®EJEPANBHOE ATEHTCTBO
NOo TEXHWYECKOMY PETYINPOBAHWIO NN METPONIOTUN

] OCT P
HALMWOHANBbHBIN
CTAHOAPT 54500.3.2—
POCCUMCKOMN 2013/PykoBoACTBO
OELEPALNMK NCO/M3K 98-3:2008/

JononHeHne 2:2011

HEOMNPEAENEHHOCTb NW3MEPEHUHA

YacrTb 3

PYKOBO/ACTBO MO BbIPaXeHWo HeonpeaeseHHOCTU
N3MepeHNs

[JononHeHne 2

O606LIeHMe Ha criydyail NPon3BONILHOIO Yncnia
BbIXOAHbIX BENYUH

ISO/IEC Guide 98-3:2008/Supplement 2:2011
Uncertainty of measurement — Part 3: Guide to the expression of
uncertainty in measurement (GUM:1995) — Supplement 2: Extension
to any number of output quantities
(IDT)

MN3paHne opunymanbHoe


https://meganorm.ru/Index2/1/4293772/4293772560.htm

FOCT P 54500.3.2— 2013

Mpegucnosne

1NOATOTOB/IEH ®epepanbHbIM rocyAapCTBEHHbIM YHUTAPHbIM NpegnpuatuemM «Bcepoccuinckuii Hayu-
HO-UuccnefoBaTenbCKUi MHCTUTYT meTponorum nm. [i.N. MeHgeneesa» (PryMn BHUWNM) n ABTOHOMHO HEKOM-
Mepueckoli opraHmsauunein «<HayuyHo-uccnegoBartenbCkunii LEHTP KOHTPONA U AMArHOCTUKMN TEXHUYECKUX CUCTEM»
(AHO «<HWNLU K/A») Ha ocHOBe CO6CTBEHHOrO ayTEHTUYHOTIO NepeBoja Ha PYCCKUM A3bIK MeXAYHapOoAHOro AOKY-
MeHTa. yKa3aHHOro B NnyHKTe 4

2 BHECEH TexHnyecknm KoMuteTom no ctangaptudaunn T K 125 «MpnmMmeHeHne cTaTUCTUYEeCKNX MeTo40B»

3YTBEPX/AEH VW BBELEH BA4ENCTBUE MNpukazom deaepansHoOro areHTCTBa No TeXHMHECKOMY perynu-
pPOBaHUIO N METPONOTNM OT 22 HOA6PA 2013 1. Ne 1665-cT

4 HacTosiW Wil cTaHfapT NAEHTMYEH MEXAYHapoaHOMY fOKYMeHTy PykoBoactBo NICO/M3IK 98-3:2008/lo-
nonHeHune 2:2011 «<HeonpegeneHHOCTb n3MepeHus. Yactb 3. PYKOBOACTBO NO BbIpaXeHUIO HeonpejeneHHocTun
n3mepeHus. lononHeHue 2. O6o6LeHne Ha cnyyali NPON3BONBHOIO YCAa BbIXOAHbIX Benn4YuH» [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»).

Mpy NnpyMeHeHnn HaCTOSsIWEero cTaHjapTa PeKOMeHAYeTCs UCNONb30BaTb BMECTO CCbIIOYHbIX MeXayHa-
pPOAHbIX JOKYMEHTOB COOTBETCTBYHOLLME UM HALMOHaNbHbIE CTaHAAPThbl, CBEJEeHNA 0 KOTOPbIX NpUBEAEHbl B 40-
NONHUTENLHOM NPUOXKeHUn 1A

5 BBEJEH BMEPBbIE

MpaBunanpuMmeHeHna HacToAlW ero ctaHgaprta yctaHoBneHbl BITIOCTP 1.0— 2012 (pa3aen 8). MHGop-
Maumsa 06 M3MEeHeHUAX KHacTosiweMy cTaHfapTy ny6bAnKyeTca B eXXerogHom (No COCTOAHMIO Ha 1sHBaps
Tekyu,eroroga) nHopmaynoHHoMykasaTtene «HaunoHanbHble CTaHAapPThl», a ohuLManbHbili Te KCT n3Me-
HEeHW N NonNpaBOK— B eXeMeCsAYHOM MH(opMaLMoOHHOM YKa3aTene «HaunoHanbHble cTaHjapTbl». B cnyvae
nepecmoTpa (3aMeHbl) MIM OTMEHbI HACTOSALWEero ctaHjaprta COOTBEeTCTBYO W ee yBefoMeHe 6ygeT ony6-
ANKOBAHO B 6AMXaiileM BblINyCKe eXXeMeCAYHOro nHpopmaLMoHHOro ykasartensa «HaunoHanbHble cTaHjap-
Tbl». CooTBeTCTBYO W ad nHhopmaumsa, ysefoMeHne nTe KCTbl pasmelaloTca TakxXe B UHPOpMaLMOHHOW
cuctemMe o6 erononb3oBaHMa — HaoduunanbHoM calite dPegepanbHOroareHTCTBa No TeXHMYeckomype-
rynuposaHuto umeTponorun scetun MHTepHeT (gost.ru)
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CTpaHeH B KayecTBe o(hULMaNbHOTO N3jaHusa 6e3 paspelleHns defepanbHOro areHTCTBa No TEXHUYECKOMY pery-
NMPOBAHUIO N METPONOTrnn
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BeegeHue

B «PykoBOACTBE MO BbIPaXXEHUIO HEONpejeNeHHoCTn namepeHnii» (GUM)[JCGM 100:2008] paccmaTtpusa-
l0TCS, B OCHOBHOM, OAHOMEPHbIE MOAENN N3MEPEHUA, BKNtoYatolwme B cebs efMHCTBEHHYIO CKansApHYo BbIX0f-
Hylo BenmuunHy. OfJHaKO Ha NpaKTuKe YacTo BCTpeyalTca n3MmepuTebHble 3ajayn c AByMS U 60nee BbIXOAHbIMUN
BennunHamu. Npumepbl Taknx 3agayd nmetotca B GUM gna cnyyaeB 3NeKTPUYECKUX N3MEPEHUIA C TPEMSA BbIXO[-
HbIMY BennunHamm [JCGM 100:2008 (pasgen H.2 npunoxkeHusi H)] u temnepaTypHbIX U3MEpPEHNii ¢ ABYMS BbIXOf-
HbiMK BennynHamun [JCGM 100:2008 (pa3aen H.3 npunoxkeHus H)]. B HacToAiwem cTaHjapTe paccMmartpusaroTcs
MHOrOMEepHbIe MOJenn n3mMepeHuns, BKaovarLune B ce61 NPON3BONbHOE YNCNO BbIXOAHbIX BENNYUNH. B 60NbLINH-
CTBE CllyYyaeB BbIXOfHble BENNYNHbI KOPPENNPOBAaHHbI, MOCKO/bKY 3aBUCSAT OT 06LMX BXOAHbIX BENUYUH. B Ha-
cTosileM cTaHgapTe paccmaTpuBaeTtca o6o6uieHne cnocoba oueHnBaHna HeonpegeneHHoctn noGUM [JCGM
100:2008 (pa3aen 5)]. no3BonsAtoWEee NONYUYNTb OLLEHKN BbIXOAHbIX BEMNUYWH, a TaKXXe cTaHAapTHble Heonpegae-
NEeHHOCTN 1 KoBapuauum, COoTBETCTBYIOLLME 3TUM OLeHKaM. BXoHble 1 BbIXOAHbIe BENNUYMHBI MOAEeNn nuamepe-
HUA MOTyT 6bITb JENCTBUTENBHBIMUW AN KOMNAEKCHBIMM.

flononHeHne 1kGUM [JCGM 101:2008] paccmaTtpuBaeT TpaHchopmumpoBaHue pacnpegeneHunin [JCGM
100:2008 5] npu 3afaHHO MoAen N3MePEHNA KaK OCHOBY 1151 BbIPaXXEHUS HeonpeAeneHHOCTN U3MEepPEHUsa 1
peannsauunio faHHO npoueaypbl nocpeactBomM mMetoga MoHTe-Kapno [JCGM 100:2008 (pa3gen 7)]. Kakun B
GUM. B HEM paccMOTpeHbl TONbKO MOJEeNN C eANHCTBEHHOI CKansipHoi BbIXOAHOW BennuuHoii [JCGM 101:2008
(paspgen 1)]. HacTosiwmii ctaHgapT paccmaTtpuBaeTt 0606w eHne metoga MoHTe-Kapno ¢ uenbio noayyeHns gnck-
peTHOro npeacTtaBfeHNs COBMECTHOIO pacnpejeneHnsa BeposaTHOCTel 419 BbIXOAHbIX BEANYNH MHOTOMEPHOW
Mogenn. Takoe AMCKpeTHOe npeacTaBneHne CAY>XUT OCHOBOV AN MONYYEHNS OLEHOK BbIXOAHbIX BEINYUNH, NX
cTaHjapTHbIX HeonpeAeneHHoCcTel n koBapuaumii. icnonb3oBaHne metoga MoHTe-Kapno siBnsieTcst anbTepHaTu-
BOW cnocoby oleHnBaHUA HeonpejeneHHoctTn no GUM, ocobeHHO B cutyaumnsax, Korga nocnegHuii He cnocobeH
obecneunTb JOCTOBEPHbIE pe3ynbTaTbl U3MepeHuii BCNejCcTBUE TOro, YTo (a) InHeapusauus Mogenu NpUBOANT K
CYLLECTBEHHOMY UCKaXKEHUIO pe3ynbTaToB n3amepeHusa unu (6) pacnpejeneHve BeposaTHOCTEN AN BbIXOAHOW Be-
ANYNHBI (MAN BEINYUH) HE MOXeT 6bITb ONMCAHO MHOTOMEPHbLIM HOPMa/bHbIM pacnpegeneHnem.

HacToawwnin ctaHgapT yctaHaBnmBaeT TakxKe MeToj onpejeneHuns o6nactu oxsata A BbIXOAHbIX BENNYNH
MHOTrOMepHOW Mojenu, ABnsAtoLLeics aHanorom MHTepBana oxsarta B ciydae OJHOMEPHOW Mofenu, Ans 3ajaH-
HOWl BeposATHOCTU oxBaTta. PaccmartpuBatotcs o6nacT oxsarta B hopmMe 3N1MNCONA0B AN NPSAMOYTrONbHbIX napan-
nenenunefos. MIpUMeHeHWe YNCNEHHbIX NpoLefyp pacyeta HeonpeaeneHHOCTN U3MEPEHNS C UCNONb30BaHNEM
MeTofia MoHTe-Kapno gaeT BO3MOXHOCTb NPUGIMYKEHHOTO NOCTPOeHUs o6nacTeli oxBata HaMeHbLlero o6bema.
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HAUWOHANBbBHBLMN CTAHAAPT POCCUMNCKON OSGELEPAULUNMN

HEOMNPEAENEHHOCTb MBMEPEHWUA
YacTtb 3
PykoBOACTBO NO BbIpaXeHUO HEONPEeJENEeHHOCTN U3MEpPEHUA
fononHeHwne 2

0606w eHne Ha cnyyali NPOU3BONLHOTO YMCNa BbIXOAHbIX BEANYUNH

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

[ata BBefeHna — 2014 — 09— 01
1 O6nactb NPUMEHEHUS

HacTtoAwwnii ctaHgapT ABnseTca AoNoMHEHNEM K«PyKOBOACTBY MO BbIpaXkKeHNIO HeonpeaeneHHoCTn name-
peHuit» (GUM) (JCGM 100) m pacnpocTpaHseTcsi HA MOAENN U3MEPEHUSI C MPOU3BO/IbHLIM YACNOM BXOAHbIX U
BbIXOAHbIX BENNYNH. Bxogslwme B Mogenb U3MepeHusa BeANUYNHbl MOTYT 6bITb AeliCTBUTENbHBIMMN /WU KOMMNEK-
CHbIMUW. PaccMoOTpeHo fBa Nogxoja KMcnonb30BaHUO Taknx mogeneli. Nepsblil npeacTaBnsieT cobo o6o6Lye-
Hue cnocoba oueHNBaHUA HeonpeaeneHHocTn no GUM. BTopoili — ucnonb3oBaHue metoga MoHTe-Kapno gns
TpaHchopMupoBaHusa pacnpegeneHuii. icnonb3osaHne metoga MoHTe-Kapno gaet BO3MOXHOCTb NONYYNTb 0~
CTOBEpPHble pe3ynbTaTbl B CUTyaLnsax, KOrga ycnosmsa NnpMeHUMOCTU NepBOro Nogxoa He BbINONHAKTCSA.

Cnocob oueHnBaHMUA HeonpegeneHHocTM No GUM npvMeHum, Korga MHGopMaLmnio 0 BXOAHbIX BEANYNHAX
MOXXHO NpeACcTaBUTb B BUJE NX OLLEHOK (Hanpumep, Noay4eHHbIX U3MepeHNeM), CBA3aHHbIX C 3TUMUN OLeHKamMun
cTaHfapTHbIX HeonpegeneHHocTel 1, NPy HEO6XOANMOCTM, KOBapuayumii. lcnonb3oBaHne COOTBETCTBYOLWNX hop-
Myn 1 npoueayp N0O3BONSAET HA OCHOBE YKa3aHHOW MH(hopMaLum NoNy4YnThb OLEHKU, a TaKXKe COOTBETCTBYOLWME UM
CTaHfapTHble HeonpejeneHHOCTU K KoBapuauun N8 BbIXOAHbIX BEIMUYUH. DT (DOPMY/bl 1 Npoueaypbl NPUMEHN-
Mbl KMOAENAM U3MePEHUS, AN KOTOPbIX BbIXOAHbIE BENNUYNHBI (&) BblpaXkeHbl HENOCPEACTBEHHO KaK(QyHKLMUN OT
BbIXOHbIX BENUYUH (PYHKLUN n3MepeHUs) unu (b) MoryT 6bITb NONyYEHbI PELUEHUEM YPaBHEHWI, CBA3bIBAIOLLMX
BXO/Hbl€ 1 BbIXOJHbl€ BENNYUNHbI.

B uenax ynpouieHns popmMynbl, NPUMEHAEeMble B HAacTosILLeM cTaHAapTe, laHbl B MaTpuyHoi hopme 3anu-
cu. lononHUTENbHbLIM NPEeNMyLLLECTBOM Takoi (hopMbl 3anncu ABnseTca ee NPpMCcNnoco61eHHOCTb Kpeann3aumm Ha
MHOTUX fi3blKax NPOrpaMMmnpoBaHna 1 B cUCTEMAaX, KOTOpble NOALEePXXUBAKT MaTpUUHYto anre6py.

Cnocob6 oueHnBaHNA HeonpejeneHHOCTN N3MepPEeHNs C NpMMeHeHnem meTofa MoHTe-Kapio ocHOBbIBaeTCs
Ha (i) npUcBOEHNN BXOAHBIM BENMYMHAM MOJENN N3MepPEeHNA COOTBETCTBYIOLWUX pacnpejeneHmnii BeposaTHocTel
[JCGM 101 (pa3gen 6)]. (ii) onpefeneHnn gUCKPETHOTo NpeAcTaBNeHNnss COBMECTHOro pacnpefieneHus BeposaTHO-
CTV ANA BbIXOAHbLIX BENYUH U (iii) NTONyYEeHNA U3 3TOr0 AUCKPETHONo NpeAcTaBieHNs OLEeHOK BbIXOAHbIX BENMUYNH,
MUX cTaHjapTHbIX HeonpejeneHHOCTeN N KoBapuaumii. [laHHbI noaxoa aBnseTcs o6o6uUeHMeM MeToga MoHTe-
Kapno. yctaHoBneHHoro B JCGM 101 npyuMeHUTeNbHO KMOAENAM C eANHCTBEHHOI CKansipHoOli BbIXOAHON Benun-
YNHOIA.

MpuMeHeHNe BbilleyKa3aHHbIX MOAXO0A0B NO3BONAET NONYUYMUTb NPU 3aaHHON BEPOSATHOCTM oxBaTa o6nacTb
oxBaTta ANa BbIXOAHbIX BEIMYMH MHOTOMEPHOW MOfenn — aHanor nHTepeana oxeaTa N5 OAHOMEPHOI Mojenun ¢
€[JMHCTBEHHOII CKansipHOW BbIXOAHOM BeNNYMHON. PaccmaTpuBaemble B HacTosWeM cTaHgapTe o6nacTn oxesaTta
nMerT opMbl TMNEPINTUNCONLOB (Lanee— 3ANUNCONLOB) UM NPAMOYTONbHbIX TMNepnapannenenmneaos (La-
nee — napannenenunefoB) B MHOTOMEPHOM NPOCTPAHCTBE BbIXO[HbIX BENMYUNH. B cnyvyae npumeHeHns metoja
MoHTe-Kapno npusegeHa Takxxe npouegypa npnbénmkKeHHOro nocTpoeHms o61acty oxsara HauMeHbLLIero obsema.

NprMmeHeHne cTaHjapTa NN CTPUPOBaHO NOAPOGHLIMM NPUMeEpPamMu.

HacTosiwuii ctTaHgapT CAy>XUT fononHeHnem KGUM naomkeH 6biTb MCNONb30BaH BMecTe C HUM 1 c lonon-
HeHnem 1kGUM (cooTBeTcTBeHHO, JCGM 100 JCGM 101). Hactosawwnin cTaHaapT npegHa3HayYeH ans Tex ke
nonb3oBarteneii, 4YTo 1 Ba BbllleyKa3aHHbIX JOKYMeHTa (CM. Takxke JCGM 104).

M3gaHune ohuynanbHoe
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2 HopmaTuBHbIE CCbIKU

B HacTosiLem cTaHAapTe NCNOMb30BaHbl HOPMAaTUBHbIE CCbINKW Ha CleAytlo e JOKYMEeHTbI:

JCGM 100:2008 OueHMBaHNE flaHHbIX U3MEPEHUNiT. PYKOBOACTBO MO BblpaXKeHUo HeonpeieneHHoCTU nuame-
peHus (GUM) (JCGM 100:2008. Evaluation of measurement data — Guide to the expression of uncertainty in
measurement (GUM)]

JCGM 101:2008 OueHnBaHne AaHHbIX U3MepeHuii. lononHeHne 1 K«PyKOBO/ACTBY MO BbIPaXKeHUIo Heonpe-
feneHHOCTN n3mMepeHns». TpaHchopMupoBaHue pacnpegeneHuii c ucnonb3osaHnem metoga 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 Monte Carlo method)

JCGM 104:2009 OueHnBaHne gaHHbIX n3mepeHuin. BeegeHne K «<PyKOBOACTBY MO BbIpa)XeHWUIO Heonpe-
LeNeHHOCTN NU3MEePEHUSI» N CONYTCTBYOWMM gokymeHTam (JCGM 104:2009. Evaluation of measurement data —
An introduction to the 'Guide to the expression of uncertainty in measurement” and related documents)

JCGM 200:2008 MexayHapogaHblii cnoBapb No meTponornn. OCHOBHblE M 06WMe MOHATUS U CBSI3aHHbIE
C HUMU TepMuHbl (VIM) (JCGM 200:2008, International Vocabulary of Metrology — Basic and general concepts
and associated terms (VIM)]

3 TepMUHbI 1 onpefeneHus

B HacTosilwem cTaHgapTe NnpMMeHeHbl TepMUHbI TOJCGM 100 nJCGM 200. HeKOTOpble M3 KOTOPbIX (MpKn
HEe06X0AUMOCTU, MOANDULMPOBAHHbIE) MPUBEAEHbI B HACTOALLEM pasjene, a Takxe cnefytowme TepMUHbI ¢
COOTBETCTBYHOLWMUMM ONpefeneHnamMmn (0603HaYeHns, CNoNb30BaHHbIe B HACTOsAWEM CTaHAapTe, NpuBefeHbl B
npunoxexuu D).

3.1 peiicTBUTENbHAaA BennunHa (real quantity): BennunHa, 4yncnoBoe 3Ha4YeHUe KOTOPOW sBnsieTcs feii-
CTBUTENbHBIM YNCNOM.

3.2 KoMmnnekcHas BennuunHa (complex quantity): BennumHa, Uncnosoe 3Ha4yeHne KOTOPOW ABSETCSA KOM-
NNeKCHbIM YACNOM.

MpumMmeuyaHune — KOMMNEKCHas BenMuMHa Z MOXeT 6biTb MNpeAcTaBNeHa [BYMS AEWCTBUTENbHLIMMU
Be/MYMHaMKN B (hopmMe anrebpanyeckoi

Z=(Zr.Z)t=1Zr +izZf
NN TPUrOHOMETPUYECKOW
Z =(Z,. Ze)T = Z, (cos/™ + ®nZ*).
rge cumBON «r» 0603Ha4yaeT TPaHCMOHMPOBAaHME:
i— MHuMmas eguHuua. P =-1;

70, W Z,— COOTBETCTBEHHO AeNCTBMTEeNbHAA N MHUMAasA vYactu Z:
Zr n 7"— COOTBETCTBEHHO MOJY/b N aprymMeHT Z

3.3 BEKTOpHas BenmumnHa (vector quantity): COBOKYNHOCTb BEMUNH, YNOPSIAOYEHHbIX B BUje 31€MEHTOB
MaTpuLbl C O4HUM CTONGLOM.

3.4 feiicTBUTeNbHas BEKTOpHas BenmuunHa (real vector quantity): BekTopHas BeaMunHa, aneMeHTamu
KOTOPOWi IBNSIOTCS A€CTBUTENbHbIE BEIUYUHBI.

Mpumep — feiicTBUTeNbHAs BEKTOpPHAs BennyuHa X. coctosiwast u3 N 3/eMeHTOB (4eCTBUTENbHbIX
yncen) X,,..., XNMoxeT 6bl Tb NpefcTaBneHa B BUje Matpulbl pasmepHocTu Nx 1 (MmaTtpuubl-ctonbua):

X = =ML xM\

3.5 KomMnNneKkcHas BeKTopHas BennynHa (complex vector quantity): BekTopHas BeanynHa, anemMeHTamm
KOTOPOi1 ABNAOTCA KOMMNNEKCHbIE BENNUYNHbI.

Mpumep — KomnnekcHas BeKTOpHas BennymHa Z, coctosawan ud N anemMeHTOB (KOMMNAEKCHbIX Yyncen)
Z,...Zf, MmoXeT 6bl Tb NpeAcTaBneHa B BUe MaTpuybl pa3MmepHocTn Nx 1 (matpuuybli-ctonéua):
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3.6 BeKTOopHasa namepsiemas BennuuHa (vector measurand): BekTopHas BenMumHa, nognexadias name-
peHuto.

NMpumeyvaHune — [laHHOe ornpegeneHve moanuduumMpoBaHo No OTHoweHut K JCGM 200 (cnosapHas
cTatba 2.3).

3.7 mopenb (M3mepeHns) (measurement model): Matematnyeckoe COOTHOLLEHME MEXAY BCEMU BENNYUN-
HamMW. NCNONAb3YyeMbIMU 4N NONYYEHUSA pe3ynbTata N3MepeHus.

NMpumeuvaHune 1— [JaHHOe onpejeneHve MoauUMUUUPOBAHO NO OTHOwWweHM K JCGM 200 (cnosapHas
cTatbsa 2.48).

MpumeyvyaHne 2— B obwem BUie MOAeNb M3MeEPEHUst UMeeT BUA ypaBHeHns h (Y. X\....X,)=0,rge ¥ —
BbIXOAHAsA BeMUYMHA MOAENN U3MepeHUus, ABAAILWasncs OfHOBPEMEHHO M3MepPSeMOi BENNYMHOWN, 3HaYeHne KOTOpOoi
[OMKHO 6bITb MONYYEHO HA OCHOBE MH(OpMaLMM O BXOAHbIX BeNNMUMHAX X ,..... X 1.

NMpumeuvaHne 3— Ecan mopgenb U3MEPEHUS COAEPXUT fBe 1 6onee BbIXOAHbIe BEMNYMHBI, TO OHA BKIOYaeT
8 cebs 6onee ogHOrO ypaBHEHUS.

3.8 MHOromepHas mogenb (M3MmepeHns) (multivariate measurement model): Moagenb n3amepeHus ¢ npo-
N3BO/IbHBIM YNCNOM BbIXOAHbIX BENUYNH.

MpumeuaHne 1— B oblweM ciyyae MHOTOMEPHAs MOAeNb U3MEPeHUsl UMeeT BUZ ypaBHEHWI
h,(Y, YmX, XM=0  hm(Y,...YmX, ...Xv)=0.

rae Y,, ..., Ym— m BbIXOfHbIX BENUYNH, B COBOKYMHOCTU COCTaB/SIOWMUX U3MEPSEMYyH0 BENNUMHY, 3HAYEHUS KOTOPbIX
[OMKHbI 6bITb NONYYEHbl HA OCHOBE MH(hOPMaLUM O BXOAHbLIX BENMUYMHAX MHOTOMEpHOI Mogenmn X, .... XN.
NMpumeyvaHune 2— 06w BAL MHOTOMEPHON MOAENM U3MEPEHUS [MOXKET GbITb NpefCTaBieH Talkoke B
BEKTOPHO thopme
h(Y,X) =0,

rae Y =(Y,..YmT n h=(h,...... hm)T— matpuupl pasmepHocT mx1.
MpumeyvaHne 3— B cnyyae ofHOW BbIXOAHOW BEMUMHBI, T.€. T = 1 (CM. NpuMevaHue 1). Mmogenb N3MepeHns
Ha3bIBalOT OHOMEPHOIA.

3.9 MHOromepHasa pyHKkuna (M3mepeHunsa) (multivariate measurement function): dyHkuna, onpepensto-
as 3aBUCUMOCTb BbIXOHbIX BEMYUNH OT BXOJHbIX BEMYNH B MHOTOMEPHO/ MOJenn namepeHus.

MpumeuvaHne 1 — [aHHOB onpegeneHne mMoancuuMpoBaHO Mo OTHoweHut K JCGM 200 (cnoBapHas
cTatba 2.49).

NMpumeyvyaHune 2— Ecnn ypaBHeHus, Bxoaswme B mogenb mamepeHus h(Y,X) = 0. MOryT 6biTb paspeLueHbl
B fiBHOM Buge Y = f(X). rge X = (Xt.....Xv)r — BxofHble BeimuuHbl, aY =(Y,....... Y,,)T— BbIXOfAHblE BEMUYMHbI MOAEN
n3mepenuns, 1o f = (f,...... fm)T — MHoromepHas yHKuus namepeHusi. B 6onee obuwem cnyyae nog f MoXHO noHMmaTb
anropuTMm, MOCPefCTBOM KOTOPOro YycCTaHaBAWBAaEeTCA OfHO3HAuyHOEe COOTBETCTBME 3HAYEHWIA BbIXOAHbLIX BEINYWH
Y1 =1(x) YT - 7/n(X) 3HAYEHUAM BXOAHbIX BENNYMH X = (X, X«)T.

MpumeyaHune 3— Bcnayyae OfHOW BbIXOAHON BENNUMHBI, T.€. T =1 (CM. MpuMeyaHue 2), PyHKLUUI0 N3MepeHns
Ha3blBaOT OJHOMEPHOWA.

3.10 Mmoaenb (M3MepeHUsi) c felicTBuTeNbHbIMU BennumnHamu (real measurement model): Mogenb
n3mMepeHus (B obwem cnyyae MHOromepHas), B COCTaB KOTOPOIi BXOAAT TONbKO AeAiCTBUTENbHbIE BENYNHBbI.

3.11 mopaenb (M3MepeHnsa) C KOMNNEKCHbIMW BennuynHammn (complex measurement model): Mogenb
n3mMepeHus (B o6LiemM cnyyae MHOroMepHas), B COCTaB KOTOPOWN BXOAAT KOMMNIEKCHbIE BENNYUNHbI.

3.12 Mmopenb MHOroctyneH4yaToro namepeHus (multistage measurement model). Mogenb namepeHus
(B 06LEeM cnyvyae MHOroMmepHas), cocTosilan n3 nocnejoBaTteNbHOCTN NOAMO/eNeit, cBA3aHHbIX MeXay coboli
Takum 06pasom, YTO BbIXOAHblE BEMYNHbI NOAMOAENN OAHO CTyNeHn ABNAOTCA BXOAHbIMU BeMYMHAMM NOAMO-
fenu cnegytolLei ctyneHu.

MpumeyaHne — 3ayacTyro NOTPEGHOCTb B ONPeseneHn 06nacTv oxaara 415 BbIXOAHbIX BEMMUYUH (HA OCHOBE
X COBMECTHOrO pacrnpefeneHns) umeeT MecTo TOMbKO Ha 3aKIluMTENbHOM 3Tane U3MepeHus.

Mpumep— V3amepeHune, BKNtovatoLlee B cebsi npouefypy KanmbpoBKN, MoXxeTpaccMaTtpuBaTbCs Kak ABYX-
cTyneH4yaToe. jna nepBoii NoAMOAeNN 3HAYEHNSAMUN BXOHbIX BEIMUYNUHABNAIO TCA NepefaBaeMble 0 T 3TaNOHOB
N COOTBETCTBYIO L MEe UM NOKasaHus cpecTBa N3MepeHuid, a BbIXOAHbIMU BEMYMHAMN — napameTpbl Kanné-
POBOYHOW (hyHKUMK (TPajynpoOBOYHOI XapaKTepucTnkmn). 3ta NnogMoaenb onpegenset cnocob onpeaeneHus
BbIXO/HbIX BEIMYNH N0 BXOAHbIM BEMYMHAM, HANpYMep peLleHneM CUCTEeM bl ypaBHEHWIA, monyyaeMbiX Npu npu-
MEHEeHUN MeToja HaUMEeHbLLNX KBaApaToB. BXOAHBIMM BENMYMHAMW BTOPO NOAMOAENN SIBNSIIO TCA napamerT-
pbl KaNMH6POBOYHOW hYHKLMMN 1 HOBOE NOKa3aHue cpefCcTBa U3MepeHuii, a BbIXOAHO! BEAINUYNHON — n3mepsemas
BeNNYMHA, ANA NONYYEHUSA 3HAYEHUA KOTOPOIi 6bIN0 NPUMEHEHO CPEeCTBO U3MepPeHUI.
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3.13 hyHKUMA (COBMECTHOTO) pacnpegeneHns (BepoatHocTeit) (joint distribution function): dyHkumna,
farowas A Kaxaoro 3HavyeHus £ = (<;, ') T 3Ha4YeHne BEPOATHOCTYU TOTO, YTO KaX bl aneMeHT X, cnyyaliHoi
BEKTOPHOI NepeMeHHO X 6yaeT MeHbLUE UIN paBeH

MpumMmeyaHune — DYHKUMIO pacnpegeneHns cnydaliHoli nepeMeHHoin X o6o3HavatoT GX(£), rae
Gx© =Pr(X, X Ne ).

3.14 nnoTHOCTb (COBMECTHOTO) pacnpegeneHus (BepositTHocTeli) (joint probability density function):
HeoTpuuatenbHasa pyHKUMA 4 [l ). yaoBneTsopstoLLan ycnoBuio

3.15 MapruHanbHasi N10THOCTb pacnpejeneHus (BepossiTHocTeli) (marginal probability density function):

MnoTHOCTb pacnpegeneHus Qx,(s,) anemeHTa X, cnyyaiHoli BEKTOPHOW NepeMeHHoli X C NOTHOCTbIO COBMeECT-

Horo pacnpegeneHus gx(£). kotopas uMeeT BUA

9x,(U- /7 /sfx(t)d~r.d”rv-.d" -AV

MpunmeuvaHne — Ecnu Bce aneMeHTbl X,, i=1 N, cocTtaBnslowme cnyyaliHyto nepeMeHHyto X. He3aBUCHMbI.
Togx(t) =0xA)ax2(4)-9%x,(&N

3.16 MaTemaTtMyeckoe oXXngaHue (expectation): XapaktepucTnka cnyyaliHoi BenmunHbl X,, Aspnstoweiica
3/1IEMEHTOM CNy4YyaiHO BEKTOPHOW NepeMeHHO X C NNOTHOCTbIO COBMECTHOro pacnpegenerHus ax($). kotopas
MMeeT BUj

wx,)’

NMpumevyaHne 1— [aHHOoe onpegeneHve MoAM(PULMPOBAHO NO OTHOWweHU K JCGM 101 (cnoBapHas
ctatbs 3.6).

MpumevyaHne 2— MaremaTtMyecKMM OXWAaHWEM CnydaliHOW BEKTOPHOW BenuuuHbl X siBasietcs E(X) =
= (E(X))......E(X,,))T— maTtpuua pasmepHoctn N*. 1.

3.17 gucnepcus (variance): XapaktepucTuka cinyyaiiHoil BeNMunHbl X,. ABASIOLW elics aNeMeHTOM cnyyai-
HOVi BEKTOPHOI NepeMeHHOol X ¢ NI0THOCTbI0 COBMECTHOTO pacnpejeneHus ax(£). KoTopas uMmeeT BUj

V(X,)« J.. Tk-£ (X Nl2gx(4)d$,...d "« n4-£(X,)fgX(*)dA.
NMpumeuvaHune — [aHHOB onpegeneHne MoanupuuuMpoBaHo nNo oTHoweHnio K JCGM 101 (cnoBapHas

cratbs 3.7).

3.18 koBapuaunsa (covariance): Xapakrepuctmka gByx cayyaliHbiX BeNMUYMH X, U X,, ABAAKOLWNXCA 3Ne-
MeHTaMu cnyyaiHoi BEKTOPHOW NnepeMeHHON X ¢ MNOTHOCTbIO COBMECTHOrO pacnpegeneHus gx(£), kotopas ume-
et Buj

Cov(X,,X,)=CoVv[Xf,X() w [E - E{X)I$, - £(X,)]gx LdN =

= J[E-E (X D][*-£(X,0]gx,.x,($>E))

rae 9x,.x, (m/'4/) — NNOTHOCTb COBMECTHOrO pacnpefeneHnsa cnyyaHbix BeMMUMH X nX m

MpunmeuvaHune 1 — [laHHOB onpegeneHne moanduuMpoBaHo Mo oTHoweHuto K JCGM 101 (cnoBapHas
cratbs 3.10).

4
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MpumeyaHne 2 — KoBapuaunMoHHON MaTpuLell cnyyainHoi BEKTOPHOW BeNMUYMHBbI X ABASETCA CUMMETPUY-
Has NonoXuUTenbHO nonyonpegeneHHasa matpuuya V(X) padmepHoctn NxN. aneMeHTaMn KOTOPOW SIBASIKOTCSA KoBapua-
umm Cov(X,, Xj), i=1, ... N.j = 1. N. HekoTtopble onepauun ¢ ucnonb3osaHvem V(X) HanaraloT 6onee crtporoe

orpaHu4yeHue B Buge NONOXXUTENbHOW onpepeneHHocTm 31O mMartpuubl.

3.19 Koppensiuus (correlation): XapaktepucTmka ABYX ciydaliHbiX BENMUUH X, U Xy ABASIOLWUXCS 3N€e-
MeHTaMu cnyvaiiHoli BEeKTOPHOI nepeMeHHol X ¢ NI0THOCTbI0 COBMECTHOrO pacnpejeneHus ax(£). kotopas ume-
eTBug

Cov(X,.X))

Corr*X,,X/)mConr[Xr X,)
AV(X)V(X) !

MpumeyaHue — BenmuuHa Conr (X,, X,) UMeeT pa3mMepHOCTb eAnHMLA.

3.20 koBapuaymnoHHas matpuua (oueHok) (measurement covariance matrix): CBA3aHHas C OLEHKOW gei-
CTBUTE/IbHOV BEKTOPHOI BEMUYMNHBI pa3MepPHOCTU A/X 1 CUMMEeTpUYHas NONOXKUTENLHO NONyoNpogeNeHHas MmaTpu-
ua paamepHocTi N X N, Ha rnaBHoOi fuaroHann KoTopoii pacnonoxeHbl KBagpaTbl CTaHAAPTHbIX HeoNpeaeneHHoc-
Teil. COOTBETCTBYOLLMX OLLleHKaM 3/1eMEeHTOB BEKTOPHOI# BENIMUUHbI, a2 OCTa/lbHbIE YNeHbl MaTPULbl NPeAcTaBsoT
co60ii KoBapuaumy Mexay n1apaMmuy COOTBETCTBYHOLLMX OLEHOK 31eMEHTOB BEKTOPHOI BEINUYMHBI.

MpumevyaHune 1— TepMuH n onpefeneHne MoanduULMpoBaHbl NO OTHoweHuto K JCGM 101 (cnoBapHas
ctatba 3.11).

MpumeyaHne 2— KoBapuaumoHHas matpuua U, pasdmepHOCTU/VXW. COOTBETCTBYIOLLAs BEKTOPY OLLEHOK X
BEKTOPHOW BenMuMHbI X. UMeeT BUf,

U{*1.*1) - W(X,.XW)
nx
U(XW. X ,) - u(xw.xw)J

rge (/x, x,) = t/(x,) — gucnepcua (KBagpat CTaHAapTHOM HeonpeaeneHHOCTN) OLEHKN X,;

n(X;. X) — KoBapvauus mexxay X, n x™ Ecnn anemeHTbl X, 1 X, BeKTopa X HEKOpPpPennupoBaHHbl. TO U(X;. X,) = 0.
MpunmeuvaHne 3— BJICGM 101 koBapvauvMoHHas matpvua Ha3biBaeTCcs MaTpuLeil HeonpeaeneHHoCTH.
MpumeyvyaHune 4— MNpu paboTe ¢ KOBapPMALMOHHBIMY MaTPMLL@MI MOTYT BO3HUKATb HEKOTOPbIE BbIYNCINTENb-

Hble TPYAHOCTU. Hanpumep, KoBaprauMoHHas MaTpuLa 1k COOTBETCTBYIOLLas OLEHKe X. MOXET He ObITb NMONOXUTENBHO
onpejeneHHol (3TO 3aBNCUT OT TOrO, Kakum o6pa3om 6bina paccuntaHa matpuua UJ. Kak cneacteue, Ana Takoi matpu-
Ubl He 6yfeT cyllecTBOBaTb pa3noXeHne XoneLKoro. 4acTo NpuMeHsieMoe B YNCNEHHbIX MeToAax BbluncneHwuii (cm. [7] n
npunoxxeHue B). Bonee Toro, gucnepcus NS ANHENHON KOMOMHaALMM 31eMEHTOB X. KOoTopas NpefnonoXXutenbHo
[OMKHA MMeTb He6OoNbLLOEe MONOXUTENbHOE 3HAYEHUE, MOXET OoKasaTbCsi OTpuLAaTeNbHON. [Na Takux cuTyauuii paspa-
60TaHbl MeTofbl «KoppeKkuuu» U,. nocne npuMeHeHus KOTopbIX NoNyvyeHHas matpuua 6ygeT nonoxutenbHo onpegene-
Ha. W. COOTBETCTBEHHO, ANA Hee OyAeT CylLlecTBOBaTb pa3nodKeHue XOneukoro. a AMcnepcust NMHenHoW KomouHaumm
3aNeMeHTOB X byfeT Bcerfa nonoxutensHa. OAMH N3 TakMX MeTOA0B NpuBefeH B [27]. a ero NpuHLUMN COCTOUT B Cneayto-
Lwem. BbINOMHAIOT cnekTpanbHoe pasnoXeHne matpuubl U*. npejctasnss ee B Buge

U,=0QDQ L

rae Q — martpuua, cTon6ubl  KOTOPOW SBASIKOTCS OPTOHOPMUPOBAHHLIMU COGCTBEHHBIMW BEKTOPAMU MaTpuLbl UK
a O — fguaroHanbHas MaTpuua, Ha rnaBHOl AvaroHanM KOTopoli pacnofioXKeHbl COOTBETCTBYOLLME COBCTBEHHbIE 3HaYe-
HUA U,,. CTPOAT HOBYIO AnaroHasbHyto matpuuy D'. 3ameHss B matpuue D anemeHTbl, MeHbluve Yem dmn. Ha dmin rae diin
paBHO MPOM3BEEHNI0 HAMBOMbLUETO aNemMeHTa D Ha eaUHUYHYIO OLUMGKY OKPYIIEHUS KOMMbIOTEPA, NMPUMEHSIEMOrO Npu
BbluMCneHusIX. Torga «KOppPeKTUpoBaHHash» KoBapuauMoHHas Matpuua, NpYMeHsiemMas 4ns Nocnefyrowmnx BblUUCNEHNi,
6yaet umeTb BUA
Ui=QDQ .

MpumMeuyaHune 5— HeKkoTopble onepauuv ¢ UCMONb30BAHNEM MXKTPEGYIOT, UTOGbI AaHHas MaTpuua Gbina

NONOXXUTENbHO ONpeaeneHHoi.

3.21 koppensunoHHasa maTpuua (oueHok) (correlation matrix): CBA3aHHAasA C OLEHKOWN e NICTBUTENbHOM
BEKTOPHOW BENMUYNHBbI pa3MepHOCTU JI/X 1 cUMMeTpUYHas NONOXUTENbHO NONyonpeseneHHas MmaTpuua pasmepHo-
cTn NXN. yneHamMu KOTOpOli ABNAKTCA KOPPEensumn Mmexgy napaMmum COOoTBETCTBYHOLUX OLEHOK 31€MEHTOB BEK-
TOPHOW BENNYMHBI.
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MpumevyaHue 1— KoppensuuWoHHas Matpuua R, pasmepHoct NxN, cOOTBeTCTBylOLlas BEKTOPY oOLe-
HOK X BEKTOPHOI BENNUMHBI X. UMEET BUA:

'(*,.*,)*** (Xb Xbl)

r(XN.x,)eee

rge r(x, x,) = 1. a r(x,, X,) — Koppenauus mexgy X, u X. Ecnm anemeHTbl X, 1 X, BekTopa X HeKOpennnpoBaHbl. TO
r{x,, X) = 0.

MpumevaHne 2— r{xhxj Ha3biBaloT TaKKe KOINPULNEHTOM KOppeENALMN.

MpumeuvaHnue 33— KoppendaunoHHasa matpuuya R* 1 koBapuaumoHHas matpuua Ux (cm. 3.20) cBA3aHbl
MexXay coboli COOTHOLLUEeHNEM

UX=DXRXDX

roe Dx — pguaroHanbHas wmatpuua  pasmepHocT NXN ¢ gvaroHanbHbIMU anemMeHTamu ufx,)...... 0(Xw). SNeMeHTbI
mMatpuubl UX MOTYT 6bITb NPeACTaBneHbl B BUAe

n(X, ) = 1(Xs X,) 4(%,)0(X;).

MpumeuaHune 4— KoppensuvoHHas matpuua RX 6yAeT NonoXKuTenbHO onpegeneHHON/ CUHIYNspHOW B TOM
1 TONbKO B TOM CNyyas, eC/iv COOTBETCTBYIOLLAA e KoBapuaLMoHHas matpuua UX 6yaeT nonoXutensHo onpeseneHHon'
CYIHTYNISIpHOW. HekoTopble onepauuu ¢ Ucnonb3oBaHUWeM R, TpeGytoT, 4yToGbl gaHHas Matpuua 6bina NonoXKmTenbHo
onpefeneHHoIA.

