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B HAYYHOM COBETE PAH
110 AHAIMTUYECKOM XUMHH

INPEJACTABJIEHHE PE3YIBTATOB XUMHYECKOI'O AHAJIM3A
(PEKOMEHIJAIIHHM IUPAC 1994 r.)*

IIpepcraBneHne NaHHLIX, MONYYEHHbIX B XO/Ie XHMUYECKOr0 aHa/IA3a, ABASETCR HauGoee BaXKHOM ero CTa-
RHeH. B 1aHHOM JOKYMENTeE NpeaoXeHsl HOMEHKaTypa ! NpaBuia, KOTOPbIE NPHEMIIEMbI C TOUKH 3pe-
HHSl KaK MaTEMaTHYECKOH CTaTHUCTHKH, TaK U XUMHK, TepMHHONOrHA U POPMYIHPOBKH B3SThI YACTHYHO
u3 crafiapra ISO 3534 (“CraTucTika - rimoccapuit ¥ yCliOBHble 0603HaYEHHA”), 2 TAKKE U3 NPYTHX HCTOY-
HHKOB, CNHCOK KOTOPbIX NpHBEeH B KOHLE JAHHOTO JOKYMEHTA.

Hacrosuit JOKyMEHT OXBaTbIBacT TPH OCHOBHbIX pa3aena: (1) o6Luas TepMHHONOIHA, CBA3aHHas C Tpa-
BHJILHOCTbIO H BOCITPOH3BOJHMOCTBIO 3KCIIEPHMEHTANbHBIX JaHHLIX; (2) ONMHCAaTENhHAsA CTaTHCTHKA JUIS
CTaTHCTHYECKOI0 aHAMIH3a OTHOMEPHOM BEIGOPKH XHMHYECKHX H3MEPEHHH; (3) NOHATHS, PUrOAHBIE OISt
OUEHKH ¥ MPHMEHEHH THHEHHBIX TPAlyHPOBOYHBIX (DYHKIHH.

1. BBEJEHUE

LenHocTs GONBIIMHCTBA ITYOIAKYEMBIX HCCHENO-
BaTeJbCKAX paboT B OGNIACTA XAMAYECKOTO aHATH3a
CHEDKAETCs M3-3a TOTO, YTO HX aBTOPbI HE IPHIEPXH-
BaloTCH OGIIENPEHATON CHCTEMb] OMHACAHUSA YACIEH-
HbIX pe3yasTaToB. MccnegoBarens He Bcernia MoXeT
BKJIIOYATH B MaH paboThl CTATHCTHYECKOE H3yye-
HHE MJIHA, HCXOAS H3 PeallbHOCTH, MPOBECTH HEYTO
Gonbuiee, yeM HeGONBIIYIO CEPHIO NapaljelbHbIX
H3MepeHHil B ero cob6cTBeHHO 1aGopaTopun. B npo-
necce pa3paGOTKH HOBOTO aHaJHTHYECKOTO MeTofa
RIS TECTHPOBAaHMA OOBIYHO HCHONL3YIOT HCKYCCT-
BEHHble WJIH CTaHHAapTHble O6pa3ubl ¢ H3BECTHBIM
copepxaHaeM. M1 oObIYHO MoyaraloT, 4To o6pa3ibl
TOMOT€HHEI, a MOrpemHoCTH Npo600T60pa HE3HAYH-
Mbl. OIHaKO laXe C y4YeTOM 3THX NpUOIMKEHANR pe-
3yNbTAaThl XEMHYECKHX AHAJIN30B MOJAAIOTCA MPO-
cTOM cTaTHCTHYecKOl o6paboTke.

Huxecnenyrommit TekcT mnpefcrasaseT cobo
CNACOK XapaKTCPHCTHEK, HEOGXOMHAMBIX JJIA ONACa-
HHSl Pe3yJIbTaTOB B CTaHJapTH30BaHAOM dopMe (Hc-
MONb3ys PEKOMEHIOBAHHbIE TEPMHAHBI H YCIIOBHBIE
0603HaYeHHs, aBTOpP MOXET OJHO3HAYHO OMHCATh
CBOH HaHHbIE 6€3 KakKoro-ym6o NONONHATENLHOTO
NOSICHEHMST TEPMMHOJIOrMH HMIA METOHAa pacyeTa).
Toneko B cy4ae, €Clid HCMONB30BaHBI JpyrAe Tep-
MHHBI, aBTOp 0643aH OOBACHATD HX 3HaYCHHE.

Ilepeuenr BkIIOYaeT CTaHAAPTHbIE TEPMHHbI
(anpuMep, “MemAaHa’’) U MeHee CTaHapTH30BaH-
HbI€ TEPMHHBI THIA “‘OTHOCHMTENbHAS MOTPEMIHOCTD,
BBIpaXX€HHast B MPOLEHTAX ', KOTOpPHIE NOJIE3HbI XH-
MHKaM-aHanATekaM. [lomo6GHBle HecTaHRapTHbIE
. TEpMHHbBI, HECMOTPSI Ha MX IIOBCEMECTHOE HCIONB30-
BaHHe, YacTO NPHBOISAT K MyTaHALE, TOCKOIBKY 060-

* Opuu 43 ToKyMeHTOB MeXyHAPOJHOTO COI03a TeopeTHUeCKOH
o npuxnanuoit xumin (MIOTTAK) —~ “Tlpasuna npeRcraBnenus
Pe3yALTATOB XHMHYECKOT0 aHa/TH3a", OIyGAHKOBAHHBIA B O(H-
unansiom oprade MIOTIAK - xypuane Pure and Applied
Chemistry (Pure and Appl. Chem. 1994, V. 66. P. 595) — nepesoa
c anrnufickoro M. A, ITpockypHuHa.

3HAaYaloT NoRYac pasHeie NOHATHS. CTaTACTUUECKHE
TEpPMHEHBl B 3TOM [OKYMEHTE H HX OIpEAeleHHs
BbIOpaHbI HCXOJA H3 NPAaKTHYECKHX HYX] XAMHAKOB-
AHATATAKOB, paboTalollUX B XHMHAYECKHX Jabo-
paTopmax. UHTaTensM, HE3HAKOMBIM C OCHOBaMH
CTaTHCTHKH, HMEET CMBICT O6PaTHThCA K COOTBETCT-
ByIOUIeH BBONHOM JIHTEpaType, CIOACOK KOTOpOH
NIpEBEAEeH B KOHLE TEKCTA.

Tepmuubl B HX (OPMYIHPOBKH, NOMEYEHHBIE
3BE3XOYKOW, B3SAThl YAaCTHYHO MJHA MOIHOCTBIO H3
Cranpapta ISO 3534 (1993) “CraTuctika — raocca-
puii ¥ ycnoBHble 0603HaYeHHA .

1.1. TIpu6anxeHus u npepocrepexenus. Ypes-
BBIYaHHO BaXXHO MOHMMATb, YTO MPHOJIHKEHHA HTpa-
0T LleHTPaJIbHYIO PONb B TOM, HACKOJIBKO MPHIOXHBI
3aKJIIOYEHHA MOCHe CTaTHCTHYecKO# oOpaboTKH
3KCMEPHMEHTAIBHbIX AaHHBIX. [TockonbKy mopo6-
Hble TPHGJIMXEHHS Yalle BCETO SIBIAIOTCS HEABHBI-
MH, MBI CYHTaEM HEOGXONHMEBIM OOpaTHTL BHHMaHHE
YATATENS Ha WX CYUIECTBOBAHHE H HX BAaXXHOCTh.
IMpuununmanbHble NPAGIHXKEHAS, HA KOTOPbIE Cle-
AyeT o0palaTs BHEMaHAE, — 3TO HCIONb3yeMas Mo-
pens. HanpuMmep, ecna HabniofeHns y BbIpaXkaloTcs
CHeRyromAM 06pa3oM:

