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Mpeaucnosune

1 NOAIrOTOBIIEH ®epepanbHbiM rocyaapcTBEHHBIM YHUTapHBLIM MpeanpusitTueM «Bcepoccuinckuin
Hay4yHOo-MccneaoBaTeslbCKUA MHCTUTYT aBUaLMOHHBIX MaTepuarnoB» COBMECTHO C ABTOHOMHOW HeKoMMepyec-
KoW opraHusaumein «LleHTp HopMUpOBaHWs, cTaHaapTU3aUMn 1 Knaccudukaum KOMNo3UTOBY» NPU y4acTumn
O6beaguHeHus opuguyeckux nuu, « Coos NponssoaunTeneinl KOMMo3UToOB» Ha OCHOBE CODCTBEHHOTO Nepesoaa
Ha pYCCKWUI A3bIK aHITOSA3bIYHON BEPCUMN YKa3aHHOTO B MyHKTe 4 cTaHaapTa

2 BHECEH TexHunyeckum koMmuTeToM no cTaHaapTusaumm TK497 «KomMnoauTbl, KOHCTPYKLMM U n3aenus
U3 HAX»

3 YTBEP>X[JEH V1 BBE[EH B IEVCTBUE Mpukasom degepanbHOro areHTCTBa No TeXHUYECKoMy pery-
NMPOBaHUIO U MeTporiori1 oT 5 aekabps 2017 r. Ne 1879-ct

4 HacTtoswmid cTaHaapT dBNAeTCA  MOoAUMUUMPOBAHHLIM MO OTHOLUEHWIO K  cTaHAapTy
ACTM E1790-04 (2010) «CtaHgapTHble NPakTUKW MO KayecTBEHHOMY aHanu3y B b6nukHel uHdpakpacHom
obnactu» (ASTM E1790-04 (2010) «Standard practices for near infrared qualitative analysis», MOD) nytem
BKITHOYEHNSA AONONHUTENbHBIX MONOXeHWA, hpas, CnoB, CCbIMOK, NoKasaTenen, Ux 3Ha4eHUn Uunm BHeceHus!
N3MEHEHWI No OTHOLLEHUIO K TEKCTY NpuMeHAemoro ctaHgapta ACTM, koTopble BblAeneHbl KypCUBOM.

Pasgenel (nogpasaentl, NyHKTL), He BOWeALIME B HACTOSILLMIA cTaHAapT, NnpuBeAeHbl B AOMONTHATENb-
HOM npunoxeHuu A.

ConocTtaBneHve CTPYKTYpbl HacTOSWero cTaHaapTa co CTPYKTYpoit ykaszaHHoro ctaHgapta ACTM npu-
BeAeHO B AOMONHUTENBbHOM NpusioxeHun AB.

HaumeHoBaHWe HacTosLero ctTaHaapTa UsSMeHeHO OTHOCUTENbHO HAUMEHOBaHWUS YKasaHHOro cTaHaap-
Ta ACTM ans npveegeHus B cootBetcteue ¢ FOCT P 1.5—2012 (nyHkT 3.5), a Takke B Lensax cobnoaeHus
MPUHATON TEPMUHOMNOTUN.

CBefeHunsi 0 COOTBETCTBUM CCbINOYHBIX HALMOHAMBHBIX U MEXTOCyAapCTBEHHbIX CTaHAAPTOB cTaHAap-
TaMACTM, ncronb3oBaHHbIM B KA4ECTBE CCbINIOYHBIX B MpuMeHeHHoM cTaHgapTe ACTM, npuseaeHbl B 4oMos-
HUTenbHOM NpunoxeHun [1B

5 BBEJEH BINEPBBIE

lNpasuna rnpuMeHeHus1 Hacmosiwe20 cmaHdapma ycmaHoeneHbi 8 cmamese 26 ®edeparibHO20 3aKoHa
om 29 uioHa 2015 2. Ne 162-®3 « O cmaHO0apmu3zauyuu 8 Poccutickoll @edepauuuy. Hgopmauusi 06 usmeHe-
HUSAIX K HacmosiueMy cmaHOapmy rybIiuKkyemcsi 8 eXe200HoM (1o cocmosiHuio Ha 1 ssHeaps mekyuwe2o 200a)
uHgbopmayuoHHoM ykazamerne «HauyuoHansHble cmaHAapmbi», a ogouyuansHbili mekem usmeHeHull u nonpa-
80K — 8 eXXeMeCAYHOM UHGOpMayUOHHOM yKkazamerne « HayuoHanbHbie cmaHdapmbi». B ciiydae nepecmMom-
pa (3aMeHbl) unu omMeHbl Hacmosiule2o cmaHOapma coomeemcmeylowiee ysedomiieHue 6ydem
onybnukoeaHo e bruxalueM 8bIfTyCKe eXeMeCsYHO20 UHEOPMaUUOHHO20 ykazamens «HauyuoHanbHbie
cmaHOapmebi». Coomeemcmeyiouwjasi UHGhopMmauus, yeedoMIIeHUe U MEKCMbl pasMellalomcss makxe 6
uHgbopmauuoHHoU cucmeme obuiezo ronb308aHUs — Ha oghuluanbHoM calime ®edeparnbHO20 azeHmemea
10 MexHU4YeCKOMY peayriuposaHuio U Mmemporsioauu 8 cemu MIHmepHem (www.gost.ru)

© CraHgapTtuHdopm, 2017

Hactoswui ctaHaapT He MoXeT 6bITb MONHOCTLIO UMW YaCTUYHO BOCTIPOU3BEAEH, TUPaXKMPOBAH U pac-
npocTpaHeH B kayecTBe ocuLmanbHoro usaaHua 6es paspelueHns degepanbHOro areHTCTBa No TeXHUYECKo-
My perynMpoBaHuio U MeTPosiorum
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HAUMWOHANBbHBIW CTAHAAPT POCCMUCKOW SGEQAEPALMUMK

KOMMNO3UTbIl NOJIMMEPHbIE
UndpakpacHaa cnekTpocKonus.

