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Yeasricaemorii vumamens!

CrpeMureIbHOe pa3BUTHE TEXHOJOTHIA, KOTOpOe MbI HabioZaeM B IOCIeIHHE Ie-
CATWIETHSA, OMUPAETCSA Ha TOYHBIE 3HAHUA O peaIbHOM MHpE, U3MEHSIOIIEMCS BMECTE
¢ HaMHU. Kaxnpiit JeHb CTaBUT Iepel MCClIefoBaTeNIIMU HOBBIE 33[a4H, I pELIeHUs
KOTOPBIX HYXKHO KaK MHUHUMYM aJanTHpOBaTh CYILECTBYIOLME METONMKH, a HMHOrma
4 pa3paboTaTh NPUHLUMIIMAILHO HOBbIe MeTOAB. Kak OlleHUTh MX MPUTOAHOCTD IS 10-
CTIXEHUS TJIaBHOH 1LI€JIM aHAJIMTUKA, [TOJYYHUTh JOCTOBEPHYIO HHPOPpMALIUIO 00 0OBEKTE
ycciefoBaHUsa? ODTU 3HaHUS MMO3BOJISAT IPMHUMATD aicKBaTHBIE PELUEHUA U JEHCTBOBATh
3 PeKTUBHO B TOU 00JaCTH, K KOTOPOIl OHM OTHOCATCS. B 3TOH HOJNroXOaHHOW KHH-
re M3JI0KEHBI COIVIaCOBaHHBIE MOAXOAbI K BAJIMIAIIMM METOOUK U JaHBI OCHOBHI OLIEHKU
HEOIIpeACIEHHOCTH U3MEPEHUH, TPATUIIMOHHO BHI3BIBAIOIIEH 3aTPYAHEHUS Y XUMHUKOB.

DTO M3gaHMe NOJDKHO OBITh B KaXMOH JIabopaTOpHM, BHEApSIOLIEil CUCTEMY MEHE-
>kMeHTa kagyectBa no MCO/MOBOK 17025 u GLP!

Anekcanap Iaikun,

K. X. H., pyK0og8odumenb aKKpedumo8aHHol
Hcnoimamenvnoli aabopamopuu

000 «Komnarnus Cmaiinab»



NMPEAUCNOBUE K KHUTE

OnyOnuKOBaHHbLIE B HACTOSIILEM M3IaHUU HOKYMEHTHI SBISIOTCA 000OIIAIOIIUM UTOTOM
MHOTOJIETHEH paGoThl aHAJIMTUKOB ¥ METPOJIOTOB, XUBYLIMX B Pa3HbIX CTpaHaX, paboTa-
IOLIMX B Pa3/IMYHbIX OTPACIAX IPUMEHEHUS aHAUIUTUYECKOTO KOHTPOJISI, B HAyYHBIX, IIPO-
M3BOICTBEHHBIX U Yy4eOHbIX sabopatopusix. IlosiBneHne PyKOBOACTB CTAJI0 BO3MOXHBIM
TOJILKO Gyiarofiapst ToMy, YTO BC€, KTO B TOM WIM MHOW Mepe y4acTBOBAJ B MX CO3IaHUH,
o0beqUHEHBI OpraHu3alusIMu, aBTopuTeTHBIMM Kak EBPAXWM (EBpomneiickoe obiie-
cTBO Mo aHanutuyeckoit xumMun) ¥ CUTAK (CoTpymHUYECTBO B 00JIACTH IIPOCIIEXMBaAE-
MOCTH U3MEPEHUH B aHAJIMTUYECKOH XMMMHU). DTH OpraHM3alMy JaBHO U3BECTHBI CBOMMH
paboTaMH, MO3BOJISIONIUMU aHAJIMTUKAM BCEr0 MHUpa NPUMEHSITh B CBOEH HESITEIbHOCTH
eqUHbIE TTOOXOMbl K PENICHHIO CaMbIX aKTyaJIbHbIX M HEOMHO3HAYHbBIX MPOOJIeM aHAJIUTH-
4ecKOoro KOHTpoJis. B psimy aTux 3amay ocoboe mojioxxeHue 3aHMMAIoT Ipo0JieMbl OLIEHUBa-
HUS HEOTIpeACICHHOCTH aHATUTUYECKHUX U3MEPEHUH U BAIMAALIUA METOAUK.

Cepbe3HbIM BOIIPOCOM SIBJISIETCS BJIMOALIASI METOAUK. OTOT TEPMHUH OTHOCHUTEIHHO
HOBBI B TEPMUHOJIOTUM aHAIUTUYECKOTO KOHTPOJIS, IIO3TOMY BaXHO O3HaKOMHUTb pOC-
CUHACKMX aHAJIMTUKOB C €ro CMBICJIOBBIM HAallOJIHEHUEM, MpaBUJaMU MPOBEICHUsS Ba-
NI 1 0DOPMIIEHHEM €€ pe3YJIbTaTOB. Takokeé O4eHb BaXXHO COOTHECEHHE ITOHSITHI
BaJIMIALIMUA U BepU(PHUKAIIAK, TOCTATOYHO MMOJIHOE ONKUCaHUe KOTOPOM TakKe JaHO B pYKO-
BOJICTBE I10 BaJIUTALIMA METOIUK.

OueHrBaHME HEONPEOENEHHOCTU U3MEPEHUNA B POCCUMCKON NpakTHUKE MOKa ellle sB-
JIsieTCsl 30HOM, MOKPBITOM HEKMM TYMaHOM, CYyIIeCTBOBaHHME KOTOPOTO CBS3aHO HE C OT-
CYTCTBUEM HOPMATUBHBIX M METOAUYECKHMX HOKYMEHTOB, OMHUCBHIBAIOLUMX KOHIIEITLUIO
HEOIPEHEJIEHHOCTH, a C HAIMYMEM «MHEPIMH B MO3rax», KaK aHaJIUTUKOB-IIPaKTHKOB,
TaK Y B 6ojiee LIMPOKOM Kpyre OTpeOUTeNIei u3MepUTeNbHOM MHMOpMaLY, IPUBOASLIEN
K HETIOHMMaHHUIO BO3MOXHOCTEH, KOTOpbIE MPEOOCTaRISIeT UM UHGOPMALIUS O HEOIpeAe-
JIEHHOCTU. TeM caMbIM OYEBHUIHO, YTO Ha CETOOHSIIUHUIM JeHb O4€Hb aKTyaJlbHa IPOCBETHU -
TeJbcKad 3a1a4ya. TakuM 06pa3oM, BbIXOH pyccKOro usnanus «KoguuecTBeHHOE onyrcaHue
HEOMPEIEJEHHOCTY B aHAJTUTUYECKUX M3MEPEHMSIX» KaK MOKYMEHTa, OTPaXKarollero Bce
BOIPOCHI, CBSI3aHHbIE C OLIEHMBAHUEM U IMPEICTABIEHUEM HEOMPEAEIEHHOCTH, SBISIETCA
BECbMa CBOEBPEMEHHBIM.

Haneemcs, yTo myOGnukaiys JaHHOM KHUTH MPUBENET K CTaHOAapTU3aLuU » 6oJee WH-
POKOMY MCIMOJIb30BaHHIO 3TUX TEPMMHOB B HAlIMOHAJIbHBIX CTaHAApTaX U APYTMX JOKYMEH-
Tax, perIaMeHTUPYIOIIMX AESITEIbHOCTD [0 aHAIMTUYECKOMY KOHTPOJIIO.

IIpedcmasumens Poccuu 6 EBPAXHM u CATAK
B. b. bapanosckas

Hcrnoanumenwnwiit oupexmop AAL «Anasumuxa»
H. B. boadvipes



H30damenvcmeo svipascaem baazodaprocmy
ucnoaHumenvHomy oupexmopy AALl «Anarumuxa» HU. B. boadvipesy,
npedcmasumento Poccuu 6 EBPAXHM u CUTAK B. b. bapanoséckoii,
DYK0600umento omaoena 20cydapcmeeHHbIX SMANOHO8
6 obaacmu Qu3UKO-XUMUMECKUX UMePeHUll

BHUHUM um. 1. H. Menoeneesa JI. A. Kononenvko
3a codelicmaue 8 8bixo0e HACMOoAWEe20 U30aHUS



Eurachem Z)

Banuaauma aHanmMTMYecknx MeTogmk

[TepeBoa c aHrAMicKOro A3bIKa 2-ro M3aaHUs
nog peaakumei [ P. Hexunxosckoro
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INMPUMEYAHME. docTaToyHO IIMPOKUII fUala30H TeMIlepaTyp, HOIYyCKAaeMblil CTaHIAapTOM, Ipel-
craBisieT coboil mpuMep HeollpeaeJeHHOCTH, BO3HUKAIOILEH B pe3ysibTaTe He CIAMIUKOM XeCTKOH pernameH-
TallU¥ U3MEPSIEMOii BEIMUMHbLI. YUET BIUSHUS TEMIEPATYPHI NMO3BOJISIET OLEHNTh NHaNa30H pe3yLTaToB,
KOTOPhIE MOXHO BbLIABATh B COOTBETCTBUM C JAHHBIM 3MIHUPHUECKUM METONOM M KOTOpPbIE MOTYT UMETh
MecTo Ha mpakTuke. OTMETHM TakKe, YTO KoJiebaHHUs pe3ysibTaToB, BHI3bIBAEMblE H3MEHEHHSIMU paboueit
TEMIIEPATYDHI B 3aJaHHbIX NTpefeJiaX, He MOTYT PACCMaTPHBATLCA KaK CHCTEMAaTHYECKHUE ITOTPEIHOCTH, Mo~
CKOJIbKY BCE 3TH pe3yJILTaThl MOJyYeHbI B IIOJTHOM COOTBETCTBUHM C ONTMCAaHMEM METONMKH aHan34.

c, 4
3anonHexnue
T'panyupo- Temneparypa
332;1{-1}1{:1;{14& Kanubpobka

MEpHOH 1ocyabl
Otcyer —>

> PeaynbTart r
1-it pasMep —
2-it pasmep —>
ITnowanp —
v k

a

Puc. A5.5. NcxogHasa anarpamma «npudnHa — CneacTame»

G 4
['pamyvpo-
BO4Hast 3anojgHeHue
byHKuMs
acid TeMmmeparypa
Kanu6poka

-/;imc

MEpHO# rocyasl

f;cmpcmlun: OTcuer
> PesyibTar r
1-i1 paamep
2-ii pasMe
ITnowans
a k

Puc. A5.6. InarpamMma «npuunHa — cneacTeme» ¢ 4006aBneHHbIMM HEABHLIMU NPeanoioXeHuamMm (no-
NPaBoO4YHbLIMU MHOXUTENSIMK)
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A5.4. Oran 3. KonmuecTsennoe BbIpaxkeHHe HCTOYHHKOB HeonpeIeJeHHOCTH

Ilenpio 3TOro 3Tamna SBIAETCA KOJIUYECTBEHHOE BHIPAXEHME HEONpPENeIeHHOCTH,
BO3HHMKAIOLLEH OT KaXXIOr0 paHee BBISIBJIEHHOrO MCTOYHMKA. DTO MOXHO CHEeaTh MIIU
MCIIOJIB3Ys SKCIIEPUMEHTAIbHbIE JaHHbIE, WM UCXOIS U3 XOPOILO 060CHOBAaHHBIX Ipe.-
[IOJIOXKEHHUM.

Kosgpguyuenm pasbasnerus k )
B naHHOM npuMepe He ObUT0 HEOOXONMMOCTH B pa30aBIeHUH BbILLETaYHUBAIOIIETO pac-
TBOpA, MO3TOMY 3TOT BKJIa[l B HEOTIPEJeIEHHOCTh 31€Ch HE paCCMaTpUBaeTCA.

Obsem V,

3anoanenue. Onvcanue Merona Tpedyet, YTOOBI COCYA 3aNONHSUIM «B Mpenenax 1 Mm
[0 Kpasi» WIH B Iipefesiax 6 MM OT KpaitHeil KpOMKH coCylla C HAaKJIOHHBIMU Kpasgmu. Jis
OOBIYHOM ITOCYIBI IS NIUThS WJIM NMPUTOTOBIEHUS MUK, UMEIOIIEei TPUMEPHO LIMIMH-
IpuYecKyro popmy, aToT 1 MM OymeT npeactaBasiTh 0koJio 1 % BhICOTHI cocyna. TakuM 06-
pasoM, cocyn OyaeT 3anonHeH Ha (99,5+0,5) % (T. e. ¥V, 6ynet paBHo 0,995+0,005 o6bema
cocyna).

Temnepamypa. TemniepaTypa YKCYCHOM KHCJOTBI JODKHA OBITh (22+2) °C. DTOT TEM-
MepaTypHBIil OIUana3oH MPUBOOUT K HEOIpENeIeHHOCTU 00bheMa, KOTopas oOyCIOBJIeHa
00BEMHBIM pacIlIMpeHUEM XKUAKOCTH, YUCIEHHO MPEBBIIIAIOIINM 00beMHOE paclliipeHue
cocyna. CTaHAapTHasi HEOIpeAeJIeHHOCTh 00beMa 332 MJI B IPEANIONIOXEHUH TIPSIMOYTOJIb-
HOTO pacrpeesieHus1 TeMrepaTypsl paBHa:

2,1-10™-332 -2

Ve

Omcyem. Vicrionb3yeMblit 06beM V, moJDkeH OBITH OnpesesieH B npenenax 2 %; Ha IpaK-
THKe TIpUMEHEHNE MEPHOTO IWIMHIpPA MO3BOJIAET MOIYYMTh TOYHOCTh B mpemenax 1 %
(r. e. 0,01V7)). CranpapTHas HEONPEAENEHHOCTb PACCYUTHIBAETCS B NPEAIIONOKEHHUH Tpe-
YTOJBHOTO pacrpeneIeHus.

Kanubposxa. B COOTBETCTBUM C TEXHUYECKUMU TpeGOBAHUSIMHU IPOU3BOIUTENS
MEDPHOI1 MOCYAbI I MEPHOTO UMIMHIAPA Ha 500 MJI OTKJIOHEHMS COCTaBISIOT +2,5 MIL.
CTaHOapTHYIO HEOIPENEeJeHHOCTh HaXOOsAT B NPEANOJOXEHUN TPEeyroJIbHOTO pacIpe-
IeJIeHMS.

B nanHOM npuMepe 3HaueHUe 00beMa paBHO 332 MJI, U YEThIPE COCTABJISIIONINE HEOTIPE-
JIeJIEHHOCTH CYMMUPYIOT CJIEOYIOLLMM 00pa3oM:

2 2 2
0,005 - 332 0,01-332Y (25

u(V)= || ——=""%| +(0,08) +| 22| +| 22| =1,83 M.
") ( V6 J (009 [ V6 J (\/6)

Konyenmpayus xadmus c,
KonnyecTBO BBIIIETOYEHHOTO KaAMUS HaXOOAT C MIOMOIIbBIO MOCTPOEHHON Irpaxyupo-
BOYHOM 3aBUCUMOCTH. C 3TOM LENbIO U3 UCXOMHOIO pacTBOpA C KOHLIEHTpallyen KangMus

=0,08 mi.
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(500+0,5) Mra~! 6BUTM MPUTOTOBJIEHSHI IISITh IPaTyUPOBOYHBIX PACTBOPOB C KOHLIEHTpal}-
samu 0,1; 0,3; 0,5; 0,7 1 0,9 Mr 1!, Mcrionb3yeMblil TMHERHBIN METOA HAaMMEHBIINX KBa-
IpaToB TIPEAroaraeT, YTO HEOMPENeIEHHOCTU IO OCU abCLMCC 3HAYMTEIbHO MEHBIIIE,
YeM HeOoIlpeAeIEHHOCTH Mo ocu opauHaT. IToaToMy OOBIYHEIE METOIB pacyeTa HeoIlpeae-
JIEHHOCTH ¢, OTPAXAIOT JIMLIb CTyyaHble KONeOaHus MpY U3MEPEHUH MOMIOMIEHNS; OHU
HE YUMTBIBAIOT HU HEOIPENeIEHHOCTH B KOHLIEHTpallUM paCTBOPOB ISl rPagyMpOBKU, HU
HEU30EXHYIO KOppE/sIUIO, BhI3BAaHHYIO IOCJIEAOBATENbHBIM pa30aBiieHUEM HMCXOMHOTO
pactBopa. I1punoxenue E.3 maeT npexncrabieHye o0 yuyeTe HEONMpPeaeIeHHOCTH 3HAYEHUM
IPagyMpOBOYHBIX 00pa3lIOB, KOrma 3TO HeoO0xonMMo. B maHHOM ciTyyae, omHaKo, Heorpe-
JeJIEHHOCTH IPagyHpOBOYHBIX paCTBOPOB NOCTATOYHO MaJIbl, U UMM MOXHO IpeHe0peyb.
IpamyupoBouHas GyHKIIMS HaeTC ypaBHEHUEM

4, =By +B,-c,+e,

rae A, — U3MepeHHask ONTUYECKas IUIOTHOCTD i-T'0 IPaTyHpOBOYHOTO PaCTBOPA,
¢, — KOHLIEHTPalKA i-TO TPalyupOBOYHOIO pacTBOpa,
B, — T04Ka NepeceyeHys TMHEXHOTO TPATyUPOBOYHOTO rpauKa C OChI0 OPAMHAT;
B, — yrioBoit KO3(pPULMEHT rparyrpoBOYHOrO rpadyka;
e, — CITyJaitHast MOIPeHOCTb.
ITornonieHue Kaxmaoro U3 MSATH rpafyMpOBOYHBIX paCTBOPOB M3MEPSUIM TPYDKIBI; pe-
3YJIBTaThI IPEACTABJIEHBI B Ta01. AS.2.

Tab6auya A5.2. IpagynpoBo4YHbIE JaHHbBIE

Ornruueckad IVIOTHOCTD
KoHueHTpauus xagMus, Mr Jr
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

AHHpOKCI/IMaI.[I/IH METOOOM HAMMCHBIIUX KBAaOpaTOB OACT.

3HaueHHe CraHaapTHOE OTKJIOHEHHME
B, 0,2410 0,0050
B, 0,0087 0,0029

¢ Ko3dpduureHToM Koppensauuu r = 0,997 U oCTaTOYHBIM CTAHOAPTHHIM OTKIOHEHHEM
5= 0,005486. ITocTpoeHHast psiMas nokaszaHa Ha puc. A5.7. XoTs ecTb IpU3HAKK HEOOJIb-
1I0M KPUBU3HBI, JIUHEHHYIO MOIeNb C YKa3aHHBIM CTaHOAPTHBIM OTKJIOHEHHWEM MOXHO
CYMTaTh BIOJIHE NMPUEMJIEMbIM MTPUOIYDKEHUEM )1 JAHHOM LIEJTH.
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ITornomenue pacTBopa nocie BhIlLETaYUBaHUS U3MEPSUTUA ABAXAbI, B pe3yJbTaTe mid
KOHIIEHTPALUY KaaMus c, oay4eHo 3Hadenue 0,26 Mr 1~'. Beruncienne HeonpeneseH-
HOCTH u(c,), CBA3aHHOM C MpOLEXYPOH arnpoKCHMMalWKd METOAOM HaMMEHBLIMX KBa-
IpaToB, AeTaIbHO OnucaHo B npwioXeHnH E.4. IloaToMy 3mech maeTcst TONIBKO KpaTKoe
H3JI0XKEHUE.

v
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s ’/’
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Q| Loz
d r’:”’
:—f
15} o7
= oun zZ7
= =%
5 o 27
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= Y
:
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= 277
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e} _z ::/
S L2
=1 =
f,’ -
o
< T T T T T T
0,0 0,2 0,4 0,6 0,8 1,0

KoHueHTpauus KagMust, Mr i -

Puc. A5.7. Annpokcumauus MeToaoM HaMMEHbLUMX KBaOPaToB U MHTEPBAN HeoNnpeaeneHHOCTH ans
[ABYKPaTHLIX onpeaeneHnii (MyHKTUPHLIE NMHWK NokaabiBatoT 95 %-Hblli A0BEPUTENBHDIA MHTEPBAN)

CrannapTHas HEONPENEIEHHOCTS U(c,) paBHa!

1 1

u(cy)) =—,|—+—+

B\p n

(co— 5)2

S

xx

_0,005486 |1

1,2

1, (026-0,5)
0241 {2 15

= u(c,)=0,018 Mr x™*

C OCTaTOYHBIM CTAHIAPTHHIM OTKJIOHEHHEM .S (€ IMHHULIBI MT J17'):

Y14, (By+ By c,)F

n-2

S =0,005486

—1)2).
Y 3HayeHueM S_ (EDMHMLEL (MT 17')%):
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S, =>.(c;-¢) =12,
Jj=1

rae B, — yrioBoit Ko3GULUEHT,
p — YMCJIO U3MEPEHM MU ONPENENIEHUH C,;
n — ob1uee YUCI0 U3MEPEHU I MTPU rpalyupOBKE;
¢, — HalIeHHOe 3HaYeHHe KOHLIEHTPaLlMK KaIMHsI B paCTBOPE IOCJIE BhILlEIaYMBaHN;
¢ — CpedHee 3HayeHWe KOHLEHTpaluy rpafyUpOBOYHbIX paCTBODOB;
J — WHJIEKC, COOTBETCTBYIOLLMII HOMepY U3MeEPEeHUsI TIpY rpamyupoBKe. (B ypaBHeHUU
rpagyMpoOBOYHOM QYHKIIMU UHAEKC i COOTBETCTBYET HOMEPY I'PagyUpOBOYHOTrO pacTBOpA.)

IInowaosb a,

Jluneiinvie usmepenus. Cnenysa HupextuBe 84/500/EEC, muiomans moBEepXHOCTU U3-
eVl KaTeropMud 1 NMpUHMMAaeTCs paBHOM IUTOINAAM MEHMCKa XUAKOCTU MpH 3arojiHe-
HMU cocyga. ILrourans ToBepXHOCTH COCYa a, ObLla BRIYMCIIEHA MCXOMs U3 €0 IUaMeTpa
d = 2,70 oM KaK a, = nd*/4 = 3,142(2,77/2)* = 5,73 nm’. Tak Kak cocyn uMeeT NpUOIU3U-
TEJIbHO LWIWHAPUYECKYIO, HO He abCOIOTHO TMpaBWIbHYIO (POpMY, TOYHOCTh JIMHEHHBIX
U3MEpEHNIi OlieHEHa B Ipeenax 2 MM npu 95 %-Hoi BeposaTHOCTU. (TunuyHbIE pasMephl
HaxomAaTcs B npenenax oT 1,0 mo 2,0 mM.) OTo BeleT K OlieHKe CTaHIapTHOM HeollpeaeieH-
HOCTH JIMHEMHBIX U3MepeHnit, paBHoii 1 MM (0,01 oM) (mmocine nenenus 95 %-Hoit rpaHK-
ubl Ha 1,96). B ¢hopmyiny 1 BEIYMCIIEHUS TUIONIAA BXOAUT KBAIpaT quaMeTpa d, Mo3ToMy
CYMMapHasi HeollpeNeJIeHHOCTh He MOXET OBITh IOJydeHa, CJIeQys MPOCThIM IpaBIIaM
pasmena 8.2.6. BMecTo 3Toro Hy>XHO NMpPUMEHUTh METO, ONMMCAHHBINA B naparpage 8.2.2,
WY KCIMOJIb30BaTh YMCAeHHBIE MeTombl. Mcronb3oBanue Metoma KparteHa (mprioxe-
nue E.2) maer cTaHgapTHy10 HEONpPENEIEHHOCTh B 4, BHI3BAHHYIO HEOINpPENEIEHHOCThIO
B d, paBuy10 0,042 M2,

Bausanue gopmur cocyda na ouenky naowadu. IToCKONBKY UCHIBITYeMBIH cocyn He 00-
JIafaeT COBEpUIEHHOM reoMeTpru4ecKoil (popMoii, To MMeeTCsl TakKe HEKOTopasi Heorlpe-
IEJIEHHOCTb, CBfI3aHHas C BHIYMCJIEHHWEM IUIOLIANM TOBEPXHOCTH. B maHHOM mpuMepe
TMpearnojiaraeTcsi, YTo 3TO MOXET JaTh HOMOJIHUTEIbHBIN BKIaN B pasMepe 5 % npu 95 %
JOBEPUTENIbHON BEPOSITHOCTH, T. €. CTAHAAPTHAsI HEOIpENeIEHHOCTh IUIOLIANY COCTABUT
5,73-0,05/1,96 = 0,146 nm>.

CyMMUpOBaHMe 3THX JBYX BKJIAIOB B HEOIMPENEIEHHOCTD JaeT:

u(a,) =+/0,042% +0,146> = 0,19 o’.

Brusnue memnepamypul f,,

Bru10 npoBeneHo HECKONBKO UCCIIENOBaHUI 110 BIUSHUIO TEMIIEpATyPhl Ha BhIILETAYK-
BaHMe METaJUIOB U3 KepaMU4ecKoii mocyabl!'~>. B o011eM, BAUSHUE TEMIIEPATYPHI SBJISIETCS
CYLIECTBEHHBIM; HaOMIOAJICS TOYTH SKCITOHEHIIHATBHBIN POCT KOJMYECTBA BBIIENAIONIE-
rocsl MeTajula C pOCTOM TeMITEpaTYPhI IO JOCTYDKEHUS NpeNe/bHBIX 3HaueHUi. JInmb ogHo
uccnenoBanne!) naet MHGOPMaIKIO O BIMSHUY TEMIIEpaTyphl B quanasone 20—25 °C. Ha oc-

HOBaHMMU IpeNCTaBJIeHHOM B 3TOi paboTe rpadudeckoii MHGOpPMaIlUh MOXHO 3aKJTIOYHUTh,
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4YTO M3MEHEHUE KOJIMYECTBA BhIIEAIOIETOCA MeTaJIa C USMEHEHUEM TeMIIepaTyphl BOJIU3U
25 °C aBnseTcs NpuOIU3UTENBHO JIMHEWHBIM, Y TPagMeHT paBeH PUMepHO 5 % Ha rpamyc
Llenscud. Ilpy ycnoBuM, yTo METOOMKA JOIYCKAaeT OTKJIOHEHMS TEMIEPaTypHl B Iipele-
nax + 2 °C, 370 NpUBOAMT K KO3GPULIMEHTY jjemp = 1+0,1. IIpeo6pa3oBaHue B CTaHIAPTHYIO
HEOIPENEICHHOCTD B IIPEATION0XEHUM MPSIMOYTOJIBHOTO pacrpeaeieH s JaeT:

u(f,.) =0,1/N3=0,06.

Bausnue npo0onxcumenvHocmu ebluieNauueanus f,

JIns BeIIIIENTAYMBAHMS, OTHOCHUTENBHO MEMJIEHHOTO TPoliecca, KOJIMYECTBO BBIXOISILIE-
ro Metajuta OyneT mMpMMepHO NMPONOPIUOHAIBHO MPOJOJDKUTEIFHOCTH BHIILETaYMBaHUA
TIpY MaJIbIX U3MeHeHUsX BpeMenu. Kpunuul u @paHko!) ycTaHOBIIN, YTO CpegHee U3Me-
HeHMe KOHIEHTpAI[MU Ha TPOTSDKEHMH MOCAeNHUX 6 4acoB BhIlIEIaYMBAHUA COCTABWIO
npuoausuTensyHo 1,8 Mr 1! Ha ypoBHe 86 Mr n1~!, T. e. okoio 0,3 % B 4ac. ITostomy s
BpeMeHH (24+0,5) 4 B ypaBHEHME U3MePEHU HEOOXOAMMO BBECTH MOTPABOYHBII MHOXM -
tensf, . =+(0,5-0,003) =1+0,0015. I[IpuHATHE NMPAMOYTOJIBHOTO pacripeneieHys BeJeT
K CTaHJAPTHOM HEOIpeneIeHHOCTHU:

u(f, )=0,0015/Y3=0,001.

Bausnue xonyenmpayuu xucaomol f,

EnuHCTBEHHOE UCClIeNOBaHUE BIUSHUA KOHIEHTpallMM KUCIOThI Ha BbIIEJIEHUE CBUH-
11a 1TOKAa3aJl0, YTO M3MEHEHHE OOBEMHOM JTOIU KUCIOTH OT 4 10 5 % yBeau4uBaeT BhIIE-
JieHWe CBMHIIA U3 OIpele/IEHHOM MapTuu KepaMuku ¢ 92,9 no 101,9 Mri~!, T. . BBI3BIBaeT
usMenenue f, ., pauoe (101,9 — 92,9)/92,9 = 0,097, wm okoino 0,1. Eure onHo uccie-
JOBaHUE, B KOTOPOM IIPDMMEHSUICSI METOJH ropsiYero BhlllieJlayuBaHUs, CBUOETENbCTBYET
0 comnocTtaBUMOM u3MeHeHUM (50 %-Hoe U3MeHeH e BhIIeeHN CBMHLIA IIPY U3MEHEHUHN
00BEMHOM HOJIU KUCIOTHI ¢ 2 10 6 %)®. Eciu npuHATh NpUOIM3UTENbHO IMHENHYIO 3aBU-
CHMOCTD BBIIEJIEHMSI MeTaJ/la OT KOHLIEHTPAIMU KUCIOTHI, 3TO JACT OLIEHKY M3MEHEHUsA
J, .o ipuMepHo 0,1 Ha 1 % n3MeHeHHs 06beMHOM JOIU KUCIOTHL. O6beMHast KO KUCITIOTH
(3,996 %) u ee cranmaptHas HeonpeaeaeHHOCThb (0,008 %) GbUTM yCTAaHOBJIEHBI B OTHENb-
HOM 3KCIIepMMEHTE C NOMOIUBIO TUTPOBAHHMSA CTaHZApTH30BaHHBIM pacTBopoM NaOH.
HUcxonst u3 neomnpeneneHHoctu 0,008 %, mosryyaeM HeoNpemeeHHOCTb WA f, ., PABHYIO
0,008-0,1 = 0,0008. ITockonbKy HeOIpeneaeHHOCT, OObEMHOM MOMX KUCIOTHI y2K€ BbIpa-
JK€Ha B BUJI€ CTAaHIAPTHOM HEOTpeNeIeHHOCTH, NOJTyYeHHOe 3HaYeHUE MOXHO MPSIMO HUC-
T0JIb30BATh KaK HEOTPENENIEHHOCTb, CBA3AHHYIO C f .
[TPUMEYAHME. B npuHiune, B 3Ha4eHUM HEOMpeneieHHOCTH CliefoBano Obl yyecThb JOMYILEHUE, YTO

€IUHCTBEHHOE UccliefoBaHue, YIIOMSHYTOE BBHILLE, ABASAETCS JOCTaTOYHO MpPEACTaBUTE/IbHbIM LI BCEX BUIOB
KE€paMHUKH. OnHako MNOJY4CHHOEC 3HAYCHHUC Q)HKTH‘{CCKM JAcT BIIOJIHE pa3yMHYIO OLIEHKY HeomnpeneJieHHOCTH.

AS.5. Dran 4. Beryuciienne cyMMapHoii CTaHIAPTHO# HeonpeaeJIeHHOCTH
KonyyecTBo BhILENaYMBAEMOro KagMus Ha eIMHULLY IUIOIANM B OTCYTCTBUM pa3baB-
JIEHMS pacTBOpA JaeTCs BhIpaXXeHUEM:
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GV

y=

) f;lcid ) f;imc ) -f;cmp [MI" aMm] .

ay

3HaueHus (PAKTOPOB 1 X CTAHAAPTHBIE HEOMPeaeIeHHOCTH coOpaHEbI B Tab. AS5.3. Uc-
TOJIB3YS 3TU 3HAYEHUSI, [IOJTyYUM:

0260332
5,73

JJ19 BRIYMCIIEHUS CYMMapHO# CTaHIAPTHOM HEOMNpPeNeIEHHOCTH, UCXOAd U3 BhIpaXe-
HMA B BUJIE MPOU3BENEHNS COMHOXUTENEN, CTAHIaPTHBIE HEOTIPEAEIEHHOCTH UL KaX IO
13 COCTABJISTIOIIMX CYMMUPYIOT CJIEAYIOIINM 00pa3oM:

u () _ ()Y (20D (4@ (1) | (4 imd |, (#en) | _
r CO VL ay j-acid f;imc f;cmp

=/0,069% +0,0054% + 0,033 + 0,0008” + 0,0012 + 0,062 = 0,097

-1,0-1,0-1,0=0,015 mr am>.

= u,(r)=0,097r=0,0015 mr gm ™%

BoJiee mpocToi noaxox K BEIYKCIEHUIO CYMMapHOi CTaHIapTHOM HEONpPeneIeHHOCTH,
OCHOBaHHBIN Ha MCMOJIb30BAHUM 3JIEKTPOHHBIX Ta0/Iu1L, ITOoKa3aH B TabJ. AS5.4. OnucaHue
9TOr0 MeToAa CM. B npuiioxenuu E.

Bxutansl pa3sIM4HbIX apaMeTPOB U BIMSIONIMX Ha HEOTPeneJIeHHOCTh U3MEpEHUS Be-
JIMYUH NoKa3aHbl Ha puc. AS.8, roe pasmep Kaxmoro Bkiana (C13—H13 B ta6n. AS5.4) cpas-
HUMBaeTCs C CYMMapHOI HeorpeaesieHHOCThIO (B16).

PacmmpenHyo HeonpeneneHHoOcTh U(¥) moryyaloT, UCIIONb3ys KO3 GUIMEHT OXBaTa 2:

U(¥)=0,0015 - 2 = 0,003 mr qM~2.

Taxum 06pa3oM, KOJMYECTBO BBIIIENAYMBAEMOrO KaaMHs, U3MEPEHHOIO B COOTBET-
ctBuM ¢ BS 6748:1986, cocrasnser:

(0,015£0,003) Mr om2,

IIe YCTaHOBJIEHHAsl HEeomnpeneJeHHOCTh BBIYMCIIEHA C MCIIOJIb30BaHMEM Ko3dduiiueHTa
0XBaTta, paBHOIO 2.
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Tabauya A5.3. 3BHayeHnsa HaKTOPOB U UX HEOTIPENEIEHHOCTH TIPU ONpPeAeIeHUN
BBINIEJIaUM BAEMOT'O KaaMUs
3Have- CraHgapTHast OtHocuTeNbHas
HaumeHnosauue e x Heollpe[ieieH- | CTaHNAapTHAas Heollpe-
HOCTb U(x) IeNieHHoCTh u(x)/x
¢, KoHueHnTpauusa kagmus B pactBope | 0,26 mrur~!| 0,018 mrua~! 0,069
MOCJIE BhIIIIEIaYUBAHUS .
V, | O6bem BollenaynBatoiiero pacreopa | 0,332 1 0,0018 n 0,0054
a, |Ilnouans MoBepxXHOCTH COCyla 5,73 mM? 0,19 om? 0,033
fra | BAMSAHKE KOHUEHTPALMHI KMCIIOTHI 1,0 0,0008 0,0008
Jime | BIMSIHUE NPONOJDKUTENBHOCTH BbI- 1,0 0,001 0,001
IIeJIayMBaHUS
femp | BUHSHME TEMIIEPATYPBL 1,0 0,06 0,06

Tabauya A5.4. TabnuuHoe BEIYMCIIEHYE HEONPEeNEIEHHOCTH MPU ONpPeneIe HUU BhILe-
JlayrBaeMOoro KagMusi

A B C D E F G H
1 CO VL aV f:;cid fl‘imc -f;cmp
3HayeHune 0,26 0,332 5,73 1,0 1,0 1,0
3 Heonpene- 0,018 0,0018 0,19 0,0008 0,001 0,06
JIEHHOCTb
4
5 , 0,26 0,278 0,26 0,26 0,26 0,26 0,26
6 vV, 0,332 0,332 0,3338 0,332 0,332 0,332 0,332
7 a, 5,73 5,73 5,73 5,92 5,73 5,73 5,73
8 - 1,0 1,0 1,0 1,0 1,0008 1,0 1,0
9 | fi. 1,0 1,0 1,0 1,0 1,0 1,001 1,0
10 | fo 1,0 1,0 1,0 1,0 1,0 1,0 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(@)?, | 2,15E-=5 [ 1,09E—6 |6,67E—8| 2,34 E-7 |1,45E—10(2,27 E~10| 8,17 E-7
u(y, x))?
15
16 | u() | 0,001465

[MPUMEYAHME. 3HayeHus: NapaMeTpoB MpuBEAeHbI Bo BTopoii cTpoke oT C2 no H2, ux craHmapT-
Hble HeompeneNeHHOCTH — B cTpoke Huke (C3—H3). 3Havenus us C2—H2 xonupyloTcs BO BTOpoi CTON-
6ew; (BS—B10). Pesynerar r, monyyeHHbIH U3 3THX 3HaueHHil, mpuseneH B B12. CS5 maer sHaueHue ¢, u3 C2
IUTIOC €70 HeompeeieHHOCTb U3 C3. Pe3ynkTar BhraucIeHHE! ¢ McHofib3oBaHueM 3HadyeHus1 C5—C10 npuseleH
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B C12. Cron6us! D u H 3anonHens! aHanoruuHbiM o0pa3oM. 3HaueHus B crpoke 13 (C13—H13) npencranns-
10T coboii pazHocTH ctpoku (C12—H12) MuHyc 3HaueHue, ykasaHHoe B B12. B crpoke 14 (C14—H14) cooTBeT-
cTByIoliMe 3HaueHus ctpoku 13 (C13—H13) Bo3BoasSTCS B KBaIpaT U CYMMUPYIOTCS, IIPUBOAA K 3HAYEHHIO,
ykazaHHoMy B B14. B16 maeT cyMMapHylo CTaHIAPTHYIO HEONpEReieHHOCTb, PAaBHYIO KODHIO KBaapaTHOMY
u3 Bl4.

ft.cmp
f;imc
f;\cid

u(y, x)) (mr om%)-1000
3Havenus u(y, x,) = (3y/0x,) u(x,) B3ATl U3 TaONI. AS.4.

Puc. A5.8. Biiagpl B cyMMapHYIo HEONpeaeneHHOCTb MNpuy OnpeaeieHm BbllenainBaemoro kagMmns
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IIpumep A6. Onpenesienue ChIPOi KJI€TIYATKH
B KOPMaX /I ZKMBOTHBIX

KpaTkoe u3jio:xxeHue

Iean

OnpeneneHye CHIPON KIETYaTKU B KOPMaxX CTaHAAPTHBIM METOIOM.

Meroauka u3mMepeHui

Metonuka u3MepeHU CTaHAAPTU30BaHa, U ee OOIIKe ATamnbl MoKa3aHbl Ha puc. A6.1.
Te xxe onepaury NOBTOPSIIOT C XOJIOCTOM NMPOOO¥A, YTOOHI MOJYYUTh 3HAYEHUE COOTBETCTBY-
IOLLEN MOpaBKU.

N3mepsemas BeIMuMHA
Conepxanue xinetdatku C, , BRIpaXeHHOE KaK MaccoBas JOJIA B MPOLIEHTAX, NaeTcs
BhIpAKEHUEM:
_(b—c)-100
)

Cﬁbrc -
a

rae a — Macca rnpo0sl, r (MpubAU3UTENbHO | T);
b — notepst MacChl IIpU 030JIEHUHU B XOJ€E OTpPENeIeH s, T;
¢ — TIOTePsI MAaCChI IIPH O30JIEHUU B XOJIOCTOM OIIBITE, T.

BoisiBjieHHe HCTOYHUKOB HeoNpeaeeHHOCTH
IlonHas muarpaMma «IpuYrUHa — CIEOCTBUE» MpEacTaBieHa Ha puc. A6.9.

W3MenbueHue 1 B3BELBAHUE NTPOOLI

\

KucoTHoe pasnoxeHue

J

[lenoyHoe pa3yioXeHHE

|

CyuIKa H B3BCLLIMBAHUE OCTaTKa

Y

O3o0neHKe 1 B3BEIIMBAaHUE OCTATKA

Y

PE3VJIBTAT

Puc. A6.1. OnpepeneHne knet4aTku
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KoanyecTBeHHOE onMMcaHue COCTABIAIOIIMX HEONPeAEIEHHOCTH

DKCrnepUMEHTHI B JIaOopaToOpuY NMOKa3aau, YTO METOJ PeaTu3yeTCs B YCIOBMSIX, ITO3BO-
JISTIOIUMX TPUHSITH JAHHBIE 10 BOCIIPOU3BOOUMOCTH, KOTOpbIE OBUIM TOJYYEHBI IIPU €Tr0
MeXJ1abopaTOpHOM HCClenoBaHUMU. B 1ieJioM He ObUIO 0OHApyXXeHO KaKUMX-JIMOO IOMOJ-
HUTEBHBIX 3HAYUMO BIUAIOIIKUX (pakTOpoB. IIpy HU3KUX comepKaHUSIX KIIETYaTKM OKa3a-
JIOCh HEOOXOIUMBIM JOTOIHUTENIBLHO YIYUTHIBATh OCOOEHHOCTH UCITOIb3YeMOi ITPOLIEYPhI
BhIcymiMBaHuA. [TomyyeHHbIE TUITHYHBIE 3HAYEHUS HEOMPeneIeHHOCTH (B BUIE CTaHIAPT-
HBIX HeONpeAeJIeHHOCTe) npeacTaBieHbl B TabJ. A6.1.

