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Hpelll/ICJIOBI/Ie K TPETHLEMY U3AHNIO

MHorue BaKHbIC PAKTHYECKUE PEIICHUS OCHOBBIBAIOTCS Ha PE3yJIbTaTax KOJUYECTBEHHOI'O XUMHUYECKOIO
aHanmM3a. OJTH Pe3ylbTaThl HCIOJB3YIOTCS, HANpUMEp, A OICHKH BBIXOAAa KAaKOTO-THOO TMPOJYyKTa
XUMHYCECKOM peaKIuy, MPOBEPKU COOTBETCTBHUS MATCPHAJIOB TEXHUUYESCKUM TPEOOBAHUAM WIIM TPEOOBAHHSIM
3aKOHOJIATENIbCTBA, & TAKKE YCTAHOBJICHHS UX CTOMMOCTH. Bo Bcex cityyasix, KOrja peuieHus IpUHUMAIOTCS
Ha OCHOBE PE3yJIbTATOB aHAIN3a, BAXXHO UMETh KaKOe-TO CBHJCTEIbCTBO Ka4eCcTBA dTHX Pe3yJbTaTOB, T. €.
CTEIICHH, JI0 KOTOPOM Ha 3TH Pe3yJIbTaThl MOXKHO TIOJIOKUTHCS JIJIS TIOCTHOKEHUSI KOHKPETHOM 1ienu. Bee, kTo
WCTIONB3YEeT Pe3yNbTaThl XUMHUYECKOTO aHajiu3a, OCOOEHHO B 00JacTsX, CBSI3aHHBIX C MEXIyHApOIHOU
TOPIrOBJICH, MCIBITHIBAIOT BCE OOJIBIIYIO MOTPEOHOCTH B TOM, YTOOBI W30EKaTh JyOJUPOBaHUS 3aTparT,
CBSI3aHHBIX C IMOJIYYCHHUEM 3THUX pe3ysbTaToB. JloBepHue K pe3yibTaTam, MOJYYSHHBIM BHE OpraHU3aIlyuu-
MOJIb30BaTEIsl JaHHBIX, SABJISCTCS OJHOM M3 MPEANOCBUIOK JUIS JOCTHXKCHUS 3TOM meinu. B HekoTopbix
00JTaCTSIX XUMHUECKOTO aHall3a Terephb COACPIKUTCS opHUIHATEHOE (JaCTO 3aKOHOIATENFHO 3aKPeIIeHHOE)
TpeOOBaHUE K JIA0OpATOPHUSIM BBOJHMTH MEPhI MO OOCCIICUEHHIO KauyecTBa JUIsi TapaHTHHU TOTO, YTO OHU
CIOCOOHBI BbIJIaBaTh U JIEHCTBUTEILHO BBIAAIOT JaHHBIC HEOOXOIMMOTO KayecTBa. Takue Mephl BKIIIOUYAIOT:
WCIIOJIb30BaHUE METOJIUK aHalin3a, KOTOPhIC MNPOILIM BaJWAALMI0, NMPUMEHEHHE pErIaMEHTHUPOBAHHBIX
MPOLIEAYP BHYTPEHHETO KOHTPOJS KadecTBa, ydacTHe B IporpaMmax IPOBEPKU KBaJIU(HUKAIUH,
akkpenuranuto Ha ocHoBe MCO/MDK 17025 [H.1] u neMOHCTpalMio MPOCIICKUBAEMOCTH PE3yJIbTaTOB
HU3MEPEHUM.

Jlo mocnenHero BpeMeH B aHAJUTUYECKOW XUMHUU OOJIBIIOE BHUMAHUE yIEsIOCh TOJIBKO MOBTOPSIEMOCTH
W BOCIPOU3BOJUMOCTH  pE3yJIbTAaTOB, IOJYYEHHBIX [0 ONpeAeNeHHOW MeTOAMKe, a He uX
MIPOCIIEKUBAEMOCTH K olpeiesiecHHOMY 3TanoHy miu enunuie CU. CrneactBreM 3Toro BUIOCh IPUMEHEHHE
“opunmanbHpix  MeromoB” (“official methods”) B ciydasx, korma He0OXOJUMO — BBITIOJIHCHUC
3aKOHOJATENbHBIX TpeOOBaHWM MMM TpeOoBaHWi TOproian. OOHAKO B CBA3M C HEOOXOAMMOCTBIO
YCTAHOBJICHUSI OOJBILETO JOBEpHUs K pe3yjibTaTaM BakKHO, YTOOBI pe3yiabTaT H3MEpeHus oOlnagan
MIPOCIIEKMBAEMOCTBIO K ONpeeIEHHOW OCHOBE JUIsl CpaBHEHHUs, Takol Kak eanHuna CY unu cTaHaapTHBIHN
oOpasel, Aa)ke MPU UCIOIB30BAHUM OIEPAHOHHO-OIPEACTSIEMOT0, HIH SMIMUPUIECKOro (cM. paznen 5.4.)
Metona ananuza. PykoBoactBo EBPAXHM/CUTAK “TIpociexuBaeMOCTh B XMMHUYECKHUX H3MEPCHUAXK
[H.9] mosicusier, xak MeTpojOruuYeckas IMpOCIeKMBAEMOCTh YCTaHABJIMBAETCS B CIyyae OIeparioHHO-
OTIpe/IeIIEMBIX METO/I0B.

BBuay atux TpeOoBaHN XUMHUKH-aHATTUTUKN JOJDKHBI IEMOHCTPHPOBATH KAUECTBO CBOUX PE3yJbTATOB H, B
YaCTHOCTH, TOATBEPKAATh UX MPUTOAHOCTh JUII KOHKPETHOW 1IeTM MyTeM YKa3aHUsl HEKOW Mephl TOBEPHS,
KOTOpYIO MOKHO yKa3aTh BMecTe ¢ pe3ynbTaToM. [Ipenmonaraercs, 4To oHa BKIIIOYAET CTENEHb, C KOTOPOM
pe3ysbTaT aHanu3a OyAeT COBIAAaTh C IPYTUMH Pe3ylibTaTaMu, OOBIYHO HE3aBHCHMO OT METO/a aHaju3a.
OpnHol U3 MONE3HBIX MEp TaKOT'O JOBEPHS ABIISETCS HEONPEIEIEHHOCTh U3MEPEHUH.

XOTs TOHATHE HEOIPEeIeIeHHOCTH HW3MEpPeHMH 3HAKOMO XHMMHUKAaM B TEUEHHE MHOTHX JIET, TOJIbKO
nyOnukaius B 1993 r. MexayHapoaHoi opranusaiueit no crangaprusanuu (MCO) B coTpynHUYeCTBE C
MBMB, MOK, MOKX, UIOITAK, UIOIAIT 1 MO3M “PykoBoAcTBa 10 BEIpaKEHUIO HEOIIPEIETICHHOCTH B
m3mepenusix” [H.2] ¢opmanbHO ycTaHOBWJIA OOINME TpaBWiIa I OICHUBAHUS W BhIPAXKCHHS
HEOIpeAeNICHHOCTH B INIHPOKOM crekTpe m3MmepeHuid. Jlanuwiit noxkymeHT EBPAXWM mnokasbiBaeT, Kak
MOHSATHSI, ONKMcaHHble B Pykogodcmee HCO, MOTYT OBITh IPUMEHEHBI B XUMHUECKUX H3MepeHusix. [Ipexnae
BCEro, OH BBOJUT IOHATHE HEONPEICICHHOCTH U OOBSCHSET pa3inyhe MEXKIY HEONpeNeleHHOCThIO U
MOTPEIIHOCTHI0. 3aTeM ClIe[yeT ONKUCAaHUE ITAIOB, U3 KOTOPBIX COCTOUT OIIEHUBAHHUE HEONPEAEIEHHOCTH, U
3TOT MPOIeCcC WILTIOCTPUPYETCS MIPUMEPAMHU B IPUIOKEHUH A.

[Ipouiecc oleHMBaHUS HEOIPENEICHHOCTH TpeOyeT OT aHAIWTHKAa BHHMMATENBHOTO PAacCMOTPEHHUS BCeX
BO3MOXKHBIX HCTOYHHKOB HEONPEIETIEHHOCTH. XOTA HCCIEJOBAaHHE TaKOro poja MOXKeT NOoTpedoBaTh
3HAUHUTENILHBIX YCUJIMH, BaXKHO, YTOOBI 3aTpayeHHbIe YCHIINSI HE ObUTH ciauIKoM OonbiimMu. Ha mpaktuke
MIpeBapUTENbHBIA aHaIU3 OBICTPO BBISBIAET Haubolee BaKHbIE HMCTOYHUKHU HEONPEIENIEHHOCTH, M, Kak
[IOKA3bIBAIOT IIPUMEPHI, HANJCHHOE 3HAYCHUE CYMMApPHOM HEONPEACICHHOCTH IOYTH LEIUKOM
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ompenenseTcs JSTHMH OCHOBHBIMH BKJIagaMd. TakuM o00pa3oM, JOCTATOYHO XOPOUIYIO OICHKY
HEOMpEAENCHHOCTH MOXHO IMOJyYUTh, COCPEJOTOUMB YCUJIMS Ha TJIABHBIX cocTaBisitomux. Kpome Toro,
OLIEHKA HEONpeAeTICHHOCTH, MOyYeHHAs JJIsl JaHHOTO METO/1a, IPUMEHEHHOTO B KOHKPETHOH JabopaTopuu
(T. e. 111 KOHKPETHOM METOIUKH M3MEPEHUI), MOKET HCIOJIb30BaThCS JUIS MOCIEAYIOUINX pPe3yJbTaToB,
MOJYYEHHBIX TEM >K€ METOJIOM B TOH K€ JIAOOpaTOpPHH HPH YCIOBHH, YTO 3Ta OLEHKA MOJTBEPIKIAETCS
JAHHBIMHU 110 KOHTPOJIIO KadecTBa. B Takom ciydae, eciii METOJMKA W HCIIONIb3yeMoe 000pyA0BaHNE HE
WU3MEHSIIOTCSI, HET U HEOOXOAMMOCTH 3aTpauynBaTh KaKHe-TUOO IOMOJHUTENbHBIE YCHJIHMA, U HalWJACHHOE
3HaYeHHE HEONPEIEIIEHHOCTH MOJIEKUT MEPECMOTPY TOJIBKO B MpoIiecce MOBTOPHOM BAUIAIIMHM METOIUKH
aHaJIM3a.

PazpaboTka MeETOAWKM aHaidW3a BKJIIOYACT CXOAHBIM MPOIECC OLCHUBAHHUS HEONPEIEICHHOCTH,
BO3HI/IK3IOIIICI7] OT KaXXI0Iro UCTOYHHKA. HCCHGI{y}OT NMOTCHINAJIBHBIC HCTOUYHUKH HCOMPCACICHHOCTHU U TaM,
rac BO3MOXKHO, OITUMHU3HUPYIOT METOJUKY Tak, ‘ITO6I>I CHU3UTL HEOIPCACICHHOCTL OO0 MNPHUEMIIEMOIO
ypoBHA. (DTOT mMpUEMIIEMBbIl ypOBEHb HEOIPEACICHHOCTH, YKa3aHHBIA B BHUJE BEPXHETrO TMpesena,
Ha3bIBaeTCs “IIEJCBOM HeompeaeieHHOCThI0 u3MepeHuit” [H.7]). 3aremM 3¢(EeKTUBHOCTH METOIUKH
KOJMYECTBCHHO BBIPAKAIOT B TCPMHHAX MPCIU3MOHHOCTH U IMPABUIIBHOCTH. Hﬂﬂ O6CCHC‘ICHI/I$1 TOT'0, 4YTO
nokasaresii 3O (PEKTUBHOCTH, MOIYYCHHBIC TIPU pa3pabOTKe METOIUKH, JOCTHUTAIOTCS MPH €€ KOHKPETHOM
MMPUMCHCHUU, IIpOBOJAAT  BaJIMOAlIUIO METOAHKH. B HECKOTOPLIX cilydadx MCETOJUKa MpOXOoJUuT
MeXIabopaTopHOE HCCIEeOBaHUE, B pe3ylbTaTeé KOTOPOTO TMOJNYYaroT JOMOJHUTENbHBIE JaHHBIE TI0
3G PEKTUBHOCTU. YUacTHe B MpOrpaMMax MpPOBEPKH KBaTU(HUKAIKWKW W BHYTPEHHHH KOHTPOIb KadecTBa
JIOJDKHBI IOATBEPKIATh, YTO METOAMKA OCTAETCS Ha MPEKHEM ypoBHE 3D ()EeKTUBHOCTH, HO, KPOME TOTO, 3TO
TaKXKe JaeT [IOTOJHHUTENbHbIE NaHHble. Bce 3TM gelcTBHS JaroT HWHGOpPMANUIO, KOTOPYH MOXKHO
HCIIOJIb30BaTh NpPHU OLCHUBAHUN HCONPCACICHHOCTH. HGHBIO JaHHOI'O PyKOBO}ICTBa SIBJISICTCA CHHHBIﬁ
MOJIX0/J] K UCTIOJIb30BAHMIO Pa3IMUHON HH(GOPMAIUH JIJIsl OIICHUBAHHS HEONPEACICHHOCTH H3MEPEHUIA.

ITepBoe wm3manme PykoBoactBa EBPAXUM “KomudecTBeHHOE OMHCAaHUE HEOMPEACIECHHOCTH B
aHayMTHIeckux n3MepeHusx” [H.3] 0bu10 onmyOnmkoBano B 1995 r. Beaen 3a Pyxosoocmsom MCO. Bropoe
n3nanue Pykosoacrea [H.4] Obuto moarotoieHo B corpyanmuectBe ¢ CUTAK B 2000 r B cBere
MPAKTUYECKOT'O OIbITa OLICHUBAHUS HEOIPEICICHHOCTH B XMMUYECKUX JIA0OPATOpUAX H eIle OOJbIIero
OCO3HaHUs HEOOXOJMMOCTH BBEICHUS JIA0OPATOPHUSIMH IPHUHSITHIX Mep MO O00ECICYCHHMIO KadecTBa. Bo
BTOPOM wu3MaHUU PyKOBOACTBAa MOAYEPKHUBAIOCH, YTO METONBI, IPHUMEHSIEMBIC JabopaTopueil s
OIICHUBAHUSl HEOMNPEACICHHOCTH W3MEPEHUM, NOJDKHBI OBITh YBSI3aHBI C CYIICCTBYIOIIMMH MEpaMHu IO
00ECIeUYCHUIO KauecTBa, MOCKOJIBKY ATH MEPhl 4acTO MPEAOCTABIISIFIOT MHOTO WH(pOPMAIMK, HEOOX0UMON
JUTSI OLICHUBAHMS HEOTIPEACIICHHOCTH.

Tpetbe u3naHue COXpaHIET OCHOBHBIC YEPTHl BTOPOTO U BKJIFOYAET HOBYIO MH()OPMAIIMIO, OCHOBAaHHYIO Ha
pa3paboTKax B BOIPOCaX OIEHUBAHMS U MCIOJIL30BaHUS HEONPEIEICHHOCTH u3Mepenuii HaunHas ¢ 2000 r.
JlomomHUTENpHBIA MaTepuan MPEAOCTaBIsICT PYKOBOJACTBO IO BBIPAXKEHHUIO HEOMPENCICHHOCTH BOIU3U
HyJIsS, 1O TpPUMEHEHHI0O MeTonoB Monte-Kapmo s olieHMBaHUS HEOMNPEIEICHHOCTH U3MEPECHHIA,
PYKOBOZCTBO TIO0 HCIOJB30BAaHHUIO JaHHBIX W3 MPOrpaMM IPOBEPKHM KBaTU(HUKAIMK U PYKOBOJCTBO IIO
OILIEHKE COOTBETCTBHSI PE3yJbTaTOB, NMPEACTABICHHBIX C HEOMpeaesleHHOCThI0. TakuMm o0pazom, JaHHOE
PyKkOBOJICTBO OXBaThIBACT BOIPOCHI MCIIOIL30BAHUS JAHHBIX 110 BAJIHMIAIMM U CBA3aHHBIX C HUMH JaHHBIX
pu (OPMUPOBAHUM OILIEHOK HEOIPEACICHHOCTH B MOJHOM COOTBETCTBUU C (DOpPMaIbHBIMU MPHHIIUIIAMH,
yctaHoBieHHbBIMU PykoBoactBom MCO 1o BBIpakeHHIO HeompeneaeHHoCcTH B m3MepeHusx [H.2]. Jdanubrii
MOJIXO0J coryiacyercs Takxke ¢ Tpedopanusmu MCO/MOK 17025:2005 [H.1].

Hannoe nznanue peanuzyetr PykoBoactso MCO 1o BeIpake€HUIO HeoNpeaeaeHHoCcTH B u3Mepenusax (GUM,
1995), nepeuzmannoe B 2008 r. [H.2]. [ToaTomy ocHoBHas Tepmunoiorus cienqyer GUM. CraTtuctudeckas
tepmunoniorus ciuenyetr Yactu 2 MCO 3534 [H.8]. B apyrux cimydasx HCIOJIB3yeTcs 0oJiee IMO3IHSS
TEPMUHOJIOTHS, BBeJIeHHAs: B MeKayHapoJHOM cioBape 1mo MeTpoJoruu — OCHOBHBIC W OOIIHe MOHSITUS U
cootBercTBytomue Tepmunsl (VIM) [H.7]. B tex cayuasx, korga tepmuabl GUM u VIM cyiecTBeHHO
pasnuyarorcs, TepMuHonorus VIM nonmoaHuTeNnbHO 00CykaaeTcst B TeKcTe. JomoMHUTeNbHbIC YKa3aHus B
OTHOIIEHUU TOHATHM M TepMHUHOB, TNpHHATEIX B VIM, comepxkarcs B PyxoBoactse EBPAXUM
“TepMuHONIOTHS aHANIUTHYECKUX u3MepeHuid — Bpemenne B VIM 37 [H.5]. Haxonen, wucxoms wu3
HEOOXOIMMOCTH KOMITAKTHOTO MPECTABICHHUS, 3HAYCHUSI MACCOBOM JTOJIM MPHUHSATO BBIPaXKaTh B MPOLICHTAX;
JUIs Lened JaHHoro PykoBojcTBa MaccoBasi J0Jis, BBIpaK€HHas B MPOIEHTaX, COOTBETCTBYET €IWHHIIAM
r/100 r.
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH Hpe)mc.nonne K TPEThEMY U3NAHUIO

I[TPUMEYAHUE

B mpunoxenun A nmanel paboune npumepsl. [IpoHymMepoBaHHBIH NepeueHb ONpeAeTIeHUH NpUBEAEH B
npwioxkeHun B. TepMuHBI, HyXJAIOIIUECs B ONPEIENICHUH, BBIICISIOTCS >KUPHBIM MIPU(TOM IMPU HX
IIEPBOM MOSABJICHUH B TEKCTE, M TYyT Xe CIEAyeT CChUIKa (B KBaJpaTHBIX CKOOKax) Ha OIpeleseHHE B
npuinoxkeHuu B. OmnpeneneHust B3sTh, B OCHOBHOM, W3 “MEXIyHapOJHOTO CJIOBapsi OCHOBHBIX M OOIIMX
TepMuHOB 110 MeTposorun” (VIM) [H.7], ynomsinyroro Pykosonctsa ICO [H.2] u cranmpapra UCO 3534-
2 (Crarucruka. CrnoBapb u o6o3Hadenus. Yacts 2: [lpuknagnas crarucruka) [H.8]. B mpunoxenun C
IoKa3aHa B 0OLIeM BHJE CTPYKTypa XHMHYECKOTO aHaju3a, Beyllas K pe3yiabTaTy H3MEpeHHs; B
npuiaoxkeHun D - obmas mpoueaypa, KOTOPYIO MOXKHO NPUMEHATh ISl BBISBICHHS COCTaBJISIOLIMX
HEOIPEeIeICHHOCT! U IIAHUPOBAHMA JaJbHEHIINX IKCIepuMeHToB. B mpunoxennu E paccmarpuarorcs
HEKOTOpble CTAaTHCTHUECKHE IMpPUEMBbI, IIPUMEHAEMBbIe TIIpU OICHMBAaHHM HEOINPEIENeHHOCTH B
aHAJMTHYECKOW XUMHH, BKJIIOYAsl YMCICHHBIH METOJ AJIESKTPOHHBIX TaOJHI] U MOJEIUPOBAHHE METOJ0OM
Mosnre-Kapno. B npunoxenun F oOcyxnaercs HeonpeneneHHOCTh H3MepeHuil BONM3M Ipeneina
oOHapyxeHnusi. B npunoxennn G paH IepedyeHb MHOTHMX OOIIMX HCTOYHUKOB HEOIPEACICHHOCTH M
METOJIOB OLICHHBAHMUS 9THX HeonpeelieHHocTel. bubnuorpadus npuseneHa B npuiioxenun H.

QUAM:2012.P1-RU Crp. 3



KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

O06sacTh NpUMeHeHUs

1. O61acTh NIpUMEHEHUs

1.1. [JauHbBIi  [OOKYMEHT JaeT  JeTalbHOe
PYKOBOJCTBO 1O OIICHMBAHHIO M BBIPAKEHUIO
HeoIpeaeIeHHOCTH B KOJMYECTBEHHOM
XMMHMYECKOM AaHaJlW3e Ha OCHOBE NOAXO7a,
npuHATOro B “PyKkoBojCTBE MO BBIpaKEHUIO
HeompeneneHHocT B u3Mepenusx” [H.2]. Om
MIPUMEHUM Ha BCEX YPOBHSIX TOUHOCTH M BO BCEX
obmacTsiXx — OT pYTHHHOTO aHajW3a [0
(yHIaMEHTANbHBIX  HCCICIOBAaHUM,  BKIIOYAs
palMoHaNbHBIE W AMIHMPUYECKHE  METOJbI
XUMUYECKOTO  aHamm3a  (cM.  paszen 5.5.).
HekoTtoprle BakHble 007aCTH, B KOTOPBIX
HEOOXOUMBI XUMHUYCCKUE HW3MEPCHHS H B
KOTOPBIX nesnecoobpasHo MIpUMEHEHHUE
HACTOAIIETO T0KYyMEHTA, TAKOBBI:

e KOHTPOJb KadecTBa M oOecleueHne KayecTBa
NPOIYKIHH B IPOMBILUICHHOCTH;

o HCIIbITAHHUA Ha COOTBCTCTBUC HOPMATHBHBIM
TpeOOBaHMSIM;

® UCIBITAHHS, WCIOJB3YIONIME CTaHAAPTHBIN
METOI;

e  KagMOpOBKa 3TAJOHOB U 000OPYIOBAHUS;

e U3MEpEHHUs, CBS3aHHBIE C pa3padOTKOM u
aTTecTauueil craHgapTHBIX 00Pa3LoB;

®  JCCIICIOBaHUS U Pa3pabOTKH.

1.2. OtrMeTuM, 4YTO B HEKOTOPBIX CIy4asiX MOTYT
noTpeOOBaTHCSI OMOJIIHUTEIbHBIE PYKOBOJCTBA.
Tak, 3mecb HE paccMaTpUBAIOTCS  BOIMPOCHI
YCTaHOBJICHHUS aTTECTOBAaHHBIX 3HAYCHUH
CTaHIAPTHBIX  00pa3moB  MeXI1abopaTOpHOU
aTTecTauueil (BKIOYas MPUMEHEHNE HECKOIbKHX
METOJIOB HW3MEPEHHI), TPHHATHE pEIIeHH o
COOTBETCTBUU NPEABABISIEMbIM TPEeOOBaHUIM, a
TaKXe MPUMEHEHHE OLIEHOK HEONPEAEICHHOCTH B
o0jacT HU3KHX KOHIEHTpammid. Tarxke He
paccMaTpuBarOTCA  31eCh B SIBHOM  BHJE
HEOIPEIENCHHOCTH, CBSI3aHHBIE C OIEPaALMsIMU
mpo0ooTOOpa,  TMOCKONBKY OHH  IMOAPOOHO
paccMatpuBatrorcst B PykoBoactee EBPAXUM
“HeonpeneneHHOCT, U3MEPEHUM, BO3HUKAOLIAS
mpu otrbope mpob. PykoBOACTBO Mo MeromaM H
moaxonam” [H.6].

13. B HEKOTOPBIX  00JIacTaX aHalM3a
nabopaTopun yXe TPUMCHSIOT HaJJIeXKallne
MepHI o obecrieyeHnto kauectBa. HoBoe nznanue
PykoBoacTBa EBPAXUM MOJKET po-
WITIOCTPUPOBATH, KaK CIEAYeT UCTIONB30BaTh AJIs
OLICHMBAHUSI  HEONPENEICHHOCTH  HM3MEPEHUit
JIaHHBIC, TIOJTyYCHHBIE:

® IIpu OILICHKE BIIMSTHUSA BbISIBJICHHBIX
HWCTOYHUKOB HEONPEAECICHHOCTH Ha pe3yJibTaT
aHanus3a JUIsL KOHKPETHOI'O METO/1a,
peaTM30BaHHOIO B JIaHHOW J1a0OpaTOpPHH Kak
omnpeiesicHHas MeToaAnKa u3mepenuii [B.6];

e pa3paboTKe W BATHIAIINH METOIUKH;

® BbINOJIHCHHUU PCTIIaMCHTUPOBAHHBIX IMPOUCAYP
BHYTPEHHETO KOHTPOJISI KayecTBa B JaHHOU
naboparopuu;

® TIPOBEICHHUH MeXKIIa00PaTOPHBIX
HACCIIENOBAHNN U BaduOallid METOIUKH B
HECKOJIbKMX KOMIETEHTHBIX JTA00PaTOPHSIX;

e yyacTMM  JabopaTOpUM B  Iporpammax
NPOBEpKU KBaNU(UKAMKH s OLCHKH UX
AHAIUTUYECKON KOMIIETEHTHOCTH.

1.4. B nannom PykoBoacTBe mpeanoaaraercs, 4to
KaKk IpH NPOBEACHUH W3MEPEHUH, Tak W TpHU
OIICHKE XapaKTePUCTUK 3¢ heKTUBHOCTH
ONpEACIEHHON METOAMKH HMEIOT MECTO MEPBI
o0ecnieyeHus u KOHTPOJIA Ka4yecTBa,
rapaHTUPYIOIIVE CTaOMIIBHOCTD u
MOJKOHTPOJIBHOCTh U3MEPHUTENBHOTO IpOLEcca.
Takne Mepsl BKIIOYAIOT, HANpUMEp, HAIN4YUE
IepcoHaNa COOTBETCTBYIOLICH KBanudukanuu,
NPaBWIBHYIO  SKCIUIyaTalMi0 U KalUOpPOBKY
U3MEPUTEIBHOTO  000pYyIOBaHMs, NPUMEHEHHE
JOKYMEHTHUPOBaHHBIX  METOIWUK  W3MEPEHHH,
MOIXOJAIIAX 9TaJIOHOB, HCIIONIb30BaHNE
PEaKTHBOB TpeOyeMOoro KadyecTBa, a TaKxke
COOTBETCTBYIOIIMX 00pa3moB IJIsI KOHTPOJIS U
KOHTpONBHBIX KapT. Ilyommkamms [H.10] maet
JOIOJHUTENBHYI0 HMH(OpMAnmMi0o O MeToxax
o0ecreyeHns KauecTBa B aHAJTUTUIECKON XMMUH.
[MPUMEYAHUE:
3nech oApa3syMeBaeTcs, YTO BCE
npeamnojaraéMbl€ B JaHHOM PyKOBOHCTBe
MCTOAbI aHaJIn3a NOJIXKHBI 6I)ITI) pCaIn30BaHbI
B BHUAEC TOJHOCTBIO JOKYMCHTUPOBAHHBIX
mertoauk. JItobasi obmiasi CChUIKA Ha METOJ
aHajnu3a TOJpa3yMEBaeT HaJIMYHhe TaKou
METOJIUKHU. Crporo roBOpS,
HCONPEACIICHHOCTD HU3MEPCHUA MOXCT
OTHOCUTBCSI ~ TONBKO K  (pe3ynbTaTam,
MOJY4YEeHHBIM I10) TaKOM METOJHUKe, a He K
0Ooiee obmeMy TOHATHIO “meTonx
usMmepenuii” [B.7].
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

Heonpeaesennocrs

2. HeonpeaeieHHOCTD

2.1. OmnpeneneHue HeonpeaeJeHHOCTH

2.1.1. Onpenenenue K TEPMUHY
HEOTPEIENEHHOCTh (M3MEPEHWsI), HCIIOIb3yeMOe
B IaHHOM JOKYMEHTE U B34TOE€ U3 JEUCTBYIOLIECH
B HacTosiliee BpeMs pemakuuu PykoBoxacTBa 1o
BBIPQ)KEHUIO HEONPEAEICHHOCTH B H3MEPEHHUSIX
[H.2], TakoBo:

“ITapamerp, CBS3aHHBIN c pe3ynbTaToM
U3MEPEHUsT M XapakTepu3yoLmid  pa3dpoc
3HAYEHUH, KOTOPbIE ¢ JOCTATOYHBIM OCHOBAaHHEM
MOTYT OBITh TIPUITMCAHBI U3MEPSIEMON BEIIMIHHE .

IMPUMEYAHUE 1
OTUM TmapaMeTpoM MOXKET OBITh, HalpHUMeEp,
cTaHgapTHoe oTkJoHeHue [B.20] (wmm
KpaTHOE €My  YHCJIO) WIM  IIUpUHA
JIOBEPUTEIHHOTO HHTEpBAJIA.

[MPUMEYAHMUE 2
Boob6e roBops, HEOIPEICICHHOCTh
HU3MEPEHHUS BKJIFOYACT MHOECTBO

cocTaBisomMX.  HekoTopble W3  3THX
COCTaBJIAIOMINX MOI'YT 6LITI:. OLICHCHbI Ha
OCHOBaHHMHU CTaTUCTUYECKOTO pacIpeieieHHs
pe3ynbTaToB psana HaOJTFO IeHU N u
OXapaKTECpHU30BaHbl CBOMMHU CTaHAAPTHBIMU
OTKJIOHEHHAMHU.  [lpyrue  cocTaBIisioIIue,
KOTOpBIE TaKkKe MOIYT OBITh BBIPRKEHHI B
BUAC CTaHAAPTHBIX OTKHOHeHHﬁ, OLICHUBAKOT
Ha OCHOBaHHHU npeanojiara€MbIX
pacrpesieiieHuil BEpOATHOCTEH, OCHOBAHHBIX
Ha OIIBITE WM MHOM HMH(OpMAaIUH.

[MPUMEYAHUE 3

[ToapasymeBaeTcs, UTO pe3yabTaT U3MEPEHHUS
NPEACTaBIsIeT CO0OM HaWIydlIyl0 OLEHKY
n3MepsieMOl  BENMYMHBI M 4YTO  BCE
COCTaBJISIIOLINE HEONPENEICHHOCTH, BKIIOYast
Te, KOTOpBIE MPOUCXOJIAT u3
cucrematndeckux  dddexToB,  Hampumep
COCTaBJISIIOLINE, CBSI3aHHBIE C IOIpPaBKaMU H
STaJOHaMH CpaBHEHMs, BHOCAT BKIaJl B
yKa3aHHBINA pa30poc 3HAYCHUH.

[Mocneayromme  maparpadbl  YyTOYHSIOT — 3TO
olpejeNieHre; B paszzene 2.5. 00cyKaaercs TakxKe
Oosee mo3anee onpezaeneHue VIM.

2.1.2. Bo MHoOrux ciydasx INpd XHMHYECKOM
aHanu3e usMepsieMoii BeaunuuHoi |[B.4] sB-
nseTcs KOHLICHTPAIHS OTIpeIeIAEMOTO

* B jnanHOM PykoBoxcTBe  oOmmiAi  TepMUH
“KOHIIEHTpanus”’  TPUMEHACTCS K 000N 13
CIICAYIOIINX BEIHYMH: MdccOo8ds KOHIEHTpAIus,
MOJApHAs KOHIGHTPAIWs, KOHICHTPAUs yacmuy W
00vemHas KOHICHTPALUs HE3aBHCHMO OT CIUHHIT

KOMIIOHeHTa. OHAKO XMMHYECKUI aHalu3 MNpu-
MEHSIETCSl TakKe [UId  H3MEPEHUs] APYrux
BEJIMYMH, HampumMep 1Bera, pH u T. a., nosTromy
MBIl OyJeM HCIONB30BaTh  OOIIMA  TEPMHH
“n3mepsemas BelIH4rHa .

2.1.3. [IpuBenenHoe BbILIE onpeaeneHue
TEpPMHUHA ‘‘HEONPEIEICHHOCTh COCPEAOTOYUBAET
BHUMAaHHUE Ha HHTEpBaJe 3HAYCHUH, KOTOPBIE, KaK
MoJlaraeT aHaJNTHK, MOTYT OBITh OOOCHOBaHHO
NPUIMCAaHbl U3MEPSAEMOM BETHUUHE.

2.14.1lpu  obmem  ynorpebJIeHHH  CIIOBO
HeonpeoesleHHOCMs CBSI3aHO € OOLIUM HOHSATHEM
comnenus. B paHHOM Xe PyKOBOACTBE CIIOBO
HeonpedenenHocms  (0€3  TpHIIATaTENTbHBIX)
OTHOCUTCSI WJIM K HEKOTOpOMY IapaMeTpy B
COOTBETCTBHUHU c BBILLICTIPUBEICHHBIM
OTIpeIeICHUEM, 190071 K OrpaHUYEHHOMN
MHQOPMaLMK O KAKOM-TO KOHKPETHOM 3HaYCHHH.
Heonpedenennocms  usmepenuss HE 03HAyaeT
COMHEHMS B  JOCTOBEPHOCTH  HM3MEPCHUS;
Ha000poT, 3HAHHE HEOIPEeNICHHOCTH
OpEeANoyiaraeT yBEeJIMUCHUE CTEHNEeHU OOBEPHUS K
pe3ynbTaTy U3MEPEHUsI.

2.2. U cTOYHHMKM HeompeaeTeHHOCTH

2.2.1. Ha [IPaKTHUKE HEOIIPEIEIIEHHOCTh
pe3ynabTata  M3MEPEHHsS  MOXET  BO3HUKATh
BCJICACTBUEC BIIMSHUSA MHOT'UX BO3MOKHbBIX
WCTOYHUKOB, BKIIOYas, HampuMep, Takhe Kak
HETIOJIHOE OMpECIICHHE M3MEPSIeMOl BETUYMHBI,
po60oTOop, 3Q(EKTH MATPUIBI U MEIIAFOIINC
BIIMSIHUS,  YCIIOBHS  OKpYy)KaroUled  Cpenbl,
MOTPEIIHOCTH CPEACTB M3MEPEHH Macchl U
o0beMa, HEOTPEIeIEHHOCTH 3HAUYEHH 3TAJOHOB,
HpI/I6HI/I)KCHI/I$I u A0NyIICeHUs, ABJIIIOIITHUECA
YacThl0 METOJa W TPOLEAYyphl H3MEPEHUH, a
Takxke ciaydaiiHele konebanus. (bonee monHOe
OTMCAaHWE WCTOYHUKOB HEOINPEIEIIEHHOCTH JaHO
B paznaene 6.7.)

HM3MEpCHUSI. (KOHIEHTpaLus, BEIpa)KeHHAs,
HampuMep, B MT ', — 910, OueBMIHO, MaccoBas
KoHIeHTparwst). OTMETHM TaKke, 4TO JApyrue
BEJIMYMHBI, TIPUMCHSIEMBIC IS BBIPAKCHHUS COCTABa,
Takde KaK MaccoBas [OJ, MOJSIpHAs OO H|
MOJISIPHOE COJEp)KaHWEe, MOXKHO IIPSIMO CBS3aTh C
BEIIIICHA3BAHHBIMA KOHIICHTPALIUSMI.
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

Heonpeaesennocrs

2.3. CocraBisioniue Heonpeae1eHHOCTH

2.3.1. IIpu OILICHKE CyMMapHOH
HEOIPEeICHHOCTU MOXeET OKa3aTbes
HEOO0XOIUMBIM paccMoTpeHue KaX/10T0

HUCTOYHUKA HEONPENENIEHHOCTH MO OTAEIBHOCTH,
9ro0Bl  YCTAaHOBUTH BKJIQA HMEHHO 3TOrO
ucrounnka. KaXapli W3 OTAEIBHBIX BKJIAIOB
paccMaTpuBaeTcs TOrJa Kak COCTaBIISIOLIAs
HEOIPEIEeICHHOCTH. Ecnu COCTaBJISOLIAS
HEOIPEeNICHHOCTH BBIpa)KEHA B BUJIE
CTaHAAPTHOTO OTKJIOHEHHs, OHAa OIpenesIeTcs
Kak CTaHAApTHas HeomnpeaejdeHHocTs [B.10].
B ToM cmydae, ecim mMmeeT MeCTO KOppesuus
MEXIy KaKUMHU-THOO  COCTaBISIIOIIMMH, €€
YUUTHIBAIOT IIyTE€M YCTAHOBJCHUS KOBapHUALMH.
Yacto, O0OHAKO, OKa3bIBAE€TCSI BO3MOXKHBIM
OIICHUTh CYMMAapHbBI 3(PQEeKT HECKOIBKHX
COCTaBJISIONINX. JTO YMEHbBIIAET 00hEM paOOTHI,
W Jaxe TOrna, KOrjJa COCTaBJIIOLINE, BKJal
KOTOPBIX OLICHUBAETCS COBMECTHO,
NEHCTBUTEIHHO KOPPETUPYIOT, MOKHO 000MTHCH
0e3 y4era 3TOi KOpPeIsIIH.

2.3.2. JIns pesymbraTa W3MEpeHHs y o0mias
HEOIPEIeNICHHOCTb, KOTOpast Ha3bIBACTCSA
CyYMMAapHOM CTAaHJAPTHOM
HeompeaenaeHnocTsio [B.11] u o0o3Havaercs
u.(y), MIPEICTaBISIeT co0oif OIIEHEHHOE
CTaHOApPTHOE OTKJIOHCHHE, paBHOe
MOJIOKHUTEIBHOMY 3HAaYCHUIO KOPHS KBaApaTHOI'O
u3 MOJIHOU JUCIIEPCHH, MOJIYYEHHOU
CYMMHPOBAaHHEM BCE€X COCTaBistomux. llpm
TakKOM CYMMHPOBAaHHUHM  HCIIOJIB3YIOT  3aKOH
paclpocTpaHeHus]  HEONpeneleHHOCTeH  (CM.
rmaBy 8.) WA aJbTEpPHATHUBHBIE  METOIbI
(mpunoxenne E onmceiBaeT 1Ba  MOJIE3HBIX
YHCIICHHBIX MeToAa: HCIIOJIb30BaHHE
3JIEKTPOHHBIX TaONHL M MozaenupoBaHue MoHTe-
Kapmo).

2.3.3. B OoNBIIMHCTBE CIydaeB B aHATHTHYECKON
XMMUH CJeIyeT MHCIOJIb30BaTh PACUIMPEHHYIO
Heompeaeaennocts [B.12] U. llocnemusis
MpeAcTaBisieT cO00M MHTEpBal, B KOTOPOM, Kak
M0JIaraloT, ¢ BHICOKUM YPOBHEM JOBEPHS JICKHUT
3HAUYCHHUE M3MEPSIEMOU BENIUYUHBL. 3HadeHue U
MONTy4alOT YMHOXKEHHEM U()), T. €. CyMMapHOH
CTaHAAPTHOU HEONpeAeICHHOCTH, Ha
ko3¢p¢pumuent oxpara [B.13] L Breilbop %
3aBUCUT OT TpeOyemoro ypoBHs nosepus. s
ypoBHA JoBepus npubnusurenbHo 95 % k&
OOBIYHO IPUHUMAIOT PABHBIM 2.

IMPUMEYAHUE
CrnemyeT Bcera yKa3bIBaTh k IS TOTO, YTOOBI
MOXXHO  OBIIO  BOCCTAaHOBHTH  3HAYCHHC
CyMMapHOH CTaHAapPTHOW HEONpEIeICHHOCTH

U3MEpSEMOM BENMYUHBI JUISl UCIIOIb30BaHMs B
BBIUUCICHUAX  CYMMapHOW  CTaHJAapTHOU
HEONPEACICHHOCTY  JPYIMX  pe3yibTaToB
W3MEPEHM, KOTOPbIE MOTYT 3aBUCETh OT 3TOM
BEJIMYUHBI.

2.4. IlorpemrHOCTHL M
Heonpe/1eJIeHHOCTh

2.4.1. BaxxHo  pasznuyarh  MOTPEIIHOCTh U
HEOIPEJEIEHHOCTbD. IMorpemHocTH [B.16]
OIPENENAETCA KaK Pa3sHOCTb MEXIY OTAEIbHBIM
pe3yabTaTOM M MCTHUHHBIM 3Hadyenuem [B.2]

U3MepseMOon BEJIMYUHBL. Ha NIPaKTUKE
HaOronaeMast MOTPEIIHOCTh M3MEpEeHUS
IpeACTaBIsIeT coboit pasHHILy MEXTY
HaOMIOJaeMbIM ~ 3HAYE€HHEM W ONOPHBIM

3HaYeHUeM. TakuM o00pa3oM, MOTPEHIHOCTh -
TeopeTHdeckass WM HabmromaeMas - HMeEeT
€JMHCTBEHHOE 3Ha4YeHue. B mpuHune, 3HaueHue
W3BECTHOW MOTPEIIHOCTH MOXHO YYecThb Kak
MIOTIPaBKY K pe3yJIbTaTy U3MEpEeHHUS.

[MPUMEYAHUE
[MorpemrHocTs NIPEACTaBISIET coboi
UIICATN3UPOBAHHOE TIOHATHE, U IOTPEIIHOCTH
HC MOT'YT OBITh U3BECTHBI TOYHO.

2.4.2. HeommpeneneHHOCTh, C JPYrOd CTOPOHHI,
NpUHUMAET (OpMy MHTEpBaJia 3HAYCHHN, U €CIIU
OHa OIICHUBACTCS TUTST KaKoi-mu6o
AHAJIUTUYCCKOW METOJAMKH U  ONPEACICHHOIO
TUNA TPOO, TO MOXKET OTHOCHUTHCA KO BCEM
ONMMCAaHHBIM TaKHUM O00pa30M  OIpPEACICHHUSIM.
Boo01ie, 3Ha4eHNe HEONIPEACICHHOCTH HE MOXKET
OBITH MCIIOIB30BAHO MJIS MIOTIPABKU K PE3YNIBTATY
H3MEPEHUS.

2.4.3.]l11  [ONOTHUTENBHOW  WIUTIOCTpALUU
paznuuus  MeXAy ~TIOTpelIHOCThI0 M He-
ONpEAENEeHHOCTRI0O  MOXHO  CKa3aTb,  4TO
pe3ysbTaT aHaju3a IOoCJe BHECEHUS IOMpPaBKU
MOXXET OBITh OYEeHb ONH3KMM K 3HAUYCHUIO
U3MepsieMON BEITMUMHBI U, CJIeI0BaTENIbHO, UMETh
MIPEHEOPEKUMO MaNyl0 MOrpemHocTb. OmHaKo
HEOIpeIeICHHOCTh TPU 3TOM MOXKET OBITh
00JIBI1I0I POCTO MOTOMY, YTO Y aHAJUTHKA €CTh
OCHOBaHHUSI COMHEBAThCS B TOM, YTO DPE3YIbTaT
JIEUCTBUTEIHHO OJIM30K K 3HAYEHUIO U3MEPICMOM
BEJIMYUHBI.

2.4.4. HeonpeeneHHOCTh pe3yJibTaTa U3MEPEHUs
HUKOT'Ja HE CIIEyeT HHTEPIPETUPOBATE KaK caMy
NOTPEIIHOCTh, @ TaKKe KaK MOrPEeHIHOCTb,
OCTAIOLIYIOCS IIOCJIC BHECEHUSI IOIPaBKHU.

2.4.5. Ilpunatro cuMTaTh, 4YTO MOTPELIHOCTH
UMeeT [BE COCTABIIOIIME: CIIydallHyl0 U
CHUCTEMAaTHYECKYIO.
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2.4.6. Cnyuaiinasi norpemHoctsb [B.17] o6braHO
BO3HUKACT BCJICJICTBUE HETPEICKa3yeMbIX
W3MCHCHUI BJausilomux BeauuuH [B.3]. Dt
ciryvaitabie 3 (ekThl TpUBOAAT K pa3dpocy mpH
MOBTOPHBIX HAOJTIO/ICHUSX U3MepsIeMOoi
BEJIUYMHBI, CrnyyaiiHyo MOTPEIIHOCTh
pe3ysibTaTa aHaliM3a HEeJlb3s CKOMIICHCHPOBATh C
MOMOIIbI0 KaKOW-TMOO TIONpaBKU, €€ JIHIIb
MOXXHO YMEHBIIUTh IYTEM YBCIWYCHUS YHUCIIA
HaOIOICHU.

[MPUMEYAHUE
OKcIepUMeHTaIbHOe CTaHJapTHOE
OTKJIOHEGHHE CpeHero apupMeTHYecKoro
[B.19] nnum cpenHero psija HaONIOJNCHUM - He
ciiy4yaiiHas MOTPEIIHOCTh CPEIHEr0, XOTsA €ro
TaK Ha3bIBalOT B HCKOTOPBIX Hy6HI/IKaHI/I§IX.
OHO sBHseTCs Mepoll HeOoNpeAeIeHHOCTH
cpeaHero,  OOYCJOBJIICHHOW  HEKOTOPBIMH
cnyuaiineiMu 3¢ dekramu. ToyHoe 3HAUEHUE

ciy4yaiiHOI IIOTPELIHOCTH CpelHero,
BbI3BaHHOH »TuMH 3ddexTamu, ocraercs
HEU3BECTHBIM.

2.4.7. CucremaTnueckasi norpemHocts [B.18]
OTIpEIEISCTCS. KaK COCTABIISIIOIIAS TIOTPEIIHOCTH,
KOTOpasg B XOJE€ WU3MEPEHUl OJHOM W TOU K€
BEIIMYUHBI OCTACTCS IOCTOSIHHOMN WIIM U3MEHSIETCS
3aKOHOMEpPHEIM 00pa3om. OHa HE 3aBHUCUT OT
YKCJia BBIMOJHEHHBIX U3MEPCHUH U TO3TOMY HE
MOXXET OBITh yMCHBIIEHA IyTEM YBEIWYCHUS
YUCJIa aHAJU30B MPU OJTHUX U TEX K€ YCIOBUAX
U3MEPECHUM.

2.4.8. IlocrostHHbBIE CHUCTEMaTHYeCKHe
MOTPEIIHOCTH, BBI3BaHHbIC, HAPUMEP, HEYUIETOM
XO0JOCTOM mNpoObl WM HETOYHOCTAMH NpHU
rpagyyupoBKe MpuOopa MO HECKOJIBKUM TOUYKaM,
SBIISIIOTCS.  TTOCTOSIHHBIMHU JUIsl TAHHOTO YPOBHS
WU3MEpSEMON  BENWYHMHBI, HO OHH  MOTYT
WU3MEHSTHCS B 3aBUCUMOCTH OT €€ 3HAaYCeHU.

2.4.9. DddexTsl, BEJIMYUHA KOTOPBIX
CHCTEMATHYECKHA U3MEHIETCS B XOJ€ MOBTOPHBIX
OIpe/IeIICHHH, HaTmpuMep BCJIEJICTBHE
HEJIOCTATOYHOTO KOHTPOJISI yCIOBHit
9KCIIEPUMEHTA,  BBI3BIBAIOT  CHCTEMATHYECKUE
MOTPEIIHOCTH, KOTOPhIE YK€ HE SBISIOTCS
MOCTOSIHHBIMH.

IMPUMEPBLI:

1. ITocTostHHOE yBEIHUIEHHE TEMIIEPATYpPHI P00
BO BpEMS aHalM3a MOXET MPUBECTH K
MPOTPECCUPYIOLINM U3MEHEHHSM PEe3yIbTaToB.

2. JlaTunky ¥ mpeoOpa3oBaTelH, Y KOTOPHIX B
XOZA€ OKCIIEPUMEHTA MPOSBIIOTCS 3P HEKTHI

cTapcHus, MOTyT TaK¥XKC BHOCHTH
HCTIOCTOSHHBIC CHCTEMATHUYCCKUC
MOTPCIIHOCTH.

2.4.10. B pe3ynpTaT U3MepeHHs cleayeT BHOCUTD
NOMpPaBKH HAa BCE BBISBICHHBIC 3HAYNMBIC
cucremarndeckue 3pQeKTol.

[TPUMEYAHUE

W3mMepurensHbple IpUOOPHI U CHCTEMBI 4acTO
HACTPaWBalOT WM KaMOpYylOT C TpH-
MCHCHHUCM 9TaJIOHOB NN CTaHAapTHBIX
06pas1os, BBOJIS MOTIPaBKH Ha
cucreMaTHyeckue 3 GEKThL; IPU 3TOM HYKHO
MpUHUMAaTh BO BHUMAaHHUC HEOIIPECACICHHOCTH,
NPUCYIIHE 3THM 3TaJOHaM U o0pasuam, U He-
OIIpe/IeJICHHOCTH MOTIPaBOK.

2.4.11. Eme oaHMM  BHJAOM  TOTPEIIHOCTH
ABNIeTCS TpyOas MOTpemIHOCTh MM TPOMax.
Takpe  MOTpemHOCTH  JelaloT  U3MEpeHue
HEJOCTOBEPHBIM M OOBIYHO BO3HHUKAIOT H3-32
OIIMOKM ollepaTopa WM HENpPaBUIBLHOW paboTHI
npubopa. [lepecranoBka mudp B 3amucu JaHHBIX,
WIM Ty3bIpeK BO31yXa, 3aJep)KaBIIMHCA B
NPOTOYHON  sYelike CHeKTpodoToMeTpa, WU
clyyaiiHble  3arpsi3HEHUS  NPOO  SIBISAIOTCS
TUITUYHBIMH MpUMepamu 3TOTO BUJA
MOTPEIIHOCTH.

2.4.12. N3mepenus, B KOTOPBIX ObUTH
oOHapy»KeHbI TaKue MOTPEUTHOCTH, TOJIKHBI OBITh
OTOpOIIEHHI, u MoToMy  He cienxyer
NpEeINPUHAMATh TOMBITOK  BKJIIOYEHUS ITHX
MOTPEIIHOCTE B KaKOH-TMOO CTaTUCTHUSCKUN
aHamu3. OnHaKo OMIMOKM M3-32 IEPECTAHOBKU
midp MoOryr OBITh UCHpaBieHBl  (TOYHO),
0COOEHHO €CITM OHH HMMEIOT MECTO B MEpPBBIX
udpax.

2.4.13. Takue MOTPEIIHOCTH HE Bcerma
OUEBUJHBI, U B TEX ClIydasx, Korja UMeercs Jo-
CTaTOYHOE KOJIMYECTBO MOBTOPHBIX H3MEpEHU,
1eJ1eco00pa3Ho MPUMEHUTh KaKoW-1160
KpUTEpU OTOPaKOBKH BBIOPOCOB Ui MPOBEPKU
MOJIO3PUTENIbHBIX  3HaueHuil.  JloOol  mo-
JIO)KUTEIIBHBI  pe3yJbTaT, IOJIYYEHHBIM IpuU
TakoH IpoBepKe, TMOAJEKHUT BHUMATEILHOMY
PacCMOTPEHHIO, U COOTBETCTBYIOIIMNA pe3yabTaT
aHalM3a BO3BpallaeTcs M TOJITBEPKICHUS,
€CJIM 3TO BO3MOXKHO. BooO11ie ToBOps, HEpa3yMHO
OTOPaKOBHIBAaTh KaKoe-1100 3HaYeHHE
UCKJIIIOYUTEIHPHO HA OCHOBE CTaTHCTUYECKHX
COO0paKCHHIA.

2.4.14. OueHKY HEONPEEIIEHHOCTH, MOyYyaeMble
C 1nomoupl jgaHHoro PykoBoiacTtBa, He
YUYUTBIBAOT BO3MOXKHOCTHU IMOABJICHUA ITPOMAXOB.
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2.5. OnpeneneHue NOHATHS
HeomnpenaejaeHHocTu B VIM 3

2.5.1. HoBass pemakuus VIM [H.7] BBoauT
clleAyIolIee OnpeeeHue:

HEONPEACJICHHOCTDb I/I?.MepeHI/lﬁ

HeOoIpeaeIeHHOCTD

“HeoTpHULATEIbHBIN rnapamerp,
XapaKTepU3YOUUH paccesiHue 3HaYeHUH
BEJIMYMHBI, MIPUITHCHIBAEMBIX u3MepsieMoi
BEJIMUMHE Ha  OCHOBAHHMU  HCIIOJIb3yeMOMU
uHpopmaun”

IMPUMEYAHUE 1
HeompeneneHHOCT, U3MEPEHUH  BKIIIOYAET
COCTaBIIIOLINE, 00yCIIOBIICHHbIE cH-
cTreMaTnieckuMu dddekramMu, B TOM YHCIe
COCTaBJISIIOLINE, CBSI3aHHBIE C IOIPaBKaMU H
NPUINKACAHHBIMA 3HAYCHUSIMH JTAJIOHOB, a
TalOKe YCTAaHOBJIEHHYIO HEONPEASICHHOCTb.
Wnorna MOTIPaBKU Ha OLICHCHHBIE
cucrematndeckue S(PQeKTsl He BBOIAT, a
BMECTO 3TOr0 MOCIIETHUE PACCMATPUBAIOT KaK

COCTAaBJISIOLINE HEONpPEeIeICHHOCTH
U3MEpPEHU.
ITPUMEYAHUE 2
ITapameTpoM  MoXeT  ObITh, HaIpuUMep,
CTaHAAapTHOE  OTKIOHEHHE,  Ha3bIBAEMOE
CTaHJapTHON HEOINPEEICHHOCTBIO
HU3MEpeHuil (WM KpaTHOe eMy YHCIIO), WIIH
MIOJIOBHUHA HTUPUHBI UHTEpBaja c
YCTaHOBJIEHHOMN BEpOSITHOCTBIO OXBATa.
ITPUMEYAHUE 3

B  o0mem ciyyae — HeOIpeAeIeHHOCTh
U3MepeHuil  BKIOYaeT B ceds  MHOTO

cocraBisAonmMx.  Hekoropele w3  3THX
COCTaBJIAIOIINX MOTYT OBITh OIEHEHBI II0
TUIy A Ha OCHOBAaHHM CTaTHCTUYECKOTO
pacrpenieNieHlsl 3HauU€HWH BEIMYHHBI U3
cepuit U3MEpEeHUI u MOTYT
XapaKTepU30BaTHCS CTaHJapTHBIMU
OTKJIOHEHMsAMU.  Jlpyrue  CcOCTaBIISIIOILHKE,
KOTOpbIe MOTYT OBITh OLIGHEHHI IO Tuly B,
TaKxKe MOTYT XapaKTepU30BaThCS
CTaHJAPTHBIMH OTKJIOHEHHUSIMH,
OLICHMBAacMbIMU 4epe3 (YHKIHMU IUIOTHOCTH
BEPOSATHOCTE Ha OCHOBAaHUM OIBITA WIH
Ipyroit nadopmanum.

[MTPUMEYAHUE 4

B nenom, npu nanHOM o0beme MHGOpPMALH
HOApa3syMeBaeTCs, YTO HEONpPEJEICHHOCTh
U3MEPEHU CBS3BIBAIOT C  OMpEETICHHBIM
3HAa4YeHUEM, IIPUIIUCHIBAEMBIM H3MepsieMOoit
BenuuuHe. M3MeHeHume 3TOro 3HaueHHA
MPUBOIUT K U3MEHEHHIO CBSA3BIBAEMOIl ¢ HUM
HEONpPEICICHHOCTH.

2.5.2. 3meHenus B ONpeEICHUN
HECYIIECTBEHHO BJIMAIOT Ha COJCPKAHUE TTOHATHUS
HEOIPEeIICHHOCTH MPUMEHHUTENEHO K
aHATMTUYECKUM U3MepeHHsM. TeM He MeHee,
npumeuanue | m100aBiIsieT BO3MOXKHOCTH TOTO,
4TO IS y4yeTa CHCTEeMAaTHYeCKUX ASPQPEKTOB B
OI0/)KeT  HEeOoNpeAeNeHHOCTH  MOTYT  OBITh

BKJIFOUEHBI JIOTIOTHUTENbHbIE YJICHBI.
HanpHeitime  moapoOHOCTH B OTHOIIEHUHU
HEOIIPEIEICHHOCTEM, CBS3aHHBIX c

cucreMarnieckuMu dddekramu, TpUBEACHBI B
riase 7.
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3. AHaJIUTHYEeCKHe H3MEPECHUA X HEONIPEACJICHHOCTD

3.1. Baaupanusi MEeTOIUK

3.1.1. Ha npakTuke COOTBETCTBUE MPUMEHSIEMBIX
IUIsl PyTUHHOTO aHAJIN3a aHATUTHYECKUX METOIUK
KOHKPETHOH IIeJIM Yallle BCETO YCTaHABIMBAIOT B
Xolle WcclIemoBaHnii mo mx Banmmanuu [H.11].
PesynpTaThl  Takux ~— HCCIAEAOBAHMM  AAKOT
nH(GOPMAITHIO, KaK MO OOIUM XapaKTepUCTHKAM,
TaKk ¥ IO OTHENbHBIM BIUSIOIINM (hakTopam, U
3Ty HWHQOPMALMI0 MOKHO HCIOJb30BaTh MpHU
OLICHUBAHUH HEOIIPEACIICHHOCTH.

3.1.2. UccnenoBanus MO BaluJallid METOIUK
HMEIOT LIeNIbI0 ONpeeIeHrue O0IMX MoKa3aTenen
s dexktuBHOCTH. VX yCTaHABIMBAIOT B MpoOIlEcce
pa3paboTKu METOIUKK U €€ MexIabopaTopHOTO

HCCIIEIOBAHUS Wi NOCPEICTBOM
BHyTpmiIabopaTopHoil Bamumanuu. OTaensHbIe
HUCTOYHUKHU HOIPEIIHOCTH Wi

HEOTIPENISICHHOCTH OOBIYHO PAacCMaTPUBAIOTCS
TOJIBKO TOTJA, KOIJIa OHH  OKa3bIBAIOTCS
3HAYUMBIMH  TI0  CPaBHEHHIO C  OOLIMMH
XapaKTepUCTUKAMU Tpenn3noHHOCTH. [Ipu sTOM
yIop JeNaercsi CKopee Ha BBUIBICHHE U
yCTpaHeHHE 3HAaYMMBIX 3(PQEeKTOB, HEXKETH Ha
BHECEHHE  COOTBETCTBYIOIIMX  IIONPAaBOK B
pe3yNbTaT aHaiu3a. JTO NMPHUBOIUT K CUTYallUH,
KOTZa TOTEHIWAIBHO 3HAYMMBIC  BIHSIONINE
(GaxkTopel  YCTaHOBICHBI,  IPOBEPEHH  Ha
3HAYUMOCTh  II0  CpPaBHEHHWIO C  oOmeit
NPEIM3NOHHOCTBI0 W IMOKAa3aHO, YTO OSTHMH
(akTopaMu MOXHO TpeHeOpeus. Ilpm >THX
o0cTosATenbCTBaX aHAINTHK HOJTydaeT
nmokazatenu oomel 3¢ ¢GeKTUBHOCTH HAPSAY C JI0-
Ka3aTeJIbCTBOM  HE3HAYMMOCTH  OOJBIIMHCTBA
cucreMatniecknx d(P(HEeKToOB U HEKOTOPBIMHU
OIIEHKAMH OCTAOIINXCS 3HAYNMBIX d(Hh(PeKTOB.

3.1.3. UccieqoBannss 1O Baaugalli¥d METOIHK
KOJIMYECTBEHHOI'O aHajau3a OOBIYHO BKIIOYAIOT
oTIpe/IeTIeHIe HEKOTOPBIX HIIA BCEX
HIKECIEAYIONINX XapaKTePUCTHUK.

[permmsnonHocTh (precision). [B.1] OcHoOBHEIE
MOKa3aTenu MPEUU3UOHHOCTH BKJIIOYAIOT
CTaHIAPTHOE OTKJIOHEHHE, XapaKTepu3yollee
MOBTOPSIEMOCTb, §,, CTAaHOAPTHOE OTKJIOHCHHE,
XapakTepU3yIollee  BOCHPOHU3BOAUMOCTB,  Sp,
(H1CO 3534-1) " MIPOMEXYTOUHYIO
MPEUU3UOHHOCTD, UHOTIA 0003HAYAEMYIO Sy, TIIE
i — gncno BappupyeMbix ¢akropo (MCO 5725-
3:1994). IloBTOpsieMOCTh §, XapaKTepHU3yeT

W3MEHYHBOCTh, HAOIOIAEMYI0 B JIaOOpaTOpPHH B
TE€YEHHE KOPOTKOrO0 IPOMEXYTKa BpPEMEHH, C
OIHUM M TEM K€ OIepaTopoM, OJHUM
9K3EMIUISIPOM O0OpYAOBaHMA WU T. 1., S, MOXHO
OLICHHUTH B IpeZesiax JaHHOM J1abopaTOpHH WM B
paMKax  MexJIa0opaTOpHOrO  HCCIICAOBAHMA.
CranzapTHoe OTKJIOHEHHE BOCHPOM3BOAMMOCTH
Sy U1 KOHKPETHOTO  METOJa  MOJXKHO
HETIOCPEACTBEHHO OLIEHUTH TOJBKO C IOMOLIBIO
MEXI1a00paTOpPHOTO HCCIIEeI0BAHNS; OHO
XapakTepu3yeT  WM3MEHYMBOCTb  PE3yJIbTATOB,
KOTJa OJHY M Ty e mnpoOy aHanu3upyloT B
HEeCKOJbKNX JabopaTtopusx. IIpomexyrounas
NPELUU3HOHHOCTh  XapaKTEepU3yeT  BapHaLHIo
Pe3ybTAaTOB, HAOMIOJAIONIYIOCS IPU M3MEHEHHUU
onHOTO WiH Ooiee (aKTOpOB, TAKUX KaK BpeMs,
000pyIOBaHHE WM ONEPAaTop B Mpeiesax OJHON
nabopaTopuy; 0OpU HTOM IOJIY4YalOT pasHbIC
MOKa3aTend B 3aBUCUMOCTH OT TOrO, Kakue
(akTopsl  MONAEP)KUBAIOTCS  IOCTOSHHBIMH.
[IpomexyTOuHYI0 NPELU3HOHHOCTh Yalle BCEro
OLICHMBAIOT B PaMKax OJHOH jJabopaTropuu, HO ee
MOHO YCTaHOBUTH U c MOMOIIBIO
MEXI1a00paTOPHOTO HCCIIEI0BaHMUS.
IIpeun3noHHOCT AHAIUTUYECKOW METONUKU —
BayKHast COCTaBIISIOMIAs o0reit
HEONPEACICHHOCTH  HE3aBUCHMO  OT  TOrO,
oIpeJiesieHa JIM OHAa CyMMHPOBAHHUEM OTIAENbHBIX
JUCTIEPCUN WM IIyTEM HMCCIENOBAHUS METOAUKU
B 1ICJIOM.

Cwmenienne (bias). Cwmemenue, o0ycIOBIEHHOE
NPUMEHSIEMBIM AHATTMTUYECKUM METOOM,
OOBIYHO YCTaHABIMBAIOT C IIOMOILBIO AHAIU3A
MOIXOJSIINX CTAHIAPTHBIX 00pa3ioB Wi Mpod ¢
M3BECTHBIMH J00aBKkamMu. Ormpenenenne o0Iero
CMELICHUS OTHOCHUTEIIBHO  COOTBETCTBYIOLIMX
OMOPHBIX 3HAYEHUM Ba)XKHO IPU YCTAHOBJICHUHU
npociaexusaemoctuy  [B.9] Kk  npuHATEIM
sTamoHaM (cMm. pasgen 3.2). CMmemieHne MOXKHO
BBIPA3UTh B BHJE AHAJIUTUYECKOTO H3BJICUCHUS
(momyueHHOE 3HAYCHHE, ACJICHHOE HA OXKHIAEMOE
3Ha4YeHUe). 3ajavya aHAIUTHKA COCTOUT B TOM,
4yTOOBl MOKa3aTh, YTO CMEIIEHHEM MOXKHO
npeHeOpeys WM Ha HEro JOJDKHA OBITh ClleaHa

TIOTIpaBKa, HO, B J1I000M ciydae,
HEOMPE/ICTICHHOCTh, CBSI3aHHAS C YCTAHOBICHUEM
CMEIIEHU, ocTaercst HEOTHEMIIEMON

COCTaBIISIONIEH 001IIei HeonpeaeIeHHOCTH.
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Jluneiinocts (linearity). JluHeHHOCTH sBIsieTCS
BaKHBIM CBOMCTBOM METOJOB, HCIOJIb3yEeMbIX
JUIS  U3MEPEeHUl B  HEKOTOPOM Juarna3oHe
KOHIEHTpauuid. MOXHO ONpeNenuTh JUHENHOCTD
OTKJIMKAa Ha YMCTHIX BEIIECTBaX M Ha pealbHBIX
npobax. OO0bruHO camy JTMHEHHOCTD
KOJMUYECTBEHHO HE OINpPEAENSAIOT, €€ MPOBEPSIOT
BU3yalbHO WM C TIOMOIIBIO  KpPUTEpHEB
3HAYUMOCTHU HEeJIMHEHHOCTH. 3HAYUMYIO
HEJIMHEHHOCTh OOBIYHO YYUTHIBAIOT C ITOMOIIBIO
HEJIMHEHHOW TI'palyupOBOYHOW XapaKTEPUCTHKHU
WIM YCTPaHSAIOT IyTeM BbIOOpa Oosee Y3KOoro
pabouero nuamnazona. JlroOwble ocTaromuecs
OTKJIOHEHHUS oT JUHEHHOCTH 00BIYHO
YUUTBIBAIOTCSA B OIIEHKax oOmeit
MPELU3UOHHOCTH, OXBAaTBhIBAIOIIUX HECKOJIbKO
KOHIEHTpAIMi, WM K€ OCTaloTcs B Mpejaenax
HEONPEIEICHHOCTH, CBSA3aHHON C TpagyHpOBKOM
(ITpunoxenue E.3).

[penen obHapyxkenus (detection limit). B xome
BaIMJAMM METOJUKU Tpefesl OOHapYKCHHUS
OOBIYHO OMPEACISIOT TOJBKO JAJS TOTO, YTOOBI
YCTAaHOBUTH  HIDKHIOO  TIpaHuIly  pabodero
JMaIla30Ha U3MEpPEHUN. XO0Ts HEONPEACICHHOCTH
BOJIN3M npezaena oOHapyXeHHUs MOTYT
noTpedoBaTh  OTHAENBHOTO  PAcCMOTPEHUS U
cnenuanbHod  TpakToBKH  (IIpunoxxenue F),
npenen oOHapyKEHHs, HE3aBUCHMO OTTOTO, Kak
HMCHHO OH OIpEACJICH, HC HUMECT IMpPsAMOro
OTHOUICHUS K OL[CHUBAHHUIO HEOIIPEIEIIEHHOCTH.

YcroitunBocth  (robustness  or  ruggedness).
MHorue JOKyMEHTHI IO pa3paboTKe U BaluJaluu
METOAMK aHalin3a TPeOYIOT HENOCpeICTBEHHOTO
WCCIIEIOBaHMsI YyBCTBUTEIBHOCTH PE3YJIbTaTOB K
W3MEHEHUIO OTIpeIeIIEHHBIX napameTpoB.
OOBIYHO 3TO JenaeTcs € MOMOINBI0 “TecTa Ha
YCTOMYMBOCTH, B KOTOPOM HCCIIEIYIOT BIUSHUE,
BBI3BAaHHOE M3MEHEHHEM OJTHOTO WJIM HECKOJIBKHX
¢aktopoB. Ecim Takoii TecT oOKa3bIBacTCA
3HaYUMBIM (110 CPaBHEHUIO C €ro COOCTBEHHOM
MPEeUU3UOHHOCTBIO), TO TPOBOAUTCS  Ooisee
JeTanbHOEe UCCIENOBaHUE Uil ONpeAeICHUs
BEeJIMYMHBI ~ 3TOTO  BJIMSAHUA W BbIOOpa
COOTBETCTBYIOILIETO  JIOMyCTUMOTO  pabouero
nuana3zona. JlaHHBIE 1O YCTOHYMBOCTH MOTYT
JaTh UHPOPMAIUIO O BIMSHUH BAXKHBIX (PaKTOPOB
Ha pe3yJbTaT aHaIH3A.

CenextuBHOCTEL (selectivity). “CeneKTHBHOCTDL”
XapakTepU3yeT CTENeHb, A0 KOTOPOW HEKUM
METOJ, aHanm3a OTHO3HAYHO OTBEYAET
ONpE/ICIICHHOMY aHaIWTy. B  HccienoBaHHsIX
CCJICKTMBHOCTH H3YYalOT BIUSHHE BEPOSTHBIX
MEIIAIOIIUX KOMIIOHEHTOB, OOBIYHO JOOABIISAA STH
BEIIECTBA KaK B XOJIOCThIC, TaK U B paboune

npoObl, W HaOmogas OTKIMK. [lomyueHHbIC
pe3yJbTaTh 0OBIYHO HCTOJIb3YIOT JUIS
JIEMOHCTPALlMM  TOrO, 4YTO Ha  MPaKTHUKE
MEIIAOUIME BIUSHUS HECYLIECTBEHHBI. Tak Kak B
TaKUX HCCIICJOBAHUIX HETIOCPEICTBEHHO
ONPEAENSIOT U3MEHEHUS OTKJIMKA, 3TH JlaHHbIE
MOKHO HCIIOJI30BaTh JUIS OLICHKU
HEOIPEJEIEHHOCTH, CBSI3aHHOM C
MOTEHUHUAIIBHBIMU TMOMEXaMU; KpOME€ TOro, MpHu
9TOM TMOJY4YalOT HMH(POPMAIMIO O JUana3oHe
KOHIIEHTpalMi MEIIAIIINX BEIECTB

[TPUMEYAHUE
B IIpouuIoM AJIsL TOro Xe IIOHATHUSA
UCIIONB30BAIM  TEPMUH  CHElU(PUIHOCTH
(specificity).

3.2. DkcnepuMeHTAJIbHbIE
HCCJIeIOBAHUS XapPaAKTEPUCTHK
3¢ PexTUBHOCTH

3.2.1. JleTanpHbIiH IUTaH u BBITIOJTHCHHE
UCCIICIOBAHUN 10 BalUJAUMM W H3YYCHHIO
XapaKTePUCTHK 3¢ heKTUBHOCTH METOJTUK
MOMPOOHO OMHUCaHBl B JPYTUX ITyOIHKAIHSIX
[H.11] u 3mecp He paccmatpuBarorcsa. OgHAKO
OCHOBHBIC IIPUHLMIBI TAKUX HUCCIECAOBAHUNA U HX
BIMSHUE Ha MNPUTOTHOCTh HCCICIOBAHUS IS
OLICHUBAHUS HEONPEeAeICHHOCTH
paccMaTpUBAIOTCS HUXKE.

3.2.2. CymecTBeHHa npedcmasumenbHoOCHs. ITO
O3HAa4yaeT, 4TO MHCCJICIOBAaHMUS JOJDKHBI IO
BO3MOXXHOCTU TIPOBOIUTBCA TakUM 00pasom,
YTOOBI N1aTh PEATMCTHYECKUH 0030p Kak dmcia,
Tak U o0NacTH JNeHCTBHS BO3MOXKHBIX 3(QeKToB
npu OOBIYHOM IMPUMEHEHUH METOIUKH, a TaKKe
YCTAHOBUTH [HUANa30Hbl KOHLEHTPALUH W TUIIBI
npo0, Ha KOTOpble OHA pacmpocTpansiercs. Ecin,
HampuMep, HeKuil (akTop NpeACTaBUTEIBHO
BapbUpOBAJICS B  XOJE€ OKCIEPUMEHTa IO
UCCIICIOBAHUIO TPELU3HOHHOCTH, TO BJIMSHHUE
3TOT0 (haKTOpa HEMOCPEACTBEHHO MPOSBISIETCS B
HaOJIroaeMON TUCIIEPCHHU, W, CIEIOBATENbHO,
HET HEO0XOIUMOCTH B KaKOM-TH00
JOIOJTHUTEIBHOM HCCIIEI0BAaHNUH, €CIH TOJIBKO HE
CTaBUTCS 3ajadya JalbHEHIIEN ONTHUMH3ALHN
METOAUKH.

3.2.3.B 3TOM KOHTEKCTE HpedcmagumenbHoe
6apbUuposaHue 03HAYACT, YTO BIMAIOLUIMNA (HaKTOP
B XOZE OJKCIEPUMEHTa JOJDKEH NPUHUMATh
3HAYEHUs, KOTOpbIE OTpaXKaroT
HEONPENIEICHHOCTh U3MEPSIEMON BeIUYUHBI. [
HENPEPHIBHEIX  (PAKTOPOB 3TO MOXET OBITh
JOIyCTUMBIM AMana3oH WM YCTaHOBJICHHAsS
HeonpeAeaeHHOCTh. J{si AUCKPEeTHBIX (aKTOpOB,
TaKMX KakK Marpuua npoObl, 3TOT AMANa30H
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

I/I3MepeHI/Iﬂ U HEONPEACJICHHOCTH

COOTBETCTBYET MHOT00Opasui0 THUIIOB TIPoO,
JOMyCKaeMBbIX  WJIM  BCTPEYAIOIIMXCSA  IpHU
OOBIYHOM TIPUMEHEHNH METOIUKH. OTMETHM, YTO
MIPE/ICTaBUTENHOCTh OTHOCUTCS HE TOJBKO K
JMara3oHy 3HaUYEHHUH, HO U K UX paclpeaeseHHIO.

3.24.1lpu BbIOOpe BapbUpPyeMbIX (HaKTOPOB
BaXKHO O0€CTeYuTh, HACKOJIBKO 3TO BO3MOXKHO,
W3MEHEHHE HauOOJBUIMX IO CBOEMY BIIHSHHUIO
a¢dekroB. Hanpumep, Tam, rae kojaeOaHus JCHb
0TO JHS (BO3HHUKAIOLINE, HABEPHO, U3-3a BIMSIHUSA
MOBTOPHON TPagyHpPOBKH) CYIIECTBEHHBI I10
CPaBHEHUIO CO CXOJAUMOCTBI) M3MEPECHMMU, IBa
OTIpeIeICHUS B KaXKIbIM U3 ISITH THEH o0ecredyaT
JIy4IIyr0 OLICHKY MPOMEKYTOUHOM
NPEUU3HOHHOCTH, 4YE€M IISITh ONPEICICHUN B
KaXIbplii W3 AByX JHEW. JlecsaTh OAHOKpaTHBIX
OnpeseNieHN! B OTAeNbHBbIE OHM OYyIyT ele
Jydlie IIpU YCJIOBUM JOCTATOYHOI'O KOHTPOJIS,
XOTS 9TO HE JACT JOMOJHUTENLHON HH(pOpMAUN
0 IOBTOPSIEMOCTH B TEYEHUE JIHS.

3.2.5.O0puHO TpoIle  OOCYXXJaTh JaHHBIC,
MOJlyYeHHbIE HAa OCHOBE CJIyd4ailHOIl BBIOOpPKH,

4yeM B pe3ylbTaTe  LIEJICHAIPaBIECHHOIO
BapbUPOBAHUS (akTopoB. Hanpumep,
9KCIIEPUMEHTHI, MIPOBOJIMMBIE CITy4aiiHbIM

o0pa3oM 3a JIOCTAaTOYHBIM TEPHOJ BpPEMEHHU,
OyayT OOBIYHO BKIIIOYATh MpPEICTABUTEIbHEIC
3¢ GEKTHI BIUSHUS OKpY>KaIOIIEH TeMIepaTypsl, B
TO BpeMsi Kak pe3yibTaThl OSKCICPUMEHTOB,
MPOBOJIUMBIX CHUCTEMAaTHUYECKH B TeueHue 24-
YacOBBIX MHTEPBAJIOB, MOTYT OBITH MOJBEP>KEHBI
CHCTEMAaTHYeCKOMY CMEIICHUIO, BBI3BAHHOMY
peryIspHBIM HW3MEHEHUEM OKpy Karomein
TeMIIepaTyphl B TeueHue pabouero aus. IlepBoiid
W3 JIByX OIHCAHHBIX BBIIIE JKCIICPHUMEHTOB
JOJDKEH OILICHUTH TOJILKO oOIliee CTaHgapTHOE
OTKJIOHCHHE; BO BTOPOM TpedyeTcs
LIeJIeHAIIpaBJIEHHOE BapbHUPOBaHUE OKpYKarolien
TeMIEpaTypbl C MOCIEAYIOLEH €€ YCTaHOBKOM,
YTOOBI MOJY4UTh JeCTBUTEIBHOE
pacmpeseneHue TemrmepaTyp. TeM He MeHee,
Clly4alilHOE€ BapbHpOBaHHE MEHee 3(DQPEKTHUBRHO.
Jaxe  Majgoe  4YHCIO  LIEJICHAIIPaBICHHBIX
WCCIIEIOBAaHUA  MOXEeT OBICTPO  yCTAaHOBHTH
BEJIMYMHY KaKoro-mnoo s¢dexTa, Toraa Kak AJs
YCTaHOBJICHUS COCTaBJISIOILIEH
HEOMPEEeNICHHOCTH ¢ OTHOCUTEIBHOW TOYHOCTBIO
menee 20 % morpebyercs  Oomee 30
SKCIEPUMEHTOB. [103TOMY YacTo MpeArnoYUTaIoT,
rae 3TO BO3MOXKHO, CHUCTEMAaTHYECKH
HCCIIe0BaTh  HEOONBIIOE YHUCIO  OCHOBHBIX
3¢ dhekToB.

3.2.6. Korna 3apanee U3BECTHO WJIH €CTh
MOJ03pEeHHEe, YTO (DAKTOPHI B3aUMOJCHCTBYIOT

JpYyT C IPYroM, BaKHO 00ECHEUUTh, YTOOBI 3TOT
3¢ ekT  B3aMMOACHCTBHUS  y4YUTHIBAJICI B
HOJIy4aeMbIX OLCHKAaX. DTOr0 MOXHO JIOCTHYb
WIN 3a c4yeT obecreueHHs CiIy4ailHOH BBIOOPKH
OpU  Pa3HBIX YPOBHSAX B3aMMOJICHCTBYIOIIMX
(GaKTOpOB, WIIM CICIHMANBHBIM IIAHUPOBAHHEM
9KCIIEPUMEHTA C 1IEJIbI0 MOJTYyYCeHHS HHPOPMAIIUU
KakK O JIMCTICPCUH, TaK O KOBapHAIHH.

3.2.7. llpu u3yuyeHun OOIIETO CMEIICHUS Ba)KHO,
YTOOBl HCIOJIB3YeMbIE CTaHAAPTHBIE 00Opa3Ilbl
OBLTH aJCKBATHHI aHATM3UPYEMBIM MpoOam.

3.2.8. Jlroboe wucchenoBaHue, NPEANPUHSATOE C
HETbI0 M3YyYCHUS H MNPOBEPKH 3HAYUMOCTH
KaKoro-1ubo a¢pdekra, JTOJIKHO UMETh
JIOCTAaTOYHBIC MMOTCHIUATBHBIC BO3MOXXHOCTH JIJIS
oOHapyxeHHs 3TUX 3PPEKTOB eIIe 10 TOro, Kak
OHU CTaHYT (PaKTUUSCKH 3HAYMMBIMH.

3.3. IIpociexuBaemMocTb

3.3.1. Baxxno AMETh BO3MOKHOCTH C
YBEPEHHOCTHIO CpaBHHUBAThH Pe3yIbTaTHI,
MONTydYeHHbIE B PAa3HBIX J1A00paTopusx WIH B
pasHoe BpeMs. DTo o0ecrieunBaeTcs TeM, YTO BCE
1abopaToprr HCIIONB3YIOT OJUHAKOBYIO IIKAITY
U3MEpPEHUS WM OJMHAKOBBIC ‘TOYKH OTCUETa’ .
Bo wMHOrMX ciy4asx 3TO  JTOCTHTaeTcs
YCTaHOBJICHWEM IIEMH KaTHOPOBOK, BEAYIIHX K

MIEPBUYHBIM HAIMOHAJILHBIM 1501041
MEXTYHAPOIHBIM 3TaJOHaM, a B ujaeasue (B Lesix
JIOJITOBPEMEHHOM COTJIACOBAaHHOCTH) — K

MexnayHaponaoit  cucreme  emuann  (CH).
XOpoIuM MPUMEPOM SIBIISIOTCS AHATUTHYECKUE
Bechl. Kakaple Bechl KaaHOpPYIOT € ITOMOIIBIO
STAJIOHHBIX THPb, KOTOphIEe KamuOpyroTcs (B
KOHEYHOM HTOT€) OTHOCHUTEIHHO HAIMOHAJIBHBIX
ATAJIOHOB W, TakUM OOpa3oM, COOTHOCATCSA C
HNEPBHYHBIM  JTAJIOHOM  KWJIOTpamMMa.  JTa
Hepa3phlBHAas €N CIMYCHWH, Beaymas K
U3BECTHOMY UCXOIHOMY 3HAYCHHIO,
obecreunBaeT ‘TPOCIEKUBAEMOCTE’ K O0IIen
TOYKE OTCYETa, YTO FapaHTHPYET UCIIOIH30BaHNE
pPa3HBIMH  JIIOABMH  OJMHAKOBBIX  CIUHHI]
m3Mmepenus.  I[lpm psAmoOBBIX  M3MEpEHUSX
COTJIACOBAHHOCTh H3MEPEHUH MEeXIy pa3HBIMHU
naboparopusMu (mm COTJIACOBAaHHOCTH
W3MEpPEeHHI BO BPEMEHH) JOCTUTAeTCs Oimaromaps
YCTaHOBJICHUIO MPOCIIEKUBACMOCTH BCEX
OTHOCSIIITHXCS croza MPOMEKYTOYHBIX
M3MEPEHU, MCIOIB3yEeMBIX /IS TIONyYSHUS] W
KOHTPOJISL  pesynbrata wu3MepeHus. [lostomy
IPOCIICKUBAEMOCTD SIBIISCTCS BaYKHBIM ITOHATHEM
BO BCEX O0JIACTAX M3MEPEHUIA.

3.3.2. ®opmanbHO MPOCIIEKNUBAEMOCTh
ompezaenseTcs cneayommmM odbpazom [H.7]:
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

I/I3MepeHI/Iﬂ U HEONPEACJICHHOCTH

“MEeTpOJIOTHYECKast IIPOCIIEKUBAEMOCTh

CBOWMCTBO pe3yJibTaTa HW3MEPEHHUA, B
COOTBETCTBHU C KOTOPBIM pE3YJIbTaT
MOJKET OBITh COOTHECEH C OCHOBOW IS
CpaBHEHMS 4epe3 HOKYMEHTHPOBAHHYIO
HENPEPBIBHYIO LETIb KaJIMOPOBOK,
KaXZasda M3 KOTOPBIX BHOCHUT BKJIad B
HEeOMpeeICHHOCTh U3MEPEHUIl”.

Ccpulka Ha  HEONPENENEHHOCTb  BO3HUKAET
HOTOMY, 4YTO COIJIaCHE MEXAY J1abopaTopusiMu

OTpaHHYEHO, B YaCTHOCTH, TEeMHU
HEOIpeEeCHHOCTIMHI, KOTOpBIE XapaKTEepPHU3YIOT
Lenb MIPOCIIEKUBAEMOCTH B KaXXI0U

nabopatopuu. lloaToMy  mpocieKkuBaeMOCTb
TECHO CBSI3aHA  C  HEOIPEAEIECHHOCTBIO.
ITpocnexrBaeMOCTb O3BOJISIET PACIIONOKHUTE BCE
CBSI3aHHBIE ~MEXJY CO0OH u3MepeHus Ha
COTJIACOBAaHHOW IIKale HW3MEpPEHHH, MpH 3STOM
HEOIpeAEEHHOCTh XapaKTepu3yeT ‘MpOYHOCTH’
3BEHBEB JTOM O MW CTCICHb OXHWIAACMOI'o
corJjiacus MEXTY nabopaTopusimMH,
BBITTOJIHAIOIIUMHA CXOJHBIC U3MEPCHUS.

3.33.B oOmem ciayyae HEONpPEAEIEHHOCTh
pe3ynbrara, KOTOPBIi SIBIISIETCSA
MPOCIE)KUBAEMBIM K OTpENeNIeHHON OCHOBE AJIs
CpaBHEHHUs,  OymeT  MPEICTaBIsITH  COOOM
HEOMPEeNICHHOCTh 9TOH OCHOBBI JJIsI CPaBHEHUS
TLTIOC HEOIpeIeICHHOCTh M3MEPEHUSI
OTHOCHUTEIBHO 3TOW OCHOBBI.

3.3.4. PykoBoacTBO EBPAXUM/CUTAK
“IIpocnexxuBaeMOCTh B XUMHUYECKUX
mmepennsix”  [H.9] Bwimensier  cruemyromue

NEUCTBUS npu
MPOCJIEKUBAEMOCTH:

YCTaHOBJICHUU

i) Omnucanue U3MepsieMOi BEIMYHHBI, 00JIaCTH
U3MepeHui U TpedyeMoii HeonpeAeTICHHOCTH

ii) BbI0Op MOIXOAIIEr0 METO/Ia OLICHUBAHYSI
3HAYEHHUS BEIMYMHEIL, T. €. METOIUKH H3MeE-
pEHUI BMECTE CO CBSI3AHHBIM C HEM
BBIYKCJICHUEM — YPaBHECHUEM — U YCJIOBUSIMU
U3MEPEHUN

iii) Jloka3aTenbCTBO MyTEM BaJIMIAINH, YTO U
BBIYUCJICHHUE, U YCIIOBUS H3MEPEHUIN
BKJIIOYAIOT BCE “BIIMSIONINAE BEJIUYHMHBI, OT
KOTOPBIX 3aBUCHUT PE3yJIbTaT UM 3HAUCHHE,
MPUITUCHIBAEMOE 3TAJIOHY

iv) OmnpenesieHue OTHOCUTEIBHON BaXKHOCTH
K01 BIUSIONICH BEIUUNHEI

v) Bsi0op u npumMeHeHue TOIXOIAINX
ATAJIOHOB CPaBHEHUS

vi) OueHNBaHUE HEOTIPEICIIEHHOCTH

OTn pedcTBUS TNOAPOOHO pPAcCMOTPEHBI B
PykoBonctee [H.9] wu 3mecs jpanee  He
00cyxmaroTcs. 3aciIyXKuBaeT BHUMAHUS, OJHAKO,
TO, YTO OOJIBIIMHCTBO JTHUX JCHCTBHI BaKHBI U
JUTSL OLICHUBAHUS HEONpPEeAEeICHHOCTH U3MEpPEHUH.
[Mocnennee Taxke TpeOyeT YCTAaHOBJICHHOW U
JOJDKHBIM 00pa3oM BaJIMAUPOBAHHON METOAWKU
U3MEPEHUN, YETKOTO ONPEIECICHUS H3MEpsAeMOi
BeNWYMHBI W WH(pOpMamuu 00 MCIOIb3yeMbIX
rpagydpOBOYHBIX  JTallOHaX  (BKJIIOYas X
HEOMPEIeJICHHOCTD ).
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KoanyecTBeHHOE OMMUCAHHE HEOIIPEACICHHOCTH

IIponecc oneHNBAHUA HeOMPeIeJIEeHHOCTH

4. Ipouecc onieHUBAHUSA HEOMPeAeJTeHHOCTH

4.1.B MpPUHLUIIE, OLIEHUBAHUE
HEOTPEeNEeNeHHOCTH He cioxHo. Crhenmyromme
naparpadpl BKpaTIle OMHCHIBAIOT T 3a/ayH,
KOTOpBIE  HEOOXOAWMO  BBHITIONHHUTH,  YTOOBI
MOJTyYUTh OLIEHKY HEOIIPEIeICHHOCTH, IPUCYIIECH
KakoMmy-Tubo  pe3ynmpTaTy  m3MepeHus. B
MOCTIEAYIONINX TIaBaxX JAFOTCS JOMOIHUTEIHHBIC
YKa3aHUA, MIPUMEHUMBIC B Pa3ITMYHBIX
CUTyalllsIX, B YAaCTHOCTH, IPH WCIIONb30BAHUU
pe3ynmbTaTOB  BHYTPH- U MEXIa00paTopHOi
BaMJallid  METONWKH, JIAHHBIX  KOHTPOJIA
KadecTBa, MPOrpaMM MPOBEPKU KBATHU(PUKAIIIN H
MIPUMEHEHUS (hopManbHBIX MIPUHIINATIOB
pacnpocTpaHeHHs HEOTPEAEIEHHOCTEH.

Jran 1. Onucanue u3mepsieMoil BeJIHYHUHBI
Yerko chopmynupyiTe, HYTO HMEHHO
U3MEpSETCS, W HaNMIINTE COOTHOLICHHE
MEXIy  HU3MeEpseMon BEIMYMHOA U
BXOZHBIMU BEJTMYMHAMHU (nanpumep,
HU3MEpPSAEMBIMU BEIMYMHAMH, KOHCTaHTaMH,
3HAYEHUSIMU 3TAJIOHOB U TPAlyHpOBKU U
m. 0.), OT KOTOPhIX OHa 3aBHCUT. Tam, Te
3TO BO3MOXXKHO, BBEOUTE IMONPAaBKH HAa
W3BECTHBIE  CHCTEMaTH4eckne  3(PQeKTsI.
Takas ommcartensHas uHMOpMAIUS OOBIYHO
MIPUBOIUTCS B COOTBETCTBYIOIIEH
CTaHAAPTHOM  ONEpallMOHHOW mpoueaype
(SOP) nnm HOM OTIMICAHWH METOIUKH.

Itan 2. BroisiBjienue HCTOYHHKOB
HeompeaeTeHHOCTH
CocraBbTe CITMCOK HCTOYHHUKOB
HeomnpeneneHHOCTH. OH OyAeT BKIIOYATh
HCTOYHUKHU, Jlarolme BKJIaJ B

HEOIPENENCHHOCTh MapaMeTpoB B  TOM
caMOM  COOTHOILIEHHH, KOTOpoe  OBLIO
YCTAaHOBJICHO Ha 3Tame 1, HO MOXeT

BKJIFOYATh u Ipyrue HCTOYHHUKHI
HEOIPEIeNICHHOCTH, Hanpumep
BO3HHKAIOIUE u3 XUMHAYECKHX
OPEANOI0KECHHM. Oo6mas npouenypa
(hopMupoBaHuUs CTPYKTYPHPOBAHHOTO

CIHMCKAa HCTOYHHKOB  HEONPEAEICHHOCTH
npeanaraercs B [Ipunoxenue D.

Jran 3. KounuyecTBeHHOe  BbIpa:KeHUe

COCTABJISIIOLIUX HeonpeaeJeHHOCTH
Omnpenenure WiIM  OLEHUTE  3HAYCHUE
HEOIPENEeNCHHOCTH, NPUCYIIEH KaKIOMY
BBISIBICHHOMY TMOTCHLUHAIBbHOMY HUCTOYHHKY.

3agacTyto, WCTIONB3YS pe3yIbTaThl
HCCIENOBAaHUI 10 BalMAalliM, JdaHHBIE
KOHTPOJIA KadecTBa U T. M., MOXHO OIIEHUTh
WIH  ONpEeNeNuTh EOWHBIA  BKJIAL B
HEOTIPeIeTICHHOCTH, CBSI3aHHBIN c
HECKOJIbKHUMU HCTOYHHUKAMH.
Hcmonp30BaHNe 3THX JaHHBIX CYMIECTBEHHO
COKpamiaer ycwius, TpeOyembie s
OIICHWBaHUSI HEONPEIEICHHOCTH, W, KpPOMe
TOrO, peaybHbIe AKCTIEPUMEHTAIIbHBIE
JTAHHBIE TIO3BOJIAIOT TIOMYYUTH HAJIeKHBIS
OIIEHKH HEOIPEEICHHOCTH. JTOT TMOIXO
omvcad B TimaBe 7. Taxke BakHO
paccMoTpeTh, B JOCTAaTOYHOW JH Mepe
UMEIOIecs JaHHbIE  yYUTHIBAIOT  BCE

HCTOYHHKH HEOTIPEeIeTICHHOCTH, u
TIIATETFHO CILIAHUPOBATH JOTIOTHUTEIHHBIS
SKCIIEPUMEHTHI Hu HCCIEI0BaHNs,
HEeOOXOIMMBIE IS obecneyeHus
aJIeKBaTHOTO  yd4eTa BCEX HCTOYHUKOB
HEOTIPEeICTICHHOCTH.

Jran 4. Brruuciaenue CYMMAapHOH

HeoNpeaeIeHHOCTH

Wudopmanus, momydeHHas Ha Jtame 3,
COCTOUT M3 Psiia KOJIMYECTBEHHO ONMCAHHBIX
BKJIAZIOB B OOLIYI0 HEOIPENEeNCHHOCTb,
CBSI3aHHBIX 1100 c OTACIBHBIMU
UCTOYHUKAMH, JUOO C  CyMMapHBIMHU
s dexkTaMn HECKOIBKUX HCTOYHHKOB. OTH
BKJIaAbl  CJENyeT BBIPa3UTh B  BHIE
CTaHIAPTHBIX OTKJIOHECHHUH U
OPOCYMMHPOBAaTh AJsl MOJyYEHHS CyMMap-
HOIl CTaHAApTHOH HEONPENEJICHHOCTH B
COOTBETCTBHU C HMCIOLIUMHUCS TMPaBUIAMH.
Hns MOJTYYCHUS pacupeHHON
HEONPEACICHHOCTH CJeIyeT MHCIO0Ib30BaTh
COOTBETCTBYIOIINH KOA((UIINEHT 0XBaTa.

Ha Pucynok 1 »TOoT mnOpomecc moxaszaH
CXEMaTHYECKH.

4.2. B nocnenyronyx riaBax IaHbl yKa3aHUs MO
BBITIOJTHEHUIO BCEX MEPEUNCIICHHBIX BBIIIE 3TAloOB
U MI0Ka3aHO, KaK MOYKHO YIPOCTHUThH MPOLEAYPY B
3aBUCUMOCTH OT Hanmuuuig UHPOPMALUU O
cyMMapHOM 3¢ deKTe psiia HCTOYHUKOB.
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

Hpouecc OLCHUBAHUSA HCONPECACJTCHHOCTH

Pucynok 1: Ilpouecc oneHUBaHUA HeonpeaeJJeHHOCTH

.

OnucaHue
M3MepsieMOr BENIMUYUHbI

dtan 1

| {
BbisiBneHue
NCTOYHMKOB

HeonpegerieHHOCTU

Otan 2

| L
- L
YnpoweHue
BCneacTeue

obbeanHeHusn
COCTaBnAKOLMX,

oxXBaTblBaeMbIX

nMverwwumnmMmnca ?aHHbIMM

OueHuBaHue
CrpynnMpoBaHHbIX
COCTaBnNAKOLWMNX

J L

OueHuBaHue
OCTaBLUUXCHA
COCTaBnAKOLWMUX

J L

Mpeobpa3oBaHue
B CTaHAApPTHbIe
HeonpepeneHHOCTH

9tan 3

-

J C

BbluncneHne cymmapHom
cTaHgapTHOM
HeonpepaeneHHOCTH

J L

MpoBepka
1, NpU Heo6xoAUMOCTH,
NOBTOPHOE OLleHUBaHue
Han6oree CyLecTBEeHHbIX

cocTaBNAOLWUNX

J L

BbluncneHue
paclmMpeHHoMn
HeonpeneneHHoCTn

dtan 4
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH 9ran 1. Onucanue I/I3MepﬂeMOI7l BCJIUYHHBI

5. 9ran 1. Onucanue usMepsieMoOu BeJHYNHBI

5.1.B KOHTEKCTE OLIEHUBaHUS
HEOMPEJACICHHOCTH  «OMHCaHWe  W3MepsAeMOoit
BEJIMYMHBI» TpeOyeT HE TOJABKO SCHOH U
OJTHO3HAYHOW (POPMYIHUPOBKH TOTO, YTO HMECHHO
HU3MEPSETCS, HO T MPEeACTaBICHUS
KOJIMYECTBECHHOTO BBIPAXKEHHUS, CBSI3BIBAIOIIETO
U3MEPSEMYI0 BEJIMYMHY C [apaMeTpamu, OT
KOTOPBIX OHA 3aBHCHUT. OJTHMH IapamMeTpaMu
MOTYT OBITh JpPYrHe H3MEpseMble BEIUYNHEI,
BEJIMYMHBI, KOTOPBIC HAMPSIMYIO HE M3MEPSIIOTCS,
WM KOHCTAaHTBEL. Bes 3Ta mHboOpMarus T0/KHA
COJCPKAThCS B OMHCAHUM METOAWKHM aHan3a
(Standard Operating Procedure - SOP).

5.2. B 60OJBIIMHCTBE aHAIUTHYECKUX HM3MEpPEHUN

Xopollee ONpeJe/ICHHe U3MEpsieMON BETMYHUHBI

JOJIKHO BKJIIOYATh!

a) KOHKPETHYIO  BEIMYHHY,  IOJAJICHKAIILYIO
U3MEPEHHI0; OOBIYHO 3TO KOHIICHTPAIHS HIIH
MaccoBasi OIS aHAJINTA;

b) aHaNM3MpYyEeMBbIit 00BEKT u, eciu
HE00X0ANMO, JIOTIOTHUTEIHHYIO
UHGOPMAITUI0 O PaCHOJIOKEHUH BHYTPH
UCHIBITYyeMOTo 00bekTa. Hanpumep, ‘cBUHEN
B KpOBM TAaIMeHTa’  yKa3blBaeT  Ha
KOHKPETHYIO Cpely BHYTPH HCIBITYEMOTO
00beKTa (MalmnenHTa);

c) ecnu  HeoOXOQUMO,  OCHOBaHHE IS
BBIYMCJICHHA BCJIMYMHBI IIPU MMPEACTABICHUN
pesynbTata.  Hampumep, Hac  MoOXer
UHTEPECOBATh KOJIMYECTBO BEILICCTBA,
IKCTPArupyeMoe npu OIpe/IeIeHHbBIX
yCIOBUAX.  MaccoByl0  JIOJI0  MOYKHO
OIIPE/CIIATh Ha CyXO€ BEIIECTBO, @ MOXKHO -
HOC/ie  yAaJeHHs OINpPEACICHHON  YacTH
HCIIBITYEMOIO Marepuaia (manpumep,
HEChEAOOHOM YaCTH ITUILH).

