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Mpeaucnosue

Llenu, oCHOBHbIE MPUHLMNBI U OCHOBHON NOPAAOK NpoBeAeHus paboT No MeXrocyaapCTBEHHOW CTaH-
Japrtusauyum yctaHosneHsl B FTOCT 1.0—2015 «MexrocyaapcreeHHas cuctema craHgaptusaumu. OCHOBHbIE
nonoxxeHusi» u NOCT 1.2—2015 «MexrocyaapcrBeHHas cuctema craHgaptusaumu. CTaHgapTbl MeXrocyaap-
CTBEHHbIE, NpaBuna u pekoMeHgauumn no mexayHapoaHou craHgaptusauun. NMpasuna pa3paboTku, NpuUHS-
Tus, 0OHOBMNEHUSA N OTMEHBIY

CBeaeHUs 0 cTaHaapTe

1 NMOOrOTOBIEH AkunoHepHbiM 06LLecTBOM «Bcepoccuiickuit Hay4yHo-UCCneaoBaTeENbCKUN UHCTU-
TYT KOMOMKOPMOBON npombiluneHHocTuy (AO «BHUWKI») Ha ocHOoBe oduumanbHOro nepesoja Ha pyc-
CKMI A3bIK aHIMOA3bIYHON BEPCUM MEXIYHAPOAHOIO CTaHAapTa, yKa3aHHOro B MyHKTE 5, KOTOPbIN BbIMOSIHEH
Iyl «PocCUACKUIA HAYYHO-TEXHUYECKUI LEHTP uHOpMaLMM No craHaapTusauum, METPONIOrMU U OLIEHKe
cooteetcTBUS» (PIYM « CTAHOAPTUHDOPM»)

2 BHECEH MexrocynapcTBeHHbIM TEXHUYECKMM KOMUTETOM NO cTaHaapTusauum MTK 4 «Kombukopma,
6enkoBO-BUTAMUHHBIE 100aBKM, NPEMUKChI»

3 NMPUHAT MexrocyaapCTBEHHbIM COBETOM MO CTaHAapPTM3auumn, METPONorMu u ceprudukaumm (npo-
Tokon ot 30 aerycra 2017 r. Ne 102-I1T)

3a nNpuHATUE NPOronocoBanu:

KpaTkoe HaumeHoBaHuWe cTpaHbl o MK Ko cTpanbl no MK CoKpalyeHHoe HaUMEHOBaHNE HaLWOHANBHOro opraHa
(NCO 3166) 004—97 (NCO 3166) 004—97 no ctaHaapTU3aLun
ApmeHus AM MuHakoHOMUKKM Pecnybnukn ApMeHus
Benapycb BY Moccranpgapt Pecnybnuku Benapycb
Kupruaus KG KblprblactaHgapT
Poccus RU PocctaHgapt
Y3bekucraH uz YacraHaapt

4 Mpukasom degepanbHOro areHTCTBa NO TEXHUYECKOMY PErynupoBaHUIO U METponorumu ot 9 Hosbps
2017 r. Ne 1717-ct mexcrocynapcTteeHHblin ctaHgapt FOCT ISO 12099—2017 BBeaeH B AEWCTBUE B KAYECTBE
HauuoHanbHoro ctaHaapra Poccuiickon deaepaumn ¢ 1 ausapsa 2019 T.

5 Hacroawwuii ctaHaapTt uaeHTUYEH MeXayHapoaHOMY cTaHaapty 1ISO 12099:2010 «Kopma ans »xuBoT-
HbIX, 36PHOBbLIE N MOMNOTbIE 3EPHOBLIE NPOAYKTHI. PYKOBOACTBO MO NPUMEHEHUIO CMIEKTPOMETPUN B BrvKHEN
nHdpakpacHomn obnactu cnektpay («Animal feeding stuffs, cereals and milled cereal products — Guidelines
for the application of near infrared spectrometry», IDT).

MexayHapoaHbii cTaHgapt paspaborad Esponeiickum komutetom no cranaaptusauum (CEN), TexHuue-
ckum komutetoM TC 327 «Kopma anst »mBoTHbIX. MeToabl ot6opa npo6 u aHanu3a» COBMECTHO C TeXHUYECKUM
komuteTom ISO TC 34 «Muwesbie npoaykTbiy, Moakomuterom SC 10 «Kopma Anst XMBOTHBIX».

B HacTosileM cTanjapTe 3aMeHeHbl eAMHULbI U3MEPEHUA 0Obema: «NUTP» Ha «AeuuMmeTp Kybuue-
CKMMY, KMUNAUAUTPY HA «CAHTUMETP KYOUUYECKUIY, KMUKPOMUTPY HA «MUNMUMETP KyOu4eckuniny — Ana npu-
BeaeHus B cootsetcTeue ¢ FOCT 1.5—2001 (nyHkT 4.14.1).

HaumeHoBaHWe HacTOsILLEro cTaHAapTa U3MEHEHO OTHOCUTENbHO HAMMEHOBAHUS YKa3aHHOTO Mexay-
HapoAHOro craHaapra ang npuseaeHus B coorsercrene ¢ MNOCT 1.5 (nogpasgen 3.6) n yBA3KW C HAMMEHOBA-
HUAMMU, NPUHATBLIMKU B CYLLECTBYIOLLEM KOMIIIEKCE MEXTOCYAAPCTBEHHbIX CTAHAapTOB

6 BBEJJEH BMNEPBbIE
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UHbopmayus 06 usMeHeHUsX K Hacmosuiemy cmaH0apmy nybrnukyemcs e exea00HOM UHOopmMayu-
OHHOM yKasamere «HauuoHanbHbie cmaHdapmbi», @ MeKcm U3MEHeHUl U Mornpasok — 8 eXemMeCIYHOM
UHGhOpMaUUOHHOM yKa3amerie «HayuoHanbHbie cmaHdapmbi». B criydae nepecmompa (3ameHbl) unu om-
MeHb! Hacmosuweeo cmaHdapma coomeemcemeyrouwjee yeedomneHue 6ydem ornybrnukosaHo 8 exxemecsa4HOM
UHhOpMayUOHHOM yKkazamersie «HayuoHanbHble crmaH0apmbl». Coomeemcemsyrowas uHgopmayus, yeedom-
JIeHUe U MeKcMbl pa3meujaromces makxe 8 UHEopMauuoHHOU cucmeme obujeao Mnosib308aHuss — Ha ou-
yuanbHom calime ®eldepasibHO20 a2eHmemea o MexHU4YEeCKOMy peaynuposaHuro U Memponoauu e cemu
UHmepHem (www.gost.ru)

© CraHgaptuHcopm, 2017

B Poccunckon ®egepaumum HaCTOALWMIA CTaHAAPT HE MOXKET OblTb NONMHOCTLIO UMM YACTUYHO BOCNPOU3-
BeEH, TUPAXMPOBAH M PacnpOCTPaHEH B kayecTBe ouumanbLHOro usganus 0e3 paspelueHusa degepansHo-
ro areHTCTBa Mo TEXHUYECKOMY PEryrnmpoBaHuio U METPONOTUN
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M E X T FoOCYAAPCTHBETHHUB W CTAHAAPT

KOPMA, 3EPHO U NPOAOYKTbI EIFO NMEPEPABOTKU
PyKOBOACTBO NO NPUMEHEHUI0 CNEKTPOMETPUMN B 6nmxHen MHdpakpacHon odnacTu

Feed, grain and food processing. Guidelines for the application of near infrared spectrometry

Dara BBeaeHua — 2019—01—01

1 ObnacTb NpUMeHeHus

HacTosAwumii cTanaapT pacnpocTpaHaeTcsi Ha KopMa, 3epHO, NPOAYKTLI €ro NepepaboTkn U yCTaHaBNuBa-
€T PYKOBOZASILLME YKa3aHUsi MO UCMONb30BAHMIO METOAO0B CMEKTPOCKONUU B BrivokHel uHdppakpacHoi obnactu.
OnpegeneHnst OCHOBaHbI HA CMEKTPOMETPUUYECKOM U3MEPEHUM B BrivkHEN UHpakpacHoi obnacTtu.

2 TepMUHbI 1 onpenerneHus

B HacToALWweM cTaHaapTe NPUMEHEHbI Crneaylolme TeEPMUHbI C COOTBETCTBYIOLLUMMUM ONpeaeneHnsMun.

2.1 npubop, pabotaromun B 6nmxkHein nHdpakpacHon odnactu cnekrpa, MK-ananusarop (near
infrared instrument, NIR instrument): Mpu6op, ¢ NOMOLLBIO KOTOPOIO B ONPEAENEeHHbIX YCITOBUSAX MOXHO Npo-
rHO3UPOBAaTb 3HaYEHMA nokasartenen (CM. 2.3) U xapakTepucTukn (CM. 2.4) B MaTpuue, UCXOAa U3 CTENeHu
nornoLeHuns B GrnmxHen nHcpakpacHon obnacTtu cnekrpa.

MpuMedaHHne— B KOHTEKCTEe HACTOSLLEro cTaHaapTa MaTpuyammn SBNSOTCS KOpMa AN XUBOTHBIX, 3€PHO
NPOAYKTLI ero nepepadoTKy.

2.2 kopma ans XuBOTHbIX (animal feeding stuff): JTloGble npoaykTbl, BKNOYaA KOPMOBbIE A00aBKK, 00-
paBoTaHHble, YacTU4HO 06paboTaHHble unu HeobpaboTaHHble, NPeAHA3HAYEHHbIE AN KOPMITEHUS XUBOTHbIX.

Tpumep — Kopmoeoe coipbe, ghypax, KopMoeasi MyKa, KOMGUKOPM U Opy2asi KoMGuKopmoeasi NPoOyKUyUsI,
a makke Kopma 05151 HenpoOyKMUBHbLIX KUBOMHbIX.

2.3 sHavyeHue nokasarena (constituent content): MaccoBas nona sewecrsa, onpeaeneHHas CoOTBET-
CTBYIOLLMM CTAHAAPTWU30BaHHbLIM UMM aTTECTOBAHHBIM XMMUYECKUM METOAO0M.

MpumedvaHus

1 MaccoByto [0Mt0 4YacTo BblpaXatkoT B MPOLEHTaXx.

2 MpuMepamu onpeaensieMblX NokasaTenei ABNAOTCS Bara, X1p, NPOTENH, Cbipasn KneTyaTtka, HeuTpanbHo-AeTep-
reHTHas kneTyaTka, KUCNOTHO-AeTepreHTHas kreTyaTka. [TpuMepsl METOAOB onpefAeneHns BollleykalaHHbIX NokasaTenen
npusegeHsl B [1] — [16].

2.4 xapakrepuctuka (technological parameter): CBONCTBO MM (PYHKUMA MaTpULbl, KOTOPbIE MOXHO
OnpeaenuTbL COOTBETCTBYIOLLMM CTaHAAPTU30BaHHbLIM UM aTTECTOBaHHBLIM METOAOM(aMMu).

lMpumep — lNepesapumocms.

MpumevyaHus

1 B HacTosLeM cTaHgapTe MaTpuLbl NpeAcTaBnsaoT coboi kopMa ANs XKUBOTHBLIX, 3PHO M NPOAYKTLI NepepaboTku
3epHa.

2 [onyckaeTcA paspaboTka W BbiNonHeHWe Banugauun MIK-MeTo40B B OTHOLLUEHUM ApYrvX NapameTpoB U MaTpul,
npu ycrosumn cobrofeHmns npoLeayp HacTosLero cTaHaapTa. EQUHNLLI M3MepeHns onpesensieMbix napaMeTpoB 4OMmKHbI
COOTBETCTBOBaTL eUHULIaM, UCNONb3YyeMbIM B CTaHAapTHbIX (KOHTPOIbHLIX) METOAax.

U3paHue oduuymansHoe
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3 CymHOCTb

CyLUHOCTE MeToZa 3aKfIoYaeTcsl B PErMcTpaLmMm cnektpa aHanuaupyemon npoGel B GnnkHen uHdpa-
KpacHoit obracTi n pacdete napaMeTpoB MaTpuLibl C NOMOLLBIO FPAAYMPOBOYHBLIX MOAENEN, Pa3paboTaHHbIX
Ha OCHOBE PEnpPe3eHTaTUBHON BLIGOPKN COOTBETCTBYIOLLIMX NPOAYKTOB.

4 ObopypoBaHue

4.1 K-aHann3atop, N03BOSIAOLLMIA NPOBOAUTL UMEPEHUA CNEKTPOB ANIPY3HOIO OTPaXKEHUS Unu Npo-
NyckaHus B AvanasoHe ANWH BOMH OT 770 Ao 2500 HM (ot 12 900 ao 4 000 cm~1) unmu cermentax aroro
AunanasoHa npu BbIGPAHHbBIX ANMHAX BOMH MMM BOJMIHOBLIX Yucnax. OnTuueckuii NpuHUMN MOXeT ObiTb auc-
MEePCUOHHBLIM (Hanpumep, AWM PaKUMOHHLIE MOHOXPOMATOPLI), UHTEPDEPOMETPUYECKUM UNU  HETenno-
BbIM (Hanpumep, CBETOMCNYCKaoLLMe ANOAbI, NlasepHble anoabl u nasepsl). Mpubop aomkeH GbiTb OCHALLEH
AMarHoCTMYECKOW CUCTEMOW ANA TECTUPOBAHUA (DOTOMETPUHECKOTO LyMa U BOCNPOU3BOAUMOCTHU, TOYHOCTU
ANWHBLI BOMHbI MW BOMIHOBOIO YKCAa U NPELU3NOHHOCTU ANWHBI BOMHBLI MW BOMHOBOTO Yucna (4ns ckaHupy-
OLLEro cnekTpodoTomeTpa).

AHanu3artop AOMKEH U3MEPATb NPoBy AOCTATOMHO 60NbLIOro 06bLEMa MNKU NNOLLAAN NOBEPXHOCTHU, YTO-
Obl YCTPAHUTL BMUSIHUE HEOAHOPOAHOCTU XMMUYECKOrO CocTaBa unu M3n4eckux CBOMCTB aHanNU3MpyeMon
npoObl. AnuHy onTuyeckoro nytu B npobe (TonwmHa cnos npobbl) NPU U3MEPEHUSX NPONYCKaHWUA cneayet
ONMTUMMW3NPOBATb COIMACHO PEKOMEHAAUMAM U3rOTOBUTENA NO OTHOLLEHUIO K MHTEHCUBHOCTU CUrHana, utobbl
Mony4YuTb FIMHEHHOCTb U MaKCUMarnbHOe COOTHOLLEHWE curHan/wym. Mpu usmepennn oTpaxeHus ana ycrpa-
HEHUS BbICYLUMBAHWUA MOBEPXHOCTHOrO Cosi Npobbl HE0B6X0AMMO OTAENUTL €ro KBapLEBbLIM OKOLLKOM WK Apy-
MMM NOAXOASILLUM MaTepuanom.