y = f(x)+e,,

TO MBI JOJIXHBI 3HATh O MPHOIAXEHAAX, CBI3aHHbIX
¢ ¢pynkuuei f{x), CBA3LIBAIOIIAX MapaMeTphl y | X, H
0 npuGNAXEHHsX, CBA3aHHBIX CO CTPYKTypoR mo-
I'penHocTH ¢,. B pasnene 3 gannoro nokymenTa f{x)
npencTaBnseT coGOM MATeMATHYECKOe OXHAAWHE
(population mean) Benw4HHbBI X, T.e. OXBAOaeMas Be-
N¥YHHA HaGniogeHs# (mocTosiHHan); B pa3uene 4 fx)
NpeACTaBiseT co60i BhlpaxkeHHe a4 + bx, T.e. nps-
Myio nrEm0. HecobGmioneHre 3THX npefnonaraeMsIxX
¢byHKUMOHANBHBIX 3aBHCHMOCTE# HEH3GEXHO INpH-
BeleT K OomHO04YHBIM pe3ynbTaTraM. K cyacTelo, cy-
ECTBYIOT CTATUCTHYECKHE KPHTEPHH, TaKHE, KaK ¢,
x* ana F, a XpoMe TOro, METOOBI — OCTaTOYHBIX
CYMM, KOHTPOJBHBIX HHarpaMM H T.IL., - KOTOpbIE
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NMOMOraloT HaWTH NOrPEIIHOCTH BbI6Opa MOAENH.
OpnHako cleno Ha HEUX MOJNAraThCs HEJb3st BCIACHCT-
BHE TOTO, YTO BCE CTATHCTHYECKHE KPHTEPHH AMEIOT
nBa ¢yHNaMEHTaNbHBIX OrpaHuyeHus. I[leppoe u3
HHX 3aKJII0YaeTCA B TOM, YTO OHW caMR 6a3HpyroTcs
Ha KaKkAx-1a60 npubmokeHnsx. Bo-BTopsix, HX cro-
COGHOCTh HaXONHUTh OMMOOYHBIe MOMEH (AIH ab-
TEPHAaTHBHbIE THIIOTE3bl) BCEIAAa OrPaHHYEHa, T.e.
[OTPENUIHOCTH, HE HalICHHbIE B MOJENH, MOTYT TEM
He MeHee BbI3BaTh CEPbE3HbIE MOTPEelIHOCTH B 3a-
KmodeHusx. bonee peranbHoe OGCyXAeHHE OCHOB
TECTHPOBAHHA THIIOTE3 H CBA3U MEXAY BO3MOXHOC-
TAMHA KPHATEPHAEB H 3HAYAMOCTBIO TECTOB (HYNb-TH-
MOTE3bl) YHTATENb MOXET HAHTH B BBOJHOM Kypce
o MaTeMaTH4YeCKOH CTaTHCTHKE.

ITpubnwxeHnst, cBsi3aHHBIE C e,, BKJIIOYAIOT Cy-
4alHOCTh, HE3ABECHMOCTD, ORHOPONHOCTD AUCIIEPCHH
(roMocKeaCTHYHOCTb) #W THI pacnpefeleHds no-
rpemrHOCTel (byHKnHEIO pacnpepenenus). B Gonb-
IIHHCTBE CJIY4aeB B HACTOAIIEM JOKYMEHTE NpERno-
naraercsi HOpMaJbHOE pachipefesieHde MOrpeLIHOC-
Teil. Tax ke KaKk H B Cllyyae NPEANOIOXKCHMAMH,
CBSI3aHHBIX C (PYHKLHOHANBLHON B3aHMOCBA3BIO MEpe-
MEHHBIX, VI HCCIENOBAHAS OTKJIOHEHHH OT mpeano-
JaraemMoli Mofend ommMOOK MOXKHO HCNONB30BATh
CTaTHCTHYECKHE KPHTEPHHA: 3HAKa NOrPEIUHOCTH, X2,
KonMoropoBa—CMHpHOBa H T.I. OHAaXo U 31€Ch yNO-
MSHYTbI€ Bblille OrpaHddeHns 6yayT B cune. elicrsn-
TeNbHO, MCCIENOBAHAE PAaCTIpefeNeHrl TPHBOAMT K
TIpHEMJIEMBIM Pe3YJIbTaTaM TOJBKO B CIy4asx, KOrAa
YHCNO cTeneHel cBOBONbI JOCTATOUHO BEJIHKO.

Bcnepcrsre 3TOro Mbl IPAXOAHM K 3aKJII0YEHHIO,
YTO YueHbIH, ACTIONb3YIOMMI METOLbI MaTEMaTAYEC-
KO CTaTHCTHKH, NOJKEH HECTH MOJIHYIO OTBETCTBEH-
HOCTD 32 CIIPaBeIMBOCTb HCMOJIb30BAHHBIX MPHOIH-
XeHnl, OCyIeCTBIsSIA HEOOXOAMbIE CTaTHCTHYECKHE
TecThl Ha COONIONECHNHE KPATHYECKHX YCIOBHM, HO MO-
HAMasl, ¥TO NOJOXHATEIbHbIH pe3yNbTaT 3THX TECTOB
He 0oKa3biéaem CPaBeIIABOCTL NpHOIMKeHHS. Ec-
AH JIOXKHOW sABNseTcd (PYHKUHOHANbHAS B3aUMO-
CBA3b (MOJENb), TO OLECHKH CPEAHAX 3Ha4YECHHH H na-
paMeTpBl IpafyMPOBOYHBIX KpPHBBIX GyAyT cMemie-
HBI; €CJIH JIOXHON OKaXeTCs MOJIeIb pacnpeelieHAs
NOTPeLHOCTeH, ROBEPATENbHbIC HHTEPBANBI U TeC-
ThI Ha 3HAYMMOCTb MOTYT NIPHBECTHA K HEBEPHBIM pe-
synbTaTaM. EQuxcmeen bl IyTh K IPaBHILHONA MO-
llenn NeXuT 4Yepe3 riybokoe, HayuHOe NOHAMAaHHUE
npolecca ASMEPEHHAS.

2. OBIUME TEPMHWHBI

2.1. Mamepennoe 3navesue (measured value). Ha-
6nonaeMoe 3Ha4€HHE Macchl Hnd o6’beMa, oKasa-
HEe npubopa WM Apyras BeNAYAHA, HAHACHHas IPA
aHand3e obpa3na.

2.2, Peayasrar (result). OxoH4aTensHOE 3Hae-
HHE ANl U3MEPEHHOro M@ PacCYATAHHOTO 3Hade-
HAsl, HalileHHOEe MO OKOHYaHAW W3MEPEHHS, BKIIO-
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Yas BCE BCMOMOTaTeNbHbIE IPOLEAYPbI H YACTEHHBIE
OLIEHKH.

2.3. Ilepemennas (variable; x). aMepeunas unu
paccyMTaHHas YUCJIEHHAs BETHYAHA WK XapaKTEpH-
creka. Takxke cM. “He3aBACHAMbIE NEepEMeHHblE”
(n. 4.3) u “3aBucuMbie nepeMenHsle” (0. 4.4). Coor-
BETCTBYIOUIast YHCIICHHAA BEIHYAHAa MOXET GBIThH HC-
NoNb30BaHa I craTHCTHYecKOH 06paboTku. ITepe-
MeHHas BEIHYAHA, HAPUMeEp, MOXeT GbiTh H3Me-
PEHHOH BEJTHYHHON HJIM PE3YILTATOM.

KommenTapuit. Cnenyer HMeTh B BHAY, UTO B
CTaTHCTHKE [PHHATO MCNONb30BaTh 3arjiaB-
Hble 6YKBbI IS CyYalHbIX BEJIEYHH H CTPOY-
Hble OYKBBI JJIS YaCTHBIX HIH HaGnmiogaeMbix
3HaveHud. B cnyuasx, korma BeiGop “x” Kak
0603HaYeHUA MOXET NPHBECTA K NYTaHHULE,

MOXHO HCNIOJIL30OBATh H APYrAC CHMBOJIBI.

2.4, Cepua (series). Psap n3MepeHHBIX BEIWYHH (X,
X3, cves Xy oury Xp), KOTOPBIE 9KBHBAJNIEHTHBI APYT OPYTY
C TOYKH 3PEHHs CTAaTHCTHYECKOTO HCCIIeOBaHHS,
T.€. Pe3yNbTaThl NOBTOPSAIOUXCS aHAJIH30B, HC-
NONb3YIOMMX TOJBLKO ONHH AHANHTHYECKHA METON
RJist BEWIECTBA, KOTOPOE CYHTAETCS FTOMOTEHHBIM.

*2.5. Acrnanas Bemanna (true value, t). Benn-
4YHHa, KOTOpast XapaKTepH3yeT HEKHi napaMeTp, o~
HO3HAaYHO ONpENie/ICHHBIA B YCJIOBHAX, CYLIECTBYIO-
UIHX B TO BpeM#d, KOrja faHHbIA NlapaMeTp paccMar-
pHBaeTcs. DTO — HAeanbHas BEJHYHHA, KOTOPYIO
MOXHO JOCTHYb TOJILKO B CIy4ac€, KOrga yCTpaHCHbl
BCE HCTOYHHKH NOrPEITHOCTE! H3MEPECHHAS H BbIOpa-
Ha BCA reHepajibHasi COBOKYITHOCTD.

*2.6. Ilpasnabnocts (accuracy). CreneHp 61ma30-
CTH MEeXAy NOJY4YeHHBIM pe3ynbTaToOM H HCTHHHBIM
3HayeHHeM. [IpaBUNBHOCTD ABNSETCH Ka4eCTBEHHOM
XapaKTePHCTHKOH H BKJIIOYAaeT KOMOGHMHALMIO KOM-
NMOHEHTOB CJIy4aHHBIX MOTPELIHOCTEN M OOBIYHYIO
CHCTEMAaTHYECKYIO NOrPEeHOCTS (11. 3.14).

