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NPOU3BONLHOIO YUCNa BbIXOAHLIX BenuunH» [ISO/IEC Guide 98-3:2008/Supplement 1:2011 «Un-
certainty of measurement — Part 3: Guide to the expression of uncertainty in measurement
(GUM:1995) — Supplement 2: Extension to any number of output quantities»].

Mpu NPUMEHEHUN HACTOALWErO CTaHAAPTa PEKOMEHAYETCS UCNONb30BaTh BMECTO CCbINOY-
HbIX MEXAYHAPOAHbLIX CTAHAAPTOB COOTBETCTBYIOUME UM HAUMOHAIBHLIE ¥ MEXIOCYapCTBEHHbIE
cTaHaapTel, CBEAEHUS O KOTOPLIX NPUEEAEHL! B A0ONONHUTENBEHOM npunoxeHun A
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Beegexnue

B «PykoBoacTee no BbipaXeHW HeonpeaeneHHoctu namepexnuwn» (GUM) [JCGM
100:2008] paccmaTpuBatoTCa, B OCHOBHOM, OQHOMEPHLIE MOAENU U3MEPEHUW, BKNOYaKD-
wue B cebn eAUHCTBEHHYH CKanapHY0 BbIXOAHYIO BenuyuHy. OAHAKO Ha NpakTuke 4acro
BCTPEYAKTCA U3MepuTenbHble 3agaun ¢ Asyms M Gonee BbIXOAHLIMKU BenuunHamu. Mpu-
Mepbl Takvx 3anay umetotca B GUM ansa cnyyaes anekTpuyYeckux U3MepeHuit ¢ Tpems
BbIXxoAHbIMKU BenuunHamu [JCGM 100:2008 (paznen H.2 npunoxenus H)] u Temnepartyp-
HbIX U3MepeHuit ¢ AByMsa BbixoaHbiMK BenuuuHamu [JCGM 100:2008 (paspen H.3 npu-
noxenus H)|. B HacToswem craHgapre paccMaTpuBaioTCs MHOTOMEPHbIE MOAenu uame-
peHus, BkNYawwme B cebs NPOM3BONbHOE YUCNO BLIXOAHLIX BENUYMH. B BonblimHCTBE
CNy4Yaee BbiXOAHLIE BENUYUHBLI KOPPENUPOBAaHHLI, NOCKONbKY 3aBUCAT OT ODLUMX BXOAHbLIX
BenuuunH. B HacTosawem craHaapte paccmaTtpusaetcs obobuwenue cnocoba oueHuBaHua
HeonpepenenHocty no GUM [JCGM 100:2008 (pazpen 5)], noseonsouiee nonyvuTb
OLEHKU BbIXOAHbLIX BENUMKUH, @ TAKKEe CTaHAApPTHbIE HEeoNnpeAeneHHOCTH U KoBapuaumu,
COOTBETCTBYIOLME 3TUM OUEHKaM. BXOAHbIE U BbIXOAHLIE BENUYMHLI MOAENU U3MEPEHUN
MOryT ObiTb AENCTBUTENBLHBIMK UMK KOMNNEKCHBIMU.

Hononuvenne 1 k GUM [JCGM 101:2008] paccmartpueaer TpaHchOpMUpOoBaHue
pacnpepenenuin [JCGM 100:2008 5] npu 3apaHHOM MOo4eny U3MEpPEeHMA Kak OCHOBY ANS
BbIPAXEHUS HEONpPeaEeneHHOCTM U3MEPEeHNA U peanu3aumnilo AaHHOW npoueaype! nocpea-
cteoMm metoga Moxre-Kapno [JCGM 100:2008 (paznen 7). Kak u 8 GUM, B Hem pac-
CMOTPEHbI TONLKO MOAENW C €AWHCTBEHHOW CKanapHOW BbixoaHoW eenuunHow [JCGM
101:2008 (pasagen 1)]. Hacroswwui craHpgapT paccmatpusaeT obobuwerue metona MoHTe-
Kapno ¢ uenbk nonyyeHns QUCKPETHOro NpeacTasleHUsi COBMECTHOIO pacnpegeneHus
BEPOATHOCTEN ANS BLIXOAHBLIX BENWYUH MHOTOMEpPHOW Moaenu. Takoe AucKpeTHoe npea-
CTaBnNeHwe CNYXUT OCHOBOW ANS NONYYEHUSA OLEHOK BLIXOAHbIX BENWYUH, UX CTAHAAPTHbLIX
HeonpeaeneHHocTen K koeapuauwi. Mcnons3osauuwe mertopa Moute-Kapno ssnsercs
anbTepHaTusoi cnocoby oueHnBaHua HeonpeaenedHocT no GUM, ocoberHo B cutyauu-
AX, Koraa nocnealwi He cnocobeH obecneunTs NOCTOBEPHbIe pe3ynbTaTbhl U3MEepeHWUit
BCNeACTBUE TOro, YTO (@) NUHeapu3aauusa Moaenu NPUBOAUT K CYLLECTBEHHOMY UCKAXEHUIO
pe3ynsTaToB Uamepenus unu (6) pacnpepeneHne BepoOATHOCTEW ANA BLIXOAHOW BEnNU4U-
Hbl (UNKU BENUYMH) HE MOXET ObiTb ONUCAHO MHOTOMEPHLIM HOPManbHbLIM pacnpeaeneHu-

eM.

v
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Hacrosawwun CTaHaapT yCTaHaesnueaeT TaKke MeTod onpegeneHns obnactu oxeara
ONA BbIXOOHbLIX BENUYMH MHOTOMEPHOW MOAENU, ABNSAKLWENCS aHanorom WUHTepeana ox-
BaTta B cnyvae ofHOMepHOW moaenu, Ana 3afaHHOW BEPOATHOCTK OXBaTa. Paccmartpuea-
toTca obnacTtu oxsarta B (bopme annuncouace unu NpaMoyroneHbIX napannenenunenos.
I'IpumeHeHue YUCNEeHHbIX Npouenyp pacyerta HeonpegeneHHoCcT uaMepeHns ¢ UCNonNb3o-
BaHWeM Mmertoaa MOHTe-KapJ'IO naeT BO3IMOXHOCTb ansﬂM)KeHHOI'O NOCTPOEHUA obnacren
0xBaTa HaumeHbluero obbema.
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HAUUWOHANBHbLIX CTAHOAPT POCCUWUCKOW ®EQEPALUMN

HEOMNPEOENEHHOCTb U3BMEPEHUA
Yacte 3
PyKoBOACTEO NO BblpaXeHU0 HeonpeaeneHHOCTH U3MepPeHun
OdononHeHue 2

O6obuweHne Ha cnyqav'l NPOU3BOJIBHONO YMcna BbIXOAHbLIX BENMUYMH

Uncertainty of measurement. Part 3. Guide to the expression of uncertainty in
measurement. Supplement 2. Extension to any number of output quantities

[Nara sBegenunna — 2014-09-01

1 O6nacTb npuMeHeHun

Hactoawmin craHpapT sBnseTca A0ononHeHueM K «PYKOBOACTBY MO BbIPAXEHWIO
HeonpepeneHHocTu mamepenuii» (GUM) (JCGM 100) u pacnpocTpaHseTcs Ha moaenu
M3MEPEHMA C NPOM3BONbLHLIM YUCNOM BXOAHLIX M BbIXOAHLIX BenuuuH. Bxoaswue 8 mo-
Aenb U3MEepPeHUs BenuuMHbl MOryT ObiTb AEWCTBUTENbHBIMU W/MNK KOMNNEeKCHbIMKU. Pac-
CMOTPEHO ABa NOAX0AAa K MCNONb30BaHMID Takux moaenein. Mepewiv npeacrasnaeT cobou
obobwenne cnocoba oueHusanus HeonpeaeneHHocTw no GUM. Bropow — ucnonb3osa-
Hue metona MoHte-Kapno ans tpaHchopmupoBaHus pacnpegenexnui. Vicnonb3osakue
meToaa MoHTe-Kapno paer BO3MOXHOCTL NONYYUTb AOCTOBEpPHbIE pe3ynbTaThl B CUTYa-
UMAX, KOraa ycrosus NPUMEHMMOCTH NEPBOro NOAX0Aa HE BbINOMHAKTCA.

Cnocob oueHueaHua HeonpegenenHocTu no GUM npumenum, korga uHdopmauuio
O BXOAHbIX BENUYUHAX MOXHO NPeacTaBuTb B BUAE MX OLEHOK (Hanpumep, nonyyYeHHbIX
M3MepeHMeM), CBA3aHHbIX C 3TUMW OUEHKaMU CTaHOAPTHLIX HEONpPeaeneHHoCTeNn u, npu
HeobxoaumocTu, KoBapuauumi. Mcnonb3oBaHue COOTBETCTBYHOLWMX hopMyn M npoueayp
NO3BONSIET Ha OCHOBE YyKa3zaHHOW WHAMOPMAUMKU NONYUUTL OUEHKW, a TaKkKe COOTBETCT-
BYHOLLUME WM CTaHAAPTHbLIE HEONpPEeAeNneHHOCTU U KOBapuauun ANS BbIXOAHLIX BENUYMH.
3™v chopmMynbl U Npoueaypbl NPUMEHMMbBI K MOAENSM M3MEPEeHUR, ANA KOTOPbIX BbIXOA-

Hble BenuuMHbl (a) BbipaXeHbl HEenoOCPeACTBEeHHO Kak (PYHKUMM OT BbIXOAHLIX BENUYUH

WUspnanue opuymansHoe
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(chyHkuMKU M3meperun) unu (b) moryT ObiTe NONYYEHb! peLUEHUeM YpaBHEHWI, CBA3bIBAID-
LWMX BXOAHbIE M BbIXOAHbIE BENUYUHbI.

B uenax ynpoweHusi (hopmynel, NpUMEHAEMbIE B HACTOALWEM CTaHaapTe, AaHbl B
MaTpuyHOW chopme 3anucu. [OononHUTENbHBIM NPEUMYyLecTBOM Takon (opMbl 3anucu
ABNAETCA ee NPUCNOCcCODNEHHOCTL K peannaaumm Ha MHOMUX A3biKax NporpaMMupoBaHma u
B CUCTEMAX, KOTOpbIE NOAAEPKUBAOT MAaTPUYHYIO anredpy.

Cnocob oueHuBaHMA HeONpeaeneHHOCTU W3MEepeHusi C NPUMEHEeHWeM meToaa
MoHTe-Kapno ocHoBbiBaeTcs Ha (i) NPUCBOEHMIU BXOAHBIM BENUYMHAM MOAENN M3MEPEHUA
COOTBETCTBYIOWMX pacnpeaenenuit sepoatHocTen [JCGM 101 (paznen 6)], (ii) onpeaene-
HUM AWCKPETHOro NpeacTaBNeHUA COBMECTHOrO pacnpegeneHva BeposTHOCTM ANS Bbi-
XOAHbIX BENUYMH M (iii) NONyYEeHUA U3 3TOro AUCKPETHOrO NPeacTaBNeHus OUEHOK BbIXOA-
HbiX BENWYKUH, UX CTAHAAPTHLIX HeonpeaeneHHocTel u kosapwauui. [laHHbli noaxon se-
nsetca obobwennem merona Monte-Kapno, ycranoenenworo 8 JCGM 101 npumeHu-
TEeNbLHO K MOAENsM C e[IMHCTBEHHOW CKansipHOW BbIXOAHOW BENUYUHOMN.

MpumMeHeHUe BbILWEYyKa3aHHbIX NOAXOAOB NO3BOMAET NONYYMTL NPU 3aAaHHOW Be-
POAATHOCTH OxBata obnacTb oxsata ANA BbIXOAHLIX BENWYUH MHOrOMEPHOW mMopenu —
aHanor uHTepeana oxeara Ans OAHOMEPHOW MOAEN! ¢ eMHCTBEHHOW CKanapHON BbIXoA-
HOW BenuyuHOW. Paccmartpueaembie B HACTOsIWEM cTaHgapte obnacTu oxsata MMerT
dopMbl  TMNEP3NNUNCOMAOR (Qanee — anNNUNCOMAOB) U NPAMOYIONLHbLIX rMNepnapanne-
nenunenos (ganee — napannenenunegoB) B MHOrOMEPHOM NPOCTPAHCTBE BLIXOAHBLIX Be-
nuuuH. B cnyvae npumeHeHua metoaa MoxTte-Kapno npueegeHa Takke npoueaypa npu-
BnuxeHHOro nocTpoeHus obnacTu oxearta HaMMmeHblero obbema.

MpumeHeHue cTaHaapTa UNNKCTPUPOBAHO NOAPOOHLIMKU NPUMEpPaMM.

Hactoawuin cranaapt cnyxut gononHequem K GUM u aomkeH 6biTe Mcnonb3oeaH
BMecTe ¢ HUM M ¢ JonondeHnem 1 k GUM (coortsetcteenHo, JCGM 100 v JCGM 101).
Hactoawmin ctaHaapT npegHasHaveH aAns Tex e Nons3oeartenew, YTo U [Ba Bbilleyka-

3aHHbIX goKyMeHTa (cM. Take JCGM 104).

2 HopmaTuBHbIE CCbINKK

B HacTosiem cTaHgapre WCnonb3oBaHbl HOPMATHMBHbIE CChINKW Ha cneaywlouiue
LOKYMEHTBI:

JCGM 100:2008 OueHusaHue AaHHbIX M3MepeHUl. PyKOBOACTBO NO BbipaXeHUIo
HeonpeaeneHHocTy uamepeHus (GUM) [JCGM 100:2008, Evaluation of measurement data
— Guide to the expression of uncertainty in measurement (GUM)]

2
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JCGM 101:2008 OuenuBanune aaHHbIX uamepeHuid. [lononHexue 1 Kk «PykosoacTsy
NO BblpaXeHUK HeonpeaeneHHOCTU uaMepeHus». TpaHcopMUpoBaHue pacnpeaeneHuin
¢ ucnones3osannem metoaa Mowte-Kapno (JCGM 101:2008, Evaluation of measurement
data — Supplement 1 to the "Guide to the expression of uncertainty in measurement™ —
Propagation of distributions using a Monte Carlo method)

JCGM 104:2009 OueHusaHue AaHHbIX u3mepeHnid. Beegenune k «PykosoacTsy no
BLIDAXEHUIO HEONpeAeneHHOCTM WU3MEpeHus» W COnyTCcTByrWMM AokymeHTam (JCGM
104:2009, Evaluation of measurement data - An introduction to the “Guide to the expres-
sion of uncertainty in measurement” and related documents)

JCGM 200:2008 MexayHapoaHbii cnosaps no metponorun. OCHOBHble W obuwme
NOHATUA U CBSI3aHHBbIE C HUMK TepmuHsl (VIM) [JCGM 200:2008, International Vocabulary
of Metrology — Basic and general concepts and associated terms (VIM)]

3 TepmuHbl 1 onpeaeneHus

B HacTosweM craHaaprte npumeHeHsl TepMunbl no JCGM 100 u JCGM 200, Heko-
TOpbie U3 KOTOpLIX (Npyu HeoBxoguMocTH, MOAUMULMPOBaHHbLIE) NPUBEAEHb! B HACTOSILLEM
pasgene, a TaKke cnegyouwme TEpMUHLI C COOTBETCTBYOLWUMKN onpeaeneHduamu (obosHa-
YEHMA, UCNONb30BaHHbLIE B HACTOALWEM CTaHAapTe, NpuBeaeHs! B npunoxexun D).

3.1 pencrBuTenbHan BenuuyuHa (real quantity): BenuuuHa, ymucnosoe 3HauveHue
KOTOPOW AIBNSAETCA ASUCTBUTENBHBLIM YUCTIOM.

3.2 komnnekcHaa senuyuHa (complex quantity): BenuuuHa, yucnosoe 3HaueHue
KOTOpPOW ABNSAETCA KOMMMNEKCHLIM YKUCNOM.

Mpumevanue — KomnnekcHas sennunia Z moxeT ObiTb NpeacTasneHa agsyms AencTsu-
TENbHbIMK BENUYMHAMU B hopme anrebpanyeckon

2=(2,.2) =2, +iz,

WNKU TPUIOHOMETPHUYECKON

Z=(z.,2,) =2 (cosZ, +isinZ,) ,

rae  cMMBON « ' » 0BO3HAYEET TPAHCNIOHUPOBAHME;
i — MHUMasn equHnua, i° = —1;
Z, n Z, —CcOOTBETCTBEHHO AENCTBUTENbHAA U MHMMas vyactu Z

Z, W Z, — COOTBETCTBEHHO MOAYNb W apryMenT Z.
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3.3 BekTopHas BenuuuHa (vector quantity): COBOKYNHOCTb BEMUYMH, ynopaaoveH-
HbiX B BUAE 3NEMEHTOB MaTpuULbl C OAHUM CTONGLOM.

3.4 pencrTBMTEeNnbHanA BeKTOpHan BenuuuHa (real vector quantity): BektopHas se-
NUYUHA, 3NEMEHTaMKU KOTOPOW ABNAKOTCA AEWCTBUTENbHLIE BENUYUHDI.

lMpumep - feticmeumensHan eekmopHas eenuyuHa X, cocmosiwas us N anemeh-

moe (GelicmeumensHbix yucen) X,.... X , moxem 6bimb npedcmaenenHa 8 eude Mmampuub!

pasmeprHocmu N x| (Mampuybi-cmonbua):

3.5 xoMnnekcHas BekTOpHas BenuuuHa (complex vector quantity): BektopHas
BENUYMHA, ANEeMEHTaMU KOTOPOMW SABNAIDTCA KOMMNMNEKCHbIE BENUYUHDBI.
llpumep — KomnnexkcHasi eekmopHan eenuvuHa Z., cocmosiwjasi uz N anemenmos
(komnnexkchsix yucen) Z ... Z, moxem 6bimb npedcmaeneHa 6 eude Mampuuybl pasmep-
Hocmu N x| (mampuysi-cmonbuya):
Z,
Z=| ' |=(Z,...2,).
Z,

3.6 BekTOpHas uaMmepsieman BenuuuHa (vector measurand): BektropHas senuum-
Ha, noanexauwan n3MepeHnio.

Mpumevanue — [aHHoe onpegenexve moguduumposano no otHowenuwo k JCGM 200
(cnoBapHas cratea 2.3).

3.7 mopens (u3mepennn) (measurement model): Marematuyeckoe COOTHOLWEHUE
MeXay BCEMU BENMUYMHAMM, UCNONLIYEMBIMU AN NONYYEHUA pe3ynbTata U3MEPEHUS.

Mpumeyvanue 1 — [anHoe onpegenenve moguduuuposaHo no oTHowenuio x JCGM 200
(cnosapHas ctates 2.48).

Mpumeuvanue 2 — B obwem Buae mMoaens WM3IMEPEHUsI WMMEET BWA YpPaBHEHWUs

h(Y X X, )= 0, rge Y — BbIXO4Has BENWUUMHA MOOENN U3MEDEHWUA, SBNAIOLAACH OQHOBpE-

MEHHO W3MEPSIEMOM BENWUYMHON, 3HAYEHUE KOTOPOW AOMXKHO BbiTe NONY4YEHO Ha ocHose wuHdop-

MaLMK 0 BXOAHbIX BEnuuMHax X ... X, .

Mpumeuanue 3 — Ecnu moaens uamepeHus cogepxur ase u 6onee BbixoaHbIe BENUYK-
Hbl, TO OHa BKNioYaeT 8 cebs Gonee ogHOro ypasHeHUs.

3.8 mHOromepHan moaenb (uamepeHus) (multivariate measurement model): Mo-
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Oenb U3aMepeHns C NPOU3BONbHBLIM YUCTIOM BbIXOAHbLIX BENUYKUH.
Mpumevanue 1 — B obwem cnyyae MHOroMepHas MOAENb U3MEPEHUA UMEET BUA ypas-

HEHWA

h(Y,, ... ¥

m*

X X, )=0, o, b Y. ..Y ., X,...X,)=0,

roe Y..... Y, — m BbiXOO4HbIX BENWYWH, B COBOKYNHOCTU COCTABNSIOWMNX M3MEDPAEMYIO BENU-

YUHY, 3HAYEHWA KOTOPbIX J0SKHbI BbiTh nony4yeHbl Ha OCHOBE un(bopuauwu 0 BXOQHLIX BENUYMHAX

mHoromepHon mogenu X . ..., X .

Mpumeuanue 2 — O6WMA BMO MHOTOMEPHON MOZENU U3MepeHus MoxeT ObiTe Npeacras-

NeH Takke B BeEKTopHol dopme
h(Y,X)=0,

e Y=(Y,..Y, ) wh=(h, . h ) —marpuysi pasmepHocTi mx1.

Mpumeuanue 3 — B cnyyae oaHON BLIXOAHOW BENUYMHLI, T.€. m = | (CM. npumeyanue 1),
MOfIENb U3MEPEHUA HA3LIBAIOT OAHOMEPHOMN.

3.9 mHoromepHan cdyHkuua (uamepenus) (multivariate measurement function):
DyHKUKUA, ONpeaensiowan 3aeBMCUMOCTL BLIXOAHbIX BEMUYMH OT BXOAHLIX BENUYUH B MHO-
roMepHo MoAenu N3MepeHus.

Mpumeuanue 1 — [lanHoe onpegenesne moguuuuposaHo no otHoweHuo Kk JCGM 200

(cnosapHas ctates 2.49).

Npumeuanue 2 — Ecnu ypasHenns, axogaume 8 mogens namepenus h(Y,X)= 0, moryr
BuiTe paspewesbl B sisHom suage Y =f(X), rae X =(X,....X,)' - sxogHsie senuuuHbl, a

Y=(¥,...Y )" - ebixogHsie senvuunHb mopenn uamepenus, 1o f = (£, ..., f. )" — MHoromepHas

pyHruus namepenus. B Gonee obwem cnyyae noa f MOXHO NOHUMATL anropuTM, NOCPEACTBOM

KOTOPOro YCTAHAaBNMBAETCH OQHO3HAYHOE COOTBETCTBME 3HAMEHMW BbLIXOAHLIX  BENUYMH
v, = fi{x), ., ¥_ = f.(x) sHauennsam sxoansix senuum x = (x,,...x, ).

Mpumeuanue 3 — B cnyyae oaHOM BbIXOQHOW BENUYMHBI, T.€. m = | (CM. npumeyanue 2),
PYHKUMIO M3MEPEHUSA HA3LIBAIOT OJHOMEPHOM.

3.10 mopenb (M3MepeHUs) ¢ AeUCTBUTENbLHbIMU BenuunHamu (real measure-
ment model): Mogenb uamepeHusa (8 obuwem cnyyae MHOroMepHas), B COCTaB KOTOPOW
BXOAAT TONbLKO AEWCTBUTENbHLIE BENUYMHDI.

3.11 mogenk (M3MepeHUs) C KOMMNMNEKCHbIMKM BenuuuHamu (complex measure-
ment model): Mogens uamepeHus (8 obwem cnyyae MHOroMepHas), B COCTaB KOTOPOW

BXOAAT KOMNNEKCHbIE BENTMYWNHDI.
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3.12 mogens MHOrocTtyneH4yaroro uamepenus (multistage measurement model):
Moaenb uamepeHus (B obLieM cnyyae MHOroMepHas), cocToAlas U3 nocneaoBaTenbHo-
CTM NoAaMoAenen, CBA3aHHbLIX Mexay coboh Takum 0Opa3oMm, YTO BLIXOAHLIE BENWYMHbI
noamMoaeny OOQHOW CTyNeHW ABNAKTCA BXOAHLIMW BEnUYMHaAMWM NnoaMoaenu cneayrouen
CTYNEeHW.

Mpumevanue — 3auacTtyo noTpebHOCTL B onpeaenernn obnacTu oxsara AN BuIXOAHbIX
BENWYMH (HA OCHOBE WX COBMECTHOIO PacnpeaeneHus) MMeeT MeCTO TONBKO Ha 3aKNIOYUTENbHOM
arane uamepeHns.

lMNpumep - Usmeperue, exnrovaowee e cebs npoyedypy Kkanubpoeku, moxem pac-
cMampueambcs kak deyxcmynenyamoe. [ns nepeol nodmodenu 3HaYeHUSIMU 8XO0O0HbIX
8eNUYUH senAOMCa nepedasaeMbie OM 3MAaNOHOE U coomeemMcmeylowue UM NoKkasaHus
cpedcmea usMepeHul, a 8bIXOOHLIMU 8e/TUMUHaAMU — napamempsl! KanubpoeoyHoU hyHK-
yuu (epadyupoeoyHou xapakmepucmuku). 3ma nodmodens onpedensem cnocob onpede-
NeHus1 @bIXOOHbLIX GEMIUMUH MO 6XO00HbLIM GeNIUNUHAM, HanpuMmep peweHueM Cucmemb!
ypaeHeHul, nonyyaeMbix nNpu NPpuUMeHeHUU Memooda HauMeHbWwux keadpamoes. BxodHbiMU
eenluyuHamu emopol nodmodenu AENSOMCA Napamempsb! KanubpoeoyHOU YHKYUU U HO-
eoe nokaszaHue cpedcmea UsMepeHull, a 8bIXOOHOU 8eNUYUHOU —~ u3MepsieMas 8e/luYUHa,
0N NoNy4YeHUs 3HavYeHUst Komopou 66110 NPUMEHeHO cpedcmeo usMepeHudl.

3.13 cdyHkums (coBmecTHOro) pacnpepenexHun (sBeposatHocrten) (joint distribu-
tion function): ®yHkumMa, aaowWas ANA KAXAOro 3HaveHus o=(Z,....5, )" 3HaueHue sepo-
ATHOCTW TOrO, YTO Kaxbl aneMmeHT X cnyvyanHou BekTopHOW nepemexHHon X Oyaer
MeHbLUE unu paeeH &, .

MpuMeuanue — QyHKUMIO pacnpefeneHus cnyvainHon nepemenHon X oboawavaoT
G, (o). rne

Gylo)=Pr(X <&, X, <&,).
3.14 nnoTHoCTb (COBMECTHOro) pacnpeaeneHus (BepostHocTen) (joint probabil-

ity density function): HeoTpuuarensHas dyHkuUMa ¢, (o), YAOBNETBOPSAIOWAN YCNOBUIO
Gylo)= I...Ig_‘(z)d:.\, .z, .

3.15 mapruHanbHas NNOTHOCTL pacnpegeneHun (BeposTHocteWl) (marginal
probability density function): MnoTHocTe pacnpeaenenus g, (o) anemexnTa X cnyyanHoW
BEKTOPHOI nepemeHHon X C NNOTHOCTbIO COBMECTHOrO pacnpefenexusi g (o), kotopas

uMmeeT Bua

6
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8 (0)= [ ] gs(0)dz.dE, 4.5, .

Mpumevanue — Ecnu Bece anementol X, i =1, ..., N, cocTasnsiowue cnyvyanHyio nepe-
menryio X, wesasucumel, 10 g, (0)=g, (0, )¢, (0,)-- 2, (o,).

3.16 maTtemaTuyeckoe oxuaaHue (expectation): Xapakrepucrmka cnyvyauHown se-
NUuUHLL X | ABNAIOWENACA 3MEMEHTOM Cny4yanHOW BEKTOPHOW nepemeHHoW X C NMoTHo-
CTbi0 COBMECTHOrO pacnpegeneHdus g, (o), kotopas umeer eua

E(X,)= [ 2 gx(0)dz,..de, = [£ g, (&)ez .

-~ =2

Mpumevanue 1 — [anHoe onpegenexsue moanduumpoBaHo no otHoweHuwo K JCGM 101
(cnosapHas crares 3.6).

Mpumeuvanue 2 — Marematuyecknm OXUAAHWMEM CNYYAWHON BEKTOPHOW BENWYMHbl X
sensiercs E(X)=(E(X,) ... E(X,))" - matpuya paameproctu N x1.
3.17 pucnepcua (variance): XapaxkTepucTuka CnyvyaiHOW BenuuuHbl X , SIBNSIO-

LWeWcs anemMeHTOM Cny4yalHOW BEKTOPHOW nepemeHHOW X C NMOTHOCTBI COBMECTHOro

pacnpefeneHus g, (o), Kotopas umeer sua
V(X,)= [ flg - B F eylo)ds, .z, = [l - E(x, )T e, (€)dz -

Mpumeuvanue — [laHHoe onpepenexve moauduumpoBaHo no otHowenuwo k JCGM 101
(cnosapHas crares 3.7).

3.18 koBapuauua (covariance): Xapakrepuctuka AByX CryYalHbiX BenuYmMH X, “
X |, ABNAOWKUXCA 3NEMEHTaMKN CnyvYaiHOW BEKTOPHOW NepemMeHHoNn X C NNOTHOCTLH COo-

BMECTHOro pacnpegenenus g (o), KoTopas uMmeer sug

Cov(X,. X ,)=Cov(X .X,)= j...j[;,.—E(x,)L ~E(X ey (0)dé, ..z, =

- -t

= j'[é. —E(x. lex X, dé:d"‘

rae By x (0,--.:,) — NNOTHOCTL COBMECTHOMO pacnpegeneHuna cnyqaﬁuux BENWYMH X, U

X .

]



rOoCT P 54500.3.2-2013

Mpumevanue 1 — [adHoe onpegenexdue moanduuMposaHo no oTHowenuo K JCGM 101
(cnosaphas crates 3.10).
Mpumevanue 2 — KoBaprauwOHHOW MaTpUUEn Cny4anHoi BEKTOPHOM BENWYMHE! X 5B~

NRETCS CUMMETPUYHAR NONOKMTENLHO nonyonpeaenexHas matpuua V(X) pasmepHoctn N x N,

3NEeMEHTaMKU KOTOPOH SBNSIOTCA KOBapuauwu Cov(X WX ,), i=L.,N, j=1 .. N.Hekoropue

onepauuu ¢ ucnonssosanmen V(X) Hanarawot 6onee cTporoe orpaHUueH1e B BUAE NONOKUTENb-
HOM ONpeaeneHHOCTH 3TON MaTpULbI.

3.19 koppensauusa (correlation): XapakrepucTuka OByX CryyvamHbiX BenuuuH X “

X |, ABNAKWNXCA 3NIEMEHTaMK CNy4aiHOW BEKTOPHOW NepemMeHHON X C NNOTHOCTLIO COo-

BMECTHOrO pacnpegeneHus g, (o), KoTopas umeer Bug

C()V(X,.X,)

CorrlX, X |J=Corr\X . X, )=
orr( ; ') ()rr(, .) T WX

I

Mpumevarnue — BenuuunHa Corr(x X ) ) YMEET pasMEepPHOCTb EANHNLAE.

3.20 xoBapuwauuMoHHas martpuua (oueHok) (measurement covariance matrix):
Cea3aHHan C OUEHKOW AeWCTBUTENbHOW BEKTOPHOW BENUUMHBLI pasmepHocTu N x1 cum-
MEeTpUYHan NOMOXWUTENLHO nonyonpeaeneHHana martpuua paamepHocTu N x N, Ha rnase-
HOW AuaroHanu KOTOPOW pacnonoXeHsl KBaapaTel CTaHAapTHLIX HeonpeaeneHHoCTeN, Co-
OTBETCTBYIOLWMUX OLIEHKaM 3NeMEHTOB BEKTOPHOW BENWYMHLL, @ OCTanbHbIE YNEeHbl MaTpu-
Ubl NpeacTaBnNaT cobor KoBapUauvn Mexay napamu COOTBETCTBYIOLUMX OLUEHOK 3NeMeH-
TOB BEKTOPHOW BENWUYUHLI.

Mpumeyanue 1 — TepmuH n onpepenenue moanduumposaHbl No otHowenuio k JCGM

101 (cnosapHas crates 3.11)].

MNpumevarnue 2 — KosapnauyuonHas matpuya U pasmeprHoct N x N, cooTsercTsyio-
LWan BEKTOPY OUEHOK X BEKTOPHOM BennunHbl X , umeer sug
ulx,x) - wlx,x,)
U, = : : ,
wlx,,x ) - wulx,,x,)
rae  ulx,x,)=u’(x,) — auenepens (kappat cTaHAAPTHOR HEONPEAENEHHOCTH) OLEHKM X, ;

u(_t,,.\' ,.) ~ KoBapuaumus mexay v, u x,. Ecnu anementol X u X Bektopa X Hekoppe-

NUPOBaHHLI, TO u(x’,,x’ )= 0.
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Mpumeyanue 3 — B JCGM 101 xoBapMaynoHHas MaTpULa HasbIBAETCS MaTtpuuen Heon-
pefeneHHoCTH.

Mpumevanue 4 — MNpu pabote ¢ KOBAPHMAUMOHHBIMK MATPULIAMU MOTYT BO3HWKATL HEKO-
TOpbIE BbIYUCNUTENBHBIE TPYAHOCTW. Hanpumep, koBapuauvonHas matpuua U, cootsercrsyio-
LWasn OUEHKE X, MOXET HE DbiTh NONOXWUTENBHO ONPEAENEHHOK (3TO 3aBUCUT OT TOrO, Kakum obpa-
som 6bina paccuntana matpuua U ). Kak cneacreue, Ans takon matpuubl He Gyaet cywectso-
BaTb pa3noxXeHne Xoneukoro, YacTo NPUMEHSEMOe B YHCNEHHBIX METOAAaX BuivucneHui (cm. [7] u

npunoxenue B). Bonee Toro, gucnepcus ANA NUHENHOW KOMOMHAUWM 3NEMEHTOB X, KOoTopas

NpeanonoXMTENBHO AOMXKHE MMETE HEBONBLIOE NONOKUTENEHOE 3HAYEHUE, MOXET OKa3aTbesl OT-
puuarensHon. [lna Takux cutyauyuih paspaboranbl metoabl «xoppekumur U, nocne npumeHeHus

KOTOPbIX NonyyeHHas Matpuya Byger nonoXuTENbHO onpegeneHa, U, COOTBETCTBEHHD, ANsl Hee
Gyner cywecTsoBaTs pasnoxeHue Xoneukoro, a AMCNEpPCUs NUHENHon komBuHauuu anemeHTos

x Byaer scerga nonoxurensHa. OauH U3 Takux METOAOB npuseaeH 8 [27], a ero npuHUMN cocTo-

uT B cneayiowem. BeinonHsioT cnexrpansHoe pasnoxenue matpuust U, npeacraenss ee B Buae
U, =QDQ ",
rae Q — marpuua, cronbubl KOTOPO# ABNSIOTCA OPTOHOPMUPOBAHHBLIMK COBCTBEHHBIMKU BEKTO-

pamu matpuusl U, a D — guaroHansHas MaTtpuua, Ha rnasHoi AuaroHany KoTopoi pacnonoxe-
Hbl cooTBeTcTByIOWMe cobeTeerHble 3HaveHuss U . CTposT HOBYIO aAuaroHansHyio matpuuy D',

3amensn 8 matpuue D anemenTol, MeHblme yem d . Ha d__,rtae d |

min

PaBHO NPOU3BEAEHUIO

Haubonbwero anementa D Ha eauHUuHYIO OLWMBKY OKPYrNEHUs KOMNBIOTEPA, NPUMEHAEMOro NpK
sbluMcneHnsax. Torga «KOPPeKTUPOBAHHAA» KOBAPWAUMOHHAA MaTpuua, NpuMeHsiemas Ans no-

crneaylowmux seluMcneHni, Byaer umeTts Bug
U =QD'Q".

MNpumevarnue 5 — HekoTtopbie onepaunn ¢ ucnonssosannem U Tpebyiot, utobbl nanHas
matpuua Gbina NoNOXUTENBHO ONPeaeneHHoN.

3.21 xoppensuuoHHas martpuua (oueHok) (correlation matrix): CessanHas ¢
OLEHKOW AEWCTBUTENbHOW BEKTOPHOW BENWYUHLI pasmepHOCTU N x1 CUMMETpUYHaa no-
NOXWUTENbLHO NonyonpegeneHHas marpuuya pasmepHocTu N x N, uneHaMu KOTopow aBnsa-
IOTCA KOppensauvu mexay napamu COOTBETCTBYHOLMX OUEHOK 3NeMEeHTOB BEKTOPHOW Be-
NUYUHBI.

Mpumeuanune 1 — KoppensuwoHHas matpuua R pasmepHoctn N x N, cooteercTsyio-

LWas BEKTOPY OUEHOK X BEKTOPHON Benuuunbl X , UMEeeT Bua:
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r(.r, X ) T r("’l KXy )
R, = : : 1

rleg,x) o rleg,xy)
rae rlx.x)=1.a r(x‘.xi) ~ xoppensums mexay x, u x . Ecnu anementel X n X sekropa
X Hekopennuposaust, 10 r(x,.x,)=0.
MNpumevanue 2 - r(x,...r,) Ha3bIBAIOT Talke KoahDUUNEHTOM KOppensuum.

Mpumevanue 3 — Koppenaywornas matpuua R, w kosapuaunonnas marpuuya U (cm.
3.20) cenzanbl Mmexay coboi COOTHOWEHNEM
U, =DRD_,

rae D, — auarosanbHas matpuua pasmepHoctv N x N ¢ guaroHanbHbiMu anemexTamu u(x, ),

oy ux, ). Bnementol matpuus U moryTt BeiTh NpeacTasneHs: 8 suae
u(.r'. X, )= r(x,. X )u(x, ,)“(-", )

MNpumeyanue 4 — KoppensuwonHas matpuya R Oyner nonokutensHo onpepgenes-
HOW/CHMHIYNAPHON B TOM W TOMNBKO B TOM CNyvae, ecnu COOTBETCTBYIOWAENA el KOBapuauuoHHas

marpuya U 6Gyaer nonoxurensHo onpegeneHHo/CuHrynspHoi. HexoTtopble onepauun ¢ uc-

nonb3osaHuem R Tpebyiot, ytobu nanHan matpuua Gbina NoNoXMTENLHO ONPeaeneHHoN.

Mpumeyanue 5 — Mpu npeacTaBNEeHWM YUCNEHHBIX 3HAYEHUIA HEAWATOHANBHLIX 3NEMEH-
TOB KOPPENSIUMOHHON MATPULbI YACTO JOCTATOYHO OKPYIMSTh MX C TOMHOCTBIO A0 TPEX 3HAKOB No-
cne sanaton. OaHako ecni KoppensiuMoHHan marpuua 6nuaka K CUHrynsipHon, 1o, Yytobbl nabe-
KaTb BbIMMCNUTENBHBIX CAOKHOCTER NPU MCNONL3OBAHWKA KOPPENALMOHHOW MATpULUbl cpeagu npo-
YUX MCXOAHBIX AaHHBIX B OUEHUBAHUKU HEONPEAENEHHOCTH M3MEPEHUS, YUCNO COXPaHAEMBIX AECs-
TUYHBIX 3HAKOB HEOBXO0AMMO YBENUYUTL. 3TO YWUCNO 33BUCUT OT XapaKTepa NocnenoBaTenbHbIX
BbIMMCNEHWA, HO B KA4YECTBE OPUMEHTUPOBOYHONO 3HAYEeHWs pexomeHayetcst 6pate ero pasHbiM
YUCNY AECATUYHBIX 3HAKOB, HEODXOAUMbIX ANS NPEeACTABNEHNS HAUMEHbLLEro COBCTBEHHOTO 3Ha-

YEHUsI KOPPENALMOHHOK MATPULbl C [ABYMSA 3HAYMMbIMKU JECATUMHLIMU 3Hakamu. Tak ans xoppe-

NALMOHHOM MATpUUbLl pasmepHocTH 2x 2 COBCTBEHHbIE 3HaueHus A u A

max min

pasHbl COOTBETCT-
BEHHO I+|r| " l-|r|. rAe r — HEeAMaroHaNbHbLIA 3NEMEHT KOPPENALMOHHON MaTPULLI, W, 3HAYMT,
TakuM HauMeHbLUM COBCTBEHHbIM 3HaYeHuenm byger | — |r| Ecnu 3apaHee u3BecTHO, YTO Koppe-

NAUMOHHaA MaTpuua ABNAEeTCH CMHI’yﬂﬂpHOﬁ, TO OKpyrneHwe K MeHbluemy no mMogynio CHUuXaer
PUCK TOro, 4TO NOCne onepauuu OKpyrneHus KOppensauMoHHas mMaTpuua He OKaXeTCA MNONoXu-

TenbHO NonNyonpeaeneHHoM.

10
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3.22 matpuua (koapduumeHTOB) YyBCTBUTENLHOCTU (sensitivity matrix): Mar-
puUa YacTHbIX NPOU3BOAHbLIX NEPBOro nopaaxka MyHKUMWA, ONUCLIBAKLWKUX MOAENL U3Mepe-
HUA C AEWCTBUTENBHLIMW BENWYUHAMU, NO BXOAHLIM UMK BXOAHLIM BENUYMHAM B TOYKE
OLIEHOK 3TUX BENUYMH.

npnmeqauue -B cnyyae mogaenu C N BXOOHBIMW U 51 BbIXOAHBIMKW BENWYUHEMW MaT~
puubl YYBCTBUTENBHOCTW B OTHOLWEHWW BXOOHLIX BENWUYUH X u BbIXOAHbLIX BENWUYWUH Y wumesor
PasMepHOCTW COOTBETCTBEHHO mx N u mxm.

3.23 uwuTepBan oxeara (coverage interval): MHTepsan, NOCTPOEHHbLIW Ha OCHOBE
UMeLWENCca MHopMaLmMn M coaepxalluun 3HauYeHue CKanspHoW CnyvyamHon BENUYUHLI C
3aaHHON BEPOSATHOCTLIO.

Mpumevanue 1 — [anHoe onpegenesne MoguuLuposaHo no otHoweruio k JCGM 101
(cnosapHas crates 3.12).

Mpumeyarune 2 — BEeposaTHOCTHO CUMMETPUYHBIN MHTEPBAN OXBAaTa AN CKanspHOW Be-
nuunHel npeacrasnseT coboit uHTepsan oxsara, ANA KOTOPOro BEPOSITHOCTL TOrO, YTO 3HAYEHMe
CNy4yanHo! BENWUYMHBI MEHbLUE HAWUMEHbLLUEro 3HaYeHUA (HWKHEN rpaHuubl) UHTEpBana oxBaTa,
paBHa BEPOSATHOCTM TOrO, YTO 3HAYEHWE CNYYarHOM BenuuuHbl Bonble Hanbonbwero 3HaYeHws
(BepxHen rpanuysl) untepsana [cm. JCGM 101 (cnosaphan crarten 3.15)].

