae GyaeT macluTa-

GupoBaHHOE CMeLLeHHoe t-pacnpeaeneHue ¢, (7(, s2 /n) cv=n-1 creneHamu ceoBogel, roe

(x;- %)

npeacTaensawT coboii, COOTBETCTBEHHO, BLIGOPOUHOE cpeaHee 1 BbiBopouHyto ancnepcuto [20].
6.4.9.3 MnoTHoCTL pacnpegeneHunst BeposiTHocTe Anst X uMeeT BUA:

x-1%x, s2=-L%
Lo A

-n/2
_ T'(n/2) 1 1 (e-xY
9x(8)= Tl(n-1)/2]f(n-)n s/Jn L "-1(3/\/3) ’ (12)

rae I'(z) — ramMma-tyHKUMSA:

=

I'(z) = [* e tdt, z>0.
0

6.4.9.4 MatemaTuyeckoe oxungaHue n aucnepcus X umetot Bua;

n-1 32

E(X)=x, V(X)=1—3 -

rae E(X) onpegeneHo Tonbko Ans n > 2, a V(X) — toneko ans n > 3. Takum obpasom, Ansa n > 3 Havny4was
oueHka X 1 COOTBETCTBYHOLLAs el cTaHAapTHas HeonpeaeneHHOCTb UMEIoT BUA:

X=X, u(x)= n_3 J, (13)

MpumevaHune 1 — B cooteetcTBUM ¢ GUM [Pykoeogcteo WCO/M3K 98-3 (4.2)] ctanaapTHyI0 HeonpeaeneH-
HOCTb U(X), COOTBETCTBYIOLLYIO CpeaHEMY apudMETUHECKOMY N HE3ABUCUMbIX HabnogeHun, cnegyeTt BuMUCNATL MO op-

myrne u(x) =s/ Jn, a ue no cdopmyne (13). B kavecTBe mMepbl A4OCTOBEPHOCTU U(X) UCNONB3OBAHO YMCNO CTENeHeN
ceobogpl v = n— 1. Kpome Toro, oLueHkaMm HeonpeaeneHHocTu Tuna B Take npeanoxeHo cTaBuTb B COOTBETCTBUE YUCIO
cTeneHen cBobOabl, OCHOBaHHOE HA CYOLEKTMBHOM CyAEHUM O CTeneHn JoBepus K 3toi oueHke [Pykoeogcteo UCO/
MO3K 98-3 (G.4.2)] (cm. Takke 6.4.3.3, npumevanne 2). 3HaHWe Yncna creneHen ceoboabl, COOTBETCTBYIOWMX Heonpeae-
TNEHHOCTYU U(X;), HeobxoauMo Ans onpegerneHns Yucna 3hMEKTUBHBIX CTENEHEN CBOBOADI Vg, COOTBETCTBYIOWMX HEONpe-
geneHHoctu u(y), no cdopmyne Yanya-Carreptysnra.

MpumevyaHune 2 — B GalecoBckol UHTEpPNpeTauun BeposSITHOCTH, UCMONb30BAHHOW B HACTOALWEM cTaHaap-
Te, TaKoro MOHSATUS KakK HaAEeXHOCTb OLEHKU HeonpeaeneHHOCTH He cywecTByeT. COOTBETCTBEHHO, B HACTOSILLEM CTaH-
JapTte uucno creneHen cBobogdbl OLEHKM HeonpeaeneHHOCTH Tuna A He pacCcMaTpuBaeTCs kak Mepa 3ToW Heonpege-
NeHHOCTW, a NOHATME uncna cTeneHeln ceobodbl AnNA OLEHKW HeonpegerneHHOCTH Tuna B He ucnonb3syetcs.

6.4.9.5 [ns dbopMMpoBaHUSA BEIBOPKM 3HAYEHWUIA CryHaiHOW BENTMYMHBI, NOOYMHSIIOLLENCS pacnpeqeneHuio

t, (7(, s? /n), BbIBMpatoT 3HaUeHUs1 t criydaiHoR BeNUYUHLI, TOAYMHSIIOLLEACS LeHTpanbHOMY -pacnpegeneHuio

c v =n-1 crenenamum ceobogsl [PykosogcTeo MCO/MOK 98-3 (pasaen G.3)] (cm. Tarke pasgen C.6) n dopmu-
pyroT

E=X+

S
~

6.4.9.6 Ecnv BMECTO OLIeHKM CTaHOapTHOMO OTKNOHEHNS S, BbIMMCNEHHOM Mo ogHOM BeIBopKe HabnwoaeHni,
ncnonbayoT 06bearHeHHYo OLEHKY CTaHAapTHOMO OTKIOHEHUS S, C vV, CTeneHaMn cBoboabl, NonyyeHHyto no
Q cepuam HabnwaeHNA:

2 1 2 2 2
Sp =1 ZV;Si Vo= XV,
P j=1 j=1
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Touncno creneHel ceoboapl v=n—1 gna macluTabnpoBaHHOrO CMELLLEHHOTrO t-pacnpegeneHusi, TpUnMcaHHo-
ro X, HeoBx0AMMO 3aMEHUTL YUCIIOM cTeneHelt ceoboabl v, Ans 06beaUHEHHON OLIEeHKU CTaHAapTHOTO OTKIOHe-
HVA s,,. B peaynsTare dhopmyny (12) HeobxoanMo sameHnTs Ha

—(vy +1)/2
2 P
F[V +1 /2] 1 1l e-x

x (&)= +—| = ,
e PN e A B A B

a dpopmynbl (13) — Ha

v

=)_(=1ix u(x) = P2
n4 Vp=24n"

6.4.9.7 Ecnu UCTOYHMKOM NHdbopMaLmK 0 BENMUuHe X BnseTca cepTudmkat o kanwbposke [PykoBoACTEO
NCO/M3K 98-3 (4.3.1)], B KOTOPOM YyKaszaHbl HanmyyLas oLeHKa X, paclumpeHHas HeonpeaeneHHocTb U, koad-
ULIMEHT oxBaTa K, 1 4ncrio appeKkTUBHbIX cTeneHei cao6op,b| Vs, TO BEMUUMHA X MOXET BbITb onvlcaHa macLu-
TabnpoBaHHbIM CMeLLI,eHHbIM t-pacnpegenenuem t, (x, (U, /k, ) ) C V= Vg CTENeHsMU cBo6OAbI.

6.4.9.8 Ecnn v 4 6eckoHe4HO 1nn HeonpeaeneHHo (a Npu OTCYTCTBUM COOTBETCTBYIOLER MHdopmaLmm
ero criegyet cunTaTh 6eckoHeuHbIM), To X MOXeT BbITb NpunucaHo HopmarbHoe pacnpegenexune N(x, (Up/kp)z)
(cm. 6.4.7.1).

MpwumeyaHune— OT0 HOpManbHOe pacnpegeneHne 6yaet npeaenbHbIM Criy4aem mMacwTabupoBaHHOIO
cMmeLleHHoro t-pacnpegenenuns &, (x, (Up /kp)z) npu v cTpemsawmmcs K 6eCKOHEYHOCTH.

6.4.10 JKcnoHeHUManbHoe pacnpeneneHue

6.4.10.1 Ecnu egnHCTBEHHOM AOCTYNHOM MHpopMaLelt 0 HeoTpuLaTenbHOW BenMuuHe X ABNAeTCA ee Hau-
nydLwas oueHka x > 0, To B COOTBETCTBUM € NPUHLIMMOM MaKCUMyMa SHTPONWUK BeMunHa X MoXeT 6bITb onvcaHa
3KCMoHeHUManbHbLIM pacnpegenenvem Ex (1/x).

6.4.10.2 MnoTHOCTL pacnpeaeneHus BepoATHOCTER Ansa X B 3TOM crnyyae umeeT BUA,

exp(-E/x)/x, £=0
gX( )= 0, g<0

6.4.10.3 MaTtemaTnyeckoe oxugaHue n gucnepcust X UMetoT BUA:
E(X)=x, V(X)=x2

6.4.10.4 Ans cbopmupoBaHusi BLIGOPKU 3HAYEHWIA CriydaiHON BeNUUMHbI, MOAUMHSIIOLLEACA pacnpeaeneHuo
Ex(1/x), BbIBMpaloT 3HAYEHWS I CryYaliHOW BENUYWHDI, NOAYMHSIIOLLECS CTaHaapTHOMY paBHOMEPHOMY pacrpe-
Aenexuio R(0, 1) (cm. C.3.3), n dopmupyroT

E=—xInr.

MpumeyaHune— [JononHUTENbHYIO UHHOPMALMIO B OTHOLLEHWUU NPUMNUCHLIBAHUSI MNIOTHOCTU pacnpeaeneHuns
BEPOATHOCTEN HEOTPULATENBHON BENUYUHE MOXHO Hantu B [14].

6.4.11 Namma-pacnpegeneHue

6.4.11.1 BennurHa X MoXeT NpeacTaenaTb cobon cpeaHee umcno o6bLekToB, obrnagarowmx onpegeneHHbIM
CBOWCTBOM (Aanee — obbeKToB), B Bblibopke hukcnpoBaHHoro obbema (Hanpumep, cpeaHee YNCo YacTul, B
obpasLe Bo3gyxa, B3ATOM M3 UACTON KOMHATbI, UNW cpeaHee Yncro OTOHOB, N3MYYeHHbIX UCTOYHUKOM 3a yCTa-
HOBMEHHbIA NPOMEXYToK BpeMeHW). Ecnin ¢ — 4ncno o6bekToB, NoAcHMThHIBaeMbIX B BolGopke 3adaHHOro o6be-
Ma, — ABMSIeTCA CyYariHo BeNMYNHON ¢ HEU3BECTHLIM MaTeMaTUYECKUM OXuaaHneM, nogumHsitoLLLeAcs pac-
npedeneHuto MNyaccoHa, To B COOTBETCTBUU € TeopeMolt balieca (nocne npunucbiBaHNA MaTeMaTUHeckomy OXu-
AaHuio anp1vopHoro paBHOMEPHOro pacnpegeneHns Ha 6eckoHeuHoM WHTepBane) pacrnpegeneHve X 6yget noa-
YMHATLCA ramma-pacnpegenedunio G (g+ 1,1).
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6.4.11.2 MnoTHoOCTL pacnpeaeneHust BepoATHocTel Anda X B 3TOM criydae UMeeT BUA:

_J&%exp(-E)/q, £20
9:(8) = {0, £ <0. (14)
6.4.11.3 MaTemaTudeckoe oxvaaHue u gucnepcusa X UmetoT BuAa:

EX)=q+1, IX)=q+1. (15)

6.4.11.4 Ans cpopMupoBaHmMs BEIBOPKU 3HAUEHWIA CrydaiiHO BENMYUHBI, MOAUMHSIIOLLLECS pacnpeAeneHnto
G(q + 1, 1) He3aBUCcKUMO BbIBUpalOT ¢ + 1 3HaueHuinr, i=1, ..., g + 1, cnyyaiHON BENWYWHbI, TOOYUHSIIOLLLEACA
cTaHgapTHoOMY paBHoMepHoMy pacnpegeneHuio R(0, 1) (cm. C.3.3), n dopmupyioT (cm. [18])

q+1

E=-In[Ir.

i=1

MpumeuyaHue 1 — Ecrm noacyeT OCYLLECTBISIOT MO HECKOINbKMM BbliGOpKam (COOTBETCTBYIOLMM OLHOMY M
TOMY e pacnpeaenenuio [NyaccoHa), a q; — uncno o6bekToB, 06HapyXeHHbIX B i-1 Bblbopke obbema S;, To pacnpegene-

HUEM cpegHero KonuyecTBa 06bLeKTOB B Bbibopke 06bema S=ZS,- 6ynet G(o, Byca=1+ Xq; v p=1. dopmynsi (14)
i i

1 (15) B 3TOM Ciyuae NPUMEHSIOT Anst § = 2.q;.
I

Mpumeuvanune 2 — Namma-pacnpenenexHue siBnsietTcs o606WweHnemM pacnpegeneHna Xu-kBagpar U UCnosb-
3yeTcs AN aHanusa MHGOPMaLMKM, OTHOCALLENCS K AUCNIEPCUSIM.

MpunmevaHune 3 — Crneundcduyeckoe ramma-pacnpegenerve B 6.4.11.4 — ato pacnpepeneHne JOpnaHra,
npeacTaensiowee cobon pacnpegeneHme cyMmbl g + 1 cnyyalHbIX BENUYMH, NMOAYMHSIIOLLMUXCA SKCMOHEHUMNANBHOMY
pacnpegeneHuio ¢ napameTpom 1 [18].

6.5 PacnpepeneHus, nonyvyaeMble No nNpellecTBYIOWMM pacyeTaM HeonpeaeneHHoCTH

BbinonHeHHbIe paHee BbIMUCNEHWS HEONPEAeNeHHOCTU MOTYT BbITb UCNONBb30BaHbI AN NPUNUCLIBAHWUSA pac-
npegeneHns BbIXOAHOW BENUUMHE, KOTOPAs B MOCNEAYOLLMX pacyeTax HeonpeaeneHHOCTU MOXET BbICTYNaTb B
Ka4yecTBe BXOAHOW BenM4nHbI. Takoe pacnpeaeneHne MoXeT UMeTs aHanuTudeckoe NnpeacTassieHue, Hanpumep B
BMAe HopManbHoro pacrnpegeneHus. OHO MOXET Takke UMeTb BUA annpokcumal My dyHKUMM pacnpegeneHuns
AN BENWYMHBI, MONYYeHHOR, Hanpumep, Npu npegLlecTsyoLwem npuMmeHeHun metoda MoHTe-Kapno. Cnocobbil
onucaHus Takoi oyHKUMM pacnpeaeneHus npueedeHsl B 7.5.1 n pasgene D.2.

7 MNMpumeHeHne metoaa MoHTe-Kapno

7.1 O6wue nonoxeHus

JaHHbIn pasaen cogepxuT ceeeHns o npumeHeHnn metoga MoHTe-Kapno ans tpaHcdopMupoBaHus pac-
ripegeneHunia (CM. npoueaypy, onnucaHHyto B 5.9.6 1 rpadudeckn nsobpaxeHHyto Ha pucyHke 4).

7.2 Yucno ucnbiTaHUi npu npumeHeHun metoaa Monte-Kapno

7.2.1 Ansa npumeHeHus metoaa MoHTe-Kapno Heobxoarnmo BeiGpaTh YACO UenbiTaHWi M, T. e. Yacno Ha-
GritogeHW BbIXOAHBIX 3HAa4YeHWA Mogenn. ATo YMcrno MoXeT ObiTb BbiIGpaHo 3abnaroBpemMeHHo (4o NpoBeaeHust
ncnblTaHWi), Ho Toraa ByaeT UCKIToYeHa BOSMOXHOCTb YPaBneHUsi TOHHOCTLIO pesyssTaToB, NoSyYeHHbIX ¢ Mo-
MOLLbIO faHHoro metoaa. MNpuunHol aToMy CAYXKWUT TO, YTO YMCIO UCTbITaHWA, Heobxoanmoe Ans NonyyYeHus
pesyrbraTa BblMUCNEHUs C 3aaHHON TOYHOCTLIO, 3aBUCUT OT hopMblI MIIOTHOCTU pacnpeaeneHns BeposiTHoCcTen
BbIXOAHOW BENUHMHBI U OT 3ajaHHOTO 3Ha4YeHUA BePOATHOCTU oxBaTa. KpoMe Toro, Metos BelYMCNEHUs ABNSAETCA
CTOXaCTWUYECKUM Mo CBOeW NpMpoAe, MOCKObKY 3aBUCWT OT Cry4aiiHoi BoIGOPKM.

Mpumeyanue — Kak npaeuno, BeiGop M = 10% nossonsier noctpouts 95 %-Hbili MHTEpBan oxsaTta Ans
BbIXOAHON BEMUYMHBI C TOYHOCTBIO 40 OAHOW MINW ABYX 3HaYallmX Lmdp.

7.2.2 PekoMeHzyeTcs BulbypaTh 3HaveHue M AocTaTodHo 6onblwmnM (Hanpumep, npessiarolmm B 10* pas)
no cpaeHeHuto ¢ 1/(1 — p). Torga MoxHO oxuaaTh, YTo G obecrneunT NpruemneMoe AMCKpeTHOE NpeacTaBneHne
Gy(n) B6rnmau rpaHuy, 100 p %-Horo nHTepsana oxeata Ans Y.
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7.2.3 MockosnbKy Henb3s 3apaHee rapaHTMpOBaTh, YTO BblbpaHHoe 3HaueHue M obecnevnT 4OCTaTouHYH
TOYHOCTb NPUBNKEHNS, MOXKHO MCMOSL30BAThL NpoLedypy aganTMBHOMO BbIBopa, yTo4Hss 3HaueHne M B npouec-
ce 1cnblTaHuiA. HekoTopble pekoMmeHAaLum No aganTUBHOW nNpoleaype Bbibopa M npvBeaeHsi B [2]. AganTvBHas
npoueaypa, ycTaHoBneHHas B 7.9, no3BonsieT onTumasibHbIM 06pa3om NonyunTs 3HadeHue M, cooTBeTCTByloLLee
33aHHON TOYHOCTW BLIMUCIEHWIA.

MpumedyaHwue— [Ansa cnoxHON moaenu, Hanpumep, TPeOYIOWEN MONyYeHUsi peLleHnsl METOA0M KOHEUHbIX
3MeMeHTOB, NpUMeHeHWe GONbLLIOTO YMCIA UCMBITAHUIA MOXET OKa3aTbCsl HEBO3MOXHbLIM. B aToM cnyuae pekomeHgyet-
Csl NPEACTaBUTb MNOTHOCTL pacrnpeaeneHnsl BEpOATHOCTEN BbIXOQHON BENUYMHLI gy (1)) B BUAE rayCCOBCKOro npubnuxe-
HusA (kak B GUM). 310 no3BonseT ucnonb3oBaTtb OTHOCUTENbHO HeBonbLluoe Yncno ucneitalwii M, Hanpumep 50 nnm 100,
a nony4YeHHble Mo pesyneraTam ucnbiTaHuii BeibOpoYHoe cpedHee U BbIBOPOYHOE CTaHAApPTHOE OTKITOHEHWE MPUHATD,
COOTBETCTBEHHO, 32 OUeHKM ¥ 1 u(y). [Ina onucanms Y M NOCTPOEHUs1 MHTEpBana oxeaTa MCNOMb3yloT MIOTHOCTb HOP-
ManeHoro pacnpegenenus gy () = N(y, t’(y)). XoTs yMeHbWEHNe Yncra uenbiTaHui HeM3BexHO yXyalaeT CBOMCTBa
MeToda B YacTW annpoKCMMauun pacnpefeneHns BbIXOAHOW BENWUMHLI, OHO BCE XE& NO3BONAET y4eCTb HENMHENHOCTL
MOOENN N3MEpPEHWs.

7.3 Bbibopka na pacnpegeneHnsi BepoATHOCTEN
Onsa npumeHeHust metoga MonTe-Kapno copmupyrot M BekTopoB X,, r=1, ..., M(cM. 7.2) B cooTBETCTBUU

C NNOTHOCTAMM pacnpeaeneHns BepositHocTelt Jx;(§;) ana N exoaHbIX BenuumH X; unu, ecnn ato Heobxoaumo,

N3 COBMECTHON (MHOFOMEPHOI) NITOTHOCTY pacnpeaeneHuns gy(o). PekomeHgaumm no chopmmnposaHunio BbIGOPKU
Ans Hanbonee pacnpocTpaHeHHbIX pacripeaeneHuii (paBHOMEPHOrO, HOPManNbHOro, MHOFOMEPHOrO HOPMANbLHOTO
1 tpacnpegeneHuns) npusegeHsl B NpunoxeHnn C (cMm. Takke 6.4). OgHako BOSMOXHO NonyyeHne BblbBOpokK, CooT-
BETCTBYHOLLMX 1 APYrMM pacripedeneHusam (cMm. pasaen C.2). HekoTopble pacnpeaeneHna MoryT 6biTb annpoKkcu-
MUpOBaHbI pacnpeaeneHusMm1, NoyHeHHLIMK B peaynbTate npuMeHeHna metoga MoHTe-Kapno npu npeabiay-
LLIMX BbIYUCIIEHUSIX HeonpedeneHHocTH (M. 6.5, 7.5 u npunoxeHue D).

MpwmeyaHne— [Ina QOCTOBEPHOCTM pe3ynbratoB NpuMeHenns meroaa MonTte-Kapno HeoGxoaumo, utobbl
reHepatopbl NceBgoCny4YanHbIX YMcen, ucnone3yeMmsle gna popmMMpoBaHnsa BolGOPOK U3 3afaHHbIX pacrnpeaeneHui,
obnaganu COOTBETCTBYOLWMMM cBOMCTBaMK. B C.3.2 npuBeaeHbl HEKOTOPLIE KPUTEPUM NMPOBEPKU CCHOPMUPOBAHHLIX
BbIGOPOK Ha Cry4anHOCTb.

7.4 OueHKa BbIXOOHON BeNMU4YUHbI

7.4.1 BbIXxogHyto BENWUMHY onpeaenstoT Ans Kaxaon u3 M Beibopok no N 3HaveHUAM BXOAHbBIX BENUYUH B
KaxkdoM, MoNyYeHHbIX B COOTBETCTBUM C 3ad4aHHbLIMK MIIOTHOCTSIMK pacnpeaeneHus BepoaTHocTen. Ecnun o6o3Ha-
4uTb M BLIGOPOK Hepes Xy, ..., Xy, [AE r-i BEKTOP COCTOUT U3 CIYHaNHbIX 3HAYEHWN X4, ..., Xy, ,» U K&XKOO0E Takoe
3HayeHue X;, , MoNy4eHo B COOTBETCTBUU C MITOTHOCTbIO pacnpeeneHnst BEpoATHOCTe! ANA BXOAHOW BEMUYMHbI
X, TO BbIXO4 MOAENW MOXHO NPeACcTaBUTL B BUAE

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

7.4.2 Ecnu X; aBNSI10TCA 3aBUCUMbIMW BeNUUYMHAMK, TO B 7.4.1 Heo6Xx0aMMO NCNOMb30BaTh COBMECTHYHO
NNOTHOCTb pacnpeaeneHusl.

Mpwumeyanue— Npu ncnonb3oBaHUM 3akoHa TPaHCHOPMUPOBaHUA HEONpeaeneHHOCTEN, Koraa aHanMTuyec-
KUE BbIPXEHWUA NPOU3BOOHbLIX (PYHKUMWM U3MEPEHUS MO BXOAHLIM BENUYMHAM W3BECTHbI TOUHO, 3HAYEHWA BbIXOAHON
BEIMYWHbI U 3TUX NPOU3BOAHLIX MONYYAIOT B TOUKE HAUMYYLLMX OLIEHOK BXOAHLIX BENWUYMH. Ecrin aHanuTuyeckne Boipaxe-
HUA ANA NPOM3BOAHBLIX HEM3BECTHLI, U ANsl X OLEHOK UCMONb3YyIoT NpUbnmkeHne B BMAE KOHEUYHLIX pa3HOCTEN, TO
Nomny4aroT 3HA4YeHUA TOIMbKO BbiIXxOAHOW BenuumHbl. CornacHo pekomerngaumm GUM [PykosogctBo MCO/M3IK 98-3 (npu-
mevaHue 2 k 5.1.3)] 3HaueHus byHKUMK usmepeHust 6epyT B Toukax HavNy4WwnxX OUEHOK BXOAHbLIX BEMNUYMH, a TakKe B
TOYKaX, OTCTOAWMX Mo 06e CTOPOHLI OT STUX HAUMYULLIMX OLEHOK HAa PacCTOAHWUN OAHOW CTaHA4AapTHOW HeonpeaeneHHOCTH
(BapbMpysa No ovepeau Ansl KaAXOOW BXOAHOW BenuuuHbl). B meToge xe MoHTe-Kapno 3HaueHUst BbIXOQHOW BEMUUYUHbI
nomny4aroT Npu BapbUpOBaHWN BXOAHbLIX BENIUYWMH B OKPECTHOCTU MX HauNy4lWMX OLEHOK, TaK YTO B OTAENbHOW BbiGopke
3HaYeHne BXOOQHOW BEMWMYMHBI MOXET OTCTOSITb OT €€ Haunyylleh OUEHKM HA HECKONbKO CTaHAApPTHLIX OTKNOHEHWid. ToT
dakT, uto B Mmetoge MoHTe-Kapno 3HaueHusi hyHKLMM M3MEPEHUI NONYHaloT B PasHbiX TOUKAX, MOXET NOPOAUTL BOMPOC
0 CBOWCTBax BblYMCAWTENBHONM Npoueaypsbl, B YACTHOCTH, O €€ YCTOMYMBOCTU U (B Cydae NPUMEHEHUA aganTUBHOW Npo-
Lieaypbl) cxoaMmocTu. py BO3HUKHOBEHUM COMHEHWIA MONL30BaTENIO cneayeT yoeamThcst B TOM, YTO MeTo AaeT A0CTO-
BEPHbIE OLIEHKM BbIXOAHON BENWUUMHbLI ANs1 JOCTAaTOUHO 6OMbLIMX OKPECTHOCTEN HAWUMYULLIMX OLEHOK BXOAHBLIX BEMUYUH.
OpaHako crnegyet oxupaaTb, YTO BOMPOCH! YCTOWYMBOCTM U CXOOAMMOCTW YUCNEHHOTO METoAa MOTYT CTaTbh KPUTUUECKMMMU
TONBKO B UCKIMIOYNTENbHBIX CryYasix.
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7.5 OuckpeTHoe nNpeacTaBneHne pyHKUUU pacnpefeneHna BbIXOAHOW BeNMUYUHDLI

7.5.1 OuckpeTtHoe npeacTtaenerne G yHkumm pacnpeaeneHns Gy(n) BbIxogHoW BeNUMHbl Y MoXeT 6biTb
nonyyeHo cregytoLmm obpasom:

a) 3Ha4YeHVs1 BbIXOQHON BESIUYUHLI ¥, = 1, ..., M, nony4eHHble B COOTBETCTBUM ¢ MeToaoM MoHTe-Kapno,
pacnonaratoT B HeyGblBatoLLileM nopsaake, 0603Havas ux y, r=1, ..., M;

b) ecniv cpean 3HavyeHUA Yy €CTb coBnaaatoLne, To B HUX BHOCAT MUHUMAsbHbIE criyyaiHble BO3MyLLe-
HWA, 4TOGbI NoNyYeHHas B pesynbraTte NOCNeAoBaTensHoOCTb ¥,), I =1, ..., M 6bina cTporo BospacratolLen [CM.
ycnoBue b) B 5.10.1];

C) NonyyeHHas nocrnefoBaTenbHOCTb Yy, =1, ..., M, onpenenset G.

MpumedvyaHue 1 — M3 BOZMOXHbLIX anrOpuTMOB COPTUPOBKM, NMPUMEHAEMON Ha 3Tarne a), pekoMeHagyeTcs
BbIOMpaTh Takol, B KOTOPOM 4YMCIIO onepauunii npornopumoHansHo M In M [47]. B 06bi4HbIX anropyTMax COPTUPOBKU YUCNO
ornepauuii NPonopLMoHansHo M2, UTo HeOBOCHOBAHHO YBENMUMBAET BpeMsi BbuUCIIEHWI (CM. 7.8).

MpumevaHune 2— B nepeuncneHum a) UCNonb3oBaH TEPMUH «HeYObIBaOWMIAY, @ HE KBO3pacTaloWMii» BCNeq-
CTBME BO3MOXHOrO pPaBeHCTBa MexAy COBON HEKOTOPLIX 3HAYEHWIA ¥, BLIXOAHOW BENUYUHbI.

MpumevyaHune 3 — BHecenne B coBnagaiowme 3HA4YEHNsT BLIXOAHOW BENUYMHBI TONMBKO OYE€Hb MarbiX BO3MY-
weHwit [cm. nepeumncnenne b)] obecneunsaet HEM3MEHHOCTL CTATUCTUHECKUX CBOWCTB V).

MpumeyaHue 4 — HeobxoguMocTb BHECEHUSI ManbIX BO3MYLLEHUI Ha 3Tane b) B aelcTBMTENBHOCTM Mano-
BEPOSITHA U3-32 OMPOMHOMO MHOXECTBA Pasfu4HbIX YMCEr C MaBalolieil 3ansaTomn, NOSBNAIOWMXCA Ha BbIXOAE MOAENN
npu nogade Ha ee BXOA AaHHbIX C reHepartopa CriydalHbIX yncern. Tem He MeHee, BO3MOXHOCTb BHECEHUS MarbIX BO3MY-
WeHuin gomkHa 6biTe NPeaycMOTpeHa NPUMEHSAEMbIMU MPOrPaMMHBIMU CPEACTBaMM.

MpumedvaHue 5— M3 noctpoeHHoro Ha atane c¢) NnpubnwkeHna G MOXHO u3Bneub pasHoobpasHyto gororn-
HUTENbHYI0 MHGOPMAaLMIO. Tak, MOMUMO OLEHOK MaTeMaTUUYeCKOro OXMAAHUA W CTaHAAPTHOMO OTKNOHEHWS, MOryT 6biTb
nosy4eHbl OLUEHKN KO3hMLUNEHTOB acCMMMETPUM M 3KCLiecca, a TaKkke gpyrme CTaTUCTUKK, HaNnPUMep OUEHKU MOAbI UITN
MegunaHbl.

MpumedvaHune 6 —EcnuebixogHas BermunHa Y Oyaet B ganbHelweM paccmaTpyBaTbCs Kak BXOOHAA BENU-
YMHa NPV OLIEHUBAHWW HeomnpeaeneHHOCTU APYroro uamepeHus, To BblGOPKY U3 ee pacnpegeneHvs nerko nony4vnTb
Cry4aiHbIM (PaBHOBEPOATHBLIM) BLIGOPOM 3HaueHWi U3 y(y, r=1, ..., M (cm. 6.5).

7.5.2MocrnenoBaTenbHOCTb ¥,y (AW Y,) MOXET BbiTb NPEeACTaBNEHa B BUAE ITMCTOrpamMMbl (MpU COOTBETCTBY-
toLLieM BbIBope LUMPWHbI KNaccos), NpeacTasnsioLLel coboin pacnpeaeneHne YacToT NMosABNEeHUsA BbIXOAHOW BENN-
umHbl. [Nocne HopMKpoBaHUsl, obecneunBaloWwero paseHCTBo NoLaam Nog rucTorpammoi eAuHULE, ee MOXHO
paccMaTpuBaTh kak anmnpoKCUMaLIMIo IOTHOCTU pacnpeaernieHna BeposSITHOCTEN gy(N). BbiumecneHus xapaktepuc-
TUK pacnpegeneHusi 06LIMHO NPOBOASIT MO NPUBNKEHUIO G, a He Mo NOCTPOEHHON rMCTOrpaMMe, NMOCKOMbKY pas-
pelleHWe nocriegHei 3aBUCUT OT Belbopa LUMPUHBI KNaccoB. TeM He MeHee, rncTorpaMma MoXeT BbITh nonesHa ¢
TOYKM 3PEHUS MOHWMAaHUsi 0OCOBEHHOCTEN NNOTHOCTU pacnpeaeneHns BepOATHOCTEN BLIXOAHON BENUYUHLI, Hanpu-
Mep CTeneHn ee acCMMMEeTPUM (CM. Takeke NpumMedaHue 1 K 7.8.3 B 4acTU UCMONb30BaHWA rucTorpaMmmbl npu 6onb-
LUMX 3HaYeHusxX M).

7.5.3 B page cnyyaes TpebyeTtcs annpokcumaumna Gy(n) HenpepbisHo hyHKUWeW. STOT Bonpoc paccMaTtpu-
BaeTcs B npunoxeHuu D.

7.6 OueHKa BbIXOOHOW BeNUYUHBLI U ee CTaHAAapTHON HeonpeAeneHHOCTU
B kauecTBe OLEHKM ¥ BLIXOAHOW BEMUYUHBI Y UCMIONB3YIOT BbIGOpOYHOE cpeaHee

~ 1 M
y= V;y,, (16)

a B kayecTBe OLLeHKV ee CTaHAapTHOM HeornpeaeneHHOCTH L(y) — BLIBOPOUHOE CTaHAApTHOE OTKMOHeHWe U(Y):
M
2= 1 =\?
u?(7) = g7 2 - 7) - (17)
r=

MpumevaHnue 1— [Ing YncneHHbIX BbIHUCNEHNI cnegyeT ncnonb3oeate opmyny (17), a He 3KBUBANEHTHYIO
e matemartudecku opmyny

M
~ M 1 2 =2
Uz(}’)=M_1 ﬁr§1}’r_y

OT0 CBA3AHO € TeM, YTO OYEHb YacTo B METPONOrMK U(y) MHOrO MeHbLLIE MO MOAYIo, YEM ¥, U, Kak cne-
CTBMWe, Yicna B NoCregoBaTeNbHOCTM i, B UX AECATUYHOM NPEACTaBIeHUA UMEIOT MHOrO coBMagaloLLmx Lmdp B
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cTapLux paspsigax. B aTom crniyyae norpelHocT OKpyrieHns B apumMeTke ¢ KOHEYHON TOHMHOCTLIO (NPU BbIYK-
TaHUW BNU3KMUX NO 3HAYEHUIO BENUYMH) MOTYT NPUBECTU K GoNbLUMM oLLuMBKaM B pacyeTax (4oxoaaLwmum gaxe Ao
TOrO, YTO BblpaXeHue B KPYITbIX CKODKax cTaHeT oTpuuaTenbHbIM, T. €. CpeHuii kKBaapaT 6yaeT MeHbLUe KBaapa-
Ta cpefHero). Pe3ynbTaTthbl TaKMX BbIMUCTIEHWN ByayT UMeTb HeyAOBNETBOPUTENbHYIO TOHHOCTL (CM. [4]).

