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Mpeancnoeue

1 NOAroTOBMNEH O6wecTsoM C  OrpaHW4YeHHOW  OTBETCTBEHHOCTLH «UHTennekT-HH»
(OO0 «MHTennekT-HH») Ha ocHoBe coBCTBEHHOrO NEpPeBOAa HA PYCCKUMA A3bIK aHIMOSA3LIYHOW BEPCUN CTaH-
4apTa, yKasaHHOro B NyHKTe 4

2 BHECEH TexHW4YecKMM KOMUTETOM no cTaHaaptu3aummn TK 125 «lpuMeHeHne cTaTUCTUYeCKUX
METOA0B»

3 YTBEPXOEH W BBEAEH B JEVWCTBWE lMpukasom ®eaepanbHOro areHTcTBa Mo TEXHUYECKOMY
perynupoBaHuio U MeTponorii ot 16 uoHa 2025 . Ne 554-ct

4 HacTtodwmin cTaHgapT MOeHTUYeH MexayHapogHomy gokymeHTy ISO/TS 27878:2023 «Bocnpownaso-
OUMOCTb YpoBHA 06HapyxeHus (LOD) BuHapHbIX METOOOB B COBMECTHLIX U BHyTpunabopaTopHbIX Banuaa-
LUMOHHBIX uccnegoBaHuax» (ISO/TS 27878:2023 «Reproducibility of the level of detection (LOD) of binary
methods in collaborative and in-house validation studies», IDT).

MexOyHapogoHbIi OOKYMeHT paspaboTaH TexHudeckuMm komuTtetom TK 69 MexayHapogHOW opraHusa-
uuKn no ctanHgaptusauun (MCO).

HavmeHOBaHWe HacTosAWero craHgapTa MU3MeHeHO OTHOCUTENbHO HaMMEHOBaHUA YKa3aHHOTo Mexay-
HapogHoro ctaHaapTta anga npuesegeHus B cooteetcteue ¢ FTOCT P 1.5—2012 (nyHkT 3.5).

Mpy NpUMEHEHWM HACTOSILLEro cTaHOapTa PEeKOMEHAYeTCA UCMOMNb30BaTh BMECTO CChINMOYHBIX MEeXOy-
HapoAHbIX CTAHOAPTOB COOTBETCTBYHOLME UM HALMOHANbHLIE CTAHAAPTLI, CBEAEHUS O KOTOPLIX NpUBEAEHK! B
JononHuTensHoM npunoxeHun AA.

[ononHuTensHas cHOCKa B TEKCTe CTaH4apTa, BblAeNeHHas KypcuBOM, NMpuBedeHa AN NosiCHEHNUS Tek-
cTa opuriHana

5 BBE[EH BIEPBBIE

MNpasuna npumeHeHUss HacmosAweao cmaHdapma ycmaHoefeHbl 8 cmambse 26 @edepanbH0z0 3aKoHa
om 29 uwoHa 2015 2. Ne 162-®3 «O cmaxHdapmu3sayuu 8 Pocculickot ®edepauyuuy. MHgopmalus o6 u3-
MEHEeHUSX K HacmosiwemMy cmaHdapmy nybrnukyemcs 6 exez00HOM (M0 COCMOsHUK Ha 1 aHeaps mekyuieao
eo0a) uHghopmayUOHHOM yKkazamene «HauyuoHansHbie cmaHdapmbi», a oguyuanbHbIl MeKcm U3MeHeHuUl
U MOMPagoK — 8 eXeMeCAYHOM UHGOpMaUyUOHHOM ykalamene «HayuoHanbHbie cmaHOapmbl». B cnydyae
nepecMompa (3aMeHbl) Uu OMMeHbl Hacmosuweao cmaHdapma coomeemcemeyoujee ysedomeHue bydem
onybnukosaHo & bnuxaluwieMm 8binycKe eXeMecssYHo20 UHOPMayuoHHO20 ykasamersns «HauyuoHanbHbie
cmaHOapmbi». Coomeemcemayiolias UHGhopMayusi, yeedoMIeHUe U MeKcmbl pa3Mewamcs makxe 8 UH-
ghopmayUoHHOU cucmeme 06weao NoabL308aHUss — Ha oghuyuansHoMm calime @edepanbHo20 azeHmcmaa rno
MEexXHUYECKOMY peaynupoeaHuro U Memponoauu 8 cemu MHmepHem (www.rst.gov.ru)

© ISO, 2023
© OdpopmneHue. ®IBY «MHcTUTYT cTaHgapTuaayuuy», 2025

HacTtoawwmin ctaHgapT He MOXET ObITb MOMHOCTLIO MMM YACTUYHO BOCMNpoOM3BeJeH, TUpaXXnpoBaH U pac-
NMPOCTpaHeEH B Ka4veCTBe OCbMLI,VIElJ'IbHOrO n3naHua bes pa3peleHuns ¢e,qepaanoro dareHTCTBa Nno TeXHN4YeCKo-
MYy perynmpoBaHvM U METPOJIOTUA
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BeegeHue

Moaxod K oueHke OMHapHBLIX METOOOB YacTO 3HAYUTENbHO OTNMYaEeTCsA OT MOAXOAa K OLUeHKe Konude-
CTBEHHbIX METOLOB. TeM He MeHee, OCHOBHblE KOHLENUUW OLEHKW KONMUYEeCTBEHHBLIX METOLOB MOryT ObiTh
yCrelwHo nepeHeceHbl Ha GMHapHble MeToabl. B 4acTHOCTU, MpPeun3anoHHOCTbL MeToga — XapakTepucTMKa
paboTbl MeToga, 06bIYHO accouMUpyeMas ¢ KONMMYEeCTBEHHBIMW MeToA4aMKU, — MOXET ObiTh onpegeneHa ons
ypoBHA obHapyxeHus (LOD) 6uHapHBIX METOAOB.

B aHanuMTW4eckoi XMMUKM OOHNUM M3 OCHOBHLIX MOKasaTenei Metoga ABNAETCS BOCNPOU3BOAMMOCTb pe-
3ynbTaToOB KOMMYECTBEHHOMO aHanmaa, kak onucaHo B MCO 5725 (Bce vactu) [1]. 3ToT acnekT paboTel MeToAa,
Kak NpaBwumo, He y4mTbIBalOT NpU oueHke GMHapHbIX MeToaoB. OOHAaKo B MOCNEeAHUEe HEecKOoMbko NneT BObinu
npeanoXeHbl HOBbIE NOAXOAbI, B paMKax KOTOPbIX BOCMPOM3BOAUMOCTEL BUMHApHOrO MeToaa MoXeT BbiTk onpe-
JeneHa u cogepaTensHO MHTepnpeTupoBaHa.

MovyeMy Tak BaXHO ONpeaernnuTe BOCNPOM3BOAMMOCTE MeToda? UTobbl OTBETUTL Ha 3TOT BOMPOC, MOXHO
paccMoTpeTh Npumep 13 obnacti mukpobuonorun. MNycTe B uccnegoeaHum onpegened LOD metoaa, paeHbIi
3 KOE/mn (KOE — konoHuneobpasyrowaa eguHuua). MNpu atom nHorga LOD HaMHOro Bhille, B 3aBUCMMOCTHU
OT ycnoeuin unu nabopatopuu, roe NpoEogAT M3MepeHusi. Ecnu He BbiBUTL CRy4alHyl HEOOCTOBEPHOCTh
MeToga, 3TO MOXXET MPUBECTM K OownbKam B cTaHAapTHbIX NabopaTopHbIX namepeHusax. C gpyroi CTOPOHEI,
€C/IM B XO4e OLEHOYHOro MCCreaoBaHusA ypoBeHb oOHapyxeHus cocTaBuT 300 KOE/mn, metog He moxeT
ObITb BanNMOMpOBaH, gaxe eCclnu 3TOT YpOoBeHb ODHapy»KeHWUsi He ABMNSeTcA nokazaTernem ero cpegHew pabo-
Tbl. COOTBETCTBEHHO, Kak cpedHee 3HadeHne LOD, Tak u napamMeTp BOCNPOW3BOAUMOCTH, ONMWCLIBAKLLINA 13-
MeHuueocTe LOD B pazHbix nabopaTopuax UNU YCrNoBWAX UCMLITAHUA, OTPaXaoT BaxHY0 WHpopmauuo ob
3chheKTUBHOCTM METOAA U OOMKHbI ObiTh ONpedeneHsl B Xoae Banuaauun.

[na atoro Heo6xo4MMO HalTK HagnexallMia nogxoa Ans npeobpazoBaHua BMHAPHLIX Pe3yNbLTaToB B KO-
nu4ecTBeHHbIe. B HacToAuweM cTaHgapTe UCMOoMNbL30BaHbl ABe NapaMeTpuyeckne Mogenu ans pacdeta LOD:
0fHa MoAenb ANnst MeTOA0B C ANCKPETHLIMK M3MepsaeMbIMU BENUYMHAMK, TaKUX, HanpumMep, Kak MUKpobuono-
rmyeckne MeToabl U MeToAbl NonMMepasHol uenHon peakuun (MUP), u ogHa Mogens Ans MeTogoB ¢ Henpe-
PbLIBHBIMU U3MEPSAEMbIMU BEMUUYMHAMM, TAKUX, HANPUMEP, Kak METOAbl XMMUYECKOrO aHanmaa.

