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Mpeaucnosue

1NOAINOTOBINEH ®egepansHsiM rocyaapcTeeHHsIM YHUTapHBIM Npegnpustiuem «Bcepoccuiicikuia Hayd-
HO-UCCreoBaTeNnbCKUIA MHCTUTYT MeTponoruv M. .U, Menaeneesa» (@Y BHUWM) 1 ABToHOMHOW HEKOM-
Mepueckoli opraHuzaumeil «HayuHo-uccneaoBaTensCKU LEHTP KOHTPONS W AUArHOCTUKA TEXHUUECKAX CUCTEM»
(AHO «HWL| KO ») Ha ocHoBe cobcTREHHOro ayTeHTUYHOro nepesoa Ha pycckuii AasiK MeXayHapoaHoro Joky-
MEHTa, YKa3aHHoro B nyHkTe 4

2 BHECEH TexHu4eckim KoMUTETOM Mo craHgaptuszaumn TK 125 «[MpumeHeHne cTaTMCTUHECKUX MeTOL0B»

3 YTBEPX[EH U BBEJEH B IENCTBME Mpukasom deepansHoro areHTeTea o TEXHUYECKOMY peryni-
POBAHWIO 1 MeTponorun ot 22 Hosbps 2013 1. Ne 1665-cT

4 Hacrosawuwii cTaHaapT MAeHTUYEeH MexayHapoaHomy fokymeHTy Pykasoacteo MCO/M3K 98-3:2008/0o-
nonHerne 2:2011 «HeonpegeneHHocTs MaMepeHns. HacTs 3. PYKOBOACTRO M0 BLIPAXKEHWIO HEONpeaeneHHoCTI
uameperius. ononHeHne 2. O6oblieHWe Ha cnyyal NpouasonLHOro Yuena BelXoaHsIX BenuyuuHy [ISO/IEC Guide
98-3:2008/Supplement 1:2011 «Uncertainty of measurement — Part 3: Guide to the expression of uncertainty in
measurement (GUM:1995) — Supplement 2: Extension to any number of output quantities»].

Mpu NpUMEHEHU HACTOALLLErO CTaHAapTa PeKOMEHAYETCH UCTONbL30BAaTL BMECTO CChIIOYHbLIX MEXAyHa-
POAHbLIX OKYMEHTOB COOTBETCTRYHLLUME UM HALIMOHANLHbIE CTaHAAPTh, CBEfleHIs 0 KOTOPLIX NpUBEAeHb! B A0~

NOSHUTENBHOM NpUNoxesn A

5 BBELEH BIMNEPBLIE

lMpasuna npumeHeHLs Hacmosduiez20 cmaxdapma yecmanroeneHsi 8 FTOCT P 1.0—2012 (paaden 8). MHbop-
Maitis 06 uIMeHeHURX K Hacmosawemy cmaHoapmy rybnukyemcs 8 exe200HOM (o cocmosiHuto Ha 1 sHeapsi
mekyiuez0 20da) uHbopMaLLOHHOM ykasamerne «HaluoHarsHble crmaHGapmbly, 8 0(huLUanbHeLIT mekcm uame-
HeHLLT Ui nornpasok — 8 exxeMecsiyHoM LHhopMauUoHHOM yikalamene «HatjuoHarbHble cmaHdapmsiy. B ciyyae
repecMompa (3amveHbl) Uit ommeHbs! Hacmosue2o cmaHGapma coomaemcmeyioujee yeedomneHue bydem oryb-
JIUKOBaHO & briuxkaliueM 8bllycKe eXxeMecsiyHo20 UHOPMaUUOHHO20 yKkaszamens «HayuoHankHbsle cmaHoap-
mei». CoomeemcemeyioLias LUHhopmaLis, yeedomMneHue U mekcmal pa3Metyaomes maioke 8 LiHehopmaytioHHot
cucmente 06uUez0 Mofb308aHUs — Ha oghuluansHoM calime PedepanbHo20 ageHmemea o MexXHUYecKoMy pe-

2ynupoeaxuio U Memponoaut e cemu MHmepHem (qost.ru)

® CraHpaptuHdhopm, 2015

HacTosilnid cTasaapT He MoxKeT BbiTh NOMHOCTLIO UMK YacTUYHO BOCNPOW3BEAEH, TMPaXKpoBaH U pacnpo-
cTpaHeH B kKavecTBe athuLmansHoro uagaHus 6ea paspelleHns PeaepansHoro areHTCTBa No TEXHUHECKOMY pery-

NPOBAHMUIO U METPOSIOMUM
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BeepeHue

B «PyikoBofCTBE N0 BIpaKEHWUHO HeonpedeneHHocT nameperuiiy (GUM) [JCGM 100:2008] paccmaTpuea-
l0TCA, B OCHOBHOM, OfJHOMEpPHbLIe MOfenit u3MepeHuii, Biriodatlime B cebsl eAMHCTBEHHYH CKanapHYHo BbIXO[1-
Hy0 BeNuuuHy. OHAaKO Ha NpaKTUKe YacTo BCTPEUAanTCsl UsMepUTErnbHbIe 3aaaun ¢ AByMs U Gonee BLIXOAHLIMI
BeSIudMHaMK. Mpumepsl Tamx 3aga4 uvetotes 8 GUM ans cryyaes 3/1eKTpUHeCKMX U3MEPEHUIA C TDEMS BbIXO-
HbIMK 8enuduHami [JCGM 100:2008 (pazpen H.2 npunoxeHus H)] U TeMnepaTypHLIX M3MepeHUii ¢ ABYMS BbIXOA-
HbiMU BenuduHamu [JCGM 100:2008 (paanen H.3 npunoxerus H)]. B HacTosLeM cTaHaapTe paccMaTpuBaoTea
MHOIOMEDHbBIE MOZE M U3MEPEHMS, BIMIDYAOLLME B cebsl NPoM3BCILHOE YACSIO BIXOAHBLIX BENUUYUH. B 6onbLUMH-
CTBE CNY4aeB BbIXOAHLIE BENUUMHbLI KAPPETUPOBAHHbLI, NOCKONLKY 3aBUCAT OT 0BLLIUX BXOHLIX BeNIMUUH. B Ha-
cTosiLeM cTaHAapTe paccmaTpueaeTes oboblieHue cnocaba oLeHuBaHks HeonpeaeneHHoeT no GUM [JCGM
100:2008 (pazgen 5)], No3BONSOLLEE NOSYYUTs OLEHKW BRIXOAHBLIX BESMYWH, @ TaKKe CTaHdapTHbIe Heornpeae-
NeHHOCTH U KOBapUaLMK, COOTBETCTBYHOLLME 3TUM OLleHKam. BxoaHbIe U BLIXOAHLIE BENUUUHLI MOAENU U3mepe-
HUA MOTYT BbITs AEHCTBUTENEHLIMU UM KOMMNEKCHLIMU.

Hononxexune 1 K GUM [JCGM 101:2008] paccmaTtpueaeT TpaHchopmupoBaHie pacnpegenesnii [JCGM
100:2008 5] npK 3agaHHOK MOAenu UaMepeHUs kak OCHOBY AMs BbIpaXEHWA HeonpeaeneHHOCTH U3MepeHns 1
peanuaaLuio AaHHOW npoueaypsl nocpeacresom metoaa Moxte-Kapno [JCGM 100:2008 (pasgen 7)]. Kaku 8
GUM, B HEeM pacCMOTREHbI TOINBKO MOAENN C €AMHCTBEHHON CKaNapHOR BeixoaHoW BenudiHoin [JCGM 101:2008
(pazgen 1)]. HacToswumi cTaHAapT paccMaTpyieaeT o6oblieHne meToda MoHTe-Kapno ¢ Lenbio nony4yeHus guek-
peTHOro NpeacTaBneHs COBMECTHOro pacnpeaeneHus BeposaTHOCTE! AN BLIXOAHLIX BeNMYUH MHOrOMEepHOA
mogeni. Takoe AWCKpeTHOE NPEACTABIIEHNE CAYXUT OCHOBOM AN NOSYYeHUs OLEHOK BBIXOHBIX BEIMYMH, MX
CTaHAapTHLIX Heonpeaene+HocTel 1 Kosapualwmid. McnonsaosaHue metoaa MoHTte-Kapno ssnsiercs anstepHaTtu-
BoW cnocoBy oLleHWBaHUs HeanpeaeneHHocT no GUM, ocobeHHo B cuTyaLusx, korga nocnegHui He cnocobeH
obecneunTs AOCTOBEPHbIE PE3YNLTaThl M3MEPEHUIA BCIIEACTBUE TOr0, 4TO (@) NHeapusaLms Mogenu NnpueoauT K
CYLLIECTBEHHOMY UCKAXKEHIIO pe3ynsTaTos MaMepeHus unu (B) pacnpenensHiie 8eposTHOCTEN NS BbIXOAHOI Be-
NUUUHBL (UK BENWUUKH) He MOXKET BbITh ONUCaHo MHOrOMEPHLIM HOPMAarsHLIM pacnpeaeneHuem.

HacTosLwmii ctasaapT yecTaHasnmneaeT Talke MeTo ] onpegeneqns obnacti oxsara 4719 BbIXOAHBIX BENUYMH
MHOroMepHoi Moaenu, sisnsioLLeAcs aHanorom UHTepsana oxsarta B cny4yae ogHoMepHoii Mofenu, Ans 3afaH-
HOII BepOATHOCTU oxBaTa. Paccmarpuealorcs 0b6rnactu oxsara 8 hopme arimuncouaos Unn npsamoyronsHblX naparn-
nenenuneaos. MpumeHeHe YMCNEHHLIX NpoLieayp pacyeTa HeanpeaeneHHOCTU U3MepeHnst C CNons308aHuem
meToda MoHTe-Kapno AaeT BO3MOKHOCTb MPUBNIMKEHHOTo NOCTPGEHUst 06nacTel oxsara HauMeHbLero obbema.
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HAUUWOHANBbLHBIM CTAHOAPT POCCUUCKOW QEQEPAL UM

HEOMPEOENEHHOCTbL U3MEPEHUA
YacTte 3
PykoBoacTEO NO BhlpaXeH o HeonpegeneHHOCTU U3MepeHuA
Hononuvexue 2
0606ueHne Ha cry4Yail NPOMU3BONBLHOIO YUCNa BbIXOAHLIX BENUYUH

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

Oara sBegeHna — 2014 — 09 — 01

1 O6nacTb NpUMEHeHUs

HacToawmi cTaHpapT ABnaeTes AononHeHeM K « PYKoBOACTBY MO BLIpaXKeHUIO HEoNpeaeneHHocT! n3mMe-
peHuia» (GUM) (JCGM 100) u pacnpocTpaHseTcs Ha Moaeny aMepeHus ¢ Npoy3BONLHLIM YACTOM BXOOHLIX Y
BLIXOAHbBIX BEMUYUH. Bxoasiume B Moiens UaMepeHna BeNUUUHLI MOryT BbITh ASNCTRATENBHLIMA U/UNX KOMMEK-
cHeIMKW, PaccMoTpeHo Aka noAxoaa K UCNonbL3oBaHuio Takux Moaenei. Mepssiit npeactagnsaeT coboil 0bobiue-
Hue cnocoba oueHusaHua HeonpeaeneHHocT no GUM. Bropol — ucnonssosadue metoaa MoHTe-Kapno ans
TpaHchopMuposaHus pacnpefeneHunii. Ucnonbaosanve Metoaa MoxTte-Kapno gaeT BO3MOXHOCTb NONYYUTL A0-
CTOBEPHbIE PE3ynLTATLI B CUTYALWSIX, KOFAa YCNOBUSA NPUMEHUMOCTY NepBOoro NoAxXoAa He BhINMOMHSTCH.

Cnocob ougHWBaHus HeonpeaeneHHocT no GUM npumeHym, koraa UHchopMaunio o BXOAHLIX BEAWYWHaXxX
MOYHO MPEACTaBUTL B BUAE UX OLEHOK (HAanpUMep, NOMyYeHHbLIX U3MepeHnem), CBA3AHHBLIX ¢ TUMU OLEHKaMK
CTaHAAPTHLIX HeonpeaeneHHoOCTEN 1, Npy HeoBXoAUMOCTY, KoRapuaLuid. McnonbaosaHue cooTRETCTBYOLLUX dop-
MyI ¥ MpoLieayp Nossonsier Ha OCcHOBe YkasaHHoW UHdopMauWii Mony4nTs OLEHKM, a Takke COOTBETCTBYIOLME UM
cTaHfgapTHbie HecrnpedeneHHOCTI 1 KoBapuaLui Ans BbIXOAHLIX BeNWYUH. 3T dropMy bl M npolenypbl NpUMeHn-
Mbl K MOAENAM N3MepeHusi, 4ns KOTOPLIX BbIXOOHbIE BETMUYMHDI (a) BbipakeHbl HeNoOCPeACcTBEHHO Kak (hyHKLMK OT
BbIXOOHbIX BESTMYMH ((byHKLWKM vamepeHns) unu (b) MoryT BbiTe NoNyYeHs! peLlieHemM ypaBHeHWI, CBA3bIBatoLX
BXOAHbIE W BbIXOAHGIE BENTHWHbI.

B uensx ynpolyeHus dsopmynbl, NpUMeHsAeMble B HacTosLLUEeM cTaHgapTe, gaHbl B MaTpyuyHon chopMe 3anu-
cu. JonornHuTensHLIM NpevmMyLLLEecTBOM Takon chopMbl 3ariMcl ABMSETCA ee NpUCnocobreHHoCTs K peanvaalun Ha
MHOMMX $i3blKax NPOrpaMMUpOBaHWS W B CUCTEMAX, KOTOPbIE NOOASPKUBAIOT MaTpuuHyto anreépy.

Cniocob ougHWBaHKsA HeorpeeneHHOCT UsMepeHUs ¢ MpumeHeHem meToga MoHTe-Kapno ocHosbiBaeTcs
Ha (i) npucBoeHUM BXOQHLIM BeflM4YnHaM MOLAe W U3MepeHnsi COOTBETCTBYOLLMUX pacnpegeneHiiil BeposiTHOCTel
[JCGM 101 (pasaen 8)], (i) onpegeneruy AMCKpETHOTO NPegcTasneHWs COBMECTHOro pacrpedereHus BeposiTHO-
CTW 4151 BLIXCAHbLIX BeNTMYMH W (i) nony4eHWs U3 3TOre AUCKPETHOTO NpeacTasreHusi OLeHOK BeIXOAHLIX BEMNUHUH,
MX cTaHgapTHbIX HeonpeaeneHHocTel U Kosapuauuii. JaHHeld nogxog asnseTcs oboblleHuem metoga MoHTe-
Kapno, yeraHosnerHoro 8 JCGM 101 npumeHUTEnLHO K Mogensam ¢ equMHCTBEHHON CKansapHoW BbIXoQHON Benu-
YMHOR.

MpumeHeHWe BhilleyKazaHHbIX NOAX0[0B NO3BOAET MOMYYWT b MPUY 3agaHHoM BeposiTHOCTU oxsaTa obnacTs
oxXBaTa 119 BbIXOGHbLIX BEMAYMH MHOrOMEpHOW MOgeny — aHanor iHTepaana oxsaTta 4518 ogHoMepHol Mogersin ¢
BAWHCTBEHHOW CKansipHOW BLIXOQHOW BENWYUHOWN. PaccMarpusaemsle B HacTosILLeM cTaHgapTe obnacTy oxsara
MMeroT hopMbl rMNepananncongos (ganee — annuncoWacs) v NpAMOYTonkHbIX rMrepnapannenenunegos (ga-
nee — napannenenunegos) 8 MHOroMepPHOM MPOCTpaHCTBe BeIXOAHLIX BEAWYMH. B criydae npumeHeHus metoaa
MoHTe-Kapno npusegeHa Takke npolegypa npubnnkeHHoro rnocTpoexus obractv oxeara HaumeHsLUero obbema.

MpumeHeHWe cTaHgapTa UNniocTpUpoBaHo NoapobHLIMKU NpUMepaMi.

HacTrosluii ctakgapT cnykut gorornHeHrem K GUM u gomkeH BbiTs Uchnofs3osaH smecte ¢ HUM 1 ¢ Jonon-
HeHrem 1 K GUM (cootseTcteerHo, JCGM 100 u JCGM 101). HacTosawWwm i ctaHgapT npegHasHayeH ans Tex xe
norb3oBaresien, YTo U ABa BellweyKasaHHsIX gokymenTa (cM. Tawke JCGM 104).

Wapanwe oprnymansHoe
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2 HopmaTtuBHbIe CChINKU

B HacTosLem cTargapTe UCroNbL30BaHEI HOPMATUBHbLIE CChINKW Ha CneayoLlie AoKyMeHTbI:
JCGM 100:2008 OuennBaHKe AaHHbIX M3mMepeHnid. PyKOBOACTRO M0 BhIpAXKEHWO HEONPEAeeHHOCTH n3me-
perHus (GUM) [JCGM 100:2008, Evaluation of measurement data — Guide to the expression of uncertainty in

measurement (GUM)]

JCGM 101:2008 OueHvBaHue AaHHLIX amepeHui. DononHenue 1 K «PyKOBOACTBY M0 BbIPAXEHUIO Heonpe-
fAeneHHocTU uameperusy. TpadccopMyposaHue pacnpefeneHui ¢ uenansaosaHlem metona MoHte-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 Mante Carlo method)

JCGM 104:2009 OueHusaHve gaHHblx namepeHunii. BeegeHne Kk «PyKoBoACTBY NO BbipaXeHWIO Heorlpe-
AeNeHHOCTH N3MepeHus» 1 conyTcTByOWMM gokymeHTam (JCGM 104:2009, Evaluation of measurement data—
An intreduction to the "Guide to the expression of uncertainty in measurement” and related documents)

JCGM 200:2008 MexayHapoaHsin crosapb no meTponorun. OcHoBHbIe W obmne NoHATUA W CBA3aHHbIE
¢ HumK TepmuHbt (VIM) [JCGM 200:2008, International Vocabulary of Metrology — Basic and general cancepts

and associated terms (VIM)]

3 TepmuHbl 1 onpegeneHus

B HacTosileM cTaHaapTe npuMeHeHsl TepMiHbl no JCGM 100 1 JCGM 200, HekaTopkie 13 KOTopbIX (Npy
HeoBxoaMMocTH, MoaMMUUMPOBaHHbIE) NPUBEAEHL! B HACTOSLWEM Pa3dene, a TakKe creayouwne TEpMIuHLI ¢
COOTBETCTBYIOLLMMK onpeaeneHusamm (06o3HaqeHns, Cnornb3oBaHHbIe B HACTOSILLEM CTaHAapTe, NpyYBeAeHb! B

npunoxerum D).
3.1 gencTBUTENBLHARA BenuvuHa (real quantity): BenwurHa, YucnoBoe aHavyeHue KOTOPOW SBNSeTCs gen-

CTBUTENBHBIM Y/ACMOM.
3.2 komnnekcHan BenuuuHa (complex quantity): BenuiuHa, Y4CnoBoe 3HaueHye KOTOPO SIBINSAETCS KOM-

nNeKkcHbIM YCrom.

MpumeyaHue — KomnnekcHaa eenuuuHa Z mMoweT 6ObiTe MpeAcTasneHa AByMA AeHCTBUTENbHLIMU
BenuuuHamu B chopme anrebpandeckon

Z=(Zp Z)T=Zp+iZ

MNKU TPUrOHOMETPUYECKON
Z = (Z. Zy)" = Z,(c0SZy + isinZy),
Ae cumBon «'» 06oaHauaeT TPaHCNOHMPOBAHWE;
i — MHUMAR eauHMLg, i2 = —1;
Zgp W Z;— COOTBETCTBEHHO JeUCTBUTENLHAA M MHUMaA YacTn Z,
Z. v Zy — COOTBETCTBEHHO MOAYNE W S3prymMeHT Z.
3.3 BekTOpHan Benu4uuHa (vector quantity): CoBoKynHoCTh BenNUHWH, ynopsiiodeHHbIX 8 BUAe aN1emMeHTOB

MAaTPULILI € 0AHUM CTONBLIOM.
3.4 pencTBUTENLHAA BEKTOPHaRA Benu4uHa (real vector quantity): BektopHas BenuunHa, anemeHTamu

KOTOpOI AIBNATCS AEACTBUTENLHLIE BEMWHUNHLI.
Mpumep — [felicmeumensHas aekmopHasn eenuyuna X, cocmosuwas us N anemenmoas (delicmeumensHsix
qucen) Xy,..., Xy moxem 66ims npedcmaeaneHa a aude mampuysl paamepHocmu Nx1 (mampuuysi~-cmonbya):
X4

X=| (= (X Xp)".
Xn
3.5 komnneKcHan BeKTopHasa BenuyuHa (complex vector quantity): BektopHas BenuunHa, anemeHTamm
KOTOPOI ABMAKTCH KOMIMTIEKCHBIE BENTUYWHBL.
Mpumep — KomnnekcHas eekmopHan senuyuxHa Z, cocmoswan uz N anemenmos (KoMnnexkcHelx Hucern)
Zy,..., Zy mokem 6bims npedemaesnesa e eude mampuus! pazmeprHocmu Nx1 (Mampuusi-cmonbua):

z,

Z= | | =2y
ZN
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3.6 BeKkTOpHas uaMepsieman BenuuuHa (vector measurand): BekTopHas senuuuta, noanexailas 1ame-
PEHUIO.

Mpumevwanune — [lanHoe onpegensHue mogncnuuposaHo no oTHowennw k JCGM 200 (cnosapHan
craTea 2.3).

3.7 mopgenk (M3mepeHus) (measurement model): Matematuyeckoe COOTHOLLEHWE MEXIY BCEMU Beu4n-
HamMK, UCTIONb3YEMbIMI ANA NMONy4eHWs pesynsrata usmepeHus.

Mpumeuarnwe 1 — [anHoe onpegenerne moguduumMposaHo no oTHoweHw k JCGM 200 (crnosapHas
cratba 2.48).

Mpumevyanwne 2— B obwem enge mogens namepenus nmeer eug ypasrenua h(Y, Xq, ... Xy) =0, me Y —
BbIXOAHAA BENUHMUHA MOAENY WAMEPEHWA, ABNAIOWAACA OAHOBPEMEHHO WAMEPAEMON BENUYMHOW, 3HAUEHWE KOTOPON
AomKHe BeiTh NONYYeHO HA OCHOBE MHAIOPpMAaUMK O BXOAHLIX BenuqnHax Xy, ..., Xpy.

Mpumevyanune 3— Ecriv MOAENs MAMEPEHWNA COAEPXMT ABE 1 BONEe BbIXOAHBIE BEMNYMHE, TO OHA BKNIOYAET
B ceba Gonee ogHOro ypaBHeHWA.

3.8 MHOromepHas Mmogenb (U3Mmepenusn) (multivariate measurement model): Mogens uaMepeHus ¢ npo-
U3BONBHBIM YACIOM BbIXOAHBLIX BEMWYUH.

NMpumevanne 1 — B obilem cnydyae MHOrOMEpPHas MOAENb U3MEPEHUA WMEET BUL YPEBHEHWIA
h1(Y1. Cing Ym. X1. inny XN) = 0‘ ainy hm {Y'Ii vasg le X1. sy XN) — 0.

roe Y1, ias Ym — M BbiXOOHBIX BENW-WH, B COBOK)‘I‘IHOCTH CDCTEB]'ISIIOIJ.I'HX MSMBPRBMYIO BEMNWYUHY, AHaYeHunA I(ClTClprx
[OMKHE! BbITh NONYYEHL! Ha OCHOBE WHDOPMALIMKA O BXOAHLIX BENMYMHAEX MHOFOMEPHOIH Mogenu Xy, ..., Xy.
Mpumevanume 2— OB BUA MHOrOMEPHAW MOAENY MaMepeHus MoxeT DeiTe NPeACTaBneH Takke B
BEKTOpHOW thopme
h(Y,X)=0,

rae Y=(Yy, ... Yo)T v h=(hy, ..., hp)T — marpuue pasmeprHoctn mx 1.
lMMpumeyvyarHue 3— B crnyvyae 0HON BLIXOAHOW BENWUUWHE], T. 8. M = 1 (CM. npyMedanne 1), Moaenb U3MepaHun
Ha3bIBaKT OAHOMEPHON.