MpumMmevyaHue 2 — B HekoTOpbIX OCOBLIX CNy4asx, korga 0gHON U3 BXOAHBIX BENUHYUH NPUNMCAHO {-pacnpene-
NEeHne C YMCNOM CTeneHeil cBobodbl MeHee Tpex, MaTeMaTUYecKoe OXUgaHUe M CTaHJapTHOE OTKNOHeHue Y, COOTBET-
CTByIOWME MNOTHOCTW pacnpeeneHunsi BEPOATHOCTEN Gy(n), MOryT He cywecTBoBaTtb. Kak cneacteue, copmynsi (16)
1 (17) He cnocobHbl 06ecneunTb NonyyYeHWe copepxaTtenbHbix pesynstatoB. OgHako uHTepean oxeaTta ans Y (cm. 7.7),
NOCTPOEHHbIN Ha ocHoBe G, 6yaeT COXpaHsTb CBOE CoAepXaTenbHOe 3HajveHue.

MpumeuaHnune 3 — B obuem cnyyae y He ByaeT cornacoBbIBATLCSA C OLEHKOW BbIXOAHOW BENUYMHBI,
NOMy4YEeHHON NO HAWUIYYLLMM OLEHKaM BXOAHbLIX BEMWYMH, T. K. AN HENMMHEWHON dyHKuMn namepenus f(X) matematunyec-
koe oxupanne E(Y) = E[f(X)] = FIE(X)] (cm. [PykoBoacTeo MCO/M3K 98-3 (4.1.4)]). HesaBucmmo ot nuHenHOCTU WIn
HenvHerHocTn dyHkumn F(X) npu M, cTpemsiyemes k GeckoHeqHocTn, y  cTpemuTest K E [f(X)], ecnn nocnepHsis Bennqm-
Ha cywecTByer.

7.7 UHTepBan oxeaTa ANs BbIXOAHOW BeNUYUHbI

7.7.1 WHTepBan oxeata 4ns Y MoxeT 6bITb Mony4eH Ha ocHoBe AUCKpeTHoro npubnmwkeHus G ana Gy(n)
aHanorM4Ho Tomy, Kak oH bbln noctpoeH ana Gy(n) B 5.3.2.

7.7.2 Ecnv pM — uenoe 4vucno, To 6epyT g = pM, B NpOTUBHOM cflydae B KayecTBe ¢ MOXHO BbibpaTb
uenyto yacte (pM+ 1/2). Toraa [ Yiows ¥hignl ABNAAETCA 100p %-HbIM MHTEpBanom oxsata Anisi Y, rAe Yiew = ¥(r),
Yhigh = Yr +q) ANS noboror nspsgar=1, ..., (M- q). BepoatHocTHo cummeTpuiHbIi 100p %-Hblli MHTepBan oxsaTta
MOXXHO MONy4YunTh, BoiOpas r= (M — q)/2, ecnu (M — q)/2 — uenoe uucno, vnu r = int [(M — q + 1)/2] B npoTUBHOM
cnyyae. Ans onpeaeneHust HaumeHsLiero 100p %-Horo MHTepBana oxeara creqyeT BblbpaTk Takoe r*, utobbl Ans
BCeX r, NpuHagnexawmx psagy r=1, ..., (M - g), BbINOSHANOCHL HEPaBEHCTBO

yir+q) -yr)<y(r+q)-y(r).

MprvnmMmeyaHune — [NocKonbKy YACNEHHBIE 3HAYEHMs], MOMYYEHHbIE B pedyrnkrarte NpuMeHeHnsa metoga MoHTe-
Kapno, crnyvaliHel no cBoen npupoae, TO HEKOTOpbLIE U3 NOCTPOeHHbIX (M — @) nHTepBanoB byayT MeHbLUe, YeM B CpegHeMm
(Npy MHOrokpaTHOM NpUMEHeHn meToaa), a HekoTopble — Gonblue. Moatomy npu eeibope HanmeHblwero 100p %-Horo
WHTEpBAana oxeara criefyeT UMeTb B BUZY, YTO ero nvHa 6yaer, kak npaBuio, MeHble, Yem ecnv 6bl OH 6bin paccumMTaH
Ha ocHoBe Gy(1), Unu, 4TO TO XE€ Camoe, YTO BEPOSITHOCTb OXBaTa Al MOCTPOEHHOIO 3MMUPUYECKOr0 HAaMMEHBLLErO
100p %-Horo uHTepBana oxeata Oyaetr B gelcTBUTENbHOCTM MeHblue, YeM 100p. OaHako ans Gonbwmx M atum
OTNIMUYMEM MOXHO NnpeHebpevb.

Tpumep — C nomouibio 2eHepamopa ncegdociiy4aliHbIX Yuces 0511 pagHOMEPHO20 pacrnpedesieHust 8 UH-
mepeane [0,1] 6611u nonyverst 10° nceedocnyyaiiHbix 3Ha4YeHUl, U 10 3MOli 8LIGOPKE BLILUEOMUCAHHBIM CITOCO-
60M 66111 nTocmpoeH HaumeHbwull 95 %-Hbill uHMepeaasn oxeama. Bcezo ama npouedypa 6bu1a noemopeHa 1000
pa3. CpedHsist seposimHocmb oxeama cocmasuna 94,92 %, a ebi6opoyHoe cmaHOapmHoe OMK/IOHeHuUe 8eposiNHO-
cmu oxeama no 1000 peanu3ayusim npouedypbi cocmasurno 0,06 %.

7.8 Bpems BbluMCNEHUN

7.8.1 bBonbluas yacTk BpeMeHu BblucrneHui no metoay MoHTe-Kapro pacxoayetcs Ha BbINoNHeHUe crie-
OyIOLLMX Tpex 3TanoB.:

a) reHepupoBaHue M cny4aiHbIX 3Ha4€HWI B COOTBETCTBUN C 3a4aHHON MITOTHOCTLIO pacrpeaeneHuns Bepo-
ATHOCTEW A KaXKAoW BXOAHOW BerNMYMHLI X; (M COBMECTHOIN NNOTHOCTU pacnpedeneHns ana X);

b) onpeaeneHve M cooTBETCTBYIOLLUX 3HAUEHWIA HA BbIXOAE MOAENN;

C) pacrnonoxeHue M 3Ha4yeHWIn BbIXOAHOW BENUYUHLI B HeYBbIBaoLWeM nopsaake.

7.8.2 Bpemsi, HeobxoAMMoe Ha BbIMOIHEHWE 3TUX TPeX 3Tanos, NPAMOo NponopuuoHansHo M ana atanos a)
nb)u M In M ans atana c) (Npu ucnonb3oBaHWN acpEeKTUBHOIO anroputTMa CopTupoBku [47]).

7.8.3 B cnyyae NpocToil MmoAeny U He3aBUCUMbIX BXOAHbIX BENUYUH BpeMs, Heobxoanmoe Ans BbiNonHe-
HWs aTana c), bygeT npeobnagatowmm, a obLLee Bpemsl BbHMUCEHUIA Ha NepcoHanbHOM KOMMbOTepe C TaKTOBOM
yacToTol npoLiecca B HECKOMNbKo rurarepl, npu M = 10° coctaBuT Heckonbko cekyHa. Ecnu xe npoueaypa
COPTUPOBKM He SABNSIETCA 3aTpaTHON No BpeMeHU, To, 0603Ha4unB T, BpeMs BbIMUCNEHWUA OAHOMo NCeBaoCNyYan-
HOro 3HaYeHNs1 B COOTBETCTBUU C 3af1aHHOM NNOTHOCTLIO pacnpeaeneHUa BEPOATHOCTEN ANs BXOAHbLIX BENUYUH, a
T, — BPeMsi BbIYUCIIEHUS OHOTO 3HAYEHUS BLIXOAHON BENNHNHbI, NOAYHUM NpUBAMKEHHYIO oLEeHKY obLuero Bpe-
MeHU BbiMucneHuin B euae M(T, + T,). ina cnoxHon mogenu npeobnagatowmm 6yaet cnaraemoe MT,.
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Mpumeuvanue 1 — Ecrn mogens npocta, a8 M — o4eHb BorbLoe uncno, Hanpumep 108 unn 109, To Bpems
COPTUPOBKM MOXeT ObiTb 3HAUUTENBHO GOMbLUe BPEMEHW BbIMUCMEHUsI 3HAYEHWs HA BbIXO4e Moaenu. B Takom crnydae
NpeanoYTUTENbHbIM MOXET ObiTb OLEHVMBaHWE HEeONpedeneHHOCTU He MO 3KCMepyMMeHTaneHOM OyHKUUKM pacnpepene-
HUA, @ MO rMcTorpaMme, NOCTPOEHHOW ANs psaa y, .

MpumevyaHune 2 — OpUEeHTUPOBOYHO OLiEHKY BPeMeHW BblHUCneHnn meTogom MoHTe-Kapno MoXHO Bbinon-
HWTb Ha NpUMepe, 3adae MoAenb M3MepeHusl B BUAE CYMMbI MATU YNEHOB:

Y = cos Xq + sin X, + ctg X3 + exp (X4) + X3,

Kaxxgoli BXogHo BenuumHe X; npunmMcaHo HopMmanbHoe pacnpegenerue. Y1cno UchbITaHnin MeToaa BbIb-
paHo paBHbIM M = 10°. OTHoCUTENbHOE Bpemst BINOMHEHWS onepaLuii:

a) reHepupoBaHua 5M cnydvaiHbix uicen;

b) BbMUCIEHUST M 3HaYeHWI Ha BbIXOAe MoAeny;

C) COPTUPOBKA M 3HAYEHWU BLIXOOHOW BENUYMHEI, — COCTaBMSIET, COOTBETCTBEHHO, 20 %, 20 % n 60 %
o6LLero BpeMeHM BbIMUCIEHWIA, paBHOMO NPUBNN3NTENEHO HECKOMBKAM CEKYHAAM NpU BbINONHEHUW pacYeToB Ha
nepcoHanbHOM KOMMbIOTEPE C TAKTOBOW YACTOTOWM B HECKOMLKO rMrarepl,.

7.9 AganTuBHas npouegypa peanusauum metoga MoHTte-Kapno

7.9.1 O6wme nonoxeHus

CyTb aganTuBHON NpoLeaypbl COCTOMT B MOCeA0BaTENbHOM YBENMYEHUN YACHA UCTIbITAHWIA 40 TeX Mop,
rnoka Nony4YeHHbIe YACTOBLIE OLEHKW CTaTUCTUYECKUX XapakTePUCTUK HE CTaHYT yCTaHOBUBLLMMUCA. YNCNEHHBIR
pesynkTaT cHUTaeTCs yCTaHOBUBLLMMCS, ECIW COOTBETCTBYIOLLEE eMy YABOSHHOE CTaHAapTHOE OTKITOHEHUE CTa-
HeT MeHbLUe 3aaHHON TOYHOCTY BblUMCIIEHWS CTaHAapTHOW HeonpeaeneHHocTH u(y) (cMm. 7.9.2).

7.9.2 ToYyHOCTb BbIYUCNEHUA YACTNOBbIX 3HAYEHUNA

Ecrnn 0603HauNTb Yepes Ngyg YMCNO CYLLECTBEHHLIX 3HAaYALLUX LMdp B YNCIIOBOM NPeACTaBIEHUN BENUYN-
Hbl Z, TO Npeden NorpeLUHOCTH BblYUCIEHNS § 3HaYeHWUA Z onpeaenstoT cneayrowmm obpasom:

a) npeacTaensaloT 3HadYeHve Z B Buae ¢ - 10/, rae ¢ — Lenoe uncro, cocTosiee U3 Ngg 3HAYaLLMX LMD,
| — uenoe uyucno:

b) onpegenstot & no ropmyne

5= 310" (18)

Tpumep 1 — OyeHka abIx0O0HOU enuYuUHbLI 0551 3MasnoHa Maccbl HomuHanom 100 2 [Pykoeodcmeo UCO/MIK
98-3 (7.2.2)] cocmaensem y = 100,02147 2. CmandapmHas HeonpedesieHHocmb u(y) = 0,00035 2, npu4yem obe
3Havawjue yughpbl paccMampuealomcst Kak cyujecmeeHHbie. Takum o6pas3om, Nyig = 2, u u(y) Moxem 6bims npeod-

cmaeneHa 8 sude 35 - 107° 2, cnedosamenbHo, ¢ = 35 u I = -5. Takum o6pasom, § = % 1075 = 0,000005 2.

Tpumep 2 — Ycnoeusi me xe, ymo u e npumepe 1, 3a UCKIIOHeHUEM Mo20, YN0 MOoJIbKO 00Ha 3Havaujast
yucgppa e ufy) sensemes cyujecmeeHHol; Ngig = 1 u ufy) = 0,0004 &2 = 4 . 104 2. 9mo Saem c =4 u l = -4,

CnedoeamesnbHo, § = % 104 = 0,00005 .

Mpumep 3 — lMpu uamepeHusx memnepamypsi ufy) =2 K. To2da nyig =1, u(y) =2- 10K, ymo daem c¢=2 u
I = 0. Takum o6pa3om, 8§ =% 10K=05K.

7.9.3 HasHavyeHMe apanTUBHOM npoueaypbl

B pesynbraTte npvmMeHeHWss aganTMBHOW NpoLeaypbl, NpyeeaeHHOW B 7.9.4, AOmKHbI BbITb onpeaesneHb:

a) oLeHKa y BenUYUHbI Y:

b) cTaHOapTHas HeonpedeneHHOCTb L(y);

C) rpaHuLbl Yoy, U Yhigh VHTepBana oxeata Ans Y, COOTBETCTBYOLLEro 3aaHHOI BEPOSITHOCTW OXBaTa.

Mpyn 3TOM YUCNOBLIE 3HAYEHWUS KAXKAON M3 BbllleyKaszaHHbIX YeTblpex BefMYUH AOIMKHbI B cpeaHeM yaoB-
NeTBOPATL 3aaHHOR TOUHOCTU BbIYNCIIEHUS.

MpumevaHune 1 — To, UTO BbINONHEHUE TPEOOBAHUA K TOYHOCTU BbIMUCMEHUA MOXET OblTb rapaHTUPOBAHO
He 6e3yCrnoBHO, a TONbKO B cpeaHem, o6yCrnoBneHo NpUpogoN Cry4anHoOCTH, Ha KOTOPOWN ocHoBaH meToa MonTte-Kapno.

MpumevaHne 2 — C yBenmueHMEM YMCNa UCMbITAHUIA CKOPOCTb CXOAUMOCTM OLIEHOK ¥ U u(y) 0BbIMHO ropas-
B0 BbILWE, HEM OLEHOK Yigy W Yhigh-

MpumevaHune 3 — Kak npasuno, yem Gornblue BEPOATHOCTb OXBaTa, TeM Gonbluee Yncno ucnoitaHun Tpeby-
€TCA ANA ONPefeneHns Yigy W Vhigh C 3aAAHHONM TOYHOCTBIO BbIMUCIIEHNS.
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7.9.4 MNMpoueaypa

MpakTudeckasn peanunsaL s aganTMeHo? npoueaypsl Metoga MoHTe-Kaprno ¢ nocnegosartensHbIM yBenuye-
HWeM Yncna UCnbITaHU COCTOUT B CreayroLLem:

a) 3afaroT Nyg;

b) sapatoT M = max (J, 10%), rae J — HanMeHbLLee Lienoe, 6onbLue unm pasHoe 100/(1 — p);

¢) 3agatot h=1 (cyeTduK UTepaumnii metoga MoHTe-Kapro);

d) BeinonHsaoT M UcnelTaHnin metogoM MoHTe-Kapno (cMm. 7.3 1 7.4);

e) ucnonb3ayT M Nony4eHHbIX Ha BbIxode Modenu 3Ha4eHUiA vy, ..., ¥y ANS BblMUCIEHUIA B COOTBETCTBUN

¢ 7.5—7.7 ouepenHolt, h-i oueHkn ¥ BenuunHbl Y, ee craHaapTHoit HeonpeaeneHHocTy ulyM], nesoit y(lgev n

npaBoi y(r@h rpaHuL, 100p %-Horo nHTepBana oxsara;

f) ecnu h=1, To yBeNM4MBaIOT CHETUUK h  Ha eAUHULY W BbINONHAT aTan d);
g) BbluMcrsoT BeIGopoyHoe cTaHOapTHOe OTKMOHEHWE S, CPEAHEro 3HaueHUs NosTyYeHHbIX B pesynbrare
utepauwit ouerok y(, ..., ¥ no dopmyne:

1 < 2
s} =rmony 20 -y) .

r=1

h
rme y =1 2y
r=

h) aHanor4HLIM 06pasoM BbIUUCASAOT BbIOOPOUHOE CTaHAaPTHOE OTKIIOHEHUE ANA CpeaHNX 3HaYeHWUIA oue-
HOK u(y), Yiow Y yhigh;

i) ucnonbaytoT Bce hM 3HaYeHUA BbIXOAHOW BEMUYMHBI AN BblUcneHns u(y);

j) onpegensitoT Npeden NOrpeLLHOCTM BulYMEneHWs § Ans u(y) (em.7.9.2);

k) crivt X0Tsl Bbl OfIHO U3 3HAUEHNI 25, 28, 2y, + 25y, MPEBLILIAET §, TO YBENUUMBAIOT 3HAUEHUE

cdeTuMka h Ha egnHULY 1 Bo3BpaLLatoTed K atany d);

1) ecnu Bo3BpaTta k aTany d) He NPOU30oLLNO, N 3HAYEHWS BCEX BbIMNCISAIEMbIX OLIEHOK MOXHO cUATATL yCTa-
HOBMBLUMMUCS, TO HA OCHOBE MosyYeHHbIX M 3HaYeHWI BbIXCAHOW BeNUMHbI B COOTBETCTBUM C 7.5—7.7 BblMUC-
nawT y, u(y) v 100p %-Hblii MHTEpBAN OXBaTa.

MpumeuaHne 1— OBbMHO Ha aTane a) 3afaloT Ngig = 1 MM Ngig = 2.

MpumedvaHue 2— Ha atane b) BoiGop M Npon3BoneH, HO AOMKEH OCHOBLIBATLCSI HA MPaKTUYeCcKMx coobpa-
XKEHWSX.

MpnmevaHne 3 — Ha atane g) y MOXHO paccMaTpyBaTh Kak peanu3aumio Cly4anHOW BENWYMHLI CO CTaH-
AAPTHBIM OTKMOHEHNEM §,,.

MpumedvaHue 4 — CTaHgapTHbIe OTKIIOHEHWS], MOMYyYEeHHbIE B COOTBETCTBMU C g) U h), UMEIOT TEHAEGHUMIO K
yMeHbLUeHMIo Mo 3akoHy h 12 (cm. 5.9.6, npumevanve 2).

MpumedvaHune 5 — B Tex cnydasx, Korga onpedenaTe MHTepBan oxsata He TpebyeTtcsl, NPOBEepKYy TOYHOCTU
BbYMCNEHMIA Ha oTane K) 4OCTaTOYHO BLIMOMHATL TONBKO ANA 25, U 28 y).

MpumedvaHue 6 — MHoXuTeNnb 2, Ucnonb3yemblt Ha atane k), OCHOBaH Ha NpeAcTaBneHMn BblIGOPOYHbIX
cpeaHux B BUAE CryYarHbIX BENUYMH, NMOOQYMHSIIOLMUXCS HOPMAanbHOMY pacrnpeerieHuto, 1 COOTBETCTBYET BEPOATHOCTM
oxsara, npubnuantensHo paeHon 95 %.

MprvumMmevyaHune 7 — AnbTepHaTUBHBIN HeadanTUBHLIN nogxon, Ans noctpoeHust 95 %-Horo BEpOATHOCTHO CUM-
METPUHHOIO MHTEPBana OXBaTa, OCHOBAHHbLIM Ha UCMONb30BaHWM CTAaTUCTUK BMHOMMHAaNbHOro pacnpegenenus [10],
cocTonT B criegyrowem. BuiGupator M = 105 unu M = 106, ®opmupyior unTepsan [y, ¥l rae ana M =10° r= 2420,
§=97581,aana M=10°% r=24747, s =975254. 3101 uHTepBan 6yaeT 95 %-HbIM TONEPaHTHLIM MHTEPBANOM NS YPOBHS
nosepus 0,99 (cm. [Pykosogcteo MCO/MBK 98-3 (C.2.30)], [55]), T. e. BeposATHOCTb oxBata cocTaBuT He meHee 95 % B
99 %, kKaK MUHUMYM, cryyaes nNpumeHeHna metoga MoHTte-Kapno. CpegHsisi BEpOATHOCTb OXBaTta Ans Takoro MHTepsana
6yneT pasHa (s — N/(M + 1), 4o npeBbiwaeT 95 % Ha BenuuMHY, yMeHbLLalLLyocst ¢ pocToM M. Tak ana M = 105 cpephsan
BEPOSATHOCTb OxBaTa ByaeT 95,16 %, a ana M = 108 — 95,05 %. (BoamoxeH 1 Apyroi BeIGOp 3HAYEHUN r 1 S, U NPY 3TOM
He 06s13aTenbHO, YTobbI UX cymma cocTaensina M + 1. Joctatouno [10, pasgen 2.6], 4Tobbl pasHoCTb (S — 1) yAoBNeTBOPS-
na ycrnoBuio
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M . ,
> Mcjipl (1-pM 7/ <1- 099,

j=s-r

M M! o
rge C ] :W Haunquuu pesynbraT COOTBETCTBYET CUTyauuK, Korga nesast HacTb 3TOr0 HepaBeHCTBa AoCTUraeT

MaKCMMarbHOIMO 3Ha4YeHus, Npu KOTOPOM HEepPaBeHCTBO eLlle BblﬂOJ'lHﬂeTCﬂ.) O pes3ynbrartbl MOryT 6bITb pacnpocTpaHe-
Hbl HA Apyrve 3Ha4YeHUs BEPOATHOCTU OXBaTa u gpyrme 3HaydeHnAa M.

8 MNpoBepka pe3ynbraTtoB

8.1 MNpoBepka pe3ynLTaToB OLEHUBaAHUA HeonpeaeneHHocTu no GUM cpaBHeHMeM ¢ MeTOAOM
MoHTte-Kapno

8.1.1 Cnocob oLieHVBaHWA HeonpeaeneHHocTn no GUM Bo MHorvx cnyyasix pabotaeT xopowo. OgHako He
BCErda MOXHO cpasy onpedenuTb, cobnogeHbl N BCe YCNOBUS Ans ero npumereHust (cMm. 5.7 n 5.8). O6biiHO
ropasao npolLlie oLeHUTb HeonpeaeneHHOCTb € Ucronb3oBaHeM Metoaa MoHTe-Kapio (npu Hanuuum cooTteeT-
CTBYOLLEro NporpammHoro obecneveHunst), Yem BbISICHATb, BbIMOMHEHbI SU BCe YCroBus oueHnBaHus no GUM [8].
Mpu HaNM4MM COMHEHWI B 060CHOBaHHOCTM NpUMeHeHUs criocoba oueHuBaHusl no GUM nonyyeHHbIe ¢ ero noMo-
L0 pesynbTaThl HYXXAAKTCS B MPOBEPKE, a MOCKOSbKY Ananas3oH YCIioBUIA, MPU KOTOPbIX MOXET ObITb NPUMEHEH
mMeTon MoHTe-Kapno, sHauuMTeneHo Wwupe, Yem ans metoga no GUM, To ans Takoi NpoBepku peKoMeHAayeTCA
COMOCTaBWTb PeaynbTaThl oLeHnBaHns no GUM c pesynsraramu oueHnBaHnsi Metogom MoHTe-Kapro. Ecnu cpas-
HeHWe noaTeepauT obocHoBaHHOCTL NpumeHeHust GUM, To cnocob oueHnBaHus HeonpeaeneHHocTu no GUM
MOXHO ByaeT npuMeHsTL B ByayLuem A5 CXOXUX 3adad. B npoTuBHOM crnyyae crieqyeT paccMoTpeTb BO3MOX-
HOCTb 3aMeHbl Ha ApYroi cnocob oLeHNBaHWSA HeornpeaeneHHOCTY, BKITtovast TOT ke meTtog MoHTte-Kapro.

8.1.2 MNpw cpaBHeHUY ABYX METOAOB PEKOMEHAYETCS PYKOBOACTBOBATLCS CreayoLlei ABYyXaTanHol npo-
Lieflypoit:

a) NpPMMeHNTb cnocob oLeHnBaHUs HeonpeaeneHHocTh no GUM (BO3MOXHO C y4ETOM USIEHOB BbICLLErO
nopsaka pasnoxeHus pyHKLMKU n3mepeHust B psig Teinopa B 3akoHe TpaHCcgopMUpoBaHUA HeonpedeneHHoCcTen)
(cMm. 5.6), ans onpegenerusa 100p %-Horo UHTepBana oxgaTa y + Up, rae p — 3afaHHasi BepOsATHOCTb OXBaTa,;

b) npumeHunTh aganTusHyto npoueaypy MoHTe-Kapno (cm. 7.9.4) Ans nony4eHnWsa ctaHgapTHOWM Heonpeae-
NEHHOCTU U(y) U rpaHnL, Yig, W Yhigh 3aAaHHOTO 100p %-Horo nHTepBana oxearta Anst BbIXOAHOW BENTUYMHBI
(BEPOATHOCTHO CUMMETPUYHOrO U HaMMEHbLLIEro) (CM. Takke 8.2).

8.1.3 MNpouenypa cpaBHeHWs1 NO3BOSISIET OrpeaennTb, COrnacyoTCA M UHTepBaribl oXBaTa, NoSlyYeHHbIe B
COOTBETCTBMU CO crnocobom oueHnBaHua HeonpegeneHHocT no GUM n metoagoMm MonTe-Kapno, B npegenax
3aaHHOI TOYHOCTM BbIMMCNEHWA. TOUHOCTb BbIYMCNEHWIA 4Ns1 rpaHNL, MHTEePBANoB oXBaTa onpeaensoT Yepes
TOYHOCTb BbIpaXXeHUs1 CTaHAapPTHOW HeornpeaeneHHOCTH u(y) YMCNoM CyLLLECTBEHHbIX 3HavaLlmx undp B ee aecsi-
TUYHOM NpeAcTaBneHun (cpasHu ¢ 7.9.2). ina atoro:

a) onpedensitoT Npeden norpeLHOCTU BblunceHus 8 ans u(y), kak ykasaHo B 7.9.2;

b) cpaBHUBaIOT UHTEPBANbI OXBaTa, NONYYeHHbIE B COOTBETCTBUN CO COCOBOM OLeHUBaHUA HeonpeaeneH-
HocTv no GUM u metogom MoHTe-Kapno, 4tobbl onpeaenuTb, Nony4eHo nv B 3HAYEHUsIX rpaHuL, UHTepBana
oxBara, BbiuucneHHbIx no GUM, HeobxoaumMoe 4ncno BepHblx 3Havalmx uudp. Mpu aTom onpeagensaoT:

dlow= |y_ Up_ylow I' (19)
Ahigh= 1Y + Up = Vhign |, (20)

T. €. abCoNoTHbIE 3HAaYEeHWA Pa3HOCTU COOTBETCTBYHOLLMX rpaHnL, ABYX UHTepBanoB oxeata. Ecnu kak dyg,,, Tak
n dhigh He npeBbILLaloT §, To crnocob oLieHnBaHKA HeonpeaeneHHocTy no GUM B aTom criyqae MOXHO cuutaTb
NPUMEHUMbIM.

MpumedyaHune— Pesynsrar cpaBHeHusi OyaeT 3aBuUCETb OT TOrO, KakOM BEPOATHOCTW OXBata COOTBETCT-

BYIOT CPaBHMBaeMble UHTEPBanbl. [T03TOMY NPOBEPKY BLIMOMNHAIOT TOMbKO [ KOHKPETHOW 3a4aHHOW BEPOSITHOCTU
oxsara p.
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8.2 MpumeHeHne metoga MoHTe-Kapno npu nposegeHun npoBepKu

[Ons BbinonHeHus npoeepku no 8.1 metog MoHTe-Kapsio gonkeH GbiTh peanvaosaH Ans 4ocTaTouHo 60onb-
Loro Yncna uenbitaHnid M (cm. 7.2). Ecnn 0603HaunTb Yepes Ngg YMCNIO CYLIECTBEHHbIX 3Hajalumx umdp B
AecATUYHOM npeacTaBneHun u(y) Npu NpoBepKe NPUMEeHUMoCTU crocoba oueHnsaHua no GUM, a yepes 6 —
AONYCTUMYIO MOrPeLIHOCTb BbluMCNeHNa u(y) (cMm. 7.9.2), To Ansa nonyvyeHus B LeNsxX NPoOBEPKU pesyrnbTaToB
meTogom MoHTe-Kapno pekomeHayeTcs UCMONb30BaTh €ro aganTuBHbIA BapuaHT (CM. 7.9.4) A0 AOCTWKEHNS MO-
rpelHocTy BeluncneHns &/5 [T. e. B 7.9.4 Ha aTane K) & cnegyet 3ameHuUTb Ha &/5].

MpumeyaHUe— B cpegHem ymeHblLUEHNE NOTPEWHOCTU Bbluucrenmst Ao 8/5 TpebyeT noBbiWeHus ymcna
vnenbiTaHu M B 25 pa3. BbinonHeHne onepauuii ¢ BEKTOpaMu CTorb GONbLIOI pa3MepHOCTU MOXET NpeacTaBnsiTh
coboin cepbesHylo npobnemy ans paga KoMnbloTepoB. B aTom cnyyae Ansi BblMMCNEHUsI CTATUCTUYECKUX OLEHOK Peko-
MEHAYETCs1 UCMONb30BaTh NpubnkeHne gy (1) mcrorpammon ansi psiaa y, . [pu aToM yactota nonagaHuii B COOTBET-
CTBYIOLLMI KIACC MMCTOrPaMMbl YTOUHAETCA B Xxo4e utepauun (cm. 7.8.3, npumevanue 1).

9 MNMpumepsbl

9.1 UnnocTpauusa NoNoXeHUN HacTosLero ctaHaapTa

9.1.1 MNpuBeaeHHbIE B HACTOsILLIEM pa3saene NpUMepsbl UMNICTPUPYIOT pasfnnyHbie BONpOChl NPUMEHEHWA
MOMOXEHW HAaCTOSILLIEro CTaHAapTa, BKIOYasa UCNoNb3oBaHue cnocoba oLeHuBaHusi HeonpegeneHHocTy no GUM
¢ yuetoM 1 6e3 yueta YneHoB pa3noxeHusi pyHKUMK usmepeHus B psag Teiinopa BeICLLUX NOPSAKOB U CONocTaBme-
HWEe MOMYyYEHHbIX C €ro MOMOLLBI0 Pe3yNbTaToB C Pesynsratamm:

a) meToga MoHTe-Kapno ¢ ucnonb3soaHnem sagaHHoro Yucna ucnoitaHui M;

b) aganTtveHon npouedypbl Metoga MoHTe-Kapno (cm. 7.9.4), B KoTopol HeobxoanMoe 3HaveHne M onpeae-
NAeTCS B X04€e UTepaLui;

C) coveTaoLwMMy NepevncrieHHoe B a) U b).

9.1.2 HekoTopble U3 NpUMEpPOB MOCBSILLEHbI BONPOCY, NOATBEPXKAAIOT N pe3ynbTaThl, ykazaHHble B 9.1.1,
nepevuncneHve b), pesyneratel oLeHuBaHus HeonpegeneHHoctn no GUM. [ins uenei cpaBHeHWA pesynsTaToB
MCnonb3yeTcsl COOTBETCTBYOLMM 06pasom BbIGpaHHbI Npeden norpelwHoCcTH BelMucneHua & (cm. 7.9.2) ans
oueHkn u(y). PesynsTaTthl ¢ ucnons3oBaHMemM aaantuBHoii npoueaypbl Metoga MoHTe-Kapno nonyyeHsl 4nsa no-
rpeLlHOCTY BblMUceHUst &/5 (CM. 8.2). B HeKoTopbIX CryyYasnx pesyrnbsraTel CpaBHUBAKOTCS C pEeLUeHUSIMU, NMOSTyYeH-
HbIMK aHaNUTUYECKN.

9.1.3 Kak npaBuno, pesynsraTbl NpeacTaeneHsl B BUAe, yctaHorneHHoM B 5.5. OgHako ans obnervyeHus
CpaBHEHUS PE3ynLTAaTOB, NOMYYEHHBIX Pa3HbIMY MeToAaMu, YacTo Ucnornb3oBaHo Bonee pekoMeHaoBaHHbIX 0f-
HOWM Unu ABYX 3HavaLLmx umdp.

9.1.4 B kauecTBe reHepatopa ncesaocny4aiHbIX Yucen us pasHoMmepHoro pacnpegenexus (cM. C.3) uc-
nons3oBaH BUXpb MepceHHa [34]. OToT reHepaTop NpoLuen BCECTOPOHHIOK MPOBEPKY CTaTUCTUYECKUX CBOUCTB
nonyyaemol BbIGOpKM U3 paBHOMepHOro pacnpeaeneHus [30] u peanusoBaH B nakeTe MATLAB" [36], koTopbii
UCronbL30BaH Ans Nonyv4eHus pesynsraTtos B NpuMepax HacTosiLero pasaena.

9.1.5 MNeps.biit npuMep (cM. 9.2) npeacTaBnseT coboi aaauTMeHyo Mogerns. OH AeMOHCTpUpPYeT coBnage-
Hve pe3ynsTaToB, NoNy4eHHbIX ¢ NpuMeHeHWeM metoaa MoHTe-Kapno, ¢ Temu, 4To nony4yeHbl cnoco6om oueHur-
BaHWs HeonpeaeneHHocTn no GUM B cnyvae BbINONHEHUS YCNOBUIA MPUMEHUMOCTU nocneaHero (cM. 5.7). 3ta
MoZenb paccMoTpeHa Ansi pasnuyHbIX NOTHOCTeN pacnpeaeneHunsi BeposiTHOCTEN AN BXOAHLIX BEMUYWH, YTO
Mo3BONSET NoKasaTb HEKOTOPbIE OTKITIOHEHWS pe3yrnbTaToB B CUTYaLMsIX, KOrAa BLINOMHEHb! He BCe YCIOBUA NpU-
MeHUMOCTM crniocoba oLieHUBaHUs HeonpeaeneHHocTy no GUM.