MpumeyvyaHune 5— [pu npeacTaBNeHNN YACNEHHbIX 3HAUYEHWI HeAnaroHaNbHbIX 3N1EMEHTOB KOPPENSLMOHHOMA
MaTpuLbl HYacTo AOCTATOYHO OKPYIATh UX C TOYHOCTBIO 0 TPEX 3HAKOB Mocne 3anatoil. O4HaKO ecny KoppensiLmoHHas
MaTpuua 6amMsKa K CUHIYASIPHOM, TO. YTO6bl M36eXaTb BbIUMCAUTENbHBIX CNOXHOCTER Npy UCMOoNb30BaHUN KOppensuu-
OHHOI MaTpULbl CPeAN NMPOUNX UCXOAHBIX AaHHbIX B OLEHUBAHUN HEONPEAENeHHOCTN N3MEPEHMSI, YNCIO COXPaHAEMbIX
[OECSTUYHbIX 3HAKOB HEOGXOAMMO YBENMUUTL. DTO YMCNO 3aBMCUT OT XapakTepa rnocnejoBatefibHbIX BbIYUCNEHWIA, HO B
KayecTBE OPUEHTVPOBOYHOIO 3HAYEHUSI PEKOMEHAYeTCst 6paTb €ro paBHbIM YUCNY AECATUYHbIX 3HAKOB, HEOGXOAMMbIX
ANA NpeAcTaBNeHUsi HAUMEHbLIEero COGCTBEHHOT0 3HAUYEHNST KOPPENSLMOHHOM MaTpuLbl ¢ ABYMSI 3HAYMMbIMU AECATUY-
HbIMM 3HaKamMu. Tak 15 KOPPENsuUOHHOW MaTpulbl pasMepHOCTUM 2X2 COGCTBEHHbIE 3HAYEHUS n paBHbI
COOTBETCTBEHHO 1 + U un 1 - |r|, rge r — HBAMAroHanbHbIli 31€MEHT KOPPENSUVOHHON MaTpuubl, W. 3HAYUT, TaKUM
HaVMeHbLUNM COBCTBEHHbIM 3HaveHneM 6yaet 1- |r|. Ecnu 3apaHee U3BECTHO, YTO KOPPENsUMOoHHas maTtpuua sasnser-
CSl CUHTYNSAPHON, TO OKPYTNEeHNE K MEHbLLEMY 10 MOZAY/HO CHUXKAET PUCK TOFO, YTO NOC/e onepauun OKpyrieHusi Koppens-
LMOHHAasA MaTpuua He OKadKeTCsl MOMOXKMUTENbHO MOAYOnpesAeneHHo’.

3.22 matpuua (KoaPMUNEHTOB) HyBCTBUTENbHOCTU (sensitivity matrix); MaTpuua 4acTHbIX NPON3BOSA-
HbIX NEePBOro Nopsaka QyHKLUNA, onucbiBaloLWMUX MO eNlb U3BMEPEHUSA C LeCTBUTENbHBIMY BENUUYMHAMMN, MO BXOS4-
HbIM NN BXOAHbIM BENNYNHAM B TOYKE OL,EHOK 3TUX BENNYUN.

MpumMeyaHue — Bcnyyae mogenm ¢ N BXOAHBIMU UT  BbIXOAHBIMY BENMMUYMHAMY MATpULibl YYBCTBUTENBHOCTM
B OTHOLUEHMMN BXOAHbIX BEMMUUH X U BbIXOAHbLIX BEMUMH Y VMEIOT pa3MepHOCTM COOTBETCTBEHHO MXN M TX T.

3.23 nHTepBan oxesarta (coverage interval); IHTepBan, NOCTPOEHHbI HA OCHOBE UMeLLeiica nHhopmayum
1 cofepiXalinii 3Ha4YeHne cKanapHoi cnyyaiHol BeNMYUHbI C 3aaHHO BEPOATHOCTBIO.

Mpumeyvyanune 1— [laHHoe onpejeneHne MoaUMPUUMPOBAHO NO OTHOWeHUO K JCGM 101 (cnosapHas
ctatbs 3.12).

MpumeuyaHne 2— BepoATHOCTHO CUMMETPUYHBLIA MHTEpBaN oxsara ANA CKaNsPHOW BeNWYMHbI NpejcTas-
nseT coboil nHTepBan oxsaTa, A5 KOTOPOro BePOATHOCTb TOTO, YTO 3HAYEHME ClyYaliHON BENMUYNHBbI MEHbLLE HaVMeHb-
LUero 3HaueHusn (HKHel rpaHuLbl) MHTepBana oxsara, paBHa BEPOATHOCTU TOrO, YTO 3HaYeHWe Chy4aiiHol BennynHbI
60nblue HanbonNbLLEro 3HaYeHVs (BepxHel rpaHuubl) nHTepsana (cM. JCGM 101 (cnosapHas ctatbs 3.15)).

MpumeuvaHune 33— HaumeHblnii UHTEpPBaN oxsarta npeactasnseT coboli MHTepBan oxsara, UMeroLmit
HaMMeHbLLYIO ANNHY CPeAn BCeX BO3MOXHbIX UHTEpBaNOB oxBata ANs AaHHOI Cly4aliHOW BeNUYMHbl C OAMHAKOBOM
BEPOATHOCTbIO oxBata [cM. JCGM 101 (cnoBapHas ctatbs 3.16)).

3.2406nacTb oxBaTa (coverage region); O6nacTb, onpejeneHHas Ha OCHOBe UMelLWencs nHpopmaynm un
cojepxalasa 3HaueHne BEKTOPHOW cnyyainHoli BENMMYUHBI C 3aJaHHON BEPOATHOCTLIO.

3.25 BepoATHOCTb 0XBarTa (coverage probability): BepoAaTHOCTb TOro, 4TO 3HaYeHWe cnyyYaiHOW BeANUYnHbI
HaxoAuTCA B rpaHMuax MHTepBana oxsarta unm o6nacTtu oxeara.

MpunmeyaHune) — [laHHoe onpegeneHve moanduumpoBaHo no oTHoweHuto K JCGM 101 (cnosapHas
ctatba 3.13).

6
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NMpumMmeyaHne2 — BepossTHOCTb OXBaTa MHOTAA Ha3bIBalOT ypoBHEM goBepusa [JCGM 100 (6-2.2)].

3.26 HanmeHblana o6nacTb oxBaTta (shortest coverage region): O6nacTb oxBarta, MMetloLWas HanMeHb-
LNt 06beM cpefn BCex BO3MOXHbIX o6nacTeli oxsata N5l fJaHHOW cny4yaliHoli BeNMYnHbI C OAMHAKOBOW BEPOAT-
HOCTbIO OXBarta.

NMpuMeyaHue — Bcnayyae ckansipHoWi cCnyvaiHON BeNMUMHbI HavMeHbluass 06nacTb OxBaTa coBnajaet
C HaMMeHbLUMM WHTEpBaNOM oxBata. [na cnyyaiHoli Ben4uHbl, ONMCbiBaeMOli BEKTOPOM B iBYMEPHOM NPOCTPaH-
CTBe, HavMeHbluasi o6nactb oxsara npejcTasnsieT coboli MOBEPXHOCTb C HAVMEHbLLEN NNOLLAAbI0 U3 BCEX, NMEOLLIX
Ty )K€ BEPOATHOCTb OXBarta.

3.27 MHOroMepHOe HopManbHoe pacnpejeneHune (BeposiTHocTe)l(multivariate Gaussian distribution):
PacnpepjeneHne BepoOsATHOCTE BEKTOPHO cnyvyaiHoi BennunHbl X pa3mepHocTu N + 1. 1N10THOCTb COBMECTHOrO
pacnpefeneHns KOTOpoOro nMeeT BUS;:

MpumeuaHune — 1 — marematyeckoe oxugaHve X. V — KoBapvauMoHHas mMatpuua X, Kotopas
[OMKHA 6bITb MOM0XKMUTENBHO OnpejeneHa.

3.28 MHoromepHoe f-pacnpegonoHuno (multivariate /-distribution): PacnpegeneHune BepoaTHOCTell Bek-
TOPHOW cnyyaiHoi BennunHbl X paamepHocTM Nx 1. 11OTHOCTb COBMECTHOrO pacnpefjeneHnsa KoToporo c napa-
MeTpamMu u. V nv nmeet BuUA:

i-(v

roe r(®) J/7V'd/ — ramma-cyHkums, z > 0.
(o]

MpumevyaHune 1— MHOrOMepHbIM (-pacnpefeneHnem onucbiBaeTcsl BEKTOpPHas cnyyaiiHas BennunHa X
pasmepHocTh [1x1, yaoBneTBopsitoLLas CoOoTHOWweEHMO X - L = (W/W),2Q. rge Q — BeKTOpHas cinyvyaiHas BennynHa
pasmepHocTu Alx1l, umeroLwaa HopmanbHoe pacrnpefefneHne ¢ HyneBbIM MareMaTuiyecKMM OXujaHvem 1 nonoxXuTenb-
HO onpepaeneHHoOl KoBapuauMoHHON matpuuein V pasmepHocTn /¥YxJV, a W — ckansipHasa cnyvaiiHas BenMuvnHa, nmeto-
was N-pacnpegeneHuve (pacnpegeneHue xu-kBagpar) ¢ V CTENEHAMU CBOGOAbI.

MpumeyvyaHnune 2— TnoTHoCTb /-pacnpegeneHns Ax(4) Henb3a npejctaBuTb B BUAe npoussefeHns N
NNOTHOCTEl pacnpejeneHns aneMeHToB BekTopa X gaxe B TOM cryvae, Korga V — aunaroHanbHas martpuua. B obuiem
cnyvaB MeXXay aneMeHTamu BeKtopa X CyLlecTByeT ctatuctmyeckas 3asmcumoctb. Hanpumep, npu N =2, v=5nV —
e[JMHNYHOI MaTpule pasMepHOCTU 2X2 BeposATHOCTb Toro, 4to X, > 1 cocTtasnseT 18 %. B TO BpemMs kakK ycnoBHas
BEPOATHOCTb TOTO, YTO Npu X 2> 2 3Ha4veHne X, 6ygeT npesblllath eanHuLy, coctaensaet 26 %.

4 CornaweHuns n ycnoBHble 0603HaYeHus

B HacTosiLeM cTaHAapTe UCNONb30BaHbl Cnefytoline cornalleHns nycnoBHble 0603Ha4YeHnsA.

4.1 B GUM [JCGM 100 (nyHKT4.1.1, npyMeyaHue 1) 4na 3KOHOMMUM YCNOBHbIX 0603HAYEHWNI OAWNH U TOT Xe
cumBon (NponucHas 6ykBa) ncnonb3yeTcs NS

(i) pusnyeckoii BenMumnHbI, KoTopas npegnonaraeTt HaNM4YMe eUHCTBEHHOTO UCTUHHOTO 3HAYEHUS:

(ii) cnyyaliHO nepeMeHHOI, accouMMpPOBaHHOW C 3TON hU3NYECKO BENNUNHOIA.

MpumMmeuaHune — CnyyaiiHas NepeMeHHas BbINONHAET pa3Hble PO NPU OLEHMBAHUM HEOMPEAENEHHOCTM
no tmny A u B. Tpu oueHVWBaHWU HEOMpejeneHHOCTW Mo Tuny A, ciydyaiiHas nepemeHHas npejcTaBnsieT co6oii
«... BOSMOXHbIi pe3ynbTar HabGMOAEHMS BENUUYMHbLI. [IpM  OUEHVMBAHUM HEONpPeAeneHHOCT no Tuny B BeposT-
HOCTb pacnpejeneHvs ciyyaiHoii nepemMeHHON XapaKTepusyeT MMeloLmMecs 3HaHWsi O BO3MOXHbIX 3HAUYEHUsIX 3Tol
BENNYUMHBI.

3Ta ABONCTBEHHOCTb 0603HaYeHMWA B 60NbLIMHCTBE CNy4YaeB He Bbi3biBaeT HEYL06CTB.

11 MHOromMmepHoe HopMasbHOEe pacnpejeneHve HasbiBaloT Takke MHOrOMepHbIM pacnpegeneHvem laycca.
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B HacTtosuwem cTaHfgapTe (Tak Xe. kakm BJCGM 101) B cnyyae BXOAHbIX BENNYUH, HEONPEJEeNeHHOCTb
KOTOPbIX OL,eHMBAalT Mo TUNy A. OVH N TOT Xe CUMBON (NponncHasa 6ykBa) MCNONb30BaH 418 Tpex MNOHATWN, a
NMEHHO:

a) pnanyeckas BennymHa;

b) cnyyaiiHas nepemMeHHas, NS KOTOPOli NnonyyatoT pe3ynbTatbl HAGNIOAEHNA:

C) cnyvaiiHas nepemeHHas, pacnpejeneHne BepOATHOCT KOTOPOW acCOLMUPYIOT C UMEIOLWMMUNCA 3HAHUSA-
MU 0 BO3MOXXHbIX 3HAYEHUAX (hN3NYECKO BENNUUNHBI.

[lBa nocnefgHNX NOHATUSA, OTHOCSALWMECS KcnyYyaliHo BenmunHe, BGUM (JCGM 100) He pa3genstoTcs, 4to
MOXET ABUTbCA MCTOYHUKOM Hejopa3yMeHuii. Tak paccmatpuBaemMas B HacToswem cTaHgapte us JCGM 101
npouefypa OUEHMBAHNUA HeonpeAeneHHOCTU C UCNoNb30BaHneM MmeTofa MoHTe-Kapno MoxeT 6bITb HenpaBu/b-
HO MCTONKOBaHa Kak peanusauuns npoueaypbl, n3anoxxeHHon BJCGM 100 (NyHKT 4.1.4. npumevaHue 1). B geiictBu-
TeNbHOCTW Xe. XOTA yKa3aHHble npoLeAypbl CXOXM B TOM. 4TO B 06enx nonyyatoT BbIGOPKY 3HAYEHWIA BbIXOAHON’
BE/NNUYNHbI ANA JAHHOW MOJEeNn N3MepeHnsa U3 COOTBETCTBYIOLLEro pacnpejeneHuns, camu pacnpejeneHns s oo6-
wem cnyyae 6yayT pasHbimu. B JCGM 100 (nyHKT 4.1.4. npumeyaHue 1) aTo yacTOTHOe pacnpejgeneHue, T. e.
cnydaliHasa BeAMyYMHa UHTeprnpeTupyeTcs B CMbiCne nepeyncneHns b). torga kak B metoge MoHTe-Kapno ato
pacnpegeneHve cny4vaiHol BeANYUHbI, MHTEPNpeTupyemoli B CMbicne nepevyncneHuns c). fna 6onblwnMHCTBaA
N3MepUTeNbHbIX 3ajay NoAxos, NpefnoXeHHbln BJCGM 100 (nyHKT 4.1.4, npumeyaHne 1), He peKoMeHayeTcs

(cm. [2]).

4.2 inA BXOAHbIX BEMYUH MOAENN N3MEPEHNS B HACTOSLLLEM CTaHAapTe MPUHATO o6o3HaveHue X ,,.... XN
nnu B BUAe matpuubl X = (X, XWT pasmepHocTn /I/x 1 (cumBon «T» o603Ha4YaeT TpaHCNOHMPOBaHMKe).

4.3 1nS BbIXOAHbIX BENMYNH MOJENN N3MEPEHUNA B HACTOALEM CTaHAapTe NPUHATO o603HaveHue Y ,...... Ym
nnu B Buae matpuubl Y = (Y ,,.... YT)T pasmepHoctn Tx1.

4.4 Ecnn Y mMoryT 6bITb BbipaXKeHbl yepes3 X B ABHOM BUje, TO MOfeNb NU3MepeHns nmeeT BUj
Y = £(X), (1)
rae f— MHoromepHas pyHKUMS namepeHus. [ipyras coopma 3anucu 4na 1o ke mogenun (cm. 3.9) umeeT BUA
Y, (X)... Ym=fJX),

rge /,(X).....fm{X) asnatTca coctaBnaowmmm f(X).
4.5 Ecnun Y, He BblpaXKeHbl B ABHOM BUje yepe3 X. TO MOfe/lb U3MEPEHNA UMeeT BUj,

h(Y, X) =0 (2)
Unu B Apyroii gopme 3anucu (cm. 3.8)
N,(Y,X)=0, ...hjY,X)=0.

4.6 OueHKy X 0603HayaloT B BUAE X = (X, ... X/1)T — maTpuubl padMmepHocTu /I/x 1. KoBapuaLunoHHyto
mMaTpuLy, COOTBETCTBYHOLLYIO X, 0603HavalT B BUge U* — matpuubl pasamepHoctu JI/x1/(cm. 3.20).

4.7 OueHKy Y o60o3HavatoT B BUge y = (y,....ymT — mMaTpuubl pasMmepHocTn Tx 1. KoBapuaunoHHYO
MaTpuuy, COOTBETCTBYOLW YO y. 0603HavatoT B Buje Uy— mMatpuubl pa3MepHOCTU T X T .

MpumevyaHne — Uy B ciyyae MHOTOMEPHON MOJEN C T BbIXOAHbIMW BeENYMHAMMW ABASETCA aHalorom
aucnepcun iPiy) ons y B cnyvyae OfHOMEPHOI Mopenu un3aMepeHus, paccmarpusaemoli 8 JCGM 100 n JCGM 101.
B JCGM 100 n(y) o6o3HavaeTcs Kak ndy), rae noAcTPOUHbI MHAEKC “C" MPUMEHWUTENbHO K CTaH4apTHOWM HeonpeaeneH-
HOCTU 0603HayvaeT «cymmapHas». Kak m B JCGM 101. B HacTosieM cTaHjapTe WCNonb30BaHWe MNOACTPOUYHOro
MHAEeKca *Cc' B JaHHOM KOHTEKCTe paccmatpuBaeTcs kak nanuwHee [cm. JCGM 101 (nyHKT 4.10)).

4.8 ECIN OLEHKN BbIXOJHbIX BENMYUH NpeanonaraeTcs MCNONbL30BaTb MO OTAE/NbHOCTU, TO KaXKaas U3 aTux
BE/NMYNH MOXKET paccMaTprMBaThCs Kak BbIXO4Has B COOTBETCTBYIOLEN OAHOMEPHOI Mogenn namepeHus. Ecan
)Xe. HanpumMmep ANS NOCNeAyr WX pacyeTos, 3TM OLEHKMN JOMKHbI 6bITb NCMOMb30BaHbl COBMECTHO, TO JO/KHbI
O6bITb MPUHATBLI BO BHUMAaHUE KOpPenaunm Mexay HUMu.

4.9 CTaHfjapTHYIO HeONpeAeNeHHOCTb, COOTBETCTBYIOL YO X. 0603Ha4aloT U(X). ECIn KOHTEKCT ncKnovaet
BO3MOXHOCTb OLIMGOYHOIO UCTONKOBAHUA, TO MOXET MPUMEHATLCA CoKpaleHHasa hopma 3anncu u,. laHHas
hopma 3anmcu He peKOMeHAyeTCH, eCN NMPU X UMeeTCsa NHAEKC NN NHON 3HaK, Hanpumep X, uan x .

4.10 MOA X MOXHO MOHUMATb KakK «OL,eHKN BXOHbIX BEIMUYNH», TaK N «OL,eHKY BXOAHO BENNUYNHbI (BEKTOP-
HOli)». B HacTosiem cTaHAapTe NpenmMyLecTBEHHO NCNONb3yeTca NnocnejHee onpejeneHue (To ke camoe cnpa-
BE//INBO N1 BbIXOAHbIX BENNYNH).

8
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4.11 KakykasaHo B4.2— 4.10. BeanynHa B o6LieM cnyvyae o6o3HavaeTcs c NOMOLLbIO MPONUCHOW 6YKBbI, a
ee oLleHKa U HekoTopoe (hMKCMpoBaHHOE 3HaYeHe BeInUmnHbI (Takoe, kak MateMatnyeckoe oXXngaHune) cooTeeT-
CTBYHOLLEN CTPOYHOI 6YKBOW. laHHOE NpaBnio yAO6HO ANA 06Wero aHanM3a, HO 3a4acTylo He NOAXOAUT ANsA
0603HaYeHNsI BEIMUYNH B KOHKPETHbIX MPUNOXKEHUAX N3-3a YCTOSABLUENCA NPaKTUKN NCNOAb30BaHUA NS KOHKpPeT-
HbIX PU3NYECKUX BENNYUNH crelmnanbHbliXx 0603HayYeHnli, Hanpumep Tans TemnepaTtypbl U tana BpemeHu. MoaTo-
My B HEKOTOPbIX NMpUMepax HacTosALero cTaHjapta NCNoNb3yOTCA NHble 0603HaYeHNA: pruanyeckasn BenmunHa
o603HavaeTcsi ee 06 ENPUHATBIM CUMBO/IOM, @ €€ MateMaTuyeckoe oXXujaHue nnm oueHKa aTMM Xe CUMBOJIOM C
LUPKYMMIEKCOM («KPbILWKOM»). Hanpumep, aMmnaMTyaa nepemMeHHoro Toka (npumep 113 6.2.2) o6o3HavaeTtcsa/,
aoueHka l— / [cm.JCGM 101 (nyHKT 4.8)].

4.12 HacTosiwmnii cTaHAapT oTcTynaeT oT 0603HaYeHNA, HacTo NCNONb3yeMbIX ANA 0603HAYEHUSA NNOTHOC-
Teli pacnpegeneHns BeposATHOCTeW U PyHKLMi pacnpegeneHns. BJCGM 100 ogHo 1 To e o603HaveHune f mc-
Nonb30BaHO KakANSA MYHKUUWN MU3MEPEHUs, TaK U ANA NNOTHOCTW pacnpejeneHns BepoATHOCTEN, UTo co3jaeT
HEeOo[HO3HAaYHOCTb NOHMMAaHUA. MOCKONbKY B HACTOSLWEM cTaHAapTe MojensiMm yaeneHo oco6oe BHUMaHWO. AN
NNOTHOCTW pacnpefeneHns BeposiTHOCTEN U yHKLMWN pacnpejeneHnsa Bmecto o6o3HaveHuii fu F ncnonb3osa-
Hbl COOTBETCTBEHHO A4 1 G. MpUMeHsAeMble NOACTPOUHbIE UHAEKCHI COOTBETCTBYIOT ClyyaiiHol BenyunHe, o KoTo-
poii nget peub. O603HaYeHne /ocTaBNeHO AN onUcaHua GyHKLUU n3mMepeHus (B CKanspHOW nnv BEKTOPHOW
dopme).

4.13 MNOTHOCTb pacnpeaeneHna MoXkeT 6bITb MOCTaBNeHa B COOTBETCTBME KaKCKaNnsipHoii (X). Tak 1 BeKTop-
HOli (X) BENMMYMHe. B cnyyae ckansipHOi BEMMYMHBLI NNOTHOCTb pacnpegeneHna gna Xobo3HavyaeTtcsa kak & ({)=
rAe q— nepemMeHHas, NpUHMMatloLasi BO3MOXHbIE 3HAYEeHUA BENMUYMHBI X. 3gecbk XpaccmaTpuBaeTcs, Kak cny-
YaliHas nepeMeHHas c MaTemMatnyeckum oxugaHuem E(X) n gucnepcueit L X).

4.14 B cnyyae BEKTOPHbIX BENWYUH NNOTHOCTb pacnpejeneHua gna X obo3HauvaeTca Kak gX($). rae
$ = (<h,...... £«)T— nepemMeHHas, NnpMHUMalLas BO3MOXHble 3HaYeHnsa BenndunHbel X. 3gecb X paccmaTpusaeTtcs
KaK cnyyaiiHasa nepemMeHHas c oxujaHuem E(X) n koBapunaymoHHol maTtpuueit V(X).

4.15 AHanorn4yHo, B cnyyae cKansipHbIX BeIWYUH (Y ) NNOTHOCTL pacnpejeneHns o6o3HavaeTcsa kakgv(rj),
a B cnyyae BeKTOpHbIX BennyunH (Y) - gY(n).

4.16 Ansa 0603Ha4YeHNs LECATUYHON Apo6n ncnonblyetcs 3ansaTtass.

5 OcHOBHble NpUHUMNbI

5.1 06w e nonoXeHns

5.1.1 B GUM [JCGM 100 (nyHKT4.1)] namepeHne mogenupyetca (yHKUMEN, cCBA3bIBalOLWEN LeCTBU-
TeNbHble BXOAHblE BEANYUHbI X, ...... XV naencTBUTENbHYIO BbIXOAHYI BenNYuHy Y B BUae opmynbi (1), T. e.
Y =/(X), rge X = (X,...... X, )T — peilcTBUTenbHasi BEKTOpHAas BXojHasa BeNMUYMHa. ITO ogHOMepHas QyHKUUs
M3MepeHUsa NS AeCTBUTENbHbIX BENMNYMH (CM. 3.9 npumeyaHme 3).

5.1.2 Ha npakTnke He BCe U3MepeHNs MOTYT 6bITb CMOJEeNMPOBaHbl C MOMOLbIO QYHKLNN N3MEPEHNUS C
O[HO CKanNsipHOW BbIXOLHO BENUYNHON. B peanbHbiX U3MeEpPUTENbHbIX 3ajavyax MOryT UMeTb MecTO:

a) HECKO/NbKO BbIXOAHbIX BEINYUH Y,.....YT (KOTOpble COBMECTHO 0603HavaloTCA eiCTBUTeNbHON BEKTOP-
HOW BbIXOAHOV BEANYUHOK Y =(Y,...... Y, *)1), ansa koTopbiXx hopmyna (1) npuHnmaet Bug Y =f(X);

b)6onee obwuii BUA Moaenn namepeHus B suge gopmynsl (2). T.e. h(Y,X) =0.

5.1.3 Kpome TOro, HeKoTOpble UNx BCe 3N1eMeHTbl X U, COOTBETCTBEHHO, 31eMeHTbl Y MOryT npejcTaBisTb
Cc060li KOMNNEeKCHbIe BENNUYUHbI. ECN KaXkayto TaKyto KOMMNEKCHY0 BENNYNHY NpeAcTaBUTb B BUAE ABYX CO-
cTaBnslOWUX (feicTBUTENbHAS U MHUMAs YacTb UM MOJYNb U apryMeHT KOMMNIEKCHOTo Ynucna), To. B npuHunne,
6e3 HapyLeHNa 06WHOCTM MOAeNb N3MEPEHUA MOXET paccMaTpuBaTbCa Kak Mojenb € feiCTBUTENbHbIMMN BeNK-
ynHamu. OgHaKko B 60/MbLUINHCTBE CAyYaeB BUj alropuTMoB, paboTatoLx C KOMMNIEKCHbIMY BeAnYnHamMmu, npo-
ue. Yem ecnm 6bl MOAEeNb BKAOYANA TONbKO ;eICTBUTENbHbIE BENUUUHDI [14]. MpyuMeHeHne Mmofenein namepeHus
C KOMM/JEKCHbIMW BEMYMHaMUM NO3BONsieT 3anncaTk 3aKOH TpaHC(opMUpoBaHnsa HeonpeaeneHHoCTel B KOMNaKT-
HOM MaTpuyHOM Buge (CM. 6.4 1 npunoxeHue A).

5.1.4 B HacTosleM cTaHgapTe Mmojenu, yka3aHHble B 5.1.2 n 5.1.3. paccmaTtpusatoTca B 60nee obuem
Buge.

'1B opurnHane Ha aHrMMCKOM si3blke B JaHHOM Mogpasfene ykasblBaeTcsi Ha UCMoNb30BaHNe B KayecTBe fecs-
TUYHOTO 3HaKa TOYKM BMECTO 3ansToiA.
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5.2 OCHOBHble 3TaMNbl OLEHUBAHNA HEONPEJEeNeHHOCTN

5.2.1 OCHOBHbI€ 3Tanbl OLEeHNBaHNSA HEONPeAENeHHOCTN BKAOYAlOT B ce651 hOpMYINMPOBKY N3MEPUTENbHON
3afauun, TpaHchopmMupoBaHMe pacnpejeneHnii nnonydeHme oKoHYaTenbHOro pesynbrara:

a) hopmynupoBKa M3MepuTenbHOl 3afa4ym BKoYaeT B cebs:

1) 3agaHune BbIXOAHOWM BENNUYNHBI Y (M3MepAeMoli BEKTOPHOW BENUYUNHBI):

2) BblsiBNeHUE BXOAHbIX BEIMUYNH, COCTABNSAIOLLNX BEKTOPHYO BXOAHYIO BEINYMNHY X. OT KOTOPbIX 3aBUCUT Y ;

3) cocTaBneHne Mofenn n3MepeHus, onpegensitolieit B3aumocsssb Y ¢ X B Buje QyHKLUN n3MepeHuns
[cm. popmyny (1)) unn B 6onee obuwem Buge [cm. hopmyny (2)];

4) npunucelBaHve pacnpejeneHnini BepoaTHocTeli (HOpManbHOro, NPSAMOYFOAbHOIO UT. [j.) BXOAHbIM Ben-
YnHam X, (3nemeHTam BekTopa X) Ui COBMECTHOrO pacnpefefneHunss BEpoATHOCTEN BXOAHbIM BeNMYMHAM, He
ABNAOLWMMCS HE3aBUCUMbIMUW, HA OCHOBE MMetoLelicst 0 HUX MHopmaLuum.

b) TpaHcopmMUpoOBaHVe pacnpegeneHunii npegycmatpmBaeT onpejeneHne NNOTHOCTM COBMECTHOro pacnpe-
feneHns BbIXOAHOI BEANYNHBLI Y Ha OCHOBE NIOTHOCTEl pacnpejeneHns BXOAHbIX BENNYUH X, U NCNONb3yeMOW
MO/JEeNn n3mepeHus.

C) nony4yeHne oKoHYaTeNbHOro pe3ynbTara npegnonaraeTt UCNoAb3oBaHWe NNOTHOCTM pacnpegeneHuns Y
ANs onpepeneHns.

1) oueHKN MatemMmaTuyeckoro oXxxngauusa Y B suge y;

2) KoBapuaunoHHoli matpuubl Uy, cCOOTBETCTBYIOLWEN Y;

3) o6nactn oxsara, cogepxalleil Y ¢ 3ajaHHO BEpOSATHOCTbIO p (BEPOATHOCTbL OXBarTa).

5.2.2 PopMynMpoBKY n3MepuTenbHOW 3agaun ocyuecTsaseT MeTponor. PekomeHgaumm no Bbi6opy N10THO-
cTu pacnpegeneHunn [ctagma 4) atana a) B5.2.1] anA HekoTopbIX 06W KX cnyyaes npuBefeHbl BJCGM 101 n B
5.3. 3Tanbl TpaHchoOpMUpPOBaHUS pacnpeseneHnii ¥ nonyyeHns oKoHYaTeNbHbIX pe3ynbTaTos [6) u B) B 5.2.1]. AnA
KOTOPbIX MpBeAeHbl NOAPO6HbIE YKasaHus, He TpebyoT JONONHUTENbHOW MeTponornyeckoli nHopmaunum n mo-
ryT 6bITh BbINONHEHbI C Nt060V TPe6yeMOoi BbIYNCNNTENbHOW TOYHOCTLIO NS NOCTaBNEHHOW 3ajadn.

MpumeuvyaHune — KakTonbKO 3Tan NOCTAHOBKM 3ajayn a) B COOTBETCTBUM C 5.2.1 BbINONHEH, TEM CaMbIM
NNOTHOCTb pacnpefeneHns BepoAaTHOCTEN ANA BbIXOAHON BenMuuHbl Y (popManbHO NOAHOCTLIO onpejeneHa. OfgHako
BblUMCNIEHNE MaTeEMAaTUYECKOro OXuaHus, CTaHAAPTHOrO OTK/NOHEHMSA U 06n1acTu oxBara MOXeT norpebosartb npume-
HEHWA YMCNEHHbIX MeTOA0B, 06nafatoLLNX HEKOTOPOl CTeneHbIo NMPUBAVKEHNS.

5.3 ®PYHKUNM NNOTHOCTN BEPOATHOCTU 4N BXOAHbLIX BENUYNH

5.3.1 O6wune nonoxeHuns

PykoBOACTBO N0 BbI6GOPY NNOTHOCTEN pacnpeAeneHuns 4N BXOAHbIX BENMYUH X, HA 3Tane popMyInpoBKMN
n3mMeputenbHon 3agaum npusegeHo B JCGM 101 (pa3gen 6) 4na HeKoTOpbIX 06WKUX cnyvyaeB. OAHAKO eAuH-
CTBEHHbIM MHOTOMEpPHbIM pacnpejeneHmemM, paccMoTpeHHbiM BJCGM 101. ABnAeTcsa MHOroMepHoe HopMmalsbHoe
pacnpegeneHne JCGM 101 (nyHKT 6.4.8). 3To pacnpejeneHve npunucbiBatoT BXOAHOW BennynHe X. ecnn goc-
TynHas nHhopmMaumnsa 06 X BkntoyaeTt B ceb6s TONbKO OLEHKY X 1 COOTBETCTBYIOLLYIO KOBapuaLoHHyo matpuuy UX.
B 5.3.2 paccmaTpuBaeTcs ele 0oJHO MHOroOMepHoe pacnpegenedune — fpacnpegeneHve. Ero npumeHsaioT, ecnmn
eJMHCTBEHHOW AOCTYNHOW MHopMauuneil o BenmunHe X ssiBnsetcsa Bbibopka HabntogeHnin (npegnonaraemMbix He3a-
BUCUMbIMM) BEKTOPHOW BENMNYNHBI U3 MHOTOMEPHOIO HOPMAanbHOro pacnpefeneHuns ¢ HeM3BeCTHbIMU MatemaTu-
YECKUM OXKUJAHUEM M KOBapuaLWUoHHO MaTpuueli (cM. Takxe 6.5.4).

5.3.2 MHoromepHoe f-pacnpcgcneHuno

5.3.2.1 MpeanonoXum, 4To AN BEKTOPHOW BENNUYMHBI X padamepHocTbio N* 1. nmetoLeli MHOroMepHoe Hop-
ManbHoe pacnpegeneHue N (ji£) c Hen3BeCTHbIMM MaTeMaTUYeCKNM OXKUAAHUEM L 1 KOBapuaLunoHHON matpuuei
| pasmepHocTbio NXN. JOCTYNHbI N HE3AaBUCUMbIX HabntogeHnin, n > N. MycTbA - UCKOMOe 3HauyeHue X. Torga,
Bbl6Mpas B KayecTBe anpuopHbIX pacnpeaeneHnini ana 4 nlcooTeseTcTBytlol e HeMHpopmaTtuBHble pacnpejene-
HUA U Mcnonb3ys Teopemy baileca, nonyunm, 4TOo COBMECTHbIM pacnpegeneHnem ana a (Mnu pacnpefeneHvem,

npunucbiBaeMbiM X) 6yaeT MHOromepHoe -pacnpegenerue f,.(x,S/n) ¢ v =n -N cTeneHamun ceobogbl [11], rae

X =M(X, +..+X,). S 41 (X, - X)(X, -X)r +...+ (X, -X)(X, - X)T}

MpumeuyaHue — [py HaAMUMKM COOTBETCTBYIOLLMX OCHOBAHWIi B KauyecTBe anpuopHbIX pacnpejeneHuii
MOTyYT 6bITb B3AATbl ApYr1e pacnpegeneHnsi, 4To MOXET NPUBECTU KAPYTrOMY 3HAUEHMIO Yucia cTerneHeii cBo6oabl 4s

ty(x,Sin) unn fgaxke K gpyromy tuny pacnpegenenus gns X.

10
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5.3.2.2 MMNOTHOCTb pacnpejeneHus, NONy4YeHHOro Ansi X. umeeT BUJ

<« =T1,.,2X»l- tdet(S'?)r” N * - 1r»'(») * " «>] "=

roe r(Z) — ramma pyHKUMSA apryMmeHTa r.
5.3.2.3 MaTtematnyeckmm oxugaHnem n kosapuaumeli X 6ygyT COOTBETCTBEHHO

E(X) « V (X ).~ f.

raoe E(X) onpepeneHo tonbko Ana v > 1(4to cootBetctByeTn >N + 1).

5.3.2.4 YTt06bI chopMMpoBaTh cnyyaiiHoe BbIGOpoyHoe 3HavyeHne 4 n3 tv(x,S/n), BosbMmeM N cnyyaHbix
BbIGOPOYHbIX 3HayYeHuit Z,. /= 1.... N, u3 ctaHgapTtHoro pacnpegeneHus raycca N(0,1) n ogHo BbIGOpoOUYHOE
3HayeHue w u3 x| -pacnpegeneHuns c v cteneHssmu ceo6ogbl. Torga

S-x +L2".Z=(Z,....,Zw)\

rae L — HWKHASA TpeyronbHas martpuua pasmepHoctn A/xW B pa3noXxeHun Xoneukoro Sin = LL7[13].
MpumeyaHne — Matpuya L moxeT 6bITb ONpefeneHa, Hanpumep, Kak B [13].

5.3.3 T[locTpoeHWe MHOTOMepHbIX MYHKLUA NNOTHOCTU pacnpejeneHuns

Korpa BXofHble BENMMUYUHDLI X, ...... X M KOoppenmpoBaHHbI, TO 06bIYHO JOCTYMHOW 0 HUX MHpOopMaLuuen aBna-
eTcs BUJ NNOTHOCTY pacnpefeneHuns A KaXKAon U3 aTUX BENMYUH (Hanpumep, ANA O4HON — HOpManbHoe, AN
ApYyroli — NpPsIMOYronbHOE U T.M.), OUEHKN X, ...... X,;. UCNONb3yeMble B KayecTBe MaTeMaTU4eCKUX 0XXUAAHWA,
cTaHfjapTHble HeonpejeneHHocTn t/(X,),.... U(XH), nCNoNb3yeMble B KayecTBe CTaHfapTHbIX OTKNOHEHW, 1 KOBa-
prnauuun, cooTBeTCcTBYHOWME Napam X,. [MOCTpOUTb N0 MapruHanbHbiM pacnpejeneHnam X, X bICOBMECTHYO
NNOTHOCTb pacnpegeneHns Ana X MOXHO, 3Has ux konyny. OfHaKoO BbllleyKa3aHHO! UCXOAHOW NHopMaLuumn
MO>XeT COOTBETCTBOBAaTb MHOXXECTBO KOMy/. NO3TOMY BU/ MOCTPOEHHOV COBMECTHOW NIOTHOCTU pacnpejeneHus
6yfeT He eANHCTBEHHbIM.

5.4 TpaHchopmMupoBaHue pacnpegeneHunii

54.1 B neBoi yactn pucyHka 1 nokasaH npumep mogenn namepeHns ¢ N = 3 B3aMMHO He3aBUCMMbIMMU
BXOAHbIMY BeanumHamm X = (X,, X2,X3)r ut = 2 BbIXOAHbIMYU BenMunHammn Y = (¥Y,. ¥Y2)T. PyHKLUMSA n3MepeHns —

f=(/, £21. BennunHam X,, /*1,2,3, npunmucaHbl N1OTHOCTN pacnpegeneHns Q x"i). a Y xapakrtepusyetcs

COBMeCTHOl nnoTHocTbio pacnpegeneHusa gy (fl) - 9V,.y2(ni.fo) B npaBoii yacTn pucyHka 1 nokasaH npumep, B

KOTOPOM X, U XT B3aMMHO 3aBUCUMbI 1 XapaKTepuU3ytoTCA COBMECTHO NNOTHOCTLIO pacnpeaeneHunsa 9x, xr(& ,&)

Y=/ (X1X2X9 , 40X X2Vi-Ar)- *e Y2 =MXL.x2.x3)

9xXN2)-*e "> 0y,yr<f,n2) u3y,.y4i-
V24 AX,.X2.X3) OxAz>_ * Y2 * ~Xj, X2, X3)

9x3&3>— »

PucyHok 1— TpaHcthopmupoBaHue pacnpegeneHunini ans mogenn ¢ N = 3 BXOAHbIMW BeAMUYMHAMU U T = 2 BbIXOAHbIMU
BENNYMHAMMU, KOrfa BXOLHbIE BeNNUYMHbI X,. X2 1 X3 B3aMHO He3aBUCUMbI (CneBa) 1 Korga X, 1 X2 B3aMHO 3aBUCUMbI
(cnpaBa)

5.4.2 BbIXxofHas BenMunHa Y MOXET cama CNy>XUTb OCHOBOI AN MOAyYEeHUA cneaytolieil BENMUYNHbI, Ha-
npumep, Q. Torga Y 6ygeT paccmMatpuBaTbCs Kak BXOAHAS BEIMYMHA B MOAENN U3MEPEHUS, ONUCLIBAEMOIA, Ha-
npumep, pyHKUUEN N3MepeHns t numetoLleli Bug

Q = t(Y).

Tak. Y MOXeT npejcTaBasaTb co60i Habop 3TaNOHOB Macchl, aQ — CYMMbl HEKOTOPbIX U3 HUX.
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5.4.3 06befnHeHne pyHKUNA namepenna fntgnsa gpyx nogmogeneii no3sonsieT N0Ny4YnTb 3aBUCMMOCTb Q
HenocpeAcTBEHHO OT BXO[HbIX BennuuH X. OgHaKo B pAje nsaMmepuTeNnbHbIX 3afjay >xenaTtenbHo COXpaHUTb pas-
6veHne Ha NOAMO/eNn, eCNn OHN OTHOCATCA KPYHKLMOHANbHO pa3HbiM aTanaM. COBOKYMHOCTbL iBYX Nogmoje-
nen npeactaBnseT cobo npumMep MoLeN MHOTOCTyneH4aToro namepexus (cm. 3.12).

5.4.4 Cnyyalii, korga Ha uHanbHOM 3Tarne MHOroCTyneH4YaToro usMepeHusi C NPUMEHEHNEM MHOTOMEPHbIX
nogmogeneii umeeTcsa efMHCTBEHHAsA BbIXOAHAS CKansapHas BeMYnMHa, MoXeT 6bITb paCCMOTPEH C NPUMEHEHNEM
JCGM 101.

5.5MonyyeHne nToroesoi nHopmauunmn

5.5.1 OueHKay BbIXOAHOI BENNYMHBLI Y paccMmaTpuBaeTcs Kak matemartnyeckoe oxunganue E(Y). Kosapua-
LUMoHHas matpuua Uy.cooTBeTcTBylOWan y. — Kak KoBapuauynoHHasa matpuua V(Y).
5.5.2 ins BepoATHOCTM oxBata p o6nacTb oxBata Ry ans Y nony4datoT pelleHnem ypaBHeHNs

11n)<M*P-
Ay
MpumeyvaHune 1— HeKoTopbIM BenMYMHaAM MOryT ObiTb MOCTaBNAEHbl B COOTBETCTBUE ChydaliHble

nepemMeHHble C pacnpejeneHnsamMm, y KOTopbIX MateMaTuyeckoro OXXuaaHus 1 KoBapuaLmoHHOW MaTpuLibl He CyLLecTBYy-
eT (cm. Hanpumep, 5.3.2). OgHako obnacTb oxBata ANna Y cyllecTByeT BCcerja.

MpumeuvaHne 2— B o6LWeM cnyvae cyulecTByeT 60/1ee OfHOIN 06nacTu oxBata A4Nns 3a4aHHOW BEPOATHOCTMU
oxsara p.