3.9 MHoromepHas cbyHkUuA (mamepeHus) (multivariate measurement function): ®yHKUKWA, onpeaensro-
LUAS 3aBMCUMOCTb BLIXOAHBLIX BENUUMH OT BXOAHbLIX BENWYUH B MHOrOMEepHoW Mogen namepeHus.

Mpumevanune T — [anvoe onpeaenedwe mognduuupoBado no otHowenunio k JCGM 200 (cnosapHas
cratbn 2.49).

Mpumevanne 2—Ecnu ypasHenns, exoaawme B mogens namepenun h(Y,X) =0, moryT 6uiTe paspewieHel
B sisHoM Buge Y = f(X), e X =(X;, ..., Xu)T — exogrsie Benvuunnel, a Y =Yy, ..., YT — BoixoOHsie Benv4uHE! MOgenn
namepeHus, 10 f = (4, ..., f,)7 — MHOroMepHas hyHkuna uamepenus. B 6onee obwem cny4ae nod f MOXHO NoHUMMATH
anropuTM, NOCPEACTBOM KOTOPOFO YCTaHABNMBAETCA OAHO3HAYHOE COOTBETCTBME 3HAYEHWW BBLIXOOHBIX BENUYMH
Y1 =F4(X), ooy Vi = Fp{X) 3HE4EHWAM BXOAHBIX BEMMUMH X = (X1, ..., Xp)T.

Mpumeyanune 3— B cnyyae oHON BEIXOAHOW BENUYUHBL, T. €. M =1 {CM. npuMeyaHue 2), hyHKUMIO HIMEPEHUS
HA2LIBAT CAHOMEPHOW.

3.10 mogenk (M3mepeHUsn) c AEACTBUTENLHLIMMU Benu4KHamu (real measurement model): Mogenb
namepeHvs (B obLLLeM criyyae MHOroMepHast), B COCTaB KOTOPGH BXOAAT TOMNLKO ASUCTBUTENbHBIE BENUYUHDBI.

3.11 mogens (U3MepeHUs) ¢ KOMNNeKCHbIMU BenuiuHamu (complex measurement maodel): Moaenb
uamepeHua (B oBLLIEM CryYyae MHOTOMEPHaS), B COCTaB KOTOPON BXOAAT KOMIMIEKCHbLIE BENUUNHGI.

3.12 Mogens MHOrocTyneH4aToro namepenus (multistage measurement model): Mogens “amepeHus
(B 0BLLEM Cryyae MHOrOMEPHaS ), COCTOALLASA 13 NOCNeaosaTensHOCTM NOAMOAENEN, CBAaHHBLIX Mexay coboi
Takum oBpasom, YTo BbIXOAHBLIE BENMUYMHEI NOAMOAENN OAHON CTYNEHW ABNAOTCA BXOAHLIMI BENUYMHAMK NOAMO-
Oenu cnenyioLlen cCTynexu.

MNMpumedauune— 3avacTyo noTpebHocTe B onpegenanun obnacTn oxeara Als BeIXOAHEIX BEWYMH (HA OCHOBE
MX COBMECTHOTO pacrnpegeneHns) MMeeT MEecTO TOMNbKO Ha 3aKMYMTENBHOM 3Tane U3MEPEeHA.

Mpumep — Hamepenue, aknovarouwiee e cebs npouyedypy Kanubpoeaku, MOXeM paccMampuaamscs Kak dayx-
cmynexvamoe. flna nepeol nodmodenu 3HaveHUsMU 8 XOOHbLIX 8eUYUH A8NAIOMCH NepedasaemMbie OM 3MasoHos
U coomeaemcmayoujue UM rnokalaHusi cpedcmea uamepenull, a eLIX0OHLIMU G@eNTUYUHAMU — NapaMempbl Kanub-
poesoyxoll hyskyuu (2padyuposoyHoll xapakmepucmuku). 3ma nodmodens onpedensem cnocob onpedeneHus
6LIXO0HBLIX BEITUYUH M0 8XO0HBLIM 8E/TUYUHEM, HATTPUMED PeWeHUeM CUCITIeMb] YPasHEHU, MOyYaeMbIX TPpU Mpu-
MEHEeHUU Memo0a HauMeHbWUX Keadpamoe. BxoGHbIMU eenuquHamu emopou nodmodenu AenaRmMcs napamem-
pbi kanubpoaouHoll (byHKYLUU U HOGCE MoKa3aHue cpedcmaa uaMepeHull, 3 8LIx00HO BENUYUHOL — U3IMEpPAeMasi
eeniu4uHa, Ons nosyYeHuUs 3Ha4eHus komopol 66110 APpUMeHeHo cpedcmao usMepexull.
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3.13 chyHkuMA (coBMeCTHOrO) pacnpeaeneHus (BepoarHocten) (joint distribution function): ®yHkuma,
pawwan ana kekgoro shavenna € = (&, ..., §N)T 3HaYeHne BEPOATHOCTY TOTO, HTO KaXkabli anemeHT X; criyqaiHon

BEKTOPHOI NepemeHHol X ByaeT MeHbLue uny paseH &,
Mpwuwmedanue— DyHkumio pacrpegenenna cny-aiton nepemedHon X o6oanaqawt Gg(E), rae
Gx(E) = Pr{X; €&y, ... Xy S&p).
3.14 nnoTHOCTL (COBMECTHOrO) pacnpegeneHun (BeposaTHocTel) (joint probability density function):
HeoTpuliaTensHasn dyHKUNs gy(E), yaosneTBopsitoLLas YCNoBMo

[
ST

G (&)= [ - [gx(@)dzy...dz.
3.15 mapruHansHasi NNIOTHOCTL pacnpedeneHus (BeposaTHocTel) (marginal probability density function):
MnoTHOCTb pacnpegenenus Jx, (&) anemenTa X; cny4aiHol BEeKTOPHOW rnepemeHHoNn X ¢ r1oTHOCTLH COBMECT-
Horo pacnpeaeneHus gy(€), koTopas umeeT BuA

Qx,(ﬁf) = f ngfﬁ}d§1v--déf—1vv-d§f+1--‘d@\r»

MpumeyaHue—EcnuBceanemenTsl X, i=1,..., N, coctasnswowme cnyyanHyo nepemeHHyro X, Heaasncumel,
10 9x(€) = 9x,(G)9x, (&) .--gx, (S)-

3.16 maTeMaTUyeckoe oxuaaHue (expectation): XapakrepycTiika cryqanHoR Benu4nHb! X, ABNIAIOWEeRcs
3/1EMEHTOM CyHaitHOW BEKTOPHOW nepemMeHHoi X ¢ NNoTHOCTLIO COBMECTHOro pacnpeneneHus g,(g), kotopas
UMeeT BUA

E(X;)= |- [&9x(E)&...d&y = fﬁ:gx, (€)dg; .

NMpunmevwanune 1 —[NandHoe onpegensHue mogudmuupoBaHo no oTHoweHww K JCGM 101 (cnoeapuan

cratea 3.6).
Mpumevarnune 2— Marematu-eckum OxuaaHUeM cry-anHow sexkTopHoW senu-nsel X aensetca E(X) =

= (E(X)), .... E(Xp))T — matpuua pasmeprocta Nx 1.

3.17 gucnepcus (variance): XapakrepucTika Criy4aiiHoM Benu4uHel X;, SBNSOLLencs aneMeHToM Criyyain-
HOV BEKTOPHOI NepemerHol X ¢ NoTHOCTLH0 COBMECTHOIG pacnpeaeneHins gy(€), KoTopas uMeeT Bug

vexi) = [+ [[6-E06)f ox(@) dr..aty = | [5-E0] 0, (5)d.

—oe =

Mpumevyanne — [lannoe onpegenedve wogucuumposanc no otHowenmo k JCGM 101 (cnoeaphas
crarena 3.7).

3.18 xoBapmaums (covariance): XapakTepyucTuka AByX cryqaiHbiX BENUUUH X; 1 X, ABNAOLWMXCS a/1e-
MEeHTaMK CITy4aiHO7 BeKTOpHOV nepemMeHHol X ¢ MIoTHOCTLK COBMeCTHoro pacnpegeneHus gy(E), kotopas ume-
et Bua

Cov(X;.X;) =Cov(X;, X;) = |- | [~ Ex)][g - E0X))|axEdé... g =

= _j;[éi = E{Xf)][‘:j -E{X; )]Q’xi, X; (G &) dgidgji

rae 9x;,x, (&1 &) — nnoTHocTL coBMECTHOTO pacTipeeneHus CryaitHbix BemuuH X, u X;.
Mpumevanue 1 — [anHoe onpegesieHne MoAWMUMPOBAHO Mo oTHoweHww K JCGM 101 (cnosaphasn
craren 3.10).

4
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Mpumevyanwe 2 — KoBapraunmoHHOW MATPULEN Cry4anHON BEKTOPHON BENMYMHEL X ABIABTCH CUMMETPUY-
Han nonoxuTensHo nonyonpegenernan matpuua V(X) pasmeproctn NxN, anemeHtamMv KOTOPOW ABNAIOTCA KOBapua-
wm Cov(X, Xp), i =1, .., N, j =1, .., N. Hekotopsie onepaumun ¢ ucnonesosannem V(X) nanaraior 6onee crporoe
orpaHuyeHue B BUAE NONOXUTENbHOW ONPEeaeneHHOCT STOIR MaTpuLbl.

3.19 xoppenauus (correlation): Xapakrepuctuka ABYX CAy4aiHbIX BENUUMH X, 1 X, ABNA0LMXCS Bne-
MEHTamu Cny4aiHoi BEKTOPHON nepemeHHon X ¢ NNOTHOCTLI COBMECTHOTO pacnpeaeneHus gy(&), kotopas ume-
eT BUA

COV(X;.‘XI)
JVOXVX)

Mpumeyadune—Bemuunda Corr (X, X)) umeeT pasmepHoCTL eanHuya.

Corr(X;,X ;) = Comr(X;,X;) =

3.20 koBapualuoHHan MmaTpuua (oueHok) (measurement covariance matrix): CeasaHHas ¢ oLeHko aei-
CTBUTENLHOW BeKTOpHOW BeNUYMHLI paamepHocT NX 1 cummMeTpuyHan NnonoxuTensHo nonyonpegene-Has MaTpu-
ua paamepHocTi N XN, Ha rnasHol guaroHany KoTopoK pacronoXeHs! KBaapaTskl CTaHAapTHIX HeonpeaeneHHoc-
TEW, COOTBETCTBYIOLLINX OLIEHKaM 311eMEHTOB BEKTOPHOW BEMWYWHLI, 8 OCTallbHbIE YNeHbl MaTpyLbl NpeacTaBNAnT
coboil KoBapUhaLui Mexay napamu CoQTBETCTRYHOLLMX OLIEHOK 3fIEMEHTOB BEKTOPHOW BenuuuHbl.

Mpumeyvyaunne 1 — TepmuH W onpegeneHne moguduumpoBaHsl No otHoweHwio Kk JCGM 101 (cnosapHas
cratea 3.11).

Mpumevanwe 2— KopapuaumoHuas watpuua Uy pasmeproctn NxX N, cooTBeTCTBYIOWAA BEKTOPY OLEHOK X
BEKTOPHOW BenuunHbl X, nmeeT Bug

U(xg Xq) o U{X9. Xpy)
Ug=| 5 v
ulxp,xq) o u{xy, Xy)

e u(x;, x;) = 1A{x;) — pvcnepoun (KBaAPaT CTaHAAPTHON HEONPEAENeHHOCTI) OLIEHKW X;;

u(x;, x;) — xoBapuaumus Mexay x; u x;.. Ecnu anemenTs! X; u X; BekTopa X HEKOppEenupoBaHHsl, To u(x;, X;) = 0.
Mpumevauune 3 —BJCGM 101 koBapuauuoHHaA MaTpyLa Ha3bIBaeTcA MaTpuuell HeonpeaeneHHoCTH.
Mpumevarnue 4 —lpu paboTe ¢ KOBAPUALUMOHHEIMIA MATPULEMM MOTYT BOSHUKATE HEKOTOPLIE BbIYMCITUTENL-

Hble TpyAHOCTW. Hanpumep, KoBapuaumorHaa matpuua U, COOTBETCTBYIOW,EA OLEeHKE X, MOMET He BbiTh NONOKUTENBHO
onpeAenNeHHon (370 3aBUCHT OT TOTO, kakum obpasom Beina paccuntana matpuua Uy). Kak crnegcreue, Ans Takon matpm-
Ukl He ByaeT CywecTBOBaTE Pa3noxeHne XONeuKoro, 4acTo NpMMEHAEMOE B YNCNEHHBIX METOAAX BeMMCTEHWA (cMm. [T] 1
npunoxenve B). Bonee Toro, gucnepcua AN NWHERHOW KOMBMHAUMK 3MEMEHTOB X, KOTOPAR NPeanonoXuTensHo
A0MmKHa MMETb HeDOMbLlUoEe NONOKMTENBHOE 3HaYeHne, MOXET OKasaTeea oTpuuarensHon. Ona Takmx cuTyaunia paspa-
Botanbl MeTogbl «koppekumns Uy, nocne npumMeHeHns KOTOPLIX NofyveHHas matpuua ByaeT nonoxuTensHo onpegene-
Ha, ¥, COOTBETCTBEHHO, ANA Hee Dyner cylecTBoBaTe pasnoxedHve Xoneukoro, a AWCnepeusi NuHernHon kombyHaumn
anemexToB X Byaer Bcerga nonoxmreneHa. OauH U3 TaKMX MeToaoB npueedeH B [27], a ero npuHUMN COCTOWT B Cnegyo-
wem. BuinonuaioT cnektpansHog paanoxeHue matpuus Uy, npeacraenas ee B Buge

u,=Qpa’,
rae Q@ — wmarpuua, cronbukl KOTOPOW SBMAIOTCS OPTOHOPMUPOBAHHLIMK COBCTBEHHLIMW BEKTOpamu Martpuubl Uy,
a D — guaroHansHan mMaTpuua, Ha rMaBHon AWarcHanm KOTOPOW pacronoXeHbl CooTBETCTBRYIoWMe cobeTBeHHbIe 3Haqe-
HUA Uy. CTPOAT HOBYIO AvaroHarsHyio matpudy D', samensia B matpuue D sremeHThl, MeHbLWE YeM dmjn, Ha dnin, TAE hnin
pasHo npouasegeHnio Hanbonolwero anemerta D Ha eguHUHHYIO OLWMBKY OKPYTNEHUA KOMIMBIOTEPA, NPUMEHAEMOIO NpK
BbluMCNeHnAX. Torga «KoppeKTupoBaHHaa» KoBapuauvmoHHan MaTpuua, npuMmeHaeMan AnA NocNeayiowmy BelUUCEHWI,
ByneT umMeTb BUg

u,=Qp'a.

Mpumesvanue 5— Hexkotopsle onepauyuu ¢ ucnoneacsarvem U, Tpebyior, 4tobnl ganHas matpuua beina

NONOXUTENEHO ONPegeneHHoN.

3.21 koppensauyuoHHas MaTpuLa (oueHok) (correlation matrix): CesaaHHan ¢ oLeHKoW AecTBUTENLHON
BEKTOPHOW BeMWYMHLI pasmepHocTU NX 1 cuMmeTpuyHas nonoXuTensHo nonyonpeaeneHHas Matpyua paamepHo-
ctt NXN, uneHamu KOTopoi ABNAIOTCH KOppenaun Mexay napami cooTBeTCTBYOLLUKMX OLIeHOK 3/1leMeHTOB Bek-
TOPHOW Benu-nHbI.
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Mpumevyanwe 1 —Koppenaumonnan marpwua R, paamepHoctw NxN, cooteetcteyloulan BexTOpy oOue-
HOK X BEKTOPHOW BENWYMHBLI X, UMEeT Bua:

F(Xq,Xq) - (% %)
Ri=l § % %
FXpaXq) o F(XpNX )

rae r(x, x) =1, a r(x, x) — xoppenauva mexdy Xx; v x, Ecnu anemenTsl X; u X; Bektopa X HEKOpempoBaHsl, 1o
rxi %) = 0.

Mpumevanne 2—r(x, X;) Ha3LIBAKOT Takke KoIPPNUNEHTOM KOPPEALMY,

Mpumeuanune 3— KoppenaumoHHan matpula R, u kosapwayuonHas matpuua U, (cm. 3.20) ceazaHbl
Mexay cobon cooTHOWEeHuEM

Uy = DxRDy.

me D, — puaroHaneHaa matpuua pasmepHocT NxXN © gnarcHanbHeIMKW 3neMeHTamu u(Xq), ..., u(xy). SnemeHTb
maTpulel Uy, MoryT BeiTh npeacTaBneHsl B Buae

U(Xp %) = (X X;) b(X)u(x;).

Mpumeyanune 4 — KoppenaunoHxHas matpuua Ry Byfer nonoxutensHo onpeaeneHHon/ CUHIyNApHON B TOM
1 TONBKO B TOM ClTy4ae, ecriv COOTBRETCTEYIOWAs el KoBapualuuonHan marpuua Uy Byget nonoxutensHo onpegeneHHon/
cuHrynApHon. Hexkoropeie onepauun ¢ ucnoneaosarnen R, Tpebyior, 4Tobnl gadnas marpuia Beina nanoxuTensHo
onpegeneHHon.

Mpumedanue 5—py NPEACTABNEHMI YNCTIEHHbIX 3HAYEHWI HEOWArOHANBHEIX 3NEMEHTOR KOPPEnALMOHHOMR
MaTpKLbl YACTO AOCTATOMHO OKPYITISATE MX C TOMHOCTEIO A0 TPex 3HaKos nocne 3anatow. OgHako ecnn KoppensuuoHHasn
maTtpuuya Brivaka K CHHIYNAPHOM, TO, YTODLI M3beKaTh BEIMMCINTANBHLIX CMOKHOCTEA MPU WCMNOMBIOBAHWKM KOpPEenauw-
OHHOW MaTpuusl CPean NPoYNX MCXOAHLIX AaHHLIX B OLUEHWBEHUW HeoTPedeNeHHOCTM M3MEPEHIS, YNCIO CoOXpaHAEMbIX
AeCATUYHBIX 3HAKOB HBOGXOHI‘IMO yBEIII"'I‘-II"ITh. 370 YMCro 3aBUCKT OT xapamepa nocnegoBaTebHbIX Ebl‘-lHC.I'IEHHﬁ, HO B
Ka4eCTBE OPWEHTMPOBOYHOIO 3HAYeHWA pekoMeHAayeTcs BpaTk ero paBHbIM YUCNY AeCATUYHEIX 3HAKOB, HeobxoauMelX
ANS NpeAcTaBneHys HauMeHslUero cobCTBEHHOD 3HEYEHUA KOPPENALMOHHOW MATPULB! C ABYMS 3HAYUMBIMU ABCHTUY-
HEIMW 3HakamKn. Tak AnA KOppensiunoHHON Marpuibl pa3MeEPHOCTH 2X 2 cOBCTBEHHbIE 3HAYEHWUA Aay M Amin PEBHB!
cooTeeTcTBeHHO 1 + |r] u 1 = |r|, rAe r — HeguaroHanbHbIM SNEMeHT KOPPENALMOHHON MATPUULI, W, 3HAYKT, TaKMM
HavmeHblwnm cobeTesHHbIM 3Haqennem byger 1 — |r|. Ecnn aapanee u3gecTHO, YTO KOPPENSILUOHHAA MATPULIA ABNAST-
CH CHHTYAISIPHOW, TO OKPYTNIEHME K MEHLUEMY M0 MOAYIIO CHUXAET PUCK TOTO, YTO NOCNE ONepaunK OKpYTNeHus Koppens-
UMOHHAHA MAaTpULE HEe OKaXETCA NONOXWTerkHO NonyonpeneneHHon.

3.22 maTpuua (ko23dhcpULMeHTOB) HYBCTBUTENLHOCTHU (Sensitivity matrix): MaTpuua yacTHsIX Npou3soa-
HbIX NEPBOra nopsaka yHKUWA, SNUckiBaOLWUX MOAeNs U3MepeHUs ¢ AeCTBUTENbHLIMUY BENUHMHAMM, N0 BXOA-
HbIM UMK BXOOHLIM BEMWYMHAM B TOYKE OLUEHOK aTUX BEMUYMH.

n pumedvaHwe — B cny4ae mopenu ¢ N BXOAHBIMH W M BEIXOAHBIMKW BENWMHMHAMKW MAaTPWUEI YYBCTBUTENEHOCTH
B OTHOWEHWM BXOAHLIX BEMMYMH X 1 BbIXOOHbLIX Bernu4nH Y umeioT Pa3aMepHOCTH COOTBETCTBEHHO mxN nmxm.

3.23 untepBan oxeara (coverage interval): IHTepgari, nocTpoeHHbIR Ha 0CHORE UMeloLLeiics MHhopMaliii
U coflepKALMIA 3HAYEHUE CKansipHON cry4aiHol BeNUMYUHBI C 3a4aHHON BEDOSITHOCTLIO.

Mpumeuawune 1 — [avHoe onpegeneHue mogucbuuupoeado no oTHowexwwo K JCGM 101 (cnoeaphas
cratena 3.12).

Mpumeyanue 2— BepoATHOCTHO CMMMETPUYHLIA MHTEPBAN OXBaTa ANA CKansapHoW BerMYWHLI NpeacTas-
naet cobol nHTepBan OXBaTta, ANA KOTOPOro BEPOATHOCTE TOrD, HTO 3HAYEHWE CIYHaNHOW BENWYNHEI MEHBLLE HAaNMEHb-
WEero 3HaYeHWA (HKHEN MPaHnLbl) WHTEPBANa OXBaTa, pasHa BeposTHOCTM TOro, YTO 3HayeHue CNy4anHON BerluyuHb
Bonblwe HanbonbWero 3HaveHna (BepxHen rpandulbl) nHtepeana [em. JCGM 101 (cnoeaphan cratba 3.15)).

Mpunmeyarnune 3 — Haumerblmin nHTepean oxsara npeacTasnser cobol uHTepsan oxsara, WMEeLmin
HEWMEHBLIYI0 ANMHY CPean BCeX BOAMOXHBLIX MHTEpPBAanos OXBaTta ANs JAHHOW ChnyYainHoW BENW-HUHLI C OOMHAKOBOW
sepoATHOCTEIO oxBaTa [cm. JCGM 101 (cniosaphas crates 3.16)].

3.24 obnacTtb oxBara (coverage region): O6nacTb, onpegeneHHas Ha GCHOBE UMEtoLLLEVCA WHopmaunm 1
cofepikallias 3Ha4eHue BeKTOPHOM CryHainHoi BernuynHb! € 3aaHHON BEPOSTHOCTLIO.

3.25 BeposTHOCTb OXBaTa (coverage probability): BepostHocTs Toro, 4ro 3Ha4seHne crny4anHol seri4inHb
HaXCAWTCS B rpaHULIax MHTepBana oxsara uiv obnactu oxsara.

Mpumeuadnunel—[lanvoe onpeapeneHve moguduiuposado no orHowewnio k JCGM 101 (cnosapHas
crarba 3.13).
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MpumeyaHune2— BepoATHOCTE OXBATa MHOTAA HA3LIBAKOT ypoBHem aosepus [JCGM 100 (6.2.2)].

3.26 HaumMmeHbLIaa obnacTk oxBaTa (shortest coverage region): O6nactb oxsaTa, UMeloLLasa HauMeHsb-
LW o6bem cpean BCeX BO3MOXKHLIX 0bnacTell oxgata ans AaHHoW cry4aiHoi BenuuuHbl G 0AMHAKOBOW BEPORAT-
HOCTLIO OXBaTa.

Mpumevanne—Bcnyuae ckanapHoW CryYanHoOR BenuuMHel Haumedswas obnacte oxeara coenagaet

C HauMEeHbLWUM MHTEPBANOM oxBaTta. [na cry4ailHoW BEeNWuYMHbLI, ONUCLIBAEMON BEKTOPOM B ABYMEPHOM NPOCTPaH-
cTBe, HaumeHbwan obnacTe OXBaTa NpeacTaBnAer cobOA NOBEPXHOCTE C HAWMEHBWER NNOWAAKIO N3 BCEX, UMEIO WX

Ty Xe BEPOATHOCTbL OXBarta.