9.1.6 Bropoii npumep (cm. 9.3) npeactaensieT coboii 3agady kanvmbpoBku Npu nsmepeHnn maccbl. OH noka-
3blBaeT, 4To crocob oLeHuBaHUs HeonpedeneHHocT no GUM gaet goctoBepHble pe3ynbTaTbl A5 4aHHOMO Npu-
Mepa TOfbKO B TOM Criydae, Korfa ydTeHbl BKaAbl YIeHOB pasfnoxeHus dpyHKuMn nsmeperus B pag Ternopa
BbICLLMX MOPSIAKOB.

9.1.7 Tpetuii npumep (cM. 9.4) oTHocUTCS K 06racTu anekTpuyeckux nsmepeHuii. OH NoKasbIBaeT, YTo NNoT-
HOCTb pacnpegerneHnsi BeposiTHOCTEN Ansl BbIXOQHOW BENUUYMHBI MOXKET GbiTh CYLLIECTBEHHO aCUMMETPUYHON, W,
Takum 06pa3som, crnocob oLieHMBaHWUsA HeonpeaeneHHocTu No GUM MoXeT gath HeAOCTOBEPHbIE pe3ynbTaThl 4aXe

1) MATLAB siBnsieTcst KOMMEPHECKNM NpoOAYKTOM, yao6HbIM ANA YMCNOBLIX pacqeToB, Tpebyembix B npumepax
HacTosiero craHgaprta. Mndopmaumsa o6 ucnonbayemom cpeactse npueegeHa Tonbko ans yaobcTBa nonb3oBatenen
HacTosiero ctaHaapra. Ee He cnegyet paccmatpuBaTth Kak pekoMeHZauuIio UCNonb3oBaTb UMEHHO 3TOT KOMMepYec-
KU NnpoayKrT B NPaKTU4eCKUX BblYUCNEHUSX.
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Mpu y4eTe YNeHoB pasnoXeHns pyHKLNM naMepeHus B psag Telinopa BbICLIMX NOPSAKOB. PaccMoTpeHbl criyyan
Kak He3aBUCUMbIX, TaK U 3aBUCUMbIX BXOAHbIX BEMUYNH.

9.1.8 YeTBepThiil Npumep (cM. 9.5) — 3T NprmMep KanubpoBKN KOHLEBON Mepbl ANWHbI, B3sATbIA 13 GUM
[PykoBoacTeo MCO/M3K 98-3 (pasgen H.1)]. aHbl nosicHeHUst OTHOCUTENBHO UCMOMb3YEMbIX B NpUMepe BXoa-
HbIX BENMUMH MOAENMN U NIOTHOCTSAX pacnpeaeneHusi BeposiTHOCTER AN 3TMX BENTUYMH, a Takke NPUBEAeHO cpas-
HeHve pe3ynsLTaToB, nofnydaemMbix no GUM, ¢ nonyyeHHbIMK ¢ ncnons3oBaHnem metoga MoHte-Kapno. Pesynesra-
Thl NOMyYeHbI Kak Anst NpubnukeHus, ncnonesosaHHoro 8 GUM, Tak 1 6es ncnonbaoBaHUsl aToro npubnimkeHns
ANs AaHHOM M3MepUTENbHOM 3agaun.

9.2 ApauTuBHaA moaenb

9.2.1 NMocTaHOBKa 3aaa4u
B HacTosLLEeM NpMMepe paccMoTpeHa aganTUBHas Mogenb

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

npeacTasnstoLan cobol YacTHbIl cryyai obLLel NMHeHoM Modenu, paccMoTpeHHoh B GUM, gns Tpex pasnund-

HbIX COMETaHWIA NAOTHOCTel pacnpedeneHus BeposiTHocTel Jx, (§i) ans BxoaHbIX BeNUUMH X;, paccMaTpusae-
MbIX KaK HesaB/cUMble. BxodHble BenuunHel X; 1, clefoBaTenbHO, BEIXOAHAs BellMdMHa Y GeapasmepHsl. B

nepBoM coYeTaHUn Kaxkaasa U3 gx,- (é/) ABNAETCA NNOTHOCTHIO CTaHAAPTHOrO HOpMalibHOro pacnpeaeneHna (Ka)K-
Aas BXoaHas BeninvnHa )(, MMeeT HyneBoe MaTemaThieckoe oxXngaHue u eauHu4Hoe ctaHgapTHoe OTKJ'lOHeHI/Ie).

Bo BTopom coveTaHuu Bce gX,» (E.q) ABJTAOTCA NIOTHOCTAMU paBHOMEPHOT O pacrnpeaeneHna c HynesbiM MaTemMa-
TUYECKNM OXMOAHNEM U eOUHWNYHBIM CTaHAAPTHBIM OTKNOHEHUeM. TpeTuia Habop naeHTU4eH BTOPOMY, 3a UCKNIO-

YeHeM TOoro, YTo And NNoTHOCTU pacnpeaeneHns BepOFITHOCTeVI g)(4 (§4) CTaHgapTHOe OTKIOHeHWe paBHO 10.

MpumedyaHune— bonee nogpobHas mHpopmauusi 06 agauTMBHBIX MOAENAX, NOAOOHLIX ONUCLIBAEMbIM
opmynon (21), rae BXogHble BENUUMHbLI pacnpeaeneHbl bo no HopmansHoMy, NMBo No paBHOMEPHOMY 3aKOHY, NGO
4acTblo MO HOPMAarbHOMY, @ YacTbio MO PaBHOMEPHOMY 3aKoHy, npvBeaeHa B [13].

9.2.2 HopmanbHo pacnpegeneHHble BXoAHble BeNUYUHBbI

9.2.2.1 Kaxxgo BxogHoW BeNUYMHe X; npunncaHo cTaHgapTHoe HopMarbHoe pacnpegeneHve. Havnyywmmm
oueHkamu X; sisrisiotes x; =0, /= 1, 2, 3, 4 ¢ COOTBETCTBYIOLWUMU CTaHAAPTHLIMW HeonpeaeneHHoCTAMU u(x;) = 1.

9.2.2.2 MNonyyeHHble pe3ynbTaTbl [C Tpemsi 3HaUaWMMKU umdpamu Ana obneryeHns X conocTaBneHust
(cMm. 9.1.3)] npBegeHkl B NepBbIX NATU cToNbLax Tabnuubl 2.

n punMevaHne — |_|OCKOJ'Ibe B JaHHOM Cly4ae, TakK Xe KakK 1 B Apyrmx cny4vasx, paccmaTtpmBaeMbiX B HACTOSILLEM
npvmepe, M3BECTHO, YTO MIOTHOCTL pacnpegeneHunst BEposiTHocTeN ans Y CUMMETPUYHA, TO paccMaTpuBaeTCsl BEPOsIT-
HOCTHO-CUMMETPUUHBIN (95 %-HbIl) MHTEpBan oxeara.

9.2.2.3 B cooTBeTCTBUM C 3aKOHOM TpaHcthopMupoBaHust HeonpeaeneHHocTen [Pykosoacteso MCO/MOK 98-3
(5.1.2)] HaunyuLweit oLieHKol Y ByaeT y = 0,0 ¢ cooTBeTCTBYIOLLEN CTaHAApTHOW HeonpeaeneHHocTwLio u(y)=2,0
npu OCTaBneHWn B pesynksrarte oueHWBaHus ans u(y) aAsyx sHadawwmx umdp (& = 0,05) (cm. 5.5). BeposTHocTHO
CUMMETPUYHBIN 95 Y%-HbIli UHTepBan oxeaTta 4ns Y, ocHoBaHHbI Ha koadduumeHTe oxeara 1,96, 6yaer [-3,9, 3,9].

9.2.2 4 MNMpumeHeHne metoaa MoHTe-Kapno (pasaen 7) c uncnom ucneltaHnii M= 10° paet y=0,0; u(y)=2,0
1 BEPOATHOCTHO CUMMETPUYHLINA UHTepBan oxeaTa [-3,9, 3,9]. [lza nocneaytoLLmx npUMeHeHuss metoaa MoHTe-
Kapno ana M= 10° ganu pesynsratbl, COrMacyioLLMecs ¢ NonyveHHbIM paHee B pamMKax yCTAHOBMNEHHO TOHHOCTH
BbIMUCNEHWUI. DTU ABa NPUMEHEHUSA (C PA3NIMYHBIMU CITyHaiHLIMU BLIGOPKaMU U3 TEX XKe pacnpeaeneHnii) noHago-
6unuce, 4Tobbl NPOAEMOHCTPUPOBATL BapuauuMu MofydaeMblX pesynsTaToB. YeTBepToe M nNaToe 3HauYeHust
(1,23 - 10% 1 1,02 - 10%) npeacTaenA0OT COBON YMCNA UCMILITAHWIA, MONYYEHHbIE B pe3yriTaTe AByX MPUMEHeHMit
apanTuBHoN npoueaypbl MoHTe-Kapno (cm. 7.9) ans norpelHocTu BbluucneHus &/5 (cm. 8.2).

9.2.2.5 MnoTHOCTb pacnpeaeneHns BEpOATHOCTEN ANns Y, NonydYeHHasi aHanMTuyecky, npeacraensiet coboi
NAOTHOCTb HOPMasIbHOro pacnpeaeneHua ¢ MaTemMaTUiecKUM OXXUaaHNeM, PaBHBIM Hyrt0, U CTAHAAPTHLIM OTKITO-
HeHWeMm, paBHbLIM ABYM.

9.2.2.6 Ha pucyHke 6 nokaszaHa NNOTHOCTbL pacnpeaeneHnst BeposiTHocTel Ans Y (rayccoBa), nonydeHHast
cnocoboMm oueHnBaHuUA HeonpeaeneHHocT no GUM. Ha pucyHke nokasaHa Takke ogHa W3 annpokcumaumii
(ructorpamma) ana M = 10° aHaueHuit BbIXOAHOI BENUUMHLL Y AMCKpeTHbIM npubnumkeHuem G (cm. 7.5) ans
AaHHOW NNOTHOCTK pacnpeaeneHus, nonyvyeHHas Metogom MoHTte-Kapno. MpaHuLbl BEpOSITHOCTHO CUMMET PUYHO-
ro 95 %-Horo uHTepBana oxsaTa, NONy4eHHbIE 06oMMU MeToAaMK, NoKazaHbl BepTUKanbHbIMU NuHUSIMK. Hop-

35



FOCT P 54500.3.1 — 2011/PykoBoacTtBo MCO/M3K 98-3:2008/ononHeHne 1:2008

MasibHas NI0THOCTb pacnpefeneHns 1 ee annpokcMMauma BU3yasnbHO Hepas3nUynMbl, TakXKe Kak U rpaHuLbl COOT-
BETCTBYIOLMX MHTEPBaANOB 0xBaTa. [na 4aHHOro NpuMepa Takoe cornacue aBnseTcs oXXngaemsiM, T. K cobnoga-
I0TCA BCE YC/I0BMS NPUMEHNMOCTH cnocoba oueHuBaHns HeonpegeneHHoctn no GUM (cwm. 5.7) n3agaHo gocrta-
TOYHO 60/1bLLOE 3HaYeHe M .

PucyHoK 6 — TpuGAmKeHns1 MIOTHOCTU pacnpefenieHnsi BEpOSATHOCTE ANa Y NpU HOPMasIbHOM pacnpeesieHnm
BXOZHbIX BESIMYUH, MOJyYEHHbIX CMOCOGOM OLeHMBaHWsA no GUM un MeTogom MoHTe-Kapro

9.2.2.7 B cTonbuaxs - s Tabnuubl 2 NpuBeAeHbl pe3ynbTaTbl NPUMEHEHUA npouenyp nposepkun rno 8.1 1 8.2.
B cooTBeTcTBUM € 7.9.2 ndg =2, nockonbky U(Yy) onpeaensoT ¢ ABYMS 3HavawmMmm uudpamum. TakmMm obpasom,
wly) =2,0 =20 -10-1,¢c =20 n /=—1. CnegoBaTtesibHO, BCOOTBETCTBMM C 7.9.2 npefen NorpeHocT! BbIYNCNEHNSA
cocTtasnseT

5= 7" <10 . = 0,05.

B Tabnuue 2 npuseseHbl Takke abCcoNOTHbIE 3HAYEHMA PA3HOCTU BEPXHUX U HMXXHUX FPpaHnL, MUHTEPBanoB
oxBaTa, NOoJIyYeHHbIX CNoco6om oueHmsaHma No GUM v ¢ nomolibio afanTuBHOM npoueaypbl MeToga MoHTe-
Kapno, dlow n dhich cooTBeTcTBEHHO [cM. hopmynbl (19) n (20)]. Moka3aHo, YTO NPOBEPKOI C MOMOLLbI0 afanTHB-
HOW Mpoueaypbl NOATBEPXAEHA OCTOBEPHOCTb PE3Y1bTATOB, MOMYYEHHbIX CNOCO60M oLeHnBaHnA no GUM ans
5=0,05.

Tab6nwnya 2 — lMpumeHeHne K Mogesiv (21) B cnyvae HopMasibHOro pacrnpegenenus X), (a) B COOTBETCTBUN CO CXEMOM
oLeHKM HeonpegeneHHocTn no GUM (GUF), (b) meTtogom MoHTe-Kapno u (c) aHanutuyeckum metogom (9.2.2.2, 9.2.2.7,
9.2.3.4).

BeposTHOCTHO cUMMET- JocTtoBepHOCTb pe3ysib-
MeTtoz, M y uy) pyiHBIA 95 Y%o-HbIA “¥ich TatoB no GUM

WHTEpBa/1 oxBara (5 =0,05) noarBepXaeHa?
GUM — 0,00 2,00 [-3,92, 3921 — — —
MoHTe-Kapsio 05 0,00 2,00 [-3,94, 3,92] — — —
MoHTe-Kapno 106 0,00 2,00 [-3,92, 3,92] — — —
MoHTe-KapJsio 106 0,00 2,00 [-3,92, 3,92] — — —
MoHTe-Kapno, agantmBHbii 1,23 m106 0,00 2,00 [-3,92, 3,93] 0,00 0,01 Ja
MoHTe-Kapno, agantuBHbiii 1,02 m106 0,00 2,00 [-3,92, 3,92] 0,00 0,00 Oa
AHanIMTNYeCcKui — 0,00 2,00 [-3,92, 3,92] — — —
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9.2.2.8 Ha pyicyHKe 7 nokasaHa 3aBUCUMOCTb AMUHBI ( Yhigh = Viow) 99 %-HOTO MHTEpBana oxsata (cMm. 7.7) oT
3HaYeHUst PYHKLMM BEPOSTHOCTY (onpedeneHHol no G) B Touke ero neson rpanHuubl. Kak 1 cnegosano oxuaate
ANA CUMMETPUYHOM NNOTHOCTW pacnpedeneHs BeposSITHOCTEN, MHTepBasn MMEeT HaUMMEHbLLYH ASINHY, eCIN OH
CYMMETPUYEH OTHOCUTENBbHO MaTeMaTUYECKOro OXUAaHNS.

YA
15

12+

T >
0,01 0,02 0,03 0,04 0,06 X

X — 3HadeHue d)yHKLI,VII/I BEPOATHOCTU AnA neBon rpaHuulbl UHTepBana oxearta, Y — AOJIMHA UHTepBasia oxeBarta

PucyHok 7 — [nuHa 95 %-HOro uHrepBana oxsarta B 3aBUCUMOCTW OT 3Ha4eHus1 PyHKLMM BEPOSITHOCTU
OnAa ero Nesol rpaHuUbl B AUCKPETHOM NpeacTaBneHun G, nonyvyeHHoM metogom MonTte-Kapno
ansa mogenw, onuceiBaemon dopmyrion (21)

9.2.2.9 B 9.4 paH npMmep acUMMETPUYHO MIOTHOCTW pacnpeaeneHnst BepoATHOCTEN, ANs KOTOPOW Hau-
MEHbLUWIA MHTepBas 0XBaTa CYLLECTBEHHO OTIMYAETCs OT BEPOATHOCTHO CUMMETPUYHOTO.

9.2.3 BxogHble BenU4YUHbI, ONUCbIBaeMble paBHOMEpHbLIMU pacnpefeneHUAMU ¢ OQUHAKOBLIM
HocUuTenem

9.2.3.1 Kaxgon BxoaHOW BenMYMHe X; NpunucaHo paBHOMEpHoe pacnpegeneHue ¢ HyneebiM MaTemMaTu-
YECKUM OXXnaaHWeM 1 e4NHUYHBIM CTaH4APTHLIM OTKIIOHEHWEM (B oTivyue oT 9.2.2.1, rae BXoAHbIM BENUYMHAM
npunucaHo HopMarbHoe pacripegenedve). Hamnyuwmmm oueHkamu X; sisnsotea x;=0,i=1, 2, 3, 4 ¢ cootseT-
CTBYHOLUVMU CTaHAAPTHBIMU HeonpeaeneHHoCcTaMM u(x;) = 1.

9.2.3.2 AHanornuHo 9.2.2.3—9.2.2.5 nonyyeHbl pesynsTtaThbl, NpeactasneHHble B Tabnuue 3. AHanuTu-
yeckoe pelleHWe AN rpaHuL, BEepPOoSITHOCTHO cUMMeTpuUYHOro 95 %-Horo uHTepsBana oxearta, a MMEHHO,

+2 J§[2— (3/ 5)“4]: + 3,88, 6bI110 NONyYeHO B COOTBETCTBUM C NpUioxkeHnem E.

9.2.3.3 PncyHok 8, NoCTPOEHHBbIN AN AaHHOro Cryyas, aHanormiyeH pUCyHKy 6, HO B OTIMUMeE OT PUCYHKa 6
MOXXHO 3aMeTWUTb HebosbLUME Pa3IMiMsa Mexay annpokcMMaLMsaMn NIOTHOCTU pacnpeaenieHnsl BeposTHOCTEN.
Cniocob oueHvBaHWA HeonpeaeneHHocT no GUM gaeT ogHy U Ty XKe NIOTHOCTL pacrnpeaeneHns BeposaTHOCTEN
Ans Y W B cnyyae HopMansHoro, U B criydae paBHOMEpHOro pacrnpeaeneHuns X, NocKobKy 1 B TOM, U B ApYrom
cryvae U MmaTeMaTuyeckie oXXuaaHus, u ctaHgapTHble OTKIOHEHWS paBHbl MeXay coboii. MnoTHoCTL pacnpeae-
neHus BeposiTHocTel ansa Y, nonydeHHasi metogoM MoHTe-Kapno, MeHbLUe NoTHOCTY pacrpeaeneHunsl BeposiTHO-
cTen, nonydeHHow no GUM, B OKpeCTHOCTU MaTeEMaTUYECKOro OXUAAHMA W, B MeHblLUel cTeneHn, B obnacTtu
«XBOCTOBY» pacrnpegeneHums u, Hao6opoT, HECKOMNBKO BbILLE B MPOMEXKYTOUHbIX 001acTsIX Ha «CKIOHaXy pacrpe-
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PucyHok 8 — To e, 4TO N Ha PUCyHKe 6, HO Oonsa pPaBHOMEPHO pacnpenesieHHbIX BXOAHbIX BE/IMUYMH C OANHAKOBbIMU
mMatTeMaTn4yeCKMMn OXngaHnamMm U ognHakoBbIMM CTaHAAPTHbIMKU HeonpeaesieHHOCTAMU

geneHuva. paHuubl NOMYyYEHHbLIX NHTEPBA/IOB OXBaTa CHOBA MNOYTW Hepasnnynmbl BU3yaslbHO, HO B YUC/IOBbIX
3HayeHuax, npneegeHHbIX BTa61'II/ILLe 3, MOXXHO yBUAETb Heb6onbLMe pasnnyna.

Ta6nuuya 3— Toxe, yTo U BTabnuue 2, A1s paBHOMEPHbLIX M/IOTHOCTE pacnpefeneHusi BeposTHocTeld ans X,
C OAVHAKOBbIMW MaTeMaTUYECKMU OXWAAHWSIMWA W CTaHAAPTHLIMU OTK/IOHEHUSIMU

BeposATHOCTHO CUMMET- [JocToBepHOCTb pesy’ib-
MeTtoz, M y uy) pyiHbIA 95 %-HbI Ahigh TatoB Mo GUM

WHTEPBaU1 OxBaTta (5 = 0,05) nogreBepxaeHa?
GUM — 0,00 2,00 [-3,92, 3,92] — — —
MoHTe-Kapno 105 0,00 2,01 [-3,90, 3,89] — — —
MoHTe-Kapno 106 0,00 2,00 [-3,89, 3,88] — — —
MoHTe-Kapno 106 0,00 2,00 [-3,88, 3,88] — — —
MoHTe-Kapnio, agantveHbii 1,02 m106 0,00 2,00 [-3,88, 3,89] 0,04 0,03 Oa
MoHTe-Kapno, agantuBHbli 0,86 m106 0,00 2,00 [-3,87, 3,87] 0,05 0,05 Het
AHannTn4yeckmi — 0,00 2,00 [-3,88, 3,88] — — —

9.2.34 BepoATHOCTHO CMMMETPUYHBIA 95 %-Hblli MHTEpPBaAN OxBaTa, onpeAeneHHbli no GUM, B JaHHOM

Cnyyae HeCKOMbKO MpeBblllaeT UHTepBas, NOoNyUYEeHHbI aHaNIUTUYECKMM pacyeToM. Kak 1 B cnyyae HOpMasabHO
pacnpefeneHHbIX BXOAHbIX BENNYMH, NPMMEHEeHa npoueaypa npoeepku (Tabnuua 3, ctonbubl s — s ). Kak 1 paHee,
ndg=2, n{y) =2,0 =20 «10“1,c- 20, /=-1 1 5=0,05. PasHocTn mexay rpaHuuamu dlow n dhgh B flaHHOM cnyyae
60/bLUe, YEM A1 HOPMa/bHO pacnpefenieHHbiX BennunH (Tabnuua 2). Nepsas npoBepka ¢ NOMOLbI0 afanTus-
HOI npoueaypbl MeToAa MoHTe-Kapno nokasana, 4To pe3ynbTaTbl, NONyYEHHbIE CNOCO60M OLEHNBAHMA Heonpe-
peneHHocTy no GUM, sBnstoTca goctoBepHbiMy. OgHaKo BTOpas NpoBepka 3TOT BbIBOA, HE MOATBEPAM/A, XOTA
noslyyeHHble B X0fe npoBepok 3HayeHns dlow n dhigh 6nm3kn K npegeny norpewHocT Bbluncnenns 5= 0,05
(HecooTBeTCTBME 3aAB/IEHHOM TOYHOCTU BbIYMC/IEHNIT MOXHO O6HAPY>XWTb, €CNIN NCNO/Ib30BaTh 60J/bLLEE YNC/IO
3Havawux yugp, Yyem nokasaHo B Tabnumue 3). Pasnuune B pesynbratax ABYyX NPOBEpOK MeTogoM MoHTe-Kapno
06BbACHAKTCA CTOXaCTUYECKOM NPMPOAOI 3TOro MeToa.
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9.2.4 BxoAHble BENIMUYNHbI, ONUCbIBaeMble PaBHOMEPHbIMW pacnpefeneHnsamMmu ¢ pasiMyHbIMuY na-
pameTpamu

9.2.4.1 B Tabnuue 4 npeacTas/ieHbl pe3ynbTaThl A8 NpUMepa, aHa/IorM4yHOro paccMOTpeHHOMY B 9.2.3, HO
Korga ctaHgapTHOe OTKNOHeHMe Ans X. paBHO LecATH.

3.2.4.2 Yncno ucnbiTaHnini M, nonyyeHHoe Npu peanusaymm agantuBHOM npoueaypsl Metoga MoHTe-Kapno
(0,03 «10s 1 0,08 *106), HaMHOr0 MeHbLLEe, YeM B ABYX NpeablAyLIMX cnydaax gnsa gaHHoro npuMepa. OcHoBHas
NpUYYnHa COCTOMT B TOM, YTO B JAHHOM C/lydae npegen norpelHocT! BbluncneHus s =0,5, NofyYeHHbIR, Kak 1
paHee, ©3ycnoBua npeactaBneHnsa U(y) AByMs 3HayalMMmn uudpaMm, B 4ecsiTb pa3 60/blle ee 3HaYEHWS B ABYX
npeablayLwmnx cnyyasax. Ecnv 6l ucnonb3osanock npegbigylee sHavyeHne s =0,05, To 3HaYeHUA 6blIv Npumep-
HO B 100 pa3 60/blie yKa3aHHbIX B Tabnuue 4.

Ta6nunuya 4 — To xe, uTo 1 B Tabnuue 3, B C/yyae, Korga yeTBepras BXO4Has BenvMyMHa MMeeT cTaHgapTHoe
OTK/IOHEHVE, paBHOe AEeCATU, U HET aHa/IMTUYECKOTo peLleHns

BeposTHOCTHO CUMMET- [JocToBepHOCTb pe3y/ib-
MeTop, M y u(y) pPyUHLIA 95 %-Hbiih Mow  “Yih TaroB no GUM
VHTEepBas1 oxBara (5 = 0,05) noaresepaeHa?
GUM 0,00 101 [-19,9, 19,91
MoHTe-Kapno 105 0,00 10,2 [-17,0, 17,0] — — —
MoHTe-Kapno 106 0,00 10,2 [-17,0, 17,0] — — —
MoHTe-Kapno 106 0,00 101 [-17,0, 17,0] - - -
MoHTe-Kapno, agantmBHbii 0,03 m106 0,01 10,2 [-17,1, 17,1] 2,8 2,8 Het
MoHTe-Kapno, agantmBHbii 0,08 m106 0,00 10,1 [-17,0, 17,0] 2,9 2,9 HeTt
9.2.4.3 Ha pucyHke 9 nokasaHbl ABe annpoKcMMauum nAOTHOCTM pacnpefeneHns BeposaTHocTel ans Y.

BWAHO, YTO OHM CUIBHO pa3nyalTca Mexay coboi. JoMMHMpytoLLan posb pacnpejenermns ans Xs oyeBmgHa —
NJOTHOCTb pacnpegeneHns BEPOATHOCTEN ANs1 Y MOX0Xa Ha NAOTHOCTbL pacnpeieneHns BeposATHOCTENR ana X4,
HO nMeeT 60siee NoKaTble «CKIOHbI», YTO 06YCNI0BNEHO BANSIHUEM NAOTHOCTEWN pacnpeAeneHuns BeposTHOCTel
ApYyrux BxofdHblx BenuunH Xh/=1, 2, 3.

X — Be/muvHa (6e3pasvepHasi); Y — IVIOTHOCTb pacnpenerneHnst BeposiTHOCTel

PucyHok 9 — To e, UTO 1 Ha pUCYHKe 8, 3a UCK/IOUYEHMEeM TOro, YTO CTaHAapTHOe pacnpejesieHue
YeTBepTOli BXOAHOW BeNMUMHbI paBHO 10
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9.2.4.4 Ha pvicyHke 9 nokasaHbl Takke rpaHuLbl BEPOSTHOCTHO CUMMETPUYHOTO 95 %-HOro uHTepBeana oxsa-
Taans Y, noiy4eHHoOro Ha ocHoBe annpokcumaumin. BHyTpeHHss napa BepTUKarbHbIX TMHWA (CMUOLLHbIE TMHUN)
nokasblBaeT rpaHuLibl BEPOSITHOCTHO CUMMETPUYHOro 95 %-Horo MHTepBana oxasara, ornpefesieHHoro MeTooM
MoHTe-Kapno. BHelHsst napa (MyHKTUPHbIE NUHUK) NONYyYeHa Ha OCHOBE OLeHUBaHWUSA HeonpeaeneHHOCTH no
GUM c koachpuLneHTom oxsaTa k= 1,96.

9.2.4.5 BeposAITHOCTHO CUMMETPUYHBIA 95 Y%-Hbllh UHTepBan oxeara, onpeaeneHHbIA crnocobom oLeHUBaHUs!
HeonpegeneHHocT no GUM, B aTom cny4yae cyuiecTBeHHO borbLue Nory4eHHOro ¢ Ucnorb3oBaHMeM MeToaa
MoHTe-Kapno. Kak v paHee, npuMmeHeHa npoueaypa nposepku (Tabnuua 4, ctonbusl 6—38). B paHHoM cnyyae
Ngg = 2, u(y) = 1,0 - 10", 10 - 10% ¢ =10, / = 0 u & = 0,5. MpoBeaeHHas ABaXAbI MPoBepka C MOMOLLLIO
aganTueHoro Metoda MoHTe-Kapno nokasana, uto pesynstaThl oLeHUBaHUs HeonpeaeneHHoct no GUM gaensiioT-
ca HegocToBepHbIMU. OaHako pesynsTatbl NpoBepky Obinn Gbl NONOXKXUTENBHLIMU NMPU YCIIOBUM COXPaHEHWUs1 OHOW
3HavaLLen Lmdpsl B AECATVHHOM NPpeAcTasneHum u(y), T. e. koraa ngg = 1 1 8 = 5. B aToM cnyyae Bce HTepBarsbl
oxBaTa, Nony4eHHble pasHbIMK criocobamu, Umenn 6bl oauH U ToT xe Bua;: [-2 - 101, 2- 10" (cm. 4.13).

MpumeyaHue— Ycnoeus UeHTpansHON npeaensHon Teopembl [PykoBoacteo MCO/M3IK 98-3 (G.6.5)] B
3TOM CIny4ae BbIMOMHAKTCA HE B MOMHON Mepe U3-3a AOMUHUPYIOLLETO BNUSIHUS PaBHOMEPHOro pacnpeaenenus gnsa X,
(cM. 5.7.2), 4TO HOMXHO ObINO WCKMIOYUTE BO3MOXHOCTH MPUMEHEHUs crnocoba oueHVMBaHUS HeonpeaeneHHOCTH
no GUM. B HacTosilem nyHKTe pe3ynbraTtbl NPUMEHeHUs1 4aHHOro criocoba npuBeaeHbl Ansi CONOCTABNEHUS, MOCKOIbKY
Ha NpakTuke Monb3oBaTenu 3a4acTyio npeHebperaioT BbINOMHEHUEM YCNOBUIA LEHTpanbHON npeaenbHOW TeopeMbl U
ronaratT BbIXOAHYIO BENUYMHY Y MOOYMHSIIOLENCA HOPMaribHOMY 3akOoHY (OCODEHHO Korga nornb3yloTcsl COGCTBEHHBIMU
nporpaMMHsLIMK CpeacTBamMy pacyeTa HeonpeaeneHHocTm — cM. 9.4.2.5, npumeyanue 3).

9.3 Kanu6poBka maccbl

9.3.1 NocTaHOBKa 3agauu

9.3.1.1 PaccmoTpeHa kanubposka rupu W ¢ MaccoBoi NIIOTHOCTLIO Py, CPaBHEHWEM C 3TANOHOM R Tol e
HOMUWHaNbHOW Macchl C MaccoBOM MMOTHOCTLIO P NYTEM B3BELLIMBAHWSA HA BECAX B BO3/lyXe C MAaCCOBOW MMOTHO-
CTbto p, [39]. MockonbKy py, U pr B 0BLLEM cnydae paznuyHbl, Heo6xoAMMO yUnThIBaTh AeCTBIE BblTallKUBalo-
e cunel. C yyeToM 3akoHa Apxumeaa Moaesb U3MepeHUs UMeeT criedyoLLuii Bua;:

My (1 = pg Ipw) = (Mg +3mg) (1 —p, Ipg), (22)

rae my, — macca rupu;
mg — Macca 3TanoHa;
dmg — Macca Maroro AoMoNIHUTENBLHOTO rpy3a C MNOTHOCTLIO Pr, A06ABNEHHOrO K aTanoHy R, 4Tobbl ypaBHoO-
BECUTL ero ¢ rupeit W.
9.3.1.2 O6bI4HO NpU KanMbpoBKe MacC UCMONbL3YIOT NOHATUE YCTIOBHON Macchl. YCNoBHaa Macca My, . —
370 Macca BoobpaxaeMoii rMpu ¢ MacCoBOM MIOTHOCTBLIO py = 8000 kr/M, KoTOpasi Npu B3BELLNBAHWN B BO3AYXe
C NOTHOCTLIO BO3AYXA P,o = 1,2 Kr/M3 ypasHosecuT rvpto W. Takum o6pasom,

My (1= pao/Pw) = My, o (1= Pao/Po)-
9.3.1.3 B 0603HaueHVsX yCroBHbIX Macc My, ., Mg . U 8Mg . hopmyna (22) npuHumaet Bua

My, o (1= palpw) (1= Pao/Pw)™ = (Mg o+ 8Mg o) (1= palpr) (1 —pao/PR) ™ (23)

Popmyny (23) MOXHO NpeACTaBUTL B NPUBAMKEHHOM BUAE, NPUTOAHOM Anst BONbLUMHCTBA NPAKTUYECKUX
cUTYyaLuii:

m :(m +&m )1+ - (i—i)
W,c R,c Rc (pa paO) Pw PR

Ecnn 0603HaunTs Yepes dm = (My, . — My, ) OTKNOHEHWE YCNOBHON MAacchl TMpU My, . OT HOMUHANBHON
Macchl TMpu Mo, = 100 1, TO Moaens n3MepeHus ana AaHHOro Npumepa byaet MMeTbL BUA:

dm = (mR,c +6mR,c)[1 + (pa ~Pao )(ﬁ_ i)] ~ Myom - (24)

MpwnmedyaHNe — lNpumeHeHne 3akoHa TPaHCKHOPMUPOBaAHUA HEONPEAENIEHHOCTU K «TOYHOM» MOAEenu,
3agaBaemoli chopmynoit (23), 3aTpyaHUTENBHO U3-3a CIIOXHOIO BMAA YaCTHbIX NMPOU3BOAHLIX. K «TOuYHOI» mMogenu npo-
we npuMeHuts metog MoHTe-Kapno, nockonbky B 3TOM cny4ae HeobXxoaMMO TONbko ChOPMUPOBATL BbIXOAHLIE 3HAYE-
HUSI MoZenw.
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9.3.1.4 EanHcTBeHHaA AocTynHas UHgopMaumna OTHOCUTENLHO 3TanoHa R 3akmniovaeTcsl B TOM, YTO Mg ¢
n dmg . — 3T0, COOTBETCTBEHHO, HAaWUYYLLUNE OLIEHKU Macchl 3TafI0Ha U ee CTaHAApTHOI HeonpeaeneHHocTu. B
COOTBETCTBUM € 6.4.7.1 KaXAON U3 3TUX BEMUYMH NPUNUCLIBAIOT HOPMarbHOe pacnpeaeneHue ¢ Hannyywnumm
OLEeHKaMK1 B Ka4ecTBe MaTEMaTUYECKOIo OXXMAAHWUSI COOTBETCTBYIOLLMX BENTMUYUH U UX CTaHAAPTHLIMU Heonpeae-
JNeHHOCTAMU B KA4eCTBe CTaHAAPTHLIX OTKIOHEHW. EAWHCTBEHHas A0CTyNHasa uHdopMauus o p,, Py U pr — 3TO
HDKHSIS U BEPXHAA FpaHULbl BO3MOXKHBIX 3HAYEHUIA ANA Kaxaon U3 aTux BenuunH. CooTBETCTBEHHO (cM. 6.4.2.1),
Ka>XKd0M U3 STUX BENTMYUH NPUNUCLIBAIOT paBHOMEPHOe pacnpeeneHune B npegenax rpaHuL, BO3MOXHbIX 3Haue-
HUiA. B Tabnuue 5 npeactasneHbl BXoAHbIE BEMUYUHBI U NPUNNCAHHBIE UM MITOTHOCTU pacnpeaeneHns BepoATHOC-
Teii. B aToii TabnuLie HopManbHoe pacnipegeneHie N(iL, 6°) 3a4aH0 MaTeMaTUYECKUM OXUAAHUEM [L U CTaHaapT-
HbIM OTKIOHEHWEM G, a paBHOMepHoe pacnpeaenenune R(a, b) ¢ rpaHMuamy uHTepeana a u b (a < b) — matema-
TUYECKUM oXXuaaHuem (a + b)/2 n NoNoBUHOW ANWHLI UHTepBana (b — a)/2.

