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MpeaucnoBue

Llenn n npuHuunel ctaHgapTusauumn B Poccuiickon Pepepaumm yctaHoBneHbl PegepanbHbiM 3aKOHOM OT
27 pekabps 2002 r. Ne 184-d3 «O TeXHUYECKOM perynmpoBaHumny», a npaBuna NpyMeHeHNs HauMOHarnbHbIX CTaH-
naptoB Poccuiickon Pepepauun — FOCT P 1.0—2004 «CtaHgapTusaums B Poccuiickon ®eaepaupmm. OCHOBHble
MOSIOXEHNSA»

CBepeHuA o cTaHaapTe

1 MOArOTOBIEH ®eaeparnbHbIM rocy4apCTBEHHLIM YHUTAPHBbIM NpeanpuaTnemM « Bcepoccrumnckmii Hayy-
HO-MccnenoBaTenbCkuii MHCTUTYT MeTponorum um. .. Mengeneesa» (PIyT «BHUVM») n ABTOHOMHOM HEKOM-
MepYecKon opraHunsaLmein «HayyHo-ncecnegoBaTenbCkUn LEHTP KOHTPONSA Y ANArHOCTUKN TEXHNYECKUX CUCTEM»
(AHO «HWLL K[1») Ha ocHOBE COBCTBEHHOIO ayTEHTMYHOIO NEpPeBoOa Ha PYCCKUI S3bIK MEXOYHapO4HOMo OOKY-
MEHTA, YKa3aHHOro B NMyHKTe 4

2 BHECEH TexHuuyeckum kommTteTom no ctaHgaptusauum TK 125 «Ctatuctndeckne metoabl B ynpaene-
HMM Ka4eCTBOM NPOAYKLUN»

3 YTBEPXJEH VI BBEJEH B IEMCTBWE Mpukasom GeaepanbHOro areHTCTBa Mo TEXHUYECKOMY pery-
nMpoBaHuto 1 meTpororum ot 16 Hosabpsa 2011 r. Ne 555-cT

4 HacTtoswwmmn cTaHgapT MAEHTMYEH MeXayHapoaHoMy AokymMeHTy PykoBoacteo MCO/MOAK 98-3:2008 «He-
OnpeaeneHHoCTb n3mepeHus. Yactb 3. PykoBoOCTBO MO BbipaXKeHWo HeonpeaeneHHocTn namepenusy» [ISO/IEC
Guide 98-3:2008 «Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in measurement
(GUM:1995)»]

5 BBE[JEH BINEPBbIE

UHgpopmayusi 06 usMeHeHUsIX K HacmosiueMy cmaHOapmy rybrukyemcs 8 exxe200H0 uddasaeMoM yKa3a-
mene «HauuoHarnbHbie cmaHOapmbl», @ MEKCM USMEHEHUU U rornpasoK — 8 exXeMeCsiYHO uzdasaeMbiX UHQOp-
MaUUOHHbIX yka3amernsx «HauuoHanbHbie cmaHdapmbl». B criyyae nepecmompa (3ameHbl) Unnu OmMeHb! Ha-
cmosiue2o cmaHdapma coomeemcemsyrouiee ygedomreHue bydem orybriuKko8aHO 8 exXxeMeCcsiHHO u3dagaeMom
UHbOpMayUOHHOM ykasamere «HayuoHanbHble cmaHd0apmabi». Coomeemcmeyrow,as uHghopmayusi, ygeeodomrie-
HUe U meKcmbl pa3Mmelyaromesi makxe 8 UHGhopMayUoHHOU cucmeme obu,ezo nob308aHuUsi — Ha oguyuarib-
Hom calime ®edeparibHO20 azeHmcmeaa o MexXHUYeCKoOMYy peayniuposaHuio U Memposioauu 8 cemu YIHmepHem

© CtaHgapTtuHdopm, 2012

HaCTOFILLI,VII7I CTaHOapT HE MOXeT ObITb MOMHOCTLIO UM YaCTUYHO BOCMPOU3BEOEH, TUPAXMNPOBAH 1 pacrpo-
CTpaHeH B Ka4eCcTBe oq)mu,maanoro n3gaHus 6es paspeLleHnda CDep,epaanoro areHTCTBa Nno TeXxHN4YeCKoOMy pery-
JIMPOBAHUIO N METPOIIOTNN



FOCT P 54500.3—2011/ PykoBoacteo MCO/M3K 98-3:2008

CopaepxaHue

1 06NacTb MPUMEHEHWUS . . . . . . . o o vt e e e e e e e e e 1
2 TEPMUHBI M OMPEAEMEHUS . . . . . o o o v i e e e e e e e e e e 2
3 OCHOBHbBIE MOHSATUS . . . v v v v o v e i e e e e e e e e e e e e e e e e e e e 3
4 OueHnBaHMe CTaHOAPTHOM HEOMPEAEMNEHHOCTM . . .« « v v v v v e e e e e e e e e e e 8
5 OnpepgeneHne cyMmMapHOW CTaHOAPTHOM HEOMPEAENEHHOCTU . . . .« v v v v v i e e e e e e e 18
6 OnpegeneHne paclUMPEHHOM HEOMPEAENEHHOCTM . . . . . . . v v v v v i e e e e e e e e 22
7 MNpegcTaBneHne pesynbTaToB OLEHUBAHUSA HEOMPEOENEHHOCTMN . . . . . . . . o v v i o i et e e 24
8 KpaTkoe onucaHve npouenypbl OLEHMBAHUSA U MPeACTaBNeHNss HEONPEAENEeHHOCTU . . . . . . . . . . . 26
MpunoxeHue A (cnpaBoyvHoe) PekomeHgaumm Paboyen rpynnbl no HeonpegeneHHoctTu n MKMB . . . . . 28
MpunoxeHue B (o6s3aTenbHoe) OCHOBHblE METPONOTMYECKME TEPMUHBI . . .« .« v o v v o v e o e . 30
Mpunoxexune C (cnpaBovHoe) OCHOBHbIE TEPMUHbI M MOHATUS MaTEMATUYECKON CTaTUCTUKA . . . . . . . . 36
MpunoxeHune D (cnpaBovHOe) [NOHATUS KMCTUHHOE 3HAYEHMEY, MOTPELLHOCTb» U «HEONPeaeneHHoCTby . . 43
MpunoxeHune E (cnpaBoyHoe) MoTuBbl 1 ocHOBbI Anst pa3paboTkn PekomeHgaumm INC-1(1980) . . . . . . 48
Mpunoxexune F (pekomeHgyemoe) [NpakTuyeckme pekoMmeHgaumm no OLeHMBaHMIO COCTaBNSIOLLMUX Heonpe-

OENEHHOCTU . . . . . . v v i e e e e e e e e e e e e e e e 54
Mpunoxexue G (pekomeHgyemoe) Yucno creneHen cBobodbl M YPOBHUM JOBEPUSA . . . . . . . . . . . . . 63
Mpunoxenne H (cnpaBovHoe) MpyMepbl . . . . . . . . . . . o L oo e 71
Mpunoxexue J (06a3atenbHoe) OCHOBHbIE OBO3HAYEHNS . . . . . . . . . . o v v v e et 95

Bubnuorpadmnsa . . . . . L L e e e 99



FOCT P 54500.3—2011/ PykoBoacteo MCO/MIK 98-3:2008

AHHoTauus k PykoBoactesy MCO/MIK 98-3:2008

PykoBoacTBo ycTaHaBnmBaeT obLyue npaBumia OLeHMBaHWS 1 NpeacTaBneHnst HeonpeaeneHHOCTU nsmepe-
HUSA MPUMEHMUTENBbHO K LUMPOKOMY cnekTpy mamepeHuii. OcHoBol PykoBoacTBa saBnsieTcst Pekomengauus 1
(C1-1981) MexayHapogHoro komuteTa mep 1 BecoB (MKMB) n Pekomerngauums INC-1 (1980) Pabouen rpynnbl no
HeonpegeneHHocTn. Paboyas rpynna no HeonpegeneHHOCTv Obina opraHv3oBaHa MexayHapoaHbiM 61opo Mep 1
BecoB (MBMB) no nopy4dexuto MKMB. PekomeHaauusi, paspaboTtaHHas Pabouyer rpynnoi, aBnsieTca e AMHCTBEH-
HOW pekoMeHAaLumen B OTHOLLEHNN BbIpaXKeHNS HeonpeaeneHHOCTU U3MePeHNs, 0O00OPEHHOM MEXTPaBUTENbCTBEH-
HOW opraHu3aumen.

PykoBoacTBo paspabotaHo 00beanHeHHOM paboyert rpynnon aKenepToB, HadHavyeHHbIXx MBMB, MCO, MOK
n MO3M.

Crnepyolme ceMb opraHusauuii’ nogaepxanu paspaboTky PykoBoacTea, koTopoe nyBrnmkyeTcs oT nx
NUMEHN:

- MexxagyHapogHoe 6topo mep 1 Becos (MBMB);

- MexxgyHapogHas anektpotexHuyeckas kommuceuns (MIK);

- MexayHapoaHas deaepaLms KnnHuyeckoin xummun (MaOKX)?:

- MexxgyHapoaHasa opraHusaums no ctaHgaptusauum (MCO);

- MexayHapoAHbIi CO03 TEOPETUHECKOi 1 npuknagHoi xumun (MFOMAK)?;

- MexayHapoaHbIii CO3 TeopeTUYECKOI 1 NpuknaaHoii dusmkm (MKOMAM)?;

- MexxgyHapoaHas opraHu3aums 3akoHogaTensHown meTpororun (MO3M).

Monb3oBaTtenen PykoBoacTBa npurnallaoT Npuckiniatb CBOM 3aMedaHus U NpeanoxeHus B nodyto ns
CEeMM yKa3aHHbIX MeXayHapOoAHbLIX OpraH13aLmii, Yby agpeca ykasaHbl Ha 06paTHON CTpaHuLie 06noxkn®,

" Npumeyanune k nsganmio 2008 r.: B 2005 r. K ykasaHHLIM CeMy MeXAyHapOAHbIM OpraHu3auysiM NpUcoeanHu-
nocb MexayHapogHoe COTpyaHUMYECTBO No akkpeauTauum nabopatopuin (UJTAK).

2 MpumeyaHme k nsganumio 2008 r.: B 1995 r. HauMeHOBaHUSA TPeX MEeXayHapOAHLIX OpraHMsaLuii 6einy uaMeHe-
Hbl. Tenepb 3TU opraHu3aLMu UMEIT creayolime HanMeHoBaHus: MexayHapoaHas deaepaumst KIMHUYECKOW XMMUK 1
nabopatopHoi meauuuHel (MOKX); MexayHapoaHas opraHu3aumst no TeopeTnyeckon n npuknagHon xumum (UMKOTMAK);
MexgyHapogHas opraHusauus no TeopeTudeckon u npuknagHon cdusnke (MHOMAIM).

3 Mpumenanve k nagaxnio 2008 r.: B HacTosllee BpeMs CCbiNka Ha agpeca BOCbMU MEeXAyHapoaHbIX OpraHu3a-
LuiA, nogaepxasLlumx paspaboTky PykoBoacTBa, npuBeeHsbl Ha cante O6beanHEHHOro kommuTeTa no paspaboTke pyko-

BoACTB B obnactn metponorun (JCGM) http://www.bipm.org/en/committees/jc/jcgm.
\Y,
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MpepncnoBue k Pykosoactey MCO/MIK 98-3:2008

B 1978 r., npu3HaBasi OTCyTCTBME MEXOYHAPOLAHOMO €AMHCTBA NO BOMPOCY BbIPaXXEHWst HeonpeaeneHHOCTU
n3MepeHusi, Hambonee aBTopUTETHAsS MEXAyHapOoa4Hasi opraHu3aums B obnact metpornorn MKMB obpatunack
B MBMB ¢ npock60oVi paccMoTpeTh 3Ty NpobriemMy COBMECTHO C HaLMOHarbHbIMU METPOSIOrMYecknMmy nabopaTo-
pUSIMU 1 NOArOTOBUTEL COOTBETCTBYHOLLYIO PEKOMEHAALMIO.

MBMB noarotoBuno noapobHyto aHKeTY 1 pasocnaro ee B 32 HaUMOHarbHble METPOSorMyeckme naboparto-
pvK, 3aMHTEPECOBaHHbIE B pa3peLleHn faHHON Npobnemsl, a Takke, 4518 CBEAEHMS, B NATb MEXAYHAPOAHbIX
opraHusauui. KHavany 1979 r. 6binv nonyyveHbl oTBeThl M3 21 nabopatopun [1]. Mo4TK B Kaxkgom oTBETE nogvep-
KMBarach BaXXHOCTb YCTAHOBIEHWS MPU3HAHHOM Ha MeXyHapO4HOM YPOBHE MpoLieypbl BbIpaXKeHUst Heonpeae-
NEHHOCTU N3MepeHUs N 06 beJUHEHUS YACTHBLIX COCTaBMSIIOLLMX HEOMNPEeaeNeHHOCTN B OAHY 00LLYy0 Heonpese-
neHHoctb. OgHako B TOM, Kakou JormkHa 6bITb 3Ta npoueaypa, eQUHCTBa AOCTUrHYTO He Obino. [nsa pelueHns
aToro Bonpoca MBMB opraHusoBano BCTpeyy, Ha KOTOpO NpucyTCTBOBaNu npeactasutenn 11 HaumMoHanbHbIX
MeTporormyeckmx nabopatopuii. 3ta Pabodas rpynna no HeonpegeneHHocTn pa3paboTtana Pekomeraaumio INC-
1 (1980) «BbipaxkeHune akcnepumeHTarnbHbIX HeonpeaeneHHocTeln» [2]. PekomeHnaaums 6eina ogobpeHa MKMB B
1981 r. [3] u noaTBepxaeHa B 1986 r. [4].

3apauy pa3paboTkm nogpobHoro PykoBoacTBa, OCHOBAaHHOIO Ha NOAroToBneHHon Paboyei rpynnoi Peko-
MeHOaummn (KoTopas ABMAsETCs, CKopee, KpaTkon (hopMYynMpPOBKOM OBLLMX NPUHLIMMOB, YeM AeTann3npoBaHHON
nHcTpykumen), MKMB nepegan MexayHaponHon opraHusaumm no ctaHgaptusaymm MICO, kotopas morna B 60rb-
LLER CTEMNEHWN y4eCTb NOTPEOHOCTM, BO3HMKAIOLLME U3 LUMPOKMUX MHTEPECOB NPOMbILLIIEHHOCTU 1 TOPrOBIIN.

OTBEeTCTBEHHOCTb 3a peLleHne ykazaHHOoN 3afa4um Obina Bo3noxeHa Ha TeXHUYECKY0 KOHCYNbTaTUBHYHO
rpynny no metponorum (WCO/TAT 4), uenbto KOTOPOW, B TOM YKCHe, SIBNSETCA KOOPAUHALMSA pa3paboTku pyKo-
BOACTB B 00racTv MU3MepeHuin, npeacraBnstowmx obwmii nutepec anst MCO un gpyrux WecTy opraHn3aunii, KoTo-
pble BMecTe ¢ MICO yuacTaytoT B pabote MCO/TAI 4: MK (naptHepa NCO B o6nacTtv mexayHapoaHou ctaHaap-
Tm3ayum); MKMB 1 MO3M (aByx BCEMUPHO NPU3HAHHbIX MEXAYHaPOAHbIX OpraHn3aLmin B 0611acT METPOOTm);
UIOTMAK n UFOTTAI (oBYyx MexayHapoaHbIX CO30B B 0bnactu pmaunkm n xumun) n MOKX.

WCO/TAT 4, B cBoto ovepenb, yupeamna Pabouyto rpynny 3 (MCO/TAT 4/PI™ 3), coCTOSLLYIO U3 SKCNEPTOB,
npegnoxeHHbix MBMB, M3K, MICO n MO3M u yTBepxaeHHbix npegcenatenem CO/TAT 4. MNepen Heli Obina
noctaeneHa crnegyowas 3agada: paspaboTatb pyKOBOASLINA OOKYMEHT, 6asumpyrowwmiica Ha PekomeHngaumm
Paboueli rpynnbl no HeonpeaeneHHoctn MBMB, B koTopoMm Gbinun 6kl cchopMynupoBaHbl Npasuia BblpaXKeHUs
HeonpeaeneHHOCTU U3MEPEHUS U KOTOPbIM UCMONb3oBarcst Obl opraHn3aumsmm 1 cryxxéamu B odnacTu ctaHgap-
TU3auum, KannbpoBKK, akkpeauTaLmmn nabopaTopuii, a Takke B METPOSIOTUN.

Llenbto gaHHOro pykoBoACTBa AOMKHO 6bINo cTaTth:

- obecneveHne NpefoCTaBNeHMs MNOSIHOM MHOPMaLIMKM O TOM, KaK MoSyYeHbl YTBEPXKAEHMS O HeonpeaerneH-
HOCTU U3MEPEHUN;

- CO3aHne OCHOBbI ANd MeXAyHapOAHOro CONOCTaBIeHNs pe3ynbTaToB NU3MEPEHUA.

Hacrosee nepsoe nsgaHue Pykosoactea MCO/M3K 98-3 oTmeHsieT 1 3ameHsieT «PyKOBOACTBO MO BbIpa-
YKEHWIO HEOMNPEAENEHHOCTU U3MEPEHMINY, onybnmkoBaHHoe coBmecTHO MBMB, MOK, M®KX, NCO, UIOTAK,
UIOMATI n MO3M B 1993 1. n nepeunsgaHHoe ¢ ucrnpasneHnamm B 1995 r.*

* MpumevaHune k ngaHuto 2008 r.: Mpu paspaboTke nsgaHuns 2008 r. B Bepcuto 1995 r. Gbinm BHECEHbI He0bX0aN-
Mble ncnpaeneHusi, nogrotoeneHHble JCGM/WG 1. 3Tu ucnpaeneHus 3atparnBaioT nyHKTbl 4.2.2, 4.2.4, 5.1.2, B.2.17,
C.3.2,C.34,E4.3,H4.3, H525nH.6.2.

\
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BBeneHue

0.1 CoobLLeHMIo 0 pesyrnbTaTe N3MepeHUst PU3nM4ecKor BENMUMHbI A0MKHA COMyTCTBOBATbL HEKOTOPAs
KOMNM4YeCTBEHHas XxapaKTepuUCTuKa Ka4ecTBa pesynbTata M3MepeHuin, YTobbl Npy MCMOMb30BaHUM AaHHOMO pesyrbTaTta
BO3MOXHO ObIS10 OLIEHUTL €r0 AOCTOBEPHOCTL. Be3 Takon nHdhopmauum pesynbTaTel UISMEPEHWUI HEMb3si CONOCTa-
BWTb HU OPYT C APYrOM, H/ CO 3HAYEHUSIMU, YKa3aHHbLIMWU B TEXHUYECKMX YCITOBUSX UNW cTaHgapTe. OTo TpebyeT
HanM4Ms NPOCTON B MPUMEHEHNW, MOHSTHOM M 00LLIENPU3HAHHOW NPOoLEeAYpbl, MO3BOMSAILLEN XapakTepm3oBaTh
Ka4ecTBO pe3ynbTata U3MepeHuii, T.e. OLeHNBATb U BblpaXkaTb ero HeornpeodesieHHOCMb.

0.2 MoHaTne HeonpedeneHHOCMU Kak KONIMYECTBEHHOW XapaKTEPUCTUKN ABMAETCA OTHOCUTENBHO HO-
BbIM B UCTOPUM U3MEPEHWIA, XOTSI NOHATUS 102pewHOCmU v aHanu3a rnozpewHocmel JaBHO UCMOSNb3YHTCA B
MEeTPOSIOrMyYeckon NpakTuke. B HacTosiLee BpeMsi 06LLENPU3HAHHO, YTO NOCHE TOTO, KaK Han4eHbl OLIEHKM BCEX
OXunaaemblX COCTaBNSIOLLMX MOrPELLIHOCTM U B pe3yrnbTaT M3MepeHNs BHECEHbI COOTBETCTBYIOLLME NOMNpPaBKku, BCe
ellle OCTaeTCs HeKoTopas HeonpeAeneHHOCTb B OTHOLLEHUM MOMYYEHHOro pedyrnbTaTta, T.e. COMHEHMNE B TOM,
HaCKOSbKO TOYHO OH COOTBETCTBYET 3HAYEHNIO N3MEPAEMOW BENNYMHBDI.

0.3  TMopo6Ho Tomy, kak MexayHapoaHas cuctema eguHuy, (CU), Oyayyum cucteMon NpakTuyeckn yHU-
BepCcanbHOro MCMNoMb30BaHWs, NMPMBHECMA COrNacoBaHHOCTb BO BCE HayYHbIE N TEXHUYECKNE UBMEPEHUS, MEX-
AyHapoOHOe eQUHCTBO B OLIEHNBAHWM 1 BblpaXXeHUN HeonpeaeneHHOCTU naMepeHns obecnedmno bl 4omkHoe
NOHUMaHWe 1 NPaBUbHOE UCMOSb30BaHME LLMPOKOrO CEKTpa pe3ynbTaToB U3MEPEHWI B HAYKe, TEXHUKE, TOp-
roBsie, NPOMbILLIIEHHOCTM 1 3aKOHOAATENBCTBE. B yCNoBMsAX MeXAyHapO4HOro pbiHKa Ype3BblHaiHO BaXKHO, YTO-
Obl METOZ, OLIEHNBAHUS U BbIpaXKEHWSt HeoNpeaeneHHOCT Bbin eAMHBIM BO BCEM MUPE, a pesyrnbTaTbl USMepeHU,
NPOBEAEHHbIX B Pa3HbIX CTpaHax, bbinm nerko ConocTaBnMbl Mexay Cobon.

04 NpoeanbHbIi METOA OLEHMBAHMS U BbIP@XXEHWSI HEONPELAENEHHOCTM pe3dyrnbTaTa U3MepeHus 4Oor-
XKEH ObITb

- YHUgepcaribHbIM, T.€. MPUMEHMMbIM KO BCEM BMAaM U3MepEeHUI 1 BCeEM BUAam BXOOHOW MHGOpMaLmm,
NCMNOMb3yeMOW B U3BMEPEHUSIX.

BennunHa, HenocpeCcTBEHHO UCTONb3yeMast Ans BblpaXXeHUsl HeonpeaeneHHOCTH, OIMKHA ObITb:

- BHymMpeHHe coariaco8aHHOU, T.€. HEMOCPELACTBEHHO BbIBOAWNTHCS 13 COCTABMSAIOLLNX €€ KOMNOHEHTOB U HE
3aBMWCETb OT TOr0, Kak 3TV KOMMOHEHTbI FPYNMMPYHOTCS U Kak OHW AenATCSH Ha NOAKOMMOHEHTH;

- nepeHocuMod, T.e. AONyCKatoLLen HenocpeaCcTBEHHOE NCMONb30BaHVe HeonpeaeneHHOCTH, MOTyYEHHOM
ONsi OQHOro pe3yrnbTata U3MepeHusi, B KA4eCTBE COCTaBIAOLLEN HEONPeaeNeHHOCTU APYroro U3MepeHUs, B KO-
TOPOM UCMONb3yeTCsi NEPBLIN pe3ynbTar.

Kpome Toro, 3a4acTtyto B MPOMBILLIIEHHOCTM U TOPrOBIie, a Takke B 34paBooxpaHeHnmn 1 B cdepe obecneve-
HMs 6e3onacHOCTM pe3ynbTaT 3MepeHns A0ImKeH ObiTb NpeACcTaBneH C ykazaHneM OXBaTbIBaIOLLEro ero UHTep-
Barna, B npegenax KoToporo, Kak MOXHO oxuaaTtb, 0yaeT HaxoauTbest 6onbluas YacTb pacnpeaeneHuns 3Hade-
HWI, KOTOPble 0OOCHOBaHHO MOTYT ObITb NPUNMCaHbLI U3MEPSIEMON BeNUYMHe. Taknm 06pa3om, naearnbHblii MeTOq
OLEHUBAHMS 1 BblPaXXeHWs HeonpeaeneHHOCTU N3MePEHUs AOMMKEH NPeAoCTaBNATb BO3MOXHOCTb yKa3aTb Takown
WHTepBar, B YaCTHOCTK, KOTOPbIV Bbin Bbl AENCTBUTENBHO OMM30K K 4OBEPUTENBHOMY UHTEPBany ¢ 3a4aHHbIM
YPOBHEM [OBEPUS.

0.5 Mopoxond, Ha KoTopoM 6a3npyeTcs HaCTOALLMIA PYKOBOOALLMIA AOKYMEHT, N3roxeH B PekomeHnaaumm
INC-1 (1980) [2] Pabouew rpynnbl no HeonpedeneHHocTH, opraHnsoBaHHo MBMB no niuumnatuee MKMB (cwm.
npegvcnosme). daHHbIn nogxod, 060CHOBAHHOCTL KOTOPOro 06CyxaaeTcs B NpUoXeHnr E, cooteeTcTByeT BCEM
BblLLIeyKa3aHHbIM TpeboBaHMAM. DTOro Henb3s cka3aTb O OONBbLUMHCTBE APYrMX UCMOSb3yEeMbIX B HACTOsILLEE
Bpems meTofax. PekomeHgaums INC-1 (1980) 6bina ogobpeHa 1 BHoBb noaTeepxaeHa MKMB ero co6CTBEHHbI-
mn PekomeHgaumeni 1 (CI-1981) [3] u Pekomengauuen 1 (Cl-1986) [4], nepeBog KOTOPbIX NPUBEAEH B NPUIOXEHN
A (pa3genbl A.2 n A.3 cooTBeTCTBEHHO). [MocKomnbKy OCHOBOW AN HacToswero PykoBoacTea octaetcs PekomeH-
dauns INC-1 (1980), ee nepeBoa Takke npueeneH B npunoxeHun A (pasgen A.1)*.

0.6  KpaTkoe onucaHne metoaa, yCTaHOBIIEHHOrO HACTOSALLMM PYKOBOOALLMM JOKYMEHTOM MO OLEHMBA-
HUIO 1 BbIPaXXEHWNI0 HeonpeaeneHHOCTN 3MepeHnii, NpMBeAeHoO B pasaene 8, a paa NoApPOGHbIX MOSACHSAOLLNX
npumepoB — B nNpunoxeHunn H. OctanbHble NpUnoxeH1s NOCBSLLEHbI: TEPMUHAM, NCMOMNb3yEMbIM B METPOSOMN
(npunoxeHue B), OCHOBHBIM TEPMUHAM U MOHATUAM MaTEMaTUYECKOW CTaTUCTUKU (npunoxeHue C), conocTtasne-
HUIO MOHSATUA K UCTUHHOE 3HAYEHNEY, KMOFPELLHOCTbY U «HeoNpeaeneHHOCTbY (NpunoxeHune D), npaktuyeckomy
PYKOBOACTBY MO OLEHMBaHMIO COCTaBNSAOLLMX HeoNpeaeneHHOCTU (NpurnoxeHne F), oLieHnBaHuio cTeneHer cBo-
60abl 1 ypoBHel AoBepust (npurnoxeHne G), cnonb3yemMbiM OCHOBHbIM MaTeMaTU4eCKUM CMBOIIaMm (Npunoxe-
Hue J). B koHLe fOKyMeHTa npuBeaeHa bubnuorpadus.

* B opuruHane PekomeHnaaums INC-1 (1980) npuBeneHa aBaxapbl: Ha dopaHLy3ckom A3bike B A.1 1 Ha aHIMUACKOM
a3blke B 0.7. Bo usbexaHue gybnuposaHuns nogpasgen 0.7 BBeoeHns M3 HACTOSALLErO CTaHAapTa UCKITHOYEH.
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKOMN ®EQEPALMUMN

HEONPEOENEHHOCTb USMEPEHUA
YacTtb 3

PykoBoacTBO No BbIpaXXeHUIo HeonpeaeneHHOCTU U3MepeHus

Uncertainty of measurement. Part 3. Guide to the expression of
uncertainty in measurement

Data BBegeHusa 2012 — 10— 01

1 O6nactb npumeHeHuUsA

1.1 Hacrosiee Pykosodcmeo ycTaHaBNMBaET 06LLME NpaBuiia OLEHMBAHWSA U BblpaXKeHWst HeonpeaeneHx-
HOCTU N3MepPEHUs, KOTopble creayeT cobnogatb NPy N3MEPEHNAX Pa3HOM TOYHOCTU U B pasHbIX obriactax — ot
TEXHUYECKMX U3MEPEHMNI Ha MPON3BOACTBE A0 (PyHAaMEHTarnbHbIX Hay4YHbIX UCCneaoBaHui. Noaxon, ycTaHoB-
NEHHbIN HacToALWMM Pyko8odcmaeom, pacrnpoCTpaHAETCs Ha LUMPOKMIA CNEKTP N3MEPEHWIA, BKIOYas Te, YTO UC-
nonb3yoT Ans:

- obecneyeHns Tpebyemoro kavyecTBa NPoayKLMN 1 KOHTPOMS Ka4ecTBa Ha MPON3BOACTBE;

- MPOBEPKM BbINOMNHEHMS TpebOBaHUI 32aKOHOB 1 HOPMATUBHBIX JOKYMEHTOB;

- NpoBeAeHns yHOAaMeHTanbHbIX M NPUKagHbIX MCCNeAoBaHUA 1 pa3paboTok B HayKe N TEXHUKE;

- KanMOpPOBKM 3TaNOHOB M MPUBOPOB, a Takke NPOBeAEHNS UCMbITaHUA B COOTBETCTBUM C HALMOHAIBLHON
cxemol obecnevyeHnsi eAMHCTBa N3MepeHui (4ns obecneyeHns MPOCNeXnBaemMoCcT K HaLMOHarnbHbIM 3Tano-
Ham);

- pa3paboTku, nogaepKaHns U CIIMYEeHNsT MEXOYHAaPOAHbIX Y HAUMOHANbHbIX 3TanOHOB eauHUL, hnsnyec-
KVX BEMWYMH, BKINOYas CTaHAapTHble 06pa3sLbl BELLECTB 1 MaTepurarnos.

1.2 HacTosiwee Pykogodcmeo, B NepByto ovepeb, pacCMaTpuBaeT BblpaXKeHe HeonpeaeneHHoCT n3me-
PEHMS XOPOLLIO onpeaeneHHoN hr3n4eckon BESTMYMHbI, XapakTepnayemon eAMHCTBEHHbIM 3HaveHneM. Ecnu npea-
MET N3y4YeHUs HEMb3s OXapakTepn3oBaTb €AUHCTBEHHbLIM 3HAYEHNEM, a NLLb HEKOTOPbIM pacnpeaeneHneM 3Ha-
YEHWIA UM eCINN OH XapaKTepU3yeTcsi 3aBUCMMOCTBIO OT OAHOMO U 6onee napameTpoB (HanpuMep, NpeacTaBns-
€T coDoV BpeMEHHOIN NPOLIECC), TO U3MEPSAEMbIMU BENUYMHAMMU, TPEOYEMbIMY ONSA €ro ONUCaHNs, SBMNSTCA Na-
paMeTpbl pacnpegeneHns nnm 3aBUCMOCTW.

1.3 Hactosilwee Pykogodcmeo pacnpocTpaHaeTCs Takke Ha OLeHUBaHWE U BblPaXKeHUE HeonpeaeneHHOCTH
pe3ynbTaToB TEOPETUYECKNX PAcHETOB U UCTIbITaHNA, METOL0B U3MEPEHWIA, aHanNM3a CoXHbIX cucteM. [Nockornb-
Ky B TAKUX NMPUIMOXEHMSAX Pe3yrbTaT OLIEHNBaHWS BENUYMHBI U €70 HEONPeAENeHHOCTb MOryT ObITb yMO3pUTESNb-
HbIMWU N MOJTHOCTbKO OCHOBAHHbLIMU HA TMNOTETUYECKUX OaHHbIX, TO TEPMUH «pe3ynbTaT I/I3MepeHI/Il7I», ncnornbsye-
MbIli B HacTosiLLeM Pykogodcmee, criedyeT TONKOBaThb B 3TOM Boriee LUMPOKOM KOHTEKCTE.

1.4 Hacrtoswwee Pykogodcmeo ycTaHaBnMBaeT 0bLLMe NpaBusia OLEeHBaHWSA U BblpaXXeHUs HeonpeaeneHx-
HOCTW U3MEPEHUS N HE COOEPKUT NOAPOOBHbIX YKa3aHUi A5 KOHKPETHbIX M3MepeHuid. B HeM He paccmaTpurBaeTcs
TakKe BOMNpOC, Kaknm obpasom nosnyyeHHas oLeHKa HeonpeaeneHHOCTH pedynbTaTa KOHKPETHOIO N3MepPEHNst
MOXeT ObITb MCMoSfib30BaHa B Ll,aJ'IbHeVILIJeM, Hanpumep, Ana BbiBoga 0 CONoCTaBMMOCTU OAaHHOIO pesynbTaTta C
pe3ynbTaTaMy aHarnorMyHbIX U3MepPeHuii, 4ns YyCTaHOBMNEHWUS OMYCKOB B TEXHOMOMMYECKOM npouecce, Ans 3ak-
TOYEHUsT 0 COBMAEHUN NN HECOBMIAEHNM YCTAHOBMNEHHbIX TpeboBaHMIM 6Ge3onacHocTu. NogobHble BONPOCHI,
CBA3aHHble CO CI'IeLI'VI(bVI\—IeCKI/IMI/I obnactamu I/I3MepeHl/Il7I NI C KOHKPETHbIM NUCMOJ1b30BaHNEM KOJTMHECTBEHHbIX
OLeHOK HeonpeaeneHHOCTN, MOryT paccMaTpuBaTbCS B ApYrMx CTaHAapTax, OCHOBaHHbLIX Ha HacTosiLLeM PyKo-

U3paHme ocpmumanbHoe
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sodcmee*. Takne cTaHaapTbl MOTYT NpeacTaBnaTh CO60M yNpoLeHHbIe Bepcumn HacToslwero Pykogodcmea, HO
OHW OOMKHbI coaepkaTtb B cebe Bce He0OXoaMMble CBeEHMS, UCXOAS U3 TpebyemMoro ypoBHSA TOYHOCTU U CIIOX-
HOCTW N3MEPEHWI, Ha KOTOPbIE OHM PACMPOCTPaHSAITCA.

MpumeyaHMUe— BoaMOXHbI Criyyan, Korga KOHUENUMs HeonpeneneHHOCT U3MEPEHNs HenpuMeHuva B
nosfiHoM oGbeme, HanpuMep npv onpeaeneHun TOYHOCTM MeToda WUCMbITaHui (CcM., Hanpumep, [5]).

2 TepMUHbI 1 onpeaeneHus

2.1 O6wme MeTporiornyeckne TepMm1HbI

OnpeneneHus paaa obLmMX METPONOrMYECKMX TEPMUHOB NO TeMAaTUKe HacTosiLero Pykogodcmea, Taknx
Kak «M3MepuMast BeNnumHa», «M3MepsieMast BeNmumHa» 1 «NorpeLHoCTb U3MEePEHUSI», MPUBEAEHbI B MPUIOXKe-
HuM B. 3Tn onpegeneHns B3sTbl U3 MexdyHapoOHO20 €r108apsi OCHOBHbLIX U 06WUX MepMUHO8 8 Memporioa2uu
[6]**. Kpome Toro, B npunoxeHuun C nprvBeaeHbl onpeaeneHns paaa OCHOBHbIX CTaTUCTUYECKMX TEPMUHOB, B35
TbiX 6onbLuen YacTtbio n3 NCO 3534-1 [7]. Koraa ogmH U3 3TUX METPONOrMYECKUX UM CTAaTUCTUYECKMX TEPMUHOB
(M1 TepMUHOB, BM3KO C HUMK CBA3AHHBIX) BCTPEYaETCs B TEKCTE BrepBble (Ha4YnHasa ¢ pa3gena 3), OH Bbiaens-
eTCs MONY>XUPHbIM LWIPUTOM, a B CkoOkax NpMBOAMTCA HOMEP NoApasaena, B KOTOPOM LAHO ero onpeaerneHue.

BBuay ocobow BaxKHOCTM A1 HacToswero Pykogodcmea TepMUHa «HEONPeAENEHHOCTb N3MEPEHUSA» ETO
onpegeneHne AaHo kak B npunoxeHumn B, Tak n B 2.2.3. Onpeaenexns apyrmx Hambornee BaxkHbIX 4118 HAacTosLLe-
ro Pykogodcmea TepMUHOB AaHbl B 2.3.1 — 2.3.6. B aTux nogpasgenax Tak xe, Kak u B npunoxeHusax B u C,
BblJerNeHne B TEPMUHE COBa CKOOKaMU 03HaYaEeT, YTO JaHHOE CMOBO, ECIY TOMBKO 3TO HE MPUBOAUT K NyTaHULE,
MOXET ObITb OMyLLEHO.

2.2 TepMHUH «HeonpeaeneHHOCTb»

MoHsITME HeonpeaeneHHoCTM NoApPoBHO paccmaTprBaeTcd B pasgene 3 v npunoxeHum D.

2.2.1 CnoBo «HeonpeaeneHHoCTb» 03Ha4YaeT COMHEHMWE, U, TakuM 0Opa3oM, B LUIMPOKOM CMbICIE «Heornpe-
OENEeHHOCTb U3MEPEHMA» 03HAYaeT COMHEHVE B JOCTOBEPHOCTY pedyrnbTaTta uamepeHusi. CneymansHble TEPMUHbI
ONs BEMNWYMH, XapaKTEPU3YOLLMX KONTMYECTBEHHYHO MEPY Takoro COMHEHUs (HanpyumMep, CTaH4apTHOro OTKITOHE-
HWs1), OTCYTCTBYIOT, MO3TOMY CIIOBO «HEONpeaeneHHOCTb» UCMOMb3YIOT U B yKa3aHHOM LUMPOKOM CMbICHE, U B
CMbICI1e HEKOTOPOW KONMYECTBEHHOW MEpb.

2.2.2 B HacToswemM Pykogodcmee CnoBO «HEONPeAeneHHOCTbY, UCMnonb3yemoe 6e3 npunaratenbHoro,
OTHOCMKTCS KaK K 06LLeMy NOHATUIO HEONPEAENEHHOCTH, TaK 1 K NF0ObIM KONMMYECTBEHHBIM Mepam HeonpeaeneH-
HOCTK. ECrin HeOBX0AUMO YTOYHUTDL, Kakas KONMYECTBEHHAsA Mepa MMeeTCs B BUAY, TO 4118 3TOro UCNosb3yeTcs
COOTBETCTBYHOLLEE NpUnaraTensHoe.

2.2.3 [Ins npumeHeHuns B HacToswem Pykogodcmee n B mexayHapogHom criosape VIM [6] (VIM: 1993,
crnoBapHas ctatbs 3.9) NpUHATO cneaytolee dopmanbHoe onpeaeneHne TeEpMUHa «HeonpeaeneHHOCTb 3me-
PEHUAY:

HeonpeAaerneHHOCTb (M3MepeHust) [uncertainty (of measurement)]: NMapameTp, OTHOCALMIACA K pe3ynbTa-
TY U3MEPEHUST N XapaKTEPU3YHOLLMIA pa3bpoc 3HaYEHWI, KOTOpble MO Obl ObITb 0GOCHOBAHHO NPUMUCaHbI U3Me-
psemMoi BENn4ymHe.

MpunmeyvyaHnune 1 — MapameTpom MOXeT ObITb, HANpuUmep, cCTaHAapTHOE OTKMNOHEeHWe (MNWN Benu4yuHa,
nponopumroHanbHas CTaHA4apTHOMY OTKITOHEHMIO) UNW NONyLUMPUHA MHTepBara, KOTOpOMY COOTBETCTBYET 3afaHHbIV ypo-
BEHb J0BEpUS.

MpumeyvyaHwne 2— HeonpedeneHHOCTb U3MEPEHUS, Kak MPaBuUo, BKIYaeT B cebd MHOMO COCTaBMSAOLLMX.
HekoTopble 13 HUX MOryT BbITb OLi@HEHbI U3 CTAaTUCTUYECKOrO pacnpeaeneHns pesynsTaTtoB psaa 3MepeHuii n onucaHsl
BbIGOPOYHBIMU CTAHAAPTHBIMU OTKNOHEHUAMW. [ipyrue coctaBnsioLmne, KoTopble Takke MOryT ObiTb OnMcaHbl cTaHaapT-
HbIMW OTKIMOHEHWSAMM, OLEHNBAIOT, NCXOAS U3 OCHOBAHHbLIX HAa OMblTe NPEANONOXKEeHU UM NHOW MHpopMaLn o Buae
3aKOHa pacnpegeneHus.

* MNpumedaHue k nsganuio 2008 r.: Psag Takmx JOKYMEHTOB OOLLLEro M YaCTHOrO xapaktepa yxe onybnukosaH. He

npeTeHayHLWMIA Ha NOMHOTY NepeveHb NOA0OHbLIX JOKYMEHTOB MOXHO HaWTK Ha caliTe http://www.bipm.org/en/committees/
jcficam/wg1_bibliography.html. Kpome Toro, nepeyeHb AeNCTBYIOLLMX AOKYMEHTOB, CChlNaloLmxcs Ha Pykogodcmeo rno
8bIPaXEHUIO HeonpeaeneHHocmu usmepe/-/uu MOXHO MOMYYNTb, BOCMOSb30BABLUMCH MOMTHOTEKCTOBLIM MOUCKOM Ha caii-
Tax hitp://www.iso.org/ n

** Mpumedanue k nsganuto 2008 r.: TpeTbe nsganHve cnosapst onyonumkosaHo B 2007 r. kak PykoBoacteso MCO/MOK
99 «MexayHapoaHblii crioBapb no MmeTponorni. OCHOBHblE U 0BLLME NOHATUSA U CBSI3aHHbIE C HUMK TepMuHbI» [ISO/IEC
Guide 99, International vocabulary of metrology — Basic and general concepts and associated terms (VIM)].
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MpumedyaHnune 33— MNpeanonaraercs, YTO pe3ynbTaT U3MEPEHUS SABMSETCA NMyYdllen OLLEHKON n3mMepsaemMon
BENMYUHBI, @ BCE COCTaBMSALIME HEONPEAENEHHOCTH, BKoYasi 0OyCroBrneHHbIE cucTemaTnyeckumm agpdpektamm (pas-
HOro poga nonpaskamMmu, UCMOMb3yeMbIM 3TanNOHOM CPaBHEHWS), BHOCAT BKNazg B pa3bpoc 3Ha4YeHun namepsiemon Benu-
YYHBI.

2.2.4 OnpefeneHve HeonpeaeneHHOCTU M3MePEHUS], NpMBEAEHHOE B 2.2.3, ABNsieTcst paboymm, NpuBsi3aH-
HbIM, B EPBYIO 04epeab, K MOHATUAM pe3ynbTaTta M3MepeHns 1 OLIEHKM ero HeonpeaerneHHocTn. OaHako OHO He
NPOTUBOPEYMT UCMONb30BaHMIO NOHATUSA HEONPEOENeHHOCTM U3MEePEHWI B APYrMX CMbICax, Takmx Kak:

- Mepa BO3MOXHOW MOrpeLLHOCTN OLLEHKM U3MEPAEMO BENUYMHDI, MOSNyYEeHHOW KaK pe3yrbTaT UsMepeHus;

- OLleHKa, XapakTepu3ayoLLas guanasoH 3Ha4YeHU, B npeaenax KoToporo HaXoAMTCA UCTUHHOE 3HadYeHne
namepsiemori BenuumHel (VIM: 1984, 3.09).

XoTs 06a 3TV TPaAMLMOHHO UCNOfb3yeMble NPeACTaBeHWs CripaBeannBbl Kak naeanm3awms, OCHOBHOM
aKLEeHT B HUX cAenaH Ha Heu38eCmHbIe BENUYMHDI: «NOrPELLHOCTbY pedynbTaTta U3MepeHns 1 K ICTUHHOE 3Have-
HVe» n3MepsieMor BENMUYMHbI (B NPOTUBOMONOXHOCTb N3BECTHOW OLEHKE 3TON BENNYUHBI) COOTBETCTBEHHO. TeMm
He MeHee, He3aBUCUMO OT TOTO, KAKOW CMbICI BKNAAbIBAKOT B NOHATUE HEONpPeaeneHHOCTU, AN OLeHNBaHNS
COCTaBNSIOLLEN HeoNnpedeneHHOCTH Beeraa UCnonb3yT OOHU U Te e AaHHble U UMEIOLLYCS HOopMaLMIo
(cm. Takke pasgen E.5).

2.3 TepMmuHbl, BBoguMbie Pykoeodcmeom

Kak npaBuro, NosicHeHUs TEPMUHOB, BBOAMMbIX HACTOSALLMM PykogodcmeoMm, faHbl Npy NX NEPBOM yMoT-
pebneHun B Tekcte. OgHako Ans yaobcTea Nonb3oBaHUs Pykogodcmeom onpeaeneHns 3Tux TEpMnMHoB cobpaHbl
B HacTosLLLEM nogpasaene.

M punmeyvYyaHune — Bonee nonHoe paccMoTpeHne BBOAUMbIX B HAacTodLlemM nogpasgene TepMnMHOB COOEPXUTCA:
ana TepmunHa no 2.3.2 — B 3.3.3 1 4.2; ana tepmunHa no 2.3.3 — B 3.3.3 1 4.3; ana tepmuHa no 2.3.4 — B pasgene 5
[em. Takke dopmynbl (10) n (13)]; ana TepmunHa no 2.3.6 — B pasgene 6.

2.3.1 ctaHpapTHas HeonpepeneHHocTb (standard uncertainty): HeonpegeneHHocTb pesynbTaTa nusamepe-
HWS1, BblpaXKeHHas B BUAe CTaHAapTHOro OTKIMOHEHWS.

2.3.2 oueHuBaHue (HeonpepeneHHocTn) Tuna A [Type A evaluation (of uncertainty)]: MeTtog oueHvBaHus
HeonpeaeneHHOCTM NyTEM CTaTUCTUYECKOrO aHanun3a psiga HabnioaeHn.

2.3.3 oueHuBaHue (HeonpeaeneHHocTu) Tuna B [Type B evaluation (of uncertainty)]: MeTog oueHvnBaHus
HeonpeaeneHHOCTH, OTAIMYHBIN OT CTAaTUCTUYECKOro aHanun3a psiga HabnogeHuin.

2.3.4 cymmapHas cTaHgapTHasa HeonpegerneHHocTb (combined standard uncertainty): CtaHgapTHas Heo-
npeneneHHoCTb pesdynbTaTta U3MepeHus, MoTy4eHHOro U3 3Ha4YeHnin psfa Apyrnx BENUYMH, paBHasi NONoXuTENb-
HOMY KBaJpaTHOMY KOPHIO B3BELLEHHOM CYMMbI AUCMEPCUIA UK KOBapUaLmin 3TUX BENTUYMH, BECOBbIE KO3 dULIM-
€HTbl NPY KOTOPbIX ONPEeAEnATCH 3aBUCUMOCTbLIO M3MEHEHUS pe3ynbTaTa U3MepeHUs 0T USMEHEHUI 3TUX BENu-
YNH.

2.3.5 pacwumpeHHas HeonpepgeneHHOCTb (expanded uncertainty): BennunHa, onpegenstowas MHTepsarn
BOKPYT pe3ynbTaTta U3MepeHus, KOTOPbIN, Kak 0XXnAaeTcs, COAEPXUT B cebe 6oMbLUyo YacTb pacnpeneneHuns
3HAYEeHWUI, YTO C 4OCTATOYHBIM OCHOBAHMEM MOTYT ObITb NPUNNCaHbI UAMEPSEMON BENTUYMHE.

MpumeyvyaHune 1— [Jonio pacnpeneneHns, 0OXBaTbIBAEMY UHTEPBANIOM, MOXHO paccMaTpuBaTh Kak BEPOAT-
HOCTb OXBaTa WUJin ypoBEeHb OOBepUda OAnd AaHHOIo MHTepsana.

MpumeyaHune 2—YTobbl CONOCTAaBUTL MHTEPBASTY, PACCYMTAHHOMY Yepes PacLUMPEHHYHO HEONpPeaeneHHOCTb,
HEKOTOopoe 3HayeHune ypoBHA OoBepud, H906XO,EI,VIMO caenatb B ABHOM UM HEABHOM BUAE NnpeanosyioxeHne o (*)OpMe
pacnpegeneHnsi, xapakTepnuayemoro pesynbTatoM U3MEPEHUS U ero CyMMapHONM CTaHOapTHOW HEeonpeaeneHHOCTbIO.
YpoaeHb noBepud, NMOCTaBMNEHHbIN B COOTBETCTBME 9TOMY UHTepBany, MoxeTt ObITb N3BECTEH TOSbKO B TOM Mepe, B KOTO-
poi onpasfaHo caenaHHoe NpeanosioxXeHne o oopme pacnpeneneHuns.

MpumevyaHune 3— B naparpade 5 PekomeHgauun INC-1 (1980) paclumpeHHas HeonpeaeneHHoCTb Ha3BaHa
obuweli HeornpedeneHHOCMbH.

2.3.6 koadpchbuumeHT oxBata (coverage factor): KoacpdpuymneHT, Ha KOTOPbI YMHOXaKOT CYMMapPHYHO CTaH-
OapTHYH0 HeonpeaeneHHOCTb Ans NonyyYeHns pacluMpeHHON HEONPEAENEHHOCTH.

MpumeyaHune— KoadpdpunumeHT oxBaTa 0O6bIMHO MPUHMMAET 3HaAYeHUs oT 2 Ao 3.
3 OCHOBHbIe NOHATUSA

[ononHuTensHOe paccMOTPEHME OCHOBHbIX MOHATUIA MOXHO HAUTK B NpunoxxeHunn D, B KOTOPOM OCHOBHOE
BHMMaHWe yaeneHo BONpocaM ConocTaBneHust (B TOM Yuche, rpadonyeckoro) «MICTUHHOIO» 3Ha4YeHUs, NOrpeLLHo-
CTUW 1 HeonpeaeneHHoCT, U B NpunoxeHuu E, raoe nccnenytotca HeobxoammocTb pa3paboTku n cTaTucTuyeckas
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6a3a PexomeHaaumm INC-1 (1980), Ha KOTOpOI OCHOBaHO HacTosiLee Pykogodcmeo. B npunoxeHnn J npuBeaeH
ChoBapb OCHOBHbIX MaTteMaTn4eCKkmnx CMMBOJI0B, NUCMNOJIb3yeMbIX B HACTOALLEM PyKoeodcmee.

3.1 UamepeHune

3.1.1 Lenbto uamepenus (B.2.5) apnsaetca onpegeneHne 3HaveHus (B.2.2) namepsiemon BeNM4nHbI
(B.2.9), T.e. 3Ha4YeHNs1 KOHKPETHOM BenuuuHbl (B.2.1, npumeyanue 1), KOTopyto Hago namepuTb. [oaTomy nsme-
PEHWIO NPeaLEeCTBYET onpeneneHe n3MepsemMon BENMUnHbl, MeToaa usamepeHus (B.2.7) n MeToaukmn usmepe-
HUA (M3MepuUTenbHOM Npouenypsbl) (B.2.8).

MpumedyaHuUe— TepMUH «KUCTUHHOE 3HAYEHMEN» (CM. npunoxeHne D) HEe NUCnonb3dyeTcAa B HacTodlem
PyKOSOGCfTIGe no npuynHam, ykas3aHHbIM B D.3.5. TepMuHbl «3Ha4YeHNEe M3MEPSEMON BEMNYMHBI» U «UCTUHHOE 3HaYe-
HME M3MEPSIEMON BEMNYMHBI» pacCMaTPUBAOTCA Kak 3KBMBAIEHTHbIE.

3.1.2 O6bI4HO pe3ynbTaT u3amepeHus (B.2.11) aBnseTtcst ToNbKo annpokcumaumen unm oueHkom (C.2.26)
3HaYeHWS U3MEePSIEMON BENNYUHBI U, Taknm obpas3om, byaeT NonHbIM TONBKO B TOM CriyyYae, €Civ OH CONMPOBOX-
OaeTcs ykazaHvem HeonpeaeneHHocTu (B.2.18) 3Ton oueHku.

3.1.3 Ha npakTtuke onpegenexune (4ebnHULNSA) N3MEPAEMON BENNUYNHBI 3aBUCUT OT TPEOOBaHMIA K TOYHOCTU
nsmepeHus (B.2.14). Namepsiemyto BENMUMHY CrieayeT ONpeaensaTb ¢ 4OCTaTOYHON NOMHOTOM (C y4eTOM HEOOXO-
OVIMOW TOYHOCTM U3MEPEHUIA), YTOObI 411 BCEX MPAKTUYECKNX LIENEN, CBSA3AHHBIX C UBMEPEHMEM, 3HAYEHNE N3Me-
psieMO BENNYMHBI ObINO €AMHCTBEHHBIM. IMEHHO B TAKOM CMbICIIE BbIpaXKEHNE «3HAYEHNE N3MEPSIEMON BENNYN-
Hbl» UCMOMNb3yeTcs B HacTosAwem Pykogodcmee.

Mpumep — Ecnu AnuHy cmanbHO20 CMeP)XXHs1 HOMUHasibHOU OnuHbl 1 M HYXHO Y3Hamb ¢ MOYHOCMbIO G0
MUKpPOHa, mo onpedesieHue usmepsieMoli ee/lu4UHbLI OOJKHO 8K/TFOYamb memnepamypy u 0aesieHue, npu KOmopbIx
OnuHa cmep)xHs 0osmkHa 6bImb uamepeHa. Takum o6pa3om, onpedesieHUe usMepsieMoll eesTUYUHbI O0JDKHO UMemb
eud, Hanpumep: OfluHa cmep)xHs1 npu memnepamype 25,00 °C u daeneHuu 101 325 [Na (c ykazaHueM, 03MOXXHO,
dpyaux Heob6xo0uMbIx napamMmempos, HanpumMep cnocoba onupaHusi cmep)xHsi npu usmepeHuu). OGHako ecnu OnuHa
cmepxkHs1 Go/mkHa 6bImb Nosly4eHa ¢ MoYHOCmbH 00 MuslIUMempa, mo onpedesieHue usmepsieMol 8enU4UHbI He
mpebyem yka3aHusi meMmnepamypbl, 0aesieHuUsl U UHbIX aHaslo2u4HbIX hakmopoe.

MpumedyaHne— HegoctatoyHo nomnHoe onpefernieHne 3mMepsaeMon BENMYMHbI MOXET NPUBECTU K POCTY
COCTaBMsOLLEN HeonpeaeneHHOCTH, KoTopas B 3TOM crnyvae AOrmkHa ObiTb BKMOYEHA B OLEHKY HeornpeaeneHHOCTU
pesynbTaTa namepenus (cm. D.1.1, D.3.4 n D.6.2).

3.1.4 Bo MHOrMX crnyyasix pesyrnbTaT uaMepeHus nory4arT Ha OCHOBE psiga HabntoaeHN, BbINMONTHEHHbIX B
ycnoBusix noBropsiemoctu (B.2.15, npumeyanue 1).

3.1.5 MNpepnonaraeTcs, YTO NPUYNHON N3MEHYMBOCTM PE3YNbTaTOB MOBTOPHbLIX HABMIOAEHUI ABNSAIOTCA
Bnusilowme BennimnHbl (B.2.10), 0T KOTOPbLIX MOXET 3aBUCETb pe3ynbTaT U3MepPEeHUi 1 KOTOPblE HEBO3MOXHO
nogaepKuBaTb B TOYHOCTU NOCTOSHHBIMU.

3.1.6 O4eHb BaXKHO NPaBUbHO COCTaBUTbL MaTeMaTUYECKY0 MOAENb, C MOMOLLIbIO KOTOPOW COBOKYMHOCTb
NMOBTOPHbIX HAbMAeHWI NpeobpasyeTcs B pe3ynbTaT U3MepPEHNst, MOCKOIbKY MOMUMO HabnoaeH B Hee 00bIY-
HO HEO6XOAMMO BKIMOYaTb PA3NMYHbIE BAMSIOLLME BEMUNYUHDBI, TOYHbIE 3HAYEHWUSI KOTOPbIX HEN3BECTHbI. OTa Hen3-
BECTHOCTb BHOCUT BKIaj B HEONpeaeneHHOCTb pesynbTaTta M3MepeHnii Hapsay ¢ UISMEHYMBOCTBIO Pe3yrbTaToB
NMOBTOPHbIX HAGNOAEHMI U C HETOYHOCTBIO CaMON MaTeMaTUYECKON MOLENN.

3.1.7 B HacTosilweM Pykogodcmee namepsiemasi Befm4mHa paccmaTpmuBaeTcs Kak ckansp, T.€. ee 3HavyeHue
BblpaXkaeTCcs eAMHCTBEHHbLIM YMCIOM. PacnpocTpaHeHue Ha criyyar CBsi3aHHbIX Mexay cobor BENnUYuH, onpege-
nsiemMblX OQHOBPEMEHHO B OOHOM M3MepeHUn, TpebyeT neperiTn OT pacCMOTPEHNS U3MEPSEMOIA CKansipHON Benu-
4nHbI 1 ee pucnepeum (C.2.11, C.2.20, C.3.2) K namepsemMoin BEKTOPHOW BEMNMYMHE 1 KOBapMaLMOHHON MaTpuLe
(C.3.5). B HacTosLLeM Pykosodcmee n3amepeHue BEKTOPHOM BENMYMHBI pacCMaTpUBaETCs TOMbKO B MpUMepax
(cm. H.2, H.3 n H.4).

3.2 NorpewHocTn, cnyvyanHblie U cuctemaTuieckmne adpekTbl, nonpaBku

3.2.1 MorpewHocTb (B.2.19) pesynbTaTa usmepeHuns 0bycrnoBneHa HeCOBEPLUEHCTBOM U3MEPUTENBHOWN
npoueaypsbl. TpaguuMoHHO NOrPELLHOCTL PacCMaTPMUBAIOT Kak CyMMY [BYX COCTaBNSOLWMX: crnyyvanHou (B.2.20)
n cuctematTnyeckom (B.2.21).

[MpumedyaHune—TllorpewHOCTb ABNAETCA ngeanm3npoBaHHbIM MOHATUEM, MOCKOSbKY Ha NpakTuke ee TOYHoe
3Ha4yeHne Hen3BeCTHO.

3.2.2 MNMpepnonaraeTcs, 4YTO CriyydariHas NorpeLlHoOCTb BO3HWKAET U3 HenpeackasdyeMblX BDEMEHHbIX NN
NPOCTPAHCTBEHHbIX M3MEHEHWI BANSIOLLMX BeNUYnH. CneacTBnemM Takmx UsMeHeHUin, Ha3biBaeMbIx Janee cry-
yalHbIMU 3¢hghekmamu, ABNSOTCS USMEHEHNS U3MEPSEMON BENMNYUHBI MPU MOBTOPHbIX HabntogeHusx. XoTs cny-
YaliHyt0 NOrpeLLHOCTb pedyrnbTaTta U3MepeHnst Hernb3s KOMNEHCUPOBaTbL BBEAEHMEM MOMNPaBKW, €€ MOXHO YMEHb-
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LUMTb, YBENNYMB YNCIO HabnmogeHuii. MatemaTn4yeckoe oxxupgaHue (oxuaaemoe 3HaveHue) (C.2.9, C.3.1) cny-
YaHOM NOrPELLHOCTM PaBHO HYIHO.

MpumeyaHue 1— BbibopoyHoe cTaHOAPTHOE OTKIIOHEHWE CpedHero apuMETUYECKOro 3HaYeHusl psaa
HabnogeHui (cM. 4.2.3) He ABNSIeTCs CryYalHo NOrpeLlHOCTbI0 CPeaHEro 3HaYeHusl, XOTSl Takoe TONKOBaHue BCTpeYa-
eTcsl B HEKOTOpbIX Ny6nukaumsix. Ha camom fene aTa BenuymHa SiBNSIeTC Mepoit HeornpedeieHHOCMU CPefHero 3Have-
HWsl, OBYCMNOBIIEHHON criyyariHbIMU addpekTamu. TOYHOEe 3HAYEHUE MOrPELUHOCTU CPEAHEro 3HaueHusl, 0GyCIoBNEHHON
3TUMU 3ppeKTamMmn, He MOXKET BbiTb M3BECTHO.

MpumeyaHune 2— B HacTosweM Pykogodcmee yaensietcst Gonblioe BHUMaHUE pasfnnynio TEPMUHOB
«MOTPELUHOCTb» U «HEOMpPeaeneHHOCTby. ATU CroBa He SIBMSATCA CUHOHMMaMU, OTpakatoT pasHble MOHATUS, U UX He
cregyeT nyTaTb ApPYr C APYTOM UM UCMOSIb30BaTh B HEMPABUITBHOM 3HAYEHUN.

3.2.3 CncrtemaTmyeckyo NorpeLlHoCTh, Tak e Kak 1 Cry4variHyto, HeMb3s yCTPaHUTb NOJTHOCTLIO, HO 3ava-
CTYH MOXHO YMEHbLUNTL. ECn cucTemaTtndeckasi NorpellHOCTb BO3HMKAET B pe3ynbTaTe M3BECTHOIO AENCTBUSA
BMMSAIOLLIEN BENNYMHbBI HA pe3ynbTaT u3MepeHust (danee — cuctematnieckoro addpekra), To 9TO BINSIHNE MOXHO
KONTMYECTBEHHO OLIEHWUTb W, ECIN OHO CYLLECTBEHHO MO CPaBHEHUIO C TPEBYEMON TOYHOCTBIO M3MEPEHMS, BHECTU
nonpasky (B.2.23) nnn nonpaBo4HbIN ko3 duumeHT (B.2.24) onsa ero komneHcauyun. MNpegnonaraeTcs, YTo
nocne BHeCEHUs MoNpaBk/u MaTEMaTUYECKOE OXKnaaHne NnorpeLlHocT, 06yCnOBNEHHOW CUCTEMAaTUYECKUM 3h-
(PEKTOM, CTAHOBUTCS PaBHbIM HYITHO.

MpumedyaHwne— HeonpegeneHHoCTb NonpaBkn, BHOCUMOW B pe3ynbTat u3aMepeHna aOnda KomneHcauum
cucTteMaTtmyeckoro adhdekTa, He ABNAETCA CUCTEMATUYECKON MNOrPeLIHOCTbIO (‘-IaCTO Ha3blBaeMou CMELLlEHVIeM) pesynb-
TaTa U3MepEHUsI, CBA3aHHON C 3TMM 3hEKTOM, Kak ee nHoraa onpegenstoT. Ha camom gene oHa npeacrasnset cobor
Mepy HeonpeaeneHHOCTU pe3ynbTaTa 13-3a HEMOJTHOro 3HaHnA o Tp66yEMOM 3Ha4YeHun nonpasku. MNorpeLHocTb, NosiB-
NALLWAACA OT HEMOSHOW KOMMEHcauumn cnuctemaTmdeckoro agpdekta, He MOXET ObITb M3BECTHA TOYHO. TepMuHbI «no-
FPEIHOCTb» U «HeonpeaeneHHOCTb» creayeT NCnofib3oBaTb NpaBUIbHO U CNeOnNTb 3a TeM, YTOObI He nytTaTtb UX.

3.2.4 [anee npeanonaraercs, YTO NPUHSATHI BCE Mepbl AN1s BbISIBIIEHNS 3HAYMMbIX CUCTEMATUYECKNX -
(heKTOB 1 COOTBETCTBYIOLLIME NMOMPABKN BHECEHbI B PE3YSIbTaT U3MEPEHUSI.

Mpumep — B pe3ynbmam uzmepeHus1 nadeHusi HanpsixeHus1 (U3mMepsieMasi eslU4UHa) Ha 8bICOKOOMHOM pe-
3ucmope 8HOCsIm nonpaekKy, 06ycri08/1eHHY0 KOHEYHbLIM 3JIEKMPUYECKUM cOnpomuesieHUeM eosibmmempa osisi
YMeHbWeHUs1 cucmemamuy4yecko2o 3aghghekma, ebi38aHHO20 NpucoeduUHeHUeM eonlbmmempa. [na ebiyucieHust
nonpaeku ucnosnb3yrom 3Ha4yeHusi conpomueJsieHull 0sIbMMempa u pe3ucmopa, Komophble Nosy4eHb! 8 pe3ybma-
me Opyaux usMepeHull u camu codepikam HeonpedesieHHOcmMuU. 3mu HeonpedesleHHOCMU y4umbigarom npu oye-
HueaHuu cocmaensiroueli HeonpeodesleHHOCMU U3MepeHUst nadeHust HanpsiKeHusl, cesi3aHHoU ¢ HOCUMOU nonpas-
Kol u, 8 KOHEYHOM c4Yeme, C cucmemMamu4eckum 3ghghekmom ecrnedcmeue KOHEYHO20 I/IEKMPUYECKO20 CONPO-
mueJieHusi eosibmmMempa.

MpunmevaHnune 1 —Yacto c uenbo UCKNOYNUTL CUCTEMATUYECKME PAEKTBI N3MepuTEnbHbIE NPUBOPBLI K
CUCTEMbI HacTpamBaroT UNKN KanUBpPyHOT C UCMOMb30BaHNEM 3TaNOHOB U CTaHA4apTHbLIX 06pasLoB, O4HAKO NPU 3TOM Crie-
AyeT yuuTbiBaTb COCTaBMAOLWMNE HEONPEOENEHHOCTN, BHOCUMbIE 3TanoHamn 1 cTaHgapTHbIMK obpasuamu.

MpunmevaHune 2— Cnyyan, korga nonpaeky Ha U3BECTHBIV 3HAYMMbBIA CUCTEMATUYECKUI IPDEKT HE BHOCAT,
paccmoTpeH B npumedanun k 6.3.1 nu B F.2.4.5.

3.3 HeonpegeneHHoCTb

3.3.1 HeonpeaeneHHOCTb pesyrnbTaTa U3MepeHmnst oTpaXkaeT OTCYTCTBME TOYHOMO 3HaHUS 3HAYEHWS U3Mepsi-
eMoWi BeNnYMHbI (CM. 2.2). Pe3ynbTaT nsmepeHuns nocne BHECEHUS B HETO MOMNpPaBKM Ha U3BECTHbIE CUCTEMATU-
Yeckue aheKTbl OCTAETCS TONbKO OUEHKOU 3HAYEHUSI U3MEPSIEMO BENUYMHbI, MOCKOSLKY COAEPXKUT Heonpeae-
FNIEHHOCTM, CBSI3aHHbIE CO CryYaiiHbIMK 3dPeKTaMmn 1 HETOYHOCTBIO MONpPaBKU pe3yribTaTa Ha cUCTEMaTUYECKUe

ahdexTbl.

MpumeuyaHune— MoxeT okazaTbCsl, YTO pe3ynbTaT usaMepeHus (nocrne BHeceHUs nonpasku) byaeT oyeHb
GrIM3KMM K 3HAYEHUIO 3MEPSIEMON BENUYUHBI U TEM CaMbIM UMETb NPEHEOPEXNMO Many NOrPeLUHOCTb. OTY HEUCKITHO-
YEHHYI0 Manyk cUCTeMaTMYECKYo NOrPELUHOCTb He crieayeT nyTaTb C HEONPEeAENeHHOCTbIO pedyrbTaTta U3MepeHUs.

3.3.2 PasHoobpasne NCTOYHMKOB HeonpeaeneHHOCTM U3MEPEHMIA BKNOYaET B cebs:

a) HeMosHoe onpeaeneHe N3MepsieMol BENMUYMHBI;

b) HecoBepLLEHHYIO peanu3aumto onpeaeneHns N3MepsieMol BENUYMHBI;

C) Hepenpe3eHTaTUBHOCTL BbIOOPKK (M3MepeHMs IPOBOAAT Ha obpasLie, He NPEACTaBNSIOLLEM N3MEPSEMYIO
BEMUYUHY);

d) HeTOYHOE 3HaHWE BMNUSIHUS YCIOBUWI OKPYXKatoLLEen cpeapl Ha pe3ynbTaT U3MepeHnNst UM HETOYHOE U3Me-
PEeHNE BESNNYUNH, XapaKTePU3YHOLLMX 3TW YCIIOBUS;
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€) cyObeKTUBHas crcTemaTnyeckasi morpeLLlHoCTb (BHOCKMMAasi onepaTopoM MpY CHATUM NOKa3aHWM aHanoro-
BbIX TpUBopoBY);

f) KOHEYHyIO pa3peLuaroLLyo CMOCOOHOCTL UM MOPOT YYBCTBUTENBHOCTM NpMb0opa;

g) HETOYHbIE 3HAYEHUs], MPUNMCAHHbIE 3TaroHaM U CTaHAapTHbIM 06pa3uam;

h) HeToYHbIE 3HaHNS PU3NYECKMX KOHCTAHT 1 APYrMX napameTpoB, NOMyYeHHbIX U3 CTOPOHHUX MCTOYHUKOB
N UCNoNb3yeMbIX Npu 06paboTke OaHHbIX;

i) annpoKkcMaL M 1 NpeanonoXeHNs, UCMOMb3yeMble B METOAE Y METOOUKE U3MepeHui (M3MepUTenbHOM
npoueaype);

j) U3MEH4YMBOCTb B MOBTOPHbIX HAOMAEHNAX NP, Ka3aroch Obl, HEM3MEHHbIX YCOBUAX N3MEPEHNI.

OTM UCTOYHMKM HEODA3aTENBHO ABMAIOTCS HE3ABUCUMbIMU, HAMPUMEP HEKOTOPbIE N3 MCTOYHMKOB, YKa3aH-
HbIX B NEpeYncneHmsx a) — i), MOryT BHOCUTb BKNag B UCTOYHMK, YKa3aHHbIV B nepeuncneHum j). Ecnu kakom-
nmbo cuctemaTmyeckmin apdeKT He Bbin BbISBIEH, TO OH HE MOXET ObITb YY4TEH B OLEHKE HEONpeaeneHHOCTH
pesyrnbTaTa U3MepeHUsi, XOTSA Y BHOCUT BKITa B MOrPELLIHOCTb U3MEPEHMS.

3.3.3 PekomeHgaums INC-1 (1980) Paboueli rpynnbl N0 HEONPeAENeHHOCTH pas3gensieT cocTaBnsowmne
HeonpeaeneHHOCTM Ha Be KaTeropun B 3aBUCMMOCTM OT MeToAa oueHmnBaHua: no tuny A unm B (cm. 2.3.2 n
2.3.3). O1a knaccmdukalmsa NpMMeHUMa TONbKO K HeornpedeieHHOCMU U He SABNSIETCS 3aMeHOM Kraccndukaumm
NOrpelHoOCTN Ha cnyqaﬁHyro M cuctemaTnyeckyho. HeOI'Ipep,eJ'IeHHOCTb nonpaBku Ha M3BECTHbIN cucTeMaTmyec-
Knii achheKT MOXKET B HEKOTOPbIX Cryvasx ObiTb OLeHeHa no Tuny A, a B gpyrux cnydasx — no tuny B. To xe
caMoe OTHOCUTCS K HeornpeaeneHHOCTH, 00yCMOBIEHHON CryYanHbIMK 3cpdeKkTamm.

MpumeyaHwune—B psge nybnukauuii CoCTaBnsoLLME HEONPEAENEHHOCTN Pa3fensioT Ha «CryYanHble» U
«CUCcTEMaTUYECKME», CBSA3bIBASI UX C MOrPELUHOCTSIMU, BO3HUKAKOLWMMU, COOTBETCTBEHHO, U3 CryYaliHbIX M U3BECTHbIX
cucTeMaTnyeckmx adbdekToB. Takas KnaccudmKaLmsi COCTaBnSOLLMX HEONPeOEeNEeHHOCTN MOXET NPUBECTU K HEOOHO3-
HaYHOCTM TONKOBaHWS NPU ee MPaKTU4YEeCKOM MpUMeHeHun. Hanpumep, «crydvaiHas» cocTaBnsiolLlasi HeonpeaeneHHo-
CTV B OOHOM U3MEPEHUU MOXET CTaTb «CUCTEMATUYECKOI» COCTaBIsIOLLEN B APYrOM U3MEPEHNU, B KOTOPOM pe3ynbTaTt
NMepBOro U3MepPEHWsI UCMOSb3YEeTCsl B Ka4ecTBe BXOAHbIX AaHHbIX. Mpu knaccudmkaumm mMemodos OLEeHVBaHUSI COCTaB-
NALWUX HEoNPeaeneHHOCTH, a He CaMmX COCTaBMsIOLWMX, Takas HEOOHO3HAYHOCTb YCTpaHsieTcs. B To e Bpems 3T0 He
MellaeT 06benHATb OTAENbHbIE COCTaBMSIOLLME, OLEHEHHbIE ABYMSI pa3HbIMM MeTodamu, B rpynrbl Anst KOHKPETHbIX
uenen (cm. 3.4.3).

3.3.4 Knaccndmkaumsi no Tunam A n B BBeAeHa TONbKO ANs YKa3aHWs Ha Hanu4yme ABYX pasHbiX CNoco0oB
OLeHVBaHMWs COCTaBMSALWMNX HEONPEeAENeHHOCTN 1 Ans yaobcTea obeyxaeHus. Ee He cneayeT MHTepnpeTnpo-
BaTb KaK pasnu4ve B NpUpoae COCTaBNSALLMX HEONPeAEeNeHHOCTU, MOyYEHHbIX pa3HbIMY METO4AaMM OLeHMBa-
Husi. Oba cnocoba oLeHNBaHNsl OCHOBaHbI Ha pacnpegeneHun sepoaTtHocTen (C.2.3), 1 He3aBUCUMO OT CMOCO-
6a oLeHMBaHNS COCTaBMALME HEONPEAENEHHOCTU KONMYECTBEHHO XapaKTepU3yrTCS OOHUM M TEM >Xe NapameT-
pOM: AUCrnepCcUert nm CTaHaapTHLIM OTKIIOHEHUEM.

3.3.5 OueHKy ancnepcumn u? Ans cocTaBnsatoLLei HeonpeaeneHHoCTY, OLLeHMBaeMoii Mo TUny A, nonyyaroT
Ha OCHOBE psija MOBTOPHbIX HAOMIOAEHWNI, N OHA COBMAAAaET C U3BECTHON CTAaTUCTUYECKON XapakTEPUCTUKON —
BLIGOPOYHOI Ancnepcueit s2. OLeHka cTaHAapTHOro OTKNoHeHus (C.2.12, C.2.21, C.3.3) u, npeacTtasnsaioLas
co60ii MONOXNTENbHbINA KBAAPATHLIA KOPEeHb 13 U2, CoBMagaeT Takum 06pa3oM ¢ BbIGOPOUHLIM CTaHAAPTHLIM
OTKIOHEHNEM U = S, U ANs yAo0CTBa ee nHorga HasblBaroT crmaHOapmHoU HeornpedenneHHocmbio murna A. Ouer-
Ky AMCTIEPCUN U2 NS COCTaBMAIOLLEl HEeONpeaeneHHOCTH, OLieHBaeMoii No Tny B, nonyyaloT no nMetoLLeincs
nHdopmamm (cMm. 4.3), a OLeHKY CTaHAaPTHOrO OTKIOHEHMS U MHOTAA Ha3blBalOT cmaHOapmHOU HeornpedeieHHO-
cmbto mura B.

Taknm 06pa3oM, CTaHOapPTHYH HEONMPEeAENEeHHOCTb TUna A pacCcuYMTbIBaOT MO NSIOTHOCTU pacnpenerneHus
(C.2.5), nony4eHHon n3 pacnpepeneHus Yactot (C.2.18), a cTaHaapTHyO HeonpedeneHHocTb Tuna B — no
npegnonaraeMon NOTHOCTY pacnpeaeneHus, oTpaxaroLlern CTeneHb yBEPEHHOCTY B MOSBIIEHUN TOFO UIN MHOTO
cobbITUA [HacTo Ha3biBaeMow cybbekTMBHON BeposATHOCTbHO (C.2.1)]. O6a nogxoaa siBNSOTCA 0OLENpUHATON
nHTEepnpeTaumen MOHATUS BEPOSITHOCTMY.

MpumedaHune— OueHnBaHve COCTaBMsALLEN HeoNpeaeneHHOCTH No TuNy B 06bIMHO OCHOBLIBaAETCS Ha BCel
MMEIOLLLENCA B PacnopsiKEHUN HafexHon MHdopmaummn (cm. 4.3.1).

3.3.6 CraHOapTHyto HEONpeAENeHHOCTb pedynbTaTa U3MePEHUS], NONTyYEHHOTO U3 3HAYEHWIA psiga ApYrMx
BENNYMH, Ha3bIBaKOT CyMMapHOU crmaHOapmHoU HeornpederneHHOCMbo 1 0603HavatoT U,. OHa SBASETCS OLEHKOM
CTaHOAPTHOrO OTKIIOHEHUS pe3ynbTaTa U3MePEHUS, PABHOW MOSIOXUTENBHOMY KBaApaTHOMY KOPHIO U3 CyMMap-
HOI gucnepcun, T.e. CyMMbl gucrnepcuii n koBapuaumi (C.3.4) Bcex cOCTaBMNsOWMX HEONPEOENEHHOCTH, U
NoNy4eHHOM No NpaBuIy, Ha3BaHHOMY B HACTOsILLIEM PykosoOdcmee 3aKOHOM mpaHCcghopMuposaHusi Heorpede-
neHHocmel (cM. pasgen 5).
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3.3.7 [lna ynoBneTBOPEHUS MOTPeOHOCTEN B psige 0bnacTen NpoMbILLNIEHHOCTM U TOProBIu, a Takke Tpebo-
BaHWIi B 06nacTsax 3gpaBooxpaHeHns n obecneyeHms 6e30nacHOCTM MCNOMb3YOT PacUupPEHHYO HeornpedesieH-
Hocmb U, nonyyaemyro YyMHOXeHneM CyMMapHOW CTaHAapTHOW HeonpeaeneHHoCTU U, Ha KoaghguyueHm oxea-
ma k. HaszHauyeHnem U siBNsieTCA MOCTPOEHNE MHTEPBara, OXBaTbIBAKOLLEro pe3ynbTaTt M3MepPeHnsi, B npegenax
KOTOPOro, Kak MOXXHO OXnaaTb, OyaeT HaxoauTbes bonbluas YacTb pacnpeaeneHns 3Ha4eHnin, KoTopble 000CHO-
BaHHO MOTyT BbITb NpUNMcaHbl 3mMepsieMoi BenuumnHe. Beibop koadpduumenTa k, 06bI4HO NPUHUMALOLLLETO 3HaYe-
HWS OT 2 00 3, 3aBUCUT OT BEPOATHOCTU OXBaTa U yPOBHS AOBEPUS], COOTBETCTBYHOLLIENO JAHHOMY MHTEepBany
(cm. pasgen 6).

MpumeyaHUe— BmecTe co 3HayeHNeM paclUMpeHHON HeonpeaeneHHocT U cnedyeT Bceraa ykasbiBaTb
KoabpULMEHT oxBaTa k. TO MO3BOSIUT BOCCTAHOBUTL 3HAYEHWE CTaHOapTHOW HeomnpeaeneHHOCTU U3MePSIEMOi BEMU-
YMHbI, KOTOpas BMOCMEACTBMM MOXET ObiTb UCMonb3oBaHa ANl pacdeTa CyMMapHOW CTaHOapTHOM HeonpeaeneHHOCTH
pesynbTaTa U3MepeHusl Apyroi BeNMYMHbI, 3aBUCSLLEN OT NepBOii.

3.4 MpakTuyeckne acnekrbl

3.4.1 Ecnu BCe BENUYMHbI, OT KOTOPbIX 3aBUCUT pesynbTaT u3MepeHus, obrnagatT BapnaTMBHOCTLIO, TO UX
HeonpeaeneHHOCTN MOryT ObITb NOyYeHbl MOCPEACTBOM CTaTUCTUYECKNX npoueayp. OQHaKo Ha NpakTyKe Takon
MOAXOL PeKO MOXeT GbITb pearn3oBaH BCIEACTBIE OrPaHUYEHMIi Ha BPEMEHHBIE U MHbIE PECYPCbI, MOITOMY
HeonpeaeneHHOCTb pesynbTaTa M3MepeHns 06bIYHO OLEHMBAIOT, UCMOSb3Yys MaTeMaTUYECKyI0 MOAENb U3Mepe-
HMS 1 3aKOH TPaHCopMMpPOoBaHUS HeonpegeneHHocTen. ATo 06bACHAET UCMoNb3yemoe B faHHOM Pykogodcmee
OOnyLLEeHNe, YTO M3MepeHre MOXHO MOAENMPOBaTL MaTeEMaTUYECKM C TOYHOCTbLIO, AOCTATOYHOW ANns obecneve-
HWS Tpebyemon TOUHOCTN N3MEPEHMSI.

3.4.2 MNockonbKy MaTeMaTnyeckass MoAerb MOXeT ObITb HEMOMHOW, ANS OLIeHMBaHNS HEONpPeaeneHHOCTH
Ha OCHOBE AaHHbIX HabnaeHN cnegyeT obecneynTb AManasoHbl BAPMATUBHOCTU BAMSIIOLLMX BEMNYMH, COOTBET-
CTBYHOLLME TEM, YTO UMEIOT MECTO B MPAKTUYECKMX YCIOBUSAX M3MePEeHUI. [N nonyyYeHns 4OCTOBEPHbIX OLEHOK
HeonpeaeneHHOCT pEKOMeHAYETCs, MO BO3MOXHOCTM, UCMOMNb30BaTb AMMMPUYECKNE MaTeMaTUYECKNe MOLENM,
OCHOBaHHbIE Ha JONrOBPEMEHHBIX U3MEPEHMAX KONMYECTBEHHbIX BEMNUYMH, a Talkke 3TarnoHbl CPaBHEHUS N KOHT-
POrbHbIE KapTbl, MO3BONSAOLNE CyaNTb, HAXOAUTCS NN U3MEPEHME No4 CTaTUCTUYECKUM KOHTporeM. Ecnv gaH-
Hble HabnoAeHW, BKINoYas pesynbTaTbl CTAaTUCTUYECKM HE3AaBUCUMbIX M3MEPEHWI OAHON Y TOW Xe U3MepsieMOon
BENWYMHbI, CBUAETENbCTBYIOT O HEMOMHOTE MOAENN, TO MOAenNb Ao/KHa ObITb NepecMoTpeHa. Vicnonb3oBaHune
XOPOLLIO CMIaHNPOBaHHbIX 3KCMEPUMEHTOB MO3BOMSAET CyLLECTBEHHO MOBbICUTL JOCTOBEPHOCTL OLIEHOK Heornpe-
AeNeHHOCTW, MO3TOMY MaHNpOBaHWeE SKCMepUMeHTa CrieayeT paccMaTpyBaTh Kak BaXHYH YaCTb B TEXHUKE NPO-
BEOEHUS UBMEPEHNIA.

3.4.3 YT06bl OLLEHNTb NPaBUITBbHOCTb PaboTbl UBMEPUTENBHOM CUCTEMbI, YHaCTO CPaBHUBAIOT BbIGOPOYHOE
CTaHOapTHOE OTKITOHEHWE NOJSTyYEHHbIX C € MOMOLLbIO pPe3ynbTaToB M3MEePEHUI C OLEHKOW CTaH4APTHOrO OTKIO-
HEHWs, MONy4YeHHOW CyMMMPOBAHMEM COCTaBMAOLLMX HEONPEAENEHHOCTMN OT PasHbIX MUCTOYHMKOB. B 3TOM criy-
Yae HeobXxoaMMO yunTbIBaTb COCTaBAAIOLLME HEONPeaeNneHHOCTHN (HE3aBMCUMO OT TOrO, Kak MofyyeHa ux oLeHKa
— no Tvny A nnu B) TONBKO OT TeX NCTOYHMKOB, KOTOPbIE 00YCNOBMNBAOT BapUaTUBHOCTb M3MEPSEMOW BEMNYUHDI
B XO€ 3KCNepMEHTa.

MpuMedaHune—[Ona aTnx uenen Bce NCTOHHMKN HeEONpPeaeneHHOCTH pa36VIBaIOT Ha OBe rpynnbl: T€, KOTOPble
06yCJ'IOBJ'IVIBaI'OT BapuMaTUBHOCTb N3MEPSEMON BENUYMHBI B XO4€ IKCMEPUMEHTA, U Te, KOTOpble B X04e JaHHOro aKcnepu-
MEHTa Ha M3MEHEHUS 3HAYEHUN N3MEPSEMON BENUYMHBI BIIUSIHUS HE OKa3blBatoT.

3.4.4 Ecnv HeonpeadeneHHOCTb NoMnpaBKM Ha cCUCTEMaTUYECKUIA 3EEKT HE3HAYMTEBbHA MO CPABHEHUIO C
CYMMapHOW CTaHOAPTHOWM HEONpPeaeneHHOCTbIO pesynbTaTa N3MepeHust, To ee Npu OLeHUBaHUKN HEONpPeaeneHHo-
CTU pesyrbTaTa U3aMepeHnst MOXHO He yunTbiBaTb. Ecnn cama nonpaeka Ha cucteMaTnyecknin 3deKT He3Hauu-
TernbHa Mo CPaBHEHMIO C CyMMapHOW CTaHA4apTHOW HeonpeaeneHHOCTbIO pedyrbTata U3MepeHmnsl, To A0MNyCcKkaeTcs
He BHOCWTb 3Ty NMOMNPaBKy B pe3ynbTaT U3MepeHus.

3.4.5 Ha npakTtuke, ocobeHHO B 061acTu 3akoHO4ATENbHOM METPOSIOrMu, U3MepPUTESNbHbIV MPUBOP YacTo
NMOBEPSIOT CPAaBHEHMEM C 3TANIOHOM, M NPY 3TOM HeonpeaeneHHOCTH, CBA3aHHbIE C 3TarioHOM 1 NpoLeaypon
CpaBHeHUs1, NPeHebPEXMO Masibl MO CPaBHEHMIO C TPEOYEMOI TOYHOCTBHO NOBEPKU. [prMepoM MOXET CyXUTb
MCMNONb30BaHWe 3TarnoHOB Macchl Npy NoBepke BeCcoB. Ecnu coctaBnsAowmMy HeonpeaeneHHoCTH BCrieacTeme
MX ManocTn JOMyCTUMO NpeHebpeydb, TO pa3HOCTb MeXAy NokasaHuem Npubopa 1 3TarioHOM MOXHO paccMmaTpu-
BaTb KaK NMOrpeLlHOCTb NoBepsiemMoro npubopa (cm. Takke F.2.4.2).