Tabauua A6.1. CymMmMapHbIe CTaHIApPTHBIE HEOTIPENEIEHHOCTH

Conepxanue kietyatku | CraHoapTHas HeollpeneieHHocTh | OTHOCUTEIbHAsL CTAHAapTHAA Heollpese-
Civ %0 (Macc.) u(C,.), % (Macc.) neHHocTs U (Cy ) / Cp..
2,5 0297 +0,115 =031 0,12
5 0,4 0,08
10 0,6 0,06
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IIpumep A6. OnpenesieHue ChIPOi KIETIYATKH B KOPMAX
IJ19 ZKABOTHbBIX

HeTtabHoe 00CcyKneHue

A6.1. Beenenue .

B Ha3zHayeHMH METOOMKHU aHAJIM3a ChIpas KJeTyaTKa ornpeejieHa KaK KOJIM4YeCTBO CBO-
OOMHBIX OT XXMpa OpraHUYECKUX BEUIECTB, KOTOPHIE HE pACTBOPSIIOTCS B KMCJION U 1EJI0U-~
HOH cpexax. 9Ta METOAMKA CTaHIapTU30BaHa U €€ Pe3YJIbTaThl UCIOJIb3YIOTCS HAIIPSAMYIO.
M3MeHeHs B METONMKE U3MEHSIOT CaMy U3MEDPSIEMYIO BEJIMYUHY — 3TO IPU3HAK SMITUPU-
YeCKOro MeToja.

g 3TOro y3akOHEHHOro MeToJa aHajlu3a MMEIOTCS AaHHBIE 10 IOBTOPSIEMOCTH
A BOCIIPOM3BOAMMOCTH, MOJIyYeHHBIE B MeXIabOpaTOpPHOM 3KcrnepuMmeHTe. BHyTpuia-
OopaTopHoe uccienoBaHue 3(PEDEKTUBHOCTH METOAMKU TakKe BKIIIOYAJIO OLIEHUBaHUE
MpeU3UOHHOCTH. I maHHOU METOOUKM OTCYTCTBYET MOIXOASIUMI CTaHAapTHBIN o0pa-
3ell (T. €. oOpa3sell, aTTeCTOBAaHHBIN TEM XE METOIOM).

A6.2. Dran 1. Onucanue

IIpu onucaHuu u3MepsieMOi BEJIWYUHBI I TaKMX aHAJIUTAYECKHX METOHNOB JIyyllie
BCEro WATH IO IMYTU MCUEPNBIBAIOLIETO aHAJIN3a OTACIBHBIX CTAIUNA U COCTaBJIEHUS ypaB-
HEeHMs U3MEPEHUM.

Memoouka

Metonuka, mpencrapisiomasg coboi mocienoBaTeNIbHOCTh Olepalyil pa3jIoXeHM,
dusTpalvy, CyIIKH, 030JIeHHs U B3BELIMBaHUA, KOTOPhIE TPOBOIST TakXKe U C XOJIOCTOM
mpo6oii, mokasaHa Ha puc. A6.2. 11e/bio MepBbIX 3TAIOB SIBJSETCS Pa3IoXXKeHUE OOJBbIINH-
CTBa KOMIIOHEHTOB IMPOOKI, MIPU STOM OCTaeTCs Hepasjiaraioiuiics ocratok. OpraHuye-
CKH€ KOMIIOHEHTRI 3aTeM O30JISIOT, YTO JaeT B UTOre HEOPraHMYECKU 0CcTaToK. PasHOCTh
MacC BBICYLLIEHHOIO OpPraHMYeCKOro/HEOPraHUYeCKOro OocTarka U O30JIEHHOI'O OCTaTKa
MPUBOIHUT K «COAEPXKaHUIO KiieTyaTKu». OCHOBHBIE CTaANM METONUKHU TaKOBBI:

i) M3MenpueHue npoObI 10 pa3Mepa 4acTUl] MeHee 1 MM.

ii) B3aTue HaBeCcKM MPUOIU3UTENBHO 1 T MPOGHI B MpPeaBAPUTENHLHO B3BEILIEHHBIN TH-
reb.

iii) JlobaBneHue TpeOyeMbIX KOJTMYECTB PeareHTOB IS KUCIOTHOTO Pa3/IoKeHUs, KUILA-
YeHHUE B TeYeHUE 3alaHHOTrO BpeMeHHU, GUIIbTPOBaHKE M MPOMBIBKA OCalKa.

iv) Jlo6aBieHue peareHTOB I 1IEJI0OYHOTO Pa3jioXXeHUsi, KUIISTYeHHe B TeYeHUe 3alaH-
HOTO BpeMeHU, GUIBTpOBaHuUe, IPOMBIBKA U CIIOJIACKMBAHUE OCaiKa alleTOHOM.

v) BeicyimBaHue 10 MOCTOSTHHOM MacChl MpH 3anaHHoi Temmnepatype. (IToHsATHE «I10-
CTOSTHHasi Macca» B METOIMKE HE ONpenesieHO, paBHO KaK ¥ ApYyTHe YCIOBUA CYLKH, Taknue
Kak LUMPKYJSILYA BO3MyXa WM JUCTIEPCHOCTD 0CaaKa.)
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vi) I3MepeHne MacChl CyXoro octarka.

vii) O30eHue npy 3aJaHHOM TeMIlepaType OO0 «[IOCTOSHHOM MacChl» (Ha MPaKTUKE 030-
JIEHHe MPOBOIST B TeYEHHE BPEMEHU, YCTAHOBJIEHHOIO MO pe3yJbTaTaM MCCiieqOBaHUMN
B IaHHOM J1abopaTtopuu).

viii) B3BelmnBaHUe oCTaTKa MOCiE O30J€HUSA M BBIUMCICHHE COAECPXAaHHUS KIIeT4aTKU
I10 Pa3HOCTHU — MOCJI€ BBIYUTAHHUSA OCTaTOYHOMU MacChl, HAMAEHHOU B XOJIOCTOM OIIBITE.

H3mepsemas eenuuuna
CopepxaHue kiaetyatku C

fibre? BBIpA2X€HHOE KaK MacCCoBas OoJiid B MpPOILICHTaX, JacTCA
BBIpa>KEHUEM

b—c)-100
Cﬁbrc =(__L—’

a

roe @ — Macca npoOsl, T (111 aHaTu3a 6epyT HaBeCKY NMPUOIU3UTENBHO | T);
b — moTepst MacChI MPY 030JIEHUM B XO[I€ ONpenesieHus, T;
¢ — TIOTepsl MacChl NPU 030JIEHUU B XOJIOCTOM OMBITE, T.

A6.3. Dran 2. BoigBiieHHE H aHAIM3 HCTOYHHUKOB HEoNpeaeJXeHHOCTH

bBrU1 BBISIBIIEH Pl MCTOYHUKOB HEOMPENEIEHHOCTH, KOTOPhIE NTOKa3aHbl Ha AUarpam-
Me «IIPUYMHA — CJIeACTBUE» (CM. puc. A6.9). DTy IuarpaMmy yIpoLIaloT, YTOOBI yCTPAaHUTh
IyOJIMpOBaHHE COCTABISIOUINX, B COOTBETCTBUH C MPaBWIaMH, U3JIOXKEHHBIMHU B IPUIOXE-
Huu D. BMmecTe ¢ ynaneHneM He3HaYMMBIX COCTABIISIONIMX (KaTMOPOBKA U HEJIMHEHHOCTD
BECOB) 3TO BelIeT K YIPOIUEHUIO IUarpaMMBbl, TOKa3aHHOI Teneph Ha puc. A6.10.

B pacrnopsikeHUM UMEIOTCS JaHHblE MeXJ1a0opaTOpPHBIX U BHYTPUIIaOOpaTOPHBIX MC-
CJIeMOBaHUI METONMKU. OTHU JaHHBIE UCIIOIb3YIOTCS MPU OLIEHMBAaHWM Pa3IUYHbIX BKJIa-
JIOB B HEOTIPEAEJIEHHOCTh, M 3TOT BOIMPOC O0CYKIAeTCsI HUKE.

A6.4. Dtan 3. KosmyecTBeHHOE BbIPAiKEeHMEe COCTABIAIOIIMX HeonpeneJleHHOCTH

Pezyavmamut mexcnabopamoproezo uccaedosarus

HaHHBI MeTon OBUT OOBEKTOM MeEXJIa0OpaTOPHOro KCCJIeNOBaHKsS, B KOTOPOM aHa-
JIU3UPOBAJIM ISTh Pa3IMYHBIX O0Opa3ll0B KOPMa, MPeACTaBISIOUIMX TUITMYHbBIE 3HAYEHUS
CoIepXXaHHUs KJIETYATKM Y X¥pa. YYaCTHUKHU UCCIIENOBAHMS BBITOJIHSUIM BCE Onepaliiy Me-
TOIWKM, BKITIOYast u3MeirueHre npob. IoaydyeHHble B 3TOM MCCIeqOBaHUM OLIEHKHU BOC-
MIPOU3BOJUMOCTU U TTOBTOPSIEMOCTH MPEACTaBIeHHI B Ta0. A6.2.

Kak yacte BHyTpmiabopaTOpHO# MpOBEPKM METOOMKM ObUIM IMPOBENEHBI KCIIEPU-
MEHTHI 110 OLIEHUBAHUIO MTOBTOPSIEMOCTH (BHYTpY MapTUM MaTepuaia) IUIS KOPMOB C CO-
IEepXaHUEM KJIeTYaTKu, OJMU3KUM K TeM 3HadyeHUsIM, KOTOpPhle MMENIM MECTO B XOme
MeXJIabOpaTOpHOTro SKCHEepUMeEHTA. Pe3ynbTaThl 3TUX MCCIENOBaHMII TakoKe IOKa3aHbI
B Tabn. A6.2. Kaxnas olieHKa NMOBTOPSAEMOCTH BO BHYTPWIAO0PAaTOPHOM 3KCIIEPUMEHTE
OCHOBaHa Ha [T MapaJUIeJIbHBIX OTpeneIeHUsX.
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UsMensyeHue npoOsl
Y NIPOIyCKaHue
4yepes CHUTO C sTueiikamu 1 MM

Basrue HaBecku | T mpoObl
B ITOJATOTOBJIEHHBIN THUTENb

B3BemnBaHue TUIIS
ILJIS1 XOJIOCTOTO OITbITAa

]

Ho6aBneHue QUIbTPYIOLIErO CpeaCcTBa
¥ aHTHBCIIEHMBAIOILIErO areHTa,

a 3zareM 150 mi kunsiero
pacrsopa H,SO,

- SHCPFH‘{HOC KUIITYEHHUE ——

B TeueHue 30 MUH

Y

ocafika Kunsiien Bonoi (30 mi)

®uwIbTpOBaHKME U TPEXKPATHOE MTPOMBIBAaHHE

JobaBieHue
aHTUBCIIEHUBAIOLIErO -
areHTa, a 3areMm 150 M
kumsuiero pacteopa NaOH y

DHEPruyHoe KMILSTYEHHUE
B TeueHMe 30 MHH

'

ocanka kumsiei Bomoit (30 mur)

DuIsTpoBaHME U TPEXKPATHOE MPOMBIBAHME

'

NPOMBIBAHHE OCaiKa alleTOHOM (25 M)

(DI/UIprOBaHHC non BaKyyMoM, TpEXKpaTHOC

y

Cy1ka g0 nocTosIHHO#M Maccsl ipy 130 °C

y

O3oJieHHe 10 MOCTOSTHHOM Macchl npu 475—500 °C

BerynciaeHue MaccoBO IOJM CHIPOI KIIETYATKH

Puc. A6.2. Cxema, WinioCTpUpYyOLLAs CTaaun METOAUKM OMNpedeneHns KNneTHaTki B kopmax ans Xu-

BOTHbIX



240 KonuuecrseHHoe onncaHue HeonpeageneHHOCTN B aHAaNUTUHeCKNX naMepeHnax

Tabauya A6.2. CBonka pe3yJIbTaTOB MeXJIa00paTOPHOTO UCCIIeN0BaHUS METOIUKHU
Y BHYTPWIa00paTOPHOI MPOBEPKHU MTOBTOPSIEMOCTHU

Conepxanue kieT4atku, % (Macc.)
PesynbraThl Mexj1ab0opaTOpPHOIO UCCTENOBAaHM CraHmapTHoe
O6pasel OTKJIOHEHUE MOBTOpsie-
CpCI[Hee CTaHﬂ,apTHOe CTaH.IlapTHOC MOCTH IO JaHHBIM
e — OTKJIOHEHHE BOCIIPO- OTKJIOHCHHC BHYTpUJIabopaTopHOit
M3BOLMMOCTH (S,) TIOBTOPSAEMOCTH (S,) NPOBEPKH
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

OlLleHKM MOBTOPSIEMOCTH, MOJy4eHHBIE B paMKaX BHYTpPHUIAOOpaTOPHOU MpOBEpKH,
OBUIM CPaBHUMBI C OLIEHKAMU, TNIOJYYEHHBIMU B XOJIE MeXJI1a00paTOPHOro 3KCIepPUMEH-
Ta. DTO YKa3bIBaeT Ha TO, YTO MPEUU3MOHHOCTh METONMKM B JaHHOM J1abopaTtopuu 6us-
Ka K TMPEeUU3NOHHOCTH B J1aOOpaTOpHUSIX, y4aCTBOBABIIMX B COBMECTHOM 3KCIIEPUMEHTE.
IToaTOMy mpu cocTaBieHMM OIOMKeTa HEONpEeNeIEeHHOCTH WIS JAaHHOW METOOUKHU 1ieje-
co00pa3HO MCIOJb30BaTh CTAHAAPTHOE OTKJIIOHEHUE BOCIPOU3BOOUMOCTH, IOIy4EeHHOE
B MexJ1abopaTopHOM 3KcrnepuMeHTe. KpoMe Toro, Hy>kHO BBIACHUTD, €CTb JIM KaKMe-JIM0O0
npyrue 3¢ @eKThl, KOTOPblE 0Ka3aJIUCh HEYYTEHHBIMU B 3TOM MEXJIabopaTOPHOM HCCJIe-
noBaHuu. [IpoBeneHHOe UCCenOBaHUE OXBAThIBAIO Pa3jUYHBIE TUIBI MAaTPUIILI, a TaK-
K€ CTaIUIO TpeaBapUTesIbHON 00paboTKM Mpob, MOCKOJIBKY Y4aCTHUKAM ObUIM pa3oCiaHbl
poOkl, TpeOOoBaBIlIKe U3MeENbYEHHU Tiepel aHanu3oM. ClienoBaTelIbHO, HEOIpeaeIeHHO-
CTHU, CBSI3aHHBIE C BIIMSTHUEM MaTpUlibl M IPEABapUTEIbHOM 00paboTKoi npob, He TpedyioT
KaKoro-judo JOmoJIHUTENBHOrO yueTa. [Ipyrue nmapaMeTpsl, KOTOpbIe BIMSAIOT Ha pe3yJib-
TaT, OTHOCATCSA K UCIOJb3yEMBIM B METOIUKE YCIIOBUSIM SKCTPAKIIUU U CYIIKU. XOTS CTaH-
JapTHOE OTKJIOHEHHUE BOCIPOU3BOOUMOCTH AOJDKHO BKIIIOYATh BIMSHUE U3MEHEHUS 3THX
11apaMeTpPOB, UX UCCJIENOBAIA OTIEJIBHO IJI TOTO, YTOOBI YCTAHOBUTDH, HAXOMUTCS JIX IO
KOHTPOJIEM CMellleHue, npucyllee jJadbopaTopuu (T. €. YCTAaHOBUTb, OyHEeT U OHO MaJo
10 CPaBHEHUIO CO CTAaHAAPTHBHIM OTKJIOHEHUEM, XapaKTePU3YIOLIUM BOCIIPOU3BOAUMOCTE).
Pesynbrathl vcciemoBaHus 3TUX BIUSIOIKX (PAKTOPOB 00CYXIAIOTCS HIDKE.

Ilomeps maccvt npu o30nenuu
ITockonbKy y Hac HeT MOAXOASAIIEro CTAHIAPTHOrO 0bpasLia I 3TOM METOOUKHU, BHY-
TPWJIabOpaTOpHOE CMeELIeHUEe CilelyeT OLIEHHMBATh ITyTEM PACCMOTpPEHMsS HeOoIpeneIeH-
HOCTEeM, CBSI3aHHBIX C OTHOEJbHBIMU OIlepaliiIMU. B HeompenesleHHOCTb, CBSI3aHHYIO
C MOTePel MacChl IPU 030JIEHUH, OYIyT BHOCUTH BKJIAM CJIEAYIOLIME PaKTOPHI:
* KOHLIEHTpalusA KUCIIOTHI;
* KOHLIEHTpAallKs 1LIEJIOYH;
* MPONOJDKUTENBHOCTh KUCIOTHOIO Pa3jIOXEHUS;
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* IPOIOJDKUTEIBHOCTD LLEJIOYHOIO Pa3yIOKEH s,
* TeMIlepaTypa Y MpOAOJIKUTEILHOCTD CYIIIKH,
* TeMIlepaTypa U IpoaOJIKUTEIbHOCTD O30JIEHHUS.

Konuyenmpayuu peazenmoe u npodonsicumenvHocmy paznodiceHus

BausiHue KoHIEHTpallM¥ KMCJIOTBHI, KOHLEHTPALUMMU ILIEJOYU U MPOMOIKHUTEIbHOCTA
KMCJIOTHOT'O U 1LIeJIOYHOTrO Pa3ioX€eHUs ObUIO UCCIIEN0BaHO B paHee OITy0IMKOBaHHEIX pa-
60Tax. B 9THX UCClIen0BaHUSX OLIEHUBAIY BINSIHUE U3MEHEHMS ONpeleIEeHHOTO napaMeTpa
Ha pe3yJbraT aHanu3a. s Kaxxnoro napaMeTpa Haxomwiv KO3Q@UIMEHT YyBCTBUTEIbHO-
CTH (T. €. CTETIEHb U3MEHEHHSI KOHEYHOr0 pe3y/ibTaTa Mpy U3MEHEHUU MapaMeTpa) U He-
OIpeae/IeHHOCTb 3TOTO MMapaMeTpa.

IIpuBenentrple B Tabia. A6.3 HeompeneIeHHOCTH MaJIbl [0 CPaBHEHUIO CO 3HAYEHUSI-
MU BOCIIPOM3BOIMMOCTH, IPENCTaBIeHHBIMU B Ta0i. A6.2. Hanpumep, cTaHmapTHoOE OT-
KJIOHEHHE BOCIPOM3BOOUMOCTH JUIA MpoObI, comepXaiueit 2,3 % (Macc.) KJIeT4aTku,
paBHo 0,293 % (Macc.), a HeoTpeneneHHOCTh, CBSI3aHHAs C Bapyalliei BpeMEeHU KUCIOTHO-
IO pa3jIoXeHHs, olleHuBaeTcs BenuunHoii 0,021 % (nmorydyenHo# kak 2,3-0,009). ITostomy
MBI MOXEM C YBEPEHHOCTBIO IIpeHeOpeyYb HEONPeaeJIeHHOCTIMU, CBI3aHHHIMU C U3MEHE-
HUSIMU 3THUX [TapaMeTPOB METOIUKH.

Temnepamypa u npodoadicumenbHocmy CyUKU

B manHOM ciryyae y Hac OTCYTCTBOBaJIM KaKue-JIMOO mpenBapuTelbHble JaHHble. Me-
TONMKA YCTaHaBJIMBAET, YTO 0CaNoK cieayeT cymuTh npHu 130 °C mo «1oCTOSTHHOUM MacChI».
C o1 Henbio ero cyuiat B tedeHue 3 yacos rpu 130 °C u 3ateM B3BewuBaioT. [1ocie atoro
OCaJIoK CYILIAT ellle OAMH Yac ¥ BHOBb B3BellIMBaloT. B maHHoI1 1abopaTopuu Macca ocal-
Ka CYMTAJIaCh MOCTOSITHHOM, €CIi ee U3MEHEHUE IPU MOCJIEeI0BaTebHbIX B3BELLIMBaHUIX
He TpeBhIIaio 2 ML B poBegeHHOM HCCIeI0BaHUM OCaIKH NapajUleIbHbIX P00 YeThIPEX
06pas31oB KopMa cyunwiy npu 110, 130 u 150 °C u B3BemnBanu nocie 3 U 4 4acoB CYIIKH.
B GonpmuHCTBe CilydaeB M3MeHEHHE Beca MeXOy 3 ¥ 4 yacaMM CYLUKU ObUIO MEHBIIIE,
yeM 2 Mr. [TosToMy 3TO 3HaueHUEe OBUIO B3ATO IS OLIEHKM HEONpeneIeHHOCTH, CBS3aH-
HOW C U3BMEHEHHEM MacCHI Mpu cyike. [IppHuMas +2 Mr B KayecTBe IPaHULL IIPSIMOYTOJIb-
HOTO pacnpenejieHus, HaXOOUM CTaHIAPTHYIO HeolpeaeJeHHOCTb ITyTEM JeJIeHUs Ha V3.
Torna HeonpeneJIeHHOCTb MacChl, HaiiieHHoM nocie cymku, cocrasut 0,00115 . Metoau-
Ka aHaJIi3a NpeaycMaTpyBaeT, YTo Macca rpobsl cocrasiser 1 . g npoOsl Takoro pas-
Mepa HeONpeIeTeHHOCTb CYLIKH «I0 MOCTOSTHHOM MacChl» COOTBETCTBYET CTaHOAPTHOM
HeolpeneleHHOCTH comepxXauus kietdyatku 0,115 % (Mmacc.). OTa cocTaBisgiollas He-
OTpeIe/IeHHOCTU He 3aBUCUT OT CONEPXaHUS KJIeTYaTKH B rpobe, MOo3TOMY Npu JI000M
comepXaHMUU KIETYaTKU Mbl OyIeM MMEThb MOCTOSHHYIO COCTABJIIOILYIO B Or0KeTe Heo-
nipenesieHHOCTH, paBHyto 0,115 % (Macc.). DTa HeonpeaeaeHHOCTh MEHbIIIE CTaHIapTHOIO
OTKJIOHEHMS BOCIIPOM3BOIMMOCTH; JUIS BCeX P06, KpoMe mpob ¢ CaMbIMU MaJIbIMU COACP-
XaHWsAMH, OHa COCTaBJIAET MeHbIIE 1/3 3HayeHus s,. BHOBb, KaK U B IIPEABIIYLIEM CITy4ac,
9TUM HCTOYHUKOM HEONPENEJIEHHOCTH MOXHO npeHeOpeyb. OnHaKo MpH HU3KUX COACP-
XaHUIX KJIETYAaTKM 3Ta cocTaBisatouas 6yner 6onpiue 1/3 s,, ¥ ee cnenyeT y4eCTb B OromxKe-
Te HeomnpeneJeHHOCTH (CM. Tabi. 6.4) [em. TIpumeuanus, I1. &).



TToTeps Macchl nipH 0301€HHH
B X0JI0CTOM onbiTe (C)

Tponomxu- Macca npo6si (a) BocnponssoaimocTs
Temnepatypa TeNbHOCTh
CYILKH CYILKH Iponomku-
Temgeg:;};pa Te.,'lb};OCTb Baseumpaue
o3on 030NIEHHUS " npobil
Macca Turast - Kannbggzsxa
10 030N1EHUSA ~——————— DKCTPaKIHs
- Macca turis

Henuneiinocts

Tocsie 030JICHHS

BECOB
Kanu6poska Llenoynoe  KucnotHoe MGpoBKa Oonetne
u6po (€J104HO! . CJIOTHO " Becop — HenuHeitHocTb HenuHeltHocTh
BECOB pavioxeHHe* pa3ioXeHHe ——— BECOB i BecoB
o B B3BelwunBanue
Bsseiunpanme ocrarka
THIA
B3pewnBanue
THIIS Cuipas
Tpozo KJIeTyaTKa,
KU~ % (Macc.
Temneparypa TeNbHOCTL (¢ )
030MeHHs 030MEHUS
KucnoTHoe Llenouoe
AVTIOKEHHE PavioXeHHe
0]\:_::::8 Mponomku- ~ PAVIOXEHH Tponomxu-
J— - TEJIbHOCTb O6BeM TEJIbHOCTh O6BeM
f—————
Tocre HenuneitHocTs KanuGpoBka v KUCOTBI v LLIENOYH
B3pewnBanue P P KoHueHTpauus
THOAS /<« KoHueHTpauus ~———  enoun
CkopocTb KNCOTBI CkopocTb
BbINApHBaHUA BbIMTapHBaHUA
- P La Macca npo6st
W THINSA
* JIONIONIHUTENbHBIE BETBH, OTHOCSLLNECS K BETBAM Kanm6posk 10 030N1EHUS
«KHMCJIOTHOE PaVIOXEHHE» H «ILENIOYHOE PAIIOKEHHE» HenuneltHoctp BechB a
B OMepalMAX NOArOTOBKM THINISA, JUIA TPOCTOTHI OTIYLIEHBI. BECOB
Ha HUX BAHAIOT Te Xe caMble (PaKTOpPbI, KOTOPbIE RITHSAIOT
Ha npo6y (T. €. YC/IOBUS PaVIOXEeHHSA, KOHLEHTpaLUHs
KHMCJIOTBI H Ap.). Temnepartypa Mponomku- B3BewnBanue
CYLUKH TEJILHOCTh THIA
CYLUIKH

TToreps Maccel npu o30.1eHnn (b)

Puc. A6.9. luarpamma «npuuMHa—CcneacTeue» onsa onpeaeneHns Knet4yaTk B Kopmax ans X1UBoTHbIX

[474

XBUHIAOWEN XUMNIDhULULIBHE 8 UIDOHHBLB3TdUO3H SMHEIULIO SOHHIE1DhULOY



Hmpn Maccol NpH 030J1€HHH
B X0/10CTOM OnbITe (C)

TMponomku- BocnpousBomMocTs
TemnepaTypa TelbHOCTb
CYLIKH CYLIKH Mponomku-
TeMniepaTypa TeNbHOCTb B3pewmBare
\ O30NIEHHA  030NEHHA - npoG:
Macca -
THIA \ ~a——— OKCTpaKuus
10 0307IEHUsT Macca tiras
riocie 030NeHUs
[llenoynoe  KucnotHoe e+ Osonenne
pavIoxKeHHe* pavioxeHHe*
BssewBanue
ocTaTKa
Ceipan
7| wiervyarka,
Tponomku- % (macc.)
Temnepatypa TeNBHOCTD
030/1EHHS 030MIEHHUS
KucnotHoe enouHoe
viacca TponomiH- pasnioxeHue Mpononku-  PavioxeHue
CTaTKa TENBHOCTD 06BeM TeJILHOCTh
| THEL KHCJIOTBI a——— OGnen
flocre Ycnosus Lenoun
JONEHHs Yenosus PavIoXKEHUs
pavIoXeHUst / KoHueH-
KoHueH-
" CKopocTh ~——— Tpauus CKopocTs Tpauus
JlononHUTeNbHbIE BETBH, OTHOCALLLMECS K BETBAM BBINapHBaHUA KUCOTb BbINapHBaHUA Lueno4n
«KHCJIOTHOE PadIOXEeHHE» U «LUEOYHOE PaVIOKEHHE» Macca npo6bt
B OMepaLmsiX MOArOTOBKH THIIA, MU POCTOTI OMYLLEHbI| - W TN
Ha HuX BAMSIIOT Te Xe caMble (PaKTOpbl, KOTOPbIE BANSIOT J10 030JIEHUS
Ha rpo6y (T. e. yCNOBUS pa3noXeHus, KOHLEHTpaLMs
KMCIOTB! M Ap.).
Temneparypa Tponomku-
CYLUIKH TeJIbHOCTb
CYLIKH -

IToreps Macch: mpu o30nenuu (b)

Puc. A6.10. YnpolueHHas auarpamma «npudnHa—CcneacTsme» 4ns onpeaeneHns Knet4artku B KopMax st XMBOTHBIX

1adawund|] 'y anHaxouundy

1574
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Tabauua A6.3. HeonpeneneHHOCTH, CBSI3aHHbBIE C MapaMeTpaMy METOOUKM aHaIHu3a

Koadpduument OTHOCHUTENIbHAS CTaH-
CraHfapTHas Heonpene- | napTHas HEOIPENeeH-
CTBH
Tapavetp Re Tmp:;iﬁfx OCTH | jenHocTs rapaMerpa HOCTb KOHEYHOTO
pe3yabraTa (Memes. 4)
Konuenrpauus kuciaorsl | 0,23 (Monsr!)~! | 0,0013 Mosp j1~! Mpmed. 2 0,00030
KoHueHTpalys Wenoyu 0,21 (Monb ~')~' | 0,0023 Monp Jr~! flpumen. 2 0,00048
Ipomo/KHUTENBHOCTD 0,0031 Muu™! 2,89 MuH Mpumen.3 0,0090
KMCJIOTHOTO Pa3JI0XEHUS
IIpomoicKUTeILHOCTD 1iIe- 0,0025 Muu™" 2,89 MuH Mpives. 3 0,0072
JIOYHOTO Pa3JI0XKEHMS

[IpuMeuanue 1. KoadpuireHTs 4yBCTBUTENLHOCTH ObLTH HalMI€HbI ITyTEM NMOCTPOEHUS 3aBHCUMOCTH
OTHOCHTEJIbHOTO U3MEHEHUS COMEPXXKAaHUS KJIeTYaTKU OT KOHUEHTPAaLKK peareHTa Wik IpOoAoKUTEbHO-
cTH pasioxeHus. s BBIYMCIIEHUS CTENeHHM U3MEHEeHUS pe3yibraTa aHalu3a IpU M3MeHEHUH COOTBET-
CTBYIOLLIETO ITapaMeTpa UCIIONb30BAIM JIMHENHYIO PErpeccHio.

IIpumeuanue 2. CraHOapTHble HEOMNpeneJeHHOCTH B KOHIEHTPaLIMK pacTBOPOB KHCJIOThI M IIEJIOYUN
BBIYMCJISUTU HA OCHOBE OLIEHOK NPENU3MOHHOCTH U MPAaBWIBHOCTH IUISI MEPHOI1 OCYAbI, HCIOJIb30BaHHOI
IUTS1 UX TIPUTOTOBJIEHUS], BIUSAHUSA TEMIIEpaTyphl U T. 1. B KauecTBe HOMOJHUTENBHBIX IPUMEPOB BLIYHCIIE-
HUS HEOMpPeaeaeHHOCTH IIpH NIPUTOTOBJIEHUU pacTBOpOB (CM. puMephl A1—A3).

[Ipumeuanue 3, MeTonuka ycTaHaBJAMBaeT NMPOAO/DKUTENLHOCTh pa3ioxeHus 30 MuH. Bpems pasino-
JXXEHUS KOHTPOJIMpYeTcs B npeaenax + 5 MuH. [IpuHuMast, uTo pacnpeneneHue B yKa3aHHBIX TPaHULIaX HMe-
€T IIPAMOYTOJIbHYIO (DOPMY, CTAHIAPTHYIO HEOMpeAeIeHHOCTD ITOMYYaloT JejeHueM Ha V3.

IIpumeuanue 4. HeonpeneneHHOCTh KOHEYHOTO Pe3y/kTaTa B BUIE OTHOCHTENbHOTO CTAHAAPTHOTO OT-
KJIOHEHHUs N0JIy4aloT YMHOXEeHUEM Ko3hduureHTa YyBCTBUTENBHOCTU Ha HEOMPENEIeHHOCTh apaMeTpa.

Temnepamypa u npoooadsCUmMenbHOCMb 0304eHUS

Metoguka TpedyeT npoBoauTh o3ojieHue rnpu 470—500 °C ue MeHee 30 MuH. Omy6nu-
KOBaHHOE€ MCCJIEOOBaHUE MO BIWSHUIO YCJIOBMII O30JIEHHUS pacCMaTpUBaeT OmpelneieHue
collepXKaHMs KIIETYATKU MPU HECKOJIBKMX KOMOMHALMAX MapaMeTpoOB TeMIlepaTypa/mpo-
JOJDKUTENBHOCTD 030J1eHUA B quarna3one ot 450 °C / 30 mun mo 650 °C / 3 4. IIpu sTOM
HE HaOJIONAJIOCh 3HAYUMBIX pasjIMYuii B COOEpPXaHMAX KJIETYATKH, MOJYYEHHBIX B ITUX
ycnoBwsix. [1oaToMy NpuHUMaeM, 4TO BIMSIHHMEM HEOONBIIMX M3MEHEHUH TeMIlepaTyphl
Y TIPOINOJIXUTEBHOCTU 030JIEHUS Ha pe3yJIbTaT aHau3a MOXHO IIpeHe0peyb.

Ilomeps maccwvl npu 0304eHUU 8 XOAOCMOM ORbIMeE

OTHOCUTENIBHO 3TOTO MapaMeTpa 3KCIepUMEHTATBHBIX JaHHBIX He ObUT0. OmHaKo He-
OIIPENEJIEHHOCTU BO3HMKAIOT, MpeXAe BCEro, OT B3BelIWBaHUsA (IO MOCTOSHHOI Macchl).
ITosToMy BiusAHME U3MEHEHWM 3TOrO rapaMeTpa, BEpOSITHO, MaJIo U JOCTATOYHO IOJIHO
MIPEACTABEHO B pe3yJibTaTaX MeXJ1abopaTOPHOIro UCCIEqOBaHUA.

A6.5. DTan 4. BeruucieHre CyMMAapHOii CTaHJAPTHOI HeonpeNeIeHHOCTH

M= paccMaTpuBaeM MpuUMep SMITMPHYECKOTO METOHA, Ul KOTOPOrO MMEIOTCH AaH-
Hble MeXJIabopaTopHOro skcrnepuMeHTa. KpoMe Toro, GbUIa OlieHEHA IOBTOPSIEMOCTH
B IaHHOM J1abOpaTOPUHU U YCTAaHOBJIEHO, YTO HaleHHas OlleHKa CpaBHUMA C TOii, KOTopast
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ObUIa MOJy4yeHa B MexJiaboparopHoM uccienoBaHuu. [lo3ToMy BriosHe 060CHOBAHO HC-
TNI0JIb30BaHUE 3HAYEHUM S,, B3ATBIX U3 MeXiIabopaTopHOro 3kcnepuMenta. O6cyxneHue
Ha 3Tane 3 MpUBOAMT K BBIBOLY, 4TO, 32 UCKIIIOYEHHEM BIUSHUA YCIOBU CYILKH MIPU HU3-
KHUX COOEPXaHUAX KIIETYATKU, APYTUE BBIABICHHbIE HCTOYHUKM HEOIPENEIEHHOCTH MAaJTbl
II0 CPaBHEHMUIO C §,. B 3TOM U MOgOOHBIX eMy CITyYasix OLieHKa HEOIpeNeIeHHOCTU MOXET
OBITh OCHOBaHAa Ha CTAaHNAPTHOM OTKIOHEHWH BOCMPOW3BOAUMOCTH S,, MOTYyYEHHOM
B MeXJ1ab0paTOpHOM 3KcnepuMeHTe. [l npob ¢ conepxaHueM KireTyaTku 2,5 % (Macc.)
B OLIEHKY HEOIpPeAeIEHHOCTH BKIIIOUYEHO NOTMOIHUTENBHOE CllaraeMoe, YUYUTHIBAIOIEe He-
OIpPEIEIEHHOCTD, CBA3aHHYIO C YCIOBUSIMU CYIIIKM O ITIOCTOSTHHOM MacChI.

CmanoapmHas HeonpeoeneHHoCcmb
TunuuyHble 3HaYeHUsI CTAaHAAPTHON HEOMNpeaeIeHHOCTH M1 HECKOJIBKUX 3Ha4eHU CO-
JepXaHus KJIeT4aTKM IpUBeIeHHI B Ta0JI. A6.4.

Pacwupennas neonpedenennocmp

TunuuyHbie 3HaYEHUS paCIUMPEHHON HEOMpeNeIeHHOCTH MpUBeAeHBI B Tab. A6.5. OHu
BBIYMCIIEHBI C MpUMEHEHUEM KO3 dULMeHTa oxBaTa Kk = 2, YyTO JaeT YpOBEHb NOBEPUS
puOIU3UTENBHO 95 %.

Tabauya A6.4. 3HayeHUss cyMMapHO# CTaHOAPTHOM HeonpeaeneHHOCTH

CranmaprHas OTHocuUTeNbHAS CTaHAApTHASA
Conepxaﬂ; i:{(;l:gamn Crer HeomnpeneJIeHHOCTh HeomnpeneJeHHOCTh
T 1 (Croe)» 96 (MaCC.) 4(Coom) / Coor
2,5 0,297 +0,1157 =031 0,12
5 0,4 0,08
10 0,6 0,06

Tabauya A6.5. 3HayeHUs paclIMpEeHHOM HEOIpeaeIeHHOCTH

Conep)KaHue KJIIETYaTKH

PacuinpeHnHas Heornpene-

OTtHocuTeNibHas paclUpeH-

Civrr % (Macc.) nexHocts U(C,, ), % (Macc.) | Has HeonpedeleHHOCTb, %
2,5 0,62 25
5 0,8 16
10 1,2 12
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IIpumep A7. OnpenesieHue CBUHIIA B BOJIE METOAOM
MAaCC-CIEeKTPOMETPHH C HHAYKTUBHO-CBA3AHHOM
IJIA3MOM ¥ JIBOMHBIM H30TONHBIM pa30aBieHHEM

A7.1. Beenenue

DTOT TpuMep IOKa3bIBaeT, KaK IOHSATHE HEOINPENeIeHHOCTH MOXHO MPUMEHUTh
K U3MEpPEHUIO MOJISIDHOTO COIEpXaHUs CBUHIIA' B IpoOe BOABI C MOMONIBIO MacC-CIeK-
TPOMETPUU C M3O0TONMHBIM pa3baBieHueM (IDMS) u Macc-CreKTpOMETpUM C UHIYKTUB-
HO-CBsi3aHHOM asMoit (ICP-MS).

Obuyee 6sederue 8 macc-cneKkmpomempuro ¢ 080UHbIM U30MONHbIM pa3baseHuem

Macc-cnekTpoMeTpus ¢ U30TOIMHBIM pa3bapieHueM npusHaHa KoncynsratusueiM Ko-
mureroM o KonmuyectBy Bewectsa (CCOM) B KauecTBe METOMA, KOTOPBIiT MOXET CTaTh
MepBUYHBIM METOMIOM U3MepeHU . [IJis1 3Toro MeToma UMeeTCsl XOpOLLO OTpeaeIeHHOE BhI-
paXeHue, ONUChIBalollee U3MepsieMyIo BeTUYKHY. B npocTeiileM crydyae U30TOMHOTO pas3-
aBJIeHMs C MCIIONB30BAHMEM NOGABKYM M30TOMHO-0BOTAIEHHOTO CTAHAAPTHOTO 0Gpasia
U3MEpSIOT OTHOILIEHUSI MHTEHCUBHOCTE! HM30TOIHBIX MUKOB B 1pobe, nobaBke, U CMe-
CH C U3BECTHBIMU MaccaMu MpoObI ¥ fo0aBKU. MoJsipHOe comepXXaHue 3JieMeHTa B Ipobe
OTpenesisieTCsI U3 BRIpaXKeHUS

K_.-R.
'Ryl _Kb 'Rb . Z( xi .n)
'Rb _K.\‘I 'R.n Z(Kn 'Ryi)

m, K,
¢, =c, —= = (1)
m, K,

TZe ¢, U ¢, — MOJISIPHOE COAepXaHUe 3/eMeHTa B [pobe 1 J06aBKe COOTBETCTBEHHO (UL
0003Ha4YeHUS MOJISIPHOTO COIEPXKaHMS 3IECh UCIIOIB3YeTCSI CHMBOJI ¢ BMECTO CUMBOJIa k [1]
YTOOBI M30€XaTh IIyTaHULIBI C MTONMPaBOYHBIMU Ko3pduiineHTaMu K 1 KoapduumeHtraMu
oxBaTa k), m_u m, — Macca npoOsl ¥ Macca no6aBku; R, Ry U R, — OTHOIIEHUS UHTEH-
CHUBHOCTEI U30TOMHBIX NMUKOB. HAEKCH X, ¥ u b OTHOCATCS, COOTBETCTBEHHO, K Mpo0OeE,
nobaBke U cMecd. BrIOMpaloT oguH U30TOM, OOBIYHO HauboJjiee pacrpOCTpaHEHHBIN IS
IpoOBI, ¥ U30TOIHBIE OTHOLLIEHHS JIS BCEX OCTATBHBIX M30TOMOB BhIPAXKal0T OTHOCUTENb-
HO BBIOpaHHOTrO. 3aTeM OIpeNeEHHYIO IIapy M30TONOB: U30TOMN CpaBHEHUS U (TIpearnoy-
TUTENIbHO) M30TOIl, HauboJsiee pacrpoCTpaHEHHBIN i HOOaBKU, BHIOMPAIOT B KauyeCTBE
KOHTPOJIbHOTO M30TOMHOTO OTHOIIEHMsI, HanpuMep, n(*®Pb)/n(**Pb). R u R, ects BCE
BO3MOXHbBIE U30TOINHBIE OTHOIIEHUSA B Mpobe U mo0aBKe COOTBETCTBEHHO. sl n30TOMmA
CPaBHEHUs 3TO OTHOLIEHHE paBHO 1. K, Ky,. 1 K, IpeACTaBIA0T CO60M KOI(DOULUEHTSI,
BBOZALIME IONPaBKy Ha OUCKPUMHUHALIMIO MO0 MaccaM IS OTHEIbHBIX M30TOMHBIX OTHO-
IWEHUM, CBSI3aHHBIX C Mpo6oi, m00aBKOM M CMeChbIo cOoTBeTCTBEHHO. KoadduimeHtor K
HaxoIAT C IMTOMOLLBIO CTAaHJAPTHOIO 00pa3iia U30TOMHOIO COCTaBa COrJIACHO YPaBHEHUIO

* B OTHOLLEHUH BeJIMYUHBI «MOJISIpHOE cofiepXaHue» cM. [pumeyanus, IT1.
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K=K, + K, tne K, =it @

observed

3nech K, — monpaBoyHbI# KOIPGUUMEHT HAa AUCKPUMUHALIUMIO [0 MacCaM B MOMEHT
BPEMEHU «HOJIb»; K. — KO3Gb(DUIMEHT CMEIEHNS, UCTIOIb3YEMBIH, Korna Ko3dpduiiu-
eHT K BBOOUT MOMpPAaBKY B U30TOMHBIE OTHOLUEHUSA, U3MEPSIEMBbIE B pa3HbIE MOMEHTBI
BpPEMEHU B XO€ 3KcnepuMeHTa. K. BKIIOYaeT TaKXe APYrvMe BO3MOXHBIE MCTOYHM-
KM CMellleHUs], TaKHe KaK MOMpaBKy Ha MEpPTBOE BpeMS YCYUIMTENS, BAUSHUE MaTpu-
bl 4 Ap. R ..  €CTh M30TOIHOE OTHOLLEHUE, B3ATOE U3 cepTU(dUKATa HA CTAHJAPTHBII
obpa3sel U30TOIHOIO COCTaBa, a R |, . — HabII0gaeMoe OTHOIEHWE UHTEHCUBHOCTEH
MU30TOIMHBIX MUKOB IJISI 3TOr0 CTaHJapTHOro obpasua. B skcnepuMenTax no IDMS c
KUCII0JIb30BaHUEM MHAYKTUBHO-CBSI3aHHOM IIa3MBbl pa3fejieHUe UOHOB MO MaccaM u3-
MeHseTCsI BO BpeMEHH, 4YTO OO0yCIOBIMBaeT HEOOXOOMMOCTb OTHEIbHBIX IOMNPaBOK
Ha JUCKpPMMHUHAIMIO 10 MaccaM AJis BCE€X OTHOLUEHUA MHTEHCUBHOCTEN U3OTOIMHBIX
MMMKOB B ypaBHeHuH (1).