MpumMeyaHune—[AnNa BeNnUunHbI p,g B MOAENH, 3aaaBaeMol hopMynoli (24), yctaHoBneHO 3HaqeHne 1,2 kr/im3
6e3 cooTBeTCTBYIOLWEN HEonpeaeneHHOCTU.

Tabnwuua 5— BxogHble BENWYMHBI X; C COOTBETCTBYIOLMMUN NAOTHOCTAMU pacnpeaeneHns BepoaTHOCTEN Ans
MOAENN KanubpoBKU Macchl

MapameTpeol
Xi Pa;:gs:g & MaTtematudeckoe CrangapTHoe Marematudeckoe MonosuHa ANUHLI
oXuaaHue | OTKNOHEHUE G oxupanwe x = (a + b)/2 HocuTens (b — a)2
mg ¢ N(y, 6?) 100 000,000 mr 0,050 mr
dmg | N, o?) 1,234 wr 0,020 mr
Pa R(a, b) 1,20 kr/im® 0,10 kr/m3
Pw R(a, b) 8 - 103 kr/m® 1103 kr/m®
PR R(a, b) 8,00 - 103 kr/m3 0,05 - 103 kr/m®

9.3.2 TpaHcchopmupoBaHue pacnpegeneHMi U nonyyeHne pesynbraroB
9.3.2.1 Cnocob oueHuBaHus HeonpeaeneHHocTn no GUM v agantueHas npoueaypa metoga MoHTte-Kapno

o~ o
(cM. 7.9) BbInK 1enonb3oBaHbl AN NONyYeHUst OLLeHKU dm BenuuuHbl m, ee cTaHaapTHO HeonpeaeneHHOCTy
u(dm) v HammeHbLLero 95 %-Horo HTepBana oxasata anst dm. MonyyeHHsle pesynsTaTbl NpuBeAeHb! B Tabnuue 6.

Tab6nwuya 6 — Pesynsratsl BblMMCNEHNI AnA KanMBpPOBKM Macchbl

~ HaumeHbLumi [NocToBepHOCTL pe-
Mertog, {,h‘ M u(®m), mr 95 %-Hbi i M dhigh' mr | 3ynsratoB no GUM
WHTEepBan (8 =0,005)
oxBaTa, Mr noaTeepxaeHa?
GUM, ¢ ncnonb3oBaHnem YneHos 1,2340 0,0539 [1,1285, 1,3395] | 0,0451] 0,0430 Hert
1-ro nopsigka
MoHTe-Kapno 1,2341 0,0754 [1,0834, 1,3825]
GUM, ¢ ncnonb3oBaHnem |4nNeHoB 1,2340 0,0750 [1,0870, 1,3810] | 0,0036] 0,0015 HNa
fonee BbICOKOrO nopsigaka

9.3.2.2 ina AOCTWKEHUS1 MOMPELLIHOCTU BbuUCTeHUA &/5 (cM. 8.2) ¢ 3, COoTBETCTBYIOLLE OAHOM 3HaYaLLeit
undpe B u(om), 6ein0 BbINONHeHO 0,72 - 10% ucnbITaHWi B COOTBETCTBUN C aAanTUBHOW npoueaypoi MeToaa
MoHTe-Kapno (cm. 9.3.2.6).

9.3.2.3 Ha pucyHke 10 nokasaHa annpokcumaLua NNOTHOCTEW pacnpeaeneHusa BepoaTHoCTen Ansa dm, no-
NyYeHHbIX NpUMeHeHWeM cnocoba oLeHBaHus HeornpegeneHHocTn no GUM ¢ ucnonb3osaHWeM YneHOB NepBoro
nopsaka B npeactasneHnn oyHKLMK aMmepeHust psaom Tennopa n merogom MoHTe-Kapno. HenpepbisHas kpusasi
COOTBETCTBYET NSIOTHOCTW HOPMAbLHOIO pacrpeAeneHns ¢ napaMmeTpamu, onpeaesnieHHbIMM cnocobom oLeHNBa-
HUA HeonpeaeneHHocTn No GUM. BHyTpeHHsIst napa (NyHKTUPHBIX) BepTUKanbHbIX JIMHWA NOKa3biBaeT HAaUMeHb-
LKA 95 %-Hblil UHTepBan AnNa 6m, NOCTPOEHHbIA HAa OCHOBE 3TOWN NNOTHOCTU pacnpeaeneHnus BepoaTHocTel. Mc-
Torpamma npegctaensaet cobol annpokcyMaLuto NIIOTHOCTY pacnpeaesneHnst BepOsiITHOCTE!R, MOCTPOEHHY0 MeTo-

41



FOCT P 54500.3.1 — 2011 /PykoBogctBo MCO/M3K 98-3:2008/4ononHeHne 1:2008

[om MoHTe-Kapno. BHewHAA napa (HeNpepbIBHbIX) BEPTUKAbHbIX IMHUIA NOKa3biBaeT HAaUMEHbLINI 95 %b-Hblii
MHTepBan oxearta A1 5T, NOCTPOEHHbII HAa OCHOBE AUCKPETHOro NpeAcTaBneHnss yHKLMM pacnpegeneHns B
COOTBETCTBUM C 7.5.

X — OTK/IOHEHVE BT YC/IOBHO MaccChl MVpn OT €€ HOMWHA/IBHOTO 3HAYEHMs, M,
Y — M/IOTHOCTb PacrpeaesieHnsl BEpOsSITHOCTel, Mr-1

PrvcyHok 10 — Annpokcumaummn NAOTHOCTW pacnpefeneHns BepOosTHOCTEN AN BbIXOAHOVW BeMyuHbl 8T,
nostlyyeHHble C KCMOJIb30BaHMEM crnocoba OLeHWBaHWs HeonpegeneHHocTn no GUM ¢ yyeTom usieHoB
nepsoro nopsgka n metogoMm MoHTe-Kapno

9.3.2.4 Pe3ynbTaThl NOKa3bIBalOT, YTO, XOTA CNOCO6 OLeHMBaHUA HeonpeaeneHHocTn no GUM (c yuetom
4Y/1eHOB NepPBOro nopsaka) u Metog MoHTe-Kapno gatot oyeHb 6/1M3KMe OLEHKN 5T, 3HaYeHNS COOTBETCTBYOLLNX
CTaHAapTHbLIX HeonpeaesneHHOCTe 3aMeTHO pasnnyatoTca. 3HadeHue (0,0754 mr) ans u(ET), noayveHHoe
metogom MoHTe-Kapno, Ha40% 6onbwe 3HayeHus (0,0539 mr) gns Tol XKe BeNMYMHbI, MOYYEHHOrO CNOCO-
60M OLeHMBaHUA HeonpeaesneHHOCTM No GUM (cyyeTom 4iieHOB nepBoro nopsgka). T. e. oueHka, nonyyeHHas
no GUM, BAaHHOM cny4yae 6yaeT M3nuiiHe oNnTUMUCTUYHON. B TO )Xe BPEMSI XOPOLLO COrflacytoTcst Mexay co6oi
oueHka 1(LW), noayvyeHHas ¢ ucnosb3oBaHnem mMetoga MoHTe-Kapno, n3HadveHue (0,0750 mr), nosyyYeHHoe cno-
coboM oueHVBaHuMA HeonpegeneHHocTn No GUM ¢ yyeTom 4sieHOB 60/1ee BbICOKOr0 NOpsifika B pasfoXkeHuu
hyHKLMM n3mepeHns B psag Teinopa.

9.3.2.5 B tabnuue 7 npuBefeHbl YacTHble MPOM3BOAHbLIE MEPBOro nopsaaka QyHKUUM namepeHus [popmy-
na (24)] no BXO4HbIM BeIMYMHAM M KOSPULMEHTbI YYBCTBUTEIbHOCTYU, T. €. 3HAYEHMNSA 3TUX NPOM3BOAHbLIX B TOY-
Kax Hanmny4ywmnx OL,EeHOK BXOAHbIX BEIMYNH. TN AaHHbIe NOKa3blBaloT, YTO A9 paccMaTpyBaeMoro npumepa npu

Tabnuuya 7— KoathdunumeHTbl YyBCTBUTENBHOCTUN O/19 MOAenn nsmepeHus [popmyna (24)] B npymepe KasinbpoBKu
Macchbl

YacTHas npousBojHas KoadhpuuMeHT YyBCTBUTENBHOCTH
mR, 0 1+ (Pa- Pao) (1/pu/- 1/Pr) 1
SmR; ¢ 1+ (Pa- Pao) (1/pw - 1/Pr) 1
Pa (MR ¢ + smRIC) (1/pu/ - 1/pr) 0
Pw - (MR,c+ o) (pa - pa0)/ P2 0
PR (MR c+ 8mR c) (pa - pa0)/p 2 0
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nprMeHeHM crnocoba oLeHBaHus HeonpegeneHHocTy o GUM ¢ yuyeTom UneHOB NepBoro Nopsaka pasnoXeHys
MOXeT BbIThb UCMOMNb30BaHa aaaUTUBHAA MOAENb

Metog MonTte-Kapno Tako annpokcumaumm He Tpebyer.

9.3.2.6 B Tpex npaBbix ctonbuax Tabnuubl 6 NnpuseaeHbl pesynbTaTbl NpoBepku (cM. 8.1 1 8.2) npu coxpaHe-
HUW OHOM 3HaYaLlel Ludpbl B u(SPn), T. €. Ngig = 1. CnepoBarenbsHo, (S/I\n) =0,08=8-1072 Torga (cM. 7.9.2) ¢
=8 u [ =-2. Takum obpasom, § = 1/2 - 1072 = 0,005. 3HaueHus diy,, ¥ Ghigh MOKA3LIBAIOT PA3HOCTU B OLIEHKAX,
COOTBETCTBEHHO, AN HUXKHEN 1 BepXHel rpaHuLbl MHTepBana oxasara [cM. dopmynbl (19) u (20), rae BMecTo y
HY>XHO NMOACTaBUTL 8/r\n]. B nocnegHem ctonbue Tabnuuel 6 NpvBeaeHbI UTOM NPOBEPKU AOCTOBEPHOCTU pe3ynbTa-
TOB, NONYyYeHHbIE NPU YCIIOBUW COXpaHEHUA OAHOW 3HavaLLel undpbl B NpeacTaBneHun u(gr?r). Ecnu B npeacras-
neHnn pyHKUMK n3mepeHust paaom Terinopa yuTeHbl TONbKO YneHbl epBOro nopsigka, To npumeHeHue crnocoba
oueHnBaHuUA HeonpeaeneHHocTU no GUM aaeT HeaocToBepHbIe peaynbrarbl. Ecnv yuTeHbl uneHs 6onee BbICOKO-
ro nopsagka [Pykosoacteo MCO/M3K 98-3 (npumevanue k 5.1.2)], To npumeHeHue cnocoba oLieHMBaHWs Heornpe-
AeneHHoctu no GUM obocHoeaHo. CrniegoBaTenbHO, B JAHHOM NPUMEPe HeNIMHeNHOCTL MOAENW TakoBa, UTo yue-
Ta TOMBLKO YNEHOB NepBOro NOpAAKa B PasfoXeHUn PyHKLUU N3MepeHnst HeAOCTaTOuHO.

9.4 OnpeaeneHune KoadcpuumueHTa paccornacoBaHus gnsa kKanubpoBKM UsMepuTens
MouHocTu CBY-curHana MeToaoMm cpaBHeHUA

9.4.1 MocTaHoOBKa 3agauun

9.4.1.1 Mpun kanubpoBke cpaBHEHNEM KanMBpyeMblil U STarOHHbIN U3MEepPUTENY MOLLHOCTM NMoovepeaHo Mno-
MeLLatoT B none ctabunsHoro reHepatopa CBY-curHana. MornolaeMas namepuTensiMm MOLLHOCTb B o6LeM
cnyyae 6yaeT pasHol BBUAY HeCOBMaAeHUS NX KOMMNIIEKCHBIX kK0aduUmMeHTOB oTpaxeHUsl No HanpshkeHuto. OT-
HoLleHWe Y MOLLHOCTM Py, MOrnoLLeHHoi kanubpyembiM uaMeputenem, K MoLLHOCTA Pg, MOrNOLLEHHON 3TanoH-
HbIM U3MepuTenem, umeeT sua [43]:

Py 1_|FM|2 |1_FSFG|2

YoM _ .
Ps " 1o|rgf |1-ryref”

(25)

rae T'g — KoadhdULMEHT OTpaXKeHUS Mo HaNPsPKEHWIo reHepaTopa cuMrHana;
Iy — ko3 dULMEHT OTPaXKEeHUS Mo HAaNPSPKEHWIO KannbpyemMoro MaMepuTens;
I's — KO3(hDULUMEHT OTPAKEHWUA NO HAMPSPKEHWUIO 3TANOHHOTO N3MEPUTENS.
OTHoweHe, onpegeneHHoe dopmynol (25), HasbiBatoT koadULMEHTOM paccoriacoBaHusl, 3HaHUE KOTo-
poro HeoBxoanMo Ans NpoBeaeHUs! KanuBGpoBKM MeTodoM cpaBHeHKs [1, 28].
9.4.1.2 B HacTosALWEM NpuMepe paccMmaTpuaeTcs Cryyal OTCYTCTBUS OTPaXKeHWA 3TasloHHbIM U3MepuTe-
fnem ¥ reHepatopom curHana, T. e. korga I's = I'g = 0, 1 3Ha4YeHWs N3MepsemMoin BENUUYUHLI onpeaensaTcs

[eCTBUTENbHON Xy U MHUMOI X, YacTsMi BenuumHsl Ty, = Xy + X, rae j2 =—1. Mockonbky [Tyl = X2 + X3,
cdopmyna (25) nprHYMaeT Bua

Y=1-X5-X3. (26)

9.4.1.3 Ha ocHoBe namepeHuii NofydeHb! HauUy4LLne OLEHKU X, U X, BENUYUH X, U X, 1 COOTBETCTBRYIOLLME
UM cTaHAapTHbIe HeonpeaeneHHOCTU U(X,) 1 u(X,). 3avacTyto X; u X, He aBnstoTcA He3aBUcUMbIMU. KoBapuauus
U(Xq, X2), CBA3AHHAA C OLEHKaMU Xq U X,, MOXeT 6biTb NpeacTaeneHa B BUuAe U(Xq, Xo) = r(Xy, Xo) U(x)U(X,), rae
r = r(Xy, Xo) — koacbcpuumeHT koppensumm [Pykosoactso MCO/MIK 98-3 (5.2.2)].

MpumedaHune— Ha npakTuke NHXEHEP-3NEKTPUK MOXET 3aTPYAHSITLCSI B YMCNOBOM OMNpeaeneHun KoBapu-
aumu. B Takux cny4vasnx oueHnMBaHne HeonpeaerneHHOCTN MOXeT GbiTb NOBTOPEHO B UCMbITAHWUAX C Pa3NUYHLIMK YNCNIEH-
HbIMM 3HaYeHUAMW Ko3durUMeHTa Koppensaumum, YTobbl N3yHnTb ero BnusaHue. B aaHHOM npumepe npoBeaeHb! BbIUMC-
nexus ¢ kospcuumeHTom Koppenaumm, pasHeiM Hymo n 0,9 (cm. 9.4.1.7).
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9.4.1.4 B cooTBeTcTBMM C 6.4.8.1 BekTOpy ChydaiHbIX BenmunH X = (X;, X5)7 npunucaHa asymepHas
MMOTHOCTb HOPMAaITbLHOTO pacnpeaeneHns ¢ MaTeMaTUIECKUM OXKUOAHUEM U KOBapUaLMOHHOW MaTpULLell cooTBeT-
CTBEHHO

[x1 ] u?(xq)  ru(xq)u(x,)
: (27)

X | 7 lru(xg)u(xs)  uP(x,)

9.4.1.5T. k. BenuuunHbl X; n X, Bxogawme B dopmyny (26), Ha NpakTUKe Marbl No CpaBHEHUIO C eANHULEN,
COOTBETCTBYIOLLIEE 3HaYeHue Y Byaert 6nusko k eauHuue. MNoaTomy B kavyecTBe MOAENW N3MEPEHUSI MOXKHO NpU-
HATb

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

B cooTtBeTCTBUM C hunamdeckum cmbicnom 0 < Y< 1 u, cnegoeaTtenbHo, 0 <dY < 1.

9.4.1.6 OueHka 8y BenuuuHbI 8Y, ee cTaHAapTHas HeonpeaeneHHoCTb U(8y) U NHTepBan oxeata Ans 8Y
AOMKHbI BbITh NOSTyYeHb! [UTA PA3NNYHbBIX Xy, X5, U(Xq), U(X5) U (X4, X5). Bce 3TN BENMUUNHBI 6e3pasMepHsl.

9.4.1.7 PaccmaTtpuBaloTcs LIECTb CyYaeB, B KaXKAOM U3 KOTOpPbIX X, = 0, u(X) = u(x,) = 0,005. B nepBbix
Tpex cnyyasix X, NpUuHUMaeT 3HaveHus X, = 0, x; = 0,010 n x; = 0,050 npwu r(x4, x,) = 0. OcTanbHble Tpu cny4vas
COOTBETCTBYIOT TEM Ke 3HaYEHUAM X4, HO NPU (X4, X,) = 0,9. PasnuuHble 3Ha4eHna x, (conoctasumele ¢ Habnoaa-
€MbIMU Ha NMPaKTUKe) UCMOSb30BaHbI C LieS1blo UCCIIefoBaTh, A0 KakKo CTeneHn MOryT pasfnMyaTbea pesynbraThl
OLEHUBaHUA HeonpeAerneHHOCTU, NoSyYeHHbIe PasHbIMU METOAaMW.

9.4.1.8 B cnyyasix, koraa r(x4, X,) = 0, koBapuauuoHHasa matpuua [cM. bopmyny (27)] ctaHoBUTCA anaro-
HansHom: diag [U*(X,), U*(x,)], @ COOTBETCTBYIOLEE COBMECTHOE pacnpedeneHne X; u X, npespawaetcs B
npousseeHve AByX 0AHOMePHbIX HopMarbHbIX pacnpeaeneHuin Xy, i = 1, 2, ¢ MaTemMaTU4ecKum OXuaaHneMm X;
1 cTaHAaPTHLIM OTKITOHEHUEM U(X;).

9.4.2 TpaHcchopMmupoBaHue pacrnpeaeneHUi U NofyYyeHne pesynLTaToB Npu HyneBon KoBapua-
LM1 MeXay BXOAHbIMU BeNMUYUHAMU

9.4.2.1 O6LLMe nonoxeHNs

9.4.2.1.1 OueHuMBaHWe HeonpeaeneHHOCTM OCHOBaHO Ha TpaHCHOPMUPOBaHUM pacnpedesieHu, peanuso-
BaHHOM:

a) aHanUTU4eckn (B LiensiX cpaBHeHus);

b) ncnonb3osaHWeM cnocoba oLeHWBaHWA HeonpedeneHHocT no GUM;

C) c ucnonsk3osaHnem Metoga MoHTe-Kaprno.

MpwnmeyaHu e — Bce ykaszaHHble MeTOAbl He 0GecnevmBatoT NONyHeHNe Takoro pacnpeaeneHns BeposiTHOCTEN
ans 8y, 4Tobbl, KaK 3TO AMKTYIOT hmnanqeckue coobpakeHus, BEPOSTHOCTb 3HaUYeHuUiA Sy, NpeBbiLaowmx eamHmly, 6eina
paeHa Hyno. OgHako Anst 4OCTaTOYHO MarblX HeonpeaeneHHOCTEN LX) U U(Xy), KakK B JaHHOM MPUMepe, MOXHO yKa3aH-
HbIM PM3NYECKMM OrpaHuYeHneM npeHebpeyb U annpoKCUMMPOBATL MIIOTHOCTL pacnpeaeneHnsl BEpOSTHOCTEN Ans
8y Bonee npoctol yHKUMEN, onpedeneHHo Ha MHOXECTBE BCEX HeoTpuuaTenbHbIX 3HaveHun dy. Bonee ctporuii pe-
3ynbTat [He 3aBUCALLMIA OT YCNOBUA ManocTu 3HadeHun u(xq) n u(xy)] mor 6bl 6bITb Nony4eH B pamMkax GanecoBCKoro
nogxoda [51], yunTbIBalOWEro anpropHylo HpopmMaumio o6 n3MepsieMon BENWUMHE, OJHAKO €ro PacCMOTPEHNE BbIXO-
OWT 3a paMKv HacTosLero ctaHgapTa (cMm. pasgen 1, npumedanuve 2).

9.4.2.1.2 OueHku 8y 1 u(dy) MoryT BbITb MOMYyYEHbI aHANTUTUYECKN Kak MaTEMaTUYECKOE OXXMAaHWe 1 CTaH-
JapTHOe OTKIoHeHWe MMOoTHOCTU pacrpedeneHuns BeposTHocTeln ana 8Y (cm. pasgen F.1). B csoto ovepeqb,
MMOTHOCTL pacnpeaeneHns BepoaTHocTeh A4ns 8Y MoxkeT ObITb NonydeHa aHanMTUYeckn 1 MCcnonb3oBaHa ans
onpegenexHns rpaHuL HaumeHsLwero 95 %-Horo MHTepBana oxeaTa B cryyae, korga X, = 0 (cm. pazgen F.2).

9.4.2.1.3 Cnocob oueHnBaHus HeonpegeneHHocT no GUM ¢ Mcnorb30BaHWEM YNEHOB NEPBOro nopsgka u
urieHoB Gonee BbICOKOrO Nopsiaka pasnoxeHus B psia Telnopa npMMeHeH ANs KaXKaon U3 Tpex OLEHOK X4 Npn
r(xq4, Xo) = 0 (cM. pasgen F.3). OueHka dy BbIXoAHOW BenMUUMHbI 8Y Kaxabli pa3s bbiia nomyyeHa no dopmyne
[PykosoacTteo MCO/M3K 98-3 (4.1.4)]

2,2
dy = X7 + X5.

9.4.2.1.4 MeTtoa MoHTe-Kapno Bl MPUMEHEH B KaXKI0M W3 Cry4aes ¢ YiCIoM uchbitaHuii M= 108,
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9.4.2.2 OueHKa BXOAHOW BEMNYUHBI X =0

9.4.2.2.1 inAa cny4yasi, KOrga OueHKa BXOAHOM BENNUYUHDBI X, =0, Npu NPUMEHEHNN 3aKOHa TpaHCHOPMMPOBa-
HUS1 HeOMpeAeEHHOCTE HEOOXOAMMO YUMTbIBATL Y/1EHbI BbICLUMX MOPSAKOB, NMOCKO/IbKY YaCTHbIE NMPON3BOAHbIE
5Y no Xf nX2 BTouke X1-x L, X2- X2npu X: =X2=0 paBHbl Hy/t0. CnefoBaTeNibHO, ECNN B 3aKOHe TpaHcgop-
MVPOBaHUs1 HEOMpPeAENEHHOCTEN yUMTbIBaTh TO/IbKO YIEHBI PA3/I0XKEHUS MEPBOro Nopsiaka, To noyvyaemas OLeH-
Ka CTaHAapTHOM HeonpeaeneHHOCTN A/151 BbIXOAHOW Be/IMUYUHbI 6y AeT HEKOPPEKTHOM (PaBHO Hy/HO).

MpumMeyaHune — AHAIOMMYHAsA TPYAHOCTb BO3HMKAET M MPU OLEHKe X|, He PaBHOI, HO AOCTAaTOYHO 6M3KON K
HyJTHO.

3.4.2.2.2 Ha pucyHke 11 nokasaHa NA0THOCTb pacnpeneneHns BeposaTHocTen ansa 5Y, nonyyeHHasi Ha OCHO-
Be TpaHCPOPMMPOBaHNs pacrnpeaeneHnii:

a) aHanUTMYecKn (3KCNOHEHLManbLHO yobiBaroLwas Kpneas ana 5¥Y=>. v Homb Ana 5Y<0);

b) ¢ ucnonb3oBaHKeM cnocoba oLeHBaHMS HeonpeaeneHHocT No GUM ¢ yueTom yneHoB 60/1ee BbICOKOro
nopsigka Ans Toro, YTobbl 0XapakTepr3oBaTh BbIXOLHYIO BENMYMHY HOPMasibHOM NAOTHOCTLIO pacnpeaesneHns
(konokonoobpasHas KpuBast);

C) ¢ ncrnonb3oBaHvem Metoga MoHTe-Kapno (ructorpavma).

X — OTK/IoHeHVe 8Y koathdMLwieHTa paccor/iacoBaHNst OT eayHNLBI (YMHOXeHHOe Ha 106);
Y — M/IOTHOCTb pacrpeerieHnst BeposTHOCTeN (YMHOXeHHast Ha 103)

PucyHok 11 — Pe3y/ibTaTbl OLEHVBaHWA A7 MoAenm KoadudhuupmeHTa paccorsiacoBaHusi, NPUMEHSIEMOrO Mpy Kasinob-
poBKe mM3MepuTenein mMowHoctn CBY-curHana, B criydae
Xf =x2=0, u(Xf) = n(x2) =0,005, r(xb X2 =0

9.4.2.2.3 /13 pucyHka 11 BMAHO, YTO MCMONb30BaHMe cnocoba oueHnBaHns HeonpeaeneHHocT no GUM ¢
y4eTOM 4/ieHOB 60ee BbICOKOro nopsaka A5 OnncaHus BbIXOLHON BENNUYMHBI HOPMasTbHbIM pacrnpejeneHnem
JaeT NAIoTHOCTL pacrnpejenieHnst BEPOATHOCTEN, KOTopas CyLLEeCTBEHHO OT/IMYAETCA OT NoJyYeHHOW aHasIMTuyec-
KM pelleHneM. AHaNNTMYeCKoe peLleHne NpeacTaBseT cob0i YacTHbIN cydaii pacnpegeneHns xu-ksagpar
(pacnpegeneHne cymmMbl KBaApaToOB fBYX C/lyYaiHbIX BE/IMUMH, KaXaas U3 KOTOPbIX MOAUMHAETCA CTaH4apTHOMY
HOpMasIbHOMY pacrnpegeneHunio) (cm. pasgen F.2).

3.4.2.2.4T. K BCe YaCTHble NPON3BOAHbIE (DYHKLUMM n3MepeHus [chopmyna (28)] nopsaka Bbille BYX paBHbl
HY/0, MOMlyYeHHOE peLleHue, Mo CyLLecTBY, COOTBETCTBYET YUYETY BCEX UNEHOB psAga Teinopa, T. €. NOSHOMY
yUeTy HEeNMHEHOCTM paccmaTpuBaemoi mogenu. CnefoBaTesnibHO, NOyYeHHOe HOPMaslbHOE pacnpegeneHve
ABNAETCA HANYYLLIUM NPUBIVKEHNEM CpeaM BCEX BO3MOXHbIX, Oonpegensembix no GUM, Ana onucaHus CBOWCTB
BbIXOAHOW BEIMYMHBI.
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9.4.2.2.5 MoxHo caenaTb BbIBOA, YTO NPUYUHA PACXOXAEHUS pe3ynbTaToB NPUMEHEHUS aHaNUTUHECKoro
mMeToda W crnocoba oLeHWBaHWsA HeonpedeneHHocTn no GUM B Tom, uTo B nocnegHeM criydae ans onucaHust
BbIXOAHOW BENNYMHBI UCTOMNB30BaHO HOPMalILHOE pacnpeaeneHue, KoTopoe, 0aHaKo, He MOXeT aAeKBaTHO anr-
POKCUMUPOBATL aHaNUTUYECKOe pelleHre AAns AaHHON KOHKPETHOW 3aauun.

9.4.2.2.6 U3 pncyHka 11 BUAHO Takoke, YTO MNOTHOCTb pacrpeaeneHns BeposaTHOCTEN, NosyYeHHasa MeTo-
AomM MoHTe-Kapno, NonHOCTLIo cornacyeTcsl C aHanIMTUHECKUM peLLeHUeM.

9.4.2.2.7 OueHk1 dy MaTemaTUiecKoro oXxmaaHnua 3Y noryyeHsol:

a) aHanuTU4ecKu;

b) ¢ ncnonb3zoBaHWem cnocoba oLeHNBaHUS HeonpeaeneHHocTu no GUM;

c) c npumeHeHnem metoga MoHTe-Kapro.

3HaveHus1 oueHoK npuBedeHbl B cTtonbuax 2—4 cTpoky, cooTBeTCTBYOWeEN X, = 0,000, Tabnuubl 8. B
cTonbuax 5—8 npueeaeHbl COOTBETCTBRYIOLLME 3HAYEHUs U(dy), nostydeHHble o GUM ¢ y4eTom ToNbKO YieHoB
nepBoro rnopsizika pasnoxexus (G;) 1 ¢ y4eToM YneHos 6onee BLICOKOro nopagka (G,).

Tabnunua 8 — OueHkn koadhdruMEHTa paccornacoBaHus, NONyYeHHbIE AN BXOAHbIX BENUYUH C HYNEBON KOBapua-
umen aHanutuyecku (A), cnocobom oueHuBaHusi HeonpegeneHHocTn no GUM c uneHamun nepeoro nopsgka (Gq) u
yneHamun 6onee Bbicokoro nopsigka (Go), metopom MonTte-Kapno (M)

. 8y10°6 u(dy)1078 HameH:)':;:?aS’Zn ‘?g‘;/":o@g*epfsaﬂ

A G| M| A] & G2 M A G1 G2 M
0,000 50 | 0 50 | 50| o0 50| 50 | [0,150] [0,0] [-98, 98] [0, 150]
0,010| 150 | 100 | 150 | 112| 100 12| 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, nonyvaemas npv NOACTaHOBKE OLIEHOK BXOAHBLIX BEMWUYUH B (hYHKLMIO U3MepeHUs,
ABMSIETCH HeKOPPEKTHOM. MpaBunbHbI (MOMYYEHHbIA aHaNUTAYECKN) BUA MIIOTHOCTU pacnpeerieHnsl BeposiTHOC-
Tel gsy(n) NokasbIBaeT, YTo gsy(m) = 0 ans Bcex dy < 0. Takum 06pasom, oueHKa dy = 0 NexxuT Ha rpaHuLe obnactu
3HayveHuU, rae pyHKUNA gy(n) oTnudHa oT Hynsa. OueHka, nonydeHHas metogom MoHTe-Kapno, cornacyercsa ¢
aHaUTUYECKAM peLLeHneM. 3akoH TpaHCqopMUPOBaHUS HeorpeaeneHHOCTEN C yHEeTOM YNEHOB PasnoXXeHWs nep-
BOrO MopsiKa AaeT yxe YNoMsIHyToe HeBepHoe, Hyresoe 3HadeHue ang u(dy). SHauenne u(Sy) =50 - 107, nony-
YeHHOe € UCMOMb30BaHNeM 3aKkoHa TpaHCOPMUPOBaHUS HeoNpeaerneHHOCTEM NpK yueTe YneHoB Bornee BbIcoKo-
ro nopsigka corriacyeTcsi Co 3HaueHUeM, NoSyYeHHbIM aHanuTuieckn n metogom MoHTe-Kapro.

MpwnmeyaHnune— OueHw ana u(dy), NONy4eHHbIE B pe3ynbTaTte HeCKONbKMX MOBTOPHLIX MPUMEHEHU MeToaa
MoHTe-Kapno, AaloT HekoTopbIli pa3bpoc B OKpecTHOCTM 3HaveHnsi 50 - 1070, Mocne noeTopenuit metona MoHTe-Kapno
eLle HeCKONbKO pas, HO yXe C BOMbLUMM 3HAYEHUEM YMCNA UCTIbITAHUN M, pesynbrarbl BHOBb HaXoauIMMCb B OKPECTHOCTU
50 - 1076, Ho yxe ¢ MeHbWwKM pa3dpocoM. Takoe ymeHblleHre pa3bpoca SIBMSETCs oKMaaeMbiM 1 HabriopaeTcs ans
pasHbiX BblYMCMEHUN, ncnonbaytowmx metos MonTte-Kapno. Ytobel yBuaeTs peanbHble U3MEHEeHUs] YUCNEHHbIX pe3yrib-
TaTOB NPUMEHEHUs1 MeToAa HeobGXoaMMO UCMONb30BaTh Afst UX NpeAcTaBleHns Gornbllee YACNO 3HaYaWwmx Lmudp.