3.4.6 NHorpa pesynbTaTt M3MEpPEHUS BbipaXkatoT B €4MHULAX 3TAIOHa, a He B COOTBETCTBYHOLMX €4MHULAX
MexagyHapoaHon cuctembl eauHnL, unsmdecknx senmumH (CU). T.e., no cyTu, pesynbTaT U3MepeHnsi BblpaxkatoT B
BMAE OTHOLLEHUS K MPUHATOMY 3Ha4YeHuo aTanoHa. Npun 3Tom HeonpeaeneHHoCTb, NMpUNUcaHHas pesynbtaTy
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N3MEepPEHUS, MOXET ObITb CyLLIECTBEHHO MEHbLLE HEONPEAETIEHHOCTH, KOTopasa uMena 6bl MECTO NPU BblpaXXeHnK
pesyrnbTata usmepeHus B eguHmax CU.

lMpumep — lMpeyu3uoHHbILU UCMOYHUK HanpsikeHuUs1 Ha duode 3eHepa Kanubpyrom MemodoM cpasHeHUsl C
3masioHOM NOCMOSIHHO20 HanpsiXXKeHusi Ha ocHoee aghghekma [xo3egpcoHa. [ns pacyema HanpsikeHusi, co3dasa-
€eM020 3maJsioHOM, UCNOJIb3YHm 3Ha4YeHuUe NocmosiHHoU [)ko3eghcoHa, pekomeHAoeaHHoe OJist MeXOyHapoOHO20
npumeHeHuss MKMB. OmHocumerbHasi cyMmapHasi cmaHdapmHasi HeonpedeneHHocmb U (Vs)/V (em. 5.1.6) kanu6-
poeku ucmoyHuka Ha duode 3eHepa 6ydem paeHa 2-10~8 , ecniu HanpsixeHue ucmoyHuka Vs ebIpaXeHo 8 OMHOCU-
menbHbIX eQUHULax Yepe3 HanpsieHue, cozdagaemoe amanoHom, u 4-10~7, ecniu oHo ebipaxeHo 8 eduHuyax CU
(m.e. 8 sonbmax). Pa3Huya e oyeHkax obycrioenieHa donosiHumesibHol HeonpedesleHHOCMbIO, C8s13aHHOU C 8bIpa-
JKeHueM nocmosiHHol [)ko3eghcoHa 8 eduHuyax CH.

3.4.7 OwunbKM Npu perucTpauum unm aHanmae AaHHbIX MOTyT BHOCUTb 3HAUYMTENbHY0 HEU3BECTHYHO MNo-
rPELWHOCTb B pe3ynbTaTt u3mMmepeHns. Ecnv olumbka Benvika, To ee MOXHO BbISIBUTb NMPOBEPKOM AaHHBIX, HO He-
GonbLuMe OLWMBKN MOTYT BbITb 3aMacKMpOBaHbI CIy4YaliiHbIMK U3MEHEHVSIMY 3MEPSIEMOI BEMUYUHDBI U Jaxe
ObITb MPVHATBLI 3@ CryYaiiHble U3MeHeHUs. Takve oLMOKM He MEOT OTHOLLIEHMS K HeOMNpeaeneHHOCTM U3MEPEHNSI.

3.4.8 XoTs HacTosiLLee PykosoOcmeo ycTaHaBNMBaET OGLLYI0 METOAOMOMI0 OLiEHVBAHWS HeonpeaeneHHo-
CTW, ero npMMeHeHne TpebyeT OT NoNb30BaTENS KPUTUYECKOTO MbILLFIEHWS, UHTENNEKTYanbHON YECTHOCTM 1 KOM-
neTeHTHocTU. OLEeHVBaHME HEONPeaEeneHHOCTM Hellb3s paccMaTprBaTh Kak TUMOBYIO 3aaady, TpebytoLyto npu-
MEHEHWs1 cTaHOapTHLIX MaTemMaTuydeckmx npoueayp. OT nonb3oBaTens TpebyeTcs AeTanbHOe 3HaHWe NpUpobl
13MepsieMOo BENYMHbBI U NpoLieaypbl M3MepeHust. NMo3ToMy Ka4eCTBO OLIEHKM HeOTNPEeAENEeHHOCTH, MPUMMCaHHOM
pe3ynbTaTy U3MepeHusi, 3aBUCKT, B KOHEYHOM CHETE, OT NMOHMMAaHWS, KPUTUYECKOTO aHanu3sa 1 npogeccroHarb-
HOW [OBPOCOBECTHOCTM BCEX MWL, MPUHMMALOLNX Y4acThe B ee NOSyYeHnn.

4 OueHnBaHWe cTaHOAAPTHOW HeonpeaeneHHOCTHU

JononHuteneHoe pykoBOACTBO NPENMYLLECTBEHHO NPaKTUYECKOro XapaKTepa No OLLEHNBAHUIO COCTaBMSHO-
LLMX HeonpeaeneHHOCTV NPUBEAEHO B MPUNOXeHnm F.

4.1 MogenupoBaHue nsmepeHus

4.1.1 B OOnbLUMHCTBE Cry4YaeB N3MepPSEMYH0 BEMMYMHY Y HE U3MEPSIOT HEMOCPEACTBEHHO, a ONPEeaEnsoT
yepes N gpyrux BenunuuH Xy, X, ..., Xjy N0OCPeACTBOM PYHKLNOHANbHOM 3aBUCUMOCTMU f:

Y = £ (X, Xor ..y Xp)- (1)

MpumeyvyaHue 1—B HacTosweM Pykogodcmee AN YNPOLLEHUS 3anncu OAMH U TOT Xe CUMBOI UCMONb3yeTcs
Anst 06o3HavYeHns Kak Or3nM4ecKon BenuyrHbl (M3MepPAEMON BENMUYMHBI), Tak U CriyYanHon BenuynHel (cM. 4.2.1), npea-
CTaBnsAoLWer BO3MOXHbIE 3Ha4YeHNs 3TON huanyeckon BenuumnHbl. Ecnn ykasaHo, 4To BenuuuHa X; MMeeT HeKoTopoe
pacnpepgerneHne BepoAaTHOCTEN, TO OHa MOHUMAETCS Kak criydaiHas nepemeHHas. [pu aTom npeagnonaraeTtcs, YTo cama
dusnyeckan BenuyMHa xapaktepnayeTcs OAHUM €AUHCTBEHHbIM 3HadveHvem (cM. 1.2 n 3.1.3).

MpumeyaHnune 2— Ecnunmeetcsa pag HabnogeHWn criyqariHOW BENWYMHBI, TO k-e HabmnogeHne crnyvanHom
BenuuuHbl X; obosHavaeTcs X; . Hanpumep, ecnn conpoTuerieHve pesuctopa 0603HaqnTh R, To ero k-e HabnioaeHve
obosHavaeTcs Ry.

MpumedyaHnune 3 — OueHka X; (CTpOro roBops, oLeHka MaTemaTu4eckoro oxuaanmsa X;) obosHavaeTcs X;.

lMpumep — Ecniu K KneMMaM mepMope3ucimnopa ¢ JIUHeUHOU 3a8UCUMOCMbIO CONPOMUSJIeHUsT Om memnepa-
mypbI ¢ memMnepamypHbIM KO3¢hghuyueHmomMm o, uMmerou,e20 npu memnepamype t, conpomussneHue Ry, npunoxe-
Ha pa3Hocmb nomeHyuanos V, mo pacceusaemyro Ha 0aHHOM mepmMope3ucmope npu memnepamype t MOWHoOCMb
P (uamepsiemyro gesiu4uUHy) paccyumaeigearom no ¢ghopmyiie

P=f(V,Ro o t) = V¥R, [1+ a(t—to)]}.
MpumeyaHune—[pyrum metogam nameperHms P BygyT cCOOTBETCTBOBATbL Apyrne MaTteMaTnyeckne Mogenw.

4.1.2 BxoOHbie g8enu4uHbl X4, Xy, ..., X, OT KOTOPbIX 3aBUCUT 8bIXOOHas 8efluduHa Y, TakKe MOXHO pac-
cMaTpuBaTb Kak M3Mepsemble BENNYMHbI, U OHU TOXE MOryT 3aBMCETb OT APYrMX BENNYMH, BKITHOYAS MONPaBKM 1
nonpaBoYHble KO3 PULMEHTBI Ha cucTeMaTdeckne 3deKTbl, UTO YCIOXKHAET BUA OYHKLMOHANbHON 3aBUCMMO-
cTu f, KoTopas, Takum obpa3om, HMKOrga He MOXeT ObITb B SBHOM BuAe onpeaeneHa nonHocTbio. Kpome Toro,
PyHKUMOHaNbHas 3aBUCUMOCTb f MOXET ObITb onpedeneHa dKCrepuMeHTanbHO UK CyLLeCTBOBATb TOMbKO B
BMAE anroputMa YmcreHHoro pacyeta. [lloatomy B HacTosiLem Pykogodcmee dyHKUMOHanbHas 3aBuCcMMoCTb f
NoHMMaeTcs B bonee WNMPOKOM CMbICIie, @ UMEHHO, Kak pyHKLMSA, KOTopas BKoYaeT B cebsi Bce BENMUYMHbI, B
TOM YKCre NoNpaBKu 1 NoNpaBoOYHble KO3 MULIMEHTbI, CMOCOOHbIE CYLLECTBEHHO BNMATL HA HEONPeaeneHHOCTb
namepeHus Y.
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Takum 06pasom, ecnm gaHHbIe MOKa3bIBaOT, YTO PYHKLUMOHANbHAsA 3aBUCUMOCTL fHE MOAENUPYET U3Mepe-
H1e ¢ Tpebyemon TOYHOCTbIO, TO AN YCTPaHEHUS Hea4ekBaTHOCTM MOAENN B HEE AOMMKHbI ObITh BKIOYEHbI
OOMNOSHUTENbHbIE BXOAHbIE BEMNYUHBI (CM. 3.4.2). BKrtoueHneM SONOSTHUTENbHOM BXOAHOW BENUYMHBI MOXHO
Y4eCTb HEMOSTHOTY 3HAHWI O AABMIEHUN, BNUSAIOLLEM Ha n3MepsieMyto BennymHy. B npumepe 4.1.1 gononHUTeNb-
Hbl€ BXOAHbIE BENUYMHBLI MOTYT NOTpeboBaThCs, HaNpMMep, YToObl y4eCcTb N3BECTHYHO HEPAaBHOMEPHOCTbL pacrpe-
OeneHnst Temneparypbl N0 PE3NCTOPY, HENMMHEHYH 3aBUCUMOCTb COMPOTUBIIEHNSI pe3NCTopa OT TeMnepaTypbl
W 3aBUCUMOCTb COMPOTMBIIEHNSI OT aTMOCKEPHOro AABMEHMS.

MpunmeyaHune—B 10 xe Bpems hopmyna (1) MOXeT UMeTb CaMblili IPOCTON BUA, Hanpumep, Y = X4 — X5, Takas
MoAenb COOTBETCTBYET, K MPUMEPY, CPABHEHUIO ABYX ONpeAeneHnii OOHON 1 TOR e BenuyuHbl X.

4.1.3 BxogHble Benu4uHbl Xy, X, ..., Xj MOryT 6biTb pasgeneHbl Ha ABe rpynnbi:

- BENIMYVMHBI, 3HAYEHWS 1 HeornpedesileHHOCMU KOTOPbIX ONpeaenstoT HENOCPeACTBEHHO B TEKYLLIEM n3Mepe-
HUW. DTU 3HAYEHMS U HEONPELENEHHOCTU MOXHO NOMNY4YMTh, HAaNpUMep, B pe3yrnbTaTe OgHOKpPaTHOro Habnwae-
HWS1, NOBTOPHbIX HABNOAEHMWI NI MO OCHOBAHHBLIM Ha onbiTe cyxaeHnsM. OHM MOTyT BKOYaTb onpeaeneHns
MOMNpaBOoK K MOKa3aHUsIM NP1OOPOB 1 MONPaBOK Ha BNMSIOLLME BENUYMHDI, TAKME Kak OKpyXKatolLias TeMnepaTtypa,
aTmMocepHoe AaBrneHne 1 BNaKHOCTb;

- BEMUYMHBI, 3HaYEHNS N Heornpedes1eHHOCMU KOTOPbIX MOyYeHbl N3 CTOPOHHUX NCTOYHMKOB. K HUM OTHO-
CATCS BEMWYMHbI, CBSI3aHHbIE C aTTECTOBAHHBIMW 3TarloHaMu, CTaH4apPTHLIMY 06pasLamm BEeLLECTB 1 MaTeprarnos,
a Takke BEMWYMHbI, 3HAYEHMS KOTOPbIX YKa3aHbl B CNIpaBOYHMKaX.

4.1.4 OueHKy n3amepsieMon Benu4mHbl Y, 0603Hadaemyto y, nony4daroT u3 popmysbl (1), noacTaensas B Hee
8XOOHbIE OUEHKU X1, Xy, ..., Xy 8N N BxogHbIx BenuunH Xy, Xy, ..., Xy. Taknum obpasom, 8bix00Hasi oueHKa y,
ABMAIOLLASACA Pe3ynbTaToM U3MEPEHUS, UMEET BMA,

y = (Xq, Xoy ey Xp)- (2)

MpwumeyaHUe— B HeKOTOpbIX Criyyasix OLEHKY y MONy4aloT Kak cpefgHee apudmeTtuyeckoe (cMm. 4.2.1) n
He3aBUCUMBIX ornpefeneHun Yy BenuuuHbl Y no gopmyne

n n
Sy, = % DXy ko Xo jorees Xn k)
k=1 k=1

Korga kaxgoe onpegerneHve uMeeT OfHY U Ty Xe HeonpeaeneHHOCTb M Kaxkgoe OCHOBAHO Ha NonHom Habope Habnoaa-
eMblIX 3HavyeHun N BXOAHbIX BEMUYMH X, MONYyYEHHbIX B OHO 1 TO Xe Bpems. ATOMy cnocoby ycpeaHeHus cnegyet otaaTb

npeanouTeHne nepen pacyetom no dopmyne y = f(Xy, Xo,..., Xy), rAe X; = % Xj k — cpeaHee apudmeTuyeckoe

1

TMs

oTAerbHbIX HabnoaeHnn X; ,, B Tex cry4dasx, koraa yHKUMoHarbHas 3aBucumocTb f HenvHerHa. [ins nuHenHon 3aemcu-
MocTu f ykasaHHble ABa cnocoba ycpeaHeHVs JatoT ognMHakoBble pedynbtaThl (cM. H.2 n H.4).

4.1.5 OueHKy cTaHOapPTHOro OTKNOHEHUS pe3ynbTaTa u3mepeHus (OLLEHKN BbIXOAHOM BENUYMHBI) ¥ B BUAE
cymmapHoU cmaHdapmHoU HeorpedenieHHocmu, 0603Ha4YaemMon U, (y), Nony4atoT 13 OLEeHOK CTaHAapPTHOrO OT-
KNMOHEHWs pe3ynbTaToB U3MEPEHWNIA (OLEHOK) X; KaXKA0N BXOAHON BENUYNHBI B BUAE cmaHOapmHbIX Heorpede-
neHHocmedl, o6o3Havaemblx U (X;) (cm. 3.3.51 3.3.6).

4.1.6 Kaxxgyro BXOAHYHO OLIEHKY X; ¥ CBA3AHHYIO C HEM CTaHAapTHYH0 HEONPEAENEHHOCTb U (X;) NonyYatoT 13
BEPOSATHOCTHOrO pacnpeneneHnst 3Ha4eHnin BXoOHOW BENUYUHBI X OTO BEPOATHOCTHOE pacnpeaeneHme MoXHO
VHTEPNpeTUpOBaTh KaK YaCTOTHYH BEPOATHOCTb, OCHOBaHHYHO Ha cepun HabnoaeHni X; , BeNuYmHbI X, Unm kak
anpuopHoe pacnpegeneHune. OLeHKM COCTaBNALLNX CTaHAAPTHON HeonpeaeneHHOCTM No TUNy A OCHOBaHbI Ha
YaCTOTHOM NpPeACcTaBNeHNN BEPOATHOCTH, a No TUny B — Ha anpuopHebix pacnpenenenuax. CnegyeT noHUMAT,
4YTO B 060X Criyyasix pacnpegeneHns oTpaxarT HEKOTopoe MoAeNbHOe NpeAcTaBneHne 3HaHUi O CnyYanHou
BENNYMHE.

4.2 OueHMBaHuMe cTaHOapPTHOW HeonpeaeneHHoCcTu Tuna A

4.2.1 B 6onbLUMHCTBE Cry4aes HanryuLlen OLieHKON MaTeMaTU4ECKOro OXUaaHus L, CriyqaiHbiM obpasom
N3MEHSIIOLLIENCH BENWUYMHBI § [cry4aiHon nepemeHHou (C.2.2)], Ans KOTOPO NPW MOCTOSIHHBIX YCIOBUSIX U3Me-
peHus (cMm. B.2.1.5) Bbinn nonyyeHbl n He3aBUCUMbIX HAOMNOAEHWI g, ABNSeTCA cpeaHee apudMmeTmyeckoe

(vnv npocTo cpepHee) 3HaYeHue g W3 N HabNoAeHWUI:
7_1
9="

G ®)

TMs
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Moatomy Ans nony4veHns pesynbTata u3mMepeHnst y no opmyre (2) B Ka4ecTBe OLEHKM X; BXOOHOW BENu-
YMHbI X; N0 pesynbTaTam N He3aBUCUMbIX MOBTOPHbIX HABMOAEHUI X , MCMOMb3YIOT CpeaHee apupmMeTnieckoe

3Ha4YeHme x; = X;, BbIYMCIIEHHOE B COOTBETCTBUM C (POPMYIIOii (3). OLEHKY BXOOHBIX BEMUYMH, OTHOCSILLMXCS KO

BTOpOW rpynne no 4.1.3, Ans KOTOPbIX NOBTOPHbIE HABNOAEHNA OTCYTCTBYIOT, NOMyYaloT APYrMMU METOAaMM
(cm. 4.1.3).

4.2.2 Pa3bpoc 3Ha4eHui B HabnogeHusix g, 0bycnosneH crnyyaiHbIM1 U3MEHEHNAMY BINSIIOLLMX BEMUYUH
(cnyyaitHbiMu achcbekTamm, cM. 3.2.2). BeiBopouHyto ancnepcuio s2 (qy), SBNSIOLLYIOCA OLIEHKON ANCNepCcUm G2
ONs AaHHOro pacnpeaeneHns BepoATHOCTEN BEMMYMHBI ¢, NOMyYatoT no popmyre

s (Qx) = ﬁ/§1(qj - 6)2 (4)

MonoxuTenbHbIV KBaapaTHbIN KOPEHb S (Gj) M3 BbIDOPOYHON AMCepcum HasblBatoT BbIGOPOYHbIM CTaHAapPT-
HbIM OTKINOHeHueM (cM. B.2.17). 3Ta Benn4ymHa xapakTepusyeT U3MEHYMBOCTb HABMIOAEHWUN g, UNKN, TOYHEE, UX

pa3bpoc OTHOCUTENBHO CPEAHETO 3HAUYEHUS] { .

4.2.3 Hannyuwuei oLeHKoi ancnepcum cpeaHero sHavenns 62 (g), o2 (q)= o2 / n, sBnsetca

2
82 (a) _ S (an) . (5)

BbiGopoyHas aucnepcus cpeaHero sHadeHnst s2 () M BbIGOpoYHoe CTaHAapTHOe OTKIOHeHMe cpeaHe-

ro 3HaueHus s(q), paBHOE MOMOXMTENLHOMY KBAPATHOMY KOPHIO 13 s2 () , ONPEAEnsioT KONIMYECTBEHHO,
HACKOJbKO XOPOLLIEN OLIEHKON MaTeMaTN4YeCKOro OXXUAAHNS L, BENIMYMHBI § SBMSETCA ¢ , U MOTYT ObITb MCMOMb-

30BaHbl B Ka4eCTBE Mepbl HEONpeaeneHHoCTu q .
Taknum 06pa3om, CTaHAAPTHYO HEOMPEAENEHHOCTb U (X;) OLEeHKN X; = X ; » MOJNyYEHHY!O MO N He3aBUCKMbIM
MOBTOPHbIM HabnoaeHNAM X; , BXOAHOW BEMUYMHBI X, ONPEAENSAIT Kak U (x;) = s()_(,-) C UCNONb30BaHNEM

dopmynbl (5) ansiouerkn s2 (X;) . Ans ynobetea u? (x;) = s2(X;) v u(x;) = s(X;) VHOr4a HasbIBatoT, COOTBET-
CTBEHHO, Oucrnepcueli muna A n cmaHdapmHoU HeorpedeneHHOCMbo murna A.

MpumeuaHue 1 —Ynucno HabrrogeHNA N LOMKHO BbiTh AOCTATOYHO GOMbLUMM, 4TOBLI g U s2 () ABNANMUCH
HaeXHbIMV OLieHKaM1 MaTeMaTU4YeCKOro OXUAAHWS L CryYaiHOW BENUYMHLI G U AMCNepcun MaTtemaTuyeckoro oxu-

paHns o2 (q)= 62/n COOTBETCTBEHHO (cm. npumevaHue k 4.3.2). Mpy NOCTPOEHUN [OBEPUTENBHbLIX MHTEPBANoB

(oM. 6.2.2) cnieqyeT yunTbIBaTh pasnnume Mexay s2 (q) n o2 (q) - Ecnu q pacnpeaeneHa no HopmanbHOMY 3aKOHY (CM.

4.3.4), TOo 3TO pa3nunyne yunTbliBaeTCs NpMMeHeHneM f-pacnpegenenvs Ans seibopoyHoro cpegHero (cMm. G.3.2).
MpumeyaHune 2— XoTa 0OHON N3 OCHOBHbIX XapakTepUCTUK pacnpefeneHns BepoATHOCTEN ABMAETCA UMEHHO

avcnepcys, B 4aHHOM cryyae s?(q) , Ha npakTuke yno6Hee ncrnonb3oBath s(q), NOCKOMbKY 3Ta BENWYMHA UMEET Ty Xe
pa3MepHOCTb, YTO U @, 1 Bornee NpocTa Ons BOCNPUATUS, YeM AUCTIepCus.

4.2.4 Ona M3MepeHI/II‘/'I, NpoBOAUMBIX B XOPOLLUO NU3BECTHbIX YCITOBUAX NOL4 CTaTUCTUYHECKUM KOHTPOJEM,
MOXeT ObITb OOCTynHa obbeanHeHHas OuUeHKa gucnepcumn Sg (MJ'II/I 06beauHeHHOe Bbl60p0‘-lHO€ CTaHOapTHOE
OTKIIOHEeHWne Sp). Ecnun 3HaueHne I/I3Mep$|eMOI71 BeInn4nHbI q onpenenarT no n He3aBUCUMbIM HabnoaeHmam, To B

KayecTBe OLEHKM BbIGOPOYHOW AMCNepcuM CpedHEero 3Ha4yeHns g pPeKkoMeHayeTcs MpUHMMaThb sf, I'n, aHe

s (qy) / n, a B kKa4ecTBe CTaHAAPTHOI HEONPeaeneHHOCTU, COOTBETCTBEHHO, U = Sp /Jn (cM. NnpumevaHue k

H.3.6).

4.2.5YacTo Ans nonyyYeHnsi OLEHKM X; BXOAHOW BEMNUYMHBI X;UCNOMb3YHOT (PYHKLMOHArbHYHO 3aBUCUMOCTb,
MOMYYEHHYHO MO 3KCMEePUMEHTArbHbIM AAaHHBIM METOAOM HauMeHbLLVX KBaapaToB. BeiGopoUHble OLeHkn aucnep-
CUI 1 CTaHOaPTHbIX OTKIOHEHMWI NapaMeTpoB (PYHKLMOHANBHONM 3aBUCUMOCTH, @ TakKke 3HaYeHUI, NPorHo3npye-
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MbIX MO JaHHOWN (PYHKLMOHANBHOW 3aBUCUMOCTU, OBBIYHO MOTYT ObIThb JIETKO BbIYMCIEHBI C MOMOLLbIO XOPOLLIO
N3BECTHbIX CTaTucTU4eckmx npoueayp (cm. H.3 n [8]).

4.2.6 Npwu 3a89BNeHNM OLLEHKM COCTaBMSAOLLEN HeoNpeaeneHHoCTH U (X;) Tuna A Bcerga Heobxoaumo ykasbl-
BaTb COOTBETCTBYHOLLEE el uncno creneHen ceoboabl v; (C.2.31) — cm. G.3. B npocTeniwem criydae n He3aBucu-

Mbix HabmoaeHni, koraa x; = X; u u(x;) =s(X;), v;=n-1.

4.2.7 B cny4yae KoppenvpoBaHHO (HanprvmMep, BO BpEMEHMW) NOcneaoBaTeNsHOCTU HabNoaeHUA BXO4HON
BENMMYMHbI CpefHee 3HavYeHne 1 BbIBOPOYHOE CTaHAapTHOE OTKNOHEHNE, NoMyYeHHble cornacHo 4.2.1 n 4.2.3,
MOryT ObITb HeagekBaTHbIMK oueHkamum (C.2.25) cooTBeTCTBYOWMX cTaTUCTUK (C.2.23). ina aHannsa Takmx
HabntodeHun cnegyeT UCNomnb3oBaTh CTaTUCTUYECKME NPOLEAYPbI, CneLuanbHO paspaboTaHHble Ans 06paboTku
PSA0B CryYariHbIX KOPPENMPOBaHHbIX PE3yNbTaTOB U3MEPEHWI.

MpwumeyaHue—lNpumepom cneumanbHbIX NpoLeayp SBASIOTCA Te, YTO UCMONb3yT Ana 06paboTku pesynb-
TaTOB M3MEPEHWI 3TANOHOB YacToThbl. MOXeT okasaTbCs, YTO M3MepeHUs, NposiBRsiowmne cebs kak HEKOppeNMpPoBaHHbIE
Ha KOpPOTKOM WHTEepBarne BpeMeHU, JOIMKHbI paccMaTpmBaTbCH Kak KoppenvpoBaHHble Ha bonee AnuTenbHbIX MHTepBa-
nax ¢ NpYMeHeHneM creumanbHbiX MeToAoB 06paboTku (cM., Hanpumep, [9], rae nogpobHo paccmaTpuBaeTcst Tak Ha3bl-
Baemas aucrnepcusa Annaxa).

4.2.8 AHanus oueHnBaHuns HeonpegeneHHoctT Tuna A B 4.2.1—4.2.7 He siBnsieTcs ncuepnoisatomm. Cy-
LLIeCTBYET MHOMO CUTYaLUIA, MHOTAA LOBOSbHO COXHbIX, TPEOYOLLNX MPUMEHEHNS Pa3HbIX CTAaTUCTUYECKNX METO-
00B. BaXkHbIM NpuMepom SBNAETCH NNaHMpOBaHMe SKCNepUMEHTa, YacTo OCHOBAHHOE Ha NPUMEHEHUM MeToaAa
HaVMEeHbLUMX KBaApaTOB, B LIENAX KanMbpoBKM ANst OLEHKN HeonpeaeneHHOCTEN, CBA3AaHHbIX C KpaTKOBPEMEHHbI-
MU 1 JONrOBPEMEHHBIMU CAYYaNHBIMU U3MEHEHUAMW PE3YNbTATOB CIINYEHNN MaTepuanbHbIX 3TaNOHOB C HEN3-
BECTHbIMM pa3MepamMun eAVHUL, BENTMYUH (HanpuUMep, KOHLEBbIX MeP AMVHbI, 3TaNIOHOB MacChl) C 3TanioHamMu cpaB-
HEHVS C N3BECTHBIMY NepeaBaeMbiMU pas3mMepamn egUHNL, BENMYNH. B Takmx CpaBHUTEMNBHO NPOCTLIX U3MEpPU-
TenbHbIX 3aja4yax COCTaBNAOLLME HEONPEAENEHHOCTM YaCTO MOXHO OLEHUTb MOCPEACTBOM ANCNEPCUOHHOTO
aHanusa (cm. H.5) pe3ynbTaToB nepapxmyeckmx 3KCNepMMEHTOB ANd 3a4aHHOrO YMcna YPOBHEN Nepapxumm.

MpumeyaHue— Ha HU3KMX CTYNEHsIX NOBEPOYHON CXEMbI, KOTAa pasMep eauHULbl BENIMYUHLI, NepefaBaembli
3TaNoOHOM CPaBHEHUS, CYMTAIOT U3BECTHBIM TOYHO (MOCKOJSIbKY 3TW 3TaroHbl ObINU KanMBpoBaHbl C UCMONb30BaHUEM
NepBUYHbIX STANIOHOB), HEOMPEAENEeHHOCTb pesyribTata KanMbpoBKM MOXET COCTOSITb TONMbKO M3 CTaHAApPTHOM Heonpe-
JeneHHOCT Tuna A, 3a KOTOpYH MpUHMMalT o6beanHeHHoe BbIGOPOYHOE CTaHAapTHOE OTKIIOHEHMWE, MOJSlyYeHHoe B
YCIOBMSIX, MOMTHO XapaKTepUsyLLMX U3MeEpEHNE.

4.3 OueHuBaHu1e cTaHOapTHOW HeonpeaeneHHocTU Tuna B

4.3.1 1ns oueHKK x; BXOAHOW BenunynHbl X, KoTopasi He Bbina onpeaeneHa B pesynbTaTte NOBTOPHbIX Ha-
BrII0AEHNIA, 3HAYEHMS OLIEHKN ANCTIepCUN U? (X;) N CTaHAaPTHOM HEONPEAENEeHHOCT U (X;) NOMyYaloT B pesyrib-
TaTe 06006LLEeHVA 1 aHanm3a Bcel AOCTYNHOM HAOpMAaLIMU O BO3MOXHOW BapuaTMBHOCTM X;. Takas nHgopmaumns
MOXET BKItoYaTb B cebs:

- OaHHble NPeALIECTBYOLWNX U3MEPEHWN;

- NOMyYeHHbIE OMbITHLIM UMK TEOPETUYECKUM NYyTEM CBEAEHUS O CBOVWCTBAX Matepraros 1 XapakTepucTu-
Kax npMbopoB;

- XapaKTepUCTMKM, 3asiBrisieMble N3roToBUTENEM;

- faHHble, MPUBOAMMbIE B CBUAETENLCTBAX O KannbpoBke 1 ApYrnx JOKYMeHTaXx;

- HeonpeaeneHHOCTN BENTMYMH, KOTOPbIE BMECTE CO 3HAYEHMUSMUN STUX BENNYMH NPUBEAEHbI B CIPaBOYHM-
Kax.

[Ons yno6cTsa oueHku U2 (X)) 1 u (x;), NONy4YeHHbIe Taknm 06pa3om, HasblBaKT, COOTBETCTBEHHO, AuCep-
cueli muna B v cmaHdapmHou HeornpedeneHHOCMbo muna B.

MprumeyaHune—Ecnu Xx; NONy4eHO U3 N3BECTHOTO anpuUOPHOro pacnpefeneHnsl BeposiTHOCTEN, TO COOTBET-
CTBYIOLLYIO 3TOV BEMWYMHE AVCNEPCHIO crieayeT 06o3HauaTh U2 (X;). OgHako Ans ynpoLleHus B HacTosALlem PykosoacTee
“cnonb3yloTcs 06o3HaveHnst U2 (x) n u (x).

4.3.2 NpaBusibHOE UCMorb30BaHWe AOCTYNHOM MHGOPMaLUK 4115 OLEeHNBaHUA CTaHA4apTHOW HeonpeaeneH-
HocTu Tuna B TpebyeT pmanyeckon MHTYMLMM, OCHOBAHHOW Ha ONbITE 1 OBLLMX 3HAHUSAX, KOTOpas NPUXOAUT C
HakoMmmeHHoW npakTukon. CnegyeT NoOHMMAaTb, YTO OLeHKa CTaH4apTHOW HeonpedeneHHoCTH No Tuny B moxeT
ObITb He MeHee HafeXXHOW, YeM OLieHKa CTaHAapTHON HeonpeAeneHHOCTU Mo TuNy A, 0COBEHHO eCcrnv NoCneaHss
nomnyyeHa B yCrioBMsIX HeBOMbLLOro Yncna CTaTUCTUYECKN HE3aBUCUMbIX HABMIOAEHNIA.

MpwumeyaHune— Ecnu pacnpegeneHve BepossTHOCTeN q (CM. NpumevaHune 1 k 4.2.3) aBnsieTcs HopMmasbHbIM,
T0 OTHOWeHVe o[s(g)]/ o (q) NpnbnuanTensHo pasHo [2(n — 1)]~"2. Takum o6pasom, ecriv NpuHsTL G[s(g)] B kauecTse
11
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HeonpeaeneHHocTn s(q), To Ana 10 HabnioaeHuid (n = 10) oTHocMTenbHaa HeonpeaeneHHocTb s(q) byneT pasHa

24 %, a gna 50 Habmogerun (n = 50) — 10 % (mononHuTenbHas nHdopmaumsa npusedeHa B Tabnuvue E.1 npunoxe-
Hua E).

4.3.3 Ecnu oLieHKa X; B3siTa U3 TEXHUYECKOI OKYMEHTaLMN M3roTOBUTENS], CBUAETENBLCTBA O NOBEPKE, Crpa-
BOYHMKA UMK APYroro JOKYMEHTarNbHOrO UCTOYHMKA, B KOTOPOM 3HAYEHUE HEOoNpeaeneHHOCTU X; JaHO B BUAe
CTaHOapTHOrO OTKMOHEHUS, YMHOXXEHHOIO Ha HEKOTOPbIV KO3 (ULIMEHT, TO CTaHAAPTHYH HeonpeaeneHHOCTb
U(X;) MOXHO NOMYYNTb, Pa3AenuB CPaBOYHOE 3HAYEHUE HEOMNPEAETIEHHOCTM Ha 3TOT KO3 MULIMEHT, @ OLLEHKY
ancnepcun u(x,) — Bo3BeS NOMyYeHHbIN pe3ynbTaT B KBaapar.

lMpumep — CoznacHo cepmugbukamy o Kanubpoeke macca mg, 3masioHa U3 Hepxaserouwjeli cmanu ¢ HoMu-
HanbHbIM 3Ha4YeHuem 1 k2 paeHa 1000,000325 2, a e20 «<HeonpedesieHHOCMb 8 eude ympPOeHHO20 cmaHdapMmHoO20
OmKoHeHus1 paeHa 240 mke2». B amom cny4yae cmaHOapmHyro HeonpedesleHHOCMb 3MaJsioHa Macchbl Nosy-
qYarom kak u(mg) = 240/3 = 80 Mmke. 9mo coomeemcmeyem omHocumesibHol cmaHdapmHoU HeonpedesieHHOCmu
u(mg)/m,=80-10"° (cm. 5.1.6). Ouerka ducnepcuu cocmaensiem u’(mg) = (80-107°%)2=6,4-107% 22,

MpunMeyaHue— Kak npaBunio, UCTOYHMK MHDOPMaLIMK, YKasbiBatoLWMit HeonpeaeneHHOCTb M3MEPEHNs KaKoi-
nMBO BENMYMHBI, HE MPUBOAMT COCTaBSAOLIME 3TON HeonpeaeneHHOCTU. B GonbLMHCTBE criyyaes Npu BbipaXkeHUn He-
onpeaeneHHoCTU U3MepeHUss B COOTBETCTBUM C HACTOSILLMM PykosodCcmeoMm 3TO He WMEET 3HauyeHUsl, MNOCKOSbKY npu
BbIYMCIIEHUY CYMMapHOI CTaHAapTHON HeonpeaeneHHOCTU pesynbTaTta U3MepeHust eAMHO0BPa3HO CyMMUPYHOTCS CTaH-
JapTHble HeoMNpeaeneHHOCTU BCEX BXOAHbIX BEMUYMH (CM. pasaen 5).

4.3.4 TpuBogumasi B TOM UM MHOM UCTOYHMKE MHAPOPMAaLIMS O HEOMPEAENEHHOCTM X; HE BCErga umMeeT Bug
BESIMYUNHBI, KpATHOM CTaH4apTHOMY OTKITOHEHMIO, Kak pacCcMOTpeHO B 4.3.3. YacTo Takyto HeonpeaeneHHOCTb
onpenensioT B BUae nHtepsana ¢ yposHem gosepus 90 %, 95 % nnm 99 % (cm. 6.2.2). Ecnu He ykasaHo 1Hoe,
TO MOXHO NPEANONOXKUTb, YTO AN pacyeTa yka3aHHOro MHTepaarna Obina ncnonb3oBaHa rmnoTesa o HopManb-
Hom pacnpeaeneHum (C.2.14) BenuunHbl x;. B 3ToM criydae ctaHgapTHYH HeonpeaeneHHoCTb AMs X; NonyyarT
OerneHnem NpMBedEeHHOr0 B UCTOYHUKE MHEpOPMaLUm 3Ha4YEeHUS Ha COOTBETCTBYOLL I KOIPMDULIMEHT NS HOP-
MarbHOro pacrnpegeneHuns. Tak BbllLeyKa3aHHbIM TPeEM YPOBHSIM JOBEPMS COOTBETCTBYIOT crieaytoLume koadpdu-
umneHThl: 1,64; 1,96 1 2,58 (cm. Takke Tabnuuy G.1 npunoxeHus G).

MpumedyaHune— B Takom NpeanonoxeHnn He 6bino 6bl HeoOxoauMOCTU, ecnu Gbl HeonpeaeneHHoCTb bbina
BblpaXeHa B COOTBETCTBMU C peKOMeHAaLusiMn HacTosiLero Pykogodcmea, B KOTOPOM noavepkuBaeTcsl HeobXoaMmMocCTb
npuv 3asiBMeHMn HeonpeaeneHHoCTM BCceraa ykasbiBaTb UCNOMb3yeMbli kKoadduumneHT oxeaTa (cm. 7.2.3).

IMpumep — CozanacHo caudemesibcmay o Kanubpoeke, conpomuesieHue Rg 3masnoHHo20 pe3ucmopa ¢ HoMu-
HanbHbIM 3Ha4YeHuemM 10 Om paeHo 10,000742 Om * 129 mkOmM npu memnepamype 23 °C u «HeonpeodesiIeHHOCMb
129 mkOM coomeemcmeyem uHmepaaisy ¢ ypoeHem doeepusi 99 %». B amom cnyyae cmaHOapmHyro Heonpede-
JIEHHOCMb CONPOMuUesieHUsI MOXXHO NPUHAMb pasHol u (Rg) = 129/2,58 = 50 mkOM. 3mo coomeemcmeayem omHo-
cumenbHoli cmaHdapmHoii HeonpedeneHHocmu u (Rg) / Rs = 5,0-107° (cm. 5.1.6). OuyeHka ducnepcuu pagHa
u? (Ry) = (5,0-1076)2 = 2,5:10~° Om>.

4.3.5 PaccmoTpum cryyain, Korga Ha OCHOBE HEKOTOPOrO MCTOYHMKA MHCDOPMaLMN MOXHO caenaTh 3aKmto-
YeHue, YTO 3HaYeHne BXOOHON BENNYMHBI X; C PaBHOW BEPOSTHOCTBIO MOXET HAaXOAMTLCS Kak B npegenax nHrep-
BarnaoTa_ fo a,, Tak u BHe 3TOro nHTepsana. [ipyrumu cnosamu, BEpPOSTHOCTb TOr0, YTO 3Ha4YeHue X; HaxoamTcs
B MHTepBarne oT a_ o a, paBHo 0,5 unu 50 %. Ecnu ecTb OCHOBaHWA NpeanonoXunTb, YTO pacnpeaeneHne
BeposiTHoCTen X; 6nm3Kko kK HopMarnbHOMY, TO Ny4Llel OLeHKoN X; Ans X;0yaeT cpefHsis ToYKa 9TOoro MHTepBsana.
O6o3Ha4mMB a NonyLwnpuHy MHTEpBana, a = (a, —a_)/2, MOXHO NpuHaTb u(X;) = 1,48a, NOCKONbKy ANst HOPMaribHO-
ro pacnpegerneHus C MaTemMaTu4yeckum OXMaaHWeM L 1 CTaHgapTHbIM OTKNOHEHNEM G nHTepBan W £ /1,48 oxea-
TbiBaeT NpubnusmTensHo 50 % pacnpegeneHus.

Mpumep — CmaHOYHUK, onpedesisisi pa3mepbl demanu, pewus, Ymo ee dnuHa | c¢ eeposmHocmsio 0,5
Haxodumcsi 8 uHmepeasie om 10,07 do 10,15 mm u 3anucan amo e eude [ = (10,11 * 0,04) MM, noHumasi nod
amum, ymo * 0,04 — uHmepsan c ypoeHeM dosepusi 50 %. B amom csniyqae a = 0,04 MM, u 8 npednosIoKeHUU
HOpMaJsibHO20 pacnpedesieHUs 803MOXHbIX 3Ha4YeHull | cmaHdapmHasi HeonpedesieHHOCMb ONUHbLI 6ydem pasHa
u(l)=1,480,04 = 0,06 Mm. OyeHka ducnepcuu 6ydem u? (1) = (1,48-0,04)? = 3,5-10~3 mm2.

4.3.6 PaccmoTpum criyyan, nogo6HbIn 3noxxeHHoMY B 4.3.5, HO korga Ha OCHOBE MMELLENCs MHopMa-
LM MOXHO yTBEPXAATb, YTO «B ABYX CNy4Yasix n3 Tpex sHaveHue X; byaget HaxoamTbCs B MHTEpBarne ot a_ Ao a,.
Opyrummn cnosamm, BEpOSTHOCTb TOrO, YTO 3HaYeHne X;HaxoauTcs B MHTepBane oT a_ A0 a, pPaBHO Npubnusu-
TenbHo 0,67. Torga ¢ AOCTAaTOYHBbIM OCHOBAHMEM MOXHO MPUHATB U(X;) = @, NOCKONbKY Afst HOpManbHOro pacnpe-
OeneHna c MaTeMaTtuyeCcKknM oxXnaaHmem (L 1 CtTaHaapTHbIM OTKITOHEHUEM G UHTepBas | + G OXBaTtbIBaeT I'IpI/I6]'II/I—
3uTenbHO 68,3 % pacnpepeneHus.
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MpumeyaHune— ToyHoe 3HaYeHMEe CTaHAAPTHOIO OTKIOHEHUST G, COOTBETCTBYIOLLErO UHTEPBArY C AOBEPUTESb-
HOW BepodATHOCTbI p = 2/3, paBHo 0,96742, Torga cTtaHOapTHYO HEonpeaeneHHoCTb U (x;) criegoBano Obl NonyynThb Mo
dopmyne u (x;) =al0,96742 = 1,033a. OgHako CTONb BbICOKAA TOYHOCTb BbIYMCIIEHWI CTaHOAAPTHON HEONPEAENEeHHOCTH,
04YEeBUAHO, He SIBNSIETCS onpaBOaHHOMN.

4.3.7 B psige cny4aeB MOXHO OLIEHWUTb TOMbKO rpaHuLbl (BEPXHUIA U HWXKHWIA Npeaensl) Ans Xj, B 4aCTHOCTMH,
yTBEPXAATb, YTO «Ars BCEX NPaKTUYECKUX Lienen BEPOSTHOCTb HAXOXAEHWS 3Ha4YeHns X; B UHTepBane oT a_ ao
a, brim3ka K eguHuLe, a BHe Npeaernos 3TOro MHTepeana — HecylecTBeHHay. Ecnv gononHutensHas nHgopma-
L1si 0 BO3MOXHbIX 3HAYeHUAX X; BHYTPU YKa3aHHOro MHTepBarna oTCyTCTBYET, TO OCTaeTCs NPEeAnonNoXnTb, YTO
BEPOSATHOCTb ANd X; NpuHATL Ntoboe 3HaveHre B Npefenax nHTepsana oAmMHakoBa (4TO COOTBETCTBYET PaBHO-
MEPHOMY UM NPSMOYIofibHOMY pacrnpeneneHunto BeposaTHOCTEN, cM. 4.4.5 n pucyHok 2). Torga x;, paBHoe maTe-
MaTUYeckoMy oxuaaHuio X;, byaeT cpeaHei ToYKon WHTepsana, X; = (a, + a_)/2. Qucnepcuio u?(x;) Takoro
pacnpegeneHnss onpeaenstoT no opmyne

vA(x) = (@, —a)?12 . (6)
Ecnun pasHocTb Mexay rpaHuuamu, a, —a_, 0603HaunTb 2a, To popmyna (6) npumeTt Bug
uA(x;) = a°/3. (7)

MpumedyaHune—Ecnucocrasnsowas HeonpegeneHHOCTH, nony4yeHHaa TakKum 06pa30M, [aeT 3Ha4YnTeNbHbIN
BKnaa B HeonpeaeneHHOCTb pe3dyfibTaTta nsMepeHusa, 1o Ll,eJ'IECOO6pa3H0 paccMOTpeTb BO3SMOXHOCTb Nosty4eHna gonon-
HUTENbHOW MHdOPMaLMK Ans YTOYHEHUA BUAa pacnpeneneHusa.

Mpumep 1 — CoznacHo cnpagoYHUKY 3Ha4YeHUe meMnepamypHo20 KoaghgpuyueHma siuHeliHo20 pacuwupe-
Hus yucmoli medu npu 20 °C o, (Cu) pasHo 16,52-10°° °C~", a nozpewHocms 3mozo 3HayeHuUs1 He npeebiwaem
0,40-10° °C~"'. Ha ocHoeaHuu makolii o2paHuU4eHHOU UHGhOPMaLUU MOXHO MOJILKO NPeONOIoKUMb, YMO 3HaYeHue
029 (Cu) pasHoseposimHo pacnpedenieHo 8 uHmepeasne om 16,12-10°¢ do 16,92-10°¢ °C~" u ymo eepossmHocms
Haxox0eHusi 0y (Cu) eHe npedesios 3mMo20 UHMepaasa o4eHb Mana. [jucnepcuro cUMMemMpPUYHO20 NPSIMOY20J1b-
Ho20 pacnpedesieHUs1 03MOXHLIX 3Ha4YeHUl oy, (Cu) ¢ nonywupuHoli a = 0,40-10°¢ °C~" mox+o nonyyums no
bopmyne (7): u? (ayo) = (0,40-10°6)%/3 = 53,3-10~1° °C~2, Toada cmaHdapmHas HeonpedeneHHocmb 6ydem pagHa

u (az0) = (0,40-10°6) /4/3 = 0,23-106 °C1.

lMpumep 2 — B mexHU4YecKuUX ycrioeusix uz2omosumesieM 4ugpoeo20 8osibmmMempa yKkazaHo, Ymo «8 npo-
Mexxymke om 2o0a Ao deyx siem nocrie Kanubpoeku npubopa e2o0 Nno2pewHoOCMb COCMoum U3 omHocumesbHol
nozpewHocmu, paeHoli 14-10~-8, u nozpewHocmu, npueedeHHoll k npedeny usmeperuti (1 B), paeHoii 2-1075. Mycme
cnycms 20 mecsiyes nocJie KanubpoeKu No8MopHbIe usMepeHusi HanpsixeHus1 V e duana3oHe 0o 1 B danu cpedHee

3HaveHue V =0,928571B. IMpu amom uzeecmHo, Ymo cmaHOapmHasi HeonpedesieHHOCMb NO muny A, cesi3aHHasi

C U3MEeH4YU80CMbLI0 NPU NO8MOPHbIX HabnrodeHusix, u(V) =12 mkB. OyeHKy cmaHOapmHoU HeonpedesrieHHOCMU

no muny B no mexHU4ecKuUM yc/i08uUsIM U320Moeumersisi MOXXHO NOJly4umb € nPednoJsioXeHuuU, Ymo yKasaHHasi
um nozpewHocms onpedesisem cCuMMempuUYHble 2paHUybl PaéHOMEePHO20 pacnpedesieHusi addumueHol no-

npaeku AV K V ¢ HyneebiM Mamemamu4ecKuM oxudaHuem. To20a nonywupuHy a uana3oHa 803MOXHbLIX
3Havenuii A(V) onpedensitom kak a = (14-1076) 0,928571 + (2:1075) -1 = 15-10~6 B unu 15 MkB, u u3 popmynbi (7)
nonyqarom 2 ( A\7) =75 mkB2 u u( A\7) = 8,7 MkB. OyeHka 3Ha4yeHusl usmepsieMol eenu4uHbl V, Onsi npocmomai

o603Ha4YaemMasi mem xe cumeosiom V, pagHa V = V + AV =0,928571 B. CymmMapHyto cmaHOapmHyro Heonpede-
JIeHHOCMb 3Mol OUeHKU NnoJiy4yarom cyMMuposaHueM cmaHOapmHol HeonpedesieHHOCmMu no muny A, pagHolU
12 MkB, u cmaHAapmHoU HeonpedesieHHOCcMu no muny B, paeHoli 8,7 MkB. O6wuli Memod cyMmMupo8aHusi cocmas-
nsrouux cmaHoapmHoU HeonpedesileHHOcmu OaH 8 pa3dersie 5, a amom KOHKpemHbIl npumep paccMompeH 8 5.1.5.

4.3.8 B paccmoTpeHHOM B 4.3.7 crnydae BepxHsis (a,) U HUXKHSAS (a_) rpaHuLbl Auana3oHa UsMeHeHuin BXoa-
HOM BENWMYMHbI X; MOTYyT OblTb PaCcnonoXeHbl HECUMMETPUYHO OTHOCUTENBbHO NMyYLLEl OLEHKM X;. Tak, eCrnu HX-
HIOIO rpaHunLly NpeacTaBuTb B BUAE a_ = X;— b_, @ BEpXHIOI — B BUAe a, = X; + b,, To MOXeT ObITb CpaBeanBo
ycnosue b_+ b.. [TocKornbKy B 3TOM crnyyae x; (Matematudeckoe oxuaanuve X;) He HaxoanTcs nocepeanHe nHTep-
Bana ot a_ [0 a,, To pacnpegeneHue BeposTHoCTel X; He MOXeT ObITb paBHOMEPHbIM B JaHHOM MHTepBare. [Mpu
3TOM MMetoLLelicst UHpopMaLm MOXKET ObITb HEAOCTATOUHO, YTOObI caenaTb 060CHOBaHHOE 3aKro4eHME O BUAe
pacnpeneneHnsi, a NpoM3BOIbHbIN BbIOOP pasHbiX MOAENel pacnpeaeneHuns 4acT pasHble OLeHku gucnepcun. B
3TOM Criyyae npocTelLLen OLLeHKOW ANCnepcumn aBnseTcs

2 2
(b, +b.) _(a, —a) ®)

2
X)) ==y

13



FOCT P 54500.3—2011/ PykoBoacteo MCO/MIK 98-3:2008

KOTopasi CoBNagaeT C ANCNepCHen NpsiMOYroibHOro pacrnpeaeneHns B HTepBarne wupuHoii (b, + b_) (acummeT-
pVYHbIE pacnpeaenenns paccmatpuatotTes Takke B F.2.4.4 n G.5.3).

Mpumep — Mycmb e npumepe 1 ( 4.3.7) 8 cnpagoYyHUKe 3Ha4eHuUe KoagguyueHma 0aHoO KaK oy (Cu) =
= 16,52-105 °C~! u ykasaHo, Ymo «HauMeHbLIEe 803MOXHOE 3Ha4YeHUe KoaghguyueHma pasHo 16,40-10°6 °C7,
a Hau6onbwee — 16,92-10°¢ °C~"». Toada b_ = 0,12-10¢ °C~7, b, = 0,40-107° °C~", u no chopmyne (8) nonyqyaem
u (o) = 0,15'10_6 °c.

MpumeyvyaHune 1— Bo MHOMMX NPaKTUYECKUX NU3MEPUTESBHBIX CUTYaLMSX, KOrAa rpaHuLbl aCUMMETPUYHDI,
LilenecoobpasHo BHOCWUTL MOMPaBKy B OLIEHKY X; Ha BEeNUUMHY (b, — b_) / 2, 4yToBbl HOBasi OLEHKa X; BENUYUHbI X;
Haxogunacb nocepeauHe AvanasoHa, x;= (a, + a_) / 2. OTo cBeAeT CcUTyauuio K Cryyato, paccCMOTpPeHHOMY B 4.3.7, npu
HOBBbIX 3Ha4YeHusAx by =b_= (b, +b_)/2=(a;,—a_)/2=a.

MpumeyaHne?2— OCHOBbIBasACb Ha MPUHLMME MaKCUMyMa 3HTPOMWUM, MOXHO MokasaTb, YTO B cryvae
aCUMMETPUYHBIX TPaHUL, MIOTHOCTb BEPOSITHOCTM pacnpefeneHust ¢ MakCcMManbHO aHTponuen umeet Bug p(X;) =
= A exp {~ MX; — x))}, rae A 1 A SBNAIOTCS PeLUeHNeM CUCTEMbI YpaBHeHwii: A = [b_exp (Ab_) + b, exp (-Ab)]™!, A =
= {exp [Mby + b_)]-1}{b_exp [Mbs+ b_)] + by}; A>0 Bcny4yae b,>b_ n A <0 Bcnyyae b, < b_. lucnepcuss Takoro
pacnpeaeneHns umeet BUA u3(x;) = bub_— (b —b_) / A.

4.3.9 B cnyyae, paccMOTpeHHOM B 4.3.7, OTCYTCTBME MHAPOPMALIMM O BO3MOXHbIX 3HAaYEHUAX BENNYUHBI X;
B Npegenax rpaHuy, ee n3sMeHeHus oT a_ A0 a, He NO3BONUIO caenatb UHOro NPeanosiokKeHUs O NITOTHOCTK
pacnpegeneHus BepoaTHoCTeN X, KPOMe Kak MPUHSATL ee MOCTOSHHOW B npefenax uHtepsarna oT a_ o a, v
HyNneBOW BHe 3TOro MHTepBana. PacnpeaeneHne BeposaTHOCTEN Takoro Braa COAEPKUT pa3pblBbl (Ha rpaHmuax
MHTEpBarna), YTo 3a4acTyto He MMeET Nog cobow ACHON PUINYECKON OCHOBLI. BO MHOMMX Criy4asix MOXHO OXW-
OaTb, YTO 3Ha4YeHus X; BONMan rpaHnL, MHTepBarna ropasfgo MeHee BEPOSATHbLI, YEM B €ro LieHTpe. Toraa cuMmmeT-
pYYHOE NPSIMOYTofibHOE pacnpeerneHmne LenecoobpasHo 3aMeHUTbL CUMMETPUYHBIM TpaneuenganbHbIM pacnpe-
OENEHNEM C LUMPUHON HUXKHErO OCHOBaHUSA a, —a_ = 2a \ LUMPUHON BEpXHEro ocHoBaHus 2ap, rae 0 <B<1. Mpu
B — 1 aTO pacnpegeneHne CTPEMUTCS K NPSIMOYronbHOMY, paccMoTpeHHoMy B 4.3.7, anpu 3 — 0 — Kk Tpeyrornb-
HoMy (cMm. 4.4.6 n pucyHok 2b). MaTemaTnyeckoe oxugaHve BennynHel X; Ansi Takoro TpanelengansHoro pac-
npenenenns 6yaeT pasHo X; = (a_+ a,) / 2, ancnepcust u? (x,) onpeaenaeTcs no dopmyrne

u? (x) = a* (1 + B2)/6, (9a)
a B cryyae TpeyronbHoro pacnpegenenus (f = 0):
u? (x)) = a%l6. (9b)

MpumeyaHune 1— [Ansa HOpManbHOro pacnpeaeneHms ¢ MaTeMaTUYECKUM OXUAAHWEM L U CTaHOAPTHbIM
OTKIMOHEHNEM G B MHTepBan | + 3¢ nonagatoT npnbnuantensHo 99,73 % 3HaveHwli criyqanHon BenuYuHbl. Takum obpa-
30M, ECINN NPUHSATBL YTO MHTEpBan oT a_ Ao a, oxsaTbiBaeT He 100 %, a 99,73 % 3HadeHwli 1 4TO cryvanHas BenuuuHa
pacnpeferneHa no 3akoHy, 6nmM3koMy Kk HopManbHOMy (3To ByaeT AONONMHWUTENbHONW MHAOPMaunern o pacnpeaeneHun
CMyYaitHO BENMYMHLI MO CPaBHEHMIO C TOW, YTO paccmoTpeHa B 4.3.7), To u? (x;) = a%/9. [ina cpaBHeHus: aucrnepcus
CYMMETPUYHOTO NPAMOYTOMBLHOTO pPacnpefeneHnst Ha HTepBane NonyLUIMPUHON @ paBHa a2/3 [dhopmyna (7)], a avcnep-
CMA CYUMMETPUYHOTO TPEYroNbLHOTO pacnpeaeneHnst Ha UHTepBarne NonyLWwUpKUHOIL a paBHa a2/6 [dopmyna (9b)]. Paanu-
4YMs B 3HAYEHWSX AMCNEPCUI 3TUX Tpex pacnpeneneHnii AOBOMbHO HE3HAYUTENbHbI MO CPABHEHUIO C pasHULen B obbe-
Max uHdopmauum, Tpebyemor ana 060CHOBaHNst Bbibopa TOro UM MHOTO pacrnpegeneHus.

MpumevyaHune 2— TpaneuengansHoe pacnpefeneHne MOXHO paccMaTpyBaTh Kak CBEPTKY ABYX MPAMOYTofib-
HbIX pacnpegenexuii (cm. [10]): ogHOro ¢ NONyLWMPUHONW a4, PaBHOW ANIMHE CPefHeln NuHum Tpaneuun, a4 = a (1 + B)/2,
OpYroro — c nonyLnpuHON a,, paBHOW ANNHE CpeaHel NMHUM TpeyronbHuKa, 00pa3oBaHHOro GOKOBOW NMHMEN, OMyLLEH-
HOW M3 Hee BbICOTOW U 4acTbl HWXKHEro OCHOBaHWS Tpaneuuw, a, = a (1 — B)/2. Torga gucnepcuio Tpaneuengarns-
HOrO pacnpeAeneHns U2 MOXHO MPeAcTaBUTh B BUAE CYyMMbl AUCMEPCHii 3TUX ABYX NPAMOYTOMbHLIX pacrnpeaeneHuii:
u? = a5/3+a%/3. CeepTKy pacnpeneneHuii MOXHO MHTepRpeTUPOBaThL Takke Kak CryyaiiHyto BENMUMHY, pacrpeaeneHHyo
no paBHOMEPHOMY 3aKOHY Ha MHTepBane 2a4, 3Ha4yeHne KOTOPOro N3BECTHO C HEKOTOPOW HEONPEAENEHHOCTLIO, onpeae-
NsSiemMoVi ApYrM paBHOMEPHBbIM pacrnpenernieHneM Ha UHTepBane 2a,, T. €. Kak PaBHOMEPHO pacnpefeneHHyo cryyari-
HYI0 BEMUYMHY, TpaHuLLbl pacnpeneneHnsi KOTopow TOYHO He n3BecTHbl. Ho faxe ecnu a, coctasnsieT 30 % a4, cTaHgapT-

HO€ OTKIIOHEeHWe TpaneuenganbHOro pacnpegeneHnsa u 6yp,eT npesbllWaTb a4 /\/g MeHee 4yeM Ha 5 %.

4.3.10 BaxHo, 4ToObl 0OOHN 1 TE Xe CcocCTaBndwwmne HeornpeaeneHHoCTn He Obinn YYTEHbI ©onee ogHoro
pasa. Ecnu COCTaBnAWan HeonpeaeneHHoCTH, O6yCJ'IOBJ'IeHHa$'-| KOHKPETHbIM Sd)(beKTOM, nosny4yeHa oueHu-
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BaHMeM Tuna B, To OHa JOmKHa BOWTM Kak He3aBMCKMasi COCTaBMALLas Npy pacyeTe CyMMapHON CTaHaapTHOWN
HeonpeaeneHHOCTY TOMbKO B TOM YaCTW, B KAKOW 3TOT 3O(PEKT He BbI3bIBAET BapUaTMBHOCTM PE3yibTaToB U3Me-
peHus. 3To 06yCNOBNEHO TeM, YTO Ta YacTb apdekTa, KOTopasi BHOCUT BKIaJ B BapMaTUBHOCTb, yXKe BKMYeHa
B COCTaBMSAIOLLY0 HEONPEAENIEHHOCTH, MOMy4YEHHYH0 HAa OCHOBE CTAaTUCTMYECKOro aHanu3a HabnioaeHnn.

4.3.11 ObcyxaeHre oueHBaHMsA CTaHAapTHOW HeonpeaeneHHocTy Tuna B B 4.3.3—4.3.9 npoBeeHo Ha
KayecTBeHHOM ypoBHe. OgHaKo NonyyeHne oLeHOK HeONpeaeneHHOCTU B MakCMMaribHO BO3MOXHOW Mepe JOSK-
HO BbITb OCHOBaHO Ha KONMYECTBEHHbIX AaHHbIX, Kak nogvyepkmeaeTtca B 3.4.1 1 3.4.2.

4.4 I'pachmyeckasn nnnrocTpauusi oueHMBaHUsA CTaH4apPTHOM HeonpeaereHHOCTHU

4.4 .1 Ha pucyHke 1 rpacdmyecku nokasaHa OLeHKa 3Ha4yeHusi BXOOHOW Benn4mHbl X; 1 oLeHKa Heonpeae-
FNIEHHOCTW 3TOW OLEHKM MO BbIGOPKE (MOBTOPHBIM HABMNIOAEHNSIM) U3 reHeparibHOM COBOKYMHOCTU C HEM3BECTHbIM
3aKOHOM pacrnpeaeneHust.

4.4.2 Ha pucyHke 1a nokasaH npumep, Korga BXo4HOW BENUYUHON X; sBNseTcs TemnepaTypa t, a Hems3secT-
HbIM pacrnpegeneHvem SBnseTcs HopmMansHoe pacnpeaeneHne ¢ mateMaTuiecknm oxunganvem ;= 100 °C u
CTaHOapTHbIM OTKIMOHEeHEM G = 1,5 °C, NNOTHOCTb BEPOSTHOCTM KOTOPOTo onuckiBaeTcs hopmynor (cm. C.2.14)

- t-u )’
p(t)= GJ#XP{‘%(TtJ }

MpumeyaHue— W3 onpeaeneHnst NIOTHOCTM pacnpeneneHnsl BeposiTHOCTel p (z) cnedyeT HeoGXoAUMOCTb

BbINOMHEHUS YCIOBUSI _[p(z) dz =1.

4.4.3 Ha pucyHke 1b nokasaHa ructorpamma n = 20 NOBTOPHbIX HABNAeHU f, TemnepaTtypbl t, B3ATbIX,
NPeAnonoXUTENbHO, U3 FeHeparnbHOM COBOKYMHOCTM, KOTOPas ONMCbIBaeTCs pacnpeneneHmem, M3o0pakeHHbIM
Ha p1cyHke 1a. [Ina nocTpoeHns rmcTorpaMMbl HABNIOAEHWS, 3HaYeHUst KOTOPbIX AaHbl B Tabnuue 1, 6binv crpyn-
nMMpoBaHbI B knaccel wupuHor 1 °C. (MTnctorpamma npvBefeHa B Ka4eCcTBe UMNMIOCTPALUN; ee NOCTPOEHUE He
BXOAWT B CTAaTUCTUYECKUIA aHanu3 AaHHbIX.)

Tab6bnwuua 1— [OBaguaTtb NOBTOPHbLIX HAONOAEHUI TeMMepaTypbl f, CrpyNNMPOBaHHbIX B Kracchl WwupuHon 1 °C

Pannl knaceos (t = £ < &) PesynbtaThl HabnogeHuin t, °C
HwxHaa rpaHvua knacca t, °C | BepxHasa rpaHuua knacca t,, °C
94,5 95,5 —
95,5 96,5 -
96,5 97,5 96,90
97,5 98,5 98,18; 98,25
98,5 99,5 98,61; 99,03; 99,49
99,5 100,5 99,56; 99,74; 99,89; 100,07; 100,33; 100,42
100,5 101,5 100,68; 100,95; 101,11; 101,20
101,5 102,5 101,57; 101,84; 102,36
102,5 103,5 102,72
103,5 104,5 —
104,5 105,5 —
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p(t), oC'1 A

0,3

0,2

0,1

95 M- O 100 H+o 105 t,°C

Mt

)L

0«1 T T T A 1 T T T T T >
95 - s(tk)/t_- s(f) /1 0? i +s(t2N{+ s(t,) 105 t °C

6

~

PucyHok 1 — Mpadmnyeckas wnniocTpaums OUEHMBaHWUSA CTaHOApTHOM HeonpedeneHHo-
CTU BXOAHOW BENUYMHBLI NO NOBTOPHBLIM HabNOAEHNAM

CpepaHee apudmeTtundeckoe (Mnu cpegHee) sHaveHune t 13 n =20 HabnoaeHUn, BblYMCNEHHOE NO hopMy-

ne (3), paBHo ¢ = 100,145 °C = 100,14 °C, 1 npeAnonaraeTcs, 4To OHO SIBMSETCS MyYLLeii OLeHKoN MaTeMaTnyec-
KOro oxumgaHus [ BenuumHel t. BeibopoyHoe cTaHgapTHOe OTKIOHeHMe S (£, ), BbluncrieHHoe no dopmyne (4),

paBHO s (f,) = 1,489 °C = 1,49 °C, a BbIODOPOYHOE CTaHAapTHOE OTKITOHEHNE CPEAHETO 3Ha4YeHNS s(f) , BbIYMCIIEH-
Hoe no cbopmyne (5) u aBnsaLLEecs CTaHAAPTHOW HeoNpeaeneHHOCTbI0 u(f) CpefHero 3HauyeHus t , paBHO
u(t) = s(f) = s(t,)/~20 = 0,333 °C= 0,33 °C.

MpumedyaHwune—[aHHble B Ta6n14u,e 1 BbIMNAQAT Kak nony4yeHHble C NOMOLLbIKD BbICOKOTOYHOIO LMdpoBOro
QNIEKTPOHHOro TepMomMeTpa, LWMPOKO NpUMeHALWEeroca B USMepeHNAxX B nocneaHee BpeMA. OpHako B AeNCTBUTENbHO-
CTW OHN HE COOTBETCTBYIOT pealibHOMY U3MepPEeHU0 U NpmuBeaeHbl TOJNIbKO B Ka4eCTBe UNnicTpayun.

4.4 .4 Ha pucyHke 2 rpadpmyecku nokasaHa oLeHKa 3Ha4eHWs BXOAHOM BENUYKNHBI X; 1 OLeHKa Heonpeae-
TNEHHOCTM 3TOW OLIEHKM A5 U3BECTHOIO anpuopHOro pacnpeaenenns (pacnpegenexms, BbIopaHHOro Ha OCHOBE
BCel umetoLLiencsa nHgopmaumm o X;). Kak n B npegbigyiem npuMepe, npegronaraeTcsi, YTo BXOOAHOW BENWUYN-
HOW ABNSAeTCA Temneparypa t.

4.4.5 [Inqa crniyyas, nokaszaHHOro Ha pUCYHKe 2a, npeanonaraeTcs, YTo umeroLasca MHopMaLms 0 BXOA-
HOW BENUYMHe t NO3BOMSIET TOMBKO cAeNnaTth 3akYeHne, YTO OHa ONMUCBLIBAETCSH CUMMETPUYHBLIM NMPSIMOYTOSb-
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HbIM pacnpefeneHmeM BEPOSITHOCTEN B MHTEPBAre C HWKHen rpaHuuen a_ = 96 °C n BepxHen rpaHuuen a, =
=104 °C, 1. e. c nonywwupuHon a = (a,—a_) / 2 =4 °C (cm. 4.3.7). MaTtemaTtunyeckasi 3anncb 3TON NIIOTHOCTU
BEPOATHOCTU MMEET BUL

p()=12a;, tela_;a.l,
p () =0; te [a_;a.l.
Kak ykasaHo B 4.3.7, HavnnyuLLlel OLEeHKoN t ABNsieTCA ee MaTemaTuyecKkoe oxuaaHne ;= (a,.—a_)/2 =

=100 °C, uto cneayeT 13 C.3.1. CTaHgapTHas HeonpeaeneHHoCTb 9ToW oLeHku byaeT paBHa u(u,) = a/ J_ =

=2,3 °C, uto cnegyet u3 C.3.2 [cM. chopmyny (7)].

4.4.6 [1nga cny4yas, noka3aHHOro Ha pucyHke 2b, npegnonaraercs, 4To 0 BenuumHe t nmeeTtcsa 6onee 00-
LUMpHasi MHdOpMaLMS, NO3BOSSAOLLLASA MPEANONOXNUTL, YTO AaHHOWN BENUYMHE COOTBETCTBYET CUMMETPUYHOE Tpe-
yronbHoe pacnpefeneHue BeposaTHOCTEN C TeMM xe HUxHel (a_= 96 °C) n BepxHeii (a, = 104 °C) rpaHutammn n c
TOW e NonyLuMpuHor nHtepeana a = (a,—a_) / 2 =4 °C (cm. 4.3.9). MatemaTnyeckas 3anncb 3TOW NAOTHOCTU
BEPOSATHOCTU MMEET BN

_1‘

p(t), °C' 4 a a
0,125 T T
0,100 I I
0,075 S I I
o
0,050 = I I
0,025 I I
» | |
0 T T T T Ty 1 —>
95 100 A 105 t°C
+ .
Kt Mt a3
a
p(t), oc'1 A a a
0,250
0,200
0,150+
S
0,100
0,050
0 % T V. KT T —>
95 * 100 * 105 t, °C
a A a,
ue-alNe K w, + a6
6

PucyHok 2 — paduyeckasa vnnioctpaums oLeHMBaHUA CTaHOApTHOW He-
onpeaeneHHOCTN BXOAHOW BENUYUHBLI MO M3BECTHOMY 3aKOHy pacnpefene-
HYS
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p(t)=(t-al)a® tela_;(a,+al)2],
p(t) = (a,—ta% te [(a,+a)l2; a,l
p (t) =0; te [a_; a.l.
Kak ykasaHo B 4.3.9, MmaTemaTn4eckoe oxunaaHve BenvymHbl t pasHo L, = (a,.+a_) /2 =100 °C, uto cneayet

n3 C.3.1. CTaHaapTHas HeornpeaeneHHOCTb 3TOoW oueHkn byaeT pasHa u(u,) = a/ JE =1,6 °C, yto cnegyeT 13
C.3.2 [cm. cbopmyny (9b)].

9710 nocnegHee 3HayeHue, U (W) = 1,6 °C, MOXHO cpaBHUTb € U (L) = 2,3 °C, nonyyeHHbIM B 4.4.5 onsa
NPSIMOYrOfIbHOrO pacnpefeneHns Ha TOM XXe nHTepBarne wupuHoi 8 °C, a Takke ¢ 6 = 1,5 °C anst HopManbHOro
pacnpeeneHusl, NokazaHHOro Ha pucyHke 1a, y kotoporo 99 % 3HaveHwii nonagatoT B MHTepBan ot —2,58c oo

+ 2,586 TOW e wupuHbl 8 °C, n ¢ u(t) =0,33 °C, nonyyeHHon B 4.4.3 no 20 HabnogeHnsM, KOTopble, Kak
npegnonaranock, 6uinm B3aTbl CAyYanHbIM 06pa3om 13 TOro e CaMoro HopMasnbHOro pacrnpegeneHus.

5 OnpepeneHne cymmapHoOM CTaHOapTHOM HeonpeaeneHHOCTH

5.1 HekoppenupoBaHHble BXOAHbIe BeJIMYUHbI

B HacTosilwem nogpasgene pacCMOTPEH Criyyai, Koraa Bce BXOAHblE BENMNYMHbI He3aBUcUMbl (C.3.7).
Cnyvai, korga e nnm 6onee BXOA4HbIX BENUYMH CBSA3aHbI Mexay cobon, T.e. koppenupoBaHHbI (C.2.8), pac-
CMOTpeH B 5.2,

5.1.1 CtaHgapTHyt0 HeonpeaeneHHOCTb OLEHKN (pe3ynbTata U3MepeHust) y nsMepsieMor BennymHel Y no-
nyyaroT nyTem COOTBETCTBYIOLLErO OnpeaeneHHOro CyMMMPOBaHUS CTaHAAPTHLIX HeoNpeaeneHHOCTEN BXOAHbIX
OLEHOK X1, Xo, ..., Xy (CM. 4.1). BTy cymmapHyto crmaHO0apmHyro HeorpedeieHHOCMb OLEHKN y 0603HavatoT Kak

Ue (¥)-

MpumedyaHune—Tlo TeM xe NPUYMHAM, YTO yKa3aHbl B MpuMedaHun K 4.3.1, Kaxgpli U3 CUMBOIOB U, (y) 1
U2 (y) McnonbayeTcs B ABYX 3HAYEHMSIX.

5.1.2 CymmapHas ctaHgapTHas HeonpeaeneHHoCTb U, () npeactaBnseT coborn NonoXnTenbHbIn KBagpar-
HbIi KOPEHb U3 CyMMapHOW AnUcrnepcum, nory4yaemMon no popmyne

N 2
)= 3 &) vt ), (10
i=
roe f — dyHKuua, onpegenenHas B 4.1.1 [em. cbopmyny (1)];
U (x;) — cTanpgapTHas HeonpeOeneHHOCTb BXOAHOW BENWYUMHBI, oueHeHHas no tuny A (cm. 4.2) unu B

(cm. 4.3).

CymmapHas cTaHgapTHasi HeonpeaeneHHoCTb U, (y) npeacTaBnsieT cobon OLeHKY CTaHAapTHOrO OTKITOHe-
HUS U3MEePSIEMON BENMUUUNHDBI Y 1 XapakTepuayeT pa3bpoc 3Ha4YeHWI, KOTopble C 40CTaTO4YHbIM OCHOBaHNEM MOTYT
ObITb NPUNMCaHbI 3TOW BennuuHe (cM. 2.2.3).

®opwmyna (10), Kak 1 ee aHanor Ans cryyas KoppenupoBaHHbIX BXOAHbIX Benu4uH — dopmyna (13),
OCHOBaHa Ha annpokcMMaLmnn yHKUMoHansHon 3asucnumoctu Y = f (X4, X,, ..., Xy) psaom Terinopa nepsoro
nopsiaka v B TepMrHax Hacmosiuje2o Pykogodcmea npeactaBnseT cobov 3aKoH mpaHCcghopMupo8aHusi Heorpe-
oeneHHocmel (cm. E.3.1 M E.3.2).

MpumedyaHwne— Ecnu pyHKUMOHanNbHas 3aBUCUMOCTb f CyLLECTBEHHO HenuHenHa, To B chopmyne (10) ans
U2 (y) AOMXKHbI BbITb YUYTEHBI UrNeHbl pasnoxeHns B psa Teiinopa BeiCLUMX NOpsSAKoB. Ecnv kaxaas us X; pacnpeneneHa
no HOpManbHOMY 3aKOHY, TO Hanbonee 3Ha4YMMbIMK YieHaMun Goree BbICOKUX MOPSAKOB, KOTopble cneayeT 4obasnTb B
npaeyto YacTb opmyrnbl (10), sBnstoTCS

Mz
M=
N|—=

2f ¥ of o%f 9 2
aX,'an +6_X,’OXI.6XIZ- u (X/')U (X])

Mpumep, korga HeobXoAMMO y4MTbIBaTL YreHbl pasnoXkeHus B psif, Teinopa BbiCLLMX NOPSAKOB, NpuBeaeH
BH.1.
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5.1.3 YacTHble nponsBoaHble 0f/0x; cnegyeT NnoHUMaThb Kak 0f/0X; npu X; = x; (CM. npyumeyaHue 1 Huxe).
OTn Npom3BoaHbIE, Ha3biBaeMble Takke KOApdULMEHTaMmM HyBCTBUTENBHOCTM, MOKa3bIBaoT, Kak MU3MEHAETCS Bbl-
XO[Hasi OLieHKa ¥ C \3BMEHEeHNEM BXOOHbIX OLEHOK X1, Xa, ..., Xy. TaK, NPy He60MNbLLIOM M3MEHEHWUN BXOAHOMN OLIEHKM
X; Ha BENMWYMHY AX; OLeHKa y nameHuTca Ha (Ay); = (0f/0x;)(Ax;). Ecnv nameHeHne BXOOQHOM OLEHKN X; CoBNagaeT
C ee CTaHOAPTHOW HeonpeaeneHHOCTbIO, TO COOTBETCTBYIOLLEE 3MEHeHMe B y ByaeT paBHo (0f/0x;) u(x;). MNoaTto-
My CyMMapHYI0 ANCTIepCHio U (y) MOXHO paccMaTpyBaTh Kak CyMMYy AVNCTIepCHii BLIXOIHOI OLIEHKM y, Kaxaas 13
KOTOpbIX 0ByCroBneHa Ancnepcueri COOTBETCTBYIOLLEV BXOOHOM OLEHKN X;. TO NO3BONSET 3anmcaTb opMyny
(10) B BUAOE

N N
ug (v) = Xle;u(x) = Xuf (), (112)
roe
6;= Ofidx;, u; (¥) = [cjux). (11b)

MpumeyaHnune1— Crporo roBops, YacTHble MPoM3BOAHbIe Of/0X; NpeAcTaBnAlT cobor 3HaveHns 0f/0X; B Touke
MaTemMaTUyeckmx oxuagaHuii BenuumH X;. OgHako Ha npakTuke ANs X OLEHWBAHUA UCMONb3YT opMyny

of _ of |
OX,' oX;

! X1y X2,u XN

MpumeyvyaHne 2— CymmapHylo CTaHOapTHYIO HeonpeaeneHHoCTb U, (¥) MOXHO paccumTaTb YMCHEHHO,
3ameHsas B popmyne (11a) c; u(x;) Ha

Z; = % {fIxq..o. i + u(Xj),eo Xn] = FIXq,-0 X — U(X),.., XN}

T. €. YNCneHHYo OUeHKY U; (y) MonyvarT, BbIYUCAAA U3MEHEHUSA y MPU U3MEHEHUAX X; Ha +u(X;) n —u(x;) un
npuHumas u;(y) pasHbIM |Zj|. [pu 3TOM COOTBETCTBYIOLLMIA KOIMMDULIMEHT YYBCTBUTENBHOCTM C; MOXET BbITh NpeacTas-
neH Kak Z; /u(x;).

Mpumep — Ucnonb3ys e npumepe k 4.1.1 @ yensix ynpouwseHusi 3anucu 0OHO U Mo xe 0603HayYeHuUe Kak Onsi
8esluYUHbI, MaK u 05151 ee OYEeHKU, MOXXHO NOJTy4Yums criedyroujue OUeHKU Ko3ghghuyueHmoe 4yyecmeumesisHocmu
u cymMmapHol ducnepcuu:

¢4 =0P/AV = 2VAR, [1 + oft — t,)]} = 2P/V;

¢, =0P/OR, = V2R3 [1 + ot — ty)]} = —P/Ry;

C3 = OP/0a = -V2(t - to)){R, [1 + ot — to)]?} = —P(t — to)/[1 + oft — t,)];
¢4 = OP/Ot = -V2ao/{R, [1 + oft — t,)]?} = —Pa/[1 + oft — t,)];

2 2 2 2
u?e) = (L] v + (5’—;)) wRo) + (L] vP@ + (L] v?e) -
= [cqu (V)]? + [cou (Ry)I? + [c3u (a)]? + [cqu (1)]? =

=U4(P) + u%(P) + u3(P) + uy(P).

5.1.4 NiHorpa koadhduLMeHTbl HyBCTBUTENBHOCTM Of/0x;, onpeaensitoT He pacyeTHbIM Cnocobom 13 Buaa
PYHKLMOHaNbHOM 3aBUCUMOCTY f, @ 3KCNepUMEHTarbHO, U3Mepsa u3aMeHeHue Y, BbiI3BaHHOE U3MEHEHNEM 3a[iaH-
HOW BXOAHOW BENWUYMHBbI X, KOrAa 3Ha4eHUs1 OCTanbHbIX BXOAHbIX BEMWYMH NOAAEPXKMBAIOTCA NOCTOSHHbIMK. B
3TOM cry4ae He TpebyeTcs 3HaHUs Buaa OyHKUMOHaNbHOM 3aBMCUMOCTY f (MK YacTu 3TO 3aBUCMMOCTHU, ECINA
KCMepUMeEHTarnbHO ONPeaensoT TONbKO HEKOTOPbIE KO3 MULIMEHTBI YyBCTBUTENBHOCTH). BMecTo aToro focTa-
TOYHO MONY4YNTL pasnoxeHue f B psg Tennopa NnepBoro nopsiaka Yepes aMnupryeckne KoaduLMeHTbI YyBCTBU-
TENbHOCTW.

5.1.5 Ecnu cbyHKLUMOHaNbHY0 3aBUCMMOCTb ANsi U3MEPSEMON BeNUYMHBI Y pasnoxuTb B P B OKPeCT-
HOCTW HOMUHArbHbIX 3HAYeHWUI X; o BXOAHbIX BEMNUYMH X; M OrpaHNYnNTLCA YNeHamm nepBoro nopsaka (4to B
GonblUMHCTBE cnyvaeB OyaeT AOCTaTOYHO XOPOLUMM NpubnukeHnem), To opmyna (1) npeobpasyeTcs k Buay
Y=Y+ 010+ 08, + ..., + c\Op, ra€ Yo = F (X4 0, Xp0,---0 Xiv o), € = (0f10X]) B TouKkax X;= X; o 1 §; = X;— X o.
Takum 0b6pas3om, B Liensix aHann3a HeonpeaeneHHOCTU U3MEPSIEMYHO BENUYNHY MOXKHO annpoKCMMUPOBaThb M-
HenHON pyHKLUMEN, Nepenas OT BXOAHbIX BeNUUNH X; K nx npupatleHunsm §; (cm. E.3.1).
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lMpumep — B npumepe 2 k 4.3.7 oyeHKa 3HaYeHuUs1 usMepsieMoll 8esludUHbI uMeem aud v:\7+A\7, 20e V =

=0,928571B, u( V)=12 MKkB, AV =0 u u(AV) = 8,7 mkB. Mockonbky AV / ov=1 u 9v/ d(AV)=1, Mo cyMMapHyo
ducnepcuto 05s1 V MOXHO nony4ums no ghopmyrie

u2(V)=u?(V)+u?(AV)=(12-10°)? + (8,7-10%)% = 219-10-"2 B2.

CymmapHasi cmaHOapmHasi HeonpedesieHHocmb 6ydem pasHa u, (V) = 15 MkB, ymo coomeemcmeayem om-
HocumensHoli cyMmapHoli cmaHdapmHoli HeonpedeneHHocmu u, (V)/V = 16-106 (cm. 5.1.6). B daHHOM npumepe
cama usmMmepsieMasi 8eJIUHUHA (a He ee pa3JsioeHue) sissisiemcsl JIUHelUHoU hyHKyuel 8eslu4UH, Om KOmMoOpbIX OHa
3asucum, ¢ koaghgpuyueHmamu c; = +1. U3 popmynei (10) cnedyem, umo ecnu Y =c Xy + c X+, ..., + ey Xy, a

N
2 _ 2
KoagpuyueHmbI HyecmeumesibHOCMU C; NPUHUMarom 3Ha4yeHusi niroc 1 unu muHyc 1, mo ug (y) = ZU (x;).
i=1

5.1.6 Ecnu cpyHKUMOHanNbHasa 3aBUCUMOCTb UMEET BUA Y = cxf1 x£’2 ..,X,f,” , acTeneHu p; NpeacTasns-

0T cOBOW N3BECTHbIE (C MPEHEBPEXMMO Manon HeonpeaeneHHOCTb0) Yncna, To popmyny (10) 4ns cymmapHom
ancnepcum MoxHo npeobpasoBath K BUAY

N
[ue(y)/ yP? = 2[p; u(x;)/ x . (12)

OT1a chopmyna MMeeT Takow e B1A, 4To 1 doopmyna (11a), Ho BMECTO CyMMapHO aucnepcum ug (y) BHee

BXOAUT OMHOCUMenbHas cymmapHas ducriepcust [ug(y)/y]?, a BMECTO OLieHOK AMCNepCHii BXOAHbBIX BENMYNH (X))
— OLEHKN omHocumenbHbIx ducrepculi [u(x;)/x;]%. (OmHocumenbHoli cymmapHoii cmaHdapmHoU HeorpederneH-
HOCMbIO U OMHocUmesibHoU cmaHAapmHOoU HeornpedeieHHOCMbIO ANS KaXXO0W BXO4HOW OLeHKN ByayT cOoTBET-
cTBEeHHO U (Y)/yl w u(x)/|x;|; y # 0, x = 0).

MpumeyaHune1— Ecnu pyHKUMOHaNbHas 3aBUCMMOCTb MMEET BUA NPOU3BEOEHMUS CTEMNEHHbIX PYHKLMIA OT
BXO[HbIX BEMUYMH, TO €€ Nerko npeobpasoBath B NIMHENHYIO0 3aBUCUMOCTb (CM. 5.1.5) nyTem nofcraHosku X; = X;o(1 + §)),

N
YTO MO3BOMAET MONMyYNThb MpUBIMKeHHYo dopmyny (Y — Yg)/ Yy = 3. p; §;. Ecnm e ncnonb3osaTb onepaumio nora-
i=1

pudmMnpoBaHns, To HoBble nepemeHHble Z = InY un W, = InX; OyayT cBA3aHbl TOYHOM NNHEWHON 3aBUCUMOCTbIO:

N
Z=Inc+ Y p;W,.
i=1

MpumeyaHune 2— Ecnukaxgoe p; MeeT 3HadeHne nmbo nntoc 1, nmbo muHyc 1, To popmyna (12) npuHnmaeT

N
BUA [ug(y)/y1? = Ylu(x;)/ x;J?, T. €. B 3TOM YaCTHOM CIlyHae OTHOCUTEbHAsH CyMMapHast IUCIEPCHst OLEHKN y NPOCTO
i=1

paBHa cyMmmMe OTHOCUTENbHbIX Oucnepcuin BXOAOHbIX OLLEHOK Xj.