MNpumeyanune 3 — Haumenblnin uHTEpBan oxsarta npeacrasnser coboi ukTepsan oxsa-
Ta, UMELWWUA HaUMEHDBLWYIO ANWUHY CPEean BCEX BO3MOXHLIX MHTEPBANOB OXBATa ANS AaHHOW
CNy4yainHoW BENUUYMHLI C OAMHAKOBOW BEpPOATHOCTLIO oxBaTta [cMm. JCGM 101 (cnosapHas cratbs
3.16)).

3.24 obnactbe oxeara (coverage region): Obnacrtb, onpegeneHHas Ha OCHoOBe
uMerLwencs uHdopmMauum U coaepxallas 3HadeHue BEeKTOPHOW CNy4vyaHOW BeNWYUHLI C
3a0aHHON BEPOATHOCTLIO.

3.25 BeposaTHOCTL oxBara (coverage probability): BepoaTHocTe TOro, 4ro 3Haue-
HUe Cny4“awHOoW BenuYUHbI HAXOAUTCA B rpaHMuax WHTepeana oxsarta unu obnactu oxsa-
Ta.

Mpumeyvanue 1 — [lanHoe onpegenexnve moguduurposaHo no oTHowenuio x JCGM 101
(cnosapHas crates 3.13)].

Mpumeyanue 2 — BepoATHOCTb OXBATa MHOrAa Ha3LIBAOT yposHem agosepus [(JCGM 100
(6.2.2)).

3.26 HaumeHbwan obnacTb oxeara (shortest coverage region): Obnacte oxsara,
MMeLan HaMMeHblnii obbem cpeau Bcex BO3MOXHbIX obnactel oxeara AnNs AaHHOW
CnyvanHoW BeNUYMHbI C OAWHaKOBOW BEPOATHOCTLIO OXBaTa.

Mpumeuvanue — B cnyyae cxanspHoOW Cny4yainHoi BENUYMHBI HaMMEHbLan obnacTe oxsa-

1
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Ta COBNaAaeT C HaMMEHbLIMM WHTEpBanom oxsarta. [ins cny4YyalHOW BENUYWHLI, ONUCHIBAEMOM
BEKTOPOM B ABYMEPHOM NPOCTPAHCTBE, HauMmeHbluas obnacte oxsara npeacrasnser cobon no-
BEPXHOCTb C HauMmeHbLuen nNowaabio U3 BCexX, UMEeIOWNX Ty XXe BEPOATHOCTL OXBarta.

3.27 MHOromepHoe HopManbHoe pacnpefeneHue (BepostHocte#)' (multiva-
riate Gaussian distribution): Pacnpeaenexsue BepoaTHOCTEW BEKTOPHON CNy4yanHON Benu-
YnHbl X pasmepHocTU N x1, NNOTHOCTbL COBMECTHOrO pacnpefeneHvus KoToporo umMeer
BUA:

_ 1
@) [der(v)] /2

. |
g5 (o) ew[- ;(o—M)1 v (o—M)}

Mpumeuarnue — m — maremarudeckoe oxuaanue X, V — koBapuaumonHas matpuua
X , KOTOpas AomKHa BbiTo NONOKUTENBHO ONpeaeneHa.

3.28 mHoromepHoe f-pacnpegenenue (multivariate r-distribution): Pacnpepene-
HWE BEPOATHOCTEW BEKTOPHOW CNy4vaWHOW BEnWYMHbl X pasMepHocT N x|, NNOTHOCTb

COBMECTHOro pacnpefeneHma KoTtoporo ¢ napamerpamu s, V v v umeer sua:

v+N
ol I{EJ;V)]& ) [det(:/)]'-"’ [l " %(0 -m)'V'{o- M)] o ,

roe l‘(:)=jr’"e"dt — ramma-yHKuma, z > 0.

Mpumevanue 1 — MHOromepHbIM [ -pacnpegeneHnem ONUCbIBAETCS BEKTOPHAA Cny4ait-
Hasn BenuumHa X pasmepHoctm N x|, yaoBneTsopalowas CooTHOWEHUIO X — M= (va )'ﬁQ. rae
Q - BeKTOpHan CnyvyanHas BENWYMHA pasMepHocTU N x|, MMELWas HopManbHoe pacnpeaene-
HWE C HYNEBbIM MATEMATUYECKMM OXWAGHUEM W NONOXKMTENBHO ONPeAEneHHOM KOBapayMOHHON
martpuuen V pasmepHoctt Nx N, a W — ckanspHas cnyyanHas BenUYMHAE, uMerowasn ;(2-
pacnpegenenue (pacnpegeneHue xu-ksagpar) ¢ v creneHsmMu ceoboastl.

Mpumevanune 2 — noTHOCTL f-pacnpepeneHus Rx(°) HENb3s NpeacTrasuTh B Buae
npoussegenun N NNOTHOCTEN pacnpefeneHns aneMeHTos Bextopa X Aaxe B TOM cnyvae, korga

V — anaronansoHas martpuua. B obuwem cnyvae mexay anemeHtamu Bextopa X cywecTsyer

cTaTMCTUYECKas 3aBucuMocTb. Hanpumep, npn N =2, v =5 n V — eauHuuHon matpuye pas-

" MHoromepHoe HoOpMansHoe pacnpegeneHie HasbiBaloT TAKe MHOTOMEPHLIM pacnpegenaHmem l'aycca.

12
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MepHOCTH 2x 2 BEpPOSITHOCTL TOro, uto X, > | cocrasnser 18 %, B TO BpEMS KaK YCNOBHAA BEPO-

SITHOCTb TOro, Yto npu X, > 2 3navenune X, Byger npesblwarte eauHKuy, coctasnser 26 %.

4 CornaweHus v ycnosHble 0603HaYeHnA

B Hacrtoswem craHOapTe UCMNONbL30BaHbI Cneaylue cornalieHus v YCnoBHble
0603HaveHus.

41 B GUM [JCGM 100 (nyHkT 4.1.1, npumeyanue 1)] ANs 3KOHOMWKU YCINOBHBLIX
0603Ha4YeHU OANH U TOT Xe CUMBON (NponucHasa bykea) MCNoNb3yeTca Ana:

() duanveckon BENUUMHBLI, KOTOpPas npeanonaraeT Hanuyue eAuHCTBEHHOro Wc-
TUHHOTO 3HAYEHUA;
(i) cny4aliHOW NnepemMeHHo|, accoUuMMpOBaHHOW C 3TOW (PU3NYECKON BENUYUHOWN.

Npumevanune — CnyyainHan NnepemMeHHan BbiNONHAET PasHbie PONW NPU OLEHUBAHMK He-
onpeaenenHocTy no tuny A u B. [pu oueHMBaHMM HeEonpeaeneHHoCT no Tuny A, cnydaiHas
nepemenHan npeacrasnser cobol «... BOIMOXHbIA pesynbtar HabnogeHus senuuuHbi». [pu
OLEHNBAHUM HEONPEAENEHHOCTU NO Tuny B BEPOATHOCTE pacnpeaeneHus Cny4yanHon nepemex-
HOM XapaKkTepU3yeT MMEIOLLNECH 3HAHUS O BOSMOXHbBIX 3HAYEHUAX 3TON BENUYMHDI.

3Ta ABOWCTBEHHOCTL 0DO3HaueHUW B DONBLUMHCTBE Crnyvaee He Bbl3biBaeT He-
yaobcrTs.

B HacToswem craHpgapre (tak xe, kak 1 8 JCGM 101) B cnyvae BXOAHbLIX BENUYMH,
HeonpeaeneHHOCTL KOTOPLIX OUEHUBAOT NO TUNy A, OAWH W TOT Xe CMMBON (NponucHas
OyKkBa) UCNOMNb30BaH ANA TPEX NOHATUIA, 8 UMEHHO:

a) huamyecKan BeNUUUHa;

b) cnyvaiHas nepemeHHas, AnNa KOTOPOW NONYYaKT pe3ynsTarTel HAbNAeHUN;

C) cnyvalHas nepemMeHHas, pacnpeaeneHue BepoATHOCTU KOTOPOW accoLMUpyoT C
MMELUMMHUCH 3HAHUAMMU O BO3MOXHbIX 3HAYEHUAX (DU3NYECKOW BENUUNHDI.

[ea nocneaHux NOHATUSA, OTHOCALWMECA K cnyvyalHon senuuuxe, 8 GUM (JCGM
100) He pa3gensalTCs, YTO MOXET ABUTLCH UCTOMHMKOM Heaopa3symeHuln. Tak paccmarTpu-
Baemas B Hactosuem craHaapte u 8 JCGM 101 npoueaypa oueHUBaHWA HeEONpeaeneH-
HOCTK C ucnonb3osaHuem metoaa Moxrte-Kapno moxert BbiTe HENpaBUNbHO UCTONKOBAHA
Kak peanuaauus npoueaypsl, anoxexHon 8 JCGM 100 (nyHkT 4.1.4, npumeyarue 1). B
AeWCTBUTENBHOCTH Ke, XOTH yKa3aHHbIe npoueaypbl CXOXK B TOM, YTO 8 0Benx nony4awT
BbIDOPKY 3HAYEHWW BBLIXOAHOW BENWYUHLI ANA AaHHOW MOAENM U3MEePEeHUs U3 COOTBETCT-

ByOUlero pacnpeneneHua, caMmu pacnpegeneHus s obwem cnyvae GVAYT pa3sHbimu. B

13
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JCGM 100 (nyHkT 4.1.4, npumeydanmne 1) aTo 4acToTHOE pacnpeneneHue, T.e. cnyyanHas
BENUUMHA MHTEpPNpeTUMpyeTCcs B CMbiCne nepeuvucneHus b), toraa kak 8 metoge MowTte-
Kapno ato pacnpepeneHue cny4aiHOW BENUYMHLI, MHTEPNPETUPYEMOW B CMbICNe nepe-
uncnenus c). [ina BonblIMHCTBA U3MEepUTENbHbLIX 3aaay noaxoa, npeanoxexHsi 8 JCGM
100 (nyHkT 4.1.4, npumevanue 1), He pekomeHayercs (cM. [2]).

4.2 ﬂnn BXOQHbIX BENUYUH MOAENKU U3IMEPEHMUA B HAcToAWEM CTaH4apTe NPUHATO

obosHavyeHue X ..., X, unu B Buae matpuubl X =(X. .. X, )" pasmeprocTu N x|

N
(cumeon « ' » 0603HaYAET TPaHCNOHUPOBaHKE).

4.3 [ins BbIXOAHLIX BENUUYUH MOAENW U3MEPEHWS B HACTOSLLEM CTaHAapTe NPUHS-
T0 0603Hauenune Y, ... ¥, unu B suae matpuusl Y =(Y,, ... ¥, )’ paamepHocTu mx1.
4.4 Ecnu Y, moryT BbiTh BbipaxeHsl yepe3 X B ABHOM BUAe, TO MOAENs MaMepe-
HUA UMeeT Bug
Y =f(X), (1)

raoe f — mHoromepHas yHKUMA mamepeHus. [pyras dopma 3anucu Ans TOW Ke MOoAEenu

(cm. 3.9) umeer By
Y, = f(X), ..., ¥, = [ (X),
rae f,(X), ..., f.(X) senswTeca coctasnsiowmmu £(X).
4.5 Ecnu Y He BblpaxeHbl B ABHOM Buae 4epe3 X, TO MOAENb U3MEPEHUA uMeeT
sua
h(Y,X)=0 (2)
unu B apyron opme 3anucu (cm. 3.8)
h(Y.X)=0, ..., b (Y.X)=0.
4.6 OueHky X obosHauawT B Buae x=(r,....x,)" — MaTpuubl pasmepHOCTU
N x1. KosapuauuoHHyl0 MaTpuLy, COOTBETCTBYIOWY x, 0603HavatT B Buge U — mar-
puubl pa3amepHocT N x N (cm. 3.20).
4.7 Ouexky Y oBosHavaioT B suge y =(v,...y_ ) — marpuubl pasmepHocTu
mx 1. KoBapuaunoHHyo MaTpuly, cooTeeTcTeyiowyo y, obo3HauawT 8 euge U, — mar-

pULLI PA3MEPHOCTH mx mi .

14
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MNpumeuanue — U B8 cnyyae MHOrOMEPHON MOAENM C M BLIXOAHLIMW BENWUYMHAMK HB-

nsieTcs aHanorom aucnepeuu i (y) Ans y B cnyuae 0OAHOMEPHO MOJENKM U3MEPEHUs, paccmar-
pusaemoir 8 JCGM 100 n JCGM 101. B JCGM 100 u(v) oBosHavaercs kak u, (yv), rae nogcrpou-
Hblit MHAEKC “¢” NPUMEHUTENBHO K CTAHAAPTHOW HEONPEAENEHHOCT 0603HaYaeT «CyMMapHas».
Kak u 8 JCGM 101, B HacToswWeM CTaHaapTe UCNONb30BaHME NOACTPOYHOIO MHAEKea “¢ " B AaH-
HOM KOHTEKCTE paccmarpusaercs kak uanuwiee [cm. JCGM 101 (nynkr 4.10)).

4.8 Ecnu oueHK# BbIXOAHBLIX BENWYMH NpeanonaraeTca MCnonb3oeaTth NO OTAeNb-
HOCTH, TO KaXAaas U3 3TUX BENUYUH MOXET pacCMaTpUBaATLCA Kak BbIXOAHAs B COOTBETCT-
BylOLWEN OAHOMEpPHOW Moaenu uamepeHus. Ecnu xe, Hanpumep Ans nocneayowux pac-
4YeToB, 3TU OUEHKU OOMKHbI ObiTb UCNONL30BaHbI COBMECTHO, TO A0MKHbI ObiTh NPUHATLI
BO BHUMaHUE KOppensiuun Mexany HuUMu.

4.9 CraHpapTHyl HeonpeaeneHHOCTb, COOTBETCTBYIWYW x, oBo3HavalT u(x).
Ecnu KOHTEKCT UCKNKYaeT BO3MOXHOCTb OLMOOYHOrO MCTONMKOBAHUA, TO MOXET npume-

HATLCH COKpaleHHas ¢opMa 3anucuk u . [laHHas (opMa 3anucu He peKoMeHayeTcs, ec-
NW NPYU X UMEETCH MHAEKC UNWU UHOW 3HAK, HanpuMep x, unu £.

4.10 MNog x MOXHO NOHUMATL KAK «OLUEHKW BXOAHLIX BENWYUH», TaK U «OLEHKY
BXOAHOW BENWYMHBLI (BeKTOpHOW)». B HacTosuwem craHgapTe npevMMyLecTBEeHHO UCNonb-
3yeTcsi nocnegHee onpeaeneHue (To e caMoe cnpaBefnueo AN BbIXOAHbLIX BENUYMH).

4.11 Kak ykasaHo B 4.2 — 4.10, sennuuHa B obwem cnyvae oboaHavaeTcs ¢ NoMo-
W0 NPONUCHON ByKBLI, @ ee OUEHKa UNK HeKoTopoe (IMKCMPOBAHHOE 3HaAueHUe Benu4u-
Hbl (TaKoe, KaK MaTtemMaTuyeckoe OXuaaHue) COOTBETCTBYIOWEN CTPoYHON Dykeow. [laHHoe
npasuno yanobHo ans obuiero aHanuaa, HO 3a4acTylo He NoaxoauT Ana 0bo3HaveHus Be-
NAYUH B KOHKPETHLIX NPUMOXEHUAX W3-3a YCTOABLUEWCA NPaKTUKW MCMNONbL3OBaHWA ANS
KOHKPETHbIX (PU3NYECKUX BENUYMH cneumansHbix obosHavenuid, Hanpumep 7' ans Temne-
patypsl U ¢ Ana spemeHn. Mo3ToMy B HEKOTOPbLIX NPpUMEpPAaXxX HacTOALWEro craHaapra uc-
NoNb3yTCA UHble 0D03HaYeHus: dusnyeckan senvuuHa oboaHavaeTcs ee oblenpuHs-
TbiM CHMBOJSIOM, @ €€ MaTeMaTUyecKoe OXuaaHue UNKu oLeHKa 3TUM Xe CMMBOMOM C Lup-

Kympnekcom («Kpbllwkon»). Hanpumep, amnnuryna nepemMeHHoro Toka (npumep 1 w3

6.2.2) oboanavaerca I, aouexka I — F [cm. JCGM 101 (nywkT 4.8)).
4.12 Hacrosawmin craHaapT otcTynaer oT 0603HaYeHWH, YacTo UCNoNbayembix Ans
o603HaueHUs NNOTHOCTEW pacnpegeneHns BeposiTHOCTEW M byHKUMIA pacnpeaenexus. B

JCGM 100 ogHo u 1O xe obo3HauyeHne [ MCNoNb3OBAHO Kak ANnA OYHKUMKM M3MEPEHUS,
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Tak U ANs NNOTHOCTU pacnpeneneHus BepoATHOCTENW, YTO CO3aaeT HEeOAHO3HaYHOCTbL No-
HUMaHMA. [TOCKONbLKY B HACTOALWEM CTaHAapTe Mogensam yaeneHo ocoboe BHUMaHue, ans
NNOTHOCTW pacnpefeneHvus BeposiTHOCTEW M (PyHKUMKM pacnpeaeneHusa smecto obosHa-
YeHuit f 1 F vCcnonb3oBaHbl COOTBETCTBEHHO g W G . [puMeHseMble NOACTPOYHbIE UH-
AEeKCbl COOTBETCTBYIOT Cny4anHOW BENUYMHE, 0 KOTOpOW naeTt peus. Obo3HaveHue f oc-
TasnNeHo AN onucaHua MyHKUMKU M3MepeHUs (B CKanapHOW Unu BeKToOpHOW opme).

4.13 NnoTHoCTb pacnpegeneHnsa MoxeT ObiTb NOCTaBneHa B COOTBETCTBME Kak
ckanapHou ( X ), Tak u BekrtopHon (X ) senuuuHe. B cnyyae ckansipHOW BenuW4MHbl NNOT-

HOCTL pacnpegeneHua ans X obosHavaercs Kak g, (&), rae £ — nepemexHas, NpUHK-

MaioLWas BO3MOXHbLIE 3HAYEHMN BenuuuHbl X . 3aeck X paccmatpuBaeTtcs, Kak cnydam-
Hasi NepeMeHHas ¢ MatemaTuieckum oxugaduem E(X ) n gucnepcuen V(X ).

4.14 B cnyyae BEKTOPHbLIX BENWYMH NNOTHOCTL pacnpenenenus ana X oboaHaua-
etca Kak g, (o), rae o=1(<&. ..., &, _)T — NepemMeHHasn, NPUHUMaKLLAa BO3MOXHLIE 3HaUYEHUA
BenuumHbl X. 3aece X paccaaTtpuBaeTtcsl Kak cnyvailHas nepemMeHHas C OXuaaHuem
E(X) » koBapuaymoHHoi matpuuei V(X).

4.15 AHanoru4yHo, B criyyae CKansApHbIX BENWYMH (Y ) NNOTHOCTL pacnpegeneHus
oboaHavaeTcs kak g, (17), a B cnyvae sekTopHbIX BenuuuH (Y ) — g, (3 ).

4.16 ins 0603HaYeHNs aecaTUNHOM Apobu ucnonsayertcs 3ansaTas .

5 OcHoBHbIE NPUHUMUNbI
5.1 Obwwme nonoxeHus
5.1.1 B GUM [JCGM 100 (nyHkT 4.1)] uamepexHne mogenupyertca yHKUMEeR, CBA-

3blealOen geWCTBUTENbHbLIE BXOAHLIE BENUYMHbI Xl. ey X U AEUCTBUTENBHYIO BLIXOA-

5
Hylo BenuuuHy ¥ 8 Buge opmynet (1), T.e. ¥ = f(X), rae X=(X ..., X, ) -- peiicrau-
TenbHasn BEKTOPHasA BXOAHAA BenuuuHa. 3TO ogHOMepHasn (YHKUWA U3MEepeHus Ana aAen-
CTBUTENbHbLIX BENUYKMH (CM. 3.9 npumeyvarue 3).

5.1.2 Ha npaktuke He BCe U3MepeHWs MOryT ObiTb CMOAENMPOBaHLI C NOMOLLLIO
DYHKUMN M3MEPEHUA C OQHOW CKaANAPHOW BLIXOAHOW BenuYUHOW. B peanbHbIX uamepu-

TeNbHbLIX 3afgavax MoryT MMeTb MecTO!

" B OpUrMHane Ha aHrnUInCKOM R3biKe B faHHOM noapasaene YKa3blBaeTCA Ha UCNonbkL3oBaKlue B Ka-
YEecTBe AeCATUYHOID 3HaKa TOYKM BMECTO 3anATON.

16



rOCT P 54500.3.2-2013

a) HECKONbKO BbLIXOAHLIX BENWYUH Y, ... Y, (koTopbie coemecTHO oBo3HauvaroTCs

AeWCTBUTENbHOW BEKTOPHOW BbIXOAHOW BenuuuHon Y =(Y,. ... Y, )'), ans kotopeix chop-
myna (1) npuxumaet eug Y = f(X);

b) 6onee obwuit BUA Mogenu namepeHus e euge dopmynet (2), T.e. h(Y,X)=0.

5.1.3 Kpome TOro, HexoTopble unu Bce anemMeHTbl X U, COOTBETCTBEHHO, 3NeMeH-
Tol Y MOryT npeacrasnsite coDOW KOMNNEKCHbIe BENUYUHLL. ECnu Kaxayl Takyr KOMm-
NNEeKCHYI0 BENUYUHY NPeacTaBUTL B BUAE ABYX COCTaBNAKLWMX (QeWCTBUTENLHAA U MHU-
Mas 4acTb MNK MOAYNbL WU apryMeHT KOMNNEKCHOro Yucna), 1o, 8 npuduune, 6e3 Hapywe-
HUsi OOLWHOCTH MOAEeNb U3MEPEHUS MOXET pacCMaTPUBATLCA Kak Mofens ¢ AeWCTBUTENb-
HbiMu BenuuuHamu. OpHako B DonblIMHCTBE cnyyaee Bug anropuTtmos, paborawowmx ¢
KOMMMEKCHLIMM BENUUMHaMK, npolye, Yem ecnu Obl Mogens BKNKYanNa Toneko AeWcTeu-
TenbHble BeNUYUHL [14]. MNpumeHeHue Mogene U3MepeHusi C KOMNNEKCHLIMK BENUYMHAa-
MW NO3BONSET 3anucaTtb 3aKOoH TpaHCcOpPMUPOBAHUA HeonpeaerneHHOCTEN B KOMMNaKTHOM
MaTpuyHOM Buae (cM. 6.4 u npunoxeHue A).

5.1.4 B HacToswem cTranaapre moaenu, ykasadHsole B 5.1.2 u 5.1.3, paccmartpusa-
toTcs B bonee obuiem suge.

5.2 OcHoBHbIe 3Tanbl OLUEHUBAHUA HEONpeaeNeHHOCTH

5.2.1 OcHOBHblE 3Tanbl OLEHWBAHWA HeonpeaeneHHOCTH BKNYawT B ceba dop-
MYNUPOBKY U3MEPUTENLHOW 3aaauu, TpaHcopMUpoBaHMe pacnpegeneHnin v nonyyexsue
OKOHYaTENBLHOro pesynbrara:

a) hopMmynupoBKa U3MepUTENbHOW 3aaa4yun BKNYaeT B cebs:

1) 3apaHue BbIXOAHOW BENUYMHLl Y (M3MepsaeMOor BEKTOPHOW BENUYMHBI);

2) BbISIBNEHWe BXOMHbLIX BENUYUH, COCTaBNAIOWUX BEKTOPHYH BXOAHYID BENWYUHY
X, oT KOTOpbIX 3aBUCUT Y ;

3) cocraenexue Mogenu UamepeHus, onpegenstoulen szaumocesss Y ¢ X B Buge
dyHKUMKM namepenus [cm. opmyny (1)] unu e Gonee obwem suae [cm. hopmyny (2)];

4) npUnucbiBaHKe pacnpegeneHuii BeposTHOCTEN (HOpPManbHOro, NPsSiIMOYroNbHOro

W T. A.) BXOAHbIM BENuWuMHam X . (anemeHTam Bektopa X ) WM COBMECTHOrO pacnpepe-

NeHWA BEPOATHOCTEW BXOAHLIM BENUYMHAM, HE ABNAKLWWMCA HE3aBMCUMbIMK, HA OCHOBE

MMEIOLLEICH O HUX MHDOPMaLMK,
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b) TpaHcthopmupoBaHue pacnpeseneHunit npeagycMmatpusaeT onpegenedve nnot-
HOCTM COBMECTHOrO pacnpefeneHus BbIXOAHOW BenuuMHbl Y Ha OCHOBE NMOTHOCTEN

pacnpefeneHusa BXOAHbLIX BENWYMH X, 1 MCNONb3YyEMOW MOAENU N3MEPEHUS,

C) nonyyYeHWe OKOH4YaTeNnbHOro peaynbrara nNpeanonaraerT UCNonb3oBaHWe NnoT-
HOCTM pacnpegeneHus Y Ans onpefeneHus:

1) oueHKn MaTtemaTuyeckoro oxuaanms Y B Buae y;
2) KOBapUauuoHHOW MaTpuLbl U, cooteercTByiOWlen y |
3) obnactu oxearta, cogepxawend Y C 3a4aHHOW BEPOATHOCTLIO p (BEpPOATHOCTL

oxBara).

5.2.2 ®opmynupoBKy W3MEpUTENbLHOW 3apjauu ocywecTsnser mertponor. Peko-
MeHaauuu no BuiBopy NNOTHOCTKU pacnpegenenua [ctagus 4) atana a) B 5.2.1] ona Heko-
TOopbiX 06wWux cnyyaes npuseaexsl B8 JCGM 101 u B 5.3. Oransl TpaHchopMUpPOBaHUA
pacnpefeneHuit U Nony4YeHus OKoH4YaTenbHbiX pe3ynsTartos [6) u 8) B 5.2.1], AnA KOoTOpbIX
npueseaeHbl NoapobHbie ykaszaHua, He TpebylT [ONONHUTENLHON METPONOrUYEeCcKOn WH-
dopmaumum U MOryT BbiTb BLINONHEHLI C NOOK TpebyeMOon BLIMMCNUTENLHOW TOYHOCTLID
ANA NOCTaBNEHHOW 3a4auu.

Mpumevanue — Kak TONbKO 3Tan NOCTAHOBKW 33AayKn a) B COOTBETCTBMM € 5.2.1 Buinon-
HEH, TéM CambiM NMNOTHOCTb pacnpeaeneHusi BEPOATHOCTEN AN BbIXOAHON Benuuuksl Y d¢op-
ManbHO NONHOCTLIO onpenenena. OAHAKO BLIYUCNEHWE MATEMATMYECKOTO OXUAaHWs, cTaHaapT-
HOrO OTKNOHEHWA W 0BnacTu oxsata MOXeT noTpeboBaTe NPUMEHEHUS YUCNEHHLIX METOAoB, 06-
Napaowmx HEKOTOPON CTeneHsio npubnuxeHuns.

5.3 ®DYHKUMM NNOTHOCTHU BEPOATHOCTU ANSA BXOAHLIX BENUYMH

5.3.1 O6wwe nonoxeHus

PykosoacTBO NO BLIDOPY NNOTHOCTEW pacnpefeneHus ANA BXOAHLIX BENWYUH X
Ha atane OpMyNUPOBKM U3MepuTenbHOW 3agaum npueegeHo 8 JCGM 101 (paznen 6)
Ans Hexkotopbix 0bwmx cnyvaes. OAHaKO eAWHCTBEHHBIM MHOTOMEPHLIM pacnpegeneHu-
em, paccmoTpeHHsiM B JCGM 101, sBnseTcs MHOrOMEpHOe HOpMansHoe pacnpegeneHue
JCGM 101 (nyHkT 6.4.8). 310 pacnpegenexHme NPUNUCLIBAKDT BXOAHOW BeNuunHe X, ecnu
poctynHas uHgopmauua ob X sknoyaer 8 ceba TONLKO OUEHKY X WM COOTBETCTBYIOLW YD
KoBapuauvoHHylo matpuuy U . B 5.3.2 paccmaTtpusaeTtcs ewe oaHO MHOroMepHoe pac-
npepenenne — t-pacnpegeneHue. Ero npuMeHsaoT, ecnu eguHCTBEHHOW AOCTYNHOW WH-

thopmaumei o sennunHe X siBnsietcs Boibopka HabniopeHuit (npeanonaraembix He3aBu-
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CUMbIMU) BEKTOPHOW BENUYUHBLI M3 MHOTOMEPHOIo HOPMAarnbLHOro pacnpefeneHus C Hems-
BECTHbLIMK MaTEMaTUMECKMM OXUAAHUEM W KOBapUaUWOHHOW maTpuuen (cM. Takxe 6.5.4).

5.3.2 MuoromepHoe r-pacnpegeneHue

5.3.2.1 T[lpegnonoxum, 4TOo ANSl BEKTOPHOM BenuuuHsl X pasamepHocTerd N xI,
MMeloLen MHOroMepHoe HopmansHoe pacnpeaenesme N(m. V) ¢ HEM3BECTHbIMU MaTema-
TUMECKUM OXMAAHUEM M W KOBapuauWOHHOW MaTpuuen ¥ paamepHocTbio N x N, AocTyn-
Hbl n He3aasucuMbIX HabnogeHun, n > N . MNycte m — uckomoe 3HayeHne X . Toraa, Bbi-
Oupan B KayecTee anpuOpHLIX pacnpeaeneHun Ans s 1w Y cooTeeTcTByolmne HeuHdop-

MaTtuBHbIE pacnpegeneHna u UCNoNb3yda Teopemy Baveca, nonyyvumM, NT0 COBMECTHbLIM

pacnpegeneHuem ana m (M.ﬂM pacnpegeneHmem, NnpunUcCbiBaeMbim X) 6yne1' MHOromep-

Hoe 7-pacnpepeneHue ¢ (X.8/n) ¢ v =n—N creneHsmu ceobogsl [11], rae
1 1 — —\T - =\T
x=—(x, +..+x,), S= —[(x, -x)x, -X)" +...+(x, -x)x, -X) ]
n v

Mpumeyanue — lNpu HANUUMK COOTBETCTBYIOLUNX OCHOBAHWA B Ka4Ye€CTBE anpUOpPHbIX

pacnpegenexdnit MoryT BbiTe B3ATH! APYrMe PacnpeseneHuns, YTo MOXET NPUBECTU K APYroMy 3Ha-

YeHuio uucna creneHei ceoBoasl ans 1, (X.S/n) unu paxe k apyromy Tuny pacnpegenexus Ans

X.
5.3.2.2 TnoTHOCTL pacnpeaeneHus, nonyyexHHoro ans X, umeer sua
12

0 =____F(nf2) et(S/n)] ¥ +L0~YT E ) 0-X k
8 (0)= oy e/ [n “o-2(2) ¢ )} ,

rae  I'(z) — ramma pyHKUMA aprymeHTa z .

5.3.2.3 Maremaruyeckum oxuaaHuem u kosapuaumen X ByayT cOOTBETCTBEHHO
v S

E(X)=%, V(X)= :
v—=2n

rae  E(X) onpeaenexo Tonbko aAnsi v > | (4TO COOTBETCTBYET n > N +1).

5.3.2.4 Ur06bl cchopmupoBaTL CnyyanHoe BbIGOPOUHOE 3HaueHne o u3 1, (X,S/n),
BO3bMeM N cnyvanHbiX BolDOPOMHbIX 3HaYeHWA z,, i =1, ....N , U3 CTaHQapTHOro pacnpe-
penenus Maycca N(0,1) 1 ogHO BLIBOPOYHOE 3HAueHUE w W3 y. -pacnpefeneHus c v

creneHsmmu ceobopael. Torpa
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‘I
o=xX+Lz = z=(z,...2,),
J,.

rae L — HUWKHAA TpeyronbHasa Martpuua paaMepHoCTH NxN B pa3noXxeHuu xonel.u(oro
S/n=LL" [13].

Mpumeuanue — Marpuua L moxer BbiTe onpegenexa, Hanpumep, kak 8 [13].
5.3.3 TlMocTpoeHne MHOroMepHbIX (PYHKUMIA NNOTHOCTU pacnpeneneHus

Korpa BxoaHble BenuuuHb! X ... X, KOPPEnupoBaHHbI, TO OObIMHO AOCTYNHOW O

hl
HUX MHOPMaLMEN ABNSETCHA BUA NNOTHOCTA pacnpeneneHua ANs Kaxaon M3 aTUX Benu-
uMH (Hanpumep, ANA OQHOW — HOPMansHoe, ANA APYrol — NPAMOYTONLHOE U T.M.), OLEHKM

Xy o X, , UCNONL3YEMbIE B KAYECTBE MATEMaTUYECKUX OXUAAHWUNA, CTAHAAPTHLIE Heonpe-
penenHocTH ulx, ). ... u(x, ), ucnonbayembie B Ka4yecTee CTAHAAPTHLIX OTKMOHEHWH, U KO-
BapvauuW, CoOTBETCTBYiOWME napam x . [OCTPOMTL MO MapriHanbHbIM pacnpeaeneHu-
AaM X ,.... X, COBMECTHYK NNOTHOCTb pacnpegeneHus Ana X MOXHO, 3HAs UX Konyny.

OaHako Bblleyka3aHHOW WCXOAHOW WHPOPMAaUUM MOXET COOTBETCTBOBATbL MHOXECTBO
KOnyn, nosToMy Bua NOCTPOEHHOW COBMECTHOW NMOTHOCTU pacnpepenexdus Byner He
€AUHCTBEHHbIM.

5.4 TpaucchopmupoBaHue pacnpegeneHumn

5.4.1 B nesow 4actu pucyHka 1 nokasaH npumep mMoaenu maMmepeHus ¢ N =3

B3aUMHO HE3ABUCHMBIMW BXOAHbIMU BenuunHamu X = (X, X,. X.)' ¥ m =2 BbiXOAHbIMK
senuuuHamun Y = (Y, ¥, ) . OyHkumnsa namepenns — £ =(f,. f,) . Benuumnam X , i=1, 2,3,
npunucaHel NNOTHOCTK pacnpeaenexma g, (£ ), a Y xapaktepuayeTca COBMECTHOI nnoTt-
HOCTbIO pacnpegenenus g, (3)=g, , (n,.7,). B npaBoit yactn pucyHka 1 nokasaH npumep,
B KOTOPOM X, ¥ X, B3aWMHO 3aBUCMMbl U XapakTepusyilTCsi COBMECTHOW NNOTHOCTLIO

pacnpenenexns g, . (£.¢.)

Qv\-ltfl ) —= )
o Y1 = i{X1. Xa. Xa) Tx, xa 800 6a)—+ Y1 = (X, X2, X3)
0x,(82) — — y,.y2 M T2) , ) — Oy, 3, (T TR}
rg = fg[.\’l..\’g. X3a) Ix, (£3) —+ Ya= _fg[.t, .,\—g.,x_x)
gx,(&3) —
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PucyHok 1 — TpaHcgopMupoBaHue pacnpeaeneHuii Ans Mogenu ¢ N = 3 BXO4HbIMK

BENUYUHAMU U m = 2 BbIXOAHbLIMK BENUUUHEMM, KOTAa BXOAHbIE BENWYMHLI X, X, 1 X,

B3aWMHO He3aBuCHMMbI (cnesa) u koraa X, u X, B3aUMHO 3aBUCUMBI (Cnpasa)

542 BouixoaHaa senuuuHa Y MOXET cama CNYXWTb OCHOBOW ANSA NOMNyYeHus
cnegylwen senuunHbl, Hanpumep, Q. Toraa Y Oyaper paccMarTpuBaTbCsl Kak BXOAHANA
BENUYMHA B MOJENW M3MEPEeHUs, ONUCbiBaeMOoWn, Hanpumep, OyHKUMEern naMepeHua t u
UMerLwen emg

Q=t(Y).

Tak, Y moxer npeacrasnarte cobon Habop 3TanoHOB Maccel, @ Q — CyMMbl HEKO-
TOPbIX U3 HUX.

5.4.3 ObveguHenue yHKUMIA Mamepenna f 1 t Ans AByX nogmoaenen no3sons-
eT Nony4MTb 3aBUCMMOCTL Q HEenocpeaCTBEHHO OT BXOAHbIX BenuumH X . OaHako B page
M3MepUTEenbHBLIX 3afay XenaTenbHo COXpPaHUTL pa3bueHue Ha NoaMOoAEenu, ecnu OHU OT-
HOCATCA K (PYHKUMOHANBLHO pa3HbiM atanam. COBOKYNHOCTb ABYX noamMoAenei npeacras-
nsieT cobow npumep Mogeny MHOrocTyneH4YaToro uamepenuns (cm. 3.12).

5.4.4 CnyvyaW, korga Ha (pUHANbHOM 3Tane MHOTOCTYNEHYATOro W3MepeHus ¢
NPUMEHEHWEM MHOrOMEpHbLIX noagMoaeneil UMeeTCa eAUHCTBEHHAN BbIXOAHAA CKanapHas
BENUYMHA, MOXeT ObiTb paccMoTpeH ¢ npumeHernem JCGM 101.

5.5 Monyyenune uroroson uHcopmaumm

5.5.1 OueHka y BbIXOAHOW BENWYMHbI Y paccMaTpuBaeTCs Kak MareMaTuveckoe
oxuganue E(Y). KosapuaumoHHas matpuua U, , cooTeeTrcreylollan y, — KaKk KoBapuauu-
oHHas matpuua V(Y).

5.5.2 [na BeposTHOCTM oxBara p obnacTe oxeara R, aAns Y nony4awT pelwe-

HUEM YDAaBHEHUA

jg\'(3)‘h =p.

Ry

Mpumevanue 1 — HekoTopuiM BENUYMHAM MOTYT BbiTh NOCTABNEHbI B COOTBETCTBUE CNY-
YanHbie NEepPeMEHHbIE C pacnpeaeneHusMKu, Y KOTOPbIX MaTEeMaTUYECcKoro OXXKHMAaHWA M KoBapua-
UMOHHOM MaTpUUb! He cywecTsyeT (cMm., Hanpumep, 5.3.2). Oaxako obnacte oxsata ans Y cywe-
cTByeT Bceraa.
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Mpumeuvanune 2 — B obwem cnyyae cywecrsyer bonee oaHoi obnactu oxeara Ans 3a-

AaHHON BEPOATHOCTM OXBaTa p .
5.5.3 [lpAMOro MHOroOMepHOro aHanora BepOATHOCTHO cummeTpuyHoro 100 p %-

HOro WHTEepBana oxearta, paccmoTperHoro 8 JCGM 101, He cywecreyer. OaHako cywect-

ByeT aHanor Haummexbwero 100 p %-Horo wHTepsana oxsata — 3to 100 p %-Has Hawm-

MeHblwan obnacTte oxeara.

5.6 Cnocobbl TpaHchopMUpoBaHUA pacnpeneneHumn

5.6.1 TpaHchopmupoBaHue pacnpeaeneHun oCyLecTBNAT HECKONbKUMKA CNOCO-
damu:

a) aHanuTuYeckuMM metogamu, obecneunBarolMMK NONYYEHNe MaTemMaTUyecKkoro
npeacTraBneHus NNOTHOCTU pacnpeaeneHus ana Y ;

b) npumeHeHnem 3akoHa TpaHCOPMUPOBAHUA HEoNpeaeneHHOCTeN, OCHOBAHHOIO
Ha 3aMeHe (PyHKUMKU U3MepeHna ee annpokcumauuen pagom Tennopa ¢ YuneHamu paano-
XeHus nepsoro nopsgka [obobwenune noaxopa, nanoxexHoro 8 JCGM 100 (nyHkr 5.1.2));

c) uucneHHbiMu metogamu [cM. JCGM 100 (nyHkr G.1.5)], B TOM Yucne ¢ ucnonb-
3osaHuem metoaa Moxrte-Kapno (MMK).

Mpumeuanue 1 — AHanuTUyEcKne MeToabl NPEBOCXOASAT BCE NPOYME C TON TOYKW 3pe-
HWA, YTO OHU HE UCNONb3YIOT npmﬁnmmeﬂuﬁ. OAHBKO OHW NPUMEHMMBI TONBKO B NPOCTBIX CNy4Yanx.
Takue MeToas B HACTOSALEM CTaHAAPTe He PacCMaTPUBAKOTCH 33 UCKMNIOYEHMEM NPUMEPOB, rae
OHU UCNONB3YIOTCA ANS CPABHEHWA.

Mpumevanue 2 — Metoa MoHTe-Kapno B HAcToALWEM CTAHAAPTE UCNONB3YETCA ANs no-
NyyveHWus pacnpegenexHuns BeKTOpHOf‘l BleOAHOﬁ BENUYUHLI, 8 HE B Ka4yecTBe MeToaa MMUTauuoH-
HOro MoaenupoBanus. Mpu OLEHWBaHUK HEONPEAENEHHOCTU Ha aTane TPaHcOpMMpPOBaHUS pac-
npeaeneHvid pewaemasn 3agava sBnseTcs AeTepMUHUPOBAHHOW, NOITOMY B MMUTALWOHHOM MO-

AenupoBaHun (HU3NYECKOro CNY4anHOro Npoyecca HeT HeoBxoaumMocTu.

5.6.2 B 3akoHe TpaHcOpMMpPOBaHWS HeonpeaeneHHocTen ouexka x = E(X) ans

X u cooTeeTcTByloLlas KoBapuaumuoHHas matpuua U, = V(X) noasepraiorcs npeobpaso-

BaHWKD NOCPEACTBOM NUHEeapu3OBaHHOW MOAenu uamepeHus. B Hactoswem craHpapre
AaHHasa npoueaypa paccMmaTpyveaeTcs ANA mogeneit pasHbiX TUNOS.
5.6.3 B neeoi yactu pucyHka 2 noka3zaH obobueHHbIn 3akoH TpaHcopmupoBa-

HWUA HeonpeaeneHHOCTeW AN MOAeny U3MepeHua C N =3 B3auMHO He3aBUCHMbIMWU

BxoAHbIMM BenuunHamu X = (X, X.. X,)" v m =2 sbixogHbiMu BenuunHamm Y = (Y. Y, ).