*2.7. Bocnipon3BogumMocts (precision). Crenens
6NHE30CTH MeXAY He3aBUCHMbIMH Pe3ynbTaTaMH H3-
MepeHni, MoNy4YeHHbIMA NPH HCIIONb30BaHUHA KCIIE-
PHEMEHTAIBHOH METOAMKY [IPH OFOBOPEHHBIX yCJIO-
Brsx. UeM MeHbiue cy4aitHast IOrPEITHOCTD IKCIe-
pUMeHTa, BAusIOINas Ha pe3ylbTaT, TEM TOYHEE
OaHHas MeTOIHKa. Mepo# BOCIpOA3BONHMOCTH (ANH
HEBOCIIPOA3BOJAMOCTH) CIYXHT CTaHJapTHOE OT-
K7oHeHde (nm. 3.7-3.9).

KommenTapuit. Kak cienyeTr 3 MexnyHnapon-
HOIO CJIOBapsi OCHOBHBIX H O6GLIAX METPOJIOrH-
YecKHX TepMRHOB ([nternational vocabulary of
basic and general terms in metrology; 1SO,
1993), repmun “precision” 4acTo HCNONB3YIOT
B CMBICTIE “NIPaBHABHOCTD” (CM. OmpefclICHHE
3.5 aToro cnosaps). Itoi Npob6aeMbl MOXHO
A36eXaTh, €I YEeTKO NpPEeACTaBiIATh, 4TO
BOCTMIPOA3BOAAMOCTb  (precision) OTHOCHTCH
MOoAbKO K QUCTIEPCHH, HO HE K OTKJIOHEHHIO OT
HACTHHHOrO (B TPagMUMOHHOM TOHHMaHUH)
3HayeHHs. BenukonenHas peKOMEHJaIHA
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NMpHBENIEHA B CHPaBOYHHKE 1O CTaTACTHAKE Ex-
perimental Statistics (Natrella, 1963). B Heii ga-
€TCA OIpEAeNieHAe HeBOCIPOH3BONMMOCTH,
Kak ‘“CTaHfapTHOM NOrpemHOCTH NONY4YeHHO-
ro 3HaYeHHs .

*2.8. CxopumocTs (repeatability). Ctenens corna-
COBAaHHOCTH HE3aBHCHMBIX pE3YyJBTaTOB, MONYYeH-
HBIX NPH MOMOINM OHOTO ® TOrO e MEeTOfa HIIH
HAECHTHYHOrO aHANHM3UPYEMOTO MaTepHana B OffAHa-
KOBBIX YCJIOBHSAX (OfIHH H TOT e HCIONHHTENb, TOT
e npu6op, Ta Xe 1a60paTOPHA M HE3HAYATENbLHbIE
HHTepBalbl MEXNYy H3MepeHHsIMA). Mepoit cxogqumo-
CTH SBJIfETCS CTAHAAPTHOE OTKIAOHemme (standard
deviation), ynorpe6nsieMoe ¢ YTOYHAIOLIAM TEpMH-
HOM, T.e. “CTAHJIApTHOEC OTK/IOHEHHE CXONHMOCTH’
(repeatability standard deviation).

B HeKOTOPBIX cly4asX CXOMHMOCTb MOXET GbIThb
onpepeieHa Kak HEKOTOPas KpATAYECKast BEJIMYHHA,
NPH 3HaYEHMSIX HUXe KOTOpo# aGCoNoTHOE pa3in-
i€ MeXNY NBYMA €NHHAYHBIMHA PE3y1bTaTaAMH H3ME-
PeHui, MOoNy4YEeHHbIMH ITPH BbIIIEYKa3aHHBIX YC/IOBH-
AX, MOXKET ObITh ONpefie/IEHO C HEKOTOpO# 3alaHHON
BCPOSTHOCTBIO.

*2.9. IoBropsemocts (reproducibility). Crenenp
COTTaCOBaHHOCTH HE3aBACHMBIX PE3Y/IbTATOB, MIONY-
“CHHBIX NP OMOILH OJHOTO H TOTO e METOAa HJH
HISHTHYHOrO aHANH3APYEMOTO MaTepHasa, HO mpH
Pa3HBIX YCIOBHAX (pa3Hble MCIONHUTENH, pa3Hble
1npu6opsl, pasHbie 1aGopaTOPHH H (HIIN) CIYCTH pa3-
JHUHBIE HHTEPBaNbl BpeMeHHA). Mepoit noBTOopsemo-
CTH ABJISIETCS CTAHAAPTHOE OTKJIOHEHAE, YIOTPeGIIA-
¢Moe € YTOYHAIOIAM TEPMHHOM, T.€. “CTAHJApTHOE
OTKI0HeHHe NOoBTYOpsAeMOoCcTH”’ (reproducibility stan-
.urd deviation).

B HeKOTOpBHIX cnyyasiX MOBTOPAEMOCTb MOXET
“bITh ONpeAeseHa Kak HEKOTOpast KPETHYECKAs BE-
J1MYHHA, IPH 3HaYEeHHAX HHXKE KOTOpO# a6coMoTHOE
Ta3THYHE MEXAY ABYMS EAHHAYHLIMH pe3yIbTaTaMH
1715 OHOTO ¥ TOro xe o6pa3na, MoJy4eHHbIMH NPH
AbILIEYKA3aHHBIX YCIOBHAX, MOXET ObITh onpefene-
HO C HEKOTOPO#H 3ajaHHO BEpPOATHOCTEIO. ChienyeT
#MeTh B BUAY, YTO MOJIHAS XapaKTEPHCTHKA IOBTO-
reMOCTH TpeOyeT yKa3aHdsi 3KCIepHMEHTANbHBIX
\CJTOBHH H AX OTJIAYHH.

3. TEPMHHE], OTHOCSAIINECA
K MMAPAJUIENIBHBIM U3MEPEHUAM

[Mpu onmcaHHM pe3yabTAaTOB, MOMYYEHHBIX NPH
10MOot1M napa/LTeNbRbIX (replicate) R3MepeHni, cne-
1veT BKJIFOYATh XapaKTEPHCTHKA: YHCIO H3MEPEHAUH

3.1). cpennee apagmeTRYecKoe (3.4), cTaHapTHOE
otknoHeHre (3.7) [una pa3max (3.6), cM. KOMMeHTa-
PHH K OGOUM TEpPMHEHaAM], FpaHHIL] AOBEPHTEIBLHOTO
unTepBana (3.3) 4, ecim A3BECTHO, HCTHHHOE 3HaYe-
uue (2.5), a Takke OLEeHKY I'PaHHIl CHCTEMaTAYeCKOi
norpemiHocTH (3.14). JlarHbi# pasaen Takxke BKIIO-
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YaeT H IpYTHe XapaKTepUCTHKH, KOTOPbIE BCTpeYa-
FOTCA pexe.

*3.1. Yacno namepenusi (number of observations;
n). O6liee YHCNO NMOJYYEHHLIX JAHHBIX (M3MEpEH-
HBIX 3HaYeHWH) B cepuH, o6heM BRIGOPKH (sample
size).

KommenTapnii. 310 YHCIO HeOGXOMHMO yKa-
3bIBaTh 6ce2da. B cnygae, ecnu paccMaTpuBa-
€TCA TeHepaJibHaf COBOKYIMHOCTB, HCIONb3Y-
10T 0603HayeHne N.

3.2. Yncno creneneii cBoGoaw: (degrees of free-
dom; v). CraTucradeckas BeNHYHHA, NOKa3biBalo-
I1as YHCIIO NEPEMEHHBIX, KOTOpble MOT'YT OBITH NMPH-
CBOEHb! MPOH3BOJILHO ITPH XapaKTepPHUCTHKE BHIGOP-
k. B Han6onee npocroM ciyyae, KOTAa Mbl HMEeM n
H3MEpPEHHHA U OfMH HCcnefyeMblli napameTp (cpen-
Hee 3HayeHHue), V=n-1.

*3.3. Yporenr noBepHTENLHMON BepPOATHOCTH
(confidence level; 1 — o). Beposrnocts TOrO, YTO
OXHJlacMas BeIA9HHA HCCIIERYEMOTO NapaMeTpa Jie-
XHAT BHYTPH HEKOTOPOro HHTEpBaia. Y pOBEHb AOBe-
pETENbHOA BEPOATHOCTH MOXET ObITH BbIpaXeH B
BAAe yncna Mexay 0 1 1 unn B nponexTax. Kommnie-
MCEHTapHas BeJIHYHHA (¢ H3BECTHA KaK YPOBeHb 3Ha-
SUMOCTH (significance level).

KommenTaphii. B HEKOTOPBIX CNIy4YasiX ypOBEHb
ROBEPUTENILHO BEPOSTHOCTH RHKTYETCS Tpe-
GoBaHmaMH cuTyaid. Bo Bcex apyrux cnyyasx
peKOMeHfyeTcs Henonb3oBath 1 — o = 0.95.