9.4.2.2.9 Ha pucyHke 11 nokasaHbl HaumeHbLuMe 95 %-Hble NHTepBarnbl OXBaTa AM1s1 COOTBETCTBYHOLLIMX
annpokcuMaumii pyHKUMK pacnipeaenerns 8Y. MHTepean, 0603HaueHHbIA NYHKTUPHBLIMWA BEPTUKANBHBIMA JIMHASIMA
1 Mony4YeHHbIA Ha ocHoBe cnocoba oLeHMBaHNUA HeonpeaeneHHocTy no GUM, HekoppekTeH — OH CUMMETpUYEH
oTHocuTenbHo 8Y = 0 1, Takum o6paszom, AonyckaeT 50 %-Hyto BEPOATHOCTL CYLLECTBOBAHUS OTpULaTENbHbIX
3HaueHui dY, He UMetoLNX chrnsndeckoro cMbicna. HenpepelBHbIe BepTUKanbHble JIMHAM YKa3biBatoT rpaHuLbl
HaumeHbLero 95 %-Horo MHTepBana oxeaTa, NoMyyYeHHbIe Ha OCHOBE aHaNMTUYECKOro peLleHusl, Kak onmcaHo
B F.2. MpaHnLpsl HanMeHbLLero 95 %-Horo UHTepBara, onpeaerneHHsie ¢ ucrnons3oBaHneM Mmetoda MoHTe-Kapno,
OT HUX Ha pUCYHKe 11 HEOTNINYNMBI.

9.4.2.2.10 MpaHWLbl HaMMeHbLUNX NHTEPBANOB OXBaTa, COOTBETCTBYHOLLIME OLleHKaM CTaHAapTHON Heomnpe-
JereHHoCTU, NpusedeHHbLIM B cTonbuax 5—8 cTpoku, cooTBeTCTBYOWER X4 = 0,000, ykasaHbl B cTonbuax 9—12
Tabnmub 8.
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9.4.2.2.11 Ha pucyHke 12 nokasaHa 3aBucuMOCTb AnuHbl (Yhigh-yiow) 95 %-Horo uHTepBana oxsaTa

(cm. 7.7) OT BEPOATHOCTM €ro NeBOI rpaHnLbl, oNpeaesieHHol No annpoKcumaLn NNOTHOCTU pacnpeaeneHus
BEPOATHOCTEN, NO/Tly4eHHOW MeToA0M MoHTe-Kap/io u noka3aHHOM Ha pucyHke 11. B gaHHOM npumepe 95 %-Hblit
WHTepBas 0XBaTa, Pacrno0XXeHHbI CUMMETPUYHO OTHOCUTENIbHO MaTeEMATUUYECKOr0 OKMAAHUS, He ABNAETCA Hau-
MeHbLMM 95 %-HbIM MHTEPBaNOM OXBaTa. HanmeHbLwmniA 95 %-Hblil MHTEpPBaN 0XBaTa O4YeHb CUMNbHO OT/IMYAETCA U
OT BEPOATHOCTHO-CUMMETPUYHOTO 95 %-HOro nHTepsasna oxsaTta. Ecnu ana nocnegHero nnowagyu nog nioTHo-
CTbt0 pacnpepeneHns BeposaTHOCTeN cnesa oT ylow v cnpaBa oT yhigh paBHbl 1 cocTaBnatoT 0,025 (Mnm 2,5 %), To
ANs HavMeHbLuero 95 %-Horo nHTepBasna oxBata 3Th 3HavyeHus B6yayT paBHbl, COOTBETCTBEHHO, 01 0,05 (nm 0 %
15 %). 3TOT PUCYHOK MOXXHO CPaBHUTb C PUCYHKOM 7 ANst aaAuTMBHOM Moaenu (cM. 9.2), B KOTOpPOI NAOTHOCTb
pacnpepeneHus BeposATHOCTEN A41a Y CUMMEeTPUYHA OTHOCUTE/IbHO MaTEMaTUYECKOT0 OXXMAAHUS.

X — 3HaueHune PyHKUUN BEPOSATHOCTM OJ18 NIEBOV rpaHULbl MHTepBasia 0xXBaTa;
Y — pvHa nHTepBasia oxBata (YMHOXeHHas Ha 106)

PucyHok 12 — [AnimHa 95 %-HOro MHTepBasia oxBaTa B 3aBMCMMOCTU OT 3HauveHus1 OyHKUMM BEPOSTHOCTU
ONs NEBOV rpaHWLbl MHTepBasia oxBaTta, NMOCTPOEHHOro C MUCMO/b30BaHNeM MeTofa MoHTe-Kapro
005 MoAenn, onvcbiBaemon dhopmysoi (28)

9.4.2.3 OueHka BXogHOW Ben4mHbl X - 0,010

9.4.2.3.1 Ha pucyHke 13 nokasaHbl NIOTHOCTK pacnpeaeneHnsi BEPOATHOCTEN, NoMyYeHHble cnocobom oue-
HMBaHWA HeonpegeneHHocTn no GUM c ncnonb3oBaHUEM 4Y/1€eHOB Pas/fioXKeHUs TO/IbKO NMepBOro rnopsgka u c
MCNoNb30BaHMEM UYNEHOB pa3foxeHus 6onee BbICOKOro Nnopsgka, a Takke Metofom MoHTe-Kapno gna cny4das
OLEHKMN BXOLHOW BEMNUYMHBI XN =0 010 M KO3(ULNEHTA KOPPENALUN I'(Xb X2) - o .

9.4.2.3.2 TINOTHOCTb pacnpeaeneHns BePOSTHOCTEN, NonyyeHHas meTogom MoHTe-Kapno, nveeT He60/b-
IOV NeBblI CKMOH, HECMOTPSA Ha TO, YTO OHa obpe3aHa B Hyne, HaMMEHbLUEM BO3MOXHOM 3HauyeHun 5Y. Mo
CpaBHEHMIO C pe3y/bTaTamu Ansa XX =, oHa 6onee 651M3Ka No hopme KNAOTHOCTAM HOPManbHOro pacnpegeneHus,
Nosy4eHHbIM C NPUMEHeHUeM cnocoba oLeHnBaHns HeonpegeneHHocTU No GUM. MNOTHOCTN HOPMasibHOro pac-
npefeneHuns, B CBOK ovepeb, LOCTATOUHO 6/IM3KM APYT KAPYrY, UMET MaTeMaTuyecKoe 0XXnaHne Be/IMUYUHBI
5Y, pasHoe 1,0 «10-4, uctaHgapTHble OTKIOHeHUA 1,0 «107% 1 1,1 «10.. COOTBETCTBEHHO.

9.4.2.3.3 Ha pucyHke 13 nokasaHbl rpaHuubl HanMeHbLWmnx 95 %-HbIX MHTEPBAOB 0XBaTa, NONYYEHHbIX C
NCNOMb30BaHMEM BbllleyKa3aHHbIX TpeX MeToA0B. CNnoLWHbIe BEPTUKASIbHbIE IMHUN NOKAa3blBAKOT rpaHnLbl MHTep-
Basia, Nony4yeHHoro metogom MoHTe-Kapno, NnyHKTUPHbIE BEepTUKa/bHbIE IMHUN — WUHTepBana, Nony4eHHoro Ha
OCHOBe cnocoba oueHuBaHMA HeonpeaeneHHocT No GUM ¢ y4yeToM 4/1IeHOB pas/ioXeHns TONbKO NepBoro nopss-
Ka, a LWTPUX-MYHKTUPHbIE BEPTUKASIbHbIE JIMHUW — MHTEpBasa, Noy4eHHOro Ha OCHOBe TOro e cnocoba no GUM,
HO C YYEeTOM YNIEHOB Pa3noXXeHns 60n1ee BbICOKOro nopsaka. MIHTepsanbl, NosyvyeHHble Ha OCHOBe crocoba oue-
HMBaHWNA HeonpegeneHHocTn no GUM, HECKONbKO CMelLleHbl BN1eBO MO CPaBHEHUIO C MHTEPBASIOM, NMONYYEHHbIM
meTofoM MoHTe-Kapso. Kak n B npebigyliem cinyyae, OHM BKIOYAKOT B ceb (dU3MYeCcKn HeBO3MOXHbIe 3Haue-
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HuA 5Y. VIHTepBan, nosy4YeHHbIi MeTogoM MoHTe-Kapsio, MMeeT IEBYHO FpaHuLy B Hy/le, HaIMEHbLLEM U3 BO3MOX-

HbIX 3HAYEHWIA, U CMeLLEH OTHOCUTE/IbHO UHTEPBA/OB, MOMlyYeHHbIX No GUM, npu6ausnTensHo Ha 70% cTaH-
[lapTHOIi HeonpeaeneHHOCTU.

X — OTK/IoHeHVe 8Y koadudpmLyeHTa paccor/iacoBaHus OT eAVHULbI (YMHOXeHHOe Ha 106);
Y — M/IO0THOCTb pacrpeaesieHnss BeposiTHOCTEN (YMHOXeHHast Ha 103)

PucyHok 13 — To Xe, 4To 1 Ha pucyHke 11, Ho ana xn= 0,010 u c ABYMS KpMBbIMW, NOSTyYEHHBbIMU CMOCOO0M
oueHnBaHnsa Mo GUM (BbICOKWIA MUK — YYTEHbl TOMBKO YfieHbl 1-r0 NOpsifika; HWU3KWKA MUK — YYTeHbl
uneHbl 60siee BbICOKOIO Mopsigka)

9.4.2.3.4 CoOTBETCTBYIOLLME 3HAUEHUS FPaHUL, MHTEPBaJsIOB NPUBEAEHbI B NPEANOCIeAHEN CTPOKe TabnLbl s .
9.4.2.4 OueHka BXOAHOI BeAWNYUHbI X1- 0,050

94241 PucyHok 14 aHanorvuyeH pucyHky 13, HO OTpaxkaeT pe3ynbTaTtbl, NofydYeHHble Ansa X =0,050
pycyHke 14 NA0THOCTU pacnpegeneHunst BepoATHOCTEN, NOMyYeHHbIE B COOTBETCTBUM C 060MMU BapuaHTamm cnocoba

X — OTK/I0HeHWe 8Y KoadmLMeHTa paccorsiacoBaHVA OT eaVHULbI (YMHOXeHHoe Ha 106);
Y — TMVIOTHOCTb pacnpeaesieHns BEPOSTHOCTEN (YMHOXeHHas Ha 104)

PucyHok 14 — To xe, uTo 1 Ha pucyHke 13, Ho s x| = 0,050
48
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oLeHMBaHNs HeonpegeneHHocTy no GUM, BU3yanbHO NoYTU HEOTIMYUMMBI ApYr OT Apyra. Kpome Toro, oH1 HaMHo-
ro Brivke K annpoKcUMaLLv NIOTHOCTI pacrnpeenieH st BeposiTHOCTEl, nonyyeHHol metogom MonTe-Kapro. MNoc-
NeJHss UMeeT He3HauYNTENbHY0 aCUMMETPUI0, 0COBEHHO 3aMeTHYHO Ha XBOCTaX pacnpeaeneHust. MInTepsank oxsa-
Ta, NonyYeHHbIe B COOTBETCTBUMN C ABYMS BapuaHTaMu criocoba oLeHWBaHus HeonpeaeneHHocTy no GUM, Buayarns-
HO TaloKe MOYTU HepasnnyMMbI, HO BCE ellle CMeLLieHbl OTHOCUTENbHO NHTEPBAarioB, MOCTPOEHHbLIX MeToaoM MoHTe-
Kapno. CmelleHMe cocTaensieT npubnusutensHo 10 % ctaHaapTHo HeonpeaeneHHocTy. MHTepBanbl, nomyqeH-
Hble Ha OCHOBe OLieHKM HeonpedeneHHocTn no GUM, Tenepb He SABMATCA (PUSNHECKA HEKOPPEKTHBIMU.

9.4.2.4.2 CooTBeTCTBYIOLLME 3HAYEHWSA rpaHuL, MHTepBasioB NpUBeAeHbI B NocreaHei CTpoke Tabnuus 8.

9.4.2.5 AHanus pesynsTaTtos

Mo Mepe yaaneHns x, oT Hyns pesynbTaThl, Nosly4YeHHbIe Ha OCHOBE crocoba oLeHUBaHNA HeonpeaeneHHo-
ctv no GUM ¢ yyeToM UneHoB pasnoXeHUsi MepBoro nopsiaka v vyneHoB 6onee Bbicokoro nopsigka, Bce bonee
NpubnMXKaloTCsA K pesynsratam, noslydeHHbIM Ha ocHoBe meToda MoHTe-Kapno.

MpumeyvyaHune 1—Cnyyan x4 = xp = 0 HE OTHOCUTCA K NPEAENbHBIM, «SK30TUHECKMM» CUTYauuaM, Ho, Hao6o-
poT, NpeAcTaBnsieT HanbonbLWMA UHTEPeC ANs NHXeHepa-aneKTpuKa, NOCKONbKY OH COOTBETCTBYeT OTCYTCTBMIO paccor-
nacoBaHuA Mexagy KaJ'IVIGPyGMbIM nameputenemMm MOWHOCTU U 3TanOHOM.

MpumeyaHue 2 — ockonbky MoAenb CUMMETPUYHA OTHOCUTENBHO X; U X5, Te Xe camble peaynbratbl 6binu
6bl Nony4YeHsl NPU BapbUMPOBaHUN 3HAYEHUSA Xp, @ HE Xq.

MpumedvaHune 3 — OgHON U3 NPUYMH, Nodemy cnocob oueHuBaHusi HeonpegeneHHocTn No GUM ¢ yyetom
TONBKO YIIEHOB Pa3NOXEHWS NEepBOro Nopsiaka MCMonb3yeTcs Ha NPakTUKe, SIBISIETCH JNIerKOQOCTYNHOCT COOTBETCTBYIO-
WMX NporpaMmMHbIX CpeacTB. anHeM B HEKOTOPbIX CUTyauusax peaynbraTbl, MoNyvaeMble B paMKax Takoro nogxoga, He
BbI3bIBAIOT BONPOCOB. [Nnsi crnyyas xe, korga xq = X = 0 (pucyHok 11), onacHOCTb NPUMEHEHWS Takoro rnoaxoaa oveenaHa,
NocKonbKy OH AaeT HyneBYylo OLEeHKy CTaHZapTHOM HeonpedeneHHocTu u(y) v, crnegoBaTernibHO, HyNeBon uHTepsan
oxsarta Aansa Y npu no6on 3agaHHon BEpOATHOCTW oxBaTa. B cnyyae x4 # 0 (num x, = 0) n u(dy), AnnHa nHtepeana oxsata
ans 8Y oTnuYHa OT Hyns, T. €. NOMyYeHHbIV pe3ynbTaT He sIBMSeTCA 3aBedomMo abCypaHbIM, U O €r0 BO3MOXHOW HEKOPPEK-
THOCTW TPYAHO CYAUTb, HE MMEsi anPUOPHON MH(POPMaLMKN O pearnbHbiX BOSMOXHbBIX 3HAYEHUAX YKa3aHHbIX BEMUYWH.
Takum 06pa3oM, OnacHOCTb MPUMEHEHUs! MPOrPaMMHbIX CPEACTB, peanuaylowmx cnocob oueHnBaHus HeonpeaeneH-
HocTn no GUM, cocToMT B TOM, YTO NPYU ManbiX 3HAYEHUAX X U X, MOMYYEHHbIE C UX NOMOLWBIO pe3ynbTaTtel, Gyay4m
HEOOCTOBEPHbIMWU, MOTyT 6bITb, TeéM He MeHee, HenpeayMblWNeHHO NPUHATHI 3a A0CTOBEepPHbIe.

9.4.3 TpaHccopmupoBaHUue pacnpegeneHUi U NonyyeHue pe3ynsraToB NpU HeHyNeBOW KOBapu-
auuu Mexay BXOAHbLIMUA BeNMUUYUHaAMKU

9.4.3.1 O6wue nonoxeHus

9.4.3.1.1 OnucaHHble Bbiwe metodbl (CM. 9.4.2) 6N npUMeHeHbl 4ns crydas, Korga X; KoppenvmpoBaHHbI
n r(xq, Xo) = 0,9. OgHako Ncnonb3oBaHHbLIA cnocob oueHuBaHUA HeonpedeneHHocT No GUM yunTbiBan TonbKo
uneHbl pasnoxeHnst pyHKLMU nsmepeHus B psia Telanopa nepeoro nopsiaka. 31o CBs3aHO C TEM, UTO, B OT/INUME OT
cny4as, korga X; HekoppenupoBaHHbI, NPU HaMU4YUKM KoBapuaLuiA cnocob oLeHnBaHUs HeonpeaeneHHoCTU Nno
GUM c¢ yueTom uneHoB bonee BLICOKOTO Mopsiika He NpUMeHsitoT BBUAY oTcyTcTBus B GUM cooTBeTCTBYIOLIMX
copmyn (cm. 5.8). Bce ocTanbHble BONpOoChl BbIMUCIIEHU aHanornyHb 9.4.2.

9.4.3.1.2 OueHky u(dy) no GUM c yueToM unieHoB pasnoXeHusl epBoro nopsiaka onpeaensiiot B COOTBET-
cteum ¢ F.3.2. NMpumeHeHmne ansa aaHHoro npuMepa copmyrbi (F.7) nossonseT nonyunTs BuipaxeHue Ana u*(dy)
npu x, =0 B BUAe

u?@By) = 4x3u” (xy).

CnepoBarternbHo, U(dy) He 3aBUCUT OT r(X4, X,), U crnocob oLleHnBaHWA HeonpegeneHHocTh no GUM c yuetom
4YfeHOB pasfoXeHWUsl NepBoro nopsiaka Aact Te e pesynbraTthl, utTo n e 9.4.2. B yactHocT, kKakne 9.4.2.2.1,
ana cnyyas x, = 0, BHOBb B6yaeT nonyyeH ToT e HeKOPPeKTHbIN pesynbrart: u(dy) = 0.

9.4.3.1.3 Metog MoHTe-Kaprno ocHoBaH Ha (hopMUpPOBaHWUM CIyYaiHbIX anemMeHToB BekTopa X BbIOOpKo 13
ABYMEPHOro HopMarbHOro pacnpeferieHusi ¢ 3agaHHbIM MaTeMaTUHECKUM OXX1AaHUeM U KOBapUaLMOHHON MaT-
puuen [cm. bopmyny (27)]. Ucnonb3oBaHa Npoueaypa B COOTBETCTBUM € pazaenioM C.5.

MpwumeyaHnwue — He npunumasi BO BHUMaHUE HeoGX0AMMOCTE (HOPMUPOBAHUST CIyYaHOW BbIGOPKM M3
MHOrOMepHOro pacrnpegeneHus, peanu3sauuss metoga Monte-Kapno ans cnyvas koppenupoBaHHbIX BXOAHBIX BEMUYMH
6GyaeT He HaMHOIO CroXHee, YeM Arsl He KOPPENUPOBaHHLIX.
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9.4.3.2 OueHKU BXOAHbIX BeNNYMH X. =0, x* - 0,010, x¢= 0,050

9.43.2.1 MonyyeHHble pe3ynbTathl NpuBeAeHsbl B Tabnuue 9. PedynbTaThl, NONYyYeHHble HA OCHOBE MeToja
MoHTe-Kapno, nokasbiBaloT, 4TO, XOTSi 5y He 3aBUCUT OT Koppensauuu mexay XhoueHka 1(8y) oT Hee 3aBUCKT,
npuyem B 60MbLUENA CTENEHM ANA MasbIXX.,. COOTBETCTBEHHO, 3aBUCAT M rpaHnLbl 95 %-HblX UHTEPBA/IOB OXBaTa.

Tab6bnuuya 9 — OueHkn KoadpduUumMeHTa paccorsiacoBaHus, MoJsyyYeHHble AN BXOAHbIX BeSIMYMH C HeHyneBOW
koBapuaumeir [r(Xi, x2) = 0,9] aHanuTn4yeckn (A), cnocobom oueHMBaHUA HeomnpeaesneHHocTn no GUM (G) n meTogom
MoHTe-Kapno (M)

HanmveHblumii 95 %-Hblii HTEPBa

6y/10 6 bi(5y)/10 6
oxeara anisa 5y/10-6
*
1
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 pncyHkax 15 1 16 nokasaHbl NJIOTHOCTU pacnpejesieHns BEPOATHOCTENM, NO/lyYEHHbIE HA OCHO-

Be cnocoba oueHMBaHMA HeonpegesneHHocTM No GUM ¢ y4yeTOoM 4ieHOB passfioXXeHns nepBoro nopsgka (Kosioko-
noo6pasHble KpuBble) U MeTogoM MoHTe-Kapno (ructorpammsl) ans cnydaes x, =0,010 n x, =0,050, cooTBeT-
CTBEHHO. 'paHuLbl HauMeHbLW KX 95 %-HbIX MHTEPBAIOB OXBAaTa NoKa3aHbl WTPUXOBLIMU BEPTUKANLHBLIMU INHUSA-
MK gna cnocoba oueHMBaHUA HeonpegeneHHocTy No GUM v cnNOWHBIMY BEPTUKANbHBIMU IMHUAMW A1 MeToAa
MoHTe-Kapno.

MpumeyvyaHwmnme — CTPOro roBops, ycrnosus, npu KoTopbix SY morna 6bl 6biTb OnMcaHa HOPMasibHbIM pacrnpe-
LeneHneM, He BbINOJHAIOTCA NpU NPUMEHEHUN ON1S AaHHbIX CNyvyaeB cnocoba oueHMBaHUA HeonpeaeneHHOCTW Mo
GUM (cm. 5.8) [PykoBoactBo MCO/M3K 98-3 (G.6.6)]. OgHako BBUAY YaCTOro UCMosib30BaHMA 3TOro cnocoba Ha npakTuke
Nony4YeHHble C ero MOMOLLbIO MNAIOTHOCTW pacnpegesieHNs BEPOSATHOCTEN U rpaHuubl 95 %-HOro nHTepBana oxBaTta noka-

3aHbl Ha pucyHkax 15 u 16.

X — OTK/IOHeHVe 5Y KoadhdhmLyieHTa paccor/iacoBaHUs OT eavHWLbl (YMHOXeHHoe Ha 106);
Y — M/IOTHOCTb pacnpeaeneHnst BeposiTHOCTel (YMHOXeHHasi Ha 103)

PucyHok 15 — Pe3ynbTaTbl OUgHUBaHUA AN MOAes M KoadhduLumeHTa paccorsiacoBaHus, NpMMeHsemMoro npu kanamoé-
poBKke n3mepuTener MmowHocTn CBY-curHana, B cnydae x1 = 0,010, x2= 0, u(Xi) = n(x2) = 0,005, r(x-|, x2) = 0,9
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X — OTK/IOHeHVe 5Y koadhdhmLmeHTa paccorsiacoBaHnA OT eayHULbI (YMHOXeHHoe Ha 106);
Y — M/IOTHOCTb pacnpefeneHnst BepoATHOCTeN (YMHOXeHHas Ha 104)

PucyHOK 16 — To Xe, 4TO N Ha puUcyHke 15, Ho ansa = 0,050

9.4.3.3 AHann3 pesynLtaTtos

B cnyyae x: =0,010 (pucyHok 15) Koppensumnsa 3ameTHO NoBAMAIA Ha pe3y/ibTaTbl, MONyYeHHbIe MEeTOA40M
MoHTe-Kapno (cp. ¢ pucyHkom 13). MI3meHnnacb cama hopma annpoKcMmMmpyoLeli NI0OTHOCTY pacnpegesneHns
BEPOATHOCTEN, W, KpOMe TOro, COOTBETCTBYIOLW WA NHTEpBan 0XBaTa y)Ke He UMeeT IeBOCTOPOHHel rpaHuLbl B
Hyne. B cnyyae x* - 0,050 (pucyHok 16) pa3Huua B pesyfbTaTax Ansa cayyaeB HEKOPPEMPOBAHHbIX U KOppenu-
pPOBaHHbIX BXOAHbIX BEMMYNH (CP. C pPUCYHKOM 14), MeHee 3aMeTHa.

9.5 Kann6poBKa KOHLEBOW Mepbl ANVHbI

9.5.1 lNocTaHOBKa 3aga4yun: Moaesib U3MePEHUs

9.5.1.1 AnvHY KOHLEBO Mepbl HOMMHaNOM 50 MM ONpeAensioT ee CONOCTaBEHNEM C U3BECTHbIM 3Tas0-
HOM TOr0>Xe HOMUHana. HenocpeAcTBEHHbI pe3ynbTaT cConocTaBfeHns AIVH ABYX KOHLEBbIX Mep npeacTasnseT
co60i1 pa3HoCTb &

d=L (1 +a0) - Ls (1 +as9s), (29)

roe L— n3mepsiemast BevuuHa, T. €. AiMHa Kanmbpyemoi KoHueBoi mepbl npu 20 °C;

Ls — pnuHa atanoHa npu 20 °C, npuBefeHHas B cepTudmkare o KaImbpoBKe;

amas— KoahumumeHTbl TENOBOIO PaclUMPeHNss COOTBETCTBEHHO Kanmbpyemoli KOHLEBOW Mepbl ANTMHbI 1
3Ta/I0Ha;

o Mo S— OTK/NOHEHMS TeMMnepaTypbl COOTBETCTBEHHO KannMbpyeMoii KOHLEBOI Mepbl U 3TaioHa OT HOPMasIbHO
Temnepartypsl 20 °C.

MpnmevaHune 1— B GUM paccmarpuBaeTcs Ta e uaMmeputenbHasa 3agada (pasgen H.1).
MpumeyvyaHne 2 — [ANA [/IMHBbI KOHLEBOW Mepbl B HacTOAWeEM nogpasfgesie NpuMeHeHO o603HayeHune L
BMeCTO 0603Ha4veHus / ncnonb3osaHHoOro B GUM.

9.5.1.2 B cooTBeTCTBMM C hopMmysioi (29) BbiIxogHas BesimynHa L mMoxeT 6bITb onpegeneHa kak
Lo(l + xdBo) + d
L=- 1 +ue 1 39

a B KauecTBe NpubamxkeHus copmysbl (30), NPUMEHUMOrO B 6ObLIMHCTBE MPAKTUYECKUX CUTyaLnil, MOXET ObiTh
“cnosb3oBaHa hopmyna

L- Ls+d +Ls (a80$ —a0). (31)
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Ecnn pasHocTb TeMnepaTtyp kanmbpyemMoil KoHLEBOM Mepbl U aTarioHa 0603Ha4unTL Kak 80 = 6 — O, a pas-
HOCTb UX K03 PULMEHTOB TEMMOBOIO PacLUMPeHns Kak da = o — o, TO popmynbl (30)  (31) npuHumaloT sua
COOTBETCTBEHHO

Ls[1+ as(e - 80)] +d

L= 1+ (g + )0

(32)

L=Lg+d—Lg (S0 0+ ag-6). (33)

9.5.1.3 OueHky pasHocTu d ANWH KannBpyemoii KOHLIEBOIM Mepbl 1 3TanoHa onpeaensoT kak BoibopoyHoe
cpeaHee Mo NaATu HabraeHUAM, NoyYeHHbIM He3aBUCUMO C UCMONb30BaHNEM KannbpoBaHHOrO KoMMaparopa.
PasHocTb d MOXHO NpeacTaBuTL B BUAE:

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

roe D — cnyvaiiHas BenuyuHa, 4515 KOTOPOI Nony4YeHo BLIBOpoUHOe cpeaHee Mo NATU HabnioaeHnsM;
dy 1 dy — BENUYMHbBI, ONUCLIBAKOLLME, COOTBETCTBEHHO, CRyYalriHble U cucTemaTuyeckue acpdekTbl, CBA3aH-
Hble C UCMOSb30BaHEM KoMMapaTopa.
9.5.1.4 BenuuuHa 6, Nnpeactasnstowiasi cobon oTKNoHEHWEe TeMNepaTypbl KanubpyemMoii KOHLIEBOW Mepbl
AnuHbel ot 20 °C, MoxeT ObITb NpeacTaBeHa B BUae:

0=0y+A, (35)

rae 8y— cpeaHee OTKIIOHEHVe TeMnepaTypbl KOHLEBOW Mepbl AnnHbI oT 20 °C;
A — BenunuuHa, onuceliBatowWwasn Lknuyeckne konebaHna oTKNOHeHUA TemnepaTypbl OT 6.
9.5.1.5ToacTasnss dopmynsl (34) 1 (35) B dopmynel (32) n (33) n BBeAA 0603HaveHWe SL ANA OTKIIOHEHUS!
L oT HoMWHanbHoW ANuHb! L, = 50 MM KOHLIEBOI MepEI, MOXHO 3anucaTb

Ls[1+ag(®y + A - 80)|+ D+ d; + dy
3L = T+ (g + 50 (0 + &) ~ Enom

(36)

oL = LS+ D+ d1 + dZ_LS [8& (90 + A)+ OLSSO]_Lnom' (37)

3TN 3aBUCUMOCTU MOTYT BbITb pacCMOTPEHbI Kak MOAEIN U3MEPUTENBHOI 3a4a4u.

9.5.1.6 BbixogHoi BenuuvHoi ana mogeneit (36) n (37) asnaeTtca 6L, a BxogHbIMK BenninHamu — Lg, D, dy,
d,, tg, 65, A, S0 0. Ta Mmogens oTnMyaeTca oT NnpueeaeHHol 8 GUM (pazaen H.1) Tem, uto B8 GUM Mogenu,
onuceiBaemble dopmynamm (34) n (35) HacTosAwero ctaHaapTa, paccMaTpuBaloTCA Kak nogmoaeni mogenen,
onuckiBaembix cbopmynamm (32) n (33), 1. e. 8 GUM BHavane oueHuBaHue HeonpeaeneHHOCTU BLIMOMHEHO Ans
nogmopenein, cooTeeTcTByoLMX hopmynam (34) u (35), nocne Yero noslydeHHbIe OLIEHKU HeonpeaeneHHoOCTU Ans
d 1 6 661 UCNONL30BaHbI A1 OUCaHUA 3TUX BXOAHBIX BEJIMYMH B MOJESIsIX, COOTBETCTBYOLMX chopMynam (32)
1 (33). B HacTosiLLeM npumepe, rae Ans NonyYeHus oLeHoK ucnonb3yetca metoq MoHTe-Kaprio, Takoe asyxatan-
HOE OLIEHUBaHWUE He NPUMEHSIETCSI.

9.5.2 NocTaHOBKa 3aiayMi: NpUNUCbLIBaHUE NIOTHOCTEN pacnpeaerieHUA BepoATHOCTEW BXOAHbIM
BeNMYUHaM

9.5.2.1 O6WKe NonoxeHus

B nocneaytowunx nognyHkTax npusegeHa MHdopMaLms o Kaxxao BXogHOW BeNnivHe Moaenein, cooTeeT-
cTeyromx chopmynam (36) n (37). Ucnonbayemasn nHdopmaums ocHoBaHa Ha onucaHuu, npuseaeHHom B GUM,
KaxkOpblil pas JaeTcs ceblfika Ha COOTBETCTBYIOLWI CTPYKTYPHbIN aneMeHT GUM, oTkyaa ata uHdopmaums BaaTa.
Kpome Toro, nokasaHo, kakum 06pasom ykazaHHaa HcbopMaums UCnonb3yeTcs Npu BeiGope pacnpeaeneHns BXoa-
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HbIX BenuuuH. Bce cBeaeHuns, ceAsaHHble ¢ NPUNUCLIBaHWEM pacnpeaesieHnid BXoAHbIM BeNIninHaM mogenen
namepeHuii, cobpaHbl B Tabnuuy 10.

Ta6nwuuya 10 — MNNoTHOCTM pacnpegeneHnss BEpPOSTHOCTEN AN BXOAHbLIX BENUYMH ANA mMopenen KOHUEBbIX Mep
Annbl (36) 1 (37) Ha ocHoBe AocTynHoM nHdopmauum (9.5.2.1). (OcHoBHas uHdoOpMaUuWs 0 NNOTHOCTSIX pacnpeaenexHust
BEPOATHOCTEN NpueeaeHa B Tabnuue 1)

Benma pag : :;: : nc;:m - - - MapameTpbl apacnpe.qeneHuﬂ - -
Ls t, (1, 6?) 50000623 Hm | 25 um | 18
D t, (1, 62) 215 um 6um | 24
dq £, (1, 62) 0 Hm 4 Hm 5
d, t, (1, 69 0 Hm 7 Hm 8
s R(a, b) 9,5-10%°Cc' |135:10°°Cc
6y N(u, %) -0,1°C 0,2°C
A U(a, b) -0,5 °C 0,5°C
dot CTrap (a, b, d) -1,0-10%°c' [ 1,0-106°Cc' | 0,1-10%°C
0 CTrap (a, b, d) -0,050 °C 0,050 °C 0,025 °C

9.5.2.2 invHa Lg aTanoHa
9.5.2.2.1 VicxogHas nHdbopmMaums

B ceptudukate o kannbpoBke AN aTanoHa ykasaHa oleHka ero AnvHel npu 20 °C I:S =50,000623 Mm

[PykoBoacteo MCO/M3K 98-3 (H.1.5)] 1 paclumMpeHHas HeonpeaeneHHOCTb 3TON OLEHKN U, = 0,075 Mkm ana
koapuumeHTa oxaata k, = 3 [Pykosoacteo MCO/M3IK 98-3 (H.1.3.1)]. B cepTudmkate ykasaHo, 4To 4KUCnO
3 beKTMBHLIX cTeneHel ceoboab! 4151 CYMMapHOW CTaHA4apTHON HeonpeAeeHHOCTI, Ha OCHOBE KOTOpO Bbina

roslyveHa yrnomsiHyTas paclumpeHHas HeonpeaeneHHOCTb, Vg [u ([ S)] =18 [PykoBoacTteo NCO/M3K 98-3 (H.1.6)].