B HacTosiwem cTaHgapTe NpuMeHeHbl O0Ba pasnuyHbIX Noaxoda K uccregosaHuio. MNpu TpaguuuoHHOM
NoAX0o4e YCIOBUA UCTbITaHWA BapbMPYIOTCa Cny4aiHbiM 0Opa3omM B pasHbix natopatopusix, B TO BpeMs Kak
npu bakTopHOM NoAXo4e Nno KpanHen mepe, B HEKOTOPOW CTEMNeHW, YCITOBWSA UCMNbITAHWMIA KOHTPONUPYHOT. dak-
TOPHBIN NOOX0M MO3BONSAET OLEeHNTE PasnnuyHble NCTOYHUKM OLIMDOK, Takne Kak M3MEeHYMBOCTb, BOZHMKAIOLLYIO
13-3a paboTbl pasHbiX NabopaHToB, UCMOMNb30BAHUS Pa3nUYHbIX NPMOOPOB, PasnuuHbIX NapTUA peareHToB,
Pa3nWYHOro BPEMEHM BbINONHEHWA aHanu3a, pa3nu4YHon TeMnepaTypel Npy BbINOMHEHWW aHanu3a U T. 4. Ta-
KOW Noaxoa NO3BONSET Talke CoKpaTuTh 06bem paboT N yMeHbLINTL KOMMYECTBO YHACTBYHOLNX B M3MEpPEeHU-
aAx nabopartopuii.
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HAUMWOHANBbHBIA CTAHOAPT POCCUUCKON OEOEPALUMN

CraTtuctnyeckue MeTo4bl

BOCMNPOU3BOOAMMOCTbL YPOBHA OBHAPYXXEHWA (LOD) BUHAPHbBLIX METOOOB
B COBMECTHbIX U BHYTPUITABOPATOPHbLIX BANNUOALUNOHHbLIX NCCNEOAOBAHUAX

Statistical methods. Reproducibility of the level of detection (LOD) of binary methods in collaborative
and in-house validation studies

Oarta eBegeHna — 2026—01—01

1 O6nacTb NnpuMeHeHunA

B HacToflem cTaHdapTe npuBedeHbl CTaTUCTU4YecKue MeToAbl onpeferneHwuss BOCNPOM3BOAMMOCTHU
YPOBHA 0BOHapYXeHNS:

a) ans BuHapHLIX MeToaoB ucnbiTanuit!) 4na HenpepbIBHLIX M3MepseMbIX BENUYMH, HanpuMep, coaep-
XaHWsa XMMUYECKOro BeLLlecTsa,

b) BuHapHbIX METOAOB MCMNbITAHUIA 0N OUCKPETHLIX M3MEPSAEMbIX BEMWYWH, HANPUMEP, KONMMYEeCTBa KO-
nun PHK B o6pasue.

Mpeun3noHHOCTE BOCNIPOW3BOAMMOCTM onpeaeneHa B cooteeTcTBun ¢ MCO 5725 (BCce yactu).

OueHKN NPeLn3NoOHHOCTA SABMAKTCA CriyvyariHbiMKU BenuyMHaMmu. COOTBETCTBEHHO, BaXHO OLEHUTh He-
onpefeneHHoCTb, CBA3AHHYIO C Ka)XOoW OLUEeHKOMW, U MOHATL B3aMMOCBS3b MEeXAy 3TON HeonpeaeneHHOCTLIo,
KOMMYEeCTBOM YYacTHUKOB W MMaHOM 3KkcrepuMeHTa. Takum obpas3om, HACTOALWMA CTaHOApT COOEpPXUT He
TOMNbKO OMUCaHWe CTaTUCTUYECKUX METOAOB pacyeTa Npeun3noHHOCTA BOCNPOU3BOAMMOCTHN YPOBHA 0BHapy-
*enus (LOD), HO 1 oueHKU cTaHOapTHbIX OLWKMBOK.

2 HopmaTuBHbIE CCbINKK

B HacTosem cTaHdapTe MCNonb30BaHbl HOPMAaTWBHbIE CChIMKM Ha criedylowme cTaHgapThl [anda gatu-
POBaHHbIX CChINOK MPUMEHSIT TOMBKO YKa3aHHOe U34aHWe CChIfIOYHOro cTaHgapTa, ANS HedaTUPOBaHHbIX —
nocrnegHee usgaHuve (BKNYasa Bce U3MeHeHua)]:

ISO 3534-1, Statistics — Vocabulary and symbols — Part 1: General statistical terms and terms used in
probability (Ctatuctuka. CrnoBapb 1 ycnoBHble 0603Ha4veHus. Yactb 1. Obwme cratucTtuyeckme TEPMUHBI U
TEPMWHBI, UCMOMNb3yeMble B TEOPUM BEPOATHOCTEN)

ISO 5725-1, Accuracy (trueness and precision) of measurement methods and results — Part 1: General
principles and definitions [TouHOCTb (MPaBUNBHOCTE U MPELM3NOHHOCTL) METOAOB U Pe3yrkTaToR U3MEpPEHUIA.
YacTtb 1. ObwMe NpuHUUNLI U onpeaeneHuns|

3 TepMuHbI U onpegeneHus

B HacToswem ctaHgapte npumeHeHsl TepMuHbl no MCO 3534-1 n MCO 5725-1, a Takke cnegywoljme
TEPMMWHbBI C COOTBETCTBYIOLLWUMMW ONpeaeneHnsiMu.

MCO v M3K noggepxuBaloT TepMUHONOrM4eckne Basbl JaHHbIX A8 UCMNONb30BaHKS B LeNsax cTaHaap-
TU3aUWUK Mo crieayrLLIUM agpecam:

- nnatcopmMa oHnaH-npocMmoTtpa NCO: noctynHa no agpecy http://www.iso.org/obp;

) B npouecce GuHapHbIx uchbimarul onpedensiom NuWb Hanudue Uu omcymcmeue Kakoz2o-nubo eeuwecmsa
unu ceotcmea.

MapaHune ochbuumnansHoe
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- Onektponegua M3K: npoctynHa no agpecy http://www.electropedia.org/.
3.1 dpakTop (factor): BuHapHbLIA UMK KONWMYECTBEHHBLIA NapamMeTp MeToaa, KOTOPbIA MOXeT NPUHUMAaTh
3Ha4YeHuWs Ha OByX U Bonee ypoBHSAX B NMpefenax yCTaHOBMNEHHOro MeToaa.

lMpumep — TexHuyveckuil ¢ghakmop.

3.2 ypoBeHb thakTopa (factor level): 3vavenune cdakTtopa (3.1) B COOTBETCTBMM C MNAHOM 3Kcne-
pUMEHTA.

Mpumep — TexHuveckuii ¢hakmop 1, mexHu4veckuil ¢hakmop 2 u m. 0.

3.3 ypoeeHb ob6HapyxeHus; LOD (level of detection, LOD): KoHueHTpauus, HaunHasi C KOTOPOW ge-
posimHocme obHapyxeHus (3.4) cocTaBnseT He MeHee yCTAHOBMNEHHOro npefdena, Hanpumep, 0,5 unu 0,95
(LODgqg;, v LODggo, ).

MpumevyaHue 1— ITo onpedeneHne MaTeMaTUYECKN 3KBMBAMNEHTHO ONpPedeneHnam «YPORHA 0BHapyeHUusa»
B [2], [3] u [4]. OHO oTnK4YaeTcA OT onNpeaerneHns, UCNoNb3yYeMoro Ans XUMUYECKUX U (DU3MYECKMX METOOOB, ANSA KOTOPbIX
«npenen obHapyxeHWs» onpefeneH Kak HaMMeHblUee KONWYEeCcTBO aHanWTa, KOTOpoe MOXHO OTIMYWMTbL OT OTCYTCTBWSA
3TOTO aHanUTa ¢ YCTAHOBMNEHHBIM YPOBHEM OOBEPUS.

MpumeyaHne 2 — B HacToAWEM cTaHOapTe TEPMUH «KOHLEHTPaUMa» (UMK «ypOBEHb KOHLUEHTpauMn») 03-
Ha4aeT He TONbKO (haKTMYECKYID KOHLEHTPAUMIO B CMyYae W3MEPEHUS KOHLEHTPaUMKW BELLECTBA, KOTOpas MOXET BbiTb
onpeaeneHa no HeMpPepPLIBHOW LWKarne, HO W YMCcno KonoHweobpasyowmx eguHny unv konui JHK Ha anukBoTy B cryyae
M3MepseMbIX BELLECTE, ONpeaensemMblx No QUCKPETHOW LKane.

3.4 BeposTHOCTb obHapyxeHus; POD (probability of detection, POD): BeposTHoCTb nonyyeHus no-
NOXUTENBLHOTO aHaNMTWYECKOro peaynsrata GUMHAapHbIM METOOOM WCMbITAHWA MpU 3a4aHHON KOHLEeHTpauum
[NA KOHKpeTHOro Tuna obpasua.

MpumeyvyaHme 1 — ITo onpefeneHWe OCHOBAHO Ha ABYX HEMHOMO OTMMYAOLUMXCA OnpedeneHusx «BeposiT-
HOCTK 0BHapyxeHus» B cooTBeTcTBUM C [6] 1 MCO 16140-1, MCO 16140-2 n UCO 16140-4.

MpvumevyaHme 2— POD — 310 Mepa BEPOATHOCTI NOMyYEHWS NONOXUTENBHOTO pe3ynsTata aHanuaa u, Takum
obpa3om, TeopeTnyecKan BeNMYuHa, KoTopas MoXeT OblTb annpoKCUMMPOBaHa C NMOMOLLBI MaTeMaTU4eCcKon Modenu.

3.5 yacTota o6HapyxkeHus; ROD (rate of detection, ROD): [Jonsa nonoXuTenbHbIX aHanNnMTUYeCKUX pe-
3ynbTaToOB B CEPUM UCMbITAHWIA, KOrga BUHaPHLIA METOZ BhIMOMHSOT HECKOMBLKO pa3 C KOHKPETHLIM 06pa3Lom.

MpumevyaHune — ROD — 3710 He TeopeTuyecKkoe 3HadeHWe, OCHOBAaHHOE Ha MaTemMaTUYecKol mMoaenw [Kak
POD (3.4)], a pe3ynkrar, NoNy4YeHHLIA B CEPUN NOBTOPHLIX UCMLITAHWIA, NMPOBEAEHHLIX HA AaHHOM obpasue.

4 Obo3HayeHuA

B HacTosiwem CTaHOapTe npuMeHeHbl cnegyruue 0603HaueHns:

p — KomWyecTBo nabopaTtopui, yHacTBYOLMX B M3MEPEHUSIX;

crl,_2 — [OWcnepcus, xapakTepuayrLlas MexnabopaTopHyH N3MEHYNBOCTb;

POD =P — BEpOSATHOCTb ODOHapyXeHus;

X — YpOBE&Hb KOHUeHTpauuu (cM. npumeyaHwe 1 k 3.3), NpuM KOTOpPOM onpepeneHa
POD;

ROD — 4acToTa obHapyxeHus;

LODgqge, = Lgg — 50 % OT ypoBHS 0BHapyxeHus,

LODggo, = Lgs — 95 % OT ypoBHA 0bHapy}eHNs;

L.HB,C — rnobanbHble NapameTpbl MOgenuM CUrMOBWUOHOWM KPWUBOW C 4YeTbipbMs napa-
MeTpamu;

a; — nonpaBoudHbIA  KoadhduumeHT ana - nabopatopunm B Todke rnobanbHoro
neperuba C;

N(p,02) — HOpMarnbHoe pacnpefeneHe co CpeaHUM | W aucnepcuei o2,

2
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5 O6wue nonoxeHUs

5.1 O6wue npeanNonNoXeHUA

UT06LI 06ecneunTs OQMHAKOBOE NPOBeAeHWE UCMLITAHUIA BO BCEX y4YacTByLW X nabopatopusax, MeToa
UcnblTaHuit gorkeH ObiTb CTAaHAAPTU3UPOBAH. Bce McnbITaHus, SBNSIOWMEcs YacTbl 3KCNepMMeHTa B OT-
genbHoi nabopatopun unu B mexnabopaTopHOM 3KCNEepUMMeHTe, AOMKHbI 6biTh NPOBEAEHbI B COOTBETCTBUN
CO CTaHOapTU3MPOBaHHLIM NPOTOKOMOM.