*3.4. Cpennee apudmMerniecKoe, cpefusia Beu-
uHHa (arithmetic mean, average; X ). CyMma Bcex 3Ha-

YeHUd cepHH HaONIofeHuH, NeJleHHas Ha YACNO Ha-
OmoneHuit:

KommenTapnii. Bo Bcex nmpoteccax onpenene-
HHS CYMMBI (31€Ch H faJiee, eClIH 3TO HE OrOBO-
peHo oco60) npenenbl CYMMHPOBaHHASA OT 1 g0
n. Clenyer 3aMeTHTD, YTO CpeiHee apH(IMETH-
4yecKoe SBJIAeTC HeCMEIeHHOM OIleHKOW Ma-
TeMaTH4YecKoro oxXxmpaHus . HbIMH crnoBa-
MH, |\ IpeAcTaBaAeT COO0H npefebHYIO BeaH-

YHHY X MNPH n — oo, i
3.4.1. Cpepnee n3semennoe (weighed mean). Ec-
JIA B CEpHH H3MEPEHH| KaXOH BeJIHYHHE NPHCBaH-
BACTCSA COOTBETCTBYIOLIMAN CTAaTHCTHYCCKHAHA Bec w;,

TO CpefiHee B3BENIEHHOE X, PacCYATBIBAIOT Mo dop-

Mmyne
- 2 Nl
x, = .
2
KommenTapuii. Ecni TONBKO HCNONB3OBaHHE
CTAaTHCTHYECKHX BECOB He OGYCIIOBJEHO lies-
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MH J3KCHNEpHMEHTa, HCNOJb30BaTh CpECOHEE
B3BEIIEHHOE OOBIYHO He PEKOMEHyETCA.

3.5. OTknonenne (deviation; d). Paznana mexay
HabnronaeMoit BeNTAYHHOHN B apA(PMETHYECKHM Cpefl-
HFM BbLIOOPDKH, K KOTOPOH OHa NpHHANNEXAT:

d, = x;—-X.

*3.6. Pa3zmax Bo16opkH (range; R,). PazHocTh Han-

Gonplleli ¥ HaAMERbIUEH H3 HAOMIONaeMbIX BEnH-
YHH.

KommenTapmii. JTOT mnapaMeTp OCOGEHHO
yno6eH 7151 ManbIX BRIGOPOK (7 < 10) Kak ank-
TepHaTHBHasi Mepa pumcnepcau. Hamboiaee
BaxHasy o6NacTb ero npHUMEHeHMs — KOH-
TpONbHbIE THArPaMMBL.

3.7. Crannaprnoe orkionenwe (standard devia-
tion). OueHHBaeTCs KakK NOJIOXKHTENLHbIN KBagpaT-
HbI# KOpEHb BEIHYAHBI, NTONYyIaeMON NpH HeECHAR
CYMMBI KBafIpaTOB Pa3sHOCTEH BCEX INEMEHTOB BbI-
60pKH H CpeIHEro 3TOH BLIGOPKH Ha YACKO CTeNeHER
cBOGOpE! (B MpocTelinIeM clIy4ae — YACIO H3MEPEHAR
MuHyc enuHMIa). OG6o3HayeHns: s (BuIGopoumoe
CTARNIapTHOE OTKJIOHenHe [estimated standard devia-
tion]) u © (cTangapTHOE OTKJIORenHe [population
standard deviation]). PacCUHTBIBAIOT IO CNENYIOLINM

¢dopMmynam:
2 ( J‘i)2
n— —

Kommenrapuil. YacTo 151 0603HaYCHAS CTaH-
AapTHOTO OTKJIOHEHHS CPEIHETO HCTONL3YIOT
TepMHH ‘‘CTAaHfapTHas IOrPELIHOCTL” (stan-
dard error). MuHEMaNbHOE YHCNO Habmione-
HUP, KOTOpPOE HEOGXONEMO [N TMONydeHHs
npHeMIeMOl OLIeHKH CTaHapTHOTO OTKJOHE-
HpsA, paBHO 6. 1514 09eHb MaIoro YACNa crene-
He#t cBOGOMIbI CTARAAPTHOE OTKIIOHEHHE § OKa-
3BIBAETCA YPE3BbIYalHO HETOYHBIM M JaeT
3HAYHMO CMEIIECHHYIO OLEHKY G, XOTS KpHTE-
puii CThIOfEHTA NO-TIPEXHEMY NPABOAMT K XO-
CTOBEPHBIM 3HA9CHHAM [JOBEPHTENBLHOrO HH-
tepsana [W.J. Dixon, F.J. Massey, Introduction
to Statistical Analysis, Sect. 9-5, 3™ ed. 1969,
New York: McGraw-Hill]. O603Ha4eHne O 3a-
pe3epBHPOBAHO MIs1 0603Ha4YEHUs CTAaHAApT-
. HOTO OTKJIOHCHHS.

n

3.7.1. CrannapTHOe OTKJIOREHHE LIS Nap RANABIX
(standard deviation from paired data). Boamoxuo
OLEHHTh CTAHJAPTHOE OTKJIOHEHHE U 118 GOnbIIAX
BLIGOPOK, BKIIOYAIOUAX H3MEPEHUs, CHeNaHHblE
ans NonoOHBIX (HO He O0GSA3aTENbHO HIEHTHYHbLIX)
mpo6. Ecni aHana3 m npo6 npHBen K pe3ynbTaTaM

x, u x; (OTHOCSIAXCS K i-My Pe3yNbTaTy), TO CTaH-

KYPHATT AHATTUTUYECKOW XUMUN

MPEJCTABJIEHUE PE3YJIBTATOB XUMHUYECKOTIO AHAJIU3A

HapTHOE OTKJIOHCHHUE MOXHO PaCCYATATh B3 YDaBHE-
HHAA

rie m = V — 4Hclo cremeHefi ceobonkl. Bonee no-
ApOGHbIE JaHHbIE MO YCIOBASM BBIGOPA Map NMpUBe-
IeHbl B y4eGHAKAX 10 MaTEMATHYECKOH CTAaTACTHKE.

3.7.2. CranpapTHoe OTKJIOHeHHe JUIA TPyNN RaH-
HBIX (standard deviation from grouped data). Ecnn cy-
IIECTBYET HECKONLKO BbIGOPOK, BKIIOYAIOINMX pe-
3y/JILTATh! AHAJTA30B, IOyYEHRLIX, HANIpUMep, B pa3-
HOe BpeMs HIH [N CJerka pa3nHYaloummnxcs
06pa3nos, TO PE3yAbTaThI MOTYT ObITh OO BEANHEHDI
B I'PYNIbI CIEAYIONMM 06pa3oM:

I'pynna 1 I'pynna 2 I'pynna i I'pynna m
xn X21 Xif Xmi
X2 X22 Xi2 Xm2
X13 X23 Xi3 Xm3
Xij Xy Xij Xpnj
xlrll x2n2 xin, xmnm

YHMCNIO BAPHAHT B KaXOH rpynne
n; ny n; Ny

apAQMETHYECKHE CPEAHHE I KaXKIOH rpynnhb!

x X X;

.i'"
ofwee YHCAO rpymn: m

m
O6I1ee YHCTO BAPHAHT 1= .1,

TTonuoe CTAaHAApPTHOC OTKJIOHCHHE MOXHO pac-
CYHTATDb U3 CNEOYIONICro YPaBHCHHA:

R )

n—-m

KommenTapuii. DTOT mapaMeTp H3BECTEH Tak-
e Kak ‘cyMMapHOe CTaHMAPTHOE OTKJIOHe-
BHe” (pooled standard deviation). On aksuBa-
JIEHTeH KBaJ[paTHOMYy KOPHIO B3BEINEHHOM
HHECIIEPCHA CpEgHero, KOrja YHcia creneHed
cBOGOIBI KaXAOM IpyNNnbl NPEICTABASIOT CO-
6Goit craTtAcTHYecKHe Beca. J[OCTOBEpHOCTH
3TOl BenAYHHbI 6a3UpyeTcad Ha MpEANnonoxe-
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NNPERCTABJIEHHE PE3YIIbTATOB XUMUYECKOTIO AHAJIU3A

HHH 00 OAHOPONHOCTH JHMCIEPCHH IS BCEX
rpynn.

3.8. Mucnepcua (variance; V unu ¢2). Ksagpar
CTaHOAPTHOrO OTKJIOHEHHAS.

3.9. OTROCHTENBAOE CTAHAAPTHOE OTKJIOHEHHE
(relative standard deviation; s, nnu ©,). CtangapTHOE
OTKJ/IOHCHHE, AEJICHHOE Ha CpefiHee BbIGOPKH:

5
s, ==

r =.

X

3.10. OTHOCHTEILHOE CTAHAAPTHOE OTKJIOREHHE,
BhIpRXXEHHOE B NpoNenTax (percentage standard de-
viation; s, (%) [Ann 6, (%)]). [lonyyaroT yMHOXEHB-
€M BEJIMYHHbl OTHOCHTEJILHOIO CTaHHApTHOTO OT-
K;10HeHns Ha 100.

KommenTapuii. PekoMeHayeTCs NpHA ONACaHUK
pe3yJbTaTOB HCMOJNb30BaTh OTHOCHTEJLHOE
CTaHNapTHOE OTKJIOHEHHE, He BhIPaKeHHOE B
IpOILIeHTaX, BO H36eXaHHe MyTaHUIbLI B TOM
ciIy4yae, KOTAA Pe3yJIbTaThl TAKXKe BbIPaXKEeHbI
B npoueHTax. TepMuH “koaPunuent sapua-
nun’”’ (coefficient of variation) BMecTo TepMHHA
“OTHOCHTENbHOE CTaHJAapTHOE OTKJIOHEeHHe”
ACNOAB30BaTh HE PEKOMEHAYETCA.