5.2 KoppenupoBaHHble BXOAHbIEe BENTUYUHbI

5.2.1 ®opmyna (10) n cBsizaHHbIe C Hel hopMynbl, Takue kKak (11a) n (12), cnpaBeanvBbl TONBKO B TOM
criyyae, ecnu BXOAHbIe BENUYMHBI X; HE3aBUCKMbI UMM HEKOPPENVUPOBaHHbI (B JAHHOM criydae nod X;noHMMatoT
CryYanHyo BENUYMHY, B TO BPEMS KaK COOTBETCTBYHOLLAsA en hmanyeckasi BENMYMHA CHUTAETCSA NMOCTOSHHOM
Hen3BeCTHOM — cM. NpumeYaHue 1k 4.1.1). Ecnu kakne-nnbo u3s X; B 3Ha4MTeNbHOM CTENEHN KOPPENTMPOBAHHBI,
TO 3Ty KOPPENALMIO HEOOXO0AMMO NPUHNMATL B pacyeT.

5.2.2 EcnuBxogHble BEMNYMHbLI KOPPENMPOBAHHLI, TO (hopMyria st CyMMapHOW gucnepcum uf (y) pe-
3ynbTata namepeHus bygeTt umeTs BUA
N N N 2 N-1 N
2 of _of of 2 of _of
Uz (¥) = X 25 5y UXp X)) = Z(W) U(x)+2 2 X 5 g U(Xp x;), (13)
i=1j=1""1 J i=1 J i=1j=i+17""1 J
rAe X;V X; ABNSAIOTCS OLleHKaMU, COOTBETCTBEHHO Xin Xj a u(x; xj) = u(xj, X;) — OLieHKa KoBapuaumm X; 1 X;. CreneHb
KoppensaLum MEXay X; 1 X; xapakTepuayeTcs oLeHkoi koadrdmumeHTa koppensiuum (C.3.6)
u (X,’, Xj)

r(xx;) = u(xj)u(x;)

(14)
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roe r(x;, x;) = r(x;, x;) n =1 <r(x;, x)) <+ 1. ECnv OUeHKM X; U X; HE3aBUCKMbI, TO I (X;, X;) = 0, 1 NO M3MEHEHWI0
3HaYeHWsi OOHOM M3 3TUX CIyYalriHbIX BENUYMH HEMb3si MPOrHO3MpPOBaTh M3MEHeHNe 3HavYeHus apyron (bonee
noapoOHO AaHHbIV Bonpoc paccmatpuBaetcs B C.2.8, C.3.6 n C.3.7).

Mpu ncnonb3oBaHMn KOIMHPULMEHTOB KOPPENALMU, KOTOPbIE NIErye MHTEPNPETMPOBaTh, YEM KOBapraLuuu,
KOBapuaLMOoHHoe cnaraemoe B hopmyne (13) MoXXHO NpeacTaBuTb B BUAe

NP o of
2 2 2 ax. ox; Yx)u(x;)r(x;, x;). (15)
i=1j=i+1""71 J

Torpa c yuetom chopmynel (11b) bopmyna (13) npyHumaeT Bua

5 N, N-1 N
us (y) = 2101'” (x;) +2 21 Z?I cyu(x)ulx;)r(x;, x;). (16)
i= i=1j=i+

MpnmevyaHune 1—ByacTHOM crnyyae, Korga Bce BXOAHbIE BEMNYMHBI KOPPENUPOBaHHBI C KO3 dULIMEHTaMN
koppenauuu r (x;, x;) = + 1, popmyna (16) ynpouiaerca no suaa

N 2 N 2
) =| Xeutn) | =| 2ZLue|
i=1 i=1""1

Mpun aTOM cymMmmapHasi CTaHgapTHast HeonpeaeneHHoCTb U, (y) OyaeT npeacTaBnsTe COBON NPOCTO CyMmy
COCTaBnaLWUX HeonpeaeneHHoCTn BbIXOﬂHOVI BEJTMYMHbI, KaXXgoe N3 KOTOPbIX 06yCJ'IOBJ'IeHO HeonpeaeneH-
HOCTbIO COOTBETCTBYIOLLEN BXOAHOM OLEHKM X;. [OTy CymMmy He crieqyeT nyTaTb C MOXOXUM MO Bugy obLum
3aKOHOM CyMMUMpoBaHUA I'IOFpeLIJHOCTeI7I — CTaHAapTHble HeonpeaeneHHOCTU He ABNATCA NnorpeHoCTaAMun
(cm. E.3.2)].

Mpumep — Qecsimb pe3ucmopoe HOMUHaIbHbIM conpomuesieHueMm R;= 1000 OM kax0bil kanubpyrom Me-
modom criudeHusi (HeonpedesleHHOCMbIO C/IUYeHUs 8 OaHHOM npuMepe npeHebpez2arom) ¢ 3MasloHOM MOo20 e
HOMUHasbHO20 conpomuesieHusi Rg = 1000 Om. CmaHOdapmHasi HeonpedesieHHOCMb 3maioHa u (Rg) = 100 MOm
yKa3aHa e e20 ceudemesiscmee o cepmudpukayuu. Peaucmopbl coeduHssrom nocsedogamesisHO npogodamu ¢
npeHebpeXuMo MasnbiM conpomuesieHuUeM OJisi NoJsTy4eHuUss amasioHa conpomuesneHusi R, HomuHanom 10 KOMm.

10
Takum obpa3zom, R,:=f(R;) = 2R Mockonbky dns kaxdol napbl pe3ucmopoe r (X, X)) =r (R, Rj) =+1 (cm. F.1.2.3,
i=1

npumep 2), mo cnpasednuea ¢popmyna u3 npumeyarnus 1. [nsa kaxdozo pesucmopa 0f/0x; = OR,./OR; = 1 u u(x;) =
u(R;) = u(Rg) (cm. F.1.2.3, npumep 2) npumeHeHue yka3aHHoU ¢hopmysibl 0aem 3Ha4YeHUe CyMMapHol cmaHOapmHou

10 10 1/2

HeonpedeneHHocmu U (Rye ) = Y U (Rs) = 10-0,1=10m. Pesynsmam u, (Rye) = {Zuz (Rs )} =0,32 Om, no-
i=1 i=1

JTIy4eHHbIU ¢ noMowbio gpopmyribi (10), 6ydem HeeepeH, NOCKOJIbLKY OH He y4umbieaem Koppesissyuro Mexay conpo-

muenieHusiMmu decsimu pe3ucmopos, o6ycrioesieHHyo npoyedypoll KanubpoeKu amasioHa.

M pumMeyaHune 22— OueHKM AUCTEPCUIn U2 (X;) U OLEHKN KoBapuauuii u(x;, Xj) MOXHO paccmaTpuBaTh Kak
3MEMEHTbI Uj; KOBapMaLMOHHON MaTpuLbl. [lnaroHanbHLIMY SneMeHTammn Takon Matpuusl byayT aucnepenv uj; = u? (x;),
a HeiMaroHanbHLIMY — KoBapuaumum u; = u(x;, X;) = u(x;, x;), i # j. ECrv ABe BXOAHblE BEMUYMHBI HEKOPPENMPOBaHHbI, TO
COOTBETCTBYIOLLVE SMIEMEHTbI KOBAPUALIMOHHON MaTpuLbl U U Uj; PaBHbl Hymnio. ECrin Bce BXOAHbIE BEMUYMHBI HEKOppe-
NIMPOBaHHbI, TO BCE HEAMaroHanbHbIe afieMeHTbl paBHbl HyIO, Y KOBapuaLuoHHas matpuua 6yaeT avaroHanbHon (CMm.
Takke C.3.5).

MpumedyaHune 3— [na nonyyYeHUss YACNOBbIX OLLEHOK chopmyny (16) MoxHO 3anucaTb B BUAE

N N

uZ(y) =Y XZ Z;r(x; X)),
i=1j=1

roe Z; — Benu4yvHa, onpeaeneHHast B npumedaHun 2 k 5.1.3.
MpumevyaHune 4— Ecnu aonsa yHKUMOHANbHOW 3aBUCMMOCTU, onpegeneHHon B 5.1.6, Bce BXOAHbIE BEMNYMHbI
X IBNSIIOTCS KOPPENMPOBaHHBIMU, TO B NpaByto YacTb doopMynbl (12) cnegyeTt AobaButb cnaraemble Buaa

N-1 N
2% Xlpiu(q)! x1lp;u(x;) ! x;1r (x;, x;).-

i=1j=i+1
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5.2.3 ObosHauMM Yepes g v r cpedHue apudmMeTUHeckme 3HaYeHNs, SBMSAOLLMECS OLLeHKaMy MaTemaTtu-

YECKMX OXKUAAHWIA COOTBETCTBEHHO L, 1 |1, ABYX CIyHalHbIX BEMWUYMH G U 'V NOJTyYEHHbIE 13 N HE3aBMUCUMbIX Nap
OfHOBpPEMEHHbIX HabMIAEHNA g U r B OAMHAKOBbIX YCNOBUAX namepeHuii (cm. B.2.15). Torga koBapuayuto

(cm. C.3.4) g 1 r MOXHO NOMy4nTb NO Popmyse

n

s(q.7) = mkﬂmk ~q)(r - 1), (17)

rae gy Vi r,— oTaernbHble HabnoaeHNs BENNYMH g U COOTBETCTBEHHO, @ q U ' paccyMTbIBalOT U3 HabnogeHun

no gopmyne (3). Ecnu B 4eACTBUTENBHOCTU BESNMYNHBI G U I HEKOPPENTMPOBAHHbI, TO OLEHKa, NOJTyYeHHasi no
dopmyne (17), byaeT, kak npaBuno, 6rmska K HyJo.

Takum 06pa3om, OLieHKY KoBapuaLuv BYX KOPPENMPOBaHHbBIX BXOAHbIX BEMNMUMH X; 1 X C OLeHKamm X;n
)_(j , MONYYEHHbIMU N3 HE3ABUCUMBbIX Nap NOBTOPHbLIX OAHOBPEMEHHbLIX HAOMIOAEHMI, paccunTbIBaOT Mo hopMy-
ne u(x;, x;)= s()_(,, )_(j), roe s()_(,, )_(j) nonyyatot no cpopmyne (17). OueHka KoBapuauun, NonyvyeHHasa B
COOTBETCTBUM C hopmyrion (17), ByaeT oueHkon no Tuny A. BeiGopoyHbIn ko3t rumneHT Koppensauum ans )_(,- n
)_(/‘ MOXeT ObITb nonyyeH us copmynel (14): r(x;, x;) = r()_(,-, )_(j) = s()_(,-, )_(j)/[s()_(,-)s()_(j)].

MpwnMedyaHwne—lMpumepsbl, B KOTOPbIX HEOOXOAMMO NCMONB30BaTb 3HAYEHUSA KOBapMaLyWii, pacCYUTaHHbIX NO
dopmyne (17), npuseaeHsl B H.2 n H.4.

5.2.4 3HaunTenbHas Koppenauus Mexay ABYMS BXOAHBbIMU BeNUYMHaMM MOXET HabntogaTbes B Cnyyasix,
Koraa Ans ux oLeHMBaHNs UCMOSb3YT OAUH U TOT XKe U3MePUTENbHbIA NPMOOP, OAMH U TOT e 3TarnoH Uiy 0gHU
1 Te e CnpaBOYHble AaHHble, UMetoLme BONbLLYI0 CTaHAaPTHYIO HeonpeaeneHHoCTb. Hanprumep, ecnv ucnosns-
30BaTb OOMH W TOT Xe TEPMOMETP ANS BHECEeHWS TeMnepaTypHOW NONpPaBKy B OLLEHKY BXOOHOMN BENUYMHbI X; 1
aHanorn4yHomn Nonpaekm B OLiEeHKY BXOLHOW BENWUYMHBI Xj, TO NOCIe BHECEHMS MONPABOK 3TV BXOAHbIE BENMWUUMHbI
MOTYT CTaTb CUIbHO KOPPenupoBaHHbIMU. O4HaKo B ONUCaAHHOM NpUMepPe KoppensiLum BXOAHbIX BENUYUH MOXHO
n3bexarb, ecnu B (oyHKLMOHAbHYIO0 3aBUCUMOCTD (1) BKITOUMTL X; 1 X; 6€3 Nonpasok, HO AOMONHNTL ee (OyHK-
LMoHarnbHbIMM 3aBUCUMOCTAMM (C U3BECTHBIMW NapameTpamMmn U U3BECTHLIMU CTaHOAPTHBIMU HEONPeaeneHHOCTS-
MW 9TUX NApPaMeTPOB) YKasaHHbIX BENTUYMH OT TeMnepatypbl (KannMbpoBOYHbIMU XapakTepucTukammn) — cm. F.1.2.3
nF.1.2.4.

5.2.5 Ecnu mexay BXOAHbIMW BENUYMHAMUN MMEETCSt KOPPENSLIMS, 1 OHA 3HaYMTeNbHa, To NpeHebperaTh eto
Henb3si. COOTBETCTBYOLLME KOBapUaLmm Npyn BO3MOXHOCTY BapbUPOBAHNS 3HAYEHWI BXOOHbIX BenuymH (cm. C.3.6,
npumMmevaHve 3) criegyeT OLEeHMBaTL IKCMEPUMEHTaNbHO U MCNONb30BaTh BCHO AOCTYMNHY0 MHOPMaLuIo O Xa-
pakTepe 3aBUCUMOCTM BXOAHbIX BENUYMH NPU UX Bapnauusax Ans oueHnsanus Tuna B. [Npu oueHnBaHum ctenexHm
Koppensauumn Mexay BXOAHbIMU BENUYMHAMMU BaXKHYIO POSib UrpaeT puandeckas MHTyULUs, OCHOBaHHas Ha Hakon-
NEHHOM onbITe 1 00X 3HaHMAX (cM. 4.3.1 1 4.3.2), ocobeHHO B criyyasix, korga koppensiyms obycrnosneHa
BMMsAHMEM 0bLLMX (haKTOPOB, TAKUX Kak TemnepaTtypa OKpyKatoLLlen cpebl, aTMocepHoe AaBreHne 1 BNax-
HOCTb. 3a4acTyto BNUSHNE Taknx () akTOPOB Ha B3aMMO3aBUCUMOCTb BXOAHbIX BENMYUH HE3HAYMTENBHO, U 3TU
BEMMYMHBI MOXHO CYUTaTb HEKOPPENMPOBaHHbIMW. Ecnv xxe BNMaHnem obLumx dhakTopos npeHebpeyb Henb3s, To
KOpPEeNnMpPoOBaHHOCTb BXOAHbLIX MEPEMEHHbBIX MOXHO YCTPaHUTb, BBeASA 3TN (hakTopbl B SIBHOM BUAe B (OYHKLMO-
HanbHYyl0 3aBMCMMOCTb (1) B Ka4ecTBe AOMONHUTESNbHbBIX HE3aBUCUMbIX BXOAHbIX BEMUYMH, KaK 3TO ONMCaHo
B5.2.4.

6 OnpepeneHue paclMpPEeHHOW HeonpeneneHHOCTH

6.1 BBegeHune

6.1.1 PaspaboTtaHHas Paboyei rpynnoi no HeonpeaeneHHocTn PekomeHaaums INC-1 (1980), Ha koTopoi
OCHOBaHoO HacToswee Pykosodcmeo (cM. BBegeHue), a Takke paspabotaHHele MKMB Pekomengauumn 1 (Cl-
1981) n 1 (CI-1986), koTopbiMu INC-1 (1980) Obina ogobpeHa 1 BHOBb noaTBepxaeHa (cM. A.2 n A.3), nogaepxu-
BalOT UCNOMb30BaHNE CyMMapHOW CTaHAapTHOW HEONPEAENEeHHOCTH U (y) B Ka4ecTBe KONMYeCTBEHHOW XapaKkTe-
PUCTUKN HeonpeaeneHHOoCTN pesynbTaTa namepeHus. Bo BTopol 13 BbllleykasaHHbIX pekomeHaaumin MKMB co-
AEPXKNTCA NPEATIoXeHNe, YTODbI TO, YTO ceryac HasbIBalOT CyMMapHOW CTaHAAPTHOW HEONPEAENEeHHOCTbIO U (Y),
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«MCNoNb30BanNoCb BCEMWN y4acTHUKaMM Npy NpeacTaBneHnn pesynbTaToB BCeX MeXAyHapOaHbIX CIIMYEHUI 1
Apyrmux pabot, npoBognmbix nog arnaon MKMB 1 KOHCYnbTaTUBHbLIX KOMUTETOBY.

6.1.2 XoTd napameTp uy(y) MOXeT CMyXWTb yHUBEPCalbHbIM CPEACTBOM BbipaXKeHWs HEONpeaeneHHOCTH
pesyrnbTata M3MepeHus, 3a4acTyto B MPOMbILLIIEHHOCTM, TOProBIie 1 3aKOHOAATENBbHO perynMpyembix 06nacrsx,
Hanpumep, CBA3aHHbIX C OXpPaHOK 300p0Bbs 1 0becrneyveHrem 6e30nacHOCTH, pe3ynbTaT M3MepPEeHNn JOMKeEH
ObITb NPeACTaBMNEH C yKadaHneM OXBaTbIBaKOLLEro ero MHTepBarna, B npegenax KoToporo, Kak MOXHO OXnaaTb,
OyaeT HaxoanTbes 66nbLUas YacTb pacnpeneneHns 3Ha4yeHnn, KoTopble 060CHOBAHHO MOTYT ObITb NPUNUCAHBI
n3MepsaeMon BenuumHe. BaxkHOCTb Takoro TpeboBaHus 6bina npusHaHa Paboyer rpynnow, 4To NpyMBeno K nosie-
neHuto naparpadga 5 PekomeHgauum INC-1 (1980). JaHHOe TpeboBaHMe HaLLmOo Takke OTpaxeHne B PekomeHaa-
umm 1 (CI-1981) MKMB.

6.2 PaclumpeHHas HeonpeaeneHHOCTb

6.2.1 [JononH1TEeNbHOM MePO HEONPEAENEHHOCTM, KOTOpas yYAOBMNEeTBOPSET TPebOBaHMIO NPeACTaBneHns
WHTepBana B CMbICIe, yka3aHHOM B 6.1.2, ABNSeTCs pacwupeHHast HeoripedesieHHOCmb, 0603Ha4Yaemasi CMMBO-
nom U. PaclumpeHHyto HeonpeaeneHHOCTb Nofy4vatT yMHOXEHMEM CYMMapHOW cTaHAapTHOW HeonpeaeneHHo-
CTW U, (y) Ha KoaghpuyueHm oxeama k:

U = kuy (y). (18)

Mpu 3aTOM pesynbTaT n3amepeHus yaoobHo BbipaxaTh B Buae Y =y + U, o3HavaroLem, YTo fyyLlen OLeHKOM
3HaYeHUs1, MPUNUCLIBAEMOro N3MepPSIEMON BENYKNHE Y, ABNAETCH i U YTO nHTepean ot y—U go y + U cogepxurT,
Kak MOXXHO OXunaaTb, 60MbLUYI0 YacTb pacnpegeneHms 3Ha4eHni, KOTopble MOXHO C A0CTaTO4YHbIM OCHOBAHMEM
npunucatb Y. [pyroi dopMor 3anmcy Takoro nHTepeana byaoety—U<Y<y+ U.

6.2.2 TepMuHbl goBepuUTENbHbIM MHTepBan (C.2.27, C.2.28) n goBepuTenbHasi BepoATHOCTb (C.2.29),
HaluefLIne NpMMEHEeHVe B MaTeMaTU4ECKOM CTaTUCTHKE N UMEOLLIME TOYHYHO (hOPMYITMPOBKY, MOTYT ObITb NpUMe-
HeHbl K MHTepBarny, onpegensemMomy yepes U, TONbKO NPy BbIMOSTHEHUM ONPeAeneHHbIX YCnoBui. B yacTHocTy,
BCE COCTaBnALLMEe HEONPeaeNeHHOCTUN, BXOAALME B U, (V), AOMMKHbI NpeAcTaBnsaTe COBOW OLeHKM No Tuny A.
MoaTomy B HacTosiLeM Pykogodcmee npunaratesibHoe «40BEPUTENbHbIVY» NPUMEHUTENBHO K MHTEpBary, onpe-
aensiemomy Yepes U, 1 K BEpOSITHOCTU HaxXOXAEHWS U3MePSEMON BENMYMHbBI BHYTPY 3TOrO MHTEpBaria He UCrnosb-
3yeTcs. BMecTo «aoBepuTenbHON BEPOATHOCTM» UCMOMb3YETCA TEPMUH «yPOBEHb JoBepUs». bonee To4Ho, U
MOHMMAETCS KaK NapamMeTp, XapaKTepU3yoLLMIA MHTEPBaI, B KOTOPbIN NonagaeT pe3yrbTaT U3MepPEHUs U KOTOPbIN
copepxnt 6onMbLUyo YacTb p pacnpeneneHus BepOsiTHOCTEN, CBA3AHHOIO C pe3ynbTaTtoOM U3MEPEHUst U ero
CYMMapHOW CTaHAapPTHOW HeONPeAeneHHOCTLI0. [pn 3TOM p ABMSAETCS 86POSIMHOCMbIO OX8ama Vv yposHem
0osepus oS 9TOro UHTepBeana.

6.2.3 lNpn HeobxoaMMOCTHM ANA UHTEpBarna, onpegensiemMoro Yepes U, OLeHNBatoT 1 yKasbiBatoT YPOBEHb
aosepusi p. XoTa yMHOXEHMNE U (y) Ha HEKOTOPbIN KO3 MDULIMEHT HE AaeT HOBOW MHEpOPMAaLK, OHO NO3BONSET
NpeacTaByTb YXXe UMELLLYCS HdopMaumio B Apyrom Buae. OgHako cneayeT Takke Npu3HaTh, YTO B OONbLUWH-
CTBE Crly4aeB YpOBEHb 40BepUs p (0COOEHHO ANd 3HaYeHnn p, ONM3KuX K eanHuLe) OyaeT BecbMa Heonpeae-
NEHHBbIM He TOMNbKO M3-3a OrPaHNYEHHOCTM 3HaHWI O pacnpeaeneHun BePOSTHOCTEN, CBA3AHHOM C Yy 1 U(y)
(ocobeHHo 0 hopme «xBoCTa» pacnpeneneHuns), Ho Takke BCreCcTBNE HEONPELENEHHOCTN CaMOro 3Ha4YeHns
us(y) (cm. npumevarmne 2k 2.3.5, 6.3.2, 6.3.3, a Takxke npunoxerve G, B yactHoctn G.6.6).

MpwnmedyaHwne— lNpegnoytutensHble cnocobbl NpeAcTaBneHNs pesynbTaTa U3MEpPEHUs B Cnyvasx, Korga
MepoVi HeonpeaeneHHOCTN ABNATCA Uy(y) U U, ykasaHbl, COOTBETCTBEHHO, B 7.2.2 1 7.2.4.

6.3 Bb16op koacpuumeHTa oxBaTa

6.3.1 3HaueHne koadhurLmeHTa oxBaTa k BbIGMpPalOT Ha OCHOBE YPOBHS [OBEPUS, Tpebyemoro Anst HTep-
Bana ot y—U go y + U. O6bI4HO k NpyHMMaET 3Ha4veHus OT 2 A0 3, OAHaKO B 0COObIX Cryyasix 3HadeHme K MoxeT
HaxoauTbCs BHe aTux rpaHuL. O60CcHOBaHHbIV BbIGOP 3Ha4YeHUs k TpebyeT BonbLLIOro onbiTa U YETKOro MOHUMAa-
HWS, B KakKMX Liensax 6yaeT ncnonb3oBaH pesynbTaT U3MepeHust.

MpumeyaHune— MoxeT okasaTbCsi Tak, YTO MpWU NPeACTaBNEHUN pe3ynbTaTa U3MEPEHMS B HEFO He Obina
BHeCeHa nonpaska b Ha U3BECTHbIN CUCTEMATUYECKUA SPAEKT, @ BMECTO 3TOr0 cAenaHa nonbiTka y4ecTb AaHHbIA ad-
ekT Yepes yBenmyeHre HeonpeaeneHHoCTH, MPUNMCaHHOW pesynbTaTy u3mepeHus. Taknx 4encTBui cnegyeT nsberatb.
lMonpaBkn Ha U3BECTHbIE 3HAYUMbIE CUCTEMATUYECKNE 3PEKTbI HE BHOCAT B pPe3yrnbTaT U3MEPEHUS TOMbKO B KpanHe
peakux, ocobbix cryvasx (oguH 13 npuMepos npuseneH B F.2.4.5). OueHnBaHne HeonpeaeneHHOCTU pedynbTata u3me-
peHUs He crnefyeT nyTaTb C MPUMUCBIBAHUEM «FapaHTUPOBAHHbIX» FPaHWL, ANs Kakoh-nnbo BENUYMHLI.

6.3.2 B ngeane 6bi10 6bl xenaTenbHO MMETb BO3MOXXHOCTb ONPeAennTb 3Ha4YeHne k [1, COOTBETCTBEHHO,
nHTepBan y £ U = y * ku(y)], oTBevatoLee BbibpaHHOMY ypOBHIO AoBepusd, Hanpumep 95 % unn 99 %, u,
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HaobopoT, 45 BbIOPaHHOTO 3Ha4YeHWs k 1 CBA3AHHOIO C HAM MHTEpBara OnpeaeninTb COOTBETCTBYHOLLMIA YPOBEHb
posepus. OgHako 3TO He Bcerga fnerko peannsoBaTtbh Ha NPakTUKe, MOCKOMNbKy TpebyeT TOYHOro 3HaHMs Buaa
pacnpeneneHnsi BEpOSTHOCTEN, XapakTepr3yemoro pe3ynbTaTtoM U3MEPEHNS ¥ 1 €r0 CYMMapHOW CTaHOapTHOM
HeonpeaeneHHOCTLIO U (y). XOTS 3TU napamMeTpbl O4eHb 3HAYNMbI, UX 3HAHUS HEAOCTATOYHO ANS onpeaeneHns
WMHTepBarnoB C 3aJaHHbIMW YPOBHAMW JOBEPUA.

6.3.3 PexomeHngaums INC-1 (1980) He ycTaHaBnMBaeT cnocob onpeaeneHnsi COOTHOLLEHUST Mexay K 1 p.
OTOT BONpOC paccMaTpuBaeTcs B NpunoxeHun G, npeanovTUTenbHbIM CNOCO6 yCTaHOBNEHNSI COOTHOLLIEHMS MEX-
ay kv p npueegeH B G.4, a obwuii BbIBOA NO pe3ynbTaTam paccmoTpeHns — B G.6.4. OgHako 3a4acTyo MOXHO
npr3HaTb 4ONYCTUMbIM YNPOLLEHHbIN NOAX04, N3NOXEHHbIV B G.6.6 Ana cutyauumii, Koraa pacnpegeneHme Bepo-
ATHOCTEN C OLieHKamu ero napameTpoB ¥ U U (y) 6mmM3ko K HopManbHOMYy, a YnMcno aEKTUBHBIX CTeNeHel
cBoboabI NpY OLEHNBaHMM U (y) 4OCTAaTOYHO BENMKO. B 9TOM YacTo BCTpeyaroLLeMecs Ha NpakTuke cryyae MOXHO
MPUHATb, YTO 3Ha4YeHne k = 2 COOTBETCTBYET MHTepBany ¢ ypoBHeM AoBepus, 6nunskum k 95 %, a 3HayeHne
k = 3 — nHTepBany ¢ ypoBHeM oBepus, 6nunskum k 99 %.

MpwumedyaHune—MeTog onpegeneHus Yucna achOeKTUBHbIX CTeneHe cBoboabl A1 OLEeHKN Ug(y) npuBeneH
B G.4. OnpenenuTb, NPUMEHUM N AaHHBIA METOA ANs KOHKPETHOr0 U3MEpPEeHUsi MOXHO C nomMoLlbio Tabnuubl G.2
npunoxeHunst G (cm. G.6.6).

7 NpeacTtaBneHue pe3ynbTaToB OLEHMBaHUA HeonpeaeneHHOCTH

7.1 O6wme pekoMmeHaaLUMU

7.1.1 Kak npaBuno, no Mepe NpoABUXKEHWS BBEPX MO Mepapxmmn uamepeHuin Tpebyetca Bce 6onbLue nHdop-
MaL MK 0 TOM, Kak BbInv NonyYeHbl pe3ynbTaT u3MepeHuii 1 ero HeonpeaeneHHocTb. OgHako Ha Ntbom ypoBHe
nepapxum, 6yab To U3BMepeHnsi B TOProBrie Ui 41151 NPOBEPKM BbIMONTHEHWS HOPMATUBHbLIX TPEOOBaHUIA, TEXHU-
Yeckne U3MepeHsi B NPOMbILLIIEHHOCTU, U3MEPEHUS Ha HU3LLMX CTYMNEHAX NOBEPOYHON CXEMbI, B HAYYHO-TEXHU-
YEeCKUX 1 akafleMUYECKMX UCCIIEeA0BaHUSX, NPU CO3AaHNM NPOMbILLIIEHHbBIX NEPBUYHBIX 3TANOHOB, B HALMOHANbHbIX
METPOSIOrMYECKUX MHCTUTYTax (nabopaTopusx) nnm B pabotax no nHmynatmee MBMB, gomkHa 6bITb OCTYMHA
BCHA MHpopMaLms, Heobxoammas ans NpoBepKy KayecTBa BbINOSHEHHbIX U3MepeHuin. PasHuua 3aknoyaeTcs B
TOM, YTO Ha HU3LLNX YPOBHAX nepapxum 60nbLUyto YacTb HEOBXOAMMOWN MHPOPMaLMN MOXHO NOMYYUTb U3 OT4He-
TOB O KannobpoBKe M UCMbITAHWUSIX, METOAMK UCTIbITAHUIA, CEPTUMKATOB KAaNMOPOBKU, PYKOBOACTB MO SKCMnyaTa-
Lun, MeXayHapoaHbIX 1 HaLMOHarnbHbIX CTaH4ApTOB, MECTHbIX 3aKOHOA4ATENbHbIX aKTOB.

7.1.2 Korga nHdopmaunmsi 06 namepeHum, Bkrodas cnocod oLeHNBaHMSA HEONPeAENEeHHOCTU, AaeTCs CCblf-
KOI Ha COOTBETCTBYIOLLNE JOKYMEHTbI (Hanpumep, cepTudUKaT, COCTaBMNEHHbIN N0 pe3yrbTataM KannubpoBKm)
KpanHe BaXKHO, YTOObI 3TN JOKYMEHTbI NOAAepXKMBaNNCh HA COBPEMEHHOM YPOBHE 1 COOTBETCTBOBASN MPUHSITON
Ha [aHHbIi MOMEHT METOL0MOMMN U3MEPEHUIA.

7.1.3 B NpOMBILLNIEHHOCTM 1 TOProOBME KaXabli eHb NPOBOAMTCS OFPOMHOE YMCIO M3MepeHuin 6e3 nogpoo-
HbIX ONMcaHnin HeonpeaeneHHocTn. OgHaKo MHOTME U3 HAX BbIMOMHAKT C NPUMEHEeHeM NpnbopoB, NoanexaLlmx
NepUOLNYECKON NOBEPKE UK kKannbposke. Ecriv n3BecTHo, 4TO NpMOOpPLI yOOBNETBOPSIOT TEXHUYECKUM YCIOBU-
SIM UIW PacipOCTPaHSALLNUMCS Ha HUX HOPMAaTUBHBIM JOKYMEHTaM, TO 3a HeonpeaeneHHOCTU UX NoKa3aHWn MOX-
HO MPUHATL Ty, YTO YKa3aHa B 9TUX JOKYMEHTaxX.

7.1.4 XoTs Ha npakTuke 06bem MHpopmaLm, HeoOXOOUMBIN ANt NPeACcTaBNeHUs pe3ynbTaTa U3MepPEeHus,
3aBUCUT OT Er0 NPEANonaraeMoro UCMosb30BaHWs, 0OLLMIA NPUHLMM OCTAETCH HEU3MEHHbIM: Ty4Lle, YTOObI 06 LeEM
NHdopmaLmm Bbin N3BbITOYHBIM, HEXENW HEAOCTaTOYHbIM. B yacTHoCcTH, cnegyet

a) SICHO onucaTb MeTOAbl, UICMONb30BaHHLIE ANS NONyYeHWs pe3yrbTaTa MU3MEPEHNUs U ero HEONpPeLeNeHHo-
CTW 13 3KCTNIEPUMEHTarbHbLIX HAOMKAEHWA 1 MHOW LOCTYMHOW MHpopMaLmu;

b) nepeuncnuTb BCe cocTaBnsoLwme HeonpeaeneHHOCT! 1 NoAPOBHO onNncaTh, Kak OHW BbINy OLEHEHbI;

C) NpeacTaBWTb aHanu3 AaHHbIX TakuM 06pa3oM, YTOObI MOXHO ObINO NErko NPOCNeauTb BCE 3Tarbl BbIYKC-
TNEHWUI U, NPY HEOOXOAMMOCTU, UX NMOBTOPUTL;

d) ykazaTb BCe NOMpaBKu 1 KOHCTaHTbI, MCMOMb30BaHHbIE NPY aHanu3e, U ykasaTb UCTOYHUKN UX NOMyYve-
HUSA.

Mpu BbINONIHEHMN BbiLLEYKAa3aHHbIX TPeOOBaHUI cnefyeT 3a4aBaTbCsi BOMPOCOM, AOCTATOYEH NN 0ObeM
npeacTaBnNaemMon MHopMaLmUmn n 4OCTaTOYHO N ICHO OHa U3IoXeHa, YTOObI NPMBOAMMBIN pe3ynbTaT Bnocnea-
CTBMM MOT ObITb CKOPPEKTMPOBAH B Cllyvae NOCTYMNIEHNS HOBbIX AaHHbIX.

7.2 YacTHble pekoMmeHzaumm

7.2.1 Ecnu mepoi HeonpeaeneHHOCTH pesyrnbTaTta U3MepeHust SBNAETCS CyMMapHasi CTaHgapTHas Heo-
npeaeneHHocTb U (y), TO NPV NpeacTaBneHun pesynbtaTta usMepeHus cnegyet:
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a) AaTb NoapobHoe onpeaenexHne N3MepaeMon BENNYUHBI Y,

b) npmBecTn oLeHKy y usmepsiemon BennynHbl Y 1 CyMMapHOW CTaHO4apTHOW HeonpedeneHHoCcTn U (y) ¢
yKasaHueMm e4uHWL U3MEepPEHNIA;

C) Npv HeOBXOANMOCTY yKa3aTb OTHOCUTENbHYIO CYMMapHY0 CTaHAAPTHYIO HeonpeaeneHHoCTb U (y)/ | y| ,
y#0;

d) paTtb nHGOpMaLMIo, ykasaHHY B 7.2.7, UMK COCNaTbCA Ha COOTBETCTBYHOLLMIA ONYBNTMKOBAHHbI JOKY-
MEHT.

Ecnn ectb ocHOBaHUsI npegnonaratb, YTO NpU NCNOJ1b30BaHNN PE3YNbTAaTOB U3MEPEHNA ApYruMn nnliamMmun
UM MOXET NoTpeboBaTbC AONONHUTENbHAsA MHpopmaums 06 nsmepeHun, Hanpumep Ans pacyeta koadpdurumeHTa
oxBaTa Unu fny4Lero NOHNMaHus yCroBuii U3MEPEHUS], TO JOMOMNHUTENBHO PEKOMEHAYETCS yKa3biBaTb:

- OLleHKY Yncna apeKTUBHBIX CTeneHen cBoboabl V¢ (cM. G.4);

- CyMMapHble CTaHAapTHblE HEONPEAENEHHOCTM OTAENBHO OIS OUeHOK No Tuny A, uga(y), n no Tuny B,
usg(y), a Tarke Yncno apdeKkTUBHBIX CTENEeHen CBODOAbI, COOTBETCTBEHHO, Vera U Vg (CM. G.4.1, Npumeva-
Hue 3).

7.2.2 Tpn ncnonb3oBaHuu Uy(y) B Ka4ecTBe Mepbl HEONPeAeNeHHOCTU U3MEPEHUS NPeANnoYTUTENBHO BO
n3bexaHne pasHOYTEHNI UCMONBb30BaTb OA4HY U3 YeTbIpeEX (DOPM 3anmcu pe3ynbTaToB U3MepeHust (B HKecneay-
IOLLMX NpYMepax npeacTasneHus pesynbtaTa U3MepeHns npeanonaraeTcs, YTo U3sMepsieMoin BeNNYNHON ABMAET-
CA Macca mg aTanoHa ¢ HOMUHarnbHbIM 3HaveHnem 100 r; ecnn B AOKYMEHTe, rae ykasblBaeTcs pesynbTar,
BENUUMHa U,(y) y>ke bblna paHee onpegerneHa, To CroBa «CyMMapHasi CTaHAapTHas HeonpeaeneHHOCTb» B CKOb-
Kax Ansi KpaTKOCTU MOXHO ONyCTUTb):

1) «mg=100,02147 r (cymmapHas cTaHgapTHas HeonpeaeneHHocTb); U, = 0,35 mMry;

2) «mg=100,02147(35) r, rae uncno B ckobkax — (CymmapHas cTaHgapTHas HeonpeaeneHHoCTb) U, ABYX
MNaALnX pa3psaoB pesynbTata U3MepPEHNUs»;

3) «mg=100,02147(0,00035) r, rae uncno B ckobkax — (CymmapHas cTaHgapTHas HeonpeaeneHHoCTb) U,
B TEX XXe eanHuLax nsMepeHus (r)»;

4) «mg=(100,02147 £ 0,00035) r, rge yncno, cTosiee nocre 3Haka «+», — (CyMMapHasi cTaHaapTHas
HeonpeaeneHHOCTb) U, (a He AOBEPUTENbHbLIN MHTEPBanN)».

MpumeyaHune — lpeacraBneHns ¢ UCNONb30OBAHNEM 3HAKa «*» criegyeT Mo BO3MOXHOCTM usberaTb,
MOCKOMbKY €ro TpaAMLUMOHHO UCMOSb3YIOT ANs YKa3aHUs MHTepBana, COOTBETCTBYHOLLIErO HEKOTOPOMY BbICOKOMY YPOBHIO
[OBEPUS, 1 NOSTOMY YMCHO, Criedylollee 3a 3TUM 3HaKOM, Nerko CrnyTaTb C PacLUMPEHHOW HeonpeneneHHOCTbI0 (CM.
7.2.4). BO3MOXHOCTb HENPABWUBHOMO UCTOSIKOBAHUSI HE UCKITIOYAET AaXe NOSICHATENbHbIN TEKCT B CKObkax [CM. nepeyunc-
nexue 4)], Tem 6onee, 4TO ATOT TEKCT MOXET BbITb, HANPUMEP MO HEBHUMATENBHOCTU, onyLLeH. Mo cyTH, B AaHHOM cryyae
3anuch Y =y * uy(y) MoXeT OblTb MHTEPMNPETUPOBAHA Kak yka3aHue paclUMpeHHOR HeonpeaeneHHOCTH ¢ KoadhULMEH-
TOM oxBaTa k = 1 vnu uHTepBana y — uy(y) < Y<y * uyy) c onpeneneHHbIM ypoBHEM A0BepUs p (MO yMOMYaHUio
CBSI3aHHOTO C HOpMarbHbIM pacnpeaeneHnem — cm. G.1.3). OgHako ynoTtpebneHune U (y) B TakOM KOHTEKCTe (C Masbim
3Ha4YeHNEM YPOBHS [OBepus) ManoonpasaaHo (cMm. 6.3.2 u npunoxexHue G).

7.2.3 Ecnun mepoli HeonpeaeneHHOCTU pe3ynbTaTa M3MepeHns SBNSeTC paclumpeHHas HeonpeaeneHHoCTb
U = ku,(y), To Npu NnpeacTasreHnn pesynstarta U3MepeHns cneayer:

a) fatb nogpobHoe onpeaeneHve n3mepsemMor BennynHel Y,

b) ykazaTb pesynbTaT usmepenus B Buage Y =y + U ¢ ykasaHuem eavHuL, nsmepennii ansa y n U;

C) NpY HEOBXOAMMOCTHM yKa3aTb OTHOCUTENBbHYH PACLUMPEHHYHO HeonpeaeneHHocTb U/ | y| ,y#0;

d) ykazaTb MCNONb30BaHHOE AN NOMYYEHNS paCLLUMPEHHON HEONPEeAENEeHHOCTU 3HaYeHne K [unu, ans
yaobcTBa nonb3oBaTternen pesynbtaTa UsMepeHus, NpuBecTu n K, n u.(y)l;

e) ykasaTb NpubnuanTenbHbli ypoBeHb AOBEPUS ANS MHTepBarna y £ Y U NOSCHWUTb, Kak OH Bbin onpeaeneH;

f) aaTb HopmaLVIo, ykasaHHy B 7.2.7, UN COCMNaTbCsA Ha COOTBETCTBYHOLLMIA ONyOMKOBAHHbIN JOKY-
MEHT.

7.2.4 MNMpu ncnonb3oBaHuu U B kKa4ecTBe Mepbl HEONPEAENEHHOCTU U3MEPEHUSA NPEeANOYTUTENBHO OS5 Han-
GonbLUen ACHOCTU NCNOMb30BaTh CreayoLLyo PopMy 3anucy pesyrnbTaTta u3mepeHust (B HuKecneayoLem npu-
Mepe CrioBa B CKOOKax A KpaTKOCTU MOXHO OMyCTUTb, €CNK Nepes 3TUM B JOKYMEHTE, NpeacTaBnsoLwem
pe3ynbTaThbl usmepenus, U, u, 1 k yxe 6binv onpegenetsl): «mg=(100,02147 + 0,00079) r, rae ymcno, cTosilee
nocne 3Haka «x», — (paclumpeHHas HeonpeaeneHHocTb) U = ku,, nonydyeHHas ans (CyMMapHoOW cTaHAapTHOM
HeonpeaeneHHocTn) U, = 35 mMr n (koadduumeHTa oxeata) k = 2,26, COOTBETCTBYOLLEro ypoBHIO Aosepus 95 %
Ans t-pacnpegenenns c v = 9 cteneHsMm ceoboapi».

7.2.5 Ecnu B npouecce namepeHuns onpegendoTt bonee ogHON N3MEPAEMON BENNYUHBIL, T. €. Nony4atoT
ABe unun 6onee BbIXOAHbIX OUEeHOK y; (cMm. H.2, H.3 n H.4), To B JONONHeHne K 3Ha4YeHusaMm y; u u,(y;) cnegyet
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ykasblBaTb 3MEeMEHTbI KOBapWaLIMOHHOW MaTpuubl U(Y;, y;) WUy anemeHTsl r(y;, y;) MaTpuLbl KO3PULIMEHTOB
koppensuum (C.3.6, npumevanue 2) (Mnu, NnpeanoyTUTenbHo, U Te, U Apyrue).

7.2.6 OueHKM ¥ 1 CTaHaapTHON HeonpeaeneHHOCTU U (y) Unn paclumpeHHon HeonpegeneHHoctn U He crne-
AyeT NPUBOAUTBL € U3BBITOYHOM TOYHOCTLID. OBbIYHO ANs U (Y) U U, a Takke Ansg ctaHdapTHbIX HeonpeaeneHHo-
cTewn u(X;) BXOOHbIX OLEHOK X; AOCTaTOYHO yKa3blBaTb ABE 3Havalme umdpbl, XOTS B HEKOTOPbIX ClyYasax MOXeT
oKasaTbCsl HEOOXOAMMbIM COXPaHUTb BonbLUe 3HaYaLLMX Lmdp, YTOObI n3bexaTb NOrpeLIHOCTEN OKPYTNEHMS B
nocneaylLwmnx pacyeTax.

Mpu coobLLEeHNM OKOHYaTENbHbIX PE3YNbTaTOB NHOMAA MOXET ObITb YMECTHbIM OKpPYriieHUe K 6ombLueMmy.
Hanpumep, u(y) = 10,47 mOm moxHO okpyrnntb Ao 11 mOm. OgHako u 3geck cnegyeT pykOBOACTBOBATLCS, B
nepByLo ovepenb, 30paBbiM CMbICIIOM. Tak, B Crly4ae pac4eTHOro 3HadeHus u(x;) = 28,05 'y cnegyeT ykasbiBaTb
u(x;) = 28 k'u. BxogHble 1 BbIXOAHbIE OLIEHKWN CrielyeT OKpYrnsaTb Takum 06pa3oM, 4HToObl OHM COOTBETCTBOBANU
npegcTaBneHnsiM COOTBETCTBYIOLLMX HeonpeaeneHHocTen. Hanpumep, ecnn y = 10,05762 Om n u(y) = 27 mOm,
TO pe3ynbTaT u3MepeHus y crieqyeT ykasbiBaTtb kak 10,058 Om. Npu npeactaBneHnn kosdduumneHTa koppens-
Lumr, 6riM3koro no abconTHOMY 3HaYEHUIO K eanHuLEe, CReayeT yKa3biBaTb TPU 3HavaLume uudpsl.

7.2.7 Tpy nogpo6GHOM onucaHum Toro, Kak Bbinn NonyyYeHsbl pesynbTaT U3MEPEHUS U ero HeoNpeaeneH-
HOCTb, He06X0AMMO criefoBaTh pekomeHaauusam 7.1.4, T. e. ykasbiBaThb:

a) 3HayeHue KaxkgoW BXOOHOM OLEHKM X; U ee CTaHOapTHOW HeonpeaeneHHoOCTN u(X;), a Takke To, Kak OHM
ObINM NOMNyYeHbI;

b) oueHku koBapuaumii Unn KO3 ULIMEHTOB KOPPENALUN (Nydlle 1 Te, U Apyrne) Ang BcexX KoppenmpoBaH-
HbIX BXOOHbIX BEMUYNH, a@ TaKKe MeTOAbl, UCMOJIb30BaHHbIE AN NONYyYeHUS 9TUX OLLEHOK;

C) uncrno cTeneHer cBoboapbl 4NA CTaHOAAPTHON HEONPEeaeNeHHOCTU KaXKa0n BXOOHOW OLIEHKM, a Takke To,
KaK 9TO YMCIIO CTeNeHel cBOOOALI ObINO ONpeaeneHo;

d) dyHKUMoHanbHyto 3aBmucumocTb Y = (X, X5, ..., Xy). pn HeobxoamMMocTv MoryT GbiTb NPYBEAEHDI
YacTHble NPOU3BOAHbIE (KOIULMEHTbI YyBCTBUTENBbHOCTU) Of/0X;. PekomeHayeTcs Bcerga ykasbiBaTb 3Have-
HUS1 KO3 PULNEHTOB YyBCTBUTENBHOCTU, NMOMYYEHHbIE 9KCMEPUMEHTASBbHBLIM NYTEM.

MpwnmeyaHune—ockonbKy MyHKUMOHANbHasa 3aBUCUMOCTL f MOXET ObITb BECbMa CIIOXHOM UK He JonycKaTb
npeacTaBneHns B SIBHOM BWAE, a TOMNbKO B BWAE PaCHETHOro anroputma, TO He BCerga BO3MOXHO yKasaTb BUA, 3TON
3aBMCMMOCTW W 3HaYeHUst ee Npou3BOAHbIX. B Takmx cnydasax dyHKUMOHanbHY 3aBMCMMOCTL f cnegyeTt onucatb B
caMbIx oBLMX YepTax Unn AaTb CCbIIKY Ha KOMMbIOTEPHYIO NporpaMMy, peanusyloLLlyo anroputm pacdeta. B niobom
crnyyae npveBoaMMast Hopmaums AomKHa BblTb 4OCTAaTOYHON, YTOBbLI NOHATL, KakuM 06pa3oM Obiny Nony4YeHbl OLeHKa
Yy U3MepsemMon BenuuvHel Y U ee cymMmapHas ctaHgapTHasi HeonpeOeneHHOCTb Ug(y).

8 Kpartkoe onucaHue npoueaypbl oLueHUBaHUA U NpeacTaBreHus
HeonpeaeneHHOCTH

Mpoueaypy oueHBaHWA 1 NpeacTaBneHns HeonpeaeneHHOCTU U3MEPEHNSI COrNacHo HacTosLwweMy Pyko-
800Ccma8y MOXHO NPeACTaBnTb B BUAe NOocrneoBaTenbHOCTM CeayoLLMX 9Tanos:

1) BblpaxatoT CBSA3b MEXAY U3MEPSEMON BEMNYNHON Y U BXOOHBIMY BEMMYMHAMM X;, OT KOTOPbIX OHa
3aBUWCUT, B BUAE (PYHKUMOHANbHON 3aBUCMMOCTU Y = f(X,, X, ..., Xy). PyHKUMA f AOMKHA cofepxaTb BCe BENK-
YWHbI, BKMOYas Nonpasku 1 NonpaBoYHble KO3MULNEHTBI, KOTOPbIE MOTYT CYLLIECTBEHHO NOBNUSTL HA HEONpe-
OEeneHHOCTb pe3ynbTaTa namepenus (cm. 4.1.1 n4.1.2).

2) MNony4atoT OLEHKY X; BXOAHOW BENUYMHbI X; MMb0 Ha OCHOBE CTaTUCTUYECKOro aHanuns3a psaa Habnoge-
HWIA, TMbo gpyrumu cnocobamu (cm. 4.1.3).

3) OueHuBatoT cmaHdapmHyto HeornpedereHHOCMb U(X;) KaXXA0W BXOOQHON OLEHKU X;. [1ns BXOOHOW OLIEHKMU,
MOJTy4EeHHOW 13 CTaTUCTMYECKOro aHanmaa psaa HabnogeHui, OLeHKy CTaHdapTHOW HeonpeaeneHHOCTH nonyya-
0T cornacHo 4.2 (oueHnBaHue cTaHaapTHOM HeonpeaeneHHocTy Tuna A). [1ns BXOOQHOW OLEHKN, MOMyYEeHHOW
apyrumm cnocobamu, OLeHKy CTaH4APTHOM HEONPeaeNneHHOCTN NoNy4atkoT cornacHo 4.3 (oueHMBaHe cTaH4apT-
HOWM HeonpeaeneHHocTH Tuna B).

4) Ecnv cpeay BXOAHbIX BENNYUH €CTb KOPPENMPOBaHHbIE MeXay COBO0N, TO OLEHMBaOT NX KOBapuaLmm
(cm. 5.2).

5) PaccunTtbiBatoT pesynbTaTt USMepeHus, T. €. HaXOAAT OLEHKY Y U3MePSEMO BENUYMHBI MO PYHKLMOHarb-
HOW 3aBUCUMOCTU f, NICNOMb3ys B KAYECTBE apryMeHTOB X; OLleHKN X;, MOSly4eHHble Ha aTane 2 (cm. 4.1.4).

6) OnpepensalT CyMMapHy CTaHAaPTHYIO HEOMNPeAeneHHOCTb U (y) pesynbTata u3mepeHus y no cTaH-
OapTHbIM HEOMPEAENEHHOCTSIM 1 KOBapuaLMsmM BXOAHbIX OLIEHOK, Kak onucaHo B pa3gene 5. Ecnu B pesynbTate
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N3MepeHnNsi onpeaensitoT OLEHKM OBYX 1 Bonee BbIXOAHbIX BEMNMYMH, TO PaCCYUTBLIBAKOT UX KoBapuauum (cm. 7.2.5,
H.2,H.3u1nH.4).

7) Ecnu TpebyeTcsa 3HaTb pacwupeHHyto HeorpedeneHHocmb U anga onpegenennst iHTepeana ot y — U o
y + U, B npegenax KoToporo, NpeanonoXuTenbHO, HaxoamTcs 6onbLuas YacTb pacnpeneneHnst 3Ha4eHun, KoTo-
pble MOXHO C 4OCTaTOYHbIM OCHOBAHUEM MPUNMUCAaTb M3MEPSIEMON BENNYMHE Y, TO CyMMapHYIO CTaHOAPTHYHO
HeonpeaeneHHOCTb U (y) YMHOXaIOT Ha koaddpuumeHT oxBaTa K, 0ObI4HO NPUHMMALOLLIMIA 3HAYEHUS B AMana3oHe
0T 2 Ao 3, 4tobbl Nony4nTh 3Ha4YeHue U no opmyne U = ku(y). 3Ha4eHune k BbIOMPatoT, UCXOASA 13 XenaemMoro
ypOBHS foBepust Ans uHtepeanay—Upo y+ U (cm. 6.2, 6.3 n ocobeHHo npunoxenune G, roe paccmaTtprBaeTcs
BbIGOp 3HauYeHus k, obecnedmBaroLLEero ypoBeHb 4OBEPUS, ONM3KNI K 3agaHHOMY).

8) MpencTaBnsAT pe3ynbTaT UAMEPEHUS y BMECTE C €ro CyMMapHOW CTaH4apTHOW HeoNpeaeneHHOCTL0
Us(y) unu paclumpeHHon HeonpegeneHHocTbio U cornacHo 7.2.1 unun 7.2.3 ¢ ncnonb3oBaHnem ogHom 13 popm
npeacTaBrneHns cornacHo 7.2.2 unn 7.2.4. YkasblBatoT (CM. pasgen 7) cnocob nonydeHns y v ug(y) nan U.
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MpunoxeHue A
(cnpaBo4Hoe)

PekomeHpauum Paboyei rpynnbl no HeonpegeneHHoctu u MKMB

A.1 PekomeHpgauus INC-1 (1980)

Pa6ouas rpynna no HeonpegeneHHocTn Obina cosBaHa MBEMB B oktabpe 1980 r. no nHmynatnee MKMB 1 nogro-
TOoBMNa NOAPOOHbLIN OT4eT, 3aBepLuatowniica Pekomerngaumen INC-1 (1980) [2], TEKCT KOTOPON NPUBEAEH HUXE.

«1) HeonpepeneHHoCTb pedynbTaTta M3MepeHnsi OObIMHO COCTOUT U3 HECKOJbKMX COCTaBMSIHOLLMX, KOTOPbIE MOX-
HO CrpynnMpoBaTh B [iBE KaTeropuu B 3aBUCHMOCTU OT cnocoba UxX OLEeHUBAHWS:

- A — cTtaTucTnyeckuMmn MetTogamu;

- B — gpyrumn metogamu.

He Bcerga BO3MOXHO YCTAHOBUTbL MPOCTOE COOTBETCTBME MeXAy kaTeropuamun A n B n TpagmuymoHHO Mcnornb3o-
BaBLUMMCSI O 3TOrO pasfieNieHMeM Ha «CryyarHble» U «CUCTeMaTU4eckne» HeonpeaeneHHocTU. TepMUH «cucTemaTu-
Yyeckasi HeonpeaeneHHOCTb» MOXeT BBOAUTb B 3abnyxaeHve, n ero npumeHeHns cnepyet nsberatb.

Jlro6oli nogpobHbI OTYET O HEOMPEAENEHHOCTM AOIMKEH COAEPXKaTb MOSHbIA CMIMCOK COCTaBMSAIOLWMUX C yKa3aHUeM
AN KaXOoM U3 HUX MeTOAa, KOTOpbIM Obina nony4vyeHa oueHka.

2) CocTaBnstolme, OTHOCSILMECS K KaTeropun A, xapakTepuayloTcs BbIGOPOUHBIMM AUCNepcusiMi s (Mnm Bei6o-
POYHBIMW «CTaHOAPTHLIMW OTKITOHEHUAMMUY» S;) U YACNOM CTeneHer csoboabl v;. [Npu HeobxogmmocTh cnegyeT ykasbl-
BaTb KoBapuauumu.

3) CocraBnsioLme, OTHOCALMECH K kaTeropum B, criefyeT xapakTepu3oBaTb BENUUMHAMM UZ, KOTOPbIE MOXHO
paccmaTtpuBaTh Kak annpokcumauum AUCnepcuin, cylecTBoBaHMe KOTopbix npegnonaraetca. MNpun o6paboTke gaHHbIX u?
creflyeT MHTepnpeTUpoBaTh Kak AMCNEPCUM, a U — Kak CTaHAapTHbIE OTKIOHEHWS. AHanornyHbLIM 06pasom, npu Heob-
XOAMMOCTM, paccMaTpuBaloTCs KoBapuaumu.

4) CymmapHasa HeonpedeneHHOCTb AOMKHA XapakTepmn3oBaTbCs YMCMOBbIM 3HAYEHUEM, NOMYYeHHbIM B pe3yrib-
TaTte 0ObIYHOro crnoxeHus gucnepcuii. CymmapHasi HeonpeaeneHHOCTb U ee COCTaBNsoLWME OOMKHbI ObiTh BbipaXKeHbl
B BUAE «CTAHAAPTHbLIX OTKIOHEHUIY.

5) Ecnn B ocobbix cny4dasx B Lensix nonyyeHust obLieri HeonpeaeneHHOCT! He0OX0ANMO YMHOXUTL CYMMapHYo
HeonpeaeneHHOCTb Ha HEKOTOPbIA MHOXUTENb, TO 3TOT MHOXMWTEMb AOIKEH ObITh yKasaH».

A.2 PexomeHpauusa 1 (CI-1981)

MKMB paccmoTpen oTyeT, npeAcTaBneHHbli Paboyeri rpynnoi no HeonpegeneHHoOCcT u Ha 70-i ceccum, CocTo-
aBLlencs B oktabpe 1981 r., npuHAn cnepytoLyto pekomergaumio [3]:

«PekomeHpgaums 1 (CI-1981)

BbipaxkeHre aKCcrnepumeHTarnbHbIX HeonpeaeneHHOoCTen

MexayHapoaHbIi KOMUTET MEpP U BECOB,

ydumsigas:

- HeobXxoaMMOCTb BbIPAbOTKM eAnHON (DOPMbl BbIPAXKEHUS HEONpPEeAENeHHOCTU U3MEPEHUsT B METPOIIOrK,

- ycunus, npunaraemble Anst JOCTUXKEHUS 3TOW Leny pasnnyHbIMW OpraHn3aunsmMn B TEYEHUE MHOTMX NeT,

- MPOrpecc, AOCTUTHYTbIA B MOUCKE MPUEMIIEMOrO peLleHNs U ABUBLLMINCA MPSAMbIM pe3ynbTaToM OesTenbHOCTH
Pabouen rpynnbl No BbipaXXeHU0 HeonpeaeneHHocTel, cobpanHo MBEMB B 1980 r;

npu3Hasas,

- YTo NpeanoxeHns Paboyeli rpynnbl Mornv Gbl ABUTLCA OCHOBOW 41151 OKOHYATENbHOro COrnallueHns no Bblpaxe-
HUIO HeonpeaeneHHocTen,

pekomeHAyem,

- 4yTO6bI NpeanoxeHns Paboyer rpynnbl Obilny 4OBeAEHbI 40 LUMPOKMX KPYrOB 3anHTEPECOBaHHbIX NUL, U OpraHu3a-
uun,

- yto66l MBMB npeanpvHano Bce ycunusa Ans NpUMEHEHWs NMPUHLMIOB, 3aNOXEHHbIX B 3TUX NPEASIOXKEHNSX, K
MeXAyHapOoAHbIM CIIMYEHUSIM, KOTOpble OyayT NPOBOAMTLCH MPW €ro COAENCTBUN B ByayLUeM,

- 4TOObI Apyrne 3aMHTEpPecoBaHHbIE OpraHu3auuy nccriefoBany 1 NPoBepsny 3T NpeanoxeHusa u cooblanm o
nosly4yeHHbIx pesynbtatax 8 MBMB,

- 4yT06bI NO MpowecTeun AByX unu Tpex neT MBMB caenano otyeT no pesynbrataMm NpUMEHEHWUs NPeanoXeHUiA
Pabouein rpynnbl.»

A.3 Pekomenpauus 1 (CI-1986)

MKMB noBTOpHO paccmoTpen Bonpoc O HEONPeAEneHHOCTU N3MEePEHUn Ha 75-n ceccun, COCTOSIBLLENCS B OKTS6-
pe 1986 r., n NPUHAN cneayLyo pekoMmeHgauuio [4]:

«PekomeHpaumsa 1 (CI-1986)

BblpaxkeHne HeonpegeneHHocTen B paboTax, npoBoauMbIx nog arvgon MEMB

MexgyHapoaHbIi KOMUTET Mep U BECOB,

yyumsigasi, YTo Paboyas rpynna no HeonpegeneHHoctu npuHsna Pekomenaaumio INC-1 (1980), a MKMB npuHsan
Pekomengaumio 1 (CI-1981),
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y4yumsbigasi, 4To psag YneHoB KOHCYnbTaTUBHbBIX KOMUTETOB MOTYT MOXenaTtb MofyyYuTb pasbACHEHWS MO AaHHON
PekomeHOaLmmn NnpuMeHUTENBLHO K 3agadaM, BXOAALWMUM B chepy MX KOMNETEHTHOCTU 1 OCOBEHHO B LiensxX MexayHapoa-
HbIX CIUYEHUN,

npusHaseas, 4to naparpad 5 PekomeHgauum INC-1 (1980), oTHocAwWwmINCA kK 0cobbiM Criy4asim, 0COGEHHO MMeto-
UMM MPOMBILLMEHHYIO 3HAa4YMMOCTb, B HacToslLLiee BpeMs paccmaTpusatotcs nog arvngon NCO obbeanHeHHoW paboyen
rpynnoi UCO, MO3M n M3K npu cogencteum n cotpyaHnyectse MKMB,

pekomeHOyem npumeHeHve naparpadga 4 PekomeHgauum INC-1 (1980) Bcemun yyacTHUkamu npu opopmneHun
pes3ynbTaToB MEXAYHapOAHbIX CIMYEHWI 1 Apyrux paboT, npoBoammblx nog arungon MKMB u KoHcynbTaTuBHbBIX KOMUTE-
TOB, U YTOObI CymMMapHas HeonpedeneHHOCTb Tuna A 1 HeonpegeneHHOCT! Tuna B 6binu BeipaxeHsbl B Buge cma+Hoapm-
HO20 OMKIIOHEHUS.»
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MpunoxeHue B
(ob6s3aTenbHoOE)

OCHOBHbIe MeTposfiorm4eckne TepMuHbI

B.1 Ucnonb3oBaHHbLIN UCTOYHUK

OnpepeneHnst OCHOBHBLIX METPOOrMYECKMX TEPMUHOB MO TeMaTuKe HacToswero Pykogodcmea 3aMMCTBOBaHbI U3
MexdyHapoOH020 crio8apsi OCHOBHBIX U 06wux mepmuHos 8 memposoauu (VIM), sTopoe nspanue, 1993 r.) [6], Bbiny-
weHHoro MexayHapoaHon opraHusauven no craHgaptusauum (MCO) oT MMEHU ceMu opraHusaLuii, okasasBLUMX MOA-
OEPXKY MpU ero co3gaHny 1 NpeaocTaBUBLLMX SKCNEPTOB ANA ero noarotoBku: MexayHapogHoro 61opo Mep 1 BecoB
(MBMB), MexagyHapogHomn anekTpoTexHudeckon komucemmn (MIK), MexayHapoaHor degepaumm KNMHUYECKOW XMMUK
(M®KX), MCO, MexayHapoaHOro coto3da TeopeTudeckon u npuknagHon xumumn (MKOTMAK), MexagyHapoaHoro cotosa Teo-
peTuyeckon u npuknagHon dunsmkm (UHKOMATT), MexayHapogHon opraHusauum dakoHogartensHon metponoruy (MO3M).
VIM aBnseTcs OCHOBHbIM MCTOYHMKOM, K KOTOPOMY peKkoMeHayeTcsa obpallartbCsd OTHOCUTENbHO onpedeneHuii TepMu-
HOB, He BKITIOYEHHbIX B HACTOSLLEE NPUIOXEHNE UMN B TEKCT HacTosLwero Pykogodcmea.

MpumedyaHune— HekoTopble N3 OCHOBHbIX CTaTUCTUYECKNX TEPMUHOB W MOHATUIA NPUBEOEHbI B NPUIOXe-
HuUM C, a Takne TEPMUHbI, KaK «UICTUHHOE 3HauYeHMe», «MOrpeLlHOCTb» U «HEeOoNpPeAeneHHOCTbY», PacCMOTPEHbI B MPUIIO-
»xeHun D.

B.2 OnpepeneHus

Kak n B pasgene 2 Hacrtosiwero Pykogodcmea, UCnonb30BaHWe B TEPMUHAX CKODOK O3HAyaeT, YTO BblAEreHHble
ckobkamu croBa MOryT ObiTb ONyLLEHbl, €CNV MPUMEHEHNE KPaTKOro TEPMUHA He BbIZOBET MyTaHWLbI.

B HEKOTOpPbIX NpuMeYaHnax npueeaeHbl AOMNONMHUTEeNbHble MEeTPOJIorn4eckne TepMuHbl, BbldeNeHHble NMonyXxump-
HbIM LIJpVI(*)TOM. Onpe,u.eneHMﬂ 9TUX TEPMUHOB AaHbl B cCaMUX NpUMedYaHnAax — HenocpeacTBeHHO Unn 4yepes CoOoTBET-
CTBYIOLLME CChINKK (CM. [6]).

B.2.1 (v3amepumas) sennymHa en (measurable)
CBOICTBO sIBMeHWs, obbekTa Unn BelecTBa, KOTOPOE MOXET BblAeNATbCA KayecTBeHHO 1 quantity
onpeaensaTbCs KONMYECTBEHHO.

MpumeyaHune 1— TepMuH «BenMUMHa» MOXeT 0603Ha4YaTh BENUYMHY B 06LLIEM CMbICTE
(cm. mpumep 1) NN KOHKPETHY BENTUYUHY (CM. Npumep 2).

lMpumep 1 - Benu4yuHbl 8 o6wiem cMmbicrie: ONUHa, 8pPeMsI, Macca, memnepamypa, 3J1eK-
mpu4eckoe conpomueJsieHue, KOHYeHmpayusi eewjecmea.

lMpumep 2 — KoHKkpemHble 8enuYUHbI: O5luHa OaHHO20 CIMEPIKHS, JTIEKIMPUYECKOEe CO-
npomusrsneHue daHHO20 obpa3ya nposoda, KOHYeHmpayusi dmaHosia 8 0aHHoU npobe suHa.

MpumedyaHune2— BennymHbl, KOTOPbIE MOXHO PaCMNONOXNUTL MO MOPSAKY 3HAYEHUIA
BENNYMHbI APYT OTHOCUTENBHO ApYyra HasbiBaloTCA OAHOPOAHBLIMU BENMYUHAMM.
MpnmeyaHune3—OgHOpoaHbIE BENMYMHBI MOTYT ObITh CrPYNMMPOBaHbI MO KaTeropusm
BeINIUYUH, Hanpumep:
- paboTa, TennoTa, SHeprus;
- TOMLWWMHA, ANVHA OKPYXXHOCTU, ANMHA BOJTHbI.
MpumeyaHune 4— O6o3Ha4YeHUsA Benu4uH npusegeHsl B ICO 31
[VIM:1993, crnoBapHas ctatbs 1.1]
B.2.2 3HayeHMe (BENUYMHBI) en value (of a
3HayeHVe KOHKPETHOW BENWYMHbI, BbipaXaemMoe, Kak NpaBuro, Npon3BedeHneM eaVHULbI quantity)
N3MEPEHNS Ha Ymncno.

lMpumep 1 — OnuHa cmepixHs: 5,34 M unu 534 mm.
lMpumep 2 — Macca mena: 0,152 k2 unu 152 2.
lMpumep 3 — Konuyecmeo sewyecmea npobbi 800bI (H20): 0,012 mosib unu 12 MMoJIb.

MpuMeyaHue1— 3HayeHne BENUUMHBI MOXKET ObITb MOSIOXKUTESbHBIM, OTPULATEMb-
HbIM WINW HYNEBbIM.

MpuMmeyaHue2— 3HayeHne BENUYMHbI MOXET BbiTb BbIPaXKEHO pasHbIMU CrocoGamu.

MpuMeyaHue3— 3HayeHUs: BEJIMYMH, UMEIOLLMX Pa3MEPHOCTb, PaBHYIO 1, Kak NpaBuIio,
BbipaxatoTcss 6e3pasmepHbIM YMCITOM.

1) Mpumeyanue k nsgaxHmio 2008 r.: TpeTbe n3gaHue croaps 6bino onybnukoaHo B 2007 r. kak PykoBoacteo CO/
M3K 99 «MexayHapoaHbiii cnoBapb no meTpornorun. OCHOBHblE U OOLLME MOHATUS U CBA3AHHbIE C HUMW TEPMUHbI
(VIM)».
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Mpu™meuyaHue 4 — BenmunHa, KoTopas He MOXeT ObiTb BbipaXKeHa B BUAE Npoun3Beae-
HUSA eQUHVLBI U3MEPEHUST Ha YMCMO, MOXET ObiTb BbIPaXXEHA CCbINIKOM Ha MPUHATYIO YCIOBHYHO
LKAy UM Ha METOAMKY BbIMOMHEHNUSI UBMEPEHWI, UITN HA TO U OpYroe.

[VIM:1993, crnoBapHas ctatbs 1.18]
B.2.3 ncTMHHOe 3HayeHue (BeNU4YUHbI)
3HayeHve, COOTBETCTBYIOLLEE OMPEAENeHNI0 JaHHON KOHKPETHOW BEMUYUHDI.

MpumeyaHune 1— IJTO TO 3HAYEHME, KOTOPOE MOTJI0 Obl ObITb MOMYYEHO NPU aganbHOM
N3MEPEHUNN.

MpumeyaHune 2— VCTMHHOE 3HaYeHUE MO CBOEN NPUPOAE HEONpPeaenMmo.

MpumeyaHwne3— B aHrmuiNcKkoMm A3blke HeonpedeneHHbIi apTUKb Yale, Yyem
onpegeneHHbl, UCNosb3yeTcs B COMETAHUM C TEPMUHOM KUCTUHHOE 3HAYeHUE», T. K. MOXET ObITb
MHOrO 3Ha4eHuWI, COOTBETCTBYIOLUMX ONpedeneHnto JaHHOW KOHKPETHOW BENUYMHDI.

[VIM:1993, cnoBapHas ctatbs 1.19]

KommeHTapuii Pykogodcmea: B npunoxenun D (B yacTtHocTu, B D.3.5) ykaszaHbl NpUYmnHbI,
Nno KOTOPbIM TEPMUH «UCTUHHOE 3HaYeHue» B HacTosLeM Pykosodcmee He MCnonb3yeTcsd U Mo
KOTOPbIM TEPMWHbI «UCTUHHOE 3HA4YeHUEe U3MEepPSIEMON BEMUYMHbBI» (MU KUCTUHHOE 3HaYveHue
BENNYMHBI») U «3Ha4YeHne N3MepseMoi BeNNYMHbI» (NN «3HaYeHne BeNMYMHbI») paccMaTpusa-
I0TCS KaK 9KBUBANEHTHbIE.

B.2.4 peicTBUTENbHOE 3Ha4YeHue (BeNUYUHbI)

3HayeHne, NpunMcbIBaemMoe KOHKPETHON BEeNWYMHE M MpYHUMMaemoe, 4acTo Nno cornale-
HUIO, KaK MMeloLLee HeonpeaeneHHOCTb, NpYeMnemyto Ans 3agaHHbIX Lenen.

Mpumep 1— B HekomopoUl MecmHOCMU 3Ha4eHue 8eJIU4UHbI, 80Cnpou3eedeHHOe ama-
JIOHOM, MOXKem 6bIMb NPUHSIMO 8 Ka4ecmee delicmeumesibHO20 3Ha4YeHUsl.

TMpumep 2 — Komumem no daHHbIM Onsi Hayku u mexHuku (CODATA) e 1986 2. pekomeH-
doean ucnons3oeams 05151 nocmosiHHol Agozadpo 3HayeHue 6,0221367-10%3 monb".

MpumeyaHne 1—[OeicTBUTENBHOE 3HAYEHNE BENMNYMHbBI MHOTAA HA3bIBAOT NPUNUCaH-
HbIM 3Ha4YeHUeM, HausnyuLen oLeHKON BENNYUHBLI, HOMUHANbHbLIM 3HA4Y€HUEM UM UCXOAHbIM
3HavyeHueM. OHaKO «UCXOOHOE 3HaYeHWe» B STOM CMbICIe He crefyeT nyTaTb C «UCXOLHbIM
3Ha4YeHneM» B CMbICIie, YKa3aHHOM B MpumMeYvaHun K cnosapHon ctatee 5.7 VIM:1993.

MpumevyaHune 2—YacTto Ans onpeaeneHns AeNCTBUTENBHOMO 3HAYEHNSI UCMONb3YHOT
HECKOIbKO pe3ynbTaToB U3MEPEHUIA BEMUYMHBI.

[VIM:1993, cnoBapHas ctatba 1.20]

KommeHnTapuii Pykogodcmea: Cm. kommeHTapuin Pykogodcmea k B.2.3.

B.2.5 usmepeHue

COBOKYyMHOCTb Onepauui, UMELLMX Lenblo OnpeaerneHme 3HavyeHns BenuYVHBbI.

MpumeyaHue— Onepauuy MOryT BbINOJHATECS aBTOMATUYECKM.

[VIM:1993, crnoBapHas ctatbs 2.1]

B.2.6 npuHUMN namepeHus

HayyHas ocHoBa nM3MepeHus.

TMpumep 1 — lNMpumMeHeHUe MepPMO3JIeKMPUYECKO20 I¢hghekma OJisi u3MepeHuUs meMmne-
pamypbl.

lMpumep 2 — lNMpumeHeHue 3ghpekma [xo3eghcoHa Onsi usMepPeHUsT Pa3HOCMU 3J1eK-
mpu4YecKux nomeHyuanos.

TMpumep 3 — MpumeHeHue aghghekma [Jonnepa Onsi uamepeHuUsi CKOPoOCcMmu.

Mpumep 4 — lNMpumeHeHue 3ghghekma KOMOUHaYUOHHO20 paccesiHUsI ceema OJisi usme-
peHust Yacmom co6cmeeHHbIX KosiebaHuli MOJIeKyIl.

[VIM:1993, cnosapHas ctatbs 2.3]

B.2.7 meToa nsmepeHus

JNlornyeckasi nocrnegoBaTensHOCTL Onepauui, onnucaHHas B oblem Buae, koTopas npume-
HAETCS NpPW BbINONHEHUN U3MEPEHUNA.

MpumedyaHne— Metoabl naMepeHuin MOryT BbiTb OTHECEHBI K pa3HbIM rpynnam,
Hanpumep:

- MeTo4aM M3MEpPEHUI 3ameLleHreM;

- onddepeHumnanbHbIM MeTogaM U3MepeHui;

- HyneBbIM MeToAaM U3MeEPEHWI.

[VIM:1993, crnoBapHas ctatbs 2.4]
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B.2.8 npouenypa nsmepeHui, meTtoauka u3aMepeHun
CreunanbHO onucaHHasi COBOKYMHOCTb Onepauui, UCnonb3yemMas npu BbIMOMHEHWN KOHK-
PETHbIX U3MEPEHUA B COOTBETCTBMUN C JAHHBIM METOLOM.

MpumeyaHune—MeToanKy namMepeHuin obbIYHO M3naratT B JOKYMEHTE, TaK Xe uHoraa
Ha3blBaeMblM METOAMKON n3mepeHuii. Cogepxalymecs B 3TOM LOKYMEHTE CBeAeHUs 0Obl4HO
ABMAIOTCA JOCTATOMHLIMK ANA onepaTopa, YToObl BbINOMHUTL M3MepPeHNst 6e3 NpuBneyYeHnss oo-
NOMAHUTENBHOW MHOPMaLUN.

[VIM:1993, cnoeapHas ctatbs 2.5]
B.2.9 nsmepsiemasi BenuumHa
KoHkpeTHas BenuuvHa, nopnexaiiasi U3MepeHuio.

lMpumep — JasneHue napa e 0aHHOU npobe eodbI npu 20 °C.

MpnmevyaHne — OnpeneneHme N3mMepsemMon BeNTIMYNHbI MOXET I'IOTpeGOBaTb 3agaHnA
3HaYeHUN Taknx BENUYUH, KaK BpeMS, TeMnepaTypa u AasreHue.

[VIM:1993, crnoBapHas ctatbs 2.6]

B.2.10 Bnusowasa BenmyinHa

BenunuunHa, koTopas He SIBNSIeTCS U3MEPSIEMON BENUYUHON, HO BNUSIET Ha pe3ynbTaT usme-
peHus n3mepsieMoin BerMYUHbI.

lMpumep 1 — Temnepamypa Mukpomempa, NPUMeHs1eMo20 OJ11 U3MePeHUs1 ONTUHBI.

Mpumep 2 — Yacmoma npu usmepeHuu aMmnaumyObi NepPeMeHHO20 3/1IeKMPUYECKO20
Hanpsp»KeHuUsl.

lMpumep 3 — KoHuenmpauyusi 6unupybuHa npu usmMepeHuUU KOHYyeHmpayuu 2emo2s106u-
Ha e npobe nna3mMbl KPOBU YesI08€Ka.

[VIM:1993, crnoBapHas ctatbs 2.7]

KommeHnTapuin Pykogodcmea: OnpepeneHve BNUSIOLWLENn BENUYMHbI NoApasyMeBaeT BKILO-
YeHWe BENWYMH, CBA3AHHbIX C N3MepUTErNbHLIMKU 3TanoHaMm, obpasLoBbIMKU BeLLleCTBaMM 1 crpa-
BOYHbLIMW A@HHBIMW, OT KOTOPbIX MOXET 3aBUCETb pe3ynbTaT U3MEPEHUS, a Takke OT Takux sBne-
HWIA, KaK KpaTKOBPEMEHHbIe OroKTyaUuM napaMmeTpoB M3MepuTernsHoro npnbopa, un Takux Benu-
Y/H, KaK Temnepartypa oKpyxatoLlen cpefpbl, aTMocepHoe AaBneHne U BRaXHOCTb.

B.2.11 pe3ynbTaT nuamepeHusa

3HaveHve, NpunucbIBaemMoe U3MEPSEMON BENUYMHE U NOMYYEHHOE MyTEM U3MEPEHMS.

MpumeyvaHnune 1—Tlpn npeacraBneHnn pesynbTata U3MepeHus A0IMKHO ObITb ACHO,
OTHOCUTCHA JIN OH:

- K NokasaHuo npubopa;

- K HeucnpaslieHHOMY pe3ynbTaTy U3MepeHUs;

- K UcrnpaBfieHHOMY pe3ynbTaTy U3MepeHud,
a Takke NosyyeH N OH YCPeaHEHUEM HECKOTbKUX 3HAYEHWA.

MpnmeyaHune 2—TlonHoe npeacTasneHve pesynbTata U3MepeHus BKItoYaeT NHAOop-
Mauuo O HeonpeAeneHHOCTN U3MepeHus.

[VIM:1993, cnoeapHas ctatbs 3.1]

B.2.12 HeucnpaBneHHbIW pe3ynbTaT U3MepeHus

PesynbTaT nsmepeHus 4o BBeAEHMS NONPaBKN HA CUCTEMATUYECKYHO MOrPELLHOCTb.
[VIM:1993, cnoBapHas ctatbs 3.3]

B.2.13 ucnpaBneHHbIN pe3yrnbTaT U3MepeHus

PesynbTaT nsamepeHunsa nocrne BBe4EHUSA NOMNPaBKM HA CUCTEMATUYECKYHO NMOrPEeLUHOCTb.
[VIM:1993, cnoeapHas ctatbs 3.4]

B.2.14 TOYHOCTb U3MepeHUs

BnnsocTb pesynbTata U3MepeHus K UCTUHHOMY 3Ha4YeHWI0 U3MEPAEMON BEMNUYMHBI.

MpnmeyvyaHune 1— «TOYHOCTb» ABMNAETCA KAYECTBEHHBIM MOHATUEM.
MpumeyaHune 2— He cnegyeT ynoTpebnats TepMUH NPELM3UOHHOCTbL BMECTO
TEPMUHA «TOYHOCTbY.

[VIM:1993, cnoeapHas ctatbs 3.5]

KommeHnTapuin Pykogodcmea: Cm. kommeHTapuin Pykogodcmea k B.2.3.

B.2.15 noBTOpsieMOCTb (pe3ynbTaToB U3MEPEHUI)

Bnunsoctb pesynbTatoB nocrnenoBaTernbHbIX U3MEPEHUI OOHOW U TOWN Xe U3MepseMol Be-
JINYMHBI, BbIMNOMHEHHbIX B OQNHAKOBbBIX YCIOBUSAX U3MEPEHWN.

32

en measurement
procedure

en measurand

en influence
quantity

en result of a
measurement

en uncorrected
result

en corrected
result

en accuracy of
measurement

en repeatability
(of results of
measurements)



FOCT P 54500.3—2011/ PykoBoacteo MCO/M3K 98-3:2008

MpumeyvyaHune 1— Takve ycnoBusi Ha3bIBalT YCIIOBUSIMU NOBTOPAEMOCTMH.

MpumeyvyaHune 2 — Ycnosns NOBTOPSEMOCTMN BKIOYAKOT B cebs:

- NCMoNb30BaHMe OOHOM N TOW e mpouenypbl U3MepeHWii;

- NpoBeAEeHNE U3MEPEHUI OOHMM U TEM Xe Habnogatenem;

- NCMONb30BaHME OAHOIO M TOrO Xe M3MepPUTEnbHOro npubopa, NPYUMEHAEMOro B OOHMX 1
TeX Xe YCrnoBusX;

- NPOBeAEHNEe N3MEPEHU B OOHOM 1 TOM e MeCTe;

- MOBTOPEHNE NU3MEPEHUI B TEYEHME KOPOTKOro nepuoaa BpemMeHM.

MpumeyaHwue3— NoBTOPSEMOCTb MOXET GblTb Bblpa)XeHa KOIMYECTBEHHO Yepes
XapakTepuCTUKK pasbpoca pesynbTaToB U3MEPEHWUIA.

[VIM:1993, cnoeapHas ctatbs 3.6]

B.2.16 Bocnpon3BoaMMOCTb (pe3yribTaToB U3MEPEHUN)

Bnunsoctb pe3ynbTaToB U3MEpPEHWUi OOHON U TOW Xe N3MepsemMon BENUYUHBLI NPy nNposeae-
HUN U3MEPEHU B U3MEHSIOLLMXCH YCIOBUAX.

MpumeyvaHwue 1 — [na o6OCHOBAHHOIO Cy>XOEHUS O BOCMPOU3BOAMMOCTY crneayeT
yKkasblBaTb, B YeM COCTOUT U3MEHEHME YCMOBUIA N3MEPEHMS.

MpumedyaHune2— V3aMeHeHNs yCrOBUIA MOTYT BKIoYaTb B cebst U3MEHEHUS:

- MpUHUMNA U3MepeHus:;

- HabntopaTtens;

- MeToAa U3MeEpPEeHUs:;
n3mepuTenbHoro npnbopa;
N3MEepPUTENbHOIo 3TanoHa;
MecTa M3MepeHus;
YCINOBWIA NPUMEHEHNS PEe3yNbTaTOB U3MEPEHWS;

- BPEMEHU U3MEpPEeHUs.

MpumeyaHue3— Bocnpon3BoaAMMOCTb MOXET ObITb BblpaXeHa KONMYeCTBEHHO Yepe3
XapakTepucTukn pa3bpoca pesynbTaToB U3MEPEHU.

MpumedaHunes4—B gaHHoM cnyyvae nop pesynbTatamy 0ObIMHO MOHMMAIOT UCNpPaBIEeH-
Hble pe3ynbTaTbl U3MEPEHWI

[VIM:1993, crnoBapHas ctatbs 3.7]

B.2.17 BbIOOpOYHOE CTaHAAPTHOE OTKIOHEHne

BenwvuuHa s(q,) 4N psga u3 n usMepeHnin O4HOM 1 TON Xe N3MePSEMON BENNYNHbI, Xapak-
TepusytoLaa pasbpoc pe3ynbTaToB M3MEpPEHUIn 1 onpegensemas no dopmyne

rae q, — pesynbtat k-ro uamepeHus;
g — cpefHee apudmeTMyeckoe Ans psiha U3 N U3MEpeHuil.

Mpumevyanune 1— Ecnu paccmatpusaTtb psf U3 n 3HAYEHWUI Kak BbIGOPKY CryvanHom
BENUYMHBI, TO § — HECMELLLEHHas OLieHKa MaTeMaTMYeCcKoro OX1AaHUs [y, a s%(q,) — HecmelLeH-
Has oLeHKa A1cnepcun G2 pacnpeaeneHunsi 3Toi BEeNNUMHI.

MpnmeyaHune2—BblpaxeHue s(qk)/«/ﬁ SIBNSAETCS OLIEHKOW CTaHO4apTHOrO OTKIOHe-

HUA pacnpeneneHnsa a 1 Ha3blBaeTCA BbI6OpOLIHbIM CTaHAapPTHbIM OTKINOHEHUeM cpeaHero 3Ha-

YeHus.
MpumedyaHune 3— BoibopoyHoe cTaHAAPTHOE OTKITOHEHWNE CPEAHErD 3HAYEHUS UHOTAA
OLWMBOYHO Ha3bIBaOT cpeaHeKBagpaTUYHOM NOrPeLlHOCTLIO CpeaHero 3Ha4eHus.
MpumedyaHune 4— Hacrosuwee onpeaeneHne ABnseTcsa MoaudULMPOBaHHbIM MO
OTHOLUEHUIO K cnoBapHoi ctatbe 3.8 VIM:1993.