KayecTBeHHbIN aHanu3 B 6GnvkHen o6nacTu uHgdpakpacHoro cnekrpa

Polymer composites. Infrared spectroscopy. Near infrared qualitative analysis

Aara BBegeHna — 2018—06—01

1 O6nacTb npMMeHeHusi

HacTosawuin ctaHgapT ycTaHaBnuBaeT obume TpeboBaHuaA K cnekTpockonun B 6nmkHen nHdpakpacHomn
obracTu Ans kKa4eCcTBEHHOro aHanM3a NoNMMMepHbIX KOMMO3UTOB.

Hacmosuwuti cmaHOapm Moxem bbimb maKxe NpUMeHeH K aHanu3sy opya2ux Mamepuasos, makux Kak
qucmele opeaHUYecKuUe U HeopaaHu4ecKue selljecmea U Ux CMeCU, pacmeophbl, MofuMepHble Mamepuarns! (Kak
peakmorniacmasi, mak U mepMoriacmel), a makxe KOMIOHeHMb! 0711 Ux rnpou3eodcmea, eK/rYass CMoJbl,
omeepdumenu, yckopumernu, ninacmugukamopsl u npodee. Memod npumeHum K meep0obim obpasyam, xud-
KUM U 2a3006pa3HbiM rpobam.

Hactoswuin ctaHgapT npegnonaraet, YTo GONbWMHCTBO KauyeCTBEHHbLIX aHanu3oB MeToAOM ChekT-
pockonun B 6rivkHen MK obnact npoBogsaT ¢ NOMOLLbI NpuBopoB, cneunanbHO CKOHCTPYMPOBAaHHbLIX ANs
OaHHOM Lienn 1 OCHaLUEeHHBIX CPpeacTBaMn anropuTMUYECKOW KOMMNboTepHoW 06paboTkn gaHHbIX. OgHako
HacCTOSALLMIA cTaHAapT MPUMEHNM 1 K paboTe ¢ Xuakumm o6pasuaMm ¢ NOMoLLbio NPUBOPOB, pacCUNTaHHbIX Ha
paboTy B ynbTpaduoneTosoin (YO), Buanmoin n cpegHein nhdppaxpacHoit (UK) obnactu, npu Hanuuum nogxoas-
WX cpedcTB o6paboTkn AaHHbIX. BonbwnHeTBO UK-Pypbe-cnekTpoMeTpoB (0BLIMHO 3TO CNEKTPOMETPHI,
paboTatowue B cpeaHer MK obnactun) moryT paboTaTh U B 6rivkHein K oBnactu, uny ocHawaloTca cBeToAenu-
TenbHbIMW yCTpocTBaMn, obecnevmsarowmn paboTy ¢ ANMHON BOMHLI Ao 1,2 MkM. HacToawuin ctaHaapT
NPUMEHNM W K aHHBIM, MOMYyYeHHbIM C MOMOLLLIO TaknX MpubopoB.

2 HopmaTuBHBbIe CCbINKN

B HacTosLLeM cTaHAapTe UCMOoMb30BaHbl HOPMaTUBHbIE CCbINKW Ha cneaylowne cTaHgapThl:

FOCT 27176—86 [Mpubopbl cnekTpasbHble onTudeckne. TepMuHbl U onpedeneHus

FOCT P 57941—2017 KomnosuTel nonumepHble. NHbpakpacHas criekTpockonus. KayecTBeHHbI aHa-
nms

FOCTP57987—2017 KomnosuTel nonMmepHele. UHppakpacHas cnektpockonus. MHoromepHblii konu-
YeCTBEHHbIN aHanun3