CraTUcTMYeCKME METOAbl, ONMCaHHbIe B HACTOSLWEM cTaHdapTe, NPUMeHWMbl K GMHapHbBIM MeTodam
MCMbITAHWIA, KOTOPblE AAKT pPe3ynsTaT «4a/HeT» (Hanpumep, UccneayeMoe BeLLeCTBO NPUCYTCTBYET UMW OT-
cyTcTByeT). [na Takux MeToaoB UCMbITAHWA OOHUM N3 OCHOBHbIX KpUTEPUEB NPUrOAHOCTU METOAA SIBMSIETCS
ypoBeHb 0BHapyxeHus (Hanpumep, LODgqo, M LODgge, ), T. €. ypOBEHb (KOHLEHTpaLuUK), He0BX0AUMbI AN
obecnevyenuss POD B 50 % wnu 95 %. Takum obpasom, Lenb COCTOMT B TOM, YTODbI onpeaenuTb 3Ha4YeHns
LOD ans otoenbHbiX nabopaTtopui, a Takke obwmin LOD ans Bcex nabopatopuid. 3aTeM MOXKHO OLEHUTb npe-
LU3MOHHOCTE METoLa C TOHKW 3PEeHUs M3MEHYMBOCTHN, KOTOPOWN NoABEpPKeHbl 3Ha4YeHus LOD ans KOHKpeTHo
nabopaTtopuu.

3HauveHust LOD gnsa koHkpeTHoW nabopaTopuun u cpegHuid LOD gnsa Bcex nabopatopuil MoryT ObITh
paccyMTaHbl HA OCHOBE MaTemMaTUYecKoW MOLEenu 3aBMCUMMOCTU BEPOSITHOCTU OBHApPYXEeHUA OT YPOBHS X
ans i-in nabopartopun POD; (x) = P; (x): LODggo, ANs i-1 nabopaTtopnn — 370 CaMblit HU3KWIA YPOBEHb X, A

kotoporo POD;, (x) = P; (x) 2 0,95.
5.2 MpepnonoxeHus, nexalwMe B OCHOBe TpaguLUMOHHOro nogxoaa

TpaAMUMOHHBIA NOAXOL OCHOBAH Ha MPeAnonoXeHuWn, YTo B COOTBETCTBMM C MINaHOM 3KCNEepUMEHTa,
ncnonesyembiM B MCO 5725-2, Bce ncnbiTaHUs NPOBOAAT B YCNOBMAX NOBTOPSEMOCTU B KaXJ0OW U3 y4acTBy-
towux naboparopuit. B yacTHocTu, Bce ucnbiTaHusa B nabopatopuu NpoBOAUT OAMH U TOT Ke CneyuunanucT, Ha
O4HOM 1 TOM Xe obopyaoBaHMK, B OOHWUX W TeX Xe YCNOBMAX U HEMOCPeACTBEHHO APyr 3a Apyrom. Cuutaetca
TaKKe, YTO pesynbTaTbhl UCNbITAHWMNA, NONYYeHHble B pasnuyHbix nabopatopusax, nony4eHbl B YyCNOBUAX BOC-
MPOU3BOAMMOCTMH, T. €. B HabngaeMy U3MeHYMBOCTL BHOCST BKINad MHOrMe dhakTopbl, HanpyuMep, pasnuyuns
B oBopyaoBaHuK, yCNoBUSX OKpyXatoLlen cpeabl, NapTUsax peareHToB W cneLunanicrax.

MpumeyaHue — [poTokonsl BanuaaLn B COOTBETCTBMM C TPaAMUMOHHBEIM NOAXOA0M, OCHOBaHHLIM Ha LOD
n POD, npusegeHsl B ICO 16140-2, NCO 16140-4 n ISO/TS 16393, a Takke B [7]. [pyMepbl 1 Apyrie NpoTOKOMbl pac-
CMOTpEHbI, Hanpumep, B [8], [9], [10], [11], [12] v [13].

5.3 MNpegnonoxeHnna, nexalwme B ocHoBe haKTOPHOro nogxopa

Mo cpaBHEHWI0 C TPaAWLWOHHLIM NMOAXOAOM, MPY KOTOPOM WCMbITAHMA B KaXaon U3 nabopaTopui
MPOBOAAT B YCIOBUAX MOBTOPSAEMOCTUM, NMPW (PaKTOPHOM MOAXOOe CMCTEMaTWYECKW BapbUpPYOT OOWH WIK
HEeCcKomnbKo (hakTopoB. Hanpumep, NONoBMHY WCNbITAHWIA NMPOBOAAT C peareHTamMu U3 naptuu A, a apyryw
NOMOBUHY — C peareHTamu 13 naptum B. Takum obpaszom, akToOpHLIA NOAX0L NO3BOMAET OXBATUTL B UC-
crnefoBaHWi No Banuaaumn BECb CMNEKTP YCMNOBWUI UCMbITAHWIA N OLEHUTb BKNaA B MU3MEHUMBOCTb OTOEMbHbIX
MCTOYHWUKOB OLIMBOK. Takoi nogxoa nossonseT 6onee ahdPEKTUBHO M JOCTOBEPHO OLEHUTL OBLLYI M3MEH-
YUBOCTB.

MpumeuvaHnune — [NpoTokonel BanMaauuu Ha ocHoBe LOD aona mukpoBuonorvyecknx MeTogoB B COOTBETCTBUN
¢ (bakTopHBLIM NOAXOAOM NpuBedeHsl B [4] 1 [5].

6 TpaavuUMOHHLIN Noaxoa
6.1 NMnaH akcnepumeHTa

AN nonyyeHns cTaTUCTUYECKM JOCTOBEPHON KpnBoi POD HeobxoauMel pesynsTaTbl He MEHEE BOCbMM
YUYACTHWKOB, NP YeTbIpex KOHLUEHTPaLMUAX U BOCBMU M3MEPEHUSIX ANA KaX40ro YpOBHSA W Kaxgon nabopato-
puu. OZHaKO Npu Takoi cxeMe J4OCTOBEPHOCTb Pe3ynsTaToB MOXET 0Ka3aThCs HeOoCTATOYHOW U noTpe6oBaTth
nposepku. [ins Gonee gocTtoBepHolii oueHk LOD 1 cOOTBETCTBYHLLEH U3MEHUYNBOCTU PEKOMEHAYETCS UMETh
pesynkTaThbl He MeHee YeM BOCLMM Y4aCTHUKOB C NATLI0 YPOBHAMK KOHLUEHTpaLMW U ABeHaALATLI0 U3MepeHu-
AMU Ha KaXKOOoM ypoBHe B KaxKaoi nabopatopuu. Mpy yBennyeHMn 4ucna y4acTHUKOB KONMYECTBO M3MepeHui
MOXET BbITb YMEHbLLIEHO.
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Camblii HU3KWIA YPOBEHb KOHLIEHTpauuuW AomkeH ObiTk BbibpaH Takum obpasom, 4yTobbl ganbHeiwee
cHuxeHne POD He npegnonaranoch, Aaxe ecni ypoBeHb KOHUEHTpauuW nosxe OyneT eule cHwkeH. Haw-
BGOoNbLINA YPOBEHb KOHLUEHTPaLUWUK JomkeH 6biTh BhIGpaH Takum o6pasom, YTobbl He Npegnonaranock gans-
Helwero yeenuyeHua POD gaxe npu ganbHerweM NOBLILLEHUM YPOBHSA KOHUEHTpauuu. CpeaHas gons no-
TNOXUTENbHBIX Pe3ynbTaToB UCMLITaHWA B pasnuuHbiX nabopaTopusix gomkHa coctaenaTte oT 20 % go 80 %
X0Ts1 Obl ANs ABYX YPOBHEW KOHLEHTpaumu.

[ons nonoxuTenbHbIX PesynsTaToB UCMLITAHUIA, OXuaaemMas B Hayarne COBMECTHbIX UCTbITaHWiA, 00bIY-
HO OTNM4YaeTcs OT oKoH4YaTenkLHon POD. 3To MOXeT 03HayaTb, YTO 4ONS NONOXUTENLHLIX Pe3ynLTaToB, dak-
TUYECKWU OmnpeAeneHHas B X0Ae COBMECTHLIX UCMbITAHWA, HE COOTBETCTBYET YKa3aHHbIM Bbllle TpeboBaHUSM.
B aTom cnyyae pesynsTaTthl OLEHKM U, B YaCTHOCTU, paccyMTaHHas BOCNPOU3BOAMMOCTE YPOBHA 0BHapyxe-
HWUSI, MOTYT GbITb PACCMOTPEHBI TOMBKO KaK OLEHKMU.

MpumeyaHue — [JaHHbIE peKOMEHOAUUK NO NNAHUPOBAHWUIO IKCNEPUMEHTA OCHOBaHbLI Ha peaynsratax uMuTa-
LIMOHHOMO MOAENMPOBaHKA, B XOOE KOTOPOro pacCcyMThiBanach CTaHOapTHas olMbKa OUEHKW CTaHAapTHOTO OTKITOHEHWSA
nadopaTtopumn.

6.2 CtaTnucTtuyeckasn Mogelnb MeTo4oB, NpeAHa3Ha4YeHHbIX ONA HenpepbiBHbLIX U3MepAeMbIX
BenU4YunH

Pacyet LOD ocHoBaH Ha 0606LWeHHON NMHEeAHOW MoAen cMeLlaHHbIX Bo3geicteuin (GLMM) u curmo-
BUOHOM KPUBOW (CMrMounge) C YeTblpbMs NapaMeTpamu, npeactaBrieHHon (hopMynon

L-H
POD; =P, =———" ¢ +H, (1)
14 X
[a,-c]
rae i — Homep nabopatopum (i=1,2,..., p);
POD; =P, — BeposTHOCTL 0BHapyxeHus Ans i-i nabopatopuu;
X — YpOBEeHb KOHLEeHTpauuu;
L, H, B, C — napawmetpbl rnobansHoi Mogenu (OHW cnpaBeanuebl Ana Bcex nabopatopuin);
a; — nmonpaska Ans i-n nabopatopum;
C — To4ka rmobansHoro nepernba.