55.3 MpAMOro MHOroMepHoOro aHanora BEPOATHOCTHO cuMMeTpuyHoro 100 p %-HOro nHTepsana oxsara,
paccmoTpeHHoro BJCGM 101, He cyulecTByeT. OHaKO cylecTByeT aHanor HanmMmeHbLero 100 p %-HOro nHrep-
Bana oxsarta— 370 100p %-Haf HanMeHbllas o6nacTb oxBara.

5.6 Cnoco6bl TpaHChOpMUpPOBaHUSA pacnpeaeneHmnii

5.6.1 TpaHcopMuMpoBaHue pacnpefeneHnii ocyLLecTBAAIOT HECKOAbKMMU criocobamu:

a) aHannTMyeckMmu metojamu, obecnevvsaroWw My NonyvYeHne MmateMaTtuyeckoro npejcraBneHuns n1oTHO-
CTu pacnpegeneHmagna Y:

b) NpYMeHeHVeM 3akoHa TpaHCOPMMPOBaHUA HeonpefeneHHOCTel, OCHOBAHHOIO Ha 3aMeHe (hyHKL UK n3-
MepeHusa ee annpokcumaunmneli pagom Telinopa ¢ YneHaMmuy pasnoXKeHus nepeoro nopsigka (06o6uieHne nogxoaa,
n3noxeHHoro B JCGM 100 (nyHKT 5.1.2));

C) uncneHHbiMmun metogamu (cm. JCGM 100 (nyHKT G.1.5)], B TOM yuncne ¢ ucnonb3oBaHnem metoga MoHTe-
Kapno (MMK).

MpumeuvaHune 1— AHamMTMyeckue MeTofdbl MPEBOCXOAAT BCE NPOUME C TOW TOUKW 3PEHUs, YTO OHU He
NCMOoNb3yHT NPUBAMXKEHUA. OfHAKO OHM NPUMEHVMbI TONbKO B NPOCTbIX ClyYasX. TakMe MeTofbl B HAcTosALWeM cTaHaap-
Te He paccMarpuBaloTCA 3a UCKNHYEHNEM MPUMEPOB, e OHW UCMONb3YKOTCA AN CPaBHEHUs.

NMpumeyvyaHne 2— Metos MoHTe-Kapno B HacToslLLLeM CTaHjapTe UCnonb3yeTca ANA NofyvyeHus pacnpeje-
NeHNs BEKTOPHOW BbIXOAHOW BENNYUHBI, & He B KayecTBe MeTofa UMUTALMOHHOIO MogenvposBaHus. Mpu oueHnBaHuu
HeonpejeneHHoCTM Ha aTane TpaHchopMMpoBaHUA pacnpegeneHuii pellaemas 3ajadva sABfsieTcs AeTepMUHUPOBaH-
HOW. NO3TOMY B MMUTALMOHHOM MOAENNPOBaHNN (PU3NUECKOro ClyvainHoro npoyecca HeT He06X0AMMOCTW.

5.6.2 B 3aKoHe TpaHCcopMMnpoBaHMs HeonpegeneHHocTell oueHka x = E(X) gna X n cootBeTcTBytowas
KoBapuaunoHHas matpuua nx=V(X) nogsepratorcsa npeobpa3oBaHunio NocpeAcTBOM MMHeapM30BaHHON Mogenn
n3mepeHus. B HacTosem cTaHjapTe gaHHaa npoueaypa paccMmatpusaeTtca Ans Mmojeneli pa3HbIX TUNOB.

5.6.3 B neBoli yacTn pucyHka 2 nokasaH 0606LeHHbI 3aKOH TpaHCPOPMUPOBaHUA HeonpegeneHHoCcTen
ana mopenu namepenums ¢ N = 3 B3aUMHO HE3aBUCUMbIMU BXOAHbIMU BennymHamn X = (X,. X2 X3)tnu 1t =2
BbIXOAHbIMYW BennumHamm Y = (¥Y,. ¥Y2)T. OueHKon X aBnaeTcsa X = (Xb X2.X3)"' C COOTBETCTBYIOLWMUMN CTAHAAPTHbI-
MW HeonpeaeneHHOCTAMMN U(X,). 0(Xx2) n n(x3). OueHkKolh Y sBnaeTcay = (y,.y2)T C COOTBETCTBYIOLLLEN KOBapuaun-
OHHOW MaTpuuen Uy. B npaBoii yacTu pucyHKa 2 TOT XK€ 3aKOH nokKasaH gnfA cnydasn, Korga X, u X2 B3auMHO
3aBUCUMbI 1 UMEKOT KOBapuaymio n(x,.x2) O4eHOoK X, 1 X2.

12
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=
*y <4*1) .
Y\ =/0X,. X2.X3 v Y1=/,(X,.X2.X3)
X2. iAx2) = <Y y.t/.
t2* W . x2.x3 y2* 1,X 2x3
*3- W(x3) *3 U(*3) -*»

PurcyHok 2 — O606LLEeHHbIV 3aKOH TpaHC(OPMUPOBaHUS HeonpegeneHHocTel Anst N = 3 B3aUMHO He3aBUCUMbIX
BennYMH X,. X2 n X3 T = 2 B3aMMHO 3aBUCKMbIX BbIXOAHbIX BEMYNH (CeBa) 1 TOT XKe 3aKOH, HO N5 B3aMMHO
3aBUCUMbIX M X, 1 X2 (cnpaBa)

5.6.4 B meTose MoHTe-Kapno coBMmecTHOe pacnpejeneHne BepoaTHOCTEN ansa X. npegcTaBneHHOe B Lng-
poOBOM BUje, TPAHCHOPMUPYETCA C MOMOLLLLIO MOJENN U3MEPEHUSA NS TOrO, YTOObI NONYUYNTL JUCKPETHOe npej-
cTaB/ieHne COBMECTHOro pacnpefjeneHns BepoAaTHOCTN Ans Y. HA OCHOBE KOTOPOro 3areM nojyyatT OKoHYaTe Nb-

Hble pe3ynbTaTbl U3MepeHus.

6 Cnoco6 oueHuBaHWA HeonpegeneHHocTn no GUM

6.1 O6uW e NonoXxeHuns

6.1.1 B HacTofiWeM cTaHfapTe cnoco6 OueHMBaHUA HEONPEAENEeHHOCTN Yepe3 TpaHC(hopMUpoBaHue Heo-
npegeneHHocTeli, paccmoTpeHHblli BJCGM 100 (NyHKTbl 6.2 1 6.3) gna mogeneit nsmepenusa suga Y = f(X),
0606LieH Ha 6onee WMPOKWIA Knacc Moaeneil ¢ MHOTMMU BbIXOAHbIMU NePeMeHHbIMU. XOTS HenoCcpeACcTBEHHO B
JC G M 100 Takme Mofenn He paccMatpmBatloTCs, 419 UX U3YyYEeHUA MOTYT 6bITb MPYMEHEHbI Te Xe caMble OCHOB-
Hble MPUHUMUNbI TPAHCOPMUPOBAHUA OLLEHOK BXOAHbIX BENMUYMH 1 COOTBETCTBYIOLWNX UM HeonpejeneHHocTeli B
OL,eHKM BbIXOAHbIX BE/IMYNH N COOTBETCTBYIOLLNX UM HeONpeAeneHHOCTel. lna matemMmaTtMyeckoro npejcrasne-
HWUA yKa3aHHbIX Npouejyp BMeCTO CYMM BE/IMYMH C NOACTPOUHBIMWU UHAEKCAMMN, Kak 3To cgenaHo BJCGM 100.
yfaobHee NCMNOoNb30BaTb KOMMNAKTHYO MaTpUYHO-BEKTOPHYIO POPMY 3anmMcu, XOpOoLLO NPUCNOCOBNEHHYIO AN CO-
BpPEeMEHHbIX NaKeToB NporpaMmm v A3bIKOB MPorpaMmmMmpoBaHuns.

6.1.2 ins npuMeHeHuns 3aKoHa TpaHCopMUpoBaHNsa HeonpejeneHHOCTeNn ncnonb3yeTcs Ta e nHhopma-
LS 0 BXOAHbIX BEIMUYMHAX, YTO N 4N OAHOMEPHOWN Mofenn nsmepeHus, paccMmoTpeHHoin B JCGM 100:

a) oueHka X = (X ,, .... XH)T BXOAHOI BENNYUHBI X;

b) KOBapnaynoHHaa wmaTtpuua u,, COOTBeTCTByKLlLaA X, cojepxalas kKosapuauum u(x,x,). /=1, N.
J=1,.... N. cooTBeTCTBYylOLWME X, N XY

6.1.3 OnucaHne TpaHCcHOPMUPOBAHUSA HeoNpeseneHHOCTel, NpuBefeHHOe B 6.2 1 6.3. pacnpocTpaHsaeTcs
Ha Mojenun ¢ AeCTBUTENbHbIMUW BEINYNHAMM, BKAIOYAA ClydYan KOMMNNEKCHbIX BeNYNH, NpejcTaBNeHHbIX napa-
MW jeicTBUTENbHbIX COCTaBAAOWUX. TpaHcopMpoBaHe HeonpeaeneHHOCTeR B cnyvyae Mojeneli ¢ KOMMnek-
CHbIMW BeMYMHaAMN paccmaTtpusaeTcsa B 6.4 (M. Takxke 5.1.3).

6.1.4 Cnoco6 nonyyeHusi o6nactu oxsarta s BEKTOPHOW BbIXOLHO BENUYMHBI ONUcaH B 6.5.

6.2 TpaHchopmMuUpoBaHNe HeonpeeneHHocTei AN MHOTOMEpPHbIX MoAeneit U3MepeHus c
SABHbIM BUAOM (PYHKLMOHANBbHOW 3aBUCUMOCTU

6.2.1 06w e NnoNoXKeHns
6.2.1.1 MHOromMepHas MojeNb U3MEpPEHNS C ABHbIM BULOM (hYHKLUOHANBHOW 3aBUCUMOCTN MEXAY BbIX0[-
HOW BennunHoii Y = (Y,

.Y,,,)T 1 BXOAHOW BennunHom X = (X,.. X,y unmeeTBup

Y = f(X). f=(f, ... fm)T.
rae f o603HauYaeT MHOroMepHyo YHKLUI0 U3MepeHus.

NMpnmeyaHne — AprymeHTaMu OTAeNbHbIX PYyHKUMIA /[1X) MOryT 6bITb pasHblie NnogmMHoxxectBa X. Mpu atom
KaokabliA aneMeHT X A0/MKeH SABNATbCSA apryMeHTOM Kak MUHUMYM OfHOW tyHKuun /0X).

6.2.1.2MNpwn 3agaHHON oueHKe X Ana X oueHKay ana Y nmeet Buj
y “ f(x).
13
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6.2.1.3 KoBapuaynoHHas maTpuua pa3mepHOCTU T X T . COOTBETCTBYlOLLAsA Y. UMeeT BOj4
“Y,YD-n(Y,YMm
u

“Yay|)-«y*,y*).
roe Cov(y, y() = 02ly,). nonpegensaetca no gpopmyne

Uy = CXUXC,T,
rae Cx— martpuua 4yBCTBUTENbHOCTU pa3MmepHocTM m XN . onpeaensemas no gopmyne

©)

o,
ax, -n gy
dfm
oX. "w A 7.
rae Bce Npon3BogHblie 6epyTca B Touke X = x ([19], cTpaHuua 29).
6.2.2 Tlpumepsbl

Mpumep 1— AKTUBHOE MpeaKTUBHOE CONpoTuUBNeHUA anemMmeHTa uenu [JCGM (pa3gen H.2)]

AKTMBHOE R 1 peakTnBHOE XCONPOTUBIEHNA 3NEMEHTA Lenun onpejenatoT nyTemM nusmMmepeHnsa aMmnintyabl V
M3MEHSAIOLWErocs No rapMOHNYECKOMY 3aKOHY HaNpshKeHWs Ha ero Knemmax, amnanTyabl /npoxoasuLero yepes
nsmepeHusa ana R n X, BbipaXKeHHbIx yepe3 V.l n G nmeer Buj

3/eMeHT NepeMeHHOro Toka 1u a3oBOro cfBura p Mexgy Hanps>keHnem u cunoii Toka. fiBymepHasa mogenb
R*fi(V,L<p)*¥-cos<!>,

X =f2(V,l,p) =¥-sinp.
B 0603Ha4YeHunsax, NpUHATbLIX B Hactoawem ctaHgapte. N =3. 17 =2, X ={V.I.p? nY = (R.X)7.

(4)

OueHKy y = (5 x )T aKTUBHOIO M PeaKTMBHOrO CONPOTUBNEHU nonyyarT no popmyne (4) B Touke
x n (\1/,4)T — oueHke BXOAHO BeNNUUHBI X.

KoBapuaynoHHyto matpuuy Uy pa3aMmepHOCTU 2X2, COOTBETCTBYHIOLLYIO Y. paccUnTbiBatoT Nno gopmyne (3),
roe C,,— mMatpuua 4yBCTBUTENbHOCTU pa3MepHOCTM 2X 3, nonyyaemMas BblHUCNEHNEM

X, «i cosa Vcosp Vein#
dv o/ po i r° 1
a2 a2 df2 sino  Ysinp

dv dl pgo

Vcosp
- 12 1
B TOUKe X = X. a UXx— KoBapuaunoHHaa martpuuya pasmepHoctn 3x3, cooTBeTcTByrOLaa X.
MpumeuaHne — BICGM 100 peakTnBHOe conpoTuBneHne 0603HaveHo X. 3To 0603HaueHne NCMNOoNb30BaHO
1 B HaCTosILLEeM CTaHfapTe. PeaKTMBHOe cOMNpPOTUBNEHWEe X SIBASeTCA 3NeMEHTOM BEKTOPHOW BbIXOAHOW BenuyuHbl Y,
1 ero He cnefyeT nyTaTb C BEKTOPHOI BXOAHOWM BEINUNHON X.

KoMnneKcHbIi KO3 hUUNEHT oTpaxeHus . n3MepsieMblii MUKPOBONHOBbLIM pedneKTOMeTpoM, HanprumMep,
NNeKCHbIMW BeIMUYNHAMM B BUjE

Mpumep 2— KoadhdurumMeHT oTpaKeHmns, nsmepsemMbliit MUKPOBONHOBbLIM petieKToMeTpoM (noaxon 1)
TakUM KOTOPbIA MCNONb3YIOT 418 onpejeneHns noBpexaeHnsa KkabenbHbiX IMHWI, ONMCcbIBAETCA MO ENbIO C KOM-

_ aW - b

r =7w-TT-

rae W — KOMM/EKCHbIN HencnpaBieHHbIN KO3 MULMEHT OTPaXKEHNS, a @, b C — KOMMNNEKCHbIE KO3IPDULUNEHTBI,
nonyyeHHble Npu rpagynposke (kannbposke) pecnektomeTpa [10.16.26].

14
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B 0603Ha4YeHUsIX HACTOSALLEero cTaHAapTa, ONUCbiBasi KOMMNEKCHbIE BENNYUHbI Yepe3 ux felicTBuTENb-
Hble U MHUMbIe YacTu, nonyyaem N = 8.7 =2, X =(34.3,,baf,ca.clW/p.W;)nyY = )T

OueHky y ~ (rsa.7,)T KOMNNEKCHOTO KO3 (uLuneHTa OTpaKeHns B BUAE ero e AICTBUTENbHOW 1 MHMMOW

yacTei BblUMCAAOT No popmyne (5). nogcTaBAA B HEE OLLEHKY X BXOAHOW BeANYmnHbI X.
KoBapunaunoHHyto matpuuy Uy pa3aMmepHOCTN 2X2. COOTBETCTBYIOLLLYIO Y. paccynuTbiBaloT no hopmyne (3).
rae Cx— maTtpuua YyBCTBUTENbHOCTM pa3mMepHOCTM 2X8. noayyaemas Npu BblYMCNEHUN NPOU3BOAHbIX

ar,, ara arw ar,, ar,, ara ark ara
paR pa. db® gb, gcp gc, dwWR dw,

ar, al, al, ar;  arf,oal, ar, ar,
daR da, db* gb, dcR ac, gWR dw,

B TouKe X =X, a UX— KoBapuaumoHHasa matpuua pasmepHoOCTU 8 X 8. cOOTBETCTBYO W as X.

Mpumep 3— KanubpoBka 3TaNOHOB MaccChl

3TOT NpuMep onucbiBaeT Mofenb MHOTocTyneH4yaToro namepenus (cm. 3.12.5.4.2 n 5.4.3).

Hab6op 13 g 3atanoHOB Macchbl CO 3HaYeHUAMM m = (m, ma)7 KanubpyrT CIMYEHNEM C 3TANOHOM KWU/O-
rpamMmmac Mcnonb30BaHNeM Kommnaparopa Macchbl, KaIMGPOBOYHOW TMPUANS onpefeneHns KanmbpoBOUYHOW YHK-
L1 KoMmnaparopa u psiia BCnomorartenbHblX NpMO0pPOB, TAKUX KaKk TepMoMeTp, 6apomMeTp U rurpoMmeTp nsa onpe-
fleNneHnsa NonpasoK Ha BbiTalkMBaIOLWY CUYy BO3yxXa. dTanoH Kuaorpamma u rupsa MMerT Maccbl mR u ms,
COOTBETCTBEHHO. KannbpoBKy MPOBOAAT B COOTBETCTBUY C NOAXOANLLE METOANKOW n3mepeHunii nocpecTBom
[OCTATOYHOrO Yncna K CnmueHunii mexxgy HabopamMu aTanoHOB C NONyYeHUEM BUANMBIX, T. €. 3aMeTHbIX Npu n3me-
peHusx B Bo3gyxe pasHocTeli 5=(5,, .... &)7. BbluncnsaioT cooTBETCTBYOWMNE NONPaBK/ Ha BblTaNKUBALIOLLLYIO
cuny Bosgyxab = (b....... b*)1- PasHoctn macce Bakyyme X nonydatoT u3 nogmogenn X = f(W). B KoTopoi
W = (mMR. ms,$T.bT)T.

OueHky y = (m,....r")T macc m 06bI4HO NONyYaloT peleHreM No MeTofy HaMeHbLUNX KBagpaTos nepe-

onpefeneHHON CMCTEMbI ypaBHeHUh Am = X. rae A — martpuya pasmepHocT KXg C afeMeHTamMun paBHbIMM
eAVHMLE, MUHYC e4VHULLE U HYNIO B COOTBETCTBMU C TEM. KaK1e 3TafNOHbl MacCbl BKIOYEHbI B CiMYeHne, C
y4eToM HeonpegeneHHocTell, COOTBETCTBYIOLLUX OLLEHKE X BeNnUnHbl X. B 3aToM cnyyae popmyna ans onpegene-
HUS Yy UMEeeT Bug

y = UyATUIt ,x. (6)
rae KoBapuauumoHHyto matpuuy Uy pasmepHOCTM (X, COOTBETCTBYHLYI Y. nonyyakT no dopmyne
Uy= (ATUX 'A)~\ a Ux— KoBapuaumoHHas maTpuua pa3MepHOCTM KXK. COOTBeTCTBylWaa X. bonee nogpo6Hoe
onucaHue NnogMoLeNn, a Takxe npoueaypa nonydyeHuns Uxueped U . — KOBapuauMOHHOK MaTpuLbl, COOTBETCTBY-

lowien oueHke w BenMunHbl W. — npuBegeHo B (3).
MHoromepHas Mmofenb U3MepeHust 451 3TOro NpuMepa UMeeT BUA

Y =UyATUx 'X,
roe UyA'U /X — yHKUMS namepeHns. B npuHATbIX 0603HavYeHuax Hactosuiero ctaHgapta N-k.m=-gv\ Y = m.

NMpumeuvaHune — C BbIUNCANTENbHOW TOUKM 3PEHUS AN MONYYEHUA OLEHKM Yy npejnoyTuTensHee Ncnoib3o-
BaTb He hopmMyny (6). @ aNrOpMTM, OCHOBaHHbI HA OPTOTOHA/ILHOM pasnoXeHun mMatpul (cm. [13]).

6.3 TpaHchopmupoBaHue HeonpejeneHHOCTel ANS MHOTOMEPHbIX Mofjeneii u3MepeHUs
HESABHbIM BUAOM PYHKLMOHANBHON 3aBUCUMOCTHU

6.3.1 O6uW e NoNoXXeHns
6.3.1.1 MHOromMepHasi MojieNlb U3MEPEHMNA C HEABHLIM BUAOM (YHKLNOHANLHOU 3aBUCUMOCTU MeX Ay Bbl-
XOAHOW BennunHon Y = (Y,...... Y,.,)T U BXOAHO BEANUNHOW X = (X ,..... X,,)1 nmeet BUA

h(Y,X)= 0. h = (/1,...... hm)J.

6.3.1.2MNpn 3afaHHON OUEHKe X BeNNYMHbl X OLEHKY Yy BeNu4uuHbl Y MOonyyaroT pelleHneM cucTembl
ypaBHeHUit

h(y,x) = 0. (7)
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MpumeyaHune — Cucremy ypaBHeHWin (7) OTHOCUTENBHO y OObIYHO peLLatoT YNCNEHHBIMY MeTogamu, Hanpw-
Mep MeToAoM HbtoToHa [12] nnv oaHOM 13 ero mogudumkaunii, 3agaBasi HavyanbHoe 3HauyeHue KOpHs y10*u nocnefo-
BaTeNbHO MPUGAMKAsACh K PeLUeHUto.

6.3.1.3 KoBapuaunoHHyto matpuuy Uy pasmMepHOCTU T X T, COOTBETCTBYIOLLYIO Y. NOofyyaloT peleHnem
cUCTeMbl ypaBHEHUR

CynyC/ = CxxCpr, (8)
rae Cy — martpuya Y4yBCTBUTENbHOCTM pa3MeEpPHOCTM T X T, cofepXkalas vyacTHble npoudBogHble dhidY”
=1, T,j=1, m,aC, — wmMaTpuuya 4yBCTBUTENbHOCTU pa3mMepHOCTM mXN. cogepxkalias YacTHble
npounssogHblie dh./dX,. /= 1...... m .i- 1. N. Mpon3BOAHbIE BbIYNCAAOTCA B TOUKaX X =X NY =y.

MpumeyvyaHune 1— KoapuaumoHHas matpuua Uy B cdopmyne (8) He onpegeneHa, ecan matpuua Cy siBnseTtcs
BbIPOX/EHHON (CUHTYNSAPHOW).

NMpumeyaHune 2— dopmyny (8) nonyyaroT aHanormyHo gpopmyne (3) ¢ ucnonb3oBaHneM npasuna gndoepeH-
LMpOBaHUS HESIBHOW (PYHKLMN.

6.3.1.4 N3 opmynbl (8) cnepyer, UTO pelleHne OTHOCUTENbHO KOBapUaLMoHHOW MaTtpuubl Uy MoOXeT 6bITb
3anucaHo B Bufe

Uy=CUKCr. 9)

raoe
C=Cy’Cx- (10)

MaTtpuua pasmepHoctTm Tx N, cdhhopmupoBaHHas n3 KOahOULNEHTOB YYBCTBUTENLHOCTU.

6.3.1.5 Mpouegypa pacyeta matpuubl UynpuBegeHa B npuaoXkeHnn B. NMpumeHeHne ansa atux uene He-
nocpeacTBeHHo popmyn (9) n (10) He pekoMeHayeTCcsa BCEeACTBUE HEYCTOWUYMBOCTM COOTBETCTBYOLLMUX UM anro-
PUTMOB BbIYNCNEHWUIA.

6.3.2 TMpumepsbl

NMpumep 1— [aBneHun, 3agaBaemMble rpy30nNopLLIHEBLIM MAHOMETPOM

[laBneHune p. 3ajaBaemMoe rpy3onopLHeBbIM MaHOMEeTPOM, ONpefensatoT B COOTBETCTBUN C YPaBHEHUEM
npeo6pa3oBaHuns, UMeLWNM BUJ

_ S1*(1~Pefpw)ot
P ~ 4c(L+ /h)(1+ «<*?) = 01)

rae T,, — Mo/fHas NpPUNoOXKeHHas Macca (rpysa v noplHs). pamp, — MJIOTHOCTU BO3jyXa U NPUNOXKEHHOTO rpysa
COOTBETCTBEHHO, fi, — /l0OKanbHOe 3HaYeHue yckopeHns cBobogHoro nageHus. g — addekTMBHas niow,anb
MaHomMeTpa npu HyNoBOM faBneHun. /1 — koadduumneHT gepopmannm nopLiHeBOl napbl MaHomeTpa, U —
KO3 (ULUNEHT TENNOBOTO pacllnpeHmnsi. 5B— OTK/IOHEHME OT HOpMalbHbIX YyCNOBUi No Temnepartype (20 °C) (17].

Myctb p,...... p., 0603HavaloT gaBneHNA ypaBHOBELIUBAHMWSA ANA NPUNOXKEHHbIX Macc, COOTBETCTBEHHO.
mwuU ....m ,,qu TeMnepaTtypHbIX OTKNOHEHU 56,,.... 56,,.

B o603HayeHusx, NpUHATbIX B HacToslwem ctaHgapte, N = 6 ¢ 29, T =, X = (Aj.A,«,50,.«Vi, ...
FVUEEALCPW, )TLY = (P, P, )T.

Mogenb namepeHusa, onpejenatow,an Buf 3aBUCUMOCTM MexXay X nY. uMmeet Buj

h (Y. X) =N0p.(1 &/Ip;)(1 + «56»,)- mWI1- pjpjg, =0.j=1.... q. (12)

OuUeHKY p, BEeNUYUHbI P, NONyYaloT pelweHremM ypaBHeHus (12) npu 3afaHHblX oueHkax As, 1.«. L, mwy

pa.p, unpa,. OgHaKo NofyyeHHble oueHkn P ,,{- 1. g, MMerT cooTBeTCTBYHO LW ME KOBapnauuun, 7. K BCe OHU

3aBUCAT OT OAHUX W TEX XKEe CNydaiHbIX BennuuH J10. 11,«, pa. p/l uar

KoBapvaunoHHyto matpuuy Uy paaMmepHOCTM gXq. COOTBETCTBYOWY Y = (p,....p, )T, BbIUNCAAIOT NO hop-

myne (8), rae Cy— martpuua 4yBCTBUTENbHOCTU pa3MepHOCTU gX(, cogepixaliasa yacTHble nponssogHble dhidy.,
I=1,....q9.j= 1. g; C* — matpuua 4yBCTBUTENbHOCTU pa3MepHOCTU AX(6 + 24). cogeprkawas 4yacTHble
npoussogHblie dbJdX,, /= 1...., 9, /'=1.... 6 + 2g. (Bce npou3BofHble 6epyT B Toukax X =xuyY =y), a U, -
KOBapuaunoHHasa maTtpuua pasmepHocTu (6 ¢ 24) x (6 ¢ 24). cooTBeTCcTBYlOWad X.

MpumMBYaHMe 1— BpaaHHOM NpumMepe BbIpa>KeHVe 3aBMcuMocr YA (U, 4To TO e camoe. pt) yuepe3 X MOoXXeT
6bITb 3alaHO B IBHOM BU/e Kak pelleHne KBaApaTHOro ypaBHeHusi. OfHaKO YMCNOBOl anropuTM HaxOXXAEHUS KOpHSA
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KBaApaTHOTO ypaBHeHUsi He Bcerga 6ygeT ycToiiums. Bonee Toro, vHOrda B ypaBHeHMe Npeo6pasoBaHusi BKIOUAOT
[LOMONHUTENbHBIE UNEHbI, NpefcTaBnsiolme coboii cTeneHn p 60nee BbICOKUX NOPAAKOB. B Takux cnyyasix nosyvyeHume
SIBHOM (DYHKUMW M3MEPEHUsi He Bcerga BO3MOXKHO.

MpumMeuvaHune 2— PaccmarpvBaemMas B JaHHOM MpUMEPEe MOjeNb U3MEpPEHNs MOXET GbITb NpejcTaBneHa
pasHbIMU crioco6amu. Hanpvmep, BMECTO 3aBUCMMOCTU, OMUCLIBAEMOV (OPMYNoii (12). MOXeT 6biTb MCNONb30BaHa
MOZENb B BUAE CPABHEHUS C HYNEM PA3HOCTV MeEXAy NeBOi W NpaBoii yacTamu ypaBHeHus (11). OT Bblibopa Mogenv
3aBUCKT 3(HEKTUBHOCTL U YCTONUMBOCTL YACIEHHOTO PeLUeHUs.

MpumeuyaHue 3— MoryT 6bITb paccMOTpeHbl Gonee MOfHblE MOAENN AaBNEeHWs ANs TPy30MNopLIHEBOro
MaHoOMeTpa, KOTOopble BK/KYAlOT, HanpuMep, NonpasKu, yuuTbiBatowye 3@eKTbl NOBEPXHOCTHOrO HATSXKEHUs.

MpumMeuyaHue 4 — OYHKUUM U3MEPEHUSI UMEIOT B KAUecTBe CBOWX apryMeHTOB HE BCE BXOAHbIE BeUYMHbI.
Tak. B BblpaXeHve Ans /-n pyHKLUN BXOAAT TONbKO A Q- A- «= 38{- Y pa. pum 4,.

Mpumep 2 — KoadhdpUUMEHT OTpaXKeHUSA, N3MEPEHHbIi MUKPOBONHOBbIM pedneKToMeTpoM (Nogxog 2)

Apyroil noaxopn K 3ajaye, onvcaHHO B npumepe 2 13 6.2.2. 3aKi04aeTcs B BbIpaXXEHUN 3aBNCUMOCTHU
MeXay BXOAHOW BenuuuHoi X = (3q, a,, bR. b,, ca, c,, 1V,)7 1 BbIXOAHOW BennuunHom Y = (/'«. [,)7 yepes
ABYMEPHYIO MOJAENb UBMEPEHUS, UMEIOLLYIO BUJ

ft,(Y,X) = 0. 12Y,X) = 0. (13)
rae MY . X) n/2(Y,X) cooTBETCTBEHHO JeICTBUTENbHAA M MHUMAs YacTy BblPaXkeHNs
(cW + 1)r-(aW e b).

MpenmMyLLecTBo 3TOr0 NOAXO0AA COCTOUT B TOM. YTO BblUMCNEHME MTPOU3BOAHBIX W. ClejoBaTENbHO, KO3 (K-
LMEHTOB YyBCTBUTEILHOCTM NMPOM3BOANTCS 60/ee NPSIMbIM ClIOCO60M.

OueHky Yy j.(r,,/’,)T KOMNNEKCHOro KoaduumeHTa OTpaKeHUs HaxogAaT B pe3ynbTaTe NOACTAHOBKMU

X =x BhopmMynbl (13) NUYNCNEHHOTO peLleHns NONyYeHHbIX YPaBHEHWIA.

KoBapuaunoHHyto matpuyy Uy pasMepHOCTM 2X2, COOTBETCTBYIOLLYIO Y. BBIYNCAAKOT No hopmyne (8),
roe Cy— martpuua vYyBCTBUTENbHOCTM pa3MepHOCTN 2X2. cofeprkalias 4yacTHble npou3BogHblie db,ldYr 1=1.2,
¥=1.2: CKk— MaTtpuuya 4yBCTBUTENbHOCTN pasMepHOCTU 2Xx8. cogepxalias yacTHble npou3sogHbledhfldX,,
I1=1.2./=1.... 8 {BCe npou3BOfHblE BbIYNCAAIOT BTOUKax X =X nY =y), a U¥ — koBapuaunmoHHas martpuua
pa3mepHocTM 8X8. cooTBeTCTBYHOLLASA X.

Mpumep 3 — Kann6poBkapednektomeTpa

KannbpoBky pednektomeTtpa (cM. npumep 2 13 6.2.2) 06bIYHO NPOBOAAT, U3MepPSAs HencnpasBaeHHblli KO3g-
duuneHT oTparkeHna W npy npMMeHeHUn 3Tan0HOB € 3aaHHbIMY 3HAYeHUAMMN KO3 duruneHTa oTpaxxeHus I.
YacTo B 3TUX LensiXx MCNONb3YIT TPU 3TaNoHa, 4TO NO3BONSieT MONYYUTb CUCTEMY U3 TPeX COBMECTHbIX
ypaBHEeHWIA:

(W, + 1I)r, - (aW. +b)=0.j=1.2. 3. (14)

PaszpeneHne BbipaeHWn B NeBOWN YacTn ypaBHeHUs (14) Ha e ICTBUTENbHYIO U MHAMYIO YacTu npueegeT
KNONYYEHUIO LWEeCTU COBMECTHbIX IMHEHbIX YpaBHEHW, pelleHe KOTOpbIX N03BONSeT HANTN AeACTBUTENbHYIO
M MHUMYIO YacTh KO3 (hULNEHTOB a. b 1 ¢ KanM6pPOBOYHOW PYHKLUN NPU 3aaHHbIX 3HAYEHUAX AeACTBUTENbHOM
N MHUMOIi YacTeli HeucnpaBieHHbIX KO3((MUUMEHTOB oTpakeHus W, n KoadhdhuuneHToB oTparkeHua I, ans
3TaNoHOB.

B 0603HauYeHnAX, NPUHATbLIX B HacToAwem ctaHgapTte. N = 12. 7 =6.

X - (0. r.av, R,I\jJ,W2iR,W2"r2R,r2j,W 34.V/3Lr3a,rst)rny = (as.a,.6af.csa.c,)7.

BXxofHble 1 BbIXOfHble BENUYNHbI CBSA3aHbl MeXAy co60i/ nocpeACTBOM MHOTOMEPHOW MoAenn namepeHus,
B KoTOpoit A3.,(Y,X) n h2l(Y,X),j = 1, 2. 3. — COOTBETCTBEHHO feliCTBUTENbHAA N MHUMasA 4acTu NeBoi yactu
ypaBHeHus (14).

OueHKy y » (as,a,ba,blica.c,)T KanMMBpPOBOUYHbIX KOIDPULMEHTOB NonyvatoT, NOACTaBAAA OUueHKM ana W,

nl, BypaBHeHus (14) n pewas aTn ypaBHEHUA YNCNEHHO.

KoBapuauynoHHyto matpuuy Uy pa3amepHOCTM 6X6. COOTBETCTBYHOLYHO Y. BbIYUCAAKT No hopmyne (8).
raoe Cy — mMaTtpuua 4yBCTBUTENbHOCTU pa3mMepHocTM 6Xx6. cojepykawas vacTHble npoundBogHbie dh,ldYKH
/=1 6.y=1 6: Cx¢— mMaTtpuua YyBCTBUTENBHOCTU pa3MepHOCTN 6X12. cofgep>aLwasa 4YacTHble NPOn3BoJ-
Hble dh,/dXt 1=1,..., 6.i= 1... 12 (Bce Npomn3BOAHbIE BbIYNCAAIOT B TOYKax X =xuY =y), a U, — KoBapua-
LMOHHas MmaTtpuua pasmMmepHocTn 12x12. cooTBeTcTBylOLas X.
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MpumeyvyaHue 1— T[pn HaMUUK NporpaMMbl 06PAGOTKN faHHbIX, paboTatolieli ¢ KOMMNEKCHbIMU Bennym-
HamMW. pasfeneHne ypaBHeHWii Mogenn U3MepeHus Ha AeCTBUTENbHYIO U MHUMYIO YacTu Heob6s3aTenbHo. 3T ypas-
HEeHWs1 MOryT GbITb peLleHbl HEeMOCPeACTBEHHO ANs a. b u c.

MpumeuvaHne 2— Kaxpgoej-e ypaBHEHVNE MOAENN W3MEPEHVS BKIOYAET TONbKO YeTbipe BXOAHblE Be/u-
unHbl WjR, WtJ, rfR nlp.

6.4 TpaHCc(hopMUpOBaHME HEONPEAENEHHOCTU NS MOJAENEel C KOMMNNEKCHbIMMW BENMYMHAMMN

B npuno>xxeHnn A npusefieH KOMMNaKTHbIA anropuTM BblYNCAEHUSA YACTHBIX MPOU3BOAHbIX MHOFOMEPHbIX KOM-
NNEeKCHbIX PYHKLUUIA N3MepeHns NepBoOro nopsaka, Kotopble HeE06X0ANMMO 3HaTb NPU pacnpocTpaHeHnn 3aKoHa
TpaHchopMMpoBaHUA HeonpejeneHHocTell Ha MOAEeNN C KOMMNAEKCHbIMU BENMYMHAMMW. [laHHbIi anroputmM MoXXeT
6bITb MPUMEHEH 41 MHOTOMEPHbIX Mojeneli M3MepeHUs C KOMNNEKCHbIMY BEMMYNHaMu o6LLero suaa.

Mpumep — KoaddurumeHT oTpaxkeHns, namepsieMblii MUKPOBONHOBbIM ped neKToMeTpoM (Moaxoa 3)

PaccmoTpum BHOBb npumep 2 u3 6.2.2.

KomnnekcHas BbixogHas BennuuHa Y = 1 KoMnnekcHas BXxogHas BennumHa X = (X, ,X2.X3.X4T = (a,b.c.W)T
CBAi3aHbl MeXAay co60li Mofenblo n3MmepeHus, onnucbiBaemoli popmynoi (5). C yuetom pe3dynbTaToB, NpUBefeH-
HbIX B NPUOXEHUN A. MaTpuLy YHyBCTBUTENbHOCTM C,, pa3MepHOCTM 2X8 nony4yatoT B BUAe

*=[C4 Cb Cc Cw],
rae
c«aM(>k ) t=ab®TW

B TOUKE OLEHKM X ANA BENMUYUHBLI X. Hanpumep, Ans

7FacwTT (15)

ncrnonb3oBaHne pe3ynbTatoB NPUIoXeHus A faet

Or -Q,
Q Q«J

rae QRMQ,— COOTBETCTBEHHO A€MCTBUTENbHAS U MHUMAs YacTW BblpaXXeHusi B NpaBoli yactu popmynbl (15).

Cb

KoBapunaunoHHyto matpuuy Uy pasmMepHOCTN 2X2. COOTBETCTBYOLWYO Y* 1 .rae

n{ra.1\) n{ru,r,}

u(r,rR) u{f,.f,) m(n)

BbluncnAoT no hopmyne (A. 1) npunoxenus A. rge U,,— KoBapuaumoHHas matpvua pasMepHocTM 8 X 8. cooTBerT-
cTBytouas x.

6.5 O6nacTb oxBaTa BEKTOPHOW BbIXOAHOW BENUYUNHDI

6.5.1 O6uwmre nonoxxeHns

6.5.1.1 B HeKoTOpbIX 061aCTAX METPONOrUN, HaNpuUMep, CBA3aHHbIX C UI3MEPEHUSAMWN 3NEKTPUYECKUX BENN-
YWH. ANA fanbHelWero NCNoNb30BaHNA pe3ynbTatoB M3MepPeHUs BbIXOAHYIO BEANUYNHY YJ06HO OCTaBUTh B BEK-
TOpHOIi hopMe BMecTe C NOCTaBNEHHbIM €/l B COOTBETCTBME COBMECTHbIM pacnpefeneHnemM BeposiTHOCTel. Takoe
npejcraBneHune pesynbTata U3MepeHns No3BoNseT B MaKCMManbHOW CTENEeHN COXPaHUTb BCIO MONYYEHHYIO UH-
hopmaynio 0 BbIXOLHOW BeNnUnHe.

6.5.1.2 Ecnn e pes3ynbTaT U3MEpPEHUA NPeACTaBNAOT B BUAE NONYYEHHON OLEHKN Y BbIXOAHON BENNYUM-
HblY = (Y ,,.... YmT.cooTBeTCcTBYylOLLeli e/l KoBapuaLMoHHOl MmaTpuLbl Uy n BEPOATHOCTM OXBaTta p, To aTo TpebyeT
onpegeneHusa obnactn oxsata RY B m-MepHOM NpocTpaHcTBe, KOTOpas COAepP>XUT Y C BEPOSATHOCTbIO p.

6.5.1.3 Ecnm gocTynHasa nHopmMaums o BbIXOLHOW BENMMUYUHE Y COAEPXKUT TONbKO 3HAYEHUS OLeHOKY 1 Uy.
TO B COOTBETCTBMU C MPUHLMNIOM MakCMMyMa 3HTPONuu cnydaliHoi BennynHe, accoLlMnpoBaHHOl C n3mMmepsieMoi
BE/IMUYMNHON 1 XapaKTepusyloLwein nmeroLwmnecs Ha jaHHbli MOMEHT NnpefcTaBNeHNsA O ee BO3MOXHbIX 3HaYEeHUAX,
npunucbiBalOT MHOroMepHoe HopMmanbHoe pacnpegeneHue N(y,Uy) [cmM.JCGM 101 (nyHKT 6.4.8)].
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MpumeuvuaHnune — Takoil BbIGOP PYHKLMM pacnpepeneHnst cornacyercsi ¢ UCNoNb3yeMbliM B criocobe
oueHMBaHUA HeonpegeneHHocT no GUM npeAcTaBieHMEM O HOPMAalbHOM pacrpejeneHnn CKaNsipHoW BbIXO4HOM
BEMUMHbI Y B Clyyasx, KOrga umcio cTeneHei cBo60ofbl, CBA3aHHOE C OLEHKO Y. 6ECKOHEUHO.

6.5.1.4 B o6wem cnyyae, Kak TOIbKO NONYYEHO COBMECTHOe pacnpejeneHne N5 BbIXOAHOW BEMNYNHBI Y.
nosiBNseTCcAa BO3MOXHOCTb ONpeAennTb BEPOATHOCTbL OXBaTaANa HEKOTOpOW 3ajaHHoO o6nacTu oxeata unu, Ha-
060pOT. NOCTPOUTL 061aCTb OXBaTa AN 3afaHHOl BEPOATHOCTM oxBaTta. 3Ta 3ajava He Bbi3blBaeT 3aTPyAHEHW,
ecan coBMeCTHOe pacnpejeneHue ABnseTCd MHOTOMEPHbIM HOPMaibHbIM pacnpejeneHmem (cm. 6.5.2.6.5.3
16.5.4). ina apyrux pacnpepeneHunii BO3MOXKHO nonyyeHue Npubam>KeHHbIX peLleHnii ¢ TOYHOCTbIo, MpuemMaeMoi
ANA NpakTMyecknx 3afjay, 6narogaps UCNONb30OBAHUIO YUCNEHHbIX MeTOA0B, TaKUX kKak MeToj MoHTe-Kapno
(cm. paspgen 7).

6.5.1.5 B 6.5.2 paccmaTtpuBaeTca MeTo/ onpejeneHns o6nactn oxsara AN ABYMEPHOU BEINYUHbI, YTO
NOTOM MO3BOMUT PacnpoCcTpaHUTb ero Ha o6 M MHOTOMEpPHBbIV cnydaid (cm. 6.5.3). Takke paccmaTpuBaeTcs
onpejeneHne obnactn oxsata Ana cayvas, Korjga oueHka BbIXOAHON BENNYNHbBI NONyYeHa ycpejHeHnem pesyib-
TaToB HabNOAEeHN 3TOl BENMUYNHBI, NPeACcTaBAaeMblX Kak cnyyaliHas He3aBucrMmas BblI6opka M3 MHOTOMeEpPHOro
HopManbHoro pacnpegeneHus (cm. 6.5.4).