*3.11. Morpeninocts pe3yasTata (error of result;
¢). BelaamHa pe3ynbTaTa MEHYC ACTHHHOE 3HaYEHAE
I BEJIHYHHA CO 3HAKOM):

e; = x,'—T.

Kommenrapnit. Ecnm pesynbrar, HanmpuMmep
KOHHEHTpallAs ONpele/isieMOro BEIecTBa,
BBIpaXEH B MNPOUECHTaxX, AAaHHBIA Napamerp
TaKXe, eCTECTBEHHO, GYAeT BhIPaXXEH B NpO-
neHTax. IIpa 3TAx 06CTOATENLCTBAX BO B36e-
KaHue NYTAHANBI C TEPMAHOM “‘OTHOCHTENb-
Has IOrpelIHOCTS, BLIpaXeHHast B NIpOleHTax”
(n. 3.13) naHHy10 BENHYHHY MOXHO YKa3bIBaTh
Kak “abCONIOTHYIO NOIPEIHOCTh, BhIpaXeH-
HYIO B npoueHTax” (percent absolute error).

3.12. OrnocuTensHAA NOrPEWHOCTE (relative er-
ror, e,). IlorpemHOCTh, NeNeHHas Ha HCTHHHOE 3Ha-
"YeHHE:

_e
e = ‘-E'

3.13. OTHOCHTETEHAS NOTPENIHOCTE B NPOLEHTaX
percentage relative error; e, (%)). ITonyyator yMHO-
ACHHEM BEJIEYAHBI OTHOCHTENLHON NOTpPEenIHOCTH
na 100.

KommenTapuii, [JaHHBIH TEpMHAH HEnb3s Ha-
3bIBaTh “‘NOrPEIHOCTHIO” HIM “NOrpeliHOC-
ThIO, BBIpaXeHHOM B MPOLEHTax”’ BO m36exka-
HHe myTaHHe! (1. 3.11).

*3.14. IlonnaA CHCTEMATHYECKas NOTPElIHOCTH
-bias; A). Pa3HOCTE MEXTY MATEMATHYECKHAM OXHJA-
HHeM H ACTHHHBIM 3HaYeHHeM (CO 3HAKOM):

A=p-1
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3.15. I'pannnbI NoBEpPHTENBLHOrO HATEPBAIA (Con-
fidence levels about the mean). CaMMeTpHYHEIE Ipa-
HHANBI TOBEPATENBLHOTO HHTEPBana (+C) 0/d OleHKH
CpeQHero, B KOTOPbIH ¢ BEPOATHOCTHIO 1 — O monmapna-
€T MaTeMaTHYeCKOe OXHAaHHe (CpefHee reHepab-
HOM COBOKYMHOCTH). YHcneHHoe 3HayeHue C pac-
CYATBIBAIOT IO YPABHEHHIO

c ot
A/

rme 4, , — TabnuyHoe 3HadeHue !-kputepus Crblo-
NEHTa ANS NOBEPHTEJILHOTO YPOBHA 1 — O M umucna
crenieHed cBobonb! V. CuMBon p o603HavaeT mpo-
MEeHTARb {-pacnpefiefcHus. 113 ONHOCTOPOHHHX HH-
TEPBAJIOB p = 1 — O, AN ABYCTOPOHHAX MHTEPBAJOB
p=1-0a/2 B o6onx ciy4asx ypOBeHSb JOBEPHTENb-
HOl BeposiTHOCTH paBeH 1 — a. Tabnuina Bena4uH ¢
npuBeneHa B [Ipunoxennn (pasnen 5). J{orepATeND-
Hbld mATepBan (confidence interval) onucelBaeTcst
Kak X £ C.

KommenTapuii. Ecii H3BECTHO CTaHJapTHOE

OTKJIOHEHHAE G, TO [PaHHLb] AOBEPHTEILHOTO

HHTepBaia NI eqAHHYHOrO pe3ynbTraTa MO-

IyT 6BITH paccYATaHbI IO OpMyJie

C = 1, 0.

KoadypuuuenT ¢, . npeacrapiaseT co6oli npefes-
Hoe 3HaueHHe (PYHKIHHA f-pacIpefeNICHAs A V = oo
IJ1S YPOBHS OBEPHTENLHOM BEPOATHOCTH 1 — O (CM.
NoCHeHIOI0 CTPOKY Tabnmupb! Ilpunoxenus). Jto
3HaYeHHE HIEHTHYHO 2,, p-TOMY NPOLIEHTHIIIO BapA-
aHTBl CTAHAAPTHOrO HOPMAJILHOTO paclpeNeIeHuUs .

3.16. Cpemnee reomeTpuaeckoe (orapudmusec-
Koe) (geometric mean, logarithmic mean; %, ). Kopenb
n-ii CreneHA N3 NPOH3BENeHHs abCOJIOTHBIX BEJIM-
YHH pe3ynbTaToB (63 yyeTa 3HaKa):

KommenTapuid. 3Ty BeIHYHHY Yalie BCETO O
PEAENAIOT HEMOCPEACTBEHHO H3 3KCNIEPAMEH-
TaJbHBIX AAHHBIX (HanmpHMEp, NPH omNpenee-
HHA KOHUERTpalHi A3 H3MEPEHAN 3N1EKTpON-
HOro noreHnuana ui pH), xors ee cMbich He
Bceraa moHuMaloT. [Ipo6neMa 3akioyaercs B
TOM, 4YTO CpefHee HEKOTOpOM NEpEMERHOM
(uanprMep, pH), koTopas aBasieTcs gynkyueti
KOHUIEHTpalMH, — HE TO X€, YTO 3HAayYcHHe
3To# (DYHKUHH IpH cpegHed KOHICHTPalHH.
B cay4ae aneXTponHbIX NOTCHLMAJIOB CpEn-
HEH NOTEHIAA 5KBHBAJICHTEH CPETHETCOMET-
pHYecKolt KoHuneHTpalHH. IIpa npaBHIBHOM
MOAXOAE K pacyeTaM HeoOXOuMo nmpeobpa3o-
BaThb MOJIy9€HHBIE aHHbIE K KOHICHTPALHIM
U TOJIBKO IIOCJIe 3TOT0 IPOBONHUTE HX YCpEnHe-
HAe. EnEHCTBCHHAs 3acHyXHBalomas BHAMa-
HAS CHTyalHs, B KOTOpOH HCIOJb30BaHHE
CpENHEro TreOMETPHYECKOI'0 OKa3bIBaeTcs
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NPHEMIIEMBIM, — 3TO CIIy4ald n02apudmuecku

HOPMAALHOZ0 pacnpedeseHuA OTIPERENSIEMOrO

coefluHeHHs B o6paslie (B HEKOTOPLIX 00 bEK-

TaxX OKpYXalollell CPeibl AN FE0NOraYeCcKux
MaTepHanax).

3.17. Cpennee rapmonudeckoe (harmonic mean;

X, ). YHacno pe3ynbTaToB, KeJCHHOE HA CyMMY BEIH-

YHH, OOPaTHBIX MOY4EHHBIM pe3yabTaTaM:

. n
1"
X

ih=

Kommentapn#i. Kak # B cnyyae cpenHero reo-

METPAYECKOro, 3Ty BENHYHHY YacTO paccym-

THIBAIOT HANPAMYIO (IIPH 3TOM HEKOPPEKTHO).

B kadecTBe mpEMepa MOXHO MpABECTHA o6pa-

60TKy pe3ynbTaTOB KHHETHYECKHX HW3Mepe-

HA, B KOTOPbIX BpEMS peakliHn OGpaTHO Npo-
MOPLHOHAILHO KOHIEHTPALHA.

3.18. CpenHee xBagpaTHinoe (quadratic mean;

x,). KsanpaTHbill KOpeHb B3 CyMMbI KBaipaTOB pe-

3yJIbTATOB, fiEEHHOM Ha pa3Max BbIGODKH n:

2
- zxi
X, = .

q n

KommenTapuii. Kak n B npenpiaynax cayya-
AX, 3Ty BEAMYHHY 4YacTO PACCYATHIBAIOT Ha-
npsiMyIo (M TaK Xe HEKOPPEKTHO), HanpHMED,
eciA HabnlofaeMblIi MapaMeTp NPONOpIAOHa-
NeH KBajpaTy KOHUeHTpauzH. Tem He MeHee
MPAMEHEHAE CPENHEro KBaJpaTHYHOro (OHO
TaKXXe MOXET Ha3bIBaThCHA CPeXHeKBAAPATHY-
HBIM, Foot mean square) MOXET OKa3biBaThCH
KOPPEKTHbIM, HAaNpHMEpP, AN HEKOTOPbIX
¢opMyn, CBA3aHHBIX C IOCTPOCHHEM H ONACA-
HHEM JIAHEHHBIX TPajiyHpoBOYHbIX yHKIMH
(uanpumep, cM. mn. 4.8 win 4.11).