Ouexko X sensetcst x=(x,. x,.x,)' C COOTBETCTBYILWMMM CTaHAAPTHLIMK Heonpeae-
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nexHocTaMK ulx, ), u(.\'z) " u(.ra). Ouenkon Y ssnsaercsa y =(y. v, )" ¢ cooteetcTByIOUIEN
KoBapuaumoHHon matpuuerd U . B npaBoi 4acTu pucyHka 2 TOT e 3aKOH nokasaH Ans

cnyyas, korga X, u X, B3aUMHO 3aBUCUMbI W MMEIOT KOBapuaumio u(x,,x, ) OUEHOK x, U

X,.

Ty u{r))—- Ty. T2
Y1 = filXh,. X2, X3) u(rg) u(T2)—= Ys = filXy. X2, Xa)

+— ., ll'v M{.l'l,.l'g} 1

Yy = fo( Xy, X2, Xa) Yo = fo( X1 Xo. Xa)

ra u{ry)—e T3 ulry)—

ra, u| '1'2‘)_—

— y. Uy

PucyHok 2 — OBobLeHHbIW 3akoH TpaHcopMupoBaHus HeonpeaeneHHocTen ana N =3

B3aUMHO HE3aBMCUMBIX BeNUYUH X, X, U X, 1 m =2 B3aUMHO 3aBUCUMbIX BbIXOAHbLIX

BENWYUH (CNEBA) M TOT XE 3aKOH, HO ANA B3aUMHO 3aBUCUMbIX X, U X, (cnpasa)

5.6.4 B metone MoHTe-Kapno coBmecTHOe pacnpeaenexsue sepoaTHoCcTen Ana X,
npeacraeneHHoe 8 UUW(POBOM BUAE, TPAHCHOPMUPYETCH C NOMOLLLIO MOAENH U3AMEDEHUSA
ans Toro, 4tobbl NONyYUTL AUCKPETHOE NpeAcTaBneHue COBMECTHOro pacnpegeneHus
BEPOATHOCTM AnA Y , HA OCHOBE KOTOPOro 3aTem MonyvyaiT OKOHYaTenNbHbie pesynbraThl

N3MEPEHUA.

6 Cnocob oueHnBaHus HeonpegenedHocTu no GUM

6.1 Obwwue nonoxeHusn

6.1.1 B HacTosiluem craHgapTe cnocob OUeHWBAHWA HEeonpeferneHHOCTU uYepes
TpaHcopMupoBaHue HeonpeaeneHHocTel, paccMmoTtpenksi 8 JCGM 100 (nyHkTel 6.2 1

6.3) ana mopenei uamepenns euaa Y = f(X), o6obwen Ha Bonee WKUPOKMIA KnNacc Moae-

nei ¢ MHOTMMU BbLIXOAHBLIMU NepemMeHHbIMu. XoTa HenocpeacTeeHHo B8 JCGM 100 Takue
MOAENU He PacCMarpuBaloTCA, ANA MX U3YYEHUA MOryT ObiTe NPUMEHEHbI Te Xe camble
OCHOBHbIE NPUHUKUNLI TPAHC(POPMUPOBAHMA OUEHOK BXOAHLIX BEMWYMH U COOTBETCTBYIO-
LWKUX UM HeonpeaeneHHOCTer B OUEHKW BbIXOAHBLIX BENUYUH U COOTBETCTBYIOLMX UM He-
onpeneneHHocTel. [ina mareMaTtuyeckoro npeacTaBneHnsa yKkasaHHbIX npouenyp sMecrto
CYMM BENWYUH C NOACTPOYHBIMU MHAEKCaMK, Kak 3To caenado B JCGM 100 , ynobHee uc-
Nnonb30BaTh KOMMaKTHYID MaTpUYHO-BEKTOPHYKO (hOpMY 3anucu, Xopowo npucnocobnex-

HYIO ANS COBPeMEeHHbIX NakeToB NporpamMm U A3bIKOB NPOrpaMmMnpoBaHuA.
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6.1.2 [na npuMeHeHus 3aKkoHa TpaHCchOpMMpPOBaHUS HeonpeaeneHHoCTel uc-
nonb3yercs Ta Xe WHMOPMaUUsa O BXOAHbLIX BENUYMHAX, YTO U ANA OAHOMEPHOW Moaenu

namepexun, paccmotpenton 8 JCGM 100:
a) oueHka x = (x,, ... x, )" exonHoW BenuuMHLl X ;

b) koBapuauwonHas matpuua U, COOTBETCTBYOWAA X, CoAepxXallan Kosapuauuu
u(x,..\',), i=L., N, j=L..,N, cooTeercTBylolme x 1 x .

6.1.3 Onucanue TpaHcopMUpOBaHUS HeonpeaeneHHoCcTel, npuseaeHHoe B 6.2 1
6.3, pacnpocTpaHseTcs Ha Mogenu C AeWCTBUTENbHLIMKM BeNUYMHaAMMU, BKMNOYAA cnyvau
KOMMMNEKCHbIX BEeNWYUH, NPEeACTaBNEeHHbIX napaMmu AeWCTBUTENbHbIX COCTABNSOWMX.
TpaHcdhopmupoBaHue HeonpeaeneHHoCTen B Cnyvae Mmogene ¢ KOMNEKCHbIMKU Benuym-
Hamu paccmatpusaetcs B 6.4 (cM. Takke 5.1.3).

6.1.4 Cnocob nonyyeHua obnacrTu oxearta ANS BEKTOPHOW BbLIXOAHOW BEenWYMHbLI
onucaH B 6.5.

6.2 TpaHcchopmupoBaHue HeonpeaeneHHOCTEN ANA MHOrTOMEpPHbLIX Moaenen
U3MEPEeHUA C ABHbIM BUAOM (PYHKUMOHANbHON 3aBUCUMOCTH

6.2.1 O6wwue nonoxeHus

6.2.1.1 MHoromepHas Mofenb U3MEpPeHUsa C ABHLIM BMAOM (DYHKUMOHANbLHOW 3a-

BUCUMOCTU MeXAYy BbLIXOOAHOW BenuuuHorn Y = (Y,. wer ¥, )r M BXOOHOW BENUYMHOW
X=(X,..X_ ) vmeer sug

Y=£(X), £=(f... 1.).
rae f obo3HavaeT MHOroMepHYH (YHKUMIO U3MEPEHUA.

Npumeuyarue — Aprymentamu otaensHbix dyrkumin £, (X) moryt 6bite pasHsie nogmHo-
wectsa X. MNpu atom kaxabi anement X AOMKEH ABNSTLCA apryMEHTOM Kak MUHUMYM OQHOM
dynkumm f,(X).

6.2.1.2 Tlpu 3apaHHoN oueHke x Ana X oueHka y ansa Y uMeeT sug

y = flx).
6.2.1.3 KosapuauwoHHas marpuua pasMepHOCTU mxm, COOTBETCTBYKOLWANA Yy,

UMeeT BuA
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ulyoy,) - uly.y,)
U = : ’ :

ul(y,.y) - uly..y.)

1

rae Covly .y, )= w*(y, ), v onpepensietcs no popmyne

Uy =CnUnC\T’ (3)

rae C_ — MaTpuua YyBCTBUTENLHOCTU pa3mMepHOCTM mx N , onpeaensiemas no gopmyne

o ]
x| oX |
c.=| : . i,
o o
ax, X

rae sce npou3soaHsble Bepytca B Touke X =x ([19], ctpanuua 29).

6.2.2 Tlpumepsbl
Mpumep 1 — AkmusHoe u peakmueHoe conpomueneHus anemesma uenu [JCGM

(pazpen H.2)]

AKTUBHOE R W peaktueHoe X CONPOTMBNEHMA 3NEMEeHTa Uenu onpeaensior nytem
N3MEPEHMA aMnNMTyabl V M3MEHSIOLWErocs No rapMOHUYECKOMY 3aKOHY HanpsiKeHWs Ha
ero Knemmax, amnnuTyasl / NPOXoAsLWEero Yepea 3NemMeHT NepeMeHHoro Toka u pa3oso-

ro casura ¢ MeXxay HanpsiXeHMem U CWUIOW TOKa. ﬂeymepnaﬁ Mogenb uamepeHua ana R

n X, BbipaxeHHblx yepe3 V, I u ¢, nmeer sug

R=fl(V,1.¢)=%cos¢, X =f2(V,l,¢)=%sin¢. (4)

B 0603HaueHusX, NPUHATBLIX B HacToswweM ctaHaapTe, N =3, m=2, X=(V.1,.4)" u
Y=(RX).

OueHky y = (ﬁ.f )" aKTUBHOTO W PEaKTMBHOTO CONPOTUBNEHWUI NONy4awT no gop-
Mmyne (4) B Touke x = (lf,ﬁ,f)' — OL|EHKe BXOAHOM BeNuYuHbl X .

KosapuauwmoHHyo matpuuy U, paaMepHOCTM 2x 2, COOTBETCTBYIOWYO ¥, paccuu-

TeiBaOT no copmyne (3), rae C, — marpuua YyBCTBUTENBHOCTU pa3MepHOCTU 2x 3, no-

nyyvyaemas BblHUCNeHWEM
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of, &, df cos¢g  Vecosg  Vsing

v a % _| 1 I’ Ji
of, of, df, sin ¢ Vsing Vcosg
v ol o¢ 1 I’ /

B Touke X =x, a U, - koeapyMauuoHHasa maTtpuua pasMepHOCTU 3x 3, COOTBeTCTBylOWan

X.

MNpumeuanune — B JCGM 100 peakrusroe conpotusnenue o6ozHaveHo X . 31o obo-
3HAYEeHMe UCNONb30BAHO W B HACTOAWEM CTaHgapre. PeaktuBHoe conpoTusnexnue X sBnsercs
3NeMEHTOM BEKTOPHOM BbIXOQHOK BenuuuHbl Y , U €ro He cneayer nyTaTb C BEKTOPHOW BXOAHOR
senuuuHon X.

Mpumep 2 — Koaghgpuyuenm ompaxeHus, usmepsemsbil MUKPOBOTHOBLIM peghnek-
momempom (nodxod 1)

KomnnekcHsit koapuumreHT oTpaxeHusa I', Mamepsemblii MUKPOBONHOBLIM ped-
NEeKToOMeTpoM, HanpuMmep, TakuM KOTOPbLIN UCMNONbL3YKT AN onpefeneHua NoBpexaeHus
KabenbHbIX NUHUIA, ONUCLIBAETCA MOAENLIO C KOMNIEKCHbIMU BENUYMHAMUKU B BUAE

aW+b

= .
cW+1

(5)

rae W — KOMNIMEKCHbIN HeucnpaeneHHbIn KoahduuneHT oTpaxeHus, a a, b U ¢ — KOM-
nnekcHble KoauUMenTsl, NonyyeHHble Npu rpagyupoeke (kanubposke) pednektomeTpa
(10, 16, 26].

B 0603HaueHMAX HACTOAWEro CTaHAapTa, ONUCLIBAA KOMNMEKCHLIE BENWYMHLI Ye-

pes ux [OeWCTBUTENbHBIE W MHMMbIE  4acTu, nonyyaem N =8, m=2,

X=(a,.a,.b,.b.c,.c, W.W)nuY=(r,I,).

o -
OueHky y = (ﬁ,,ﬁ,) KOMMNNEKCHOro koahuumueHTa OTpaxeHua B Buae ero aeincr-
BUTENbHOW U MHUMOW YacTen BbiMMCNAT No dopmyne (5), NoaACTaBNAs B HEe OUEHKY x
BXOAHOW BeNUYUHbl X.

KosapuaumoHHyto matpuuy U, pasmepHOCTM 2x2, COOTBETCTBYIOLYIO ¥, PACCUM-

ToiBalOT no opmyne (3) , rae C, — Marpuuya YyBCTBUTENLHOCTU pa3mMepHOCTH 2x8, no-
nyyaemas npu BbIYUCNEHUA NPOU3BOAHbIX

ar, eor, ar, er, ar, or, ér, ér,
da, @da, &b, &b, @ac, aoc, oW, oW,
ar, or, or, er, ar, &r, ér, ér,
da, da, &b, &b, ac, oc, oW, oW,
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B Touke X =x, a U, - KoBapuaynmoHHas MaTpuua pa3MepHOCTU 8x 8, COOTBETCTBYHOLW AN

Mpumep 3 — Kanubpoeka amanoHoe maccel
3TOT NpUMep OnNWUcbiBaeT MOAENL MHOTOCTYNeH4YaToro uamepenus (cm. 3.12, 5.4.2
n 5.4.3).

HaBop u3 ¢ 3TanoHoB Macchl €O 3HaueHnamu m = (m,. ... m, |’ kanuGpyrT cnude-

HWUEM C 3TANOHOM KWUNOrpaMma € UCNoNb30BaHMEM KOMNapaTopa mMacchl, KanubposoyHoOM
rMpy Ans onpeaeneHus kanubposBouHOW (DYHKUMW KOMnapartopa W paaa BCnoMoraTenb-
HbiX NpUBOPOB, TakUX Kak TepMomMeTp, BapomeTp U rMIPOMETP ANA onpeaeneHus nonpa-

BOK Ha BbITANKUBaIOLWYIO CUNY BO3Ayxa. ATanoH KUNorpammMa v rps MMeKT Macchl m, W
m, , COOTBETCTBEHHO. KanuBpoBKy NPOBOAAT B COOTBETCTBUM C NOAXOASLEA METOANKOM

U3MepeHun NoCpeaACTBOM AOCTATOMHOIO YUCNa & CNUYeHUA Mexay HaﬁopaMM 3TanoHOoB C

nonyvesmem BUOWMMbLIX, T.€. 3aMeTHbIX MNpu WIMEPEeHWAX B BO3Ayxe pa3HocTen

a=(8,....5,) . BoIMUCNAIOT COOTBETCTBYIOLME NONPABKU HA BLITANKUBAKOLLYK CUNY BO3-

ayxa b=(b,. ... b ) .PasHoctv macc 8 Bakyyme X nonyuaior us nogmonenu X =f(W), 8
- T r\r

KOTOpPOW W=(m,,.m,,-,n .b ) .

OueHky y =(r£,. .y 3 )’ Macc m OObLIMHO NONY4YalT peleHUeM No MeToay Hau-

MEHbLUUX KBAApPaTOB NEpPeonpeaeneHHoW CUCTEMbI ypaBHeHU Am =X, rae A — maTpu-

ua pasmMepHOCTH kxg C 3NemMeHTaMmu paBHbIMW eUHWLE, MWHYC eauHWUEe WNK HYN B

COOTBETCTBUM C TEM, KaKuUe 3TanoHbl MacChl BKMIOYEHb! B ClNMMEHWE, C YyY4eTOM Heonpepje-
NEeHHOCTeW, COOTBETCTBYIOWMX OUEHKEe X BenuuuHbl X. B atom cnyyae dopmyna ansa

onpeaeneHua y UMeeT sug

v=UA"U, 'x, (6)
rae KoBapuauvoHHyo maTpuuy U pa3MepHOCTH g x g, COOTBETCTBYIOWYK y, NonyyaioT

no cgopmyne U, =(A'U“'A)", a U, — koBapuauvoHHas martpuuya pasmepHocTu kxk,
cooteercTeyowan x. bonee noapobHoe onucaHue nogmoaenu, a Takxe npoueaypa no-
nyvenma U_uvepe3s U — KOBapMaUWOHHOW MaTpuubl, COOTBETCTBYIOWEN OLEHKe w Be-
nuunHel W, — npusepgeHo 8 [3).

MHOI’OMepHaﬂ MOA4enNnb UAMEPEHUA ONA 3TOro npuMepa umeet sua
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Y=UA'U X,
roe U,A’U“‘x — (byHKUMA namepeHus. B npuHATLIX 0003HaYeHUAX HACTOALWero crtaHaap-
TaN=k,m=g nY=m.

MNpumeuarnune — C BLIMUCNUTENBHON TOUKN 3PEHUS ANA NONYYEHUS OLEHKU y NPEAnoYTU-
TenbHee WCNoNbL3oBaTtL He opmyny (6), a anropuTMm, OCHOBAHHBIN Ha OPTOrOHANBHOM Pasnoxe-
Huu matpuy (em. [13]).

6.3 TpaHcchopmupoBaHme HeonpegeneHHOCTEN ANA MHOrOMEpPHbIX Moaenen
U3MEpPEeHUA C HeABHbLIM BUAOM (PYHKLUMOHANBHOW 3aBUCUMOCTH

6.3.1 O6uwmue nonoxeHus

6.3.1.1 MuoromepHas moaenb U3MEPEHUSA C HEABHbIM BMAOM (PYHKUMOHANbLHOW
3aBMCMMOCTM MeXay BbixoaHOW BenuuumHon Y =(Y,...Y.) W BXOOHOW BENUYMHOI
X=(X,....X,) vumeer sun
h(Y,X)=0, h=(h...5h ).
6.3.1.2 [pu 3anaHHON oueHKe x BenuuMHbl X OUEHKY y BenuuuHbl Y nonyvaior

pelweHrueM CUCTEMbI ypaBHEHMI
hiy,x)=0. (7)

Mpumeyanue — Cucremy ypasHeHWR (7) OTHOCUTENBHO ¥y OBBIYHO PELaloT YNCNEHHBIMK
MeTogamu, Hanpumep merogom Hetotowa [12] unu oaHon u3 ero mogudukauun, 3agasas Havanb-

HOE 3HaueHue kopHs y''' 1 nocneposaTensHo NPUBNMKENACH K PELEHIIO.

6.3.1.3 KoeapuauuoHHyio matpuuy U, pasMepHOCTH mxm, COOTBETCTBYIOLLYD
¥, NONY4aoT peLeHueM CUCTEMb! YpaBHEHUN

cuc'=cuc,, (8)

rae C, — matpuua 4yBCTBUTENBLHOCTM PA3MEPHOCTW mxm, COAEPXKAalas 4acTHble
npoussogHbie dh, /ay,, I=L..m, j=1_..,m,a C, — martpuya 4yBCTBUTENbLHOCTK pa3-
MEPHOCTU mx N , COAepXalyas YacTHble npoussogHbie &h, faX , I=1,..m, i=1 .., N.
MpownasoaHbie BEIYMCNAKTCA B TOMKAX X =x U Y =y.

Mpumeuarnue 1 — KosapuwauwornHas matpuua U, 8 dopmyne (8) He onpeaenena, ecnu

matpuua C, sBNAETCA BLIPOXAEHHOM (CUHIYNAPHON).
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Mpumeyanue 2 — ®opmyny (8) nonyyaioT aHanoruyHo opmyne (3) ¢ Mcnonb3oBaHUEM
npasuna anddepeHuUNpoBaHnA HEABHOW (DYHKLWNK.

6.3.1.4 W3 cdopmyns! (8) cneayer, 4TO pelieHne OTHOCUTENLHO KOBapuauWoOHHOW

matpuubl U, Moxer ObITb 3anucaHo B BUAE
u, =Cu.C’, (9)

roe

c=¢,'c, - (10)

Martpuua paamepHocTh mx N , cchOpMUPOBaHHAN U3 KOIMMULMEHTOB YYBCTBUTENBLHOCTU.

6.3.1.5 Tlpoueaypa pacyera matpuusl U npusefeHa B npunoxeHuu B. Mpume-

HEeHWe ANA 3TUX uenen HenocpeacTseHHO opmyn (9) u (10) He pekomeHayeTca BCneacT-
BWE HEYCTOWYMBOCTU COOTBETCTBYIOWMUX UM anNropUTMOB BbIMUCNEHWIA.

6.3.2 [lMpumepsl

Mpumep 1 — [JasneHusi, 3ad0asaemble 2py30nN0pUWHEssIM MaHOMEemMpPoOM

[aeneHue P, 3afasaeMoe rpy3onopwHeesiM MaHoOMETPOM, oOnpeaensaldT B COOT-
BETCTBMU C YpaBHEHWEM npeobpa3zoBaHuns, UMeLwuM Bua

_ m_(1-p, fP.. )g,
p A1+ Ap N1+ 660)

(11)

rae m_ — NONHaA NPUNOXEHHasi Macca (rpysa v NopLHNA), p, U p, — NNOTHOCTM BO3ayxa
W NPUNOXEHHOTO rPY3a COOTBETCTBEHHO, g, — NOKaNbHOE 3HaYeHne yCKopeHusi cBoBoaHO-
ro nageHusi, A — appexTuBHan nnowans MaHoMeTpa Npu HyNeBoM AaBneHun, A — Ko-

apbrumeHT aedopMmauny NOPWHEBOW Napbl MaHoMeTpa, a@ — KO3(MPUUMEHT TEnnosoro
pacwupeHus, 56 — OTKNOHEeHWe OT HOpManbHbIX ycnoeuii no Temneparype (20 °C) [17].

Mycte p,. ... p, 0B0O3Ha4aT AaBNEHWs ypaBHOBELUMBAHWUA ANS NPUNOXEHHbIX
Macc, COOTBETCTBEHHO, m,_ ,, ..., M, , W TEMNEPATYPHLIX OTKNOHEHUA OF, . ..., 66, .

B o0o3HaueHusix, NPUHATBLIX B HacToawem craHpapre, N=6+29, m=gq,
X= (A.,,,l,a.b'é",nz,_.,. 50*,n1‘,.q,pu.p,,,g,)1 , Y= (p,_. pq)‘ .

Mopens U3MepeHua, onpegenaluas sng 3asMCUMOCT Mexay X 1 Y, umeet Bug
h(Y,X)=Ap,(1+ip N1+ad0 )-m (1-p, ip g =0, j=l..q. (12)
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OueHky §, BENUYMHBLI p. NONYHaKT peleHWeM ypasHeHua (12) npu 3agaHHbIX
oueHkax A,, i, a, o0 ,m_ ., p,, p, W g . OaHako nonyyeHHbie ouerku £, j=1... ¢,

MMEeKT COOTBETCTBYIOLLUE KOBapUaLuWKU, T.K. BCE OHW 3aBUCAT OT OOHUX U TeX Xe cnyvau-

HbIX BENMUYUH A , A, @, p , p W g,.

KosapuauuorHyio matpuyy U,  pa3aMepHOCTM gxg, COOTBETCTBYIOLLYHO

y

y= (ﬁ,. e B, )1 , BeiMMCAAOT no dopmyne (8), rae C, — martpuua YyBCTBUTENBHOCTH pas-

.

MEPHOCTU ¢ x ¢ , COAEPXalWan YacTHble Npou3soaHble ol /a}’,, I=L..q, j=1..,q:C
— MaTpUUa MYBCTBUTENBLHOCTU PasMepHocTu ¢x(6+2g), copepxalas 4acTHble Npowu3-
BoaHble oh foX,, I=1,..4, i=1 .,6+2¢q, (Bce npon3soaHsle GepyT B Toukax X =x W
Y =y), a U, — koBapuaunoHHas martpuua pasamepHocTu (6+2¢)x(6+2¢), cootsercr-

BYHOLLAA X.

MNpumeyanue 1 — B gaHHOM npumepe BobipakeHne 3asucumoctu Y (unu, 4to TO xe ca-

Mmoe, p. ) uepes X moxer GbiTb 334aHO B RBHOM BUAE KaK PELUEHWE KBAQPaTHOrO YPasHEHMS.

OpaHaKo YUCNOBOK aNropPyUTM HAXOXKAEHUA KOPHA KBAAPATHOro ypaBHeHus He Bceraa Gyaer ycroi-
yus. Bonee TOro, MHOrAa B ypasHeHWe NpeobpasoBaHUs BKNKIOMAIOT AONONHUTENbHBLIE YNEHb,
npeacrasnsowmne cobon crenenn p Gonee BbICOKMX NOPAAKOB. B Takux cnyyasx nonyyexHue ss-
HOM (DYHKUMM N3MEPEHNA HE BCErAa BO3MOXHO.

Mpumeyanue 2 — PaccmartpuBaemas B AaHHOM NPUMEPE MOAENb M3MEPEHUS MOXEeT
6bITb npepcrasneHa pasHoimu cnocobamu. Hanpumep, BMECTO 3aBMCHMMOCTH, ONUCHIBAEMOM
cdopmynoin (12), moxeT BbiTh MCNONB30BAHA MOAENL B BUAE CPABHEHUA C HYNEM Pa3HOCTU Mexay
nesoin v npason Yactamu ypasHexus (11). Ot eoiBopa mogenu 3asucut achEKTUBHOCTL U YCTOMR-
YUBOCTb YUCNEHHONO PELUEHUS.

Mpumevanue 3 — Moryt 6biTe paccmoTpenbl Gonee nonHbie MOAENW AaBNEHUs ANs py-
30NOPLIHEBOr0o MaHOMETPA, KOTOPbLIE BKMKOMAIOT, HANPUMEpP, NONpasky, y4nToiBawowme apexTs
NOBEPXHOCTHOMO HATSKEHMUSA.

Mpumeuvanue 4 — OYHKUNM UIMEPEHMN MMEIOT B KaYecTBe CBOWX apryMEHTOB He BCe

BXOAHbIE BENWUWHLL Tak, B BoipaxeHwe Ana j - pyHKUMKM BXOAAT Tonsko A, 4, a, 68, m_

Pos PN g,

Mpumep 2 — KoaghgpuyueHm ompaxeHus, U3MepeHHbIU MUKPOBONHO8LIM peghnex-
momempom (nodxod 2)

Opyrov noaxoa K 3agave, onucaHHoW B npumepe 2 u3 6.2.2, sakni4aeTcs B sbipa-
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XEHUU 3aBMCUMOCTM MexXay BxoaHOW senuuuHow X =(a,.a,.b,.b,.c,.c, W, W, ) 1 BbI-
xogHow senuyuHon Y = (7,7, )r Yyepes ABYMEPHY MOAEeNb U3MEPEHUA, UMEIOLLLYIO BMUA

h(Y,X)=0, h(Y,X)=0, (13)

rae i (Y,X) u h,(Y,X) COOTBETCTBEHHO AEWCTBUTENLHAS U MHUMAN YacTh BblpAKEHUS

(eW +1)I —(aW +b).

MpenmMyLLeCTBO 3TOr0 NOAXOAA COCTOMT B TOM, YTO BbIMMCNEHME NPOM3BOAHLIX W,
cnenosartensHo, K03 MULMEHTOB YyBCTBUTENLHOCTH NpouasoanTca Gonee NpAMbIM Cno-
cobom.

OueHky y=(,(2',e,)’ KOMNNEKCHOrO KO3MMULMEHTA OTPAXEHUS HaxoaAT B pe-
aynsTate nogctaHosku X =x B opMynbl (13) U YMCNEHHOTO pPELLEHWUSI NONYYEeHHbIX
ypaBHEHWUHA.

KosapuaumoHHyio matpuuy U pa3MepHOCTM2x 2, COOTBETCTBYIOWYK ¥, Bbi4MC-
nsawT no opmyne (8), rae C, — maTtpuua YyBCTBMTENBLHOCTU pasmepHocTk 2x 2, coaep-
Xalas YacTHbie NpoM3BoaHble ok, fY , 1=1,2, j=1,2;C, — MaTpuua 4yBCTBUTENbHO-
CTW pa3mepHOCTH 2x 8, coaepXallan vyacTHbie Npon3BoaHble i, ;ax g I=L2,0i=1..8,

(ece npou3BoaHbIE BHIMMCNAKOT B ToMkax X =x 1 Y =y), a U — kosapnauuoHHas mar-

puua paaMepHocTU 8x 8, COOTBETCTBYIOWAN X.
Mpumep 3 — Kanubpoeka pegpnekmomempa
Kanubposky pednekromerpa (cM. npumep 2 U3 6.2.2) obbl4HO NPOBOAAT, M3MEPAa
HeucnpasnexHbld KoahduumueHT oTpaxeHns W npu NnpUMeHeHUU 3TanoHOB C 33afaHHbI-
MU 3HauYeHuaMu KoadduumeHTa oTtpaxenus I'. YacTo B 3TUX Uensax UCNonb3yT Tpu
3TanoHa, 4To NO3BONSET NONYYUTL CUCTEMY M3 TPEX COBMECTHbLIW YPaBHEHMIA:
(€W +1)r —(aW +b)=0, j=123. (14)

PaspneneHue BobipaxXeHuit B NeBOW YacTu ypaBHeHus (14) Ha AeUCTBUTENbHYD W
MHUMYIO YacTi NpUBENET K NONYYEHUIO LWECTN COBMECTHbLIX NMHENHbIX YpaBHEHUN, pelue-
HKE KOTOPbIX NO3BONAET HAWTU AENCTBUTENLHYIO U MHUMYIO YacTu koahduumeHTos a, b

N ¢ KanubpoBOYHOW YHKUUM NPU 3aaHHbIX 3HAYEHUAX AEUCTBUTENLHOW M MHUMOW Yac-

TEN HeMcrnpasneHHbiX KoadduumeHTos oTpaxeHus W, 1 KoauUUUeHTOB oTpaxeHua I

ONA 3TanoHOB.
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B obo3HauyeHusax, nNpUHATBIX B HacToswem craHgapre, N =12, m=6,
X= (Wl.k~wn.f T Dy Wy W, L W WL T T, )l. uys= (ak*al babicy e, )T .
BxogHble ¥ BbIXOAHLIE BENUYMHBI CBA3AHLI MeXay cobol nocpeACcTBOM MHOromep-

HOW MOOENU U3MEPEHUNA, B KOTOPOW h:,_,(Y,X) 7] h“(Y,x), j=1,2,3, — COOTBETCTBEHHO
AedCTBUTENbHAA U MHMMas YacTu NeBOW YacTu ypasHeHus (14).

OueHky y =(&‘,,¢€,,5,,ﬁ,€,,€,)‘ KanubpoBoYHbIX KO3MUUMEHTOB NONYy4aKwT, Noa-

craenss oueHkn ans W u I', 8 ypasHeHus (14) u pewsas 3Tu ypaBHEHUs YMCNEHHO.
KosapuauvonHyio matpuuy U, pasMepHOCTH 6x6, COOTBETCTBYIOWYKO ¥, BbMMC-
nsT no gopmyne (8), rae C, — maTpuua YyBCTBUTENLHOCTU pasMepHoCTH 6x 6, codep-
Xallas 4acTHbie NPOW3BOAHbLIE a.h,/aY,, I=1..6, j=L..,6;C, — marpyua 4yscTBuM-
TENbHOCTU pa3smepHocTH 6x12, coaepxawas 4acTHble NpPOM3BOAHbLIE oh, foX |,

I=1,..,6,i=1 .12 (BCe NpOM3BOAHLIE BLIMUCNAKT B TouKax X=x 1 Y=y), a U_ — Ko-

BapuauuoHHas Marpuua pasMepHocT 12x12, COOTBETCTBYIOWANA X.

Mpumeuanue 1 — lNpu Hanuumu nporpammbl obpaboTku aanHbiX, pabortaowen ¢ kom-
NNEKCHBIMW BENUYMUHAMKM, DPA3AENEHUE YPABHEHWN MOAENWU U3MEPEHMA HAa AEWCTBUTENbHYIO W
MHUMYIO YacTh HeobasaTensHo. 3TH ypaBHEHUSI MOTyT ObiTh pelleHbl HENOCPEACTBEHHO ANA A,
buc.

Mpumeyanue 2 — Kaxnoe j-e ypasHeHWE MOAENN M3MEPEHNUA BKNIOYAET TONLKO YeTbipe

BxogHble Benuumnel: W W T

1

an .

i

6.4 TpaHncchopmupoBaHue HeonpeaeneHHOCTH ANA MoAeneW C KOMMNeKc-
HbIMU BENUYMHAMMU

B npunoxexnuu A npuBeaeH KOMNAKTHLIM anropMTM BbIMUCNEHUA YACTHBIX NPOU3-
BOAHBLIX MHOTOMEPHbIX KOMMMNEKCHbIX (DYHKUMA M3MEepPeHUs Nepeoro nopsaka, Kotopbie
HeobXx0auMO 3HaTb NpU PacnpoCTpaHeHUU 3aKOoHa TPaHCHOPMMPOBAHUA Heonpeaenex-
HOCTEW Ha MOAenu C KOMNMEKCHbIMM BeNuYuHaMu. [aHHbIA anroputm Moxer DbiTe npu-
MEHEeH AN MHOrOMEPHLIX MOAENEW M3MEPEHWA C KOMMNEKCHbIMU BenuyuHamu obwero
Buaa.

MNpumep — KoaghgpuyueHm ompaxeHus, usMepsemsild MUKPOBONHOBLIM pegnex-
momempom (nodxod 3)

PaccmoTpum BHOBL npumep 2 13 6.2.2.
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KomnnekcHas BbixogHas BenuuuHa Y =T W KOMNNeKcHas BXOJHAs BenuuMHa
X =(X,,X,,X..X,) =(a,b,c,W)" ceszaubl Mexay coboi MOOENbID M3MEPEHUS, ONUCHI-

Baemow copmyno (5). C yueTom pesynsTaTos, NPUBEAEHHLIX B NPUMNOXEHUM A, MaTpuly

4yBCTBUTENBHOCTH C, Pa3MepHOCTU 2x8 nony4yawT B Buae

C\ = [Cn Cb Cr C“ ]’

rae

C, = M(%J t=ab,c, W
C

B TOUKE OLEHKM x Ans senuunnsl X . Hanpumep, ans

ar

=" (15)
b cW+1

WCNONb30BaHWe pe3ynsTaToB NPUNOXeHUA A naer

C'. =[Qk —QI:|’
Q O

roe Q, u Q, — COOTBETCTBEHHO AEWCTBUTENbHASA M MHUMas YacTu BbipaXeHUA B NPasow
yactu cpopmynel (15).
KosapuaunoHHyio matpuly U, pa3mepHOCTH 2x 2, COOTBETCTBYHOLWY y = F, roe

v H; u}ﬁ,ﬁ, [wl&) ulf, £
VL€ ) Wk E) (e ) w(E) ]

BbIMMCNAIOT NO popmyne (A.1) npunoxenus A, rae U, — KOBapvauWoHHas matpuua pas-

MepHOCTH 8x 8, COOTBETCTBYHOLLAA X.

6.5 OO6nacTb oxBarta BEKTOPHOW BbIXOAHOW BeNUYUHbI

6.5.1 O6uwue nonoxeHus

6.5.1.1 B HekoTOpbix ODNAcTax MEeTponoruu, HanpuMmep, CBA3aHHbLIX C U3Mmepe-
HUAMU 3NEKTPUMECKUX BENUYWH, ANS AanbHelWwero WCnonb30BaHWMA pe3ynsTaToB uame-
PEHUR BbIXOAHYIO BENUYMHY YAOBHO OCTaBUTL B BEKTOPHOW (hopMe BMecTe C NoCTaBnex-
HbIM eli B COOTBETCTBME COBMECTHLIM pacnpeaeneHMem BepoaTHOCTEW. Takoe npeacras-
neHwe pesynbTara U3MepeHUs NO3BONSeT B MaKCUMansHOW CTENeHn COXPaHWTL BCH NO-

NyYeHRY0 UHHOPMALMIO O BLIXOAHOW BENUYUHE.
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6.5.1.2 Ecnu xe pe3ynbrar uamepeHus NpeacTasnaoT B BUAE NONYYEHHOW OUEeH-

KM y BbiXxoAHON Benuumibl Y =(Y,, ... Y )", cooTBeTCTBylOLWEil € KOBapUaUMOHHOI MaT-
puubt U, ¥ BEepOSATHOCTM OoxBaTta p, To ato Tpebyer onpeaenexHus obnactu oxsara R, B

m -MEPHOM NPOCTPaHCTBE, KOTOpas coaepMT Y C BEPOATHOCTLIO p .
6.5.1.3 Ecnu poctynHasa uHgopmauura O BbIXOAHOW BenuuuHe Y COAEPXUT TONb-

KO 3Ha4eHWA OUEHOK y U U‘ , TO B COOTBETCTBMX C NPUHUKWNOM MaKCMMymMa SHTPONWUKU

CNy4anHOW BENUYUHE, aCCOUMMPOBAHHOW C U3MEpReMON BENUYUHOW U XapaKTepuayowlen
UMELWKNECH Ha AaHHbLIK MOMEHT NPeACcTaBneHus 0 ee BO3IMOXHbLIX 3HaYEHUAX, NPUNUCHI-

BaKT MHOrOMEpPHOE HOpManbHOe pacnpeaeneHue N(y,U, ) [cm. JCGM 101 (nyHkT 6.4.8)).

Mpumevanue — Takoi Boibop hyHKUMKW pacnpeseneHns CornacyeTca ¢ UCnonb3yembiM 8
cnocoBe oueHuBaHua HeonpegenexdHoctu no GUM npeacragneHnem O HOpManoHOM pacnpege-
NEeHWKn CKanNApHOW BbIXOAHOW BENMYMHBL Y B cnyyasx, koraa 4ncno crenexein csobopbl, CBa3aw-
HOE C oueHkon Y , BeckoHeuHo.

6.5.1.4 B obwem cnyvae, KaK TONbKO NONYYEHO COBMECTHOE pacnpeaeneHue ans
BbIXOAHOW BenuuuHbl Y, NOABNSAETCA BO3MOXHOCTb ONpefeniTb BEpPOATHOCTb OXBaTa
ANs HeKOTOpOW 3anaHHoW obnacTu oxsarta wnu, HaobopoT, NocTpouTb OBNacTe oxeara
ANA 3afaHHOW BEPOATHOCTU OxBaTa. OTa 3ajavya He BbI3blBaeT 3aTpPyAHEHWW, ecnu co-
BMECTHOE pacnpefeneHue fsnaeTca MHOTOMEpPHbLIM HOpPManeHbIM pacnpegeneHvemM (CMm.
6.5.2, 6.5.3 n 6.5.4). ina apyrux pacnpegerneHnii BO3MOXHO nonydYeHue npubnuxeHHbIX
pelweHni C TOYHOCTBIO, NPUeMNeMon ANs NpakTu4yeckux 3agay, bnaroaaps ucnonb3osa-
HUIO YUCNEHHBIX METOA0B, Takux kak metoa MoxTte-Kapno (cMm. pasgen 7).

6.5.1.5 B 6.5.2 paccmarpusaetca meroa onpeaenedna obnactu oxsara ans
OBYMEPHOW BENUYMHBLI, YTO NOTOM NO3BONUT PacnpoCTPaHUTL ero Ha obwuin MHoromep-
Hbi cnyvan (cMm. 6.5.3). Tawke paccmarpusaercs onpegenexHue obnacTu oxgara ans
Cny4as, Koraa OUEHKa BbiXOAHOW BENWYMHBLI NONy4YeHa yCpeaHEeHWeM pe3ynbTaToB Ha-
OnoaeHU 3TOW BENUUKUHBLL, NPeACcTaBNAeMbIX Kak cnyvyanHas Hesasucuman sbibopka u3
MHOrOMepHOro HopManeHoro pacnpegenexus (cm. 6.5.4).

6.5.2 [BymepHbin cnyyan

6.5.2.1 Ha npumepe AByMEpPHOW MOAENM M3MEPEHUA MOXHO NPOLAEMOHCTPUPO-

BaTb BCE OTMWYMA B ONPeeneHu MHOrOMepHOW oBnacTu OxBaTta OT MOoNyYeHWs OAHO-
MEpHOTO MHTepBana oxsata. PaccmoTpum Touky Y =(Y,. ¥,) B npamoyronsHoi cucteme

koopawHar, rge Y, sensertca abcuuccow Touku, a Y, ee opavHatoi. MNycTe uamepenve
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obeux KoOpAMHAaT NPOBEAEHO C MCNONb3OBaHWEM OAHOrO CPeACcTBa uameperwid. Mony-
yenHas uHgopmauua o6 Y Byger BknouaTh B cebsi OUEHKM v, U v, €€ KOOpAWHAT, CTaH-
AapTHble HeonpegeneHHocTw u(y ) ¥ uly,), coOTBETCTBYIOWME 3TUM OLEHKaM, W KOBa-
puaumio u(y,.v,), HanuuMe KOTOPOW B AEHHOM Criyyae OBYCNOBAEHO UCMONL30OBaHMEM

OAHOTO W TOTO Xe CPeAcTBa U3MEPEHUI ANA KAXA0W KOOpAWHATLI.
6.5.2.2 CornacHo cnocoby oueHuBaHua HeonpegeneHHocT no GUM npu Hanm-

YK MHOpMauun O BbIXOAHOW BenuuuHe Y, ykasanHow 8 6.5.2.1, el npunuceiBaioT

NNOTHOCTL pacnpepenexsus g, , (7,.7,) B BUAe ABYMEPHOTO HOPManLHOro pacnpegene-

Hua Nly,U, ) (cm. 6.5.1.3), rae

I, [ w(y) uly.y,)
‘H Y ‘[u(.vz.y.) u=(.v2)]'

6.5.2.3 W3 BoamoxHbix hopm obnacTen oxsara paccMaTpuBanTca ABe:

a) annunc ¢ ueHTpom B Touke y [19, ctpanuua 38), onuckisaemsii hopmMynow
(3-y)'U "a-y)=k, (16)
rae k, — NOCTOAHHas, KOTOPYK HaxOAAT W3 YCnoBWsA, uTO uHTerpan ot g, , (7,.7.) no
nnowanu, orpaHKU4eHHon annuncom, paseH p. lNpu aaxHon chopme obnactu oxearta B
yyeT NpUHUMaETCA B3aMMHaA 3aBUCUMOCTbL Mexay ¥, u Y,. Ecnu Y xapakrepuaupyerca
HOpManbHbLIM pacnpegenexseM, T0 BenuYuHa

(Y-y)'U, " (Y~y) (17)

WMEET pacnpefeneHue Xxn-keaapart ¢ AByMA CTeneHAMK ceoboawl. Otcrona cnegyer, 4TO

k. npeacraenseT coGoi KBAHTUNL YPOBHA p YKa3aHHOTO pacnpeaeneHus, T.e.
p="Prlyl <k?),
rae y. VUMeeT pacnpefeneHue Xxu-KkBaapart ¢ AByms creneHsmu csobogsl. [Ana seposT-
HocTu oxBaTa p =095 k_ =245 (cm.6.5.3);
b) NpAMOYronbHUK C LEHTPOM B TOYKE y CO CTOPOHaMM, NapannenbHbIMU OCAM U
paBHbIMW A4NWMHAM NO OTAENLHOCTU OnpedeneHHbIX uHTepsanos oxeata ana Y, u Y,. Uk-

Tepsan oxearta ANa Y, Haxo4saT U3 MapriHanbHOro pacnpegeneHusa Y, , onpegensiemoro

dopmynoun
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g»,(’?l)= Igs' R (2,27, )dn, | (18)

W OH HE 3aBUCUT OT UMerLenca nHcopmauum o sennumHe Y, . To Xe camoe cnpaseanu-
BO AN\ MHTepBana oxeata ans Y,. WHTepeansl oxsata y, £k, )'(y., ) j=1,2, onpegens-
10T ANA BEPOATHOCTH OXBaTa

g=1-(1-p)2=(1+ p)/2. (19)
[anHbil npamoyronsHUK npeacrasnaer cobow obnacte oxsara ansa Y, COOTBETCTBYIO-
WWIA BEPOATHOCTHU OXxBaTa He MeHbwew p [5]. Ecnu Y xapakrepuayercs HOpManbHbIM
pacnpeaeneHuem, T0 mMapruHansHoe pacnpeaenedve (18) ans Y, pasHO Kak U pacnpe-
Aenenve ana Y,, tTakke 6yner HopmaneHeiM. OTcloAa cneayer, YTo k., NpeacTaenser co-
01 KBAHTUNb YPOBHA ¢ CTaHAApTHOro HOPManbLHOro pacnpegeneHus, T.e.

q="pr(z|<k, ),

rae Z umeeT HopmansHoe pacnpegenedue N(01). Ans sepostHocTv oxsata p =095
g=0975 n k=224 (cm. 6.5.3).