6.5.2 [BymMepHbIii cnyyai

6.5.2.1 Ha npumepe [BYMepHO/ MOJeNn U3MepeHUs MOXHO MpPOoAeMOHCTpMpoBaTb BCe OTAM4YUA B
onpejeneHN MHOroMepHoi o6nacTn oxsaTta 0T NOAy4YeHUs OAHOMEPHOro MHTepBana oxsara. PaccMoTpuM TOUKy
Y = (Vi. ¥Y2)T B npAMOYronbHOl cucteme KoopauHar, rge Y, aBnsertca abcumccoil Touku, a Y2 ee opanHaTon.
MycTb n3mepeHne ob6enx KoopanHaT NPoOBeAEHO C NCNONb30BaHNEM OfHOTO cpeAcTBa N3MepeHuii. MonyyeHHasn
nHpopmaumsa 06 Y 6yfeT BKAOUATb B Ce65 OLEeHKN Y, ny2ee KOOpAMHAT, CTaHAapTHblie HeonpeaeneHHocTn n(y,)
nun(y2). cooTBETCTBYIOLNE 3TUM OLEeHKaM, 1 KoBapuaunto o(y,.y 2). Haanume KOTopoli B JaHHOM cnyyae o6ycnos-
NeHO Ncnonb3oBaHWeM O4HOrO 1 TOTO XXe CpeAcTBa N3MePEHU 4NA KaXK Ao KoopanHaThbl.

6.5.2.2 CornacHo cnocoby oueHnBaHns HeonpegeneHHocTn no GUM npu Hanmummn nHopmawmum o BbIXOA-

HOW BenuumnHe Y. ykazaHHoli B 6.5.2.1. eii npunucbIBalOT NNOTHOCTL pacnpegeneHus 9yvy2(UmUr) B Buge ABY-

MepHOro HopManbHoro pacnpegenernus N(y,Uy) (cm. 6.5.1.3). rae

n2(yy) u(y,.y2)
[?2 ] wn, .
[y 2] Y  n(Y2y0 u2(y2)

6.5.2.3 113 BO3MOXXHbIX hOopM obnacTeli oxBata paccmarpmBatoTcs ABe:
a)annunc c LeHTpomM BToUKe y (19. cTpaHuua 38J. onncbiBaeMblii popmMynoii

(% V)T uy-"(N-Y) = *£. (16)

rae Kp— MnocTosiHHAs, KOTOPYHO HaX0AsT U3 yYCNOBUS, YTO MHTErpan oT AYbyr (Y»,/12) no nnow,agmn, orpaHuYeHHo

3aNAUNCcoMm, paBeH p. Mpu gaHHON opme 06aacTU OXBaTa By4yeT NPUHUMAETCS B3aMHas 3aBUCMMOCTb MEXay
Y, nY2.Ecnn Y xapaktepusupyeTcsi HOpMasbHbIM pacnpegeneHnemM, 70 BenmumHa

(Y- y)TUZXY-y) (17)
nMmeeT pacnpegeneHve xu-KkBagpar ¢ ByMs cTeneHsmu cBo6ogbl. OTclofa cnefyet, 4To  npepgcraenset co6oii
KBaHTU/b YPOBHS P yKa3aHHOro pacnpejeneHus, 1.e.

P = Pr(Xr **p).

rae x\ Mmeet pacnpejeneHue xu-ksagpartc ABYMS cTeneHAMK cBo6ofbl. [lna BepoATHOCTM oxBarta p = 0.95
Kp=2.45 (cm. 6.5.3):
b) NPAMOYrONbHUK C LLEHTPOM B TOYKE Y CO CTOPOHaMU, napanielbHbIMU OCAM W paBHbIMU ANHAM MO

OTAENbHOCTUN OMpejeneHHbIX UHTEPBANOB OXBaTa Anst Y, n Y2. UHTepBan oxsata Ans Y, HAXOAAT U3 MapruHanb-
HOro pacnpegeneHus Y,, onpeaensiemMoro gopmMynoi

/ Sfr,vA(4i»ffe)d»b, (18)

1 OH He 3aBUCUT OT UMetoLelica nHhopmauumn o BennyunHe Y2.To ke camoe cnpaBeinMBo 415 UHTepBana oxsaTta
ona Y2, WutepBanbl oxBatay, +Kk,y(yj).J=1.2, onpegensaioTANa BepOATHOCTM oxBaTa
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9=1-(1—-PY2=(1+PYy2. (19)

[aHHbIN NPSAMOYTO/bHUK NPeAcTaBiseT co60ii 06n1acTb oxBaTtagis Y. COOTBETCTBYIOLLMIA BEPOATHOCTM OXBaTa He
MeHbluelp [5]. Ecau Y xapaktepusyeTcs HopManbHbIM pacnpejeneHmemM, To MapruHanbHoe pacnpegeneHue (18)
4Ns Y,, paBHO Kak U pacnpejeneHue gna Y2, 1akke 6yget HopManbHbiM. OTCloga cnefyet, uto  npeacTaBnset
Cc060i1 KBAHTU/Ib YPOBHS (| CTAHAAPTHOTO HOPMA/ILHOTO pacnpeseneHus, T. e.

A~ Pr(]2] 5 k"),

rae Z nmeet HopmanbHoe pacnpegenedHve N(0,1). Ansa BeposTHOCTM oxBata p =0.95 q= 0,975 w/ca= 2,24
(cm. 6.5.3).

MpumeuvaHune 1— Mpu BbINOJHEHUM YCAOBWIA MPUMEHUMOCTM crocoba OLEeHVBAHWUS HEOoNpeseneHHOoCTell
no GUM o6nacTb oxBara B BUAe 3/N/MNCa, yKasaHHas B NepedncreHnn a), aBaseTcs HaumeHblueir 100 p %-Hoit o6nac-
TbIO OXBaTa.

MpumMeuyaHue 2— EciM ¥< 1 Y2 B3aMMHO HE3aBWCUMbI, FT0f B dopmyne (19) MOXeT 6biTb 3aMeHeHO
Ha g =pl2

Mpumep 1— PaccMoTpuM [JBYMEPHYIO BEINUYNHY Y . XapaKTepusyemMmyo HOopMalbHbIM pacnpejeneHnem
N(y,Uy), rae
0 20 0.0
T"™ =00 10

Ha pucyHke 3 cneBa nokasaHbl 95%-Hble anaMnTunyeckas v npAmMoyronbHasa o6nacTn oxsaTta aAna Vv.
nonyvyeHHble meTogamMmu a) n b). Takke HapucyHke nokasaHo 1000Touyek, NpefCcTaBAfAO LW UX ClyYaitHylo Bbl6op-
Ky 3 yKasaHHoropacnpefjeneHna BeposTHOCTU. MHTepBan oxBaTa B hopmMme animncabyget uMeTb HaMMeHb-
Wyt nnouwagb Npy 3ajaHHol BEpPOATHOCTU oxBaTa. [jna gaHHoO cnyyaiHol BbI6opku 95013 1000Toyek cogep-
XaTcAa BHYTPU 3NAMNTUYECKON 061acTu oxBaTa niowaabio 26.6 KBagpaTHbIX e4MHNL U 953 — BHYTPU NpsMo-
yronbHoW o6nactn oxsata nnowajbto 28.4 KBagpaTtHblX eANHNL.

PucyHOX 3 — JnAMNTUYECKME U NPSIMOYTO/bHbIE 06/1aCcTU OXBaTa A/ ABYMEPHOI BEMUMHBI Y. ONMCbIBAEMOV HOpMaJb-
HbIM pacnpejeneHviem, anemMeHTbl KoTopoii ¥, 1 Y, B3ayMHO He3aBUCUMbI (CleBa) U KOpPpPenMpoBaHHbI (cnpasa)

Mpumep 2 — PaccMoOTpUM ABYMEPHYIO BENNUYUHY Y, XapaKTepnusyemyr HOpMalibHbIM pacnpejeneHmem
N(y,Uy), rae

1.9
20, ~

Ha pucyHke 3 cnpaBa nokasaHbl 95%-Hble anaAMnNTUYeckKas U NpsAMoyronbHas o6nactm oxsaTta Ansa Y.
nonyyeHHble Metogamu a) ub). B otanume o T npumepa 1. anemMeHTbl Y, 1 Y2BennynHbl Y ABNAKO TCA KOppenu-
poBaHHbIMW. lna cnyyaiHoli BbIGOPKM N3 yKasaHHOro pacnpegeneHus 957 n3 1000 Touek cofepiaTtcsa BHYTpH
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3NNMNTUYECKON 061acTn oxBaTa naowagbio 11.8KkBagpaTHbIX eAUHNL M 972— BHYTPMW NPSIMOYrobHOM o6na-
cTu oxBarta njouiagbto 40.1 KBajpaTHbIX €4UHNL, HTO NMOKA3bIBAET, HTO BEPOSATHOCTL OXBAaTa A/si NPsIMO-
yronbHoii o6nactu npeBbiwaeT 0.95. 061acTb B (hopMe NPSIMOYToNbHUKA, NOCTPOEHHas cornacHo meToay b)
6esyueTa KOPPENNPOBAHHOCTU 31I€MEHTOB BbIXOAHOM BEINUYMHBI M paCNpeseNeHnsi TOUe K BbIGOPKM HAMNOCKO-
CTW, MOXeT paccmaTpmBaTbCsa Kak npejcTaBneHve o6nactu oxsata 415 Y, HE COOTBETCTBYIO L ee JaHHOM
M3MepuTenbHoi 3agade. MPsiMOYroibHUK CO CTOPOHaMM, NapanienbHbiMy OCAM annunca, 6ygeT MMeTb MeHb-
Wyt niowagb v Mor 6bl paccMaTpuBaTbCcs, Kak 6onee noaxogsAwas o6nacTb oxBaTa, HO HeyJ06CTBO ero
NPVMEHEHNA COCTOUT B TOM, UTO A/l HEFO TEPAETCHA SICHbIN PU3NYECKNI CMbICI COOTBETCTBUSA (DOPMBbI
nocTpoeHHoW 06nacTn oxBaTta 3N1eMeHTaM BbIXOLHON BEINUMHBI.

6.5.2.4
feHbl B pa3jene 9.

6.5.3 MHOromepHblii cnyyan

Ecnn pasMmepHOCTb BEKTOpa BbIXOAHO BeNMUnHbI 60nee BYX, TO cnocobbl NOCTpOeHMA obnacTeit oxsaTta
CTAHOBATCA MeHee HarnA4HbIM, HO MO CyLW,ecTBY HUYEM He OTNIMYAIOTCA OT OMMUCaHHbLIX B NepevyncneHunsx a) n b)
B 6.5.2.3 Ana gBymMepHoro cnyyas. Heo6xoAnmo NnocTponTb Takyto o6nactb Ry B m-MOPHOM nNpocTpaHcTBe, KOTo-
pas cogepxanabblY =(Y,..... YT) c BepoATHOCTbIO p. Kak n B 6.5.2.3. [nepeuncneHns a) n b)]. paccmatpusatoT-
csa hopmbl Ry ABYyX BUOB:

a)anauncounyj B M-MepHOM NPOCTPaHCTBE, ONncbiBaemblii hopmynoii (16). Ecnm Y xapaktepusupyercs MHO-
roMepHbIM HOpMabHbIM pacnpejeneHnem, To BenMunHa, 3agasaemasn popmynoii (17). nmeet pacnpegeneHuve

[Opyrve npumepbl o6nacteit oxeata ANs BbIXOAHbIX BEMUUYUH JBYMEPHON MOAENN N3MEPEHUS

XUN-KBaApaTc TCTeneHAMMN cB060Abl. TakuM 06pa3om, Kp npejctaBnseT co6oii KBaHTUAb YPOBHA P YKa3aHHOTO

pacnpegeneHus, T.e.
P =Pr(xt **,)e=

roe X2 vmeert pacnpejeneHvie Xu-KBagpartc TcTeneHsMu cBo604bl. 3HAYEeHUs KoaghdurueHTa oxBaTa KB 4N

BepoATHOCTM oxBaTap = 0.95 n pa3HbiX 3Ha4YeHWIi T nNpuBefeHbl BTabauue 1;

b) napannenenunej B M-MepPHOM NPOCTPAHCTBE C LLEHTPOM B TOUKe y ¢ pebpamu, napannenbHbiMUN OCAM
anemMeHToB Y, j = 1....T. BbIXOAHOro BekTopa Y B NPSAMOYro/bHOM cMCTEME KOOPAUHAT U paBHbIMU fNIMHAM MO
OTAeNbHOCTM OnpefeNeHHbIX UHTepPBanoB oxBaTta Ansa Y,. IHTepBanbl oxBata onpeaensitoT N5 BEPOATHOCTMN OX-
Bataqg=1- (1- p)1l1. faHHbIli napannenenunegnpegcraBnseT coboli o6nactb oxearagnsa Y. cCOOTBETCTBYIOL NI
BEPOSATHOCTM OXBaTa He MeHbleli p [5]. Ans Kaxporo anemeHta ¥,y =1 T, UHTepBa/ oxBaTa BblYNUCNAIOT
Yepes ero MapruHanbHoe pacnpefgeneHue. Ecnm Y xapakrepusyeTtca HOpManbHbIM pacnpejeneHnem, To Mapru-
HanbHOe pacnpejeneHne AN Kaxgjoro Y Takxke 6ygeT HopmanbHbiM. OTclofa cnegyeT, 4To, Kak 1 B 6.5.2.3.
[nepeuuncneHune b)), kgnpepcrtaBnsieT co60il KBaHTUIb YPOBHS ( CTAHAAPTHOTO HOPMAa/IbHOTO pacnpejeneHus.
3HayeHns kKoadduuMeHTa oxBata Kafnsi BepoATHOCTM oxBata p = 0,95 v pasHbIX 3HAYEHU T nNpuBeaeHbl
BTabnuue 2.

Ta6nuua 1— KoahduumeHTbl oxsata s obnacreii oxsara B (hOpMe m-MepHOro 3/1Unconaa, COOTBETCTBYHOLME
BeposTHOCTU oxBaTa p = 0,95

T . T . T * T x

P P P p
1 1.96 6 3.55 n 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
4 3.08 9 411 14 4.87 40 7.47
5 3.33 10 4.28 15 5.00 50 8,22

Ta6nuya 2— To ke, uTo B Tabnumue 1, Ho 4nsi obnacTeii oxeata B (hopMe m-MepHOro napannenenunesa

m . T . T T K
1 1.96 B 2.64 " 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 2.77 14 291 40 3.23
5 2.58 10 2.81 15 2.94 50 3.29
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MpumevaHune 1— [nAa ogHomepHoro cnyyas (T = 1) BblpadkeHue (16) ynpowaeTcsa [0

dq~y)2=far
4YTO flaeT rpaHUYHble TOUYKM MHTepBana oxesarta gna Yy
M=Y + kpUy.

Lna BeposATHOCTN oxBaTa p = 0,95 kp= 1.96 (cm. Tabnuuy 1).
MpumeuaHune 2— Ecan Y/.j= l....m. B3aUMHO HE3aBUC/MbI, TO  MOXET 6bITb 3aMEHEHO Ha ¢ = p '>T.

6.5.4 O6nacTtb oxBaTa N9 OLUEHKN B BUAe BbIGOPOYHOro cCpeHero u3 MHOroMepHoro

HOpManbHOro pacnpegeneHunsn

PaccMoTpyM N BEKTOPOB Y, ...... Y, P@3MepHOCTbIO T X 1 KaXKablli, N >T. COOTBETCTBYHOLNX NOBTOPSAIO-
LWMMCS HaGNHOAEHUAM MHOTOMEPHOW BennuuHbl Y = (Y, ...... YrgT1. NMpeanonoxum, 4to y ,,.... y,, MOryT 6biTb
MHTepnpeTMpoBaHbl Kak peanmsaumn He3aBUCUMbIX CyYaiHbliX BEKTOPOB Y , Y,,, KaXXibli1 U3 KOTOPbIX Xapakre-
pu3yeTcsi MHOFOMEpPHbIM HOpMalibHbIM pacnpejeneHnemM ¢ MateMaTU4yeCcKnumM 0XnaaHuem L, 1 KoBapuaunoHHOW
matpuuein £ Onpefenum cpefHee N KOBapuaLMOHHYO MaTtpuuy

A =-1(Y, +... fY,), = ALY, - AYY, - AT + .+ (Y, - A)Y, - A)T]

pasmepHoCTM M X 1Mm X m COOTBETCTBEHHO. Torga ciyJyaiiHas nepemMeHHas

~7rT~ (A - w)7VvV (A - u.)

6yaeT nmeTb pacnpegeneHmne duwepa F,,, T (Ha3biBaeMoe Takxke F-pacnpegeneHnemM)cT M N -T cTeneHew
cBo6ogbl (19, nyHkT 3.5.2.1].

MpumeyaHne — AHanorom aToro pesynbrara NS OAHOMEPHON BenuuuHbl GyaeT cnegylollee yTBepxje-
HMe: ANSi He3aBUCUMBbIX CryyaliHbiX NepeMeHHbIX Y,. ..., YN. Kaxgas 13 KOTOpbIX Xxapakrepu3yeTcsi OfHOMEPHbIM HOp-
Ma/lbHbIM pacnpefeneHremM ¢ MatTeMaTuyeckM oOXxujaHnem 4 v gucnepcueri 2, senmumia (n - 1)w (A - p)!S umeet
/-pacnpegeneHune ¢ n-1 cteneHsmun csobogbl, rae

*= L YN S2=1[(Y,- A)2+...+ (Y, -A?].

Mpumep — PaccMoTpuM N - 12 NOBTOPHbIX NAapHbIX HAGNOAEHNT 06BEMHBIX JoNnei MUKpokamHa (A,) u
6unotuta (A2 B OAHOM TOHKOM paspese rpaHuta G-2 [4, 25). Ha pucyHKe 4 3Ha4YeHua napHbIX HabnoaeHni
n3obpaxkeHbl B Buje Touek. Ha Hem Tak>XXe nocTtpoeHa 95%-Haa annnniuyeckas obnacTtb oxBaTta Ana marte-
MaTU4eCcKOro oXXugaHua BenuunHbl A pasmepHoctn 2x1. OueHka mateMaTu4yeckoro oXXugaHnsi ncooTeeT-
CTBYlO L as el kKoBapMaumoHHaa MaTpula MMer T BUj

27,0 1,202 -0,396

8= 62 + V= 0,396 0,381

a95-anepueHTUNb pacnpepenenns F210paBHa 4,10. 95%-Hasio6nacTb oxBaTta 4nd A— 3TO0 3A1UNC, ONUCbIBa-
emblit popmynotii

(A-a)Tv~1(A-a) = 4,10y - ~
He6onbwoe yncno HabnogeHuii B faHHOM NpuMepe He NO3BONAET cenaTb cofepXaTelbHble BbIBOAbI

0TOM, HacKONbKO cnpaBeinnBbl UCXOAHble [ONYLLEeHNA, 4TO6bl CYMTaTb NOCTPOEHHYO 06NacTb oxBarta
[OCTOBEPHOIA.
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25 26 27 28 29
O6beMHas AoN MUKPOKIMHA. %

PucyHok 4 — [1BeHajuatb nap BbIGOPOUHbIX 3HAYEHUA 1 95%-Hasa annunTuyeckas
o6nacTb oxBara BOKPYr UX BbIGOPOYHOrO cpejHero

7 Metoa MoHTe-Kapno

7.1 O6uwme NnonoxeHuns

7.1.1 B HacTofllLLeM pa3jene paccmatpuBaeTcs npumeHeHue metoga MoHTe-Kapno gnsa tpaHcopmupoBa-
HUA pacnpejeneHuii (cooTBeTcTBylOLLasA Npoueaypa onmcaHa B 7.1.7 n npejctaBneHa B Buje gnarpaMmMbl Ha
pucyHke 5).

7.1.2 MeTog MoHTe-Kapno Nno3Bo/sieT peanM3oBatb 06WMNii NOAX04 KNONYYEHUNIO LUCKPETHOTO NPUGANXKEH-
HOro npepacrtasneHnsa G pyHkumn pacnpegenedusa Gv(tj) gna Y [18. cTtpaHuua 75]. CyTb nogxoja cocTouT B
nony4yeHnmn NoBTOPHbIX BbIBOPOK M3 NIOTHOCTM pacnpegeneHuna ana X, (MAn cCOBMeCTHON NNOTHOCTK pacnpefjene-
HUA 4NA X) M BbIYUCNEHUN ANST KAXKAOTO BbIGOPOYHOro 3Ha4YeHNS BEKTOPHOU BbIXOAHOW BENNYNHbI.

7.1.3 MockonbKy <3Y(r]) cogep>XT MakcMManbHO NONHYO MHopmMauuto o Y. niobble XxapakTepucTnku Y.
Takve Kak Matematuyeckoe oXxujaHve, gucnepcusa n Koeapuauns, a rakxke obnactv oxsata MoryT 6bITb paccunta-
Hbl U3 MONYy4YEeHHOTOo NpubnmxeHna G. B obwem cnyyae OCTOBEPHOCTb NONyYaeMblX XapakTepnuctmk so3pacraet
cCyBeNnyeHneMm yncna Bbl6OPOK.

7.1.4 Nlony4yeHHble B COOTBETCTBUM C 7.1.2 3HAYEHUNA BbIXOAHON BENNUYNHBI paccMaTpuBaloOTCs Kak He3aBu-
cnMas BbI6GOpKa N3 COBMECTHOrO pacnpejeneHns BepoaTHoCTM 4na Y. MatemMatnyeckne oxkngaHusa, gucnepcumu
(1 BbiCLLME MOMEHTbI), @ TakXXe KoBapnanmm MoryT 6biTb paccunTaHbl HEMOCPEACTBEHHO MO 3TUM BbIGOPOYHbLIM
3HavyeHuaM. OnpegeneHne obnacteil oxesata TpebyeT nNpegBapuUTeNbHOrO aHanM3a MNOAYYEeHHbIX 3Ha4YeHWui
(cm. 7.7).

7.1.5 Nyctb yr,r* 1, ... M, 0603HauYaeT BbIGOPOUHbIE 3HAYEHUS BbLIXOAHOW BENUUYUHBI (CM. 7.1.4).
Bbibopka y, no3BonseT NoNy4nTb NPUGANXKEHHbIE 3HAaYeHUA MaTemaTtnyeckoro oxuganua E(Y) ngncnepcun V(Y)
BeNMYMHbI Y. Kak npaBunno, B Ka4ecTBe MOMEHTOB BennuuHbl Y [Bkao4vas E(Y) nV(Y)] npyHMmMmalroT coOoTBETCTBYHO-

uwne Bbl60p0'—IHbIe MOMeEHTbl. 0603Ha4YnM MW uncno BEKTOpPOB B Bbl60pKe Y., 4143 KOTOPbIX Ka)K,quVI X anemMeHT

He NPeBOCXOA4MT COOTBETCTBYIOLUIA 31eMEHT HEKOTOPOro BekTopa yOpa3dmepHocTM T X 1. Torga BepOsiTHOCTb

Pr(Y <y0) MmoXeT 6bITb NPNUBAMKEHHO NpejcTaBneHa oTHoweHnem My jM . Taknm o6pa3om, BbiIGOpka BEKTOPOB

Y,....yn no3BonseT NoNy4YnTb AUCKPETHOE NpejcTaBneHne yHKUum pacnpegeneHus Gv (tj).
7.1.6 NpubnuxkeHne G siBNsieTCA NEPBbIM pPe3ynbTaToM NpMMeHeHus meTofa MoHTe-Kapno n npegcrasnsiet
co60i MmaTpuuy pasaMmepHocTMT X M

7.1.7 Npouegypa npumMmeHeHns metofa MoHTe-Kapno gna tpaHchopMuMpoBaHus pacnpejeneHuin B cnyyae
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SIBHOI 3aBMCUMOCTN Y Yepe3 X 1 3apaHee 3afjaHHOro Yyncna ucneiTaHuii M (B npoTMBHOM cay4yae cM. 7.8) nokasa-
Ha B BUAe gnarpaMmMbl Ha pUcyHke 5 1 BkAoYaeT B ceba cnefytolme atanbl:

a) BbIGUpAlT YNCNO UCNbITaHUi M (cMm. 7.2);

b) hOpPMUPYIOT B KaXKAOM U3 M ncnbITaHNn W-MepHbIi BEKTOP BXOAHbIX BEMYUH X., 3INeMeHTaMmn KOToporo
ABAAOTCA cnyvaliHble BbIGOPOYHbIe 3HAYEHUA U3 pacnpejeneHunii Ans X, an COBMECTHOro pacnpejeneHuns
ana X (cm. 7.3);

C) paccunMTbiBalOT N1 KaXKAOro BbIGOPOYHOrO 3HAYeHNA BEKTOpa BXOAHOW BeANYNHbI BEKTOP BbIXOAHOW
BeNYNHbI Y, nonyyas Takmum 06pa3omM BbI6OPKY BEKTOPOB BbIXO4HOW BENMMUYNHBI 06bemMoM M (cMm. 7.4):

d) hopmupytoT npeactaBnerHne G pyHKUMN pacnpegeneHna Y B Buge psga M 3HaueHUin BEKTOPHO BbIX0A-
HOW BeNnYuHbI (CM. 7.5);

e) HaocHoBe G BbIUNCAIOT OLEHKY Y BEIMUYUHBI Y 1 KOBaApuaLunoHHyo Mmatpuuy Uy. COOTBETCTBYIOLLYIO Y
(cm. 7.6);

OHa ocHoBe G CTPOAT coOOTBeTCTBYylLWY o6nacTb oxBata Ana Y AN 3afjaHHOl BeposATHOCTU
oxBaTta p (cm. 7.7).

MpunmMeuyaHune — BblbopoyHoe cpegHee AN M BEKTOPHbIX BbIXOAHbIX BEIMUYMH UMeEET Maremarnyeckoe
oxuganve E(Y) n gucnepcuio V(Y)/Af. Taknm obpasom, pacxoxgeHve mexgy E(Y) n ero oueHkoii B cpefHem 6yaet
nponopunoHanbHo M~'12

7.1.8 3 dekTnBHOCTL MeToga MoHTe-Kapno npuonpegeneHnmn y. Uy nobnactn oxsatra gna Y 3aBUCuUT oT
ajeKBaTHOro Bblbopa yucna ucnbiTaHuii M (atan a) B 7.1.7]. PekomeHgaumn no BbI6Gopy AOCTATOYHOrO Yncna
ncnbiTaHnii M v no gpyrum Bonpocam peanusauunn metoga MoHTe-Kapno npusegeHsbl B [8] (cM. Takxke 7.2 n 7.8).

7.2 Yucno ucnbiTaHuii metoga MoHTe-Kapno

7.2.1 Aina npumeHeHns meTtofa MoHTe-Kapno Heo6xogMmo Bbl6paTth UMCN0 UCAbITAHWA M, T. €. 06BbEM Bbl-
60pPKN BEKTOPHOU BbIXOAHOW BEANUYNHBI. STO YUNCNO MOXET 6GblTh BbIGPAHO 3a6n1aroBpeMeHHO (40 NpoBeLeHUS
NcnbiTaHnii), Ho Torga 6yfeT NCKAIOYEHa BO3MOXHOCTb yNpaBieHNs TOYHOCTbIO pe3ynbTaToB, MOAYyYEeHHbIX C No-
MOLLbIO JaHHOTO MeToAa. MPUYNHOW ITOMY CNYXKUT TO, YTO YMCNO UCNbITAHUA, HEO6XOANMOE AN MONyYeHUs
pe3ynbTaTta BblYMCNEHUSA C 3aJaHHOW TOYHOCTbLIO, 3aBUCUT OT (POPMbI NIOTHOCTM pacnpefeneHuns BbIXO[HO Benn-
YMHbI M OT 3a/JaHHOT0 3HaYeHNs BEPOATHOCTM oxBaTta. Kpome Toro, MeTo/] BbIYNCNEHUSA ABNAETCA CTOXaCTUHECKUM
no cBoe npupoje, NOCKONbKY 3aBUCUT OT CyYaliHO BbIGOPKU.

7.2.2 TloCKONbKY HeNb34 3apaHee rapaHTnpoBaThb, YTO BblOpaHHOe 3HavyeHne M o6ecneymnTt JOCTATOUHYIO
TOYHOCTb NPUGAMKEHMNSA, MOXHO MCNONb30BaTh NpoLeAypy aganTMBHOIO Bbi6opa, yTOUHAA 3Ha4YeHne M B npouec-
ce ucnbiTaHuii. AjantueHas npouejypa, yctaHoBneHHas B 7.8. no3sonsieT onTuManbHblM 06pasom NonyyuTb
3Ha4vyeHne M, cooTBeTCTBYO L €€ 3aaHHO TOYHOCTU BbIYNCNEHWUIA.

MpumeyaHune — [nA cnoXHOW Mofenn, Hanpumep, TpebytoLleli NoNy4YeHUs peLleHns MeTOA0M KOHEUHbIX
371€MEHTOB, NPUMEHEeHWe GOMbLLOro YMCAa UCMbITAHUA MOXKET OKa3aTbCsl HEBO3MOXKHbLIM. B aTOM cnyyaB pekomeHgyeT-
cA NpPUBAXKEHHO MpeAcTaBuTb MIOTHOCTb pacnpefeneHns BbIXOAHON BennunHbl £y (/1) HOpMaibHbIM pacnpejeneHu-
eM (kak e GUM). 3To no3BonsieT Ucnonb30BaTb OTHOCUTENbHO HEGONbLLIOE YMCNOo UCTbITaHuit M, Hanpumep 50 nnn 100,
a nonyyeHHble MO pe3ynbTatamM KCMbITaHWl BbIOBOPOYHOE CpefHee U BbIGOPOYHbIE KOBapuauuy NpUHATb, COOTBETCTBEH-
HO. B KayecTBe oLeHOK Yy n Uy. ina onucaHns Y 1 NOCTPOeHUs obnacTu oxsata MCMoMb3yT NNOTHOCTb HOPM&/IbHOTO
pacnpegenenua N(y, Uy). XOTa yMeHbLUEHNE Yncna NcnbiTaHnii Hem3bexkHo yxy/LiaeT CBOCTBa MeTofa B HacTu anmnpok-
cumMauun pacnpegeneHusi BbIXOAHOW BEINUYUHBLI, OHO BCE >Ke MO3BOAAET y4YeCTb HENNMHENHOCTb MOoAEenn N3MepeHus.

7.3 MNonyuyeHue BbIGOPOK U3 pacnpejeneHnin BeposaTHOCTU
7.3.1 ina npumeHeHnsa meTtoga MoHTe-Kapno opmupytoT M BeKTOpoB X,. r= 1... M. B cooTBeTCcTBUU

C MAOTHOCTAMM pacnpejeneHus BeposiTHocTer 9* (£)ana N BXOAHbIX BEAUYUH X, UN. CNY 3TO HEO6X0ANMO,

M3 COBMECTHOI NnoTHOCTM pacnpegenenusa ®MB gxE).

7.3.2 PekoMeHpaumnm no hopmMrnpoBaHnto BbIGOPKN ANA Hanbonee pacnpocTpaHeHHbIX pacnpeeneHuni (pas-
HOMEPHOro. HOPManbHOro, MHOrOMEPHOro HOpManbHOro u/-pacnpegeneHuns) npusegerHbl BJCGM 101 (MyHKT 6.4
n npunoxeHue C). OfHAKO BO3MOXHO nonyvyeHne BbIGOPOK, COOTBETCTBYHOLUX N APYTMM pacnpegeneHnsam [cm.
JCGM 101 (pa3gen C.2)]. HekoTopbie pacnpejeneHus MoryT 6biTb anNPOKCUMUPOBaHbI pacnpejeneHnamMmu, nony-
YeHHbIMW B pe3ynbTaTe NpMMeHeHna metoga MoHTe-Kapno npu npeablifyLnx BbIYNCNEHUAX HEONPELEeNeHHOCTHN
(cmM.JCGM 101 (nyHKT 6.5 n npunoxxeHune D)].

7.3.3 Mpoueaypa popmnpoBaHns BbIGOPKM 4N MHOFOMEpPHOro /-pacnpejeneHuns onncaHa B 5.3.2.4.

MpumeuaHune — [ns LOCTOBEPHOCTU pe3ynbTaToB MPUMEHEHWs MeTofa MoHTe-Kapno Heo6xoavumo, YToGbl
reHeparopbl MCeBAOCHyYaiiHbIX 4YWCeN, WCMoMb3yemMble A5 (POPMUPOBaHMS BbIGOPOK M3 3afjaHHbIX pacnpegene-
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PVCyHOK 5 — 3Tanbl TpaHCHOPMUPOBaHUS pacnpefeneHnii U nonydeHus pesynbTaToB OLEHWBaHWUS HeonpegeneH-
HOCTU MeToAoM MoHTe-Kapno ans ciyvasi SBHOW 3aBUCMMOCTM BbIXOAHbIX BEMUMH OT BXOAHbLIX BEMUMH

HUiA, o6nafann cooTBeTCcTByOWMMN cBolicTBamu. BJCGM 101 (nyHkT C.3.2) npuvBefeHbl HEKOTOpble TecTbl CHOpMU-
POBaHHbIX BbIGOPOK Ha CNy4aliHOCTb.

7.4 BbluncneHue BEKTOPHON BbIXOLHON BENNUYUHBI

7.4.1 BeKTOPHYIO BbIXOAHYIO BEMNUYNHY BbIYMNCAAIOT AN KaXKAOro n3 M BbIGOPOYHbIX 3HAYEHWI JI/IMepHOro
BEKTOpa BXOAHOW BeNUYMHbI, NONYyYEHHbIX N3 COOTBETCTBYOLWUX pacnpegeneHunii. Ecnm o6o03Hauynts M BbiGO-
POUHbIX 3HAYeHWn BeKTopa BXOAHOW BeNNYUHbl pa3mepHocT N X 1 yepes X,...... XW, rae r-ii  BekTop X.
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COAEPXNT X, XrH, n x1r— BbI6OpPOYHOE 3HaYeHne u3 pacnpegeneHuns ana X,. To COOTBETCTBYOLNE 3HAYEHMNSA
BEKTOPOB BbIXO4HOV BENNUYUHBI NS MOAENN U3MEPEHUSA C ABHbIM BUAOM BYHKLNOHANbHOW 3aBNUCMMOCTUN BblUKC-
NAT No popmyne

MpumeyaHue — lMpu MCNONb30BaAHNN 3aKOHA TPAHCHOPMUPOBaHNA HeoMnpejeneHHOCTel, Korga aHanntnyec-
K1e BbIpaXKeHNs1 NMPOU3BOAHBIX (YHKLMN N3MEPEHUS MO BXOAHbIM BeNMYMHAM W3BECTHbl TOYHO, 3HAYEHUS 3TUX MPOU3-
BOAHbIX U 3Ha4YeHVs (PYHKLUN n3MepeHusi 6epyT B TOUKE OLEHOK BXOAHbIX BENWYUH. ECinM aHanuTuueckne BblpadkeHus
AN NPOU3BOAHBIX HEM3BECTHbI U AN VX OLLEHOK UCMOMb3YIOT NPUGAMKEHVE B BUAE KOHEUHbIX Pa3HOCTeN, TO nonyvaroT
OLIEHKN TONMbKO AN (PyHKUMM namepeHusi. CornacHo pekomeHgaumm GUM [JCGM 100 (npumevaHue 2 K NyHKTy 5.1.3)]
3HaYeHNsa PyHKLMM n3MepeHns 6epyT B TOUKAX OLLEHOK BXOAHbIX BENNYMH, a Takke B TOUKax, OTCTOALMX MO 06e CTOPOHbI
OT 3TVX OLEHOK Ha PacCTOSIHUWM OfHOI CTaHAApPTHOW HeonpefeNneHHOCTU (Bapbupys MO oYepefn ANA Kadkaoli BXOAHON
Be/MUUHbI). B MeToge ke MoHTe-Kapno 3HaueHns PyHKLMIA n3MepeHns NonyyatoT Npy BapbNpOBaHNN BXOAHbIX BENYUH
B OKPECTHOCTMN MX OLEHOK, T.e. B TOYKax, KOTOpble MOryT OTCTOSITb OT 3TUX OLEHOK Ha HECKONbKO CTaHAapTHbIX OTKIOHe-
HWIA. MockonbKy B MeToAe MoHTe-Kapno 3HavyeHus pyHKLUN U3MEePEHUs MoMydatoT B Pa3HbIX TOUKaX, MOXET BO3HUKHYTb
BOMPOC O CBOMCTBax BbIYMCIUTENLHON Npoueaypbl, B YHACTHOCTW, O €B YCTONYMBOCTU U1 (B ClydYae NpUMEHEHUs afanTtuBs-
HOli npoueaypbl) CXOAMMOCTU. NPy BO3HWKHOBEHUN COMHEHWI Nonb3oBaTtento cnegyet yb6eantbCcs B TOM. UTO MeETOA
faeT [OCTOBEPHble OLEHKN BbIXOAHOVU BENNUYUHBI NS [JOCTATOYHO GOMbLUMX OKPECTHOCTEN OLEeHOK BXOAHbLIX BENNYMH.
OpHaKo cnefyeT 0XuAaTb, YTO BOMPOChI YCTOWYMBOCTUM U CXOAMMOCTU YMCNEHHOTO MeToAa MOryT CTaTb KpUTUHECKUMU
TONbKO B UCKHOUUTENbHbIX ClyYasix.

7.4.2 Ecnun X, ABNAOTCA 3aBUCUMbIMU BENMYNHAMU, TO B 7.4.1 pacnpepeneHusa ansa X, cnejyet 3aMeHUTb
Ha COBMeCTHOe pacnpejeneHve gns X.

7.4.3 B cnyyae MoJenu ¢ HesIBHbIM BUAOM (hYHKLUMOHaNbHOU 3aBUCUMOCTM 8 npoueaype, oNnMcaHHOW B
7.4.1. 3Ha4YeHNA BEKTOPHOIi BbIXO4HO BENMUYUHBI Yy, NONyYaloT, B pe3ynbTate pelleHns ypaBHeHui

h(y,.xr)=0,r= 1.... M.
7.5 lnckpeTHoe npejcTaBneHne PyHKUUM pacnpepeneHmnsa ANA BblXOAHOW BENUYNHbI

[OuckpeTHoe NpeAcTaBneHne PyHKLUM pacnpeieneHuns 415 BEKTOPHOW BbIXOAHOM BENMMUMHBI (hOpMUpyeTcs
13 M 3HauYeHWii BEKTOPHOW BbIXOLHOW BENMUNHbI, MONYYEHHbIX cOrnacHo 7.4. B o6wem cnyyae aTo npejgcrasne-
Hue aBnsieTca mMatpuuein G paamepHocTM T X M, r-i1 cTon6ew KoTopoii ABASieTCS I-M 3HaYeHWeM BEKTOPHOI Bbl-
XO[HOI BENNUMHLI. lnA oAHOMepHOI Mmofenn G — BEKTOP-CTPOKaA.

MpumeuvaHne 1— /-4 citpoka marpuubl G ABAAETCA NPUBAMIKEHHBIM [UCKPETHbIM nNpejcTaBneHnemM
PyHKLMN MapruHanbHoro pacnpegenenuns ansa Yf.

MpnmeyaHne 2— [AnAa T =1.2. 3 BO3MOXHA rpaduyeckass WHTepnpetaums npubnmxennsa G. MycTb
T =2. Ana r=1,.... M noctpoum B nnockoctu (¥, ,¥Y2) Touky ¢ koopgnHaramu, COOTBETCTBYIOLLUMMN ABYM deMeHTam B
cton6ue r marpuubl G. Mpu goctatoyHo 6onblioM M MAOTHOCTb HaHECeHHbIX TOYeK B 6O NoKanbHOW o6nacTu
nnocKocTn 6yAeT NpubAN3nTenbHO MPONOPLMOHaNbHa NIOTHOCTM pacnpejeneHns B 3Tol obnactu.

MpumeuvaHune 3— TocCTpoeHHOe npubamKeHne G Mo3BonseT MW3BNeYb pPasHOOGpasHyl MHGopMaLmio,
B 4aCTHOCTWU, OTHOCUTENIlbHO MOMEHTOB BbICLUMX NOPsAKOB. OfHaKko B crnoco6e OLeHVWBaHWA HeonpefeneHHoCT! no
GUM pgnsa TpaHcopMUpOBaHUS HeonpefeneHHOCTel 1 nocnefytowero oueHnBaHus HeonpeaeneHHoCTU U3MepeHus
[JCGM 100 (nyHKT 0.4)] fNnsa nonyyeHWss OULEHKU Y M COOTBETCTBYIOLLEN eli KoBapuauMoHHOW MartpuLbl He06Xo04UMOo
3HaTb MOMEHTbI TO/IbKO NePBbIX ABYX MOPSAKOB.

MpumeuvaHune 4 — Ecan BennumHa Y 6yaeT UCNONb30BaTbCA B Ka4yecTBe BXOAHON BeNMUYMHbI Ha cnefyto-
LemM aTarne MHOrocTyneH4aToro M3mMepeHus, To Ha 3TOM 3Tane BbIGOPKY BXOAHbIX BEANYUH MOXHO NONYUYUTb U3 yrke
NMEIOLLMXCA 3HaveHuii y,. r = 1..... M, (nn. 4To TO XXe camoe, 13 cToN6L0B MaTpuupbl G). nocnegoBartebHO OCYLLLECTBASA
CnyyvariHblii BbIGOP (C paBHOV BEPOSATHOCTbIO) U3 3TUX 3HaveHnn [JCGM 101:2008 6.5].

7.6 OueHKa BbIXO4HOW BeNMUYUHbI M COOTBETCTBYOLLEl el KOBapuaynoHHOW MaTpuLbl

CpefHee apuMeTyeCcKoe 1 KoBapuaLuoHHyo MmaTpuuy

y =/9(yi + - ey«)-uf =a?bl <¥'-yKy<-y> + - + (y« -y)(y« - y)T]

NPUHMMAIOT, COOTBETCTBEHHO, B KAYECTBE OLEHKN Y BENNYMHbI Y U KOBapuaLMoHHOW MmaTpuubl Uy.cOOTBETCTBYHO-
ew y.