Mpwu™eyaHu e — pn NoNbL3OBaHUN HACTOSALLMM CTAaHAAPTOM LienecoobpasHo NPOBEPUTL AeCTBME CCblNov-
HbIX CTaAHAAPTOB B WHMOPMAaLMOHHOW cucTeMe OOWEero nonb3oBaHusi — Ha oduumnanbHom calite PegepanbHoOro
areHTCcTBa MO TEXHWYECKOMY PErYNIMPOBaHMIO M METPONOrMK B ceTu MIHTEpHeT Unu Mo eXerogHoMy MHopMaLMoHHOMY
ykasartento «HauuoHanbHble cTaHgapThl», KOTOPbIN OnyBrMkoBaH Nno COCTOsIHWIO Ha 1 AHBapPSA TEKyLLEero roaa, v no Beinyc-
Kam exXeMeCsiHHOro MHOPMaLMOHHOTO yKka3aTens « HaumoHanbHble CTaHgapTbl» 3a TekyLwuii rod. Ecnv 3ameHeH coblnoy-
HbI CTaHAapT, Ha KOTOPLIM AaHa HepgaTUPOBaHHAsH CCbinka, TO PEKOMEHAYETCsl UCMOMNb30BaTh AeNCTBYIOWYI0 BEPCUIO
3TOrO CTaHAapTa C y4eTOM BCEX BHECEHHbIX B AAHHYIO BEPCUI0 M3MeHeHuIn. ECcnim 3amMeHeH CCbINOYHbIN CTaHAapT, Ha KoTo-
pbifi AaHa faTMpoBaHHasi CCbINKa, TO PEKOMEHYETCsl UCMONb30BaTb BEPCUIC 3TOMO CTaHA4apTa € YKasaHHbIM Bbille rogoM
yTBEpPXAEHUA (NpuHsATUA). ECnu nocne yTBepxaeHWs HACTOsILLEro cTaHgapTa B CCbINOYHbIN CTaHAapT, Ha KOTOpLIN daHa
JaTMpoBaHHas CChinka, BHECEHO U3MEeHeHWNe, 3aTparMBaloLLee NoNoXeHve, Ha KOTOPOe AaHa CCbiflka, TO 9TO NONOXeHne

UzpaHne ochmumansHoe
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pekomeHayeTcsinpUMeHsITe Ge3 y4eTa gaHHOro M3aMeHeHusl. ECrn CCbinoyHbIii cTaHaapT 0TMEHeH 6e3 3aMeHbl, TO Nosoxe-
HWe, B KOTOPOM [laHa CCbINKa Ha HEro, PEKOMEHAYETCA NPUMEHSITb B YACTU, HE 3aTPArvuBaloLEen 3Ty CChINKY.

3 TepMuHbI M onpegeneHnA

B HacToswem ctanaapTe npuMeHeHbl TepMuHbl no FOCT 27176, a Takke criegyolumne TEPMUHBI C COOT-
BETCTBYIOLLMMMU onpeaeneHuaImu:

3.1 B3aumogenctBue (interactance): AsneHue, Npu KOTOPOM JIyuMCTast 3HEPrusl, NPoOHUKaWasn B
mMaTepuarn yepes y4acToK MOBEPXHOCTU, paccensaeTcsl MaTepuanom obpaTHO K NOBEPXHOCTU, OHAKO K ApY-
romy ee yyacTky.

MpumeyaHnune— Otnnune BzanmogencTemns ot gndpy3HOro OTPaKEHUs 3aKINioHaeTcsi B TOM, YTO Npu aud-
Dy3HOM OTPaXEeHUN OTPaXEHHOE U3NYHEeHNe BbIXOAUT U3 06racTi NnoBepxXHOCTM Matepuarna, kotopas nogeepraercs obry-
YeHuIo.

3.2 ctaHpapTHbIW oGpasel (3TanoHHbIA o6pasel, obyuvawowuii obpasen) (training sample,
reference sample, standard): MaTtepuan c U3BeCTHLIM COCTaBOM W/UINN XapaKTepPUCTUKAMU, UCTIONb3YIOLLUIACS
Ans yCTaHOBMNEHNUA OTHOLUEHUA MeXAY pe3ynbTaToM U3MePEHNUs U COCTaBOM U/UMU XapaKTepucTukamu o6pas-
ua.

MpumevaHusn

1 TepmuH «obyqatowmii obpasew» 06bIMHO UCMONb3YeTCs B KOMIMbIOTEPHBIX METOAaX YCTaHOBIMEHUS! BbILLEONUCaH-
HOFO OTHOLWEHWS, NPV Tak Ha3bIBaeMoM «0byueHun» npubopa.

2 K ctaHgapTHbiM o6pa3uaM Arisi KONMYECTBEHHOIO aHanm3a NpeabsABIsioT HECKOITBKO UHbIE TPpeBoBaHUs, YeM K
cTaHgapTHbIM o6pa3uam ans ka4ecTBEHHOTO aHanu3a.

4 CywHocTb MeToaa

KayecTBeHHbI aHanua ¢ ncnonb3oBaHneM cnektpockonuu B 6avxHein MK obnactu nposogdaTt nytem
aBTOMaTU3MPOBAHHOIO CpaBHEHWNS CMEKTPOB U3BECTHbLIX MaTepUanoB C HEM3BECTHLIMM AN UaeHTUhUKauum
nocrnedHux. Npu 3ToM UCToNb3YT MeTod BUBNNMOTEYHOro Noucka, B OTNNYME OT CrekTpockonumn B cpegHeit UK
obnacTu (cm. FTOCT P 57491), rae onpeaenexHue CTpyKTypbl HEM3BECTHOrC MaTepuana NpoBoanAT Mo pacnono-
XKEHWNI0, NHTEHCMBHOCTM U CABUraM NOMOXEHUSA 0TAEMbHbIX NOMOC NOrMOLWEHMS.

HecMmoTps Ha To, YTO MaTeMaTUYeCKUe anropuUTMBbl, ONIUCaHHbIE B HACTOSALLEM cTaHd4apTe, MOryT npume-
HATLCA K CNeKTpanbHelM AaHHBIM B Nto6oi obnacTu, B HAcTosILLEeM cTaHaapTe OnMCbiBAeTCsA X MPUMEHeHNe K
cnekTpockonuu B 6nnkHein UK obnacTn.