3.19. Memuana (median). B 3aBHCAMOCTH OT yeT-
HOCTH MJI¥ HEYETHOCTH YHCNAa W3MEPEHHA MENHaHy
PAcCYATHIBAIOT KakK

(@) n = 2m + |: BenAYAHA CPEARHHOIrO 3JIeMeHTa
BbIGOPKH, OTCOPTHPOBAHHOM N0 BO3pacTaHuoO (y6b1-
BaHHIO);

(6) n = 2m: cpemHee apH(pMETHYECKOE 3HaYEHAN
OBYX CPERHHHBIX 3JIEMEHTOB BbIGOPOK, NOMYICHHBIX
COpPTHPOBKOH HCXOHO# BLIGOPKH 110 BO3pacTaHHIO H
yOBbIBaHHIO.

KommenTapuil. Vicnonb3oBanne MeiuaHbl Ipu
ONHCAHHH Pe3yNbTaTOB XMMAYECKOTO aHaNA3a
Yauie BCEr0 He PEKOMEHRYETCS, MOCKONBKY
cTaTHCTYecKas 3¢ (PEeKTHBHOCTL ITOTO MOHA-
TEA HE CTOJb BEJIHKA, KaK Yy NOHATHA “‘cpen-
Hee”. OIHaKO B HEKOTOPLIX CAyYasx, 0CO6eH-
HO Ipu paGoTe ¢ ManeHsKAMHA BbIGOpKaMH, HC-
MONb30BaHMEe  MEAHaHhl  MOXET  CTaTh
OpEAnOYTHTENbHbIM, TAK KaK 3TOT TEPMHEH OT-

XYPHAJI AHAJTUTHYECKOHA XHUMHUU

MPENCTABJIEHHE PE3YJIbTATOB XUMHUYECKOTO AHAJIU3A

HOCHTCSI K T.H. YCTOH1HBOR CTATHCTHKe (robust
statistic), T.e. MEAHAHA NPOSIBASET YCTOHYH-
BocTh Kk 3thdekTaM OTHENbHLIX BhIGPOCOR
(outliers).
3.20. Mona (mode). BemnumHa nepeMeHHOH,
BCTpeyalollasica B BLIGOpKE ¢ Hanbonblued dacro-
TOM.

KommenTapui. Vicnonn3osanwe TepMHHa
“MOfa” IpH ONMHCAHMH Pe3yJbTATOB XUMHYEC-
KOTO aHANIK3a Yallie BCero He peKOMEHAYeTCs.

4. TEPMHAHBI, OTHOCAUINECH
K TUHEWHBIM T'PAITYUPOBOYHBIM
®YHKIUAM

IIpE oNMACaHHH pe3yNbTaTOB, MOJYYEHHLIX NpH
MOMOIIM JIHHEAHbIX TPafyHPOBOYHbIX (YHKUMAMH,
PEKOMEHIyeTcs BKIIOYaTh CleRyioniae XxapaKTepHc-
THAKH: YACTO U3MepeHmi (4.1), ypaBHenme, oTpaxa-
1omee PYHKIMOHANBHYIO CBA3b (4.5), craHmapTHOE
OTKJIOHEHHE H3MepeHHH OT npamoi (4.9), a Takxe
paccunTadubie (fitted) mapaMeTpsl H HX CTaHAapT-
Hble OTKIOHEHAsA. Pe3ybTaT XHMAYECKOTO aHalA3a
clenyeT IPUBONATL KaK paCCUMTaHHOE 3HaYECHHAE He-
3aBHCAMON nepeMeHHOH (4.14) ¢ yka3aHHeM IpaHHL
ROBEPHTENLHOTO HHTepBana (4.15).

4.1. Uncno usmepeuns (number of observations,
m). O6lL1ee YKCNOo NaHHbIX (A3MEPEHHBIX 3HAUYECHAH),
HCIONb30BaHHbIX IPA OCTPOCHHHE IPafyAPOBOYHbBIX
KpHBBIX.

4.2. Yucno creneneit cBoGonwr (degrees of free-
dom; v). Yucno u3MepeHH# MEHYC 4ACIO NEepEMEH-
HeiX. [Ina nuHefiHOM rpanyApoBKE V =m — 1 (cM. Tak-
XKem. 3.2).

4.3, l'!esanucmnu nepeMennan (independent vari-
able; x). BenmuunHa (M3MEpeHHass MJIM PacCUMTAaH-
Has), BLIGpaHHas POH3BOJILHO HITH [IPH MJIaHAPOBA-
HEM npouecca rpapyrpoBKu. IIpexnonaraeTcs, 4yTo
HaHHaA BeHYNHA HE HMEET MOTPEINHOCTH.

.4.4. 3aucumas nepemennas (dependent variable;
y) . BennuwmHa (M3MepeHHas WM paccYMTaHHas),
HCIIOJIb30BaHHas KaK ¢yHKIEA He3aBACHMOH Inepe-
MeHHOW. MIMeeT MOrpelHoOCTh B XapaKTepH3yeTCs
CTaHJAPTHHIM OTKJIIOHEHHEM H JPYTHMH NOROGHBIMU
napaMeTpamH. IIpH nMpoBeleHAN aHA/IA3a 3Ty BENH-
YHHY H3MEPSAIOT WM PaCCYHTRIBAIOT A3 H3IMEPECHHO-
ro CHTHana.

4.5. Ypassenne ¢QyHKuHoHanInHo# (rpaxyupo-
BOYHO) 3aBHCHMOCTH (equation for calibration rela-
tion). YpaBHeHHe, oTpaXkalomee JTHHCHHYIO CBA3b -
HE3aBACAMON U 3aBACAMOM NIEpEMEHHDIX:

y = a+bx,

‘B AARHOM TeKCTe HHOMBHMAYalbHble 3HaYeHWst GynyT 0603Ha-
4aThCR X;.

**B naunOM TekcTe HHIWBKAYalbHbic 3HA4EHHR GyAyT 06o3Ha-
HaTHCR y).
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NPEACTABJIEHHE PE3YIIbTATOB XUMHUYECKOIO AHANTU3 A

TAe a — OTPEe30K, OTCEKAEMbIH rpajyHpOBOYHOR Nps-
MO#l Ha OCH y, a b — HakJIOH aToM npamoit. O6a napa-
METpa PacCUHTBLIBAIOT NO METOAY HAMMEHBIIMX KBa-
IpaToB.

4.6. HakJioH TpajJyHpOBOIHOH 3ABHCHMOCTH
(slope). I1apaMeTp b rpanyRpOBOYHON GYHKLHUHE:

- my)Xyi—>x

_ j
mZx}—- (ij)2

4.7. OTpe3oK, oTceKaeMblii Ha OCH OpAHmAT (in-
tercept). IlapaMeTp a rpajilynpoBoyHOM (DyHKIHH:

- = Z!y,-z(xf-— ijz,xjyj -
mz'xf-(z'xj)2
= Qy=bY.x)/m.

4.8. Koaddunuent xoppensuuu (correlation co-
efficient). TepMuHEI “Koppensinus™ B “perpeccus’
ONACHIBAIOT CTATHCTAYECKYIO, 8 HE (PYHKLMOHANb-
HYIO CBA3b MEXK]Y NEePEeMCHHbIMH. TakuM oGpa3oM,
CTaTHCTHYECKN DPAacCYHTaHHbIE 3HAYEHHA HaKJIOHA
PErpeccHOHHON 3aBACHMOCTH M OTpE3Ka, OTceKkae-
MOTO €10 Ha OCH OPAHHAT, MOTYT OBITh JOJIXHBIM 0O6-
pa3’oM onucaHbl KoathpULUMEHTOM KOppenanau:

r(a,b) = -x/X,.

Yj

3nanne ko3hHHANHEHTA KOPPEJIAIAN H CBA3aHHO-
rO ¢ HHM 3JIJTHIICA TOBEPHATE/ILHON BEPOATHOCTH IS
63aUMO03ABUCUMbIX 3HAYEHHH a 1 b Heo6X0UMO B P~
pe cnyvyaes. Hanpumep, annunc gosepurensHoM Be-
POSTTHOCTH MOXKeT GbITh HCIIONB30BaH AJIA ONpenene-
HHS TPaHHN NOJHOM rpagyHpOBOYHOM 3aBACHMOCTH,
T.€. FPaHHL, KOTOPbIE MOrYyT GbITh HCNIONB30BAHBI IS
NMoOGBIX X, KOTOPbIE MOTYT MOSIBATHCA B GYQyILEM.
3HaHue K03 (PAIMEHTa KOPPENALAN TaKXke Tpeby-
€TCA B IBYX CJIE[YIOIIHX CHTyanmsx: (a) DpH peRyLH-
poBaHHM 06IaCTH AOBEPHTENLHON BEPOSTHOCTH IS
nHHEHHO! 3aBHCAMOCTH, KOT/Ia H3BECTHO, YTO @ H b
OrpaHAYEeHbl HEKOTOPHIM [Hamna3oHoM; (6) korma
XelaTeNbHO 3HATh [OBEPHTENIbHBIE HHTEPBalbl
@yHKYuUll OlleHABaEMBIX TapaMeTpoB (a, b).