Mpepnonaraetcs, 4To napameTpbl L (HaumeHblas BeposTHOCTE oBHapyxeHus), H (Hanbonblias Be-
poATHOCTL 0BHapyXeHus) U B (yrmoeon koaddprumneHT) oguMHakoesl Ang Bcex naboparopuid. [NpovseeneHune
a;C npeacraensiet cobon koopanHaTy Touku nepernba kpuson Ans j-n nabopatopuu; npu L =0 %, H =100 %
3TO NpPOV3BEAEHNE COOTBETCTBYET KOHLEHTpauuu, npu kotopor POD gocturaet 50 %. Takum obpasom, 3Ha-
YyeHWe 3TOro NPOU3BELAEHUA ABNAETCA NPSAMbIM Nokasatenem yHKLMOHUPOBaHWA KOHKPETHON nabopaTtopuu.
Mapametp C cOOTBETCTBYET CpeaHeMy apuMeTUHECKOMY napameTpoB OyHKUMOHMpoBaHUA nabopatopuu.

3HayeHWs a; MOLENUPYIOT Kak peanusauunu crydainHon BenuinHbl: NpeanonaraeTcs, Yto sHadeHuns In a;
NOAYMHAKTCA HOPMAaNbHOMY pacnpefeneHunto

In a,~ N(0,0 2.

OueHkun napametpos L, H, B, Cn 0,_2 MOTYT BbiTb NOMYyYeHbl METOAOM MakcumansHoro npaegonofobus,
HanpumMmep, ¢ NpUMeHeHeM COOTBETCTBYIOLIEro naketa nporpaMm. Qucnepcus G"._z XapakTepuayeT M3MeH4Yu-

BOCTb YYBCTBUTEINBHOCT MeXOy ﬂaﬁOpaTOpMﬂMb’i.

MpumevyaHue 1—HecMOTpA Ha OTCYTCTBWE rapaHTUK TOTO, H4TO pacnpefeneHue 3Ha4yeHuit In a; nedcTBUTENb-
HO COOTBETCTBYET HOPMarnbHOMY pacnpefeneHuto, norapuMupoBaHe 0BbIMHO NPUBOLAUT K Ny4YlleMy NpUOnKEHMIO K
HOpMankHOMY pacnpegeneHvio. Ecnv meton AEMOHCTPUPYET HU3KYH MPEeUU3MOHHOCTE, TO AManasoH NporHo3upoBaHus
3HayeHuit LOD 6e3 norapudmuyeckoro npeobpa3oBaHns MOXKET BKINIOYaATh HEMPUEMMNEMbBIE OTPULATENBHBIE 3HAYEHWUS.

MpumeyvaHue 2 — lMNpegnonaraercs, 4To napameTpol L, H, C n B oguHakoebl Ana Bcex nabopaTtopuid, T. e.
hopmMa KpUBOW SBNAETCA CUIMOBWAHOW M OgUHAKoOBa Ans Bcex NabopaTtopuin. CrneayeT npoBepuTb 060CHOBAHHOCTL 3TOMO
npeanonoXxeHus, Hanpumep, NyTem rpaduyeckoi npoeepkn Kpuebix POD ans koHKpeTHbIX nabopaTopui.

WHTepnpeTauuns napameTpoB obbscHeHa Ha npumMepe, cM. [13]. CoBMecTHoe nccneqoBaHne MeTogom
GUHapHOro aHanusa rrTeHa B NpoayKTax, Codepallinx KyKypyay, MpoBedeHo C Lenbi 4eMOHCTpaunum Toro,

4
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4YTO BMHapPHbLIA MeTOd MOXET OBHapYUTb NPUMECH IMITEHA HWKe NoporoBoro 3HaveHust 20 mr/kr. B oblyen
CINOXHOCTM YeTbipe NapTuyM 06pasLoB KyKypy3bl C pa3nu4yHON KOHLeHTpauuen rmniTeHa nepegaxsl B 18 na-
©opaTtopuii ANSA OLEHKU YyBCTBUTENBHOCTU M BOCMPOM3BOOMMOCTU MeToaa ucneiTaHuin. Kaxaasa mz 18 nabo-
patopuii npoeena 10 uaMepeHuid ONa KaX40ro U3 YeTbipex YpoBHEW KOHLeHTpauuu. B Tabnuue 1 npueeneHo
COOTBETCTBYHLLEE KONUYECTBO MONOXUTENbLHLIX Pe3ynsTaToB AN Ka)aon nabopaTopun M KaxOoro ypoBHS
KOHLUeHTpaLuunu.

Tabnuya 1 — KonuyecTBo NONOXWUTENbHBLIX PE3yNbLTaToOR U3MEepeHUA ANA KaXaoro YPoBHS KOHUEHTpaUMWA B Kaxaon
nabopatopuu (10 obpasuos)

YpoBeHb KOHUEHTpaLumnu
Ne naGopaTopuu
0,88 mr/kr 2,42 mrikr 5,48 mrfkr 9,38 mr/kr
01 0 10 10 10
02 0 10 10 10
03 0 10 10 10
04 0 10 10 10
05 0 10 10 10
06 0 10 10 10
07 0 10 10 10
08 0 9 10 10
09 0 10 10 10
10 0 9 8 10
11 0 10 10 10
12 0 10 10 10
13 0 10 10 10
14 0 10 10 10
15 0 9 10 10
16 0 10 10 10
17 0 10 10 10
18 2 10 10 10

Ha pucyHke 1 nokasaHa kpuaa POD co cpegHVMM napameTpoM yHKUWMOHUPOBaHMWSA (HenpepbiBHAS
AWHWA), NPeSUKUMOHHBIA MHTEPBan ypoBHA BepoaTHocTM 95 % ang nabopatopuu ¢ cooTBeTcTBylOWen POD
(TemHoO-cepas 0bnacTb) U NPeaWMKLMOHHBLIN MHTEpBan Ans nabopaTopuil ¢ COOTBETCTBYIOLLWUMMW 3HAYEHUAMUN
ROD (cBeTtno-cepble cTyneH4yaTble yHKUMM). Hcno psgoMm ¢ pomMBUKOM ykasbiBaeT HoMep nabopatopuu,
nony4vBLLIER COOTBETCTBYHOLEee 3HaqeHne ROD.

Hanpumep, npu ypoBHe koHUeHTpauuu 0,88 mr/kr ogHa nabopatopus nmeet ROD 0,2, a 17 ocTanbHbIX
nabopartopuii UmetloT Hyneeoe 3HadeHve ROD. W3 tabnuubl 1 BUgHO, Yto nabopatopus co 3HadeHnem ROD
0,2 — 310 nabopatopusa 18. CeeTno-cepble CTyneHYaTble QYHKLMM NOKa3bIBAKOT NPEAUKLNOHHBLIA MHTEpPBAn
ypoBHs BeposaTHocT 95 % ana 3aHaveHnin ROD, nonyyeHHbIR B pe3ynsTate MOOeNIMpoBaHns CrydYaHon Be-
nu4ymHbl (MetogoMm MoHTe-Kapno) ¢ Mcnonb3oBaHWEM OLEHOK napaMeTpoB. PUCYHOK 1 MOXHO MHTEpnpeTu-
poBaTb cregytolwum obpasom: nabopatopusa co cpegHuMK nokasatensmu gocturaet POD ypoeHs 80 % npwu
KOHLleHTpaLMu okono 1,7 Mr/Kr (cnnoLwHas NuHusa), Torga kak nabopatopus ¢ BLICOKMMM NOKazaTensiMu 40CTU-
raet atoro ypoBHs POD npu KoHUeHTpauun 1,3 Mr/kr (BepxHsa TEMHO-cepasi 30Ha), a nabopaTtopum ¢ HA3KUMU
nokasaTensMmu Ans 3Toro TpebyeTcsl KOHLEeHTpaLuusa okono 2,2 MI/Kr (HUKHAS TEMHO-Cepas 30Ha).

MpumeyaHue 3 — Hu ognH M3 BoiBpaHHbIX YPOBHEW KOHUEHTPaLWK He Haxogutca B nHTepsane ot 20 % go
80 %; NoaToMy paccyMTaHHbIE AaHHbIE BOCMPOU3BOAMMOCTH MOXHO paccMaTpyBaTh TOMbKO Kak rpyOyHo OLEHKY.
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17 1‘8
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X — koHUeHTpauwus, Mr/kr; Y — 3HadeHus POD n ROD

PucyHok 1 — Kpusas cpegHenn POD, ROD koHkpeTHbix nabopatopui U NpeauKLMOHHbIE MHTEpPBan.I

YHacTHbIM criy4ain Mogenu, paccmoTpeHHon B 6.2, ¢ L = 0, H = 1 1 NOCTOSHHLIM 3Ha4YeHWeM a; 3KBuBa-
NeHTeH norut-mogenu npu x > 0. [lpyrmmun cnoBamMmu, NOrMT-MOLENb yKe BKINoYeHa B Mogerns B 6.2. C npakTtu-
YEeCKOW TOMKW 3peHUs 3TO yTBEepXKOeHWe CnpaBednvBo U Ana NnpobuT-mMogenu, NockonbKy OHa O4eHb MOoXoxa
Ha NnoruT-Mofens, cM., Hanpumep, [14].

Ecnv uMetotes pesynetaThl UCMbITAHMIA B BUOE OaHHLIX HEMpepbIBHOW KONMUYECTBEHHOW BENUYUHLI, TO
BanuaaLMoHHOE UCCrefoBaHne OOMKHO BbiTb OCHOBAHO Ha HUX, @ He Ha COOTBETCTBYIOL WX BUHAPHbLIX pesynb-
Tatax. Qpyrumun cnosamu, ecrnv BuHapHble pe3ynbTaThl NoNyYeHbl NyTEM CPaBHEHWA Pe3ynbTaToB M3MEPEHUN
HEeMNpPepPbIBHON KONMYECTBEHHOW BEMWUYMHBLI C MOPOrOBbLIM 3Ha4YeHem, nabopaTopumn OOMKHLI NPeAcTaBUTb UC-
XOAHble pe3ynbTaThl U3MEPEHWIA HEMPEPLIBHOW KONMMYECTBEHHOW BENUYMHBI, @ CPAaBHEHWE C MOPOroBbIM 3Ha-
YeHMeM OOMKHO BbITb NPOBEAEHO B pamMKax BanuaauMoHHOro UccnegoBaHms.

Bo MHOrMx crnyvyasix McxogHsle pesynstaTbl U3MEepeHUn HeNpepbIBHOW KONMWYEeCTBEHHOW BEMUYMHbLI He-
OOCTYMHbl. B yacTHOCTWM, BO MHOTMX cnyyasax aHanu3 gaeT GuHapHbIA pe3ynbTaT, Aa)e ecli OH OCHOBaH Ha
JaHHbIX HENPEepbIBHON KONNYeCTBEHHOW BEMNNUYMHDI.