MpuMeHeHMe XeMOMeTPUYECKNX METOAOB K CMEeKTPOCKOMNMU UMeeT OrpaHnuYeHunsi, oaHako He Bce OHU
noka yCcTaHOBMEHbI, T. K. METO4 SIBMAETCA CpaBHUTENbHO HOBEIM. OAHON 13 obnactel npuMeHeHUs meToaa
SIBMAAETCA UCCrieA0BaHNE BIIUSIHNS HUKNX KOHLLEHTpaLui npuMeceii. [1ns 4oCTOBEpHOro onpeaeneHus sarpsis-
HUTenen HeobXxoAMMO 3HaTb O BOSMOXHbIX 3arpA3HUTENSAX, KOTOPbIe MOTYT ObITb BHECEHbI B CUCTEMY, U Y4UTbI-
BaTb peaslbHyl0 BO3MOXHOCTb Takoro cobbITWS, HanpuMep, HamepeHHbIM BKMOYEHWEM 3arpsisHEeHHbIX
0b6pasuos B Habop Anst 0byyeHus npudopa.

5 OCHOBHbIe NONOXEeHUA

KavecTtBeHHbIn aHanu3 B 6nvxkHen MK 061acTv npoBoasiT nyTeM CpaBHEHWS CNEKTPOB NOrNOLLEeHUS Hens-
BECTHbIX MaTepuasnoB Co CNEeKTPamn U3BECTHBLIX 3TaNOHHbLIX MaTepuanos. MocKonbKY MNONock NOrMoLeHUs
MHOIUX BELLECTB MeHbLLe pasnuyatoTca B bnmkHelt MK obnacti, 4em B cpeaiHeit, aHanuTu4eckue cnocobHoCTU
OaHHOro MeToAa CYLLIECTBEHHO 3aBUCAT OT TOYHOCTU U3MEPEHWUS NOTNOLLIEHNA U OTHOCUTENBHOTO NOrMoLWeHUs
npu pasnnyHbIX AnvHax BonH. MaeHTuduumpyemble MaTepuansl U3MepsloT ¢ NOMOLLbIO CNEeKTpoMeTpa B
6nmkHent UK obnactu. Mony4yeHHble gaHHble coxpaHsiioT Ha MK, nogknioveHHoM K cnekTpomeTpy. 3atem
NCNONb3YHT OANH UMM HECKOTIbKO aNropUTMOB U3 pasaena 6 Ans BbipaboTku KpUTEPUEB, KOTOPLIE B NOCneayto-
LLeM NPUMEHSIOT K CMIEKTPOCKONUYECKUM AaHHBIM HEN3BECTHLIX 06pa3LIoB ANa UX Knaccudukaumm (Mnu naex-
TUMKaLum), kak cCoBNaaaoLLMX UK HeT C OAHUM U3 paHee aHanNU3MpPoBaHHbLIX MaTepuanos. Ansa obecneveHns
BOCNPOU3BOAUMOCTU pe3ynbTaToB A0SKHbI cobnoaaThest Nnpasuna Haanexallein naGopaTopHOi NpakTUKA.
MoarotoBka M BBOA Npob B npubop A0MKHBI ObITb OAUHaKoBLI B paMkax Oubnuoteku. ObpaweHue ¢
Heu3BeCTHLIMU MaTepuanammn 0SMKHO BbiTb TOYHO TaKUM e, Kak U Co cTaHAapTHLIMKU 06pasLamu.

2
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[na aHanuaa rasos moryT noTpeboBaThcs cneLumasnbsHble KoBeTbl, 06ecnevnsatoLime AnUHY NPoXoxae-
HUA nyya BnioTb 40 100 M. CnekTpbl NapoB 1 ra3os MoryT 6biTb YyBCTBUTESLHBI K 06LLEeMY AaBneHUo obpasLa.
OTO ycTaHaBnNmMBatoT OTAENBHO AN KaXaoro Tuna obpasuos.

MaeHTuduumpyemble HenssecTHble ob6pasubl MOTyT MpeaBapuUTEribHO pasdensaTbCs Mo KpUTepUsim,
OTNUYHbIM oT VIK-cnekTpoB (Hanpumep, nyTem BusyansHoro ocMoTpa). Bee o6yyatoLne obpasLipl (T. €. 3TanoH-
Hble 06pasLbl 418 06y4YeHnss anropuTMoB TOMY, Kak MOTyT BbIrnsideTe Apyrue maTepuansl) Takke MOryT npea-
BapUTenbHO rpynnupoBaTbest B 61MBNMoTeku nogobHbIX MaTepuanos (HanpuMep, Xuakux v Teepaplx). 3atem
HeunsBecTHble MaTepuarnbl cpaBHUBaOT ¢ BUBNMOTEeKaMuM NnoaxoAsLUMX MaTepuanos. MNpeaBapuTensHoe rpyn-
MUpoBaHWe N COPTUPOBKA YMEHbLLAET BEPOATHOCTb NTOXHbIX ONpeaeneHnin, Ho TpeByeT 0OCTOPOXKHOCTH, YTO-
6bl Hen3BeCTHbI MaTepuarn, 3aBeoMO OTCYTCTBYOLWMIA B 6ubnuoTeke, He Obin onpeaeneH kak Matepuan,
nMeroLwninca B bnubnunoTeke.