CraHmapTHBIN oOpa3sell, o0oraiieHHbIA ONpeneIeHHbBIM U30TONOM, YaCTO OTCYTCTBYET.
YT106BI MPEOHOJIETH ITY TPYAHOCTD, IPUMEHSIOT «IBOMHOE U30TOMHOE pa30aBieHue». DTa
METOIMKa MCIOJNb3yeT MeHee M3Y4eHHBIII M30TOMHO-000rallleHHbIA MaTepuan-go6aBKy
BMeECTe C aTTeCTOBaHHBIM 00pa31ioM (OH 0003HauYeH uepes 7), UMEIONUM IIPUPOOHBIN U30-
TOIHBIN COCTaB. ATTeECTOBaHHBINA 00pa3ell C IpUPOAHBIM COCTaBOM BBICTYIIAET 30eCh B Ka-
4YeCTBE UCXOOHOro obpasiia (3TajoHa). Mcronp3yloT 1Be CMeCH: CMeCh b BIISIETCS CMECBIO
11po6bl ¥ oboralleHHoM 106aBKM, Kak U B ypaBHeHuH (1); BTopyro cMech b’ TOTOBAT U3 YTIO-
MSIHYTOTO MCXOIHOIo o6pasiia Z 1 o0oraleHHOro MaTepyaia y. 9To AaeT Bl paXeHUe, Mo-
Xoxee Ha ypaBHeHHUe (1):

m, Kyl .Ryl -K'v-R ‘Z(K:i “R;) 3)
g m: Klb ) Rlb - K:l : ‘R:I Z(Kyi : ‘Ryi) ’

c,=¢C

z

rae ¢, — MOJIIPHOE COAepXaHue 3JEMEHTa B paCTBOpEe UCXONHOro obpasua; m, — Macca
3TOro 06pasua, B3sTas 1JIs IPUTOTOBIIEHUS HOBOM cMecH, a m’,— Macca 00oraleHHoro
pacTBopa-fo6aBku. K’,, R’,, K v R, eCTb nomnpaBo4Hble KO3 ULUEHTEI K v usoron-
HOe OTHOLUEHME Il HOBOM CMECH M MCXOQHOro ofpasiia CoOTBeTCTBeHHO. MHmeKe Z
OTHOCHUTCSI K 3TOMy HCXOZHOMY o6pasiy. JleneHue ypaBHeHus (1) Ha ypaBHeHUE (3)
Jaer:

K_.-R_
m Kyl .Ry] _Kb 'Rb Z( xi .\',)

c Y om K, R,—K, R, Z(Kyi ‘Ryi)
it g ,Z(K % (4)
C. 1 ' ' zi "N

: m .K),1~Ryl—Kb-Rb z

i

Y m K',R',~K_ ‘R, Z(Kyi'Ryi)
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Ympoluas 5To ypaBHEHHE U BBOJS MTOMPABKY Ha XOJIOCTOMH OIBIT ¢, , MONYYUM:

K.,-R,
mn, m K, -R,-K, R, K, -R\-K,-R, Z( s R

. . X ~ Chlank 5
* T m, om' Kb .Rb —le 'R_.(l K"l "Ryl _K’b'R'b Z(K:i 'R:i) . ( )

X v

YpaBHeHuUe (5) — 3TO OKOHYATENbHOE BRIDAXKEHUE, B KOTOPOE YK€ HE BXOAMUT IIEPEMEH-
Hasd C. YucaoBoit uHaekc npy R npeIcTaBisieT Cleaylolue IeiCTBUTEbHbIE U30TOMHBIE
OTHOILUEHMS:

R, = n(**®*Pb)/n(**Pb) R, = n(**Pb)/n(**Pb)

R, = n(*Pb)/n(**Pb) R, = n(**Pb)/n(**Pb)

JIns cnipaBKU BCce nmapaMeTphl MPUBEIEHBI B Ta0a. A7.1.

Tab6auya A7.1. CBogka napaMeTpoOB JJISI METOHA MacC-CIIEKTPOMETPUHU C U30TOITHBIM
pa30aBieHUuEeM

[Tapa- ITapa-
D Onucanue p OnucaHue

MeTp MeTp

m_ Macca npo0Gsl B cMecH b, T m, Macca oGoraiieHHo# J06aBKU B cMecH b, T

m’ | Macca oSoranieHHO# 106aBK¥ B CMeCH b, T | m_ Macca ucxomHoro obpasiia B CMeCH b, T

c, MossipHoe conepxaHue 371eMeHTa B Ipobe x, | ¢, MosnsipHoe conepXKaHHUe 3JIeMeHTa B Hc-
MOJIb I WJTH MKMOJIB [~ Mlpiveuane XOIHOM 00Gpaslie 7,

MOJIBb I WIIK MKMOJIB [~ flpumenatie

c, MosnsipHOe comepXXaHue 3JieMeHTa B IO- Counx | HabIIIOMaEMOE MOJIIPHOE CONEPXaHME
GaBke y, 37iEMEHTA B XOJIOCTOM OIIBITE, MOJIb I
MOJIb r—] WIK MKMOJib r—l MpumMeuanse WIK MKMOJIib l-—l MpimMeuanie

R, W3MepeHHOE H30TOMHOE OTHOIHEHHE K, IlonpaBoyHbIi KO3 DHULIMEHT Ha CMe-
B CMecH b IeHHUE TIPH R,
n(*Pb)/n(**Pb)

R, | U3amepeHHOE U30TOMHOE OTHOLUEHHE K’, | llonpaBoyHbIi KO3(OHULIMEHT Ha CMe-
B cCMecH b’ IeHHe NpHu R’
)‘I(ZOBPb)/H(ZOGPb)

Ryl W3mMepeHHOe H30TOMHOE OTHOLIEHHE 000- K} , | IlomnpaBoyHEIi KO3 OULIMEHT Ha CMe-
raieHHOTO H30ToIa K H30TOITYy CpPaBHEHMS LieHHe pu R |
B oboranieHHO no6aBKe

R, | Bce usoTonHele oTHOLIeHHs Ui ucxonHo- | K, | [TompaBoyHble KO3()HUILMEHTEl Ha CMe-
roobpasua: R, R, M T L. LieHMe npu R,

R, | Bce uzoTonHble oTHOLIEHUA B aHanu3upy- | K, | [lonpaBouHsie KO3 HHULIMEHTE HA CMe-
eMoi npoGe LeHKe NpH R,

R, |H3mepeHHOe H30TOMHOE OTHOWEHHUE 060- | R, | I3MepeHHOe H30TOIHOE OTHOLIEHHE
rallieHHOro U30TONAa K U30TOITY CpaBHEHMS oboranieHHOro M30ToIa K U30TOITy
B IMpo0e x CPaBHEHMS B MICXOOHOM oOpa3slie

Hpumeuaﬁue. EnvHupe! MOJIIDHOTIO CoaepXaHHUs KOHKPETU3UPOBAHBI B TEKCTE.
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A7.2 Oran 1. Onucanne

Omnepauuu obuieit METOTUKY U3MEPEHU Y NpeacTaBieHbl B Ta0a. A7.2. Bxomauiue B Hee
BBIYMCJIEHUS Y U3MEPEHUS OMUCAHbI HILKE.

Haxooicdenue moasprozo codepiicanus c,

Hns1 paHHOTO OTpeneseHUsI CBUHIIA B BOIE TOTOBWJIM YeThIpe CMECH KaXXIOro Tura: b’
(ucxomHbIf oOpasen + noGaska) u b (npoba + mo6aBKa). DTO JaeT YeThIpe 3HAYEHUS C,.
OmHo 13 3TUX onpeneneHul (aTanbl 1—4 B Tabi. A7.2) meTaJbHO ONKMCaHO Jajnee. BrimaBae-
MO€ 3HaueHHUE C_TIPEACTABIIAET COOO0M CPENHEe ITUX YETHIPEX ONPENENICHUI.

Tabauua A7.2. IlocnegoBaTeIbHOCTD Onepalui

Onepauus Onwucanue
1 IIpuroToBieHKe HCXOMHOTO oOpasia
2 TIpuroroBieHue cMeceif b u b’
3 H3MepeHHe H30TOMHEIX OTHOIIEHHH
4 BbluncieHHe MOJIIDHOTO CONEPXXaHHUs CBUHLIA B ITPO6e, ¢,
5 OneHMBaHME HEOIPENENEHHOCTH 3HAYEHHUA C,

Buviuucnenue monsproii maccut

BBumy xonebaHuii mpupOIHOro U30TOIMHOIO COCTaBa HEKOTOPBIX 3JIEMEHTOB, HAIpPU-
Mep, CBUHIIA, CJIeAyeT OIpeaesIuTh MOJISIDHYI0 Maccy M ucxomHoro o0paslia, MOCKOJIbKY
OHa OyZeT BIMATh Ha MOJIAPHOE cofepXaHue c,. MonsapHas macca M(E) anementa E yuc-
JIEHHO paBHa aToMHo# Macce 3neMenTa E, 4 (E). AToMHY10 Maccy MOXHO BbIYMCIIUTD B CO-

OTBETCTBUH C OOIIIUM BBIDAXKCHUECM:
P

2 R-M(E)
A(B)=H—0—, (6)
2R

B KOTOPOM 3Ha4€HMA R, NIPECTaBIAIOT COOO0M UCTUHHBIE U30TOMHBIE OTHOLIECHHS JJIEMEH-
ta E, a M('E) — Tabnu4HbIe MacChl s1ep.

OTMETHM, YTO U3OTOITHBIE OTHOLIEHHS B ypaBHEHUH (6) JOJDKHBI IIPEACTaBIIATh COO0M ad-
COJTIOTHBIE OTHOILIEHHS, T. €. B HUX JOJDKHBI OBITh BHECEHBI MOMPAaBKY HA JUCKPUMHWHALIMIO 110
MaccaM. [Ipy KCIONb30BaHMM COOTBETCTBYIOIIMX MHAEKCOB 3TO naeT ypaBHeHUe (7). Maccsl
sinep M('E) [st 5THX BBIYKMCIICHHI Gpay U3 JIMTepaTyphl [2], Torna Kak oTHolIeHus R, v Ko-
a¢duLmeHTH K (2) HAXOMWIM SKCIIEPUMEHTAIBHO (CM. Tabu. A7.8). B pesynsrare nojyyeHo:

p
ZKzi ) Rzi ) M:(IE)
M (Pb, obpaser 1) = -=! = (7)

i Kzi : Rzi
i=]

=207,21034 r monp~".
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H3meperue koagguyuernmos K u uzomonnvix omuouteHuii

Briinie yxxe roBOpWIOCH, YTO IUISI BBEJEHUSI MOMpPaBKU Ha AMCKPUMUHALMIO IO MaccaM
UCTIONB3YIOT K03¢¢uiveHT K B COOTBETCTBUM ¢ ypaBHEHUEM (2). Kosdduument K, Mox-
HO HaWTH C MOMOILBIO CTAHIAPTHOTO 00pasiia, aTTeCTOBAHHOI'O MO U30TOITHOMY COCTaBYy.
B maHHOM CiTydae U1 KOHTDOJISI BO3MOXHOIO U3MEHEHMs Ko3(duimenTta K| UCmnosnn3o-
Bau obpaseut NIST SRM 981. 3nayenusa K, HaXOOAT 0O U MMOC/IE USMEPEHMST OTHOILEHHUS
WHTEHCUBHOCTEH H30TOMHBIX NMUKOB, KOTOpPO€ KOPPEKTUPYIOT. TumuyHasi mociemoBa-
TEJIBHOCTh U3MepeHuil TakoBa: 1) xonocroii onklt, 2) NIST SRM 981, 3) X0NOCTOI OIBIT,
4) cMech 1, 5) xonmocToit onbIT, 6) NIST SRM 981, 7) xonoctoi oneit, 8) aHamU3upyemasi
npoba u T. 1.

X0JIOCTOM OIBIT HEOOXOOUM He TOJBKO JJIsI BBEIEHUSI COOTBETCTBYIOIIEH MTOMPAaBKU, OH
HCHOJIB3YETCS TaKKe ISl KOHTPOJIsS (poHa. Cepuio HOBBIX U3MEPEHUN He HAUMHAIU 0 TeX
TOp, IOKa XOJOCTOM OMBIT HE JaBaJl MOCTOSIHHBIN (POHOBBIN CUTHAJI, OTBEYAIOLIUII HOp-
MaJIbHOMY YpoBHIO. OTMETHUM, YTO OO MPOBENEHUS U3MEPEHUN aHaTU3UPYEMYIO Ipo0y,
cMecH, 1o6aBKy U MCXOMHBIN o0pasell pa30aBisUid 10 HEOOXOOUMOIO MOJISIDHOTO COmEp-
XaHus. Pe3ynsTaThl M3MepeHNss U30TOIMHBIX OTHOIIEHUH W BBIYMCIEHHBIE KO3 hULIeH-
Thl K, 1 K. cBeneHbl B Tab. A7.8.

I[IpuroroBnenue ucxonHord obpasia ¥ BHIYUCIEHHE MOJIIDHOTO CONEPXKAHMA C,

BplTy MpUroToBIIEHBI ABAa UCXOMHBIX 00pa3iia, KXl U3 pa3HbIX KYCOYKOB METALIHU-
YeCKOro CBUHIIA C XMMHYECKOM YUCTOTON w = 99,999 %. DTu nBa Kycouka ObUIM B3ATHI
13 OJHOM MapTHUM BBICOKOYMCTOIrO CBHMHLA. KyCOUKM pacTBOpPSUIM Mpu OCTOPOXHOM Ha-
rpeBaHuu npubnusutenbHo B 10 M pasbaBneHHo# a3oTHoM KucnoThl (1:3) (mo Macce)
C MocjeayromuM pasdapiaeHueM. M3 Kaxaoro ucxogqHoro obpasiia TOTOBUIU OBe CMECH.
YucnoBbie 3HaY€HUS [UIS1 OHOTO U3 3TUX 00pa31loB MPUBEIEHBI HILXE.

PacrBopunu 0,36544 r cBuHua, m,, u nanee pasbaswm pactBopom HNO, (0,5 monba')
no obuieit maccel d, = 196,14 1. B1oT pacTBOp Ha3BaH Obpasey 1. Heobxonum 6osee pa3-
GaBieHHbINH pacTBOp, U m, = 1,0292 r Obpasua 1 6vUl0 pasbasieHo pactsopoM HNO,
(0,5 Monba~') mo obiweit Maccrl 4, = 99,931 1. BToT pacTBop HasBaH Obpasey 2. MorspHoe
comepxxaHue CBMHLIA B Obpa3ye 2 BEIYUCIISIOT 110 YpaBHEHUIO

m, m-w 1 - - _
c.=—%-——. =9,2605-10" mMons r™' =0,092605 mxmons . (8)
d, d,  M(Pb,obpasen l)
Ilpucomoenerue cmeceil
N3BectHO, 4TO MaccoBas moJisg no6aBKu cocTapisgeT oKojio 20 MKT Pb Ha 1 T pacTBopa,
a MaccoBas qoJisl CBUHLA B Ipo0e TakoKe JIEXKUT B 3TOM Auana3zoHe. B Tabn. A7.3 npuBene-
HBI JaHHBIE 110 B3BELUMBAHUIO IJIS1 IBYX CMECE, MCIIOIb30BaHHBIX 3TOM MIpUMEpE.

Yemanoenenue nonpasku xonocmozo onvima c,,

B manHOM ciydae nonpaBKa X0JIOCTOTO OMbITa yCTAHOBJIEHA C IIOMOILIBIO BHEIIHEN Ipa-
OyUpoBKU. bosiee 00CTOATENBHBIN MOAXON COCTOUT BO BHECEHHMM O0OTrallleHHON H100aBKU
B XOJIOCTYIO Mpo0y U ee 06paboTKe aHAJIOTMYHO aHAU3upyeMoi npobe. OmHaKo BCiem-
CTBUE TOTO, YTO B JAaHHOM [IPUMEPE UCMOJIb30BAJIUCH TOJBKO PEAKTUBBI BHICOKOU YUCTOTHI,
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Tabauuya A7.3
CuMech b b’
Hcnonb3oBaHHbBIE PACTBOPBI JobaBka IIpoba Ho6aBka O6paszer 2
ITapameTp m, m m’, m,
Macca, T 1,1360 1,0440 1,0654 1,1029

i

3TO MOIJIO OBl MPUBECTU K KpaWHUM 3HaUEHUSIM U30TOMHBIX OTHOUIEHUH B CMECAX U, KaK
CJIeNCTBUE, K HEJOCTaTOYHON HAJEXHOCTU MpOLEAyphl C BBeIeHHEM O0OTalleHHOU mo-
6aBKM. 3HaYEHHE MOJISIPHOTIO COOEPXKaHMUS CBUHIIA B XOJIOCTOM OIIBITE U3MEPSUIN YETHIPE
pasa NpY BHEIIHeH rpalyupoBKe, U HalileHHoe 3HaYeHue ¢, . paBHo 4,5-10~" Mxmons !
CO CTaHAApTHOMU HeormpeneeHHOCThIO 4,0 - 107" MKMob I™! (OlIeHKa 110 TUITY A).

Boruucnenue monaprozo codeprcanus c_

IloncTaHOBKa M3MEpPEHHBIX M BBIYMCICHHBIX 3HaueHU# (Tabn. A7.8) B ypaBHeHue (5)
maet: ¢, = 0,053738 mMxmonb r~'. Pe3ynsraThl BCEX YETBIPEX ONPENENEHMI NMpPUBENECHBI
BTabn. A7.4.

A7.3. Oranbi 2 u 3. BoisgBiieHHEe H KOJHYECTBEHHOE BbIpalKeHHEe HCTOYHHKOB
HeonpeaeNeHHOCTH

Cmpameaus gviMucnerus HeonpeoeneHHocmuy

Ecnu ypaBHeHus (2), (7) u (8) nomctaBuTh B KOHeYHOe ypaBHeHue (5) MeToma IDMS,
TO CJIMLIKOM OOJIBLIOE YMCIIO TapAMETPOB B 3TOM YpaBHEHUM CeJajio 661 paboTy C HUM 3a-
TPYAHUTENBHON. YTOORI yIpOCTUTE 3anayy, KoabGHUUUEHTs! K 1 MOJIIPHOE CooepXaHue
B pacTBOpE UCXOOHOro obpasiia, a Takke CBSI3aHHBIE C HUMM HEOIPEAEIEHHOCTH BhIYMC-
JISUTY 110 OTHOENBHOCTH, a 3aTeM BBOIWIU B ypaBHeHHUE (5). Takol npueM He BINAET Ha KO-
HEYHYI0 CYMMApHYIO HEONPENENIEHHOCTh 3HAYEHUS C,, ¥ NOTOMY OH PEKOMEHIYETCS II0
MPaKTUYECKUM COOOPAXKEHUSAM.

JIJ1s1 BHIYMCIIEHMA CYMMAapHO# CTaHAapTHOM HEONIPENEEHHOCTH U (¢ ) 31€Ch UCIIONB30-
BaHbI 3HAYEHUS OJHOTO U3 U3MEPEHUI, KAK OHO OIHMcaHo B pa3neie A7.2. CymMapHas He-
OTpeneSIeHHOCTh BBIYUCIISIETCSI METOMOM 3JIEKTPOHHBIX Tabjull (rpwioxenue E).

Tabauya A7.4
Howmep onpenenexus ¢,» MKMOJIb I

1 (Haur npumep) 0,053738
2 0,053621
3 0,053610
4 0,053822
Cpennee 3HayeHHe 0,05370
DKCnepuMEeHTAIbHOE CTAHIAPTHOE OTKIOHEHHE (5) 0,0001
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Heonpedenennocms Koagpgpuyuenmos K

i) Heonpedenennocms K|

Kosapdpuunentsl K BBIYUCIAIOT COMIACHO YpaBHEHHIO (2); UCIONb30BaHHE 3HAaye-
Huii K | maet g K
2,1681
2,1699

Ko (x 1) — Rccniﬁcd —

=0,9992.
- ©

observed

HT06bI BHIYMCIIUTL HEONPENEIEHHOCTh K, Mbl CHayaJia JOJDKHBI 00paTUTHCS K Cep-
TU(PUKATY, B KOTOPOM aTTeCTOBAHHOE MU30TOMHOE OTHOIlUeHUe, paBHoe 2,1681, uMeeT
YCTaHOBJIEHHYIO HeonpeneaeHHocTh 0,0008, ocHoBaHHYIIO Ha 95 %-HOM DOBEPUTEHBHOM
untepsaie. Iy npeobpa3oBaHus 9TOU OLIEHKHU B CTAHIAPTHYIO HEOTIPEAeIeHHOCTh AeIUM
3TO 3HaYeHUe Ha 2. DTO JaeT CTaHAAPTHYIO HeonpeaeaeHHocTh u(R_ .. ) = 0,0004. Ha-
GiromaeMoe OTHOLIEHME MHTEHCUBHOCTEH U30TOMHBIX MUKOB R | - = n(*®Pb)/n(**Pb)
“MeeT OTHOCUTENIbHYIO CTaHIapTHYI HeompeneiaeHHocTh 0,0025. CymMapHYyIO OTHO-
CUTEJIbHYIO HEONpedesIeHHOCTh Ko3dduimenta K MOXHO BBIYHUCIUTL CIAEHYIOUIUM
obpa3om:

ucgifd«‘i)l)) _ [ga(l)gg‘;) +(0,0025)% =0,002507. (10)

ITomyyeHHOE 3HAYEHHUE ICHO YKA3BIBAET, YTO COCTABJISIONINE HEONPENEIEHHOCTH, CBSI-
3aHHbIE C aTTECTOBAHHBIMUM U30TOMTHBIMU OTHOWEHUSIMHU, IIpeHeOpexkuMo Maiibl. IToaTomy
JUTST HaXOXIEHVsI HeompeneleHHOCTe# KoadduunueHTos K, Mbl OyaeM UCIONb30BaTh TONb-
KO HEONpeAeIEeHHOCTH U3MEPEHHBIX U30TOIMHBIX OTHOILEHH R

observed®

ii) Heonpedenennocms K,

OTOT KO3DOUIMEHT CMellleHUs BBOAUTCS IS y4eTa BO3MOXHBIX OTKJIOHEHUH B 3Ha-
YEeHUHU IONPaBOYHOro KoadpduiimeHta MUCKpUMHUHALIMY 110 MaccaM. Kak MOXHO BUAEThH
U3 ypaBHEHHUS (2), MMeeTcs CMellleHHe, CBSI3aHHOe C KaxXAbIM Koadduimentom K. B Ha-
LIEM cllyyae 3HayeHUs 3TUX CMELLEeHUH HEU3BECTHBI, U MBI MPUHUMAEM, YTO OHU paB-
HbI HyJT10. C KaXIbIM CMELIEHUEM CBsSI3aHa, KOHEYHO, KaKasi-TO HEOIpedeJIeHHOCTh, U €€
ClIeLyeT YYUTBIBATh MpY BBIYUCIICHUU OKOHYATENbHOU HeompeneIeHHOCTU. B npuHimme,
CMeLLEHNE MOXHO OBUIO OBbI yYeCThb TaK, KaK 3TO cAeslaHo B ypaBHeHUM (11), ucnonb3yst
(dparmMeHT ypaBHeHMA (5) ¥ mapaMeTphl K} LU Ryl:

Cy = et (Ko(y1)+Kbins(y1)-Ryl e a

3HaveHus Bcex cmemenuit K (i, xi, zi) paBunl (0+0,001). Drta oueHka oCHOBa-
Ha Ha JUIMTEJIbHOM OIIBITE U3MEPEHUN CBMHLIA METOJOM MacC-CIIEKTPOMETPUU C U30-
TONHBIM pa3baBnenueM. He Bce mapametpbl K. (yi, xi, zi) BKIIOYEHH B Tabn. A7.5,
Tabya. A7.6 wiu B ypaBHeHue (5), HO OHU UCIIONB3YIOTCS BO BCEX BHIYMCIEHUSIX HEOTIpE-
JEeJIEHHOCTH.
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Tabauya A7.5
3HaueHHe He;?;ﬁ;% ZHHa:cm Ty !
K_(z) 0 0,001 B
R, 2,1429 0,0054 A
K@) 0,9989 0,0025 A ,
K(23) 0,993 0,0035 A
K (z4) 1,0002 0,0060 A
R, 1 0 A
R, 0,9147 0,0032 A
R, 0,05870 0,00035 A
M 207,976636 0,000003 B
M, 205,974449 0,000003 B
M, 206,975880 0,000003 B
M, 203,973028 0,000003 B

I OueHMBaHHUE HEOIpeAeJeHHOCTH Mo THIY A (CTATUCTMYECKMMH METOZAMU) WIH 1o Tumy B (opyru-
MH METOIaMH).

Heonpedenernocmb usmepeHus macc

B maHHOM ciydae BCe B3BELIMBaHMSA MPOBOOUINCH B 1abopaTopUM, CrieLIUAIU3UDYIO-
IIEMCsT HAa TOYHBIX U3MepeHMAX Macchl. [IpuMeHsIBIIasiCsl MpU 3TOM METOAMKa COCTOosLIa
B KOMIIapMPOBAaHWM B3BeIIMBaeMOro obpaslia ¢ IByMs KUIMOpPOBAaHHBIMU TUPAMU, OOJIb-
e ¥ MeHble Macchl. i1 Kaxmoro obpasiia 3Ty Mpoleaypy NOBTOPSIM HE MEHee Ilie-
cTy pas. IIpy 3TOM yYUTBIBAIM MONPABKY Ha BRITAIKMBAIONIYIO clury Bo3ayxa. (IlonpaBku
Ha OTKJIOHEHHE OT HOPMAaJIbHOT'O COCTaBa Y IIPMMECH B BO3IyXe He yuuThiBanu.) Heonpene-
JICHHOCTH U3 MPOTOKOJIOB B3BEIIUBaHUsA 00pabaThiBajii KaK CTaHOAPTHHIE HEOIPENE/ICH-
HOCTH — OHM IIpUBENEHBI B Tab. A7.8.

Heonpedenennocmy moasipHoeo codepiicanus cguHya c, 8 pacmeope ucxo0Ho20 obpasya

i) Heonpedenennocms amomHoii maccot Pb

IIpexne Bcero HailieM CyMMapHYIO HEOMpeAeIeHHOCTh MOJISIPHON MacChl UCXOAHOTO
obpasua (o6pazey 1). 3HayeHus, MpUBeNEHHBIE B Ta0I. A7.5, U3BECTHHI WM OBLIU U3MeE-
PEHBL.

B cootBercTBUM C ypaBHeHUeM (7) BBIUMCIIEHHE MOJSIPHOM MacChl MPOBOIAT
o opmyie:

KRy M +R, M,+K, R; - M;+K.,-R, M, (12)

M (Pb, obpazen 1) =
( P ! ) K:] 'R:I +K:2'R:2+K:3'R:3+K:4 'R:4
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ISl BBIYMCIEHUSA CYMMapHOM CTaHOAPTHOM HEOIMpeNeIeHHOCTH MOJIIpHOM Mac-
cel Pb B pacTBOpe mMcxomHoro o6pasiia UCHOJb30BAJIM METOH 3JEKTPOHHBIX TaOJMII,
omnucaHHbIi B npuwioxeHun E. Bcero GbUTO BBIMOJIHEHO MO BOCEMb M3MEPEHUI KaX-
JOro U30TOMHOIO OTHOWIEHHUS U KO3 duumenTa K. B pesynbrare Wi MOIAPHON Mac-
cbel M(Pb, obpasey 1) nmonydeHo 3Hauenue 207,2103 r Moab~' ¢ HeompegeIeHHOCTBIO
0,0010 r monp™".

i) BoruucneHue cymmapHoli cman0apmHoli HeonpeoeneHHOCMY 8eAUYUHbI c,

JLyist BBIYUCIIEHUSA HEOTpeIe/IEeHHOCTH MOJISIPHOTO COLEpXaHUs CBUHLA ¢ B PaCTBOpe
HCXOMHOro 0o0Opaslia MCIONb3YIOT YpaBHeHUe (8) u maHHbIe u3 pa3mena A7.2. Heompene-
JIEHHOCTH Opajii U3 MpOTOKOJIOB B3BelmMBaHUA (CM. pa3ngen A7.3). Bce mapameTpsl, uc-
I10JIb30BaHHbIE MIPH BBIYMCIECHHUM, BMECTE CO CBOMMM HEOIPEAEIEHHOCTAMU IPUBEIEHBI
B TaOJ. A7.6.

MornsipHoe copepXaHue c¢_ BBIYMCISUIOCH IO YpaBHEHMIO (8). B wurtore HaimeHO
c,= 0,092606 mMxmonb r~! co craHmaptHoi HeompeneiaeHHocThio 0,000028 Mxmonpb r!
(0,03 % B BHIE OTHOCUTENBHOM HEONPENETEHHOCTH).

ITpy BRIYUCIIEHUS HEOTIPENENIEHHOCTH U (C, ), OTHOCAIIENACS K OIpPENENIeHUIO 1, UCTIONb-
30BaJIM METO 3JIEeKTPOHHBIX Ta0uull (npwioxeHue E). Biomker HeonpeaeaeHHOCTH I
OIHOTO OrmpeAeNieHUs OymeT oTpaXaTh U3MeEpeHUE B 1ieJloM. BBumy Gonbliioro yucia rna-
paMeTpoOB B ypaBHeHUH () 3J1eKTpOHHAas Tabiulia 30eCh He MpeAcTaBieHa. 3Ha4eHUA Ta-
PaMeTPOB ¥ UX HEOMPENETEHHOCTH, a TAKKe CyMMapHasi HEONPENEIEHHOCTb BETMYMHBI ¢,
CBeIeHBI B Ta0s1. A7.8.

Tabauya A7.6
ITapametp 3HaueHue HeonpeneneHHocThb

Macca cBunLa m, ,r 0,36544 0,00005
O61as Macca pacTBopa InocJjie IepBoro pasbabJie- 196,14 0,03
HUsA d, T
AJIMKBOTA JUTSl BTOPOTO pa3baBiieHus m,, T 1,0292 0,0002
O611ast Macca pacTBopa IocJjie BToporo pa3basJie- 99,931 0,01
Hus d,, T
CrerneHp YNCTOTHI METAUTMYECKOTO CBMHIIA W, 0,99999 0,000005
IOJTH e IMHHULIBI
MonsipHast Macca CBHHIIAa B KCXOOHOM 00paslie M, 207,2104 0,0010
I MOJIb™

A7.4. DTan 4. BeruucjieHHe CyMMapHOii CTaHJAPTHOI HeonpeaeJeHHOCTH

CpenHee 3HayeHUE M IKCIEPUMEHTAIbHOE CTAHAAPTHOE OTKJIIOHEHME IS YeThI-
pexX mapajuleNbHBIX OoMmpelaejieHuil npuBeaeHH B Taba. A7.7. icxooHble 3HAYE€HUS B3SATHI
u3 taba. A7.4 u A7.8.
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Tabauya A7.7
Onpenenexdue 1, MKMOJIb I} Onpenenenus 1—4, MkMoJb !
¢, =0,05374 ¢, =0,05370
u(c)=10,00018 s=10,00010

B MeTone Macc-CrieKTpoMeTpHH C M30TOMHBIM pa3baBieHUeM, KakK U BO MHOTHX APYTHX
HEePSOOBBIX METOaX aHAIN3a, IOJIHBII CTATUCTUYECKUI KOHTPOJIb METONUKY U3MEDPEHUI
MOXeT NoTpeboBaTh Ype3BbIYaiHO OOJMBIINX 3aTpaT CWJI U BpeMeHM. B TakoM ciyyae xo-
POLLHUIA CrIOCO0 POBEPUTH, HE MPOIMYLIEH JIU KaKOH-IU00 U3 UCTOYHUKOB HEOIPEEIICH-
HOCTH, COCTOUT B CDAaBHEHUM HEOTPENENIEHHOCTE!, MOTYYEHHBIX KaK OLIEHKH I10 TUITY A,
C 9KCMEPUMEHTAIbHBIM CTaHAAPTHBIM OTKJIOHEHHEM (B JaHHOM CJIyyae — YeThIpeX) rnapai-
JIEJIBHBIX OoTpeaesieHuil. Ecu skcnepuMeHTalbHOe CTaHAAPTHOE OTKJIOHEHHE OOJIbIIIE YEM
BKJIa[Ibl OT UICTOYHUKOB HEOMPENeI€HHOCTH, OLEHEHHBIX 10 TUITY A, 9TO MOXET 03HayaTh,
YTO U3MEPUTEBHBIN MPOLIECC HENOCTATOYHO U3yueH. Micxons u3 maHHbIX Taba. A7.8 cyM-
Ma OLIEHEHHBIX 10 TUITY A 3KCIIepUMEHTAIBHBIX HEOMNpeneaeHHOCTel cocTaBiseT 92,2 %
o0lIel SKcnepuMeEHTAJIbHON HeomnpeaeneHHocTH, paBHou 0,00041 mMxMonb r~!. D10 3HA-
YyeHMe SIBHO OOJIbllle, YeM 3KCIEpUMEHTAIbHOE CTAHHAPTHOE OTKJIOHEHUE, KOTOPO€E paB-
Ho 0,00010 MkMosib ! (cM. Tabi1. A7.7). DTO yKa3bIBaeT Ha TO, YTO BKJIAMBI OT OLIEHEHHBIX
10 TUITY A HeOoIlpeaeIEHHOCTEN MOJHOCTHIO OXBAaThIBAIOT 3KCIEPUMEHTAIBHOE CTaHIAPT-
HO€ OTKJIOHEHME Y YTO HET HEOOXOMMMOCTU YUYUThIBATh KaKue-JIU00 OPYTUe COCTaBIIIO-
LI[Me HeOoMNpeaeJeHHOCTH TUIa A, HarpruMep, CBSI3aHHbIE C MIPUTOTOBJIEHHUEM CMecell. TeM
He MeHee, CMellleHe, CBSI3aHHOe C MPUTOTOBJIEHUEM CMeCeil, MOXeT UMeTh MecTo. B maH-
HOM TpUMeEpE MPEAINOoJaraeTcs, YTo TaKoe CMellleHUe SIBJISIETCS] HE3HAaYMMBIM T10 CpaBHE-
HUIO C OCHOBHBIMM MCTOYHHMKAMU HEOTIpENEIEHHOCTH.

HTtak, MonsipHoe comepXaHue CBUHLIA B IpoOe BOIbI COCTaBISET:

¢, = (0,05370 + 0,00036) mkmonb .

PesynbTaT mpencTaBlieH ¢ paclIMPEHHOI HeolNpeneleHHOCThIO, BBIYMCIEHHON C HUC-
MoJib30BaHHEeM K03 duliueHTa oxsarta 2 (cm. Ilpumeuanus, 11.9).

bubauorpadus

1. T. Cvita§, Merrologia, 1996, 33, 35—39.
2. G. Audi, A. H. Wapstra, Nuclear Physics A, 1993, 565, 1—65.



256 KonuyecrtseHHoe onucaHue HeonpeaeneHHoCTM B aHaNnMTUYEeCKuX n3MepeHunsx

Tabauua A7.8
Tumn oLeHKH OkcnepuMeHTanb- | Bxtam | OxoHuartesbHas Bxknan
ITapaMeTp |HeompenenieH- | 3HaueHue | Hasi HeonpegesieH- | B oOlLLy10 | HeompedeneH- | B OOIIYIO
HOCTH HocTb" u, % HOCTB?Y u,%
IK. . B 0 0,001% 7,2 0,001 37,6
c, B 0,092605 0,000028 0,2 0,000028 0,8
K (b) A 0,9987 0,0025 14,4 0,00088 9,5
K (b)) A 0,9983 0,0025 18,3 0,00088 11,9
K, (x1) A 0,9992 0,0025 43 0,00088 2,8
K (x3) A 1,0004 0,0035 1 0,0012 0,6
K (x4) A 1,001 0,006 0 0,0021 0
K,1) A 0,9999 0,0025 0 0,00088 0
K (z1) A 0,9989 0,0025 6,6 0,00088 4.3
K (z3) A 0,9993 0,0035 1 0,0012 0,6
K (z4) A 1,0002 0,006 0 0,0021 0
m B 1,0440 0,0002 0,1 0,0002 0,3
m, B 1,1360 0,0002 0,1 0,0002 0,3
m, 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% 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
R, KOHCTaHTa 1 0 0
R, A 0,9142 0,0032 1 0,0011 0,6
R, A 0,05901 0,00035 0 0,00012 0
Ryl A 0,00064 0,00004 0 0,000014 0
R, A 2,1429 0,0054 6,7 0,0019 4.4
R, KOHCTaHTa 1 0 0
R, A 0,9147 0,0032 1 0,0011 0,6
R, A 0,05870 0,00035 0 0,00012 0
Corank A 4,5-107 4,0-1077 0 2,0-10°7 0
c, 0,05374 0,00041 0,00018
A = 92,2 ZA = 60,4
ZBMM= 7,8 SB, .= 39,6
TIpuMeuaHus

D DkcneprMeHTANIbHAS HeoTpeAeieHHOCTh BEIYUCIsIETCS 6e3 yYeTa Yuclia MU3MePEeHMI KaXIOoro rapaMeTpa.

) Yucno u3MepeHuit yYTeHo B 3HaYeHHH OKOHYaTe IbHOM HeomnpeneneHHOCTH. B TaHHOM cllydae Bce na-
PaMeTpbl, OlIeHUBaeMble 110 THITY A, u3Mepsiiu 8 pas. VIx cTaHIapTHble HeompeaeNeHHOCTH NofeNeHb! Ha V 8.

3 OTo 3HaYeHHE OTHOCUTCS K OJHOMY IapaMeTpy K. O6o3HauyeHue K, HCMOIB30BAHO 31ECh
BMECTO TepeducieHus Bcex K. (zi, xi, yi), MOCKONBbKY BCe OHM MMEIOT OJHO M TO Xe 3HayeHHe
(0+0,001).

# R, u3Mepsu1H 8 pa3 Ui KaX[0ii CMeCH, 4TO TaeT Bcero 32 HaGmoneHus1. B ciryyae, Koraa rpyrinsl
HabJII0NeHH OBHOPOIHBI, KaK B JAHHOM MPUMepe, MOAEIb IKCIIEPUMEHTA C TeM Xe YKCIIOM HabJIIo-
IOeHUM MorJyia ObITh peaJIn30BaHa IPH BHITTOJIHEHUH YeThIPEX ONpeaesIeHH I KaXK o nmapel cMeceit b
u b'. Takoit sKkcnepuMeHT noTpe6oBan Obl, OMHAKO, GONLIIMX 3aTPAT BpeMEHH, ¥ B JaHHOM CJIydyae
3TOTO HE AeJIallH, NOCKOJIbKY HET 3aMeTHOTO BIIUSIHUSA Ha Pe3YJIETUPYIOLIYIO HEOTpeaeIeHHOCTD.



IIpunoxenune B. OIIPEAEJIEHU A

O01mue TepMHUHDbI

B.1. IIpenusuonnocts. Precision
Biu30cTh ApYT K OIpYTy HE3aBMCUMBIX PE3YJIBTaTOB UCTIBITAHUIA, MOJYYEHHBIX TIPU OrO-
BOPEHHBIX YCJIOBMSIX [8].

IMPUMEYAHMUE 1. I[Ipetn3MoHHOCTb 3aBUCHUT TOJIBKO OT pacIpene/ieHUs CITy4aifHbIX MOrpelHocTelt
Y He cBA3aHa C UICTUHHBIM WIN NPUHSATHIM 3HaYeHHEM U3MepsSeMOi BeJTHYMHEI.