4.2 YCTPOWCTBO ANA pa3ManbiBaHUs Un u3Mens4eHnsa npodul (npu Heo6xoauMocTh).

MpumMmevyaHue — MN3MeHeHUs YCIIOBUIA pasmarbiBaHUs UMW U3MENEYEHU MOTYT NOBAUATL Ha MK-13mepeHus.

5 NpapyupoBKa U nepBoHavyanbHasa Banuaauma

5.1 O6wWwKe nonoxeHus

Mepen ncnonb3oeaHuem npubop rpaayupyior. Benay pasHoobpasusi rpagyMpoBOUHbIX CUCTEM, KOTOPbIE
MOXHO NpUMeHsATb k MK-aHanusatopam, HEBO3MOXHO NMPUBECTU KOHKPETHYIO METOAUKY FpalyUpPOBKN.

Metoabl rpagyvpoBkM NPUMBOAATCA B COOTBETCTBYIOLLUMX WMHCTPYKLMSAX M3TOTOBUTENS WUIM, Hanpumep,
[17]. Ons BanMaaumMm BaXKHO MMETb AOCTATOMHOE KONMYECTBO penpe3eHTaTUBHbIX Npod, OXBaTbIBAKOLMX Ta-
KWe BapuaHThl:

a) pasnuyHble KOMOMHAUMKM U AuanasoHbl NApameTpPoB, COOTBETCTBYIOLLME MaKCUMaNbHOMY U MUHU-
MarbHOMY 3Ha4YEHWIO;

b) ce3oHHbIe, reorpacdmyeckne u reHeTuyeckue hakTopbl 4ns KOPMOB, KOPMOBOTO ChIpbSl U 3€PHa;

C) pasnuyHas TexHuKa otbopa u NnoAroToBKU Npoodbl;

d) pasnuuHbie yCnoBust XxpaHeHusi Npoobl;

€) pasnuyHas Temneparypa npobbl u npubopa;

f) pasnuyHble BapuaHTbl NpMBopoB (pa3nuuus mexay npubopamu).

MpunmMedyaHue—[ns HagexHoi Banugauum Tpebyetca He meHee 20 npob.

5.2 CtaHaapTHble meToAabl

Cneayet NONb30BaTLCA NMPUHATLIMU CTaHAAPTHLIMU METOAAMU ONpeAeneHus BNnaru, Xxupa, npoTeuHa u
Apyrux napametpos. Mpumepsbl npuBeaeHsbl B [1] — [16].

CTaHaapTHLIN METOA, UCTONb3YEMbIii Ansi rPaAyMpPOBKM, AOIDKEH HAXOAUTLCA B CTATUCTUYECKU YNpaB-
naemMom pexume, T.e. Ans nmoboi npobbl HabnogaeMas U3MEHUYUBOCTb A0MKHA BKNOYATb Crly4aiHble u3me-
HEHNA BOCNPOU3BOAUMON CUCTEMbI. BaXKHO yuuTbIBaTh NPELM3MOHHOCTb CTAHAAPTHOIO METOAA.

5.3 BbiGpochl

B 60nbLUMHCTBE CNyyaeB B NpoLiecce rpagyupoBKU M Banuaaummu HabnioaaoTca cTaTucTuyeckue Boibpo-
Cbl. BbIbpochl MOryT ObITh CBAi3aHbl ¢ MK-u3amepeHusiMm (cnektparnbHble BbIGPOCHl, Aanee — «X-BbiOPOCHI»)
UM NOTPELUHOCTAMU  OMOPHBLIX [aHHbIX (MOMYYEHHbIX CTaHAAPTUM30BaHHLIMU MeToAamu), a Takke

2
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C OTCYTCTBUEM B3aUMOCBA3N MEXAY ONOPHLIMU AaHHbIMU M UK-n3mepeHusimm npobbl (aanee — «y-BblIOpOChI»)
(cM. pucyHku B.1 — B.5, npunoxeHue B).

Mpoby (pe3ynbraTt) HE CYMTAIOT BLIGPOCOM ANs Banuaauuu, ecru:

a) mapaMeTpbl HaxoaaTcsa B pabovem AuanasoHe rpagyupoBKu;

b) napameTpbl HaXoAATCA B Npefenax CnekrpansHOn U3MEHYMBOCTM FPagyMpoBOYHbIX NPo6, Hanpumep,
OLEeHeHHble Mo paccTosHuio MaxanaHobuca;

C) cnekTpanbHas pasHOCTb OyAeT HUXKe NpeaenbHOro 3Ha4YeHusi, onpeaerieHHoro B NpoLecce rpagyu-
POBKM;

d) nporHosupyemas pasHocTb ByaeT HWxe NpeLenbHOro 3Ha4eHust, onpeaeneHHoro B NpoLecce rpaay-
UPOBKM.

Ecnu pesynerar okasancs BbIGpocom, TO HE0OX0AMMO NPOBEPUTHL, ABNSAETCA N1 OH x-BbiGpocom. Pe-
3ynbTar creayeT UCKMYUTb, €CMU OH BbIXOAUT 3a Npeaensl Ans X-BbIOPOCOB, onpeaeneHHble rpagyupos-
kon. Ecnu 310 He x-BbIGPOC, TOraa cnegyet NPOBEPUTL ONOPHOE 3HaYeHue u MK-nporHo3upyemoe sHaueHme.
Ecnu nposepka noaTBepKaaeT NepBoHayarnbHble 3HaYeHUs, To Npoby (pe3ynbTaT) He Crneayer UCKNoYaTh: ee
cnenyeT BKMIOYWTbL B CTATUCTUKY Banugauuun. Ecnu nonyyeHHble NpU NPOBEPKE 3HAYEHUS MOKa3bIBAKOT, YTO
nepBoHaYarnbHbIE ONOPHbIE 3Ha4YeHUs unu MK-nporHosnpyemblie 3Ha4eHUs Gbiny ¢ NOrpeLLHOCTbIO, TO UCMOTb-
3YI0T HOBbI€ 3HAYEHUA.

5.4 Mopgenu Banuaauuu 1 rpagyvpoBKu

5.4.1 O6Ke nonoxeHus

Mepen npumMeHeHMEM rpagynpoBOYHas MOAENb MOANEXUT Banugauunm Ha He3aBUCUMON aHanuaupye-
Mol BbIBOPKE, KOTOPas ABNAETCA penpe3eHTaTUBHOI ANst MHOXECTBA noanexalyux aHanusy npo6. [ns onpe-
[eneHus cucTemMaTUYeCcKom NorpeLuHoCcTyr (cmeLeHns) Tpedyerca He MmeHee 10 NpoO; AnA onpeaeneHns CTaH-
AapTHoi owmbku nporHosa (SEP, cm. 6.5) Tpebyetcs He meHee 20 npo6. Banuaauus AOMmKHA BbINOMHATLCA
ANA Kaxaoro Tuna npo6, napameTpa u TeMneparypsbl. [pagympoBka geiCTBUTENbHA TONLKO AN TEX BapuaH-
TOB, T.€. TUNOB Npo6, Anana3oHa u TemMneparypbl, KOTOPbIE UCMONL30BANUCL B Banuaauum.

YUto6bl NONy4YnTb BU3yarbHOE BrieyaTieHme O pe3ynbTaTMBHOCTU rpagyMpoBKK, NO pesyrnbrartam, nosy-
YEHHbIM Ha He3aBMCUMOW aHanu3upyemoi BblIOOpKe, CTPOoAT rpacdhuk no MK-uamepeHusm unm pasHoCTAM U
COOTBETCTBYIOLLUM OMOPHBLIM AaHHbIM. PaccuuTbiBalOT CTaHgapTHYO oLwMGKy nporHo3a SEP (cm. 6.5) u Ha
rpadomke, CKOPPEKTUPOBAHHOM C YYETOM CPEAHEN CUCTEMAaTUYECKON OLMOKM (CMeLLeHUA), onpeaensioT Bbl-
Bpocsl, T.e. NPoGbI (PesynbTaThl), Pa3HOCTb AN KOTOPbIX NPEBLIWAET + 3SgEp.

Ecnu npouecc Banuaauum nokasbIBaET, YTO MOAESb HE COOTBETCTBYET NPUEMIIEMON CTAaTUCTUKE, TO 3Ty
MOAENb HE AOMYCKAETCH UCMONb30BAaTh.

MpumMedaHune—IpueMneMocTs MOAENN 3aBUCUT OT TaKUX KPUTEPUEB, KaK UCMONTHEHNE CTaHAAPTHOrO MeToAa,
OXBa4eHHOTo Anana3soHa U Lenu aHanusa, a pelueHne NPUHUMALOT y4acTBYIoLLME CTOPOHSI.

Ha cnegyiowem srane, 4toObl NONy4MTb CTATUCTUKY, KOTOpasi OMMCLIBAET pe3ynbraTtbl Banuaauum,
BbIpaX@ioT 3aBUCUMOCTb UK-U3MEpeHuit, yyr, W ONOPHbIX AAHHLIX, Y. B BUAE NMHEWHOW perpeccuu
Vrer=DynR + @)-

5.4.2 NonpaBka Ha CUCTEMATUYECKYIO NOrPeIHOCTb (CMelleHue)

MonyyeHHblE AaHHbIE WUCNONL3YIOT ANA ONpeaeneHus CUCTEMATMYECKOW MOrpeLlHOCTH (CMeLLeHus)
Mexay meropamu. PacxoxaeHue mexay cpeanumm UK-n3amepeHussMn u onopHbIMU JaHHbLIMU, 3HAYUTENBHO
oTnnyaioLLieecs OT HyNA, NOKa3bIBAET HA CMCTEMATUYECKYIO NOrPELUHOCTb (CMEeLLEHNE) rpaaynposku. Cucre-
Maru4yecKylo NOrpeLLHOCTb (CMELLEHNE) MOXHO YCTPAHUTL NYTEM KOPPEKTUPOBKM KOHCTaHTbI (CM. 6.3) B rpa-
JyMPOBOYHOM YPaBHEHUW.

5.4.3 PerynupoBka HaknoHa

Ecnun koadhpuumneHT b 3HaYMTEeNbHO OTAUYAETCA OT €AUHULbI, TO FPAaAyMpPOBKA HE KOPPEKTHA.

OO6bIYHO HE PEKOMEHAYETCA pPerynupoBKa HaKNoOHa UK OTCeKaemMoro oTpeska npu rpagyMpoBke, eciu
rpagyMpoBKa NPMMEHSETCA K MCNONb30BaHHLIM TUNAaM (He K HOBbIM TUNam) npo6 unu npudopos. Ecnu nostop-
HOe uccnegoBaHue rpagympoBKN HE BbISIBUNO BLIOPOCOB, 0COGEHHO BLIOPOCOB C BLICOKOW GanaHCMpPOBKOW,
NPEAnoOYTUTENBLHO PaACLUMPUTL FPAaYUPOBOYHYIO BbIOOPKY, yBENUUMBaA konmuecTBo npob. OaHako, ecnu Ha-
KIMOH OTPErynupoBaH, To cneayet NpoBepuTb FPpagyMpoBKy Ha HOBOW HE3aBMCMMOI aHanU3npyemon sbibopke.

5.4.4 PacwunpeHune rpagyMpoBOvHON BbIGOPKU

Ecnu TO4HOCTb rpagyupoBku HE ONpaBabLIBAET OXMAAHUSA, TO CneayeT pacluMpuTb rpagyMpoOBOYHYIO Bbl-
6opky, yBenmuuBas KonmuyecTso nNpod, unu BbINONHUTL HOBYIO FPAaayMPOBKY. ECNM BLINONHSIOT HOBYIO rpagyu-
POBKY Ha paclLUMpeHHOM BbIGOpKe, TO Banuaauuio NOBTOPAIOT HA HOBOWM BbiOopke Ans Banuaauuun. MpagyupoBoy-
HyI0 BIOOPKY yBENMUMBAIOT, NOKa He ByayT nonyyeHbl npuemneMble pesynsratbl Ha BolOopke Ans Banuaaumn.

3
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5.5 N3ameHeHue ycnoBuii nsMepeHus u paborsl npuéopa

B cnyyae uameHeHusa ycrnosui uCnbiTaHui nokanbHylo sanuaauunio UK-metoga, ycraHasnusaioLLyio
TOYHOCTb 9TOF0 METO/AA, HE CUUTAIOT JOCTOBEPHON 6e3 JONONHUTENbHOW rpagyupoBKu.

Hanpumep, rpaayMpoBku, NPOBEAEHHBLIE AN ONPEAENEHHOr0 MHOXeCTBA NPOoG, MOryT OKa3aTbCs He-
AeWCTBUTENbHLIMU 33 rPAHNULIAMKU 3TOF0 MHOXKECTBA, XOTS AMana3oH napaMeTpa He usMmensaercs. Mpagyvpos-
Ka, MPOBeAEeHHasa Ha CUNoCe M3 OAHOTO palnoHa, MOXET HEe AaThb TaKylo e TOYHOCTb Ha Cunoce u3 Apyroro
paioHa, ecnu He COBMagaloT NapameTpbl rEHETUKU, BbIPALLMBaHUA U nepepaboTku.

M3meHeHns B otbope u noarotoske nNpobbl Mnu ycnosuax UIMEPEHUN (Hanpumep, TeMNeparypsbl), He
YYTEHHbIE B rPaAyMpOBOYHON BbIGOPKE, TaKke MOTyT NOBMUATL Ha pe3ynbrar.

IpagyvpoBKku, BbIMOMHEHHLIE HA ONpeaeneHHOM npubope, He BCeraa MOXHO HENOCPEACTBEHHO nepe-
HECTU Ha aHanornyHbIli Npubop, paboTaloLmii No ToMy ke npuHuuny. MoxxeT noTpeboBaTbCA BbINMONMHEHNE
perynmpoBkM CMCTEMAaTU4eCKOW NOrPEeLUHOCTU, HAKMOHA UMW OTCEKaeMoro OTpeska No rpagyMpoBOYHBLIM
xapaktepuctukam. B OOnbLUMHCTBE cnyyaeB AnNsi NEPEHOCA FPagyMpPOBOYHLIX XapakTepucTuk Heobxoammo
CTaHAapTM3MPOBaTh NPMOOPLI APYr OTHOCUTENBHO Apyra [17]. MOXHO ncnonb3oBaTh pasHbie METOAbI KOpPek-
TUMPOBKM AMA NepeHoca rpagyupoBku Mexxay npubopamu pasHoro Tuna, Npu ycrnosuu, 4To Npodel U3MepsIoT
OAMHAKOBbIM 0Opa3om (OTpaxeHue, nponyckaHue) u obnactb cnekTpa oauHaKosas.

Ecnu usmeHnnuce ycnosus, pekoMeHAYeTCS BbINOSIHUTL A0NOSIHUTENBHYIO Banuaauuio.

paaynpoBKy pekoMeHAyeTC NPOBEPATL BCAKUIA pa3s, KOraa MEeHSIOT UM PEMOHTUPYIOT OCHOBHYIO 4acTb
aHanusaTtopa (OnTU4ECKYI0 CUCTEMY, AETEKTOP).