N3amepeHnsa NpoBOAAT Ha NPONYCKaHUsi, OTPaXeHNs v gpyriM cnocobom, NpurogHbIM A5 nonyYeHns
NK-cnekTpoB B 6nvkHen obnacTu. Yalle Bcero NpoBoasT U3MEPEHNUs B peXMMe nponyckaHus n guddysHoro
oTpaKeHUsl.

OnpegeneHne COOTHOLUEHUSA MeXOy WHTEHCUBHOCTSIMU MOrMoLWeHUs Npu pasHelX AnvHax BOAH ANA
Habopa maTepuanos v BbipaboTka Ha X OCHOBE KPUTEPWEB 411 MAeHTUdNKaLMM AaHHBIX MaTepuanos Tpeby-
eT 1CNOoMb30BaHNa 0by4aeMblX KOMNbIOTEPHBLIX anropuTMoB. [laHHble anropuTMbl MOFYT Takke y4YuTbiBaTb
MOCTOPOHHUE U3MEHEHUS, KOTOPBIE BO3HWUKAIOT, Hanpumep, npu n3aMepeHny nopoLLIKoB.

Ons nameperus B8 6nmxHen MK obnactu umeeTcs Lenbli psg koMmepueckn 4oCTYNHbIX Npubopos. [na
obecneveHuns Hagnexaluen paboTbl, ONTUMaNLHOW TOMHOCTM M Ge3onacHocTM Heobxoaumo cobnoaaTh ykasa-
HUS1, NpUBEAEHHbIE B PYKOBOACTBE MO AKCNyaTauuu.

MpoBeaeHune cnektpockonun B GrvkHen MK obnacTtu npaktudeckn He TpebyeT noarotosku npo6 nnu
obpasuLoB. B cBA3KM C 5TUM 3Tanbl NOAroTOBKM NMpob B APYr1x CNEKTPOCKOMMUECKMX MeToanKax sameLlarTcs
meTogamu namepexus npob. Hanbonee pacnpocTpaHeHbl cneayrowme MeToabl:

- AndpcbysHoe oTpaxeHne — TBepable MaTepuanbl U3MenbYakoT 40 NOPOLWKOOGPa3HOro COCTOSHWUA (UK
MCNonb3ytoT B NOMyYEeHHOM Buae, eCl OHU NPEACTaBNAOT co60M AOCTATOUHO TOHKO U3MENbYEHHBIE NOPOLLIKA)
NNAOTHO YTPaMBOoBLIBaIOT B KIOBETY, 4TOOBI MOXXHO BbINI0 OCBETUTL NOBEPXHOCTL NPOOBI U U3MEPUTL MOLLHOCTb
OTPaKEHHOro N3MyYeHNsI;

- MponyckaHne-oTpaXxeHne — Npo3payHyo UM onanecumpyioLLyio XUAKOCTb MOMeLLaloT B KIOBETY C
Mpo3payHbiM OKHOM W HaxoAALMMCS No3aan obpasua sakpaHoM U3 paccenBsaloLLero ceeT Mmatepuana. Manyye-
HWe npoxoAauT Yepes Npoby n auddysHo oTpaxkaeTca aKpaHOM, YTO NO3BOMNAET NPOBOAUTL U3MEPEHMUs TOYUHO
Tak Xe, kKak U usmepeHust A ysHoro oTpakeHus MOPOLLKOB;

- NponyckaHue — XXUAKyto unu Teepgyto npoby NoMeLLaioT B KIOBETY € ABYMsI NPO3pavyHbIMU CTEHKaMMI U
N3MepAIT NpoxoasLlee CKBO3b Hee U3IydYeHune;

- ONTOBOMOKOHHbIE JAaTYMKM — CBETOM3ITyYaloLWUA U CBETONMPUEMHBIA BONIHOBOALI NMapasuienbHo npu-
KnaabiBaloT k 06pasLy. B pasnnMuHbIX ONTUHECKUX «rofloBKax» Ans nepeaayu UsnyyeHns us onToBosiokHa B
ob6paseu n 0bpaTHO UCNONb3yeTCs LWMpoKasi ramma koHUrypauuii ontuki. C onTOBONMOKOHHBIMU AaTYMKaMn
MOXHO MCMOMb30BaTbh METOAbI NPONYCKaHUsl, OTPaXKeHUs U B3aumoaencTens. NamepeHust MeToqom B3anmo-
AeNCTBUA 4acTo AenatoTcsi IPOCTLIM NpKaTUeM Nyyka onTUYeCcKUX BOMOKOH, CoAepKaLllero Kak CBeTousny4a-
oLLMe, Tak U CBETOMPUEMHbIE BOITHOBOAbI, K MOBEPXHOCTU 0bpasua.