[MPUMEYAHUE 1
TepMuH ‘aHanuT’ yKa3bplBaeT XUMHUECKHUE
YJacTHUIIBI, HOJJICKALIHE U3MEPEHUIO;
U3MEPSIEMOI JKe BEJTMYMHON OOBIYHO SBJISCTCS
KOHIEHTpaLus WX MaccoBas JOJIs aHAJIUTA.

IMPUMEYAHUE 2

TepMuH ‘ypoBEeHb aHaIUTa  HCIOJL3YETCS B
9TOM JIOKYMEHTE [UIi YKa3aHHs 3HauyeHHS
BEJIMUMHBI, HAlpUMep KOHUEHTpPALMU WM
MaccoBOM oMM  aHanuTa. AHAJIOTHYHO
‘YypOBEHb’  HCIIONB3YEeTCS B  OTHOIICHHUH
HEKOTOPOTO ‘BelniecTna’, ‘MeIIaIoIIero
KOMITOHEeHTa  H T. [I.

[MPUMEYAHUE 3
TepMun ‘usmepsemas BenuuuHa’  Oojee
nopooHo o0cyxnaetes B [H.5].

5.3. lomkHO OBITh TaKXE YETKO YCTaHOBICHO,
BKIIIOUEHA JIM B METOJMKY cTaius mpobooTdopa
Wi HeT. Bompoc MOXHO TMOCTaBUTh Tak:
OTHOCUTCS JM  HM3MepseMas  BeIWYMHA K
UCTIBITYeMOMY  00pasly, [MOCTymalomeMy B
nabopaTopuio, WIH K€ KO BCeMY O00beMy
MaTepuana, 0T KOTOporo Obuta oToOpaHa mpooda?
O4eBHIHO, YTO HEOMPE/CICHHOCTh B 3THUX JIBYX
cutyamusix Oyaer pasnumunod. Eciam mpencrout
C/eNIaTh BBIBOJIbI B OTHOIICHHH BCEr0 00beMa, TO
MIEPBUYHBIA MPOOOOTOOP CTAHOBUTCS BaXKHBIM, U
€ro BIMSHUE YACTO TOpa3go OoJblle, UYeM
HEONPECIeHHOCTh, CBA3aHHAS C M3MEpPEHHUEM
uchbITyeMoro oOpasua B Jaboparopuu. Ecnun
orepauusi mMpobooTOOpa BKIOYEHA B METOAMKY
U3MEPEeHMI, TO HYXHO paccMarpuBaTh U
HEONPECICHHOCTh, CBSI3aHHYIO ¢ IPOO0OTOOPOM.
Ota 3agada JOCTATOYHO MOAPOOHO paccMOTpeHa
B [H.6].

5.4.B aHanuTU4YeCKUX HW3MEPEHUsIX OCOOCHHO
BAJKHO IIPOBOJIUTH pasinnuue MEXIY
U3MEPEHUSAMH, KOTOpbIE IIPEIHA3HAYEHBl IS
MOJIY4EHMsI PpEe3yJbTaTOB, HE 3aBUCALIUX OT
HCIIOJIB3YEMOI0 METOJa, U TEMHU HU3MEPEHUIMU,
KOTOpBIE HE MPEJHA3HAYEHBbI JUI TaKOM LEJu.
IlocenHue 4acTO PaccMaTPHUBAIOT B KOHTEKCTE
IMNUPUYECKUX, UTH ONEePAYUOHHO ONPeOeisemMblx
MeTon0B. HukenpuseneHHble IpUMEphl IOMOTYT
JIy4dlIe IPOSICHUTD ATY CUTYALHMIO.

[MPUMEPbDI:

1. OO6bluHO mpearnonaraeTcs, 4YTO pas3HbIE
METOJBI OMNpEICICHUS CONCpPKAaHHUs HHUKENI B
KakoM-JIM0O  cIulaBe  JAlOT  OJMHAKOBBIM
pe3ysibTaT,  BBIpAXAEMBIH, HampuUMep, B
€AMHULAX MacCOBOM WM MOJISIpHOM nonu. B
MIpUHIHIE, 000 cucTeMatmdeckuil ek,
00YCIJIOBIICHHBIM CaMHM METOJIOM aHaIN3a HIIH
MaTpuied  TpoOBl, MOXET HOTpeOOBaTh
BHECEHHS IIONPABKH, XOTS Oo0Jiee NMPHUBBIYHO —
obecrieueHne  HE3HAYUTENBHOCTH  TaKOTO
a¢dekra. PesymbraThl 3TOTO aHaNIHM3a OOBITHO
He TpeOyIOT CCBUIKM Ha HCIOJIb30BAHHBIA
METOJ, pa3Be 4YTO TOJBKO UIA HH(pOpManuH.
Takue MeTonpl HE OTHOCATCS K KaTerOpHH
OMIUPUIECKHX.

2. PasnuuHble omnpenenacHus “dIKCTparupyeMoro
KHUpa” MOTYT 3HAYUTENILHO Pa3INIaThCs MEXKIY
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c000¥ B 3aBUCHMOCTH OT YCJIOBHI 3KCTPAKIIUH.
[Tockonbky omnpezensaemas BEJINYMHA
“IKCTparupyeMblii KUp” IEIUKOM 3aBUCHUT OT
BBIOOpA YCIIOBHIA MTPOBEICHHS aHAIN3a, TAHHBIH
METOJ SIBISIETCS dmnupuieckum. B 3Tom ciryuae
HET CMbICIIa paccMaTpuBaTh MONPABKY Ha
CMEILIEHHEe, TMpUCYIIEe METOAY, IOCKOJIbKY
u3MepsieMas BeJIMYMHA OIpeJeNsieTcs] CaMuM
MeTonoM aHanu3a. llomydaemble pe3ysbTaThl
OOBIYHO TIPEACTABIIAIOT CO CCBUIKOW Ha
HWCIIOJB30BAaHHBIM METOH, M TaKOM METOJ
CUUTAIOT SMIUPUIECKUM.

3. B Tex cnydasx, Korja H3MEHEHHS B
cyOcTpare WM Marpule Mpod OKa3bIBalOT
Gomplioe W HENpeJICKa3yeMoe  BIHMSHUE,
METOIUKa 4acTo paspabaTbIBaeTCs c
€/IMHCTBEHHOI LEJbIO - JOCTHYb
COINOCTaBUMOCTH pe3yJbTaToB MEXIY
JTa00paTOPUAMH, aHAIM3UPYIOLIMMHU CXOJHBIC
npoObl.  Takas MeToAMKa MOXET  OBITh
yTBEpXKICHA B Ka4yecTBe MECTHOTO,
HallMOHAJILHOTO W MEXIYHAPOTHOTO
CTaH/apTa, Ha OCHOBE KOTOPOTO NMPHHUMAIOTCS
pelIeHUss B TOProOBIE WM JPYrHX OO0JaCTsX,
KOI/la HE CTaBUTCS 3ajaya MOJYyYEHUS! OLCHKU

HCTUHHOIO  COACPXKAHUA  OIPEIEIIEMOrO
koMIoHeHTa. IlompaBkamu Ha cMelleHHE
METOAa WJIN BIIMAHUE MATPUIILI HpGHGGpeFaIOT
[0 COINAIleHHI0 (HE3aBUCHUMO OT  TOTO,
MHWHUMU3UPOBAHBL OHHU nIn HCT npu
pa3paboTke METOAMKH). Pesynpratel
MpeACTaBISIOT Oe3 BBEJCHUS MONpaBoK. Takoii
METOJI aHAJIN3a CYUTAOT SMIUPUUECKUM.

5.5. Paznmuune  Mexay — SMIHUPUYECKUMU U
HEOMIIUPUYECKUMH  MeToJamu  (TociieiHne
WHOTJa HAa3bIBAIOT  PAYUOHATbHBIMU) — BAaXKHO
NOTOMY, YTO OHO BJIHMACT Ha OLICHHUBAHUE
HEONPEACNCHHOCTH. TakK, B BBILICTIPUBEICHHBIX
npuMepax 2 u 3, B CHIIy NIPUHSATHIX COTJIAIIEHUH,
HEONPECICHHOCTH, CBSI3aHHBIE C HEKOTOPBIMHU
JOCTarouHo  Oonpmumu  3ddexTamu, — HE
NpUHUMAIOTCS BO BHHMMaHwe. HeoOxomumo,
COOTBETCTBCHHO, OOCYIUTh, 3aBHCAT WJIH HE
3aBUCAT noJry4aeMbie pe3yabTaThl oT
UCIOJB3yeMOr0  MeToJla, M B  OICHKY
HEOIPeIeTICHHOCTH CJIEAyeT BKII0YATh TOJIBKO T
3¢ }eKTh, KOTOphIE HMEIOT OTHOIICHHE K
COO0O0IaeMBbIM PE3yJIbTaTaM.
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Jtan 2. BoisgBJieHMEe UCTOYHHKOB

6. Jran 2. BoisiBjIeHHe HCTOYHUKOB HEOIpeIe/IeHHOCTH

6.1. [Ipexxne Bcero, cieayeT COCTaBUTh MOJHBIN
CIITMCOK BO3MOKHBIX HCTOYHUKOB
HeomnpezaeneHHocTH. Ha 3ToM  3Tame  Her
H€06XOI[I/IMOCTI/I YUUTBIBATH  KOJMYECTBCHHBIC
ACIIeKTHI; LIENBI0 SBISETCS TOJNBKO OOecredyeHue
MOJHOM SICHOCTH B OTHOIICHHUU TOro, YT0O UMCHHO
MOJUICKHUT paccMOTpeHu0. Hawmywmmii croco6
JIeUCTBUM TIpH HUCClIeJOBaHUU KaXXJ10ro
HCTOYHMKA Oy/IeT pacCMOTpEH Ha dTare 3.

6.2.Ilpu cocraBleHWH CIOHCKA HCTOYHHUKOB
HEOMpPEeNICHHOCTH OOBIYHO YIOOHO HadaTh C
OCHOBHOTO BBIPQKEHHS, HCIOJIb3YEMOro IS
BBIUMCJICHHUS pe3yjbTaTa U3 IPOMEKYTOUYHBIX
BenuunMH. Bce mapaMeTpbl B 3TOM BBhIpaKCHHU
MOTYT WUMETh CBOM HEOINPEACICHHOCTH, U YXKe
MO3TOMY OHH  SIBJISIIOTCS  HOTEHI[MAIbHBIMU
HMCTOYHUKAMU HeompeneneHHocT. Kpome Ttoro,
MOTYT OBITh JpPYTHE IapaMeTphbl, KOTOpPHIC B
SBHOM BHUJEC HE BXOIIT B  BBIPAKEHUE,
WCIIONIb3yeMOe  JUI  HAXOXKJCHUS  3HAYCHUS
M3MEPSIEMON BEJIUYMHBI, HO KOTOpbIC, TEM HE
MEHee, BIMSIOT Ha Pe3yibTar (Hampumep, BpeMs
AKCTPAKIMK WM TeMIieparypa). Moryt ObITh
TaKXXe CKPBITHIC MCTOYHUKH HEOMPEICICHHOCTH.
Bce 3TM MCTOYHUKK JTOJIKHBI ObITH BKJIFOYCHBI B

CITHCOK. JlononHuTeNnbHAs HHpOpMAITHS
MpHUBeIeHa B [Ipunoxenue C
(Heompenenennoctu B AHATTUTHYECKUX
npoiieccax).

6.3. OueHb yHOOHBIM CHOCOOOM MEpPEUHCICHUS
HCTOYHUKOB HEOIPEACICHHOCTH, KOTOpBIﬁ
IIOKA3bIBAE€T, KAK OHU CBS3aHBLI APYT C APYIOM H
KaK BJHSIOT Ha HEONPEIEICHHOCTh KOHEYHOTO
pe3yibTaTta, SBISIETCS IOCTPOCHHE JAuarpamm
“mpuuMHa —  CJIEACTBHE’, OMNHCAHHBIX B
npuioxkenun D. Kpome Toro, 3to momoraer
n30exarb TyOnMpoBaHUA MPHU ydeTe UCTOYHHKOB
HEOMPEIEeNICHHOCTH. XOTS CIUCOK HMCTOYHHUKOB
HEOMPEeICHHOCTH MOYXKHO COCTaBHUTh U APYTHMH
crocobaMy, MOCTPOEHUE AuarpaMM “mpuyuHa —
CIIEICTBUE” TIOCIENOBATEIbHO HCIOJIb3yeTCd B
MOCJEIYIONMX TJaBaX U BO BCEX IMpHMEpax B
npuioxkeHun A. JlomonHutenbHas vHpOpMAaLUs
o J3THUM BOIIpOCaAaM [OaHa B IIPUIOKCHHUHU D
(AHanM3 UICTOYHUKOB HEOTIPEICTICHHOCTH).

6.4.Ilocnte TOro Kak COCTaBJIEH CIIHCOK
HNCTOYHUKOB HCOHpC}ICHeHHOCTI/I, X BJIUAHHUC HaA
pe3ysibTaT MOXHO MPEICTaBUTh (POPMAIIbHOM
MOJEIbI0 M3MEPEHHs, B KOTOPOH KaxkIoe
BJIIUAHHUC CBA3AaHO C HCKOTOpBIM HapaMCTpOM NN

IIEPEMEHHON B ypaBHEHuHU. Takoe ypaBHEHHE
o0pa3yeT TOJHYI0 MOJENb HW3MEPUTEIHHOTO
nporiecca, BBIPRKEHHYIO B TEPMHHAX
WHIWBUAYaTbHBIX (aKTOPOB, BIMAIONIMX Ha
pe3yibrar. Ota (QyHKIMS MOXKET OBITh OYCHBb
CIIOKHOW, W €€ 4YacTo JaXe HEBO3MOXKHO
3amucarh B SBHOM Buae. OQHAKO Tam, TAE 3TO
BO3MOXKHO, 3TO CIIEAYET AeaTh, TOCKOIbKY TaKas
(hopMa BeIpaxkeHHs OyIeT ONPEICNIATh B OOIIEM
cilydae crnoco0 CyMMHPOBAHHS HHIMBHIYATbHBIX
COCTABIISIOLIMX HEOTPEICICHHOCTH.

6.5. Kpome TOro, MOXET OKa3aThCs IOJIEC3HBIM
paccMOTpEeHUE METOJUKM H3MEpPEHH B BUIE
MOCJICIOBATSIBHOCTH ~ OTJACIBHBIX  OIEparui
(MHOTIa HA3BIBAEMBIX COUHUYHBIMU ONEPAYUAMUL),
KOKIYI0 U3 KOTOPBIX MOKHO OLICHUTH OTACIBHO C
NOJTy4eHUEM COOTBETCTBYIOIICH OIICHKH
HEONPEACNCHHOCTH. JTO O0COOEHHO MOJIE3HBIN
MOJIXO0J B TOM Cily4ae, KOIJa OJHOTHITHBIC
METOAUKU PI3MCpCHPII71 BKIIIOUAKOT OJHHU U TC KE
CAUHUYHBIC Oorcpamnuu. OTZ[CHBHI)IC
HEONpeAeTICHHOCTH KaKI0U oreparuu
COCTAaBISIIOT ~ TOTZA@a  BKIaAbl B OONIYIO
HEOMpPECICHHOCTb.

6.6. Ha  mpakthke 0OojJee  TpPUBBIYHO B

AHATITUYECKUX H3MEPEHUSX — PacCMOTPEHHE
HEOIPEICICHHOCTEH, CBS3aHHBIX C AJIEMCHTaMHU
o01eit 3¢ (HEeKTUBHOCTH, TaKHUMHU KaK

HaOrofaeMasi MPENHU3NOHHOCTE W CMELICHHE
OTHOCHUTCIIbHO noaAXOo A X CTaHAapPTHBIX
00pa3ioB. DTHU COCTaBJSIONIME OOBIYHO JAOT
npeobiagaromnye BKJIAJIBI B OIICHKY
HEONpEeAeTICHHOCTH u Jydiie BCETO
MOJIENUPYIOTCS. B BHJE OTACIBHBIX 3(PQEKTOB,
BIMSIOIIAX Ha pe3ynbrar. B TakoM ciydae
APYyrue€ BO3MOKHBIC BKJIabl HYKHO OLCHHBATH
TOJIBKO JJIsA IIPOBECPKU ux 3HA4YMMOCTH,
oTpeJiesisisi KOJIMYECTBEHHO TOJNBKO T€ M3 HHX,
KOTOpEIE OKa3bIBAIOTCS 3HAYUMBIMH.
JanpHeillune yka3zaHWs, KacarllIUEeCs 3TOro
noaxonaa, KOTOpBIﬁ MPUMCHACTCA, B YaCTHOCTH,
IIpyu HUCHOJIb30BAHWH JAaHHBIX TII0 BaJIWJalluA
METOJMKH, TaHbl B pazaene 7.2.1.

6.7. Tunu4Hple WUCTOYHHUKH HEONPEIeIEHHOCTH
TaKOBBI:

e [IpoGooTdop

B TeX CIIyJasx, Korja orepanuu
npo000TOOpa, BHITIONHSAEMbIE B 1TAOOpaTOPHU

QUAM:2012.P1-RU

Ctp. 17



KoaunuyecTBeHHOE OMUCAHHE HECONMPEACTCHHOCTH

Jtan 2. BoisgBJieHMEe UCTOYHHKOB

WIN HEMOCPEICTBEHHO Ha OOBEKTE aHalu3a,
SIBIISTIOTCS YacThIO0 aHATUTHIECKON METOTUKH,
Takue IPQPEKThl, KaKk ClIydaidHble pazIrHdus
MEXIy MpodaMu H JIO0bIE BO3MOKHOCTH IS

MOSIBJICHUSI CMEIICHUSI  (CHCTEeMaTHYECKOM
MOTPEIIHOCTH) B Mpoueaype mpodooToopa,
dhopMupyIoT COCTABJISIFOIITHE

HCOIMPEACICHHOCTU KOHCYHOT' O pE3yJjibTaTa.

e VYcnoBHA XpaHEHUS

Korga ananmusupyembie TpoOBI XpaHSTCS B
TEYeHHE KAKOro-TO IepuoJia BPEMEHH [0
BBHITIOJIHEHHSI aHaN3a, YCJOBUS XpaHCHHS

MOTYyT BIMATH Ha pesynbrar. Ilostomy
IPOJIOJKUTEIILHOCTh  XPAaHEHUS, a TaKkKe
yCIJIOBHS XPaHEHHUS JIOJIKHBI
paccMaTpuBaThCs Kak HUCTOYHHUKHU
HEONPEIEICHHOCTH.

o Amnnaparypubie 3O heEKTE

3TtH 3PPeKTHl MOTYT BKIIOYATh, HAIpPHMED,
npenensl TOYHOCTH AHATUTUYECKUX BECOB;
HaJIMYME PETYISITOpa TEMIIEPAaTyphl, KOTOPBIH
MOXKET MOJI/ICP)KUBATh CPEIHION0
TeMIeparypy, OTIUYaronytocs (B 3aJaHHBIX
npenenax) OT PETHCTPUPYEMOH; aBTOMAaTH-
YecKHid aHaIu3aTop, KOTOPBIH MOXKET OBITh
noJBep>keH 3¢ (hekTaM mepeHoca OT Mpoobl K
mpo0e.

e YycroTa peaKTUBOB

Jaxke ecnmu HMCXOIHBIM PEakTHB IPOBEPEH,
KOHIIGHTpAIMs pacTBOpa Uil TUTPOBAHUS HE
MOXET OBITh YCTaHOBJICHa C aOCONIOTHOM
TOYHOCTBIO, MTOCKOJIBKY OCTaeTcsi HeKoTopas
HEOMPEeeNICHHOCTh, CBSI3aHHAS C METOJIUKOH
3TOM MNpOBEpKU. MHOTrME pEaKTUBbI, Ha-
npUMep, OpraHW4YecKHe KpacuTelH, He
sBisAoTcd 4yucTeiMu Ha 100 % wu Moryt
coJepKaTh HW30MEPHl W HEOpraHWYEeCKHe
comu. Yuctora TaKMX BEHIECTB OOBIYHO
yKa3blBaeTC M3TOTOBHUTEIIEM KaK He MeHee
TaKOro-To ypoBHs. Jt0Oble MpennonoxeHus,
Kacalolluecsi CTENeHW YHCTOTBI, BHOCST
AIIEMEHT HEOTPEICTICHHOCTH.

e [IpenmosnaraeMasi CTEXHOMETPUSI

B Tex cimydasx, korza HpearnojaraceTcs, 4ro
AQHAIUTUYECKUM  NPOLECC  IOMYUHAETCS
OlpeneIeHHON CTEXUOMETPUH, MOXET
0Ka3aTbcsi HEOOXOJMMBIM YUECTh OTKIIOHEHHE
OT OXUAACMOU CTEXUOMETPUH, HEIOJIHOTY
peakuuy Uiu No00YHbIE pEeaKIINU.

YcaoBusg nsmMepeHun

Mepnas CTEKJISHHAas rnocyja MOKET
MPUMEHSTELCS, HAIIPUMED, MPU TeMIEpaType,
OTJIMYAIOLIEHCS OT TOW, MPU KOTOpPOM OHa
ObL1a OoTKauOpoBaHa. Bbonpime
TemreparypHble 3(Q(eKThl JOKHBI  OBITH
yYTEHBl BBEJIEHHEM IIONPaBOK, OJHAKO WU B
3TOM ciydae J00as HeoIpeneIeHHOCTh B
3HAYeHMSX TEMIEPaTyphl )KUJKOCTH U CTEKJIa
MOJUIEKUT ~ PACCMOTPEHHUIO.  AHAJIOTMYHO
MOXXET  HMEeTh  3HauyeHHe  BJIAXKHOCTh
OKpY’KaIoIlIero BO3/yXa, €CIH MpUMEHseMbIe
MaTepHallbl YyBCTBUTEIIBHBI K €€ BO3ZMOKHBIM
M3MEHEHUSIM.

Biansaue npoOsl

CocTaB CII0OKHOM MaTPHIIBI MOYKET OKa3bIBaTh
BIUSHHEC Ha W3BJICYCHHE OIPEACIICMOro
KOMIIOHGHTAa WJIM Ha OTKJIHK TIpudopa.
UyBCTBUTEIBLHOCTE K (QOpPME HAXOKICHHS
OTIPEJICNIIEMOT0  KOMIIOHEHTa MOJKET elle
0oJIbIIIe YCUITUTE 3TO BIUSHUE.

CrabuipHOCTh MPOOBI WM  OIpPEAesieEMOro
KOMIIOHEHTa MOXKET M3MEHSThCS B Ipoliecce
aHaJIM3a U3-32 U3MEHEHUs TEeIIOBOrO pekuMa
wim poToauTuyeckoro 3dhdekra.

Koma JJIs1  OLCHKH CTCIICHUW HW3BJIICUCHUA

HCTIONIB3YETCS HEKOTOpas ‘U3BECTHAs
mobaBka’, (hakTHueCKUi BBIXOJI
OTMPENIENIIEMOT0  KOMIIOHEHTA W3  TPOOBI

MOXET OTJIMYATBCA OT CTCIICHH H3BJICUCHUA
ILO6aBKI/I, 4YTO BHOCHUT JOIOJHHUTCIBHYIO
HCOIMPECACICHHOCTb, KOTOPYIO TAaKKC HYKHO
OLCHHUTD.

Borancanrenpuble 3G eKThI

Bri6op HETIOAXOAAIIEN MOJIEJIN npu
IrpafgyupoBKe, Hanpumep, HUCIOJIb30BAHUE
JIMHEHHON TI'paJyUpOBKHU IIPU HEJIUHEHHOCTH
OTKJIMKA, MPUBOAMUT K XYAIICH MOATOHKE U
OorbIIei HEOPEEICHHOCTH.

OtOpaceiBanue HU(PpP U OKPYIIICHUE MOXKET

HpI/IBOZ[I/ITB K HCTOYHOCTHU KOHCYHOI'O
pe3yabrata. IIockoyIBKY 3TH  CcHTyaluu
TPYAHO TMpeICcKa3aTh 3apaHee, MOXET ObITh
orpaBjaH JIOITYCK Ha HEKOTOPYIO
HEOMPEIETICHHOCTD.

ITompaBKa Ha XOJOCTYIO IPOOY

Bceerna AMEET MECTO HEKOTOpas

HEONPEICICHHOCTh 3HAYCHUS TOMPaBKU Ha
XOJIOCTYIO TMpOoOY, paBHO Kak U COMHEHHUE B
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Jtan 2. BoisgBJieHMEe UCTOYHHKOB

HEOOXOJUMOCTH  3TOHW  MOMNPaBKH.  ITO
0COOEHHO Ba)KHO IMIPH aHAIIM3E CIIEOB.

e Biusnue omeparopa
BO3MO)KHOCTI> peFI/ICTpaHI/II/I 3aHUKCHHBIX

WM 3aBBIIICHHBIX ITOKa3aHUHU HU3MCPUTCIIb-

HBIX IPUOOPOB.

B03MOXHOCT, HE3HAUUTEIBHBIX pa3an1/H71 B

HUHTCPIPETAIUN MCTOANKU.

Cavyuyaiinble 3G dEKThI

Cayuaiinple  3¢pQeKTsl BHOCST BKJIaJ B
HEONPEACNCHHOCTh  BCEX  AHAIUTHYECKUX
ompeAeneHul.  OTOT  MyHKT  ClexyeT
BKIIIOYaTh B [€peYeHb  HCTOYHHKOB
HEONpPEJCNCHHOCTH  Kak  caMo  co0oif
pasyMeroluiics.

[MPUMEYAHUE

Yka3zaHHBIE HCTOYHUKHU HCONPECACICHHOCTH
HE00A3aTeNLHO ABISIOTCS HE3aBUCHMBIMH.
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KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

Jrtan 3. KosimuecTBeHHOE BbIpaskeHHe

7. Aran 3. KosinyecTBeHHOE BhIPAaKEeHUE HeOoNPeaeIeHHOCTH

7.1. BBenenme

7.1.1. Kax ymommHanoce Ha atame 2 (riaBa 6),
CJICAYIOIINH IIar Mocje BBISABICHUS WCTOYHUKOB
HEOMNPECICHHOCTH COCTOUT B KOJHYECTBEHHOM
BBIPQKCHUHM HEOTPEACICHHOCTH, BO3HUKAIOIICH
OT 3THX UCTOYHHKOB. DTO MOXET OBITh C/ICIaHO
MyTEM:

e  OLIEHUBaHUSI HEOTIPeIeTICHHOCTH,
BO3HHMKAIOWIEH OT KaXJOro OTAEILHOIO
WCTOYHHKA, U TIOCIEIYIOIEro CyMMHUPOBAHU
COCTAaBIAIOIIMX, KaK OIIMCAaHO B TIJjaBe §.

[Ipumepst Al-A3 WUTIOCTPUPYIOT
MPUMEHEHHUE 3TOT0 MOAX0A.

unu

®  HENOCPEICTBEHHOTO oIpeeNICHUs

CYMMAapHOI'O BKJIala B HEONPEIEIEHHOCTh OT
HEKOTOPBIX MM BCEX OSTHX HCTOYHUKOB C
WCTIONB30BaHUEM JaHHBIX 00 3((eKTHBHOCTH
MeTogukn B 1enoMm. [lpumepsr  A4-A6
JEMOHCTPHUPYIOT IPUMEHEHHE 3TOr0 MOAXO0a.

Ha mpakTtuke npezacrapiseTcs 1enecooOpa3sHon u
yIOOHOH KOMOWHAITHS STUX ABYX CIIOCOOOB.

7.1.2. Kakoii ©Obl U3 3TUX TMOAXOIOB HH
WCTIONB30BANICA, OONBIIMHCTBO  WH(OpPMAITUH,
HEO0X0IUMOM Ui OLICHUBAHUS
HEOIPEIEeNICHHOCTH, BEPOSATHO, YK€ HMMeeTcs B
PaclopsDKEHUHU: B pe3yibTaTax BalUAAlMOHHBIX
UCCIICIOBAaHUN, B JAHHBIX IO OOECHEUEHHIO U
KOHTPOJIIO KayecTBa u OpyTHX
9KCHEPUMEHTAIBHBIX CBUAETENBCTBAX, KOTOPBIE
ObUIM TOJIyYeHBI NPH HPOBEPKE XapaKTEPUCTHK
sddexktuBHOCTH. J[laHHBIE, HEOOXOAWMBIE IS
OLIEHMBAHUSI  HEONpPEIENCHHOCTH  OT  BCEX
BBISIBICHHBIX ~ MCTOYHHMKOB, MOTYT, OJHAKO,
OTCYTCTBOBaTb, M IIOTOMY MOXET OKa3aThCs
HEOOXOIUMBIM MPOBENEHHE JOMOJIHUTEIbHBIX
UCCIICIOBAaHUH, KaK 3TO ONHMCAaHO B pa3aeax
7.11.—7.15.

7.2. Ilpoueaypa oueHMBAHHUS
HeolpeaeJeHHOCTH

7.2.1. [Ipouenypa, HCIIONb3yeMast JUTSt
OLIEHMBAHUS OOILIEH HEONpPeneNeHHOCTH, 3aBUCUT
OT H&IMYMSA JAHHBIX O XapaKTepUCTHUKax
3¢ (HeKTUBHOCTH METOIWKH B IelIoM. B obmem
cilyyae, IpPOLECC  OLCHUBAHUA  BKJIIOYAET
HIDKECIEIYIOLIEe.

e Conocrasienue Tpedyemoii uHpopMauuu
¢ MMEIIUMUCH JAHHBIMHU

[lepBbIM OEIOM HYXHO NPOBEPHUTH CIIMCOK
HCTOYHUKOB  HEONPEAEICHHOCTH,  YTOOBI
IIOCMOTPETh, KaKUE U3 HUX YK€ OTPaKECHBI B
HMCIOIUXCSI B PACHOPSDKEHUH NAHHBIX (Kak
pes3ynbTaT HETIOCPEACTBEHHOTO
UCCIICIOBAaHMSL  KaKOro-1mbo KOHKPETHOTO
BKJIaZa WM JK€ BCIEICTBUE HESBHOTO
BapbUPOBaHUA B XOJ€ OSKCIECPUMEHTOB IIO
UCCIICIOBAHMIO METOIOMKH B IEJIOM). OTH
HCTOYHHUKHU CIEIYeT CBEPUTH CO CIIHCKOM,
MOJTOTOBJICHHBIM HA 3Tame 2, U Mbl JOJKHBI
NEPEYNCIINTh BCE OCTABIIMECS MCTOYHHMKH U
3aukcupoBaTh, Kakue HMMEHHO BKJIAABI B
HEONPEACICHHOCTh YK€ yUTCHBI.

e IlnanupoBaHue IS
HONOJHHUTEIbHBIX JAHHBIX

MOJIy4YeHUst

Jns Tex HCTOYHHKOB HEONPEAEICHHOCTH,
KOTOpbIE HE OTPa)KEHBI WIH HEJOCTaTOYHO
MOJTHO OTPaXEHbl B HMMEIONIMXCS JaHHBIX,
HY)KHO WA TIOMCKAaTh JOMOJHHUTEIBHYIO
MHQOPMAIMIO B JIUTEpaType, TEXHUUECKOU
JOKyMeHTaluu (cepTH(UKATBI, TEXHUYECKUE
yCIOBHSI # Op.), WIH K€ 3aIUIaHUPOBATh
IKCIEPUMEHTHI TUIs MOJTY4YeHUS
HEOOXOAUMBIX JaHHBIX. OTO MOTYT OBITh
CHelUaNbHBIE HCCIIEJOBaHUS KaKOTO-THOO
OJTHOTO BKJaJa B HEONPEICIIEHHOCTh WIIN
OOBIYHBIE ~ HWCCIIEIOBAHUSI  XapaKTEPHCTUK
3¢ hekTHBHOCTH, obecrneunBaronme
npeACTaBUTEIbHOE BapbUPOBaHHE
HUHTEPECYIOIUX HaC (haKTOPOB.

7.2.2. BaxxHo ToHMMAaTh, YTO HE BCE U3
COCTABJSIIONIUX JaAyT 3HAUYMMBI BKJIAad B
CYMMAapHYIO HEONIPEAEIEHHOCTh. JIeHCTBUTENBHO,
Ha TIPAKTUKE TOJBKO HEOONBIIOE  HYHCIIO
COCTABJISIIOIIUX HWrpaeT poib. Ecam dwucmo
COCTABJISIFOIIUX HEBEJIMKO, TO T€ U3 HUX, KOTOPHIE
II0 CBOEH BEJIIMYMHE MEHBIIE OJAHON TPETH CaMOM
OOJBIIONM  COCTAaBIIAIONICH, MOXHO  BOOOIIE
UCKIIIOUUTh W3 paccMoTpenus. HyxHO chenaTth
MpEeABAPUTEIFHYIO  OIEHKY BKJIaJa  KaKIOM
COCTABJISIIOIIEH WM CyMMBI  HECKOJBKUX
COCTABJISIIOIIUX, M TEMH BKJIaJaMH, KOTOpHIE
OKa3aJIiCh HE3HAYMMBI, MOXHO TIpeHeOpeYb.

7.2.3. B cnenyronux pasjenax JArOTCs yKa3aHHs
[0 NIpoLEeAype OLEHUBAaHUA B 3aBUCUMOCTH OT
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AMEIOITUXCS JTAHHBIX u HEOO0XOMMOK
JIOTIOJTHUTENIbHOM mH(popManuu. B pasnene 7.3.
MPEICTABICHbI  YCIOBHUSA JUISl  MCIIOJIB30BAaHUS
JAHHBIX TPE/IICCTBYIOIINX SKCIICPUMEHTAIBHBIX
WCCIICIOBAHMMA, BKIIOYAs JaHHBIC 110 BaJIHJIAIUH.
B pasmene 7.4. Bkpatiie 00CYXIaeTCsi METOJIMKA
OIICHUBAaHUS  HUCXOAS  HUCKJIIOYUTEIBHO U3
WHAMBHTY AJIbHBIX HUCTOYHHKOB
HEONPEICTICHHOCTH. 310 MOXKET OBITh
HEOOXOJUMBIM JIJII BCEX WM e IS OYCHb
MajJoro 4YHCJIa BBISBJICHHBIX MCTOYHUKOB B
3aBHCHMOCTH OT HMEIOLICHCS WHpOpMaIK, U
3TOT BOIPOC pPacCMATPUBACTCS TaKKe M B
nocienyomux pasaenax. B pasmenmax 7.5.-7.10.
OINMCHIBACTCS OLCHUBAaHHE HEONPEACICHHOCTH
MpU pa3iINYHBIX OOCTOATENbCTBAaX. Tak, paszen
7.5. OTHOCUTCA K TPUMEHEHUIO a/I€KBAaTHBIX
CTaHJAPTHBIX 00pPa3IoB; pa3aen 7.6. OXBaThIBaCT
WCIIOJIb30BAaHUE  JAHHBIX  MEXKIJIA00PaTOPHBIX
HCclIeqoBaHuM, 7.7. — HCHONL30BaHHUE TaHHBIX
BHYTPHJIa00OpAaTOPHON BaUAALMN METOAUKH; 7.9.
OIMCHIBAET OCOOBIE COOOpa)KEHHS, CBS3AHHBIE C
SAMITUPUYECKUMU MeTonamu, 7.10. oTHOCHUTCS K
merogukaM ad hoc. MeTonsl KOJIMYECTBEHHOIO

BbIpaXCHUA OTACJIBHBIX COCTaBJIAOIINX
HEOTPEICICHHOCTH, BKJTIOUast
OKCIICPUMCHTAJIbHBIC HCCICOOBaHMs,
JOKYMCHTAJIbHBIC u apyrue JaHHBIC,
MOJICTTUPOBaHUE " npodeccroHanbHOe

CyXkIeHue, Ooiee [AeTAIbHO OCBEUICHBI B
pasmenax 7.11.— 7.15. Pazmen 7.16. mocesineH
TPaKTOBKE M3BECTHOTO CMEIICHUS npu
OIICHUBAaHUU HEONPEICIICHHOCTH.

7.3. IIpuMeHUMOCTH
npeaBapUTeIbHBIX HCCIET0BAHUMT

7.3.1.B TeX CIIyJasx, KOrjaa OLIEHKHU
HEOMPEICICHHOCTH OCHOBBIBAIOTCS, XOTS OBl
YaCTHYHO, Ha TPEIICCTBYIOIINUX HCCIICIOBAHUIX
3¢ (HEeKTUBHOCTH METOIMKH, HE00X0IUMO
MOKa3aTh CIPaBE]TMBOCTh MIPUMEHEHUS
pe3yibTaTOB MPEXHUX HccienoBaHuil. OOBIYHO
3TO TpeOyeT:

® JIEMOHCTpAallMM TOrO, YTO JOCTUraeMas
MPEeU3UOHHOCTh CpaBHUMA C TOM, 4TO OblLia
[IOJIy4€Ha paHee;

® JICMOHCTpAllMd TOrO, YTO HCIOJb30BaHHUE
MOJIyUYECHHBIX PaHEe JAHHBIX IO CMEIICHHUIO
000CHOBaHHO, HAIIPUMEP, MyTeM PUMEHEHUSI
MOAXOMSAIINX CTAaHAAPTHBIX O00pas3IoB (CM.
PykoBoacteo HMCO 33 [H.12]), wm c
MOMOIIbI0 COOTBETCTBYIOIINX HCCIICAOBAHUIN
c BBEJICHHUEM 00aBOK, 1503051 npu
YIOBJICTBOPUTEIBHBIX pe3yibTaTax,

MIOJIy4EHHBIX B  IIporpammax  IIPOBEPKH
KBaHM(UKALMK WIH  JAPYTHX  B3aUMHBIX
CIIMYEHHUSX;

e  JIEMOHCTpAIMH TOTO, YTO MPOIECC OCTAETCS B
paMKax CTaTUCTHYECKOTO KOHTPOJIS, YTO
MOJTBEP)KIaeTcs  pe3yibTaTaMH  aHalu3a
KOHTPOJIBHBIX MPO0 ¥ peanu3anued 3¢dek-
TUBHBIX Mep M0 00eCIeYeHHI0 KauecTRa.

7.3.2. Tam, rae 3T YyCIOBHS BBIIOJHAIOTCA U
METO/IMKAa TPUMEHSETCS 10 HA3HAUYCHHIO U B
3aJaHHOM  O0JIacTH  TNPUMEHEHHUs,  BIIOJIHE
JOITyCTHMO WCTIOJB30BaTh JaHHBIC
OpPEAMIECTBYIOINX  HCCIENOBaHUN  (BKIIOUYAs
WCCIICIOBAHUS 110 BAIMAALMHU) JAJSl OLICHUBAHUS
HEOIPeeICHHOCTH B JaHHOU J1Tab0opaTopHu.

7.4. OueHuBaHMe HEONPEACTCHHOCTH
10 OTAEJIbHBIM COCTABJISIOIIUM

7.4.1. B HeKoTOphIX cllyyasix, OCOOEHHO Korja
JaHHbIE MO XapaKTepUCTHUKaM 3(PPEKTUBHOCTH
OTpaHWYEHBbl WM  OTCYTCTBYIOT, HaumbOoiee
MNOJXOMSIINM MOKET OBITh OLIEHHMBAHWE KaXKIOH
COCTaBJIAIOLIEH HEOIpPeIeICHHOCTH o
OTAENbHOCTH.

7.4.2. OOwmmii MeToA, WUCIOIB3YeMbIH TIpHU
CYMMHPOBaHUN OTACJIBbHBIX COCTaBJIAIONIHNX,
COCTOUT B yCTaHOBJICHUH nogpoOHoN
KOJINUECTBCHHOW  MOJAENH  aHAJTUTUYEeCKOTO
nporecca (cM. THaBbl 5. U 6., 0OCOOCHHO pa3aen
6.4.), olleHKEe CTaHIapTHHIX HEOIPEACIICHHOCTEH,
CBA3aHHbBIX C BXOJHBIMH napamMeTpamMu, u
CYMMHPOBaHUH UX, KaK 3TO OMMCAHO B IJ1aBe 8.

7.4.3. 1o cooOpakeHUsAM ya00CTBA H3JIOKCHUS
noapoOHBle  yKa3aHWs [0  OLCHHUBAaHHIO
OTJENBHBIX COCTABIISIONINX HEOMPEICIIEHHOCTH C
IMPUMCHCHUCM OKCIICPUMCHTAJIbHBIX W APYTHUX
METOJ0B JaHbl B pazaenax 7.11.- 7.15. IIpumepst
Al1-A3 B mpunoxkeHun A WUTIOCTPUPYIOT 3TOT
nogxon B geramax. Llupokoe obOocHOBaHME
NPUMEHEHUs 3TOTO MeToja JaHo B PykoBojacTe
HCO [H.2].

7.5. AJeKBAaTHBIE ATTECTOBAHHLIE
CTaHJAApPTHBIE 00pa3LbI

e 7.5.1. I3mepenus c MIPUMEHEHUEM
aTTeCTOBAaHHBIX  CTAaHIAPTHBIX  00pasloB
OOBIYHO TMPOBOJAT B paMKax HCCIeAOBaHUI
1o BajlyJgaluu HWIN HOBTOpHOP'I Bajanaannun
METOOHUKHU. ITo CYLIECCTBY, OHU MPCACTABIAIOT
co0oif  kamMOpPOBKY  BCEH  METOAMKHU
U3MEPEHUI OTHOCHTEIIBHO MPOCICIKUBAEMOTO
stanoHa. [lockonmbKky  9Ta  mpoueaypa
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oTpakaeT HWHPOPMAIMIO O CYMMapHOM

addekre MHOTHX MOTCHIIUATBHBIX
HCTOYHUKOB, OHA JaeT XOPOIIHEe AaHHBIE IS
OLICHMBAHUS HEOTPEICIICHHOCTH.

JanpHeiimme moaApoOHOCTH CM. B pasuene
7.7.4.
[MPUMEYAHUNE
PykoBoncteo MCO 33 [H.12] naet none3Hoe
ONMCaHNE MPUMEHCHUS CTAaHIapTHBIX 00pa3-
OB  mpu  TpoBepke  3PPeKTUBHOCTH
METOIUKH.

7.6. OueHuBaHMe HeONMpPeAEJIEHHOCTH €
HCMO0JIb30BAHNEM JTAHHBIX
npeanecTBYOIMNX
MeKIa00paTOPHBIX HCCIIeI0BAHUI
1o pa3padoTke M BaJIUJAALMHU
METOTUKHU

7.6.1. MexmnabopaTopHbIe UCCJIEA0BAHMS,
NPOBOAMMBIE B  LeNIX BIWAALMH  paHee
OnyONMKOBAaHHOM  METOAMKH, HampuMep B
cootBeTcTBHH ¢ TmpoTokomom AOAC/ IUPAC
[H.13] wmm crasmaprom KMCO 5725 [H.14],
SBJISIIOTCSL LIEHHBIM HCTOYHUKOM JAHHBIX JUIS
00OCHOBaHUsI OLCHKH HEONPENENIEHHOCTH. OJTH
JaHHBIE 00BIYHO BKJIFOYAIOT OLICHKH
CTaHIAPTHOTO OTKJIOHEHHUS! BOCHPOU3BOANMOCTH
Sg IUISL HECKOJIBKMX YPOBHEH OTKIHKA, TUHEHHYIO
3aBUCHUMOCTb Sp OT YPOBHS OTKJIMKA M MOTYT
BKJIIOYATh OLICHKY CMEILEHHs, OCHOBAaHHYI Ha
WCTIONBb30BaHUM  ATTECTOBAHHBIX CTaHAAPTHBIX
o0pasuoB. CTeneHp MOJE3HOCTH 3THX IaHHBIX
3aBUCUT OT (HAKTOPOB, KOTOPBHIE YYHUTHIBAIHCH
Opu mnpoBeAeHUM wucciaenoanuil. Ha craguum
‘coriacoBaHusi’, YIOMSHYTOW BbIIIEe (pa3men
7.2.), HEOOXOAMMO BBHISBUTH JIFOOBIC HMCTOUYHUKH
HEOIPENENCHHOCTH, KOTOpblE HE YYTEHBl B
HUMEIOIIUXCS JaHHBIX MeXJ1a00paTOpHOTO
uccienoBanusa. MoryT moTpeboBaTh 0coO0To
BHUMAaHUSL:

e [Ipo6Goot6op. MextabopaTopHbIe
UCCIICZIOBAaHUS PEIKO BKIIOYAIOT —CTaJIUI0
npobootbopa. Eciau mpuMeHseMass MeToanka
BKJIIOYAET B3STHE aHAIUTHYECKOW MpPOOBI U3
uMmeromeiics  1abopaTopHOW TPOOBI  WITH
u3Mmepsiemast  BenmmunmHa  (cM.  Onmcanue
M3MepseMON BEITMYHMHBI) TIPEJICTABISIET CO00it
OLICHKY CBOWCTBa OOJBIIOrO KOJMYECTBA
Marepuaia, OCHOBaHHYIO Ha HeOOJIbIION
mpobe, To cTaaus MpoOo0TOOPa TOKHA OBITh
JIOTIOJTHUTENIFHO HCCIICIOBAaHa, M €€ BIMSHHE
YUYTEHO B OIIEHKE HEOTPEICIICHHOCTH.

00paboTKa mpo0.
MEXI1a00paTOPHBIX

e |IpenBapureianHas
B GombpinucTBE

WCCIIeIOBaHUN poOkI MO/IBEPraroT
TOMOTEHU3ALUU , BO3MOKHO,
JIOTIOJIHUTENIBHO ~ CTaOWJIM3UPYIOT J0  HX
pacmpenesnieHusi Mexny Jaboparopusimu. B

ITHX YCIOBUAX MOYXKET oKas3aTbCs
HEOOXOIUMBIM JOIIOJIHUTEILHOE
WCCIIC/IOBAHUE M YYET BIMSHUS METOIUKH
npeaBapUTEIbHOM 00paboTKH npoo,
MIPUMEHSEMO# B 1ab0opaTopuu.

e (CwmenicHue, 00yCIIOBJIEHHOE METOJIOM.
CwMerenrie, 00yCIOBICHHOE METOJIOM, 4acTo
HCCIIEAYIOT, ecimu  9TO OKa3bIBaeTCs
BO3MOXHBIM, 10 WIn BO BpeMs

MEXJ1a00paTOPHOTO  HKCHEPUMEHTa IIyTeM
CpPaBHEHHSI C pe3yibTaTaMu pedepeHTHOH
METOAMKM WM C TIOMOIIBIO  aHalu3a
CTaHAapTHbIX  oOpasuoB. Ecimm  camo
CMCILICHHE, HEONPENCICHHOCTH  ONOPHBIX
3HAYEHHH W  OIEHKAa MPELU3HOHHOCTH,
CBSA3aHHAsl C HKCIIEPUMEHTAIBHON MPOBEPKOI
CMELIECHHUS, MaJIbI 110 CPABHEHHIO C §;, TO HET
U HEOOXOAUMOCTH B JIOTIOJHHUTEIBHOM YYeTe
HEONPEIEICHHOCTH, CBA3aHHOM C OLEHKOU
cMemieHus. B mpoTuBHOM ciydae 3Ty
HEOIPEIENICHHOCTh HY>KHO YYUTHIBATb.

e li3mMeHEHUS B YCIOBHAX  U3MEPEHUN.
JlabopaTopuu, y4acTBYIOIIHE B COBMECTHOM
WCCIIC/IOBAaHUM, MOTYT UMETh TEHIICHIIMIO K
pabote B cepeqiHE AOMYCTHMBIX AUANIa30HOB,
XapakTepU3yIOUINX YCIOBHS M3MEPEHUH, UTO
NPUBOIUT K HEJOOICHKE KpaHUX TOYEK
o0nacTu 3aJaHusi METOAUWKU. TOJNIBKO B TeX
clly4asx, Koraa Takue 3¢ (eKThl UCCIIeIOBAHBI
W TIOKa3aHO, YTO OHM HECYIIECTBEHHBI, HET
HEOOXOMMOCTH B OIIGHKE OMOIHHUTEIBHBIX
BKJIQJIOB B HEOIPEIEICHHOCTb.

e lismenenwss B wmatpune 1npob. HyxHo
YUUTHIBATh JOTIOJTHUTEIIbHYO
HEONPEICICHHOCTh, CBS3aHHYIO C TEM, 4YTO
COCTaB MaTpHLIbI 130071 coJepKaHue
MEIIAIOMMX  KOMIIOHEHTOB  BBIXOIAT 3@

npeaessl, YCTaHOBJICHHBIE B paHee
NPOBEIECHHOM MEXI1a00paTopHOM
UCCIICIOBaHUH.

7.6.2. OuecHUBaHHME HEONPEIECICHHOCTH Ha
OCHOBE JaHHBIX MEXI1a00paTOPHBIX
uccinenosanuii B coorserctBun ¢ MCO 5725
onucano B MHCO 21748 “PykoBoacTtBo 1O
HCIIOJIB30BaHUIO OLIGHOK MIOBTOPSIEMOCTH,
BOCIIPU3BOAMMOCTH U MPAaBUIBHOCTH MPH OLIEHKE
HeomnpeaeneHHOCTH u3Mepernit” [H.15]. O0mas
npouenypa, peKOMEHAOBaHHAS Ul OLIEHUBAHUS
HEONPEACICHHOCTH C HCIOJIb30BAHUEM OSTHX
JaHHBIX, COCTOUT B CJICIYIOLIEM:
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a) TOJIY4HTh OLICHKH IIOBTOPSIEMOCTH,
BOCIIPOU3BOJUMOCTA U IPABUIBHOCTH U3
oIyOIMKOBAaHHOH WH(POPMAILIUU O METOJIHKE;

b) onpeaenuTh, HAXOAUTCA JHU CMELICHUE
nabopaTopuu OJsl 3THX HM3MEPEHHH B TexX
npenenax, KOTOPble MOXHO OXXKHIaTh Ha
OCHOBE JIaHHBIX, MIOJY4YECHHBIX B a);

C) ONIpEeneIuTh, HaXOJIUTCS B0
NPEIU3NOHHOCTh, JOCTUTHYTas B TEKYIIHX
U3MEpPEHMsIX, B TeX Tpeseiax, KOTOpbIe
MOXXHO OXHJaThb Ha OCHOBE OIICHOK
MOBTOPSIEMOCTH ¥ BOCHPOM3BOAMMOCTH,
MOJTyYEHHBIX B a);

d) BBISIBUTDH BO3MOKHbIC BIIMAHUA Ha
U3MEpeHHe, KOTOpble He OBLIM Y4YTeHBl B
TIOJTHOM Mepe B HCCIICIOBAHUSX,

UCIIOJI30BaHHBIX B @), M  OICHHUTH
JTUCTIEPCUIO,  BO3HUKAIOIIYID W3  OTHX
BIMAHUK, ¢ yderoM Koddduiumentos
YyBCTBUTEIILHOCTH ¥ HEONpeAeICHHOCTEH
KXKJI0T0 BIHUSIOIIETo (DakTopa;

€) ecnd  CMeIleHHWe W MPEeUU3HOHHOCTD
HaXOJIATCS TIOJ] KOHTPOJIEM, KaK 3TO CIIEAYeT
u3 b) U c), cieayeT OOBECIUHUTH OICHKY
BOCIIPOU3BOJUMOCTH B a) c
HEONPECTICHHOCTHIO, CBSI3aHHOM c
OpaBUIBHOCTRIO (mark a u b), W
HEONPEACNCHHOCTRIO OT JOTOJIHUTENBHBIX
BIuAHUM (mwar d) W TONyYyuTh B HUTOTE
OLIEHKY CyMMapHO! HEOTPeICJICHHOCTH.

OTa mporieaypa 1o CyIecTBy aHAJIOTHYHA OO0IIIei
MpoLeaype, U3NoKeHHO! B pasaene 7.2. OpHako
HEOOXOIMMO YIOCTOBEPUTHCS, YTO MHapamMeTphl
3¢ (HEeKTUBHOCTH B J1TaOOPATOPUU COTJIACYIOTCS C
YCTaHOBJICHHBIMU IJISA [IaHHOﬁ METOAHNKH.

Hcnonp3oBaHne  JaHHBIX — MEXJIa00OpaTOPHOTo
MCCJICIOBAHUST NPOWLUTIOCTPUPOBAHO B IpHMeEpe
A6 (ITpunoxenue A).

7.6.3. Ecnu  MeroamMka  HCHONB3yeTcs IO
Ha3HAYCHHIO, u cTaaus COTJIacoBaHUs
IIOKa3bIBAa€T, 4YTO BCC BbIABJICHHBIC HWCTOYHUKHU
HCOIMPECACIICHHOCTU YUTCHBI B MCCICAOBAHUU I10
BaJIMJAlNH, JIMOO MOKa3aHo, YTO BKJIAJaMHU BCEX

OCTaBLINXCA HCTOYHHKOB, TaKuX KaK
oOcyxmaemple B pasgene 7.6.1., MOXHO
npeHedpeyb, CTaHJapTHOE OTKJIOHEHHE

BOCIIPOU3BOJIUMOCTU Sk, MPH HEOOXOIAUMOCTH
VUUTHIBAIOIIEE  pa3iMuhe B  KOHUEHTpPALUH
aHalluTa, MOXKET NPSAMO HCMOJIb30BaThCI Kak
CyMMapHasl cTaHAapTHasi HEONPEAEIEHHOCTb.

7.6.4. CrannaptHoe OTKJIOHEHHE St
XapaKTepHU3yIoIlee MOBTOPSAEMOCTh, OOBIYHO HE

MOJKET CIIyKUTh MOJXOIAIIEH OIICHKOM
HEOIPEJEIEHHOCTH U3MEPEHUM, TaK Kak OHO HE
BKJIIOYaeT TJIaBHBIX COCTAaBJISIOIINX
HEOIPEJEIEHHOCTH.

7.7. OueHnBaHHMe HEONPEAETCHHOCTH
C MCIO0JIb30BAHUEM JAHHBIX
BHYTPHJIA00PATOPHBIX
HccJIeI0BaHui o pa3padoTke 1
BAJIMAAIUM METOAUKHU

7.7.1. BaytpunabopatopHbie HCCIeA0BaHMs,
OPOBOAMMBIE NpU pa3padOTKe M BalWIaluU

METOJUKH, CBOZISTCS K OTIPEICIICHUIO
XapaKTepUCTHK J(PPEKTUBHOCTH, YKa3aHHBIX B
paznene 3.1.3. Hns OLICHUBAHUS

HEOMPEACIICHHOCTU UCITOJIB3YIOT:

e HamboJee TOCTOBEPHYIO UMEIOIIYIOCS OLICHKY
00T111e# MPen3uOHHOCTH;

e HauboJyiee JOCTOBEPHYIO HMEIOIIYIOCS OLICHKY
00I11ero CMELICHUS U €r0 HEONPEIEIEHHOCTH;

® OLCHKH HEONPEIeICHHOCTEeH, CBA3aHHBIE C
TEMU BIHAIOMAMH (aKTopamu, KOTOpBIE
HEJIOCTaTOYHO TIOJTHO OTpaKeHBI B
YCTaHOBJICHHBIX XapaKTepUCTUKAX
3¢ (HEeKTHBHOCTH.

HccnenoBanue npenu3noOHHOCTH

7.7.2. Ouenka MPELU3NOHHOCTH JTOJIKHA
OXBaThIBaTb IO BO3MOXXHOCTH [UINTENIbHBIN
Nepuo] BPEMEHM M YUYUTHIBATh €CTECTBEHHOE
BapbUpOBaHHE BceX (HAaKTOPOB, BIMAIOLIMX HAa
pesynbTaT. OJTa OLEHKA MOXET MpPEICTaBIATh
co0oI:

® CTaHAapPTHOE OTKJIOHEHHE PE3YJIbTaTOB VIS
TUMUYHON  TPOOBI, MPOaHAIM3UPOBAHHOM,
HACKOJBKO  3TO  BO3MOXKHO,  Pa3HBIMHU
aHaMTUKaMH W Ha pa3HbIX Ipubopax B
TEYEHHE OIpPEICIICHHOIO IEpUoia BpPEMEHU
(aty mH(pOpMamHIO MOTYT [aTh PE3yIbTaTHI
aHanu3a o0pasloB, HCHOJB3YEMBIX MpHU
KOHTPOJIEe KauecTBa);

® CTaHAAPTHOE OTKJIOHEHHE, IOIyYeHHOE II0
pe3ynpTaTaM  ITOBTOPHBIX  ONpEeNICHHUH,
BBIMIOJIHEHHBIX HA KaXIOH M3 HECKOJIBKUX
mpoo;

[MPUMEYAHUNE
[ToBTOpHEIE ONIpEAENeHNs ClIeLyeT IPOBOANTD
B CYIIECTBCHHO pa3HOE BpeMs, YTOOBI
MOTY4YHUTh OLICHKH MPOMEXKYTOYHOH
NPEIU3NOHHOCTH; TIOBTOPHBIC OIPEACICHHS
BHYTPH CEpHH TPO0 [MAIOT JHMIIb OICHKY
MOBTOPSEMOCTH.
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e OICHKM JUCIIEPpCUM  JUII  KaXIO0ro W3
BIMSIOMUX  (AKTOPOB,  TOJydaeMble ¢
IIOMOIIBIO MHOTO(aKTOPHBIX IIJIAHOB
IKCIIEPUMEHTa METOAaMH JTUCTIEPCHOHHOTO
anammza (ANOVA).

7.7.3. OTMeTUM, 4YTO NPELUU3HOHHOCTH YaCTO
CYIIECTBEHHO 3aBUCHUT OT YPOBHS OTKIIMKA.
Hanpumep, Habmromaemoe CTaHJIapTHOE
OTKJIOHCHHE HEPEeIKO CHIBHO BO3pacTaeT «C
KOHIEHTpALUEH OINpenenieMoro KoOMInoHeHTa. B
TaKuX CITydasx HUMEIOIYIOCS OLICHKY
HEOMPEIEeNCHHOCTH CIIeyeT BBIPaXKaTh TaKUM
o0pa3oM, 4TOOBI MOXHO OBIJIO YYHUTHIBATH
MPEUU3UOHHOCTh ~ KOHKPETHOTO  Pe3yJsbTaTa.
[Ipunoxenne E.5 gaer  JONOJHUTENIBHBIE
yKazaHus s CIy4aeB, KOrjla BKJIagsl B
HEOMNpPEJEeNCHHOCTh ~ 3aBUCAT  OT  YPOBHS
OIIPEEIIIEMOTO KOMITIOHEHTA.

HccaenoBanue cMelieHus

7.7.4. O01iee cMeleHue JTy4ilie BCEro OIICHUBATh
c MTOMOIIIBIO MHOTOKPaTHOTO aHanmm3a
MOJXOMAIIETO CTaHAAPTHOrO o0paslia, Korjaa 3Ta

npolenypa  OXBaThIBA€T  BCKO  METOJIHMKY
n3mepeHud. Ilpy sTOoM ecnum  HaleHHOE
CMelleHne 0Ka3ajoch HE3HAYUMBIM,
HEOTPEICIICHHOCTb, CBSI3aHHAass C  O3THM
CMEIIIEHUEM, TPEJCTABJIACT COO0H KOMOHMHAIIUIO
CTaHIIAPTHOM HEOTPEICIICHHOCTH

aTTCCTOBAHHOI'O 3HAUYCHUA H CTaHAapTHOT'O
OTKJIOHCHHs, OTHOCAIICTOCA K HaﬁHCHHOMy
CMCHICHHIO.

IMPUMEYAHUE
OmneHeHHOe TakuM  00pa3oM  CMeEIICHHUE
0o0BeNUHIET  CMCIICHHE, OOYCIIOBICHHOE
IaHHOW  maboparopweil, W  CMCIICHHE,
Impucylnee METOANy aHaimm3a. B ciydae
SMIHUPUYECKOTO METOJA aHali3a ACHCTBYIOT
oco0bIe cooOpakeHus (cM. pa3zen 7.9.1.)

e FEcmm  cramapTtHei  o0paszem  JIUIIb
OpUOIU3UTEIBHO COOTBETCTBYET
aHAJTN3UPYEMBIM npodawm, clemyer

YYUTBIBATh  JIONIOJHUTEIBbHBIE  (DAKTOPEL,
BKJIIOYAas ~ pasauyue B COCTaBe |
OJJHOPOJHOCTH; CTaHJapPTHBIE 00pa3Ibl YacTO
Ooylee OMHOPOAHBI, YEM aHAIH3UPYEMBbIC
MPOOBL. Ecmm HE00X0UMO, npu
YCTaHOBJICHUH COOTBETCTBYIOILIHX
HEOIIPEICNICHHOCTEH CIIeyeT HCIOIb30BaTh
OLICHKH, OCHOBaHHBIE Ha PO(eCCHOHATEHOM
cyxxaernu (cMm. pasgen 7.15.).

e Crnemyer yuumThiBaTh JOOBIe 3 EKTHI,
CBSI3aHHBIE C pPAa3IMYMEeM B KOHIICHTpAIUU
ONpE/IeNIIEMOT0  KOMIIOHEHTa;  Harpumep,
9acTO MOYKHO OOHApYXHTh, YTO MOTEPH HPH

OKCTPAKIIMMU Ppas3IM4Hbl IIPU BBICOKUX U
HU3KUX KOHIICHTpAIUAX.

7.7.5. CmenieHne,  OOYCJIOBICHHOE  METOIOM
aHajgn3a, MOXKHO OIPEACIUTh TaKXe IyTeM
CpaBHCHUA IMMOJTY4YCHHBIX PE3YJIbTAaTOB C
pe3ynbratamMu  pedepeHTHON MeTonuku. Ecmu
YCTaHOBJIEHO, YTO 3TO CMEIIEHHE CTaTHUCTUYECKH
HE3HAUYMMO, TO HCKOMas HEOIpPeaeIeHHOCTh
paBHa CyMMe€ CTaHAApTHOW HEeOoNpeaeNeHHOCTH
pedepeHTHOM MeToaMKM (eciM OHa BOOOIIE
mpuMeHuMa, cMm. pasfaen 7.9.1.) u crammapTHOI
HEOIPEJEIEHHOCTH, CBA3aHHOM C HaWJIEHHOU
pPa3HOCTBIO B pe3yjbTaTax ABYX METOAUK. DTOT
MOCHAEAHUH  BKJIAJ B HEONPEIeNIeHHOCTh
npejcTaBisgeT co0oil cTaHAapTHOE OTKIIOHEHHE
pa3HOCTH,  HCIONb3yeMOe  TMpU  IPOBEpKE
CTaTUCTUYECKOM 3HAYUMOCTH, 4YTO IIOACHIACT
CIEAYIOLUNA TPUMEP.

[MPUMEP

Meroauka (1) onpeneneHus KOHIICHTPALUH
CelieHa  CpaBHUBaeTCI ¢ pedepeHTHOM
Metomukoit  (2). Pesympratel (B Mrkr),
MOJYYCHHBIE [UIS KAXKIOU M3 METOIUK, TAKOBBI:

x s n
Metonuka 1 5,40 1,47 5
Mertonauka 2 4,76 2,75 5

OObenuHsA CTaHIAPTHBIC OTKJIOHCHUA JUIA
CPaBHHUBACMBIX MCTOJHK, IMOJIy4arT
CPECIHEB3BCIICHHOC CTAaHAAPTHOEC OTKIIOHCHHUE
Sec

) _\/1,472><(5—1)+2,752><(5—1)

=2,205
5+5-2
1 COOTBCTCTBYIOILICC 3HAYCHUC I
. (5,40-4,76) 0,64 0,46

L4
2,205 [ L4+1
5°5

teit paBHO 2,3 nys 8 cremeHedl cBOOOIBI H,
CJIeJJOBaTENbHO, MEXTY CpEeIHIUMHU
3HAYCHUSIMH,  TIOJYYEHHBIMH IO  JIBYM
METOJMKaM, HeT 3Ha4yMMoil pasHuIiel. OHAKO,
KaK BHJHO M3 BBIILCIPUBEACHHOH (DOpPMYIIBL,
pazHocth B uuciurene (0,64) nenutcs Ha 1,4.
3Hayenue 1,4 ABIsAEeTCSA OIEHKOI CTaHAApPTHOTO
OTKJIOHEHMsI A 3TOM  pa3sHoCTd W,
COOTBETCTBEHHO, IpeCTaBIseT coboi
HEOIPEeIeIEHHOCTb, KOTOPYIO HYXHO
IIPUNKCATh HAIECHHOMY CMEILEHUIO.

7.7.6. O011iee cMelIEHHE MOYKHO OLIEHUTH TAKKE
c [IOMOILIBIO 00aBKH OTIPECIIIEMOTO
KOMIIOHCHTA B HpCZIBapI/ITCJH)HO
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MPOaHAIM3UPOBAHHYIO TTPOOY. 3/1eCh IPUMEHUMBI
T€ K€ COOOpaXEeHMs, YTO W TPU aHaJIU3e
CTaHJIAPTHBIX 00pa3oB (cM. BhIe). BaxHo
VUUTHIBATh PA3IMYHOE TIOBEJCHHE BEIIECTBA,
JI00AB/ISIEMOTO0 M HW3HAYaJbHO HAXOJAIIETOCS B
npo0e. [Ipu 3TOM omuparorcs:

® Ha UCCJICAOBaHHA pacClpCACyICHHUA CMCIICHUA
B 3aBUCMMOCTH OT THIIA MaTpUllbl U
KOJIM4YCCTBA I[063BJ'ICHHOFO aHaJIuTa,

e CpaBHCHHE pe3ylbTara, IOJYyUYCHHOTO s
CTaHAApTHOTO oOpasma, ¢ pe3ylbTaToM,
HaWJEHHBIM IIOCJI€ JOOaBJICHUS aHalWUTa K
TOMY K€ CTaHJAapTHOMY 00pasily;

e CyXKJEHHA, CHAENaHHBIE IO pe3yJbTaTam
WCCIIEIOBAaHUS MAaTepHaOB C HEOOBIYHBIM
noBeJicHreM. Hampumep, TKaHb YCTPHIIBI
(TUnUYHBINA 00pa3el] CpaBHEHUS JUISI MOPCKUX
OMOJIOTHUECKUX TKaHEH) XOpOoLIO H3BECTHA
CBOEH TEHACHIMEN COOCaXIaTh HEKOTOPHIE
AIIEMEHTHI C COJIIMHU KaJlbIUs TIPU CXKUTaHHU.
OTO MOXET JaTh OICHKY W3BIICUCHUS IS
‘HauMeHee ONaromnpusITHOro ciy4as’,
KOTOPYIO MOXKHO paccMaTpUBaTh KaK TPpaHUIly
MPSMOYTOJILHOTO 1301071 TPEyrojibHOro
pacrpenesneHuss M MOJIYy4dTb  OTCHOZA
3HA4YEHUE HEOIIPECIIEHHOCTH;

e CYXKJECHHA Ha OCHOBE IPEIIIECTBYIOIIETO
OTIBITA.

7.7.7. CMmelienue  Takke  MOJKHO — OILIEHHTH
CpPaBHCHHMEM  pe3yJbTaTa, IOJYYCHHOrO0 IO
JAHHOW METOJMKE, CO 3HAYeHUEM, HalIeHHBIM
METOJIOM CTAaHJAPTHBIX J00aBOK, B KOTOPOM
HW3BECTHBIE KOJIMYECTBA OTPEACIIAEMOTO
KOMITIOHEHTa JOOAaBJISIIOT B  aHAJIU3UPYEMYIO
npo0y ¥ HCKOMYIO KOHIICHTPALUIO HaXOJAT
IIyTEM SKCTPAIOJIAUH. IIpu 9TOM
HEOIpPEACICHHOCTh, 00YCIOBJIEHHAsT COOCTBEHHO
CMEIIIEHUEM, MOXET OBITh MaJjia M0 CPaBHEHHIO C
[IpyrI/IMI/I COCTaBJIAIOIIINMU, HaHpI/IMep
IKCTpaNoIsAIueH, a Takke (eclii 3TO HUMEeT
MECTO) TMPHUTOTOBJICHHEM U  JIO3UPOBAHUEM
pacTBopa Mpu BBEJCHUU T0OABKH.

IMPUMEYAHUE
Just adpdextuBHOro yuera (HhakTOpoB MPOOEI
Ba)KHO, YTOOBI JOOABKH BHOCWIIN B UCXOIHYIO
npoOy, a He B MOJTrOTOBJICHHBII Ha KOHEYHBIX
CTaJMsIX aHaIN3a SKCTPAKT.

7.7.8. B cootBercTBUM ¢ 00mMM TpeOOBaHUEM
Pyxosoocmea UCO cnenyeT BBOIUTH MOIMPABKU
Ha BCE BBISIBJICHHBIC u 3HAYUMBIE
cucremarnueckue d3ddekre. Ecmum  BBoamTCs

CMEIICHUEM, OIICHUBACTCS TaK K€, KaK OIUCAaHO B
pasgene 7.7.5. gns  ciaydas  HE3HAUYMMOIrO
CMEIIEHHSI.

7.7.9. B Tex ciydasix, KOTJla CMEIICHHE 3HAYNMO,
HO WM, TEeM HE MEHee, IPEeHeOperawT Io
MPAKTHYECKUM  COOOpaKCHHUsIM,  HEOOXOIUMO
YUUTHIBATH PEKOMEHAAIUH, HU3JI0KCHHBIC B
pazmene 7.16.

JonmonHuTeIbHBIE (PAKTOPHI

7.7.10. Biiustaus octaBmmxcsi (JakTOpoOB clenyeT
OLICHMBATh  OTACIbHO, WM  IIyTeM  HX
BapbUPOBaHMS B IKCIIEPUMEHTE, MM C TIOMOLIBIO
npejcKa3aHus Ha OCHOBE pa3pabOTaHHOH TEOPHH.
HeonpenenenHoctn,  CBsI3aHHbIE € OTHMHU
(hakTopamu, MOJIJISKAT OILICHUBAHUIO,
peTUcCTpallii © CyMMHUPOBAHHUIO C JPYTUMH
COCTABIISFOIIMMHU OOBIYHBIM Ty TEM.

7.7.11. Ecin 1moka3aHo, 4TO BIUSHHUE Ka)KJI0TO U3
3THUX OCTaBIIUXCA (DAKTOPOB MPEHEOPEIKUMO
Maio (T.e. CTaTHCTUYECKHM HE3HAYUMO) IIO
CPaBHECHUIO c MPEIU3UOHHOCTBIO,
COCTaBJISIONIYI0  HEONPEJCIICHHOCTH, PaBHYIO
CTaHJAPTHOMY OTKJIOHCHMIO B TeCTe Ha
3HAYUMOCTb, PCEKOMCHAYCTCA YUUTBIBATHL KakK
BKJIaJ] COOTBETCTBYIOIIETO (haKTopa.

[MPUMEP

BrusHEE JOMYCTHMBIX W3MEHEHHH BpEeMEHH
SKCTPAKIUH, PaBHOTO | dYac, MCCIEIOBAIIOCH C
MOMOINBI0  /-KPUTEpUS 10 JAHHBIM  IIATH
ONPEJCIICHUH, BBIIOJHEHHBIX HA OJHOM M TOU
xe Tpobe TpH  HOPMaIbHOM  BpPEMEHH
SKCTPAKIUH W BPEMEHH, yMEHBIICHHOM Ha |
gac. [lomydeHHBIE CpefHUE 3HAYCHUS U
OTKJIOHCHHS (B mror')

CTaH/APTHBIC
COCTaBWIM: MPU  HOPMAJIbHOM  BPEMEHH
JKCTpakUUMM — cpeaHee 3HadyeHue 1,8.
CTaH/AapTHOE OTKJIOHEHHE 0,21; npu

W3MEHCHHOM BPEMEHH SKCTPAKIUH — CpeIHee
3HaueHue 1,7, crangaptHoe oTkiIoHeHue 0,17.
Jns mpoBepKH TO f-KPUTEPUIO HCIOIB3YIOT
CpEIHEB3BEIICHHYIO TUCIICPCHIO:

(5-1)x0,21° +(5-1)x0,17°

=0,037

G-DH+(5-1)

1 TOJTy9ar0T 3HAYECHHE
1,8-1
t= L’Z)l =0,82
0,037><(—+7)
55

DT0 3HauyeHWEe MEHbIIE, 4YeM [l = 2.3 W,

CJIeIOBAaTEeNIFHO, BIMSHHE COOTBETCTBYIOIIECTO
¢dakropa HesHaUMMO. OTMETHM, YTO Pa3HOCTH B
gucmurene (0,1) menmuTcs Ha BBIYUCICHHOE

MompaBka Ha 3HA4MMOE OOIIee CMEIEHHE, CTaHAapPTHOE OTKJIOHCHHUE
HEOIPEACICHHOCTb, CBsI3aHHAs c 3TUM
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\/0, 037x(1/5+1/5)=0,12. D10 3Ha4YcHHE

CUHUTACTCA BKJIIAAOM B  HCOIIPEACICHHOCTD,
CBA3aHHBIM C BJIMAHUEM JAOITYCTUMBIX
M3MCHCHUI BPEMCHH 3KCTPAKIHH.

7.712.B Tex ciydasX, KOIrJa BbISBICHHBIN
CUCTEMAaTHIECKUI s ekt CTaTHCTUYECKH
3HA4YMM, HO BCE XK€ JOCTaTOYHO MaJl U UM MOXHO
npeHeOpeyb Ha IPAKTUKE, CIEeOyeT HPUMEHATh
noyoxeHus pasaena 7.16.

7.8. Ucnoan3oBaHUue TaHHLIX
NMporpamMm NpoBepPKH
KBaJIM(PUKALNHA

7.8.1. Ucnosib30BaHue TAaHHBIX MPOrPaMM
NpoBepKH KBaJIu(GUKAINU NPU
OIIeHHBAHMY HeONPeAeJeHHOCTH

[lone3nyro  uHGOpPMAIMIO JUISI  OICHMBAHUS
HEOMpeAeICHHOCTH NU3MEPEHUIH MOXHO TOTY4YHUTh
TaKXKe W3 JAHHBIX, MOJYYEHHBIX B MpPOTrpaMMax
npoBepkn kBanupukanun (I1I1K) maboparopum.
Jna  Meronuk, KOTOpble HCIIOJB3YIOTCS B
nmabopaTtopun  JAJTUTENbHOE BpeMms, JaHHBIE,
MOJy4YeHHBbIE TMpU MPOBEpKE KBATUPHUKAINUN
(M3BECTHOM Tak ke, KaK “BHEIIHEe 00eCIeUCHHE
kauecTtBa”, EQA); MOTYT OBITH HCTIOJIB30BAHBI:

® IS IIPOBEPKU coryiacus OLICHEHHOU
HeomnpeneneHHocTH ¢ pesynpratamu  [ITIK
OTJIeNbHOM JTabopaTopuu;

® IS OIICHUBaHUS HEOMPEIeICHHOCTH
U3MEpeHuil B 1a00paTOpHH.

7.8.2. O00CHOBAHHOCTL MCIOJIL30BAHUS
manubIxX IHIITK nis oneHuBanus
HeomnpeneTeHHOCTH

[IpeumymectBo ucnons3oBanus nanueix [IIIK B
TOM, 4TO, HapsIy C MPOBEPKOM KauecTBa pabOTHI,
B  Jlabopatopusi  CO  BpeMeHeM  Oyner
MIPOAHATM3UPOBAH pan XOPOIIIO
OXapaKTCPU30BaHHBIX MaTEPHAIIOB, BBIOPAHHBIX
M0 ©X B3HAYUMOCTH [IJIsl JaHHOW oOJacTu
nzMepenuii. Kpome toro, 00pasisl At IpoBEpKU
KBaIM(UKAIIMA MOTYT OBITH Oojiee OJM3KU K
PAIOBBIM TIpOOaM, YeM CTaHIAPTHBIC OOpa3Iibl,
TaK Kak JJig HUX TpeOOBaHUS MO CTAaOMILHOCTH U
TOMOTE€HHOCTH YaCTO MEHEE KECTKHE.

OTHOCHUTEIIEHBIM HEJOCTaTKOM 00pasIoB,
HCIONB3YyEMBIX B IpOorpaMmax  IIPOBEPKH
KBaJ’II/I(bI/IKaIH/II/I, SABJIACTCS OTCYTCTBUC

MIPOCIICKUBACMBIX OIOPHBIX 3HAUYCHUU — B OTJIH-
Yhe OT aTTECTOBAHHBIX CTAHJAPTHBIX 00pPa3IlOB.
CornacoBanHble 3HaueHUs (consensus values),
ucnoiszyembie B IIIIK, 0COOCHHO CKJIOHHBI K

CIy4aiiHBIM MOTPEIHOCTSIM. ITO TpeOyeT 0co00i
OCTOPOXXHOCTU TIIpU HX HCIOJb30BaAHUU JIA

OIICHUBAHUS HEOIPEICTICHHOCTH, KaK
(aktnyeckn u pekomenposano MIOINAK npu
HUHTEpIpeTaluu pe3yIbTaTOB MIPOBEPKHU

kpanupukanun [H.16]. OmHako 3HaYMTEIHHOE
CMEIIIEHNE COIJIACOBAHHOTO 3HAUEHUs CIydaeTcs
OTHOCUTENFHO PEIKO MO OTHOMICHUIO K 00IeMy
YHCITy pacchbUlaeMbIX 00pasloB, M ONpeeIeHHON
3alIUTON OT 3TOr0 MOXKET CIYXHUTh OoJjbllas
MIPOAOKUTENBHOCTh, CBOMCTBEHHAs! IMPOBEpPKaM

KBaJH(pUKaLUK. IToatomy IIPUIIMCaHHbIE
3Hauenus B [IIIK, Bkmiowas Te, KOTOpBIE
MIOJIYYEHBI Ha OCHOBaHUU KOHCEHCyca
pe3yJIbTaToB YYaCTHHKOB, MOTYT

paccMaTpuBaThCA KakK TOCTATOYHO HAJIEKHBIC IS
OOJBIIMHCTBA MIPAKTUYCCKUX 3a70a4.

JanHble, MONy4YeHHBIE B pe3yibTaTe ydYacTHs
naboparopuu B I1I1K, MOryT ciykuTh Xxoporien
OCHOBOHM s MOJy4YCHHUS OILICHOK
HEOMPECICHHOCTH MPH CIEAYIOUINX YCIOBHAX:

- o0pa3upl UIsi TPOBEPKH KBaTH(HUKALUU
JIOJKHBI OBITD JOCTaTOYHO
NpPEACTABUTEIbHBIME 110 OTHOLICHHIO K
psmoBeiM  mpobam.  Hampumep,  Tunm
Marepuaga ¥ JAMAana3oH  3HA4YeHHH
nu3MepsieMoi BEJIMYHMHBI JIOJKHBI
COOTBETCTBOBATH PSIOBBIM MPOOAM;

- IMPUITMCAHHBIC 3HAYCHHA OOJKHBI HMCTH
COOTBCTCTBYIOIITYIO HECOIIPEACICHHOCTD,

- Ui TONyYEeHUS  HAJEKHOW  OLIEHKHU
pEKOMEHlyeTCa, KaK MHUHHUMYM, LIECTh
payHIIOB WCTIBITAHUI B TEUCHHE
OIPEJIETIEHHOTO NIEPUO/A BPEMEHH;

- 1pu WCIIOJIb30BaHUH COTJIACOBAaHHBIX
3HaYeHUH YHUCIO0 J1abopaTOpUi-yIacTHHUI]
JOJDKHO OBITH TOCTATOYHBIM JUIsL HAJEKHOU
XapaKTepu3alyuy MaTepuana.

7.8.3. Ucniosib30BaHue A1 POBEPKH OLEHOK
Heolpe/e1eHHOCTH

[MpoBepkn KBanupuKanuu NpeAHA3HAYCHBI IS
NEPUOJMUECKOT0 KOHTPOJISL KauecTBa paboThHI
nabopatopud B 1eJI0M. Pe3ynpTaThl ydacTus
nabopatopud B MIporpaMMax  MPOBEPKU
KBaJH(PUKAMM MOTYT OBITh, COOTBETCTBEHHO,
WCIIOJIb30BaHbl  JJISl  TPOBEPKH  OICHEHHOH
HEOINPEJCICHHOCTH, IIOCKOJIbKY OHa JIOJDKHA
OBITH COMOCTaBHMAa C pa30pOCOM pe3yJbTaToB B
psiie payHI0B IPOBEPKU KBATA(UKAIHH.
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7.8.4. Ucnojab30BaHue 1Ji9 OeHUBAHUA
HeoNpeaeIeHHOCTH

OTKJIOHECHUsI  PE3yJbTaTOB  JIAOOPATOPHH  OT
INPUIMCAHHBIX 3HAYEHUH B psle payHIOB
NIPOBEPKHU KBaJM(pHUKALIUU MOI'yT J1aTh
Npe/IBapUTEIbHYI0 OICHKY HEOIPEACICHHOCTH
M3MEPEHHMI JUTS JaHHOH J1a00paTOpHH.

Ecmu BeIOpaTh pe3ynbTaThl BCEX YYaCTHHKOB
[I1K, ucnonap30BaBMIUX OAHY U Ty K€ METOAUKY

aHanM3za, TO  TOJYyYCHHOE  CTaHJapTHOE
OTKJIOHCHHE 9KBHUBAJICHTHO OLICHKE
MEXJIa0OpaTOPHOH  BOCHPOM3BOJUMOCTH U

MOKET, B IIPUHIUIIC, 6I>ITI> HUCIIOJIB30BaHO TaKHUM
ke o00pa3oM, KaK CTaHIapTHOE OTKJIIOHCHHE
BOCITPOU3BOJAUMOCTH, IMOJIYy4YC€HHOC B
MEKJIa00paTOPHOM DKCIIEPUMEHTE (CM. pasien
7.6.).

Texunuyeckue  otuetet EBPOJIAB  1/2002
“HeormnpeieI€eHHOCTh M3MEPEHUH B MCIBITAaHUSIX
[H.17], 1/2006 “PykoBOACTBO MO OIICHHBAHUIO
HEOMpPeACICHHOCTH Pe3yJIbTaTOB
KOJIMYECTBEHHBIX ucnbiTanuii” [H.18] u 1/2007
“IlepecMOTp  HEONPENETCHHOCTH HW3MEPEHUH:
QNbTCPHATUBHBIC IMOAXOABI K  OIICHUBAaHUIO
neonpenencunoctn” [H.19] ©Gomee merambHO
OIMCHIBAIOT HCIOJb30BaHue nmaHuelx IIIIK wu
JNalT pabouue mpuMepbl, a PyKoOBOJCTBO
HOPATECT [H.20] mpeanaraeT o0l moaxos
Ui 1a0OpaTopHii, 3aHUMAIOIIMXCS aHAIM30M
00BEKTOB OKPYIKAIOIICH CPEIIbI.

7.9. OueHuBaHHe HEONPeEAEJICHHOCTH
AJIS SMIMPHYECKUX MeTO10B

7.9.1. ‘OMmnupuyeckuii MeToA’ — 3TO METO],
HNPUHATBIA IS CPABHUTENIBHBIX W3MEPEHUH B
3aJ]aHHOH oO0JacTW TpUMEHEHHs, KOorja cama
n3Mepsiemast BEJIMYMHA 3aBHCUT oT
HCIONIB3yeMoro Merosa. UHbIMU clToBaMH, METOJT
M3MEpEeHHsI OMpeJeNsieT U3MEpSAEMYI0 BETUUHHY.
[IpumepamMu  MOTYT  CIy)KUTh  OIIpeleeHHe
METAJIJIOB, BBILIENIAYMBAEMBIX U3 KEpaMUKH, U
ofpesiefieHNe KJIETYaTKH B MPOJIyKTaX MUTAHUSA
(cM. Taxxe pazgen 5.4. u mpumep AS).

7.9.2. Korga Takoifi MeToA HCHONb3yeTcs B
3aJJaHHOW OOJIaCTH NPUMEHEHUS, CMEIICHHE,
00yCIIOBIIEHHOE METOJIOM, IPUHIUMAETCSI PABHBIM
Hymo. [lpm Takux OOCTOSTENBCTBAX OILEHKA
CMEIICHHUS JI0JIKHA OTHOCUTBCS TOJBKO K padoTe
71a00paToOpuy, U €e He cleayeT IOMOJIHUTEIBLHO
OOBSICHATH CMEIIEHHEM, MPUCYIIUM METOAY. DTO
MPUBOJUT K BEIBOAAM, H3JI0KEHHBIM HIKE.

7.9.3. VccnenoBanus c MIpUMEHEHUEM
CTaHAAapTHBIX 06pa311013 B IEIAX ACMOHCTpaluu
MPEHEOPEKUMO MAJIOr0 CMEIICHUS WA IS
YCTAHOBJICHHUA BCIINYHHBI 3TOI0 CMCUICHUA
ClIeZlyeT MPOBOJAUTH Ha CTAaHIAPTHBIX O0Opasmnax,
aTTeCTOBAaHHBIX TEM JK€ METOAOM, JH0O
oOpa3uax, Ui KOTOPBIX 3HaueHHE, MOIy4eHHOE
9TUM MCTOAOM, UMECTCA IJIA CPABHCHUS.

7.9.4. B Tex ciydasx, KOrjla TakKhue CTaHAapTHEIC
00pa3sisl OTCYTCTBYIOT, OTPaHUYUBAIOTCS
KOHTPOJIEM  [apaMeTpoB,  BIHUAIONIMX  Ha
pe3ysibTaT, TaKMX KakK BpeMs, TeMIleparypa,
Macca, 00beM u# m.0. COOTBETCTBEHHO JOJLKHEI
OBITH OIICHEHBI HEONPE/ICIICHHOCTH, CBA3aHHBIC C
STUMH BXOJHBIMH MapamMeTpaMu; IMPU 3TOM JIUOO
HY)KHO MOKa3aTh, 4TO STUMH
HEONPEIEICHHOCTSIMH MOXKHO MpeHeOpeub, 0o
OILICHUTH MX KOJIMYECTBEHHO (CM. mpumep A6).

7.9.5. OMIOUPUYECKHE METO/bI 00OBIYHO
UCCIEAYIOT B paMKax  MeXiIabopaTOpHBIX
9KCIICPUMEHTOB, M TIO3TOMY HEOIPEIEICHHOCTD
MOYKHO OIICHHTH TakK, KaK 3TO OMHKCAHO B pazjeiie
7.6.

7.10. OeHBaHKME HEONPEACTICHHOCTH
11 meroauk ad hoc

7.10.1. Metonuku ad hoc — 3TO METOIMKH,
MIPUMEHSEMbIC TIPU TPOBEICHUU KPAaTKOCPOUHBIX
pa3BeIOUHBIX HWCCIICAOBAaHMN WM IS aHaIHn3a
HeOobII0# cepun Mpod. OOBIYHO OHU OCHOBAHBI
Ha CTaHAAPTHBIX WM XOPOIIO OTPaOOTaHHBIX B
nabopaTopuu MeToJax M aJanTUPOBAaHBl IS
KOHKPETHOH 3amaud (Hampumep, Ui JAPYroro
ananuta). [Ipu 3ToM mpoBeaeHue (GopManbHBIX
WCCIICIOBAHUN 10 BalMJalMd METOIMKH IS
9TOr0 KOHKPETHOTO MPHUMEHEHHUs, KakK MPaBHIIO,
HE OTpaBIaHHO.

7.10.2. BBuny OrpaHHMYe€HHOCTH pECYpPCOB IS
YCTAHOBJICHUSI COOTBETCTBYIOUIMX BKJIAJOB B
HEONPECICHHOCTh, B 3TUX CIy4asx HEOOXOIMMO
nojaraTbCs B~ OCHOBHOM Ha  HM3BECTHBIE
XapaKTepUCTUKU SPPEKTUBHOCTH POACTBEHHBIX
CHUCTEM WM OTHENbHBIX OJIOKOB B TaKHX
CHCTEMaXx. COOTBETCTBEHHO, H OIIEHKH
HEONPECICHHOCTH JTOJKHBI OBITh OCHOBAaHBI Ha
9THX XapakTepucTukax. [Ipy sTOoM wuMeromascs
uHpopmarust 00  IPQPEKTHBHOCTH  JIOJDKHA
MNOJKPEIUIATECS  JIOOBIMH  HMCCIEOBAHHSMU,
NOATBEPXKIAIOIIUME €€ MPUMEHUMOCTh  JIISt
pelleHds  JaHHOW  3ajayi. Crnenytomiue
pEKOMEHAAIMK  MPEAIoNararoT, YTO  TaKas
POICTBEHHAs cHCTEMa He TOJBKO MMEETCs, HO U
JOCTAaTOYHO XOPOIIO H3Yy4YeHa Ui TONyYeHHUs
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HAJEKHBIX OIICHOK HEONpeAeeHHOCTH, U, YTO
paccMaTpuBaeMas ~ METOAMKAa  COCTOMT U3
OTACTBHBIX  OJIOKOB (mpyrux  METOIUK),
HEOIPEJEeNICHHOCTh KOTOPBIX Oblla yCTaHOBJIEHA
paHee.

7.10.3. BaxxHo, 4TOOBI IS paccMaTpUBaeMOit
METOAHUKHN HUMCIHNCH, KakK MHUHUMYM, OLCHKU
o0IIero CMEIICHUS M MPEIU3UOHHOCTH. B
ujeaie, CMEIICHHE OJIKHO OBITh YCTaHOBJICHO
OTHOCHTEIBHO CTaHJapTHOro o0pa3la, HO Ha
HpaKTI/IKC 6OHCC HpI/IBBI‘IHI)IM ABIISICTCSA  €ro
OIlcHKA II0 M3BJICYEHHUIO W3BECTHOM m00aBku. B
TAKOM CJ'Iy‘IaC HpI/IMCHﬂ}OT IoAXO0abl, OITMCAHHBIC
B paszmene 7.7.4., 3a HUCKIIOUYCHHEM TOTO, UYTO
CTCIICHb M3BJICUCHUS JO0ABKH 37ECh CIEIyeT
CpaBHI/IBaTB CO CTCIICHBKO HU3BJICUCHUA, KOTOpaﬂ
HaO0JII0IaIach ISl POJICTBEHHBIX CHUCTEM, YTOOBI
yCTaHOBI/ITB HpI/II‘OZ[HOCTI) HpeI[IHCCTBOBaBHH/IX
HWCCICIOBAHUN I JaHHOM Meroauku. OO1iee
CMellleHue, oay4YeHHOe i1 Metoauku ad hoc Ha
AHAIM3UPYEMBbIX  Mpo0aX,  JOMKHO  OBITh
CPaBHMMO C TE€M CMEIICHHUEM, KOTOpOe OBbLIO
paHee YCTaHOBJICHO JIJISl POJICTBEHHON CUCTEMBI.

7.10.4. MUHNMAaNbHBIA 3KCIIEPUMEHT IO OLIEHKE
MPEU3UOHHOCTH  TPEATNONaraeT BbIIOJIHEHHE
JUIIb  JIBYX  HapaUIeNbHBIX  ONpPEEICHHM.
OmHaKO PEKOMEHIYETCS BCE K€, 4TO OBl YHCIIO
MapajuleNbHBIX OIpeneleHnid OBIJI0 JOCTaTOYHO

OONBIIMM,  HACKOJIBKO  OTO  NPaKTHYECKH
BO3MOXHO. Hailinennyro MPELU3UOHHOCTD
COIIOCTABIISAIOT c HNPEUU3HOHHOCTBIO

POACTBEHHOM CHUCTEMBI: MPU HTOM 3HAUCHHS
CTAaHIAPTHBIX  OTKJIOHGHWH  JOJDKHBI  OBITh
CpPaBHUMBI.

[MPUMEYAHUE
MoOXHO  pEeKOMEHJOBaTh,  YTOOBI  3TO
COIOCTABJIECHHE MPOBOIMIOCH JOCTATOUHO
IIPOCTBIM CIIOCOOOM. Kpurepun

CTaTUCTUYECKON 3HAYMMOCTH (Hampumep, F-
KPHUTEpHii), BOOOLIEC rOBOPSI, HEHA/IS)KHBI MPH
ManoM o0beMe BBIOOPKH U 4acTO MPUBOAAT K
BBIBOJIy 00 OTCYTCTBHH 3HAYMMOTO Pa3IHYHs
IIPOCTO MU3-3a UX MAJIOM MOLTHOCTH.

7.10.5. Ecnin  yka3zaHHBIE  BBIIE  YCJIOBHUSA
OJTHO3HAYHO BBITIOJTHSIOTCS, OLICHKY
HEOTPENICICHHOCTH JIJIsl POJCTBEHHOW CHUCTEMbI
MOXXHO  HEMOCPEACTBEHHO  IMPUMEHHUTh K
pe3yiibTaTaM, MoJydeHHbIM 110 MeToauke ad hoc;
P 3TOM BO3MOYKHAa KOPPEKTHUPOBKA 3HAUCHUS
HEOTPEICICHHOCTH BBUJY €€ 3aBHCUMOCTH OT
KOHIICHTPAIMU U APYTUX U3BECTHBIX (PaKTOPOB.

7.11. Kosin4yecTBEeHHOE BhIPasKEHUE
OT/eJIbHBIX COCTABJISIOIMX
HeonpeIeIeHHOCTH

7.11.1. Iloutn Bcerma Kakue-TO M3 HCTOYHUKOB
HEONPEACICHHOCTH MPUXOANUTCS PacCMaTpUBATh
MHIUBUAYaJbHO. B HEKOTOpBIX chydasx 3TO
HEOOXOIUMO TOJNBKO Ui OYEHb MAJOro 4ucia
VICTOYHHMKOB; B JIPyTHX CIydasx, 0COOEHHO Korjaa
UMeeTCsl Majo JMJaHHBIX 10 3(PQPEeKTUBHOCTH
METOAMKH WJIM 3TUX AaHHBIX HET BOBCE, KaXKIbIN
UCTOYHUK MOXET HOTpeOOBaTh OTAEIBHOTO
u3ydenus. (B kadecTBe wmIIOCTpanMu  CM.
npumepsl 1, 2 u 3 B mpunoxenun A.) Ects
HECKOJIBKO OOIIMX MPUEMOB IJsl yCTAHOBJIECHUS
MHIUBUAYaTIBHBIX COCTaBJISFOLINX
HEONPEeAeICHHOCTH:

- SKCHEPUMECHTAJIbBHOC BapbUPOBAHHUE BXOJHBIX
IEPEMEHHBIX

®"  JCHOJIb30BAaHHE CBEACHUN W3 TEXHUYECKOU
MOKYMEHTAIlNH, HampuMep CepTH(PUKATOB
M3MEPEeHHI U KaTHOPOBKH;

- MOJCIIMPOBAHUE Ha OCHOBE TCOPCTUYECCKUX
IPUHIIAIIOB,

- HCIIOJIB30BaHNC Cy)K,Z[GHPIﬁ, OCHOBAHHBIX Ha
NpeameCTBYOIEM OIIBITC nin nMuTa-
IMOHHOM MOJECJINPOBAHUU.

Bce 3T MeTobI BKpaTIile 00CYKAAFOTCS HUXKE.

7.12. DKcniepuMeHTAJIbHOE OllcHNBAHHUe
HHIUBUAYAJIbHBIX BKJIAT0B
B HeompeaeJeHHOCTh

7.12.1. O1teuxn COCTAaBJIAIOIINX
HEONpeAeTICHHOCTH 9acTo MOYHO u
1e1eco00pa3Ho MOJIy4aTh u3

OKCIICPUMCHTAJIBHBIX I/ICCJ'IC[IOBHHI/Iﬁ OTACJIBbHBIX
(hakTOpOB.

7.12.2. CtaHgapTHYyIO HEONPEIETICHHOCTD,
BO3HHMKAWOIIYI0 W3  CIydaliHBIX  3(QeKTOoB,
OTIpeeISAIOT B JKCIIEPUMEHTaX 1o
MIOBTOPSIEMOCTH M KOJMYECTBEHHO BBIPAXKAIOT B
BUJIE CTaHAAPTHOI'O OTKJIOHEHHUS HW3MEPEHHBIX
3Hayuennid. Eciu He TpeOyercsa  BBICOKOH
TOYHOCTH OIICHUBAaHMs, Ha TMPAKTHKE OOBIYHO
JIOCTaTOYHO 15 MOBTOPHBIX U3MEPEHUH.

7.12.3. lpyrue TUTIAYHBIC AKCIIEPUMEHTHI
BKITIOYAIOT:
e lccrnenoBaHue  BIMSHUS  BapbUPOBAaHUS

KaKoro-Imbo  OAHOro  Tmapamerpa  Ha
NoJy4aeMblid  pe3ynbTaT. ITO  0cOOEHHO
YMECTHO B ciydae HETPEPhIBHBIX
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KOHTPOJIMPYEMBIX TapaMeTPOB, TaKUX Kak
BpeMs U TEMIIEpaTypa, KOTOphIe HE 3aBUCAT OT
IPYTUX (akTopoB. Bnauane u3
SKCIICPUMCHTAJIBHBIX JaHHBIX IMOJIy4aroT
CTEIIEHb  U3MCHEHUs  pe3ylbrara  IpHU
W3MEHEHUU napaMerpa. 3areM ee
HETIOCPEACTBEHHO 00BETUHSIOT c
HEONPEJCNICHHOCThIO ~ 3TOr0  IapamMeTpa,
nojydass B UTOIC COOTBCTCTByIOHH/II‘/'I BKJIaJd B
HEOIPEICJICHHOCTb.