6 CtatucTuKM ans onpenereHus pabounx xapakrepucTuk

6.1 OOwme nonoxeHusA

Paboune xapakTepucTuku rpagyMpoBOYHON MoAenu onpeaensior no BoiGopke Npo6 ana Banuaauuu.
Ota BbIOOpKA COCTOMT M3 MPO6, HE3aBUCUMBIX OT rPalyMPOBOYHON BbIGOPKU. Ha npeanpusaTun 8TO HOBbIE
napTuu, B CENbCKOM XO35IMCTBE — 3TO HOBbIN YPOXKai UK HOBOE MECTO NPOBEAEHUSI UCCNEAOBAHUA.

Bbibopky npo6 aHanM3upyloT CTaHAApPTHLIMM MeToAamMu. AHanu3y npo6 Ans Banuaaumn Heo6xoaumo
yAaenutb 0coboe BHUMMAaHUE, T.K. NPELM3NOHHOCTb Pe3ynbLTaToB BbIOOPKM ANs BanuaaLMu BaXHee, Yem Ans
npo6, ncnonb3yemMbix Ha aTane rpagyupoBKy.

Ona BblYMCNEHNA CTaTUCTUKM C ONpeaenNeHHON A40CTOBEPHOCTbLIO YMCnO Npob AnA BanMaauumn 405mKHO
ObITb HE MeHee 20.

6.2 MocTpoenue rpacduka no pesynsraram

Ba)xHO BU3yanuaupoBarh pesynsTarhl B rpadmkax, Hanpumep, B rpacduke 3aBUCMMOCTY OMOPHbBIX 3HaYe-
HUM OT NPOrHO3NPYEMbBIX UMK PA3HOCTEN OT NPOrHO3UPYEMbIX 3HAUEHU.
Pa3sHOCTb BLIMMCAIAKOT N0 (hopmMyrne

€=y~ J?,’, O]
rae y; — i~-TO€ OMOPHOE 3HAYEHHUE;
Y, — i-TO€ NporHo3npyemoe 3HaveHue, Nony4eHHoOe NPy UCNonbL3oBaHUM MHorogakTopHon UK-moaenu.
Bbluucnenue pasHocTel faeTr nono¥mTenbHY0 CMCTEMATUYECKYI0 MOrpeLuHOCTb, €CAM NPOrHo3upye-
Mbl€ 3HAYEHUS CIIMLLKOM BbICOKM, U OTPULIATENbHYIO, €CNU NPOTHO3NPYEMbIE 3HAYEHUSI CITMLLIKOM HU3KU NO
CPaBHEHUIO C OMOPHLIMKU 3HAYEHUSAMM.

Mpadhuk naet npomexxyTouHOE BneyaTneHne o Koppenauum, CUCTEMaTUECKON NOTPELLIHOCTU, HAKIOHE U
NoKasbIBaET HaNn4me o4eBUAHbIX BbIOPOCOB (CM. PUCYHOK 1).
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yref A

41+

36

31

26

21 | T T T >
21 26 31 36 41 YNIRS

1 — nnHug 45° (ngeanbHas NMHUA € CUCTEMATUYECKON MOTPELUHOCTEO € = 0, KO3t PULMEHTOM HaKIoHa b = 1); 2 — nuHNG 45°
CMelLieHHan cUCTeMaTNYECKON NOrPeLLHOCTbIO &; 3 — NHMA NUHENHOW perpeccuu ¢ oTcekaeMblM OTPE3KOM V. & 4 — BbIOpOCH! ;
a — 0Tpes30K; & — cucTemaTmyeckas NorpeLLHoCTb; ¥y rg — MPOrHO3Mpyemoe sHaveHue B GnimxHen MK-obnactu cnekTpa;

Yref — OMOPHOE 3Ha4eHne

M punMeyvyaHne — Bbl6pOCbI WMERT CUNbHOE BNUAHME Ha pacHdeT HaKnoHa W noanexart UCKIMKYeHUIo, ecrun
pesynberathl npegnonaraeTcAa NCnonb3oBaTb A4J1A KOPPEKTUPOBKA.

PucyHok 1 — Mpacpuk paccesHusa 4na BbIGopKku AN Banuaaumnm, v, = fla + byyrs)

6.3 CucrtemaTruyeckasa norpewHocTb

Ona MK-mogenen xapaktepHa cucTtematuyeckas norpeLlHoCcTb (CMEeLUeHME) unu cucTemaTudeckas
owmbka. CucreMaTnyeckasa norpeLlHOCTb MOXKET BO3HMKATbL, €CNU aHanM3npyemble Npoobl ABMAIOTCS HOBbIM
TUNOM Npo6 u He BbInNu NPpeayCMOTPEHbI MOAENLIO, a TaKKe 3a cHeT apenda npubopa, OTKMOHEHUI B XUMUYeE-
CKMX MeToAax, U3MeHeHur B oTOope u NoAroToBke npoo.

CucreMartunyeckasi NorpeLlHocTb (MNU CMELLEHWE) ABNAETCA CPeAHEN Pas3HOCTbIO €, U €€ MOXHO Bbl-
YMCNUTb NO hopMyram

1L
e=—1>6| @
n\iz1

rae N — KONM4ecTBO HE3aBUCUMBbIX NPOB;
€; — pasHoCTb, onpeaenexHHas no opmyne (1), Ans i-roit NPoLbI;
unm

s= Sy -Yy|=v-v. 3)

rae N — KONM4ecTBO HE3aBUCUMBbIX NPOD;
Y; — I-TO€ OMNOPHOE 3HAYEeHHUE;
y; — I-TO€ NpOrHo3mpyemMoe 3HayeHue, nony4eHHoe Npu UCMonb3oBaHUU MHorogakTopHon MK-moaenu;

y — cpeaHee U3 ONOPHbIX 3HAYEHUIA;

y — cpeaHee 13 NPOrHO3NPYEMbIX 3HAYEHMIA.
3Ha4YMMOCTb CUCTEMATUYECKON MOrPELUHOCTM NPOBEPAIOT C NOMOLWbIO f-kpuTepus. MNpegenbHble 3Ha-
YeHUa ANa NPUHATUA UNKU OTKIOHEHUS MOAENM Ha HEOONLLUON BbIOOPKE NPOO M3 HOBOIO MHOXECTBA onpe-
AENAOT Ha OCHOBE AOBEPUTENbHBIX NPEAENnoB cucTemMaTnyeckoin norpeHoctn (BCLs) Ty, BbIMUCIIEHHBIX MO

dopmyne
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{1-as2)SsEP '
JE ’ ( )

rae t — t-kputepuii CTblogeHTa AN ABYCTOPOHHETO OTKMOHEHUA CO CTeNeHsIMM cB0OOAbI, CBA3aHHbIMU C SEP,
U BblOpaHHOW BEpOSTHOCTU OWMOKU NEPBOFO TUNA, 3HaYeHUs {-kputepuii CTblogeHTa NpUBEAEHbI B
Tabnuue 1;
0. — BEPOSATHOCTb MOSIBNEHUS OLUMOKU NepBOro TUNa;
N — KONM4eCTBO HE3aBUCUMBIX NPO6;
Sggp — CTaHAapTHas owmGka nporHosa (cm. 6.5).

T, =t

Tpumep — IMpu n = 20 u sgep = 1 Npedensl 6ydym paeHb!

=10,48 (%)

3T0 03HAuUaEeT, YTo CUCTEMATUUECKAA NOrPELLHOCTb, Nony4YeHHan Ha 20 npobax, He AO0mMKHA ObITh BbiLLE
48 % OT cTaHaAAapTHOM OLLMOKKU MPOTrHO3a, KOTOPasi AOIDKHA CYUTATLCA OTAIMYHON OT HYIS.

Tabnuya 1— 3HaueHus t-pacnpeneneHna ¢ seposaTHocTbio o =0,05 (5 %)

n t n t n t n t
5 2,57 1" 2,20 17 2,11 50 2,01
6 2,45 12 2,18 18 2,10 75 1,99
7 2,36 13 2,16 19 2,09 100 1,98
8 2,31 14 2,14 20 2,09 200 1,97
9 2,26 15 2,13 30 2,04 500 1,96
10 2,23 16 212 40 2,02 1000 1,96
MpwnMedaHmne— [donyckaeTcs Ucronb3osaTb dyHKkumio Exel D TINV

6.4 CpegHekBagpaTuveckasn owuncka nporHosa (RMSEP)

CpeaHekBapaTU4ECKy0 OLLMOKY MPOrHo3a Sgysep (CM. C.3.6, npunoxenue C) BbluMCnAIOT No hopmyne

: ®)

roe e; — pasHoCTb, onpeaeneHHas no dopmyne (1), 4Ans i-Toi npoosl;
N — KONMMYEeCTBO HE3aBUCHUMbIX NpoB.
3T0 3Ha4YeHne MOXHO CPABHUTbL CO CTaHAAPTHOW owmbKkon rpagyupoBkn SEC (cm. C.3.3, npunoxeHue
C) u co ctaHaapTHoii oLuMBKo nepekpecTHoi nposepkn SECV (cMm. C.3.4, npunoxeHue C).
RMSEP Bkntouaet cniyqarinyio oumbky (SEP) u cuctemaTuieckyto norpellHocTb (cMmelueHune). OHa Tak-
e BKIMOYAET NOrpeLuHoCTb cTaHAapTHeIX MeToaos (SEC u SECV, cM. npunoxeHue C).

n-1 2 _
SRMSEP = ( - )'SSEP+62, @)

A€ N — KONMMYECTBO HE3aBUCUMbIX NPOB;
Sggp — CTaHaapTHas ombka nporHosa (cm. 6.5),
€ — CMeLLEeHMe unu cuctemaTmyeckas ownodka.
He cywectsyet npsimoro onpeaeneHns RMSEP. Mo 3Toi npuymHe BbIAENAIOT CUCTEMATUYECKYIO OLLNG-
Ky, CMELLEHNE Unu €, 1 cny4aitHyto owndky, SEP unm Sggp.

1) Exel — Toprosoe HauMeHoBaHMWe NpogyKTa, NocTaBnsieMoro komnaHneit Microsoft. 3Ta MHdbopmMaLmMs faeTes ANs
yaobcTBa none3oBaTenei JaHHOro cTaHgapTa W He yKasblBaeT Ha NPeAnoYTEHUE B OTHOLUEHWU STOro npogykra. MoxHo
“cnonb30BaTh paBHOLEHHbIE MPOAYKTHI MPW YCIIOBMM NOMYYEHUS aHanornyHbIX pe3ynsraTos.

6
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6.5 CtaHpapTHas owunoSka nporHosa (SEP)

CTaHgapTHY0 OLMOKY MPOrHO3a Sgep, UM CTAHAAPTHOE OTKIIOHEHWE Pa3HOCTEl, KOTOpas BbipaXaer
TOYHOCTb PE3ynLTaToB, NONyYeHHbIX MK-METoa0M, CKOPPEKTUPOBAHHbLIX MO CPEAHEN pasHOCTU (CMELLEHUIO)
Mexay pesyneratamu, nonyvyeHHoiMu NK-meTogom u ctaHgapTHbIM METOAOM, BbIMUCHIAKOT N0 popMyne

= ®)

rae n — KONUYeCTBO HEe3aBUCUMbIX NPOD;
€; — PasHOCTb, onpeaeneHHas no copmyne (1), i-Ton Npobsl;
€ — cucTemaTuyeckas ombka unu cMeLleHue,
Ouwmbky SEP cnepyet conoctasutb ¢ SEC (cM. C.3.3, npunoxenue C) unu SECV (cm. C.3.4, npuno-
»xeHue C) Anst NPOBEPKU HAAEXKHOCTU rpagyupoBOYHON MOZdenu Ansi BbiOpaHHoi BIBOPKKU ANs Banuaauuu.
HdosepuTenbHbie npeaesbl HeoObsAcHUMON owmbku (UECL) T\jg, paccuuTbIBaloT U3 F-kputepusa (OTHO-
weHue aByx aucnepcuin) (cm. [19] u Tabnuuy 2)

Tue = SsecyFovm) | ©)

rae Sggc — CTaHaapTHas owwmbka rpagynposku (cm. C.3.3, npunoxenue C);
0. — BEPOATHOCTb NOABNEHUS OLUMOKM NEPBOro TUNA;
V=n-1—uynucnutenb cTeneHen cBoboabl, CBA3aHHbIX ¢ SEP aHanusanpyemon BbIGOPKU, B KOTOPOHM
n —yucno npo6 B npouecce sanuaauum,
M = n, - p — 1 — 3HameHarenb crenexei cBoboabl, ceasaHHbIx ¢ SEC (cTaHaapTHOW oLwmbKoi rpaaym-
POBKM), B KOTOPOM N, — KONMYECTBO Npo0 Ans rpasyupoBKU; P — KONMUYECTBO YNEHOB
unu ¢paktopos PLS B mogenu.

MpumedaHus
1 SEC MoxHo 3ameHuUTb Ha SECV, koTopas ctatuctudecku nydie, 4em SEC, nockonbky savactyto SEC cnuwikom
ONTUMUCTUYHA, Sgecy > SsEC-

Mpumep — Mpu n = 250, 0= 0,05, M= 100 u sgec =1, Ty = 1,30 (10)

310 03HayaeT, uTo Ans 20 npo6 SEP MoxeT 6biTb NPUHATA, T.K. NpUMepHO Ha 30 % Gonbue, Yem SEC.
2 [lonyckaeTcs ucronb3oBaTh dyHKLuio Exel’) FINV.

F-KpuTepuii Henb3sl UCNONb30BaTh ANA CPABHEHUA ABYX FPAagyMpPOBOK HA OAHOMN U TOW e BbiGopKe ansa
Banuaauuu. HeobxoammMo ucnonb30BaTh, ABE He3aBUCUMbIE BbIOOPKU. [Ins cpaBHEeHUs AByX u Gonee moae-
nen Ha OAHOWN U TOW XXe BbIOOpKE AAHHBLIX NPUMEHSAIOT APYron KpUTepui.