MpumeyvyaHne — He3aBNCUMMO OT TOrO, ABNAETCA N MOAENb U3MEPEHNS TMHENRHOW NN HennHelHOW, npu M
cTpeMsLemMcs K 6eCKOHeYHOCT Yy cTpemMuTcsl Mo BepossTHOCTM K E(f(X)). ecnn nocnegHee cyuwiectByer.
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7.7 O6nacTb oxBaTa ANA BEKTOPHON BblXOAHONW BENUUYUHDI

7.7.1 O6uwme nonoxeHusa

TeopeTunyecku cylLecTByeT CKoNb YyrogHo MHoro 100 p %-mbix o6nacteit oxsata gns Y. B HacToAlem cTaH-
fapTe paccmaTtpuBaroTca o61acTu oxsara Tpex BUAoB, KOTOpble, KaKk 0XXnaaeTcsi, MOryT HalTu Hanbonbluee nNpak-
TMyeckoe npumeHeHne. OfHaKO B OTAENbHbIX 06CTOSITEIbCTBAX MOXKET 0Ka3aTbCsi NPeAnoYTUTEIbHBIM UCMNONb30-
BaHWe o6nacTn oxsara crneumanbHoi popmbl. HesaBucumo ot Buga o6nactm oxsarta nocTpoeHne nocnefHeli oc-
HOBAaHO Ha NoNy4YeHHOM npubamxeHun G. T. e. Ha Habope M Toyeky,, cnyyaliHbiM 06pa3om BbiGpaHHbIX U3 pacnpe-
feneHns BepoATHOCTeN Ana Y npu peannsaunmn metoga Monte-Kapno (cm. 7.5). PaccmatpuBaemble 3jecb o6na-
CTM oXBaTa UMetoT BUA;

a) annuncoupa. flaHHas obnactb oxBata 6ygeT 6/1M3Ka K HaMMeHbLl el o6nacTu oxBata B cayyae, eciu
pacnpefeneHue BepositHocTeli 4nsA Y 6/1M3KO KHOPManibHOMY;

b) napannenenunega. O6nacTtb oxBata ;aHHOro Buja gonyckaeT NpoCTyto UHTepnpeTayumnio, Ho 3a4acTyto
ee 06beM cyL,eCTBEHHO NPeBOCX0OAMUT 06beM HanMmeHbLleli o6nacTu oxeara;

C) HanMeHbLl el o6nacTn oxBaTa, KoTopas B 06LWeM ciyvyae He umeeT Kako-nnbo 3afaHHON reomeTpuyec-
Kol hopMbl M onpegenseTca B HEKOTOPOM NpubBANKeHUN, 3aBUCALLLEM OT M.

7.7.206nacTb oxBata B (hopme annuncounja

YpaBHeHue 100 p %-HOW o6nactu oxBata Ansa Y B popme aannunconga nmeeT BUA:

(N-¥)7wny-,(n-y) ="p. (20)

rae y onpepgensieT NofoXeHne LLeHTpa aNnMnconja B NpoCTpaHCTBe BbIXOAHbIX BeNNUnH. Uy— thopmy anamnco-
nja (cteneHb BbITAHYTOCTM M OpUEHTALMIO BNPOCTPAHCTBE), akp — ero pasmep (06bem). Mpouegypa nocTpoeHns
ob6nacTtn oxBata Bopme annuncounga nogopmyne (20) npu n3BecTHbIX oueHkaxy nUy(cm. 7.6) TpebyeT Haxox-
[EeHNA KP U COCTOUT B CnefyloLlem:

a) TpaHCPOPMUPYIOT TOUKKM y, B y°r (r=1.... M) no popmyne

y\ =L«(yf - y), r=1...M. (21)

rge L — HWKHAA TpeyrofbHas marpuua pasMepHocTM T X T pasfnoxeHusa Xoneukoro Uy =LL";
b) COPTUPYIOT TPAHCHPOPMUPOBAHHbIE TOUYKN Y § B NOpsajKe BO3pacTaHna 3HavyeHus of, rae

7] 2
dc =y%Vr =Z(y*|/). r= 1... M\

C) MCNONb3YIOT yNnopsifoyYeHHble Y, N5 onpeAeneHns KoagduLumeHT oxsarta KB, 3Ha4YeHne KOToporo onpe-
LEensiloT U3 yCcnoBuUA: KBANS BCeX y% C HOMEepoM I, He MpeBbllarWwmnm pM:
d) cTposT 100 p %-Hyt obnacTb oxsata A4nsa Y. rpaHuLbl KOTOPOW onpeaeneHbl ypasHeHnem (20).

MpumeuyaHune 1— OCHOBbI ONMUCAHHON NpoLeaypbl U3NOXeEHBI B [1]. FAe MAcCcUB BEKTOPHBIX AaHHbIX COPTUPY-
10T MO MeTpuKe

(Y,-a)tr2 ’(y,-a).

rge a — craticTika napameTpa nofoXeHus, a | — cratucTvka napameTtpa Maclitaba (aucnepcuun). ®opmyrbl, npuse-
[leHHble B npouegype, noayyeHbl 3ameHamu a =y n | = Uy. licnonb3oBaHune B npoLiegype TpaHChopMupoBaHue Todek
HeobxoAMMO ANA TOro, 4Tobbl cAenaTb KOBapuaLMOHHYIO MaTpuLly, COOTBETCTBYIOLLYIO TPAHCHOPMMUPOBAHHbLIM TOUYKaM,
©[JUHNYHOW, T.e. 31eMeHTbl BEKTOPOB BbIGOPKW CTAHOBSITCA HEKOPPEIMPOBaHHbIMU. TO NO3BONAET COMNOCTaBNsAThL (COp-
TpoBaTb) TPaHCHOPMMPOBaAHHbIE TOUKN MO MX PACCTOSHMIO OT OLEHKN y. M3 cnocoba nonyvyeHns ToYek yrcnegyet, uto
OHU XapaKTepusykT pas3bpoc 3HaueHuit cnyyaiiHoli BenMUMHbI Y BOKPYr LLEeHTpasbHOW Toukn y. O6nacTb oxBaTta B BUje
anannconga c LeHTPOM B Yy MO CBOEMY CMbIC/Y O/MKHA cofepxkatb 100 p % obLiero yncna Touek y

MpumeyvyaHne 2— lpuemMnemocTb MNonydyeHHoli o6nactu oxeara AN NpPeAcTaBNeHUs HeonpeaeneHHoCTU
N3MEpPEHNA 3aBUCUT OT KOHKPETHOW M3meputenbHoi 3ajauun. MonyyeHHoe npeAcTaBneHUe MOXeT cTaTb Henpuemne-
MbIM. €CNN pacnpejeneHve To4Yek y, B NPOCTPAHCTBE BbIXOAHOW BeNMUMHbI Y MAOXO COrnacyeTcs ¢ onucaHvem 3ToW
BE/MYNHbI MHOFOMEpPHbIM HOPMa/bHbIM pacnpejeneHnem.

MpnmeuvyaHune 3 — MaTpuua L. nonydyeHHas Ha aTane a), MOXeT 6bITb onpejeneHa, Hanpumep, cnocobom,
onucaHHbIM B [13} (cM. npymep HWxXe).

MpumeyaHune 4— TMpouedypa NOCTPOEHMSA 061aCTU OXBaTa yuMTbIBAET CyLEeCTBOBaHNE 3aBUCUMOCTU MEX-
Ay anemeHTamu Bektopa Y.

MpumeyaHune 5— [nA CIOXHOI MoOfenu, Hanpumep, TpebytoLeil NoNyYeHNs peLleHnsi METOLOM KOHEUHbIX
3NeMEHTOB, NPMMeHeHne 60NbLLIOro Ynucna UcnbiTaHnii M MOXXeT oKasaTbCsi HEBO3MOXKHbIM. B 3TOM cnyyaB peKomeHfy-
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eTcs NpUBAMKEHHO MpeacTaBuUTb NNOTHOCTb pacnpeAeneHus BbIXOAHON BennumHbl Y HOPMasbHbIM pacnpefeneHvem.
3TO NO3BOASET UCMONb30BaTb OTHOCUTENBLHO HEBONbLIOE YNCNO UCTbITaHWii M. Hanpumep 50 nan 100. a nonyveHHble
no pesynbTatamM WCMbITaHWA BbIGOPOTHOE CpefHee M BbIGOPOUHbIe KOBapuaLun NpUHATb, COOTBETCTBEHHO, 3a OLEHKU
y nUy. ina onucaHnsa Y 1 NOCTPOeHMS o6nactn oxsara UCMoNb3ykT NAOTHOCTb HOPMa/ILHOIO pacnpefeneHus ¢ mare-
MaTUYeCKM OXXMAAHVeM y 1 KoBapuauvoHHol matpuuei Uy. XoTa yMeHbLUeHWe Yncna UchbITaHni HensbexxHo yxyalla-
eT cBoOiicTBa MeToja B YacTu anmnpoKcumauun pacrnpegeneHus BbIXOAHOU BeNMUYMHbI, OHO BCe e MOo3BOoNsieT yyecTb
HeNMHeliHOCTb Mogdenu n3mepexus. B Tabnuue 1 npusefeHbl 3HadeHust KO 4nsa BeposATHOCTM oxBata p = 0.95 B 3aBucu-
MOCTV OT pa3MepHOCT T BEKTOpa BbIXOAHbIX BEMUYUH MPY AOMYLLEHUN HOPMaNbHOCTU pacnpegenexHus Y

Mpumep — PaccMoTpuM MOfLeNb U3MEPEHNSA
Y,=X,+X3 Y2=X2*X3 (22)

B KOTOpPOIi BXOAHbIM BenMunHamMm X1 un X2 npunucaHo HopmanbHoe pacnpegeneHue N(0:0,1) kakgoit. X3npunu-
caHO npsamoyronbHoe pacnpegeneHne R(-(3x1.9)12t (3x1,9)12, un BCe BXOAHble BeNUYUHbI ABAAKTCA
He3aBUCMMbIMU. MaTemMaTu4eCKUMUN OXUAAHUAMU BXOAHbIX BennumH X aBnsaoTca x =0. /=1, 2,3, a wnx
gucnepcuamm — un2x)-0,1, 1=1,2 u uXXj)=19. Torga, kKak B npumepe 2 n3 6.5.2.3, ¥Y=(Y1YAT nmeeT
OL,eHKY MaTeMaTM4yeCckoro 0OXXunjaHnsa MCOOTBETCTBYIO L Y10 eil KoBapuaLMoHHYI0 MaTpuLy

TpaHcthopMupoBaHHble TOUKYK Y", Ha3Tane a) GoOpMUPYIOT C ncnonb3oBaHnem L~\ unmetowei cnegyto-
Wmnii BUA (CTOYHOCTHLIO O TPETbero 3Haka nocne 3ansiTon):

1414 13441 |3 -[o707 -2.151
0,000 0.442\' 10,000 2.265

Ha pucyHke 6 cneBa nokasaHbl 1000 BbIGOPOUHbLIX TOUYEK NS pacnpefeneHns BepoAaTHOCTK Y, onpege-
nAemMoro mogenbto namepeHuns [bopmyna (22)] u npnBeAeHHbIMMN Bblle pacnpefeneHnsaMn BepoAaTHOCTY AN1A
BXOfHbIX BeMMUYNHXb/=1,2. 3. 95%-Has annunTuyeckas obnactb oxsaTa 4N Y, NoNy4YeHHas B NpejnonoXxeHunn,
4UTO Y xapakTepusyeTca gBymepHbiM pacnpegeneHnem faycca N(y:Uy) [kaknHa aTane a)B 6.5.2.3], nokaszaHa
NYHKTUPHOW nMHUeih. 3Ta obnacTb nMeeT nnowafb 11.8 KBagpaTHbIX efuHUL, Kp = 2,45 1 cofgep>XnTt 968 n3
1000 Touek. AnamnTuyeckasn obnacTtb oxBaTta, onpegeneHHas Ha ocHoBe 1000 BbIGOPOYHbIX TOYUEK B COOT-
BeTCTBUMW C Npoueaypoli 7.7.2, nokasaHa cniowHolinuHneli. 3T1a o6nactb MMeeT naowafb 10,6 KBagpaTHbIX
efuHuy, Kp= 2,33, 4TO HEMHOIMM MeHbLUe, 4YeM 061acTb, NOAy4YeHHasa B MPenoN0>KeHU HopManbHOCTH pac-
npejeneHunsa BbIXOAHOW BeAnYnHbI. Kak 1 o/mKHO cnefjoBaTb U3 cnocoba nocTpoeHus o6nacTtm oxsarta, aTa
o6nactb COAepP>XWUT PoBHO 950 ToOUeEK.

Mogpgenb namepenus [hopmyna (22)] paccmatpuBaetca 6onee nogpo6Ho B pasjene 9, rae npuBefeHbl
TakXe gpyrne npMmMepbl NoCTpoeHus o6nacteil oxearta AN BYMEPHbIX BbIXOAHbIX BENYMNH.

PucyHok 6 — 3nauntuyeckme obnactu oxearta, MOCTPOEHHbIe B COOTBETCTBMM C npouesypamun 6.5.2.3 a) n 7.72 ansa
npumepa 13 7.7.2 (cnesa) 1 NPSMOYrofbHble 061acT OxBarta, NOCTPOEHHbIe B COOTBETCTBUM C npouegypamu 6.5.2.3 b)
n7.7.3 gna npumepa us 7.7.3 (cnpasa)
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7.7.3 O6nacTb oxBaTa B (JopmMe napannenennnepa
100p %-HasA o6nacTb oxBatafgna Y B popmMe napannenenvnega nmeet Buj

y, +fyHy,),=1...T, (23)

rae y = (y,....ycn'onpefenser nofoXxeHue LeHTpa napannenenuneja B NPOCTPAHCTBE BbIXOAHbIX BEANYUH,
anly)=(aly,) n{yt))T n/l, onpepenar ero paamep (06bem). MNMpoueaypa nocTpoeHna obnactu oxsara B popme
napannenenunega no gopmyne (23) Npy U3BECTHbIX OUEHKax y U n(y) TpebyeT HaxoxeHuns K, n coctonT B
cnepytowem:

a) TpaHCoOpMUPYIT TOUKM Yy, B Y, (T -1..... M) no ¢popmyne (21), Horge L Tenepb ABNsieTcs guaroHanb-
HOW MaTpuueil pa3MepHOCTUT X T CpAnaroHanbHbIMW aneMeHTamu g(y,) Lyt ):

b)copTUpyOT TPAHCHOPMUPOBAHHbIE TOUKM Y C, B MOPSfKe BO3pacTaHusa 3HayeHua d,, rge d, Tenepb onpe-
nensoT no gopmyne

d, a x \y°,fL
/- Lot * I
C) MCNONb3YIOT yNnopsagoUYeHHble y", A8 onpejeneHns KoadduuneHtTa oxsara Ks, 3Ha4eHNe KOToporo
onpegenstoT us ycnoeus: d, <k, Ans Bcex yO, C HOMEPOM I, He MpeBblWwawmmMm pM:
d) cTposT 100 p %-Hyto o6nacTb oxBatafnsa Y. rpaHuLlbl KOTOpoli onpegeneHbl popmynoit (23).

MpumeuaHnue — lMpouesypa MNOCTPOEHNUs 067aCTU OXBaTa Y4YWTbIBAET CyLIECTBOBAHUE 3aBUCMMOCTM
MexXzy anemeHTamu BekTopa Y.

NMpumep — Ha pucyHke 6 (cnpaBa) nokasaHbl Te e 1000 Touek, 4YTO U Ha pucyHke 6 (cnesa). 95 %-Has
npsmoyronbHass o6nacTb oxBaTa fAns Y, nonyyeHHas B npegnonoxeHun, 4to Yfj=1,2 xapaktepusy-
eTca HopmanbHbiM pacnpegeneHunem N(y.; n2(y”), a koppensaumsa OoueHoK y, n y2[Kkak n Ha aTane b)B 6.5.2.3]
Hey4yuTblBaeTCcs, NokasaHa NYHKTUPHOU nuHueli. 3Ta o6nacTb mMmMeeT naowafb 40,1 KBagpaTHbIX efu-
HUL, =2,24 n copgep>xunt Bce 1000 Touek. MpamoyronbHas o6nacTb oxBaTa, OfMpejeneHHas Ha OCHOBe
1000 BbIGpaHHbIX TO4YEK B COOTBETCTBUMW C npoueaypoli 7.7.3, nokasaHa CNAOLWHON nnHuelh. 3Ta obnacTb
nmeeT nnowafb 25,5 kBagpaTHbix eguHny, kg=1,78, 4T0O HEMHOITMM MeHbLLE, YeM 061acTb, B MPeAN0N0XeHNN
HOpManbHOCTU pacnpefeneHns BbIXOLHOW BeNnUynHbl. Kakun JOMKHO cnefgoBaTth U3 cnoco6a noctpoeHus obna-
CTW oxBaTta, 3Ta o6nacTb COAEPXMT pOBHO 950 Touek.

7.7.4 HaunmeHblwasa o6nactb oxsarta

Mpouegypa nocTpoeHns HauMeHbLluei 100 p%-Holi o6nacT oxBaTta BkAoYaeT B cebsi cnegytoline atanbi:

a) BT-ME@PHOM MNPOCTPAHCTBE BbIXOAHbIX BEANYUNH CTPOAT UCXOAHbLIN Nnapannenenunep, NpeanonoxXu-
TeNbHO OXBaTblBalOWMX GONbLUYIO AONIO 3HAYEHWUN, KOTOpble MOryT 6biTb MPUMNMCaHbl BEKTOPHOWN BbIXOAHOA
BeNnUYnHe Y,

b) paBHOMEPHOWN M-MeEPHOW CETKOW feNnsT UCXOAHbIA Nnapannenennune Ha s4ekn B BUe NoJ06HbIX paB-
HbIX MOTHO YNIOXKEHHbIX MablX Napannenennneios;

C)4NA KaXKAOro Mmanoro napannenenunefa noAcHMTbIBAOT YACAO0 NONABLUNX B HEFO BbIGOPOUHbIX TOUEK Y (;

d) gonto Toyek y, nonaslMX B Manblii napannenenunneg, paccMmatpmBaloT Kak NpUGNMmKeHHoe 3HavyeHne
BEPOSATHOCTM NoNajaHus B JaHHblli Napannenenunney 3HadyeHns cnyyaiHoli BEKTOPHOI BeANYunHbI Y;

e) Bce Mafble napannenenunejbl pacnonaratT B NOpPsAKEe YMEHbLEHNA NPUNUCAHHOW M BEPOSITHOCTU:

f) cymmupytoT BEpOATHOCTU, NMpUNUCaHHble ManbiM napannenenunejam, HaumHas c NepBoro u nocnejosa-
TeNbHO NpnbaBNAa BEPOATHOCTb KaXKA0ro nocneAytoLliero BNAOTb 40 TOrO, NOKa nofy4yeHHas cyMmMa He NpeBbICUT
WUAW He cTaHeT paBHOW P!

[1) COBOKYNHOCTb Manblx napanfenennuneios, BHECLINX BKAAJ B NONyYeHWe yKa3aHHO CyMMbl, paccMar-
puBaloT B KayecTBe NpubaMKeHUa HaMmeHbLleli o6nacTu oxasaTta.

MpumeuaHune 1— [aHHasa npouegypa, 3aMmcTBoBaHHas u3 [20]. 3aknovaeTcs B pa3bueHUn npocTpaHcTeBa
BbIXO[HbIX BEMYMH Ha pAf Mauibix fveek (napannenenunefos), annpokCMMalMn BEPOATHOCTM MonafaHus 3HavyeHust
cny4aiiHOW BbIXOAHOW BeNUUMHBI Y B KadKAyl U3 Takux syeek Joneil nonaslUNX B Hee TOYeK BbIGOPKM U 06befuHeHUn
MUWHVMMa/IbHOTO YMCna siueek, B COBOKYMHOCTU coAepXKallmx He MeHee 100p % 13 M BbI6OPOUHbLIX 3HAYEHUI BEKTOPHOM
BbIXO[HOW BeMNUMHbI, B KOH(UIypaumio, paccMaTpvBaeMyto Kak HaumMmeHbLlas obnacTb oxsara.

MpumeuaHune 2— MNapannenenunes, NOCTPOEHHbI Ha 3Tane a), [OMKEH BKIOYaTb B ceba BCe TOUkM YI.

MpunmeyaHnne 33— Yucno mManibix napannenenunefos, UCMONb3yeMblX ANA pa3bueHns Ha atane b) npo-
CTpPaHCTBa BbIXOAHbIX BENNYMH, OFPAHUYEHHOro 60MbLIMM Napannenenmnefom, MOCTPOEHHbIM Ha 3Tane a), BAnAeT Ha
KayecTBO MONYYEHHOro NPUBAVKEHNS.
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MpumedyaHne 4 — B 6ONAbLIMHCTBE CMy4YaeB KayecTBO MNPUGAMKEHWUS ynydllaeTca ¢ pocTom M. YTobbl
noay4YnTb AOCTATOYHO XOPOLUEB NPUBAKEHNE, OCOGEHHO B Cly4Yae, Korja pa3MepHOCTb MPOCTPaHCTBA BbIXOAHbIX BEN-
YMH T 6onee ABYX UK Tpex, MOXeT noTpeboBaTbCst O4YeHb 60MbLLIOE YNCNO UCMbITaHWUI M.

MpumeyaHne 5— T[lOCTPOEHHAss B COOTBETCTBUM C BbILLEOMUCAHHONM MpoLefypoii HauMeHbluas o6nacTtb
oxBaTa MOXeT OoKa3aTbCsl HECBA3HOW, 0CO6EHHO, ecnm M HeAoCTaTouHO BEMKO.

MpnmevaHne 6 — Ha atane d) BepoOATHOCTb, NPUNMCAHHAA KaXkgOMy ManoMy napannenenvnegy, onpege-
NsieTCA OTHOCUTENbHON YacTOTON monagaHus B Hero BbIGOPOYHOrO 3HAYEHWS BbIXOAHONM BeNMuYMHbI. Vicnonb3oBaHue
6onee CNOXHOI annpokcumaummn (cMm. [23]) MOXeT MO3BOANTb YAYULLIUTb CBA3HOCTb 061acTy oxBata W Crnajutb ee
rpaHunLbl.

MpumeuvaHune 7— TlpunucaHHblie Ha atane d) BEPOATHOCTU MOTYT OKa3aTbCsi OAVHAKOBLIMU ANS ABYX WM
HECKO/bKMX MasbIx napannenenvnefoB. B aTom ciaydae ynopsifodeHne mManbix napannenenvnefos, BbINONHSEMOe Ha
aTane B), 6yfeT He efUHCTBEHHbIM. Pa3HbIM BO3MOXHbIM BapuaHTam ynopsjovyeHuss MOryT COOTBETCTBOBaTb pasHble
nNpueGMKeHNst 06nacT HaMMeHbLUero oxeara.

MpumeyvyaHune 8 — B aBymMepHOM cny4dae {T = 2) aTanbl OT a) A0 d) BXOAAT B Haya/bHble LWarn TUMNUYHOIO
anropytMa Busyannsauumu pacnpegenenus agna Y (cm. 9.1.6).

Mpumep — PaccMoTpuM Ty >Xe camytl 3agady, 4To v Bnpumepe 7.7.2. HapucyHke 7 nokasaHo npuéau-
KeHne [Nnsi HaumeHbweli 95 %-HOiW o6nacTu oxBaTta, MONYyYEHHOE C UCMONAb30BaHWEM BbllleyKa3aHHOM’
npoueaypbl npu pasbreHnn UCXO[HOro 60NbLWIOro MNPAMOYrofbHMKa Ha 10x 10 Manbix NPAMOYroNbHUKOB
(cneBa) n 100x100 manbix NPAMOYroNbHMKOB (cnpaBa). O6nacTb oxBaTa Ha PUCYHKe 7 cneBa nocTpoeHa no
1000TouKam, cnyyaHo BblGpaHHbIM U3 pacnpegeneHna ans Y. OHa nmeeT nnowafb 11,3kBajpaTHbIX e juHUL,
n cogep>Xxut 955 touek. O6nacTb oxBata Ha pUcyHke 7 cnpaBa noctpoeHa no 1000000 Touek, MONyYEeHHbIX
cnyyaiiHoii BbIGOpKOW M3 pacnpepeneHns ana Y. OHa nmeeT naowafb 9,4 KBagpaTHbIX €fVHUL N COfEPXUT
950 074 ToukM. [lna cpaBHEHWSA Ha KaXkKAOM PUCYHKe CMNOLWHON NMHNel nokasaHa 95 %-Hasa annnninyeckas
ob6nactb oxBata Ans Y, NOCTPOEHHAsi BCOOTBETCTBUM C NpoLesypon us 7.7.2.

PucyHok 7 — 3nanntuyeckme obnactvM oxBara, NOCTPOEHHble MO npouegype v3 7.7.2. U NPUBINXKEHUS HAaVMEHbLUMX
obnacteli oxBara, NOCTPOEHHbIEe Mo npoueaype n3 7.7.4 gna pasdueHns 10x10 n 1000 Touek BbIGOPKM (cneBa) U AN
pa3breHns 100x100 n 1000000 Tovek BbIGOPKY (CnpaBa)

7.8 ApanTuBHas npouegypa mMetoga MoHTe-Kapno

7.8.1 O6wmre nonoxxeHns

7.8.1.1 3dtheKTMBHOCTbL MeTofa MoHTe-Kapno npu onpejeneHnn oueHKN y BbIXOAHO! BEANYNHBI Y. COOT-
BETCTBYIOLEN KOBAPMaALNOHHOW MaTpuLbl n 061actu oxBata 4na Y 3aBUCUT OT Yncna ucnbitaHnini M. 3HavyeHne M
MOXeT 6bITb BbIGpAHO 3apaHee, KakB 7.2. [lpyroil noAxof COCTOUT B MCNONb30BaHUM afanTuBHO npoueaypsbl
MeToja MoHTe-Kapno, cornacHo KoTopoi Yncno ncnbiTaHuii nocnejosarteNbHO yBeAnUYMBaloT 4O TeX Nop. noka
Noy4YeHHble YACNOBbIE OLLEHKN NCKOMbIX BEIMUYMNH HE CTaHYT YCTaHOBUBLUMMMUCS. YNCNEeHHbI pe3ynbTaTcuntaeT-
CSl yCTAHOBUBLUMMCS, €C/I COOTBETCTBYIOLLEE EMY YABOEHHOE CTaHAapTHOE OTKNOHEHNEe CTaHeT MeHbLUe 3ajaH-
HOV TOYHOCTU BblUYMCNEHUS (CM. 7.8.2).
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7.8.1.2 Uenbto agantTuBHOl npoueaypbl, onucaHHol B 7.8.3, sBnseTcs nonyyeHne B cpefjHeM C 3afaHHOM’
BbIYNCNNTENbHON TOYHOCTbIO 3HAYEHWIA CNeAyIo LWL NX BENNYNN:

a)oueHkny = (y,,....yTY BeNu4uHbl Y;

b) Bektopa n(y) = (n(y,)...., i/(ym)T cTaHfapTHbIX HeonpejeNneHHOCTel, CBA3aHHbIX C OLEeHKaMW:

C) NONOXNUTENbHO onNpejeneHHol maTtpulbl Ry pasamepHoCTUT X T KoadduumeHToB koppenaumm  =r(y,,y),
CBA3aHHbIX C NapaMu OLEHOK;

d) KoadhumumeHTa oxBarta kp. onpegenstouiero 100 p %*Hyto o6nacte oxBaTta ana Y B opme T-MePHOTO
anauncounpja.

MpumeyaHune 1— To. 4To BbINONMHEHNE TpebOBaHUS K TOYHOCTU BbIYMCNEHNIA MOXKET ObITb rapaHTMpoBaHO
He 6e3yCN0BHO, a TONbKO B CpefjHeM, 06yCNOBAEHO NPUPOAOK CyYanHOCTU, Ucnonb3yemoi B metofge MoHTe-Kapno.

MpumeyaHune 2 — Kaknpasuno, 4em 60/blle BEPOSITHOCTb OXBaTa p. TeM 60/bLUee YNCNO UCNbITaHWli MeTo-
na MoHTe-Kapno Heo6xoanumo AN onpefeneHuns Kp ¢ 3afaHHOW TOYHOCTbIO BbIYUCIEHWIA.

MpumevaHune 33— CraHgapTHble HeonpejeneHHocTn wu(y) W KoppensumoHHas wmatpuua Ry BmecTe
onpefenstoT KoBapuaLvoHHY0 Matpuuy U COOTBETCTBYHIOLLYIO OLeHKaMm y (CM. npumevaHne 3 k3.2.1 1 7.8.2.4).

MpumeuvyaHne 4 — Ecim TpebyeTcs nOCTPOUTb 06NACTb OXBaTa WHOW (HOPMbI, HEXenu anauncoung s
M-MEepHOM MPOCTPaHCTBE, TO MPOBEPKY YCTOMUYMBOCTU MeTOoAa BbIMOMHAIOT NS NapamMeTpoB, XapaKTepusyoLlmx o6-
nacTb oxBara AaHHoi opmbl. Hanpumep, 4na o6nact oxsarta B (hopMe m-MepHOro napaninenenuneja oueHKa touHo-
cTn BbIYMCNEHNS MOXET 6bITb BbINONHEHA A4NA KoadduumneHTa oxeaTta ka B atom cnyyae npouegypa, onvcaHHas B 7.8.3,
foMKHa 6bITb MOAMULMPOBaHA COOTBETCTBYIOLMM 06pa30M.

MpunmevaHnne 5— Ecnu B npefcraBneHnn pesynbrata n3MepeHns He TpebyeTcs ykasbiBaTb 061acTb OXBa-
Ta. TO npoLeaypy yBennyeHus yncna ucnbitaHnii octaHaBAMBatoT Nocae NonyyeHusl yCTaHOBUBLLMXCSA YACNEHHbIX 3HaYe-
HWUIA OLEHKN Y. COOTBETCTBYIOLLMX CTaHAAPTHbIX HeomnpeaeneHHOCTeNn N KOPPensaunoHHol Matpuubl Ry.

MpumeyaHne 6 — Marpuua Ry MOXeT He ObITb NONOXKMTENbHO OMpefeneHHo B cnyyae CyllecTBOBaHWs
3aBUCUMOCTEN MeX[y BbIXOAHbIMW BenmunHamu (Ana npymepa cm. 9.4. B 4aCcTHOCTU, npumevaHve 2 K 9.4.2.3).

7.8.2 TOYHOCTb BbIYUCNEHUNA YNCNOBbIX 3HAYEHU

7.8.2.1 Ecnn 0603HaunTh Yyepe3 1B YMCNO CyLeCTBEHHbIX 3HAaYaLWMX LUMP B YACNOBOM NpejcTaBieHnmn
BE/NNUYNHbI Z, TO Npejen NOrpelHoCcTN BblYUCNEHNA S 3HAYEHNA  ONpefenstoT cnejyoumum obpasom.

a) npejcraBnAaloT 3HavyeHne Z B Buge cx10f rge c— uenoe ynucno, cocrosuiee n3 niy sHavawmx unudgp,
|— uenoe yucno;

b)onpeaensatoT S no popmyne

8*£10 "

7.8.2.2 Mpw npoBepKe Nony4YeHNs ycTaHOBMBLUEWCSA OLEHKN Y, BeNN4YnHbl Y. U CTaHAApPTHOW HeonpejeneH-
HocTu u{yf). cooTBeTCcTBYlOWEN Y, NpN peann3auun afjanTuBHOW npouefypbl metoga MoHTe-Kapno, onvcaHHol
B 7.8.3, npeaen norpewHoctT BbluncneHna 8 f,j- 1. T, ONpefensatoT No YUCNY CyL,eCTBEHHbIX 3Havalinx
undp BUYNCNOBOM NpepcTaBneHnm ufy;).

7.8.2.3 MNpun NnpoBepKe Nofy4YeHnNs yCTaHOBMBLLENCSA OLEHKM MaTpuLibl R y KOPPENALMOHHbIX KO3 hNLMEHTOB
My, COOTBETCTBYHO el OLueHKe y. npeAen MOrpewHoOCT! BblYMUCNEHUA p ONpeAensitoT M0 YNCNY CYLeCTBEHHbIX
3Havalwmx uudp B YncnoBom npepcrasneHunmn flall— Hanbonbwem COOGCTBEHHOM 3Ha4YeHUM maTtpuubl Ry
(cm. npumevaHune 3 k3.21).

7.8.2.4 MaTtpuua Ry3aHMMaeT KNtoyeBoe MecTO B Npolefypax nocnefoBarTenbHOro oueHBaH1a Heonpeje-
neHHocTu. O6bIYHO 3Ta Npouejypa cBsA3aHa c NoyvYeHneM 3HaYyeHUs ckansspHol BennyuuHel O. npeactaBnsatoLei
c0o60li HEKOTOPYIO KOMOBUHAaLMIO BbIXOAHbIX BEANYNH T.e.

O=c,Y,*...+Cl, =cTY.
Mcnonb3ysa opmyny
Uy = DyRyDy
(cm. npumevanne 3 k3.21), cTaHfapTHYO HeonpeaeneHHOCTb u{g), COOTBETCTBYIOLLYIO OLeHKe
gq=c7y
BeNMUYMHbl O. MOXHO NpejcTaBuUTb B BUAe
i/{q)=crUyc =d’'Ryd.
rae
d = Dyc.
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7.8.2.5 TOYHOCTb BbluMCNeHUA u{q) 3aBNCUT OT TOYHOCTKN BbluncneHna Ryun d. a nocnegHsasa 3asucut ot Dy,
n.cnepoBatenbHO, OT n(y) = (U(Y,)... nyT))T-

7.8.2.6 Npun oueHnBaHNN HeonpeaeneHHOCTN B LLeNAX NOCNeyoLWwmnx pacyeTos, KOTOpble BKIOYaOT B ce65
6o0nee CNoXXHble Npeo6pa3oBaHnsA, HaNpUMep, BbIYNCNEHUA MO MeToy HaMMEHbLUNX KBajpaToB, CBA3aHHble C
SAAIBHbIM U HesABHbIM obpaujeHnem matpuubl Uy. He06X0anMMO MCcnonb3oBaTth pyrue Kputepumn octaHosa ajan-
TUBHOI Npoueaypbl BbIYMCIEHWA. TaK B ciyyae NPpUMEHEeHN MeToja HanMeHbLUNX KBafpaToB KpUTEpuin moxeT
6bITb OCHOBaH Ha pacyeTe p (CM. 7.8.2.3) N0 YNCNy CyLeCTBEHHbIX 3HAaYaLLMX LU P B YACIOBOM NpejcTaBneHnmn
HanMeHbLUero CO6CTBEHHOro 3HaYeHNst MmaTpuLbl (cm. npumeyaHne 5k 3.21). Mpu 3TOM yCTOANUYNBOCTb YNCNEH-
HOro anropuTMa pelleHunsa 3ajayu ¢ UCNoNb30BaHNEM MeToAa HaMMeHbLUNX KBajpaTtoB 3aBUCUT OT uncna obyc-
nosneHHocTn AnP*/Aralu matpuubl Ry. [T03TOMY 19 YMeEHbLUEHWS Yyncna ncneltaHuii B metoge MoHTe-Kapno npu
noctaHOBKe N3MepUTeNbHO 3ajaumn ee cnegyet onpefenaTb Yepes napamMmeTpbl, NO3BONAKOLWMNE CAeNaTb YHACNO
06yCNOBNEHHOCTN HACTONbKO Ma/biM, HACKO/bKO 3TO BO3MOXHO.

7.8.2.7 TOYHOCTb BbIYUCNEHUSA KP. UCMONb3yemas AN MPOBEPKM MONyYEeHUS YCTAHOBMBLUEroCs 3Haue-
HUA KoahuumeHTa oxparta AB, onpefensatoT N0 YNCANY CYLLLEeCTBEHHbIX 3Havawmux undp B YNCNOBOM MNpepcTaB-
NEeHUN Kp.

7.8.28 MNpun nocnefyowmnx pacyetax HeonpegeneHHOCTM, OCHOBaHHbIX Ha ncnonb3osaHun G (cm. 7.5) B
KayecTBe NpubamxeHnsa yHKUMM pacnpegeneHus Y, Heobxognmo ybennTbCcs, YTO Takoe AUCKPeTHOe npeja-
cTaB/leHne NPUrofHO ANA 3TUX pacyeToB, OCOBEHHO eC/n UX Lefblo ABNAeTCsA nonyyeHne obnactn oxsara 4ns
HEKOTOpO BeNnuynHbl. bonee nogpob6Hoe paccmMoTpeHue AaHHOrO BOMpPOCa BbIXOAMT 3a PAMKN HAcTOSALLEero
cTaHjaprTa.

7.8.3 OnucaHue aganTUBHOW Nnpoueaypbl

MpakTnyeckasn peannsauyns aganTMBHON npoueaypbl MeTofa MoHTe-Kapno ¢ nocnegoBaTtenbHbIM yBennye-
HMEeM Yncna NcnbiTaHWii COCTOUT B CefyloLWeMm:

a) 3agatoT B KayectBe na0Heb0NbLIOE NONOXKUTENBHOE LLefloe Yncno (cm. 7.8.2);

b)3apaT M =max(J. 104), rgpe J — HaMMeHbllee Lenoe, 6onblwiee nnn pasHoe 100/(1 -p);

c)3agatoT h=1 (cuetunk ntepaumin metoga MoHte-Kapno);

d) BbINOAHAT M ncnbiTaHuii metogom MoHTe-Kapno (cm. 7.3 n 7.4);

e) ncnonb3yT M Nony4yeHHbIX Ha BbIXOAe MoAenn 3HavyeHnli BEKTOPHOW BbIXOAHOW BENNYUHBI Y b .... yM
015 BblUMCNEHWUN ovyepeaHbIX. J1-x 3HadyeHuin ytnl. u(y A, RW u kpih). asBnstowmnxca cooTBeTCTBEHHO OLEHKO
BE/MMYMHbI Y, COOTBETCTBYIOLL eV CTAaHAapPTHOW HeoNpeAeneHHOCTbI0, COOTBETCTBYHOLLE KOPPENsALMOHHOW MaTpu-
ueii n koagppuumneHTom oxsata gna 100 p%-moii o6nacTn oxsara;

f) ecnn £ 10.70 yBennumeatoT h Ha eguHNLY 1 BO3BpaLwatoTca KaTany d);

n)ana j-n .. T BbIYUCASIOT BbIGOPOYUHbIE CTAHAAPTHbIE OTKNOHEHUS SY> CPEeAHUX 3HAYEHUI NONyUYeH-

HbIX B pe3ynbTate ntepauuini oueHoky/’\ ....y/ i) BenmunHbl Yr no opmyne

h) aHanornyHbIM 06pa3omM BbIYNCAAIOT BbIGOPOUHbIE CTaHAAPTHbIE OTKIOHEHNSA CPeAHNX 3HaYeHU aneMeH-
TOB BeKTopa u (/n). atakxegnsa n kpw \

i) ucnonb3ytoT Bce LI 3HayeHWUli BEKTOPHOW BbIXO4HOW BENNYNHBI 4NS BblUMCNEHUSA u(y). R, N Kp:

j)anaj=1... T onpejensAlT Npefenbl NOrpewHocTn Bbluncnenns £ gna n(y). kakonmcaHo B 7.8.2.1 n
7.8.2.2;

k) onpegensdtoT npefen NorpewHoCcTM p 48 MaTpuubl Ry KOahdhuuMeHTOB KOppenaynm, Kak onMcaHo B
7.8.2.1 n7.8.2.3;

1) BbIYUCASAOT YNCNEHHYI TOYHOCTb . COOTBETCTBYHO LY KO. KaK oNMcaHo B NyHKTax 7.8.2.1 n 7.8.2.7;

T) ecnu gna nro6oro)= 1. mum 2sy [uam 2su(y)] npeBocxogut  wam 2s, NPeBOCXOANT P . NN

2skp npeBOCXOAMT Kp, TO yBenMuuBat T h Ha eguHuLy 1 Bo3BpaLwatoTca katany d):

n) ecnn Bo3Bpara Katany d) He NPOM30LLNO, TO CHUTAIOT BCE BbIYNCNEHHbIE OL€HKN YCTAHOBUBLUUMMUCS 1
1Mcnonb3ytoT Bee L 3HaUYEeHUii BEKTOPHO BbIXOAHOW BENMMYMHBI ANS BbIUUCAEHUA y. Uy M KO3 (ULNEHT OXBaTa Kp
ans 100 p %-Hoi o6nacTu oxBarta, KaK ONMcaHo B 7.6 n7.7.

NMpumMeuvyaHune 1— Yro6bl anroput™ aganTvBHOW npouesypbl Gbli CXOAALMMCS, [OMKHbI CyLLECTBOBaTb
MaremaTtuyeckoe oXugaHve U KoBapvaumoHHas martpuua Y.
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MpumedyaHune?2 — Bbl6op M Ha 3tane b) ABnAeTCS NPOU3BO/bLHLIM, HO NPaKTVXa Nokasana ero NPUrofHoCTb.

NMpumBYyaHuMe3 — lcnonb3oBaHue B NpoLedype MUHMMAaNbHOIO Ynucna urepaumii, pasHoro 10. no3Bonsiet
npefoTBpaTUTL NPEXAeBPEMEHHbI OCTAHOB anropuTMa W. Kpome Toro, fenaeT 6onee 060CHOBAHHbIM MpPeAnonoxe-
HWe. cfenaHHoe B MNpuMeyaHnn 6. AHaNormyHoe namMeHeHue, Gyfydn BHECEHHbIM B afanTWBHYIO Npoueaypy meTtoja
MoHTe-Kapno gna mofgeneli ¢ eJUHCTBEHHON CKanNsipHOM BbIXOAHOW BennuuHoli [JCGM 101 (NyHKT 7.9.4)]. Takke no3so-
NNUT YAYYLWNTb pe3ynbTaTbl NPUMEHEHWsT 3TON Npouedypbl AN paja 3agaqd.

MpumeyaHned — Haatane g)y, paccmatpMBaeTcsi Kak peanusaunsi cnyyaliHo nepemMeHHol co ctaHaap-
THbIM OTKIOHEHuem s/(.

MpumeyaHne6 — CraHgapTHble OTKAOHEHMWsl, NOMy4YeHHble Ha 3Tanaxg) u h). ymeHbLIalOTCA MO 3aKOHY
fr12 (cm. npumeyaHve Kk 7.1.7).

NMpumMmevaHne6 — KoahdpuumeHT 2. ncnonblyemsblii Ha atane T). OCHOBaH Ha NpefcTaBNeHUN BbIGOPOUHbIX
CPefHUX cnyvyaliHbiMW, HOPMalbHO pacnpefeneHHbIMU BenMynHaMn U COOTBETCTBYET BEPOSITHOCTM oxBarta npubnvsu-
TeNbHO paBHOWN 95 %.

MpumeyaHune? — B [28] paccmatpmBaloTcs HeKOTOpble yny4lleHWs afanTUBHOW npoueaypbl, W3N0XeHHON
BJCGM 101 (nogpasgen 7.9).