Mpumeyanue 1 — MNpu BLINONHEHWM YCNOBUA NPUMEHMMOCTH cnocoba OueHUBaHUA He-
onpeaenennocten no GUM oBnacte oxsara B BUAE aNNWUNCA, YKA3aHHAA B NEPEYUCNEHUN &), sB-

nserca Hammenowein 100 p %-Hon oBnacTeio oxsara.
Mpumeuanune 2 — Ecnu Y 1 Y, B3auMHO Hesasucumsl, T0 ¢ B dopmyne (19) moxer
BbiTh 3aMeHeHo Ha g = p'F'.

Mpumep 1 — Paccmompum deymepHyto eenuvuny Y , xapakmepusyemyro HOpMans-

HbiM pacnpedenenuem N (y, U, ), 20e

0 20 00
y= s, U = .
0 100 10

Ha pucynke 3 cneea nokasawbl 95%-tHble annunmuyeckass u nNpsaMoyzonbHas o6-
nacmu oxeama dna Y, nony4ernHble Memodamu a) u b). Takxe Ha pucyHke nokasaHo 1000
movex, npedcmasnsowux cnyvyaluHyro ebi60pKy U3 yKa3aHHO20 pacnpedeneHus eeposm-
Hocmu. MHimepean oxeama e ¢opme annunca 6ydem umems HauMeHbLW YO nnowades npu
3adaHHOU eepossimHocmu oxeama. [ns daHHoOU cny4aliHolu ebibopku 950 us 1000 moyex
codepx)amcsi eHympu snnunmuyeckol obnacmu oxeama nnowadsio 26.6 xkeadpamHbix
eduHuy u 953 - eHympu npsimoyz2onsHou obnacmu oxeama nnowadbio 28.4 keadpamHbix

eduHuy.
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54 . . . 5.0
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, 0l 0.0
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PucyHOK 3 — Qnnuntuyeckue 1 NpsamMoyronsbHele 0bnacTv oxsara aAna AByMEpPHOW

BENWUUHBLI Y , ONUCLIBAEMOI HOPMAanbHLIM pacnpeaeneHem, anemMeHTsl KOTopon Y, u Y,

B3aWMHO HE3aBUCUMbI (CNeea) u KoppenupoBakxHsl (cnpasa)

Mpumep 2 - Paccmompum deymepHyio eenuyuny Y , Xxapakmepusyemyo HOpManb-

HbIM pacnipedenerHuem N ('y, U, ), 2de

0 20 19
y — N U = -
0 119 20

Ha pucynke 3 cnpaea nokasaHb! 95%-Hble annunmu4YyecKkasi U NPsAMoyz2onbHasi 06-

nacmu oxeama dna Y, nonyvexHbie memodamu a) u b). B omnuyue om npumepa 1, ane-

meHmsbl ¥ u Y, eenuvunbl Y sensilomcs xoppenupoeaHHbiMu. fns cnyvauHou ebibopku

u3 ykaszaHHoeo pacnpedenenus 957 uz 1000 moyek codepxamcs 6Hympu annunmuyeckou
obnacmu oxeama nnowadeo 11.8 keadpamHueix eQuHuy U 972 — 6HyMpPU NPAMOY20/1bHOU
obnacmu oxeama nnowadeio 40.1 keadpamHbix eOuUHUY, YMO NOKa3bieaem, Ymo eepo-
AmHoOCMb oxeama Ons npamMoyz2onsHol obnacmu npeebiwaem 0.95. O6nacme 6 ¢hopme
npsaMoyzonbHUKa, nocmpoeHHas coz2nacHo memody b) 6es yyema koppenupoeaHHocmu
31eMeHMOoE 8bIX00HOU 6eNUYUHBLI U pacnpedenieHust moyexk ebi60pPKU Ha NOCKOCMU, MO-
Jem paccmampueambcs Kak npedcmaeneHue obnacmu oxeama onsi Y , He coomeemcm-
eyrouwee daHHOU usmepumenbHou 3adave. [IpAMOYy20NbLHUK CO CMOPOHaMU, napannesnb-
HbIMU OcsiM annunca, 6ydem umems MeHbWYO naowads u Moz 6bI paccMampueamecs,
kak 6onee nodxodsawas obnacmb oxeama, HoO Heydo6cmeo e20 NPuUMeHeHUs cocmoum 8
mom, Ymo dns He2o mepsiemcs siCHbIlU uuvyecKkuld cMbicn coomeemcmeusi popmsi no-
cmpoeHHolU obnacmu oxeama 31eMeHmMam 6biX0OHOU 8eNUYUHbI.

6.5.2.4 [pyrue npumepbl obnactei oxsarta ANA BbiXOAHLIX BENUYMH ABYMEPHOW

MOAENU U3MEepPEeHUs NpMBEeAeHb! B pa3aene 9.
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6.5.3 MuoromMmepHbIi cnyyaun

Ecnu pasmepHOCTb BeKTOpa BLIXOAHOW BenuuuHel Donee AByX, TO cnocobbi no-
cTpoeHus obnacren oxeara CTAHOBATCA MEHEee HarnsgHbiM, HO NO CYWECTBY HWYEeM He
OTNUMAKOTCA OT ONUCaHHLIX B NepeuyncneHuax a) u b) 8 6.5.2.3 ana AsymepHoro cnyvas.

Heobxoanmo NOCTPOUTL Takyk obnacte R, B8 m-MepHOM NpOCTpaHCTBe, KoTopas coaep-

xana 6bl Y =(Y, ... ¥, ) c BepositHocTeiO p . Kak u B 6.5.2.3. [nepeuncnenus a) v b)), pac-

cMatpueaioTcs hopmbl R, ABYX BUOB!

a) annuncoua B m -MEPHOM NPOCTpPaHCTBE, onucbiBaeMbln hopmynon (16). Ecnu
Y xapakrepuaupyeTcsi MHOTOMEpPHbLIM HOpPManbHbLIM pacnpeaeneHuemM, To BenuuuHa, 3a-

npasaemas opmynon (17), UMeeT pacnpegeneHue xu-keagpar ¢ m creneHamu csoboabl.

Takum obpasom, k, npencrasnset cobol KBaHTUNL YPOBHA p yKa3aHHOro pacnpegene-
HUsA, T.e.

p=Prly2 <k?),
rae y. vMeeT pacnpegeneHue Xu-ksagpar ¢ m creneHsmu csoboabl. 3HaueHus koad-
thmumeHTa oxeata k, Ans BEPOATHOCTM oxBaTa p =095 1 pa3HbIX 3HAYEeHWW m npuse-

nexb! 8 Tabnuue 1;

b) napannenenuneg 8 m -MepHOM MPOCTPAHCTBE C LUEHTPOM B TOMKe y C pebpamu,

napannenbHbiMKU OCAM 3NIEMEHTOB Y/' Jj=1, .., m, BoixogHoro sexropa Y B NPAMOYronb-

HOW CUCTEMEe KOOpAWHAT W paBHbIMW ANMHAM NO OTAENLHOCTU OnpegeneHHbIX MHTepea-

noe oxeata Ans Y,. WHTepBansl oxsarta ONpeaensioT ANs BEepPOATHOCTM oOXxBaTa
g=1-(1-p)fm . NaHHbI Nnapannenenunen npeacraesnset cobon obnacts oxsara ana Y,
COOTBETCTBYIOLMIA BEPOATHOCTW OXBATa He MeHbwel p [5]. ins kaxagoro anementa Y,

J =1, ..., m, UHTEpPBAN OXBaTa BbIMUCNAKT Yepe3 ero MapriHanbHoe pacnpeneneHue. Ec-

nn Y XxapaktepuayeTca HOpMmanbHbiM pacnpeneneHvem, T0 MapruHansHoe pacnpenene-

HUe Ans kaxnoro Y, takke Gyaer HopmanbHeiM. OTcloaa cneayer, 4to, kak u 8 6.5.2.3.
[nepeuncnenne b)), k, npeacraenser coboi KeaHTUNbL YPOBHA ¢ CTaHAAPTHOrO HOp-
ManbHOTo pacnpeaenenus. 3HaueHus koaduuueHTa oxsarta k, ANS BEPOATHOCTU OX-

gata p =095 v pa3HbIX 3HaYeHUN m nNpueegeHbl 8 Tabnuue 2.
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Tabnuua 1 — KoadhduumeHTsl oxeata ana obnacrew oxsara 8 hopme m -MEepHOro an-

nuncouaa, COOTBETCTBYIOLWME BEPOATHOCTM oxBaTa p = 0,95

m k, m k, m k, m k,
1 1,96 6 3,55 11 4,44 20 5,60
2 245 7 3,75 12 459 25 6,14
3 2,80 8 3,94 13 473 30 6,62
4 3,08 9 411 14 487 40 7,47
5 3,33 10 428 15 5,00 50 8,22

Tabnuua 2 — To xe, yto B Tabnuue 1, Ho aAna obnacrtel oxsaTta 8 hopme m -MEepPHOro

napannenenunena
m kr m k . m k . m kP
1 1,96 6 2,64 11 2.84 20 3.02
2 2.24 7 2.69 12 2,87 25 3.09
3 2.39 8 2,73 13 2.89 30 3.14
4 2.50 9 277 14 2.91 40 3.23
5 2,58 10 2.81 15 2,94 50 3.29

Mpumevanue 1 — [ins ogHomepHoro cnyvas (m = | ) Boipaxenue (16) ynpowaercs go

(p—y) = kf_uf,

YTO AdeT rpaHnYHble TOYKM NHTepBana oxeara ans Y

n=yxk,u .
Ans sepositHocTv oxsata p =095 &k, =196 (cm. Tabnuuy 1).
Mpumeuanune 2 —Ecnu ¥, j=1, .., m, B3aMMHO HE3aBMCHMBI, TO ¢ MOXET ObiTb 3ame-

HeHo Ha g = p*.
6.5.4 O6nacTb oxBaTa ANs OUEHKU B BUAe BbIGOPOYHOro cpegHero U3 MHo-
rOMEpHOro HOPManbLHOro pacnpeaeneHun

PaccMoTpuMm n BEKTOPOB ¥,. ... ¥, PA3MEpPHOCTbIO m x| Kaxabli, n > m, COOTBET-

CTBYIOLWMUX NOBTOPAIWMMCA HABNAEHWAM MHOTOMEpHOW BenuuuHbl Y =(Y,, ... Y, ).

MpeanonoXum, 4T0 y,. ...y, MOTYT BblTb UHTEPNPETUPOBAHLI KaK peanv3auun Hesasu-

»

CHMBIX CnyqaiHbiX BekTopoB Y, ., ... Y, , KaxAblA U3 KOTOPbIX XapakTepuayeTcs MHoromep-

39



rOoCT P 54500.3.2-2013

HbiM HOpManbHbIM pacnpegeneHuvem ¢ MmaremaTuvyeckuM oXxXuaaHuem s WU KoBapuauuoH-

HOW maTtpuuein V. Onpegenvm cpegHee U KOBapUaUMOHHYK MaTpuuy

A=y .+, v=Llly ANy -A) 4 (Y, —A)Y, -A)]
n n
Pa3MEpHOCTM m x| W mxm COOTBETCTBEHHO. TOrAa CNy4aiHas NnepeMeHHas

—" (A-m)'V(A-m)
m

Oynet umeTs pacnpenenenne duwepa F_ - (HasbiBaemoe Takke F -pacnpeaeneHuem) c

m W n—m creneden ceoboabi (19, nyHkT 3.5.2.1).

Mpumevyanue — AHANOrom 3TOro pesynbTarta ANA OAHOMEPHOW BenuuuHbl Gyaer cne-
aylouee yTBepXAEHNE: ANt HE3ABUCUMBIX CNyYanHbiX NepeMeHHbix Y, ... Y, , kaxaas 13 koTopbix
XapaKTepu3yeTcs OQHOMEPHBIM HOPMAanbHbIM PAcnpeaeneHuemM ¢ MaTemMaTUyeckum OXugaHuem
i v aucnepcuen o, senuuuna (n—1)% (A — 1)/ wmeer 1—pacnpenenenue ¢ n—1crenexsmu

ceobopel, rae

»

A=—(¥,...Y), § = "l[(y, ~AY +..+(v, - AF).

Mpumep — Paccmompum n =12 NoemoOpHbIX NapHbIX HabmodeHul 06beMHbIXx do-
net mukpoknuHa (A ) u 6uomuma (A,) 8 00HOM moHKoM paspese epaHuma G-2 [4, 25]. Ha
pucyHke 4 3HayeHust napHbix HabnodeHul usobpaxeHs! 8 sude moyek. Ha Hem makxe no-
cmpoeHa 95%-Has annunmuveckass obnacme oxeama 0N Mamemamu4yecKo20 oXxudaHus

genuyuHbl A pasmepHocmu 2x|. OyeHka Mamemamu4yecko20 oxudaHus u coomeemcm-

eylowas ell KOBaPUAYUOHHas Mampuya umerom eud
27.0 1,202 -0.,396
h= , V= \
6.2 -0396 0.381

a 95-1 nepuyeHmuns pacnpedenernus F

10

paeHa 4.10. 95%-Hasi o6nacme oxeama ons A -

2mo annunc, onuckliéaembil ¢hopmynou

. 2
(A-a) v'(A-a)=410x 17“_7 )

Hebonswoe yucno Habnwdenuu 8 GaHHOM npumepe He noseonsiem cdenams co-
depxamenbHbie 66160061 O MOM, HACKONbLKO CNpasednueb! UCXodHbIe donyujeHusi, Ymobb!

cYyumams nocmpoeHHy obnacme oxeama o0CMOEePHOLI.
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Ofweviian gona Buorara, %
~

fh -

45 26 27 2% 29
OGuewrian aona vesoannna, %
PucyHok 4 — [leeHaguath nap sbl00poYHLIX 3HaUYeHU! U 95%-Hasa annunTuyeckas

obnacrtb oxBarta BOKPYr ux BuIBOPOYHOro cpeaHero

7 Metoa MouTe-Kapno

7.1 Obwwue nonoxeHus

7.1.1 B Hacrvosiwem pasgene paccaatpuBaerca npumeHeHue meroga MoHTe-
Kapno ansa tpaHchopmupoBaHua pacnpegenexsuii (COOTBETCTBYIOWANA npoueaypa onvca-
Ha B 7.1.7 v npeacTasneHa B BUAE AMarpaMmmbl Ha pUCYHKe 5).

7.1.2 Merog MoHTte-Kapno no3sonser peanuiosarts 00K NOAXOA K NONYYEHWUIO
AUCKpeTHOro npubnuxeHHoro npeacraesnenus G gyHKuMKM pacnpegenenms G, (3) ana Y
[18, cTpanuua 75]. Cytb noaxoaa COCTOMT B NONYyYEeHUU NOBTOPHbLIX BbIBOPOK M3 NNOTHO-
CTu pacnpepenedus ans X, (Wnu COBMECTHOW NNOTHOCTK pacnpegeneHus ana X ) u Bol-
YUCNEHUN ANS KaXA0ro BbiIBOPOMHOro 3Ha4eHWS BEKTOPHOW BBIXOAHOW BENUYMHBI.

7.1.3 MNockonbky G, (3) cOREPXMUT MaKCUManbLHO NONHYK UHpopMaum o Y, nio-
Oble xapaktepucTuku Y, Takue Kak maremarvyeckoe oxuaaHue, AUCNEpPCUs KM KoBapua-
uus, a Takke obnacrtu oxeara MOryT BbiTb paccunTaHb! U3 NoNy4YeHHoro npubnumxenuns G.

B obuwem cnyyae 4OCTOBEPHOCTL NONyYaeMbiX XapakTepUCTUK BO3pacTaeT C yBelnuyeHu-
eM yucna BubopoK.
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7.1.4 [onyyeHHble B COOTBETCTBUM C 7.1.2 3HAYEHMA BbIXOAHOW BENUYUHbLI pac-
CMaTpUBAIOTCA KaK He3aBucumas BbiDOpKa W3 COBMECTHOro pacnpeaeneHus BepoATHOCTH
ans Y. Marematuyeckue OXWAaHUR, AMcnepcud (U BbiCLUME MOMEHTLI), 8 Takke KoBa-
puaunmu MoryT BbiTb paccuyvTaHbl HENOCPEACTBEHHO NO 3TUM BbIDOPOYHLIM 3HAYEHWUAM.
Onpepenexue obnacreit oxeata TpebyeT npeasapUTENnbLHOrO aHanuaa rnonyveHHbIX 3Ha-
YeHun (cm. 7.7).

715 Nycts ¥,, r=1,... M, obo3HauyaeT BuIDOPOUHbLIE 3HAYEHWS BLIXOAHOW BENK-
YnHbl (CM. 7.1.4). Buibopka y  no3sonser nonyunts NpUbNuKeHHbIe 3HaueHus matemaT-
yeckoro oxmaanms E(Y) v aucnepcun V(Y) senuuunsl Y . Kak npasuno, B kauecTse Mo-

MEHTOB BenuuuHbl Y [BKkmiouas E(Y) u V(Y)] npuHumaloT cooTeeTcTayiowmMe BbiBOpo-

Hble MOMeHTbl. OBo3HauyuM M 4UCNO BEKTOPOB B BbIDOPKE y , ANSA KOTOPLIX KaXAbIA X
3MEeMEeHT He NPeBOCXOAWT COOTBETCTBYIOWMIA 3NEMEHT HEKOTOPOro BeKTopa y, pa3mep-
Hoctm mx1. Toraa sepostHocTe Pr(Y <y, ) mMoxer GbiTh npubnukeHHo npeacrasneHa

oTHoweHuem M, /M . Takum obpasom, euibopka BEKTOPOB y,....y, NO3BONAET nony-

YNTb AMCKPETHOE NpeacTasnexue yHKUMK pacnpeaenerus G, (3 ).

7.1.6 MNpubnuxkenne G NBNAETCS NEPEbIM Pe3yNnbLTAaTOM NPUMEHEHUA MmeToaa

MowTe-Kapno u npeacrasnseT coboi MaTpuuy pasmepHoCTH mx M
G=(y,...¥,)

7.1.7 lNpoueaypa npuMmeHeHus metoaa MoxTte-Kapno ans tpaHchopMmupoBaHua
pacnpefeneHuit B cny4ae ABHOW 3asucumocTu Y uvepe3d X M 3apaHee 3aaHHOro yucna
ucnuiTadui M (B NPOTUBHOM Cnyvae cM. 7.8) nokasaHa B BMAe AnarpaMmsbl Ha pUCyHke 5
W BKMovaeT B cebs cnepyowme artanbl:

a) BbiOMpaloT YMCNO UcnbiTaHu M (cMm. 7.2);

b) hopmupyioT B Kaxaom U3 M UCNbITaHUA N -MEpHbIA BEKTOpP BXOAHbLIX BENUYUH

X ., anemeHTaMu KOTOPOro ABNATCA cnyyaiHbie BuIDOPOMHbIE 3HAaYeHWs U3 pacnpepge-
neHun ans X, unu cCOBMECTHOro pacnpeaenedua ana X (cm. 7.3);

C) pacCcYUTLIBAIOT ANS KAXAO0ro BuIDOPOMHOIO 3HAYEHWUs! BEKTOPa BXOAHOW BENUYM-
Hbl BEKTOP BbIXOAHOW BENWYMHLI Y , Nony4yas Takum o6pa3om BbIBOPKY BEKTOPOB BbIXOA-
HOW BENU4MHLI 0BbeMoM M (cu. 7.4);

d) dopmupyioT npeacrasnedne G dyHKumM pacnpegeneduws Y B Buge psga M

3HaYeHWIA BEKTOPHOW BbIXOAHOW BenUYUHbI (CM. 7.5);
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e) Ha ocHoBe G BbIMUCNAKT OUEHKY y BENWuYMHbl Y W KOBapuaUWMOHHYKO mMaTpuuy
U, , cooTBeTCTBYOWYI0 y (CM. 7.6);

f) Ha ocHoBe G CTPOAT COOTBETCTBYHOLLY obnactb oxeara ans Y Ansa 3a0aHHon

BEPOATHOCTU oxBarta p (cm. 7.7).

Mpumeyanue — BuibopoyHoe cpeaHee ana M BEKTOPHbLIX BHIXOAHBLIX BENWYMH MMEET

maremarueckoe oxuaanne E(Y ) u aucnepemio V(Y),-'M . Takum o6pasom, pacxoxaeHue mexay
E(Y) u ero ouenxoit 8 cpeasem Gyaer nponopuuonansio M 7 .
7.1.8 JdpexTneHoCcTL MeToga MoxTe-Kapno npu onpeaenedun y, U w obnacru

oxsata Ana Y 3aBMCMT OT apeksaTHoro sblbopa yucna ucnuitTadui M [atan a) 8 7.1.7].
Pekomenaauuv no 8uibOpy AOCTATOMHOIO YMCNa UCNBITaHUA M ¥ NO APYrMM BOnpocam
peanusauuu metoga MoxTte-Kapno npuseaehsl B [8] (cMm. Takke 7.2 n 7.8).

7.2 Yucno ucneitanun metona Moure-Kapno

7.2.1 [Onsa npumeHeHus metoaa MoxTte-Kapno Heobxoanmo Buibpars YMcno ucnel-
TaHu M , T.e. obbem BbIDOPKK BEKTOPHOW BLIXOAHOW BENUYMHLI. 3TO YUCNO MOXET DbiTh
BbibpaHo 3abnarospemeHHO (00 NpoBeAEHWA UCNbITaHUK), HO Toraa Oyaer wucknwuyeHa
BO3MOXHOCTE YNpaBneHus TOMHOCTLI0 Pe3ynbTaTtos, NONYYEeHHbIX C NOMOLWbK AAHHOro
mMeToaa. MpUYMHOW 3TOMY CRYXUT TO, YTO YUCNO UCNBITAHUIA, Heobxoaumoe Ana nonyye-
HUA pe3ynbTaTa BbIMMCNEHWA C 33a[aHHOW TOYHOCTbIO, 3aBUCUT OT (QOPMBI NMOTHOCTU
pacnpefeneHus BbIXOAHOW BENWYMHBLI M OT 3a[laHHOr0 3HaYeHUs BEPOATHOCTM OXBarTa.
Kpome Toro, Meroq sblMUCNEHNA ABNAETCA CTOXaCTUYECKUM NO CBOEW NpUpoae, NOCKONb-
Ky 3aBMCMUT OT Cny4YanHou BuiBopKu.

7.2.2 [ockonbKy HeNb3s 3apaHee rapaHTMpoBaTth, YTO BblbpaHHoe 3HaueHue M
obecneuynt AOCTATOYHYKD TOYHOCTL NPUBNMKEHMNA, MOXHO WMCNONbL30oBaTh MNpoueaypy
apanTuBHOro selbopa, yTOuHAA 3HavyeHue M B npouecce UCNbITaHui. AganTueHas npo-
ueaypa, ycraHosneHHas B 7.8, no3sonsieT onTuMmancHbiM 0Bpa3om NonyuyuTb 3HaueHue
M | cooTBeTCTBYIOWES 3aaHHOW TOYHOCTU BbIMMCNEHWA.

Mpumevanue — [ina cnoxHoi Mmonenwu, Hanpumep, Tpebylowen NoNYYEHUA PeLLleHus Me-
TOAOM KOHEYHbIX 3MIEMEHTOB, NPpUMEHEHNE BONbIIOro YNCNa UCNBITAHMIA MOXET OKa3aThCA HEBO3-

MOXHbIM. B 3TOM cnyyae pekoMeHayeTcs NnpuBnwkeHHo NPeaACcTaBnTb NNOTHOCTE pacnpeseneHus

BbIXOAHOW BENMYUHBL g (3) HopmanbHbiM pacnpeaenenvem (kak 8 GUM). 3to nossonsier uc-

Nnonb3oBaTh OTHOCUTENBHO Hebonbwoe yucno ucnoitannin M | Hanpumep 50 unu 100, a nonyyes-

Hbl€ NO pe3ynbrartam WUCNBITaHnM BHGODOHHOG cpeaHee u BblﬁOpO“lele KOBapuauvu npuHATL, CO-
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OTBETCTBEHHO, B kauyecTee ouerok y n U, . [Ins onucanma Y u noctpoexus obnacTtu oxsara uc-

NONb3YIT NNOTHOCTL HOPMANBLHOrO pacnpeaenexHus N(y,U, ) XOTA yMEHbLUEHHE YACNA UCNbITa-
HUI Hen3BexHO yxyalaeT CBONCTBA METOAA B YaCcTU annpoKCUMauuu pacnpeaeneHns BblXOQHOM
BENUYUHBI, OHO BCE XE NO3BONSET YYECTb HENUHENHOCTE MOAENN U3MEPEHMS.

7.3 NonyvyeHue BLIBOPOK U3 pacnpeneneHnit BEPOATHOCTH

7.3.1 [Ona npumeHeHus metona Moxte-Kapno copmupyoT M  BEKTOpOB X ,
r=1,...M, B COOTBETCTBMM C NNOTHOCTAMU pacnpefeneHus seposTHocTeld g, (&) ans
N BXOAHbIX BenuuMH X uNW, ecny 310 HeoBGXOAUMO, U3 COBMECTHOW NMOTHOCTM pac-

npegenexun ®MNB g, (o).

7.3.2 PexomeHpauun no cdopmuposanHuio Belibopku ans Hambonee pacnpoctpa-
HEHHbIX pacnpeaeneHuii (paBHOMEpPHOro, HOPManbHOro, MHOrOMEPHOTO HOPMAaneLHOro U 1 -
pacnpeaenenus) npusegexsl B JCGM 101 (nyHkT 6.4 1 npunoxexue C). OaHako BO3MOX-
HO nonyuyeHue BLIBOPOK, COOTBETCTBYIOWMX U ApyruMm pacnpegenexusam [cM. JCGM 101
(paspnen C.2)]. Hekotopele pacnpegeneHus MoryT ObiTb annpoKCUMUpOBaHLl pacnpege-
NEeHUAMK, NONYYEeHHLIMU B pe3ynbTare npumeHeHus metoga Mowxte-Kapno npu npegbl-
AyWKX BbldMcneHusx HeonpegeneHHocTi [cm. JCGM 101 (nyHkT 6.5 u npunoxexue D)).

7.3.3 MNMpouenypa copmuposaHua BbIDOPKM ANA MHOrOMEpPHOro f-pacnpegeneHus
onucaHa B 5.3.2.4.

Mpumeyanue — [Ang AOCTOBEPHOCTW pe3ynbTaTOB npumeHeHus mertoaa Monte-Kapno
HeobxoanmMo, 4TobbI reHepaTops! NCeBaOCNYManHbiX YMCEN, UCnonb3yemsie Ans (HOpMUpPOBaHUs
8bIBOpoK M3 3anamHHbiX pacnpegenexunin, obnaganu cootsercreylowmumn ceoicteamu. B JCGM

101 (nyHkr C.3.2) npuseseHbl HEKOTOPbLIE TECThI CHOPMUMPOBAHHBLIX BLIBOPOK Ha CNY4YaNHOCTb.



WcxogHble aaHHble
ONa NPUMEHEHUA
metoga MoHTe-
Kapno

1 _____

TpaHchopmuposaHmne
pacnpeaeneHui Ha oc-
HoBe BbIDOpKM K3 co-
BMECTHOro pacnpeae-
NEeHUs BXOAHbLIX BENu-
YMH W BLIMUCNEHUA BEK-
TOPHbLIX BbIXOAHbIX BE-
NUYKMH ANS 3TOW Bbi-
Bopku

MepBuyHbLIK pesynsTar
npUMEHeHUs MeToaa
MoHTe-Kapno
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CoBmecTHas NNOTHOCTL
pacnpepenenus ¢ (o)

ANA BXOAMBLIX Benu4MH X
(cm. 4.14)

BepoaTHocTs oxBaTa
P
{cm. 3.25)

Moaene namepexus
Y=f (X)
(cm. 4.4)

Yucno ucneitaunin M
meroga MouTe-Kapno

{cm. 7.2)

h 4

M BeKTOpoB X,, ... X,, 3
pacnpeaenenna g, (o)

fem. 7.3)

b

M 3HaueHuit BEKTOPOB BLIXOAHLIX
senmami y, =f(x, ), r=1 .., M
(cm. 7.4)

i _____

OuckpeTHoe npeacTasnesme
G dyukumu pacnpenenequn
ANA BLIXOAHO! BenuuuHbl Y

fem. 7.5)

o emmm oo s -__.1- e -----.l S

OkoHu4aTenbHbiit pe-
3ynsTar

Ouenka ¥y senuumuel Y 1
COOTBETCTBYIOLLEH KoBapua-
LIMOHHOM MaTPULIs! U’

{cm. 7.6)

ObnacTe oxsara ans

Y
(cM. 7.7)

PucyHok 5 — 3tansl TpaHchopMupoBaHua pacnpegeneHuii U NoNyYeHus pe3ynsTaros

OUEHUBaHWA HeoNpeaeneHHoCT MeToaoM MoHTe-Kapno ans cnyvas siBHOW 3aBMCUMOCTH

BbIXOAHBLIX BENWYUH OT BXOAHbLIX BEJTUYNH
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7.4 BbluMcneHue BEKTOPHOW BbIXOAHOW BENUYMUHbI

7.4.1 BeKTOpHYK BbIXOAHYK BENUYUHY BLIYUCNAKT ANSA KAXA0ro M3 M Bblbopou-
HbiX 3HA4eHU N -MepHOro BEeKTOpa BXOAHOW BENWYMHLI, NMONYYEHHbLIX U3 COOTBETCTBYH-
wux pacnpegenexnnii. Ecnu 06o3Haunte M BbiBOPOYHbLIX 3HAYEHUW BEKTOpa BXOAHOW Be-

NWYUHBI pa3mepHoCTU N x1 yepes x . ... X, , rAe r-i BEeKTOp X, COAEPXWT X, ... X, , .M

rh?

x - Bu60pquoe 3HaueHue 13 pacnpegeneHus onsa X. , TO COOTBETCTBYHWMUE 3HAUEHWA

BEKTOpOB BbiXOOQHOW BENUYUHbLI ana Moaenu naMepeHus C ABHbIM BUOAOM (pyHKl..lHOHa"b'
HOW 3aBMCUMOCTH BbIMUCNAKT MO d)OpMyne
y, =flx ), r=1L..M.

Mpumeyanue — MNpu UCNONL3OBaHWK 3aKOHa TPaHCHOPMUPOBAHKS HEONPEAENEeHHOCTEN,
KOrja aHanUTUYEeCKUe BLIPDAKEHWA NPOM3BOAHLIX (DYHKUMK MIMEPEHUS NO BXOAHBLIM BENWUYMHAM
M3BECTHBI TOYHO, 3HAYEHWUA ITUX NPOUIBOAHLIX U 3HAYEHUs DYHKUMK n3mepenus BepyT B Touke
OUEHOK BXOAHbLIX BenuuuH. ECnu aHanuTuyeckue BblpaXeHUs AN NPOM3BOAHLIX HEW3BECTHLI W
ANsl UX OUEHOK MCNONb3yloT npubnuxeHve B BMAE KOHEYHbIX PA3HOCTEN, TO NONy4alT OUEeHKW
TONBKO ANA yHkuMKM namepenns. CornacHo pexomeHpaumn GUM [JCGM 100 (npumeuanue 2
nyHkTy 5.1.3)] 3Hauenun pyHkummn namepeHus GepyT B TOYKaX OLEHOK BXOAHbIX BENUYMH, a TaKKe
B TOMKax, OTCTOAWMX NO 06e CTOPOHB! OT 3TUX OUEHOK Ha PacCTOSHWM OAHOWN CTaHAAPTHON HEeon-
pEeAEneHHOCTH (Bapbupys MO OYEepeau AN KaKAOW BXOAHOM Benuuuubl). B metope xe MonTe-
Kapno aHauyerus yHKUMI M3MEPEHUS NONYYAIOT NPY BAPbMPOBAHWMK BXOAHBIX BENUYUH B OKPECT-
HOCTH MX OUEHOK, T.&. B TOMKaX, KOTOPbIE MOrYT OTCTOSITh OT 3TUX OUEHOK Ha HECKONBKO CTaHaapT-
HbiX OTKNOHeHW. Mockonbky B metoae MoxTte-Kapno sHauenns yHKUMK M3MEPEHUA NONYYaloT B
PasHbiX TOYKAxX, MOXET BO3HMKHYTH BONPOC O CBOMCTBAX BLIMMCNUTENLHOM NPOUEYpPbl, B HYACTHO-
CTH, O ee YCTOMYMBOCTU U (B Cnyvae nNpUMEHeHWs ananTUBHOK npouenypsl) cxogumocTt. [pu
BO3HWKHOBEHWW COMHEHUMIA NOoNb3oBarTenio cneayer ybeanTbcs B TOM, YTO METOA AaeT AoCToBep-
Hbl€ OLEHKW BbIXOAHOW BENUYMHBLI ANA JOCTATONHO BONbLIMX OKPECTHOCTEN OLEHOK BXOAHLIX BE-
nuumH. OaHaKo cneayeT OXuAaTth, 4TO BONPOCH! YCTONYMBOCTH M CXOAWMOCTH YACNEHHOMO MeToaa

MOTyT CTaTb KPUTUHECKMMK TONBKO B UCKMIOYUTENBbHBIX Chy4anXx.

742 Ecnu X, SBNSIOTCA 3aBUCUMBIMK BenuuuHamu, 1o B 7.4.1 pacnpegeneHus
ana X cnegyer 3aameHUTL Ha COBMeCTHoe pacnpegeneHue ans X.

7.4.3 B cnyyae Mogenu c HeABHbIM BUAOM (DYHKUMOHANBHOW 3aBUCUMOCTH B Npo-
ueaype, onucaHHoOW B 7.4.1, 3HaYeHUN BEKTOPHOW BLIXOAHOW BENUYUHLI ¥y, Mony4awT, B
pe3ynbrare peleHus ypasHeHUn

hiy .x )=0, r=1..M.
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7.5 [OuckpeTtHoe npeacraBneHue (pyHKUMM pacnpegeneHus ANA BbIXOAHOW
BeNUYUHbI

OwvckpeTHoe npeacraeneHue (yHKUWKM pacnpegeneHus ANna BeKTOPHOW BbLIXOAHOW
BENUYUHBLI hopMupyeTca U3 M 3HaYEeHUN BEKTOPHOW BbIXOAHOW BENUYUHLI, NONYYEeHHbIX
cornacHo 7.4. B obwem cnyvyae 370 npegcrasnexue senseTca Marpuueit G pasmepHoCTU
mxM , r-i ctonbey KOTOPOW ABNAETCA r-M 3HAYEeHWEM BEKTOPHOW BLIXOLHOW BENuU4u-
Hbl. [ina ogHOoMepHOW Mogenu G — BEKTOP-CTpOKa.

Npumeuanne 1 — j-a crpoka matpuunt G sBnseTcs NpuBNMXEHHBIM AWCKPETHLIM
npeacTasnennem dyHKUMM MapriuHansHoro pacnpeaenexus ansa Y .

Mpumevarue 2 — Ana m =1, 2, 3 BoamOxHa rpadmuyeckas MHTepnperauus npubnuxe-
A G. Nycte m=2. Ana r=1, ... M nocrpoum 8 nnockoctu (¥,.Y,) Touky ¢ koopauHatamu,

COOTBETCTBYIOLMMKU [IBYM anemenTam B cronbue r martpuubt G . MNpu gocratouHo Gonbwom M
NNOTHOCTb HAHECeHHbIX Tovek B niboi nokanbHo# obnactn nnockoctu Gyaer npubnuanTensHo
NPONOPLUKMOHANbBHA NNOTHOCTKU pacnpegeneHus 8 atoi obnactu.

Mpumevanue 3 — MNMoctpoenHoe npubnuxenve G nossonser nasneys pasHoobpasHylo
MHOPMAUKIO, B YACTHOCTH, OTHOCHMTENBHO MOMEHTOB BbiCWMX nopsakos. OpgHako 8 cnocobe
oueHnBaHua HeonpegeneHHoctm no GUM ans tpaHcgopMUMpoBaHWMs HEONpeaeneHHocTen u no-
cneaylowero oueHusanns HeonpeaeneHHocTn uamepenus [JCGM 100 (nywxkr 0.4)] ans nonyue-
Hus oueHkn Y W COOTBETCTBYIOWEN € KOBapUaUMOHHON MaTpuLbl HEOBX0AMMO 3HaTh MOMEHTEI
TONBLKO NEPBLIX ABYX NOPAAKOB.

MNpumevanue 4 — Ecnu Benuumna Y Gyaer ncnonb3osatbes B KaYEeCTBE BXOAHON Benu-

YMHBI HA CNEAYIOLLEM 3Tane MHOrOCTYNEHYATOro U3MEPEHUA, TO HA 3TOM aTane BuiBOpKY BXOAHLIX
BENWUYUH MOXHO NONYYUTE U3 YKE UMEIOLMXCS 3HaYeHWn y , r =1, .., M , (WK, 410 TO Xe camoe,
13 cronbuyos marpuybl G ), nocnegoBaTenbHO OCYLECTBNAS CNyyanHbin Beibop (C pasHon Bepo-
ATHOCTBIO) U3 3aTUX 3Havenuin [JCGM 101:2008 6.5).

7.6 OueHkKa BbIXOAHOW BENUYMHBLI U COOTBETCTBYIOWEN e KOBapUaLWMOHHOW
MaTpuubl

Cpeaxee apupMeTUYECKOe U KOBAPUALMOHHYIO MaTpuLy

1 . - - _
(¥, +wty, ) U, =—[(y. =¥y, =¥) ++ v, ¥y, -y)T]

y= M

1
M
NPYHUMAIOT, COOTBETCTBEHHO, B KaueCTBE OLUEHKM y BenuuuHbl Y ¥ KOBapuauwuoHHOM
matpuus! U , cooTBeTCTBYIOWEN ¥ .

npumeuauue — Heaasucumo oT TOro, SIBNAETCA NU MOJENb U3MEPEHUA NUHENHOW MNK
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HenuHenHon, npu M crpemswwemcs k GeckoHeuHOCTH ¥ cTpemutes no sepositHoctu k E(f(X)),
€CNu NnocnegHee cyuwecTeyer.

7.7 ObGnacTb oxBarta ANs BEKTOPHOW BbIXOQHOW BeNUYMHbI

7.7.1 O6wwme nonoxeHus

TeopeTtuyecku cywecTeyeT ckonb yroaHo mMHoro 100 p %-Heix obnacten oxeara

ans Y. B HacTosiwem craHgapTe paccMmartpusarTcs obnactv oxesaTta Tpex BMaoB, KOTO-
pble, KaKk OXWAaeTca, MOryT HauTu Haubonbluee npakTudeckoe npumeHeHue. OaHako B
OTAENbHLIX OOCTOATENLCTEBAX MOXET OKa3aThCs NPEANOYTUTENLHLIM UCNOMNbL30BaHWe 06-
nactu oxearta cneuuansHou opmel. HeaaBucumo ot Buaa obnactu oxearta NoCTPOEHWE

nocregHeit OCHOBAHO Ha MONYYEHHOM NpubnuxeHun G, T.e. Ha Habope M Touexk y,,

cny4aiHbiM 06pa3oM BbIDpaHHbIX M3 pacnpeaeneHus BeposTHocTen Ans Y npu peanu-
3auumn metoaa Moute-Kapno (cm. 7.5). Paccmatpusaemslie 3geck obnacrtu oxsarta MMerT
BUA:

a) annuncouaa. [laHHas obnacte oxsata Oyaner Bnu3ka K HaMMeHblel obnacTu
oxBaTa B cfyyae, ecny pacnpeaeneHue sepostHocTen Ans Y 6nuako K HopMansHomy;

b) napannenenunepa. ObnacTtb oxBaTta AaHHOro BMAA AONYCKaeT NPOCTY UHTep-
nperauuio Ho 3a4acTyio ee obbeM CyWEecTBeHHO NPeBocxXoauT obbem HaumeHbluel 06-
nacTv oxeara;

C) HauMeHbLer obnacTy oxsara, koTopas B obwem cnyyae He umeert Kkakon-nubo
3a0aHHON reomeTpuyeckod opMbl U ONpeaenseTca B HEKOTOPOM NPUBNUKeHun, 3aBu-
cawem oT M .