KommeHTapuii Pykogodcmea: HekoTopble 0603HaveHus1, npumeHsiemble B VIM, Gbinn uns-
MEHEHbI C LieNnblo JOCTMXKEHUSA eauHoobpasns ¢ 0603HaYeHnsaMM, UCnonb3yembiMn B 4.2,

B.2.18 HeonpeaeneHHOCTb (M3MepeHUst)

MapameTp, OTHOCALMINCS K pe3ynbTaTy U3MEPEHUS 1 XapakTepuayowuii pa3bpoc 3Hadve-
HWIA, KOTOpble MOrNK Obl OblITb 0OOCHOBAHHO MPUNUCAHbI U3MEPSEMON BENMUYMHE.
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MpnmevyaHnune 1—TllapameTpom MOXeET ObiTb, HANPUMEP, CTAHAAPTHOE OTKIMOHEHNE
(vrn BenuumHa, nponopumuoHanbHas CTaH4AapTHOMY OTKMOHEHUIO) UMW MONyLUPUHA MHTepBana,
KOTOPOMY COOTBETCTBYET 3a4aHHbIN YPOBEHb AOBEPUS.

MpunmeyaHune 2— HeonpegeneHHOCTb U3MEPEHUS, KaK MPaBuUIo, BKN4aeT B cebs paa
cocTaBnaowmx. Hekotopble N3 HUX MOryT ObiTb OLEHEHbI N3 CTAaTUCTUYECKOro pacrnpeaeneHns
pe3ynbTaToB psga U3MEPEHUA U ONUCbIBATbCA BbIOOPOYHBIMU CTaHO4APTHLIMU OTKITOHEHUAMM.
[pyrue coctaBnsioLme, KOTOpble Takke MOryT ObiTb ONMCaHbl CTaHAAPTHLIMU OTKIIOHEHUSAMU, OLe-
HMBAIOT M3 NPEANONOXEHN O BUAE 3aKoHa pacrnpedeneHnsi, OCHOBaHHbIX Ha OMbiTe€ UMM UHON
MHopmauuu.

MpwnmedyaHwne3— lpegnonaraercd, YTO pe3ynbTaT U3MEPEHUSA ABMSETCA Nyyllen
OLIEHKOM U3MepsSeMOi BEMMYMHbI, @ BCE COCTaBNAOLME HEONPeAeneHHOCTH, BKtoYas o0ycrnos-
TNEHHble cucTemMaTu4eckMMmn adpdekTamm (pasHoro popa nonpaskaMu, UCMOMNb3yeMbIM 3TaroHOM
CpaBHeHMS), BHOCAT BKMag B pa3bpoc 3Ha4YeHUn 3MepsieMOn BENUYMHbI.

[VIM:1993, crnoBapHas ctatba 3.9]

KommeHTapuii Pykogodcmea: B VIM nogyepkvMBaeTcs MOAEHTUYHOCTb HACTOSALLEro onpese-
NIEHUs 1 MPUMEYaHUA K HEMY OMNpefeneHnto U NpUMeYaHusiM, faHHbIM B HacTosileM Pykogoo-
cmee (cMm. 2.2.3).

B.2.19 norpelwHocTb (MU3MepeHust)

OTKNOHEeHNE pesynbTata U3MepPEeHUsi OT UCTUHHOMO 3HAYEHUS U3MEPSIEMON BENUYMHBI.

MpumeyaHune 1— Tak kKak UICTUHHOE 3HAYEHNE HE MOXET ObITb YCTAHOBIIEHO TOYHO, TO
Ha MpaKTVKe BMECTO HEro UCMONb3YIOT AENCTBUTENBHOE 3HaYeHune (cm. B.2.3 n B.2.4 nnn VIM: 1993,
CInoBapHble cTaTby, COOTBETCTBEHHO, 1.19 1 1.20).

MpumeyaHune 2— Korga HEOOXOAMMO OTNMYATL «OTHOCUTESBHYHO MOrPELLIHOCTb» OT
«MOrPELLHOCTNY, MOCEAHIO UHOTAA Ha3biBalOT aGCONMTHOW MNOrPELIHOCTLI0 U3MepeHus. JToT
TEPMVH He crnefyeT nyTaTh C abCONTHLIM 3HAYEHUEM NOTrPELIHOCTU, KOTOPOE ABNAETCA MOAY-
N1eM MOrpeLLHOCTH.

[VIM:1993, cnoBapHas ctatbs 3.10]

KommeHTapuii Pykogodcmea: Ecnu pesynbtaT n3MepeHnsi 3aBUCUT OT 3HAYEHUIn elle Ka-
KNX-NOO BENWYMH, MOMUMO U3MEPSEMOW, MOTPELLUHOCTM N3MEPEHWI STUX BEMUYMH BHOCST BKMag
B MOrpeLLHoCTb pe3ynbTaTta namepeHnsi. CM. Takke kommeHTapuin Pykosodcmea k B.2.22 n B.2.3.

B.2.20 oTHOCUTENbHAA NOrpeLHoCTb

OTHOLLEHNSA MOTPELUHOCTA U3MEPEHNST K UCTUHHOMY 3HAYEHUI0 U3MEPSIEMON BEMUYMHBI.

MpumeyvyaHne 1—T. K. NCTUHHOE 3HA4YeHNE HE MOXET ObITb YCTAHOBIIEHO TOYHO, TO Ha
npakTuKe BMECTO HEro UCMonb3yT AercTBUTENbHOE 3HaveHne (cm. B.2.3 n B.2.4 vnun VIM: 1993,
CrnoBapHble cTaTby, COOTBETCTBEHHO, 1.19 1 1.20).

[VIM:1993, cnoBapHas ctatbs 3.12]

KommeHTapun Pykogodcmea: CM. kommeHTapuin Pykogodcmea k B.2.3.

B.2.21 cnyyaiHas norpelHocTb

PasHocTb pesynbTaTta U3MepeHusi U CpefHero 3HayeHusl, KoTopoe Morfo 6bl BbITe Nonyye-
HO Npu 6eCKkoHEeYHO BOMbLIOM YMCre NOBTOPHLIX U3MEPEHWIA OOHOW M TOW Xe U3MepsemMon Benu-
YYHbI, NPOBOAMMBIX B YCIOBUSX MOBTOPSIEMOCTM.

MpumeyaHwne 1— CnyyarHas NOrpeLIHOCTb paBHa MOTPELUHOCTM M3MEPEHWs 3a
Bbl4ETOM CMCTEMaTUYECKOWN MOrpeLLHOCTH.

MpnmedyaHne 2—T. K. BO3BMOXHOE YUCIO N3MEPEHUI BCEraa OrpaHNYeHo, To NOMyYnTb
MOXHO FULLIb OLEHKY CryYaniHOW MOrpeLLIHOCTH.

[VIM:1993, cnosapHas ctatbs 3.13]

KommeHnTapuin Pykogodcmea: Cm. kommeHTapuin Pykogsodcmea k B.2.2.

B.2.22 cuctematn4yeckas norpewHoOCTb

Pa3HoCcTb Mexay CpefHUM 3HayYeHveMm, nosnyvyaemMbiM Npy 6ECKOHEYHOM YMCne N3MepeHuii
OfHOW 1 TOW Xe N3MePAEMON BENUYUHBI B YCIIOBUSIX CXOAMMOCTU, N UCTUHHBIM 3HaYEHUEM n3me-
pPAEMON BENUYMHbI.

MpumevaHune 1— Cucrematnyeckas NOrpeLLHOCTb paBHa NOrpeLLIHOCTU U3MEPEHMS 3a
BbIYETOM CIy4alHOWN NOrpPeLUHOCTW.

MpumeyaHune 2— Kak m UICTUHHOE 3HaYeHMe, cucTeMaTnyeckasi MOrpeLlHOCTb N ee
NPUYUHBI HE MOTYT ObITb MOMHOCTLIO N3BECTHbI.

MpumeyaHune 3— B OTHOWEHMN cUCTEMATUYECKOW MOFPELUHOCTU, CBA3AHHOW C
N3MEPUTENBbHBIM MHCTPYMEHTOM — CM. TepMUH «cMelleHne» (VIM: 1993, cnosapHas ctatbs 5.25).
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[VIM:1993, cnoBapHas ctatba 3.14]

KommeHTapwuii Pykogodcmea: NorpeluHocTb pesynbtata nsmepenus (cm. B.2.19) moxet
4acTo paccMaTpuBaTbCA Kak pe3ynbTaT psaga CriydanHbIX 1 cucteMaTnyecknx adeKkToB, KOTopble
BHOCHT CBOV BKMafbl B NOrPELLHOCTb pedynbraTta namepeHns. Cm. Takke KOMMeHTapuii Pykogod-
cmeakB.2.19nB.2.3.

B.2.23 nonpaBka

3HaveHne BennYMHbI, KOTOpoe anredbpanyeckm CyMMUpPYeTCst C HEMCNPaBMEHHbIM pe3yrib-
TaTOM M3MEPEHMS ONA KOMMEHCauMn CUCTEMaTUYECKOW MOrPEeLLIHOCTY.

MpumedyaHune 1—TlonpaBka paBHa OLlEHKE CUCTEMATUYECKON NOrPELLUHOCTU, B3SATOM C
obpaTHbIM 3HaKOM.

MpumeyvyaHune 2—T. k. cuctemaTmyeckas NOrpeLLHOCTb He MOXET ObITb U3BECTHA TOYHO,
TO KOMMEeHcaLuns He MOXET ObITb MOSHOMN.

[VIM:1993, crnoBapHas ctatba 3.15]

B.2.24 nonpaBoYHbIN KO3hPULIMEHT

Yuncnoson KOSMMULMEHT, HA KOTOPbLIN YMHOXAKOT HEUCnpaBreHHbIn pesynbTaT uamepe-
HUSA NS KOMMNeHcaumMm CUCTEMaTUYECKON MOrpeLLHOCTH.

MpumeyvyaHmne —T. K cMcTemaTuyeckas NnorpeLHOCTb He MOXeT OblTb N3BECTHA TOYHO,
TO KOMMEeHcaunsa He MOXeT ObITb MOSTHOMN.

[VIM:1993, cnoeapHas ctatbs 3.16]

en correction

en correction
factor
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MpunoxeHune C
(cnpaBo4Hoe)

OCHOBHbIe TePMUHbI U NTOHATUA MaTeMaTU4YeCKOMN CTaTUCTUKN

C.1 Ucnonb30BaHHbIN UCTOYHUK

OnpepeneHnst OCHOBHbIX CTaTUCTUYECKUX TEPMUHOB, MPUBEOEHHbIX B HACTOSALEM MPUNOXEHNUW, 3aVMCTBOBaHbI
13 ICO 3534-1:1993" [7]. DaHHbIN MexayHAPOAHBIN CTAHAAPT ABMSAETCS OCHOBHLIM UCTOYHUKOM, K KOTOPOMY PEKOMEH-
ayeTcsa obpalartbCd OTHOCUTENBHO ONpeAeneHnini TEPMUHOB, He BKIIOYEHHbIX B HacTosLee npunoxeHue. Hekotopble
13 TEPMUHOB, OnpefeneHns KoTopbix AaHbl B pasgene C.2, n COOTBETCTBYIOLIME UM NOHATUS Bonee nogpobHO paccMoT-
peHbl B pasgene C.3, B KOTOPOM COAEPXKUTCH Takke psg AONOMHUTENbHbLIX TEPMUHOB C COOTBETCTBYIOLLMMN onpeaene-
Husmun. Copepxawmecs B pasgene C.3 pasbACHeHUs AaHbl AN obrerdyeHus Mcnonb3oBaHUsA HacToswero Pykogoo-
cmea 1 He OCHOBaHbl HenocpeacTBeHHO Ha NCO 3534-1:1993.

C.2 OnpepeneHus

Kak n B pasgene 2 HacToswero Pykogodcmea, UCNOMNb30BaHNE B TePMUHAX CKOOOK 03HayaeT, YTO BblAEMNEHHbIE
ckobkamu crosa MoryT ObiTb ONyLLEHbl, eCNV MPUMEHEHNE KPATKOro TEPMUHA HE BbI3OBET MyTaHWLbI.

TepmuHbl C.2.1 — C.2.14 onpepeneHbl AN reHeparnbHON COBOKYMHOCTU, a TepMuHbl C.2.15 — C.2.31 — ang
BbIGOPKN HabnogeHui.

C.2.1 BepOATHOCTb en probability
[HerictBuTensHOe Yncno B MHTepaane ot 0 4o 1, oTHocsLeecs K crnyvyanHomy cobbITuIO.

MpnmMeyaHune—Yucrno MOXeT OTpaKaTb OTHOCUTESNBbHYIO YacTOTY B Cepumn HabnogeHunin
UNWN CTEMNEeHb YBEPEHHOCTUN B TOM, YTO HEKOTOPOEe cobbiThe npousonaeT. [pu BbICOKOW CTeneHn
YBEPEHHOCTN BEPOATHOCTb Bnnska K eguHuLe.

[MCO 3534-1:1993, cnosapHas ctatbs 1.1]

C.2.2 cnyyariHasa BenM4ynHa en random

[MepemeHHas, KoTopas MOXeT NpMHUMaThL Nboe 3HaYeHne U3 3a4aHHOTO MHOXECTBA 3Ha- variable, variate
YeHWIh 1 C KOTOPOW cBs3aHO pacrnpedernieHue gepossmHocmel (C.2.3).

MpumeyvaHune 1— CnyyariHylo BENUYMHY, KOTOPAs MOXET NPUHUMATL TOMNbKO OTAENb-
Hble 3Ha4yeHus, HasbIBalT AMCKPeTHON. CriyyarHylo BENUYMHY, KOTopas MOXET NPUHUMATL Nto-
Oble 3Ha4YeHns N3 KOHEYHOro unu 6eckoHeYHOro MHTepBarna, Ha3blBaloT HEMpPepbLIBHON.

MpnumeyaHune 2— BepoAaTHocTb cobbiTua A o6o3HadvaloT Pr(A) unu P(A).

KommeHTapuin Pykogodcmea: B HacTosileM Pykogodcmee npuMeHsieTcst 06o3HadeHune Pr(A)
Bmecto P,A), ucnonssyemoro B NCO 3534-1:1993.
[MCO 3534-1:1993, cnoeapHas cratbs 1.2]

C.2.3 pacnpeneneHue (BepoATHOCTEN) (Cry4YanHOM BeNIMYUHbI) en probability
dyHKLMA, onpeaensaioLLas BEpOATHOCTb TOT0, YTO CryyaiHas BenuumnHa npumeT kakoe-nmb6o  distribution (of a
3aflaHHOe 3HayeHne unu byaeT npuvHagnexaTtb 3afaHHOMY MHOXECTBY 3HAYEHWA. random variable)

MpwumeyaHwune—BepoATHOCTb TOro, YTO CryYarHas BennynHa HaxoamTcsa B obnactu ee
M3MEHEHVs, paBHa eanHuLe.

[MCO 3534-1:1993, cnoeapHas cratbs 1.3]
C.2.4 cbyHKUMA pacnipeaeneHus en distribution
dyHKUMA, 3aatoLlas Ans No6oro 3HaYeHUs X BEPOATHOCTL TOrO, YTO CryyaiiHas BennunHa  function

X MeHblLe 1N paBHa X:

F(x) = PriX<x].
[MCO 3534-1:1993, cnoBapHas ctatbs 1.4]
C.2.5 nnoTHocTb pacnpegeneHus (BeposiTHOCTEN) en probability
lMepBas NnponsBoaHasi, eCv OHa CyLLecTBYeT, (PyHKLMKN pacnpedeneHns HenpepbIBHOW Cry- density function
YaHOW BENUYMHBbI: (for a continuous
random variable)
f(x) = d';((x)

) Mpumeuarue k naganuio 2008 r.: UCO 3534-1:1993 oTMeHeH 1 3aMeHeH Ha MCO 3534-1:2006. Mpu 9TOM 6binu
M3MeHeHbl (POPMYNMPOBKM psifa TEPMUHOB U onpeaeneHuii. 3a 6onee nogpobHoN nHdopmaumen cnegyeT obpaliatb-
Csl K NocnefHel pefakumMn MexayHapoaHoro ctaHaapTa.
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MpumedyaHune—f(x)dx Ha3blBaeTCs dIEMEHTOM BEPOATHOCTMH,
f(x)dx = Prx < X < x + dx].

[MCO 3534-1:1993, cnoeapHas cratbs 1.5]

C.2.6 puckpeTHoe pacnpepgerneHue (BepossTHOCTEN)

PyHKUMS, Aarowasa Ans Kakaoro 3HavyeHvs X; AUCKPETHOWM CriydanHon BenuymHbl X BeposT-
HOCTb p; TOrO, YTO CryyariHasi BENMYMHa paBHa X;.

p; = Pr[X=x.

[MCO 3534-1:1993, cnoeapHas cratbs 1.6]

C.2.7 napameTp (pacnpegeneHus)

BenuvuuHa, ncnonb3yemas B onucaHuv pacnpeneneHns BepossTHOCTEN HEKOTOPOW criyyai-
HOW BEIUYMHBI.

[MCO 3534-1:1993, cnoapHas ctatbsl 1.12]

C.2.8 koppensiuus

B3anmopgencTBme AByX UMM HECKOMBKMX CryYarHbIX BEMWYMH B pacnpeaerneHin AByX unm
HECKOINbKMX CryYariHbIX BEMNWYVH.

MpnmeyaHNe— BONbLWMHCTBO CTATUCTUYECKMX MEP KOPPENALUN N3MEPSIIOT TONbKO
cTeneHb NUHENHON 3aBUCMMOCTW.

[MCO 3534-1:1993, cnoapHas ctatbs 1.13]

C.2.9 matemaTuyeckoe oxupaHue (Criy4amHOW BENUYUHBI)

1) [Ons AUCKPeTHOW Cny4yanHoWn BENWYMHbI X, NPUHUMAIOLLEN 3HAYeHUS X; C BEPOATHOCTbLIO
pj, MatemaTu4eckoe oXxugaHue, ecnvm OHO CYLLEeCTBYeT, onpeaenstoT opmymnon

w=E(X) =Y pix;,

roe CyMMUpYIOT BCE 3HAYEHUS X;, KOTOpble MOXET NPMHUMAaThL cnyvanHas BenuynHa X.
2) Ina HenpepbIBHOW CIly4anHON Benu4YMHbl X, MMeloLen NNoTHOCTb pacnpenenenus f(X),
MaTemMaTnyecKoe OXnaaHvue, ecrnm OHO CyLLecTByeT, onpeaensiotr opmynon

iy = E(X) = [xf(x)dx,

roe nHTerpan 6epyT no BceMy nHTepBany (MHTepBanam) nsmeHeHuns X.
[MCO 3534-1:1993, cnoapHas ctatbs 1.18]
C.2.10 ueHTpMpoOBaHHasn cny4yanHasa BenM4ymMHa
CnyvariHas BenuuuHa, Matematuyeckoe OXxuaaHne KOTOPON paBHO HyIHO.

MpwumeyaHue— Ecnu cnyyaiiHas BenudvHa X MMeeT maTeMaTnyeckoe oXxuaaHve o,
TO COOTBETCTBYIOLLASA LIEeHTPUPOBaHHas Criy4ainHas BenuymMHa paeHa X — .

[MCO 3534-1:1993, cnoapHas ctatbs 1.21]
C.2.11 pucnepcwus (cny4yanHoun BeNMUYUHbI)
MaTemaTnyeckoe oxumgaHvme kBagparta LeHTPUPOBaAHHOW CNy4YaHOW BENUYUHbI

o2 = V(X) = E[X - E(X)]2.

[MCO 3534-1:1993, cnoapHas ctatbs 1.22]
C.2.12 ctaHpapTHOE OTKIOHEHUE (Cry4YalHOW BENMYMHbI)
MonoxuTenbHbI KBaApaTHbIA KOPEHb M3 3HaYeHWUs Aucnepcun

o = JV(X).

[MCO 3534-1:1993, cnoBapHas ctatbsl 1.23]
C.2.13 ueHTpanbHbIi MomeHT!) nopsaka q
MaTtemaTtnyeckoe oxmaaHue LIeHTPUPOBaHHOW CIy4YaiiHON BENWYMHbLI B CTENEHW g ANs 04-
HOMEpPHOro pacnpenerneHus
ET(X—w)9].
MpwnmedyaHune— LleHTpanbHbIli MOMEHT BTOporo nopsigka — oucnepcusi (C.2.11) (MCO
3534-1:1993, cnosapHas ctatbsa 1.22) criy4aniHON BENUYMHBI.

[MCO 3534-1:1993, cnoapHas ctatbs 1.28]

en probability
mass function

en parameter

en correlation

en expectation
(of a random vari-
able or of a pro-
bability distribu-
tion), expected
value, mean

en centred
random variable

en variance (of a
random variable or
of a probability dis-
tribution)

en standard
deviation (of a
random variable
or of a probability
distribution)

en central mo-
ment of order q

) Ecru npv onpeaeneHnn MOMEHTOB 3HayeHus cnydarviHbix BenuumH X, X — a, Y, Y — b u T. 4. 3aMeHs0T 1X
abcontoTHeIMU 3HaveHuamu |X], |X —al, |Y], |Y — b| n T. ., TO MOMEHTbI Ha3bIBaOT «abCOMOTHEIMU MOMEHTAMMWY.
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C.2.14 HopmanbHOe pacnpegerneHue; pacnpeaeneHue (Jlannaca-)laycca
PacnpeneneHne BeposaTHOCTEN HENPEPBLIBHOW CyYanHOW BENUYMHBI TAKOe, YTO MAOTHOCTb
pacnpeneneHns BEPOATHOCTEN NPU — oo < X < + co NPUHMMAET AEUCTBUTENbHOE 3HAYEHNE

2
1 1( x—u

f(x) = ex ——(—) .
(%) odon e

MpumevyaHne — w — MatemMaTundeckoe oxungaHume, 6 — CTaHO4apTHOE OTKITIOHEeHue
HOpManbHOro pacnpegeneHund.

[MCO 3534-1:1993, cnosapHas ctaTbs 1.37]

C.2.15 npusHak

CBoWCTBO, KOTOPOE NOMOraeT MAEHTUPULMPOBATL UK pasnuyaTb O6BLEKTbI AaHHON reHe-
panbHON COBOKYMHOCTMU.

MpumeyaHue—TpusHak MOXET BbITb KONMYECTBEHHBIM UM KAYECTBEHHbBIM (anbTep-
HaTWBHbIM).

[MCO 3534-1:1993, cnosapHas ctatbs 2.2]
C.2.16 (reHepanbHas) COBOKYMNHOCTb
MHoxecTBO BCex paccmaTpuBaemblX 06bEKTOB.

MpunmedyaHune— [Ona cnyyanHon BenuumHel pacrpedeneHue geeposmHocmedl (C.2.3)
(MCO 3534-1:1993, cnoBapHas ctatbs 1.3) paccmaTpuMBaloT Kak onpeaeneHne COBOKYMHOCTA 3TON
Cny4ariHon BENUYUHbI.

[MCO 3534-1:1993, cnoBapHas ctatbq 2.3]

C.2.17 yacToTa

Yuncno HacTynneHui cobbITUSE AaHHOrO TUMNa UM YUCIO HABMAEHWIA, NONaBLUNX B AAHHbIN
Knacc.

[MCO 3534-1:1993, cnosapHas ctaTba 2.11]

C.2.18 pacnpepeneHue 4acToTt

OMnMpuyeckoe OTHOLLEHWE MEeXOY 3HaYEeHUSIMU MpU3Haka U ero 4actoTamm UIm ero OTHO-
CUTENBbHLIMK YacToTaMu.

MpunMmedyaHwne— OTo pacnpefgeneHme MOXHO NpeAcTaBuTb rpadmnyeckn B Buae
aucmoepammbl (MCO 3534-1:1993, cnoBapHas ctatbs 2.17), cmonbukosol Ouaepammbl (NCO
3534-1:1993, cnoBapHas ctatbsa 2.18), nonueoHa KymynsamuseHbix 4acmom (MCO 3534-1:1993,
cnoBapHas ctatbs 2.19) unu kak mabnuyy conpsixxeHHocmu 08yx npu3sHakos (MCO 3534-1:1993,
crnoBapHas ctatbsi 2.22).

[MCO 3534-1:1993, cnoapHas ctatbsl 2.15]
C.2.19 cpepHee apudmeTuyeckoe
Cymma 3HayeHuid, AeneHHas Ha UX YMCIo.

MpnmeyaHune 1— TepMuH «cpegHee» OObIMHO UCMOMb3YIOT, KOrga MMEeKT B BUAY
napameTp COBOKYMHOCTU, @ TEPMUH «CcpeaHee apudmMeTnyeckoe» — Korga UMeT B BUAY pe3yrb-
TaT BbIYUCIEHMWI NO AAHHBIM, MONYYEHHbIM U3 BbIGOPKM.

MpumeyaHune 2— CpegHee apudpMeTUHECKOE MPOCTON CNyvanHON BbIOOPKM, B3ATON
13 COBOKYMHOCTU, — 3TO HECMELLEHHAs OLeHKa apudMeTnYeckoro cpeJHero reHeparnsHol CoOBO-
KynHocTu. OgHako apyrve hopmynbl AN OLEHKM, Takne Kak reOMeTpUYecKoe U rapMOHUYeCKoe
cpefHee, MeauaHa unu Mofa, UHorga ToXe MCMoSb3yHoT.

[MCO 3534-1:1993, crnoBapHas ctaTbsl 2.26]

C.2.20 (BbIGOpO4Han) gucnepcusi

OpHa 13 Mep paccesiHuA, npeacTaBnsiowas coboit Cymmy KBagpaToB OTKMOHEHWI Habnto-
OEHWI OT NX cpeaHero apudMeTUHECKoro, AENEHHYI0 Ha YMCNO HabnaeHUA MUHYC eamHMLa

Mpumep — Ans cepuu u3 n HabnodeHUl X1, X, ..., X, CO CPEOHUM apugMemu4ecKkum

= _1
X ==> X
8blbopoyHasi ducnepcusi

2 1 o2
s ——n_1§i:(x, X)°.
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MpumeyaHune1— BoibopoyHaa gncnepcns NpeactaBnsgeT COO0N HECMELLEHHYHO
OLIEHKY ANCMEPCUN COBOKYMHOCTM.

MpumeyaHune 2— BoibopoyHas gucnepcusa npeacraenset cobon n/(n — 1)-kpaTHbIA
LleHTpanbHbIi MOMEHT BTOPOro nopsigka (CM. npuMedaHue K crioBapHow ctatbe 2.39 MCO 3534-
1:1993).

[MCO 3534-1:1993, cnoBapHas ctatbsl 2.33]

KommeHTapuii Pykogodcmea: OnpefeneHHyo Takum o6pasom OUcnepcuio ToYHee HasBaTb
BbIGOPOYHOW OLEHKOW AMCMepcun reHeparnbHOl COBOKYMHOCTWU. A ancrnepcuto BbIGOpku 0BbIYHO
onpenensitoT Kak BbIGOPOYHBINA LieHTpanbHbIi MOMEHT BTOporo nopsigka (cm. C.2.13 n C.2.22).

C.2.21 (BbIGOpO4YHOE) CTaHAAPTHOE OTKITIOHEHUe

MonoXunTenbHbI KBagpaTHbIA KOPEHb U3 BbIOOPOYHONM AMCNepCUn.

MpnMedyaHNe— BblbopoyHoe CTaHOAPTHOE OTKIIOHEHUE NpeacTaBrnsieT cobon cme-
LLIEHHYH OLEHKY CTaHOAPTHOrO OTKITOHEHMST COBOKYMHOCTMU.

[MCO 3534-1:1993, crnoBapHas ctaTbsl 2.34]
C.2.22 (BbIGOPOYHbIN) LleHTpanbHbIA MOMEHT nopsiaka q
CpepnHee apudmeTuyeckoe pasHOCTeN MexAy HabniogaeMbIMU 3HAYEHUSIMU X; U UX CPea-

HUM apuUPMETNYECKMM X B CTEMEHU ¢ B PacrlpeaesieHnn eaMHCTBEHHOTO MpU3HaKa:
1 —
EZ(X/' -x)?,
i

rae N — Y1cno HabnioaeHWi.
MpumedyaHune— BblBOPOUHbINA LEHTparbHbIi MOMEHT NepBOro Nopsiaka paBeH HyIo.

[MCO 3534-1:1993, cnoapHas ctatbs 2.37]
C.2.23 cTtaTucTtuka
®PYHKLMS OT BbIOOPOYHbIX 3HAYEHUIA.

MpwumedyaHune—Cratuctuka, 6yayum yHKLMEN 3HAYEHWI CNyYaiHOW BENNYNHbBI, cama
ABMNAETCA CNyYyaHOW BENUYMHON, 3HAYEHNS KOTOPOM MOryT U3MEHATLCH OT BbIOOPKM K BbIOOPKE.
3HayeHne CTaTUCTMKK, Kak nony4yaemoe no HabnaaeMbiM 3Ha4YEeHUAM, MOXET ObITb MCMNOMNb30Ba-
HO MpK NpoBepKe CTaTUCTUYECKUX TMMOTE3 UMM B KA4YeCTBE OLIEHKW napameTtpa COBOKYMHOCTH,
HanpvMmep cpedHero apugmMeTUYeckoro Unu CTaHgapTHOrO OTKIOHEHUS.

[MCO 3534-1:1993, cnoBapHas ctatbsl 2.45]

C.2.24 oueHuBaHue (napameTpa)

Onepauus onpeaeneHnst Ha OCHOBE BbIOOPOYHbIX AaHHbLIX YACMOBLIX 3HAYEHWUI NnapameT-
poB pacnpeneneHusi, MPUHATOrO B Ka4eCTBe CTaTUCTUYECKOW MOAENW reHepanbHOW COBOKYMHOC-
T, U3 KOTOPOW n3BneyeHa BblbopKa.

MpumedyaHune—PesynbtaT 3TON onepauumn MOXeT ObITb BbIpaXXeH Kak OOHVMM YMCMO-
BbIM 3HaYeHneM [ToveyHas oueHka — cM. MICO 3534-1:1993, crnosapHas ctaTtbsa 2.51 (C.2.26)],
Tak U goepuTenbHbiM nHTEpBanom [cm. MCO 3534-1:1993, cnosapHble ctatbu 2.57 (C.2.27) 1
2.58 (C.2.28)].

[MCO 3534-1:1993, crnoBapHas ctatbsl 2.49]

C.2.25 oueHkKa

CraTncTtuka, ncnonb3dyemas Ans oueHVBaHUSA napameTtpa COBOKYMHOCTMU.

[MCO 3534-1:1993, cnoBapHas ctatbsl 2.50]

C.2.26 3Ha4YeHMe OLUEHKHU

3HauyeHve napameTpa, Nofly4YeHHoe B pe3yrnbTaTe OLEHUBAHKS.

[MCO 3534-1:1993, cnoeapHas ctaTbs 2.51]

C.2.27 pByCTOPOHHUI [OBEepPUTENIbHbIA UHTEepBar

WHTepBan, onpedeneHHbIi Npyv 3afaHHOW OoBepuTenbHOW BeposaTHocTn (1 —o) [rae
(1 — o) — nonoxuTenebHas NOCTOSIHHASA, MeHbLUAs eAuHULbBI] ANS NoAneXallero oLeHUBaHWIo
napameTpa COBOKYNMHOCTU 6, mexay ABYMSt (DYHKLUUSAMMN HabnoaaeMbixX 3Ha4eHnn T4 n T, Takumu,
4YTO BepoATHOCTb Pr[T4 <0< T,] 6onblie nnu pasHa (1 — o).

Mpunmevanne 1—TpaHuubl T4 n T, 4OBEPUTENBHOIO MHTEPBAaNa ABMATCA cmamu-
cmukamu [cMm. MCO 3534-1:1993, cnosapHas cTaTbs 2.45 (C.2.23)], 1, Takum o6pasom, Ux 3Have-
HUs B oOLlem crnyyae 6yayT M3MEHATLCH OT BbIGOPKN K BbIOOPKE.

en standard
deviation

en central

moment of order

q

en statistic

en estimation

en estimator

en estimate

en two-sided
confidence
interval

39



FOCT P 54500.3—2011/ PykoBoacteo MCO/MIK 98-3:2008

MpnmevyaHwune2—B anvHHOM psay BeIBOPOK OTHOCUTENbHASA YacToTa Cryvaes, koraa
OOBEPUTENbHbIV MHTEPBAar HaKpbIBaeT UCTUHHOE 3HaYeHne napameTpa COBOKYNHOCTU 6, BonbLue
unn paBHa (1 — o).

[MCO 3534-1:1993, crnoBapHas ctatbsl 2.57]

C.2.28 0oAHOCTOPOHHUI [OBepUTENIbHbIA UHTEepBarn en one-sided
WHTepBan, onpeaeneHHbIn Npy 3agaHHon foseputensHol BeposaTHocTh (1 — o) [roe (1 — o) confidence
— MONOXMWTENbHasA NOCTOSIHHAS, MEHbLUAA eAVHWLbI] ANA NoAfexallero oLeHUBaHio napamMeT- interval

pa COBOKYMHOCTM 6, Mexay HauMeHbLUMM BO3MOXHbIM 3HadYeHnem 6 n dyHkuven Habnogaembix
3HayeHun T (unn mexagy T n HanbomnbWMM BO3MOXHBIM 3HAYeHVEM 6) TakoW, YTO BEPOSTHOCTb
Pr [T > 6] {unun BepoatHocTb Pr [T < 6]} 6onblie nnu pasHa (1 — o).

MpumeyvyaHne 1 —TpaHnua [OOBEPUTENBHOIO MHTEPBaNa ABNSETCA cmamucmuKkoU
[em. NCO 3534-1:1993, cnosapHas cratbs 2.45 (C.2.23)], u, Takum obpa3om, ee 3Ha4YeHus B
obLem cnyyvae OyayT N3MEHSTbCA OT BbIOOPKK K BbIOOPKE.

MpumedyaHune 2— CM. npumeyaHme 2 K cnoBapHou ctatbe 2.27.

[MCO 3534-1:1993, cnoBapHas cTatbsa 2.58]

C.2.29 poBepuTtenbHasaA BepPOATHOCTb en confidence
3HadeHune (1 — o) BEpOATHOCTU, CBA3AHHON C JOBEPUTENbHBIM MHTEPBAIOM UMW TONepaHT- coefficient,
HbIM MHTepBarnom [cM. MCO 3534-1:1993, cnoBapHble ctatbun 2.57 (C.2.27), 2.58 (C.2.28) n 2.61 confidence level
(C.2.30)].

MpuMedaHune— 3HadyeHne (1 — o) 4acTo BbipaXKatoT B NMPOLEHTax.

[MCO 3534-1:1993, cnoBapHas ctaTbs 2.59]

C.2.30 TonepaHTHbINA UHTEepBarn en statistical

VHTepBan, ansa KOTOporo MOXHO YyTBepXAaTb C OnpeaesieHHON AOBEPUTENbHON BEPOSITHO- coverage interval
CTbl0, YTO OH COAEPXKMUT OOM reHepanbHON COBOKYMHOCTU, HE MEHbLLYIO 3aaHHOW.

MpumeyvyaHnune 1 — Ecnn no BeIBOPOYHLIM AaHHLIM OonpeaeneHsl 0be rpaHuubl
MHTepBana, To MHTepBarn ABYCTOPOHHMI. Ecnn ogHa n3 rpaHvy nexut B 6€CKOHEYHOCTU Unmn Cco-
BragaeT ¢ HauMeHbLNM (HanbonbLIMM) BO3MOXHBLIM 3Ha4YEHNEM CIyYalHOW BENUYMHBI, TO UH-
TepBan OgHOCTOPOHHWNA.

[MCO 3534-1:1993, cnoBapHas ctaTbs 2.61]

C.2.31 yncno creneHen ceo6oabl

Yucno cnaraembix B CyMMe 3a BblMETOM YuUcia HanaraemblX Ha HUX orpaqueHmﬁ.
[MCO 3534-1:1993, cnoBapHas ctaTbs 2.85]

en (number of)
degrees of free-
dom

C.3 MNosicHeHMs K TepMUHAM M NOHATUAM

C.3.1 MaTtemaTnuyeckoe oxugaHue

MaTemaTtunyeckoe oxuaaHve yHKUMM g(Z) OT CRy4yaHOW BENUYUHBLI Z, UMetoLWer MIOTHOCTb pacnpeaeneHns
BEPOSITHOCTEW p(z), nonyyatoT no chopmyne

Elg(2)] = [9(2)p(2)dz,

rae, CornacHo onpegenenuio p(z), fp(z)dz =1

MaTemaTuyeckoe oxugaHue CJ'Iy‘-laVIHOVI BENMMYUHBLI Z, 0603HaYaemoe Lz, KOTOPOE Ha3blBAKT TaKXe OXuaaeMbiM
3Ha4YeHnemM unn cpeaHuUM 3HavYeHunem z, nony4varoT no q)opmyne

U, = E[z]=_[zp(z)dz.

Ero oueHkon saBnseTca z — cpegHee apumMeTnyeckoe 3Ha4YeHne 13 N He3aBUCUMbIX HAOMAEHWI Z; CryYanHon
BEMNYMHbl Z, NNOTHOCTb pacnpeneneHns BEpOATHOCTEN KOTOPOR p(z):

n
2.z
i=1

zZ =

S|=

C.3.2 lucnepcuna

[vcnepcusa cnyyaiHoM BenuYmHbl NpeacTaBnseT cobon maTemMmaTnyeckoe oxunaaHue KBaapaTUYHOTO OTKIOHEHUS
OT ee MaTemMaTU4eCcKoro oxunaaHvs. Takum obpasom, Aucnepcus cryvyaHON BENUYUHBI Z, UMELOLLEl NITOTHOCTb pacnpe-
OeneHus BeposaTHOCTEN p(z), nony4varoT no opmyne

o’ (2) = [(z - n.)* p(2)dz,

roe |, — MatemMatuyeckoe OXuaaHue zZ.
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OLeHKy aucnepcum 62(z) MOXHO NonyYunThb No dopmyne

$(z) =15 Xz - 27,
j=1

roe

Ms

E:% Z;,
1

a Z; — 3NeMeHT Bbl60pKVI 13 N He3aBUCUMMbIX HabnaeHUA Z.

MpumeyaHune 1— Muoxutens (n— 1)1 B Bopaxennn ana s2(z;) 06ycnoBneH Koppensaumein Mexay Znzmu

oTpaxaeT TOT (haKT, YTO Cpeau craraembix (z; — Z)? ecTb TOMbKO (N — 1) HE3aBMCUMBIX UTEHOB.

MpumevaHwne 2— Ecnn matematnyeckoe oxmgaHuwe [, CIy4anHON BENUYUHBLI Z U3BECTHO, TO OLIEHKY
avcnepcumn nony4atoT no gopmyne

(2) =+ Xz - n,)
j=1

Hagnexalein mepon HeonpeaeneHHOCTH pes3ynbTata nuaMepeHua ABndaeTcda He aucnepcud Habntogaemon Benu-
UYMHbI, @ gucnepcus cpegHero apuMeTMYecKoro no BbI60pKe HabntogeHun. Heobxoammo 4eTko pasnun4yaTtb gnMcnepcuro

CrnyyaiiHo/ BEMUYMHBI Z U AUCTIEPCUI0 €€ CPEAHEro apuMETUYECKOro 3HadeHus z . [ucnepcusi cpegHero apugmMeTu-

YeCcKOoro no psiAy M3 N He3aBUCHMMbIX HABMAEHU z; onpefenseTcs Kak o2 (z) = 02 (z;)/ n, a ee oueHka MOXeT 6bITb
nonyyeHa Ha OCHOBE BbIOOPOYHBLIX AMcnepcuin nNo opmyne

2/, n
2@ =3 ,(72,) _ n(n1—1) 2‘1(2’ _ 72,

C.3.3 CtaHgapTHOe OTKIIOHeHue

CTaHOapTHOe OTKMOHEHWE NpeacTaBnseT cobol NoNOXUTENbHbIA KBaapaTHbIA KOpeHb U3 gucnepcun. B 1o Bpems
KaK OLEeHKY CTaHAapTHOW HeonpeaeneHHOCTH No Ty A nomny4vatoT, U3Bnekasi kBaapaTHblid KOpeHb 13 BbIBOPOYHON Auc-
nepcum, Npu Nosly4eHnn OLEHOK HEOMpPeAEeneHHOCTM No Tuny B 3avyacTyio yoobHee cHavana HectaTUCTUYECKUMY MeTo-
AaMu NONy4YnUTb OLEHKY CTaHAAPTHOMO OTKIOHEHUS!, @ MOTOM — OLLEHKY AUCNEPCUM, BO3BOAS OLIEHKY CTaHA4apPTHOro OTKMO-
HeHUsl B KBaapar.

C.3.4 KoBapuauus

KoBapuauus aByx criyyaiiHblX BENUYUH SIBNSETCS MEPON UX B3aMMHON 3aBuMcuUMoCTU. KoBapuauumio criyvaiiHbix
BENUYMH y 1 Z nony4atoT no dopmyne

cov (v, 2) = cov (2, y) = E{ly - E (/)] [z~ E (2)]}
nnum
cov(y,z) = cov(z,y) = [[(y = my)(z = 1) p(y,2)dydz = [ [yzp(y,2)dydz — wyp,,

rae p (v, Z) — coBMecCTHas (OYHKLMSA NIIOTHOCTY pacnpeeneHnst BepOSTHOCTEN ABYX CIyYaiHbIX BEMUYUH Y 1 Z.
OueHka s (y, z) koBapuaumu cov (y, z) [o6osHayaemoii Takke Vv (Y, z)] MOXKET ObITb NoslyYeHa U3 N HE3aBUCUMbIX
nap y;, Z; OGHOBPEMEHHbIX HAGIOAEHWI y 1 Z No dopMyre

n
s(vinz) = 75 Xlyj - Pz - 2),
j=1
roe
1 n
y=4 2 Yi
i=1
n
n
E:% ZZ,‘

1]
-
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MpumeuaHune— OueHKy KoBapuaLMn ABYX CPEAHNX apUMETUYECKUX y U Z MoMydaloT no dopmysne
s(y, z) =s(yi zj) ! n.

C.3.5 KoBapuaumoHHasa maTtpuua

B cnyyae MHOromMepHoro pacnpegeneHvs BeposaTHOCTEN MaTpuua V, aneMeHTamu KOTOpoW SBMSATCA AMCNepPCUn
1 KOBapUaLMK CMyYaiHbIX BEMWYMH, Ha3biBaeTCs KOBapUALMOHHON MaTpuLeid. [inaroHanbHble snemMeHTsl v (z, Z) = 62 (2)
unn s (z;, zj) = s2 (z;) SBNAIOTCA AUCNEPCUSMU, @ HEAMAroHanbHble v (v, Z) unu s (y;, Z;) — KoBapuUaLMsMu.

C.3.6 KoacpcpuumeHT KOppensaumm

KoahpuumeHT koppensumm siBNseTcs Mepon OTHOCUTENbHOW B3aUMHOW 3aBUCUMOCTU ABYX CIyYariHbIX BENNYUH,
paBHOM OTHOLLEHUIO MX KOBapuauuii K NONOXUTENbHOMY KBaZpaTHOMY KOPHI M3 NMPOU3BEAEHUS UX AUcnepcuid. Takum
obpasom

vy.z2)  _ _v(y.2)

p(y.2) = p(zy) = vy vizz) oWa(@)

a ero oueHka MoXet ObITb nony4yeHa no cbopmyne

N = Py v = s(y¥i.zj) __sWiz)
ez =rzy) Vs yi)s(ziz;) s(yi)s(z)’

KoadhcpuumeHT koppensumm saensetcs 6e3pa3mepHoi BENMYMHON, yaoBNeTBOpSAoLLEe HepaBeHecTBaM — 1 <p <+ 1
mmm =1 <r(y;, z) <+ 1).

MpunmevaHune 1 —Tlockonbky p 1 r aBnATCA 6e3pa3mMepHbIMU YMCNaMK B Anana3oHe oT MuHyc 1 4o nntoc
1 BKNIOYUTENBHO, @ KoBapuaLun, kak npaBuno, NpeacTaBnaoT cobon pasmepHble BENUYMHBI C TPYAHLIMY ANS MHTepnpe-
Tauun YUCMOBbLIMY 3HAYEHUSIMUN, TO KO3 PULMEHTLI KOoppensaumn obbli4HO Gonee ynoTpebutensbHbl, YeM KoBapuaumu.

MpumeyvyaHune 2— [Ana MHOrOMEpPHOro pacrnpegeneHs BepoSTHOCTEN BMECTO KOBapuaLMOHHOW MaTpuLibl
0BbIYHO MPUMEHSIOT MaTpuLly kKoadduLmeHToB Koppenaumn. T. K. p (v, ¥) = 1wur(y, y;) = 1, TO onaroHanbHble 3rieMeHTbl
3TON MaTpuLpbl paBHbl eauHuLE.

MpumeuyaHune 3 — Ecnv BxoOHbIE OLEHKU X; U X; KOPPENMPOBaHHbI (CM. 5.2.2) 1 ecnn U3MeHeHue X; Ha
BENNYNHY J; BbI3bIBAET U3MEHEHUE X; Ha BENUUYNHY J;, TO NPUGNMKEHHYIO OLIEHKY KO3(PhULMEHTa KOpPenaumum Mexay X
U X; MOXHO NONy4uUTb No dopmyrne

r(xp,x;) = u(x;)9; /[u(xj)S,-].

OTO COOTHOLUEHME MOXET CIYXXWUTb OCHOBOI ANs1 3KCMEPUMEHTaNbHOrO OLeHMBaHNA KoadduumeHTa koppens-
uun. OHO MOXeT ObITb Takke UCMONb30BaHO AN NpUONM3UTENbHOMO pacyeTa U3MEHEHUs OOHONM M3 BXOAHbIX OLIEHOK,
06YCrNOBMEHHOrO M3MEHEHMEM OPYroi, ecrnn nx KodMULIMEHT KOPPENSLMN U3BECTEH.

C.3.7 HezaBucumocTb

[Be cnyvaiiHble BENUYMHbI SIBASIOTCS CTaTUCTUYECKM HE3aBUCUMbIMMK, ECNN UX COBMECTHOE pacnpeferieHune Be-
POSITHOCTEN SIBMNSIETCS NPOM3BeOeHMEM OOHOMEPHbIX pacnpenenieHnini BepoATHOCTEN 3TUX BENUYMH.

MpumedyaHune— Ecnuase cnyvaiHble BEMMYMHBI HE3ABUCKMbI, TO UX KOBapuaums 1 KoadduuneHT koppens-
LUy paBHbl HYMIO, HO oBpaTHoe yTBepxaeHve B obLleM cryvae He ABNAeTCA crpaBeanvBbIM.

C.3.8 t-pacnpepeneHue (pacnpegeneHne CTbloaeHTa)

t-pacnpepeneHve, nHave HasbiBaeMoe pacnpegeneHnem CTblogeHTa, NpeactaBnsieT cobon pacnpenenexHve
BEPOSATHOCTEN HeNpepbIBHON Crly4YanHOW BENUYMHbI t, AN KOTOPON PYHKLUSA NAOTHOCTU pacnpefeneHns BEpOATHOCTEN
UMeeT BN

—co<t<+oo

)

v+1
F( ) —(v+1)/2
2 2
1 (1 t ) ,

p(t,v)zﬁ r(!) +

v
roe T'(.) — ramma-cyHkums, v > 0.
MaTtemaTtuyeckoe oxumaaHve t-pacnpegeneHusi paBHO HyIo, a ero Aucnepcus pasHa v/(v —2) gns v > 2.
Mpu v — « f-pacnpegeneHne cTpemMnTcsa K HopmanbHomy pacnpegenedmio cL=0u o =1 (cm. C.2.14).

Ecnn CJ'IyHaVIHaﬂ Benn4ynHa z pacnpegeneHa no HopmMasibHOMY 3akOHYy C MaTeéMaTU4eCKUM OXUOaHUEM |y, Zu
N (Z,’) — cpefHee apudMeTHUYECKOE 1 Bb|60pquoe CTaHOgapTHOE OTKIIOHEeHUe COOTBETCTBEHHO, NO Bbl60pKe n3 n Hesa-

BUCUMbIX HabMiofeHuii z; BeNuUmHbl Z, a S(Z) = s(z,-)/\/ﬁ — BbIOOPOYHOE CTaHAAPTHOE OTKIMOHEHWe cpedHero apud-

METUYECKOro Z ¢ v = n— 1 cTeneHsimu cBoGoAbI, TO CryyaiiHas BenuuuHa (zZ — u,)/s(z) Oynet umeTb t-pacnpepene-
Hue.
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MpunoxeHue D
(cnpaBo4HoOe)

MoHATUA KNCTUHHOE 3HaYeHue, «MnorpewHoOCTb» U «kHeonpeaeneHHOCTb»

My6nukayum, NOCBSLLEHHbIE BOMPOCY HEOonpeaeneHHOCTU M3MepeHus, TPaaMLMOHHO UCMONb3oBanu TePMUH Uc-
TUHHOE 3HaveHue (B.2.3), kOTOpbIN, OAHAKO, B HacTosWweM Pykogodcmee He NPUMEHSAETCS N0 NPUYMHAM, U3NOXEHHbBIM
B HacTosLLeM npuroxeHun. Kpome Toro, NOCKONbKY TEPMUHBI «M3MepSeMas BENnYnHay, «NorpewHoCcTb» U «Heornpeae-
NEHHOCTbY» 3a4acTyl0 UHTEPNPETUPYIOTCA HENPaBUIIbHO, B HACTOALLEM MPUMOXKEHUN B AOMOSIHEHNE K CBEAEHUAM, npu-
Be[leHHbIM B pa3gene 3, paccMaTpyBaloTCs MOew, nexaliye B OCHOBE COOTBETCTBYHOLMX MOHATUIA. C MOMOLbIO ABYX
PUCYHKOB, MPUBEAEHHBIX B HACTOSALLEM MPUINOXEHUW, MOKa3aHo, NoYeMy MPUHATOE B HacTosALWweM Pykogodcmee NoHATUE
HeornpeaeneHHOCTU OCHOBAHO Ha pe3yrnbTaTe M3MEepeHUs U OLeHUBaHUW ero HeomnpeaerneHHoCTU, a He Ha OCHOBe
HenosHaBaeMbIX BEMUYMH: «UCTUHHOTO» 3HAYEHWS U MOrPELLHOCTU.

D.1 Uamepsiemasn BenuumHa

D.1.1 lMepBbIM Warom npv NPoBeAEHUN N3MEPEHUS ABMSETCA onpedeneHne N3MepseMon Benu4yuHbl, T.e. TOW
BENNYMHbI, KOTOPYIO NPeACcTOUT n3MepuTb. pn 3TOM n3MepsiemMas BeNMYMHa He MOXeT OblTb onpegeneHa Yepes Heko-
TOpOe 3HayeHue, a TOmNbKo 4yepes cBoe onucaHue. OgHako, B MPUHLUMNE, MOSTHOE ONMUCaHWE U3MEPSEMON BEINUYMHBI
TpebyeT HeorpaHM4eHHOro KonuyecTsa uHopmMauui. HenonHoTta onucaHnsa nsMepsieMon BENWYMHBLI OCTaBnseT npo-
CTPaHCTBO A5 TOro WM MHOTO UCTOMKOBaHWA W, TakuM 06pa3om, BHOCUT B HeONpeAeneHHOCTb pesyfibTaTa M3MepeHus
COCTaBNALLYH, KOTOpas MOXeT OblTb CyLLECTBEHHON NO CpaBHEHUIO C TpebyeMol TOYHOCTbIO N3MEPEHNSI.

D.1.2 O6bI4HO onpeferneHve M3MepsieMON BENUYMHbBI BKIIOYAET HEKOTOpble dU3NYECKNe COCTOSHUS U YCIOBUS.

lpumep — Ckopocmb 38yKa e cyxom eo30yxe, cocmosiujeM (8 MosisipHbix donsix) u3 N, (0,7808), O, (0,2095),
Ar (0,00935) u CO, (0,00035), npu memnepamype T = 273,15 K u daeneHuu p = 101325 la.

D.2 Peann3oBaHHas BenIMYMHa

D.2.1 B ngeanbHoM cny4vae BenuunHa, noanexatlyas nu3aMepeHuto, omMKHa NONHOCTLIO yOOBNETBOPATL onpeaere-
HUIO n3MepsiemMol BenuunHbl. OQHako 3a4acTyo naMepsiemasi BenmynHa He MoXeT ObiTb TOYHO pearnu3oBaHa Ha npak-
TUKE, N U3MEPEHUS BbIMOMHAIOT ANA BEMWUYMHbBI, COOTBETCTBYIOLLEN U3MEPAEMOW BEMUYMHE TOMBKO B HEKOTOPOM Npubnu-
KeHuu.

D.3 «AcTHHOEe» 3Ha4YeHue u ucnpaBneHHoe 3Ha4yeHne

D.3.1 YT06LI ONpenennTb, Kaknum 6bin 6bl pe3ynbTaT nsmepeHns, ecnu bl peanu3oBaHHas BENMYMHA TOYHO COOT-
BETCTBOBana OnpeaereHnio U3MepAEMO BENUYUHBI, B pe3ynbTaT U3MEPEHUS peanu3oBaHHOW BeNWUYMHbI BHOCAT MO-
npaBKy Ha PasHOCTb MEXAY Hel 1 U3MepseMon BenuyvHow. MNMonpasku B pe3ynbTaT U3MepeHus peanns3oBaHHON Benu-
YMHBI BHOCAT TaKXe Ha BCe ApYyrMe U3BECTHble 3HaYUMMble cucTeMaTudeckne apdekTbl. XOTS OKOHYaTernbHbIA UCnpaB-
NEHHBIN pe3ynbTaT MHOTr4A paccMaTpyBaloT Kak Haumyuyllyto OLEHKY «MICTMHHOTO» 3Ha4yeHust U3MepSeMOon BENWYMHbI, B
OENCTBUTENBHOCTM 3TOT pe3ynbTaT NPOCTO SABMNSETCS HaUMyuLLEeR OLEHKON 3HAaYEHUST 3TOW BENUYMHBI.

D.3.2 B kavecTtBe npyvmMepa npefnonoxum, YTo 3mMepsieMon BeNUYMHON ABNSETCA TOMWMHa AaHHOro nucrta ma-
Tepuana npu 3agaHHon Temnepatype. Obpasel AoBoAAT A0 TemnepaTypbl, 6MM3KOW K 3a4aHHOW, U U3MepPSIoT ero
TONLLMHY B HEKOTOPOM MECTE C MOMOLLbI MUKpoMeTpa. TorwyHa maTtepuana B 3ToM MecTe, Mpu 3ToW Temnepartype u
npv OaBrieHWU, BbI3bIBAEMbIM HaXKaTMeM MUKpPOMETpa, NpeacTaBnser cobow peanv3oBaHHYH BENUYMHY.

D.3.3 OnpegensoT MMEBLLUME MECTO B MOMEHT U3MEPEHNS 3HAYEHNsI TeMNepaTypbl MaTepuana 1 NpunoxeHHoro
MUKPOMETPOM AaBnieHus. [locne 3aToro B HEWCNpPaBMEHHbIN pe3ynbTaT U3MEpPEHUst peann3oBaHHON BENWUYMHbBI BHOCAT
nonpaeky NyTeM yyeTa rpagympoBOYHON XapakTepUCTUKM MUKPOMETpPaA, OTKNOHEHUsI TemnepaTypbl obpasua oT 3aaaH-
HOl TeMnepaTypbl, a Takke HebomnbLIOro cxatusa obpasua oT NPUNOXKEHHOrO AaBMeHNs.

D.3.4 VicnpaBneHHbI pe3ynbTaT MOXeT OblTb Ha3BaH Haumy4Llen OLEHKOW «UCTUHHOMO» 3HAYEeHUs (KUCTUHHOTO»
B TOM CMBbICIE, YTO OHO SIBMSIETCSA 3HAYEHMEM BENNYMHbI, KOTOPYIO NMPUHMMAIOT 3@ MOJTHOCTHLIO YAO0BMETBOPSIOLLYIO Onpe-
OENEHNIO U3MEePSEMON BENUYMHbI), HO ecrv Obl MUKPOMETP Obin MPUINOXEH B APYyroM MecTe nucTa, TO peanv3oBaHHasi
Benu4yuHa 6bina 6bl Apyrow, ¢ APYrMM «UCTUHHBIMY» 3Ha4YeHNeM. OTO «UCTUHHOEY» 3HAYEHMNE TakKe COOTBETCTBOBAsO Obl
onpeneneHnio N3MepseMON BEMUYMHBI, T. K. B HEM He YTOYHSETCS, B KAKOM MecTe JofhkHa ObITb onpeaeneHa TonwmHa
nucta. CnegosaTtenbHO, B 9TOM Cryvae u3-3a HemnorHoro onpegeneHns 3amepseMon BenMYmHbl « ICTUHHOE» 3HadeHune
UMEET HeonpeaeneHHOCTb, KOTopasi MOXET ObiTb OLEHeHa No M3MEPEHNsIM, BbIMOMHEHHbIM B pa3nnyHbiX MecTax. Ha
nobom ypoBHeE AeTanu3auun onpeneneHns n3MepsaeMon Benu4yuHbl nocnegHss byaet nMeTb Takylo «BPOXAEHHYO»
HeornpeaeneHHOCTb, KOTOPYH, B MPUHLMME, MOXHO OLEHUTb TEM UMM UHBIM CNOocoboM. dTa HeonpeaeneHHOCTb Xapak-
TepusyeT npefernbHy TOYHOCTb, C KOTOPOW MOXET ObITb M3BECTHA U3MepAeMas BENNYNHA, U Kaxkaoe u3mepeHve, npu
KOTOPOM AOCTUraeTcs Takas HeonpeaeneHHOCTb, MOXHO paccMaTpmBaTth Kak Haunyyllee BO3MOXHOE U3MepeHue AaH-
HOV BenuuuHbl. [Ins nonyveHus pesynbraTa U3MepeHus C MeHblUen HeonpeaeneHHoCTbo Heobxoaumo ByaeT onpefe-
NUTb U3MEPSEMYIO BEMNUYMHY C BOnbLUEn NOMHOTOMN.

MpumeyaHune 1— B paccmMoTpeHHOM NpuMepe Npu onpeaeneHun N3MepsieMoii BENUYMHbI OCTaBreHbl 6e3
BHMMaHUSA MHOrMe Apyrve napameTpbl, KOTOpble, BO3MOXHO, MOrnuM Obl MOBNMATbL Ha TOMLWMHY NMcTa: atMocdepHoe
AaBrieHne, BNaxHOCTb, NMOMOXEHWe NnucTa B rpaBUTaLMOHHOM More, Cnocob KpenneHus u T. A.
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MpumeyvyaHune 2— HecmoTpsa Ha OOLLYyO pekOMeHAALMI0 ONpeaensaTb N3MepSemMyro BENMYMHY C TakoWn
CTeNeHbI0 NMOMHOThI, YTOObI 0OYCNOBNEHHAs HEMONMHOTOW OMUCaHWUSA HeOoNpeAeneHHOCTb Gbina npeHebpexnmo mana no
CpaBHEHWIO C Tpebyemolr TOYHOCTbI0 M3MepeHUs, crnegyeT NoHMMaTh, YTO 3TO He BCerga peanu3yeTtcs Ha MpakTuke.
Hanpumep, onpefgeneHne MoxXeT ObITb HEMOMHBIM M3-3a2 HEey4eTa NapaMeTpoB, BIIMSHUE KOTOPbIX HEONPaBAAHHO Npea-
nonaraeTca NpeHebpexnmo MarnbiM, UK KU3-3a BKIIOYEHUS B onpefeneHne ycrioBui, KOTOpble HEBO3MOXHO TOYHO
peann3oBaTtb U OTKIMOHEHUE OT KOTOPbIX HEBO3MOXHO TOYHO y4ecTb. Tak, B npumepe, npuBeaeHHoM B D.1.2, ckopocTb
3BYKa HESIBHO npeanonaraeTcs XapakTepUCTUKOW NMITOCKOW BOSMHbLI Manon aMmnnuntyAbl. B peanbHbIX ycnoBusix namepe-
HWS CYLLIECTBYIOT Takme dunsmdeckne adpdekTbl, Kak audpakuns Ha NPensaTCTBUSX U aKyCTUYeckast HENMMHENHOCTb cpeabl,
KOTOpble HEOOXOAUMO YUYNTbLIBATL B TOV CTEMEHMW, B KAKOW OHWM CMOCOOHBI HAPYLUNTL BbINOMHEHME YKa3aHHOro npeanono-
XeHns.

MpwumedyaHune 3 — HeygoBneTBoputensHoe ONpeferneHne U3mMepsieMon BENMYMHbI MOXET MPUBECTU K
pacxXoXAeHWI0 pe3ynbTaToB U3MEPEHUI OOHOM M TOW XXe BENMYMHbI, MPOBOAMBLLUXCSA pa3HbiMK nabopaTopusiMu.

D.3.5 TeEpMUH «UCTUHHOE 3HAYEHME U3MEPSIEMON BEMUYMHBI» UMNN «UCTUHHOE 3HA4YeHWe BENUYMHbI» (4acTo co-
Kpallaemblil O «MCTUHHONO 3HAYEHMsI») B HacTosLeM Pykogsodcmee He MPUMEHSAETCH, MOCKONbKY OnpeaeneHme «uc-
TMHHOE» paccMaTpuBaeTCcs Kak M3bbITouHoe. TepMUH «u3Mmepsiemas BenuumHay (cm. B.2.9) o3HavaeT «KOHKpeTHas
BENMYMHa, noanexawasi uamepeHuo». CnegoBaTenbHO, TEPMUH «3HAYEHME N3MEPSIEMON BEMUYMHbBI» O3HAYaeT «3Ha-
YeHne KOHKPETHOWM BEMYMHbI, NoAsiexaller M3MepeHuntoy. T. K. Nog, «KOHKPETHOW BENMMYMHOM» 0ObIMHO MOHUMAIOT onpe-
OENEeHHY0 Unu 3agaHHyo BenuurHy (cM. B.2.1, MpumeyaHue 1), To onpefeneHme «MCTUHHOEY» B BbIPaXeHUN «UCTUHHOE
3Ha4YeHVe M3MEepPSIEMON BEMUYMHbBI» (UNIU KUCTUHHOE 3HAYEHWE BEIUYMHBI») HE SBNSAETCA HEOOXOAUMbIM — «UCTUH-
HOE» 3HaYeHVe N3MepsieMOl BENMUYMHBI MPOCTO SABMSAETCA 3HAYEHMEM M3MEPSEMON BenuyuuHbl. Kpome Toro, kak oTme-
Yanocb Bbllle, €AUHCTBEHHOE «UCTMHHOE» 3HaYeHue SBMSAETCA naeann3mpoBaHHbIM MOHATUEM.

D.4 MNMorpewHocTb

VcnpaBneHHbI pe3ynbTaT U3MepeHns He SIBNSIETCS 3HaYeHEM N3MepsieMOoli BENMUYMHBI (T. €. B HEKOTOPOM CMbICIe
OLWMBOYEH) N3-3a HECOBEPLUEHHOIO U3MEPEHNS peanv3oBaHHOW BENNYUHBLI BCNEACTBME CryYaliHbIX U3MEHEHWU B Ha-
6niogeHunsix (crnydanHble addekTbl), HETOYHOIO ONpPeAeNneHns NonpaBok Ha cucTematudeckme 3dMEKTbI 1 HEMOMHOro
3HAHUS HEKOTOPbIX OU3NYECKMX ABMEHUI (TakkKe cucTematudeckme apdekTobl). HM 3Ha4YeHne peann3oBaHHON BENUYU-
Hbl, HXN 3HA4YeHVEe U3MEPSEMON BENMUYUHBLI HE MOTYT ObiTb M3BECTHbI TOYHO. Bce, YTO MOXET ObiTb M3BECTHO — 3TO UX
oueHkW. B npvBegeHHOM BbilLe NpYMepe U3MEPEHHas TOSLMHA NMcTa Moxem ObiTb OLUMGOYHON, T. €. MOXET OTnuYaTh-
Csl OT U3MEPSAEMON BENUYUHBI (TOMLMHBI MCTA), T. K. K HEM3BECTHOM MOrpeLIHOCTN B pe3yrnbTaTe U3MEPEHNS MOXET
NPYBECTUN Kaxabl U3 cnegyoLwmx addeKkToB:

a) HebonbluMe pacxoXOeHUs Mexay NokasaHUsSMU MUKPOMETPa Mpu NMOBTOPHbIX M3MEPEHMSAX OOHOW M TOW e
peann3oBaHHON BenUYuHbI;

b) HecoBepLUEHCTBO rpagynpoBKM MUKPOMETPA;

C) HECOBEPLLEHCTBO M3MEPEHUS TeMNepaTypbl U MPUINOXEHHOTO AaBMNEHUs;

d) HenonHoTa 3HaHWA O BMMSAHUKM TeMMepaTypbl, aTMOC(EPHOro AaBNEHUS U BraXHOCTU Ha obpaseL, Ha MUKPO-
MEeTpP WUIn Ha TO 1 Apyroe.

D.5 HeonpeneneHHocTb

D.5.1 B 10 Bpems Kak TOYHble 3HAYEeHWUs1 COCTaBMNSALWMUX MNOrpeLHoCT pesynbTaTa U3MepeHnss HEU3BECTHbI U
HernosHaBaeMbl, HeornpPedesIeHHOCMU, CBA3aHHbIE CO CryYalHbIMU U cUcTeEMaTUYecKMMmn addekTamum, KOTopble NprBO-
OSIT K MOrPeLUHOCTM, MOTyT ObITb OLleHeHbl. Ho aaxe ecnu oLeHeHHble HeONpPeaeneHHOCTY HE3HAYUTESbHbI, 3TO eLle He
OaeT rapaHTum, 4YTO MOrpeLLHOCTb pe3ynbTaTta n3mMepeHuss OyaeT He3HauYMTENbHONM, MOCKOSbKY MpU onpeaeneHun no-
NpaBKU UM OLLEHKE HEMONHOTbI 3HAHUSA MOXET ObITb HEPACMO3HaH M NO3TOMY MPOMYLLEH KaKON-NMOO 3HAYUMBIN cucTe-
MaTuyeckuii adcpekt. Takmum o6pa3om, HeonpeaeneHHOCTb pe3dynbTaTta U3MepeHns Heobs3aTeNnbHO ABMSETCA Mokasa-
Tenem creneHu 6nm3ocTy pesynbTaTta M3MEPEHNUst K 3HAYEHNIO N3MEPSEMON BENNYMNHBI — 3TO NPOCTO OLEHKA CTENEHU
6nM30CTN K Hauny4Lwemy 3Ha4eHUo, KOTOPOE MOJy4YEeHO HA OCHOBE MMEKLLUXCSA B HACTOSALLMIA MOMEHT 3HaHWA.

D.5.2 HeonpeneneHHOCTb M3MepeHusi, criefoBaTenbHo, NpeacTaBnseT cobo BblpaeHne Toro dakra, YTto Ans
[OaHHON M3MepsieMoW BEMUYMHBI U ANA AaHHOro pesynbTata M3MEpPEHWs CyLlecTBYeT He OfHO, a HeckoHe4YHoe MHoXe-
CTBO 3HAY€HUI, paccesiHHbIX BOKPYT pe3ynbTata M3MepPEHUsl, KOTOPbIE COrfnacyTca CO BCeMU HabnioaeHnsiMm 1 ucxoa-
HbIMW A@HHbIMU, a TaKkKe CO 3HaHUeM (PU3NYECKOWN KapTWHbI MUPa U KOTOPble C Pa3HOW CTEMNEHbI YBEPEHHOCTN MOryT
ObITb NMpUNMCaHbl U3MEPSIEMOW BENUYMHE.

D.5.3 Cnepayet npu3HaTh, YTO B 6OMBLLUMHCTBE NPaKTUYECKNX N3MEPUTENBHBLIX CUTyaLMiA Ta CTeNeHb AeTanm3aumm
NMOHATUI, KOTOpasi pacCMOTPEHA B HACTOSILLLEM MPUNOXEHUN, He TpebyeTcs. K HUM MOXHO OTHeCTV crny4vawu, koraa uame-
psemasi BenuynHa LOCTaTOMHO XOPOLUO onpeaerneHa, Koraa aTanoHbl U npubopbl KanMbpoBaHbl C NOMOLLbI0 anpobu-
pPOBaHHbIX 3TANOHOB CPAaBHEHUS, MPOCNEXNBAEMbIX K HaLMOHarNbHbIM 3TanoHaM, a Takke Korga HeonpegerieHHOCTH
NnonpaBokK, CBSI3aHHbIX C KannOpOBKOW MM rpagyMpOBOYHON XapaKTepUCTUKON, HE3HAYUTENbHbI MO CPaBHEHMIO C HEO-
npefeneHHocTaMu, 06yCrnoBNEHHbIMU CyYalHbIMU U3MEHEHVAMU NOKa3aHU NpuGOPOB UMM OrpaHMYEHHBIM YUCITOM
HabnopgeHun (cm. E.4.3). Tem He MeHee, HEMOMHOE 3HaAHWE BNUSIOLLMX BEMWUYMH U XapakTepa UX BMAUSHUSA 3a4acTylo
MOXEeT BHECTW 3HAYMTENbHbIV BKMa4 B HEOMNPeAeneHHOCTb pesynbTaTta U3MepeHus.

D.6 Npadmueckme nnnrocrpauum

D.6.1 PucyHok D.1 nnnocTpupyeT HEKOTOpblE MOSIOXKEHWS, paCCMOTPEHHbIE B pasferne 3 Hactosiwero Pykogoo-
cmea 1 B HacTOsILLEM NPUIOXEHUN. VI3 3TOro pucyHKa SICHO, NoYeMy NpeMeToOM paccMoTpeHns Pykogodcmea SABNseT-

44



FOCT P 54500.3—2011/ PykoBopacteo MCO/MIK 98-3:2008

Csl MOHATNE HeonpeaeneHHOCTH, a He MOrpeLUHOCTU. TOYHOe 3HaYeHue NOrpeLlHOCTY pesynbTaTa N3MepeHnst, Kak npa-
BWITO, HEN3BECTHO M Hemno3HaBaeMo. EQUHCTBEHHOE, YTO MOXHO caenaTb — 3TO OLEHUTb 3HAaYEHUS BXOOHbIX BEMWYVH,
BKITIOYas NoOMpaBKM Ha M3BECTHble cucTematmyeckne addekTbl, BMECTE C MX CTAHAAPTHBIMU HEONpeaeneHHOCTAMU
(cTaHgapTHbIMK OTKIOHEHNsMKU) MO0 Ha OCHOBE HEW3BECTHbLIX pacnpeaerieHnin BEPOATHOCTEN MO MOyYEHHbIM MyTeM
NOBTOPHbIX HabnaeHwi Bbibopkam, NMBO Ha OCHOBE pacnpefeneHnin, anpuopHbIX UMM CyOBHEKTMBHO BbIGPAHHbLIX MO
MMeroLLenca nHgopmaLmm, Nocne Yero paccuntaTb pesynbTaT U3MEpPEHNs Mo OLEHKaM BXOAHbIX BENVYMH U CYMMapHYHO
CTaHAapTHYIO HEoNMpeaerneHHOCTb 3TOro pedynbTaTa Nno CTaHAAPTHBIM HEONPeAEeneHHOCTAM 3TUX OLeHOK. M Tonbko ecnu
€CTb TBepAas YBEPEeHHOCTb, YTO BCE BbllLEyKa3aHHble ornepauymn BbIMOMHEHbl MPaBUbHO U BCE 3HAYMMblE CUCTEMATU-
yeckne apdeKTbl y4TEHbI, MOXHO MPEANONOXnTb, YTO pPe3ynbTaT U3MEpPEHNs ABMAETCA HafAeXHOW OLIEHKOWN nsmepsie-
MOW BENWYMHBI U YTO €ro CymmapHas CTaHAapTHas HeonpeneneHHOCTb SABMNSEeTCA HaAeXHOW Mepor ee 803MOXHOU
NOrpeLLHoCcTH.

MpumevyaHnune 1— Ha pucyHke D.1a HabnogeHns ans Gonbllen HarnsagHOCTU NpeacTaBreHbl B BUAE
rmctorpammel [cM. 4.4.3 1 pucyHok. 1b .

MpnmeyvyaHumne 2— lNonpaBka Ha NOrpeLLIHOCTb paBHA OLEHKE MOrpeLlHOCTN, B3SITON C 06paTHLIM 3HAKOM.
Takum obpasom, Ha pucyHkax D.1 n D.2 cTpernka, nokasbiBaloLlas NonpaBKy Ha MOrpeLIHOCTb, paBHa Mo AMMHE, HO
NPOTUBOMOJIOXKHO HarpaBreHa Mo OTHOLUEHWIO K CTPernke, KoTopas nokasbiBana Obl camy MorpelHocTb, 1 HaobopoT.
B TEKCTOBbIX MOSACHEHUAX K PUCYHKY pa3bsCHAETCS, NoKa3biBaeT N AaHHas CTpernka camy NorpeLlHoCcTb MW Nonpaeky Ha
Hee.

D.6.2 Ha pucyHke D.2 B HECKOMbKO M3MEHEHHOM BUAE NpeAcTaBrieHbl Te Xe NOHATUS, YTO rpadmyecky npeacTas-
neHbl Ha pucyHke D.1. Kpome Toro, Ha pucyHke D.2 [nepeuncneHune g)] nokasaHa BO3MOXHOCTb CYLLECTBOBAHUS MHOTUX
3HAYEHUIN M3MepsieMOV BENMUYNHBI, €CrU ONpeaeneHne n3mepsieMol BenMunHbl ABNSeTcsl HenonHeiM. HeonpeaeneH-
HOCTb, 06YCNOBMNEHHas 3TOM HEMOMNHOTON M BblpaXXeHHas B BUAE OUCMEPCUM, OLLlEHEHa Ha OCHOBE pe3yrnbTaToB U3Mepe-
HUA NPU MHOXXECTBEHHbIX peanusaumsax 3mMepsieMoi BeNMYMHbI C UCNONIb30BaHMEM OAHOro U TOro ke MeToda, npubdo-
poB UK T. . (cm. D.3.4).

MpumeuaHue—B cronbue «ucnepcysi» Noa ANCEPCUAMI MOHNMAIOTCS 3HAYEHMs U3(y) CornacHo dopmyrne
(11a) (cm. 5.1.3), T. e. nognexatyme NPOCTOMy CyMMMUPOBAHWIO.
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HeucnpaeneHHoe cpegHee McnpasneHHoe cpefHee
apudmeTnyeckoe
no HabngeHusam

apudmeTnyeckoe
no HabnwgeHusm

|
McnpasneHHoe cpeaHee

apupmMeTU4eckoe — oLeHka
N3MEpPSIEMOW BENMUYMHBI
1 pesynbTaTr u3aMepeHus

-

CyMmMapHasi cTaHaapTHast

CraHpapTHas HeonpeaeneHHoCTb
HEeUCnpaBreHHOro CpeaHero
apudmeTmnyeckoro n3-3a pasbpoca
pe3ynbTaToB HabnoAeHUI
(nokasaHa B Buae uHTepsana)

MonpaBka Ha BCe

NU3BECTHbIE

cucTemMaTmyeckue ke <

ahpekTbl

HeonpeaeneHHoCTb
cpeaHero apugmMeTU4ecKoro

| BkntouyaeT B cebs Heonpeae-

TIeHHOCTb HEeUCTNpPaBIIeHHOTo

| cpegHero apugpMeTU4ecKoro

| u3-3a pasbpoca pesynbLTaToB
I Habnoaenui 1 Heonpeaenew-
|

|

| HOCTb BBEJEHHOW Nonpaskun

a — NoHATKSA, ocHOBaHHbIE Ha HabngaeMblX BENUYNMHAX

(8 daHHOM nipumepe npedrnona-
2aemcsi 6r1U3KUM K eayccosy)
2eHeparbHoU CO8OKYNMHOCMU
HeucrpasneHHbIX pe3yrib-
mamoe HabnrdeHul

|
HeussecmHoe pacrnipedeneHue |
|
|

HeussecmHoe pacnpedeneHue
2eHeparnbHol COBOKYMHOCMU
ucnpasrieHHbIX pe3yrbma-

moe HabnodeHul

HeussecmHoe mamemamuyec-
Koe oXudaHue ¢ Heu38eCmMHbIM

HeussecmHas nozspewHocms
ucnpasneHHo20 cpedHe20 apug-

Y

cmaHOapmMHbIM OMKIIOHEHUEeM
(noka3aHo epaHuyeli memHoU
obnacmuy)
HeussecmHas «cnydaliHasi»
rnozpewHocms Heucripas-
JIeHHO20 cpedHez20 apugh-
Memuy4ecKozo
o HabnodeHUsAM

HeusesecmHasi nospew-
HOCmb, 06ycroeneHHas
8CceMu U38eCMHbLIMU
| cucmemamuyeckumu
agppekmamu 1

l | MeMuUYecKo2o U3-3a Heuseecm-

| 1 HOU «criyqaliHoly» nogpewHocmu

| 1 HeucnpasneHHo2o cpedHez0

| | apugpmemuyeckozo u Heussecm-

| | Hoti noepewrHocmu nonpasku
HeucknoyeHHasi Heuzsecm-

| | Has nozpewHocms ucnpas-
JTeHHO20 cpedHez20 apuch-
Memu4yecKoa2o u3-3a Heus-
8eCMHO020 CUCMeMamu4ecKoeo
agppekma
HeussecmHoe

3Ha4yeHue
usmepsieMoU 8eIuYUHbI

06— Mﬂ,eaﬂVI3VIPOBaHHbIe NOHATUA, OCHOBaHHbIE HA HENO3HaBaeMbIX BEJTMYNHAX

PucyHok D.1 — paduyeckas MnnocTpaunsa NOHATUIN «3HAYEHMEY, «MOrPELUHOCTbY U «HeonpeaeneHHOCTbY
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BenuunHa 3HaueHue Oucnepcun
(6e3 cobnogeHua macluTaba) (6es cobnogeHUA macluTaba)

LwKarna sHadeHun

_——
R IR T | '
HabnwaeHve | !
| (oaHoKkpaTHOe HabntofeHKe)
I
b) HevcnpaeneHHoe I
cpefHee apudmeTH- I
Yeckoe Mo HabroaeHNs M

(cpeaHee apudmeTnUeckoe)

c) Nonpagka Ha Bce

N3BECTHbIE CUCTeMaTn- q

yeckmne apdekThl

1

d) PesynkraTt nsmepeHus I ' I
|(6e3 y4yeTa gucrnepcum ns-sa
HemnornHoro onpef eneHms
N3MEPSEMO A BENUYMNHBI)
e) Ocmaswasics noepewHocms
(HernosHasaemas eenuyuHa) *

f) ismepsiemas senuduHa
(HernosHasaemasi eenuyuHa)

g) Vismepsiemas eenuyuHa
rpu ee HenosIHoM onpedeneHuu -
(HernosHasaemas eenuyuHa)

usmepeHus

i I E

h) OkoH4YamenbHbIl pesynbmam I

PucyHok D.2 — [pacumyeckasn nnmnocTpaymsa NOHATUI «3HAYEHMEY, MOTPELLUHOCTb» U «HEOMNPEAENEHHOCTbY
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MpunoxeHne E
(cnpaBo4Hoe)

MoTuBbI 1 OCHOBbI ANA pa3paboTku PekomeHgauum INC-1 (1980)

B HacTosiLLeM NpUIoXeHnn KpaTko M3MNOoXeHbl MOTUBLI 1 CTaTUCTUYECKME OCHOBBI ANs paspaboTtkm Paboyen rpyn-
nowv no HeonpeaeneHHocTn Pekomenaaumm INC-1 (1980), Ha KOTOpyto onupaeTcs HacTosilwee Pykogodcmeo (CM. Takke
(11, [21, [11], [12]).

E.1 NoHaTua «6e3onacHoro», cny4yamHoro u cuCteMaTu4eckoro

E.1.1 HacToswwmm PykoBOACTBOM yCTaHOBMEH LUMPOKO NPUMEHSEMbIN METO OLIEHNBAHNA Y NPEeACTaBNeHNs Heo-
npefeneHHoCcTn pesynbrata nsMepeHuns. AToT Metoq obecneunBaeT nonyveHne He «6e30onacHbIX» UK «KOHCepBaTMB-
HbIX» (T.€. B3ATbIX C HEKOTOPbLIM 3aMacoMm), a peannCTUYHbIX rpaHnL, HeonpeaeneHHOCTH, OCHOBbLIBasCb Ha npeacTasne-
HWW, YTO He CYLLECTBYET HUKaKMUX NPUHLUMNNANbHBLIX Pasnnyuni Mexagy COCTaBNALWMMU HeonpeaeneHHOCTn, obycnos-
NEHHbIMU criyYariHbIMU 3dddpekTamn, U COCTaBNALLMMU, CBA3AHHBIMU C BHOCUMbIMU NOMpaBKkaMu Ha cucTeMaTnyeckme
apdekTbl (cM. 3.2.2 1 3.2.3). B 3TOM CMbICne AaHHbIN METOA OTNINYAETCH OT NPUMEHSIBLLMXCS paHee NOAX0A0B, KOTopble
nmenu B obLLei OCHOBE [iBa HWKECNEAYLMX NpeacTaBneHums.

E.1.2 MNepBoe npeacTasreHne 3aknoyanock B TOM, YTO HeonpeaeneHHOCTb He0bX0AMMO BblpaXaTb C HEKOTOPbLIM
3anacom, T.e. Nnyylle ownbuTbCs, 3asBMB 3aBblLLIEHHY HEeonpeaeneHHOCTb, YeM CrULIKOM Manyt. Ha camom aene,
NMOCKOSbKY B BOMPOCE OLeHMBaHUS HeONpeaerneHHOCTN pe3dynbTaTta n3MepeHnst BCcerfa CyLecTBYIOT HEKOTOpbIe HEACHO-
CTW, TO COMHEHMS 3a4acTylo paspeluanncb NocpeacTBOM NpefHaMEPEHHOrO 3aBbllLEHUS OLeHKMU.

E.1.3 BTopoe npeacrasneHune 3aknioyanocb B TOM, YTO MCTOYHWKM, BHOCSLLME BKag B HEONPeaeneHHoCTb, Bceraa
OOMKHbI NOAPA3AENATLCS Ha «CryYarHble» U «CUCTEMaTUYECKME», YTO NpMpoaa 3TMX UCTOYHMKOB pasnuyHa, 1 NoaToMy
MX BKNadbl B HeonpeaeneHHOCTb AOIMKHbI 00beanHATLCA NO pasHOMY M ObiTb MpeAcTaBrieHbl MO OTAENbHOCTM (a B
crnyyae HeobxoaAMMOCTN NpeacTaBneHns eauHOW OLIEHKN HeonpeaeneHHoOCT — 06beAUHATLCA HEKUM crnevluanbHbIM
crnocobom). 3ayacTtyto cnocob o6beAnHEHNsT HeonpeaeneHHOCTen aTUX ABYX BMAOB Bbibuparncsa Takum obpasom, 4Tobbl
YAOBMNETBOPUTL NpeacTaBneHnio o «6e3onacHoCcTm».

E.2 O6ocHoBaHMe peannMCcTUYHOro NoaxoAa K OLleHUBaHUIO HeonpeaeneHHoOCTH

E.2.1 MNpwu npeacraesneHun pesynbtaTa usMepeHns HeobxoarMo yKasbiBaTb Ny4LLYO OLEHKY M3MepPAEeMOin Benn4m-
Hbl 1 NyYLUYO OLLEHKY HeonpeaeneHHOCTU OLEHKN M3MePAEMOin BEMNYMHBI, MOCKONbKY €Crn BHOCUTL B OLIEHKY Heonpeae-
TNIEHHOCTU Kakue-nmbo nonpasku, TO, KaK NpaBuIio, HEBO3MOXHO yKa3aTb, Kakne nonpasku (B CTOPOHY yBENNYEHUS UMn B
CTOPOHY YMEHbLLEHNS) CAenatT OLEeHKY HeonpeaeneHHocTH Gonee «6e3onacHomy. 3aHKeHne OLEeHKU HeonpeaeneH-
HOCTM MOXET NPMBECTM K Ype3MEePHOMY [OBEPUIO K NpeAcTaBleHHbIM pe3ynbTatamMm U3MepeHui, YTo MHorAa cnocobHo
NPUBECTU K HEeXenaTenbHbIM U Aaxe K poKOBbIM nocrneacTeusiM. NpeaHamepeHHoe 3aBbllleHNe OLIEeHKN HeornpeaerneH-
HOCTW TaKke MOXeT ObITb HexenaTenbHo. OTO MOXET BbIHYAUTb MOMb3oBaTeneln M3MepuTernbHONM annapaTtypbl Npuob-
petaTb U3nuwHe goporve npubopsl, NPUBECTU K HEOOOCHOBAHHON OTOpPaKoBKE AOPOroCTOSALEeN NPoAyKLUN UK K OTKa3y
OT ycnyr kanubposoyHon nabopaTtopuu.

E.2.2 CkadaHHOe He crnieflyeT NOHUMATL Kak 3anpeT AN ML, UCNOMb3YLLMX pesynbTaT U3MepeHns B KOHKPETHbIX
Lensix, No cobCTBEHHOMY YCMOTPEHMIO BbIOpaTb MHOXWUTENb, NO3BOMNSIOWMNA MO 3asBNIEHHON CTaHAapTHOW Heonpene-
TNIEHHOCTU MONY4YnTb PacCLUMPEHHYIO HEONMpeaeneHHOCTb 1, COOTBETCTBEHHO, MHTEpPBarn C 3a4aHHbIM yPOBHEM [OBEpUS,
YAOBNETBOPSIOLWMIA yKa3aHHbIM Liensm, Uiv Kak oTpyLaHue Toro, Y4To B onpedeneHHbIX 06CcToaTenscTBax npu npeacras-
neHun pesynbTata usMepeHus MoxeT OblTb MCMONb30BaH 3apaHee YCTaHOBMEHHbIN MHOXWTEMb, MO3BOMNSIOWMA NOy-
YNTb PaCLUMPEHHYIO HEONpPeaeneHHOCTb, KOTopas COOTBETCTBYET HYXXAaM KOHKPETHOro Kpyra nomnb3oBaTenen. OpgHako
TaKoW MHOXMWTENb (KOTOPBbIN, KCTaTW, BCeraa AOMmKeH ObiTb ykasaH) criefyeT NpUMEHATb TONMbKO B OTHOLLEHUW Heonpeae-
TNIEHHOCTK, MOMyYEHHONM B paMKax peanucTUYHOro noaxona, 4Tobbl MHTepBany, onpefeneHHoMy 4epes paclUMPEHHYHo
HeonpeaeneHHoCTb, COOTBETCTBOBAS U3BECTHbLIN YPOBEHb A0BEPUS U YTOOLI 3Ha4YeHne CTaHaapTHON HeonpeaeneHHoc-
TN pesynbTaTa U3MEpPEeHNs Bcerga MOXHO ObINO ferko BOCCTaHOBUTD.