8 [lpoBepka pe3ynbTatoB oueHMBaHUA HeonpegeneHHoctn no GUM
cpaBHeHneM c meTogomMm MoHTe-Kapno

8.1 Cnoco6 oueHnBaHUA HeonpeaeneHHoctn no GUM (fanee o60o3HavyaeMblii GUF) BO MHOIMx cay4dasix
Nno3BONIAET NONYUYNTb YAOBNETBOPUTENbHbIE pe3ynbTaTbl. OHAKO He Bcerfja MOXHO cpa3y onpejenntb, cobntoje-
Hbl 1N BCe YCNOBUSA AN Oro npumeHeHunsa [cM. JCGM 101. nyHkTbl 5.7 n 5.8]. O6bI4HO ropa3fo nNpoLie oueHnTb
HeonpejeneHHOCTb C ncnonb3oBaHnem metoga MoHTe-Kapno (NMpu HanMuMM COOTBETCTBYHOLLLErO NPOrpaMMHOro
o6ecrneyeHust), YeM BbISICHUTb, BbIMONHEHbI 1N BCE YCNOBUS oLeHnBaHua no GUM [8]. pn Hannumm COMHeHU B
060CHOBAHHOCTU NPUMEHeHNs cnocoba oueHnBaHsA Nno GUM nofnyyeHHble € ero NoMoLbio pe3ynbTaTbl HyXja-
I0TCA B NpOBEPKe, @ NOCKONbKY AnanasoH yCNoBUilA, MPU KOTOPbIX MOXeT 6bIiTb NPUMeHeH meTog MoHTe-Kapno,
3HauyuTenbHO Wupe, 4yem ana metoga no GUM. To 4nA TakKO MPOBEPKM PEKOMEHAyeTCa conocTaBUTb pe3ynbTaTbl
oueHnBaHuA No GUM c pe3ynbTatamMmu oueHnBaHna metogom MoHTe-Kapno. Ecnn cpaBHeHne noaTBepanT 060-
CHOBAHHOCTb NpUMeHeHnss GUM. To cnoco6 oueHnBaHns HeonpegeneHHocTn no GUM MOXHo 6yfeT NnpyuMeHATb B
6yayliemM AN CXOXKUX 3ajayvy. B npoTuBHOM cnyvyae cnefyeT paccMOTpeTb BO3MOXHOCTb 3aMeHbl Ha ApYyroi
crnoco6 oueHnBaHNA HeonpejeneHHoCT, BKYasa ToTXe meTtog MoHTe-Kapno.

8.2 1nA cpaBHeHUs BYX MeTO40B HEOOX0AMMO BHavane:

a) NpMMeHUTb cnocob oueHnBaHWsA HeonpegeneHHoctT Nno GUM gnsa nonyyeHus (i) oueHkn yGUF Bennyn-
Hbl Y. (i) cTaHfapTHOW HeonpegeneHHocTn u(yGUF). cooTBeTcTBytowen yGIF, (iii) koppensunoHHon matpuubl Ry001"
cooTBeTcTBYtOWEN yGUP, n (iv) koadhdunumneHT oxBarta /cGUF. onpegensatowero 100p %-Hyto ob6nacte oxBatragnsa Y
B BUJe M-MepHOro anauncounja.

b) NpUMeHUTb afanTUBHYIO Npoueaypy metoga MoHTe-Kapno (cMm. 7.8.3). 4TO6bl NONYYNTb aHaNoOrM4Hble
OueHKM ymcm. u(yucu). Ry*5 nk »col.

8.3 3agava npoueaypbl CpaBHEHUS COCTOUT B TOM. YTOGblI ONpefennTb, COrnacyroTca Nu Mexay co6oi
pesynbTaTtbl, NONyYeHHble CNOCO60M OLeHUBaHNA HeonpegeneHHoctn no GUM n metogom MoHTe-Kapno, B pam-
Kax 3afilaHHO TOYHOCTY BblYNCNEHWIA. nA 3TOrO:

a) 3ajaloT B KayecTBe N HeboNblWOE NONOXNUTENbHOE LLenoe Ynucno (cm. 7.8.2);

b)ana/'=1...T paccunTbliBalOT Npefe/bl NOrPeWwHOCTN Bbluncnennsa & ana n(y9kak ykasaHo s 7.8.2.1 n
7.82.2;

C) paccuuTbliBaloT Npejen NorpeLHoCT! BbIYNCNEHUA PANS MaTpULbl RyKoaddurumneHToB Koppensaunmn Kak
yKa3aHo B 7.8.2.1 n 7.8.2.3;

d) paccunTtbiBalOT Npefen NOrpeLwHoCTM BblYNCNEHUS KpANSA Kak yka3aHo B 7.8.2.1 n 7.8 2.7,

B) CPaBHMBAIOT OLEHKN, COOTBETCTBYIOLLME CTaHJapTHbIe HEONPEeAENEeHHOCTU, KO3M(ULMNEHTbI KOppensauunm,
a TaKxe Koa(puyneHTbl oxaTa, NoNy4yeHHble C UCNONb30BaHNeM cnocoba oL eHMBaHNS HeonpejeneHHoCTM No
GUM un metoga MoHTe-Kapno, utobbl onpegenntb, ob6ecneunsaeT Ny Nepsblil N3 yKasaHHbIX CNOCO60B Tpebyemoe
YMCno NPaBUNbHbIX LUMP B YNCNOBOWN 3anncu NoNyYeHHbIX pe3ynbTaTtoB. [Jna 3Toro onpejenstor

dy =1y/GUF - ¥ ,mcm L Y- 1.7~
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«Bl,1 = |"(y/eUF) - * (>/UCUH /»*m...m.

I GUF ) MCUI
“ o ANPX

d,"” *\k™ F- kpucu |,

t.e. a6CONOTHbIE PA3HOCTN COOTBETCTBYIOLWUX YNCNEHHbIX pe3ynbTaTtoB. Torga ecnm ans scexy=1,....7 df n
du[/)) He 6onbweyem 5, d, » He 6onble Yemp,a d” He 60nble, YeM KP, TO pe3ynbTaT CpaBHEHNSA cumTaloT
NONOXUTENbHbLIM, & CNOCO6 OLeHNUBaHWS HeonpejeneHHocTn No GUM — ycneLwHo NpoLweWwmnm NpoBepkKy.

MpumeuvyaHne 1— Bblbop BEPOSTHOCTU OXBaTa U (hOpMbl 061ACTU OXBaTa BAUAET HA pe3ynbTaT CPaBHEHMS.
Mo3aToMy cpaBHEHME 4BYX CMOCO60B OLEHUBaHUS BbINOMHAKT TOMLKO A4S 3afaHHbIX BEPOSTHOCTU OXBaTta p U (hopMbl
obnacTu oxsara.

MpumeuvaHne 2— B Tex cuTyauusx, Korga nocTpoeHne o61actn oxesara He TpebyeTcs, NPoBEPKY NPOBOAAT

TOMbKO Ha OCHOBaHWM MONMyYeHHbIX 3HadeHnin dv . d . . n d, mEcnn chopma obnactv oxsara Jo/mkHa 6biTb OTANYHA

OT aAAnnconga, ro NPoBepKy NPOBOAAT ANA COOTBETCTBYIOLLEN BenMyvHbl, onpejensiolleli o6beM obnactn oxesara 3a-
fJaHHOI thopmbl. Hanpumep, ecan obnacTb oxsata [O/MKHA MMETb BUA M-MepHOro napannenenunea, To CpaBHUBAOT
nonyyeHHble ByMSA crnocobamu 3HadeHust KoadduumeHTa oxsata kqc yyeTom TpebyemMoli TOYHOCTU BbIUYNCNEHUS VP.

MpumeyvaHne 3 — T[pu NnpoBepke NPUMEHMMOCTY cnocoba oueHnBaHMA HeonpegeneHHocTn no GUM cpas-
HeHVieM ero pe3ynbTatoB C pe3ynbTatamu metoga MoHTe-Kapno, nocnegHue fomkHbl 6bITb MOAYYEHbI MPU AOCTATOYHOM
yuncne ucnbiTaHuii M. Ecnu 4Nsi cpaBHEHUsI NPUMEHSIOT afanTUBHYHO npoueaypy Metoga MoHTe-Kapno, ro foctatouHo
3ajath Npejenbl NOrpeLHOCTN BbIYMCNEHWIA B adanTMBHO npouedype B NATb pa3 MeHbLUMMK COOTBETCTBYOLLMX Npeje-
NOB MOrpeLHoCcTn B npoueaype npoBepku [cM. JCGM 101 (nyHKT 8.2)] unu. gpyroii BapuaHT, 3ajatb YUCNO 3HaYawmx
LU1cp Npu YMCNOBOM MpecTaBNeHUN BENNYNH, BbIYMCASEMbIX C MOMOLLBbIO aAanTUBHON Npoueaypbl, Ha eanHuLy 60.b-
LUMM. YeM MCNONb3yeTca B NpoLueAype NpOBEPKU.

9 Mpumepsbl

9.1 nnocTpaumum NONOXKeHU HacTosAWeEero cTaHgapTa

9.1.1 B nepsom npumepe (cM.9.2) paccmatpuBaeTca IMHeNHaa MOojenb U3MepPeHUs, B KOTOPOI BXOAHbIe
BENNYNHbI MOTYT ObITb OGLWMNMUN NS BCEX BbIXOAHbIX BENYNH UIN BANATb TONbKO HA HEKOTOpbIe U3 HUX. nA
YacTHbIX CNyYyaeB JaHHOTO NpUMepa CyLecTBYOT aHalMTUYeCKNe peLleHns.

9.1.2 Bo BTOpOoM npumepe (cM. 9.3) paccmaTpuBaeTcss HennMHeliHas Mogenb npeobpasoBaHWsA jekapTo-
BbIX KOOPANHAT (4eliCTBUTENbHON M MHMMOL YacT KOMMNIEKCHOM BENYNHbI) B MONSAPHbIE KOOPAMHATbLI (MOAYNb 1
aprymMeHT KOMNNEKCHOWN BennyunHbl). lns 3T0ro npumepa Takxe B psife cyvyaeB UMETCA aHanmTuyeckne pelue-
HuA [6].

9.1.3 B TpeTbem npumepe (cM. 9.3) paccmaTpuBaeTcs 60nee cnoXxxHas HenMHeliHasa mogens. OH aHanorum-
YeH npumepy 3 GUM, cBA3aHHOMY C OJHOBPEMEHHbIM N3MepeHneM akTMBHOIO 1 peakTMBHOIO CONPOTUBNEH W
[JCGM 100 (pa3gon H.2)]. Mpumep nnntocTpmpyeT 06paboTKy psaja 04HOBPEMEHHbIX HE3aBUCUMbIX HA60 [eHN
BEKTOPHOW BENYNHBI.

9.1.4 YeTtBepTblii npumMep (cM. 9.5) nocBsALLEH NU3MepeHUto TeMnepaTtypbl C UCNONb30BaHeM TepMomeTpa
CONPOTUBNEHNA. 3TOT NPUMEpP AeMOHCTPUpYyeT 06paboTKy AaHHbIX AN OAHOMEPHOW U MHOTOMepHOli Mmojenei
n3mepeHus.

9.1.5 MHOrne n3 puUCyHKOB, UCMONb3YEMbIX B NpUMepax, N8 UX Ny4ylero BOCNPUATUA JaHbl B LLBETHOM
NCNONHEHNN. Ha KOHTYPHbIX rpaukax Ka>kjoMy YPOBHIO KOHTYPHOU IMHUKN COOTBETCTBYET CBOW LBeT. Ecnun pucy-
HOK COCTOUT U3 ABYX N 60nee rpadnkos, TO NS KaXKA0ro N3 Takmx rpaMkoB OAMH N TOT XKe LiBET UCNONb30BaH AN
OfJHUX N TeX >Xe 3Ha4YeHni ypoBHS 3a NCKNtOYeHeM 0C060 OroBOpeHHbIX cnydaeB. ECnv ansa cpaBHeHUA pe3ynb-
TatoB Ucnonb3yeTcs 4Ba U 60nee pUCyHkKa, Kak3To UMeeT MecTOo NPu CONOCTaBAeHUN pe3ynbTaToB, MOAYUYEHHbIX
cnoco6om ouyeHnsaHus no GUM n metogom MoHTe-Kapno, To cooTBeTcTBYtOLWMeE rpatuky Ha 3TUX pUcyHKax
n3obparkeHbl B OfHUX U TeX XXe rpaHuuax oceli 3a UCKNOYEHMEM Cny4yaeBs, Korja Mexay aTumu pesynbtatamu
nMeeTca CylulecTBeHHoe pasnnyme.

9.1.6 MOCKONbKY NEPBUYHLIMU BbIXOAHbIMU JaHHbIMU 418 MeTofa MoHTe-Kapno ABnatoTca M BbIGOPOUHbBIX
BEKTOPOB N1 BbIXOAHOWN BeANYUHbI Y. cobpaHHble B maTpuuy G pasmepHocT T X M (cm. 7.1.6). 3a4actyto
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enaTenbHO NPesCcTaBUTb 3TV JaHHbIE B BUAE NMPUGAVKEHUsI COOTBETCTBYIOLWENR PYHKLUN NNOTHOCTH pacnpeje-
NeHns 1 n3o6pasntb 3Ty PYHKLMIO B BUAE KOHTYPHOTO rpaduka. PUCYHKM HacTosWwero pa3jena nokasbiBaoT
KOHTYpHblE rpaukmn 4Ns ciyyas BYMEpPHON BbIXOAHON BENMMUNHBI, T =2. C POCTOM 4YMcCia UCTbITAHUA M KOHTYp-
Hbl€ IMHUM BbIGOPOYHOrO pacnpeseneHus Jo/MKHbI BCe 60/blie NPUGAMKaThCs KIMHUSAM pacnpegenexnvs gns Y,
yTo Tpe6yeT COOTBETCTBYIOLLETrO CraXXnsaHus [22.24). HEKOTOpble KOHTYpHbIe rpadukm, NnpuBefeHHble B HACTO-
Awem pasgene, NOCTPOEHbI, NUCXOAA HEMOCPEACTBEHHO U3 MPUGAVXKEHUS COOTBETCTBYIOLLE NAOTHOCTM pacnpe-
neneHus. ina gpyrux npuMeHeH COOTBETCTBYIO LU alrOPpUTM CrIaXXMBaHMA KOHTYpPOB. Ha OAHOM M3 PUCYHKOB
(pucyHOK 10) Anst geMoHcTpauun addekra cranaXkBaHus nokasaHbl CriaXKeHHbIe U MecrnaXKeHHble KOHTYpHble
MHWN.

9.2 AaavTnBHaA Mopenb

9.2.1 NocTaHOBKa 3ajaun
B aTom npumepe paccmaTtpuBaeTcsi ajAuTuBHaA (MMHelHas) ABymepHas Mopgenb U3MepeHus (CM. npu-
Mepe 7.7.2)

Y, =X, +X3 Y2-X 2+ X3 (24)

ANS Tpex pasHbiX NPUMeEPOB couyeTaHuii N1oTHOCTel pacnpegeneHns (&) ANS BXOAHbIX BEANYUH X;, pac-

cMaTpmBaeMbIX Kak He3aBucuMMble. V13 Tpex BXOAHbIX BeNUYMH X,. X2 n X3 BeanunHa X 3 onucbiBaeT hakTop,
BANAOLWNIA Ha 06e BbIXOAHbIE BENNUYMHBI Y, N Y2. TOrAa Kak Kakaasa us senmuunn X, n X2onucblBatoT pakTopsbl,
BANSIOLME TONbKO HA OAHY U3 BbIXOAHbIX BEANYUH — Y, N Y2COOTBETCTBEHHO. B nepBom npumepe (cm. 9.2.2),

Bce 9Xx, ($<) ABNAKOTCA NIOTHOCTAMUM HOPMa/bHOTO pacnpejeneHunsa ¢ HyneBblM MmateMaTtudieCKnmM oxxXxngaHmnem n

eAMHUYHBbIM CTaHAaPTHbIM OTKIOHEHWEeM. BTopoii npumep (cM. 9.2.3) geHTUYeH NepBoOMYy 3a UCKIOUYEHUEM TOTO,
yTo gXa(€3) ABNsSeTCcA NNOTHOCTbIO PABHOMEPHOro pacnpegeneHus X3 TakKe C HyNeBbIM MaTeMaTuyeckum

0OXXnjaHMeM 1 eiUHNYHbIM CTaHAAPTHLIM OTKNOHEHEeM. TpeTuii npumep (cM. 9.2.4) naeHTUYEeH BTOPOMY 3a UCK/IO-
YeHMeM Toro, YTO CTaHAapTHOE OTKNOHEeHMe X3 paBHO TPeM, YTO IEMOHCTPUPYyeT JOMUHUPYIOLLee BNUSAHNE (DAKTO-
pa. cooTBETCTBYIOLLErO JaHHOW BXOAHOW BENMUYMHE, HA pe3ynbTaT U3MepeHus.

9.2.2 BbiuncneHunsa n pesynbtathl (npumep 1)

9.2.2.1B faHHOM NpuMepe Kaxjaa BXxoAaHasa BenyumHa X, onnucbliBaeTcs cCTaHjapTHbIM HOpMalbHbIM pac-
npegeneHnem, T. e. oueHkn X, nmerot Bug x1=0, /= 1,2,3, c COOTBETCTBYHOLWMMMN CTaHJapTHbIMMK HeonpeaeneH-
HocTAMM n{x,) = 1. Pe3ynbTaTtbl, MONyYeHHbIEe C NPUMEHeHeM cnocoba oueHnBaHna HeonpegeneHHocT no GUM
(cm. pasgen 6) nmetogom MoHTe-Kapno (cm. pa3gen 7) nokasaHbl B Tabnmue 3 nHa pucyHkax 8— 10. HekoTtopble
faHHble B Tabnmue ¢ uenbto o6neryeHns Ux cpaBHeHUs NpeacTaBieHbl B BUE YMCEN C YeTbiPpbMS 3Havawmnmm
umgpamm.

Tab6nunuya 3— Pe3ynbTraTtbl U3MepeHus CNoco60M OLeHUBaHUs HeonpegeneHHocTn no GUM (GUF) n metogom MoHTe-
Kapno (MMK) gna agautmuBHoil mogenun [hopmyna (24)), ¢ BXOAHLIMW BeiMUMHamMm X,. ONUCbIBAEMbIMWU CTaHAAPTHBLIM
HOpMa/bHbIM pacnpegeneHvem (9.2.2)

Mertog M W v3 «/*) r<yy? * *
GUF - 0.000 0.000 1.414 1.414 0.500 2.45 2,24
MMK 1x105 0,003 0.005 1.412 1,408 0,498 2.45 2.22
MMK 1x 10° 0.000 0,000 1.416 1.415 0,500 2.45 2,21
MMK 1x107 0,000 0.000 1.414 1.414 0,500 2.45 2.21
ApanTuBHBbI 0.35x10s 0,001 -0.001 1.417 1.417 0.502 2.45 2.22
MMK
AfanTuBHbIiA 0.45x10s 0,001 -0.001 1.416 1.414 0,501 2.45 2,21
MMK
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9.2.2.2Cnoco6 oueHnBaHus HeonpegeneHHocT Mo GUM. 06061 eHHbI Ha cnydai HECKONbKUX BbIXOAHbIX
Be/MYUNH, faeT oueHKy y = (0.0) BennuuHbl Y. KoBapuaunoHHas Matpuua jns faHHO OLEeHKU, MMetoLas BUsg

nonyyexa no gopmyne (3). Uy=C.u"C/, rae BCOOTBETCTBMM C YCNOBUSIMU HACTOSILLETO NpuMepa

12 o o
o 12 o

o X kP

KoathhunumeHT koppensauunm, COoTBETCTBYIOLWMIA oueHKkam y, ny2(cm. 3.21). 6ygetr(y,,y2) = 0.5.95%-Hble
o6nactn oxgaTta gna Y B hopMe annmnca v npssMoyronbHUKa onpeaenstoTcs, COOTBETCTBEHHO, KO3 duuymeHtamm
oxBaTta Kp=2.45 (Tabnmua 1) mkp=2.24 (Tabnuua 2). 371 pesynbTaTbl NpuBeAeHbl B cTpoke ana GUF Tabauubl 3.
B cooTBeTCTBMM CO CNOCOGOM OLleHMBAHUA HeonpegeneHHocTn no GUM BbixogHas BenMunHa Y onucbiBaetcs
[BYMEpPHbIM HOpMa/bHbIM pacnpegeneHnem My.U,.).

9.2.2.3 NpumeHeHne metoga MoHTe-Kapno cumcnom ncnbitaHnini M pasHbim 10s, 106 1 KO 7paeT pesynbra-
Tbl. NPUBEJEHHbIE B CneaytoLmnx ctpokax Tabnmubl ana MMK. B cTpokaxana agantupHoro MMK yka3aHbl 3Hauve-
HUA M. paBHble 0,35x106 1 0,45x106 n npeacTaBasftowme co60ii HMCNO UCMbITAHNI NPU ABYX NPUMEHEHUAX
aganTUBHOW npouefypbl Mmetoga MoHTe-Kapno (cm. 7.8.3)ana n paBHOro Tpem (cM. npumeyaxune 3 B 8.3). Bce
4YMCNOBbIE 3HAYEHUS, NONYyYEHHbIEe C MPYUMEHEHNEeM aanTUBHOW Npoueaypbl, B YHaCTHOCTKY, AN Y,. y2. o(y,). u{y?2),
r(y,.y2. Kp 1 Ka, SBNAOTCA YCTAHOBUBLLUUMMUCS.

9.2.2.4 MonyyeHHas aHaAMTMYECKM NNOTHOCTb pacnpefeneHus ana Y npegcraBnsiet coboli iBymepHoe
HopmanbHoe pacnpegenedue NI/(y,ny)cy n Uy. npusefeHHbIMnN B 9.2.2 2.

9.2.2.5 Ha pucyHKe 8 cneBa nokasaHa NNO0THOCTb JBYMEPHOIO HOPManbLHOro pacnpegeneHna ana Y. nony-
YeHHasi cnocob6oM oL eHUBaHUA HeonpegeneHHocTn no GUM (coBnajgatouiasn c aHanmtuyeckum pewexHvem). KoH-
TYPHbIE TMHUW PaBHOI BEPOATHOCTU UMEIKOT POPMY 3NTNNCOB N ONpPeAensatoTCa ypaBHEHNSAMMN

(n-yTV<n-y)=*

AN pasNUyUHbIX 3HaYeHWi K. Ha pucyHKe 8 cnpaBa nokasaHbl KOHTYPHbIE TMHUW NPUBANKEHMNSA NIOTHOCTH pacnpe-
feneHna gna Y. nonyyeHHble C NpuMeHeHneM meTtoga MoHTe-Kapno ¢ M = 107 ucnbitTaHuaMn. 3To NnpubanxkeHne
npeactaBaseT cO60/ OTHOLWEHMWE Yncna ToUeK BbIGOPKN U3 pacnpegeneHunsa Y. nonaBlunx B A4eliky ceTku pasou-
eHUA NNocKocTM Y. KobLemy yncny ucnblitaHnini M. npunncaHHoe o6nacTu NNOCKOCTM Y. 3aHMMaeMoli 3Toi ayeli-
KOV (BHYTPU fl@aHHOW AYeKn NNOTHOCTb pacnpejeneHuns cUnTatoT NOCTOAHHOW). KOHTypHble NUHUWN NPUGAKEH-
HOro pacnpefgeneHus Y NocTpoeHbl 4N TeX )Ke 3Ha4YeHU K. YTo GblNv NCNONb30BaHbI ANt NOCTPOEHMNSA INAUNTU-
YECKUX KOHTYPHbIX TMHUIA HA pUcyHKe 8 cneBa. ANTOPUTM CriaXKUBaHWs KOHTYPHbIX IMHUIA NpW 3TOM He npume-
HAncAa (cm. 9.1.6).

NMpumMedyaHne — Ha pucyHke 8 1 fpyrux KOHTYPHbIX rpadkax npvBejeHa LBeToBas LUKana, nokasbiBatoLas
COOTBETCTBME LiBETA KOHTYPHOI NIMHUN ONpeaeneHHOMY YPOBHIO (BEPOSTHOCTH).
9.2.26 Ha pucyHke 9 nokasaHbl MapruHanbHas NNOTHOCTb pacnpegenenuns A/(y,.1/Y] | ana /"nony4veH-

Hasa cnoco6oM OLeHMBaHMA HeonpejeneHHocTn no GUM. a Takxe NnpuénnmxeHne N10THOCTK pacnpegeneHns Ton
>X€e BeNMYMHbI, MoNy4yeHHOe MeTogoM MoHTe-Kapno ¢ umcnom mcnbitaHmini M = 107. MpubanxkeHne npegcraBneHo
B BUje pacnpefjeneHns yacrtoT (rMctorpaMmmbl). 3T gBe NAOTHOCTM pacnpejeneHuns Bu3yanbHO NpakTu4yeckun He
pasnnuynMbl. AHaNOrMYHbI pe3ynbTat 6yfeT nonyyeH nagnsa Y2,
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P1CyHOK 8 — KOHTYypHbI€ NNMHUM COBMECTHbIX MIOTHOCTEW pacnpefeneHns BbIXOAHbIX BENNYMH B afAnTUBHON Mogenu

n3mepeHuss [chopmyna (24)]. NonyYeHHbIX CNOCOGOM OLEeHMBaHUS HeonpegeneHHoctn no GUM (cnesa) u meTogom

MoHTe-Kapno (cnpaBa) 6e3 crnaxvmBaHus KOHTYpPOB Mpu CTaHAapTHOM HOPMaibHOM pacnpefeneHnn BXOAHbIX
BENNYUH (9.2.2)

MNOTHOCTb pacnpeseneHnst BeposiTHOCTel

PrucyHok 9 — MapruHanbHasi N1OTHOCTb pacnpejeneHns Y, Ans TeX Xe YCNOBUIA, YTO 1 Ha pUCyHKe 8 (9.2.2)

9.2.27 Ha pucyHke 10 cneoa nokasaHbl KOHTYPHbIE TMHUN NPUBAMXKEHUS NNOTHOCTY pacnpegeneHunsa ans Y.
nonyyeHHble metogom MoHTe-Kapno c0,45x 106 ucnbitTaHUAMU. DTN TIMHUN 3HAYNTENIbHO MEHEe «rnafKune», 4yem
Te. UTo N306parkeHbl Ha pUCcyHKe 8 (cnpaBa) M Nony4YeHbl 415 ropa3fo 60Mblero Yyncna UcnblTaHnin. Ha pucyHke
10 cnpaBa NpuBeLEH NPUMEP CrNaXXeHHbIX KOHTYPHbIX TMHWUI (cM. 9.1.6).

MpumeyvaHne — B 6onbWMHCTBE CAyvyaeB [NafKOCTb KOHTYPHbIX TMHUIA ANA NPUGAKEHWUS NAOTHOCTM Y
rMoXeT OblTb O6ecneyeHa BbIGOPOM GOMbLIETO YuKcna UCMbITaHWI B MeToge MoHTe-Kapno u 6onee yactoli ceTkoii
pa3breHns NNockocTn Y. AHanornyHblii aeKT MMeeT MecTo B criyvae eMHCTBEHHO CKaNspHOI BbIXOAHOM BENNUYMHbI,
Korga Ansi oGecnevyeHus rnNagKocTu orunGarolleli KpMBOW NOCTPOEHHOrO MPUGAMKEHUS MAOTHOCTM pacnpepeneHus
(ructorpaMmmbl) He06X0AMMO 60MbLLOE 3HaYeHre M 1 60/bLLOe YMCNO KNAacCoB rMcTorpamMmbl.
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PucyHok 10 — KOHTYpHbI€ IMHUN COBMECTHbIX NNOTHOCTEW pacnpefeneHns BbIXOAHbIX BEMUYNH B afAUTUBHOW Moaenu
n3mepeHus [hopmyna (24)}, nonyy4eHHbIX C UCMONb30BaHWeM afanTuBHONM npoueaypbl MoHTe-Kapno 6e3 crnauBaHus
(cneBa) n co crnaxnBaHneMm (cnpasa) ANA TEX XKe YCNOBUIA, YTO 1 Ha puCyHKe 8 (9.2.2)

9.22.8 ina conocTaBneHUs pe3ynbTaTtoB, NOAYyYEHHbIX CMOCO60M OLEeHMBAHNA HeonpeaeneHHocTM no GUM
1 C NOMOLLbIO afanTUBHOW npoueaypbl MeToga MoHTe-Kapno, npumMeHeHa npouejypa npoBepKu, onncaHHas B
pasgene 8, npu 3HaYEHUN paBHOM BYyM. B 3TOM cnyyae TOYHOCTU BblUMCNeHUA ByayT onpefenstbCcs 3Have-
HUSIMU

5, = & = 0-05. />= 0,005, Kkp= K= 0,05.

ApanTuBHas npouegypa metoga MoHTe-Kapno 6bina npumeHeHa gBaxfbl. B 06ounx cnyyasx npojeMOHCT-
pvpoBaHa xopollas cCornacoBaHHOCTbL Pe3ynbLTaTtoB, Yero v cfeoBano 0OXKujgaTb, MOCKONbKY BJaHHOM npumepe
NONHOCTbLIO COBGNOAEHBI BCE YCNOBUA NPUMEHUMOCTN cnocoba oueHuBaHnsA HeonpegeneHHocTn no GUM. Ucknto-
YeHWeM MOr cTaTb TONbKO pe3ynbTaT BbluncneHus /13, N0CKONbKY pacyeT 3HaYeHnsa 3TO BeAnYMHbl cnocobom
oueHMBaHUA HeonpegeneHHocTn no GUM HO yunTbiBaeT B3aMMHYO 3aBUCUMOCTb Mexay Y, n ¥Y2(cm. 6.5.2.3).
OfHako n ansa KOpesynbTaTbl, NONYyYeHHbIE BYMSA MeToAamMu, nokKasanm XOpoLlyto COrnacoBaHHOCTb B Npegenax
3afjaHHON TOYHOCTMN BbIYUCNEHNUS.

9.2.3 BbluncneHuns n pesynbtatbl (Mpumep 2)

9.23.1 OTOT NpUMeEP N3MEPUTENLHO 3a4auun MEHTUUYEH ONNCAHHOMY B 9.2.2 3a TEM UCK/IIOYEHNEM, UTO X3
XapakrepusyeTcsi paBHOMEPHbLIM pacnpefeneHnem C HyleBblIM MaTteMaTu4yecknm oXunjaHmem n eiuHUYHbIM
CTaHAapTHbIM OTKNOHeHneM. OUueHKN X, N COOTBETCTBYIOLWNe cCTaHJapTHbIe HeonpejeNeHHOCTN OCTalncb Hens-
MeHHbIMU: X, = 0. n(x,) = 1, /'=1.2,3. Pe3ynbTaTbl, NONyYEHHbIE C NPMMEHEHNEM cnocoba oueHnBaHNA Heonpe-
feneHHocTn no GUM (cm. pasgen 6) n metogom MoHTe-Kapno (cm. pa3gen 7). nokasaHbl B Tabnuue 4 n Ha
pucyHkax 11 n 12.

Ta6nunya 4— Pe3synbTaTbl M3MEPeHUs s TexX e YCNoBUiA, 4To B Tabauue 3, 3a UCKIOUEHUE™» TOro, YTo X3
ONMCbIBAeTCs paBHOMEPHbIM pacnpegeneHvem (9.2.3)

MeTop u n ¥ S HYrYs)

GUF - 0.000 0,000 1.414 1.414 0,500 2.45 2.24
MMK 1X105 0,008 0,010 1.414 1.410 0,500 2.38 2.15
MMK 1x10° 0,001 0,001 1.414 1411 0.499 2.38 2.15
MM< 1X107 0,000 0,000 1.414 1.414 0,500 2.38 2.15
ALanTuBHbI 0.36x10B 0,000 -0,002 1.413 1.414 0,500 2.38 2.15
M KK

AfanTuBHbI 0.35x10® 0,002 -0,001 1.418 1.415 0,502 2.38 2.15
MMK
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9.2.3.2 Cnocob oueHMBaHMs HeonpegeneHHocT no GUM gaeT abCoONOTHO O4MHAKOBYHO iIBYMEPHYHO NNOT-
HOCTb pacnpegeneHnagna Y (CM. pucyHok 11. cnesa) He3aBMCMMO OT TOTO, pacnpejeneHa nn BXojHas BennumHa
X3 no HopmanbHOMY (Kak B 9.2.2) nin paBHOMeEPHOMY (Kak B HACTOsILLLEM NpUMepe) 3aKOHY, NOCKO/bKY B ;lAHHO
n3MepuTenbHoOl 3afave B 3Tol NIOTHOCTU pacnpefeneHuns NoAHOCTbIO onpeAeneH oLueHKaMn BXOAHbIX BeNn-
YMH N UX CTAHAAPTHBIMUW OTKNOHEHNAMM, & OHN B 060MX NpMMepax OAUHaKOBbI. [TOCKONbKY MOfeNb N3MepeHuns
N3Ha4vyanbHO NMNHeliHa, ee LONONHNTENbHOW NMHeapu3aLmnm AN NPUMEHUMOCTU 3aKOHa TPaHCOPMMUPOBaAHNSA HEO-
npegeneHHocTeli He TpebyeTcs, U B 3TOM CMbic/ie cnocob oueHnBaHnsa HeonpegeneHHocTn No GUM HUKakunx
npnéamxeHuin He ncnonb3dyet. Tem He MeHee, pe3ynbTaTtbl, NONYyYEeHHble CNOCO60M OLeHNBaHNA HeonpeaeneHHo-
cTM no GUM AN oueHKN y BENMUYMHBI Y 1 COOTBETCTBYIOLW EN KOBapuayoHHo matpuubl Uy. He 6yayT coBnagatb
CaHalIMTMYeCKNM peLleHneM, NOCKO/bKY NocnefHee 3aBUCUT HE TONIbKO OT OLL@HOK BXO/HbIX BEMYNH U UX CTaH-
fapTHbIX OTKNOHEHWIA, HO 1 OT BUfAa Ux pacnpegeneHuii, BjaHHOM Npumepe oT pacnpejeneHus X3,

9.2.3.3 Ha pucyHkax 11 (cnpaBa) n 12 noka3aHo, kakMum 06pa3om HerayccoBOCTb pacnpegeneHus X 3snus-
eT Ha NpubAMKeHna NI0THOCTN pacnpejeneHns Y u MaprumHanbHoO NNOTHOCTW pacnpejeneHna ana Y,, nonyyeH-
Hble meTogoM MoHTe-Kapro.

PucyHok 11 — To >e. 4TO Ha pUCyHKe 8 Ana npumepa C BXOAHOV BENMUYUHON X3.
onncbiBaeMoil paBHOMEpPHbIM pacnpegeneHnem (9-2.3)

MNOTHOCTL pacnpefeneHys BeposiTHOCTel

PucyHok 12 — To »e. 4To Ha pUcyHKe 9 Ana npumepa C BXOAHOW BeNNn4MHOM X 3.
onncbIBaeMoii paBHOMEPHbIM pacnpegeneHnem (9.2.3)
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9.2.3.4MNpoBepKa NpUMEHNMOCTN cnocoba oLeHnBaHNA HeonpegeneHHocTn no GUM. onncaHHas B pasje-
ne 8 (cm. Takxe 9.2.2). 6bina nposejeHa CpaBHEHNEM pe3ynbTaTtoB, NONYYEHHbIX C er0 NMOMOLLbIO 1 C MOMOLLbIO
ajanTuBHoli npoueaypbl MoHTe-Kapno. U3 tabnuubl 4 BUJHO XOopoLlee coBnajeHne pesynbtatoB 4nsay,.y2, o(y,),
n{y2) ur(y,y?2). Ho HegoctaTo4HO xopoliee Ana Kpwu kQ

9.2.4 BbluncneHua n pesynbTatbl (NTpumep 3)

9.24.1 JTOT NpUMeEp U3MepuUTeNbHON 3afavyn NAeHTUYEeH onncaHHoMy B 9.2.3 3a UCK/TOYEHUEM TOT0, YTO
CTaHjap/toe OTKIOHeHMe A X3Tenepb paBHO He eiNHNLE, a TpeM. Pe3y/bTaTbl, NONYyYEHHbIE C NPUMEHEHNEM
cnocoba oueHuBaHuUs HeonpegeneHHoctn no GUM (cm. pasgen 6) n metogqom MoHTe-Kapno (cm. pasgen 7),
nokasaHbl B Tabnmue 5un Ha pucyHkax 13 n 14.

Ta6nuuya 5— PesynbraTbl U3MepPeHUs N5 TeX Xe yCnoBuiA, 4To B TabamLe 4. 3a UCKIOYEHVEM TOrO, YTO CTaHAapTHoe
OTKNOHEeHue ana X3 paBHO Tpem (9.2.3)

MeTog, M W 3 «<y,> o<y3 nyyy?2
GUF - 0,000 0.000 3.162 3.162 0.900 2.45 2.24
MMK 1x105 0.023 0.025 3,159 3.157 0.900 2.28 1.87
MVK 1X106 0.003 0.002 3.161 3.161 0.900 2.28 1.87
MMK 1xH07 0.000 0.000 3.162 3.161 0.900 2.28 1.87
AfanTuBHbIi 1.49x10e 0.002 0.002 3.163 3.162 0.900 2.28 1.87
MMK
AfanTuBHbI 1.85x10e 0,001 0.001 3.163 3.162 0.900 2.28 1.87
MM<
2.2.4.2 Cnocob oueHnBaHnA HeonpegeneHHocTn no GUM pgaet oueHky y = (0,0)T BeanumnHbl Y. KoBapuayu-

OHHas MaTpuua Ans JaHHOM OLeHKW, MMeloLwas Bug

noayyeHa no gopmyne (3). r4e B COOTBETCTBUM C YCNOBUSMYW HACTOSILLLETO NpUMepa

Ux

KoathduuneHT Koppenaumm gna oueHoky, ny2oéyaet r(y,.y2) = 0.9. 95%-Hble ob6nactu oxsata gnsa Y B
hopme annnnca n NPAMOYrofbHNKa ONpefenstoTcs, COOTBETCTBEHHO, KoaddunumeHTamm oxBata kp= 2.45 (tabnn-
ua 1) n kg = 2.24 (tabnuua 2). 3TM pe3ynbTatbl NpuBefeHbl B cTpoke ana GUF tabnanubl 5. B cOOTBETCTBUU CO
cnocobom oueHnBaHUsA HeonpegeneHHocTn No GUM BbixofgHas BennunHa Y onucbiBaeTcs ByMepPHbIM HOpMarb-
HbIM pacnpegeneHnem N(y,Uy), nokasdaHHbIM B BUAe KOHTYpPHOrO rpaduka Ha pucyHke 13 (cnesa). B atom npume-
pe Habnofaetca 6onee cunbHasA Koppenauna Mmexay Y. n Y2no cpaBHeHUIO ¢ NpumMepamMun, pacCMOTPEHHbIMU
paHee, NOCKONbKY yBenn4eH OTHOCUTeNbHbIV BKNaj ob6liero hakropa, onMcbiBaeMoro Yyepes X 3, B HeonpejgeneHx-
HOCTU. CBA3aHHbIE C OueHKamn Y, n ¥2.

9.2.4.3 N3 pucyHkos 13 (cnpaBa) n 14 BUAHO 60nbluee BAnsSHMWE (B CpaBHEHUN € pe3ynbTatamun 8 9.2.3)
pacnpefgeneHus, onucbiBatoLlero X 3. Ha NpUGANXKEHNs NMNOTHOCTU pacnpejeneHna ans Y n mapruHanbHOW nnoT-
HOCTW pacnpefeneHusa gna Y,, nonyyeHHoble metogom MoHTe-Kapro.

3.2.4.4 NMpoBepKa NPMMEHMMOCTM cnocoba oLueHnBaHna HeonpegeneHHoctn no GUM. onucaHHas B pasje-
ne 8 (cm. Takxke 9.2.2 n 9.2.3), 6bina NnpoBejeHa cpaBHeHMEM pe3ynbTaToB, MONYYEHHbIX C €r0 MOMOLLbIO U C
nomoLbio afanTMBHOW npoueaypbl MoHTe-Kapno. W3 tabnuubl 5 BUAHO Xopollee coBnajeHne pe3ynbtaTtoB gns
yby2, n(y,).n(y2 nn(y,,y2), Ho nnoxoe gna Kpn k. NonyyeHHoe cnocob60M OLEHNBaAHUA HEONPEAENEeHHOCTU No
GUM 3HauyeHue Kp npubansntensHo Ha 7 %. a 3HavyeHne kqnpnbansntensHo Ha 20 % 6onblue Tex. YTO MONyYeHbl
meTtofom MoHTe-Kapno.
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0,035
0,030 0,030
0.025 0,025
0,020 0,020
0,015 0,015
0,010 0,010

0.005

10 10

PucyHok 13 — To ke, 4To Ha pucyHke 11 Ansi npvmMepa c BXOAHONM BeNNUMHON X 3
MMetoLLel cTaHfapTHOe OTKNOHeHue, paBHoe Tpem (9.2.4)

MnoTHOCTL pacnpefeneHns BepOATHOCTEN

PrcyHoK 14 — To »e. 4To Ha pucyHke 12 [ns npumepa C BXOAHON BENMYMHON X3,
VMeloLLelt cTaHAapTHOEe OTKIOHEHWe, paBHoe Tpem (9.2.4)
9.3 [lpeo6pa3oBaHue cucTeMmbl KOOpAMHaT

9.3.1 NocTaHOBKa 3ajauun
9.3.1.1 KomnnekcHaa BennymMHa Z MOXeT 6bITb NpefjcTaBneHa B anrebpanyeckoi opme

X, +iX2.
raeX. =zr nX2=" — COOTBETCTBEHHO AeCTBUTENbHASA U MHMMAsi YacTu Z U B TPUTOHOMETpUYecKol hopme
R{cose #isine)= Re'w

rae Rn 0 — coOTBETCTBEHHO MOAY/b M apryMeHT Z 3Tu AiBe pOPMbl 3aN1UCU COOTBETCTBYIOT NpejcTaBleHUsIM
TOYKM Z b KOMMNEKCHOM NNOCKOCTN COOTBETCTBEHHO C A€KAPTOBOI U NONSIPHOW cucTemMoli koopanHart. NMpeobpaso-
BaHMWIO NepBoli CUCTEMbI BO BTOPYIO MOXXHO NOCTaBUTb B COOTBETCTBME MOJE/b MU3MEPEHUs BUAa

Yy2=X.2f Xf. tanv2=X 2/X, (25)

C BXOAHOW BennuunHoii X = (X,,X2T = (Z4,Ziy v BbIXogHOW BennunHoii Y = (¥,.¥2)T=(R.0)T.
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MpumeuvaHne — dopmyna (25) onucbiBaeT ABYMEPHYIO MO/eNlb M3MepeHus Na BbIXOAHbIX BennunH R n O.
MockonbKy Moaynb R Bcerga HeoTpuuaTteneH, T0 OH OfHO3HAYHO MOXET ObiTb OnpefeneH Kak NonoXWUTeNbHbI KBaj-
paTHbIii KopeHb U3 Rr. Ecnn aprymeHT O onpeaensTb Yepes Tak HasblBaeMblii apKTaHreHC iByX NepeMeHHbIX {B A3blkax
nporpamMmMupoBaHus obo3Havyaemblii «atan2»), To Npu 3afaHHOM oTHoweHun ZfIZf. 3HaueHne aprymeHTta Takke byaet
OfHO3Ha4YHO onpejeneHo Ha nHtepsane — s < O £ n. Taknm o6pas3ok», hopmyna (25) gonyckaeTt Ucnonb3oBaHWe ee B
KayecTBe [BYMEPHON MoJenn M3mepeHus.