7.7.2 O6nacrtb oxeara B popme annuncounaa

YpasHenue 100 p %-How obnactu oxeata ans Y B cdopme annuncompga umeer

BMA:
(3-y)U, "3-y)=k], (20)
rae y onpegenser nonoXeHue LUeHTpa 3nnunconaa B NPOCTPAHCTBE BbIXOAHBIX BENMUYMH,
U, — copmy annunconaa (CTeneHb BHITAHYTOCTM W OPUEHTaUMIO B NPOCTPaHCTee), a k, —

ero paamep (o6bem). Mpoueaypa nocTpoeHus obnactu oxearta B hopMe annunconga no

dopmyne (20) npu nasecTHbix oueHkax y M U (cMm. 7.6) Tpebyer HaxoxaeHwsa k u co-

CTOUT B CneayoLem:
a) TpaHchopMUpyoT ToukM v, B ¥°, (r=1, ... M ) no chopmyne

y°. =L’l(y' —-_\'), r=1L..M, (21)
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rage L — HWKHAA TpeyronbHaa Marpuua pasMmepHOCTW mxm pa3noxeHusa Xoneukoro
U =LL";
Y
b) copTUpyIOT TPaHCHOPMUPOBAHHLIE TOUKM ¥°, B NOPSAKE BO3PACTaHUSA 3HAYEHNS

d_,roe

C) UCNONL3YIOT YNopsanoYeHHsle y° ANns onpeaenexHus koagduuueHT oxeara k

3HaueHWe KOTOPOro ONpeaenstoT ua ycnosua: o, <k, ANA BCEX y° C HOMEPOM r, He
npesbillaowmm pM ;

d) ctposaTt 100 p %-Hywo obnacte oxsarta Ana Y, rpaHvubl KOTOPOW OnpegeneHsi
ypasHenuem (20).

Mpumevanune 1 — OcHOBLI ONUCAHHOM NpoUeaypPbl U3NOXEHb! B [1], rae maccus BexTop-

HbIX OaHHbIX COPTUDYIOT NO METPUKE
T -
{y, —a) ¥'(y, —a),
rae a — CTartvcTiKa napamertpa nonoxeHwus, a ¥ — cratuctuka napamertpa macwraba (aucnep-
cuum). Dopmynel, NpUBEAEHHbIE B Npoueaype, nonyyeHs 3amedamm a=y u ¥ =U . Wcnone3o-
BaHue B npouenype TpaHchopmuposanme Touek Heobxoaumo ana Toro, utobbl caenarte Kosapua-
UMOHHYIO MaTpULy, COOTBETCTBYIOWYIO TPAHC(HOPMUPOBAHHLIM TOYKaM, EAUHUYHON, T.€. ANEMEH-
Tl BEKTOPOB BbIDOPKN CTAHOBUTCH HEKOPPENWPOBAaHHBIMK. 3TO NO3BONSET CONOCTABNATL (COPTH-
poBaTh) TPAaHChOPMUPOBAHHBIE TOUKM NO MX PACCTOSIHMIO OT oueHkn y. M3 cnocoba nonyyexus
TOYEK ¥y, CNeayer, 4To OHW XapakTepuayloT pasbpoc 3HavyeHwin cnyvanHol BenuynHbl Y BOKpyr
yeHTpansHoi Toukn y. OBnacre oxBata B BUAE INNUNCOMAA C LUEHTPOM B ¥ NO CBOEMY CMbICNY
ponxHa copepxkate 100 p % obuiero uucna ToveK y .
Mpumevanue 2 — MpuemnemocTs nony4yeHHON obnacTu oxeara Anst NPeACTaBNEHUS He-
ONpPeNeneHHOCTU WU3IMEPEHWUA 33BUCUT OT KOHKPETHOM W3MepuTenbHon 3apauun. lMonyyeHnHoe
npeacTaBneHne MOXET CTaTh HENPUEMNEMbIM, ECNKU PacnpeaeneHne ToMeK y, B NPOCTpaHcTee

BbIXOAHOM BENWYMHBI Y MNOXO COrNacyercst ¢ ONUCAHWEeM ITON BENWUYMHbI MHOTOMEPHBIM HOP-
ManbHbIM pacnpeaenexHnem.

Mpumevanue 3 — Marpuuya L, nonyyeHHas Ha arane a), moxeT GbiTb Onpeaenena, Ha-
npumep, cnocobom, onucanHsiM B [13] (CM. npumep Huxe).

Mpumeuanue 4 — Mpoueaypa nocTpoeHust 0BNacT OXBarta yYMThIBAET CyllecTBOBaHWE
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33BUCHMMOCTH MEXAY anemeHTamu sektopa Y .

Mpumevanue 5 — [na cnoxHoi mogenu, Hanpumep, Tpebylowen nonyyeHns peleHns
METOA0M KOHEYHBIX 3NEMEHTOB, NPUMEHEHUE BONbLIOro YMCNa UCNbITAaHUA M MOXET OKasaTbes
HEBO3MOXHBIM. B atom cnyyae pekomenagyetcs npuBnmKeHHO NpeacTasnTe NNOTHOCTL pacnpe-
neneHus BbIXOAHON BeNWUUHbl Y HOPManbHbiM pacnpeaeneHnes. 310 NO3BONSET UCNONb30BATL
OTHOCUTENbHO HebBonbwoe Yucno uenoitanuin M |, Hanpumep 50 wnu 100, a nonyyeHHble No pe-

3ynbraram WCNBITaHWIA BbIGOpO‘-lHOB CpegHee “ au6opo~mue KOoBapvauum nNpuHATL, COOTBETCT-

BeHHO, 3a oueHkn y u U . [ns onucanms Y W nocTpoeHws obnacti oxsata UCnonb3ylwT nnot-
HOCTb HOPMANbHOrO pacnpefleneHns ¢ MaTeMaTUYECcKuM OXUAAHUEM ¥ W KOBApPUaLMOHHON MaT-
puuen U_' . XOTH yMEHbLUEHUE YNCNa UCNbITaHni HeM3bexHo yxyalwaeT CBONCTBa METOAA B YACTH
annpokcHMaunu pacnpeseneHns BolxOAHOW BENUYMHBI, OHO BCE e NO3BONSAET YYECTb HENUHEN-
HOCTbE Mogeny uamepenns. B tabnuuye 1 npuBeeHbl 3HaYeHWus k', ANA BEPOATHOCTW OoxBara

p =095 B 3aBUCUMOCTM OT PA3MEPHOCTW M1 BEKTOPA BbIXOAHLIX BENWMYMH NPU AONYLLEHUM HOP-

ManbHOCTH pacnpegenesunsa Y .

Mpumep —~ Paccmompum modens usmMepeHust
Yl=xl+xl’ Y‘.‘=x2+x3' (22)

8 Komopol 6x00HbiM eenuvuvam X, u X, npunucaHo HopmanbHoe pacnpedeneHue
N(0:0,1) kawdoi, X. npunucaxo npsmoyzonsHoe pacnpedeneHue R(— (3x19)*.(3x19)" ),
U 6ce 6xXO0HbIE 6E/IUYUNLI SENAIOMCA He3aeuUCUMbIMU. MamemamuyeckuMu OXudaHusMU
ex00Hbix eenuvun X,  sensiomes x =0, i=1.2.3, a ux ducnepcusamu - u (x,)=0,1,

i=1,2 uu(x,)=19. Tozda, kax e npumepe 2 us 6.5.2.3, Y =(Y,.Y,)' umeem ouenxy ma-

memamuy4ecKko20 OXudaHusi U COOMEeMCMeEywyto ell KOBaPUaYUOHHYIO Mampuuyy
0 20 19
y = s U = -
0 ! 19 20
TpancgopmupoeaHHbie moyku y°, Ha amane a) hopmMupyrom ¢ UCMNONb3068aHUEM

L', umerowel cnedyrowul sud (c moyHocmsio Ao mpembe20 3HaKa nocne 3ansmoli):

[1414 1344 i 0.707 -2.151
o000 044217 0.000 2265 |

Ha pucynke 6 cneea noxasanb! 1000 ebi6opoyHbIX moyexk Ons pacnpedeneHus ee-
posmuocmu Y, onpedensemoz2o modensio usmepeHus [popmyna (22)] u npusedeHHbIMU

ebiwe pacnpedeneHuaMu eeposmHocmu Ons exodHbix eenuyud X , i=1,2, 3. 95%-Han

annunmuyeckas obnacme oxeama ons Y, nonyvyeHHasa e npeodnosioxeHuu, ymo Y Xxa-
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pakmepusyemcs OeymephbiM pacnpedenenuem [aycca N ()';U,) [kak u Ha amane a) e

6.5.2.3], nokazana nyHKkmupHoU nuHuel. Ima obnacme umeem nnowade 11.8 keadpam-

Hbix eQunuy, k =245 u codepxum 968 us 1000 moyex. Innunmuyeckas obnacms oxea-

ma, onpedeneHHasi Ha ocHoge 1000 ebI60pPOYHBIX MOYEK 8 COOMEemMcmeuu ¢ npoyedypou

7.7.2, nokaszaHa cnnowHou nuHuel. 3ma obnacme umeem nnowades 10,6 keadpamHbix

eduHuy, kp = 2,33, Yymo HeMHO2UM MeHbWwe, YeM obnacms, Nony4YeHHan 6 NPeodnoNoXeHuU
HOpManbHOCMU pacnpedeneHus ebixo0HOU eenuyuHbl. Kak u donxHo cnedoeams u3 cno-
coba nocmpoeHus o6nacmu oxeama, ama obnacms codepxum poeHo 950 moyex.

Modens usmepenusn [¢popmyna (22)] paccmampusaemcs 6onee nodpobHo 8 pazdene
9, 20e npueederHsbl maKke dpyzue npumepb! nocmpoenusi obnacmeu oxeama Ons deymep-
HbIX 8bIXOOHbIX GENUYUH.

S0 - - )

0.J

<8
3o

PucyHok 6 — Annuntudeckue obnactv oxsara, NOCTPOEHHLIE B COOTBETCTBUM C
npouenypamu 6.5.2.3 a) u 7.7.2 gns npumepa n3 7.7.2 (cnesa) U NpAMOYrofbHble
obnacTtu oxsaTa, NOCTPOEHHLIE B COOTBETCTBUM C Npoueaypamu 6.5.2.3 b) n 7.7.3 ana

npumepa u3 7.7.3 (cnpaea)

7.7.3 O6nacTtb oxBara B (popme napannenenunena

100 p %-Han obnacte oxsata Ansa Y 8 hopme napannenenunena uMeeT eug
¥, ikvu(_\', ), J=L ., m, (23)
rae y =(y,.... v, ) Onpegensier nonoxeHwe LeHTpa napannenenunena 8 NPOCTPAHCTBE
BbixoaHbIX BenuuuH, a uly)=(u(y, ) ...u(y_ )" w k onpegenst ero paamep (0Gbem).
Mpoueaypa nocrpoexHua obnacTu oxearta B popme napannenenunena no gopmyne (23)

NpM M3BECTHLIX OUeHKax ¥ W u(y) TpebByeT HaxoXaeHUs k¥ COCTOWUT B CneayroLem:
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a) TpaHchOpMUPYIOT TOMKK ¥, B ¥° (r =1, ... M ) no hopmyne (21), Ho rae L Te-
nepb ABNAETCA AWAroHanbLHOW MaTpuuen pasMepHOCTU m x m C AUaroHanbHbIMU 3NemMeH-
Tamu uly, ), ...uly,);

b) copTupyloT TpaHcOpMUPOBaHHBLIE TOYKM y° B NOPSAKE BO3pacTaHUS 3HAYEHUA

dr , rae d, Tenepb onpeaensoT no dopmyne

C) UCNONbL3YIT YNOpPAAOMEHHbIe y° ANns onpeaeneHus KkosdduuueHTa oxsara k_,
3HaYeHMe KOTOPOro OnpeaensioT U3 ycnosua: d_ <k Ans BCEX y° C HOMEPOM r, He
npesbilaowmm pM |

d) ctpoaTr 100 p %-Hywo obnacte oxsata aAns Y, rpaHvubl KOTOPOW onpegeneHsl
dopmynon (23).

Mpumevanue - [Mpoyeaypa nocrpoeHnst 0BNACTU OXBATA YYMTBIBAET CYWECTBOBaHUE
3aBMCUMOCTH MeXay 3nemMeHTamMmn BeKTopa Y.

lMpumep ~ Ha pucyhke 6 (cnpaea) nokasaxnbl me xe 1000 moyek, Ymo u Ha pucyHke 6

(cneesa). 95 %-Han npamoyzonbHas obnacms oxeama Ons 'Y , nonyvyeHHasi 8 npednonoxe-
Huu, ymo Y , j=1, 2 xapakmepusyemcs HOPManbHbIM pacnpedeneHuem N(_v,;u:(_v) )), a
Koppensayusi oyeHok y, u vy, [kak u Ha amane b) e 6.5.2.3] He ywumsieaemcs, nokasaHa
NyHKMupHOU nuxuelu. Ima obnacme umeem nnow,ads 40,1 keadpamHbix eQUHUY, k., =224
u codepxum ece 1000 moyek. [lpsimoyeonsHas obnacme oxeama, onpedeneHHas Ha oc-
Hoee 1000 ebibpaHHLIX MOYeK 8 coomeemcmeuu ¢ npoyedypoi 7.7.3, nokasaHa cnnowHou
nuxued. 3ma obnacme umeem nnowades 25,5 keadpamubix eduHuy, k =178, umo He-
MHO2UM MeHbwe, yem obnacme, 8 NPeOGnONIOKEHUU HOPManbHOCMU pacnpedeneHus 8bi-
x0dHoU eenuyuHbl. Kak u domkHo cnedoeams u3 cnocoba nocmpoeHust o6nacmu oxeama,
ama obnacme codepxum poeHo 950 moyex.
7.74 Hawmenbwas obnacrb oxeara

Mpouenypa nocTpoeHnsa HaumeHblen 100p%-HoW obnacTy oxsara BKNYaeT B

cebs cnegyroume atansl:
a) B m -MEepHOM NPOCTPAHCTBE BbIXOAHLIX BENUYMH CTPOAT UCXOAHLIA Napannene-
nunea, NPeAnonNOXUTENBHO OXBATLIBAKWMUX BONbLLIYID AONK 3HAYEHWA, KOTOPLIE MOTyT

BbITb NPUNUCAHLI BEKTOPHOMW BLIXOAHOW BENUUMHE Y |
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b) paBHOMEpHON m -MEPHOW CETKOW AenAT UCXOAHLIK Napannenenunes Ha Avenku
8 BuAe NOA0OHLIX PaBHbLIX NNOTHO YNOXEHHbIX ManbixX napannenenuneaos;
C) ANA Kaxgoro manoro napannenenvnega noacyMTeIBaAIOT YMCNO NONABLUMX B HEro

BbISOpOHHbIX TOYEK y .
d) AONKD TOMEK y,, Nonaswmx B Mansii napannenenunen, paccMaTrpuBaloT Kak

npubnuxeHHoe 3HayeHre BEPOATHOCTU NONaAaHKa B AaHHbIA napannenenunes 3HavyeHns
CNnyvYawHoW BEKTOPHOW BENUYMHBI Y ;

e) Bce mansie napannenenuneabi pacnonarawT B8 NOPSAKE YMEHbLWEHWs npunu-
CaHHOW UM BEPOATHOCTH;

f) cymmmpyloT BepOATHOCTH, NPUNUCAHHBLIE ManbiM Napannenenunenam, HavuHas
C NepBoro v nocnegoBaTenbHo Npubasnsas BEPOATHOCTL KaXA0ro nocneayowero enNnoTe
A0 TOro, NoKa nonyYeHHas CyMmma He NPEeBbICUT UNKU He CTaHeT PaBHOW p |

g) COBOKYNHOCTb Manbix napannenenunenos, BHECLWIUX BKNag B nonyyYeHue yka-
3aHHOW CYMMbI, pacCMaTpUBaIOT B KauecTse npubnumxeHna HammeHblueld obnactu oxeara;

Mpumevanune 1 — [laHHan npoueaypa, saumcTeosaHHan ua [20], saaknovaertcs B8 pasbue-
HUK NPOCTPAHCTEA BLIXOAHLIX BENWYMH Ha PAA Manbix sMeek (napannenenunenos), annpokcuma-
UMY BEPOSATHOCTM NONAAAHWUA 3HAMEHUSI CNYYANHON BLIXOAHON BENUYMHbI Y B KaXAYK0 W3 Takux
sAIYeeK Qonei NoNaswmrx B Hee Tovek Buibopku 1 o6beanHEeHUN MUHMMANBHOTO YUCNa AYeek, B Co-
BOKYNnHocTK copepxawimnx He menee 100p% n3 M BbiBOPOYHBIX 3HAYEHWN BEKTOPHOK BbIXOAHOM
BENWYMHBI, B KOHUIypauuio, paccMaTprBaeMylo Kak HauMeHbLwan obnacTe oxsara

Mpumevanue 2 — MNapannenenunes, NOCTPOEHHbLIM HA 3Tane a), JOMKeH BKNIOYaTh B ce-
65 BCE TOUKM ¥ .

Mpumeuanue 3 — Yucno mansix napannenenunesos, UCNONbL3yeMblx Anst pasbueHns Ha
arane b) NpOCTPaHCTBA BLIXOAHBIX BENWUMH, OrpaHuMyeHHoro GonblnM napannenenunegom, no-
CTPOEHHBIM Ha 3Tane a), BNUAET Ha Ka4eCTBO NOMYYEHHOTO NPUBNKEHHS.

Mpumevyanue 4 — B GonblMHCTBE CNyYaes KAYeCTBO NPUENMKEHNs yNyYWaeTcs ¢ poc-
Tom M . Yrobbl nonyunte fgoctatodHo xopowee npubnuwxkenne, ocobeHHo B cnydae, Koraa pas-
MEpPHOCTb NPOCTPAHCTBA BbiXOAHbLIX BENWYuH m Bonee AByx wnu Tpex, moxer norpebosartbes
OYeHb BonbLIoe YMCNo ucnbiTanuin M .

Mpumeuvanune 5 — lMocTpoeHHan B COOTBETCTBUMMN C BbILUEONUCAHHON NPOUEAYPON Hau-
MeHbLas 06NacTe OXBaTa MOXET OKA3aTbCs HECBA3HOWM, ocobeHHo, ecnu M HEAOCTATOYHO Be-
NUKO.

Mpumeuanue 6 — Ha atane d) BepoATHOCTL, NPUNUCAHHAS KaXAOMY Manomy napanne-

nenunegy, onpeaensieTcs OTHOCUTENbHOM YacTOTON NONaaaHus B HEro BbIBOPOYHOrO 3HaYEeHUs
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BbIXOAHOW Benuuukel. Mcnonbsosanue Bonee cnoxxHoi annpokcumaumu (cm. [23]) moxeT nosso-
NUTb YNYYWKTL CBA3HOCTL 06NACcTU OXBaTa U CrnaguTb ee rpaHnuubl.

Mpumevanue 7 — MNpunucaHHoie Ha atane d) BEPOATHOCTH MOrYT OKasaTbCs O4MHAKO-
BbIMK ANA ABYX WNKM HECKONbKMX Manblx napannenenunenos. B atom cnyyae ynopaaodeHne ma-
Nbix napannenenunenos, BbINONHAEMOE Ha aTtane €), Byner He eguHCTBEHHbIM. PasHbiMm BO3MOX-
HbiM BapuaHTam ynopsiaodMeHus MOryT COOTBETCTBOBATL pasHuie npubnukenns obnactu Hau-
MEHbLUEro oxsara.

Mpumeuanue 8 — B asymepHom cnyyae (m = 2) atansl 0T a) 0 d) BXOAAT B HAYanNbHLIE
Wwarm TMNUYHOTO anropuTMa Busyanuaauuu pacnpenenequs ana Y (cm. 9.1.6).

Mpumep — PaccmMompum my xe camyio 3adavy, Yymo u e npumepe 7.7.2 . Ha pucyrke
7 nokaszaHo npubnuxeHue Ona HaumeHsbwelu 95 %-Hou obnacmu oxeama, NONy4YeHHoOe C
ucnonb3oeaHueM eblweykazaHHou npouyedypbi npu pasbuenuu ucxodwozo Gonbwozo
npsamoyzonsbHuka Ha 10x 1) manbix npamoyzonsHukoe (cneea) u 100x 100 manbix npsamo-
yeonsHukoe (cnpaea). O6nacme oxeama Ha pucyHke 7 cneea nocmpoexa no 1000 moykam,
cnyvyalHo ebibpaHHbIM u3 pacnpedeneHus ons Y . Ona umeem nnowade 11,3 keadpamHbix
eduHuy u codepxum 955 moyex. O6bnacmb oxeama Ha pucyHke 7 cnpaea nocmpoeHa no
1000000 moyek, nonyyeHHbIX cnyvyaluHou ebibopkol u3 pacnpedenernus ons Y . Ona ume-
em nnowads 9,4 keadpamubix eduHuy u codepxum 950 074 moyku. [ns cpasHeHus Ha
KaxOOM puUCyHKe CNAIoWHOU nuHuel nokaszana 95 %-Has annunmuyeckas obnacme oxeama

dna Y , nocmpoerHas 8 coomeemcmeuu ¢ npoyedypou us 7.7.2.

sa v sn

. 1 ., 0D

2.0 - : - -S.0 ‘
=50 -24 o0 24 L0 -840 224 ] 25 <0
.

PucyHok 7 — 3nnuntudeckue obnacty oxsara, NOCTPOEHHbIE No npouegype u3 7.7.2, U
npubnuxeHns HauMmeHblKUx obnacrer oxeara, NOCTPOeHHbIE No npoueaype M3 7.7.4 ana
pazbuenus 10x10 1 1000 Touek Buibopku (cnesa) u ans pazduenna 100x 100 v 1000000

Touek BuliDopku (cnpaea)
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7.8 ApanTtuBHas npoueaypa metona Moure-Kapno
7.8.1 O6uwwue nonoxeHus

7.8.1.1 OddektusHocTe meTtoaa MoHTe-Kapno npu onpeaeneHnun OUEHKW y Bbi-

XOAHOW BeNnW4MHbl Y, COOTBETCTBYIOLWEW KOBapuaLUWOHHOW maTpuubl u obnacrtu oxsara
ana Y 3aBUCMT OT uucna ucneiTaHui M . 3HaveHue M moxeT ObiTe BuibpaHo 3apanee,
Kak 8 7.2. [lpyro# noaxop COCTOMT B UCNONL30BaHMW afanTUBHOW npoueaypbl mMetoaa
MoHTe-Kapno, cornacHo KOTOpPOW YMCNO UCNLITAHUW NOCNeaoBaTensHo YBEeNuunsawT 40
Tex Nop, Noka Nony4YeHHsbIe YUCNOBLIE OLUEHKWU UCKOMBIX BENWYUH HEe CTaHyT YCTaHOBMB-
wuMucs. YUcneHHbIn pesynsTaTr CYMTaeTCs YCTAHOBUBLUMMCH, €CNW COOTBETCTBYLlee
eMy yABOEHHOE CTaHAapTHOE OTKNOHEeHWe CTaHeT MeHblue 3aaHHOW TOMHOCTU Bblyuche-
HuA (cM. 7.8.2).

7.8.1.2 Uenbto aganTveHOW npoueaypbl, onucaHHow B 7.8.3, asnaercs nonyyeHue

B CpeAHEM C 33aHHOW BLIMUCNMTENbHOW TOMHOCTBID 3HAYEHMIA CNeayoLNX BENUYUH:

a) oueHkn y =(y,.... v, ) Benuuuubl Y ;

b) sextopa u(y)=(u(y, ) ...u(y_))' craHaapTHLIX HeonpeaeneHHOCTEN, CBA3AHHBIX
C OUeHKaMu;

C) NONOXMTENLHO ONpeaeneHHOW MaTpuubl R pa3amepHocTM mxm KO3ppUUMEH-
TOB KOppensiumm r, = r(y,.y, ), CBA3aHHLIX C NapaMu OLEHOK;

d) koahpuumenTa oxeara k, , onpegensiowero 100p %-Hyto obnacte oxsaTta ans

Y B dopme m -MepHOro annuncounaa.

Mpumeyvanune 1 — To, yto BLINONHEHUE TPeBOBAHMA K TOYHOCTW BBLIMMCNEHWA MOXET
ObiTh rapadTMpoBaHo He HBe3ycnosHo, a ToNbKO B cpegHem, oBycnosnexo NpMpoaoin CnyvyanHo-
CTH, ucnonsayemon 8 metoge Mownrte-Kapno.

Mpumeuanune 2 — Kak npasuno, Yem Gonsblie BEPOATHOCTL Ooxeata p, Tem Gonbluee
yucno ucneitanuin metona Mowte-Kapno Heobxogumo ans onpeaeneHuns kp C 3aaHHOM TOYHO-

CTbiO BbIMUCNEHWUIA.
Mpumevarnue 3 — CraHQapTHLIE HEONPEAENEHHOCTI u(y) W KOPPENAUMOHHAR mMaTpuua
R, Bmecte onpepensloT koBapuauvoHHyilo matpuuy U . cOOTBETCTBYIOWYIO OueHkam y (cm.

npumedanme 3k 3.2.1 1 7.8.2.4).
Mpumeuanue 4 - Ecnu tpebyercs noctponte obnactb oxsara WHOM (hOpMbI, HEXenu
3INNUNCOMA B M -MEPHOM NPOCTPAHCTBE, TO NPOBEPKY YCTOMYUBOCTH METOAA BLINONHAIOT A4Ns na-

pameTpoB, xapakrepuayowmx obnacte oxeara aanHon opmel. Hanpumep, ana obnacrtu oxsara
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8 hopMe m -MEpPHOro napannenenunena OUeHKa TOYHOCTU BbIYMCNEHNSA MOXET ObiTh BLINONHEHA
Aansa koagpuymenta oxsata k . B atom cnydae npoueaypa, onucavHas 8 7.8.3, gomkHa Gbite
moauduuMposaHa cooTeeTcTBytowmum o6pasom.

Mpumevarnue 5 — Ecnu 8 npeacrasnelun pesynsrara uamepenus He tpebyercs ykasbl-

BaTb 0bnacTb oxBara, 10 npoueaypy ysenuyeHns yncna MCNBITAHUI OCTaHaBNMBAKOT nocne nony-

YEHUS! YCTAHOBUBLUMXCA YUCNEHHbIX 3HAYEHWIA OLEHKW ¥, COOTBETCTBYIOWWUX CTAHAAPTHBLIX Heon-
peAeneHHoCTeR M KOpPenaynoHHon matpuusl R .

MNpumeuanue 6 —Marpuya R moxeT He BbiTb NONOXKUTENLHO ONPEAENEHHON B Cryyae
CyLEeCTBOBAHWA 3aBUCMMOCTEN MEXQY BbIXOAHbIMM BENUUMHAMKU (ANs npumepa cM. 9.4, B yacT-
HOCTW, NnpuMevanue 2 k 9.4.2.3).

7.8.2 TOYHOCTb BbIYUCINIEHUA YUCNOBbLIX 3HAYEHUN

7.8.2.1 Ecnw 0603Hau1Tb Yepes n,, YMCNO CYLWECTBEHHbIX 3HaYawmx uudp B 4um-

dig
CNnoBoOM nNpeacTaeneHun BenuunHel z, TO npeaen norpewHoCTHU BbiMUCNEeHUA & 3HaYeHusn
z onpeaensloT cnegylwmm obpasom:

a) npeacraenaT 3HavyeHue : B suae CXI()‘, rae ¢ — uenoe Ylucno, cocrosiwee 13

n, 3Havawmx uudp, /— uenoe 4ucno;

b) onpenensior & no opmyne

§=—10".

1D | -

7.8.2.2 Tlpu npoBepke NONYYEHUA YCTAHOBMBLUEWCA OLEHKM y BENUYUHLI ¥ W
CTaHOapTHOW HeonpeaeneHHoCTU u(y,), COOTBETCTBYIOWEW v, NPU peanu3auyuu anan-

TUBHOW npoueaypbl Mmetona MoxTte-Kapno, onucan+How B 7.8.3, npeaen norpewwHoOCTH Bbl-

qucneHus &, j=1,...m, onpefensioT NO YMCNYy CYWECTBEHHbIX 3Havawmx uudp B um-
CNOBOM NpeacTaBneHuu u(_vJ )
7.8.2.3 [pu npoBepke NoNyYeHWs yCTAHOBMBLLEWCA OLEHKM MaTpuusl R Koppe-

NAUNOHHLIX KO3 PUUNEHTOB 7,

nit

coorsercmylomeﬁ OUeHKe y, npejen norpewHoCcTH
BblMUCNEHUA o OnpenenalT no Yucny CyuwecTBEeHHbIX 3Havawux uu(bp B YMCNnosoOMm

npeacTasneHun A

mas

HanGonbluem coBCTBEHHOM 3HaueHun mMaTpuubl R (cM. npume-

yanue 3 K 3.21).
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7.8.2.4 Matpuua R, 3aHMMaeT KnN4Yesoe MecTo B npoueaypax nocnegosarensHo-
ro oueHusaHus HeonpegeneHHocTn. OBLIMHO 3Ta Npoueaypa CBA3aHa C NonyvYeHuem 3Ha-
YEHWS CKanspHOW BENuuMHbl O, NpeacTaBnawei coboi HEKOTOPYK KOMBUHAUMIO Bbi-

XOOHbIX BENWUYNH Y| , T.e.
Q=cY +..+c Y =c'Y.

Wcnoneaya dopmyny
U =DRD
y y ) y

(cMm. npumevanme 3 K 3.21), craHgapTHYO HeonpeaeneHHoCcTs u(g), COOTBETCTBYIOLL YO

OUEeHKe
g=cy
BENUYUHb O, MOXHO NPpeacTasvuThL B BUAE
u(g)= crU,c = dTR’d :
roe
d=Dc.

7.8.25 TouHOCTb BuMUCNEHWUA i(g) 3@BUCMT OT TOUHOCTH BbLIYUCNIEHUS R wnd, a

nocneaHss aasucut ot D, , u, cnepoeatenso, oT uly )= (uly, ). ..u(y, ).

7.8.2.6 [pu OUEHWBAHUM HEONPEAENEHHOCTU B LENAX NOCNEayWmuX pacyeTos,
KOTOpbIe BKNo4aloT B cebs Bonee cnoxHeie Npecbpa3sosaHus, HanpuMep, BLIMUCNEHUS NO
METOAY HaWMEHbLUMX KBAApPaTOB, CBA3aHHLIE C AIBHbLIM UMK HEABHLIM ODpalieHueM mar-

puubl U, , HeoBX0AUMO UCNONb30BATL APYrMe KpUTepUU OCTaHOBa ananTUBHOW Npoueny-

pbl BblMUCNEHUA. Tak B cnyyae npuMeHeHus MetToda HauMeHbWUX KeagpaTos KpUTEpUA

MOXeT DbiTb OCHOBaH Ha pacuyete p (cm. 7.8.2.3) no yMCny CyLIECTBEHHbIX 3HAYaLLMX

undp B YMCNOBOM NpPeaCTaBNeHUn HauMeHbLero COBCTBEHHOrO 3Ha4eHUA MaTpuubl RV

(cm. npumevanmne 5 k 3.21). MNpu 3TOM YCTOWYMBOCTL YMCNEHHONO anropuTMa pelueHus
3afa4M C UCNONbL30BaHUEM METOAa HauMEeHbLUWX KBAApaTos 23aBUCUT OT 4ucna obycnos-

nexHoctu A, fA... matpuusl R, . [03TOMy ANA yMEHLLIEHUA YUCNa UCNLITaHWIA B MeTO-

ae Mome—Kapno npu NOCTaHOBKE M3MEPUTENLHOW 3aaum ee cnenyert onpegenaTtb Yepes
napameTpbl, NO3BoNAKOWKME CAenatb YWUCNO o6ycnoaneHHocm HaCTONbKO mManbiM, Ha-

CKONBKO 3TO BO3MOXHO.
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7.8.2.7 ToOYHOCTb BBIMUCNEHWA K, MCNOMNb3yeman ANA NPOBEPKWU NOMyYeHUs yc-

TAHOBUBLUEroCs 3HaueHus koadduumeHTa oxeara L , onpegensioT no Yyucny cyuwlecrt-

" L
BEHHbIX 3Haualux umbp B Yucnoeom npeacrasneHun kﬂ .

7.8.2.8. MNpwn nocneaywowmx pacyerax HeonpegeneHHOCTH, OCHOBaHHbLIX Ha WMC-
nonb3osakuu G (cm. 7.5) B kavyecrTee npubnuxkeHua dyHkuMu pacnpegenexua Y, Heob-
xoaumo ybeauTsca, YTO Takoe AUCKpEeTHoe NpeacTaBNeHue NpMroaHo Ans 3TUX pacyeTos,
0CODEHHO ecnu ux uensio ABNSeTCA nonyyeHue obnacty oxeara ANA HEKOTOPOW Benuuu-
Hbl. Bonee noapobHoe paccMOTpeHWe AaHHOMo BONPOCA BLIXOAWUT 33 PaMKWU HAcTOsLWero
cTaHgapra.

7.8.3 OnucaHue aganTUBHOW Npoueaypb!

MpakTuyeckan peanu3auus aganTMeHoW npoueaypsl merona Mowte-Kapno ¢ no-
cnepoBaTenbHbIM YBENUYEHWEM YMCNA UCNLITAHWA COCTOUT B CNeAyoLeM:

a) 3apaloT B KauecTee i, Hebonblwoe NnonoxurensHoe uenoe Yucno (cm. 7.8.2);
b) sapawT M = max(J,lo‘), rae J — HauMmeHbliee uenoe, bonblwee wunu pagHoe

100/(1- p);
c) 3apaT h =1 (cueTumk utepauun meroga Moxte-Kapno);
d) BuINONHAKT M ucnbiTaHui metogom MoxTte-Kapno (cm. 7.3 n 7.4);

€) UCNoNb3yT M NOMYYEeHHbIX Ha BbIXOAE MOAENU 3HaYEHWU BEKTOPHOW BbIXOA-

HOM BEMMYMHBL ¥, ..., ¥, ANS BbIYMCNEHNMIA OvepenHsiX, h-x anavenmid y*', uly™'), R,“"

“u kp“'), ABNAOWMNXCA COOTBETCTBEHHO OLIEHKOW BENUYUHBLI Y, COOTBETCTBYHOLWEW CTaH-

[apTHOW HeonpeAeneHHOCTLID, COOTBETCTBYIOLEN KOPPensuuoHHOW MaTpuuen u Koad-

duumeHTom oxearta ana 100 p %-How obnacTu oxsara;

f) ecnm h <10, TOo yBenuyMeawT i Ha eaWHULY 1 BO3BpaLLaOTCA K atany d);

g) ana j =1, .., m BbiMMCNAOT BbIDOPOYHLIE CTAHAAPTHLIE OTKNOHEHUA 5 Ccpea-
HUX 3HAYEHWIA NONYYeHHbIX B pe3ynbTate UTepauuii oLeHOK y“”, e v, BENMUMHGI Y,
no cpopmyne

SO B -1 LTI N | SO B
% _h(h—l)g("' nfo, h,z.:"\’ '

h) aHanoru4HelM 00pa3oM BLIYMCNAKT BLIDOPOYHLIE CTAHAAPTHLIE OTKMNOHEHWUSA
CpefHUX 3HAYEeHWN 3NEMEHTOB BEKTOpa u(y‘"'), aTakke ana A, W kr'"’;

mus
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i) ucnonbayloT BCce hM 3HAYEHWW BEKTOPHOW BLIXOAHOW BENUYMHLI NS BbIYMC-

nenus uly), R wk ;

j) ana j=1 .. m onpesensioT npefensi NOrPEWHOCTV BLMMCNEHUA & ANs
uly,), kak onucaHo B 7.8.2.1 1 7.8.2.2;

k) onpesensoT Npeaen NOTPELHOCTM £ ANS MaTpuusl R, KoadduumeHTos Kop-

pensauuu, Kak onucaHo B 7.8.2.1 n 7.8.2.3;

|) BbIMUCNAKT YUCNEHHYH TOYHOCTbL K COOTBETCTBYHLUYHO k,.' KaK onucaHo B

nyHkTax 7.8.2.1 n 7.8.2.7;

m) ecnu ans nwwboro j=1,...m vwnn 2s  [unm 2s || npeBoCXoauT & , unun 2s,
NPeBOCXOANT o, UNKU 25, NPEBOCXOAUT K, TO YBENUYMBAKOT h Ha eAuHuUy W BO3Bpa-

warres Kk atany d);
n) ecnu Bo3epara K atany d) He NPOM30LWNO, TO CHUTAIOT BCE BLIMUCNEHHbIE OLIEH-

KW YCTaHOBMBLUMMUCSH U MCNONb3YIOT BCe hM 3HAYEHMW BEKTOPHOW BLIXOAHOW BENUYUHbLI
Ans ebiducnenns y, U, 1 koapduumeHt oxsata k, ansa 100p %-Hou obnactu oxsara,

Kak onucaHo s 7.6 u 7.7.

Mpumeuvanue 1 — Yrobbl anroputm ananTMeHOM npoueaypsl Bbin CXOAAWLMMCS, [OMKHbI
CYWEeCTBOBATL MaTEMaTUYECKOE OXMAGHME W KOBapuauvwoHHas matpuua Y .

Mpumeyanue 2 — Buibop M Ha 3tane b) ABNAETCA NPOMIBONLHBIM, HO NPaKTUKa NoKa-
3ana ero NpUrogHoCTb.

Mpumeuanue 3 — Ucnonb3oBaHWe B NPoLEAYPE MUHUMANBHOTO YWCNa UTEpaUnin, pasHo-
ro 10, no3sonser NPefoTBPaTUTL NPEXAEBPEMEHHBIN OCTAHOB anropuTmMa u, Kpome Toro, aAenaert
6onee 06OCHOBAHHBIM NPEANONOXEHWE, CAENAHHOE B NpUMeYaHnn 6. AHanorvyHoe UaMeHeHue,
Gyayuu BHECEHHBIM B a0anTuBHYI0 npoueaypy metoaa MoxTte-Kapno ans moaenein ¢ eauHcTBeH-
HOM CKanapHON BbixoaHoW BenuuuHoi [JCGM 101 (nynkr 7.9.4)], Taike NO3BONUT yNyuylwnTs pe-
3ynbTaTthl NPUMEHEHUA 3TOW Npoueaypbl ANs psaa 3anav.

MNpumeuarnue 4 — Ha atane g) v, paccMaTpuBaeTCcs Kak peanusauus cny4anHon nepe-
MEHHOW CO CTaHAAPTHLIM OTKNOHEHUEM 5§ .

MNpumeuanue 5 — CraHaapTHbIE OTKNOHEHWUS, NONYYEHHLIE HA aTanax g) u h), ymeHbLua-

joTcs no 3akoHy i " (oM. npumevanne k 7.1.7).
Mpumevanue 6 — KoadychuymeHT 2, ucnonb3yemblid Ha atane m), OCHOBaH Ha nNpeacTas-
nexdun BuIBOPOYHBIX CPEQHUX CAYYaMHbIMKM, HOPMAaNbHO PacnpeaeneHHbIMIN BENUYUHAMKU U COOT-

BETCTBYET BEPOATHOCTU OXBATa NpubBnuanTensHo pasHon 95 %.
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Mpumevanue 7 — B [28] paccMaTpuBaOTCH HEKOTOPLIE YNYYLIEHWS aaanTUBHOW Npoue-

Aypsl, uanoxenHon 8 JCGM 101 (nogpaanen 7.9).

8 [lposepka pe3ynbTaroB OLUEHUMBAHUA HeonpegeneHHoctTm no GUM
cpaBHeHuem ¢ metogom Mourte-Kapno

8.1 Cnocob oueHusanua HeonpepenexnHoctv no GUM (nanee obBosHauvaemsbilit
GUF) Bo MHOrux cnyyasx nossonser nony4dTb yAOBeTBOpUTENbHbIE pelynbrartel. Oa-
HaKO He Bcerga MOXHO cpa3y onpefenuTs, cobniofeHsl N BCe YCNOBUA ANS ero npume-
HeHus [cm. JCGM 101, nyHktel 5.7 u 5.8]. O6bIYHO ropa3no npole oueHUTs Heonpege-
NEeHHOCTL C ucnonb3oeaHuem meroga Moute-Kapno (npu Hanuuuu COOTBETCTBYHOLEro
NporpaMmMHOro obecneveHuns), Yem BbLISICHUTb, BLINONHEHL! NU BCE YCNOBUA OLEHMBaHUA
no GUM [8]. MNp#u Hanuuuu coMHeHui B 0DOCHOBAHHOCTY NpUMeHeHusa cnocoba oueHusa-
Hust no GUM nonyyeHHble C ero NoMowWbio pe3ynbTaThl HYXAATCA B NpoBepke, a no-
CKONbKY OMana3soH YCNnoBWKM, NPW KOTOPbIX MOXET BbiTk npumeHeH meton MoHTe-Kapno,
3HauuTensHO wupe, Yem aAns metoga no GUM, To ans TakoW npoBepku pekomeHayeTca
CONOCTaBUTL pesynbTtatel ouenuBanus no GUM c pesynbtatamMu OUEHUBAHMA METOAOM
MonTte-Kapno. Ecnu cpasHeHue noareepavT ob6ocHoBaHHOCTL npumerennss GUM, 1o cno-
cob oueHusanua HeonpegeneHHocTy no GUM moxHo ByaeT npumenaTs B Byaywem ans
CXOXMX 3apad. B nporueHOM cnyvae cnepyer pacCMOTPeTb BO3MOXHOCTL 3aMeHbl Ha
Apyroi cnocod oueHWBaHUA HeonpeaeneHHoCTH, BKNYana ToT xe metoa Moxte-Kapno.