Tabnuya 2— F-3Ha4YeHUsI M KOPHU KBagpaTHbIE U3 F-3Ha4eHWii Kak pyHKUMS cTeneHelt cBobogbl YucnuTens, cBA3aH-
Horo ¢ SEP, n sHameHnartens, ceasaHHoro ¢ SEC

Fio: Foc:v,M
S%E?Z%: Crenetu cgd\%'gqul (SEC) CreneHu C(BO6OA)bI (SEC)

50 I 100 | 200 | 500 I 1000 50 | 100 I 200 | 500 | 1000
5 2,40 2,31 2,26 2,23 2,22 1,556 1,52 1,50 1,49 1,49
6 2,29 2,19 2,14 212 2,1 1,51 1,48 1,46 1,45 1,45
7 2,20 2,10 2,06 2,03 2,02 1,48 1,45 1,43 1,42 1,42
<] 2,13 2,03 1,98 1,96 1,95 1,46 1,43 1,41 1,40 1,40
9 2,07 1,97 1,93 1,90 1,89 1,44 1,41 1,39 1,38 1,37
10 2,03 1,93 1,88 1,85 1,84 1,42 1,39 1,37 1,36 1,36
1 1,99 1,89 1,84 1,81 1,80 1,41 1,37 1,36 1,34 1,34

1) Exel —ToproBoe HauMeHoBaH1e NPOAYKTa, NOCTaBMSIEMOro KoMnanueil Microsoft. 3ta uHdopMaLms gaetes ans
yaobcTBa nonb3oBaTteneil JaHHOro ctaHjapTa U He yKa3blBaeT Ha NpeAnovTeHne B OTHOLLEHUU 3Toro npoaykra. MoxHo
ncnosnb3oBaTh paBHOLEHHbIE MPOAYKTLI, NPU YCNOBUW NONYYEHUSA aHanorn4HbLIX pesynsraToB.

7
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OkoH4YaHue mabnuupl 2

CreneHun c F(a:vsr\/l) SEG F(oc:v,M)
C?EIGEOF{JSH Teneni cBobonkl (SEC) CreneHu cBobogpl (SEC)
50 ’ 100 | 200 | 500 | 1000 50 | 100 | 200 | 500 | 1000

12 1,95 1,85 1,80 1,77 1,76 1,40 1,36 1,34 1,33 1,33
13 1,92 1,82 1,77 1,74 1,73 1,39 1,35 1,33 1,32 1,32
14 1,89 1,79 1,74 1,71 1,70 1,38 1,34 1,32 1,31 1,30
15 1,87 1,77 1,72 1,69 1,68 1,37 1,33 1,31 1,30 1,29
16 1,85 1,75 1,69 1,66 1,65 1,36 1,32 1,30 1,29 1,29
17 1,83 1,73 1,67 1,64 1,63 1,35 1,31 1,29 1,28 1,28
18 1,71 1,71 1,66 1,62 1,61 1,30 1,31 1,29 1,27 1,27
19 1,80 1,69 1,64 1,61 1,60 1,34 1,30 128 1,27 1,26
29 1,69 1,58 1,52 1,49 1,48 1,30 1,35 1,23 1,22 1,22
49 1,60 1,48 1,42 1,38 1,37 1,27 1,22 1,19 1,17 1,17
29 1,53 1,39 1,32 1,28 1,26 1,24 1,18 1,15 1,13 1,12
199 1,48 1,34 1,26 1,21 1,19 1,22 1,16 1,12 1,10 1,09
499 1,46 1,31 1,22 1,16 1,13 1,21 1,14 1,11 1,08 1,07
999 1,45 1,30 1,21 1,14 1,11 1,20 1,14 1,10 1,07 1,05
6.6 Haknon

B ny6nukauyusax no cnekTpoCcKONMM 4acTo yKas3bliBaloT 3HavYeHne b koadpuumeHtTa npocTon perpeccun
y=a+by.

HeobxoanuMo OTMETUTb, YTO C OMOPHLIMU 3HAYEHUAMM KOSMDMPUUMEHT b AOMKEH BLIMUCNATLCA Kak 3a-
BMCHMAs NepeMeHHas, a ¢ NporHo3mpyembiMn UK-sHaueHmAMN Kak HesaBucuMas nepemMeHHas, ecrnm BblYnc-
NEHHLIN HaKNOH Byaer ucnonb3oBaTbCs AnA perynupoBku MK-pesynsratoB (kak B cnyvae o6parTHOW MHOro-
haKkTOPHOW perpeccun, UCNONb3yeMON ANsA NOCTPOEHUS MOAENN NPOrHo3a).

HaknoH paccunTbiBalOT METOA0M HAMMEHbLUMX KBAAPATOB:

Sy
b=— 1
2 (1)
y
rae syy— KoBapuauua Mexay OrnopHbIMU U MPOTrHO3MPYEMbIMU 3HAYEHUSIMU;

sf? — AMCNepcHst N NPOrHO3UPYEMbIX 3HAYEHMUIA.

OT1cekaeMbli OTPE30K paccyUTbIBalOT NO hopmyne
a=y—uby, (12)
rae y — cpeaHeapuMETUYECKOE 3HAYEHNE ONMOPHbLIX 3HAYEHUI;

b — KO3(ULIMEHT HAKIIOHA,

9 — cpegHeapudMeTM4YECKoe 3Ha4YeHUE MPOrHO3MPYEMbIX 3HAYEHUN.
UTo KacaeTca cucteMaTUYeckon NOrpeLlHoCTH, TO -KpUTEPUn MOXKHO paccuuTaTb ANS NPOBEPKU rMMo-
Tesbl, YTO b=1

tops = [b =1y ——5—. (13)

rae N — KONMYECTBO HE3aBUCUMbIX NPOO;
sf? — [MCNepcHst N NPOrHO3NPYEMbIX 3HAYEHMUIA;

Stes — CT@HAAPTHOE OTKIIOHEHME Pa3HOCTU, BbIYMCNEHHOE No chopmyne (14).
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CrangapTHOE OTKIOHEHUE Pa3HOCTH S, BLIMUCTIAIOT MO hopmyne

: (14)

r4e y; — i-Toe OMOpHOE 3HaYeHue;
a — oTceKaeMblii 0TPE30K, BbIMUCEHHDIN Mo hopmyne (12);
b — K03(pDULMEHT HAKNOHA, BbIMUCAEHHDIN o hopmyne (11);
f},-— i-TO€ NPOrHO3upyemMoe 3Ha4eHue, NoNyvYeHHoe NpPu UCNosb30BaHUKU MHorocdakTopHoin UK-moaenu;
N — KONMMYECTBO HE3ABUCUMBIX NPOO.

(RSD nopo6Ha SEP, korga nporHo3upyemMble 3Ha4€HUs1 CKOPPEKTUPOBaHbI HA KOAMMULIMEHT HAKIMOHA K
oTcekaemblii 0Tpe3ok. He cneayet nytatb CMELEHUE N OTCEKAEMbIN OTPE30K — CM. PUCYHOK 1). CmeLleHue
paBHO OTCEKaeMOMYy OTPE3KY TONbKO B TOM Cny4ae, koraa koadduLUMeHT HaKMoHa TOYHO PaBEH eauHULE.

KoadhdpuLmeHT HaknoHa b cHuTaeTcsa OTNAUYHLIM OT 1, ecrm £, > t(1_w2),
rae t,,, — Habniogaemoe t-3HaueHue, BoiuUCNeHHoe no dopmyne (13);

t(1_012) — t-3HaueHne, nonyyeHHoe u3 Tabnuupl 1 Ansa seposTHocTH o = 0,05 (5 %).

CrLLIKOM Y3KUI AManasoH rpaayupoBKU MU HEPaBHOMEPHOE pacnpeaeneHne BeAeT K HenpuemneMmon
KOppeKLmMU HaKIoHa, Aaxe koraa SEP aoctoBepHa. HaknoH MOXHO KOPPEeKTUpPOBaTh, TONbKO €Cnu BbiOopka
AN BanuaaLum o0xsaTbiBaeT 60MbLUYIO 4aCTb AWana3oHa rpagyupoBKy.

lpumep — [nsa n = 20 npo6 co cmaHAapMHLIM OMKIOHEeHUeM pasHocmu [cM. ¢hopmyna (14)] paeHbim 1,
CcmaHAapmHbIM OMK/IOHEHUEM NPOo2HO3UpPYyeMbIX 3HaYeHUl S, = 2 u paccyumaHHbIM K0 3gh¢huyueHmMoM Hak/TIoHa
b = 1,2, Habnodaemoe 3HayeHue L., paeéHo 1,7, moeda KoahpuyueHm HaK/IOHa He3HaYUMEJILHO onuTuYaemcst
om 1, nockonbKy t-3HavyeHue (cM. mabnuyy 1) dns n = 20 npo6 paeHo 2,09. Ecnu koaghghuyueHm HakJiloHa co-
cmaensiem 1,3, mo sHaverue t,, . pasHo 2,6, u mo2da KoaghghuyueHm HaKIoHa 3Ha4uUmenLHoO omnuyaemcsi om 1.

7 OT60p Npob

OT160p Npob He ABNSAETCA YacTbi0 METOAA, YCTAHOBNEHHOIO B AAaHHOM CTaHaapTe. PekoMeHA0BaHHbIe
meToabl 0T6opa npob npuseaeHsbl B [5] u [16].

BaxkHo, 4ToGbLI Naboparopus nonyyuna 4eCTBUTENBHO penpe3eHTaTuBHylo Npoby, koTopas He nperep-
nena M3MeHEeHW 1 NOBPEXAEHWIA B NpoLiecce TPAHCNOPTUPOBAHUA U XPAHEHUS.

8 NpoBeaeHne aHanusa

8.1 MoaroroBka npoObl ANA aHanusa

Bce nabopatopHble Npo6bl 06bIYHO XPaHAT B YCHNOBUSX, KOTOPbLIE NOAAEPKUBAIOT COCTaB NPOoBbl HEN3-
MEHHBIM C MOMEHTa 0TOOpa A0 MOMEHTA Havana aHanumsa.

Mpo6bl ANA UCNbLITAHUIA PEKOMEHAYETCHA FOTOBUTL Tak XKe, Kak npobbl Ana Banuaauuu. Tpebyetcs npu-
MEHATb CTaHAAPTHbIE YCMNOBUS.

Mpoby cnegyeT oTbupath Takum 06pa3om, YToBbI NONYYUTb PENPE3eHTaTMBHYIO NPOBY aHanU3npyemoro
matepuana.

B OTHOLUEHMUM KOHKPETHbIX NPOLeayp UCNONb3YIOT KOHKPETHLIE CTAaHAAPThI MO METOAAM CrEeKTPOMETPUM
B 6nmxHeit MK-o6nactu.

8.2 amepeHue

MN3mepeHne NpoBoaAT B COOTBETCTBUN C UHCTPYKLMAMU M3roToBuTens MK-aHanusatopa.
MoAroToBreHHyo Npoby A0BOAAT 4O TeMMepaTypbl B NPeaenax AnanasoHa, yCTaHOBNEHHOTO ANs Ba-
nugaumu.

8.3 OueHka pesynbrara

YToObl pesynbsrarbl UCTbITAHWIA Oblnn JOCTOBEPHBLIMU, OHW AOSHKHbI NONagaTth B AWANasoH rpagympoBKu
NCNOMb3yeMOW MOAENM.

Pesynbrathl, nonyveHHble Ha nNpobax, BhbIABMEHHbIX KaK CreKTparbHble BbIGPOCHI, HEMb3A CYMTaTh A0-
CTOBEPHLIMMU.
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9 MpoBepka cTabunbLHOCTU Npubopa

9.1 KonTponbHana npoba

[nsa npoeepku crabunsHocTu MK-aHanmaatopa u BbiSBNEHUA HEMONAA0K PEKOMEHAYETCS UBMEPATL He
MeHee OAHOW KOHTPOMbHOM NpoObl B fIeHb. 3HAHME UCTUHHOIO 3HaYeHUs NapaMeTpa B KOHTPOMNbLHOW npobe
HeobsA3arensHo. Marepuan npoObl AOMKEH ObITh YCTONUMBBLIM U, N0 MEPE BO3MOXHOCTU, ObITb aHANOTUYHBIM
aHanusupyembim npobam. Uamepsiemblii(e) napameTp(bl) A0IDKEH OblTb CTabUIbHLIM U, MO Mepe BO3MOX-
HOCTU, WAEHTUYHBIM UMK, MO KpaiHen mepe, Guoxummyeckn nogobHbIM aHanuaupyemomy B npobe. Mpoby
rotoBsiT No 8.1 u XpaHAT Takum 00pa3oM, YTOObI CPOK XpaHeHUs Obin MakcumarnbHbIM. Takue Npodbl AOMKHbI
6bITb CTabUNbHBLI B TEYEHNE ANUTENBHOTO BPEMEHU, OAHAKO UX CTaBUNBLHOCTL HE0BX0AUMO NpoBepATb. YTo-
6bl 06ecneunTb HenpepbiBHbIA KOHTPOSb, NPY 3aMEHE KOHTPOrbHbIE NPODLI JOMKHBI YACTUYHO COBNaAarh No
BPEMEHU XpPaHEHUSI.

3aperncTpupoBaHHbie eXeAHEBHbIE M3MEHEHUSI PEKOMEHAYETCA HAHOCUTb Ha rpaduK B KOHTPOJbHbIX
Tabnuuax u uccnegoBarb Ha 3HAYMMbIE NMPUYNHBI BApUaLui U OTKIIOHEHUH.

9.2 inarHocTuka npubopa

[Ans ckaHupyowmx cnekTpogoTOMETPOB ANMHA BOSHbI MU BOSTHOBOE YMCIO (CM. 4.1), TOYHOCTb U npe-
LIU3MOHHOCTL CNneAlyeT NnpoBepsiTh HE pexe pasa B HeAernio unu Yaile, ecnu 310 peKOMeH08aH0 U3roToBuTe-
nem npubopa, a pe3ynsrarbl MPOBEPKN COMOCTABASITL C TEXHUYECKUMU TpeOoBaHUsIMU (CM. 4.1).

AHanornyHo nposepky npubopa Ha Lym HE0OX0AUMO NPOBOAUTL EXEHEAENBHO UM Yepes UHTEPBarbl,
pekoMeHaoBaHHbIe N3roToBUTENEM Npubopa.

9.3 Npubopsl B ceTn

Ecnu npubopbl MCMONb3YIOTCS B CETU, 0C060€e BHUMAHWE CrieayeT yaenuTb cTaHgaprusaumm npubopos
COrMacHO PeKOMEHAALMSAM U3TOTOBUTENS.

10 NMpoBeaeHUe NPoOBEpPKU KauecTBa rpagyvupoBKU

10.1 OOwme NonoXeHun

Cnieayet NpoOBEPATb NPUEMIEMOCTb FPaAyUpPOBKU AN N3MEPEHUS OTAEeNbHbIX NPO6. MOXHO NPUMEHATH
KpuTepuu BbIOPOCOB, UCMONb30BAHHBLIE NPU NPOBEAEHUN FPAAYMPOBKM 1 BanuaaLuu, HanpuMep, PpacCTofHne
MaxanaHobuca u cnekTpasbHble pasHocTU. B GonblumHcTBE NPMBOPOB 3TO NPOU3BOAUTCS aBTOMAaTUYECKM.

Ecnu npo6a He npowuna ucnbiTaHue, T.e. 31a npoba He BXOAWUT B MHOXECTBO Npo06, UCNOMNL30BaHHLIX ANSA
rpagyvpoBKM U/unu Banuaauum, oHa He MOXeT ObITb NpoaHanM3MpoBaHa rpagyMpoBOYHON MoaEnbIo, 6e3 usme-
HeHus aTon mogenu. Takum obpasom, Ans peweHuns, kakme npobbl cneayer Buibuparb 4NA CTaHAAPTHOIO aHa-
nn3a 1 BKMKOYaTb B aKTyanuM30BaHHYI0 rpagyupoBOYHYIO MOAENb, MOXXHO UCMONMb30BaTb KpUTEPUU BbIOPOCOB.