IMPUMEYAHUE 2. KonnuecTBeHHO NPeUU3HOHHOCTL OOLIYHO BhIpaXKaeTcs KaK HEMpPenn3MOHHOCTh
(imprecision) ¥ BbIYMCIISIETCA B BUIE CTAHJAPTHOTO OTKJIOHEHUS pe3ybTaToB UCIIBITAHMI. MeHblel npe-
LIM3MOHHOCTH COOTBETCTBYET GoJiblliee CTAHIAPTHOE OTKJIOHEHHE.

ITPUMEYAHMUE 3. BripaxxeHue «He3aBUCUMBbIE Pe3yIbTaThl UCTIBITAHUIT» 03HAYAET, YTO 3TH PE3YJib-
TaThl ITOJTIy4eHbI TAKUM 06pa3oM, 4TO Ha HUX He OKAasbIBaIOT BAMSHUS Kakue-Tu6o MpealiecTBYIONKE pe-
3yJIBTaThl, MOJy4eHHblE Ha TOM Xe CaMOM IIM aHaJorMYHOM 00bekre ucnbiraHuil. KojinuecTBeHHBIE
XapaKTEePUCTUKH IPELIM3MOHHOCTH pelIalolMM 06pa3oM 3aBHCSAT OT OTOBOPEHHBIX YCIOBMii. YciaoBus
CXOAMMOCTH Y BOCIIPOM3BOOUMOCTH MPEACTABIAIOT CO00Ii KpaifHHe CJTydan TaKMX OTOBOPEHHBIX YCJIOBHIA.

B.2. UcTunnoe 3ua4yenne. True value
3HayeHHe, KOTOpoe UIealbHbIM 00pa3oM XapaKTepu3yeT BEJIUYMHY WIN KOJIUYECTBEHHYIO
XapaKTepUCTUKY IPU TeX YCIOBHUSIX, MPU KOTOPBIX PACCMATPUBAIOT 3Ty BEJIMYUHY WIH KO-
JIMYECTBEHHYIO XapaKTepUCTHKY [8].

ITPUMEYAHME 1. McTuHHOE 3HaueHHe BeJHYMHB WIH KOJIMYECTBEHHOM XapaKTepUCTUKU — Teope-
THYECKOE TIOHATHE, U, B OOIIIEM CJIyyae, OHO He MOXeT ObITh HM3BECTHO TOYHO.

ITPUMEYAHME 2°. IIpu o6bacHeHnH TepMuHa «BeimunHa» MCO 3534-2 ccputaercs Ha [Ipumeya-
Hue | x naparpady 3.2.1, KoTopoe ycTaHaBlMBaeT, YTo «B 3ToM onpeneieHMKM BETMYMHA MOXET ObITh TU60
«OCHOBHO} BeJIMYMHOI», TaKOii KaK Macca, [UIMHa, BpeMA, TH00 «IPOoW3BOJHON BEAHYHHON», TAKOM KaK
CKOpoCTh (IUIMHA, OeJeHHas Ha BpeMs).

* DT0 NprMMeuaHue B JaHHOM Pykosoznctse 3aMmeHsieT [Ipumeuanue 2 8 UCO 3534-2.

B.3. Biusomas sesmunna. Influence quantity
BemuiHa, KOTopas npy NpsiIMOM U3MEPEHUH He BIUSET Ha BeJIMYUHY, KOTOPYIO (PaKTHYECKU
M3MEpSIIOT, HO BIIMAET Ha COOTHOILEHME MEXTy MIOKa3aHUEM U pe3y/bratoM u3Mepenus [7].

I[MPUMEPBI

1. YacroTa Ipu NpsiMOM M3MEPEHUH OCTOSIHHOM aMILTUTY bl IEPEMEHHOTO TOKA C MOMOILLBIO aMIIEPMETPA.

2. MonspHas KoHUeHTpalus 6IMpyOrHa NpH MpPSIMOM M3MEPEHHMH MOJIIPHON KOHLEHTpauuu re-
Morjio61Ha B IUTa3Me KPOBH YeJIOBeKa.

3. Temnepartypa MUKpPOMETPa, IPUMEHSEMOTO [/151 U3MepeHMs] IIMHBI CTEPXKHS, HO HE TeMIepaTypa ca-
MOTO CTEPXHSI, KOTOPas MOXET BXOAUTh B OIpeAesieHHe U3MepAeMOii BeTMYMUHEIL.

4. ®oHoBoE AaBlIeHHe B HCTOYHHKE UOHOB Macc-CIeEKTpOMETpa Bo BpeMsI U3MEPEHHS MOJIHpHOﬁ JOOJIN
BELIeCTBA.

[IPUMEYAHME 1. KocBeHHOe M3MepeHHe BKIIOYaeT KOMOWHALIMIO NMpPAMBIX M3MEPEHMM, Kaxioe
M3 KOTOPBIX MOXET HaXOAUThCA ITOJ BO3AeHCTBUEM BIUSIOIUX BETUYMH.

[MPUMEYAHME 2. B GUM noHATHe «BAUAIOILAsI BEIMYMHA» OMpeEAeNieHo TaK Xe, KaK BO 2-M M3/a-
Huu VIM, v oXxBaTbIBaeT He TOJIbKO BEIMYMHBI, BAMAIOILKE Ha H3MEPUTENIbHYIO CUCTEMY, KaK B ONIPENEIEHUN
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BBILIE, HO TAKKE M T BEJMYMHBI, KOTOPBIE BIMAIOT Ha (haKTHYECKM U3MepseMble BennunHb. KpoMe Toro,
B GUM 3T0 NnOHATHE HE OrpaHUYMBAETCS MPIMBIMH U3MEPEHUSIMHU.

N3mepenue

B.4. N3mepseman seamunna. Measurand
BenununHa, nomiexainas namMepeHuio [7].

[TPUMEYAHME. B [5] MoXHo HaliTH BCe IpMMEYaHUs K 3TOMY OINpeNesieHHIO U IoApoOHOoe 00CyX-
JeHue TMOHATUS «M3MepseMas BeJIMYMHa» U €T0 CBSI3M C KOJIMYECTBOM WM KOHIUEHTpaluuei aHalIuTa.

B.5. N3mepenue. Measurement
IIpo1ecc 3KCMepUMEHTAIBHOIO MOJYYEHUS OOQHOTO WK Oojiee 3HaYeHUI BETMYMHBI,
KOTOpbI€ MOTYT OBITh 00OCHOBaHHO MPUIIUCAHBI BeIUYUHE [7].

ITPUMEYAHUE. B [5] MoXXHO HaiiTK Bce NpUMedaHus K 3TOMY OIpenesieHHIO U IToapobHoe 06cyXie-
HUE TNOHATHIT «<M3MEPEHHE> U «PE3YNbTaT U3MEPEHMS».

B.6. Meroauka usmepennii. Measurement procedure
CoOBOKYIIHOCTh KOHKPETHO OINMCAHHBIX onepalyii, MCIOJb3YeMbIX IPHU BHINOJHEHUH
U3MepEeHUI B COOTBETCTBUH C JaHHBIM MeTOIOM [7a].

NNPUMEYAHME Meronuka usmepeHHit 00bIYHO (QUKCHPYETCS B JOKYMEHTE, KOTOPhIH caM MHorna
Ha3bIBaeTCs «<METOMUKOM H3MEPEHUIt» (WM Memodom uameperuii), © OOBIYHO 3TO ONMUCAHHE SIBJIETCS HO-
CTATOYHO MOAPOOHBIM, YTOOBI ITO3BOJIUTh ONEPATOPY BHIMOJHUTb U3MepeHUs, He Npuberas K JOMOJHHU-
TeJbHON MHGMOPMALIUH.

B.7. Meron usmepenuii. Method of measurement
Jlorudeckas 1mocJjieqoBaTeIbHOCTD Ollepallyii, ONMCaHHBIX B OOIIEM BUIE U UCTIONIb3ye-

MBIX IIpY BBIMOJIHEHUM U3MEpEeHU [7a].
ITPUMEYAHUME. Metons! U3MepeHUii MOTYT ObITh KBATM(HULMPOBAHbI pa3jIMYHbIM 06pa3oM, HafpyMep:
* METOJH 3aMelleHHT;
+ nuddepeHLIHATBHBII METON;
* HYJIEBOW METOL.

B.8. Heonpenenennocts (n3mepenus). Uncertainty (of measurement)

ITapamMeTp, CBsSI3aHHBIA C pe3yIBTATOM HM3MEPEHMS M XapaKTepU3YIOIIMIl pa3dpoc 3Haye-
HMI, KOTOpBIE C JOCTATOYHBIM OCHOBaHUEM MOIYT OBITH NPUITMCAHbl U3MEPSIEMOU BEMYM-~
He [2].

ITPUMEYAHHME 1. DTuM napaMeTpoM MOXeT OBbITh, HAalIpUMED, CTAHIAPTHOE OTKJIOHeHHe (WIH KpaT-
HOE eMY YHMCJIO) WIHM LIMPUHA NOBEPUTEAbHOTO HHTEPBaa.

INIPUMEYAHHE 2. B o6ileM, HeollpefeieHHOCTb M3MePEeHUS BKJII0OYaeT B ce6s MHOTO COCTaBJIsAIO-
uvx. HexoTophbie U3 3THX COCTABJSIOUINX MOTYT OBITh OlleHEHB Ha OCHOBaHUHM CTaTUCTHYECKOTO pacIipe-
JleJieHUs1 pesyJibTaToB psa HaOMIONEHUIT M oXapaKTepH30BaHbl CBOMMM CTAHJAPTHLIMH OTKJIOHEHUSIMH.
Jpyrue cocraBisiioliye, KOTOPbIE TAKKE MOTYT OBITh BhIpaXeHBb! B BUIE CTAHAAPTHBIX OTKJIOHEHHIH, oLe-
HMBAIOT Ha OCHOBaHWH MpeANnojaraeMblX pacnpeneieHuii BeposATHOCTE, OCHOBAHHBIX HA OIBITE WIH
HHOU MHbOpMaLWH.

[NPUMEYAHMUE 3. [lonpasymeBaeTcs, 4TO PE3yJLTAT M3MEPEHUS ABJISIETCA HAWIyJlleH OLIEHKOM
3HAYEHMUsI U3MEPSEMON BEJIMMMHBI K YTO BCE COCTABJSIOIIME HEONpeneJeHHOCTH, BKIOYas U Te, KOTo-
pbie oB6yCIoBJIEHb! CUCTEMAaTUYECKUMHU 3((heKTaMH, HAalIpUMED COCTaB/IAIOIINE, CBSI3aHHbIE C MONpaBKa-
MU M UICXONHBIMH 3TaJIOHAMU, BHOCST CBOIf BKJIan B pasbpoc.
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B.9. ITpocaexusaemocts. Traceability

CBOICTBO pe3yibTrata U3MEpPEHMSs, B COOTBETCTBUHU C KOTOPBIM Pe3YIBTaT MOXET GbITh
COOTHECEH C OCHOBOM JUIS1 CpaBHEHU Yepe3 NOKYMEHTUPOBAaHHYIO HETTPEPLIBHYIO LIETIh Ka-
MOPOBOK, KaXas U3 KOTOPBIX BHOCUT BKJIA B HEOTIPENEIEHHOCTh U3MepeHuii [7].

I[TPUMEYAHHME. B [5] MoxHO HaiiTi BCe NIpUMeYaHHs K 3TOMY ONpefesieHUIO U NoApobHoe o6Ccyx-

IEHHE TIOHATHUS «METPOJIOTHYECKasl POCAEXXUBAEMOCTb», a B pasaefie 3.3 — o6eyxXIoeHne Wis ueseil qaH-
Horo PykoBoncTsa. )

B.10. Crannaprhas HeonpeneneHHoCTb. Standard uncertainty
u(x) HeonpeneneHHOCTb pe3yibTaTa X, BHIPAXEHHAs B BUIE CTaHOAPTHOTO OTKIIOHE-
Hu [2].

B.11. Cymmapnas crannaprHas HeonpeaejaeHHocTs. Combined standard uncertainty
u(y) CraHapTHas HEONPEAENEHHOCTh pe3yJbTaTa U3MEPEHHs y, KOrJa STOT pe3yJjsTaT
MOJTy4yaloT U3 3HaYEHUI! pslia IPYTUX BEIMYUH, DaBHAs MOJOXUTEIbHOMY 3HAYEHUIO KO-
HSI KBa[paTHOTO CYMMBbI WIEHOB, MPEICTaBIIONIMX CO00M MUCIepCUN ¥ KOBapHUalluy STUX
JPYTUX BEJIMYMH, ¥ OHU OEpyTCs C BECaMU B 3aBUCUMOCTHU OT TOTO, KaK pPe3yJIbTaT U3Mepe-
HUA U3MEHSIETCS MPYU U3MEHEHUM STHX BEJIUMYHUH [2].

B.12. PacmiupeHHas HeonpenejeHHocTs. Expanded uncertainty
U BenuuuHa, onpenessiollas MHTEpBall BOKPYT pe3yJibTaTa U3BMePEHM, B IpeaesiaX KOTo-
pOro, Kak MOXHO OXHUIaTh, CONEPKUTCA GOJbILAS YaCTh paclpee/ieHns 3HaYeHUi, KO-
TOpBIE C IOCTATOYHBIM OCHOBAaHUEM MOTYT OBITh IIPUITMCAHBI U3MEPSIEMOi BeIMYUHE [2].

ITPUMEYAHME 1. 31y yacth pacnpenesieH!sI MOXHO paccMaTpHBaTh KaK BEPOSATHOCTb OXBaTa WIiH
YpOBEHb JOBEPHS Ui AaHHOTO MHTEpBala.

I[TPUMEYAHME 2. Ina npunucbiBaHUsS KOHKPETHOTO YPOBHS JOBEPHSI MHTEPBANY, ONpele/sieMOMy
paclIpeHHo HeompeaeleHHOCThIO, TPEOYeTCs HaTMYKe SIBHBIX WIH HESIBHBIX JOMYLIEHUI B OTHOLIEHUH
pacnpeneiieHUs] BEpOATHOCTEM, XapaKTepU3yeMOro pe3ylbTaTOM U3MEPEHHUA K ero CyMMapHoii cTaHaapT-
HOIl HeolpedeNleHHOCThIO. YPOBEHb JA0BEPHS, KOTOPHIH MOXHO NpPUIIUCATh STOMY UHTEpBay, U3BECTEH
JIMLUB B TOM CTENEHH, B KOTOPOI TaKue JONyeHUsT MOTYT ObITh 000CHOBaHbI.

[MNPUMEYAHMUE 3. PacuinpeHHyio HeonpeaeieHHOCTh U BHIYMCIAIOT MCXOOs U3 CyMMapHOM CTaH-
DapTHOi HeoTpeeNeHHOCTH u, M KoadduumeHTa oxsara k 1o dopmyrie

U=k-uc

B.13. KoapdummenT oxsara. Coverage factor
k YucnoBoit K03 HUILIMEHT, UCIIOIL3YEMbI KaK COMHOXHUTEIb CYMMAapHON CTaHAAapTHOM
HeomnpeneIeHHOCTH IS MOyYeHUs paCIllMPEHHOM HeOIpeaeeHHOCTH [2].

MMPUMEYAHME. 3HaueHus KoapdULMEHTa oXxBaTa OBBIYHO JIEXAaT B JUara3oHe oT 2 fo 3.
B.14. Ouenusanue (HeonpeneneHHocT) Tuna A. Type A evaluation (of uncertainty)

MeToa oLieHUBaHHUS HEOIpeNeIeHHOCTH IIyTeEM CTaTUCTHYECKOro aHajiu3a psia Ha-
omonenuii [2].

B.15. Ouennsanue (Heonpenenennocru) Tuna B. Type B evaluation (of uncertainty)
MerTon olileHUBaHM HEOTIPEAETEHHOCTH CIoco0aMu, OTJIMYHBIMU OT CTaTUCTUYECKOro
aHau3a psga HaGmoaeHu [2].
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IorpemHnocTb

B.16. ITorpemnocts (u3mepenus). Error (of measurement)
Pa3HocTh MeXIy U3MepeHHBIM 3HaU€HUEM BEJIMYMHBI ¥ OTTOPHBIM 3HaY€HUEM BETUYM-~
HEI [7].

[TPUMEYAHHUE. B [5] MoxHO HaiiTi noapobHoe obcyXaeHHe MOHATHSA «[10TPELIHOCTh H3MEPEHUS»
M CBSI3aHHBIX C HUM TEPMHUHOB.

B.17. Cnyyaiinaa norpemxocts. Random error
CocTaBis0LLIAasa MOrPeIIHOCTH U3MEPEeHMs, KOTOpas MpH MOBTOPHBIX U3MEPEHMSIX U3-
MEHsIETCS HenpeacKa3yeMbIM obpa3oMm [7].

INPUMEYAHHME. B [5] MoXHO HaiiTH NMOAPOGHOE 0OCYXIEHHE MOHATUS «ITIOTPEUIHOCTh U3MEPEHU»
Y CBAI3aHHBIX C HUM TEpMHHOB.

B.18. CucremaTnyeckas norpemHocTb. Systematic error
Cocrapisionas NorpeliHOCTY U3MEPEHUS, KOTOpasi OCTAeTCsl OCTOSIHHOM WM 3aKOHO-
MEPHO U3MEHSIETCS MIPU ITOBTOPHBIX U3MepeHUsX [7].

ITPUMEYAHHUE. B [5] MoxHo HaiiTit NoApo6GHoe 0bcyXIeHHe MOHATUS «ITOTPEIIHOCTh U3MEPEHUS»
¥ CBA3aHHBIX C HUM TEPMHHOB.

CratucTnyeckue TEPMHHDI

B.19. Apudgmernueckoe cpenHee. Arithmetic mean
X ApudMeTHYECKOE CpeaHee 3HaueHre BEIOOPKM U3 1 pe3YJIbTaTOB:

S

i=l,n

n

B.20. Buibopounoe ctanzapTHoe oTkJioHenne. Sample Standard Deviation
s OlleHKa reHepajlbHOrO CTaHAAPTHOIO OTKJIOHEHHUS G Ha OCHOBE BBIOODKU U3 /1 Pe3YJlb-
TaTOB:

B.21. CrannaptHoe oTkyioneHue cpeauero. Standard deviation of the mean
s - CTaHIapTHOE OTKJIOHEHHUE CPEIHETO X U3 1 Pe3YJIBTaTOB, B3STBIX U3 KAKOH-THG0 COBO-
KYITHOCTH, ompenensieTcs no hbopmyie:

JUI1 3TUX BEIUYUH TNPUMEHSIOTCS TaKKe TEPMUHBI «CTAHIAPTHASA TOrPEIIHOCTb»
U «CTaHAAPTHAS MOTPEIIHOCTh CPEMHETO».
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B.22. OtHocuTeNbHOE CTaHAapTHOe OTKJIoHeHne. Relative Standard Deviation (RSD)
RSD OrneHka reHepanbHOIo CTaHJAPTHOTO OTKJIOHEHUA Ha OCHOBaHUHM (CTaTUCTUYECKOIA)
BBIOOPKM U3 7 pe3yJIbTaTOB, NeJieHHAs Ha CpelHee 3HaYeHUE 3TOM BHIOOPKM.
YacTto Ha3biBalOT KoadduiineHToM Bapuauuu (CV) 1 Hepeako BIPaXaloT B ITPOLIEHTaX
(B maHHOM PyxoBoxcTBe o603Havaercst %RSD win %CV).

RSD =

% | @



Ipunoxenue C. HEOIIPEJIEJIEHHOCTH
B AHAJIMTUYECKUX ITPOIIECCAX

C.1. 14 BBIIBIEHUS BO3MOXHBIX HICTOYHUKOB HEONpeNeJeHHOCTH B KaKOH-T100 aHa-
JINTUYECKOI METOIUKE MOJIE3HO pa30uUTh MpOoLIeCC aHAIM3a Ha psil OOLIMX CTaIUM:

1. IIpo6ootr6op.

2. [TogroroBka npoOHI.

3. BBenenue ctaHOapTHBIX 00pa310B B UBMEPUTEBHYIO CUCTEMY.

4. IpamyvipoBKa npubopa.

5. AHanu3 (noJry4eHue NaHHbIX).

6. O6paboTKa JaHHBIX.

7. IlpencTaBieHue pe3yabTaToOB.

8. UHTepripeTaliysi JaHHBIX.

C.2. Kaxnapiii U3 3THX 3TaloB MOXHO pa30UTh Ha COCTAaBJIAIONIME, OTBeYalolMe BKIIa-
IaM B HeompenejeHHOCTb. [IpuBeneHHBIN HIDKE MepeyeHb XOTS U HE MCYEpIbIBAIOLIUHT,
naet obuit 0630p (GaKTOpOB, KOTOpHIE MOMJIEXAT PACCMOTPEHHUIO.

1. IIpoGooTbop

+ HeomHOpPOTHOCTb.

* BausHue onpeneneHHON cTpaTeruu rnpoboordopa (HanpuMep, CIy4YalHbIN, Yepeny-
IOLIUIACA CIIy4ailHBIN, IPOMTOPLUHAOHANBHBIA U APYTHe CIIOCOOHI Tpo600TOOpa).

* BausHue nBrokeHus cpenbl (0COOEHHO MpU rpafueHTe IUIOTHOCTH).

+ Du3nMYeCKOe COCTOSTHUE MaTepHraa (TBepHoe BENECTBO, XUIAKOCTh, Ta3).

* BiusaHue Temneparyphbl U JaBJIEHUS.

* OkaspIBaeT JIM BJIMSIHUE Tpoliecc Mpob6ooTdopa Ha coctaB 1poOni? (Hampumep,
B ClIy4yae pa3jiM4HOM agcopOLuu B cUcTeMe MpobooTbopa.)

2. IToaroTroBka npoosI
+ ToMoreHusauus u/WiK BIUSIHUE CIOCO0a MOJYyYEeHUS TTOAMPOOHI.
+ Cymika.
+ UsmenbueHue.
+ PactBopeHue.
* DKCTparupoBaHHUe.
+ Bo3MoxHOe 3arpsi3HeHUE.
+ INomydyeHue npou3BOAHBIX (XUMUYecKUe 3¢hPeKTHI).
+ HetouyHoe pa3baBieHue.
* (IlpenBaputenbHO€E) KOHIIEHTPUPOBAHUE.
* KoHTpoJb BIMSHUA QOPMEBI CYIIECTBOBAHHMA KOMIIOHEHTA.

3. Beenenne cranaapTHuix 00pa3uoB (CO) B U3MEPUTEILHYIO CHCTEMY
* Heonpenenennocts CO.
* AnexBatHocTb CO aHanu3UpyeMBIM IpoOaM.
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4. IpanynpoBka npubopa
* IMorpewmnocTtu rpagyrpoBKy npubopa npy UCNOIb30BaHUM CTAaHAAPTHBIX 00Pa3LIoB.
« CraHgapTHBIH 0Opa3el] ¥ ero HeonpeaeIeHHOCTh.
*+ AZleKkBaTHOCTb 06pa3LOB A1 IPafyUpOBKY aHATU3UPYEMBIM Ipo6HaM.
+ IIpeuusnoHHoCTh NMpubdopa.

5. Anann3

 Ileperpyska B aBTOMaTU3UPOBaHHBIX aHAJIM3aTOPax. ;

» BnusHue onepaTopa, HaripyuMep JATBTOHU3M, MMapajUlakc, IPYTHE CUCTEMaTUYECKUE
OILINOKH.

+ Meualoniye BIMAHNS MaTPULIbl, pEaKTUBOB WIH APYTUX OTNpEHesieMbIX KOMIIOHEH -
TOB.

* Yucrora peakTUBOB.

* YcTraHOBKA MHCTPYMEHTAIBHBIX [TapaMeTpOB, HarlpuMep MapaMeTpoB UHTErPUpPOBa-
HU.

* IIpeu3MoOHHOCTh OT CEPHUM K CEPHUU.

6. ObpaGoTka JaHHBIX
* YcpenHeHue.
* IIpaBWIBHOCTH OKpYIJIEHUS U OTOpackIBaHUA LM p.
+ CTaTUCTHKA.
* Aroput™mbl 00pabOTKM HaHHBIX (MOArOHKa MOMENH, HallpuMep NpHUMEHEHue JIN-
HEWHOI'0 METONA HAUMEHBIUUX KBAapaTOB).

7. IlpeacrasiieHne pe3yJLTaToB
* OKOHYATeJbHBIH pe3yJIbTar.
* O1ueHKa HeolpeaeIeHHOCTH.
+ JIOBEpUTENBHBIN YPOBEHB.

8. Nnrepnperanus pe3yisraToB
* CoOTBeTCTBHME 3aJaHHBIM TpeaeiaM/TpaHULaM.
* CoOTBETCTBME HOPMATUBHBIM TPEOOBAHUAM.
* CoOTBeTCTBUE LIENH.



Ipuioxenne D. AHAJIV3 ICTOYHUKOB
HEOIIPEIEJIEHHOCTH

D.1. Beenenue

OOBIYHO HEOOXOMUMO COCTAaBUTh CITMCOK UCTOYHUKOB HEOMNPENECICHHOCTH, IIPUCYLIUX
MeTonrKe aHanu3a. ITone3Ho CTpyKTypupoBaTh 3TOT Ipoliecc, YToObl 06eCniednTh UCYep-
NBIBAIOIIMI OXBAT BCeX HCTOYHUKOB HEOMPENETIEHHOCTU U, C IpYTOil CTOPOHBI, U36€eXaTh
n30bpITOuHOCTH. OTIMCBhIBaEMasi B 3TOM pa3sfejie rpolieaypa (OCHOBaHHasl Ha paHee OIy0Iu-
KOBaHHOI1 pabote [26]) npeacTasisieT CO00M OMUH U3 BO3MOXHBIX CITOCOOOB CTPYKTYpUPO-
BaHHOTO aHAJIM3a COCTABJISIOLIUX HEOTIPENEJIEHHOCTH.

D.2. ITpunuunb! noaxona

D.2.1. ITocTraByieHHas LeJib JOCTUTaeTCs B ABa dTala:

* BrigBieHHe BIUSAIONINX (PaKTOPOB.

Ha npaktuke He0OXOOUMBIA CTPYKTYPHBIN aHaJIM3 OCYLUECTBISIIOT C MTOMOLIBIO qUa-
rpaMMBI «IIpUYMHA — CJIEICTBUE» (M3BeCTHOM Kak muarpamma Wmwkassl (Ishikava), vinu
«ejouka») [27].

* VYmporieHue guarpaMMBbl M yCTpaHeHUe Ty0IrMpoBaHUS.

HcxonHblil mepedeHb UCTOYHUKOB YTOYHSIOT, YTOOBI YIIPOCTUTh KapTUHY U M30eXaTh
HEHYXHOTO TyOJIMpOBaHUs.

D.3. AHanu3 «npMdHHA — CHeNCTBHE»

D.3.1. IIpuHUMIIBI TOCTPOEHUS AUarpaMMbl «IIPHYMHA — CJIEACTBHE» OIMKUCAHBI B APY-
rux pabortax. PekoMeHIyeMas 31ech Mpoliefypa COCTOUT B CJIEIYIOIIEM.

1. 3anuchHIBalOT MOJIHOE YpaBHEHHUE IS pe3ysbrata UsMepenuit. IlapameTpsl 3Toro
ypaBHeHMsA 00pa3yloT IJlaBHble BETBU Ha muarpamme. [loutu Bcerma HeoOGxomumo moba-
BUTh BETBb, HOMUHAJIILHO MPEINCTABISAIOUIYIO TTOMPaBKy Ha obiiee CMelleHUue, HarpuMep
HalIEHHYIO CTeTIeHb U3BJIEYEHUS. DTO PEKOMEHAYETCS COeJlaTh Ha MepBOM CTaauM pac-
CMOTpEHHUSI.

2. PaccMaTpuBaOT KaxAbIi 3Tan METOOMKM aHalM3a U J00aBJSIOT Ha qUarpaMmy Bce
(pakTOpBI, KOTOPBIE MOT'YT UMETh MECTO TTIOMMMO IJIaBHBIX 3(pPekToB. K HUM OTHOCATCH,
HarpuMep, BIUsoNe (akTopbl OKpyXaloleh cpenbl, MAaTpUIHBIE 3P PEKTHI U T. [I.

3. I Kaxmoii BeTBU HO0ABJISIIOT COIMYTCTBYIOIIME (PAaKTOPHI, OTpaXalolye oTaajleH-
Hble 3¢ GeKThI, MOKa UX BJIUSIHUE Ha pe3YJIbTaT He CTAHET NMpeHeOpeXMO MaJIbIM.

4. YcTpaHSI0T oy0JuMpoBaHUE U MeperpyniyupoBhIBAIOT AMarpaMMy TakKuM oOpa3oM,
YyTOOBl YIPOCTUTh KApTUHY U OOBEOWMHUTh PONCTBEHHBbIE MCTOYHMKH. Ha 3Toi cTamuu
yaIOOHO CIpYNIMUPOBaTh COCTABJISAIONIME NMPELM3NOHHOCTUA B OTAEIbHYIO BETBb «IIpELIU-
3UOHHOCTb».
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D.3.2. KoHeyHas cTaqus aHalIN3a «IPUYHHA — CJIEACTBUE» TpeOyeT JOMOJIHUTENbHBIX
nosicieHui. [ly6nupoBaHie BO3HUKAET eCTECTBEHHBIM 00pa30M IIpH IOCIENOBAaTEIBHOM
ONYCaHUM BKJIANOB OT KaXIOro BXOOHOro napaMerpa. Hanpumep, U3BMEHYMBOCTD OT Of1-
HOW cepyd U3MEpEHUM K OpYToil BCerma UMEeT MeCTo, Mo KpaiHel Mepe, HOMUHAIBHO,
TIP4 paCCMOTPEHMH JIIOOOr0 BIMAIOWIErO (PakTopa. DTU BIMAHUA JAIOT BKIANL B OOLIYIO
JUCIIEpCUIO, HAOII0OaeMYIO U1 METOAUKH B LIEJIOM, Y UX HE HY>KHO YYUTHIBATH I10 OTHEb-
HOCTH, €CJIY OLIeHKa JUCIIEPCUU YXKe uMeeTCs. AHAJIOTUYHBIM 00pa30M 4acTO YYUTHIBAIOT
OIIHU U Te XK€ BECHI, UCITOJIb30BaBIIMeECS ISl B3BELUMBAaHUS BEIECTB, 4TO (MpH HopMaib-
HOM MoaXxoe) BeaeT K U30bITOYHOM OLIeHKE HEOMPENeIeHHOCTH X KATMOPOBKU. DTH CO-
00paxXeHHUs TPUBOAAT K CIEOYIOUIMM HOMOJIHUTENBHBIM MpaBUiIaM, HEOOXOMUMBIM [UIS
YTOYHEHUS AUarpaMmsl (B paBHOU Mepe MPUMEHUMBIM K J1I000MY CTPYKTYpHpPOBAaHHOMY
CITMCKY BIUSIONIMX (PaKTOPOB):

* B3auMHo KoMneHcupyomme 3QPeKTH — yIanauTh o0a.

HamnpuMep, npu onpenesieHUH MacChl 1O pa3HOCTU MBI UMeEM pe3yJIbTaThl IBYX B3Be-
IIMBaHUM, KaXI0€e U3 KOTOPhIX MOABEPXKEHO «CMEIEHUIO HYJIsI» BecoB. [Ipu TakoM crio-
cobe u3MepeHUH 3T CMELLEHHA B3aUMHO KOMIIEHCUPYIOTCS, U UX MOXHO YIaJIUTh U3 TeX
obynacTeil Ha qUarpaMMe, KOTOpble COOTBETCTBYIOT OTAEJIbHBIM B3BEILIMBAHUSAM.

* CXomHble BIMSHUSA, OMHO U TO X€ BpeMsI — OOBEAMHUTD B OMUH BXOTHOW MapameTp.

Hanpumep, n3MeHYNBOCTD MHOTHX BXOIHBIX ITapaMeTPOB OT CEpUU U3MEPEHUM K CEpUU
MOXHO 00BETUHUTD B OOIIIYIO BETBb MPELIU3UOHHOCTH OT CEPUM K CepUU. 3aech TpebyeTcs
HEKOTOpast OCTOPOXHOCTb. B 4aCTHOCTH, U3MEHYUBOCTD B ONepalysiX, KOTOpbIE BBIMTOIHA-
I0TCS 110 OTHEIBLHOCTH JIJISI KaXIOTO ONpeaeieHUsl, MOXXHO O0beIUHUTD, B TO BpeMS KaK 13-
MEHYMBOCTB B OIepalisaX, BHIMOJIHSIEMBIX U1 ITapTUX ITpo0 (HarpuMep, Mpy rpagyypoBKe
npubdopa), OyaeT MpOSBISITECS TOJBKO B MPELIM3MOHHOCTH, XapaKTepU3yloLlel pacxoxie-
HUE pe3yJIbTaTOB MEXIY MapTUIMHU.

* Pasnble ciyyau NpOSIBJIEHUSI — MepeUMEHOBATh (DaKTOPEHI.

YacTo MOXHO BCTPETUTh BIUSIONINE (PaKTOPHI MO OTHUM U TEM XXe UMEHEM, KOTOphIe
B IEICTBUTEILHOCTH OTHOCSITCSI K pa3HBIM cliy4asiM u3MepeHuii. CiemyeT IpOBOAUTh YET-
KO€ pa3jinyre MeXIy HUMU.

D.3.3. U1 Bce Xe TaKo¥i aHAJIU3 He JaeT ONHO3HaYHO CTPYKTypUpoBaHHoOro crucka. Ha-
MpuMep, TeMIIepaTypy MOXHO pacCMaTpuBaTh KaK BEIWYWHY, HEMOCPEACTBEHHO BIIHS-
IOIIYI0 Ha M3MepeHMe IUIOTHOCTHU, U KaK BeJUYMHY, BIUSIONIYI0O Ha U3MEpEHHE MAaCChI
MaTepuajia, colepXallerocsi B IMUKHOMETpEe, MO0 MOXHO c(hopMyIupoBaTh KaKylO-TO
Apyryio cBs3b. Ha npakTuke 310 He 6ymeT BIMATH Ha IPUMEHMMOCTh MeTonuky. Eciu Bce
3HayuMble 3PPEKTHI MPOABISIOTCA OOUH pa3 (HEBAXHO, B KAKOM MeCTe CIMCKa), 001Ias
METOIOJIOTHS OCTaeTCs NENCTBYIOLLIECH.

D.3.4. ITo 3aBepilieHUM aHAIM3a «[IPUYMHA — CJIEACTBHE» MOXET 0Ka3aThCs YMECTHBIM
BEPHYTBCSI K UCXOMHOMY YPaBHEHUIO U3MEpEeHUIl ¥ J0OaBUTh B 3TO ypaBHEHHE KaKUe-TO
HOBBI€ BeJIMYMHBI, HAIIPUMED TEMIIEPATYDY.
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D.4. Ilpumep

D.4.1. IlpouytiocTpyupyeM 3Ty MpOLEOypPY Ha IIpUMepe MPOCTOrO U3MEPEHUS TUIOTHO-
cth. PaccMoTpuM onpenenenue mioTHocTy 3taHona d(EtOH) myTeM B3BelIMBaH S U3BECT-
Horo oobeMa V' B MepHoii Kosibe. Macca Koynbbl — m,__, Macca KoJIOBI C 3TaHOJIOM — m
[110THOCTH BBIYUCIISIETCS 10 YPABHEHUIO

tare? gross”

d(EtOH) = (m_. ~m, )/V.

JIns1 MpoCTOTBl pacCMOTPHUM TOJIBKO TPY BAMSIOIIMX (DaKTopa: KaluOpOBKA CpEICTB
M3MepeHUii, TeMIepaTypa ¥ Npelu3uoHHOCTh. Pucyuku D1—-D3 wuliocTpupyroT aHaIu3
HMCTOYHUKOB HEOMPENEIEHHOCTH.

D.4.2. luarpamMma «puUYuHa — CJIEACTBUE» MPENCTaBIisieT COO0H HamnpaBJIeHHYIO Clie-
Ba HarpaBO MepapXU4YeCcKyl CTpYKTYpy. B maHHOM ciIy4ae Mbl KMEEM Ha BBIXOJIE OIpele-
JIEHHBIM aHAJIUTUYECKUI pe3ynbTaT, 0003HaueHHBIN Ha puc. D1 kak d(EtOH). Ctpenku,
MOC/IeIOBATENbHO BEAYIIME K BHIXOMY, OTPAXAIOT pa3IMYHbIE BIUSHUS, BKIIOYAIOIIUe KaK
pe3yJbTaThl OTAEIbHBIX IPOMEXYTOUHBIX U3MEPEHUI, TaK U Apyrye (paKTophbl, HalIpUMED
YCJIOBUS BHEIIHEH Cpenbl WM MaTpudHbie 3¢ deKkThl. Kaxmas takas cTpenka MOXeT HECTH
NOTMOJTHUTENIbHBIE BIUSHUS, JAIOIIMe BKIIaN B KOHEYHbIN pe3ynsrat. Bce 3T 3¢ deKThl 0T-
paxaroT (aKTophl, BIUSHIE KOTOPBIX MOXET ObITh KaK MepeMEHHBIM, TaK U MOCTOSHHBIM.
HeornpeneneHHOCTh B 11060M U3 3TUX BANAHUN OyIeT naBaTh BKJIa B HEOIPENEIeHHOCTD
pe3yJbTaTa.

D.4.3. Ha puc. D1 noka3aHa nuarpamMMa, nojaydeHHas Ha 3tanax 1—3 B nmynkre D.3.1.
OcHOBHbIE€ BETBU OTpPaXalOT MapaMeTphl B ypaBHEHUN U3MEPEHUIl, a BIMUSIHUS Ha KaX-
DBl U3 3TUX NTapaMeTpOB NOKa3aHbl JOMOJHUTENbHBIMU CTpeakaMu. OTMETUM, YTO €CThb
JIBE CTpEJIKU «TeMIlepaTypa», TPU CTPENKHU <«IPEeLUU3UOHHOCTb» U TPU CTPEIKHU «KaJK-
OpoBKa».

D.4.4. Puc. D2 o60611aet BiusiHue HakTopoB MPELU3NOHHOCTH U TEMIIEPATYPhl, KO-
TOphI€ CTPYIIIUPOBAaHBI TENEPD, CIEMys] BTOPOMY U3 YTOYHSIIOIIUX MpaBUiI («TO Xe BIHA-
HUE/To XXe BpeMs»). TeMnepaTypy pacCMaTpuBaloOT 31eCh KaK eqUHbII (PaKTOp, BIUAIOLINH
Ha IUIOTHOCTh. MHOUBUOYaIbHBIE COCTABISIONINE N3MEHYMBOCTH B KaXIOM OIpeNeIeHUN
IaloT BKJIaJ B OOLIYI0O U3BMEHYMUBOCTh, KOTOpasi OymeT HabMomaThCs MpU MOBTOPEHUHU BCEM
MpoLenyphbl U3MEPEHUSI.

D.4.5. CocraBnsionire CMeLIEHN, CBI3aHHbIE C KATUOPOBKOII BECOB, 10 pe3yIkTaTaM
ABYX B3BELUMBAHUN m, Y M, B3aUMHO YHUYTOXAIOTCS, M MX MOXHO MPOCTO 3a4epKHYTh
(puc. D3) B COOTBETCTBMH C TEPBBIM YTOYHSIOMIMM MpPaBWIOM («B3auMMHasg KOMIIEHCA-
LMSI»).

D.4.6. HakoHel1, ocTaBIIKECS CTPEIKM «KATMOPOBKa» HYXHO ANdPepeHIIMpOBaTh KaK
IIB€ pa3jMyHble COCTABJISIIOLIME, OTHOCSIIMECS K BO3MOXHOU HEJTMHEMHOCTH OTKJIMKA Be-
COB M K KaTUOpOBKE MpU U3MEpPEeHUH 00beMa.
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O61as Macca Macca Tapbl

Henuneit-
HocTb  CMELIEHHE

- Temne-
ENUHEe- parypa
Temmneparypa Kanu
paTyp HOCTb  Cypemenue Tpemusu- anubpoBka
OHHOCTb
IIpeLU3MOHHOCTD Kanu-
6poBka
» d(EtOH) |
IIpeuu3noHHOCTD
Kannubposka
(0153371
Puc. D1. UcxopHasa guarpamma
TeMnepatypa O611as Macca Macca Tapbl o e
w._
I U Temne- HocTh  CMmelueHue
i aTypa
Temne- EgngiHe(l:dme cr?n:yp Kam-
~~_patypa i TMpery- 6poBKa
3HOH- -
IIpeuusuon- é(arm- Hoers O\
HOCTb poBKa \
' ¥ > d(EtOH)
Iperusuon- !
HOCTb !
" Kanubpoeka i
S /
- —— J
__________________ - »
O6rem ™ TIpeun3HOHHOCTD
Puc. D2. O6beguHeHne cxogHbIX 3P HEKTOR
me Jice 8ecbl: CMel{eHUA
83AUMHO KOMREHCUPYIOMCA
06 ., Macca *.
Temnepatypa as macca ,”  Tapsl Henuneit-
HOCTb >a<u.lel-mc
Kanu-
LIEHUE OpoBKa
Kanu-
6poBka
+ d(EtOH)
Kanubpobka
O6BeM ITpeun3HoHHOCTb

Puc. D3. BaanmHasn komneHcauus adpdekTos



IIpunoxenue E. IIOJIE3HDBIE
CTATUCTUYECKMUME ITPOLLEAYPbBI

E.1. ®yuxuun pacnpeneireHust

Crenyioias HUXKe TablMlia TOKa3bIBaeT, KaK CjenyeT BBIYUCIATH CTAaHOAPTHYIO He-
OIpeNeIeHHOCTh Ha OCHOBE MapaMeTPOB HEKOTOPHBIX OOLIeU3BECTHBIX (PYHKIIMI pacmpe-
JeJIeHHs, ¥ YKa3bIBaeT Ha 00CTOSITENbCTBA, IPU KOTOPBIX X CJIEAYeT IPUMEHSTh.