8.2 [Ins cpaBHeHWs AByX MeToaos Heobxoaumo sBHavane:

a) npumeHuTs cnocob oueHusaHnua HeonpegenenHocTu no GUM ana nonyyenus

(i) oueHku y™"

GUF

BenuuuHbl Y, (ii) CTaHaapTHOW HeonpeaeneHHoCTH u(_\ ) COOTBETCT-

GuU¥ GuUF GUF

sytowen y" ', (i) koppensuvoHHon matpuusl R W, cooreetcTeyowen y', u (iv) Ko-

appuumneHT oxeara k,,“"F , onpegensiowero 100 p%-Hyw obnacte oxsara ans Y B sBuae

m -MepHOro annunconga;

b) npumenuTs aganTusHylo npoueaypy meroaa Monte-Kapno (cm. 7.8.3), utobul

NONY4MTL aHANOMMYHbIE OLeHKN ¥ ™ | uly™™ ), R,“““ mk MM

8.3 3apava npouenypbl CPAaBHEHWA COCTOMT B TOM, 4YTODLI OnpeaenuTs, corna-
cylTcs nu Mexpgy cobow pesynbTarth!, NONyYeHHbie cnocoboM OueHUBaHUA Heonpege-
nexnHocT no GUM u metogom MoHTe-Kapno, B pamkax 3agaHHOW TOMHOCTU BbIMUCNEHUA.

[Ons aroro:
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a) 3ajawT B KavecTee n,, Hebonbloe NONOXUTENLHOE Lenoe Yucno (cMm. 7.8.2);

b) ana j=1 .., m paccuuTbiBalOT npeaens! NOrpelHOCTH BbIMMCNEHUA &, AnA
uly,) xak ykazaro 8 7.8.2.1 1 7.8.2.2;

C) paccuuTLIBAIOT Npeaen NorpewHoCTH BuIYMCNEHUA o ANA matpuusl R Koad-

DUUMEHTOB KOppensauuK Kak ykasaHo 8 7.8.2.1 n 7.8.2.3;

d) pacCy1UTbIBaKOT Npenen norpewHoCT! BbiMUCNeHWAa x @ AnsA kp KaK yKa3aHo B

782117827,

€) CpaBHWBAIOT OLEHKW, COOTBETCTRYIOLUE CTAHAAPTHLIE HEONPEeAeneHHOCTH, KO-
appuUmMeHTEl Koppenauuy, a Takke Koam@UUUEeHTbl 0XBaTa, NOMyYeHHbIe C UCNonNbL3o-
BaHuem cnocoba oueHuBaHus HeonpegenexnHocTv no GUM u metoga MouTe-Kapno, uro-
Obl onpegenuTb, obecneunBaeT N NepBbIM U3 yKalaHHbIX cnocobos Tpebyemoe yucno
nNpaBuNbHbLIX UMGP B YUCNOBOW 3anucK NONyYeHHbIX pe3ynsTaTtos. [ins 3Toro onpegens-

T

d =|y, v,

y J=haom,

GUF MOM
) -V,

! _ (‘our)_ ('m'u -
g, = [y, u\y, y J=loam,

GUF MCM
d, =|,z 4

max mmax

GUF MOM
k. —k

e P :

d, =

.

T.€. abCconoTHLIE Pa3HOCTHU COOTBETCTBYHLWMX YUCNEHHbIX pe3ynbTaTos. Torpa ecnu ans

Beex j=L..m d wnd, ,HeGonbwe 4em & , d, He bonbluie 4em p, a d, He Bonb-
we, Yem x_, TO pe3ynbLTaT CPaBHEHWUA CUMTAKOT NONOXUTENbHLIM, @ cnocob oueHusaHus

HeonpeaenexnHocTu no GUM — ycnewHo npoweawum npoBepky.

Mpumeuanue 1 — BoiGop BeposaTHOCTH OxBaTa ¥ hopMel 0BnacTu oxsarta BNUsieT Ha pe-
3ynbTart cpasHeHnus. [oatomy cpasHeHue ABYX Cnocob0B OUEHWBAHWA BbINONHAKOT TONLKO ANs
3a/1aHHbIX BEPOATHOCTM OXBaTta p W hopmel obnacTu oxsara.

Mpumeuanune 2 — B Tex cutyauusx, korga nocrpoenne obnactu oxsara He tpebyercs,

NpoBepPKy NPOBOASAT TONBKO HA OCHOBaHWM NONyYeHHslx 3nayennn d , d; yw d, . Ecnu chopma

obnactu oxsara A0mkKHE BbiTh OTNMYHA OT INNUNCOMAE, TO NPOBEPKY NPOBOAAT ANA COOTBETCT-
BYIOLLEN BENMUMHDI, onpegensiowei obvem obnactn oxsarta 3ananHoin dopmel. Hanpumep, ecnu

obnacTb 0XBarta QOMKHA UMETb BUA 111 -MEPHOIO napannenenunena, To CpasHMBAINT NONyYeHHbie
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Asyms cnocobamu sHavenun koadduunenta oxsata k¢ yuetom Tpebyemoi TOMHOCTH BbluMCnE-
HUA K .

Mpumeuvanue 3 — MNpu nposepke NPUMEHUMOCTY cnocoba oUeHMBaHUA HeonpeaeneHHo-
ctn no GUM cpasHeHuem ero pesynorartos ¢ pesynbTaramu merona Mowre-Kapno, nocneagxue
A0NXHbI BbiTe NONYYEHb! NPU AOCTATOMHOM YMCne ucnbiTaduin M . Ecnu ana cpasHeHns npume-
HAIOT afanTuBeHylo npoueaypy metoaa Monte-Kapno, T0 QOCTaToOMHO 3aaaTh npeaenst NOrpeLwHo-
CTH BBIYMCNEHWUIA B ananTUBHOM NpPoUEsype B NSTb Pa3 MEHbLWWMKM COOTBETCTBYIOWMUX Npeaenos
norpewHocT 8 npoueaype nposepku [cm. JCGM 101 (nyHkT 8.2)] unu, apyroi BapuadT, 3anats

YUCNO 3Ha4awmx uud)p npv YUNCNOBOM nNpecrasfiedHnu BENUYWH, BblYMCNAEMbIX C NOMOLBIO afan-

TUBHOIM NPOUEAYPLI, HA €ANHILY BONbLUMM, YeM UCNONB3YETCH B NPoUEAype NPOBEPKM.

9 Mpumepsl

9.1 MnnwcTpauumn NONOXEHUN HACTOALWEro craHgapra

9.1.1 B nepsom npumepe (cMm. 9.2) paccmaTtpuBaeTca NuHeHas Moaens uamepe-
HUSI, B KOTOPOW BXOAHbLIE BENUYMHLI MOryT DbiTe OBLWUMKM ANS BCEX BBIXOAHLIX BENUYUH
N BNUATE TONLKO Ha HEKOTOpble U3 HUX. [ANA YacTHbIX CRy4Yaes faHHOro npumepa cy-
LWEeCTBYIOT aHaNUTUYECK1e pelueHus.

9.1.2 Bo sropom npumepe (cm. 9.3) paccmaTrpusaeTcs HenuHeWHas Mogens npe-
obpa3oBaHua AeKapToBbIX KOOPAWHAT (AEUCTBMTENLHOW U MHUMOW YacTh KOMNIEKCHOW
BENUYUHBI) B NONAPHLIE KOOPAMHATLI (MOAYNb M apryMEeHT KOMNMEKCHOW BenuyuHbl). [Ang
3TOro NpUMepa TaKke B psiae Cnyyaes UMEKTCA aHanuTuyeckue pewexus [6).

9.1.3 B Ttpetbem npumepe (cMm. 9.3) paccmaTtpusaerca bonee CNoOXHanA HeENUHeW-
HoW mopaens. OH ananoriuyed npumepy ua GUM, cBA3aHHOMY C O4HOBPEMEHHbIM U3Mepe-
HUEM aKTMBHOro W peaktueHoro conpotusnedun [JCGM 100 (pazpen H.2)]. MNpumep wn-
nocTpupyer obpaboTky psaa OQHOBPEMEHHbIX HEe3aBUCUMbIX HabnwaeHW BEKTOpPHOW
BENUYMHBIL.

9.1.4 YersépTuii npumep (cm. 9.5) nocesileH U3MEPEeHUID TemnepaTtypbl C WC-
Nonb30BaHUEM TEepMOMETpa CONPOTUBMEHUA. 3TOT NpuMMep AeMOHCTpupyet obpaboTky
AaHHBIX ANA OAHOMEPHOW U MHOrOMEPHOW MOAENEN U3MEPEHUS.

9.1.5 MHOrMe U3 pucyHKOB, UCNONL3YEMbIX B NpUMepax, ANA WX Nyywero socnpu-
ATUA AaHbl B UBETHOM UCNONHEHUKU. Ha KOHTYPHbIX rpaduKax KaxaoMy YPOBHIO KOHTYPHOW
NWHUK COOTBETCTBYET CBOW useT. Ecnu pucyHok coctouT u3 asyx u bonee rpadukoe, 1o
ONA KaXaoro U3 Takux rpadykoB OAUH U TOT Xe UBET MCNOoNb30BaH ANA OAHUX U TeX Xe

3HAYEHUW YPOBHSA 3@ UCKNIOYeHWeMm ocobo OroBopeHHbIX cnyvaes. Ecnu aons cpasHeHus
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pe3ynbTaToB MCNONbL3yeTcA ABa U Bonee pUcyHKa, Kak 3To UMeeT MecTo Npu conocrasne-
HUM pe3ynbTarToB, NONyYeHHblx cnocobom ouenueanua no GUM u metogom MoHTe-
Kapno, 1o cooTeeTcTayolme rpahukyM Ha 3TUX PUCYHKAX U3oDpaxeHsb! B OOHUX U TeX Xe
rpaHuuax ocel 3a WCKNIYEeHWeM cnyyaes, Koraa Mexay 3TUMKU peaynbTataMmu uMmeeTcs
CyllecTBEeHHOe pasnuuue.

9.1.6 [ockonbKy NepBUYHLIMKM BbIXOAHBLIMKW AaHHBIMU Ana meTtoaa Moxrte-Kapno
aBnalTCcA M BbIDOPOYHLIX BEKTOPOB ANSA BLIXOAHOW BeNUYMHbI Y , cobDpaHHbie B MaTpu-
uy G pasamepHocTu mx M (cm. 7.1.6), 3avacTtyio XenarensHo NpeAcTaBuTb 3TU aHHbIe B
Buae npubnuxeHnMa cooTeeTcTBylen yHKUMKA NNOTHOCTU pacnpeaeneHua u u3obpa-
3UTbL ATy QYHKUMIO B BUAE KOHTYpPHOro rpacdmka. PUCYHKU HacToswero pasgena nokasbi-
BaKOT KOHTYPHbIe rpaduku ANs cnyyan AByMEpPHON BbIXOAHOW BENUYUHLI, m = 2. C pocTomM
yucna ucnbiTaHuid M KOHTYPHble NUHWKM BLIDOPOMHOrO pacnpefeneHus [OMXHbI BCe
Sonbwe npubnuxaTbCa K NUHUAM pacnpegeneHusa ana Y, uto Tpebyer cooTBETCTBYIO-
wero crnaxusanusa [22, 24). HekoTopble KOHTYPHble rpaduky, NpuBeAeHHbIe B HAcTON-
wem pasgene, NOCTPOEHbI, UCXOAN HENOCPEACTBEHHO U3 NPUBNMKEHUS COOTBETCTBYHO-
Wwew NNOTHOCTU pacnpegenexnus. [Ans ApyrMx NPUMEHEH COOTBETCTBYIOLWUA anroputm
CrnaxvBaHua KOHTypoB. Ha oaHoM u3 pucyHkoe (pucyHok 10) ana aemMoHcTpauuu addek-
Ta CrNaXuBaHWA NOKa3aHb! CrNaXEeHHbIe U HECINAaXEeHHbIE KOHTYPHbLIE NUHUK.

9.2 ApauTuBHan moaens

9.2.1 [ocraHoBKa 3agaum

B atom npumepe paccmarpusaeTca aaouTUBHAA (NUMHEWHas) ABymepHas moaens
namepeHus (CMm. npumep B 7.7.2)

Y,=X+X,, ,=X,+X, (24)

ANs TpexX pasHelx NPUMEPOB COMETaHWA NNOTHOCTEl pacnpegenedus g, (£ ) ans sxoa-
HbIX BENWUMH X, paccMaTpuBaeMbiX KaKk He3asucumble. Ma Tpex BXOAHbIX BENUYMH X,
X, ¥ X, BENWYUHA X, ONUCLIBAET (HAKTOP, BAUSIOLLNIA HA 06 BLIXOAHBLIE BENUYMHBI ¥, U
Y,, TOrpa Kak Kkaxnas u3 BenuumH X, M X, ONUCLIBAIOT (hakTopbl, BNUSIOWME TONLKO Ha

OQHY W3 BbLIXOAHLIX BENUUMH — Y, K ¥, cooTeeTcTBeHHO. B nepsom npumepe (cm. 9.2.2),

Bce g, (£ ) ABNSAKOTCS NNOTHOCTAMM HOPMANBLHOTO PAcnpefeneHusl C HynessIM MaTeMa-

TUNMECKMM OXuaaHuem U eQMHWMHLIM CTaHAapPTHLIM OTKIIOHEHMEM. BTOpOﬁ npumMmep (CM.

9.2.3) uoeHTUYEH NEpPBOMY 3a WCKMIOYEHUEM TOro, YTo g, (£, ) ABNSETCA NNOTHOCTLI
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paBHOMEpPHOro pacnpeaeneHwa X, TakKe C HynesbiM MareMaTUdeckuMm OXuaaHuem u

eAWHWYHBIM CTaHAAPTHLIM OTKNOHEHWeM. TpeTuit npumep (cMm. 9.2.4) ngeHTuYeH BTOPOMY
33 UCKNMIOYEHWEM TOrO, YTO CTaHOAPTHOE OTKNOHEeHWEe X, paBHO TPeMm, YTO AEMOHCTPUpPY-
eT AJOMUHUpYKOLLee BnuaHWe (hakTopa, COOTBETCTBYHOLIEro AaHHOW BXOAHOW BenuyuHe,
Ha pe3ynbTaT U3MEepeHUs.

9.2.2 BbiuucneHus u pesynbsrarthl (npumep 1)

9.2.2.1 B paHHOM npumepe Kaxnas BXOAHaa BenuuuMHa X OnucCLIBaeTCs CTaH-
OapTHLIM HOPManbHbIM pacnpefeneHnem, T.e. oueHkn X, umeworeng x, =0, i=1,2,3,¢c

COOTBETCTBYHOLWMMU CTaHAAPTHBIMU HeonpeaeneHHOCTAMK ll(.l',)= I. P93y11bTaTbI, nony-

YeHHble C nNpumeHeHueM cnocoba oueHusanus HeonpeaenexwHocT no GUM (cm. paspen
6) u meTogom MoHTe-Kapno (cMm. pasgen 7) nokazaxbl 8 Tabnuue 3 1 Ha pucyHkax 8-10.
HexkoTopbie aaHHble B Tabnuue ¢ uenblo obnerYyeHa ux cpasHeHUs NpeacTasneHsl 8 BU-

A& YnCcen C YeTbIPbMA 3HavalwmMMmu yudpamu.

Tabnuuya 3 — PeaynsTathl M3mepeHus cnocoboM OueHMBaHUA HeonpeaeneHHoCTH no
GUM (GUF) u metogom MonTe-Kapno (MMK) ans apautueHon mogenu [cbopmyna (24)], ¢

BXOAHbIMW BENUYMHaAMKU X, , ONUCbIBAEMbIMWU CTaHAAPTHbLIM HOpManbHbIM pacnpegene-

Huem (9.2.2)

MeTop M M ¥ “(.\'x ) "(.": ) "(."l + ¥ ) k, k,
GUF - 0,000 0,000 1,414 1,414 0,500 2,45 2,24
MMK 1x10° 0,003 0,005 1,412 1,408 0,498 2,45 2,22
MMK 1x10° 0,000 0,000 1,416 1,415 0,500 2,45 2,21
MMK 1x107 0,000 0,000 1,414 1,414 0,500 2,45 2,21

Apan- 0,35x 10" 0,001 -0.001 1,417 1,417 0,502 2.45 222
TUBHbLIN
MMK

Apan- 0,45x10°| 0,001 -0,001 1,416 1,414 0,501 2.45 2,21
TUBHbLIM
MMEK

9.2.2.2 Cnocob oueHusauua HeonpeaeneHHoctn no GUM, obobuieHHbIn Ha cny-
yali HEeCKONbKMX BLIXOAHLIX BENWUMH, AaeT oueHky y =(0.0)" senuuunbl Y. Kosapuauu-

OHHasi MaTpuua A8 AaHHOW OLEHKW, UMeKLwas Bua
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2 1
U=ty 2l

nony4exa no cpopmyne (3), U = C‘U‘C!’, rae B COOTBETCTBUM C YCNOBUAMKU HACTOALLErO

npumepa
. 0
0

KoadhduumneHT koppensuuMu, COOTBETCTBYIOWMNIA oUueHKam v, u v, (cM. 3.21), Byper
H(y,.y,)=05. 95%-Hble oBnacTu oxsata Ana Y B (hopMe annunca v NPAMOYronbHUKa

onpefensalnTca, COOTBETCTBEHHO, KoadduuueHTamu oxeata k, =245 (rabnuua 1) u

k, =224 (tabnuua 2). 3Tu peaynbTatel npuseaeHsl B8 cTpoke ana GUF tabnuuet 3. B co-

q
OTBETCTBUM CO CnocobomM oueHMBaHUS HeonpegeneHHoCcT:u no GUM BbIXOAHaA BenNMYnHa

Y onucbiBaeTcA ABYMEPHLIM HOPManbHbIM pacnpeaeneHuem N(y,Uy )

9.2.2.3 TlpumeHenne metoaa MoHTe-Kapno ¢ 4vMcnom ucnoiTadHui M pasHbiM
10° 10° m 10" paer peaynbTaTsl, NPMBEAEHHLIE B CReAyIOWMX CTPOKAX Tabnuusl Ans
MMK. B ctpokax ans apantusHoro MMK yka3saHsl 3Hauenus M , pasHble 0,35x10° u
0,45x10° u npegcrasnsowme coboi YMCNo UCNLITAHUWA NPYM ABYX NPUMEHEHWAX aaan-

TUBHOW npoueaypsl meTona MoxTte-Kapno (cm. 7.8.3) ana n,. . PABHOrO Tpem (CM. Npume-

yaHue 3 B 8.3). Bce UMCNOBbLIE 3HAYEHMSA, NOMYYEHHBIE C NPUMEHEHUEM aAaNnTUBHOW Npo-

uenypsl, B yactHocTw, Ans v, v,, uly, ), u(y,), r(y,.y.), k, n k_, saenswoTca ycraHo-

BUBLLUUMMCA.
9.2.2.4 T[lonyyeHHana aHanNWTU4YECKW NNOTHOCTbL pacnpeneneHus ana Y npea-

cTaBnseT cobol AByMepHOe HOpMankHoe pacnpegeneHue N(y,U,) cy n U, npuse-

gs
OEeHHbiMK B8 9.2.2.2.

9.2.2.5 Ha pucyHke 8 cnesa nokasaHa NAOTHOCTb ABYMEPHOro HOPMansLHOro pac-
npegenexdna ana Y, nonyyeHHaa cnocobom oueHusanua HeonpeaeneHHocty no GUM
(coBnagawwan ¢ aHanMTUYeckum pelueHuem). KOoHTypHble NUHWKM paBHOW BEPOATHOCTMH

UWMerT (bopmy SNnunNcoB U onpefenarTCca YypaBHEHUAMU

G-y)'U -y)=k
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ANA pa3anuuHbiX 3HavyeHWn k. Ha pucyHke 8 cnpaea nNokasaHb! KOHTYPHbIE NUHWKM Npubnu-
XEHWSA NNOTHOCTU pacnpeneneHus Ana Y, nonyyeHHsle ¢ npuMeHeHnem metoga MoHTe-
Kapno ¢ M =10’ ucnbitaHusmu. 310 npubnukeHue npeacrasnser cobol OoTHOWeHue
4yucna Touek Bblbopky U3 pacnpeaeneHdus Y , nonaswmx B SYelky ceTku paabueHusa nnoc-
KocTi Y, K obuwemy yucny ucneiTanui M , npunucaHHoe obnactu nnockoctu Y, 3aHu-
MaeMOW 3TOW SYEHKOW (BHYTPWU AAHHOW AYEWKU NNOTHOCTL pacnpeaeneHus CYUTaT no-
CTOAHHOM). KOHTYpHbIE NUHUKM NpUBNXeHHOro pacnpegenexsma Y nOCTPOeHsb! ANs Tex Xe
3HauYeHMin k, 4To BbINK UCNONBL30BAHLI ANS NOCTPOEHUS ANNUNTUYECKUX KOHTYPHBIX NUHWUIA
Ha pucyHke 8 cnesa. ANrOpUTM CrNaXXUBaHWUA KOHTYPHbLIX NUHUIA NPU 3TOM HE NPUMEHRANCH
(cm. 9.1.6).

Mpumevanue — Ha pucyHke 8 u Apyrnx KOHTYPHBIX rpadmukax NpUBEAEHa UBETOBAsA LKa-
Na, NOKa3blBaKLWas COOTBETCTBME UBETA KOHTYPHOW NUHUK ONPEeAeneHHOMY YPOBHIO (BEPOsITHO-
cTH).

9.2.2.6 Ha pucyHke 9 nokaszawbl MapruHanbHas nNNOTHOCTL pacnpegeneHus

N(_v,.UY’) ans Y, nonyyeHHas cnocobom oueHusaHus HeonpeaenenHocty no GUM, a

TaKKe NPUBNMKEHWE NNOTHOCTU pacnpegeneHusl TOW XKe BEeNUUUHLL, NONYYEeHHOe MEeTo-
aom MoxTe-Kapno ¢ uucnom ucnbitaduin M =107 . Mpubnuxenne npeacTasneHo B suae
pacnpefeneHus 4acToT (rucTorpammbl). 3T ABEe NNOTHOCTU pacnpefeneHus BU3yanbHO

NPaKkTU4EeCKU He pa3nuyunMel. AHANOrMYHbLIW peaynsTar Byaer nonyyex u ans ¥, .
)

00K

}‘: ' - ?!

PucyHok 8 — KOHTYpHEIE NUHUM COBMECTHbLIX NMNOTHOCTEW pacnpeaeneHus BuIXOAHbIX
BENUYMH B aAAWTUBHOW Modenu uamepenus [hopmyna (24)], nonyyeHHbIX cnocobom
oueHuBaHua HeonpegenedHoct no GUM (cneea) u metonom MonTe-Kapno (cnpasa) 6ea
CrNaXMBaHWA KOHTYPOB NPW CTaHAapPTHOM HOPMAanNsHOM pacnpefeneHuy BXOAHbIX

BenuymrH (9.2.2)
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PucyHok 9 — MapruHansHas NNOTHOCTL pacnpefeneHns Y, AN TeX XKe YCNoBWiA, YTO 1 Ha

pucyHke 8 (9.2.2)

9.2.2.7 Ha pucyHke 10 cnesa nokasaHb! KOHTYPHbIE NUHUK NPUBNMKEHUA NNOTHO-
CTV pacnpepeneHus ana Y, nonyyeHHoe mertoaom MowTte-Kapno ¢ 0,45x10° ucneita-
HUSAMU. OTU NUHUK 3HAYUTENBHO MEHee «rnaakue», Yem Te, YTO U3obpaxeHsbl Ha PUCYHKe
8 (cnpaea) 1 nony4yeHb! Ans ropazno Gonbliero yucna ucnoitaduie. Ha pucyHke 10 cnpasa

npueefeH NpuMep CrnaxeHHbIX KOHTYPHBIX NUHUA (cM. 9.1.6).

"

-4

PucyHok 10 - KOHTypHbIe NUHUM COBMECTHbLIX NNOTHOCTEW pacnpeeneHns BbiXOaHbIX
BENWYUH B aAAUTUBHOW Moaenu uamepenus [bopmyna (24)], nonyyeHHbIX ¢
“Ucnonb3oBaHWeM afanTUBHOW npoueaypbl MoHTe-Kapno 6e3 crnaxusaHua (cneea) v co

crnaxueaHuem (cnpaea) 4Na TeX Xe yCNoBuW, 4To 1 Ha pucyHke 8 (9.2.2)
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Mpumeyanue — B GonblMHCTBE CNy4Yaes rNafKkoCTb KOHTYPHbIX NUHWA Ans npubnuxe-
HuA nnotHocTm Y moxer Beite obBecneyeHa sbibopom Bonsluero Yyucna MUCnblTaHuin B metoae
MonTe-Kapno n Gonee uacron cetkon pasbuenus nnockoctu Y . AHanorvusbiit acdext umeer
MECTO B CNyyae €4UHCTBEHHOW CKansipHOW BbIXOAHOM BENWYUHLL, Korga ans obecnevexHus rnag-
kocTu ornbaiowen KpMBON NOCTPOEHHOTO NPUBNMKEHUSI NNOTHOCTH pacnpenenexHns (rucrorpam-
Mbl) Heobxoaumo Gonbwoe 3Havenne M ¢ Bonbloe YKMCNO KNAccoB rMCTOrPaMmmel.

9.2.2.8 [na conocTaBneHus pes3ynbTaToB, NONyYeHHbIXx cnocobom oueHuBaHUA
HeonpepenexnHocTw no GUM # ¢ nomolibid agantueHOW npoueaypsl metoga MowTe-

Kapno, npumeHeHa npoueaypa NpoBepky, onucaHHaa B pasgene 8, npu 3HAYEeHUH n,,

paBHOM ABYM. B atom cny4vae TOMHOCTU BbiMMCNEHWA GyAYT onpenenaTbCA 3HaMeHUAMK

5, =8,=005, p=0005, x,=x, =005.

ApanTtusHas npoueaypa meroga MoxTe-Kapno 6sina npumeHena gsaxaei. B oboux
cry4anx NpoAeMOHCTPUPOBaHa XOpOoLIas COrMacoBaHHOCTL Pe3ynbTaTtoB, Mero u cnepo-
Bano OXWAaTb, NOCKOMNLKY B AAHHOM NpUMEpPe NOMNHOCTLID COBNAEeHb! BCE YCNOBUS NpU-
MeHUMOCTU cnocoba oueHmsaHua HeonpeaenedHocT no GUM. Ucknoyernem mor cratb

TONbKO Pe3ynbTaTr BLIYMCNEHUA k , NOCKOMNbKY pacuyeT 3HaYeHWA 3TOW BEeNUYWHLI CNoCco-
OomM oueHuBaHua HeonpegeneHHocTy no GUM He yuuTbiBaeT B3aMMHYK 3aBMCUMOCTb
mexay ¥, u Y, (cm. 6.5.2.3). OgHako u gna k, pesynbTaThbl, NONyYeHHbIE ABYMSA MeToaa-

MU, NoKa3anu XopoLuy COornacoBaHHOCTL B Npeaenax 3afaHHoW TOYHOCTH BblMUCNEHUA.
9.2.3 BebiuucneHus v pesynbrarbl (npumep 2)
9.2.3.1 3T10T npUMep U3MepUTENbHOW 3a4a4u WAEeHTUYEH onucadHomy 8 9.2.2 3a
TEM WUCKMOMeHueM, 4YTo X, XapakrepuayeTca paBHOMEpHbLIM pacnpefeneHvem C Hyne-
BbiM MareMaTUYEeCKUM OXWMAaHWEM WU eQUHWYHBLIM CTaHAapTHbIM OTKNOHEeHUeM. OueHKu

X, W coOoTBeTrcTByWLWMEe CTaHAapTHbLIE HeonpeaeneHHOCTHM OCTanuCbk HEeW3MEHHbIMK!

x, =0, ulx )=1, i=1,2.3. Peaynsratsl, nonyyeHHble C NnpuMeHeHnem cnocoba oueHusa-

Hus HeonpepgeneHHocTu no GUM (cm. paspgen 6) u metonom MoHTe-Kapno (cMm. pasaen

7), nokaaaHbl B Tabnuue 4 u Ha pucyHkax 11w 12.
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Tabnuua 4 — PeaynbTaTbl M3MEPEHUA ANA TEX XKE YCNOBUIA, 4TO B Tabnuue 3, 3a uckn-

YeHMeM Toro, YTo X, ONUCLIBAETCH paBHOMEPHbLIM pacnpeaeneHuem (9.2.3)

MeTo‘q Al .vl .\‘: "(."z ) “(,.\'2 ) r(."l * .v: ) A p kn
GUF - 0,000 0,000 1,414 1,414 0,500 245 2,24
MMK 1x10° 0,008 0,010 1,414 1.410 0,500 2,38 2.15
MMK 1x10° 0,001 0,001 1.414 1.411 0,499 2,38 2,15
MMK 1x107 0,000 0,000 1414 1.414 0,500 2.38 2,15
Apan- 0,36x10°| 0,000 -0,002 1,413 1.414 0,500 2,38 2.15
TUBHbLIK

MMK

Apan- 0,35x10°| 0,002 -0,001 1,418 1,415 0,502 2.38 2,15
TUBHbLIN

MMK

9.2.3.2 Cnocob oueHusaHua HeonpegenexnHocTv no GUM paert aBconTtHo ogm-
HAKOBYIO ABYMEPHYK NNOTHOCTL pacnpepeneHua Ana Y (cM. pucyHok 11, cneea) Heaa-
BWCUMO OT TOTO, pacnpeaeneHa N BxoAHas BenuuuHa X, no HopmansHomy (kak 8 9.2.2)
UNU paBHOMEpHOMY (KaK B HAcTOsILLEeM NpUMepe) 3aKoHy, NMOCKOMbLKY B AAHHOW M3aMepu-
TeNbHOW 3apavye BUA 3TOW NNOTHOCTU pacnpefeneHus NOMHOCTLI onpegeneH oueHKaMu
BXOAHbLIX BENUYUH M X CTAHAAPTHBIMU OTKNOHEHUSAMU, @ OHM B 0DOMX Npumepax oauHa-
KOBbI. [TOCKONBKY MOAENb N3MEPEHMA M3HAYANLHO NWHEWHA, ee AONONHUTENLHOW NUHea-
pU3auun Ans NPUMEHUMOCTH 3aKoHa TpaHC(OPMUPOBAHUA HEONPeaeneHHOCTen He Tpe-
OyeTtcs, U B 3TOM cMmbicne cnocob oueHnBaHus HeonpegenesHocTu no GUM Hukakux npu-
ONKeHU He UCNonNb3yeT. TeM HEe MeHee, pe3ynbTarkl, NoNyYeHHbIe cnocobom oueHuea-
HUs HeonpefeneHHocTy no GUM ansa oueHku y BenuuuHbl Y M COOTBETCTBYHOLWEW KOBa-

puaumorHoi matpuusl U, He ByayT coBnajate C aHanuTUYECKUM peLseHueM, NOCKONbLKy

nocnegHee 3aBUCUT He TOJSLKO OT OUEHOK BXOAHbLIX BENMUMUH U UX CTaHOAPTHbLIX OTKNOHEe-

HWW, HO U OT BUAA UX pacnpeneneHui, B AaHHOM NpUMepe oT pacnpeaeneHus X .

9.2.3.3 Ha pucynkax 11 (cnpasa) ¥ 12 noka3aHo, kakum oBpa3om HerayccoBOCTb

pacnpegeneHusa X, BNUAET Ha an6nM)KeHM$I NNOTHOCTW pacnpeneneHua Y u mapru-

HanbHOW NIIOTHOCTKU pacnpeaeneHusa Ana Y,, nony4eHHble METOA0M MonTte-Kapno.
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PucyHok 11— To xe, YTo Ha pUcyHKe 8 Ans npumepa ¢ BXOAHOW BENUYMHOR X, ,

ONUCLIBAEMOW PaBHOMEPHBIM pacnpegeneHuem (9.2.3)

§
|

.05+

PucyHok 12 — To xe, 4To Ha pucyHke 9 Ans npuMepa C BXOAHOW BenuunHon X,
ONUCbLIBAEMO paBHOMEPHbLIM pacnpegeneHuem (9.2.3)
9.2.3.4 Tlposepka npumMeHUMOCTH cnocoba OueHWBAHWA HeonpeaeneHHOCTU no
GUM, onucaxHan B pasgene 8 (cm. Takke 9.2.2), 6bina npoeegeHa cpaBHeHMEM pe3ynb-
TaTOB, NONYYEHHbIX C €r0 NOMOLLLIO M C NOMOLLLID ananTusHOW npoueaypsl MoxTe-Kapno.
M3 Tabnuusl 4 BMAHO XOpowee cosnageHue pesynsTatos ans v, y,, uly,), uly,) w

r(y,.¥,), HO HepocTaTONHO XOpoWwee Ans k, u k.
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9.2.4 BbluucneHUa ¥ peaynbTarthl (npumMep 3)
9.24.1 3T10T NnpuUmep U3MEepUTENbHOW 3aaayvn MAeHTUYeH onucaHHomy B 9.2.3 3a

WCKNIOYEHUEM TOro, YTO CTaHAapTHOE OTKNOHeHWe Ana X, Tenepb pasHO He eauHuue, a

TpeM. Peaynbrartsl, NOnNyJYeHHsle C NPUMEHEHEM cnocoba oueHWBaHWA HeonpeaeneHHo-
ctv no GUM (cm. pasgen 6) u metogom MoHTe-Kapno (cm. paanen 7), noka3aHb B Tabnu-
ue 5 u Ha pucyHkax 13 u 14.

Tabnuua 5 — PeaynbTaTbhl M3MEpEeHUA ANA TeX Xe ycnosui, 4yto B Tabnuue 4, 3a

WCKMIOYEHUEM TOrO, YTO CTaHAapPTHOE OTKNOHEHWe ANA X, pasHo Tpem (9.2.3)

MeTtopa M Y, ¥, uly,) wly,) | rly,.y,) k k,

GUF - 0,000 0.000 3,162 3.162 0,900 245 2,24
MMK 1x105 0.023 0,025 3,159 3,157 0,900 2,28 1,87
MMK 1*106 0,003 0.002 3,161 3,161 0,900 2.28 1,87
MMK 1x107 0,000 0.000 3.162 3,161 0,900 2,28 1,87

AnantusHeii | 1,49%10° | 0,002 0,002 3,163 3.162 0,900 2,28 1,87
MMK

Agantussein | 1,85%10° | 0,001 0.001 3.163 3,162 0,900 2,28 1,87
MMK

9.2.4.2 Cnocob oueHusanus HeonpeaeneHHocTi no GUM paer ouenky y = (0,0)

BenuumMHbl Y . KoBapuauuoHHaa martpuua Ana JaHHOW OLUEHKW, MMerLwas sug

10 9
U, = :
-' {9 10}

nony4eHa no chopmyne (3), rae B COOTBETCTBUM C YCIOBUAMM HACTOALLErO NpUMeEpa

0 0
, 101
u.=lo ¥ of, C, = :
, 0 1 1
0 0 3 -

KoacbpuumeHT koppensumu Ans oueHok y, u v, Byaer r(y.y,)=09. 95%-Hble
obnactu oxeara Ana Y B popme annunca U NpsMoyronbHUKa onpeaensioTcs, cooTeer-

CTBEHHO, koahpuumeHTamm oxeara k =245 (tabnuuya 1) m &k =224 (tabnuya 2). 3m

pesynbTartsl npueegeHsl B ctpoke ans GUF tabnuubt 5. B cooteetcteum co cnocobom
oueHuBaHus HeonpeaeneHHocTy no GUM ebixogHas senuunHa Y ONWCbLIBAETCA AByMep-

HbiM HOpManbHbLIM pacnpepeneHem N()',U‘ ). NoKa3saHHbIM B BWAE KOHTYPHOro rpadgmuka
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Ha pucyHke 13 (cnesa). B atom npumepe Habnwaaercs bonee cunbHas Koppensuvs me-

#ay Y, U Y, N0 CPaBHEHWIO C NPUMEPAMU, PACCMOTPEHHLIMW PaHee, NOCKONbLKY YBENUYEH
OTHOCUTENbHLIA BKNaa obwero gakropa, onucbiBaeMoro 4Yepes X,, B HeonpeeneHHo-

CTW, CBA3aHHbIE C OUEHKamu ¥, 1 Y,.

i0- . . 0,035 1o - v - 0.035
0.03 0.03
Dn2s 025

0.02 0

0015

0.01 0.01

. - . - S0 A « . 5
19!0 K a 5 10 0.003 le - 0 5 0 0003

PucyHok 13 — To xe, 4yTo Ha pucyHke 11 Ans npumepa ¢ BXOAHOW BenuunHon X,

MMELEN CTaHaapTHOE OTKNOHeHue, pasHoe Tpem (9.2.4)

PucyHok 14 — To xe, 4TO Ha pucyHKe 12 Ans npuMmepa ¢ BXOAHOW BenuuuHoW X |,

UMeloLWen cTaHaapTHoe OTKIOHEeHWe, paBHoe Tpem (9.2.4)

9.24.3 W3 pucyHkos 13 (cnpaea) u 14 suaHo Gonbliee BNUAHUE (B CPABHEHUM C
peayneratamu 8 9.2.3) pacnpeeneHus, ONUCLIBaOWero X ., Ha NpUbnuxeHus NNoTHOCTU
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pacnpegenenua ana Y W MapruHansHOW NAOTHOCTWM pacnpeneneHus ans Y,, nonyuvesx-

Hble meTogom MoHTte-Kapno.

9.2.4.4 Tlposepka npumeHuMocTu cnocoba oueHWBaHWS HeonpeaeneHHOCTU no
GUM, onucaHHas B pasgene 8 (cM. Take 9.2.2 u 9.2.3), bbina npoeegeHa cpaBHEeHUEM
pes3ynbTaTtoB, NONyYeHHbLIX C ero NOMOLUYLIO U C NOMOLLBLKD aaanTUBHOW npoueaypbl MoHTe-
Kapno. W3 tabnuusl 5 BUaHO Xopoliee coBnafeHwue peaynstatos ans v, v,, «ly,),

u(y,) v r{y,.y,), Ho nnoxoe ans &, w k, . MonyyeHHoe cnocoGom OUEHUBAHWA Heonpe-
penenHocTu no GUM anavenne k  npubnuautensHo Ha 7 %, a 3HaveHue k, npubnuam-

TenbHo Ha 20 % bonblue Tex, Y4To nonyyeHs! metoaom MoHte-Kapno.

9.3 lNpeobpaszoBaHue cucTeMbl KOOpAUHAT

9.3.1 TlocraHoBka 3agauun

9.3.1.1 KomnnekcHas senuuuHa Z moxeT DbiTe npeacrasneHa B anrebpauve-
ckow hopme

X +iX,,
rae X,=Z, n X, =Z, — COOTBETCTBEHHO AENCTBUTENbHAA U MHUMaA YacTm Z, unu B
TpUroHomeTpuyeckon opme
R(cos@ +isin@)=Re'?,

rae R v @ — COOTBETCTBEHHO MOAYNb U aprymeHT Z. 3Tu ase dopMmbl 3anucu cOOTBET-
CTBYHOT NpefcTaBneHMaM TOUKM Z B KOMNNEKCHOW NIMOCKOCTU COOTBETCTBEHHO C AeKap-

TOBOW M NONAPHOW CUCTEMON KoopauHaT. MNpeobpa3oBaHnio NEPBOW CUCTEMbI BO BTOPYIO

MOXHO NOCTasuTk B COOTBETCTBUE MOAENb U3MEPEHUA BUaa

Y'=X!+X;, tan¥,=X,/X, (25)
c exogHow eenuumHon X =(X.X,) =(Z,,Z) ® BLiXOogHOW  BENUYMHOW

Y=(¥.v,) =(R.@).

Mpumevarnue — Qopmyna (25) onucbiBaET ABYMEPHYIO MOAENb M3MEPEHUA AN BbiIXOA-
HbiX BenuuuH R v @ . MNMockonbky mMoayne R BCeraa HEOTPUUATENEH, TO OH OAHO3HAYHO MOXET
BbiTh ONpeAeneH Kak NOMOXUTENLHLIM KBAQPaTHBIN KOpeHe M3 R*. Ecnu aprymedt @ onpege-
NATL Yepes TaKk HasbiBaeMbliit 3PKTAHIEHC ABYX NEpPeMeHHbiX (B A3bikax nporpammuposanus o6o-
3Havaemblil «atan2»), To Npy 3a4aHHOM OTHOWeHKK Z| ,fZ . 3Hauenue aprymenta @ takke Gyper
OAHO3HAYHO OnpeaeneHo Ha ukiTepsane — 1 < @ < 1. Takum obpasom, dopmyna (25) ponyckaer

WCNonb3oBaHWe ee B KayecTee nsyuepuoﬁ MO4EnNK U3MEPEHWA.
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9.3.1.2 McxoaHbIMM AaHHLIMW ANA pacuyeTa HeonpeaeneHHOCTH ABNAITCA OUEH-
KM X, U X, BENMUMH X, U X, NOMYYEHHbLIE U3 M3MEPUTENLHOW CUCTEMBbI, U COOTBETCT-
BYIOlME WM CcTaHgapTHole HeonpegenenHocTd  uly,) ¥ wulx,) u xosapuauuu
ul(x,.x,)=ru(x Julx,), rae r=r(x.x,) — xoathcduument koppensumm [cm. JCGM 100
(nyHkT 5.2.2)]. Npy Hanuuum Takux aanHbix [cm. JCGM 101 (nyHkT 6.4.8.1)] X npunuchi-

BaKT ABYyMEpPHOE HOpManbHOe pacnpeaeneHue ¢ MaremaTtuvyeckuMm oxXuaaHuem U Koea-

pUaunoHHOW MaTPULIEW COOTBETCTBEHHO

Mpennonaraertcs, Y4To paamMepHoCTs X, u X, paBHa eauHuue.

9.3.1.3 OueHku y Benuumnusl Y W COOTBETCTBYHOLLEN KOBAPUALMOHHOW MaTpULbl
U, onpegeneHbi ANA pasHbix COMETaHMIA BeNUUMH x,, x,, u(x,), u(x,) w r(x x,).