E.2.3 Npu npoBeaeHUn namepeHnsa 4acto HeoOX0AMMO BKMYATb B aHanu3 pesynbTaTbl U3MEPEHUIA, NOMYyYEHHbIE
13 CTOPOHHNX UCTOYHUKOB, NPUYEM KaXbIVi U3 3TUX pe3ynbTaTtoB ByaeT umeTb CBOK HeornpeaeneHHoCTb. YTobbl nmeTb
BO3MOXHOCTb Ha OCHOBE TaKkoro aHanusa nocTpouTb OLEHKY HeonpeaeneHHOCTN n3aMepeHuns, Heobxoammo, 4YTobbl AaH-
Hble 9TUX CTOPOHHMX UCTOYHMKOB ObiNn NpeacTaBneHbl B BUAE HauUmyudlwnx, a He «6e3onacHbix» oueHoK. Kpome Toro,
OOMMKEH CyLLecTBOBaTb MOTMYHLIA M NPOCTON cnocob o6beanHEHUS «3anMCTBOBAHHbLIX» OLEHOK HeonpeaeneHHoCTn ¢
HeonpeaeneHHoCTAMU, NofyYeHHbIMK B pedynbTate cobCcTBeHHbIX HabnogeHun. Pekomengaumsa INC-1 (1980) ykasbisa-
€T Takomn cnoco6.

E.3 O6ocHoBaHue eanHOO6pa3HOro o6paLleHUs CoO BCEMMU COCTaBMNAIOWMMU HeoNpeaeneHHOCTU

HacTosawmn pasgen noCTpoeH Ha NPOCTOM NpuUMepe, NokasbiBaloLLEeM, Kak CornacHo HacTosiwemy Pykosodcmesy B
Lensix NonyyYeHus OLeHKN HeonpeneneHHOCTN pesynbTata uaMepeHusa efAuHblM obpa3om obpabaTbiBatoTCsi CoOCTaBns-
IoLLMe HeoNpeaeneHHOCTH, NPUpoaa KOTopbIX 00YCrnoBreHa criydaiHbiMn 3ddekTamMmm 1 OCTaBLLUMMUCS NOCIe BHECEHUS
nonpaBok cuctemaTudeckumu adpdpektammn. Tem cambiM UNNIOCTPUPyeTCa NpuHaTas Pykogodcmeom n chopmynmpo-
BaHHas B E.1.1 Touka 3peHus, 4To HEeT NpUHLMNMAnbHbIX Pasnnuynii B NpMPOAEe pasHbiX COCTaBNALWMX HeONpeaeneHHo-
CTU 1 YTO BCE 3TW COCTaBnsoLme AoMmKHbI obpabaTtbiBaTbest ognHakoBo. OTNpaBHOW TOYKOW paccMOTpeHus byaeT cny-
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XWTb YNPOLLEHHbIV BbIBOA MaTEMaTUYECKOrO BbIpaXXeHUst ANs NOny4YeHns HeonpeaeneHHOCTU BbIXOAHOW OLIEHKN Yepes
HeornpeaeneHHOCTM BXOAHbIX OLEHOK, Ha3biBaeMblili B HACTOsILLEM Pykogodcmee 3aKOHOM TpaHCOPMUPOBAHUST HEO-
npeneneHHoCTEN.

E.3.1 MNycTb BbIXOAHaA BeNUYMHA Z = f (W4, Wa,..., Wp) 3aBUCUT OT N BXOAHbIX BEMUYUH W1, Wy,..., W)y, U Kaxxgas u3
BXOHbIX BEMUYMH ONMNCbIBAETCS COOTBETCTBYIOLMM pacnpeneneHneM BeposiTHOCTen. PasnoxeHne dyHkumm f B Touke
MaTemaTuyecKkux oxuaanun w;, E(w;) = W; B pag Ternopa nepBoro nopsgka no3BonseT NofnyvuTb BblpaXxeHue Anis
Marnoro OTKIMOHEHWNSt Z OTHOCUTENBHO L , Yepe3 Marnble OTKMOHEHUS W; OTHOCUTENbHO [ No hopmyne

z-n, - Zaw, Wi = ), E1)

rae BCe YneHbl BbICLUMX NMOPSAKOB NPUHMMAIOTCS NpeHebpexnmo manbsimm, 1 [, = f (1, to,..., Ly). KBagpart oTKnoHeHus
Z — |1, MOXeT ObITb Mony4eH no dopmyne

2

(z-u,)% = 2 (w, u) | (E.2a)
KOTOPYH MOXHO 3anuncaTtb Take B Buae
N 2 N-1 N
(z-u,) = 21(%] w - +23 ¥ 1%60—;] (W — ) W) — ). (E.2b)
i= i=1j=i+

MaTemaTUyeckuM OXWAaHWeM KBagpaTa OTKNOHeHus (z — [,)2 6OyaeT AMCNepcus BEMUYMHLI Z, T. €.

E[(z - uz)z] = G%, n copmyny (E.2b) moxHo npeactasuts B Buae

N
2 f of
0z = Z(O?/v-) of +22 2 o ow; 1 CiPi (E.3)
i=1 ! i=1j=i+1 !
o2 =E|(w; - u;)*| — - o . 2 2\12 __ , .
roe oj i~ M Aucnepcusa wi pji = v(w;j, wj)/(o, cj) KOI(PPULMEHT KOppeNnaummn w; n w;
v(w;, w )—E[ - ui)w; - Ltj)] — KoBapuaums w; u w;

MpumeyvyaHnel— G§ " (5,2 SABMAIOTCA LeHTPanbHbIMY MOMeHTamu BToporo nopsiaka (cm. C.2.13 n C.2.22)

pacnpegeneHuin BeposaTHOCTEN ANd, COOTBETCTBEHHO, Z U w;. PacnpefeneHne BepoATHOCTEN MOXET ObITb MOMHOCTHIO
OnMcaHo Yepes CBOe MaTeMaTUyeckoe OXuAaaHve, OUCMEPCUIO N LieHTparibHble MOMEHTbI BbICLUMX NMOPSOKOB.

MpumeyaHune 2— dopmyna (E.3) ngeHtnyHa dopmyne (13) B 5.2.2 [coBmecTHO ¢ hopmynon (15)] ansa pacyeta
CyMMapHOl CTaHAapTHOW HeOonpeAeneHHoCTN, 3a UCKMYeHneM Toro, 4To B chopmyne (13) ncnonb3ytoTca He aucnep-
CuK, CTaHZapTHbIE OTKIOHEHMS U KOI(MDULIMEHTBI KOppPensaunm, a nx OLEeHKN.

E.3.2 CornacHo TpaguLUMOHHOW MeTponiormiyeckon TepmmHonornm dpopmyny (E.3) 4acto HasbiBaOT 3aKOHOM CyM-

N
MUWPOBaHUS NOrpeLIHOCTEN, YTo Bornee yMecTHO Ans opMynbl AZ = Z(Of/dw,-)AW;, roe Az — U3MeHeHUs BeNUYUHbI

i=1
Z, Bbl3BaHHble ManbiMn U3MeHeHVAMN Aw; BennunHbl w; [cM. cbopmyny E(8)]. Moatomy copmyny (E.3) nydywe Ha3saTb
3aKOHOM TpaHCOpPMUPOBaHUS HeomnpeaeneHHocTel (Kak 3To caenaHo B HacTosiweM Pykosodcmee), NOCKOMbKY OHa
nokasblBaeT, Kak NponcxoauT npeobpasoBaHne HeonpeaeneHHOCTeN BXOOHbIX BENMYMH Wj, BbIPaXEHHbIX B BUAE CTaH-
AapTHbIX HeonpeaeneHHOCTeN pacnpedeneHnii BepOSATHOCTEN CryYaHoW BEMNWUYMHBLI W, B HEOMPEAENeHHOCTb BbIXOA-
HOW BEMUYMHbI Z, BbIPAXEHHYK Yepes3 CTaHO4APTHYK HeonpeaeneHHOCTb pacnpenenieHnst BEpOATHOCTEN CriyYaHOon
BENYMUHbI Z.

E.3.3 ®opmyna (E.3) npurogHa Takxke ons npeobpasoBaHns BEMWUYMH, MPOMOPLIMOHanbHbIX CTaH4AaPTHOMY OTKMO-
HEHWI0, MOCKOSbKY, €CNN Kaxaoe CTaHAapTHOe OTKIMOHEHVE G; 3aMEHWUTb MPOMNOpPLMOHAbHON eMy BENUYUMHON KG;, rae
Kk — 0OVvH v TOT e MHOXWTenNb A5 BCeX G;, B NeBor Yactu popmynel (E.3) BMecTo o, 6yaeT, cooTBeTCTBEHHO, KG,. OaHako
3Ty hopMyny Hemnb3s TpakToBaTb Kak MpaBuio npeobpa3oBaHusi OBEPUTENbHBLIX MHTepBanoB. B camom gene, ecnu B
npasow Yactn cdopmynel (E.3) kaxaylo ©; 3aMeHUTb BENWYMHON §;, onpeaensiolen nHTepean ¢ COOTBETCTBYIOLLMM
3afaHHbIM YpPOBHEM [0OBepus p, TO NMonyvyaemasi B IeBON YacTu BenuymHa 3, He ByaeT onpefensTb MHTepBarn, CooTBET-
CTBYIOLLUIA TOMY X€ 3HAYEHUI0 P, 3a UCKIIOYEHUEM YacTHOro cryyas, Korga Bce w; pacrnpeferneHbl Mo HopMasnbHOMY
3akoHy. Mexay TeM, npu BeiBoae opmynbl (E.3) HMKakux ycnoBuii Ha HOPMarnbHOCTb pacnpeneneHnst BXOOAHbIX BENUYNH
w; He Hanaranocb. ToyHee, ecnu B hopmyne (10) (cM. 5.1.2) nonyyYeHHy0 Ha OCHOBE MOBTOPHbIX HAOMIOAEHNI OLEHKY
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KaXX[oro CTaHAapTHOrO OTKIMOHEHUS U(X;) YMHOXMWTb Ha COOTBETCTBYHOLLMIA KOIDMULMEHT, NONyYEHHbIV U3 f-pacnpene-
NeHus ang 3agaHHoro 3HadeHuss p (Hampumep, p = 95 %), TO NonyyYeHHas B NEBOW YacTW OLEHKa HeonpeaeneHHOCTH
BbIXOAHOWN BENWYMHbLI ¥y HE ByAeT COOTBETCTBOBATL UHTEPBAny C TeM e ypoBHeM Aosepus p (cM. G.3 n G.4).

MpumedyaHue— TpeboBaHne HOPManbHOCTU BXOAHbLIX BEMUYMH, NpKu cobriogeHnn kotoporo dopmyna (E.3)
MOXeT ObITb pacnpocTpaHeHa Ha NpeobpasoBaHve MHTEPBANOB C 3a4aHHbIM YPOBHEM [0BEPUs, MOXKET ObiTb OOHON U3
NPUYMH UCTOPUYECKM CIIOKMBLLETOCA pasfeneHns COCTaBMSoLLMX HeonpeaeneHHOCTM Ha Te, YTO MoslyyYeHbl Mo pesysib-
TaTaM MOBTOPHbLIX HAGMNOAEHUA NPeanoNoXUTENbHO HOpManbHO pacnpeneneHHbIX BEeIMYMH, U Te, OLeHKa KOTOpbIX
CoCTosANa B ONpeAeneHn BepXHen U HUKHeR rpaHuL, BO3MOXKHOIO 3HAYEeHUsI CryYaiHOn BenuymnHbI.

E.3.4 PaccmoTpum npumep, KOrga z 3aBUCUT TOMBbKO OT OAHOWN BXOAHOW BENUYMHBI W, Z = f(w), rae w oLeHMBaeTcs
ycpeoHeHvem no BbIOOpKE U3 N 3HAYEHUIN W) CIy4aliHOW BENUYMHBI W, U 3TWU N 3HAYEHWI NOMyYeHbl HA OCHOBE N
HE3aBMCUMbIX MOBTOPHbIX HAOMAEHWI Q) CryYaHOW BENMUYMHbI g No copmyne

Wy = o+ By (E.4)

B atoii popmyne o npeacrtaBnsieT cobOM MOCTOSIHHOE «CUCTEMATUYECcKoe» CMeLleHue unu caosur, oblwmi ans
Kaxxgoro HabnogeHns, a B — obwuii MmaclTabHbIl koadduumeHT. N cMellerne o, 1 MacliTabHbli koadduumeHT f,
XOTS 1 NPOsIBNAT cebs kKak MOCTOSAHHbIE 3HAYEHUA B NpeAenax AaHHOW cepumn HabnoaeHun, npeanonaratTcs NpuHaa-
nexawjumMm HEeKOTOpbIM anpuopHbIM pacnpeneneHnsiM BepOATHOCTEN U ABMASIOLWMMUCA HaUMyyLllMMK OLeHKaMn maTe-
MaTUYECKUX OXMAAHWIA 3TUX pacrnpeneneHuin.

Haunydwen ouyeHkorn ans w GyaeT cpegHee apudmeTnyeckoe w , NosydeHHoe no hopmyrne
_ 1 n 1 n
w = F k§1wk = F kz::1(ot + qu). (E.5)

Tora OUeHKOM 3HaueHns BenuunHbl z 6yaet f(w) = f(o, B, G4, Gos--., §p), @ OUEHKY U%(z) ee aucnepcumn o(2)
nony4atoT no dopmyne (E.3). Ecnn gna npoctoTbl NPpeanonoXntb z = w, Tak YToObl Hauny4lleln oueHKon z bbina
z = f(w) = w, TO MOXHO NErko HanTu u?(z). 3ameTuB U3 ypasHeHus (E.5), uto

of _

oa, E

F 1S, 7
OB n ,Z;1qk q,
of _B

dqx n’

0603Ha4MB OLEHKY AMcnepcuii o U B, COOTBETCTBEHHO, Yepes uz(oc) n uz(B) 1 NPeAnorioXunB, YTo OTAeNbHble Habnoae-
HUS1 HEKOPPENUPOBaHHHI, U3 chopmMynbl (E.3) MOXHO monyynTb

2
P (2) = 1P (o) + PP () + p ), (E6)

rae s (qy) — BbIBOPOYHas AMcnepcus HabniaeHuin gy, paccunTbiBaemast no coopmyne (4) (cm. 4.2.2), a s (q,)/n = s? Q)

— Bbl6opoyHas aucnepcus cpedHero apudmeTndeckoro g [cm. copmyny (5) B 4.2.3].

E.3.5 B TpagnumoHHON MeTponorum TpeTbe cnaraemoe B npaBoil Yactu dopMynbl (E.6) HasbiBalOT «CriydanHbIM»
BKIAIOM B OLIEHKY U2(Z), MOCKOMbKY OHO 0BbIYHO YMEHBLIAETCSA C POCTOM uMcra HabmiogeHuii n, B TO BpeMs Kak nepeble
[ABa crnaraemblX Ha3bIBalOT KCUCTEMATUYECKUMUY», T. K. OHU HE 3aBUCHAT OT nN.

YT0 elle BaxHee, B pamkax TpaauLMOHHOro NoaxoAa CyLecTByeT To4ka 3peHus, 4To popmynoli (E.6) nonb3osats-
Cs1 BOOOLLe Hemnb3sl, NOCKOSbKY OHA HE YYUTbIBAET pasnuyme Mexay HeonpeaeneHHOCTIMU, ABNALWMMUCS CneacTenem
cuctemaTmyecknx addeKkToB, OT TeX, YTO BbI3BaHbl ClyvanHbiMn adpdektammu. C 3TON TOYKM 3PEHUS HeJonyCTUMbIM
ABMNAETCS CYMMMPOBaHWE AUCNEPCUIA, MONYYEHHbIX U3 anpuopHbIX pacnpeaeneHnin BEpoOSTHOCTEN, C TEMU, YTO NosyYe-
Hbl 3KCNEepPUMEHTarnbHbLIM NyTEM, NOCKONbKY BEPOATHOCTL pacCcMaTpUBaETCA UCKMYUTENBHO B paMKax 4acTOTHOro NoA-
Xofa, TpebyoLero Hannyns BOSMOXXHOCTU MHOTOKpPaTHOro HabnaeHus cobbiTui B CYLLECTBEHHO OMHAKOBbLIX YCIOBU-
ax. MNpy 9TOM BEpOSATHOCTL p ANd Kakoro-nmbo cobeitns (0 < p < 1) ByaeT xapaktepmsoBaTb OMHOCUMESbHYIO Yacmomy
€ro HacTynneHus.

B npoTMBOBEC AAHHON «4aCTOTHOW» KOHLENUUW CyLLecTByeT 1 Apyras, He MeHee 000CHOBaHHas No3nums, 3aknto-
YawLlasacsa B TOM, YTO BEPOATHOCTb CreAyeT paccmaTpuBaTb Kak Mepy CmereHu ysepeHHocmu B TOM, YTO cobbiTue
npousonger [13], [14]. Hanpumep, NpeanonoxmM, YTO HEKUA paLMOHarnbHO MbICNALWMIA YenoBek cobupaeTcs BbiurpaTb
HebonbLUyo Cymmy AieHer D, 3akntounB napu B OTHOLLEHUWN HACTYNIEHNst HEKOTOPOro cobbiTus A. Toraa cteneHb yBepeH-
HOCTM 3TOro YerioBeka B HacTynneHun cobbitns A MOXHO onucaTtb BeposTHOCTblo p = 0,5, ecrin OH He MOXeT oTAaTb
NpeanoyTeHNs HU OOHOMY M3 CReayLIMX CLeHapueB:
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1) monyuntb cymmy D, ecnm cobbiTve A Npou3oraeT, HO OCTaTbCH HU C YEM B NMPOTUBOMOSIOXKHOM ClyYae;

2) nonyuutb cymmy D, ecrnn cobbiTe A He NPOU3OMAET, HO OCTaTbCA HU C YEM B NPOTMBOMOJSIOXKHOM Crlyyae.

PexkomeHnpgaumsa INC-1 (1980), Ha KoTOpol OCHOBbIBaeTCs HacTosiee Pykogodcmeo, nogpasymMmeBaeT VMMEHHO
TakoW B3rns4 Ha BEPOSATHOCTb, NOCKOMbKY paccmaTtpusaeT dopmyny (E.6) n ei nogobHble B KavecTBe AOMNYyCTUMOro
crnocoba pacyeTa CyMMapHOW CTaHOapTHOW HeonpederneHHOCTU pesynbTaTa U3MepeHus.

E.3.6 MOXHO OTMETUTb TP HECOMHEHHbIX NPeuMyLLecTBa B NOAXOAE, peanu3oBaHHOM B HacToswem Pykogood-
cmee 1 OCHOBAHHOM Ha MpeACTaBfieHNN O BEPOATHOCTM KaK CTEMEHN YBEPEHHOCTU B HAacTYMNEHNN CoBbITUSA, NOMyYeHnn
CTaHAapTHbIX HEONPeAEeNneHHOCTEeN U NPUMEHEHUN 3aKoHa TPaHCOPMUPOBaHWA HeonpeaeneHHocTen [hopmyna (E.3)]
ANa pacyeTa U BblPaXeHNs HeonpeAeneHHOCTU pesynbTata N3MepeHns:

a) 3aKOH TpaHCHOPMMPOBAHUS HEONPEAENEHHOCTEN NO3BONSET MPOCTLIM CNOCOOOM BKOYMTL CYMMapHYHO CTaH-
AapTHY0 HeonpeaeneHHOCTb OAHOMO 3MePEHNS B OLIeHKY CyMMapHOW CTaHAapTHOW HeonpeaeneHHoCTW APYroro uame-
PeHVs, UCMOMb3YIOLWEro pesynbTaT NepBoro N3MepeHuns;

b) cymmapHas ctaHgapTHas HeonpeaeneHHOCTb MOXET CY>KWTb OCHOBOM Ans MpakTuyeckoro cnocoba pacyeta
MHTEpBAasoB C 3a4aHHbIM YPOBHEM [0BEPUS;

C) oTnagaeT HeobXoOUMOCTb B pas3AeneHnn COCTaBNALMNX Ha «CIydaiHble» U «CUCTEMATUYECKUE» (MU B KaKon-
nmMbo MHON knaccudukaLmmn) Npu oLEeHNBaHNN HeoNpeaeneHHOCTU U3MEPEHNS, MOCKOMNbKY BCe COCTaBMnSAoLMe Heonpe-
AeneHHocTn obpabaTtbiBaloTCs eauHbiM 06pa3om.

MocnegHwin aprymeHT 0cobeHHO BaxkeH, MOCKOSbKY yKa3aHHOe pasfernieHne 4acTo SBMAsSNoCh MCTOYHUKOM Heaopa-
3ymeHnuii. CocTaBnsoLme HeonpeaeneHHOCT Hemnb3s n3HavanbHO OTHECTU K «CryYalHbIM» UM «CUCTEMATUYECKUMY.
Ee npvpoaa 3aBMCUT OT yCrOBUA UCNOMNb30BaHUSA COOTBETCTBYIOLLMX BENWYMH unu, 6onee cTporo, OT KOHTEKCTa, B KOTO-
pOM AaHHas BeNMYMHa BXOAUT B MaTeMaTUYeCKyld MOAENb, ONUCIBAIOLLYIO M3MepeHne. Ecnn Ty xe camyto BennYmHy
MCMonb3oBaTb B APYrOM KOHTEKCTE, TO «Cly4vaiHasa» COCTaBMsALIas MOXET NPpeBpaTUTbCA B «CUCTEMATUYECKYO» N Ha-
obopor.

E.3.7 Mo npuyunHe, ykasaHHom B E.3.6, nepeuncnenue c), Pekomengaumsi INC-1 (1980) He nogpasaenset coctas-
nsoLWme HeonpeaeneHHOCTN Ha «CryyarHble» U «cucTematuydeckme». B cylHoCTW, Korga Aeno Aoxoaut Ao pacdeTa
CYMMapHOV CTaHAapTHON HeonpendeneHHOCTU pesynbTaTa M3MEpEeHUsi, B TakOM pasgeneHun HeT HeobXxoaumocTw, u,
cnepoBaTernbHO, HET HEOBXOAMMOCTM B camol 3TON knaccudukaumm. Tem He meHee, NMOCKOMbKy KpaTkne o603HaveHus
MOryT ObITb YOOOHbI MPK 0OCYXAEHNM TEX UMK MHBIX BOMPOCOB B AlaHHOW obnacTtu, PekomeHaauus INC-1 (1980) Beogut
APYryto knaccudmkaumio, OCHOBaHHYI Ha ABYX CyLLECTBEHHO pasHbIX METOAax OLEHUBAHWUSA COCTaBNSOLMX Heonpeae-
nenHoctn: An B (cm. 2.3.2 1 2.3.3).

PasgeneHne no metogam OLEHVMBaHUS COCTaBMANLLMX HEONPEAENEeHHOCTM No3BonseT usbexartb npuHuunuans-
HOV npobnemsl, CBA3aHHOWN C Knaccudukaumnen caMmx COCTaBMSALLMX 1 3aKNioYaloLLencs B 3aBUCMMOCTY 9TON Knaccu-
dvKaLmm OT yCroBuii CMOSb30BaHNSA COOTBETCTBYIOLWMX BennynH. OaHako BBeAeHVe knaccudukaumm no metogam ole-
HMBaHUA, @ He NO BUAY COCTaBNAOLMX, HE UCKTIOYaeT 0O0beANHEHNS COCTaBNALLMX, OLEeHMBaeMbIX pa3HbiMy MeToaa-
MW, B TPYNMbl, UCXOASt U3 MPAKTUYECKOW LienecoobpasHOCTV 3TOro AN AaHHOrO KOHKPETHOro mamepeHus. MNprvmepom
MOXET CIY>XUTb CPaBHEHVE PacYeTHbIX N IKCMEPVMEHTarnbHbIX 3HAYEHU BbIXOOHOW BENUYUHBI CIIOXHOW M3MepUTErb-
Hol cuctemsl (cm. 3.4.3).

E.4 CtaHgapTHOe OTKIIOHEeHMe Kak Mepa HeonpeaerneHHOCTH

E.4.1 ®opmyna (E.3) TpebyeT, 4Tobbl HE3aBNCMMO OT crnocoba OLEeHNBaHNSA HEONPEAENEeHHOCTN BXOAHOW BennYm-
Hbl OHa Obina NnpeAcTaBneHa B BUAE CTaHAapTHON HEONpeAeneHHOCTH, T. €. Kak OLeHKa CTaHAapTHOro OTKoHeHus. Ecnn
B Ka4yeCTBe XapaKTepuCTWKU HeonpedeneHHOCTW B3ATa Apyras, Hanpumep, «besonacHas» BenuynHa, TO ee Henb3s
ncnone3osatb B popmyne (E.3). B yacTHOCTU, eCcrnv Takon XxapakTepPUCTUKON SBNSETCS «BEPXHAS rpaHuLa norpeLuHocTuy
(T. e. MakcMmarnbHO BO3MOXHOE OTKIOHEHWe OT MpeanonaraeMoit Nyyllen OLEeHKN BXOAHOW BEMUYUHbI), TO NOSyvYeHHas
no cdopmyne (E.3) ouyeHka He ByaeT UMeTb ICHOrO (PN3NYECKOrO CMbICHA U OKaXKETCA HENPUIroAHON AN nocneayLero
MCMOSb30BaHUs B pacyeTax HeonpeaeneHHoCTN APYruxX BEIMYMH, eCnn B 3TOM BO3HMKHET HeobxoaumocTb (cM. E.3.3).

E.4.2 Ecnun cTaHgapTHY0 HeonpeaeneHHOCTb BXOOAHOM BENMUYMHbI HEMb3s OLEHUTb Ha OCHOBE CTaTUCTUYECKOro
aHanusa pesynbTaToB AOCTATOYHOrO YMCna NOBTOPHbIX HAOMIOAEHWI, TO HEOBXOAMMO NPUHATEL NPEANOOXeHNe O BUAE
pacnpegeneHnsi BEPOSTHOCTEN 3TON BEMUYMHBLI HA OCHOBE MMetoLLencst nHpopmaumm, KoTopas, Kak npasuiio, ropasgo
bonee ckygHa, Yem xoTenocb 6bl. 37O, 0AHAKO, He O3Ha4aeT, YTo AaHHoe pacnpeferneHne byaeT «HepeanuCTUYHbIMY
UM «HenosnHoLueHHbIM». Kak 1 Bce pacnpeeneHnsi BeposaTHOCTEN, OHO ByaeT npeAcTasnsATb COO0M BbipaXeHne nmeto-
LLMXCA Ha AaHHbIA MOMEHT 3HaHWNA.

E.4.3 OueHkn, nonyyeHHble Ha OCHOBE NMOBTOPHbIX HabnoaeHwn, He obsa3aTenbHO ByayT NPeBOCXOAUTb MO Kave-

CTBY MOfyYeHHbIe NHbIMM MeTodamu. INycTb s(q) — BbIBOPOYHOE CTaHAapPTHOE OTKIIOHEeHUE CpedHero apumMeTM4ecKo-
ro no N He3aBUCMMbIM HABMIAEHNSM g, HOPManbHO pacrnpefeneHHon cnyvYanHor BenuyuuHel g [cm. dopmyny (5)].

BenuuuHa s(q) npeactasnsiet coboii ctatncTuky (cMm. C.2.23) Ans oueHkn 6(q) — cTaHgapTHOrO OTKIOHEHUS Cryyai-

HOWM BENUYNHbI q_, 1 OHa coBnagana 6ol co CTaHOapTHbIM OTKITOHEHMEM pacnpenerneHna (7 , ecnu Okl Yncno Habnwae-

HWIA 6bINo 6eckoHeYHbIM. [ucnepcuio o2 [s(q)] oueHKM CTaHOApPTHOrO OTKIIOHEHUS! S(g) MOXHO MOIYYMTb MO NpUBK-
XEeHHoW hopmyne

o [s(q)] = 62 (q)/ (2v), (E.7)
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rae v =n—1-—uucno creneHen ceoboabl Ans s(q) (cm. G.3.3). Takum obpasom, 3apaBaemoe oTHoLeHneM ¢ [s(q)]/ o(q)
OTHOCWTeNIbHOe CTaHAapTHOe OTKMOHeHWEe s(g), KOTOPOe MOXHO B3SiTb 3a Mepy OTHOCUTENbHOW HeonpeaeneHHOCTU

s(q) , coctasnsieT npubnuantensHo [2(n — 1)]-"/2. Takas «HeonpeaeneHHoOCTb HEOMPEAENEHHOCTU BENUYMHBI G, 0BYC-
NOBMEHHas YUCTO CTaTUCTUHECKON MPUYMHON OrpaHMYeHHOCTU o6bema BbIGOPKM, MOXET BbiTb Ha yAUBMEHWNE BbICOKA.
Tak ans n = 10 oHa coctaenseT 24 %. 370 1 Apyr1e 3HaveHus OTHowWeHWA o[s(q)]/o(q) AN pasHbIX N NpuBeaeHb! B

Tabnuue E.1, 13 koTOpor BMOHO, YTO ANIA BCTPEYaoLWMNXCA Ha NpaKTUKe 3HAYeHUn N CTaH4apTHOE OTKMOHEHWE OLLEHKM
CTaHA4apTHOrO OTKMOHEHUS! HeNb3sa cuuTaTh npeHebpexunmo mansiM. OTcloaa criefyeT BbIBOA, YTO OLeHKa CTaH4apTHOM
HeonpegeneHHocTn no Tuny A He obsasartenbHo OyaeTt 6onee HageXxHOM, YeM No Tuny B, 1 YTO BO MHOMMX NPaKTUYECKUX
N3MEPUTENbHBIX CUTyaLmMsaX, KOrAa Y1cno HabnogeHnn orpaHnyeHo, CoCTaBrsLWme C OLeHKoW no Tuny B moryT 6biTb
M3BECTHbI NyyLle, Yem COCTaBsALLME C OLEHKON Mo Tuny A.

Tab6nuya E.1 — OTHOWeHNe CTaHOAAPTHOIO OTKIOHEHMUS! BbIGOPOYHOTO CTaHAAPTHOTO OTKIOHEHWS! cpeaHero apud-
METUYECKOro Mo N He3aBUCUMbIM HaGMOAEHNAM HOpMarnbHO pacrnpeaeneHHor cryyaiHon BeNUYNHBl ¢ K CTaHZ4apTHO-

MYy OTKITOHEHWIO CpefdHero apudmeTnyeckoro o[s(@)]/o(q)@®
Hueno HabnioaeHui n o[s(@)]/c(q), % Uncno HabnioaeHuii n S[s(@)]/ o), %
2 76 10 24
2 52 20 16
S 36 50 10

(@ 3HayeHus B NpaBOM cTOMBLIE MOMyYeHbl M3 ToUYHOro BhipaxeHus O[S(q)]/o(q), a He ero npuBNKEHUS
[2(n = 2.

(b) B BbipaxeHun c[s(q)]/o(q) 3HameHaTenb o(q) SBASETCH MAaTEMATUYECKAM OXMAAHWEM E[S/\/F], a

yucnutenb c[s(q)] — KBaapaTHbIM KOPHEM 13 Ancriepcum v[s/\/ﬁ], roe S — cryvaiiHast BenuymHa, paBHas oLeHKe

CTaHAapPTHOro OTKITOHEHWs No Bblbopke Xy, Xo,..., X;, 06bema n rayccoBou crnyyariHOW BENWYMHbI C MaTeMaTUYeCKUM
OXMAAHMEM L U Ancnepcuen G2:

n

-1 _X¥ X=1%x,
S= n_1i§1(x, x) X = Ex,.

S

MaTtemaTtuyeckoe oxuaaHue v Aucnepcust BeNMumHbl S MMEIT BUA

I'(n/2
E[S]= " n2— 1 F[(n(,i 1))/2] o V[S]=c?-E[SP,

rae I'(.) — ramma-yHkuymsa. Cnegyet oTMeTUTb, YTO E[S] <o npu n < .

E.4.4 B kayecTBe aprymMmeHTa B Nonb3y CyLecTBOBaHNA COCTaBnALWKMX HeonpeneneHHOCT npuHynnmanbHO pas-
HOWM MpUpoabl BblABUranochb 0006pa>|<eH|/|e, YTO HEOMNpeAeneHHOCTN AN KOHKPETHbIX MEeTOL0B U3MEPEHUN SABMSKTCA
CTaTUCTUYECKMMUN XapaKTepucTtnkamm CﬂyanIHbIX BENUYMH, TOrga Kak eCTb NPUMEpPbl «4UCTO cUCTEMATUYECKNX adhdek-
TOB», KOTOpPbl€ OOJKHbI 06paGaTblBaTbC$| MHbIM crnocobom. B kayecTBe Takoro npumMmepa HasblBanoCb HEN3BECTHOE, HO
NOCTOAHHOE CMelleHne pedynbTaToB, NMOJIy4YeHHbIX C MOMOLbO HEKOTOPOro Metoaa M3MEPEHUIA, NPUINHON KOTOPOro
Morno 6biTb HeCoBepPLLUEeHCTBO nnbéo camoro NPUHUMNA N3MEPEHUIA, nmbo NPeanoNOXeHNN, NONOXEHHbIX B OCHOBY Me-
Toga. OgHako ecnv BO3MOXXHOCTb Takoro CcMelleHna noareepXxaeHa, n NnpusHaHo, 4YTo ero 3HavyeHmne Moxet ObITb 3HAYN-
TellbHbIM, TO JA@aHHOE CMeLleHNEe MOXeT ObITb OnNncaHo 4yepes3 BepOoATHOCTHOE pacnpenerneHune, npnd4em B OCHOBY BblOO-
pa pacnpeneneHna OormkHa ObITb MOJIOXeHa Ta e MHopMaLKs, KoTopas No3sonunna NpUATK K 3aKNOYEHUIO O cyuwe-
CTBOBaHUN aHHOIo CMeLleHnA 1 0 ero 3Ha4nTes1IbHOCTH. I'I03Tomy, €Cnn NoaxoanTb K BEPOATHOCTU KaK K CTEMNEHN YBEPEH-
HOCTU B TOM, YTO HEKOTOpOE cobbiTne npoun3onaeT, To BKNag noaoBHOro cucTteMaT4eckoro adhdpekTa MOXeT ObITb y4yTEeH
npu pacyete cymmapHon CTaHZapTHOW HeonpeneneHHoCTn pes3ynbTata naMepeHua 4yepes OueHKY CTaHOapTHOW Heo-
npeneneHHocT anpuopHOro pacnpeaerneHnss BEpOATHOCTEN, CBA3AHHOMO C 3TUM 3deKTOM, 1, cnegoBaTenbHO, 3TOT
BKnaa 6y,D,9T CyMMunpoBaH enHbIM 06p830M CO CTaHOapTHbIMKU HeonpeaeneHHOCTAMU OPYTnMX BXOOHbIX BEJIUYUH.

TMpumep — OnucaHue MemoOUKU ebINOJIHEeHUSs1 U3MepeHuUll mpebyem, Ymobbl 8xO00Hasi eslu4UHa paccYumsi-
easiacb Yyepe3s pa3siokeHue 8 cmeneHHoU psio, Y/leHbl 8bicuie20 NopsiOKa KOMopo20 U3eecmHbl HemoyHo. Cucme-
mamuyveckull aghghekm, cesizaHHbIlU ¢ HE803MOXHOCMbLIO MOYHO y4ecMb YileHbl 8bICWUX NOPsIOKo8, npueodum K
Heu3eecmHOMY NOCMOSIHHOMY CMeUW,eHUI0, 3Ha4YeHUe KOImMopo20 HE8O3MOXHO yCMaHOo8UMb 3KChepUMeHMasibHO
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nocpedcmeomM NoemMopHbIX uamepeHul. [loamomy, ecsiu cmpozo criedoeamb «4acMoOMHOMY» NOOX00Y K UHMep-
npemayuu eepossimHocmu, HeonpedesleHHOCMb, C8sI3aHHYI0 ¢ OaHHbIM 3(hheKMOoM, Heslb3s OUEeHUMb U 8KJTHo-
Yumb 8 HeonpedesleHHOCMb OKOHYamesIbHO20 pe3yJsibmama usMepeHuli. Buecme ¢ mem uHmepnpemauyus eepo-
SAMHOCMU KaKk cmeneHu yeepeHHOCMu No3eoJisiem onucamb HeonpedesleHHOCMb, C8s13aHHYI0 ¢ cucmemamu4ec-
KuM 3aghghekmom, yepe3 anpuopHoe pacnpedesieHue seposimHocmel (ébibpaHHOe Ha OCHO8e uMeroujuxcsi ceede-
HUll 0 HEMOYHO U38ECMHbIX Y/IeHaX Pa3J/I0KeHUsl), U 8KJTIOHUMb ee 8 pacyem cyMMapHoU cmaHdapmHoUu Heonpe-
deneHHocmu pe3ysbmama usMepeHuli Nno0o6Ho 1060l dpy20l HeonpedesieHHOCMU.

E.5 CpaBHeHMe ABYX B3rnsAoB Ha HeonpeaeneHHoCTb

E.5.1 OcHoBHOe BHMMaHVe B HacTosleM Pykogodcmee yaeneHo He Herno3HaBaeMbiM «UCTUHHOMY» 3HAYEeHWUIo
BEMYMHBI U MOTPELLHOCTM ee onpeaenexHuns (cMm. npunoxeHve D), a pesynbTaty M3mMepeHus 1 OLeHMBaHNUIO ero Heorpe-
AeneHHocTu. MpuHas 3a pabouyyto rMnoTesy, YTo pesynbTaT M3MEPEHUS ABMAETCA NPOCTO 3Ha4YEHUEM, MPUMUCAHHBIM
N3MepseMONn BeNUYMHE, N YTO HEONPeAeneHHOCTb pesynbTata U3MepeHns ecTb Mepa pasbpoca 3HavyeHwul, KoTopble
MOryT BbITb 060CHOBaHHO NPUNMNCaHbI N3MEPSEMON BENNYNHE, HacToswee Pykogodcmeo, B CYLLIHOCTW, YCTPaHSAET 3aya-
CTYI0 HEBEPHO MCTOJSIKOBBIBAEMYIO CBA3b MeXAY HeornpeaerneHHOCTbI0 U HEeNO3HABaeMbIMU «UCTUHHBIMY 3HaYeHVeM
BEMNYMHBI N NOrPELLHOCTBLIO.

E.5.2 3Ty cBA3b MOXHO NOHATbL, paccMmaTpmeas BbiBog opMyrbl (E.3), T.e. 3aKOH TpaHChOopM1poBaHUA Heonpe-
AEneHHOCTEN, C NO3NLNIA KUCTUHHOrO» 3HAYEHUS M NOrpeLlHOCTU. B aToM cny4vae |; MOXeT ObiTb MCTONKOBaHa Kak
Hen3BeCTHOE, eAUHCTBEHHOE KUCTUHHOE» 3HaYeHWe BXOOHOW BEMNWYMHBI W;, U Kaxdas w; npegnonaraeTcs CBA3aHHOM C
WUCTUHHBIM 3Ha4YeHNEeM |I; COOTHOLLEHNEM W; = ; + €, A€ € — NOrpewwHocTs HabnogeHna w;. MatemaTnyeckoe oxuaa-

_o 2 2 2
HMe Cny4yanHon Benu4YuHbl €; NpeanonaraeTca paBHbIM Hynto, E(g) = 0, a gucnepcuns — oj , E(E,-) = 0j. Torga hopmyny

(E.1) moxHO npeactaBuTb B BUAe
N
of
€, =) =€,
2= 2oyt (E8)
roe €, = Z — L, — NOrpeLUHOCTb, COAepXKallascs B BbIXOAHON BenuyvHe z. Ecnn Tenepb B3STb MaTeMaTnyeckoe oxuaaHve

KBafpaTa €,, TO MOXHO NonyunTb hopmyny, naeHtuuHyto (E.3), Ho B koTopoit nog c§ = E(gg) GyaeT noHMmaTbcsa aucnep-

2 2\12
)

cusi g, , NoA pji = V(e ej)/(c,- G7)"© — KO3(PDULMEHT KOPPEnsLmMmn & 1 g, a nog v(e;,g;) = E(g;,€;) — KoBapuauus &;u

g . Takum oBpasom, Aucnepcumn 1 Ko MOULMEHTbI Koppensauumn ByayT CBsidaHbl HE C CaMVMK BXOAHBIMY BENUYMHamu, a
C VX ro2pewHoCmsmu.

[MpumeuyaHune— 3gecbk npegnonaraeTcs, YTo BEPOSATHOCTb NpeAcTaBnsaeT coboli cTeneHb YBEPEHHOCTN B
HaCTyniieHnn Toro Unm MHoro cobbITUS, 4YTO nogpasymeBaeT BO3SMOXHOCTb OAMHAaKOBOW MHTepnpeTaumm cuctemaTmyec-
KX " Cﬂy‘-laﬁHbIX NOrpeLLUHOCTEN, TaK YTO €; MOXeT ObITb NorpeLHoOCTbO ntoboro Bmaa.

E.5.3 Ha npakTuke pasHuua B ABYX B3rnsgax Ha HeonpeaeneHHOCTb USMePEHUst He MPUBOAMUT K PasHuLE B YACHO-
BbIX OLIeHKax pesynbTata U3MepeHns U HeonpeaeneHHOCTH, NPUNMCLIBAEMOW 3TOMY pesynbTarty.

Bo-nepBbix, B 060MX cnyvasx Ansd nonyyeHus Hauny4llen OLEeHKN Z Ha OCHOBE (DYHKLMOHANbHONW 3aBUCMMOCTY
UCMOSb3YIOTCA HAaUMNy4LLUNe OLEHKN BXOOHbIX BENUYUH w;. CrieacTBrem 3Toro iBNseTcs OTCyTCTBUE Pasnuyns B pacyemax
HaunyyLwmnx OLEHOK HE3aBUCUMO OT TOrO, CBA3bLIBAIOT NN MX C CAMUMW BEMUYMHAMMU UMK C «UCTUHHBIMUY 3HA4YEHUAMM
BEUYMH.

Bo-BTOpbIX, MOCKOIMbKY € = W, — W U Kaxaoe |; NpeactaBnset cobon eanHCTBEHHOE, (DUKCUMPOBAHHOE 3HaYeHue,
T. €. HEe NMeloLLee HeonpeaeneHHoCTU, AUCNEPCUN U CTaHAaPTHbIE OTKIOHEHUs ANs € U w; ByayT paBHbl Mexay COOON.
OTO 03HaYaeT, 4To B 060MX Cryyasix CTaHA4apTHble HEOMPEAENneHHOCTU, UCMONb3yeMble B KA4ECTBE OLEHOK CTaHAAPTHbIX
OTKIOHEHWI G; AN MOMyYeHUss CyMMapHOW CTaHO4apTHOW HeonpeaeneHHOCTU pesynbTata U3MepeHusi, OAMHaKoBbl U1
Aal0T OAHO U TO Xe YNCMOBOE 3HaYeHVe ANA HeonpeaeneHHoCTU. M onsiTb HeT HUKaKoW pasHulbl rIpu pacyemax, pac-
cMaTpuBaeTcs N CcTaHgapTHas HeonpeaeneHHOCTb Kak Mepa paccesiHus, onpeaenseMoro pacnpeneneHmeM BeposT-
HOCTelN BXOAHOMN BEMUYMHbI, MU KaK Mepa paccestHns, onpeaenseMoro pacrnpeaeneHnemM BeposaTHOCTEN MOrpeLlHoCTH
3TOV BENMUYVMHBI.

MpunmedyaHwune— Ecnn He genaTe AonyLieHNs, ykasaHHOro B npumevaHum k E.5.2, To npuBegeHHbie B
HacTosWweM nogpasgene paccyxgeHus Obinv 6bl HecnpaBeAUBbI, 32 UCKITHOYEHMEM YacTHOrO CryYas, Koraa Heonpege-
TIEHHOCTU BCEX OLEHOK MONy4aloT Ha OCHOBE CTATUCTUYECKOro aHanvsa NOBTOPHbIX HabniogeHuW, T. e. OUeHVBaHUAM
Tvna A.

E.5.4 Tlpun TOM, 4TO NOOXOA, OCHOBAHHbIA HA MOHATUAX KUCTUHHOIO» 3HAYEHUS U MOrpeLIHOCTU, AaeT Te Xe
caMble YMCNOoBbIE pe3ynbTaThl, YTO N NOAX04, NPUMEHsIEMbIN B HacToswem Pykogodcmee (Npun yCrioBUKU cnpaBeanBoCc-
TN OONYLIEHUSA, U3NOXEHHOro B npuMmedanmn k E.5.2), nanoxeHHas B Pykosodcmee KOHUENUMA HeonpeaeneHHoCTH
yCTpaHAeT NyTaHULy MeXAy NMOHATUAMW MOrpeLlHOCTN 1 HeonpeaeneHHocTu (cMm. npunoxernve D). MNMepeHoc Pykogod-
CM8OM OCHOBHOIO BHMMaHus Ha Habnogaemoe (oLeHnBaeMoe) 3HaveHne BeNnYnHbLl U Habngaemyto (oueHnBaemyio)
BapnaTUBHOCTb 3TOW BENUYUHBI AenaeT caMo YNOMUHaHWE O MOrPELUHOCTAX USMULLHMM.
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MpunoxexHue F
(pexkomeHayemoe)

npaKTVI‘-IeCKVIe pekomeHaaunm no oueHMBaHUKO CoCTaBNALWNX HeonpeaeneHHOCTU

B HacToseM npunoxeHn npvBefeHbl AOMNOMHUTENbHbIE YKasaHWUs MO OLIeHMBAHMWIO COCTaBMSALWMX Heonpeae-
TNIEHHOCTU, B OCHOBHOM MPaKTUYECKOro xapakrepa, KoTopble AOMNOMHAT NOMOXeHns pasgena 4 Hactoswero Pykogoo-
cmea.

F.1 OueHnBaHue cocTaBnsoLWen HeonpeaeneHHOCTU Ha OCHOBE NOBTOPHbLIX HabniogeHun (oueHUBaHUe
Tuna A)

F.1.1 Cny4yaiHOCTb 1 NOBTOPHbLIEe HabnoaeHNA

F.1.1.1 HeonpegeneHHOCTU, NOMyYeHHblE HA OCHOBE MOBTOPHbIX HAOMOAEHUI, YacTO NPOTMBONOCTABMSAIOT OLe-
HMBAEMbIM APYIVIMU METOAAMM KaK «OOBbEKTUBHBIE», KCTATUCTUYECKN CTPOrne» 1 T. N. Takasa no3numsa npegnonaraeT, 4To
ANsi NONyYeHns OLEHOK Mo Tuny A JOCTaTOYHO NPOCTOro MPUMEHeHns hopmyn MaTeMaTUyeckon cTtaTnucTukm 6e3 Heob-
XOAMMOCTM cofepXaTenbHOro aHanunsa. 3Ta To4yka 3peHus NyeHa OCHOBaHMS.

F.1.1.2 B nepByto ovepefb criefyeT 3a4atbCq BONPOCOM, B MOMHON N Mepe NOBTOPHbIE HabNioaeHNs SBNAOTCS
pesynbTaToM He3aBMCUMbIX NOBTOPEHUI npoLeaypbl uamepeHunin. Ecnv Bce HabniogeHnst nonyyeHsl No eanHCTBEHHON
BbIGOpKE U ecnun B3ATWE BbIOOPKM SABMASETCH YacTblo npoueaypbl U3MepeHuin (4To MMeeT MecTo, B YacTHOCTU, Koraa
N3MepAEeMOi BENMYMHOW SABMSETCS XapaKTepucTuka camoro marepuana, a He obpasua aToro matepuana), To NOBTOp-
Hble HabnogeHns Henb3s paccMaTpuBaTb Kak HesaBuCUMble. B 9Tom cnydvae oueHKy Aucnepcun, Nony4eHHoOn no no-
BTOPHbIM HabnaeHNsM Ang eAMHCTBEHHOW BbIGOPKK, creayeT CyMMUPOBAThb C OLIEHKOW AUCNEPCUU, XapakTepuaytoLlei
pa3bpoc 3HaYEHUA U3MEPSEMON BENUYMHbI MEeXay BblOOpKaMu.

Ecnun coctaBHOIM YacTbio nNpoueaypbl M3MEpPeHnUin SBNSETCA YCTaHOBKa Hyns npubopa, To 9Ta onepaumsi 4OIbKHa
BbINOMHATLCA NPU KaX4OM MOBTOPHOM M3MEPEHWUW, Aaxe ecnv Apend Hyns B TeYeHuMe BCero BpeMeHW NpoBefeHus
HabnogeHnn npeHebpexnmo Man, NOoCKOMbKY AaHHas onepauus NoTeHUManbHO MOXET ObiTb MCTOYHWKOM COCTaBrIsHo-
el HeonpeaeneHHOCTU, KOTOPYI0 MOXHO OLEHUTb CTaTUCTUYECKMMU MEeToAaMMu.

Mopo6HbIM e 06pasom, ecrnv Npu U3MepPeHUaX KOHTPONMPYIOT nokasaHusa bapomeTpa, TO WX, B NpuHUune, cne-
AyeT cunTbiBaTb MPW KaXXAOM NOBTOPHOM M3MepeHun (MpeanoyTuTensHO, npeaBapuTenbHO BbiBeas Npnbop n3 cocTos-
HWSi PaBHOBECUA M JOXAABLUMCL €ro BO3BPALLLEHNS K 3TOMY COCTOSHUIO), MOCKONbKY Aaxe Npu MOCTOSAHCTBE KOHTPONUpY-
€eMOro AaBrieHns BO3MOXeH pa3bpoc kak B nokasaHusx npubopa, Tak 1 B CYMTaHHbIX 3HAYEHUSIX NMOKasaHuin.

F.1.1.3 Janee Heo6XxoQuMMO BbISICHUTb, SBMSIOTCA NM BCE BMAMSIOLLME BEMWUYUMHbI, Npeanonaraemble criydavHbIMu,
TaKOBbIMW B AENCTBUTENBHOCTMN, OCTAIOTCA NN COOTBETCTBYOLLME UM MaTeMaTUYECKUE OXUAAHNSA U OUCEePCUU HEU3MEH-
HbIMW UMK CYLLECTBYET BO3MOXHOCTb UX HEKOHTPONMPYEMOro Aperida BO BPeMs NpoBeAeHUs MOBTOPHLIX U3MEPEHUN.
Mpn HanNMymMM JOCTATOYHOrO YMcrna NOBTOPHBLIX HabNAEHN MOXHO pPeKOMEHAoBaTb CreaytoLLyto npoueaypy: pasbuts
nepuo MoBTOPHbIX HAbMAeHWIN Ha ABe YacTu, paccunTaTb cpefHue apudmeTnyeckne 1 BbIGOPOYHbIE CTaHAAPTHbIE
OTKIMOHEHWS ANSA KaXA0W U3 9TUX YacTew, Nocne Yero CpaBHWUTL [iBa CpeaHMX apudmeTniecknx Apyr ¢ ApyroM u onpeae-
NUTb, ABMAETCA N Pa3HOCTb MEXAY HUMW CTaTUCTUYECKM 3HAaYMMON. DTO NO3BOMUT OTBETUTbL HA BOMPOC O HANUYUK NN
OTCYTCTBUM N3MEHSIOLLENCS BO BPEMEHW BIIUSIOLLEN BENUYUHDI.

F.1.1.4 Ecnv BNvAOLWMMM BENUYMHAMU SABASIOTCA NapamMeTpbl CUCTeMbl obecneyeHnst paboTel nabopaTtopum (Ha-
NpsKeHne 1 YactoTa dNeKTPUYECKor ceTu, AaBrneHre 1 TemnepaTtypa BoAbl, AaBNeHne B cucTemMe nogayn asora u 1. n.),
TO 0BbIYHO UX U3MEHEHMNSA coAepXKaT 3HAYUTENbHYIO HECYYalriHYl0 COCTaBNSIOLLYH0, KOTOPOWN Hemnb3sa npeHebpeyb.

F.1.1.5 Ecnn undpa mnaglwero paspsga nokasbiBalLero ycTporcTea uudgposoro npnbopa HenpepbiBHO n3Me-
HAeTCH BCreacTBue «Lymay, TO 3a4acTylo B perucTpaLmmn nokasaHus CKasbiBalTCA CyObEKTUBHbIE NPeAnoYTeHUs one-
paTopa. B Takmx cnydasx yenecoobpasHo HalWTu cnocob «3aMopo3nTb» MokasaHusa npubopa B HEKOTOPbLIN MOMEHT
BPEMEHM U 3aperncTpmpoBaTb 3TO «3aMOPOXEHHOEe» MnokasaHue.

F.1.2 Koppensuum

Bonblias yacTb HacTosLero nogpasaerna npYMeHrMa Takke U K OLeHMBaHUI CTaHAAPTHOW HeonpeneneHHOCTH
Tuna B.

F.1.2.1 Kosapuauusi oLeHok ABYX BXOAHbIX BEMMYMH X; 1 X; MOXKET ObITb NMPUHSTa PaBHOW HYMO UMK cunTaTLCS
HeCyLLeCTBEHHOW, eCrnu:

a) HEeKOpPEnMpOBaHHbIMK SBMAIOTCS CryvaiiHble BeNuUuHbl X; 1 X; (HO He huanyeckve BeNnUUMHbI, KOTOPLIM 3TK
cryyaviHble BenuYMHbl COOTBETCTBYIOT — CM. npumedanue 1 k 4.1.1), Hanpumep, BCNeACTBME TOrO, YTO OLIEHKM 3TUX
BEMNYMH NONyYeHbl N0 pa3HbIM CePUSAM NMOBTOPHBLIX HAOMIOAEHUA, NPOBEAEHHBIM B pa3Hble Nepuoabl BpEMEHU, NN OHU
npeacTaBnAlT coboi pesynbTaTbl pa3HbiX HE3aBUCUMBIX MPOLeayp;

b) onHa u3 BenuumH, X; unu X; , MOXET paccMaTpuBaTbCs Kak Hen3MeHHasi BO BpeMsi HabntoaeHi;

C) MMetoLLelica MHGOPMALUU HEAOCTATOMHO AMsl OLIEHKM KOBapuaLmum oueHok X;u X;.

MpumeyaHune 1— C gpyroit CTOPOHbI, B ONPEeAEneHHbIX Cryyasix (CM. MpuMep C 3TasloHOM COMPOTUBIIEHUS B
npumMepe K npumedaHuio 1 B 5.2.2) 04eBUAHO, YTO BXOAHbIE BEMMUMHBI MOSTHOCTLIO KOPPENMpoBaHbl Mexay coboi U 4To
CcTaHdapTHble HeonpeaeneHHOCT X OLeHOK MoAnexaTt NpocToMy CYMMUPOBaHUIO.
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MpumeyvyaHune 2— PasHble 3KCNEPUMEHTbI MOTYT U He ObiTb HE3ABUCUMbBIMW, HaANpPUMep, €Crv B HUX
MCMONb30BaH OAMH U TOT xe npubop (cm. F.1.2.3).

F.1.2.2 AnsatoTca nu gBe BXOOHbIE BENUYMHBLI, OOHOBPEMEHHO OLIEHMBAEMble MO pe3ynbTatamM MOBTOPHbIX Ha-
6nioaeHNi, KOpPENMPOBAHHBLIMY MOXHO OMPeaenuTb ¢ nomoLsto dopmynbl (17) (cm. 5.2.3). Hanpumep, nycTb BXOAHbI-
MU BENMYMHAMWM ABMNSATCA YacToTa reHepaTopa 1 Temnepartypa. Ecnu B oueHKy 4acToTbl reHepaTopa He BHOCAT Nonpas-
Ky Ha Temnepartypy unm Tpebyemasi nonpaska onpefernieHa HETOYHO, a OLEHKM 3TUX ABYX BEMUYMH MOJyYatoT No pesyrib-
TaTaM OOHMX U TEX XKe HabMAEHUI, TO KOPPENALMSA MEXAY OLEeHKaMu MOXET ObiTb 3HAYUTENBHOM, YTO MOXHO BbISIBUTb
Nno BbIYUCMEHNIO KOBapuaLmmn A5is YacToTbl reHepaTopa 1 TemrnepaTtypbl OKpYy»XatoLLero Bo3ayxa.

F.1.2.3 Ha npakTuke BxoOHble BEMUYMHbI YacTO KOPPENMPOBaHHbI Mexay coboW M3-3a MCMOoNb30BaHWSA NpU UX
OLEHKE OfHMX W TEX Xe 3TaroHOB, M3MEPUTENbHbLIX MPUOOPOB, CNPaBOYHbLIX AaHHbIX U AaXe MeTOAOB M3MEpPEHWN,
npu4eM Kaxablii U3 NepeyvncrieHHbiX (akTOpoB MOXET BHOCUTL CYLLECTBEHHYIO HeonpeaeneHHoCTb. [nsa npumepa Mox-
Ho 6e3 noTepun O6LLHOCTM NPEANONOXUTb, YTO ABE BXOAHbIE BENMUYMHbI X1 1 X, C OLEHKaMW, COOTBETCTBEHHO, X4 U X
3aBUCAT OT HECKONbKNX HEKOPPENMUPOBaHHbIX BEMUUMH Qq, Qs,..., Q;. Taknum obpasom, Xy =F (Q4, Qy,..., Q)1 X5 =G (Q4,
Qy,..., Q/) XOTA BNNSIHNE HEKOTOPbIX U3 3TUX BENNYNH MOXET NPOSIBIATLCS TOMbKO B OAHOM (DYHKLMKN U HE MPOSIBNATLCS B
apyroit. Ecrm u%(g,) npeacTaenseT coboii OLEHKY AMCMEpCUM OLEHKU q; BENMWMUMHBI Q; , TO OLIEHKY ANCTepcuu Ans X
MOXHO nony4ntb no cdopmyne (10) (cm. 5.1.2):

20 _ L(i)z 2
u (X1)—1§1 aq, ) Y~ @n- (F.1)

AHanorMuHbI BUA MeeT dopmyna ans u? (x,). OLeHKy KoBapuauun Ans X4 U X, MOXHO NOMyYnThb N0 hopMmyre

S OF 3G 2
u(xq,x2) = Eﬁa_ql 2, Y (q)- (F.2)

lMockonbKy BKNag B CyMMY BHOCST TONbKO Te BMMSIOLLME BENNYUHbBI, ANA KOTOPbIX OAHOBPEMEHHO BbINOMHATCA
ycnosus 0F/0q,# 0 n 0G/dq,# 0, TO Npn OTCYTCTBMMU OBLLMX BENMUYMH, BXOOALMX B BbipaXeHne kak ansa F, Tak n ans G,
KoBapuauus OyaeT paBHa Hyrto.

OueHky koadhduLMeHTa KOppensaumm r (x4, Xo) ANS OLLEHOK X4 U Xo MONy4YatoT 13 U (X4, Xo) [dopmynbl (F.2) n (14) ¢
ucnonb3oBaHnem popmynbl (F.1) ANS BbIMMCNEHUS U(X4) U @aHANOTMYHON el opMYIbl 4TS BbIMUCIIEHNUS U(Xp); CM. Takke
dopmyny (H.9) B H.2.3]. Bo3MOXHbI Criydau, koraa oLeHka koBapyauuy 415 OLEHOK ABYX BXOAHbIX BENUYUH OyaeT BKIto-
yaTb B ce05 1 COCTaBMAOLLY0, 00YCIOBMNEHHYIO CTAaTUCTUYECKONM CBA3LI0 MEXAY BXOAHbIMU OLeHKamu [cM. chopmyny (17)],
1 COCTaBsoLLYy0, 06YCNOBNEHHYIO OOLLMMUN BANSIOWLUMN BEMMYMHAMM, KaK B HACTOSALLEM MYHKTE.

Mpumep 1 — OmanoHHbIlU pe3ucmop Rg ucnonb3yrom Os1s1 0OHO8PEMEHHO20 onpedesieHus1 cusibl moka l u
memnepamypsbl t. 3Ha4eHuUe cusibl MoKa noJsiyyarom, usmepsisi yughpoebiM 80/IbMMEMPOM pa3HOCMb NOMeHYyua-
J108 Ha K/lleMMax 3maJsloHHO20 pe3ucmopa, a memMnepamypy — nNymem U3MepeHUsi C NOMOWb0 Mocma YumcmoHa
U 3MmaJsioHHO20 pe3ucmopa conpomueiieHusi R, (t) kanubpoeaHHO20 pe3ucmueHo20 Oam4uka memnepamypabl, O1s1
KOmMopo20 coomHouweHue Mexady memnepamypol u conpomusesieHueMm e duana3zoHe 15 °C < t <30 °C onpedens-

emcsl ebipaxeHuem t=aR,2(t)—to, 20e a u ty — uzeecmHble KOHCMaHmbl. Takum o6pa3om, 3HayeHuUe cuslbl MokKa

nosiydatom no ¢opmyne | = Vs/Rg, a memnepamypbl — no ¢opmyie tzaﬁz(t)Rg—to, 20e fB(t) — omHoweHue

R{(t)/Rs, usamepeHHOe c noMouwjbr0 Mocma YumcmoHa.
IMockonbKy Onsi usmepsieMbix eenlu4uH | u t obujell sienissemces mosibKo enusirowjas eenuyuHa Rs, mo coanac-
Ho ¢popmyine (F.2) ebipaxkeHue 011 Kosapuayuu Mexxdy oyeHKamMu 3mux eeniu4uH 6ydem umems eud

V. 2I(t+ty) o
ull)=2l Ot y2(Rs )= —- [2aP?(Rs u*(Rs )== —;°*u*(Rs).
(!) ORSORS ( S) Rg ﬁ () S ( S) Rg ( S)
(Ansi ynpoweHusi 3anucu 8 GaHHOM NnpuMepe Uchos1b308aHbl 0OHU U me e cUMB0J1bI 07151 0603Ha4YeHuUs eeslu-
YUH U UX OUYEHOK.)
Ans nonyyeHus yucnoeol oyeHKU Kogapuayuu 8 nosly4eHHyo ¢hopmyiy criedyem nocmasums 3Ha4eHUst
usmepsieMbix eesiuduH | ut u 3HayeHusi Rg u u(Rg), npusedeHHble 8 ceudemesibcmee o Kanubpoeke 3masioHHO20

pe3ucmopa. EduHuyel usmepeHus u(l, t) 6ydem A °C, noCKoOJIbKy pa3mepHOCMb [u(Rs )/ Ré] paeHa eduHuuye.

Hanee, npednonoxum, Ymo Hekomopas eenuduHa P cesizaHa c 8x00HbIMU 8enuyuHamu | ut coomHoweHuem
P=Cyl?/(Ty+t),20e Cy u Ty— uzeecmHbie KOHCMaHMbI ¢ NPEHEeBGPEXUMO MaslbIMU HeonpedesieHHoCmamu [m. e.
u?(Cy) =0, u?(Ty) =0]. Toada e coomeemcmeuu ¢ ghopmyrnoli (13) (cm. 5.2.2) ducnepcusi P Moxem 6bImb ebipaxeHa
4yepe3 ducnepcuu |l ut u ux koeapuayuro no ghopmyrse
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u?(P)_,u?() , u(lt) u*()
P2 12 NTot) (Tyrt?

Aucnepcuu u?(l) uu?(t) nonyyarom, npumersisi (popmysy (10) k coomrowerusim | =Vg/Rs u t=a B 2 ()R § —tp
u> /1 = u? (vs)/VE + u? (Rs)/RE,

u?(t)=4(t+ty )2u?(B)/ B2+4(t+t, )*u?(Rs )/ RE.

3decb Ansi npocmomael npednonazaemcs, Ymo HeonpedesIeHHOCMSIMU KOHCmaHm ty U @ makxe MOXHO npe-
Hebpeyb.

Mony4yeHHbIe hoOPMYIILI MOXHO paccMampueams Kak OKOHYamesibHbIe, NOCKOJIbKY oueHku u?(Vs) u u?(p)
MOJKHO NoJIy4ums No pe3yJsibmamamM No8MOPHbIX CHUMbI8aHUl NoKa3aHuUl 80sibmMempa U N08MOPHbIX U3Mepe-
Huli ¢ noMowbro Mocma YumcmoHa. Pasymeemcs, e oueHku u?(Vs) u u?(B) dosmkHbl 6bImb makke 8KIIH0OYEHbI
cocmassnsirouue HeonpedesleHHOCMU, c8si3aHHbIe C U3MepumesibHbIMU npubopamu (onbmmemp u Mmocm Yum-
cmoHa) u MmemodamMu uzmepeHull.

lMpumep 2 — B npumepe npumeyvaHusi 1 k 5.2.2 npednos1oxXum, 4mo ypasHeHuUe KarubpoeKu KaxxAo20 pe3uc-
mopa umeem 8ud R; = a;Rs, 20e 3Ha4eHue KoaghhuyueHma o; U e2o cmaHoapmHyro HeonpedesieHHocmb U(a;)
nosnyyarom Ha OCHO8e N08MOPHbIX HabnrodeHul. Kpome moeo, npednonoxum, ymo o; =1 u Ymo cmaHdapmHas
HeonpedeneHHOcMb U(0;) npubnusumesnbHO 00Ha U ma ke npu Kanubpoeske Kaxdoe2o pesucmopa, m. e. u(a;) =u(c).

Tozda e coomeemcmeuu c gpopmynamu (F.1) u (F.2) moxHo nonysums u?(R;)=Réu?(a)+u?(Rs) u u (R, R)=

=u? (Rs). B coomeemcmeuu ¢ gpopmyrioli (14) koaghgpuyueHm koppensyuu dns no6bix A8yX pe3ucmopoe uMeem
eud

uie) Pl
r(Ri,R;) =r; = 1+[m} 02

Mockonbky u(Rs)/Rs = 107#, mo dns u(a) = 100-10~° nonyyaem r; ~0,5; dns u(a) = 10-10° — r; =0,990; dns
u(a) = 11076 — rj = 1,000. Budum, ymo ecnu u(e) — 0, mo r; — 1 u u(R;) — u(Rs).

MpumedyaHune—B oblem crnyyae nNpu kanubpoBkax METOAOM CPABHEHWS, Kak B BbILLENPUBEAEHHOM NpUMEpE,
OLIeHKM MapaMeTpoB Kanubpyembix 06bEKTOB ByayT KOPPENMPOBaHHbIMU, U CTEMEHb KOPPESIMPOBAHHOCTU 3aBUCUT OT
OTHOLLEHUSI HeonpeaeneHHOCTH, BHOCUMOW NpoLieypoli CPaBHEHNS, K HeoNpedeneHHOCTM dTanoHa. B Tex cnyvasx,
Korga, Kak aTo 4acTo cryyaeTcsl Ha MpakTUKe, HeomnpeaerieHHOCTb NpoLeaypbl CpaBHEHUs NpeHebpexumo mana no
CpaBHEHWIO C HeoMpeaeneHHOCTLI0 3TanoHa, Ko MULMEHTLI KOPPENALMI PaBHbI EAMHULE, U HEONPEAENEHHOCTb OLIEHKM
napameTpa Kaxaoro kanmbpyemoro obbekTa coBnagaeT C HeonpeneneHHOCTbIO 3TanoHa.

F.1.2.4 HeobxoanmmocTun yunTbiBaTh KoBapuaumm u (x; X;)) MOXHO n3bexarb, ecnu nepeonpeseniTs MHOXeCTBO
BXOAHbIX Benn4YuH Xy, Xo,..., Xy, OT KOTOPbIX 3aBUCUT mamepsemas BenudmHa Y [cM. dopmyny (1)], BKNOYMB B Hero
OOMONHUTENBHO B KaYeCTBe HEe3aBMCMMbIX BXOAHBLIX BeNuynH Q; Takve, KOoTopble BNUSIOT Ha ABe n 6onee BXoAHble
BESINYMHbI UCXOOHOro MHOXecTBa Xy, X,.., Xy. (N5 ycraHoBneHus BnusHua Q;Ha X; MoxeT notpebosaTtbecs nposese-
HWe cneumnanbHbIX U3MepeHnin.) Tem He MeHee, B HEKOTOPbIX CUTyaLusix NPpeanoyTuTenbHee COXpaHUTb KoBapuaumu,
YeM yBenuuMBaThb YNCIO BXOAHbIX BENWYMH. AHanornyHas npouenypa MoXeT ObiTb NPYMeHeHa Mpu BbISBMEHUW KOBapu-
auuii B npoLecce CTaTUCTUYECKOrO aHanmnsa pesynbTaToB OOHOBPEMEHHbIX MOBTOPHbIX HAGMIOAEHUA BXOAHbBIX BENUYMH
[em. dpopmyny (17) B 5.2.3], ogHaKo B AaHHOM cryyae AOMOSNIHUTENbHO BBOAMMAs BenuumMHa OyaeT cneumduydHon ang
OaHHON N3MepUTENbHON cuTyaummn 1 He ByaeT nmeTb U3nyeckor nNpupoab.

Mpumep — Ecnu @ npumepe 1 u3 npedbidyuwiezo nyHkma 8 ypasHeHue 011s1 P emecmo exodHbix eenuqur | ut
nodcmasumsb Ux 3agucuMocmu om Rs, mo OHO npumem eud
. CoVé
- ]
R% [To+aﬁ 20 t)Ré—to]

U Koppensiyusi 8Xo0HbIx eenuyuH | u t 6ydem ucknro4eHa 3a cyem ux 3aMeHbl Ha 8esiuduHbl Vs, Rs u B. lMockonbky
Ho8ble 8X00HbIe 8e/IUYUHbI SI8JISIIOMCST HeKOppeiupoeaHHbIMU, mo ducnepcuto P MOXXHO nosiyyums no ¢hop-
myne (10).
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F.2 OueHnBaHue cocTaBnsoLWEN HeonpeaeneHHOCTU APYrMMu cpeacTBamu (oueHuBaHue Tuna B)

F.2.1 Heo6xoanmMocTb nony4yeHus oLeHOK no Tuny B

Ecnn 66l nsmeputensHas nabopartopus pacrnonarana HeorpaHMYeHHbIM BpEMEHEM U pecypcamiu, TO OHa Morna
6bl MPOBECTU UCHEPNbIBAKOLME CTATUCTUYECKNE UCCMNELOBAHUS KaXO0ro MbICITMMOrO MCTOYHUKA HEOonpeaeneHHocTH,
MCMonb3ys, HanpumMep, pasHble MOAENM U TUMbl NPUOOPOB, pasHble METOAbI U NPOLEAYPbl U3MEPEHUIA, pa3Hble anmnpok-
crMaLUmm TeopeTUYecknx Mogenen namepeHuii. B atom cnyyae HeonpegeneHHoCTH, CBA3aHHbIe C 3TUMU UCTOYHMKaMWU,
MOrnK Obl ObITb OLeHEHbI NOCPEACTBOM CTATUCTUYECKOrO aHanm3a psaoB HabnaeHUn, n Ans HeonpeaeneHHOCTU Kax-
[0ro UCTOYHUKA GbINO Obl NONy4YeHO BbIGOPOYHOE CTaHAApTHOE OTKMOHeHWe. OpyruMmun cnoBamu, Ans BCEX COCTaBIIsHO-
LLMX HeonpeaeneHHOCTN Obinn Gbl NonyYeHbl oLeHKM No Tuny A. MockonbKy B peanbHOCTM Takasi CUTyaLms HeOCyLLEeCTBU-
Ma Mo 3KOHOMUYECKUM COODOpaKeHNsIM, psii COCTaBMSIOLMX HEONpeaeneHHOCTU AOMKEH OLeHNBATLCS ApyruMmun, bonee
NpakTU4YHbIMK crocobamu.

F.2.2 ToyHO n3BeCTHbIE pacnpeneneHus

F.2.2.1 PaspelweHue undpooro npmubopa

OfHVMM U3 UCTOYHUKOB HeonpeaeneHHOCTH, 00yCnoBMNEHHBIM NpYMEHEHNEM LdpoBoro npubopa, ABMSETCA pas-
peLleHne ero nokasbiBarLLEero ycTponcTea. B yacTHocTH, Aaxe ecnmn Bce NOBTOPHO CHUTLIBAEMbIE NOKa3aHUS UAEHTUY-
Hbl, HEONpeaeneHHOCTb U3MEPEHUIA, CBA3bIBaeMasi C NOBTOPSEMOCTbIO, He OyAeT paBHa HyIt0, MOCKOMbKY OAHOMY U TOMY
e nokasaHuio npubopa COOTBETCTBYET HEKOTOPbIN AMana3oH BXOAHbIX CUrHanoB npubopa u HEKOTOPbIM MHTepBar
3HaYeHW NokasbiBaemon BenuumHbl. Ecnn nokasbiBatoLLee YyCTPOMCTBO MMEET paspeLleHre dX, TO 3HaYeHue uamepsie-
MOro napameTpa BXOAHOro CUrHana, Bbi3biBaloLLEero nokasaHve npubopa X, MOXET C paBHOM BEPOSITHOCTbIO NpuHaane-
XaTb ntobon Touke uHTepeana ot X — 8x/2 po X + 8x/2. YkasaHHbI napameTp, Takum obpa3om, MOXeT ObiTb onucaH
NPAMOYronbHLIM pacnpeaenenmem (cm. 4.3.7 1 4.4.5) wnpnHbl 8x ¢ aucnepcueii u? = (8x)2/12 1 cTaHaapTHON Heonpeae-
NEeHHOCTbIo Ans noboro nokasanuna u = 0,29 ox.

CnepoBaTenbHO, NokasaHue npubopa Ans B3BELUMBAHUSA C LUGPOBLIM MOKa3biBaKOLLMM YCTPOWCTBOM, eAuHMLA
nocrnegHero paspsiaa KOToporo COOTBETCTBYET 1 T, MMeeT aucnepcuto, 06yCroBneHHY KOHEYHbIM pa3peLleHnemM npubo-

pa, paeHyto u? = 1/12 r2 u cTaHAAPTHYIO HeonpeaeneHHoCTb U = 17412 =029 r.

F.2.2.2 T'uctepesunc

AHanorv4yHas HeornpegeneHHOCTb MOXeT OblTb CBA3aHa C HEKOTOpbIMW BMAAMW ructepesnca. Tak pasHuua (Ha
M3BECTHOE (PUKCMPOBAHHOE 3HAYEHME) B MokasaHusax npubopa MoxeT ObiTb 06ycrioBneHa eanHCTBEHHO TEM, YBENUYK-
BalOTCH UMW yMEHbLUAKTCA nocrnefoBaTerbHble 3HaYeHUs n3MepseMoi BenuyuHbel. [JobpocoBeCTHbIN onepaTop npu-
MeT BO BHWMaHue HanpasreHve M3MEeHeHWs nocrefoBaTenbHbIX Noka3aHMin 1 BBeOET COOTBETCTBYIOLLYHO MOMpaBky.
OpHako HanpasneHve 3aTUX M3MEHEHWI He Bcerfa Habngaemo: MOryT CylecTBoBaTb CKpbiTble KonebaHnus curHana
BHYTPY Npubopa OTHOCUTENBLHO TOYKN PaBHOBECUS, NOITOMY pesyrnbTupyloliee nokasaHne OyaeT 3aBuCeTb OT TOrO, B
KakoM HanpasneHun 6bino coBepLleHo nocnefHee konebaHne nepen AOCTWXeHWEM paBHoBecusi. Ecnu guanasoH pas-
6poca nokasaHuii, 0OyCroBNEHHbLIX FTMCTEPE3NCOM, COCTaBIISIET X, TO AUCMEPCUs, KaK U B Npeablaylem cryyae, byoet
paBHa u? = (8x)?/12, a cTaHgapTHas HeonpeaeneHHoCTb — u = 0,29 8x.

F.2.2.3 BbluMcneHns ¢ KOHEYHONW TOYHOCTbLIO

MCTOYHMKOM HeonpeaeneHHoCTM MOXeT Takke ObiTb OKpyrneHve unu otbpackiBaHne Mnaglmx pa3psaoB vmcen
Npy KOMMbIOTEPHBIX BblYMCEHUAX. PaccmMoTpum, Hanpumep, KOMMbloTep ¢ AnnHon crnoea 16 6uT. Ecnu B npouecce
BbIYMCIIEHWI YNCIO Takol AJIHBI BbIMUTAETCS M3 YMcna, OTNnYaloLerocs Tonbko MNagLumm paspsaoM, To pedynbTaTtom
BblYMTaHns ByaeTt oauH 3Havawmi 6ut. NMogobHble cuTyaummn, NOSBNEHNE KOTOPbIX TPYAHO NPOrHO3MpoBaTb, MOMyT Ha-
6niogaTtbea npu paboTte anropuTMOB, NPUBOAALLMX K PELLEHNIO MIOX0 0BYCMNOBMEHHbIX cucTeM. MOXHO NONy4nTb aMnu-
pUYECKYyt0 OLIEHKY TakOW HeornpedeneHHOCTW, yBenuumMBas Ha Marble npupalieHus 3HayeHue BXOOHOW BENWYUHbI, B
HanbonbLlen cTeneHn onpefensiolwen pesynbTaTr Ha BbIXOAE W UMEIOLLEN C HAM NMHENHYIo CBA3b (Takas BenuyvHa
CyLLeCTBYeT BO MHOMMX NPaKTUYECKMNX 3agavax), 4o TeX nop, noka He OyaeT nony4eHo M3MeHeHue BbIXOLHOW BEMUYMHBI.
OTO U3MeHeHne BbIXOOHOW BENMYMHBI 8X MOXHO MPUHSTb 3@ MepY HeonpeaeneHHOCTU BbIXOAHOW BenuynHbl. CooTBeT-
cTBylowWas ancnepcus ByaeT pasHa u? = (5x)2/12, a cTaHaapTHasa HeonpeaeneHHocTb — u = 0,29 dx.

MpumeyaHune—Ipoeputb nony4YeHHy OouUeHKY HeonpeneneHHOCTU MOXHO NyTeM CpaBHEHUA pedynbTaTta
BbIYUCIIEHUA C @aHANOINM4YHbIM pe3yNibTaTOM KOMMNbKTEPHOro Bbl4UCNEHUA NPU CyLLEeCTBEHHO yBeaneHHoﬁ anuHe cnosa.

F.2.3 3anmcTBOBaHHasA nHdopmMaLmsa o BXOAHOW BeNMYnHe

F.2.3.1 3aumcmeogaHHbIM 3HA4YEHNEM BXOAHOW BEMUYMHBI ABMSETCA TO, KOTOPOE MOMyYeHO He B XOo4e OAaHHOro
N3MepeHUs, a U3 Apyroro UCTOYHMKA Kak He3aBUCHMas oLeHka. YacTo NCTOYHMK, OTKYAA OCYLLECTBNSETCS 3aMMCTBOBa-
HMe, MOMUMO CaMOro 3HAYeHUSA BEMUYMHBI COAEPXMUT U MHAOPMaLMIO O ee HeonpedeneHHoCcTU. Hanpumep, Heonpeae-
TNIEHHOCTb MOXeT ObITb yka3aHa B BMAe CTaHAAPTHOrO OTKIOHEHWS; KaKk 3HaYeHne BENUYMHbI, MPOMOPLIMOHarnbHOW CTaH-
AapTHOMY OTKIOHEHMIO UMK KaK NomnyLuMpuHa nHTepearna, KoTopoMy COOTBETCTBYET HEKOTOPbIV ypoBeHb foBepus. MoryT
ObITb yKasaHbl Takke BEPXHSS U HWKHASA rpaHulbl, B Nnpeaenax KOTopbIX AOMMKHO HaxOAMTbCS 3HaYeHVe BEeNUYUHbI.
MHorga MCTOYHMK MOXET He codepaTb HUKaKon MHOopMaLuum OTHOCUTENBHO HeonpeaeneHHocTn. B aTom cniydae npu
MCMOMb30BaHUN 3aMMCTBOBAHHOIO 3HAY€HWS BXOAHOW BENUYMHbI HEOOXOAMMO NPUMEHUTbL COBCTBEHHbIE 3HaHMA ANS
OLEHMBaHUA ee HeomnpeaeneHHOCTU, ncxoasa 13 U3nyYeckux CoobpaxeHni 0 BEeNuYMHE, HaJEeXHOCTU UCTOYHUKA WH-
dopmMaLum, OLEHOK HeonpeaeneHHOCTU ANS aHanorMyHbIX BENWYMH B APYrUX NPaKTUHECKUX NPUMOXEHUSX U T. A.
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MpwumedyaHune— PaccmoTpeHne HeonpeaeneHHOCT! 3aMMCTBOBaAHHOMO 3HAYeHWS BKITIOYEHO B pasgern, rae
paccmaTtpuBaeTcs oueHMBaHue Tuna B, Tonbko no coobpaxeHusm ygobcetBa. CoobuiaeMas CTOPOHHUM UCTOYHUKOM
HeonpeaeneHHOCTb MOrfa BKoYyaTth B cebs cocTaBngAoLLme, ANA KOTOPbIX Obnn NonyyYeHbl OLEHKU No TUny A Unm OLeHKu
Kak no Tuny A, Tak 1 no Tuny B. lMockonbky AnA pacdyeTa CyMMapHON CTaHAAPTHOW HeonpeaeneHHOCTU HenpuHUMnuars-
HO, KaK ObInn NOMyYeHbl OLEHKN ee COCTaBNSLLMX, TO U MHOpMaLUus 0 cnocobax NonyyYeHnss OLEHKM HeonpeaeneHHo-
CTN 3aMMCTBOBAHHOIO 3HAa4YeHUs He SBMNSETCS CyLLeCTBEHHOMN.

F.2.3.2 HekoTopble kannbpoBo4Hble nabopaTopumn NPUHANM NPaKTUKY BbIPaXeHWUs «HEONpeaeneHHOCTU» B BUAE
HWKHEN 1 BEpXHEen rpaHuL, onpeaensowmnx nHTepean ¢ Tak Ha3blBaeMbIM «MUHUMarbHbIM» YPOBHEM LOBEPUS, HaMpu-
Mep, «He meHee 95 %». DTO MOXXHO paccMaTpvBaTh Kak NpMMep NpeacTaBlieHNst HEONPEAENEHHOCTU «C 3anacom» (CMm.
E.1.2). OueHky HeonpeaeneHHOCTH, 3asBIEHHYO TaknuM obpa3om, Henb3st 6€3 4ONONHUTENBHON MHOPMaLUK O Croco-
6ax ee BbluMCNEHMS Npeobpa3oBaTh B CTAHAAPTHYIO HeonpeaeneHHocTb. Ecnu Takas nHopmauusi MMeeTcs, TO OLeHKa
HeonpeaeneHHOCTU MOXeT ObITb NepecynTaHa B COOTBETCTBUM C HacToswmMm Pykogodcmeom. B npoTvBHOM crny4vae
HeobxooumMo OGyaeT NpoBEeCcT HEe3aBUCUMMYH OLEHKY HeomnpeaeneHHOCTU Ha OCHOBE NObIX MPUrOA4HbIX ANS OAHHON
Lenun ceBegeHuni.

F.2.3.3 NHorga HeonpeneneHHoOCTU NPeACTaBNsAlT B BUAE MaKCMMarnbHbIX rpaHul, B npegenax KoTopblX, Kak
YyTBEPXKAAKT, HAX0OATCSA 8Ce 3HAa4YEHNs BENMUYMHBIL. B Taknx cnydasx oObl4HO NpegnonararT, YTO 3HAYEHWS BENTMYUHBI B
npegenax gaHHbIX rpaHuL SIBMSIHOTCS PaBHOBEPOSTHLIMK (MPAMOYrofibHOe pacnpefeneHne BeposTHocTen). Ho aaHHoe
npeanonoXxeHve He criegyeT UCMONb30BaTh, €CMM €CTb OCHOBAHUSA OXMAATb, YTO 3HAYEHUS, XOTS U Haxoasdwmecs B
npegenax rpaHul, Ho 6rnM3kMe K HUM, MeHee BEpPOSATHbI, YeM Gnn3kue K LEHTPY onpeaensiemMoro umu nHtepeana. lNps-
MOYrOofbHOMY pacrnpeeneHunio NonyLIMPUHLI @ COOTBETCTBYET Ancnepcna a2/3, a HopManbHOMY pacrpeenenuio, Ans
KOTOPOro a ABMSEeTCS NOMOBMHOM LUMPUHBLI MHTEPBana c 4OBepUTeNbHONM BEPOATHOCTbLI0 99,73 %, COOTBETCTBYET Ancnep-
cna a2/9. MpenctaBnseTca pasyMHbIM BbIGpaTbh KOMMPOMUCC Mexay 3TUMU ABYMS 3HAYEHWsSIMU, Hanpumep, caenas
npeanonoXxeHne o TPeyronbHoii opMe pacnpeaenieHns BepoATHOCTeN, ANs KOTOPOro Aucnepcus coctasnseT a2/6
(cm. 4.3.914.4.6).