3.27 MHOromMepHoe HopMankHoe pacnpeaeneHue (BepostHoctein)! (multivariate Gaussian distribution):
PacnpeneneHue BepOATHOCTER BEKTOPHAI cnyyaiiHoi BenuunHsl X pasmepHoct N+ 1, NNoTHOCTL COBMECTHOrO
pacnpefeneHsi KOTOporo MMeeT sna:

9(5) = Wem(— TE-wviE-w)

MpumevsaHnne — U — maremarnyeckoe oxumgadve X, V — kosapualwoHvas wmatpuua X, koTopas
gomkHa BbiTe NMOMOXWTErNBHO ONpegensHa.

3.28 mHoromepHoe t-pacnpegenenue (multivariate t-distribution): Pacnpegenexune BepoatHocTel sek-
TOPHOW cny4arHon sennynHbl X pasmepHocTit Nx 1, NNOTHOCTL COBMECTHOMO pacnpeaeneH sl KoToporo ¢ napa-

mMeTpamMu L, V uv umeer sia:
v+ N
2

I“[ ; ]{m,)mz

—{v +N)2
oA le-wvie-w]

gx(8) = [det{V)]ﬂé

rae I'(z) = [t*'e”'dt — ramma-chyriums, z > 0.
0

Mpumewanue 1— MuoromepHeim f-pacnpegensHuem ONUCLIBABTCA BEKTOpHAA cnyvanHan eenuuuHa X
pasmepHocT NX1, yaosnersopaiowan cootHowennio X — i = (VilW)"2 Q, rmze Q — BekTopHas cnyvaiHas BenvumHa
pasmepHocTd NX1, UMEIoLWAanA HOPMANBHGE PACNPeaeneHne ¢ HYNEBbIM MATEMATUHECKUM OXUASHUEM M NONOKUTENE-
HO OrpsAeneHHOW KoBapuauwoHHol matpuuein V paamepHoctn NxN, a W — ckanspHan cny4vaiHas BENUYnHAE, MMEID-
wan y?-pacrpeaeneHve (pacnpeneneHue Xu-ksaapar) ¢ v creneHsmu ceoboss.

Mpumevarnune 2— lNnotHocTe FpacnpegeneHnna gy(E) HENLIA NpeacTasnTe B BUAE npouvageneHnsa N
MIOTHOCTEW pacnpeaeneHus 3NeMeHTos Bektopa X gaxe B Tom cny4ae, karga V — guaroHaneHas martpuua. B obuem
criy4ae mexay anemeHtamu eektopa X cylwlecTeByeT cratMcTuyeckan sasmcumocte. Hanpumep, npu N=2, v=5nV —
EAVHUHMHOW MATPULUE PasMepHOCTH 2X2 BePOATHOCTE TOro, ¥to Xy > 1 cocraenaet 18 %, B T0 BpeM# Kak ycrnoBHas
BEPOATHOCTE TOrO, 4T0 Npu X, > 2 sHaqexve X; Byaet npessiuarte eguunly, coctaenaet 26 %.

4 CornaweHus U ycnoBHkle 0603HaYeHus

B HacToAweM cTaHgapTe Ueness308aHsbI CNneayowme cornalleHuns 1 yerosHsle oGosHaveHus.

4.1 BGUM [JCGM 100 (nyHkT 4.1.1, npumedanue 1)) 4rns akoHOMUW YCIOBHBIX 0603HaYeHUA 04uH 1 TOT Xe
cumBor (npenucHas Byksa) ucnosbayeTcs 4ns:

(i) husmyeckoi BeNUYMHbLI, KOTOpas npeanonaraer HaJiuiue eQuHCTBEHHOrO UCTUHHOIO 3HAYEHWS

(il) cnyyanHol nepemeHHoR, accouMMpoBaHHON € 3TOW (h3UYECKON BeNTMYUHON.

MpumevaHnune — CnyyaiHas nepemeHHan BbINOMHABT pasHbie POy MpW OUeHWBaHWK HECNpPegeneHHoCTK
no vy A w B. lNpw oueHnBaswy HeonpegensHHocT no Tvny A, cny-ZanHan nNepemeHHan npeacraenseT cobon
«... BO3MOXHbIA pesynstar Habniogenws Benuuubbl». [lpy  oueHvWBanuv HeonpedenedHocTH no Tuny B Bepoar-
HOCTB pacrnpeaeneHns Cry4anHon NepemeHHoOn XapakTepuayet UMEIOIMECA 3HAHWA O BO3MOMHBIX 3HAYEHWAX 3TON

BENMUYKUHbBI.
JTa ABONCTBEHHOCTL 0Bo3HaveH it B BoNbLWWHCTBE ClTy4aes He BbldbiBaeT HeyJo6CTB.

1) MuoromMepHoe HOpPMAaNbHOE PACcNPEeAeneHne Ha3LIBAINT TAKKE MHOTOMEPHbIM pacrnpejenenuen [aycca.
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B HacTosaleM cTangapTe (Tak xe, kak 1 8 JCGM 101) B cnyvyae BXOAHLIX BENUYWH, HEONPEaeneHHoCTh
KOTOPLIX OLIEHUBAIOT NA TUNY A, OAWH W TOT e cuMBor (NpanucHas Bykea) UCnonbL3oBaH ANs TPEX NOHATUI, a
UMEHHO:

a) uranveckan senuuuHa;

b) cnyqaiiHas nepemerHHas, A5s KOTOPO Nory4aioT pesynsrarel HabniogeHui;

C) cny4aiiHag nepemexHas, pacnpegeneHie BepoaTHOCTA KOTOPOA aCCOLMUPYIOT C UMEIOLLMMUCH 3HAHUSA-
M O BOZMOXHbIX 3HAYE HUAX hU3UUECKON BEMUYMHBI.

[Ba nocnegHux noHATUS, OTHOCALLMECS K cny4YaiiHon seninynHe, 8 GUM (JCGM 100) He pasgenstoTes, Yto
MOXET SIBUTLCS UCTOYHUKOM HegopasymeHuit. Tak paccmarplrisaemast B HacTosiLem cTasgapTe u 8 JCGM 101
npoliedypa oLieHWBaHUsl HeonpeaeneHHocTU ¢ Uerons3oBaHem MeToaa MoHTe-Kapno MoxeT BbITs Henpasub-
HOC UCTOINKOBAHA KaK peanuaauusa npoLeaypsl, nanoxerHon 8 JCGM 100 (nyHkT 4.1.4, npumevaHue 1). B neiicteun-
TenbLHOCT e, XOTS yKkasaHHble Npoueayphl CXOXU B TOM, 4T B 0Benx nony4yatoT BulBopKy 3Ha4YeHU A BLIXOAHOM
BENVMUHBI AANA AaHHOW MOANU U3MEPEHWA U3 COOTBETCTBYIOLLEro pacnpefeneHus, caMmu pacnpeaeneHua g ob-
Wwem cnydae 6yayT pasHeimi., B JCGM 100 (nyHkT 4.1.4, npumedaHie 1) aTo 4acToTHOE pacrnpefeneHue, T. e.
cnyyaiHas BenuyuHa MHTEpNPeTUpYeTCA B cMbicne nepeducnerus b), Toraa kak B Metoge MoHTe-Kapno ato
pacrpegenesue crny4anHon senvvuHbl, MHTepnpeTUpyemMon B cMsicne nepedkcneHus c). [ins bonelinHeTaa
U3MepUTEnbHLIX 3adady noaxod, npeanoxedHsid 8 JCGM 100 (nyHkT 4.1.4, npumedanue 1), He pekomeHAyeTcA
(cm. [2]).

4.2 [InA BXOA4HLIX BENTMYUH MOAENK U3MEepPeHWA B HacTosweM cTaHgapTe npuHaTo obosHaveHue X, ..., Xy
unv B euae mMatpuusl X = (X;, ..., Xy)" pasmeproctt Nx 1 (cumson «'» oBosHadaeT TpaHcnoHMposaHie).

4.3 [Ins BbIXOAHbLIX BEMAHUH MOAENTV U3MEPEHUA B HACTOALLEM cTaHaapTe nNpuHsaTo o6oaHaqeHve Yy, ..., Y
unu B suge matpuusl Y =(Yy, ..., Y| pasmepHoctn mx1.

4.4 Ecnv Y, MoryT BbiTh BbipaxeHbl Yepea X B ABHOM BWUAE, TO MCAETb U3MepeHa UMeeT BiA

Y =£(X). (1)
rae f— mHoromepHan oyHKUMA N3MepeHUs. ,El,pyraﬂ q:opma 3anucK ansg Tow ke mogenu (cm. 3.9) umeet Bug
=h(X), ... Y = 1(X),

rae f4(X), ..., f,(X) ssnswoTca cocTasnAloWw MM f{)()‘
4.5 Ecnu Y; He BolpaxeHbl B ABHOM BuAe Yepes X, TO Mogesb M3MEepeHnst nmeeT Bug

h(Y,X)=0 (2)
unu B gpyroii popme 3anncu (cm. 3.8)

hi(Y,X) = 0, ... h(Y.X) = 0.

4.6 OueHky X obosHavaloT B BUAE X = (Xy, ..., Xy )| — MaTpuubl paamepHocT Nx 1. KosapuaumoHHyio
MaTpuLly, COOTBETCTBYIOLLYIO X, obo3HaualoT B Buae U, — maTpuubl pasmepHocTit Nx N (cM. 3.20).

4.7 OueHky Y 0603Ha4aoT B Buae ¥ = (Vs, ..., ¥,,) — Matpulbl pasmepHocTy mx 1. KosapuaumnoHHyo
MATPULLY, COOTBETCTBYIOWYIO Y, 0Bo3Ha4atoT B Buae U, — MaTpiLibl pasMepHoCcT mxm.

MpumevyaHwe — Uy B Criydae MHOTOMEPHOW MOQENW C /77 BHIXOOHLIMKM  BEMWYMHEMM SBIIAETCA aHanorom
auenepeuy L2(y) ana y 8 cnyqae OOHOMEPHOW MOAenn wnamepenwn, paccmarpusaemoit B JCGM 100 v JCGM 101.
B JCGM 100 u(y) obosHauaeTea Kax ucly), rae NogcTpoHHbif MHAEKE “¢" NPUMEHUTENBHO K CTAHZapTHOW HeonpedeneH-
HocTu oboanaqaer «cymmapHasy. Kak u B8 JCGM 101, B HacToswem <raHaapTe WCNoNbaoBaHue nogcTpoYHore
MHAEKCA "C" B AaHHOM KOHTEKCTEe paccmaTtpuBaeTcsl kak nanuwhee [cm. JCGM 101 (nywkT 4.10)].

4.8 Ecnu oUeHKM BLIXOAHLIX BENWHMH MpeanonaraeTcs WCnonk3oBaTh N0 OTASNLHOCTY, TG KaXaas 13 aTHX
BENMYMH MOXET pACCMATPUBATHCH KAK BbIXOAHASA B COOTBETCTBYHLUEA 0QHOMEPHOW Mogeny usMepeHuns. Ecnu
XKe, Hanpumep N NocregqyroLLmnx pacHeTos, 3TU OLEHKA OOMKHB! BeITs MCNONb30BaHEl COBMECTHO, TO JOMKHbI
BbITb NPUHATHI BO BHUMAHWe KoOppensauui Mexay HAMA,

4.9 CtaHaapTHyK HeonpeaeneHHocTb, COOTBETCTBYOLLYIO X, 0boaHauatoT L(x). Ecnn KoHTeKeT uckniovaeT
BO3MOXHOCTh OLLIMGOMHOTO UCTOMKOBAHWA, TO MOXET NPUMEHSITLCA coKpalleHHana chopma sanucu u,. flaHHas
thopMa 3anncu He PeKoMeHAYETCS, €CIK NPU X UMEeTCs UHASKS UMK UHON 3HaK, HanpuMep X; unu X .

4.10Tog X MOXKHO NOHMMATh KaK «OLEHKN BXOAHbLIX BESTMHUHY, TaK 1 «OLeHKY BXOAHON BeNMMYUHbI (BeKTop-
HoW)». B HacTosAWem cTaHdapTe NpenMyLLecTBeHHO NCTIoNL3YeTCA NocneaHee onpegerniedve (To e camoe crnpa-
BEANUBO A5 BbIXOAHLIX BEINWYMH).
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4.11 Kak ykazaHo B 4.2—4.10, senuyvHa B 06Luem cnyvyae 0603Ha4aeTcs ¢ NOMOLLSH NponucHoi ByKeel, a
ee CUeHKa WK HexoTopoe (hrKcMpoBaHHOEe 3HaYeHUe BENUMWHBI (Takoe, kak MaTtemarmHeckoe oxvaaHue) cooTeer-
CTBYIOLLER cTpodHOW BykBoit. [aHHoe npasuno yaobHo ans obliero aHanuaa, Ho 3a4acTyio He NoaxoauTt ans
0B03HaueHMA BENUHUH B KOHKPETHBLIX NPUNOKEHWNAX 13-3a YCTOABLUEACS NPAKTUKA MCNONb30BaHUA /15 KOHKpeT-
HbIX (hM3UHECKMX BESIUHMH cneunanbHbiX o6o3HaveHuin, Hanpumep T 4ns8 Temneparypsl i t Ans spemeni. Moato-
MY B HEKOTOPLIX NpUMepax HacTosLLero cTaHaapTa UCNonb3yieTes UHble oBoaHadeHus: hiandeckas BennymnHa
obosHavaeTcs ee 06LLENPUHATHIM CUMBOIIOM, @ e MaTEMaTHECKOE OXVAAHNE UK OLEHKA 3TUM Xe CIMBOSIOM C
LMpKyMdprekcom («KpbILLKoid»). Hanpumep, aMnnuTyaa nepemMeHHoro Toka (npumep 1 u3 6.2.2) obosHavaeTces /,

a oueHka | — | [em. JCGM 101 (nyHkT 4.8)].

4.12 Hactosalwmid ctaHgapT aTeTynaeT oT oboaHa4eHuid, YacTo MeNonbayemMbix Ans o6a3HadYeHna NnoTHoC-
Tell pacnpegeneHisa BepoATHOCTEN U hyHKUWA pacnpegenennsa. B JCGM 100 ogHo 1 To e oboaHa4yeHue f 1e-
MonbL30BaHO kak Ans yHKUMM M3MepeHs, Tak v AN NOTHOCTW pacnpefeneHus BeposiTHOCTEN, YTo cosaaeT
HeoAHO3HaUYHOCTb NoHWMAaHWS. [ockanbky B HACTOSLLEM cTaHAapTe MoAenam yaeneHo ocoboe BHWMaHue, Ans
MNMOTHOCTY pacnpefeneHnsi BeposiTHOCTeH U thyHKUMKM pacnpeaeneHust Bmecto obosHadeHnii Fu Fucnons3ora-
Hil COOTBETCTBEHHO g U G. MpuMeHsieMble NoACTPOYHbIE WHOEKCH! COOTBETCTBYIOT Cy4YailHOW BENUYnHE, O KOTOo-
poiit uget peds. O6o3HaveHve focTasneHo ans onucadusa yHKUMW namepeHust (B CkansapHOM Ui BeKTopHOW
topme).

4.13 MNnoTHocTe pacnpegeneHna MoxeT BblTs NOCTAB/IEHA B COOTBETCTBUE KaK ckansipHom (X), Tak 1 BeKTop-
Hoi (X) BenumHe. B criydae ckanapHon Benu4nHel NNOTHOCTL pacnpegenedus Ana X obosHaqyaeTcs Kak gyl(s),
rae & — nepemeHHas, NPUHYUMAatoLLan BOIMOXKHEIE 3Ha4YeHWA BenvauHel X, 3aeck X paccmarpuBaercs, kak cry-
yanHas nepemMeHrHasn ¢ MatemMaTudeckum oxxuaanuem E(X) n gucnepcuen V(X).

4.14 B cny4ae BeKTOPHbIX BENWYMH MIOTHOCTL pacnpegenedns ans X obosHavaetca kak gy(E), rae
E = (&4, ..., Ep) — NepemerHas, NpUHMMAI0LLAS BOSMOXHbIE 3HaueHs senvuvHil X. 3gecs X paccmatpusaeTcs
Kak ciy4yailHas nepemeH=as ¢ exuaadvem E(X) 1 koeapraumnoH=on matpuuein V(X).

4.15 AHanorv4Ho, B cny4ae ckanspHsix BenuuauH (Y') ninoTHoCcTs pacnpeneneHus obosHadvaerca kak gy(n),
a B cny4ae BekTopHbIX Ben4uH (Y) — gy(m).

4.16 [ins 06o3HaueHns AeCaTUYHOIA ApoBu ucronsayeTtcs 3andTas’’,

5 OCHOBHbI€ NMPUHLMUIBI

5.1 O6wure nonoxeHnus

5.1.1 BGUM [JCGM 100 (nyHkT4.1)] namepermne mogenupyetca yHKUMEN, CBA3bIBAIOLLEN eNCTBN-
TelNbHble BXOAHbIE BENUYWHL X, ..., Xy ¥ AelCTBUTENbHYIO BbIXOAHYH BenuuuHy Y B suae dhopmynsl (1), T. e.
Y = f(X), rae X = (X3, ..., Xyy)" — @eiicTeuTensHas BeKTOpHas BXOAHAR BeNuunHa. 3T0 OAHOMEepHas (yHKUMA
M3MEPEHWA ANA geicTBUTENbHBIX BENWYMH (cM. 3.9 npumevanue 3).

5.1.2 HanpakTvke He Bce WamepeHua MoryT BeiTe CMOAENVMPOBaHS! C NOMOLLLH PYHKLMW MBMEDPEHWA C
OQHOW CKanapHOW BEIXOAHOR BENUYMHOW. B peaneHkix MaMepuTensHeIX 3agadax MoryT MMeTs MecTo;

a) HECKOJTIbKO BLIXOAHbLIX BENWYUH Yy, ..., Y, (KOTOPLIE COBMECTHO 0B03Ha4aroTCA AerCTBUTEeNbHON BEKTOp-
HoW BbixoaHoi serinanHon Y = (Y, ..., Y,») '), Ans kotopsix chopmyna (1) npurumaet sua Y = f(X);

b) Bonee o6t sug Mmogeny uamepervs B suae chopmynsl (2), 1. e. h(Y,X) =0.

5.1.3 Kpome Toro, HeKoTopLIe UK BCe anemMeHThl X 1, COOTBETCTBEHHO, anieMeHThl Y MOryT NpeacTaBnarb
coBOo KOMMINEeKCcHbIe BENWYUHBL. ECAN KaXayH Takyro KOMIIEKCHYH BENWYMHY NpeacTaBuTs B BUAE ABYX CO-
CTaBMALUMX (ASACTBATENbHAR M MHUMAS YaCTb WK MOAYIb Y apryMEeHT KOMINEKCHOIo YMcna), To, B NpMHUMNE,
Ge3 HapyweHusa oBLLHOCTY MOdelTb U3MEPEHNA MOKET paccMaTpPUBaTLCA Kak MOAESb C AEACTBUTENEHbIMW BENW-
YyvHamu. OaHako 8 BoNbLIWMHCTBE CNYYaes BUA anropuTMOE, paboTarnLvx C KOMMEKCHLIMW BENWYMHaMU, NPo-
Le, Yem ecnv Obl MOAENb BKINKYana ToMbKo AeicTerTensHele BernvdiHbl [ 14]. MpumeHeHwe mogenen nsmeperns
C KOMITIEKCHBIMU BENMYMHAMY NO3BONAET 3anNUCcaTh 3aKoH TpaHChopMUpOBaHWs HECNPeAeNeHHOCTE! B KOMNAaKT-
HOM MaTpu4yHom suge (cm. 6.4 v npunoxkedue A).

5.1.4 B HacToslem cTaHgapTe Mogeny, ykasaHHbie B 5.1.2 1 5.1.3, paccmaTpusatotcs B Gonee obuiem
BUae.

B OpPUTMHAINE Ha aHrNWACKOM A3bIKe B AaHHOM nogpasfene yKasbiBaeTcs Ha UCNonb3ioBaHne B KavyecTee gecs-
TWHHOMD 3HAKA TOMKM BMECTO 3andATon.
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5.2 OcHOBHbI€ 3Tanbl OLEeHUBAaHWA HEONpeaeneHHOCTH

5.2.1 OcHoBHble 3Tanbl OLeHWBaHUS HEONpeaeneHHOCTW BKIToHarT B cebs hopMyiMpoBKy U3MepuTensHoi
3afaqv, TpaHcthopMrpoBaHye pacnpegeneHuil U nonyseHue OKoH4YaTeNnbHOoro pesynsrara:

a) hopMynMpOBKa M3MEpPUTENBHOW 3a4a4m BkNo4aeT B cebs:

1) 3agaxne BeIXOAHOW Benu4unHbl Y (M3MepseMoi BEKTOPHOM BENUYUHBI);

2) BbIsiBIIEHME BXOOHbIX BENMWYKUH, COCTABNAIOLLMX BEKTOPHYHO BXOQHYIO BeNMHHY X, OT KOTOPbLIX 3aslcuT Y,

3) cocTaBneHue Moaenu uamepeHus, onpegendtollei ssanmocsass Y ¢ X B slae pyHKUMKM namepeHna
[cm. dbopmysty (1)] unu B Gonee obwem suae [cMm. hopmyny (2)];

4) npUnuceiBaHue pacnpegeneHiil BEposiTHOCTEA (HOPManbHOro, NPAMOYToNbHONO 1 T. 4.) BXOAHLIM Benu-
YuHam X (anemeHtam Bekropa X) Ui COBMeCTHOro pacrnpejeneHusi BeposiTHOCTER BXOAHLIM BEMUYMHaM, He
ABNAOLLUMCS HE3ABUCKMbIMI, HA OCHOBE MMEIOLLIEICH 0 HUX MHdopMaumn,

b) TpaHcthopMuposaHWe pacnpegeneH1ia npegycmaTtpusaeT onpegeneHue NNoTHOCTU COBMECTHOIC pacnpe-
feneHus BoixogHol BenuivHel Y Ha OCHOBE NNOTHOCTE!N pacnpeieneHna BXOOHbIX BENU4KMH X) 1 MCnolb3yemoin
MoAENU UaMepeHis,

C) Nony4eHve OKoHYaTeNLHOra peaynsrata npeanonaraeT McNofb3oBaHue NNaTHoCTW pacnpenenedis Y
ANs onpeaeneHus:

1) oLeHKKU MaTemaTueckoro mkuaaHus Y B Buae y;

2) koBapuaLMoHHOW MaTpUL U,, COOTBETCTBRYHOLLEN Y;

3) obnacTu oxBaTa, cofiepxalliei Y ¢ 3afakHON BEPOATHOCTLIO p (BepOsiTHOCTL OXBaTa).

5.2.2 GopmynnpoBKy U3MepUTenbLHON 3aaauu ocyLLecTRSET MeTponor. PexomeHaaumy no ssIopy rnrnoTHo-
cTU pacnipefeneHus [cTaava 4) atana a) B 5.2.1] Ans HekoTopbix o6LLUX cny4yaes npusefeHsi 8 JCGM 101 u s
5.3. 3ranbl TpaHcchopMUpoOBaHAA pacrnpeaeneHui K NonydYeHra okoHYaTensHLIX pesynstaTos [6) v B) B5.2.1], Ana
KOTOPbLIX NpUBeAeHsl NoapobHLIe YkazaHWs, He TPeByIoT AoNONHUTENLHOR MeTponoryeckoil MHpopMaLm U Mo-
ryT BbiTh BhinonHeHk:! ¢ mioboii Tpebyemoi BeIMUCINTENEHOR TOYHOCTLIO AN MOCTaBNeHHON 3adaqn.

Mpumeuanwne— Kak Tonbko atan NoCTaHOBKK 2334341 a) B cooTeeTcTBUM C 5.2.1 BBINCNHEH, TEM CaMbIM
MMOTHOCTL pacnpeneneHna BepoATHOCTeN ANA BuIXOAHOW BennunHel Y (opMarbHo nonHocTsio onpegeneqa. OaHako
BbIYMCIIEHWE MaTeEMaTVYECKOrc oKMaaHus, CTaHgapTHoOr0 OTKNOHEHWA W ofracTi oxBara MOXer ﬂGTp&ﬁOBaTb npume-
HEHWA YUCNEeHHbLIX MeTOhoB, oﬁna,qamu.mx HEI{OTODDI‘;T CTENEeHLK I"lpMﬁl'IH)KEHHﬂ.