HakoHel, cneqyeT OTMETUTb, YTO OLeHKa MexnabopaTopHon gucnepcum 0L2, nony4eHHas no GuHapHbIM
pesynsTataM Ha OCHOBE OMWCAHHOM Bbille MOAENU, TECHO CBA3aHa C MexnabopaTopHOW Aucriepcuen g; no
MCO 5725-2. [leicTBUTENbLHO, €CN B COBMECTHOM MCCNenoBaHun p nabopaTtopwii NpeacTasunn no gga ogu-
HakoBbIX 3HavyeHus LOD, To MOXHO cYMTaTb, YTO OLlEHKa 0,, paccunMTaHHasi B COOTBETCTBUK C MNCO 5725-2,
3KBMBANEHTHa OLUEHKe O, PacCYMTaHHOW B COOTBETCTBUM C HACTOAWMNM CTaHAapTOM.

Mpumevyanune 4 — [Npu HANWYMKM OLIEHKM AMCNEPCUM (Hanpumep, OUeHKM MexxnabopaTtopHOn aucnepcun 0!_2,
O KOTOPOW roBOPUNOCH BblLIE) COOTBETCTBYIOWEE CTaHAAPTHOE OTKNOHEHWE MONy4YaloT NyTeM W3BMNEYEHWS M3 HEE KBa-
OPaTHOro KOpHs.

6.3 Ctatuctuveckas mogenb AnNs MeTOO4OB C AWCKPETHbIMWX N3MepAeMbIMA BENMTMYUHAMMK

B cnyyae namepaembix BENIMYMH, onpegensieMblX No AUCKPEeTHON WKane (Hanpumep, MeTohbl Mccneno-
BaHWsi MMKpoBMonorndeckux Kynetyp unu metogbl MNMLP), YyeteipexnapaMmeTpuyeckas Mogenb, paccMOTPEHHas
B 6.2, He nogxoguT. MNpUYMHON ABMSIOTCH pa3nuynMs B NPeanonoXeHusax o pacnpefeneHnun KOHUeHTpauuu X.
B 6.2 x 03HayaeT HOMWHarbHbIA YPOBEHbL KOHLEHTpAUWK, a pasnuunMsa mexay pakTu4eckon KOHLeHTpauuen
vuccnegyeMon nopuun M HOMMHANBHBIM YPOBHEM KOHLUEHTPAUUM cunTaroT npeHebpexumo mansiMu. B cny-
4Yae M3MEepeHWN OWCKPETHbIX BENWYMH, X O3HA4YaeT, HanpuMep, KONMMYEeCcTBO KONMOoHWMeoOpasylolwnx eamHuL,
unu konuin JHK Ha uccnepyemyro nopumio. [Ans ygobctea 9T AWCKPETHbIE BEMWYMHbLI Ha3biBalOT YPOBHAMM
KOHLUEeHTpauun (cMm. npumMedanue 1 k onpegenexnuto 3.3), HO B criydae OUCKPETHbLIX M3MEPSEMbIX BEMMNYKH,
paznuuns Mexay akTMYeckol U HOMWHANbLHOW KOHLUEHTpauuen B uccnegyemMon nopuum Gonblue Henb3s
CUMTaTb HEe3Ha4YUTEeNbHbIMW; TOYHEe, AN 3a4aHHOr0 HOMKMHANLHOIO YPOBHS KOHLIEHTpauuy npegnonarator,
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YTO (haKTMYeCKNe YPOBHW KOHLEHTpaUMU B UCCedyeMbIX NopuMax NodBepXKeHbl CriydaiHoi 3MeH4YMBOCTY
1 MOOYMHAKTCA pacnpefeneHunio MNyaccoHa. [lanee aTo nNpeanonoXeHne HasBaHo «NpPedanoroXeHneM o pac-
npegeneHun MyaccoHa». Mo 3Toi npuduHe ans pacyeta LOD W ero U3MEeHYMBOCTM B CNy4Yyae OUCKPETHbLIX
M3MepsieMbIX BENMUYMH NOAXOOUT KOMMNemMeHTapHo-norapugpmMudeckas mogens CLOGLOG; cooTBETCTBEHHO,
NpUMeHeHa cMellaHHas NuHeapusoBaHHas mogdens (GLMM):

In{- In[1 = POD; (x)]} = In a; + b In x,

rae i — Homep nabopatopuu (i=1, 2, ..., p);
X — [AaHHbIA YPOBEHb KOHLEHTpaLWu;
b — rnobanbHbIA NONOXWMTENBHLIA NapaMeTp, MOAENUPYIOLLMIA 3aBUCMMOCTL YYBCTBUTENMBLHOCTM OT

YPOBHA KOHUEHTPpauuwu;
a; — 4yBCTBUTEIbHOCTb, COOTBETCTBYHOLLaA 27 naﬁopaTopMM.

MpumeyaHue 1 — B cooTBeTcTBUM C MpeanonoxeHnem o pacnpeneneHun NyaccoHa Heobxoaumo, 4TO6LI
POD,; (x) = P;=0 npu x = 0. 3T0 03HAYAET, YTO NPUBEEHHYIO BhILLE MOLENb CreyeT UCNONL30BATh TOMBKO B TOM Cryyae,
€CMK KONMUYECTBO NOXHLIX NONOXKUTENLHEIX pe3ynsTaToB npeHebpexumo Mano. [pyrum cnegcTerMeM MpeanonoxeHus o
pacnpenenexun lNMyaccoHa asnsaetca 10, 4o POD; (x) = P; (x) CTPeMWTCA K 1 C yBenu4YeHneM X; ApyrumMu criosami, Mogerb
TaKKe YyBCTBUTENBHA K JTIOXHBIM OTpUUaTeNneHBIM pesynestatam. 3TO NpPeanonoXeHne npegcraensaet cobow BaxHoe OT-
NUYME OT YeTbipexnapameTpUYeckor MOLEenn, pacCMOTPEHHOW B 6.2, koTopas A0MYyCKaEeT Kak NOXHLIE NMONOKUTENLHbIE,
TakK U NoXHble OTpMLUaTeNbHbIe Pe3ynbTaThl.

MpumedvyaHune 2 — KomnnemeHtapHo-norapmpmuyeckasa mogens CLOGLOG aenserca ctaHaapTHOW mMoge-
b Anst MUKkpobronorndecknx metogos 1 6uHapHeix MNLP-TectoB. Mogenks ycTaHaBnNnBaeT 3aBUCMMOCTb MEXIY BEPOAT-
HOCTBIO MOMOXUTENBHOTO peaynsTaTa U KoHUEeHTpaLUWen, Koraa uccnegyemyto npoby otéupaloT 3 ogHopogHoro obpasua.
[Mpeononaraetcsa, 4YTO BEPOATHOCTb 0OHapyeHua otaensHoi knetkn unm konum AHK (PHK) He 3aBMCUT OT YPOBHS KOH-
ueHTpaumn. BepoATHOCTb NOMOXUTENBHOTO pe3yssTata Torga NpocTo BbIBOOAT M3 pacnpegeneHua [yaccoHa: pesynstart
SBNSETCA NONOXKUTENbHLIM, ecnin obHapy»eHa xoTa bbl ogHa kneTka unu konusa OHK (PHK).

MpegnonaraeTcs, 4To 3Ha4eHus In a; NoAYMHAKTCA HOpMarbHOMY pacnpeaeneHunio
~ 2 =
Ina;~N(,0f), p=Ina.

Tpw napameTpa a, 0,_2 n b MoryT ObITb ONpeaeneHsl Kak oLeHKM MakcMManbHOro npasgonogooms ¢ nomo-
b0 CTAHZAPTHOMO CTaTUCTUYECKOro NporpammMHoro obecneyenus, Hanpumep R. MNapameTtp a npegcraenser
cobon cpegHee apudMeTMHECKOE NapamMeTpa YyBCTBUMTENLHOCTH (npu x = 1) nabopaTopuii, a gucnepcus cf
XapakTepusyeT M3MEeHYMBOCTb YYBCTBUTENbHOCTU Mexay nabopatopuamu. BaxxHo, 4To NporHo3npyemble 3Ha-
yeHwusi In a; MoryT BbITe paccyMTaHbl NOCne OLEHKN TPeX NapameTpoB KpUBOW.

BeiBog mogenu cM. B [15]. Bonee nogpobHyo vHdopMauuio (Hanpumep, 0 ponu napameTtpa b) cMm. B
[16].

Mpegnonoxum, YTo NapamMeTpbl @ U b oAMHaKOoBLI ANs Bcex nabopatopui, T. €. hopMa KpUBOW OgMHaKo-
Ba Ans Bcex nabopartopuid. Heobxoonmo ycTaHOBUTL cNpaBeaMBOCTb 3TOr0 NPeAnoNoXeHWs, HanpumMmep, ¢
nomMoLLbH rpaduyeckor npoBepkn Kpuebix POD ons ka) o KOHKpeTHoW nabopatopuu.

lMocne BblYACNEHMA OLLEHOK TpexX NapamMeTpoB MOAENWU W MPOTrHO3HbIX 3HAYEHWUA MOXHO MOCTPOUTL 0B-
wyto kpusyto POD, POD = P=1 - exp (-a - x?).