Ecnu rpagympoBovHasa moaens nogxoauT Ans uamepsiemon npodbl, CNekTp OLeHUBAIOT COrMacHo noa-
TBEPXXOEHHON rpagynpoBOYHON MOAENMN.

MK-meToabl NOCTOAHHO MOAMexar Banuaauun CTaHAAPTHbIMM MeToAaaMu Ans obecneyeHus craburnb-
HOTO OMTUMAanNbHONO Ka4eCcTBa rpagyvpoBoK U cobnioaeHusa TouHocTU. Yacrora nposepok UK-metoaa aomxk-
Ha OblTb AOCTaTO4YHON Ansa obecneveHus paboTbl METOAA B YCNOBUSAX CTAOUIBHOIO KOHTPONSA B OTHOLLEHWU
CUCTEMATUYECKMX U CIy4anHbIX OTKIOHEHWA OT CTaHAapTHOrO MeToAa. 3Ta YacToTa 3aBUCUT B TOM Yucne oT
KonuyecTsa nNpob, aHanM3npyemblX B TEYEHUE JHSA, U CKOPOCTU U3MEHEHUS 06CneayeMon COBOKYNHOCTH.

Banuaauuio pekomeHayeTcsa BbIMONHATL HA NPobax, BbIOPAHHLIX CIy4alHO M3 COBOKYNHOCTU aHanusu-
pyembix npo6. MoxeT notpeboBaTbca pa3paboTka onpeaeneHHoN cTpaTterun otoopa npob ansa obecneyeHna
pacnpeaeneHusi cbanaHcMpoBaHHON BbIBOPKM NO BCEMY rpagyMpOBOYHOMY AUANA30HY, HANPUMEpP CEerMeHTa-
UUsi AmanasoHa KOHUEHTpauMin U CiydaiiHbiii oTOop nNpob Ans aHanu3a B KaKA0M CerMeHTe, unu 4tobbl obe-
cnevyuTb 0xBar npobamMm KOMMEPYECKU 3HAYUMOTO AnanasoHa.

Konunuecrteo npo6 ans npoBeAeHUsa Banuaaumum 0MKHO ObITb JOCTATOUHBIM AN CTAaTUCTUKU, UCTIONb3Y-
eMOVi Ans NPOBEPKM pe3ynsTaTMBHOCTU. [N HagexHo Banugauum Tpebyetca He meHee 20 npob (ansa oxu-
JaHusA HOpMarnbHOro pacnpejeneHus gucnepcuu). ns nepBoHayansHOM BanuaaUuMn MOXHO MCMONb30BaThb
pesynbsraTtbl He3aBMCUMOW BbIBOPKK AN Banuaauuu. [Janee BNOnHe 4OCTaTOMHO aHanu3aupoBatb 5—10 npo6
eXxeHeaenbHo, YToObl JOMKHBIM 00pa3oM KOHTPONMPOBAaTb NpUeMnemMocTb. Npu UCNONb30BaHUU MEHBLLIETO
Konm4yecTBa Npod CNoXHO NPUHATb NPABUIIbHOE peLleHne B TOM Cryvae, eCnv OAuH U3 pe3ynsTaToB BbinageT
U3 KOHTPONbHbIX MPEAErnos.
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10.2 KOHTpOrbHbIe KapTbl C UCMOSIb30BAHMEM Pa3HOCTU MeXAY ONOPHbLIMU 3HaYeHUAMU u NK-
pesynbratamu

PesynbraThl CneayeT oUeHWBaTh C NOMOLLBIO KOHTPOSbHbIX KapT, HA KOTOPbIX MOCTPOEHbI rpatuku: no
ocu abcumuce OTKNaabIBalT HOMEpPa aHanu3upyeMbIx Npod, a no 0Cu OpAMHAT — Pa3HOCTb MEXay pesynb-
Taramu, nony4yeHHbIMuM crasgaptHoeiM U UK-metogom. MNpeaenbl £ 2sSEP (BepoAaTtHoCTb 95 %) u £ 3sSEP
(BeposiTHOCTb 99,8 %) MOXHO MCNONbL30BAaTb Kak npeaynpeauTesnibHble rpaHuLbl U Npeaenbl AeNCTBusA, rae
SEP nonyyeHa Ha BbIBOpKE, HE3aBMCUMOM OT rpagayMpPOBOYHbIX NMPOB.

Ecnu aHanu3 BbINOMHAETCA B rpasyMpOBOYHbIX UK NOBEPOYHLIX NabopaTopusix, TO TONbKO OAHA TOYKa
u3 20 gomkHa okasarbCsl Ha rpaduke BHE npeaynpeauTenbHblX rpaduy u ase Touku u3 1 000 Todek — BHE
npeaenos A4enNCTBUS.

KoHTponbHbIE KapTbl CNeayeT NpoBepsiTb Ha CABUIMM CUCTEMATUYECKON NOrPELLUHOCTU OT HYNA, CUCTEMa-
TUYECKME NPUYMHBI Bapuauuii, U M30bITOYHYIO M3MEHYMBOCTb PE3ynbTaToB. [pn OLeHKe MOXHO MCMONb30BaTb
obLime npasuna, NnpUMeHsieMble Ansi KOHTPONbHbIX kapT Lyxapra (cm. [7]). OgHako 0gHOBPEMEHHOE npu-
MEHEHUE CNULLKOM GO0MbLIOro KONMYECTBa NPaBuI MOXET NPUBECTU K CIIMLLKOM YaCTbIM FTOXKHbIM TPEBOraM.

Mpwu BLIABNEHUN NPOBNEM OKa3anucb NOMe3HbIMKU CreayIoLLME NpaBuna, UCNonb3yemble B COMETaHUN:

a) 04Ha TOYKa BbiMana 3a BEPXHUW UK HWKHUI Npeaen 4encTBus;

b) ABe 13 Tpex Touek noapsaA BbiNanu 3a NpeaynpeanTenbHYIO rpaHuLy;

C) AeBATb TOYEK NOAPAA HAXOASTCA NO OAHY CTOPOHY OT HYNEBOW NMUHUK.

YUto6bl NOATBEPAUTL NPABUMNLHOCTL OLIEHKN MOXHO NMPUMEHATb AONOMHUTENBHLIE KOHTPOMbHbIE KapThbI
C ApPYrUMK rpadoMkamm TEKYLLIEr0 KOHTPONS (Hanpumep, CpeaHsa pa3HoCTb Mexay pesynetatamu UK- u cTaH-
JapTHOro METoA0B, CM. [8]), a Takke AOMONHUTENbHbIE NpaBuUna.

Mpu oueHke pe3ynsTaTos creayet NOMHUTL, 4To SEP n namepeHHblie pasHoctu mexay NIR-pesynsrataMu
1 OMOPHBIMWN 3HAYEHUAMMU TAKOKE BKIIOYAKT NOrPELLHOCTb ONOPHbLIX PE3YNLTATOB. STON NOrPELLUHOCTBIO MOXHO
npeHebpeyb, €CNM OHa COCTaBNAET MeHee oaHoun Tpetn SEP (cm. [19]).

Onsi CHUXKEHUSI pUCKa NOXKHBIX TPEBOT PEKOMEHAYETCS aHANM3UPOBaTh KOHTPONbHbIE NPOOblI HE3aBUCU-
MO (B pa3HbIX Cepusix) C NOMOLLBIO cnekTpomeTpun B GrimxkHen UK-o6nactu u craHgapTHbIX METOA0B, YTOOb!
nsbexarb, HanpuMmep, BIUAHUA KaXA0AHEBHbIX CUCTEMATUYECKMX PACXOXKAEHUI B CTaHAAPTHBLIX aHanu3ax.

Ecnu npegynpeautencHbie rpaHnLbl NPEBLILIAIOTCA YacTo, @ KOHTPONbHAs KapTa NoKa3biBA€T TONbKO
cnyyaiHble cnykTyauumn (B NPOTUBOBEC OTKIIOHEHUAM UM CUCTEMATUYECKOW NOrPeLUHOCTH), TO, BO3MOXHO,
KOHTPOJbHbIE Npeaenbl OCHOBaHbI HA CAIMLWKOM ONTUMUCTUYHOM 3HavYeHun SEP. MonbiTka 3arHarb pesynesra-
Tbl B 9TU Npeaenbl NOCpeaCcTBOM YacToro NPUBEAEeHUA rpagyupoBKuU B COOTBETCTBME HE YNYULLUMT CUTYaLMIO Ha
npakTuke. Bmecto aroro crnegyet nepeoueHuts SEP, ucnonb3ys camble nocneaHue pesynsrarbl.

Ecnu nocne nepuoga ctabunbHOCTU rpagyupOBOYHbIE MOAENU HAYMHAIOT BbIXOAUTH U3 30HbI KOHTPO-
ns, rpagyupoBKy CrieflyeT akTyanusnposartb. Mpexae 4em BbINONHATL akTyanu3auuio, cneayer OCyLLIeCTBUTh
OLEHKY NPUYMH U3MEHEHUA: 3@ CHET MSMEHEHUI B CTAaHAAPTHbIX aHann3ax, HenpeaHaMepeHHbIX U3MEHEHUN
B YCIOBUAX U3MEPEHUI (HAaNpumep, B pe3ynkrare CMeHbl oneparopa), apenda unu HeucnpasHocTu npubopa
U T.4.. B HEKOTOPbIX CRy4asx MOXET 0Ka3aTbCA AOCTATOYHLIM NMPOCTOE NPUBEAEHNUE B COOTBETCTBUE KO M-
LUMEHTOB B rpagyMpoBOMHOM yYpaBHEHUU (NpUMeEpP NokasaH Ha pucyHke B.6). B apyrux cnyyasx MoXeT notpe-
6oBaTbCA NPOBECTM NOMHYIO NpoLEeAypY NOBTOPHON rPaayupOBKU, KOrAa BCIO UNWU 4aCTb OCHOBHOW rpagyvpo-
BOYHOI1 BbIDOPKM pacLUMPSIIOT 3a CYET BKIOYEHMSA Npob TekyLuen Banmaauuu, U, BOSMOXHO, JONOSTHUTENbHbIX
npo6, BbIGPAHHLIX CNELMarnbHO ANns 3TON LUenu (Hanpumep, Kak NnokasaHo Ha pucyHke B.7).

Y4yuTbiBas, YTO CTaHAAPTHLIE aHaNU3bl BLINOMHAOTCA N0 CTaTUCTUUYECKMM KOHTPOSEM, U YCITOBUS U3-
MEPEHUs1 U XapakTepUCTUKM npubopa oCTalTCA HEU3MEHHbIMU, 3HAYUMbIE CUCTEMATUYECKUE MOTPELLUHOCTU
UNK yBENUYEHHble 3HaueHuss SEP MOXHO nonyunTb 3a CHET U3MEHEHUI B XUMUYECKUX, OUONOrnyeckux unu
hm3nyecknx cBOWCTBAX NPOO MO CPABHEHUIO C OCHOBHOW rPalyMPOBOYHON BLIOOPKON.

MOoXHO ncnonb3oBath ApYrMe KOHTPOMbHbIE KapTbl, HANPUMED, Z-NoKasaTesnu.

11 MpeUun3NOHHOCTb U TOYHOCTbL

11.1 NoBTOpPAAEMOCTb (CXOAUMOCTb)

PacxoxaeHue Mexay AByMsi OTAENbHLIMU pe3ynsraTtaMy UCTbITaHus!, MOMYYEHHLIMU OHUM U TEM Ke Me-
TOAOM Ha UAEHTUYHOM MaTepuare B OfHON U TOM xe naboparopum 04HUM U TEM XE ONepaTopoM, UCMOfb3OBaB-
LUMM OZHO M TO e 060pyaoBaHWe, B TEYEHWE KOPOTKOTO NPOMEXKYTKA BPEMEHU, HE [IOIDKHO NpeBbilaTe Gonee
yeM B 5 % cnyyaee npepena noBTOPSEMOCTH, KOTOPbIK 3aBUCUT OT MaTtepuana npoobl, U3MepaeMoro napame-
Tpa, AManasoHOB M3MEHYMBOCTHU NPOGLI M U3MepsieMoro napameTpa, METoAa npeacTaeneHus npobbl, TMNAa Npu-
Gopa 1 ucnonbL30BaHHOM CTpaTeruu rpagyupoBku. MoBTOPSIEMOCTL HEOGX0ANMO ONPEAENSThL B KaXA0M CnyJae.
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11.2 Bocnpou3BoauMocTb

PacxoxaeHnne mexay ABYMsi OTAENbHbIMU pe3ynbrataMu UCTMBLITAHUS, NMOMYYEHHBIMU HA UAEHTUYHOM
marepuare B pa3Hbix naboparopusix pa3HbIMM ONepaTropamMmu B Pa3HOE BPEMS, HE AOIDKHO NpeBbiaTh 6onee
yem B 5 % cnyyaes npeaena BOCNPOM3BOAMMOCTU, KOTOPbLI 3aBMCUT OT Marepuana npobbl, namepseMoro
napametpa, Anana3oHoB U3MEHYMBOCTU NPOOLI U M3MEPSIEMOTO NapameTpa, MeToaa NpeacTaBneHusi Npodsl,
TMna npnbopa n MCNonb30BaHHOW CTpaTerMm rpagymposku. Bocnponssogammocts Heo6xoauMo onpeaensts B
KaXaom criyvae.

11.3 TOYHOCTL

TOYHOCTb, KOTOPAs BKIIOYAET HEONPEAENEHHOCTb CUCTEMATUUYECKOTO OTKITOHEHUSI OT UCTUHHOTO 3HauYe-
HUS HA OTAENbLHOW Npobe (MPaBUNIbHOCTL) U HEONPEAENEeHHOCTb CNyYalHOro N3MeHeHUs (NPEUM3UOHHOCTD),
3aBUCUT B TOM 4uChe OT Marepuana npoObl, aHanM3upyemoro napameTpa, AManasoHoOB U3MEHYUMBOCTU NPODLI
M M3MepsieMoro napameTpa, Metoga npeacrasneHusi npoObl, TMNa npubopa U UCNONbL30BAHHON CTpaTerMm
rpagyMpoBku. TOUHOCTb CrielyeT onpeaensaTb B KaxaoMm cny4vae. 3HayeHus SEP u RMSEP Takke Bkmoyaior
HeonpeaeneHHOCTb CTaHAapTHLIX Pe3ynbLTraToB, KOTOPbIe MOTYT M3MEHSTLCA OT CAy4Yasi K Cryyato.