INPUMEP

AHaTMTHK OLIEHMBAET 3HaYeHUe HEKOTOPOI coCTaBNsIoLIEl KaK «He MeHblle 7 1 He 6onee 10» 1 co-
3HaeT, YTO 5TO 3HaUeHHe HaXOOUTCS BHYTPH YKa3aHHOTO MHTepBaJla 6€3 Kakux-Jinbo oCHOBaHUI MoJarats,
YTO Kakasi-ToO YacTb 3TOro MHTepBaia OoJjiee BEposATHA, YeM Apyras. DTa CUTyalus NpeiacrasiseT coboi
onucaHue NPSMOYTOIBHOTO (paBHOMEPHOT'0) pacnpefese s ¢ LIMPUHOI 2a = 3 (nmoyryluupuHoit a = 1,5).
Hcnonb3ys 3Ty QyHKIMIO pacnpeneieHusi, MOXHO IOJAYYUTh OLIEHKY CTaHOapTHoil HeollpeneJieHHOCTH.
YkasaHHOe BbILle 3HaYeHKe a = 1,5 IPMBOLMT K CTaHIApTHOI HeonpexeneHHoctH (1,5/Y3) = 0,87.

. YIpsiMoyrosbHOe pacnpenesnenne

CraHgapTHas

®opma Crny4yay NpUMeHeHHUs
Heompe/IeIeHHOCTh

2a(= *a) * B ceprudukare win uHO TEXHU- u(x)= a

— YeCKOi JOKYMEHTALIH JaHbI pene- V3
‘ N6l 6e3 yKa3aHHs YPOBHSI IOBEPHSI,

HanpuMmep, (25 0,05) mi (cm. Ilpume-
uanus, 11.5)
+ OlleHKa JaHa B BUIE MAKCHMATbHO-
ro guarnasoHa (*a), u ¢opma pacmpe-
v NeJIEHUsI HEU3BECTHA

3
\J

TpeyronbHoe pacnpejeseHne

CranpgapTHas

®opmMa Crny4yau IpUMeHEHHUs
HeolpeesieHHOCTh

+ MHpopMalus o BETMYHHE X HE TaK
orpaHMYeHa, KaK B CJiyyae npsmo-
YTOJNILHOTO pacipeneneHus. 3HaueHUs
B LIEHTPE HHTEPBaIa 00Jiee BEePOSITHEI,
yeM BOJIM3H €ro IpaHHUl]

u(x)y=—f4=

e

« OlLeHKa JaHa B BHIE MAKCHUMAaTb-
HOTo guana3oHa (1a), onMCEIBAEMOTO
CHUMMETPHUYHBIM PacNpencieHHeM
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HopmanbHoe pacnipenenerue

®opma Cnyyau IpuMeHeHHU CrannaprHas
HEOIPEIE€HHOCTh
« OleHKAa IPOBOMUTCS UCXONS U3 o~ | U(X) =s
/ \ BTOPHBIX HAONIONEHMIA CITyYaitHO
BENTNYMHEI
Y u(x)=s '

> « HeonpeneneHHOCTh [aHa B BUIE
CTAaHIAPTHOTO OTKJIOHEHHU §, oTHocu- | Y(X) =x- (s/X)

A
\

TEJBLHOTO CTAHIAPTHOTO OTKIOHEHNS %CV
5/ x win Ko3hGULMEHTA BapHaLKK u(x) = 100
%CV 6e3 yKa3aHHsI BUIA pacrpenese-

X HUSI

« HeonpeneneHHOCTD laHA B BHE u(x) =c/2
95 %-Horo (WX HHOTO) NOBEPUTENb- (ripu 95 %)
HOTro MHTepBaia (x & c¢) 0€3 ykasaHHUs u(x) = ¢/3
BHJIA pacipenesieH|s (ripu 99,7 %)

E.2. Metop 31eKTPOHHbBIX TA0IMIL AJ1S1 BbIYMCJIEHHUS HeonpeeJeHHOCTH

E.2.1. KoMmbioTepHble IpOrpaMMBbI 111 pabOTHl C JIEKTPOHHBIMU TabJIMlaMU MOXHO
HCII0JIb30BAaTh ISl YTIPOLLEHMS pacyeToB, YKa3aHHbIX B IVIaBe 8. DTa Mpolieypa UCTIOIB3yeT
MIpEUMYILIECTBA MTPUOIKEHHOTO YHUCIEHHOro TuddepeHIIMpoBaHUA U TpEOYET TOIBKO 3Ha-
HUA GOpMYII IUIA MOJTy4eHUST OKOHYATeNIbHOIO pe3yiibraTa (BKJIoyYas JIIo0ble He0OXOMMMbIE
IIOIPaBOYHbIe KOO GMUIIMEHTHI WIK BIUSHUS) ¥ YACIIOBBIX 3HAUEHUII [TapaMeTPOB U UX He-
onpenenenHocteil. [IpruBeneHHOE 31€Ch ONMCaHKe OCHOBRIBaeTCs Ha pabote Kparrena [22].

E.2.2. B Beipaxenuu mig u(y (x,, x,,...,X,))

5 ? oy o
Z(‘a—f'u(xi)\] + Z (‘aTyi'aT);'u(xjaxA-)J

i=l,n ) i.k:],n

IpY YCIIOBUM, 9TO JIUOO ¥ (X, X,,...,X ) SABIAETCA JTUHEHHON ¢byHk1uMeH OT X, 100 u(x,)
MaJIo 110 CPaBHEHMIO C X,, YACTHbIE IPOU3BOAHBIE (JY/0X,) MOXHO anfpOKCUMUPOBATH Clie-
IYIOLIUM 00pa3oM:

Q ~ y(x; +u(x;)) — y(x;)

ox, u(x;) '

IIpyu ymMHOXEHMHU Ha u(x,) MONYYaeTCs HEONPEAETEHHOCTD U(Y, X;) BETUIMHBI Y, 00y-
CJIOBJIEHHASI HEOTIPENENEHHOCTBIO B X;:

u(y,x;) = y(x;, Xq,e(X; +u(x;))... x,) — (X1, X5 500X, )-

Taxum obpasom, u(y, x,) IpeCTaBIAeT COOOM pa3HOCTb 3HAYEHUH y, BRIYUCTCHHBIX UL
[x, + u(x)] 1 x, COOTBETCTBEHHO.
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E.2.3. JonyweHye 0 TMHEHHOCTH WIKM MaJIOCTH 3HA4€HUH u(X,)/x, He OyleT BBIIOIHATh-
Cs CTpPOro BO Bcex ciyyasx. HecMoTpsl Ha 9TO, HaHHBI MeTOn 06ecreyrBaeT TOYHOCTb,
TIpUEMJIEMYIO IS PAKTUYECKMX LieJIei, YYUThIBask OpYTUe JOITyLUEeHM NPY OLIEHKE 3Have-
Hu# u(x). B pabote [22] atoT Bompoc o6cyxmaerca 6oiee MOAPOOHO U MpeIaraloTcs Me-
TOABI IPOBEPKM CIIPaBEIJIMBOCTU MPUHSITOIO HOMYIIIEHHS.

E.2.4. B npenrmooxXeHuH, 4TO pe3yJIbTaT y SIBJisIeTCs (PYHKIIMEH YeThIpeX mapaMeTpoB
D, g, F 1 S, OCHOBHAs TabJI1lIa CTPOUTCS CIIEOYIOLIUM 00pa3oM.

i) BuocaT 3HayeHus p, ¢ U T. 1. U GOPMYJTY UL BBIYMCIIEHHUA Y B CTOJOELl A TaOIULIBI.
KomupyioT crosbel; A B mOC/IeIyIOIIe CTONOLBI (MTOC/Ien0BaTeIbHO AT KaXI0M IepeMeH-
HOM, OT KOTOpOIi 3aBUCHUT J; cM. puc. E.2.1). Y1o6HO pasMecTUTh 3HaUYE€HHUSI HEOTIpEeIeH-
Hoctel u(p), u(g) ¥ T. A. B CTPOKE 1, KaK 3TO 1oKa3aHO B TabIULIaX.

ii) [TpudasnsioT u(p) K p B suetike B3, u(g) K g B stueitke C4 4 T. 1., KaK 3TO OKa3aHO
Ha puc. E.2.2. Tlocine nepecyeta Tabnuiisl siueiika B8 maet f(p + u(p), g, r,...) (Ha puc. E.2.2
u E.2.3 obo3Haueno kax f{p’, q, r,...)), C8 maetr f(p, g + u(g), r..) T Io.

iii) B cTpoxy 9 BHOCST CTpOKY 8 3a BeIueTOM A8 (HarpuMep, B sueiike B9 6ymet B8—AS).
DTO maeT 3HaYeHUs U(p, q) B BUIE

u(y,p) =fp +u@p)),q,r,..)—fp,q,r..)AT 0

ITPUMEYAHHUE. 310 naet pa3HOCTh C ONpeaesieHHbIM 3HAKOM; €€ BEJIMYMHA ONpeNeiseTCs OLeHeH-
HOI CTaHIAPTHOM HeoNpeAeJeHHOCThIO, a 3HaK 0003HayaeT HalpaBlleHHe H3MEHEHU.

iv) Ina mosydyeHUs] CTAaHOAPTHOI HEOMNpeneJeHHOCTH y 3TH OTHeNbHbIE COCTaBJISIO-
II[€ BO3BO/SIT B KBalpaT, CyMMUPYIOT U 3aTeM U3BJIeKalOT KBalpaTHBII KOpEHb; IMPU 3TOM
u(y, p)* Buocat B ctpokKy 10 (puc. E.2.3), a kBagpatHbIii KopeHb cyMMbl — B A10. To ecTh
sueiika A10 yctanaBnuBaeTcst Ha popMyITy

SQRT(SUM(B10 + C10 + D10 + E10)),

YTO mac€T CTaHAApPTHYIO HEONPEOCICHHOCTD B ).

E.2.5. Auyeitxu B10, C10 u T na. mokas3nBalOT BO3BeJE€HHBIE B KBaipaT BKJIAIbl
2 2
u(y,x;)” = (cu(x;))” MHOMBUIYAIBHBIX COCTABIAIOILNX HEONPENENIEHHOCTH, TI09TOMY JIer-
KO BUIETb, KaKHe COCTaBIIIIOILME CYLLECTBEHHBI, a KaKie HeT.

E.2.6. ITo Mepe TOro KaK U3MEHSIIOTCSI 3HAY€HUS OTAEIbHBIX [TApaMETPOB WIM YTOYHSIOTCS
HEOIpeAeJIEHHOCTH, MOXHO JIETKO NMpOBecTH HOBbIEe Berunciienuss. Ha cramuu i) (cm. E.2.4)
BMECTO KONMUPOBaHUA CToNI01a A B CTONO1B B—E, KOMUpyIOT 3HaYeHUs OT p 110 S ITyTeM OT-
CBUIKM, T. €. styekiku B3—E3 otHocaTt K A3, styeiiku B4—E4 otHocar K A4 uT. 0. [opuzoHTans-
Hble CTpenku Ha puc. E.2.1 nmokasbIBaloT 3To W1 cTpoku 3. 3aMeTsre, yTo stueiiku B8§—ES§
JIOJDKHBI BCE PaBHO CIIY>KHUTb OCHOBOM [UISI OTHECEHHS 3HauyeHUii B cTonblax oT B mo E co-
OTBETCTBEHHO, KaK 3TO MoKa3aHo Ha puc E.2.]1 BepTUKalbHBIMH CTPEJKaMH I cToOLa B.
Ha ctamuu ii) no6aBmnsioT oTchUIKM K cTpoKe 1 (cM. puc. E.2.1). HanpuMep, stueiika B3 cra-
HoBUTCA A3 + BI, sueiika C4 ctaHoButca A4 + Cl u T. . Ilpu TakoM momxone u3MeHe-
HUS TTapaMeTPOB U HeonpeneeHHOCTe OyayT HeMeIJIEHHO OTPaXKeHBI B OOLLEM pe3yJIbTaTe
(sueiika A8) ¥ B CyMMapHOM CTaHIApTHOM HeorpeneleHHOCTH (sueiika Al0).
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E.2.7. Eciu xakue-J1u60 13 NepeMEHHbIX ABJIIIOTCSA KOppeaupoBaHHbIMU, K SUM B A10
nobaBisieTcss HEOOXONMMBIN B TAKUX CIIy4asxX NOTONHUTENbHBIN WwieH. Hanpumep, ecnu p
Y ¢ KOppEIUPYIOT, ¥ KO3(GGHUUMEHT KOPPesALUY paBeH r(p, g), TO TOrAA IO TOro, KaK U3-
BJIEKAeTCs1 KBaApaTHbI KOPE€Hb, K BBIYMCIIEHHON CyMMe m00aBIIsIeTCAd NOMOMHUTEIbHbII
wieH 2r(p, g)-u(y, p)-u(y, q). I109TOMy KOPPENALHMIO MOXKHO JIETKO BKJIIOYaTh B PACCMOTpE-
HUe, 100aBJIsisl B TaOIMIY COOTBETCTBYIOIIME JOMOJIHUTENbHBIE YWIEHBI.

A B C D E
1 u(p) u(g) u(r) u(s)
2 A ~ ~ ™~
3 p — | *» *p Iy iy
4 q g g g g
5 r r r r
6 s k) s s s
’ ¥
8 u=A£fp,q,..) u=fp,q,...) u=£p,q,...) u=£fp,q,...) u=fp,gq,..)
9
10
11
Puc. E.2.1
A B C D E
1 u(p) u(q) u(r) u(s)
2 i
3 p+u(g) P4 P
4 g q g +u(q) q q
5 r r r r+ u(r)‘F r
6 s s ) s s+ u(s)
7
8 y=f,q,...) y=10',...) | y=R.4,...) | y=f.r,..) y=f.5,.)|
9 \ u(y, p) » u®, q) rd u(y, r) u(y, s) »
10 N =4 =4 4 4
11

Puc.E.2.2



272

KonuyecreeHHoe onucaHue HeonpeaeneHHoCTn B aHanuTu4eCKnx UsMepeHuax

A B C D E
1 u(p) u(q) u(r) u(s)
2
3 p T u() p p p
4 q g g+ u(g) q q
5 7 r r r+u(r)
6 s s $ s s+ u(s)
7
8 y=Aw,q,...) y=Ap',...) y=A.q,..) y=f.r,.) y=A.5,.)
9 uy, p) uy, q) uy, r) u(y, s)
10 u(y) uy, p)* u(y, g uy, r? u(y, s)*
11 AN i pd Z /
Puc. E.2.3

E.3. OnenuBanue HeonpeaejaeHHOCTH C UCTIOIb30BAHUEM MOIEJIHPOBAHUA
no merony Monte-Kapuo

E.3.1. Beenenue

Pa6ouas rpynna 1 (WGI1) O6beanHEHHOr0O KOMUTETA 110 pYKOBOJACTBaM B 00J1aCTH Me-
tposnoruu (JCGM) B 2008 romy omyonukosana JononHeHue 1 (GS1) k PyKoBOACTBY I10 BbI-
pPaXEHMIO HEOIIpeAeJeHHOCTH B uaMepeHusix (GUM) [23]. HomoinHeHue 1 OIKMCHIBAET
OOILMI TIOAXON, Ha3sBaHHBIN «TpaHC(HOPMHUPOBAHHE pacIipelefieHUi» IS OLIEHWBaHUS
HEOTPEACIEHHOCTH U3MEPEHUN. DTOT MOAXO0] peau3yeTcss YMCISeHHO KaK METOM MMHUTA-
LIMOHHOrO MoaenupoBaHusd MoHrte-Kapno. IIpy Hamuyuy noaxomsiero IporpaMMHOTO
o0ecrieyeHus1 STOT METOX SBJISIETCS MPOCTHIM M JIETKUM UIS UCIOJIb30BaHUS. OH IIpu-
MEHUM IPaKTUYECKHM BO BCEX CIIyYasiX, B KOTOPBIX MOXHO MCHOJib30BaTh GUM U momxon
KparreHa; kpoMme TOro, €ro MOXHO HUCIIOJB30BaTh, KOI/Ia Pe3yJIbTaT U3MEPEHU1 BEIYKCIISI-
€TCs C IIOMOILBIO UTEPALIOHHON MPOLeAyphl. DTOT pa3de JaeT KpaTKoe OIMCaHue JaH-
HOTO METOJIA.

E.3.2. OcHoBHbIE NOJI0KEHHUS

Kak 1 MeTon, u3noxeHHbI# B mpuinoxeHuu E.2, Meton MoHTte-Kapio TpeGyeT HaTuuus
MOZENIYN U3MEPEHUS, B KOTOPOH OIKCaH U3MEPUTENbHBII IIPOlIeCC B 3aBUCHMOCTH OT BCEX
MHAUBUAYaAIbHBIX (PAKTOPOB, BIMSAIOIIMX Ha pe3yabTaT. Moaenb u3MEepeHUil MOXET ObITh
BBIpaX€Ha B BUJIE YPaBHEHHU, KaK B NpwioxeHuu E.2, KOMIIBIOTEPHOM IpOrpaMMbl WIH
(QYHKUMY, KOTOpas JaeT pe3yjbraT u3MepeHusa. KpoMe Toro, i BXOAHBIX BEJIMYMH Tpe-
Oyetcs UHGOpMaLUs O paclpeie/ieHUY BEpOSITHOCTE B BUJIE TUIOTHOCTH pacIipefesIeHUs
(PDF), HanipuMep, HOPMAJIBHOE, TPEYTOJIBHOE WIH IPSIMOYTOJIbHOE pacIipeieIeH s, OTIH-
caHHble B nprwioxeHuu E.1. Pasmen 8.1 omuchiBaeT, Kak 3TH IUIOTHOCTHU paclipelesieHus
BEPOSATHOCTEH MOTYT OBITH ITOJY4YEHBI U3 OOBIYHO JOCTYIMHOM MH(POPMALIMK O BXOMHBIX



Npunoxenue E. MonesHble craTucTU4eckue npoueaypsl 273

BEJIMYMHAX, HAIIDUMED, BEPXHEM U HIKHEM IIpelesie, OLIEHKaX BEIMYHMH U CBSI3aHHBIX
C HUMHU CTaHJAPTHBIX HEOTIpEeNENeHHOCTAX. JJokyMeHT GiS1 JaeT Taxke JOIIOJHUTEIbHOE
PYKOBOJICTBO M JUIS IPYTUX CIIy4aeB.

B merone MonTe-Kapio BeluMCIIeTCS pe3ynbTaT, COOTBETCTBYIOIIMIA 3HAUYEHHIO Ka-
XIOM BXOMHON BENMYMHEI, B3ATOMY CIy4aiHBIM 00pa3oM M3 ero IUIOTHOCTHM pacIipe-
JeJIeHUd BepOATHOCTEM, M 3TO BBIYUCIEHME IIOBTOPSAETCS OONBIIOE YKMCIO pa3 (YUCIIO
MICITBITaHU ), 06bI4HO OT 10° 1o 106. DTOT IMpouece AaeT HaGOp CMOAEIMPOBAHHBIX PE3YJTb-
TaTOB, KOTOPHIE, IIPY ONIPEIENEHHBIX JOITYIUEHUAX, GOPMUPYIOT IPUOIMKEHHYI0O DYHK-
1IMIO0 TUIOTHOCTHM DACIpPEENEeHUs BEPOATHOCTEN I 3HAYEHUS U3MEPAEMOM BEIUYMHBI.
M3 sTOro Habopa CMOAENMPOBAHHBIX PE3YJETATOB IOMYYalOT CpeHee 3HAYEHUE U CTaH-
naprHoe oTkioHeHue. B JlononHeHuu 1| k GUM oHU UCTIONB3YIOTCS KaK OLIEHKA U3Mepsi-
€MO#l BEIMYMHBI U CBA3aHHAsA C HEH CTaHHAPTHAsI HEOIpPEeNeJeHHOCTh COOTBETCTBEHHO.
9TOT npouecc NpOWUIIOCTPUPOBaH Ha puc. E.3.1B B cpaBHEHNY ¢ OGBIYHOM MpOLEXypOit
GUM, nokasanHoit Ha puc. E.3.1A. CornacHo GUM cyMMUpPYIOT CTaHAAPTHEIE HEOTIPEAE-
JIEHHOCTH OLIEHOK BXOJHBIX BEJIMYMH U MONYYAIOT CTAHAAPTHYIO HEOIIpENeIEHHOCTD, CBSI-
3aHHYIO C OLIEHKO# HM3MepsieMol BeauuuHbl. IIpouemypa, onucanHas B JlonoaHeHuu 1,
HCIIONIB3YET paclipeieieHUs] BXOJHBIX BENUYMH JUISL BHIYMCIIEHUS pacIpelieIeHUA BbIXO -
HOU BEJIMYUHBEL.

E.3.3. Cpa3b mexny metonoM Monte-Kapio, GUM u nogxonom Kparrena

B 6onpmmHcTBe ciydyaeB Metoabl GUM, Kparrena u MonTte-Kapnio maioTt npakruye-
CKY OJHO M TO € 3HauyeHUe I CTAaHIAPTHOI HeoIlpeeIeHHOCTH, CBSI3aHHOM C OLIEHKOI
HU3MepsSieMOil BeTMYMHBL. Pa3imuyus CTaHOBATCS 3aMETHBIMM, KOLJa pacIpelefieHUs Oa-
JIEKU OT HOPMAJIBHOTO U B CITy4asix, KOrjia 3aBUCUMOCTD Pe3yJIbTaTa U3MepeHHs OT OJHOM
WM HECKOJbKUX BXOAHBIX BETMYUH HelMHeliHa. ba3oBelii mogxon GUM, pacCMOTpeHHBII
B I7IaBe 8, IUIOXO IIPUMEHUM TaM, TlIe €CTh CYILIECTBEHHAS HEIMHEHOCTD.

X, U0G) —> A /\ —> B
9x,(&;)
X, U(X) — —> V¥, u(y) —> —
ng(EZ) QY(I'I)
X5, U(X3) —» —_—
9x,(%)

Puc. E.3.1. lpnBeaeHo cpaBHeHWE 3aKoHa pacnpocTpaHeHns HeonpeaeneHHocTH (A) u pacnpocTpa-
HeHWa pacnpezenexwii (B) Ans Tpex He3aBUCUMbIX BXOAHBIX BesmuunH. g(€) — NnoTHOCTL pacnpeaeneHns
BEPOATHOCTEN, CBA3aHHas C X, @ g(1) — NJIOTHOCTL pacnpeaesneHns BepoaTHOCTE pesynbTaTa.

HemmneitHocTs yunThiBaeTca B GUM BKMOYEeHMEM B pACCMOTPEHME WiEHOB 60Jiee BLICO-
KOro ropsinka (B [2] 3To onucaHo nonpo6Ho). Ecii aTa npo6ieMa nMeeT Mecto, moaxox Kpar-
TeHa (npwioxeHue E.2), BEPOATHO, facT GoJee pealiCTUYHYIO OLIEHKY HEONpeAeIeHHOCTH,
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YyeM ypaBHEHMe MEepBOro NopsaKa B pasaene 8.2.2, MocKonbKy nomxon KparreHa y4uTbiBaeT
LNEACTBUTENIbHBIE U3MEHEHHS pe3yJIbTraTa IIpyu U3MEHEHWHW BXOOHBIX BEJIMYMH HA BEIUYUHY
CTaHAapTHOU HeompenaeneHHOoCcTU. Meron MoHTe-Kapio npu 1ocTaTo4HO GOJBbILIOM YKCTIe
MMMTALMI JaCT BCE Xe JIydlliee IIpHUOMIIDKeHUE, IIOTOMY 4TO OH JOIOJIHUTENLHO UCCIEAYET
9KCTPEMYMBI BXOIHBIX ¥ BBIXOAHOIO pacmpeneieHuil. B Tex ciyyasix, Koraa pacrpeaeaeHus
CYILIECTBEHHO OTIMYAIOTCSI OT HOpMaJIbHOTO, nomxon KparreHa u ocHOBHOI nomxon GUM
JAIOT OLIEHKY CTaHIapTHOM HEOTIPeNeIEHHOCTH, B TO BpeMsI Kak Meton MoHTe-Kapno moxeT
IIpeI0CTaBUTh MHMDOPMAIIUIO O BUJE paclipeeNeHUs U, COOTBETCTBEHHO, JIy4llle 0003HAYUTh
IEeMCTBUTENBHBII «MHTEPBA 0XBaTa», YeM IpocTo uHTepai (y+ U).

ItaBHBIMU HemocTaTKaMu MeTona MoHTe-Kapio sSBnsioTcs:

* OOnplUAas CIOXHOCTb pacyeTOB U BpeMsI BbIYMCIIEHUH, OCOOEHHO KOrma TpedyeTcs
ITOJIYYUThb HaJeXKHbIE UHTEPBaJIbI;

* pacCYUThIBaeMEIE HEOIIPEMEIEHHOCTY U3MEHSAIOTCSI OT OOHOIO UCIBITAHUS K APYTO-
My M3-3a 3aBEIOMO C/IyYyaifHOro XapaKTepa MOAEIMPOBaHUS;

* TpYOHO ONpPENEIUTh HauboJiee 3HaYUMbI€ BKJIalbl B CYMMapHYIO HEOIIpeneIeHHOCTh
6€e3 IOBTOPEHUS MONEIMPOBaHU.

Tem He MeHee, coBMeCTHOe NpuMeHeHUue 6asoBoro Meroga GUM, nomxona KparreHa
¥ Metona MoHTte-Kapjio mo4yTy Bceraa Ioje3sHo B paspaboTKe IMOAXONAIIEH CTpaTeryu,
TaK KaK KaXObIi M3 TpeX MOAXONOB OCBELIAeT pa3Hble CTOPOHBI IpooyieMbl. CylllecTBEH-
HBIE PA3IMYMA MEXOY pe3yiabratamu, nojiyyeHHoIMU 1o GUM u metomy KparreHa, ua-
CTO yKa3bIBalOT Ha 3aMETHYIO HEJIMHEMHOCTb, B TO BpeMsI KaK OOJIbILIME pa3IMYUs MEXIy
nonxomamu KparreHa wiun GUM, ¢ omHo# cTopoHbl, 1 MeTonoM Monte-Kapno, ¢ apy-
TOM — MOXET CBUAETEIbCTBOBATh O 3HAYUTEIbHBIX OTKJIOHEHUSAX OT HOpMallbHOCTH. Eciu
pa3IUYHbIE METOIBI NAIOT CYILIECTBEHHO pa3Hble pe3yabTaThl, TO IPUYMHA STOTO pa3THuIUs
JIOJDKHA OBITh UCCIIENOBAHA.

E.3.4. Peanu3zanus ¢ moMoIIbIO 3JIEKTPOHHBIX TAOIMIL

Merton MonTe-Kapio jiydliie Bcero peaiu3yeTcsi ¢ IOMOIIIBIO CIIeLUATLHO pa3paboTaH-
HOTO IporpaMMHoOro otecneyeHus. OQHAKO MOXHO HCIOJIb30BaTh QYHKIIUM 3JIEKTPOH-
HBIX TaOIUL, YKa3aHHbIE, HallpuMep, B Tabu. E.3.1, mnsa nomyyeHus oneHok MonTe-Kapiio
IIpY1 HeOOJIBILIOM YHCIe UMUTALIUHA.

Tabauya E.3. 1. DopMyIbl 5JIEKTPOHHBIX TaOIUIL I MOIEIMPOBAHUS [10 METOLY
MomnTte-Kapio

Pacripenenenue DopMyiia i TUIOTHOCTH pacripeie/ieHIA BEPOATHOCTE Tpuneuanie |
HopmaibHoe NORMINV(RAND(),x,u)
IIpamoyroabHoe:
3alaHHas MOJYLIMPUHA a x+2*a*(RAND()-0.5)
3allaHHas CTaHAApTHas Heollpe- x+2*u*SQRT(3)
IIeJIEHHOCTb U *(RAND()-0.5)




MNpunoxeHue E. NonesHble CTaTUCTUHECKUE NpoUeaypbl 275

Tabauua E.3.1, oxonuanue

Pacnipenenenue dopmyiia 1S TUIOTHOCTH pacripeeIeHUsSI BEPOSITHOCTE i Pivesanie |
TpeyrosbHoe
3afiaHHasi MoJIyLUUPUHA a x + a*(RAND()-RAND())
3alaHHasl cTaHOAPTHAs Heolpe- x + u*SQRT(6)
IEJIEHHOCTb U *(RAND()-RAND()) ‘
£ Mipnsienane 2 x + w*TINV(RAND(),v,,)

ITPUMEYAHMUE 1. B 3Toii popMyie x nomKkeH ObITh 3aMeHEeH 3HaYeHHUEM BXOAHOM BEJIUYUHBI X;u—
COOTBETCTBYIOLUEH CTaHAaPTHON HEONPEAEJEHHOCThIO; @ — MOAYLIMPHUHON COOTBETCTBYIOILETO MPSIMOY-
rOJILHOTO WIH TPEYTOJIbHOTO pacipele/ieHUss H V — MOAXOSIINM YUCIIOM CTeneHeit CBOOOabI.

ITPUMEYAHHME 2. O1a ¢opMyna npuMeHHMa, KOrna 3alaHa CTAHHApTHas HeorpeaeieHHOCTb U U3-
BECTHO, YTO OHa CBSI3aHa C f-pacripenejaecHUeM, UMEIOLLIMM V CTerleHel ¢BOOOABI. DTO 0OBLIYHO UMEET Me-
CTO IU1S COOBIIaeMOIi CTaHAAPTHOI HEOMpeaeJeHHOCTH ¢ 3(p(dEKTUBHBIM YHUCIIOM CTereHeil CBOOOoabI Vor

Dr1a npouesypa BHIYMCICHUNH WUIIOCTPUPYETCS C MOMOILBIO CIIEOYIOIIETO MPOCTOro
IpHUMepa, B KOTOPOM 3HAUEHME y BBIUMCIISIETCSI U3 3HAYEHUH BXOMHBIX BEJIMYUH a4, b U ¢

B COOTBECTCTBHUH C YpABHCHHEM
a

:b—c'

y

DT0 MOXeT OBITh, HAalpUMEpP, MAccoBasl NOJIsI, BhIYMCIIsieMass U3 M3MEpPEHHOW Mac-
Chl aHAIUTA a, 0DILEeH MacChl b U MacChl TAphbl ¢ COOTBETCTBEHHO. 3HAYEHUsI I1apaMETPOB,
CTaHJApTHBIE HEOINpPENEIeHHOCTH U MPUIUCAHHbIE pacIpeeeHUsI IIPUBENECHBI B CTPO-
Kax 3 u 4 rabnuuel E.3.2.

Tabauua E.3.2. Peanusanuys MoaenupoBaHus o merony MoHTe-Kapio ¢ moMOILLbIo
9JNIEKTPOHHBIX TabIU1L

A B C D E F G
1
2 a b c y
3 3HayeHue 1,00 3,00 2,00 A= C3/(D3—-E3)
4 CraHpapTHas 0,05 0,15 0,10 = STDEV
HeoIlpeneyeH- (G8:G507)
HOCTb
5 Pacnpene- | HopMmanshnoe | HopmanbHoe | HopmanbHoe
JieHUe
Momnenu- a b c y
poBaHHUe
8 =NORMINV | =NORMINV | =NORMINV I C8/(D8-E&8)
(RAND), (RANDY(), (RAND(),
C$3,C$4) D$3,D$4) E$3,E$4)
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Tabauua E.3.2, oxonuanue

A B C D E F G

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

3HaueHHUs TapaMeTpPOB BBOIAT BO BTOPOii cTpoke ot C2 no E2, MX cTaHmapTHBIE HeonpeneJeHHOCTH —
B cTpoke Hixe (C3—E3). Pacuer pesynbraTa y BBogaT B siueiiky G3. Heobxonumele hopMysisl M1 reHepH-
POBaHMs CTyJaitHbIX YUCEN BBONAT B CTPOKY 8 BMECTE C KOIMPOBAaHUEM BBIYMCICHHS PE3y/IbTaTa (31eCh
Brpace G8). CiemyeT oTMETHTD, YTO G8 OTHOCUTCS K CMOJETHPOBaHHBIM 3HaYeHUsIM B cTpoke 8. Ctpoka 8
KOIMMPYETCA HUXKe, YTO JAeT XKeJJaEMOE YHCJIO [IOBTOPOB; HA PUCYHKE MMOKA3aHbI pe3yIETUPYIOLLME CIydaii-
Hble 3HaYeHus1 (co cTpoKH 9 M najee). CTaHmAPTHAs HEONPEAEIEHHOCTD B y BEIYUCHSETCA KaK CTaHJaPTHOE
OTKJIOHEHHE CMOEIHPOBaHHBIX 3HAYEHMIA ).

Ta6nuua E.3.2 Takke WUIIOCTPUPYET NPOLIEAYPY BEIYHUCIEHUIA.

i) B crpoxu 3 1 4 21eKTpOHHOIM TabMULIBI BBOIAT 3HAYEHUS BXOMHBIX IIapaMETPOB U UX
CTaHIApTHBIE HEOIPEACNIEHHOCTU (WIM, B CIyYasX MPSIMOYTOJBHOIO MJIM TPEYTOJbHOIO
pacnpeneaeHui, NoyIIMpuHY UHTEpBaJia).

ii) BerynucneHue pe3ynbraTa y BBOIST B CTPOKY 3, ClipaBa OT Habopa BXOMHbBIX 3HAaYEHUH.

iii) HaunHasg ¢ noaxomsineil CTpOKY HWXKE CTPOKU 3HAYEHMI M HEOIpeleIeHHOCTEN
(B Tabm. E.3.2 HavuanbHOU sABNsSIETCA CTpOKaA 8), HE0OXOAUMBIE HOPMYJIBI I KaXKIOro pac-
IIpeIeJIEeHUS] BBOASAT 10 KAXABIM BXOAHBIM napameTpoM. IlosesHsie (opMyIibl 3J1EKTpOH-
HBIX TaOJULl Uil TeHepUpPOBaHUA CIy4alHBIX BEIOOPOK C MCIIOJb30BaHHUEM pas3IMUHbBIX
BUIOB IUIOTHOCTU paclipelesneHus npuseneHsl B Tatm. E.3.1. 3ameTuM, 4TO (OpMYyIIBI
IOJDKHEI coAepXaTh PUKCUPOBaHHBIE CChUIKY Ha CTPOKM, COepXKalllie 3HaYeHHs apaMe-
Tpa U HEOTIpEAENIEHHOCTY (OHM 0603HaYeHHI B PopMyiie 3HakoM $).

iv) BeruucneHue pesynbrata y KONUPYETCS B MEPBYIO CTPOKY CIIyYaiHBIX 3HAYEHWIH,
CIipaBa oT Habopa 3Ha4eHUil BXONHBIX BETUYHH.

v) Ctpoka, comepxaiuas ¢hpopMyJIbl I CIy4aiiHbIX 3HAYEHUI U GOPMYILy COOTBETCTBY-
IOLLETO BEIYUCIEHHOTO Pe3yJIbTaTa, KOIIMPYETCSl HIDKE, YTOOBI MOJYYUTh XKeJIaeMOe YUCIIO
noBropoB (500 B Ta6u. E.3.2).

vi) OueHKa CTaHOApTHO HEONpeNeNeHHOCTH B y, IMOJydeHHass 10 METOLY
Mounrte-Kapno, — 3To cTaHAapTHOE OTKJIOHEHHE BCEX CMOIEIMPOBAHHBIX 3HAYEHU I J; OHO
rokasaHo B sueiike G4 tabn. E.3.2.
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ITonyyeHHOe pacrnpeneNeHUe MOXHO HCCIeNOBaTh C MOMOILIBIO MOCTPOEHMS THUCTO-
rpaMMBbl, UCIIOJB3YsI BCTPOE€HHbIE (YHKIIMHU SJIEKTPOHHBIX Tabmui. JJIsS NpuBegeHHOro
31ech IpUMEpa C UCTI0Nb30BaHUeM 3HaYeHUH 13 Tabi. E.3.2 500 noBTOpOB Aa10T CTaHAApT-
HYIO HeoIlpeneNeHHOCTh B Y, paBHy1o 0,23. [ToBropeHue momenupoBanusa 10 pas (myrem
[IEpecyYeTa JIEKTPOHHOM TabMULIBI) a0 3HAYEHUSI CTAHIAPTHOM HEOTIpEAEIe HHOCTH B IU-
arna3zoHe ot 0,197 no 0,247. CpaBHeHue O cTaHAapTHON HeonpenenaeHHOCThIo 0,187, BbI-
YKCJIEHHOH C UCI10JIb30BaHUEM 6a3oBoro noaxona GUM, nokasplBacT, YTO MOAETUPQBaHUE
o Monre-Kapio o6s14HO gaet 6osee BEICOKME OLIEHKH CTaHIapTHON HEOTIpeNeIEeHHOCTH.
IIpryuHy 3TOro MOXHO yBUIETh Ha rucrorpamme (puc. E.3.1). XoTs BxogHble mapaMeTphl
YMMeJIM HOpMaJIbHOE paclpenesieH1e, BbIXOAHAs BEIMYMHA 00HApYKMBaeT 3aMETHYIO I10JI0-
XUTEJIbHYI0 aCHMMETPUIO, YTO BeAET K 60jiee BLICOKOM CTaHOAPTHOM HEOIpeaeJeHHOCTH,
YeM OXMIAIOCh. DTO ABJSETCS CIEACTBUEM CYILECTBEHHOM HEMUHEHHOCTH. OTMETHM, 4TO
HEOIPENEJEHHOCTH B b U ¢ COCTABJISIOT 3HAYUTENBHYIO IOJIO B 3HamMeHarene (b — ¢), 4ro
JaeT MpOINOPIHMOHAILHO Mallble 3Ha4eHUS B 3HaMeHaTesle U, COOTBETCTBEHHO, BHICOKME
OLIEHKH IS Y.

110 1
100 )

90 |
80

60
50 — -

1

YacToTa

30
20 1
10

3

2,3-2,4 |

2,5-2,6 .

0-0,6
0,7—0,8 -
0,9—1
1,1-1,2
1,3—1,4
1,5-1,6

1,9-2 -
2,1-2,2
<2,7 |

1,7-1,8

CMoeIMpoBaHHbIN pe3ysbTaT

Puc. E.3.1. Npumep ructorpaMmbl CMOSENNPOBaHHLIX PE3YyNLTaToB

E.3.5. IIpakTHuecKue PeKOMEHIAIMH 110 HCII0/Ib30BaHKI0 MeToaa Monre-Kapiio 1 one-
HUBaHHUA HEONpPeNeJeHHOCTH

Yucio ncnpITaHui

Meron MonTe-Kapno maer Xopolrylo OleHKY CTaHAapTHOM HEOIpeACIEHHOCTH yXE
IIpY YUCIIe UCIIBITaHUN B HECKONBKO coTeH. Ilpu 200 ucnbITaHUAX OLEHWBACMbIC CTaH-
JapTHBIE HEOIIpeAeIeHHOCTU OyIyT OTIIMYAThCA, KaK oxunaercs, Ha £10 % ot HaWTy4dLIen
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orieHKH, B To BpeMs Kak rpu 1000 u 10 000 ucnbiTaHuit oxXuaeMmble IMara3oHbl COCTaB-
JIIOT TIpUMEPHO +5 U +1,5 % (Ha ocHoBe 95 %-HOro MHTepBaja IS X >-paclpeaeieHus).
IIpuHKMast BO BHUMaHUE, YTO 1T MHOTMX BXOQHBIX BETUYUH HEOTIPEACIEHHOCTH M10JIy4e-
HBI Ha OCHOBE HAMHOI'O MEHBIIEro Yucja HaOMIoNeHUH, CpaBHUTEJIbHO HEOOJIBIIIOE YUC-
JIO MOZIEJIMpOBaHUii, T. €. BeIOOpku MonTe-Kapio pazmepom 500—-5000 ucnibitanuit, OymyT,
BEpPOSATHO, JOCTATOYHBI, II0 MEHBILIEH Mepe, IJIS UCCIeIOBaTeIbCKUX paboT U YacTo — IS
MIpeaoCTaBieHUs MHQOpMaLUY O CTAHIAPTHBIX HEOTIPEAEIEHHOCTIX.