IMPUMEYAHUE

N3menenne mapaMmerpa  JIOJDKHO  OBITh
JIOCTaTOYHO OOJIBIIUM JUIS CYLIECTBEHHOTO
HM3MEHEHHUs pe3ysbTara 10 CPaBHEHHUIO C €ro
MIPEIM3UOHHOCTBIO, TOJIYYEHHOW B JaHHOM
ucclenoBaHUM  (HampuMep, B IATh  pa3
OoJpllle, 4YeM CTaHIAPTHOE OTKJIOHEHHE B
PsALYy IOBTOPHBIX U3MEPEHH).

e lccnemoBanus ycroWumBoctd  (robustness
studies), B KOTOPBIX MPOBEPSIOT 3HAYUMOCTH
HEOONBIIMX ~ W3MEHEHWH B BEJHMYHHE
rmapaMeTpoB. OTH HCCIEIOBAaHUA OCOOCHHO
MOAXOAAT  AJsl  OBICTPOTO  BBISIBIICHHSA
3HAYUMBIX a¢dhekToB u 0OBIYHO
WCTIONB3YIOTCS TPH ONTHMHU3AIMHA METOAMKH.
Tor xe TOAXOJ MOXET NPUMEHSTbCI U B
cllyyae JIMCKPETHBIX BIHSIOMUX (aKTOPOB,
HaTmpUMep, MaTpuibl Npo0 WM HEOOIBIINX
W3MEHEHUH KOH(UTypanuu npudbopa, KOTophie
MOTYT OKa3bIBaTh HENpeAcKa3yeMoe BIIUSHHE
Ha pe3ynbrar. Ecnmm xakoii-mubo Qaxtop
OKazaJcsi 3HAYUMBIM, HYXXHO TPOBOAHTH
JIOTIOJTHUTENIbHOE  HccienoBanue. Ecmm ke
3HAUUMBIX  ()aKTOpOB HE  OOHApYKEHO,
WUCKOMasi HEONpeAeJICHHOCT, paBHa (1O
KpaifHeil Mepe, Kak MpeBapUTeIbHas OLIEHKA)
HEOIIPEEICHHOCTH, [IOJTYYEHHOU npu
HCCIIEA0BAHUY YCTOMUHUBOCTH.

o MHOrodakTopHsle IUIaHBl JKCIEPHUMEHTOB,
MpelHa3HaYeHHble JUIA OLEHKH BIMSHHUA
OTJENBHBIX (PaKTOPOB U MX B3aUMOICHCTBHIA
Takue wuccienoBaHus OCOOEHHO TIOJE3HBI B
TeX Ccilyd4asX, KOTJa HUMeeTcsl HeKoTopasd
KaTeropuaipHas TnepeMeHHasd. Peub uger o
TakoOW IEPEMEHHOM, 3HAa4eHUE KOTOpPOU He
CBsA3aHO ¢ BenmuuuHOW dddekra. Yucio
nabopaTtopuii, y4acTBYIOUINX B AKCIIEPUMEHTE,
(haMuUIMK aHAJTUTUKOB WJIM THIIBI MPOO — BCe
3TO MPUMEPBl KAaTErOpUAIbHONW IEPEMEHHOM.
Hanmpumep, BnusHue THma MaTpuisl (B
npenenax 3aJaHHOH OO0JIaCTH TMPUMEHEHHS
METOJIUKH) MOKHO OIICHUTh myTeM
WCCIIEIOBAaHMUSI  CTETEHHM  H3BJICYCHHA  Ha
HECKOJIbKMX MaTpullax B JKCIIEPUMEHTaX,
BBITIOJTHEHHBIX ¢ MOBTOpeHUsIMU. [Ipumenenue

AUCTICPCUOHHOTO aHaJmi3a IIO3BOJISICT
BBIICIINUTDH BHYTpHU- nu MCKMAaTPUIHBIC
COCTaBJIAIOIINEC AUCTICpCUumn JJIsL

HAOII0JaEMOTO  HM3BJICUCHUS. Hainennas
MEKMaTpUYHasi COCTABJISIONIAS] JA€T B UTOTe
CTaHJIAPTHYIO HEOIPEIEIECHHOCTh, CBSI3aHHYIO
C BapI)I/IPOBaHI/IeM ManI/IHI)I.

7.13. OneHMBaHUE HA OCHOBE
JOIOJIHUTEJIbHBIX Pe3yJbTAaTOB
WJIH JONOJTHUTEIbHBIX JaHHBIX

7.13.1. 3ayacTyro MOKHO OLICHUTh HEKOTOPBIE U3

CTaH/IAPTHBIX HEONPEAETICHHOCTEH, HCIIOIb3Ys
mMo0yI0 HMEIoNIylocs HWHGOPMAIUIo, KOTOpas

CBsI3aHa c HEOMPEIeICHHOCTHIO
paccMatpuBaeMoil  BenuuuHbl.  Crnenpyrolue
naparpadsl paccMaTpUBAarOT HEKOTOpHBIE

WCTOYHHUKH MOJIyYeHHS TaKOH MH(OpMALIHU.

7.13.2. [lanHble, OTHOCAIIMECA K KOHTPOJIIO
kagectBa. Kak yxe oTmeuanocs, HEOOXOIUMO,
9yTOOBI ~ OBUTM  YAOBJIETBOPEHBI  KPHUTEPHUH
KadyecTBa, Cc(OpMyIMpOBaHHBIE B  OIMCAHUHU
METOAMKH, U YTOOBI M3MEPEHHMS, MEPUOTUUECKU
OPOBOAMMBIE  HA  KOHTPOJIBHBIX  Ipobax,
MNOATBEPXKIANIN, YTO 3TH KPUTEPUH HO-TIPEKHEMY
ynoBineTBopsorcsa. B Tex cmywasx, korma s
KOHTPOJISI KadecTBa NPUMEHSIOT CTaHIapTHBIE
00paswel, NOJy4aeMble JaHHBIE MOTYT
HETIOCPEACTBEHHO HCIONb30BaThCA MAJsl OLIEHKU
HEONPEIEJICHHOCTH, KaK 3TO MOKa3aHO B paszesne
7.5. Ecam wcmonb3yeTcss KaKOH-THOO WHOU
cTaOunpHBIH ~ oOpasel, JaHHBIE  KOHTPOIS
KagecTBa  JAalOT  OLEHKY  IPOMEKYTOYHOMH
npenr3uoHHocTH  (pasgen  7.7.2.).  Ecmm
cTabuipHBIE  OOpa3lbl  OTCYTCTBYIOT, IS
KOHTPOJISI ~ KadecTBA MOXHO  HCIOJb30BaTh
NOBTOPHBIC OMNPEIENCHUS WA CXOXKUE CIIOCOOBI
KOHTpoisT moBTopsieMocTd. OObenuHsAs 3TH
JaHHBIE 32 JUINTEIbHBII IEPHOA BPEMEHH, MOYKHO
HOJYYHUTh OLEHKY CTaHAApPTHOIO OTKJIOHEHHS,
XapaKTepU3YIOLIETO MIOBTOPSIEMOCTb, 910
MpeNCTaBIsgeT CcoOOH  dYacTh  CTaHAApTHOU
HEONPEIeICHHOCTH.

7.13.3. JlanHble MO KOHTPOJIK KayecTBa MOTYT
CIIy’)KUThb TAKK€ VIl HENPEpHIBHOH NPOBEPKU U
HOATBEPXKICHUS panee YCTaHOBJICHHOTO
3HA4YCHUS!  HEONpElNeNeHHOCTH. SIcHO,  4TO
CyMMapHasi HEOIpPEeIeNeHHOCTh, 00yCIOBICHHAs
TONIBKO CIy4YalHBIMH J(QQeKTaMu, HE MOXKET
ObITh ~ MEHBIE  CTAHAAPTHOTO  OTKJIOHEHUS
PE3yIbTATOB U3MEPEHHUH B IPOLIECCE KOHTPOIIS.

7.13.4. anbHeimme MOIPOOHOCTH
UCIIOJIb30BaHUS JaHHBIX 0 KOHTPOJIIO KadecTBa
OpH  OIECHUBAHMH HEONPEICIICHHOCTH MOYXHO
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Haiitu B  PyxoBoacrBax HOPIATECT wu
EBPOJIAB [H.19, H.20].

7.13.5. Undopmarus MIOCTaBIIUKA.
CBuzeTenbcTBA O KaqHMOPOBKE WJIM KaTalloTH
MOCTaBIIMKOB  00OpPYIOBaHUS  MOTYT  JaTh
I/IH(bOpMaHI/IIO B OTHOII€HWHU MHOT'HNX UCTOYHHKOB
HeomnpeneneHHocTd. Hampumep, momycku Ha
MEPHYIO CTEKIIIHHYIO IIOCYIYy MOKHO B3STh M3
KaTajaora (bUPMBI-U3TOTOBUTEJIS SR8
CBHIETENILCTBA O KaIHOPOBKE KOHKPETHOTO
9K3EMIUIIpA  MEPHOW  MOCyIbl 0  €ro
HEMOCPCACTBCHHOTI'O IPUMCHCHU .

7.14. MonempoBaHue, OCHOBAHHOE HA
TeoOpeTUYeCKUX NPUHIMNAX

7.14.1. Bo wMHOrmx ciyyasx paspaboTaHHas
¢usnueckass TEOpUS  IMO3BOJSIET  MOCTPOUTH
JOCTaTOYHO XOPOIIME MOJENH, OIMCHIBAIOIINE
BIMSHUE Pa3UYHBIX (AaKTOPOB Ha pe3yiabTar
n3mMepeHnid.  Hanpumep, Xopomo  U3y4eHO
BIIMSIHUE TeMIIEpaTypbl Ha 00bEM U TUIOTHOCTH. B
TAKUX CIIydYasiX HEONPEAEICHHOCTh  MOXKHO
paccunTaTh WM OLEHUTH HENOCPEICTBEHHO W3
HUMEIOIETOCS] COOTHOIICHHS C TIOMOIIBIO METOIOB
pacnpocTpaHeHuUs HEOIpeeICHHOCTEH,
OIHCaHHBIX B I71aBe 8.

7.14.2. B apyrux CcuTyanusx MOXET OKa3aTbCs
HEOOXOIUMBIM  HCIIOJIb30BAaTh  MPHOJIMKEHHBIE
TEOPETUYECKHE  MOJECIH, OOBCAUHEHHBIE C
SKCIICpUMEHTAIFHBIME  IaHHBIMH.  Hampumep,
eCIi  pe3ydbTaT aHAJIUTHYECKOTO H3MEPEeHHUs
3aBUCUT OT HEKOTOPOH pEeaKnuu MOJyYCHHUS
MPOM3BOAHOIO,  Tpedyromeil 1  CBOEro
MPOTEKaHUSI KaKOTO-TO BPEMEHH, TO MOXKET
noTpedOBaThCsl  OICHKA  HEOIPEJeNIEHHOCTH,
CBSI3aHHOM cO BpeMeHeM. DJTO MOXHO cJenaTh
MyTeM TMPOCTOrO  BAapbUPOBAHUS  BPEMEHH,
3aTpadyeHHOro Ha MpoTekaHue peakiuu. OaHako
MOJKET OBITh Jy4Ille pa3padoTaTh NPUOIMKEHHYIO
MOJIE€Th JUIsl CKOPOCTH 3TOM peakIMi Ha OCHOBE
OLIEHOYHBIX SKCIEPUMEHTAIBHBIX HCCICTIOBAHUIH
KHHETHKH MOJTyYeHHUs] IPOU3BOAHOTO IPUMEPHO B
TOW K€ O0JIACTH KOHIICHTPalii © OLIEHUTH
HEOMpeAENeHHOCTh HUCXOAS W3 IpeAcKa3aHHOU
CKOpPOCTH.

7.15. OueHuBaHKe HA OCHOBE CYKIACHUI

7.15.1. OueHuBaHUE  HEONPEACICHHOCTH  HE
SBIISIETCS. HM PYTUHHOHN MpPOLEAYpPOH, HU YHCTO
MaTeMaTUJeCKON 3ajadeil; OHO 3aBHCHT OT
NEeTalbHOTO 3HAHMSA TPHUPOABl  U3MEpsSeMON
BEJIMYMHBI, UCIIOJIB3YEMOTO METOJa U METOAUKU
m3MmepeHnid. IloaToMy KayecTBO U MOJE3HOCTh

OLIGHKH HEOIpeeIeHHOCTH, YKa3blBaeMOM s
pe3yapTaTa W3MEPEHHs, B KOHEYHOM CYETE,
3aBUCST OT MOHUMAaHUS, KPUTUIESCKOTO aHaIn3a U
JOOPOCOBECTHOCTH T€X, KTO TMPOBOIUT 3TO
OIICHHBAaHUE.

7.15.2. MHorUHe pacrpeaeleHus BEIMUYUH MOXKHO
HHTEPIPETHUPOBATE B TOM  CMBICIE,  4TO
BCPOATHOCTDH Ha6HIOI[eHI/I$I BCJIMYMHBI Ha Kpasax
pacmpeneneHusl MEHbIIE, YeM B  LEHTpeE.
KonuuectBenHoe OTMCaHue TaKUX
pacmpeneneHuii W HaXOXJCHHWE CTaHIApTHBIX
OTKJIOHEHUH IMPOBOJUTCA HAa OCHOBE IMOBTOPHBIX
U3MEPEHUM.

7.15.3. Ognako B TeX cilydasx, KOrza MOBTOpPHBIE
U3MEpeHHss HEBO3MOXHBI WJIM KOTJa OHH HeE
o0ecreyrBaloT MOJYYEeHUS] pa3yMHOTO 3HAYCHUS
KOHKPETHOH COCTaBIISIONIEH HEONpeaeIeHHOCTH,
MOTYT MOTPeOOBATHCSI HHBIC TIOAXOIBI.

7.15.4.B aHamuTHYECKOH XHMMHUH HMEIOTCSA
MHOTOUYHUCJICHHBIC CJy4au, KOTJa HMEET MECTO
UMEHHO TaKasl CUTyallusi, ¥ TpeOyeTcs BHIHECCHUE
OnpeleNeHHbIX CykaeHui. Hanpumep:

e HeBO3MOXHO mTPOBECTH OICHKY CTEIICHU
U3BJICUCHUS W CBS3aHHOW C HHUM HEOIpe-
NEJCHHOCTH I KaxJAoh  mOpoOsl B
OTJEIBbHOCTH. Takue OIEHKH HaXOIiT s
KJIACCOB MP0o0 (Hanpumep, CrpyNIUPOBaHHBIX
M0 THUIIAM MATPHUI]) M OTHOCIT KO BCEM
npobam naHHoro Ttuma. [Ipu 3TOM cCTeneHb
mogobmss cama 1o  cebe  ocraercs
Heu3BeCcTHOU. Takum 00pa3oM, 3TOT MEPEX0T
(or THma MaTpuIBl K KOHKPETHOU Mpobe)
CBSI3aH C  JOIOJHUTENIBHBIM  3JIEMEHTOM
HEONPENEICHHOCTH, KOTOopas HE HMEeT
YaCTOTHOM UHTEPIIPETALUH.

e Jlnsa mpeoOpa3oBaHUsl BXOJHOW BEIIMYMHBI B
3HaYeHHe U3MepsieMONM  BEeIWYMHBI  (T.C.
pe3ysbTaT aHajau3a) HCIOJb3yeTCsl MOJEb
N3MCPCHUA B TOM BUIC, KakK OHa
OIIpeAeIsIeTCs HpeANUCaHHON
aHaJTUTHYeCcKo mpouenypoid. OmHAKO ASTOM
MOACIU, KaKk W BCEM MOICIAM B HAYKE,
OpUCYIIa  Kakas-ToO  HEOMPEIeNCHHOCTb.
Bcerpa numip mpeanonaraercsi, 4To MpUpoja
BeleT ceOS B COOTBETCTBUM C MPHUHATOU
MOJIEJIbI0, HO 3TOr0 HEJNb3s 3HATh C IMOJHOU
OTIpeIeIEHHOCTHIO.

e B AQHAJIUTHYECKOU XUMUU LIUPOKO
PEKOMEHIYETCSl UCIIOJIB30BaTh CTaHAAPTHBIE
o0Opa3lbl, HO IpPU 3TOM BCErla OCTacTCA
HEOIPEJIEICHHOCTh HE TOJBKO B OTHOILLICHHH
HUCTUHHOTO 3HAYEHHs, HO U B OTHOILICHHH
IMPUTOAHOCTH KOHKPETHOIO CTaHJApPTHOIO
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oOpasua Jans aHanu3a JaHHOW TPOOBI
Tpebyercs HEKOTOpOE CyXJleHHe
OTHOCUTEIBHO  CTENEHH, JO  KOTOPOH
PEKOMEH/IOBaHHBIN CTaHIApTHBIA oOpasel]
aHAJIOTWYEeH aHaJU3UpyeMbIM TMpoldaM B
KOHKPETHOM CUTYallUH.

e FEme oaMH WCTOYHHK HEONPEACICHHOCTH
MOSABISIETCS  TOT/a, KOTJa  M3Mepsiemas
BEJIMYMHA HEIOCTaTOYHO IOJHO OIpeJieeHa
caMOl mpoueaypord wusMepeHuil. Bo3pmwure,
HampuMep, OIpejeseHHe “IepMaHTaHaTHOU
OKHCIISIEMOCTH”, 3HaYeHHE KOTOpOil Oyner,
HECOMHEHHO,  pa3HbIM  IpU  aHau3e
MOYBEHHBIX BOJl W CTOYHBIX Box. Ha 3TO
OTIpe/ieNIeHNEe MOTYT BIIHSATh HE TOJBKO TaKHe
¢dakToppl, Kak TeMmepaTypa Ipolecca
OKHCJICHUSI, HO W XUMHYeckue 3P EKTsl,
HaTpUMep, COCTaB MATPHIbI WK MENIAIOLIIe
KOMITOHCHTHI.

e (OObIYHAsI MPAKTHKA B aHATUTHYCCKON XHUMUH
— BBEJICHHE W3BECTHOM 100aBKM BEIIECTBA,
SIBJISTFOITIETOCSI OJIN3KUM CTPYKTYPHBIM
aHAJIOTOM WIHn M30TOTNO03aMEIICHHBIM
COCIMHEHUEM, 110 KOTOPOMY CYHST O CTEICHU
M3BJICUCHUS COOTBETCTBYIOIIETO BEIIECTBA
WIH JIJaKe MEeJI0To Kiacca coenuHeHui. SIcHo,
YTO CBsI3aHHAs C JTHM HEOMPEIEICHHOCTh
MOXET OBITh SKCICPUMEHTAILHO HaiijeHa
npu yCJ10BHH, qTo AHAJIMTUK T'OTOB
HCCIIEAOBATh CTETCHb W3BJICUCHUS HA BCEX
YPOBHAX KOHLOCHTpalnuu u npu BCEX
COOTHOIIICHHSIX OTMPEIEISIEMOT0 BEIIeCTBA U
n00aBKY, Ja emie Npu BCeX ‘‘BO3MOXKHBIX
MaTpHIlaX. Yacro, 0JIHAKO, TaKuX
OKCIICPUMEHTOB HC IMPOBOAAT, 3aMCHAA HX
CYXKACHHUAMMU O:

e  3aBHUCHUMOCTH HU3BJICUCHUS
ONPEAEISIEMOTO KOMITOHEHTA oT
KOHIEHTpPAlIUH;

e 3aBHCHMOCTH WU3BJIEYECHHUSI JT00aBKH OT
KOHIEHTpPAlIUH;

e 3aBHCHMOCTH H3BJICYEHHUS OT (IOa)TUIA
MaTpHULIBI;

e UJCHTUYHOCTH CBSI3BIBAHHSA HCXOJHOTO
BelIEeCTBa U JO0OABKU B MaTpHIlE MPOOHI.

7.15.5. Cy>xieHus 3TOrO TUIA OCHOBBIBAIOTCS HE
Ha HEMOCPEICTBEHHBIX pe3yibTaTax H3MepeHuil,
a ckopee Ha  CyOBeKTUBHOM  (JIMUYHOI)
BEPOATHOCTH — 3TO BBIPAXKEHHE, KOTOPOE MBI
MOKEM  HCIIOJIb30BaTh 3/1eChb B  KadecTBe
CHHOHMMA BBIpaXEHMH ‘‘CTENeHb J0oBepus’,
“HHTYWTHBHas  BEpPOSTHOCTH U  “ypOBEHb

nosepus” [H.21]. Takxe mnpenmonaraercs, 4To
CTeNeHb JOBEpHs, O KOTOpOHl UAET pedb,
ONUpAeTCsl HE Ha BHE3allHOE CYXKICHHE, a Ha
XOpouo o0AyMaHHOE M 3pelioe 3aKIIOYEHUE O
BEPOSATHOCTH.

7.15.6. X0Ts mNpU3HAETCA, YTO 3aKIOYEHUE O
CyObEKTUBHON BEPOATHOCTH y OIHOIO YEIOBEKA
OTJIIMYAETCSl OT TAKOTO 3aKJIIOYEHHUSI Y APYroro (a
MHOTZIa OHH Pa3IHyalTcs JaXe Yy OIHOTO
YeJl0oBeKa B pa3Hble MOMEHTHl BpPEMEHH), A3TH
3aKJIIOYCHUSI HE SIBISIIOTCSA  [IPOM3BOJIBHBIMH,
MOCKOJIBKY BBITEKAalOT M3 3APaBOr0 CMBICIA,
SKCIEPTHBIX 3HAHWU M ONbITa NPEIIIECTBYIOMIMX
WICCIIEIOBaHHH.

7.15.7. MoxeT MmoKa3aThkCsi, 9YTO0 CyOBEKTUBHOCTH
TAaKOrO0 OLIEHMBAHUS SABJSIETCS HEIOCTATKOM, HO
Ha MPAaKTUKE 3TO HE JOJDKHO NPHUBOAMTH K
XyALIMM OLEHKaM [0 CPaBHEHUIO C TEMH,
KOTOpbIEC MOIYyYaIUCh OBl MCXOXS W3 MOBTOPHBIX
m3Mmepernid. OcoOeHHO 93TO  KacaeTcsl  Tex
CUTYaLU, Korza JEUCTBUTEIIBLHYIO
U3MEHYMBOCTh OKCIICPUMEHTAIBHBIX  YCIOBHH,
UMCIOIYI0  MECTO B  peaJbHOH  JKM3HH,
BOCIIPOM3BECTH NPOCTO HEBO3MOXKHO, U IOTOMY
HOJyYaloUIecss B pPE3yJbTaTe 3KCIEPUMEHTOB
JaHHbIE HE JAlOT PeajbHOM KapTHUHBI.

7.15.8. TunuuHas 3a7a4ya TaKoro poJjia BO3HUKAET,
Korja TpeOyeTcss OLEHHUTh JOJITOBPEMEHHYIO
U3MCECHYHUBOCTH npu OTCYTCTBUH JaHHbIX
MexiabopatopHoro  uccienosanHus.  OdeHb
MOXKET 6I)ITI), YTO HCCIICAO0BATCIIb, KOTOprﬁ HE
IMPU3HACT BO3MOXHOCTU 3aMCHBI [ICﬁCTBHTCJH)HO
OILICHEHHOW BEPOSTHOCTH (KOTJa Takas OILeHKa
OTCYTCTBYET) CYOBEKTUBHOH  BEPOSTHOCTHIO,
yIIycKaeT W3 BHIY BaXKHBIE COCTABIISIOLIHNE
HEOINPEJCNCHHOCTH, U, TAKUM  00pa3oM,  OH
OKa3bplBaeTCd, B KOHEYHOM cueTe, MEHee
O0O0BEKTHBHBIM, YEM TOT, KTO BCE-TAKH IOJIaracTCs
Ha CyOBEKTHBHYIO BEPOSITHOCTb.

7.15.9. Ilpu OLIEHUBaHUU CyMMapHOH
HEONPECICHHOCTH HY)KHO HMETh B BHUAY [BE
OCOOCHHOCTH OIICHOK, IOJYYEHHBIX Ha OCHOBE
CTETICHH JJOBEPHUSL:

e ‘CTemeHb [JOBEpHUS’ pacCMaTPUBACTCA Kak
OLICHEHHBIA HMHTEpBaJ. DTO O3HAYAET, YTO
HYXKHO yKa3aTb HIDKHIOIO M BEPXHIOIO
I'PaHMLBI UHTEpBaa noJ00HO
KJIACCUYECKOMY pacrpeneeHHIo
BEPOSITHOCTE;

* IpH CYMMHPOBaHUU COCTaBJISIOLINX
HEOIIPEIENICHHOCTH, OCHOBaHHBIX Ha
‘CTENeHH JIOBepUs’, MPUMEHSAIOTCA T€ Ke
camMble IIpaBWJa BBIUMCIEHUH, YTO U B
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OTHOIIEHWM  CTAHJAPTHBIX  OTKJIOHEHWH,
HaWIEeHHBIX OOBIYHBIMA METOJAMHU.

7.16. 3HAYNMOCTH CMELIEHUA

7.16.1. O6mee TtpeboBanue Pykogoocmea NCO
COCTOHT B TOM, YTO CIJIEIyeT BBOJHUTH MOMPABKU
Ha BCE BBISIBIICHHBIC " 3HaYNMBIe
cucremMatuieckre 3 (HeKTHl.

7.16.2. ITpu pemieHuH Bompoca O TOM, MOXKHO JIH
C  JIOCTaTOYHBIM  OCHOBaHMEM IpeHeOpedb
W3BECTHBIM CMELICHUEM, PEKOMEHTy€eTCsl
CJEAYIOIIUN NOAXO:

1) OueHnTe CyMMapHYIO HEONPEACICHHOCTh 03
ydeTa COOTBETCTBYIOIIEr0 CMEIICHUSL.

ii) CpaBHHTE CMemleHHe C  TONy4YeHHOH
CYyMMapHOH HEOIPEIeIeHHOCTHIO.

iii) Ecnm cMenieHue HE3HAYMMO IO CPABHEHHIO C
CYMMapHOH HEONpEIeNeHHOCThI0, TO 3TUM
CMEIIEHNEM MOXHO MIpeHeOpeyb.

iv) Ecmu cMmemeHne OKa3bIBAe€TCS 3HAYNMEIM,

HEOOXOIMMBI  JIOIOJHUTEIbHBIE EHCTBUA.
DTO MOXET OBITH:

L HCKJIIOUCHUE WJIM TOIPaBKa Ha BCIIMYHNHY
CMCUICHUA, IIpU 3TOM HYXHO YUYCCTbH
HCOIMPEACICHHOCTD ITOIIPAaBKU,

® MIPEACTABJICHUC B OTUYETE B JOIIOJHEHHUE K

pe3ybTaTy U3MEPEHUS 3HAYCHUS
HaOJII01aeMOTr0 CMELICHUSI BMECTE C €ro
HEOIPEeICHHOCTHIO.

[TPUMEYAHUE

Ecim mo cornarieHnto Mbl He BHOCHM TIONPaBKy Ha
MBBECTHOE CMEILICHHE, TO METOJ CIeIyeT CUMTATh
AMITHPHYECKHM (CM. paszen 7.8).
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8. Jram 4. Beruncienne cyMMapHO#l HeONpPeAeJJeHHOCTH

8.1. CranaapTHbIe HeonpeaeJJeHHOCTH

8.1.1. Ilepen CYMMHUPOBAHHEM BCE
COCTABIISIIOIIME  HEONPEICIICHHOCTH  JOJIKHBI
ObITh  BBID&KEHBI B  BUAE  CTAHAAPTHBIX
HEOIPENeNeHHOCTEH, T.6. B BHIEC CTaHIAPTHBIX
otkiioHeHHH. [loaToMy MoOXeT moTpedoBaThCs
mpeoOpa3oBaHue u3 KaKOM-TO WHOMU
XapaKTepUCTUKU paccesHusL. Crenyromue
IpaBUiIa JAlOT yKa3aHUs IO NpeoOpa30BaHUIO
TaKOM COCTaBIAIOIIECH HEONPEACICHHOCTH B
CTaHAAPTHOE OTKJIOHEHHE.

8.1.2. B Ttex cuywasx, Korga COCTaBIIAIOIIAS
HEOTPEIEeTIEHHOCTH OblIa OIlcHEHA
OKCIIEPUMEHTANBHO HWCXOAS W3  JAHUCIICPCHH
MTOBTOPHBIX H3MEPEHUIl, OHA JIETKO BBIPAKAETCS B
BHJIC CTaHIapTHOTO OTKJIOHCHHS. Jlnst
OTIENBHOTO pe3ylbTaTa B pALy HW3MEPEeHUi
CTaHIApTHAs HEONPEACNIEHHOCTh €CTh MPOCTO
HaOIl0/TaeMOe CTaHAapTHOE OTKIOHEHHE; B TeX
CIydasx, KOTJa  pe3yNbTaThl  yCPENHSIOT,
WCTIONB3YIOT CTaHJAAPTHOE OTKJIOHEHH e
cpeanero [B.Error! Bookmark not defined.].

8.1.3. Ecu OLICHKY HEOIPEAEICHHOCTH
MOy4aloT Ha OCHOBAaHMM PE3yJbTaTOB Mpea-
LIECTBYIOLINX HCCICIOBAHUN WJIM HMEIOIUXCS
JaHHBIX, OHA, BO3MOXHO, Y>K€ BBIp@)KEHa B BHIE
CTaHAAPTHOTO OTKJIOHEHUs. Ecnmm ke ykazaH
JOBEPUTENIbHBI MHTEPBAJI C COOTBETCTBYIOIINM
JOBEPUTEIIbHBIM ypOBHEM (B BuAE *+ a mpu
BEpPOSTHOCTU p %), TO 3HAUYCHHE a HYXKHO
MOJENUTh HAa COOTBETCTBYIOLIYIO MPOLEHTHYIO
TOYKY  HOPM@JIBHOTO  paclpeleNieHus Ui
3aJJaHHOT'O JJOBEPUTEIILHOT'O YPOBHSL.

ITPIMEP

TexHHUecKoe ONUCaHWE YCTAHABIMBAeT, 4YTO
MIOKAa3aHUS BECOB HAXOMATCS B Ipenenax
+0,2 Mr npu J0BepUTENBHON BeposiTHOCTHE 95
%. Ilo TabiaupmaM  TNPOLEHTHBIX  TOYEK

HOPMAaJIbHOTO pacnpeneneHus 95%
,Z[OBepI/ITeJ'ILHI:Jﬁ HUHTEpBaJ BBIYUCIISICTCS
ucxons w3 3HadueHus 1,96. HMcmoib3oBaHue
3TOrO qrcia JacT CTaHIAPTHYIO

HeomnpeneneHnocts (0,2/1,96) = 0,1.

8.1.4. Ecmu mpenensl +a naHel 0e3 yKazaHUS
JOBEPUTEIILHOIO YPOBHS, M €CTh OCHOBAHUS
OXKHIaTh, YTO KpalHHWE 3HAYEHHUS CTOJIb XKe
BEPOSITHbI, KAK M 3HAUYECHHE B LIEHTPE, OOBIYHO
YMECTHO MIPUHSATD PSIMOYTOJIEHOE

pacrpesielieHie O CTaHIAPTHBIM OTKJIOHCHUEM
a/N3 (em. npunoxenue E).

[MPUMEP

MepHhas xonba kracca A BMeCTUMOCTBIO 10 Mi;
YKa3aHHOE B  cepTU(HKATE AOIyCKaeMoe
OTKJIOHEHHE +0,2 MIL. CrangapTtHas
HeonpeeneHHoCTs paBHa 0,243 ~ 0,12 M.

8.1.5. Ecnu npenenst +a nmaHel 0e3 yKazaHHS
JIOBEPUTEIILHOTO YPOBHS, HO €CTh OCHOBAaHHS
OXXUJaTh, YTO KpallHHE 3HAYCHUS MaJOBEPOSTHBI,
OOBIYHO  yYMECTHO  NPHHATH  TPEYroJbHOE
pacnpe/ielieHde €O CTaHAApTHBIM OTKJIOHEHUEM
a/N6 (cm. npunoxenue E).

[MPUMEP

MepHhas xonba kracca A BMeCTUMOCTBIO 10 Mi;
YKa3aHHOE B  cepTU(HKATE AOIyCKAaeMoe
oTkioHeHne + 0,2 M, HO ONBIT IPOBEPOK
MIOKa3bIBACT, 9TO KpaiiHue 3HAUCHUS
OTHOCHTEIIFHO peIKu. CranmapTHas
HEeOoTpeIeIeHHOCTh PaBHA 0,2/\/6 ~ 0,08 M.

8.1.6. B Tex cnywasx, Korja OICHKa JOJIKHA
OBITh CHCIaHA Ha OCHOBAHHMU  CYXKICHHH,
COCTAaBJISIOUIYI0O  HEOIpPENEICHHOCTH  MOXHO
BBIPAa3UTh Cpa3y B  BHUJAE  CTaHAAPTHOIO
oTkJIoHeHHs. Eciii 3T0 HEBO3MOXKHO, TO clelyeT
OLICHUTHh MAaKCHMaJlbHOE OTKIOHEHHE, KOTOpOE,
BEPOATHO, MOTJIO OBl UMETh MECTO Ha ITPAKTHKCE,
HCKJIIOYas IpoMaxu. Ecnm MeHbpmue 3HadeHUS
OTKJIOHEHHS MO’KHO CUHTATh CYIIECTBEHHO OoJiee
BEPOSITHBIMH, TO CJIEAYET MPUHATH TPEYrOJILHOE
pacnpenenenue. FEciu ke HET OCHOBaHUH
IpeAroarath 0O0JBIIYIO BEPOSTHOCTD
HE3HAYMTEIBHBIX OTKJIOHCHHH, TO 3TO CJIEIyET
TPAKTOBATh KaK MPSIMOYTOJIBHOE pacipe/IeiiCHUE.

8.1.7. Koo ummentsr  mpeoOpazoBanust  ams
HEKOTOPBIX Haubojiee YacTO HCIOIb3yeMbIX
pacrpezelieHuii MpuBeeHBI B puioxenuu E. 1.

8.2. CymmapHas cTaHgapTHas
Heonpe/e/IeHHOCTh

8.2.1. Cnenyrommm maromM 3a OIICHKOM

OTACIBbHBIX COCTaBJIAIOIINX nIn rpymn
COCTaBJIAIOIINX HEOIPEACICHHOCTHU n
BBIpa’XCHUEM nux B BHUC CTaHAAapPTHBIX
HeOHpeIleJ’ICHHOCTCfI SBJISACTCA BBIYHCJICHUC

CYMMAapHOH CTaHIAPTHOM HEOIPENECIIEHHOCTH C
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MOMOINBIO OJHOW W3 TPOLEIYp, OMHUCAHHBIX
HIDKE.

8.2.2. Obuiee cooTHOUIEHHE MEXKAY CYMMAapHOM
CTAQHJAPTHOH  HEONPENENCHHOCThI0  U(y) W
3HAUCHUSMH HEOMPEICIICHHOCTH MapaMeTpoB X,
X, ...X,, OT KOTOPBIX 3aBUCHUT y, UMEET BUJL:

u(Y(x,,x5...)) =\/Zc,.2u(x,.)2 = Zu(y,x,.)2 ’

i=l,n i=l,n

e y(x,X5..) — QYHKIUSI HECKOJIBKUX I1apaMeTPOB
X,X.., €; — KOA((OUIMEHT YyBCTBUTECILHOCTH,
olpeessieMblid KaK YacTHas IIPOU3BOJIHAS Y TIO X,
T.C. ¢;=0y/0x; u u(y,x;) 0003HavaeT
HEOMNPEACICHHOCTh (YHKIMH Y, BO3HHUKAIOIIYIO
M3 HEONPENENICHHOCTH X, Bkiax KaxIou
nepeMeHHon u(y,x;) MpeACTaBIsIeT cOOOW MPOCTO
KBaJipaT COOTBETCTBYIOIICH HEONPEACICHHOCTH,
BBIPQ)KCHHOW B BUJC CTaHIAPTHOTO OTKJIOHCHWS,
YMHOXCHHBI Ha KBaJpaT COOTBETCTBYIOIIETO
ko3 pumeHTa YYBCTBUTEILHOCTH. otu
KO3 (UIIUEHTBI YyBCTBUTEIBHOCTH MOKA3bIBAOT,
KaK W3MEHSETCS 3HAYCHUE ) TPU HU3MCHCHHH
MapameTpoB X;, X; U m.0.

IMPUMEYAHUWE
KoadduimeHTsl 49yBCTBUTEIBHOCTH MOYKHO
OIICHUTh HEMOCPEICTBCHHO M3 KCIICPHUMEHTA;
3TO OCOOEHHO Ba)KHO TOT'JIA, KOT/Ia Y HAC HET
HAJCKHOTO  MATEMAaTHUYECKOI'O0  OMHCAHHS

GyHKIMH Y(X;,X5,..).

8.2.3. Ecn MepeMEHHBIC HE SIBJISTFOTCS
HE3aBHCHUMBIMH, 3TO COOTHOIIICHUE YCIIOKHICTCS:

u(y(x;; )= Zcizu(xi)z + Zcick u(X;,x)

i=l,n i,k=l,n
i=k

rae u(x;X;) — KOBapHalus MEXKIY X; U X, C; U C; —
KO3 PULMEHTHI YyBCTBUTEIBHOCTH, OITUCAHHBIC B
pazmene  8.2.2. KoBapuauuss  cBsizaHa ¢
KO3 (QUIMEHTOM KOPPEIALUH 7;j, COOTHOLIEHHEM

u(x,x;) = u(x;) u(xp)rig
rae -1 <rpy<1.

8.2.4.0Otm  ob0mume  QopMyIBl  TPUMEHUMBI
HE3aBUCUMO  OT  TOrO,  OTHOCSTCA  JIK
HEOIPEIENCHHOCTH K OTAEIbHBIM IapameTpam,
CTPYIIIMPOBAHHBIM ITapaMeTpaM WM METOIUKE B
nesioM. OJHAaKO ecy BKJIaZ B HEONPEAETICHHOCTh
OTHOCUTCA K METOAUKE B IIEJIOM, €ro OOBIYHO
BBIP@KAIOT KaK BEJIMYMHY, BIHUSIOMIYIO Ha
KOHEYHBIM pe3ynbTar. B Takux ciaydasx, WU
KorJa HEOIPEIeICHHOCTh napamerpa

*
B Pyxosoocmsee CO ucmonms3yercs Ooiee KpaTkas
(hopma 3ammcu uy) BMecTo u(y,x;)

BbIpaXXaC€TCd HEMOCPCACTBEHHO B CAWHHLIAX ),

KOA(PQUIUCHT YYyBCTBUTEIBLHOCTH Oy/OX; paBeH
1,0.

[MPUMEP
Pesyaerar 22 Mra'  XapakTepH3yercs
CTaHJApPTHBIM  OTKJIOHeHHeM 4,1 mr T
CranmapTHas HEONpEICNICHHOCTD u(y),

CBSI3aHHAss C MPEIHU3NOHHOCTBIO B  ATHX
ycnoBusix, pasHa 4,1 Mra'. Mogens 3Toro
u3MepeHust  (mpeHeOperas Uit MPOCTOTHI
JIPYTUMHA ¢dakTopammn) MOXKET OBITH
IpEe/ICTaBIICHA B BUJIE:

y = (BBIYHUCIIECHHBIN pe3ybTaT) + €

rIe € OTpakaeT Bce ciydailHele 3()(QeKTH B
JaHHBIX YCITOBUSIX W3MEpeHHI;
COOTBETCTBCHHO, KO3 pHUIneHT
YYBCTBHUTEIBHOCTH Oy/0¢ paseH 1,0.

8.2.5.Bo Bcex cmydasx, 3a HCKIIOYCHHEM
OMMCAHHOTO, KOTJa KOI(PQOUIMEHT YYyBCTBH-
TEIbHOCTH paBeH €JUHMIIE, U OCOOBIX CIyd4aes,
onucanueix B [lpaBunmax 1 u 2 HmKe, ciemyer
HCITIOJIB30BaTh OOIIYI0 MPOIEeaypy, TpeOyIoryro
HAaXOXJEHUSI YACTHBIX TPOU3BOJHBIX WIHW HX
YUCJIEHHBIX 3KBHUBaJ€HTOB. B mpunoxenuun E
MoJpoOHO omMcaH MpenaoxeHHb KparreHoMm
yncineHHsld Meton [H.22], koTopslit 3¢ dekTHBHO
UCIOJB3yeT  JJEKTPOHHbIE  TaOMUIBl A
HaXO0XKICHUS CyMMapHOH CTaHJAPTHOMN
HEOTIPEeIETICHHOCTH HCXOJAs M3 CTaHIapTHBIX
HEOMPENIEICHHOCTEH  BXOJHBIX  BEIMYUH U
U3BECTHOW Mojenu usmepenus. Kpome toro, tam
ONHMCAaHO MpPHUMEHEHHE JApPYyroro YHCIECHHOTO
moaxoma — wmetoma Monrte-Kapno. Bo Bcex
CIIy4asx, KpOME CaMbIX MPOCTHIX, pEKOMEHIYeTCA
UCIOJb30BaTh J3TH WIHM JpYyrHe MOIXOJAIINe
METOJIbI C IPUMEHEHHEM KOMIIBIOTEPA.

8.2.6. Bo mHorux ciaydasx oOuue BBIpaKeHHUS
InIE: CYMMHUPOBaHHUS HEOIPEIETIEHHOCTEN
COKpalaloTcs 10 Topa3fgo Oonee  MPOCTHIX
¢opmyn. Hwke naHpl nBa TpPOCTHIX NpaBHIa
CYMMHUPOBaHUS CTaHIapTHBIX
HEOIPEJAETIEHHOCTEN.

[IpaBuio 1

s Monenel, BKIIFOYAIOIIKUX TOJBKO CYMMBbI WIN
pa3HOCTU BEIWYMH, Hanpumep, y=(p+q+r+...),
CyMMapHasl cTaHIapTHas HEONPEIeIeHHOCTD U ())
NPECTABISACTCS BEIPAYKEHUEM

u, ((p,q.)) =Au(p)* +u(g)* +.....

IIpaBuyo 2
Jlotst MOJIENCH, BKJTFOYAFOIITHAX TOJIIBKO
MPOW3BENEHUs]  WIM  YacTHBIC,  Hanpumep,
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y=(pxqxrx..) um  y=p/ (g xrx.),
CyMMapHasi CTaHIapTHasl HEOTPEICICHHOCTD U ())
MNpEaACTABIIACTCS BhIPAXKCHUEM

u.(y)=y (Mj +(M) + e
p q

rne (u(p))p) u m.0. TPEnCTaBISAIOT COOOM
HEOTIPE/ICICHHOCTH MapaMeTpPOB, BBIPAKECHHBIC B
BHUJIC OTHOCUTEJIBHBIX CTaHIAPTHBIX OTKIOHCHHUH.

MNPUMEYAHUE
B ITHX IIpaBUIax BBIYUTAHUE
paccMaTpHBaeTCs aHAJIOTHYHO CIIOXKEHHIO, a
JIelIeHHe — aHaJOTMYHO YMHOXKEHHUIO.

8.2.7./In1 TOoro  UYTOOBI  MPOCYMMHPOBATH
COCTABIISIIOIINE  HEONPENENICHHOCTH, YAOoOHee
BCEro pa30UTh HCXOOHYI0 MaTeMaTHYECKYIO
MOJIEJIb Ha OTHENbHBIE BBIPAXKEHHs, COCTOALINE
TOJIBKO W3 TEX OINepauuii, KOTOphle MOANANAIOT
MOJ OJHO U3 JBYX NPHUBEACHHBIX BBILIEC MPABHUIL
Hanpumep, BeipaxxeHue

(0+p/(q+r)

cienyer pa3douTh Ha JBe 4YactH (o+p) u (g+r).
ITpoMexyToUHBIE HEOTPEICIICHHOCTH TSt
Ka)KZIOfI N3 HUX MOXHO BBIYHUCIUTH C IIOMOIIBIO
mpaBuwia 1; 3TH NPOMEXYTOYHBIE HEoIpe-
JCICHHOCTH CYMMHUPYIOT 3aTeM IO MpaBuily 2,
9T0 W JaeT CYMMapHyl0 CTaHIapTHYIO He-
OIpPE/ICICHHOCTb.

8.2.8. Cnenyromue mnpuMmepsl WIIIOCTPUPYIOT
MMPUMCHCHHUC NMPUBCACHHBIX BBIIIC ITPABUJI.

ITPUMEP 1
Hama  momems:  y=(p-g+r).  3HaveHUA
apaMeTpoB " ux CTaHIapTHBIC

HEONpeAeNeHHOCTH TakoBbl: p=5,02, ¢=6,45 un
r=9,04, u(p)=0,13, u(q)=0,05 u u(r)= 0,22.

y=15,02-6,45+9,04=7,61

u(y) =+/0,132 +0,05> +0,22> = 0,26

IMTPUMEP 2
Hana Mozenb:  y = (op/qr). 3HaueHus
napamMeTpoB u ux CTaHIaPTHHIC

HeomnpeaeneHHocTH: 0=2,46, p=4,32, ¢=6,38 u
=299, u(0)=0,02, u(p)=0,13, u(q)=0,11 u
u(r)=0,07.

1=(2,46 x 4,32 )/ (6,38 x 2,99 ) = 0,56

0,02 (013Y
+ +
2,46 4,32
0,11 2+ 0,07Y
6,38 2,99

= u(y) =0,56 x 0,043 = 0,024

u(y)=0,56x

8.2.9. Bo MHOTHX ClIy4asix BEJIMYMHA
COCTABJISIFOLIMX HEOIPEICICHHOCTH 3aBUCHT OT
YPOBHS OIpeAessieMoro KomrnonenTta. Hampuwmep,
HEONPEICICHHOCTh, CBA3aHHAs C W3BJICYCHHUEM
aHaJINTa U3 KaKOW-TNMOO MAaTPHIBI, MOXET OBITh
MEHbILIIE IPU  BBICOKHX  COACPKaHMAX, a
ciydaiiHple Koje0aHHMsS CHEKTPOCKOIMYECKHX
CHUTHAJIOB YacTO IPHUMEPHO NPOIOPLHOHATIBHBI
WX WHTEHCHBHOCTH (TIOCTOSHHBIA KO3(QQUIHECHT
Bapuanuu). B Takux ciydasix BakKHO YUMTBHIBATh
3aBUCUMOCTh CyMMapHOH CTaHJApPTHOU
HEONPEACICHHOCTH OT COACP)KAHHUS aHaJIuTa.
Hcnonb3yemble 31eCh MOAXOABI BKJIIOYAIOT:

e OrpaHWYCHUE METOAMKH aHaJIH3a WU OLICHKU
HEONPEeAeIeHHOCTH 1o JUanazoHy
KOHLICHTpAalHii;

®  BBIPpAXCHHUC  HCONPEACICHHOCTH B  BHUIC
OTHOCHUTEJIBHOT'O CTaHAAPTHOT'O OTKJIOHCHUS

®  YCTAHOBJICHUE 3aBUCUMOCTHU oT
KOHICHTpAUU B IBHOM BHUJAC W BBIYUCIICHUEC
HEOMPEACIICHHOCTHU JUIA KOHKPETHOI'O

pe3ynbTaTa aHaIu3a.

Ilpunoxkenne E.5 pgaer  [ONOJHUTEIBHYIO
nHGOPMAITUIO 00 3TUX MTOAXO0/IAX.

8.3. PacmiupeHHasi HeonpeaeIeHHOCTD

8.3.1.Ha nocnemneM  3Tame  CyMMapHYIO
CTaH/IapTHYIO HEOIPEAEIEHHOCTh YMHOXKAIOT Ha
BBIOpaHHBIH KO3 (dUIMEHT  oxBarta s
MOJYYEHUS] PaCIIUPEHHON HEONpeaeIEHHOCTH.
Pacmmpennas HeompeaeleHHOCTh HYXKHA IS
TOTO, YTOOBI yKa3aTh MHTEPBaJ, B KOTOPOM, Kak
OXKHJAeTcs,  3aKjilo4eHa  Oonblias — 4yacTh
pacrpeaeneHus 3HAYCHUH, KOTOpEIE c
JOCTaTOYHBIM  OCHOBaHHEM  MOTYT  OBITh
NPUIIICAaHbl U3MEPSEMON BETHUUHE.

8.3.2.[lpu BBHIOOpe 3HaueHus KoddPuuenrta
OXBaTa k clenyeT YUUThIBaTh:

e TpeOyeMmblil ypOBEHb JOBEPHSI;

®  KaKyl-Jmbo UHGOPMAITUIO 0
HPEAIOoIaraeMoM pacipe/ieiCHNN;

e wuHbOpMALUIO O KOJIMYECTBE HAOJIIOICHUM,
HUCIIOJIB30BAHHBIX [AJI1 OLCHKH CHy‘JaﬁHBIX
a¢dexToB (cM. nanee pazmen 8.3.3).
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8.3.3. [Insa 0OJBIIMHCTBA MIPUMEHEHUH
pexoMeHyeTcs, 4ToObl & ObuT0 paBHO 2. OqHAKO
3TO 3HAYCHUC k MOKET OBITH HEJO0CTAaTOYHbBIM B
TEX clryJasax, Koraga CyMMapHas
HEOINPEICICHHOCTh OCHOBaHa Ha pe3yJbTaTax
CTaTHCTHYECKUX HAONIOJCHUH C OTHOCHUTEIHHO
HEOOJIBIINM YHCIIOM CTeNeHeld cBoOoabl (MeHee
mectu). B TakoM ciydae BeIOOp £ 3aBUCHUT OT
3¢ (HhEeKTUBHOTO YMCIIa CTEHICHEH CBOOOIBI.

8.3.4. Korga CyMMapHas CTaHJapTHas
HEOTPEICICHHOCTh ONPEICISCTCS HAHOOIBIINM
10 BEJIMYMHE BKIAJOM C MEHEE YeM IIEeCThIO
CTENEHSMH  CBOOOBI, TO  PEKOMEHAYETCs
yCTaHaBIUBAaTh k& paBHBIM JIBYCTOPOHHEMY
3HaueHuto0 Kputepus CThrOIeHTa ¢ A 4Yuca
CTeNeHe# cBOOOIbI, CBSI3aHHOTO C 3THM BKJIAJIOM,
u TpedyeMoro ypoBHs noBepHs (00braHO 95 %).
B Tabmuma 1 (crtp. 35) mnpuBemeHa CBOJKA
3HAUCHUH #, BKJIIOYAs 4YMCIIa CTereHel CBOOOIbI
OoJbIIe MIEeCTH.

MMPUMEP:

CyMmMapHasi CTaHAapTHAs HEOMPEICIICHHOCTD
B3BCHIMBaHUS  (OPMHUPYETCS M3  BKJIAJOB
#.,~0,01 Mr, CBSI3aHHOTO C KaJIUOpPOBKOH, W
Sops—0,08 MI', OCHOBAaHHOI'O Ha CTaHJAPTHOM
OTKJIOHCHHH IISATH TOBTOPHBIX HAOJIOCHUH.
CyMmMapHasi CTaHIapTHasE HEONPEACICHHOCTD 1,

pasra /0,01 +0,08% = 0,081 mr.

OHa onpeensercs MPEUMYIIECTBEHHO
BKJIAJIOM TIOBTOPSIEMOCTH S,p;, OCHOBAaHHBIM Ha
MATH HaOMIOJACHUAX, 4TO JaeT 5—1=4 cremneHu
¢B000a6I. COOTBETCTBEHHO, k JOKHO OBITH
MPUHATO PABHBIM 3HAUYCHHIO ! JIBYCTOPOHHETO
pacnpenenenuss CrelofieHTa. JTO 3HAYeHUE ¢
JUTS YETBHIPEX CTEMeHeH CBOOOIBI M YPOBHS 95
%, kak ciemyer w3 Tabnui, paBHO 2,8.
CoOOTBETCTBEHHO, k& MPUHUMAIOT PaBHBIM 2,8 U
pacumpeHHast HEeOoTMpeeNeHHOCTh paBHa
U=2,8x0,081=0,23 mr.

8.3.5. Pyxosoocmeo nCco [H.2] Jaet
JIOTIOJTHATENBHBIE yKa3aHUs 10 BBIOODY k B
cllydae, KOTJa OLIEHHBAIOT OOJIBIINE CITydaiHbIC
s¢deKTh o MaoMy YrcIy m3MepeHuit. K atomy
PykoBomcTBy cnemyer oOpamarbcs W IpU
HAaXOKJCHUM YHWCIIa CTENeHeH CBOOOMBI, Korja
CYIIECTBEHHBIMH  OKAa3bIBAlOTCS  HECKOJIBKO
BKJIAJIOB.

8.3.6. B Tex cmyuasx, Korga paccMaTpUBaeMoe
pacrpeneneHue ABTISIETCS HOPMaJIbHbIM
pacnpezneneHueM, KodhGUIIUEHT 0XBaTa, PaBHBIH
2 (wim BBHIOpAaHHBIA B  COOTBETCTBHH C
naparpadamu 8.3.3.-8.3.5. mpu ypoBHE mOBepus
95 %), NpUBOIUT K MHTEpBaly, COIEpXKalemy
npumepHo 95 %-HOro pacnpeneneHus 3HaYCHUH
u3MepsemMor  BeauuuHbl. [Ipm  oTcyTCTBUM
uHpOpMaIH 0 THUIIE pacrpeneseHus
uHTEpnperanys B BUxe 95 % HOBEpUTEIHHOTO
MHTEpBaja TEPSET CUILY.
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Ta6una 1: 3nauenus ¢ pacupenejienns CTbroaeHTa 175 95 %-HOro 10BepUTEJIHLHOI0 YPOBHA

(IBYCTOPOHHSISI IOCTAHOBKA 32/1a41)

YucJio crenenei

cB00OABI V
1 12,7
2 4,3
3 3,2
4 2,8
5 2,6
6 2,4
8 2,3
10 2,2
14 2,1
28 2,0

3Ha4yeHus! ¢ OKPYIJIEHBl 0 OJHOIO JECSTUYHOTO
3Haka. sl mpoMEXYTOYHBIX 3HAYEHUH CTEHeHH
cBoOombl v, crnemyer nubo OpaTh Onmxaiimiee
MeHbIIIee 3HaUYeHHe v, TMO0 oOpamarbes K Oolee
HNOJHBIM  TabiumaM  WIM  KOMIBIOTEPHBIM
IporpaMmam.
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9. HpeIICTaBJIeHHe HEONMPEACTCHHOCTHN

9.1. OO0mHMe MOJI0KEHUS

9.1.1. Uadopmanus, HeoOxoaumas npu
MPENICTABICHUN PE3yJIbTaTa U3MEPEHMUSI, 3aBUCUT
OT LIEJIM €ro JajbHelmero ucnoiap3obanus. [Ipu
9TOM PYKOBOJICTBYIOTCS CIIeTyFOIIAMHA
MIPUHIIATIAMHE:

®  [PenOCTaBIATh HH(POPMALHUIO, JOCTATOUHYIO
IUIE  TOTO, 4YTOOBI MPOBECTH IOBTOPHYIO
OLIEHKY HEOIPEIeNCHHOCTH, €CIH MOSBUTCS
HOBas MH(OpPMAIHSI NI HOBBIC JaHHbIC;

®  [peANOYTUTEIbHEE MPEI0OCTaBUTh
M30BITOYHYTO nH(pOpMAITHIO, HEXEIn
HEJIOCTaTOYHYIO.

9.1.2. Ecu moapoOHOCTH M3MEpPEHUs, BKIIOYast
TO, KaK OLEHWBANACh HEOIPENeICHHOCTh, TaHBI
B BHIE CCBUIOK Ha  OIyOJUKOBaHHBIE
JIOKYMEHTHI, HEOOXOIMMO, YTOOBI 9TH
JOKYMEHTHl  OBUTH  aKTyaJlu3UpPOBaHBI |
COOTBETCTBOBAJIM IIPUMEHSIEMBIM B JTa00paTOPUH
METOIMKAM.

9.2. TpeoOyemasi ungopmanus

9.2.1.IlomHoe  mpexacTaBieHHE  pe3ylibTaTa
U3MEPEHUsl JIOJDKHO BKIIIOYATh  CIEYIOILYIO
WHPOPMALIMIO MM CCBUIKY Ha JIOKYMEHTEHI,
coziep Kallye TaKkyro HH(opmanuro:

® ONUCaHHWE METOJO0B, MCIOJIb30BAHHBIX JJIA
BBIUMCIICHUS] PE3YJIbTaTa U3MEPEHUS U €ro
HEOIPEIEICHHOCTH Ha OCHOBE
SKCIEPUMEHTAIBHBIX HaOJIIOICHU u
JJAHHBIX O BXOJIHBIX BEJIMYMHAX;

° 3HAYCHUA W HMCTOYHHUKU BCCX IIOMPABOK H
KOHCTAaHT, HCIIOJIB30BAaHHBIX KakKk Ipu
BBIYMCJICHHUU pPE3yJibTaTa, TaK U IIPHU aHaJIu3¢€

HEOIpeIeICHHOCTH;
e TiepeyeHb BCEX COCTABJISIFOIITIX
HEOIPEIEIEHHOCTH c MOJIHOM

JOKYMEHTallMel,  Kacalwlleicid  OLEHKHU
KaXJ0il U3 HUX.

9.2.2. JlanHble W WX aHAIM3 JOJDKHBI OBITh
MPEJICTABICHB TaKUM 00pa3oM, 4TOObI MOXKHO
OBUIO JIETKO MPOCIICIUTh BCE BAXKHBIC ITAIbl U
Mpy HEOOXOAMMOCTH TOBTOPUTH BBIYUCIICHUE
KOHEYHOT'O pe3yJIbTarTa.

9.2.3.B Tex cmyuasx, Kkorga TpeOyeTcs
nozapo6Hoe IpE/ICTaBIECHHE pesyJbTara,
BKJIIOYAKOIIICE IMPOMEIKYTOYHBIC BCJIIMYHUHDBI,
OTYECT JOJIDKCH BKJIOYATh:

e 3HAUYCHHE KaXIOM BXOJHOM BEIMYUHBI, €€
CTaHJIapTHYIO HEOIPEETIEHHOCTD U
OIKMCaHUE TOTO, KaK OHA ObLjIa MOY4CHA;

® COOTHOIIEHHE MEXIy pe3yabTaToM H
BXOJHBIMU BEJIMYMHAMH, a TAK)K€ YACTHBIMHU

MPOU3BOHBIMH, KOBapHalusIMu 170101
ko purmenTamu KOppEeJsLuH,
UCTIOJIb30BaHHBIMH ~ JUIsL  y4deTa  OTHX
3¢ deKTOB;

® UHUCIO CTemeHeil cBOOOABI IJsl CTaHAapPTHOU
HEONPEAECIEHHOCTH Kaxa0i BXOJTHOM
BCJIMYHHBbI (MGTOZII)I HaxXOXIACHHA 4Yucjia

crerneHen cBO0O/IBI HIPUBEEHBI B
PykoBoactee CO [H.2]).
[MPUMEYAHUE

B Tex cmywasx, korma (QyHKIHOHaNIbHAs
3aBHCHUMOCTh OUE€Hb CJIO)KHA WM HE CyIle-
CTBYET B SIBHOM BHJe (HallpUMep, OHa MOXKET
CYIIECTBOBATh JIHUIIb KaK KOMIIBIOTEpHas
mporpaMMa), OHa MOXeT OBbITh ONHUCaHa B
o0meM BuAe WIM @yTeM CCBUIKM Ha
COOTBETCTBYIOUIMI HUCTOYHMK. B  Takmx
Cllyyasix JOJDKHO OBITh Bcerja sICHO, Kak

MOJIy4eH pe3yabpTar u €ero
HCONPEACIICHHOCTD.
9.2.4. Ilpu MIpEJICTaBIECHUU pe3yIbTaToOB

PAOOBBIX AHAJIM30B MOXKET 6I>ITI> JOCTaTOYHbIM
TONBKO  yKa3aHWE 3HAYEHHUs PacCIIMPEHHOM
HEONPEACTICHHOCTH U 3HAUYCHHUS K.

9.3. IlpeacraBiieHHe CTAHAAPTHOM
Heonpe/1eJIeHHOCTH

9.3.1. Korna HeompezeneHHOCTh BBIpakaeTcs B
BHUJIE CyMMapHOH CTaHJapTHOU
HEONpEJCNeHHOCTH . (T.e. B BHJIEC OJHOTO
CTaHJapTHOTO OTKJIOHEHHS), pPEKOMEHIyeTCs
crnenyroias (GopMa 3aIrucH:

"(Pesynprar): x (EOWHMI])) TPU CTAHIAPTHOM
HEONpPENEeNCHHOCTH U, (SAWHMI]) [rAe CTaH-
JapTHas  HEONPEACICHHOCTh  ONpPEIeIseTCs
cormacHo  PykoBomctey ~ MCO/MOBK  mo
BBIPAXXCHUIO HEONPCACIICHHOCTH B H3MCPCHUAX
M COOTBETCTBYET OOHOMY  CTaHAAPTHOMY
OTKJIOHEHHUIO |"

QUAM:2012.P1-RU

Crp. 38



KoaunuyecTBeHHOE OMUCAHHE HECONMPEACTCHHOCTH

HpeIlCTaBJIeHI/Ie HECONPEACJTCHHOCTH

I[TPUMEYAHUE
IIpn yKa3aHUU CTaHAAPTHOU
HEOIPEJENIEHHOCTH HUCIOJIb30BaHUE 3HAaKa
HE PEKOMEHIYETCs, IMOCKOJBKY 3TOT 3HAK

accoununpyceTcsa C HUHTCPBAJIOM,
COOTBCTCTBYIOIINM BBICOKHM YPOBHAM
JAOBCpHs.

Tekcr B ckoOkax [] MOXeT OBITH OMYIIEH HIH
COKpaIlleH B 3aBUCHMOCTH OT O0OCTOSITEIIbCTR.

I[TPMEP:

Cymmapssriit a3ot: 3,52 /100 T

CrannapTtHas
HeomnpeneneHuocts: 0,07 /100 r*

* CrannapTHas HEONpeIeNICHHOCTh
COOTBETCTBYET OJTHOMY CTaHIAPTHOMY
OTKJIOHCHHIO.

9.4. IlpencraBjieHHe pacIIMPEHHOM
HeonpeeJIeHHOCTH

9.4.1. Eciu Het WHBIX TpeOOBaHUI, pe3ynbTaT X
JOJbKeH OBITh yKa3aH BMECTE C pacIlUpeHHOM
HEolpeeNeHHOCTbI0 U, KOTOPYIO BBIUUCISIIOT C
npuMeHeHneM koadduuumenta oxpata k=2 (uiau
Kak omucaHo B pazaene 8.3.3.). Pexomengyercs
cnenyroimas (hopMa 3arucH:

"(Pesynbrar):(x = U) (enuHun)

[foe]  mpeAcTaBi€HHAsT — HEOMNPEIEICHHOCTh
[pacmmpeHHas HEeOIpeeIeHHOCTb,
ompezensiemMas corjacHo MexaTyHapoJHOMY
CIIOBapl0 OCHOBHBIX W OOIIMX TEPMHUHOB B
MeTposorun, 2-¢ wusganume, HMCO 1993]
BBIUUCIICHA C KOO(QQHUIMEHTOM OXBaTa, paBHBIM
2 [4TO JmaeT ypOBEHb JNOBEpUS MPUOIU3UTEIBHO
95 %]"

Tekcr B ckoOkax [| MOXeT ObITH ONYIICH WU
COKpallleH B 3aBUCHUMOCTH OT OOCTOSATEILCTB.
Koad¢uiuent oxparta I0JIKeH, KOHEYHO, OBITh
CKOPPEKTUPOBaH, 4YTOOBI  JIEMOHCTPHPOBAThH
(akTHUECKOE 3HAUCHHE.

I[MTPUMEP:
Cymmapssrit a3ot: (3,52 £0,14) /100 T *

* IlpencraBieHHas HEONPENEICHHOCTb €CTh
pacimpeHHas HEOIIPE/IeNICHHOCTb,
BBIYMCIIEHHAs C Kod((duimeHToM oxBara,
paBHBIM 2, YTO JaeT YPOBEHb JOBEpUS
npubIu3UTENIsHO 95 %.

9.5. Yucia0Boe BbIpaskeHUe
pPe3yJbTATOB

9.5.1. YucnoBele 3Ha4YeHHs pe3yjabTaTa U €ro
HEONPECNCHHOCTH HE CIEAyeT NPUBOAHUTH C
W3IMIIHAM YHCJIOM 3HaKoB. JIMIIb B pemkux
cy4asx ObIBaeT HEOOXOIMMO YyKa3bIBaTh IS
HeomnpeeIeHHOCTH Ooliee IBYX 3HaYaIX mudp,
Oynb TO pacuidpeHHass HeompeneneHHocTh U
WIA  CTaHjgapTHas  HEONPEACICHHOCTh .
Pesynbrar f0mKeH OBITH OKpPYIJIEH TaK, YTOOBI
OH OB  cormacoBaH C  YKa3bIBacMOM
HEOMPECeICHHOCTEIO.

9.6. HecumMMeTpH4YHbIC HHTEPBAJIbI

9.6.1. B HEKOTOpBIX cllydasX, OTHOCALUUXCS, B
YaCTHOCTH, K BBIPQKEHUIO HEONPENEICHHOCTH
pesynsTaToB BOMM3n Hyms ([Ipunoxenue F) wmu
K MOJEIHpPOBaHUI0O N0 Meroay Monte-Kapio
(ITlpunoxenne E.3), pacmpeneinerne BOKPYT
pesynbraTa MOXeET OBITDH CHJIBHO
HECHMMETPHYHBIM. B TaKOM ciryyae
HelleJIeco00pa3Ho NPHUBOAUTH  EIMHCTBEHHOE
3HaYeHUE HeompeaeIeHHocTH. Bmecto 3toro
CIIeIyeT AaTh IPaHULbBl HHTepBaia oxBarta. Eciu
Opeanoyiiaraercsi, 4YTo  pe3yiapTaT MU €ro
HEONPEICICHHOCTh OyOyT HCIONb30BaThCi B
JAIbHEHINX BBIYUCICHHUAX, CIEAYeT YyKa3aTb
TaKXe CTAaHJAPTHYIO HEONPEIEICHHOCTb.

ITPMEP:

CreneHb 4YUCTOTHI BellecTBa (Kak MaccoBas
JIOJIs1) MOXET OBITh TPE/ICTaBICHA CICIYIOLINM
o0pazoM:

Crenenp 4ucToThl: 0,995 HPUOIM3UTENBHO C
95 %-nbIM uHTepBasioM oxBata oT 0,983 mo
1,000, OCHOBaHHBIM  Ha  CTaHAApPTHOU
neonpeaenenHoctu 0,005 u 11 cremensx
CBOOO/IBI.

9.7. CooTBercTBHE 32JaHHLIM
npeaejaam

9.7.1. lns MIOATBEPKICHUS coOroieHus
YCTaHOBJICHHBIX HOPM 4YacTo TpeOyeTcs JoKa-
3aTh, YTO HU3MEpseMas BeJIUYMHA, HAIpPHUMEp
KOHIICHTpAI[Msl TOKCUYHOTO BEIICCTBA, JIGKUT B
3aJaHHBIX mpeaenax. SICHO, YTO B 3TOM
KOHTCKCTE  HEOIPEICICHHOCTh  HM3MEPEHUH
BIMSCT HAa  UWHTCPHPETAIUI0  PE3yJIbTaTOB
aHanu3a. B yacTHOCTH, BO3MOKHO, YTO:

e 1pu OLICHKE COOTBETCTBUS HY’KHO
YUMTBIBATh HEOIPEEIECHHOCTD;

e Tpefenbl YK€ YCTAHOBJIEHBI C YYETOM
HEOIPEEICHHOCTH.
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HpeIlCTaBJIeHI/Ie HECONPEACJTCHHOCTH

Ipu OIICHKE COOTBETCTBHS cleyeT
paccMmarpuBaTh 00a 3TH (akTopa.

9.7.2. Ilogpo6HbIe yKa3aHus B OTHOLIEHUHU TOTO,
KaK yYUTHIBATh HEONPEACICHHOCTh MPU OIECHKE
COOTBeTCTBHUS, NaHbl B PykoBoactee EBPAXIM
“Ucnonp3oBaHue nH(pOpMaITUU o
HEOIPEICTICHHOCTH TIPHU OIICHKE COOTBETCTBUS
[H.24]. Cnenyromue mnaparpadsl 0000ma0T
MPUHLUIEL JokyMeHTa [H.24].

9.7.3. JIns mpuHATHS PEIICHHUS O COOTBETCTBUU
1701071 HECOOTBETCTBUU YCTaHOBJICHHBIM
TpeOOBaHUSIM HEOOXOIUMO CIIEAYIOIIEe:

e crenuduKanusA, KOTOpas JaeT BEepXHHM
W/WIN  HIWKHAHA ~ JTOMycKaeMble  TpPeaeibl
KOHTPOJIHPYEMOKH XapaKTePUCTUKU
(M3MepseMoil BETUINHBI);

® IIpaBUJIO IIPUHATUS PELICHUS, KOTOpPOE
ompenenseT, Kak OyaeT  YYHUTBHIBATHCS
HEONPEAEIECHHOCTh IIPU [PUHATHUA WU
OTKJIOHEHHH NIPOYKTa B COOTBETCTBUU C €TI0
criennpuKayen 1 pe3ynbTaToM H3MEPEHUS;

® TpaHUIBl 30HBI MPHHATUS WO  30HBI
OTKJIOHCHUS (obmacTh 3HAYCHHH ),
yCTaHABIIMBAaCMbIC HWCXOIs W3 TpaBWIia

IMPUHATHUA PCHICHUA, YTO BEACT K INPHUHATUIO
WIW  OTKJIOHEHWIO, KOIJa HW3MEPEHHOE
3Ha4YCHHUC HaXOJNUTCS BHYTpH
COOTBETCTBYIONIEH 30HBI.

IMPUMEP:

[MpaBuno  mpUHATHS —~ peUIEHUs, KOTOpPOE
IIAPOKO TPHUMEHSETCS B HACTOSILNEE BpeMs,
COCTOMT B TOM, YTO pe3yibTaT O3HAYaeT
HECOOTBETCTBHE TPEOOBAHMAM IPH KOHTPOJIE
[0 BEpXHEMY TMpEIeTy, €CIM H3MEPEHHOE
3HAQUEHHWE TPEBBINIAECT OTOT Tpenes, Mo
KpailHEll Mepe, Ha BEJIMYMHY PacCLIMpEHHOU
HeonpeneneHHocTH. Criemys 3TOMy TpaBHILy,
Tompko ciydait (i) Ha PucyHok 2 Oyzmer
O3HAa4aTh  HECOOTBETCTBHE  TPEOOBAHMSAM.
ANBTEepHAaTHBHOE MPABHIIO COCTOUT B TOM, 4TO
pe3ysibTaT ~ NpEAnoNaraeT  COOTBETCTBHUE
TpeOOBaHMSAM, TOJBKO €CIM  H3MEPEHHOE
3HAQUCHWE HAXOJWTCS HIKE TMpefena, o
KpailHEell Mepe, Ha BEJIMYMHY PacCLIMpEHHOU
HeonpeneneHHocTH. Criemys 3TOMy TpaBHILY,
TompkO chmy4aid (iv) Ha PucyHok 2 Oyzmer
03Ha4aTh COOTBETCTBHE TPCOOBAHUSAM.

9.7.4. llpaBuia IpUHATHS PEIICHUS MOTYT OBITh
Oonee cnoxHbIMU. JlampHeimee oO6cCyXIeHue
STHX BOIIPOCOB MOXHO Haiitu B [H.24].
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BepxHun

KOHTPOIbHBIN
npenen

'—

(i
N3mepeHHoe
3HaveHune
MWUHYC
HeonpeaeneHHoCTb
BbilLe npegena

(i)
M3mepeHHoe
3HaveHune
BblLLle npegena,
HeonpeaeneHHOCTb
OXBaTbIBaAET npeaen

(i)
M3mepeHHoe
3HaveHune
HKe npefena
HeonpeaeneHHOCTb
OXBaTbIBaAET npeaen

(iv)
M3mepeHHoe
3HayeHve nnc
HeonpeaeneHHoCTb
HWKe npedena

PﬂcyHOK 2: HeOl'lpe)le.T[eHHOCTb U COOTBETCTBHUEC 3alaHHBIM IIpeae/IaM
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IIpuioxenne A. Ilpumepsl

Ipuioxkenue A. Ilpumepnbl

BBenenue

OO01ee BBeIeHHE

JlanHble TpUMEpPBI WUTIOCTPUPYIOT, KaK METOIbI
OLICHUBAHUS HEOIpPEAEICHHOCTH, OIMCaHHbIE B
pasmenax  5—7, MOXHO IPUMEHUTh  JUIA
HEKOTOPBIX THUIWYHBIX aHATUTHYECKHUX 3a1a4. Bo
BCEX TIpUMeEpax peanusyercs oOmas cxema
orieHUBaHUsl HeomnpeaeneHHocTd (Pucynokx 1 Ha
ctpanune 14). VCTOYHMKH HEONpPeneIeHHOCTH
BBIBISIIOT M YCTaHAaBJIMBAalOT Ha  OCHOBE
paccMOTpeHus MPUYUHHO-CIIEICTBEHHBIX
nuarpamm (cM. mpuioxkeHue D). DTo momoraer
n30exarb TyOnMpoBaHUA MPHU yueTe UCTOYHHKOB
HEONpEeAENeHHOCTH, a  TakXke  I03BOJIsIeT
CTpYNIIUPOBaTh  COCTABIAIONINE, CYMMAapHBINA
ad ekt KOTOPBIX MOXHO OIICHUTH
HenocpeacTBeHHo. Kpome Toro, mpumepsr 1-6
JEMOHCTPUPYIOT MIpUMEHEHUE MeToj1a
3JIEKTPOHHBIX TabmuII, OIHMCAaHHOTO B
npuiokeHud E.2, nns BBIYMCIEHUS CyMMapHBIX
HEONpeIEIEeHHOCTENH HCXOIS U3 BKIAI0B u(),X;)."

Kaxnprit u3 npumepoB 1-6 colepXUT BBOJTHYIO
gyacth. OHa BKIIOYAaET KpPaTKOE OIHCAHUE
METOAWKM  aHaiu3a, TaOJHUIly HCTOYHHKOB
HEONPENCICHHOCTH ¥ COOTBETCTBYIOLIUX UM
BKJIAJIOB, rpaduueckoe COIIOCTaBJICHUE
OTIENBHBIX BKJIQJOB M OIEHKY CYMMapHOM
HEONPEICTICHHOCTH.

[Ipumepst 1-3 U 5 WLTIOCTPUPYIOT OLICHUBAHUE
HEONPENCICHHOCTH ITYTeM  KOJWYECTBEHHOTO
BBIP@YKEHHS BKJIAJIOB OT Ka)KIOT0 MCTOYHHKA IO
OTIENBHOCTH. B KaxaoM Tmpumepe maercs
JleTaJIbHBIN aHaIu3 HEOIIPEIEIIEHHOCTEM,
CBSA3aHHBIX ¢ HM3MepeHueM o0beMa NpH
WCIIOJIb30BAaHUM MEPHOW IMOCYIbl U WU3MEPCHHEM
MaccChl MO0 Pa3HOCTU PE3YJIHTATOB B3BEUIMBAHUU.
3t0 JeTabHOE OTIFICAHHE UMeeT
WUTIOCTPAaTUBHBIE 1€MW HE  JIOJDKHO
paccMaTpuBaThCs KaK CTpOras PEKOMEHIAIUS B
OTHOIIIGHUU  CTENICHU  JCTANIM3allMd  WIH
MPUHATBIX TMOAXOJOB. Bo MHOrumX ciydasx
HEOIpeIeNIEeHHOCTh, CBSI3aHHAas C 3THMHU OIlepa-
IUsAMYU, OyIeT He3HAUYWTeIbHOH, W  CTOJIb

B3
B pasnmene 8.2.2. u3noxeHa Teopus, MOSCHSAIOLIAS
BBIYHCIICHUE BKIAA0B U(),X;).

JIeTajbHOC  OICHMBAaHHE HE  MOTpedyeTcs.
JlocraToyHo OyAeT HCHOJIb30BaTh TUITUYHBIC
3HAYCHUSA HeOHpeI{eJ’ICHHOCTI/I, HpI/IHSITBIe JJIS
9THX omepanud, ¢ y4eroM (aKTHUECKUX
3HAYE€HUI MacChl 1 00beMa.

IIpumep Al

B »ToM mnpumepe paccMOTpeH HOpPOCTEUMIIMI
ciyvai IIPUTOTOBJICHUSA rpagyupoOBOYHOIO
cranmapta (calibration standard) — pacrBopa
kaamMuss B HNO3 g rpaaympoBKM aTOMHO-
abcopOuMoHHOTO crnekTpomeTpa. llenbp 3Toro
npuMepa MoKa3arh, KaK OLICHMBAThH
COCTaBJISIONINE HEONPEICICHHOCTH, CBSI3aHHBIC C
OCHOBHBIMHU OI€pallIMH HU3MCPEHUA MACChl H
o0beMa, W KaK OTH COCTaBISIOIIKME CJeIyeT
CYMMUPOBATh s HaXO0XICHUS o01ei
HEOTPEICIICHHOCTH

IIpumep A2

PaccMmarpuBaeTcss  IPUIOTOBIEHHE  PacTBOpa
ruapokcuna Hatpust NaOH, ctangapTu3oBaHHOTO
no kuciomy ¢ranary kanus (KHP), npunstomy B
KayecTBE yCTAHOBOYHOIO  BEHIECTBA.  OJTOT
puMep BKJIFOYAET OLICHUBaHUE
HEOIIPEe/IETICHHOCTH B MPOCTBIX  OINeparusx
U3MepeHuss Macchl U 00beMa, ONHMCAHHBIX B
Ipumepe Al. Kpome TOTO, 371eCh
paccMaTpUBAETCs HEONPEICIIEHHOCTD, CBsI3aHHAs
C TUTPUMETPUUECKUMHU OTIPEACTICHUSAMH.

IIpumep A3

IIpumep pacmmpser mnpumep A2 myTeM
BKJIIOUEHUSI B PacCMOTpPEHHE  Olepaluu
tutpoBanus pactBopa HCl mpurotoBieHHBIM
pactBopom NaOH.

Ipumep A4

OTOT TpuUMep WUIIOCTPUPYET HCIOJIb30BaHUE
JaHHBIX BHYTpHJIa0OpaTopHoOn BaJIMJaluu
METOJIMKH, KaK 3TO ONHUCAaHO B paszaene 7.7., u
IMOKa3bIBACT, KaK 3THU JAHHBIC MOXHO NPHUMCHUTH
JUTSt OIICHUBAHUS HeoIpeIeIeHHOCTH,
BO3HUKAIOLIEH BCJIE/ICTBHE CYMMapHOT'0
JEWCTBUSI HECKOJIBKUX MCTOYHHKOB. 37€Ch K€
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IIpuiaoxenne A. Ilpumepst

IIOKAa3aHo, KakK ciemyer OILICHMBATH
HEOIPEIECTICHHOCTh, CBSI3aHHYIO CO CMEIICHHUEM
METo/1a.

Ipumep AS
ITokazaHo  OLIEHMBaHHE  HEOIPEAEICHHOCTU
pe3yabTaTOB,  MOJAYYEHHBIX  C  [OMOIIBIO

CTaHIAPTHOTO WM SMIIUPHYECKOTO MeToja (CM.
pasnensl 7.2.-7.9.), mpu U3MEpPEHUU KOIUYECTBA
TAXKECIIBIX METaJlJIOB, BbIIIICJIaYUBACMbIX u3
KEpaMHUYEeCKOi  TMOCyasl IO  ONPEIeSICHHON
meroauke. Llenb 3Toro mpumepa — mokasaTh, Kak
B OTCYTCTBUEC JaHHBIX Me)KJ'Ia60paTOpHI>IX
MCCJICIOBAaHUN WM PE3yJIbTaTOB HCCICI0BAHUI
mo ycronuymBocTd (ruggedness testing) ciemyer
OLICHUBATh HEONPEICICHHOCTh, CBSI3aHHYIO C
HEKOTOPOW  00JacThiO  3aJaHUsl  MapaMeTpoOB
(manpumep, TEMIIEPaTypHI, BPEMEHU
BBIIIICIAYNBAHUS W KOHIICHTPAIUU KHUCIIOTHI),
MPEAYCMOTPEHHON ONMUCAHUEM METOAUKU. DTOT
npolece  3HAYMTENIBHO  YIPOLIAETCs,  KOraa
AMEIOTCS JTAaHHBIC MEXJIa00paTOPHOTO
UCCJICJIOBaHMs, KaK IIOKa3aHO B CIEIYIOLIEM
nmpuMepe.

IIpumep A6

JaHHbId  mpuUMep  OCHOBaH Ha  OLICHKE
HEOMpPEAENCHHOCTH B METOAMKE OIpeeeHUs
CBIPBIX (JIMETHYECKHX) BOJIOKOH. [lockonbky
n3Mepsiemast BEJIMYMHA omnpezensercs
WCKIIIOYUTEIPHO B TEPMUHAX CTaHAAPTHOTO
MEeToJla, OSTOT METOA  aHalu3a  SBIsIeTcs
SMIOHUPUYECKUM. B 3TOM KOHKpETHOM cCiydae

UMEJINCh B pacropsLKEHUH JTaHHBIE
MEXI1a00paTOPHOTO HCCIIEIOBAHUA, PE3yNIbTAThI
BHYTPHJIA0OPATOPHOTO KOHTPOJISI KadyecTBa U
JTUTEpaTypHBIC TaHHBIE, YTO JENAeT OMYCTUMBIM
MOAXO, OTMCaHHBIN B paznene 7.6.
BuyTpuiabopaTopHbli KOHTPOJIb MOATBEPXKIACT,
YTO METOJMKA “paboTaeT” TaK, KaK 0KUJIACTCS Ha
OCHOBE MEXKJIA00OPaTOPHOTO MCCIIEAOBAaHUSA. DTOT
MIpUMEDP MOKA3BIBACT, KAK UCIIOJIH30BAHUC JAHHBIX
MEXI1ab0paTOPHOTO  IKCIEPUMEHTa, TIPH  HUX
JIOTIOTHUTEIHFHOM TOATBEPKICHUN PE3yIbTaTaMu
BHYTPWJIA0OPATOPHOTO  KOHTPOJISA,  IO3BOJISICT
CYIIECTBEHHO COKPATUTh YUCJIO COCTaBISIONIUX,
HCOOXOAUMBIX  JIi  (POPMHUPOBAHHUS  OLCHKHU
HEOTPEICTICHHOCTH.

Ipumep A7

Jaercs  neTanbHOE — ONUCAaHHWE  MIPOLELYPBI
OLICHMBAaHUS  HEONpPEAENICHHOCTH  U3MEpeHUi
CoJepKaHUsl CBUHIA B NpoOEe BOJBI METOAOM

MAacC-CIIEKTPOMETPUHU c HU30TOITHBIM
pazbasnenuem (IDMS). B  gomomHeHHe K
BBISIBJICHUIO BO3MOXXHBIX NCTOYHHUKOB

HEOTPEeIETICHHOCTH M HMX KOJIMYECTBEHHOMY
ONMCAaHUIO TPAJAULMOHHBIMU CTATUCTHUYECKUMU
METOJaMH 3TOT IMPHUMEp MOKa3bIBAET, KAK MOXHO
UCIIOJIb30BaTh COCTABIIAIONINE, OLCHEHHblE Ha
OCHOBE  cyxaeHul (cMm. pasmen  7.15.).
Hcnonb3oBaHue CyKIEHUN — 4YacTHBIA Ciydai
OlICHHMBaHUS Tuma B, Kak 3TO onHcaHo B
PykoBoactee UCO [H.2].
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IIpumep Al: IlpuroroB/ieHre rpagyMpoBOYHOI0 pacTBOpa

Kpatkoe u3ioxenune

Heanb

I'pamyupoBouHBIl  pacTBOp C  MaccoBOM
KOHIIeHTpanueil npuGmmsurensHo 1000 mr i
TOTOBAT M3 METATMYECKOTO KaJMHUs BBICOKOH
YHCTOTHI.

MeTtoanka u3mepeHuit

[ToBepxHOCTH, METaJIa OYHUMIAIOT MJIS TOJHOTO
yaaleHus OKCHUAoB MeramioB. Ilocme »sToro
METaUT B3BEIIMBAIOT W PACTBOPSAIOT B a30THOM
KHCJIOTe B MEpHOM Koybe. DTambl METOIUKH
MOKa3aHbl Ha CICAYIONIEH CXeMe.

OuncTtka NoBEPXHOCTH

mMeTanna

B3BeluvBaHue metann

PacTtBopeHune
n pasbasneHve

PESYINbTAT

Pucynoxk Al. 1: IIpuroroBienue
rpagyMpoBOYHOr0 PacTBOPa KaAMHs

HN3mepsiemast BeJMUMHA

~1000-m-P

7 [mr ']

Cca

rIe

Cca MaccoBasi  KOHLEHTpalus
-1
pactBope [mr i ]

KagMHusg B

1000 ko> dunmenT nepecuera u3 [Mi] B [J]
m Macca MeTajuia BHICOKOM YUCTOTHI [MT ]

P CTENEHb YUCTOTHl METAJlJIa, BbIpAKCHHAs
Kak MaccoBas J0JIs KaaMus

14 00BeM rpalyipoOBOYHOTO pacTBOpa [MiI]
BrisiBIeHUe HCTOYHHKOB HeONpeaeJeHHOCTH:

CooTBeTCTBYIOIITHE HMCTOYHUKHU
HEONPEJCNCHHOCTH TI0Ka3aHbl Ha JUarpaMme
“mpU4ymnHa - cIeACTBUE

4 CTteneHb YNCTOThI
Temnepatypa—>"
Kann6posk:
MosTOpsiemocT
> ¢(Cd)

CuuTbiBaEMOCTH CuuTbIBAEMOCTHL

Macca Tapbl O6was macca

HenuHenHocTs 3

quCTBMTMb

HenuneitHocT

MosTOpPS-
emocTb

loBTOPAEMOCTb

©NbHOCTb

Kann6poska Kann6poeka

m

KoanuyecTBeHHOE BBIPAKECHUE COCTABJIAIOIIHUX
HEONMpPEeACJTCHHOCTH

3HavyeHus  BIMSIIOIMX  (GaKTOpOB U HX
HEOTIpeIeTICHHOCTH JTaHbI B Tabmuie Al.1.

CymmapHasi cTaHAapTHasi HeollpeJeJleHHOCTh

CymMapHasi CTaHAapTHas HEONPEAEICHHOCTh
HNPUTOTOBJICHUS] TPaZyHpPOBOYHOIO pPACTBOpa C
MAaccOBO# KOHIeHTpammed kaamus 1002,7 mr a1’
pasHa 0,9 mr '

CocTaBisronye HEeONpeneJIeHHOCTH MTOKa3aHbl B
BHJIe AuarpaMMbl Ha Pucynok Al.2.

Tabamna Al.1: 3HavyeHus: pakTOpPOB M MX HeONPpeAeTeHHOCTH

HanmenoBanne 3HayeHue CrannaprtHas OTHOCcHTENbHAs  CTaHAApTHAS
HEOIPEAETIEHHOCTh | HEOMIPEIEICHHOCTh U(X)/X

P CreneHb YHUCTOTHI 0,9999 0,000058 0,000058

MeTallia
m Macca meTtamia 100,28 Mr 0,05 mr 0,0005
|14 O6beM pacTBopa 100,0 M 0,07 mn 0,0007
ccq | MaccoBas konnentparus | 1002,7 mr ! 0,9 mr o1’ 0,0009

KaaMust
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IIpumep Al

Pucynok Al.2: Bkiaasl B cyMMapHYI0 HeonpeieJIeHHOCTh B MeTOIMKe MPUTOTOBJIEHUS
rpajyupoOBOYHOI0 PACTBOpAa KaAMuUsl

c(Cd)
i

v |

]
|

m

CreneHb
YUCTOTHI

0

0,2

0,4 0,6
|u(y, ;)] (mrn-)

0,8

3uauenus u(y,x;) = (0y/0x;).u(x;) B3ATbI U3 TaOmuIer Al.3
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IIpumep Al

IIpumep Al: IlpuroroBiieHue rpagyupoBoYHOro pacreopa. IlloapodHoe odcy:xnenue

Al.1 BBeagenue

B 3TOM npuMmepe paccMaTpuBaeTcs
MPUTOTOBJICHUE TPaTyHPOBOYHOIO PAaCcTBOpa IJIst
aToMHO-abcopOunonHoit criektpomerpun (AAC)
UCXO0Js U3 COOTBETCTBYIOIIEIO METaljia BEICOKON
quCcTOTHI (B AaHHOM mpumepe ~ 1000 mr 1" Cd B
pazbaBnennoit HNO;). Xots 3ta mporeaypa He
SIBIISIETCS AHAJTUTUYIECKUM HU3MEPEHHEM,
WCTONB30BaHUE  TIPagyHPOBOYHOIO  pacTBOpa
MpeNCTaBIsieT COoOOW dJTam  IOYTH  JFOOOTO
ompeneyneHus. ITO OO0YCIOBIEHO TEM, 4TO
COBpPEMEHHbBIE WHCTPYMEHTAJIbHBIE
aHAJIMTUYECKHE U3MEPEHUS SIBIISTFOTCS
OTHOCUTEIBHBIMH: OHU TPeOyIOT HPUMEHEHUs
3TaJoOHa CpaBHEHUS UIs obecnieyeHus
npociexuBaemoctu k CU.

Al1.2 Oran 1: Onucanue

Lens 3TOrO0 3Tama — 4YETKO OIPEAEIUTh, YTO
MMEHHO u3MepsaeTcs. OTOT MYHKT BKJIIOYaeT
ONMCAHUE IIPOLIELyPbL IIPUTOTOBJICHHUSI
IrPalyupOBOYHOIO0 PacTBOPAa U MATEMATUYECKOTO
COOTHOIIECHMSI MEXIY U3MEPSAEMON BEIUYUHOU U
rapaMeTpamu, 0T KOTOPBIX OHA 3aBUCHUT.
Ipoyedypa

Konkpernas nHpopmanusi o TOM, Kak TOTOBHTh
pacTBOp ISl TPAAYUPOBKH, OOBIYHO MPHUBOTUTCS
B JOKyMEHTE€ Ha  METOAMKY  aHajau3a.
IIpurorosneHne BKIOYACT CIEIYIOIINE CTAAUN:

Pucynok A1.3: IlpuroroB/jienue
rpagyMpoBOYHOr0 PacTBOPa KaAMHs

Ounctka NOBEPXHOCTN
mMeTanna

BaBelwwnBaHne metann

PactBopeHune
n pasbaBneHune

PESYINbTAT

OTaenbHbIE DTAIIBL:

i) [loBepxHOCTP  BBICOKOYHCTOTO  MeTajuia
00pabaThIBAIOT CMECHI0 KHUCJIOT ISl TIOJTHOTO
yIaleHus 3arpsi3sHEHUs OKcHIamu. Meroauka
OYHCTKH OIHCAaHA MPOU3BOIMTENIEM MeTaa,
U el HYXHO CIIeI0BaTh, YTOOBI MOJYYUTH
YHCTOTY, YKa3aHHYIO B CEpTU(HKATE.

ii) Mepayto konOy (100 mur) B3BemmMBaKT 10 U
mocie BHeceHus: B Hee Metawia. Jls
B3BELIMBAHUS MIPUMEHSIOT BECHI c
paspeuienueM 0,01 mr.

1ii) 1 M azoTHOM KHCIOTHI (65 1/100 1) M 3 Ma
JIEMOHU3UPOBAHHON BOJIBI BHOCAT B KOJIOY IS
pPacCTBOpPEHHSI HAXOJAIIETOCS] B HEW KaaMHA
(mpubmmsurenpro 100 Mr, TOyHas HaBeckKa).
ITociie pactBopeHnst K00y 3aMOTHSIIOT BOIOM
0 METKH ¥ TIePEMEIINBAIOT, ITePEeBOPAUNBAS
ee He meHee 30 pas.

Buviyucnenue:

M3mepsiemoil  BeNMYMHONM B 3TOM HpUMEpe
ABJSIETCS.  KOHLEHTpalMsA  KagMus, KOTopas
3aBUCUT OT HABECKH METajyla, €ro YHCTOTHl U
o0bpema pactBopa. KoHueHTpanus omnpeaensercs
BBIP)KEHUEM

1000-m- P 1
=— MI'J
V

Ccd

rae

Ccs MaccoBas  KOHIEHTpamus  KaaMus B
pactBope [mr 1]

1000 ko3¢ ¢uiueHT nepecuera U3 [Mi] B [J]

m  Macca MeTajla BEICOKOH YHCTOTHI [MT]

P CTENEHb YHMCTOTHl METaJlIa, BBIPAXKEHHAA
Kak MaccoBasl JOJIsI KaaMHs

V' obwpeMm rpaaynpoBOYHOTO pacTBOpa [Mi]

Al1.3 Dran 2: BrisiBIeHHEe ¥W = aHaJIM3
HCTOYHUKOB HeOMpeieJeHHOCTH

Ilenms »TOro 9Tama COCTOMT B TOM, YTOOBI
MIEPEYNCIIUTh BCE UCTOYHHUKH HEONPEIEICeHHOCTH
JUTST KaKJOTO W3 IapaMeTpoB, BIHUAIOMIMX Ha
pe3ynbTaT U3MEPEHMSL.
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Cmenenwv yucmomsol

Crenenp umctoThl Metama (Cd) ykazaHa B
ceptudukare MPOU3BOAMUTEINS Kak
(99,99+£0,01) %. CnenoBatensHo, P  paBHO
0,9999+ 0,0001. dakTHyecKoe 3HAYECHUE 3aBHCUT
oT 3((EKTUBHOCTH OYHCTKH  MOBEPXHOCTH
MeTauia. Ecnam  cTporo criefoBaThb METOIUKE
OYHCTKH, TIpejIaracMoil Mponu3BOJUTEIEM, TO HET
HEOOXOJMMOCTH YUYUTHIBATh HEOMNPEICICHHOCTD,
OOYCIIOBIICHHYIO ~ 3arpsi3HCHHEM  ITOBEPXHOCTH
MeTajlla OKCHIAMH, B AONOJHEHUE K 3HAYCHUIO,
MpUBEACHHOMY B cepTrduKare.

Macca m

Bropas cragus npouenypsl NPUTOTOBICHUS
npecTaBiseT co0oil B3BenInBanue Metania. Ham
Hy)kHO TmpurotoButh 100 mMa pacTBOpa
MaccoBoil KOHIEHTpamueii kaamus 1000 mr o1,

Macca KaJMUs omnpenensnach IyTeEM
B3BEIIMBaHUs B Tape, uTo fgaixo m= 0,10028 r.

B nmoxymeHTanuu npou3BOAUTENS yKa3aHbl TPU
HACTOYHHMKA  HEONPEIEICHHOCTH IIpU  B3Be-
IIMBaHUM B Tape: IOBTOPAEMOCTh IOKa3aHUil,
BO3MOKHOCTb CUUTHIBAHUS CO HIKAIBI (HUPpPOBOE

paspelieHue) U BKJIalN,  OOYCIOBJICHHBIN
HEeOIpeeIeHHOCTHIO KaJIMOPOBKHU ITKAJTBI.
[Tocnenumii BEBI3BaH M3MECHEHUSIMU
YyBCTBUTECJIBHOCTH BECOB M  HEIMHEHHOCTHIO
KaJIMOPOBOYHOM (GyHKIUH. N3meHnenusiMu

YyBCTBHTEJIILHOCTH MOXHO IpeHeOpedb BBUIY
TOr0, YTO Pa3HOCTb MAacC MOJIY4YaroT Ha OJHUX U
T€X JK€ BeCcax B OYEHb Y3KOM JHaIla30HE
HU3MEPEHUM.

ITPUMEYAHUE

3,[[60]) HEC YUYUTBIBACTCA IompaBKa Ha
BBITAJIKABAIONIYIO CHIY BO37yXa, MOCKOJIBKY
[0 COTJIAIIIEHHIO BCE PE3YIbTAThl TPHUBOIATCS
sl B3BemuBaHus B Bosznyxe [H.33], a
mwiothocty Cd wu cramu  Omusku.  Cwm.
npumedanue 1 B Ilpunoxenue  G.
OcTarommecs HEOMPEICICHHOCTH CIIHIIIKOM
MaJibl, YTOOBI UX YUeT ObLI ONpaBJIaH.

Obvem V

Ob6vemM pacTBOpa, HaxOJSIIErocss B MEPHOM
KOJIOe, TOABEPKEH BIMSHHUIO TPEX OCHOBHBIX
HMCTOYHHUKOB HEOIPECICHHOCTH:

®  HEOMpeIeNeHHOCTh YKa3aHHOTO BHYTPEHHETO
00beMa KoJIObI,

e OTKJIIOHCHHMS TIpU 3alOJHCHUU KOJOBI J0
METKH;

OTJIIMYHE TeMIIEpaTyphl KOJIOBI M pacTBOpa OT
TEeMIIepaTypsl, MPH KOTOPOH MPOBOIMIACH
KaJIUOPOBKa KOJIOBI.

Paznuunble 3 QeKThl 1 UX BIUSIHUS MTOKAa3aHbI HA
Juarpamme “Ipu4MHa — cliefcTBre” Ha PucyHok
Al.4 (onmucanue cM. B IpuiIokeHuu D).

Pucynok Al.4: HeonpeaeseHHOCTH NIPH
NPUroTOBJIEHNH I'PAYHPOBOYHOI0 pacTBOpa
KaJIMus

CTteneHb YNCTOThI

4
Temnepatypa—>
Kanun6posk:
[MoBTOpsieMoCTb
> ¢(Cd)

CuuTbIBAEMOCTL

CunTbIBAEMOCTL
Macca Tapbl O6was macca

HenMHeNHOCTb g

qucTBMTWb

HenuneitHocTb

MosTopsi- lOBTOPSIEMOCTb
emMocTb €IbHOCTb

Kanu6poska Kann6poeka

m

Al4 Dran 3: KoauvecTBeHHOE BbIpasKeHUeE

COCTABJIAIOIIMX HEOIIPEACJICHHOCTH

Ha »srtane 3 BKIag Kakgoro BBISBICHHOTO
WUCTOYHHUKA HEONPEJEIICHHOCTH WM M3MEpPSeTCs
HaAIPSMYIO, WU OLEHUBAETCS C MCIIOIh30BAHUEM
pe3yIbTaTOB MPEIIIECTBYIOIINX JKCIIEPHUMEHTOB,
WIA BBIBOAUTCS UCXOAS W3 TEOPETUIECKHIX
COOOpaKEeHHIA.