12 lNporokon ucnbiTaHus

MpoTOKON UCNBITAHUA AOMKEH BKIIOYATL CAEAYIOLLYIO MH(OpMALIMIO:

a) BClo UHpopMauuio, He0BX0AMMYIO ANSA NOMHON uaeHTUdUKaumn Nnpobsl;

b) ncnonb3oBaHHbIN METOA, CO CCLINKON HAa AaHHbIM CTaHAapT;

C) BCce AeTanu paboTbl, He YCTAHOBMNEHHbIE B JAHHOM CTaHAApTE UK CHUTAIOLLMECA HEOBA3aTENbHBIMY,
a TaKKe onNMcaHue BCEX Cryyaes, KOTOopble MOMMM NOBAMSATb HA Pe3ynbTaThl MCNbITAHUS,

d) nonyyeHHbIN(e) pesynbrat(bl) UCTILITAHNS;

e) Tekywyio SEP u cuctematnyeckyio norpellHoCTb (eCnu SIBNSAAETCA CTaTUCTUYECKU 3HAYUMOR), oLe-
HeHHble He MeHee Yyem Ha 20 npoBax B xoAe NpPoBEPKM paboumx XxapakTepucTUK rpasiyupoBOYHHON MoAEnu
(cm. 10).
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PykoBOACTBO NO KOHKPeTHbIM cTaHgaptam NIR

Ans onpefeneHnst KOHKPETHLIX NapameTpoB KOPMOB ATis XKMBOTHBIX, 3epHa U NPOAYKTOB ero nepepaboTku paspa-

6aTbIBalOT KOHKPETHLIE CTaHAAPTHI C KOHKPETHBEIMU MO ENSIMUA FPalyMpPOBOK ANsi CNeKTpoMeTpun B GnkHei NK-obnactu.
Takve cTaHgapThbl AOSDKHBI AaBaTb KOHKPETHYIO MHGOPMaLMIO KacaTenbHO:
a) ucnorb3yeMmblx TUMOB Npob 1 NapaMeTpoB, onpegensemblx B bnxHel MK-o6nactu cnekTpa, Mogenu(ei) rpagy-

VPOBKW, YKasblBasi UX B HAMMEHOBaHUW U 0bnacTu NpMMeHeHNs,
b) mogenu rpagyvpoBku, npeanoYTUTENEHO B TabnuyHoi hopme, BKtoUast Homepa NPob, AnanasoH, Sggp BLIGOPKN

ana sanugauun n RSQ ana kaxgoro napaMetpa (MpUuMepbl NpuseaeHsl B Tabnuuax A.1 n A.2),
C) cTaHAapTHLIX METOA0B, UCTIONB30BaHHLIX AN Banujawuuu,
d) npuHuumna cnekrpockonuu (Hanpumep, NIR, NIT) u npuHuyuna rpagyvposku (Hanpumep, PLS, ANN);
e) npoueayp(bl), BKNIoYaroLLei# Nnoarotosky Npo6(bl) ANA aHanu3a, M3MEpPEHNe U KOHTPOIb KavecTBa;
f) nokasaTenei NpeLM3NOHHOCTH, onpeaeneHHbIX B MexnabopaTopHOM uccnegosanHun no [22].

TabnuyaA1— Buibopka ans rpagynposku

MokasaTens PacueTtHan Uucno npo6, MuHumMankbHoe MakcumanbHoe copep-
BNaXHOCTb coaepxaHue, % XaHve, %
»Kup EcrectBeHHan 7401 0,3 18,5
Bnara To xe 17799 0,8 18,0
MpoTeuH » 17165 6,0 741
Knetyatka » 2892 0,2 26,8
Kpaxman » 1140 3,0 62,1
Ta6nuwuyaA2— Bruibopka Ans Banugauum
MokasaTens Mo- Yueno npo6, ToYHOCTb, MwHUMansHoe MakcumManbHoe c ESQQ
Aerb n Ssep conepxaHue, % cofepxkaHue, % (CM-)KéH;/I . "(':F;”"O'
Hup ANN 183 0,50 2,8 12,9 0,94
Bnara ANN 183 0,47 9,2 12,3 0,83
MpoTeunH ANN 179 0,72 11,0 29,1 0,96
KneTtyaTka ANN 123 1,11 0,5 18,0 0,90
Kpaxman PLS 113 1,80 7.8 50,2 0,92
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MpunoxeHue B
(cnpaBoyHoE)

Mpumepbl PUCYHKOB

1— +3s npepgensbl, rae s cTaHgapTHOe OTK/IOHEHWe; 2 — NnHua 45°, ngeanbHasa IMHUA C HAakK/IOHOM b = 1 1 cMelleHnem;
€ = 0; 3 — nuHua perpeccun; yref— onopHoe 3HauyeHue; yN|RS — nporHosnpyemoe 3HauyeHue B 6nmxHen NK-o6nactu cnekrpa

PucyHok B.1 — padmk paccesHus gnist BblIbopku 6e3 BbI6GpoCcoB

OnpepgeneHne CbIporo NPoTeMHa B 3epHE Ha KOPMOBbIE LE/N: pe3ynbTaTtbl, MOSTyYEHHbIE HA HE3ABUCUMOI BbIOOpKE
(95 npo6), Mcnosnb3ysa BbiBEAEHHYIO (hopMysy rpagyvpoBK/: CTaHgapTHas owunbka nporHosa sSEP = 4,02; cpegHekBagpa-
TMYHas owmnbka nporHo3a sSRMSEP = 6,05; HakmoH b= 1,04.

2,0 111111111111111111111111111111111111111111111111111117 1111111111111111111111111111111111111111111

o0) m 0o M O 0 g O M o AYnT
g %4 i I
® © s 8 & 3 o o ¥

85°

1— cepus 1, gemMoHCcTpupylowas cnekTpanbHblii BbiGpoc; 2 — cepusa 2; 3 — cepusa 3; 4 — cepusa 4; 5 — cepusa 5; 6 — cepusa 6;
y — onTuyeckas NNOTHOCTb; X — A/IMHA BOJIHbI

PucyHok B.2 — CnekTp MOr/OWEHNS C X-BbIGPOCOM
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1 — BbIGPOC; ¥, o; — OMOPHOE 3HAYEHUE; Yy rg — NPOTHO3MpYeMoe 3HaueHue B GnnxHen UK-oBnactu cnektpa

PucyHok B.4 — paduk paccesHuns ¢ y-BbibpocomM

Mpacpuk ONOPHLIX 3Ha4YEeHUI NPOTMB NMPOrHO3UPYEMbIX 3HAYEHWI (MK HaoBopoT) NokasLiBaeT oaHy Npoby, koTopas
3HAYUTENBLHO OTKIOHSAETCA OT APYrMX. Ecnu npuunHa Takoro oTKNOHeHUs He cBa3aHa ¢ K- faHHBIMK (x-BbIGpOC), TO aTa
npo6a 6yaeT y-BbIGPOCOM BBUAY OLUMBOYHBIX faHHbIX, NOMyYeHHBIX CTaHAapTHEIMU METOAAMM, UNN B CBA3W C OTCYTCTBM-
€M B3auMOCBA3EN MeXy ONOPHBLIMU JaHHBIMU U CNEKTParnbHLIMU AaHHBIMU.
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Yref

450

400

350

300

250

200 | | | | |

1 — +3s npegenbl; 2 — NUHNA 45°; 3 — NUHNA perpeccun; 4 — BLIBPOC; Y os — OMOPHOE 3HAYEHUE;
YNIRs — MporHosupyemoe 3HaueHue B GnnxkHe VIK-obnacti cnektpa

PucyHok B.5 — MNpumep onpegenernns ADF B 3epHe Ha KOPMOBbIe Lienu ¢ y-BbIGPOCOM

Yref = YNIRs &

1,0

0,81 1
0,6

0,4
0,2_ ® .

Ot—~—71— g 1 T T P
0 +« 5 10 15 «<20.. 25 30 35 40 n
-0,2- . .

-0,4— . .

-0,6-] 4

-0,8-
-1,0
Yref =~ YNIRS Y

1 — BepxHAA rpaHnua aevicteus (UAL, +3sgpp); 2 — BepxHAA NpeaynpeanTensHas rpanula (UWL, +2sgep);
3 — HUXHAA rpaHuLa npeaynpegutenbHas (LWL, -2sgep); 4 — HWKHAS rpaHnua geictsns (LAL, -3sgep);
n — HOMEp USMEPEHUS; ¥ s — OMOPHOE 3HAYEHUe; Yy rg — NPOTHO3UpPyeMoe 3HaveHWe B BnukHein NK-o6nacTi cnekTpa

PucyHok B.6 — KoHTpornbHas kapTa Anst onpefeneHua CofepxaHus xupa B aepHe, %
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Yref = YNIRS
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Yref - YNIRS

1 — BepxH#As rpaHnLa AeitcTus (UAL, +3Sgep); 2 — BepxHsAa npedynpeauTesibHan rpaHuua (UWL, +28gep); 3 — HUKHAA rpaHuLia
npeaynpeauTenbHas (LWL, -2sggp); 4 — HUKHAA rpaHuua aerictaus (LAL, -3sggp); 7 — HOMEP U3MEPEHUS; ¥ f — ONOPHOEe 3HaueHune;
YNIRs — MPOrHosnpyemoe 3HaueHue B GninxHen MK-obnactu cnektpa

PucyHok B.7 — KoHTponbHas kapTa AN1A onpeAeneHusi napamerpa B Matpuue (AuanasoH ot 44 % no 57 %)

MoBTOpHas rpagyvpoBKa bblna BeIMOMHEHa B ToUKe 35.

Mpn paccMOTpeHUe NepBbIX 34 ToYek OAHa TOYKa BbisBNeHa 3a rpaHuueil UAL. 3To ykasblBaeT Ha Cepbe3Hyio
npo6nemy. [1Be Toukun (22 1 23) U3 Tpex Bbinanu 3a UWL. [lBe oTaenbHble TOYKU Takke Beinanu 3a LWL. Pa3bpoc pasHo-
MepHbI BOKPYT HyreBOi NHUK (cobniogaeTcsa npasuno AeBATU Tovek), HO NATb M3 34 Todek Bbinanu us 95 %-Horo Ao-
BepuTensHoro uHTepeana (UWL, LWL), a ogHa u3 34 Tovek Buinana u3 99,9 % -Horo goBeputensHoro uHTepsana (UAL,
LAL). OTo 3Ha4uUTenNbHO NpeBLILLAET OXUAaHNe.

OpfHolt U3 NPUYUH ANS TakoW kapTUHLI MOrno BbITk To, UTO 3Ha4eHWe SEP, nexallee B ocHOBe pacHeToB Npeaenos,
ABNAETCA CIULLKOM ONTUMUCTUYHBIM. OTO 03HAYaEeT, YTO npeaensl HEOOX0AWMO paclMpuTb. [pyroi Npu4MHOA MOrno
BbITb TO, YTO hakTU4eckne Npobbl OTNNYaOTCSA OT FPagyUpoBOYHLIX NPo6. YUTobbl NPpoBEPUTE 3TY BO3MOXHOCTb, BbibOpKa
ANSA rpagyvpoBku Bbina paclumpeHa 1 BKIoYmMa KOHTpOosbHble Npobbl, Bbina npoBefeHa HoBas rpagyupoBka. OddekTus-
HOCTb 3TOW rpalyMpoBKM OKasanack 04eBUAHO NyYLle, Kak MoKazaHo KOHTpOrbHeIMU Npobamu ¢ 35 no 62,
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MpunoxeHue C
(cnpaBouHoe)

LononHutenbHbIe TEPMUHBI U ONpeaeneHus

C.1 O6Lwwme nonoxeHusa

C.1.1 ctaHpapTHbIN (KOHTpONbHLIN) MeToa (reference method): MNMpoBepeHHbI MeToa aHanusa, NpU3HaHHLIA
3KcrnepTamu Ha MEXAYHapOLHOM YPOBHE UMW MPUHATLIA MO COrMacoBaHNIO CTOPOH.

MpumedaHunsga

1 CTanfapTHbI (KOHTPOmbHEIA) MeTof AaeT “UCTUHHOE 3Ha4YeHue” UNKU “npunucaHHoe 3HadeHue” uaMepsiemMon
BEMUYMHbI.

2 BasiTo u3 ISO 8196-1/IDF 128-1:2009[23], 3.1.2.

C.1.2 Henpamolii (kocBeHHbI) MeTop (indirect method): MeTopa, ¢ MOMOLLbIO KOTOPOro U3MEPSIKOT CBOWCTBA, (DYHK-
LiMOHaNbHO CBA3aHHbIE C MapaMeTpoM, KOTOPEI HEOBX0AUMO ONpeAeninThb, U KOTOPbIA CBA3aH C “UCTUHHEIM” 3Ha4YeHUeM,
onpefeneHHbIM CTaHAaPTHEIM METOAOM.

C.1.3 cnekTtpockonusa B 6nuxHeil nHdppakpacHoi obnactu (MK-cnekrpockonus) (near infrared spectroscopy;
NIRS): MiamepeHne MHTEHCMBHOCTMW NOMMOLLeHNUsA BrvxHero nHdpakpacHoro ceeTa Npoboii B Npegenax gnanasoHa AnuH
BorH oT 770 1o 2 500 HM (oT 12 900 go 4 000 cm™1).

MpumeyaHune—WNK-ananmaaTopbl UCNONL3YIOT UMK BCO 06nacTb B LENOM, UK OTAENbHbIE Ananal3oHbl 3TOR
obnactu (Hanpumep, ot 400 go 2 500 HM). MeToabl MHOrodhaKTOpHOI rpafyvpoBKM UCMONB3YIOTCH 4J15 TOro, YTOOkLI COOT-
HecTW KOMBMHaLMIO 3Ha4YeHuii nornoLyatoLLeil cnocobHocTM Mo ¢ cocTaBoM, NMGO ¢ onpeaeneHHEIM cBoiicTBOM Npob.

C.1.4 oTpaxaTrenbHasa cnocob6HocTb B 6nukHel MIK-o6nactu cnekrpa (near infrared reflectance; NIR): Tun NK-
CMeKTPOCKOMUN, OCHOBaHHbIA Ha U3MepeHUn normoLleHns ceeTa GnnxHein MIK-obnactu, anddy3Ho-oTpaXeHHoro ot no-
BEPXHOCTY Npobbl 1 NOMNaBLLEro Ha AeTeKTop, pacnonoXXeHHLIA nepes NpoGo.

C.1.5 nponyckatowas cnocobHocTb B 6nuxHen NK-obnactu cnekrpa (near infrared transmittance; NIT): Tun
MK-cnekTpockonuu, ocHOBaHHLIN Ha u3aMepeHune nornoLyeHns ceeta bnwkHel MIK-o6nactu, npolweawero Yepes npoby n
nona.LUero Ha AeTeKTop, pacnofoXeHHbIR 3a Npoboil.

C.1.6 cetb UK-ananusatopos (NIRS network). Pag VK-aHanuaatopoB, paboTatolux no oguHaKoBLEIM MOAENAM
rpagyvpoBKy, KOTOpble 0BbIMHO CTaHAAPTU3YIOT TakuM 06pa3oM, YToObl CBECTU K MUHUMYMY Pa3HOCTM B MPOrHO3MPYEMbIX
3Ha4eHUAX Ans BeIBopKM cTaHAapTHLIX Npob.