9.3.1.2 icxo4HbIMUY faHHbIMU ANA pacyeTa HeonpeAeNeHHOCTU ABNAKTCA OLEHKN X, UX2BENNYUH X, nX2,
nofyYyeHHble U3 N3MEPUTENbHON CUCTEMbI, U COOTBETCTBYIOLLLIME UM CTAHAAPTHbIE HeonpeaeneHHocTH t/(X,) 1 n(x2)
1 KoBapuauum n(x,,x2) = rm{x")n(x2), rge r - r(x,,x2)— koadpduuymeHT Kkoppenauymm [cm. JCGM 100 (NyHKT 5.2.2)].
Mpn Hannumnm Taknx faHHblx [cm. JC G M 101 (nyHKT 6.4.8.1)] X npunucbiBaloT jByMepHOe HopMabHOe pacnpeje-
NeHne c MatTeMaTu4yecknm oXXngaHmem n KoBapuaLlMoHHO MaTpuueli COOTBETCTBEHHO

rx,1 [ wn2(X,) w (X,)bl (X2)

1*13* I'u (*iM *2)  ©2(x2)

MpegnonaraeTcs, 4TO pa3MepHOCTb X, U X2 paBHa eguHuLe.

9.3.1.30uUeHKN y BENNYMHbI Y 1 COOTBETCTBYHOLLEN KOBapnaynoHHoi matpuubl Uy onpegeneHbl N5 pa3HbiX
coyeTaHuii BEIMYNH Xb X2, U(X}), n{x2) nr(xmnx2).

9.3.1.4 PaccMOTpPEHO WeCcTb NPUMEPOB, B KaXXAOM M3 KOTOPbIX X2 B3ATO paBHbIM Hynto, a N (X,) = n(x2) =
= nA= 0.010. B nepBbIX Tpex NpumMepax paccmaTpuBaeTcs ciyyal HEKOPPENUPOBAHHbIX BXOAHbIX BENNYMNH.
f(xi,x2) * 0 ans OUEHOK COOTBETCTBEHHO X, = 0.001. x, = 0.010 n*, = 0.100 (cm. 9.3.2). B ocTanbHbIX Tpex
npvMepax MCnonb30BaHbl Te Xe OUeHKN ANnA X,. HO MPU CUNbHON KOppenAaunm BXOAHbIX Bennuuun: r(x,.x2) = 0.9
(cm. 9.3.3). Ha pucyHke 15 [rae He co6nt04eH NPUHLUN NCNONb30BaHNA Ha KaXKAoM rpaduke ogHOro useta gns
0[JMHaKOBbIX YpoBHeli (cM. 9.1.5)] noka3aHbl KOHTYPHbIE TMHUN COBMECTHOW NNOTHOCTW pacnpepeneHus X gns
npumepa 1[x, =0.001 nr(x,,x2) =0Jlunpumepad[x1=0.001 ur(x,.xr) =0.9]. Ans ocTanbHbIX NPUMEPOB rpapunkn
NNOTHOCTW pacnpegeneHnsa X nonyyaroT NEPEHOCOM KOHTYPHbIX IMHUI BAONb OCU X, TAKMM 06pa3om, 4Tobbl nx
LeHTpamMm cooTBeTcTBOBana koopamHata x, = 0.010 (npumepbl 21 5) nan x, = 0.100 (npumepbl 3 1 6).

X2 X2

*1 *1

PucyHok 15 — KOHTypHbIe TMHUWN COBMECTHbIX MIOTHOCTEN pacnpeAeneHns BXOAHbIX BEMMYNH B MOAENN
npeobpasoBaHMa CUCTEMbI KOOpAUHAT ana npumepos 1 (cnesa) u 4 (cnpasa) (9.3.1.4)

9.3.2 BbluucneHuns n pesynbTaTtbl (cny4yaii HyneBoi koBapuayum)

9.3.2.1 06w, Me NonoXKeHus

9.3.2.1.1 OueHuBaHne HeonNpeaeneHHOCTN BbINONHAETCA NPMMEHEHNneM TpaHchopMMpoBaHUs pacnpegene-
HWI (a) aHanuTnyecku (4na ueneii cpaBHeHus). (b) c ncnonb3oBaHMeM 0606LWEHHOTO cnoco6a oLeHNBaHUA HEeO-
npegeneHHoctn no GUM u (c) c ucnonb3oBaHmem metoga MoHTe-Kapno.
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9.3.2.1.2 CoBMecTHas NNOTHOCTb pacnpegeneHnsa 4na Y u mapruHanbHble NIOTHOCTU pacnpegeneHunsa gna
Y, n Y2 MoryT 6bITb MONYYEHbl aHANUTUYECKN B ClyHae He3aBUCUMbIX X, U X2. ONUCbIBAEMbIX HOPManbHbIMMU
pacnpegeneHmamm N (x,,uf) nn (x2,u*) coorBetrcTBeHHO {cM. pa3gen C.2).

9.3.2.1.3 CornacHo cnocoby oueHMBaHWA HeonpefjeneHHoctT no GUM BennuuHe Y cOOTBETCTBYeT iBY-
MepHoe HopMmanbHoe pacnpegeneHve N(y,Uy), npu 3TOM OueHKy y = (Y,y2)T 4na Y nony4varT pelieHnem
ypaBHeHW

y? = xf + x2, tany2=x2/x,,

a KoBapuauuoHHyto matpuuy Uy noayyaroT NpUMeHeHVeM 3aKkoHa TpaHC(hOopMUpOBaHUSA HeonpejeneHHocTel
(cm. pasgensbl 6 u C.3).
9.3.2.1.4 MeT0o4 MOHTe-Kapno NnpUMEHEH C YACNOM UCNbITaHUt M - 107 (cm. pa3gen 7).
9.3.2.2 Mpwumep 1(x, =0,001)
9.3.2.2.1 PesynbTatbl, NONy4YEHHbIE aHANNTUYECKMN, CNOCOO0OM OLeHMBaHMA HeonpejeneHHocTn no GUM
nMmeTofoM MoHTe-Kapno gnsi BxofgHoli oueHku x, = 0.001 n ko3 durumeHTa Koppensumm r(x,.x2) = 0 npuBeaeHbl
B Tabnuue 6, cTpokn 1— 3.

NMpumeuvaHne — lpuBeaeHHble B NepBoli CTpoke Tabnunubl 6 3HaYeHns y, n t/(y,) nonyyeHbl B pesynbrare
BbIMNOMHEHHbIX C BbICOKOW TOYHOCTbIO YMCNEHHbIX pacyeToB onpefeneHHbIX UHTerpanos, NpeacTaBnatoLmnx coboii 3agaH-
Hble B BUAe hopMy/ Yepe3 MapryHasibHyt0 NIOTHOCTb pacnpegeneHus Y, Bblpaxkenusa ansa £(Y.) n V(Y.) [cm. hopmyny
(C.2) B npunoxkeHnn C). AHaANOrM4HO 3HaveHusa y2 n u(y2) paccumraHbl YncneHo no popmynam ansa £(¥Y2) n Y(Y2). Bkno-
YaloLwym B cebs mapruHanbHoe pacnpegeneHve Y2 [cm. opmyny (C.3) B npunoxeHumn C)). HeTpyaHO nokasatb, 4TO
coy(Y,.Y2) =0. n. cnegoBartensHo, r{y,.y2 =0.

Ta6numuya 6 — Pe3synbtarbl M3MEPeHUn AN Mogenn npeo6pa3oBaHUsi CUCTEMbI KOOPAMHAT ANs ciayvas HyneBoin
KOBapviaumm Mexay oLeHKamu BXOAHbIX BennunH (9.3.2.2.1,9.3.2.3.1 n 9.3.2.4.1)

1 Meton n 3 u(y.) Ly
0,001 AHaNUTUYECKNIA 0.013 0.000 0.007 1.744 0.000
GUF 0.001 0.000 0.010 10.000 0.000
MMK 0,013 -0.001 0.007 1.744 0.000
0.010 AHanUTUYeCKni 0,015 0.000 0.008 1.118 0.000
GUF 0,010 0.000 0.010 1.000 0.000
W K 0,015 0.000 0,008 1.117 0.000
0.100 AHaNUTUYECKUi 0,101 0.000 0.010 0.101 0.000
GUF 0,100 0.000 0,010 0.100 0.000
MMK 0,101 0.000 0,010 0.101 0.000

9.3.2.2.2 Ha Tpex BepxHuX rpadumkax pucyHka 16 nokasaHbl NNOTHOCTU pacnpeaeneHuns ansa Y. noayyeHHble

aHannTM4yecku, cnocobom oueHMBaHUa HeonpegeneHHocTn no GUM n metogom MoHTe-Kapno. lNocnegHsaa xopo-
Lo cornacyeTcs C aHalMTUYECKNM peLleHneM, B TO BpeMs Kak pe3ynbtart oueHnsaHmsa no GUM otanuyaetcs oT
HUX OYE€Hb CUNLHO, BMNOTbL O TOTO, YTO [j/1IA HEro UCMnofb30BaHa apyras wkKana CooTBeTCTBUA LiBeTa NYPOBHA
(cm. 9.1.5). Bonoe Toro, cnocob oueHnBaHnsA HeonpegeneHHoCcTn Nno GUM faeT HeHyneBYyl BEPOATHOCTb NOsAB/E-
HUSt PU3NYECKN HEBO3MOXKHbIX 3HAYEHUI BbIXOAHbIX BEIMUNH B o6nacTax rj, < 0. i)2£ K 1 ij2> a.
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PucyHok 16 — COBMeCTHbIE MIOTHOCTU BEPOATHOCTU ANA Y. NOAYYEHHbIE aHaIMTUYECKH (CBepXy), oLeHnBaHnem no GUM

(B ueHTpe cneBa) n metogomMm MoHTe-Kapno (B UeHTpe crnpaBa) U MaprvHanbHble NNOTHOCTU pacnpeeneHuns agnsa v,

(BHM3y cneBa) 1 Y2 (BHM3Y cnpaBsa), NoNyYeHHble aHannTU4eckmn (NyHKTMpHas IMHKA), oueHnBaHmemM no GUM (cnnowHas

nMHNA) 1 MeTogoM MoHTe-Kapno (ructorpamma) 4ns mogenn npeobpasoBaHus koopguHat ¢ x. =0,001 n T1(x,AT2) = 0
(9.3.2.2.219.3.2.2.3)
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9.3.2.2.3 Ha By X HWXHUX rpadrkax pucyHka 16 nsobpakeHbl MaprmHanbHble NIOTHOCTU pacnpejeneHns
ANS BbIXOAHBIX BEINYUH Y, 1N Y2, NONyYEeHHble N3 COBMECTHbIX pacnpegeneHuii gnsa Y. MapruHanbHble NNOTHOCTH
pacnpegeneHus, nonyyeHHble meTo4oM MoHTe-Kapno (nokasaHbl Kaxjas B popme ructorpamMmmel unn pacnpege-
NEeHNs 4acToT), CornacyrTca ¢ TEMU, 4TO NONYYEHbl aHANUTUYECKM (MOKa3aHbl NYHKTUPHLIMW TIMHUAMN), B TO Bpe-
M$l KaK MapruHanbHble pacnpejeneHuns, nony4yeHHble CNOCO60M OLeHBaHUA HeonpejeneHHoctn no GUM (noka-
3aHbl CNAOLWHBIMU IMHUSIMU) O4EHb CUNBHO OTANYAIDTCA OT aHaNUTUYEeCKNX pelleHnii. na yaob6cTBa npeactasne-
HUA BCe rpaukn MapruHanbHON NNOTHOCTN pacnpejeneHuns Ans Y2orpaHnyeHbl 06n1acTbio (YU3nYecKn BO3MOX-
HbIX 3HAYEeHWi i}2, T. €. MHTepBanoM - A < rj2£ 9 .xX0TA NoNy4YeHHoe cnocobom oueHuBaHna no GUM HopmanbHoe
pacnpegenerHue N(0.102)gna Y2npocTupaeTcs faneko 3a rpaHulbl 3T0ro nHTepsana. Ha aTux rpaukax rakxe
XOPOLLO BUAHO, YTO COINacHoO cnocoby oueHnBaHUs HeonpejeneHHoctn No GUM dpun3nyeckn HEBO3MOXKHbIM 3Ha-
yeHnsM  © /2npucsoeHa HeHyneBas BEPOATHOCTb (CM. 9.3.2.2.2).

9.3.2.3 TMpumep2 (x, =0,010)

9.3.2.3.1 Pe3ynbTaThbl, NONyYEeHHbI€ aHANUTMYECKN, CNOCO6OM OLEeHMBaHMA HeonpegeneHHocTn no GUM
n metogom MoHTe-Kapno fns BXOAHOV oueHKn X, = 0.010 n koathhuymneHTa Koppenauum r(x,,x2) = 0. npusegeHsol
BCTpoKax4— 6 Tabnuubl 6. Ha pucyHke 17 nokasaHbl KOHTYpPHbIE rpadkn COBMECTHbIX NNIOTHOCTEl pacnpegene-
HUA 4NA Y. NONYYEHHbIX C UCMONb30BaHMEM TpeX BbllleyKa3aHHbIX METOJ0B, a TakKXKe MapruHaibHble NNOTHOCTH
BEPOATHOCTN ANS Y, N Y2. NoNy4YeHHble N3 COOTBETCTBYIO L UX COBMECTHbIX pacnpejeneHui.

9.3.2.3.2 BugHo, 4T0 pe3ynbTarthbl, NONy4YeHHbIE C UCNoNb30BaHnemM metoja MoHTe-Kapno, cornacytTca ¢
aHanMTu4Yecknm pelieHvem. B To Bpems kak pe3ynbTaThbl, NONyHYeHHbIE C UCNONb30BaHMeM cnocoba oueHnBaHns
HeonpefjeneHHoctT no GUM, oT aHaIMTUYECKOro pelleHnsa OTANYalTCA, XOTA U He TaK CyL|eCTBEHHO, KaK B
npumepe ¢ X. = 0.001. OTHOCUTENbHbIE PA3HOCTU MEXAY CTaHAAaPTHbIMWN HeonpegeneHHocTaMun n(y,) n ny2),
onpejeneHHble C UCNONb30BaHMeM cnocoba oueHnBaHA HeonpegeneHHocTM no GUM unaHanntmyeckum meto-
[OM. coCcTaBnAT Npubénn3ntTensHo 25 % n 10 % (B cpaBHeHUn c40 % n470 % gna npumepac x, = 0.001).

9.3.2.4Mpumep 3(x, =0,100)

9.3.2.4.1 Pe3ynbTatbl, NONyYeHHbIE aHANUTUYECKHN, OLEHMBAHNEM HeonpeeneHHocTn no GUM n metogom
MoHTe-Kapno ana BXOAHOW oueHkM X, = 0,100 n koadduumeHTa Koppensuum r(x,.x2) = 0. npuBefeHbl B
cTpokax 7— 9 Tabnuubl 6 N Ha pucyHke 18.

9.3.2.4.2 BUaHoO, 4TO pe3ynbTaThbl, NONy4YEHHbIE C UCMOAb30BaHNEM cnocoba oL eHNBaHNs HeonpejeneHHo-
ctm noGUM u metogom MoHTe-Kapsiio cornacytorca c aHaluTuyecknm peweHnem. NokasaHHble Ha pUucyHKe 18
MapruHanbHble pacnpejeneHus, NofyyeHHble TpemMs MeTofamMu, NpakTMyeckn Hepas3nnunumeol. OLeHKKn, CooTBeT-
CcTBYylOLME CTaHAAPTHbIe HeoNpefeNeHHOCTN N COOTBETCTBYOLWMNE KOIPPULUNEHTbI KOppensaunm cosnagatoT ¢ TOY-
HOCTbIO [0 ABYX 3Hayawmnx umudp.
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PucyHok 17 — To >e. uTo Ha pucyHke 16. Ho gns x, =0.010 (9.3.2.3.1)
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PucyHok 18 — To xe, 4TO Ha pucyHke 16. Ho ansA x, =0.100 (9.3.2.4.1)
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9.3.3 BbluucneHusa n pesynbtaTthl (cnyyali HeHyneBOI KoBapuauum)

9.3.3.10ueHuBaHne HeonpejeneHHOCTN BbIMONHAETCA MPUMEHEHeM TpaHCc(OpMUpoBaHusa pacnpejene-
HWii ¢ ncnonb3oBaHneM (a) 0606LLeHHOro cnoco6a oLueHnBaHNs HeonpejeneHHocTn No GUM (cMm. pasgenbl 6 1
C.3) n(b) meTopga MoHTe-Kapno c uncnom ucnbitaHuii M= 107(cm. pasgen 7).

9.3.3.2 Pe3ynbTaTtbl, NONy4YeHHble AN BXOAHbIX OLEHOK X, =0.001.x, =0,010 ux, = 0.100 (npumepsbl 4,5
1N 6 COOTBETCTBEHHO) N KO3 uumeHTa koppenaunm /=x.x2) = 0,9 npusegeHbl B Tabanue 7. Ha pucyHkax 19— 21

Ta6nuuya 7— Pe3synbTatbl M3MEPEHWIA 411 MOAENM NPe0o6pa30BaHUs CUCTEMbI KOOPAVHAT A/t Clydast HEHyNeBOi
KOBapuaLuy MeXay OLeHKamy BXOfHbIX BennuuH (9.3.3.2)

* MeTog * y3 "(Y,) "<y "(Y,¥r1)
0,001 GUF 0,001 0.000 0.010 10.000 0.900
MMK 0.012 -0.556 0.008 1.599 -0.070

0,010 GUF 0.010 0.000 0.010 1.000 0.900
MMK 0.015 -0.343 0,008 0.903 0.352

0.100 GUF 0.100 0.000 0,010 0.100 0.900
MMK 0.101 -0.009 0,010 0.102 0.882

MNoTHOCTb pacnpeseneHns BEPOsiTHOCTeN MnoTHOCTb pacnpeaeneHns BeposiTHocTeld, pag'l

PucyHok 19 — CoBMeCTHble NAOTHOCTU BEPOATHOCTM Ans Y. nonyyeHHble oueHuBaHuem no GUM (BBepxy cnesa) u

meTogom MoHTe-Kapno (BBepxy cnpasa) 1 MaprmHasibHble NIOTHOCTU pacnpegeneHns gna Y, (BHU3y cnesa) n Y2 (BHU3Y

cnpasa), Nony4YeHHble oLeHnBaHveM no GUM (cnnolwHas nMHusa) n metogom MoHTe-Kapno (ructorpamma) gns mogenm
npeob6pasoBaHnsa KoopanHaTt ¢ X, = 0.001 nr(x,.x2) = 0.9 (9.3.3.2)
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nokasaHbl COBMECTHblE MJOTHOCTU pacnpejeneHnsa Ansa Y U MapruHanbHble NAOTHOCTU pacnpejeneHus ans
Y. n Y2, nony4yeHHble yKadaHHbIMW JBYyMSA MeTojamMun Ans BCexX Tpex NpMmMeposB.

3.3.3.34na cnyyaeB x, = 0,001 nx, =0.010 pe3dynbTaTbl, NONYYEHHbIE CNOCO60OM OLEHMBAHUA HeoNpeje-
neHHoctn no GUM un meTtogom MoHTe-Kapno nioxo cornacyrTcs Apyr ¢ gpyrom. B yactHocTtu, metog MoHTe-
Kapno gaeT B aTuUX ABYX NpMMepax MaprnuHaibHble NIOTHOCTW pacnpejeneHns ana Y2c ByMSA nNuKamu, 4to
CUNbHO OTMYaeTca OT O4HOMOAANbHOIO HOPMAanbHOro pacnpejeneHuns, NoNy4YeHHOro oueHnsannem no GUM.
3TN NUKN HaxopaAaTcs B6MM3M Touek D2 = a/4 -» 0.785 n i)2 = n/4- a *- 2.356. 4yTo COOTBETCTBYET yrnam
OpueHTauun rnaBHOM OCKU INNUNTUYECKUX KOHTYPHbBIX TMHUI NNOTHOCTU pacnpefeneHnsa ana X [CM. pucyHok 15
(cnpasa)].

9.3.3.44n5 cny4yas x, = 0.100 pe3ynbTaTtbl, NONy4YeHHble CNOCO6G0M OLEHUBAHUS HEONPEAENEHHOCTN NO
GUM unwmeTtogom MoHTe-Kapno, cornacytoTcss HaAMHOIo nyylue.

<35

30

25

20

15

-0.02 -0.01 0.00 0.01 0.02 0.03 0.04 0.05

MNOTHOCTL pacnpeseneHvsi BeposTHOCTEN

PucyHok 20 — To »e. uTo Ha pucyHke 19. Ho gns X, = 0.010 (9.3.3.2)
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MNOTHOCTb pacnpeseneHrsi BeposTHOCTEN

PucyHok 21 — To e. uTo Ha pucyHke 19. Ho gns x, = 0.100 (9.3.3.2)

9.3.4 0O6cyxpeHne pe3ynbTaToB

9.3.4.1 Ansa oboux cnyyaeB {Cc HyNneBOW N HEHYNeBOW KoBapuaymeli) N0 Mepe yaaneHns OUEeHKUN X, OT HynA
pe3ynbTartbl, NONy4YeHHble cNoCO60M OLeHNBaHNA HeonpegeneHHocT no GUM n metogom MoHTe-Kapno, HauuHa-
10T NpubamxKaTbCca ApYyr KApyry.

9.3.4.2 ins oueHok x. = 0.001. x, = 0.010 n, BoOGLWE roBOps, 418 BCEX 3HAYEHUN X,. BAN3KUX K HYNIO,
ahpeKT HeHyneBOW KoBapuauunm 3HAYUTENbHO MW3MeHseT pe3ynbTaTbl, MOMYyYEeHHble C MOMOLLbIO MeToAa
MoHTe-Kapno.

9.3.4.3 UncneHHble gaHHble, NpeAcTaBneHHble BTabanyax 6 n 7, COOTBETCTBYIOT NOKa3aHHbIM Ha pUCyHKax
COBMECTHbIM Y MapruHanbHbIM NNOTHOCTAM pacnpejeneHus. B HEKOTOpbIX cnyyasx Takme gaHHble MOryT 6biTb
HENoOAXOAALMMN NN HEJOCTATOUYHLIMU ANS ONUCAHUS pacnpefeneHns, XxapakTepusyoLero BbIXOAHY BENMYN-
Hy. Tak. AN npumMmepa c BXOAHON oueHKoi x, = 0.001 n HeHyneBoOli KoBapuauwnei r(x,,x2) = 0.9 (pucyHok 19)
MapruHanbHas NN0THOCTb pacnpegeneHuns 4na Y2 nonyyeHHas c NOMOLLbIO MmeToga MoHTe-Kapno, cylwecTBeH-
HO 6MMoOJanbHa, Mexay TeM oueHKa y2BennynHbl Y2Haxo[UTCs MexXay Mojamu pacnpegeneHus BToli o6nactu
3Ha4veHunli Y2, rae n10THOCTb BEPOATHOCTM Mana.

MpunmeyaHune — [Ns BbIXOAHOW BENMUUHBI, UMEIOLLE MHOrOMEpHOE HOpManbHOEe pacnpefeneHne, BeKTop
mMarteMaTUyecKoro OXXujaHus 1 COOTBETCTBYIOLLAasA KOBapvaunoHHas Martpuua OnucbIBatoT 3TO pacnpejeneHune mcyep-
nblBalOWMUM 06pa3om.

9.3.4.4 inA BXOAHbIX OLEeHOK X, = 0,001, x, =0.010 n, Boo6L,e roBops, AN BCEX 3HAYEHUN X,. 6BIN3KNX K
HYNKO, ONpegeneHne NHTepBanoB oxBata B )OpMe 31ANNCOB N NPAMOYTONbHUKOB He ABNAETCA NOAXOAALLNM.
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9.4 OpHOBpeMeHHOe M3MmepeHue akTUBHOIO U PeaKTUBHOTO CONPOTUBAEHUIH

9.4.1 NocTtaHOBKa 3ajauun

9.4.1.1 AktueHoe R u peaktueHoe X conpoTusieHns anemMeHTa Lenu onpegenstoT nyTem n3MepeHnus amn-
NNTYAbI V U3MEHAILWErocs No rapMoHUYECKOMY 3aKOHY HaNps>XeHUsa Ha ero Knemmax, aMmnautyabl | npoxoasa-
uiero yepes afieMeHT NepPeMeHHOro Toka 1 has3oBoro casura $ mexkgy HanpskeHnem u cunoi Toka. BxogHbimum
BeNMYMHAMU Mogenu aBnsoTca V, | 1 4. a BbIXOAHBIMU — YyKa3aHHble conpotuenernns R n X. a Takxe mogyns
NONHOTO UMMNegaHca afnemMmeHTa uenn Z, Z2=R2+ X 2.

9.4.1.2 NpumeHeHne 3akoHa OMa flaeT TpexMepHyo MofieNlb U3MepeHns

R 51 -yCOS<> X *ySin4>.Z *vy, (26)

CBA3LIBAIOLULYIO BXOAHYI BenmunHy X = (X,. X2, X371 ={V, I, 4)T ¢ BbIXOAHOI BenmumHoit Y = (¥Y,.Y2¥Y3)T =
= (R. X. 2)T.

MpumeyvaHune 1— B HacToAWeM npumepe B LENSX YNPOLLEHUA HE yUMTbIBAIOTCA CUCTeMAaTUYecKne addek-
Thbl. KOTOPble MOrYT OKa3blBaTb BUSAHWE Ha OueHKn V. | n 4.

MpumeyaHne 2— AHaNOrMYHbLIN NpumMep paccmoTpeH B JCGM 100 (pa3sgen H.2). rge peakTMBHOMY COMNpo-
TUBNEHMIO NPUCBOEHO 0603HauveHne X. Takoe ke 0603HauYeHne MCNonb3yeTcs B HacToAleM npumepe. PeakTuBHOe
conpoTuBiaeHne X SiIBASIETCA 31eMEHTOM BEKTOPHOW BbIXOAHOW BEMMUMHBI Y. 1 €ro He HYXKHO nyTaTb ¢ X — BEKTOpPHOW
BXOAHOW BEMYNHOIA.

9.4.1.3 B 0/HAKOBbIX YCNOBUAX NPOBEAEHO N = 6 MOBTOPHbIX HE3ABUCUMbIX HABNOAEHUN X, ....... X. BXOA-
HOli BennuunHbl X. Pe3ynbTaTbl 3TUX HA6MOAEHWI NpuBefeHbl B Tabauue 8.

NMpumeyvyaHne — B npumepe n3 JCGM 100 (pa3gen H.2) uncno HabnofeHWn 66110 paBHO NATU, U pe3ynbTaTbl
Tex HabnogeHui NpuBefeHbl B NePBbIX NATU CTpoKax Tabnuubl 8. OfHaKo ANS onpejeneHns KoBapualuymoHHOW MatpuLbl
(cM. 3.4.2.5) HEO6XOAMMO KakK MVUHUMYM 6 HabnogeHuii. NMoatomy B Tabanuy 8 6bino fo6aBneHo LWecToe HabnaeHve,
nonyyeHHoe Kak cpejHee apudmeTnyeckoe 3HayeHue nepBbixX NATM HabnfeHWi. [N HaCTOSILEero npumepa Hecylle-
CTBEHHO. Kak1MM CNoco60oM 6bINo NonyveHo Lwectoe HabnogeHne, Ho BbIGOP B KayecTBe LLeCTOro HabnoaeHus cpegHero
3HayeHns BbIOOPKM MO3BOMSIET COXPaHUTb 3TO CpeAHee 3HayeHue HeM3MEeHHbIM.

Ta6nunya 8— [aHHble N = 6 O4HOBPEMEHHbIX HE3ABNCUMbIX HAGNOAEHWUI BXOAHBIX BEMUMH ANS MOJENN U3MEPEHUS
aKTVBHOIO M peakTUBHOro conpoTmBneHunii (9.4.1.3)

HabntogeHne V.B VALY 4. pag,
1 5.007 19.663 1.0456
2 4.994 19.639 1.0438
3 5.005 19.640 1.0468
4 4.990 19.685 1.0428
5 4.999 19.678 1.0433
6 4.999 19.661 1,0445

9.4.2 BblyncneHuna n pesynbrtaTbl

9.4.2.1 Pe3ynbTat U3aMepeHns B HacCTosiLLeM Npumepe foMkKeH 6bITb NpejcTaBieH B BUE OLEHKN y BENN4n-
Hbl Y 1 COOTBETCTBYIOLEN KOBapnaLoHHon matpuubl Uy. 3TOT pe3ynbTaTt JO/MKEH 6bITb NONYYEH HA OCHOBE Moje-
NN U3MepeHus, 3aflaHHoi popmynamu (26). U faHHbIX HAGNKOAEHNT X , ......x,,. TPUBELEHHbIX B Tabauue 8. Pewe-
Hue JaHHO 3ajayn Ha OCHoBe crnoco6a oueHnBaHuNsa HeonpegeneHHoctTn no GUM npusegeHo B JCGM 100 (NyHKT
H.2.3). B HacTofllemM Nnpumepe NOMMMO fJaHHOTOo cnocoba paccmaTtpuatrTca mogudukaumsa cnocoba oueHnBa-
HUA HeonpegeneHHOCcTn no GUM Ha ocHOBe NpMMEeHeHUa MHOroMepHoro (-pacnpegenexHuns (cm. 5.3.2) ana Bxoa-
HbIX BE/IMYVH, a TaKxXe NnpumeHeHne meTtoga MoHTe-Kaprno.

3.4.2.2 na T0Oro, 4To6bLI NPMMEHNTL CNOCO6 OLEHNBAHNA HeonpeaeneHHocTn No GUM Heo6Xxoanmo 3HaTb
oueHKy x = (v, /, <>)T BxogHol BennuunHbl X = (V, /. )T, onpegensemyto kak BbIbopoyHoe cpegHee Mo Habnwoje-
HUAM. laHHble KOTOpbIX NpuBegeHbl BTa6bnmue 8 (JCGM 100 (NyHKT 4.2)]:

X*TT<X, + ...+ X,,).
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KoBapuaunoHHas matpuua Ux, cOOTBETCTBYOLW AR X. COAEPXKUT AUCNEpPCUn, COOTBETCTBYIOLWME CPEJHUM
3HayeHnsM [JCGM 100 (nyHKT 4.2)]. n KoBapuauuu, COOTBETCTBYIOLLME KaXK4OV nape CpefHUX 3HauvyeHui
[JCGM 100 (nyHKT 5.2.3)], uBblUKCAsieTcs N0 hopmyne:

n*= 777N TIM M = (X=- X)(X«“ X)T + ... + (X, - X)(Xs1- X)T.

rae M — maTtpuua cymm KBajpaToB M NpousBefeHnin. OueHKN BXOAHbIX BEIMYUH M COOTBETCTBYIOLLME CTaHaap-
THble HeonpejeneHHoCTN NpuBefeHbl B Tabnuue 9. a KoahduyneHTbl Koppenayuu, CoOoTBeTCTBYOLME napam Ta-
KX OLueHOK. — B Tabnuuye 10.

Ta6nmya 9— OueHKM BXOAHbIX BennuuH X ={V./ )T npy OAHOBPEMEHHOM W3MEepPEHUN aKTUBHOIO ¥ PeaKTUBHOTO
COMPOTMBNEHUI N COOTBETCTBYIOLLME CTaHAAPTHbIE HeonpejeneHHocTn (3.4.2.2)

MapameTp V.B 1wl N pas
OueHka 4,9990 19.6610 1.04446
CraHfjapTHass HeornpeaeneHHoCTb 0.0026 0.0077 0.00061

Ta6nunua 10— KoahdumumeHTbl KOppensaummn, COOTBETCTBYIOLLME Napam OLEHOK BXOAHbIX BennunH X = (V. |, p)T, npn
Of\HOBPEMEHHOM M3MEepEeHUN aKTUBHOTO W PeaKTUBHOro conpoTueneHunii (3.4.2.2)

\Y 1 0
\ 1 -0.355 0.858
1 1 -0.645
© 1

MpumeuvaHune — BICGM 100 (pa3gen H.2) ona paHHOW 3ajayun paccMOTpeHbl gBa crnocoba OueHuBaHWS
HeonpeAeneHHOCT! U3MepPeHUsi, NMpUYeM MPUHLMM, MONOXKEHHbIA B OCHOBY BTOpPOro crnocob6a, u3noxxeH BJCGM 100
B NpYMeYaHnn KNnyHKTy 4.1.4. B HacTosiLemM cTaHAapTe 3TOT BTOPOL cnocob He paccMaTtpuBaeTcsl No NpUYMHaM, yKasaH-
HbiM B 4.1.

9.4.2.3 CornacHo cnoco6y oueHMBaHUA HeonpegeneHHocTn No GUM. oueHky y (s X. z)T BbIXO4HOW

BeNnuuHbl Y = (A X. Z)T paccunTbiBalOT HA OCHOBE OUEHKM X No hopmMmynam (26).

|v -V . e V[
Y- |ycosp ysin* yj

KosapuaunoHHyto matpuuy Uy. COOTBETCTBYHOLLYIO Y. BblYMCAAKOT No hopmyne (3)n36.2.1.3. Uy=CXU,CXT,
rae Cx— maTtpuua 4yBCTBUTENbHOCTENW, MMetoLwas Buj

COS6  Vsinp 1/sinp
i i2 7
sinlp VsinO Vcosp
7 12 7
7 -V 0

1 12

Pe3ynbTaTtbl, NOAyYeHHbIE C MPUMEHEHNEM cnocoba oueHnBaHnsa HeonpegeneHHocT no GUM. npuBegeHbl
B nepBoii cTpoke (MeTon GUF) tabnmuybl 11.

MpnmevaHnne 1— B nocnegHem cronbue Tabnmubl 11 npuBefeHbl 3HadeHus Ansa 1w(X.Z). NOCKONbKy
KO3hUMEHT Koppensaumm r(X.Z) 6nM3oK K eguHuue (cm. 3.21. npumeyaHue 5).
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MpumeyaHne 2 — Mpu umetowelica B Mogeny, onucbiBaemoli hopmynamm (26). 3aBUCMMOCTUM  MeXay
BbIXOAHLIMW BENMUYMHAMM

Z2=A2+X2 (28)

KOBapuaLvoHHas matpuua Uy TeopeTryeckn Jo/MKHa 6biTb CUHIYNsipHA. BenegcTBue OlWMGOK OKPYrNeHUst Koppensuu-
OHHas MaTpuua, 3NeMEeHTbI KOTOPO NpUBEAeHbl B NepBOl CTPOKe Tabimubl 11, He ABASETCA HU CUHTYNSPHOW, HU MONOo-
YKUTENIbHO OMpefeneHHoi. Ho M3-3a ManocTu CTaHfapTHbIX HeonpeaeneHHoCTel ANs OLEeHOK BXOAHbLIX BEIUYMH 3Ta
CUHTY/IIPHOCTb HE OKa3blBaeT MPaKTUYECKU 3HAYVMMOTO BIMSIHUSI HA MONydYeHHble pesynbTarbl (20. pasgen 4.

Ta6numua 11— Pe3synbTaTbl OAHOBPEMEUHOIO WM3MEPEHWUS aKTMBHOIO W PEaKTUBHOrO conpotusBneHuii (9.4.2.3,
9.4.2.41n9.4.2.5)

MeToz R.OW  X.Om 2.0M ufR). OM u(X).OM 02> Om rRX\  r(R.2) 1 r(X.2)
GUF 127.732 219.847 254,260 0.058  0.241 0.193 -0.588 -0.485 0.749x10'2
MMK 127.732 219.847 254.260 0.130 0.536 0429 -0.587 -0.482 0.770X10-2

AnbTepHaTMBHbI  127.732 219.847 254,260 0.130 0.540 0.431 -0.588 -0.485 0.749x10-2
GUF

9.4.2.4 B npefnonoXeHuu, 4To gaHHble, NpuBefjeHHble B Tabnuue 8, ABNAIOTCA €AUHCTBEHHOI AOCTyn-
HOli MH(hopMaLMel 0 BXOAHbIX BEANYMHAX U 4TO KaXaoe HabnogeHne MOXHO paccmaTpuBaTh Kak BbI6OPKY 13
O/fJHOTO M TOT0 )K€ MHOTOMEPHOr0 HOPManbHOro pacnpejeneHuns, BXOAHYO BENNUYMHY X OonucbIBalOT MHOTroMep-
HbIM /-pacnpepeneHnem &(x.M/(vn)),c v =n - N = 3 cteneHamu cBob6ojbl, rage x — Bbl6OpOYHOE cpefHee,
onpegeneHHoe B 9.4 2.2 (cm. 5.3.2). Pe3ynbTaTtbl, NOAyYeHHble C NpuMeHeHnem M = 106 ucnbiTaHuii metoga
MoHTe-Kapno, noka3aHbl BO BTOpoi cTpoke (Metog MMK) Tabanubl 11.

9.4.2.5 BennuunHa X. onucbiBaemMasi MHOromepHbIM /-pacnpegenednem (cm. 3.4.2.4) nmeeTt KoBapunaLnoH-
HylO MaTtpuuy

VX>=<T] 2" M

Y4yeT aTOro 06CTONATENLCTBA MO3BONAET HECKONBKO YNYUYLINTL NpOLeypy OLLeHMBAaHNA HeonpejeneHHoCTH
no GUM, paccmoTpeHHyto B 9.4.2.3, 3ameHuB B popmyne (3). Uy=C,uxCxr, matpuuy U, Ha V(X). Pe3ynbTatsl,
nosy4yeHHble C NPUMEHEHNEM TaKoro afibTePHATUBHOIO NOAXO0AA, NPUBELEHbl B TpeTbel cTpoke (MeTogAnbTepHa-
TUBHbI GUF) Tabauybl 11 (cMm. Takxke [15)).

MpumeyvaHune 1— V(X)— KoBapuaumoHHas Matpuua, NonyvyeHHas ¢ y4eToM [OMNONHUTENbHOW WH(opMa-
LUN. pacCMOTPEHHOl B 3.4.2.4.

MpumMmeuaHune 2— KoBapuauuWoHHast matpuua AAs X. NONyYEHHas TakvM CMOCOGOM, MOXET GbITb onpe-
feneHa TONbKO NPV BbINOAHEHUW ycnoBust v.=n- N > 2. /IMEHHO NO 3TOW NpUYMHEe ANs HacTosero npumepa
notpe6oBanocb He MeHee N =6 OfHOBPEMEHHbIX HabnogeHWn ANA N = 3 BXOAHbIX BENMYMH (CM. NpUMevaHue K
9.4.1.3).

9.4.2.6 KoBapuaunoHHas matpuua V(X). nonydyeHHas u3 pacnpegeneHus gns X. cBssaHa c KoBapuaLymoH-
Holt MmaTpuueli UX. ncnonb3yemoii B cnoco6e oueHnBaHWs HeonpegeneHHocT No GUM. cooTHOLWEeHUeM

Y(X) =~ 1T 1K1 X.

9.4.27 PacxoxkgeHne pe3ynbtartos, NONYYEHHbIX NPU NpUMeHeHnn metoga MoHTe-Kapio n anbTtepHaTtuBHO-
rocnocoba oueHnBaHus HeonpegeneHHocTn no GUM. npeHe6peXxnmMmo mano. 3To o3Ha4vaeT, 4To PyHKUUN n3mepe-
HUA B hopmyne (26) MOryT 6bITb TMHEAPU30BaHbl C XOPOLUEel cTeneHblo NPUBANXKEHNA B OKPECTHOCTN OL,eHOK
BXOAHbIX BENYMH.

9.4.2.8 BJCG M 100 paccmaTpuBaeTcs BO3MOXXHOCTb ONMCaHUS BbIXOAHOV BEMUUHBI /-pacnpefeneHnem ¢
ncnonb3oBaHMeM opMynbl Yanua-Catteptyaita [cm.JC G M 100, popmyna (G.2b)] ana pacueTtauncna aoek-
TUBHbIX CTeneHel cBo60abl. O4HaKO NpMMeHeHVe 3To hopMynbl NpegnonaraeT HE3aBUCMMOCTb BXOAHbIX BENU-
UYWH, CTAHAAPTHLIM OTK/NOHEHNAM KOTOPbIX COOTBETCTBYIOT KOHEUHbIE Yncna cTeneHei cBo6ofbl. laHHOe ycnoBune
B HacToALWEM NpMMepe He BbINONHAEeTCA.
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9.5 UM3mMepeHue TeMnepaTypbl C UCNONb30BAHUEM TEPMOMETPA CONMPOTUBNEHUSA

9.5.1 OcHOBHOE

B HacToswem npumepe paccmMmarpmBaeTca U3MepeHue Temnepatypbl NPOMbILINEHHbIM NNaTUHOBbIM TEPMO-
MeTPOM COMPOTUBNEHUSA NyTEM CPaBHEHUSA CONPOTUBAEHUA TepMOMeETPa C 3TaNOHHbIM CONPOTUBNEHMEM B CXEMeE
n3MepuTenLHOro mocta. Ecnn namMepeHuto NOANEXUT KOHKpeTHasa Temnepartypa, TO AN 3TOW Lenm ncnonb-
3YHOT OJHOMEPHYIO MOojeNb namepeHus (M. 9.5.2). a ecnm HeCKONbKUX TeMMepaTtyp — TO MHOTOMEpPHYI0 MojefNb
(cm. 9.5.3). B npumepe paccmaTtpuBaeTcs o6paboTka laHHbIX B paMKax yKasaHHbIX Mojeneil M3aMmepeHus cnoco-
60M oL eHMBaHUA HeonpegeneHHocTn no GUM.

9.5.2 3mMepeHne ofHOI TemnepaTtypsbl

9.5.2.1 TemnepaTtypy B U3MepstoT cCpaBHEHNEM CONPOTUBAEHUS PLIB) TepMoMeTpa CONPOTUBNEHUSA C 3TANOH-
HbIM COMpOTUBAEHUEM RS unameputenbHoro mocrta. Ha nHtepsane temnepatyp ot 0 go 30 °C. conpoTuBneHune
TepMoMeTpa MOXeT GbITb NPUBNMIKEHHO ONNCAHO KBaapaTUUYHOW hyHKLMelt ero TemnepaTypbl B:

R(0) = (1 ¢ AB + (29)

rae Rq.A n B — napameTpsbl, onpejensieMblie Npu rpagynpoBke (kannbposke) TepmomeTpa. OueHkn RN A nBun
CoOTBeTCTBYlOLWME CTaHAAaPTHbIe HeoNpejeneHHOCTM NpuBefeHbl B Tabnnue 12. a KoadhhuLeHTbl Koppenaunm
4NA nap Takux oLeHoK — B Tabnuue 13.