F.2.4 U3amepsieMble BXoAHble BENTUYUHbI

F.2.4.1 EAMHWYHOE n3MepeHne KannbpoBaHHbLIM CPeaCTBOM U3MEPEHUN

Ecnu oueHka BXOAHOW BEMWYMHBI NOMyYeHa B pe3dynbTate eAMHUYHOro HabnaeHms ¢ ncnofb3oBaHMEM cpecTBa
N3MepeHusi, KannbpoBaHHOIO MO 3TaNoHy C Masioli HeONpeAeneHHOCTbI, TO OLeHKa HeonpeaeneHHOCTU B OCHOBHOM
OyneT cBsA3aHa C NOBTOPSEMOCTbIO pe3ynbTaToB uaMepeHuin. OueHka aucnepcumn Ans NOBTOPHbLIX U3MEPEHUIA C MOMO-
b0 A@HHOrO CPeACTBa M3MEPEHUI MOXeT ObiTb NofyyeHa B xo4e npeALllecTByowmnx HabnoaeHuin. Ecnu pesynbTatsl
TaKMX U3MEPEHMIN OTNMYAIOTCS OT MOMYYEHHONM OLEHKM BXOOHOW BENMUYMHBI, HO AOCTATOYHO BNN3KM K HEW, TO yKasaHHasi
oueHKa gucnepcum MoXeT ObiTb MpUMEHEHa K BXOL4HOW BenuuuHe. Ecnn cBegeHns o npedlwecTByOWMX HAabNoaeHUsIX
OTCYTCTBYIOT, TO OLIEHKY COCTaBMSIOLLEN HEONPEAENEHHOCTM ANst AaHHOW BXOOHONM BENUYMHBI CrieayeT OCHOBbIBATb Ha
XapaKkTepucTuKax MCMonb3yeMOoro CpefcTBa U3MEPEHMWIA, Ha OLeHKax AWCNEPCUU, MOMYyYEHHbIX C NMPYMEHEHUEM aHaro-
TMYHbIX CPEACTB U3MEPEHUI U TOMY NOAOGHON MHOopMaLmK.

F.2.4.2 EANHNYHOE M3MepPEHNE MOBEPEHHBIM CPEACTBOM U3MEPEHUI

CBuaeTenbcTBOM O KanubpoBke MM LOKYMEHTaLMEN C yKa3aHMEM pearnbHbIX METPOSIOrMYECKMX XapakTepucTuK
cHabxaloT He Bce cpeacTBa uamepeHuin. OgHako Mx NMpou3BOAAT B COOTBETCTBUM C ONpeAeneHHbIMU CTaHgapTaMu
(TexXHMYecKkUMM yCnoBUAMN) N UCMNbITHIBAOT (M3rOTOBUTENDb UMW TPEThE NMUL0) Ha COOTBETCTBME XapakTepucTuk TpeboBa-
HUSIM 3TUX CTaHA4apToB. TakvMe cTaHOapThbl coaepxat TpeboBaHUS K METPOMOIMYECKUM XapaKTepUCTMKaM, 4acTo B BUAE
MaKCMMarbHO OOMYCTUMbIX OTKMOHEHUIA 3TUX XapaKTepUCTUK OT HOMUHanbHbIX. CooTBeTcTBME TpeboBaHMAM NpoBeps-
10T B UCTIbITAHWUAX NMYTEM CPABHEHUS C 3TANOHHbLIM CPEACTBOM U3MEPEHUS, AN KOTOPOro obblYHO B cTaHAapTe yKa3biBa-
10T MaKCUMarnbHO [OMYCTUMYI MHCTPYMEHTarbHY HeonpeaeneHHoCTb. OTa HeonpeaeneHHOCTb ABMSETCA COCTaBHOMN
YacTb MHCTPYMEHTanbHOW HEeonpeaeneHHOCTM UCTbITYEMOro CpeacTBa U3MEPEHUA.

Mpu oTcyTCTBUM MHGOPMauuM 06 OTKITOHEHUM peanbHOW METPOSIOrMYecKor XapaKTepUCTUKN CpeacTBa nsMepe-
HWUIA OT HOMUHAMNbHOW CNeAyeT UCXOAWTb U3 NPEANONIOKEHNS, YTO 3HAYEHUSA 3TON XapaKTepUCTUKM paBHOMEPHO pacrnpe-
JeneHbl B npegenax AonycTUMOro OTKIIOHEHUS, NpeanucaHHoro ctaHgaptoM. OgHako cpefcTBa U3MepPEHUi HEKOTOPbIX
TMNOB 06nafaT Tako 0COGEHHOCTBLIO, YTO 3TW OTKITOHEHWS, HaNpUMep, BCeraa nosnoXuTenbHbl B OQHON YacTu U3Mepu-
TenbHOro AvanasoHa 1 Bceraa oTpuuaTenbHbl B Apyroi. B psge cnyvaeB cBegeHMs o Nogo6HbIX 0COGEHHOCTAX XapaKTe-
PUCTMKM copepXaTcs B CaMOM CTaHZapTe.

F.2.4.3 KoHTponupyemble BenUYUHbI

Kak npaBuno, npy npoBeeHnn N3MEePEHUA NX YCrOBUSA ABNATCA 3a4aHHbIMU U AOMKHbI COXPaHATLCA HEU3MEH-
HbIMM B npouecce HabnwaeHun. Hanpumep, n3MepeHns MOryT BbIMONHATLCA Ha obpasue, NOMELLEHHOM B BaHHY C
nepemMeLlnBaeMbiM Macriom, TemnepaTtypa KOTOpPOro perynmpyeTcs ¢ NOMOLLbl TepMocTata. TemnepaTypy B BaHHOWN
MOXHO M3MepPATb TEPMOMETPOM B MOMEHT KaXX[0ro naMepeHusi Ha obpasLe, HO ecniu aTta TemrnepaTtypa nepuoanyecku
N3MEHSETCH CO BpEMEHEM, TO TeMMNepaTypa obpasLa B MOMEHT U3MEPEHNS MOXET He COBMNagaTh C TON, YTO NoKa3biBaeT
TepmomeTp. PacyeT konebaHuii TemnepaTypbl obpasLa 1 nx AucnepcmMm Ha OCHOBE TeopuK TeNnonepeaayn BLIXOAMT 3a
pamMku HacTosiLero Pykogodcmea, HO B NniobOM criydae MCXO4HBbIMU AaHHBIMU ANs TaKoro pacyeTa SABMsTCA U3MEHEHNS
(n3BecTHble UNK nNpegnonaraeMble) TemnepaTtypbl B BaHHOW. Habnogatb 3a 3TMMU M3MEHEHUSIMU MOXHO MPU MOMOLLM
YyBCTBUTENBHOIO TEPMO3NIEMEHTA M YCTPONCTBA peErucTpaLum TemnepaTypbl, HO €CIM OHU OTCYTCTBYHOT, TO MOXHO MOSy-
YNTb NPUBNU3NTENBHY OLEHKY M3MEHEHWI, 3HAst MPUHLIMMN PErynMpoBaHns TemnepaTtypbl TEPMOCTaToOM.
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F.2.4.4 AcummeTpuyHbIe pacnpefeneHns BXOAHbIX BENUYMH

B psage crnyyaeB Ans BXOOAHOW BENWYMHBI UMEETCH TOMNbKO OAHO rPpaHUYHOE 3HavYeHne, 1 BCe BO3MOXHbIE peanunsa-
LM 3TOW BENUYMHBI HAXOAATCA OT HEro No OgHy CTOPOHY. Hanpumep, npu M3amMepeHun HEKOTOPOW MOCTOSIHHOW BbICOTbI
h (n3amepsiemasi BenuymHa) ctonba XMAKOCTM B MAHOMETPE OCb M3MEPUTENBHOIO YCTPOMCTBA MOXET OTKIOHATBLCH OT
BepTukanu Ha HebonbLwol yron B. MNpu 3Tom nokasaHue / namepuTenbHoOro yctpoictea byaet Bcerga bonbwe, Yem h.
Hukakune 3HayeHusi, MeHblUMe YeM h, HEBO3MOXHbI. ATO 0OYCMOBMEHO TEM, YTO h paBHO Mpoekuumn [ Ha BEPTUKANbHYIO
ocb, T.e. h=1/cos B, acos B <1. 3ToT adpekT, UMeKLLMIN Ha3BaHNE KKOCUHYCHAs MOrPELLHOCTbY», MOXET NPOSBNATLCS
1 UHbIM 06pa3om. Habnogaemori BennmunHow / MoxeT BbITb MpoeKLust n3mMepsieMoi BenuuuHbl h', 1.e./ =h'cos B, Toraa
pe3ynbTaT nsMepeHuns Bceraa byaet MeHbwe U3MepAeMOoln BENUYUHBI.

Ecnn BBeCcTn HOBYIO nepemeHHyto § = 1 — cos 3, To, nonaras B = 0 unu J << 1, Kak 9T0 06bIYHO N MMEeeT MeCTO Ha
npakTuKe, MOXHO MOMNyYnTb ABE pasHble U3MepuTerNbHblE CUTyaLmu:

h=1(1-3§); (F.3a)
n=I1(1+3), (F.3b)
rae l_ — Hauny4uasa oueHka l, ABndavouasca cpeaHum apVI(*)MeTI/I‘-IeCKVIM no n He3aBUCUMbIM NMOBTOPHbLIM Ha6J'IPOJJ,eHI/I-

AM [, BenuYMHbl / C OUEHKON ancnepcum u? (1) [em. dopmynbl (3) 1 (5)]. Takum obpasom, us gopmyn (F.3a) n (F.3b)
cnegyeT, YTo ANs NonyyvyeHusi oueHkn h unu h' Heo6xoaAMMOo 3HaTb OLEeHKY MoMpPaBoYHOro koadduumeHTa §, a Ansa nony-
YEHNsi CyMMapHOIi CTaHAAPTHON HeoNpeaeneHHOCTM OLeHKM h i h' Heobxoaumo 3HaTb u2(8) — oueHKy aucnepcum
5. KoHkpeTHee, coBMecTHoe npumMmeHeHve cdopmynel (10) n dopmyn (F.3a) u (F.3b) nossonsiet nony4ntb cnegyoLime

dopMynbl AN onpeaeneHus ug(h) " ug (h):

u? = (15822l + I U2 (3) (F.4a)
nnn

u? = u2 (1) + 12 % (8). (F.4b)

[B dopmyne (F.4a) 3Hak ¥ O3Ha4aeT MUHYC Ans ug (h) v nmoc ana ug (h').]

YT0oGbI NONYYUTH OLIEHKM MAaTEMaTUUYECKOro OXMAaHUS U AUMCNepCUM BENMUMHBI & NPeanonoXuM, YTo Ha Nomnoxe-
HUe Oocu YCTPOIACTBA, UCMONb3YeMOro Ansi M3MEePeHUs BbICOTbI cTonba XMAKOCTY B MaHOMETPe, HanoXxeHa mMexaHuyec-
Kasi CBSA3b, NO3BONSAIOLLAs 3TOW OCK OTKIOHATLCS OT BEPTUKAanu Ha yron B Tonbko B HEKOTOPOU (PUKCUPOBAHHOW BEPTU-
KanbHO NNOCKOCTU, U YTO pacnpeaerneHne 3Ha4eHWin yrna HaknoHa 3 OTHOCUTENbHO HYNeBOro MaTeMaTUYeCcKOro OXu-
AaHus ABNAETCS HOPManbHLIM C Ancrepcreli 62, XoTs B MOXET MPUHUMATL Kak NONOXWUTenbHbIe, Tak 1 oTpuLaTenbHbIe
3HaYeHus, BenuumHa & = 1 — cos B ByaeT NonoXxuTensHoOW Ans Bcex 3HadeHuid B. Ecnu cHATb yCroBue MexaHu4eckoi
CBSI31 Ha NornoxeHue ocy Npubopa, To ee Yron ¢ BepTUKarnbHOM ocbio ByaeT U3MeHsITbCs B Npefenax HeKoToporo Terne-
CHOro yrna, onpeaensieMoro NoM1MO OTKITOHEHUSI OCU NpUGOpa OT BEPTUKAanu Ha yron B Takke U3MeHEHUsIMU ee a3nuMy-
TarnbHOro yrna, Ho B TakoW ABYMEPHOW CUCTEME KOOPAMHAT 3HAYEHUsI B NPUHUMAIOTCS NOMOXUTENbHBIMU.

Mpu HaNUYMK MexaHUYecKoW CBSi3M (M3MEHEHWUM HanpaBneHKsl OCU MO OAHOW KOOpAUHATE) 3fIeMeHT BeposiTHO-

ctn p(B) dB (cM. npumedanme k C.2.5) npornopLyoHaneH [exp(— B? /262)]d[3, a npw ee OTCYTCTBUM (M3MEHEHWUW HanpaBs-

215 2\
MeHnst ocK No ABYM KoopauHaTtam) — [GXP(—B 126 )]sdeB_ YT06bl BLIBECTU BbIPAXEHUS AN MaTeMaTU4ecKoro

oXugaHusa u gucnepcumn § n ucnone3oBatb Ux B dopmynax (F.3) u (F.4), Heobxoammo 3HaHue PyHKLUM MIOTHOCTK
BeposATHOCTeN p(J) ANs ABYX yKa3aHHbIX cry4yaeB. Ee nerko nony4nTb, BOCMOMNb30BaBLUNCL TEM, YTO yron 3 Man v B pasno-
XeHusax & =1 —cos B usin B B psAa no  MOXHO OrpaHMYMTLCSt TOMBKO YIleHaMu HU3Lero nopsaka manocTtu. O1o gaet

8 =PB%2 un sinp =B = v26. Taknum 06pa3om, yHKLMN NNOTHOCTM BEPOATHOCTY ByayT MMeTb BUa

1 2
8) = exp(-8/c
p(3) G\/% p( ) (F.5a)
ANs criydas ¢ HanoXeHHON MeXaHU4YecKoW CBA3bI (O4HOMEPHOro ABWXEHUS) U
1 2
p(d) = —exp(-6/c
o2 ( ) (F.5b)

Ans cnyyasi 6e3 MexaHU4YecKoi CBA3U (OBYMEPHOIO ABUXEHMS).

oo

[Mpn aTOM BbINOMHSAETCS yCrnoBue JP(S) ds =1.
0
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3 dopmyn (F.5a) u (F.5b) BugHO, 4TOo Haubonee BeposTHasa nonpaeka & B 06oux criyyasax OyaeT paBHa Hyno,
B TO BpeMsi Kak ee MaTeMaTU4eckoe OXuaaH1e W OMCNEepCust COCTaBNSOT AN OAHOMEPHOro ABwxkeHnst E (8) = 62/2 n
var (8) = 6*/2 cooTBeTCTBEHHO, a ANs ABYyMepHOro asmkeHns — E (8) = 62 u var (8) = 6* cooteeTtcTBeHHO. Toraa hopmynbi
(F.3a), (F.3b) n (F.4b) moxxHO npeobpasoBatb k BUAY

h= 1'[1 —(d/2)u? ([3)]; (F.6a)
h = 1'[1 +(d/2)u? ([3)]; (F.6b)
U2 (h) = u2 () = u? (1) + (d 12)1%u* (B), (F.6c)

roe d npegcraengeT cobon Yncno cteneHer cBoboabl ABMKEHNSA ocu cpeacTea usmepenuns (d =1 wnim d = 2), au() —
CTaHAapTHasa HeonpeaeneHHOCTb pacnpeaeneHns yrna B, npeacraensoLlas cobon HaumyyLLyl OLEHKY G, MOJTyYEHHYHO
Ha OCHOBE MMeloLerics MHpopMaLum B NMPeAnorioxkeHM 0 HOPMarbHOCTM 3aKOHa pacnpefeneHuns (oueHka no Tuny B).
OTO npumMep cnyyas, koraa OLeHKa U3MepsieMON BENMYMHbI 3aBUCUT OT HeornpedesieHHOCMU BXOAHOW BEIMYMHbI.
Mony4yeHHble popmynel (F.6a) — (F.6¢) cnpaBeanuBbl AnA YACTHOTO cryyasi, koraa pacnpegenexuve 3 HopmarbsHO,
OfiHaKO aHamnornyHble opmyrbl MOryT GbITb NMOMyYeHbl ANA pacnpefeneHnii BeposaTHOCTEN Apyrux BuaoB. Hanpuwmep,
€CInn NPUHATE ANA B CUMMETPUYHOE MPAMOYTofibHOE pacnpefeneHne ¢ BEPXHUMU U HWKHUMK rpaHuuammn +qg n —Bg
COOTBETCTBEHHO B Cry4Yyae OAHOMEPHOro ABMXKeHus n +Bg n 0 COOTBETCTBEHHO B Criydae ABYMEPHOrO ABWXKEHWS, TO

MOXHO nonyuntb E (8) = [35 16 v var(8) = Bé /45 pns ogHoMepHoro aApuxeHns n E (8) = Bg 14 v var () = [33 /48 nns
[BYMEPHOIO ABWXEHWSI.

MpumeyaHNe— PacCMOTPEHHbI NPUMEP OTHOCUTCS K CUTyaUWsIM, KOFr4a OrpaHUYeHne B pasroXeHuu
dyHkUMn Y = (X4, Xs,..., Xy) B pag Terinopa uneHamu nepeoro nopsigka v npuMmeHeHme cdopmyrsl (10) HenpumeHUMo ma-

3a BMaa HenvHenHocTn f, cosP # cosB (cm. npumeydaHue k 5.1.2 n H.2.4). XoTda BeCb aHan13 MOXHO ObIfo NOMHOCTLIO
npoBecTU ANsi NnepeMeHHol 3, BBeAeHne NepemMeHHOn & ynpocTumo 3apady.

OpyrvM nprMepom, Koraa Bce BO3MOXHbIE 3HaYeHUs! BENUYMHBI NexaT Mo OfHY CTOPOHY OT eAWHCTBEHHOrO rpa-
HUYHOIO 3HayeHus, ABNSETCA onpeneneHne KOHLeHTpaLUuM KOMMOHEHTa B pacTBOpe MeTOAOM TUTPOBaHUSA. KOHEeYHyto
TOYKY TUTPOBAHWUA ONpeaenstoT Mo NosABNEHNO curHana nHavkaTopa. Konnyectso peakTuea, 106aBneHHOro npu onpe-
[eneHny KOHEYHOM TOYKU, HMKOraa He MOXeT GbiTb MeHbLe TOro, YTO HEOBGXOAMMO AN MOSABMEHUS CuUrHana, a MoxeT
ObITb TONbKO Gonblue ero. MpeBbilleHe KoNMYecTea peakTuea, Heo6xoaNMOoro Ans AOCTUXEHUS KOHEYHOM TOYKM, Heob-
XOOMMO Y4YuTbIBaTb Npu 06paboTke AaHHbIX. B 3TOM M Apyrux noAoGHbIX criydasx U3BbiTOYHOE KONMMYECTBO peakTuBa
paccMaTpuBaloT Kak CriydaiHyto Benu4YMHy, KOTOPOW MPUMUCHLIBAOT HEKOTOPOE pacrnpeferieHne BepoATHOCTEN, nocne
Yyero HaxoadAaT ee MaTemMaTUyeckoe oXxuaaHue U OUcnepcuio.

TMpumep — Ecnu npuHamb, 4mo u3bbImok z peakmuea pacnpedesieH pagHOMePHO 8 UHmMepeasie om HyJisi 00

eepxHel epaHuybi Cy, mo e2o mamemamu4eckoe oxudaHue 6ydem pasHo Cy/2, a ducnepcusi — Cg /12. Ecnu xe
NpuHsAMb, YMO BYHKYUSI NIOMHOCMU 8eposimHocmell uMeem 8ud yce4eHHO20 2ayCCOBCKO20 pacnpedesieHust Ha

-1
uHmepeasne 0<z<o,m.e. p(z) = (0' p/ 2) exp(— 22/ 267 ) , Mo Mamemamud4eckoe o)xudaHue 6ydem pagHo

o2/ &, a ducnepcus — o? (1 - 2/n).

F.2.4.5 HeonpepeneHHoCTb, CBA3aHHas C NOMPaBKON MO rPagyMpOBOYHON XapaKTepucTuke

B npvmedaHum k 6.3.1 paccmaTpuBaeTcsi cny4van, Korga U3BECTHYI NMOnpaBKy b Ha 3HAYUMBIA CUCTEMATUYECKUN
3PP eKT He BHOCAT B 3asABNAEMbIVi pe3ynbTaT U3MEPEHUS, a BMECTO 3TOMO YYUTLIBAKOT NyTEM YBEMUYEHNS «Heonpeae-
NIEHHOCTUY, NMPUNUCbIBAEMOWN AaHHOMY pesynbTaTy. Hanpumep, pacluvpeHHyto HeonpegeneHHocTs U 3aMeHsAT Ha
U + b, rae U — paclumnpeHHas HeonpeaeneHHOCTb, NofyyYyeHHas B npegnonoxexHun, 4to b = 0. Takyto npakTuky uHorga
NPUMEHSIOT B Cry4asx, Korga BbINOMHEHbI CrieayloLwune yCrnoBus: namepsemast BennunHa Y onpegerneHa Ha HeKoTopom
AvanasoHe 3Ha4veHnin napameTtpa t (kak 9To UMeeT MeCTO AN rPafgyMpPOBOYHON XapakTePUCTUKN AaTyvKa TemnepaTypbl);
U n b nameHsoTca ¢ M3aMeHeHneMm t; Ansa BCeX OUEHOK y (f) nsmepsiemol BENWYMHbLI BO BCEM AMana3oHe BO3MOXHbIX
3HayeHun t TpebyeTcs ykasbiBaTb €AMHCTBEHHOE 3HaYeHWe «HeornpeaeneHHocTu». [pn 3ToM pesynbTaT u3aMepeHus
06b14HO NpuBoaAT B BuAe Y(t) = y(t) £ [Unax T Dmax], A€ NOACTPOYHBIN MHAEKC «Max» yKkasblBaeT Ha TO, YTO MCMOMb30BaHbI
MakcumarsbHble 3HaveHust U n b B gnanasoHe 3HayYeHui t.

XoTs HacToswee PykogoOcmeo pekoOMeHAYET ANs U3BECTHLIX 3HAYNMbIX CUCTEMATUYECKNX AP EKTOB NPUMEHSTH
nonpaekun K pesynbTatam U3MepeHuii, B NoA00OHbIX CUTyaUMsaX 3TO He BCeraa BbINOMHUMO, T. K. CBA3AHO C Ype3MepHbIMU
3aTpaTaMun Ha BbIYUCMEHNE N NPUMEHEHNE CBOE COBCTBEHHOW NOMNPaBKKM, a Takke cBOeW COBCTBEHHOW HeonpeneneH-
HOCTW AN KaXaoro pesynbraTta nsmepenuns y (f).

CpaBHUTENbLHO NPOCTOE pelleHne npobnemsbl, Npu 3TOM corfacylroLleecs ¢ NpuHYMnaMmn Hactoswero Pykogod-
cmea, COCTOUT B CIeAYIOLLEM.
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BbIuMCnSAIOT eAUHCMEEeHHY0 CPeaHIo Nonpasky b Mo dopmyrne

t
b=—1— [bt)t, (F.7a)
L-t;

roe ty n t, onpegensitoT paccMaTpyMBaemblli AMana3oH M3MEHEHWs napameTpa f, n 3a Haunyulwyto oueHky Y(f) npuHm-

MaloT y’(t) = y (t) + b, roe y () — Haunydllas HeucnpasreHHas oueHka Y (t). [ucnepcuio cpegHein nonpasku bs
yKasaHHOM AmanasoHe BblMMCASIOT Mo opmyrne
ty
27y _ 1 NG
u*(b) = 14, tf[b(t)‘b] . (F.7b)
1

B KOTOPYHO HE BXOAWT HEONPEAENEHHOCTb Nonpasku b (), COOTBETCTBYHOLLEH NONyYEeHHOMY HencnpaBneHHOMyY pesynbTaTy
nsmepeHus y (t). YkasaHHyto HeonpeaeneHHoCTb nonpaeku b (f) yunTbiBaloT B BUAE YCPEAHEHHOW Ha MHTepBane n3MeHe-
Hus t gucnepcumn b(t) no copmyne

u?[b(t)] = ﬁ tfuz[b(t)]dt, (F.70)
1

rae u? [b(f)] — aucnepcvist nonpaskyt b(t). AHanorMuHbIM 06pa3oM yCpeaHEHHYI0 Ha UHTEpBane N3MEHeHNs t Aucnepcuio
y (f), yuuTbIBaOLLYH0 BCE UCTOYHUKM HEOMPEOENEeHHOCTI, 3a UCKMYeHneM nonpaskm b(f), nonyyarT no dopmyrne

- ty
Aly) =1 tI u?[y (t)]at, (F.7d)
1

rae u2y(t)] — mucnepcus y(f), 0bycroBneHHas BCEMU UCTOYHMKAMU HeonpeaeneHHoCTH, 3a uckmioydeHnem b(t). Toraa
©[VHCTBEHHbIM 3Ha4YeHWEeM CTaHOApPTHON HeonpedeneHHOCTU, KOTOPOe AOSKHO NMPUMEHSATLCA KO 8CeM MonyyYaemMbiM

oueHkam y’(t) = y (t) + b namepsemMon BenuumHel Y (f), OyaeT nonoxuTenbHbI KBagpaTHbIA KOPEHb U3 aucnepcum

u(y) = Py )] + vA[b(t)] + v? (5) (F.7e)

PacwmpeHHyto HeonpeaeneHHocTb U MOXHO NOMnyyYnTb NyTeM YMHOXEHUS U, (y') Ha COOTBETCTBYHOLMM 06pa3om
BblOpaHHbIN koadhduumeHT oxBata k, U = ku(y'), 4To no3BonsieT nNpeacTaBuTb pesynbTaTt uamepenus B Buae Y(f) =

=y(t)x U=y (t)+ b = U. OgHako npn 3TOM HeOBXOAMMO yKa3aTb, Y4TO B NPeACcTaBNeHUn pesynbTaTa UaMepeHuii Mcnons-
30BaHa efMHas ycpeaHeHHas nonpaska Ans BCEX 3Ha4YeHun t (BMEeCTO NonpaBku, COOTBETCTBYHOLLEN AaHHOMY KOHKpPEeT-
HOMY 3HauYeHuto t), N YeTKo onpedenuTb, YTO NPeACcTaBnsAeT cobol paclumMpeHHas HeonpeaeneHHocTs U.

F.2.5 HeonpepeneHHoCTb, 0GycrioBreHHasi METOA0M U3MePEHUA

F.2.5.1 MNo-Bugumomy, Hanbornee TPyAHOW AN OLEHMBaHNSA SBNSETCS Ta COCTaBNALLAs HEeONpPeaeneHHOCTH, YTO
CBfI3aHa C MEeTOAOM U3MepeHUs, 0CODEHHO NPY HaNMYMW HarnsgHbIX CBMOETENbCTB, YTO BapnMaTUBHOCTb pe3ynbTaToB
N3MEPEHUN, NoMyYyaeMbIX C MOMOLLBIO AaHHOro MeToAa, 6yaeT MeHbLUe, YEM C MOMOLLbIO MHGOro Apyroro U3 N3BECTHBbIX.
OpHako He UCKIMYEHOo, YTO MOTYT CyLLLEeCTBOBaTb ApyrMe MeToAbl, NyCcTb Noka Hepa3paboTaHHbIe UK MO TEM UMW UHBIM
COOBpaxXeHUAM He UCrnornb3yemble Ha NpakThKe, CNocobHble faBaTh HE MeHee AOCTOBEPHbIE, HO MPWU 3TOM CUCTEMATU-
Yecku oTnMyarLLmecs pesynbTaTbl. Takoe pacxoxaeHue B pesyrnbTatax, nony4aemblx pasHbiMi MeTogamu, npegnona-
raeT Hanmume HeKOTOPOro arnpUOPHOro pacnpenerieHns BEPOATHOCTEN, HO 3TO He TO pacnpegerneHve, ans KoToporo
1erko Nony4YnTb BbIOOPKY AaHHbIX, YTOObI 3aTEM OCYLLECTBUTbL NX CTAaTUCTUYECKYt0 06paboTky. Takum o6pas3om, Aaxe ecnu
HeonpeaeneHHocTb, 06yCrnoBneHHas METOAOM U3MEPEHMS, SBNSETCS AOMUHMPYIOLLEN COCTaBrsoLWEN, eQNHCTBEHHON
MHdOpPMaLMen, CnoCOOHOM MOMOYb B OLLEHNBAHWUN COOTBETCTBYIOLLEN CTaHAAPTHON HEONPEAENEHHOCTH, ABMAOTCSA HaLUN
dumsnyeckre npeactaBneHns ob okpyxatowem mupe (cm. Takke E.4.4).

MpwumeyaHune— lonyyeHne OLEHOK OJHOW U TOW Xe U3MepPsSeMol BENNYUHBLI pasHbIMKM MeTogaMmu nmbo B
OfHOW, NMBO B pasHbIx nabopaTopusax UMM OOHUM M TEM Xe MEeTOLOM B pasHbix nabopaTopusix no3BonsdeT cobpartb
LeHHY0 MHOPMaLMIO O HeonpeaeneHHOCTH, NPUNUCLIBAEMOWN KakoMy-nnbo KoHKpeTHomy meTtoay. Boobuwe obmeH
aTanoHamu Unu ctaHgapTHeIMK obpasuamy Mexagy nabopaTopuaMy NS NPOBEAEHNS HE3aBUCUMbIX U3MEPEHUA SBMS-
€TCS MOMe3HOW MPaKTUKON C TOYKM 3pPEHUs NMOATBEPXKAEHUS HaOEeXHOCTU MOMyYeHHbIX OLEHOK HeonpeaeneHHOCTU 1
BbISBNIEHNSA paHee HEeM3BECTHbIX cucTeMaTnyeckux ahEKTOB.

F.2.6 HeonpepeneHHocTb, 06ycnoBreHHasAs oT6opom o6pa3LoB

F.2.6.1 YacTo uamepeHns xapakTepuCTMK/M HEM3BECTHOro obbekTa BKM4YaloT B cebs CrnyeHvne C 3TanoHoM C
6nU3KMM 3HaAYEeHWEM XapaKTepUCTUKU. B kavyecTBe NpUMeEpPOB MOXHO MPUBECTU KOHLEBblE MEpPbI AMWHbI, HEKOTOpble
TepMoMeTpbl, HAabopbl Macc, pe3aucTopoB, obpasLbl BbICOKOYMCTBIX MaTepunanoB. B GonbluMHCTBE cnyYyaeB MeToabl U3-
MepeHuii obnagatoT cnaboi YyBCTBUTENBHOCTLIO K 0TOOpY 06pasua (KOHKPeTHOro obbekTa M3MepeHUsl), ero NOAroToBke,
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BO3[EVICTBMIO OKpYXatoLLen cpeabl, MOCKONbKY, Kak NPaBnno, 1 06bEKT, U 3TanoH pearvpyroT Ha 3T BnusoLwmne daktopsbl
CXOXMM (M YacTo npeackasyembiM) obpasom.

F.2.6.2 OpgHako B psge CuTyaumii, BCTpeYalLWwmuxcs B NPakTMke uaMepeHunin, otbop 1 noarotoska obpasuos urpatot
3HauuTenbHO Gonee BaXHyK porib. ATO 4YacTO MMEEeT MEeCTO MPU XMMUYECKOM aHanuse NpupoAHbIX maTtepuanos. B
OTNNYMNE OT UCKYCCTBEHHO CO3[aHHbIX MaTepuarnoB, Ans KOTOpbIX Nerko obecneuntb Nx 0O4HOPOAHOCTb Aaxe B GonbLuen
cTeneHn, Yem HeobXoaMMO AN M3MEPEHWI, NPUPOAHbIE MaTepuarbl YacTo ObIBalOT BeCbMa HEOQHOPOAHbI. JTa Heo-
OHOPOAHOCTb NMPUBOAUT K ABYM AOMOMHUTENMbHBLIM COCTaBMSIOWMM HeonpeaeneHHocTn. Bo-nepebix, He06xoaMMo onpe-
OennTb, HACKOMNbKO afekBaTHO OToOpaHHbIN obpaseL, NpeAcTaBnseT MCXOOHbIN aHanu3npyeMbli matepuan. Bo-BTopblx,
HeobxoaMMo onpeaennTb, B KaKOW CTEMEHU BTOPOCTEMNEHHbIE (T. €. He NnoaBepratLmecs aHanumay) cBoncTea obpasua
BMNWSAIOT Ha pe3ynbTaT M3MEPEHUS 1 B Kakol CTEMEHN METOA U3MEPEHUIN YYUTBIBAET NX CyLLeCTBOBaHME.

F.2.6.3 B HEKOTOpbIX Criy4asx XOPOLLO CMTaHNPOBaHHbIV SKCMEPUMEHT MO3BOMSAET NOMYy4YnTb CTaTUCTUYECKYIO OLIEHKY
HeonpeaeneHHoCcTn, obycrnoBreHHyo oTbopom obpasua (cm. H.5 n H.5.3.2). OgHako, kak npaBuno, 0COOEHHO Koraa
BMNMSIHME BHELHUX akTopoB Ha obpasel, CyLeCTBEHHO, ANA OLUEeHMBaHWA HeonpenerneHHOCTn Heobxoaumbl MacTep-
CTBO W 3HAHWS aHanNMUTMKa, OCHOBAHHbIE HAa €ro nNpeaLwecTByOLEeM onbiTe paboT, a Takke y4eT BCcel JOCTYNHOW MHAOpP-
Mauum no AaHHOMY BOMPOCY.
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MpunoxeHue G
(pexkomeHayemoe)

Yucno creneHen cBo60abI U YPOBHU J0BEpPUSA

G.1 BBepeHue

G.1.1 B HacTosLemM NpunoXxeHnn paccmaTpuBaeTcs obLnii BONPOC NOMYYEHUS U3 OLEHKU Yy U3MepseMoi Be-
NNYMHBL Y 1 CyMMapHON CTaHOapTHOW HeonpefeneHHOCTU Uy(y) 9TOW OLEHKM pacluMpeHHON HeonpeneneHHOCTH
U, = kpuc(y), koTopas onpefensieT udtepean y — U, < Y <y + U, , COOTBETCTBYIOLLMIA HEKOTOPOIi BbICOKOW 3aAaHHOM
BEPOSITHOCTU OXBaTa Wnu YpPOoBHIO AoBepus p. Takum obpa3oM, 3agada COCTOMT B NOSyYEHUU 3HaYeHNs KoadhduLmeHTa
oxBsarta kp, onpefensiolero UHTepBsar BOKpyr pesynibTata U3MepeHsi, KOTOPbIA NPEANOoNoXMTENbHO oXxBaTbiBaeT 6osb-
WY 3afaHHyl0 OO p pacnpegeneHus 3HadeHuii, o60CHOBAHHO NMPUNUCbIBAEMbIX U3MepseMoin BenuunHe Y
(cm. pasgen 6).

G.1.2 B 6onbLUMHCTBE MPAKTUYECKUX U3MEPUTENBHBLIX CUTyauuii pacyeT MHTepBanoB C 3afaHHbIMU YPOBHAMM
posepus (haktuyeckun, oueHnBaHne Hanbonee xapakTepHbIX COCTaBMALMX HEONPEAEeNEeHHOCTM ANA KOHKPETHBbIX U3-
MepUTENbHBIX CUTyaLMI) MOXET ObITb BbINOMHEH TOMBKO B HEKOTOPOM NpubnukeHun. Tak gaxe BbIGOpoYHOe cTaHaap-
THOe OTKIOHeHWne cpefgHero apudgmeTnyeckoro no 30 NOBTOPHbLIM HaBMNAEHUAM HOpManbHO pacnpeneneHHon Benu-
YMHbI MMeeT COBCTBEHHYO HeonpeaeneHHocTb okono 13 % (cm. Tabnuuy E.1 npunoxerus E).

B 6onbLlUMHCTBE CriyyaeB He MMEET CMbICNa pa3nuyaTe MHTepBarn ¢ ypoBHeM gosepus 95 % (oguH waHc ns 20, 4to
3HaYeHne N3MepsIemMon BENMYMHbI Y HaXoAUTCs BHE 3TOro MHTepBana) u uHtepsan ¢ yposHem gosepus 94 % unu 96 %
(oAanH waHc 13 17 nnu 25, cootBeTCTBEHHO). OCOBEHHO TPYAHO NOMYyYnUTb 060CHOBAHHbLIE OLIEHKN MHTEPBANoB C YPOBHS-
mun gosepust 99 % (oaumH waHc n3 100) n Bblwe (Aaxe ecnu JOMNYCTUTb, YTO BCe cucTematudeckne adpdekTbl Obinm
NPUHSATBI BO BHYMaHWE), NOCKOSbKY 3T0 TpebyeT AeTanbHON UHMOpMaLMK O «XBOCTax» pacrnpeaeneHns BXOOHbIX Benu-
YMH, KoTOpas 0bbIYHO HedOCTYyMNHa.

G.1.3 YT06bI NONY4NTH 3HaYEHWEe KO3PhULIMEHTa OXBaTa Ky, 06pasyHoLLero MHTEpBan ¢ 3aAaHHbLIM YpOBHEM AoBe-
pus p, HeobxoAMMO UmMeTb NOAPOOHbIE CBEAEHUS O 3aKOHe pacrnpefeneHuns, XxapakTepu3yemomM pesynbTatom namepe-
HWS N ero CyMMapHOW CTaHA4apTHOW HeonpedeneHHOCTbI0. Hanpumep, Ans BENUYUHBLL Z, ONUCLIBAEMON HOpMarbHbIM
pacnpegeneHvem ¢ MaTeMaTU4eckuM OXMOaHWEM L, U CTaHAaPTHBLIM OTKIOHEHWEM G, NErko MOXHO paccuntaTb 3Ha-
YeHve koadhuLiMeHTa oxBaTa k, , KOTOpbI 0BpasyeT UHTEPBAN W, £ K,G, BKIHOYAOLLWii AOMNIO0 p ITOrO pacnpeneneHus u,
crnepoBaTenbHO, MMEILLMI BEPOATHOCTbL OXBaTa WM ypoBeHb AoBepus p. HekoTopble npyvmMeps! npyvBeaeHsl B Tabnu-
ue G.1.

Tabnwuua G'1,_ 3Haq?HM5| koadppuLmeHTa oxeara k,, 06pasytoLLero nHTepBar ¢ ypoBHEM AOBEpUsi P Anst HOPMarbHO
pacrnpegeneHHon crnyyYyarHoW BENUYUHbI

YpoBeHb fosepusi p, %

KoadppuumeHT oxeata k,

YpoBeHb gosepusi p, %

KoadbdumuneHT oxsata kp

68,27
90
95

95,45
99
99,73

2
2,576
3

MpnmedaHune— [na cpaBHEHUS, €CNN Z ONUCLIBAETCA npAMOYronbHbIM pacnpeneneHnem BEPOSATHOCTEN C

MaTteMaTu4eCkuM oxmngaHmem U, U ctaHgapTHbIM OTKIIOHEHUEM O = a/\/g, roe a — nonywupuHa pacnpeneneHua, 1o

ypoOBeHb foBepus p byaet paBeH 57,74 % ons kp= 1;95 % ans Kp= 1,65; 99 % ans kp= 1,71 1100 % onsa kp 2 «/5 =~ 173.

I'Ipﬂmoyroanoe pacnpeneneHne «yxe» HopmMasribHOro B TOM CMbICle, 4TO OHO obnagaeT KOHeYHoM NPOTAXEHHOCTbIO U
HE UMEeEeT «XBOCTOB».

G.1.4 Ecnn n3BecTHbl pacnpefeneHns BeposaTHOCTEN BXOAHbIX BENWYMH X, Xo,..., X [MX matematuyeckne oxuaa-
HWS, AMCNEPCUN, a TakkKe eCny 3TN BENUYUHBI HE ABMATCA HOPManbHbIMU, MOMEHTbI BbICLUMX NopsAakoB (cM. C.2.13 un
C.2.22)], oT KOTOpPbIX 3aBUCUT M3mepsieMas BenmuuHa Y, n ecnm Y ABMASETCS NMUHENHON DYHKLMEN BXOOHbIX BEMWUYMH,
Y = ¢4X1 + coXy + ... + cpX)y, TO pacnpegeneHve BeposiTHOCTel Y MoxeT ObiTb MOnyyYyeHO CBEPTKOW pacnpeneneHui
BEPOSITHOCTEN BXOAHbIX BENMYMH (cM. [10]). Takum oBpasom, 3HaveHuns k,, obpasytoime nHTepsanbl ¢ 3a4aHHbIM YpoB-
HeM [oBepusi p, MOTyT BbITb paccynTaHbl MO 3TOW CBEPTKE.

G.1.5 Ecnu dyHKUMOHaNbHas 3aBUCUMOCTb MeXAy Y 1 BXOOHbIMU BEMUYMHAMMN HEMNVHEVHA, U OrpaHndeHne yne-
HaMV MepBOro Nopsiaka pasnoxeHvs B paa Tennopa 3ToW 3aBUCMMOCTU HE MOXET pacCMaTpyBaThbCs B kKayecTBe A0My-
ctumoro npubnuxenuns (cm. 5.1.2 n 5.1.5), To pacnpegeneHne BepoATHOCTEN Y He ABNSETCH CBEPTKOW pacnpeneneHni
BXOAHbIX BEMUYUH. B Takmx cnyyasx HeoOXxoAMMO UCNonb3oBaTb APYrMe aHanuMTU4eCKUe MMM YUCIEHHble MeTOAbI
pacyeTa.
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G.1.6 Ha npakTuke npouegypa CBEPTKU MpU pacyeTe MHTEPBAanoB C 3a4aHHbIMW YPOBHAMY AOBEPUS HE UCTOMNb3Y-
€TCA UNKN UCMNonb3yeTcs KpawHe pedko Mo CrneaylwuM npuyavHam: napaMmeTpbl pacnpeaeneHnss BXOGHOW BenUYMHbI
06bIYHO HE U3BECTHbI TOYHO, a ABMASIOTCSA NULLb OLLEHKaMU; TPYOHO OXMAaTb, YTO YPOBEHb AOBEPUS ANA AaHHOIO MHTEp-
Bana MOXeT ObiTb M3BECTEH C BbICOKON TOYHOCTBIO; peanunsauns 3ToW npouenypbl CRoXHa C MaTtemMaTU4ecKom TOYKM
3peHus. BmecTo 9TOro npumMeHsoT NpubnmKeHns, OCHOBaHHbIE Ha LieHTpanbHOW MpeaernbHOW Teopeme.

G.2 UeHTpanbHasa npeaenbHasa Teopema

G.2.1 Ecnn n3mepsiemas Benu4yvMHa nNpeactaBnsgeT COOO0M NUHENHYI0 (OYHKLMIO BXOAHbLIX BENWYUH Y = ¢4X; +

N
+CoXp + ... + Xy = 2.Ci X; 1 BCe BXOfHble BENNUMHbI X; pacnpeeneHsbl Mo HOpMarbHOMY 3aKoHy, TO pacripeaeneHine
i=1
Y, ABnsoLeecs CBepTKON pacnpeaeneHnin BXOAHbIX BEMUYMH, Takke ByaeT HopmanbHbiM. OfHako aaxe ecnu pacnpe-
fdenexus X; He ABNAOTCA rayccoBbIMW, pacnpeeneHe Y Bce paBHO YacTo MOXeT BbiTb annpoKCUMUMPOBAHO HOpMarb-
HbIM pacnpeeneHeM, 4To crnedyeT U3 LieHTparnbHoN npeaesibHoM Teopembl. Ta Teopema rnacuT, Y4To pacnpeaeneHune

N
Y 6ypet npubnusumenbHO HOPManibHbIM C Matematudeckum oxuganuem E(Y) = Y,¢;E(X;) v aucnepcuei
i=1

N
o? ()= 12101'262 (Xi): ecrm X; — HesaBMCUMbIe CriyyaliHble BeNMunHbl, @ G2(Y) MHoro 6onblue, Yem Bknag ¢4 62(X;) B
obLyto cymmy oT ftobon criy4anHon BenuuuHbl X, pacrnpeaeneHe KOTopoi OTIMYHO OT HOPMarbHOrO.

G.2.2 Ocoboe 3HayeHve LeHTpanbHOW NpeaenbHON TeopeMbl 06yCNOBEHO TEM, YTO OHA AEMOHCTPUPYET OYeHb
Ba>XKHYIO POrib, KOTOPYIO UrpatoT AUCNEPCUN pacnpedeneHnii BEpOSTHOCTEN BXOAHbIX BEMUYMH MO CPABHEHUIO C MOMEH-
Tamn 6onee BbICOKOrO NopsiAka Npu )OpMMPOBaHUN CBEPTKN pacnpedeneHui, T. e. pe3ynbTUPYIOLWero pacnpeaeneHns
BEPOSATHOCTEN BbIXOAHON BeNM4YMHBI Y. boree Toro, n3 LieHTpanbHON npeaensHOn TeopeMbl CrieqyeT, YTo cBepTka pac-
npegeneHnii CTPEMMTCS K HOpMasribHOMY pacnpegeneHunio Npu yBernmyeHnn Yncna areMeHToB CBEPTKM, T. €. YiCna BXOA-
HbIX BEMMYMH, BHOCSALLMX CBOA BKknag B 62(Y); YTO aTa CXoAMMOCTb ByaeT TeMm BbicTpee, yeM Brike 3HaueHust ¢ 62(X)
APYr K Apyry (Ha NpakTuKe 3TO 03HAYaeT, YTO BCE OLEHKM X; BXOAHbBIX BENMYMH BHOCHAT CPaBHUMYIO HEONpeaeneHHOCTb B
HeonpeAeneHHOCTb OLEHKW ¥y M3MepseMon BenuuvHbel Y); 1 4To Yyem Bnwke pacnpefeneHus X; K HOpManbHOMY, Tem
MeHbLLEe YNCMO BXOAHbIX BENUYMH TpebyeTcs, 4Tobbl Nony4nTb HopManbHoe pacnpeaenenve ana Y.

Mpumep — MpsimoyzonbHOe pacnpedeneHue (cM. 4.3.7 u 4.4.5) siensiemcsi npuMepomM pacnpeodesieHusl, 8eChb-
Ma dasieko20 om HopMaJslbHO20, HO CeepmKa 8ce20 mpex makux pacnpedenieHul, uMerouwux 0OUHaKo8YH WUPUHY,
noseosisem noay4yumbs NoYmu HopMasibHoe pacnpedeneHue. Ecnu 0603Ha4umb nonywupuHy mako20 npsiMo-
y20/1bH020 pacnpedesieHus1 Yepes a, mak Yymo e2o ducnepcusi 6ydem paeHa a*/3, mo ducnepcusi ceepmKu mpex
npsiMoy2onbHbIX pacnpedeneHuti 6ydem umems ducnepcuro 62 = a2, a 2paHuybl UHMeP8asnos ¢ dogepumerbHoU
eeposimHocmbio 95 % u 99 % paeHbl 1,937¢ u 2,3790, coomeemcmeeHHO, 8 MO 8pPeMsi KaK OJis1 HOpMalslbHO20
pacnpedesieHUs1 C meM e cmaHOapmMHbIM OMK/IOHEHUeM ¢ 3mu 2paHuubl onpedessirtomcs kak 1,9600 u 2,576c
(cm. ma6bnuyy G.1) [10].

MpumeyaHnwne1l— [na nHtepeana ¢ ypoBHeM JOBepus p, npesbiwarowum npnbnusuntensHo 91,7 %,
COOTBETCTBYIOLLEE 3HAYEHNE K, Anst HOpMarnbHOro pacnpeaeneHus byaet 6onblue, Yem Afis CBepTkM Nioboro konmyecTsa
NPSIMOYrofbHbBIX pacnpefeneHnin NPOM3BONbHOW LUNPUHBI.

MpumedyaHwue?2— N3 ueHTpanbHOW NpeaenbHOW TeopeMbl CrieQyeT, YTo pacnpeneneHme BepoATHOCTEN

cpegHero apudmMeTUyecKoro C_] no n HabnogeHmam qx cnyqa|7|H0171 BEIN4YMHBI g C MaTeMaTUHECKNM OXnOaHnem L, u
KOHEYHbIM CTaHOaPTHbIM OTKITIOHEHUEM G NPU N — oo an6n|/|>|<aeTcs| K HOpMaJibHOMY pacnpeneneHuio ¢ MmatemMaTtmyec-

KUM OXWAAHWEM |, U CTaHAAPTHbIM OTKIOHEHNEM G/\/F HEe3aBMCUMO OT BMAa pacnpeneneHns BeposiTHOCTEN (.

G.2.3 lNpakTnyecknm crneacTBneM LieHTpanbHOM NpeaensHor TeopeMbl ABNSeTCs To, YTo, yoeamsLumnce B cobnioge-
HWUK ee TpeboBaHUin, B YaCTHOCTU, NOATBEPAMNB HA OCHOBE BCETO NKLUb HECKONbKNX HAbMAeHWN (4N NOMyYEHNst OLIEHOK
CTaHAapTHbIX HeonpeAeneHHocTel No Tuny A) UM Ha OCHOBE MPEAMNONOXEHNs O paBHOMEPHOM pacnpeaeneHun (ans
nonyyYeHns OLeHOK CTaHAapTHbIX HeonpeaeneHHoCTen nNo Tuny B), 4To HM ogHa M3 COCTaBRALWMUX HEONPEAENEHHOCTH
He ABNSeTCH AOMUHUPYIOLLEN, MOXHO B KayeCcTBe pa3yMHOro nepBoro npubnvxeHus Ans pacyeta pacluMpeHHON He-
onpegeneHHocTn U, = KpUcsy, ONpefensiolen nHTepsan ¢ ypoBHEM AOBEpUst P, UCMOMb30BaTh 3HaYeHus K, Ans Hop-
MaribHoro pacnpefernenusi. Haubonee 4acto npuMeHsieMble 3Ha4YeHUst K, Ans HOPManbHOro pacnpefenexns npusese-
Hbl B Tabnuue G.1.

G.3 t-pacnpepneneHne 1 Yncno creneHen ceobonbl

G.3.1 Y106kl nonyunTb NpUbAMKeHWe nyJiee, Yem obecneynBaeT 1cnonb3oBaHue 3HaveHus Kk, Ans HopmansHo-
ro pacnpegenenus (cMm. G.2.3), cnegyeT NOHATb, YTO pacyeT MHTepBana ¢ 3ajaHHbIM YPOBHEM AoBepus TpebyeT 3HaHuA
pacnpegenenus He BenuuunHbl [Y — E(Y)]/ 6(Y) , a BenuunHel (y — Y)/uy(y). OTO CBA3AHO C TEM, YTO Ha MPaKTUKE N3BECTHbI-
MU ABMSIOTCA HE NMapaMeTpbl pacnpeferneHns, a 3Ha4YeHnsa CTaTUCTUK: ¥ — OLUeHKM Y, nonydyeHHou no cgopmyne
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Y = 2.¢iX;, , TAe X; — oueHka X;; U CyMMapHoi gucrnepcum ug (y) oueHkn Y, nony4eHHow no copmyne ug(y) =
i=1

c,-2 u? (x;), rAe u (x;)) — cTaHpapTHas HeonpeneneHHOCTb (OLeHKa CTaHJapTHOMO OTKIOHEHUS!) OLEHKU X;.

Il
Mz

i=1

MpumedaHune— Crporo roops, B BelpaxeHun (y — Y)/ug(y) nog Y cnegyet noHnmate E(Y). Ons ynpolyeHus
Takasi cTporas 3anvch 6bina NCnosib30BaHa TOMbKO B HEKOTOPbLIX MecTax HacTosiero Pykogodcmea. Takum obpasom, B
HacTosiLeM Pykogodcmee OHO M TO e 0603Ha4YeHne MOXET Ucnonb3oBaTthes Ans 0603Ha4YeHUs pusmnyeckor Benmun-
Hbl, ANsi 0603HAYEHMsI CryYaliHOW BENMYMHBI, NPeACTaBnsoWen AaHHY0 DU3NYECKY0 BENIMYUHY, U Ans 0603HaYeHust
MaTeMaTU4YecKoro OXuaaHusi 3Tol CryvaiHON BENMYUHBbI.

G.3.2 Ecnn z — HopMarnbHO pacnpeferneHHas criyyaHas BenuynHa ¢ MaTeMaTUYeckuM OXuaaHneM (L, W CTaH-
AapTHLIM OTKMOHEHUEM G, Z — CpeaHee apuMMETUYECKOe N He3aBUCUMbIX HaBMoaeHU z, BenMYMHbI Z, a S(Z) —

BbIGOPOYHOE CTaHAAPTHOE OTKMOHEHME OT Z [cM. dhopmynbl (3) u (5)], To cnyyaiiHas BenununHa t=(z — 1,)/ s(z) onucebl-

BaeTcs t-pacnpeneneHuemM, nHade HasblBaeMbiM pacnpegeneHnem CrtbrogeHTa, (C.3.8) c v = n — 1 cteneHamun cBo-
ooabl.
Ecnn paccmoTpeTb NpoCTeNLLIniA cryyai, Koraa nsmepsiemasi BenmunHa Y coBnagaeTt ¢ HopMarnbHO pacnpeaenes-

How BenuumHom X, Y = X, B kadecTBe oueHkn X b6epeTcsa cpeaHee apudpmeTnyeckoe X Mo n He3aBUCUMMbIM HabnoaeHu-
aM X), BenuumnHbl X ¢ BbIBOPOUHLIM CTaHAapTHbIM oTkroHeHneM S(X), Haunydwen oueHkon Y asnsetca y = X, a

BLIGOPOYHOE CTAHAApPTHOE OTKIIOHEHMe 3TOW OUEHKM ecTb U, (y) = S(X), To BenmunHa t=(Z — u,)/s(Z) =

= ()_( - X)/s()_() =(y - Y)/u,(y) 6ynet nmetsb t-pacnpeneneHune, n, COOTBETCTBEHHO,

Pr=t,(v) St<t, (V)] =p (G.1a)
wnm
Pr-t, (V) < (y = )/ us (y) < t,(v)] = p, (G.1b)
4YTO MOXHO 3anuncaTtb B Buae
Priy - toMuc (V) S Y <y + t,(Mue (v)] = p, (G.10)

roe Pr[.] o6o3Ha4YaeT BEPOATHOCTb BbINOSIHEHMS YCITOBUSI B KBaAPaTHbIX CKOOKax, a tp(v) — 3HayeHue BenNu4uHbI , 3aBu-
csulee oT yncna creneHen ceoboabl v (cm. G.3.3), Takoe UTo gonsa p pacnpenenernuns CTblogeHTa nonagaeTt B MHTepBan
oT —ty(v) Bo + fp(v). Takum o6pasom, paclumpeHHas HeonpeaeneHHocTb

Up = Kptic(y) = tp(v) ug(y) (G.1d)

onpegensiet uitepean oty — U, po y + U, 4to yao6Ho 3anucatb kak Y = y + Up, NPeAnonoxuTensHO 0XBaTbiBatoLuii
OOMo p pacnpeneneHnst 3Ha4eHni, KoTopble MOXXHO 060CHOBaHHO NpunucaTtb Y, a p npeacTtaBnseT cobov BEpOATHOCTb
oxBaTa Unv ypoBeHb JOBepUs ANA AaHHOro UHTepBana.

G.3.3 Ecnu no n He3aBUCUMbIM HabnioAeHNsM Nory4YeHa oLeHKa O4HOro eAUHCTBEHHOMO NapameTpa — CpeaHero
apndMeT4ECKoro, Kak 3To MMero MecTo B cryyae, paccMoTpeHHoM B G.3.2, To uncno cteneHen ceoboabl v OyaeT paBHO
n — 1. Ecnu n He3aBUCUMbIX HabMOAEHWI MCNOMb3YT ANA MNONyYeHUs OLEHOK CBOOOAHOro YneHa u koadduumeHTa
HaKIoHa B ypaBHEHWU NPSIMONA NMHMM METOAOM HauMeHbLUMX KBagpaToB, TO YMCHMO CTeneHer cBoboabl Ans onpenene-
HWS1 BbIGOPOYHBIX CTAaHOAPTHBIX OTKIMOHEHUWA 3TUX OLeHOK 6yaeT v = n — 2. [py BbIMUCNEHUN METOOOM HauMEHbLUNX
KBagpaToB /m napamMeTpoB KPMBOW MO N 9KCMEPUMEHTarbHbIM TOYKaM YMCMO cTeneHeln ceBobonbl AN onpeneneHus
BbIOOPOYHOro CTaH4APTHOIO OTKIIOHEHMS OLEHKM KaXdoro napameTpa coctaBut v = n — m. (bonee nogpobHo Bonpoc
onpegeneHus ynucna creneHer ceoboabl paccMoTpeH B [15]).

G.3.4 HekoTopble 3HayeHust t,(v) AN pasHbiX v U pasHbiX p NpuseAeHbl B Tabnuue G.2 B KOHLE HacTosLiero
npunoxeHusi. Mo mepe Toro, Kak v — e {-pacnpeferneHue npubnmxaercs K HopMarnsHOMy u fy(v) = (1 + 22 k. roe
kp — KO3(POULIMEHT OXBaTA, MO3BOMAIOLLWIA NOMNYYNTL UHTEPBAS C YPOBHEM [OBEPUS P ANt NEPEMEHHON, pacnpenereH-
HOVi N0 HOpMarnbHOMY 3aKoHy. Takum o6pasom, 3HaueHme t, () Ans AaHHoro p, NpusefeHHoe B Tabnuue G.2, cosnaaaet
CO 3Ha4eHueMm kj, Ans Toro xe p B Tabnuue G.1.

MpumeyaHue—Yacto f-pacnpegeneHune 3agatT B BUAE TaOMUYHbIX 3HAYEHWI KBaHTUNEN t1_,, rAe 1 — o
npeactaBnsgeT cobon 3HaveHne yHKUMM t-pacnpepeneHns B Touke fy_ o, T. €. KBaHTUNb f4_ , MOXHO onpenenntb

dopmynon
t-a

1-a= [f(tv)dt,

— oo
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roe f (t, v) — NnOTHOCTb pacnpefeneHns BeposiTHOCTEN  Ans 3aA4aHHOro YMcna cteneHen ceoboapl v. OTcloga crneayer,
uTo )y M ty _ , CBA3AHBI MexOy coboii Yepes cooTHowweHne p = 1 — 2¢. Hanpuvep, 3HauyeHne KBaHTUIIA g g75 ANA 1 — o =
= 0,975 un, cootBeTcTBeHHO, o = 0,025 cosnaaaet co 3HaueHuem ¢, (v) ana p = 0,95.

G.4 Yncno acpheKkTMBHBbIX cTeneHel cBo6oabl

G.4.1 B obuwem cnyyae (-pacnpefeneHune Henb3s NpUMeEHHATb K cryvanHon senuuuHe (y — Y)/ug(y), ecrm ug(y)

npeacraenseTt cobor cymmy ABYX 1 Goree oLeHOK ug (yi) = c,-2 u? (x;) Aaxe B TOM cryyae, Koraa Kaxaoe X; sBnsieTcs

OLIEHKOV HOPManbHO pacnpefeneHHon BXoAHOW BennyuHbl X;. OAHaKo 3Ty CryvanHy BENUYNHY MOXHO NPUONKEHHO
onucaTtb t-pacnpefeneHneM ¢ HEKOTOPbIM YNCIIOM 3¢hPEKMUBHbIX CTENEHeN CBODOAbI Vg, onpeaensemsiM opmynon
Yanua-Catrteptyanta[16], [17], [18]:

uEy) _ § Ui ) (6.22)
Veff -1 Vi
nnn
ug ()
T ) (620
i=1 Vi
npwu
N
Verr < 2 Vi, (G.2c)

N
roe ug = u,-2 (¥) (cm. 5.1.3). Takum 0Bpa3om, pacluMpeHHas HeonpeaeneHHoCTb Up = kpue(y) = ty(Ver) Uc(y) oBec-
i=1

neunsaeT uHTepsan Y =y + U, ¢ NpubnunanTenbHbIM ypOBHEM AOBEPUS P.

MpumevyaHune 1— Ecnu3HadyeHne vgg NonyyveHHoe no popmyne (G.2b), He aBNsSETCS LenbiM YACHOM, Kak
00bIYHO Crly4aeTcs Ha NpakTuke, TO COOTBETCTBYIOLLEE 3HAYEHNE f, MOXET BbiTb NonyyeHo 13 Tabnuubl G.2 nytem nHtep-
NONALMM UMK NYTEM YMEHbLUEHUS Vs A0 ORMKANLLEro Lenoro vyucna.

MpnumevyaHune 2— EcnnBxogHas oueHKa X; cama nony4veHa us asyx unun bonee gpyrmx oLEHOK, TO 3Ha4YeHne

2
Vj, KOTOpOE cregyeT UCMnonb3oBaTh C u,4 (y) = [0,2 u? (x,-)] B 3HaMeHaTerne BblpaXeHusi B npaBoii YacTtu popmynel (G.2b),

€CTb 4ncno adeKTUBHbLIX cTeneHen ceoboabl, paccynTaHHoOe TeM xe cnocobom, 4YTo onpeneneH dopmynon (G.2b).
MpumeyvyaHune 3 — B 3aBUCUMOCTM OT HYXA NOTEHUMANbHLIX NOMb30BaTeNel pesynbTaTa M3MepeHns MoXeT

oKasaTbCsl MONEe3HbIM AOMOMHUTENBHO K Vg PACCUMTaTb U YKa3aTb 3HAYEHUS Vg o U Vorr g, NOMYYEHHbIE COMMacHo

dopmyne (G.2b) pasgensHO ANS OLEHOK CTaHAapTHLIX HeonpedeneHHocTen no Tuny A n no tuny B. Ecnn Bknagsl B

ug (y) cTaHOapTHbIX HeomnpefeneHHocTeli No Tiny A u Tuny B, oueHeHHbIX pasaensHo, 0603HaUYUTb, COOTBETCTBEHHO,

ugA (y)m ugB (y) , TO MMET MECTO criefyLne COOTHOLLEHWS:
ui(y) = uia(y) + uZs(y),

ut (y) _ Uga (y) . U«‘:‘B(Y).
Veff Veff A VeffB

Mpumep — IMycmb Y = f (X4, X5, X3) = b X1 X5X3, OUeHKU X4, X5,. X3 HOPMaslbHO pacnpedesieHHbIX 8X0OHbIX
senuyuH X4, Xo,. X3 cymb apugpmemuyeckue cpedHue no nq =10, n, =5 u n3 = 15 HezasucuMbIM NO8MOPHLIM
Habs1r00eHUsIM COOMeEemMcmeeHHO C OMHOCUMesIbHbIMU cmaHOapmHbIMU HeonpedesieHHoCMsMU u(x4)/x1 = 0,25 %,
u(xy)/x, = 0,57 %, u(xs)/x3 = 0,82 %. []na 0aHHOU hyHKYUOHaNbHOU 3agucumMocmu O0/KHbI 6bimb onpedesieHbl
KoagppuyueHmsbl yyecmeumesnbHocmu c;= 0f / 0X; = Y/ X; @ mo4ke x4, X5,. X3 (cM. npumeyaHue 1 k 5.1.3), ymo
3

noseoJsisem nosy4ums [”c(Y) / y]2 zz[u(xi) / x'_]z =1,032%% (cm. npumeyvaHue 2 k 5.1.6). Toada ¢popmyna (G.2b)
i=1

npuob6pemaem eud
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_ [uetmryl?
"3 futa )’

i=1 n;

_ 1,03* _
0,25* 0,57* 0,82*
101" 51 ' 151

Nogr 19,0.

U3 mabnuuybl G.20nssp =95 % uv=19,0 nony4aem tg5 (19) = 2,09. CnedogamesibHO, OMHOcUMesIbHasi
pacwupeHHasi HeonpedesieHHOCMb OJ1s1 QaHHO20 ypoeHsi dosepusi 6ydem Ugs = 2,09 -1,03 = 2,2 %. Takum o6pa3om,
MOXHO ymeepx0damb, ymo Y =y + Ugs =y (1 0,022) (3HayeHue y nosy4arom Ha OCHO8aHUU U3MePeHUl 8X0OHbIX
8esluyuH no ¢hopmyne y = bx(Xx3) unu ymo 0,978y <Y <1,022y c ypoeHem Aoeepusi npubnuzumesnbHo 95 %.

G.4.2 Ha npakTuke uq(y) 3aBMCUT OT CTaHOAPTHbIX HEONpPeAeneHHOCTeN U(X;) OLEHOK BXOAHbIX BEMWUYMH, NMEO-
LMX KaK HopMasibHOe, Tak U MHOe pacnpeaeneHne, NpuyeM oLUeHK u(X;) MoMyYatroT Kak Ha OCHOBE 4acTOTHOW MHTeprpe-
Tauum BEPOSITHOCTM, Tak 1 Ha OCHOBE anpyOPHbIX pacnpeaeneHunii (oueHnBanve Tvna A n B, cootBeTCcTBEHHO). AHanorny-
HOe yTBepXAeHWe CMpaBeAnnBO B OTHOLUEHNN OLEHKN ¥ U BXOAHBIX OLEHOK X; , OT KOTOPbIX Y 3aBUCUT. TeM He MeHee,
ecnu dyHkumio t = (y — Y)/u(y) MOXHO pasnoxuTb B psf Tewnopa B OKPECTHOCTM MaTeMaTU4ecKoro OXuaaHus 1
OrPaHNYNTLCH YreHaMKn pasnoXeHns NepBoro nopsaka ManocTv, To pacnpegeneHne BennyYnHbl { MOXHO annpoKCUMU-
poBaThb f-pacnpegeneHvem ¢ ncnonb3oBaHnem opmynel Yanua-CattepTyanTta, a Takke dopmyn (G.2a) n (G.2b).

IMpn aTom ocTaeTcs BONpoc, kakum obpasom B copmyrne (G.2b) Ana v ONpPeaennTb YnCno cteneHen csobobl
ANsi OLeHKN CTaHdapTHOW HeonpegeneHHocTn no Tuny B. Mockonbky onpeaenexHne yucna crteneHer cBoboabl ncxoaut

13 TOro, YTo v B t-pacnpefenieHnmn BeliNoNHAeT yHKLUMN Mepbl HeonpeaeneHHoCTU BbIGOPOYHON ancnepcum s2(z), To
ONsi onpefernexHvs Yicna creneHen ceoboapl v; MOXeT ObITb ucnonb3oBaHa dopmyna (E.7):

vi~a (G.3)

2lu(x;)] 2| u(x)

2 -2
ut(x;) 1 [AU(X:')]
BenununHa B kBagpaTHbIX CKoGkax B npasor Yactn dpopmynbl (G.3) npeactasnset coboi OTHOCUTENBHYIO Heomnpe-
AeneHHoCTb u(x;). B cnyyae oueHOK cTaHAapTHOM HeonpeaeneHHOCT No TUny B 3HayYeHre 3ToW BeNMYMHbI MOMyYatoT Ha
OCHOBE CYOBEKTVBHBIX CY>XOEHUI C UCNOMb30BaHNEM BCEN AOCTYNMHON MHAOpMaLmn.

Mpumep — lMycmb umetrowjasicss UHghopMayusi 0 Mom, Kak 6b1s1U NosTyYeHbl 8XOOHbIe OUEHKU X; U UX CmaH-
OapmHble HeonpedesieHHOCMU U(X;), no3eoJsisiem oyeHUMmMb 803MOXHYI HEMOYHOCMb NOJIYYeHHO20 3HaYeHUs
u(x;) 8 25 %. dmo cyxdeHue Moxxem 6bIMb UCMOJIKOBAaHO makumM obpa3om, ymo Au(x;)/u(x;) = 0,25, mozda u3
¢popmynei (G.3) cnedyem v; = (0,25)7%/2 = 8. Eciu e 603MOXHasi HEMOYHOCMb NOJTy4eHHO20 3HaYeHUsI U(X;) oueHe-
Ha e 50 %, mo amo 6ydem coomeemcmeosams V; = 2. (CM. makxe mabnuyy E.1 npunoxeHus E).

G.4.3 lMpu paccmoTpeHun B 4.3 1 4.4 oueHok no Tuny B Ha ocHoBe anpuvopHOro pacnpefeneHns BeposATHOCTEN
HEsIBHO Mpepjnonaranock, YTo NONy4YeHHOe 3Ha4veHue u(X;) M3BECTHO TOYHO. Hanpumep, ecnu u(x;) 6bina nonyveHa m3
NPSIMOYrOSibHOrO pacrnpefeneHns BEPOATHOCTEN C NONyWnprHon a = (a, — a_)/2, kak B 4.3.7 n 4.4.5, 10 oueHka u(x;) =

=al/J3 paccmaTtpmBanach Kak YiCroBoe 3HavyeHne, He obnagatolLee HeonpeaeneHHOCTbI, MOCKONbKY MMEHHO B Kave-
CTBE TaKUX Xe YMNCMNOBbIX 3HAYEHUIN paccMaTpmBanuCb a. 1 a_, a CnefoBaTernibHO U a (Apyras BO3MOXHOCTb MHTEpRpe-
Tauum anpyopHOro pacnpeaeneHuns, Kak N3BECTHOrO C HEKOTOPON HeoNpeAeneHHOCTbI0 pacCMOTPeHa B nNpumedaHun 2
K 4.3.9). Ecnu gaHHyto To4Ky 3peHus npumMeHnTs K popmyne (G.3), To 13 Hee ByaeT cnefoBaTh, YTO V; — oo UMK, YTO TO Xe
camoe, 1/ v; — 0, ogHaKo 3TO OBGCTOATENLCTBO HE CO34AET HUKaKUX NPEnsaTCTBUA ANa npuMeHeHns dopmynbl (G.2b).
Kpome TOro, npeanonoxXeHne v; — e HeNb3s cYnTaTb COBEPLUEHHO HENpaBAoONOA06HbLIM, MOCKOMbKY OOLLENPUHATLIM
ABMNAETCSA TAKOWN BbIOOP rPaHNYHbIX 3HAYEHUIN M &, U a_, YTOObl BEPOATHOCTb HAXOXAEHNSA COOTBETCTBYHOLLEN CryYanHom
BENMMYMHbI 3a Npegenammn 3Tux rpaduy bbina kpanHe mana.

G.5 flononHuTenbHbIe 3amMmeYaHus

G.5.1 B nutepaTtype, NOCBSALLEHHOW BONpOCcaM OLieHVBAHUSA HEONPeaEeneHHOCTU, YaCTO MOXHO BCTPETUTL Cneayto-
LLyt0 MaTemMaTrnyeckyto hopMyny Ans HeonpeaeneHHOCT, COOTBETCTBYIOLLEN MHTepBany ¢ ypoBHeM gosepus 95 %:

]1/2’ ©.4)

Ugs = [t§5 (Visr) 82+ 3u?
roe tg5 (vgff) — KOS PMUMEHT, B3ATLIN U3 Tabnuubl t-pacnpegenenns ans p = 95 % v yicna creneHen csoboabl Vg ;
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Vg — “Mcno apdeKkTnBHbIX cTeneHer csoboapl, paccuntaHHoe no dopmyne Yanya-CatreptyanTta [hopmyna (G.2b)] ¢
YY4ETOM MO/IbLKO TEX COCTaBRSOLWMX S; CTAHAAPTHOW HeonpeAeneHHOCTH, KoTopble GbiNu NosfyyYeHbl B pesynbTate

cTatucTMyeckoid o6paBGoTkM MOBTOPHLIX HaGMOAEHUA B meKyweM W3MepeHuu; 32=ZC,-23,-2; c,-z%;
i

u? = Zujz (y) = chz (ajz- /3) — cymma pucnepcuii cex ocmarsbHbIX COCTaBMSAOLWMX HeONpeaeneHHoCTw, rae a; — rno-

nylwmprHa MHTepBana paBHOMEPHOTO pacnpeaeneHnst BXOAHOW BenuYMHbl X; C TOYHO W3BECTHLIMU BEpXHen (+a;) u
HIDKHEV (—a;) rpaHMLaMy OTHOCUTENbBHO €€ HauryuyLlen oueHku (T. e. X;— a; < X; < X; + a)).

MpuMedyaHune— CocTaBnsiowas HeonpeaeneHHOCTH, NoSlyYeHHasi No NMOBTOPHbLIM HaBMAEHUSM 8He
TEKYLLEro U3MepeHusi, OLEHNBAETCS TaK ke, kak 1 nobasi Apyrasi cocTaBrsiowas, Aaowas Bkrag B u2. Ytobbl UMeTb
BO3MOXXHOCTb KOPPEKTHO cpaBHUTL chopmyny (G.4) ¢ dopmynoii (G.5) B G.5.2, npegnonaraeTtcsi, YTO BKNag, TakMx COCTaB-
NAOLLMX, €CIIM OHU NMPUCYTCTBYIOT, NPpeHeBPEXMMo Man.

G.5.2 ®opmyna ans pacyeTta paclUMPEHHON HEONPeAeNeHHOCTU, COOTBETCTBYIOLLLAA MHTEpBany ¢ ypOBHEM A0OBe-
pust 95 % v nonyyeHHas cornacHo G.3 un G.4, umeeT BUA, OTNMYHbBIN OT chopmyrbl (G.4):
1/2
2, .2

Ugs = tos (verr) (s + u?) (G.5)

roe Vers paccuntoiBatoT no dopmyne (G.2b) ¢ yueTom gcex cocTaBnsaloLLmX HeonpeaeneHHoCTH.
Ecnu npu pacyete no cdopmyne (G.5) oueHkn Bcex gucnepcuin no Tuny B nonyyveHbl n3 anpuopHbIX NPsiMOYrofb-
HbIX pacnpeseneHnii C TemMu e 3Ha4YeHUsIMM NONYLUMPUHBI &), YTO UCMOSb30BaHbI MpKU pacyeTe u? no opmyne (G.4), To
B BonbLUMHCTBE crnyyaes 3HadeHne Ugs, nonyveHHoe no opmyrne (G.5), 6yaet 6onblue 3HaveHns U'ys, NONy4eHHOro no

dopmyne (G.4). 3To MOXHO 06BSACHUTL crieaytoLm obpasom. XoTsa fys (v;ff) B 6onbLUMHCTBE criyyaeB byaeT HECKOMbKO
Bonblue, Yem tgs (veﬂ) , 06a aTnx KoadpurumeHTa 6nm3kn K ABYM, T. €. pasHuLa MeXay HAMU HECYLLECTBEHHA; B TO Xe

Bpems B dopmyne (G.5) u? ymHoXaeTcs Ha tf, (veff) =~ 4, Torga kak B doopmyne (G.4) ata xe BenuynHa yMHOXaeTcs Ha

Tpu. Ecnm B cnyuae u? << s2 chopmynsl (G.4) 1 (G.5) gatoT oanHakosble 3HaueHnsi U'gs n Ugs COOTBETCTBEHHO, TO NpU
BbINOMHEHMM ycrosua u? >> s2 aHaueHne U'gs ByaeT Ha 13 % MeHblue, yem Ugs. Takum o6pasom, B obliem cnydyae
dopmyna (G.4) paet HeonpeaeneHHOCTb, KOTOPOW COOTBETCTBYET MHTEPBAr C MEHLLUNM YPOBHEM AOBEPUS, YEM Y UHTEP-
Bara, nofly4aemMoro Ha OCHOBE pacLUMPEHHON HeornpeaeneHHocTy no gopmyne (G.5).

MpnmevyaHune 1— B npegensHoMm cny4vae U?/s? — o 1 NPV Vegr — oo UMeeM U'gs — 1,732 u, Torga kak
Ugs — 1,960 u. T. e. 3HayeHne U'ys obecneurBaeT nHTepsan ¢ yposHeM gosepus Bcero 91,7 %, B TO Bpemsi kak 3HaveHue
Ugs — c ypoBHeM goBepusi 95 %. MoxHO cunTaTh, YTO TakoW criyyalt Ha NpakTuke MMeeT MecTo, Korga npeobnagarLmmm
N YUCIEHHO, 1 MO pa3Mepy sIBMNAKTCS COCTaBMSOLWME, pacCYMTaHHbIE HA OCHOBE M3BECTHbIX IPaHUL, pacnpenenexus, u,

KPOMe TOro, 3Ha4YeHus ujz- (y) = 012- ajz- /3 6nuskun apyr K apyry.

MpumeyaHwune 2— [Ana HopManbHOro pacnpegeneHns koadduumeHT oxeaTa k =\/§ ~ 1,732 obecneunBaet
MHTepBan ¢ yposHem gosepusa p = 91,673... %. 370 3Ha4YeHne p ABNSETCH YCTOMYMBBLIM B TOM CMbICE, YTO ANs HEero
Bapuauumn 3HaveHus koadduumeHTa oxsaTa npy HeBOMbLUNX OTKMNOHEHUAX (DOPMbI pacnpeaeneHns OT rayccoBow siB-
NANTCA MUHUMANbHBLIMU.

G.5.3 Bo3MOXHbI cUTyauuu, Koraa BXoaHas BenuyvHa X; MMeeT acMMMeTpuYHoe pacrnpegeneHue, Koraa oTkro-
HEeHWs OT MaTeMaTUYeCcKoro OXuaaHus B OAHY CTOPOHY Gornee BeposiTHbI, YeM B MPOTUBOMNOMOXHYO (cM. 4.3.8). 370 He
BMMSIET Ha pacyeT CTaHAAPTHON HeomnpedeneHHOCTW U (X;) OLEHKU X; BXOOHOW BeNuyuHbl X; U NO3TOMY He umeeT
3Ha4YeHWs Npu oueHMBaHUN Ug(y), HO MOXET MOBNWATb Ha oueHuBaHue U.

Ecnn oTknoHeHusi N3MepsieMon BeNUYMHbl OT pesynbTaTa U3MepeHUst B Ty UMW UHYIO CTOPOHY MMELOT npubnusmn-
TeNbHO OAMHAKOBYI 3HAYMMOCTb, TO OObIYHO pe3ynbTaT U3MEPEHNs NPEACTaBNSIOT B BUAE CUMMETPUYHOIO MHTepBana
Y =y + U. Ecnun acummeTpus pacnpegeneruns X; Bbi3biBaeT NiLb HEGOMbLLYIO aCMMMETPUIO B pacnpedeneHum, xapakre-
pu3yemMoM pe3ynbTaToM M3MEPEHUst ¥y U ero CyMMapHOW CTaHA4apTHOW HeonpeaeneHHOCTbo Uq(y), TO yCTaHOBReHue
CMMMETPUYHOrO MHTepBana BedeT K HEKOTOPOMY 3aHWKEHWIO BEPOSITHOCTY HaXOXAEHWUS U3MepsieMOn BEeNUYUHBI MO
Of1HY CTOPOHY OT ¥ 3a CHET HEKOTOPOro 3aBbILLEHNS MO APYryt0 CTOPOHY. AfNlbTEPHATUBHOE PeLLEHNEe COCTOUT B YKasaHum
WHTepBana, CUMMETPUYHOro MO BEPOSATHOCTU (M, TakuMm obpas3omM, HecuMmeTpuyHoro no U), Tak 4ToObl BEPOATHOCTb
HaxoXaeHns Y HuKe HWKHeW rpanuubl y — U_ Obina paBHa BEpOSITHOCTU HaxoxaeHus Y Bbille BepXHel rpaHuLbl
y + U,. OpgHako Onst yCTaHOBMEHWs Takux HECHMMETPUYHbIX rpaHuL, HeobxoaumMo Bonblue nHopmaumn, Yem 3HaHue
TOMbKO ¥ U Ug(y) [, cnegoBaTenbHO, 6ombLle MHpopMaLMK, YEM TOMbKO OLIEHKMN X; U U(X;) ANS KaXO0N BXOAHON Benuyn-
Hbl X]].

G.5.4 Ouenka paclwmpeHHon HeonpefeneHHocT! U, Yepes 3HayYeHnsi Ug(y), Verr U ty(Verr), NONyYEHHOro 13
t-pacnpepeneHunst, ABNAETCS TONbKO NpUBAMKEHeM, MMEIOLLIMM CBOW orpaHuyeHust. CriydaiiHyto BennuunHy (v — Y)/uy(Y)
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MOXHO CUYMTaTb UMEOLLEN t-pacnpeneneHns TOMbKO B TOM Criyyae, ecrnv pacrnpegesieHune Y rayccoBo, OLUEHKU y 1 U(y)

nony4YeHbl He3aBUCKMMO ApYr OT Apyra, W pacnpeaeneHneM BbIGOPOYHOW Ancnepcun ug (y) ABnaAeTca pacnpeneneHve
Xun-kBagparta. BeefgeHne yucna addekTMBHbIX cTeneHen cBobofbl v [hopmyna (G.2b)] nossonsdeT pewnTb TONbKO

nocnegHow npobnemy, obecnevvsasi anga ug (y) pacnpegenexue, 6nmskoe K pacrnpeaeneHuio xvu-ksagpara. MNpobnema

Xe, CBA3aHHas € OTnu4yMem pacrpegeneHuns Y oT rayccoBa, TpebyeT BKMYEHUS B pacCMOTPEHME MOMEHTOB bonee
BbICOKOrO Mopsiaka, YeM AMCrNepCcus.

G.6 3akntouyeHune

G.6.1 3HaueHne koahpuumeHTa oxsata k,, obecrneduBaroliee nosnyyeHme MHTepeana ¢ ypoBHemM AoBepust p,
6nun3knM K 3aaHHOMY, MOXeT OblTb M3BECTHO TOMBLKO B TOM Criyyae, ecnu nMmeroTcs noapobHble cBeaeHns o pacnpege-
NEeHNN BEPOATHOCTEN KaXKOON BXOAHOW BENUYMHBLI, U eCnn 3TW pacnpefeneHvs npeobpasoBaHbl B pacnpeneneHve
BbIXOAHOW BENUYMHBI. 3HaHWS OOHWX TOMNbKO OLEHOK X; U UX CTaHAapPTHbIX HEonpeaereHHoCTen u(x;) Ana 3TUx uenen
HEeJoCTaTOYHO.

G.6.2 NocKkonbKy HaAEXHOCTb 1 KONMYECTBO MMEIOLLENCA MHAOPMaLMn N1LLb B PeAKUX cryyasx crnocobHbl onpas-
AaTb Teé TPOMO3[KME BbIYMCIIEHNS, KOTOpble Heobxoammbl Ans npeobpasoBaHns pacnpedeneHnii BXOOHbIX BENUYMH B
pacnpegerneHue BbIXOOHOW BENWYMHbI, MOCIEAHIO AONYCTMMO 3aMeHUTb ee NpubnmxkeHnem. VIcxoasa ns LieHTpanbHon
npeaensHon TeopeMbl, 06bIYHO JOCTATOYHO MPUHATE, YTO cryyariHas BenuyuuHa (y — Y)/u.(y) umeeT t-pacnpepeneHue ¢
4YMCOM cTeneHern cBoboabl, paBHbIM YMcy 3MEKTUBHbBIX CTENEHeR CBOOOAbI Vi ANS Uy(y) cornacHo dopmyne Yanua-
Cartrepryaiita [popmyna (G.2b)], u k, = t, (Ver) -

G.6.3 YTo6bI cnone3oBatk opmyny (G.2b) Ans NonNy4YeHns vgg HEOOXOAUMO 3HaTL YMCNO CTeneHen ceoboapl v;
ONS KaXaon COCTaBnsAlLWen cTaHAapTHOW HeonpedeneHHocTu. B cnyvae oueHuBaHWs HeonpegerneHHocT Tuna A v;
ONpefensloT Mo YUCMY He3aBUCUMbIX MOBTOPHbLIX HAGMOAEHU, HA8 OCHOBE KOTOPbLIX MOMy4YeHa 3Ta OueHKa, U Yucny
HEe3aBMCUMBbIX CTaTUCTUK, CCHOPMUPOBAHHBIX MO 3TMM HabnwoaeHnam (cm. G.3.3). B cnyvae oueHmBaHus HeonpeaerneH-
HOCTK Tna B v; mony4aloT Ha OCHOBE CYXXAEHUSA O HaAEeXHOCTM aTow oueHkn [cm. G.4.4 n chopmyny (G.3)].

G.6.4 Takum o6pasom, pekoMeHAyeMbli MeTOA pacyeta pacluMpeHHoi HeonpeaeneHHoctn U, = kyuc(y), npen-
HasHa4YeHHoNW Ansa onpegeneHvsa nHtepeana Y = y + U ¢ ypoBHEM [oBepusi, NpUbnM3nTensHO paBHbIM 3ajaHHOMY p,
BKIIOYAET creayoLye aransb:

1) cornacHo pekomeHgauuam pasgenos 4 1 5 nonyyarT 3HaYeHns y n uq(y);

2) no noBTOpSAEMOW HWXe Anst ynobcTtea dopmyne Yanya-Catreptyaiita [(bopmyna (G.2b)]

4
5= ug (y)
eff = 4
g ui' (y)
j=1 Vi
HaxXo4AT YMCro 3aPPEKTUBHLIX CTEMNEHeNn CBOBOAbI Ve ECnn u(x;) nonyyeHa kak oueHka no tuny A, To v; onpegensoT
cornacHo G.3.3 vgs. ECcnin u(x;) nony4veHa kak oueHka no tuny B n ee MOXHO cuntaTb M3BECTHOM TOYHO, YTO YacTo bbiBaeT
Ha NpakTukKe, TO V; — oo; B MPOTUBHOM Cry4ae crneayet oueHuTb v; no opmyne (G.3);

3) no Tabmuue G.2 HaxoosT 1,(Ves) ANst TpebyeMoro ypoBHsi JoBepust p. ECINN Ve — Heuenoe 4ncno, 1o t,(Ves)
nony4yatoT no tabnuuye t-pacnpepenexHus nubo nHTepnonauuen, nMbo ymeHbLlas (Ve) [0 Grnvkanwero Lenoro 4yvcna;

4) npuHUMaIoT Ky, = th(Ver) U BoluMCnsOT Uy, = KyUg(y).

G.6.5 B HekoTOpbIX cuTyauumsax, KOTopble, NO-BUAMMOMY, AOCTAaTOYHO PEAKO BCTPEYalTCHA Ha NpakTuKe, YCroBus
LeHTPanbHOW NpefensHoOr TeopeMbl MOTyT BbINOMHATLCS HEQOCTaTOYHO XOPOLLO, U NOAXO0M4, U3NOXeHHbI B G.6.4, Mo-
XeT NPUBECTU K Henpuemnemomy pesynbTaty. Hanpumep, ecnu B U (y) npeobnagatoLwnii Bknag BHOCUT COCTaBnsioLLas
HeornpeaeneHHoOCTU, oueHBaeMasi U3 NPeanorioKeHNsi CyLeCTBOBaHNS MPSIMOYrOfbHOrO pacnpegeneHnst ¢ TOYHO 13-

BECTHbIMY rpaHMLamm, TO BO3MOXHO [Npu £5(Ver) >\/§] , UTO BepxHaAs (y + Up) n HmkHas (y — U,) rpaHuubl nHTepsana,
onpegensiemoro Uy, ByayT nexars 3a npegenamu obnact pacnpefereHusi BEpOsTHOCTEN BbIXOAHON BeNnYuHbl Y.
Kaxgasa n3 nogobHbIx cuTyauuii 4OMmKHa paccmaTpuBaTbcs 0C000, HO 3a4acTyto B MX OTHOLLEHUM MOXHO MCMONb30BaTh
N3BECTHbIE aHaNUTUYeCcKne MeToabl (HanpyMep, AN Nony4YeHns CBEPTKM HOPMarbHOro pacnpeneneHns ¢ npsiMoyrorib-
HbIM [10]).