9.3.1.4 PaccMOTpeHOo WecTb NPUMEPOB, B K2XI0M U3 KOTOPLIX X, B3ATO paBHbIM
Hyno, a ulx,)=ulx,)=u, =0,010. B nepsbix Tpex npumepax paccMaTpuBaercs cnyqai
HEKOPPENWPOBaHHBIX BXOAHbLIX BenUuMH, r(x .x,)=0 [ANA OUEHOK COOTBETCTBEHHO
x, =0001, x, =0,010 u x, = 0,100 (cm. 9.3.2). B ocTanbHbIX Tpex npumMepax ucnonb30BaHsbl
T€ e OUEHKM ANsi X, HO MPU CUNLHOW KOPPENaUMK BXOAHBIX BenuumuH: r(x ,x,)=09 (cm.
9.3.3). Ha pucyHke 15 [rae He cobniogeH NPUHUMN KUCNONL30BAHUA HA Kaxaom rpaduke
OAHOTO UBeTa ANnst OAUHAKOBbIX YpoBHel (cM. 9.1.5)] nokasaHbl KOHTYPHbIE NWHWKM COBME-
CTHOW NNOTHOCTW pacnpenenenus X ana npumepa 1 [x, = 0,001 u r(x,.x, )= 0] n npumepa
4 [x, =0,0014 rlx,,x,)=09]. Ans ocranbHbIX NPUMEPOB rpaduku NNOTHOCTU pacnpeae-
nenua X NONy4aroT NePeHOCOM KOHTYPHBLIX NUHWIA BAONbL OocK X, Takum obpasom, 4Tobbl

X UEeHTpam cooTeeTcTeoBana koopauHara x, = 0,010 (npumepsl 2 1 5 ) unu x, = 0,100

(npumepsl 3 u 6).
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PucyHok 15 — KOHTYpHbIE NIMHUWN COBMECTHBIX NMOTHOCTER pacnpeaeneHnsa BXOAHbIX
BENUYUH B Moaenu npeobpa3oBaHua CUCTEMbI KoopauHaT ans npumepos 1 (cnesa) u 4
(cnpaea) (9.3.1.4)

9.3.2 Bbiuucnenun u pesynbrarthl (CNy4Yan HyNneBoW KOBapHauuM)

9.3.2.1  O6wwme NONOXeHUs

9.3.2.1.1  OueHuBaHUe HeONPeAeneHHOCTU BLINONHAETCH NPUMEHEHUEeM TpaHC-
dopmupoBaHus pacnpegeneHui (a) aHanuTuyecku (Ans uenew cpasHenus), (b) ¢ wuc-
nonb3osaxnem 0bobuweHHoro cnocoba oueHuBaHus HeonpepenesHoctu no GUM u (c) c
ucnonb3osaxuem meroga Moxte-Kapno.

9.3.2.1.2 CoBmecTHas NMOTHOCTbL pacnpegeneHns Ans Y W MapruHanoHble

NNOTHOCTU pacnpegeneHus Ana ¥, u ¥, MoryT GbiTh NONyueHbl aHanMTUYecKku B cnyyae
HE3aBUCUMbLIX X, U X,, ONUCLIBAEMbIX HOPManbHbLIMU pacnpeaeneHusAMM N(x,.uf) "

N(x: .uf) cooTBeTCTBEHHO (cM. paagen C.2).
9.3.2.1.3 CornacHo cnocoby ouyexHnBaHua HeonpeaeneHHoctu no GUM senuun-
He Y COOTBETCTBYeT ABYyMEpHOe HOpMansbHoe pacnpeaeneHue N(y,U, ), npu atom ouek-
ky ¥y =(y,,y.)" Ans Y nonyuaior peweHnem ypaBHeHu
Y, =X +x:, tany,=x,/x,,
a KoBapuauuoHHyio matpuuy U, nonyyaioT npuMeHeHWeM 3akoHa TpaHchopMupoBaHNA

HeonpeaeneHHocTen (cM. pazgenst 6 u C.3).
9.3.2.14 Merog MoHTe-Kapno NpuMEHeH C 4MCnoM ucnbiTaHui M =107 (cm.

pasgen 7).
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9.3.22 Tpumep 1 (x, =0,001)

9.3.2.2.1 PeaynbraTtbl, NONyYEHHbIE aHaNUTU4YECKWM, CNOCOOOM OUEHWBAHUA He-
onpeneneHHocty no GUM u metonom MoHTe-Kapno ans BXoAHOW OUEHKU x, = 0,001 U KO-
acbcbuymenTa koppensauumn r(x,.x, )= 0 npusegeHs! 8 Tabnuue 6, cTpoku 1-3.

Mpumeuanne — MpusegenHbie 8 nepeoi cTpoke Tabnuuysl 6 anavenms y, u u(y, ) nony-

YeHb! B Pe3ynbTare BbiNOSIHEHHLIX C BbICOKOW TOMHOCTLIO YWUCNEHHbIX PacyeTos onpeaeneHHbIX

uHTerpanos, npeacragnalowmux coboit 3ananHbie B Buae HOPMYN YEpes MapruHanbHyilo Nnot-
HOCTb pacnpegenexuns Y, soipaxenns ana E(Y,) u V(Y,) [em. dopmyny (C.2) 8 npunoxennn CJ.
AnanoruyHo anavenus v, u uly,) paccumtanbl uucnexo no dopmynam ans E(Y,) u V(Y,),
skMovalowmm 8 cebs mapruHansHoe pacnpegenenue Y, [cm. opmyny (C.3) B npunoxenun C)].

HeTpyaHo nokasats, uto cov(Y,,Y,)=0, u, cnegosatensHo, r(y.,y,)=0.

Tabnuua 6 — Pe3ynsTartsl uaMepeHuit Ans Moaenu npeobpa3oBaHUa CUCTEMbI KOOpAM-
HaT ONs cnyvyas HynesoW KoBapuauvu Mexay OUeHKaMu BXOAHbLIX BenuuuH (9.3.2.2.1,
9.3.23.1193.24.1)

X, MeTopn ¥, ¥, u(y, ) uly,) vy,
0,001 AHANUTUYECKHIA 0,013 0.000 0,007 1,744 0.000
GUF 0,001 0,000 0,010 10,000 0.000
MMK 0.013 -0,001 0,007 1,744 0,000
0,010 AHanuTUYeckuin 0,015 0,000 0,008 1,118 0,000
GUF 0,010 0,000 0,010 1,000 0,000
MMK 0,015 0,000 0,008 1,117 0,000
0,100 AHaNUTUYECKUIA 0,101 0.000 0,010 0,101 0,000
GUF 0,100 0,000 0,010 0,100 0,000
MMK 0,101 0,000 0,010 0,101 0.000

9.3.2.22 Ha tpex BepxHux rpacukax pucyHka 16 nokasaHsl NNOTHOCTU pacnpe-
penennsa Ana Y, NonNyyeHHbie aHanuTuyecku, cnocobom oueHnBaHusa HeonpeaeneHHoCTH
no GUM u metonom MoHTte-Kapno. MNocneaHas Xopowo cCornacyercs ¢ aHanuTU4YecKkum
peweHrem, B TO BpeMs Kak peaynstar oueHusanus no GUM otnuuaercs OT HUX OYeHb
CUNLHO, BNMOTL A0 TOro, YTO ANS HEro UCNonb3oBaHa Apyras wkana cooTBeTCTBUA uBseTa
u ypoeHs (cm. 9.1.5). Bonee Toro, cnocob oueHusaHua HeonpegeneHkocTu no GUM paer
HEHYNeBy BEPOATHOCTL MNOABNEHUA (PU3NYECKU HEBO3MOXHbLIX 3HAYEHUI BLIXOAHLIX Be-

nuuuH B obnacrax i, <0, g, <x My, > 1.
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PucyHok 16 — COBMECTHbIE NAOTHOCTY BEPOATHOCTH ANs Y , NOfyYEHHbIE aHaNMTUYECKH

(ceepxy), oueHueaHuem no GUM (B ueHTpe cnesa) n metogom MowxTe-Kapno (B ueHTpe

CrpaBa) u MapruHanbHbie NAOTHOCTH pacnpeneneHus aAns Y, (BHu3y cneea) u Y, (BHu3y

cnpasa), NONYYEeHHLIE aHanUTUYecKu (NYHKTUPHAA NUHKS), oueHusarnem no GUM
(cnnowHas nunus) u metogom MoxTe-Kapno (ructorpamma) ans mogenu

npeobpasosaHus koopauHaTt ¢ x, = 0,001 u rlx,.x, )=0 (9.3.2.2.219.3.2.2.3)
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9.3.2.2.3 Ha gsyx HmkHUX rpacdukax pucyHka 16 usobpaxeHbl mMapruHanbHbie
NNOTHOCTU pacnpeaeneHns AN BbIXOAHbIX BENUYUH Y, U Y., NONyYeHHbIe U3 COBMECTHbIX
pacnpegeneHui gna Y. MapruHanbHbie NNOTHOCTU pacrnpeaeneHus, NoyyeHHbie MeTo-
nom MoHTe-Kapno (nokasaHbl kaxaas B (popme Mcrorpammel Mnu pacnpeaeneHus vac-
TOT), COrNacylTCA C TEMWU, YTO NONYyYeHbl aHanUTUYecKu (NoKasaHbl NYHKTUPHLIMW NK-
HUSIMK), B TO BPEMA KaK MapruHanbHble pacnpefeneHus, rnonyyeHHbie cnocobom oueHu-
BaHuA HeonpepgeneHHocTM No GUM (nokasaHbi CNNOWHLIMU NMHUSAMMK) O4E€Hb CUINBHO OT-
NUYaKTCA OT aHanuTUYeckux peweHui. [ina yaobctea npeacrasneHus sce rpadukn map-

MTMHanNLHOW NNOTHOCTM pacnpedeneHus Ans Y, orpaHudeHbl obnacteto uanyeckm BO3-
MOXHbIX 3HAYEHUA 77,, T.€. UHTEPBANOM — 1 <1, < 7, XOTA NONy4YeHHoe cnocoboM oueHn-

Banms no GUM HopmaneHoe pacnpenenexue N(O.I()z) ansa Y, npocrtupaercs ganeko 3a
rpasuubl 3TOro UHTepeana. Ha aTux rpadukax Takxke XOpoLwo BUAHO, YTO COrNacHo cno-
coby oueHunsaHua HeonpeaeneHHocTH No GUM duanyeckn HEBOIMOXKHLIM 3HAUEHUAM 77,
W 77, NPUCBOEHA HEHyNeBas BEPOATHOCTL (CM. 9.3.2.2.2).

9.3.2.3 Tpumep 2 (x, =0,010)

9.3.2.3.1 PeaynbraTsl, NONY4YEHHbIE aHaANUTUYECKW, cnocoboM OUEeHWBaAHWUA He-
onpeaenexHHoctM no GUM u metogom MoHxTte-Kapno ans BxoaHow oueHku x, = 0,010 u
KoathmumneHTa Koppensauumn r(.\'l..t:)= 0, npuseneHbl B cTpokax 4—6 tabnuusl 6. Ha pu-
CyHKke 17 nokasaHbl KOHTYPHbie rpadwki COBMECTHbIX NMOTHOCTEW pacnpeaeneHus ans
Y , NONYyYeHHbIX C UCNONb30BAHUEM TPEeX BbilleyKa3aHHbIX METO0B, a TakkKe MapriuHans-
Hble NMOTHOCTU BEPOATHOCTU ANA Y, 1 Y,, NONyYeHHble U3 COOTBETCTBYIOWMX COBMECT-
HbIX pacnpegeneHni.

9.3.2.3.2 BugHo, 4TO pe3yneTaThi, MONYYEHHble C WCMNONb3OBaHWMEM MeToaa
MoHTe-Kapno, cornacyloTca ¢ aHanMTU4eckum peleHnem. B To Bpems kak pesynsrarhl,
nony4YeHHble ¢ UCNonL3oeaHuem cnocoba oueHusaHus HeonpeaeneHHoctu no GUM, or
aHanUTUYEeCKOro pelleHWa OTNUYAKOTCA, XOTA U He TakK CYLWEeCTBEHHO, Kak B npuMmepe C
x, = 0,001. OTHOCUTENBLHLIE PA3HOCTU MEXAY CTaHAAPTHLIMKU HeonpeaeneHHocTamu uly, )
u uly,), onpeneneHHsie ¢ UCNonNb3oBaHuem cnocoba OUEHUBAHUA HEONPEASNEeHHOCTH No
GUM u aHanuTuyeckuM MeToaoM, CoCcTaeBnaT npubnuantensHo 25 % wu 10 % (B cpas-

HeHuu ¢ 40 % v 470 % ans npumepa ¢ x, =0,001).
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PucyHok 17 — To xe, 4To Ha pucyHke 16, Ho ans x, = 0,010 (9.3.2.3.1)
9.3.24 TMNpumep 3 (x, =0,100)

9.3.24.1 PeaynbraTel, NONy4YeHHbie aHaNUTUYECKW, OLEHUBAHWEM Heonpepge-

nexnHocTu no GUM » metogom MoxTe-Kapno ans BxoaHoW oueHkn x, = 0,100 1 koaddu-

uueHTa koppensaumu r(x,.x,)=0, npueeneHs B cTpokax 7—9 Tabnuubi 6 U Ha pucyHke 18.
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PucyHok 18 — To xe, 4To Ha pucyHke 16, Ho ansa x, = 0,100 (9.3.2.4.1)

9.3.2.4.2 BuaHo, 4YTO peaynbTarbl, NONy4YeHHble C UCnonbaosaHuem cnocoba oue-
HuBaHuA HeonpegenenHoctu no GUM u metogom MonTe-Kapno cornacyioTcs ¢ aHanuTu-
yeckum pelueHuem. MNMokasaHHble Ha pucyHKe 18 MapruHanbHble pacnpefeneHus, nony-
YEeHHble TPEeMsi MeToAamMu, NPaKTUYECKn HepaanuuumMel. OUEHKW, COOTBETCTBYIOWUE CTaH-
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AapTHbie HeonpeaeneHHOCTH W CooTBeTCTBYLWME KoahPUUUEHTEI Koppenauuu coena-
Aal0T C TOMHOCTBIO A0 ABYX 3Havawmx uudp.

9.3.3 BbiuucneHus u pe3ynbraTthl (CNy4YawW HEHYNEeBOW KOBapuauum)

9.3.3.1 OueHuBaHue HeoNnpeaeneHHOCTU BLINOMNHAETCH NPUMEHEHWEM TpaHC-
dopmMupoBaHUa pacnpeaeneHui ¢ ucnonb3osaHuem (a) obodbweHHoro cnocoba oueHusa-
Hus HeonpeaeneHHocT no GUM (cm. paspensl 6 u C.3) u (b) metonga MoHTte-Kapno ¢
4Yucnom ucnbiTanu M =107 (cMm. pazgen 7).

9.3.3.2 PeaynbTartel, NOAyYeHHblE ANA BXOAHbLIX OUEHOK x, = 0,001, x =0,010 n
x, =0100 (npumepst 4, 5 U 6 cooTBeTCTBEHHO) W KoadduuMeHTa Koppenauuu
r{x,.x,)=09 npueenexsl B Tabnuue 7. Ha pucyHkax 19-21 nokasaHbl COBMECTHbIE NNOT-
HOCTU pacnpefeneHus Ana Y v MapruHanbHble NNOTHOCTU pacnpeaeneHus ana Y, u Y,,

NOoJNyMeHHbIE YKa3aHHbIMWY ABYMA MeTOAaMK ANA BCeX TpeX NpUMepos.

Tabnuua 6 — PeaynsTatsl U3MEPEHUA ANA MOAeNnu NpeobpasoBaHua CUCTEMbI KOOPAM-

HaT aAna crnyvyan HeHynesoW KoBapuauumn Mexay oueHKaMu BXOOHbIX BenuuuH (9.3.3.2)

X, Meton Y Y, uly, ) uly,) r(y,.y,)
0,001 GUF 0,001 0,000 0,010 10,000 0.900
MMK 0,012 -0,556 0,008 1,599 -0.070
0,010 GUF 0,010 0,000 0,010 1,000 0.900
MMK 0,015 -0,343 0,008 0,903 0.352
0,100 GUF 0,100 0,000 0,010 0,100 0,900
MMK 0,101 -0,009 0,010 0,102 0,882

9.3.3.3 [Onsa cnyyaes x, =0,001 u x, =0,010 pe3aynbrarthbi, NONy4eHHbie cnocobom
oueHuBaHua HeonpeaenexnHoctu no GUM u metogom MoHTte-Kapno nnoxo cornacyrorcs
apyr ¢ apyrom. B yactHocty, metog MoHTe-Kapno paer B aTux Asyx npuMmepax mapru-
HanbHbIE NAOTHOCTY pacnpeneneHya Ana Y, ¢ ABYMA NUKaMu, YTO CUMNbHO OTMYAeTCs oT
OAHOMOAANbLHOMO HOPMAasnkHOro pacnpefeneHus, NonyYyeHHoro ouexHuweadHuem no GUM.
3TV nuku HaxoaaTca BONuan Touek n, = 7f4 =0,785 u 5, = /4 - 1 = -2356, 4TO CcooTBET-
CTBYET yrnam OpuUeHTauuu rnNasHOW OCH 3NNUNTUYECKUX KOHTYPHLIX NUHUA NNOTHOCTU
pacnpeneneHus aona X [cM. pucyHok 15 (cnpasa)).

9.3.3.4 [nsa cnyyas x, =0,100 pe3ynsrartbi, NONy4YeHHbIE CNOCODOM OUEHUBAHUA

HeonpeaenexdHoctTn no GUM u metogom MoHTe-Kapno, cornacyoTcs HaMHOro nyyLue.
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PucyHok 19 — CoBMeCTHbIE NNOTHOCTU BEPOATHOCTH ANA Y , NONyYeHHbIe OLeHUBAHNEM
no GUM (esepxy cneea) u metogom MonTte-Kapno (Beepxy cnpasa) U MapruHanbHblie
NNOTHOCTW pacnpeneneHus ans Y, (BHu3y cneea) u Y, (BHU3y cnpaea), nonyvyeHHbie
oueHusaHuem no GUM (cnnowkHas nuHus) u metogom Mownte-Kapno (ructorpamma)

Ans moaenu npeobpasoeaxunsa koopauHar ¢ x, = 0,001 v r(x,,x,)=09 (9.3.3.2)

9.3.4 Ob6cyxaeHune pe3ynbTaTtos

9.3.4.1 [na oboux cnyyaee (C HyneeoW W HeHynNeBOW KoBapuauuew) no mepe
yAaneHWs OUeHKM x, OT HYN\ peaynbTaTthbi, NonyYyeHHble cnocobom oueHnBaHus Heonpe-
AenenHocTy no GUM u meTtopom MoHTe-Kapno, HauuHaioT npubnukaTtbcs Apyr K Apyry.

9.34.2 [naoyeHok x, =0,001, x =0,010 u, soobuie rosops, ANA BCEX 3HAYESHUA
x,, BNU3KkMx K HyN, apdeKkT HeHyNeBoW KoBapUaLuK 3HAYUTENbHO U3MEHSET pesynbTa-

Thbl, NONYYEHHbLIE C NOMOLWbID METOAA MonTe-Kapno.
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MNOTHOCTY PBCNDEZATEHIA DEPORTIHOCES

MNOrHoCTe PACNPEAENEwA BEPOANICCTed, paa

Pucyxok 20 — To xe, 4To Ha pucyHke 19, Ho ana x, = 0,010 (9.3.3.2)

9.3.4.3 YucnexHble AaHHble, NnpeacTasneHHsle B Tabnuuax 6 u 7, cooTBETCTBYIOT
NOKa3aHHbIM Ha PUCYHKaX COBMECTHbLIM U MapruHanbHbiM NNOTHOCTAM pacnpeaeneHus. B
HEKOTOPbLIX CNy4anx Takue AaHHbie MOryT ObiTe HENOAXOAALWMMKU UMW HEeJOCTATOMHbLIMUA
ANs ONUCaHWUA pacnpefeneHnus, XapakTepuaylowWwero BeIXOAHYI0 BENUYUHY. Tak, Ans npu-
Mepa C BXOAQHOW OUeHKoW x, =0,001 u HeHynesoi kosapwauuei r(x,x,)=09 (pucyHok
19) MapruHanbHas NNOTHOCTL pacnpeneneHus ana Y,, NnonyyeHHan ¢ NOMOLWbLID MeToaa
MonTte-Kapno, cyujecteeHHo GumoaansHa, Mexay TeM OUEHKa y, BENUuWHbl Y, HaxoauT-
cs Mexay Mopamu pacnpepeneHust B Tol obnactu 3HaveHuid Y, , rae nnoTHOCTL BeposT-

HOCTH Mana.
Mpumeyanue — [INA BLIXOAHON BENUYMHBI, MMEKOLER MHOrOMEDPHOE HOpPMarnbHOE pac-
npeaeneHue, BEXTOP MaTEMAaTUYECKOro OXMAAHMUS ¥ COOTBETCTBYIOWAS KOBApWAUMOHHAS MaTpu-

ua OnNUCHLIBAIOT 3TO pacnpeieneHue “cuepnbiBarwmm OﬁpGSOM.
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PucyHok 21 — To xe, 4To Ha pucyHke 19, Ho ans x, =0.100 (9.3.3.2)

9.3.4.4 [nsa BxoaHblX oueHoK x, = 0.001, x, =0,010 u, Boobwe rosops, ans scex
3HaveHut x, , BNU3KKX K HynNo, onpefeneHue WHTEpsanoB oxsata B (hopme anNnauMncos U

NPAMOYTrONbHUKOB HE ABNAETCH NOAXOAALLNM.

9.4 OpHoBpeMeHHOE U3IMEpPEeHMEe AaKTUBHOIO U PEaKTUBHOrro CONPOTUBNEHUH

9.4.1 TlMocraxoBka 3agauun

9.4.1.1 AkTuBHOEe R W peakTuBHOoe X CONPOTUBINEHUA 3NEeMeHTa uenu onpege-
NAT NYTEM U3MEPEHMA aMnNMTyabl V U3MEeHSIOWEeroca no rapMoHUYECcKOMY 3aKOHY Ha-
NPSXEHUS Ha ero Knemmax, amnnuTyabl / NPOXOASWEero Yepe3 3MneMeHT nepemMeHHoro
TOKa ¥ (pa3oBoro casura ¢ Mexay HanpsKeHuem U cUnow Toka. BxogHsiMu BenuyuHamm

Mmogenu senslTea V, [ U ¢, a BbiXOOHLIMKM — yKa3zaHHbie conpotuenesma R u X, a

TaKKe MOAYNb NOMNHOTO UMNedaHca aneMenTauenn Z, Z° =R + X°.
9.4.1.2 TlpumeHenne 3akoHa OmMa faert TpexMepHy ModenNt U3MEepeHUa
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V V V
R=7cos¢, X=Tsin¢, Z=T, (26)

CBA3LIBAKOWYI0 BXOAHYIO BenuuuHy X =(X,. X,, X,)' =(V. 1, ¢)' c BbixoaHon BenuunHom

Y=(¥.,Y.Y) =(R. X.2).

npumeuanue 1 — B Hactosiwem npumMepe B Uenax yNnpoweHWa He yYUTbiBaTCsa cucre-

matuyeckme ahekTbl, KOTOPLIE MOMYT OKa3biBaTh BNusaHWe Ha oueHkn V , [ u ¢.

Mpumevarnue 2 — AHanoruyxslin npumep paccmotped 8 JCGM 100 (paagen H.2), rae pe-
aKTUBHOMY CONPOTUBNEHWUIO npucBoeHo obosHavenne X . Takoe e obo3HauyeHuwe UCnonb3yeTcs
B Hacroswem npumepe. PeaktuBHoe conportusnenve X SBNSETCH 3NEMEHTOM BEKTOPHOW Bbi-
XOAHOW BenuuMHbl Y | 1 €ro He HyXHO nytate ¢ X — BEKTOPHON BXOAHOM BENUYNHON.

9.4.1.3 B ogvHaKoBbiX yCNOBUAX NPOBeAEeHO n =6 NOBTOPHbLIX HE3aBUCUMbIX Ha-

OnoAeHUA X, ..., X, BXOAHOW BenuuuHbl X . Peaynbratsl 3Tux HabnogeHuid npueeeHs! B

Tabnuue 8.

Mpumeuanue — B npumepe na JCGM 100 (pasgen H.2) uncno Habniogernin 6oino pasHo
nsAT!, U pesynbTarbl Tex HabniaeHnin NpUBEAEHb! B NEPBbIX NATH CTpokax Tabnuubl 8. OgHako
ANns onpegeneHns KOBapuaumoHHon matpuubl (cm. 9.4.2.5) Heobxoaumo kak muHumym 6 Habnio-
aexuin. Moatomy B Tabnuyy 8 Buino pobasneHo wectoe HabniogeHne, NoNyYeHHoe Kak cpeaHee
apudMeTUYECKOE 3HaYEeHWe NepsbiX NAT HabnopeHuh. [Ana HacTOAWEro npumepa HecyuwecT-
BEHHO, Kakum cnocoBom Gbino nonyyeHo wecroe HabnoaeHne, HO BLIBOP B Ka4yecTse WecToro
HabniogeHna cpeaHero 3HavyeHus BolbOpKU NO3BONAET COXPAHWUTL 3TO CPEAHEE 3HAYEHWEe Hewus-

MEHHbIM.

Tabnuua 8 — [laHHble n =6 OQHOBPEMEHHBIX HE3aBUCUMbIX HABNIAEHWN BXOOHLIX Be-

NUYKH AN MOAENU U3MEPEHMUA aKTUBHOIO U PEakTUBHOro conpoTusneHun (9.4.1.3)

Habnwpenue V,B 1, MA ¢, pan
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
6 4,999 19,661 1,0445
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9.4.2 BbluMCNEeHUA U pe3ynbTaThl
9.4.2.1 PeaynbTaT 3aMepeHus B HacTosALLEM Npumepe AomkeH BbiTe npeacTtasneH

B BMAE OUEHKW y BenuuMHbl Y 1 COOTBETCTBYIOW el KoBapuauMoHHoi maTpuysl U, . 1ot

peaynbTar AoMmKeH BbiTh NONy4YeH Ha OCHOBE MOAENN M3MEPEHUS, 3a4aHHOW hopMynamm

(26), » naHHbLIX HAabNWAEHUA X, ..., X, , NPUBEAEHHbIX B Tabnuue 8. PeweHue aaHHOW 3a-

nayu Ha ocHose cnocoba ouyeHueaHus HeonpeaenenHoctu no GUM npuesepexo 8 JCGM
100 (nynkT H.2.3). B HacToswemM npumepe NOMUMO AaHHOro cnocoba paccmarpuBarTca
moaudmkauus cnocoba ouennBanus HeonpegeneHHocTu no GUM Ha ocHoBe npumeHe-
HUA MHOFOMEPHOro - pacnpegeneHus (cM. 5.3.2) Ansa BXOAHLIX BENUYUH, A TaKkKe Npu-
MmeHeHnue metoana Moxre-Kapno.

9.4.2.2 [nsa Toro, 4Tobbl NPUMEHUTL CNOCOD OLEHWBAHUA HEONPEAENEHHOCTH No

GUM Heo6xoanMO 3HaTb OLIEHKY X = (\f-. £, J)r sxoaHoun senuumnHsl X =(V, 1. ¢)', onpepe-

nAemMyl kak BbiDOpOYHOE cpefHee NO HabnwAeHWAM, AaHHble KOTOPbLIX NPUBEAEHbl B
Tabnuue 8 [JCGM 100 (nyHkT 4.2)):

|
X=—(X, + %X, ).
n

KoeapuauuoHHas matpuua U, , cOOTBETCTBYOWAEA X, COAEPXUT AUCnepcuun, cooT-

seTcTByloWwme cpeaHuM aHauveHusm [JCGM 100 (nyHkT 4.2)], u koBapuaummu, COOTBETCT-

ByOLWMe Kaxaon nape cpeaHux 3Havenuit [JCGM 100 (nywkr 5.2.3)], u BoluucnsaeTcs no

dopmyne:

U, =—M, M=(x, —x)x, -x)" +..+(x, -x)x, -x)",
nin—1) '

rae M — marpuua cymm KBagpartos M npou3ssefeHuidt. OUeHKU BXOAHBIX BENWYUH U COOT-
BETCTBYKOLME CTaHOAPTHLIE HEONpeaeneHHOCTH npueeaeHsl B Tabnuue 9, a koaddpuum-

EHTbl Koppenauuy, COOTBETCTBYOLWLKME Napam TaknX OUEHOK, — B Tabnuue 10.

Tabnuua 9 — Ouexkm BxoaHbIX Benuund X = (V. /1, ¢)° npu oaHOBPEMEHHOM U3MepeHUu

aKTUBHOIO W PEaKTUBHOIO CONPOTUBMNEHWUNA WU COOTBETCTBYIOWKE CTaHAAPTHLIE Heonpeae-
neHHoctu (9.4.2.2)

Mapamertp vV,.B I, MA ¢, pag
OueHka 4.9990 19,6610 1,04446
CraHpapTHasa HeonpeaeneHHoCTb 0,0026 0.0077 0.00061

86




rOCT P 54500.3.2-2013

Tabnuua 10 — KoahpuumeHTsl Koppenauun, COOTBETCTBYIOWME NapamM OLEHOK BXOAHBIX
gsenuumH X =(V, 1. ¢)', Nnpu OAHOBPEMEHHOM W3MEPEeHUM AKTUBHOMO W PEaKTUBHOMO CO-

npoTuenexHun (9.4.2.2)

Vv 1 ¢
Vv 1 -0,355 0,858
1 -0,645

@ 1

MNpumeuyarnue — B JCGM 100 (pazaen H.2) ans gaHHON 3agayv paccMOTpeHbl ABa chno-
coba OUEeHNBaHWUA HeonpeaeneHHOCTU U3MEePEeHUA, NpUuYemM NpuHUKN, NONOXEHHbLIA B OCHOBY BTO-
poro cnocoba, nanoxex 8 JCGM 100 8 npumeuanum k nywkry 4.1.4. B HacTosiwem crasigapre ator
BTOPOI cnocob He paccmarpusaeTcs NO NPUYMHAM, YKa3aHHbim B 4.1.

9.4.2.3 CornacHo cnocoby oueHusanus HeonpegeneHHocT no GUM, ouexky
y = (K %. %) soixonHoit BenuumHbl Y = (R, X. Z)' paccuMTIBalOT Ha OCHOBE OLEHKM X

no cpopmynam (26),
y =[;cos9€ %sinf —‘;—] .

KosapuaunoHHy matpuyy U, , COOTBETCTBYIOWLYIO ¥y, BBIMUCAAKT no hopmyne (3)
n36.2.1.3, U, = C,U,C", rae C, — maTpuua YyBCTBUTENLHOCTEN, MMEKOWAn Bua

Pcosf lfsin;f _\f-'singf—

FF F
singf _‘fsiné‘- \Fcosﬁ

C, = £ f; | (27)
1 |\
P oF "

PeaynbTaTthl, NONyYeHHbIE C NPUMEHEHWEM cnocoba OUeHWBaHUA HeonpeaeneHHo-
ctv no GUM, npuseaeHsl B nepson ctpoke (metog GUF) tabnuust 11.

Mpumevanue 1 — B nocneanem cronbue tabnuuber 11 npuBeneHbl 3Ha4YeHwWs Ans
1-r(X.Z), nockonsky koadpuumuent koppensuun r(X . Z) Bnunsok k eguaunue (cm. 3.21, npume-

yaHue 5).
Mpumevanue 2 — MNpu umeowencs B moaenu, onuceisaemon hopmynamm (26), sasucu-

MOCTY MeX4Y BeIXOAHBIMK BENWUYUHEMMW

Z'=R*+X?, (28)
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xoBapuauyuoHHas matpuya U, Teopertuuecku fonkHa GuiTb cuHrynsapHa. Benegcrsue owwubok

OKPYINEHNA KOPPENsILMOHHAN MaTpuua, 3NEMEHTbI KOTOPOKU NpUBEAEHbl B NepBon cTpoke tabnu-
ybl 11, HE SBNSIETCH HW CUHIYNSAPHOW, HWU NONOXUTENbHO onpeaeneHHon. Ho u3-3a manoctu
CTaHAapTHbIX HeoONpeaeneHHoCTen ANA OUEHOK BXOAHLIX BENUYMH 3Ta CUHIYNAPHOCTD HE OKasbl-

BaeT NPaKTUYECKU 3HAYMMOro BNUSIHUA Ha NONy4YeHHble pesynbTarsl [20, pasnen 4).

Tabnuuya 11 — Pe3aynbTaTtel OQHOBPEMEHHOIO U3MEPEHU aKTUBHOIO U PeakTUBHOIo Co-
npotusneHun (9.4.2.3,9.4.2.4 1 9.4.2.5)

Meton R,OM| X,0M| Z,OMm| wulR),|ulXx),|ulz),| r(R.X) | r(R.Z) |1-r(X.Z)
Om Om Om

GUF 127,732 | 219,847 | 254,260 | 0,058 | 0,241 | 0,193 | -0,588 -0,485 |0,749x102

MMK 127,732 | 219,847 | 254,260 | 0,130 | 0,536 | 0,429 | -0.587 -0,482 I0,770><102

AnsTepHaTueHwi | 127,732 | 219,847 | 254,260 | 0,130 | 0,540 | 0,431 -0,588 0,485 |0,749x10°
GUF

9.4.2.4 B npeanonoXeHuu, YTO AaHHble, npueeaeHHble B Tabnuuye 8, aensawTca
eUHCTBEHHOW AOCTYNHOW MH(POPMaUMe O BXOAHbIX BENUYMHAX U YTO Kaxaoe Habnwoge-
HUEe MOXHO paccMaTpuBaTh Kak BbiDOPKY U3 OAHOIO U TOMD e MHOTOMEpPHOro HopMarnsHo-
ro pacnpefeneHus, BXOAHYK BenuuuHy X ONUACLIBAIDT  MHOTOMEpPHbIM -
pacnpegeneHuem i (x,l\'lf(vn)), c v=n—-N =3 crenensmu csoboabl, rae x — seibopou-
Hoe cpeaHee, onpeaeneHHoe B 9.4.2.2 (cm. 5.3.2). PeaynbTaTsbl, NONyYeHHbIE C NpUMEHE-
Huem M =10" mucnoitaHui metoga MouTte-Kapno, nokasanbl BO BTOPOW CTpoke (Mmetof
MMK) Tabnuusl 11.

9425 Benuunsa X, onucbiBaeMas MHOTOMEpHbIM -pacnpegeneHvem (Cm.
9.4.2.4) vMeeT KoBapUauNOHHYO MaTpuuy
1

(v=2)n

Yyer artoro obcrosTenscrea No3soNsieT HECKONbLKO ynyuqwuTs npoueaypy oueHu-

M.

V(X)=

BaHUA HeonpeaenexwHocTu no GUM, paccMoTpenHyto 8 9.4.2.3, 3amenus B chopmyne (3),
U, = C,U.C,", matpuuy U, Ha V(X). PeaynsTarsl, NONyYeHHbLIE C NPUMEHEHUEM TaKOrO
anbLTepHaTUBHOIC NOAX0AA, NPUBEAEHb! B TpeThel cTpoke (metoa AnbTepHaTtusHein GUF)
Tabnuuel 11 (cm. Takke [15]).

Npumeuanue 1 — V(X) — koBapuaumoHHas matpuua, NOMyYeHHas ¢ yYeTOM AOMNONHWU-
TenbHoi uHdopMaunm, paccMoTperHon B 9.4.2.4.

Mpumeyanune 2 — KosapuauwonHas martpuua ans X, nonyyeHHas Ttakum cnocobom,
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MoxeT BbiTe OnpeaeneHa TonbKo NPu BbINONHEHUW yenosua v = n— N > 2. MMeHHO no 3Toi npu-
YUHE ANs HacTosiwero npumepa notpeboBanock He mMeHee n =6 OgHOBpPEeMeHHbiX HabnogeHwnit
ana N =3 BxoaHblx BENWYKH (CM. npumedanne k 9.4.1.3).

9.42.6 KosapuauuonHas matpuua V(X), nonyueHHass w3 pacnpegeneHus Ans
X, cBfizaHa ¢ KoBapuauuoHHoW matpuue U _, ucnonbayemon B cnocobe oueHWBaHUA He-

onpeneneHHocTu no GUM, cooTHolweHem

v(x)="_-'u.,
n—N-2

9.4.2.7 PacxoxaeHwe peaynbTatos, NONYYEHHbLIX NpU nNpuMeHeHun metoga Mos-
Te-Kapno v ansTepHatusHoro cnocoba oueHuBaHua HeonpeaeneHHoctu no GUM, npe-
Hebpexumo Mano. 310 03HavaeT, YTo yHKUUKU nameperus B opmyne (26) moryT BbiTe
NWHEapU30BaHbl C XOPOLUEH CTENeHb NPUBNUKEHNA B OKPECTHOCTU OLEHOK BXOAHLIX Be-
NUYUH.

9.4.2.8 B JCGM 100 paccmaTpueaeTcs BO3MOXHOCTbL ONUCAHUS BLIXOAHOW BEnu-
YMHBI {-pacnpegeneHreM ¢ ucnonb3osaHuem gopmynst Yanya-Carrepryanra [cm. JCGM
100, dbopmyna (G.2b)] ana pacuyera yucna apdekTMBHLIX crenexent ceoboabl. OaHako
npuMeHeHue aTow opmynel npegnonaraeT He3asMCMMOCTL BXOAHLIX BENWYWUH, CTaH-
OApPTHBLIM OTKINOHEHUSIM KOTOPbIX COOTBETCTBYIOT KOHEYHble yucna creneHen csoboabi.
[aHHoe ycnoBue B HACTOSALWEM NPUMEPE HE BLINONHAETCA.

9.5 M3mepenHue Temnepatrypbl C UCNONbL3OBaHUEM TepMOMeTpa CONpPOTUB-
nexus

9.5.1 OcHosHOe

B HacrosuwemM npumepe paccMaTpuBaeTCs M3MepeHne TeMNepartypsl NPOMBILLNEH-
HbiM NNaTUHOBLIM TEPMOMETPOM CONPOTMBNEHMA NYyTEM CPABHEHUS CONPOTUBNEHUA Tep-
MOMeETpa C 3TanOHHbIM CONPOTUBNEHUEM B CXeMEe U3MepuTensHoro mocra. Ecnu uamepe-
HUIO NOANEXWUT KOHKPEeTHas Temnepatypa, TO ANs 3TOW ueny UCnonb3ylT OQHOMEPHYIO
Moaens uamepenus (cm. 9.5.2), a ecnu HECKONLKUX TEMMEpPaTyp — TO MHOFOMEPHYK MO-
pens (cm. 9.5.3). B npumepe paccmarpusaetca oOpaboTka AaHHbIX B paMKax yKa3aHHbIX
mMoaenen uamepeHus cnocobom oueHuBaHus HeonpeaeneHHocTu no GUM.

9.5.2 WamepeHune ogHON TeMnepaTypbl

9.5.2.1 TemnepaTypy # U3MEpPAIOT CpaBHEHUEM conpoTusnexus R(#) Tepmomer-

pa ConpoTUBNEHWs C 3TanOHHbLIM CONPOTUBIIEHUEM R.s U3MepuTenbHoro mocra. Ha uH-
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Tepsane Temnepartyp ot 0 go 30 °C, conpoTuBneHne TepMoMeTpa MOXeT ObiTb Npubnu-

EHHO ONUCAHO KBaAPATUYHOW (hyHKUMEN ero Temneparypbl 6 :

R(O)=1+A0+BO°)R,, (29)
roe R,, A v B —napameTtpsl, onpegensiembie npy rpagympoeke (kanubposke) TepMomeT-

pa. OueHku Ru, A U B v COOTBETCTBYHLWMWE CTaHAAPTHLIE HeonpeaeneHHoCTH npueeje-

Hb! B Tabnuue 12, a koadduumeHTb Koppensuuu Ans nap Takux oueHok — B Tabnuue 13.