C.1.7 crangaptusauusa npubopa (standardization of an instrument): Mpouecc, nocpeactBom koToporo rpynny UK-
aHannaaTopoB OTRAXWBAIOT TakuM 06pa3som, 4To6bl OHWU NPOrHO3MpoBanu OAUHaKOBLIE 3HaYeHUs Npu paboTe No oAHOMN U
TOW e rpagynpoBoYHOW MOAENU Ha OfHOW 1 Tol xe npobe.

MpuMedaHne— MOXHO UCNONb30BATL PAJ METOAOB, KOTOPbIE AOIMKHLI B LUIMPOKOM CMbICIIE OMpeAensiTLCs
nu6o Kak MeToAbl «NPef-NPorHo3ax, B KOTOPbIX CNEKTPbI NPO6 perynupytoT TakuM o06pasoM, UTobbl CBECTU K MUHUMYMY
pasHOCTU MeXAay OTKIUKOM “BeayLiero” npubopa U kaxaoro npubopa B rpynne, U METOAbLI «MOCT-MPOrHO3a», B KOTOPLIX
UCNONb3yeTCA NIMHENHan perpeccust AN PerynupoBaHKUs NPOrHO3UPYEMbIX 3HAUEHUIA, MOMYYEHHBIX Ha Kaxzgom npubope,
YTOGHI CONU3NTL UX, MO BO3MOXHOCTH, CO 3HAUYEHUSIMM, NOMYYEHHLIMU Ha «BEAYLLEM» aHanu3aTope.

C.1.8 z-noKkasarensb (z-score). Kputepuii 3¢ppeKTUBHOCTY, BEIMUCTIEHHBIA NyTEM AeNeHUs pasHoCTM (MeXay NporHo-
3UpYyeMbIM pesynstaTtoM B 6nuxHen MK-obnactu cnektpa n NCTUHHLIM WY MPUNUCAHHBIM 3HAYEHNEM) Ha LieNeBoe 3HaYeHne
CTaHAAPTHOMO OTKNOHEHUS [0ObIMHO CTaHAAPTHOrO OTKIIOHEHUA ANist oLeHKW 9 (HEKTUBHOCTY (ONBITHOCTU NepcoHana)].

MpumMmedyaHune—3T0 CTaHAapPTUIOBaAHHLIN KPUTEpPUiA NabopaTopHON CUCTEMATUYECKON MOrpELLHOCTH, pacciu-
TaHHbIA NO NPUNNUCAHHOMY 3HAYEHUIO U CTaHAAPTHOMY OTKMOHEHUIO ANS OLEHKN 3 dekTuBHOCTH.

C.2 TexHuka rpagyMpoBKH

C.2.1 aHanu3 OCHOBHbLIX KOMNOHEHTOB (principal component analysis; PCA): ®opma 06paboTku faHHbIX, KoTopasi
Ans Bblibopkn paboTaeT TONbKO ¢ X (CNEKTpanbHBIMKU) AaHHLIMU U HAXOAUT OCHOBHLIE KOMMOHEHTHI ((paKTopbl) NO NpaBuny,
B KOTOPOM KaxAblii OCHOBHOI koMnoHeHT (PC = principal component) BblpaXaeT MakcuManbHoe usMeHeHWe B JaHHbIX B
No60i MOMEHT U He KoppenupyeT ¢ NobbiM apyrum PC.

MpuMedyaHue— lMNepBoHavanbHbih PC BbipaXaeT, No BO3MOXHOCTU, U3MEHUYUBOCTb UCXOAHLIX AaHHbIX. Ero
3HaYeHue 3aTeM BbIMUTALOT U3 X-[laHHbIX, U HOBbIN BbiBeeHHbIN PC cHOBa MaKCMManbHO BelpaXaeT U3BMeHYUBOCTL OCTaB-
WKMXca AaHHbIX. MOXHO BLIBECTU CTONBKO PC, CKONBKO UMEETCA aNEMEHTOB AaHHbLIX B CnekTpe unu npob B Beibopke, HO
rnaBHble 3peKkThl B CriekTpax, kak MOXHO NMoKasaTb, COCPefoToMeHbl B HECKOMbKUX NepBbix PC U NOSTOMY KONMYECTBO
AaHHbIX, KOTOpble HEOBXOAUMO pacCMOTpPEThb, 3aMETHO COKpalLLaeTcsl.

PCA paeT aBa HOBbLIX Habopa NepeMeHHbIX Ha kaxaoM aTane: PC-MeTKU NpeACTaBnAIoT OTKINK KaXXA0N Npobbl Ha Kax-
Ablit PC; PC-3arpy3ku npefcTaBnsiioT OTHOCUTENbHYI0 BAXXHOCTb KaXK0ro arieMeHTa AaHHbIX B UCXOAHbIX cnekTpax ans PC.
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PCA Wwu1poKko 1Mcnonb3yeTcs, HanpuMep, B MHTEPMpETaLun CNeKTpoB, 0COBEHHO B WAEHTUdUKaLMN CnekTpanbHbIX
BbIGpocoB.

C.2.2 perpeccusi oCHOBHbIX KOMMNOHEHTOB (principal component regression PCR): TexHuka, KoTopas ucnonb-
3yeT METKW Ha Kax[oM OCHOBHOM KOMMOHEHTE B Ka4eCTBe He3aBUCUMbIX NEPEMEHHbBIX B MHOXECTBEHHO TMHENHON pe-
rpeccuu NpoTUB y-3Ha4eHUi, NpesCcTaBnALLMX cocTas npob.

MpuMeyaHue—Mockonbky kaxgelii PC opToroHaneH kaxgomy apyromy PC, MeTku o6pasyroT Hekoppenuvpye-
Mblid HaBop AaHHBIX C MYYLUKMMU CBOCTBAMU, YEM UCXOAHbIE CNEKTPLI. [oKa BO3MOXHO BbiOpaThk komMBuHaLmio PC ans pe-
rpPeccuy Ha OCHOBE TOrO, HACKOIBbKO XOPOLLO KaxAblii PC Koppenvpyer ¢ paccmaTpyvBaeMblM KOMAOHEHTOM, 60MbLUMHCTBO
KOMMepYeCKUX NporpamMm 3acTaBrnseT perpeccuto ncrnonb3osate Bce PC BNNOTb A0 camoro Bbicokoro PC, BbIGpaHHoro
Ans Mogenu («HUCXOAALLMIA NPUHLMNR).

Mpu ucnonesoBaHun B NIRS, KoadhdpuUmMeHTbl perpeccumn B npoctpaHcTee PC 06bIYHO KOHBEPTUPYHOT 06paTHO B
MOZAENb NPOrHO3UPOBaHWSA, UCMONb3Ys BCE SMIEMEHThI AaHHbIX B NPOCTPaHCTBE ASIUH BOIH.

C.2.3 perpeccusi MeTooM Opo6HbLIX HaMMeHbLUMX KBagpaToB (partial least squares regression; PLS). ®opma
06paboTkM AaHHbIX, KOTOpas UCMONb3YeT NpaBuUio BeiBoAa hakTopoB, COCTOsLLEE B paspelleHun Kaxgoro daktopa no
oyepeaun, 4ToBbl MaKCMMU3WPOBaTL KOBapuaLuio MeXAY y-AaHHBIMA U BCEMU BO3IMOXHbBIMU NTIMHERHBIMKU KOMOBUHaUMAMN
X-JaHHbIX

MpumedaHue— PLS— aro GanaHc mexay aucnepcueit u Koppensiumei, Npu4eM Ha Kaxablii dakTop Bo3geit-
cTBytOT 06a acdpekta. Pakropsl PLS nostomy B Gonblueil cTeneHn CBA3aHbl HaNpsAMyto ¢ U3MEHYMBOCTLIO y-3Ha4YeHui,
YeM OCHOBHbIE KOMMOHeHTEI. PLS AaeT Tpu HOBLIX MEpeMEHHBIX, BBOAUMBbIE BECa (KOTOPLIE HE OPTOroHarnbHbLI ApYr Apyry),
3arpysKku ¥ METKM, KOTOpble OfWHAKOBO OPTOrOHamNbHbI.

Mogenu PLS nony4atoT nocpefcTBoM perpeccun metok PLS npoTuB y-3HaueHuit. AHanornyHo PCR, npu ucnonb3so-
BaHuu B NIRS, KoadpbdpuLmeHTl perpeccun B npoctpaHcTee PLS 06bIMHO KOHBEPTUPYIOTCA 06paTHO B MOAENbL NPOrHO3u-
poBaHWsi, UCMONb3ys BCE 3NEeMEeHThI AaHHBIX B NMPOCTPAHCTBE AMUH BOSH.

C.2.4 MHOXecTBeHHas nNuHelHasA perpeccus (multiple linear regression; MLR): TexHuka npumeHeHus kombuHa-
LiM1 HECKOMNBKUX NePEMEHHbIX X AN NPOrHO3UPOBaHUA OAHOW NEPEMEHHON .

MpumedaHune—BNIRS, x-3Ha4yeHUss — 310 NMMGO 3Ha4EHWNA ONTUYECKOIA NITOTHOCTU NpU BLIGPaHHLIX ANUHaX
BOSH B BnimxHeii MK-obnacTu, Nv6o nponasogHble nepeMeHHele, Hanpumep, Metkn PCA unn PLS.

C.2.5 uckyccreeHHas HepBHas ceTb (cuctema) (artificial neural network; ANN): TexHuka HenuHeilHoro Moaenu-
pOBaHUS, OCHOBaHHas B 0BLLMX YepTaxX Ha apXUTEKType GUONOrMHecKUX HEPBHLIX CUCTEM.

MpuMeyaHune— 3Ty CeTb CHavana «oby4aroT» NocpeCTBOM NpefocTaBneHns Habopa AaHHbIX C HECKOSBKUMM
X-3HaYeHUAMU (CneKTparbHble UK NPOU3BOAHbIE NepeMeHHble , HanpuMep, oTMeTkn PCA) U ONOPHLIMU  Y-3HAYEHUAMMN.
B npouecce 0bydeHna apxutekTypa ceTu MOXET BbiTb MOgUULMPOBaHa, U HEAPOHaM NPUCBOEHBI BeCoBble KO PULKN-
€HTbl 451 BBOAOB W BLIBOL 0B, YTOObLI MONYYUTb MakcMManbHO HageXHble NPOrHO3bl 3Ha4YeHWI NapaMeTpoB.

HepBHble ceTn TpebytoT GonbLuoro KonmyecTBa AaHHbIX Npu 06ydeHnn.

C.2.6 mHoromepHasi Mogenb (multivariate model): Iio6aa Moaens, B KOTOPON HEKOTOPOE KOMMYECTBO X-3HaYeHU
MCnonb3yoTcsA ANSA NMPOrHO3MPOBAHUS OfHOW UITM HECKONBKUX Y-NePeMEHHbIX.

C.2.7 BbI6poc (outlier): YUneH Habopa 3Ha4eHUi, KOTOPLIA He cornacyeTca ¢ ApYrMMn YneHamu aToro Habopa.

[ISO 5725-1:1994[21], 3.21]

MpumeuyaHune—/[na gaHHbix NIRS Beibpocamu SBNSAOTCA Toqku B Nto6om Habope AaHHbIX, B OTHOLIEHWUM
KOTOPLIX MOXXHO CTATUCTUYECKU NOKa3aTb, YTO UX 3HA4YEHUS Nexar faneko B CTOPOHe OT oxugaemoro. Beibpockl 06bIvHO
Kknaccudpuumnpytot nubo Kak x- (cnekrpanbHble) BLIGpochl, MMB0 Kak y- (ONOpHbIe AaHHbIE) BLIGPOCHI.

C.2.8 x-Bbl6poc (x-outlier): Belbpoc, cBA3aHHbli ¢ BnuxHeit MK-obnacTibio cnektpa (NIR).

MpuMeyaHUe— x-BbIOBPOC MOXKET NOSIBUTLCS U3 CNEKTPA, NONYYEHHOO B pesynbTaTe HeucnpaBHocTel npuéo-
pa unu B 3aBUCMMOCTU OT TUNa Npobbl, KOTopas pauKanbHO OTNUYaETCa OT Apyrux Npo6, unu B NporHose oT Tuna nNpobkl,
He BKIOYEHHOr0 B UCXOA4HBIA rpagyMpoBOYHbIA Habop.

C.2.9 y-Bbl6poc (y-outlier): Belbpoc, cBsi3aHHbIA C NOrPELIHOCTbIO B UCXOAHLIX AaHHLIX, Hanpumep, owubka B
TPaHCKPUNLMK UMK B 3HAYEHUU, NOMy4YeHHOM MeTporornyeckoin nabopatopuei.

C.2.10 6anaHcupoBKa (leverage): MHauKaTop, ykasbiBaloLMii Ha TO, KaK faneko HaxoauTcs Kakas-nu6o npoba ot
LieHTpa NpoCcTpaHCcTBa MHOXECTBa, onpejeneHHOro Moaenblto.

MpumeyaHue— lNpobbl c BoicoKoit GanaHcupoBko uMetoT Gonbluoe BNUAHWE Ha Moaens. BanaHcupoBky
paccqUTLIBAKOT NOCPEACTBOM U3MEPEHUS PAcCTOSHUA MeXAY CNPOeLMPOBaHHOK TOYKON N LEHTPOM MoAenu.

C.2.11 paccrosinne Maxanano6uca (Mahalanobis distance) rno6anbHoe h-aHaueHue (global h-value): Pacctos-
HWe B NpocTpaHcTBe PC MeXay aNeMeHTOM AaHHbIX U LLEHTPOM npocTpaHcTea PC.

MpumevyaHus

1 PacctosHne MaxanaHobuca siBnsieTcst HenMuHeWHbIM n3MepeHueM. B npoctpaHcTee PC Habop npo6 o6bbHO 06-
pasyeT pacnpegeneHue B hopMe KpUBOMW. ONnuncouz, KOTOpbIA Haunydwnum obpasoM npefcTaBnsieT BepOSTHOCTHOE
pacnpeaeneHune Habopa, MOXHO OLIEHUTb NOCPECTBOM NOCTPOESHUSA MaTpuLbl koBapuauuii Npob.
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PacctoaHne MaxanaHobuca — ato MPOCTO pacCToAHNE TOMKN N3MePEHUA OT LeHTpa Macchl, JeneHHOoe Ha LWNPUHY
annuncouia B HanpaBneHUn 3TON TOYKM N3MepeHuna.

2B HEKOTOpbLIX nNporpaMmMmax paccTtodHue MaxanaHobuca HasblBatoT «rrobanbHbiM h-3Ha4YeHUEM», a BbISIBIEHUe
Bb|6poca 3aBUCUT OT TOro, Ha CKOJTbKO CTaHAapPTHbIX OTKMOHEHUI h HaxoguTcsa npo6a OT LeHTpa.