B [17] onucaH cnegyowumid npumMep. [Ang geMoHCTpauum Toro, 4To BuHapHbLIR MeTod noseonsieT obHa-
PYXWUTb reHeTudeckue MofaudukaLumMy Npu o4eHb HU3KOM YPOBHE KOHLIEHTpaLUMu reHeTudecku moguduuupo-
BaHHOrO puca (TpaHCreHHOro puca) B NpoayKTax, COOep)allMx puc, NpoBeAeHO COBMECTHOE uUccnenoBaHue
meToda BuHapHoro obHapyKeHus reHeTUHeckux moguduKauuin B NpoaykTax, cogepxawimx puc. B obuien
CNOXHOCTW WecTb naptvuii obpasyoB puca ¢ pasnMyHbiM KonudectBoM konuin OHK 6einu nepepadbl B 17
nabopaTtopuii NS OUEHKW YyBCTBMTENMbLHOCTW M BOCMPOM3BOAMMOCTM MeToda. Kaxgas w3 17 nabopartopuii
npoBena Mo WecTb U3MEepPEeHWIA ONs Kax[oro M3 LWecTu YpOBHeW KoHueHTpauuu. B Tabnvue 2 npuBegeHo
COOTBETCTBYHKLUEE KONMYECTBO MOMOKMTENbHbIX PE3yNbTaToB A8 KaxdoW nabopaTtopun 1 Kamgoro YPoBHS
KOHLEeHTpaLuuu.
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Tabnuua 2— Konu4ecTBo NOMOXUTENBHBIX PEe3YNETATOB, COOTBETCTBYIOLLEE KaXOOMY YPOBHIO KOHLEHTPaLUK (Komu-
4ecTBO konui Ha obpaseu) u kaxgon nabopaTtopuu (wectk NLP-TecToB)

Ne HomuHansHoe konuyecteo kenui JHK Ha obpazen

naggparopu 0,1 1 2 5 10 20
01 0 3 5 5 6 6
02 0 4 6 6 6 6
03 1 0 5 6 6 6
04 0 4 3 6 6 6
05 0 0 5 6 6 6
06 0 4 6 6 6 6
07 0 5 6 6 6 6
08 0 5 6 6 6 6
09 0 6 4 6 6 6
10 0 2 5 6 6 6
11 0 1 6 6 6 6
12 0 4 6 6 6 6
13 0 4 4 6 6 6
14 0 3 3 5 6 6
15 0 6 5 6 6 6
16 0 2 6 6 6 6
17 0 4 6 5 6 6

Ha pucyHke 2 npencraeneHa kpusas POD c nokasatenamu, npeacraensawlmnmm cobon cpegHee apud-
MeTu4ecKoe 3Ha4YeHuin no nabopaTopuamM (CNNOLWHAs NUHUA), a TaKke NpeguKULUOHHbIE MHTepBanb! AN Kpu-
Bbix POD ansl KOHKpeTHbIX nabopatopuii U 3Ha4eHnin ROD onsa KaKaon KOHUEHTpauMM U Kaxaoh nabopato-
pun. [nsa kpuebix POD npuBedeHHbIA NPEAWKUMOHHBIA MHTEpBan COOTBETCTBYET BEPOATHOCTM YpoBHS 95 %
(TeMHO-cepas 30Ha), TO eCTb MHTEPBANY TUMWYHOM M3MeH4YnBOCTKU KpuBbix POD. [Ana sHavyeHmin ROD npu-
BeJeHbl NpeauKLMOHHBIE NHTepBanskl ypoBHA 90 % (ceeTno-cepble cTyneHYaThie PyHKUUK). 3TU UHTEpBanbI
ObINK NonyyeHbl B pe3ynsrate MOAENMPOBaHUA CNyYaHOW BeNUYMHbI, MPOBEAEHHOro Ha OCHOBRE OLIEHOK Na-
pameTpoB. bonee BbICOKWA ypoBeHb 3HAYMMOCTK Ans 3HadyeHnid ROD (10 %, a He 5 %) oTpaxaeT ToT dakT,
4YTO OCHOBHOE BHMMaHWe yAeneHo BbiiBNEHUO BblAensowmxca 3HadyeHnn ROD ans KOHKPeTHOW KOHLEHTpa-
LK, Npyu 3TOM «BbieNsLWEeecs 3Ha4eHNe» COOTBETCTBYET OQHOCTOPOHHEMY YPOBHI 3Ha4umocTn S %. [By-
CTOpPOHHEee paccMOTpPeHUe HEBO3MOXKHO, TaK Kak Ans HU3KMX 3HaveHnin POD HuKHAA NpeguKUMOHHasA rpaHuua
paBHa 0, a Ans BbiCOKUX 3HadeHuin POD BepxHAA NpeguKLUOHHAas rpaHula paeBHa 1; ons HU3KUX (BbICOKMUX)
POD HeB0O3MOXHO NPOBEPUTL, ABNAKTCA N 3HaYeHUa ROD 3HauuTensHO HWXe (Bbilwe) cpenHero. cnone-
30BaHVe NpeauKUunoHHbLIX MHTepBanoB ypoBHA 95 % u 90 % (ans kpusbix POD v 3HaueHuin ROD, cooTeeT-
CTBEHHO) ABMAETCSA NULbL peKkoMeHgaumei. B 3aBMCMMOCTM OT KOHTEKCTa, MoryT ObiTh Honee uenecoobpasHtel
apyrve 3Ha4yeHus.

Lncbpbl, pacrnonoxkeHHble pagoM ¢ poMOvkamu, ykasbliBaloT HOMepa nabopatopuii, nonyYmBlUMX CO-
oTBeTCTByKOLlee 3HaveHMe ROD. Hanpumep, npu ypoBHe KoHUeHTpauuu B 5 konuin OHK Ha nccnegyemyro
nopuuto Tpu nabopatopuu nmetoT 3HadeHne ROD 5/6 = 8,33, a 14 nabopatopuint — ROD = 1. CpaBHeHue C
Tabnuvuei 2 nokasbiBaeT, UTO Tpu nabopaTtopun, nony4ymeline 3HadeHne ROD = 0,83 — asTto nabopartopuun 01,
14 n 17. PUCYHOK 2 MOXHO MHTEPNPETUpOoBaTh cnegytowmm obpasom: POD yposHsa 50 % gocTturaet nabopa-
TOpKUA CO CPegHUMMK NoKasaTensmu Npy ypoBHe KoHueHTpaumn okono 1 konun JHK Ha nccnegyemyio nopuuio
(cnnowHas nNuHKS), B TO BpeMs kak nabopaTopusi C BbICOKMMMW MokKasaTensiMym 4ocTuraeT a1oro yposHs POD
npu KoHueHTpauuu okorno 0,6 konuu OHK Ha uccnegyemyo nopuuio (BepxHas TeMHo-cepas 3oHa). [Ana na-
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fopaTtopumn ¢ HU3KMMK NoOKasaTenamu noTpebyeTtcs koHueHTpauusa okono 1,2 konuin OHK Ha nccneayemyto
NOPLMI0 (HWKHAA TEMHO-Cepas 30Ha).

Y
1

09
0,8
0,7
0,6
0,5
0.4
0,3

0,2

0.1

2

4 T
1 10 100 X

X — uumcno konun JHK; Y — 3Havenns POD n ROD

PucyHok 2 — CpegHsas kpueaa POD, ROD kaxgown nabopartopuu U NpeguKUWOHHbLIE MHTepBarbl

OcCHOBHbLIM NMapamMeTpoM MPeun3NoHHOCTU ABMAETCA CTaHAapTHOe OTKMoHeHue O;. 3TOT napameTp
MMeeT MPOCTYK WMHTepnpeTauuio: oH npeacTaenaetr cobol OTHOCUTENBHYK MexnabopaTopHYH U3MeH4YU-
BOCTb LODgge,. OTO CTAHAAPTHOE OTKIIOHEHME MOXKHO TaKKe paccyuTartb C MOMOLLLI KONMYECTBEHHOTO
COBMECTHOro mccnenosaHus B cooTteeTcTBMU ¢ MCO 5725-2, B KOTOPOM M3MEPAEMON XapakTepUcTUKON
SIBMAETCH HaTypanbHblil norapndm LODgg,, . Ecnin 6ol kaxaan nabopatopus ABa¥Abl OLEHUNa 3HaveHue
LODgge, (MCnonb3ysi He3aBUCUMbIE Cepun paseefeHui), To nabopaTtopHoe CTaHOapTHOE OTKMOHeHWe 3Ha-
ueHuit In (LODggo, ) 66110 GBI PABHO CTAHAAPTHOMY OTKMOHEHUIO O, NONYYEHHOMY C NOMOLLBbIO OMUCaHHON
BblLle KoMMreMeHTapHo-norapugpmuyeckon mogenu CLOGLOG. MNMpeumyLuecTBo norapudmMnuyeckon Moge-
Nu 3aKnK4yaeTcs B ee cTaTUCTUYECKON 3 HEKTUBHOCTM: KONMYECTBO HeobXoanMbIX NapannensHbiX OnbITOB
3HAYUTENbHO MEHbLLE.

BmecTo Toro, 4tobbl xapaktepusoBate M3MEHYMBOCTL C MOMOLLbIO 0;, MOXHO Takxe NnocTpouTb O0Be-
puTeneHbIn MHTepBan ansa cpegHero LOD c ypoBHem poepus 95 %: cHayana BbIYUCIWMTbL CPEOHION YyB-

3
CTBUTENLHOCTL Kak a = eM; 3aTeM BbIYUCNUTL L0D95% =L95 =— (CM. npuMmedaHue HVI}Ke); HaKoHeu, OoBepu-
a
TenbHbIA nHTEpBan c ypoBHeM OoBepuA 95 % MoXeT ObITh nony4yeH nytem npuMeHeHuA SKCHOHeHLJ,I/IaJ'IbHOlﬁ
(LODSS%,BerH.)LQS,Bepx

dyHKLMK (NOTeHUMpOBaHNS) K 06EeUM CTOPOHaM ypaBHEHMUS In
(L0D95%,HWKH.)L95.HH3

= 4UL

Mpumevanne 3 — ToxkaectBo LODggy =Lgg =g nony4yeHo crnegyrowmm obpasom. MNpegnonaraa b = 1 B
a

OCHOBHOM ypaeHeHun POD = P =1 - exp (-a - xP), nonyyaem 0,95 = 1 - exp(-a - Lgs) =1 —exp(-a - LODgg,, ). Mocne
npeobpasoBaHusa 1 NnorapudmuposaHna obenx CTOPoH ypasHeHuA nonydaem a - LODggo, = a - Lgs = —In(0,05) = 3.
OnucaHHas komnnemeHTapHo-norapummndeckan mogens CLOGLOG moxeT 6biTb UCNoNb30BaHa TOMb-

KO B TOM Crny4dae, eClin KONMYeCTBO JTOXHbIX NONOXUTENbHbIX pe3yrbTraToB HDEHEGDG}KMMO Mano. 310 npeng-
nonoxeHwe O0JMKHO ObITh NMpOBEPEHO C NOMOLWBK CepPUK XONOCTbIX 06pa3u,05.
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6.4 JlocTOBEpPHOCTb OLEHOK NMpPeuyu3noHHOCTHU

Y706kl OLEHUTh 4OCTOBEPHOCTb OLEHKU MPeLun3noHHOCT BOCMPOU3BOLMMOCTM, MOXHO MPOBECTA MO-
AenvpoBaHue nubo NoBTOPHbIX BbIGOPOK (BYTCTPEN-METoA) Ha OCHOBE UMEILLMXCH M3MEPEHHbIX OaHHbIX
(Hanpumep, TeicAuM BbIBOPOK), NGO MogenvpoBaHue MeTodom MoHTe-Kapno, Koroa napameTpbl npeano-
naraemelx pacrnpegeneHunii OLEeHNBalOT Mo UMEKLLMMCS OaHHbIM W3MepeHUi (Takke MOZEenupyT nopsaka
TbiCAYM BLIGOPOK). 3aTeM ANA Kax4oro MogenupoBaHus MU KaxK4oM NOBTOPHOM BbIGOPKK NOMy4atoT OLEHKY
MPEUM3NOHHOCTM. A 0OBEPUTENbHbIA UHTEpBan ANs TeOPEeTNYECKON BOCNPOM3BOAMMOCTM MOXKET BbiTh Mony-
YeH C NOMOLLbI NpoUeHTUNeRn, cooteeTcTBYOWMX 2,5 % 1 97,5 % nony4yeHHoOro pacnpegeneHuns OLeHOK npe-
LIM3VOHHOCTH.