Cmenenb yucmomal

CreneHp YUCTOTHI KaaMHs, IpUBEIEHHAs B
ceprudukare, pasHa 0,9999+0,0001. Ilockombky
HET JOTIOJTHUTENBHOM
HPEAIoJIaraeTcs MPsIMOYTOJIbHOE paciipeesicHHeE.
15 monydeHus CTaHAAPTHON HEONPEAEICHHOCTH

nHpOpMAIHH,

u(P) 3nauenue 0,0001 crenyer pazaenuts Ha NE)
(cm. mpunokenue E1.1)

0,0001

NE

u(P)= =0,000058

Macca m

HeonpeneneHHoCTh,  CBS3aHHYHD € Maccoi
KaaMmus, OLICHUBAIOT, HCIIOJIB3YA JaHHBbIC
ceprudpukata 0  KaaMOpPOBKE  BECOB U
JIOKYMEHTALIUIO
HeompeneneHHoctu, cocraBuBmas 0,05  wr,

MIPOU3BOAUTETIS. Ornenka
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YUYUTBIBACT TPU BKJIaZd, BBISABJICHHBIC PaHEC (CM.
paznmen Al.3).

[MPUMEYAHUE
HOI[pO6HI)Ie BBIYUCIICHUA COCTaBJIAIOIINX
HCONPECACICHHOCTH MAaCChl MOT'YT OBITh OYEHD
CIOXHBI, W  IO3TOMYy  IIeJIeco00pa3Ho
oOparaTbes K PEKOMEHIALUSIM
npousBoguTens. B naHHOM mnpumepe IS
YHPOIIECHUA 3TU BbIYMUCIICHUA OITYIICHBI.

Obvem V

Ob6bveM pacTBOpa TOABEPIKEH BIUSHHUIO TpPeX
OCHOBHBIX  HMCTOYHHKOB  HEOMPEICICHHOCTH:
KaJTI/I6p0BKa, IMOBTOPACMOCTD u BIIUSIHUE
TEMIIEPATYPHI.

1) Kanubposka: [Ipou3BouTEIh MEPHOU MOCYIBI
yka3piBaeT 00bemM konObl (100+0,1) M,
otHocsamuiics k20 °C.  3HaueHue
HEOTPEICICHHOCTH TIPHUBOIUTCS 0e3 yKa3aHHs
JIOBEPHUTEIILHOTO YPOBHS WM HUH(popManuu o
BUJIC paclpesielieHus, IO03ToMy TpelyeTcs
KakKoe-TO JIOTIOJHUTEIbHOE MPEIIOI0KCHUE.

B JTAaHHOM ciyyae CTaHJapTHas
HCOIMPECACICHHOCTh BBIYHCIIACTCA HUCXOIAA U3
MPEION0KEHUS 0 TPEYroJIbHOM
pacnpeneeHu.

0,1 M

———=0,04 ma

J6

[MPUMEYAHUE

TpeyronbHOe  pacnpezeneHue  BBIOpaHO
MOTOMY, 4YTO B  pEaIbHOM  IIpolecce
MIPOM3BOJICTBA MEPHOH MOCY Il HOMHHAIbHBIE
3HaueHHsi oObema OoJiee BEPOSTHBI, YEeM
KpaiiHue  3HayeHus. [lomywaromeecss B
pesynbTaTte pachlpelelieHne BepOSTHOCTEH
Jydlle  amnmnpoKCUMHUPOBaTh  TPEYroOJIbHBIM
pacrpeeneHleM, 4YeM MPsIMOYTOJIbHBIM.

Ta6anna Al.2: 3HadyeHus1 GaKTOPOB M UX

HeonpeaeTeHHOCTH

Onucanne | 3HaueH u(x) u(x)/x
He x

Cremenp | 0,9999 |0,000058 0,000058

YUCTOTHhI

Meraina P

Macca 100,28 | 0,05 mr 0,0005
MeTajuia m

(ur)

O0beM 100,0 0,07 mn 0,0007
pacTtBopa
V (m)

i1) Tloemopsiemocme: HeomnpeneneHHocTs,
BBI3BAHHYIO OTKJIOHCHHSMH IIPHU 3arOJHCHUN
KOJIOBI, MOKHO OLEHHTH SKCIEPUMEHTAIBHO,
ompeJieNisisi  TOBTOPSIEMOCTh  Pe3yJIbTaTOB.
Cepus u3 10 onbITOB 1O 3aMIOJIHEHUIO BOAOU U
B3BELIMBAHUIO PAIOBOH KOJOBI BMECTHMO-
cteio 100 M fmana craHmapTHOE OTKIOHCHHE
0,02 M. Ero M0oXHO IIpsIMO UCTIOJIB30BaTh Kak
3HAYEHUE CTAHJAPTHOIN HEONPEAeIIEHHOCTH.

iii) Temnepamypa: Ilo NaHHBIM TPOWU3BOIUTEIS
MEpHOW TMOCYABl KOJNOY KanuOpoBalu mpu
temneparype 20°C, B TO BpeMs Kak
TeMmreparypa B JabopaTopui KoieOseTcsl B
npeaenax +4 °C. HeompenenenHnocTs,
BBI3BaHHYIO  3THM  3(QQeKToM,  MOXKHO
BBIYMCIUTD UCXOJS U3 YKa3aHHOTO JHMAana3oHa
Temreparyp H KodpduuueHta 00BEMHOTO
pacimpeHus. O6BvemHoOe pacmmpeHue
KHUIKOCTEH  CYIIECTBEHHO OoJblle, dYeM
00BbEMHOE pacIIUpeHHre CTEeKNa, IO03TOMY
ClelyeT  YYWTBIBaTh  TOJBKO  TIEPBYIO
cocrapisitontyto. KoadduimeHT 00BEMHOTO
pacmmpenns Bojasl paeH 2,1x10™*°C™', uto
NPUBOJUT K 3HAYCHUSIM I'PaHMUII

+(100x4x2,1x107) = 0,084 mn

CrangapTtHas HEOIPEIEICHHOCTh
paccUUThIBaeTCA UCXO/S U3 MPEAIOJIOKEHUS O
IPIMOYTOJIbHOM paclpeseeHuy, T. €.

0,084 M

NE]

OTH TpM BKJIAJAa  CYMMHUPYIOT, IOJydas
CTaH/IapTHYIO HEOIpeneIeHHOCTh u( V) oobema V'

=0,05 mn

u(V) =+/0,04% +0,02> +0,05” = 0,07 M

Al.5 Dran  4: BbluncjieHue CyMMapHOii
CTaHJAAPTHOI HeompeneJeHHOCTH

Ccq TA€TCS BRIPAXKECHUEM

1000-m- P a1
Coy=—— [Mra]
V
3HaueHUs BIIUSIFOILAX (akTopos, ux
CTaHJapTHbIE HEOIPENEIEHHOCTH u
OTHOCHUTEJIbHBIE CTaHJapTHbIE

HEONpEJCNCHHOCTH CyMMHUpOBaHbel B Tabnwmia
Al.2.
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HCHOHB?)yﬂ 9TH 3HA4YCHMUAI, HaxXoJuM
KOHUCHTpAaIO KaaMus B T'paaAyupOBOYHOM
pacTtBope

. 1000x100,28x0,9999
cd 100,0

=1002,7 mr o

HeonpeneneHHOCTH, CBSI3aHHBIE C KaXAOW W3
COCTABIISIOIINX B 3TOM POCTOM
MYJIbTUIUIMKATUBHOM BBIPKEHHH, CYMMHUPYIOTCS
CIIETYFOIINM 00pa3oM:

o (Cea) _ (u(P)JZ {u(m)f +[w(V)JZ
Ccy P m vV

= \/O, 000058° +0,0005° +0,0007°

=0,0009

U, (Coy) = Cey X0,0009 =1002,7mr 1" x 0,0009

-1

=0,9Mr n
[IpennouturensHo HaxXOOUThb CYMMapHYIO
CTaHIAPTHYIO  HeompeaeleHHOCTh  (U(ccq)),
WCIIONB3YS.  METOJA  JJICKTPOHHBIX  TaOJIHII,

ONMCAHHBIA B MPWIOKEHUU E, MOCKOJIBKY 3TOT
METOJT MOKHO TPHUMEHATh JJI1 BbIpaKeHUH
JO00H CIOKHOCTH. 3aloJIHEHHas 3JeKTPOHHAs
Tabnmuma mokazaHa B Tabnume Al.3. 3HaueHHs
MapaMeTpoB BIIMCBHIBAIOT BO BTOPYIO CTPOKY OT
C2 no E2. VX craHnmapTHBIE HEOTPEICICHHOCTH —

B ctpoky Hike (C3—E3). 3nauenns unz (C2—E2)
KOITUPYIOTCS BO BTOPOU cToJ0e1 Tabdauibl oT BS
no B7. Pesynbrar (¢(Cd)), momydeHHBIH W3 3TUX
3HaueHui, npuseqaeH B B9. C5 maet 3nauenue P
3 C2 mmoc ero HeompeneneHHocTh u3 C3.
Pesynbrar BBIYUCIICHUS, HCTOJIb3YIOIINN
srHauenus C5—C7, mpuseaer B C9. Ctonbiesr D u
E 3anonHeHBl aHANOTUYHBIM 0Opa3oM. 3Ha4YeHUS
B crtpoke 10 (C10—E10) mpencraBnstoT coOoit
pasnoctu ctpoku (C9—E9) munyc 3HaueHwme,
ykazanHoe B B9. B crpoke 11 (Cl11-Ell)
3Hauenus u3 crpoku 10 (C10—E10) Bo3BonsTCS B
KBaJpaT ¥ CyMMHPYIOTCSI, IPUBOJISl K 3HAYCHUIO,
ykazanHomy B Bll. Bl13 gmaer cymmapHyo
CTaHJapTHYI0  HEOIpEeNeJIeHHOCTb,  PaBHYIO
KOpPHIO KBagpaTHOMY 13 B11.

Bknanel B CyMMapHyI HEOIPEACICHHOCTh OT
pa3Iu4HbIX (PaKTOPOB MpeICTaBICHBI Ha PUCyHOK
Al.5. Bxknam, cBs3aHHBIE C OOBEMOM KOJOBI,
SIBJIIETCS. HAMOOJIBIIKMM; OJIM3KOE 3HAYCHUE UMEET
BKJIa]] MIPOIEAYPhI B3BEIIUBAHUS.
HeomnpeneneHHOCTh, CBsi3aHHAs CO CTEMCHBIO
YUCTOTHl Kaamusi, (DaKTHYSCKH HE BIHUACT Ha
0011IyI0 HEOTIPEIETICHHOCTD.

Pacmupennyio HEOIPEIeTICHHOCTh Ulceyg)
MOJTYy4atoT YMHOXCHHEM CyMMapHOH
CTaHIApTHOM HEOIPEeICHHOCTH Ha

ko3 umeHT oxBara, paBHbBIH 2, 4TO JaeT

U(cpy)=2%0,9mr 1" =1,8mr 1™
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Ta6anna Al.3: Beruucienre HeolpeIeIeHHOCTH ¢ TTIOMOIIBIO AIEKTPOHHBIX TaOIUI]

A B C D E
1 P m A%
2 3HaueHHe 0,9999 100,28 100,00
3 Heompenenennocts |0,000058 0,05 0,07
4
5 |[p 0,9999 0,999958 0,9999 0,9999
6 |m 100,28 100,28 100,33 100,28
7 |V 100,0 100,00 100,00 100,07
8
9 [c(Cd) 1002,69972 1002,75788 1003,19966 1001,99832
10 |u(y.x)* 0,05816 0,49995 -0,70140
1 |u(y)’, u(y.x)’ 0,74529 0,00338 0,24995 0,49196
12
13 [u(c(Cd)) 0,9

*3HaK pa3HOCTH COXpPaHEH

rpayupoBOYHOI0 PACTBOpAa KaAMUsl

Pucynok Al.5: Bkiaasl B HeonpeaeJeHHOCTh IPH NPUTOTOBJIEHUH

CrteneHb :'
YUCTOTHI

c(Cd)

\

7 I
m

0 0,2

0,4

0,6 0,8
|u(y,x;)| (mrn-)

3uauenus u(y,x;) = (0y/0x;).u(x;) B3aTbI U3 TaOmUIer Al.3
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IIpumep A2: CrangapTuszanusi pacTBOpa ruAPOKCHIA HATPUS

Kparkoe usjo:xxkenue

Heanb

Omnpenenenne MOJISIpHOU KOHIICHTPAIUH
(craHmapTh3anusa) pacTBOpa TUAPOKCHAA HATPUS
(NaOH) mo ycTaHOBOYHOMY  BEIIECTBY —
kucinomy ¢ranary kamust (KHP).

MeTtoanka uzmepeHuit

YcranoBounoe BemiectBo (KHP) BricymmBaror n
B3BemmuBaT. HaBecky KHP pactBopsitor B Boje
U 3aTeM TUTPYIOT MPHUTOTOBIEHHBIM PacTBOPOM
NaOH. Drambl MeToAuKu Moka3aHbsl Ha PucyHok
A2.1.

I/I3MepHeMaH BCJIUYHNHA:

1000 myyp - Peyp
CnaoH = M

[Momb 1]
KHP VT
rae

CNaOH  MOJIApHasd
[MomB Jfl]

KOHLIEHTpauus NaOH

1000 ko3¢ dunueHT nepecuera u3 [Mi] B [J]

mgyp Macca yctaHoBouHoro BemiectBa (KHP)

[r]

Pxuyp  cTCIICHB YUCTOTHI YCTaHOBOYHOT'O
BEIICCTBA, BBIPAKCHHAs KaK MaccoBas
JIoJIs

Myup MoIIpHas Macca YCTaHOBOYHOT'O
BEIIECTBA [T MOJIb ']

Vr obbem pactBopa NaOH, momenmmii Ha

TUTPOBAHHUE [MII]

Pucynok A2.1: CrangapTusauus pacTsopa
NaOH

BaselwwunBaHne KHP

MpurotoBneHne
pactBopa NaOH

TuTpoBaHue

PE3YIIbTAT

BobisiBjIeHHE HCTOYHUKOB HEONPEACICHHOCTH

CoOoTBeTCTBYIOITHE HMCTOYHUKHU
HEOIpe/IeTICHHOCTH MOKa3aHbl B BUIE JUArpaMMbl
“mpuumnHa — cneacTeue” Ha PucyHok A2.2.

KoauyecTBeHHOE ONMCAHNE COCTABJISIIONIUAX
HEONPEACICHHOCTH

Cocrapnsomue HEONPEACICHHOCTH JaHbl B
Tabmuia A2.1 u moka3aHbI B BUJE JUarpaMMbl Ha
Pucynoxk  A2.3. CymmapHas  cTaHaapTHas
HeomnpeeaeHHocTh s pactBopa NaOH ¢ koH-
LEHTpalKei 0,10214 MOJIb ! paBHa
0,00010 momb 1.

Tadauua A2.1: 3uavenusi paKToPoB 1 KX HeONPeIeIEHHOCTH MPH cranaapTuaimm pacrsopa NaOH

HammvenoBanmne 3HavYeHNE X CrargaptHas OTHOCHUTENBHAS
HEOIIPEACNEHHOCTh ¥  |CTaHJapTHAs
HEOIPENETIEHHOCTh
u(x)/x
[losmop. (IloBTOpsieMOCTh 0,0005 0,0005
Myup Macca KHP 0,3888r 0,00013 r 0,00033
Pxp Crenens unctorel KHP 0,00029 0,00029
Mywp Momnsipuast macca KHP 204,2212 r mons™ |0,0038 T Mop! 0,000019
Vr O0beMm NaOH, nome it 18,64 mn 0,013 mn 0,0007
Ha tutpoBanue KHP
CNaOH MomnsipHast KOHIIEHTpaluus 0,10214 monn ! 0,00010 mon ! 0,00097
NaOH
QUAM:2012.P1-RU Crp. 51




KoimmuecTBeHHOE ONIMCaHUE HEONPEAEJIeHHOCTH IIpumep A2

Pucynok A2.2: JlnarpaMma “npuyuHa — cjieAcTBHe” I TATPOBAHUA

P, m
HP KHP Kanu6poska
Kany6poska
%TeﬂbHOCTb
"WBCT bHOCTb HennHeiHocTb
HenuHenHoctb O6Lwa acca
was m
Macca Tapbl *
> CNaOH
Vy Kanubposka —
YcTaHoBneHve
KOHEYHOU TOYKN TEMI'IepaTypa —_—
Myp YcTaHoBneHuve
KOHEYHOIN TOYKU
MoBeTopsiemocTs CwmellieHme VT Myup

Pucynoxk A2.3: Bkiaaabl B CyMMapHYIO HeollpeJeJeHHOCTh IIPU TUTPOBAHUM

v(T)
M(KHP) :]
P(KHP) |

m(KHP) [T

MoBTOPAEMOCTb II
c(NaOH) |

0 0,05 0,1 0,15
|u(y,x)| (Mmonk n™')

3uauenus u(y,x;) = (Oy/0x;).u(x;) B3atel u3 Tadnua A2.3
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IIpumep A2: CtangapTu3anusi pacTBopa ruipoKcuaa HaTpus. JleTajbHoe o0cyxIeHne

A2.1 Beenenue

OTOT BTOpPOH BBOJHBIM MpPHUMEP OIUCHIBAET
SKCIIEPUMEHT 10  ONPEIENIEHUI0  MOJISIpHOU
KOHIeHTpanmu runpokcuaa Hatpus (NaOH) B
pactBope. PactBop NaOH TuTpyroT pacTBOpoMm
YCTaHOBOYHOT'O BEIIECTBAa, KHCIOTo (rajnara
Kanus (KHP). IIpennonaraerc4, 4TO
koHneHTpanus NaOH npumepHo pasna 0,1 momnb
. KOHEuHas TOYKa THTPOBAHHS ONPEEIIACTCS C
MTOMOIIIBIO CUCTEMBI ABTOMAaTH4ECKOI0
TUTPOBAHUS C MPUMEHEHHEM KOMOWHUPOBAHHOTO
pH-meTpuueckoro 3EeKTPO/a. 3HaHue
3JIEMEHTHOTO COCTaBa YCTaHOBOUHOT'O BEIIECTBA,
BBIPRKEHHOTO OTHOIIEHHEM 4YHClia CBOOOIHBIX
OPOTOHOB K  OO0meMy  YHCIy  MOJICKYI,
o0ecreynBaeT MpPOCIEKUBAEMOCTh  MOJISIPHOM
koHuentpanuu NaOH x CH.

A2.2 9tan 1: Onucanue

I[lens »TOro »3Tama — ONKWCaThb METOIUKH
HN3MEpPCHUA. B OIMMCaHNU MEPEUNCIAIOT
OTZEIBHBIE IIAard AHAIUTUYECKON NPOLENYypHl U
Jal0T MaTeMaTUYECKYIO (hopMyITUPOBKY
U3MepseMon BEITUYUHBI Kak ¢byHKIIN
mapamMeTpoB, OT KOTOPBIX OHA 3aBUCHT.

Memoouxka:
IToce10BaTeNFHOCTE MIATOB 110 CTaHAAPTH3AIIUH

pactBopa NaOH TtakoBa:

Pucynok A2.4: CrangapTusauus pacTBopa
THAPOKCUIA HATPUS

BaselwwunBaHne KHP

MpurotoBneHue
pactBopa NaOH

TutpoBaHue

PE3YJIbTAT

Onucanue OTAENbLHBIX CTaIUI:

i) IlepBuuHbll cTaHAapT, KHCIBIH (Tamat
kanus (KHP), cymar B cooTBeTCTBHHM € peKo-
MEeHAAlUAMU (DUPMBI-M3TOTOBHUTEIA.
[lonpoGHBIE HMHCTPYKLMHM MOXHO HaWTH B
cepruduKare H3rOTOBUTENS, TAe YyKa3aHa
TaKxe CTETeHb YUCTOTHI u ee
HEOIpEJEIECHHOCTh. Eciu  UCXoAuTh U3
oovema tutpanta (0,1 momp a1 NaOH),
paBHOTO 19 MII, TOJIyYUM COOTBETCTBYIOIIYIO
HaBecky KHP:

204,2212x0,1x19
1000x1,0

=0,388r

B3BemnBaHue MpoBOIAT Ha Becax € LEHOM
neneans 0,1 mr.

ii) TotoBsit 0,1 Moib ' pacTBOpa IHAPOKCHAA
Hatpus. Jns mpurotoBieHus | 1 pactBopa
Heo0xoauMo B3BecuTh npuMepHo 4 T NaOH.
IlockonbKy KOHLEHTpauusi 3TOr0 PacTBOPA
ompenenseTcs MO pe3yibTaTaM H3MEpPEeHUs
OTHOCUTENBHO NepBUYHOro cranaapra, KHP,
a He MPSMBIM BbIYMCIICHHEM, HHpopManus 00
HCTOYHUKAX HEOINPENEICHHOCTH, CBA3aHHBIX
C MOJSIPHOM MaccOod M Maccol B3ATOrO
NaOH, ne tpedyercs.

iii) B3BemeHHOE KONMMYECTBO YCTAaHOBOYHOTO
BemectBa (KHP) pactBopsrot mpumepso B 50
MJI JCUOHU3UPOBAaHHOM BOABI M 3aTeM
TuTpyroT pactBopom NaOH. Cucrema
aBTOMATHYECKOTO TUTPOBAHUS KOHTPOJIUPYET
no3uposanre NaOH u peructpupyer KpuByro
tuTpoBaHusi. OHa  TaKXke  OIpeneseT
KOHEYHYIO TOYKY THUTPOBaHUS, HCXOIS U3
(hOpMBI TTOITy9aeMOil KPUBOM.

Buviyucnenue:

M3mepsiemoil BEIMYMHON SBIAETCS MOJISIpHAsS
koHUeHTpauuss NaOH B pactBOope, KoTOpas
3aBucuT OT Maccel KHP, ero uwmcrotel wu
MOJISIPHOH Macchl U o0bema pactBopa NaOH mpu
JOCTH)KEHUH KOHEYHOH TOUKU

1000- -B,
Craon = OO(])MmKH'PV KHP [Monb 1]
KHP

T

rue

CNaOH MOJIsIpHas
-1
[Momb 71 ]

KOHIICHTpAIus NaOH
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1000  xo3ddunment nepecuera u3 [mi] B [1]

mggp ~ Macca yctaHoBouHoro BemiecTBa (KHP)
[r]

Prup CTETIEHb  YHUCTOTHl  yCTAaHOBOYHOI'O
BEIIIECTBA, BBIPAXEHHAss KaK MaccoBas
JOJIS

My MomsipHast Macca KHP [r mosb ']

Vr o0wvem pactBopa NaOH, momemmmuii Ha
TUTPOBaHUE [MII]

A2.3 Ortan 2: BeigBjIeHHe U aHAJIHN3
HCTOYHUKOB HeOMpeIeJTeHHOCTH

HGHB 9TOro OJTtamna COCTOMT B BbIABICHHHU
OCHOBHBIX HCTOYHHUKOB HEOIIPCACIICHHOCTU U
OCMBICJICHUHM HUX BJIHUAHUA Ha H3MEPAEMYIO
BCIIMYUHY U €€ HCOIIPEACIICHHOCTD. OTO OAUH U3
CaMBIX TPYAHBIX OTaIloOB B OILICHUBAaHUH
HEONPEACIICHHOCTU AHAJIUTUYCCKUX I/ISMepeHI/Iﬁ,

Pgup KHP

> CNaoH

Vr Mwp

Pucynok A2.5: IlepBslii 3Tan B
COCTaBJICHUH AUATPAMMBI “IIPUYNHA —
ciaencreue”

MOCKOJIBKY, C OJHOM CTOpOHBI, €CThb pPHCK
peHeOpeKeHus KaKUMH-TO HMCTOYHUKAMHU
HEOIpPeIeTICHHOCTH, a C Jpyroil — pHCK HX

JIBOMHOro yuera. lcmonb3oBaHue AuarpaMMbl

“mpuunmHa  — cnexncteue” (Ilpumoxenne D)
ABISIETCS.  ONHUM M3  BO3MOXKHBIX  IIyTeH
MpeA0TBPaICHUS 3TOTrO. IlepBbrit aTan

COCTaBJICHHS TaKOW JHarpaMMbl COCTOUT B
YKa3aHUM YEThIPEX OCHOBHBIX IIapaMeTpoB B
YPaBHEHUU HM3MEPSIEMOM BEIMYMHBI — OCHOBHBIX
BETBEU HarpamMmel.

PaccMaTpuBarOT KaKOBIA 3Tall METOAWKH H
OO0aBISIOT HA  AuarpaMMmy  IOCJIEAYHOIINe
BIIMAIOLINE BEJIMYHMHBI KaK (bakTopsl,
JCHCTBYIOIIME  BHE  MPEIENIOB  OCHOBHBIX
¢ ¢dekToB. DTO nenaroT sl KaKIOW OCHOBHOMN
BETBM 1O TEX IIOp, IIOKa pPE3YIbTUPYIOLIUE
JTOTIOTHUTETHHBIE a¢hexTo HE CTaHyT
JOCTaTOYHO MaJbIMU, APYTHMHU CIIOBAMH, IIOKA MX
BIIMSIHUE Ha Pe3yibTaT HEe OyAeT MpeHeOpekruMo
MaJIo.

Macca myp

Hns CTaHAApTU3ALUI pacTBopa NaOH
B3BemmBatoT mnpudbnuzutensHo 338 mr KHP.
Macca onpenensieTcsi o pa3HOCTH B3BELIMBAHUM.
OTO 3HAYUT, 4YTO HA AUarpaMMe “TpUYUHA —
CIEACTBUE”  HY)XHO  HAUEePTUTh  CTPEIKY,
0003HAYAIOIIYyI0 Maccy Tapbl M  CTpEIKY,
0003HavaIIy0 001Tyr0 Maccy. Kakapiid u3 aTux
IBYX PE3YJIbTAaTOB IMOJABEPKEH U3MEHYMBOCTH OT
B3BELIMBAHUS K B3BEIIMBAHHUIO, U, KPOME TOrO,
UMEET MECTO HEONPEAEICHHOCTh KaTHOPOBKH
BecoB. KamuOpoBka BECOB BKIIOYaeT [Ba
BO3MOXXHBIX ~ HCTOYHHKA  HEONPEAEICHHOCTH:
WU3MECHEHHUE YyBCTBUTEIBHOCTH U HEIMHEHHOCTB.
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P m
HP HP Kann6poska
Kanun6poska
MoeTo- TENbHOCTb
YyscTBMUTE. MosTo- psemocTe HenuHenHocTb
psiemocTb
HenvHenHocT Ob6Las macca
Macca Tapsbl
> CNaOH
MoBTOpsiemocTb
KannbpoBka
TemnepaTtypa

YcTaHoBneHve
KOHEYHOWN TOYKU

MosTopsiemocT VT MKH p

CwmelleHne

Pucynok A2.7: Ilmarpamma “npuymHa — cjieacrpue”
(BCe HCTOYHMKH HeoNpe e/ IeHHOCTH)

HY’KHO.

Ecnu B3BemuBaHus NPOBOJAT Ha OJHOM U TOM ke
IIIKaje BECOB M B HEOONBIIOM JgUama3oHE, TO

Monspnas macca Myyp

M3MEHEHHUEM 4yBCTBUTEIEHOCTH MOKHO Kucnpiit — ¢ranar  xams  (KHP) — nmeer
npeneGpeds. AMIIUPHUYECKYIO HOPMYITY
C:H;0,K

Cmenens yucmomut Pyxyp .

HeomnpeneneHHOCTh  MOJIIPHOH  Macchl  3TOTO
B karanore usrorosurens crenenb yuctorsl KHP COCAMHEHMS MOXHO ONPENCIUTb, CYMMHUPYS
3asBieHa B npenenax or 99,95 % mo 100,05 %. HEONPEEICHHOCTH ATOMHBIX Mace
ITostomy Pxwp paro 1,0000+0,0005. Ecmu COCTABIMIOIIMX  €ro  JJIEMEHTOB.  TaOumia
BCILICCTBO cymar B COOTBETCTBUH ¢ ATOMHBIX Macc, BKJIIOYAIOIIAs] OLICHKU

MHCTPYKUUSAMH (DUPMBI-U3TOTOBUTENS, TO APYTHX
WCTOYHUKOB HEONPEAEICHHOCTH YYWUTBHIBaTh HE

Pywp

HEOIPEICJICHHOCTH, pa3 B JIBa roja MyOIuKyeTcs
HIOITAK B Journal of Pure and Applied Chemis-

HP

Kann6poska

"MTeﬂbHOCTb

HenvHenHocTb

Kann6poska

MosTOpSsie-

LIyBCTBI/IT CTb MOCTb

MosTOpSie-

MOCT;

HenuHenHocTb O6wasa macca

Macca Tapbl

Pucynok A2.6: Iluarpamma “npuymHa — cjieicTBUe” ¢ JO0NOJHUTEIbHbIMU

HCTOYHUKAMMU HEONMPEACJTCHHOCTH AJIA NPOoUEeaAYPbI B3BCHIMBAHUSA
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try. 1o 3TUM HaHHBIM MOKHO HETOCPEICTBEHHO
BBIYHCIIUTh MOJSIpHYIO Maccy. Ha amarpamme
“mpuumHa  — cuneacteue”’  (Pucynok A2.7)
WHMBHIYaJbHBIE aTOMHBIE MACCHI JJISl TIPOCTOTEHI
OITYIIICHBI.

Obvem Vy

TutpoBaHue OPOBOIAT C MOMOULIBIO MOPLIHEBOM
oroperkn Ha 20 M. Jlo3mpyemsbrii u3 OropeTKn
00Bvem pactBopa NaOH moaBep eH BIHSHAIO TEX
e TpeX MCTOYHHMKOB HEONPEAEICHHOCTH, KaK U
IpU 3all0JTHEHUH MEPHOM KOJIOBI B MPEABIAYILEM
npumepe. Otumu HUCTOYHUKAMHU
HEONPEACICHHOCTH SIBIISIIOTCS: ITOBTOPSEMOCTD
3HaYEHUI JIO3UPYEMOTO o0Bema,
HEOIpPeeICHHOCTh KaJTOpOBKU u
HEONPEICICHHOCTh BCIEACTBUE PA3IHUUS MEKIY
TEMIIEPaTypoi B JIA0OpATOpPHH M TEMIIEpaTypou
KanmuOpoBku Oroperkn. Kpome Toro, mosBiseTcs
BKJIaJl HEOIPENENCHHOCTH B  yCTAHOBJICHUH
KOHEYHOH TOYKM TUTPOBAaHUS, 4YTO MJaeT JBa
JOIOJTHUTENIBHBIX HCTOYHHUKA HEOIPEACTICHHOCTH.

1. TloBTOpsieMOCTh MPHU YCTAHOBIEHUH KOHEYHOM
TOYKM THUTPOBAHMs, KOTOpas HE 3aBHCUT OT
MOBTOPSIEMOCTH AO3UPOBAHUS 00bEMa.

2. Bo3MoxHOCTB CUCTEMATUYECKOT O
pacxoxaeHus MEXIY YCTaHOBJICHHOM
KOHEYHOM TOYKOM TUTPOBAHMSI M TOUYKOMU
SKBUBAJICHTHOCTH BCJEACTBUE IOTJIOLICHHUS
YIIEKUCIOTBI W3  BO3AyXa B IIpolecce
TUTPOBAaHUSI U HETOYHOCTH  OIPEACIICHHUS
KOHEYHOM TOYKH IO KPUBOW TUTPOBAHHS.

O6e 53TH MO3UIMM BKJIIOYEHBl B JUarpammy
“npuumnHa — ciencteue” Ha Pucynok A2.7.

A2.4 Jran 3: KosinyecTBeHHOE BbIpaKeHHE
COCTABJISIIOIIUX HeonpeaeIeHHOCTH

Ha »orame 3 HeompeaeneHHOCTh OT KaKIOro
HCTOYHHKA, BBIABJICHHOI'O Ha 3Tallc 2, JOJIKHa

ObITh BBIDAKEHA KOJHYECTBEHHO, a 3aTeM
NepecunTana B CTAHAAPTHYIO HEONPEAEICHHOCTb.
Bce »okcnmepuMeHTHI BKIHOYAKOT, IO KpanHen
Mepe, SPGEKTH MOBTOPSEMOCTH JO3UPOBaHUS
o0BpemMa U3 OIOPETKH U TIOBTOPSEMOCTH OTEPaIin
B3BemMBaHus. 1l03TOMy pasyMHO CIIOKUTH 3TH
BKJIabl TIOBTOPSEMOCTH B OAWH CYMMapHbIiI
BKJIaX JUISI BCErOo OKCIEPUMEHTa, M JJs ero
OLICHKM HCIIOJIb30BaTh 3HAYEHUS, IOTyYEHHbIC
Opu  BWIMAAUMM  METOAMKH;,  3TO  JaeT
UCIpaBICHHYIO  AWarpaMMmy  “OpuUydHa  —
clencTBUe”, MOKa3aHHYo Ha Pucynok A2.8.

Bamunanus METOAUKU Jact OLICHKY
MOBTOPSIEMOCTH pe3ynbTaToB TUTpoBanus 0,05 %.
OTO 3HA4YEHHE MOYKHO NPSAMO HCIOJB30BAaTh TS
BBIYKCIICHUS CyMMapHOU CTaHAApTHOH
HEOIPEICeICHHOCTH.

Macca myp

COOTBGTCTBYIOH_II/IG B3BCIIMBAaHUA JArOT:

koHTeiHep ¢ KHP: 60,5450  (maGmtomaemoe
3Ha4YeHHe)
koHTeitHep 0e3 KHP: 60,1562  (mabmomaemoe
3HAYCHHE)

KHP 0,3888 r
3Ha4YeHHe)

(pacuetHoe

[TockonbKy TMOBTOPAEMOCTh 3KCIIEPUMEHTa B
IEJIOM  YXE OIlCHeHa, HET He00XOIUMOCTH
y‘II/ITI)IBaTI) OTIACIIBHO HOBTOpSIeMOCTI) HpI/I
B3BCIIMBAHUHU. KpOMe TOT0, CHCTCMaTHUYCCKadA
MOTPEIIHOCTh BECOB OyJIeT CKOMIICHCHPOBaHA
pH BBIYKCIIEHUH pa3HoCTH. IToatomy
HEONPEIEICHHOCTh BO3HUKAET HCKIIOUYUTEIHHO
H3-32 BO3MOKHOM HEJIMHEHHOCTH BECOB.

QUAM:2012.P1-RU

Crtp. 56



KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH

IIpumep A2

PKHP LG Kanun6poska
Kannbposka
UTENbHOCTb
quCTBMDCTb HenuHelHoCTb
HenuHenHocTb
O06uiasa macca
Macca Tapsbl
> CNaOH
Vr KannbpoBka —
YcTaHoBneHve
KOHEYHOW TOYKU TeMHepaTypa >
MgnHp YcraHoBneHve
KOHEYHOWN TOYKM
[MoBTOpPsieMOCTb Cwmetuetne VT Mkup
PucyHnok A2.8: [lmarpamma “npuvuna — cjaeacTsue”
(cocTaBjsiionIye MOBTOPAEMOCTH 00beIMHEHDI)
Henuneiinocmy: CeptudukaT KaluOpOBKH BECOB [TPUMEYAHMUE 2
JaeT Jjd HeauHeiHocTH 3HaueHwme 0,15 mr. IIpy B3BCLIMBAHUM YCTAHOBOYHOIO BEILCCTBA
MOTYT  BCTPETHUTHCS  JIPYTHE€  TPYIHOCTH.

DTO €CTh MaKCHUMajbHAas Pa3HOCTh MEXKIY
JEUCTBUTEIILHOM MacCoOM Ha 4Yallke BECOB U
oTcyeToM no mkaine. ITpousBoguTens BecoB
PEKOMEHIYET HCIIOIb30BaTh MPSMOYTOJIbHOE

pacrpeneneHde I Iepecuera  BKIaAa
HEJIMHEWMHOCTHU B CTaHJIapTHYIO
HEOIPEJIEIEHHOCTD.
COOTBETCTBEHHO, HEOMNPEEICHHOCTh U3-32
HEJIMHEMHOCTHU BECOB paBHA

0,15mr

———=0,09mr

NG

OTOT BKJAA CIEAyeT Y4ecTb IBaXKAbl: OJIUH
pa3 mpu B3BEHIMBAHWH Tapbl, BTOPOH — TIpH
B3BEIIMBAHUHM BEIIECTBA C TAPOW, MOCKOIBKY
Ka)KI0€ M3 HUX SBIJETCA HE3aBUCHMBIM Ha-

omonenueM, u S(OPEeKTH HENMHEHHOCTH
HEKOPPEIUPOBAHBI.
910 JaeT 3Ha4YeHHe CTaHJIapTHOM

HEOMPEIETICHHOCTH U(Mkyp) MACCHI Miyp

u(myyp) =+/2x(0, 092)

= u(my,, ) = 0,13 Mr

TIPUMEYAHUE 1

3mech HE  YYMTHIBAeTCS IMIOTpaBKa  Ha
BBITAIIKMBAIONIYIO0 CHITy BO3yXa, MOCKOIBKY
M0 COTJIAIICHUIO BCE PE3yIbTATHl TPUBOIATCS
Uit B3BewuBaHus B Boszayxe [H.33].
Ocraromyiecss HEONMPEICICHHOCTH — CIHIITKOM
Malbl, 94TOOB WX yd4eT Obul ompaBmaH. Cw.
npumeuyanue 1 B [Ipunoxenue G.

Pa3zHocte Temmepatyp Bcero B 1 °C Mexnay
B3BCIIINBACMbIM BCIIIECCTBOM u BCCaMU
BBI3BIBACT Jped( TOro ke TOpsAKa, 4TO H
ciy4aiiHple KosieOanusi. B nanHOM ciydae
BEILECTBO OBLIO MOJHOCTHIO BBICYLICHO, HO
B3BCIIIMBAHUC MpOBOAUTCA npu
OTHOCHUTENIBHOM BiaxkHocTu okoyno 50 %,
MOATOMY B IpOLiEcCe B3BEIIMBAHUS BO3ZMOXKHA
HEKOTOpasi aJicopOLust BiIary.

Cmenenwv yucmomot Pyxpp

Pyyp paBra 1,0000+£0,0005. ITocTaBumk B cBoeM
KaTalore He JacT KakKOH-Tu0O0 JOIMOJHUTEIbHOM
WHGOpPMAIUK, KaCAIOIICHCS HEOIPEICIICHHOCTH.
HOE)TOMy CUHUTAOT, 4YTO O5Ta BCINMYMHaA HUMECT

OpsSIMOYTOJIFHOE  pacrpesieieHue B 3aJaHHBIX
mpefienax, TakuM  00pa3oM,  CTaHaapTHas
HEOMPEIEICHHOCTh u(Pxup) paBHa

0,0005/~/3 = 0,00029.

Monsapnas macca Myyp

N3 nocnennux tadnun MIOITAK atoMHBIE MacChl
U UX HEONPENEICHHOCTH JJis DJICMEHTOB,
cocrapisitonux KHP (CgHsO,K), TakoBst:
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OnemeHT |AtomHas |/lanHele mo | CTangapTHas

Macca HeoMpesene | Heompe/eeH-
HHOCTH HOCTh

C 12,0107 |+0,0008 0,00046

H 1,00794 | +0,00007 |0,000040

O 15,9994 |+0,0003 0,00017

K 39,0983 |+0,0001 0,000058

[lpuBeneHHbBIC MaHHBIE IO HEONIPEACICHHOCTH
aTOMHBIX ~ MacCc JUIA  KaXJO0ro  3JIEMEHTa
pacCMaTpruBarOT KaK TIpaHUIbl HNPAMOYT'OJIbHOI'O
pacrpeeneHus. CoOoTBeTCTBYIOIITNE
CTaHJApTHBIE  HEONPEACICHHOCTH  MOJydYaroT

JIEJICHUEM DTHX 3HAUYCHUN Ha \/5 .

JlaHHBIE IO COCTABJISIONIUM MAcChl aTOMOB JIJIS
OTHENBHBIX DSJEMEHTOB M HX BKJIaJaM B
CTaHJApPTHYI0  HEONpEAENECHHOCTh  MOJISPHOMN
MAacChI IPE/ICTABICHBI HIKE:

Beruncnenue | Pesynprar | Cranmaptaas
HEONPEIeICHHOCTh

Cs | 8x12,0107 [96,0856 |(0,0037

Hs | 5x1,00794 |5,0397 |0,00020
0,]14%15,9994 |63,9976 |(0,00068
K |1x39,0983 |[39,0983 |0,000058

3

HeompeneneHHOCT, B KaXZOH CTpPOKE 3TOH
TaOJIHULIBI BBIYHUCIISIETCS YMHOKEHHEM
CTaHIAPTHOM HEOIPEeNICHHOCTU u3
npeapayIeii TabIuIbl HAa YUCIIO ATOMOB.

Hns monsipHoit Maccsl KHP umeem
M.» =96,0856+5,0397 + 63,9976 + 39,0983
=204,2212 r moiup '

ITockombKy 3TO BBIpaXKEHHE TPECTABIIAECT COOOM
CyMMy  HE3aBHCHMBIX  COCTABIIIONIUX, TO
CTaHIapTHas HeompeaeNneHHOCTh u(Myyup) paBHa
KOPHIO KBaJpaTHOMy W3 CYMMBI KBaJpaToB
COCTaBJIAIOIIMX:

0,0037° +0,0002” +0,00068
+0,000058”
= u(M,,)=0,0038 r mMomb ™

u(Myyp) =

[TPUMEYAHUE
Bxnaasl 31meMeHTOB B Myyp HNPENCTaBISAIOT
co00M TPOCTO BKIAABI OTHACIBHBIX ATOMOB.
Hcxons w3 00Iero mpaBuia CyMMHPOBaHHS

COCTaBIIIONINX HEONPEIEICHHOCTH, MOXKHO
ObUIO  OXWIATh, YTO HEONPEIEICHHOCTh
BKJIaZa  KaXAOTrO0  JJEMEHTa  CJIEAyeT
BBIUHMCIIATh HCXOIS W3 CYMMBI KBaJpaToB
BKJIAZIOB OTJEIBHBIX aTOMOB, HAalpHMeEp, UL
yriiepona

u(M) =8x0,00037> = 0,001 rmoms .

HamoMHuM, opHako, dYTO 3TO MpaBUIIO
OTHOCHUTCS TOJIBKO K HE3aBUCUMBIM
COCTaBISIFOLIUM, T. €. COCTaBIISIOIIUM,
CBSI3aHHBIM C OTJACIBHBIMU OMpEIEeIICHUSIMU
KakoW-m10o BenuuuHbL. [loaTOMy B JaHHOM
cly4ae CyMMYy IIOJIy4alOT YMHOXKEHUEM
€IMHUYHOrO0 3HayeHus Ha 8. OTMETHUM, 4YTO
BKJIAIbI Pa3ITUYHBIX 3JIEMEHTOB
JIEHCTBUTENFHO HE3aBUCUMBI U TOITOMY HX
CYMMHPYIOT OOBIYHBIM 00pa3oM.

Obvem Vr

1. Ilosmopsemocmov Oosuposanus obdvema: Kak
NPUHATO paHee, 3Ta COCTaBIAIOMIAs yXkKe
y4TeHa B 3HAYCHUU CyMMapHOM
MOBTOPSAEMOCTH JJI JAHHOTO SKCIIEPUMEHTA.

2. Kanubposka: [Ipenenst TOYHOCTHU
JIO3UPOBAHUS o0bema yKa3bIBAIOTCS
MPOU3BOAMTEIEM OIOPETKH B BHAE “a =+
yucno”. Jns nopuHeBoil 6topeTku Ha 20 M
3TH Tpeaensl 00bIYHO cocTaBisoT + 0,03 Ml
IIpeanonoxenue 0 TPEYroJIbBHOM
pacmpeneneHuy BHYTPH 3aJaHHBIX TpaHMUII
Jaet CTaHJApTHYIO HEOMpeeICHHOCTh

0,03//6 =0,012 mu.

IMTPUMEYAHUE

PykoBoncteo MCO (F.2.3.3) pexkomenayeT
NIPUHUMATL TPEYTrOJIBHOE paCIpeclICHUE,
€CIIM  €CTh OCHOBaHMsl OXHWJAaTh, YTO
3HAYCHUs B IIEHTPE JMama3oHa OoJjee
BEPOATHBI, YeM BOIM3M IpaHull. B npumepax
Al m A2 g nOmMyCKOB Ha CTEKJISIHHYIO
MEpHYIO nocyny npearnosaraeTcs
TpeyroJibHOe pacripezaeseHue (M.
oOcyxieHre HeolpeeeHHOCTell B paszene
O0bem B mpumepe Al).

3. Temnepamypa: Heonpenenennocts,
00yCJIOBIIEHHYIO HEAOCTaTOYHBIM KOHTPOJIEM
TEMIIepaTyphl, BBIYUCIAIOT TaK K€, KaK U B
OpefplAylleM TpHMepe, HO Ha OTOT pa3
BO3MOXKHBIC KoseOaHus TeMIepaTypsl
MPUHMMAIOT  pPaBHbBIMH =+ 3°C (c
BepoATHOCTBIO 95 %). CHoBa HCIHONB3YS
k03 PUIIEeHT 00BEMHOTO PACIIMPEHNUST BOIHI,
paBHEIii 22,1x10™ °C™, monyuaewm:
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KoimmmyecTBeHHOE ONHCaHKe HEONPEAeTeHHOCTH IIpumep A2
Taboauua A2.2: 3HavyeHuss (pAKTOPOB U UX HeoNpeAeJeHHOCTH
npu cravaaprusanun pacreopa NaOH
HaunmenoBanue 3HaueHHe X CrannaprHas OTHOCHTENbHAS
HEOMPEACICHHOCTS 1(X) CTaHzapTHas
HEOIPENETIEHHOCTh
u(x)/x

Iloemop. | TloBTOpsieMOCTb 1,0 0,0005 0,0005
MyHp Macca KHP 0,3888 r 0,00013 r 0,00033
Pxup Crenens unctotel KHP 1,0 0,00029 0,00029
Mip Monsipaas macca KHP | 204,2212 t Mo 0,0038 r monp ™ 0,000019
Vr O0beM NaOH, 18,64 mn 0,013 mn 0,0007

TTOIIIE IIITH I Ha

tutpoBanue KHP

19%x2,1x107* x 3

=0,006 mn
1,96
Taxum oOpa3zom, CTaHJlapTHas
HEOIPEACICHHOCTD, O6yCHOBHCHHaH

HEAOCTATOYHBIM TCMIICPATYPHBIM KOHTPOJIEM,
pasHa 0,006 M.

[MPUMEYAHHE

B Tex cmydasx, Korma paccMaTpHBarOT
HEONPENCNICHHOCTH,  BO3HMKAIOIIHE  M3-32
HEJIOCTATOYHO MOJHOTO KOHTPOJIS (akTOpOB
OKpY’KaloIeH cpensl, TaKUX Kak
TeMIlepaTypa, BAaXXHO YUYUTHIBATh JIFOOYIO
KOPPEISIIMIO BIMSHUS 3TUX (PAKTOPOB HA
pa3IMyHbIE IIPOMEXYTOUYHbIE BENMMYMHBL. B
JaHHOM TpHUMepe INpeobiafaromiee BIHSIHIE
Ha TEMIEparypy pacTBopa  OKa3bIBAalOT
pa3nnyus B TEIUTOBBIX s dexTax
PacTBOPEHHBIX BEIIECTB, TAK KaK PACTBOPHI HE
NPUBEJCHBl B PAaBHOBECHE C OKpYy’Karomien
TEMIIEPATYPOHL. ITosTOoMy BITUSTHUSL
TEeMIIepaTypsl Ha KOHIIGHTPAIUIO KaXKIOTO
pacTBOpa NpH CTAaHJAPTHBIX YCIOBHAX 3JIECh
HEKOPPEIMPOBaHbl M PACCMATPUBAIOTCS Kak
HE3aBHCHMBIC COCTAaBIISIONINE Heomnpe-
JIETICHHOCTH.

4. Cmewenue npu YCMAHOBNEHUU KOHEYHOU
mouxu: YToOBl HCKIIOUUTH CMELICHHUE KO-
HEYHOH TOYKH, BBI3BAHHOE IIOTJIOLICHUEM
YIJIEKUCIIOr0 Tra3a M3 BO3AyXa, TUTPOBAHUE
OPOBOAT IOJ CJIOeM aproa. Msl cienyem
3leCh ~TOMY MNPHHLHUIY, 4YTO  Jyd4lle
OpEeOTBPAaTUTh  JII000OE  CHUCTEMaTH4YecKoe
CMEILCHNE, YeM BBOJUTH HAa HErO MOIPABKY.
Kpome Toro, HeT Kakux-nubo Apyrux NpU4uH,
[0 KOTOPbIM KOHEYHasi TOYKa, YCTAaHOBJICHHAs

no ¢opMe KpPHBOM  THTpPOBaHHSA, HE
COOTBETCTBOBaNIA ObI TOYKE SKBUBAICHTHOCTH,
MOCKOJIbKY CHJIBHYIO KHCJIOTY 3/1€Ch THTPYIOT
CUJIBHBIM OCHOBaHHEM. [TosTomy
OpeAronaraeTcsi,  4YTo  CMEUIGHHE  TpH
YCTAHOBJICHWM KOHEYHOW TOYKH M  €ro
HEONpPEACICHHOCTh TPEHEOPEKNMO MaJIbl.

Haiineno, uro o0wem V1 paBen 18,64 wmi, wu
CYMMHPOBAaHHUE OCTaBIIMXCA BKJIaJOB B HE-
onpeaeneHHOCTh u( V1) oObeMa V't maet

u(V,) =+/0,012> +0,006>
=u(V;)=0,013 mn
A2.5 Jran 4: BelunciieHue cyMMapHOi
CTAHJAPTHOIl HeonpeieJJeHHOCTH

CNaOH JA€TCS BEIPAKEHHEM

. 1000 - myypp - Beyp [Momb 1]
NaOH MKHP . VT

3HaueHUs] MapaMeTpoB B 3TOM YPAaBHEHUH, HX
CTaHAapTHBLIC HEOIPECACICHHOCTHU u
OTHOCHTEIbHBIC CTAHAAPTHBIEC HEOTPEACTCHHOCTH
coOpanbl B Tabnuma A2.2.

Hcnonp3yss mpuBeNeHHbIE BBIIIE 3HAYEHHUS,
HOJIy4aeM:

. _ 1000x0,3888x1,0
MO 004,2212%18,64

=0,10214 momnb i1
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KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH

IIpumep A2

Jns GbyHKIIIH B BHJIE MIPOU3BEICHUS
COMHOXXHTEJIEH CTaHJapTHBIC HEOMPEIeIIEHHOCTH
CYMMHPYIOT CIETYIOIIAM 00pPa3oM:

2 2
u(rep) " u(myyp)
rep Myyp
2 2
U, (Cnaon) - |4 u(Pyp ) n u(Myyp)
CNaOH 1 Peup M e
2
+ u(Vy)
Vi

U (Cuoy)  |00005% +0,00033% +0,00029% +
= =
Crao 0,000019* +0,00070
=0,00097

=u, (cNaOH ) = Cpuon X 0,00097 = 0,000099 monp 1!

[ns  ympolleHus — BBIYMCICHUA  CyMMapHOH
CTaHIAPTHON HEONpPENEeNEHHOCTH HCIONb3YIOT
METOJ AJIEKTPOHHBIX TaOnwIl (CM. IMPHIOKEHUE
E.2). B 3amomHeHHOM BHAE Takas TaOnuIa
npencraBieHa kak Tabmwma A2.3 u cHaOxeHa
JOTIOJTHUTENbHBIMU TTOSICHEHUSIMH.

WHTepecHO uccnenoBaTh OTHOCUTENBHBIEC BKJIAIBI
PasIMYHBIX  COCTaBISIOLIMX €  HOMOIIBIO
rucrorpamMmmel.  Pucynox  A2.9  mokaseiBaer
BBIUMCIICHHBIE 3HadeHus [u(y,Xx;)| w3 Tabmuma
A2.3.

Pucynok A2.9: Bkiaabl B CyMMapHYIO
HeolnpeeeHHOCTb NIPH CTAHAAPTH3ALUU

pactBopa NaOH

V(M :

M(KHP) :]
P(KHP) [T
m(KHP) [

MosTOpsiemocT :

c(NaOH) .

0 0,2)5 0,1 0,15
|lu(y,x;)| (Mmonb n_1)

W3 3TuX JaHHBIX BHAHO, YTO HAHOOJIBIINN BKJIA
JTAeT HEOIpEeIeHHOCTh 00beMa V', MOoIIeIero
HAa THTpPOBaHWE. 3a HHM CJeAyeT BKJIAJ
nopropsiemocTr.  Crnexyromme B TOPSAKE
YMEHBIIIEHUS — BKJIAbI B3BEUITUBAHUS W YUCTOTHI
YCTaHOBOYHOTO BEIIECTBa; 3TH (HaKTOPHI Ma0T
HEOTIPEIEeTICHHOCTH OJHOTO TOPSAIKA, B TO BpeMs

KaK HEONPEAEICHHOCTh MOJEKYISIPHOH MacChl
MOYTH Ha MOPSIIOK MEHBIIIE.

A2.6 Jran 5: IloBTOpPHOE OLIECHUBaHUE
CYLIEeCTBEHHbIX COCTABJISIIOLINX

Bxmag  J(7), xak  oOKaszalloCh,  SBJISACTCS
HambOompmuM. Ha Bemmumay o0bema NaOH,
nomexamero Ha tutpoBanme KHP  (M(7)),
OKa3bIBAIOT  BJIMSHUE  dYeThlpe  (akrTopa:
CITy9aiHBIH pazbpoc (TIOBTOpPSIEMOCTBD)
IO3UPOBaHMsST 00bEMa, KaTUOpOBKA OIOPETKH,
oTanyKne padodel TeMnepaTypbl OT TEMIEpPaTyphbI
KaTuOpPOBKHU OropeTKH , HaKOHeTl,
MOBTOPSIEMOCTh MpPU YCTAaHOBJIEHMM KOHEYHOI
TOYKM  THUTpoBaHMA. llpoBepka  BETHMUMHBI
KaXIOr0 BKJIaZia IMOKa3bIBACT, YTO KaJHMOPOBKA,
HECOMHEHHO, [JaeT CaMblii OOJBIION BKJIag B
HEOMPEIeICHHOCTb. [Tostomy Ty
COCTAaBIISIIOLIYI0 HYXHO HCClefoBaTh Ooiee
oIpOOHO.

CranmapTHas HEONPENEIICHHOCTh KaTHMOPOBKH
V(T) BeUMCIATIACh TO JaHHBIM, IIPEIOCTaB-
JEHHBIM  (PUPMOW-U3TOTOBUTENIEM OIOPETKH B
HPEANOIOKEHHN TPEYTOJILHOTO paCTIpeeTICHUs.
Bmusaue BeIOOpa  (GYHKIME — pacIpeneieHus
noka3aHo B Tabmuma A2.4.

Cornacuo Ilpumeuanuro 1 k 1. 4.3.9 PykoBoactsa
HCO:

“Jlmiss  HOPMAIBHOTO  pacmlpeiesieHuss ¢
MaTeMaTHIECKIM OKHATaHUEM [ u
CTaHJApTHBIM OTKJIOHEHHEM G, HTepBal W +3G
oxXBaThlBaeT mpuMmepHo 99,73  mpoueHTa
pacnpezenenus. TakuM 00pa3oM, €Clii BEpXHSs
U HWDKHSISL TPaHULIBI dy U a_ onpenenstor 99,73-
npoueHTHble, a He 100-mporeHTHBIE Mpeaebl,
TO MOJKHO IIPEAIIONIOKUTB, YTO X; UIMEET CKOpee

HOpPMAJIbHOE pacnpeneneHue, qem
pacmpeneneHue, KOTOpOE€  MOXHO  ObUIO
NPUHSATD B OTCYTCTBUE KaKou-116o

uHopMaLUK O pacrpeieseH!H BEIMYHHBI X;
[BHYTpH 3aaHHBIX TpaHuIL], Toraa u’(x;) = a*/9.
I[J'I)I CpaBHCHUA, AUCICPCUSA CUMMETPUYHOTO
MPSIMOYTOJILHOTO pacrpeeneHus c
TOJyIIMPUHON @ paBHA a°/3 ..., a JUCIEPCHs
CUMMETPUYHOTO TPEYTOJIBHOTO pacHpeeieHus
C TOJIYIIMPUHON a paBHa al6 .. Jucnepcun
TpeX OJTUX pacHpeleNieHuil  OKa3bIBAIOTCS
YAUBUTECIBHO GHI/ISKI/IMI/I, umMest B BUOY
pas3jinuunsd B IPEAINOJJO0KCHUAX, HA KOTOPbIX OHU
OCHOBAHBI .

Takum oOpa3om, BEIOOp QYHKITUH pacTipeeIeHus
OKa3blBa€T  HE3HAYMTEJIBHOE  BIMSHHE  Ha
3HAUYCHHE CyMMapHOH CTaHAAPTHOH
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Tadauua A2.3: TabunuHoe BbIYKMC/IEHUE HeoNpeaeJeHHOCTH

Nnpu cravaaprusanun pacreopa NaOH

A B C D E F G
1 ToBTOp. m(KHP) P(KHP) M(KHP) V(T)
2 3nauenne |1,0 0,3888 1,0 204,2212 18,64
3 Heonpenenen|0,0005 0,00013 0,00029 0,0038 0,013

HOCTb

4
5 Hosrop. |1,0 1,0005 1,0 1,0 1,0 1,0
6 m(KHP) [0,3888 0,3888 0,38893 0,3888 0,3888 0,3888
7 P(KHP) [1,0 1,0 1,0 1,00029 1,0 1,0
8 M(KHP) [204,2212 204,2212 204,2212 204,2212 204,2250 204,2212
9 V(T) 18,64 18,64 18,64 18,64 18,64 18,653
10
11 | c¢(NaOH) [0,102136 0,102187 0,102170 0,102166 0,102134 0,102065
12 u(y,x) 0,000051 0,000034 0,000030 -0,000002  |-0,000071
13 |u(y)’, u(y.x,)*|9,72E-9 2,62E-9 1,16E-9 9E-10 4E-12 5,041E-9
14
15 | u(c(NaOH)) [0,000099

3Ha4yeHus MapaMeTpoB MpHUBeIeHBI BO BTopoi cTpoke oT C2 mo G2. Mx cTaHgapTHBIE HEONPEAeNICHHOCTH — B CTPOKE
Hiwke (C3-G3). 3navenus u3z C2-G2 konupyroTcs Bo BTOpoii cronbder tabmuipl ot BS 1o BY9. Pesymbprar (c(NaOH)),
MOJYYEHHBIM M3 3TUX 3HAYCHUH,
HeomnpeaeneHHocTs u3 C3. Pe3ynpTaT BhlUMCIeHUN ¢ ucnoib3oBanueM 3HaueHuil C5-C9 mpuseneH B Cl1. CtonOisl
D—G 3anonHeHb! aHANOTHYHBIM 00pa3oM. 3HaueHus B ctpoke 12 (C12-G12) npencraBisitoT coOol pa3HOCTH CTPOKU
(C11-G11) munyc 3Hauenue, ykasanHoe B B11. B crtpoke 13 (C13-G13) cooTBeTcTByIONIME 3HAYCHUS U3 CTPOKU 12
(C12-G12) Bo3BOAATCS B KBaApaT U CyMMHUPYIOTCS, IPUBOJS K 3HAUCHMIO, YKazaHHOMY B B13. B15 maer cymmaphyto
CTaHJAPTHYIO HEOIIPEIeIEHHOCTh, PAaBHYIO KOPHIO KBaapaTHOMY U3 B13.

npuBeaeH B Bll.

C5 npaer 3HaueHwe moBTOopseMocT u3 C2 mmoc ee

HCOIPECACICHHOCTHU

(uc(cNaOH))

, W BIOJHE

CTaHJapTHOU

HCOIPECACICHHOCTHU Ha

JIOTMYHO MPUHSATH, YTO ATO PACHpEACICHUE UMEET
TPEYTOIbHYIO (hOpMY.

U(cnaon)
CyMMapHOH

Pacmmpennyro
MOJIYYarOT

HEOIIPENEICHHOCTh
YMHOKEHHEM

KOA(PUITMCHT 0XBaTa, PaBHBIN 2.
U(Cyuon ) =0,00010x2 =0,0002 momb '

Takum 06pazom, momsipHas koHueHntpaius NaOH
B pacTBope pasHa (0,1021 £0,0002) moan o1 .
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Tabauua A2.4: BausiHue npeanoJioskeHui o Buae GyHKIUM pacnpeaejieHust

Pacmipenenen | kosddwum | u(V(T;cal)) | u(V(T)) U(CNaoH)
ne HEHT (mur) (mur) (Mo 1)
[IpsimoyronbH \/5 0,017 0,019 0,00011
oe

TpeyronbpaOE Je 0,012 0,015 0,000099
Hopwmansaoe NG) 0,010 0,013 0,000085

IMPUMEYAHUE 1

[NPUMEYAHUE 1: Ko>¢pdumment Jo MTOTy9IaeTCs KCXOas U3 K03 durmeHTa
3 B mpumevanuu 1 k . 4.3.9 PyxoBoactBa MCO (cM. cTp. 58).
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IIpumep A3: Knc/i0THO-0CHOBHOE THTPOBAHHUE

Kpartkoe usinoxenune
Heanb

OnpenencHue MOJISIPHOH KOHILIEHTpaluu
(cTaHmapTuzanus) pacTBOpa COJSTHOM KHCIIOTHI
(HCl) mo pactBopy ruapoxcuaa aatpus (NaOH)
W3BECTHOW KOHLIEHTpaLUH.

MeToauka usmMmepeHui

PactBop comsmoit kumcmotre (HCI) TuTpyror
pactBopoM  ruapokcupa  Hatpus  (NaOH),
KOTOpPBIi B CBOIO OYepenb CTAaHAAPTU30BaH IIO
YCTAaHOBOYHOMY BEIIECTBY — KHCJIOMY (Tanaty
kamust (KHP), anms ompenenenus KOHIEHTpanuu
HCI. Draner metoawku mokazaHel Ha PucyHOK
A3.1.

HN3mepsiemast BeJIMUMHA:

1000 - m g - Piyip Vi

[momb 1]
VTI -M KHP 'VHCI

Cra =

r7ie Bce 0003HAYCHUSI COOTBETCTBYIOT YKa3aHHBIM
B Tabmmma A3.1, a gyucmo 1000 mpencraBisier
co00i KodpGUIMEHT mepecueTa U3 MIUTIITUTPOB
B JIUTPEI.

BoisiBjIeHHE HCTOYHHKOB HEOMPEeACJTCHHOCTH:

[onnexamue PaccMOTPEeHHUIO HCTOYHHUKHI
HEONPEIEICHHOCTH MTOKa3aHbl Ha PucyHok A3.2.

KosnyecTBeHHOE ONCaHNE HCTOYHUKOB
HEONMpPEeACJTCHHOCTH

Koneunast HeompeneneHHOCTh OLEHEHA Kak
0,00016 momb 7', B Ta6muia A3.1 mpuBeaeHs!
3Ha4eHUs! (PAKTOPOB M MX HEONPEIEICHHOCTH;
Pucynok  A3.3  moka3piBaeT = BKJambl B
HEONPEACICHHOCTh B BUIE TUArpaMMBbl.

Pucynok A3.1: MeToguKka TUTPOBAHUSA

BasewmBaHne KHP

TutpoBaHue KHP
pactBopom NaOH

B3aTtue anukeoThbl
pacteopa HCI

TutpoBaHue HCI
pactsopom NaOH

PESYINbTAT

Pucynok A3.2: Iluarpamma “npuymHa — cjiecTBUe” JAJIsl KHCJIOTHO-OCHOBHOI'0 TUTPOBAHUS

V Pxrp MkHpP
Cmeluenme ' 12 >< Te xe Bechl
YcTaHoBneHve KanuGposka KanuG
KOHEYHOW TOYKM HYBCTBISEREHOCTE 5, ) N ome
YT BUTENBHOCTD
Temnepatypa HenuHeitHocT
HenvHelHocTb
Kanu6poska Macca Tapsbl Obuwas
macca
> CHcl
MKHP
Vr2 Kanubposka —— KanuGposka —)
YcTaHoBneHue V-
KOHEYHOW TOYKM TemnepaTtypa
%2 patyp Temnepatypa
YcraHosneHve YcTaHoBneHve
KOHEYHOWN TOYKM KOHEYHOM
Vhel TOYKM c
rlOBTOpFleMOCTb meluermne Vry Mynp VHCI
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Taboauua A3.1: 3HavyeHuss (paKTOPOB M UX HeONPeAEJeHHOCTH B KMCJI0THO-OCHOBHOM TUTPOBAHUU

HaumenoBanue 3HaueHue x CrannmapTHas OTHOCHTENbHAS
HEOTPEIETICHHOC CTaHJapTHAS
Tb u(x) HEOIPENeICHHOCTh
u(x)/x

[losmop. ([1oBTOpsIeMOCTh 1 0,001 0,001

Myup Macca KHP 0,3888r 0,00013 r 0,00033

Pxup Crenens uncrotrsl KHP 1,0 0,00029 0,00029

Vo O0bem NaOH, nowmemmuii Ha 14,89 M 0,015 mn 0,0010
tutpoBanue HCI

Vri O0bem NaOH, nomemmuii Ha 18,64 M 0,016 mn 0,00086
tutpoBanue KHP

Mip  |[Monspuas macca KHP 204,2212 r moms™ [0,0038 r Moms™  {0,000019

Vi Amuxsora HCI, B3sTas mis 15 mn 0,011 mn 0,00073
TATPOBaHUS

CHel Mosstpaas konnenTparus HCI 0,10139 momb 1" |0,00016 Mo 1™ [0,0016

Pucynok A3.3: Bkiaasl B CcyMMapHYI0 HeONpPeaeJeHHOCTh B KHUCJIO0THO-OCHOBHOM TUTPOBAHUM

lMoBTOpPsSiIEMOCTL

V(HCI)

M(KHP) |

V(T1)

v(T2) |

P(KHP) |
m(KHP)

c(HCI)

0,05 0,1

0,15

|u(y,x)| (Mmont n™")

0,2

3uauenus u(y,x;) = (Oy/0x;).u(x;) B3aTel u3 Tabmuia A3.3.
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IIpumep A3: Kucji0THO-0CHOBHOE THTPOBaHue. /leTajJbHOe 00CyKIeHUE

A3.1 BBeaenue

B 3TOM npuMepe oOcyxkaaercs
MOCJIEeIOBATENEHOCTh 9KCIICPUMEHTOB TUTST
OTIpeieNieHHs] KOHLEHTPAIUU PacTBOpa COJISHOM
kucinotrel (HCI). Kpome Toro, ocmemieH psin
0coOBIX acreKTOB METoa TUTpoBaHUs. PacTBop
HCl tutpyror pacTBOpoM THAPOKCHAA HATpPHUS
(NaOH), koTopbIif HEMOCPEACTBEHHO MEePEd ITUM
OBUI CTaHJAPTU30BaH 10 KUCIOMY (TajaTy Kaius
(KHP). Kak u B mpeasigymiem npumepe (A2),
npenmnonaraercs, yro KonueHtpanus HCl u yto
KOHCYHAas TOYKa TUTPOBAHUA YyCTaHABJIMBACTCA C

[IOMOILBIO CUCTEMBI ABTOMAaTHYECKOTO
TuTpoBaHusl 1o ¢opme pH-kpuBoii. Pesymbrar
HU3MEPEHHUS u ero HEOIIPENEICHHOCTh

BBIpakaroTcs B equauiax CU.
A3.2 9tan 1: Onucanue

Ha »ToM »sTame pnaercst [eTanbHOE ONHMCaHME
nporenypsl u3MepeHus. OHO TpeACTaBisieT
co0Oil TmepeyuciieHue CcTaguil H3MepeHus u
MaTeMaTHYEeCKyl0 (OPMYyITHPOBKY H3MepseMOi
BCINYHHBI.

Memoouxka

Omnpenenenne KouueHTpauuu pactBopa HCI
COCTOMT U3 CIEAYIOIMX CTaguil (CM. TaKxke
Pucynok A3.4):

1)  YcraHOBOYHOE BEIMIECTBO, KUCHBIA (hramat
kamus  (KHP), BeicymmBaroT,  4TOOBI
rapaHTHPOBATh CTeTeHb YHCTOTHI,
YVKa3aHHYI0 B CepTH(HKATEe H3rOTOBUTEIIS.
BssemmBator opuentupoBouHo 0,388 r
BBICYILICHHOTO BEI[ECTBA, YTO COOTBETCTBYET
o0bemy pactBopa NaOH mpu TUTpOBaHHH,
paBHOMY 19 M.

ii) YcranoBouHoe BemiectBo KHP pacTtOpsitoT
npuMepHo B 50 MIJI IEMOHU3UPOBAHHON BOIBI
U 3areM TUTpyloT pactBopom NaOH.
Cucrema aBTOMAaTHYECKOIO  TUTPOBAHUS
KoHTponupyeT nmo3upoBanue NaOH wu
perucTpupyer KpPUBYIO TUTPOBAHMUS.
Koneunast Touka ycraHaBnuBaetcs o gpopme
KpUBOI TUTPOBaHHUS.

iii) 15 mn pactBopa HCI nepeHOCAT ¢ TOMOIIBIO
NUIETKH B KOJIOY AJisl THTpoBaHus. PacTtBop
Ppa30aBIsIOT JACHMOHU3UPOBAHHON BOIOW 10
~50 M.

iv) IIpoBomst tutpoBanue pacteopa HCI Ha Tom
K€ CaMOM aBTOMAaTHYECKOM THTPaTOpE.

B3sewunBaHne KHP

TutposaHue KHP
pactsopom NaOH

B3atne annkeoThl
pacteopa HCI

TutposaHme HCI
pactBopom NaOH

PE3YJIBTAT

Pucynoxk A3.4: Onpenesnenue
KOHUeHTpauuu pacteopa HCl

Buviyucnenue

M3mepsiemoil BEMUYMHON SIBISIETCS  MOJIApHAs
KOHLICHTpalusl COJIIHOM KHUCHOTHI, cpc.. OHa
3aBucUT OT Maccel KHP, ero umcrotel m
MOJIEKYJIIpHON Macchl, 00beMoB pacTBopa NaOH
B KOHEYHOM TOYKE NBYX TUTPOBAHHUMI MU pa3zMepa
amnkBoTel HCI:

1000- My yp PKHP 'VTz

_ -1
Chet = Y, v [Mosb 1 |
T1 ¥ kHP "V HCI
rae
cycl  MousipHas KoHueHTpauus pactBopa HC1
[moib 1]

1000 ko> PummenT mepecuera u3 [Mi] B [1]
mgup Macca KHP [r]

Pyyp  crenens uuctotsl KHP, BeIpaskeHHast Kak
MaccoBast J01s

V1o o0beM pactBopa NaOH mns tutpoBaHus
HCI [mi]

Vr o0vem pactBopa NaOH mnst TutpoBaHuUs
KHP [mi]

My Momsprast macca KHP [r mMons ']

Vi o0bem pactBopa HCI, xoTopsIii THTpYIOT
pactBopom NaOH [mi]
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Pucynok A3.5: [lnarpamma “npuvuna — cjaeacTsue”

CwmeLlyeHue V2 P

YcTaHoBneHne
KOHEYHOW TOYKMN

Temnepatypa ——

Kannbposka

quCTBVbeHOCTb ? i

Macca Tapbl

Mkn
>< Te e Bechbl
Kanubposka
Kanubposka
Y¥e<GBUTENBHOCTD

HenuHenHocTr

HenuHenHoctb

Ob6wasn
macca

MKHP

Vr2
YcraHoBnewne ,
KOHEYHOMN TOYKM
V11
YcTaHoBneHve
KOHEYHOWN TOYKU

Vi

Kannbposka
TemnepaTtypa
YcTaHoBneHue
KOHeYHomn
TOYKN

MoBsTopsiemocTb ~ CMeLleHme /.

A3.3 Dran 2: BeisiBjienue 1 aHaJIHU3
HCTOYHHKOB HeoNMpeaeIeHHOCTH

Pa3nuuHble HCTOYHMKN HEOMPEENIEHHOCTH U UX
BIUSHUE Ha U3MEpSIeMyl0 BEIUYHUHY YAOOHO
aHAJIM3UPOBaTh MPEXKAE BCEr0 € IIOMOUIBIO
auarpamMmbsl “mipuuuHa — cneacteue” (PucyHok
A3.5).

[Tockombky MIOBTOPSEMOCTh pe3yabTaToOB
M3BECTHA W3 HCCIEHOBAHMI IO BaJUIalldA
METOIMKH B  II€JIOM, HET HEOOXOIUMOCTH

paccMaTpuBaTh BKJIIaJAbl B IIOBTOPSACMOCTL 11O
oTnensHOCTH. [103TOMY 3TH BKJIabl 0OBETUHSIOT
B OIHY COCTAaBJISIONIYI0  “‘TIOBTOPSIEMOCTH”’
(mokazaHHyl0 Ha JuarpaMMme “IpuyvHa  —
cnencteue” Ha Pucynok A3.5).

Pasnuunble Bausiomme (GakTophl, CBSI3aHHBIC C
napamMeTpaMu VTZ, VTI, MmMgup, PKHP and MKHP:
moApoOHO  OOCYKIAJIMCh B MPEABLAYIIEM
mpuMepe, IO3TOMY B 3TOM pasjene Oosee
JNETaIbHO OYIyT pPacCMOTPEHBI TOJIBKO HOBBIC
(haKkTOpbI, UMEIOLITUE OTHOIICHUE K V).

> CHcl
KannbpoBka —

emnepartypa

T
My Ve

A3.4 Jran 3: KontuyecTBeHHOE BhIpakeHHe
COCTABJISIOLINX HeoNpe e IeHHOCTH

Ilenpro 3TOrO 3Tana SBIAETCS KOJIWYECTBEHHOE
BBIpaKEHHE KaXKI0ro HCTOYHHKA He-
OTIpe/IeIEHHOCTH, YCTAHOBJIEHHOTO Ha 3Tame 2.
HeranbHoe  paccMmoTpeHne  (akTopoB,  MO-
Ka3aHHBIX Ha JuarpamMme CTpelKaMu, U HX
COCTaBJISIOUINX OBLIO JaHO B JABYX MPEIBIIYIINX
npumepax. Ilosromy 3mech MBI AaiuM TOJIBKO
KpPaTKO€ OIMCaHUE KaXJO0r0 U3 3TUX BKJIAJOB.

Ilosmopaemocmo

Banupanus METOJIUKU JaeT OIICHKY
noBropsieMocTH, paBHyto 0,001 (B Buae oTHOCH-
TEIbHOTO CTaHJAPTHOTO  OTKJIOHEHHHA). ITO
3Ha4YeHHe MOJKHO HCIIOJIb30BaTh

HCIMOCPCACTBCHHO JIsI BBIYMCJIICHUSA CyMMapHOﬁ
CTaHIAPTHOW HEOMPEAECIEHHOCTH, CBS3AaHHOM C
Pa3IIMYHBIMHA COCTABJIAIOINMU ITIOBTOPACMOCTH.

Macca myyp

Kanubposka/nerunetinocmo: [TpousBoautenn
BecoB gaer 3Hauenme =+0,15 mr gua co-

Obvem Vi N N
CTaBISIONICH HETMHEHHOCTH. OTH TpEAeIbl
15 mn uccnemyemoro pactsopa HCI ¢ momomrsio OPEACTaBISIIOT ~ MaKCHMAaJIbHYI  Pa3HOCTh
MUMETKA HYXHO TIepeHeCTH B KOJIOYy AJst MEXJy HCTUHHOH Maccod Tpy3a Ha 4allike
tutpoBanus. Jtor oobeM HCl moasepxen Tem BECOB u 0TCYETOM o IIKaJe.
e TpeM MCTOYHHMKAaM HEOIpPEeJeICHHOCTH, KaK U [Mpeamonaraercsi, 4YTO YyKazaHHBIE MpPEACIBI
JUIsL BCEX CPENICTB M3MEPEHUI o0bema. MOXXHO  paccMaTpuBaTh  KaK  TPaHUIBI
OPSIMOYTOJIEHOTO acrpeeneHusI u
1. MI3MEHYMBOCTh WM IOBTOPSIEMOCTh TpH pAMOY pactpen
nepecuuTaThb B CTaHIAPTHYIO
JO3UPOBaHUK 00BEMa
HEONPEACICHHOCTh CIEAYIOINM 00pa3oM:
2. HeompeneneHHOCT, HOMHHANBHOTO O0BEeMa
MHUITETKH 0,15
“— =0,087 mr
3. Omnune  TemmepaTypsl — pacTBOpa  OT \/g
TeMIepaTypbl KaTHOPOBKHU MUTIETKH.
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Bknang HenMHEHHOCTH CJIEAyeT YYHUTHIBATH
ABAXXIbI: OOWH pa3 IMPU B3BCUIMBAHWU Tapbl U
BTOPOH pa3 — IPH B3BELIMBAaHUU BEIIECTBA C
Tapof/i, qTo IIPUBOIUT B UTOore K
HEOIPENeICHHOCTH U(Myyp):

u(myp) =4/2x(0, 087)°

= u(my,,;) =0,12Mr

IMPUMEYAHUE 1

OTOT BKJIAJ YYUTHIBACTCS IBAXKIBI, IOTOMY
YTO HET HUKAKUX MPEIIONIOKEHHH 0 (popme
HEITUHEHHOCTH. HennaelHOCTS,
COOTBETCTBEHHO, paccMaTpuBaeTCcI — Kak
cucreMaTHyecKuid d(H(HEKT, MPOSIBISIOMIANACS
IpH  KaXIOM  B3BCIIMBAHUW, BEIMYWHA
KOTOPOTO MEHSETCSA CIy4alHBIM 00pazoM IIo
Uara3oHy H3MEPCHUH.

IMPUMEYAHUE 2

3mecr He yUYHTHIBae€TCS TIOTpaBKa Ha
BBHITAJKUBAMOIIYIO CHIY BO3/IyXa, MOCKOJIBKY
IO COTJIAIIICHUIO BCE PE3YNBTATHI MPUBOIATCS
I8 B3BewuBaHus B Bosayxe [H.33].
OcTarorecss HEOMPENeICHHOCTH —CIHIITKOM
Maybl, 94ToOBl WX ydeT Obu1 ompaBmad. Cw.
npumeuanue 1 B [Ipunoxxenue G.

Cmenensv yucmomol P(KHP)

P(KHP) MIPUBOIUTCS B ceprudukare
nzroroButens kak 100 % c HeompenereHHOCThIO
+0,05 % (mwm =£0,0005). D10 TpakTyerca Kak
OpSIMOYTOJIBHOE  paclpeieieHue,  MOITOMY
CTaHJIapPTHASI HEOIIPEeNeICHHOCTh U(Pyyp) paBHA

0,0005

u(PKHP) = T = O, 00029.
(T2)
1) Kamubposka:  llpenenbHble  OTKJIOHCHHS,
yKa3aHHbIE  MPOW3BOIUTEIEM  OIOPETKH:

+ 0,03 M. AnmpokcuManus TpeyrojJbHbIM
pacmpesienieHieM JaeT:
u=0,03//6 =0,012 mx.

i1) Temnepamypa:  Bo3moxHble  KOJeOaHUsS
TeMIepatypel nexar B mpefgenax +4 °C u

anMnpOKCUMHPYIOTCS PSMOYTOJIEHBIM
pacrmpenesieHueM:

u=15x2,1x10"* x4/+/3 =0,007 .

iil) Cmewenue npu  YCmMaHoOGIeHUU KOHEYHOU
mouku: CMelleHne HaHIEeHHOW KOHEYHOH
TOYKM THTPOBAHUS OTHOCHTEIHHO TOYKH
SKBUBAJICHTHOCTH, 00yci10BIEHHOE
nornomenrieM CO, w©3 BO3AyXa, MOXKHO
MPEIOTBPATUTh, €CJIM MPOBOJUTH TUTPOBAHUE
1noJ aproHOM. [ToaTomy yyer

JIOTIOJIHUTENIFHOM ~ HEOIPE/ICNICHHOCTH ~ He
TpeOyeTcH.

Haiineno, uro o6wsem V1, paBen 14,89 miu, u
CYMMHPOBAaHHUE ABYX COCTaBJIAOLINX HEC-
omnpeneneHHocTH u( V') JaeT 3HaUCHHE:

u(V,) =+0,012% +0,0073
=u(V;,)=0,014 mn
Obvem VT]

Bce cocraBmsiomue HEONIPEACICHHOCTH, 3a
HUCKIIIOUCHUEM TEMIIEPATYPBI — TaKHUE K€, KaK IJIA
VTZ

1) Kamubposka: 0, 03/x/g =0,012 M

i1) Temnepamypa: Ha tutpoBanue 0,3888 r KHP
JOJDKHO TIOWTH mpumepHo 19 M pactBopa
NaOH, nostoMy COOTBETCTBYIOIIMH BKJIaJ B
HEOMpeeICHHOCTh paBeH:

19x2,1x107* x4/~/3 =0,009 wu.
iii) Cmewenue: llpenedpexnmo maio.

Haiineno, uto o0bem V1 paBer 18,64 mi co
CTaHIapPTHOH HeompeaeeHHOCTRIO U( Vr):

u(V,,) =+/0,0122 + 0,009
= u(V;,)=0,015 mn

Monspnas macca Myyp

ATOMHBIE MacChl M HUX HEOIPEICICHHOCTH
(B34ThIC M3 JIEHCTBYIONIUX B HACTOAIICE BpEMs
TaOJINLY HIOITAK) TUTS 3JIEMEHTOB,
cocrapysitonux KHP (CgHs0O,K), TakoBst:

Onement |Atomnas (/lanaple mo|CranmapTHas
Macca Heompene- |Heompene-
JIEHHOCTH  |JI€EHHOCTH

12,0107 |+0,0008 0,00046

1,00794 {£0,00007 [0,000040

oz

15,9994 |+0,0003 0,00017

K 39,0983 |+0,0001 0,000058

[lpuBeneHHbBIC MaHHBIC IO HEONPEICICHHOCTU
aTOMHBIX ~MacC JUI  KaXJIOro  3JEMCHTa
pacCMaTpruBarOT KakK TI'paHUIbl MNPAMOYTOJBHOI'O
pacrpeaeneHus. CoOTBETCTBYIOITNE
CTaHJApTHBIE  HEONPECIICHHOCTH  MOJYy4YaloT

JICJICHUEM PTHX 3HAUCHUH Ha \/3 .
MonsipHas macca  Mgup KHP u ee

HEOTpeIeTICHHOCTh u(Mxyp) paBHBI
COOTBETCTBEHHO:
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Tabauua A3.2: 3Hayenust paKTOPOB U UX HeONpPeAeJeHHOCTH (IBYXITANIHASI METOAUKA KUCJIOTHO-
OCHOBHOT'O TUTPOBAHMS)

HammvenoBanmne 3HavYeHNE X CranmapTtHast OTHOCHUTENBHAS
HEOTIpeIeNieH-  |CTaHgapTHAs
HOCTB u(X) HEONPEIEIEHHOCTh
u(x)/x
[loemop. ([I0BTOPSIEMOCTH 1 0,001 0,001
MKHP Macca KHP 0,3888 r 0,00012 r 0,00031
Pxrp Crenens unctorel KHP 1,0 0,00029 0,00029
Vo O0veMm NaOH, nomeamumii Ha 14,89 mn 0,014 mn 0,00094
tutpoBanue HCl
Vi O0veM NaOH, nomeaimmii Ha 18,64 mn 0,015 mn 0,00080
tutpoBanue KHP
Myup  [Monspnas macca KHP 204,2212 r moms™ 0,0038 r Mo [0,000019
Vel Anuksora HCI, B3saras mis 15 mn 0,011 mn 0,00073
TUTPOBAHUS
M =8%x12,0107+5x1,00794 + 4 x15,9994 CyMMHpOBaHHE 3THX BKIIAJIOB J1aeT
+39,0983 (Vi) =+/0,0037% + 0,008 + 0,007
_ -1
=204,2212 r mMoab = u(V,e,) = 0,011 mm
M..) (8x0, 00046)2 +(5x0, 00004)2
UM yyp) = 2 )
+(4x0,00017)" +0,000058 A3.5 Jran 4: BelunciieHue cyMMapHOi
— u(FKHP) — 0, 0038 r MOJII)71 CTAaHAAPTHOU HEONPEACTCHHOCTHU
c aeTcs BhIpaKEHHUEM
[IPUMEYAHUE Het A P
Bknagsl B HEONPENENCHHOCTh OT AaTOMOB B 1000 - myp - Pep Vo
OJHOTO BHJA HE SBISIOTCS HE3aBUCHUMBIMU. Cual = Vi M Y
H T1 KHP HCl
03TOMY HUX CYMMApHYIO HCOIPCACICHHOCTb
BBIUHCIISIOT YMHOKEHUEM CTaHAAPTHOU TIIPUMEYAHUE
HCONPCACICHHOCTH 3HAYCHUA aTOMHOU MacChl B TaHHOM npumepe IIOBTOPAEMOCTDH
Ha YMCJIO aTOMOB B MOJICKYJIC. PC3yJIbTaTOB, BbIPpA’KCHHAA B OTHOCHUTEILHOMI
O6ven Vi thopwme, paccMaTphBacTC  Kak  HeKui
JOIIOJITHUTECIIbHBIN (baKTOp, o JjIeKalunun
1) Kanubposxa: HeonpeneneHHOCTh, 3asBICHHAS y4eTy,  TO3TOMYy  TIONHOE  MOJCIBHOC
U3TOTOBUTENEM JIsI MMUMETKU BMECTUMOCTBIO YPaBHCHUEC UMECT BUI
:I: .
15 mnu, paBHa 0,02 mu; annpoxcuManus 1000 My - Peygp Ve e
TPEYTrOJIbHBIM pacrpeneieHueM Jlaer: Cra = 06Mmop.

Vil M -V,
0,02/\/8:0,008 MI . T1 KHP " HCI

.. Bce npomexyTouHble 3HAauY€HUS  (AKTOPOB
1) Temnepamypa: Temneparypa B jabopaTtopuu

ABYX3TAIIHOI'O0 3KCIECPUMEHTA U UX CTAaHAAPTHBIC

HaxoJUTCA B npezenax +4 °C.
TIpenmonoeHme o OSIMOVIOIEHOM HeomnpeneneHHocTn coOpansl B Tabmuma A3.2.
PAMOY Hcnonb3yst 3TH 3HaYEHUS, II0JIydaeM:
pacrnpenesieHIH B 3aJJaHHBIX MPelenax BeeT K
5 1000x0,3888x1,0x14,89

CTaHAAPTHOU HEOIPEeNCHHOCTH Crer = x0, xL0x14.89 1 010139 soms

15 x 2,1><104‘x4/\/7 =0,007 mu. 18,64x204,2212x15
CoOTBETCTBEHHO, CYMMHPYIOT
HEONPEICICHHOCTH, CBS3aHHBIE C  KaKIbIM
(hakTopom:
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Ta6anna A3.3: Knucji0THO-0CHOBHOE THTPOBaHHMeE — TA0JMYHOE BBIYHMCIEeHHE HeonpeaeJeHHOCTH

A B C D E F G H |
1 rep | m(KHP) | P(KHP) | V(T2) | V(T1) | M(KHP)| V(HCI)
2 snauenue |1,0 0,3888  [1,0 14,89 18,64 204,2212 |15
3 neonpenene|0,001 0,00012  [0,00029 0,014 0,015 0,0038  [0,011

HHOCTH
4
5 | Iosrop. [1,0 1,001 1,0 1,0 1,0 1,0 1,0 1,0
6 | m(KHP) (03888  [0,3888  [0,38892 [0,3888  [0,3888  [0,3888  [0,3888  [0,3888
7 | pkaP) [1,0 1,0 1,0 1,00029 [1,0 1,0 1,0 1,0
8 | Vv(T2) [14,89 14,89 14,89 14,89 14,004  [14,89 14,89 14,89
9 | v(T1) [18,64 18,64 18,64 18,64 18,64 18,655  [18,64 18,64
10| M(KHP) [204,2212 [204,2212 [204.2212 [204,2212 [204,2212 [204,2212 [204,2250 [204,2212
11| vHC) |15 15 15 15 15 15 15 15,011
12
13| co(HCI) [0,101387 [0,101489 [0,101418 [0,101417 [0,101482 [0,101306 [0,101385 [0,101313
14| u(y, x)) 0,000101 {0,000031 [0,000029 [0,000095 [-0,000082 [-0,0000019[-0,000074
15| u(y), [3,34E-8 |[I,03E-8 [9,79E-10 [8,64E-10 [9,09E-9 [6,65E-9 [3,56B-12 [5,52E-9
u(y, x)°

16
17/ u(c(HCI)) [0,00018

3HaueHus apaMeTpoB MpPUBEAEHBI BO BTOpOil cTpoke oT C2 no 2. VX craHAapTHbIE HEONPEAEIEHHOCTU — B CTPOKE HIKE
(C3-I3). 3nauenns u3 C2-12 konmpyroTcst Bo BTOpoit cronder Tabmuist ot BS mo B11. Pesymprar (¢(HCI)), momyueHHBIH 13
3TUX 3HaueHul, npuseneH B B13. C5 naet 3naueHue noBTopsiemoctu u3 C2 mmoc ee HeompeneiaeHHocTh u3 C3. Pesynbrar
BEIYUCIICHHH ¢ ucnonb3oBaHneM 3HadeHnit C5-C11 mpusenmen B C13. CromOusr ot D mo | 3amonHeHB! aHaJIOTHYHBIM
obpazoM. 3HaueHus B ctpoke 14 (Cl4-114) mpencraBmsror coboit pasnoctu crtpoku (C13-H13) mmHyc 3HadeHme,
ykazanHoe B B13. B ctpoke 15 (C15-I15) cootBercTtBytomue 3HadeHus crpoku 14 (C14-114) Bo3BomsATCS B KBaapar H
CYMMHpPYIOTCS, NPHUBOJS K 3HAUYECHHIO, yKazaHHoMy B BI15. B17 maer cymMmapHyl cTaHOapTHYIO HEONPEEIIEHHOCTb,
PaBHYIO KOPHIO KBagpaTHoMy u3 B15.

u(myyp) 2+ u(BFup) 2+ u(Vy,) ’
Myyp B Vi

ueue) _ [, (140 ) (4 g) ) (#Vae) |
CHC 1 VT 1 MKHP VHCI

+u(Iosmop.)’
0,00031% +0,00029° +0,00094° +
\/ 0,00080% +0,000019* +0,00073* +0,001°
=0,0018
= U, (Cyer) = Cyey X 0,0018 =0,00018 mob ™'

Jns  ynpoumieHWss  BBIYMCICHMM  CyMMAapHOM
CTaHIApTHOMN HEOIPEIEIEHHOCTH MOXHO
WCTIONB30BaTh METOJ| JJIEKTPOHHBIX TabmuI (CM.
[Ipunoxenue E). 3anoaHeHHas

COOTBCTCTByIOIlII/IMI/I 3HAYCHUAMU Ta6JII/IHa
BMECCTC C ITOSICHCHUSIMU Hp c€ACTaBJICHA KaK
Tabauma A3.3.

BennumnHy pa3iuvHBIX BKIIQJOB MOKHO CPAaBHHUTH
C TOMOIIBI0 THUCTOrpaMMBbl. Pucynox A3.6
MOKa3blBaCT 3HA4YCHHMA BKIaA0B [u(y,x;)| u3
Tabnumna A3.3.
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Pucynok A3.6: Bkiagbl B cyMMapHy10
HEOIIPeJeIeHHOCTh B KHCJIO0THO-OCHOBHOM

TUTPOBAHUH
V(HCI)  —
M(KHP 1
v(T1) -—I_I
V(T2) 1 ]
P(KHP _:I
O m—
MoBTOpsieMOCTb 1
c(HCl) 1 ! ! i ]
0 0,0 o: 01 0
lu(y,x;)| (Mmonb n
PacmmpenHyto  HeolpeneneHHOCTh Ulcucr)
IOJIYYaroT YMHOXEHUEM CyMMapHOH
CTaHAApTHOH HEONPEAECICHHOCTH Ha

K03 (UITUEHT 0XBaTa, paBHBIH 2:
U(cye) =0,00018 x2=0,0004 monba”

Monspras konunentparus HCl B pactBope paBHa
(0,1014 +0,0004) moms 11
A3.6 Oco0ble acnieKTbI MeTO/1a TATPOBAHUS

B oroif yacTu mpumepa Mbl PacCMOTPUM TpHU
0COOBIX acmeKTa 3KCIEPUMEHTa [0 TUTPOBAHUIO.
WnTtepecHo HabmomaTh, Kakoi d3PdexT Ha
KOHEYHBII  pe3ylbTaT W €ro CyMMAapHYIO
CTaHIAPTHYIO HEONPEAEICHHOCTh MOIJH OBl
UMETh  U3MEHEHUS B  3KCIIEPUMEHTAJIbHBIX
YCIIOBUSIX WIH B IIPOBEJCHUU TUTPOBAHUS.

Brusanue cpeoneni KoMHamHOU memnepamypsl
25°C

B moBcegHeBHON MpakTUKE XUMHUKH-aHATUTHKU
PEAKO YYHUTHIBAIOT cHUCTeMaThdeckue 3S((eKThl,
CBSI3aHHbIE C  BIMSHHEM TEMIEpaTypbl B
nmaboparopurn Ha o0O0BeM pacTBopa. B a3Tom
paszmene paccMaTpUBAETCS HEONPENEIICHHOCTD,
CBsI3aHHAsl C TPEOYIOLIMMUCS IPU TAKOM Y4eTe
MOTIPABKaMH.

CpenctBa m3MepeHuit oo0bema KamuopytoT npu 20
°C. OnHako penkas aHanuTAYecKas JabopaTopus
UMEET B CBOEM DACHOPSDKEHHH — PETYISATOP
TeMIepaTrypel  BO3AyXa Uil  HOJAEpKaHHA
TeMmIeparypel Ha 3TOM YypoBHe. B kauectse
WIUIIOCTPallud ~ PAacCMOTPUM  IONpPaBKy  Ha
CPEIHIOI0 KOMHaTHyr temmeparypy 25 °C.
BbluucnsoT KOHEYHBIA pe3ynbTaT aHajiu3a C
WCTIONIb30BAaHUEM  HCIIPABICHHBIX  OOBEMOB,
orBevarommx KamubpoBke mnpu 20 °C. B
BEIMYMHY 00BbEMa HY)KHO BBECTH IOIPaBKYy Ha

BJIIUSIHUE TEMIEPATypbl B COOTBETCTBUU C
YpPaBHEHUEM:

V'=V[1-o(T —20)]
rae
V' obwem mpu 20°C
V' obwvem mpu cpeaneit remnepatype T

o KO3 HUITHEHT
pactBopa [°C ']

pacmiMpeHuss  BOAHOTO

T  Temmeparypa B naboparoput [°C]|

VYpaBHEHHE U3MEPSIEMOM BEIUYHUHBI  CIEAYET
MepernucaTh CIeAyIOIMM 00pa3oMm:
1000 - myeyyp - Py V'n

My Vg 'V’HCI

Cucl =

Bxirouenue IonpaBOYHOTO YqJICHa Ha
TeMIIepaTypy JaeT:
1000-myyp - Bewe V',

MKHP V’Tl 'V’HCI

MKHP

% Vio[1 - a(T - 20)]
Vol - (T = 20)] Vo[l - (T - 20)]

Cucl =

DTO BBIpAKCHHE MOXKHO YITPOCTHUTb, IT0JIaras, 4To
cpenusis  Temmeparypa I U KO3(QQHUIMCHT
pacumMpeHusi BOJHOTO pacTBOpa O OJIMHAKOBBI
JUISL BCEX TpeX 00HEMOB

1000 - my,pp - Peyp
M p
Vi
Vir Ve - [1=a(T - 20)]

Cel

DTO MPHUBOAUT K HECKOJIBKO UHOMY PE3yJIbTaTy —
kourenrparuu HCI mpu 20°C:

Chal =

1000x0,3888x1,0x14,89

204,2236x18,64x15x[1-2,1x107(25-20)]
=0,10149 mompx "

[Mony4yeHHOe 3HauYeHWE HAXOJUTCS BCE XKE B
npenenax o0nacTd, 3aJaBaeMON  CyMMapHOM
CTaH/IapTHOM HEONpPeIeIeHHOCThIO pe3yJbTaTa
npu cpeaHeir  Temmepatype 20 °C, u,
CIJIeI0BAaTENIbHO, 3HAUNMOE BIIMSIHUE HA Pe3yIbTaT
OTCYTCTBYET. DTO HM3MEHEHHE TeMIIepaTyphsl He
BIMAET TaKXKe Ha  OLEHKY CyMMapHOH
CTaH/IapTHOI HEONpeNeNeHHOCTH, TOCKOJIBbKY I10-
peKHEMY IpeAIoIaraeTcs U3MEHCHUE
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Temrepatypsl Hat4 °C mnpu cpeaHell KOMHATHOM
temmeparype 25 °C.