Tabnuua 12 — OueHkn BxoAHbIX BenuumH X =(R,, A. B, R, r)T ¥ COOTBETCTBYHOLIME

CTaHOapTHLIE HeonpeaeneHHOCTU Npu u3mepeHuu Temnepatypbl (9.5.2.1, 9.52.2 wu
9.5.2.3)

MapameTp R,.Om| A,°C" | B,C* | R, Om r

OueHka 9999610 | 0,0039096 | -6,0x10" |99,99947 1,0780057

CraHpaprHas HeonpeaeneHHoCTb 0.00050 | 0,0000027 | 1,1x107 0,00010 0,0000050

Tabnuua 13 — KoahpuuueHTsl KOppensauun, COOTBETCTBYIOWMWE Napam OLEHOK BXOAHBIX

BENUYUH NPU U3MepeHun Temnepartypet (9.5.2.1,9.5.2.2 1 9.5.2.3)

R, A B
R, 1 -0,155 0,092
A 1 -0,959
B 1

9.5.2.2 OueHKka BenuuMHbl R, U COOTBETCTBYKOLWAN CTaHAapTHas Heonpeaenex-
HOCTb, nonyyaemsie npu kanubpoeke, npueepeHsl B Tabnuuye 12. R, He 3aBUCMT OT na-

pameTpoB R, A u B.

nt
9.5.2.3 TlocpeacTeOM M3MEPUTENLHOIO MOCTa ONPEAEensioT OTHOLUEeHWEe COonpo-
TUBNEHUN

r= R}ig). (30)

5

I'IonyquHoe 3Ha4eHue r W COoOTBEeTCTBYHLWas CraHfapTHaa HeonpeaeneHHoCTb

npueeneHbl B Tabnuue 12. OTHOWEHWE CONPOTUBNEHWA HE 3aBUCUT OT NapaMmeTpos R,

A W B TepMOMETpPa CONPOTUBNEHWUA W 3TANOHHOIO CONPOoTUBNEeHua R, . Takum obpa3zom,
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8 Tabnuue 13 coaepxarca Bce HeHynesble KO3IMPUUMEHTHI KOPPENALUMK BXOAHLIX BEnu-
YMH.
9.5.2.4 Mopenb namepeHus Temnepartypsl ¢, nonyyenHas ua popmyn (29) u (30),

UMeeT Bug
(1+40+B& R, 1R, =0. (31)
B obo3nauenuax, NPUHATBIX B Hactoswem cradgapre, N =5, m=1,
X=(R.ABR. V), Y=0u
Wy .X)=(1+A6+B6* R, — 1R, .
Mpumevanue — Mogens uamepenus, onpeaensiemas cgopmynon (31), moxert GbiTe npe-
oBpasoBaHa K ABHOMY BUAY NYTEM PELIEHWUA KBAAPATHOrO YPaBHEHUS OTHOCUTENBHO &. OgHako
Takoe npeobpasosaHue BrnovaeT B ceba npoueaypy BoIMUTAHWUS BNM3KMX YUCEN, YTO MOXET NPK-

BECTY K NOTEPE TOMHOCTU BBIMMCNEHWUS, U, KDOME TOrO, OHO YCNOXHAET BhiMUCNEeHWe koadhduLu-

EHTOB YYBCTBUTENBbHOCTH.
9.5.2.5 OueHky Temnepatypbl y = # Nony4alT Ha OCHOBE NOMYYEHHOTO OTHOLUE-
HWSA CONPOTUBNEHWIA r, NOACTABNAA AaHHble u3 Tabnuusl 12 B ypaeHeHue (31) n Haxoas

pelweHue 3Toro ypasHeHua. Mickomas oueHKa pasHa 6= 20,0232 <C.
9.5.2.6 CTaHaapTHYi0 HEONPeAENeHHOCTb i, = u(ﬁ) COOTBETCTBYIOLLYIO OLEHKE Y,
BLIMUCTIAOT C MCNONb30BaHKUeM opmynsl (8) u3 6.3.1.3, C,U,C," =C,U,C,". Bbiuucne-

HUe maTtpuy vyscTeuTensHoctn C, u C, no popmynam
y . pMy

C, =‘_=[_ ——y—— —:l=[I+A9+B()2,ROB, RO . —r.—R,]

C HOACTaHOBKOFI OUEHOK BXOAHbLIX BENMUYUH, NpUBEAEHHbIX B Ta6nmue 12, N COOTBETCT-
BYHOLLEW OLEHKN BbIXOAHOW BENMYUHLI AaeT
e, =0,389 Om-°C ',

C, = [1,08; 2,00x10' Om. °C; 4,01 Om- °C?; —1,08; —1,00x10° Om |

OnemeHTl KOBapUauWOHHOW MaTpuubl U , COOTBETCTBYIOWEH OUEeHKaM BXOAHbLIX

BENUYMH, BbINMCNAIOT M3 CTaHOapTHLIX HeonpeaeneHHocTew B Tabnuue 12 u koadpuum-
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eHTOB Koppenauuu 8 Tabnuue 13, uto paer u(&)= 0,0045 °C.

9.5.3 MW3mepeHue HECKONbKUX Temneparyp
9.5.3.1 TepmomeTp CONPOTUBNEHUA, 3TANOHHOE CONPOTUBIEHWE W U3MEpPUTENb-
HbI MOCT, onucaHHbie B 9.5.2, UCNonb3yoT AnNA U3MEPEHUA OTHOLWEHU CONPOTUBNEHUA

7+« 1, , COOTBETCTBYIOWNX JECATH PA3HBIM TEMNEpaTypam 4, .... 6, .

9.5.3.2 OueHKku BXOOHLIX BENUYUMH, R,, A, B n R_ W COOTBETCTBYIOLIME CTaH-
AapTHble HeonpeaeneHHocTH npueedeHsl 8 Tabnuue 12, a oueHku 1, ..., n, — B Tabnuue

14. EQUHCTBEHHLIMKW HEHyNeBbiMM KO3 dUUUEHTAMK KOppensauun, COOTBETCTBYHOLLMMIU
napam OLEHOK, NO-NpEeXHEMY OCTaTCA KoaddUUMEHTH!, npuBeaeHHsble B Tabnuue 13.
MpeanonaraeTca, Y4TO OTHOWEHUSA CONPOTUBNEHWA He3aBucHMbl Mexay cobow. [aHHoe
NpeanonoXeHWe MOXHO CYMTaTb cnpasefnuebiM, ecnu npeobnagalwuii BKNag B Heor-

peaeneHHoOCTb U3MEPEHUA OTHOLIEHUA CONPOTUBNEHWIA BHOCAT CNyvyanHble 3pdeKTbl.

Tabnuuya 14 — OUEHKU OTHOWEHWSI CONPOTUBIEHWA U COOTBETCTBYIOLUME UM CTaHAapT-

Hble HeonpeaeneHHOCTH NPU U3MEPEHN HeCKONbKUX Temnepartyp (9.5.3.2)

MapameTp " r, r, r, rs
(t"; - 1)x 107 53 150054 300055 450056 600056
ul£ )x10° 50 50 50 50 50
MapameTp r, r, r, r, T
(g - l)x 10° 780057 900058 1050059 1200060 780057
ul€ )x 107 50 50 50 50 50

9.5.3.3 W3 cdopmynel (31) cneayer, UTO CBA3L OTHOWEHWA CONPOTUBNEHUA r C
COOTBETCTBYIOWEW TEMNEPAaTYpOit 3a0aeTca ypasHeHueMm
(I+A0; +BHj )RO -r R, =0, j=1..10. (32)
B obo3HayeHusax, nNpUHATBIX B HacTosAwem craHpapre, N =14, m=10,
X=(R,.ABR .1, .r,) , Y=(6,...8,) n

h(Y,X)] [ (1+A6,+BO R, - 1R,
h(Y,X)= : - :
hm (Y,X) (l + Aﬂm + Be:i- )RU - rmRs

Mpumevanue — Mogenes usmepenus, onuceisaemas dopmynon (32), moxet BbiTe npuse-
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Aexa K ssHomy suay (cm. 9.5.2.4).

9.5.3.4 OueHku y = (5 v B )T Temnepatypbt Y (cMm. Tabnuuy 15) nonyuaior
noACTaHOBKOW OLeHOK, NpUBeAeHHbIX B cTonbuax ¢ nepeoro no YertsepToi Tabnuupt 12, a

Takke B Tabnuue 14, 8 ypasHeHus (32) v peleHrMemM 3TUX YpaBHEHWUNA.

Tabnuua 15 — OueHKM BLIXOAHLIX BENWYMH Y U COOTBETCTBYIOLLME CTAaHAAPTHLIE Heon-

peneneHHoCTU Npu UaMepeHnn Heckonekux Temnepartyp (9.5.3.4 1 9.5.3.5)

MNapameTp 4,°Cle,, C|o, °C|ag,, «C|4., <Clb., «Cle,, °Clé,, Cl4,, Cla,, °C

1o

Ouenka 0,0100 | 3,8491 | 7,6928 |11,5410|15,3938/20,0232|23,1131|26,9797|30,8509/|20,0232

CranpaptHas we- | 0,0018 | 0,0027 | 0,0040 | 0,0046 | 0.0047 | 0,0045 | 0,0046 | 0,0060 | 0,0089 | 0,0045
onpeaeneHHocTs

Tabnuuya 16 — KoadhhuumeHTbl Koppensauuu, COOTBETCTBYIOLMWE Napam OLEHOK BbIXOAHbIX

BenuumMH Y, Npu uaMepeHun Heckonbkux temnepartyp (9.5.3.5)

o, 0, 0, 8, 0., 6, 0, b, o, 8,
o, 1| 0252 | 0,127 | 0079 | 0,059 | 0,054 | 0,056 | 0.054 | 0,050 | 0,054
&, 1| 0815 | 0800 | 0755 | 0580 | 0312 | 0,092 |-0358 | 0,580
o, 1| o902 | 0868 | 0,691 | 0400 | -0,057 | -0,365 | 0,691
o, 1| 0969 |[0766 | 0495 | 0.040 | -0,281 | 0,766

=

0,847 0,629 0.208 -0,115 | 0,847

Q:

0,841 0549 | 0,264 | 0918

1] 0812 | 0,613 | 0,841

2| =

0,909 | 0,549

2

0,264

i)

1 1

9.5.3.5 KosapuauuoHHyio matpuuy U . COOTBETCTBYHWLUYIO ¥, BRIMUCAAKT C MC-
nonb3osaxHnem gopmyns: (8) ns 6.3.1.3, C‘U,C,’ =C UL, rae C, u C - matpuusl
4YBCTBMTENbHOCTH, nonyyaembie u3 matpuy C, u C, B TOYKax OLEHOK BXOAHLIX WU Bbi-

XOOHbIX BenuuuH, C, — anaroHansHaa marpuua paamepHoctu 10x10 ¢ anaroHanbHbIMK

anemeHTamu R, (A+Bé@,), ... R,(A+B#, ); C, —maTpuua paamepHocTi 10x 14 Buga
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C, = lcxm mel'

raoe
1+ A6, +B6> RO, RO —r
c v_ ) 2 : A -
. : : : :
1+A6, +BO> RO, RO -r

H 0o LU (U] 10

maTtpuua pasmepHocti 10x4 a Cx'” — AuaroHanbHas marpuua pasmepHoctu 10x10 co
BCEMU AWAroHaNnbHLIMU 3nemeHTamu, pasHbiMu (- R, ). KosapuauvonHywo matpuugy U,
BbIMMCNAT U3 CTAHAAPTHLIX HEeonpeaeneHHoOCTen, npueeaeHHsbIX B ctonbuax 1-4 tab-
nuusl 12 1 B Tabnuue 13. CraHaapTHble HEONPeaeneHHOCTU ANA OUEHOK Temnepartyp, u

Koacquuuemu KOoppenauun Ana nap 3tTux oUueHOK, NonyYeHHbIe U3 MaTpuubl U, , Nnpuee-

neHbl 8 Tabnuuax 15 u 16, COOTBETCTBEHHO.

9.5.3.6 Peaynbrarthl, npuBeaeHHble B Tabnuue 15 U Ha pucyHKe 22, NOKa3biBaoT,

KaK CTaHOapTHas HeonpeaeneHHoCTb u(tf' ) U3MeHsieTcst BMecTe C oueHkoi & Temnepa-
Typbl #,. HeonpeneneHHOCTe M3MEpPeHUA TeMNepaTypbl MUHUMAarnbHa BONUan Hyns u pes-

KO BO3pacTaer npu Temnepartypax sbiwe 25 °C. 3101 adhpekT obycnoeneH Tem, 4To rpa-
AyupoBKa TepMOMEeTpa CONPOTUBNEHUN Dbina BbiNONHEHa NPU OMOPHLIX 3HAYEHUAX TeMm-
nepatypsl 0, 15, 20 u 25 °C, npuuem temneparypa 0 °C cosgasanacb npu NomoLLM ne-
ASIHOW BaHHbLI, B YCNOBUAX KOTOPOW CTaHAapTHaa HeonpefeneHHocTb Bbina 8 Tpu pasa
MeHbleW, YeM B YCNOBUSAX MaCNAHOW BaHHbLI, UCNONL3YEMOW NPU rpagyupoBKe Ha Tpex
OPYrX ONOPHbLIX 3HAYEHURAX.

Mpumeuarnue — OTPE3kN NPSAMBIX NUHWA, COBANHSIIOWNX TOUKN Ha pucyHkax 22 u 23, uc-
NONb30BaHb! B Lensx Gonbluei HarNsAHOCTY.

9.5.3.7 Ha pucyHke 23 rpaduk, NOCTPOEHHLIN NO AaHHbLIM nocneaHero cronbua

Tabnuubl 16, nNOKa3biBaeT, KaKk U3MeHSeTCA KO3 MdMULMEHT Koppenaunun, CooTBETCTBYIO-

LKA Nnape OUEeHOK 5, " 6:" Temnepartyp no Lenscuio 6 no, =20 °C B 3aBUCUMOCTH OT
J J=1...9. KoathuureHT Koppenauun UMeeT MakCumym npu & =6, » CTpemuTcs K
HYNIO NpY yBenuyieHun abconTHON pa3HOCTH |€ —ﬁml. Mpumep AeMOHCTPUPYET, YTO Be-

NNYUHBLL, U3MEPAEMBIE OAHUM W TEM Xe CpeACTBOM U3MEPEeHWUA, MOryT UMeTb BbICOKYH

CTeneHb Koppenauuu.
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0.010 1 r

0.008

C

0.006 -

0.004 -

0.002

CTaHIBPTHAR HEONPENENEHHOCT

0[m - - ' . . . 'l -
s 0 5 0 15 20 2% 30 35

Ouerea Tennepatyps, C
PMCVHOK 22 — CTaHnap'rHan HeonpeaeneHHoCTb u(f, ), COOTBETCTBYHOLLAA OUEHKe &l

Temnepatypsl & (9.5.3.6)

1.0 ! '
0.8
0.6 -

0.4~ 1

KoadhdmumenT ropperagmm

|).0 - - i . 4 - . -~ o
-$ 0 5 10 15 R 28 30 35
Ouewxa Temnaparypsl, C
PucyHok 23 — Koath@UUUWEHT Koppenauum, COOTBETCTBYIOWMIA Nape oLeHoK 5, ] 5,‘,

Temnepatyp ¢, u 6, =20 °C (9.5.3.7)
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Mpunoxexnue A
(cnpaBou4Hoe)
Mpon3BoaHbIe MHOrOMEpPHbIX (PYHKUMUNA U3MEPEeHUN C KOMNMNEeKCHbIMMU

BenuYnHamm

A.1 B Hacroslem NpUNOXeHWN PaccMaTpUBaeTCs KOMMNAKTHLIA anropuTM BbiuUC-
NEHUA YaCTHbLIX NPOU3BOAHLIX NEPBOro nopsaka MyHKUMKM U3MepeHns f B MHOTOMEPHOW
MOAENW U3MEPEHUA C KOMMIEKCHBIMW BENNYUHAMM

Y =f£(X),
roe

X=(X,,u X,,)', Y=(Y,., Y )

fF=(f,.f,),

X, obo3HayaeT KOMNMNEKCHylo Benuuuny X +iX , X . » X, — [nedcTeuTensHble Be-

[

NUYUHBL, @ i° = —1. AHanorMyHble npeacraesneHua cnpaseanuesl ANA KOMNNEKCHbIX BENnu-

MMH Y, nf .

A2 MNycts U, obo3HauaeT KOBApUMaLMOHHYIO MaTpuly pasmepHocTu 2N x 2N, co-

OTBETCTBYIOLYIO OUEHKE X BenuuuHbl X. U‘ nMeeT sua

U(xl’xl) U(xl’x.\')
U, =| c,
U(x,, ,X,) U(X‘\-,XN)

roe

u(x,_,,x,,,z) u(x,.,..\',.,

KOBapUaLMOHHAA MaTpuua pasmMepHOCTU 2x 2, COOTBETCTBYIOLLAS OLUEHKAM X, U X, KOM-

NNekcHbix BenuunH X, n X , COOTBETCTBEHHO.
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A.3 KoeapuauyuoHHas martpuua

Uly,.y,) - Uly,y.)
U = : - :

y

Uly,,y,) - Uly,.y.)

pasMmepHoCTU 2mx 2m , rae

U("”y})=[u(-v)n~.‘";.n ) “('v"“’y.'.l):l, |

ulyiny,e) uly.y,)
COOTBETCTBYHOLAA OUEHKE
y =f(x)

BenuuMHbl Y, onpeaensieTca 0BOBGLIEHHBIM 3aKOHOM TPaHC(OPMMUPOBAHUA Heonpeae-

NeHHocTen

u =cuc,’ . (A.1)

A4 C_  — matpuua YyBCTBUTENLHOCTU pa3mepHocTH 2mx 2N, nonyyaemasn Bbl-

YucneHnem
Cl.l CI.N
C,=| : :
Cu'.l Cm..’\
B Touke X =x, rae C,, — matpuua paamMepHoOCTM 2x2 4acTHbIX NPOU3BOAHLIX NEPBOrO

nopsaka AEWCTBUTENbHbLIX U MHMMbIX 4acTed f , COOTBETCTBYIOWMUX AEWCTBUTENLHOW U

MHUMOM YacTam X :

é?f,-.R (-:?f,-.ﬂ

X oX
C — iR il
" a‘fl.l af,.l
X, X,

R

A5 [Ona Npou3BONLHOW KOMMNEKCHOW CKanapHoW BenuuuHel Q =0, +iQ, pac-

CMOTPUM MaTpU4HOe npeacTasneHue paamepHocTu 2x2 suaa [14):

worls ¢
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Toraa C,, MOXHO NPEACTaBUTL Kak

.
c -m 2|,
1 oxX.,

[anHoe npeacTaBneHne ABNAeTCA OCHOBOW ANS PacYeToB YacTHbIX NPOU3BOAHLIX nepeo-

ro nopsaka KoMNNekcHolx Benuynd £ no X .
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Mpunoxexue B
(cnpaBo4yHoe)
Boiuncnenme Ko3hPuUUMEHTOB YYBCTBUTENLHOCTU U KOBapMaLUUOHHbIX

MaTpuy AN MHOroOMepHbIX mogeneun

B.1 Ecnu uameputensHas 3agava MOXET ObiTb BbIP@KEHA B TEPMUHAX NTUHEWHON

anrebpsbi [13], TO BEIMUCIMTENBHO YCTOWYMBLIA anropuTM onpegenexus matpuusl U, se-
nAlWencs peweHneM ypasHeHus (8), cocTouT B cneayowem:

a) Ans MmaTpuubl U, BhINONHAKT pasnoxeHue Xoneukoro, R 'R =U_, 8 peaynb-
Tare yero nonyyalT matpuuy R

b) matpuuy C, npepacrasnaT 8 Buae npoussenenus C, =Q W, , rae Q, — opTo-
roHansHaa matpuua, a W _— BepxHsa TpeyronbHaa MaTpuua;

c) matpuuy C, npegcraenaiwT B Buge npousseaenus C, =L W ,rae L — Huxk-
HAR TpeyronbHas, a W — BepxHss TpeyronbHas Martpuubi;

d) pewarwT MaTpUyHOEe ypaBHeHue W’TM; =1 oTHOoCUTENBHO M |

) pelwarkT MaTpuyHoe ypasHeHue L”M2 =M, oTHOCUTENBHO M, ;

f) BbiumcnsoT MaTpuuy M, =Q "M

g) BoiumcnsioT MaTpuyy K = W "M ;

h) BeiumcnsaT matpuyy M =R K ;

i) marpuuy M npuBOANAT K TpeyronsHoMmy enay R ;

j) Bblumcnsor U, =R'R.

B.2 YkazanHaa npoueaypa moxeT ObiTb nposepeHa MeTogamu 3MeMeHTapHOW
maTpuyHou anrebpsl (cMm. [7]).
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Mpunoxexnue C
(cnpaBouHoe)

MNpeoGpa3zoBaHue cUCTeMbl KOOpAUHAT

C.1 OcHoBHbIe NONOXEHUA
B HacTosiwem NpunoxeHun paccMaTpuBaoTCa HEKOTOPbLIE acnekTsl 3agavu npeob-
pa3soBaHusa cucTembl koopauHar (cm. 9.3). B pasgene C.2 npuBeaeH aHanUTUYECKUIA Bbl-

BOA COBMECTHOW NNOTHOCTW pacnpepenedus ana Y B cnyyae, Koraa X, onucuiBaeTcs
HOpMansHbiM pacnpenenesuem N(x .u’), a X, — HopManbHeIM pacnpeaeneHuem U npu

atom X, u X, B3aUMHO HEe3aBUCUMBbI.

C.2 AHnanuTuueckoe peweHue ans ocoboro cnyyas

C.2.1 Mpepnonoxum, 4T0 X MMeeT NNOTHOCTL pacnpepeneHus g, (o), w

o=f"(3)°=1 *} _ B3aMMHO-0AHO3HAMHOE npeobpasosaHne 3HaueHun 3 =(zy,.....7, )
BenuuuHbl Y B 3HaueHus o=(£, ... &, )" senuwumnbl X. Toraa [19, crpavuua 35], Y

MMeEeT NNOTHOCTL pacnpeneneHusa

gy (3)= g6 (3))jder(), (C.1)
rae  det(J) — netepmuHanT matpuubl Akobu J |
G
an, aon,
J=| ¢ o i,
A%y dsn
an, o1

paccmaTtpusaeMbli Kak yHkumMsa 3. Mpegnonaraercs, 4yto det()) HUrge He paseH Hyno

unu 6ecKoHeYHOCTH.
Mpumeyvanue 1 — Gopmyny (C.1) MHOrAa Ha3LIBAKOT QOPMYNON 3AMEHDBI NEPEMEHHDBIX.

Mpumeuanue 2 — B cnyyae ogHomepHon senuunkel ( N = | ) npeobpazosanue nepemer-
woix 77 = f(&), rae f() — anddeperunpyeman u MOHOTOHHaR (yHKUMS, 4aeT Cnegyiowyio NnoT-

HOCTb pacnpegenesus ans Y (21, crpanuys 57-61]:
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od s )
(+)=g.(r (a»{ Tl

C.2.2 [nsa 3apaun npeobpa3oBaHua CUCTEMbI KOOPAWHAT, paccMoTpeHHou B 9.3,
X =(X,. X,)" co3navenusmu o=(&,, &), Y =(R, @) co3nauernamm 3 =(;,.5,)" u
& = cosny,, &, = sing,.

Takum oBpazom,
j- cosp, —n, sinn,
| sin 1, 15,cosn,

det(J) =17,
W3 atoro cneayet, uto npu 7, >0
Sur ) =18 (g, cosn, g, sing, ).
C.2.3 PaccmoTpum cnyuaii, korga X, ONUCbIBAETCA HOPManbHLIM pacnpegeneHu-

em N(x,.u ) a X, —HOpManbHbIM pacrnpeaeneHmem N(r. ) M X, n X, B3auMHO Heaa-

BuUCUMbIL. Toraa

8 x,.x, (§|v§: )= 81’_(‘.51 )8x: (’f* )= ’);:u: 3"[{_ (‘fl —T ).,,-:;ng 5 )- ) :

7}
,cosnp, —x, ) +(r; sing, —x, )’
g)l(”l 7. )—,, (” > 1 =0 — )
)Tll ._u‘
C.2.4 MaprvHansHoe pacnpegenexve ans Y, = R umeer sug
x 2 + \‘: s
8y (’]|)= _[Rr,.r, (’71?’72 )d”: = ,’l; cxp{ m.) 3 . ]ln( ,’.Zl J- (C2)
-8 “x "ux ul
roe
Yo=x g,
a 1, — mogucuumposaHHas yHkuua beccens nepeoro poaa Hynesoro Nopsaaka.

Mpumeuanune 1 — MNonyuenHoe pacnpenenenue npeacrasnset cobon pacnpepenenve

Paica c napameTtpamm vy,  u, .
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Mpumeuanune 2 — Ecnu y, =0, To paHHoe pacnpeaeneHve sBNAETCA pacnpeaeneHnem
Panes ¢ napameTtpom u_.

Mpumevanue 3 — Ecnu u, =1, To naHHoe pacnpeneneHne npeacrasnset coboi Heyex-
TpanbHoOE pacnpeneneHne Xu-KkBaapar ¢ AByMs cTeneHsmu ceo6oan 1 napaMmeTpoM HeUEHTPan-
HoCT! V).

C.2.5 MapruHaneHoe pacnpeaenesue ans Y, = @ uMmeer sua

7 1 v Ly
g, (n,)= jgr..r; (., )dn, = Tnex;{— #] [I +rrexplr’ )erfc(— r)], (C.3)
rae
e X, cosn, + x, siny,
V2u, ’
a

erfc(z)= l—ijexp(—t1 Jar —
T 0

AONONHUTENBHAA YHKUMA OLIMBOK.

C.2.6 Ecnu, kpome TOro, BLINONHEHO ycnosue x, = x, =0, Toraa

1, n;
. JL )= = ex - 2 |2
By, (”’ I') 2ru; v( 2u, ]

W, cnepoBaTtensHo, Y, 1 Y, B3aUMHO HE3aBUCUMbIe BENUYUHBLI C MapruHanbHbIM pacnpe-

peneHuem Panes ¢ napameTpomM u_Aans Yl

7 2
g.(n)= %ew[”—',] .

Qu’

W MapruHanbHbIM paBHOMEPHLIM pacnpegeneHvem Ha uHTepeane ot —r 40 1 AnA Y-,

1
27

g:.(’h)=

C.3 MpumeHeHue cnocoba oueHMBaHua HeonpeaenexHocTn no GUM
C.3.1 [ns 3apauvm npeobpa3oBaHUA CUCTEMbI KOOPAMHAT, pacCcMOTpeHHou B 9.3,

MoOenb UAMepeHUA MOXeET ObiTh 3anucaHa Kak AByMepHas Mogenb
Y = fl(x..xz)=1(Xf +XI, ¥, = fz(Xl.Xl)=arclan(X:}‘Xl),
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npu 3ToMm noapasymesaercs, yTo ¥, 20 u —r <Y, <x. BxoaHble BenuuuHbl X, U X,
MMEIOT OLUEHKM x M x,, COOTBETCTBYWOUWMWE CTaHOAApPTHbIe HeonpeaeneHHOCTH ulx) u

u(x,) v koBapuaumio ulx,.x, ).
C.3.2 W3 6.2.1.2 cnegyer, 4TO OUEHKK BENUYUH ¥, U ¥, UMEeOT Bug

v, =4 +x;, y, =arctan(x, fx, ).

C.3.3 Marpuuy yyecTeuTensHOCTU C, pasMepHOCTM 2 x 2 NONy4awT, BLIYUCNANA

a o X, X,
C - OX X, || {XTeXT XTI X]
*leh -X, X,

X, X, XI+XD  X!+X]

B Touke X, =x,, X, = x,. Takum oBbpa3om, npu ycnosum y, = 1p‘xf +x: >0 nonyyaem

.\" .\':
C - ‘(X‘: +x: J.l’f +x; _ COs Y, sin y, )
' - X, ~(sin y, Wy Aeos y: )y,
pe o S o

C.3.4 WN36.2.1.3 cnegyert, 4To
U —[ wiy,) uly.y ):|
"o lulys.y)  wi(y)

SBNAETCA KOBAPUALMOHHOW MATpULE’, COOTBETCTBYIOWEW oueHkam vy =(y,. v), ¢

uly,.y,)=uly.v,) w
u:(y,)= u:(.t, )cos’ Vs +u’(xl )sin: ¥y, + 2u(.\', WX, )cos v,siny,,

uly,, v, )= (x, )=’ (x, )lsin vy cos v, )f v, +ulx,x, Xcos2 y, —sin’ yl)}y, .

“1(.": )= u’ (xl )(Sin2 Y2 ))’.V:2 +u’ (x: )(COS: Y2 )f)'lz - 2“(_x: s X3 )(C':’S AP! sin Y2 )/.\'12 ‘
C.3.5 B pamkax cnocoba oueHuBaHus HeonpegenewHoct no GUM Y npunucei-

BalT ABYMEPHOE HOpPManbHoe pacnpegeneHue N(y,U, ), no koTopomy moryT 6uiTe no-
cTpoeHbl obnacTv oxsata ana Y Npw 3aaHHOW BEPOSTHOCTM oxBarta p (cm. 6.5).

C.3.6 Paccmotpum cnyvai, koraa u(x, )=ulx, )=u, v u(x,,x,)=0 (cm. C.2.3). Torpa

wy)=ul, uly.y)=0, w’(y.)=u;fy
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¢ Y, xapaktepuayemblM ABYMEPHbLIM HOPManbHbIM pacnpenenexHuem, kak 8 C.3.5. T.e. B

3TOM cnyvae Y, 1 Y, ABNATCA HE3aBUCUMbIMK BENWYUHAMMK, U ABYMEPHOE HOpManbHoe
pacnpegeneHue Ana Y, W Y, pacnagaeTtcs Ha ABa OAHOMEPHLIX pacnpeaeneHus
N( v.u'(y, )) " N( vy (y, )_), COOTBETCTBEHHO.

Mpumevanue — Hanpotus, npu aHanuTuyeckom pewenun (cm. C.2) B cnyvae, xorpa Y
HE XapaKTepuayeTcs ABYMEpHbIM pacnpeaenenvem Maycea, sbinonnenns yenosuit ulx )= u(x, ) u
u(.tl ' X, )= 0 HEemOCTAaTOMHO ANS HE3ABUCUMOCTH Y, u Y,. YTo6bl BbixOAHLIE BENUUMHLI BbINK He-

3aBuCHMMbI, HeOGx0aNMo Takke, YTobbl x, = x, =0 (cm. C.2.6).
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Mpunoxexue D
(cnpaBo4yHoe)

OcHoBHble 0603HaYeHun

Marpuua YyBCTBUTENbHOCTU pa3MepHOCTH mx N , CBA3aHHaNA C x

MarTpuLa YyBCTBUTENbHOCTU PA3MEPHOCTKU m x m , CBA3AHHAA C ¥
uenoe AecATUMHOE YUCNO C n,, 3HaKamu

KOppenauus CnyvyanHbiX BENUYMH X u X

KoBapuauus cny4anHbiX BenuumH X u X

onpegenuTens Axkobu

MareMaTU4YecKoe OXuaaHue CnyvanHown BenuumnHbl X
MaremaTuyecKkoe OXuaaHue CnyvanHom BenuuuHel X

pacnpepenexune duwepa c m U n—m creneHamu ceoboabl

opHOMepHas yHKUMS U3MEPEHUA, 3aBUCALLANA OT BXOAHLIX BeNuunH X
MHOTOMEPHAaA (PYHKUMA U3MEPEHNS, 3aBUCALLAN OT BXOAHbIX BENUYMH X
AUCKpeTHoe npeacTasnexdue dyHkuun pacnpegenenus G, (3) BbIXOQHOW
BenuuuHel Y, nonyyeHHoe metonom MoHTe-Kapno

(hyHKUMA pacnpefeneHns NEPEMEHHOW o ANA BXOAHOW BenuuuHbl X

NNOTHOCTL pacnpegeneHns nepemMeHHon ';. ANA BXOAHOW BENWYUHLI Xl

NMNOTHOCTL COBMECTHOrO pacnpefeneHvws nNepeMeHHoOW o ANs BXOAHOW

BenNuYuHbl X

(hyHKUMA pacnpeneneHns NepeMeHHon 3 Ans BbIXOAHOW BeNWYuHbl Y
NNOTHOCTL COBMECTHOIO pacnpefeneHus nepeMeHHon 3 ANA BbIXOOHOW

BENUYUHLI Y

OQHOMEpPHas MOJENbL U3MEpPEeHWs, BbipaxXkawwas COOTHOWEHWEe Mexay
BbLIXOAHOW BENUYMHOW Y U BXOOHBLIMMK BenuymHamu X, OT KOTOPLIX 33BU-
cut Y

MHOromMepHas MoAenb WU3MEepPeHWs, BbipaXawuwas COOTHOLWEHUE mexay

BbIXOAHOM BENWYUHON Y W BXOAHLIMK BenuuuHamu X, OT KOTOPbIX 3aBM-
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106

cutr Y

MHUMas eauHuua, i’ =—1

marpuya Axkobu

KoaddpuumneHT oxsata gns obnactu oxeara B popme annuncouaa, cooT-

BETCTBYIOLLMA BEPOATHOCTU OXBaTta p

KoahUUMeHT oxeaTa ans obnacTu oxeata B popMe napannenenuneaa,

COOTBETCTBYHOLYUIA BEPOATHOCTK OXBaTa ¢
HWKHARA TpeyronbHasa marpuua
LEeNnoe YUCno B NpeacTaBneHnn cx 10’ YUCNoBOro 3HaueHus, rge ¢ — ue-

noe AeCATUMHOE YUCNo C n, 3HaKamwn

YMUCNO BbIXOAHbLIX BENUYUH Y, . ....Y

m

4Yucno ucneltaHuin metona MoxTe-Kapno
MaTpuua Cymm KBaapaTtoB v Npon3sefeHuin
4MCNO BXOAHLIX BeNUUMH X ... X
CTaHAapTHOE HOpMansHoe pacnpefeneHue

HOpManbHoe pacnpeaeneHue ¢ napameTpamu g 1 g’

MHOroMepHoe HopManbHoe pacnpeaeneHue ¢ napameTpamu m u V
yucno HabnwaeHun

KONWYECTBO 3HauaLmx UM p Yucna, paccMaTpuBaembix Kak AOCTOBEPHbIE
BEPOATHOCTL COOLITUS =

BEPOATHOCTbL OXBaTa

m -MepHas obnactb oxeata ans Y

KOppensuMoHHas MaTpuua pa3MepHOCTH mx m ONS OLUEeHKW ¥
CTaHgapTHOe paeHOMEpHoe pacnpeaenexue Ha uutepsane [0, 1]
paBHOMepHOe pacnpefeneHue Ha uitepeane [a b

KO3(D(DULIMEHT KOPPENALIMM OLIEHOK x, M X BXOAHbLIX BENUUMH X U X

OuUeHKa CTaHOapTHOMO OTKNOHEHWA No n HabnogeHuam Xiyer X

CTaHAapTHOe OTKNOHeHWe Ans cpeaHero = 3xauenwit z''... 2" B apan-
TUBHOW npoueaype metoaa MoxTe-Kapno, rae z MOXeT 03Ha4aTh OLEHKY

y, BbIXOAHOW BEeNUYMHbI Y‘;, CTaHA4apTHYK HeonpeneneHHOCTb u(_v,)
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OUEHKW Yy, , MaKCUManbHoe cobcTBEHHOE 3HaueHue A Koppenﬂuuonuoﬁ

mus

matpuubl R, unu koadpcuumenT oxsata k, obnactu oxsata ansa Y

BEPXHUA MHOEKC, obo3Havawwmin TPpaHCNOHMPOBaHWE MaTpuLbl
MHOroMepHoe ¢-pacnpegeneHve ¢ napaMmeTrpamu m 1 S U v CTENEeHAMU

ceoboab!

paclwmpeHHas HeonpegeneHHoCTb, COOTBETCTBYIOWAA BEPOATHOCTU OXBa-
Ta p

KOBapWauWoHHanA MaTpuua ANs OLUEHOK X BXOAHOW BENUYMHLI X

KOBapuaUWOHHAA MaTpULa ANS OUEHOK y BXOAHOW BENWYUHBI Y
CTaHAapTHaa HeonpeaeneHHOCTb OLUEHKU Y BXOAHON BEMUYUHbI X
CTaHAapTHaA HeONPeAeneHHOCTL OLEHKM Y, BXOAHOW BENUYUHLI X

KoBapuauus OUEHOK x; U x, BXOAHbIX BENUYMH X, n X)

sektop (u(x, ).... u(x, )" cTaHpapTHLIX HEONpeaeneHHoCTeN ANA OLUEHOK X
BXOQHOW BENuuMHbI X

AUCNepCcUs CnyvyanHow NepemMeHHoOn X

KOBapwauuoHHaa martpuua

KOBapnauuoHHas marpuua cny4anHon senuuntsl X

i - BXOAHAs BENMYMHA, paccMaTpuBaemMas Kak cnyyanHas nepemeHHas
BeKTOp (X . ... X, )" BXOAHbLIX BENUYMH

cpegHee apudmMeTyeckoe n HabnwaeHWA x ,....x,

oueHKa (MaTemaTuyeckoe OXuaaHue) BenuuuHbl X, unu i-e Habnigexne
B cepuu HabnwaeHun

oueHka (MaTemaTtudeckoe oxuaanme) (x,, ... x, ) senuuuHsl X

r-il BNeMEeHT BbLIBOPKN CryHalHbIX 3HAYEHWUI, NONYYEHHbLIX NPWU peanuaa-
uum meTtopa MownTe-Kapno, u3 nnoTHocTu pacnpegenexus ana X

r-n BEKTOp, coAepxXallud 3nNeMeHTbl X, ... X, , NOMyuYeHHble U3 N

iLr

NNOTHOCTEN pacnpegeneHns ANs BXOAHbIX BENWYMH X ..., X, WNK U3 co-

BMECTHOW NNOTHOCTU pacnpefeneHuna AN BenuunHel X
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r(z)

n

mus

M

j -f1 BbIXOQHAA BENUYUHA, paccMaTpuBaemas Kak crnyJyanHas nepeMmeHHas

gektop (¥,....Y.)" BbIXOAHBLIX BENWUYWH, paccMaTpMBaEMbIX KaKk Cny4ai-

Hbl€ NepemMeHHbie

OLeHKa (MaTemMaTUYeckoe OXnaaHue) BenuiuHbl ¥,

oueHka (MaTematuueckoe oxuaanmne) (v, ... v, )" senuunubl Y

OuEeHKa BenuuMHbl Y , nonyveHHas kak sbibopouHoe cpegHee M 3Hauve-
HUA BLIXOJHOW BENWMUHBLI y B pe3ynbTarte peanu3auum meroaa MowTe-
Kapno

r-e 3HaveHme PyHKuMKU uamepenus fx, )

TPaHC(OPMUPOBAHHOE 3HAUEHUE y

h-e 3HayeHWe BenuuMHLl : B aganTUeHOW npoueaype metoga MowTe-

Kapno, rae z MOXeT 03HauaTb OLEHKY v BbIXOAHOW BENUYUHLI ¥ , CTaH-
napTHylo HeonpegeneHHocTs uly, ) ouerkw ¥, , MakcumansHoe cobcTeeH-

HOE 3HaueHue A, KOppenauuoHHOW maTtpuubl R wnu koaddUUMeHT ox-

mus

Bata k_, obnactu oxsata ans Y

3HaYyeHue BepPOATHOCTH
ramma-gyHKUUA NepeMeHHOn

TOYHOCTb BBIYMCNEHMSA YUCNOBOr0 3HAYEHUSA

nepemMeHHas, ONUCLIBALWAA BO3MOXHbLIE 3HAYEHUS BbIXOAHOW BENUYUHbI
Y

TOYHOCTE BbiMUCNEeHUA Koaq:qmuuema oxeara kr ana obnactu oxsarta B

thopme annunconaa

TOYHOCTL BblMUCNEHUS koaduumMeHTa oxeata &k, Ans obnactv oxsarta B

¢opMe napannenenunena

Haubonblwee cobcTBeHHOE 3HavyeHue KOppensauMoOHHOW MaTpuubl
HaumeHbwee cobcTBeHHOe 3HaYeHne KOppPenauMoOHHOW MaTpuubl

MmareMaTuyeckoe oXuaaHue cnyqaimoﬁ BEITUYUHLI, xapaKTepusyemoﬁ
NNOTHOCTBLIO pacnpegeneHns
MareMaTU4yecKkoe OXuaaHue BEKTOPHOW CNyvawHOW BeNWYUHbLI, Xapakre-

pU3yeMON NNOTHOCTLD COBMECTHOrO pacnpegenexus
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uucno creneHend csoboabl (-pacnpegeneHus UNu pacnpefeneHus Xu-
KBappar;
yucno 3gPekTUBHBIX cTeneHen ceoboabl, COOTBETCTBYIOWMX CTaHaapT-

HOW HeonpeaeneHHocT uly)

nepemMeHHan, ONUCLIBAKLWAas BO3MOXHbLIE 3HaYeHWs BXOAHOW BenWYuHbI
X

nepemenHan (£, ..., &, )", onucbiBaowan BOIMOXHLIE 3HAYEHUA BXOAHOM

BenuyunHbl X

TOYHOCTb BbIMMCNEHUA Haubonbwero cobCTBEHHOro 3Ha4YeHus A, Kop-

pensuMoHHOW MaTpuubl

CTaHAApTHOE OTKNOHEeHWe CNy4YawHOW BenuuMHbI, XapakTtepuayemow pac-
npeaeneHuemM BEpPOATHOCTEN

aucnepcus (KBagpaTt CTaHOAapPTHOMO OTKMNOHEHWA) CNyYaWHOW BenUYMHbI,
XapakTepu3yemou pacnpeaeneHveM BepoaTHOCTEN

KOBapuauuMoOHHan Martpuua BEKTOPHOW BenuuuHbl, Xapakrepusyemas co-
BMECTHbIM pacnpeaeneHuem BepoATHOCTH

pacnpegeneHue Xxu-ksaapart € v CrteneHamMmu csoboab!
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MpunoxeHue A

(cnpaBouHoe)

CeefieHUs 0 COOTBETCTBUM CCbINOYHbIX AOKYMEHTOB HauUnOHaNnbHbLIM

craHpnaptam Poccuinckon @egepauumn

Tabnuya OQA.1

ObosHaueHne CreneHb Ob6o3HaueHne N HaMMEHOBaHME HAUWMOHANBHOIO
CCbINIOYHOTO JOKYMEHTA |coOTBETCTBUS| craspapra

JCGM 100:2008 IDT [OCT P 54500.3-2011 «HeonpeaeneHHOCTb n3mepe-
Hus. Yacte 3. PykoBOACTBO NO BbipaXeHWI0 Heonpeae-
NIEHHOCTN U3MEDEHUSAD

[JCGM 101:2008 DT [OCT P 54500.3.1-2011 «HeonpeaeneHHoCTs M3mepe-
Hus. Yacte 3. PykoBOACTBO NO BbIpaXeHWI0 Heonpeae-
nerHoctTn uamepenusn. dononHenune 1. Tpancdopmupo-
BaHME pacnpeneneHdnit ¢ MCNONbL3OBaHWEM METoAaa
Mosre-Kapno»

JCGM 104:2009 IDT FOCT P 54500.1-2011 «HeonpegeneHHOCTL M3Mmepe-
Husi. Yacte 1. BeegeHve B pykoBOACTBa NO Heonpeae-
NEHHOCTN U3MEpPEHNA»

JCGM 200:2008 - *

* COOTBETCTBYIOLLMA HAUMOHANBHBIR CTAHAAPT OTCYTCTBYET. [10 €10 yTBEPKAEHHS PEKOMEHIY-

€TCH MCNONL30BATL NEPEBOA HA PYCCKMIA A3bIK AAHHOMO MEXAyHapoaHoro aokymedTa. MNepesoa Aak-

HOMO MEXAYHapOAHOro AOKyMeHTa Haxoautcs 8 ®eanepancHom MHGOPMaUUMOHHOM (hoHAE TEXHUYEe-

CKUX pernaMmeHToB v CTaHaapTos.

Mpumeuyanne — B Hactoswen Tabnuue MCnons30BaHo cneayouee ycnoesHoe oboszHadenue

cTenerHr COOTBETCTBUA AOKYMEHTOB:

— IDT — naenTuuHbIe CTaHaapTol.
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