7 ®akTopHbIN noaxon

[Be mogenw, onucaHHble B 6.2 1 6.3, MmoryT GbITh pacluupeHbl 4N peanusaumy (hakTopHOro nnaHa aKc-
nepumeHTa. Npu TakoM Noaxofe B Ka4eCTBE BEPOSATHLIX UCTOYHWKOB M3MEHYMBOCTU MOSHTUMULUPYOT pas-
NU4YHble BAUAKOLWME DaKTOpbl, HAaNpPUMep, pasHble onepaTopkl UMM NapTUXM peareHToB. 3ateM aTW hakTopkl
CMCTEMHO BapbWpyHT B MnaHe akcnepumeHTa. Kak npaBuno, Kaxablin hakTop BapbUpyloT Ha OBYX YPOBHSX,
HanpuMmep, ABa onepaTopa WKW ABe pasHbie NapTuK peareHToB. Ecnu B nnaH akcnepumeHTa BKMHYEHO NATb
thaKTOpPOB, KaXAbI M3 KOTOPLIX UMEET [1Ba YPOBHS, TO, CrIeA0BaTenbHO, cyllecTByeT 25 = 32 pasnuuHbIX KOM-
BuHaumin chakTopoB. OcobeHHO ahheKTUBHELI NaHbl, Ha3blBaeMble OPTOroHanbHbIMK NlaHaMM 3KCnepuMeH-
Ta, OHW MO3BONAKT COKPATMTL KONMMYECTBO KOMOMHaUWUIA hakTopoB, Hanpumep, ¢ 32 go 8. bonee nogpobHy
MHoOpMaLUo 06 OpTOroHanbHbIX NaHax aKkcnepumeHTa cm. B [15] u [18].

Kak npaBuno, ons kaxgon kombuHauum akTopoB NPOBOAAT NOBTOPHbIE UCMbITAHWA OIS Pa3HbIX YyPOB-
Hel KoHUeHTpauun (cM. npumMedanue 1 k onpegenenuto 3.3). NMycTb M — KONM4YeCTBO YPOBHEN KOHLEHTPaLWK.
TepMUH «cepuss» OTHOCUTCA K BbIMONTHEHWK BCEX MCMbITAHUIA Ha M YPOBHSX KOHUEHTpauun Ans O4HOW KOH-
KpeTHoW koMBWHaunM dakTopoB. B cny4vae, ecnv Ha Kax[4oM ypOBHE KOHLUEeHTpauuyM NpoBOLAT N NOBTOPHLIX
UCNbITAHUWA, TO CEPUS BKMIOYAET /mn pe3ynsTaToB UCTbITAHWNA.

C y4eToM pasnu4yHbIX CEpWIA UCMbITAHWMI MOLenb, onucaHHas B 6.2, Tenepk BbIMSAAWT cnegyowmmM ob-
pasom:

In a,-l,-= In a; + ny,

roe i — WHOEKC, 03HaYalolLKMiA HoMmep nabopaTopuu;
In a; — BAMAHNE YyBCTBUTENbLHOCTM ANA KOHKPETHOM naGopaTtopuu;
j — WHOEeKc, 03HavyaLnii HoMep cepuu;
Ina; — BNWAHWE YYBCTBUTENLHOCTU KOHKPETHOWM NabopaTopuuy U KOHKPETHON cepui. BnusiHue 4yBcTBU-

TENBbHOCTK KOHKpETHOﬂ na60paTopMm r1U MOXHO nNpencTtaBuTk B BUAE CyMMbl BITUAHNA CbaKTOpOB

Ni=Yi1 " Zinn ¥ Yz " Zia t - Yigt " Zjg1 * Yige " Zjg2
rae vy, — BnusHWe dakTopa k (k = 1,..., q) B /- nabopaTtopuu Ha yposHe hakTopa /, a Zjj) — SNEeMeHT maTpu-
Ubl NnnaHa akcnepuMeHTa (0 unu 1) ona cepun j, haktopa k u ypoBHs dakTopa /. BaxHo npennonoxeHne, Kak
YNOMWHAMOCh BbILIE, YTO Kax bl (DakTop UMeeT ABa YPOBHA.

BHyTpMJ’IaSOpaTOprIe BINUAHUA v MOAENUPYOT KaK HEe3aBUCUMbIE HOPpMarbHbIe CJ'Iy‘-iaPIHbIe BO34eNn-
cTBUA

Yiki™ N(0=0k2)-

CocTaensiolune gucnepcum okz (k=1,...,q) MOXHO OLIEHWTbL C MOMOLLILK MAKeTOB CTaTUCTMYECKUX Npo-
rpamm. MNMocne ux BbiuMcneHus obuas aucnepcns MMeeT Bua

2

o2, =Var(lna_.-+n,7)=0f+012+...+aq.

Takum o6paaom, napameTp ctzot XapakKTepuayeT BOCNpPOU3BOAMMOCTE MeTOOA.
AHanornyHo, Mmoaens, OMUCaHHYH B 6.3, Tenepb MOXHO paclmMpuUTb Crieyruwmnm 06pasoM:
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In{~In [1 - PODU (O =In{=In[1- F’,j (¥)}=Ina;+b-Inx+ Njj

YneH n;j UMEET Ty e CTPYKTYpY, YTO W B MOLEnM MEeTO/0B, NpefHa3HauYeHHbIX Ans paboThl ¢ Henpe-
PbIBHBIMW M3MEPSAEMbLIMIA BENMYUHAMK, BOCNPOU3BOOUMOCTL BbIYMCNAKT aHanornyHelM obpazom. bonee nog-
pobHas nHdopmMaumna npueeneHa B [15] n [18].

PaccmoTpum cnefytolwmin npumMep 13 obnactv MMKpobuonormi. MNocKonbKy MOXHO NpegnonoXmTb, HTO
KONMYeCTBO KONOHMeoOpasyoLmMx egUHNUL, B UCCregyeMoi NopL MK NogYuHSeTcs pacnpegenenuto MyaccoHa,
MOKHO MPYMEHUTHL KOMMNINEMEHTApPHO-NorapumMUYeckyo Mogens B cooTeeTcTBuuM ¢ 6.3. MNate nabopatopuii
NPeacTaBnsoT pe3ynsTaThl MOBTOPHLIX BMHAPHLIX UCMBITAHWA ONSA TPEeX YPOBHEN KOHLIEHTPALMMK: XONOCTON,
6nuakon k npegnonaraemomy LOD (0,8 KOE/mn) n Beicokon (10 KOE/mn). KonvdecTBo NOBTOPEHUIA 3aBUCHT
OT YPOBHSA KOHLEHTpaLWK: N0 OAHOMY Ha XONOCTOM M Ha BbICOKOM YPOBHAX (r4e MHopMaLKM O BbINONIHEHWM
mMeToda HeLOoCTaTO4HO) M YeTbipe NMOBTOPEHWs Ha ypoBHe, bnuakom k LOD (roe nHdopmaunm o BeINOAHEHUN
mMeToaa MHOro).

HecmoTpsa Ha TO, YTO pe3ynbTarthl UCMBITAHWIA, NOMyYeHHbIE Ha XOMOCThLIX Npobax, He BHOCAT BkNaga
B oueHky LOD u ee BOCNpOM3BOAUMOCTH, HEOBXOQUMO BKMHOYUTBL XOMOCTOW YPOBEHb B MMaH 3KCNEPUMEHTA.
OT0 ABNAETCH MepOor NPeaoCTOPOXHOCTKW, No3Bonsawwen ybeantecs B TOM, YTO 06pa3ubl AeACTBUTENBHO
Obinu nycteiMu. OgHako, 4To elle bonee BakHO, OTCNeXMBaTh MOyYEHWE NTOKHBIX NOMOXMUTENbHbIX Pe3yb-
TaToB UCNbITaHKWiA. MNpuYnMHa B TOM, 4YTO MCNONb30BaHMe pacnpegeneHus MNMyaccoHa (Ha KOTOPOM OCHOBaHa
maremMaTuyeckast Mogesnb) AOMYCTUMO TOMbKO B TOM Cry4Yae, ecnv KONMYeCTBO JTOXHbIX MONOKNTENbHbBIX pe-
3ynbTaToB NpeHebpexumMo mMano.

B kaxgon nabopatopuu NpoBoOAT MCMbITAHUSA HA BCEX TPEX YPOBHSIX KOHLEHTpauuu Ans BOCbMW pas-
NUYHBbIX KOMBUHaUui dakTopoB. Kaxagasa kombuHauusa BKIOYAET NATh YPOBHEN (haKTOpPOB, BbIBpaHHbIX ArS
nnaHa akcnepumeHTa. B Tabnuue 3 npegctaBneH nnaH 3KCNepyMMeHTa, NoKasblBaoLWMiA B3aUMOCBA3b MEXY
KoMBOMHaumaAMK akTopoB. [Ana kaxgoro daktopa AByxX(hakTopHbIe YPOBHM MMEIOT Kogbl «1» 1 «2». MnaH n
pesynbraTtbl UCMAbITAHUA 3aMMcTBOBaHbl 13 MCO 16140-5:2020, npunoxeHune C.