9.5.2.2.2 Beibop pacnpegeneHus
BenununHe Lg 6biro npunucaHo MaclutabupoBaHHoe cMmeLleHHoe t-pacnpegenerue £, (U, c%) (cm. 6.4.9.7)
CO 3HaYEHNAMU NapamMeTpoB

= = Y2 _T5 _p5um,v=18
pu=50000623 HM, ©= ky =3 = HM, v = 18.

9.5.2.3 CpepgHssa pasHocTb AnvH D
9.5.2.3.1 UcxogHas nHdopmaums

BbI60poYHOe cpeaHee D o nsiTv HabioAeHUsIM PasHOCTV 4iUH KanuépyeMoli KOHLEBOR Mepbl ANNHbI 1
aTarnoHa coctaenset 215 HM [Pykosogcteo MCO/M3K 98-3 (H.1.5)]. ObbeamHeHHOe cTaHaapTHOe OTKIIOHEHHNE,
XapaKkTepusyioLlee pasHocTb L 1 Lg, onpeaeneHo no 25 HeaaBUCMMbIM HaBMoAEHUAM pasHOCTU AMNUH ABYX 3Ta-
NOHHBIX KOHLIEBbLIX Mep AnnHbl 1 cocTaensieT 13 Hm [PykoBogcTeo MCO/M3K 98-3 (H.1.3.2)].

9.5.2.3.2 Beibop pacnpegeneHus

BenndunHe D Bbir1o NpuniicaHo MaclutabupoBaHHoe cMellieHHoe t-pacnpeneneHie t, (1, 6°) (cm. 6.4.9.2
1 6.4.9.6) co 3Ha4YeHNsIMM NapamMeTpoB

1

(o]

w=215Hm, o= =6 HM, v=24.

&
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9.5.2.4 CnyvaiHoe BriusiHne d; komnaparopa

9.5.2.4.1 UcxoaHasa nHdopmauma

CornacHo cepTudukaTy o kanmbpoBKe KOMMapaTopa, UCNosb3yeMoro Arsl cpaBHeHus L 1 Lg, Heonpeaenex-
HOCTb, CBAA3aHHaA CO cyvaHbIMK acbpekTamm 1 oLleHEHHAs MO LeCTU He3aBUCUMbIM HaGnoaeHUaM, cocTaBnsaeT
0,01 mkm Ans BeposTHoCTU oxBaTa 95 % [PykooacTteo MCO/MOIK 98-3 (H.1.3.2)].

9.5.2.4.2 Buibop pacnpegeneHus

BenuuuHe d; 6610 NpunucaHo MacluTabupoBaHHoe cMelleHHoe t-pacnpeaenenue t, (1L, 62) (cm. 6.4.9.7)
€O 3HaYEeHUsIMN NapamMeTpoB

Uogs 10
p=0HM, o= Ko 05 :ﬁ:4HM,V—5.

3HauveHue ky g5 NonyveHo no GUM (tabnmua G.2) ansav =5 creneHeii csoboasl u p = 0,95.

9.5.2.5 Cuctemaruyeckoe BnusiHue d, komnapartopa

9.5.2.5.1 UcxogHast uHcpopmauust

B ceptucukare ykasaHa HeonpeaesneHHOCTb KOMaparopa, cBsidaHHas co cuctemaTudeckuMm acdekramu.
OHa cocrasuna 0,02 mkm «Ha yposHe Tpex curmax [Pykosogctso MCO/M3K 98-3 (H.1.3.2)]. BoamoXkHyto HeToY-
HOCTb B 3asIBfIEHHOM 3Ha4eHUU HeornpeaeneHHOCTU MOXKHO NPUHATL paBHoW 25 %, 1, Takum o6pasomM, Y1cro

abpeKTUBHBIX CTeneHen CBo6oAbl COCTaBUT Ve [U (a 2 )] = 8 [PykoBoacteo MCO/M3K 98-3 (H.1.6)].

9.5.2.5.2 Buibop pacnpeneneHust
BenunuuHe d, 6bi10 NpunucaHo MacwTabuposaHHoe cMelLeHHoe t-pacnpeaenenue t, (1, 62) (cM. 6.4.9.7)
CO 3HaYeHUsIMY MapaMeTpoB

1= 0 Hm, o=ﬁ=7=7Hm,v=8.

9.5.2.6 KoadhdbuLmeHT TemnepaTypHOro paclupeHunst oig
9.5.2.6.1 UcxogHas nHpopmaLuus

OueHka koadhrLMeHTa TemnepaTypHOro pacluMpeHus 3TanoHa ykasaHa B Buge ag= 11,5 - 108°C'¢
BO3MOXKHBIMI 3HAYEHUAMY 3TOM BENMUMHBI B MHTepBane + 2 - 1076 °C~" u pasHoMepHLIM pacripegenernem [Pyko-
sBogctso MCO/MOK 98-3 (H.1.3.3)].

9.5.2.6.2 Bbibop pacnpeaeneHus
BenuunHe og Gbiro npunncaHo pasHoMepHoe pacnpeaenenve R(a, b) (cm. 6.4.2) ¢ rpaHALaMm

a=95.10%°C", b=13,5-10° °C™.

MpumeyaHwne— M3-3a oTCyTCTBMA MHPOPMALMM O JOCTOBEPHOCTM PaHuy, pacnpegeneHunsi BelbpaHo
paBHOMEpHOE pacnpefeneHme ¢ TOYHO M3BECTHbIMU rpaHuuamu. Hdopmauusa o rpanmuax pacnpegeneHms morna
ObITb ONyLUeHa B ONMcaHnn npumepa, paccmoTpeHHom B GUM, no 1ol npuunHe, 4To COOTBETCTBYIOLLMIA 4aHHOW BXOAHOM
BeNMYMHe KO3IPPULMEHT YyBCTBUTENBHOCTM Bbi NPUHAT paBHbIM HYIO, U, TaKMM 00pa3oM, gaHHasl BENUYMHA He Morna
OKasaTb BNUAHUA Ha peaynbtaTl OUeHUBaHUA HeornpeaeneHHOCTn no GUM c YYETOM TONbKO HYI1€HOB pPa3noXeHus nepeo-
ro nopsigka.

9.5.2.7 CpegHee OTKNOHeHWe TeMnepaTypbl 6

9.5.2.7.1 icxoaHas nHdopmaums

Temnepatypa nameputensHoro cTona ykasaHa pasHoi (19,9 + 0,5) °C. YkasaHo Takke, 4To OLeHKa cpeaHero

OTKIIOHEHWA TeMnepaTypbl 8, =—0,1°C MMeeT HeonpeaeneHHOCTb, CBA3aHHYHO C HeomnpeaeneHHOCTLIO cpeaHel

TemnepaTtypbl USMEPUTENLHOrO cToNa, U (60) =0,2 °C [PykoBoacteo MICO/M3K 98-3 (H.1.3.4)].

9.5.2.7.2 Beibop pacnpeaeneHns
BenuuunHe 8, 610 NpunucaHo HopManbHoe pacnpeaeneqne N(u, 62) (cM. 6.4.7) co sHaueHUsMN Napa-
MeTpoB

p=-0,1°C, c=02°C.

MpwumeyaHwu e — HopmansHoe pacnpeaeneHne BolbpaHo U3-3a OTCYTCTBUSA MHOpMaummM 06 UCTOYHUKE
OLieHKN HeonpeaeneHHocTn ans 8y (cM. Takke npumevanue kK 9.5.2.6.2).
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9.5.2.8 BnusiHne yuknuyeckux konebaHuin TemnepaTypbl A

9.5.2.8.1 UcxogHast uHcpopmauma

TemnepaTypa usMmepuUTeNbHOro cTona ykasaHa pasHoit (19,9 + 0,5) °C. YkasaHo Takke, 4To MakcuManbHbIA
casur Temnepatypbl A = 0,5 °C npeactaenaer coboi amnnuTyay noYTU rapMOHUYECKUX U3MEHEHWI TeMnepaTypbl
B M30MTMPOBaHHON TepMoAMHaMU4ecko cucteme. MapMoHuyeckue konebaHvs Temneparypbl BO BpeMEHU COOTBET-
ctBytoT U-06pasHomMy (apkcuHyCcHOMY) pacnpegeneHuio 3HaveHui Temnepatypbl [Pykosogcteo MCO/MIK 98-3
(H.1.3.4)].

9.5.2.8.2 Bulbop pacnpegeneHus

Benuunre A 6110 npunucado U-o6pasHoe pacnpegenexue U(a, b) (cm. 6.4.6) ¢ rpaHnuamm

a=-05°C, b=05"C.

MpwumeyaHune— U3-3a orcyTcTBMUA MHOPMaL MM O OCTOBEPHOCTU rpaHuL BbiGpaHo U-o6pasHoe pacnpege-
NeHne C TOYHO M3BECTHbIMW rpaHuuamun. Takasa nHdopmaumsa morna 6bitb B GUM onyueHa no Ton e npuuvHe, YTo
yKasaHa B npumevanum K 9.5.2.6.2.

9.5.2.9 Pa3HocTb koadhhMUMEeHTOB paclLumpeHunst do.

9.5.2.9.1 UcxoaHas nHcbopmMauma

OLieHKM rpaHuLL N3MeHUMBoOCTY Sor cocTasnsioT + 1- 107 °C™" ¢ paBHoI1 BepoATHOCTLIO NPUHATUSA Benum-
How doL Ntoboro 3HaveHNs BHYTpY aTuX rpanHuy [Pykosoacteo MCO/MIK g§-3 (H.1.3.5)]. BO3MOXHY0 HETOYHOCTb
B 3asIBNIEHHOM 3Ha4yeHWU rpaHuL, npuHMMatoT 3a 10 %, uto aaet vqi [u(oa)] = 50 [Pykosoacteo MCO/M3IK 98-3
(H.1.8)].

9.5.2.9.2 Bribop pacnpeaeneHus

BenvuvHe do. npynncaHo paBHOMepHoe pacnpejeneHne ¢ HeTOUHO 3agaHHbIMU FpaHuuamu (cM. 6.4.3) ¢
napameTpamu pacrnpegeneHms

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

OcHoBoii Ans BbIGopa 3HaYeHKs napameTpa d nocnyxuna nHgopmMaLma 0 BO3MOXHON HETOYHOCTU rpaHuL,
pacnpegenexus 8 10 %.

9.5.2.10 PasHocTb Temnepatyp 80

9.5.2.10.1 UcxoaHas nHcpopmaums

3OTanoH U kanubpyeMas KoHLeBasi Mepa B cpeHEM UMEIOT OHY U Ty Xe TeMnepaTypy, 0qHaKo Pa3HOCTb UX
TeMnepatyp 86 MOXeT ¢ 0AMHaKOBOK BEPOSITHOCTLIO NexaThb B Nto6oi Touke MHTepeana o1 — 0,05 °C a0 0,05 °C
[PykoBoacTeo NCO/M3K 98-3 (H.1.3.6)]. Bo3MOXHYH HETOYHOCTL 3TOW pasHOCTW oueHuBatoT B 50 %, 4To gaer
Ve [U(O0)] = 2 [PykoBoacTBo MCO/M3K 98-3 (H.1.6)].

9.5.2.10.2 Beibop pacnpegeneHus

BenvuuHe 30 npunucaHo paBHOMepHoe pacnpegenieHne ¢ HeTOYHO 3adaHHbIMK rpaHuLammn (cM. 6.4.3) ¢
napameTpamu pacnpegeneHus

a=-0,050 °C', b=0,050°C, d=0,025°C.

OcHoBolt ansi Belbopa 3HaueHWs napameTpa d nocnyxuna uHgpopmaumsa 0 BOSMOXKHON HETOYHOCTU rpaHnLL
pacnpegeneHusi B 50 %.

9.5.3 TpaHcdopMupoBaHue pacnpegeneHin U NonyyYeHue pe3ynbTaToB

9.5.3.1 Cnocob oLeHnBaHWs HeonpegeneHHocT no GUM

MpuMeHeHKe cnocoba oueHnBaHKs HeonpeaeneHHocT no GUM ocHoBaHO Ha:

- UCMONb30BaHWY YIIEHOB NepBOro NopsaKa B annpokcUMaLmmn dyHKLMK nameperus [dopmyna (36) unu (37)]
psigom Telinopa;

- BblMUCNEHNW HeoMNpeaeneHHOCT U Ha OCHOBE 3akoHa TpaHcopMUPOBaHUSA HeonpeaeneHHOCTEN C UCTOoNb-
30BaHVeM cdopmynbl Yanua-CaTtTtepTyaiiTa Ans oLeHKU yucna acpdeKTUBHbIX cTeneHei cBoboapl (C OKpyrreHnem B
CTOPOHY YMEHbLUEHUS);

- UCMONb30BAHWM AN BbIXOAHOM BENUYMHBLI MaclUTabupoBaHHOrO CMELLLEHHOTO t-pacrnpeaesieHNs ¢ YUCSIOM
cTeneHel csoboabl, NonyyeHHbIM no chopmyse Yanua-CaTrepTyaiiTa.
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9.5.3.2 MeTtog MoHTe-Kapso

MpumeHeHne MeToga MoHTe-Kapno BkoHaeT B cebsi:

- (hopmupoBaHmne BbIGOPOK M3 paBHOMEPHOro pacnpegenenuns (cm. 6.4.2.4 n C.3.3), HopMasibHOro pac-
npegenenus (cm. 6.4.7.4 v pasgen C.4), /-pacnpegeneHus (cM. 6.4.9.5 n C.. ), U-obpasHoro pacnpegeneHuns
(cm. 6.4.6.4) 1 paBHOMEPHOTO pacnpefenieHns ¢ HETOYHO 3aaHHbIMK rpaHuLamn (cm. 6.4.3.4);

- UCMoNb30BaHWe afanTyMBHOW npoueaypbl MeToga MoHTe-Kapno (cm. 7.9) ¢ NOrpeLlHoCTbIo BblUMCIEHNS
s =0,5), cooTBETCTBYOLLEW Ymcay ndg=2 3Havalmx umdgp B NpeacTaBieHUn CTaHAaPTHON HEONpeaeIEHHOCTH.

9.5.4 Pe3ynbTartbl

9.5.4.1 B Tabnvue 11 npvBeageHbl pe3ynbTaTkl, NOMYyYEHHbIE 415 MOAENW, ONMUcaHHOoi dopmynoit (37), ¢
1cnonb3oBaHnem MHgopmauun, npmeeaeHHol B Tabnmue 10. Ha pucyHke 17 nokasaHbl MI0THOCTW pacnpesene-
HUS1 BeposTHOcTel Ans 8L, nonyyeHHble Ha OCHOBE MPUMEHEHWs cnocoba OLEHVWBaHUS HeonpeaeneHHOCTH
no GUM (cnnowHas kpvBas) 1 MeToga MoHTe-Kapno (ructorpamma). PacnpegeneHune, nosyyveHHOE OLeHuBa-
HVMeM HeonpegeneHHocTy no GUM, npeactaBnsieT coboii /-pacnpegenenuve c v= 16 cteneHaMm cBo6oap!. paHu-
Ubl HAMMEeHbLUMX 99 %-HbIX MHTEPBasIOB OXBaTa ANs s /. 415 ABYX METOA0B OLIEHBaHNA NoKa3aHbl B BUAe BepTu-
Ka/lbHbIX IMHUIA U BU3Ya/lbHO Hepas3inynMbl.

Tabnuuya 1 — Pesynbrarbl, NonyyYeHHble 4151 MOAENM, onmcbiBaeMol chopmyroli (37), ¢ UCnonb3oBaHeM MHopMa-
uvK, NpyvBegeHHolr B Tabnvue 10

Metog, 5L, HM (L), Hu HaviveHbLumnii 99 %-Hbli VHTEpBa
' oxsara 4y 5., Hv
GUM 838 32 [746, 931]
MoHTe-Kapno 838 36 [745, 932]

X — OTKNOHEeHWe ANIMHbI Kanubpyemoil KOHUEBOW Mepbl 4/IMHbI OT HOMUHANA, HM;
Y — NAOTHOCTb pacnpefesieHns BEPOATHOCTel, HM-1

PucyHok 17 — PacnpepgeneHve 6L, nosyyeHHoe CnocoboM OUeHMBaHWA HeonpeesieHHocTn no GUM (konokosnoo6-
pasHas KpuBas) U MeTogoM MoHTe-Kapio (ructorpamma) gns mogenm no coopmyrie (37) ¢ gaHHbIMM Tabnuubl 10

9.5.4.2 B apganTuBHOI npoueanype metoga MoHTe-Kapno 661710 BbinosHEHO 1,26 «10: ucnbiTaHWiA. Bbin
NpoBeAeHbl TaKKe BblUMCIEHNS A5l BEPOSTHOCTU oxBaTa 95 %, npu KOTopbIX 6b110 caenaHo 0,53-10s ucnbITaHwuiA.

9.5.4.3 Pe3ynbTarthl, NOMyYeHHbIE A5 HeNMHEHOW mogdenu [dopmyna (36)], MAEHTUYHBI pe3ynbTaram Tab-
JMupl 1 ANS 38[aHHOTO0 YKc/Ia 3HavalLmx Lumdp.

9.5.4.4 B nonyyeHHbIX pesynbTarax CyLLeCcTBYOT YMEPEHHbIE pa3nuuna. B cnyvyae npumeHeHus meTtoga
MoHTe-Kapno u(£i) Ha4 HM 60/bLUE, YeM NPK UCMOb30BaHMM CNOCO6a OLEHMBaHKSA HeomnpeaeneHHocTn no GUM,
a anvHa 99 %-Horo uHTepBana oxasata Ans s L 6onblie Ha 1 HM. 3T pesynbTaTbl paBHO CripaBefInBbl Kak A/1s
He/IMHEHOM, Tak 1 ANna annpoKCMMUPOBaHHOW Mogeneld. BaxkHbl 1 3TU pasnnums, 3aBMCUT OT TOro, KakuM obpa-
30M npegnonaraeTcs UCMob30BaThb NONYyYeHHblE pe3ynbTaThbl.
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MpunoxeHue A
(cnpaBo4Hoe)

MCTOpM‘-IeCKaiI crnpaBKa

A.1 GUM npepacraensieT coboii JOKYMEHT, OXBaTbIBAOWMIA MHOTUE BOMPOCHI, B TON U MHOW CTENEHN CBSI3aHHbIe
C OLEHKOWN HeonpeaeneHHocTU. HecMoTpsi Ha TO, YTO B HEM OTCYTCTBYIOT SIBHBIE CChINkK Ha meToa MonTe-Kapno, ncrniones-
30BaHWE 3TOM0 METOZA U3Ha4arnbHO npeanonaranock npu paspabotke GUM. MNpoekt GUM (nepeoe n3gaHue) oT UIOHA
1992 r., BoinyweHHbI ISO/TAG 4/WG 3, koHcTaTtupyeT [G.1.5]:

«Ecnu 3aBucumocTb mexay Y M BXOAHLIMU BENUUMHAMU HENTMHENHA MNWU €CN M3BECTHbIE 3HAYEHUS1 NapaMeTpoB
BEPOSITHOCTHBIX XapakTepucTuk X; (MaTteMaTMyeckoro oXxwaaHus, gucnepcun, MOMeHToB 6onee BbICOKOIo Mopsigka)
camu SIBMSOTCA OLEHKaMW, XapaKTepusyloWrMICs COOTBETCTBYIOLLMMU pacnpeaeneHnsaMn, a npeacraBrieHne 3aBUCH-
MOCTU B BUe psiaa Telnopa ¢ uneHaMu Nepeoro rnopsigka He sIBNsieTcss JONyCTUMBIM NpubnvkeHunem, Toraa pacnpeje-
neHve anst Y He MOXeT OblTb BbIpaXXEHO B BuAEe CBepTkW. B aTom cnyuae, kak npasuno, Heob6xoanMo UCMonb3oBaThb
6onee CroXHble BbIYMCIEHUS C MPUMEHEHNEM YMCIEHHOIO MeToaa (Takoro, kak metod MoHTe-Kapno)».

A.2 B ony6nukoBanHoi Bepcun GUM atoT nogpa3saen 6bin 3aMeHeH Ha crieflyoLwyi:

«Ecnn cdyHkumoHanbHas 3aBUCMMOCTb MexXay Y Y BXOOHLIMU BENWYMHAMW HENWHEWHA W NMpeAcTaBneHne 3Ton
3aBUCUMOCTM psigom Terinopa nepeoro nopsigka He sIBMsieTcs AonyctumbliM npubnuxennem (cm. 5.1.2 u 5.1.5), Torga
pacnpegeneHve Y He MOXeT 6blTb Nony4eHo Yepe3 CBepTKy pacnpeeneHin BXogHbIX BENWMUuH. B Takmx cnydvanx Heo6-
XOAMMO UCMOMNb30BaTb ApPYrue aHanmMTUYeCKUe UMM YUCNeHHble MeTOZbl pacyeTay.

A.3 B HacTosiwem cTaHaapTe BHeCeHHasi (hopMynupOBKa «ApyrMe aHanMTUYecKUe Uiy YMCNEHHbIE MeToabl» pac-
CMaTPUBAETCHA KaK BO3MOXHOCTb UCMNOSb30BaTh BCE noaxosme MeTodbl OLEHVMBAHWUS HEONpeaeneHHOCTU B AoNnon-
HEHWe K ycTaHOBneHHomy B camom GUM. 3To cornacyetces ¢ nosmumen HaumonansHoro WHCTUTYTa CTaHAapTOB M TEXHO-
norwii CLLIA (HUCT) [50]:

«[6.6] Moavuma HACT npeagycmatpueaeT cneylolme MCKIIOYEHUS U3 YNOMSHYTOro npaewna: (CM. npunoxenue C):

«OueBnaHO, 4TO NGO 0GOCHOBAHHLIN CTATUCTUYECKUI METOZ, NMPUMEHEHNE KOTOPOro TeXHUHECKU OonpaBaaHo B
CYLLECTBYIOLMX YCITOBUSIX, MOXET ObiTb MCNOMNb30BaH ANs ONpejerneHns skBmeaneHTa u, u, uwnm U. Kpome Toro, mexay-
HapoAHble, HALMOHANbHbIE UMW BOroBOpHbIE cornaluenus, B kotopbix HACT npuHumaet yvactue, moryt notpeboBatb
oTcTynnenus ot obwmx npasun HACT. B oboux criyuasix Bce BbINOMHEHHbIE 4eNCTBUA MO OLEHMBAHUIO HEONPEaEerneHHo-
CTU M Ux 06OCHOBaHWE JOMKHbLI ObITb [OKYMEHTUPOBAHbLI»».
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Mpunoxexnue B
(cnpaBo4Hoe)

KOSCbeI/ILI,VIeHTbI YyBCTBUTEINTILHOCTU U 6|OA)KeT HeonpeaeneHHOCTU

B.1 Hu cam 3akoH TpaHcopmMpoBaHUsl pacrnpeernneHuil, HU ero peanusauusi ¢ Ucrnonb3oBaHvem metoaa Mox-
Te-Kapno He npegnonaratoT nonyyYeHusl 3Ha4eHUn koathdUUNEHTOB YyBCTBUTENbHOCTM [PykoBoacteo MCO/M3K 98-3
(5.1.3)]. OaHako 3athMKCUMPOBAB BCE BXOAHLIE BENWUUMHBI, KPOME OAHOW, B TOUKE UX HAWUMyYLLEl OLEHKU, MOXHO UCMOMb-
3oBaTh MeTog MoHTe-Kapno gns nony4eHms NNOTHOCTY pacnpeaeneHnsi BepOosiTHOCTEN ANs BbIXOOHON BENUYMHBI Moae-
¥ € @QUHCTBEHHOW BXOOQHOW BENMYMHON B Ka4eCTBE He3aBMCMMOW nepemerHol [8]. OTHOWeHWe CTaHQaPTHOIO OTKIIOHE-
HWA 3Ha4YeHuI Ha Bbixoge mogenu (cm. 7.6) K cTaHaapTHOW HeonpeaeneHHOCTU ANsl HannyYlwen OUeHKU BXO4HON Benu-
YWHbI MOXET ObITb NPUHATO 32 KOIPHUUNEHT HYBCTBUMTENBHOCTU. OTO OTHOLWWEHNE COOTBETCTBYET TOMY, KOTOpOe 6bINno Gbl
nony4eHo Npv UCNONb30BaHWM NPEACTABNEHUA PYHKUMM U3MEpPeHnsl psgoM Tennopa ¢ YneHamu pasnoxeHust BCex
BbICWINX NopsigkoB. [JaHHbIN NOAX0H4 MOXHO paccmaTtpuBaTh kak obobweHne npubnuxeHHon hopmMynbl C YacTHbIMU
npoussogHeiMm B GUM [Pykoeoacteo MCO/M3K 98-3 (npumevanue 2 k 5.1.3)]. B obwem crny4ae u kosdhdULMEHTbI
YYBCTBUTENBHOCTW, WU BKNaAbl KaXAOW BXOAHOW BENUYUMHBLI B HEONpeAeneHHOCTb OLEHKM BbIXOQHOW BenuquHbel ByayT
OTNM4aThCA OT TEX, 4TO nony4deHsl no GUM.

B.2 B npaktvke MHOIMX M3MepeHWi MPUHATO YKa3biBaTb MEPeYveHb COCTaBMAIOLMX HeonpeaeneHHocTn u; (y) =
=l u(x;), i=1, ..., N, rae ¢;— - k03PDULMEHT HYyBCTBUTENBHOCTH, a U(X;) — CTaHAAPTHas HeonpeaeneHHOCTb, COOTBET-
CTBYIOLLAA OUEHKe X; i-W BXOOQHOW BenuuuHbl, BHOCSWEN Bknag B u(y). OBblMHO Takol nepeveHb NPeAcTaBnsiioT B BUAE
Tabnuukl, Ha3bIBAEMOW OloIKeTOM HeonpeaerneHHocTU. Ee cocTaBneHne MoxeT OblTb NMONesHo AnA uaeHTUuKaumum
YI1EHOB, BHOCALLMX AOMUHUPYIOLLMIA BKNaA B HEONPeAeneHHOCTb U(y) OLEHKN BbIXOOHOW BenuyMHel. OpHako B CryYasx,
KOrga BMecTo TpaHchopMUpPOBaHUSA HeonpedeneHHocTel bonee 060CHOBAHHO UCMONbL30BaThk TpaHCHOpMUpPOBaHKe
pacnpegenenuin, BlogxeT HeonpedeneHHOCTW creagyeT paccMaTpuBaTh Kak HEKOTOPbIVi BCMOMOFaTENbHbIN MHCTPYMEHT.
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Mpunoxexnue C
(cnpaBouHoe)

dopmupoBaHue BbIGOPOK U3 pacnpegeneHMini BepoATHOCTEN

C.1 O6Lme nonoxeHusa

C.1.1 B HacTosiwem NpunoxeHUN NpuBeaeHsl pekomeHgaumm no HOpMUPOBaHUIO BbIGOPKU B COOTBETCTBUM C
3agdaHHOW hyHKUMEN pacnpegeneHus BeposTHocTen. dopmmpoBaHne Takon BbIBOpKM npeactaensieT cobon knoveBon
MOMEHT MpW TpaHCHOPMUPOBaHWUKM pacnpeaeneHnii ¢ ncnons3oBaHvem metoaa Monte-Kapno. B kauecTBe MCTOYHMKOB
nHopMaLMM MOXHO ucnone3oBaTth [37] (c6opHUK Tabnuuy matematuueckux dyHkumin) u [38] (bubnuoteka cooTBer-
CTBYIOLLMX NPOrpamm).

C.1.2 TeHepaTop NCEBAOCNYYAWMHbIX Yncen ansi noboro pacnpegenexHnst, B TOM YUChe, Ans PaCCMOTPEHHbIX B 6.4
(cm. Tabnuuy 1), moxeT TeopeTuudeckn GbiTb NOMy4YeH Ha OCHOBE 3aA4aHHON (byHKUMM pacnpepeneHvst U reHepartopa
BbIGOpKM Aonsi paBHOMEpHOro pacnpegenenusi (cMm. C.2). MeHepaTop ANA paBHOMEPHOrO pacnpedeneHusi paccmaTpuBa-
eTca B C.3.3. [Ina HeKOTOpLIX pacnpeneneHuii, TakMx Kak HopmarnbHoe pacnpepgeneHue wnu f-pacnpegenexuve, 6onee
3 DeKTUBHLIM GyaeT MCNonb3oBaHUe reHepaTopoB, creunanbHo paspaboTaHHbIX MMEHHO ANs 3TMX pacnpegeneHwi
(Hampumep, paccMaTpvMBaeMblX B HacTosilem npunoxenun). Obwme pekomeHgaumm no OpMUPOBaHUIO BbIOOPKK B
COOTBETCTBUM C 3aJaHHbIM 3aKOHOM pacrpeferneHvws npusedeHsl B 6.4.

MpumedaHne— HacToAwun ctaHdapT He OrPpaHUYMBaET BO3MOXHOCTW UCMONb3OBAHUA FEHEPaTOpOB,
OTIMUYHBIX OT OMMUCaHHbIX B AaHHOM npunoxeHun. OgHako nepeg ux Ucnonb3oBaHvem Heobxoaumo ybeauTscst B TOM,
YTO reHepupyemble MU NocredoBaTenibHOCTU 06nagaloT 4OCTaToMHO XOPOLWKMMKM cTatucTudeckumm ceoiicteamu. Cpea-
CTBa TECTUPOBAHWS reHepaTopa MNceBAoCnyYanHbIX Yncern AN paBHOMEPHOro pacnpeneneHms ykasasol B C.3.2.

C.2 PacnpeaeneHus o6wero Buga

BbiGopka ans nobol cTporo BospacTaroleil ogHOMEPHOW HenpepbiBHOW hyHKUMKU pacnpegenenust Gy (§) moxet
6bITb MONy4YeHa NocpedCcTBOM BbIOOPKM U3 paBHOMEPHOro pacnpegenexuns. [na atoro:

a) BblIOVpaloT criyyaliHoe YWcno p U3 paBHOMEpHOro pacnpegenexus R(0,1);

b) onpegensioT &, yaoenetsopsiowiee ycnosuio Gy (&) = p.

MpumevaHue 1 — Tpebyemas Ha atane b) ob6paTHas cyHkuus & = G}}(p) MOXET ObITb HalgeHa aHaNMUTK-
YecKku WUnu onpegerneHa YMCNeHHbIMM MeToaamMm.

TMpumep — BxodHoli eenuyuHe X npurnucaHo 3KCrNoHeHyuanbHoe pacnpedesieHue ¢ MamemMamu4eckuM OXu-
daruem x > 0, onpedensieMoe NIOMHOCMbIO pacnpedenenusi eepossmuocmell gy (£) = exp (-€ /x)/x e o6nacmu €20
u gy (€) =0 e obnacmu £ < 0 (cm. 6.4.10). MonyyenHasi uAMmezpupogaHueM MIOMHOCMU pacnpedeneHust eeposim-
Hocmell pyHkuyust pacripedeneHusi umeem eud Gy (£) =1—exp (-£E/x) e o6macmu E20 u Gy (§) =0 e o6nacmu
£ < 0. AHanumuyeckoe pewenue daem £ =— x In (1 —p). Odmom pe3ynbmam mMoxxem 6biMb HECKOIbKO YMPOWEH.
MockonbKy 0nsa cry4valiHol eenuvurbl Q, NOOYUHSIIOWElCST pagHOMePHOMY pacnpedenexuro R(0,1), cnyqainas
senuyuHa (1- Q) maioke 6ydem noBYuUHAMBLCS pasHOMEPHOMY pacinipedesiIeHUI0, MO MOXHO 3anucams o6pamHyo
yHkyuio e eude £ =—xlInp.

MpumedvaHnune 2 — YncneHHo 3HaueHue £ OBGBIYHO OMPEAENAT KaK TOYKY NepeceyveHns ¢ Hynem yHKUMK
Gx(E) — p. Ona onpeaenenus & moxeT GbiTb UCMONBb3OBAH anrOPUTM MOUCKA OTPe3Ka, Ha KOHUAX KOTOPOro hyHKLMSA
MMeeT pasHble 3HaKW, TakoW, Hanpumep, Kak MeTof AerneHust otpeska nornonam unu, 4ro bonee adpdektmeHo, kombuHa-
UMM NIMHEWHOW MHTeprnonsauMm U metoga aeneHust otpeska nononam [11].

MpumevaHune 3 — py NCNONB3OBaHUM FeHepaTOpa CNyYamHbIX YMCEN U3 PABHOMEPHOTO pacnpeaeneHus
Ans nonyYeHns BoIGOPKM NCEBOOCNYYalHbIX YWCEN U3 APYroro pacnpeaeneHust cnegyer NoMHUTL, YTO BbiNageHwe 3Ha-
YeHus p = 0 unu p = 1 MoxeT NPMBECTU K cHolo reHepartopa. [puMepom MOXET CryxuTb 3KCNOHeHUnanbHoe pacnpeae-
nexue (cm. 6.4.10). Ero nnotHocTe pacnpeaenenus [cbopmyna (9)] ans ykasaHHbIX 3Ha4eHWii p He onpegenena. lenepa-
Top, onucaHHbii B C.3.3, owmbok nogobHoro poga He paer.

C.3 PaBHOmMepHOe pacnpeaeneHue

C.3.1 O6wme nonoxeHun

C.3.1.1 TeHepaTop AnNsi pAaBHOMEPHOrO pacrnpeneneHnsa ABNAeTCA OCHOBOW Ansi MornyvyeHus NceBaoCcnyYanHbIX
uncen us nwboro pacnpegenenus (cMm. pasgensl C.2, C.4 n C.6) npy HanuuMmM COOTBETCTBYIOLLErO anroputma unu ¢op-
mynbl. MNpn 3TOM KavecTBO nosy4aemon BuIGOPKN U3 NMPOM3BONBHOIO pacrpeAerieHnst 3aBUCUT OT KadecTBa paboTbl
reHeparopa Anisl PABHOMEPHOIO pacnpeaeneHus n CBOMCTB MCNOMb3yemoro anroputma npeobpasosanus. Takum obpa-
30M, TOMLKO reHepaTop, CNoCcOBHbIN BOCNPOU3BOANTE BbIGOPKY U3 PABHOMEPHOrO pacrnpegeneHns ¢ XOpoWnMmn CBOM-
CTBaMW BMECTE C XOPOLUMM anroputmom, obecneqmBaeT reHepupoBaHWe NCEBAOCHYHalHbIX YMCEN, XOPOLO Cornacyo-
WMXCA € 334aHHBbIM pacrnpegerneHnem.