5.3 @YHKUUU NAOTHOCTU BEPOSITHOCTU AN BXOOHbLIX BENMUYUH

5.3.1 O6Lwme nonoxeHus

PykosoAacTso no ssiBopy NNATHOCTEN pacnpeaeneHusa Anst BXoAHbIX BeNUUuH X; Ha atane hopMynupoBKA
uamepuTensHoit 3agaqu npusegero 8 JCGM 101 (paspen 6) Ans HekoTopsIX 0bwux cnyvaes. OaHako eaunH-
CTBEHHbLIM MHOrOMEpHLIM pacnpegeneHiem, pacemoTpeHHsIM B JCGM 101, senseTca MHOroMepHoe HopMansHoe
pacnpegesnieHue JCGM 101 (nyHkT 6.4.8). 310 pacnpegeneHue NpUNUCLIBAOT BXOAHOM BefiniuHe X, ecni goc-
TynHas UHpopmaLua o6 X ekniodaeT B cebs TONbKO OLEHKY X 1 COOTBETCTBYHOLLYHO KOBAPUALIMOHHYI MaTpuLly U,.
B 5.3.2 paccmatpusaeTcs ellie oiHo MHoroMmepHoe pacripefenerne — t-pacnpeneneHue. Ero npumeHsioT, ecnm
eMHCTBEHHOM AOCTYNHOM UHbopMaLnel o BenuyuHe X sienaeTcs Bbibopka HabniogeHuir (NpeanonaraemsIx Heaa-
BYCKHMBIMW ) BEKTOPHOW BEMUYYHBI M3 MHOrOMEPHOIO HOPMalbHOIo pacnpedereHUs ¢ HEM3BECTHRIMIW MaTtemMaTh-
YECKUM OXMOAHWEM 1 KoBapWaLMoHHOW MaTpuuei (cMm. Takke 6.5.4).

5.3.2 MHoromepHoe t-pacnpegeneHue

5.3.2.1 MpednofioXxMm, YTo 4119 BEKTOPHOW BeNMYrHb! X pasmepHocTeio X 1, MetoLLeR MHOroMepHoe Hop-
mansHoe pacnpegenedue N(|,Z) ¢ HeM3BecTHLIMU MaTEMaTHYECKMM OXUaaHUEM L U KOBapUaLMOHHON MaTpuLei
Z paamepHocTeio N XN, AoCTYNHLI N He3aBucUMBIX HabnwaeHwid, n > N. MycTs L — uckomoe 3HadeHue X. Toraa,
BbIBUpas B ka4ecTse anpuopHsIX pacnpedeneHni 4ns | W £ cOOTBETCTBY 0L ME HelHdopMaT/BHbIe pacnpegerne-
HUSA U UCTIOf3YS TROpeMy balieca, Nonyyum, HTo COBMECTHBIM pacrpedeneHiem 4ns L (Uiv pacnpegeneHuem,

npunuckiBaeMeiM X) Byaet MHoromepHoe f-pacnpenenexue t,(X,S/n) ¢ v = n— N cteneHsimn ceoboasl [11], rae

x =10t + ot X,), 8 =T [y = X)X =) #... + (%, - X)(x, - %)7}

Mpumevyauune —Tlpy HanMuMK COOTBETCTBYIOWMX OCHOBaHWWA B KayeCTBe arnpuopHsIX pacnpegeneHun
mMoryT BbiTk B3ATEI APYTWE pacnpedeneHwns, YTo MOXET NPUBECTW K APYIoMYy 3Ha4YeHWI0 Yucna crerneHei ceobodb 4ns

t,(X,S/n) wnn gaxe k gpyromy Tvny pacnpegeneHna ana X.
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5.3.2.2 MnoTHocTk pacnpeaeneHys, nonydeHHoro ansa X, umeet Bua

-1 -ni2
ox(6)= —— 2 [det(sa‘ﬂ)]_”g[ﬂ%(Eui)T(%) (g*i,] _

r(v/2)(zv)

rae I'(Z) — ramma chyHKUMA aprymeHTa z.
5.3.2.3 MaremaTv4eckvm oxxuaaHuem u kosapuaumein X 6yayT cooTBeTCTBEHHO

- - Vv 8
E(X) = x, V(X)—v_zn.
rae E(X) onpeaeneHo Tonkko ans v > 1 (4to cootBercTByeT N> N+ 1),
5.3.2.4 YTobul cchopmrpoBaTh cny4aiiHoe BelbopoyHoe aHadeHue & us £,(x,S/n), soabmenm N criy4anHbix
BeIBOPOUHLIX 3HAYeHW Z, i =1, ... N, u3 ctangapTtHoro pacnpegenesus Maycca N(0,1) v ogHo ssibopodHoe
3HaYeHwe w ua Xf -pacnpegenenus c v creneHamn ceoboael, Torga

E=%X+ Lz\g. L =(Zysi Zn ) s

rae L— HKHSS TpeyronbHas Matpuua pasmepHocTu NxN 8 pasnoxeHun Xoneuxoro S/n=LLT [13].
Mpumeyaunwne — Marpuua L moxer 6eiTe onpegenexa, Hanpumep, kak B [13].

5.3.3 NocTpoeHne MHOroMepHbIX (hyHKUUIA NNOTHOCTU pacnpegeneHus

Korga exogHbie Benu4uHbl X, ..., Xy KoppenuposaHHbl, To 08bIMHO JOCTYIMHOW 0 HUX UHbopMauuen sena-
eTCH B1a NNoTHOCTU pacnpegeneHa AN Kaxaon M3 aTux BenunymH (Hanpymep, 408 c4HoW — HopmansHoe, ans
APYrov — NPSMOYronbHGe W T.0.), OUEHKM Xy, ..., Xy, UCNONL3YEMEIE B KAYECTBE MATEMaTUYECKUX OXUAaHWUA,
CTaHagapTHLIE HeoNpeaeneHHoCTN U(Xy), ..., U(Xy), MCNoNb3yemble B KaHecTse cTaHgapTHBIX OTKIIOHEHWIA, U KoBa-
pyvaLn, cooTBETCTBYHLWVE napam X;. MocTpouTs No MapriHanbHsIM pacnpegeneHusam Xy, ..., Xy COBMECTHYH
MIOTHOCTL pacnpegeneHus ans X MoxHo, 3Has ux konyny. OOHake BeILLEYKa3aHHOW MCXoAHOW MHhopMaumu
MOXKEeT COOTBETCTBOBATE MHOXECTBO KOMYI, NO3TOMY BUA NOCTPOEHHOH COBMECTHOI NNGTHOCTU pacnpeaeneHins
ByaeT He eAMHCTBEHHbLIM,

5.4 TpaHcchopmMUpoBaHUe pacnpeneneHuin

5.4.1 B nesoil YacTu pucyHka 1 nokasaH npuMep mMoaenu uamepeHus ¢ N = 3 B3auMHoO He3asucuMbIMU
BXOAHbLIMW BENUYMHamMK X = (X, X, XS)T v m= 2 suixaaHbiMu senuiuHamm Y = ( Yy, YQ)T. DYHKUWUA U3MEPEHU —

f=(f,, ,)7. Benuumnam X, i = 1, 2, 3, npurucaHsl NNOTHOCTM pacnpeaeneHns 9x, (i), a Y xapaxTepuayerca

COBMECTHOM NIOTHOCTLI0 pacnpeaeneHus Jy (1) = 9v.v, (11,12 . B npasoii yacTy pucyHka 1 nokaaaH npuvep, B
KoTOpoM X; 1 X, BaauMHO 3aBUCIMbI U XapaKTepuayioTCA COBMECTHON NNOTHOCTLIO pacnpesenequs Jx, x, (&1.62)

Q'x1(E.\1)—"'
i Yy = F(Xq, Xo, X3) Ix (51 S2) =2 Yy = (X4, Xo, X3)
Ix,(Ez) = = 9y, v,(M4: N2) =0y, v,(N1, M2)
Yo = (X4, Xo. X3) IxalGa) =] Y2 = falXy. Xo. Xg)
Ix5(5a) =

PucyHok 1 — TpaHcthopmupoBanue pacripeaenennii Ana moaenu ¢ N = 3 exoaHpiMn BEMVHMUHAMKA W M = 2 BbIXOAHBIMK
BeNMYMHaMM, KOTAa BXOAHLIE BenuymnHbl X, X5 1 X5 B3aumMHO HesaBucumbl {criesa) v korga Xy u X, B3auMHO 3aBUCHMB
(cnpaBa)

5.4.2 BeixogHas senuHnHa Y MOXeT cama ChyXuTk OCHOBOM 4115 NONYHEeHWA cneayrolLeid BenuHnHbl, Ha-
npuvep, Q. Torga Y BygeT paccmaTprBaTsCs Kak BXOAHARA BeNYMHa B MOLAENM U3MEePeHWA, ONUChIBABMO, Ha-
npumep, MyHKuMen nsmepeHns t n umetoLLen Bna

Q = t(Y).
Tak, Y MmoxeT npeficTasnats cobon Habop atanoHOB Maccbl, a Q — CYMMbi HEKOTOPbIX K3 HUX,
1
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5.4.3 OBbweauHeHue hyHKUMIA namepeHys f u t Ans AByx noamogeneit No3BoONAET NONYYNTE 3aBUCMOCTE Q
HenocpeACcTBEHHO OT BXoAHbIX BenuduH X. OaHako 8 paae uamepuTensHbIX 3a0ay KenaTenbHo COXpaHuTL pas-
BueHue Ha NnogModenu, ecriv OHK OTHOCATCA K hyHKLMOHANLHO pasHbIM atanamM. CoBOKYNHOCTk ABYX Nogmoae-
neu npegcraengeT coboi NprMep MoAe M MHOTeCTYNeH4YaTore avepeHud (em. 3.12).

5.4 4 Cnyyvait, koraa Ha thuHanbHoM aTane MHOTOCTYNEHYATOrS USMEPEHUS C NPUMEHEHUEM MHOTOMEPHBIX
nogmogenei UMeeTcs e AHCTBEHHAA BeIXxOAHAaA CKanapHas BeindrnHa, MOXeT BbITb paccMOTPEH C NpUMeHeHWeM
JCGM 101.

5.5 MonyyeHue urorosoin MHdopmaLuu

5.5.1 OueHka y BbIXo4HoW BenuuMHbl Y paccmaTpyBaeTcs kak mateMmarndeckoe oxwnaanue E(Y). Kosapua-
UnoHHas matpuua U, cooTseTcTayiolan y, — kak kosapualmonHas marpuua V(Y).
5.5.2 [1na seposTHOCTY oxBaTa p oBnacte oxsarta Ry Ana Y nonyyatoT peweHuem ypagHeHus

Jgy(m)dn = p.
Ry
n pPunMmeEeEYaHNeE 1 — HeKOTODblM BETWYMHaM MoryT OLITe MOCTABMEHLl B COOTBETCTBHME C.l_ly"'lal.""lHHe

nepeMeHHbIe C pacnpeaeneHvaAMN, Y KOTOPLIX MaTeMaTUYecKoro OXMAaHNS U KOBaPWAUMOHHOW MaTpHLibl HE CYLLEeCTBY-
eT (cm, Hanpumep, 5.3.2). OgHako obnacTe oxeaTta gna Y cyLecTByeT BCeraa.

Mpumedanue 2— B obuem cnyyae cywecteyeT bonee ogHon oBnacTu oxsarta gns 3agaHHON BEpOATHOCTH
OXBaTa p.

5.5.3 MNpsiMoro MHOromepHoro aHanora BepoaTHOCTHO cuMmmeTpiyHore 100 p %-Horo uHTepsana oxsara,
paccMoTtpeHHoro B JCGM 101, He cywiectsyet. OfiHako cyLlecTByeT aHanor HauMeHbluero 100 p %-Horo uHTep-
sana oxsata — 310 100 p %-Has HaMmeHswWwan obnacTs oxBaTa.

5,6 Cnoco6bi TpaHcthopMUpPOBaHUA pacnpegeneHnin

5.6.1 TpaHcdopMupoBsaHe pacnpegeneHiii OcyLLLEeCTBNRIOT HECKOMbKMMM crnocobamu:

a) aHanuTUYecKUMKM MeTogamin, obecneunBatoLLIMMI NonyYeHe MaTeMAaTYECKOro NpeacTasNeHus NoTHO-
cTi pacnpegenedus ana 'Y,

b) npumeHeHnem 3akoHa TpaHChopMUPOBAaHUS HeonpeaeneHHOCTel, 0CHOBAaHHOIO Ha 3ameHe dhyHKUMK u3-
MepeHusi ee annpokcumaLuen pagom Telnopa ¢ YieHamm pasnoxeHna nepsoro nopsaaxa [oboblleHre nogxoaa,
nanoxerHoro 8 JCGM 100 (nyH«kT 5.1.2)];

¢) ynueneHHsIMK MeToaamu [em. JCGM 100 (nyHkr G.1.5)], B ToMm Yucnie ¢ ucnonsaosaHuem metoaa MoHte-
Kapno (MMK),

Mpumedanue 1 — AHanuTuHeckue meTofk NPEBOCXOAAT BCE NPOYME € TOW TOYKWM 3PEHWH, 4TE OHW HEe
MCNONBL3YIOT npubnuxernin. OgHaKko OHW NPUMEHUMbI TONBKO B NPOCTbIX cny4yanx. Takue MeTodbl B HACTOALWEM CTaHaap-
Té He paccMartpyBaloTCA 3a MCKITIoYeHWeNM NPpUMEepPOoB, TAe OHW MCNoNBL3YITCHA ANTA CpaBHeHWA.

Mpumevanune 2— Metog MoHTe-Kapno e HacTosuem cTaHgapre uenofbayeTcs gna nanyveHdus pacnpege-
neHna EIBICI‘OpHOﬁ EIbt)COJ:\HDF‘I BENMWYVHKBLIl, @ HE B KavecTee METo4a MMUTaUMOHHOMN mMogenvpoeaHns, |_|plfl oLeHrnBaHnn

HeonpeAeneHHoCTH Ha aTane TpaHCOPMUPOBAHWA pacnpeaeneHui pelsaeman 3agada ABNfAeTca AeTepMUHUPOBaH-
HOW, MOSTOMY B MMWTALMOHHOM MOOENWPOBaHMK DU3MYECKOTD CNyYanHoro npouecca HeT HeobxogumocTu.

5.6.2 B aakoHe TpaHcdropmuposaHun HeonpeaeneHHocTel oleHka x = E(X) ans X v cooTReTCTBY0LLANA
kosapuaumotHas matpuua U, = V(X) noasepratotca npeobpasoBaHnio NocpeacTBOM IMHeapusceaHHon Modenu
WamepeHvs. B HacTosllem cTaHaapTe AaHHas NpoLleaypa pacecMartpyuBaeTes AN MoAenei pasHbIX TUNOs.

5.6.3 B nesovi yacTu pyucyHKa 2 nokasaH o6o6LLeHHLIM 3aKoH TpaHchopMUpoBaHUa HeonpeaeneHHocTel
Ans Moaeny usmeperusa ¢ N = 3 B3auMHO HE3aBUCUMBIMU BXOAHLIMK BenuuuHamu X = (X, X, X3)T nm= 2
BoIxogHEIMY BenuunHamu Y = (Y;, Ya)'. Ouenkoit X senseTca X = (X, Xz, X3)' C COOTBETCTBYHOLLMMM CTaHAAPTHSI-
MW HeonpeaeneHHocTaMU u(Xy ), u(xz) 1 uixs). OueHkon Y sasnaeTca y = (v, yz)Tc COOTBETCTBYHLLEN KoBapuauum-
OHHoW matpuuen U,. B npaBoi 4acTu pucyHka 2 TOT Xe 3aKoH nokasaH ans cryyas, koraa Xy v X; B3auMHo
3aBMCUMBI U MMEIOT KoBapUaLIMio U(Xy,X;) OLIEHOK X4 U X5.

12
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Xy, X
X4, U(xy) = U(X1]). U%XQI —
Yy = (Xy, Xo, X3) u(xy, Xp) Yy = (X, X, Xa)
Xy, U(X;) =t —-V, Uy, -V, U,
Yz = f2{X1, Xz, X3) Yz = !2(X1. XZ’ Xa}
Xg, L(X3) =1 Xa, U(X3)

Pucyrok 2 — OB0BLEHHLIA 3aKOH TPaHChOpMMPOBAHUA HeonpedenedHocTen ana N = 3 B3aumMHO HE3aBUCUMbIX
BennymH Xy, Xp W X5 M m = 2 B3aUMHO 3aBMCHMEIX BLIXOAHLIX BENWYWH (CNeBa) U TOT e 3aKoH, HO ANA B3auMHO
sasucumbix 1 Xy u X (cnpasa)

5.6.4 B metoge MoHTe-Kapnc coemecTHoe pacnpedeneHne sepostHocTel ana X, npegcrasneHHoe B und-
poBoM BUAE, TpaHchopMUpyeTes ¢ NOMOLLLIO MOAEN U3MEPEHUs ANA TOrg, YTob b NoNy4YUTs AMCKpeTHOE Npea-
CTaRMEHME COBMECTHOrO pacnpefieneHinsl BepoaTHOCTI Ans Y, Ha OCHOBE KOTOPOrO 3aTeM MOMNy4aoT OKOHYaTe b=
Hble peaynsTaThl M3MepeHus.

6 Cnocob oueHuBaHusa HeonpeaeneHHocTy no GUM

6.1 O6WwKe NnonoXeHns

6.1.1 B HacTosLWeM cTaHgapTe crnocob oLeHNBaHW| HeornpeaeneHHoCTH Yepea TpaHcopMupoBaHne Heo-
npegenexHocTel, paccMmoTpeHHsid B JCGM 100 (nyHiTel 6.2 v 6.3) and mogenen namepedis euga Y = f(X),
o6oblieH Ha Bonee LWMPOKUW Knace Moaenei ¢ MHOTMMMW BbIXOAHLIMK NepeMeHHbIMU. XOTa HeNoCpeaCTBEHHO B
JCGM 100 Takue Moaenu He paccMaTpyuBaloTest, AN WX U3YYeHUs MOTYT BbITh NPUMEHEHLI Te JKe CaMble OCHOB-
Hbl& NMPUHLKMBI TRAHC(OPMUPOBAHWS OLIEHOK BXOAHLIX BETUYWH W COOTBETCTBY HOLLMX MM HeonpedeneHHocTel B
OL|eHKN BbIXOAHbLIX BENUYMH U COOTBETCTBYIOLLMX UM HeonpedeneHHocTelh. [ns matematieckoro npegcrasne-
HWA yKasaHHbIX Npoueayp BMECTo CyMM BENWYMH C NOACTPOYHLIMKW WHABKCAMM, Kak aTo caenado B JCGM 100,
yao6Hee UCNonb30BaTh KOMMAKTHYI0 MaTpUYHO-BEKTOPHYIO (hopMY 3anucu, XopoLuo npuenocobnerHyio ans co-
BpeMEHHbIX MakeToB NporpamMm v s13blKoB NporpaMMuposaHing.

6.1.2 ins npumeHeHnA 3akoHa TpaHchopMnpoBaHWsa Heonpeen eHHOCTeN UcnonbayeTes Ta e uHdopma-
LS O BXOOHLIX BEMWMYMHEX, YTO WU 4Ns O4HOMEDHOCI Mogenu usMepexus, pacemotperHoin B JCGM 100:

a) olleHka X = (Xy, ..., xN)T BXOAHOW BENWYMHLI X,

b) koBapuauvorHas matpuua U,, cOOTBETCTBYHLIAs X, cofepxaulas kosapuauumm u(x.x), i=1, N,
J=1, ..., N, cooTBeTCTBYIOLLME X; W X;.

6.1.3 OnucaHue TpaHchopMUpoBaHWsA HeonpeaeneHHocTen, NpuBeaeHHoe B 6.2 11 6.3, pacnpocTpaHaeTces
Ha MOAENW C ASACTBMTENEHLIMK BEMWYMHAMM, BKNIOHAS CriyYan KOMMNNeKeHbIX BENWYWH, NpeAcTaBneHHLIX napa-
MIA JeiCTBUTENbHbIX cocTaBnawwwux. TpaHcdopMupoBaHiue HeonpeaeneHHoOCTel B cryvae Mogenei ¢ KOMMNex-
CHbIMW BenuuuHamu pacemarpveaerca B 6.4 (cMm. Taioke 5.1.3).

6.1.4 Cnocob nonyyeHus obnacTy oxsata Ansl BeKTOPHON BLIXOAHOK BeNUYUHLI onucaH B 6.5,

6.2 TpaHcchopMUpoBaHWe HeonpefeneHHOCTed ANA MHOTOMepHbIX Mofeneld WU3MepeHUs ¢
ABHbIM BUAOM (hYyHKUWOHANBHOW 3aBUCUMOCTH

6.2.1 O6wme nonoxeHUA
6.2.1.1 MHoromepHas Mogesb MaMepeHusa ¢ ABHbIM BUOOM (bYHKUMOHANbHOW 3aBUCHMOCTU MEXOY BbiXoa-
How BendmuHoi Y = (Y5, ..., Ym)T ¥ BXoAHOW BenuumnHo X = (X, ..., Xy )T umeeT BUA

Y=f(X), f=(f, ... )",

rae f oboaHavaeT MHOTOMEpPHYH (PYHKLIMIO U3MEepeH s,

Mpumedyanune— AprymeHtamm otaensHbiXx dyHkwmi fi(X) moryT BeiTe pasHsie nogmHoxectea X. [py atom
KaxabIn anement X A0MKeH SBNATLCH apryMeHTOM Kak MUHUMYM 0gHON dyHKumk i (X).

6.2.1.20Mpw 3aga-HHon oueHKe X ang X oueHka y ans Y vMmeeT sua
y = f(x).
13
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6.2.1.3 KosapvaunoHHas mMaTpuLa paamepHocTH M /m, COOTBETCTBRYIOLEA Y, UMeeT BUfl

u(y 1) - Uy, Ym)
U, = : 2 :

u(ym-y‘l) U(ymrym)

rae Cov(y;, ¥)) = t?(y,), v onpeaensietcs no hopmyrne
u,=c,u.c,’, (3)

rae C, — maTtpuLia YyBCTBUTENLHOCTY paaMepHocTih mx N, onpeaensiemas no chopmyne

oh ol
aXy T Xy
C.=| & -
O Ofm
axX, T Xy

rae Bee npouasoaHsie Bepytes B Touke X = x ([19], cTpaHuua 29).

6.2.2 NMpumepbi

Mpumep 1 — AxkmugHoe U peakmiugHoe conpomusnerus anemexma venu [JCGM (pasaen H.2)]

AkTiBHO®E R 1 peakTusHoe X conpoTUBNEHWA afieMeHTa Lienu onpeaensioT NyTem uaMepeHus amnnuTyds V
UBMEHSIOLLLErocst Mo rapMOHUYECKOMY 3aKOHY HANPSBKEHUA Ha ero kKnemmax, aMnnuTyasl / npoxoasiiero yepes
3NEMeHT nepemMeHHoro Toka  hasoBoro cABKra ¢ Mexay HanpsbkeHuem U cunoit Toka. [isymepHasn Mogens
UsMepeHus ana R u X, BelpaxeHHbix yepes V, lu ¢, UmeeT Bua

R=F(V..9) = %cos@. X =f(V.1,¢) =-‘§sin¢. (4)

B obosHaveHusx, NPUHATLIX 8 HacToswem ctangapte, N=3, m=2, X=(V.,,&)Tn Y= (RX)".

& AN 3
OueHky y:(R_X) aKTUBHOTO M PeakTUBHOTO CONPOTMBIIEHWA nony€aioT no dopmyne (4) B Touke

x moanT -
X= (V,1,¢) — oLieHKe BXoAHON BenuynHb X.

KosapuvauuoHHyto matpully Uy, pasMepHOCTV 2X 2, COOTBETCTBYIOLLYH Y, paccynTeiBatoT no dopmyne (3),
rae C,— martpuua vyyBCTBUTENLHOCTW PAsMEPHOCTU 2 X 3, NonyYaeMas BeMUCIEHUEM

ofy 0f oh cos¢p Vcos¢g Vsing

ov al o | | 1 12 /
of, 0f, of, | |[sing Vsing Vcoso
ov ol ap / 12 I

B Touke X = X, a U, — KoBapualnoHHasa maTpiiLia pasmepHocTh 3 X 3, cooTBeTCTBYIOL,an X.