Buzyanvnoe ycmanosnenue KOHEYHOU TOUKU

Ecnmu  BMecTo  cucTeMbl — aBTOMAaTHYECKOI'O
TUTPOBaHUS, KOTOpash  ONpelNeNseT  TOYKY
SKBHBaJICHTHOCTH 10  (opme  pH-kpuBoii,
WCTIONB3YIOT HMHIWKATOp (eHondranenH s
BU3YaJIbHOTO YCTaHOBJICHHUS KOHEYHOH TOUYKH, TO
MOSABISAETCA  (CHCTEeMAaTHYeCKOe)  CMeEIICHHE.
W3meHeHne 1BeTa MHOAUKATOPa OT OECLBETHOIO K
KpacHO-(h)MOJIETOBOMY MPOUCXOIUT B AMANA30HE
pH ot 8,2 1o 9,8, 9To mpuBOAUT K H3OBITOYHOMY
00beMy THUTpPaHTa M CMEIICHHIO pe3yJbTaTa
TUTPOBAaHUSI 110 CPAaBHEHHUIO C YCTaHOBJICHHUEM
KOHEYHOH Toukn ¢ nomowmper pH-merpa.
HccnemoBanus 1mokKa3zaid, 4YTO HM30BITOYHBIN
o0BeM TuTpaHTa cocraBiser okoio 0,05 mi co
CTaHAAPTHOM HEONPENEeNICHHOCTBIO BU3YaJIbHOTO
YCTAHOBJICHHUSI KOHEUHOM Touku mpumepHo 0,03
MI. OTO CMEIUEHHE CIEAyeT Y4YUTHIBaTh MpHU
BBIYUCIICHUN KOHEYHOT'0 pe3yibTarta.
HeiictBuTenpHBIE ~ 00BEM  THUTpaHTa  TIpH
BU3YaJbHOM YCTaHOBJICHUM KOHEYHOW TOYKHU
OTIpEaEIIeTCS BEIPAXKEHUEM

VT];Ind = VT] + VE

XCess
rIe

VTima — 00bE€M, COOTBETCTBYIOIINI BU3YAIIEHOMY
YCTaHOBJICHHIO KOHEYHON TOUKHU

V1 — o0o0BeM, COOTBETCTBYIOIIWH  TOYKE
SKBUBAJIEHTHOCTH

Vixcess — A30BITOYHBIA 00BbEM, HEOOXOAUMBIN IS
n3MeHeHus 1Beta heHondrazenna

BBenenve mnompaBku Ha 00BEM NPUBOAUT K
CIICAYIOIIMM H3MEHEHHUSM B YPaBHEHUM IS
HU3MEPSIEMON BETUUHHbI

1000 - myyp - Pgp - (VTZ;Ind —V kxcess)
M KHP '(VTl;Ind - VExcess) : VHCI

CranmaptHeie HeonpeaeneHHOCTH u( V) u u(Vry)
CleqyeT MepecynTaTh C YYeTOM CTaHAapTHON
HEOTPEIENICHHOCTH BU3YallbHOTO YCTAHOBJICHUS
KOHEYHOM TOYKM KaK  COCTaBJIAIONIEH B
MTOBTOPSIEMOCTH yCTAHOBIICHUS KOHEYHON TOYKH
TUTPOBAHUS.

M(VTI) = u(VTl;lnd - VExcess)

= /0,012% +0,009° +0,03?
=0,034 mn

Chel =

”(VTz) = u(VT2;Ind - VExcess)

=/0,0122 +0,007> +0,03
=0,033 mn

CyMMapHas cTaHAapTHAs HEOIPEIeICHHOCTh
— -1
u.(cye) =0,0003 moub 11
OKa3bIBACTCS CYLIECTBCHHO GOJIBIIIE, YeM IPEX/IC.

Tpu napaiienavbhblx_onpeoeieHus npu_noy4eHuu
KOHEYHO020 pe3yibmamad

UToOBl MONYYUTh KOHEUHBIM pE3yNbTaT, 3TOT
JIBYXATaIlHbI SKCIEPUMEHT MPOBOJAT TPHU pasa.
IIpeanonaraercs, 4TO TPEXKPATHOE ONPEIEICHUE
YMEHBIIUT BKJIaJ COCTaBIIAOLIEN TOBTOPIEMOCTHU
Y YMEHBIIUT CYMMapHYI0 HEONIPEAEIECHHOCTb.

Kak npuHsTO B IEpBOii YacTu 3TOro NpuMepa, Bce
Bapuald OT OIpeJelicHHs K OINpeeICHHUIO
CYMMHPYIOT B OJHY COCTaBIISIIONIYIO, KOTOpas
IpeACTaBIsIeT coboit 001IyI0
OKCIICPUMCHTAJIBHYIO IMOBTOPSAEMOCTD,
MOKa3aHHYI0O Ha JuarpamMme  “TIpU4MHa —
caencteue” (Pucynok A3.5).

CocTapisione HEONPEeACICHHOCTH BBIPAKAIOT
KOJIMYECTBEHHO CJICTYIOLIMM 00pa3oM:

Macca myyp

Henunetinocmo 6ecos: 0,15/\/5 =0,087 mr

= u(my,pp) =+/2%0,87% = 0,12 Mr

Cmenens yucmomut Pyxyp
0,0005/+/3 = 0,00029
Obvem Vry

KanubposKa: 0, 03/\/6 =0,012 mn
memnepamypa:

15%2,1x10™* x4/~/3 =0,007 mn

= (V) =4/0,012% +0,007* = 0,014 mn

Tlosmopsemocmsb

IIpOTOKON TPEXKpPAaTHBIX OIpPENEICHUN JaeT

OLICHKY OTHOCHUTEIFHOTO CTaHJIaPTHOT'O
OTKJIOHCHUS 0,001, XapaKTEePU3YIOIIETO
JOJTOBPEMEHHYIO  CXOJMMOCTh  Pe3yJIbTaTOB.
Hcnone3oBanue OIICHKH CTaHIaPTHOT'O

OTKJIOHEHHSI CpPEIHETO0, HaWJIEHHOW U3 Tpex
napauieIbHBIX OMpeIeICHUI, HE PEKOMEHIyEeTCS,
MOCKOJBKY 9Ta OIlCHKAa camMa uMena Obl
HEOTIpeIeICHHOCTh 52 %. CranpapTtHoe

otkionenue 0,001 menar Ha \/E JUTSL IOJy4YEeHUs

QUAM:2012.P1-RU

Cmp. 71



KoaunuyecTBeHHOE OMUCAHHE HEONMPEACTCHHOCTH

IIpumep A3

CTaHIAPTHOM HEOIPEJEICHHOCTU CPEIHEr0 TPex
MapajuleNIbHBIX ONpezeNieHuil (Tpyu He3aBHUCHMBIX
W3MEpEeHHS)

Hoemop. =0,001/+/3 = 0,00058 (ors. cran.
OTKIL.)

Obwem Ve
kanubposka: 0, 02/ \/g =0,008 mn

memnepamypa:

15%2,1x107* x4//3 =0,007 mn

= (V) = /0,008 +0,007* = 0,01 mn
Monspnas macca Myyp

u (MKHP) =0,0038 T Monb "'

Obvem V
0,03/y/6 =0,12 ma

KamobposKa:

memnepamypa:

19x2,1x10™* x4//3 =0,009 M1

= u(Vy,) =+/0,012% +0,009* = 0,015 mn

3Ha4YeHUs COCTABIISIFOIINX HEONPEAETICHHOCTH
npenctasieHsl B Error! Reference source not
found.. CymmapHas cranmapTHas
HEOIpeIeICHHOCTh moay4ymiack paBaoi 0,00016
MOJIb I, UTO JEMOHCTPUPYET JINIID
HE3HAYUTETbHOE YMEHBIICHHUE [0 CPABHEHHIO C
OJTHOKpaTHBIM ompe/esieHrneM. CpaBHeHHE

BKJIaJIOB B HEOIPEIEIEHHOCTh Ha TUCTOTPaMMe,
OKa3aHHOU Ha

, BBIIBJIICT MMIPUYMHBI TaAKOI'O IMOBCICHUA. BI/IILHO,
YTO XOTdA BKJIAJ COCTﬂBHSIIOHleI IMOBTOPACMOCTHU
CYLIECTBEHHO  YMEHBIIACTCS, COCTABISIOIINE
HCOIPEICICHHOCTH, CBS3aHHBIC C W3MEPCHHUEM
o0beMa pPACTBOPOB, OCTAIOTCS HEU3MEHHBIMU,
orpaHnviuBas TEM CaMbIM YMCHBIICHHUE
CYMMAapHOHW HEOIPEJAEIEHHOCTH.

Pucynok A3.7: Bkaaabl B cyMMapHYI0
HeolpeeJeHHOCTh B KHCJIO0THO-OCHOBHOM
TUTPOBAHUM C MAPAJJIEIbHBIMU
onpeaeJeHUAMHA

V(HCI) |

- o' pexkpaTHoe

M(KHP ] onpeaeneHve
E O OpHokpaTHoe

V(T1) onpegeneHve

V(T2)
P(KHP

mep) |
MoBTOpsieMoCTb I

c(HCI ]

0 0,0 0, 0,15 0,
|u(y,x)| (Mmonen™")
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IIpumep A4: OneHnBaHHe HeONPeIeJeHHOCTH € UCIO0JIb30BAHNEM JAHHBIX
BHYTPHJIA00PATOPHBIX UCC/IEA0BAHUI M0 BATUIANMH METOAMKH aHAIH3A.
Omnpenesnenne pochopopranndecKux nNecTUHIOB B Xjiede

Kpartkoe uszinoxenune

Heanb

Ornpenenenue OCTaTOYHBIX KOJIUYECCTB
(hochopopraHuyecKux MECTUIMIOB B Xjede ¢
MIPUMEHEHUEM AKCTPAKIUH u ra3oBoi
xXpomaTorpaduu.

MeToanka u3mMepeHuni

Cragnm METOTUKA npu ompeaeNeHun

OCTAaTOYHBIX KONMHYECTB (ochopopraHuIecKux
TIECTHUIIU/IOB TTOKa3aHbl Ha Pucynok A4.1.

HN3mepsiemast BeJIMUMHA:

I -c.V
Fon = 1 Of’ Re)cef- m o Py Fy r
ref sample
rae
P, MaccoBasi 0l IECTULIUIA B IPO0Oe
[mr kr']
Iy, XpomatorpadpuIecKiii CUTHAI ECTALINAA
JUTSL OKCTPAKTA MPOOBI
Crof MaccoBas KOHIEHTpalus NeCTUIIA B
pacTBOpE CPaBHEHHS [MKT MiT ' |
Vop KOHEYHBII 00beM SKCTpaKTa [MII]
Ler XpoMaTorpaduuecKuii CHTHAN MECTUIIA

JUISL pacTBOpa CpaBHEHHUS
Rec  cteneHb H3BICUCHHUS
Mgumple  MACCa aHATUTUYECKOH NPOOBI [I]

F; MIOIPABOYHBIN MHOXKUTENb,
YUHATHIBAOIINAN CITy9aliHBIA pa3dpoc B
YCIIOBUSIX TTPOMEKYTOUHON
MPEM3UOHHOCTH

Fiom  TOMPaBOYHBIA MHOKUTEIIb,
YUUTHIBAIOIIUH HEOAHOPOIHOCTh MPOOKI

BoisiBjIeHHE HCTOYHHKOB HEOMPEACJTCHHOCTH:

CoOoTBeTCTBYIOIITHE HMCTOYHUKHU
HEOIIpeIeTICHHOCTH TI0Ka3aHbl B BUJIE JUarpaMMbl
“npuumnHa — ciencteue” Ha Pucynok A4.2.

Pucynok A4.1: Onpenenenue
dochopopranuyecKkux necTUIUI0B

["lomoreHunsauyms I

v

OKcTpakums
Ounctka I
. MpurotoBneHue
[oBeneHne
[0 3a[aHHoro o6bema pacTtesopa
CpaBHeHUs!

v

[asoxpomaro-
rpacuyeckoe pagyvipoBka
onpegeneHue xpomartorpada

PESYNIbTAT I

KosnyecTBeHHOE ONHCAHHE COCTABJISIIONINX
HEOMpPEeACJTCHHOCTH:

Ha ocHOBaHMM [aHHBIX, MOJY4YEHHBIX @pHU
BHYTpUIa0OpaTOpHOH Banmuianuu, B TaOmuuna
A4.1 mepeuncineHbl TPU OCHOBHBIX HMCTOYHHKA
HEOIpe/IeTICHHOCTH, KOTOpble TIOKa3aHbl Ha
Pucynox A4.3 B Buae auarpamMmbl (3Ha4eHHUS
B3sTHI U3 Tabnuna A4.5).
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Tadauua A4.1: HeonpeneaeHHOCTH NPU ONpeeeHNU NeCTULMI0B

HaumenoBanue 3naven| CTaHIapTHAA OTHOCUTETHLHAS [Tpumevanue
ve x | HEOIpeneeH- CTaHzapTHAs
HOCTB u(x) HEOIPEIENEHHOCTh
u(x)/x

[IpeunsunonHocts (1) 1,0 0,27 0,27 Ha ocHoBe nBykpaTHOTO
aHanau3a mpod pa3IMIHOTO
TUIIA

Cwumemenue (Rec) (2) 0,9 0,043 0,048 Awnanmus pob ¢ 1o6aBkamMu

Ipyrue ucrounuku (3) | 1,0 0,2 0,2 OrieHKa OCHOBaHa Ha

(HeomHOpOIHOCTS) MOJIETBHBIX IIPEATIONIOKEHUIX

Pucynoxk A4.2: cTOYHMKH HeollpeAeIeHHOCTH NP ONpee/ieHU NeCTUIIHA0B

MpeunsnoHHoCcTb

Kanu6poeka e Yo

lop = rHenWHeVlHOCTb CTeneHb YMCTOThI
Iref Mgt >
—
Mhet TemnepaTtypa Kanu6poeka Temnepatypa
Vref —
Pasbap- —> Kan|/|6pOB|<a Vref > Kanm6pOBKa
neHve KannbpoBka \
msample PasbasneHune }*
> POp
O6wwas macca
Henwn- Macca Tapbl
HENHOCTb
HenuHenHocTb
KannbpoBka — 3
Kanunbposka
KanubpoBka
From W3BneuyeHve lrer Msample
Pucynok A4.3: HeonpeeneHHOCTH NIPH ONpe/ieIeHMU NeCTULHMIO0B
|
HeogHopogHocTb
CwmelleHune |
Mpeun3noHHoOCTb |
P(op)
: : :
0 0,1 0,2 0,3 0,4
-1
lu(y,x;)| (mr kr )
3uavennd u(y,x;) = (Ov/0x,).u(x;) B3aTel n3 Tadnuia A4.5
QUAM:2012.P1-RU Crp. 74
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IIpumep A4: Omnpeaesenue ¢pochopopraHnvecKkux NecCTUNUAOB B XJiede.

JeranbHoe o0cyKaeHUE

A4.1 BBenenune

OTOT mpUMep WUIIOCTPUPYET MOAXOM, CIeays
KOTOPOMY, TaHHBIE BHYTpHUI1a00paToOpHOH
BAIUIAUMH  METOIUKHU aHajuM3a  MOKHO
UCIIOJIB30BaTh MJI1 KOJMYECTBEHHOI'O OMMCaHUs
HEONpeNIEICHHOCTU u3MepeHuid. Llenbo gaHHoro
U3MEpPEHHs SIBIISICTCS ONPEAEICHUE OCTaTOYHBIX
KOTM4ecTB (ocOpPOPTaHNIECKUX TTECTHUIHIOB B
xynebe. CxemMa BanuaalMd U  BBIIOJIHEHHBIC
OKCIEPUMEHTHl ~ yCTAaHABIMBAIOT  I1OKa3aTeNH
3¢ (deKTUBHOCTH Ha OCHOBE aHanmm3a mpod ¢
u3BeCTHBIMU no0aBkamu. [Ipenmomaraercsi, 4ro
HEONPEICICHHOCTh, OOYCIIOBJICHHAS DPa3IniueM
OTKJIMKOB MECTHLUAA B aHAIM3UPYEMOH mpode U
B J00aBKe, HE3HAYUTEIbHA IO CPABHEHHUIO C
00111e#l HeompeAeNeHHOCTHIO.

A4.2 Dran 1: Onucanue

M3mepsiemoil  BEIMYMHON  SIBISIETCST  MaccoBast
mons mecthnuAa B mpobe xieba. I[lompoGHoe
ONMCAaHNWE HM3MEPSIEMON BEJMYMHBI Jy4YIle BCETO
JenaeTcs C [OMOINBI0  JIeTaJbHOro  Mpea-
CTaBJICHUS PA3IUYHBIX CTAAUN METOAUKU aHaIU3a
Y COCTaBJICHUS YPaBHEHHS U3MEPEHHM.

Memoouxka

Mertoanka M3MEpEHUN CXEMAaTHYECKH IOKa3aHa
Ha PucyHok A4.4. OtnenpHble CTauU TAKOBBI:

i) l'omorenmzamusi. Bcs mpoba pmenmutcst Ha
MaJble (pa3MepoM IPUMEPHO 2 CM) YacTH; U3
HUX  CIlydallHBIM  00pa3oM  BHIOWPAIOT
npuOmm3uTensHO 15 00pas3moB, ©W  3Ta
aHAIUTUIEeCKas mpoba (sub-sample)
romMoreHmsupyercs. B Tex ciydasx, korma
ecTh MOZ03PEHHS OTHOCHTEIIHHO
MCKITIOUYUTEIBHO BBICOKOH HEOIHOPOIHOCTH,
hi (o CMEIINBaHHUS MPOBOJTUTCS
MIPOMOPIIMOHATBHBIN 0TOOP MPOO.

ii) B3BemmBanne aHanmuTHYECKOW TPOOBI (maer
MaCCY msample)-

i) OkcTpakmua. OJTa  cTagWst  BKJIIOYAET
KOJINUECTBEHHOE HKCTParupoBaHUE aHAINUTA
OpPraHUYECKUM PACTBOPHUTENIEM, JEKAHTALHIO
U CyLIKy Ha KOJIOHKE C CyJlb(aTroM HaTpusi,
KOHLIEHTPUPOBAHUE 3KCTPAKTAa C IOMOUIBIO
anmnapata Kynepna-Jlanuia.

iv) JKuakocTHast 3KCTpaKIus.

v) Paznmenenue CJIOCB B cUcTEMe
aIleTOHUTPWII/TEKCaH, MPOMBIBKA
AIlCTOHUTPUIIBHOTO ~ JKCTPaKTa TEKCAaHOM,
BBICYIIMBAHAE  TEKCAHOBOTO  CIIOS  Ha
KOJIOHKE C Cy/b(aToM HATpHsl.

vi) KoHIIEHTpHpOBaHWE TPOMBITOTO JKCTPaKTa
HOYTH J0CYXa ITyTeM HPOYBKH I'a30M.

vii) PasbaBienue 10 3amaHHoro oowsema V,
(mopsinka  2Mi1) B TpaXyHpOBAHHOM
mpoOupKe BMecTUMOCTHI0 10 M.

viii) I3MepeHne: BBOA 5 MKI AKCTpaKTa MpoOBI
u HU3MEpPEHHE METOA0M razoBoi
Xxpomarorpaduu ¢ HOTy4YEeHUEM CUTHaANA .

ix) [IpuroroBnenne pacTBopa CpaBHEHUS
C KOHIICHTpAllMe  TecTUIMIa MPUMEPHO
5 MKT MT (MaccoBast KOHIICHTPAIIHS Ccf).

x) I'pamynpoBka razoBoro xpomarorpada: BBOI
NpUOTU3UTEIBHO 5 MKJI PacTBOPA CPaBHEHUS
U Xxpomarorpaduyeckoe H3MEpEeHHe, 4TO
JaeT CUTHaM /..

Buviyucnenue
MaccoBylo 1010 HECTHLUAA C,, B KOHEUYHOM
HKCTPAKTE MPOOBI HAXOMASAT U3 BHIPAKCHHUS:

Iop -1
MKT MJI

cop = Cref ’ I
ref
MaccoByro npomo mnectnuaa P,, B HCXOIHOH

npo0e BBIYHCIISIIOT IO YPaBHEHHIO:

_ Cop ’ I/op -1
S MT KI'
Rec ’ msample
WU C 3aMEHOH C,,
I _-c .-V
f -1
])op — op re op MT KT
Iref ’ Rec ’ msample
rac
Pop MaccoBas J0J IIECTUraa B Hp06e
[mr kr']

I,,  xpomaTorpauueckuii CHrHaj1 HEeCTHLUAA
JUTSL SKCTPAKTA MPOOBI
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Pucynoxk A4.4: OnpeaesieHue
(dochopoprannyeckux necTUUA0B

FlomoreHusaums

v

OkcTpakuus

v

OuyucTtka

v

‘NoBeneHne
00 3afaHHoro oobema

v

[azoxpomato-
rpacmyeckoe
onpegenexune

Mpurotosnexne
pacTBopa
CpaBHeHust

"pagynpoBka
xpomatorpada

|
|
|
%

PE3YINbTAT

Cret MaccoBasi KOHLIEHTPALUs IECTULUA B
pacTBOpE CpaBHEHHS [MKT MT ' |

Vop KOHEYHBIH 00beM IKCTPaKTa [MII]

Ler XpomatorpadpuIecKiii CUTHAI IECTALINAA

JUIs1 pacTBOpa CpaBHEHUS
Rec

Mgmple MAaCCa aHATUTUYECKOM MPOOBI [I]

CTCIICHb U3BJICUYCHUS

Obnacms npumenenus

Meton aHanu3a OPUMEHUM [Jsl ONpeAeIeHUs
IpyNIbl XUMHYECKH ONU3KUX TNECTHIHIOB Ha
yposHe ot 0,01 10 2 Mr Kr'' B pasIHYHBIX BHIAX
xJ1eba, paccMaTpUBAaEMOro Kak MaTpHLa.

A4.3 Dtan 2: BuisgiBJ1eHHE U aHAJIH3
HCTOYHUKOB HeOMpeIeJeHHOCTH

BrlisiBneHne Bcex NCTOYHUKOB HEOPEIEIICHHOCTH
JUIS TAKOM CIIO)KHOM METOJMKHU aHaJIh3a JIydlie
BCEr0 TMPOBOAUTH C IMOMOMIBIO JHArpaMMBbI

“mpuunHa  — cnexcteue”’. IlapameTpbl B
YPaBHEHUH  W3MEPEHUH  NpPEACTaBICHBl  HA
Juarpamme OCHOBHBIMHU CTpEJIKaMHU.
JomonanTenbHbIe  (DaKTOpBI  TOOABISAIOT  HA
auarpamMmy, IIOCJIEAOBaTEeIbHO  paccMarpuBas

KOKIYI0 CTaIWi0 METOAWKH aHamm3a (A4.2) mo
TeX TOp, MOKa JOMOJHHUTENbHBIC BKJIAJIbl HE
CTaHyT JOCTATOYHO MAaJIbIMH.

Pucynok A4.5: lmarpamma “npuymnHa — cjieicTBue” ¢ 100aBJIeHHOI BeTBbIO 1151 (hakTOopa

HEOAHOPOAHOCTH
/op Mpeunsu-
Kanu6oBka OHHOCTb
HeJ‘IMHeVI CTeneHb YMCTOThI
HOCTb
MpeLm3anoHHOCTb m(ref)
Mpeunsn-
TeMneparypaKar||/|6ponal<a0EH(I)'lCTb TemnepaTtypa
V(ref N Kannbposka
Kannbposka ————— Kanm6pOBKa I'IpeLwlam-
OHH CTb
Mpeumnan-
Pas6asnexue OHHOCTb
> P,
O6wasna macc

[MpeunsmoHHOCTb — 3

- Macc
Henunei- 5,
ﬁj{b Tapsbl
YyBSrEy- HenuHenHocTb
Mpeunsu-
KannbpoBka TeNbHOC OHHOCTB
Kannbposka OHHOCTB n-
TIbASCTh
Kanun6poska
Fro M3Bnevexue Lref Msample
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HeognoponHocte mpoOBl HE BXOAWT B YHCIIO
napaMeTpoB HCXOIHOIO ypaBHEHHUS H3MEPEHHH,
HO OHa, BEpPOATHO, OKAa3blBaET CYLICCTBEHHOE
BIMSHME B JaHHOM MeToauke. COOTBETCTBEHHO,
HoBast cTtpenka F(hom), mpencraBmsromas
HEOJTHOPOJTHOCTh  TPOoOBI,  J00aBiIseTCS  Ha
muarpammy “‘npuunHa — cienactsue”’ (PucyHok
A4.5).

B koHeuHOM cuere, HaM clenyeT OTpa3uTh B
ypaBHEHUH H3MEpPEHUH COCTAaBJISIOLIYIO
HEONPEACICHHOCTH  M3-32  HEOJHOPOIHOCTH
mpoObl. UTOOBI B SIBHOM BHUE TOKa3aTh BIHSHUE
3TOTO HMCTOYHHMKA HEONPEAETICHHOCTH, IIOJIE3HO
3amnucartb

1 op Cref ) I/op
-Rec-m

— -1
P, = - o [Mrxr |
ref sample

rae Fiom — MONPABOYHBIN MHOMKHTEb, KOTOPBIA
MpeoyiaraeTcss paBHBIM EIWHUIIC B HCXOTHON
thopmyre. 9To0 ITOKAa3bIBAET, 49TOo
HEOIIPEICTICHHOCTh B TIOMPABOYHOM MHOXKHUTEIE
JOIDKHA OBITh BKIIIOYEHA B OLEHKY OOIIeH
HeornpeaeneHHOCTH. OKOHYATeNbHOE BBIPAKEHUE
MOKa3blBaeT TaK ke, KaKk WMEeHHO Oyner
YYUTBHIBATHCS 3T HEOTPEACIEHHOCTb.

[NPUMEYAHHE
[lonpaBouyHblE MHOXHTEMU. OTOT IOAXOZ,
ABIAETCA BEChbMa OONIMM U MOXET OBITh

OUYCHb TIOJNIC3HBIM TIPHU BEISABICHUH CKPBITHIX
momymieHnit. Kakmoe m3MepeHme CBS3aHO C
TaKAMH  TIONMPAaBOYHBIMH  MHOHTEIISAMU,
KOTOpBIe OOBIYHO TPEAIONIATAIOTCS PaBHBIMH
exuHuue. Hanpumep, HEONpPENENEHHOCTb B C,,
MOKHO BEIPA3UThH Kak  CTaHIapTHYIO
HEONPENENEHHOCTh  JUIA ¢, JUO0  Kak
CTaHIAPTHYIO HEOIPEeICHHOCTh
MOTIPAaBOYHOTO MHOXHTENA. B mociemHem
cllydae 93TO WICHTUYHO HEOIPEISICHHOCTH
JUIS C,p. BBIPAKEHHOH B BHJIE€ OTHOCHUTENBHOIO
CTaHJAPTHOTO OTKJIOHEHUS.

A4.4 Jran 3: KoamuecTBeHHOE BbIpaskeHUe
COCTABJISIIOLIUX HeonpeleJeHHOCTH

B coorBerctBMM ¢ pasgenom  7.7. mpu
KOJINUECTBEHHOM BBIPQ)KEHUH Pa3NIUYHBIX
COCTABIISIIOLIMX HEONPENEICHHOCTH HCIONb3YIOT
JaHHbIE BHYTPHJIA0OpaTOPHBIX MCCIEIOBAHUH IO
pa3paboTKe U BAIUAALNN METOIUKH:

e mHanboilee JOCTOBEPHYIO OIICHKY OOIIero
pazbpoca OT onpeaeIeHus K ONPEe/ICIICHHIO;

e mHanbollee JOCTOBEPHYIO OIICHKY OOIIEeTro
cMetieHus (Rec) i ero HeollpeIeJIeHHOCTH;

® OICHKH HEONPEACJCHHOCTEH, CBSI3aHHBIX C
TemMu (aKTOpaMu, KOTOpPblE HEJOCTATOYHO
MIOJIHO YYTEHbI B MCCIEJOBAHUIX METOIUKH B
LIEJIOM.

Pucynok A4.6: Iluarpamma “npuymHa — cjieicTBUe” 1o0cJie NeperpyninupoBKHA U BKIIOYEHHUSA
JAHHBIX 10 BATUAALMN METOAUKH

MpeunsnoHHocTb Kannbposka

Cret Vop

V—HGHMHGVIHOCTI: CTeneHb
-\

res Myt YNCTOTHI
Mgy ——
ref Temnepatypa KanuBposka TemnepaTtypa
Vref
Pasbap- —> Kanm- Viet > Kannbposka
neHve Voo 6poska Kannbposka
m Pasbasnexue o
sample ,‘
> P
op
O6wasn
macca
Macca
Herm- — Tapbl
HENHOCTb Henu-
KannbpoBka ——— HEWHOCTb
Kannbposka
KanubpoBka
Fro WN3BneueHve Msample
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Tadauua A4.2: Pe3ynbTaThl ABYKPATHBIX OllpeJe/ieHUii eCTULlUI0B

NPUMEYAHME 1

[lecTuunn D1 D2 Cpennee Paznocts | Pa3Hocts /
[Mr k'] [mr kr'] 3HaYEHHE D1-D2 cpenHee
[mr xr'] 3HAYCHHE
MajtaTuoH 1,30 1,30 1,30 0,00 0,000
MajtaTuoH 1,30 0,90 1,10 0,40 0,364
MamnaTruoH 0,57 0,53 0,55 0,04 0,073
MajtatuoH 0,16 0,26 0,21 -0,10 -0,476
ManaTruoH 0,65 0,58 0,62 0,07 0,114
[Tupumudoc-merun 0,04 0,04 0,04 0,00 0,000
Xnoprupudoc-MeTHII 0,08 0,09 0,085 -0,01 -0,118
[Tupumudoc-merun 0,02 0,02 0,02 0,00 0,000
Xnoprupudoc-MeTHII 0,01 0,02 0,015 -0,01 -0,667
[Tupumudoc-merun 0,02 0,01 0,015 0,01 0,667
Xnopnuprdoc-MeTHII 0,03 0,02 0,025 0,01 0,400
Xnoprupudoc-MeTHII 0,04 0,06 0,05 -0,02 -0,400
[Tupumudoc-merun 0,07 0,08 0,75 -0,10 -0,133
Xnoprupudoc-MeTHII 0,01 0,01 0,10 0,00 0,000
[Tupumudoc-meTnn 0,06 0,03 0,045 0,03 0,667
IMPUMEYAHME 1: [IBykpaTHbIE ONpeAeaeHHs B3SThI 10 Pa3HbIM CEPHUsIM.
UTOOBI MPOSICHUTH COOTHOIICHUE MEXKIY STHUMHU HaXOKICHUH -~ HEONPEACTCHHOCTH  PA/IOBBIX
JMaHHBIMH W CJejaTh WX HCIOJb30BaHHE Ooee ONpPEICICHHH.

3¢ HEeKTHBHBIM, MOJIe3HA HEKOTOpast
MepEerpynmupoBKa  JUArpaMMbl  “TIPUYHHA
canencteue” (Pucynokx A4.6). JlobasiseTcss HOBas
BeTBb ‘lIpenu3uoHHOCTH’, KOTOpask Y4YUTHIBACT
Bce A(eKThl, CBA3aHHBIE C UCCIEIOBAHUEM
MPOMEXYTOUHOW  mpenu3uoHHocTd. OHa HE
VUUTHIBACT BKJIAJ CTEMEHH UHUCTOTHl B  Cre,
MMOCKOJIBKY OAMH U TOT Ke 00paszer] CpaBHCHUS
UCIIOIB30BANICS ISl 000UX M3MEPEHUH B Ka) a0
nape.
ITPUMEYAHUE
OOb9HO TIPOOBI  aHANM3UPYIOT HEOOIBIIUMH
HapTHSAMH; KaXIas Takas [apThs BKIIOYACT
Ha0op 00pa3moB LI TPagyUPOBKH, 0Opasel, 1mo
KOTOPOMY OIPEICIIIOT CTEIEHb H3BICYCHHS
IUIE  TPOBEPKH  CMEIICHHs, W  CIydaifHO
BBIOpaHHY0 IPOOY Ul TIOBTOPHOTO aHAIn3a C
[ENBI0 [POBEPKU IPELU3MOHHOCTH BHYTPH
cepur. Ecim 3T mpoBepkH OOHAPY)KHBAIOT
CYLIECTBEHHBIC OTKIOHECHHS OT 3HAYCHHM
XapaKTepuUCTUK 3P (PEKTHBHOCTH, KOTOPBIC OBLIH
Hal{[ICHbl TP BaIMIAlUK METOIUKH, TO TOTZA
HPEANPHHAMAIOT KOPPEKTUPYIOLINE IEHCTBUS.

2TOT KOHTPOJIb KadycCTBa obecrneurBacT
BEBITIIOJIHCHHUEC TJIaBHOT'O Tpe60BaHI/Iﬂ,
HCO 6X0,HI/IMOFO JUIA HCIIOJIb30BaHUA

MOJYYCHHBIX TIIpU BaJIUuAallMM JAHHBIX MPHU

Ilocne BkmroYeHHs B AMarpamMmy “OpUYdHa —
ciaeacTBUe” JOTNOJIHUTEIBHOTO (akTopa
‘IpeLU3HOHHOCTD  MpeAroaraeMas MOJIENb IJis
BBIYMCIIEHUS P, IPUHUMAET BU]:

I _-c..-V.
f —
) =2 T % F .F wmrkr ' (A4.l)
" I, -Rec-m o

ref sample
rae F; - ¢dakTtop, yYMTHIBAOIINN CIy9alHBINA
paszbpoc B YCIIOBUSX MIPOMEKYTOUHOH
MPELU3HOHHOCTH. Takum obpazom,
MPENU3HOHHOCTh  YYUTHIBACTCSI KaK  HEKHH

COMHOXXHUTENb F| Tak ke, Kak 1 HEOIHOPOIHOCTb.
Kax Oynmer BumHO W3 manpHeiIIero, Takas Gopma
3anucy BeIOpaHa i y1o0CTBa BEIYUCICHUH.

PaCCMOTpI/IM TCIICPb OLCHUBAHUC PA3JIMYHBIX
(hakTOpOB.

1. Heenedosanue npeuusuoHHoCcmu

OO0muit pa3dpoc pe3ynbTaTOB OT OINpPENeICHHUS K
ompeaeneHNo (TPEU3NOHHOCTD) OBLT OIIEHEH C
NOMOIIBIO  psifia  JBYKPATHBIX  OINpEICTICHUH
TUIMUYHBIX (pochopopraHnvecKnx NECTHIUIOB B
pasnmuHBIX Tpobax xmeba (ogHa W Ta IKe
TOMOTEHH3HPOBAaHHAs MP0o0a, MOJHAs MpoLeaypa
OKCTPAKIMKM ¥ aHanmu3a). Pe3ympTaTel cOOpaHBI B
Tabnuua A4.2.
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Tabonauua A4.3: Pe3yabTaThl HCCIEA0BAHNI M0 U3BJI€YEHUIO MECTUIUIO0B

CyOcTpat Tun |[MaccoBas monsy N" | Cpemmee ? | s2[%]
TIeCTHUIN [TeCTUIMAA [Mr Kr'] [%]
a

OtpaboTaHHOE MaciIo X" | 10,0 8 84 9

CIMBOYHOE MACIO xon? | 0,65 33 109 12

KomOuKopM 115 ')KHBOTHBIX | XOIl 10,325 100 90 9

PKUBOTHBIE U pacTUTENbHBIE Macia | XOITl | 0,33 34 102 24

Brassicas 1987 XOII 0,32 32 104 18

X166 oo1r” | 0,13 42 90 28

Cyxapu ®OIT | 0,13 30 84 27

Ms1CO-KOCTHBIE KOpMa XOIT 0,325 8 95 12

Kopma n3 kieliKOBUHBI KyKypY3bl XOIl 10,325 9 92 9

PanicoBblii kopM | XOIT 0,325 11 89 13

[TmennynbIi KopM | XOIl 10,325 25 88 9

CoeBblii KopM | XOIT 0,325 13 85 19

STumeHHBbI KopM [ XOIT 0,325 9 84 22

(1) Ymcno npoBeeHHBIX SKCIIEPUMEHTOB

(2) CpenHee 3HA4YCHUC U BLI60pO‘IHOC CTaHAAPTHOC OTKJIOHCHHC § OTHOCATCA K CTCIICHN U3BJICUCHUA,

BBIpa)KeHHOI\/’I B ITPOLCHTAX.

(3) IIXb — nmonuxnopOudeHusIbL.

(4) XOII — xjopopraHYecKre IECTUIIAIBI.

(5) DOII — dhochopopranudeckre MeCTHIHAIBL.

[MPUMEYAHUE
: Ha nepBblii B3MIsiI MOKET IOKa3aThCsA, YTO

IIpencraBneHHble 371eCh JTaHHBIE () TBYM MAPAIIETHHBIM R
HOPMHPOBAHHBIM PasHOCTAM (pasHocTh COOTBETCTBYET HEJIOCTATOYHOE YUCIIO
PE3yJAbTATOB JIBYX MapaiIeIbHBIX OIPEICICHU, creneHeit cBoboapl. Ho moiyueHne TOYHBIX
JIelIeHHass Ha CpeJHee 3HAauYeHHe) MAalT Mepy roKasatesnei HPELU3HOHHOCTH

oOmiel M3MEHYMBOCTH OT OINpeAeNieHus K
OIPEJIETICHUIO (mpomesxyTouHas
OPEUU3UOHHOCTh). YTOOBI TMONYYUTH OIICHKY

OTHOCHUTENFHON CTaHJIapTHOM HEONpeeeHHOCTH
€IMHUYHOTO OIpeNeNeHus, OepyT CTaHAapTHOE
OTKJIOHEHHME I  OTUX  HOPMHUPOBAHHBIX

pasHOCTel M JenAT ero Ha V2. Do naer
3HAQUEHHWE  CTAaHJApTHOW  HEONpPEeIeJICHHOCTH,
00yCITOBIIEHHOW pPa30pOCOM OT OmpeAeNieHus K
ONPEAETCHUIO  JUISI  BCEro  AHAJIUTHYECKOTO
mporecca,  BKIIOYAas ~ M3MCHEHHS  CTEIICHH
U3BJICUCHHs, HO 03 ydyera HEOIHOPOIHOCTH:

0,382/4/2 =0,27

AQHAJUTHYECKOTO Mpolecca ISl KOHKPETHOTO
MECTHLUIA U B OIIPEACICHHOM BHIE Xjeba He
ABJIIETCA ~ Hamed  neapro. B 3TOM
UccleloBaHUM  0OoJjiee  BaKHO  NPOBEPUTH
00JIBIIIOE YMCIIO PA3IMYHBIX MO COCTaBy MPod
(B maHHOM ciyuyae, pa3HbIX THIOB Xjueba) c
pa3HBIM  COJEpXKaHHEM  ONpPENesIeMOro
KOMIIOHCHTA, '-ITO6I)I TMOJIYYUTh
MpeACTAaBUTCIIbHYIO BI)IGOpKy JJI TUITMYHBIX
dbochopopraHudeckux — MECTHIUIOB.  ITO
MOXHO c/ie1aTh Haubosee 3P PeKTHBHO MmyTeM
JIBYKpaTHBIX ONpenesieHnii OOoJbLIOro yucia
pa3HbIX MNpo0, YTO JaeT NPUMEPHO OJHY
CTENEeHb CBOOOJBI B OLICHKE MPELH3HOHHOCTH
JUISL  KaXIOW MNpPOaHATM3HUPOBAHHOW TaKHM
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obpazoM 1mpoObl. OTO gaer B oOmiei
CIJIO)KHOCTH 15 cTeneneit cBOOOIEI.

2. Uccneoosanue cmewenus

CMellleHre MoNMy4YaeMbIX IO JTaHHOM METOOUKE
Pe3yIbTaTOB H3y4aJIoch B npouecce
BHYTPUIIa00PaTOPHBIX HCCIIeAOBaHUN o
BAIMIALMU IyTeM aHalu3a Npod C M3BECTHBIMHU
o0aBKaMH. I'oMoreHn3MpOBaHHYIO mpo0y
JeNWIN Ha JABE YacTH, U B OJHY MX HUX BHOCWIN
nmobaBky. B Tabmuma A4.3 coOpaHbl pe3ylbTaThl
JOJTOBPEMEHHBIX HCCJICIOBAaHMH Takoro pona
U1 Ipo0 pa3IMYHOIO MPOUCXOKICHUS.

OpnnHa W3 CTPOK B 3TOW Tabmwile (OHA BBIJEIICHA
CEPBIM I[BETOM) OTHOCHUTCA K aHaIu3y xjeba. OHa
NOKa3bIBAaCT, YTO CpelHee 3HA4YCHHE CTEICHH
u3BieyeHuss ans 42 mpod paBHo 90 % co
CTaHIapTHBEIM  OTKIOHeHWeM  (s) 28  %.
CranmapTHas HEONPENeIICHHOCTh BBIYUCISICTCS
KaKk  CTaHAApTHOE  OTKJIOHEHHE  CPEIHETro

u (Rec) =0,28//42 =0,0432.

Jns yCTaHOBIEHHS TOTO, 3HAYMMO JIH CPEIHASA
CTCIIEHb  M3BJICUCHHS oTimdaerca ot 1,0,
MPOBOAAT TIPOBEPKY Ha 3HAYMMOCTh IO ¢
kputeputo  CrerogeHta. Tecr-cTaTucTHKa ¢
BBIUMCITSIETCS TIO YPABHEHHUIO

t_‘l—@ (1_(),9)
“u(Rec) 10,0432

9

Haiinennoe 3HAYCHHE CpPaBHUBAIOT c
JBYCTOPOHHUM KPUTHYECKUM 3HAUCHHUEM I IJIS
n—1 cremeneil cBobompl mpu 95  Y%-Holl
JOBEPUTEIIBHOW BEPOATHOCTH (IZ€ n — YHUCIO
PE3ybTAaTOB, HCIOJB30BAaHHBIX Ui  OLIEHKU

Rec). Ecnu ¢ Gonbllle WM paBHO KPUTHIECKOMY

3HAYCHUIO [, TO Rec 3HAYMMO OTJIMYACTCS OT
eIUHuNEI 1.

t=2,312t¢ =2,021

crit;41 —

B ypaBHeHHE U3MEPEHUI B ’TOM MPUMEPE BXOIUT
nmonpaBoYHbld  MHOXHTENh (1/Rec), Takum

o0pa3zoM, cpemHsisi CTeNeHb U3BICUCHUS Rec B
SBHOM BHWJIC YYWTBHIBACTCSI B  BBIYHCICHHU
pe3ynbTaTa.

3. Jlpy2ue ucmoynuky HeonpeoeieHHocmu

Huarpamma “npuumHa — cieactsue” Ha PucyHok
A4.7 moKa3pIBaCT ONOJHUTEIbHBIE HCTOYHHKHU
HEOTIpeIeTIeHHOCTH, KoTopble (1) amekBaTHO
YUTCHBI B HUMEIOIIUXCS JaHHBIX 1o

MPEeNU3UOHHOCTH, (2) yYTEeHBI B HWMEIOIIMXCS
JMAHHBIX 10 W3BJICUYEHUIO WX (3) MOIDKHBI OBITH
IOIIOJIHUTEIBPHO HCCIENOBAHEI M, B KOHEYHOM
cuere, YUTCHBI npu BBIYHCIICHUN
HEOMPEICIICHHOCTH H3MEPCHHUH.

Bce Becbl M OCHOBHBIE CpPEICTBA H3MEPEHUU
o0beMa IMOJBEPraioT PErySIPHOMY KOHTPOJIIO.
I[Ipu  wuccnenoBaHMM — NPELM3MOHHOCTH U
W3BJICUCHUSI YUUTHIBACTCS BIUSHHE KaTHOPOBKH
pPasIM4HBIX  CPEACTB  HM3MEpPeHHH  o0beMa,
IOCKOJIBKY B XOA€ OTHX  HCCIEeIOBaHUI
OPUMEHSIIM  Pa3JIn4Hble 3K3EMIULIPl  MEPHBIX
KoyIO u nunerok. MccnenoBaHusi ©3MEHYMBOCTH,
KOTOpble NPOBOAMJINCH B TeueHHe Ooiee
NOJYroa, OXBAaTbIBAIOT TaKXe W  BIMSHHUE
TEMIIEpaTypbl  OKpYXKallled  cpedpl. ITH
UCCIICIOBAHUSI HE YYHUTBHIBAIOT TOJIBKO YHUCTOTY
o0Opa3ua CpaBHEHHS, BO3MOXHYIO HEIMHEHHOCTb
OTKJIMKa Xpomartorpada (MpeAcTaBICHHYIO Ha
JuarpaMMme ‘TpagydpOBOYHBIMH® wieHaMHu [ U
1,,) ¥ HEOAHOPOAHOCTb MHPOOBI, KaKk (HAKTOPEI,
TpeOyIoIHe AOTONHUTEIBHOIO H3YYEHHS.

CreneHp YHCTOTHI obpasua CpaBHEHUS
COCTaBJISIET MO  JAHHBIM  NPOU3BOIUTEIS
99,53 %=+0,06 %. DTOT (aKTop MOTEHIHATHHO
MIPEJICTABISIET COOON TOTIOTHUTEIHHBIN NCTOYHHUK
HEONPEeAeICHHOCTH co CTaHAAPTHOU

0,0006/+/3 = 0,00035
(npssmoyronpHOE pactpenenenue). Ho aTor Birag
HACTOJIBKO Mai (10 CpPaBHEHMIO, HAIpPHUMEp, C

OLICHKOM NPENM3MOHHOCTH), YTO UM BIIOJIHE
MOJKHO TIpeHeOpeys.

HEOMPEACIICHHOCTBIO

JluneitHOCTP  OTKNHMKA  xpoMmartorpada s

BBIIIICYKa3aHHBIX thocdopopranngeckux
HECTHIIU/IOB B 3aaHHOM JMaTna3oHe
KOHIICHTPAIHI TOATBEPXKICHA B xoze

UCCJIEAOBAHUM MO Baluaauuu Metoauku. Kpome
TOTO, B pe3yJIbTaTax, MpeJCTaBlIeHHBIX B Tabmnuma
A4.2 and Tabmuma A4.3 H 0XBaTbIBAIOIIMX
pasHbIe COAEPIKaHUS MECTUIUI0B, HETMHEHHOCTD
Moria OBl JaTh BKJaA B IOJYYCHHYIO OIICHKY
Mpenr3noOHHOCTH. [lo3TOMy OMONHUTENEHOTO
y4yeTa 3TOM COCTaBIIOLICH HEONPEAECICHHOCTH
He TpeOyeTcs, 9TO W JOKa3all HCCIEeIOBaHMUs 110
BaJIMJALIMH.

Heonnopoanocts AHAJTUTHYECKOU MPOOBI
ABJSIETCS.  TIOCJICAHMM  HMCTOYHHMKOM  HEOIIpe-
JEJIEHHOCTH, KOTOPBIM €Ile HY>KHO OLICHUTb.
HecmoTpss Ha MHTEHCHBHBIE IIOMCKH, HE OBLIO
HalIeHo JUTEPaTyPHBIX JaHHBIX 0
pacrpenesieHIn CJIEZIOBBIX KOJINYECTB
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Pucynoxk A4.7: OueHka Apyrux HCTOYHMKOB HeollpeleJIeHHOCTH

/
MpeunsnoHHocTb(1) op

m(ref)

Kanubposka(2)
Henu-
HENHOCTb

ef %

CTeneHb YNCTOTbI

op

Temnepatypa(2) Kanubposka(2)

TemnepaTypa(2) —

Kanu6poska(3) Vit
—_—

msample >

Kannbposka(2)

PasbaBneHue

Kanunbposka(2)

\

.

Kanunbposka(3)

From(3) N3BneyeHne(2)

Pop

O6uasn

mMacca Macca

Tapbl
Henu-
HENHOCTb

Henu- >
HEWHOCTb

Kannbposka(2)

Kanunbposka(2)

msample

(1) Bxmag (F; B ypaBHeHnun A4.1) yuTeH B OTHOCHTEIBHOM CTaHOAPTHOM OTKJIOHEHHH, PAacCUUTAHHOM B XOJIE
HCCIIEI0BAHMUS IIPOMEXYTOUHON NPEIIN3NOHHOCTH METOIMKH aHAJIN3a.

(2)  YdreHO B X0Ji€ UCCIIEJIOBAHUS CMEIICHHUS, TIPUCYIIIETO METOIUKE aHATN3a.

(3) Cuenyer yuecTb IIpH OICHKE JPYTHX HCTOYHHKOB HEOTIPEICIICHHOCTH.

OpPraHUYECKUX KOMIIOHEHTOB B XJEOOMPOAYKTAaX.
(Ha mepBeIif B3rIsiA, O3TO yAWBUTENBHO, HO

OOJIBIIIMHCTBO XHMHKOB-aHAJIUTUKOB,
3aHUMAaIOIINXCS [MHUIIEBBIMU MPOAYKTaMH,
MBITAFOTCS OOUTHCSA OTHOPOJHOCTH

aHAM3UPYEMOTO MaTepraia, a He OIEHUBATh €T0
HEOJTHOPOHOCTh.) [IpakTudeckn HeompaBIaHHO

u HETIOCPEICTBEHHOE oIpesieeHue
HEOTHOPOIHOCTH. [TosTomy BKJIAJ
HEOTHOPOIHOCTH OBUT OLEHEH TEOPETHUECKH
UCXOIS u3 UCIIOJIb30BAHHOTO MeToa
pobooTOopa.

s Takoro oueHuBaHHS OBUI PacCMOTPEH PAI
BO3MOYHBIX “cueHapuen” pacrpeneneHus
OCTaTKOB IECTULMIOB, a Uil BBIYHACICHUS
CTaHIAPTHOM HEOIPEeNCHHOCTH ob1ero
CoJep KaHus MeCTHLUAA B aHATU3UPYEMOH mpobe
UCIIOJIb30BAIIN poCTOoe OMHOMHUAJIBHOE
CTaTUCTUYECKOE pacmpenesieHne (cM. paszgen
A4.6). B xagectBe Takux ‘‘crieHapueB”’ ¢
COOTBETCTBYIOIINMHU BBIYUCIICHHBIMH
3HAYEHUSAMHU OTHOCHUTEIBHON CTaHJIapTHOMN
HEONPEACICHHOCTH IJIsl COACPKAaHUS IEeCTUIHIA
B KOHEYHOH mpobe OB  pPacCMOTPEHBI
CJICAYIOIINE BapUAHTHL:

= (a) BemIECTBO paclpeneleH0 TOJNBKO Ha
BepxHel yactu nosepxHoctH: 0,58;

= (b) BemecTBO PaBHOMEPHO PACHPEIEIICHO B
noBepxHocTHoM cioe: 0,20;

= (C) BEmECTBO PaBHOMEPHO PACIPENETICHO IO
Bcell nmpo0Oe, HO €ro  KOHLEHTpaLus
YMEHBIIAETCS BOJIN3K MOBEPXHOCTH
BCJIEACTBHE IOTEPH 3a CUET UCHAPEHHS WM
paznoxenus: 0,05-0,10 (B 3aBUCHMOCTH OT
TOJIIIUHBI “TIOBEPXHOCTHOTO CIIOST”).

Bapuanr (a) oco0eHHO  TOIXOAUT  JUIA
MPOMOPIIMOHATBHOTO TP0oO00TOOpa MM TOJTHON
romoreHn3anuu (cM. pazmen A4.2, Meronuka,
MYHKT 1); OH  peamusyerci B cirydae
JNEKOPAaTUBHBIX ~ J100aBOK  (LENBIX  3€peH),
HAHOCHMMBIX Ha IMOBEPXHOCTH XJiieba. Bapuant (b)
paccMaTpuBaeTCs. KaK BO3MOXKHBIA HaWXyAIIUN
ciyqair. Tpertwmit BapwaHT (C) cleAyeT CUHTATh
HanOoJiee BEPOSTHBIM, HO €ro HEJEerKO OTIUYUTh
ot BToporo. Ha aToM ocHOBaHMM OBLIO BRIOpaHO
3HAUYCHHE OTHOCUTEIBHOU CTaHAAPTHOH
HeonpeneneHHoctu 0,20.
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Tabnuua A4.4: Heonpeae/ieHHOCTH NPHU OllpeJeJIeHUH NeCTULUI0B

HaunmenoBanue 3nauen| CTaHmapTHas OTHOCHTENbHAS ITpumedanne
ue x | HCOMNPCICICH- CTaHapTHast
HOCTB u(x) HEOIPEIEIEHHOCTh
u(x)/x
[peunzuonHocTs (1) 1,0 0,27 0,27 Ha ocHoBe 1BykpaTHOro
aHanM3a Mpod pa3IMIHOTO
THIA
Cwmentenne (Rec) (2) 0,9 0,043 0,048 Amnanus npo6 ¢ jo0aBkamMu
Jpyrue ucrounuku (3) 1,0 0,2 0,2 OrieHka OCHOBaHA Ha
(Heo IHOPOIHOCTB) MOJICTIBHBIX MPEANOI0KEHHIX
Pop .- - 0,34 OTHOCHTENbHAS CTAHAAPTHAS
HEONPEeNICHHOCTh
[NPUMEYAHHE abCONIOTHOE 3HaYEHUE HCOIPCACIICHHOCTH
bonee TopodHoe paccMoTpeHune (0,377) nmna  pesymbrata, paBHOTO (IOCIE

MOACIUPOBAHNA HCOAHOPOJAHOCTH HaHO B
MOCJICAHEM pa3acyic JaHHOTO IpuMepa.

A4.5 Jran 4: Beluuciaenne cyMmMapHoOi
CTAHJAPTHOIl HeonpeieJJeHHOCTH

B xone BHYyTpH1abOpaTOPHBIX HCCIIETOBAHHNA TIO
BAIMIALMU METOAMKH aHaNM3a ObLIM TLIATEIHHO
UCCIICIOBaHbl MPOMEXXYTOUHAs! MPELM3HOHHOCTS,
CMELICHHE M BCE BO3MOXXHBIE HCTOYHHKH
HEONPEACICHHOCTH. 3HaueHus (PakTopoB M HX
HeoTpeIeIeHHOCTH coOpanbl B Tabmuma A4.4.

OTHOCHUTENBHBIE 3HAYEHHSI CYMMHUPYIOT OOBIYHBIM
0o0pa3oM,  TIOCKOJIBKY  MOJIENb  M3MEpEHHS
(ypaBHenne  A4.1)  mpencrtaBmseT  coOoi
npou3Be/ieHHe PaKTOpPOB:

P
@ = 0,277 40,0487 +0,2" = 0,34
op

=>u,(F,)=0,34xF,

OnekTpoHHas Tabiauma JUIsi 3TOro  ciyvas
MpUHUMAET BHUJ, NokazaHHbld B Tabmuna A4.5.
OTMeTHM, YTO OJJEKTPOHHas Taliuia JaeT

BHeceHUs monpaBku) 1,1111. Dto maer 3nadeHue
OTHOCHUTEIFHON HEOIPEIEIICHHOCTH

0,373/1,11 = 0,34.

OTHOocuTeNnbHbIE  BKJIaABl  TPEX  OCHOBHBIX
COCTaBJISIONINX MOKHO CpPaBHUTHh C IOMOIIbIO
ructorpammbl. PucyHoxk A4.8 naeT 3HaYCHUS
[u(y,x;)|, B3aThIC U3 Tabmuma A4.5.

[Mpenu3noOHHOCTh JaeT HauOONBIIMN BKIAX B
HEOIIPEJIEICHHOCTh U3MepeHui. Ilockonbpky Ty
COCTABJIIOUIYI0 IIOJIYy4arOT, MCCIEAys OOILyIo
W3MEHYMBOCTh METONA, TPeOyIOTCS NanbHeHmue
HCccaeI0BaHMs, 4TOOBI HalTH ‘“‘ciabbie MecTa”,
Hy)KJalmuecs B yrouHeHud.  Hampumep,
FOMOTCHHU3alMs Iejioli OyxaHku xjeba mepen
B3ATHEM TIpOOBI MOTJa OBl  CYIIECTBEHHO
YMEHBIIUTL HEOIPEAETIEHHOCTb.

Pactompennyto HEOTPEIEeTIEHHOCTh U(P,p)
MOJY4aloT, YMHOXas CYMMAapHyIO CTaHAAPTHYIO
HEOTIpeIeTICHHOCTh Ha KO3(QuImeHT oxsarta 2,

uro paer: U(F, ) =0,34xF, x2=0,68xP,
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Tabnuua A4.5: Heonpeae/ieHHOCTH NPHU ONlpeJe/IeHUH eCTULUI0B

A B C D E
1 IIpetmsuonnocts | CMmemenue HeonnopoagHocts
2 3HaueHune 1,0 0,9 1,0
3 Heonpenenennocts | 0,27 0,043 0,2
4
5 [permuzuonnocts | 1,0 1,27 1,0 1,0
6 CwmernieHue 0,9 0,9 0,943 0,9
7 Heonnoponmuocts | 1,0 1,0 1.0 1.2
8
9 |P, 1,1111 1,4111 1,0604 1,333
10 | u(y, x;) 0,30 -0,0507 0,222
1 |u(y)’ uy, x)* 0,1420 0,09 0,00257 0,04938
12
13 (u(P,) 0,377 (0,377/1,111 = 0,34 oTHOCHTEbHAs CTaHAAPTHAS
HEOTIpeIeTICHHOCTD )

3HaueHusl mapaMeTpoB NpUBEAEHBI BO BTOpol cTpoke oT C2 no E2. VX cranmapTHble HEONPEAEIEHHOCTH — B CTPOKE
Hwke (C3:E3). 3nagenns u3 C2-E2 konmpyroTcs Bo BTopoii cronden Tabmumpsl oT BS mo B7. Pe3ynbrat, momydeHHBIIH
U3 9THX 3HaueHuil, mpuBenaeH B B9 (=B5xB7/B6, Ha ocHoBanuu ypaBHeHust A4.1). C5 mokas3piBaeT 3HaueHHE
npenu3noHHoCTH U3 C2 IIIIOC €ro HeolpeeNeHHOCTh, yka3aHHas B C3. Pe3ynpTaT BBIUMCICHHN C HCIIOJIB30BAHUEM
3HayeHuil C5:C7 mpuseneH B C9. Cronbmsl D u E 3amonmHeHbl aHaJOTHYHBIM 0Opa3oMm. 3HaueHHs B cTpoke 10
(C10:E10) mpeacraBnstoT coboit paznoctu ctpoku (C9:E9) munyc 3Hauenue, ykazanHoe B B9. B ctpoke 11 (C11:E11)
cooTBeTcTBYyIoMe 3HaueHus u3 ctpoku 10 (C10:E10) Bo3BOAsATCS B KBajpaT U CyMMHPYIOTCS, IPUBOJSA K 3HAYCHHUIO,
ykasaHHoMy B B11. B13 maer cymmapHyto cTaHIapTHYIO HEONPEIEICHHOCTh, paBHYIO KOPHIO KBaJpaTHOMy u3 B11.

Pucynoxk A4.8: HeonpenejgeHHOCTH NIPU OnpeiesIeHMU MECTULMI0B

I
HeogHopogHoCTb
CwmelleHune |
MpeLmn3noHHOCTb |
P(op)
! i !
0 0,1 0,2 0,3 0,4
-1
lu(y,x;)| (mr kr )

3uauenus u(y,x;) = (0y/0x;).u(x;) B3aTel 3 Tabmuma A4.5
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A4.6 OcoOblii acnexkT: MoaeaupoBaHue
HEOHOPOJAHOCTH

IIpennonoxum, 4TO BECh AHAIUT, COACPKALIUICS
B JabopatopHOil  Tpobe,  MOXeT  OBITh
IKCTpParupoBaH st OTIPEICIICHUS BHE
3aBUCUMOCTH ~ OT ero cocrtosHus. Torza
HauXyJIIUM  ciay4aeM  (umMess B BUAY
HEOJHOPOIHOCTh)  SIBISIETCS  CUTyauus, NpH
KOTOPOM HEKOTOpasi 4acTb MJIM HEKOTOpPbIE YacTH
npoObl  coAepKaT BECh MHTEPECYIOIIMH Hac
aHanut. bornee oOWIMM, HO TECHO CBSI3aHHBIM C
3TUM, SIBJSIETCSI CIIydai, KOrJa B PasHbIX YacTAX
npoObl UMEIOT MECTO ABa YPOBHS COIEpPXKaHWS,
CKaXeM, L, Hu L. Biusnune TaKou
HEOJTHOPOJTHOCTH  HA  CIlyd4aHBIH  OTOOp
AQHAJIUTUYECKON NpoOBl MOXHO OLECHHTh C
UCIIOJIb30BaHUEM OMHOMMAJIbHOM CTAaTHUCTUKU.
TpeOyercss HaWTH 3HAa4YeHHWS CpPEOHETO | U
CTaHIAPTHOTO OTKJIOHEHUS G AJsl KOJINYECTBa
MaTepuajga B # PaBHBIX IMOPLUIX, BBIOPAHHBIX
CIIy4alilHBIM 00pa30oM TIOCie AeNieHHs MpoObl Ha
4acTu.

DTH 3HAYCHUS MOYYAIOT CICIYIONIMM 00pa3oM:
nw=n- (plll + pzlz)j
w=np, '(ll _12)"' nl, [1]

o’ =np, '(1_171)'(11 _lz)2 (2]

rae /; u [, — KonmdecTBa MaTepuana B MOPIUIX,
B3STBIX W3 dYacTeli MpoOBI C YPOBHSAMH CO-
JIep>KaHus, COOTBETCTBEHHO, L; U L,, mpu o0mieM
KOJIMYECTBE X; U p; M p, — BEPOSATHOCTH BHIOOpA
MOPITUI M3 ATHX YacTel (7 JOIKHO OBITh MaJo 10
CPaBHEHHIO C OOIMUM YHCIOM TIOPIHUHA, U3
KOTOPOTO TTPOU3BOAUTCS OTOOP).

[IpuBeneHHbIC BBINIE BEINYUHBI PACCUUTHIBAINCDH
Ha OCHOBAHUM TPEIIOJIOKEHUsS, YTO OOBIYHAS
OyxaHka xje0a uMeeT pa3Mepbl IPUOIM3UTEITHHO

12x12x24 cMm, pasmep OJIHOH MOPLIAU
2x2x2cM (obmee unciao moprwii 432) M 4TO
CITy9aifHbIM obpazom oTtOupaercs u

TOMOTEHU3HpYETCs 15 TakuxX MOpLMid.
Bapuaum (a)

Jlokanuzanusa BelecTBa OrpaHUYECHAa OJHOMU
OOMNBIION  MOBEPXHOCTHIO  (BEpXOM)  MPOOBI
Iloatomy L, paBHO Hymo, Kak u [; u L,/=I.
Kaxnpass mopuusi, BKIIOYAIOIIAs 4YacTb BEpXHEH
MOBEPXHOCTH, OYyAET CoAep)aTh KOJIHMYECTBO /;
marepuana. Ilpm  ykasaHHBIX  pa3Mepax,
OUYeBHIHO, OAHa W3 Imectn mnoprwid (2/12)

YIOBIETBOPSET 3TOMY KPUTEPHUIO, U IIOITOMY p,
paBHo 1/6, mmm 0,167, a [; pasao X/72 (m. e.
CYIIECTBYET 72 “BEpXHHUX ’ IOPIIHN).

9T10 maet

p=15x0,167x1 =2,5,

o’ =15%0,167x(1-0,17)x1’ =2,08/;

= 0 =4/2,080% =1,441,

— RSD=2=-0,58
U

I[MTPUMEYAHUE

J1st BerurcneHust 3HaueHust X Uit Bceld mpoObl
| BHOBb yMHOXarT Ha 432/15, uro maer
CPEZHIOIO OIIEHKY X:

432 X

X=—x2,5x[; =T2x—=X

15 72
OTOT pe3ynbTaT SBISETCS THHOHYHBIM JUIS
cilyqaifHoro  mpoOooTOopa;  OKHIaeMoe
3HAYEHHE CPEIHEr0 TOYHO PABHO CPEIHEMY
3HAQUEHWI0  JUII  COBOKYIIHOCTH.  TakuM
o0pa3oM, MpH CIy4aHOM MPOOOOTOOpEe HET
HUKAaKOX MWHBIX BKJIAQJ0OB B CYMMapHYIO
HEOTPEIENICHHOCTh, KPOME M3MEHYMBOCTH OT
mpoObI K mpobe, BeIpaXkaeMoil 37ech B BUIE G
au00 B BHJE OTHOCUTEIBHOTO CTaHIApTHOTO
oTknoHeHus (RSD).

Bapuaum (b)

BemectBo pacnpeneneHo paBHOMEPHO MO BCE
noBepxHOCTH. Crenyst TeM K€ COOOpaKeHHUsIM U
UCXOMsl M3 TPEIOJIOKEHUS, YTO BCE IOPIHH C
MOBEPXHOCTH  COAEpKaT OJHO M TO  XKe
KOJIMYECTBO MaTepuaina /;, [, onsaTh paBHO HYJIIO, a
p; (ecnmu TPUHATH yKa3aHHBIE BBILIE pa3MeEphI)
OTIPEICIISICTCSI U3 BBIPAKCHHS:

~ (12x12x24)—(8x8x20)
P (12x12x24)

=0,63

m.e. p; — 3TO A0S MPOOBI BO “BHEMHUX 2 CM.
Hcxonss m3 Tex Ke [AONYLICHHH, MOIy4aeMm
[, =X/272.

[MPUMEYAHUE
3HayeHUs TapaMeTpoB B 3TOM Clly4ae
OTJIMYAIOTCS OT UX 3HAUYCHWH B BapuaHTe (a)

910 nmaert:

u=15%x0,63x/[,=9,5/
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o’ =15%x0,63x(1-0,63)x I’ =3,5/]

= 0 =4/3,5I =1,87],

—RrRSD=2=0,2
U

Bapuanum (c)

KomuuecTBo Matepuana BOJHM3H IMOBEPXHOCTH
YMEHBIIACTCS 10 HYJsl BCIICACTBHE HCIAPCHUS
WIM 10 HHBIM mnpuyuHaMm. K 3ToMy ciydaro
MOYKHO TTOJIOUTH HauboJiee MpoCTo, €CIIU CUUTATh
ero oOpaTHBIM BapuaHrty (b); mpu atom p,=0,37, a
{; paBHO X/160. D10 MaeT

u=15%x0,37x1 =5,61,
o’ =15%0,37x(1-0,37)x1} =3,51°

= 0 =4/3,5xI’ =1,871,

—RrRSD=2-0,33
y7,

OpHako ecnd, Kak MOXHO OXXUAATh, IOTEPH
pacmpoCTpaHsIOTCs Ha [IyOWHY, MCHBUIYIO
pasMepa OTOMpaeMOl TOPIUH, TO B KaKIOW
HNOPLUU Oyzer ocTaBaTbCs HEKOTOpOE
Kom4decTBO MaTepuana. [lostomy kak /;, Tak u [,
He OymyT paBHBI HymO. Ecnu TpuHATH Ciaydaid,
KOTJa Bce BHEIIHHE mopuuu cogepxar 50 %
“mentpanpHbIX” W 50 % ‘“‘BHemHWMX” dYacrei
poObI, TO

I, =2x1, =1, =X/296
1=15x0,37x(l, —1,)+15x1,
=15x0,37x[, +15x1, = 20,61,

o’ =15x0,37x(1-0,37)x ([, = 1,)* =3,51;

9TO0  JaeT  OTHOCHTEILHOE  CTAaHIapTHOE
otkionenue RSD = 1,87/20, 6=0,09

B nmanHOW MOHIEIM STO COOTBETCTBYET TIIyOHWHE
lcMm, B mOpenmenax KOTOpoWl —ompenensieMoe
BEIIIECTBO OTCYTCTBYET. UccnenoBanne
TUIWYHBIX 00pa3LoB Xj1e0a CBUAECTENbCTBYET, UTO
OOBIYHO KOpKa HMEeT TOJNMUHY | cM uim
MEHbIIIE, U €CIM CUUTaTh, YTO B IpeAesax 3TOro
CaHTUMETpa HHTEPECYyIollee Hac  BELIECTBO
oTcyTcTByeT  (camo  oOpa3oBaHHE  KOPKH
MIPETATCTBYET MOTEPSM HIDKE ATOH TIyOWHBI), TO
pealcTHYecKne BapHaHTHl clieHapus (c¢) AamyT
sHaueHus o/ He Boiue 0,09.

[MTPUMEYAHUE

B JaHHOM cl1y4yae YMEHBUICHUEC
HEOIPENINICHHOCTH OOYCJIOBICHO TEM, YTO
pa3Mep HEOJHOPOJHOCTH  MEHbILE, 4YeM
pasmMep mHopuMH, KoTopas Oepercs Juis
roMoreHu3anuu. B odmiem ciydae 9To BeneT K
YMEHBUICHUIO BKJIaJda HEOJHOPOJHOCTH B
HEOIpEeNIeNICHHOCTh. 3 3TOro BBITEKaeT, 4To
HET HEO0OX0IMMOCTH npuderaTh K
JIOTIOJIHUTENIFHOMY ~MOJICIIMPOBAHUIO  TOTJIA,
Korjga 3HAYUTCIIBHOC YHUCJIO MaJIbIX
BKJIIOYCHHUH (TaKUX KaK 3epHa, HaxosIIuecs
BHYTpHU OyXaHKH) cojziepxar
HCTIPOMOPIIMOHATIBHBIC KOJIMYCCTBA
MHTEPECYIOIIET0 HAac KOMIOHeHTa. [lpu
YCJIOBUH, YTO BEPOATHOCTD NOIMAaAaHUA TaKOTO
BKJIFOUCHUA B TIOPLUHH, OT6I/IpaeMLIe JUIA
TOMOT€HHU3aLUH, JOCTATOYHO BeJIUKa,
COOTBETCTBYIOIINI BKJIAJ B
HEOIPENIeNICHHOCTh He OyJeT IMPEeBOCXOAUTH
HU OJUH U3 TE€X, KOTOPLIC OBLIIM BBIYUCIICHBI
BBIIIIC.
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IIpumep AS: OnpenesieHue KaaMus, BbIACJAIONIETOCS U3 KePaMHYeCKO MOCYy/Ibl,
METOA0M ATOMHO-20COPOLMOHHOH CIEKTPOMETPHH

Kpartkoe u3io:xxenue

Heanb

KommgectBo  xagmus,
KepaMHYECKOH  TIOCYAbL,

BBIAEISIFOIIIETOCST U3
ompenensieTcss ¢

MTOMOIIIBFO aTOMHO-a0COpOLIMOHHO
CIIEKTPOMETPUHN (AACQ). [Ipumensercs
CTaH/IapTH30BaHHAS METOIKA aHaJIH3a,

ommcanHas B BS 6748 (ammmpudeckuii MeTon),
yTo oOecreyrBaeT BhIMONHEHHE JIMPEKTHBBI
84/500/EEC Cosera EBpormetickux cooOmecTs.

MeToauka usmMmepeHui

Otamnbl  ONpeACSieHUS  KOJUYeCTBA  KaJMHS,
BBIICJISIIONICTOCSI U3 KEPaMUYECKOW  IMOCY/IbI,
nmokaszansl Ha PucyHok AS.1.

HSMepﬂeMaﬂ BCJIUYHMHA:

M3mepsiemoil BeTMYMHOM SIBIISIETCS] Macca KaaMus,
BBIACJISIOLICTOCS €  €OUHMIBI  IUIOIIAAM B
cootBercTBUM ¢ BS 6748, kotopas ans
KOHKPETHOTO UCTIBITYEMOTO oOpasua
BBIYHUCIISIETCS TI0 YPABHEHHIO

¢,V
_~o "L -2
r= d- f;lcid ’ f;ime ’ f;emp MI' IM
aV
HCpeMCHHBIC, BXOOdAmMe€ B OTO YpPAaBHCHHC,
onucadsl B Tabmuma AS.1.

BobisiBjIeHHE HCTOYHUKOB HEONPEACICHHOCTH

CooTBeTcTBYIOLINE HCTOYHHUKHI
HEONPEACICHHOCTH IIOKAa3aHbl Ha Juarpamme
“npuumnHa — ciencteue” Ha Pucynok AS.2.

KosnuyecTBeHHOE ONCaHNE HCTOYHUKOB

Pucynok AS.1: Metoauka onpenejieHust
BBIILEJAYNBAEMOr0 MeTaJllIa

BbILLEMAYMBaIOLLEro
pacTeopa

Y

KoHauumoHvpoBaHue
noBepxHOCTM obpasua

MpurotoBnexve I

3anonHeHMe 4 %-Hon
YKCYCHOW KUCMOTOW

BbliwenaunBaHue

MpuroToBneHue

I rpagyvpoBOYHbIX
IAAC-onpegenenne I papyvposka I
AA-cnekTomeTpa

pacTeopoB
PE3YJIbTAT I

FomoreHmsauvm
3KCTpaKTa

HEOIIPEACJICHHOCTH:

3HaueHus Pa3IMYHbIX COCTaBJIAOIINX
HEOTpe/IeTICHHOCTH INpuBeaeHbl B Tabmuna AS.1
U B BUAC JUarpaMMbl IIOKa3aHbl Ha PI/ICyHOK
AS.2.

Ta6auna AS.1: 3HadyeHus1 GaKTOPOB U UX HeONPeIeJTEeHHOCTH

I10CJIC BhIIIIC/IaYBaHUA

Ornucanwne 3HaueHue x CrangapTtHas He- OTtHOCHTENbHAS
OTIPEACTIEHHOCTh CTaHIapTHAS
u(x) HEOTIPEACIEHHOCTh
u(x)/x
¢y |KoHuentparmst kagmms B pactBope | 0,26 mr T 0,018 mra’ 0,069

d |Kosboumment paszbasiaenus (upu |1,

1.0 ITPUMEYAHME 1 0 ITPUMEYAHME 1

0 ITPUMEYAHME 1

CAVHUIIBI IIJIOIIaau

HEOOXO0IMMOCTH)
Vi, | O6bem BolmenaunBatomiero pactsopa | 0,332 0,0018 1 0,0054
ay |Ilnomane moBepxHOCTU cocyna 5,73 z[M2 0,19 z[M2 0,033
Sacia | BIHAHIE KOHIEHTPALUK KUCIOTHI 1,0 0,0008 0,0008
fime | Brmsame npoxomkutensHoctH | 1,0 0,001 0,001
BBIIIECIAYNBAHMUS
Jremp | BiusHKME TEMIIEPATYPEI 1,0 0,06 0,06
r Macca xaamus, BbIneaadnBaemoro ¢ | 0,015 mr > 0,0014 wmr M 0,092

Q&mg{x_g@E I: B nannom npumepe paz0aBieHUE HE IPUMEHSIIOCH, TO3TOMY d paBHO 1,0 (TO‘E{H): 86
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Pucynok AS.2: UcTOYHMKH HeollpeleIeHHOCTHU IPHU Olpe/ieJIeHMU BbIIEeJa4YUBAeMOr0 KaAMusi

Co %
'pagyvpoBoYHas
pyHiUm 3anonHeHve
faci TemnepaTypa
Kanun6poska >
fiim MepHON nocyabl
fiemp Otcyet
> PesynbTaTt !
1-n pasmep

2-i paamep——>"

Mnowanb

Pucynok AS5.3: Bkaaasl B CcyMMapHYI0 HeONpeaeJeHHOCTh
NpH onpeaeJeHUH BbIIIEJIAYNBAEMOT0 KaAMus

f(temp) I
f(time) -]
f(acid)
a(v) [
v [
c(0) | | |
r : : |

0 0,5 1 1,5 2

lu(y,x;)| (Mr am2)x1000

3uauenus u(y,x;) = (0y/0x;).u(x;) B3satbl u3 Tabnuua AS.4
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IIpumep AS: OnpenesneHue KaaMus, BbIACJAIONIECTOCH U3 KePaMHYeCKOH MOCyabl,
MeTO00M AaTOMHO-a0COPOLMOHHOM crieKTpoMeTpHu. [deTasibHoe

o0Ccy:KIeHmne
AS5.1 BBenenune

OToT mpuUMep JEMOHCTPHPYET OLICHHBaHUE
HEONPEACICHHOCTH JMIIMPUYECKOTO METOoJa, B
JAHHOM Cllydae — METOJIa OTIPE/ICICHUs] MeTallia,
BBIJICJISIIONIECTOCS. W3  KEPaMHUYECKOH  IMOCY/BI
(m3pgenust “xareropun 1), B COOTBETCTBUU C
BS 6748, cnenys [upextuBe 84/500/ EEC
Cosera  Empomneiickux  coobmiectB.  Takoe
UCTIBITAHUE TPUMEHSIETCS UL ONpeJlesICHUs
METO/IOM aTOMHO-a0COPOIIMOHHOI
criektpockonuu (AAC) KomudecTBa CBUHIIA WIH
KaJMHs, BBIIIETAYUBACMBIX C  ITOBEPXHOCTH
Kepamuieckoil mocyabl 4 %-HbIM (10 00BEMY)
BOJHBIM  PAacTBOPOM  YKCYCHOW  KHCJIOTHI.
PesynbTathl, momyyaeMble 3TUM aHATUTHYECKAM
METO/IOM, MOTYT CpaBHHBAThCS  JIMIIb  C
pe3yabTaTaMu, OTYYCHHBIMH TEM )K€ METO/IOM.

AS5.2 Dran 1: Onucanue

IlomHOCTBIO MeTONMKa omucaHa B OpHUTAHCKOM
craugapte BS 6748:1986 “Ilpenensl BhIACICHUS

Pucynoxk AS.4: Metoguka onpeeaeHust
BBILLEJAYBAEMOIr0 MeTalj1a

BblllenaymsatoLiero
pacTeopa

\

KoHanumoHmposaHue
noBepxHocTn obpasua

MpurotoBneHne I

3ar|onHeHme 4 %-Hon
YKCYCHOW KUCMOTOW

BbiwenaunsaHve

MpurotoBnexne

I rPafyMpPOBOYHbIX
IAAC-onpegeneHie I pagyvpoeka I
AA-cnekTomeTpa

X
PE3YINbTAT I

FomoreHmsauvm
3KCTpaKTa

METaJUIOB M3 KEPAMHUYECKOM ITOCY b, CTEKIITHHOM
MOCY/ABI, TMOCYAbl W3  CTEKIOKEPaMUKH U
OCTCKJIOBaHHOM TOCYIBI” W 3Ta METOJUKa
ompeenseT u3MepAeMyro BenuuuHy. Huke
Jaetcs o01ee OMucaHne METOIUKH.

A5.2.1 Annapamypa u peakmugbi

TpeGoBanus K peakTHBaM, BIUSIOUIME Ha
HEOIIPEAEICHHOCTD, TAKOBBI:

e (CaexenpuroroBieHHsli 4 % (00.) pacTBOp
JIEASTHOM YKCYCHOM KHUCIOTBI B BOJE FOTOBSIT
paszbaBnenneM 40 M1 JEOSHOW YKCYCHOM
KHUCJIOTHI 10 1 1.

e lcxonmHbBII pacTBOp CBUHIA C MAacCOBOM
koHienTpanueit (1000 + 1) mrr™' B 4 % (06.)
YKCYCHOU KHUCIIOTE.

e UcxonmHbll pacTBOp KaaMHsi C MacCOBOU
koHueHTpanueit (500+0,5) Mra’ B 4 % (06.)
YKCYCHOH KHUCIIOTE.

Jns  mpuroTtoBieHWs  PacTBOPOB  TpeOyercs

CTCKIIIHHas JabopaTropHas Iocyla HE HHXKe

kjacca B, koropas He BbIensia Obl 3aMETHBIX

KOJMYECTB CBHUHIA wWid KagmMusi B 4 %-Hylo

YKCYCHYIO ~KHCIOTYy B IIpollecce aHaiu3a.

ATOMHO-a0COPOIIMOHHBIN CHEKTPOGOTOMETP

JOJDKEH UMETh mpejien oOHapykeHus He xyxe 0,2

mr ' 110 ceunmy 1 0,02 Mr 17 O KagMHuIo.

A5.2.2 Memoouxa

Meronuka B LIEJIOM CXeMaTH4YeCcKH IOKa3aHa Ha
Pucynok AS5.4. BaxHBIMH C TOYKH 3pEHHUS
BIMSHMS ~ HAa  OLEHKY  HEONpeeleHHOCTH
ABISIFOTCA CJIEAYIOIINE YCIIOBUSL:

1) Ucmeiryemsrit oOpaserg TIOBOZIST b1 (0]
temneparypsl (2212) °C. Ilpu BO3MOXXHOCTH
(mpgemust  “kareropum 1)  ompenmensroT
IUIOIAAb TIOBEPXHOCTH oOpasua. B maHHOM
mpuMepe  IUIOMAAb COCTaBMiIa 5,73  aM’
(Tabmuma AS5.1 m Tabmmma AS5.3 comepxat
IKCIIEPUMEHTAIILHO HalICHHBIC 3HAUCHMS).

ii) [oarororneHHslit o0Opa3zel; 3anoiaHsAOT 4 %
(00.) pacTBOpPOM YKCYCHOH KHCIOTBI IIpH
(22£2)°C B mpemenax 1 MM 10 YypOBHSA
NepeanuBa, OTMEPEHHOTO OT BEPXHEro Kpas
cocyla, WM B Tpenenax 6 MM OT KpaitHei
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KPOMKH COCYJIa C MJIOCKUMH MM HAKJIOHHBIMHU
KpasiMu.

ii1) O6peM TpebyeMoil Wi NcHoNb30BaHHOM 4 Y%-
HOM YKCYCHOM KHCIIOTBl OHpPEACIAIT C
TOYHOCTBIO 2 % (B JaHHOM IpuMepe 00beM
pacTBOpa  YKCYCHOH  KHCIIOTBI ~ COCTaBHIJI
332 mi).

iv) Obpazenr BeImepkuBatoT mpu (22 12) °C B
TeueHue 24 dacoB (B TEMHOTE, €CIIH
OTIPENIENIAIOT COEPKaHUE KaaAMUS), IPUHUMAs
Mepel  [UIA  OPEAOTBpPAIICHUS  IMOTEPh
BCJIEJICTBHE HCIIAPEHHUS.

v) Ilocne BBLICPKUBaHUS pacTBop
epeMEIINBAIOT TUTsL JOCTIDKEHHS
JOCTaTOYHOH  OJHOPOAHOCTH,  OTOUPAIOT

npoOy, Ipu HEOOXOIUMOCTH pa3daBisis ee B d
pa3, u aHamusupyroT wmetogom AAC npu
COOTBCTCTBYIOIIUX MJIMHAX BOJIH C IMOMOIIBLIO
IpagyHUpOBKH, TMOCTPOCHHOW, KaKk B JaHHOM
mpuMepe, METOAOM HAMMCHBIIUX KBaJpPaTOB.

vi) PesynpTar  BBIUMCIAIOT  (CM. HWXKE) H
IPECTABIIAIOT KaK 00lee KOJIMUECTBO CBUHIA
WIN KaaMHusid B OOBEME BBIIICIAYNBAIOIIETO
pacTBopa, BhIpa)KEHHOE B MIJUIMTPaMMax Ha
KBaJIpaTHBIN AeUUMETp MIIOLIaAN ISl U3/AETHi
Kateropuu 1 WM B MWUIMTPaMMax CBUHIIQ
WIN KagMHsg Ha JHUTp oObema Uid U3JeNuit
Kareropuu 2 u 3.

[MPUMEYAHUE
Ilonayro xommito BS 6748:1986 MoxHO
IMOJY4YUTHh IO MOYTE OT KJIMEHTCKOM CJ'ly)I(GI:I
BSI, 389 Chiswick High Road, London W4
4AL England @ +44 (0) 208 996 9001

AS5.3 Dtan 2: BrisgiBJIeHUE U aHAJIN3
HCTOYHMKOB HEOMNpPeIeTeHHOCTH

B npempinymem pasnene omnmcaH Jexamidil B
OCHOBE DJTOTO OINpEICNICHUS IMIHPUUECKUI
Meton’. Ecnm Takoil Meron wucmonb3yercs B
3aJJaHHOW O0O0JNacTH MPHUMEHEHHUsS, TO CMEIICHHE,
00yCJIOBIIEHHOE METOAOM, CUHMTAeTCS paBHBIM
Hyr0. [loaToMy olleHKa CMEIIeHHsI OTHOCUTCS K
pabore nabopaTropuu, a He K METOAY aHaH3a.
Beungy ortcyrcTBHS  craHmapTHoro — oOpasia,
aTTeCTOBAHHOTO MJIsl JAaHHOTO METOJa aHaJn3a,
o0ImUi  KOHTPOJh CMEIICHUS CBOAUTCA K
KOHTPOJIIO TEX MapaMeTpOB METOJMKH, KOTOpPHIE
BJIMAKOT Ha PE3yJbTar. Taxumu BINAOIIUMU
BCIIMUYMHAMU  ABJIAIOTCA BpPEMs, TCMIICpaTrypa,
Macca, 00beM U T. 1.

KoHnentpamuio ¢, CBHHIIA WIA KaaMus B
YKCYCHOM KHCIJIOTE€ TMOCJI€ BBIIIEIAYUBaHUs H

pa3baBieHUSI PACTBOpPa ONPEACITSIIOT METOJOM
AAC ¥ BBIUUCIAOT 10 (popmyIte

A, —B ;
_4-8) Mr T
Bl

Co

Tae

Co  MaccoBasg KOHLEHTpauusi CBUHIA MU
KaJMHs B pacTBOpe [Mr 1]

A,  omnTuYeckas IJIOTHOCTh PacTBOpa

B,  Touka MEPECCUCHUS JIMHEHHOT O
IpagyHpoOBOYHOrO  TIpaguka €  OCBIO
OpAuHAT

B, HakJIOH JIMHEWMHOro  TPaZLyHPOBOUYHOTO
rpacduka [11 Mr']

[ns paccMaTpuBaeMbIX B 3TOM MpUMEPE U3AETUN
KaTeropuu 1 JaHHBIM SMIUPUYECKUA METOA
TpeOyeT, 4TOOBI pe3ynbTaT OBUT BBIPAXKEH Kak
Macca ¥ CBHHIA WJIM KaJMUs, BBIIIEIAYHBAEMOTO
¢ €IMHULBI IUIomanu. Bennunna 7 onpenengercs
YpaBHEHUEM

¢V, V,-(4,-B ]
r=—-Lt.d=-L (4, O)-d MT M
ay aV'Bl
Tae
r macca Cd wmimm Pb, BeIlenadynBaeMoro c¢

SIUHUITBI TIOMATH [MT /:LM'Z]
VL o0beM BhINIEIAYMBAIOIICTO PAaCTBOPA [J]
ay  TUIOLIA[b TIOBEPXHOCTH cocyaa [m’]
d K03 GuUIMeHT pa30aBiiCHUs
OTO ypaBHEHHE H3MEPEHUU HCIOIB3YETCS IS

MOCTPOEHUSI UCXOJHOW IuarpaMmsbl “IpUUMHA —
caencteue’” (Pucynok AS.5S).

Pucynoxk AS.5: Ucxoanasi quarpaMmma
“npuymnHa — caeacTeue”

Co V|_
3anonHeHne

pagyvpo Temnepatypa
BOYHas

yHKLY Kanun6poska

MEepHOW nocyapl

OTtcyert

» PesynbTat

1-vi paamep —>
2- pasmep —>

Mnowagb —

av d
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KoimmmyecTBeHHOE ONHCaHKe HEONPEAeTeHHOCTH IIpumep AS

Pucynox AS.6: /lmarpamma “npuymnHa — cjaeacreue” ¢ 100aBJIeHHbIMYI HeSIBHBIMU
NpPeAnoJIoKeHUAMHU (IONPABOYHBIMHM MHOKUTEJISIMH)

Co Vv
"pagynpoBo4YHas
PyHKuM 3anonHeHve
faci Temnepatypa
Kanun6poska
ftim MEepHOW nocyapl
ftemp Ortcuer
> PesynbTaT I
1-n pasmep
2-n pasvep
Mnowaab

ay

Y Hac HET AarTecTOBAaHHOIO IS DTOrO
SMIUPHUIECKOTO METOJIa CTAHAAPTHOro 00pasia, ¢
MOMOIIIPI0 KOTOPOTO MOXHO OBLTO OBl OIIEHWUTH
kKadecTBO  paboTel  mabopatopuu. [loatomy
CJIEZIyET PacCMOTPETh BCE BO3MOMHBIC BIHSFOIIUC
(akropsl, TaKHe KakK TeMmreparypa,
MPOJIOJKUTEIEHOCTh BBIIIEIAYNBAHUS 5
KOHIICHTpAIMs KHCIOTBl. JIJIs BKIIOYEHUS B
pPacCMOTPEHHE ITHX JOMOJHUTEIBHBIX (PAKTOPOB
B HCXOJHOC YypaBHCHUE W3MEPCHUH HYKHO
JN00ABUTh  COOTBETCTBYIOIIME  TOMPABOYHBIC
MHOKHTEIIH, YTO IAET:

¢V,
]”Zu'd'facid 'f[[me 'ﬂemp

ay

OTH [OMONHUTENbHbIE (AKTOPHl BKIIOYAIOT B
UCIIpaBICHHYIO  AWarpaMMmy  “OpuUYMHa  —
cnencteue” (Pucynok AS.6). OHu mOKa3zaHBI TaM
Kak (haKTOpHI, BIUSIOIINE HA Co.

[MPUMEYAHUE
JlocTaTo4yHO MIMPOKHWiT TUana3oH TeMIeparyp,
JIOIYCKaeMBbIil ~ CTaHIapTOM, IIPEICTaBIISCT
coboif puUMep HEOTPEICNICHHOCTH,
BO3HMKAIOIIEH B pe3ylbTaTe HE CIHUIIKOM
KECTKOH periiaMeHTalN n3MepsieMor
BEJIMYMHBL. YYeT BIMSHHA TEMIIEPATyphl
MIO3BOJISIET OLCHUTH [WAna3oH Ppe3yNbTaToOB,
KOTOpBIE MOXKHO BBIJaBaTh B COOTBETCTBUH C
JAHHBIM SMIMPUYECKAM METOIOM M KOTOpBIE
MOTYT MMETh MECTO Ha mpakTuke. OTMETHM
TaKke, UYTO  KoieOaHMS  pPe3yJbTaToB,
BBI3bIBAEMbIC M3MEHEHMSAMHU paboueit

TCMIICPATYpbl B 3aJJdHHBIX IIpCAciiax, HE
MOTyT paccMaTpuBaTLCA KakK
CUCTECMATUYCCKHEC MOTPCHIHOCTH, IMOCKOJbKY
BCC OTHU PpE3YyJIbTAaTbl HOJYYCHBI B IIOJIHOM
COOTBETCTBUHA C OIIMCAHHUEM MCTOOWKH
aHaJIn3a.

AS5.4 Jran 3: KosimuecTBeHHOE BbIpaskeHUe
HCTOYHUKOB Heollpe/ieIeHHOCTH

Lenpto 3TOro 3Tama sBIsSETCS KOJIMYECTBEHHOE
BBIPOKEHHE HEONPENEIEHHOCTH, BO3HHUKAIOIIEH
OT KaXXJOI'0 paHee BBIBICHHOIO UCTOYHUKA. JTO
MOHO caenartb win UCIIOJIB3YSI
IKCIIEPUMEHTAJIbHBIE [JaHHbIE, WJIH HCXOISI W3
XOPOIIO 0OOCHOBaHHBIX MPEATIOIOXKEHUH.

Kosdpuyuenm pazbasnenus d

B nmamHOM mpmMepe He OBLIO HEOOXOAMMOCTH B
pa30aBIeHNN  BBHINIETAYMBAIOIIEIO  PacTBOPA,
HOATOMY 3TOT BKJIAJ B HEONPEICICHHOCTH 3/1€Ch
HE pacCMaTpPUBACTCH.

Obvem V.

3anonnenue. Onncanue metoma TpeOyeT, YTOOBI
COCY/Jl 3alOJHSUIM ‘B Ipenenax 1 MM 10 kpas® Wi
B Ipenenax 6 MM OT KpailHEH KpoMKH cocyja C
HAaKJIOHHBIMH KpasiMH. [ 0ObI4HON mocyabl Asst
OUTbS MM NPUTOTOBJICHUS IHUINK, HMEIOLICH
OPUMEPHO LUINHIPUYIECKYI (GopMy, 3TOT 1 MM
Oyzer mpencTaBisiTh 0KoJo 1 % BBICOTHI cocyna.
Takum o6paszom, cocyn Oyzaer 3amomHeH Ha (99,5
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+0,5) % (1. e. V. Oymer paBHO 0,995+0,005
o0Bema cocyna).

Temnepamypa. Temnepatypa yKCyCHOW KHCIIOTBI
nmomkHa ObITh (22 12) °C. DTOT TeMIepaTypHBIiA
OUana3oH NPUBOOUT K  HEONPEIEeNCHHOCTU
o0pema, KoTopas OOyCIOBI€HA OOBEMHBIM
pacupeHueM KHUIKOCTH, YHUCIICHHO
NPEBHIIAIOIUM 00bEMHOE pPaCIIUPEHHE COCYya.
CrangapTHas HeompeaeleHHOCTs 00bema 332 M
B MPEITION0KEHUH IPSMOYTOJIBHOTO
pacripenesieHus TeMIIEpaTypsl paBHa:

2,1x107*x332x2
NG

Omcyem. Vcnionb3yembiii 00beM V| JOKEH OBITh
ompeneseH B mpexenax 2 %, Ha INpakKTHKe
NPUMEHEHHE MEPHOT0 IMJIMHIAPAa IO03BOJIIET
NOJY4YUTh TOYHOCTH B mpenemax 1 % (T. e.
0,0117). CranpapTtHas HEONPEIETICHHOCTh
paccYUTHIBAETCS B NPEAIOJIOKEHIH
TPEYroJIbHOTO paclpeieieHusl.

=0,08 M

Kanubpoexa. B COOTBETCTBHH C TEXHHYECKUMHU
TpeOOBaHMSMU HPOU3BOAMUTENS MEPHOH MOCYZbI
U1 MepHOro nuiauHApa Ha 500 M OTKIIOHEHUS
COCTaBJISIFOT +2.5 MJL. CrangapTHyIO
HEONPEACICHHOCTh HAaXOAAT B MPENNOJIO0XKECHUI
TPEYroJIbHOIO paclpeieieHus..

B manHOM mpumepe 3HaueHHe o0bema paBHO 332
MJI, ¥ YETBIPE COCTABIISIONINE HEONPEAETICHHOCTH
CYMMHPYIOT CIEAYIOIUM 00pa3oM:

0,005x332)
J6
0,01x332)" (2,5Y

b )\

+ (0,08)2
u(VL =

=1,83mn

KOHueHmpauwl Kaomus Co

KonnuecTBO BBHIIIEIOYCHHOTO KaAMHS HaXOOAT C
IIOMOIIBIO IIOCTPOEHHOU IrpasyupOBOYHOM
3aBUCUMOCTH. C 3TOM IENbI0 M3 HMCXOIHOIO
pactBopa ¢ koHuentparuei kaamus (500+£0,5) mr
' GBUIM MPUTOTOBJIEHBI MATH IPALYHPOBOUHBIX
pactBopos ¢ konnentparusamu 0,1; 0,3; 0,5; 0,7 u
0,9 mr al. Hcnonp3yemblii JTMHEWHBI METON
HAaWMEHBIIUX KBaJApaTOB TMpEIIoiaraeT, uYTo
HEOIPEICICHHOCTH 10 OCH a0CIMCC 3HAYUTEITBHO
MEHBIIIE, YEM HEOMPEACNEHHOCTH II0 OCH
opaunHat. Iloaromy OOBIUHBIE METOIBI pacuera
HEONPEICICHHOCTH Co OTpaXkaloT  JIMIIb

Tabauua AS.2: I'pagyupoBouYHbIe JaHHbIE

KonmenTpanus | Onrudueckas miIOTHOCTb
[mr '] (mapanenpHBIE
PE3yIIbTaTHI)
1 2 3
0,1 0,028 | 0,029 | 0,029
0,3 0,084 | 0,083 | 0,081
0,5 0,135 | 0,131 | 0,133
0,7 0,180 | 0,181 | 0,183
0,9 0,215 | 0,230 | 0,216
ciydaiiHple — KoneOaHUs ~ TpU  HM3MEPEHUH

MOTJIOIICHHU A, OHH HE YUYUTBIBAIOT HH
HEOMPEIEICHHOCTH B KOHIIEHTPAIIMH PAaCTBOPOB
IUTSL TPaSyUPOBKH, HU HEM30EKHYIO KOPPEISIIHIO,
BBI3BAHHYIO IOCJICJOBATEIBHBIM pa30aBICHUEM
ucxomuoro pactBopa. Ilpunoxenme E.3 maet
NpeJCcTaBlIeHue 00 YydeTe HeoNpeeeHHOCTH
3HAYCHHUH T'PaayHPOBOYHBIX 00pa3IOB, KOTIa 3TO
HeoOxoaumo. B gaHHOM  cimydae,  OAHAaKo,
HEONPEICICHHOCTH TPAIyUPOBOYHBIX PACTBOPOB
JOCTAaTOYHO MaJibl, U UMH MOKHO Hp€H€6pC‘H).

Iornomienne Kaxa0ro U3 MATH TPagyHPOBOUHBIX
pacTBOpPOB  HM3MEPSAIM  TPWXKIAbBI;  PE3YIbTaTh
npezcrasiensl B Tabmuna AS.2. ['pagyupoBouHast
(hyHKIUS naeTcs ypaBHEHUEM

A =c;-B +B,+e,

A;  m3MepeHHas ONTHYECKas IIOTHOCTb i-TO
IpagyMpOBOYHOrO pacTBoOpa

¢;  KOHIEHTpaUuus i-T0  TPagyupOBOYHOTO
pacTBOpa

B,  yrmoBo#t ko3 ¢dunMEHT TPagyHpOBOYHOTO
rpaduka

B,  Touka IepeceUYcHus JINHEHHOTO
TpayMpoOBOYHOTO  Tpaguka €  OChIO
opAuHAT

e; Clly4ailHasi HOTPEIIHOCTh

AnmpoKrcuMaIus METOAOM HaMMEHBIINX

KBaJgpaToB JAacCT:

3nauenue | CraHgapTHOE
OTKJIOHCHHE

B, 10,2410 0,0050
By, 10,0087 0,0029
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¢ KOO(QPUIMEHTOM KOppesuu 7 0,997.
IloctpoeHHas mpsimasi moka3zaHa Ha PucyHok
AS5.7. OcraToyHOE CTaHIAPTHOE OTKJIOHEHHE S
paBHo  0,005486. XoTs ecTb  NPU3HAKU
HEOONBIION KPWBHU3HBI, JIMHEHHYIO MOJENh C
YKa3aHHbIM CTaHJAPTHBIM OTKJIIOHEHHEM MOXHO
CUMTATh BIIOJIHE IPHUEMJIEMBIM TNPHONMKECHUEM
U1 TAaHHOM LIEIH.