[nsa npumeHeHWs MaTemMaTuUyeckoro annaparta K CneKkTpOCKONMYECKUM AaHHbIM OObIMHO UCMONb3YoT
MeTop, 3aKMo4aloLLNIACA B CrieayoLem:

- cneKTparnbHble U3MepeHusi onpeaensioT HEKOTOPOoe MHOroMepHoe NpocTpaHcTBo. OCK B AaHHOM Npo-
CTpPaHCTBE — 3TO MHTEHCUBHOCTW MOMMOLLEHWUSI MPU PasfUYHBIX ANWHAX BOSTH UK BENWYMHBI, NOSy4YeHHbIE UX
MaTemMaTu4eckum npeobpasosaHuem;

- rpynMnbl CNEeKTPOB OAHOro MaTepuara onpeaensoT 06nacTb B MHOrOMepHOM NPOCTPaHCTBE;

- aHanus 3akroyaeTcs B onpeaerieHUn Toro, B Kakyto obnacTb nonagaeT cnekTp HemsBecTHoro obpasua.

B naHHOM aHanMTUYeCKOM NoAxode CyLecTBYIOT criegyowmne npobnemel: HegocTaTouHoe pasgeneHue
rpynnBs MHOTOMePHOM NPOCTPaHCTBe ANA UX Knaccudukauum (HegocTaTouHble pasnnyns B CrnekTpax Matepuna-
noB), HeaZleKBaTHOe NpeAcTaBeHne U3MmepuTenbHo BapnabensHOCTU B Npeaenax rpynmn B npouecce oby4e-
HUs (HegocTaToOyHOe KONMMUYecTBO WK pasHoobpasve o6pasuos Ang obyyeHus), nioxve npegensbl
obHapy>XeHuUsi TpUMeCHbIX 3arpsisHUTENen.

[ns onTMMU3aumMmn MeToaoB KAaHHBIM BO3MOXKHBIM nNpobrieMam co3gaHue MeTofa npoBoAUTCS B TpUaTa-
na. Hanepsom atane, 0by4yeHun, npubopom uccneayoT nssectHole 06pasLbl. CobpaHHble AaHHbIe 0bpabaTbl-
BalOTCS OAHUM WUITU HECKOIBLKMMU anropuTMamMm U UCnosb3yoT Anst <0by4yeHusi» anropuTMoB pacno3HaBaHuio
pasnuuHbIX ApYrMx Matepuaros.
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Ha BTopom atane, Banvgaumu, NpoBepsoT cnocobHOCTL anropuTMOB NpaBuUbHO pacrno3HaBaTh MaTe-
pvankl, He BxoAuMBLUKE B oby4datownin komnnekT. KpaiiHe xenatensHo, 4Tobbl 06pasLpbl, M3mepsiemble B Npo-
Lecce BanvMgaumu, Haxoaunmch B TOM e (hasoBoM 1 (h13NYECKOM COCTOSIHMK, 4TO 1 obyyatolume o6pasLbl.

Ha TpeTbeM aTane, UCMoNb3oBaHWUKU, NPOBOAAT U3MEPEHNe HEeN3BECTHEIX 06pasLoB ¢ Nocrneayowmm
cpaBHEHWEM NONyYeHHbIX AaHHBIX C N3BECTHBEIMK obpasuamu B 6UbnMoTeke 1 onpeaeneHnem coBnageHus
nonyYeHHbIX AaHHbIX C AaHHbIMW Kakoro-nnbo n3BecTHOro MaTepunana. HenssecTHbIM MaTepuan CoOoOTHOCUTCS
c o6pasLoM, xapakTepusytoLmmest Hanbonee 6rnM3kMMUN pesynbTaTtaMmu,

Ecnu nony4yeHHble gaHHble He COrnacyrTesl HU C 0AHUM 06pasLoM U3 BUBMOTEKN, anrOPUTM MOXET He
naeHTUdMLMpoBaTh obpaseL.

NaeHTudmumpyemMble Ha AaHHOM aTane 06pasLibl A0MKHBI HAXOAUTLCS B TOM e (ha30BOM U (DU3NHECKOM
COCTOSAIHWM, KaK U N3BECTHEIE MaTepuarnbl Ha 3Tane Banuaaunu.

2KnakocT MOXHO M3MepPSATb B YNCTOM BuAe U B pacTeope. B ntobom cnyyae anvHa onTuyeckoro nyTu e
KtoBeTe Ansa npob gomkHa ObiTb MOCTOSAHHON, OAMHAKOBOW ANsi BCEX XNOKOCTEN, CpaBHUBAEMbIX C HEU3BEC-
THOW, M yKa3biBaTbCsl Kak NapameTp MeToda onpedeneHus. MocKkonbKy BO3MOXHO 06y4YeHne anroputMa Ha
AaHHbIX, MOyYeHHbIX MPY APYron ANMHE ONTUYECKOro NyTH, crneayeT NOMHUTb, YTO YMEHbLUEHWE U3MEeHYMBOC-
TV BHelWHUX akTopOB NOBLILWAET TOYHOCTL onpeaeneHuns. NamepeHue HeM3BeCTHLIX MaTepuanoB Takke
OOMKHO MPOBOAUTLCS B KIOBETE B TEX XKE YCIOBUAX, YTO 1 M3MepeHMe obydatownx Bellects. Ecnun ucnonbayot
pPacTBOPEI, YKa3blBaT cTeNeHb pasbaBneHus.