Mpuwmevanne —B JCGM 100 peaxrvsHoe conpoTuenenue oboanayeHo X. 310 0603HaYeHNe MCNONE30BaHO
1 B HACTOAWEM cTaHgapre. PeaxtueHoe conpotueneHue X ABNAeTCA ANeMeHTOM BEKTOPHOW BbIXOOHOW Benu-uHbl Y,
W Ero He criegyeT NyTaTte ¢ BEKTOPHON BXOOHOW Benu4nHon X.

IMpumep 2 — KoagbgbuylieHm ompaxeHus, UaMepsieMsill MUKpO8oTHOBbIM pechiiekmomempomM (1odxod 1)

KomnnekcHsli koadhduLmeHT oTpakeHus I, MamepsieMblii MUKPOBOMHOBLIM pedhriekToMeTpom, Hanpumep,
TaxKWM KOTOPbIA UCNONL3YIOT ANA onpegeneHus nospexmaeHns KabensHelX TAHWIA, ONUCkIBaeTCHA MCOEbI0 C KOM-
MIeKCHLIMW BENUYUHAMM B BUde

p_aW<+b (5)

e W — KoMnnexkcHsIin HeucrnpaBneHHbIA KoahdULMeHT oTpaxeHns], a a, b 1 ¢ — koMnnekcHbie ko3 UNEeHTEI,
nony4eHHsIe Npu rpaayuposke (kanubpoeke) pedinektometpa [10, 16, 26].
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B o6oaHauyeHusAx HaCTOALLEro craHaapTa, onvcLIBas KOMNNeKCHbIe BENWYMHLI Yepes WX AelcTBuTeNb-
HblE 1 MHUMBIE YacTu, nonydaem N= 8, m =2, X = (ag,apbp b, Cr e, Wa W) n Y = (I'g,I)".

~ ~ AT
OueHky ¥y = (FR,F,] KOMMNEKCHOro koathULMeHTa oTpaXKeHWA B BUAE ero AelcTBUTEbHOM U MHUMON

yacTeit BeiuMcnalT No dopmyne (5), NoAcTaBNaA 8 HEe OLEHKY X BXoAHG! senuuuHbl X.
KosapualotHyio MaTpuuy Uy pasmepHocTH 22, COOTBETCTBYHOLLYIO Y, paccuuTsIBatoT no dropmyne (3),
rae C,— maTpuLia YyBCTBUTENEHOCTY pasMepHOCTU 2 X8, nonydaemas Npu BolHUCIEHMN MPOKU3BOAHBIX

Ofg OIg OI'p OfR OIg OIR OIp OIg
Oar Oa Obgp Ob, decr Od¢ OWgr AW,

B Touke X = X, a U, — koBapualoHHaa matpuua pasmepHocT 8 X 8, COOTBETCTBYIOLLAA X.

MNMpumep 3 — Kanubposka amasnoHoe Maccs!

3TOT NnpMMep onuckIBaeT Moaerns MHOrocTyneHYaToro usmepeHus (cm. 3.12,5.4.215.4.3),

Habop 13 g 3atanoHoB maccsl Co 3HaYeHnaAMY m= (my, ..., mq)T KanubpyoT CrIMMEHeM C 3TaNCHOM Kurlo-
rpaMma c MCNosL30BaHueM Komnaparopa Maccel, KanubpoBoYHOM rpu ANa onpedesieHns KanubpoBoYHON yHK-
LMK KoMnapaTopa 1 paaa scrioMorates/sHeIX NprubopoBs, TaKUX Kak TepMmomeTp, BapoMeTp 1 rurpoMeTp Ans onpe-
AenieHna rorpasok Ha BhiTANKvBatoLLYyo CUiy Bo3ayxa. JTalioH KiorpaMMa v rupa MMeIoT Macckl Mg U My,
coaTBeTCTBeHHO. KanuBposKy rpoBoaaT B COCTBETCTBMM C MOAX0AALLEN METOANKON U3MepeHUi nocpedcTBom
QOCTaToOMHOM Yuena k crivdyeHuil Mexay Habopamu 3aTanoHoB ¢ NonyyeHuemM BUAUMGIX, T. 8. 3aMeTHbIX Npu Mame-
PEeHVsAX B BO3Ayxe pasHocTed 8= (8, ..., ;). BLIMMCASIOT COOTBETCTBYIOLLME MONPaBKA HA BbITANKMBAIOLLLYIO
cuny sosgyxa b = (b, ..., by)". Paadoctn macc B Bakyyme X nonyuatot us noamogenu X =f(W), 8 koTopoii
W = (mg, ms, 8, b7)".

" o T
OueHky y = (m1,‘...mq ) Macc m o6bI4HO MONyYaoT peLleHeM No MeTody HarMeHbLW WX KBagpaTos nepe-

oripeaenexHHon cucTemsl ypaeHeHnin Am = X, rae A — maTpuLa pasmepHoCTH kX g C anemeHTaMmi pasHsIMU
eanHALE, MYHYC ednHULIE WNK HYJI0 B COOTBETCTBMM C TEM, KaKie TaNOHbl Macchl BKITIOYEHEI B CIUMeHue, ¢
y4eToM HeonpeaeneHHoCTen, COOTBETCTBYIOLMX OLeHKe X BenuyunHbl X, B atom cnyyae dopmyna ans onpegene-
HUA Y UMeeT Bug

y =UATU, ', (6)

rp,e KoBapuaunoHHyto mMartpuly U, pasMepHOCTH ¢Xg, COOTBETCTBYIOLLYIC Yy, nonydyawT no dopmyne
U,= (ATU “'A), a U, —kosapu aLI,HOHHaSI MaTpuLa paamepHocTy kxk, cooTeeTcTaytowan x. bonee noapobHoe
onucaHuve noameaeni, a Takke npoueaypa nonyyeHus U, yepes U, — KoBapualLlMOHHOM MaTpuLLsl, COCTBETCTRY-
oLLlel oueHke w Beni4nHel W, — npueeaeHo 8 [3].
MHoromepHas Moaens uamepeHus Ans aTore npumMepa MMeeT BUa

Y=U,ATU, X,
rae UYATU,"X — chyHKUMSA n3mMepeHus. B NpuHaTbIX obosHaveHnax HacToswero ctaHgapra N=k m=gun¥Y=m.

Mpumeyanwe— C BLMUCTMTENEHON TOYKM 3PEHUA 4NS NONYYEHWSsI OLEHKW Y NPeanoyTUTENbHES UCNOMbL3o-
BaTe He chopmyny (6), @ anropuTm, OCHOBAHHBIM HA OPTOrOHANBHOM pa3snoxeHun matpul (em. [13]).

6.3 TpaHcthopMUpoBaHUe HeonpegeneHHOCTEW ANA MHOTOMEepHbIX Mogened WU3IMepeHus C
HeABHLIM BUAOM (hYHKLMOHANBHON 3aBUCUMOCTH

6.3.1 O6wme nonoxeHus
6.3.1.1 MHoromepHas Mogent M3MepeHus C HesiBHBIM BUAOM hYHKLMOHANbHON 3aBUCHUMOCTI MEeXY Bbl-
XoaHoM BennuMHON Y = (Y, ..., Y| 1 BxoaHon sennunHoit X = (X;, ..., Xy)| nmeer aug
h(Y,X)=0,h=(hs, ..., hy)".

6.3.1.2Mpu 3anaHHoil oueHke X BenuuuHel X oueHky y BenuuuHel Y nonyvaloT pelleHuemM cUcTeMbl

ypasHeHWiA
h(y.x) = 0. (7)
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Mpuwmeyanwne— Cucremy ypasHeHui (7) oTHOCUTENBHC Y 06BIMHO PELIAIOT YWUCTEHHLIMK METOAEMM, HAMPY-
mep meTogom HetotoHa [12] unu ogHown ua ero mogudmkauwi, 3ajlasan HavansHoe aHaverune kopHs y© w nocnego-
BATENBHO NPUBNMKAACE K PeIUEHMIO.

6.3.1.3 KoapuatuorHyto matpuily U, pasmepHOCTU mxm, COOTBETCTBYIOLLYIO Y, NONy4aioT pelleHem
CUCTEMBI YpaBHEeHUIA

cu.c’=cu.c’, (8)
rAe Cy, — marpulia YyBCTBUTENLHOCTU Pa3MepHOCTU mxm, cofepxallasl YacTHsle npouasogHeie oh,/dY,
I=1,..,mj=1,.,m aC, — maTpulia uyBcTBUTENLHOCTU pasdmMepHocT mX N, cogepxallian YacTHbie

npouasoatbie 0h/aX, 1=1, .., m, i=1, ..., N. NpouasoaHsie BuMucnsaoTea B Tovkax X =x Y =y.

Mpumevyanne 1—Kosapuauwonran matpuua Uy B hopmyne (8) we onpeaenena, ecnu matpuua Cy aenseTcs
BbIPOXAEHHOM (CUHIYNARHOWM).

Mpumevanune 2— Popmyny (8) nony4awT aHanorm4Ho dopmyne (3) ¢ ncnonsaosansuem npaswna andgepes-
UVpOBaHWA HEeABHOW DYHKUMK.

6.3.1.4 Us cdopmysbl (8) crieatyeT, 4To pelleHie 0THOCHTESTbHO KoBapuauuoHHo! MaTpuLibl Uy, MoXeT BbiTh
3anucaHo B Buae

u,=Cu,C’, (9)

e
C=C,'C,- (10)

matpuua pasmepHocTy mx N, chopmypoBaHHas 13 koathhUUMeHTOB YYBCTBUTENEHOCTW.

6.3.1.5 MNpouenypa pacyeta matpulsl U, npusegera 8 npunoxernu B. Mpumererue aAns atux uenewn He-
nocpegcTserHo popmyn (9) 1 (10) He pekomeHayeTCs BCNeACTBUE HEYCTONYMBOCTU COOTBETCTBYHOLLMX UM a/ro-
PUTMOB BbIMUCIIEHNH,

6.3.2 MNMpumepbl

Mpumep 1 — JaeneHus, 3adasaemsie 2py3010PLIHESBLIM MEHOMEMPOM

[aeneHue p, 3agasaemoe rpy3onopLHEBLIM MaHOMETPOM, ONpedensioT B COOTBETCTBAM C YpaBHEHNEM
npeobpasosaHua, MMEOLLUM BUA

_ m_w“ _pa_:,fpw)_g_!_
P = "A,(1+ 2p)(1+ c08) » (11)

rae m,,— nonHas npunokeHHas Macca (rpysa v nopLUHs), p, U p,— NAOTHOCTU BO3AYXa U NPpUNOXKeHHOro rpysa
COOTBETCTBEHHO, ¢f; — NoKansHoe aHaueHue yekopeHua ceoboaHoro nageHus, Ay — adpchekTusHan nnowanb
MaHoMeTpa Npu HyneBoM AasneHun, A — koathpulineHT AechopMann NOpLIHEBOK Napkl MaHomeTpa, o —
ko3thhUUWEHT TENMOBOIO pacilpeHs, 56 — OTKNOHEHWE OT HOPManbHbIX YC0BWIA o Temneparype (20 °C) [17].
MycTs py, ..., by 06O3HAYAT AABNEHUNA YpaBHOBELUMBAHUA AN NPUNOKEHHLIX MAce, COOTBETCTBEHHO,
My 4y s My g U TEMNEPATYPHBIX OTKNOHEH A 88y, ..., 66,
B obosHaqeHnsx, NpUHATLIX B HacTosieM ctavgapTte, N =6 + 2q, m = q, X = (Ag,A,@,80,my, 1, ...,

qu-mw,q'par P8 )Tl = (ph vrd pq )T'
Mopens WaMepeHua, onpeaensatollian Bu 3aBUCMMOCTU Mexay XnY, umeet sua

h (Y X) = Ao (1 + Ap, )(1 + @d8) — my, (1 = palpn)gi=0,j=1, ..., q. (12)
OueHky ,61- BENWUYUHBI p; NONyYaloT pellernem ypasHeHus (12) npu safiaHHbIX oLeHKax Ay, A,a, 66, m, ;,

Par Pw VG OAHAKO NOSyYeHHsIE OLeHKY ,t:iJ j=1, ..., ¢, UMEIOT COOTBETCTBYHLUNE KOBAPUALIMHK, T. K. BCE OHM
3aBWCHAT OT OAHUX K TEX e CNyYaiHbIX BENWUUH Ay, .1, Py, P W )

- ~” AT
KosapuauuorHyo MaTpuuy U, pasmMepHOCTH ¢ X q, COOTBETCTBYHOLLYIO Y = {p1.....pq ) , BBIMMCNSAOT Mo chop-
myne (8), rae Cy, — maTtpuua 4yBCTBUTENBHOCTU Pa3MEPHOCTHU g X g, cofepXallias YacTHble MPou3BoHbIe oh,/ay;,
I=1,..,9,/=1, .. q C, — MaTpuua YyBCTBUTENbHOCTW paaMepHOCcTH ¢ X (B + 2¢), cogepxallas YactHble
npouvasogdxsle oh)/aX;, =1, ..., q,i=1, ..., 6 + 2g, (Bce nponssogHbie GepyT B Toukax X =xu Y =y), al, —
koBapuaunoHHast MaTpula pasmepHocTy (6 + 2q) X (6 + 2g), cooTBeTCTBYOWAA X.

MpumevaHue1—B AaHHOM NPUMEPE BbIPAXKEHUE 3BUCUMOCTY Y] (MK, YTO TO e camoe, p;) 4epes X Moxer
BbITh 3804HO0 B ABHOM BWAE KAK PEWEHNE KBAAPATHOro ypaeHeHvs. OaHAKO 4YMCNOBOW ANTOPWTM HAXOXAEHUS KOPHA
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KBagparTHoro ypaeHeHua He Bcerga Byger ycrowume. Bonee Toro, wHoraa B ypaeHeHue npeoBpasoBaHun  BKIIOYEIOT
gononH1TenbHele YneHsl, npegcrasnaowme cobolt creneHu p Gonee BLICOKMX NOPSAKOB. B Takux cny4asx nony4eHue
ABHON (DYHKLMKM MIMEPEHWA He BCeraa BOIMOMHO.

Mpumevanne 2 — Paccmatpueaeman B AaHHOM NpuMepe MoAerb namepaHus moxeT BbiTe npegcTaenaqa
pasHeiMu crnocobamu. Hanpumep, BMECTO 3aBUCHMOCTH, OnMCkiBaeMow opmyniod (12), moxeT BeiTe MCRONL30BaHAa
MOAENL B BUAE CPaBHEHWA C HYNMeM PasHOCTW MEeXAy Nesoi W npaBow JactaMn ypasveHwn (11). Ot eniBopa mogenn
3aBnenT 3(PMEKTUBHOCTD M YCTONYMBOCTD YMCIEHHOMD PELUEHNWA,

Mpumeyanne 3 — Moryr BuiTk paccmoTpeHbl Gonee nonHele Modenu OaBNeHWs ANA rPy30NopWHEBOo
MaHOMETpa, KOTOpPbIE BKIIOHAOT, HanNpUMep, Nomnpasiu, yYuTeiBawwme shdekTsl NOBEPXHOCTHOTO HaTHXEHUS.

MpumeyaHue 4 — QyHKUMK MIMEPEHWS UMEIOT B KAYECTBE CBOWX 3PIYMEHTOB HE BCE BXOAHbLIE BENUYMHLI.
Tak, B BelpaXeHve Ang j-il (OyHKUMK BXOAAT TONBKO Ay, A, &, 86, My, Par Py M Gy

Mpumep 2 — KoaghghuyuieHm ompaxeHus, UaMepeHHbIl MUKPOBONHO8LIM pecbnekmomempom (nodxod 2)

Lpyroi nogxen K 2agade, onucaHHoW B npumepe 2 13 6.2.2, saxkniodaeTcsa B BbIpaXeHn 3aBUCMMOCTH
MeXzy BXOAHOW BenuuuHon X = (ag, @y, bg. by, Cr, €, Wr, W)T 1 BeixoaHoi sennuuHoi Y = (I's, )" Yepes
OBYMEPHYIO MOAeNb U3MEPEHIS, UMEIOLLIYHD BUA

m(Y,X) =0, hy(Y,X) =0, (13)
rae hy(Y,X) u hy(Y,X) cooTseTcTseHHo AeACTBUTENbHAS M MHIMAs HYacT 1 BLIDaMeH s
(cW + 1)I" — (aW + b).

MpenmyLLLecTBO 3TOr0 NOAXOLA COCTOUT B TOM, YTO BLIMUCTEHUE MPOUIBOAHLIX U, ceaoBaTensHo, koaddu-
UMEHTOB YYBCTBUTELHOCTU NPOU3RoANTCS Bonee npsMsiM cnocobom.

- - 2T
OueHky y = (rR,r,) KOMIIIEKCHOTO KOA(PPULIMEHTA OTPAMEHUs HAXOQAT B pesynkrate nogcTaHOBKM

X =x B hopmynbl (13) ¥ uncneHHoro peLlieHust NoNyYeHHbIX YpasHEHMIA.

KoBapuauuoHHyo maTpully U, pasmepHOCTU 2X2, COOTBETCTBYIOLLYIO Y, BbIMUCIAIOT NO (hopmyne (8),
rae C,— Marpulia 4yBCTBUTENLHOCTU paamepHOCTU 2X2, coflepxallias YacTHbie NpouasoaHsie dh/dY),1=1,2,
J=1,2; C,—matpula 4yBCTBUTENLHOCTY pasmepHocTy 2X8, cofepxallas YacTHble npoussoaHbie oh/0X),
1=1,2,i=1, ..., 8 (Bce npoussoaHkie seMUcnsaioT B Todkax X =x u Y = y), a U, — kopapwaLmoHHas maTpuua
paamepHocTy 8 X8, cooTBETCTBYHOWAA X.

Mpumep 3 — Kanubposka pechnexkmomempa

KanuwBposky pechnektomerpa (cm. npumep 2 13 6.2.2) o6b14HO NpoBoAsT, MaMepsst HemcnpasneHHbIn Kosth-
thuumeHT oTpaxeHus W npu ripuMeHeHny 3TanoHoB ¢ 3agaHHbiMY 3HadeHnamn koadduunerTa oTpamerna I,
Yacto B aTUX Lenax McnonbayleT TpW 3TanoHa, 4To No3sonseT Nony{uTb CUCTEMY M3 TPeX COBMECTHbIX
VYPaBHEHWIA:

(€W, + 1)[;— (aW, +b)=0, j=1,2,3, (14)

PazpeneHne BblpadkeHWA B NEBOW YacT ypaBHeHWA (14) Ha AeACTBUTENLHYO W MHUMYH YacTi NpuBeaeT
K MOMY4EHU0 LLECTU COBMECTHbIX NWHERHbIX YpaBHEHWA, pelieHe KOTOPLIX NO3BANAET HAlTW AelCTBUTENLHYO
1 MHUMY YacTi kot uLineHToR a, b u ¢ kKanuBpoBOYHGCH chYHKLIMKM NPY 38aHHbIX 3HAYEHUSIX OeACTBUTENbHON
W MHUMOW YacTel HevcnpasnerHbix ko3dduumneHTos oTpaxerua W, u koadduumeHTos oTpaxerns I'; ans
aTanoHoB.

B 0603HaveHnsax, NpuHATLIX B HacTodwem ctaHaapte, N=12, m=6,
X = (Wi g Wy Ty g Ty nWo g Wo 1 0, T2 s Wa g Wa 1 Ts pu T )T M Y = (8,800, CRCH)

BxofHbIe U BLIXOAHLIE BENWYKMHEI CBA3aHLI Mexady cobol nocpecTBOM MHOTOMEPHOW MOAEN U3MepeHUs,
B koTopoi iy 1(Y,X) u hy(Y,X), /= 1, 2, 3, — COOTBETCTBEHHO AEUCTBUTENLHAA 1 MHMAA YacTy NeBow YacTy
ypasHeHus (14).

5 A D (E
OueHky ¥ = (ag,a,.bR,b,,cR,c,] KanubpoBOHHLIX KOIPPULMEHTOR NONyHarT, NOACTaBAS oueHku ans W,

uT; B ypasHeHus (14) 1 pelias 3T1 ypaBHeHUs YUCNEHHO.

KosapuauuotHyio matpuuy Uy, pasmepHocTi 6X6, COOTBETCTBYIOULYH Y, BoiMUCNAT No thopmyne (8),
roe Cy — marpuua YyBCTBWTENLHOCTW pasmepHocTi B6x6, cogepxallasi MacTHbIe MNpou3BoAHbIe Gh,z'd‘r},
I=1,...,6, j=1, ..., 6; C, —maTpuila 1yBCTBUTENLHOCTH paamepHocT 6 12, cofepxallas HacTHLIe Npou3Bsoa-
Hble 8hy/aX;, =1, ..., 6,i=1, ..., 12 (Bce npousBofHsle BuMUcNAT B Toukax X=xu Y =y), a U, — kosapura-
LIMOHHasA MatpuLia pasmepHocTi 12X 12, COOTBETCTBYOLLAs X.
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Mpumevanune 1 — MNpu Hanuamn nporpammel obpaboTikm pamHblxX, paboTalWwen ¢ KOMNNEKCHBIMK BEMNUYY-
HAMY, pasfefleHne ypaBHeHUW MOMern U3MEepeHns Ha ASWCTBUTENbHYIO N MHUMYIO YacT HeobBasaTensHo. 3T ypas-
HEHWS MOrYT BbiTh PEWEHB! HENOCPEACTEREHHO AN a, b v e.

Mpumevanue 2— Kaxgoe j-e ypaBHEeHWE MOOENW W3IMEPEHWSA BKMIOYAET TONMBKO YEThIPe BXOAHbIE BEW-

kbl Wi, W g v Ty
6.4 TpaHcopMupoBaHMe HeoNpeneNneHHOCTHU ANA Mo4enen ¢ KOMNNEKCHLIMU BeNMYuHaMu

B npunoxeHun A npuseaeH KOMMAKTHLIA anropyUTM BeIYMCNEHWS YACTHLIX NPOV3BOAHLIX MHOTOMEPHBLIX KOM-
NAEKCHbLIX thYHKLWMA U3MepEeHUs NepBoro NOpAAKa, KOTOpbIe HEOBXOANMO 3HATL NPW pacnpocTpaHeHU K 3aKoHa
TpaHchopMUpOBaHUS HEONPEAENeHHOCTEN Ha MOOENK C KOMMMEKCHLIMW BennuMHaMu. JaHHbIn anropuTm MoXeT
ObITh NMPUMEHEH ANs1 MHOTOMEPHbLIX MOENeH M3MepeHns ¢ KOMMNeKcHLIMKM BenudrHamy obLuero Buaa.

Mpumep — KoaghchuiueHm ompakeHus, UaMepseMbill MUKPOgoTHoabiM pethrekmomempon (rnodxod 3)

PaccMmoTpum BHOBbL npumMep 2 13 6.2.2,

KomnnekcHas BuixoaHas senvinHa Y = I'v koMninekcHas exoaHas sennuuHa X = (X,,X5,X5,X,)" = (a,b,c,W)"
cBA3aHbLI Mexay coboit MoAEnb aMepeHus, onvceizaemMol chopmynoi (5). C yueToM peaynsTaTtos, NpuBeaeH-
HbIX B NpUNoXeHAn A, maTpuLly YyBcTBUTENBHOCTH C, paamepHocTi 2 X8 nonyyaloT B BUae

cx=[ca Ch Cc cw]:
rae

ar
Ci= M(HJ t=a,b,c,W

B TOUKE oLeHKU X Ana senuynHel X. Hanpumep, ans

ar 1
db = cW+ 1 (15)

MCnonL30BaHWe peaynLTaToB NpUnokeH s A aaet

o % @
b — Q; QR s
rae Qr 1 Q,— CooTBETCTBEHHO ABMCTBUTENbHARA Y MHMMES YacTW BbIp@KeHWA B Nnpasol YacTy popmynel (15).
KasapuaumoHHyio Matpully U, pasMepHocTU 2X 2, COOTBETCTBYIOLLYIO y= I, me

u(fﬁ‘-fﬁ) ”(ﬁﬁ-ﬁ) ”2(fn) u(vafr)

y — L3S L = P 2( A '
u(F,IR) u(F.1) u(F, 1) w¥(r;)

BbiumcnaoT no hopmyne (A.1) npunoxenna A, rae U, — kosapuaunoHHas matpula pasmepHoctu 8 X8, coorseT-

cTByrOWan X.