KommenTtapuii. [loBonsHO nomynspuoe Hc-
nons3oBaHEe K03¢GHIAEHTa KOPPENSLIMH B
KayeCTBE Meph! COBMECTHOrO U3MEHEHHs 3a-
BHCHMOM NEpeMeHHOH y H He3aBHCHMOH mepe-
MEHHOH X NpA ONMACAaHHK IPagyNpPOBOYHBIX 3a-
BHCHMOCTEH He pEKOMEHHYETCs, IOCKONBKY
OTHOCHTCS TOJIBKO K CMamucmu4ecKum CBs-
35IM 1€ peMEHHBbIX.

4.9, CranaapTHOE OTKJIOHEHHE TOYEK OT HalJeH-
HOM 3aBHCHMOCTH (standard deviation of points about
the fitted line; s und s,). OneHKa BOCIIPOH3BOREMOCTH
n3MepeHni (3aBHCHMOM NepeMenHo#). IToT mapa-
METP TaKXe HOCAT Ha3BaHAC OCTATOYHOH CYMMBI OT-
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knonenwnh (residual standard deviation). [launplit na-
PpaMeTp pacCUYHTBIBAIOT KaK

- Qo _ (X Zﬁlejjz
" (2

m-2

N

y =

HIA, NIPOILE, HCXOOA M3 €TO OnpefeneHus (C y4eTOM
¢opmyn nnst a n b):

5= | X y=(@+ B0/ (m-2),

e m — 2 eCTh YACJO CTeNneHel cCBOGObI.

4.10. Craupaprace OTKJIOHEHHE PACCYHTAHHOrO
3HaYEeHHSA HAK/IOHA TPAJyHPOBOYHOH 3ABHCHMOCTH
(standard deviation of the slope; s,). TlapameTp, Xa-
PaKkTepH3yoluli BOCIPOH3BOXAMOCTh pacyeTa Ha-
KJIOHA HaANEHHON perpeCCHOHHON 3aBHCAMOCTH:

2
ms

————— p—

y
mz,rf-(zlxj)2

4.11. CraupapTHOE OTKIOHEHHE PACCIHTAHHOrO
IHAYEAHS OTPe3Ka, OTCEKAEMOro HA OCH OpJHHAT
(standard deviation of the intercept; s,). IlapameTp,
XapaKTepH3YIOIA# BOCIPOH3BOAMMOCTb pacyeTa
OTpe3Ka, OTCEKaeMOro HaHIECHHOM perpeccHoOHHOM
3aBHCHMOCTBIO HA OCH OPJIHHAT:

§p =

S, = 8 = = SpXy.
4.12. Tpanunbl NOBEPHTEILHOrO HHTEPBAIA pac-
CYHTAHHOTO 3HA"EeHHA HAK/IOHA PErPecCHOHHOI 3aBH-
cHMOCTH (confidence limits about the slope; +C,). I'pa-
HHI[bl JOBEPHTENBHOIO MHTEpBaJa, COOTBETCTBYIO-
IIErO YPOBHIO IOBEPATENLHOM BEpOATHOCTH [ — (X

Ch = I,,_vs,,.

Onpenenenne ¢, , cM. 1. 3.15.

4,13. Tpannibl KOBEPHTENLHOrO0 HHTEPBANA A
PACCIHTAHHOTO 3HATEHMA OTpe3Ka, OTCEKAEMOro Ha
ocH opaumar (confidence limits about the intercept;
+C,). ['paHuIbl ROBEpPHTENLHOTO MHTEpPBana, COOT-
BETCTBYIOILETO YPOBHIO AOBEPHTENBHOH BEPOSTHOC-
™m]-a

C,=1,,8

p.vla*

Onpepenenne ¢, , cM. 1. 3.15. CM. B 1. 4.8 KOM-
MeHTapHH N0 NOBOAY 3IHIICA JOBEPATEIBHON BEpO-
ATHOCTH.

4.14. PaccuHTAHHAA BeTHIYHHA HE3ABHCUMOH me-
peMennon (estimated value of the independent vari-
able; X' ). 3HaveHWe HE3ABUCHMON TlepEMEHHON, TIO-
NyYEeHHOE M3 H3MEPEHHOTO MM BRIGPaHHOTO 3HaYe-
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HAA 3aBHCHMOH mepeMeHHOX (Y) NpH noOMOIH
YpaBHCHAR perpeccnomiol‘i 3aBHCHMOCTH!
~_YyY-7

—_

b

4.15. T'pasunpl AoBepHTENEHAOrO HATEpPBANA YIS
PACCIHNTAHHOrO 3HAYEHHSA HE3ABHCUMOH mepeMeH-
Hoit (confidence limits about the fitted value of the in-
dependent variable; +C,). T'paHALBI JOBEPATENBHOIO
MHTEPBAalla A YPOBHA IOBEPHTEIBHON BEPOSTHOC-
TH | — @, B KOTOpbIA NONanaeT pacCYATaHHOE 3Haye-
Hue He3aBHCHMOW NEPEMEHHON X :

-2

m

5 1
C,=t,,.v7,¥ 1+—+

™ mYxl- (T "

Onpepenenne ¢, , cM. 1. 3.15. [lannoe Bpipaxe-
HEE ABJIAETCA MPHOTHKCHHBIM, HOCKONbKY clyYai-

—~
‘Haf NOTPENIHOCTh B b BHOCHT HEKOTOPYIO acHMMe-
TpHIO (KOTOpast MOXeT GhITh yyTcHa B Gonee crpo-
T'OM BbIpaXeRAH). 3a HCKIIIOUEHHEM ClTy4aeB, KOra

—
OTHOCHTEJILHOE CTaHAapTHOE OTKJIOHCHRe b Benm-
KO, BBIIIIETPEBENICHAOE BLIDAaXKECHHE SBIAETCS ROCTa-
TouHO To4HbIM (Natrella, 1963, pa3aen 5-4.1).
Kommenrapmit. Ecne cpennee 3Havenme 7y
npefcTaBiseT coboi cpenHee apEdMeTHYEC-
KO€ 1 napanjenbHbIX H3MEPEHAR, MOXHO HC-
NONBL30BaThk CIEAYIONiee BhIPaXKeHHe:

z 2
—~ Yi
-]
¥ 2 72
[mY x; -y %) 16
4.16. PaccunuTaHHOe 3HaYeHHe 3aBACHMOI nepe-
MeHHoM (estimated value of the dependent variable;

¥ ). IlpenckasbiBaeMoe 3HaYeHHE 3aBICHMOMN nepe-
MEHHOM, COOTBETCTBYIOIIEE BbIOPAHHOMY 3HAYCHHIO
HE3aBHCHMOM NEpEMEHHOH, x':

C. =t

x Py

+

&
b

X -

7 =3 +bx.

4.17. I'panBNBI JOBEPHTENLHOr0 HHTEPBATA IA
PACCYHTAHEOrO 3IHAYEHHR 3ABHCHMOR NepeMeHHOM
(confidence limits about the fitted value of the depen-
dent variable, C,). ['pananpl NOBEPATENLHOrO HH-
TepBana AN YPOBHA HAOBEPHUTENBHON BEPOSTHOCTH
1 - @, B XOTOpBI NONAaAaeT pacCUNTAHHOE 3HAYECHHE

33BHCAMOI IEPEMEHHOM Y ;
-2
mx -
solly—tb mJd
pvoy 2 2
m mij - (le-)

Onpenenenne 1, , cM. 1. 3.15.

C,=1

KYPHAJl AHAIMTUYECKOHA XHMHU

MPEJCTABJIEHHE PE3YJIbTATOB XUMHUYECKOI'O AHAJIM3A

4.18. MEREMaNBALIH 3HAYMMBIA CHFRAI (mini-
mum significant signal, critical level; S,). MuuuMans-
HO€ CTATACTMYECKH 3HAYHAMOE 3HAYeHHWE 4YHCTOro

CurHanay- a':
Sc = tp,VSOv

THe f,, — TaGnEYHOE 3HAYCHHE f-pacrpefeseHHs
(n. 3.15), a 5p — pacCYHTaHHOE CTAaHRAPTHOE OTKIO-
HEHHe YACTOro CHrHana npH x = 0:

2 ln
5o = (5, +5,)

KomMenTapuii. S, HCIIONL3YIOT NPH TPHHATAH
pCIIEHHS O BO3MOXHOCTH NETECKTHPOBaHHS.
Ecnu HabniopaeMblll YACTHIR CHTHAN NpPEBbI-
maeT S,, TO OH CYMTAETCA AETEKTHPYEMBIM
1J1 YpOBHA 3HAaYMMOCTH (/ — p), TaK Kak OH
npefcTasnseT co6o OMHOCTOPOHHHMH TECT.