C.3.1.2 Otcioaa BbiTekaeT BaXHOCTb TECTUPOBAHUA reHepartopa NCeBAoCnyvyanHbiX ymcen Ana pasHOMepHoro
pacnpeaenenna [31]. Ecnv nonb3oBaTtent He yBepeH B KavecTBe paboTbl reHepaTopa, TO €ro He cnegyeT UCrnonb3oBaTb
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40 Tex nop, Noka COOTBETCTBYKOLLEE TeCTUpOBaHUe He OyaeT npoBedeHo. B MpoTUBHOM Cnyvae He NCKITIOYEHO NonyYeHne
OWKMBOYHBIX pe3ynsraToB. PekoMeHayeTcsl MCnonb3oBaTh cpeacTBa Tectupoeanus cornacho [30]. B C.3.3 npueepena
npoueaypa reHepupoBaHusl NCEBAOCYYaNHbIX YMCeN AN PaBHOMEPHOro pacnpefeneHuns, Kotopas ycnewHo npowna
yKka3aHHOEe TECTUPOBAHWE U MPOCTa B NPUMEHEHUM.

C.3.1.3 MapameTpbl Npoueaypbl reHepMPOBaHNS MCEBAOCINYYaNHBIX YNCEN, COOTBETCTBYIOWMX PABHOMEPHOMY
pacnpegenennio R(0,1), — BXOAHOW, BbIXOOHON, @ Takke SBMSIOWMNACA OQHOBPEMEHHO BXOAHBIM U BbIXOAHLIM, — OMpe-
penexbl B Tabnvue C.1.

Mpumevanue 1 — lNpn 3agaHum 0OHOMO U TOTO X HAYanbHOIO HYUCNa Pe3yrnbTaToM MOXeT ObiTb reHepupo-
BaHWe OOHOW M TOWN Xe NocrneAoBaTernbHOCTU CIyYalHbIX Yncern. JToT aKT ABNAETCH BAXHBIM 3NEMEHTOM PErpeccnoH-
HOro TECTUPOBAHMS, UCMOMNb3YEMOro Ansi OnpeaerneHnsi CornacoBaHHOCTM Pe3ynbTaTtoB, NONMYYeHHbIX MPOrPaMMHbLIM
CpeacTBoOM, C pesynbrataMy NpeabiayLnx BEPCUN.

MpumedaHue 2 — HekoTopble reHepaTOpbl NCEBAOCYHaNHbIX YMCEN MPU KKAOM 06palieHuM BbigaloT OgHO
Ccny4anHoe, a HeKOTOpble — MOCNeAOBaTENbHOCTL 3HAYEHWUIA.

Tab6nwuuya C.1—lNpoueaypa reHepupoBaHWs NCEBOOCITyHalHbIX YMCEN ONsi CTAaHOAPTHOIO PABHOMEPHOIO pacnpeae-
neHud

BxogHolt napameTp

¢ — 4MCMO 3HAYEHUI B reHepupyeMon nocrneaoBaTensHOCTH

BxogHol/BbixogHOW napameTp

t — BekTOp-cTONGEL, 3NEMEHTBI KOTOPOro MOTYT USMEHSATLCA B XOAE BbINONHEHUA npoueaypbl. MNonb3oaTtenio o6biy-
HO HET HeOOXOAMMOCTU 3HATb, KAK U3MEHSIIOTCA 3HAYEHUs! 3TOro napameTpa, HO OH NOMOraeT KOHTPONWPOBaTb
BbINOJIHEHME MPOLeaypbl rEHEPUPOBAHNA CITyYalHbIX Yncern. DT napameTpbl MOryT OblTb peanu3oBaHbl KakK rmo-
GarnbHble NMEepeMeHHbIe M He BXOOAWUTb SIBHO B (hopmarnbHble napameTtpbl npoueaypbl. OauH nnn HECKONbKO 3NeMeH-
ToB { Onpegdenser HavanbHOe YKCIIO, UCMONb3yeMOe Npu  crieayiowemM obpaleHnn K npoueaype.

BbixogHou napameTtp

z — BekTOp-cTONGeL, q 3HaYeHWl, cocTaensaowmx esibopky us R(0,1)

C.3.1.4 MceBpocnyyaiiHoe 1Yncno x Bulbopkn u3 R(a, b) onpeaenstot npeobpa3soBaHvem x = a + (b — a)z, rge z —
anemeHT Bbibopkn u3 R(0,1).

C.3.2 MNpoBepka KkayecTBa CAy4anHON BbIGOPKMN

C.3.2.1 Kaxpgblii reHepaTop NCEBAOCNYHaANHBLIX YNCEN OOIKEH:

a) obnagaTb XOpoLWWMKU CTaTUCTUHECKUMU CBOWCTBaMM;

b) npegycmaTpuBaTth BO3MOXHOCTb peanu3aumm Ha NioboM a3bike NporpaMMupoBaHuUS;

C) AaBaTb OOHW U Te Xe pesynbTaTbl AN OQHOTO M TOrO Xe HavanbHOro Yncna Ha niobom komneloTepe.

KenatenbHo Takke, UToObl OH ObIN KOMNAKTHBLIM, T. €. NPOCTbIM NpU peanusauun. OQHUM U3 TaKUX FEHEpPaTopOB,
6rnn3ko NpubnMKaLWMXCs K yAOBNETBOPEHNIO NepevncnenHbix TpeboBaHun, aBnsetca reHepatop BuxmanHa-Xunna
[52, 53]. OH ncnonb3oBarcs BO MHOMMX NPUNOXEHWUSX, BKNIOYAA BblUUCNEHNE HeonpeaeneHHocTu. OgHako AnvHa ero
LMKna (KONMHECTBO reHepUpYEMbIX NCEBAOCIYHalHbLIX YMCen A0 ux NosTopeHns) coctasnset 231, yto cerogms cumTtaeTcs
ONsl HEKOTOpPbIX 3afa4y HegocTaTouHbIM. bonee Toro, Npu ero TeCTMPOBaHUK HE NO BCEM KpUTEpUsAM Gbinnm NOMNy4eHb!
nonoxuTenbHole peaynbrathl [35]. HakoHneu, aT10T reHepartop 6bin paspabotad gna 16-paspsagHbIX KOMNBIOTEPOB, TOrAa
KaK CerofHsi NOBCEMECTHO MCMoNb3ylTca 32-paspagHsie n 64-paspsagHbie KOMNbIOTEPSI.

MpwumeyaHune — Meprog NOCNEAOBATENBHOCTN 3HAYEHWI, NONYYEHHBIX C NOMOLWBIO reHepaTopa NCeBaoCy-
YalHbIX YNCEN, — 3TO KONMYECTBO NOCNeaoBaTeNbHbIX NCEBAOCNYHANHBIX YNCeNn A0 UX NOBTOPEHUS.

C.3.2.2 Ina KOMNIEeKCHON MPOBEPKN CTAaTUCTUYECKUX CBOWCTB reHepaTop TeCTUpYyloT naketom nporpamm TestUO1
[30]. BToT NporpaMmHbI NPOAYKT BECbMa AeTanM3upoBaH U BKMovaeT B ceba Gonbwoe Konuy4ecTBo CTaTUCTUHECKUX
TECTOB, B TOM 4WCIle paclUMpeHHbIN nakeT kpaw-tectmpoBanusa BigCrush. Hekotopbie reHepatopsl, yCnewHo Bbiaep-
XaBWwWe 3TO TeCTUPOBaHWe, NpUBEAEHbl B CNUCKE, COCTAaBNEHHOM BuxmanHom n Xvnnom [54]. B nx uncno Bxogut u
YCOBEPLLEHCTBOBaHHbIN reHeparop BuxmanHa-Xunna (cm. C.3.3), obnagaowmin cnegyiowmmn ceoncteamm [54]:

a) ero nNpocTo peanusoBaTb Ha NOGOM A3bIKE NPOrPAMMUPOBAHUA, OH HE 3aBUCUT OT NOBUTOBLIX onepauuni,
MCMNOSb3yEMbIX B HEKOTOPLIX FEHepaTopax;

b) cTpykTypa reHepaTtopa (KONMYeCcTBO MHOpMaLUM, COXPaHAEMON reHepaTopoM Mexay 3anpocamun) HeBenuka
1 nerka B obpaileHumn (cpaBHu ¢ napamerpom { B Tabnuue C.1);

C) OH MO3BOJSAET JErko Mony4uTb HECKOMBKO MocrnefoBaTensHOCTEN, HeoOXoaMMBIX ANA BbiCOKONapannenbHbiX
NPUMOXKEHUIA, YTO, BEPOATHO, ByaeT 0COBEHHOCTBIO BhIUMCIEHUI HeonpeaeneHHoCTH B Byaywiem;

d) cylecTByOT BapuaHTbl reHepatopa anAa 32-paspagHbix U 84-pas3psagHbiX KOMMbIOTEPOB.
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C.3.3 Mpoueaypa reHepupoBaHus BbIOGOPKM NceBAOCTYYalHbIX YUCEN U3 PABHOMEPHOro pacnpeaeneHus

C.3.3.1 Kak u ero npegwecTBEHHVK, YIyYllEeHHbIN reHepaTop BuxmaHHa-Xunna npeacraenset cobon koMOGuHa-
LMIO KOHIPYSHTHBIX reHepaTtopoB. HoBbIl reHepatop couveTaeT B cebe yeTbipe Takux reHepartopa, Torga Kak npeabiayLas
Bepcua couetana Tpu. Hoebiii reHepatop nmeet nepuop 2121, npuemnemblii Ana No6oro BO3MOXHOTO NPUMEHEHUS.

C.3.3.2 B tabnuue C.2 npuBeaeHo onucaHne yny4leHHoro reHeparopa Buxmanna-Xvwnna ana nonyveHus nceego-
cnyqanHbeix yucen m3 R(0,1) ana 32-paspsagHoro kommneloTepa.

C.3.3.3 ina 64-pa3pagHbix KOMMBIOTEPOB Lar a) BeluucneHus, Bknioyas (i) u (ii), B Tabnuue C.2 gonxeH ObITb
3aMeHeH bonee NpoCTbiM LWAroM:

«a) Ana j=1, ..., 4 BbruMCnIAIOT j; = (a; X i;) mod dp.

C.4 HopmanbHoe pacnpepgeneHue

Mpoueaypa, onucaHHas B Tabnmue C.3, obecneunBaeT BeIGOp CryyalHbIX 3HAYEHWI U3 CTAHAAPTHOTO HOpMarb-
Horo pacnpegenenus N(0,1) ¢ ncnone3oBaHmem npeobpasoeanus bokca-Mionnepa [3]. CnyqaliHoe 3HaqeHne x u3
HopmanbHoro pacnpegenenns N(i, 62) BbIMMCHISIOT MO hopMyne X = U + Oz, Iae Z — criyyaiiHoe sHavenune us N(0,1).

C.5 MHoromepHoe HopmanbHoOe pacnpeneneHue

C.5.1 N3 Bcex MHOroMepHbIX pacnpegeneHnii HambonblWMI MHTEPEC NPEACTaBNsAeT COBMECTHOE HOpManbHoe
pacnpepgenenve N(m, V), rie M — BEKTOp MAremarMyeckoro OXxuaaHusi pasmepHoctu n - 1, a V — koBapuauunoHHas
mMartpuua pasmepHocTu n - n.

C.5.2 3HaveHus cnyvaiHoi BerumHbl ua N(m, V) [45, 49] MoryT 6biTb NonyyeHbl NyTeM UCMNoNb30BaHUs Npoueay-
pbl, onucaHHol B Tabnuue C.4.

Tab6nuya C.2— YnydweHHbli reHepatop BuxmaHHa-Xunna ansi nceBgocnyyaiHbiX YMcern u3 paBHOMEPHOTO pacnpe-
JenenHns Ha nHTepsane (0,1) ans 32-paspsigHoOro komrbloTepa

BxoagHou napameTtp

Het
BxogHble/BbIXOAHBbIE NapaMeTpbIl
iy, LlenouncneHHbie napamMeTpbl, KOTOpble TPebYITCA B KAYECTBE BXOAHbLIX BEJIMUMH U U3MEHSIIOTCA B NpoLiecce
i, BbINONHEHWs npoueaypsl. Mepen nepeoiv 06palleHem K Npouedype UM MNpucBamMBaloT 3HadeHust oT 1 o
i, 2 147 483 647. Mexay oOpalleHWsIMM 3Ha4YeHUs MapameTpoB OCTalOTCA HeusMeHHbimW. [lonb3oBaTento
igs 06bIYHO HET HeOBXO0AMMOCTU 3HATh, KaK M3MEHSIIOTCA 3HauYeHWs 3TUX MNapameTpoB, WCMONb3YyeMblX B NPO-

Luedype reHepvpoOBaHusi MceBdocryYanHbIX Yncen. JaHHble napameTpbl MOTyT ObiTb peann3oBaHbl Kak rno-
GanbHble NepemMeHHble U He BXOAMTb SIBHO B (hOpMalibHble napameTpbl Npoueaypbl.

KoHcTaHTbI

UeTbipexmepHble BEKTOPbI C LENOYUCTIEHHBIMM KOOPAVHATaMM, T. €. a = (84, 8y, 83, a4)' U T. 4., Takue, uTo:

, aT= (11 600, 47 003, 23 000, 33 000),

b7 = (185 125, 45 688, 93 368, 65 075),

¢7= (10 379, 10 479, 19 423, 8 123),

dT=2147483123 x (1, 1, 1, 1) + (456, 420, 300, 0).
Mexgy obpalleHVsIMY 3HaYEHWUSI KOHCTAHT OCTaKOTCA HEW3MEHHbIMK.

cooTw

BbixogHoM napameTp

r Mceegocny4anHoe uncno us R(0,1).

AnropuT™m BhbluMcneHus

a)lna j=1,..,4:

i) Beluncnsiot i = a; (7;mod b;) — ¢; [i; /b,
i) Ecnn I/ < 0, TO 3aMeHsIT Ij Ha Ij + dj;

b) Bumcnsior W = Z‘;ﬂ iifd;;
¢) Bormensiot r=w—[w].

MpumeyaHuwue— [w] o3HavaeT Hanbonblwee Lenoe, He NpeBocxogslee w. 3annce /j mod b; o3navaer
OCTaTOK OT JerneHvsi /; Ha bj
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Ta6nwuuya C.3 — leHepaTop nceegocnyyanHbix umcen bokca-Mionnepa

BxoaHou napameTtp

Het

BbixogHou napameTtp

Zq, OBa cnyvaiHbiX 3Ha4Y€HUsl, MONyYEHHbIX HE3AaBUCMMO M3 CTaHZAPTHOIO HOPMAarbHOrO pacnpegeneHus
Z2

A.I1r0pVITM BbIMUCIIeHUA

a) HesaBncumo reHepupytoT criiyyaiHble uncna rq v rp u3 R(0,1);

b) z1=,/—2 Inry cos2mr, n 22:,/—2 Inr sin2nr;.

Mpumevanune 1 — Ecrm V — nonoxutensHO onpeaeneHHas marpuua (T. €. Bce ee COOCTBEHHbIE 3HAYEHus!
CTPOro MONOXMTENbHbBI), TO MHOXUTENB Xoreukoro R eguHCTBEHEH [23, ctpannua 204].

Mpumevanune 2 — Ecnn V He aBNsETCA NONOXUTENBHO ONPEAENEeHHOW MaTpuuen, TO Un3-3a BO3MOXHbIX
OWMBOK OKPYrIeHUs1 Nn apyrmx npuumH R MoxeT He cyllecTBoBaTb. bonee Toro, B criyyasx, korga ogHO UNW HECKONBKO
COBCTBEHHBIX 3HAYEHUI V' XOTS U NONOXMTENbHbI, HO OY€Hb Marbl, MPOrpaMmMHasi peanusaunsa anroputma dakTopusa-
umm Xoneukoro MOXeT okasaTbcsl HecnocobHon copmupoBaTth Marpuuy R n3-3a owmnbok okpyrneHus B apucdmeTmke ¢
niaearowen 3ansTon. B noboi 13 aTux cutyaumii pekoMeHayeTcsl BHOCUTb B V Manble BO3MYLWEHUA Takum obpasom,
yTO6bI MHOXUTENB R AR «BO3MYLLEHHOW» MaTpuubl V' 6bin xopowo onpegeneH. Mpoctas npoueaypa BHECEHUS BO3MY-
WeHu onmcaHa B [49, cTpaHuua 322] n peanu3oBaHa B reHepatope MULTNORM [45].

Mpumevanne 1 — Ecim V NONOXMTENBHO MONyonpeAeneHHas Matpuua, Torga €e MOXHO NpeacTaBuTh B
Buge V = QMIQT, roe Q — opToroHanbHasi Mmatpuua, J1 — anaronansHas marpuua. Torga matpuua JS1V2QT moxer 6biTb
ucronb3oBaHa Bmecto R onsi oopmumpoBanus Beibopku u3 N(0, V) paxe B cnydae matpuubl V HEnonHoro patra.

Ta6nuuya C.4 — leHepaTop Cly4YalHbIX YMCeSl U3 MHOTOMEPHOIO HOPMANbHOIO pacnpeaeneHus

BxoaHow napameTtp

Pa3mepHOCTb MHOrOMEPHOIo HOPMAarnbHOrO pacnpegeneHunst

BekTop matematuiecknx oXugaHuin pasmepHoctv n - 1
KoBapuaunoHHasi matpuua pa3MmepHOCTU 1 - n

Uncno reHeprpyembiX BEKTOPOB, COCTOAILLMX U3 NCEBAOCITyYalHbIX Yyncen

Q<gE >

BbixoaHoun napameTtp

X Matpuua paamepHoOCTH n - q, j-I cTonbel, KOTOPON — FeHEePUPOBAHHBIN CryYaiHblii BEKTOP U3 MHOFOMEPHOTo
HOpMAarbHOro pacrpegerneHus

Anroput™ BblMUCIIEHUA

a) Ona matpuubl V' dopMupyloT MHOXUTENBb XONeUKoro R, T. €. BEPXHIOIO TPEYIONbHYI0 Matpuly, yaoBNeTBops-
owyto ycriosuio V = R'R (ans reHepupoBaHnsi ¢ BEKTOPOB (hakTopuaaumio matpmubl V Heo6XoauMo BLINOMHUTD
TONbKO OAUH pas3).

b) MenepupyloT maccmB Z pasmepHOCTU N - ¢ YMCEN U3 CTaHAAPTHOMO HOPMAarbHOIO pacnpeaeneHus.

¢) Borumcnsior X=m1" + R'Z,

rae 1 — BekTOp-cTONGEL, COCTOSILLMIA U3 €AMHUL U UMEIOLLUIA Pa3MEepPHOCTb q - 1.

C.5.3 Ha pucyHke C.1 nokaszanHo 200 Toyek, NONyYeHHbIX C ucnonb3oBaHnem reHeparopa MULTNORM [45] na

N(m, V), rae
_[20] y_[20 19
M=I30] Y=[19 20/

3710 coBMECTHOe pacnpegeneHve AByX MONOXUTENbHO KOPPENMPOBaHHbIX BenuuuH. MogobHble reHepaTopbl onu-
CaHbl B Apyrmx nctouHmkax [12].
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PrcyHok C.1 — Bbl6OpKa 3HaYeHW M3 ABYMEPHOr0 HOPMa/IbHOTO pacrpeeneHus
C MOJIOXWTENLHON Koppensuuei

C.5.4 Ha pucyHke C.1 TOUKM 06pa3ytoT BbITSHYTbI HAKIOHHLIA aaamMnc. Ecnn HegmaroHanbHbIe 3/1IEMEHTLI MaTpu-
Ubl V 3aMEHUTb HYNEBbIMW 3HAYEHUSAMU, TO 3TU TOUKM 06PasyloT Kpyr. Ecnn 6bl 3NeMeHTbl [1aBHOM AuaroHanm 6biin He
paBHbl Mexay coboli, a HefnaroHaslbHble 3/1eMEHTbI 6blIM PaBHbl Hy/H, TO TOYKM 06pa3oBann 6bl 3NAWMC C FIaBHLIMK
ocsAMK, napannenbHbIMK OCAM  rpadmka. Ecnm 6bl 3neMeHTbl [1aBHOW AuaroHanu 6blav oTpuuaTebHbIMU - Yucnamm
(T. e. BEIMUVHBI MMENM OTPULLATE/IbHYIO KOPPENALMIO), TO raBHas OCb 3/1AMnca nmena 6bl He NOMOXKUTENbHbIA (Kak Ha
pucyHke C.1), a oTpuuaTtesbHblli HaK/IOH.

C.6 (-pacnpepneneHue

Mpouenypa, onucaHHas B Tabnuue C.5, npeactasnseT metos [29], [44, cTpaHuua 63] reHepMpoBaHUs BbIGOPKU U3
(-pacnpegeneHus ¢ v cTeneHssMu csoboppbl.

Ta6nuuyua C.5— leHepaTop nceBAoCayYaHbIX Ynicen ans (-pacnpeseneHus
BxopnHoW napameTp
% Uucno cteneHein cBo6ofbl
BbIxoaHOI napameTp
( Bbibopka u3 (-pacnpefeneHvss ¢ v CTeneHsaMn cBo60Abl
AﬂrOpVITM BblyncneHnsa
a) HeszaBUCKMMO reHepupyrT ciy4aiHble yncnia ™ v r2 u3 paBHomepHoro pacnpegeneHus R(0,1).
b) Ecnmn 1] < 1/2, 10 BblumcnstoT (= /(4™ - 1) uv =r2l ;B NpoTMBHOM cnyyae BblUUCNAT (=4 - 3nv =12

c)Ecm v<1- 102 wm v<(@+ +1y2, T0 npuHUMAalT ( B KAYECTBE BbIGOPOUHOrO 3HAYEHMS M3 (-pac-
NpeAeneHysi; B MPOTVBHOM C/lyYae MOBTOPSIOT MpoLeAypy C Lwara a).

MpnmevyaHne — YT06bI CTaHOapTHOE OTK/IOHEHKE (-pacnpe,qeneHvlﬂ C V cTerneHsamn cesobofbl 6bi10 KOHeY-
HbIM, 3Ha4YeHne v O0/IHKHO 6bITb 60/bLLE ABYyX.

63



FOCT P 54500.3.1—2011/PykoBoactBo MCO/M3K 98-3:2008/QononHeHue 1:2008

MpunoxeHue D
(cnpaBou4Hoe)

HenpepblBHas annpokcuMauus ¢yHKLUK
pacnpegeneHns BbIXOAHON BeNUYUHBI

D.1 B HekoTopbIX Criy4asx npeanoytutensHee pabotarte He C AUCKPETHLIM npeactasBrneHneM G, a ¢ HempepbIBHOM

annpokcumMaumen éy(n) dyHKUMKM pacnpepenerns Ans BbIXOAHOW BenuUuuHbl Y (em. 7.5).

MpumeyaHwue— lMNpeumyliectea paboTel C HENPEPLIBHOW annpoKCUMaUmWelr COCTOosT, Hanpumep, B TOM, YTO:

a) BbIOOpKa M3 384aHHOrO pacnpegeneHust MoxeT BbiTb BeiMonHeHa 63 HeoBXoAMMOCTU OKPYINeHus, Kak B
cnyyae AMCKPETHOro NpedcTaBneHus;

b) Ans onpepeneHns HaMMeHbLUEro MHTepBana oxeara MOryT 6biTb MCMONb30BaHbl YUCMEHHBIE MeToAbl, TPebylo-
wue ans cBoen paboTbl HEMPEePLIBHOCTbE MYHKLMM pacnpeseneHust.

D.2 YT06bI chopmmpoBaThb éy(n) Ucronb3ytoT auckpeTHoe npeacrasnenne G = {y, r = 1, ..., M} ana Gy(n) 8

COOTBETCTBMM C 7.5.1 nocrne 3ameHbl COBNagarLwmMX 3HAYEHUI Mogenu ansi Yy [kak Toro Tpebyer atan b) B 7.5.1] B
COOTBETCTBUM CO Creayiowel npoueaypou:

a) 3HaueHUsAM Y,y NPUNUCHLIBAIOT PABHOMEPHO OTCTOSILLME [APYT OT Apyra 3Ha4eHns BEPOATHOCTEN Py = (1 — 1/2)/M,
r=1, ..., M [8], koTopble NpeacTaBnsitoT cOOON CpeaHue TOYKU MHTEPBAarnoB WupuHON 1/M, nokpbiBalwmx guanasoH
M3MEHEHUs1 BEPOSTHOCTM OT HYNA 80 eOuHUUbI;

b) hopmupytoT éy(n) B BUAE HENpPepbIBHOW CTPOro BO3pacTaloler KyCOUHO-NMMHEWHON hyHKUMKM, nocneaoBaTenb-

HO coeauHsaoWwen M Touek [y(,), plr=1,.. M

éy(n)= r-1/2 =Y
M M(.V(r+1)_y(r)

), y(r)ST]Sy(H_»I), r:1, ,M (ﬂ1)

MpumMmeyaHune— dopmyna (D.1) MoxeT ObiTb UCNONB30BaHA kak OCHOBA hOpMUPOBaHUA BbIGOPpKM 13 éy(n)

ANs nocnegyowen oueHkM HeonpeaeneHHocTH (cm. pasgen C.2 B yactn dopmmupoBaHns BuIGOpKM Ha ocHoee chyHKUMK,
obpaTHOM K yHKUMM pacnpegenerust). HekoTtopble 6Mbnuotekn n naketsl NporpaMm NpeAocTaBnsioT cpeacTsa Takon

KyCOYHO-ITMHENHOW MHTepnonsAuun. Mockoneky éy(n) KyCOUYHO-NMHENHA, TO TakoW e Bua umeeT n obpaTtHan dpyHkums,
YTO MO3BOISIET MCMONbL30BaTh M5l €6 NOCTPOEHUsI Te Xe NPOrpaMmHbIe cpeacTea.
D.3 Ha pucyHke D.1 nokasaH rpacdmk éy(n), NOCTPOEHHbI Ha ocHoBe 50 BbIGOPOYHBIX 3HAYEHWUI U3 HOPMATbHO-

ro pacripegenenus ans Y ¢ nioTHOCTBIO pacrpeneneHnsa BePoATHOCTEN gy (1)), MaTeMaTUUECKUM OXUAAHNEM, PaBHLIM
TPEM, U CTaHAAPTHLIM OTKIOHEHMEM, PaBHLIM eauHULE.

Y A
1,0

0.8

0,6 —

0,4

0.2+

—

I | | | g
0 1 2 3 4 5 X

X — BbIxogHas Benu4yuHa Y, Y — BEpOSITHOCTL

PucyHok D.1 — Annpokcumaums éy(n) thyHkumm pacripegenenns Gy(n)
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D.4 Ha ocHoBe npubnuxenus éy(n), 3agasaemoro copmynon (D.1), MOXeT 6bITb MOCTPOEHO NpUbNnxeHne

gy(M)=G'y(n) AN NMOTHOCTM pacrpeaeneHnsl BEpOSTHOCTEH BbIXOAHON BENUUMHBI, NPpe/iCTaBnsiolee coboi KycouHo-
MOCTOAHHYIO (HYHKLMIO C Pa3pbiBaMM B TOUKAX 1) = (1), -, ¥(m)- MaTematnueckoe OXuaaHme y 1 CTaHgapTHOE OTKIIOHE-

HMe u(y) BenMuMHBI Y, ONUCHIBAEMOI MIOTHOCTBIO pacnpeaeneHns BePOSTHOCTEN gy(T), PaccMaTpuBaloTcsi COOTBET-
CTBEHHO KaK OLEeHKa Y 1 ee CTaHgapTHas HeornpeaeneHHOCTb U UMEIOT BUA;

=_ 1
Y=m & Yor (D.2)

_ M, N M-1
UZ(Y)=% 21 (Y(r)—}’) —% 2z
r=

r=1

(Vs - vo | (D.3)

rae ABOVHOM LITPUX CripaBa OT CMMBONAa CYMMMPOBAaHUS NOKa3biBaeT, YTO NepBbIfi U MOCNEAHNIA HNEHbl CyMMbl Heobxoau-
Mo BpaTb ¢ koadduumeHTom 1/2.

MpumeyaHne— [Ina AocTaTouHo GonbLMX 3HaueHuin M (Hanpumep, 10° unn Gonee) y n u(y), nony4eHHsie

¢ ucnonb3osaHnem ¢opmyn (D.2) n (D.3), B 06wem cnyyae ¢ NpakTUHECKON TOYKN 3PEHUA HEOT/INYMMbI OT OLIEHOK,
nony4YeHHbIX no ¢opmynam (16) n (17) cooTBEeTCTBEHHO.

D.5 Ecnu oo — nmio6oe 3HavueHne mexay Hynem u (1 — p), rae p — Tpebyemasn BepoATHOCTb oxBaTa (Hanpumep, 0,95),

T0 rpanmubl 100p %-HOro UHTepBana oxeata MoryT 6biTb NOMy4eHsl HA OCHOBE Gy (1) C NOMOLBIO OBPaTHOM NHENHOM

MHTEPONSILMN, UTOBLI ONPEENMTH HUKHIOIO TPAHNULY Viow TaKYIO, YTO 0= Gy(Vjow), HEOBX0AMMO HaiiTn nHaekc r, ans
KOTOPOro TOUKM [Y(r), Pr1 ¥ [Y(r + 1) Pr+ 1] ByBYT YAOBNETBOPSATL YCIOBMIO:

Pr20<pPryq.
Torga nocpeacteoM 06paTHON NUHEMHON MHTEPMNONSLUUM NOMyYaeMm:

o-p
Yiow =¥ (r)*t [Y(r+1) _y(r)]pr+1 — ;,r-

AHamMorM4HO, BEPXHIOK MPaHULY Yhigh, ATNA KOTOPOW (p+at)= éy(yhigh), BbIMUCTIAIOT MO hopMyre

p+o—-p
Yhigh = Y(s) t+ [Y(s+1) - Y(s)}ﬁ’

rde UHOEKC S TaKOW, YTO TOYKU [ys, ps] " [y(s+1), Ps+1} YOOBNETBOPSIOT YCNOBUIO

Ps SPTO<Psy1q.

D.6 3naveHune o = 0,025 gaeT MHTepBan OXBaTa, OrpaHWYeHHbIA KBaHTUNAMKM yposHen 0,025 n 0,975. 3ToT BrIGOP
obecneqmBaeT BEPOATHOCTHO CUMMETPUYHbIA 95 %-Hbili nHTepBarn oxeata 4ns Y.

D.7 HaumeHblunii MHTEpBan oxeBaTa MOXeT B 0bLiem criydae GbiThb MoMyYeH Ha OCHOBE Gy(m) NyTem onpegene-

HVA o, gns kotoporo H(o) =é_y1(p+(x)— é‘\}(a) ByaeT NpUHUMaTh MUHUManbHOE 3HaveHue. PAMON HYNCEeHHbIN

crnocoB onpeaeneHuss MUHUMyMa — BbluMCTeHne 3HaveHuii H(o) anst Gonbwon no obbemy BbIGOPKK {0y} paBHOMEPHO
pacnpefeneHHbIX 3HauyeHuii o B uHTepeane oT Hyna ao (1 — p) u BoIGOP 3HAYeHNA oy U3 5TOWM BbIGOPKK, KOTOPOMY
COOTBETCTBYET MWHMManbHOe 3HaueHue {H(oy)}.

D.8 BrlumcneHne nHTepBana oxearta CTaHOBUTCA Npolue, ecrm pM — uenoe uucno. Torga aHadeHue o, Ans KoTopo-
ro H(o) MuHUMansHO, paBHo r*/M, rge r* — 3HaueHue WHAEKca r, ANA KOTOPOro AnuvHa wHTepsana [V + ppy — ¥(r)l
MUHUManbHa cpeay Beex r= 1, ..., (1 — py/M.
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MpunoxeHne E
(cnpaBo4HoOe)

MHTepBan oxeBaTa AnA CBEPTKU YeTbIpeX NPSMOYronbHbLIX pacnpeaeneHui

E.1 B 9.2.3.2 npoBegeHO aHanuTU4eckoe pelleHve B Buae
+243[2- (3/5)"]~ £388,

npeacrtaensiollee cobon rpaHnLbl BEPOSITHOCTHO CMMMETPUYHOTO 95 %-HOro uHTepBana oxearta Anst BbIXOQHOW BENUYm-
Hbl Y, onpegensieMoli Yepe3 Mogens B BUAE agavWTUMBHON (DYHKUMM YeTbipexX BXOAHbLIX BENUYMH, KaXOOoN U3 KOTOPbIX
NpuNMcaHo O4HO M TO e paBHOMEpPHOE pacnpefeneHne ¢ MateMaTUYeckuM OXuAaHveMm, paBHbIM HyMo, U cTaHaapT-
HbIM OTKIMOHEHWEM, paBHBIM eavHUUe. B HacTosileM NpuUnoXeHWM NpuBegeHo oBOCHOBaHWe 3TOro pesynbraTa.

E.2 lMnoTHOCTb paBHOMEpHOro pacnpegenerust R(a, b) (cm. 6.4.2) ans cny4yanHow BenNUYMHbl O paBHa MOCTOSIHHO-
My 3HaueHuio (b — a)~! Ha oTpeake a < p < b M Hynio BHe 3TOro OTpeska. PacnpedeneHne cymMbl N HE3aBUCUMbIX
criyyariHbIX BENWUYUH npeacTaenseT cobol cBepTKy UX pacnpegeneHuin 1, ecnv Bce crnyvaiHble BenMuYnHbl NOgHMHSIIOTCA
pacnpegenenuio R(0,1), umeeT Bug 6u-cnnanHa B,(p) nopsigka n [T. €. CyMMbl CTeMeHHbIX (OYHKUWI C nokasaTensmm
cTenenn Jo ( n — 1) BKNIOUUTENBHO] € yanamu B To4kax 0, ..., n [46]. TouHoe BeipaxeHue ans B,(p) [6]:

B,(p) = (,,+1). Eoc,s =1 (p-r)i",
rge Cp= ﬂ(nnilry z, = max (z, 0).