C.2.12 oKpecTHocTb h (neighbourhood h): PaccTosiHWe B MPOCTPAHCTBE OCHOBHOIO KOMMOHEHTa MEXAY aNeMeH-
TOM JaHHbIX U ee n Gnuxaklumumn cocegsiMm, KOTOpoe MokaablBaeT, ABnAeTcs fu npoba U3onmpoBaHHOW MK oHa pacno-
TNOXeHa B rycTo-HaceNneHHoN YacTu pacnpeaeneHus.

C.2.13 pa3HocTb (residual): PasHocTb Mexay HabnogaeMelM 3Ha4eHUEM pPe3yrLTUPYIOLLEN (3aBUCUMOIR) NepeMeH-
HOI N COOTBETCTBYIOLLMM CMPOrHO3UPOBAHHBLIM 3HAYEHWEM 3TOW NEpPeMEHHON.

[1ISO 3534-3:1999[20], 1.21]

MpunmedyaHue—[Ona ganHeix NIRS pasHocTb NpeacTaBnsieT coboi pasHOCTE MEXAY OMOPHBLIM 3Ha4YEHUEM U
3HaveHneM, NpefckasaHHbIM PErpecCUOHHON MoAenbIo. Pa3HOCTU MCMONL3YIOT A5 pacdeTa perpeccuoHHbIX CTaTUCTUK.

C.2.14 cnekTtpanbHas pasHocTb (spectral residual): PasHocTb nocne xemoMeTpuyeckon obpaboTku (Hanpumep,
PCA, PLS) cnekTpa, BO3HUKLUWIA U3 CNEKTPanibHOro U3MEHEHUs!, He ONMUCaHHOro AaHHOW MOAENMbIO.

C.2.15 aHanusupyemas Bbl6opKa (test set): [Npu ucnelTaHun perpeccmoHHon Mogenu, noboi Habop npob, KoTo-
pbliA UCKIto4aeT Te Npobkl, KOTOPbIE UCMONB30BaNUCh MPY NMPOBESEHNN rPpasyVPOBKH.

C.2.16 He3aBUcUMas aHanusupyemas BblGopka (independent test set): Beibopka, koTopasa Bkio4aeT npobbl U3
A pyroro reorpadmyeckoro permoHa, HoBOro MPOMbILLIIEHHOro 06bekTa unu otobpaHHele B Gonee noagHee Bpems (Hanpu-
Mep, 13 ApYroro ypoxas), N0 CpaBHEHWUIO C TEMU, KOTOPLIE MCNOMb30BaNUCh ANA CO3AaHuA U BanujaLun perpecCMoHHoR
mogenu.

MpumeyvyaHune— OTU Npobbl 06pa3yoT KUCTUHHBIA» KPUTEPUIA MO NN NPOrHO3a.

C.2.17 BbiGopka anA Banupauum (validation set): MNMpo6kl, cnoneayeMelie ANa Banuaauun UNKu «NOATBEPXKAEHUA»
rpasyvpoBKH.

MpuMeyaHune— Brulbopka anasanugaunn o66I4HO BKNoYaeT Npobbl, UMeroLne OAUHAKOBbLIE XapaKTepUCTUKK
¢ npo6amu, oTobpaHHBIMK AN rPagyupoBku. 3a4acTyto ansTepHaTUBHBIE UMK N-Hble NPOGbI (pacnonoXeHHLIe B Nopsiake
paccmaTpuBaeMbIX KOMNOHEHTOB) MOMELLAaloT No oYepeAn B BbIOOPKY ANS rpagympoBku W BbIGOpKY Ana Banugauuun us
O HO W TOW e COBOKYMHOCTW Npob.

C.2.18 BblbopKka anga MoHuUTOopUHra (monitoring set): Ha6op npo6, KoTopblit UCNONL3YETCA ANA NOBCEAHEBHOMO
KOHTPOIS rpagynpoBOYHbBIX Mogeneil.

C.2.19 nepekpecTHasA npoBepKa (C UCKIoueHMeM) (cross-validation): MeTtog nosny4yeHus CTaTUCTUK NPOrHO3a;
TaMm, rge cMCTEMaTUYEeCcKW MCKMoYatoT NoABLIGOPKY Npos U3 rpagyMpoBOMHONO MHOXECTBA, pacCYMTLIBalOT MOAENb Ha
ocTaLmxcs npobax U pasHOCTAX, BeIYUCNEHHLIX Ha noaBbLIGOpKe ANs Banuaaumu, nocre HEOJHOKPaTHOrO NOBTOPEHUS
3TOro npoLecca paccHUTLIBaKT CTATUCTUKU NPOrHO3a No BCEM pasHOCTAM.

MpumedaHue—Tpn NonHON NepeKpeCcTHOR NpoBepKe UCKITIOYALOT Mo oAHOI Npobe kaxabli pas, u npolecc rno-
BTOPSIOT 1 pa3 (TaM rge UMeeTcs n rpagynpoBoYHbeIX Npo6). TaM rae uckiiovatoT 6onbliuee KoNMUYecTBo Npob, Lk nepe-
KPEeCTHOI NpoBepkn 0BbIYHO MOBTOPSAIOT He MEHEE BOCbMU pas, MpeXae YeM CTaTUCTMKKU ByayT paccuuTaHbl. B koHeyHoM
UTOre paccunTLIBaOT Mogerb, UCMOoMb3ys BCe rpafyupoBOYHbIE NPOOLI.

BHVUMAHME! — B ucnonb3oBaHUU NepeKpecTHON NpPOBEepPKU C UCKITIOYEHUEM MMEIOTCA CBOM HEQOCTaTKK.
Bo-nepBbiX, CTaTUCTUKN NEepeKpecTHOW NPOBEPKU UMEIOT TEHAESHLMIO K ONTUMUCTUYHOCTH NPU CONOCTaBNEHNN
CO CTaTUCTUKaMK ANA He3aBUCUMON BblGopKkU. Bo-BTopbix, ecnu umeerca aybnupoBaHue B rpagyupoOBOYHbIX
AaHHbIX (Hanpumep, oAHa U Ta Xe npoba ckaHUpYeTCA Ha HECKONbLKMX NpuGopax unu B pasHoe Bpema), Heobxoau-
MO BCeraa oTHOCUTb BCe KOMWMN OAHOW M TOI ke Npobbl K OAHOMY U TOMY e CerMeHTY NepeKpecTHON NPOBEPKH,
B NPOTMBHOM crny4ae Nony4yarcsi o4eHb ONTUMUCTUYHbIE CTAaTUCTUKM.

C.2.20 ype3amepHo 6nuskas nogroHka (overfitting): JlobaBneHne M3BLITOUHOrO KONUYECTBA YNEHOB Perpeccumn B
MHOXECTBEHHYI0 NIMHEAHYIO perpeccuio.

MpumedyaHune— Pesynsrar YpeamepHO GrM3KON NOAFOHKM, KOrAa NPOrHO3upyoTca Npobkl He B FpagynMpoBoY-
HOI1 BbIGOpKe, 3aKro4aeTes B TOM, YTO Takne ctatucTukn kak RMSEP unu SEP 6yayT 3aMeTHO Xyxe, YeM oxugaeTcs.

C.2.21 meTKa (score), rpachnk meTok (score plot): Mpadmk, B KOTOPOM MeTKa Ha OAHOM OCHOBHOM KOMMOHeHTe (PC)
Unun KosppULMEHT ApOBHBLIX HaUMeHbLLUX kKBagpaToB (PLS) HaHOCATCSt NPOTUB gpyroro koadduumeHta PC unu PLS.

MpumMeyaHue—MeTkn HanbBonee nonesHbl, ecnu npoba ID UNK 3Ha4eHUsT KOHLEHTPaLMM MCNOSb3yoTCs 4NN
naeHTUdMKaLMK Kaxao ToYKW Ha rpaduke. Toraa 6yayT BUAHbI FPyNnbl CPEAU JaHHbIX, KOTOPbIE HEOYEBUAHbEI CPeam He-
06paboTaHHbIX JaHHbIX.

C.3 CtatucTuyeckue BblpaxeHuUsA

CM. Takke pasgen 6.
C.3.1 cucremaruyeckas norpelHocTb, cMmelleHue (bias; e). PasHoCTb Mexay cpefHUM OMOPHLIM 3Ha4YeHneM, y

W CPefiHUM 3HaYeHUEeM, CPOrHO3MpPOBaHHLIM MK-Mopenbio, ).
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C.3.2 poseputenbHbli Npeaen cMeleHus (bias confidence limit; BCL Tp): MpaHuua, Bhllie KOTOPOi CMeLLieHne
3HAUYUTENLHO OTAMYAETCS OT HYNSA Ha 3aJaHHOM JOBEPUTENBHOM YPOBHE.

NMpumeyaHne —Cm. 6.3

C.3.3 craHpapTHan ownbKa rpanympoBku (standard error of calibration; SEC, sggc): BelpaxeHue cpegHeii pas-
HOCTM MeXAy NPOrHO3UpyeMbIM U OMOPHBLIM 3HAa4YEHUAMU ANS NPo6, CNONb3yeMbIX AJst MOCTPOEHUS AN FpajyupoBOYHOA
MoAenu.

MpumeyaHune—Yro kacaetcsa onpeaenednin C.3.4—C.3.7, B faHHOW CTATUCTUKE, TaKoe BhlpaXeHue cpefHen
pasHOCTM OTHOCUTCS K KOPHIO KBaApaTHOMY U3 CyMMbl KBaZpaToB 3Ha4eHUI pasHOCTEN, AeNleHHOMY Ha YMCNO 3Ha4YEHUN,
CKOPPEKTUPOBaHHbIX NO CTeNeHAM cBobogbl, rae 68 % owmbok ByAyT HUXKe 3TOro 3HaYEeHMS.

C.3.4 craHpapTHaa own6Ka nepeKkpecTHOW NpoBepKu (C ucknioveHuem) (standard error of cross-validation;
SECV, sggcy): BblpaxeHue cpegHeil pasHOCTU MEXAY NPOrHO3UPYEMBIM U ONOPHBIM 3HAaYeHUAMU ANA noaBLIGopkU NPo6
rpagyvpoBoYHON Moaenu, BolbpaHHbIX Kak nporHosnmpyemele npobbl B npouecce nepekpecTHoi nposepku (cMm. C.2.19)

C.3.5 ctanpapTHaa ownbka nporHo3a (standard error of prediction) crangapTHas owubka nporHosa ¢ nonpas-
Kol Ha cmeweHue (standard error of prediction corrected for the bias; SEP, SEP(C), sggp): BrlpaxeHue cpegHeit pas-
HOCTU MeXAY NPOrHO3UPYEMbLIM U OMOPHLIM 3HAYEHNAMU, NPOrHO3UPYEMON PEerpecCUOHHON MOAENLIO, NPUMEHUTENBHO K
Habopy npo6, He BKIIOHYEHHLIX B NOCTPOEHUE 3TOi Mogenu.

MpumMeyaHune— SEP oxsarbiBaeT oBEpUTENBbHLIN UHTEPBAN 68 % (YMHOXEHHbIW Ha 1,96 uHTepsan 95 %).

C.3.6 cpegHekBapparTuyeckas owmbka nporHo3sa (root mean square error of prediction; RMSEP sgpsep): Beipa-
XeHne cpe,qu|7| pasHOCTU MeXay ONMOpPHbIMU 3Ha4YeHUAMU N 3HAaYEHNAMWU, NPOrHO3UpyeMbiMnU perpeCCMOHHOﬁ MoAenblio,
NPUMEHUTENLHO K Habopy Npo6, He BKIIOYEHHBIX B NOCTPOEHUE STOW MoAenn.

MpwnMedaHune— RMSEP BkntovaeT nobyio cucTeMaTuyeckyto NorpeLlHocTb B NpOrHo3ax.

C.3.7 cpegHekBagpaTuieckasa owwinmbka nepeKkpecTHoW npoBepku (root mean square error of cross-validation;
RMSECV, sgysecy): BbipaxeHne cpeHeit pasHOCTH MeXAY NPOTHO3UPYEMbIM U OMOPHBLIM 3HAYEHUSIMM 41151 NOABLIGOPKN
npo6, BeIbpaHHbIX B Ka4ecTBe Npob AnA nporHo3a B Npouecce nepeKpecTHou npoBepku (cMm. C.2.19).

MpumMmeyaHune—RMSECV BkrtoyaeT nobyto cuctemaTuyeckyto NorpeLlHoCTb B MPOrHo3ax.

C.3.8 poBepuTtenbHbIii Npeaen HeobbACHUMON owmnbkm (unexplained error confidence limit; UECL, Tyg): Mpe-
Aen, koTopblid SEP Banuaauuu gomxHa paclumputb, YToGb! 3HAYUTENBbHO OTNMYATLCA OT CTaHAapTHOW| oLWMGKN rpafyu-
pOBKV B 3ajaHHOM AOBEepPUTENBLHOM UHTEpPBare.

C.3.9 RSQ r,z(y: KBagpat koahduLMeHTa MHOXECTBEHHOW KOppenauun Mexay NporHosupyeMbiMU U ONOPHLIMU
3HaYEeHUAMU.

MpuMeyaHUe— lpu BeIpaxXeHU B NpoLieHTax OH NPeACTaBNAET AONI0 U3MEHUMBOCTU, 0ObsICHAEMYIO pe-
rPecCMOHHON MoAenbio.

C.3.10 HaknoH (NunHKsA perpeccun) (slope; b): MNpeacrtaneHne yBeNUYEHNA BENUUUHLI i C YBEMUYEHNEM X.

C.3.11 oTceKkaeMblii OTpe30K (NnHUs perpeccun) (intercept). 3HaueHne y Npu X paBHOM HyFIO.

C.3.12 ctaHaapTHoOe OTKNoHeHue pasHocTH (residual standard deviation; s, ): BblpaxeHue cpefHei BENUYUHLI
pasHOCTU MeXAY OMOPHBIM U NOoJ06paHHEIM 3Ha4eHUSMU Nocse BbINMOMHEHUS KOPPEKLIMUA HAaKITOHa U OTCEKaeMoro oTpeska

C.3.13 KkoBapuauus (covariance; S;/\y): Mepa cCOBMECTHOro U3MEHeHUA ABYX cryyaiHbIX NepeMeHHbIX.

MpuMeyaHwue—EcCnUans MHOXecTBa Npob yBeNUYEHUe X HAXO[UTCS B COOTBETCTBUM C YBENUYEHUEM Y, Toraa
KoBapuaLusl Mexay aTUMK ABYMS NepeMeHHbIMU ByeT NonoXUTeNbHOW. Ecrin yBenuueHne x conpoBOXAAETCA COOTBET-
CTBYIOLLMM YMEHBLLEHWEM Y, TOMAa KoBapuauns GyneT oTpuuaTensHo. Ecrnu 3HaueHus He KOppenupyioT, To koBapuauma
paBHa Hym.
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