JoBepurebHble HHTEPBAJIbI, BbIYUCIsIeMble 0 MeToxy MonTe-Kapio

W3 pesynwsraToB MomenupoBaHus 1o Metony MoHTe-Kapiao MOXHO TakKe OLEHUTH
NOBEpUTENIbHbIE UHTEpPBaIbl — 0€3 HCMIOoNb30BaHUA 3(DGEKTUBHOIO 4ucia CTENeHEeH
CBODOOIBI, HATIpUMED C IIOMOILIBIO COOTBETCTBYIOIIUX KBaHTWIeH. IIpu 3TOM He cieny-
eT oOpalliaTh BHUMaHNe Ha U3JIMILIHE AeTATbHYIO KApTUHY IOJYyYEHHON IUIOTHOCTU pac-
npeneneHus. HyxHo UMeTh B BUAY, YTO MHGOpMAaLUs, Ha KOTOPOit OCHOBaHBI INIOTHOCTHU
pacrpeneeHUsI BEpOsITHOCTE! BXOMHBIX BEJIMYMH, HE BCErJa HalleXXHa. XBOCTHI pacIlpe-
IeNeHUs1 0COOEHHO YYBCTBUTEIbLHBI K UMeoLIelicsa uHGopmaLuu. Beaencreue 3Toro, Kak
yka3aHo B GUM (pasnen G.1.2), «<06bIYHO HEpa3yMHO CTapaTbCs OOHAPYXUTh pa3inyue
MEXIy OYeHb GJIM3KMMM YPOBHAMU NOBepUs (CKaXeM, MeXIy YpOBHSAMU 94 u 96 %)».
GUM yxa3splBaeT TaKKe, 4TO MOJIyYeHUEe HHTEPBAJIOB C YPOBHAMU NOBepUs 99 % U Bhillie
SBJISIETCSI 0CO0eHHO TpyAHbIM. K TOMy Xe IUISI MOJIydeHUsI NOCTaTOYHOU MH(pOpMaLuu
0 XBOCTax IUIOTHOCTH paclpele/ieHUsI BEpOSITHOCTEH BBIXOOHON BEJIMYMHBI MOXET I10-
TpeGoBaThcs 110 MeHbIlei Mepe 10% ucneiranuii. Torna BaxXHO 06€CIeYUTh, YTOOBI reHe-
paTop Ciy4yalHBIX YMCes ObUT CIIOCOOEH MOANEpXMBATh CIyYalHBIA XapaKTep IS TaKUX
00BLINX BEIOOPOK U3 paclpeAc/ieHUH BXOOHBIX BEIMYUH; 3TO TpeOyeT HATUYMS HAllEX-
HOro IporpaMMHoOro obecrneyeHus. B mononHeHuu 1 K PyKOBOACTBY MO BBIPaXKEHUIO
HeollpeneeHHOCTU B u3MepeHusax (GS1) peKoMeHOYI0TCSI HEKOTOphIe HaJeXHbIE TEHe-
paTophl CIy4aifHBIX YUCE.

CMmemeHue u3-3a aCHMMETPUH BbIXOJHOTO pacmpeneeHus

B ToMm ciydae, korga MomeNlb UBMEPEHUM SBIAETCS HEIMHEHHOM, a cTaHapTHas He-
OllpeaeIEHHOCTD, CBSI3aHHAs C OLIEHKOM y, BEJIMKa B CpaBHEHUH C y (T. €. u(y)/y CylllecTBEeH-
Ho Gonbiue 10 %), IIIOTHOCTh pacHpenesieHUs] BEpOSITHOCTEH, BBIYMCIEHHAsA 110 METOMY
Mownrte-Kapio, 6yner, BepoTHO, HECUMMETpUYHONU. B 3TOM ciiyyae cpenHee 3HayeHue,
BBIYUCJIEHHOE U3 CMOJEIMPOBAHHBIX pE3YyJIETaTOB, OYIET OTIMYAThCA OT 3HAYEHUS U3Me-
psAEMOM BEJIMUMHBI, NTIOJY4EHHOT0, Kak B GUM, ucxons U3 olleHOK BXOMHBIX BeJIUYUH. s
OOJBPUIMHCTBA IIPAKTUYECKUX LeNIed B XMMMYECKHUX M3MEPEHUSIX CIIEAyeT NpeaoCTaBIsATh
pe3YJLTaT, BBIYMCIIEHHBIA U3 UCXOOHBIX BXOOHBIX BeNIUYUMH. OOHAKO IS MpeacTaBIeHUS
COOTBETCTBYIOIIEHA CTAaHAAPTHOM HEOIIPEACIEHHOCTY MOXHO UCII0JIb30BaTh OLIEHKY I10 ME-
toxy Monrte-Kapio.

E.3.6. ITpumep oneHnBaHus HeompeaeJeHHOCTH C oMolbio MeTona Monre-Kapiio
Hacrosmuii npumep ocHoBaH Ha [IpuMepe A2 — onpeneieHre KOHLEHTpali TUAPOK-

culla HaTpUs C UCIIOJNIb30BaHUEM B KAYECTBE YCTAHOBOYHOTO BEILIECTBA KMCJIOTO (rajata
kanus (KHP).
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H3mepsiemas BeMuMHa — MOJIsIpHas KoHLeHTpauusa NaOH, ¢
HUEM:

Naon» — HACTCA YpaBHE-

1000 -7y pyp-Pypp

— —1
Craon= Monb 17!,
: MV

rae m,,,, — Macca KHP;
P, — crenens yuctotel KHP; .

M, ., — MorsapHas macca KHP;

V — o6bem NaOH, noiuenluuii Ha TUTpOBaHUE.

Hekoroppble U3 BEJIMYKUH B 5TOM YPAaBHEHUU U3MEPEHUI CaAMU BBIpAXaIOTCS Yepes Opy-
rve BeIW4YUHBIL. BHavalle HyXHO NpeACTaBUTh 3TO YPaBHEHUE B BUIE (PYHKIIUM IJIaBHBIX
BEJIMYMH, ¥ KaXKasi U3 3TUX BeJIMYUH NOJDKHA OBITh OIIMCAaHA IUTOTHOCTHIO paclpeaeICHUsT
BEpPOATHOCTEM — 3TO SIBJISIETCS OCHOBOM pacyeToB 10 metoay MonTte-Kapro.

mKHP IMOoJIy4alroT 1o pa3HOCTH BBBGHIHBaHI/II'/'I:
Myup =Mgup, 1 —Mxup2-

Monspnas Macca M, ., BKJIIOYAET YETHIPE CIATAEMBIX [ YETHIPEX DIEMEHTOB MOJIEKY-
JISIpHOM (POPMYJIBI:

M= Mc8+ MH5+ MO4+ M.

O6BeM V 3aBUCUT OT TeMIIEpaTyphl B JIaOOpaTOpUU U TEMIIEPATYpbl KAIMOPOBKU H3ME-
PUTENILHOTO NpUubopa:

V=v_[l-a(T-Ty),

rae o — K03 GUIIMEHT 0OBEMHOTO PACIIMPEHUS BOIBI;

T — TeMnepartypa B 1a60paTopuu;

T, — TeMneparypa, [Ip1 KOTOpO# oTKanuGpoBaHa Konba.

KpoMe Toro, Hy>KHO BKIIOYUTh K03 dULIMEHT R, yuyuThiBaoLuii 3¢ EKThI, CBI3aHHBIE
C IIOBTOPSIEMOCTBIO U3MEPEHUM.

Pe3ynbsTupyoiiee ypaBHeHUE U3MEPEHUI UMEET BULL

1000- - - P,
NaOH = (mKHP’I mKHP’Z) KHP -R [moms 1'].

(Mc+My Mo, + M )V [1- (T -T)]

c

B 3aBUCHMMOCTH OT MMEWOILEICA B paclopsDKeHUM WHGpOpMaLUMM Kaxnaass U3 BXOA-
HBIX BEJIMYMH XapaKTEepH3yeTCs COOTBETCTBYIOIEH IIOTHOCTBIO paclpeneaceHus Bepo-
sTHocTel. Bce BenuuyuHbI (HaKTOphl) U COOTBETCTBYIOLIME paclpeleIeHUs ITpHBEACHBI
BTaba. E.3.3.

TTocKoMbKY JOMUHUPYIOLMM SABISIETCS BKIAL Vo, TO I 9TOMH COCTaBIISIONIEN HCCIe-
JOBaIM, IOMUMO NIPAMOYTOJIBHOM, ABE APYTMX IUIOTHOCTH paclpeleneHus (TpeyrolbHyo
Y HOPMAJIBHYIO) — YTOOBI OLEHUTD UX BIUMSHNE HA pe3yJIbTaThl BEIUUCIEHUH.
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CraHpapTHasi HEONPENENEHHOCTD U(Cy ), BPIMUCIEHHAs I KOHLUEHTPALUU Cy o
C TpeMs Pa3IMYHBIMHU IUIOTHOCTSIMU paclpeleeHUs Ul TIEpeMEHHOM V., 04eHp XOpo-
III0 COIJIaCyeTCsI CO CTAHJAPTHON HEOlpeAeNeHHOCThIO, TOJTYYeHHONH OOBIYHBIM ITyTEM,
cnenya GUM (rabmuua E.3.4) uiu nogxony Kparrena. Ilpu stoMm KosaddunneHT oxpa-
Ta k, TIOJIyYeHHBI BceMU Tpems criocobamu (GUM, KparredH, MoHre-Kapio) ¢ orce-
yeHueM 2,5 % pe3yJabTaTOB Ha XBOCTaX, COOTBETCTBYET HOPMAJIbHOMY paclpeaesieHHIO,
YTO MOATBEPXKOAET MPAaBUWJIBHOCTb UCIIOJIb30BAHUA K = 2 MpPU BBIYUMCIEHUHU pacLIUpeH-
HOM HeornpeneneHHOCTH. OgHAKO UCIIOIb30BaHUE IIPAMOYTOJIBHOTO PACIIpEeNeNeHUS IJIs
COCTap/AIOIIEN V. 3aMETHO BIMSAET Ha IUIOTHOCTH paclpeleieHUs BEPOATHOCTEN Ui
KOHLEHTPALUH C,_,... PacyeTsl 6bUIM BBIMIOJHEHBI C MCIIONB30BAHUEM YUCIIA UCTIBITA-
Huit ot 104 mo 10%; mpu 3ToM 3HaYyeHue 10* maBaso MOCTATOYHO CTAOMIBHBIE 3HAYEHUS K
1 u(Cy, o) DOJIBILEE YUCTIO UCTIBITAHUY JAET GoJIee IIanKue KpUBBIE IUIS IUTOTHOCTHU pac-
[IpeNieJIeHU BEpOSITHOCTEM.

Tabauya E.3.3. 3HaueHus GpakTopoB, UX HEONIPENEIEHHOCTY Y pacllpelesIeHUs BEpOsT-
HOCTEH B ipuMepe A2

. CraHgapT-
Bennuuna HaumeHoBaHue Enunuia | 3HayeHue Hai Heorlpene- Pacnipenenenue
JIEHHOCTDb WIH
TMOJIYIIMPHHA
R PaKTop MOBTOPSIEMOCTH | 1,0000 0,0005 HopmManbsHoe
My Kownreitnep ¢ KHP T 60,5450 0,00015 TIpsimMoyrob-
HoOe
Myyin 2 Koureitnep 6e3 KHP T 60,1562 0,00015 TIpssmMoyrob-
Hoe
Pip CreneHb YHCTOThI 1 1,0000 0,0005 TIpssMoyronb-
HoOE
M Monspnas macca C, MoJIb~! 96,0856 0,0037 IIpsiMoyToJiB-
8 Hoe
My MonsipHas Macca H, MOJIb™! 5,0397 0,00020 IIpsimoyronb-
5 HOe
M, MonsipHas macca O, MOJIb™! 63,9976 0,00068 IpsiMoyToJib-
4 HOE
My MonspHas Macca K MoJIp™! 39,0983 0,000058 ITpsamMoyroib-
Hoe
V; O6wveM NaOH, mormegimuii MJT 18,64 0,03 TIpsamoyronb-
Ha TUTPOBaHHeE Hoe
T-T, Pa3HocTh TeMmepaTyp Ka- K 0,0 1,53 HopmansHoe
JINOPOBKM U IIDUMEHEHUS
o KoaddbuumneHr o6reMHoro K-! 2,1-10* | TIpene6pe-
paciIipeHus KHMO
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Tabauua E.3.4. CpaBHEHHE 3HAYCHUH HEOTIPEACTIEHHOCTH U(C,, ;) , BBIYMCIEHHBIX
o GUM u metomy MoHTe-Kapiio ¢ pa3nUyHbBIMU IUIOTHOCTSIMY paclipeaeaeHus I
COCTaBJIAIOLIEH HEONIPENEIEHHOCTH V.

3Havenus u(c,, ,,) B Cy4asx, Koraa ILIOTHOCTb pacripeesieH st V.

TpeyrojbHast HOpMaJIbHAas MPSIMOYroJbHas
GUM* 0,000099 mosp 17! 0,000085 moup 1! 0,00011 Moub 1!
MeTon Moure-Kapio 0,000087 momnp 1~ 0,000087 Moup 1! 0,00011 moub 1!

* Pesynbrathl BiuMCIeHUit o GUM u metony KparteHa [E.2] cornacyiorcst, o MeHbliieii Mepe, B ABYX
3Hayalux uudpax.

6-10% T

4-10° 4

YacroTa

2-10° 1

L

I |

0,1018 0,102 0,1022 0,1024
(Moutb 1Y)

CNaOH

Puc. E.3.2. KoHueHTpaums ¢, ,,, BblMMCNEHHas MCxoAs 13 V. C TpeyronbHol NIOTHOCTLIO pacnpeaene-
Hus, k= 1,94, u=0,000087 monb 1™, 3HaueHure u no GUM 0,000099 monb 5!

6-10* T

4-10* 4

YacToTa

2104 g

ﬂnnnﬂ”H” ”H”ﬂﬂmﬂ_
0,1018 0,102 0,1022 0,1024
Craon (MOTB ™)

Puc. E.3.3. KOHUEHTpaums C,,,, BbIMUCNEHHAN UCXOAS 13 V. C NPAMOYrofbHOM NNOTHOCTLIO pacnpe-
Aenenns, k= 1,83, u=0,00011 mons n~!
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E.4. HeonpeneneHHOCTH, CBA3AHHBIE C JIUHEHOH rPayHpOBKOM 0 METOXY
HaUMEHbUIMX KBA/JIPATOB

E.4.1. B aHamuTHYeCKMX METOOAX M IPUOOPax YaCTo IIpUMEHSIOT IpayupOBKY, IIOJIyda-
EMYIO ITyTEM PETrMCTPALIMK OTKJIMKOB Y [IpU pa3IMYHBIX 3HAYCHUSIX CONEPXKAHMST aHATUTA X.
B GonpLUIMHCTBE CiTyyaeB IPUHUMAETCS JIMHEHAsA QYHKIIMOHAIbHAS 3aBUCUMOCTD

y=b,+bx. (1)

Dra rpagyMpoBOYHas (DYHKUMS HCIONb3YeTCsS 3aTeM I BBIYMCIEHUS KOHIIEHTpa-

UMy X, AHAIUTA B po6e, COOTBETCTBYIOLLEH HAOIIOMAEMOMY OTKIHKY Vs C IOMOLIBIO
BBIpaXK€HUA:

xpred T W — bo)/bl' (2)

OOBIYHO KOHCTAHTHI b0 Uu bl HaxoIsIT METONOM B3BEIlIeHHBIX WJIN HEB3BelIeHHBIX Hau-
MEHBILMX KBapaToOB Ha OCHOBAaHWM # NIap 3HAYCHUH (X, y,).

E.4.2. Nmeercs yeTbipe OCHOBHBIX MCTOYHHKA HEOIpeAeIEHHOCTH, KOTOphIE CIIEAYeT
TNIpMHUMATh BO BHUMAHUE NPY HaXOXIEHUH HEONPEAEICHHOCTH KOHLEHTPALMK X

* ciyyaiHbIe KoeGaHUs MpU U3MEPEHUH ), KOTOphIE OKa3bIBAIOT BIMSHME KAaK Ha OT-
KJIVKU [IPH TPANYUPOBKE y,, TAK U HA U3MEPSIEMBIA OTKIIUK Y, ;

* ciyJaiiHble 3G deKThl, pe3yasTaTOM KOTOPBIX SIBJISIOTCS MOrPEIIHOCTU TpUITMCAH-
HBIX MCXOOHBIX 3HAYEHUH X ;

* 3HAYEHHUHA X, ¥ Y, MOIYT OBbITh MOABEPXEHBI BIMAHHIO NIOCTOSHHOTO HEU3BECTHOIO
CMellieHUs, HallpuMep KOra 3HaYeHUSI KOHIIEHTPALIMM X IIOJy4aloT B pe3yJbTaTe IIoce-
JNOBaTeJIbHBIX pa30aBIEHUII OCHOBHOTO PacTBOPA;

* IpearnojoXeHUe O IUHEHHOCTH MOXET He COOTBETCTBOBATh AEMCTBUTEIbHOCTH.

M3 3TuX UCTOYHUKOB HauboJee CYyILECTBEHHBIMU Ha MPAaKTUKE SIBJISIOTCS CITy4YaiHbie
KoneGaHUs [EepeMEHHOU y; METOABI OLIEHUWBAaHMS HEOIpeNeIeHHOCTH, O0YCIOBIEHHOM
5TUM UCTOYHUKOM, MOAPOOHO ONMCAHBI HMXe. BKpaTiie pacCMOTPEHBI TAKKE OCTAIbHBIE

HCTOYHUKH HECONMPCACICHHOCTU U COOTBETCTBYIOILIME METOABI OLICHUBAHUA.

E.4.3. HeonpeneneHHOCTh u(xpre 4 ) IDEACKA3BIBAEMOT0 3HAYEHUS > 0o0yCoBIeHHas
M3MEHYUBOCTBIO ¥, MOXKHO OLIEHUTh HECKOJBLKHUMH CIIOCOOAMHU.

1. ITo paccynTaHHOM TUCTIEPCHH U KOBAPHANMH

Ecnu 3HaveHus b, u b, ux nucnepcuu var(b,), var(b,) u Koapuauus cov(b,, b,) Berumc-
JIIIOTCA C TIOMOILBIO METO/Ia HAMMEHBLUUX KBaIpaTOB, TO AUCIIEPCHUS X, var(x), KOTopas I10-
Jrydaetcs 1o GopMyne U3 miaBbl 8 myteM AnddepeHIIMPOBaHUS HOPMaJIbHBIX YpaBHEHUH,
OnpeaesieTcs Kak

var(Y,,s) + X prea - var(b) +2- x
b’

pre

var(x,,.4) = 4 ~cov(b,, by) + var(b,) ’

3)

H COOTBETCTBYIOLIAs HEONIPENENIEHHOCTb U(X  ;, ) pPaBHa /var(xmd).
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2. ITo rpaxynpoBoYHBIM JAHHBIM
Brimenpusenennyio dopMyity mis var(xprc 4) MOXHO 3amucarh s Habopa # 1ap Touek

(x;, y,), UCTIONIb30BAHHBIX Il YCTAHOBJICHUS IPalypOBOYHOM 3aBUCMOCTH:
2
S 1 (xpred x)

b v ) =) S w) @
D wi-y) . . -

D) ; (; — ¥)) €CTb OCTATOK U141 i-¥ TOYKU; H — YHMCIIO TIAp TOYEK TIpH
n —

rpanyupoBKe; b, — BBIYUCICHHBIA KO3GOGUILMEHT HAKIIOHA;, W, — BEC, NIPUIMCAHHBIN
(%,eg — X) — PA3HOCTb MEXAY X, ¥ CPENHIM X U3 1 3HAYCHUI X , X, ...
Eciu Beca w, He BBOIATCS, ¥ Iucriepcus var(y,, ) OCHOBaHa Ha p U3MEPEHHSIX, YPaBHe-

Hue (4) IpUHUMAET BUL;

Var(xprcd ) = var(yobs ) / blz +

roe S? =

var(x )=£2- L.l Cres %) 5
S PAFRO YR ST ©)

NUmenHo osta (Qopmyna wucnonwsdyercs B Ipumepe A5, B KOTOpoM
= (X6~ () = T -9

3. Ha ocHoBe undopManmu, KOTOPYIO BHIAAIOT KOMNbIOTEpHbIE NPOrpaMMbi NIPH HAXO0XKIE-
HMM rpayHpOBOYHbIX 3aBHCHMOCTEI

MHorue nporpaMmbl JaXOT 3HAYEHME S, BbIpAXXEHHOE, HallpuMep, B BUIE OTHOCUTEb-
HOro cpefHero kBagpara (RM.S) WK OCTaTOYHOro CTaHJApTHOro oTKIoHeHus. Ero MoxHO
HCIOJIB30BaTh B ypaBHeHMSIX (4) win (5). HekoTopele porpaMMbl JalOT TakCKe CTaHAAPTHOE
OTKJIOHEHHE S(y,) 3HAYEHMs Y, BBIYMCIIEHHOTO I10 rpamypOBOYHOM (DYHKIMY TSI HEKOTOPOTO
HOBOTI'O 3HAYEHMS X, U €0 MOXHO HUCII0JIb30BaTh 151 BEIMUCIIEHUS var(xprc - IIpu p =1 umeem

(xprcd x)
Q=) - Q) m)’
YTO IIpU CPABHEHUM C YpaBHEHUEM (5) HaeT:

var(X,.,,) = [s(y,)/b T (6)

s(y.)=5 1Ly
n

E.4.4. 3HayeHys X, MOTYT UMETh CBOM HEOIPEAEIEHHOCTH, KOTOPhIE BIVSIOT HA KOHEY-
HBIH pe3ynbTat. Ha npakTuke 5T HeollpeaeIeHHOCTH OOBIYHO Majbl 110 CPABHEHUIO C HE-
OTIpeNEJIEHHOCTAAMY OTKJIMKOB Y, U UMM MOXHO NpeHebpeyb. [IpuGnusuresibHas OLCHKa
HEOIPENENICHHOCTH U(X,, 4, X,) SHAYCHUS X, M3-3a HEOIIPEAEICHHOCTH 3HAYCHHS X, IaeT-
CSs1 pABEHCTBOM
x) = u(x)/n, ™)
IIE 1 — YUCJIO TOYEK X, B3ATHIX JUIS TPayHpOBKH.

910 BBIPA>KCHHUEC MOXXHO MCITOJIb30BAaTh 4JIS1 IPOBEPKM 3HAYUMOCTH u(xpred,

u (xpred ’

Xx).
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E.4.5. HeonpeneneHHOCTh, CBSI3aHHAA C BO3MOXHON HEJIUHEHHOCTBIO 3aBUCUMOCTHU
Y OT X, OOBIYHO HEBEJIMKa, U ee olieHKa He Tpebyercs. [Ipu yciaoBuu, yTo HabmogaeMele
OCTAaTKU He 0OHapyXMBAIOT 3HAYMMOTO CUCTEMATUYECKOTIO OTKJIOHEHUS OT IIPUHSTOI JIU-
HEeHOI MOJEeIu, HeollpeAeeHHOCTh, O0YCIIOBJIEHHYIO STUM AOIYIIEHUEM (B IOTIOJHEHUE
K TOM, KOTOpasi OXBaThIBAETCS PE3YJIBTUDPYIOIIUM YBEIUYEHUEM AUCIIEPCUU B ¥), MOXHO
CYUTaTh NpeHeOpexumMo Manoil. Eciau, omHaKo, ocTaTKy roBOpSIT O HATUYUU CUCTEMATU-
YECKOIr0 CMEIIEHMS, TO MOXET 0Ka3aThCsl HEOOXOMMMBIM BKJIIOYEHUE B rPaIypOBOYHYIO
3aBUCHMOCTbD WIEHOB 60Jiee BICOKOTO NopsaaKa. MeTonbl BEIMUMCIEHUA var(x) B TaKUX CIIy-
Yasix MOXHO HaWTH B IuTeparype. OnpeaeieHHbINA BbIBOO MOXET OBITh CACNIaH TAKKE UCXO-
ISl U3 BETMYMHBI CHCTEMATUYECKOTO CMEILICHUS.

E.4.6. 3HayeHHs X U y MOTYT OBITh MOABEPXKEHBI BIUSHUIO HEU3BECTHOTO IIOCTOSTHHOTO
CMelleHHs (BO3HUKAIOIIETro, HallpUMep, KOraa 3HaAYeHUsI KOHLIEHTPALIMHY X TI0JIy4aloT IIpU
MOCJIeNOBATEIbHOM pa30aBIeHUH MCXOOHOTO pacTBOpa, KOHLEHTpAIUs KOTOPOTO MMEET
HEOTIPEAEJIEHHOCTD I10 aTTECTOBAHHOMY 3Ha4YeHMI0). Eciii cTaHmapTHbIe HEOTIpeneIeHHOCTH
¥ U X, 00yCJIOBJIEHHBIE 3TUM 3 deKToM, 0003HAYUTh Yyepe3 u(y, const) U u(x, const), To He-
ONpE/IeIEHHOCT 3HAYEHWA X, OTIPEEIISIeTCs: PABEHCTBOM (CM. Ilpumeuanus, II.10):

u(x

e 2> = (u(x, const))*+ (u(y, const)/b )* + var(x). (8)

E.4.7. YeTblpe COCTABAIOIIMX HEOTIPEAEIEHHOCTH, ONIUCaHHbIe B pa3nene E.4.2, Mmox-
HO BBIYHCIIUTH C TOMOILbI0 ypaBHeHUH (3)—(8). Torma o611ast HeolnpeaeaeHHOCTb, BO3HU -
Kalollasi B pe3yJbTaTe JIMHEHHON IPagyMpOBKM, MOXET OBITh IIOJIyYeHa CyMMUPOBaHUEM
STUX COCTABJISIOIIMX OOBIYHBIM ITyTEM.

E.4.8. PaccMoTpeHHbIe TOAXOOLI MPUTOMHBI I HauOoJee 4acTO BCTPEYaloIerocs
CiTyyasl JIMHEHHON perpeccCud METONOM HaMMEHBIUMX KBaapaToB. OHU HENPUMEHUMEI,
OIHAaKo, U1 Oosnee OoOIIMX 3aMay, KOTAA NIPUHUMAIOT BO BHUMAaHHUE HEOINpENeIeHHOCTU
3HAYEHUH X WU KOPPEJSILMIO 110 X U/Wiu 1o y. O6CyXaeHue 3TUX 6oJiee CIIOXKHBIX CITy4ya-
eB MoxHo Haiftu B MCO TC 28037 OnpeneneHre U IpuMeHEHUE TMHEHHBIX TPaTyMpOBOY-
HbIX QYHKIUH [28].

E.S. IlpeactaBienue HeonpeaeJeHHOCTH, 3aBUCSIIEH OT COIEPKAHNAS AaHAIMTA
E.5.1. Beenenue

E.5.1.1. B xuMu4yecKMX U3MEPEHUSIX YaCTO HAGIIONAETCs, YTO JOMUHUPYIOIIUE BKJIa-
IbI B OOILIYIO HEOIIPEAEIEHHOCTh U3MEHSIOTCSA IIPUMEPHO IIPONOPLIMOHAIBHO COMEPKAHUIO
aHaNWTa B LIMPOKOM IMArna3oHe 3HAYeHUM, T. €. u(X) < x. B Takux cilyyasx MuMeeT CMBICI
IIPUBONUTEH HEOIIPEAETIEHHOCTh B BUAE OTHOCUTEIbHOTO CTAHAAPTHOTO OTKJIOHEHUS MU
Ko3dduureHra apuaiuu %CV.

E.5.1.2. Ecnu HeomnpeaeneHHOCTh He 3aBUCUT OT COAEepXaHUSA aHAIUTA, HATIPUMED TpU
HU3KWX CONEPXKAHUSX UIU B OTHOCUTENIBHO Y3KOM AUATAa30HE, TO 00BIYHO pa3yMHO ITPUBO-
IUTh aOCOTIOTHOE 3HAYEHHE HEOTIpeIeIEHHOCTH.
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E.5.1.3. B HEKOTODBIX CiTy4asiX BaXXHO OTPasUTh KaK MOCTOSTHHBIE, TAK U IIPOINOPLIMO-
HaIbHBIE 3 GEKTHL. DTOT pas[eN ONUCHIBAET OOLIMH OAXOM K [IPEACTABIEHUIO HEOTIPEe-
JIEHHOCTH, KOIIa €€ 3aBUCUMOCTb OT COAEPKAHUA SABJISAETCS CYILIECTBEHHOM, U BBIpaXXeHUe
HEONpPEeNEIeHHOCTH IIPOCTO B BULE KOI(PPULIMEHTA BapyalIMK HEJOCTATOYHO.

E.5.2. UcxonHblie MOJIOKEHUS

E.5.2.1. YTo6Bl yyecThb KaKk NMpONOPLUOHATIBHYIO 3aBUCHMOCTb, TAaK M BO3MOXHOCTD
IIPYUMEPHO IOCTOSIHHOTO 3HAYEHUS HEOTIPEAEIEHHOCTY NIPY U3MEHEHUHU CONEePXAHMS, UC-
TIOJIL3YETCS Clemylollee 0011ee BhIpaXeHUE:

u(x)=\/Sg+(XSl g (1)

rae u(x) — cyMMapHasi CTaHOapTHAsl HEOIIPEAECIEHHOCTh pe3yybrara X (T. €. HeoIlpeae/IeH-
HOCTb, BbIPaXX€HHAas B BUI€ CTAHIAPTHOTO OTKJIOHEHHUS);

S0 — IIOCTOsIHHAas COoCTaBJIA0IasA HCOIIPCACIICHHOCTH,

§, — K03(QGUIMEHT MPONOPLUUOHATBHOCTH.

3IT10 BBIPpA>K€EHHUEC OCHOBAHO Ha OOBIYHOM METOAE CIIOKEHMA OBYX COCTABILAIOIINX CyM-
MapHOIl HEOIPENENICHHOCTH B MPEANOJIOXEHNH, YTO OHA COCTABIAIOMIAA (S,) ABIAETCA
TIOCTOSIHHOM, a Apyras (xs,) IpornopLuoHaibHa conepxanuio. Ha puc. E.5.1 mokasaH rpa-
(UK 3TOH 3aBUCUMOCTHU.

IMPUMEYAHME. Takoii moxxox npMMeHUM TOJbKO TOTa, KOTIa MOXHO IOJYyYUTh JOCTATOYHO 60J1b-
1I0e YHMCIIO ToueK. B nefiCTBUTENLHOCTH B 3KCHEPUMEHTAIbHBIX MUCCIENOBAHUSIX HEYaCTO eCTh BO3MOX-
HOCTb YCTAHOBHTb ITOIXOOAIYIO MapaboiMyecKyto 3aBUCUMOCTb. [IpH Takux o6CTOATENbCTBAX aleKBAaTHOE
MpHOIMXeHHE MOXHO IMOJYYHUTD C ITOMOLUBIO MMPOCTOMH JIMHEIHOM perpecCuy, BKIIOYAloLe YeThIipe WIN
GoJiee 3HaYEHMI1 CyMMapHOil HeolpeaeJeHHOCTH, MOJAYYeHHBIX MMPH Pa3THYHbIX KOHUEHTPaLMAX aHAJIHUTA.

3DTa mpolieaypa corjiacyercs ¢ Toif, KoTopasi MCIOJIb3YeTCs MPH OMNpeneeHHH BOCIIPOU3BOAUMOCTH U IM0-
BTopsieMocTH cornacHo MCO 5725:1994. B sToM ciryyae 3aBUCHMOCTD IaeTcs BhIpaxkeHueM u(x) =s'y +x-s',.

E.5.2.2. [IpencrapiaeHHbli rpaduk (cM. puc. E.5.1) MOXHO pa3neauThs Ha TpY 00JIaCTH:

A: HeompeneneHHOCTb ONpeeNsAeTCs CIaraéMbIM S, ¥ IPUMEPHO IIOCTOSIHHA I10 BEJIH-
YHHE.

B: O6a cmaraeMbIX JAIOT CYIIECTBEHHBIN BKJIAM;, pe3yJbTUPYIOIas HEONIPEAEIEHHOCTh
3HAYUTENILHO GOJIbILE, YEM S, WM YEM XS, U Ha TpadUKe 3aMETHA HEKOTOpask KpMBU3HA.

C: Ilpeobnamaet ciaaraeMoe xs,; HEONpPeNeNeHHOCTb YBEIMYUBAETCS IPHOIU3UTEIBHO
IIPOTIOPIIMOHATBEHO C POCTOM X.

E.5.2.3. OT™MeTUM, YTO B pEAILHBIX YCIOBUSX (popMa BCEil KPUBOMH MOXET HE MpOAB-
Jatbesi. O4eHb YacTo YKA3aHHBIM B METOAMKE QUAIA30H COAEep>KaHUM aHaIMTa HaXOQUTCA
B IIpeeiaXx OQHOU U3 TpeX yKa3aHHBIX obnacteit. [loaToMy MMeeT CMBICI paCCMOTPETD AL
0COOBIX CITyYyaeB, KOTOpBIE MOAPOOHO 0OCYKIAIOTCS HIDXKE.

E.5.3. IlpeacrasieHue HeonpeaeaeHHOCTH B 3aBUCHMOCTH OT COAEPKaHHA

E.5.3.1. B ofmemM ciayyae, HEONpPEACICHHOCTH MOTYT OBITh NpEACTABJIICHBI B BHUIC
3HAYEHWH S, U §,. DTH 3HAYEHMS MOXHO MCIOJb30BaTh HJi TOTO, YTOOBl AaTh OLCHKY
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HEOIpPeNEIEHHOCTH B 00JaCTH MPUMEHEHHUs] METOAMKU. Takoil croco® oCOOEHHO yMme-
CTEH, KOIa BBIYMCIIEHMS IIpOBOASTCS C IIOMOILLBIO KOMIIBIOTEPA, U 00111as popma ypaBHE-
HMSI MOXET OBITh p€aTM30BaHA HE3aBMCUMO OT 3HaYEHUH NapaMeTpoB (OOUH U3 KOTOPBIX
MOXET OBITh paBeH HYJI0 — cM. HIXe). [loaToMy pekoMeHayeTcs, YTOObI 32 UCKIIOYEHU -
€M OCOOBIX CIIy4aeB, PACCMOTPEHHBIX HIDKE, WIM KOIIa 3aBUCHMOCTh SIBHO HEJIWHEWHA',
HEOIIPEIEIEHHOCTh MPEICTAB/ISUIM B BUIE 3HAUYCHUH S, T. €. IOCTOSIHHOM COCTaBIIAIONIECH,
1 K03 puLMeHTa §,, XapaKTEPU3YIOIIETO IEPEMEHHYIO COCTABISIOLIYIO.

E.5.4. YacTHble ciryyan

E.5.4.1. HeonpeneneHHOCTb He 3aBHCHT OT COAepXaHMs aHAIMTA (MpeodJazaer cjarae-
MOE 5,)

[To cyiiecTBy, HEONMpeAECAEHHOCTh HE OYIET 3aBUCETh OT HAOIIONAEMOIO CONEPKAaHUSA
aHAJIUTA B CIEOYIOIIUX CIIyYasix:

* pe3yJabTaT OJIM30K K HyMIO (HalpuMep, HIXe YCTAHOBJIEHHOTO npedena obHapyisce-
Hus) — obnactb A Ha puc. E.5.1;

* OUara3oH BO3MOXHBIX COEPXaHUI KOMIIOHEHTA, YKa3aHHbIN B METOOUKE (MU OUa-
Ta30H, YCTAHOBJIEHHbI! IpY OLICHUBAHUY HEOTIPEAETIEHHOCTH), MaJl TI0 CPABHEHUIO C Hall-
JEHHBIM COIECPXaHUEM.

IIpy 11X OQCTOATENBCTBAX 3HAYEHHUE S, MOXHO TIPUHATH PABHBIM HYJIIO; S, IIPEACTaB-
Js1eT CO00M BBIYMCIIEHHYIO CTAHOAPTHYIO HEOIIPENEICHHOCTD.

E.5.4.2. HeonpeeleHHOCTb SIBHO 3aBHCHT OT COIEpPXaHHA aHAJINTA (mpeodyagaeT ciara-
emoe ¢ s,)

B Tex ciywasix, korma pe3yibsraT JajiekK oT Hyns (BhILLE npedena onpedeneHus) U €CThb
SIBHOE€ CBUIETEILCTBO TOTO, YTO HEONpPENENEHHOCTh U3MEHSIETCS MPONOPLMOHAIBHO CO-
JEpXaHUIO aHAIUTa B TMpeaenax o0JacTy IPUMEHEHHUs METONMKY, B BbIpaxXeHuu (1) mo-
MUHMPYeT WieH x5, (o6macte C Ha puc. E.5.1). IIpu 31X 06CTOATENBCTBAX, 8 TAKKE KOIIa
001acTh IPUMEHEHUSI METOMUKY HE OXBATHIBAET GJIM3KME K HYJIIO CONEPXAHUA, §, C NOCTa-
TOYHBIM OCHOBAHMEM MOXHO MPUHATH PABHBIM HYIIO, a 5, GYAET MPOCTO MPEACTABIIATH
000l HEONpeAeIEeHHOCTh, BEIPAXEHHYI0 B BUAEC OTHOCUTEJIBHOIO CTAHAAPTHOIO OTKJIO-
HEHUS.

E.5.4.3. IIpomexKyTouHblii CoTyYaii
B npomexyTouHbIX Ciry4asx, COOTBETCTByIomuX oomactu B (cm. puc. E.5.1), MoxHO
MIPUMEHUTH JIBa MOAXO0A:

* XapakTepHBIM PUMEPOM HeJHMHEHHON 3aBUCHMOCTH MOXET CIYKHTh BIMSHUE HCTPYMEHTAIBHBIX
IL[YMOB MPH U3MEPEHUH OINTHYECKOro MOMIOIIEHHA BOIH3N BEPXHETO Ipeneia U3MepeHuii npubopa. OTo
0COOEHHO 3aMETHO TOraa, KOraa MoriolieH’e BHIYUCISAETCS UCX0sT M3 MPOITyCKaHUA (Kak B HHppaKpac-
HOIf CIIEKTPOCKOMUU). B 3TOM ciIyyae rpy BBICOKMX YPOBHSAX MOIVIOLIEHUS 11YM (POHOBOM JIHHHUH [IPUBO-
IUT K OYeHb 60JIbLIOH HeoMNpeaeJeHHOCTH, U 3Ta HEONpeneJIeHHOCTb PACTET ropaso 6hICTpee, YeM MOXHO
6bUTO OB OXXMOATH [PU JIMHEHHOIM 3aBUCUMOCTH. OGBIYHDIHM [IPHEM COCTOMT B YMeHBIlIIEHMM KOHLEHTpa-
LIMH, HalIpUMeEPp C MOMOLIbIO pa3daBieHMsl, YTOOb! 3HaYeHUS TOTJIOLIEHHS OCTABAJINCh B paboyeM qHana3o-
He; TOTa KCIoJib3yeMas 30eCh JIMHeWHas Mofeb GyneT anekBaTHa. JJpyrye mpHMMephl CBA3aHbI C «CHTMOM-
JAILHBIM» XapaKTePOM OTKJIMKA B HEKOTOPBIX METOAAaX MMMYHOXMMHYECKOrO aHAIN3a.
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a) Ucnoan3oBanne GyHKUMOHAILHOI 3aBHCHMOCTH
Bornee 061muit TOAXOX COCTOUT B HAXOXIEHUU U MCTIONb30BAaHUU KAK S, TAK U s,. Torma
IIpPY HEOOXOMUMOCTH OLIEHKY HEOIIPEAEIEHHOCTH MOXHO BBIYMCIIUTD UCXOIS U3 TIOIYYEH-

Horo pesynsrara. Eciy oH yno6eH, 3TOT IOAXO. SIBNAETCS peKOMEHIYEMBIM.
[MTPUMEYAHME. CM. npuMeyaHue K pasaeny E.5.2.
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PesynpTar x
Puc. E.5.1. NlameHeHne HeoNpeaeneHHoCTH B 3aBUCMMOCTU OT COAEPXKaHNA aHannTa

0) IIpencraBnenne GpuKCUPOBAHHON OLIEHKH

AJIbTEpHATUBHBIN TOAXOI COCTOUT B BBIYMCIEHUU U IIPENCTABIEHUN (PUKCHPOBaAH-
HOM OLIEHKM HEOIlpeleJIeHHOCTHU, COOTBETCTBYIOLIEH CpelHEMy 3HAaYEHUIO JHanasoHa
conpepxaHuuii. Takoii mprueM MOXHO HCIIOJB30BaTh [IPYU UCIBITAHUAX U B TEX CiIydasx,
Koraa:

* 3aBMCUMOCTb OT COIEpXaHUS HE BbIpaXKeHa SIBHO (T. €. HET OYEBUIHBIX IIPM3HAKOB
IIPOIOPLIMOHAIBHOCTH )

WIH

* JUAarna3oH 3HAYEHUH U3MEpSIEMOIl BEJIMYMHBI OrPaHUYEH, MPUYEM COOTBETCTBYIO-
1IMEe U3MEHEHMsI HEOTIpeNeIEHHOCTH He TpeBbIIAOT 15 % OT CpeNHETO YPOBHS.

Taxum oOpasoM,

aubo

GepeTcs cpeliHee WIK THIIMYHOE 3HAYEHUE X, 110 KOTOPOMY BbIYUCIISEeTCS PUKCHPOBAH-
Has OlLIEHKA HeollpeleJeHHOCTH, U 3Ta OLEHKA HCIIONb3YeTCA BMECTO MHIMBUIYATbHBIX
OLICHOK,

Aubo

KOIIAa MMEEeTCS MAaJIo HAHHBIX, TIOATBEPXKIAIOLIMX MPEANONIOXEHUE O IPONOPLHO-
HAIBHOCTH, TIOYYAlOT EAMHYIO OLEHKY CTaHIApTHOM HEOIpeeJIeHHOCTH Ha OCHOBAHMU
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Ppe3yabTaTOB UCCIECAOBAHUA Hp06, OXBAThIBAIOIIINX BECHh AUAIIA30H COJle)KaHI’If;I aHaJuTa.
TaKy}O CUTyalIUIO CJICAYET TPAKTOBATh KaK OTCYTCTBUC 3aBUCHUMOCTH OT COACPKaHUA, U I10-
JIY4EHHYIO OLICHKY 3alIUChIBAIOT KAK .