Tabnuya 3 — lNnaH akcnepuMmeHTa ¢ NATLIO hakTopaMy U BOCEMb KOMBUHAUWA haKTOpPOB, KOTOPLIE ACIMKHbI ObiTh
BbINOMHEHBI B KaX40W nabopaTopun ANS KaA0ro YPOBHS KOHLIEHTPaLWm

Hab dakTop 1 dakrTop 2 dakrop 3 dakTtop 4 dakrop 5
200D (nabopaHT) (nuTatensHas cpega) (paamopoaska) (MHKYBauma) (dboHosas cnopa)
1 1 1 1 1
2 2 2 2 2
1
3 1 1 2 2
4 2 2 1 1
5 1 2 1 2
6 2 1 2 i
2
7 1 2 2 1
8 2 1 1 2

B Tabnuue 4 npueeneHsl pe3ynsraTthl NATM NnabopaTtopui, NPOBOAMBLUNX UCMNBITAHUA A5 TPEX YPOBHEN
KOHLIeHTpaLuy AN Kaxaon kombuHaumm, Bcero BoceMmb kKoMmbrnHaumii. Peaynsratel 0603HaveHbl R1,...,R4. Ha
XOMNOCTOM U BbICOKOM YPOBHSIX MOITYYEHO TOMbKO MO OQHOMY PE3YyNbTaTy WCMNbITAHWA, HA YPOBHE KOHLEHTpa-
uum 0,8 KOE/Mn nony4eHo YeTbipe pesynbTara.
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Tadtnuua 4— Pe3ynstatbl OBUHAPHLIX UCMNbITAHWIA, BbINOMHEHHLIX NATLH NabopaTopuaMM Ha TPEX YPOBHAX KOHLEHTpa-
UMK Onsa Kaxaon koMouHauum, BCero Ans BOCbMM KOMOUHALMIA

TNabopatopua 1 Nabopatopua 2 | Nabopatopua 3 | Nabopatopua 4 | Nabopatopua 5
YpoBeHb KombuHauus R1|R2|R3(R4|R1|R2|R3|R4|R1|(R2|(R3|R4|R1|R2|R3|R4 |R1|R2|R3|R4
3arps3HEHHOCTU ¢hakTopoB
(KOE/mn)

XonocTton 1 of(-|-1-10)-}f--10O0)-]-(-1O)-|f-]-10f-1]-1]-
2 oO|-1-|-[O0]-1-]-(O0]-]=-]-]1O0]-f-]-]10O(-]-]-

3 O|l-f-1-]10)-1-1-1O0|-1-1-10-f-1-10O0(-]-1]-

4 Ol-/-(-10}-)=-1-10([-(-]-10O0|-]-[-10]-1]-1]-

5 of(-|-1-10-}f-]-10]-]--]O)-|-|-10f-]-1]-+-

6 Of(-|--10)-|-|-]O0f-|=-|=-O)]-]-|-|O0]-]-]-+-

7 ol-f{-t({-10}-1--10(-f-1-10)-1-f-10)-1]1-1-+-

8 O|-/-(-10}-1-1-1O0f-f-]-]0Of-1-|-|O]-1]-1-

0,8 1 t1)11j1fo0oj1j1Jj0jofofofoj1j1fojojofoj|jojojo

2 1|11j1{o0oj1}j110j0f(O0f1|1T]OJOf1]O|1|[1]0]1]1

3 ojojofojoftft1yjt1jof(ofo|j1jojojofof1j0j0]o0

4 1|11 {(1j1jo|1jof1f{ojojojof1jo0j1f1]1101]1

5 o(17j0(0|1j1fojt1tjoft1fojojojojof1f{ojojoj]o

6 1|11 f({oj1j1f1jofofof1j1jof1jo0|{1({o0|0]j0]0

7 T11y1{1ry1tj1f{1f1(0fo0fojojofojoj1f{ojojojo

8 ojof1f(ojofjt1j1|1fofofojojofojojof1|111]1

10 1 T1-1-1{-111-1-1-{1{-1-1-011/f{-1-1-{1!-1-1-

2 1T 1-1-(-(11-1-1-111-{-[-111-1-(-10]-1]-]1-

3 1{-1-1-(11-1-1-111-1-{-111-1-1-11(-1-1-

4 1T -1-(-(11-1-1-1101-{-(-111-1-{-11]-1-1-

5 1T 1-1-f{-111-1-1-{1{-1-1-11{-1-1-{1]1-1-1-

6 1)1 =-1=-({-11)-1-1-(1-=-]|=-|-11-1-1-{1|-1-1-

7 1T 1-1-1{-111-1-1-1O0f-1-|-11f-1-1-{1]-1-1-

8 11 -1-({-11)-1-1-(1-]|-|-11f-1-1-{1]-1-1-

Ha ocHoBe 3TWX gaHHbIX nony4eHbl OUeHKU NpeUyn3moHHOCTH CbaI{TOpOB, npueeneHHbie B TBG]’IVILI,E.‘ o

Ta6nuua 5— OueHKWM NPeUU3NOHHOCTI (PakTopoB

dakTop o
INaBopaHT 0,004 8
MNuTatensHasa cpega 0,0997
Pasmoposka 0,048 6
WHkyBauumsa 0,0398
doHoBas dnopa 0,248 2
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OkoHYyaHue mabnuukl 5

dakTop i
MexnabopatopHas gucnepcus (UE) 0,133 8
O6uwaa gucnepcns Utzot 0,574 9
CtaHoapTHOe OTKINOHeHWEe BOCMPOU3BOAUMOCTH 0,758 2

Kak BuaHo 13 Tabnuubl 5, npeobnagatoT Tpyu cocTaensowme: aucnepcun oHoBoW nopsl, NMTaTenb-
HOW cpeap! M mexnabopatopHas gucnepcust. 3Hadenune LODgqo, BoiducneHo Ha yposHe 1,13 KOE/mn.

Bonee nogpobHas nHdopmaLusa No AaHHOMY NpUMepy NpuBeneHa B [5].

B paHHOM npumepe nNpuUMeHeHa KomnnemeHTapHo-norapudmMmudeckas mopens CLOGLOG w3 6.3.
OpHako ¢paKTOpHbIA NOAX0A MOXET OblTb MCMONb30BaH W B Cryvae HenpepbiBHBIX U3MEPSAEMbIX BEMUYNH 1
YyeTbipexnapameTpu4eckon Mogenu u3 6.2. BaxHO OTMETWTb, YTO O YeTbipexnapameTpuyeckoin Mogenu
Heobxoanumo MoaudULUPOBaTL NMaH SKCNepUuMeHTa B OTHOLWEHUM KONMMYEeCcTBa HOMUHAIbHBIX YPOBHEN KOH-
LeHTpauuu: n3-3a bonbLuero KoNM4ecTea napaMeTpoB, OLeHUBaeMbIX B MOLENW, CNeayeT BKMNYUTb HEe MeHee
NATW YPOBHERN KOHLEHTpaLum.

8 BHyTpunabopartopHaa Banngauua

Ona BHYTpHﬂaﬁopaTOprIX BannaaLWOHHbIX MCCIeqoBaHUn MOXeT ObiTb npuMeHeH noaxon, onucaH-
HbI B pasgene 7. EQUHCTBEHHOE OTNUYKME 3aKMHYaeTcs B TOM, YTO, NMOCKOIbKY MMeeTCA TOJTbKO O4Ha naﬁopa-
TOpUA, 4NeH 4yBCTBUTENbHOCTK ONA KOHKPETHOMN ﬂaﬁOpaTODV‘IM He BKMoYatT. COOTBETCTBEHHO, AN METOAOB,
npegHa3Ha4YeHHbIX OnA HeNpepbiBHbIX N3MepAeMblX BENUYKMH, MOAENb TENEPb UMeeT BU

.= +n.
InaJ, In a n;s

rAe n; NPeacTaBnsier BnnsHue KOHKPETHOW cepun (CyMMbl BNMAHWA hakTopoB). [Ins MeTodoB C AMCKPETHLIMM
M3MepAEeMbIMA BENUYMHAMKM MOJENb Tenepb UMeeT BUA

In{-In [1 - PODj O =in{-n[1-P;(x)}=Ina+b-Inx+ nj-

Utzot Ternepb COOTBETCTBYET AUCMNEPCHUM BOCMPOU3BOAUMOCTM BHYTPKM NabopaTopuu, T. €. XxapakTepucTu-
Ke MPOMEXYTOYHOW NpeL3noHHOCTH.

B kayecTBe ankTepHaTMBbl MOXHO MPUMEHMTE TOT e Noaxoa, KOTOpLIA onMcaH B pasaene 7, Npu aToMm
MHAEKC | NnpefcTaBnseT He NabopaTopuio, a oTAeNbHbIN aKTop, KOTOPOMY NOAYMHAKTCA OCTanbHble (akTo-
pbl. Hanpumep, nHaekc i Tenepb MoxeT 0603Ha4YaTh hakTop AHS, a ocTanbHble (hakTopbl BMOXeHbl B hakTop
[OHA, T. €. COOTBETCTBYHLLNE CMyYalHble BIUAHUA XapakTepuayT M3MEHYMBOCTb B Npedenax OaHHOro [HS.
Bonee nogpobHyto MHdopmauumio cm. B [15]. PakTopHblie nnaHbl 4NAs MUKPOOWONOrMYecknx MeTo4oB Npea-
cTaBneHbl B MCO 16140-4 [4].

9 NMporpamMmHoe obecneyeHune

Pac4eTbl, onvcaHHble B HACTOALLEM CTaHOapTe, OCHOBaHbl Ha CTaH4apTHbLIX MOENsiX CTaTUCTUKN U MO-
ryT 6bITb peann3oBaHbl C NOMOLLBK MakeTOB NpPoOrpamMm, B KOTOPbIX NPEeayCMOTPEeHbl 3TW CTaHOapTHLIE MO-
penu. Cpean HUX cTaHOapTHOe cTaTucTUYeckoe nporpammHoe obecnedveHue, Takoe kak R [19] u SAS [20],
a Takke cneuvann3vMpoBaHHOe nporpammHoe obecrnedeHve Ans MexnabopaTopHbIX WCMbITAHUIA, TaKoe Kak
PROLab [21].
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Mpunoxenue OA
(cnpaBo4Hoe)

CBegeHUsl 0 COOTBETCTBUM CChINOYHLIX MeXOyHapoOHbIX CTaHOAPTOB HAaUWOHaNbHbLIM CTaHOAapPTaM

Tabnuua JA.1

RIS BRI SR G OBG0o3Ha4eHNe U HANMEHOBAHWE COOTBETCTBYIOLLEND HAUMOHAMBHOTO CTaHaapTa

MEXAyHapOoaHOro cTaHgapTa COOTBETCTBMA b 4 Aap

ISO 3534-1 IDT OCT P NCO 3534-1—2019 «Ctatuctuyeckne Metogbl. Crnoeapb U
ycroBHele 06o3HaqeHus. Hacte 1. OBwme ctatucTtuyeckne TEpMUHBLL U
TEPMWHBI, NCMOMb3yeMbIE B TEOPWUM BEPOATHOCTEN»

ISO 5725-1 IDT MOCT P NCO 5725-1—2002 « To4HOCTb (MpaBUNbHOCTL U MPeLU3noH-
HOCTb) METOAOB M pe3ynsTaToB uaMepeHuin. Yacte 1. OcHoBHbIE Nono-
KeHWs 1 onpegeneHus»

M pnmevyaHune — B HacToswen Tabnvue Mcnonb3oBaHo cnegytollee ycnoeHoe ofo3HayeHne cTeneHn cooT-

BETCTBMA CTAHOAPTOB!

- IDT — naeHTU4YHbIe cTaHgapThl.
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