Ta6bnuya 12— OueHkM BXOAHbIX BennuuH X =(Ra,A. B. RS, )T 1 cooTBeTCTBYIOLME CTaHAapTHble HeomnpejeneH-
HOCTU Npu n3mepeHun Temneparypbl (9.5.2.1. 3.5.2.2 n 9.5.2.3)

Mapametp £0.0m A.’C"1 B.*C-2 *s.0m r
OueHka 99.99610 0.0039096 -6,0x10~7 99.99947 1.0780057
CraHpapTHaa HeonpefeneHHoCcTb 0.00050 0.0000027 1,1x10"7 0.00010 0.0000050

Ta6nunuya 13— KoahduumeHTbl KOPpenaLmMmn, COOTBETCTBYIOLME Napam OLEHOK BXOAHbIX BEMUYNH NpU N3MepeHnn
Temnepatypsbl (9.5.2.1. 3.5.2.2 1 9.5.2.3)

*0 A B
« 1 -0.155 0.092
A 1 -0.959
B 1

3.5.2.2 OueHKa BennunHbl Rs 1 cooTBeTCTBYOLWasA cTaHAapTHass HeonpejeNeHHoCTb, nonydyaemMble npun
KannbpoBsKe, npuseaeHbl BTabnmue 12. Rs He 3aBUCUT OT napameTpoB RG, A nB.
9.5.2.3 NocpeACTBOM M3MeEPUTENBHOIO MOCTa ONpeaensatoT OTHOLWEeHNe CONpoTUBNEHNT

r m Rs (30)

MonyyeHHOe 3HayYeHue rn cooTBETCTBYIOLWasA cTaHAapTHasA HeoNpejeneHHOCTb NpuBeAeHbl B Tabnnye 12.
OTHOLWEeHMEe CONPOTUBAEHWUIA He 3aBUCUT OT napameTpoB RO,A uB TepmMomMeTpa CONPOTUBAEHUSA U 3TANOHHOTO
conpoTuBneHus Rs. Taknum ob6pasom, B Tabnnue 13 cogepkatcs BCe HeHyneBble KO3 ULNEeHTbl Koppenaunm

BXOAHbIX BENYNH.
3.5.2.4 Mogenb namepeHunsa tTemnepartypbl B, nofydyeHHasa ns popmyn (29) n (30). umeet Bug

(L +AB +e”)«o - rRs=0. (31)
B 0603HayeHnAX, NpUHATLIX B Hactoawem ctaHgapte, N =5, m=1. X =(R" A. B.Rs.1)T, Y=B u
NY.X)=( ¢AB + BO2Ro- rRs.

MpumevyaHune — Mogenb uamepeHus, onpegensemas Gopmynoi (31). MoOXeT 6bITb NpeobpasoBaHa K ABHOMY
BUAY MYTEM pELUEHVs KBaAPaTHOro ypaBHEHUS OTHOCUTENbHO B. OfHAKO Takoe npeo6pasoBaHue BKNOYAET B Cebs
npoLeaypy BbluMTaHWUsl GNM3KMX YUCEN, UTO MOXKET NPUBECTU KNOTepe TOYHOCTU BbIYMCIEHUS, U. KPOME TOT0, OHO YCNOX-
HSIeT BblUMCNEHNE KO3 (HULMEHTOB YYBCTBUTENLHOCTU.
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3.5.2.5 OueHKy TeMmnepaTtypbly = 9 nosy4yardT HAa OCHOBE MONYYEHHOr0 OTHOLUEHMWS CONPOTUBNEHWUIA T,
noacTtaBnaf faHHble n3 Tabnuubl 12 B ypaBHeHue (31) M HAXo[s pelleHne 3TOro ypaBHeHus. ickomas oueHka
paBHa 9 =20.0232 °C.

3.5.2.6 CTaHfapTHY HeonpeaeneHHoOCTb uy = n{9 ). COOTBETCTBYIOLLYIO OLEHKE Y. BbIYNCAAKOT C UCMNONb-

30BaHneM opmynbl (8) 136.3.1.3. CyUyC/ = CXU*CK. BbluncneHue matpuy 4yyecTBuTenbHocTu Cy nC* no
topmynam

C,=W "Ib (/U2

dh
OoX -\UM ’'BB‘- - 'm

C NOACTAHOBKOW OLEHOK BXOAHbIX BENNYMH, NPUBELEHHbIX BTabnuue 12. n COOTBETCTBYHO L EN OLEHKU BbIXOAHOM
BE/NYUHbI faeT

c,=0,389 Om-“C
Ca=11.08: 2,00x1030Mm-°C: 4,01 Om & 2 -1.08; -1.00x1020m).

dneMeHTbl KOBapuaLuWoHHOW MaTpulibl M. COOTBETCTBYIOLLE OUueHKaM BXOAHbIX BENUYUH, BbIYNCASIOT
M3 cTaHAapTHbIX HeonpejeneHHocTeli B Tabnnue 12 n koadhhuyneHToB Koppenauun B Tabnnue 13. yto gaeTt
n(0) =0.0045 “C.

9.5.3 Nl3aMmepeHne HECKONbKNUX TeMmnepartyp

9.5.3.1 TepmoOMETP CONPOTUBNEHUSA, 3TANOHHOE CONPOTUBAEHNE N N3MEPUTENbHbIV MOCT, ONncaHHble B 9.5.2.
MCNONb3YT 4N N3MEPEHUA OTHOLWEHWN CONPOTUBNEHUIA T, ...... r,0. COOTBETCTBYIOLWNX 4E€CATUN pa3HbIM TemMnepa-
Typam O,...... 010

9.5.3.2 OueHKN BXOAHbIX BennunH. RO.A, B M Rs v cooTBeTCTBYlOLWNE CTaHJapTHbIEe HeonpeaeneHHoCTH
npvBeAeHbl BTabnmue 12. a O4eHKNUT,...... rl0— BTabnuue 14. EANHCTBEHHBIMY HEHYNEBbLIMU KO3 urLmMeHTammn
KOppenauMmn, COoTBETCTBYIOLMMM Napam OLEHOK, NO-NPeXXHeMy ocTalTca KO3PULUNEHTbI, MpUBeeHHble B Tab-
nvue 13. MpegnonaraeTtcs, YTO OTHOLWEHNA CONPOTUBAEHUI HE3aBUCUMbI MeX Ay co60li. laHHOe npeanonoxe-
HVe MOXXHO cunTaTh CNpaBeAnnBbIM, eCnv npeobnajatownii Bknaj B HeonpegeneHHOCTb U3MePEeHNs OTHOLLIEHUS
CONPOTUBNEHUNI BHOCSAT cyyaiiHble 3 (heKTbl.

Ta6nnya 14— OueHKN OTHOLLIEHUSA COMPOTUBAEHUI N COOTBETCTBYIOLLME M CTaHAAaPTHbIE HEONPeAeNeHHOCTH Npur
M3MepeHUn Heckonbkux Temnepartyp (9.5.3.2)

Mapametp m i} n 'b
(r; -1)xt07 53 150054 300055 450056 600056
u(rj X 107 50 50 50 50 50
MapameTp 'B T 'B | rid
() - 1)x 107 780057 900058 1050059 1200060 780057
X 107 50 50 50 50 50
9.5.3.3 N3 chopmynbl (31) cneayeT, UTo CBA3b OTHOLLEHMSI CONPOTUBAEHWIA I(C cOOTBETCTBYIOLEN TeMmnepa-

Typoii 3afaetca ypaBHeHuem

(1-A9, + S0f)/?0 -r/Rs = 0.j= *...10. (32)

B 0603HayYeHnsAX, NPUHATbIX B Hactoawem crtaHgapte. N= 14, m=10. X =(Rq.A, B. Rs.T,...... r.o,
Y= (<2,.....<10)T 1
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N,(Y.X) (1+AB, +B«,2)R0 -r,/?s
h(Y,X)
Nn,o(Y.X) @+ + B0O™o)Ra -r*Rs
MpumeuvaHne — Mojenb n3MepeHusi, onucbiBaemas opmynoli (32). roxeT 6biTb NpuBefeHa K SBHOMY
Buay (cm. 3.5.2.4).
9.5.3.4 OueHkn y * («,....,Y10)T Temnepatypbl Y (cm.Tabanuy 15) nonyyarT NOo4CTaHOBKOM OLEHOK, NpuBe-

[LeHHbIX B CTON6GLAX C NepBOro no YeTBepThI Tabnmubl 12. a Takke B Tabnuue 14. BypaBHeHus (32) 1 pelleHnem
3TUX YpPaBHEHWIA.

Ta6numuya 15— OuEHKM BbIXOAHbIX BEIMYUH Y M COOTBETCTBYIOLME CTAHAAPTHbIE HEONpPeeNeHHoCT npu
M3MEpPeHN HecKonbkmux Temnepatyp (9.5.3.4 1 9.5.3.5)

MNapametp e, x W' VvC V e 0,C V e Br*C Vv C vV C
OueHka 0.0100 3.8491 7.6928 11.5410 15.3938 20.0232 23.1131 26.9797 30.8509 20.0232
CtaHgapTHas 0.0018 0.0027 0.0040 0.0046 0.0047 0.0045 0.0046 0.0060 0,0089 0.0045
HeonpeneneHHocTb

Ta6nnua 16— KoaduuneHTbl KOppenaumm, COoTBETCTBYIOLME NapamM OLLeHOK BbIXOAHbIX BENMYMH Y. Npu usmepe-
HUN Heckonbkmx Temneparyp (9.5.3.5)

B, 3, *5 06 *7 *8 % B10

B. 1 0,252 0.127 0.079 0.059 0.054 0.056 0.054 0.050 0.054
<h 1 0.815 0.800 0.755 0.580 0.312 -0.092 -0.358 0.580
*3 1 0,902 0.868 0.691 0.400 -0.057 -0.365 0.691
B< 1 0.909 0,766 0.495 0.040 -0.281 0.766
B* 1 0.847 0.629 0.208 -0,115 0.847
«B 1 0841 0.549 0.264 0.918
1 0.812 0.613 0.841
*g 1 0.909 0.549
1 0.264

0,0 1

9.5.3.5 KoBapnaunoHHyto maTtpuyy Uy, COOTBETCTBYHOLLYIO Y. BBIYMCASIOT C UCMONb30BaHnemM opmynbl (8)

1n36.3.1.3.CynyC/ =C .U .C[A rge CynCk— matpuubl H4yBCTBUTENbHOCTMU, Nonydyaemble n3 matpuy, CynCx B
TOYKax OLLEHOK BXO/[HbIX U BbIXOAHbIX Bennunmn; Cy — anmaroHanbHas marpuua pasmepHoctn 10x10 c gnaroHanb-
HbIMY anemeHTamMu /20(4 + B#,)...... RO{A + B01Q; Cx— matpuua pasmepHoctn 10x14 suja

c,4Q
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roe

1-1AB, 80,2 Rce, Rae\

Cx(> 2
1+ABw + 80,0 /?00,0 RO0,2D

martpuua pasmepHocty 10x4, a Cx<2- fguaroHanbHas martpuuya pasamepHoctn 10x10co BceMu agnaroHanbHbIMU
anemeHTamu, paBHbIMU (~RS). KoBaprayoHHyto MaTpuly UXBbIYUCASIIOT U3 CTaHAAPTHbIX HeonpeaeneHHocTe,
npuBefeHHbIX B cTonbuax 1— 4 tabnmubl 12 n B Tabnuue 13. CtaHgapTHble HeonpejeneHHOCTU N8 OLEeHOK
Temnepartyp, U KOaQULUMNEHTbI KOPPenauun 4na nap aTUX OLEeHOK, MoNyYeHHble n3 matpuubl Uy. npuBefeHbl B
Tabnmuyax 151 16, COOTBETCTBEHHO.

9.5.3.6 Pe3ynbTathl, NpuBefeHHble BTabnuue 15 1 Ha prcyHKe 22, NoKa3blBaloT, Kak cTaHgapTHas Heonpe-

neneHHocTb u{6f) nameHsieTcs BMecTe c oueHkoit O( Temnepatypbl 0. HeonpegeneHHOCTb UBMeEPEHUSA TeMnepa-

TYpbl MUHMManbHa B61M3M HYyNs U pe3Ko Bo3pacTaeT npu Temnepartypax Bbiwe 25 °C. 370T apheKT 06ycnosneH
TEeM, 4TO rpajyMpoBKa TEPMOMETPa CONPOTUBNEHUA 6biNa BbINONHEHA NPU ONOPHbIX 3HaYeHUax Temnepatypbi 0,
15. 20 n 25 °C, npuyem Temnepatypa 0 °C co3paBanacb Npu NOMOLWMN NefAHOR BaHHbI, B YCIOBUSAX KOTOPOii
cTaHfjapTHaa HeonpejeneHHOCTb Oblna B TP pasa MeHbLUER, YeM B YCIOBUAX MaCNSIHOW BaHHbI, UCNONb3yeMOW
npu rpagynpoBKe Ha TpeX ApYrnx onopHbIX 3HAYEHUAX.

NMpumeyvaHune — OTPE3KN NPAMbBIX IMHNIA, COEAMHAIOLLNX TOYKN Ha PUCYHKaxX 22 1 23, UCNOMb30BaHbl B LLeNsx
6onbLUeil HarnsigHOCTK.

9.5.3.7Ha pucyHke 23 rpauk, NOCTPOEHHbIV NoAgaHHbIM nocnegHero ctonbua ta6anubl 16, nokasbiBaerT,

Kak U3MeHseTca KoathhnuneHT Koppenauum, cooTBeTcTByo Wit nape oueHok 0; n B0 Temnepatyp no Lienscuio

B/ n 010= 20 °C B 3aBucumocTn ot 0,,j = 1,.... 9. KoadhpuuneHTt Koppenaunm nmeet makcumym npu 0, = Geun

CTPEMMUTCA KHYNO NPU yBENNYEHUN a6CONOTHOW pasHOCTH - 00].Npumep geMoHCTpUpyeT, UTO BENUUNHBI,

n3mepsemMmblie OJHUM U TEM >XKe CpefCTBOM U3MepeHns, MorytT UMeTb BbICOKYHO CTeneHb Koppenayun.

CraHgapTHas HeonpeaeneHHocTb. 'C

PucyHok 22 — CraHfapTHas HeonpefeneHHocTb M(B) ), COOTBETCTBYIOLWAsA OLeHke 0"
Temneparypbl 0 (9.5.3.6)
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KoadhnumeHT Koppensymmn

PucyHok 23 — KoathdumumeHT Koppensauun, cooTBETCTBYIOLWNI nape oueHok Of n 00
Temneparyp &/ 1 610= 20 'C (9.5.3.7)
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Mpunoxenune A
(cnpaBou4HOE)

I'Ipomsso,qule MHOTOMEPHbIX d)yHKLU/I!‘/JI n3mMmepeHmsa ¢ KOMNNeKCHbIMU
BenMn4YnHamu

Al B HaCTOALWEM MPUIOKEHNN PACCMATPUBAETCS KOMMAKTHBIV aNrOpUTM BbIYUCNEHUSI YACTHBIX NPOU3BOAHbIX
nepBoro nopsgka yHKUUM namepeHusi f B MHOrOMEpHOWM MoZenn M3MepeHusi C KOMMNEKCHbIMU BeNuunHammu

Y =f(X).
rae
X=(X1t Xf)T.Y=(Y,..YmT
"
X o0603HavaeT KOMMNEKCHYI BennumHy X,R + iX ,-X)R n Xy — pAelicTBUTENbHbIE BEMUUMHBI, & P = —1. AHanormyHble

npegcTaBneHuns cnpaBeAnuBbl ANA KOMMAEKCHbIX BennunH Y n T
A.2 MycTb UX 0603HavaeT KoBapuaLunmoHHy0 MaTtpuLy pasmMepHOCTU 2iVxX2JV, COOTBETCTBYIOLLYIO OLEHKe X BENNYn-
Hbl X. U, nmeet Bug

IKxt.x,) - wn(x,.xn,)

UXMx,)- Uxw.xM

roe

U(xA.x.)=u(X|f’XjR) n{x,,.xp) -~

KOBapuauvoHHas Matpuvua pasMepHOCT! 2X2, COOTBETCTBYIOLLAS OLEHKaM X U X, KOMMNEKCHbIX BeNN4YnH X, n X CcooT-
BETCTBEHHO.
A.3 KosapuaumnoHHaa matpuua

u<y,y,) --U(y,.ym

U(ym.y1)-U (y jn.ym).

pasmepHocTM 2T X2T. rge

u(y,a.y,8) u(y>R.y,i)}

u(y.-¥N) = myo-y,n) WYY J’

COOTBETCTBYHOLL|As OLieHKe
Y =Mx)
BeNYMHBI Y, onpegensieTcs 0606LEeHHbIM 3aKOHOM TPaHCHOpPMUPOBaHUS HeonpeaeneHHocTel
n,=CxnC,T. (A.1)

A4 C, — martpuua 4yBCTBUTENLHOCTU padmepHocTn 2mx2W, nonyyaemas BblYUCIEHNEM
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BTOUke X =X. rge C , — mMatpuua pasmMepHOCTM 2X2 YacTHbIX NPOW3BOAHLIX MNEpPBOro MOpsiAKa AeiCTBUTENbHbIX
1N MHUMBIX YacTeii f,, COOTBETCTBYHOLLUX A€ACTBUTENBHOM 1 MHAMOI YacTam X,

a',a bl,A

dX;j
bl » df,,
AXIH - aXy

A.5 ns NPOU3BONLHOIN KOMMNEKCHOW CKaNsipHOW BenmumHbl Q = Or + iQ, paccCMOTpMM MaTpuyHoe npepjcrasne-

HWe pasmepHocTn 2x2 Buga [14]:

or -0.
M(Q) =
O, Qr

Torga C,. MOXHO npefcTaBUTb Kak

[laHHOe npefjcTasneHne sasnaetcsa OCHOBOVA ANA pacyeToB YacCTHbIX MPOU3BOAHbLIX NEepBOro nopsika KOMMIEKCHbIX Be-

nmuuH f, no X,.
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Mpunoxexne B
(cnpaBou4HOE)

BbluncneHve KoapHUUMEHTOB YYBCTBUTENbHOCTU U KOBaApMaLNOHHbIX
MaTpuy NS MHOTOMEPHbIX Mojaenei

B.1 Ecnu nameputenbHas 3ajava MOXeT 6biTb BblpadkeHa B TEPMUHAX MHEHOM anre6pbl [13]. TO BblYMCAUTENb-
HO YCTOWUMBBIV anroputMm onpefgeneHns marpuupl Uy. aBnsitoweica pelleHnemM ypasHeHus (8). COCTOUT B CneaytoLlem:

a) Ansa matpuupbl U* BbINOMHAIOT pasnoxeHne Xoneukero, RX R,, = Ux . B pe3ynbTare yero nonyyatoT marpuuy Rx

b) matpuuy CXx npefctasnsfioT B Buae npounssepeHns Cx = QXVX rge Qx — opTtoroHanbHas martpuua. aW , —
BEPXHAA TpeyronbHas marpuua:

c) matpuuy Cy npefctaBnstoT B Buje nponssefeHns Cy = LYWYy. rae Ly— HWKHASA TpeyronbHas, a Wy — BepxHsst
TpeyronbHasi mMartpuupbl:

d) pewator matpuuHoe ypasHeHune WYTM, =1 oTHocUTENbHO M.;

€) pellatoT MaTpnyHoe ypaBHeHue L TM2 = M. oTHocuTenbHo M>;

f) Bblumcnatot matpuuy M3= QXTM:

g) BbluncnAT Matpuuy K =YY)RM 3

h) BblumcnsaT matpuuy M = RXK:

i) matpuuy M npuBOAAT KTpeyronbHoOMy Buay R:

j) BbluncnaT Uy=RTR.

B.2 Yka3zaHHas npouegypa roxeT 6bITb NPOBEpeHa MeToAaMu 31eMEeHTapHON MaTpuyHoi anrebpbl (cMm. [7]).
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MpunoxxeHue C
(cnpaBo4HOE)

Mpeo6pa3oBaHue CUCTEMbI KOOpPAMHAT

C.1 OCHOBHble NONOXXeHNSA

B HacToslleM MpUnoXKeHny paccMaTpuBatloTCs HEKOTOpble acnekTbl 3ajayn npeobpasoBaHns CUCTEMbI KOOpAu-
HaTt (cm. 9.3). B pa3gene C.2 npvBeAeH aHaIMTUYECKNIT BbIBOZ COBMECTHOU NAOTHOCTU pacnpeaenexus ans Y B caydyae.

Korga X, onucblBaetcsi HopManbHbIM pacnpegenedvem N |x,.uj|.aX 2— HopmaibHbIM pacnpefeneHvem 1 npu aTom
X, 1 X2 B3aMMHO He3aBUCUMbI.

C.2 AHannTnyeckoe pelueHne ans ocoboro cnyyas

C.2.1 MpeanonoXXnm, 4to X MMeeT NNOTHOCTb pacnpegeneHnsa gx(ij), 1 4 =.......... ~' (M — B3aMMHO-OAHO3HAY-

HOe Npeobpa3oBaHne 3HavYeHW T) = (ijt, .... N.U)T BEMMUYNHBbI Y B 3HAYEHMUSA G, = (£,..... 4P)T BenmumHbl X. Toraa (19. ctpaHunua
35]. Y nmeeT nnoTHOCTb pacnpegeneHus

9y ) = 9x(f_1<4))|det(J)]. (€.1)

rge det(J) — geTepmMuHaHT martpuubl Hkobu J,

30"

L

paccmatpuBaeMblii kak PyHKuns T) lNpeanonaraeTcs, 4to det(J) HUrge He paBeH Hyo UAN GECKOHEYHOCTHU.

MpumevaHune 1— dopmyny (C.1) MHorga HasbiBaOT (HOPMYNON 3aMeHbl NEPEMEHHBIX.

MpumeuyaHne 2— B cnyyaB OfHOMeEpPHOI BennuuHbl (N = 1) npeo6pasoBaHWe nepemeHHbIx L =/(!),
raoe/(.)— pvddepeHurpyeMas M MOHOTOHHAs (YHKUWS, [aeT Chefytlollylo MAOTHOCTb pacnpegeneHus ansa y
[21. ctpaHuubl 57— 61]:

. sy OF %07
ay(fi)= g * (r'() 7,

C.2.2 Aina 3agaun npeobpas3oBaHMs CUCTEMbI KOOpAMHAT, paccMoTpeHHoli B 9.3. X = (X,.X2)T co 3HayeHusmMun
4= (4)....£2)T.y = (4. B)T co 3HayeHnaMn L, = (ij,....... 12T n

€ =¥Acosrj2 2= /?sini.

Takum o6pasom.

J =Jcos/2 —ysin/fe |
[sin?j tj, oostj2 J

det(J) = 7.
M3 atoro cnepyeT, 4to npu rj, > O
9yy2(1b-N2) = (rioo9 n,8n )=

C.2.3 Paccmotpum cny4aii, korga X, onvcbiBaeTcss HopMmaibHbIM pacnpegeneHvem N |x,.t/J}. a X2 — Hopmanb-

HbIM pacnpegeneHvem n (x2.0*). n X, n X2 B3aMMHO He3aBuUCUMbI. Torga

,E E, ,C1 (I v 1 ( (ft-*)* +<fe-X2f)
Ixnb)Bx2& ) =i ™ r exp[ N2 i.
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o (n. n 41 \é)@d _(~"cos>h-Xi)2 +<7|Sinfb-X2)?

C.2.4 MapruHanbHoe pacnpegeneHue gnsa Y. =R vmeer sug

9yM i)= |9y,y20%ifaPb = A~exp| "23 * N Mu/' jm (c.2)

rae
¥? = x2- x|.
a O— wmoguduumpoBaHHas yHKUMA Beccensi nepBoro poja HyneBoro nopsgka.

NMpumevyaHune 1— lonyyeHHoe pacnpejeneHne npejcraenser coboli pacnpepenexve Paiica ¢ napamet-
pamny, u nx.
NMpnmevaHune 2— Ecamy, =0. TO AaHHOe pacnpejeneHne sBnfeTca pacnpegeneHvem Panesa c

napameTpoMm wusi.
MpumeuvaHne 3— Ecavux= 1, To fjaHHOE pacnpegeneHvie npejctaBnseT coboii HeleHTpanbHoe pacnpeje-

NneHne xu-kBagpat c ByMsi CTeMeHsAMMN CBO6OAbl N NapamMeTpoM HeLeHTPaibHOCTN V,2.
C.2.5 MapruHanbHoe pacnpejgeneHuve gna Y2 =0 wumeeT BUA

arr(b) = = 2Fexp (--~r)[l+Virrexp(r2)erfc(-r)j. (C.3)
roe
Xicos 2 + X2sin fie
r= {b w
a

7.
erfc(z) =1- 2 fexp(-/2)d<-
V* o

LOMNONHUTENbHAsA (YHKUMA OLLUMGOK.
C.2.6 Ecnun, Kpome TOro, BbINOMHEHO ycnoBue X, = x2= 0. Torga

9y,y2p?142)= ~5-8 4)1 -

W. cnejoBaTtenbHo. Y, 1 Y2 B3aMHO He3aBUCUMble BENUUYUHBI C MapryuHasibHbIM pacnpegeneHnem Panea ¢ napamert-
pom un, gna Y(

1 MapruHaibHbIM PaBHOMEPHLIM pacrnpefeneHnemM Ha uHTepsane oT - 40 X Ansi Y2

gy2(fe)=2j.
C.3 NprMeHeHve cnoco6a oL eHBaHWA HeonpegeneHHocTn no GUM

C.3.1 Ans 3agaum npeobpasoBaHus CUCTEMbl KOOPAWHAT, PacCMOTPeHHO! B 9.3. MOfeNb U3MepeHus MOXeT
6bITb 3anMcaHa Kak AByMepHasi MOjenb

Y, =/,(X,.X2) =/ xFTx f. ¥2 = /£2(X,.X2) = arctan(X2/Xn.

npu sTOM nogpasymesaetcs, uto ¥, 20 U -X < Y2 £x. BxofHble BENMMUMHbI X, W X2 WMEIT OLEHKN X, U X2,
COOTBETCTBYIOLIME CTaHAapTHble HeonpegeneHHocTM M(X,) U 0{X2) n KoBapuaumio o(x,.x2>
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C.3.2 U3 6.2.1.2 cnefiyeT, YTO OLEHK/ BENNYMH Y, N Y2 UMeOT BUA

y, =f[7 4 . vy2=arctan (x2/x,).

C.3.3 Matpuuy 4yBCTBUTENBHOCTU C X pa3sMepHOCTN 2 X 2 nony4aroT, BblYUCIASA

dft  df, X, X2
ax, ax2  Vx?-x| x< Qg
di2 - df2 X X

K A LELXE X24X2

B Touke X, = x1t X2 = x2. Takum 06pa3om, npu ycnosun y, = ~ x2 + x| >0 nonyyaem

*T X2
c = Jx?2+x| JIxf +xf cosy?2 siny2
-x2 X -(siny2)/y, (cosy2)/y, '

XP i B2 Y2 + ¥

C.3.4 N36.2.1.3 cnepgyerT, uto
<Nly,) wnYyYy2)
niyay, wu2y2)

SIBSIeTCA KOBapuaLMOHHOM MaTpuLeil, COOTBETCTBYHOLLEN oueHkaM Y = (y,. y2T.c u(y2,y,) = o(y,.y2>u
Ny,) = t/(x,)cos2y2 + 02(x2)sin2y2 + 20(x,.x2)cos y2 an y2.
u(y,.y2 = («2x2 - u2(x,))(siny2cosy2/y, + u(x,.x2)(cos2y2-sin2y2/y,.
nx(y2) = (sin2y2)/y2 & un*(xr) (cos2y2)/y2 - 2u(x.,x2) (cos y2siny2)/y2.
C.3.5 B pamkax cnocoba oueHvnBaHUs HeonpegeneHHocT no GUM Y npunucbiBaloT fByMepPHOe HOpMalbHoe

pacnpegenexnne N(y.Uy), no KOTOpOMY MOryT ObITb MOCTPOEHbI 06nacTu oxBaTta A Y Npu 3afaHHOW BEpOsiTHOCTU

oxBatap (cm. 6.5).
C.3.6 PaccmoTpum cnyyait, korga c/(x,) = n(x2) = un, n u(x,,x2) =0 (cm. C.2.3). Torga
ANYT)=uR. uly,y2=0. 1/(y2 = of /yf
c Y. XapakrepusyembiM [ByMEpPHbIM HOPMabHbIM pacnpegeneHnem, kak B C.3.5. T.e. B aToM cnyyae Y, u Y2 asnatotcsa
HEe3aBUCHMbIMW BeMYMHaMW, 1 IByMEpPHOEe HOpMaibHOe pacnpejeneHve ana Y, u Y2 pacnajaetcsa Ha jBa ofjHOMep-
HbIX pacnpegenenuns N(y,.~(y,)) n N(y2.u2(y2)). COOTBETCTBEHHO.

MpumeuaHune — HanpoTus, Npu aHanUTUYECKOM pelueHun (cm. C.2) B cnyyae, Korja Y He xapakrepusyetcs
IBYMEpHbIM pacnpegeneHnem faycca, BbINOMHEHUSA YCNOBUIA U(X,) = U(X2) U L(X,.X2) = 0 HELOCTATOYHO AN HE3aBUCUMO-
cTn Y, 1 ¥Y2. YTo6bl BbIXOAHbIE BENMYMHbI GbIIN HE3ABUCUMbI, HEOGXOAMMO TaKXKe, YTobbl X< = X2 =0 (cMm. C.2.6).
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Mpunoxexne D
(cnpaBou4HOE)

OCHOBHble 0603Ha4YeHUs

marpuua 4yBCTBMTENIbHOCTN pa3MmepHocT! T X N. cBfA3aHHas € X

marpuua 4yBCTBMTENbHOCTN pa3MepHOCTM T X T, CBf3aHHas C 'y

Luenoe fecatTnyHoe Yncno ¢ ndg sHakamu

KOppensiuusi cnyvaiiHbiX BEAMUUH X, 1 X,

KoBapuaumsa cnyyariHbiX BenUuH X, n X,

onpegenutens Akobu

marematnyeckoe oXujaHve cnyvaliHon BennuunHbl X,

MaTemMaTMyecKoe OXujaHve cnyyaliHoi BenuumHbl X

pacnpefeneHve duvwepa c T N -T CTeNeHssMun cBo60abl

ofiHOMepHasa PyHKUMA U3MEPEHUs, 3aBUCALLLas OT BXOAHbIX BENMNYUH X

MHOroMepHasi PYyHKUNA N3MepeHWs], 3aBuCALLAs OT BXOAHbIX BEINYMH X

OUCKpeTHOe npeAcTaBneHve QyHkuun pacnpegenedns Cy(u) BbIXOAHOM BenMuMHbI Y. MNOAyYeHHoe
metogom MoHTe-Kapno

(hyHKUNS pacnpegeneHns nepemMeHHon ( 4ns BXOAHOW BenuuuHbl X

NNOTHOCTbL pacnpefeneHusi nepeMeHHol §, Ans BXOAHOW BenuuuHbl X,

NNOTHOCTb COBMECTHOro pacnpefeneHus nepemMeHHoi \ gns BXOAHONU BennymnHbl X

(PyHKUMNA pacnpegeneHns nepemMeHHon L AN BbIXOAHONW BennynHbl Y

NNOTHOCTb COBMECTHOTO pacnpefeneHns nepemMeHHon L, ANS BbIXOAHON BennyuHbl Y

OfHOMEpPHas MofeNlb M3MEPEHNS, BblpadKatoLias COOTHOLLEHNE MeXy BbIXOAHON BENNYMHON Y U BXOAHbI-
MU BEMYMHaMM X. OT KOTOPbIX 3aBUCUT Y

MHOroMepHasi Mofeflb M3MepeHus, BblpakaloLlas COOTHOLLEHNE MeX[y BbIXOAHOW BeNMunHoii Y 1 Bxog-
HbIMW BENMYMHAMM X. OT KOTOPbIX 3aBUCUT Y

MHUMas eauHuua. P = -1

matpuua fkobu

KO3(h(hMLMEHT oxBaTa AN 06n1acTn oxasara B popme anamncomaa, COOTBETCTBYHOLLMNIA BEPOATHOCTM oxBaTa p
KO3(hhrUMeHT oxBaTa Na o6nacTyu oxsata B (hopMe napannenenunega, COOTBETCTBYHOLINA BEpPOSTHOCTU
oxsata q

HVKHASA TpeyrofibHasa marpuua

uenoe 4ucno B npejcrasBneHnn ¢ X 10 YACNOBOro 3Ha4veHus, rae c— Lenoe AecATUYHOE YMCno C nag
3HaKamu

YNCNO BbIXOAHbLIX BEMIUYNH Y, ..... Ym

4ncno ucnblTaHuii metoga MoHTe-Kapno

maTpvua CyMMm KBafpaTtoB W Npou3BeAeHwit

UYNC/IO BXOAHbIX BEMIMUUH X , ..... X1

cTaHjapTHOe HopManbHOe pacnpefeneHve

HOpMasibHOE pacrnpefeneHune ¢ napametrpamu g u c2

MHOroMepHOe HOpMalbHOe pacnpefefneHne ¢ napamerpamu 1 n VvV

4Yncno HabnAeHWi

KONMYEeCTBO 3HavaWyx Luudp ymcna, paccMmartpmBaeMbIX Kak OCTOBEPHbIe

BEPOATHOCTb CO6LITUA Z

BEPOATHOCTb OXBaTa

m-mMepHas obnactb oxsarta gns Y

KoppensumoHHasa marpuua pasmepHoe™ TX T AN OUEHKU Y

cTaHjapTHOe paBHOMepHOe pacnpegeneHve Ha uHtepsane [0. 1)

paBHOMepHOe pacnpejeneHne Ha vHTepsane [a. 6]
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r(X,,Xj)
s
S/

ML-S)

Xr

Yf

Y,

Zfi|

Tax

66

KO3(h(hMLMEHT KOPPENALMM OLEHOK X, U X, BXOAHbIX BEANYMH X, 1 Xt

OLeHKa CTaHAapTHOro OTKIOHEHUS NO N1 HABMAEHUAM X,...... X,

cTaHAapTHOe OTKIOHEeHWe [NA CpefHero Z 3HadeHwid Z*1).....Z*" B ajganTuBHON npouegype meToga
MoHTe-Kapno, rge Z mMoxeT 03HayaTb OLEHKY Y; BbIXOAHOW BeINUMHbI CTaHAapTHYIO HeonpegeneHHoCTb
bly/) oLeHKN Y. MaKCMManbHOe COGCTBEHHOE 3HayeHve A%,ax KOpPensiuMoHHON mMatpuubl Ry unm koaddu-
LMeHT oxBata Kp o6nactu oxsata gna Y

BEPXHUIA MHAEKC, 0603HavaloLWmii TpaHCMOHMpPOBaHe MaTpuLbl

MHOromepHoe /-pacnpejeneHve ¢ napametpaMmv p ' S u v crteneHssmm cBobogbl

paclumpeHHas HeonpeAeneHHOCTb, COOTBETCTBYHOLAaA BEPOSATHOCTM oxBaTta p

KOBapuauyoHHas MaTtpuua A8 OLEHOK X BXOfHOW BenuuuHbl X

KOoBapuauyoHHas Matpuvua 418 OLeHOK Yy BXOAHOW BenuumHbl Y

cTaHAapTHasi HeonpefeneHHOCTb OLEHKU X BXOAHON BennyuHbl X

cTaHAapTHas HeonpefjeneHHOCTb OLEHKN X,BXOAHOW BennuuHbl X,

KoBapuaumsa OLEeHOK X, U Xt BXOAHbIX BENNYUH X, n X1

BeKTOp (UfX,.)......u(xN))T cTaHAAPTHbIX HeoMnpeAeNneHHOCTe ANsi OLEHOK X BXOAHOW BennyuHbl X
aucnepcust cnyvaiHoli nepeMeHHoll X,

KOBapuaunoHHas marpuua

KOoBapuauvoHHas matpuua ciyyaHon BennumnHbl X

T-A BXOfJHasA BeNMYMHA, paccMmarpvMBaemMas kKak ciyvaiiHas nepemMeHHas

BekTop (X, ....... XWT BXOAHbIX BENNYNH

cpesfHee apudmeTmyeckoe N HabnoLeHu X)...... Xy

oueHka (MaTemaTtryeckoe oXugaHue) BeNnunHbl X, Uan T-e HabnofgeHve B cepumn HabntogeHui

oLueHKa (Matematnyeckoe oxugaHue) (X, ...... X«)T BENYMHBI X

-1 9NeMeHT BbIGOPKYM ClyHaHbIX 3HAYEHW, NONYyYEHHbIX NPy peanu3aunn metoga MoHTe-Kapno, 13 nnoT-
HOCTM pacnpegenenus ana X,

- BEKTOp, cogepyalyuii aneMeHTbl Xj T. .... XHT. nonyyeHHble U3 N nnoTHOCTeN pacnpefeneHust Na BXog-
HbIX BEMYUH X ,...., X,, UM U3 COBMECTHOW NNOTHOCTW pacnpefeneHns Ansa BenmunHbl X

j-5 BbIXOfHasA BeNM4MHa, paccmarpuBaemMasl kak ciydaiHas nepemeHHas

BeKTop (Y, ...... YT )r BbIXOAHbIX BEMYMH, paccCMaTpmBaeMbIX Kak ciyyaliHble nepeMeHHble

oueHka (MarematMyeckoe OXXujaHue) BenynHbl Yy

oLeHKa (MaTtemaTnyeckoe oxugaHue) (Y, .......Y,,)T BEANYUHbI Y

oLeHKa BeNuMYMHbl Y. MofyyeHHas Kak Bbl6OpoYHOe cpefHee M 3HauyeHWl BbIXOAHOW BeNUYUHbI Y,
B pe3ynbTare peanvsauun metoga MoHTe-Kapno

r-B 3HadyeHne yHKuun namepenmns f(xr)

TpaHC(hOpPMUPOBaAHHOE 3HayeHue Yy,

h-e 3HaueHVe BenMuuHbLI Z B afanTUBHOW npoueaype Mmetoga MoHTe-Kapno, rae Z MoXeT o3HavaTb OLeH-
Ky yt BbIXOAHOU BennuuHbl Y. CTaHAAPTHYIO HeonpefeneHHoCTb M (y) OUEeHKW Y. MakKcumaibHoe Ccob-
cTBeHHoe 3HaueHne XTAX KOppensuMoHHONM MaTpulbl Ry nan KoadduLMeHT oxBata Kp 06nacTi oxaata
onay

3HauyeHne BEepOATHOCTM

ramMma-thyHKLUUsi nepemMeHHon Z

TOYHOCTb BbIYMC/IEHUSA YMNCNIOBOTO 3HAYEHUsS

nepemMeHHas, onucbiBaloLlas BO3MOXHbIE 3HAYEHUS BbIXOAHOW BeNnyunHbl Y

TOYHOCTb BblUMCNEHUA KO3thuLmeHTa oxeaTta kp 4na obnactu oxesara B hopme anamnconja

TOYHOCTb BblunMCneHUss koaddumumeHTa oxearta kO ana obnactn oxesata B hopme napannenenunega
Hanbonbllee CO6CTBEHHOE 3HaueHWe KOppensLMOHHOW MaTpuubl

HavMeHblliee CO6CTBEHHOE 3HayeHne KOPPensiMoHHON MaTpuLbl

MaTemaTtMyeckoe OXufaHue cnyvyaiHoi BennuMHbI, XapakKTrepusyemMoi NNOTHOCTbIO pacnpefeneHus
MaTemMaTtnyeckoe OXuaaHne BEKTOPHON CnyyaiiHOW BEnnYMHbI, XapakTepu3yeMoil MNA0THOCTbIO COBMeCT-
HOro pacnpefgeneHus

yncno cteneHeli cBo6oabl /-pacnpefeneHns U pacnpegeneHns xu-xsagpar;
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4ncno ah(HeKTUBHbIX CTeNeHel CBOGOAbI, COOTBETCTBYIOLMUX CTAHAAPTHOW HeonpeaeneHHocTn /4y)
nepemeHHasl, onucbliBatoLLasi BOSMOXHbIE 3HAUYEHWUS BXOAHOW BENUUMHBLI X,

nepemeHHas (4,, .... |WT. onucbiBatoLas BO3MOXKHbIE 3HAYEHWS BXOAHOW BeNMUMHBI X

TOYHOCTb BbIUYMCNEHUSA HaMBONbLIErOo COGCTBEHHOIO 3HAYeHus KOPPEeNsLMOHHON MaTpuLbl
CTaHAApTHOE OTK/OHEHME Chy4yaliHOl BENMUUHBI, XapakKTepu3yemMoii pacnpefeneHnemM BeposiTHOCTEMR
aucnepcus (KBagpat CTaHAAapPTHOrO OTKNOHEHUS!) ClyyaiiHol BeNMuMHbI, XapakTtepusyemoli pacnpegene-
HWeM BepOsITHOCTEW

KOBapuaLUVoHHas MaTpuvua BeKTOPHOI BeNYMHbI, XapakTtepulyemas COBMECTHbIM pacrnpejeneHmem Be-
posiTHOCTU

pacnpefeneHve xu-KBagpar c vV cTeneHsaMu cBo6ofpl
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Mpunoxexne 0 A
(cnpaBo4HOE)

CBefleHNsA 0 COOTBETCTBUUN CChINOYHbBIX MEXAYHAPOAHbIX JOKYMEHTOB
HauuoHaNnbHbIM cTaHfapTamMm Poccuiickoin degepaunnu

Tabnuua JA1

O6ozHaueHue CTeneHb OGo3HaYEHNE W HaNMEHOBaHWNe HALMOHAbHO

CCbI/IOYHOro mMeXxayHapogHoro cooTBeTCTBUSA cTaHaapTa

NOKyMeHTa

JCGM 100:2008 o1 FOCT P 54500.3— 2011/PykoBsogcteo VCO/M3K 98-3:2008
«HeonpegeneHHoCTb namepeHus. Yactb 3. PyKOBOACTBO MO Bbl-
pa>keHUI0 HeomnpefeneHHoCTn Nn3MepeHns»

JCGM 101:2008 o1 FOCT P 54500.3.1- 2011/Pykosoactso NICO/M3K 98-3:2008/
fononHeHne 1:2008 «HeonpefeneHHOCTb udmepeHus. Yactb 3.
PYyKOBO/CTBO MO BbIP&KEHNIO HeonpefeneHHOCTU W3MepPeHUs.
fononHeHne 1. TpaHcopmupoBaHue pacnpefeneHunii ¢ Ncnonb-
30BaHnemMm metoga MoHTe-Kapno»

JCGM 104:2009 0T FOCT P 54500.1—- 2011/ Pykosoacteo WCO/M3K 98-1:2009
«HeonpepeneHHoCTb n3mepeHus. Yactb 1. BBefieHne B pyKoBOA-
cTBa NO HeonpeAeneHHOCTU U3MepeHus»

JCGM 200:2008 — -

' COOTBETCTBYHOLLMIA HALMOHANbHbIA cTaHAapT OTCYTCTBYET. [l0 Ero yTBEPXKAEHUS PEKOMEHAYETCS MCNONb30-
BaTb NepeBof Ha PYCCKWIA A3blK AaHHOTO MEeXAyHapoAHOro fAOoKyMeHTa. MepeBos AaHHOT0 MeXAyHapOoAHOro fOKy-
MeHTa HaxoauTtcs B ®efepanbHOM MHPOPMALMOHHOM (POHAE TEXHWYECKMX PErnameHTOB U CTaH4apTOB.

MpumeuaHune — B HacToAwel Tabnmue UCNONb30BaHO Cnefyloliee yCIoBHOE 0603HaueHne CTeneHn
COOTBETCTBUA JOKYMEHTOB:
- IDT — wAeHTUYHbIEe CTaHAapThl.
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