6.5 O6nacTb oxBaTa BEKTOPHOW BbIXO4HOW BENMUYUHbI

6.5.1 OBuyme nonoxeHun

6.5.1.1 B HeKkoTopbix 06nactTax METPOIOTUW, HAMPUMED, CBA3AHHLIX C U3MEPEHUAMU 3NEKTPUYECKUX BENK-
YWH, ANS AanbHellUere UCNosb30BaHus pesynsTaTos N3MEPEHNS BLIXOAHYO BEMNMUYKHY Yi106HO OCTAaBUTL B BEK-
TOPHOI thopmMe BMECTE C NOCTaBNEHHLIM 211 B COOTBETCTBUE COBMECTHLIM pacnpenerneHuem sepoatHocTen. Takoe
npefcras/ieHWe pesynsrara UsmMepeHusi No3BONAET B8 MAKCUMAIbHOW CTENeHU COXPaHUTh BCIO MONYYEHHYH UH-
thopmalumio 0 BLIXOOHOW BENUUMHE.,

6.5.1.2 Ecnn e peaynsrar “3MepeHWs NpeacTaenisioT B Buae Nony4eHHOM OLUEHKK Y BBIXCOHOW BeNU4u-
HolY = (Y, ..., Ym}T, COQTBETCTBYIOLeH el KoBapuaLMOHHOW MaTpuLLLl U)r 1 BEDOATHOCTU OXBAaTa p, Ta 370 Tpebyer
onpegeneHns obnactu exgara Ry B M-MepHOM MpOoCTPaHCTBe, KOTopas conepXmT Y ¢ BepOATHOCTLHO .

6.5.1.3 Ecnut gocTynHas uHgopMaLms o BbIXOAHOW BeNUuMHe Y COQEPXNT TONBKO 3Ha4eHUsl oLeHoKy 1 Uy,
TO B COGTBETCTBUM C NPUHLIMNOM MaKCUMYMa 3HTPOMUK CNydaiHOW BernuiuHe, accoLunpoBaHHoOM ¢ namepsaeMoll
BENUYMHON KU XapakTepuayoLLen nMeoLLMecs Ha gaqHblii MOMEHT NpeacTaBneHus 0 ee BO3MOXHbLIX 3HaYeHsaX,
NpUNUCHIBAKT MHOrOMepHoe HopmarsikHoe pacnpeaenexie N(y,U,) [cm. JCGM 101 (nyHkT 6.4.8)].
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Mpumewanne — Takoi BeIGOpP yHKUUM pacripeaeneHus cOMacyercs ¢ WCrornbayembimM B cnocobe
oueHuBaHua HeonpegenenHocTn no GUM npegcraeneqnem o HOpMankHOM pacrnpegeneHun cKansapHoi BbIXOAHONH
BENUYMHbLI Y B CNyYasx, KOMa YUEio creneqer caoboabl, CBA3aHHOEe C OLeHKoN Y, BeckoHe HO.

6.5.1.4 B obLyem criy4ae, Kak TONbKC Nony4YyeHo COBMECTHOe pacnpeferneHne ang BuIXonHo! BeniyuHsl Y,
NOSBNAETCH BO3MOXHOCTE ONpefenuTs BePOATHOCTE OXBaTa ANg HeKOTOPOW 3aaaHHoi obnactu oxsara unu, Ha-
oBepoT, nocTpouTs 0BnacTs oXsara Ans 3afaHHol BepeATHOCTY oxaarta. 3Ta 3a7a4a He Bbi3biBaeT 3aTpyaHeHWH,
€CNM COBMECTHOe pacripedefieHne SBMNFeTcs MHOTOMepHBIM HOpMarnksHsIM pacnpeaeneHiem (cm. 6.5.2, 6.5.3
1 6.5.4). insa apyryx pacnpegeneHiuii BO3MOXHO ronydeH e NpubnibkeHHsIX pelleHid C TOYHOCTLH, NpuemieMon
AN NpakTudecKrx 3agay, bnarogapsa WCMNonb3oBaHW YMCIIeHHsIX MeTOOOoB, Takux kak metog MoHTe-Kapno
(cm. pasgen 7).

6.5.1.5 B 6.5.2 paccmartpueaeTtcd metoq onpenenexus obnactv oxgara ans AsyMepHOW BenHUHbI, 4To
MoTOM MO3BONUT PacnpocTparnTe ero Ha obLniA MHoromMepHbIA criydan (cm. 6.5.3). Takxe paccmaTpusaeTcs
onpefenexHue obnacTy oxeara 4N cry4as, Koraa oLeHKa BIXOAHON BENUUUHEI NenyyeHa yepeaHeHem pesyns-
TaToB HAbNHAEHUI 3TCH BENWUUHEI, NPeACTaBNAeMEIX KaK ClyvaiHas Hesasncman BeIBopKa U2 MHOTOMepHOro
HOpMarsHoro pacrpeaenenus (cM. 6.5.4).

6.5.2 IBymMepHbIiA cnyyai

6.5.2.1 Ha npumepe OBymMepHOW MoOAenu W3MepeHWs MOXHO NPOAeMOHCTPUPOBATL BCEe OTNWYUA B
onpegeneHuu MHoromepHoli obriacTu oxeara eT nonyvyeHus ogHOMEpHOTo UHTepeana oxeara. PaccMoTpumM TO4KyY
Y =(Y;, Y»)" B8 npaMoyrosikHol cicTeMe KoopauHar, rae Y, senserca abeuuccoi Toukn, a Y, ee OpavHaToM,
MycTs 3MepeHue oBevx KOOPAWHAT NPOBEAEHO C UCTIONL30BAHKEM OAHOrO cpedcTa aMmepeHuid. MonyveHHas
uHhopmaLwa o6 Y Byaet Bknioyats B cebs OLeHKK ¥4 U i, 8 KOOPAWHAT, CTaHdapTHbIe HeonpederneHHocTu u(y,)
W U(y,), COOTBETCTBYIOLLUE 3TUM OLIEHKaM, U KOBapuaLmio U(y,,ys), Hanu4ume KoTopoid B AaHHom criydae obycros-
NeHo UCTICL30BaHUEM CAHOCTO U TOTO Xe CPeACTBa UMepeHUr ANs KaXA0i KOOpAUHATEI.

6.5.2.2 CormacHo cniocoby oLeHusaHuAa HecnpegeneHHocTr no GUM npu Hanuuuy uHdgopmauimn © BeIXOO-

HOW BenuuuHe Y, ykazaHHom 8 6.5.2.1, el npunucsIBaoT NNoTHOCTL pacrnpegeneHus vy, (m.12) B BUOE opy-
MepHoro HopmanbsHoro pacnpegene+nsa N(y,Uy) (cm. 6.5.1.3), rae

:[.‘h] _ u(yy) ulynys)
Yo 7 |ulyay) v?(y2)]

6.5.2.3 N3 soamokHbIx hopm obnacTtel oxeaTa paccMmarpyBaloTCs ABe:
a) annunc ¢ LeHTpoM B ToMKke y [19, cTparuua 38], onvckiBaembin hopMynoi

m-y) U, "(n-y) =K, (16)

rie k, — NOCTOSHHAS, KOTOPYIO HAXOAST 113 YCIIOBUS, HTO UHTErpan oT gy, v, (M1,712) no nnowaan, orpaHieHHol

annuncom, paseH p. Mpu AaHHol dopme obnacTv oXsaTa B Y4eT NPUHUMAETCA B3aUMHas 3aBUCUMOCTL MeXay
Y;u Ys. Ecnu Y xapaktepuaupyeTcst HopManbHbIM pacnpefeneHuem, To BenuiuHa

(Y - y)U,(Y-y) (17)

uMeert pacnpeienedHie Xu-keaapart ¢ ABymMa cteneHamum ceoboasl. OTcioga crniegyert, 4YTO k% npeacrasnsaer coboi
KBaHTWUINb YPOBHA P YKaszaHHOro pacnpejeneHid, T. e.

p :Pr(xj < kﬁ),

2
rae X> UMeeT pacnpeneneHue Xw-Keaapar ¢ Asyms cTeneHamu caoboasl. [na BeposTHocTH oxeata p =0,95

k,=245 (cm. 6.5.3);

b) npamMoyrofbHWK C LEHTPOM B TOYKE Y CO CTOPOHaMW, NapaniensHsIMW OCAM U paBHbIMW AfMHAEM No
OTAENLHOCTY OnpeaeNieHHbIX MHTepBanos oxsata ana Yq v Ys. MHTepsan oxeata gns Y, Haxogdar ua MapruHans-
Horo pacnpegeneHus Yy, onpegendemMorc chopmynomn

gy, () = _{gﬁ,vz(m-’b)dﬂz- (18)

1 OH He 3aBUCUT OT UMetoLLencs MHthopmaLum o BenuuvHe Y,. To e camoe cripasefanuec AnA vHTepsana oxeara
Aana Y, VHtepsanel oxgatay; + kyly), /=1, 2, onpegensior Ansi BEPOATHOCTH OXBaTa

19



3C HTH "Texzrenepr”

roCT P 54500.3.2—2013

g=1-(1-p)J2=(1+p)2. (19)

[anHblii npamoyrofikHUK NpeacTasnaeT coboi obnacte oxsara ans Y, COOTBeTCTBYHLLWIA BEPOATHOCTH OXBaTa He
meHbLUe p [5]. Ecnv Y xapakrepusyeTca HopMalikHbiM pacripedeneHem, To MapriuHanbHoe pacnpegenesdne (18)
Ansa Yy, pasHo Kak 1 pacnpegenedue ana Yo, Taicke dyaet HopMansHeim. OTcroga criedyer, 4to kq npegcrasnaer
coBoWi KBaHTUIE YPOBHA q CTAHAAPTHOTC HOPMankHOro pacnpegeneHus, T. e.

q=Pr(|Z]| = k),

rAe Z vmeeT HopmansHoe pacnpegeneHie N(0,1). [ina sepoatHocTu oxeata p=0,95q¢=0,975 nk,=2,24
(cm. 6.5.3).

Mpumevanune 1—/[Ipy BLINONHEHUM YCNOBUI npuMeHMMocTW crnocoba oleHWBAHWA HeorpeaeneHHocTen
no GUM obnacte oxeara B BWAE SUNca, yKasaHHas B Nepeducriedun a), aenaercs HammeHswen 100 p %-+Hon obnac-
ThIO OXBATA,

HPQH mMmeyanue 2—Ecnm Yy u Y, B3aumHo Hesasnocumbl, TOg B chopmyne (19) moxet BuiTe 3ameHeHo
Ha G=pVe,

Mpumep 1 — Paccmompum deymepHyio eenuyuHy Y, XapakmepusyeMmyo HOPMankHLIM pacrnpedeneHuem

N(y,U,), 28e
0
¥ -{O] b Uy =

Ha pucynke 3 cneea nokaszaHsl 95%-Hble annunmuYeckas u npamoyzonsHas obnacmu oxeama dna Y,
nonyseHHsie memodamu a) u b). Taioke Ha pucyHie nokazano 1000 moyek, npedcmasnsrouwjux cry4atiHyro es1bop-
Ky U3 ykazaHHo20 pacnpedenerus eepoam+Hocmu. Mumepean oxeama e ¢popme snnunca 6ydem umems HauMeHb-
wyo nnowads npu 3adaxwHoll eeposmuocmu oxaama. [ina danHoll cny4qaliHol asi6opku 950 uz 1000 moyex codep-
Kamcs eHympu annunmuveckol obnacmu oxeama nnowjadeio 26.6 keadpamubix edunuy u 953 — eHympu npsmo-
y2oneHou oénacmu oxaama nnowadsio 28.4 keadpamHubix eQuHUL,

20 00
00 1,0

Y, Y,
5,0 50
25 2,5

N
W

0 0
-2.5
-5,0 -5,0
-5,0 -2,5 0 2,5 5,0 5,0 -2,5 0 25 5,0

¥, Yy

PrecyHok 3 — 3nnnnmvHeckne v npaMoyronbHbie obnactr oxXeata gnsa gByMepHon BennyYmHel Y, onvcbiBaeMon Hopmarnbs-
HbIM pacnpegeneHuem, aNemMeHTsl koTopoi Yy n Ys B3auMHO HE3aBMCWMME! (Cresa) W KoppenMpoBaHHsl (cnpasa)

Mpumep 2 — Paccmompum deymepHyto aenuvuHy Y, xapaKkmepusyemylo HOpMansHLIM pacnpedeneHuem
N(y,Uy), 2de
0
y= [0] . uy =

Ha pucynke 3 cnpaga nokazaub! 95%-Hbie annunmuYeckas u npsmoyz2onsHas obnacmu oxeama dns Y,
nonyyeHHbie memodami a) u b). B omnusue om npumepa 1, anemenmsl Yy u Y, eenuyutibl Y A8NAK0MCA Koppenu-
poeauHbimu. [lns cayyvalnod esiBopku u3 ykazaHHoz2o pacnpedenenus 957 uz 1000 movex codepamcst aHympu

20 1,9
1,9 20/
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annunmuyeckol o6nacmu oxeama nnoujadeto 11.8 keadpamubix eduruy u 972 — eHympu npsIMoy2osLHoU obna-
cmu oxeama nnowladeio 40.1 keadpammbix eduHUL, YMO Noka3kieaem, 4Mo eposMHOcMb oxeama Ans npsMo-
ya2onkHoi o6nacmu npeesiuaem 0.95. O6nacms a ¢hopme NPAMOY20nLHUKE, NOCMPOeHHan coznacho memody b)
6e3 yvema koppenupoaaHHOCMU 3/1eMeHMOo8 8bIXOOHOU 8eNUYUHBI U pacnpedeneHust moYyex esi60pkU Ha NIOCKOo-
cmu, MOMem paccMampusamscs kak npedcmasneHue obnacmu oxeama dns Y, He coomeemcmayroujee daHHol
usmepumensHoli 3adaye. [paMoOy20nbHUK CO CMOPOHaMU, NapannenesHbIMU OCAM annunca, 6ydem uMems MeHb-
wyro nowads u Mo2 Bui paccmampueamncst, kak bonee nodxodsiwan obracms oxaama, Ho Heydobemeao ezo
NPUMeHeHUs cocmoum & Mmom, 4mo 4715 Hez0 mepsemcs ACHLIU hu3udeckul cMbicsl coomeemcmeun hopMbl
nocmpoeHHol o6nacmu 0xeama 3/1eMeHmamM 8kiX0dHOU 8eNUYUHbL.

6.5.2.4 pyrve npimepbl obnacTel oxeaTa Ans BoIXoAHbLIX BEMWYMH ABYMEpHOW Moaenu namepeHist Nnpuee-
AeHbl 8 pasgene 9.

6.5.3 MHOroMepHbIA cny4amn

Ecnu paamepHOCThL BEKTOPa BLIXOAHOW BeNMYMHLI Bonee aByx, To cnocobsl NocTpoeHus obnacTeid oxeara
CTAHOBATCS MeHee HarmaaHbLIM, Ho N0 CYLWECTBY HU4EeM He 0TNUHa TGS OT OfcaHHbixX B NepeyrcneHusx a)u b)
B 6.5.2.3 ana asymepHoro cnyyas. HeoBxoarmMo nocTporThk Takyto obnacTtk Ry B m-MepHOM NpocTpaHcTBe, KoTo-
pasi conepxana 6ol Y = (Y, ..., Y,,,) ¢ BeposiTHoCThio p. Kak 1 B 6.5.2.3. [nepeuncneHis a) 1 b)), paccmaTpusaroT-
cs1 hopmel Ry ABYX BUAOB!

a) annuncoua B m-MepHoOM NpocTpaHcTBe, onuckiBaemMsblid qopmynoid (16). Ecnu Y xapaktepuaupyeTcs MHO-
roMmepHbIM HopMankHbiM pacnpeaeneHuem, To BeniMHa, sanasaemas hopmynoi (17), umeet pacnpegeneHue

Xu-KBaapar ¢ m cTenexamu ceoboast. Takim obpasom, kﬁ npeacTasnseT coboi KRaHTUNEL YPOBHA P yKkadaHHOro
pacnpefieneHus, T. e.

p= Pr(xﬁ, < kf,),

rae yZ2, UMeet pacnpeaeneHue Xu-ksaapar c m creneHamy caoboabl. 3Hauenus koaddmunerTa oxsata k, Ans

BEPOATHOCTU oxBaTa p = 0,95 1 pasHbIX 3Ha4YeHWA m npueedeHs! B Tabnuue 1;

b) napannenenuneq 8 mM-MepHOM MNPOCTPAHCTEE C LIEHTPOM B TOYKe Y ¢ pebpamu, napannensHsiMu ocsam
371IEMEHTOB Y, j=1, ..., m, BbIX0oAHOro BekTopa Y B NpAMOYrorbHON CUCTEME KOOPAMHAT U PaBHLIMM ANWHAM M0
OTAENsHOCTY ornpejeneHHLIX MHTepBanos oxsara Ans Y;. UHTepsans! oxsata onpeaensioT Ans BeposTHOCTY OX-
BaTta g=1—(1—p)/m. JaHHblA napannenenunea npeacTarnseT coboi obnacts oxearta ansa 'Y, CooTBeTCTBYHOLLMIA
BEPOATHOCTV OXBATa He MeHbluelr p [S]. [ins kawgoro anemeHTa Y, j=1, ..., m, nHTepBan oxsara BbMUCIAT
yepes ero MapruHanbHoe pacnpefenexve. Ecnu Y xapaxktepuayeTcsi HopMansHbIM pacnpeaeneHnem, To Mapri-
HarnbHoe pacnpejeneHie Ans Kaxaoro Y; Take Gyaet HopManbHbIM. OTclofa crneayeT, uTo, kak 1 8 6.5.2.3.
[nepeuncnexue b)], k, npeacTasnseT cobol KBaHTUITb YPOBHS G CTAHAAPTHOTO HOPMAITbHOTO pacnpegesneHis.
3HayeHua koaduueHTa oxsara k, Ana BepoaTHOCTK oxsaTta p=0,95 1 pasHLIX 3HayeHuid m NpuBefeHs
B TaBnule 2.

Tabnuuya 1— KeatduuymnenTe oxeara ans obnactew oxeara B QOPMe M-MEPHOMD 3MNMINCOMAAE, COOTBETCTBYIOWME
BepoATHOCTK oxBata p = 0,95

m Ky | m ey m k, m Ky

1 1,96 6 3,55 1 4,44 20 5,60
2 2,45 7 3,75 12 4,59 25 6,14
3 2,80 8 3,94 13 4,73 30 6,62
e 3,08 9 411 14 4,87 40 7.47
5 3,33 10 4,28 15 5,00 50 8,22

Tabnwuya 2— Toxe, yto B Tabnvue 1, Ho ana obnacTer oxBaTa B (hopMe M-MepHOro Napannenenunensa

m k, m k, m k, m Ky,

1 1,98 6 2,64 1" 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
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Mpumevwanune 1— [Ana ogHomepHoro cnyyas (m = 1) seipaxenue (16) ynpowaerca go
(n-y)* = kpuj,
YTO faeT rpaHnYHble TOMKK MHTepBana oxearta ansa Y
n=y+kyu,.
HOna sepoatHocTy oxsara p= 0,95 k, = 1,96 (cm. Tabnuuy 1).
Npumeyvauune 2— Ecnm Y, j= 1, ..., M, BIAWMHO HE3ABUCUMBI, TO g MOXET BkiTh 3ameHeHo Ha g = p!/™.,

6.5.4 ObnacTe oxBaTa A4nA oUeHKU B BUAE BbIOOPOYHOro cpegHero U3 MHOroMepHoro

HOpMarnbeHOro pacrnpegeneHnsa

PaccMoTpuM n BEKTOPOB Yy, -.., ¥, PaaMepHocTeio m X 1 kaxabiid, n > m, COOTBETCTBYIOLLMX MOBTOPSIO-
WrMcs HabrogeHuaM MmHoromepHol Benuyndel Y = (Y5, ..., Ym}T. Mpeanonoxum, YTo Yy, ..., ¥, MOryT BbiTe
MHTEPNPeTUPOBaHbI KaKk peanuaaLyun HesasucUMbIX Cny4aiHbiX BekTopoB Yy, ..., Y, KaKAbIA 13 KoTopbiX XapakTe-
puayeTcsi MHOrOMEepPHLIM HOpMaTnkHBIM pacnpefeneH1emM ¢ mateMaTUYecK M oXuaaHUeM L 1 KopapuaLlnoHHoR

maTtpuLieid E. Onpeaenum cpefHee u KoBapuaumnoHHy MaTpyLy
1
A=Y 4.+ Y,), V=Y, - A)Y, - A)T 4+ (Y, - AXY, - A)T]
pasMepHOCTU M X 1 U m X m cooTBeTCTBeHHO. Torga cnydaiHas nepeMeHHas
n—m -
T (A-W)TVT(A-p)

Bynet umeTs pacripegenexue duwepa F,, , ., (HassciBaemoe Taloke F-pacrnpeaenesnem) c m v n—m creneHei
cBobopsl [19, nyHkT 3.5.2.1].

MpumeyaHwe — AHaNOroM 3TOrC pesynetara Ana oOHOMEpHOM BenuqmHbl GyaeT cregyioulee yTBepxge-
HWME: [INA HE3aBMCUMBIX CIy4amHbiX NepeMeHHsiX Yy, ..., Y, K&XOasd W3 KOTOpbIX XapakTepuayeTcs OAHOMEPHBIM HOp-
ManbHbIM PacnpegeneHnem ¢ MaTemMaTM4eckum oxuaaHuem u n gucnepevein o2, senuumna (n — 1)2 (A — u)/S nmeer
tpacnpegenenve ¢ n=1crenenamim ceoboawl, rae

A=1n,..v) §%= r-}[(\q AR+ ..+ (Y, - A)"’-]_

lMpumep — Paccmompum n = 12 noemopHsbIx napHbix HabmodeHul o6bemHbix dornell MukpoknuHa (Aq) u
6uomuma (A,) 8 odHOM mownKkoM pazpese 2paHuma G-2 [4, 25]. Ha pucywke 4 3HaveHus napHbix HabnwdeHul
uszobpaxeHt! 8 eaude moyek. Ha Hem maioke nocmpoeHa 95%-Has annunmudveckas obnacmb oxeama 0asa Mame-
Mamu4ecKo20 OXLUOaHuA aenuyuHsl A paamepHocmu 2 X 1. OyeHka MamemMamuYyecKo20 OXudaHus u coomaen-

cmeyrolwas eli KosapuayuUoHHasa Mamputia uMmerom eugd

27,0 1,202 4,395]
%162 |° Y =|-0396 0381 |

a 95-1 nepyenmuns pacnpedeneHusi Fy 1o paana 4,10. 95%-+an o6nacms oxeama 0na A— amo annunc, onucelea-
eMbil ¢hopmynol

T~ 2
A-a)' v '(A-a) = 4,10 x . =
(A-a)'v7(A-a) = 4,10 % ;5 .
Hebonswoe vyucno Habmoderuld 8 0aHHOM MPUMEPE He No38osHem cdenams cogepXamenbHLIe 8LI800L!
O mMoM, HACKObLKO cnpasednuau UCX00HbLIE donyucanua, 4mo6kl cYumames nocmpoeHHyo o6nacme oxeaama

docmoeepHaoLil.
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ObvemnHan gona Guotuta, %
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OBbemHan [ons MUKpoknnHa, %

PucyHok 4 — [lsexaguats nap euifopoyHBbIX 3Ha4YeHuit i 95%-Haa annuntuyeckas
obriacTe oxgarta BOKPYr nx BeIBOPOMHOrQ CpegHero

7 Metoa MounTte-Kapno

7.1 O6wue nonoxeHus

7.1.1 B HactoswLem paafene paccmaTpusaeTcs npumereHune metoaa MoHte-Kapno ans tTpaHedopmupasa-
HWA pacnpeneneHin (cooTBeTCTBYOWARA Npoleaypa onvcada B 7.1.7 U npeacTasneda B Buae anarpammel Ha
PYCYHKE 5).