[lornomenune pactBopa mocie BbIIETAYNBAHUS
U3MEpsUIM  ABAXKABIL, B pe3yipTare  Ais
KOHLEHTpAlMd KagMHsA C, MOJIY4YE€HO 3HAYEHHUE
0,26 Mr 1. BbIYMCICHHE — HEONPEIEeTCHHOCTH
u(cy), CBSI3aHHOM C MPOIETYPON ANMPOKCHMAIINN
METOOM HAaWMEHBLINX KBaJApaToOB, JETAIbHO
onucaHo B npuinoxenun E.4. Ilostomy 3xmech
JAeTCs TOJIBKO KPAaTKOE MU3JI0KEHHE.

u(cy) paBHa

0,241 \2 15 1,2

1

—=\2
B\p n S,
_0,005486 |1 i+(0’26_0’5)2

=u(c,)=0,018 mru~

C OCTaTOYHBIM CTaHIAPTHBIM OTKJIOHEHHEM S
(emuHUIBI Mr 1)

S[4,-B,+B-c,]
S = J=1
n-2

=0,005486

¥ 3HaYeHue S (eJUHULBI (MT 'y):

n

S.=>.(c;—c) =12

J=1

e

By YTIIOBON KO UIIHEHT
YKCII0 U3MEPEHUH MPH ONPENIEICHUH C

n o0I1ee YuCIo N3MEPEHH pH
rpagyrpoBKe

Co HaliIcHHOE 3HAYCHUE KOHIICHTPAIUU
KaJ MU B PACTBOPE TOCIIEe
BBIIIENIAYABAHUS

c CpelHEE 3HAaY€HHUE KOHLICHTpaluu
IpaJyHpPOBOYHBIX PACTBOPOB (JIJIs 71
YrcIia I3MEPEHUH )

i HWHJIEKC, COOTBETCTBYIOIIUI HOMEPY
IpaJyHpOBOYHOIO PACTBOPA

Jj WHJICKC, COOTBETCTBYIOIIHI HOMEPY
W3MEpPEHHUsI TPU TPALyUPOBKE

IInowaos ay

Jlunetinote  uzmepenus. Cnemys Jlupextuse

84/500/EEC, momianb MOBEPXHOCTH H3ICIUH
Kateropun 1 TpPUHMMAETCS PaBHOW IUIOIIAJM
MEHHUCKA >HUJIKOCTH TIPU 3alOJIHCHWH COCY/a.
[lnomanme TOBEPXHOCTH cocylda ay  Oblia
BBIUMCJICHA UCXOMAs M3 ero auamerpa d=2,70 M,
KaK ay = md/4 =3,142x(2,77/2)* = 5,73 am’. Tak

Kak cocyn uMeeT MPUOITN3UTETTHHO
MWIMHIPUYECKYIO, HO HE a0COJIFOTHO
NPaBWIBHYIO  (OPMYy, TOYHOCTh  JIMHEHHBIX

HU3MEpPEHUl OlICHEeHAa B mpefenax 2 MM mpu 95 %-
HOW BEpPOATHOCTH. OTO BeAeT K OIEHKe

Pucynok AS.7: AnnpokcuManusi METOA0M HAUMEHbIIMX KBAJPATOB U MHTEPBAJ HeolpeIeJIeHHOCTH
IJIS1 ABYKPATHBIX onpe/e/eHuii

IMornomexue
0,10 0,15 0,20 0,25

0,05
L

0,0
!

0,0

I
0,4

I
0,6

0,8

KonuernTpauus kammus, mrma -

]

1,0

[TyHKTUpHBIE JIMHUK OKA3bIBAIOT 95 %-HbIH TOBEPUTEIbHBIN HHTEPBAIL.
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KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH

IIpumep AS

CTaHIAPTHOM  HEONPENECNICHHOCTU  JIMHEWHBIX
m3mepernid, paBHod 1 mm (0,01 om) (mocme
nenenus 95 %-noit rpanuuel Ha 1,96). B
dbopmyny [UIs BBIYMCICHHUS IUIOIIAAM BXOAUT
KBaJpaT JAuamerpa d, NOITOMY CyMMapHas
HEONPEICICHHOCTh HE MOXET OBITh IOJy4eHa,
ciemys NOpPOCThIM IpaBwiaMm paszena 3.2.6.
BmecTto 3TOro HYXHO NPHUMEHHTH METOL,
omMCaHHBIA B  maparpade  8.2.2., wim
UCIIOJIb30BaTh YHCIICHHBIC METOJBI.
Ucnons3oBanue merona Kparrena (mpuinoxeHen
E.2) maer cranmapTHyIO HEOIPENEICHHOCTh B dy,
BBI3BAHHYIO HEOIIPEICIICHHOCTbIO B ¢, PAaBHYIO
0,042 am’.

Brusnue ¢opmul cocyoa Ha oyenxy naowaou.
ITockombky HCIBITYEeMBIH cOCyJ He oOnagaer
COBEpIIICHHON TreoMeTpuueckoil Qopmoir, TO
UMeeTCsl TaKkKe HEKOTOpas HEONpe/IeIeHHOCTD,
CBsI3aHHAA c BBIYHCIICHHEM TUTOTIA TH
HOBEPXHOCTH. B TaHHOM npuMepe
npennonaraeTcs, 9To  3TO  MOXET  JaTh
JOIOJTHUTENBHBIN BKIal B pasMepe 5 % npu 95 %
JIOBEPUTEIEHON BEPOSITHOCTH, T. €. CTaHJapTHAs
HEOTIPEICIICHHOCTD TUTOIIAJTH COCTaBUT
5,73x0,05/1,96 = 0,146 ov’.

CymMMupoBaHMe  3THX  JBYX
HEONPEACICHHOCTh 1AeT:

BKJIQJJOB B

u(a,) =+/0,042% +0,146> = 0,19 >

Bruanue memnepamypul fiem,

BBII0 IIPOBEIEHO HECKOJIBKO HCCIEHOBAHUM IIO
BIIMAHUIO TEMICPATypbl Ha  BbIIICIAYMBAHUC
METaJUIOB M3 KEpPaMUYECKOM IOCYJbI 9 B
oOuieM,  BIHMAHHUE  TEMIeEpaTyphsl  SIBISETCS

CYyIIIECTBCHHBIM; HaOJIrOIAICA IIOYTH
3KCIIOHEHITUAJILHBIN poct KOJIMYECTBA
BBLIEIISIOIIErOCS MeTajlla c pocTom

TEMIICPATYPbI a0 JOCTUXKCHUA MpEaACIbHBIX
sHaueHuit. JIMmb OHO WcclenoOBaHMe' —aaeT
UHQOpPMAIMI0 O BIWSHUM TEMIIEpaTypsl B
JhanasoHe 20-25°C. Ha OCHOBAaHHHU
MPEJICTABJIICHHOW B 3TOW pabore rpaduueckoi
I/IH(I)OpMaHI/II/I MOXXHO 3aKJIFO4YUTh, YTO U3MCHCHUC
KOJIMYECTBA  BBUICISIONICTOCS — MeTalla ¢
U3MEHEHHWeM TemrepaTypbl BOmu3u 25 °C
SABIISICTCA HpI/I6HI/I3I/ITCHBHO HHHCﬁHBIM, u
rpaJueHT paBeH mnpuMepHo S5 % Ha rpaayc
Henbcus. IIpm  ycimoBuM, 4YTO  METOJIMKA
A0IYyCKAaCeT OTKIIOHCHUSA TEMIICPATYPhI B IIPpEACIax
+ 2 °C, 9T0 NpUBOAUT K KOIPPUIMEHTY fiemy =
1+£0,1.  TlpeoOpazoBanme B  CTaHAAPTHYIO

HEOMpeeICHHOCTh B NPEAOJIOKEHIH
NPSMOYTOJIBHOTO PAaCPEICICHHUS 1AeT:

u(framp)= 0,1/3/3 = 0,06

Brusnue I’ll)OaOﬂ[)iCl/lmefleOle/l sblueyiavuearusl

ﬁime

Hdust BBIIIEJIAYMBAHMS, OTHOCHUTEIHHO
MEJIEHHOTO IMpolecca, KOJIMUECTBO BBIXOASIIETO
MeTaa OyJaeT MNPUMEPHO MPOMOPIHMOHATIBHO
NPOJOJDKUTEIIFHOCTH  BBILENAYMBAHUS  TIPH
MallbIX ~M3MECHEHHWSX BpeMeHH. KpuHun ¥u
®paHKO' YCTAHOBMIHM, UYTO CpEJHEE H3MEHEHHE
KOHIIGHTpAIlMM HAa MPOTSHKECHUU MOCICTHUX 6
94acoB BbIILIETaUNBaHU COCTaBUJIO
npuGmusuTensHo 1,8 mMr ' Ha ypoBHe 86 Mr I,
T. €. okojio 0,3 % B yac. [loaToMy nns BpemeHu
(24+0,5) 4 B ypaBHEeHHE U3MEpEHHI HEOOXOAMMO
BBECTH TMONPABOYHBIH  MHOXHUTENb  fime =
1£(0,5x0,003) =140,0015. [Tpunstue
NpSIMOYTOJIBHOTO  paclpeneieHus  BeAeT K
CTaH/IapTHOM HEONPE/eIEHHOCTH:

u(f, )=0,0015//3=0,001.

Brusanue konyenmpayuu Kuciomol foiq

EnuncTBenHoOE HCCJICI0OBaHKE BIIUSHUS
KOHIICHTpAIIMK KHCJIOTHI Ha BBIJCJICHHUE CBHHIIA
MoKas3ajio, 4YTO M3MEHEHHE OOBEMHOW JIOJIH
KHUCIIOTHL OT 4 10 5 % yBeIMYMUBaCT BBIJCICHHE
CBUHIIA W3 OIPEICICHHON NapTUH KEePaMHKH C
92,9 no 101,9 mroa’', T. e. BbI3BIBACT M3MCHEHHE
facid» PABHOE (101,9—92,9)/92,9:0,097 WIH
oxoio 0,1. Eme onHO mnccnenoBaHue, B KOTOPOM
MPUMEHSJICS. METOJ TOPSYEro BBIIICIAYMBAHUS,
CBUJICTCILCTBYET O COIMOCTaBUMOM HM3MECHECHUU
(50 %-HOe W3MeHeHHe BBIJECNEHUS CBHMHLA INpU
W3MEHEHUH OOBEMHON HONM KHUCIOTHI C 2 0
6 %)’. Ecamn MIPUHSATH MPUOIU3UTEIHLHO
JIMHEHHYIO 3aBUCUMOCTh BBIJICJICHUS METaia OT
KOHIICHTpAIIMK KUCJIOTBI, 3TO JacT OIICHKY
U3MEHEHHUS f,.;q puMepHo 0,1 Ha 1 % uzMeHeHus
o0beMHON Jomu  KHCIOTBI. OObeMHas I0JIs
kucinotel (3,996 %) wu ee craHgapTHas
HEOTPEICICHHOCTh (0,008 %) OBLIH
YCTaHOBJICHBI B OTICIIBHOM JKCIEPHUMEHTE C
MOMOIIBI0 ~ THUTPOBAHHUS  CTaHIAPTU30BaHHBIM
pactBopom NaOH. Vcxonas u3 HeonpeaeaeHHOCTH
0,008 %, mosyyaeM HEONPEACICHHOCTb IS fycid,
paBHYIO 0,008x0,1 = 0,0008. [TockonbKy
HEOIPEICICHHOCTh 00BEMHOM JTOJIU KUCIIOTHI yIKe
BhIpakeHa B BHJIE CTaHJIaPTHOM
HCOIPENCICHHOCTH,  IOJYYCHHOEC  3HAYCHUE
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KoimmmyecTBeHHOE ONHCaHKe HEONPEAeTeHHOCTH IIpumep AS

MOKHO IIpsAMO HCII0Jb30BATh Kak bonee HpOCTOﬁ noaxon K BBIYHCIICHHUIO
HEOTIPEICTICHHOCTh, CBSI3aHHYIO C fy.id. CyMMapHOM CTaHAAPTHOM HEOINpPEeAeICHHOCTH,
[IPUMEYAHUE OCHOBAaHHBIM Ha HUCIIOJb30BaHUN JJICKTPOHHBIX

B MPUHIUIIC, B 3HAYCHUHU HCONPCACICHHOCTU
CJI€a10BalIo OBl Y4YeCTh AOMMyHICHHUC, 4YTO

CANMHCTBCHHOC HCCJICAOBAHUC, YIIOMAHYTOC
BBIIIC, ABIIACTCA J0CTAaTOYHO
NpeACTAaBUTCIIbHBIM JJIA BCEX BHIO0B

kepamMukd. OIHAKO MONTyYeHHOE 3Ha4YCHHE
(haKTHYECKH [aeT BIIOJHE Pa3yMHYIO OICHKY
HEOTIPEICNICHHOCTH.

AS.5 Jramn 4: Beluuciaenne cyMmMapHoi
CTAHJAPTHOI HeonpeieJIeHHOCTH

KomnyectBo  BeINEIayMBaeMoro KagMus Ha
eVHUILy IUIOMIaNd B OTCYTCTBUHM pa30aBIICHUS
pacTBoOpa JaeTcs BRIpaKEHHUEM:

¢,V
° L. f;icid ) ﬁime ) f;emp

-2
r= MT IM

V
3naueHuss (GAakKTOPOB M HMX  CTaHJApPTHHIC
HeomnpeaeNeHHOCTH cobpanbl B Tabnmma AS.3.
Hcnonb3yst 3TH 3HaYEHUS, IOJIyYUM

. 0,26x0,332

x1,0x1,0x1,0=0,015 mr am >
5,73

[ns  BelUKMCIEHUS CyMMapHOW CTaHAApTHOH
HEONPEACICHHOCTH, HMCXOIs U3 BBIPAKEHHUS B
BUJIE HPOU3BEICHUS COMHOXHTEJEH,
CTaHJApTHbBIE HEOIPENEeNICHHOCTH AJSl KaKION W3
COCTAaBJISFOLINX CYMMHPYIOT CJICAYIOIINM
o0Opa3zom:
(”(Co )]2 n (”(VL )Jz n (”(“v )]2
u, (r) o Ve ay

2
d +(u(facid)]2 + (u( time )]2 + M( temp)
facid ftimc ftcmp
0,069 +0,0054% + 0,033
= =0,097
+0,0008” +0,001% +0,06°

= u (r)=0,097r=0,0015 mr am”

TaOnui, nokasaH B TaoOmuua AS.4. Onucanue
3TOTO METOJIa CM. B priiokeHuu E.

Bruagpl pa3nuyHBIX MapaMeTPOB U BIUSIOIINX HA
HEOMpe/IeICHHOCTh W3MEpEHUS BEJITMYHH
noka3anbl Ha PucyHoxk AS5.8, rame pasmep
kaxmoro Bkimaga (C13-HI3 B Tabmuma AS.4)

CPaBHMBAETCS C CyMMapHOH HEONPeIeICHHOCTHIO
(B16).

Pacompennyro HEOTIPEIeTIEHHOCTh U(r)
MOTy4aroT, UCIIONIb3Ys KO3 PHUIHEeHT oxBaTa 2
U=0,0015 x 2 =0,003 mr qm~

TakuM 00pazoM, KOITHYECTBO BBHIMIEIAYHBAEMOTO
KaJMUsl, HW3MEPEHHOTO B COOTBETCTBHH C
BS 6748:1986, cocTaBigerT:

(0,015 £0,003) mr am™

rae YCTaHOBJICHHAS HEONpeeICHHOCTh
BBIUMCIIEHA C WCIIOJNB30BaHUEM KO3 QUIHeHTa
0XBaTa, PaBHOTO 2.

AS.6 JIurepartypa aAjst npumepa S

1. B. Krinitz, V. Franco, J. AOAC 56 869-875
(1973)
B. Krinitz, J. AOAC 61, 1124-1129 (1978)

3. J. H. Gould, S. W. Butler, K. W. Boyer, E. A.
Stelle, J. AOAC 66, 610-619 (1983)

4. T.D. Seht, S. Sircar, M. Z. Hasan, Bull. Envi-
ron. Contam. Toxicol. 10, 51-56 (1973)

5. J. H. Gould, S. W. Butler, E. A. Steele, J.
AOAC 66, 1112-1116 (1983)
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IIpumep A6

Tadauua AS.3: 3Havyenust paKTOPOB M UX HeOIlpede/IECHHOCTH MPHU OllpeJe/ieHuN
BBILLEJAYNBAEMOIr0 KaIMMs

HanmeHnoBanue 3HaueHne CranmapTHas OTHOCHUTEIRHAS
HEOIPENeICHHOCTh CTaHJapTHAS
u(x) HEOIPEICICHHOCTh
u(x)/x

Co Kouuentpamust kaamuss B pactsope | 0,26 mrr' | 0,018 mr 0,069
IIOCJIE BEIIICIAYMBAHUS

Vo O06beM BhIenagnBaoniero pacteopa | 0,332 n 0,0018 o 0,0054

ay [Tnomans MOBEPXHOCTH cOCyaa 5,73 o’ 0,19 > 0,033

Sacid BiusiHue KOHLIEHTpaUU KUCIOTHI 1,0 0,0008 0,0008

Jeime Bausnue MPOJOKUTEIBHOCTH | 1,0 0,001 0,001
BBIIIEIAYNBAHUS

Stemp Bnusiaue temmnepartypel 1,0 0,06 0,06

Pucynok AS.8: Briiaabl B cyMMapHYyI0 Heonpe/ieIeHHOCTh IPH ornpe/iesieHUuH Bbilneaaynaemoro Cd

0,5

1

1,5

|u(y,x)| (Mr am™2)x1000

3uauenus u(y,x;) = (0y/0x;).u(x;) B3sato1 u3 Tabnuma AS.4
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KoaundyecTBeHHOE OMMUCAHHE HEOIIPEACJICHHOCTH

IIpumep A6

Tabanua AS.4: Tabau4yHOe BbIYMCIIeHHE HeONPeAeTeHHOCTH NPH ONpefAeeHUH BhIIeJa4YMBaeMoro

KaJIMUus
A B C D E F G H
1 Co 9 v facia frime ftemp
2 3HaueHne 0,26 0,332 10,01 1 1 1
3 Heonpenenen (0,018 0,0018 0,27 0,0008 0,001 0,06
HOCTb
4
5 | co 0,26 0,278 0,26 0,26 0,26 0,26 0,26
6 " 0,332 0,332 0,3338 0,332 0,332 0,332 0,332
7 | ay 5,73 5,73 5,73 5,92 5,73 5,73 5,73
8 | facia 1 1 1 1 1,0008 1 1
9 | fime | 1 1 1 1 1,001 1
10 | femp |1 1 1 1 1 1 1,06
11
12 | r 0,015065 0,016108 0,015146  |0,014581 |0,015077  [0,015080 [0,015968
13 | u(y,x;) 0,001043  |0,000082  |-0,000483 [0,000012  [0,000015  [0,000904
14 | u(y)’, [2,15E-06 1,09E-06  |6,67E-09  [2,34E-07  |1,45E-10  [2,27E-10  |8,17E-07
u(y,x;)’
15
16 | u(r) 10,001465

3HaueHns1 TapaMEeTPOB TPHUBEICHEI BO BTOpoi cTpoke oT C2 mo H2, ux craHmapTHBIC HEONPEIeIeHHOCTH — B CTPOKE
Hwke (C3:H3). 3nayenns u3z C2:H2 xommpyrotes Bo BTopoii cromber (B5:B10). Pesynprat (), HOXydeHHBIH U3 3THX
3HaueHuil, npuseneH B B12. C5 naer 3Hauenue ¢, u3 C2 mitoc ero HeonpeaeneHHocTh u3 C3. Pe3ynbTar BoIYUCIEHUM €
ucnonp3oBanueM 3HadeHns C5:C10 npusenen B C12. Cron6usr D u H 3amonmHeHs aHAIOTHYHEIM 00pa30oM. 3HAUCHUS B
crpoke 13 (C13:H13) mpencrasisirot coboii pazHocTu ctpoku (C12:H12) munyc 3HaueHne, ykazanHoe B B12. B ctpoke
14 (C14:H14) cootBerctByromue 3HaueHUs cTpoku 13 (C13:H13) Bo3BOIATCA B KBaApaT U CyMMHUPYIOTCS, IPUBOIS K
3HAYCHHUIO, yka3aHHOMY B B14. B16 mact cymMMapHyIO CTaHZapTHYIO HEONPEACICHHOCTh, PaBHYIO KOPHIO KBAIPATHOMY
u3 B14.
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IIpumep A6: OnpenesneHue CbIPOH KJIETYATKH B KOPMAX JJISl ;)KHBOTHBIX

Kpartkoe uszinoxenune

Heanb

OmpezneneHue CHIPOM KJIETUYATKH B KOpMax
CTaHJAPTHBEIM METOJIOM.

MeToanka u3mMmepeHuni

Mertoauka u3MepeHUN CTaHIAPTU30BaHA, U €€
oOrmrue 3Tamsl moka3ansl Ha Pucynok A6.1. Te xe
oTIepaIiy MMOBTOPSIOT C XOJIOCTOM MPOOOii, YTOOBI
HOJY4UTh 3HaUYCHHUE COOTBETCTBYIOIIEH
HOIPaBKH.

HN3mepsiemast BeJIMUMHA

Conepxxanne kietdaTku, Chye, BRIPAKESHHOE KaK
MaccoBas  JOJS B TIPOIEHTaX,  JaeTcs

BBIPKCHUEM:!
(b—c)x100
Cﬁbre e
a
rue:
a Macca npoOsl, T (MpUOAU3UTENBHO 1 T)
b HOTEpPsl MACChI TIPH 030JICHHUH B XO/IC
ONPEICNICHUS, T

c HOTEPs1 MACCHI TIPU 030JICHUH B XOJIOCTOM

OIIBITE, T.

BobisiBjIeHHE HCTOYHUKOB HEONPEACICHHOCTH

Ilonnass guarpamMma “OpuyMHa — CIEACTBHUE”
npeacrasieHa Ha PucyHok A6.9.

KoauyecTBeHHOE ONMCAHNE COCTABJISIIONIUX
HEONPEACICHHOCTH

OKCIIepUMEHTHl B J1a0OpaTOpUM MOKa3ald, 4YTO
METOJ PEaTn3yercss B YCIOBHAX, IO3BOJISIOIINX
OpUHATH  JJaHHbIE 10  BOCIPOM3BOJMMOCTH,
KOTOpbIE ObuH MOTY4€EHBI npu ero
MEXI1a00paToOpHOM HCCIEeIOBaHUM. B memnom He

Pucynok A6.1: Onpenesnenue KIeT4aTKH

N3amenbyeHne u
B3BELUMBaHNE NpobbI

KncnotHoe
pasnoxeHue

LLleno4yHoe
pasnoxeHue

Cywka n
B3BELUMBAHMNE OCTaTK

O3oneHune n
B3BeLLMBaHME
ocTaTKa

PE3YJIBTA

OBLIIO OOHAPYKEHO KAKUX-THOO JOMOIHUTENBHBIX
3HAUUMO BIMAOMUX (akropoB. [lpym HH3KHX

COJepKaHUAX KJIETYaTKH 0Ka3aJloch
HEOOXOOUMBIM  JIOTIOJIHUTEIBHO  YYWUTHIBAThH
0COOEHHOCTH HCTIONb3YeMOM MpOLEeyPbI

BEICyIIMBaHUsA. [loydeHHbIE THITMIHBIC 3HAYCHUS
HEOTpeIeTIeHHOCTH (B BUAE  CTaHJAPTHBIX
HEOTIPeIeTICHHOCTEH ) TIpeICTaBICHbI B

Tadauna A6.1: CymmapHble CTAHTAPTHbIE HEONPeAeIeHHOCTH

Conepxanne CraHaapTHas HeonpeaeJeHHOCTh | OTHOCHTEeIbHAS CTAHAAPTHASI
KJIETYATKH U(Ciire) Yo (Macce.) HeomnpeneJIeHHOCTh
% (macc.) u(Cribre) / Chivre
2,5 0,29 +0,115° =0,31 0,12
5 0,4 0,08
10 0,6 0,06
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IIpumep A6: OmnpenesieHue CbIpoOH
JeranbHoe o0cyKaeHUE

A6.1 BBenenune

B Ha3HaueHMM METOJMKM aHalIu3a CchIpas
KIIETYaTKa  OIpeJelIeHa  KaK  KOJIMYECTBO
CBOOOMHBIX OT JKHpa OPraHHYeCKHX BEIIECTB,
KOTOPBIE HE PACTBOPSIOTCS B KUCIION U IETOYHOU
cpefax. JTa METOJMKa CTaHAApTU30BaHa, U €€

pe3yabpTaThl HCIIONIBb3YHOTCS HaIpsIMYIO.
WN3MmeHeHUsT B METOJUMKE H3MEHSIOT  caMy
U3MEPAEMYIO BEJINYUHY — 3TO IIPU3HAK

OMITUPHUYCCKOro METO/AA.

I[HSI OTOI'0  Y3aKOHCHHOTO MCTO/Ja aHaju3a
HMCIOTCA JaHHBbIC 1o IMOBTOPACMOCTHU n

BOCITPOU3BOJUMOCTH, IMOJTY4YCHHBIC B
MeXJ1a00paTOpHOM IKCTIEPUMEHTE.
Buytpunaboparoproe VICCJIC/IOBAHHUE

3¢ ()EKTUBHOCTH METOIMKH TaKXe BKIIFOYAJIO
OLICHUBAaHUE MPEUU3UOHHOCTU. [y  JaHHOM
METOIUKU OTCYTCTBYET IO IX OIS I
CTaHIapTHBIM  oOpaszenmr (T. €.  oOpaser,
ATTECTOBAHHBIN TEM e METOJIOM).

A6.2 Dtan 1: Onucanue

IIpu onMcanuy U3MEPSIEMON BETMYUHBI JUIs] TAKUX
AHAJIUTUYECKUX METOJOB JIydllle BCEr0 WATHU IIO
IIyTH WCYEPIBIBAIOLIEIO aHAIU3a OTACJIBHBIX
CTaJuil U COCTABIICHUS YPABHEHUS U3MEPEHUM.

Memoouxka

Meronuka, MIpeICTaBIIAIOas co0oif
MOCJIEIOBATEIbHOCTh ~ OMEpaluil  pa3ioKeHus,
(buIbTpaAIUK, CYIIKH, O 30JICHUS U B3BCIIMBAHHUS,
KOTOPBIC TIPOBOJIAT TAKKE U C XOJOCTOM MPOOOIA,
mokazaHa Ha Pucynox A6.2. Ilenpio mepBBIX
9TamoB  SIBJISIETCS  Pa3lioKeHHE OOJBIIMHCTBA
KOMIIOHEHTOB ~TMPOOBI, TPU 3TOM  OCTaeTCs
Hepasznaraiomuicss  ocratok.  OpraHuyeckue
KOMIIOHCHTHBI 3aT€M O30T, 4YTO AACT B HTOIC
Heopranmdeckuii  ocratok. PasHocTh  Macc
BBICYILICHHOTO OPraHUYeCKOT0/HEOPraHNIeCKOTO
OCTaTKa W O30JEHHOTO OCTaTKa MPUBOJIUT K
“comepxanuto KiaeT4aTku’ . (OCHOBHBIC CTaJHH
METOAHUKHU TaKOBbI:

i) HM3menmpuenme mpoOBI 1O pa3Mepa YacTHUIl
MeHee 1 MM.

il) Bszarue HaBecku MpHOIM3UTENHHO 1 T IPOOEI
B TIPE/IBAPUTENBHO B3BELIICHHBIN TUTEITb.

KJICTYAaTKH B KOpMax /s KHBOTHBIX.

iii) JlobaBnenue TpeOyeMbIX KOJMYECTB
pEareHToB sl KHUCJIOTHOTO Ppa3JIOKCHUs,
KUTISTYEHUE B TEUCHHE 3aJaHHOTO BpPEMEHH,
(uIbTpOBaHNE W MPOMBIBKA OCAIKA.

iv) [loOaBneHme peareHTOB MJsl IIEIOYHOTO

Pa3NoXXEHUs,  KUIIAYCHHE B TEUCHHE
3aJaHHOTO BpPEMEHH, ¢upTpOBaHUE,
NPOMBIBKA M CIOJAcCKMBAaHUE  OCAIKa
aIleTOHOM.

v) BricymmBanue 10 MOCTOSHHON MAacChl MPHU
3agaHHoi Temneparype. (Ilomstne ‘“‘mo-
cTostHHasg ~ Macca” B METOOMKE  HE
OTIpe/IeNIEHO, PAaBHO KakK M JApPYTUe YCIOBUS
CYIIKH, TaKHe KaK HUPKYJSALUSI BO3TyXa HUIH
JUCTIEPCHOCTh OCAJIKa.).

vi) H3mepeHune Macchl CyXoro ocTaTka.

vii) O3oJieHHe TpU 3aJlaHHOW TeMIepaType 10

“mocTtostHHOM ~ Macchl”  (Ha  TpPaKTHKe
030JIEHHE TPOBOJAT B TEUEHHUE BPEMEHH,
YCTaHOBJIEHHOTO o pe3yabTaTam

HCCJIEIOBAaHUN B TaHHOM J1ab0paTopun).

viii) B3BemmBaHne ocraTka IOCIE O30JCHHUS H
BEIUMCIICHHE COACPXKAHHUS KJIETYaTKH I10
pa3sHOCTH — TIOCJE BBIYMTAHUS OCTATOYHON
MAacchl, HaliJICHHOHW B XOJIOCTOM OIIBITE.

H&mepﬂemaﬂ senuduHa

Conepxxanue KnetdyaTkH, Cpe, BBIPAXKEHHOE KaK
MaccoBas  JIONII B TPOLEHTaX,  Jaercs
BEIPAKEHUEM:
(b—c)x100

a

Cﬁbre =

rue

a  Macca poOBl, T (U1 aHau3a OepyT HaBeCKy
OpUOTU3UTENHHO 1 T)

b  moTeps Macchl pU 030JICHUH B XOJIE
OIpeAeIeHUs, T

¢  TIOTeps MACChl IPU O30JIEHUH B XOJIOCTOM
OIIBITE, T

A6.3 Dtan 2: BrisgBiIeHUE U aHAJIN3
HCTOYHHMKOB HEOMNpPeIeTeHHOCTH

brin BBISABIICH paa HCTOYHHKOB
HEOIIPCACICHHOCTH, KOTOp&BIC IIOKa3aHbI Ha
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Pucynok A6.2: Cxema, MULJIIOCTPUPYIOIIAS CTAAMU METOAUKHU ONpeesieHUsI KJIeTYATKU
B KOpPMaX JUISl JKHBOTHBIX

HMamenbuerue npobbl
W MpONyCcKaHHe
qepe3 CHTO C AYeiiKkaMi 1 Mm

i

Baarue napeciku | r mpobsi
B MOArOTOBNEHHBIA THIEAD

Bapewunsasme THran
IU1A XONOCTOro ONbiTa

JobasneHne QUABTPYIOLIETO CPEACTRA
H AHTHBCMNEHHBAIOLLErD areHTa,
a 3aTeM 150 Ma KunAwero
pacrsopa H,50,

Y

DHeprUYHOE KHIAYEHHE
B Tederue 30 MuH

i

DUALTPOBAHHE ¥ TPEXKPATHOE MPOMBIBAHHE
ocagxa kunswed sogoit (30 ma)

JoGasnexne
AHTHBCTIEHHBAIOLIETO
arenra, a 3areM 150 mn '

Kunamero pacreopa NaOH

DHEPrHYHOE KHIAYEHHE
B TeyeHHe 30 MuH

i

OUNLTPOBAHKE H TPEXKPATHOE NPOMBIBAHKE
ocaaka kunaweit popodt (30 mu)

Y

DuibTPOBAHMKE NOM BAKYYMOM, TPEXKPaTHOS
TPOMBIBAHHE OCAIKA AUETOHOM (25 »)

l

Cywka no nocrosrHo#i Maccel npu 130 °C

Y

O3oneHye 10 NOCTOAHHOM Maccs! mpH 475-500 *C

Y
Buruucnenue Maccopoil 1o0H cHIpOil KAETYATKH

quarpamMme  “‘mpuuymHa  —  cienctBue”  (CMm.
Pucynox A6.9). Oty aumarpaMMmy ynpouiaroT
yH ) Y JHAarpammy - yrporiaror, B pacnopsHKeHUH HUMEIOTCS JTaHHBIC
YTOOBI YCTPAHUTH TyOIMPOBAHKE COCTABIISIONINX,
MEXIa0OpaTOPHBIX W BHYTPHJIA0OPATOPHBIX
B COOTBETCTBUM C INpaBUJIAMHU, H3JI0KEHHBIMH B o
WCCICOBAaHUH  METONUKH.  OTH  JaHHbBIC

npuioxenun D. Bwmecte ¢ ynaneHuem
HE3HAUYMMBIX COCTaBISIIOIIMX (KaJiuOpoBKa U
HEJIMHEMHOCTh BECOB) 3TO BEIET K YNPOIICHHUIO
JuarpaMMbl, TOKa3aHHOW Tenepb Ha PucyHOk
A6.10: VYmpoweHHas AuarpaMma “mpU4HdHA-
ciencreue”

UCTIONB3YIOTCS TPH  ONEHUBAHUM  Pa3THMIHBIX
BKJIAJIOB B HEONPEICICHHOCTh, M 3TOT BOIPOC
o0cyXIaeTcst HUKe.
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A6.4 Jran 3: KosmuecTBeHHOE BbIpaskeHUe
COCTABJISIIOLIUX HeonpeleJeHHOCTH

Pesynomamul mesrcnabopamoprnozo ucciedosanus

JlaHHbII METO. ObLI 00BEKTOM
MEKIab0paTOPHOTO HCCIEIOBAHUSI, B KOTOPOM
AHATM3UPOBATN  IATh  PA3IMYHBIX  00pa3IoB

KOpMa, MPEACTABIAIONINX THIMYHBIC 3HAYCHUS
COJCPXKAHUSA KJIETYATKH MW OJKUpA. YYaCTHHKH
WCCIICMIOBAHUS  BBITIONIHSIM ~ BCE  OIEPAIldH
METOAWKH,  BKIIOYass  W3MeIb4YeHHe  mpo0.
[Toay4yeHHBIE B 3TOM HCCIEIOBAHHHM OICHKH
BOCITPOH3BOIUMOCTH u MTOBTOPSAEMOCTH
npejcTarieHsl B Ta0muia A6.2.

Kak wyacte BHyTpuiaOopaTOpHOW MpPOBEPKHU
METOJUKH OBLIM IMPOBEICHBI SKCIICPUMEHTHI I10
OIICHMUBAHHUIO TOBTOPSEMOCTH (BHYTPH MapTHH
MaTepuana) Ui KOPMOB C  COJEp)KaHUEM
KJIETYaTKH, ONM3KUM K TeM 3HAYCHHSIM, KOTOPBIC
UMEIM MeCTO B XOJIe MeXIabopaTOpHOTO
JKCIepuMeHTa. Pe3ynbTaThl 3TUX HUCCIEA0BaHUM
TaKke mnokazaHnel B TaOmuma A6.2. Kaxnas
OLICHKA MMOBTOPSIEMOCTH BO BHYTPHIIA00PaTOPHOM
3KCIIEPUMEHTE OCHOBaHA Ha MATH MapajlieNbHbBIX
oTpesieNeHusX.

OneHKH MOBTOPSEMOCTH, MOJy4YEeHHBIE B paMKax
BHYTpHJIa00paTopHoOn IPOBEPKH, OBLIH
CpPaBHUMBI C OLICHKaMH, IIOJIY4YEHHBIMH B XOJE

NPEIU3NOHHOCTH B 1abopaTopusix,
y4acTBOBABIIMX B COBMECTHOM O3KCIIEpHMEHTE.
[MosTomy npu COCTaBJICHHU Oro0KeTa
HEONIPEICNCHHOCTH Ul JaHHOH  METOJHUKH
IeJIeCO00pPa3HO  HMCHONB30BAaTh  CTAaHAAPTHOE
OTKJIOHEHHE BOCIIPOM3BOJUMOCTH, TOJyYEHHOE B
Mex1abopaTopHOM 3KcriepuMente. Kpome Toro,
HY)XHO BBIICHHTB, €CTh JIM KaKHe-THOO Japyrue
3}dexTs, KOTOpbIE OKa3aIHCh HEYYTEHHBIMH B
3TOM Me3KI1ab0paTOpHOM UCCIIEIOBAaHNH.
[IpoBenenHoe UCCIIeJOBaHNE OXBAaTBIBAJIO
pa3NMYHbIE THUIBI MATPUIBI, a TaKXe CTaJIuio
MpeBapUTEeIbHON 00padOTKH TPOO, MOCKOIBKY
y9acTHUKaM OBLTH pa3ociaHbl MPOOHI,
TpeOOBaBIIME W3MEIbUCHUS TIEpe]] AaHAIU30M.
CreoBaTebHO, HEONPE/ICIICHHOCTH, CBSI3aHHBIC
C BIHMSHHEM MaTPUIBl U TPEABAPUTEIHHOM
00paboTkoif mpoO, HEe TpeOyIT KaKoro-ITudo
JONOJIHUTENBHOTO y4era. [lpyrue mapameTpsl,
KOTOpBIE BIMSIOT Ha pe3yNbTaT, OTHOCITCS K

UCIIOJIb3YEMbIM B METOANKE YCIOBUSAM
OKCTPaKMM M CYIIKH. XOTA CTaHAApTHOE
OTKJIOHEHHE BOCIIPOM3BOIUMOCTH  JIOJDKHO

BKJIIOYATH BIMSHHAE M3MEHEHUS 3THX I1apaMeTpoB,
UX WCCIEIOBAIM OTNEJIBHO JJIsI TOTO, YTOOBI
YCTaHOBHUTb, HAXOIMTCS JH TMOJ KOHTPOJIEM
cMemieHrne, mnpucymee Jaboparopuu (T. e.
YCTaHOBHTH, OyJET JIM OHO MAJIO TI0 CPAaBHEHUIO

6 3 co CTaHIaPTHBIM OTKJIOHEHHEM,
MEkKJIa00paTOPHOTO IKCTICPUMEHTA. TO XApAKTEPHYIOMM BOCIIPOH3BOTMOCTS).
YKa3bIBacT Hfl TO, 4YTO NPEUU3NOHHOCTHE MCTOANKHU Pe3yHBTaTLI UCCIIENOBAHMS  OTHX  BJIHSIOLIHMX
B JaHHOH naboparopuu Onn3ka K

Tabauua A6.2: CBoaka pe3yJIbTATOB Me:KIa00PATOPHOIrO HCCJIe0BAHUSA METOAMKH 1

BHYTPUWIA00PATOPHOM POBEPKHU MOBTOPAEMOCTH

Conep:xanue kjier4atku, % (macc.)
Pe3yabTaTsl MexkaabopaTopHoro ucciaenoBanusi| CranmapTHoe
OTKJIOHEHHe
Cpennee CrangaptHoe CraHaapTHOoe | MOBTOPSIEeMOCTH
Oopa3zen 3HaYCHHE OTKJIOHEHHE OTKJIOHEHHE 10 JAHHBIM
BOCIIPO- NMOBTOPSIEMOCTH |BHYTPHJI1a00paTo
H3BOAMMOCTH (s) PHOI1 IPOBEPKH
(s»)
A 2,3 0,293 0,198 0,193
B 12,1 0,563 0,358 0,312
C 5,4 0,390 0,264 0,259
D 3.4 0,347 0,232 0,213
E 10,1 0,575 0,391 0,327
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(hakTOpOB 0OCYKIAFOTCSI HUXKE.

Homepﬂ Mdaccsl npu 03071€HuUU

Ilockonbky 'y  Hac  HET  IOAXOMSILErO
CTaHJapTHOTO oOpa3na A 3TOM METOAWKH,
BHYTpHIIa0OpaTopHOe CMellleHne clenyer
OLICHHUBATh IMyTEM paccMOTpECHUA
HeOHpeIleJ’ICHHOCTCﬁ, CBA3aHHBIX C OTACJIIBHBIMH
onepanusMu. B HeonpeneneHHOCTh, CBA3aHHYIO C
noTrepeil Maccel MpHU 030JIEHUH, OYIYT BHOCUTH
BKJI&]J| CIIEAYIONIHE (DaKTOPHI:

®  KOHUEHTpAaUHs KACIJIOTHI;
®  KOHUEHTpalus LIEI0YH;

®  MPONOIDKUTENHFHOCTh  KHUCIOTHOTO  pasio-
JKEHUS;

"  OPOJOJDKUTEIBHOCTH  IIEJOYHOTO  pasio-
JKEHUS,

=  TeMmIeparypa U HpoJODKUTENBHOCTD CYIIKY;

= TeMmmeparypa u MPOAOJIKUTENBHOCTD
030JICHHUS.
Konyenmpayuu peazenmos u

npodomfcumeﬂbﬁocmb PAa31024CERUA

Brusiaue KOHIICHTPAINH KHCJIOTEI,
KOHIICHTpAIMK IIEJI0YM M MPONOJIKHTEILHOCTH
KUCJIOTHOTO M INEJIOYHOTO pPAa3IOKEHUs ObLIO
HCCIIEZIOBAHO B paHee OIMyOIMKOBAHHBIX PabOTax.
B oTux wuccrenoBaHHMAX OLCHHWBAIH BIHMSHUE
U3MEHECHUS  ONpE/eNIEHHOro  Iapamerpa Ha
pesynpTarT aHanuza. JId Kakaoro mapamerpa
HaXOJWIN KO3()(QUIIMEHT 1yBCTBUTEIBLHOCTH (T. €.
CTETeHb M3MEHEHUs] KOHEYHOTO pe3yibTaTa MpH
W3MEHEHUN TlapamMeTpa) M HEONpeleNeHHOCTb
3TOro napameTpa.

[TpuBeneHHbIC B Tabnuna A6.3
HEOMNPEEICHHOCTH MaJbl 0 CPaBHEHHIO CO
3HAYCHUSMH BOCITPOM3BOIUMOCTH,

npencTarieHHbiME B Tabnuna A6.2. Hampumep,
CTaHJApTHOE OTKJIOHEHHE BOCIPOU3BOJAUMOCTH
uist  mpoObl, comepxamed 2,3 % (macc.)
kieryaTkd, paBHo 0,293 % (macc.), a
HEONpECNeHHOCTh, CBSI3aHHAs C BapHaluei
BpPEMEHH KHCJIOTHOTO Pa3lIOKEHHsI, OLIEHHBACTCSI
BenuunHod 0,021 %  (momydeHHOM — Kak
2,3x0,009). IloatoMy MBI  MOXEM C
YBEPEHHOCTBIO npeHebpeynb

HEOMMPEACIICHHOCTAMMU, CBsA3aHHBIMHU C
NU3MCHCHUAMU OTUX IMapaME€TPOB METOANKH.

Temnepamypa u npoOONACUMENLHOCHb CYUIKU

B nmanHOM ciiyyae y Hac OTCYTCTBOBAJIM Kakue-
nu0o mpenBapuTelbHBIE JaHHBIE. Meroxuka
YCTaHABIUBAET, YTO OCAIOK CJIEAYET CYIIUTh IpU
130 °C nmo “nocrossHHON Macchl”. C 3TOH LENBIO
ero cymar B TedyeHue 3 yacoB npu 130 °C u 3atem
B3BemMBaroT. llocie 3TOro ocamok cymar emie
OIVH Yac M BHOBb B3BEIIMBAIOT. B naHHON
nabopatopud  Macca  ocaJka  CUYHMTaNach
NOCTOSIHHOM,  €CIi €€  HM3MEHEHHEe  IpH
HOCJIEJ0BATENbHBIX B3BELIMBAHUAX HE
MpeBbIlano 2 Mr. B mpoBeieHHOM HcCaeAOBaHUI
OCaJIKM TapaJIeNIbHBIX MPO0 YeThIpeX 00pasioB
kopma cymmiaun npu 110, 130 u 150°C u
B3BELIMBaIM Tmocie 3 U 4 yacoB cCylwku. B
OOJBLIMHCTBE CIy4aeB U3MEHEHHE Beca MEXay 3
u 4 4JacamMH CYIIKH OBUIO MEHbINE, YeM 2 MT.
[TosToMy 3TO 3HaueHHE OBIIO B3STO AJISI OLIEHKU
HEONPEICICHHOCTH, CBS3aHHOM C H3MEHEHUEM
Macchl pu cymke. [IpuHumas +2 Mr B KauecTse
IpaHUILl OPSMOYTOJIEHOTO pacrpeneneHus,
HaxXoIuM  CTaHOAPTHYIO  HEONpPEIEeNEeHHOCTb
IyTEM JEIEHUSA Ha V3. Torna HEOIIPEEICHHOCTD
Macchl, HAWJACHHOW MOCIE CYLIKH, COCTABUT
0,00115 r. Meroauka aHanu3a npenrycMaTpHUBAcT,
91O Macca mpoObl coctaBmser 1 1. Jis mpoOs
Takoro pasMepa HEONPEAEIICHHOCTh CYLIKH ‘N0
MOCTOSIHHOM MacChbl” COOTBETCTBYET CTaHAAPTHOMN
HEONPEeNIETICHHOCTH coAepskanus kneryatku 0,115
% (macc.). Ota COCTABJISTIOIIIAs
HEONPEICICHHOCTH HE 3aBUCUT OT COACP)KaHUs
KIETIaTKH B TMpode, IMO3ITOMY TIpH JTIOOOM
COIOCpKAHMU KJIETYATKH Mbl OylneM HMeTb
NOCTOSIHHYIO ~ COCTaBJSIIOIIYI0 B OOIDKETe
HeonpezneneHHocty, pasHyoo 0,115 % (macc.).
OTa HEONpeneNeHHOCTh MEHBIIE CTaHAAPTHOTO
OTKJIOHEHHS BOCIPOM3BOIUMOCTH; MJSI  BCEX
mpob, KpoMe mpod C camMbIMH  MaJbIMU
CONICp)KaHUSIMH, OHAa COCTaBIseT MeHbIne 1/3
3HAa4YCHUS Sp. BHOBb, Kak W B MpeIblAyIIEM
cllyyae, 3THM HCTOYHHKOM HEONPEAEICHHOCTH
MOXHO mpeHeOpeub. OOHAKO TMpPU  HU3KHX
COICPXKAHUAX KJIETYaTKU 53Ta COCTABIIIIOLIAs
Oyner Oompbme 1/3 sz, W ee cilemyeT ydecThb B
Oromkxere HeompeaeneHHocTH (cMm. Tabmwmma
A6.4).
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Temnepamypa u npoOOAHCUMENLHOCHb 0301€HUSL

Metoauka TpeOyeT NPOBOAWTH O30JICHHE HpU
475°C — 500°C we wMenHee 30 wmuH.
OnyOnMKOBaHHOE MCCIIEJOBAHUE IO BIIUSHHIO
YCIIOBUH 030JICHHUS PAacCMAaTpPUBAET ONpeAeICHUE
COIOEpXKaHUS  KJIETYaTKU IPU  HECKOJIBKHX
KOMOWHAIIMAX TapaMeTpoOB TeMIepaTypa/mpo-
JOJDKUTENBHOCTh O30JICHHS B JAMANa3oHe OT
450 °C / 30 mun go 650 °C / 3 4. IIpu s>TOM He
Ha0Jr01aJ10Ch 3HAYUMBIX pasnnuuit B
COIEPXKAHUAX KICTYATKH, MOJIYYEHHBIX B ITHX
ycnoBusix. [losTomy npuHMMaeMm, 4TO BIMSHHEM
HeOONBIIMX  HM3MEHEHUM  TeMmepaTypbl U
NPONOJDKUTEIIBHOCTH  O30JICHUS Ha pe3yibTaT

aHaJIM3a MOKHO TpeHeOpeys.

Homepﬂ Maccvel npu  03071€HuuU 6 XO0J10CHOM
onvime

OTHOCHUTEIIBHO 3TOrO napamerpa
IKCIIEPUMEHTANIBHBIX JaHHBIX He Obu1o. OmHako
HEONPEICICHHOCTH BO3HUKAIOT, NPEXIE BCETO,
OT B3BEMMBAaHMWS (0 TIOCTOSHHOW MacCHl).
IlosTOMYy BIHSIHME M3MEHEHHH 3TOr0 HapaMmeTpa,
BEPOSITHO, MajJo0 M  JOCTaTOYHO  IIOJIHO
NPEACTABICHO B PE3yJbTaTax MExIa00paTOPHOTO
UCCIICIOBAHUS.

Tadauua A6.3: HeonpeaeeHHOCTH, CBSI3AHHbIE ¢ IAPAMETPAMHU METOAUKHU AHAJIU3A

IMapametp Ko>pdunuent CranpaptHast OTHocHuTeNbHAS
YYBCTBHTEIbHOCTH HEONpeaeTeHHOCTh CTaHJApTHAs
MNPUMEYAHMUE 1
napaMerpa HeoNpeIeJTeHHOCTh
KOHEYHOT0
pe3yabTara
NPUMEYAHUE 4
Konnenrparms 0,23 (vomp ) 0,0013 wmomp i1 0,00030
IMIPUMEYAHUE 2
KHCIIOTHI
Konnenrparms 0,21 ( momb ') 0,0023 wmomp i1 0,00048
ITPUMEYAHUE 2
IeJI0Yn
IIpoaOIKHTENBHOCTD 0,0031 mun’ 2,89 mpy PUMEYAHHE 3 0,0090
KHCIIOTHOTO
pa3IoXKEeHUS
[poaOIKHUTENBHOCTD 0,0025 mun’ 2,89 mpy PUMEYAHHE 3 0,0072
IEJIOYHOTO
pa3IoXKEeHUS

[NPUMEYAHUE 1. KoapduuneHTs 4YyBCTBUTEIBHOCTH OBUTH HaHAEHBI IMyTeM IOCTPOSHHS 3aBUCHUMOCTH
OTHOCHUTEJIFHOTO HM3MEHEHHUS COAEpKaHWs KJIETYaTKH OT KOHIICHTPAIMH pearcHra HiH
MIPOJIOIDKUTENIBHOCTH  PA3IoKeHMs. /[l BBIYMCICHHS CTENEHH W3MEHEHHS pe3yiabTaTa
aHauM3a TP W3MEHEHHHM COOTBETCTBYIOLIETO IIapaMeTpa HCIIONb30BAIN JIMHEHHYIO

perpeccuro.

[MPUMEYAHUE 2. CrangapTHble HEONpeAeNeHHOCTH B KOHIIGHTpAIlMM PACTBOPOB KHUCIOTHI W IETIOYHU
BBIYMCIISUIA Ha OCHOBE OIIEHOK MPEIM3MOHHOCTA M TMPaBUILHOCTH JJISi MEPHOU MOCYBI,
WCTIONIb30BAaHHOM JUISI WX TPUTOTOBJICHHSI, BIUSHHS TeMIeparypbl W T. A. B kauecTBe
JIOTIOJTHUTEJIBHBIX ~ MPUMEPOB  BBIYUCIICHUS HEOMPENEICHHOCTH TMPH MPUTOTOBICHUU

pacTtBOpoB (cM. mpumMeps! Al-A3).

ITPUMEYAHMUE 3. Meronuka ycTaHaBIMBaeT MPOJIOJDKUTENBHOCTh pasnoxkeHus 30 muH. Bpems pasznoxeHus
KOHTpOJIMpyeTcss B mpenenax + 5 MuH. [IpuHMMas, 9TO pachpeneneHHe B YKa3aHHBIX
TPaHUIAX HMEET INPSIMOYTOJbHYI0 ()OPMY, CTAHAAPTHYIO HEONPEACICHHOCTh IOIYydYaroT

IeIeHUEM Ha V3.

ITPUMEYAHMUE 4. HeonpeneneHHOCTh KOHEYHOI'O pE3ylbTaTa B BHJE OTHOCHUTENBHOIO CTAHAAPTHOTO OT-

KIIOHCHUA MoJIy4yaroT
HCONPCACICHHOCTD IMapaMeTpa.

YMHOKCHHUEM

ko3¢ punmeHTa  YyBCTBHTEIBHOCTH  Ha
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A6.5 Jran 4: Beluuciaenne cyMmMapHoOi
CTAHJAPTHOI HeonpeieJIeHHOCTH

Msb1 paccmaTpuBaeM TpPUMEDP AMIHPUIECKOTO
MeToJa, MU KOTOPOTO HWMEIOTCS  JaHHbBIe
MeXIIadopaToOpHOTO 3KcrepuMenTa. Kpome Toro,
OblTa OIEHEHa TMOBTOPSIEMOCTh B  JaHHOH
nabopatopu W YCTaHOBIEHO, YTO HaWIeHHAS
OIIEHKa CpaBHHUMA C TOW, KOTOpas ObLIa IMoydeHa
B MeXIa0opaTopHoM wuccienoBanuu. [loatomy
BIIOJIHE 00OCHOBAHO MCITOJIb30BaHUE 3HAYEHUH S,
B3STHIX W3 MEXJIa00paTOpHOTO 3KCIEPUMEHTA.
OOcyxneHne Ha 3Tare 3 TMPUBOIUT K BEIBOAY,
YTO, 332 WUCKIIOYCHHWEM BIHSIHHUSA yCIOBHH CYIIKH
MpU HU3KUAX COJNEPXKAHUSAX KIIETYATKH, APYTHE
BBISIBIICHHBIE  WCTOYHWKH  HEOMNPEIeIEHHOCTH
MaJbl 10 CPaBHEHUIO C Sp. B 3TOM M momoOHBIX
eMy CcIy4asx OIIeHKa HEOIPEIeICHHOCTH MOXET
OBITh OCHOBaHa Ha CTaHAAPTHOM OTKIOHEHUH
BOCTIPOH3BOJIMMOCTH SRy MTOJTy9€HHOM B
MeXIIadopaTopHoM 3kcnepuMenTe. s mpob ¢

coJepKaHueM KieTdaTtku 2,5 % (Macc.) B OLICHKY
HEOIIPEICNICHHOCTH BKJIIOYECHO JIOTOJIHHUTEIBHOE
cllaraeMoe, y4YHTBHIBAIOIIEEe HEONPE/ICICHHOCTD,
CBSI3aHHYIO C YCJIIOBHSIMH CYIIKH IO ITOCTOSTHHOM
MaccCHl.

Cmanoapmuas HeonpeoeieHHOCHb

Tunmanere 3HAYCHUS CTaHAApTHOH
HEOTIPEICTICHHOCTH JUISI HECKOJNBKUX 3HAYeHUH
CONlepKaHWsl KIETYATKH TpHBeNeHB B Tabmwuia
A6.4.

Pacwupennas neonpedenennocmeo

Tunuunsie 3HAYEHUA pacIIMpeHHON
HEOTIpeIeTICHHOCTH TpuBeAeHbl B Tabmuma A6.5.
OHHM BBIYMCIICHBI C IPUMEHEHUEM K03 duIrenTa
oxBata k 2, 4YTO [JaeT YpPOBEHb JOBEPUS
npubau3UTENnsHO 95 %.

Tabnuua A6.4: 3HavyeHuss CyMMapHO# CTAHJIAPTHOW HeonpeAeJeHHOCTH

Conep:xanue CranpaptHasi OTHoCHUTENbHASI CTAHIAPTHAS
KJIETYATKH HeOoNpeIeJTeHHOCTh HeonpeneaeHHoCThb U (Cep) /
% (Macc.) U Crivre) % (Macce.) Chibre
2,5 0,29° +0,115* =0,31 0,12
5 0,4 0,08
10 0,6 0,06

Tadauua A6.5: 3HauyeHHns pacIIMPEHHOI HeonpeaeJeHHOCTH

Conep:xanue Pacmupennas OTHocHuTEAbHAS
KJIeTYATKH HeonpeneaeHHocTs U(Cyyy.) pacmmpeHHast
% (macc.) % (macc.) HeoNpeIeTeHHOCTh
2,5 0,62 25
5 0,8 16
10 0,12 12
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Pucynok A6.9: Iluarpamma “npuymHa-cjaeAcTBHe” 1JIf ONpeeIeHUs KIeTYaTKH B KOPMaXx JIsl sKUBOTHBIX

IHoTepsi Macchbl IpU 030J1eHUM

B X0JI0CTOM X0y (€) Macca npo6ei (a) Bocnpouszsogumocts
IIponomxu-
TemmepaTtypa TenbHOCTB [ponomku-
CYILKH CYILIKHU

TeMnepaTyp TCIBHOCTh
0O30JICHUA

Macca Turis »\ Kanubposka
IO 030JIEHHS BECOB
Macca turas

®— B3BemmuBanue npoOsl

@—— DKCTpaKIus

Henuneitnocts T1I0CJI€ 030JICHUA

Becos lenounoe Kucnortnoe Kamu6poBka o & Oszonecnue
Kanu6poexa ¥ DATOKCHNHS™ POBKE,\ § HenureiinocTs
pa3ﬂ0)KeHHe p BECOB -a— HenunelHOCTh
BECOB Becon Becos BspeumBanne
B3BemmuBanue OCTATKA
TUTIIS
B3BemuBanue TUris
»| Cobipas
TIponosmu- KJIeTYATKA
Temneparypa TEJILHOCTh
%
030JI¢HHS 030JIgHHS (1} (MaCC.)
Kucnornoe Ilenounoe
Macca octaTtka u - ozlonmnTe?TaSHO)KeHHe TIpoRoIKHTEN pasjioxeHue
THUIJIA TIOCJIC P O0beMm BHOCTH
pHOCT O6bem
030JICHUS HenmHeiHocTs >/ KamaGposka KI/ICJ'IOTLIY
VYcnoBus CI0BHSA HIeJI0YU
BE€COB BE€COB
B3BemmBanue THIIS pasnoxeHust K PasIOKCHIA / KoHueHTpanyst
OHIICHTPAIIHS Imetou
CkopocTh
- KUCJIOTBL CkopocTh
* JIOTIOJTHUTENIbHBIC BETBH, OTHOCSIIIHECS K p BEITIAPHBAHUS Macca npoGst
Y THUTJIS
BETBSIM “‘KMCIJIOTHOE pa3jloKeHUe” U 1
« » KamSposk JI0 030JICHUS
LIEJIOYHOE PA3JIOKEHUE” B ONEpaLUsiX Heuneinocts anmmbpoBKa

IIOATOTOBKH THLJISA, ISl IPOCTOTBI BECOB BECOB
onyuieHbl. Ha HUX BIUSIOT Te e caMble
(hakTOpHI, KOTOPBIE BIUAIOT HA TIPOOYy (T. €. Temneparypa  IIpomomxkure B3BeluBanue TUTISA
YCIIOBUS Pa3JIOKEHUs, KOHLIEHTPALUS CYLLKHU JILHOCTh
KIACTIOTET A An \ CyIHKH

IHoTrepst maccol npu 030J1eHuM (b)
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Pucynok A6.10: Ynpomennas nuarpamMma “rnpu4uHa-cjaeAcTBHe”

IHoTepsi Macchl IpU 030J1eHUM
B X0JIOCTOM X071y (¢)

[ponomxu- Bocnpoussoaumocts
Temneparypa  renproCTS
CYILKHU CyIIKH [ponomxu-
Temnepatypa  renprocts
030JICHUS 030JICHUS ®— B3BemmuBanue mpoOsI

~—— OKCTpakuus

Macca turas »
JIO 030JICHHUS
Macca turms
TTOCJIE 030JICHUS
Illenounoe  KuciotHoe

pa3joKeHUe  paslIoKEeHUe
BsBemmBanue

ocCTaTKa

Coipas
KJIeT4YaTKa
% (Macc.)

Kucnornoe lenounoe
pasioKCHUEC IIponomxkurensno Pa3JIOKECHUE

II CTb
pOZ[OJ'D:I:TeJH:HOC O6beM O6Bem
KHACJIOTBI
VYcnosus VYcenosus meJIoYn
pas3yIoKeHus pas3yIoKeHus Konuentpanus
Konuenrpanus ~—— enoun
CkopocTb B —
KHCJIOTBI CkopocTh
BbINIAPUBAHUS Macca npo6s1
BBIMMADWUBAHUA

W TUTJIA
J10 030JICHUA

IIponomxu-
Temmeparypa TENBHOCTH
030JICHUS 030JICHUSA

Macca octaTka u
THIJIS II0CJIE 030JIEHUT

Temmeparypa IMponomxku-
CymIKH TEITEHOCTD
CYILLIKH

IMoTepst Mmacchl mpu 030 ieHuu (b)
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IIpumep A7

IIpumep A7: OnpenesieHue CBMHIA B BOJAE METOA0M MACC-CIIEKTPOMETPHH €
HHAYKTHBHO-CBSI3aHHOM IJ1a3MOil U IBOMHBIM M30TONHBIM pa3daBjieHUeM

A7.1 BBenenune

OTOT TpUMEp MOKa3biBaeT, KaK IOHATHE
HEOMNPE/ICICHHOCTH ~ MOXHO  TPUMEHUTh K
U3MEPEHHUIO MOJISIPHOTO COZICP)KaHUsSl CBUHIA B
npoOe BOJBI C TIOMOIIHIO MACC-CIIEKTPOMETPHH C
n3oTOonmHBIM pazdaBnenneM (IDMS) u  wmacc-
CIIEKTPOMETPUH c WHIYKTHBHO-CBS3aHHOMN
mwiazmoit (ICP-MS).

Obwee @gedenue 6 Macc-CNEKMpOMEmMpuIo ¢
0BOLHbIM U30MONHBIM PA30asieHUeM

Macc-ciekTpoMeTpust c H30TOMHBIM
pasbaBieHueM mpu3HaHa ~ KoHCyNnbTaTHBHBIM
Komurerom mo KomuuectBy BemectBa (CCQM)
B KauecTBe METOJa, KOTOPBIH MOXKET CTaTh
MEPBUYHBIM METONOM u3MepeHuil. s »Toro
METOa  HMEETCS  XOpOUIO  OIpelesiCHHOE
BBIPKEHHE, OIMCHIBAIOIIIEE HU3MEPSAEMYIO
BeNMYMHY. B mpocreiiniem ciiydae H30TOMHOIO
pa30aBieHHsT C  WCIONB30BaHHWEM  JOOABKH
M30TOITHO-00O0TAIIEHHOTO CTaHIAapTHOTO 00pasma
U3MEPSIOT OTHOIICHHUS WHTEHCUBHOCTEH
M30TOIHBIX MMUKOB B Mpo0Oe, 100aBKe, U CMECH C
W3BECTHBIMH MaccaMH TpoObl ¥  JOOaBKH.
MonsipHoe conepkaHue 3jieMeHTa B Ipole
OTIpENIENIACTCS U3 BBIPAXKCHUS

M

IZie ¢x U ¢, — MOJSIPHOE COZEp>KaHUE IEMEHTA B
npobe u  J00aBKE  COOTBETCTBEHHO  (HJIsd
0003HAYCHUSI MOJIAPHOTO COJCPIKAHUSA 3]IECh
HCTIONB3YeTCS CHMBON ¢ BMECTO CHMBONA k',
9TO00BI M30€XKaTh IYyTAHUIBI C MOMPABOYHBIMU
koo unmentamu K u koddpdunmentamu oxsarta
k). my m my, macca npoObl M Macca 100aBKH,
COOTBETCTBEHHO. R,, R, m R, — OTHOIIEHUA
WHTEHCUBHOCTEW M30TOIHBIX MUKOB. MHAEKCHI X,
y U b OTHOCSTCSA, COOTBETCTBEHHO, K TIpoOe,
no0aBke W cMecu. BpiOMparOT OJMH HM30TOII,
00bIYHO  HamboJiee PacHpPOCTPAHCHHBIM IS
npoObl, W U30TONHBIC OTHOIICHUS JUIS BCEX
OCTaJIbHBIX HM30TONOB BBIPAXKAIOT OTHOCHUTEIBHO
BBIOpaHHOTO.  3aTeM  ONPEICIICHHYH  Mapy
H30TOTIOB: H30TOII CPaBHEHUS u
(IpeAnoYTHTENBHO) U30TOTI, Haunbonee

pacmipocTpaHEeHHBIN i 100aBKH, BBHIOMPAIOT B
Ka4yecTBE KOHTPOJIBHOIO M30TOIHOI'O OTHOILICHHS,
nanpumep, n(*"Pb)/n(***Pb). Ry u R, ecTb Bce
BO3MOXXHbIE W30TOIHBIC OTHOLICHUS B Ipode
nobaBke  cooTBEeTCTBeHHO.  Jlns  m3oToma
CPaBHEHHMA 3TO OTHOLIEHHE paBHO 1. K, K,; u K,
MIPEJICTABIAIOT CO00¥ KOA(PDHUITUESHTHI, BBOISIIINE
NOIPaBKy Ha IUCKPUMHHALMIO IO MaccaM i
OTIENbHBIX U30TOMHBIX OTHOLICHUH, CBSI3aHHBIX C
mpoOoi, M00aBKOW M CMECHIO COOTBETCTBEHHO.
Kosddummentst K  Haxomar ¢  ITOMOIIBIO
CTaHIApTHOTO o0Opa3ua M30TOMHOI0 CcocTaBa
COTJIACHO YpaBHEHUIO (2).

R
rie K() — certified (2)

observed

K=K, +K,

ias 2

rae K, — mompaBouHbIH K03)UIMEHT Ha
JIUCKPUMMHAIIMIO 110 MaccaM B MOMEHT BPEMCHHU
“HONB”;  Kijas KOO(PQUIMSHT  CMEIICHUS,
UCTOJb3yeMbIl, Koraa kodddumnuent K BBOAUT
MOTPAaBKY B W30TOIHBIC OTHOIICHHUS, U3MEPSICMbIC
B pa3Hble MOMEHTHI BpPEMEHH B  XOJIe
IKCIIEPUMEHTA. Ky, BKJIIOYAET TaKKEe JPYrue
BO3MOJKHBIE HCTOYHUKH CMEIEHUs, TaKhe Kak
MONPaBKY Ha MEPTBOE BPEMsl YCHITUTEIIS, BIUSHUC
Matpullbl M ApP. Reeiied ©CTh  HM30TOIMHOE
OTHOIIICHWE, B35ATOEC M3  CcepTU(HUKaTa Ha
CTaHJIAPTHBIM 00pa3el] W30TOIHOrO0 COCTaBa, a
Rpserved — HaOII01aeMoe OTHOILLIEHUE
MHTEHCHUBHOCTEH H30TOIHLIX ITMKOB IS JTOIO
CTaHIapTHOTO oOpa3ia. B skcmepuMmeHTax 1o
IDMS C HUCIIOJIL30BAaHUEM WHIYKTUBHO-
CBSI3aHHOM I1a3Mbl pa3/ieICHUE HOHOB 10 MaccaMm
U3MEHSAETCS BO BPEMEHU, 4YTO OOYCIIOBJIMBACT
HEOOXOJUMOCTh  OTJACIBHBIX  IOMPABOK  Ha
JUCKPUMHMHAILIMIO [0  MaccaMm  JUIS  BCeX
OTHOIIIEHUM MHTEHCUBHOCTEN M30TOIHLIX ITHKOB B
ypaBHeHuu (1).

CrannapTHBIHA obpaserr, 00OTaIICHHBIHI
OTIpEICICHHBIM H30TOTIOM, YacTO OTCYTCTBYET.
UTo0b! MpeoaosaeTh 3Ty TPYAHOCTh, MPUMEHSIOT
“ABOMiHOE  W30TONMHOE  pasbamieHue”.  Jra
METOAHUKA HCIIOJIB3YET MCHEC H3y‘-leHHbII71
M30TOITHO-000TaIIeHHBIH MaTepHuai-g00aBKy
BMECT€ C aTTeCTOBaHHBIM  00OpasnoM (oH
0003HaUYeH dYepe3 z), HUMEIOIIMM HPUPOIHBIN
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IIpumep A7

M30TOMHBIA COCTaB. ATTECTOBAaHHBIA OOpaszer ¢
OPUPOAHBIM COCTaBOM  BBICTYNAaeT 34ECh B
KauecTBe  HMCXOJHOro  oOpasma  (3TayioHa).
Hcnone3yroT aBe cMecH: CMech b SBIsieTCS
CMECBIO TTPOOBI U 00OTaIEHHOH JOOaBKH, KaK U B
ypaBHeHuu (1); BTOpyro cMech b’ TOTOBAT U3
YVIOMSHYTOTO  HCXOOHOrO  obpasma z H
o0orameHHOro marepuaia y. OTO  JaeT
BEIpaXEHHE, TOX0XKee Ha ypaBHeHuE (1):

K, R,
m'y Kyl -Ryl _KVb_va Z( Z Zl)

¢, =¢ m_z K'b'va_Kzl 'Rzl 'Z(Kyi -Ryi)

3)

A€ ¢, — MOJISIpHOE CcOfep)aHHe »JJIeMEHTa B
pacTBope MCXOAHOTO oOpasia; m, — Macca 3TOro
oOpasua, B3sTas [Jisi TPUTOTOBICHHS HOBOM
cMecu. m’y — Macca O0OralleHHOro pacTBOpa-
nobasku, Ky, R’y,, K, u R, ecTb monpaBoYHBIC
KO3 GUIUEHTB K W M30TOIMHOE OTHOIICHUE IS

HOBOH  CMeCM M  HCXOZHOro  oOpasima
COOTBETCTBEHHO. MHIEKC Z OTHOCHTCS K 3TOMY
ucxogHoMy obpasity. [emenue ypaBHenus (1) Ha
ypaBHeHue (3) maet

K. -R.
. E'Kyl'Ryl_Kb'Rb.Z( xi xl)
g mx Kb'Rb_le.Rxl (Kyi.Ryl)
Cx _ i
¢, K, R
c, . ﬂ Kyl 'Ryl _Klb _va ' IZ( zi 21)
Y om, K'R.-K, R, Z(Kyi 'Ryi)

4

VYnpomasi 3T0 ypaBHEHHE W BBOJIS IONPABKY Ha
XOJIOCTOH OTBIT, Chjank, IOTTYIUM:

Tadauua A7.1. CBogka napaMeTpoB AJisl METOAa MACC-CIIEKTPOMETPHH ¢ U30TONHBIM pa30aBjieHueM

ITapamerp Onucanue ITapamerp Onucanue
My Macca npoOsl B cMecH b [r] my Macca o0oraIiieHHONW J00aBKH B CMECH
b [r]

m'y Macca oOorarieHHoM 100aBKH B m, Macca ICXOTHOTO 0Opasiia B cMecH b’
cMecu b’ [r] [r]

Cx MOJIIPHOE COJICpIKaHUE AIEMEHTa B | ¢, MOJIIPHOE COJICpIKAaHUE IIEMEHTA B

-1 -1

npo0e x [MOJIb I WU HCXOJIHOM 00paslie z [MOJIb T WJIH
MKMOJTh r—l]HPI/IMEqAHI/IE 1 MEMOJTb F-I]HPI/IME‘IAHI/IE 1

cy MOJISIPHOE COZICPIKAHUE DIIEMEHTA B | Cpjank Ha0II0/TaeMO€ MOJISIPHOE COJIepIKaHHE
n06aBKe y [MOJIb I WK 3JIEMEHTA B XOJIOCTOM OIIBITE [MOJb I
MKMOJIE r—l]HPI/IME‘{AHI/IE 1 T MEMOJIb r-l]HPI/IME‘{AHI/IE 1

R, HU3MEPEHHOE U30TOMHOE OTHOIIeHHE | K MOMPABOYHBIN KOA(DDHUITUSHT Ha

2 2

B cmecu b, n(***Pb)/n(*"°Pb) CMEIIICHUE TIpHU Ry,

R, U3MEPEHHOE U30ToNHOE oTHOoeHue | K, MTOTIPABOYHBINA KOA(PDHUITUEHT HA
B cvecu b’, n(***Pb)/n(**°Pb) cMeleHue mpu R’y

Ry U3MEPEHHOE U30TOIHOE OTHOIIEeHME | Ky, MONPABOYHBINH KOA(PDUITUSHT Ha
000TalIeHHOT0 U30TONAa K U30TOIY CMeIIIeHHE NIPH Ry,
CpaBHEHUS B 000TaIIEHHON
no0aBKe

R, BCE M30TOIHBIC OTHOIICHHUS IS K, MOMPaBOYHBIC KO (DHHUITMESHTHI HA
UCXOAHOTO 00pasna, R,, R,, u m.o. CMeEIIeHNE TIPH R;

Ry BCE€ M30TOIIHbIC OTHOILICHHUS B K, MOTPABOYHBIC KOA(PPHUITUCHTHI HA
aHaJTu3upyeMoi mpode CMeIIeHUE TIpU R,

Ry U3MEpPEHHOE H30TOMTHOE OTHOIEHHE | R, M3MEPEHHOE M30TOMTHOE OTHOIIICHHUE
000TaIeHHOTO U30TOMA K H30TOITY 000TaIEeHHOTO U30TOMNA K U30TOIMY
CpaBHEHHUS B TIpobe x CpaBHEHHS B ICXOHOM 00pasIiie

[MPUMEYAHUE 1: EquHunel MOJSPHOrO COAEPKaHU KOHKPETHU3UPOBAHBI B TEKCTE.
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m, m, K, R,-K, R,

c,=c, -——-

T meom Kb R,—K, R,

K, &)
K ‘R'.-K, ‘R, Z ’“)
-c

K R Z K Zl) blank
VYpaBHeane (5) — 3TO  OKOHYATENHHOE

BBIp@)KEHHE, B KOTOpPOE YK€ HE BXOIUT
nepeMeHHass c¢,. 4YHCIoOBOH HMHAEKC IpH R
OpPEACTaBIsACT  CIEAYIOIINE  ICHCTBUTEIbHbIC
W30TOIHBIE OTHOLICHUS:

=n(***Pb)/n(**°Pb)
R=n(*""Pb)/n(***Pb)

R=n(***Pb)/n(***Pb)
R=n(*"*Pb)/n(***Pb)

Jlns crmpaBKkM Bce mMapamMeTphl TPUBEACHBI B
Tabmuma A7.1.

A7.2 Dran 1: Onucanue

Onepanmu~ o0mield  METOOWUKHA — W3MEPEHUi
npencTaBieHsl B Tabmuma A7.2. Bxoasiue B Hee
BBIYHMCIICHUS M N3MEPEHUSI OIIMCAHBI HUXKE.

Haxooicoenue moasipno2o cooepaircanus c,

Jns naHHOTO OIpeneieHus CBUHIA B BOJE
TOTOBWJIM YETBIPE CMECH Ka)XJ0ro Tuma: b’
(ncxonmHbIl oOpazern + mobaBka), u b (mpoba +
nmobaBka). ITO MaeT yeThipe 3HaUYeHus c,. OqHO U3
THX ompenenenuit (3tamel 1-4 B Tabmuma A7.2)
JIETAIILHO OMHCAaHO aaliee. BrimaBaeMoe 3HaUeHME
¢, TIPEICTaBIsIeT COOOM CpemHee 3TUX YeThIpex
onpeeacHUi.

Taoauma A7.2. ITociieaoBaTe IbHOCTL

onepauui
Onepa | Onucanue
M
1 IIpuroroBneHue UCXOAHOTO
oOpasia
[IpuroroBnenue cmeceii: b’u b
H3MepeHne n30TONHBIX
OTHOILIEHUH
4 Brruucnenue MoaspHOrO
coJiep KaHusl CBUHIIA B IPo0e, ¢4
5 OreHuBanue
HEOIpeAEeICHHOCTH 3HAUCHUS Cy

Buviuucnenue monaproti maccol

BBunmy konebaHmii TPUPOTHOTO HM3OTOMHOTO
CcOCTaBa HEKOTOPBIX 3JEMEHTOB, HampHMep

CBHHIIA, CJIEIyeT ONPENeNUTh MOJISIPHYI0 Maccy
M wucxomHOTO 00pasma, MOCKOJIBKY OHa OyneT
BIIMSTH HA MOJIIPHOE COJepKaHHe ¢,. MomnspHas
macca M(E) onementa E 4umcneHHO paBHa
atomHoit macce snmementa E, A,(E). Atomuyro
MacCy MOXHO BBIYUCIHTH B COOTBETCTBHU C
OOIINM BBIP2YKEHUEM:

4, (E)=H——— (6)

B KOTOPOM 3HAaueHHUS R; TMPEICTaBISIIOT COOOM
WCTHHHBIC M30TOIHbBIE OTHOLICHHMS 3eMeHTa E, a
M('E) - Tabnu4HBIE MAacCHI sEp.

OTMeTHM, YTO W30TOMHBIC OTHONICHUS B
ypaBHeHUH (6) MOMKHBI IPECTABIATE CO00H abd-
COJIFOTHBIC OTHOIIICHHUSI, T. €. B HUX JOJDKHBI OBITH
BHECCHBI TMOMPABKU HA JUCKPUMHHAIMIO IO
MaccaM. [Ipu UCTONB30BaHUU COOTBETCTBYIOIIHX
WHJIEKCOB 3TO naeT ypaBHeHue (7). Maccwl siep
M(E), m1s STHX BBIYHCICHHI Opann U3
JIMTEPATyphl’, TOIJAa KaK OTHONIGHHS R, |
KOX(pOUITUEHTHI Ko(z1) HaAXOIMIA
skcriepuMeHTanbHO  (cM. Tabmmma A7.8). B
pe3yibTaTe MoIy4IeHO

Zp:Kzi 'Rzi .Mz(iE)
M (Pb, Obpasey 1) =-—— .
szi .Rzi ( )

i=1

=207,21034 rmomnp

Hszmepenue koappuyuenmos K u uzomonHwvix
OMHOUEHUU

Beime  yxe TOBOpPHIIOCH, YTO Ui BBEACHHUS
NONMpPaBKH Ha JUCKPUMHUHALMIO MO0 Maccam
UCHONB3YIOT Ko3(hdunueHT K B COOTBETCTBHU C
ypaBHeHueM (2). Koapdunment K, MOKHO HalTH
c MOMOIIBIO CTaHAAPTHOTO oOpasia,
aTTeCTOBAaHHOTO [0 M30TOIHOMY cOCTaBy. B
JAHHOM cly4ae Ui KOHTPOJIS BO3MOXHOTO
u3MeHeHus: kodduumenta K, HCIOIB30BAIH
obpazerr NIST SRM 981. 3nauenus K, HaxXomsT
J0O WU Tocie  HM3MEPEHUS  OTHOUICHHUS
WHTCHCHBHOCTEH H30TOMHBIX IHKOB, KOTOpOE
KOPPEKTUPYIOT. THUMUYHAs TOCIeN0BaTENLHOCTD
nu3MepeHuii Takosa: 1. (xomocto# ombit), 2. (NIST
SRM 981), 3. (xomocroit omsitT), 4. (cMmech 1), 5.
(xomocroii omeiT), 6. (NIST SRM 981), 7.
(xonocToli ombIT), 8. (aHamu3upyemas npoda), u
m.o.
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Tabamnna A7.3
CMmecn b b’
Ucmonmszo- | Job6ask | IIpoba | [lo6ask | Obpaze
BaHHBIE a a I 2
pacTBOpHI
ITapameTp my my m’y m,

Macca (r) [1,1360 11,0440 |]1,0654 (1,1029

XonocToll OMBIT HEOOXOAWM HE TOJBKO ISt
BBEACHUS COOTBETCTBYIOLIEH IONpPaBKH, OH
UCIIOJIB3YETCS TaKKe Ui KOHTPoJs GoHa. Cepuro
HOBBIX U3MEPEHHUI He HAUMHAIIM 10 TeX IOp, ITOKa
XOJIOCTOM OMBIT HE JaBall TOCTOSHHBIN (POHOBBIHA
CHUTHAJI, OTBEYAIOUIMHA HOPMAaJbHOMY YPOBHIO.
OtMeruM, 4YTO A0 MPOBEACHUS HU3MEPEHUI
aHANMM3UpyeMyro Tpoldy, cmecwu, [100aBKy U
WCXOIHBIN oOpaserg pazbaBisin hi (6]
HE00XO0IMMOTO MOJISIPHOT'O COZepIKaHUsL.
Pe3ynbrarhl u3MepeHUs] U30TOMHBIX OTHOLIEHUH
U BBIYUCICHHBIE KOIPOUIHMEHTH K, u Ky
cBeneHbl B Tabnuma A7.8.

Ipueomosnenue UCXOOHO20 obpasya u
BbIUUCTICHUEC MOTIAAPHO20 COOEPIHCAHUS, C,.

Brimm mpUTOTOBIIEHBI ABa WCXOAHBIX 00pasma,
KOKIBIH W3 Pa3HBIX KYCOYKOB METAILTHYECKOTO
CBUHIIA C XHMHYECKOW duCTOTOM w=99,999 %,
OTH 1Ba Kycodka OBLTH B3SITHI U3 OAHOW MapTUH
BBICOKOYHCTOTO CBHUHIA. Kycouku pacTtBopsin
MIPH OCTOPOYKHOM HATPEBAHUU MPUOIUIUTENHHO B
10 mnm pasbaBieHHoil a30THOW KucimOoTel HNO;
(1:3) (mo Macce) ¢ mocIeAYIOMIIM pa30aBICHHEM.
W3 kaxgoro MCXomHOTO OOpasiia TOTOBHIIM [IBE
cMecHu. YHCIIOBBIe 3HAYCHUS IJISI OJHOIO U3 3THX
00pas3IoB MPUBEICHBI HIXKE.

PactBopumu 0,36544 r cBuHLA, m;, U Janee
pas6asmim pactBopoM HNO; (0,5 moms 1) 110
o0meit maccrl d;=196,14 r. DTOT pacTBOp Ha3BaH
Obpasey 1. HeoOxommm Oomnee pa30aBIeHHBII
pactBop, U m,=1,0292 1t Ob6pasya [ OO
pas6agieno pactBopom HNO; (0,5 mons 1) 110
o0meit maccsl d,=99,931 r. DTOT pacTBOp Ha3BaH
Obpazey 2. MonspHOoe cojepaHHE CBHUHIA B
Obpa3sye 2, c,, BBIMUACISIOT 110 YpaBHEHHIO (8)

o =M MW 1
*d, d M(Pb,O6pasey 1)
=9,2605x10"* monbr™" =0,092605 MKMOIBT "

®)

IIpumep A7
Tabanna A7.4

¢y (MKMOTIH T)
1 ( Hamr pumep) 0,053738
2 0,053621
3 0,053610
4 0,053822
CpenHee 3HaYeHHE 0,05370
JKcnepUMeHTAJIbHOE 0,0001
CTAHAPTHOE OTKJIOHEHHE (S)

Ilpuecomoesnenue cmeceti

UzBectHO, 4Yro MaccoBas mona  100aBKU
cocrapisieT okoo 20 mkr Pb Ha 1 T pactBOpa, a
MaccoBasi 0N CBHHLA B IPOOE TaKXkKe JICKHUT B
sToM pauamasone. B Tabmuma A7.3 mpuBeneHbl
JaHHblE MO B3BELIMBAHUIO UII IBYX CMECEH,
HCIIOJIb30BaHHBIX B 3TOM IPUMEpE.

Yemanoesnenue nonpaeKku xoji1o0cnmoco onblma Cpgjgp;

B nmanHOM cnydae mompaBKa XOJOCTOI'O OIIBITA
YCTAHOBJICHA C IOMOILBIO BHEIIHEH I'PayHPOBKH.
Bonee o0OCTOATENBHBIM TMOAXOX COCTOHT BO
BHECEHHH O0OTaIleHHOW J00aBKH B XOJOCTYIO
mpody u ee  0o0paboTke  aHAJIOTUYHO
aHammupyeMoit mpobe. OmHAKO BCIENCTBUE
TOrO, YTO B JAHHOM INPHMEPE HCIOIb30BAINCH
TOJIbKO PEAKTUBBI BBICOKOH YHMCTOTHI, 3TO MOIJIO
OBl IPUBECTH K KpPalHUM 3HAYCHUSM H30TOIHBIX
OTHOLIEHHH B CMeCSIX M, Kak CIEICTBHE, K
HEIOCTaTOYHOM  HAJEeKHOCTH  HPOLEAYPHI C
BBeJIeHHMEM oOorameHHOH J00aBKH. 3HaYeHHE
MOJISIPHOI'O COAEP)KaHUs CBUHLIA B XOJOCTOM
ONBITE M3MEPSUIM YeThIpE paza NpH BHEIIHEH
rpagyHpoBKe, U HAWICHHOE 3HAYCHUE Cpjynx PABHO
45107 wmxmoms ' co  cTaHgapTHOI
HeompeeaeHHocTbio  4,0x107  Mkmomp T
(omenka o Tumy A).

Boiuucnenue MOJISAPHO2O CO()epZ)iCClHMﬂ Cy

[loncTaHoBka W3MEPEHHBIX M BBIYMCICHHBIX
3nHaueHnit (Tabmuma A7.8) B ypaBHenue (5) maer
¢,=0,053738 MkMomb . PesymbTaThl  BCEX
YeTBIpeX OIpeAeNeHN mNpuBeaeHb B Tabmiwima
A74.
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KoimmmyecTBeHHOE ONHCaHKe HEONPEAeTeHHOCTH IIpumep A7
A7.3 Jranbl 2 u 3 BeisiBiieHne u i) Heonpeoenennocmo K,
KOJINYeCTBEeHHOE BbIPAiKeHHe
P Kosddummentst K  BBIUUCIAIOT — COTIIACHO

UCTOYHUKOB HEONMPEACTCHHOCTH
Cmpameeuﬂ BbIUUCTICHUA Heonpe()eﬂeﬂnocmu

Ecim ypaaenus (2), (7) u (8) moacraButh B
KoHeuHOoe ypaBHeHume (5) meroma IDMS, To
CIIMIIKOM OOJBLIOE YHCIO HapaMeTpoB B 3TOM
ypaBHEHUHW czenano Obl paboTy C HHUM 3a-
TpyOHHUTEIbHONH. UTOOBI ympocTHTh 3amady,
KodpuIMerTsl Ky U MOJSIPHOE COJEepKaHHEe B
pacTBope  HCXOOHOTO o0Opasma, a  Takke
CBS3aHHBIE C  HHMH  HEONPEAEICHHOCTH
BBIYHMCIISUIN 1O OTIEJIBHOCTH, a 3aTeM BBOAMJIM B
ypaBHenue (5) Takoif mnpueM He BIHAET Ha
KOHEUHYI0  CYMMapHYI0  HEONpPEIENEeHHOCTb
3HAYCHUS Cx, U MOTOMY OH PEKOMEHIYETCsS IO
NPaKTUYECKUM COOOPAKECHUSIM.

[ns  BelUMCIEHUS CyMMapHOW CTaHOapTHOH
HEOTIPEIETICHHOCTH U (Cx) 37€Ch HCIOIH30BAHBI
3HAYEHUS! OJHOIO U3 M3MEPEHUi, Kak OHO
onucaHo B  paszmene A7.2.  CymmapHas
HEONPEACICHHOCTh Cx BBIUYUCIACTCS METOAOM
AIIEKTPOHHBIX Tabmui (mpunoxenue E).

Heonpeodenennocms kosgpgpuyuenmos K

Tabamnna A7.5
3nauenne |Cranmapra [Tun" ™A
ast HHUE 1
Heonpeee
HHOCTb
Kias(Z1) 0 0,001 B
R,  |2.1429 0,0054 A
Ko(zl) (10,9989 0,0025 A
Ko(23) [0,9993 0,0035 A
Ko(z4) 11,0002 0,0060 A
R, 1 0 A
R; 10,9147 0,0032 A
R,, 0,05870 0,00035 A
M, ]207,976636 [0,000003 B
M, (205,974449 10,000003 B
M;  1206,975880 |0,000003 B
M, {203,973028 |0,000003 B

ITPUMEYAHUE 1. OueHuBaHUE HEONPEAEIEHHOCTHU 10
TUIy A (CTAaTHCTHYECKUMH METOJaMH) WU 110 Ty B
(Zpyrumu MeTogamMm)

ypaBHEHUIO (2); WCIONB30BaHWE 3HaYeHWH K
maet mis K:

K,(x)= R cnified _ 2,1681
R 2,1699

observed

=0,9992 (9)

UTOOBl BBIYHCIUTH HEOMPENEICHHOCTh K, MBI
CHayJaja JIOJDKHBI OOpaTUTHCS K CepTHUUKATY, B
KOTOPOM aTTECTOBAHHOE HM30TOIHOE OTHOLICHHE,
paBHOE 2,1681, UMEET  YCTaHOBJICHHYIO
HeonpeneneHHocts  0,0008, oOcCHOBaHHYIO Ha
95 %-HOM noBepUTEIbHOM uHTepBane. s
npeoOpa3oBaHus 3TOM OLIGHKH B CTaHAAPTHYIO
HEONPEACICHHOCTh [IEJIMM 3TO 3HAauYeHHE Ha 2.
OTO0 JmaeT CTaHIAPTHYIO  HEONpPENeNeHHOCTb
U(Reerifica)=0,0004. HabmromaeMoe  OTHOIICHHE

HHTEHCUBHOCTEH HM30TOIHBIX TTHKOB
Robsewed=n(2°8Pb)/n(2°6Pb) WMEET OTHOCHUTEIbHYIO
CTaHIAPTHYIO HEONPEIEICHHOCTh 0,0025.

CyMMapHyI0 OTHOCHTEIBHYIO HEONPEIEIEHHOCTD

KoaduIeHTa K MOXKHO BBIYHCITHTH
CIIETyFOIIAM 00pa3oM:
2
K,(x1
u,(K,(x1)) _ 0,0004 +(O,0025)2
K,(x1) 2,1681
=0,002507
(10)

IlomydyeHHoe 3HaueHWe SCHO VYKa3bIBaeT, YTO
COCTaBIISIONINE HEONPEACIEHHOCTH, CBSI3aHHBIE C
aTTECTOBAHHBIMUA HW30TOIHBIMH  OTHOIICHHUSMH,
nperebpexumMo Mansl. [loaTomy A HaXOXKISHUS
HeompeneneHHocTe kodpdummentos K, Mol
OyJeM HCIOoNb30BaTh TOJIBKO HEOMPEIeIEHHOCTH
WU3MEPEHHBIX U30TOMHBIX OTHOWEHUHN R bserved-

Heonpeodenennocms Ky,

O10oT KOI(D(PHUIMEHT CMemeHus BBOAWUTCS IS
yuyeTa BO3MOXHBIX OTKJIOHCHMH B 3HAYCHHUU
MOTIPAaBOYHOTO KOA(PPUIMEHTA TUCKPUMHUHALINN
o maccaM. Kak MOXHO BUIETh U3 ypaBHEHUS (2),
UMEETCSl CMEILEHHE, CBA3aHHOE C KaKIbIM
koadpdummentrom K. B Hamem cimydyae 3HaYeHUS
3TUX CMEUICHUH HEW3BECTHBI, U MBI IIPUHUMAEM,
YTO OHM paBHBl HyNO. C KaKABIM CMEICHHEM
CBSI3aHa, KOHEYHO, KaKas-TO HEONpPEAEICHHOCTS,
U ee CledyeT YYUTHIBaTh MPH BBIYUCICHUHU
OKOHYATEJIbHON HEONPEIETICHHOCTH. B
MIPUHIIMIIE, CMEIICHHE MOXHO OBUTO OBl y4ecTh
Tak, Kak »dTo caemaHo B ypaBHeHun (11),
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KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH

IIpumep A7

ucnonws3yst  QgparmeHt  ypaBHeHus (5) W
napaMeTpsl Ky 1 Ry;:

Cy = (KoOD + Koy OD)- Ry - rn (1)

3HaveHus] Bcex cMemeHui Ky, (yi, Xi, zi) paBHBI
(0 £ 0.001). Dta omeHKa OCHOBaHa Ha
JUTATENTEHOM OTIBITE U3MEPEHUH CBHHIIA METOJIOM.
He Bce mapametpnl Ky, (yi, Xi, Zi) BKJIIOYECHHI B
Tabmuma A7.5, Tabmuna A7.8 uiau B ypaBHEHHE
(5), HO OHM HCHIOJB3YIOTCS BO BCEX BBIYUCICHHAX
HEOMpPECICHHOCTH.

Heonpedeﬂeﬂﬂocmb usmepeHus macc

B  nmaHHOM  ciyyae — BC€  B3BEIIMBAHUA
TPOBOMIINCH B naboparopuu,
CHEeIMaTU3UpPYIOUIeicss Ha TOYHBIX H3MEPEHMSIX
Maccel. IIpuMeHsBIIasicss TpuU 3TOM METOJHMKA
COCTOsUIa B KOMIIAPUPOBAaHUHM B3BEIIMBAEMOTO
oOpasua c JByMs KaJdHMOpPOBaHHBIMU THPSIMHU,
Oonmplielt W MeEHbIIEH Macchl. JlJIs Kaxmoro
oOpa3na 3Ty MNpouenypy MOBTOPSIIM HE MeHee
mecty pa3. Ilpu 3TOM y4duTHIBadM MONpPaBKY Ha
BBITAJIKUBAOIYI0 cuiny Bo3ayxa. ([lompaBku Ha
OTKJIOHEHHE OT HOPMaJbHOI'O COCTaBa M IMPHUMECH
B BO3/7yXe He yuuThiBaiu.) HeonpeaenenHoctu u3
NPOTOKOJIOB B3BEHIMBaHUs 00padaThBald Kak
CTaHJapTHbIE  HEONPEAENEHHOCTH -  OHHU
npuBeaeHsl B Tadmuma A7.8.

Heonpeoenennocms  moaspnoeo  cooepoicanus
CBUHYA 8 pacmEope UCX00H020 00pasya, c,

i) Heonpeodenennocms amomuou maccol Pb

IIpexne BCETO, HalieM CyMMapHYO
HEOIPEICICHHOCTh MOJIIPHONH MAacChl UCXOJHOTO
oOpasna, O6paszey 1. 3HaueHUs, NPUBEICHHBIC B
Tabmuna A7.5, U3BECTHBI WK OBUTA U3MEPEHBI.

B cootBercTBUM ¢ ypaBHeHHEM (7) BBIUKCIECHHE
MOJIIPHON Macchl IPOBOAAT 10 hopMyIIe:

M (Pb,Obpaszeyl) =
Kzl 'Rzl 'M1 +R22 'Mz +Kz3 'Rz3 'M3 +Kz4 'Rz4 'M4
Kzl .Rzl +K:2 .RZZ +Kz3 .Rz3 +Kz4 .Rz4

(12)

[ns  BblUKMCIEHUS CyMMapHOW CTaHAapTHOH
HEOTIPEeIETICHHOCTH MOJISIpHOW Maccel Pb B
pacTBOpe HCXOZHOro o00pasua HCIONb30BAIN
METOZA OJEKTPOHHBIX TaOJHI, ONKCAaHHBIA B
npunoxxenunn E. Bcero OBUIO BBIIONHEHO 1O
BOCEMb  M3MEPEHHUH  KaXAOTO  H30TOIHOTO
oTtHomIeHus1 U kod(hdunmenta K,. B pesymprare
st MomspHor — Maccel  M(Pb, Obpazey 1)
monydeno  3mauenme  207,2103 rmoms! ¢
HeomnpeeaeHHocTsio 0,0010 T Mos .

ii) Boluucnenue cymmapnou  cmandapmmuou
HeonpeoeneHHOC 8eIUYUNbL C,

i BEIYMCIICHNST HEONPEIEeICHHOCTH MOJISIPHOTO
COJEpKaHusl CBUHLA C, B PAaCTBOPE HCXOAHOTO
o0pa3ia UCTIoNB3yIT yYpaBHEeHNE (8) 1 JaHHbBIE U3
pasgena A7.2. HeompenmenenHoctu Opamu u3
MPOTOKOJIOB B3BemMBaHUS (cM. pasmen A7.3).
Bce  mapamerpsl,  HCIONB30BaHHBIE — IpU
BBIYHMCIICHHH, BMeECTE co CBOUMH
HEONPEACICHHOCTAMI npuBeaeHsl B Tabmuna
A7.6.

MonsipHoe coaepkaHHE ¢, BBIYUCISUIOCH TIO
ypaBHeHuto (8). B wrore HalimeHo ¢, =
0,092606 MkMoOJIb r co CTaHAAPTHOH
HeonpenenaeHHocThio 0,000028 MKMOIB r! (0,03
% B BHIIE OTHOCUTEJILHON HEOIPEAEICHHOCTH).

IIpn BBIYMCIIEHUW HEOIPENEICHHOCTH U(Cy),
OTHOCALLEHCA K ONPENECNCHUI0 1, HCIONb30BAIU
METOJ SJEeKTPOHHBIX Tabmui (mpunoxenne E).
Bromxer  HeompeneneHHOCTH  AJsL  OJHOTO
ompenesneHUss OyaeT OTpaxaTb H3MEPEHHE B
nenoM. BBupy Oonpiioro umcia mapaMmeTpoB B
ypaBHEeHUH (5) SJEKTpOHHAsl TaOiWIa 37ech He
OpeAcTaBieHa. 3HAUYEHUs DapaMeTpoB U HX
HEONPEACNCHHOCTH, a TaKke CyMMapHas
HEONPEACICHHOCTh BEJIMYUHBI ¢, CBEIEHBI B
Tabmuua A7.8.
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KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH

IIpumep A7

Taoauma A7.6

3nauenue |Heompenemne
HHOCTB

Macca cBunia, m; (r) |0,36544  |0,00005

O6mras macca pactBopa |196,14 0,03
1ocJie IepBOTo
pasbaenenus, d; ()

AnukBota st BTOporo |1,0292 0,0002
pasbasnenus, m, (T)

O6mras macca pactBopa 99,931 0,01
1ocje BTOPOro
pasbaenenus, d, (T)

CrelneHpb YUCTOThI 0,99999  {0,000005
METaJUIHYECKOro
CBUHIIA, W ( JOTHU
€IMHUIIBI )

MomnsipHaast macca 207,2104 (0,0010
CBHHIIA B UICXOJHOM

o6pasiie, M (r monb ™)

A7.4 Jtan 4: BeluucjieHne CyMMapHO#
CTAHJAPTHOI HeoNpeAeJIeHHOCTH

CpenHee 3HAa4CHWEC U AKCICPUMEHTAIBHOE
CTaHJIapTHOE OTKJIOHEHHE UL YeThIpeX
napajulebHBIX  ONPEACICHWI TNPUBSACHBI B
Taomuma A7.7. VcxomHele 3HadYeHUS B3ITHI U3
Tabmuma A7.4 u Tabmuma A7.8.

Taoauna A7.7

Onpenenennel Cpennee

onpeneJsieHuii 1-4

¢ 10,05374 ] ¢, 10,05370 MKMOJIb T

m
MKMOJIb T

uc,) 10,00018 | s ]0,00010

TMPUMEYAHUE 1

ITPUMEYAHMUE 1. D10 3KcniepuMeHTalIbHAs
CTaH/IapTHAsl HEOIIPEAEIEHHOCTD, & HE CTaHJaPTHOE
OTKJIOHEHHE CPEJTHETO.