Teepable MaTepuanbl MOTYT U3MepPATHLCA B NoMyYeHHOM BUAE, eClM OHM 06naaatoT O4HOW UM HECKOMb-
KMMU CpaBHUTENbHO POBHBIMW NOBEPXHOCTAMU. [pyrue matepuansl MoryT notpe6osaTh Wndosku. Mpu wnu-
choBke TBepAbIX 06pasLoB A5 BCex 0bpasLoB B 6MGnnoTeke UCNonb3yoT o4unH cnocob. Cnocob wnudosku
yKasblBatoT B MPOTOKOME UCTbITaHUS.

HeunssecTHble MaTepuansl 0b6pabaTeiBaloT TOYHO TakK XKe, Kak U UCcnofib3oBaHHble aAns obyyeHus. Ecnn
obpasLbl WNUdYIOT, KpaliHe BaxHO, YTobbl HensBecTHble 06pasLbl WMdoBanuch TeM e caMbiM abpasnBoM,
C TEM XXe caMbiM pasMepoM 3epHa, UTo 1 obpasubl B GubnuoTeke.

6 WUcnonb3yembie anropuTMbl

6.1 O6wWwue nonoxeHus

B naHHOM pasaene OnuCLIBAOT HECKOSLKO KOMMbIOTEPHBIX anropUTMOB, 10Ka3aBLLNX CBOIO 3hdeKTMB-
HOCTb NMpu 06paboTke AaHHBIX cnekTpockonum B 6nmkHen UK obnact. OnucaHnsa MHOroBapuaHTHLIX MeToao8
CTATUCTUYECKOTO aHanNM3a AaHHbIX NpeacTaBnAlT co6oi NPaKTUYECKM YNCTYI0 aBCTPaKTHYIO MaTeMaTuKy, He
TpebytoLyto NoapoBHOro onucaHus. CylllecTBYeT LieNblil PAA KHUT MO CTaTUCTUKE U XeMOMETPUKE, B KOTOPbIX
onucaHbl METOALI MHOTOBapUaHTHOrC aHasivaa Npu pasfiMiHbIX YpoBHSAX MaTemaTtudeckoi abetpakuun. Bonb-
WWHCTBO anropuTMOB, UCMOMb3yeMbIX B KadecTBEHHOM aHanuse B GnukHen UK o6nactu, ssnswoTcs
CPaBHUTENBbHO NPOCTLIMW peanusaLMsMn aHHbIX METOA0B.

[OaHHble meToabl peann3oBaHbl B GOMbLWIMHCTBE CTAaTUCTUYECKUX Nporpamm. MporpammHoe obecneve-
Hue (MO) Ans aHanu3a cnekTPOCKONUUYECKUX AaHHbIX Taloke MOXET coAepXXaTb peanusaumnn ykasaHHbIX anro-
puTMOB. Kpome TOro, M3roToBUTENM COBPEMEHHLIX cCnekTpoMeTpoB B GrkHen UMK obnacTu BknovatoT
peanusauum gaHHbIX anropuTMoB B cobeTeHHoe MO ans ynpaeneHus cnekrpoMeTpamn n o6paboTku AaHHbIX.
MocneaHwi Nnoaxoa UMeeT NPEUMYLLIECTBO B TOM, YTO BCe NOMy4YeHHble Ha Npubope AaHHble 6yayT o6paboTa-
Hbl a6CONMTHO 0aNHaKoBbLIM 06pa3som. B no6om cnydae noapo6HOCTM anropuTMOB 1 X peaniaaum 06bIuHo
NOMHOCTLIO NPO3payHbl ANA Nofb3oBaTtens. Tem He MeHee, Nonb3oBaTenb 06s13aH YA0CTOBEPUTLCA B Npa-
BUNbHOCTU peanuaawui anropuTma B UCToNb3yeMOM UM NPorpaMMHOM obecredeHnn.

6.2 PaccrosaHus MaxanaHo6uca

Pacuet paccTtoaHunin MaxanaHobuca onnucaH B nUTepatype B NpUMeHEHUU HENMOCPEACTBEHHO K CNeKTpam
B 6nuxkHen UK obnactu. Pacuet pacctosaHus MaxanaHobuca — aT1o cnocob onpeaeneHuna Toro, nonagaeT nu
o6pasel, B 3afjaHHyt0 06nacTb MHOrOMEpPHOro NpocTpaHcTa. Manoe paccrosiiue ykasblBaeT Ha To, 4YTo o6pa-
3el HaxoauTcs Bnusko K LeHTpy obnactu 1, cnegosaTenbHo, BXxoauT B Hee. Obyyatowmne obpasubl 3agaroT
obnacTb NpocTpaHCcTBa Takum 06pasoM, YTO MHOFOMEpPHBIV 3NNMNCcoua BKIoYaeT onpeaeneHHyo A0S0 AaH-
HbIX 06pasLoB. PaccTtosHue OT LeHTpa 06nacTu A0 NOBEPXHOCTU annuncovaa (T. e. 3KBUBANEeHT agnameTpa)
onpegensieT paccroaHue MaxanaHobuca. PacctoaHve MaxanaHobuca paccuUnThbiBalOT € MOMOLLBHO
MaTPUYHOro ypaBHEHUS