E.5.5. Onpenenenue s, u s,

E.5.5.1. B yacTHbIX ciry4yasix, Koraa npeotiagacT OQHO U3 ABYX ClIaraéMbIX, 0ObIYHO JI0-
CTAaTOYHO MCIIOJIb30BaTh HEONPEACIEHHOCTh, BRIPAXEHHYIO B BUIE CTAHAAPTHOIO OTKJIO-
HEHUS WIM OTHOCUTEJBHOTO CTaHIApTHOTIO OTKJIOHEHMS, COOTBETCTBEHHO, T. €. B BUIE
3Ha4YeHuH s, 1 §,. Eciv, onHaKo, 3aBUCHMOCTb MEHEE OYEBUIHA, MOXET II0Tpe6OBaThCA Ha-
XOXIEHHUE 5, U §, 10 CEPUY OLIEHOK HEOTIPENETEHHOCTH IIPU PA3TMYHBIX CONEPXKAHMAX aHA-
JuTa.

E.5.5.2. [Ipu HaxoXIneHUU CYMMAapHOM HEOINPEAEICHHOCTH MCXOOsS U3 COCTaBJISIO-
II[MX, HEKOTOpbIE U3 KOTOPBIX 3aBUCSAT OT COAECPXAaHUS OIpENesIEMOr0o KOMIIOHEHTA,
a Ipyrue HeT, MOXHO UCCIENOBaTh 3aBUCHMOCTh OOl HEOIpeNeIeHHOCTH OT COlIep-
>KaHMS C TIOMOILIbIO MOAENMpOBaHUsA. PeKoMeHIyeTCs Cieaytolasi nociaeaoBaTeIbHOCTh
onepanui:

1. BEIYMCAUTD (WM [TOJYYUTh SKCIIEPUMEHTAIBHO) HEOTIPENETIEHHOCTH 4(X,) ITO Kpai-
Hell Mepe JUIA NeCATH 3HAYEHH X,, 0XBAaThIBAIOLIMX BECh NOMYCKAEMBIN NMATIA30H COMED-
>KaHUH.

2. ITocTpouTb 3aBUCUMOCTb (X,)* OT X 2.

3. C noMoIIBIO IMHENHOM perpecCUy MOJYYUTh OLIEHKM M U ¢ I MOJENH u(x)* = mx>+c.

4. Beraucmuts s, = Ve us,=Vm.

5. 3amnucate s, 1 S,

E.5.6. IlpeacraBieHne pe3yJbTaToB

E.5.6.1. OnucaHHbIR 30eCh MOIXOH MO3BOJISIET YCTAHOBUTH CTAHIAPTHYIO HEOIpele-
JIEHHOCTH JII000r0 OTAENBHOTO pe3yiabrara. [Ipu npeacraBieHun MHGOPMALIMU O HEOIIpe-
JEJIEHHOCTH pe3yJIbTaTa IpUHUMAaeTCs ClieAyionias ¢popMa 3arucu:

[pe3ynerar] + [HeomnpeneIeHHOCTh |,

II€ HEONpPENeJNIEHHOCTh B BUIE CTAaHAAPTHOIO OTKJIOHEHMS BBIYMCIIAETCSI, KaK yKa3aHo
BBILIE, U yBEIUYMBAETCS (OOBIYHO B ABa pa3a) BBULY HEOOXONUMOCTU UMETh OoJjiee BBI-
COKMH ypOoBeHb O0Bepus. ECu NpeacTaBisioT cpa3dy HECKOJIBKO PE3yJIbTaTOB, BO3MOXHO
Y BIIOJIHE IIpUEMJIEMO JABaTh OLICHKY HEOIIPEAEIEHHOCTH,, IPUMEHUMYIO KO BCEM COO0ILIa-
€MBIM pe3yJIbTaTaM.

E.5.6.2. B Ta6:n. E.5.1 naHbl THIMYHBIE IPUMEDPBI BEIpAXEHMS HEOTIPEAEIEHHOCTH. 3Ha-
YEeHUS HEOIIPEAEIEHHOCTH 11 HECKOJIBKMX aHAJTUTOB IO CITMCKY MOXHO IIPEICTaBIISTh CO-
BMECTHO, IPUMEHSIA TE XK€ IIPUHLIUTIEL.

[TIPUMEYAHMUE. B cimyyasix, Korma, UCXOOsl U3 npedeaa OGHAPYMCeHus WIN npedena OnoseuwieHus
(reporting limif), pe3ynbTaThl NPEACTABIISIIOT B BUIE «< X» WIH «He 0OHapyXeHo», HEOOXOAUMO YKa3bIBaTh
3HaYeHMs 3TUX IpeaesioB. DTa HHPpoOpMaLUa HCIOIb3YeTCs B JONMOMHEHHE K 3HAYEHUSIM HeorpeneaeHHo-
CTH, KOTOPhLIE OTHOCATCS K pe3y/IbTaTaM Bhllle YIIOMSHYTHIX rpenesioB (cm. Ilpumevarus, I1.11).
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Tabauya E. 5. 1. Crioco6bl BBIPAXXEHHUS HEOTIPENEIEHHOCTU

JoMuHHpylomas

Curyauus
utyat COCTaBJIAIONIAs

ITpumMept! nipencraBneHus

HCOHpCI[eJICHHOCTb B OCHOBHOM S, WIH (bHKCHpOBaH- CTaHlIapTHaﬂ HEOIIPCACJICHHOCTh WIIN

He 3aBHCHT OT CoJepXaHus Has oneHka (E.5.4.1 paclIMpeHHas HeollpeaeieHHOCTh

win E.5.4.3.a) (95 %-Hb1i1 ypoBeHb 0BepHs)

i
HeomnpeneneHHOCTb NPONOPLIMO- XS, OTHocHTe/IbHas CTAHJAPTHAs
HaJIbHA comepXaHHIo (E.5.4.2) HeollpeneIeHHOCTh; KO3 PULIMEHT
BapHauHu (Harpumep, B %)

HeomnpeneneHHOCTDb BKIIOYaeT mo- | IIpoMeXyTouHBIH KoadbuumeHr sapuanvu (Hanpu-
CTOSTHHOE CJIaraeMo€ M claraeMoe, ciryyai Mep, B %) win

[IPOIOPLIMOHAIILHOE COlePXaHUIO (E.5.4.3) §, BMECTE C S,




Ipunoxenne F. HEOITPEJIEJIEHHOCTD
N3MEPEHUN BBJIN3U IPEJEJIA
OBHAPYXEHU S /TIPEJIEJIA OITPEAEJTEHUA

F.1. BBenenue

F.1.1. ITpu HU3KMX KOHLIEHTPALIUAX YCUIMBACTCS BIUSHUE PA3IMYHBIX UCTOYHUKOB I10-
MeX, HallpuMep, TaKUX Kak:
* IIIYM WM HECTAOUIBHOCTh HYJIEBOU JIUHUM;
* MellalIIie KOMIIOHEHTHI, JAIOIINe BKJIAA B (CyMMapHbIil) aHATMTUYECKUI CUT-
HaJl;
* XOJIOCTOH OIIBIT;
* IIOTEPM IIpU 3KCTpaKILIUU, BBIAECIEHUU WIK OYUCTKE.
BcnencrBue atux 3p(peKToB OTHOCUTENIbHAS HEOIpPEAEIEHHOCTh pe3yJibTaTa aHaIM3a
C YMEHBLIEHUEM KOHLEHTpAalMY aHAJIUTA [IOCTEIIEHHO YBEJIMYUBAETCs, JOCTUTasi BHAYalIe
3HAYUTEJIbHOM YACTH CAMOT0 pe3yJIbTaTa, a B KOHEYHOM UTOTe — TOYKM, B KOTOPOH (CUM-
METPUYHBIN) UHTEPBAI HEOIIPEAECIEHHOCTY BKJIIOUAET U HOJIb. DTy 00J1aCTh OOBIUHO acco-
LMUPYIOT C NIPaKTUYECKUM IIpeAeIoM OOHApYyKEeHHUS 11 JaHHOTO METOa.

F.1.2. TepMUHONOTUA U COTJNALLUEHUS, CBI3aHHBIE C U3MEPEHUEM U TPEOCTABICHU-
€M OAHHBIX MMPU HU3KUX COAEpXAHMSX aHAJIUTA, IIMPOKO OOCYXHAIUCh B JIMTEPATYpE
(cMm. [29-32], IIpumeuanus, I1.12). Ucnonp3oBaHUE TEpMHUHA <«IIpEOesl OOHApYKEHUS»
cnenyeT 3nech PekomeHnpanusam UIOTTAK [31], onpenensiomuM npenea ooHapyXeHus
KakK COAEpXaHWE aHAIUTA, KOTOpPOE C BBICOKOH BEpOSITHOCTHIO NMPUBOAUT K 3aKIIIOYeE-
HMIO O €r0 HaJIMYUU B COOTBETCTBUU C KOHKPETHBIM KPUTEPUEM IPUHSATUS pEIUEHUIA.
ITOT KpUTEpUil («KpUTUYECKOE 3HAYEHHE») OOBIYHO BBIOMPAIOT TaK, YTOOBI 0OECNEYUTh
HM3KYI0 BEpOSTHOCTD YTBEPXKIEHUS, UTO aHAIUT IIPUCYTCTBYET, KOIIAa OH Ha CAMOM JIieJie
oTcyTcTByeT. Clenys 3TOMy CONIALLEHUIO, AaHAJIUT CYUTAETCS IPUCYTCTBYIOIIMM, KOT-
Ila HaOJMIomaeMblil OTKJIMK BbIllIe KpUTUYECKOTO YpOBHSA. OOGBIYHO Ipenes oOHapyXeHUs
MpUMEPHO B JBa pa3a MpeBbilaeT KpUTUYECKOE 3HAYEHUE, BhIpaXXEHHOE B €OUHMIIAX
KOHLIEHTpaUWHY aHaJIUTA.

F.1.3. O6luenpu3HaHHO, YTO ITIaBHAs LIEJIb MCITOJIb30BAHUS TOHATUS <«IIpeaea oOHa-
PY>KEHUST» COCTOUT B TOM, YTOOBI YCTAHOBUTD TY 00JIACTh, IIe METOMA AHAIM3a CTAHOBMT-
¢ He3((HEKTUBHBIM IS TIPUEMIIEMOTO KOJIMYECTBEHHOIO OMNpeNeIeHUs, U HEOOXOOUMBI
yayquieHus. [ToaToMy TeOpeTUYECKM B 3TOM 00IaCTH HE CIIEIYeT MPOBOOUTDH KOJIUYECTBEH-
HBbIM aHanu3. TeM He MeHee, MpaKTUYecKask BaXHOCTb MH(MOPMALMM 0 HU3KHUX COmepXKa-
HUSX MHOTUX BEILIECTB Je/IaeT U3MEPEHUS B 3TOM 00JIaCTU HEU30EKHBIMU U CTABUT 3a1a4y
MIPEACTABIIEHUS UX PE3YJIBTATOB.

F.1.4. PyxoBoactBo MCO no HeompeneaeHHOCTH M3MepeHUi [2] He maeT MpsIMbIX
PEKOMEHIALIMI M0 OLEHKE HEOIpeNeJeHHOCTH NpU HU3KUX YPOBHSAX HM3MeEpsAeMOM
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BEJIMYUHBI ¥ OOJBLIONM — [0 CPABHEHUIO C pe3yJIbTaTaMU U3MEPEHUII — HEOMpeAeIeH-
HOCTU. JIeHCTBUTENBHO, «3aKOH pACIIPOCTPAHEHMSI HEOIpeNeIeHHOCTEN», OMUCAH-
HBIN B r1aBe 8 naHHOTO PyKOBOACTBA, B 3TUX YCIOBUSAX MEPECTAET BBHITIONHATHCS, OOHO
M3 MPENTIOJIOXEHNH, HA KOTOPOM OCHOBAHBI BBIYUCIIEHHUS, COCTOUT B TOM, YTO HEOTpe-
NeJIEHHOCTb MaJia 10 CpaBHEHMIO CO 3HaYeHUEM U3MepsieMol BenuuuHbl. Kpome Toro,
C CaMbIX OOIIMX MO3ULMNA, TPYAHOCTh IIPOUCTEKAET YK€ U3 OIpeHeIeHUA TOHITUS He-
onpedenenHocms, naHHoro B PykoBomctBe MCO. XoTa oTpuLaTe/NbHbIE HAGIIOAEHUS
B 9TOI1 00JIaCTU BIIOJIHE BO3MOXHBI U JaXe OOBIYHEI, IIPENINOJIaTaeMblii OIPeNeIeHUEM
pa3dpoc 3HAYEHU, ECTIM OH BIJTIOYAET 3HAYEHUS HUXE HYJISA, HE MOXET OBITh «...C 1O-
CTaTOYHBIM OCHOBAHMEM IPUIMCAH U3MEPSIEMON BEIMYUHE», KOTMa MOCIETHAS TIpeL-
CTaBJIsIeT COOOM KOHLIEHTpALIUIO, IIOCKOJBKY caMa KOHLEHTpAalIMs HE MOXET ObITh
OTpULIATENILHOM.

F.1.5. DTy TpyAHOCTU HE UCKIIOYAIOT IPUMEHEHUSI METONOB, OIIMCAHHEIX B JAHHOM
PykoBonacTBe, HO B 061aCTM HU3KUX KOHLIEHTpaLUil TpeOyeTCcss HEKOTOpasi OCTOPOXHOCTh
IIpY MHTEPIPETAUUU U TIPENCTABIIEHUM PE3YJIETATOB C UX HEOIpeneeHHOCThI0. Llenp Ha-
CTOSIILIETO MMPUJIOXEHMS COCTOUT B TOM, YTOOBI 1aTh HEKOTOPBIE pEKOMEHAALIMU B NOTION -
HEHUE K TeM, KOTOPble UMEIOTCS B IPYTUX UCTOYHUKAX.

TTPUMEYAHME. CxonHble coobpaxeHUs TpUMEHUMBI U K ApYrUM obsacTsaM. Hanpumep, uamepeHue
MOJIIpHOM WIH MaccoBoii noiy Bou3u 100 % MoXeT MpUBECTH K aHAIOTMYHBIM TPYAHOCTSIM.

F.2. HaOmonenus ¥ ONEHKH

F.2.1. OcHoBononaralomuii MNpUHUMII U3MEpPEHUN COCTOUT B TOM, 4YTO pe3yabma-
Mbl A6AAI0MCA OYEHKAMU UCMUHHBIX 3HaYeHul. B 4aCTHOCTU, aHAJIUTUYECKUE PE3YIIBTATHI
BHaYaJle MOJIyYaloT B eAMHUILIAX HaOJI0MaeMoro CUTHaIa, HallpuMmep, MB, ennHuLiax no-
IJIOIEeHMS U T. . JJis cooOlueHus: ux 6oJee LKUpOKOH ayIUTOPUM, 3aKa3UYUKY WIH IPYTUM
OpraHHU3alusaIM, UCXOMHbIE JaHHbIE HEOOXOOUMO MIEPEBECTU B COOTBETCTBYIOLLYIO BETMYM-
HY, TAKYI0 KaK KOHILIEHTpALMs WIM KOJIMYECTBO BEIIECTBA. DTOT Iepexol OObIYHO Tpedy-
€T MPOLEAYPHl rPaAyMpOBKM (KOTOpasi MOXET BKIII0YATh, HAllpUMEp, BBEAEHUE MOIIPABOK
Ha XOpoLIO U3y4eHHbIe 3¢ deKTh). OgHaKO HE3aBUCUMO OT 3TOTO MpeoOpa3oBaHUs MO-
JIy4eHHOE B OIIBITE YMCIIO OCTAETCS pe3yJIbTaTOM HabmoneHus, Wi curHaioM. Ecin akc-
NEpUMEHT IIpOBENeH IpPAaBUILHO, 3TOT pPE3YJILTAT HAGMIONEHMS IpPENCTaBIIET COOOU
«HAWTYYLIYIO OLEHKY» 3HAUCHUS U3MEPSIEMOM BEIMMMHEI.

F.2.2. HaGmoneHus peako CBS3BIBAIOT C TEMM Xe MNPUHLUUITHAIbHBIMU OrpaHuye-
HUSIMM, KOTOpbI€ HAKJIAAbIBAIOT HA p€aJIbHbIE BEJIMYMHBI, B JAHHOM Cly4ae — KOHLIEH-
Tpauuio. Hanpumep, BoJHe MOXHO COOOILIUTh O «HAOII0HaeMOM KOHLIEHTpALIMU», T. €.
00 OLIEHKE, KOTOPast JIEXXUT HUXe HyJis. PaBHEIM 06pa3oM pasyMHO FOBOPUTH O pa3bpo-
ce BO3MOXHBIX HabarodeHull, KOTOPbIH 3aXBaThIBAET OTPULIATENIbHYIO 00JIACTh 3HAYEHUH.
Hanpumep, nipu BbIIIOJHEHUM U3MEPEHUM Ha mpobe, KoTopass He CONEPXUT ONpenessi-
€MOro KOMIIOHEHTa, B OTCYTCTBUE CUCTEMATUYECKOro CMELIEHUA MOXHO MpEeacTaBUTh
cebe, YTo IpUMEPHO MOJIOBMHA HAGMIONeHUI OKaXeTcss HuxXe HyssA. JpyruMu ClI0BaMH,
3anucu TUIa
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Ha6monaemas koHleHTpauusa = 2,4+ 8 mMr ™!

Ha6monaemas koHueHTpauus = —4,8+8 mr !

HE TOJBKO BO3MOXHBI, HO M MOTYT CUUTATHCS BITOJHE 0O0CHOBAaHHBIMU B OTHOILIEHUU Ha-
OMIONEHUI U X CpeNHUX 3HaYeHU (cm. Tlpumenanus, I1.13).

F.2.3. [Ipu nipeacraBieHUM pe3yJibTaTOB HAOMIONEHUIT U UX HEOIIPEAENEHHOCTEN 10/~
TOTOBJIEHHOMW ayAUTOpUM HET HUKAKUX IpENsSTCTBUM WIM [IPOTUBOPEYMIA B IIpeACTaBIeC-
HUM HaWTyylleidl OLiIeHKM BEJIWYMHBI UM CB3aHHOM C 3TON OLIEHKOM HEOIPENENCeHHOCTHU
JIaXe B TOM CJTy4ae, KOrjia pe3yabTaT 03Ha4aeT GU3NYECKM HEBO3MOXHYIO CUTyalu1o. Jdei-
CTBUTEJILHO, TIpY HEKOTOPBIX OOCTOSITENBCTBAX (HallpuMep, [1pH IpeACTaBICHUY 3HAYCHUS
XOJIOCTOTO OIIBITa, KOTOpOe OYIET UCIIOIb30BaThCS 3aTEM B KAYECTBE I1OIIpaBKU K Pe3YJb-
TaTaM) abCOJIIOTHO HEOOXOOMMO COOOILUTh pe3yJbTaT HAOMIONCHUSI U €T0 HEOIpeaeeH-
HOCTb, KaK OblI BEJIMKa OHA HY ObLIA.

F.2.4. 910 ocTaercs BepHBIM UM TOTHa, KOra KOHEYHOE MCIIOJb30BaHUE pe3yJibTaTa
He omnpepeieHo. [IocKoNIbKy BO3MOXHO HENOCPENCTBEHHOE UCIIOJb30BaHUE pPe3YJIbTa-
Ta HAOMIONEHUH U CBA3aHHOM C HUM HEOIpeleJeHHOCTU (HallpUMeEp, B IIOCIEIYIOIINX BbI-
YUCNEHUAX, aHAIN3E TEHNEHI[MH WIM HOBOM WHTEpIIpETallMy), UCXOMHBIE HAGMIONeHU
BCeTaa JOJDKHBI OBITh JOCTYITHHI.

F.2.5. Takum 06pa3omM, UaeaIbHbI BApUaHT COCTOUT B MpPEACTABICHUU NOCTOBEPHBIX
pE3yJbTaTOB HAOMIONEHUM U CBSI3aHHBIX C HUMU HEOIIpEeNEeIeHHOCTEM HE3aBUCUMO OT UX
3HAYECHUH.

F.3. UnTepnperanus pe3yisTaToB U YCTAHOBJIEHHE COOTBETCTBHA

F.3.1. HecMoTps Ha BhIlllecKa3aHHOE, CIeAyeT IpU3HATh, YTO MHOTHE MPOTOKOJIBI aHA-
JIM3a ¥ YTBEPXIECHUSI O COOTBETCTBUHU 3aJaHHBIM IpefejaM BKITIOYAlOT HEKOTOPYIO MH-
TEpIIpETaLyIo, MOJIE3HYIO IJIsI KOHEYHOTO MoJib3oBareisi. OOBIMHO TaKas WHTEpIIpETaLiUs
COCTOMT B YMECTHOM [UISI HAHHOM CUTyallUM M JOCTATOYHO OGOCHOBAHHOM 3aKJIIoye-
HUY OTHOCUTEJIBHO COAEPXaHUS aHanuTa B 00beKTe aHanu3a. MHTeplipeTalius oTpaxaer
PEATbHOCTh OKPYXKAIOILLIET0 MUPa, U YKa3aHUE pealbHbIX I'paHUI] COIEPXKaHUS OTBEYaIo OBl
VMHTepecaM KOHEUHOTO T0JIb30BaTelsA. To e MOXHO CKa3aTh U B OTHOLUEHUU OIIEHKM He-
OIPENEICHHOCTH «pEeaIbHBIX» 3HAYEHUIA.

B crnenywoimux naparpadax onvcaHbsl HEKOTOphIe IpUHATHIE oaAXonbl. [IepBrlit na-
parpad (Mcrnonb30BaHUE BhIpaXXEHUM «MeHee YeM» WM «0ojee YeM») B I[EJOM COOT-
BETCTBYET CYIIECTByIOIeH NpakTuke. Pasmen ES5 omnuceiBaeT moaxon, OCHOBaHHBIM
Ha CBOMCTBaX KJIaCCUYECKUX NOBEPUTEIbHBIX UHTEPBaAJIOB. OH OYE€Hb IIPOCT B IPUMEHE-
HMU U, KaK [IpaBuiIo, OyoeT JOCTaTOYEeH IS GONBIIMHCTBA MOBCEAHEBHEIX 3ana4. OnHa-
KO B CUTyallUsIX, KOTJa HaOmoaeHUs 0COOEHHO YacTO OKa3bIBAIOTCSI MEHBILE HYNS (WIU
6oxpmre 100 %), KiraccHYeCKUH MOAXOJ MOXET NPUBOAUTh K HEPEATHHO Y3KUM UHTED-
BanaM. B sTux cnyvasx, no-sugumomy, 6onee noaxonut baecoBckuii oaXo, ONMcaH-
HBIH B pa3nene E6.
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F.4. Ucnosn3oBaHue BbIPAIKEHMIT «MeHee YeM» U «DoJiee YeM» IpH NpeICcTABIeHHH
pe3yJbTATOB

F.4.1. B Tex ciyyasx, Koraa KOHEYHOE MCIIONb30BAHME NPENCTABISIEMBIX PE3YIETATOB
COBEPUIEHHO SICHO Y KOIa HEBO3MOXHO MH(OPMUPOBATh I0Jb30BATENS O IIPUPOJE TI0-
JIyJEHHBIX HaOMONeHUM, IDUMEHEHUE BHIDAXKEHUN TUIIA «MEHEe YeM», «00Iee YeM» U UM
MOJOOHBIX JOJDKHO CJIEA0BaTh OOILMM PEKOMEHIALMSIM TI0 TPEACTaBIEHUIO PE3YJILTATOB
B 00JIaCTH HU3KUX CoAepXaHuit (Hanpumep, [31]).

F.4.2. YMECTHO TOJIBKO CAENaTh OMHO NpeaocTepexeHue. boibImHcTBO pa6oT, 06-
CYXIAIOIIMX BO3MOXHOCTUM OOHApyXE€HUS IpU HU3KUX KOHLEHTpalLUsX, OIUpaer-
cs, TJIaBHBIM 00pa30oM, Ha CTaTUCTUKY IOBTOPHHIX HabmoneHuil. YuratenaM JaHHOTro
PYKOBOACTBA IOJDKHO OBITh ICHO, YTO HabmiogaeMas UBMEHYMBOCTh TOJBKO B pEIKUX
CITyyasix sIBJISIETCSI BEpDHBIM OPUEHTUPOM B OLICHUBAHUU TIOJTHOM HEOIIpeNeIe HHOCTH pe-
3yJbTaTOB. TaK Xe€, KaK U B JII000# Apyroi 00JacTU U3MEPEHUIT, HEOOXOOUMO YIENIsATh
JOJKHOE BHUMAaHHE BCEM MCTOYHMKAM HEOIIPENEIEHHOCTH, BIUSAIOILUM Ha coobllae-
MBI pe3yJbTar.

F.5. PacmMpeHnHas HeonpeeJeHHOCTb BOJM3H HyA. Knaccuyecknii nogxon

F.5.1. ickoMBIff MHTEpBaI HEOIPENEJIEHHOCTU JOJLKEH YIOBJIETBOPATH TPEM OCHOB-
HBIM TpeOOBaHHUSM:

1. OH IoDKeH JiexXaTh BHYTpU JAWana3oHa BO3MOXHBIX 3HAYEHUM (U1 KOHLEHTpaLuU
«IMana30H BO3MOXHBIX 3HAYEHUI» IPOCTHUPAETCS OT HYJISL U BEIIIIE).

2. BeposiTHOCTh OxBaTa JOJIKHA COOTBETCTBOBATh OIPENEIEHHOMY NOBEPUTEIHLHOMY
YPOBHIO, TaK YTO WHTEpBAJI, 3asIBIIEHHBIN KaK IpUMeEpPHO 95 %-Hblit, MOJDKEH, KaK OXWIa-
eTCs1, CoepXKaTh MCTUHHOE 3HayeHuUe B 95 % ciyyaes.

3. IIpencrapisieMble pe3yabTaThl B JOJATOCPOYHOM NMEPCIEKTUBE JODKHBI UMETh MUHU-
MaJIbHOE CMEIlCHUE.

F.5.2. Ecnu paciidpeHHass HEOIpeaeaeHHOCTh ObUIa pacCUMTaHa C MCIIOIb30BaHNMEM
KJIACCUYECKOM CTATUCTUKM, TO HHTEpBAaJl, BKJIIOYAsI TY €r0 YaCTh, KOTOpasi HAXOAUTCS HIXKE
HyJIs1, Oy[eT, 110 ONpeNeIeHUI0, UMeTb 95 %-Hy10 BepOSITHOCTb oxBaTa. OqHAKO ITIOCKOJIb-
Ky (MCTHHHOE) 3HaYeHHE MU3MEpsIeMOil BEJIMUYMHBI HE MOXET HaXOOUThCS BHE IMana3oHa
BO3MOXHBIX 3HaUYEHUI, TO MOXHO MPOCTO COKpAaTUTh 3TOT MHTEpBaJ Ha Kpalo AManaso-
Ha, COXpaHUB IIpU 3TOM TpebyeMylo 95 %-Hylo BEepOSATHOCTb OXBaTa. YCEUEHHBIN KJIacCH-
YeCKUIi TOBEpUTEIbHBIM HHTEPBA B TOYHOCTH COXpaHseT 95 %-Hyio BEpOATHOCTb OXBATa,
3TOT IPOCTO MTOAXO JIETKO OCYIIIECTBUTh Ha IIPaKTHUKE.

F.5.3. B ToM ciyyae, Koria CpeaHUI pe3yJibTaT HaXOAUTCS BHe AMalla30Ha BO3MOX-
HBIX 3HaYEHUI U TpebGyeTcs yKa3aThb UHTEpPBAI JUII UCTUHHOTO 3HAa4eHUS CONEpXXaHUS,
cooOIIaeMBbIN pe3yabTaT CIAEAYET [IPOCTO CABUHYTH K HYJI0. TaKOW CABUT BEIET, OAHAKO,
K HeOOJIBIIIOMY ITOCTOSIHHOMY CMEILIEHUIO, KOTOPOEe MOXET OBITh HE BIIOJIHE IIpUEMIIC-
MO IUIS TONb30BaTeNel (M1 IIpoBaliiepoB [IpOrpaMM MIPOBEPKM KBalW(UKaLUK), XKe-
JAIOUIMX MMETb MCXONHBIE JaHHBIE U1 COGCTBEHHOTO CTATHCTHYECKOro aHalu3a. DTH
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MOJb30BaTeIU OYAYT HACTauBaTh HA MCXOMHBIX JaHHBIX HE3aBUCHMO OT HAJIUYMS ecTe-
CTBEHHBIX IIpeIesIoB. TeM He MEHEe, MOXHO [10Ka3aTh, YTO POCTOE yceYeHHEe Ha YpOBHE
HYJISI 1a€T HaMMEHbIIEE CMEIIEHUE CPEAY BO3MOXHBIX BADMAHTOB AEHCTBUI B 3TOM CHU-
TyalyH.

F.5.4. Eciu cienoBath BeILLIEYKA3aHHOM MpoLieIype, MHTEPBA HEOIIpEAEIeHHOCTH CTa-
HOBUTCSA Bce 0oJiee aCUMMETPUYHBIM I10 MEPE TOTO, KaK pe3yJIbTaT MpUOIIDKaeTCs K ecTe-
cTBeHHOMY Ipeneny. Puc. ES.1 wutiocTpupyeT 3Ty CUTyaluio, KOraa U3MepeHHOe CpelHee
10 MEpe YMeHbILUEHUS TIPEACTABIISIOT OO TEX IOp, ITI0Ka OHO HE OKaXKeTCs HIDKE HYJIS; U
JaJlbHEHIIEeM CHIDKEHUU pe3yibTaT MpeACTaBIAIoOT KaK HOJb.

F.5.5. B XoHeYHOM UTOIe KJIaCCUYECKUN MHTEpBaJ OKa3bIBAETCS LIEJIUKOM BHE €CTe-
CTBEHHOTO Ipefena, noapasyMeBas «omordaHHblii» uHTepBai [0, 0]. C mocTaToYHBIM
OCHOBAHMEM 3TO MOXET CJIYXKUTb YKa3aHUMEM Ha TO, YTO I10Jy4aeMbl€ pe3yJIbTaThl HE CO-
OTBETCTBYIOT peaJIbHOMY COIepXaHUI0. B HOpMaJlbHOM CUTYallud aHATUTUK JOJIKEH 00-
pPaTUTHCS K UCXOOHBIM JAHHBIM U BBIACHUTH NPUUMHY 3TOH HECOIJIaCOBAaHHOCTH, Kak,
BIIPOYEM, U JIIO6OT0 IPYTOro aHOMAaJIbHOTO pe3yJbTaTa KOHTPOJIS KaYyeCTRa.

F.5.6. Eciu Hapsy ¢ (aCMMMETPUYHBIM) MHTEPBAIOM PaCIIMPEHHON HEOIIpeaeIeHHO-
CTY HEOOXOOMMO yKa3aTh CTAHIAPTHYIO HEOIIpEAEIEHHOCTh, pPEKOMEHIYeTCs, YTOORI ObUIA
IIpeACTaBJeHA UCXOMHAsl CTAHAApTHAsI HEOIIPEAEIEHHOCTh, UCII0JIb30BaHHAas ISl [IOCTPOE-
HUS TOBEPUTEIBHOTO UHTEPBAJIA.

0,10

0,05 1

—0,05

anJICTaBHHGMOE 3HaA4YEHHUE

—0,10

-0,04 -0,02 0,00 0,02 0,04
W3MepeHHoe 3HayeHHe

Puc. F.5.1. YceueHune knaccnyeckoro LOBEPUTENBHOIO MHTEPBana B 06nacTu, 6mskoii Kk Hynio. CpeaHee
3Ha4veHue MeHsaeTcs mexay —0,05 u 0,05, a ctanaapTHoe oTkNoHeHue 3adukcnposaHo kak 0,01. XnpHas
AnaroHanbHas NMHUS NOoKa3bIBaeT, Kak M3MEHSEeTCH NpeacTaBnaeMoe 3HaqeHue (B o06nacTu 4o yceueHus)
B 3aBUCMMOCTK OT HabrioAaeMoro 3Ha4eHus; uaroHasibHble NYHKTUPHbLIE JIMHUK NMOKa3biBalOT COOTBET-
CTBYIOWMIA MHTepBaul. CrNoLLHbIE BEPTUKAIbHBIE JIMHUM C OAHOM «3aCe4KOoi» NOKa3bIBaloT HTEPBAsT Heo-
npeaeneHHoCcTU nocne yceyeHus. BuaHo, 4To npyn HabnoaaemMbix 3Ha4eHUAX MeHbLLIE HYNA NPOCTo yce-
YeHHBbIV MHTepBas CTAHOBUTCS HeonpaBAaHHO Y3kuM (cM. naparpad F.5.5)
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F.6. PacimpenHas HeonpeaeneHHOCTs BOM3U Hyns1. BaiiecoBcekuii momxon

F.6.1. BaiiecoBcKre METOABI TMO3BOJSIIOT OOBEAUHATH U3MEPUTENBHYIO uHbOpMaLIUIO
C MMEIOILEHCs alpHOpHON HH(OpMaLMEH 0 BO3MOXHOM (WITH IOTO6HOM) pacIipeeeHuu
3HAYEHW U3MEPSIEMON BETUMYMHBL. DTOT MOAXO0M 00BbEAUHSIET AIPUOPHOE pacIipesieieHue
C TpaBaonoao6ueM (paclpeneNeHueM, BbIBEAEHHBIM TOJIBKO Ha OCHOBAHMHU PE3YJIBTATOB
U3MEPEHUIA) UL MOJIy4eHUs alOCTEPUOPHOrO PacTpeNesieH!s 3HaYEHHIA, KOTOPBIE ¢ [10-
CTaTOYHBIM OCHOBaHMEM MOTYT GBITH NPUTIMCAHBI U3MepsieMOi BeuunHe. HTEpBan He-
OTIPENENICHHOCTH BRIGMPAIOT TaK, YTOOHI OH CONEPXKa IIOAXOASLIYIO AOJTIO pACIIPEAENICHUS,
a IIpeACTaBJIIEMbIM 3HAUEHUEM MOXET OBITh JII000€ 3HaUEHHUE, KOTOPOE OIMCHIBAET I10JIO-
JKEHHUE 3TOro pacrpeleneHus. MoXHO MCII0Ib30BaTh, HAIIPUMED, CpeHee 3HAYEHUE, Me-
JWaHy U MOJY alloOCTEpUOPHOrO paclpeaeieHus.

F.6.2. Ecnu U3BECTHO, YTO BENMYMHA HAXOAUTCA B ONpPENEIEHHOM AUana3oHe (Halpu-
Mep, BBILIE HYJS), a U3MEPUTENbHAs: HHGOpMaLUA NoIy4aeTcs B GopMe f-pacrpeneieHus,
MOXHO I10Ka3aTh [32], YTO pe3yssTUpPYIOLee paclipeeIeHUe BOSMOXHEBIX 3HaYEHUI IIpU-
OIDKEHHO SIBJISIETCS YCEYEHHBIM f-paclipeaeneHueM. st noflyyeHus1 pe3yibrata ¢ Hau-
MEHBILIIMM CMEIllEeHUEM M MHTEepBajla HEOIpEAEIEHHOCTH C IMOAXONAIEH BEPOSITHOCTHIO
OXBaTa peKOMEHAYETCS, YTOObI:

i) ObUIa IMpemcTaBlIeHa MOAA alloOCTEPUOPHOrO pacnpenenaeHus. B cioyyae yceyeHHoro
t-pacripeeNieHUs1 Hy>KHO yKa3aTh JIM00 HaOIoaaeMoe cpeiHee 3HaueHue, TM60 HOJb, eCITU
Ha0JII0JaeMoe CpeaHee 3HaYCHUE HAXONUTCS HIDKE HYJIS;

ii) MICKOMBIM MHTEpBaI ObUI BHIYMCIIEH KaK MHTEpBAJ MAKCUMAJIbHOM IJIOTHOCTH, CO-
Jepxaluii Tpe6yeMylo JOI0 alloCTEpUOPHOro pacnpeneneHus. UHTepBal MaKCUMaJIbHOM
IUTOTHOCTH SBJIAETCA MUHUMAIBHBIM, COAEPXAIUM TPeOyeMyI0 HOJI0 pacllpeaeICHuUs.

F.6.3. JIyis1 1-pacripeneneHus, OCHOBAHHOIO Ha HaOMIoIaeMOM 3HAaYeHUH X, CTAHIapT-
HOW HeoIlpeNeneHHOCTH u U (3PGEKTUBHOM) YMCIIE CTENEHEH CBOOOMBL V., UHTEpBall
MaKCHMAaJIbHO IUIOTHOCTU [UISL CTy4asi, KOT[la HYDKHSISI TpaHuLIa COBIAAAET C HyJIeM, IIpU
YpOBHE JOBEPUS p MOXHO HOJNYYUTD CIECAYIOLIUM 00pa3oM:

1) BBIYUCIISIOT

Rol ZI—PI(_f/u’ chf)’

rae P(q, v) — KyMyJIATUBHAs BEPOSITHOCTD LIS f-paclpeeeHuUs CTbIONIEHTA;
ii) IpMHUMAIOT

q, =Q,(1 - (l —pP,m)/2, Ve )a

rae q,(g, v) — KBAHTWIb PacrpeneIeHUsI CTbIOEHTA 1T KyMYJISITUBHO} BepOSITHOCTU F
¥ 4KCla CTelleHe# CBOGOMBI V., , p — TPeOyeMBlii ypoBeHb nosepust (066r4HO 0,95);

iii) ecau ()_c —uq, ) > 0, UCKOMBIIf MHTEPBAJ PABEH X * uq,; €CIu ( X — ug,) < 0, TO HHTED-
BaJI YCTAHABJIMBAIOT KakK

[OafillQI (Pl(—f/s’vcﬂ’)+pplot 'chf)]'
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INTPUMEYAHME. I1pu nonb3oBaHHUM 3JeKTPOHHBIMM TabiuuaMu Microsoft Excel win Open Office
Calc sHayeHns P, ¥ ¢, MOMy4aloT CIEAYIOIIM 06pasoM:

TDIST(ABS(q),v,2)/2 q<0

P(q,v)= 1-TDIST(q,v,2)/2 q20

q.(P,v) =1-TINV(2 *(1 - P),v),

Tae UV B TabaMYHBIX POpMYJIax HYKHO 3aMEHUTh Ha TPEOYEMBbIit KBAHTIIb (—X /u) U, CO-
OTBETCTBEHHO, YHCJIO CTENMEHEH CBOGOMN V,; P — 3TO KyMYJIATMBHAA BEPOATHOCTh, PaB-
Hasi, Hanpumep, 0,95.

Hexortopas gononHUTENbHAS CI0XHOCTh BO3HMKAET U3-3a Toro, 4yto ¢yHKiusa TDIST
naet i1 P TOJIBKO BEPXHIOK ONHOCTOPOHHIOK BEPOATHOCTD, a PyHKIUs TINV — ToJbKO
IBYCTODOHHEE 3HAYEHHUE g,.

F.6.4. batiecoBcKuii MOAXOM AAET TAKOE Xe MUHUMAJIbHOE CMEILieHHE, KaK U KJlacCH4e-
CKUI1 TOOXO, ONIMCaHHBIH B pasaeine E S, Ho 06magaeT TeM ojie3HbIM CBOMCTBOM, UTO, KOT-
Ja HaOiomaeMoe cpeqHee OKa3bIBaeTCs HIDKe HyJisl, MOJIydaroIiiascs HeollpeaeIeHHOCTh
BO3pacTaeT. TO CBOMCTBO AENAET TAKOM IOAX0N OCOOEHHO NOAXOMSIIUM IS IIpeACcTaBiIe-
HMUS pE3YJIBTaTOB, KOTOPHIE IOCTOIHHO OKA3BIBAIOTCS OYEHb OJIM3KO K IpeeIy, HaupuMep,
K HyJto unu 100 %, xak npu olieHMBaHUH CTENEHU YMCTOTHI BEICOKOYMCTHIX BeillecTB. [1pu
3TOM I0JTy4YaeTCs CYIECTBEHHO OoJiee y3KMil MHTepBaJl, YeM IIpH KIaCCHMYECKOM ITOAXOME,
0 < X < 5u, ¥ COOTBETCTBYIOLIAsA BEPOSTHOCTb OXBaTa HEe paBHa TOYHO 0,95.

8 | — uHTepBan MaKCHMabHO} IULIOTHOCTH
® ---- KJIACCUYECKUH MHTEPBaI
=
oo
2 6 -
<
s
™
9]
S 4
(]
=
= \_/’
2]
<
3) 2 -
5
o
=

0 - =

T T I

-2 0 2 4
H3mepeHHoe 3HaueHne (—X/u)

Pwc. F.6.1. BailiecoBckuii MHTEPBaN MaKCUMaSIbHOM NAOTHOCTY (CMIOLLIHAA NMHNSA) KaK hYHKUMS Ana 5
cTeneHel cBoboabl. MyHKTUPHAasS NMHWMA NOKa3biBAET COOTBETCTBYIOLIMIA KNACCUHECKNIA MHTEpBA

F.6.5. Uto kacaeTcs KJIaCCHMYECKOTO TOIXO0a, BBIYMCIEHUE M3MEPEHHOIO 3HAYEHUS
¥ UHTEpBaJIa HEOIIPENEICHHOCTH JOJDKHO MPOXU3BOAUTHCS TOJBKO IIOCJE TOTO, KaK 3aBep-
LIEHBI BCE Npyrue BhruMciaeHusa. Hanpumep, npu cyMMHUpOBaHMM HECKOJIBKMX 3HAYEHMH,
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OIU3KUX K HYJIIO0, CHa4yajia Hy>XXHO HaWTU UCKOMBIH PE3ynbTaT, OLICHUTH €I'0 CTAHJAPTHYIO
HEOIIpeaeJIeHHOCTD U JTUILB 3aTEM BbIYUCIEATE PACIHUPCHHYIO HCOIIPEACIICHHOCTD.