4.19. TIlpepen o6rapykeuHs, MMHEMAILHO
obHapyxMBaemoe cojepxanue (detection limit, mini-
mum detectable quantity; xp). MuHUMaNnBHOE 3HaYe-
HHE HE3aBHCHMOH IlepeMEHHOWN, KOTOpOE MOXET
6BITH C YBEPEHHOCTbIO OGHAPYXeHO (C BEPOSTHOC-
THIO p) IIPA HCNIOJIB30BaHAH S, KaK IOPOTrOBOro 3Ha-
YyeHnst KpATepns (decision threshold):

xp = 2(Sc/b)(K/I),
roe

K = 1+r(a, b)(s./50)t,, (55/b)

I=1-t,,s/b).

KommenTapuii. CTporo rosops, KaK ynoMsHy-
TO BbIILIC, BENIHYHHA X, ABNAETCA OUEHKOU MH-
HHMAalbHO OGHAapYXXHBAaeMOro COAEPXKaHHAA.
Ona npeacrasaseT cOG0H MaKCHMANBLHBLIA Hy-
JIEBOK CHIHAJl HEKOMOPO10 IKIEMNAAPA TPa-
nympoBouHoil kpuBoH. Ecnu 3navyeHde o, He
CONEPXHT MOrPEMIHOCTH, TO HHTEPBAN OTHO-
CHTEJIbHO#I HEONPENEICHHOCTA Xp He Oyner
NPEBBIATH HHTEPBaJl HEOTIPEAEIEHHOCTH [
HaKNoOHa KpuBO#. ECllH B KauecTBe OLIEHKH O,
HCTIONL3YIOT §,, TO HEONPEAENEHHOCTE Xp YBeE-
JMAYHABAETCA HA LIAPAHY NOBEPHETENLHOrO HH-
TepBana ansA o/s. CnegyeT OTMETHTD, YTO OT-
Homenne K/I =1 nmpus, € b/, ,, B TOM cydae,
KOIHa sy, 2 b/t, ,, HEONpeneaeHHOCTb Npeaena
ofHapyxeHnsi Heorpauryenna (Currie, 1984).
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MMPEACTABJIEHHE PE3YJIbTATOB XUMHWYECKOI'O AHAJIU3A

5. MPHIIOXEHHE

Ta6auyHbie 3HA4YEHHA (NMpeAenbl WHTEIPHPOBAHHA [NA
-pacnpenenenus (pacnpeaeneuns CTbIOQEHTA))

2-CTOpOHHHI YPOBEHb ROBEPHTENLHOM
BepOATHOCTH (2-sided confidence level)
Yucno l-a
cTeneHei [npouexTuns (p)]
ceobogpb! (V)
0.90 0.95 0.99 0.997
[0.95] | [0.975] [0.995] | [0.9986]
1 631 | 1271 63.66 | 235
2 2.92 430 9.92 19.2
3 2.35 3.18 5.84 9.22
4 2.13 2.78 4.60 6.62
5 2.02 2.57 4.03 5.51
6 1.94 245 371 4.90
7 1.90 2.37 3.50 4.53
8 1.86 231 3.36 427
9 1.83 226 325 4.09
10 1.81 2.23 3.17 3.98
24 1.71 2.06 2.80 3.34
oo 1.64 1.96 2.58 3.00
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TEPMHHGBI 10 ITPENCTABJIEHUIO
PE3YIIbTATOB XUMHWYECKOI'O AHAJIU3A
(B AI®PABUTHOM ITOPAOKE)

Bocnpon3gonumocTs — precision

Bbr6opoyuHoe cTaH{apTHOE OTKIOHEHHE — estimated
standard deviation

Bri6poc — outlier

I'panuus! gposepurensHOro UHTEpBana — confidence
levels about the mean

I'paHHIb! ROBEPHTEIBLHOIO HHTEpBANa VIS PACCYH-
TAaHHOTO 3Ha4YeHHs 3aBACHMON mepeMeHHOM — confi-
dence limits about the fitted value of the dependent
variable

I'panuns! poBepHTENBHOrO MHTEpBaJia /ISl paccyu-
TaHHOTO 3HAYEHHS HAKJIOHA PErPECCHOHHON 3aBHCH-
mocTH — confidence limits about the slope

I'paHBUb] ZOBEPHTENBLHOTO MHTEpBaja [UIA paccyH-
TaHHOrO 3HaY€HHA HE3aBHCHMON NepeMeHHOH —con-
fidence limits about the fitted value of the independent
variable

T'panEnp! goBepHTENBHOrO HHTEpBaNa A paccyd-
TaHHOIO 3Ha4YeHMs OTPEe3Ka, OTCEKaeMOro Ha OCH Op-
auHaT - confidence limits about the intercept
Hucnepcus — variance

Hosepurenbhblit mHTEpBa ~ confidence interval
3aBucuMan nepeMenHas — dependent variable
H3mepennoe 3naueHne — measured value

Hcranuas BenuyuHa — true value

Koagduuuent sapuannu - coefficient of variation
KoagduuueHr koppensauun — correlation coefficient
MaTeMaTrHyeckoe oXXHAaHAe — population mean
Mepuana — median )
MnunaMansHO OGHapyXABaeMoe CofepXaHue — mini-
mum detectable quantity

MHHEMATBLHBIE 3HAYKMBIA CATHAI — minimum signifi-
cant signal, critical level

Mona - mode

Haxnon rpapgyrposo4Horo rpagnka — slope
HesaBucumas nepemeHHas — independent variable
O61eM BHIGOPKH - sample size

OcraTouHas cyMMa OTKIOHeHHH - residual standard
deviation

OTknoHenne — deviation
OTHOCHTEIbHast TOTPEeIHOCTH — relative error
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OTHoCcHTENbHAs MOrpermHoCTs B NPOIEHTaxX — per-
centage relative error

OTHOCHTENBHOE CTaHAapTHOE OTKJIOHEHHE ~ relative
standard deviation ’

OTHOCATEEHOE CTAHJAPTHOE OTKJIOHEHHE B Npo-
IEeHTax — percentage standard deviation

OTpe3ok, oTcekaeMblif Ha OCH OpAHHAT — intercept
IMapannensHble n3aMepeHns — replicate measurements
ITepemennas - variable

IorpemHocts pesynnTaTa — error of result

TTonnras cucreMaTHYECKas NOTPEIIHOCTD — bias
IMoporosoe 3nauenne kpaTepHs - decision threshold
IIpaBEnBHOCTE — accuracy

Ipenen oGHapyxenus — detection limit
ITosTOpsieMocTk — repeatability

Pasmax Bb16OpKH — range

PaccyrTaHHOE 3HAYEHHE He3aBHCHMOM NepeMEHHOH —
estimated value of the independent variable

PaccunTanHOoe 3HadYeHHe 3aBHCHMOM nepeMeHHOH —
estimated value of the dependent variable

PesynbTar - result

Cepus — series

Cpennee apadmMeTHuecKoe — arithmetic mean
CpenHee B3pemeHHOe — weighed mean

Cpennee rapmoHBEdecKoe — harmonic mean

Cpepnee reomeTtprueckoe (norapugpmudeckoe) -
geometric mean, logarithmic mean

Cpennee kBanpaTiHoe ~ quadratic mean

CpenHexBaapaTHYHOE OTKJIOHEHHE — FOOt mean square
deviation

CpenHee 3Hauenne — average

NPEJICTABNEHUE PE3YIIBLTATOB XUMHUYECKOIO AHANU3A

CrangapTHas norpemnocts — standard error
CradpapTHoe oTknoneHne — standard deviation

CranpapTHOe OTK/IOHEHHE I FPYNN AaHHBIX — stan-
dard deviation from grouped data

CrangapTHOC OTKJIOHEHHE JiAA TNap AaHHbIX —
standard deviation from paired data

CrangapTHOE OTKJIOHEHHE NMOBTOPAEMOCTH — repro-
ducibility standard deviation

CraHpapTHOE OTKJIOHEHHE PAacCHHTAaHHOTO 3Haye-

HHA HAKJIOHA rpagyApOBOYHON KpHBO# - standard de-
viation of the slope

CraHpapTHOE OTKJIOHCHHE PacCYATaHHOrO 3Have-
HHS OTpEe3Ka, OTCEKAeMOro Ha OCH OPJMHAT - Stan-
dard deviation of the intercept

CraEnapTHOE OTKJIOHEHHe CXOTHMOCTH ~ repeatabili-
ty standard deviation

CraHiapTHOE OTKJIOHEHHE TOYeK OT HalieHHO# 3a-

BucHMOCTH — standard deviation of points about the fit-
ted line

CyMMapHoe cTaHRapTHOE OTKJIOHeHHe — pooled stan-
dard deviation

CxopnMocTs - repeatability

YpasHenne (pyHKIMOHANBHON (IPagyHpOBOYHON)
3aBHCHMOCTH — equation for calibration relation

YpoBeHb AOBEPHTENLHON BEPOSTHOCTH — confidence
level

YposeHb 3Ha9UMOCTH - significance leve]
YcroliurBast CTaTHCTHKA - robust statistics
Yucno n3aMepenntt — number of observations
Yucno creneneit ceo6onn: — degrees of freedom

Komuccun no mepmuunonozuu Hayunozo cosema
PAH no anaaumu4ecKo xumuu
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