B Merome Macc-CIEKTPOMETPUHM C H30TOIHBIM
pasbaBieHHEM, Kak M BO MHOTHX JApPYTHX
HEepSAOBBIX ~ METOAAaX  aHajM3a,  IOJHBIN
CTATUCTUYECKUN KOHTPOJIb METOJIUKH HU3MEPEHUI

MOXKET TOTpeOOBaTh YPE3BBIUAHHO OOJBIIHIX
3aTpat CUJI U BpeMEeHU. B Takom ciydyae xopomui
Croco0 MPOBEPUTH, HE MIPOITYIIEH JH KaKOH-THO0
U3 HCTOYHHKOB HEONPEAETICHHOCTH, COCTOUT B
CPaBHEHMU HEONPEAEICHHOCTEH, IOJyYeHHBIX
KaK OLICHKU IO THIYy A, C 3KCIEPHUMEHTAIbHBIM
CTaHIAPTHBIM OTKJIOHEHHEM (B ITaHHOM Cilydae —
YeThIpeX) NapaulelbHBIX ompeneneHnid. Ecmm
IKCIEPUMEHTAIBHOE CTaHIApTHOE OTKJIOHEHHUE
Oompmie  4eM  BKJagsl  OT  MCTOYHHUKOB
HEONPEICICHHOCTH, OLEHEHHBIX 0 THITy A, 3TO
MOXET O3Ha4yaTh, YTO HM3MEPHUTENbHBIA IPOLECC
HEeIOCTaTOYHO M3y4deH. Mcxoas u3 OaHHBIX
Tabmuma A7.8 cymMMa OIIGHEHHBIX TO THITY A
IKCIIEPUMEHTAIIBHBIX HeonpeaeIeHHOCTe
coctaBisieT 92,2 % oOmell 3KCIepuMeHTaIbHOMI
Heonpe/eIeHHOCTH, paBHoit 0,00041 MKMOMB T
Ot0 3Ha4YCHHUE SIBHO Oomnblie, qeM
IKCIEPHUMEHTAIbHOE CTaHJAPTHOE OTKJIOHCHHME,
koTopoe pasHo 0,00010 mxmonb ', cm. Tabnuna
A7.7. D10 yKa3plBaeT Ha TO, YTO BKJIAAbl OT
OLICHEHHBIX 1O THUIy A HEOmpeaeaeHHOCTEH
MOJHOCTBIO  OXBATHIBAIOT  3KCIIEPUMEHTAJIBHOE
CTaHOApTHOE  OTKJIOHEHWE W  4YTO  HET
HEOOXOMMOCTH YYWTHIBATh KaKHe-THOO Apyrue
COCTAaBJISIIOLINE HEONPEACTICHHOCTH THHa A,
HalpuMep, CBSI3aHHbIE C  I[IPUTOTOBJICHUEM
cmecerl. TeM He MeHee, CMEIIEHNE, CBSI3aHHOE C
MIPUTOTOBJIEHHEM CMeCeH, MOXKET UMETh MecTO. B
JAaHHOM MpHUMeEpe TMPEAIoaraeTcs, 4YTo TaKoe
CMEILLCHHE SIBISICTCA HE3HAYMMBIM 110 CPABHEHHIO
C OCHOBHBIMH HCTOYHHKAaMH HEOIPEIEICHHOCTH.

Urak, momspHOEe coiep)kaHHe CBHHLA B Ipole
BOJIbI COCTABIISICT:

¢,=(0,05370+0,00036) MKMO.Ib "

Pesynprar  mpencrtaBieH ¢ pacUIMPEHHOH
HEONPEACICHHOCThIO,  BBIYHUCIEHHOH €  HC-
moJik30BaHueM ko3 dunmenTa oxpara 2.

Jluteparypa a5 npumepa 7
1. T. Cvitas, Metrologia, 1996, 33, 35-39

2 G. Audi and A.H. Wapstra, Nuclear Physics,
A565 (1993)
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KoimmmyecTBeHHOE ONHCaHKe HEONPEAeTeHHOCTH IIpumep A7
Tabonuua A7.8
napaMeTp | TUN OLlEHKH | 3HAYEeHHe |IKCIEPHUMEHT  BKJIAQA B |OKOHYATedbHAas  BKJIAJA B
HeoIpeeJie ajJbHast o01myio u.(%)|HeompeaeTeHHO  OOIIYIO
HHOCTH Heolpe/eleH CTh u (%)
HOCTH (IIpumeuanue 2)
(IIpumeuanmue 1)
Y Kyias B 0 0,00 MTpmesase 3 7,2 0,00 Mprmesasne 3 37,6
c, B 0,092605 0,000028 0,2 0,000028 0,8
Ky(b) A 0,9987 0,0025 14,4 0,00088 9,5
Ky(b) A 0,9983 0,0025 18,3 0,00088 11,9
Ky(x1) A 0,9992 0,0025 4,3 0,00088 2,8
Ky(x3) A 1,0004 0,0035 1 0,0012 0,6
Ky(x4) A 1,001 0,006 0 0,0021 0
Ky(y1) A 0,9999 0,0025 0 0,00088 0
Ky(z1) A 0,9989 0,0025 6,6 0,00088 4,3
Ky(z3) A 0,9993 0,0035 1 0,0012 0,6
Ky(z4) A 1,0002 0,006 0 0,0021 0
m, B 1,0440 0,0002 0,1 0,0002 0,3
my, B 1,1360 0,0002 0,1 0,0002 0,3
my, B 1,0654 0,0002 0,1 0,0002 0,3
m, B 1,1029 0,0002 0,1 0,0002 0,3
R, A 0,29360 0,00073 14,2 0,00026'Presame 9,5
R’ A 0,5050 0,0013 19,3 0,00046 12,7
R, A 2,1402 0,0054 4,4 0,0019 2,9
Ry Cons. 1 0 0
R A 0,9142 0,0032 1 0,0011 0,6
R A 0,05901 0,00035 0 0,00012 0
Ry, A 0,00064 0,00004 0 0,000014 0
R, A 2,1429 0,0054 6,7 0,0019 4,4
R, Cons. 1 0 0
R, A 0,9147 0,0032 1 0,0011 0,6
R, A 0,05870 0,00035 0 0,00012 0
Chlank A 4,5x107 4,0x107 0 2,0x107 0
Cy 0,05374 0,00041 0,00018
ZA conuib= 92,2 2 A conib= 60,4
Z:Bcontrib.: 7’8 ZBcontrib.: 39’6

[Ipumedanne Ha obopote
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KoimmuecTBeHHOE ONIMCaHUE HEONPEAEJIeHHOCTH IIpumep A7

Ipumeuyanue k Tadnuna A7.8

[Mpumedanne 1. DkcnepuMeHTalbHAs HEONPEAEICHHOCTh BBIYHMCISIETCS Oe3 ydeTa uuciia W3MepeHHi
KaX/10T0 IapaMeTpa.

[Ipumeuanune 2. Uucno m3MepeHMH YYTEHO B 3HAUE€HUH OKOHYATEIHbHOW HEOoNpesesieHHOCTH. B nanHOM
cllydae BCe MapaMeTphl, OLlEHUBaeMble Mo TUIYy A, u3Mepsuiu 8 pa3. VX crtaHmapTHbIE HEONpPEAeIeHHOCTH
nozieseHb! Ha \S.

IMpumedanue 3. DTO 3HAYCHHE OTHOCHUTCS K OJHOMY Tapamerpy K. O0o3HaueHue XKy,, NCIOIb30BAHO

3]1eCh BMECTO MEPEUUCIICHUS BCeX Kyi,s(Z1,X1,y1), TOCKOJIBKY BCE OHU UMEIOT OJHO M TO ke 3HadyeHue (0 +
0,001).

[Mpumeuanue 4. R, uamepsiin 8 pa3 Il KaXA0W cMecH, YTo JaeT Bcero 32 HabmroaeHus. B cioydae, korma
TpyIIBl HAOMIOACHUH OAHOPOIHBI, KaK B JaHHOM TpHMEpE, MOJENb J3KCIIEPHUMEHTa C TeM K€ YHCIOM
HaOJI0IeHUI MOTJ1a OBITH pealn30BaHa NP BBHITIOJHEHUH YEThIpEX ONpPEIeICHUH ISl K10 maphl cMecer
b u b'. Takoii 3xkciepuMeHT OTPeOOBaI ObI, OJTHAKO, OONBIINX 3aTPAT BPEMEHH, U B IAHHOM CIIydae 3TOro
He JIeTIaJId, TIOCKOJIbKY HET 3aMETHOT'O BIIMSHUS Ha Pe3yJbTHPYIOIIYIO HEOIPEIETIeHHOCTD.
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KosnmyecTBeHHOE ONMCaHie HeONpeIeIeHHOCTH Ipunoxenune B - Onpenenenns

Ipuioxkenue B. Onpenesienust

OO0uue TepMUHBI

B.1 Ilpeuu3snoHHOCTH IMPUMEYAHUE 2*
[Ipu oOBACHEHHH TepMUHA ‘‘BeTMYUHA”

BrusocTs mpyr K Apyry HE3aBHCHMbIX HCO 3534-2 ccputaercs Ha [Ipumevanue

PE3yNbTATOB HUCHBITAHUMA, IOJYYECHHBIX 1 «x maparpady 3.2.1, Kotopoe
IIPpU OrOBOPCHHBIX YCIOBHAX [H8] YCTaHaBJIUBAET, 4yTO “B TOM
[MIPUMEYAHUE 1 OTIpENCTICHNH BEIMYMHA MOXET OBITh
[IpelM3HOHHOCTh 3aBUCHT TONBKO OT MO0 “OCHOBHOM BETMYMHON’, TAKOH KaK
pacrpeneneHus CITyJaiHBIX macca, IIMHA, Bpems, 60
MOTPEeIIHOCTEl M He CBA3aHA C “IpPOU3BOJHON BEIMYMHOM’, TaKOM Kak
UCTUHHBIM WM IPUHATHIM 3HAYECHUEM CKOPOCTB (JUIHHA, JICTICHHAs Ha BPEMST).
MSMEPACMOH BEIIMYHHEL. * D70 mpuMeuYaHHe B JaHHOM PykoBonctse
MNPUMEYAHUE 2 3amenseT [Ipumeuanue 2 B UCO 3534-2.
KonmuectBenHo MIPEIM3NOHHOCTh
00BIYHO BBIpayKaeTCs Kak
. .. B.3 Buusiiomas BeJU4YHHA
HENIPEIM3UOHHOCTh  (imprecision) u
BBIUUCIAICTCA B BHUAC CTAaHAAPTHOIO BeJ'II/I‘II/IHa, KoTOpas npu MIPSIMOM
OTKJIOHEHHS pPE3yJIbTaTOB HCIIBITAHUH. M3MEPCHHH HE BIMACT HA BEIMYHHY,
Menbmei TpCUH3HOHHOCTH KOTOPYI0 (pAKTHUECKHM H3MEpPSIOT, HO
COOTBETCTBYEeT OoJblliee CTaHIApTHOE
BIIMIET HAa  COOTHOILICHUWE  MEXKAY
OTKJIOHEHHE.
MIOKa3aHUEM U PE3YIbTaTOM H3MEpPEHUS
[MPUMEYAHUE 3 [H.7]
BrlpaxkeHue “He3aBHCHMBIE PE3YJIBTAThI o
UCHBITAHUI” O3HAYaeT, YTO 3T PE3yJlb- I[TPUMEPBI

TaTbl MOJYUYCHBI TaKUM 06pa30M, 4YTO Ha

HUX HE OKa3bIBAIOT BJIMSIHUS KaKue-11ubo l.Yacrora mpu  nIpAMOM  H3MCPCHHH

IMOCTOSIHHOM AMIUIMTYAbl IEPEMCHHOI'0 TOKa

IPEAIIECTBYIOLIHE PE3YIIBTATH,
MOJNyYEeHHBIE Ha TOM K€ CaMOM HIIH C TIOMOIIIO0 aMICPMETPA.

AHAJIOTHYHOM  OOBEKTE  HUCIIBITAHHIA. 2. MonsipHas  KOHLEHTpaLHs  OHIMpyOHHa
KonnuecTBeHHBIE XapaKTEPUCTHKH NP TPSAMOM  W3MEPEHHH  MOJAPHOI
HPEHU3KOHHOCTH - pEIIAIOIIMM 06pa30iv1 KOHLICHTPAIUK TeMOITI00KMHA B IIa3Me KPOBH
3aBUCAT OT OFOBOPEHHBIX  YCIIOBHIA. YeNoBeKa.

YcnoBus CXOJIUMOCTH u

BOCIIPOU3BOANMOCTH MIPECTaBISIOT 3. Temnepatypa MUKpOMCTpa,

MPUMEHACMOTO JUISL HN3MEPCHUA JJIUHBI
CTEp)KHS, HO HE TeMIeparypa caMoro
CTCPIKHA, KOoTOpas MOXCT BXOOUTH B
OIIpEJCIICHUE U3MEPSIEMON BEIIMUUHBI.

coboit  KkpaifHHMe  cCllydam  Takux
OTOBOPEHHBIX YCJIOBUH. .

B.2 MHMcTruHHOe 3HAYEHHE
4. cDOHOBoe JAaBJICHHUC B HCTOYHHUKEC HOHOB

3HaueHne, KOTOPOE HIeaTbHBIM 00pa3oM
Macc-CIeKTPOMETpa BO BPEMs HM3MEpEHHs

XapaKTepu3yeT BEJIMYHHY 170071 MOJIADHOH JIONH BEIIECTBA.
KOJINUECTBEHHYIO XapaKTEPUCTUKY IPHU
TeX YCIIOBUSIX, npu KOTOPBIX [PUMEYAHUE 1

Kocennoe U3MEPEHUE BKIIFOYAET
KOMOMHAIIMIO  OPSIMBIX ~ W3MEPEHU,
KaKJ0€ U3 KOTOPBIX MOXKET HAXOIUThCS

paccMaTpuBAaOT 3Ty BEIUYUHY WIIH
KOJIMYECTBEHHYIO XapakTepuctuky [H.8].

[MTPUMEYAHUE 1 M0/ BO3JAECUCTBUEM BIIMSIONINX BEITHYMH.
Wctunnoe 3HazleHI/Ie BEJIMYUHBI  WJIN [IPUMEYAHME 2
KOJIMYECTBEHHON  XapaKTEPUCTHUKUA - B GUM HOHSTHE e

TCOPETUYCCKOC IOHATHUC, U, B 06H.ICM
CjIydac, OHO HC MOXKCT OBITH H3BECTHO
TOYHO.

BEIMYMHA” OIPEAETICHO TaK ke, KaK BO
2-M um3maHuud VIM, U oxBaThIBaeT HeE
TOJIbKO  BEJIMYMHBI, BIHSIIOIIMEC  Ha
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U3MEPHUTENIFHYIO ~ CHCTEMY, Kak B
ONIpEZICTICHNH BBIIIE, HO TaKXkKe WM TE
BEJIMYUHBI,  KOTOpBIC  BIHAIOT  HA
(aKTH9YECKH H3MEpsSeMbIC BEIMYUHBL
Kpome Toro, B GUM 310 mnouHsitHe He
OTPaHUIHNBACTCS HPSMBIMH
MU3MEPECHUSIMU.

HN3mepenue
B.4 W3mepsiemasi BeJITUYHHA

Benmuunna, momnexamas W3MEpPEHHIO
[H.7].

[MPUMEYAHUE
B [H.5] MoxHO HaliTH Bce MPUMEYAHUS K
9TOMY  OIPENCIICHHIO W  IOAPOOHOE
oOCyXIeHHe  MOHATHSA  “U3MepseMas
BEJIMYNHA” W €r0 CBS3U C KOJMYECTBOM
WM KOHLEHTpauuel “ananura’.

B.5 MH3mepenne

IIpomecc AKCIIEPUMEHTAITBHOTO
MONTyYeHHs] OAHOTO WK OoJiee 3HAYCHUH
BEJIMYWHBI, KOTOpblE  MOTYT  OBITH
000CHOBaHHO TPUMNHCAHBI  BEIUYHHE
[H.7].

[MPUMEYAHUNE
B [H.5] MOXHO HaliTH Bce MpUMEYAHUS
K 3TOMY OIPEAEICHHI0O M HOApPOOHOE
o0CcyX/IeHne MOHATHH ‘HW3MepeHune” W
“pe3yabTaT U3MEPEHUs .

B.6 Mertoauka n3mepeHuii

COBOKYIMHOCTh KOHKPETHO OITMCAHHBIX
orepanuii, HCTIOJTb3YEMBIX npu
BBITTOJTHCHUW U3MEPEHUI B COOTBETCTBUU
¢ gaHHBIM MetoaoM [H.7].

IMPUMEYAHUE

MeTtoauka MU3MEpEHUI 0OBIYHO
(ukcupyercss B JOKyMEHTE, KOTOPBIH
caM MHOIZJA Has3bIBaeTcs ‘‘METOIUKOU
U3MepeHuit” (mmm Memooom
usmepenuii), 1 OOBIYHO STO OIMCAHUE
SABISICTCS  JOCTATOYHO  MOJPOOHBIM,
YTOOBI MTO3BOJIUTH oreparopy
BBHINIOJTHUTE M3MEPEHMs, HE Ipuoeras K
JIOTIOTHUTEIEHOW MH(POPMAITHHL.

B.7 Mertoa usmepeHnui

Jlornueckas IIOCJIEI0OBATENBHOCTD
oTiepaIyii, ONMMMCaHHBIX B OOIIEM BUIE U

UCTIOJIb3YEMBbIX npu BBIMOJTHCHUN
n3mepennit [H.7].

INPUMEYAHUE

Metonpl  W3MepeHHH ~ MOTyT  OBITh
KBaIN(HUIIPOBAHBI Pas3IMYHBIM
o0OpazoM, HapuMep:

- METOJ 3aMEILCHUS
- muddepeHInaNTBEHBIN METOT

- HyJIEBOI1 METOJL

HeonpepnesieHnocTn

B.8 HeonpeneineHHOCTH (U3MepeHMsT)

ITapametrp, CBs3aHHBIA C pE3yIbTATOM
U3MEPEHUS u XapaKTepU3YOLINH
pa3Opoc  3HayYeHWId,  KOTOpHIE  C
JOCTaTOYHBIM OCHOBAaHHEM MOTYT OBITh
OPUIHMCAaHBl  WU3MEPSAEMOH  BEJIMYHMHE
[H.2].

IMPUMEYAHUE 1

OTHM  mapaMeTpoM  MOXET  OBITb,
HalpuMep, CTaHJapTHOE OTKIOHEHHE
(unM KpaTHOE €My YHCIO) WIM IIUPUHA
JIOBEPUTEIBHOTO HHTEPBAIA.

INPUMEYAHUE 2

B obmmem, HEOTIPEIETICHHOCTh
U3MEpEHUs] BKIIOYaeT B cedsS MHOTO
coctaBaomux. HekoTtopele U3 3THX
COCTaBJIAIOIINX MOTYT OBITh OIICHEHBI Ha
OCHOBaHHH CTaTUCTHYECKOTO
pacmpesneneHuss  pe3yNbTaTOB  pAda
HaOMIOmEHNH W OXapaKTEepPH30BAHBI
CBOMMHM CTaHIAPTHBIMH OTKJIOHEHHSIMH.
Jpyrue cocraBisonye, KOTOpbIe TakxKe
MOTYT OBITh  BBIP@XEHB B  BHIE
CTaH/IAPTHHIX OTKJIOHEHUH, OICHUBAIOT

Ha OCHOBaHHH MIPEATIONaraeMbIX
pacnpeneneHui BEPOSITHOCTEH,
OCHOBAaHHBIX Ha OINBITE WIM WHOU
UHPOPMALIIHL.

IMPUMEYAHIUE 3
[MogpazymeBaercs,  4TO  pe3yibTar
U3MEPEHUS SIBIISIETCS HaMTy4Ien
OLICHKOM 3HAYEHUS HU3MepseMoit

BEIMYMHBl M YTO BCE COCTABILIOLINE
HEOINPE/ICICHHOCTH, BKIIOYask M Te,
KOTOpbIE 00YCIIOBICHBI
CHUCTEMaTHICCKUMHU s dexramu,
HalpUMep COCTABILIOLINE, CBSI3aHHBIC C
HONpPaBKaMHA M HCXOMHBIMHU STaJIOHAMHU,
BHOCSIT CBOI1 BKJIaJ B pazopoc.

B.9 IlpocaexuBaeMocTb

CBOMCTBO pe3ylbTara HU3MEPEHUA, B
COOTBETCTBHHM C KOTOPBIM peE3yJbTaT
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MOXKET OBITh COOTHECEH C OCHOBOW JUIA
CpaBHEHHs Yepe3 JTOKYMEHTHPOBAaHHYIO
HETIPEphIBHYI0O ~ [eMb  KaJHOpPOBOK,
KaXJas W3 KOTOPBIX BHOCHT BKJIAJ B
HEoIpeIeIeHHOCTh m3Mepenuii [H.7].

I[MPUMEYAHUNE

B [H.5] MOXHO HaliTH Bce MpUMEYAHUS
K 3TOMY OIPEAEICHHI0O M HOApPOOHOE
oOcyxneHne TOHSTHS
“MeTpoJIoruyecKas
[IPOCIIEKUBAEMOCTH, @ B paszzaene 3.3. —
oOcyxaeHne mId Ieled  JaHHOTO
PykoBonctaa.

B.10 CranpaprHasi HeonpeaeJeHHOCTh

u(x;)  HeompenemeHHocTh pe3ynbTaTa
U3MEPEHUsT X;, BBIpAKEHHAs B BHIC
CTaHIapTHOTO OTKIoHeHus [H.2].

B.11 Cymmapnas CTAHJAPTHAS
HeomnpeeeHHOCTD
u(y) CrargaptHas HEOIIPEIEeTIEHHOCTh

pesynbTaTa H3MEPEeHUs y, KOrja 3TOT
pe3ynbTaT MOMy4aroT U3 3HAYCHUH psiaa

OpyTUX BEJIMYMH, paBHas
MOJOXHUTEJIBHOMY ~ 3HAUEHHIO  KOPHS
KBaJpaTHOT'O CYMMBI YJICHOB,

NPE/ICTABNISIONMX COOON JUCHepCHH U
KOBapWallMl JTUX JPYTUX BEIWUYHH, U
OHHU OepyTcsl ¢ BecaMH B 3aBUCHMOCTH OT
TOTO, Kak  pe3ylbTaT  H3MEpPCHHUS
U3MEHSETCS TPU  M3MCHCHHUHM  DTHX
BenmmauH [H.2].

B.12 PacmimpeHHasi HeonpeaeJdeHHOCTh

U Benuuuna, omnpenenstomas HHTEpBAI
BOKpYI  pe3ylibTata HU3MEpeHus, B
npenenax — KOTOpPOro, Kak  MOXHO
OKHJIaTh, COAEPKUTCS OOJbIIAsT YaCTh
pacmpeneneHuss 3HaYCHUH, KOTOpBIE C
JOCTaTOYHBIM OCHOBaHHEM MOTYT OBITh
OPUIMCAaHBl  WU3MEPSAEMONH  BEJIMYHMHE
[H.2].

IMPUMEYAHME 1
OTy 4YacTh paclpefeneHus MOXKHO
paccMaTpuBaTh Kak BEPOSITHOCTH OXBaTa
WIN YpOBEHb JOBEpUsS Ul JAaHHOTO

MHTEpBaa.
IMPUMEYAHUE 2
Jns  TOpunmChIBaHUS ~— KOHKPETHOTO
YPOBHS JIOBEpUs HHTEpBAIY,

OTIpEEIIEMOMY pacIpeHHOH
HEOTPEICNICHHOCTHIO, Tpebyercst
HalW4We  SBHBIX WM HESABHBIX
JOMyIIECHAH B OTHOIICHUN
pacnpeneneHus BEPOSITHOCTEH,
XapaKTepU3yeMOTo pe3yIbTaToM
HU3MEPEHUS u ero CYMMapHOH
CTaHIapTHOH HEOTPEICIICHHOCTHIO.

YpoBeHb J0BepHUs, KOTOPBIA MOXHO
IPUNHNCATh 3TOMY WHTEpPBANLy, M3BECTCH
JWIIb B TOH CTENECHH, B KOTOPOW Takue
JOMYIICHUS MOTYT OBITh 0OOCHOBAHBI.

IMPUMEYAHHE 3
Pacuiupennyto  HeompenenenHocts U
BBIUHMCIIIIOT HCXOAS W3 CyMMapHOH
CTaH/IApTHOM HEONpPENEICHHOCTH U, W
ko dunmenrta oxsara k mo Gopmyie

U=kxu,

B.13 Koad¢unuent oxsara

k Yucnosoit KO3 pHLIMEHT,
UCIOJB3yeMbIli ~ KaK  COMHOYKUTEINb
CYMMapHOU CTaHIAPTHOU

HCOTPEACACHHOCTH  JUJIl  TOJY4YCHHS
pacuupeHHor HeonpeaeneaHoctu [H.2].

IMPUMEYAHUE
3Ha4yeHus ko3 punmenTa oxBaTa
0OBIYHO JIeXKAT B THanazoHe oT 2 10 3.

B.14 OuenuBanue (HeompeaeIeHHOCTH)
THHIA A

MeTo/1 OLICHMBaHUS HEOIPEACICHHOCTH
MyTeM CTATUCTHYECKOrO aHajiu3a psaa
HaOmonenuit [H.2].

B.15 OuennBanue (HeompeaeJeHHOCTH) THIIA
B

MeToa OIIEHHUBAHHS HEONPEAETCHHOCTH
crocobamu, OTJIMYHBIMHU oT
CTAaTHCTUYECKOIO aHanmza psana
HaOmonenuit [H.2].

IHorpemnocrs
B.16 IlorpemnocTs (M3MepeHus)

PazHocts MEXIY U3MEPEHHBIM
3HaYeHHEeM BEIWYUHBI U  OMNOPHBIM
3HaueHueM BenuuuHbl [H.7]

IMPUMEYAHUE
B [H.5] ™MoxHO Haiitu moapoOHOE
oOCyXaeHHe TMOHATHSA “‘TIOTPELIHOCTh
U3MepeHus”” W CBS3aHHBIX C HUM
TEPMHHOB.
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B.17 Cayuaiinasi HOrpelIHOCTb
Cocrasisromas
U3MEPEHHIX
HemnpeackazyemMbiM oopazom [H.7].

INPUMEYAHUE

B [H.5] moxHO HaiiTH moapoOHOE
00CyXJIeHHEe TOHATHA “‘TIOTPEIIHOCTH

U3MEpEeHusi” M CBA3AHHBIX C
TEPMHHOB.

B.18 CucremaTrnuyeckasi norpemiHoCTb

MOTPEIIHOCTH
U3MEpEeHHs, KOTOpas IpPH IOBTOPHBIX
U3MEHSIETCS

COCTaBJ’IHIOH_IaSI HOFpeH.IHOCTI/I
I/IBMGPSHI/ISI, KOTOpa?I 0OCTacTCA
MOCTOSIHHOM 5010%0 SaKOHOMepHO
U3MCHSCTCS npu HOBTOpHBIX I/IBMGPGHI/ISIX
[H.7].

ITPUMEYAHUWE

B [H.5] moxHO HaliTH moapoOHOE
0o0CyXIeHHEe TOHATHA “‘TIOTPEIIHOCTH

U3MEpeHusi” M CBA3AHHBIX C
TEPMHHOB.

CraTucTuveckue TePMHUHBI

B.19 Apudmeruyeckoe cpegHee

X Apudmernueckoe CcpemHee 3HAUYCHHE

BBIOOPKU U3 11 PE3YJIbTATOB.

B.20 Bbi0opouHOe cTaHIAPTHOE OTKJIOHEHHUE

N OHGHKa TCHEpaJIbHOr0 CTaHAAPTHOI'O
OTKJIOHCHHA O Ha OCHOBC BI)I60pKI/I nu3 n

pe3yJIbTaToB.

B.21 CrangapTHoe OTKJIOHEHUE CPeHero

=

B.22 OTHOCHTEILHOE

CrangapTHOE OTKJIOHEHHE CpPEAHEro X

U3 1 Pe3yNbTaTOB, B3SITHIX U3 KaKOH-THO0
COBOKYIIHOCTH, OIpELEIAETCS 1o

hopmyiie

JJis 3TUX BEIMYMH MPUMEHSIOTCS TaKKe
TEPMHHBI “‘CTaHJapTHAs NOTPEUIHOCTE” U
“cTaHapTHas MOTPEIIHOCTh CPETHETO .

CTaHAAPTHOE

oTkiaoHenue (RSD)

RSD

OueHka TeHepaJbHOTO CTaHJAPTHOTO
OTKJIOHEHHUS Ha OCHOBaHUH
(craTcTHYeCKO)  BBIOOPKH W3 7
pe3ysbTaToB, JEJeHHas Ha CcpegHee
3HAYEHUE STOH BHIOOPKH.

Yacto  Ha3pBalOT  KOA(PPHUIUEHTOM
Bapranuu (CV) u Hepeako BBIPaXaroT B
nporeHTax (B JaHHOM PykoBoacTe
ob6o3nauaercsa %RSD wiau %CV).

RSD =

=l
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IIpuioxkenue C. HeonpeneaeHHOCTH B AaHATUTHYECKHUX MPoLeccax

C.1 [Ing BBISIBICHHS BO3MOXKHBIX HCTOYHHKOB
HEOTIPEeIeTICHHOCTH B KaKOH-Tn00
AHAINTUYECKOH METOJUKE TIONIe3HO pa3OuTh
MIPOIIECC aHAIM3a Ha Psi OOIIHX CTaIU:

1. IIpobooTdop
2. TloaroroBka npoobl

3. BBeaenue cTaHAApPTHBIX 00pa3moB B
H3MEpPHUTEJbHYI0 CHCTEMY

I'pagynpoBka npudopa
AnHanu3 (mojiyyeHue JaHHbIX)
O0padoTka JaHHBIX
IIpencrasiienue pe3yabTaTOB

HHuTepnperanus 1aHHBIX

O * =20k

.2 Kaxxaplit 13 3TUX 3TamoB MOXKHO pa3OWUTh Ha
COCTaBIISIFOLINE, OTBEYAIOIIME BKIAZaM B
HEONpeNeNeHHOCTh. [IpuBeAeHHBIM  HUXKE
nepeveHb, XOTs U HE HCUEPIbIBAIOIIU, 1aeT
001t 0030p (hakTOpOB, KOTOPHIE TOIEKAT
PaccCMOTPEHUIO.

1. IIpodoordop
- HeomnopoaHocTs.
- Bunusaue onpeneneHHOM — cTpaTeruu
mpobooTbopa (nHanpumep, CIydaHBIH,

yepeayrouuics CIIy4ailHbIN,
MPONOPLUUOHAIBHBIA U APYrHe CIIOCOOBI
mpobooTOopa).

- Bmmsgame nBmxeHus cpensl (0COOESHHO
IIPY TPalMeHTE TNIOTHOCTH).

- ®duspueckoe  COCTOSHHE  MaTepuaia
(TBepIoe BeIIeCcTBO, KUAKOCTD, Ta3).

- Biusgaue TemmepaTypbl U AaBICHUS.

- OkaszplBaeT JM  BIAMSHHE  IIPOLECC
mpobooTbopa Ha  coctaB  TPOOKI?
Hampumep, B ciywdae  pas3inyHOM
azcopOuuu B cucreMe mpodooToopa.

2. IMoaroroBka mpoobl
- T'omoreHmsanwsi WM BIXSHUE CIIOCO0a
MOJTYYEHUS TOAIPOOHI.
- Cymxa.
- HM3menbueHue.
- PactBopeHue.
- DKCTparupoBaHUE.
- Bo3MoxHOe 3arpsi3HEHHUE.

- IlomyueHne mpoW3BOAHBIX (XMMHUYECKHE
3¢ heKTh).

- Hetounoe pazbaBienue.

- (IlpegBapuTenbHOE) KOHIIEHTPUPOBAHHE.

- Kontpons BIIASTHHS (bopMEI
CYILECTBOBAaHHS KOMIIOHEHTA.

Beenenue crangaprabix oopasuos (CO) B

U3MePHUTEIbHYIO CHCTEMY

- Heonpenenennocts CO.

- AnpexBatHocth CO  aHaNMM3WpyeMbIM
mpobam.

I'pagyupoBka npudopa
- IlorpemHoctn rpagyupoBKd npubdopa
OpU  HCHOJB30BAHMM  CTAHAAPTHBIX

00pasIos.

- CranmapTHbIit oOpaserg " ero
HEOTIPEICIICHHOCTb.

- AZexBaTHOCTb 00pa3sIos TUTS

rpayupOBKH aHAIN3UPYEMBIM POOaM.
- llpemusnorHOCTH IPHOODA.

Ananu3

- Ileperpy3ska B aBTOMaTH3WPOBAHHBIX
aHaJIM3aTopax.

- Bnusuue orneparopa, HaIpumep,
JabTOHU3M, napanakc, Ipyrue
CUCTEMAaTHYECKHE OIIHOKH.

- Memaromue BIIMSHUS MaTpHIIbI,
PEaKTHBOB WM APYTHX ONpPEeAEsIeMbIX
KOMITIOHEHTOB.

- Yucrora peakTUBOB.

- YcraHoBka MHCTPYMEHTAJIBHBIX
napamMeTpoB, HalpuMep, M[apaMeTpoB
WHTETPUPOBAHUS.

- IIpeun3noHHOCTE OT CEpPUU K CEPHH.
O0padoTka JaHHBIX

- Ycpennenue.

- IIpaBunpHOCTB OKPYTJICHUS u
otOpaceBaHus mudp.

- Cratucruka.

- Anroputmbl 00paboTKu JTAHHBIX
(moaronka MOJIEJH, Hanpumep,
MIPUMEHEHUE JIMHEHHOT 0 MeToAa

HaNMEHBIINX KBaJPaTOB).
IIpeacraBiieHue pe3yibTaToB
- OKOHYAaTEIBHBIA pe3ynbTar.
- OlLleHKa HEONpPEAEIeHHOCTH.
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- JoBepurenbHblil ypOBEHB. - CooTtBercTBHE HOPMAaTUBHBIM
8. HHrepnperauusi pe3yJibTaTOB TpeOOBaHUSIM.
- CootsercTBHE 3a1aHHBIM - CootBercTBHE LIEHH.
rpeneaaM/TpaHuIiaM.
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IIpuioxenne D — AHaIU3 HCTOYHUKOB

Ipuioxkenne D. AHAIU3 HCTOYHUKOB HEONPeEAEJIEHHOCTH

D.1 BBeaenmue

OOBIYHO  HEOOXOAWMO  COCTaBHTH  CIIMCOK
UCTOYHMKOB  HEONPEICIICHHOCTH, MPUCYIIUX
MeTojuKe aHanu3a. [1oJIe3HO CTPYKTYpPHpPOBATh
3TOT porecc, YTOOBI o0ecrevnTh
UCYCPIBIBAIOIINN  OXBAaT BCEX HCTOYHHKOB
HCOTPEACICHHOCTH M, C JPYrod CTOPOHHI,
n30exaTh U30bITOYHOCTH. ONUChIBaeMasi B 9TOM
pasmene nmpoueaypa (OCHOBaHHAs Ha paHee
omyoOsnukoBanHoOW pabote [H.26]) mpencrasisier
coboil omMH U3  BO3MOXHEIX  CIOCOOOB
CTPYKTYPHUPOBAaHHOTO aHAJIM3a COCTABISIONIUX
HEOTPEICICHHOCTH.

D.2 IlpuHuunsl moaxona

D.2.1 IlocTtaBneHHass 0ejIb OOCTHTAEeTCS B JBa
JTamna:

e BrisBieHUE BIUSIOMNX (PAKTOPOB

Ha mnpaxkTtuke HEOOXOIWMBIH CTPYKTYpPHBIN
aHallM3 OCYIICCTBIISIIOT C TIOMOIIBIO Oua-
epammbl “‘npununa — creocmeue’”’ (M3BECTHOM
kak guarpamma Wmmkaeel (Ishikava), nnm
“emouka’) [H.27].

e VIipolleHHe JuarpaMMbl M YCTPAHECHHE
Ty0nupoBaHus

HcxonHblil epeyeHb UCTOYHUKOB YTOYHSIOT,
9TOOBl YIPOCTUTH KapTHHY U M30€kKaTh
HEHY>KHOT'0 TyOJIUpOBaHUS.

D.3 Anaau3 “npuvuHa — cjieacrsue”

D.3.1 [IpuHnunbel  NMOCTPOGHHA  AMArPaMMBI
“mpUyMHa — CJEACTBHE” ONHCAHbl B JAPYTUX
paborax. Pexomengyemas 3mech mpouenypa
COCTOUT B CJIELYIOLIEM.

1. 3anuchBalOT MOJHOE ypaBHEHHE IS
pe3yibrata usMepenuil. IlapameTpsl 3TOrO
ypaBHEHUS 00pa3yloT TJaBHBIE BETBH Ha
nuarpamme. Iloutn Bcerma HEoOXOIUMO
N00aBUTh BETBb, HOMUHAJIbHO
MPE/ICTaBISIONIYI0  TONpaBKy Ha  oOlee
CMELICHUE, HaIpUMEpP, HANJCHHYIO CTEIEHb
W3BJIEUEHUSA. DTO PEKOMEHAYETCs clienaTh Ha
IIEPBOM CTAIUU PACCMOTPEHUS.

2. PaccMaTpuBalOT KaxIblil 3Tal METOAMKHU
aHanu3a M O00ABIAIOT HA AMarpaMmy Bce
(GakTopbl, KOTOpPBIE MOTYT HMETh MECTO
moMuMo TIaBHBIX 3¢dekroB. K Hum
OTHOCSTCSI, HalpUMEp, BIUSIOMUE (DAKTOPEI
OKpY>KaroIeH cpenbl, MaTpU4HbIe d3PHEKTH 1
T. 1.

3. ns KaX0u BETBU 00ABIISIOT
COIYTCTBYIOIINE  (AKTOPBI, OTpa)KaroIlue
oTaneHHbie 3G (HEKTH, MOKa X BIMSHHUE Ha
pe3ysbTaT HE CTaHeT MPEHEOPEKUMO MaJIbIM.

4. Yerpansor IyOnmupoBaHue u
NEePerpynuupoBbIBAIOT  AMAarpaMMy  TaKUM
o0pa3oM, dYTOOBI YNPOCTUTH KapTHHY U
O0BEOIUHNUTh POACTBEHHbIE MCTOYHMKH. Ha
3TOH  cTaguum  yOoOHO  CrpYIIIHPOBAThH
COCTABJISIOIINE MPEUU3UOHHOCTH B
OTIIETIbHYIO BETBb “NMPELU3UOHHOCTD .

D.3.2 KoHeuyHast cragus aHanuza ‘“TpUYMHA —
ciaeacTBue” TpeOyer JIOTIOJTHUTENBHBIX
MOSICHEHUH. Hy6mupoBanue BO3HHUKAET
€CTECTBEHHBIM 00Pa30M IIPH MOCIEI0BATEIEHOM
ONMCaHWU BKJAJOB OT KaXIOro BXOIHOTO
napameTpa. Hampumep, n3MEHUYMBOCTh OT OJHOMU
CepUH U3MEPEHUN K APpYyron Bceraa UIMEET MeCTO,
Mo  KpalHed  Mepe, HOMHUHAIbHO, IpHU

PaccCMOTPEHHH JIO00TO BIUSIOMIETO (aKTopa.

OTH  BIMSHUS [JAIOT BKJIagel B OOLIyIO

JUCTIEPCUIO, HAONI0JaeMyr0 UIsi METOAMKH B

LEeJIOM, W WX HE HYXHO YYHTBIBaThb IO

OTIENBHOCTH, €CJIM OLEHKAa MAMCICPCUH YXKe

uMeercsl.  AHalIOTWYHBIM ~ 00pa3oM  4acTo

YUUTBIBAIOT OAHM M T€  JK€  BECHI,

WCIIOJIb30BABIINECS JIs1 B3BCIIMBAHMS BEILECTB,

yto (mpu QopmamsHOM TMMOAXONE) BEACT K

M30BITOYHOM OLIEHKE HEONpPEICIICHHOCTH HX

KaTMOpOBKU. OTH COOOpaKEHUS MPHUBOIAT K

CIICAYIOIIMM  JONOJHHUTENbHBIM  IIpaBHUJIaM,

HEOOXOIUMBIM [UIl YTOYHEHHUS IOuarpammbl (B

paBHOIl Mepe MNPUMEHHUMBIM K  JIIOOOMY

CTPYKTYPUPOBAaHHOMY  CIIMCKY  BIMSIOLIMX

(hakTOpOB):

e Bsaumuo kommeHcupytomme 3(QdeKkTer —
ynanuth oba. Hanpumep, npu onpeneneHuu
MAcCCBhI IO Pa3HOCTU Mbl UMCEEM PE3YJIbTAThI
JIBYX B3BCIIMBAHMM, KaXJ0€ U3 KOTOPBIX
MOJIBEP)KEHO ‘CMeIleHuIo Hyns BecoB. [Ipu
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TaKOM CHoco0e M3MEpPEHUH 3TH CMEIICHUS
B3aMMHO KOMIICHCUPYIOTCA, U HX MOXHO
yOaIUTh U3 TeX o0JacTell Ha Jauarpamme,
KOTOp&BIC COOTBETCTBYIOT OTACJIIBHBIM
B3BCHIMBAHUAM.

e CxonHble BIUSHUS, OJHO M TO )K€ BpeMsS —
OOBEAMHUTH B OAWH BXOJHOHM mapamerp.
Hanpumep, n3MeHYMBOCTH MHOTHX BXOHBIX
napaMeTpoB OT CEpUM HM3MEPEHHH K Cepuu
MOXXHO OOBEIUHUTh B OOIIyI0 BETBb
NPEIU3MOHHOCTH OT CEPUH K CEepPHHU. 3/1eCh
TpeOyeTcst HEKOTOopas OCTOPOXHOCTh. B
YaCTHOCTH, HM3MEHYMBOCTH B OIEpanusix,
KOTOPBIC BBITIOJIHAIOTCS TI0 OTAEIBHOCTH IS
Ka)XJJOTO OIpEeIeIICHUs], MOKHO OOBEIHHUTS,
B TO BpeMsl KaK U3MEHYMBOCTH B OIEpanusix,
BBITIOTHSIEMBIX IS TApTUH P00 (Hampumep,
npu  TpagyupoBKe  mpubopa),  Oyzder
HPOSBIATECS TOJBKO B IPELU3HOHHOCTH,
XapaKkTepu3yromei pacxokaeHue
PE3yJIBTaTOB MEXKy ITAPTUSIMHU.

e Pasnrple cly4yau IIPOSIBIICHUS —
nepeuMeHoBath (aktopel. Yacto MOXKHO
BCTPETHTH BIUSIOMIKE (PAKTOPHI MOJ OJHUM
U TeM K€ HMEHEM, KOTOpble B
JIEHCTBUTEIBHOCTH OTHOCSTCA K Ppa3HBIM
ciydasMm usMepeHuid. Creayer NpOBOJIUTH
YEeTKOE PA3InIie MeXAy HUMU.

D33 U Bce xe Takod aHaIM3 HE JaeT
OJIHO3HAYHO CTPYKTYPUPOBAaHHOTO crucka. Ha-
pUMep, TEMIIEPaTypy MOXKHO paccMaTpUBaTh
KaK BEJIMYMHY, HETIOCPEJACTBCHHO BIHUSIOIIYIO HA
U3MEPCHHE IUIOTHOCTH, U KaK BEIWYHHY,
BIMSIONIYI0O Ha M3MEPEHUE MAacChl Marepuala,
COJICpIKAIerocss B IMHKHOMETpE, 00 MOXKHO
chopMyIMpOBaTh KaKylO-TO APYryH cBs3b. Ha
MpakTHKE 3TO HE  OyAeT BIMATh  HA
MPUMEHUMOCTh METOJUKU. ECiii Bce 3HAUYMMBIC
3¢ eKTh MPOSIBIAIOTCA OJUH pa3 (HEBaXKHO, B
KaKOM MECT€ CITUCKa), OOIas MEeTOM0JIOTHS
OCTaeTCsl NEUCTBYIOLLEH.

D.3.41lo 3aBepmieHud aHanmM3a ‘“TIpUYMHA —
CIEeJICTBUE”  MOXET  OKa3aThCi  YMECTHBIM
BEPHYTHCS K HCXOJHOMY YPABHEHUIO U3MEPEHUN
u ZIO6aBI/ITI> B 3TO YpPaBHCHHUEC KaKHWC-TO HOBBLIC
BEJIMYUHBI, HAIIpUMEDP TEMIIEPATYPY.

D.4 Ilpumep

D.4.1 [IpowmtocTpupyeM 3Ty HOpoLEnypy Ha
npuMepe MPOCTOTO H3MEPEHHUs IJIOTHOCTH.
PaccmoTpum ompezneneHue IUIOTHOCTH 3TaHONA
d(EtOH) myTtem B3BEemMBaHUS W3BECTHOTO

obveMa V' B MepHOi K010€e MacCoi iy, Macca
KOJOBI C  OTAHONOM  Mogyes.  LITOTHOCTH
BBIYHUCIIACTCA I10 ypaBHeHI/IIO

d(EtOH):(moﬁmax - mTapa)/V

Jns  mpocTOTBl  PacCMOTPUM  TOJBKO — TPH
BIMAIOMMX  (aKTopa: KaluOpOBKa CpPEICTB
U3MEPEHUH, TeMIlepaTypa U IPELHU3UOHHOCTb.
Pucynku DI1-D3  wumocTpupyoT — aHanM3
HCTOYHUKOB HEOMPEICICHHOCTH.

D.4.2 lnarpamma  “npuunHa  —  CIEACTBHE”
npecTaBiIseT Cco0OH  HampaBICHHYIO —CleBa
HAMpaBO HEPApXUYECKYI0 CTPYKTYpy. B manHoM
cllydyae Mbl UMEEM Ha BBIXOJC ONpEICIICHHBIH
aHanuTuueckuit  pesymprar  (‘d(EtOH)’ Ha
pucynke DI1). Crpenku, m0cCiIen0BaTeIbLHO
BEAyIIHE K BBIXOAY, OTPaXKAIOT pa3InUHbIC
BIMSHUS, BKIIOYAIONIME KAk  pe3yJbTaThl
OTJENBHBIX MPOMEXYTOYHBIX M3MEPEHUH, TaK H
apyrue (GakTopbl, HAIIPUMED, YCIOBUS BHEITHEH
cpenpl nin Matpuunele 3¢ dexter. Kaxnas takas
CTpeJIKa  MOXXET HECTH  JOIOJHHUTEIbHBIC
BJIMSIHUS, JAFOIIUE BKIIA/l B KOHEUHBIH Pe3yJIbTar.
Bce atr a3 ekt oTpaxkaroT GakTopbl, BIUSHIE
KOTOPBIX MOXXET OBITh KaK MepeMEHHBIM, TaK H
NOCTOSIHHBIM. HeompeneneHHOCTh B J1I000M U3
9THX BIWSHUKA OyAeT JdaBaThb BKIAa B
HEONPECICHHOCTh Pe3yIbTara.

D.4.3 Ha pucynke D1 mokazana mumarpamma,
noyyueHHass Ha dTamax 1—3. OCHOBHBIE BETBU
OTpakaroT MapaMeTpsl B YPaBHEHUU M3MEpPEHUil,
a BIUSHUS Ha KaXAbld W3 3THUX IapamMeTpoB
MOKa3aHbl  JOMOJHUTENBHBIMA  CTpENKaMH.
OTMeTHM, 4TO eCTh JABE CTPEJIKU ‘TeMIieparypa’,
TPHU CTPENKU ‘TPEHU3NOHHOCTH’ W TPU CTPEIIKH
‘kanOpoBKa’.

D.4.4 Pucynok D2 o6o0miaeT Biusinue (pakTopoB
MPELU3UOHHOCTH W TeMIepaTyphl, KOTOphIE
CTPYNIIMPOBaHbl TENephb, CIEAysd BTOPOMY W3
YTOUHSIIOIIMX MpaBWi (TO e BIHMSIHUAE/TO Ke
Bpemsi). Temneparypy paccMaTpuBaroT 371eCh Kak
eMHBIA (aKTOp, BIMAIOUIMA Ha IJIOTHOCTS.
NHauBuyanbHbIe COCTaBJIAIOLINE
M3MEHYMBOCTH B KaXIOM OINpeIeTeHUN IatoT
BKJIaJI B OOIIYI0 M3MEHUYHUBOCThH, KOTOpas OyaeT
HaOJI0JaThCs MIPU TOBTOPEHUHU BCEH MPOIIETypHI
W3MEpEeHHUS.

D.4.5 Cocrapisitomiue CMCIICHHS, CBSI3aHHBIC C
KaJHUOpOBKOW BECOB, TIO pe3ylbTaraM JBYX
B3BCUIMBAHUI B3aWMHO YHHYTOXKAIOTCS, W HX
MOJKHO TMpOCTO 3a4epkHyTh (pucyHok D3) B
COOTBETCTBHM  C  TEPBBIM  YTOUHSIOUIMM
MIPaBUJIOM (B3aWMHasl KOMIIEHCAIIH)
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D.4.6 Hakowner, OCTaBILIUECS CTpEJKHU
‘kanuOpoBKa’ HYXHO Iu(PEepeHIPOBaTh Kak
JIBE pa3lN4yHble COCTABISIOLINE, OTHOCAIIHNECT K
BO3MOXHOM HEIMHEHHOCTH OTKIIMKA BECOB U K
KaJHOpOBKE NP U3MEPEHUH 00BeMa.

Pucynok D1: Ucxonnasi auarpamma

m(o61was) m(rapa)

C
TemnepaTypa MeLenne

Temnepatypa Tun* CMeleHne Kann6poska
I'IpeumamoHHoch
MpeunanoHHocT Kanubposka
» d(EtOH)
MpeLmn3noHHOCTb
Kanubposka
O6Bbem *NuH. = JluHeliHoCMb

Pucynok D2: O6bennnenne cxoaubix 3¢ dexron

Temne;:alypa m(o6was) m(tapa)

InH. CvelyeHne

Kanubposka

d(EtOH)

B

e > [peunsmoHHoCTb

Pucynok D3: Bzaumuas komnencauus 3p¢exTon

Te xe Becovi: cMewjeHuA
B3aumMHO KOMPEHCUPYIOMCA

N

Temnepatypa m(o6wasn) ;" m(tapa) .
// Nun. LieHe
MHMmeHMe Kanubposka
Kanubposka
d(EtOH)
Kanubposka
0O6bem MpeuunsnoHHocTb
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Hpuiaoxenue E. ITose3nbie cTaTucTHYECKHE TPOLEAYPBI

E.1 ®ynkuum pacnpenejieHust

Crnenyromasl Huke Tabiula IIOKa3bIBaeT, KaK CJIEIyeT BBIUUCIATH CTAaHJAPTHYI HEOIPENCIEHHOCTh Ha
OCHOBE TMapaMeTPOB HEKOTOPBHIX OOMICM3BECTHBIX (QYHKIUN pachpelefieHus, H yKa3blBaeT Ha
00CTOSITENBCTBA, TPU KOTOPBIX UX CIEAYET IPUMEHSTh.

ITPUMEP

AHaNIUTHK OLICHUBAET 3HAYCHHE HEKOTOPOM COCTAaBIsIOLICH Kak “He MeHblle 7 U He Oonee 10” U co3HaeT, 4To
9TO 3HaYEHUE HAXOJWUTCS BHYTPU yKa3aHHOIO MHTEpBaia 0e3 KaKuX-JIMOO OCHOBAaHHMU MOJararh, YTO Kakas-TO
yacTh JTOTO MHTEpBaia Oojee BEpoOsiTHA, uYeM Jpyras. OTa CHTyalus IpeAcTaBiIseT coOoi omucaHue
IIPSIMOYTONBHOTO (PaBHOMEPHOI0) pacrpeneieHus ¢ MWHpuHoi 2a=3 (nmomymupuHoit a=1,5). Mcnons3ys oty
(GYHKIMIO pacnpeseNneHHs, MOXXHO MOJIYyYHTh OIICHKY CTaHIApPTHOM HEONpENeNICHHOCTH. YKa3aHHOE BBIIIE
3HaueHue a=1,5, IPUBOIUT K CTAHAAPTHOMN HEONPEAEIEHHOCTU (1,5/\/3) =0.87.

IIpsimoyroJibHOe pacnpenesieHue

CranpapTtHas
®opma Ciydau mpuMeHEHUs HEONPEIETICHHOC
Thb
2a(= +a) e B ceprudukate wWiM MHOM TEXHUYIECKOM () a
u(x)y=——7=

MOKYMEHTAIlMM  JaHbl  Tpeneisl  0e3
yKazaHWs YpOBHS JOBEpHs, HaIpHUMeEp,

V3

A
\J

(25 £0,05) M

12a e OmeHka gaHa B BHJIE MaKCHMAaJIbHOTO
muana3ona (ta) m gopma pacmipeneneHus
HEW3BECTHA.
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TpeyroJjbHoe pacnpenejieHue

CranpapTtHas
®opma Ciydau mpuMeHEHUs HEONPEIETICHHOC
Thb
B 2a(=%*a) R e Mupopmamus o BenMUMHE X HE TaK (=2
< > u(x)=——
1 OTrpaHUYCHa, Kak B ciayvae J6
OPSMOYTOJIEHOTO pacIpeneneHus.
3HaueHus B ILEHTpEe UHTepBasia Oosee
la BEPOSITHBL, 4YeM BOJIM3H €r0 IPaHull.
e OueHka naHa B BUAEC MaKCHMaJIbHOTO
Jiara3oHa (Fa), OTIMCBIBAEMOTO
| CUMMETPUYHBIM PAaCIpPECICHUEM.
HopmanbHoe pacnpeaeseHne
CranpapTtHas
®opma Ciydau mpuMeHEHUs HEONPEIETICHHOC
Thb
= QOmeHKa  TPOBOAWTCS  WcXons w3 | u(x)=s
MOBTOPHBIX HAOMIOACHUN  CITydaitHON
BEJIMYHHBL.
e Heompenenennocts  gana B Buie | U(X) =S
CTaHIAPTHOTO OTKJIOHCHHS s -
2 A1ap | u()=x-(s/X)
- > OTHOCUTEIBFHOTO CTaHIAPTHOTO
OTKJIIOHeHHs /X win Kod(hdunueHTa u(x)= %CV .
Bapuanmu  %CV 0e3 yka3zaHus BuUa 100
pacmpeneneHus..
e Heonpenenennocts  gama B Buje | u(x) =c/2
95 %-noro (Wau MHOTrO) JoBeputeabHoro | (mpu 95 %)
uHTEepBaNla xtc 0Oe3 ykazaHus BHUIA u(x) = ¢/3

pacrpeeneHus.

(ipu 99,7 %)
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E.2 MeTtoa 3J1eKTPOHHBIX TA0JIHUIL /ISl BLIYMCJIEHUS HeolpeaeTeHHOCTH

E.2.1 KommbroTepHbie IpOrpaMMbl sl pabOTHI C
ANIEKTPOHHBIMH Ta0JIMI[AMUA MOKHO HCIIOJIb30BaTh
JUTSL YTIPOILIEHHUS] pacyeToB, YKAa3aHHBIX B IJIaBe 8.
Ota nmpouedypa HCHONb3yeT MpeuMYyIlecTBa
MPUOITMKEHHOTO YHUCIIEHHOTO
muddepeHIMPOBaHUs U TPeOYeT TOJIBKO 3HAHUS
dbopMyn AN TONyYeHHS ~ OKOHYATEIBHOTO
pe3yibrata (BKIHOYAs JiI0Oble HEOOXOJUMBIC
NOMpPaBOYHble KO3(DPUIUEHTHI WM BIUSHUS) H
YHUCIOBBIX  3HAYCHUM  TapamMeTpoB U  HX
HEOIPEIEICHHOCTEN. IIpuBenenHoe 3/1€Ch
ONMCaHWE OCHOBBIBacTca Ha pabore Kparrena
[H.22].

E.2.2 B Beipakenun aist u(y(x;, xs...X,))

%y Oy Iy
Z gu('xl) + Z u(xnxk)

i=ln i i,k=l,n ax xk

MpH YCJIOBUHU, 4TO JHOO V(X;, X,...X,) SIBISAETCS
JUHEHHON (yHKIMEH oT x; Jmbo u(x;) Majo 1o
CPaBHEHHUIO C X;, YAaCTHBIC MPOHU3BOJHBIC (O)/0X;)
MOYKHO anmpOKCHUMHUPOBATH CIICAYIOIIAM
obpazoM:

a_y ~ y(x; +u(x,)) - y(x,)
ox, u(x;)

1

I[lpu  ymHOKEHMM  Ha  u(x;)  TOJy4aeTcs
HEOMPEACICHHOCTh u(),X;) BEIWYMHBI ) 00Yy-
CIIOBJICHHAS HEONPEACTICHHOCTHIO B X;

u(y,x;) = y(x1,%,..(xFu(x;))..2,)- V(X 1, X5 X X,,)

Takum o6pazom, u(y,x;) TPEACTaBISIET COOOH
pPa3HOCTh 3HAYEHWH )  BBIYUCICHHBIX IS
[x+u(x;)] 1 x; COOTBETCTBEHHO.

E.2.3 JonyuieHue o JUHEHHOCTH WM MAaJOCTH
3HaYeHUH u(x;)/x; He OYIEeT BBIMONHATHCSA CTPOTO
BO Bcex ciydasx. HecMoTpss Ha 5TO, JaHHBIN
MeTOA 00ecHneynBaeT TOYHOCTh, NPHEMIIEMYIO
Ul TPAaKTUYECKUX LeNed, Y4uThIBasl JIpyrue
JOTYIIEHUsI TpU OIleHKe 3HadeHWid u(x;). B
pabore [H.22] aror Bompoc obOcyxmaercst Oonee
nogpoOHO W TpeAnararTCsi METOAbl IPOBEPKH
CHPaBEATIMBOCTH IPUHITOTO JOIYLICHUS

E.2.4. B nmnpeanonoxxeHuH, 4TO pe3yjabTaT J
ABJsieTcsl PyHKIMEH YeThIpex napaMeTpoB p, ¢, 7,
M S OCHOBHAasl Ta0iuIa CTPOMUTCS CIEAYIOIIUM
o0Opa3om.

1) BHocsaT 3HaueHus p, ¢, u m.0. U GOpMyIy IS
BBIUKCIICHHUS y B cToyiOery A of the TaOmuibl.
Komupytor cronberr A B MOCIEAYIONIHE

CTOJIOLBI, TIOCJIEJOBATENbHO I  KaKJIOU
MIEPEeMEHHOM, OT KOTOpOM 3aBUCUT ) (CM.
Pucynok E2.1). Y100HO pa3MecTuTh 3HaYCHUSI
HeompeneneHuocrer u(p), u(q) u T. O. B
CTpoKe 1, Kak 3To MoKa3aHo B TabIuIax.

i) [Ipubapmnstor u(p) x p B sueiike B3, u(q) x ¢ B
syeiike C4 u m.0., Kak d5TO II0Ka3aHO Ha
pucynke E2.2. ITlocine mepecuera TaOIUIBI
sueitka B8 maer f(p+u(p), q ,r..) (0003HaUEHO
kak f (p’, ¢q, r, ..) Ha pucyHkax E2.2 u E2.3),
sueiika C8 naer f(p, g+tu(q), r,..) u m.o.

iii) B ctpoky 9 BHOCAT cTpoKy 8 3a BhIYeTOM A8
(manpumep, B siuelike B9 Oyner B8-A8). Oto
JaeT 3HadeHus u(y,p) B BUJIC

u(y.p)=f (ptulp), q, r..) - f(p,q,r ..) um.o.
[TPUMEYAHUE
DT0 JaCT PasHOCThL C ONPEAEICHHBIM 3HAKOM;
€e BEIMYMHA OIpPEAENAETCS  OLCHEHHOM
CTaHJAPTHOM HEONPENEIEHHOCTIO, a 3HaK
0003HaYaCT HATIPABJICHUE U3MCHCHUS.

iv) s TTOJTYICHHUS CTaHIapTHOMN
HEOMPEACICHHOCTH y  3TH  OTJICIIbHBIC
COCTaBJIAIONIME  BO3BOAAT B KBajpar,

CYMMUpYIOT M 3aT€M HU3BJEKAIOT KBaJpaTHBIN
KOPEHb, TIpH 3ToM u(y,p)° BHOCAT B CTPOKy 10
(pucynok E2.3) a  kxBajgpaTHBIi  KOpEHb
cyMmbl — B Al0. To ectp sueiika AlO
yCTaHaBIUBAeTCs Ha HOPMYITy

SQRT(SUM(B10+C10+D10+E10))
YTO JAaeT CTAHAAPTHYIO HEONIPEACIIEHHOCTD B ).

E.2.5 fueiiku B10, C10 u m.0. HOKa3bBIBalOT
BO3BE/ICHHBIC B KBaAPAT BKIaIBI U(Y,X;)’=(cu(x;))’
WHIUBUTYaTTbHBIX COCTABIISIOIINX
HEOMPE/ICIICHHOCTH B ¥ M TIO3TOMY JIETKO BUJICTH,
KaKHe COCTABISIOIIME CYIMECTBEHHBI, & KaKue
HeT.

E.2.6 [Io mepe TOro Kak U3MEHSIIOTCS 3HAUYCHHS
OTHENBHBIX  NAPaMETPOB WM  YTOYHSIOTCS
HEONPEACICHHOCTH, MOXXHO JIETKO IPOBECTH
HOBBIC BBIYHCIICHHA. Ha cragum i) BMecTO
KOMUpoBaHUSA crTomdma A B cronbuer B-E,
KOIMPYIOT 3HAUYEHHSI OT P A0 S IMIyTEeM OTCBUIKH, T.
e. stuerikn B3—E3 otHocar k A3, sueiiku B4—E4
OTHOCAT K A4 u m.0. I'Opu30HTAIBHBIE CTPEIKH
Ha pucyHke E2.1 mokaspIBaroT 3TO AJisi CTPOKH 3.
3ameThTe, uTo sAueiiku B8-E8 nomxHBI Bce paBHO
CIY>XKUTb OCHOBOM /JI1 OTHECEHHsS 3HAUCHHUM B
croiabmax or B g0 E cooTBercTBEHHO, KaK 3TO
nmokasaHo Ha pucyHke E2.1 BepTUKaIbHBIMU
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cTpenkamMu s crtonbua B. Ha cragum i)
OOABISIOT OTCBUIKA K CTpoke 1 (CcM. pHCYHOK
E2.1). Hanpumep, stueiika B3 cranoBurcs A3+Bl1,
sueiika C4 cranosurcsa A4+C1 u m.o. llpu Takom
oaxoze MU3MECHEHUS napameTpoB u
HeomnpeaeIeHHOCTe OynyT HEMEIEHHO
OTpakeHHI B 001eM pe3ynbrate (sueiika A8) u B
CyMMapHOH CTaHJAPTHOM HEOMPENEIEHHOCTH
(sraeiika A10).

E.2.7 Ecmu xakme-mubo W3  TEPEMEHHBIX
SIBIISIFOTCSL KoppenupoBaHHbiMU, K SUM B Al0

no0aBisieTcss HEOOXONWMBIM B TaKUX CIydasx
JOTIONHUTENbHBIA uieH. Hampumep, ecnu p u g
KOppenupyoT #  KOIQPHUIHEHT KOppersnun
paBeH r(p,q), TO TOT/Ia IO TOTO, KaK M3BIEKAECTCA
KBaJpaTHbII KOPEHb, K BBIYHCICHHOH CyMMe
nmo0aBisieTcss JTOTOMHHUTEIBHBIA wWieH 2xr(p,q)
xu(y,p) xu(y,q). IloaroMy KOppENSIUI0 MOKHO
JIETKO BKJIIOYaTh B PAacCMOTpPEHHE, A0OaBIsisl B
TabJIMIy COOTBETCTBYIOIIUE JONOJIHUTENbHBIC
YJICHBI.
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PucyHok E2.1

A B [ D E
1 u(p) u(q) u(r) u(s)
2
3 p P P P P
4 q q q q q
5 r r r r r
6 s s s s s
7
8 | y=f(p.q...) | y=f(p.q...) | y=f(p.q...) | y=f(p.q...) | y=f(p.q...)
9
10
11

PucyHok E2.2

A B c D E
1 u(p) \ u(q) u(r) u(s)
2 Y
3 p ptu(p) [ | p p
4 q q q+u(q) q q
5 r r r r+u(r) r
6 s s s s s+u(s)
7
8 y=f(p,qa,..) | y=f(p’,...), | y=f(..q’,..),| y=f(..r’,..),| y=f(..s’,..),
9 uy.p)Z| u(y.q 2| ulyr) 2| u(ys)”
10 . 4 . 4 . 4 4
11

PucyHok E2.3

A B [ D E
1 u(p) u(q) u(r) u(s)
2
3 p ptu(p) p p p
4 q q q+u(q) q q
5 r r r r+u(r) r
6 s s s s s+u(s)
7
8 y=f(p,qa,..) | y=f(p’,...) | y=f(..q’,..) | y=f(..r,..) | y=f(..s’,..)
9 u(y,p) u(y,q) u(y,r) u(y.s)
10 u(y) u(y,p)” u(y,q)” u(y,r)’ u(y,s)’
11 e
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E.3 OuenuBaHue HeonmpeaeJeHHOCTH ¢ HCNOJIb30BAHHEM MOIETUPOBAHUS 10

merony Monre-Kapio
E.3.1 Beenenue

Pabdouas rtpymma 1 (WG1) OO6bennHEeHHOTO
KOMHTETa 10 PYKOBOICTBaM B  00iactu
metposiorun (JCGM) B 2008 romy omyOiukoBaia
Homomaenne 1 (GS1) x PykoBomcTBy 1O
BBIPOKEHUIO HEOINPEIEIICHHOCTH B H3MEPEHHAX
GUM [H.23]. omomHenne 1 ommchIBaeT OOIIHIA
MONIXOJ,  Ha3BaHHBIA  “TpaHC(hOpMHpOBaHWE
pacnpeneneHuin” TUISL OLICHUBAHUS
HEONPENIEICHHOCT HU3MEPEHUH. DTOT MOAXO0A
peanusyercs YHCIICHHO KaK METOJ
MMUTAaUMOHHOTO MoaenupoBanus Monte-Kapio.
[Ipy HanMuuM NOAXOMSIIETO HPOTrPaMMHOIO
o0ecredyeHns1 3TOT METOJ SIBJISETCS HPOCTHIM H
JerKUM 1711 ucnoib3oBaHus. OH HpUMEHHM
MNPaKTUYECKU BO BCEX CIyYasix, B KOTOPBIX MOXKHO
ucnonb3oBaTe GUM u noaxoxn Kparrena; kpome
TOTO, €0 MOKHO HMCIOJIb30BaTh, KOTAA Pe3yIbTaT
U3MEpeHUH BBIUHUCIISIETCS c MOMOIIBIO
UTEPAllMOHHON MpoLEeaypbl. DTOT paslenl AaeT
KpaTKoe ONMCcaHue JaHHOTO METOAA.

E.3.2 OcHOBHBIE MOJIOKEHUA

Kak u Meron, u3noxeHHBbIA B mpuioxeHuu E.2,
Metoq Monte-Kapno tpebyeT Hammuausi MoAenn
U3MEPEHUS, B KOTOPOM OMNHMCAH WU3MEPUTEIBHBIN
nporecc B 3aBUCUMOCTH oT BCEX
WHIUBUAYaJIbHBIX (AKTOPOB, BIUSIOIIUX HA
pe3ynpTar. Monenb H3MepeHUil MOXKeT OBITh
BBIpa)KEHA B BUJIC YPAaBHEHUS, KaK B MIPUIOKECHUU
E.2, xoMmbroTepHO# TIporpamMMBbl WM (YHKIIHH,
KOTOpasi JaeT pe3ynbTaT u3mepenus. Kpome Toro,
IUIS BXOIHBIX BEJIMYMH TpeOyeTcs uHdopMmanus o
pacrpeielieHIH BEepOSITHOCTEH B BHIE INIOTHOCTU
pacupenenenus (PDF), manpumep, HOpManbHOE,

TpeyrojibHOe wIin PSMOYTOJIEHOE
pacmpeneneHus, ONKUCaHHble B npuioxeHuu E.1.
Pazgen 8.1. ommceiBaeT, Kak BTH INIOTHOCTH
pacmpelesieHHsT  BepOSATHOCTEH  MOTyT  OBITh
MONTy4eHbI M3 OOBIYHO AOCTYITHOW HH(pOpMAIHU O
BXOAHBIX BEIWYMHAX, HAIpPUMEP, BEPXHEM U
HIDKHEM IIpeJielie, OLICHKaX BEJIMYUH U CBSI3aHHBIX
C HHMH CTaHIAPTHBIX HEOIPEIECNCHHOCTSX;
nokymMeHT GS1 nmaer Takke AOMONHUTEIBHOE
PYKOBOJICTBO M AJISl IPYTUX CIIy4acs.

B Merone Monte-Kapno BeluucisieTcst pe3yJbTar,
COOTBETCTBYIOIIUNA 3HAYCHUIO KaXIOW BXOJHOM
BEJIMYMHBI, B3ITOMY CIy4alHBIM 00pa3oM U3 ero
IUIOTHOCTH pacIipelesieHHs BEPOSITHOCTEH, U 3TO
BBIYMCIICHUE ITOBTOPSIETCSl OOJBLIOE YHUCIO DPa3
(amcno ucmbltanmit), 066r9H0 ot 10° Ko 10°. DToT
npomecc  Aaer  Habop  CMOJETUPOBAHHBIX
PE3yNbTAaTOB, KOTOpbIE, MPH ONpPEIEICHHBIX
JOMYIIEHUSAX,  (QOPMHUPYIOT  TPUOIMKEHHYIO
($hyHKUIHIO IUIOTHOCTH pacrnpeneneHus
BEPOSITHOCTE  AJIA  3HAYCHUsT  HU3MEpseMOil
BeNMW4MHBL. M3 3TOro Habopa CMOIETUPOBAHHBIX
PE3yNbTAaTOB MOJY4alOT CpeAHee 3HAaueHHEe U
cTaHAapTHOe OTKIOHeHHe. B JlomonHenun 1 k
GUM  oHM WUCHONB3YIOTCS  KaK  OLEHKa
U3MEpseEMON BEIWYMHBI W CBsI3aHHAas C HeHl
CTaHIapTHas HEOIpeIeICHHOCTh
COOTBETCTBEHHO. 10T polecc
npowuiroctpupoBan Ha Pucynoxk E.3.1B B
CpaBHeHHH C OObgHOW mporeaypoir GUM,
nokazanHoi Ha Pucynok E.3.1A. Cormacso GUM
CYMMHPYIOT CTaHIApTHBIE HEONPEAEICHHOCTH
OLIGHOK BXOAHBIX BEIMYMH M  IOJy4YaroT
CTaHIAPTHYI0 HEONPEACICHHOCTh, CBS3aHHYIO C

Pucynox E.3.1

X1, U(X]_) —» A
—> y, u(y)

XZ/ U(Xz) — >

X3, U(X3) —>

B
9x.(&)
— —
9x,(52) g,(n)
SN
9x,(&3)

[IpuBeneHo cpaBHEHHE 3aKOHA paCIpPOCTPaHEHHUs HeompeneaeHHocTh (A) U pachpoCTpaHEHHS
pacupenenenuit (B) mis Tpex He3aBUCUMBIX BXOTHBIX BENMUYUH. g(&;) — INIOTHOCTH paclpeieieHus
BEpOATHOCTEH, CBsI3aHHas € X; U g(#7) — MJIOTHOCTD paclpeiesieHHs BEpOSITHOCTEN pe3yibTara.
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OLICHKOM u3MepsieMoi BennuuHbl; IIponenypa,
omcanHass B Jlomomnenmn 1 (pucynok 1B)
UCIIOJIB3YET paclpeliesieHUs] BXOIHBIX BEJTUYMH
IUIA  BBIYMCJICHUS pacHpefeieHHs BbIXOIHOU
BEJIMYMHBL.

E.3.3 Cs3b mexnay merogom Monte-Kap.io,
GUM u noaxoaom Kparrena

B OGonmpmmucTBe cimydaeB  wMetomsl  GUM,
Kparrena u Monte-Kapno parwT npakTHUEeCKU
OIHO W TO >K€ 3HA4YEHHE [UI1 CTaHIapTHOM
HEONPENICICHHOCTH, CBSI3AHHOM C  OLICHKOM
U3MEpSeMON BEIWUYWHBL. Pasznuuus CTaHOBATCA
3aMETHBIMM, KOIZIa paclpeleNeHus] AaJeKH OT
HOPMAaJIbHOTO U B CIy4asX, KOIZla 3aBHCHUMOCTb
pesynbTaTa  M3MEpeHus ~ OT  OAHOM  win
HECKOJBKMX BXOAHBIX BEIMYMH HEJMHEHHA.
Bbazoeiil nogxonq GUM, pacCMOTpPEHHBIH B Ii1aBe
8., JI0X0 MPUMEHHUM TaM, TJ€ €CTh CyLIECTBEHHAs
HEJIMHENHOCTh. HennHEeHHOCTh y4YWUTHIBAETCS B
GUM BKIIOYEHHEM B pPAacCMOTPEHUE YJICHOB
Oonee Boicokoro mopsnka (B [H.2] ato ommcano
nonpobHo). Ecim sra mpobnema mMeeTr MecTo,
nonxoyn Kparrena (IIpunoxxenue E2), BeposiTHO,
Jact Oonee peaTuCTUYHYIO OLICHKY
HEONPEACICHHOCTH, YeM YpaBHEHHE IEPBOTO
nopsiika B pazfene 8.2.2., MOCKOJBbKY MOAXOX
Kparrena YUYUTHIBAET JEHUCTBUTEIIbHBIC
W3MEHEHUS pe3ysbTaTa MPpH U3MEHEHHH BXOIHBIX
BEJIUYHMH Ha BEJIMYUHY CTaHJapTHOMN
HeomnpeaeneHHOCTH. Meton Monte-Kapio (mpu
JIOCTATOYHO OOJIBIIIOM YHCJIC UMHUTAITHH) JacT BCE
e JIydniee NpUOIMKEHHE, IOTOMY 4YTO OH
JOTIOJTHUTEIBHO UCCIeyeT 9KCTPEMYMBI
BXOJHBIX M BBIXOAHOTO pacmpenencHuil. B Tex
CllyyasiX, KOTJIa PAaCHpEeleNCHHUs CYIIECTBEHHO
OTJIIMYAIOTCA OT HOpManbHOro, nmoxxox Kparrena
u ocHoBHOM mnoaxonq GUM paoT  OLEHKY
CTaHIAPTHOIN HEONPEAEICHHOCTH, B TO BPEMs KaK
Meron Monrte-Kapiao MoxeT NOpeaocTaBUTh
MHQOpPMALMI0O O BHIE paclpeleNeHus u,
COOTBETCTBEHHO, Jyd1iie 0003HaYUTh
JEUCTBUTEIBHBIN ‘UHTEPBANI OXBATa’, YEM MIPOCTO
uHTepBan y+U.

I'maBHpiMu HenmocTaTkaMu Metoaa Monte-Kapio
SBIISIFOTCS:

e (QoyipmIas CIOXHOCTh pPACYETOB M BpeMs
BBIUMCIICHHH, OCOOCHHO Korjga Tpedyercs
HOJTYYHUTh HA/IC)KHBIC HHTEPBAJIbI,

® pacCYUTBIBAEMBIC HEONIPEACIICHHOCTHU
HU3MCHAIOTCA OT OAHOI'O MCIIBITAHUSA K APYIrOMYy

U3-32  3aBEJOMO  CIy4aifHOro  Xapakrepa
MOJICITMPOBAHUS;

e TPYOHO OIpeNenuTh Hauboyee 3HAYNMBIC
BKJIa/Ibl B CYMMAapHYIO HEONpPEAEICHHOCTh 0e3
MOBTOPEHUS MOACTIUPOBAHUSL.

Tem He MeHee, COBMECTHOE NPUMEHEHHUE
bazoBoro meroga GUM, moaxoma Kparrena u
Merona Monte-Kapno nmoutu Bcerja moje3HO B
pa3paboTKe MNOAXOIAIIEH CTpaTeru, TaK Kak
KaXIbli U3 TpeX IOAXOJOB OCBEIIAET pa3HbIC
CTOpoHBI mpoOsiembl. CyIIeCTBEHHBIE DPa3IHUUs
MEXIy pe3ynbTarami, nonydeHHsiMu o GUM u
merony Kparrena, wacto yKa3plBalOT Ha
3aMETHYI0 HEJMHEHHOCTh, B TO BpeMs Kak
Oonpre pazauuus Mexnay noaxogamu Kparrena
win GUM, ¢ o1HOH CTOpOHBL, U METOAOM MOHTe-
Kapio, ¢ ngpyroii — MOXET CBHIETEILCTBOBATH O
3HAYUTEJIBHBIX OTKIOHEHUSX OT HOPMAaJbHOCTH.
Ecnu pasnuuHble METOABI AT CYIIECTBEHHO
pasHble Pe3yNbTaThl, TO IPUYMHA 3TOTO Pa3INIUs
JOJKHA OBITh MCCIIEOBAHA.

E.3.4 Peanu3anusi ¢ NOMOIbIO 3JIEKTPOHHBIX
TA0JHIL

Metoa Monte-Kapno mydme Bcero peanusyercs
C TOMOIIBIO  CIEUUATBbHO  pa3pabOTaHHOTO
nporpaMMHoro obecnedeHusi. OIHAKO MOXKHO
UCIIOJIb30BaTh (DYHKLUUHM 3JICKTPOHHBIX TaOJMIL,
yKazaHHble, Hampumep, B Tabmuma E3.1, misa
MOJTYYCHUS OLICHOK Momnte-Kapno npu
HEOOJBIIOM YHCIIe WMHUTAIMA. JTa Tporemypa
BBIYMCIICHUH WJUTIOCTPUPYETCS C  TIOMOLIBIO
CIIEAYIOIIEr0 IPOCTOr0 MpHUMEpa, B KOTOPOM
3HA4YCHUE y BBIYMCIIACTCS U3 3HAYCHUN BXOAHBIX
BEJIMYMH d, b ¥ ¢ B COOTBETCTBUH C YPaBHEHHEM

_a
b-c

Y

(OT0 MOXeT OBITh, HApUMeEp, MaccoBasi JOJIA,
BBIYHCIISIEMAasi U3 U3MEPCHHOW MAacChl aHAIUTA d,
oOmeir wmaccel b W Maccel  Tapel ¢
COOTBETCTBEHHO). 3HaueHust napameTpos,
CTaHJapTHBIC HEOMPECICHHOCTH u
NPUNHCAHHBIE —PACHpE/CNCHUs TPUBEIACHBI B
ctpokax 3 u 4 Tabnuma E3.2.

Tabmuma E3.2 taxke WITIOCTPUPYET MPOLEAYPY
BBIYHCIICHUM.

1) B ctpoku 3 u 4 31eKTpOHHON TaONHIIBI BBOIST
3HAYCHUS BXOJHBIX MapaMeTpoB M  HX
CTaHJApPTHBIC HEOMPENCICHHOCTH (WK, B
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Tadauua E3.1: @opMyJibl 3J1eKTPOHHBIX
Ta0JIMI JJ1s1 MOJEJTUPOBAHMS 110 METOAY
MonTte-Kapao

Pacnpenesnenue dopmyaa 1 IVIOTHOCTH
pacnpeaeseHust
BeposiTHOCTedi 1 AHHEL
HopmaabHoe NORMINV(RAND(),x,u)
IIpsimoyrosibHoe
3a/IaHHAas x+2*a*(RAND()-0.5)

MOJIYLIUPUHA a:

3a/IaHHAs x+2*u*SQRT(3)
CTaHjapTHas *(RAND()-0.5)
HEOIIPEEIIEHHOC
Tb U:

TpeyroJubsHoe
3a/laHHAs x+a*(RAND()-RAND())

MOJIYLIUPUHA a:

3a/IaHHAas x+u*SQRT(6)
CTaHjapTHas “(RAND()-RAND())
HEOMPEIENEHHOC
Tb U:

[MPUMEYAHUE2

t x+U*TINV(RAND(), Vesr)

[MTPUMEYAHMUE 1. B s10it dopmyne x nomkeH ObITH
3aMCHCH 3HAa4YCHUEM BXO,Z[HOﬁ BCIIMYHUHBI X;, U —
COOTBETCTBYIOIIEH CTaHJAPTHOW HEOIPEIEICHHOCTHIO,
a - MOJYIIUPUHON COOTBETCTBYIOILETO
MPSIMOYI'OJIBHOTO WIH TPEYTOJABHOIO PacCIpeiciIeHUs U
V — TOJXOIAIIAM YHUCIIOM CTEIEHEH CBOOOIBI.

[MPUMEYAHMUE 2. Dra ¢opmyna npuMeHHMa, KOrja
3aaHa CTaHIApTHAs HEOIPEICIICHHOCTh U HM3BECTHO,
YTO OHA CBS3aHA C [-pacCIpECICHUEM, UMCIOIIUM V
cTenieHeid cBoOOMbl. JTO OOBIYHO WMEET MEeCTO st
coo0IlaeMoif  CTaHOAPTHOW  HEONPENENICHHOCTH C
3(h(HEKTUBHBIM YUCIIOM CTEIICHEH CBOOOIBI Vegy.

ClIydadax IMpsAMOYTOJIbHOIO WJIN TPEYroJIbHOIro
pacnpeeneHui, MoNyIupHUHy HHTEpBaJIa).

ii) Beruncnenne pe3ynbpraTa y BBOISAT B CTPOKY 3,
CIpaBa OT Habopa BXOJHBIX 3HAYCHUH.

iii) HaunHas ¢ moaxosiiel CTpOKH HUXKE CTPOKHU
3HAUCHUUW M HEOIpeaesIeHHOCTeH (CTpoka &
apnsgercss HavanbHol B Tabmuma E3.2),
HeoOXomuMble  (GOPMYNIBI  IUISI  KaKIOTO
pacmpeneneHuss  BBOISAT — TOJ — KaIbIM
BXOAHBIM mapameTpoM. [lonesnsie (Hopmysbl
ANEKTPOHHBIX TAONUI [UIi TEHEPUPOBAHUS
CIIy4aiiHBIX BBIOOPOK C  HCIIOJIb30BAaHHEM

Pas3INYHBIX BUAOB IUIOTHOCTH pacHpeaeeHus
npuBeneHsl B Tabmuma E3.1. 3amernm, dyto

(dhopmyb JOJKHBI coaepxarb
@ukcuposanmvle  CCBIIKM  Ha  CTPOKH,
colepXKallye  3HaueHWs  mapamerpa U

HEOTIpeIeIeHHOCTH (OHH  O0O3HAauYeHBI B
dopmyiie 3HaKoM $).

iv) Belancnenne pesynprata )y KONHpPYETCS B
MEPBYIO CTPOKY CIyYalHBIX 3HAYEHUH, CIIpaBa
oT Ha0opa 3Ha4eHUIl BXOJHBIX BEJINYMH.

v) Ctpoka, coxmepxamass  GopMmynsl i
CIy4YalHBIX 3HAYECHUU u hopmymy
COOTBETCTBYIOILIETO BBIYHCIICHHOTO
pesynbTaTa, KONHUPYETCS  HHMXKE,  YTOOBI

MONyYUTh JKeIaeMoe Ynucio NmoBTopoB (500 B
Ta6mmma E3.2)

vi) OuileHKa cTaHAapTHON HEOIPENeIeHHOCTH B ),
nosyueHHas no merony Monte-Kapno, — 3to
CTaHJapTHOE OTKJIOHCHHE BCEX
CMOJICTUPOBAHHBIX 3HAYEHHUH ); OHO ITOKa3aHO
B stueiike G4 Tabnuna E3.2.

[Homy4ennoe pacrpeneneHue MO>KHO
UCCIIeI0BaTh c MOMOIIBIO MOCTPOCHUS
THUCTOTPaMMBI, MCIIOJIb3Yys BCTPOEHHbIE (DYHKIMU
3NIEKTPOHHBIX Ta0nuu. [ NpUBeIeHHOTO 31€Ch
npuMepa C  HCIONb30BaHHMEM 3HAYCHUH W3
Tabmuma E3.2, 500 moBTOpOB Jal0T CTaHIAPTHYIO
HEONpeleNeHHocTh By,  paBHyro  0,23.
IToBTOpenne wmopemupoBanus 10 pa3 (myrem
mnepecyera  JJEKTPOHHOW  TaONHWIBI) A0
3HAYCHUS! CTAHAAPTHOW HEONpPEICICHHOCTH B
nuanazone ot 0,197 nmo 0,247. CpaBHeHue co
CTaHJApPTHOU HEONPEAEIEHHOCTHIO 0,187,
BBIYMCIICHHOM C  HCIIOJIb30BaHHEM 0a30BOro
noaxoaa GUM, noka3bIBaeT, 4YTO MOJEIUPOBAHUE
mo MonTe-Kapno o0pr4HO maeT Ooree BBICOKHE
OLICHKHU CTaHIAPTHOM HEOMPEICICHHOCTH.
[IpuumHy 3TOr0 MOXHO YBHIECTH Ha TUCTOrPaMMeE
CMOJIETMPOBAHHBIX pe3ynbTaToB (Pucynok E3.1);
XOTSl BXOIHbBIE HapaMeTpbl HMEJIN HOpMajlbHOE
pacrpeneneHue, BBIXOJHAS BEJIMYHMHA
OoOHapyXHBaeT  3aMETHYI  IOJOXHTEIbHYIO
acCUMMETpHUIO, 4YTO BeAeT K 0Oojee BBICOKOM
CTaHIAPTHOM HEOIPEeNICHHOCTH, 4eM
OXHAAJIOCh.  OJTO  SIBISETCA  CJEICTBUEM
CyLIECTBEHHON HenuHenHoctH; OTMETHM, 4YTO
HEONPEACNCHHOCT B b H ¢ COCTaBISIOT
3HAYUTEJIBHYIO [TOJI0 B 3HaMeHartene b-c, 4To
JaeT MPONOPLMOHAIBHO Majble 3HAYECHUS B
3HaMEHaTeNe M, COOTBETCTBEHHO, BBICOKHE
OLICHKH VIS V.
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Taboauua E3.2: Peanuzauus mogeauposanus no meroay Mounre-KapJiio
€ IOMOLIBIO JIEKTPOHHBIX TAGIMIL

A B C D E F G
1
2 a b c y
3 3Ha4veHune 1,00 3,00 2,00 / |=C3/(D3-E3)
4 CraHpgapTHas 0,05 0,15 0,10 =STDEV
HeonpeaeneHHOCTb (G8:G507)
5 Pacnpeanenenune| HopmansHoe [HopmarnbHoe HopmaneHoe
6
7 MogenupoBaHue a b c x y
8 =NORMINV( |=NORMINV( =NORMINV( =C8/(D8-E8)
RAND(), RAND(), RAND(),
C$3,C%4) D$3,D$4) E$3,E$4)
9 1,024702 2,68585 1,949235 1,39110
10 1,080073 3,054451 1,925224 0,95647
11 0,943848 2,824335 2,067062 1,24638
12 0,970668 2,662181 1,926588 1,31957
506 1,004032 3,025418 1,861292 0,86248
507 0,949053 2,890523 2,082682 1,17480
508

3HayeHUs apaMeTpoB BBOJAT BO BTOpoil ctpoke oT C2 no E2, ux craHmapTHBIE HEONPEIENEHHOCTH - B CTPOKE HIDKE
(C3:E3). Pacuer pesysbrara y BBoIAT B siueiiky G3. HeoOxoaumbie GopMyIbl Ajisi TeHEPUPOBaHUS CIIyYaiHBIX YHCEI
BBOJIAT B CTPOKY 8 BMECTE C KONMPOBAHUEM BBIUMCIICHHS pe3yibTara (31ech B rpade G8). Crnemyer oTMeTuth, uto G8
OTHOCHUTCSI K CMOJICIIMPOBAHHBIM 3HaueHHsM B cTpoke 8. CTpoka 8 Komupyercs HIDKE, YTO JacT JKeJlaeMO€ YHCIIO
MIOBTOPOB; HAa PHCYHKE IOKa3aHBl Pe3yJbTHPYIOUIME CiydailHple 3Ha4ueHus (co cTpoku 9 u nmanee). CraHmapTHas
HEONPEIeJICHHOCTh B ) BRIYUCIISIETCS KaK CTAHAAPTHOE OTKJIOHEHUE CMOEINPOBAHHBIX 3HAYCHHH ).

Pucynoxk E3.1: IIlpumep ructorpaMmbl CMOAETHPOBAHHBIX Pe3yJIbTATOB

110 7
100 - ]
90 -
80 -
70 1
60 -
01 S -
40 -
30 1
20 1
10 -

u | —

YacroTta
]

3

1,9-2 ||
11-2.2

0-0,6
0,7-0,8
0,9—1
1,1-1,2 .
1,3-1,4
1,5-1,6
1,7-1,8
2,5-2,6
<2,7

2,3-24
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E.3.5 IIpakTHYecKkue peKOMEeHIAIMH 0
HCI0IB30BaHnI0 MeToaa Monte-Kapio
JJIsl OLleHUBAHMS HeonpeaeIeHHOCTH

Yucao ucupITaHuM

Meton Monte-Kapiao naer XOpoOIIyiOo OIECHKY
CTaHJApTHOM HEONPEICIIEHHOCTH yKe MPH YHCIe
UCIIBITAaHUA B HECKONbko coten; mnpu 200
UCIBITAHUSIX OIICHUBaEMbIC CTaHJIapPTHHIC
HEONpEACNeHHOCTH OyIyT OTIMYaThCs, Kak
oxunaercs, Ha +10 % OT OlEHKH, B TO BpeMs Kak
mpu 1000 u 10000 wucneITaHwii OXUITAEMBIC
JMania30Hbl  COCTABJIAIOT MpUMEpHO =£5% u
+1,5 % (na ocHoBe 95 %%-HOrO MHTEpBaNa s
y’-pacnipenencnus). [IpHHIMAast BO BHUMAHHE, 4TO
JUTST MHOTHUX BXOJTHBIX BEJTUYMH
HEONPEJCICHHOCTH  TOJNy4YeHbBl Ha  OCHOBE
HAMHOTO  MCHBIIETO  4YHcla  HaONIOJICHHH,
CPaBHHUTEIBHO He0O0JIBIIOE YHCIIO
MOJeNUpoBaHuii, T. €. BeIOOpkU Monrte-Kapmo
pasmepom  500-5000  wcneiTaHWid, — OyAyT,
BEPOSATHO, JIOCTATOYHBI, MO0 MEHBIICH Mepe, s
UCCIIEIOBATENbCKUX PabOT HM  4YacTo — I
MpeoCcTaBiIcHUs MHAOOPMALMU O CTaHJAPTHBIX
HEONPEACTICHHOCTSIX.

I[OBCDI/ITCHBHI)IC HHTCPBAJIbI, BBIYUCIICMBIC 110
Mmetony Moure-Kapio

W3 pe3ynbTaToB MOAETUPOBAHHUS MO METOAY
MomnTte-Kapino MOXHO TaKKe OIICHUTH
JIOBEpUTENIbHbIE HHTEPBAJIBI — 0€3 HCIIONb30BAHUS
3¢ pekTHBHOrO  4YMclIa  CTENEHEH  CBOOOIBI,
HampuMep C TOMOIIBIO  COOTBETCTBYIOIIMX
kBauTwie. [Ipu 3ToM He ciemyeT oOpamarh
BHUMaHHE Ha U3JHUIIHE JIETAIbHYI0 KapTHHY
MOJIYYEHHOH IUIOTHOCTH pacnpeneneHus. HyxHo
UMETh B BUAY, 4TO HH(OpMAIMs, HA KOTOPOii
OCHOBaHBI TJIOTHOCTH pacnpeseneHus
BEpOATHOCTEH BXOJHBIX BEJIMYMH, HE BCerja
Ha/leKHa. XBOCTBI paclpeliesieHus O0COOCHHO
YyBCTBUTENILHBl K HMeEIoLIeHcs HH(OpMAIHK.
BcenenctBue atoro, kak ykazano B GUM, pasnen
G 1.2, “oOblyHO HepasyMHO  cCTapaThCs
OOHApYXHUTh Pa3IMYhe MEKAY OYCHb OJIM3KUMHU
YpOBHSMH JI0Bepusl (CKakeM, MEXIy YPOBHAMHU
94 u 96 %)”. GUM yka3plBaeT Takxe, YTO
MOJTyYeHHe MHTEPBAIOB C YPOBHAMHU AoBepHs 99
% W BBIIIIE ABTSETCS 0COOGHHO TpyAHBIM. K TomMy
JKe ISl TIOyYeHHs JOCTAaTOYHOW WHPOPMAIUH O
XBOCTax TUIOTHOCTHU pacnpezeneHus
BEPOATHOCTEM BBIXOJHOM BEJIMYHMHBI MOYKET
notrpeboBaThCH, 1o MEHBbIIEH mepe, 10°

ucneiTanuii. Torma BakKHO 00€CIeYuTh, YTOOBI
TeHepaTop CIyYalHBIX 4YHCeNl OBLT CIOCOOCH
NOJ/ICPKUBATh CIy4alHBIA XapakTep Al TaKuX
0ONBIIMX BBIOOPOK W3 pACTIPENETCHUA BXOJHBIX
BEIMYMH; 3TO TpeOyeT HaIW4Ms HaIeKHOTO
nporpaMMHoro obecrnedeHus. B momonHeHun
GS1 pexkoMEeHOyITCS HEKOTOPBIE HaJEXKHBIC
TeHEPaTOphI CIIyYaHbIX YUCE].

CMelleane  W3-3a  aCHMMETPHUH __ BBIXOJHOTO
pacnupeneneHus

B Tom cnywae, korma MoOAEnb U3MEpPEHUH
SIBIISIETCSL HEJIMHEHHOM, a CTaHAApTHAas
HEONPEICICHHOCTh, CBS3aHHAsl C OLEHKOW )
BeJIMKa B cpaBHeHHH Cc y (T. e. u(y)y
cymectBeHHO  Oospmie 10 %)  miIoTHOCTH
pacrpenesieH!sT BEepOSATHOCTEH, BBIYMCICHHAS 10
Metony  Monre-Kapno, Oymer, BeposTHO,
HecuMMeTpuuHoi. B 3TOoM cinyuyae cpennee
3HAa4YCHUE, BBIUYMCIEHHOE M3 CMOJEINPOBAHHBIX
pe3ynbTaToB, OyAeT OTIAMYAaThCs OT 3HAYCHUS
U3MEpseMON BEIMYHMHBI, IOIYYE€HHOTO, KakKk B
GUM, ucxops u3 oIeHOK BXOIHBIX BeIWInH. [
OONBLIMHCTBA MNPaKTUIECKUX nesein B
XUMHAYECKHX HU3MEPEHUSIX ciemyer
OPEIOCTABIATh PE3YJbTaT, BBIYMCICHHBIA W3
UCXOIHBIX BXOAHBIX BenuuuH. OnHaKo A
MPEACTABICHNUS COOTBETCTBYIOLIEH CTaHAAPTHOMN
HEONPEICICHHOCTH MOXHO HCIIOJIb30BaTh OLICHKY
o metoxy Monte-Kapio.

E.3.6 Ilpumep oueHMBaHUS HeollpeleIeHHOCTH
¢ nomoub10 Merona Monre-KapJio

Hacrosmuit mpumep ocHoBad Ha llpumepe A2,
orpeJiesieHNe KOHLIEHTPAluK THAPOKCHIA HATPUs
C  HCIIONB30BAaHMEM CTaHAApTHOro  oOpasua
kucnoro (ranara kamus (KHP).

Wsmepsiemas BeJIMYMHA - MOJIIIpHAst
koHUueHTpauuss NaOH, cn.on, - maercs
ypaBHEHUEM
_ 1000m o Peyip -1
CnaoH — [Monb 11 ],
M.,V
KHP

rue

myup — Macca KHP,

Pxup — creniens unctotsl KHP,

Myyup — MosipHast Mmacca KHP,

V — obbem NaOH, mnowmemmmii Ha

tutpoBanue KHP.
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Hekotopele u3 BenMYMH B 3TOM YpaBHEHHUU
U3MEPEHHH CaMu BBIPAXKAIOTCS dYepe3 Ipyrue
BENIWYMHBL. BHauane HYXHO NPEeICTaBUTh 3TO
ypaBHEHHUE B BUAE (DYHKLUH IJaBHBIX BEIHYHH, U
Ka)k1asi U3 3TUX BEIWYMH JOJDKHA OBITH OIMCaHa
IUIOTHOCTBIO PacHpenesieHus] BEpPOATHOCTEH — 3TO
SIBJISIETCSI OCHOBOM pacuyeToB mo Meroay MoHTe-
Kapuo.

Myyp TOTYYAIOT ITO PA3HOCTH B3BEIIWBAHUI:

Mgup = Mxup,1 — MKHP2-

Myyup MomsipHass macca KHP BkirowaeTr ueTeipe
cllaraeMbIX JUIS YeThIpex 3JIEMEHTOB
MOJIEKYJIIPHON (hOPMYITBI:

Myp=Mc +My +M, +My.

V' 3aBuCHT OT TemmepaTypsl B J1a0OpaTOpUH U
TEeMIeparypbl  KaluOpOBKH  W3MEPUTEIHHOTO
npubopa:

V=V.[l+a(-T,)]

rae o — xKo3pdumueHT 00BEMHOTO PaCIIUPEHUS
Bojbl, 1 — Temmeparypa B maboparopuu u Ty —
TeMmIreparypa, IpH KOTOPOH OTKanuOpoBaHa
KoJi0a.

Kpome Toro0, HY)KHO BKIIOUHTH KOA(D(UIIMEHT R,
yauThIBaROIUANA 3G (dEeKTh,  CBSA3aHHBIE  C
HOBTOPSIEMOCTBIO H3MEPEHHH.

PesynpTupyroniee ypaBHEHUE H3MEPEHUN HMEET
BUJ

IOOO(mKHP,l - mKHP,z)

N0t = (M +My +My + M P [l-a(T-T,)]

[Mon ']

B 3aBHCHMOCTH OT UMEIOLIEHCA B PACHOPSKEHUU
UHQOpPMAlMK KaXKAas U3 BXOAHBIX BEIUYMH
XapaKTepU3yeTCsl COOTBETCTBYIOIIEH INIOTHOCTHIO
pacmpeneneHuss BeposATHOCTEH. Bce BeauunHbI
(dakTophl) ¥ COOTBETCTBYIOIINE PACTIPEIECIICHUS
npuBeieHbI B Tabmuie E3.3.