G.6.6 YacTo B WIMPOKOM AManasoHe NpakTUHECKMX MPUNOXKEHUI MOXHO CYATaTb BbINOMHALWMMUCA CneayoLme
yCroBusi:

- OLieHKa y U3MepsieMon Benn4yuHbl Y MorfydeHa Ha OCHOBE OLEHOK X; BOMbLUOro Yncna BXOAHbLIX BENUYUH Xj,
ONMCbIBAEMbIX PErynspHbIMU (T. €. HEe MMetoLLMMK 0COBEeHHOCTEN) pacnpefeneHnsaMn BEpOATHOCTEN (TakMMK Kak HOp-
MarnbHOe 1 NPSIMOYrOfibHOE);

- COOTBETCTBYIOLLME BXOAHbLIM OLEHKaM CTaHAapTHble HEONPEeAEeneHHOCTN U(X;), KoTopble MOryT BbiTb MOMNy4YeHbl
nnbo kak oueHkn no Tuny A, nnbo Kak oueHKku no Tuny B, BHOCAT conoctaBumble BKNabl B OLEHKY CyMMapHOW CTaHAapT-
HOW HeomnpeaeneHHOCTU Uy(y) pesynbTata u3mepeHus y;

- AONYCTUMO NMHerHoe npubnmxeHne, npegnonaraemoe 3aKkOHOM TPaHCOPMUPOBaHUSA HEOMNpPeaeneHHOCTEN
(cm. 5.1.2n E.3.1);
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- HeomnpeAeneHHOCTb OLEHKN Uy(y) AOCTaTOMHO Mana BCneAcTBMe JOCTaToyHO 6onbluoro ymcna adpdeKTnBHbIX
cTeneHel cBoboapl Ve (Hanpumep, 6onee 10).

OT0 03HayvaeT cobntogeHre YCNoBWI LeHTpanbHOM NpeaenbHON TeopeMmbl, YTO 4aeT OCHOBaHWe cyvMTaThb pacnpe-
AeneHne BepOoATHOCTEN, XxapakTepudyemoe pesynbTaToM U3MEPEHUS ¥ W ero CyMMapHOW CTaHAapTHOW Heonpeaenex-
HOCTbIO Ug(y), HOpMarnbHbIM, U (BCrneacTBne 60MbLIOrO 3HAYEHUS Vf) Ug(Y) MOXHO paccMaTpmBaTh Kak HaOEeXHYH OLEHKY
CTaHAAPTHOrO OTKMOHEHMS 3TOro pacnpegenenus. Toraa, NPpUHUMas BO BHUMAHWE U3MOXEHHOE B HACTOSLLEM MpUIio-
XXEeHWW, B YaCTHOCTU, BbIBOA O NPpUBAM3NTENBHOCTU MpoLeaypbl OLEHKN HEONPeAeneHHOCTU U NPaKTUYeCKoW Helleneco-
06pasHOCTN pasnMyeHust MHTEPBAasoB, YbW YPOBHM AOBEPUS oTnnyatoTca Ha 1—2 %, MOXHO MOCTYMUTb CreayoLmm
obpasom:

- NPUHATL k = 2 1 npeanonoxutb, 4To U = 2u,(y) onpeaenseT nHTepsan ¢ ypoBHEM AOBEpUS NpUbnNunsnMTenbHO
95 %
unu (B 6ornee OTBETCTBEHHbIX CUTyaLMsX)

- NpuHATL kK = 3 1 npegnonoxuTe, 4yto U = 3u(y) onpegenseT nHTepsan C ypoBHEM A0BEPUS NpUBNM3nNTenbHO
99 %.

XoTs1 ykasaHHbIi NoAXoA MPUrogeH Ansi MHOMMX M3MEPUTENbHbIX CUTYaLuid, ero NPUMEHUMOCTb ONS KaXaoro
KOHKpPETHOro namepeHus byaeT 3aBnceTb OT TOro, HacKomnbko 6nmskum ByaeT cooTBeTCcTBUE MeXay K =2 1 tgs(Ves) MIn
mexay k=31 tgg(Verr). Apyrummn cnoBamm, Hackonbko 6nm3ok 6yaeT ypoBeHb JOBepUs ANS MHTepBarna, onpeaeneHHoro
yepes U = 2u,(y) wnn U = 3u,(y), K 95 % nnn 99 %, COOTBETCTBEHHO. XOTS, HAaNpumep, Npn ver= 11 k=2 6yaet MeHblue
to5(11) BceroHa 10 %, a k = 3 ByaeT MeHblLue fgg (11) Bcero Ha 4 % (cm. Tabnuuy G.2), B psae crydaes Takoe pacxoxgeHne
MOXeT OblTb NMpM3HaHO HenpuemnembiM. CriegyeT UMeTb B BUAY, YTO NpU Ve > 13 3HaveHne k = 3 gaeT uHTepsan ¢
ypoBHem goBepus 6onee 99 % (cm. Tabnuuy G.2, 13 KOTOPOW Takke BUAHO, YTO MPU Ve — o YPOBHM JOBEPUS MHTEpBa-
no., obpasyembix k =2 un k = 3, paBHbl 95,45 % 1 99,73 %, COOTBETCTBEHHO). Taknm 0b6pasom, npakTnyeckast NpuMeHu-
MOCTb M3MOXEHHOro NoAxoAa onpefensaeTcsa 3Ha4YeHNEM Vg, a Takke TpeboBaHUAMU, NPeabaBNSeMbIMU K paclUMpeH-
HOWM HeonpeaeneHHOCTH.

Tabnuuya G.2 — 3HaveHns t,(v) t-pacnpepeneHns ¢ YUCMoM cTerneHen cBobodel v, onpeaensole uHTepsarn or
—tp(v) RO + t,(v), B Npefenax kOTOPOro HaxoanuTCs JONA P-pacnpefesieHns Cry4anHoN BeNYmHbI

Yucno crteneHen Oons p, %

cBoboae! v 68,279 90 95 95,45°) 99 99,73?)
1 1,84 6,31 12,71 13,97 63,66 235,80

2 1,32 2,92 4,30 4,53 9,92 19,21

3 1,20 2,35 3,18 3,31 5,84 9,22

4 1,14 2,13 2,78 2,87 4,60 6,62

5 1,11 2,02 2,57 2,65 4,03 5,51

6 1,09 1,94 2,45 2,52 3,71 4,90

7 1,08 1,89 2,36 2,43 3,50 4,53

8 1,07 1,86 2,31 2,37 3,36 4,28

9 1,06 1,83 2,26 2,32 3,25 4,09

10 1,05 1,81 2,23 2,28 3,17 3,96

11 1,05 1,80 2,20 2,25 3,11 3,85

12 1,04 1,78 2,18 2,23 3,05 3,76

13 1,04 1,77 2,16 2,21 3,01 3,69

14 1,04 1,76 2,14 2,20 2,98 3,64

15 1,03 1,75 2,13 2,18 2,95 3,59

16 1,03 1,75 2,12 2,17 2,92 3,54

17 1,03 1,74 2,11 2,16 2,90 3,51

18 1,03 1,73 2,10 2,15 2,88 3,48

19 1,03 1,73 2,09 2,14 2,86 3,45

20 1,03 1,72 2,09 2,13 2,85 3,42

25 1,02 1,71 2,06 2,11 2,79 3,33

30 1,02 1,70 2,04 2,09 2,75 3,27

35 1,01 1,70 2,03 2,07 2,72 3,23

40 1,01 1,68 2,02 2,06 2,70 3,20

45 1,01 1,68 2,01 2,06 2,69 3,18

50 1,01 1,68 2,01 2,05 2,68 3,16
100 1,005 1,660 1,984 2,025 2,626 3,077

oo 1,000 1,645 1,960 2,000 2,576 3,000

a) Ecnu cnyyaiiHasi BennumHa Z pacnpeaeneHa no HopManbHOMY 3aKOHY C MaTeMaTUYecKUM OXMAAHNEM |1, 1
CTaHAapTHbIM OTKIMOHEHWEM G, TO MHTepBan W, + ko OyaeT HakpbiBaTb AOMO p-pacnpepeneHus, pasHyo 68,27 %,
95,45 % 1 99,73 % npu 3HaveHnsAx k, paBHbIX 1, 2 n 3 COOTBETCTBEHHO.
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MpunoxeHue H
(cnpaBo4Hoe)

Mpumepbl

HacTosiee npunoxeHne cogepxuT wwecTb npumepoB H.1—H.6, n3noxeHHbIX C TakoW CTeneHbio AeTanu3auuu,
4YTOGbI AaTb MOMHOe npefcTaBreHne 06 OCHOBHbLIX NPUHLMNAX OLEHVBAHUSA U NPeACTaBneHns HeonpeaeneHHoCTU U3-
MEepEHNsi, YCTaHOBMNEHHbIX HacToAWwmUM PykogodcmeoM. BmecTe ¢ npumepamu, BKMIOYEHHBIMW B OCHOBHOW TEKCT HacTo-
Auwero Pykogodcmea, a Takke B HEKOTOPbIE U3 ero NPUNOXeHW, OHN AOMMKHbI AaTb BO3MOXHOCTb MOMb30BaTeNo HAaCTo-
Auwero PykoBoAcTBa NPUMEHATb 3TV MPUHLMMBLI B CBOEV METPOSIOrMYEeCcKor NpakTuke.

MockonbKy NpUMepbl HACTOSLLLErO NPUNOXEHNS HOCAT YUCTO UINIOCTPATUBHbBIVE XapakTep, OHW Obiny NOABEPrHYTHI
Hen3bexHbIM ynpoLleHnam. Kpome Toro, u camv npumepsbl, U UCNOfb3yeMbleé B HUX YACMNOBblE AaHHble NoAdGupanuce ¢
HamepeHueM caernaTb MakCMMarbHO MOHATHBIMU MPUHLMMLI, YCTAHOBMEHHbIE HACTOALWMM Pykog8odcmeom, NoaToMy
yKasaHHble NpuMepbl He criefyeT BOCMPUHMMATL Kak OMUCaHUSA pearbHbIX M3MepeHUin. XOTS TOYHOCTb NpeacTaBneHns
NCXOAHBIX YMCNOBbLIX AaHHbLIX TakoBa, Kak ykasaHa B npumepax, C Lenbio nsbexartb BAMSAHWUA OwMOOK OKpyrneHns Bce
NPOMEXYTOYHbIE BbIYMCIIEHUS ObINKN BbLIMOMHEHbI C COXpaHeHneM Bonbluero Yncna 3Havawmx umdp, 4em 370 06bIYHO
AenaeTcsa Ha npakTuke. ATUM MOXeT OOBACHATLCS HEKOTOPOe OTNn4YMe NpeAcTaBlieHHbIX B MpUMepax pesynbTaToB
BbIYMCIEHWI, BKIIIOYaOWMX MaTeMaTnyeckme onepaumm ¢ HeCKONbKUMU YreHamu, OT TeX, YTO Obinu Obl nomnyyeHsl ¢
COXpaHeHNeM OrpaHM4eHHOro Yy1cna 3Havalux umdp B COOTBETCTBUU C UCXOAHBIMU AaHHBLIMU.

B HacTtoswem Pykogodcmee nogvyepknBaeTcs, YTO Knaccuumkauus MeToAoB BblYUCIIEHNS COCTaBMAOWMUX HEOo-
npeneneHHoCcTn Ha oueHnBaHne Tuna A n Tuna B npuBegeHa Tonbko Ana yAo6CcTBa, U YTO 3HaHUs cnocoba nonyveHus
OLeHKN He TpebyeTcst ANs BbIYUCNEHUS CyMMapHOW CTaHAapTHOW HeonpeAeneHHOCTU WM pacluMpeHHOW Heonpeae-
TNIEHHOCTU, MOCKOMbKY BCE COCTaBnsAloLMe HeonpeaeneHHocTn obpabaTbiBatoTcs eanHbiM obpasom (cm. 3.3.4, 5.1.2 n
E.3.7). MNMoatomy B npumepax cnocob nornyyYeHnsi OLeHKN KOHKPETHOW COCTaBnSALLEN HeonpeaeneHHOCTH cneumansHo
He ykasblBaeTcs. Ho 3 nanoxeHus npumepa OyaeT ACHO, kakMM obpas3oM MorlydeHa oLeHKa TOM MU MHOW COoCTaB-
NSOLWEN.

H.1 KannbpoBka KOHL,eBOM Mepbl ANUHbI

OTOT Npumep nokasblBaeT, YTO Aaxe NpocTas 3ajadya U3MepeHns MOXeT BKMYaTb TOHKME acnekTbl OLeHMBaHNS
HeonpeAeneHHoCTH.

H.1.1 U3ameputenbHasa 3apayva

[nviHy KOHUEBOW Mepbl ONPeAensT CPaBHEHNEM C 3TarnoHOM. HOMWHanbHasa AnvHa 1 KOHLEBOW Mepbl, 1 9Tano-
Ha — 50 MM. MpsAMon pedynbTaTt CInYeHns 3TUX ABYX KOHLIEBbIX Mep NO3BOMAET MNONYy4YnTb PasHOCTb UX ANWH d, KOTOPYHO
MOXHO NPeACTaBUTb B BUAE

d=1(1+08)—Is(1+agbs), (H.1)

roe | — n3mepsiemas BenuuuHa, T. €. ANvHa Kannbpyemoli KoHueBon mepbl npu 20 °C;

| s — pnuHa atanoHa npu 20 °C, npuBedeHHasi B cepTudukate o kanmbpoBke;

o U og — KOIPPULUUEHTBI TENMOBOIO pacLUMpeHns, COOTBETCTBEHHO, KannbpyemMon KOHLEBON Mepbl AfWHbI 1
3TanoHa;

01 0g — omknoHeHuUs1 TeMnepaTypbl, COOTBETCTBEHHO, KOHLIEBO Mepbl 1 3TanoHa OT HOPMarbHOW TemnepaTypbl
20 °C.

H.1.2 MatemaTuyeckasa mopenb

Mexona m3 copmynbl (H.1) matematudeckas MoAenb Ans U3MepsieMOon BEeNUYMHbI MOXET OblTb NpeacTaBneHa B
Buae

ls(1+(1.ses)+d
1+ 00

/= =ls +d+ls(0c393—(x9) +.... (H2)

Ecnn pasHocTb Temnepatyp kannbpyemol KOHLEBOW Mepbl U 9TanoHa 3anucatb Kak 60 = 6 — Og, a pa3HOCTb KX
KO3 (pMLMEHTOB TENNOBOrO paclMpeHns kak da. = oo — ag, To hopmyna (H.2) npumet Bug

I =f(ls,d, 0g, 0, da, 00) = Is+ d — I5 (00’0 + 0Lg" 8O). (H.3)

MpegnonaraeTcs, 4TO OUEHKM 8ot 1 8O (HO He OLEHKM NX HeonpeaeneHHOCTEN) paBHbl HYIO 1 4TO o, 0, do., &6
HekoppenupoBaHHbl. (OTMeTMM, 4TO ecnu Obl n3mepsiemas Benu4yvHa Obina BblpaxeHa vepes 6, g, o U og, TO
Heo6xoaMMO 6bIno Bbl y4MTbIBATE KOPPENALMIO MeXay 6 1 Os 1 Mexay o U ds.)

W3 chopmynbil (H.3) BUAHO, YTO OLiEHKa U3MEPSEMON BENUYMHBI [ MOXET BbiTb MOsTydeHa CyMMMpOBaHueM s d ,

roe Ils— pnuHa atanoHa npu 20 °C, ykazaHHas B cepTudmkaTe o kKanubposke, a d — OLeHKa BENNYMHbLI d , nonyyYeHHas
Kak cpegHee apudmeTnyeckoe no N =5 HesaBMCUMMbIM MOBTOPHLIM HabnoaeHnsam. CymmapHyto cTaHO4apTHYO Heonpe-
AeneHHocTb Uy (/) oueHkn [ nony4atoT, npumensas dopmyny (10) k dopmyne (H.3), kak OyaeT nokasaHo Huxe.
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Mpuv™MedyaHne— B uenax ynpowieHns 3anucu 3gecb U B Apyrux npumepax Mcnonb3oBaHbl OAUHaKOBbIE
0603HaYeHnsa AN CryYalriHOW BENUYMHBI U €€ OLEHKN.

H.1.3 lucnepcum coctaBnsaroWmUxX HeonpeaeneHHoCcTn
OcHOBHble pe3ynbTaTbl BbIYMCIEHWIA, OTHOCALLMXCS K HacTosiLemy npumepy, cobpaHsl B Tabnuvue H.1.
C y4eToM caenaHHoro npeanonoxexus, 4to do. = 0 u 80 = 0, npumeHeHune cdopmynsbl (10) k popmyne (H.3) paet

uZ(l) = cgu?(Is) + cgu?(d) + cZ4 u? (aus) + c5 u? (8) + Ci, u® (3ax) + cBy u? (30), (H.4)
roe  cg=0f/0/g=1— (o6 + g 80) = 1;
cq=0f/0d=1;
Cog = 0f/ 0 =—15:30=0;
Co=0f/00=—1g80=0;
Coo = OF/080.=— [0 ;
C§9=af/689=—ls‘0(s.
Takum oGpasom,
U2 (1) = u? (Ig) + u? (d) + 136 u? (8a) + 13 0% u? (86). (H.5)

H.1.3.1 HeonpepeneHHocTb kannbpoBku atanoHa u(ls)

CepTtudukatr o kanubpoBKe ykasbiBaeT 3HAYEHME pacCLUMPEHHOW HeonpedeneHHOCTU ANUHbI dTanoHa U =
= 0,075 MKM 1 coobLyaeT, YTO 3TO 3HaYeHue ObINo MOMyYeHO C UCMONb30BaHNEM koadduUmeHTa oxBaTa k = 3. 370
No3BOMISieT NONy4YnTb Criedytollee 3HavyeHne cTaHOapTHON HeonpeaeneHHOCTH:

u(ls) = 0,075/3 = 0,025 Mkm nnu 25 Hm.

H.1.3.2 HeonpeneneHHoCTb n3Mepenuss pasHoctn anvH u(d)

BbibopoyHoe cTaHOapTHOE OTKMOHEHWE, XapakTepuaytollee pesynbTaTt cpaBHeHus [ u g, Bblno nonyyeHo Ha
OCHOBe 25 NOBTOPHbIX HAbMNAEHWIN Pa3HOCTY ONWH ABYX KOHLIEBbIX Mep 1 cocTaBumo 13 Hm. MNpoueaypa kannbpoBku,
OonncaHHasi B HacTosLLeM npuMepe, npegycMaTtpvBaeT npoBeAeHne NSTU NOBTOPHbIX HabnogeHun. Takum obpasom,
cTaHgapTHas HeonpeaeneHHoOCTb cpeaHero apndMeTUYeckoro no 3TMM HabnaeHAM MOXeT OblTb Mony4YyeHa Kak
(cm. 4.2.4)

u(d) =s(d)=13/5 = 58 nm.

CornacHo ceptudukaty o kanMbpoBke KoMnapartopa, MCMnonb3yemoro Ans cpaBHeHnust [ u [ g, BHOCKMas UM B
pesynbTaT U3MepeHns HeonpeaeneHHOCTb, «0OyCnNoBNeHHas CriydanHbIMU NorpewwHocTaMmy, coctasnset + 0,01 Mkm
npv yposHe aosepus 95 % n onpegeneHa no 6 NOBTOPHBLIM U3MEPEHUAM. OTO NO3BONSET NOMYYUTb OLLEHKY COOTBETCTBY-
0L CTaHAapTHOW HeonpeaeneHHoCTH, ncnonbays tes(5) = 2,57 anav =6 — 1 =5 crenenei ceoboabl (cM. Tabnuuy G.2
npunoxenuns G), kak

u(dq) = 0,01/2,57 = 0,0039 mMkm nnm 3,9 HM.
HeonpepeneHHOCTb, «0bycnoBneHHasi cucTteMaTu4ecknMy NOrpeLLIHOCTAMUY, B cepTudmkaTe o kanmbpoBke yka-

3aHa paBHoii 0,02 MKM «Ha ypOBHe Tpy curmMax. Toraa COOTBETCTBYIOLLYIO CTAHAAPTHYIO HEONPEAENEHHOCTb, CBA3aHHYH0
C cucTeMaTUYeckuMmn adpdpektamm B pesynbrarte NPUMEHEHUs 4aHHOrO CPEACTBa U3MEPEHWA, MOXHO OMpPeaeniTb Kak

u(dy) = 0,02/3 = 0,0067 MKM nnu 6,7 HM.

OO6LWKin BKNaa HeONpPeAeneHHOCTH, CBA3aHHON C M3MepeHneM d 1 BbIPaXXeHHOW Yepes CyMMY OLIEHOK AUCTEepPCUi,
oynet

u?(d) = u?(d) + U (dy) + U? (dy) = 93 HM?
nnn
u(d) = 9,7 Hm.

H.1.3.3 HeonpepeneHHoCTb oueHKkM KoadduLmeHTa TENIOBOro paclumpenus u(ag)

/3BecTHOe 3Ha4yeHne TennoBoro pacluMpeHns 3aTarnoHHON KOHLEBOW Mepbl PaBHO Oig = 11,5:10°6 °C~" ¢ Heonpepe-
NEHHOCTbI0, XapaKkTepuayeMoii MpsSIMOYronbHLIM pacrnpeaeneHnemM ¢ rpanuuamu + 2-1076 °C~'. Toraa ctaHpapTHas
HeonpeneneHHocTb OyaeT pasHa [cM. dopmyny (7)]

u(og) =2-107%/43 =12.1078 °c".

Mockornbky, kak ykazaHo B H.1.3, Cag = 0f / doig = — [ 5 80 = 0, 4aHHas cocTaBnALLLas HeonpeaeneHHOCT He BHOCUT
BKNaZ B HEOMpeAeneHHOCTb U3MepeHUsi /, ecru y4nTbiBaTb TOSBKO YIeHbl Pa3noXeHns nepBoro nopsigka. OgHako npu
yyeTe crnaraemblx BTOPOro nopsigka 3Ty COCTaBIsIOLLY0 HEOOXOAMMO NPUHATL BO BHUMaHue (cM. H.1.7).
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Tabnwuya H.1— CocraBnsawlme cTaHAApTHOW HEONPEAENEHHOCTH

CocTtaBnsitowas McTouHmK 3HaveHne ufl) = |cju(x;), Yucno creneHei
CTaH,EI,apTHOVI HeonpeaneneHHoCcTn CTaH,EI,apTHOVI Ci = % HM CBO60,D,bI
HeonpeaeneHHo- HeonpeaeneHHo- 1
cti u(x;) ctn
u(ls) Kannbposka aTanoH- | 25 Hm 1 25 18
HOW KOHLEBOM Mepbl
ONUHBI
u(d) M3amepeHue pasHo- | 9,7 HM 1 9,7 25,6
CTU OJIVH KOHLEBbIX
_ |mep
u(d) |MoBTopHble Habnt- | 5,8 HM 24
AeHus
u(d4) CnyyaviHble achpek- | 3,9 HM 5
Tbl KOMNapaTopa
u(d,) | Cuctematnyeckne 6,7 Hm 8
ahbdekTbl KOMMapa-
Topa
u(es) Koadppuyment ten- | 1,2:10°6 °c-1 0 0

TNIOBOrO paclumpeHunst
3TaNOHHOWN KOHLEBOM
Mepbl

u(e) TemnepaTypa cTona 0,41 °C 0 0

u(e) |CpenHss temnepary- | 0,2 °C
pa cTona

u(A) |KonebaHusa temne- | 0,35 °C
paTtypbl NMomeLeHns

u(801) PasHocTb koadpcpu- | 0,58-1076 °C-? ) 2,9 50
LMEeHTOB paclupe-
HNA KOHLEBbIX Mep

u(0) PasHocTb Temnepa- | 0,029 °C —lsoLg 16,6 2
TYp KOHLIEBbIX Mep

u () = X uf (1) = 1002 Hu?
ug(l) = 32 Hm
Ver(l) = 16

H.1.3.4 HeonpegeneHHOCTb OLEHKM OTKIOHEHWS TeMnepaTypbl KOHLEBOM Mepbl ANvHbI U(0)
TemnepaTypa NOBEPXHOCTM M3MEPUTENBHOro cTona ykasaHa pasHor (19,9 + 0,5 ) °C. Peructpauus Temnepartypbl
BO BPEMS KaXX[oro oTAenbHOro HabnwoaeHns He NpoBoAMTCA. YKasaHO, YTO YCTAHOBMEHHBIN MaKCUMarbHbIA COBUT TEM-
nepatypbl A = 0,5 °C He xapakrtepusyeT HeonpeaeneHHOCTb 3afdaHna cpedHen TemnepaTtypbl cTona, a npeacraBnseT
coboi amnnuTydy noYTU rapMOHUYECKUX M3MEHEHWI TemnepaTypbl B U30NMPOBaHHON TEPMOAMHAMUYECKON CUCTEME.
OTKNoHeHne cpegHen TemnepaTypbl CToNa OT HOpMarbHOM cocTaBnseT
9 =199-20=-0,1"°C.

CraHpgapTHasi HeonpeaeneHHOCTb 3TOW BENUYUHBLI (NpeacTaBnsiowasi cobori HeonpeaeneHHOCTb OLEHKM cpea-
HEero 3Ha4yeHust TemnepaTypbl CToNa) ykazaHa paBHOM
u(e)=0,2°C.

"apmoHunyeckme KonebaHnsa TemnepaTypbl BO BpeMeEHM COOTBETCTBYIOT U-06pa3HomMy pacnpeneneHunto 3HaveHui
Temnepatypbl (MIOTHOCTb pacnpefeneHns BEpoOSTHOCTEN umeeT hOpMy apKCuHyca) CO CTaHAapTHbIM OTKIOHEHWEM

u(A)=05/+2 =035 °C.

3a OLIEHKY OTKIMOHEHMS TeMnepaTypbl 6 MOXHO NPUHATL § , @ CTAHAAPTHOE OTKMOHEHWE 3TOMN BENUYMHbBI MOMYYNTh
13 opmynbl
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u?(8) = u?(8) + u?(A) = 0,165 (°C)?,
4YTO gaet
u(0) = 0,41 °C.

Mockonbky, kak ykazaHo B H.1.3, cq = 0f /06 = — [ gdo. = 0, AgaHHasa cocTaBnsLLasa HeonpeaeneHHOCTU He BHOCUT
BKIaj, B HeONpeaeneHHOCTb n3mepenust [, ecnu yunTtbiBaTb TOMNBbKO YreHbl pasnoxeHus nepeoro nopsigka. OgHako npu
yyeTe criaraemblx BTOPOro nopsiaka 3Ty COCTaBnAoLLy0 He06X0AMMO NPUHATL BO BHUMaHMe (cM. H.1.7).

H.1.3.5 HeonpeneneHHOCTb OLieHKM pa3HOCTU KOI(PMLMEHTOB pacLlumpeHus u(do)

MmetoLmecs oLeHKU No3BOonsoT NpeanonoXuTb, YTO da. MMeeT paBHOMEPHOE pacnpeferieHvne B npegenax rpa-
Hny + 1-1078 °C~'. 310 cooTBeTCTBYET CTAHAAPTHON HEONPeaeneHHOCTM

u(do) =1-107%/43 = 058-107¢°C".

H.1.3.6 HeonpeneneHHOCTb OLEHKM pa3HOCTU TemnepaTtyp KOHLEBbIX Mep AnuHbI u(60)

MpepnonaraeTcsi, YTO aTanoHHasi U kanubpyemas KOHLEBble MePbl UMEKT OAMHAKOBbIE TeMMepaTypbl, pa3HOCTb
MexXay KOTOPbIMU MOXET C paBHON BEPOATHOCTbIO HAXOAUTLCA B Ntobon Touke nHtepsana ot — 0,05 °C go + 0,05 °C. Ot1o
COOTBETCTBYET CTaHO4APTHON HeonpeaeneHHOCTH

u(86) = 005/+/3 = 0,029 °C.

H.1.4 CymmapHas ctaHOoapTHas HeonpeaeneHHOCTb
CyMMapHyto cTaHgapTHYH HeonpeaeneHHocTb U (/) paccuntbiBaoT ns copmynbl (H.5), B KOTOpyto BMECTO BENK-
Y/H NOACTaBMST UX YNCMOBbIE 3HAYEHMS:

U2 (1) = (25 Hm)? + (9,7 HM)? + (0,05 m)? (- 0,1 °C)? (0,58-1078 °C~")? +

+ (0,05 m)2 (11,5-1076 °C)2 (0,029 °C)? = (H.6a)
= (25 HM)2 + (9,7 HM)Z + (2,9 HM)2 + (16,6 HM)Z = 1002 HMm? (H.6b)
%
ug(l) = 32 Hm.

BuaHo, 4TO JOMUHMPYIOLLE COCTaBMSOLLIEN HEONPEAENEHHOCTU SIBMNSIETCS HEONPEAENEHHOCTb, CBA3aHHas C aTa-
noHom, u(/ g) = 25 Hm.

H.1.5 OkoH4YaTenbHbIN pe3ynbTaT

CepTtudmkatr o kannbpoBke 3TarioOHHOW KOHLEBOW Mepbl AMWHbI yKa3biBaeT B kayecTBe ee AnuHbl npu 20 °C

Is=50,000623 mm. CpefHee apudmeTnyeckoe d nsTv HaBnoaeHui pasHOCTU ANVH KanubpyemMow 1 3TanoHHON KOHLie-

BbIX Mep cocTaBnsieT 215 HM. Takum obpasom, nockonbky [ = /g + d (cm. H.1.2), To gnnHa [ kanubpyemoii KoHLEeBOM
mMepbl AnvHbl npy 20 °C coctasnseT 50,000838 mm. Torga B COOTBETCTBUM C 7.2.2 OKOHYaTENbHbIA pe3ynbTaT namepe-
HWSi MOXHO NPeACcTaBUTb B CreayoLLem Buae:

«/ =50,000838 mMMm; cymmapHas cTaHgapTHas HeonpeaeneHHoCTb U, = 32 HM; OTHOCUTENbHas CyMMapHasi CTaH-
[apTHas HeonpeaeneHHocTb U, / [ = 6,4-1077».

H.1.6 PacwmpeHHas HeonpeaeneHHOCTb

MycTb TpebyeTcsa NonyunTb paclunMpeHHyto HeonpedeneHHocTb Ugg = kgg U(/ ), COOTBETCTBYIOLLYIO MHTEPBAIy C
ypoBHeM gosepus npubnusuntensHo 99 %. Mpoueaypa, KOTOPYHO ANA 3TOro crnegyeT UCnonb3oBaTh, ycTaHosrneHa B G.6.4,
a HeobxodMMble 3Ha4YeHNs Yncna cteneHer ceoboapbl npueeaeHsl B Tabnuue H.1. 3T 3HaveHus 6binm nonyyeHsl crneay-
Iowmm obpasom.

1) HeonpedeneHHocmb kanubposku amasnoHa u(ls) [H.1.3.1]. B cepTudukate o kannbpoBke ykaszaHo, 4TO UMCIO
3PP eKTUBHLIX CTeneHer cBoboabl Npu NONyYeHNM CyMMapHON CTaHO4apTHON HeonpeaeneHHOCTH (M3 KOTOpPOoW nosnyde-
Ha NpuBeAeHHas B cepTudmKaTe pacluMpeHHas HeonpeaeneHHOCTb) COCTaBnNANo Ve (Is) = 18.

2) HeonpedeneHHocmb usmepeHusi pazHocmu OnuH  u(d) [H.1.3.2]. XoTs 3HayeHne d B npoLecce n3MepeHusi
MOMy4aloT Ha OCHOBE MSITW MOBTOPHbLIX HAGMIOAEHNI, HEONPEAENEHHOCTb 3TOM BeNMuMHbl U(d ) NosyyeHa Ha OCHOBE

npeaLwecTByOWmMX 25 He3aBUCUMbIX HABMOAEHWI, YTO NO3BONAET OLEHUTb YMCNO cTeneHen csobodbl Ans u(c_l) Kak
v(d) = 25 — 1 = 24 (cm. npumeyaHune k H.3.6). Yucno creneHeri ceoboapl Ans HeonpegeneHHocTu u(d4), obycnosneHHown
crnyyaviHeiMu adpdekTaMmm Npu N3MepeHnsx KommnapaTtopom, coctaenseT v(dq) = 6 — 1 = 5, nockonbKy oueHka dq 6bina
noriy4eHa Ha OCHOBE LUECTV NOBTOPHbIX U3MEPEHUN. BO3MOXHY HETOYHOCTb 3aABNEHHON HeonpenereHHOCTH
10,02 MKM, CBSI3aHHOW C cucTemMaTuyecknmm adpdekTamm npu M3MepeHnsix KoMnapaTopoM, MOXHO OUEHUTb B 25 %,
Toraa cornacHo gopmyne (G.3) cooTBeTCTBYHOLLIEE YMCIO cTeneHen csoboabl byaet v(ds) = 8 (cm. npumep B G.4.2). [Nocne
3TOro Yncno apdekTnBHbIX cTeneHen ceoboapl Ans u(d), vem(d) MoxeT GbITb NonyveHo no gopmyne (G.2b):
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2(d) + u?(d 2(a,)f

Verr (d) = [ () ) + ot 2 = (97 rm* = 2586.
u* (d) . u* (dy) . ut(dy) (58 Hm)* L (39 Hm)* L (67 Hm)*
v(d) V() v(do) 24 5 8

3) HeonpedeneHHocmb oueHKU pasHocmu KoaghguyueHmos pacwupeHus u(do) [H.1.3.5]. BoamoxHyo HeTou-
HOCTb OLieHeHHbIX rpaHnL, — 0,05 °C~" Bapuaumii So. MOXHO cumTaTh paBHoit 10 %. 3To NO3BONSET NOMNY4YMTL N0 dopMyne
(G.3) v(dar) = 50.

4) HeornpedeneHHOCMb OUEHKU pasHoCmu memmnepamyp KoHuesbix mep OnuHbl u(d0) [H.1.3.6]. BoamoxHyto
HETOYHOCTb OLleHkM MHTepBana oT — 0,05 °C go + 0,05 °C Bapuauuii pa3HocTM TemnepaTyp 80 MOXHO cyMTaTb paBHON
50 %. 310 no3sonseT nony4nTb Mo dopmyne (G.3) v(da) = 2.

Uncno adpdekTuBHbIX cTeneHen cBobodbl Ver(/) paccumtbiBaoT no cdopmyne (G.2b) aHanornyHo Tomy, kak 3TO
caenaHo ans ver(d) B nepeuncnenun 2). NcnonbsosaHune dopmyn (H.6b) n (H.6¢), a Takke 3Ha4eHus ymucen cteneHen
cBobofpbl, onpefeneHHbix B nepevncrienmsax 1) — 4), nossonseTt nony4uTb

(32 HM)4

=167
HM .7 HM 9 HM 6 HM
25 4+97 4+29 4+166 4
18 256 50 2

Veff (l) =

YT106bI NONYYNTb 3HAYEHME PACLLUMPEHHON HEOMNpPeAeneHHOCTH, JaHHOe 3HaYeHNe crieayeT OKPYrnnTb A0 MeHbLUe-
ro Lenoro uncna, T. €. NPUHATb Vei(/) = 16. M3 Tabnmubl G.2 BUAHO, 4TO tge(16) = 2,92. 310 paet Ugg = tgg(16) ug(l) =
=2,92:32 = 93 HM. B cooTBeTCTBMM C 7.2.4 OKOHYaTENbHbIN pe3ynbTaT U3MEPEHUS MOXHO MPeACTaBUTb B CrieaytoLem
BUAE:

«/ = (50,000838 + 0,000093) MM, rge 4ncro, CTosilLiee Nocre 3Haka «t», — paclMpeHHasl HeonpeaeneHHoCTb
U = ku,, nony4yeHHas ansa CyMMapHOW CTaHAapTHOW HeonpeaeneHHocTu U, = 32 HM 1 KoadduuneHTa oxeata k = 2,92,
COOTBETCTBYIOLLEro ypoBHI0 foBepust 99 % ansa f-pacnpegenenns c v = 16 cteneHsammn cBoboabl; OTHOCUTENbHAsA paclum-
peHHas HeonpeaenerHoctb U / [ = 1,9:1075».

H.1.7 Y4eT uneHoB pa3noxeHnsi BTOPOro nopsiaka ManocTtun

B npumeyvaHun k 5.1.2 nogyepkmBaeTcs, 4to popmyna (10) [Mcnonb3oBaHHas B HACTOSILLEM MpUMepe Anst nosnyye-
HMS CyMMapHOW CTaHfapTHON HeonpeaeneHHocTn Uy(/ )] AormkHa ObiTb JOMOMHEHa YneHamu pasnoXeHWs BTOPOro
nopsigka, ecnv HenuHenHocTb PyHKumMn Y = f (X4, Xo,..., X)) HAaCTONbKO CyLLEeCTBEHHA, YTO 3TMMM YfeHaMu Henb3s npe-
Hebpeyb. VIMEHHO Takasi cMTyaums MMeeT MeCcTO B HacTOSILLEM NpUMepe, MO3TOMY BbILLEOMNMCaHHY Npoueaypy nonyye-
HWS Uy(/) Henb3s cunTaTb MOMHOW. JononHeHne npasBow Yactu dopmynsl (H.3) yuneHamu BTOpOro nopsigka mamnocTu
cornacHo npvmMedanuio k 5.1.2 npmeogut Kk nosisnexHuio B popmyne (H.5) aByx HOBbIX criaraemblX, KOTOPbIMU HEMb3si

npeHebpeub: I3 u? (Soyu? (0) I3 u? (aug) U (86) , — HO TOMBKO NEPBbIN U3 3TUX CrAraeMbiX BHOCUT 3HAYMMBIN BKIaA B
ue(l):

Is u(50:) u(8) = (0,05 M) (0,58:10°6 °C~") (0,41 °C) = 11,7 Hw;

Is u(oig) u(36) = (0,05 M) (1,2:10-8 °C1) (0,029 °C) = 1,7 Hm.

Takvm obpasom, y4eT 4neHOB BTOPOro nopsigka nosbllaeT 3HaveHue Uq(/) ¢ 32 Hm go 34 Hwm.

H.2 OgHoBpeMeHHOE n3MepeHne akTUBHOIO U PeaKTUBHOIO CONPOTUBNEHUN

OTOT NpUMep OEMOHCTPUPYET OAHOBPEMEHHOE MONyYeHMEe OLLEHOK HECKOMNbKMX M3MepPSeMbIX (BbIXOOHbIX) BENu-
Y/H B XO4€e OAHOrO U3MEPEHUS U KOPPENnauno Mexay 3Tumm oueHkamu. OH orpaHM4MBaeTCsl pacCMOTPEHNEM Heomnpe-
AeneHHOCTN, 0B6YCrNOBMEHHOWN CRyYaHbIMU BapuaumsaMy NOBTOPHbLIX HAGMOAEHWIA, B TO BPEMS Kak B pearibHbIX n3mepu-
TenbHbIX CUTYaUMsX NPy OLIEHVBAHUN HEONPEOEeNneHHOCTN pe3ynbTaToB n3MepeHnst Heobxoammo ByaeT yuntbiBaTb Tak-
e HeonpeaeneHHOCTM NOoMpaBoK Ha cuctematudeckne adpdekTol. MNprBeaeHsl ABa cnocoba aHanM3a MCXOAHbIX AaH-
HbIX, MPUBOAALLMX, NO CYLLECTBY, K OAUHAKOBbLIM YMCIOBLIM pedyrbTaTaM.

H.2.1 UameputenbHasa 3apgava

AKTVBHOE conpoTusreHne R n peakTuBHoe conpoTueneHve X anemMeHTa Lenu onpepensioT nyTeM naMepeHus
aMmnnutyabl V. M3MEHSIOWENCca No rapMOHNYECKOMY 3aKOHY Pa3HOCTM MOTEHLMAanoB Ha ero Knemmax, amnnurtyabl /
NpoXoAsLLero Yepes aneMeHT NepeMeHHOro Toka, a Takke gasoBoro casura @ Mexay nepeMeHHbIM HanpshxkeHnem V
N NepeMeHHbIM TOKOM /. Takum o6pasom, UMetoTCs TpU BXOAHbIE BENWYUHLL: V, [ @, — 1 Tpu BbIXOAHbIE (M3Mepsiemble
Benu4uHbl): R, X 1 Mogynb NONHOro nmnegaHca aneMeHTa uenn Z. NockonbKy BbIXOAHbIE BENNYNHBI CBA3aHbI COOTHO-
weHnem Z2 = R? + X2, T0 41CNO HE3aBUCUMbIX BbIXOAHBLIX BEMMYMH PABHO ABYM.

H.2.2 MaTtemaTtnyeckass mogenb U UCXOAHblIe AaHHble

M3mepsiemble BENUYUHBLI CBSA3AHbI C BXOAHBIMU BENMMYMHaMu 3akoHom Owma:

-V Vg _v
R = Icosd), X = /3|n¢>, Z = B (H.7)
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[MycTb B 0gHMX 1 Tex xe ycnosusax (cMm. B.2.15) npoBegeHo 5 ogHOBpEeMEHHbIX HabniaeHWI BXOOHbBIX BENMNYUH V/,
I v @. PesynbTaTthl 3TUX HAbNoaeHWn NpeacTaeneHsl B Tabnuue H.2. B Tow xe Tabnuue Anst KaxXaor BXOAHOW BENUYUHDI
npvBeaeHbl cpegHne apudmeTMyeckme no 3TMM HabnaeHUAM 1 BbIGOPOUHbIE CTaHAAPTHLIE OTKIMOHEHWS OT 3TUX cpef-
HUX 3Ha4YeHuWI, BblYMCeHHble no dopmynam (3) u (5). CpegHue apudmeTnyeckme 6epyTcsa B KavyeCcTBE HaumyyLwmnx
OLEHOK MaTeMaTUYeCKNX OXXMAAHUIN BXOAHbIX BEMUYUH, @ BbIOOPOYHbIE CTaHAAPTHbLIE OTKITOHEHMS NPEACTaBNAT cobon
X HeomnpeneneHHoCTH.

Mockonbky cpefHue apudmeTndeckne V,/ 1 & nonyyaoT U3 OAHOBPEMEHHBLIX HABMIOAEHUI, To OHu ByayT
KOPpPEenupoBaHbl, U 3TN KOPPEeNnsiuuM AOMKHbI NPUHUMATLCS BO BHMMaHWE MPW BbIYUCIEHUN CTaHAAPTHbIX Heonpeae-
NEeHHoCTeNn namepsiemblx BenuumH R, X n Z. KoadhdunumeHTbl koppensuum nerko nonyynts no dpopmyne (14), ncnonb3ys

3HaYveHuns s(\7, 7), s(V, 5) 7 s(l_, 5), paccuutaHHble no dopmyne (17). PesynbTaTbl BbIYMCIIEHWI BKITHOYEHbI B

Tabnuuy H.2. Mpu aTom cregyeTt NoMHUTb, YTO r(x;, X)) = r(X;, X;) v r(x; x;) = 1.

Tabnwuua H.2 — 3HayeHuns BXoAHbIX BeNUUuH V, [ n @, nonyyeHHble B CEPUN U3 NATU OAHOBPEMEHHBIX HabnoaeHNN

Homep HabnogeHus k BxogHble BENnUYUHBI
V,B I, MA @, pag

1 5,007 19,663 1,0456

2 4,994 19,639 1,0438

3 5,005 19,640 1,0468

4 4,990 19,685 1,0428

5 4,999 19,678 1,0433
CpeaHee apudmeTnyeckoe V = 4,9990 I =19,6610 @ = 1,04446
BbIGopoyHoe cTaHaapTHoe s(\7) = 0,0032 s(7)= 0,0095 s(5)= 0,00075
OTKINOHEHWE CpefHero

KoadhdpuumeHTsl koppensaymm

r(v.7) =-0.36
r(v.@) =086
r(f,®) =-0,65

H.2.3 Pe3synbTatbl (cnocob 1)
PesynbTaThl aHanusa gaHHbIx cnocobom 1 ceegeHsl B Tabnuvuy H.3.
3HaueHusa Tpex namepsembix BennunH R, X n Z nony4yatoT no cdopmyne (H.7), noacrasnasa smecto V, | n @ ux

cpenHvie apudmMeTuyeckne V,/ U @ COOTBETCTBEHHO, NpuBeAeHHbIe B Tabnuue H.2. Mockonbky, kak ykasaHo Bbllle,

V,l n & KoppenupoBaHbl, TO CTaHJapTHble HEONpeaeneHHOCTN OLEHOK BbIXOAHBLIX BEMMUYMH R, X 1 Z nonyyaloT no
dopmyne (16). B kauectBe npvmepa pacCMOTPUM MOMyYEHUE OLEHKM CyMMapHOW HeornpeneneHHoctu Z. 3amMeHsis B

dopmyne (16) x; Ha V, X, Ha |, a fHa PYHKUMOHAMBHOE COOTHOLEHNE Z =V /] , MOMyHaem

2@ =(2) 2 @)+ (%] 1) 2 ) (-2 )Ju@)ulr7 1) - (H.5)

ug, (Z) = u? (\7) + u? (7) - 2u, (\7) u, (l_) r(\7,l_), (H.8c)

nnun

roe u(\7) = s(\7), u(i) = s(f), a MOACTPOYHbIN UHAEKC I B MOCMEAHEN hopMyrne 03HAYaET, YTO BMECTO HEONpeAeneH-

HOCTW OLIEHKM BENWYUHBI pacCMaTpUBaETCA ee OTHOCUTENbHAsA HeonpeaeneHHocTb. Moactasme B opmyny (H.8a) coot-
BETCTBYHOLLME 3HaYeHns 13 Tabnuubl H.2, nonyyaem u, (Z) = 0,236 Om.
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N3mepsiemble (BbIXOAHbIE) BENUYMHBI ByAyT KOPPENMPOBaHHbI, MOCKOSbKY 3aBUCAT OT OOHUX U TEX e BXOAHbIX
BENUYMH. OnNeMeHTbl KOBapyaLMOHHON MaTpuLbl BEIXOAHbLIX BENWYMH B 06LWEM Buae MOryT ObiTb NpeacTaBrneHbl Kak

u(ynym) = Zzg—g?’TmU(X,’)U(X/)f(XnXﬂ, (H.9)

roe yi=1(Xq, Xo,eeey XN)s ¥Ym = fm (X1, X2,..., Xp). Popmyna (H.9) aBnsetcst 0606LweHmnem copmynsl (F.2) Ha cnyyai, korga q
KoppenvpoBaHbl. CornacHo dgopmyrne (14) oueHkn ko3 dOULMEHTOB KOPPENALMN BbIXOAHbIX BEMUYUH BbIYMCASIOT Kak
ry;, Ym) = uly;, Ym)  u(y) u(yy,) . Cnegyet oTMeTUTb, YTO AnaroHanbHble 3reMEeHTbI KOBapnaLoHHOW MaTpuubl u(y,y)) =
= u?(y) SBRNSIOTCS OLEHKAMM ANCTIEPCUIA BLIXOAHBLIX BENWYMH y; (CM. Npumedanme 2 k 5.2.2) u uto ana m = [ copmyna
(H.9) coBnagaet ¢ coopmyron (16).

MpumeHuTensHO Kk HacTosLwemy npumepy B popmyne (H.9) Heob6xoaMMO NpUHATL:

yi=R x =V u(xj) = s(x)
yo=X Xy =1 N=3
y3=Z X3=5.

PesynbTaThl pacyetoB R, X 1 Z, nx BbIGOPOYHBIX ANCNEPCUIA 1 KOIPDULIMEHTOB KOPPENALMN NPeacTaBneHbl B
Tabnuvuye H.3.

Tabnwuuya H.3 — BbluMcrneHHble 3Ha4YeHNs1 BbIXOAHbIX BeNMUnH R, X n Z (cnocob 1)

MHpoekc namepsiemon 3aBUCUMOCTb OLIEHKM BbIXOA4- PesynbTaT nsmepenus y, CymMmapHas ctaHgapTHas
BENUYUHbI / HOW BEMUYMHDBI )/, OT BXOAHbIX HeonpeaeneHHoCTb U (y))
OLIEHOK X; pesynbTata usmepeHus
1 yi=R= (\7”‘)0035 y1=R=127,732 Om us(R) = 0,071 Om

ug(R)IR = 0,06-1072

2 y2 =X =(V/I)sin® Yo = X = 219,847 Om U,(X) = 0,295 Om
(X)X = 0,13-10-2

3 y3=2=VII y3 =2 =254,260 Om ugs(Z) = 0,236 Om
u,(2)/Z = 0,09:1072

KoadpdpmumeHTsl koppensauun r(y;, ym)

r(y1, y2) = r(R, X) =—0,588
r(ys, y3) = r(R, Z) = - 0,485
r(y2, y3) = r(X, Z) = 0,993

H.2.4 PesynbTatbl (cnocob 2)

PesynbTaThl aHanusa faHHbIX cnocobom 2 ceefeHsbl B Tabnuuy H.4.

MockombKy B KaA0M U3 NATU HAbNoAeHN OQHOBPEMEHHO ONpeaensanuce Bce TpU BXOAHbIE BeNWYuHbL, V, [ n @,
TO €CTb BO3MOXHOCTb AN KaXA0ro HabnioaeHNs BbIYMCANTL COOTBETCTBYIOLWME 3Ha4YeHnsa R, X u Z , a noToM Ans nonyye-
HUS HaumyyLwmX OLEHOK KaXKOOW BbIXOOHOW BEMUYMHBI NPOBECTN YCPeaHeHne 3TUX BblIOOPOYHbIX 3HaYeHun. Bbibopouy-
Hble CTaHAAPTHbIE OTKMOHEHWS (CyMMapHble CTaHAapTHble HeonpedeneHHOCTHN) ANA CPeAHUX 3HAYEHUIN BbIXOAHbIX
BEIMYMH BbIYMCHAOT 0ObIYHBIM cnocobom no dopmyrie (5), a KoBapuaummn Ans 3TUX 3HaYEHU — NpUMeHsas opmyny
(17) HenocpeACTBEHHO K BbIOOPOYHBIM 3HAYEHUSIM BbIXOAHbLIX BEMWYMH, MO KOTOPbIM ObINM paccuutaHbl X cpegHue
3HayeHnsi. OLEHKM BbIXOOHBIX BEIUYMH, UX CTaHOAPTHbIX OTKMOHEHWI U KOBapuauui, noryYyeHHble cnocobom 2, He
OTNMYAITCA OT TeX, YTO NomnyyeHbl cnocobom 1, ecnn He NpUHMMaTL BO BHMMaHWEe adheKTbl BTOPOro nopsaka, cBasaH-

Hble C U3MEeHEHMEM NOpAaKa YCPEAHEeHNs, T. €. C 3aMeHo, Hanpumep, V /] Ha V/[ wvnn cos® Ha cosd.
[nsa gnemoHcTpaumm cnocoba 2 B Tabnuue H.4 npuBeneHbl 3HadeHus R, X 1 Z, BbIMUCTEHHbIE AN KaXO40ro U3 NATh
NOBTOPHbIX HAOMAEHUN. Ha OCHOBE 3TUX 3HAYEHWI BbIYMCMEHbI CpefHue apudmeTmyeckne, CtaHgapTHble Heonpeae-

NEHHOCTU 1 OLIEHKU KO3 PULMEHTOB Koppenaumu. MonyyeHHble YACnoBble pe3ynbTaThl TONbKO HE3HAYUTENBHO OTNMYa-
H0TCA OT TeX, YTO MpuBeaeHsbl B Tabnuue H.3.
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Tabnwuuya H.4 — BbluucneHHble 3HaYeHUs BbIXOOHbIX BenuunH R, X n Z (cnocob 2)

Homep HaGJ‘I}O,EleHMH Bbl60p0L|HbIe 3HavyeHna namepdaemMblix BermMYnH

k R = (W/I) cos @, Om X = (V/I) sin ®, Om Z=V/l,Om

1 127,67 220,32 254,64

2 127,89 219,79 254,29

3 127,51 220,64 254,84

4 127,71 218,97 253,49

5 127,88 219,51 254,04
CpegHee apudpmeTnyeckoe Y1 = R =127732 Yo = X = 219847 y3 = Z = 254260
Bb|6opquoe CTaHgapTHoe S(E) = 0071 S()_() = 0295 S(Z) = 0236
OTKMOHEHME cpeaHero

KoacbdpumumeHTsl kKoppenauuv r(y, ¥Ym)
riys, y2) = r(R.X) =—0,588

ry1,ys) = r(R.Z) =-0,485
(X

ryz y) =r(X.Z) = 0,993

BosBpawasncb Kk npumedaHutio Kk 4.1.4, MOXHO Cka3aTb, YTO CNOCOO 2 MNMACTPUPYET NOSNyYEHUE OLEHKWU ¥ U3

_ n — —
Y = % Y'Y, B TO Bpems Kak cnocob 1 ABNAETCH NPUMEPOM NOMyHEHUs OLUEHKN y 13 Y = f(X1, Xopeens XN). B npumeva-

HUK K 4.1.4 nogvepkmnBaeTcs, 4To 06bIYHO 3T ABa cnocoba AarT oduHakosble pe3ynbTaThl, ecnu f ABNAeTCS NUHENHON
yHKUMEN BXOOHBLIX BEMWYMH (M ecnv Npu NnpMMeHeHnn cnocoba 1 yyTeHbl BbIGOPOYHbIE KOAPMULIMEHTBI KOPpenaLmn).
Ecnu f He sBNsieTCA NnHEHON doyHKLMER, Toraa pesynbTaThl, NofyYeHHble ABYMS yka3aHHbIMU criocobamu, 6yayT pasnu-
YaTbCs Mexay cobol B 3aBUCMMOCTUN OT CTENEHWN HENMUHEWHOCTH, 3HAYEHWI ANCNIEPCUIA U KOBapUaLnii BXOAHbBIX BEMUYMH.
OTO MOXHO BMAETb U3 BblpaXeHus

_ NN
y =1f(X3, X5,..., 52 Z

i=1

A_’a A_’ U(X,,X)+ (H10)

roe BTOpoe crnaraeMoe B NpaBoi YacTy ABMASETCS YreHOM BTOPOro nopsifka npv pasnoxeHun yHkuun f B psp Tennopa

no X; (cm. Takke npumeuaHue k 5.1.2). B Toil cuTyaumm, 4To paccMaTpuBaeTCsl B HAacTOALLEM NpUMepe, MCMosb3o-
BaHue crnocoba 2 siBNsSeTcA NpeAnoyYTUTENbHbIM, NMOCKONbKY He TpebyeT npuvMeHeHus NpubnukeHust B BUAE

y = f(Xy, X5,...,Xy) W Nydle oTpaxaeT cneumduky AaHHOTO M3MEPEHNSs, Koraa B KaaoM HabmnioaeHnn oaHOBpeMeH-
HO NOMy4atoT 3HAYEHUsI BCEX BXOOHbIX BEMUNYMH.
C gpyror CTopoHbl, cnocob 2 Henb3s 6610 6bl NPUMEHNTL B TOM cryyae, ecnuv 6bl AaHHble Tabnuubl H.2 oTpaxanu
pe3ynbTaTbl HE OJHOBPEMEHHbIX, @ NnocnegoBaTenbHbIX HabnoaeHwn, korga BHavYane Obinv nonyyYeHbl, Hanpumep,
=5 HabnogeHun pasHocT noteHumanos V, 3atem n, = 5 HabnogeHwr cunel Toka | n, HakoHew, n3 = 5 HabnoaeHnn
dasosoro casura ®. Henb3as 6bino 66l NpuMeHUTL cnocob 2 Takke B cuTyauun, korga nq # Ny # N3. (NMpYMeHnTensHo K
OaHHON M3MepuTEenbHON 3adadye HeOQHOBPEMEHHbIe HabMnoAeHNS BXOAHbIX BEMMYMH criefyeT npusHaTh NioxXvMM peLue-
HWEM, MOCKOMbKY MafeHne HanpshkeHUs Ha SNeMeHTe Lieny 1 TOK Yepes 3TOT SMEMEHT MPSAMO CBA3aHbl Mexay cobol.)
Ecnv gaHHble Tabnuubl H.2 ncnonb3oBatk B cUTyauuu, korga cnocob 2 HempyMeHUM, U NpeanonoXnTe OTCYTCTBUE
Koppensauun mexagy senudvHammn V, [ n ®, To nonyyYeHHble OLeHKN KoaddULMEHTOB Koppensauu cnegyeT npusHaTtb
He3HavalyMn U NPUHATE 3TV BENUYMHBI paBHbIMU HyMto. [locne BHeceHMs Takol nonpasku B Tabnuuy H.2 dopmyna
(H.9) ynpocTutca n ctaHeT akBMBaneHTHon dopmyne (F.2):

oY) O
u(ynym) = 20)}:] a); u? (x;). (H.11)

MpumeHeHne 31O hoOpMynbl K AaHHbIM Tabnuubl H.2 npuBeneT k nameHeHusim B Tabnuue H.3, kak nokasaHo B
Tabnuue H.5.
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Tabnwnya H.5 — N3veHeHna B Tabnuue H.3 B npegnonoxeHun, 4yto B Tabnuue H.2
3HaYeHMsA KO3IMPULMEHTOB KOPPENALMN PaBHbl HYIHO

CymmapHas ctaHpapTHas HeompeneneHHOCTb U (y,) pesynbTata usmMepeHus

ug(R) = 0,195 Om
u(R)IR = 0,15-1072

ug(X) = 0,201 Om
ug(X)/X = 0,09-1072

ug(Z) = 0,204 Om
ug(2)/Z = 0,08:1072

KoabduumeHTbl koppenaunn r(y;, ym)
r(y1, ¥2) = r(R, X) = 0,056
r(y1, y3) = r(R, Z) = 0,527
r(yz, y3) =r(X,2)=0,878

H.3 Kann6poBka TepmomeTpa

OTOT NpYMep WIMICTPUPYET NPUMEHEHNE MeTOAa HaMMEHbLUMX KBaApaToB Ans NMOCTPOEHUS NUHEWHOW rpagyu-
POBOYHOWN XapakTEPUCTUKM M NOKa3biBaeT, KaK MofyyYeHHble Npu NOArOHKE napameTpbl, CBOOOAHbLIVM YNEH 1 YrnoBon
KO3 PULNEHT NNHENHON 3aBUCMMOCTN BMECTE C OLeHKaMn X AMUCNEPCUA U KOBapuauum MoryT ObiTb MCMONb30BaHbI
ANst onpefenenns no rpagyMpoBOYHON XapaKTePUCTUKE 3HAYEHMI MOMNPaBKN U ee CTaHO4apTHOW HeonpeaereHHOCTH.

H.3.1 U3amepuTenbHas 3agaya

TepmomeTp KanubpyloT nyTem cpaBHeHUst N = 11 nokasaHuin Temneparypsl f, TepMoMeTpa, UMerLLMX NpeHebpe-
KMMO Marnyto HeonpeaesieHHoCTb, C COOTBETCTBYIOLMMI OMOPHBIMU 3HAYEHUAMY TemnepaTtypsl tr , B AvanasoHe oT
21 °C po 27 °C pna nony4eHust 3Ha4eHnin Nonpaeok by = tg j — fy K NoKa3aHWAM. M3mepeHHbie NONPaBk1 U U3MEPEeHHbIe
Temnepatypsbl t; ABASIOTCS BXOAHLIMY BENUYMHAMW ONSA OLEHNBAHUA. JIMHENHYIO0 rpagynpOBOYHYIO XapakTepuUcTUKy

b(t) = y1 + ya(t —to) (H.12)

NOATrOHAIOT MOA4 AaHHbIE N3MEPEHWUI MONPaBOK M TeMnepaTyp METOAOM HauMeHbLUUX KBadpaToB. [ByMs namepsembiMu
(BbIXOAHBIMW) BENUYUMHAMU SBASIOTCS NapameTpsbl ¥4 U Y, — COOTBETCTBEHHO CBOOOAHbIN YNEH W YrIoBOWn KO3adurLneHT
rpafyvpoBOYHON XapakTtepucTukn. TemnepaTtypa fy BbibMpaeTcs No cornalleHnto Kak HekoTopasi (hukcrpoBaHHas ToYKa,
No3TOMY OHa He BXOAMWT B YMCIO HE3ABMCUMbIX MapaMeTpoB, Noafexalymx onpeaeneHnio MeToaoM HauMeHbLUMX KBa-
patoB. [Tocne Toro kak nony4YeHbl OLIEHKN Y1 U ¥, X Ancnepcumn n kosapunauus, opmyna (H.12) moxeT ObITb ncnons3o-
BaHa ANSA BbIYMCINEHNSA NONPaBKKU, KOTOPY HEeoBXOAMMO BHECTW B MOKa3aHusa TemnepaTypbl { TepMoMeTpa, U ee CTaH-
OapTHOW HeornpeaeneHHOCTU.

H.3.2 NogroHka meToAOM HaMMEHbLUUX KBaapaToB

C y4yeToM n3noxxeHHoro B H.3.1 oLEeHKM BbIXOOHBLIX BEMUYUH ¥4 U Yo, UX AUCNIEPCUIA N KOBapuaumnm MeTo4oM Haw-
MEHbLUNX KBaApaToB MOsyyanT NOCPeACTBOM MUHUMMU3ALUU CYMMbI
2

S= 1[bk —y1= vy (t - )],

fMa

4TO MPUBOANT K CrieaytowmM hopMynam AN Y1 U Yo, UX BbIBOPOUHBIX ancnepcnin s2(yq) n s(y,) 1 BbIBOPOUHOrO
KoadpuumnenTa koppenauuu r(yq, ¥o) = S(v4, ¥2)/s(y1) s(v2), rae s(yq, ¥2) — BbIbOpoyHas kosapuaums:

(£ b¢)(20%) - (X bk 04) (S 64) (H.13a)
Y1 = D ;
b6, - (Sb
y, = 1ZBc0 éZ W) (20, (H.13b)
2 2
s%(yy) = %; (H.13c)
s2(y,) = n%; (H.13d)
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20k .

r(y1r y2):_m! (H.13e)

> S[bi - bt
= 2 ORI (H.13f)
D:nzei—(zek)z=nz(ek—§)2=n2(tk—t')2. (H.13g)

B BbIlenprBeaeHHbIX (hOpMynax CyMMUpPOBaHME OCYLLEeCTBNAT no k ot 1 go n; 0, = t, — ty; 0= (ZGK)/n;

t = (Xt,)/ n. Boipaxenune [by — b(tx)] npenctasnsiet coboii pasHOCTL Mex/ly NMONPaBKOi by, UIMEPEHHOI Npn Temme-

patype t,, v nonpaskon b(t,), paccuMTaHHOW ANs TemnepaTypsbl f, NO rpagynpoBOYHON XxapaktepucTuke b(f) =y + yo(t —tg).
Boi6opouHasi gucnepcus s2 npeactaBnseT coboit obLyo Mepy HeonpeaeneHHOCTHU NOArOHKM rpaayMpOBOYHON XapakTe-
PUCTMKM MO SKCMEPUMEHTarnbHbIe AaHHble, a KOaduLMeHT 1/(n — 2) oTpaxaeT TOT akT, YTO, NOCKONbKY Ha OCHOBE N
HabMIoAEHUI NOMyYeHbl OLIEHKI ABYX MapaMeTpOB yq 1 y,, YNCTIO CTeneHel cBo60ab! ANs OLeHKM s2 6yaeTv=n—2 (cm.
G.3.3).

H.3.3 YucneHHble pesynbTaThbl

[laHHble, NO KOTOPbLIM OCYLLECTBNSETCS NOATOHKa, NpeAcTaBrneHbl BO BTOPOM U TpeTbem ctonbuax Tabnvupsl H.6. B
KayecTBe (OMKCUPOBAHHOM TOYKM [y npuHATO fy = 20 °C. Torga n3 dopmyn (H.13a) — (H.13g) nonyvaem

¥y =-0,1712°C s(y4) = 0,0029 °C
y, =—0,00218 s(y,) = 0,00067
ry1, y2) ==0,930 s =0,0035 °C.

To, 4TO yrnoBoit KO3MULMEHT y, Boree YeM B TpU pasa NPEeBOCXOAUT CBOK CTaHAAPTHYH HeonpeAesieHHOCTb,
CBUAETENBCTBYET O HEOGXOAMMOCTU MPUMEHEHUS UMEHHO TPadyMpPOBOYHON XapakTepUCTUKN, a He (OUKCUPOBaHHOW
nonpasku, eAVHOW AN BCEro AuanasoHa TemnepaTyp.

Mocrne nonyyYeHnst YACIOBbIX OLIEHOK rpagyMpPOBOYHYH0 XapaKTepUCTMKY MOXHO 3anuncaTtb B BUAE

b(t) = — 0,1712(29) °C + 0,00218(67)(t — 20 °C), (H.14)

rae undpbl B ckobkax COOTBETCTBYIOT MaLWMM pa3psiaaM OLieHOK CBOGOAHOrO YrneHa 1 yrinoBoro koadduLmeHTa rpagy-
MPOBOYHOM XapakTepUCTUKM U NMOKa3biBalOT YMCIMOBbIE 3HAYEHWS1 CTaHAAPTHbIX HEOMNpeaAeneHHOCTel aTMX napameTpoB
(cm. 7.2.2). dopmyna (H.14) no3BonseT BbIMUCNUTL MONPAaBKY K NOKa3aHUAM TepMoMeTpa Ans noboro 3HaveHus Temne-
patypsbl f, B TOM 4ucne 3HadeHus b(f,) gonsa t = t,. MNonpasku b(t,) ykasaHbl B 4eTBepTOM cTON6UEe Tabnuupl H.6, a B ee
nocrnegHem ctonbue npuBeAEHbl Pa3HOCTU MEXAY PacHeTHbIMU W U3MEPEHHbIMU 3HaYeHUsIMU nonpasku by — b(t,).
AHanua aTux pasHoCcTel MOXHO WMCMOoNb30BaTh ANsi NPOBEPKUM 0BOCHOBAHHOCTM Bbibopa NUHENHOW MOAeNV B KavyecTse
rpafyvMpOBOYHON XapakTepUCTUKM NMOCPEACTBOM U3BECTHbIX MPOLEAyp NPOBepKU rmnoTtes (cM. [8]), oaHako B HacTosLEM
npuMepe Takue Mnpoueaypbl He paccMaTpyBatoTCs.

Tabnwuuya H.6 — [aHHble, UCnonb3yemble Ans NonyyeHus IMHERHOW rpagyMpOBOYHON XapakTepUCTUKA TEpMOMeTpa
METOAOM HauMEHbLUNX KBaapaToB

Howmep MokasaHusa N3mepeHHas PacyeTHas PasHocTb Mexay namepeHHowm
nokasanus TepMmomeTpa nonpaska nonpaska W pacyeTHOW nonpaBKaMu

k t.°C by=tpy—t °C b(t,), °C b, — b(t,), °C

1 2 3 4 5

1 21,521 -0,171 - 0,1679 — 0,0031

2 22,012 - 0,169 — 0,1668 — 0,0022

3 22,512 — 0,166 - 0,1657 — 0,0003

4 23,003 - 0,159 — 0,1646 +0,0056

5 23,507 - 0,164 - 0,1635 — 0,0005

6 23,999 - 0,165 - 0,1625 — 0,0025

7 24,513 - 0,156 - 0,1614 +0,0054

8 25,002 - 0,157 - 0,1603 +0,0033

9 25,503 - 0,159 - 0,1592 +0,0002

10 26,010 - 0,161 - 0,1581 — 0,0029

11 26,511 - 0,160 - 0,1570 — 0,0030
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H.3.4 HeonpepneneHHOCTL pacyeTHOM NONpPaBKn
BbipaxeHve ong cymmapHoOli CTaHAapTHOW HeOonpeAeneHHOCTU pacyeTHONM MOMPaBKU MOXHO Ferko nonyynTb no
dopmyne (16), npyn 3Tom B35B DYHKLMOHANbHY0 3aBUCUMOCTb U3 dopmynbl (H.12), b(f) = f(y4, y2) v npuHsaB u(y4) = s(y1)

mu(yz,) = s(y2):
UZ[b(t)] = uP (y1) + (ty — toY* P (y2) + 2(t — to)u(y1)u(y2) r (¥4, ¥2)- (H.15)

OueHka gncnepcum ug [b(t)] UMeeT MUHUMYM Npu TeMmnepaTtype tyin = to — ul(yq) r(v1, y2)/u(y,), KOTOpasa B 4aHHOM

cnyyae paBHa i, = 24,0085 °C.

B kauecTBe npumepa ucnonb3oaHust opmynbl (H.15) npeanonoxmm, 4To HeobxoaMMO HaMTK Nonpasky K Moka-
3aHUSIM TEPMOMETPA W ee HeonpeaeneHHocTb npu Temnepatype t = 30 °C, Haxopseincs 3a npegenamu avanasoHa
kannbposku. MogcraHoBka t = 30 °C B hopmyny (H.14) paet

b(30 °C) = -0,1494 °C ,

a cdopmyna (H.15) nocne noacTaHOBKM TOrO Xe 3HavyeHus npuobpeTaeT Buzg
Ug [b(30 OC)] =(0,0029 °C)2 + (10 °C)2 (0,00067)2 + 2(10 °C) (0,0029 °C) (0,00067) (— 0,930) = 17,1:1076 °C2
nnm

Ug [b(30 0C)] = 0,0041 °C.

Takum obpasom, nonpaska npu 30 °C pasBHsAeTca — 0,1494 °C ¢ cymmapHol CTaHAapTHOW HeonpeaeneHHOCTbI0
u, =0,0041 °C gna v =n — 2 =9 creneHsam csobofbl.

H.3.5 YcTpaHeHue koppensauMmn mexay oueHKamu CBoO60OAHOro YreHa u yrinoeoro koadduumneHTa rpagympo-
BOYHOWN XapaKTepUCTUKU

N3 dopmynel (H.13e) ana koadduuneHta koppenaumn r(yq, yo) BUAHO, 4TO ecnu BbibpaTth ty 13 ycrnosus

n
0, =
k=1 k

M=

(tk - tO) =0, TO I’(y1, y2) =0, 1 oLEeHKN Y1 nyo CTAHOBATCA HEKOPPENNPOBAHHBLIMU, YTO yNpoLlaeT BblYuCneHmne
1

n _ n
CTaHAapTHO HEeONpeaeneHHOCTU pacyeTHOI nonpaskn. Mockonbky >0, =0 Npu ty =t = [ Zth/n, W AN gaHHoro
k=1 k=1

npvmepa t = 24,0085 °C, To0, NOBTOPMB Mpoueaypy NOArOHKM METOAOM HaMMEHbLUUX KBaApaToB Npuv HOBOM 3HaYeHUU

fo = t = 24,0085 °C, NONYy4MM OLIEHKM Y1 U Yo, HE KOPPENMPOBaHHbIe Mexay coboii. (OTMETUM Takke, YTo t —oaTt0Ta

Temneparypa, AN KOTOPOW 3Ha4YeHue ug [b(t)] MUHMMansHO; cMm. H.3.4.) OgHako MONHOCTBIO NOBTOPATL MPOLEAYPY,
onuceiBaemyto opmynamm (H.13a) — (H.13g), HET HEO6X0AMMOCTU, NOCKOMbBbKY MOXHO MoKasaTb, YTO

b(t)=yi+ya(t —t); (H.16a)
ui[b(®)] = u? (y3) + (t — ) u* (v2); (H.16b)
r(yi, y2) =0, (H.16¢)

roe
Yi=yi+ yal(t - to);

t =ty —s(y)r(ynya)/s(ya);

(i) = |1 - P ray2))

npuyem npu 3anvcu dopmynbl (H.16b) 6einmn caenanbl noactaHosku U (y4) = s(y1) n u(y,) = s(y,) [em. bopmyny (H.15)].
MpuMeHeHne ykasaHHbIX COOTHOLLEHWI K AaHHbIM, nonyyeHHbiM B H.3.3, gaet

b(t) = — 0,1625(11) °C + 0,00218(67)(t — 24,0085 °C), (H.17a)
uZ[b(t)] = (0,0011)2 + (- 24,08 °C)2 (0,00067)2. (H.17b)
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To, yto cpopmynel (H.17a) n (H.17b) patot Te xe pesynbtaThl, 4To 1 popmynel (H.14) n (H.15), MoxHO npoBepuTsb,
nosTopwmB yncnosble pacyeTbl A4nsa b(30 °C) u u, [b(30 °C)]. Moactasus t = 30 °C B chopmynbl (H.17a) n (H.17b), nonyynm

b(30 °C) = — 0,1494 °C;
U, [b(30 °C)] = 0,0041 °C,

4YTO TOYHO COBNagaeT C pesynbTaTamu, npeactasneHHbIMK B H.3.4. OueHky koBapuauum mexagy AByms nonpaskamu b(tq)
n b(t;) MoxHo nonyunTe no cdopmyne (H.9).

H.3.6 JononHuTenbHble 3amMme4vyaHusi

MeTon HauMeHbLUMX KBagpaToB MOXeT OblTb MCMONb30BaH ANS MOAMOHKM Mo UMetLmecs OaHHbIe U3MEPEHUN
KPVBbIX HE TONbKO NepBoro, Ho 1 6ornee Bbicokoro nopsigka. OH NPUMEHUM Takxe B Crlyyae, Koraa AaHHble U3MepeHuit
N3BECTHbI HETOYHO (T. €. UBMEPEHUS XapaKTEPU3YHTCS HEKOTOPOI HeonpeaeneHHocTbo). 3a 6onee NogpobHLIMK CBe-
OEHUsIMM Mo J@aHHOMY BOMpocy creayeT obpallaTbes K M3BECTHbIM pykoBoAcTBam (cM. [8]). Huxke npuBeaeHsl TONbko ABa
npumepa, UNNCTPUpYIoLLMe CUTyaLMn, Koraa NnpeanoroXeHne 0 TOYHOM 3HaHWM NOMNpPaBoK by HE UCMOMb3yeTcs.

1) TMNpepnonoxum, 4To Kaxgoe nsmepeHue t, MMeeT NpeHebpexnMo Manyl HeonpeneneHHOCTb, YTO Kaxaoe n3
N 3HaYeHUn tg 4 NOMy4aloT NO M NOBTOPHLIM HaBMNAEHNAM, N 06beAnHEHHas BbIBOpOYHas AUCNEepPCUs 3TOM BENMUMHBI,

nony4yeHHad no pes3ynbrTataM MHOIoOMeCAYHbIX HaGJ‘IIO,ELeHVIVI n 6OJ'IbLUOMy 06bemy COGpaHHbIX OaHHbIX, COCTaBndeT Sg .

Torna oueHkon ancnepcun Kaxaoro tg x 6yaet sf, Im = ug, U Kaxkaast UsSMepeHHast nonpaska by = tg , — ty Gynert umetsb

my e cTaHfapTHYIO HeonpeaeneHHOCTb Ug. Mpy Taknx obcToaTenscTBax (M ¢ ycroBmeM, YTO HET NPWYMH NpegnonaraTte
OTKMOHEHWNE rPafyMpOBOYHON XapaKTEPUCTUKM OT YMCTO MUHERHoN 3aBucumocTu) B copmynax (H.13c) u (H.13d) s?

criefiyeT 3aMeHnTb Ha U3 .

MpumedyaHune— ObbeanHEHHYIO BbIGOPOYHYIO ANCMEPCUIO 3,23 nory4yatoT Ha ocHoBe N cepuil He3aBUCUMbIX

HabnAeHWIA OOHONM 1 TOW e CIyYamHOW BenMYMHbI No hopmyrie

Vi S

|

N
2V
=1

S

2 _i=
[
i

roe s,-2 — BbIBOpOYHas Aucnepcus B i-i Cepun U3 n; HesaBUCUMbIX HabnoaeHun [cm. dopmyny (4)] AN Yicna ctenexen

N
cBoboabl v; =n;— 1. Yncno creneHei ceoboapl Ans sf, 6yget v = Y v;. BeibopoyHas gucnepcus s,z, /m (1 BbIGOpOYHOE
i=1

CTaHOapTHOE OTKIIOHeHue S /Vm cpeaHero apugpmMeTn4eckoro no m He3aBUCUMbIM Ha6J'IIO,EleHVIF|M, Xapaktepusye-
P

MbIM BbIBOPOYHOI Aucnepcuen sg , Takke COOTBETCTBYET V CTeneHam ceoboabl.

2) TNpennonoxuMm, 4To Kaxaoe U3MepeHue t, umeeT npeHebpexmmo Manyio HeonpeaeneHHOCTb, YTO K KaxaoMy
13 N OMOPHbIX 3HAYeHWIi TeMnepaTypbl tg , MPUMEHSIOT NOMPaBKy €, X YTO BCE MONPaBKM MMEIOT OAMHAKOBYIO CTaHaap-
THYIO HeonpeaeneHHOCTb U,. Torga cTaHgapTHOe OTKIMOHEHUE KaxKAoW nonpasky (Mo rpagyvpoBOYHON XapaKTepucTuke)

by = tr  — t, TaKKe ByaeT PaBHO Uy, U s2(y4) cnieayeT 3aMeHUTb Ha s2 (yq) + ug, as? (yq)— Ha s? (y1) + ug.

H.4 U3mepeHne pagrMoakTMBHOCTHU

OTOT NpuMep Noxox Ha npumep H.2 06 ogHOBPEMEHHOM U3MEPEHUN aKTUBHOIO U PEaKTUBHOIO COMPOTMBMEHNS
BO3MOXHOCTbIO aHann3nMpoBaTh AaHHble ABYMS pa3HbiMK cnocobamu, NpUBOAALLMMM K CYLLLECTBEHHO OAMHAKOBOMY YKC-
noBoMy pesynbTaTy. [1epBbiii U3 3TUX ABYyX CNOCOBOB CHOBA UMMIOCTPUPYET CUTYaLmio, Korga Heo6xoanMo NpuHMMaTh BO
BHMMaHVE KOpPEenaunio MeXay BXOOHbIMW BENUYUMHAMMU.

H.4.1 UsmepuTenbHas 3agaya

HeusBecTHyI0 yaenbHy0 akTUBHOCTL pagoHa (222Rn) B 06pasLie Boabl ONpeaensioT CPaBHEHNEM CO CTaHAAPTHLIM
06pasuom BOAHOrO pacTBopa pafoHa C U3BECTHOW YAENbHOW aKTUBHOCTbIO METOAOM >XUAKOCTHOMO CLUHTUINATOPHOIO
cyeTa. [Ins 9TOro rotoBAT TPU UCTOYHUKA CUMHTUMNNAUMA, KaXObli U3 KOTOPbIX NpeAcTaBnseT cobor cmeck Npubnmnsu-
TenbHo 5 r cyeTHOro obpasLa BogHoro pacteopa u 12 r pacteopa CUMHTUNMMPYIOLLErO BELLECTBA B OPraHNYeCKOM XNOKO-
CTn B Konbax o6 bemom 22 mn:

McTovHuk (a) — cmaHdapmHbIl obpasey, copgepXalnii Maccy ms BOOHOrO pacTBopa C M3BECTHOW YAEerbHON
aKTUBHOCTBIO;

WcTounuk (b) — noarotoBneHHas xonocmas npoba Bofbl, HE cCoAepXallell pagvoakTUBHBIX BELLECTB, KOTOPYHO
MCMNOMb3YIOT ANA U3MEPEHUSA CKOPOCTU cyeTa MMMNYNbCoOB (POHa;
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NcTouHuk (c) — uccnedyembill obpa3sey, CoaepXaljuin anukBoTy Maccbl m, C HEM3BECTHOW YAErnbHOW aKTuB-
HOCTbIO.

BbINONHAT WECTb LMKNOB U3MEPEHUIA, B K&XA0M M3 KOTOPbIX UCMONb3YT BCE TPY yKa3aHHbIX UCTOYHMKA B creay-
IoLLeM MOpsiAKe: CTaHAAPTHbIN obpasel — xonocTtas npoba — nccnepyemeln obpasey,. NHTepsan cueta T ¢ nonpaBKon
Ha MepTBOE BpeMs CHeTYMKa AN KaX40ro MCTOYHMKA B TEYEHUE BCEX LWEeCTM LMKNOB cocTaBnseT 60 MuH. XOTs B TeyeHue
NOMHOro BpeMeHU namepeHnii (65 4) ckopocTb cyeTa (hoHa HeMb3s cHMTaTb NOCTOAHHOW, NpegnonaraeTcs, YTo B npeae-
nax Kakgoro uMkna noryyeHHas ¢ MCrnonb3oBaHMEM XOIOCTON Npobbl CKOPOCTb cyeTa hoHa OyaeT npeacTaBUTENBHOM
ANs JaHHOro umkna. [aHHble n3amepeHun npuBedeHbl B Tabnuuye H.7, B KOTOPOW MCNonb3oBaHbl cnegylouime obo3Ha-
YeHus:

ts, tg, L, — BpeMs OT yCnOBHOro Havana otcyeTta t = 0 4o cepeAunHbl MHTepBana cyeta Ty = 60 MuH (C nonpaBKoy Ha
MepTBOE BPEMS) AN UCTOYHMKOB, COOTBETCTBEHHO, CTaHAAPTHOro obpasLa, XonocTon nNpobbl 1 uccnegyemoro obpasua
(3HayeHue fg B pacyeTax He NCMONb3yeTCs U 34eCb NPUBELEHO TOMbKO ANS MOMHOThI ONNCAaHUSA N3MEPEHUN);

Cs, Cg, Cy — 4ncno nmnynbCoB, 3aperMcTprpoBaHHbIX Ha MHTepBarne cyeta Tg = 60 MuH (C nonpaBkow Ha MepTBoe
BpeMsi) ANs UCTOYHMKOB, COOTBETCTBEHHO, CTaHAAPTHOro obpasua, XornocTon npobbl 1 nccrnegyeMoro obpasua.

Yncno 3aperncTpypoBaHHbIX MMMYIIbCOB MOXHO NPeACTaBuTb B BUAE CREAYOLWUX 3aBUCUMOCTEN:

Cs = Cg + eAs Tymge s ; (H.18a)
C, = Cg + A, TymeMx, (H.18b)

rae € — 3pEKTUBHOCTb PerncTpaLmmn anbma-4acTuLl, UcnyckaeMbiX pagoHom (222Rn) METOAOM UAKOCTHOMO CLMHTUM-
NALUMOHHOrO cyeTa Anst AaHHOrO COCTaBa UCTOYHMKA (NpeanoniaraeTcs He3aBMCMMOWM OT YPOBHSA aKTUBHOCTM);

Ag — yaernbHasa akTMBHOCTb CTaHA4apTHOro obpasua B MOMeHT t = 0;

A, — usmepsemas gefluyuHa — yaenbHas akKTMBHOCTb uccnegyemoro obpasua B MOMeHT ¢ = 0;

Mg — Macca CTaHAapTHOro BOAHOrO pacTBopa;

m, — macca anvKBoThl;

A — nocTosHHasa pacnaga paaoHa (222Rn), A = (In 2)/T4,, = 1,25894-10~* mun—" (T4, = 5505,8 MuH).

Tabnwuua H.7 — JaHHble nsmepeHuii ans onpeneneHns o6bEMHON akTUBHOCTU nccnegyemoro obpasua

Howmep CrtaHpapTHbIi obpasel, XonocTasi npoba Wccnenyemblin obpased,

L"M;ina ts, MVH Cg tg, MUH Cg t,, MUH C,
1 243,74 15380 305,56 4054 367,37 41432
2 984,53 14978 1046,10 3922 1107,66 38706
3 1723,87 14394 1785,43 4200 1846,99 35860
4 2463,17 13254 2524,73 3830 2586,28 32238
5 3217,56 12516 3279,12 3956 3340,68 29640
6 3956,83 11058 4018,38 3980 4079,94 26356

M3 dopmyn (H.18a) u (H.18b) BmuaHo, uto npoctoe ycpepHeHnne Cgs nnm C, no pesynbTatam LUECTU U3MEPEHUN
HEBO3MOXHO, BO-MEPBLIX, U3-3a SKCMOHEHLMANbHOIO 3aTyxaHusi akTUBHOCTM CTaHAapTHOro U uccriegyeMoro obpasuos
CO BPEMEHEM U, KPOME TOrO, 13-3a HEBONbLUMX KonebaHWn 3Ha4YeHWn hoHa OT LuKkna K umkny. Moatomy nepepn ycpeaHe-
HVYEeM HEOBXOAMMO BHECTU B 3HAYEHMS YMCHa UMMNYTIbCOB (MMM CKOPOCTM cYeTa MMMYNbCOB, ONPeaENseMoi Kak OTHOLLe-
HVe Yncna 3aperncTpupoBaHHbIX MMMNYILCOB K MHTEpBany cyeta To = 60 MMH) NomnpaBk1 Ha 3KCMOHEHLUManbHoe 3aTyxa-
Hue n doH. nga atoro popmynel (H.18a) n (H.18b) npeobpasytoT Takum 06pa3om, YTOObI BbIpa3nTb U3MEPSEMYIO BENU-
YMHY Yepes3 U3BECTHblE BENUYUHDI:

AX = f(As, mg, my, Cs, CX, CB! ts, tx, }\.) =

mg (Cy - Cg)e™*  ms (C, - Cp) Mty -ts)
Sm Ms ~ "Sm, (Cs — Cg) © ’
X (CS — CB)e S X S B

(H.19)

rae (C, — Cg)eMxun (Cs — CB)eMS — WcrpaBneHHoe Y1Cro UMMYbCOB Ha HTepBarne Ty = 60 MUH COOTBETCTBEHHO A1A

ncenegyemoro U ctaHaapTHOro 06pa3u.a nocne BBeAEHMS nonpasBkuM Ha POH N NpPUBEAEHUS K Havany ortcyeta t = 0.
Msmepﬂemyro BENMNYNHY MOXHO Bblpa3nTb U NHAYeE:

mg Rx
Ay =1 (As, ms, my, Rs, Ry) = AS__RS’ (H.20)
X
rae Ry, n Rg — ucnpasneHHble cKopocmu cyema nocre BHECEHUS NOMNPaBOK Ha POH M 3KCNOHEHLUMansHoe 3aTyxaHue:
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Ry = [(Cx— Cp)/To] etx; (H.21a)

Rs=[(Cs—Cg)/ToleMs . (H.21b)

H.4.2 AHanu3 gaHHbIX

B Tabnuue H.8 cBeaeHbl 3Ha4YeHUs ncnpasreHHbIX (Mocne BHECEHMS MonpaBoK Ha (OH M 3KCMOHEeHUMansHoe
3aTyxaHue) ckopocTel cyeta Ry, u Rg, BbluMcneHHble no gopmynam (H.21a) n (H.21b) ¢ ncnonb3oBaHnem AaHHbIX
Tabnuusl H.7 1 BbilenpuseaeHHOro 3HaueHna A = 1,25894-10~* mun~!. CnemyeT oTMeTUTb, 4TO OTHOWeEHNe R = R,/Rg
npoLLie BCEro paccyntatb 13 BblpaXXeHUs

[(Cx—Cp)/(Cs— Cp) eMix~19). (H.21a)
CpeaHue apudmeTnueckne Rg, R, MR, a Takke nx BbIGOPOYHbIE CTaHOapTHbIE OTKIOHEHUS PacCyYMTLIBAKOT

06bI4HBIM 06pa3om [dhopmynbl (3) 1 (5)]. KoadduruneHT Koppenauum paccunteiBatoT no dopmynam (17) un (14).