7.1.2 Metog MoHTe-Kapno nossonseT peanvsosars 06LUWI noaxon K nonyyYeHuc AMCKpeTHoro Npubnkex-
Horo npegcrasneHus G dyHkuwn pacnpeneneHua Gy(n) ana Y [18, ctpanuua 75]. CyTb nogxoaa cocTouT B
rony4eHWn NoBTopHbIX BbIBOPOK M3 NNOTHOCTY pacnpeaeneHs ang X; (v coBMeCTHON NI0THOCTY pacnpeaene-
HA Ana X) ¥ BIYMCNeHWA ANA Kawaoro BbiBopoYHOro 3Ha4yeHWs BEKTOPHOM BbIXOAHOM BEMWHMHGI,

7.1.3 Mockonsky Gy (n) cogepxuT makcumarsHo nonHy nhdopmaduio o Y, niobble xapaktepuctukn Y,
Takue Kak matemarudecKoe oxuaaHue, QUCNepcns 1 koBapyauuns, a Take obnacTy oxaara mMoryT BbiTk paccHuTa-
Hil M3 nosydeHHoro npubnukerna G, B obluem cnyyae QocToBEpHOCTL NoyYaemMbix XxapakTepucTyk Bospacraer

C yBenu4eHwem yucna sxI6opok.

7.1.4 MNony4eHHble B COOTEETCTEWNW C 7.71.2 3HAYEHWSA BbIXOOHON BENWYMHbBI PACCMATPUBAKTCS KaK He3aBu-
cumasn BoIGOPKa 13 COBMECTHOTO pacnpedeneHusa sepoatHocTy ana Y. MaremaTtuyeckue oxugaHusa, aucnepcuu
(¥ BbICLUME MOMEHTHI), @ TaKKe Kosapuaumni MoryT BblTb paccymTaHbl HeMNoCPeACTBEHHO Mo 3TUM BbIGOPOYHLIM
3HaveHusam. Onpenenenune obnacTel oxsara Tpebyer npeqBapuTENsHOMO aHanusa nosyyYeHHsbIX 3HadveHui

(cm. 7.7).

7158 Mycre y, r=1, ..., M, obosHa4yaer BuiBopoyHble 3HAYeHWA BbIXOAHOW Benu4uHe! (M. 7.1.4).
BuiGopka y, Mossonser nony4uTs npubnmkeHHsie sHaveHrs matemaTuyeckoro oxuganna E(Y) v aucnepeun V(Y)
BenuuvHbl Y. Kak npasuno, B kavectee momeHToB BenuykHel Y [sxnrovdas E(Y) v V(Y)] npuHmmaroT cooTBETCTBYIO-

Lyue BbibopouHLIe MomeHTh!. OBo3Hauum Mvu 4MCIIO BEKTOPOB B BLIBOPKE Y, A71A KOTOPbIX KAKALIA VX 3MeMeHT
He NPEBOCXOINT COOTBETCTRYIOLLWIA SNeMeHT HEKOTOPOoro BekTopa Y, paaMepHocT m x 1. Toraa BeposiTHOCTb
Pr(Y <yq) MoxeT 6bITh NpuBNUKEHHO NPeACcTaBNeHa OTHOLUEeHWeM M,o /M . Takum o6pa3om, suibopka BeKTOpos

Y1, vy Yy NO3BONAET NONYHUTE AUCKPETHOE NpeacTasneHue dyHKLUMK pacnpegeneHusa Gy (n).
7.1.6 Npubnwierne G aBnAeTCA nepsbiM peaynsratoM npumeHeHa metoga MoxTe-Kapno u npeacrasnser
coboit matpuuy pasmepHocTi m X M

G= (Y1 ., Y-
7.1.7 MNpoueaypa npumeHeHns metoga MoHTe-Kapno ana TpaHcchopmuposaHuns pacnpegeneHuin B cnyyae
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ABHOW 3asncumocTy Y Yepea X 1 3apaHee 3afiaHHoro Yuena uenbitasnia M (B npoTuBHOM cny4ae oM. 7.8) nokasa-
Ha B BMAe guarpamMmel Ha pucyHke 5 u Bkiodaet B ceba cnegytowve aTarnsi;

a) BbiBupatoT Yueno uenbitaHui M (cm. 7.2);

b) dopmupytoT B Kavkaom 13 MucnbiTaHui N-mepHLIA BEKTOP BXCAHbLIX BENWUMH X, aneMeHTaMy KaTopaoro
SBANOTCA cllyMaiHbie BblBopoMHble 3Ha4YeHWs ua pacnpegesneHduin Ans X; unvu coBMecTHoro pacripegeneHuns
ans X (cm. 7.3);

C) paccHMThIBaIOT A4S KAXKAOro BLIGOPOYHOro 3HaYeHWs! BEKTOpa BXOAHOW BerNW4MHbl BEKTOP BLIXOAHOW
senu4uvHel Y, nonyyas Takum obpasom BelbopKy BEKTOPOB BbIXoAHO! BeN4nHE oGbemom M (cm. 7.4);

d) hopmupylat npeacrasnexve G cyHkumK pacnpegeneqns Y 8 Buae psga M sHavernii seKTopHoi Bbixo-
HOW BENUUMHI (eM. 7.5);

e) Ha ocHoBe G BLIMUC/IAKOT OLIEHKY Y BeniuHbl Y 1 KoBapuaumoHHyio MaTpuuy Uy, cooTBeTCTBYIoWYo Y
(cm. 7.6);

f)Ha ocHose G crposiT cooTeTcTBYlOWY obnacte oxsata anst Y AnA 3aAaHHOW BEposiTHOCTY
oxearap (cm. 7.7).

Mpuvmeyanne— BubopodHoe cpegHee ana M BeKTOpHLIX BBIXOAHLIX BENWHMH UMEST MaTeMaTuHeckoe
oxmuaarne E(Y) u gucnepcnio V(Y)/M. Takum obpasom, pacxoxaeHue mexay E(Y) w eroc ouenkon B cpegHem Bypert
nponopumoxansHo M2,

7.1.8 ObpekTuBHocTb MeToaa MotTe-Kapno npu onpeaenexinn y, U, n obnactv oxsata ans Y 3aBucuT ot
afexksaTHoro Bblbopa Ynucna ueneitadniai M [atan a) 8 7.1.7]. Pekomengaumu no Beibopy aoctaToMHOro Yvucna
ucneiraHuii M1 no apyrum Bonpocam peanusadmn metoaa MouTte-Kapno npuseneHsl B [8] (cm. Taloke 7.2 1 7.8).

7.2 Yucno ucneitaHui metoga MoHte-Kapno

7.2.1 Ona npumeHeHns metoga MoHTe-Kapno Heobxogumo seibpaTth YMcnio uensiradui M, 1. e, obsem Bbl-
BOPK BEKTOPHOW BbIXOAHOW BeNUYMHLI. DTO yucno moxeT 6biTh BeibpaHo 3abnarospemeHHo (4o npoBeaeHus
ucnbiTaHuit), Ho Torga dyger uckiodeHa BO3MOXHOCTb yNpaBieHusi TOYHOCTLIO pe3yneTaToR, Nony4YeHHsIX ¢ no-
MOLLbIO AaHHoro MeToda. MpuunMHON aTOMY CRYXXUT TO, YTO YUCIIO UCMbITAHWA, Heobxodumoe AN NnonyyYeHus
peaynsrata BblYMCIeHUsA C 3aaHHOoN TOYHOCTBIO, 3aBUCUT OT (DOPMBI MOTHOCTY pacnpeaeneHvis BLIXOAHOW Benu-
YWHBI M OT 3a@HHOT0 3Ha4eHVst BEPOSATHOCTW 0XBaTa. KpoMe TOro, METOL BbIYUCTIEHWA ABMIAETCA CTOXACTUHECK M
Mo cBoOen NpUpPOoLE, MOCKOSbKY 3aBUCUT OT CnyvalHON BbIBOPKA.

7.2.2 MNockonbky HeNbL3s 3apaHee rapaHTUpoBaTh, YTo BbibpaHHoe aHaqeHne M obecnednT gocTaTtouHylo
TOMHOCTb NPUBNMKEHWS, MOXHO MCNONL30BATL NpoLieAypy adanTusHoro Belbopa, yTo4Hss sHaveHne M s npoLec-
ce UCnbITaHWiA, AfanTueHan nNpoleaypa, yctaHosneHHan B 7.8, no3sonaeT onTuManbHLIM 0Bpa3oM nony4uTh
sHaveHwe M, cooTBeTCTBYIOLLIee 33JaHHON TOYHOCTW BIMUCNEHWIA.

Mpumeyanune— [na cnoxHon Mmogenn, Hanpumep, Tpebylowedn Nony4veHus pelleHna MeToO0M KOHEYHbIX
SNEeMeHToR, NpumMmeHerne BonbLWoro Yyuena WCNBITAHWI MOXKET OKA3aTLCA HEBO3MOXHLIM. B aTom cnyyae pekomeHgyert-
cA NpuBNKEHHO NPEACTABUTE NNOTHOCTE PACIPEASneHnA BaIXOAHOA BEernuYuHbl gy (1) HOPMAansHeIM pacnpeneneHu-
em (kak 8 GUM). 310 rnoseonseT ncnonb3oBarte OTHOCUTENBHO Hebonbwoe Yeno uensitadmn M, nanpumep 50 wnwn 100,
a mony-eHHele No peaynkraram WCNBITAHWI BLIBOpOYHOE CcpeaHee v BelDopovHbIe KOBAPWMAUWKY NPVHATE, COOTEBETCTREH-
HO, B Ka4eCTBe OUEHOK y u UY' ﬂﬂﬂ onucaHna Y u NOCTpOEHWA obnacTu oxeara MCTONBb3YHOT MINMOTHOCTE HOpMarnbHOro
pacnpepenenus Ny, Uy). XoTs ymeHbLIBHUE YUCHA UCTILITAHWA Hen3bexHo yXyALUAST CBOMCTEA METOAA B HACTH annpok-
cuMaumn pacnpegeneHus BleOﬂHOIvTI BENW4YMHBLI, OHO BCE e NO3BONAeT yyecTb HEeNVHeMHOCTL Mogeny naMmepeHA.

7.3 MNony4eHue BbIGOPOK M3 pacnpegeneHnii BEpoATHOCTU
7.3.1 Onsa npumeHeHus metopa MorTte-Kapno dopmupyror M BektopoB X, r=1, ..., M, B COOTBETCTBUI

C MII0THOCTAMK pacrpeaenerns seposTHocTen Jx, (&) ana N BxoOHelx BeNMHUH X, v, ecrnv 3To Heobxoaumo,

13 COBMECTHON MioTHOCTK pacnpegenerusi PrB g,(E).

7.3.2 PexomeraaLu no hopmuposaHmnio BbIGOpKK Ans Hanbonee pacnpocTpaHeHHLIX pacnpeaeneHui (pas-
HOMEPHOro, HOPMankHOro, MHOrOMepHOro HopmaskHoro 1 f-pacnpeaenexHus) npueegeHsl B JCGM 101 (nyHkT 6.4
u npunoxerune C). OgHaKo BOIMOXKHO NMosyYeHe BeibopoK, COOTBETCTBYHOLLWX W APYIAM pacrpegeneHusim [cm.
JCGM 101 (paspen C.2)]. HekoTopbie pacnpeaeneHus MoryT 6bITb annpokcumMupoBaHs! pacnpeaeneHsamu, nony-
YeHHbIMW B pesynsraTe npymeHeHns metoga MonTe-Kapno npv npeasigyLlunx Bel4ucrieHMax HeorpeaereHHocT
[cm. JCGM 101 (nyHKT 6.5 1 npunoxerue D)].

7.3.3 MNpouenypa hopmupoBaHa BbIBOPKM AN MHOroMepHoro t-pacnpeieneHus onucada s 5.3.2.4.

Mpumevanune —[Ana goctoeepHocTV peayneratoe npwmenenus metopa Mowte-Kapno Heobxogumo, 4ToBbI
reHepatopbl MNCEBAOCCNYYaMHEIX YMCen, ucnonb3yemsle Ans GOpMUPORaHMA BLIBOPOK W3 33aHHLIX pacnpegene-
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CoBmecTHas nnoTHOCTb BeposTHOCTL
pacnpenene+ns gy(x) oxsara p
ANA BXOOHBIX BENWMYMH X {cm. 3.25)
(em. 4.14)
VicxogHbie gaHHbie
ANs NpUMEHEHNs MeToga
MoxTe-Kapno
Moaene namepeHus Hueno nensitaHuin M
Y =f(X) meTtoga MowTe-Kapno
(em. 4.4) fcm. 7.2)
| \ A
M sexTopos X4, ..., Xy
Tpancdopmmuposaxue W3 pacnpegenequs g,(&)
pacnpegeneHnia Ha ocHose (cm. 7.3)
BbIGOPKA 13 COBMECTHOIO
pacnpeaeneHsnn BXOAHLIX BENMMYMH

W BbIMMCIEHWA 4

BEKTOPHLIX BLIXOAHLIX BENUHMH
ANs 3T0M BelGopKM
M 3Ha4EHWA BEKTOPOB BLIXOAHEIX
BenuuMH Y, =f(x). r=1,...,. M
(em. 7.4)
B R i’ 5 =
MepanyHbIA peayneTar [vickpeTHoe npeacTasnexie G
HEMMEHEHH-METORA thyHKUMM pacnpegeneHus
Mosre-Kapno ANS BbIXOAHOW BENUYMHbL Y
{cM. 7.5)

Y
OKoHYaTensHsIA Ouenka y senuumtbl Y
pesynsTar COOTBETCTBYIOLLEH KOBEPUALMOHHOI OBnacTts oxeata ana Y
MaTpuuel U, fem. 7.7)
{cm. 7.6)

PucyHok 5 — 3tanel TpaHcopMypoBaHusa pacnpegeneHmd W nony4edvs peaynbTaToB OUEeHUMBaHWA HeonpegeneH-
HocTu meTofom MonTe-Kapno ans cny4as siBHOM 33BUCHMOCTU BLIXOAHEIX BETMYMH OT BXOAHBIX BEMUYMH

Hui, obnagany cooTeeTcTBylowmmMy ceoncTeamu. B JCGM 101 (nyrkT C.3.2) npuBedeHsl HekoTopsle TecTsl cdhopmu-
POBaHHLIX BEIDOPOK Ha CRYy4anHOCTb.
7.4 BbiuvcnieHue BEKTOPHOW BbIXOAHOW BeNUYMHbBI

7.4.1 BeKTOPHYI0 BLIXOAHYIO BENWYUHY BbIMUCTST AN Kaxaoro na M BeiBopoyHbix 3HaveHui N-MmepHoro
BeKTopa BXOAHOW BEeNUYMHLI, NOMyYeHHbIX M3 COOTBETCTBYHOWMX pacnpedeneHuii. Ecnn o6osHauunTs M BoiGo-
pOYHBIX 3HAYeHUA BeKTopa BXO4HOW BeNWYMHbI pasmepHocTw N X 1 vepes Xy, ..., Xy, r4e /-4 BekTop X,
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COABPHUT X4 1y -..s Xp s VM Xj,— BhIBOPOUHOE 3HAHEHME U3 pacnpeaeneHna Ansa X, To COOTBETCTBYLLNE SHAYEHUA
BEKTOPOB BLIXOAHOW BENUHMHE! 4TI MOAEV U3MEPEHWA C ABHEIM BUAOM (DYHKUMOHAILHOM 3aBUCUMOCTH BBIMUC-

nsoT no dhopmyne
y=f(x), r=1,.. M

MpumeyaHne— Ipn UCNONL3OBAHWKM 3aKOHA TPAHCOPMUPOBAHURA HEONPEABNEBHHOCTEM, KOIAAa aHANNTHYeC-
KWE BLIPEKEHWA NPOM3BOAHLIX (DYHKUMW M3MEPEHWA N0 BXOAHLIM BENMHYMHAM M3BECTHbI TOYHO, 3Ha4YeHWA 3THUX NPon3-
BOAHLIX W 3HAYEHWA QyHKUMKM naMmepeHna BepyT B ToUKe OLEBHOK BXOAHLIX BelnuuH. Ecnn aHanuTuyeckne BbipameHua
ANA NPOM3BOAHLIX HEM3BECTHEI M AM1A WX OLUEHOK MCnonb3yloT NMpubinkerne B BUAE KOHEYHLIX pasHoCcTel, To nonyYaioT
oleHKkK Toneko ans yHkumn nameperdua. CornacHo pekomedgaumn GUM [JCGM 100 {npumedanme 2 k nyHkry 5.1.3)]
3HAYEHVA DYHKUMKM namepeHna BepyT B TOYKAX OLESHOK BXOAHBIX BENWYKMH, 8 TAIOKE B TOYKAX, OTCTOALWMX No 008 CTOPOHbI
OT 3TUX OUEHOK Ha PacCTOSHWW OAHOI CTaHASPTHOW HeonpegensHHOCTU (BapeVpya No O4Spenn Ans K2xAoW BXOOHOW
BENKHYMHBL). B meToge xe MoHTe-Kapno aHaueHua dyyHKUWIA N3MEPEHWA NONYHAI0T NPKY BAPBUPOBAHNK BXOAHLIX BENUYWH
B OKPECTHOCTM WX OUEHOK, T.e. B TOYKaX, KOTOPLIe MOryT OTCTOATE OT 3TMX OLUEHOK Ha HECKONBKO CTAHAAPTHLIX OTKIIOHE-
Huu. Mockonbky B meToge MoHTe-Kapno aravenvn diyHkuMn namepeHnsa nonyyatT B padHeiX TOUKAX, MOXKET BOIHUKHY T
BOMPOC O CBOMNCTBAaX BLIMUCITMTENBHON NPOLEAypLl, B 4aCTHOCTH, O € YCTOMHYMBOCTK M (B Criydae npumeHeHus agantue-
HOW npoueaypsbl) cxogumocTi. MNpy BO3HWKHOBEHWW COMHEHUIA Monb3oBaTento cregyet yBeamTeca B TOM, YTO MeToq
[aeT AOCTOBEPHLIE OLEHKM BLIXOAHON BENMHKWHLL AR 40CTATOYHO BOoNbWKX OKPECTHOCTEN OUEHOK BXOAHLIX BENTMHUH.
Oanako cnegyet oXumaaTte, YT0 BONPOCEN YCTOAYWBOCTM W CXOAMMOCTH YUCNEHHOID METOAA MOrYT CTaTh KPUTUYECKMMK
TOMBKO B MCKIHOHUTENBHBIX CIyHasnx,

7.4.2 Ecnu X, ABNS10TCA 3aBUCMMbIMK BENUYHAMK, TO B 7.4.1 pacnpegene+Hua ana X crieqyer sameHunTb
Ha coBMecTHoe pacnpeaeneHue ans X.

7.4.3 B cny4ae moaenu ¢ HesisHbIM BUAOM (hyHKUMOHANBHOK 3aBUCUMOCTY B NpoLieaype, onucaHHol B
7.4.1, 3Ha4YeHUs BEKTOPHOI BBIXOOHOM BENWMYNHI Y, NONTYHAH0T, B pe3ylsTaTe pelleHns ypasHeHNA

hiy.,x,)=0,r=1, ..., M
7.5 OQuckpeTHoe npefcTtaBnedune hyHKUMM pacnpefeneHus AnNA BbIXOAHOW BeNUYUHLI

[uckpeTHoe npegcTagneHne dyHKUMKM pacrnpegeneHys AnNs BeKTOpHOM BeIXOAHOW BeNnWYuHel hopmupyeTcs
13 M 3HavYeHni BEKTOPHON BbIXOAHOW BENUYMHEI, NONyYesHLIX cornacHo 7.4. B obuwem crny4ae 310 npegcraene-
Hue AsnaeTca MaTpuuein G pazmepHocTi m X M, r-ii ctonbeu KoTopoi ABNSAETCA I~M 3HaYeHUeM BeKTOPHON Bil-
XOAHOW BenU4YUHLL. [ns oaHomepHol mofenn G — BekTop-CTpoKa.

Mpumeyanue 1— j-a cTpoka MaTpuubl G sIENAETCA NPUBNMXEHHBIM  OUCKPETHEIM  MPeacTaBieHnem
(hyHKUWK MAPIMHANBHOTO pacripeeneHus ana Y

Mpumevanwne 2— [ng m=1,2,3 soamoxHa rpachv-eckad wHTepnpetauma npwbnvxkenna G. [ycte
m=2. fina r=1, .., M noctponum B nnockoctu (Y4, Ys) TOHKY € KOOpaMHATAMK, COOTBETCTBYIOWMMY ABYM 3NEMEHTAM B
cronbue r marpudst G. lNpu gocratedno Gonewiom M MNOTHOCTE HAHECEHHBIX To4ek B nwbon nokaneHow cbnactu
nnockoeT ByaeT npuBNManTEnNbHO NponNopuVoHanHa NNOTHOCTY pacnpeadeneHus B sTon obnacru.

Mpumevarnne 3 —[loctpoenHoe npubnukerwe G nossonser uaeneys pasHoobBpasnylo wHhopMaumio,
B YACTHOCTH, OTHOCUTENBEHO MOMEHTOB BEICWMX Nnopsagkos. OpgHako B cnocobe OUEHWBAHWA HEeonpegdeneHHocTH no
GUM ana tpancopMUpoBaEHWA HEONPEOENeHHOCTeN U NOCNEeAYIOWEro OLUeHNBAHNA HBONPeAeneHHOCT UAMEPEHWA
[(JCGM 100 (nyHkr 0.4)] ana nony-erma oueHkn Y v COOTEETCTBYIOWEN el KOBAPMALIMOHHOW MaTpHLkl HEOBXOoAMMO
3HaTh MOMEHTEl TOMBLKO NMEPBLIX ABYX NMOPAAKOB.

MpumevarHue 4 — Ecrn senvdmHa Y Byfiet nenorb30BaThCA B KaYeCTBE BXOAHOW BEnNU4MHBLI HA Cheaylo-
wemM atane MHOrocTyneH4aTorno W3mepeHus, 70 Ha 3ToM atane BHﬁODKY BXOOHBLIX BEIMUYMH MOMHO MONYyYWMTb M3 YKE
UMEHIUIMXCS 3HaveHni ¥, r=1, ..., M, (wnu, 4To TO e camoe, u3 cTonbuyos marpulsl G), nocnegosaTensHo OCyLLecTBNAA
cny4aiHeif Buibop (C pasHoli BEPOATHOCTLIO) M3 3THUX 3HaveHui [JCGM 101:2008 6.5].

7.6 OueHka BbIXO4HO W BeNMUYMHbLI U COOTBETCTBYHOLLEN € KOBapHUaLUMOHHOW MaTpULbI

CpeaHee apudMeTU4ECKoe 1 KOBapWaLIAOHHYH MaTpULy

Y =35 V1 + o+ Y Uy =750 =9)T e+ (V=9 Y =) |

NPUHUMAHT, COOTBETCTBEHHO, B KAYECTBE OLEHKW Y BENUUMHLI Y 1 KOBApWALMOHHOW MaTPULLI U,,, COCTBETCTRYIO-
e y.

Mpumeyarnue — HelaBUCcUMO OT TOrQ, ABNASTCA NWM MOAENb WIMEPEHNA NUHENHOW MM HenuHerHol, Nnpu M
cTpemsalenmcn kK GeckoHeMHocTH y cTpemuTcs no BepostHocTy k E(f(X)), ecnn nocneanee cywecrayer.
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7.7 O6nacTb oxBaTa ANA BEKTOPHOW BLIXOAHOW BENUYMUHbI

7.7.1 O6wue nonoxeHUA

Teopetuyecku cylecTyeT ckonk yrogHo meoro 100 p %-Heix obnacte oxsata ana Y. B HacTosAwem cTaH-
dapTe paccmaTtpuealcTcA obnacT oxsata Tpex BMAOB, KOTOPLIE, Kak OXUAAeTCH, MOTYT HaiiTy HaubonbLlee npak-
Tnyeckoe NnpuMeHeHne. OaHaKko B 0TAeNbHbIX 0BCTOATENECTBAX MOXET OKa3aTLCH MPeanoYTUTENbHEIM MCMONL30-
BaHue obnacTu oxeaTta cneumanbHoi hopmel. Heaasucu Mo oT Bvaa obnacTtv oxsarta nocTpoeHue nocneaHen oc-
HOBaHOo Ha noy4eHHoM npubniwkeHun G, 1. e. Ha Habope M Todeky,, ciyvariHbiM 0Bpaszom BLiDpaHHEIX M3 pacnpe-
pdeneHus seposiTHocTel 4na Y npu peanvsauvi metoga MonTe-Kapno (cm. 7.5). Paccmarpueaemsie 3gece obna-
CTW OXBaTa MMeoT Bua:

a) annuncouga. [laHHas obnacte oxBara BydeT bnvska Kk HavMeHblen obnacTy oxsata B ciyvae, eciu
pacnpeaeneHve sepoATHocTel ana Y Bvako K HopmankHOMY;

b) napannenenunega. ObnacTe 0XBaTa gaHHOro BUAAa AONYCKaeT NpocTye MHTepnpeTauuio, Ho 3a4acTyo
ee obbem cyluecTBeHHo NpesocxoauT obbem HavMeHbled oGnacTy oxeaTa;

C) HauMeHbLUelh obnacTi oxeara, kotopas B obileM ciydae He umeeT Kakon-nnbo 3agaHHo recmeTpudec-
Kol hopMBl M ONpegenseTcs B HeKoTopom npubnmkeHnn, sasucawem ot M.