F.6.6. Eciiu Hapsagy ¢ (aCHMMETPUYHBIM) MHTEPBAJIOM HEOIIpEeNeIEHHOCTH HeoOXonu-
MO yKa3aTh CTAaHAApTHYIO HEOIpeNeIeHHOCTb, PEKOMEHIYeTCs, KaK M Il KIIaCCHYECKOTo
noaxoza, yto6nl ObUTA MpeACTaBlIceHa UCXOQHAS CTAHAAPTHAS HEOTIPEAEIEHHOCTD, HCIIONb-
30BaHHas UL IOCTPOEHUS 3TOTO UHTEpBAJIa.



Ipunoxenune G. TUIINYHBIE NCTOYHUKUA
N 3HAYEHHWA HEOIIPEAEJIEHHOCTNA

B nmpuBeneHHbIX HiKe Tabmuuax codpaHa MHGOPMALIUS O TUIIMYHBIX COCTaBJIAIOIMINX
HEOIPENEIEHHOCTH B aHATMTUYECKHX U3MEPEHUSIX. 3A€Ch IIPEACTaBICHBI:

* KOHKpETHas U3MepsieMasl BeJIMYMHA WIM 9KCIIepUMEHTalIbHAS onepalius (onpenese-
HYe MacChl, 0O0bEMA U T. 1.);

* OCHOBHBIE COCTABJISIOIINE U UCTOYHUKHY HEOTIPEAEIEHHOCTH B KaXIOM CJIy4ae;

* mpemjiaraeMblii METON HAXOXAEHUS HEOMPENEIEHHOCTH OT KaXXI0r0 UCTOYHHKA;

* IIpUMep TUIIMYHOIO CTyyasl, B3SIThIA U3 TEKCTa JOKYMEHTA.

OTU TabMNLIBI IpeAHA3HAYEHBI TOJIBKO I 00001EHUS U YKa3aHUS TUTIMYHBIX METOIOB
OlLIEHHMBAHMS HEOIIPEAEIEHHOCTH B XMMMYECKOM aHanu3e. X Henb3sl CUUTATh MCYEpIIbI-
BaIOI[MMU, U, KPOME TOTO, IIPUBEAECHHBIE 30eCh YUCIIOBbIE 3HAYEHUS HE CIIEAYET UCIIOIb-
30BaTh HEMIOCPENCTBEHHO, O3 JONOJIHUTENBHOTO NMOATBEpXAeHUS. OQHAKO 5TH 3HAYeHUS
MOTLYT IIOMOYb B pellIeHHH BOIPOCa O TOM, SIBJIIETCS JIM CYLLIECTBEHHOI KaKasi-Ti00 KOH-
KpETHasi COCTaBJIAIOIAs HEOIpENeIEHHOCTH.



BenuuwHa TunHUYHbIEe 3HaYEHUST
CocrasJsioliie Heo-
/ onepa- HcrouHniu MerTon onpeneneHus
st TpEAENeHHOCTH Tpumep 3HaueHUe
Macca HeonpeneneHHocTh OrpaHuyeHHas ToY- VkaspiBaeTcs B cepTHdHKaTe Kajin- Becs! ¢ yerblpexpa3psa- | 0,5 Mr
KaJIuGpoBKH BECOB HOCTb KaJTM6pOBKM 6poBKH; Mpeobpa3yeTcsl B CTaHAApT- HOM LKaJIoH
HYIO HEOTPEENEHHOCTh
HenuHeitHoCTb i) aKcnepuMeHT ¢ HabopoM Kan6po- Ipubnu3uTenbHO
BaHHBIX THpb 0,5 emMHULBI HaK-
ii) MOKyMeHTauus MpoU3BOAMUTENS MeHbLIero pa3psaa

CunTHIBa€MOCTb ITOKa-

OrpaHu4eHHOe pa3pe-

ITo HauMeHbLIEMY pa3psiay LIKAaIb

0,5 eAMHU LB

3aHui LIEHHE Ha AUCITIee WK HauMeHbILIEro
LiKasne paap;ma/\/_j
CyTouHblit apeitd PasHble, B1ioYas CraHaapTHOe OTKIOHEHHE KOHTPOJIb- IIpu6an3nTENBHO

0,5 eAMHULIBI Hau-

LWIMBaHHA K B3BELIHA~
BaHHIO

Moc/Iel0BaTeIbHBIX B3BELIMBaHUi MPO-
GBI WJIM KOHTPOJIbHBIX B3BELUMBaHU I

TeMITepaTypy HBIX B3BEILMBAHMI 32 JJINTENIBHBII Te-
puon BpeMeHH. ITpu Heo6XoaMMOCTH MEHBILEro pa3psaa
BBIYMCIIAIOT B BUJE OTH. CTAHA. OTKIL.
W3MeHunBOCTH OT B3Be- | PasHbie CraHaapTHOE OTKJIOHEHHE pe3yJIbTaToB IIpuGau3nTENBHO

0,5 eIMHULIBI HAau~
MEeHbLIEro pa3psiaa

BnusiHust IIOTHOCTH Hecosnapenue mwior- | PaccuurhiBaloT nexonst w3 u3sectHoit | Cranb, HuKeNb, alioMu- | 1 ppm
(1o cornaweHuIo HOCTH THPb U MPOGHI WIN NpeanoiaraeMoit IUIOTHOCTH HWt, TBEpABle OpraHu- |20 ppm
06 yCJIOBHOH MIOTHO- | BBI3BIBAET pa3nyue Mpo6BI ¥ THITHYHBIX aTMOC(EPHBIX YyecKHue BelecTna, Boaa, | 50—100 ppm
CTy) Meunecuaniel B BBITAJIKMBaIOLIEH yCIOBUit YTJI€BOAOPOABI 65 ppm
CUJIe BO3MyXa 90 ppm
BnusiHuS TUIOTHOCTH Kak v BeILIE BBIYKCASIOT BHITATKMBAIOLIYIO CHITY 100 r Boms! + 0,1 r (pa3nuyue)
(B mepecyeTe Ha ycJo- BO3/lyXa JUISl TPOOBI ¥ BEIYUTAIOT BbI-
BHsI BaKyyma) Mpumesanie | TaJIKUBAIOLLYIO CHITY BO3ayXa iis Tupb | 10 I Hukenst <1 mr (pa3nuuue)

ITPUMEYAHUE 1. Tlpu onpeneneHuu GyHIaMEHTAIBHBIX KOHCTAHT MM BOCIpou3BeaeHuH equHuL CH 3HauyeHust Macchl MO pe3y/sTaTaM B3BELIMBa-
HUS1 OOBIYHO MPUBOIAT K YCJIOBUSIM BaKyyMa. B G0IbLIMHCTBE APYTHX CUTYaLMif HAa MPaKTHKE MacCy OMPENENIOT HCXOIs U3 EAMHOMN YCIIOBHOI MIOTHOCTH, KaK
3710 yctaHoBsieHo MO3M [33]. Dto cornaieHe COCTOUT B TOM, YTO YKa3bIBaIOT MacCy AIs IUIOTHOCTH BO3IyXa, paBHOM 1,2 KT M3, 1 IJIOTHOCTH MaTepuaia
8000 KrM ~3, 4YTO COOTBETCTBYET B3BELIMBAHMIO CTAIM HA YPOBHE MOpSI P HOPMaJIbHBIX aTMOcGepHbIX ycnoBusiX. [lonpaBKa Ha BEITAIKMBAIOILYIO CHITY JUIS
HaliIeHHO# TaKMM 06pa3oM Macchl paBHa HyJio, KOIa IUIOTHOCTh MaTepuana coctasisteT 8000 kr M2, a INIOTHOCTb Bo3ayxa 1,2 kr M, IT0CKONBKY IUIOTHOCTB
BO3ayxa OOBIYHO O4YEHb 6IM3Ka K 3TOMY MOC/IeJHEMY 3Ha4eHHMIO, TO COOTBETCTBYIOLLLYIO IMONpPaBKy MOXHO He BBOAMTh. [IpyBeNeHHBIE B TabnuLie 3HAYEHUs
CTaHOapTHOM HEOMpedeNIEeHHOCTH (B ClTyyae eIMHOMN YCIIOBHO! TUIOTHOCTH) MPUTOMHBI B KAYECTBE MpeABapUTENbHBIX OLIEHOK HEOIpeieIECHHOCTH Pe3y/IETaTOB
B3BeLUMBaHUA 63 MOMPaBOK Ha BHITAJIKUBAIONIYIO CHIY BO3yXa Ha ypoBHe Mopsi. Macca, ornpeniesieHHasi 110 COIVIalleHHIO O €AMHOIt YCIOBHOM IUIOTHOCTH, MO-

€T, OIHAKO, OT/IMYAThCS OT «IeHCTBUTENBHOM Macchl» (B Bakyyme) Ha 0,1% wiu 60nee (CM. IaHHBIE 06 ATHX Pa3NTUYUAX B HIDKHEN YacTH TaBNMLIB).

MIDOHHBUSTadUOBH BUHBhBHE U UNMHhOLOU BI9HhUUUL D SMHS)KOUMdU
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Benu- TuUNMYHbBIE 3HaYEHUST
amHa / Cocrabisio-
onepa- LYe Heompene- HcroyHuku Merton onpeaeneHus -
JIEHHOCTU pumep 3HayeHue
s
O6wrem | Heomnpene- OrpaHHYeHHasi TOYHOCTh | YKa3bIBaeTCs B JOKYMEHTALIMH U3TOTO- IMunertka 10 mn 0,02/«13 =0,01 ma"
(KM KO- | JIEHHOCTb KaJIMOPOBKU BUTeJIS, MpeobpasyeTcs B CTAHIAPTHYIO (Knacc A)
CTH) KaTHOPOBKH HEOIpeNeIEHHOCTh
JInst cTeKNHHOM Mmocynbl Kitacca A
(ASTM) c o6beMoM V nipenen npubnusu-
TeJbHO paBeH 126/200
TemnepaTtypa |OTnuyMe TeMIepaTyphl AT- oz/(2\/§ ) maeT OTHOCHUTENbHYIO cTaH- | 100 M1 Bogb! 0,03 M1 ISt OTKIIO-
OT TOI1, IPH KOTOPO¥H JIAPTHYIO HeOoMpeaeIeHHOCTh, HEHHS TEMIIEPATY B
MpOBOIMIACh KUTMOPOB- | roe AT — BO3MOXHBII [1HaNa3oH TeMIle- B npenenax 3 °C
Ka, BBI3bIBAET OTKJIIOHEHHE | paTyp, a 0. — K03 HULHEHT 06EMHOTO
00BeMa OT yCTAHOBJIEH- paCIIAPEHHS XKUIKOCTH; ODUEHTHPOBOY-
HOTO HBIE 3HAYEHHUs O
2-10~* K-! ms Bogpr u 1+ 103 K-! st op-
TaHUYECKHUX XUAKOCTe
B ciryyae MepHO# NOCYnbl, U3TOTOBJIEH- TunuyHoe 3HaYeHHE
HOM U3 IUTacTHKa, MOXET [OTPe6OBaThCS 0. LIS TIOJTUITIPOITIIIE -
TaKKe ydeT KoaduLreHTa pacIMpeHUs Ha4 104K~
cocyna
Kosne6anus
oT onepauuy | PasmuyHble CraHpapTHOE OTKJIOHEHHE Pe3Y/ITaTOB IMunerka 25 M | [ToBTOpHbIE 3aMONHE-

K onepauuu?

TnocnenoBaTeJIbHbIX OIICan;PIﬁ 10 3aroJ-
HEHMUIO 1 B3BCILLINBAHUIO

HUS Y1 B3BELIMBAHUSA:
5 =0,0092 ma

! Tlpenmnonaraercs npsiMoyrojibHoe pacrpenenenue (cm. Ipumeuanus, I1.5).

D Cm. Ilpumeuanus, I1.6.

00€

XBUHOASWEN XUMNIBhULUUBHE 8 MLIDOHHBU3TSdUOSH SMHBIULIO S0HHIE.1D3hULO)]



Cocrasisioline

BennuuHa /
omepanus HeoTpefeieH- HcTouHuKH MeTon onpeneneHus TUnUYHbIE 3HAYEHUS
HOCTH
TIpumep 3HayeHue
KoHueH- CreneHs Y- IIpuMecy yMeHbla- | YcraHaBinnBaeTcs HA OCHOBAaHMM CrangaptHbliit o6paseu |0,1/43 = 0,06 %
Tpauust CTOTBI IOT cofiepXaHue oc- | cepTudHKaTa U3TOTOBUTENS. B Kucioro dranara Ka-
aHaIUTa HOBHOTO KOMITOHEH- | cepTHduKaTe 06bIMHO NaHbl NIPEIEIIH | IS, aTTeCTOBaH KaK
13 CEpPTH- Ta; OHM MOTYT TaKke | (6e3 yKa3aHMsI BEpOSITHOCTH); MX (99,9+0,1) %
(ukara MelllaTh U3MEPEHHIO | CIeTyeT paccMaTpUBaTh KaK IpaHM-
Ha CTaH- L(bI IPSIMOYTOJIBHOTO pacrpeneieHus
JapTHbIHI ¥ DEeTUTH Ha V3
obpaseL IIpumeyanme. B“TCX ciaydasx, Koraa
npupoma IpUMECEHM HE YCTAaHOBJIEHA,
MOXET MOTpe6GOBaThCSl NOMOIHHUTENb-
HOE pacCMOTpeHMe MWIH NpoBepKa Ui
YCTaHOBJICHHUSI MPpPEAEJOB COAECpXKAaHHUA
npuMmecei
KoHueHrtpa- HeomnpeneneHHOCTs | YeraHaBmMBaeTcst HA OCHOBaHMM PactBop auerarakan- |23 =12 mra

LM BelllecTBa
B pacTBope (ar-
TECTOBaHHOE
3HayeHue)

KoHuenTpa-
LA BelllecTBa
B pacTBOpe,
TIPUTOTOB-
JIEHHOM U3
CTaHAApTHOTO
obpasua

aTTeCTOBAaHHOTO 3HA-
YE€HHUS KOHLIEHTPaUHH

HeonpeneneHHoCTH
aTTeECTOBAHHOTO
3HAYeHHUs U orepa-
LM IPUTOTOBJIEHUS
pacTBopa

cepruduKaTa U3roToBUTENSA. B
ceprudukaTe 06bIYHO AaHBI TPENEITBI
(6e3 yKa3aHMsI BEPOSITHOCTH); UX
cJleIyeT paccMaTpUBaTh KaK rpaHu-
LIBI IPSIMOYTOJIbHOTO paclpeneieHus
¥ JEJUTH Ha V3

CyMMUDYIOT 3HaYeHHs Heollpee-
JIEHHOCTH B BUIE OTH. CTaHL. OTKJI.

Mus B 4 %-Hoit yKcyc-
HOM KHCJIOTe; aTTECTO-
BaH Kak (1000+2) mr~!

PactBop anerara
KagMHUs T10CJIe TpeX
pasb6asienuit ot 1000
nmo 0,5 mra~!

I

(0,0012 B BHIE OTH.
CTaH. OTKIL.)

=0,0034
KakK OTH. CTaHO.
OTKIJI.

VIDOHH3YBadUOBH BUHBhRHE U UMXUHKOLOW SIGHhULN] S auHaxOLMdL]
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TuryHble 3HaYeHUs

BennuuHa / Cocrasnsiomue
HcToyHuxku MerTon onpeneeHUs
olepauus HeollpeaeJaeHHOCTH anMep . 3HayeHue
TTornowe- |Kanu6poska npu- [OrpaHHMYeHHAs TOYHOCTh | YKa3bIBaeTCs B cepTudMKaTe
HUE 6opa KanubpoBKU KanuOpoBKHU B (hopMe Ipeme-
MMPUMEYAHMUE. JIOB; Npeobpa3yercs B CTaH-
DTa cocTaBisoIasn JIapTHYIO HeolpeaeeHHOCTh
OTHOCHTCS K ONTHYE-
CKOMY IMOIJIOILUEHHIO,
a He K KOHLIeH-
Tpauuu, KOTOPYIO
HaxomAT C MOMOILBIO
rpagyupOBOYHOM
XapaKTePUCTUKU
Tpo6oor- |Konebauus ot PasnnyHbie CraHmapTHOE OTKIIOHEHHE Cpennee u3 7 usme-
6op U3MepeHus K DE3yNETATOB MAapaUIENbHBIX | peHuit mornomenus | 1,63/47 = 0,62
U3MEPEHUIO M3MEPEHUH WIN JaHHbIE 110 cs=1,63
obecreyeHuIo KayecTBa
HeonnoponHocts | [oanpo6sl, oTo6padHbie u3 | i) CTaHnapTHOE oTKIOHeHMe | OT60p Npo6 xiueda Jos 15 us 72
HEOMHOPOMHOTO MaTeprala |pe3y/bTaToB, MOMYYEHHbIX Ha | B IIPEANOJIOXEHHH 3arpsI3HEHHBIX
B 00LIEM ciTyyae He OymyT OTHEJIbHBIX ToANpo6ax (Koraa | ABy3HayHOI HeomHO- |1 360 He3arps3-
TOYHO NPEACTAaBSITh CPEN- | HEOMHOPOOHOCTH BeinKa o | pomHocTH (cM. IIpu- | HEHHBIX OpLMIA,

HEE CONEPKaHME aHaIUTa

MTPUMEYAHHUE. Cnyyait-
HBlit Tp0600T6OP B 061IEM
CITyyae [JaeT HyJleBoe CMeLle-
Hue. Moxer notpe6oBaTbCst
MpoBepKa TOro, YTo MpobooT-
60p 1eHCTBUTENBHO SIBISETCS
cnyd4aHbIM

CPaBHEHHMIO C TOYHOCTBIO
aHaM3a)

ii) CTaHZapTHOE OTKJIIOHEHHE
OLIEHMBAETCSI M3 M3BECTHBIX
WIH Npe/roiaraeMbIxX napa-
METPOB COBOKYTTHOCTH

Mep A4)

OTOOpaHHBIX OT
ob11eit Macchl:
OTH. CTaH[,.
HEOIp. paBHa
0,58

20¢
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TUNMYHble 3HAYEHUS

Bemmuuna / | CocTaBiisioliye He-
HcroyHuku Meron onpeneneHust
ornepanus ornpeneseHHOCTH Tpumep 3uavenye
Ussneuenue | CpemHsis cTeleHb | DKCTpakiivs pel- | BeIMHUCIAIOT cTeneHb u3BieyeHus | F3BieueHue mne- 28/N42=4,3 %
Y 3KCTPaK- | U3BJIEYEHUS Ko, Korfa 6bIBa€T | B MPOLIEHTAX C UCII0JAb30BaHMEM | CTMLIMOA U3 Xe6a; | (0,048 B Bume
LMK MOJTHOM 1 MOXET noaxodsuiero obpasua cpaBHe- 42 ombiTa, OTH. CTaHI,
BKJTIOYaTh WIK HUS WM C TIOMOILBIO BBEAEHUS cpenuee 90 %, OTKIL.)
nmo6aBisaTh Meaioo- | ro6aBok. HeonpenenéuHocts mo- |s =28 %
1LM€e BIUSTHUSA JIYaloT MCXols U3 cTaHAapTHoro | (cM. Ilpumep A4)
OTKJIOHEHMSI CPEIHETO B IKCIIEPH -
MEHTaX 10 U3BJIEYEHHIO
TTPUMEYAHMUE. UseneyeHue Mo-
XeT OBITh BHIYMUCIIEHO TaKXKe UCXOIs
U3 paHee HalIeHHBIX KO3 GULHMEHTOB
pacrnpeneyneHus
Kone6anus PaznnyHble CraHoapTHOE OTKJIOHEHHE H3pneuyeHue mne- 0,31 B BHZE OTH.
OT oNepauuu pe3yJIETaTOB NapajUIebHbIX ONpe- | CTULIMAA U3 Xteba | cTaHmd. OTKIL.
K olepauuu IeJIeHUN 110 JAHHBIM napHbIX

oInpeneeHui
(cM. [Tpumep A4)

UIDOHH3URTadUOSH BUHBhBHE U MNUHhOLDU BIGHRULIN ‘0 auHaxouudy
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ITPUMEYAHUA HAYYHOI'O PEJAKTOPA

I1.1 (1.4. Ilpumeuanue)

Hannyue noKyMeHTUpOBaHHOM METOOMKM M3MEpeHUil (METOOMKM aHaiu3a), peria-
MeHmpyiomeﬁ BIMAIOMME QaKTOPhI U YCJIOBUS — XapaKTep M IMOCIEO0BATEILHOCTD aHa-
JINTUYECKMX OIepaliuii, MpuMeHsIeMoe 000pyI0BaHUE U PEAKTUBEI, YCIIOBUS OKpYKaloLei
cpedbl U T. M., ABISETCS HEOOXOMMMOM IpPENIIOCHUIKOM ST YCTAHOBJIEHUS OIIPEHENICH-
HBIX ToKa3zaTejaeil TOUHOCTU U, B YaCTHOCTU, OLIEHUBAHUS HEOIIPEAECJIEHHOCTU U3Mepe-
HUH. DTUM Memolduka usmepeHuii KaK «COBOKYITHOCTb KOHKPETHO OIMMCAaHHBIX ONEpaLui,
HCIIO/Ib3YEMBIX IIDU BBITIOJIHEHUU U3MepeHMil...» [B.6], oTamyaercs ot memooda usmepe-
HUll — «JIOTU4ECKOH IOCIeN0BaTEIbHOCTH Omepalyii, olMCcaHHbIX B 00111eM BueE...» [B.7].
ToBopuTh 00 OLIeHKAX HEOINpPEACICHHOCT MOXHO TOJBKO IMPUMEHUTENIBHO K METOOUKE,
HO HEe METOJy U3MEPEHUIA.

I1.2 (2.1.2. CHocka)

1. O6mmit TepMuH «concentration of an analyte» B 3aBUCMMOCTM OT KOHTEKCTa Iie-
peBeleH HaMM KaK <«KOHUEHTpallusl aHalIuTa» WIH «CoAepXaHWe aHanurta». [lepBoe
Y3 3TUX BbIpaXXeHUH LIMPOKO UCITONb3YeTCS B IUTEpAType, BTOPOE PEKOMEHIOBAHO B OT-
€4ECTBEHHBIX HOPMATUBHBIX MOKYMEHTax B KaueCTBe 0000111al011[er0 HAaMMEHOBAaHUS Be-
JIUYMH, XapaKTepU3yIIUX COCTaB BEIIECTB U MaTepUaloB. B Tex ciayyasx, Korga mon
«concentration» B TEKCTe UMEETCS B BUAY KOHKpeTHas u3MepsieMas BeJIM4MHa, B Iepe-
BOAE, TaM, Ille 9TO YMECTHO, JaHO €€ ITOJJHO€ HaMMEeHOBaHMe, HalpuMep, «MaccoBasi
KOHIIEHTpALUs KaaMUs», WIN «MojspHas KoHneHTpauus HCl», win «o6beMHas mons
YKCYCHOM KUCJIOTBI».

2. ITon obsemmoil KoHyeHmpayuell 30ech TIOHUMaeTCsl Oe3pa3MepHOe OTHOLIEHUE 00be-
Ma KOMITOHEHTa K 00111eMy 00beMy CMeCH. B 0Te4eCcTBEHHBIX JOKYMEHTaX I10 METPOJIOTHH,
Kak ¥ B MexnyHapogHoM ctanaapte MCO 80000-9:2009 «BenuyuHbl M equHULBL. YacTs 9.
dusnyeckas XMMUS U MOJIEKYJsIpHast GU3UKa», IPUHATA BeIMYMHA 00bEMHAs HOJIT KOM-
MIOHEHTA, paclpoCTPaHSIIOLIAsACs Ha 6osee IUPOKUHA KPYT GU3UMKO-XUMHUYECKMX CUCTEM.

3. Monsproe codepicarue ipencTaBisieT cOO0M OTHOIIEHUE KOJIMYECTBA BEILIECTBA KOM-
IIOHEHTA K Macce CMECH Y BBIPAXXaeTCsl B MOJIb KT~

I1.3(7.10.1.)

Ad hoc (1aT.) o3HaYaeT «IId JAHHOTO ClIydas», «IJIA JaHHOH lienu». MMeeTcss B BULY,
YTO JNOCTATOYHO M3YYEHHBIM (CTaHOApTU30BaHHBINH) METOO, pa3paboTaHHBIA IS aHAIM-
3a IIMPOKOM I'pyIIlbl OOBEKTOB, MOXET ObITh HEITIOCPEACTBEHHO IIPUMEHEH B KOHKPETHOM
ciydae 6e3 ucciegoBaHUM 110 BAIMAAIIMU. 3aJa4a COCTOUT B MOJy4EHUU OLIEHKU HEOIlpe-
JNEJIEHHOCTH Ha OCHOBEe UMeloleics nHbopmaiuu 06 3(pHeKTUBHOCTH METOAUKHU JUIS
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«POACTBEHHBIX CUCTEM» U MUHUMAJIBHOM JOMOJTHUTEIbHOM 3KCIIEPUMEHTE, IOATBEpXIa-
IOLLIEM [IPUMEHUMOCTb 3TOM UH(DOpMALIMY M1 JAHHOTO CIydas.

I1.4 (7.16.)

Bormpoc o ToM, Kak ciemyeT MoCTyInaTh [pY BBISIBIEHUM CMEILIEHUS B pe3y/IbTaTax aHa-
Jn3a, SBJIAETCSl BeChMa aKTyaJlbHBIM U 3aCTyXXMBaeT Gojiee MoApoOGHOIO PacCMOTPEHMUA.
B yactHoCTH, BBEIEHUE NTONPAaBKM Ha 3HAYMMOE CMELICHME NaIeKO He BCEra ONpABIaHO
C MPaKTUYECKOI TOYKM 3PEHMs, ¥ NIPEANOYTUTEILHBIM MOXET ObITh YBEIUYEHUE HEOTIPE-
JIEIEHHOCTU (CUMMETPUYHOE WU HECUMMETPUYHOE) C LIeJIbI0 yYeTa CUCTEMATUYECKOTO
apdexra. Ui pacliUpeHUsI MHTEpBala HEONIPEAEIEHHOCTH C YYETOM CMEeILEHMs MpeIo-
’KEHO HECKOJIbKO IOAXOI0B, HU OOVH U3 KOTOPLIX He SIBIsieTCsl 6eccriopHbIM. ITonpo6Hoe

obCcyKIeHHe 3TUX BOIIPOCOB MOXHO HalTH B crathe: B. Magnusson, S.L.R. Ellison. Anal.
Bioanal. Chem., 2008, 390, 201—213.

I1.5 (8.1.4. IIpumep; E.1, Tabnuiia «IIpssMoyroipHOe pacripeaeieHue»)

[IpuMeHeHUe MOJENIyu NPSIMOYTOJIBLHOTO paclipeneleHus] BEPOSITHOCTU B 3TOM IIpUMe-
pe (4 B IpYTUX aHAJIOTMYHBIX MECTaX B TeKCTe PyKoBoacTBa) Heslb3sl CYUTATh KOPPEKTHEIM.
[Ipenmonoxenue 06 OMMHAKOBOI (PaBHOMEPHOM) BEPOSTHOCTH HAXOXIEHUS CIydyalHOM
BEJIMYMHBI BHYTPU 3aJaHHBIX T'PAHULL + @ MOXHO OIIpaBIaTh TOJIBKO IIPU OTCYTCTBUU KOH-
KPETHBIX CBEICHUI O BO3MOXHBIX 3HAYEHUSIX 3TOM BEIMYMHBI BHYTPU UHTEpBana. B naH-
HOM CJTy4yae Takue CBeJeHMS eCTh — 3T0 HOMUHAIbLHOE 3HAYEHUE BMECTUMOCTU MEPHOM
KoJowl. [ToaTOMy Gosiee mpaBWIbHBIM 3[ECh SBJISIETCS IPUMEHEHUE MOAEIU TPEYTOJIbHOTO
paclipeenieHus, YTO BEAET K CTAHTAPTHOM HEOpeneIeHHOCTU a6,

I1.6 (A.1.3. Obsem V)
Tpu MCTOYHUKA HEOTIPEAEIEHHOCTH:
* yKa3aHHBIe U3TOTOBUTENIEM MPEAEIIBI (HOITYCKH) IUIsl 06beMa MEPHOM KOJIOHI,
* CJly4yaiiHble OTKJIOHEHMS ITPU 3aITOJTHEHU U KOJIOBI 1O METKM,;
* omiM4ue paboueil TeMIiepaTyphbl OT TeMITEpaTyphl KATUOpOBKHY,
KoTOopble B PyKoBo#CTBE peKOMEHIYETCS YUMUThIBAThH NPU OLEHUBAaHUN HEOIpEeACIEHHO-
CTH BceX 00BEMHO-aHAIUTUYECKMX Ollepalluii, cieayeT paccMaTpuBaTh CKOpee Kak I10-
TEHLIMAIBHO BO3MOXHBIE, HEXENU TMOoMLIeXalye YU4eTy BO BCeX ciaydasx. 1ak, HOITyCKH
Ha CTaHIApTHYI0 MEPHYIO IIOCYAy VXK€ BKIIOYaloT B CeOsl CIy4yaiiHyl0 COCTaBJIAIOLIYIO,
Y, CJIE0BATEbHO, yYeT (PaKTopa MOBTOPSAEMOCTH 00BIYHO He TpebyeTcsa. HanpoTus, mpu-
MEeHeHHe MEPHOM Iocy[pl, MpoLIeNIeil HHINBUAYAIbHYIO KaJIUOPOBKY, TO3BOJISET UC-
KJIIOYUTh U3 pACCMOTpEHHs MEPBYIO U3 TpeX Ha3BaHHBIX cocTaBumoumx. IlonpobHoMy
PacCMOTPEHMIO 3THX BOIPOCOB nocBsiieHa craths: R. Kadis. Talanta, 2004, 64, 167—173.

I1.7 (A3.5. [IpumeyaHue)
DaKTOp n08m, KOTOPBIli BBOXUTCS B yPaBHEHHE M3MEPEHU Ha 3TOM JTalle pacCMoTpe-

HUS (CM. Taxoke Ta6auipl A3.1—A3.3 1 aHalTOrHYHbIe tabuuiel B 0pyrux IIpumepax), cie-
IyeT TPaKTOBaTh KaK IONPABOYHBIH MHOXHUTENb C HOMUHAIBHBIM 3HAYCHHEM CIMHMIIA
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u CTaH,[[apTHOfI HEoNpeacJICHHOCTEIO, paBHOfI OTHOCUTCIIBHOMY CTaHOAaPTHOMY OTKJIOHE-
HHUIO TOBTOPACMOCTH PE3YJIBTATOB Ol'Ipe,HCJIeHI/II‘;I.

I1.8 (A6.4. Temnepamypa u npoOOANCUMENLHOCHb CYUIKU)

DTOT nmpUMep, JEMOHCTPUPYIOIIUNA y4eT HEONIPEACTIEHHOCTU, CBI3aHHOM C oNepaiu-
€ CYLUKM JO ITOCTOSTHHOM Macchl, B IOMIOJIHEHUE K OLIEHKE MeXJ1abopaTopHON BOCIIPO-
HU3BOAWMMOCTH IIpU HU3KUX COACPXAHUSIX KJIETYATKU, HE BIIOJIHE COOTBETCTBYET OOLLEH
CxeMe OLieHMBaHUS HeompeaeleHHOCTH (cM. pasmesbl 7.1 u 7.2). O61as peKoMeHaalnus
COCTOUT B HEOOXOMMMOCTHU JOMOJHUTEBHOIO yYeTa TeX UCTOYHUKOB HEOIIpeNeIeHHO-
CTU, KOTOphie He OTPaXXeHbI UM HEAOCTATOYHO IOJHO OTpaXXeHBl B pE3YJIbTaTax uccie-
JIOBaHUS METONUKHU B IIeJIOM. B mTaHHOM ciyyae MMeIascss B paclOpsLKEHUM OLIEHKA
BOCIIPOU3BOJAMMOCTU OXBAThIBAET BCE ONEpaliMi METOAUKY, BKJII0YAs U IIpOLIEAypy CyLlI-
KU IO MOCTOSIHHOM Macchl. TakuM o0pa3oM, HEOIpeAeIEeHHOCTh, BHOCUMAas 3TOH oIle-
pauueli (HEYeTKO perIaMeHTUPOBAaHHOM B METOAMKE aHAIM3a), OTpaXeHa B pe3yJibTaTax
MexXJ1abopaTopHOTo SKCcnepuMeHTa. JJoNoTHUTENbHBIN YUeT 3TOM COCTaBIAIOLLEH onpaB-
JlaH, €CJIM €CTh OCHOBaHUS CYUTATh, YTO MOJYYEHHBIE B 9KCIIEPUMEHTE JaHHBIE HEOOCTA-
TOYHBI.

I1.9 (A7.4)

Kak cnenyer us Tabn. A7.7, HeonpeneneHHoCTs 4 (¢ ) = 0,00018 MKMOJIB I, IPUITUCHI-
BaeMas pe3yabrary ¢, = 0,05370 MKMosb ™', BBIYMCIIEHA UL OQHOTO ONpPENETIeHUs, B TO
BpeMsI KaK pe3yJIbTaT MpeACcTaBiseT co0oii cpeqHee U3 YEThIPEX TAKMX OIIpeaeICHUA.

B s3TOM npuMepe oTYETIMBO IPOSIBUIACH OIPEAENIEHHAS TPYAHOCTb B IPUMEHEHUU MO-
JENBHOTO MOAX0OAa K OLIEHWBAHUIO HEOIPEAEIEHHOCTU B 3alayaX XMMUYECKOTO aHaIu3a.
YpaBHeHMe U3MEpPEHUI WK CJIOXHAs CUCTEMAa ypaBHEHUM, KaK B merone IDMS, He yuu-
THIBA€T TOTO OOCTOSITENBLCTBA, YTO OOBIYHO B XUMUYECKOM aHAIU3E BBHIMIOJHSIIOT HE OQHO,
a HECKOJILKO U3MEPEHUH («[1apaJUIeJIbHBIX ONpEeNeeHUN»), U pe3yJbTaT aHaIu3a IOJIy-
4aloT NMYTEM YCPeNHEHHUs WX pe3y/JbraToB. BciaencTBue ycpemHEeHUS CiydailHbIX 3¢ dek-
TOB HEOMNpEeIeIEHHOCTh pe3yJikTaTa aHaIu3a JOo/DKHA ObITh MEHBIIIE, YEM B CIy4ae, Koraa
napauleNibHbIE ONpeaeieHUsT OTCYTCTBYIOT. Bo3aMoXHOe pellleHue 3a1a4u B TaKUX CiIy4a-
SIX COCTOUT B BBIACJIEHUU TPYMIIbI COCTABIISIONIUX HEONpPeNeIeHHOCTH, OTBETCTBEHHBIX
3a CIIy4aWHBIMA pa3dbpocC B YCIOBUSIX ITIOBTOPSIEMOCTH, M YMEHbBILIEHUY BKJ1aJa 3TUX COCTaB-
JISTIOLIMX B COOTBETCTBUM C YMCIIOM MapajUIeIbHBIX onpeaeieHuid. [IpuMeHUTeNbHO K Me-
toxy IDMS Ttakoit moaxon 6wl1 ucnonb3oBaH B pabote B. Kim et al. Bull. Korean Chem.
Soc., 2010, 31(11), 3139—-3144.

I1.10 (E.4.6)

IIpuBeneHHoe 3mech ypaBHeHMe (8) maeT pellieHUe 3aJadyd OLIEHWBAaHUS HeEOIpene-
JIEHHOCTH, OOYCIOBIEHHONH HEU3BECTHBIM IOCTOSHHBIM CMELIEHUEM (IIPUMEHUTEIBHO
K JIMHEWHOI! rpagypOBOYHOI 3aBUCUMOCTH), B caMOM ob1iem Buze. [IpakTuyeckoe npu-
MEHEHME 3TOro YypaBHEHUS TpeOyeT NOSACHEHU I U KOHKPETHBIX IIPUMEPOB.
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I1.11 (E.5.6.2)

YroMuHaeMHIii 31eCh «Ipeaell ONoBeIueHUs» («reporting limit») 0O3HAYaeT HaUMEeHbIIee
CoIepXaHKEe KOMIIOHEHTa, KOTOPOE MOXET OBITh IIPEACTABIEHO 3aKa34MKY B OTYETE J1aGOo-
paTopuu. DTO eCThb NPAKTUYECKUII Npelesl OOHapyKEHUA METOAA B IIPUCYTCTBUU CPENHUX
COllepXaHUI MEIIAIOIIMX KOMIIOHEHTOB IIPOOHI.

I1.12 (E1.2)

W3 my6nukaiuii, NOCBAIIEHHBIX TEpMUHOJIOTUY, TIPEOCTABIEHUIO PE3YJIBTATOB U I101-
XOJIaM K OLIEHKe BO3MOXHOCTEN METOIOB aHAIM3a B 00JIACTH HU3KUX KOHLIEHTPALIUIA, clie-
nyeT Hasatb: JUPAC. Pure Appl. Chem., 1982, 54, 1565—1577 (pycckuii nepeson: Xypran
ananumuyecroii xumuu, 1984, 1. 39, Ne 6, c.1135—1144); Analytical Methods Committee.
Analyst, 1987, 112, 199-204; L. A. Currie, W. Horwitz. Analusis, 1994, 22, No. 5, M24—M26.

I1.13 (E2.2)

B oTeyecTBeHHOI IIpaKTUKe ITpU IPEACTAaBICHUN pe3Y/IbTaTOB U3BMEPEHUH BCerna y4uu-
THIBAIOTCS OrPAaHUYEHMS, HajlaraeMble PU3N4eCKO MOMEBIO 00beKTa. DTa ITO3UILIMS COOT-
BeTCTBYeT u3noxeHHo! B F.3.1. B ciyyasx, aHamoru4HbIX peacrapieHHbM B F.2.2, ganie
BCErO YKAa3bIBaIOT HECUMMETPUYHEIE IPAHUIIBI UHTEPBAJIA BOKPYT Pe3yJikTaTa U3MEPEHUH,
TaK YTOOBI HYXKHSA TpaHMIIa 3TOr0 MHTepBaia ObLla paBHA HYJIIO.



Bamnauus
AHAMTUYECKHMX METOAMK
Ilepesod ¢ anenuiickoeo sa3vika 2-20 uz0anus
noo pedaryueii I. P. Hexcuxosecko2o

KosinyecTBeHHOE ONHCAHUE
HEonpeAeJeHHOCTH
B AHAJIMTHYECKHX M3MEPEHHSIX
Ilepeso0 c anenuiickoeo sa3vika 3-20 U30aHus
nod pedaryueii P. JI. Kaduca

Pyxoeodcmea oaa aabopamopuii

ISBN 978-5-91884-075-7

97785918"840757

HOIT «IIpodeccus»
Cankr-IletepOypr, 190020, a/a 140
Ten./dakc: (812) 313-54-14
URL: www.epcprof.ru
E-mail: info@epcprof.ru

VHTepHeT-Marasud ¥ OHJIaiiH-3aKa3 KHUT U3JaTeJIbCTBa:
WWw.epcprof.ru

ITonmucano B reuats 07.12.2015.
®opmar 70x100 1/16. Ycn. mey. 1. 25,27.
Tupax 500 k3. 3aka3 Ne 121

Otneyarano B Tunorpadpun OO0 «UIIK BUOHT»
199026, Cankr-Ilerepbypr, Cpeanmuii nip. oM 86
Ten.: (812)322-6843
e-mail: biont11@mail.ru



CnucoK onevyaTtoK B KHUre:

MecTo B TekcTe

HaneyaraHo

Cnenyer untaThb

Crp. 36. Tabn. 3.

Kononka "Pabouas
XapaKTepHCTHKa", naTas CTpoka
TabnuLbL

l'IpaBuanocn CMECLIEHHA

[TpaBunbHOCTb (CMeLLEHHE)

Ctp. 55. Pazpgen 6.3.1.
Onpenenexue

HiokHsas rpanyua pabouero
JlMarnasoHa COOTBETCTBYET
npeneny KoJHYECTBEHHOro
onpegenexus LOD.

Hukuss rpanuua pabouero
ZMana3oHa COOTBETCTBYET
npeneny KOJH4YeCTBEHHOro
onpenenenus LOQ.

Crp. 100. Tabn. D1 (okoHuaHue)
[Cononka "®opmyna",
YeTBepTas CTpoKa TabJsIHLbI

PPy =

NPV =

Crp. 170. Pazpen "Obvenm V"

(cM. ITpuntevanus, 11.7)

(cM. ITIpumeuanus, 11.6)

Crp. 194. Paspgen "V1u",
ii) Texnepamypa

15-2,1-4+/3 = 0,007 mn

15-2,1-10™ -4/+/3 = 0,007 mn

Crp. 220. Pa3pen "Hsmepsemas

’,=CO'VL

: d : -fncd : -flimc : .flcmp

Y .
r=———=k- ./ncd ' .flimc ’ f"""l’

BeauuyuHa", popmyna ay ay
Crp. 231. Pazgen "Bausuue
NPOLOHKUTENLHOCTH Sine =%(0,5-0,003) = Sime =1%£(0,5-0,003) =

n
ime
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