B vactHocTu, Ha nHTepBane 0 < p < 1 cBepTka YeTbipex NPsIMOYroNnbHbIX pacnpedeneHuii byget nmeTe BUA

Balp) = 3p°

(Ha MHTepBanax Mexgdy ApyrMMU y3namu UCKOMOE pacrnpeaeneHve Takke 6yaet umets Bug kybudeckux nonuHOMOB, HO
Apyroi hopmel), cregoBaTenbHo,

15 do=|1p*]' =1 < 00417
J4(p) p= 24P o 24
0

(cm. Takxe [6]).

E.3 NeBas rpaHuua ¥, BEPOSTHOCTHO CMMMETPUYHOrO 95 %-HOro MHTEpBana oxsaTa 3aBeJoMO NEXWUT Mexay
Hyrnem U eguHULEN, NMOCKOIbKY 4Ns1 AAHHOW BEPOATHOCTM OXBaTa Nfowagb, nexawas nog KPUMBON NNOTHOCTH pacnpeae-
NeHusi BEpOSITHOCTEN Ha MHTEpBare cnesa ot Yjg,, PasHa 0,025, Ho

-1 .1
0,025 = 40 <24"
3Ty nrowaab MOXHO 3anucatb B BUAE
Yiow
1,4 _1
£ By (P)P = 54 Yiow = 20"
Takum 06pasoM, Yigy = (3/5)14.

C y4eToM CMMMETpUM pacnpeferieHns Ans nNpasol rpaHnLbl MHTEpBana oxsarta nosy4aem

Yhigh = 4 — (3/5)14.
Takum 0Opasom, BEPOATHOCTHO CUMMETPUYHBLIN 95 %-HbI MHTEpBaN oxeBarta UMeeT BuA:
[(3/5)V4, 4 — (3/5)14] = 2 + [2 — (3/5)14].

PacnpegeneHne ans Kaxgon u3 BXOAHbLIX BEMUYWH C HYNEBbIM MATEMaTUYECKUM OXMAAHUEM W €AUHWUYHBIM
CTaHAAPTHBIM OTKNOHEHUEM UMEEeT Buf, R(—\/g, \/3_‘) 970 03Ha4aeT, 4YTO MHTepBarn OxBaTa, MOMyYeHHbIW ANA CBEPTKW
YeTblpex pacnpegenennit R(0,1), HYXHO CMECTUTb Ha ABE eANHWLBI BNEBO N YMHOXMTL €ro rpaHuLbl Ha 2\/5, 4TO M gact

copmyny (E.1).
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Mpwnoxenne F
(cnpaBouHoe)

3agayva onpegeneHua KoadduuUeHTa paccornacoBaHusl

B HacToAwem npunoxeHnn paccMaTpuBaloTCA HEKOTOPbIE AeTanu 3aAaun onpeaeneHns koadduumeHta paccor-
nacoBaHwsl Npu kanubpoBke nameputens mowHoct (cMm. 9.4). B pasgene F.1 nonyyeHbl matematnyeckoe oxuaaHve u
cTaHgapTHoe oTknoHeHue 3Y (cM. 9.4.2.1.2). B pasgene F.2 ananuTuieckn nonyyeHa nrnoTHOCTb pacnpegeneHusi Bepo-
aTHocTen ans dY, korga xq = Xo = 0 U rxq, xo) = 0 (cm. 9.4.2.1.2). B paspgene F.3 cnocob oueHnBaHusi HeonpeaeneHHoOCTH
no GUM npumeHeH Ansi HeKOPPenupPOBaHHLIX U KOPPENMPOBaHHbIX BXOAHbLIX BeNuuuH (cM. 9.4.2.1.3 n 9.4.3.1.1).

F.1 AHanuTu4eckoe pellueHne Ans MaTeMaTUYeCKOro 0XKnaaHus U CTaHAAPTHOTO OTKITOHEHUA

F.1.1 Ovcnepcus BennumHbl X MOXET ObiTh BbipakeHa yepes martematudeckue oxuaanusi, kak [42, crp. 124]:

VIX) = E(X?) - [E(X)P.
Takum obpasom,
E(X?) = [E(X)]? + V(X) = X2 + 1P(x),

roe x — Haunydwas oueHka X, a u(x) — cTaHgapTHas HeonpeaesieHHOCTb 3Toi oueHku. Takum obpasom, Anst mogenw,

onuceiBaemon opmynon (28) [Y =1 — Y=X21 + X% ], umeeT mecto

dy = E(dY) = x% + x% + u2(x1) +u? (x2).

OTOT pesynbraTt crpaBea/iMB HE3aBUCUMMO OT:

- hyHKUMI pacnpegenenna X, un Xo;

- Hanuuusl UM OTCYTCTBMA Koppensaumn mexay X3 u Xo.

F.1.2 CtaHgapTHasa HeonpeaeneHHoCcTb gnsa 8Y moxeT 6biTb Nory4YeHa Ha OCHOBE BbIPAXKEHUSA

u?(8y) = uz(x%) + uz(x%) + 2u(x21, x%),

raepna i=1,2 uz(xz,-) = V(Xz,-) " u(x21, X%) = Cov(X12, X%) Torpa, npumensa Teopemy lMpaiica onst HOPManbHbLIX

pacnpegenenuii [40, 41], MOXHO MONYyYUTb
uP(8y) = 4u?(xq) x5 +4u?(x;) x5 + 2u*(xq) +2u*(xp) + 4u?(xq, X)+8u(Xq, X3) X1Xo. (F.1)

Ecm xp = 0 v u(xp) = U(xq), TO, 3aMeHaAs U(Xq, Xp) Ha r(Xq, Xo)tP(X4) MOXKHO NOMY4NTD

12
u(dy) = 2{x21 + [1 +r?(x, xz)]uz(x1)} u(xq).
F.1.3 Ecnu X; u X, HekoppenupoBaHHblI, T. €. u(Xq, Xo) = 0, To dopmyna (F.1) npuHumaet Bua

u?(8y) = 4u(xq) x5 + 4uP(x2) x5 + 2u*(xq) + 2u*(xy). (F.2)

dopmyna (F.2) moxeT 6biTb NpoBepeHa npumeHenunem dopmynel (10) ns GUM [Pykosogcteo MICO/M3K 98-3
(5.1.2)] v HenocpeacTBEHHO crieaytolen 3a Hel dopmynon ns GUM [Pykoeogcteo WCO/M3K 98-3 (npumevanue k 5.1.2)).

F.2 AHanuTuveckoe pelleHVe Ans cryyYas HyneBon oueHKn KoadPrumeHTa oTpaXKeHUs No HaNnpsHKEHNIo Npw
HyTNeBOM KOBapuauum

F.2.1 Ona cnydyas x4 = xp = 0, r(x1, X2) = 0 n u(xq) = u(x2) NMNOTHOCTb pacnpeaeneHns BeposiTHOCTEN gy (M) ana Y
MoOXeT ObITb NonyYeHa aHanuTuyeckn. Takoe pelleHue NonesHo UMeTb AN Nocneylowero pacyera HeornpeneneHHo-
CTU KanWbpoBKM U3MepuTens MOLWHOCTU. B ykazaHHOM NpeanonoXeHWM BbIXOAHYIO BENUYMHY MOXHO MpeacTaBuTb B
BMAae

2 2
Y = u? X X5 |
Y (X1)[u2(x1) ¥ uZ(XZ)]
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F.2.2 YneH B KBagpaTHbIX CKOOKAaX, KOTOPbIN MOXHO 0003HauMTL Z, NpedacTaBnser cobol CymMy KBagpaToB ABYX
HEe3aBUCHMMbIX BEMUYMH, Kaxadas U3 KOTOPbIX NOAYMHAETCSl CTaHAAPTHOMY HOpMmanbHOMY pacnpepenerHuio. Cneposa-
TenbHO, criyyaiiHas BenuuuHa Z nogumMHsieTcsl pacripeeneHuio Xu-ksaapaTt ¢ aByMs cteneHsmmn ceoboapl [42, ctp. 177],
TaK 4To

Y =u?(x1) Z,
rae Z MeeT MNOTHOCTb pacripeferneHnsl BeposiTHOCTEN
2 —z/2
9z(2)=x2(z) =7 %12
F.2.3 MpumeHeHne obwel opMynbl 4nsA NNOTHOCTU pacnpeseneHns BEpOATHOCTEN (PyHKUMKN CIy4allHOW Bennum-
Hbl [42, cTp. 57—61] B cnyuae gnddepeHumMpyemoii u cTporo BoapacTaiowen yHKLUMM apryMeHTa (B AaHHOM cnyyae 7) ¢

3aaHHbLIM pacnpegeneHMeM NMo3BOSsIET NMOMyYUMTb MIOTHOCTE pacnpedeneHns BePOATHOCTEN AN BbIXOJHOW BEnuun-
Hbl 8Y B BUAOe

— 1 2 n — 1 _ n 0.
gor(n) uzm)“[uzm)J 2u2<x1>exp[ 2u2<x1>]’“Z

F.2.4 370 No3BOMSAET MONy4YNTb BLIPAKEHUST 4Nl MATEMaTMHeCckoro OXuaaHusa u gucnepcum ans 8Y:

8y = E(8Y) = [ngsy(mdn= 20> (xy),
0

u?(dy) = V(8Y) = [(n -8y)?gsy ()an = 4u* (xy).
0

Takum oBpasom, CTaHAapTHOE OTKIIOHeHWe cocTaensieT 2u%(x;), YTO COrnacyeTcst ¢ pesynsrataMmu, NpYBEAEHHbI-
mu B F.1.

F.2.5 NHTerpmvpoBaHue NNoTHOCTU pacnpeaeneHnsl BEpOsiTHOCTEN gaer hyHKUMIO pacnpegenerHns cnegyowero
BMAaa:

Gsy(n)=1-exp (— 2u2n(x1)} n=0. (F3)

F.2.6 Ecnu 3y, — Takoe n B chopmyne (F.3), ana kotoporo Gsy (1) = a Ans noboro o, yaoeNeTBOPAIOLWEro YCOBUIO
0<a<1-p,TOAa

Y =—202 (x)In (1 - ),
n 100p %-Hblli MHTepBan oxeata gna 6Y (cMm. 7.7) umeeT Bua:
[8a, 8Yp + ol = 202 (x4) In (1 — &), =22 (x1) In (1 —p — )] (F4)

Onuha atoro uHtepBana 6yaeT paBHa

2 p
H(OC) =-2u (X1)ln(1 — m)
F.2.7 Haumenbwmit  100p %-Hbih MHTEpBan OxBaTta COOTBETCTBYET TakoMy i, Afsi koToporo H(o) MMHUManbHO

(cm. 5.3.4). Tak kak H(o) — cTporo Bospacrarowas ¢pyHkums o ansa 0 <o < 1 — p, To H(al) AOCTUrAaeT MUHMMYMa B TOYKE
o = 0. Takum obpasom, HaumeHbwKin 100p %-Hblli MHTepBan oxBaTa Ansa dY umeeT BUA;

[0, =212 (xq) In (1 = p)].
Ina u(x4) = 0,005 HanmeHbwMI 95 %-HbIlh UHTEpBanN oxBaTa npeactaenseT cobon [0; 0,00014998].
F.2.8 BepoaTHOCTHO CUMMETPUYHBIN 95 %-Hbl MHTEpBan oxearta ans dY coorBeTcTByeT o = (1 — p)/2 (cMm. 5.3.3) n
mmeeT BUA
[2¢2 (x1) In 0,975, —2u2 (x4) In 0,025] = [0,0000013; 0,0001844].

OH Ha 20 % pnvHHee, Yem HaumeHbluMiA 95 %-Hblil MHTEpPBAn oxearta.
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MpumedaHwune — [puBeaeHHbIW Bblllle aHANU3 AEeMOHCTPUPYET aHANMUTUYECKUIA BbIBOA, NMPUMEHUMBIN K
HEKOTOPLIM 3agaqam nogobHoro Tuna. B gaHHOM YacTHOM cryvae pesynbrarbl Moy 6bl 6bITb Nony4yeHsl BuicTpee, ecnm
NpUHATL BO BHUMaHWE (akT, 4To gsy () — cTporo ybbiBalowasn dyHKUMS, a HaMMEHbLUMIA UHTEpBarn oxBaTa Bcerga
BKIMIOYaeT B ceba mogy pacnpegeneHus.

F.3 NMpumeHeHue cnocoba oueHnBaHus HeonpeaeneHHoctu no GUM k 3agaye onpeaneneHus koadcduumeHTa
paccornacoBaHua

F.3.1 HekoppenupoBaHHble BXOAHbIE BENTUYUHDI

F.3.1.1 B 3agave onpeaenenuns koadduumeHTa paccornacoBaHusi, pacCMOTpeHHON B 9.4, B Ka4ecTBe mogenu
M3MepeHUsl UICNONb3OBaHa cneayowast:

8X = F(X) = F(Xy, X,) = X5 + X3,

rme BenuumHam X; u X, NPUNUCaHbl HOPMANbHBIE PACNPENENeHNsl C MaTEMaTUHYECKUMMN OXNAAHUSIMU X, U Xy JUCTIEP-
cnsimm L%(x4) n UZ(x;) COOTBETCTBEHHO.
F.3.1.2 Npumenenne GUM [PykoeoactBo MCO/M3K 98-3 (5.1.1)] aaet

8y:x%+x%

B KayecTBe oueHKku 8Y. YacTHbie npon3BogHble OT hyHKUMKN namepenust no X; ans i = 1, 2 nmelor Bug,

df _ oy dF _
o 2X;, % 2.

F.3.1.3 CnegosatenbHo, B cootBeTcTBUM ¢ GUM [PykoBopgctBo MCO/M3K 98-3 (5.1.2)] onst ctanaapTHOW Heornpe-
AeneHHocTn u(dy) cnpaBeanMBO BblPaKEHUE:

2 2
(dd—g) u? () + (%) uz(m]

OCHOBaHHOe Ha annpokcumauum f(X) psaom Ternopa nepeoro nopsgka. Ecnu HenuHeliHocTe f(X) 3HaumTenbHa [Pyko-
sopcTeo MCO/M3K 98-3 (npumevanme k 5.1.2)], 1o k popmyne (F.5) cneayer po6aeute 1neH

u?(8y) = = 4x5u? (xq) + 4x5u% (xp),

(F5)

X=x

1| d? | d?f 2 2
- + = uc(xX)uc(xy).
2 [dx% dxg]x_x bau”bx2)
B pesynerare dopmyna (F.5) npunumaert eug
u? (dy) = 4x21 u? (xq) + 4x§u2(x2) + 4u2(x1)u2(x2). (F.6)

F.3.1.4 Mockonbky 3Y nogqMHAETCS HOpManbHOMY pacnpeaeneHmnio, 95 %-Hblli MHTepBan oxeata aAna &Y umeer
Bua

Sy + 2u(dy).

F.3.2 KoppenupoBaHHbie BXOAHbIE BeNTUYUHbDI

F.3.2.1 Ecnv BxoaHble BENMWYMHBI KOPPENUPOBaHHLI, TO MaTpuua HeonpeaeneHHOCTEN AN HaUNy4YWmnXx OUEeHOK
BXOAHbIX BENWYMH onpeaeneHa dopmynon (27).

F.3.2.2 Npumensa GUM [Pykoeoacteo MCO/M3K 98-3 (5.2.2)], MOXHO nony4uTs:

2 2
u(6y) = l(di)q) w20+ (9] )2 G (s, xZ)um)u(xz)]
X=x

= 4x5u? (xg) + 4x3u (x,) + 8r(Xy, Xp)XyXo U (X1)(X2). (F.7)
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MpunoxeHne G
(cnpaBo4Hoe)

OcHoBHble 06G03HaYeHUs

A cnyvaliHas BenuunHa, npeacTaBnsiowas coboil HUXKHIOI rpaHuLy PaBHOMEPHOrO pacnpegeneHus
C HETOYHO 3aflaHHbLIMK Mpeaernamm

a HWXKHSASI TpaHMLa obnactm, B npeaenax KoTopoil HaxoguTesl CriyvanHasi BenuymuHa

a UeHTparnbHasi ToYka MHTepBarna, 0 KOTOPOM M3BECTHO, YTO B HEM NIEXUT HWXHSIS rpaHuua A paBHO-
MEPHOro pacrnpefienieHnsi ¢ HeTOYHO 3aJaHHbIMK Npeaenamm

B cnyvaiHasi BernuuvHa, npeacraensiowasi cobon BEPXHIOW rpaHuLy PaBHOMEPHOTO pacrnpeferneHns
C HETOYHO 33aflaHHbLIMK Npejernamm
BEpXHsiA rpaHmMua obnactu, B npegernax KOToOpol HaxoauTcsl criydaiiHasi BenuunmHa
LeHTparnbHasi TOYka UHTEpBAara, 0 KOTOPOM U3BECTHO, UTO B HEM IEXUT BEPXHSIAA rpaHuua B paBHo-
MEPHOIo pacrnpefienieHnsi ¢ HeTOYHO 3aJaHHbIMK npeaenamm

CTrap(a, b, d) | paBHomMepHOe pacnpefeneHve ¢ HETOYHO 3aJaHHbIMM FpaHULaMKU C napameTpamun a, b u d

Cov(X;, X;) KOBapuaumsi CryyanHbiX BenuumH X; n X;

c Lernoe AeCcATUYHOE UYNCTIO C Mgg 3HAKAMU

C; i~ K03(hDULMEHT YYBCTBUTENBHOCTHU, MOJNYYEHHbLIN KaK YacTHas NPou3BogHas yHKUMKU n3MepeHns
f no 4 BxoaHOW BenuunHe X; B TOUKE X OLIEHKW BEKTOPa BXOAHbIX BeNnu4nH X

d NMoNoBUHa ANMWHLI UHTEPBAIOB, O KOTOPbIX U3BECTHO, YTO B HUX NeXaT HWXHAA A 1 BepxHasa B
rpaHuubl PaBHOMEPHOIO pacnpefereHnsl ¢ HETOYHO 3aZlaHHBIMKU Npeaenamn

high abconTHas pa3HOCTb 3HAYEHWUIn NPaBOCTOPOHHUX FPaHWL, MHTEPBAMNOB OXBATa, NOMYYEHHbIX HA
OCHoBe crnocoba oueHnBaHuA HeonpeaeneHHoctn no GUM vn no metogy Monte-Kapno

Aiow abcontoTHasi pasHOCTb 3HAYEHUI NEBOCTOPOHHUX FPaHWL, MHTEPBaNoOB OXBaTa, NOMNYYEHHbIX HA OC-
HoBe crocoba oueHmBaHus HeonpegeneHHocTn no GUM m no metogy MoHte-Kapno

E(X) MaTeMaTU4ecKoe OXuaaHue cryYarHow BenuymHbl X

E(X) BEKTOP MaTeMaTWYeCKOro OXuAaHWs BEKTOPHOW criyyaHon BenuqmHbl X

E(X") - MOMEHT criyyariHow BenuyuHbl X

Ex()) 3KCMOHEHUMAnNbHOE pacnpegeneHne ¢ napameTpoMm i

f (OYHKUMSI M3MEPEHWS, CBA3bIBAOWAS BbIXOAHYIO BENWMUUHY MOAenun Y ¢ BXOAHbIMW BENUYMHaMU
Xis ooy Xy

G AVCKPETHOE MpeacTaBneHne gyHkumM pacnpegenennst Gy(n) BeIXOOHOW BenuyuHbl Y, Nony4YeHHoe
metogom MoHTe-Kapno

G(o, B) ramMmma-pacrnpegerneHue ¢ napameTpamu o 1 3

9x(&) NNOTHOCTb pacrnpeaeneHnsa BepoATHOCTEN nepeMeHHon & ans BXOAHON BenuunHbl X

gx(0) COBMECTHasi (MHOromepHas) NoTHOCTb pacnpeaeneHus nepemMeHHon o Ans BxogHoW BenuynHel X

9x; (&); NMOTHOCTb pacnpedeneHns BeposATHOCTEN nepeMeHHol & Ans BXogHOW BenuumHbl X

Gy(m) thyHKUMA pacrnpeseneHnsi NepemMeHHON M AN BbIXOQHOW BeMYMHbl Y

éy(ﬂ) HenpepbIBHaA annpokcumauma MyHKkumn pacnpegenenmnst Gy(n) BeIXOQHON BeNUUMHbLI Y

gy (n) NMOTHOCTb pacnpeaeneHns BepOSTHOCTEN NepeMeHHON 1 AN BbIXOAHOW BenWYuHbl Y

§y(n) npouaeogHas ot Gy(m) No m, ucnonbayemas Ans annpokCMMaumm NIoTHOCTK pacnpeaeneHnsa
BEPOATHOCTEN gy (M) BLIXOAHOW BENUYMHBI Y

J HaumeHbllee Lenoe, Gonblwee unu paesHoe 100/(1 — p)

Kp KO3 hULMEHT OXBaTa, COOTBETCTBYIOLLUIA BEPOSITHOCTU OXBAaTa P
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Lienoe 4ncno B npeacTasnennm ¢ - 107 uncnoBoro sHaueHWs, rae ¢ — Lienoe JecsTUHHOe YUCTO C Ngig
3HaKkamu

M umcno ucnbitaHnini metoga MonTe-Kapro

N UNCNO BXOAHBIX BENUYUH Xj, ..., Xy

N(0,1) CcTaHgapTHOE HOopMarbHOe pacnpegeneHve

N(u, 62) HopMarbHOe pacripefienieHne ¢ napameTpammn W n o2

N(m, V) MHOrOMEepHOe HOpMarbHOe pacrnpegeneHue ¢ napametTpamm mu V

n uncno HabnogeHu

Nuic KONMYECTBO 3HaYalmx umdp umcna, paccmaTpuBaemblX Kak JOCTOBEpPHble

Przz) BEPOATHOCTb CODOLITMA Z

o BEPOSITHOCTb OXBaTa

q uenas Yactb uncna (oM + 1/2)

q uncro o6bLekTOB B BbiGopke (06bem BbIGOpKM)

R BEPXHSA TpeyronbHas maTtpuua

R(0,1) CcTaHOapTHOE paBHOMEPHOe pacnpegeneHve Ha wHtepsane [0, 1]

R(a, b) PaBHOMEPHOE pacrnpeneneHne Ha uHTepBane [a, b]

r(x; X;) KOIPDMLUMEHT KOPPENALMN OLEHOK X; N X; BXOAHBLIX BENWYUH X; 1 X;

s OUeHKa CTaHJapPTHOIO OTKMOHEHWA No 11 HabnwgeHusm xq, ..., X,

s, ob6beanHeHHast OUeHKa CTaHAApPTHOIO OTKIIOHEHWUsI MO HECKOIbKMM cepusiM HabniogeHuni

7: BEPXHUI MHOEKC, 0603HaYaloWmMi TpaHCNOHMPOBaHUE MaTpULbI

s, cTaHaapTHOe OTKMoHeHWe Ans cpeaHero z aHadenuin Y, .. 2" B apanTueHoii npoueaype meTtopa
MounTe-Kapno, rae z moxet 0603HaqaTh OLUEHKY ¥ BIXOQHOW BENWYWHBI Y, CTAaHAAPTHYIO Heonpeae-
NEHHOCTb L(y) OLUEHKU y, NEBOCTOPOHHIO Vigy WIN NPABOCTOPOHHIO  Yhigh TPAHULY MHTEpBana
oxBataana Y

T(a, b) TpeyronebHoe pacnpegeneHue Ha wHTepeane [a, b)

Trap(a, b, P) TpaneuenganbHoe pacnpegeneHve Ha uHtepeane [a, b] ¢ napametpom [

t, tpacnpegenenve ¢ v cteneHammn ceoboaeb!

t,(u, 0?) maclLTabupoBaHHOE CMelLeHHoe f-pacnpeaenenne ¢ napameTpamu [L U 62 U v cTeneHsiMu ceobopbl

U(0,1) cTaHgapTHoe apkcuHycHoe (U-obpasHoe) pacnpegeneHwe Ha uHtepsane [0,1]

U(a, b) apkcuHycHoe (U-06pasHoe) pacnpegeneHve Ha uHTepeane [a, b)

U, paclumpeHHas HeonpeaeneHHOCTb, COOTBETCTBYIOWAN BEPOATHOCTM OXBaTta p

U, MaTpuua HeonpeaeneHHOCTN As BEKTOpa OLEHOK X BEKTOPHON BXOAHON BenuqnHbl X

u(x) u(x) BeKTOp [t(Xq), ..., U(xy)]T CTAHAAPTHBLIX HeonpeaeneHHOCTel AN BeKTopa OLEHOK X BEKTOPHOM
BXOAHOW BenuynHbl X

u(x) cTaHAapTHaA HeonpeaeneHHOCTb OLIEHKN X; BXOAHOW BENUYMHBI X;

u(x;, X;) KOBapMaLms OLUEHOK X; U X; BXOAHBIX BENUYMH X; n X;

u(y) CcTaHAapTHAs HeoNpeaeneHHOCTb OLEHKN Y BbIXOOHON BENUYuHbl Y

u(y) CTaHOApTHas HEONPeaeneHHoCTb ¥

ugy) CyMMapHas CTaHgapTHas HeonpeaerneHHOCTb OLEHKN Y BbIXOQHON BEnuuuHbl Y

ui (y) i1 COCTaBNAWAA CTAHAAPTHON HEONPEAENEHHOCTU U(y) OUEHKN y BbIXOAHON BENWUYWHbI Y

vV KOBapuauMnoHHasa (AWCNepCUOHHO-KOBapuaLMoHHas) matpuua

ViX) avcriepenst criyqanHon nepemenHon X
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eff

VIXOHV(X) KOBapMaLMOHHAas Matpuua BEKTOPHOW CriydyavHOn BenuyuHbl X

w nonoBuHa ANuHbI HTepBana [a, b] [w = (b — a)/2]

X BXOZHasi BENUYMHA, paccMaTpvBaemasl kak criydanHas BenuyuHa

X BekTop (X3, ..., X,\,)T BXOAHbIX BENUYMH, pacCMaTpvBaeMbIX Kak CryvyalHble BEMNWYMH, OT KOTOPbIX
3aBUCUT BbIXogHas BenuunHa Y

X; -1 BXOAHAas BENWYMHa, paccMaTpuBaemMasl Kak criyyaniHasi BeNUYMHa, OT KOTOPOW 3aBUCUT BbIXOA-
Hasi BenuunHa Y

X oueHKa (MaTemMaTu4eckoe oXxuaaHue) BenuumHol X

X BEKTOPHasA OLleHKa (BEKTOPHOe MaTemaTuueckoe oxugaHue) (Xq, ..., Xy)' sennumHel X

X cpegHee apudmMetudeckoe n HabnoaeHwn xy, ..., X,

X; oueHKa (MaTemMaTudeckoe OXuAaHue) BENUYMHbI X;

X; i-e HabnogeHe B cepun HabnogeHUn

X r r-N 3anemeHT BbIGOPKM CryYalHbIX 3HAYEHWUI, NOMyYeHHbIX Npy peanusauum metoga MoHTe-Kapno,
M3 MIOTHOCTU pacrnpenerneHnsl BepPOSTHOCTEN Ansi BenUYuHbL X

x, - BEKTOp, c9,qep>|<au.|,vu7| SNEMEHTbI X1 r ..., Xp p MOMYYEHHBIE 343 N nnoTHocTew pacnpegeneHmsi
BEPOSITHOCTEN ANSA BXOAHbIX BENUYMH X3, ..., Xy U3 COBMECTHOMN NMNOTHOCTU pacnpegenexHus ans
BennynHel X

Y (ckansipHas) BbixOAgHasi BENMUYMHAE, paccMaTpuBaemMasl kak criydanHasi BenuyunHa

y oueHKa (MaTemMaTu4eckoe OXuaaHue) BenuunHol Y

% OLeHKa BeNWYMHbl Y, nonyyeHHas kak BelbopoyHoe cpegHee M 3HauYeHWi BbIXOOHOW BENUYUHLI i, B
pesynerare peanu3auun metoga MoHTe-Kapno wnu kak martemMaTnyeckoe OXuaaHue BenuquHbl Y,
OMMCBLIBAEMON MITOTHOCTBIO PACNPEAEneHus BEPOATHOCTER gy(M)

Yhigh NPaBOCTOPOHHSASA FPaHMLa UHTepBana oxeata ana Y

Yiow TNEeBOCTOPOHHSIS rpaHuLUa UHTepBeana oxearta gns Y

Yr r-e 3HaveHne pyHkuum namepennsa f(x; )

Y r-e 3HayeHne PyHKUMKM U3MepeHnsl nocne pacnonoxenus M sHadveHwn y, B HeybbiBalowem nopsigke

Z(m h-e 3HaveHve BenuuuHbl Z B aJanTuUBHOW npouenype Metoga MoHTe-Kapno, rae z moxet 0603Ha-
YaTb OLEHKY y BbIXOOQHOW BENMUYUHLI Y, €e CTaHOapTHYIO HEeonpeaeneHHoCTb L(y), NeBOCTOPOHHION
(Yiow) Mnu NPaBOCTOPOHHIOIO (Yhigh) FPaHULY MHTepBana oxeata ansa Y

o 3Ha4yeHne BEepOATHOCTU

o napamMmeTp ramma-pacnpegeneHus

B napameTp TpaneLeunaanbHOro pacnpeierneHusi, PaBHbli OTHOLLEHUIO ANWHbI BEPXHETO OCHOBaHWSI
Tpaneummn K gJfiMHe HWXHEro OCHOBaHWsI Tpaneuwm

B napameTp ramMmma-pacnpegeneHust

I'(z) ramma-yHKLMA NepemMeHHoN Z

b npegen norpeLHoCT BbIYUCIIEHUS YUCIIOBOTO 3HAYEHWS

&(z) geneta-yHkuua [Jupaka nepeMeHHon z

n nepemMeHHasl, ONnuchIBaKLWasi BO3MOXHbIE 3HAYEHWS BbIXOAHOW BENUYUHBLI Y

M NonoBMHA ANWHbI BEPXHETO OCHOBAaHUA Tpaneuuu TpaneuenaansHoro pacrnpegeneHus

Ap NOMoOBMHA ANMHBI HUXHETO OCHOBAaHUA Tpaneuuun TpaneuewaanbHOro pacrnpegeneHus

U MaTeMaTUYECKOe OXMAAHWE CNy4YarHOW BENUYMHbI

v uncno creneHen ceobofpbl f-pacnpedeneHnst UnNu pacnpegeneHusl xv-keagpar

A yncno acppekTMBHbIX cTeneHel ceobodbl, COOTBETCTBYIOWMX CTAHAAPTHON HeonpeaeneHHoCTn u(y)
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Vp unucro cteneHer ceoboabl Anst 06beaMHEHHON OUEHKM CTAaHAAPTHOIO OTKIMOHEeHUS Sp, MOMYHEHHOM
Mo HECKONbKMM cepusiM HabrogeHun
nepemMeHHasi, oNMChbIBAKLWAs BO3MOXHbIE 3HAYEHWA CrydanHOW BenuumHbl X

o BekTopHas BennumHa (&q, ..., £y)7, ONMCHIBAIOWAN BO3MOXHBIE peanu3aunn BEKTOPHON BXOAHOW
BeNU4YMHbI X

& nepeMeHHasl, OnvchLIBaloWas BO3MOXHbIE 3HAYEHUs] BXOOAHOW BennunHbl X

c CTaHOapTHOe OTKIOHEHWE CryyarHON BeNWYMHbI, XapakTepusyemol pacrnpeaeneHmeM BeposiTHOC-
Ten

o2 aucnepcus (kBagpaT cTaH4apTHOrO OTKIOHEHUS) Cry4YalHOW BenUYMHBI

0] haza rapMOHUYECKN M3MEHSIIOWENCS BENUYUHDI

X3 pacnipegeneHve xv-kBagpat ¢ v cTeneHsiMu ceoboppl
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Mpunoxexne A
(cnpaBo4Hoe)

CBefieHUA 0 COOTBETCTBUMU CChINIOYHBIX MeXAyHapoAHbIX JOKYMEHTOB
HauuoHankbHbIM cTaHgapTam Poccuinckon ®degepauum

Ta6bnuuya A1

O603Ha4UeHne CCbINOYHOro CreneHb
MEeXAYHApOOAHOro AOKYMEHTa COOTBETCTBUA

PykosogctBo MCO/M3K 98-3:2008 IDT MOCT P 54500.3—2011 (PykoBoacteo MCO/M3K 98-3:2008)
«HeonpepeneHHocTe namepenus. Yactb 1. PykoBoacteo no
BbIP2XKEHWIO HEONPEAENEHHOCTN U3MEPEHNA»

O603HavYeHne U HaUMEHOBaHUE COOTBETCTBYIOWETO
HauuoHanbLHOro craHgapra

*

Pykoesogcteo MCO/M3K 99:2007 —

* COOTBETCTBYIOLLMIA HAUMOHANBHBIN CTaHAapT OTCyTCTBYeT. [lo ero yTBepXAeHUss pEKOMEHAYETCA UCMOMb3o-
BaTb MEPEBO Ha PYCCKUIA A3bIK AaHHOrO MexayHapoaHoro ctaHgapta. [epesoq AaHHOro MexayHapoaHOro craH-
AapTa HaxogutcA B PeaepanbHOM MHDOPMAaLMOHHOM (hoHAE TEXHUYECKUX PErnameHToB U CTaHO4APTOB.

MpumeyaHune— B HacTosAWwel Tabnuue MCNoNb30BaHO criedylollee ycrnoBHoe 0b603Ha4eHne CTeneHn

COOTBETCTBUSI CTAHOAPTOB:
- IDT — naeHTU4HbIE CTaHOapThI.
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