7.7.2 O6nacTk oxBaTa B (hopMe annuncouaa

YpasHenue 100 p %-Hol obriacTv oxeaTa 4ns Y B dhopme annvnconga umeer Bug:

m-y)' U, 'm-y)=£k, (20)

rae y onpeaenser nofoxeHne LeHTpa annunconaa B NpocTpaHCcTBe BbIXOAHbIX BevinH, U, — chopmMy annunco-
uaa (cTeneHb BaITAHYTOCTW U OPUEHTALMIO B NPOCTpaHCTBe), a k, — ero pasmep (obbem). Mpolieaypa NnocTpoeHns
ofnactu oxsara B chopme annuncouaa no chopmyne (20) npu n3BecTHuIx oLeHkaxy u U, (cv. 7.6) TpebyeTt Haxox-
AEHWA Kk, 1 COCTONT B CrieaytoLem:

a) TpaHchopmupyloT ToMkKM Y, B ¥°, (r=1, ..., M) no hopmyne

¥ =L~ W)= M (21)

re L — HUKHSI TpeyrornbHas MaTpulia pasMepHoOCTV m X m pasnoxeHins Xoneukoro Uy, = LLT;
b) copTupytoT TpaHchopMUpPoBaHHbIE TOMKW y°, B NOPSAKE BO3pacTaHs 3HaveHus d, rae

M 2
d2 =y°iy’r= E(ycj.r) y T= Ny il
C) UCMONb3YIOT yropsagoYeHHbIe y°, A onpegeneHns koachduuneHT oxsara k,, aHa4eHne KoToporo onpe-
AensAT U3 yCrioBusa: d, < k, 41s BCeX Y°, C HOMEPOM 7, He NpeBbilwarowmm pM,;
d) crposT 100 p %-Hyto obnacTe oxearta gna 'Y, rpaHiubl KoTopoi onpeaenexsl ypasHeHnem (20).

MpumedaHue 1 —OCHOBL ONUCAHHOM NPOLEAYPE M3NOKEHbI B [1], e MACCUB BEKTOPHLIX AaHHbIX COPTUPY-
10T MO METPHKE

(yr = a)Tz_1(Yr “ﬂ},

rae a — CTaTMCTUKa NapameTpa noNoXeHus), a & — CTaTMCTUKa napameTpa maclutaba (mmcriepcun). Dopmynel, npuee-
AeHHbIE B NPOLENypPe, NONy-eHb! 3aMeHamn a =y v & = Uy. Wicrionsaoeakve B npousaype TpaHchopmMypoBaHNe TOYEK
Haobxogumo gna Toro, 4Tobsl cAenaTe KOBApWALMOHHYIO MATPULLY, COOTEETCTBYIOLLYH TPaHCHOPMUPOBAHHEIM TOHKaM,
SANHUYHON, T.€. BNEMeHTbl BEKTOPOB BblBOPKN CTAHOBATCH HEKOPPENUPOBAHHLIMK. 3T0 MNO3BONSET CONOCTARNATL (COp-
THPOBaTH) TPAHCHOPMUPOBAHHBIE TOUKW M0 UX PACCTOAHWIO OT OUeHKK Y. Ma cnocoba nony4eHus ToUek Y, crnaayer, yuto
OHW XapakTepu3ayioT pa3bpoc 3Ha4eHni cny4anHon Benu4uHbl Y BOKPYT UeHTpanbHoR Toqkm y. OBnacte oxBara B BUAe
ANMMNCoOMAA ¢ LEHTPOM B y N0 CBOEMY CMblCny AomkHa copepxars 100 p % obuwiero 4ncna Touex y,.

MpumevaHune 2 — [premnemoctb NonyyeHHoW obnacTi oxeata ANA NPeacTaBneHns HeonpegeneHHocTy
W3AMEPEHWA 3ABUCMT OT KOHKPETHOW namepuTernkHol 3aaauwn. NonydyedHoe npeacTasneHue MOXeT CTaTk Henpuemne-
MbIM, ECMY pacnpegeneHue ToYeK ¥, B NPOCTPaHCTBE BbIXOAHON BENUYMHLL Y MNoX0 Cornacyertcsa C ornucaHuem aToW
BEMW4YWHBl MHOTOMEPHBIM HOpMENbHBIM pacnpegengHuem,

MpumeyaHune 3 — Marpuua L, nonyyerHas Ha atane &), MoxeT BuiTe onpegenexa, Hanpumep, cnocobom,
onucakHem B [13] (cMm. npumep Huxe).

MpumevyaHue 4 —Mpolueaypa nocTpoeHus 0BNacTy oxeBara yuuTbIBAET CyLUECTBOBAHUE 38BUCUMOCTH MEX-
ny anemeHTamu sektopa Y.

Mpumevanue 5— [Ons cnokHoil Mogenu, Hanpumep, Tpebylowen Nony4YeHnsn pewweHna MeTOA0M KOHEUHbIX
QNEeMEHTOB, NPUMEHeHne BoMBLWOre Yrena uensitaHmin M MoXeT okazaThCA HEBOAMOXKHEIM. B aTom cnyvae pekomeHay-
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eTca NPUbMKeHHo NPeacTaBnTe NINOTHOCTE Pachpeasnelns BeIXOAHOW BenvymnHbl Y HopManbHbIM pacrpeserneHmnem,
370 No3eonseT UCNoNb3cBaTe OTHOCKUTENLHO Hebonbloe Yucnoe ucneiranuin M, Hanpumep 50 unu 100, a nonyveHHsle
0 pesynsTataMm MChsiTaHui BeibopouHoe cpegHee n BeIBOPOYHLIe KOBAPWALMK MPUHATE, COOTBETCTEEHHD, 338 OUEHKW
y n Uy, [insa onncakma Y 1 NocTpoeHus oGnacti oxsara ucnonb3ylT NIOTHOCTE HOPMANbHOMO pacnpe/eneHna ¢ mare-
MaTM4ECKNM OXMAAHVEM Y 1 KOBAPMAUMOHHON MaTPULEn Uy, XOTA yMEHbUIEHKE YMGNA MCNbITAHUIA HEN3DEKHO YXyAWwa-
€7 CBOWCTBE METOAa B YacTu annpokcumauuy pacnpeseneHuna BoiXOAHOW Ben4iHbl, OHO BCE Ke MO3BONAeT y4ecTb
HEMMHEWHOCTE MOAeNYU uamepenua. B 1abnuue 1 npuseaeHbl 3HaqeHus K, Ans BepoaTHOCT oxsara p = 0,95 s 3asuck-
MOCTKM OT Pa3MEPHOCTH M BEKTOPE BLIXOAHLIX BENVHMH NPY JOMYLLEHWY HOPMaIbHOCTH pacnpegenerHns Y.

Mpumep — Paccmompum modens UsMepeHust
Yf"Xg""Xg, quxi_v""x;;, (22}
8 Komopou exodHbIM eenu4uHam X; u X, npunucano HopmansHoe pacnpedenenue N(0;0,1) kawdou, X; npunu-
caHo npsiMoyzonbHoe pacnpedeneHue R(—(3x%1,9)"2 (3x1,9)72), u ace exodHble eenuUYUHLI ABAKIOMESH
HezasucumMsIMu. Mamemamudeckumu OXuOaHUAMU eX00HbIX senuvun X; aenaomea x; =0, i=1,2, 3, a ux

ducnepcusimu — u(x) =01, i=1,2 u u?(xg =1,9. Toeda, kax @ npumepe 2 uz 6.5.2.3, Y=(Y.,Yy)" umeem
oueHKy MmamemMamu4ecKozo omudanus u coomeemcmeyrowyro eu KogapuayuoHHylo Mmampuuyy

_[0] o _[20 19
Y=lo|” *¥ Tl1,0 20/

TpaHcghopmuposaHHbIe MOYKU Y°, Ha amane a) hopmupyrom ¢ ucnons3osaduem L=, umerowed cnedyro-
wiutl sud {c movHocmeo do Mpemee2o 3Haka nocae 3anamou):

1,414 1,344 |1 = 0,707 -2,151
0,000 0,442’ 0,000 2265 |

Ha pucyHke 6 cneaa nokazaner 1000 esiGopoyrsix movexk dns pacnpedenenus eeposmuocmu Y, onpede-
naemozo modenbio usmeperus [¢popmyna (22)] u npusedeHHbIMU 8bilUe pacnpedesieHuUAMU 8eposmMHocmu onsa
ex00HLix eenuyur X; i =1, 2, 3. 95%-Han annunmuyeckas obnacme oxeama dns Y, nonyveHHan 8 npednonoxeHuu,
4mo Y xapakmepuszyemcs deymepHsIM pacnpedeneHuem laycca N(y;Uy) [kak u Ha amane a) 8 6.5.2.3], nokazaHa
nyHKmMupHoU nunued. 3ma o6nacme umeem nnowads 11.8 keadpamteix eduHuy, Kk, = 2,45 u codepxum 968 u3s
1000 movek. Snnunmuveckas obnacme oxeama, onpedenenHasi Ha ocHoee 1000 enibopoyHbix movex @ coom-
eemcmauu ¢ npouedypou 7.7.2, nokasaHa cnnowHol nuHued. 3ma obnacme umeem nnowads 10,6 keadpamubix
eduHuu, kp = 2,33, ymo HeMHO2UM MEeHbLWe, Yem obnacme, nonyvyerHass 8 NpednonoxeHuy HopMansHoOCmu pac-
npedeneHun 8bixo0HOU eenuyuHsl. Kak u donxHo cnedoeams u3 cnocoba nocmpoeHus obnacmu oxeama, ama
obnacms codepxum poaHo 950 mosex.

Modene uamepenus [¢popmyna (22)] paccmampueaemcs 6onee nodpobro e paadene 9, 20e npueedeHbi
maioke dpy2ue npumMepsi nocmpoeHusi obnacmel oxeama dnsi dayMepHuIX 8LIXOOGHLIX 8EITUYUH.

Ya Ya
5,0 5,0
- —
25 25 1
0 0
25 {ﬁ e 25 L
5,0 5,0
5,0 25 0 25 5,0 5,0 2,5 0 2,5 5,0
¥ Y,

PueyHok 6 — 3nnunTuveckre obnacti oxeara, NoCTpOeHHbIE B COOTBETCTEMM C npoueaypamu 6.5.2.3 a) u 7.7.2 ansa
npumepa w3 7.7.2 (cneea) n npamoyrofisHeie 0BnacTn oxeaTta, NOCTPOEHHLIE B COOTBETCTBMM ¢ npouedypamm 6.5.2.3 b)
W 7.7.3 gna npumepa m3 7.7.3 (cnpaea)
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7.7.3 Obnactk oxsara B chopme napannenenuneaa
100 p %-+an obnacts oxeata ana Y B hopme napannenenvneia MMeer BUg

Keu(y)), J =1, ... m, (23)

rae y = (¥, ..., ¥im)' ONIpeAenseT nonoxeHue LeHTpa napassenenineaa s npocTpaHcTBe BoIXOAHbIX BENUHUH,
auly) = (u(yy), ..., u(y,) v kg onpegensT ero pasmep (06bem). Mpoueagypa nocTpoets obnact oxsara s hopme
napannenenunega no copmyne (23) Npu MSBECTHLIX OUEHKaX Y 1 u(y) TpebyeT HaxOXaeHWs K, 1 COCTOUT B
chnegyrowem;

a) TpaHcqopMupyoT ToukKn Y, B ¥°, (r=1, ..., M) no chopmyne (21), o rae L Teneps ssnserca gvaroHans-
HOW MAaTpULLEN pa3sMepHOCTI M X M C gvaroHanbHeIMU anemeHTamun u(yy), ..., Uy,

b) copTupyroT TpaHCOPMMPOBAHHLIE TOMKK Y °, B NOPALKE BO3pACTAHUA 3HaveHna d,, rae d, Teneps onpe-
gensoT no dopmyne

dr= max y,r =10
m

C) MCNONB3YIOT YriopsgoyeHHele y°, AN ornpeneneqHns KoaddguumeHTa oxeara k,, 3Ha4eHWe KoToporo
onpeaensioT U3 ycnosusi: d. < k, Ans BCEX Y°, CHOMEPOM r, He NpesblluatoLymM pM,
d) cTposaT 100 p %-Hylo obnacTs oxsaTa gna Y, rpaHuLbl KOTopoWr onpedeneHsl dhopmynoi (23).

Mpumeyarune— lMpouegypa nocrpoexws obnacty oxearta y4WTbiEAeT CYLWECTEORAHWE 33BUCMMOCTH
Mexgy anemeHtamw sextopa Y.

Mpumep — Ha pucyHke 6 (cnpasa) nokaszaubl me xe 1000 moyek, ymo u Ha pucyHke 6 (cneea). 95 %-Has
npaMoyzonsHaa obmacmb oxeama ona Y, nonyt;ennaﬂ e npednonoxeHuu, ymo Y;j=1,2 xapakmepusy-
emca HopMansHsIM pacnpedeneHuem N(y}, u (jg)) a Koppensayus OUEeHOK Yy U ¥, [Kak u Ha amaneb) e 6.5.2.3]
He yHumbsigaemcs, nokasaHa nyHkmupHod nuHued. 3ma obnacme umeem nnowads 40,1 keadpamHbix edu-
Huy, k, = 2,24 u codepxum ece 1000 moyex. lpamoyzonsxas obnacme oxeama, onpedeneHHas Ha OCHOee
1000 enibpanHbix moyex @ coomaemcemeuu ¢ npouedypod 7.7.3, nokazana cnnowwoi nuHuel. 3ma obnacms
umeem nnouwjads 25,5 keadpameix eduHul, kq=1,78, ymo HemHO2uUM MeHbWe, Yem obracme, 8 npednonoxerHuu
HOpManLHOoCMU pacnpedeneHus eLIx00Hol eenuyuMbl. Kax u 8omuHo cnedoeams u3 cnocoba nocmpoeHusi o6na-
cmu oxeama, 3ma obnacme codepxum posHo 950 movex.

7.7.4 HaumeHbLwan obnacrTb oxBara

Mpoueaypa noctpoerua HanmeHswelri 100 p %-Hoit obnacTn oxeara BKknrouaeT B cebsa cnegytollme aTansl:

a) B M-MepHOM MpOCTPaHCTBE BbIXOOHbLIX BEAWYKMH CTPOAT WCXO4HbIA napannenenvined, npegnosioxku-
TenbHo oXBaTbiBaOLWUX BonbLLIYI0 A0 3HAYEHWIA, KoTopble MOryT BbiTh NpUNUCaHLI BEKTOPHON BLIXOAHONW
BenvuuHe Y;

b) pasHoMepHoi m-MepHoi ceTKON ABNST MEXOAHLIN Napannenenunea Ha aueiky B suae nogobHeIX pas-
HBIX MAOTHO YIOXKEHHbIX ManbIX napannenenuneanos;

C) ANA Kakaoro Manoro napannenenyneaa noAcyMTLIBaleT YACAO NoNasLUKMX B HEro BuIBOPOYHLIX TOHEK Y,

d) aonio Tovek y,, NonaslUX B Manklli napannenenunea, paccMmarpuealoT kak npubnkeHHoe aHadeHne
BEPOSAITHOCTY NonagaHus B AaHHLIN napannenenyneq aHaueHust cnyvaliHoi BekTopHal BenuivHbl 'Y,

€) Bce Manble napannenenvnegbl pacnonaratoT B Nopaake yMeHbLUeHUs NpuniMcaHHoi M BepoaTHOCTH,

) cymmupytoT BEPOSITHOCTI, NpUNUCAHHLIE MankIiM Napannenenyneaam, HauwHas ¢ Nepeoro ¥ nocneaosa-
TeNLHO NpWbHaBnan BEPOATHOCTL KAXAOO NocneayioLLero BnoTe 4o TOro, NoKa nony4eHHas cymma He npesbICUT
WM HEe CTaHeT pasHol p;

) COBCOKYMHOCTb MankIX Napannenenunenos, BHeCLWnX BKNaa B nonyyeHue ykasaHHoOW CyMMBI, paccmar-
pUBAIOT B KayecTse NpubnuxkeHns HaumeHsLLelt obnacTu oxeaTa;

Mpumedvauune 1 — [JanHan npougaypa, 3aumcTBOBaHHan w3 [20], sakmoyaeTcs B pasbuieduy NpocTpaHcTea
BbIXOOHbLIX BENWYAH HE PAO Mankix A4Yeex {HBDBHHBJ'IEHMHEROB}. annpokCuMaun BEpOATHOCTW NONaEaaHna 3HaueHns
CITy4alHOW BbIXOAHOW BENMMHMHL! Y B K&XAYI0 M3 Takmx AYeek doneit nonaswux B Hee Toudek BoiGopki 1 06beanHeHun
MWHUMANBHOMO YMCNa AYeeK, B COBOKYNHOCTH cogeprawyx He menee 1000 % na M BoiB0poUHBLIX 3HAYEHUI BEKTOPHON
BbIXOAHOW BENWYMHE!, B KOH(IMIYPaUMIo, paccMaTpuBaemylo KaKk HauMeHblan obnacTe oXeara.

Mpumeyadue 2 — [apannenenuresd, NOCTPOEHHLIM HA 3Tane a), AOMKeH BKNYaTh B cebs BCE TOUKU Y.

MpumedaHune 3 — Yueno mansix napannensnvnenos, UCNonbayeme!x ans pasbuedHns Ha stane b) npo-
CTPAHCTBA BLIXOAHBIX BEMWYMH, OrpaHuYeHHoro Bonblwum napannenenuneaom, NOCTPOEHHBIM HA aTane a), BNUAEeT Ha
Ka4yecrTsO nony-eHHoro l‘[pli'lﬁ]'llﬂ)KBHHﬂ.
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Mpumevanne 4 — B BonelwmHeree cnyqaes Kavectso npubnvxenns yriyywaerca ¢ poctom M. Y1oBel
NoNy4uTh JOCTATOMHO Xopollee npubnuwkeHwe, ocobeHHo B cnyyae, KOrMa pasMepHOCTb NPOCTPAHCTBA BLIXOGHLIX BENU-
yiH m Bonee asyx unw Tpex, MmoxeTt notpeboBaThei oveHe Borbuwoe YUCNo uenbiradni M.

Mpumevaunwe 5 — [ocTPoEHHAA B COOTBETCTBMW C BbILLEONMCAHHOW NPOLUEaypor HammeHsluas obnacre
OXBaTa MOXET OKa38TkCA HECBA3HOW, 0COBEHHO, ecnv M HeAOCTATOMHO BEMMKO.

Mpumevanune 6— Ha arane d) BEPOATHOCT, MPUNUCEHHAR KAXOOMY Manomy napannenenunegy, onpege-
MABTCH OTHOCMTENBHON YaCTOTOW NONagaHna B HEro BbiDOPOMHOND 3HAYEHWA BLIXOAHOW BenuquHbl. Mcnonbaosawwe
Bonee crnoxHoi annpokcumauum (cm. [23]) MoKeT no3sonuTe yNyYwWTe CBA3HOCTL oBnacTn oxeata M CrmaauTe ee
rpaHunuybl,

MpumeuyaHue 7 — lpunucanHsie Ha aTane d) BEPOATHOCTY MONYT OKA3aThCA OOWHAKOBLIMW ANA ABYX WK
HECKONEKMX MaNsiX napannenenune,que. B atom cnyqae WCDH,D,O‘-IBH“E Maneix ﬂ&pﬁJ’Iﬂ&]’lQﬂHl’l&,ﬂDB, BLINONHAEBMO2 HE
aTane &), byger He eAWHCTBEHHBIM. PadHbIM BO3MOXHBIM BAPUAHTAM YNOPAZOYEHWA MOryT COOTBETCTBOBAThH Pa3Hbie
npubnwxenwa obnactn HaMMmeHblero oxeara.

Mpumevarnune 8 — B geymepHom cnyuae (m = 2) aransl o7 @) 40 d) BXOGAT B HAMAINBHBIE WA TUAMHHOMO
anropuTma Buayanuaauum pacripegenenuns ans Y {cm. 9.1.8).

Mpumep — Paccmompum my xe camyro 3adavy, 4mo ue npumepe 7.7.2 . Ha pucyxke 7 nokazaHo npubnu-
WeHue Ons HaumeHbweld 95 %-Hou obnacmu oxeama, MOAYyYeHHOE ¢ UCMoNb308aHueM 8bllueyKalaHHOU
npoyedyps! npu pazbueHuu ucxodHozo 6onbWo20 mPAMOy20/bHUKa Ha 10X10 mansix NPAMOYZONEHUKOS
(cnesa) u 100X 100 mManbix npAMOy20/bLHUKOS (cnpasa). O6nacme 0xeama Ha pucyHke 7 crnesa nocmpoeHa rno
1000 moskam, cnyvaiHo exibpanHbIM u3 pacnpedenenun ona Y. Ona umeem nnowade 11,3 keadpamHbix eGuHuY
u codepxum 955 movex. O6nacme oxeama Ha pucyHxe 7 cnpaea nocmpoexa no 1000000 movek, nony4eHHbIX
cnyyaiunot esiboprot usz pacnpedenenus dns Y. OHa umeem nnouwjads 9,4 xkeadpamrbix eduruy u codepxum
950 074 movku. [fns cpagHeHUs! Ha KAXGOM pUCyHKe CnAOWHOU JluHuel nokasana 95 %-was annunmuveckas
obnacme oxeama dns Y, nocmpoexHas @ coomeemcmauu ¢ npouedypod uz 7.7.2.

s Yy
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PucyHok 7 — 3nnuntudeckue obnactv oxeara, MOCTPOEHHbIe NMo npougaype w3 7.7,.2, n npubnumenna HanMeHbumx
obnacreit oxeaTa, NoCTpoeHHbIE No npoueaype w3 7.7.4 gna pasbuenua 10x10u 1000 Tovek seibopku (cnesa) u gna
pasbuenna 100 x 100 u 1000000 Tovek BuIBopim (cnpaea)

7.8 ApanTuBHan npouenypa metona MoxTe-Kapno

7.8.1 OBwue nonoxeHun

7.8.1.1 OchbektmBHOCTL MeToga MoHTe-Kapno rnpl onpeaeneHu oLeHKM y BLIXOAHOW BenuyuHel Y, cooaT-
BETCTBYIOLLEH KoBapUaLMOHHOW MaTpuLbl U obnacTk oxeara Ansa Y 3asucuT oT Yucna ueneiraHnia M. 3Havenne M
MoxeT BbiTb BoibpaHo 3apaHee, kak B 7.2. [Ipyroil noaxo COCTOUT B MCNONb30BaHWK afanTUBHOW NpoLeaypb!
meTona MoHTe-Kaprio, carnacHo KoTopaii YUcno UenbITaHWii NocneaoBaTeNbHO YBENUHMUBAKT A0 TeX Mop, noka
Nony4YeHHbLIE YUCNOBbLIE OLEHKN UCKOMbIX BENWYUH HE CTaHYT yCTaHOBUBLUWMKUCS. HucneHHbIl pesynsTaT cHMTaeT-
€Al YCTAHOBUBLUUMCS, ECMNW COOTBETCTRYIOLLEE eMy YABOSHHOE CTaHAapTHOE OTKNOHEHUE CTaHeT MeHbLUe 3a/aH-
HOW TOMHOCTW BbIMMCTIEHUA (CM. 7.8.2).
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