MN3-3a oTHOCUTENBbHO HEBONbLLLOK N3MEHYMBOCTU R, U Rg OTHOLLEHWE CpefHnX apudmeTUHecknx I?X /ﬁs n ero
cTaHfapTHas HeonpeneneHHoCTb u(RX /Rs) NpakTU4YEeCKM COBMaalT COOTBETCTBEHHO CO CpeaHuM apudmeTnyec-

KUM R 11 ero BbIBOPOYHBIM CTaHAAPTHLIM OTKMOHEHMEM s(ﬁ), npvBeAeHHbIM B nocregHem ctonbue Tabnuusl H.8. [cwm.

H.2.4, B yactHocTn dpopmyny (H.10)]. OgHako npu pacyete cTaH4APTHON HeonpeaeneHHoCTH u(ﬁxlﬁs) Heo6xoanMo
yunTbiBaTb KOppensauuno mexay R, n Rg [xapakTepusyemyto KoadpduLmMeHToM Koppensauum r(ﬁx, ﬁs)] cornacHo opmy-

ne (16) [aTa hopmysia NO3BONAET NOMYHUTH OTHOCUTENbHYIO BEIBOPOUHYIO ANCMEPCHIo OTHOWeHUs R, / Rg , 4To AaeT Tpu
nocnefHuX criaraemblx B NpaBon Yactu dopmynbl (H.22b)].

CnepgyeT 06paTuTb BHUMaHWe Ha TO, YTO BbIOOPOYHbIE CTaHAAPTHbIE OTKIOHeHNA R, 1 Rg [x/gs(ﬁx) n \/Es(ﬁs)]

NMOKa3blBaKT, YTO UX N3SMEHYNMBOCTb B ABa-Tpu pas3a npesbillaeT MUSMEHYMBOCTb 3TUX BESTMYUH BCleacTBue CJ'Iy‘-IaVIHOVI
npupoabl npoilecca cyeta 4actul, onncbiBaeMoro pacnpegerneHmemMm I'Iyacc0Ha. HeonpegeneHHocTb, onucbiBatoLwas
I'IyaCCOHOBCKVIVI npouecc, y>xe BHecna CBOW BKNnag B pe3ynbTaTtbl M3MepEeHUI vncna MMNynbCOB, NO3TOMY €€ HE HYXXHO
Y4nTbIBaTb OTAEJIbHO.

Tabnwuya H.8 — PacyeT McnpaBrneHHON CKOPOCTN CYETA UMMYMbCOB (C MoMpaBkaMu Ha (OOH M IKCMOHEHUManbsHoe
3aTyxaHue)

Homep R, muH"! R, MuH " t,—ts, MUH R=R,/Rg
uukna k
1 652,46 194,65 123,63 3,3520
2 666,48 208,58 123,13 3,1953
3 665,80 211,08 123,12 3,1543
4 655,68 214,17 123,11 3,0615
5 651,87 213,92 123,12 3,0473
6 623,31 194,13 123,11 3,2107
R, = 65260 Rs = 206,09 R =3170
s(R,) = 642 s(Rs) =379 s(R)=0046
s(Ry)/ R, =098-102 | s(Rs)/Rs =184-102 s(R)/R = 144102
Ry /Rs = 3167
u(Ry /Rs) = 0045
u(Ry /Rs)/(Ry I Rs) = 142-1072
KoadhpumumeHT Koppensauunm
r(Ry. Rs) = 0646
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H.4.3 BbluMcneHue oKOHYaTesbHbIX pe3ysibTaToB
MonyyeHve yaenbHOW akTMBHOCTU Ay, U ee CyMMapHOW CTaHOapTHOW HeonpeaeneHHocTn U (Ay) no dopmyne
(H.20) TpebyeT 3HaHuA Ag, mgun m,, a Takke UX CTaHAApPTHbIX HeonpeaeneHHOCTEeN. TN BENWYMHbBI AaHbl Kak

Ag=0,1368 bK/r,

u(As) = 0,0018 BKIr, U(Ag) | Ag=1,32-102;
mg=15,0192r,
u(mg) =0,0050 T, u(mg)/ mg=0,10-1072;
m, = 5,0571r,
u(m,) = 0,0010 , u(my) I m, = 0,01-102.

OcTanbHble BO3MOXHblE UCTOYHUKM HEONPeaeneHHOCTU OLEeHUBAalOTCA Kak npeHebpexunmo mansie. [epeyeHb
XapaKTepUCTUK, KOTOpbIE B AarbHEeneM He paccMaTpuBaloTCs, BKIOYaeT B cebs:

- CTaHdapTHbIe HeornpeneneHHoCT! BpeMeHn pacnana u(ts ) u u(ty x);

- cTaHAapTHYl0 HeonpeaeneHHOCTb NOCTOAHHONM pacnada 222Rn u(A) = 1-10~7 mun~'. (3Ta HeonpegeneHHoOCTb
[AaeT BKMnaj B HeonpeaeneHHoCTb koadduumeHTa pacnaga exp [A(t, — ts)], 3Ha4eHne KOToporo BapbupyeTcs B npeaenax
ot 1,01563 ansa yuknoB k = 4 n k = 6 go 1,01570 ans uvkna k = 1. CtaHgapTHas HeonpeaeneHHOCTb KoadduLmeHTa
cocrasnsieT u = 1,2:1075);

- HeomnpeaeneHHOCTb, CBA3aHHY C BO3MOXHOW 3aBMCUMOCTbLIO 3O (EKTUBHOCTM perncTpaumm o-4acTul, CUUHTUI-
NSALNOHHBIM CHETYMKOM OT MCMOMb3yeMOoro UCTOYHMKA (CTaHAapTHbIM obpasel, xonocTtas npoba, ncecnepyemeli obpa-
3eL);

- HeonpeaeneHHoCTN NOMpaBoK Ha MepPTBOE BPeMS CHEeTYMKa M Ha 3aBUCMMOCTb 3PEKTUBHOCTU perncrpaumm
CcYeTYMKa OT YPOBHS aKTUBHOCTU UCTOYHUKA.

H.4.3.1 PesynbTatsl (cnocob 1)

Kak 6b1n10 ykasaHo Bbile, A, 1 U (Ay) MOryT BbiTb nony4deHsl no dpopmyne (H.20) AByms pasHbiMu cniocobamu. B

cnoco6e 1 Ay BLIMUCIIAIOT MO CPEAHUM apUdMeTUYeckuM R, 1 Es , UTO OaeT

ms R
A, = As ms R_; =0,4300 Bk/r. (H.22a)

X

MpumeHeHne K aToMy BbipaxeHuto hopmMynbl (16) NO3BONSET MNONYy4YMTb CyMMapHy OUCTEPCUto ug (A)

ue(A) _ u*(As) | uP(ms) | P (my) v (R | W(Rs) & g u(R)u(Rs)

2R Tm Tm R R RiRs | (H22)

- — —  —\2
rae, kak ykasaHo B H.4.2, nocnegHue Tpu cnaraemblX OTHOCATCS K u? (RX /RS)/(RX /RS) — OTHOCUTESNBHOW BbIGOPOY-
HOW Aucnepcun ﬁx /,‘33. Kak oTmeuvanocb B H.2.4, gaHHble Tabnuubl H.8 nokasbiBatoT, 4YTO R He CcOBMagaeT TOYHO C

R,/ Rg, ¥ CTaHaapTHas HeonpeaeneHHOCTb u(ﬁxlﬁs) Ans R, /Rg He COBMagaeT TOYHO CO CTaHAApTHOM Heonpese-

FIEHHOCTbIO s(ﬁ) ans R .

MopcTaHoBKa 3Ha4YeHNI COOTBETCTBYHOLLMX BENUYMH B chopmyny (H.22b) paet
uC (AX) _ —2
A - 1,93-107,
Uc(Ay) = 0,0083 BKIr.

Torga pesynbTaT U3MepPeHUs MOXHO NPeACcTaBuTb B BUAe
«A, = 0,4300 Bk/r; cymmapHasi ctaHgapTHasa HeonpegeneHHocTb U, = 0,0083 Bk/r».
H.4.3.2 Pe3ynbTtaThbl (cnocob 2)

B cnocobe 2 Ax BbIMUCASOT C UCNONb30BaHMEM CpeaHero apndmeTnyeckoro R , 4To No3BonseT n3bexaTb Heob-

XOAMMOCTM y4UTbIBaTbL KOPPENALMIO BXOAHBIX BennunH (R, 1 Rg ):

m

A = Ag mf R = 04304 Byr. (H.23a)

Mpn aTOM BblpaxeHue ans ug(Ax) ynpoLaeTcs:
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ug (A) _ uP(As) | uP(ms) | uP(my) | UP(Ry)
A2 A m3 m? R?

, (H.23b)
4YTO paeT

uC(AX)_ _2
A =1,95-107%,

Ug(A,) = 0,0084 BK/r.

Torga pesynbTaT U3MEpPEHNs MOXHO NpeacTaBuTb B BUAE

«A, = 0,4304 Bx/r; cymmapHasi ctaHgapTHasa HeonpedeneHHocTb U, = 0,0084 Bk/r».

Yucno adpekTnBHbIX CTeneHer cBoboabl AN U, MOXHO BblYMCAUTE Mo hopmyne Yanya-CarttepTyanTta nogobHo
TOMy, Kak 3To caenaHo B H.1.6.

Kak n B npumepe pasgena H.2 ncnonb3oanne Crnocoba 2 saBngeTcs NpeanoyTUTENbHbIM, MOCKOMbKY HE UCMOSb-
3yeT npubnmkeHne, CBA3aHHOE C 3aMEHOWN cpeaHero apumMeTnyeckoro OTHOLEHNS ABYX BENTMYMH Ha OTHOLLEHWE cpef-
HUX apnOMETNHECKMX 3TUX BENWNYMH, a TaKKe My4lle yYnTbiBaeT cneunduky namepuTensHON npoueaypsbl, Koraa AaHHble
HabnoaeHnn cobuparoT No OTAEMbHBIM LMKIaM.

Tem He MeHee, pacxoxaeHve B pesynbratax M3mepeHus A,, NoryyYeHHbIX pasHbiMK cnocobamu, 3HaYMTENbHO
MEHbLLIE NX CTAaHAAPTHbIX HEONPEAENEHHOCTEN, YTO NO3BONAET AaHHOE PACXOXAEHME CUUTaTh HECYLLEeCTBEHHbIM. Takoe
cornacwve B pesynbTaTtax NnoaATBEPX4aeT, YTO ABa ONMCaHHbIX Crocoba namepeHnii OyayT 3KBMBaNeHTHbI MPY YCIOBUX, YTO
Koppenauns Mexagy BenMuMHaMmn yyTeHa OOMMKHbIM 06pasom.

H.5 AncnepcroHHbIN aHanu3

OTOT Npumep AaeT KpaTkoe NpefcTaBrieHne 0 MeTOAe AUCNEPCUOHHOIO aHanunsa, A4S KOTOPOro YacTo UCMOoMb3y-
10T ab6pesumaTtypy ANOVA (o1 aHrnurickoro «ANalysis Of VAriance»). [laHHbI CTaTUCTUYECKUIA METOA UCMONb3YOT ANd
BbIABNEHNSA OTAENbHbIX CTyYalHbiX 3¢hheKkmos, BNNSIOWMNX Ha pe3ynbTaTbl U3AMEPEHNS, C LieNblo UX KOPPEKTHOro yyeTa
npu OUEeHMBaHWM cymmapHou HeonpegeneHHocTn. Metoq ANOVA npvMeHnM B CamMOM LUMPOKOM Auanas3oHe nsMepu-
TenbHbIX 3a4a4, Hanpumep npu KanubpoBKe 3TarNoHOB, TaKMX Kak MPELM3NOHHbI UCTOYHWK HanpsikeHWs Ha auoae
3eHepa Wnm 3TanoH Macchl, UNn nNpy ceptTudmrkauum cTaHgapTHbIX 06pas3LoB, HO NPY 3TOM OH He MO3BONSET BbIABUTb
HanMyve BO3MOXHbIX CUCTEMATUYECKUX 3(hdEKTOB.

[ncnepcroHHbIi aHann3 pacnpoCcTpaHseTCa Ha UCCrefoBaHUA cambiX pasHbiX Moaenen. B HacToswem npume-
pe paccMaTpuBaeTCs BaxHas AN NPaKTUYeCKMX NPUIOXKEHU MOAENb NepapXuYecKkoro akcnepmmeHTa. XoTa YnucnoBbie
pes3ynbTaTbl MOMyYeHbl Ha NpyMepe KannbpoBKM MCTOYHMKA HampskeHus Ha guode 3eHepa, obwume nagen aHanvsa
NPYMEHUMbI K pa3HOOBpa3HbIM MPaKTUYECKUM U3MEPEHUSM.

OcobeHHo BaxHbl meTtoabl ANOVA npu ceptudmkaumm ctaHgapTHbIX 06pasuoB BELLECTB M MatepuarnosB nyTem
mexnabopaTopHbIX UcnbiTaHui. MNoapobHo 3ToT Bonpoc paccmatpuaeTcsa B Pykosoactee NCO 35 [19] (kpaTkoe onuca-
HWe n3MepeHnn nNpu cepTudukauum ctaHaapTHbIx obpasuoB faHo B H.5.3). MockonbKy Gonblias YyacTe martepuana,
copgepxallerocs B Pykosoactee MICO 35, Haluna WMPOKOE NMpakTU4eckoe NpUMEHEHUE, K HEMY MOXHO obpallaTtbca 3a
OononHuTenbHbIMM nogpobHocTamu oTHocuTensHo ANOVA, Bkntoyas BONpockl HecOGanaHCUMPOBAHHOTO MEPaPXUYECKO-
ro akcnepumMmeHTa. NonesHyo nHdopmaumio MOXHO HanTu Takke B [15] n [20].

H.5.1 U3mepuTenbHasa 3agaya

OTanoH HanpsxeHus Ha auoae 3eHepa C HOMUHanbHbIM HanpskeHnem 10 B kanmbpytoT crnivyeHrem co ctaburnb-
HbIM UCTOYHMKOM OMOPHONO HaMpsXXeHWs B TedeHue AByX Hedenb. Ha aTom nepuoge BbibupatoT J AHEW, B KaXablA 13
KOTOPbIX MPOBOAAT MO K HE3aBUCMMbIX MOBTOPHbIX HabmoAeHNid pasHocTy noteHyuanos Vs. Ecnin o6osHauuTs Vi k-e
(k=1,2,..., K) HabntogeHune pasHoCTM NoTeHUmanoB Vg aTanoHa B j-n aeHb (=1, 2,..., J), TO Hauny4Luern oLEeHKON pasHOCTU

NoTeHLManos aTanoHa sBnseTca cpeaHee apudmeTtudeckoe V no BceM JK HabrioaeHnsm Vi [cm. dopmyny (3) B
4.21]:

J K
_ v
Vs = Jg 51 ZVik=V. (H.242)

BbiGopoyHOe CTaHaapTHOE OTKIIOHEHWE s(\7), ABMAOLLEECS MepOoVi HeoNpeaesieHHOCTY OLEHKM Pa3HOCTU MOTEH-

LmanoBs aTarnoHa v, nony4yatoT no popmyne [cm. chopmyny (5)]

J K o
s?(V) = m j§1k§,1(vjk - V) : (H.24b)

MpumedyaHune— B gaHHoM npumepe npeanonaraeTcs, YTo BCe MOMNPaBKM K HAGOOEHWsIM Ha cucTeMaTnyec-
Kne atpekTbl MO0 MMEIT He3HaUYUTENbHbIE HeonpeaeneHHoCTH, MMBo 3Ty HeonpeaeneHHOCTU TakoBbl, YTO MOTYT BbITb
yYTEeHbl B CaMOM KOHLe aHanu3a. 9Ty, a Takke Apyrue nonpasku K cpeaHemy apuMeTM4eckomy HabroaeHuid, KoTopble
BHOCSIT B KOHL|E aHanusa, npeacraensioT cobol pasHOCTb MeXdy 3HauyeHMeM, yKasaHHbIM B cepTudukaTte (B KOTOPOM,
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Kak npepgnonaraeTcs, ykasaHo Takke W 3HayeHne HeonpeaeneHHoCcTn) U paboyunM 3Ha4YeHWEM OMOPHOrO HanpsKeHUs
CTabunbHOro NCTOYHMKA, MO KOTOPOMY KanubpytoT aTanoH Ha agvofde 3eHepa. Takum obpasom, oLeHKa pa3HOCTM NOTEH-
LmanoB 3TanoHa, nory4yeHHas ctaTucTuyeckoin obpaboTkoit HabnaeHWn, He obasaTenbHo ByaeT npedcTaBnsATb coboi
OKOHYaTelbHbIA pe3ynbTaT U3MepPEHUs, U, COOTBETCTBEHHO, BbLIGOPOYHOE CTaHAapTHOE OTKIOHEHWE 3TOW OLEHKM He
obszatenbHo ByaeT sSBNSTbCS CyMMapHOW CTaHOAapTHOW HeonpeaerneHHOCTbIo pesynibTata U3MepeHUs.

BbibopoyHoe cTaHgapTHOe OTKIOHEeHue s( ) cpegHero apudmeTuyeckoro, nonyveHHoe no copmyne (H.24b),

OyaeT noaoxoasiuert Mepor HeonpeaeneHHOCTH V TOMbKO B TOM cny4vae, ecnm MexcyTodHas U3MEHYMBOCTb Habnoae-
HU ByaeT Takon Xe, Kak U U3MEHYMBOCTb HabMoaeHU B TeYeHne oaHOro aHA. Ecnm xe nmetotcs cBuaeTenscTea Toro,
YTO MEXCYTOYHAs U3MEHYMBOCTb 3HAYUTENBHO MPEBLILAET M3MEHYMBOCTL B Mpeaenax O4HOro AHSA, TO UCMOoNb30BaHMe

yKasaHHOM hopMyrbl JACT CYLLECTBEHHO 3aHWKEHHYI0 HeonpeaeneHHOCTb OLEeHKN V . B CBSI3M C 3TUM BO3HUKAIOT ABa
BOMpoOCa: Kak onpeaenntb, ABMASETCA NM MEXCYyTOoYHas M3MEHUYMBOCTL (XapaKkTepuayemasi MeXXCyTOYHON COCTaBnstoLLEen
ONCNEePCMM) CyLLLECTBEHHOW MO CPaBHEHUIO C M3MEHYMBOCTBIO B Mpeaenax OgHOro AHs (XxapakTepusyeMon gucnepcuen
NOBTOPSIEMOCTN HAOMNIOAEHWIA), U €Cnn 3TO Tak, TO KakMMm obpas3om crieayeT OLeHUBaTb HEOMNpPeAeneHHOCTb CPeaHero
apudMeTnYecKoro.

H.5.2 YncnoBou npumep

H.5.2.1 aHHble, Heobxoaumble ANA OTBETA Ha NMOCTaBIIEHHbIE BOMPOCHI, COOpaHbl B Tabnuue H.9, B koTopow

J = 10 — uyncno gHen, B KOTOpbIe NPOBOAUIUCL HAOMIOAEHNSA Pa3HOCTU NMOTEHLMANIOB;

=5 — ynucno HabngeHWn pa3HOCTM NOTEHLMANOB B TeYEHNEe OOHOro AHS;

\.<I

% 2 Vik (H.25a)

— cpenHee apudmeTnyeckoe HabnoaeHWli pasHOCTM NOTEHUManoB B TeYeHue j-ro aHa (Bcero nonydeHo 10 Takmx
3HaYeHU No Yucny AHen HabnaeHun);

_ 1 J 1 J K
v =7§_‘4V/ Tk = 2V (H.25b)

— ycpegHeHHoe no J = 10 gHsM cpefHee apudMeTMieckoe HabnioaeHUn pa3HOCTM NOTEHLMANOB B TeYEHNEe OHS, T. €.
obuee cpegHee apudmeTmyeckoe no JK = 50 HabnogeHnsm;

S2(V, ):Li(v- -V
Jk K-1,4, Jk i (H.25c)

— BbIbopoyHas gucnepcna no K = 5 HabnogeHnsm, caenaHHbIM B Te4eHune j-ro AHA (Bcero nomnyyeHo 10 Takux 3HaveHui
no uncny AHer HabnwogeHun);

J
PV =153, - V) (H.25d)

=

— BbIOOpOYHasa ancnepcus cpegHnx apndmeTtmndecknx no scem J = 10 gHsam HabnogeHun (3To obLLas oueHka avcnep-
CuK Mo BCEM HabnoaeHusMm).
H.5.2.2 OgHopoaHOCTb BbIGOPKK, BKItOYAOLLEN pasHble AHU HAabMAEHUA, MOXHO UCCRenoBaTb, CPaBHMBas ABE

He3aBNCUMble OLEeHKN Ga/ ancnepcun HaOnAeHWIA, cOeNaHHbIX B TEYEHNEe OOHOro AHS.

2

2
MepBasi oueHKa Gy , 0603HaYeHHas s,

nonyyeHa n3 HabnOEHNA N3MEHYMBOCTU CPELHUX apudMETUYECKUX
V; 3a cyTku. MockonbKy oueHkn V; nonydeHsl ycpeaHeHnem no K HabnogeHnsam, To B NPeAnonoXeHU, YTO MeXCyTou-

Has CoCTaBnfAoLas AUCNepcun paBHa HymMo, ux BbIbBOpoYHas aucnepcust s? (\7j) MOXeT ObITb OLeHeHa Kak cﬁvl K.
Torpa ns dopmynbl (H.25d) cneayet

J

2 _ w2y K vARRYA 4

s3 = Ks?(V) = & 21(\/,- -V, (H.26a)
j:

4YTO AaeT NepBYO OLIEHKY 05,, ana v, =J—1=29 crenensm csoboapl.
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Tabnwuuya H.9— [NaHHble kKanmbpoBKK aTanoHa HanpsbkeHus, nony4deHHble 3a J = 10 gHen: cpeaHne apudmeTnyeckme

Vj 1 BbIGOpOYHbIE CTaHAapTHbIE OTKNOHeHUA s(Vj) no K = 5 HabnioaeHnam B Te4eHne Kaxaoro AHs

OeHb j
Bennuunna
1 2 3 4 5
V;,B 10,000172 10,000116 10,000013 10,000144 10,000106
S(Vj), mkB 60 77 111 101 67
Benuuuna [eHb j
6 7 8 9 10
V;,B 10,000031 10,000060 10,000125 10,000163 10,000041
S(Vj), mxB 93 80 73 88 86
V =10,000097 B s(V;) =57 wkB
- 2 2
s2 = Ks?(V}) = 5(57 mkB)? = (128 mKB)? sp = s (V) = (85 MKB)?

BTopas oueHka Gﬁv , 0003HayeHHas sg, npeacrasngaet cobori o6begnUHEHHYO BbIGOPOUHYO AUCNepcuto, nony-

yeHHyto 13 J = 10 oueHok sz(\/j ) no cpopmyne npumevaHua k H.3.6, rae kaxgasa n3 10 oLeHoK BbluMcreHa no gopmyne

(H.25c). MNockonbKy kaxaas 13 Takmx OLEeHOK sz(\/jk) MMEET OJHO M TO Xe YMCIO cTeneHewn ceoboapl, paBHoe v;= K —1 =

=9, TO OLEHKa s MOXET BbiTb MOMyyeHa NPoCTbIM yepeaHeHnem no s2(Vy). Takum obpasom,
- J J K 2
st =% (Vi) = Ji 287 (Vi) = ﬁ ) kE (Vi - ;) (H.26b)
j=1 j=1k=1

SABIISETCS BTOPOW OLEHKOM cﬁ/ ans v, = J(K— 1) = 40 cteneHen ceobofpbl.

YuncnosbiMK  OLEeHKamu Gﬁ/, nonyyeHHoiMn no dopmynam (H.26a) n (H.26b), 6yayT, COOTBETCTBEHHO,

sg = (128 mkB)2 u sg = (85 MkB)2 (cm. Tabnuuy H.9). Mockonbky oueHka sg OCHOBaHa Ha WU3MEH4YMBOCTU CPEeaHMUX

apndmeTn4ecknx HabnogeHnn 3a AeHb, a oLeHka sf,— Ha U3MEHYMBOCTW BCEV COBOKYNHOCTU HAbMNOAEHWI B LIENom, To

pacxoxaeHve 3TUX OLEHOK MOXET CBUAETENbCTBOBaTb O HaMM4MU HEKOTOPOro addekTa, BAUSIOWEro Ha pesynbTaThl
HabnoaeHUN, KOTOPbIN U3MEHSETCH AeHb OTO JHHA, HO B TEYEHME OJHOMO AHA MOXET CYMTaTbCA OTHOCUTENbHO MOCTOSIH-
HbIM. [INs NpoBepku rmMnoTes Takoro poAa, B YAaCTHOCTW, YTO MEXCYTOYHas COCTaBrsoLwas AWCMNepCUM paBHa HyIHo,
MCNonb3yoT kKputepuii Puiepa.

H.5.2.3 Pacnpepenenve ®uepa npefcraesnset cobor pacnpefeneHne BepoaTHOCTEN OTHOWeEHUs F (v, vp) =

= sg (va)/slz, (vp) ABYX HE3aBUCHMbIX OLIEHOK sg (vg) M sg (vp) AMCriepcun 6% HOPMAanbHO pacripefeneHHomn ciy-

YanHon BenuuuHbl [15]. MapameTpbl v, U v, NpeacTaBnalT cobor Yucna creneHen csobofbl ANA 3TUX OLLEHOK, U
0 < F(vg, vp) < e. [Ins pacnpepenexHnsa ®duiiepa nocTpoeHsl Tabnuupbl KBAHTUNEN CRyYaHOW BennYuHbl F Ans pasHbiX
COYETaHUM v, 1 vp. MpeBbllleHne BbIGPAHHOMO KPUTUYECKOTO 3HaueHus F(v,, vp) > Foos Wi F(vg, vp) > Fp g75 06bIYHO

WHTEPNPETUPYIOT KaKk CBUOETENbCTBO TOrO, 4YTO 32 \% 6onblue, Yem 32 V4 ) HA CTaTUCTUYECKU 3HAYUMYKO BENUYUHY.
a\Va b\Vb

BeposiTHOCTL TOrO, 4TO sg (va)m sg (Vp) ABNAOTCA OLIEHKaMM OAHOW 1 TOW e AUCTIEPCUM, NPY CTOMb GOSbLIOM 3HAYEHUM

F OyneT meHblue, cooTBeTCTBEHHO, YeM 0,05 n 0,025. (BoamoxkeH 1 opyroi BbiIGOp KPUTUYECKOTO 3HAYEHMUs1, Hanpumep,

Fo,99.)
H.5.2.4 MpumeHeHne kputepusa duwepa ANst 4AaHHOrO YMCIOBOro Npumepa aaet

F(Va, Vb) = é = KS2 (\7/) — 5(57 MKB)2 _
st 2 (Vi) (85 MkB)?

225 (H.27)
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npu vy = J — 1 = 9 cteneHen ceoboapl Ans yicnutens u v, = J(K — 1) = 40 ctenenen ceBoboabl Ana 3HameHaTens.
Mockonbky Fpgs (9,40) = 2,12 n Fp 75 (9,40) = 2,45, To fenaeTcs BbIBOA, YTO MEXCYTOUHbIN 3EKT CTaTUCTUHECKN
3Ha4YMM Ha ypoBHe 5 %, HO CTaTUCTMYECKMN HE3HAYUM Ha ypoBHe 2,5 %.

H.5.2.5 Ecnu pasHuua mexay s2

q U 3[2; npu3HaHa He3Ha4YMMON, N Ha 9TOM OCHOBaHUKM r’MNoTe3a O CyLLeCcTBOBaHUMU

MEXCYTOYHON M3MEHUYMBOCTM OTBEpPrHyTa (HEOCMOTPUTENBHOE peLUueHne, MOCKOSbKY MOXET MPUBECTU K 3aHUXKEHHOW
OLleHKe HeornpeaerneHHoCcTn), TO BbIBOPOUHYIO ANCNEepPCUto §? (\7) BEJTMYUHBI \70ne,u,yeT paccuntbiBaTtb Mo opmyrne
(H.24b). 3TO COOTHOLLIEHNE IKBUBANEHTHO HaXOXAEeHU0 0O6beaNHEHHON BbIGOPOYHONM AMCNEepCUM Ha OCHOBE OLEHOK
sg " sg, KOr[a Kaxgas U3 HUX CYMMUPYETCSl CO CBOMM BECOBbLIM KOI(MULIMEHTOM, PaBHbIM YACIY CTENeHen cBoboabl

ONs AaHHOW oueHkn (cm. npumevaHue k H.3.6), ¢ Lenblo nonyyeHus Hawmydlen OLeHKM aucnepcun HabnwoaeHun mn
nocnegymroLemMy AeneHno OLeHKU Aucnepcun HabnogeHun Ha oblee ymucno HabnwogeHwn JK onsa nonyyYyeHus Hammnyd-

LIel OLeHKN s? (\7) aucnepcumn cpegHero apudMeTUYecKoro no Bcem HabnoaeHuam. Moatomy dopmyny (H.24b) mox-

HO nepenuncaTtb B BnUae

S\ (J-1)s2 + J(K - 1)s3 _ 9(128 mkB)? + 40(85 mKB)?
s?(v)= (A (10)(5)(49) ’ (H.282)
$2(V)= (13 mkB)? wm s(V) =13 mkB (H.28Db)

npu JK — 1 = 49 cteneHsim ceoboabl Ans s(\7) .

Ecnu npegnonoxuTs, 4TO BCe NOMNpPaBKkn Ha cucteMaTnyeckne adeKThl yXKe Y4TEHbI M YUTO BCE OCTalbHble COCTaB-
nALMe HEONPeAeneHHOCTU He3HaUMTENbHbI, TO PesyribTaT KanuBpoBKU MOXeT 6biTb NpeacTasneH B Buge: «Vg =V =
= 10,000097 B (cm. Tabnuuy H.9); cymmapHas ctaHgapTHasi HeonpeaeneHHoCTb s(\7) = U, = 13 MKB npu 49 cteneHsax
cBoOOAbI».

MpumeyvyaHune 1— B npakTnyecknx n3mepeHusix BeCbMa BEPOSTHO NMPUCYTCTBUE APYrMX COCTaBMSOLLMX
HeonpeAeneHHOCTU, KOTopble A0MKHbI OblTb 06beAMHEHbI C COCTaBNAOLLEN, NOMy4YeHHON B pe3dyfbTaTe CTaTUCTUYECKON
06paboTku HabnoaeHuin (cM. npumeyanue k H.5.1).

MpnmeyaHwne 2— DkBuBaneHTHocTb popmyn (H.28a) n (H.24b) MoxHO nokasaTb, 3anucaB B NocregHewn
ABOVHYI0 CYMMY, KOTOpYto 0603Ha4yvMM S, B criefytoLiem Buae:

S= i1k§1[(vjk ~V)+ (v - \7)]2 =(J-1)s2 + J(K - 1)sp.
j=1k=

H.5.2.6 Ecnun runote3a 0 CyLLeCTBOBAHUM MEXCYTOYHOM M3MEHYMBOCTU MpuHATa (bnaropasymHoe pelueHue, no-

CKOJTbKY 3aLLMLLAEeT OT BO3MOXHOIO 3aHWKEHUST OLIEHKM HEONpeaeneHHOCTH), TO BbIDOPOYHY0 AMCNepCuto s? (\7j) , pac-

cuntaHHyto no J = 10 cpegHum apudmMeTnyecknm \/j B cooTBeTcTBMM C hopmynon (H.25d), npeactaBngaoT He B Buae

GEV/K, kak B H.5.2, a B Buge cﬁ,/K + 025, roe 025— COCTaBnAwLAaA ANCNEPCUM, XapaKTepU3yoLaa MeXCyTo4HbIe
cny4ariHble Bapuauun. Toroa MOXHO 3anucaTtb

$2(V;)=s& /K + 53, (H.29)

re s§ —oueHka o2, ,a s& —oueHka o3 . Mockombky s2 (ij) paccumTaHHoe no opmyne (H.26b), 3aBMCUT TOMLKO OT

M3MEHYMBOCTU HabNOAEHUIA B Npeaenax ogHOro AHsi, TO MOXHO NPUHSATL sﬁ, = §2 (ij) Torga ucnonb3yemMoe B Kpute-

pun ®uwepa (cm. H.5.2.4) BbipaxeHune Ks? (\7j)/sz(\/jk) MOXHO npeobpas3oBaTb cneayowmmMm obpa3om

Ks?(V)) s2 +Ksk 5(57 mkB)
F== TS B (85 MKB)? - 0
s (Vik) W

4YTO Aaet
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Ks? (V;) - s% (Vi)

2 _ H.31a
SB K , ( )
s2 = (43 MKB)2 v sg = 43 MKB,
sty = s?(Vj) = (85mkB)2 i 's,, = 85 MKB. (H.31Db)

BbIGOpOYHY0 AMCNEPCUI0 BEMUUMHBLI |/ MOMyYatoT 13 s? (\7j) [dopmyna (H.25d)], nockonbky s? (\7j) BKITIOYaET B

cebsa cocTaBnAoWmME U MEXCYTOYHON U3MEHYMBOCTU, N M3MEHYMBOCTM B TeYeHne ofHoro AHs [cMm. dopmyny (H.29)].
Takum obGpasom,

S2

—

V)=s2(V)/J = (57 mkB)Z10 unm s(V) =18 mkB (H.32)
npu J —1 = 9 cteneHsx ceoboabl Ans s(\7) .

Yuncno crteneHer csoboapbl Ans s&v (1, Tem cambim, ansa s,,) 6yaet pasHo J (K — 1) =40 [cm. dopmyny (H.26b)].

Yucno crteneHen csoboabl Ans s,% (1, Tem cambiM, Ans Sg) byaeT onpenensaTbcs YMCIoM 3PMEKTUBHBIX CTEMNEHEN

cB0o6OAbl pa3HOCTMU sﬁ =g? (\7j) _ &2 (ij)/K [em. dpopmyny (H.31a)], HO HaxoxaeHWe 3ToW BenWYUHbI NpeacTaBnsaeT

cobor crnoxHyto 3agady.
H.5.2.7 C yyetom cdopmynbl (H.32) ny4luei oLeHKoW pasHOCTW MOTEeHUManoB aTanoHa HanpsxeHus oygeT Vs =

=y =10,000097 B ¢ BbIGOpO4HOI Ancnepcuen s (\7) = U, = 18 MkB. MNonyyeHHoe 3Ha4eHve U, Ans 9 cteneHel csoboabl

crnepyeT COnocTaBuTb C OLIEHKOW U, ANns 49 cTeneHen cBobofbl, nonyyeHHon B H.5.2.5 [dopmyna (H.28b)] npu oTkase ot
rMnoTesbl O CyLLEeCTBOBAHUM MEXCYTOYHON U3MEHYMBOCTMU.

B peanbHOM n3mepeHMM BOMPOC CyLLeCTBOBaHUS adheKkTa MEeXCYTOYHON U3MEHYMBOCTY AOMKeH ObiTb, ecnu
BO3MOXHO, NPeaMEeTOM AarnbHENLLIEero nccnegoBaHns, YTobbl onpegenuTe npupoay 3Toro addpekra u nonbiTatbes oue-
HWUTb €ro BNNsHWE Ha pesynbTaT U3MepeHus, nocrne Yyero HeobxoammocTb B npumeHeHnn metoga ANOVA otnagaet. Kak
nogyepkuBarnochb B Hayane Hactosuwero pasgena, metoabl ANOVA npegHasHayeHbl ANS BbISABIEHNUS U OLEeHVMBaHWA
COCTaBMSALMX HEONPEAENEHHOCTH, CBSA3aHHbIX CO CryyYariHblMu adhdekTaMmn, 1 He MOryT NpefocTaBuTb MHAOPMaLMo
B OTHOLLEHMW COCTaBNSIOWMX, OBYCNOBIIEHHbIX CUCTEMaTUYeCKMn adpdektamm.

H.5.3 Ponb ANOVA B namepeHum

H.5.3.1 370T npumep ¢ kannMbpPOBKON 3TanoHa HanPsHKEHUS OEMOHCTPUPYET NpueM aHanuaa, Ha3blBaeMblin 00bIY-
HO cbanaHCMpOoBaHHbIM OBYXYPOBHEBbLIM MEPaPXMYECKUM IKCMEPUMEHTOM. «[]ByXypOBHEBbLIM» — MNOTOMY, YTO NOMUMO
psaa HabnogeHun B yCNoBUsIX MOBTOPSAEMOCTU CYLLIECTBYET elle TONMbKO OAWH YPOBEHb BapbMPOBaHUS (M3MEHYMBOCTH)
— 3T0 AeHb, B KOTOPbIN NPOBOAAT M3MepeHus. « CbanaHCMpoBaHHbIMY» — MOTOMY, YTO KaXAblli AeHb BbINOMHAIOT O4MHa-
KOBOE 4mcno HabnopeHui. MNprumep aHanmaa MOXHO PacnpoCTpaHUTb Ha APYrMe UCTOYHMKM BapbMPOBaHWS, Takme Kak
«BNUSIHNE onepaTopa», «BMUSIHNE CpeacTBa U3MEpPeHuin», «BnusiHMe nabopaTopun», «BnusiHWe obpasya» 1 aaxe
«BIUAHME MEeTOoAa M3MEPEHUNn» B AaHHOM u3MepeHun. Takum obpasom, B JaHHOM NpYMepe U3MepeHwus, NpoBeaeH-
Hble B J AHEN, MOXHO BbINO 3aMEHUTb Ha M3MepeHWs, NPOBEAEHHbIE B OAUH AeHb, HO C y4acTuem J onepaTtopos. Toraa
BMECTO MEeXCYTOYHOWM COCTaBnsloLel AMcnepcnumn paccMaTpuanack Obl cocTaBnsowas Aucnepcun, ceasaHHas ¢ one-
paTtopamu.

H.5.3.2 Kak ykasaHo B H.5, metogbl ANOVA WMpOKO MCnonb3yoTcs Npu cepTudmkaumm cTaHaapTHbIX ob6pasLoB
nytem MexnabopaTopHbIX ucnbiTaHni. Takas cepTudumkaumsa obblMHO NpegnonaraeT ydactne psga He3aBUCUMbIX, 0au-
HaKOBO KOMMETEHTHbIX nabopaTopuii, NPOBOASALLMX OLEHKY CBOMCTBA BELLECTBA, N0 KOTOPOMY OHO AOIMKHO ObITb cepTu-
duumpoBaHo. OBbIYHO NpegnonaratrT, YTO PacXoXAeHUs Mexay OTAENbHbIMU pedynbTaTaMu U3MEPEHUN, Kak BHYTpU
ofHol nabopaTopuu, Tak 1 Mexay nabopaTopusaMu, SBASIOTCA CTAaTUCTUYECKUMW NO NPUpoAe, HE3aBNCUMO OT Bbi3blBa-
owmx nx npuymH. CpegHee apudgmeTuyeckoe pesynbTaToB M3MEPEHWIn B paMKax ofHONM nabopatopum cuntaeTcsi He-
CMeLLEeHHON OLeHKOWN CBOWCTBA BELLECTBA, @ HEB3BELLEHHOE cpeaHee NabopaTopHbIX CPeaHNX 3HaveHui 0bblvHO npea-
nosiaraeTcs HausyudLlen OLEHKOM 3TOro CBOMCTBA.

CepTndumkaumsa ctaHgapTHoOro obpasua MoXeT NpoxXoauTb € ydacTueMm | pasHbix nabopartopui, kaxagas n3 KoTo-
pbix n3mepsieT Tpebyemoe cBOMCTBO J pa3Hbix 06pasLoB BeLecTBa, NPUYEM Kaxgoe Takoe M3mepeHune BkroyaeT K
He3aBVCMMbIX NOBTOPHbIX HabnogeHui. Takum obpasom, obliee yncno HabnogeHun coctasnseT UK, a obliee ymcno
obpasyos — IJ. 310 NpumMep cHanaHCMPOBaAHHOIO TPEXYPOBHEBOIO MEPaPXNYECKOro 3KCMepUMeEHTa, aHanorMyHbIv Bbl-
LLIeonMCcCaHHOMY Npumepy C kanMbpoBKOW dTanoHa HanpshkeHus. B gaHHOM criydae cywecTBYHOT ABa BbICLUMX YPOBHS
nepapxuu, CoOTBETCTBYIOLIME ABYM BapbupyembiM daktopam: obpasey n nabopatopus. SkcnepumeHT asnseTcs cba-
NIaHCUPOBAaHHbIM, MOCKOMbKY B KaXaou nabopatopuv Ans kaxgoro obpasiua NnpoBoaAT paBHOE KONMYeCTBO HabnoaeHui
(K), n kaxxgas nabopaTtopus NPOBOAMT U3MEPEHUS ANS paBHOro konuyectsa obpasuos (J). [lanee no ananorum ¢ pac-
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CMOTPEHHBIM NMPYMEPOM CO CTaHAAPTOM HaMpPsKEeHWS Lenblo aHanusa AaHHbIX SBMSEeTCS uccrefoBaHne BO3MOXHOMO
CyLLeCTBOBaHMSA MeX00pasLoBbIX U MexXnabopaTopHbIXx 3PEKTOB 1N onpedeneHne HeonpeaeneHHOCTU N3MepsemMoro
CBOWCTBA BELLECTBA, YTOObI 3a8BUTb €r0 BMECTE C Hauny4Lle OLEHKOW YKa3aHHOro CBOMCTBa. B cooTBeTCTBUM Npeabiay-
WM naparpadomM npepnonaraeTcd, YTo 3Ta OLeHKa ABnseTca cpedHuM no | nabopaTopHbIM CpeaHUM 3HayYeHusAMm,
KOTOpas ABMSEeTCA Takke cpeaHum apudmetmdeckum no [JK HabnogeHusm.

H.5.3.3 B 3.4.2 nogyepkmBanacb BaXXHOCTb BapbMpPOBaHUSA BXOOHbIX BEMNUYUH, BIUSIOLINX HA pe3yrnbTaT u3mepe-
HWS, C LieMbio MONy4YnTb OLEHKY HEONpeaeneHHOCTU Ha OCHOBE CTaTUCTUYecKkon obpaboTku AaHHbIX HabnwaeHnn. Mepap-
XMYECKNE IKCMEPUMEHTBI 1 ANCNIEPCUOHHBIN aHanm3 Nony4YeHHbIX AaHHbIX MOryT ObITb C YyCNEXOM MPUMEHEHbI BO MHOMMX
N3MEPUTENbHbBIX CUTYaLUMsX, BCTPEYaILWMNXCA Ha NPaKTUKe.

Tem He MeHee, Kak ykasbiBanocb B 3.4.1, BapbypoBaHWe BCEX BXOAHbIX BEMUYMH peanu3yemo TOMbKO B peaKux
crnyyasix BBMAY VMMEIOLMNXCA OrpaHUYeHUn Ha BPEMEHHbIE U MHbIE pecypcbl. B BONbLUMHCTBE MPaKTUYECKMX CUTyauui
meTtogamn ANOVA MOXHO OLEHUTb, B NyYLIEM Cry4Yae, TONbKO HEKOTOpble COCTaBNsoLLmMe HeonpeaeneHHocTn. Kak noa-
YepkmBanoch B 3.4.1, ANS OLEHUBaHMA MHOTMX COCTaBMALLMX HEONpeaeneHHOCTH CneayeT UcnonbL3oBaTe 060CHOBaH-
Hble CY>XOEHUSA Ha OCHOBE BCeN AO0CTYNHON MHdopmaumm 06 M3MEHUYMBOCTU COOTBETCTBYHOLLMX BXOAHbBIX BEMWYMH. 3a4a-
CTYI0 COCTaBnALLME HEONPEOENEeHHOCTH, CBA3aHHble C Takumu hakTopamu, Kak BrnusHne obpasua, nabopartopuu, one-
patopa unu CpeAcTBa U3MEpPEHUs, He MOryT ObiTb OL|@HEHbl CTaTUCTUYECKMMU METOAaMn Ha OCHOBE HabniodeHun un
HY>XOalTCA B aHanm3e BCeil COBOKYNMHOCTU OaHHbIX.

H.6 U3mepeHns no yCnoBHOM LLKane: TBEpAOCTb

TeeppocTb npeacraenset cobon npumep hrU3nM4ecKoro CBOMCTBA, ANA KOTOPOro KONMYeCTBEHHasi OLeHKa He Mo-
XeT ObITb nony4veHa 6e3 CCbINKN Ha KOHKPETHbIV METOA, N3MEPEHHUS, T. €. pa3Mep AaHHOW BENWUYMHbBI NMPUBSA3aH K KOHKpeT-
HOMY mMeToAy m3mepeHus. BenvumHa «TBEpOOCTb» HEMOXoXa Ha Knaccuyeckue naMeprMble BENUYMHBI TEM, YTO OHa He
MOXET BOWTU B aHanNUTUYECKNE BbIpaXXeHUs ANst OnpefeneHns Apyrnx N3mMepumMbIX BENTUYUH (XOTH OHa MHOrAa UCMorb-
3yeTcs B aMnupuyeckmx popmynax, CBS3bIBalOLWMX TBEPAOCTb C APYTMMU XapaKTepyucTukaMu MaTepuanos onpeaeneH-
Horo knacca). Ee pasmep onpegensoT yepes NPUHATBIN METOA4 M3MEPEHUS MO NMMHENHOMY pa3mepy oTnevaTtka OT
BAaBNvMBaHusa B obpasel, mamepuarna. \3amepeHnsa NpoBOAAT B COOTBETCTBUM CO CTaHAAPTOM Ha MeTOA M3MepEeHus, B
KOTOPOM [aHO OnucaHue BOABMMBAEMOro HaKOHEYHMKa, yCTaHOBKa ANS BAABMUBAHMS M CNOCOO ynpaBrneHust yCTaHoB-
kon. CyLuecTBYyeT HECKOMbKO CTaHA4apTOB Ha MeToAbl M3MEpPEHUsA TBEPAOCTU, KOTOPbIM COOTBETCTBYIOT pasHble LUKanbl
TBEPAOCTHU.

TBepaoCTb onpeaenstoT Kak PyHKUMIO (3aBUCSLLYIO OT LUKarbl) HEMNOCPeACTBEHHO N3MEPSEMOro NMMHENHOro pas-
Mepa. B paccmatpvBaemMom npumepe oHa onpefenieHa kak nuHenHas pyHKUUsA cpeaHero apudMeTnyecKkoro (cpeaHe-
ro 3Ha4eHwus) rmybrH NATU NOBTOPHbLIX OTNEYaTKOB, HO ANs APYIUX LUKan MOXeT NCMNONb30BaTbCs U HENMUHENHasa dyHKLUMS.

['ocynapcTBeHHbIM 3TanoHOM TBEPAOCTU ABNSETCH CTaHAapTHasa ycTaHoBka (TBepgomep). (Ha mexagyHapogHom
YPOBHE TaKoro aTarnoHa He cylecTByeT.) [epegavy eauHuLbl TBEPAOCTU OT 20Cy0apCmeeHHO020 amarioHa K kannbpyemo-
My TBEPAOMEPY OCYLLECTBIIAIOT C MOMOLLBbI 06pa3yosbix Mep meepdocmu.

H.6.1 U3amepuTenbHasa 3apgayva

B aTtom npumepe TBepaocTb obpasua matepuana onpegenstoT no wkane C Poksenna ¢ ncnonb3oBaHnem meep-
domepa-Komnapamopa — yCTaHOBKM, KannbpoBaHHOW NO rocyaapCTBEHHOMY aTanoHy. Liena genexmnsa wkanesl C Poksen-
na cocraenseT 0,002 MM, npuyem TBEPAOCTb MO 3TOW LUKane OMpedensioT, BblYMCASAS Pas3HOCTb MEXAY 3HauYeHuem
100(0,002 mm) 1 cpeaHUM apudMETUYECKMM TNYOUH NATU BOABNMBAHWMN, U3MEPEHHBLIX B MUMNMMETpax. 3HayeHne 3Tomn
BENMYMHBI, pas3aerneHHoe Ha LeHy aenenuns wkanbsl C Poksenna 0,002 mm, Ha3biBalOT nokasaTernem TBepA4oCTM MO LKane
HRC. B HacToswem npvmMepe Benu4ynuHa Ha3biBaeTCa NPOCTO TBEPAOCTbIO N 0603Ha4YaeTca hrockwell C» @ €€ YMCIOBOE
3HayeHue B eavHMLax wkansl Poksenna — nokasatenem TBepAocTv ¢ o6o3HaveHnem Higekwell C-

H.6.2 MaTtemaTuuyeckaa mogenb

B cpenHee apudmeTtunyeckoe rnmyobuH BOaBNMBaHWIA, cAenaHHbIX B oOpasLe matepuana TBepAoMepoM-KoMnapa-
TOPOM, HEOOXOAMMO BHECTU MOMNpPaBKy ANA NPUBELEHNS 3TON BEMUYMHBI K CPEAHEMY reOMeTpudeckomy rmyouH BoaBnu-
BaHWW, KoTopble Obiny Obl caenaHbl B TOM e camoM obpasLie rocyfapCTBEHHbIM 3TanoHOM. Takum obpasom,

hRockwell ¢ = f(C?,AC, Ap, AS) =100(0,002 MM) — d — A, —Ap —Ag » (H.33a)
Hrockwell ¢ = PRockwell ¢ /(0,002 Mm), (H.33b)

roe d — cpedHee apudMeTMYeckoe rMybuH NATY BAABMMBAHWIA, CAEMNAaHHLIX TBEPAOMEPOM-KOMNapaTopom B obpastie
maTepuana;

A, — nonpaeka, Nony4eHHas U3 Crim4yeHns TBepaomMepa-komnapaTopa ¢ rocy4apCTBEHHLIM 3TarOHOM C MOMOLLbIO
06pasLoBoi Mepbl TBEPAOCTU U paBHasi cpefHeMy apndmeTuyeckoMy rmyouH Sm BaaBnmBaHui, coenaHHbIX 3TanoHOM,
3a BblYETOM CpefHero apudmeTnyeckoro rmyouH 5n BaaBnmMBaHui, CAenaHHbIX B TOM xe 06pasLoBoi Mmepe TBepLoCTu
TBEPAOMEPOM-KOMNAapaTopoM;

Ap — pasHuua B TBEPAOCTU (BbIpaXKeHHAs Kak pasHOCTb cpedHero apudmMeTnyeckoro rmybuH BaasnuBaHns) ans
ABYX YacTel 06pa3LoBO Mepbl TBEPOOCTU, B KOTOPbIX OCYLLECTBASNUCH BAABNMBAHUSA, COOTBETCTBEHHO, rOCYAapCTBEH-
HbIM 3TarloHOM M TBEPAOMEPOM-KOMNapaTtopoM. JTa BeNnuYMHa nonaraeTcs paBHOW HYIHO;

Ag— MorpeLLHocTb, 0bycnosneHHas pa3bpocom pesynbTaToB, NOMYYEHHbIX C UCMNOMb30BaHNEM roCyAapCTBEHHOMO
3TanoHa B yCroBuUsiXx NOBTOPSEMOCTH, Y HEMOMHOTOW OnpeaerneHns N3mMmepsaeMon BennUnHbl. XoTa BenuynHa Ag AOIKHa
ObITb NPVHATa PaBHOW HYMIO, e/l COOTBETCTBYET HEHyNneBas CTaHAapTHas HeonpeaeneHHoCTb U(Ag).
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[MockonbKy BCe YacTHble NMPOU3BOLHbIE of 1 dd Of | 0A; ,0f [ OA, n Of | OAg dbyHKUMM, 3afaHHON HOPMYIION

(H.33a), paBHbI MVWHYC eaMHu1LIE, CYMMapHYo CTaHAapTHYI HeorpedeneHHOCTb Ug(h) TBepaocTu obpasua, M3MepeHHOM
TBEPAOMEPOM-KOMMApaTopoM, onpelensioT no gopmyne

U2 (h) = u?(d) + U (Ag) + U2 (Ap) + U? (Ag), (H.34)
B KOTOPOW AN YNPOLEHUS 3anncu hrockwell ¢ 3@MEHEHO Ha h.
H.6.3 CocTaBnswwme aucnepcum

H.6.3.1 HeonpeneneHHocTb U (d) cpeaHei rmybuHbl BoasnueaHusa d B obpasel, MaTepuana

HeonpedeneHHocmb, cesisaHHas ¢ MO8MOPHbIMU HabrmodeHUssMU. TOYHYIO MOEHTUYHOCTb YCIOBUA MOBTOPHbIX
HabnogeHnn cobtoCcTM HEBO3MOXHO, MOCKOMbKY MPU KaXA0M creaytoLlem HabniogeHnm Mecto BAaBNMBaHUS OTnM4aeT-
cs OT npeapblayulero. Takum 06pa3oM, M3MEHYMBOCTb Pe3yNbTaToOB MOBTOPHbLIX HabnoaeHur ob6s3aTensHO BKIIOYAET B
cebs CcoCTaBmsALLYH, CBA3aHHYIO C pasHoOV TBEPAOCTbIO Martepuana B pasHbix MecTax BaaBnvBaHuda. CTaHOapTHYHO

HeonpeaeneHHocTb U (d) cpeaHero apudgMeTmyeckoro rmyGuH NaTYW BAaBMMBaHWIA B oGpasle maTtepuana, caenaHHbIX

TBEPAOMEPOM-KOMNapaTopOM, BbIYUCTIAIOT KaK  Sp, (dk)/\/g, rae sp(dy) — obbeanHeHHoe BbIGOPOYHOE CTaHaapTHOe

OTKIMOHEHNe rnyOuH BOABNUBAHWI, ONpeaerieHHOe «NMOBTOPHBIMUY M3MepeHsaMn Ha obpasLie, O KOTOPOM U3BECTHO, YTO
OH MMeeT BeCbMa OOHOPOAHYH TBEPAOCTb (cM. 4.2.4).

HeonpedeneHHocmb, c8s3aHHasA C rnokKka3aHusamu npu6opa. XoTq nonpaeka K d , CBA3aHHas C nokasblBaloLMM

YCTPOCTBOM TBEpPAOMEPa-koMMapaTopa, paBHa Hyriio, CyLeCTByeT COCTaBNAILLas HeonpeAeneHHocT d , 0ByCroBneH-
Has HeonpeaeneHHOCTbIo U(d) NokasaHui rMybuHbl BAABNMBAHWUS 13-32 KOHEYHOTO paspeLleHns § nokasblBatoLLero ycr-

POWCTBA; u2(8) = §2/12 (cm. F.2.2.1). Takum obpa3om, oLeHKa Aucnepcuy BENUYMHbI d vmeert BUA
u?(d) = s2(dy)/5 + 8% 1121. (H.35)

H.6.3.2 HeonpeaeneHHOCTb U(A;) MONPaBKM Ha pa3HOCTb B pesynbTaTtax, NnofyvyaeMbix AByMs TBepAoMepamMu
Kak ckasaHo B H.6.2, A, — nonpaBka Ha pasHOCTb B pe3ynbTatax U3MepeHUii rocyfapCTBEHHbIM 3TarloHOM U

m
’ ’ - =
TBEPAOMEPOM-KOMMNAapaTtopoMm. STy MOMPaBKy MOXHO NPeACTaBuUTb B BUAe A, = zg — z', rae Zs = ZZS,,' /m — cpen-
i=1
HAs rnybuHa 5m BOaBNUBaHWUN, cAenaHHbIX TOCYyAapCTBEHHbLIM 3TallOHOM B 00Opa3LoBO/ Mepe TBEPAOCTH, a
n — ~ ~ ~
7z = zzi /n — cpeaHasa rmybuHa 5n BOoaBnuMBaHWiA, coenaHHbIX B TOW e 06pasLoBoOri Mepe TBEPAOCTU TBEpAOME-
i=1

pom-komnapaTopoMm. Takum obpasom, npegnonarasi, YTo B NpoLieaype Crv4eHnss MoXHO npeHebpeyb HeonpeaeneHHo-
CTbt0, 06YCMNOBMNEHHOM KOHEYHbBIM paspeLLeHNneM NoKasbiBaloLLMX YCTPONCTB 060UX TBEPAOMEPOB, MONyYaeM OLEHKY AnC-
nepcuu BeNuUMHbI A, B BUAE

2 (> 2 (>
2 (8y) = savrng) . SaVn(Z), (H.36)

m

2 (> 2.5 .

rae s;, (Zs) = .S (ZS,i)/m — cpefHee apudmeTuyeckoe BbIBOPOUHbLIX AUCNEPCU CPeaHUX apuPMETUYECKNX MO
i=1

KaXao0i 13 m BbIGOPOK rMy6uUH BAABNMBAHWIA Zg j, CAENaHHbLIX FOCYJapCTBEHHBIM 3TanoHOM;
n ~ ~
s2,(z) = Y s? (Z,/n — cpefHee apudMeTMyeckoe BbIGOPOYHLIX AUCMEPCU CpeaHUX apudMETUYECKMX MO Kaxaomn
i=1

13 m BbIGOPOK rMy6MH BAABNMBAHWUIA Zj, COENaHHbIX TBEPAOMEPOM-KOMMNapaTopoMm.
MpumeyaHune—TogpobHee 06 06beANHEHHBIX BbIGOPOYHBIX ANCNEPCUSX, KaKUMU ABMISIOTCA ng (zg) m

sg\, (z) om. B H.5.2.2 [nosicHeHuns k popmyne (H.26b)].

H.6.3.3 HeonpegeneHHocTb U(Ap) NONPaBKM Ha PasHOCTb B TBEPAOCTM B pasHbIX TOYKax 0b6pasLoBori Mepbl TBep-
[oCTH

MexayHapogHasa pekomeHpauma MO3M P 12 «[Tosepka u kanubposka obpa3yos8bix Mep meepdocmu Mo wkare
C Poksenna» TpebyeTt, 4Tobbl MakcumanbHas v MUHUMarbHas rnyouHbl B4aBMBaHWI, NOSTyYEHHbIE MO NATU M3MepPEeHW-
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M Ha o6pa3sLioBO Mepe TBEPAOCTH, HE OTNMYanMch 6onee Yem Ha HEKOTOPYIO AOM0 X CpeaHen rmybuHbl BAaBNMBaHUS,
roe Aons X 3aBUCUT OT nokasaTens TBepAocTw. [103TOMy MOXHO AONYCTWUTb, YTO MakcumanbHas pasHoCTb B rnybuHax
BAABNVBaHMA B pa3HbIX TOYKax obpasLoBoi mepbl TBepAocTn OyaeT xz', rae BenvuvHa z', onpegeneHHas B H.6.3.2,
nonyyeHa ans n = 5. MOXHO AONYCTUTb Takke, YTO 3Ta MakCMmarbHas pa3HOCTb ONUCLIBAETCS TPEYronbHbIM pacnpeae-
NIeHNeM BEpPOSATHOCTEWN BOKPYr 3Ha4YeHnsd xz'/ 2 (OCHOBbIBasCb Ha MPEAnONIOXKEHUN, YTO 3HaYeHUs, Bnnskne K LeHTpy
pacnpegeneHus, 6onee BeposTHbI, YeM Ha ero kpasx — cMm. 4.3.9). Torga, npuHumas B copmyne (9b) a = xz'/ 2,
nonyyaem CrneaymroLLy OLEHKy AUCMepCcuy MonpaBkv K cpedHen rnybvHe BAaBnvMBaHUi, 0OYCMOBMEHHYO pasHULEN B
TBEPOOCTW, COOTBETCTBEHHO, AN rOCYyAapCTBEHHOrO aTanoHa n TBepaoMepa-komnaparopa:

U2(Ap) = (x2')2/24. (H.37)

Kak yka3aHo B H.6.2, npegnonaraeTtcs, YTO Hauny4Llasi OLeHKa Ay paBHa HyIo.

H.6.3.4 HeonpegeneHHoCTb U(Ag), 06ycnoBneHHas rocyaapCTBEHHbIM 3TarlOHOM U ONpeaerieHneM BENNYNHbI TBEp-
[ocTu

HeonpepeneHHOCTb, CBSA3aHHasi C roCyAapCTBEHHbIM 3TanoHOM, BMECTE C HEONPEeAENeHHOCTbI, 00YCNOBIEHHO
HEMonHOTON onpeaerneHns N3MepsiemMolr BennMYMHbl (TBEPAOCTH), YKasbiBaeTCA B BUAE OLIEHKU CTaHO4APTHOrO OTKMOHe-
HUS U(Ag) (MvetoLwen pasmepHOCTb OTUHBbI)

H.6.4 CymmapHasa ctaHaapTHasA HeonpeneneHHoCTb Ug(h)

lMoocTaHoBKa OLEHOK COCTaBNANLWMX HEONpPeaeneHHoCTn, nony4eHHbix B H.6.3.1 — H.6.3.4, B hopmyny (H.34)
AaeT OLEHKY Aucnepcun pesynbTtata u3mepeHvs TBepaocTu
2 sa(Zs) | sa(@) , (x2)
12 m n 24
Mo KOTOPOWN MOXeT ObITb BblYMCIIEHA CyMMapHas CTaHgapTHas HeonpeaeneHHoCTb Uq(h).

H.6.5 Yucnosown npumep

[aHHble onsa HacTosiwero npumepa cobpaxbl B Tabnuue H.10.

B kavecTBe LiKanbl TBepAoCTM ucnonb3yetcs wkana C Poksenna, o6os3Havyaemas HRC. LeHa genenus wka-
nbl Poksenna coctaensieT 0,002 mm, noatomy B Tabnuue H.10 n B nocnegylolem TekcTe UCNonb3yemoe Ans npo-
CTOTbI NMPEeACTaBeHNsa AaHHbIX U pe3ynbTaToB BblpaxeHue, Hanpumep, «36,0 eauHuy, no wkane Poksenna» o3HavaeT
36,0(0,002 mm) = 0,072 mm.

Ecnu cooTtBeTcTBYlOWME AaHHble Tabnuubl H.10 noactasuTe B hopmyny (H.38), To monyymm cnegytowiue aea pe-
3ynbTaTa:

s%(dy)

u? (h) ==+ +u?(Ag), (H.38)

045* , 0 010>  01f  (0015x360)*

ug (h) = 5 12776 t76 24

2
+05° | = 0,307 (eguHuy no wkane POKBenna)2,

ug(h) = 0,55 egmnny no wkane Pokeenna = 0,0011 mm,

r4e B Lensax pacyeTa HeonpegeneHHocTn npuHaTo z'= d = 36,0 eguHuy no wkane Poksenna.

Tabnuya H.10 — [JaHHble ans onpefenexHus TBepAocTn obpasla maTepumana no wkane C Pokeenna

MCToYHUK HeonpedeneHHoCTH 3HayeHne

36,0 eamHuy no wkane
Poksenna

64,0 HRC

CpegHss rnybuHa d nsSTV BAABMVBAHMIA TBEPAOMEPOM-KOMMNapaTopom obpasua matepua-
na: 0,072 mm

YKasblBaeMmblii nNokasaTternb TBEpAoCTn 06pa3L|,a MaTtepuana no naTM saaBnMBaHNAM
HRockweII c= hRockweII C/(O’OOZ MM) = [100(0,002 MM) — 0,72 MM]/(0,002 MM) (CM. H61)

O6benmHeHHoe BbIOOPOYHOE CTaHAAPTHOE OTKIOHEHUe sp(dk) rnyOouH BAaBNvMBaHWNA, cae-

0,45 eguHuy no wkane

NaHHbIX TBEPAOMEPOM-KOMMNapaTopoM Ha obpasle C paBHOMEPHOI TBEPLAOCTLHO

Pokesenna

PaspelueHune § nokasbiBalLLEro yCTponcTea TBeEpAOMEpa-koMnapaTopa

0,1 eguHuy no wkane
Poksenna

Say (Zs) , KBaOpaTHbI KOPeHb U3 CpeHero aprPMeTUIECKOro BbIGOPOYHbIX AVCMEPCHN Cpes-
Hero no m cepuii BAaBMUBaHUIA rOCyAapCTBEHHbLIM 3TarloHOM Ha 06pasLoBoOVi Mepe TBepOoCTU

0,10 eguHuy no wkane
Pokesenna, m=6

Say (Z) , KBaOpaTHbIN KOPEHb U3 CpefHEro apuMeTNIECKOro BbIBOPOYHbIX AVChepcuii cpea-

HEero rno N cepwii BAaBNMBaHUIA TBEPAOMEPOM-KOMNApaToOpoM Ha 06pasLoBoil Mepe TBepao-
cTm

0,11 eauHuy no wkane
Pokesenna, n =6

Honsa x rnybyHbl NPOHUKHOBEHMSA B 06pas3LoByl0 Mepy TBEPAOCTU

1,5:10~2

CraHpgapTHas HeonpefeneHHocTb U(Ag), 06yCcrnoBneHHasa rocyfapCTBEHHbIM 3TaNlOHOM U He-
NOJIHOTOW onpefdeneHns n3mMepsemMon BeNNYMHbI

0,5 egmHuy no wkane
Poksenna
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Takum obpasom, B npeanonoxeHun A, = 0 TBepaocTb obpasya marepuana cocTaBnseT

«hRrockwell ¢ = 64,0 eanHny no wkane Poksenna wnu 0,1280 mMm; cymmapHas ctaHgapTHas HeonpeaeneHHOCTb
uc = 0,55 eguruy no wkane Poksenna vnu 0,0011 mm».

B eavHunuax nokasatens 1BepaocTty no wkane C Poksenna: hrockwel ¢ / (0,002 mm) = (0, 1280 mm)/(0,002 mm) nnm

«HRockwell ¢ = 64,0 HRC; cymmapras ctaHgapTHas HeonpegeneHHocTb U, = 0,55 HRC».

Kpome coctaBnstoLleri HeonpeaeneHHoCT, 00yCNOBNEHHON rocy4apCTBEHHbIM 3TaNOHOM U HEMOMHOTONW onpe-
OeneHns n3mepsemon BennynHbl (TBepgoctu), u(Ag) = 0,5 eanHuy no wkane Poksenna cyLleCcTBEHHbIN BKag B Cymmap-
HYI0 CTaHOapTHYI HEeOonpeaeneHHOCTb BHOCAT HeoMnpeaeneHHOCTb, CBSA3aHHas C NOBTOPSEMOCTbIO pe3ynbTaToB M3Me-

peHui, sp(dk)/Jg = 0,20 eguHuy no wkane Pokeenna u HEONPEeAENeHHOCTb, CBA3aHHAsi C HEPaBHOMEPHOW TBEPAOCTbIO

06pa3LioBoit Mepbl TBepaocTu (xz')2/24 = 0,11 eavHn, no wkane Pokeenna. Uncno scdekTuBHLIX cTeneHeli csoboabl
ONs U, MOXHO oLeHUTb no copmyre Yanuya-CaTtrepTyainTa, kak nokasaHo B H.1.6.
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Mpunoxexwne J
(o6s3aTenbHoOE)

OCHOBHbIe 0603Ha4YeHus

a MonywrpuHa NpsAMOYronbHOro pacnpeneneHnsi BO3MOXHbIX 3HAYEHUIn BXOOHOW BENUYMHbI
Xia=(a,—al)2

a; BepxHas rpaHuLa BO3MOXHbBIX 3Ha4YEHU BXOOHOW Bernu4YuHbl X;

a_ HWKHASA rpaHyLia BO3MOXHbLIX 3HAaYEHUA BXOOHOW BENUYMHBLI X;

b, BepxHsas rpaHyLa OTKNOHEHUSA BXOAHOW BENUYUHBI X OT ee OLUEHKN X;: by = a, — X;

b_ HWxHsA rpaHnLa OTKIOHEHNS BXOAHOW BeNUYMHbI X OT ee OLEeHKN X b_ = X; — a_

C; YacTHasa nponsBoAHast Unm KoapdULUMEHT YyBCTBUTENbHOCTU: C; = Of /0X;

f ®PyHKLUMOHaNbHOE COOTHOLLEHME MEXAY N3MEPAEMON BENNYNHON Y 1 BXOAHBIMW BENUYMHamm Xj, ot
KOTOpbIX 3aBUCUT Y, a Takke Mexay BbIXOAHOW OLEHKOW ¥ N BXOAHBbIMU OLIEHKaMW X;, OT KOTOPbIX
3aBuUCUT ¥

Of 10x; YacTHasa nponsBofHast yHKLUK f 3aBUCMOCTU M3MEPSEMON BEMMYMHBI Y OT BXOOHbIX BEMUYUH X
no BXOOHOV BenuynHe X; B Touke X;: Of /0X; |X1’ Xopo Xpy

k KoadpdumumneHT oxBata, npumeHsemMbli ANA BbIYUCNEHUA paCLUMPEHHOW HeonpeaeneHHOCTU
U = kug(y) oueHKkn BbIXOAHOW BEMNWYUHBI ¥ MO €e CyMMapHOW CTaHAapTHOW HeonpeaeneHHOCTH
uq(y), rae U onpegenset nHtepsan Y = y U C HEKOTOPbIM BbICOKMM YPOBHEM AOBEPUSA

Ky KoatppuLeHT oxBaTa, NpUMeHsIEMbIA ANs BbIYUCIIEHNS pacLUMPEHHoOl HeonpeaeneHHoctn U, =
= KyUo(y) OUEHKM BbIXOLHO BENWUYMHBI y MO ee CYMMapHO CTaHAAPTHOW HEONPEeAeneHHoCT Uy(y),
roe U, onpepensiet uHtepsan Y = y + U, C 3ajaHHbIM BbICOKMM YPOBHEM LOBEPUS P

n Yuncno NoBTOPHLIX HabnoaeHui

N Yncno BXoAHbIX BENMYMH Xj, OT KOTOPbIX 3aBUCUT M3MepsiemMast BenmunHa Y

p BeposaTHocTb nnmn ypoeeHb gosepust: 0 < p <1

q CnyvaiiHasi Benu4ymHa, onucbiBaeMasi pacnpegeneHnemM BeposTHOCTEN

q CpepnHee apudmMeTnyeckoe unm cpefHee 3HavyeHWe n He3aBUCHUMbIX MOBTOPHbIX HAOMOOEHUA g
CIy4arHOM BErMYMHbI q; OLEHKa MaTeMaTUYeckoro OXMAAHWS L, pacnpeieneHnst BEpOSTHOCTE
Ccrny4anHow BeNUYnHbI q

9k k-e He3aBucMMOe MOBTOPHOE HabmnogeHne cryvyaviHoW BennYnHbl q

r(x, x) OueHka KoauUneHTa KOppensaLuum OLEHOK X; U X; BXOAHbIX BenuuunH X; n Xi: r(x;, x;) =
= u(x; )/ [u ) u(x;) |

r()_(l.’ )_(j) OueHka koadpduLmMeHTa Koppenaumm Mexay cpegHuMmn apumeTnyeckumm )_(,- " Xj, ornpeneneH-
HbIMM M0 N HE3aBUCUMbIM Mapam MOBTOPHbIX OAHOBPEMEHHbIX HabnwoaeHun X; , u Xj BXOAHbIX
Benmunk X;u X r(X;, X;) = s(X, )_(j)/[s()_(i) s()?,)]

r(yi ) OueHrka koaduLmeHTa Koppensayny BbIXOAHbIX OLEHOK Y; 1 ¥, KOrAa B pamkax OfHOMO U3MEpeHust
onpenensioT 3HayYeHns AByx 1 6onee namepsiembix (BbIXOOHbIX) BEMWUYMH

sf, O6beanHeHHas BblGOpoYHas aucnepcus

Sp O6benmHeHHoe BbIOOPOYHOE CTaHOAPTHOE OTKIOHEHWE, paBHOE MOJTIOXKXUTENBHOMY KBagpaTHOMY
KOPHIO 13 s,%

2~ —
s°(q) BbiGopouHas aucrnepcusi sHadeHust q ;

oueHka ancnepcun 62/n Bennankbl g : s2(q) = s2(qx)/ n;
oLeHKa aucnepcum no Tuny A
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s(q) BblbopoyHoe cTaHAapTHOE OTKIMOHEHWE CPEeAHEero 3HayeHus q ;
cMmelleHHas oueHka o(q) (cMm. npumevaHue k C.2.21);
OLleHKa CTaHAapTHON HeonpeaeneHHoCTM no Tuny A
s2(qy) BribopoyHas aucnepcus, nonyvyeHHas no N He3aBUCKMMbIM MOBTOPHbLIM HAGMIOAEHUSAM ) CryYaii-
HOW BEMUYUHBI (;
OLEHKa AMCMepcumn G2 NMOTHOCTU BEPOSTHOCTEN CIyYaitHON BENUUMHBI G
s(q) BbIGOPOYHOE CTaHAApPTHOE OTKMOHEHWE, paBHOE MOMOXUTENLHOMY KBaZpaTHOMY KOPHIO 13 S2(qy);
CMeLLeHHas oLleHKa CTaHAapTHOrO OTKIIOHEHNS G NIIOTHOCTN BEPOSTHOCTEW CryYaiHON BEMUYUHbI q
32()_(,.) BbiGOpoUHast ANCNEepCHs CPEAHEro 3HaYeHUs X;, ONPefeneHHOro N0 N He3aBMCUMBIM MOBTOPHBIM

HabniogeHnam X, BXOOHOW BenuunHbl Xj;
oueHKa aucnepcun no Tuny A

BbI6OPOYHOE CTAHAAPTHOE OTKIIOHEHME CPEAHEro 3HaueHUs X;, PaBHOE MONIOKMTENbHOMY KBaf-

paTtHOMY KOPHO 13 SZ(X,-);

OueHKa CTaHAapTHOrO OTKMOHEHUs Mo Tuny A

s(q.r)

OLleHKa KoBapuaumm cpegHuX 3HadveHum (7 U r, 9BNAKOLLNXCA OLeHKaMn MaTemMaTU4ecKoro oxuaa-

HUS g U [, ABYX CIyHaliHbIX BEMTNYMH g W I, NOSTy4EeHHas Mo N He3aBMCUMbIM Napam OAHOBPEMEHHbIX
MOBTOPHbIX HAGIIOAEHW g U ) CIyYaiHbIX BENIMYUH g U T,
oLieHKa koBapvauum no tuny A

OLieHKa KOBapMaLmMm CPeaHUX 3HadeHmnii X; n X, nony4eHHas no n He3aBMCUMbIM Napam OAHO-

BPEeMeHHbIX NOBTOPHbIX HABMAEHUA X 1 Xj BXOAHBIX BENUYUH X; u X
oueHKa KoBapvaumm no tuny A

3HauyeHue cryyaiHon BenuymHbl, UMetoLLelt t-pacnpeneneHme ¢ v cTeneHsiMu ceoboabl, UCrombay-
emoe Ans pacyeTa paclUMPeHHOi HeonpeaeneHHocTn Uy, COOTBETCTBYIOWEN 3a4aHHOI BEPOSTHO-
ctmp

to(Vesr)

3HaveHvie cry4yanHon BENNYUHBI, UMEILLEN f-pacnpeneneHne C Vg CTeneHsMm ceoboabl, NCrnonb-
3yemoe Ans pacyeTa pacluMpeHHow HeonpeaeneHHocTn U, COOTBETCTBYIOLLEl 3aAaHHON BEPOsT-
HOCTW p

U2(Xi)

OueHka Ancnepcun OLEHKM X; BXOAHOW BENUYMHBI X;.
MpunmeyaHune— Ecnu x; onpegeneHo kak cpegHee apudMeTU4ecKoe No N He3aBNCUMbIM

NOBTOPHbLIM HabnAeHNAM, TO u? (x;) = s? (X,-) — oueHka gucnepcun no tuny A.

u(x;)

CrangapTHas HeonpedeneHHOCTb OLEHKM X; BXOOHOW BeNUUMHbI Xj, paBHas NoNoXuTenbHOMY KBaj-
paTHOMY KOPHIO 13 U2(X)).

MpunmeyaHune— Ecnu x; onpegeneHo kak cpegHee apudmMeTM4eckoe No N He3aBUCUMbIM
NOBTOPHbLIM HabnoaeHusIM, To U(X;) = s(X,-) — oueHKa CTaHAapTHOW HeonpeaeneHHoCTN no

Tuny A.

u(x;, x)

OueHka KoBapuaunm OLIEHOK X; 1 X; BXOAHOM BENMUMHBI X; 1 X.
Mpumedyanune— Ecnn x; n x; onpeaeneHbl No N He3aBNCUMbIM NapaMm OAHOBPEMEHHbIX

MOBTOPHLIX HabMAEHUIA, TO U (X;, X;) = s(X,-, Xj) — oLieHKa koBapuauuu no tuny A.

uZ(y)

CymMMmapHas aucnepcusi BbIXOOHOW OLEHKU Yy

ue(y)

CyleapHaﬂ CTaHAapTHaA HeonpeaeneHHOCTb BbIXO4HOW OUEHKM y, paBHaaA NoONoXnternbHOMY KBaa-

paTHOMY KOPHIO 13 ug(y)

Uca (V)

CymmapHaﬂ cTaHgapTHasa HeonpeaesieHHOCTb BbIXOL4HOMW OLEHKM y, onpedeneHHasa no craHgapT-
HbIM HEONpPeaeneHHOCTSM 1 OLeHKaM KoBapuaLuui, BKAKYaoLWMM B cebs Tonbko oueHKKn no Tuny A

Ueg (¥)

CymMMmapHas cTaHgapTHasi HeonpeaeneHHOCTb BbIXOOHOW OLEHKM y, onpeaenieHHas no ctaHgapT-
HbIM HeonpeaeneHHOCTSIM U OLeHKaM KoBapuaLuid, BKIOYaoLWMM B cebs1 TONbKO OLEHKM Mo Tuny B
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ue(y;) CymmapHas ctaHgapTHas HeonpeaerneHHOCTb BbIXOAHOW OLEHKM V;, KOrAa B pamkax O4HOro usme-
peHus onpefensioT 3HadeHns OByX U 6onee namepsiembix (BbIXOOHbLIX) BEMUYMH
u,-2(y) CocTaBnstoLas cymMMapHOW amcnepcmm ug(y) BbIXOAHOW OLeHKM y, onpeaensemas oLeHKOn Auc-
nepcun  U%(x;) BXOAHON oueHKM x;: u? (y) = [ciu(x;)]?
uily) CocTaBnstoLias CyMMapHON CTaHAAapTHOW HeonpeaeneHHOCTN Uq(y) BbIXOAHOW OLeHKW y, onpeae-
nsiemasi CTaH4apTHON HeonpeaeneHHOCTbO U(X;) BXOOHOW oueHkn X;: uy) = |ciju(x))
u i y) OueHka KoBapuaumn BbIXO4HbIX OLIEHOK V; U ¥j, ONpeAensieMblX B pamkax OAHOro U3mepeHust
u(x;)/ x| OtHocuTenbHasa cTaHgapTHas HeonpeaeneHHOCTb BXOAHOM OLEHKM X;
uc(y)lyl OTHoOCUTENbHAs CyMMapHasi CTaHaapTHast HEONPEAENEeHHOCTb BbIXOAHON OLIEHKU
[u(x)Ix]? OueHka OTHOCUTENbHOW AMCNEPCUM BXOAHOW OLEHKU X;
[Uc(Y)/Y]2 OTHOCUTENbHasA CymmapHasi AUCNEPCUst BbIXOOAHOW OLIEHKU y
u(x;,X;) OueHka OTHOCUTENbHOI KOBapUaLuy BXOAHBIX OLEHOK X; U X;
|X,' Xj|
u PacwupeHHasi HeonpeaeneHHOCTb BbIXOAHOW OLIEHKM Yy, onpefendiowas uHtepean Y =y + U ¢
BbICOKMM YPOBHEM [JOBEPUSA U paBHas Npou3BeAeHUI0 KosduLMeHTa oxBaTa k U CyMMapHOW CTaH-
AapTHOW HeonpeneneHHoCTH uy(y) BenuumnHbl y: U = kuy(y)
Up PaclumpeHHas HeornpeaeneHHOCTb BbIXOAHOW OUeHKM y, onpefensowas natepsan Y =y + U, ¢
3a7jaHHbIM BbICOKMM YPOBHEM [0BEpUSt P U paBHas Npou3BeeHnio koapduumneHTa oxsarta k, 1
CyMMapHOM CTaHAapTHON HEOMPeAeneHHOCTH Uy(y) BenuunHbl y: U, = Koug(y)
Xj OueHka BXOAHOW BENUYUHBI X.
MpumedyaHune— Ecnu x; onpegeneHo kak cpegHee apudmMeTnyeckoe no N He3aBUCUMbIM
MOBTOPHbIM HabnaeHuaM, To x; = >_(,-
X i~ BXOOHas BenuYuHa, OT KOTOPOKW 3aBUCUT UaMepsieMmas BenudmHa Y
MpumeyaHune—X;MoKeT ObITb PU3NYECKON UM CRyHaNHON BENUYMHOW (CM. MpuMeyaHue 1 B
4.1.1)
X, OueHka BXOAHOW BeNUYUHbI X;, paBHas cpegHemy apudmeTnyeckoMy no n He3aBUCUMbIM MOBTOP-
HbIM HabnogeHnam X, BenuyuHbl X;
Xi k k-e He3aBMCKMOe NOBTOPHOE HabnoaeHne BenuynHbel X;
y OueHka nsmepsiemMon BenuYnHbI Y,
pesynbTaT U3MepeHus;
BbIXOAHAs OLeHKa
. €HKa n3MepsiemMoli BenuuvHbl Y;, Korga B pamkax OOHOrO M3MEpeHVst onpeaensoT 3HavyeHus
Yi 0 Yi
ABYX 1 bonee naMmepsieMbIX BENNYMH
Y Mamepsemasa BennyuHa
Au(x;) OueHka 0THOCUTESNBbHOW HeonpeaeneHHOCTV CTaHAAPTHOW HeonpeaeneHHOCTM U(X;) BbIXOAHON OLieH-
U(Xi) KN X;
Hq MaTtemaTtuueckoe oxuaaHve pacnpefeneHns BepOATHOCTEN CryYanHOW BenUYMHbI
v Yucno crteneHen cesoboabl
Vi Yuncno cteneHen csobodbl nnm 4ncno adpdeKTnBHbIX CTeneHer cBoboabl ANA CTaHAapTHOW He-
onpeneneHHOCTN U(X;) BbIXOAHOW OLEHKN X;
Veff Yumcno achdekTMBHBLIX cTeneHeln cBoboabl, HA OCHOBE KOTOPOro ONpeAensitoT 3Ha4YeHne tp (Verr) ANA
pacyeTa paclvpeHHow HeonpegeneHHoct U,
Veff A Yucno adheKkTUBHbIX CTeneHer cBoboabl AnA CyMMapHOW CTaHOapTHOW HeonpedeneHHOCTH, no-
NyYeHHOW MO OLEeHKaM CTaHAAPTHbIX HeonpedeneHHocTen no Tuny A
Veff B Yuncno adpeKkTnBHbIX CTeneHer csoboabl Ans CyMMapHOW CTaHOapTHOW HeonpeaeneHHOCTH, no-

NyYeHHOW MO OLieHKaM CTaHAapTHbIX HeonpeaeneHHocTen no tuny B
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2 [uncnepcusa pacnpeneneHns BeposaTHOCTEN CriydaiiHol BENWYMHBI g, OLieHnBaeMasn kak s2(qy)

c CrtangapTHOe OTKMOHEeHWe pacnpefenieHns BeposTHOCTEN, PaBHOE MOMOXUTENbHOMY KBagpaTHO-
MY KOPHIO 13 G2;
S(qk) ABNAETCHA CMELLEHHON OLEHKOW G

2 (= = 2 2(=\ _ 2

o°(q) Avicnepcus g , paBHas G4/n v oueHnBaemas kak s (q) = s*(qx)/n

c(q) CTaHaapTHOe OTKIIOHEHWe g , PABHOE MONOXMUTENBHOMY KBAPATHOMY KOPHIO U3 G2 q);
s(q) sABnsieTca cmeLeHHoi oueHkol G (q)

6?[s(q)] Acrepcusi BbIGOPOUHOTO CTaHAAPTHOMO OTKIOHEHWs! S(g) BENUUMHBLI §

o[s(q)] CraHgapTHOE OTKMOHEHMEe BbIBOPOYHOrO CTaHAAPTHOrO OTKIIOHEHMS s(a) BENNYMHbI q , paBHOe

NONOXUTEeNbHOMY KBagpaTHOMY KOPHIO U3 02 [s ((7)]
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