ITockonpKy AOMHHHPYIOIIUM SIBISICTCS BKJIan Vr,
TO JJO9 OTOM COCTaBIAIOMICH MCCIIEIOBAIIH,
MMOMHUMO TIPSIMOYTOJIEHOM, ABE MPYTHUX IIOTHOCTH
pacnpezeneHus (TPEyTroNbHYI0 U HOPMAIBHYIO) —
9TOOBI OIIGHWUTh WX BIWSHUE HA PE3YJIbTaThI
BBIYMCIICHHI.

CrangapTHas HEOTIPEIeTICHHOCTh u(CNaon),
BBIYMCIICHHAS AJIS1 KOHLECHTPALUH Cnyon C TPEMs
PasInYHBIMU IUIOTHOCTSAMH pacHpeAeieHus s
MEPEMEHHON V1 OYeHb XOPOLIO COrJacyercs co
CTaHIAPTHOM HEONPEEICHHOCThIO, MOIYyYEHHOMN
00braHBIM myTeM, cienyss GUM (tabmuma E3.4)
wm noaxony Kparrena. [Ipu atom ko3 dumment
oxBara k, MOIly4eHHBIH BCEMH TpeMs criocobaMu
c orceueHueM 2,5 % pe3ynabTaTOB Ha XBOCTaX,
COOTBETCTBYET HOPMAJIBHOMY PpacHpeAEICHUIO,

4TO MOATBEPXKIAET NPaBUIBHOCTh
UCIIOJIb30BaHUA k=2  1[pu  BBIYUCICHUH
paclIMpeHHOM  HeompeneneHHocTd.  OpHako

WCTIOJIb30BaHME MPSAMOYTOIEHOTO PaCTIpeeIICHUS
I cocTaBiAmomiedn Vr 3aMeTHO BIHIET Ha
TUIOTHOCTh  PacIpellelieHuss BEpPOATHOCTEH st
KOHIICHTPAIINH Cn,on. PacdeThl OBLTH BBITIOTHEHBI
C WCIONB30BaHMEM 4dvcia uenbitanmii ot 10%10
10% npu sTom 3Hauenne 10* naBano mocTaTodHO
cTaOMIbHBIC 3HaUeHMS k W u(cnion). bonbimee
YHUCIIO UCTIBITAHWHA JaeT OoJiee TIaJKuEe KPUBBIC
JUTSI TDIOTHOCTH PacIipelelIeHus BEPOATHOCTEH.
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Tadoauua E3.3: 3nauenus: GakropoB, UX HeollpeAeJJeHHOCTH U pacnpeieieHisl BepoOSITHOCTel

B IpuMepe A2
BennuuHa Ornucanue Enununa|3nauenue |(CranmapTHas Pacnpenenenue
HEOMpeIeICHHOCTh
WY TIOJTYIIUPUHA

R takrop 1 1,0000 0,0005 HopmansHoe
IMOBTOPACMOCTHU

MKHP, | KOHTeMHep ¢ r 60,5450 0,00015 [IpsimoyronbHoe
KHP

MKHP2 KOHTelHep 6e3 [T 60,1562 0,00015 [IpsmoyronsHoe
KHP

P CTENEHb YUCTOTHI |1 1,0000 0,0005 IIpsamoyronbHOE
KHP

Mc, MoOJIspHas Macca |Moib - 96,0856 0,0037 [IpssmoyronbHoe
Cs

My MoJspHas Macca |Monb | |5,0397 0,00020 [IpsimoyronsHOE

5 He

Mo, MOJIpHas Macca [Monb - 63,9976 0,00068 [IpssmoyronsHOE
04

My MosisipHas Macca |Momb | (39,0983 0,000058 IIpsamoyronbHOE
K

VT oobem NaOH, MII 18,64 0,03 [IpssmoyronbHOE
MOLIEAIINHN Ha
tutpoBanue KHP

T-T, pa3HOCTh K 0,0 1,53 Hopwmanbnoe
TeMIeparyp
KaJHUOPOBKH U
IIPUMCHCHUA

o kodpurment  [°C”' 2,1x10™ [Tpenebpexxumo
00BEeMHOT0
pacuinpeHus
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Ta6auna E3.4: CpaBHeHHne 3HaAUeHHIT HeOMPeAeJeHHOCTH U(Cnaon), BbIuncIeHHbIX 10 GUM u
MerToxy MonTe-KapJio ¢ pa3in4HbiMu IUI0THOCTAMM pacnpenesedusi (PDF) nus cocraBasiromeit
HeomnpeaeaeHHocTH Vry

Vr Tpeyronsnas PDF Vr Hopmanshnast PDF | Vr IlpsamoyronsHas PDF
GUM* 0,000099 wob 1! 0,000085 mop 1" 0,00011 moub i1
Meroa MonTte-Kapio 0,000087 mous 1! 0,000087 mous 1! 0,00011 moub i1

* Pesynbrate! Berancinennii o GUM u metony Kparrena [E.2] cormacyrores, mo MeHbIeld Mepe, B
JIBYX 3HAYAIUX UG pax.

Pucynoxk E3.2: KoHueHTpauus cn,on, BBIYMCICHHAS UCXOAS U3 V1 ¢ TPeyrobHoOM MJIOTHOCTHIO

pacnpenejaeHus
kos=1,94, u=0,000087 mo.b i, 3Hauenne u mo GUM 0,000099 moup '
610 ¢
E 4104 |
2 é
= i
2:10° 4 | I |
‘ | | | | : |
| I |
. | i! L] -.! LA L A Al
0,1018 0,102 0,1022 0,1024

=l
Crion (MOMB ')
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Pucynok E3.3: KoHueHTpauus cn,oun, BbIYHCJIEHHAS HCX0As U3 V1 ¢ NPSAMOYT0JIbHOM NJIOTHOCTHIO
pacnpeeseHust
kos=1,83, u=0,00011 mou1pb a1

6-10°T

4-10* 1

Yacrota

2-100 1

0,1018 0,102 0,1022 0,1024
Crason (MONB ')
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E.4 HeonpenejneHHOCTH, CBSI3aHHBIE ¢ JJMHEHHON IPayuPOBKOM 10 METO1Y

HAaUMEHBIIUX KBAAPaTOB

E.Error! Bookmark not defined..1 B
AHATUTUYECKUX METOAaX W mpubopax dYacro
NPUMEHSIOT TPaIyHUpPOBKY, MOJIYYaeMYIO MyTeM
perucTpanyvyd  OTKIMKOB ) TIPH  Pa3IUIHBIX
3HAYCHUSX  COACp)KaHUs  aHamuta Xx. B
OOJIBIIMHCTBE CJIy4acB MPHHAMACTCS IJUHEWHAs
(yHKIIMOHATBHAS 3aBUCUMOCTE:

y = by + bx (E3.1)

Orta rpamyupoBOuYHas (QYHKLHUS HCIIOIb3YeTCs
3aTeM [UI1 BBIYUCIICHHUS KOHUEHTPALMU  Xped
aHauTa B npoOe, COOTBETCTBYIOIIEH
HAOJIIONAEMOMY  OTKJIUKY Vobs C  IIOMOLIBIO
BBIPAKEHUS

xpred = (yobs - bO)/bl (E32)

OOBIYHO KOHCTAHTHI b; U b, HAXOAAT METOIOM
B3BEIIEHHBIX WM HEB3BEIIEHHBIX HANMEHBIINX
KBaJIPaToOB HAa OCHOBAHWU /1 TIAp 3HAYCHUH (X;, V).

E.Error! Bookmark not defined..2 HWMmeercs
YeThIpe OCHOBHEIX HCTOYHHUKA
HEONPE/ICTICHHOCTH, KOTOpBIC cleayer
NPUHUMATh BO BHHUMAaHHE TIPU HAXOXKIACHUHU
HEOIIPEICICHHOCTH KOHIICHTPALMH Xpreq:

e ciyuvaliHble KojeOaHMA NPU HU3MEPEHUH ),
KOTOpbIC OKa3bIBAaIOT BIMSHUE Kak Ha
OTKJIMKM TpU TpamyupoBKE J;, TaK M Ha
U3MEPSEMBIH OTKIIHK Vops;

e ciy4aiiHbie 3()PeKTHI, Pe3yabTaTOM KOTOPBIX
ABISIFOTCA ~ TOTPEIIHOCTH  IPUIMCAHHBIX
ACXOIHBIX 3HAUCHUH X;;

e 3HAYECHHS X; U J; MOTYT OBITH IOJBEPKECHBI
BIIMSIHUIO MOCTOSIHHOT'O HEU3BECTHOTO
CMEILICHHS, HampuMmep, Korza 3Ha4YeHus
KOHLIEHTPAllMd X IOIY4YalOT B pe3yJbTare
M0CJIEJOBATENbHBIX pa30aBICHU OCHOBHOI'O
pacTBopa;

® MIPCANOJIOKCHUE O JMHEHHOCTH MOXET He
COOTBETCTBOBATh ACHCTBUTEIHLHOCTH.

W3 3TUX UCTOYHHKOB HamOoJee CyIIeCTBEeHHBIMH
Ha TIPAKTHUKE SIBJSIFOTCS CIydaiHble KoJjeOaHus
TIEPEeMEHHOM V, METOJIBI OIlCHHUBAHUS
HEOTIPEeIeTICHHOCTH, 00ycIoBIeHHON STUM
HUCTOYHHUKOM, TTOJPOOHO OMHMCaHbI HIke. Bkpartiie
pPaccMOTPEHbl TakXKe OCTalbHBIE HCTOYHUKH
HEOTIPEIETICHHOCTH W COOTBETCTBYIOIINE METOBI
OIICHHUBAHUS.

E.Error! Bookmark not defined..3
HeonpeneneHHOCTh #(Xpeq, V) MPEACKA3BIBAEMOTO
3HAYCHUS Xpeq, OOYCIOBICHHAS H3MEHYHUBOCTBIO
¥, MOXHO OLIEHHTH HECKOJIEKUMH CIIOCOOAMH.

Ilo paccunTaHHO# AUCHIEPCHU U KOBAPUALIMU.

Ecin 3navenus b, u by, nx mucnepcuu var(b),
var(b,) n xoBapuamus covar(b,,b,) BEIYUCIAIOTCS
C TIOMOIIBIO METO/Ia HANMEHBIINX KBAJIPATOB, TO
mucrepcust x, var(x), KoTopas MOJydaeTcsl IO
bopmyne u3 TJIaBbI 8. myTeM
muddhepeHIUpPOBaHNs HOPMABHBIX ypaBHEHHIA,
orpeaenseTcs Kak

var(x ., )=
var(y,,, ) + x;md -var(b))+2-x pred covar(b,,b,) + var(b,)
bf

(E3.3)

Y COOTBETCTBYIOILAsI HEOTIPEAEIEHHOCTD U(Xpred, )
paBHa Vvar(xpred).

ITo rpaaynpoBOYHBIM JAHHBIM.

BeimenpuBeieHHyI0  GOpMyITy IS Var(Xpreq)
MO>KHO 3aIucath A1 Habopa 7 map Touek (X;, yi),

HNCITIOJIB30BaAHHBIX JUJIS yCTaHOBIIeHI/Iﬂ
rpagyrupOBOYHON 3aBUCHUMOCTH:
Var('xpred) = Var(y ob.v) / b12 +
N .\ (X e —X)°
by (2w wx)=(Ewx)? [Tw)
(E3.4)
EDNIACY —yﬂ.)2
rne S°= , (- yﬁ) €CTh

(n=2)
OCTaTOK AJiA 1-i1 TOUKH, 7 — YKCIIO Map TOYEK MPU
TpagyupoBKe, b; — BBIUUCICHHBIA KOAPHUITHESHT
HAKJIOHA, W; — BEC, IPUITMCAHHBIN V; 1 (X pred X)

— PAa3HOCTb MEXIY Xyeq H CPEIHUM X H3 N
3HAYCHHH X}, X,....

Ecnu Beca He BBOAsTCA W aucrepcust var(Vos)
OCHOBaHa Ha p u3MepeHusx, ypasHenue (E3.4)
MIPUHUMAET BU]L
2 —=\2
s (1 1 (X prea = X)
var(x ., )=—| —+—+

b lp n (TGEDH-(Zx)/n)
(E3.5)
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Nmenno »sta  Qopmymna  ucmomslyercs B
npumepe 5, C S =

S - ) T -2

Ha ocHoBe unopmManum, KOTOPYIO BHIAAIOT
KOMINIBIOTEPHBIE MPOrPaMMBbI IIPH HAXO0KIEHUHU
TPaJyupoOBOYHBIX 3aBUCHMOCTEH.

MHorue mnporpaMMmbl  JalOT  3Ha4eHHE S,
BBIpRKEHHOE, HAIIPUMED, B BHJE OTHOCHUTEIHHOTO
cpennero kBangpata (RMS) wmnu ocratodHoro

CTaHJApPTHOTO  OTKJIOHEHHWs. Ero  MOXXHO
ucnoiabp30Bath B ypaBHeHusx (E3.4) wmm (E3.5).
HexoTopsie MIPOrPaMMBbI JIAI0T TaKxKe

CTaHJApTHOE OTKJIOHEHWEe s(y,) 3HAYCHHS }),
BBIUMCJICHHOTO TI0 TPajydpPOBOYHON (PyHKIUHU
JUIs HEKOTOPOTO HOBOTO 3HAYCHHS X, U €ro
MOKHO HMCIIOJIb30BaTh JJISl BEIYMCICHUS Var(Xpreq).
IIpu p=1 nmeem

(xpred x)
n e - /)

YTO MpU cpaBHEeHUM ¢ ypaBHeHHeM (E3.5) naer

var(Xpea) = [ S(v0) / bi] (E3.6)

E.Error! Bookmark not defined..4 3nauenus x;
MOTYT MUMETh CBOU HEOMPEICICHHOCTH, KOTOPHIC
BIMSIIOT HAa KOHEYHbIN pesynpraT. Ha npaxrtuke
9T  HEOMNPEACICHHOCTH OOBIYHO Mallbl IO
CpPaBHEHUIO C HEOIPEACICHHOCTSIMU OTKJIMKOB J;,
U UMM MOXHO npeHeOpeub. [IpubnusutenbHas
OLIEHKA HEOIPENENIEHHOCTH U(Xpreq, X;) 3HAUYECHHS
Xpred M3-32 HEONIPEJICTICHHOCTH 3HAYEHHUS X; J1A€TCA
paBEHCTBOM

s(y,)=S8 1+ +

u(xpreda xi) ~ u(x,-)/n (E37)

IJI€ 71 YUCIIO TOYEK X;, B3ATBIX JJIS IPATyUPOBKH.
OTO BBIPOKEHUE MOXKHO HCIIOJIB30BaTh IS
NPOBEPKH 3HAYMMOCTH U(Xpred, X;)-

E.Error! Bookmark not defined..5
HeomnpeneneHHocTh, CBA3aHHas C BO3MOXKHOM
HEJTMHEHHOCTBIO 3aBUCUMOCTH ) OT X OOBIYHO
HEBENMKa, W ee¢ OIleHKka He Tpebyerca. I[lpu
YCJIOBMM, 4YTO HaOMIOgaeMble OCTaTKA  HE
0OHApPY)KHMBAIOT 3HAYUMOIO CHCTEMATHYECKOTO
OTKJIOHEHHUSI OT NPUHATONW JIMHEWHOW MOJEINH,
HEOIPEIETIEHHOCTb, 00YCIIOBIICHHYTO 3TUM
JmomymieHueM (B JIOMOJIHEHHE K TOH, KoTopas
OXBAaThIBAETCS PE3YJIbTUPYIOUIUM YBEIUYEHUEM

IUCTIEPCUU B V) MOXKHO CUUTATh INPEeHEOpEeKUMO
Manoil. Ecnm, oIHaKo, OCTaTKU TCOBOPAT O
HAJIMYUM  CHCTEMaTHYECKOTO CMELIeHHS, TO
MOXET OKa3aThCsi HEOOXOOUMBIM BKJIIOUYEHHE B
rpagyHpOBOYHYIO 3aBHCHUMOCTb WJIEHOB Ooiee
BBICOKOTO TOpsiIKa. MeTOAbl BRIYHUCICHHS Var(x)
B TaKUX CIy4yasxXx MOXXHO HaWTH B JIUTepaType.
OnpeneeHHBIA  BBIBOJT MOXET OBITh CIeNaH
TaKXe HCXOIS U3 BEJIUYMHBI CUCTEMATHYECKOIO
CMELLCHHUS.

E.Error! Bookmark not defined..6 3nadenus x u y

MOTYT OBITh TIOJIBEPKEHBI BJIMSTHHIO
HEU3BECTHOT'O IIOCTOSIHHOT'O CMEIIEHHS
(BO3HHKAIOIIETO, HANpUMep, KOI/Ja 3HAYCHUS
KOHIICHTpAIIH X MOTy4YaroT npu

IIOCJICa0BATCIIBHOM p336aBJ'I6HHI/I HCXOOHOTO

pacTBOopa, KOHLEHTpauus KOTOPOIO  HMEET
HEOIpeeICHHOCTh o aTTECTOBAHHOMY
3HAYCHUIO). Ecmn CTaHIAapTHbIE

HEOMPEICICHHOCTH J U X, 00YCIOBICHHBIC 3TUM
spdexrom, o603HaAuUMTH uepe3 u(y, const) u
u(x, const), TO HEONPEAEIEHHOCTh 3HAYECHHS Xpreq
OTIPEJICIISCTCS PABEHCTBOM:

”(Xpred)2 = u(x, const)2 +
(u(y, const)/b1)2 + var(x) (E3.8)

E.Error! Bookmark not defined..7 Yersipe
COCTABJISIFOLIMX HEONPEAEICHHOCTH, OIIMCAHHbBIC B
pasgene E.Error! Bookmark not defined..2,
MOJKHO BBIYHCIUTH C ITOMOIIBI0 ypaBHeHwid (E3.3)
— (E3.8). Torma ofmias HeompeaeneHHOCTS,
BO3ZHUKAIOLIAS B pe3ynbTare JIMHEHHOMN
IpagyHpOBKH, MOXeET OBITH NOJTy4eHa
CYMMHPOBAHHEM 3THX COCTABILSIIOIINX OOBIYHBIM
IYTEM.

E.Error! Bookmark not defined..8
PaccmoTpenHble  OOXoabl  MPUIOAHBI VIS
HauOoJiee  4YacTO  BCTPEYAIOLIErOCs  CiIydast
JIMHEHHOM perpeccud METOJOM HAaMMEHbBIIHNX
kBagpaToB. OHM HENPUMEHHMBI, OIHAKO, MJIs
Oonee oOmUMX 3a7ad, KOTJAa NPUHUMAIOT BO
BHUMAaHHE HEOIPEENICHHOCTH 3HAYCHUH X WU
KOPPEJSIIHIO 0 X u/uiu 1o y. OOCyXIeHNe dTHX
Oonee CIOXHBIX CIIy4aeB MOXXHO Haiitu B
HNCO TC 28037, Onpedencnue u npumeHeHue
MUHelHbIX 2padyuposounvix ¢yukyutl [H.28].
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E.5 Ilpeacras/ieHue HeonpeaeJeHHOCTH, 3AaBUCSIIEH OT COACPKAHUA AHAJIUTA

E.5.1 Beenenune

ES5.1.1B xuMudyeckux U3MEpPEHHSAX  4acTo
HaOMI0JaeTCcsl, 4TO JOMMHHUPYIOUIHE BKIAIbl B
o01myto HEOIIPEEICHHOCTh HU3MEHSIOTCS
NPUMEPHO  MPONOPLHOHANBHO  COJEpPKAHHUIO
aHaJIWTa B IIMPOKOM JMalla3oHe 3HaueHuil, T. e.
u(x) o« x B Takux choy4asx HMEET CMBICH
PUBOJIUTH HEOMpPEeIeICHHOCTh B BUJIE
OTHOCHUTENFHOI'O CTaHJapTHOTO OTKJIOHEHUS WU
ko3 Punmenrta Bapuanuu (Hanpumep, %CV).

E.5.1.2 Ecnu HeompeneneHHOCTh HE 3aBUCHUT OT
COJICP)KAHUS aHAJIWTA, HANpPHUMEP, NPU HUKHX
COACpKaHUAX WU B OTHOCHUTCJIIbHO  Y3KOM
Juamna3oHe, TO OOBIYHO pa3yMHO IIPHUBOAMTH
abCoIIIOTHOE 3HAYCHHUE HEOTIPE/ICTICHHOCTH.

E.5.1.3 B HexoTOpbIX ciy4yasX BaKHO OTpa3UTh
KaK T[OCTOSIHHbIE, TaKk M IPOINOPIHOHATILHEIC
a¢dexTel. DTOT pasgesn ONUCHIBAET  OOIIMIA
NOJXOA K MPEACTABICHUIO HEOIPEeICHHOCTH,
KOTJ]a €€ 3aBUCHMOCTh OT COZCPIKaHUS SIBISCTCS
CYILIECTBEHHOM, U BBIPAKCHHE HEOTIPEICICHHOCTH
npocto B Buae KkoddduimeHta  BapHaluH
HEIOCTATOYHO.

E.5.2 UcxoaHbie MOJ0KeHUS

E.5.2.1 YrtoOBl y4ecTb Kak MNPONOPHUOHATBHYIO
3aBUCHUMOCTb, TaK W BO3MOXHOCTb IPHMEPHO
MOCTOSIHHOTO 3HAY€HHsS HEONpPEACICHHOCTH IPH
U3MEHEHUH coJiepKaHus, UCTIOJIB3YETCS
cienyrolee o0Iee BEIpaKeHUE:

u(x)=ys;+(x - 5,)" [1]

e
u(x) - cymMMapHas CTaHJapTHAs
HEONpeeNIeHHOCTh pe3ynbTara X (T. e.
HEOIPEeeNICHHOCTh, BhIpaKEHHAss B BHJIE
CTaHJIaPTHOTO OTKJIOHEHU)

Sy — IIOCTOSAHHAasA
HEONPEACIICHHOCTH;

COCTaBJIAOIIAA

§; — KO3 PUIMESHT TPOTIOPIIMOHAIEHOCTH.

OTO BBIpa)KEHHE OCHOBAHO HAa OOBIYHOM METO[e
CIOXKEHMS JBYX COCTaBIAIOIIUX CYMMapHOH
HEOTpeIeTICHHOCTH B MPEINOI0XKEHUH, YTO OJIHA
cocTapistonias (s)) sBIAETCS MOCTOSHHOH, a
Jpyras (xs;) mporopluuoHaibHa cojepkanuio. Ha
Pucynox  E.5.1 nmokaszaH  rpadguk  3TOH
3aBHCHMOCTH.

[MPUMEYAHUE

Takoli MmoAXON IPUMEHUM TOJIBKO TOIAA,
KOTJ]a MOYKHO TTOJIyYUTh JOCTATOYHO OOJIBIIIOE
YUCJIO TO4YeK. B  JeiicTBUTENbHOCTH B
SKCIEPUMEHTAIBHBIX HUCCIIEIOBAHUAX HEYACTO
€CTh BO3MOXXHOCTh YCTAHOBUTH HOIXOJSIIYIO
napaboJIMYecKyto 3aBUCUMOCTh. llpu Takmx
00CTOATENBCTBAX aJCKBATHOE MPHUONIMKEHUE
MOXXHO TIOIYyYUTh C TIOMOIIBIO MPOCTOM
JIMHENHOMN perpeccuu, BKIIOYAIOLIEH 4YeThIpe
i 6onee 3Ha4YeHU CyMMapHOH
HEOIPeIeICHHOCTH, MOJY4EHHBIX npu
Pa3NUYHBIX KOHIEHTPALMSAX aHaluTa. OTa
IpoIleaypa corjlacyercs ¢ TOH, KoTopas
UCTIONIB3YeTCs npu OTIpe/ieIeHUH
BOCTIPOM3BOJAMMOCTH M IOBTOPSEMOCTH
cormacHo MICO 5725:1994. B stom ciyuae
3aBHCUMOCTh Jaercs BBIpa)KEHHEM
u(x)=sy+x.s

E.5.2.2 ITlpencraBieHHBbIH rpadux MOXHO
pasaenuth Ha Tpu obnactu (o6o3uauensr A—C Ha
PHUCYHKE):

A: Heonpenenennocts oTpeaeseTcs
cllaraeMbIM §) W TPHUMEPHO MOCTOSIHHA 10
BEJIMYMHE U OJIM3Ka K 3HAYCHUIO S).

B: O06a ciaraemMpIX JafOT CyHMICCTBEHHBIN BKIIA;
pe3yJIbTUPYIOIIas HEOTPEICIICHHOCTh
3HAYUTEILHO OOJNBIINE, YeM S, WIH XS; W Ha
rpaduke 3aMeTHa HEKOTOPasi KPUBU3HA.

C: IlpeobGnanmaer cllaraeMoe XSy,
HEOIPEIEICHHOCTh YBEJINYNBACTCS
HPHOIH3UTETBHO IPOIOPIIHOHATIBHO c

POCTOM X U 0JIM3Ka K 3HAYCHHUIO XS;.

E.5.2.3 OTMeTuM, 4YTO B peajbHBIX YCIOBHUSIX
dopMa Bceill KpWUBOW MOXKET HE MPOSBISTHCA.
OdeHp 4acTO yKa3aHHBIM B METOAMKE IHANa30H
COIEpKaHUI aHaJUTa HAXOOUTCS B Ipenenax
OIHOW W3 TpeX yKazaHHBIX obOmacteit. [loaromy
MUMEET CMBICT PACCMOTPETH PA OCOOBIX CIy4aes,
KOTOpBIE TIOJIPOOHO OOCYKAAFOTCS HUXKE.

E.5.3 IIpeacraBiieHne HeonpeaeJIeHHOCTH B
3aBHCHMOCTH OT COAEPKAHMSA

E.5.3.1 B o0mem ciy4ae, HeOHpeaeleHHOCTH
MOTYT OBITh IPEACTABICHBI B BUAE 3HAYCHUH §y U
S;. DTH 3HaYEHUSI MOYKHO HCIIOJIB30BaTh LIS TOTO,
4yToObl [aTh OLEHKY HEONPEACICHHOCTH B
obnacTu NMpUMEHEeHHsT MeToaukd. Takoil cmocod
0COOEHHO  yYMECTEH,  KOTAa  BBIYMCICHUS
HPOBOZSATCS C IOMOILBI0 KOMIIBIOTEpPa, U 001as
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dopMa ypaBHEHHS MOXET OBITH peann30BaHa
HE3aBUCHMO OT 3HAUYEHHWH NapamMeTpoB (OAWH W3
KOTOPBIX MOXET OBITh paBeH HYIIO — CM. HHXKeE).
[Tostomy peKOMeHIyeTCs, YTOOBI 3a
UCKIIIOUYCHHEM OCOOBIX CIIy4aeB, PACCMOTPEHHBIX
HUJKE, MM KOT/Ia 3aBUCHMMOCTD SIBHO HEJIMHEHHA",
HEONPEACICHHOCTh  MPEACTAaBISIA B BHIC
3HAYCHHUH S;, T. €. MOCTOSHHON COCTAaBIAIOMICH, U
KoaduImeHTa Sy, XapaKTepU3yOIIEero
NEPEMEHHYIO COCTaBJISIOLIYIO.

E.5.4. YacTHble ciyuan

E.5.4.1. HeomnpeneleHHOCTb He 3aBHCUT OT
coep:KaHust aHAJIMTA (mpeobaanaer
cjiaraemoe s,)

[lo cymectBy, HeompeAeleHHOCT, HE Oyzaer
3aBHUCETHh OT HAOJIIOAAEMOT0 COJCPKAHUS aHATIUTA
B CJICAYIOIIUX CIIyYasix:

® pe3ynbTaT ONM30K K HYyMO (HAIpUMeEp, HIDKE
YCTaHOBJICHHOTO TIpefiesia OOHapyXKeHHs) —
obnacts A Ha Pucynok E.5.1;

® JManasoH BO3MOYHBIX cozlepKaHui
KOMIIOHEHTa, yKa3aHHBIH B METOJAUKE (WU
JIAAIa30H, YCTaHOBJIEHHBIM IIPU OLICHUBAHUU
HEOINPEJCICHHOCTH), Majl IO CPAaBHEHUIO C
HaWJICHHBIM COJEP/KAHUEM.

[Tpu 3TUX OOCTOSATENBCTBAX 3HAYCHUE S§; MOXKHO
MIPUHATH PABHBIM HYIIO. S, MPEACTaBIAET cOOOM
BBIYKCIICHHYIO CTaHAAPTHYIO HEOPEEIEHHOCTD.

* XapaKTepHbIM IPHMEPOM HETHHEHHOH 3aBHCHMOCTH
MOJKET CITy)KHUTh BIMSIHAE UCTPYMECHTANBHBIX IIIyMOB
IpU W3MEPEHUH ONTHYECKOTO ITOTIIOMICHHS BOJIM3H
BEpXHETo Tpeaena W3MepeHHd mpubopa. 310
OCOOEHHO 3aMETHO TOT[a, KOIJa IOTJIOIIECHHE
BEIUUCIIICTCA HCXOOs W3 TMpOomycKaHus (Kak B
HHppaKpacHOU CIIeKTpOCKoNrH). B 3TOoM ciryuae npu
BBICOKHX YPOBHAX TOTJIOMICHUS IIyM (HOHOBOH
JIMHUN TIPUBOJTUT K 0YCHb 00IIbII0H
HEOIPEeICHHOCTH, U 3Ta HEOMPEACICHHOCTh PacTeT
ropa3mo OblcTpee, 4eM MOXKHO OBUIO OBl OXKHAATH
mpu JWHEHHOW 3aBUCHUMOCTH. OOBIYHBIN TpHEM
COCTOWT B YMCHBIIICHUH KOHIICHTPALINH, HAIpUMeEp, C
IIOMOII[BIO pa3baBicHUS, YTOOBI 3HAYCHUS
MIOTJIOIIEHAUS OCTaBAJMCh B pabodyeM Jauamna3oHe;
TOTIa HCIONb3yeMasi 37iech JMHeHHass Moielb Oyaer
afgekBatHa.  Jl[pyrme — mpEMeEpHl  CBS3aHBI  C
‘CUTMOHUAIIBHBIM XapaKkTepoM OTKJIMKA B
HEKOTOPBIX METO/JaX MMMYHOXUMHUYECKOTO aHaJIH3a.

E.5.4.2. Heonpeae/ileHHOCTh SIBHO 3aBMCUT OT
colep:kaHusi aHajuTa (mpeoOJagaer cJjara-
eMoe s;)

B tex ciywasx, xorma pe3ynabTaT Aaiek OT HyJs
(Hampumep, BBINIE ‘TIpeeNa OMpENeNeHus’ ) W
€CTh  SIBHOE  CBHJETEIBCTBO  TOrO,  4YTO
HEOTIPEICIICHHOCTD U3MEHSEeTCS
HPOMOPIMOHATBHO  COACPKAHUIO aHAINTA B
npenenax o0JacTH  TPUMEHEHHS  METO/UKH,
JOMHHUPYET 4WieH xs; (cM. obnacts C Ha PrcyHok
E.5.1). Ilpu 3TuX 0OCTOATENLCTBAX, a TaKKe
Koraga 06HaCTI> MMPpUMCHCHUA  MCTOJUKHU HEC
OXBaThIBacT OJIN3KHE K HYIIO COJCpIKaHUS, S, C
JO0CTAaTOYHbIM OCHOBAaHUEM MOXHO IIPHUHATH
paBHBIM HYJIO, a §; OyJIeT MPOCTO MPEICTABIAThH
co0Ol HEONpEeNeIeHHOCTh, BHIPAKEHHYIO B BHJIC
OTHOCUTEIFHOTO CTAHAAPTHOTO OTKJIOHCHHSI.

E.5.4.3. IIpoMe:kyTOYHBIN caydaii

B mpoMexyTOUYHBIX CilydasX, COOTBETCTBYIOLIHX
obmactu B na Pucynok E.5.1, MOXXHO IPUMEHUTH
JIBa MOJIX0Aa:

a) Ucnoabn3oBaHue
3aBHCHMOCTH

pyHkunonanbHOIM

Bonee o0mmii 1moaxoa COCTOMT B HAXOKAECHHH H
WCTIONb30BaHUHM Kak Sy, Tak W s;. lorma mpwu
HEOOXOIMMOCTH  OIIEHKY  HEONpPEeIeIeHHOCTH
MOJKHO BBIYHACIHTD WCXOAS U3 TOJIYYCHHOTO
pesynpTaTa. Ecnm OH ymoOeH, 3TOT IMOAXO.X
SIBIISIETCS] PEKOMEH/TYEMBIM.

[MPUMAYAHUE
CwMm. npumeuanue K pazaeny E.5.2.

b) IlpeacraBiieHue GUKCUPOBAHHOI OLEHKHU

ANbTEpHAaTUBHBIM TNPUEM MOXXHO HCIIOJIb30BaTh
IPU UCIIBITAHUAX U B TE€X CIIydasx, KOrAa

® 3aBHCUMOCTH OT  COACPXKAHHUS  HE
BBIp@)KEHA SIBHO (T. €. HET OYEBHIHBIX
NPU3HAKOB [TPONOPLUOHAIBHOCTH)

unu

e  MamnazoH 3HA4YECHUI U3MepseMOon
BEJIMYMHBI OTPaHUYEH,
npuieM COOTBETCTBYIOILINE U3MECHEHUS

HEONPEACICHHOCTH He mpeBblmaT 15 % ot
cpeaHero ypoBHs. [laHHBIM HpuUeM COCTOUT B
BBIYMCIICHUU W TNPEACTaBICHUH (UKCUPOBAHHOM
OLIGHKM HEOIPEIENICHHOCTH, COOTBETCTBYIOILEH
CpeIHEMY 3HAUEHHIO AHMala3oHa COJEPKaHMH.
Takum oOpazom,

aubo
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Oepercsi cpelHee WIM THIWYHOE 3HAYCHHUE X,
[0 KOTOPOMY BBIYMCIACTCS (PUKCHUPOBAHHAS
OLICHKA HEOMNpPEIEJIEHHOCTH, M 3Ta OLCHKA

WCTIONB3YeTCS  BMECTO  WHAWBUAYAIbHBIX
OLIEHOK

ubo
Korzaa AMeeTCs MaJo JAHHBIX,
MOJITBEPK TAFOIINX MPEIONI0KEHUE 0

MPONOPLUOHANBHOCTH, HOJYyYalOT EAUHYIO
OLIEHKY CTaHIApTHOH HEOIpeNeieHHOCTH Ha
OCHOBaHHUH DPE3YNIbTAaTOB HCCIEAOBAaHUS IMPOO,
OXBaTHIBAIOIIMX BECh IWANAa30H COAEP)KAHHUIMA
aHanmuta.  Takyl0  CHUTyallUl0  CIIEAyeT
TPAaKTOBaTh KaK OTCYTCTBUE 3aBUCHUMOCTHU OT
coIepKaHusl, W  IMOJNYYCHHYIO  OLEHKY
3aIlUCHIBAIOT KAaK .

E.5.5. Onpenenenne sy u s;

E.5.5.1. B wacTHBIX cirydasx, Korma npeobiamaer
OIIHO M3 ABYX CIIaraeéMbIX, OOBIYHO IOCTATOYHO
UCIIOJIb30BaTh HEONPEAEICHHOCTh, BBIPAKCHHYIO
B BHAC CTAaHAAPTHOTO  OTKJIOHEHUS WU
OTHOCUTENBHOTO  CTaHAAPTHOTO  OTKJIOHEHHS,
COOTBETCTBEHHO, T. €. B BUJAE 3HAUYCHHUH Sy U .
Ecnn, ogHako, 3aBUCHMMOCTh MEHEE O4YEBUIHA,
MOXET IMOTPeOOBATHCSI HAXOXKIEHHE Sy U §; IO
CepuH  OLEHOK  HEONPEAEICHHOCTH  NpH
Pas3INYHBIX COACPKAHUAX aHAJIUTA.

E.5.5.2. IIpu HaXO0XJCHUU CyMMapHOH
HEONPEICICHHOCTH HCXOIS U3 COCTABIISIOLINX,
HEKOTOpBIE U3 KOTOPBIX 3aBUCSIT OT COACP KaHUs
OINpENeNIIEMOI0 KOMIIOHEHTa, a JApYyrHe HeT,
MOXHO  HCCIENOBaTh  3aBUCUMOCTh  OOILeit
HEONPEACICHHOCTH OT COAEP)KAHHUS C MOMOLIBIO
MOJenupoBaHus. Pexkomenmyercst ciexmyromias
MI0CJIEJ0BATEILHOCTh OTEpaLnii:

1: Beruncautsb (nnmu [IOJIY4YMTh
9KCTIIEPUMEHTAIILHO) HEOIIPEACICHHOCTH U(X;),
[0 KpalHEed Mepe, I NECATH 3HAYCHHUH X,
OXBaTBIBAIOIINX BECh JIOTTyCKaeMBbIH
JIMana3oH COAEepKaHUM.

2. TloctpouTs 3aBUCUMOCTH u(x[)2 oT X7

3. C nomouipio JMHEHHOW perpeccuu MoyyuynuTh
2 2
OLICHKU m U ¢ ISl MOAENH u(x)” =mx" + ¢

4. Bpuucoute Sp U §; 00 QopMmynam s, = Ve,
S; = \/m

5. 3ammucathb Sy U s
E.5.6. IlpeacraBieHue pe3yjbTaTOB

E.5.6.1. Onucanubeiii 37eCh IIOAXOJ IIO3BOJISCT
YCTaHOBUTH CTAHIAPTHYIO HEOIPEICIICHHOCTh
J1I000r0 OTIENLHOTO pe3yJbrarta. [pu
IIPEACTaBICHUN HHpOpPMALTUH 0
HCOIPENCICHHOCTH  pe3yJibTaTa MPUHUMACTCS
cnenyroias (GopMa 3aIrucH:

[pe3ynbTar]  [HeompeaeIeHHOCTS |

rZle HEOINpPEAEIeHHOCTh B BHIE CTaHAAPTHOTO
OTKJIOHEHHS BBIYHCIIACTCS, KaK YKa3aHO BBIIIE, H
yBennunBaeTcs (0OBIYHO B JIBa pas3a) BBHIY
HEOOXOIMMOCTH UMETh Ooliee BBICOKHH YPOBEHB
nosepust. Ecim mpeacTaBisioT cpaszy HECKOJBKO
pe3yIbTaTOB, BO3MOXKHO W BIIOJHE IPHUEMIIEMO
JlaBaTh OLIEHKY HEONPEIEICHHOCTH, TPUMEHUMYIO
KO BCEM COOOIIIaeMBIM pe3yIIbTaTaM.

E.5.6.2.B Tabmuma E.5.1 pa"gsl TUOWYHEBIE
MIPUMEPHI BBIPaKCHHS HEOTIPEeICTICHHOCTH.
3HaueHUs] HEONPEAENECHHOCTH IS HECKOIBKHIX
AQHAJIUTOB T1I0 CIHCKY MOXHO TIPEICTaBIAThH
COBMECTHO, TPUMEHSA TE K€ MPUHITUTIBL.

[MPUMEYAHUE

B cimywasx, korma, Hcxoas W3 ‘TIperena
oOHapyXXeHHsI' WM ‘Tpefelia OIOBCIICHHS ,
pe3yNbTaThl MPEACTABISIIOT B BUuAe “< X WU
“He OOHapyXeHO”, HeoOXOAMMO YKa3bIBaTh
3HAYEHMs 3THX TpenenoB. JTa MH(POpMAIHA
UCTIONB3YETCSl B JOTOJHEHHE K 3HAYCHUSM
HEOTPENIENICHHOCTH, KOTOPBIE OTHOCATCA K
pe3yJibTaTaM BBIIIE YIIOMSHYTBIX IIPEEIIOB.
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Tabauua E.5.1: Cnnoco0bl BbipazkeHusi Heonpeae1eHHOCTH

CI/ITyaIII/Iﬂ I[OMI/IHI/IpleIHaﬂ HpI/IMepr npeacraBjicHUs
cocTaBJadgomast

HEOIPEeeICHHOCTh B OCHOBHOM | §, WJIM (PMKCHPOBaHHAs OLIEHKA | CTaHIapTHAs

HE 3aBUCHUT OT COJICP KaHU (paznensr E.5.4.1. unu HEOMPEICICHHOCTh WU
E.5.4.3.a) pacuupeHHas
HEONpeIeIeHHOCTD (95 Y%-HbIit
YpOBEHb JTIOBEPHS)

HEOIPEIeICHHOCTh XS, OTHOCUTENbHASI CTaHJApTHAS
NPONOPLUOHATIbHA (pazmen E.5.4.2.) HEONPEIEICHHOCTh WU
COJIepKaHUIO0 KO3 GUIUEHT BapHalin

(mammpumep, B %)

HEOIPEeeICHHOCTh BKIIIOYAET MIPOMEKYTOUHBIN CITydan KO3 GUITUCHT BapHaluu
MIOCTOSTHHOE CJIaraeMoe 1 (pazmen E.5.4.3.) (manpumep, B %) win s;BMecCTe
ciaraeMmoe, MpoNopIHOHATIBHOE C 8o

COJIepKaHUIO

Pucynok E.5.1: U3MeHeHue HeonpeaeIeHHOCTH B 3aBUCMMOCTH OT COJEPKAHUS AHAIUTA

HeonpepeneHocTb u(x)
1,8

16T HeonpeaeneHHocTb

HeonpegeneHHocT!
CyLLECTBEHHO

npuMepHoO
paBHa XS,

Gonblue Yem S
nnu XS1

1,47

HeonpeneneHHocTb
npYMepHo
paBHa S,

1t

u(x)

PesynbTaT x
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IIpunoxenne F — [Ipenennsl o0HapykeHust

Ipuinoxkenue F. HeonpenejeHHOCTh n3MepeHuii BOJIN3HU
npeaesaa ooHapy:xeHusi/mpeaesaa onpeaeaeHust

F.1. BBenenue

F.1.1. Ilpu HU3KUX KOHLEHTPAUUSAX YCUIUBACTCS
BIMSHUE  Pa3IMYHBIX  HCTOYHHKOB  IIOMEX,
HalnpuMep, TaKuX Kak:

e IIyM WM HECTaOMJIBHOCTH HYJICBOM JIMHMHY,

e Memamonue KOMIIOHEHTHI, JAIOIIUE BKIAT B
(cyMMapHBIil) aHATUTHYECKUI CUTHAI,

®  XOJIOCTOH OIIBIT,

L4 IOTEpHU TIIPpU OKCTPAKLHH, BBIACICHUU WU
OYHCTKCE.

Bcenmeacteue 3tHx  3¢(EeKTOB  OTHOCHUTENBHAS
HEONPEICNCHHOCTh ~ pe3yibTaTa  aHajiu3a C
yMEHbIICHUEM KOHLICHTPAIHN aHaNInTa
HOCTENECHHO YBEJIMYMBACTCS, JOCTUTas BHaJale
3HAQUUTEIBHON YacTH CaMoOro pe3yibTara, a B
KOHEYHOM HTOr€ — TOYKH, B KOTOPOH
(CUMMETpHUYHBIM) WHTEPBANT HEONPEIeIIEHHOCTH
BKIIFOYAaET W HOJMb. OJTy 0OIAcTh OOBIYHO
aCCOLMHUPYIOT C  MPAaKTHYECKUM  MPEICIOM
OOHapyKeHHUS JUIS JaHHOTO METO/Ia.

F.1.2. TepMuHOJIOTHS U COTJIALICHUS, CBSI3aHHBIC
C H3MEPEHUEM M NPEACTaBICHHEM AaHHBIX NPHU
HU3KUX  COACPKAHMAX  aHAJIUTA,  IIHPOKO
oOcyxxganucek B aureparype (cM. Oudmmorpaduro
[H.29-H.32] ¢ mpumepamu u OIpeneiICHUSIMH).
Hcmnons3oBanue TepMHUHA ‘TIpeen OOHAPYKEHUs
cnenyet 31ech Pekomenmanusm MIOTTAK [H.31],
ONpENENIAIOUINM  IIpefesl  OOHapyKeHHsS Kak
COIEpXKaHWE aHaJUTa, KOTOPOE C BBICOKOM
BEPOSITHOCTHIO NPUBOJAUT K 3aKIIOUCHHIO O €ro
HAJIMYUM B  COOTBETCTBHM C  KOHKPETHBIM
KPUTEPUEM MNPUHATHS PELICHUN. DTOT KpUTEPU
(‘xpuTHdeckoe 3HauYeHHWe’) OOBIYHO BBIOWPAIOT
Tak, 4TOOBI OO0ECIeYUTh HHU3KYI0 BEPOATHOCTH
YTIBEP)KICHUS, YTO aHAINT NMPHUCYTCTBYET, KOIza
OH Ha caMoM jeje oTcyTctByeT. Cremyst sTomy
COIJIAIICHHUIO, aHAJIUT CUUTAETCS
NPUCYTCTBYIOIINM, KOTAAa HAOIIOJaeMbI OTKIMK
BBILIIE KPUTHYECKOTO YpoBHi. OOBIYHO mpenen
oOHapyXeHHsl IPUMEPHO B [1Ba Pa3a MPEBHIIIACT
KPUTHYECKOE 3HAYCHUE, BBIPAXKEHHOE B €AMHHUIIAX
KOHLIEHTPALMX aHAJIHTA.

F.1.3. O0menpu3aanHo, dYTO TJaBHAas IEJb
WCTIONB30BaHMS TIOHATHUS ‘TIpenien oOHapyKeHUs
COCTOMT B TOM, YTOOBI YCTaHOBUTH Ty 00JIacTh,

TJIe METOJ aHAIN3a CTAHOBHUTCS HEA(PPEKTUBHBIM
Uis MIPUEMIIEMOTO KOJINYECTBEHHOT'O
ONpeNeNICHUs, M  HEOOXOOUMbI  YIyYLICHHS.
IloaTomMy TeopeTHueckn B OTOW 0OIacTH He
CleyeT NPOBOAWTH KOJMYECTBEHHBIN aHAIU3.
Tem He MeHee, NPAKTUUYECKasi BAKHOCTb
MHQOpPMALMK O HU3KUX COACPKAHMIX MHOI'HMX
BEIIECTB J€JaeT H3MEepeHHs B 3ToW o0xactu
Hen30€XHbBIMU M CTaBUT 3a/ady HpPEACTaBICHUS
UX PE3yJIbTaToB.

F.1.4. PyxoBoncteo MCO mo HeompeneaeHHOCTH
n3Mepernnii [H.2] He maeT npsSMbIX peKoMeHTannui
[0 OLEHKE HEONPEAETICHHOCTH MPU HHU3KHX
YPOBHSIX HU3MEPSEMON BETUYUHBI H OOJBIION — IO
CPaBHEHMIO C pe3yiabTaTaMH H3MEpPEHHH —
HEONpEeNENCHHOCTU.  J[eMCTBUTENBHO,  ‘3aKOH
pacrpocTpaHeHus HEONPEIETIECHHOCTEM ,
ONMCaHHBIA B INIaBe 8§ AaHHOro PykoBoncTBa, B
3TUX YCJIOBUSX MEPECTACT BBHIIOIHATHCS: OJHO M3
OpPEANOJIOKEHUH, HAa  KOTOPOM  OCHOBAHBI
BBIYHCIICHUS, COCTOUT B TOM, 4TO
HEONPEACICHHOCTh Majla II0 CpPaBHEHUIO CO
3HaUeHHEM Hu3MepsieMoil BennuuHbl. Kpome Toro,
¢ camMbplx OOmMX  MO3MLUH, TPyIHOCTbH
NPOHUCTEKACT YK€ W3 ONPENEICHUs] IOHATHUSL
HEONpEAeIeHHOCTh, JaHHOTO B PykoBoxctse
NCO. Xots oTpuniaTenbHbie HAOMIOIEHUS B STOH
001acTH BIIOJIHE BO3MOXKHBI U Ja)Xe OOBIUHBI,
IpearnoaraeMbli ompeeIeHueM pa3bpoc
3HA4YCHUI, €CIM OH BKJIIOYACT 3HAYCHHUsS HIDKE
Hyns, HE MOXeT ObITh “..c JOCTaTOYHBIM
OCHOBAHHEM IPUIHNCAH U3MEPSEMON BEIUYHUHE”,
KOrJa  TOCHEOHSs  NpeacTaBiasieT  coboi
KOHLIEHTPALMIO, ITOCKOJIBKY Cama KOHIEHTpPAaLUs
HE MOJKET OBITh OTPULATEIBHOM.

F.1.5. Otu TPYIHOCTH HE UCKITFOYAIOT
NPUMEHEHHUSI METOJIOB, ONHMCAHHBIX B JJAHHOM
PykoBomctBe, HO B oOJacTM  HM3KHX
KOHLIEHTpaLUH TpedyeTcs HEKOTOpast
OCTOPOXKHOCTb npu MHTEPIIPETALNH u
NpEeACTABICHUI pe3yIbTaToOB c ux
HEOMPEIEICHHOCTHIO. Lenb HaCTOSIILETO

IPUJIOKEHNUA COCTOUT B TOM, YTOOBI JaTh
HEKOTOPBIE PEKOMEHAAIUN B OOIIOJTHEHHUE K TEM,
KOTOPBIE UMCIOTCA B IPYTUX UCTOYHHKAX.
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TTPUMEYAHUE
CxonHble COOOpaKeHHS TPUMEHUMBI U K
IpyruM  obmactsaM. Hampumep, wu3MepeHue
MOJISIPHOM Wil MaccoBoi ponm BOmu3u 100 %
MOXKET TIPUBECTH K aHAJOTUYHBIM
TPYAHOCTSIM.

F.2. Ha0oaoaeHusd v OeHKH

F.2.1. OcHoBonoararonuii NpuHIUI U3MEPEHUH
COCTOMT B TOM, 4YTO pe3yibmamvl AGIAIOMCS
oyenkamu UCMUHHLIX 3Havenuli. B wacTHOCTH,
aHATUTUYECKHUE Pe3y/IbTaThl BHAYANIE MOyYaroT B
eMHUIIaX HaOJI0aeMOro CHUTHaja, Hampumep,
MB, eaununax mnormomieHus u m. 0. Jud
coobuieHns: WX Oojee IIUPOKOW ayAWTOPHH,
3aKa3uMKy WIN APYTHUM OPTaHU3aAIMSIM, HCXOIHEIC
JaHHBIC HE00X0IUMO nepeBecTr B
COOTBETCTBYIOIIYIO ~ BEIUYMHY, TakKyl  Kak
KOHIICHTpAIMS WM KOJIMYECTBO BEIIECTBA. DTOT
epexos 0OBIYHO TpeOyeT MIPOLIEAYPHI
rpagyupoBKH  (KOTOpas  MOXET  BKIIOYATh,
HammpuMep, BBEJEHHE TMONMPABOK HA XOPOILIO
n3ydeHHbie 3¢ ¢exTs). OTHAKO HE3aBUCHMO OT
9TOro MpeoOpa3oBaHUsl MOJIYYEHHOE B OIBITE
YHCIIO OCTAeTCsl PE3yJIbTATOM HAOIIOJCHUS, HIIH
curHasioM. Ecim  SKCHEpUMEHT  IpoBeleH
OpaBWIBHO,  3TOT  PE3yJbTarT  HaOIrOACHUS
npeAcTaBisieT co0ol  ‘HAMIYYIIyI0  OLEHKY’
3HAYCHUS U3MEPSIEMON BEIINYHHBI.

F.2.2. HabmtoneHus peaKko CBS3BIBAIOT C TEMU K€
NPUHIMITHATEHBIME  OTPAaHHYCHUSIME, KOTOpEIC
HAKJTaJbIBAIOT Ha pealibHble BEIUYHMHBL, B JAHHOM
clyyae — KOHIEeHTpauuio. Hampumep, BmomHe
MOYKHO COO0OIINTH 0 ‘HabnromaeMoi
KOHIIEHTpaIuu’, T. €. 00 OLEHKEe, KOTOpast JEeKUT
HIDKE HyJsl. PaBHBIM 00pa3oM pa3yMHO TOBOPHUTH
0 pa3dpoce BO3MOXKHBIX HaOM00eHuUll, KOTOPBIH
3aXBaThIBACT OTPUIATENBHYIO 00JacTh 3HAYCHHH.
Hampumep, npu BBINOJIHEHUM UW3MEPEHHNH Ha
npobe, KOTopas HE COIEPKHUT ONpeAesieMOro
KOMIIOHEHTa, B OTCYTCTBHE CHCTEMAaTH4YECKOTO
CMCILCHHUSI MOJ/CHO TIPEACTaBUTh cebe, dTo
OPUMEPHO IOJIOBUHA HAONIOJNEHUNA OKaKeTCsI
HIDKE HyJIs. JIpyrumu ciioBamu, 3alucH TANa

HabmoaaeMas KOHIeHTpanus = 2,448 mr 1’
HabmoaaeMas KOHIeHTpanus = -4,248 mr i’

HE TOJILKO BO3MOXHBI, HO U MOTYT CYHMTAThCS
BIIOJIHE OOOCHOBAaHHBIMH B OTHOIIEHUM Ha-
OJIIOZICHUI U UX CPEIHUX 3HAYCHUI.

F.2.3. Ilpu MIpEJICTaBIECHUN pe3ysIbTaToB
HAOMIONEHN M UX HeolpeAeNeHHOCTel Moa-

TOTOBJICHHOM ayOUTOpPUM  HET  HHUKaKHX
MPENSTCTBUI WIN MPOTUBOPEUHIA B
NPEACTABICHUN HAWTy4Iled OLCHKH BEJINYUHBI U
CBSI3aHHOM C 3TOM OLEHKOW HEONMpenesEeHHOCTH
JaXe B TOM ciydae, KOrJa pe3yibTaT O3HadaeT

¢dusnueckn HEBO3MOKHYIO CUTYyaLHIo.
HelicTBUTENBHO, npu HEKOTOPBIX
o0cTOoSITeThCTBAX (mammpumep, npu

NPE/ICTABICHNH 3HAYEHHUS XOJOCTOIO  OIIBITa,
KOTOpOe OyJeT UCTIONB30BAThCS 3aTEM B KaUeCTBE
TIOTIPaBKH K pe3ynbTaTam) a0COFOTHO
HEOOXOIMMO COOOIIUTH Pe3yNbTaT HAOTIOACHHUS U
€ro HEONPE/IeNIEHHOCTh, KaK OBl BEMKAa OHA HH
ObLIa.

F.2.4. 310 ocraercs BepHbIM U TOrJa, KOraa
KOHEYHOE  HCIIOJNB30BAHUE  pe3yibTata  He

OTIpefIeNIeHO. ITockombky BO3MOYKHO
HETIOCPEICTBEHHOE HCIIONb30BaHUE pEe3yibTara
HaOIIOIEHUHA )58 CBSI3aHHOU C HUM

HEONPEACICHHOCTH (HapuMep, B MOCIEIYIOIINX
BBIUMCIICHHAX, aHaNW3¢ TCHACHIMA WM HOBOM
WHTEPIIPETAIlNH ), NCXOJHbIC HAOIIOIEHUS BCET/Ia
JOJDKHBI OBITH JOCTYITHBI.

F.2.5. Takum o00pa3oM, wWJealbHBI BapHaHT
COCTOUT B  HPEACTaBICHUH  JOCTOBEPHBIX
Pe3ynbTAaTOB HAONIONEHUH M CBA3aHHBIX ¢ HUMU
HEONPEACICHHOCTEHl  HE3aBHUCUMO  OT  HX
3HAYEHUI.
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F.3. UnTepnperanusi pe3yjbTaTOB H
YCTAHOBJICEHUE COOTBETCTBHUA

F.3.1. HecmoTpss Ha BBIIIECKA3aHHOE, CIEIYET
OpU3HaTh, YTO MHOTME TPOTOKOJBI aHaIn3a M
YIBEP)KICHUS O  COOTBETCTBHM  3aJaHHBIM
npezaenam BKJIIOYAIOT HEKOTOPYIO
MHTEPIPETALNIO, IOJIE3HYI0 MJIi KOHEYHOTO
nojib3oBatensi. OOBIYHO Takash WHTEPIpeTaLus
COCTOUT B YMECTHOM [UI IaHHOW CUTyallUu H
JOCTaTOYHO 000CHOBaHHOM 3aKIIIOYCHUHN
OTHOCUTENIBHO COZCP)KaHUSl aHAIUTa B OOBEKTE
aHanu3a. MHTeprnperanus oTpaxxaeT peaqbHOCTb
OKpY’KaloIIEr0 MHpPa, W YKa3aHHE PEaJbHBIX
IpaHHLl COAEp)KaHUsl OTBEe4Yao Obl HHTEpecaM
KOHEYHOTI'O MOJIb30BaTens. 1o ke MOXKHO CKa3aTh
U B OTHOLICHWH OLCHKH HEONPEAEICHHOCTH
‘peasbHbIX’ 3HAUYCHUM. B CIEIYIOLIUX
naparpadax OINHCAHBl HEKOTOpPblE MPUHSTHIC
nonxonsl. llepBerii maparpad (wmcronb3oBaHuE
BEIpQXXECHHUI ‘MeHee 4eM win ‘Oonee 4em’) B
LIEJIOM COOTBETCTBYET CYLIECTBYIOLICH MPAKTUKE.
Pazgen F.5. onuceiBaeT moaxoJ, OCHOBAaHHBIM Ha
CBOHCTBax KJIACCUYECKUX JOBEPUTEIIBHBIX
uHTepBajoB. OH O4YeHb NPOCT B MPHUMEHEHUH U,
Kak  @OpaBwio, OyneT  AOCTaToYeH  AJsl
OONBIIMHCTBA NOBCEAHEBHBIX 3amad. OnHAKoO B
CUTyauusix, Koraa HaOmoIeHus 0COOEHHO 4acTo
OKa3bIBAIOTCS MeHbIe Hymst (wnu Oombire 100
%), KJIaCCMYECKHH MOAXOA MOXET MPUBOIUTH K
HepeaJIbHO Y3KMM HMHTepBajaM. B 3Tux ciryyasx,
nmo-BuANMoOMy, Oonee mogxoaut baifecoBckuit
MOAXO0/, ONUCaHHBIN B paznene F.6.

F.4. Ucnoab3oBanue BbIpasKeHU i
‘mMeHee yem’ MM ‘OoJiee yeM’ NPH
NpeACTaBJIeHUH Pe3yJbTaTOB

F.4.1.B Tex cmyyasx, Korgja KOHEYHOE
UCIIOJIb30BaHUE TPEACTABIAEMBIX PE3YyIbTATOB
COBEpIIEHHO SICHO W KOrJa HEBO3MOXKHO
UHQOPMHUPOBATh  IONB30BATENSA O  MPHPOJC
MOJTyYEHHBIX HaOJI0ICHUH, MIpUMEHEHNE
BBEIPOKCHUM THNA ‘MeHee ueM’, ‘0oJiee ueM’ U UM
M0TOOHBIX JTOJIKHO CJIeIoBaTh o0ImuM
pEeKOMEHALUSAM T10 MPEJICTABICHUIO PE3yIbTaTOB
B 00JlaCTM HHM3KHX COJCpPKaHWH (Hampumep,
[H.31]).

F.4.2. YMmecTHO TOJIBKO caenaTh OJTHO
IIPENOCTEPEKEHUE. bonpmmHCTBO pabor,
00CYXKIal0MX BO3MOXKHOCTH OOHApy)KeHHUs NpHU
HU3KUX KOHLCHTpaUuAX, OIMUPACTCA, TJIaBHBIM

o0pazom, Ha CTaTUCTHUKY MOBTOPHBIX
HaOmoeHnit. UnrarensiM HaHHOTO PYKOBOJICTBA
JOJDKHO  OBITH  SICHO, 4YTO  HaOJrojgaemas
U3MEHYMBOCTh TOJBKO B PEAKHX  CIydasx
ABJSIETCS. BEPHBIM OPHUEHTHPOM B OLICHUBaHWUU
MIOJIHOM HEONIPEAEICHHOCTH PE3yabTaToB. Tak ke,
KaKk W B JIO0OW Jpyroil o0nacTh W3MEpEeHHid,
HEOOXOIUMO YIENATh JNODKHOE BHUMAHHE BCEM
MCTOYHUKAM HEONPEAETICHHOCTH, BIUSIOIINM Ha
COOOIIaeMBbIi pe3yIbTaT.

F.5. PacuiupeHHasi HeonpeaeJIeHHOCTD
BOIM3H  HYJSl:  KJIACCHYECKUM
MOAXO0/

F.5.1. Uckomblif MHTEpBal HEONpEAeTeHHOCTH

JOJDKCH  yJIOBJIETBOPATH  TPEM  OCHOBHBIM
TpeOOBaHMSIM:

1. O pomkeH nexaTh BHYTPU JHAMa30Ha
BO3MOXHBIX 3HAaYeHUW (71 KOHIICHTpPALUU

‘ muamna3oH BO3MOYKHBIX 3HaYECHUI
MPOCTUPAETCS OT HYJISI U BEIIIIE).

2. BeposTHOCTb oxBara JIOJIKHA
COOTBETCTBOBATH onpeIeICHHOMY

JIOBEPHUTEIILHOMY YPOBHIO, TaK YTO MHTEPBAI,
3adBI€HHBIH Kak mpuMepHo 95 Y%-HbIi,
JOJDKEH,  KaK  OXHUAAeTCs,  COJepKaTh
UCTUHHOE 3Ha4YeHME B 95 % cirydaes.

3. IlpeacraBnsemMsbie pe3yabTaThI B
JOJATOCPOYHON TEpPCHEeKTHBE NOJDKHBI MMETh
MUHHUMAJIEHOE CMEIICHHE.

F.5.2. Ecniu pacmmpeHHas HEONpeIeIeHHOCTh
ObL1a paccuuTaHa c UCIIOJIb30BaHUEM
KJIACCUYECKOM  CTaTUCTUKM, TO  HHTEpBal,
BKJIIO4Yasd Ty €ro 4aCTb, KOTOpad HAXOJUTCA HHUKC
HyJIs1, OyJIeT, TIO0 ONpeAeIeHHI0, UMEeTh 95 %-Hyt0
BEpOSTHOCT,  oxBara. (OOHAKO  TMOCKOJIBKY
(MCTHHHOE) 3HAYCHUE M3MEPSICMOI BEIMYMHBI HE
MOXKET HaAXOOUTHCA BHE AHaIla30HaA BO3MOXXHBIX
3HAYCHHH, TO MOXKHO TPOCTO COKPATUTh 3TOT
WMHTEpBaJl Ha Kpaw JHara3oHa, COXPAaHUB IPH
3TOM Tpebyemyro 95 %-Hyro BepOsSTHOCTH OXBaTa.
VceueHHBIl  KIACCUYECKUH  JOBEPUTEJBHBII
WHTEpPBAT B TOYHOCTH coxpaHseT 95 %-Hylo
BEPOSTHOCTH OXBATa; ATOT MPOCTOH MOJIXO/ JETKO
OCYIICCTBUTDH Ha MPAKTUKE.

F.5.3.B tom cnydae, korna cpenHuil pe3ynbrar
HaxXoJUTCA BHEC AHalla3oHa BO3MOKHBIX 3HaUCHUIN
u TpeOyeTcs yka3zaTh WHTEpBAI IJIT UCTHHHOTO
3HAUCHUS COZAEP)KAHUS, COOOILIaeMBbIil pe3ysbTaT
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cleayeT MpPOCTO CABUHYTh K Hymr0. Takod cABUT
BEAET, OOHAKO, K HEOOJBIIOMY IIOCTOSIHHOMY
CMELICHHUIO, KOTOPOE MOXET OBITh HE BIIOJIHE
pUeMIIEMO 1St MOJIb30BaTENICH (nmmm
poBaiepoB IporpaMm MIPOBEPKU
KBATM(UKALINN), JKEIAIOIIUX HMMETh HWCXOIHBIE
JaHHble IJIs1 COOCTBEHHOIO CTaTUCTHYECKOIO
aHanu3a. DTH M0JIb30BaTEIN OyAyT HaCTauBaTh Ha
UCXOIHBIX JaHHBIX HE3aBHCUMO OT HaJIM4Us
€CTECTBCHHBIX NpEZeNoB. TeM He MeHee, MOXKHO
MI0KAa3aTh, YTO MPOCTOE yCEUCHUE HA YPOBHE HYJIS
JaeT HAaUMEHBIIEE CMEIIECHUE CPelr BO3MOXKHBIX
BApUAHTOB JICHCTBUI B 3TOH CUTyallUU.

F.5.4. Eciu CJIe10BaTh BBIIIEYKa3aHHOM
npouenype, MHTEPBAJ HEOIPEIeNICHHOCTU
CTaHOBHTCS Bce 0ojiee aCMMMETPUYHBIM IO Mepe
TOTO, Kak  pe3yibTaT  OpuOmKaeTcs K
ecTecTBeHHOMY  mpeaeny. Pucynok  F.5.1
WIITIOCTPUPYET 3Ty CUTYalLUIO, KOT/1a U3MEPEHHOE

0,1

0,05

0,0

MpepacraBnsemoe 3HayeHne

T I I I
- - 0,00 0,0 0,0

M3mepeHHoe 3HaveHne

Pucynox F.5.1: VYceueHue Kiaccuueckoro
JIOBEPUTEIILHOTO WHTepBaja B 00NacTH, OIM3KOH
K Hymo. CpeaHee 3Hau€HHE MEHSICTCS MEXAY
-0,05 u 0,05, a crangapTHOE OTKJIOHECHHE
3adukcupoBano kak 0,01. )Kupnas nuaroHanpHas
JIMHUS MOKAa3bIBACT, KaK H3MEHSIeTCs
Mpe/cTaBIsgieMoe 3HadeHne (B 0O0IacTu 10
yceueHHus) B 3aBUCUMOCTH OT HaOI0JaeMoro
3HA4YCHUS; OUATrOHAIbHBIC ITyHKTUPHBIC JUHUU

IMOKa3bIBAIOT COOTBETCTBYIOIIUI WHTEpBaJ.
CoiomiHble  BEPTUKANbHBIE JIMHUU C  OJHOM
‘3aceuxkont’ MOKAa3bIBAIOT HHTEpBal

HEONPEAEJICHHOCTH Tociie yceueHus. Buano, 4uro
npyu HAOMIOAAEMBIX 3HAYEHHUSX MEHbBILE HYJIS
MPOCTOM  YCEYEHHBIA HMHTEPBAI  CTAHOBUTCS
HEOTIpaBAaHHO y3kuM (cM. maparpad F.5.5).

CpelHee 1O MEpEe YMEHBIICHUS IPEACTABISIOT 10
T€X TOP, MOKAa OHO HE OKAXETCS HWXKE HYJS; Ipu

IanbHEHIIIEM CHIDKEHNH pe3ynbTaT
MIPEJICTABIIAIOT KaK HOJMb.

F.55.B KOHEYHOM HATOTE KJIACCUYECKHI
WHTEpBaJ OKa3bIBaeTCs LIETUKOM BHE
€CTECTBEHHOTO npenena, rmoipa3ymMeBas

‘momorHanHbii’ nHTEpBan [0, 0]. C moctaTouyHBIM
OCHOBAaHHEM 3TO MOXKET CIYXHTh YKa3aHUEM Ha
TO, qTO MoJy4YaeMble  Pe3yJbTaThl  He
COOTBETCTBYIOT pealbHOMY COJACpKaHHo0. B
HOPMAJbHOM  CUTyallMd  aHAIUTHK  JOJDKEH
00paTUTBbCS K WMCXOJHBIM JIAaHHBIM M BBIICHUTH
NPUYMHY  3TOM  HECOTNIAaCOBAaHHOCTH,  Kak,
BIPOYEM, W JIOOOTO JPYroro aHOMaJbHOTO
pe3yibTaTa KOHTPOJIS KauyecTBa.

F.5.6. Ecru  Hapsgy ¢  (acHMMeTpUYHBIM)
MHTEPBAJIOM PpACHIMPEHHOH HEONpeIeICHHOCTH
HE00X0IMMO yKa3arhb CTaH/IaPTHYIO
HEOTIPEeIeTICHHOCTh, PEKOMEHIYeTCsI, 9TOOBI ObLia
Ipe/ICTaBIeHa UCXOIHAS CTaHIapTHas
HEOIIPEIeIICHHOCTD, UCIIOJIb30BaHHAS it v}
HOCTPOCHUS TIOBEPUTEIBHOTO HHTEPBAJIA.

F.6. Paciiupennasi HeomnpeaeJeHHOCTb

BOJIM3H HYJISA: BaiiecoBckuii
MOAX0/
F.6.1. baiiecoBckue METO/IbI MIO3BOJISIIOT

O00BETUHATh HM3MEPHUTENbHYI0 HH(OpMAIHIO C
uMemwlleiics  anpuopHoil  mHpopMmanued o
BO3MOXHOM (WJIM TOJOOHOM) pachpeeseHuu
3HAUCHUU U3MEPSEMON BEIMYUHBI. DTOT IMOJXOJ
o0bemuHsACT ‘ampuopHOE’  pacmlpeleieHHe ¢
npaBaonogoouem (pacpenenenuem,
BBIBE/ICHHBIM TOJIbKO Ha OCHOBAaHHUHU PE3YJIHTATOB
U3MEpEeHU) JUId TOIYy4YEeHHs ‘arocTepHOPHOTO
pacnpeneneHus’ 3HAa4YeHUH, KOTOpBIE c
JOCTaTOYHBIM  OCHOBAaHHEM  MOTYT  OBITh
IIpUIMCaHbl HM3MeEpsieMod BenuuuHe. HMHTepBan
HEONPECICHHOCTH BBIOMPAIOT TakK, YTOOBI OH
coJieprkaj MOAXONAILIYIO0 JTOJO paclpeaeseHus, a
NpeCTaBIIEMbIM 3HAUEHUEM MOXKET OBITH J000€
3Ha4YeHHEe, KOTOPOE OIMUCHIBAET MOJIOKEHHE 3TOTO
pacnpeneneHusl. MoxHo HCIIOJIb30BaTh,
HampuMep, cpellHee 3HaueHue, MeIUaHy U MOAY
aroCcTEepHOPHOTO pacIpeeIeHusI.

F.6.2. Eciiu M3BECTHO, UTO BEIMYMHA HAXOOUTCS B
ONpE/CICHHOM JHara3oHe (Hampumep, BBIIIE
HYJIS), a H3MEpHUTEIIbHAS nHpOopMAaIUs
nojiydaeTcss B (hopMe Z-pacrpeencHus, MOKHO
mokazatb  [H.32], d4ro  pe3ynbTHpyIOIIEE
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KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH

IIpunoxenne F — [Ipenennsl o0HapykeHust

pacrpeneneHue BO3MOXHBIX 3HAa4YCHUI
IpUOIKEHHO ABISIETCSL  YCEUCHHBIM t-
pacmpenenenueM. s modydeHus pesyibTara C
HalMEHBIIMM  CMELIGHWEM W  HHTEpBaja
HEONPEeAeICHHOCTH c noaxonsmen
BEPOSITHOCTBIO OXBAaTa PEKOMEHIYETCS, YTOOBI:

1) ObUTa TIpencTaBI€Ha MOJa aroCTEPHOPHOTO
pacnpeneseHusl. B  cimywae  yceuenHoro
f-pacupesielieHlss  HYXKHO  yKa3aTtb  JIMOO
HaOmoJTaeMoe CcpenHee 3HaueHue, 00 HOJNb,
eci HaOMojaeMoe cpeHee 3HaYeHNe HaXOAUTCS
HIDKE HYJIS;

i) MCKOMBIA WHTEpPBaJ OBLI BBIYHCICH Kak

MHTEPBAJ MaKCHUMaJIbHOM IUIOTHOCTH,
coJepKaliii TpeOyeMyIo J0JII0 allOCTEPHOPHOTO
pacrpeneneHusl. HNutepBan  MakcUManbHOU
IUIOTHOCTH ABIISIETCS MHUHHUMAaJIbHBIM,

coJepKaliM TpeOyeMyIo 10JII0 pacipeAeICHusl.

F.6.3. lns t-pacnpenencHusi, OCHOBAHHOI'O Ha
HaOMOaeMOM ~ 3HAa4Y€HWH X, CTaHAapTHOH
HeomnpeaeneHHocTH u U (3 dexTuBHoM) degrees
quciae  CTeNneHeld  CBOOOIBI Ve  HMHTEpPBAJ
MaKCHMaJbHOM IJIOTHOCTU JJs ciyd4asi, Korja
HIDKHSS TPaHUIA COBIIAJIAeT C HyJIeM, IIPH YPOBHE
O0BCpUA p MOXHO IMOJIYy4YHUThH CJICOYIOIINM
obpazoM:

1) BBIYUCIISIOT
P

tot

:l_Pt(_)_C/uﬂVeff)
rae P(q,v) KyMynsTHBHasE BEpPOATHOCTb MJs I-
pacnpenencHusa CTbIOJCHTA;
il) MPUHUMAFOT

ql = qt(l - (1 - p})tot )/Z’Veff)
rae q{(P,v) KBaHTHIIb t-pacrpeieNeHus
CrbrofieHTa 11 KyMYJISITUBHOM BEPOSTHOCTH P U
YHUClla CTETIeHEW CBOOOIBI Ve, p — TpeOyeMBbIid
yposeHsb nosepus (usually 0,95);
iii) ecu ()_c —ugq, )2 0, ICKOMBIIf MHTEPBAII paBEH
Xtug,; ecmu ()_c —uq, )< 0, TO wuHTEepBan
YCTaHABIUBAIOT KaK

10, % +uq (P F/5,v5 )+ PPV )|

[MPUMEYAHUE
[Ipu mop30BaHUM MEKTPOHHBIMH TaOIUIIAMH
MS Excel nimm OpenOffice Calc 3nauenus P,
¢t TIOJT4AIOT CICAYIOIUM 00pa3oM:

_|TDIST(ABS(g).v.2))2 <0
~1-TDIST(q,v,2)/2 q>0

P(q.v)

q(P,v): =1-TINV(2«(1-P),v),

e ¢ ¥ v B TaOMMYHBIX (QOpMyNax HYXHO
3aMEHHUTh Ha TpeOyeMbld KBaHTHIIb (— x/ u)
Y, COOTBETCTBEHHO, YUCJIO CTENEHEH CBOOOIBI

Vegr ; P — 9TO KyMyJATHBHAs BEpOSTHOCTB,
(paBHas, Hapumep, 0.95).

Hekoropass ~ momomHuWTeNnpHAas — CIOKHOCTB
BO3HHMKAeT W3-3a TOro, uro QyHkmms TDIST
Jaer JUISL P, TOJIKO BEPXHIOIO
OJHOCTOPOHHIOIO BEPOSITHOCTB, a (YHKIMSA
TINV — TonbKO IBYCTOPOHHEE 3HAUEHUE (.

F.6.4. baiiecoBckuii mOAXOa JaeT TaKoe XKe
MHHUMAJIbLHOE CMCIICHUE, KaK WM KIACCHYECKUU
MOJIXOJI, OTIMCaHHBIN B pazmene F.5., Ho obnamaer
TeM IIOJE3HBIM  CBOMCTBOM, YTO, KOIJa
HaOII0/JTaeMOe CpeTHee OKa3bIBAETCS HIDKE HYIIA,
MOJTy4aromiasicsi HEOMpeAeNIEHHOCTh BO3pacTaeT.
DTO CBOKHCTBO JejaeT TaKOH MOAXOJ OCOOEHHO
MOIXOJSAIIAM JIJIsl TIPEIICTABICHUS PE3yIbTaTOB,
KOTOpBIE TTOCTOSIHHO OKa3bIBAIOTCA OYEHBb OJM3KO
K mpeneny, Hampumep, K Hymo una 100 %, kax
npu OIICHUBAHUU CTeNeHU YHUCTOTHI
BBICOKOYHCTHIX BemlecTB. [Ipu 3ToM momydaercs
CYIIIECTBEHHO OoJyiee y3KWU HHTEpBall, YeM IpH
KJIaCCHYECKOM TOAX0J¢e, 0< x<5u, u
COOTBETCTBYIOIIAS BEPOSTHOCTh OXBaTa HE paBHA
touno 0,95.

F.6.5.Uto KkacaeTcs KJIacCHYECKOTO IOIXO0Ja,
BBIYHMCIICHHE N3MEPEHHOTO 3HAUCHUS U MHTEpBajia
HEONPEACICHHOCTH  NOJDKHO  IPOM3BOAMUTHCS
TOJIBKO IIOCJIE TOTO, KaK 3aBepIUEHBl BCE Ipyrue
BeIUMCIeHNs. Hampumep, mnpu CyMMHUpPOBaHUH
HECKOJIbKUX 3Ha4YeHHH, OJM3KUX K HYJIIO, CHAYAnd
HY>KHO HaiiTU UCKOMBIH pe3yibTaT, OLECHUThb €ro
CTaHIAPTHYIO HEONPENEICHHOCTh U JHIIb 3amem
BBIYHUCIISITh PACLIMPEHHYIO HEOIIPEAEeICHHOCTb.

F.6.6. Ecnu wHapsgy c¢  (acMUMMETpUYHBIM)
HHTEPBAJIOM  HEOMPEACICHHOCTH  HEOOXOIMMO
yKa3aTh CTaHIAPTHYIO HEOIPEICICHHOCTD,
pEeKOMEHAyeTCs, Kak W JIS  KJIaCCHYECKOTO
MoJIX0J1a, YTOOBl ObLIA TMPEICTABJICHA HCXOIHAS

CTaH/IapTHAL HEOIIPEIENICHHOCTD,
UCIOJb30BaHHAss  JUIsI  IOCTPOEHUS  3TOTO
MHTEpBaa.
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KonuyecrBenHoe onucanmne HeonpeneneHnoctn  Ilpuioxkenne F — [penensl o0Hapyskenust

8 | — uHTepBaN MAKCHMANBLHOMN IIOTHOCTH

% -=== KAaccHyeckuil HHTepBan
w
=
B
m
E
§ N
=
g i 4
i 2

=2 0 2 4
HimepeHHoe 3HaueHHe (=X /u)

Pucynok F.6.1: baiiecoBckuil uHTEepBal MaKCHMalbHON IJIOTHOCTH
(crutomHast JHMHUA) Kak QYHKOMS X JUI S5 CTEHCHEW CBOOOJIBI.
[IyHkTHpHaAsT JWHUS TOKA3bIBAET COOTBETCTBYIOIIUU  KJIACCHUECKHUI
HHTEpBAaIl.
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KoauyecTBeHHOE OMUCAHUE HEOIIPEACJICHHOCTH le/[.]'IO)KeHI/Ie G — TunuYHbIE HCTOYHUKH

Hpnﬂomeﬂne G. TunuyHbie HCTOYHUKHU U 3HAYEHUS HEONMPEACJICHHOCTH

B mpuBeneHHbIx Hmke Tabnumax coOpaHa WHGOpPMAIUS O THUITMYHBIX COCTABIISIOIINX
HEOTIPEICTICHHOCTH B aHATMTUIECKUX N3MEPEHHAX. 31€Ch MPEICTABICHBI:

o KOHKpETHass u3MepsieMass BeJIMYHMHA WM  OKCICPUMCHTANbHAS  ONepaIus
(ompenenenne Maccel, 00bEMa U T. 1.);

o OCHOBHBIE COCTABIISIIOIINE M UCTOYHUKHU HEONPEIEICHHOCTH B KQXKIOM CIIy4ac;
o npeiaraeMblii METOJI HaX0KICHHSI HEONIPEACICHHOCTH OT Ka)KI0I0 HCTOYHHKA;
IpUMep TUITMYHOTO CIIy4asi, B3AThIA U3 TEKCTa JOKYMEHTA.

Ot1r TabIUIBl IpeIHa3HAYCHBI TOJBKO T 0000IIEHN W YKa3aHUSI THITMYHBIX METOIOB
OIICHWBaHWS HEOIIPEIEICHHOCTH B XMMHUYECKOM aHanmm3e. VX Hemb3si cuuTaTth NCUepIIbI-
BalOIUMH, W, KpOME TOT0, TPUBEICHHBIE 3/eCh YHCIOBHIE 3HAYCHHUS HE CIEAyeT
WCTIONB30BaTh HETIOCPEJCTBEHHO, 0€3 MTOTIOIHHUTENBHOTO TOATBEpKAeHUS. OTHAKO 3TH
3HAaYeHUS MOTYT IIOMOYb B PEIISHUH BOIPOCA O TOM, SIBIIICTCS JIM CYIIECTBEHHOM KaKasi-
00 KOHKPETHAs! COCTABIISIFOIIAST HEOTIPEICTICHHOCTH.
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KoanuyecTBeHHOE ONHCaHHe HEOMPEACTCHHOCTH

IIpunoxenne G — TuNnYHbBIE HCTOYHUKH

Bennunna / CocrasBisiionue Hcrounukn Meton onpenesieHust Tunu4yHbie 3HAYEHUS
onepauust Heonpeae1eHHOCTH I[pumep 3HaveHue
Macca |HeonpeneneHHOCTB OrpaHnydeHHas 'Yka3pIBaeTcs B cepTUPHKATE KATHOPOBKH; Becsl ¢ 0,5 mr
KaTHOpPOBKH BECOB TOYHOCTH KaJTMOPOBKU [IpeoOpa3yercs B CTaHAAPTHYIO YeThIpEXPa3pAAHON
HEOIPEIEIEHHOCTD [IKAJIOM
Henunelinocts 1) DKCIIEpIMEHT ¢ HA0OPOM KaJIMOpPOBaHHBIX [Mpubnuzutensao 0,5
rUpb CAVHUIBI HAUMEHBIIIETO
ii) JlokyMeHTalus NpOU3BOAUTEINS aspsija
CunTHIBAEMOCTH OrpaHu4eHHOE [1o HauMeHbIIEMY pa3psay IIKaJbl 0,5 €IUHULBI
MoKa3aHui paspelieHue Ha HalMEHBIIEro paspsiaa/
UCTIIee WITK IIKaJe V3
CyTouHbIil npeiid Pa3znubie, BKIIOYas CraHIapTHOE OTKIOHEHHE KOHTPOJIBHBIX [IpuGmm3urensao 0,5
TeMIIEpaTypy B3BEIIMBAHWH 32 IITUTEIHHBIA IEPUO.T eAMHUIIBI HAUMEHBIIIETO
BpemeHH. [Ipr He0OXOAMMOCTH BBIYHCIISIOT B paspsiia
BHJIE OTHOCHUTEIBHOTO CTAaHJAPTHOTO
OTKJIOHCHHS
3MEHIHBOCTD oT1|Pa3HbIC CraHIapTHOE OTKJIOHCHHE PE3YIIBTATOB [IpuGmm3urensao 0,5
B3BEIIMBAHUS K [OCIIeZI0BAaTENbHBIX B3BEIINBAHUI MPOOKI WITH eAVHUIIBI HAUMEHBIIIETO
B3BEIINBAHUIO KOHTPOJIbHBIX B3BEIINBAaHUI aspsijia
Bimsaust 1oiotHocTH  (noHecoBmanenue PaccunThIBalOT UCXO/I U3 U3BECTHON WIIU Crainb, HUKETb I ppm
coenauenuio 00 ycio8HOUTIIOTHOCTH THPD U MIpEeATIoaracMou IIIOTHOCTH TIPOOBI U QTIOMUHUT 20 ppm
nnomuocmu) "TMEFIATEL 00661 BBI3BIBACT TUTIMYHBIX aTMOCQEPHBIX YCIOBUIt TBEpbIE
pasznugue B OpraHUYICCKHE 50-100 ppm
BBHITAJIKUBAIOIIEN CUJIE BEIIeCTBA 65 ppm
BO3IIyXa BOJIA 90 ppm
YTII€BOIOPOBI
Bimsanst moiotHocTH  (BKak u BhIIIE BBEIYUCIISIOT BRITAIKUBAIONIYIO CHTy Bo3ayxa |100 r Boabl +0,1 r (pa3nmuune)
repecyeTe Ha  YCIIOBHS U1 TIPOOBI M BEIYUTAIOT BHITATKUBAIOITYIO 10 T HEKeS <1 Mr (paznuuue)
Bakyyma) | EHAHIEL CIUTYy BO3JTyXa JJIsl TUPh

ITPUMEYAHMUE 1. ITpu onpeneneHnn GpyHIaMEHTAIBHBIX KOHCTAHT WM BOCTIpon3BeneHun enuuur CY 3Ha4eHHUs MacChl 110 pe3ysIbTaTaM B3BEIIMBAHUS OOBIYHO MPUBOIAT K
YCIIOBHUSIM BaKyyMa. B OOJBIIMHCTBE IPYrMX CHUTYyaIlMi Ha MPAKTHKE MAcCy OMPEICIIAIOT HCXOS U3 €IUHOW YCIOBHOM TUNIOTHOCTH, Kak 3To ycTaHoBieHo MO3M [H.33]. Dto
COTIALIICHHE COCTOUT B TOM, YTO YKA3HIBAIOT MACCY IS [NIOTHOCTH BO3/yXa, paBHOil 1,2 KT M™ M IIOTHOCTH Mateprana 8000 Kr M~, 9TO COOTBETCTBYET B3BEIIHBAHMUIO CTAIIN
Ha YpOBHE MODS IPH HOPMAJIBHBIX aTMOC(HEpHBIX YCIOBHX. [lompaBka Ha BBITAJKMBAIONIYIO CHITy IUIS HAWICHHOW TaKMM oOpa3oM Macchl paBHA HYIIO, KOTAA IUNIOTHOCTh
MaTeprana cocrtaBmsier 8000 KT M™, a IUIOTHOCTH Bo3ayxa 1,2 kr M™. ITOCKOIBKY IUIOTHOCTH BO3yXa OOBIYHO OYEHb ONHM3KA K TOMY MOCICAHEMY 3HAYCHHIO, TO
COOTBETCTBYIOIIYIO MOMIPAaBKY MOKHO HE BBOAWTH. IIpuBeieHHbIC B TabwIle 3HAYCHUS CTAHAAPTHON HEONPEIeIeHHOCTH (B CIydae eANHON yCIOBHOW IUIOTHOCTH) TPUTOIHBI
B KadeCTBE IPEIBAPUTENFHBIX OICHOK HEOTPEIESIICHHOCTH pe3yJIbTaTOB B3BEIIMBAaHMA O€3 IONMPaBOK Ha BBHITAJKMBAIOIIYIO CHJIY BO3AyXa Ha ypoBHe Mops. Macca,

QUAM:2012.P1-RU

Crp. 151



KoanuyecTBeHHOE ONHCaHHe HEOMPEACTCHHOCTH Hpn.nmlce}me G — TunuYHbIEe HCTOYHUKHU

OIpeJielieHHas 10 COTJIAIICHHUIO O €MHOW YCIOBHOW IIOTHOCTH, MOXKET, OJIHAKO, OTIUYAThCS OT “‘IeiicTBUTeNbHOM Macchl” (B Bakyyme) Ha 0,1 % wim 6osee (cM. JaHHBIE 00
9THX Pa3IMYMIX B HUKHCH YacTH TaOIHIIb).
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KoanuyecTBeHHOE ONHCaHHe HEOMPEACTCHHOCTH

IIpunoxenne G — TuNnYHbBIE HCTOYHUKH

Bennunna / CocrasBisiionue Hcrounukn Meton onpenesieHust Tunu4yHbie 3HAYEHUS
onepauust HeoNpeNeJTeHHOCTH I[pumep 3HaveHue
O0BeM HeonpeneneHHOCTh OrpaHnuyeHHas 'YKa3bpIBaeTCsl B JOKyMEHTalMK u3rotosutend, ([lunetka 10 miu 0,02/ V3= 0,01 mu*

(>KUAKOCTH) [KaTHOPOBKU TOYHOCTH KaJTHOPOBKHU [IpeoOpa3yercs B CTAaHAAPTHYIO (Kiacc A)
HEONPEAETIEHHOCTh
17151 cTekIstHHOM nocyabl kiacca A (ASTM)
c o0beMOM V Tipeen npuOIN3UTENHFHO paBeH
*5/200
TemmnepaTypa Otnnure TemnepaTypelAT-o/(2V3) maet oTHOCHTENbHYIO cTaHaapTHy (100 M1 BobI 0,03 Mt st
OT TOH, IIPY KOTOPOH  |HEONPENENEHHOCTD, e AT — BO3MOMKHBIN OTKIIOHCHHUS

[MPpOBOAWIACH
KaJ'II/I6pOBKa, BBI3BIBACT
OTKJIOHEHHE 00BEMa OT
YCTAHOBJICHHOT'O

TUana3oH TeMIeparyp u o — Koddurmet
00BEMHOTO PACIITUPEHUS )KUIKOCTH;
OpPHUEHTHPOBOYHBIE 3HAUCHUS OL:

2x107* K nns Boger m 1107 K s
OPraHUYECKUX KUJIKOCTEH

B ciiyuae MepHOM MOCY/1bl, U3TOTOBIIEHHON U3
[JIaCTHKA, MOYKET TTIOTPEOOBATHCSA TAKKE YUET
Kod(puIMEHTa pacIupeHHs cocyaa

TEMIIEPATYPHI B
npenenax 3 °C

Tunuanoe 3HaYECHUE O
LTS TTOJTUTIPOTTHIICHA
4x10* K!

Komnebanus ot onepanuu K

oTIepaIum

Paznuunabie

CraHmgapTHOE OTKIIOHEHHE PE3YIbTaTOB
[oCIIeZI0BAaTEIBHBIX OTEPAIHil 110 3aTI0JTHEHUIO

1 B3BCIIMBAaHUIO

[Tunerka 25 Mo

[ToBTOpHBIE 3aMIOJHEHUS
11 B3BEILIMBAHUS:

s = 0,0092 mn

* [Ipeanonaraercst IpSAMOYTOIBHOE

pacrpe/eneHue
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KoanuyecTBeHHOE ONHCaHHe HEOMPEACTCHHOCTH

IIpunoxenne G — THNMYHbIE HCTOYHUKH

Bennunna / CocrasBisiionue Hcrounukn Meton onpenesieHust Tunu4yHbie 3HAYEHUS
onepanust HeoNpeNeJTeHHOCTH I[pumep 3Hauenue
Konnen-  |CteneHb YMCTOTHI [IpumMecu yMeHBIIAIOT |Y CTaHABIMBAETCS HA OCHOBAaHMM cepThdukara |CTaHIapTHBIN 0,13 =10,06 %
Tpanus coJlep)KaHue n3roroButens. B ceprudukare oObIYHO JaHB  (0Opa3er KUCIOro
AHaJIMTa U3 OCHOBHOTO npenens! (0e3 yka3saHusi BEpOATHOCTH); UX (dTanaTa Kaaus;
cepTu- KMITOHEHTA; OHM MOTYT|CIEAYET pacCMaTpuBaTh KaK IPaHUIIbI ATTECTOBAaH Kak
(hukara Ha TaK)Ke MEIIaTh PSAMOYTOJIFHOTO pacnpeaeiacHus u aenutb Ha ((99,9+0,1) %
CTaH- M3MEPEHUIO. V3.
ng THbIH [TPUMEYAHUE: B tex cnyyasx, koraa
oopasell [pUpoJia IpUMeceil He yCTaHOBIIEHA, MOXKET
MoTpe0OBaTHCS JOMOTHUTEIEHOE
[paccCMOTpEHHE WIH POBEpKa IS
YCTaHOBJIEHHUS IPEJIEIIOB COAEPKAHUS
mpuMeceH.
KonuenTpanus BemectBa [HeompeneneHHOCTs  |YcTaHaBIMBAETCs HA OCHOBaHHMHU cepTu(dukara PacTBop anerara 2N3=1,2wmr 1"
B pacTBOpE ATTECTOBAHHOTO 3Ha- |M3roToBHTEINS. B ceprudukare oObruHo nansl  [kagmus B 4 %-noit ((0,0012 B Buze
(aTTecToBaHHOE 3HAYEHHE)[UCHUS KOHIICHTPAK [[Ipeaeiisl (06e3 yKa3aHus BEpOATHOCTH); UX YKCYCHOM KHCIIOTE; [OTHOCUTEIBHOTO
CJIeyeT pacCMaTpPUBATh KaK TPAHUIIBI ATTECTOBAaH Kak CTaHIapTHOTO
IPSAMOYTONEHOTO PacIpe/ie/eH s i AeuTh Ha |(1000 £2) mr o1 OTKJIOHEHHS)*

3.

KoHieHTparys BelecTsa
B PacTBOpPE, PUTOTOB-
JICHHOM W3 CTaHJAapTHOTO
oOpasia

Heomnpenenennoctu
ATTECTOBAHHOTO
3HAYCHUS U OTIepaIuil
[IPUTOTOBJICHUS
[pacTBopa

CyMMI/IpyIOT 3HAYCHU HCOIPCACICHHOCTU B
BUJC OTHOCUTCIIBHOI'O CTAHAAPTHOT'O
OTKJIOHCHUS.

PacTBop arerara
KaJIMUs TIOCJIE TPeX
pa3baBieHUH OT
1000 10 0,5 mr "

=0,0034
KaK OTHOCHTEIILHOE
CTaHIapTHOE

OTKJIOHCHHC

* [Ipeanmomnaraercst IpSAMOYTOIbHOE
pacnpezeneHue
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KoanuyecTBeHHOE ONHCaHHe HEOMPEACTCHHOCTH

IIpunoxenne G — THNMYHbIE HCTOYHUKH

Bennunna / CocrasBisiionue Hcrounukn Meton onpenesieHust Tunu4yHbie 3HAYEHUS
onepauust Heonpeae1eHHOCTH Ipumep 3Hauenue

[lornome- KanuOposka npubdopa OrpaHnveHHast 'VkazbpiBaeTCs B cepTU(PHKATE KATUOPOBKH B
HIIE [IPUMEYAHME. Dra TOYHOCTH KaJTHOpOBKHU |pOopMe peAesioB; mpeoOpas3yeTcs B CTaH-

COCTaBIISIOIIAsl OTHOCUTCS /APTHYIO HEOTIPEACTCHHOCTD.

K OIITUYECKOMY

MOTJIOIICHHUIO, a HE K

KOHIICHTPALH, KOTOPYIO

HAXOIST C TOMOIIBIO

rpagyHpOBOYHON

XapaKTepUCTUKU

Konebanus ot u3mepenus |Paznuunbie CraHgapTHOE OTKJIOHEHHE PE3YIIbTaTOB Cpennee u3 7 1,63/\7=10,62

K U3MEPEHHIO MapajiebHBIX W3MEPEHNH WIN TaHHBIE 110 M3MEpeHUH

00ECTIeYeHUIO KaueCTBa. [OTJIOIEHHS C
s=1,63
[Ipo6ooTr- |HeomHopoaHOCTH [lonnpoOsr, i) CrangapTHOe OTKJIOHEHHE pe3yibTaToB,|OTO0p mpob xnebda |[lst 15 u3
0op 0TOOpaHHBIC U3 [OJTyYEHHBIX Ha OTIENBHBIX MOANpobax (KoraaB NpeArnoNoKeHUH |72 3arpsi3HEHHBIX U
HEOJHOPOIHOIO HEOJHOPOJHOCTh BEJMKA IO CPAaBHEHUIO C{IBY3HAUYHOM 360 He3arpsI3HEHHBIX

MaTepHaia B 00IeM
cirydae He OyIyT TOYHO
MpPEACTABIATH CpEAHEE
coJepKaHNE aHANINTA.

TTPUMEYAHUE.
CryyaitHbIi
Mpo6ooTOOp B 00IIEM
CITy4ae JacT HyJICBOES
cMelieHue. Moxer
MoTpeOOBaTHCS
[POBEPKa TOTO, YTO
npo0ooTOOp
EeHCTBUTEIBHO

ABJISACTCA CHy‘lafIHBIM.

TOYHOCTBIO aHaJmsa) .

i1) CTaHAapTHOE OTKJIOHEHHUE OLIEHUBACTCS U3
M3BECTHBIX HJIHU MPEIOIaracMbIX MapaMeTpoB

COBOKYITHOCTH.

HEOJHOPOAHOCTU
(cm. [Ipumep A4)

mopIuii, OTOOPaHHBIX OT
001I1el MaCChI:
OTHOCHUTEILHOE
CTaHJIAPTHOE
oTKJIOHEeHHE paBHO 0,58
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IIpunoxenne G — THNMYHbIE HCTOYHUKH

Bennunna / CocrasBisiionue Hcrounukn Meton onpenesieHust Tunu4yHbie 3HAYEHUS
onepanust HeoNpeNeJTeHHOCTH I[pumep 3Hauenue
W3Bneuenne|CpeaHss CTENIEHb DKCTpakuus peIko, |BeIUUCIAIOT cTENeHb W3BJIEUEHHS B NpoleHTax|3Baeuenue 28/N42 =43 % (0,048 B
pH 3BIICYEHUS KOTJa OBIBACT MTOJTHOM |C  MCIONB30BaHMEM IOAXOJSIIET0 00pa3lanecTHIuAa U3BHUIAE  OTHOCUTEIBHOIO
PKCTpaKIUH 1 MOXKET BKJIIOYATh  [CPAaBHEHUS WJIM C TIOMOIIBIO BBEJCHNUS 100aBOK.xs1e0a; 42 OmbITa,cTaHIapTHOTO
WK 100aBIISTh Heonpenenénnoctes monyuyaroT ucxons uslcpennee 90 %, s=28j0TKIIOHEHHS)
MEILIAIOMINE BIUSHAS ~|[CTAaHJAPTHOIO  OTKJIOHeHHs  cpenHero  B% (cm. Ilpumep A4)
PKCIIEPUMEHTaX MO U3BICYECHHUIO.
[IPUMEYAHUE. W3BneueHne MOxKeT OBITH
BBIUHCIIEHO TAKXKE UCXO U3 paHee HallIEHHBIX
KOd(QPHULMEHTOB pacrpeaeIeHHs
Konebanus ot onepaunu kPaznmyHbie CrangapTHOE OTKJIOHECHHE pesynpraToBlI3BeueHNE 0,31 B BHUJIE
oreparuu [apajuIeIbHBIX ONPEACIECHUH. MecTUnuaa U3(0THOCUTEIBHOTO
x7eba M0 JaHHBIMICTAHAAPTHOTO
MapHBIX OTKJIOHEHHS
onpeaencHuii  (cM.
[Ipumep A4)
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