D? = (x,—X () M (x, - X (), (1)
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raoe D; — pacctosiHue MaxanaHobuca ana HeussecTHoro obpasua oT LeHTpa annuncouaa Ang i-ro YnexHa
(knacca obpasLoB) 6ubnuoTeku;
X,, — BEKTOP UHTEHCUBHOCTUN NOIMOLLEHUA ANA AEHTUPULMPYEMOro Hen3BeCcTHOro obpasLia, B3ATLIA NPy
PasINYHBIX ANIMHAX BOSH;
X(/) — cpeiHee 3HauyeHWe MOKa3aHWUN HEeCKONbKUX pasnu4HblXx 06GpasuoB TWNa Matepuana, npeacras-
nawLero /- yneH 6ubnuoteku;
M — obpatHas maTpuua BbIBOPOYHON BHYTPUrPYNMNOBOIN BapnaHTHOCTU-KOBAapUaHTHOCTM (onncaHa B npu-
noxeHun A).

Bbino nokasaHo, 4To goBepUTEnbHLIN MHTEpBaN AnNA paccToaHua MaxanaHobuca pacnpegerneH Takum
obpasomuto p - DumeeT F-pacnpegeneHune ckun — k — 1df,rae p = (n — k — 1)/nk, n — KONUYECTBO CNEKTPOB
N kK — KOIMYECTBO UCMONb3YEMbIX AJSIMH BOSH (MNIN 4acToT).

Ona obyyeHna anropuTMa Nosnb3oBaTefNb AO/MKEH NOMYYUTb MHOTO CNEKTPOB KaXKAOro cTaHAapTHOro
obpasua gna onpegeneHuns BapnabenbHoCTU MaTepuana obpasua B gaHHbIX 06ydeHus. Mo nonyyeHHbIM
pesynbTatam 3aTeM onpegensoT obnactb MHOrOMEPHOro NPOCTPAHCTBA, XapaKTepusyiolyio yKasaHHbIN
maTepwuan. MoaTomy KpaliHe BaxHO, 4To6bl 0By4atowne o6pasubl B MakCMMarbHON CTeneHn oTpaxanu BCio
ecTecTBeHHy'o BapnabenbHOCTb MaTepuana.

Ocoboe MecTO B JaHHOM NOAXOAE OTBOAUTCA aHaNU3y Npo3payHbiX (He paccenBaloLnX CBET) KUAKOC-
Ten. Mpo3payHble YACTbIE XKUAKOCTM NPaKTU4ECKU He UMELOT BHYTpeHHen BapuabensHocTy. MoaTomy pasmep
obnacTtu, onpegensiowei BapnadbenbHOCTb NPo6 (koTopas ANs YUCTbIX, HepacCcenBatoLNX XXMAKOCTE paBHa
HY o) CKUMaeTcsl B MHOTOMEPHOM NPOCTPaHCTBE A0 OAUHOYHON TOUKU U, cnegoBaTeribHO, ee AnaMeTp yMeHb-
LaeTcs npakTuiecky 4o Hyns. B atom cnyyae pasmepbl 06nact cooTBeTCTBUSA Arst HeM3BeCcTHoro obpasua
CTaHOBATCS HACTOMNLKO ManbiMK, YTO LYM NpuBopa unu Apyrne HesHauUTeNbHbIE OTKITOHEHUS! YCIIOBUIA U3Me-
PEeHNA MOTYT MPUBECTU K TOMY, UTO BanuaHbii obpaseL, okaxeTca 3a npegenamy obnactu, onpegeneHHon ans
AaHHOro MaTepuana.

CywecTtByeT ABa NyTU pelleHns gaHHon npobnemsbl. MNepBbl NyTb — 3amMeHa pacdeTa pacCTOosAHUIA
MaxanaHobuca mexay HenssecTHbIMU 06pa3uamn 1 U3BECTHBIMM MaTepuanamm pacyeTom EBkIMAOBLIX pac-
cTosiHUiA. OHa NPOM3BOANTCA NyTEM 3aMeHbl 06paTHOM MaTpULLbl BbIBOPOYHO BHYTPUrPYNNOBOA BapuaHTHOC-
TU-KOBAPUAHTHOCTW Ha e AUHWUYHYIO MaTpuLy (MaTpuuy, y KOTOPOW BCe 351IeMeHThI IfTaBHOM AMaroHany pasHbl 1,
a BCe ocTalbHble areMeHThl paBHbl 0).

BTopoii nyTb 3akntovaeTcs B npegHamMepeHHOM BBOAE NPOU3BOSbHOM BapnabenbHOCTU B AaHHble. OTo
AenaeTcsa cosaaHneM HeckoMbKMX KOMUIA AaHHbIX ¢ Nocneayowmm gobasneHMemM Npon3BoNbLHOMO YNCA K KaXK-
AOMY 3HaUeHWIo NnokasaTess NornoLleHns B paclumpeHHom Habope AaHHbIX. Heo6xoanmo HaTK KOMNPOMUCC
MeXay ManbiMm 3HaueHMSMN 4o6aBnsaeMoro Wwyma (4To NnpuseaeT K TOMy, 4To 06nacTb kaxaoi rpynnel 6yaeT
OCTaBaTbCs CPaBHUTENbHO Manoi U NpUBNMKATLCA K TOYKE) U CAINWKOM BOMNbLUIMMW 3HAYEHUSIMU, KOTOpLIE
O6yaoyT NpuBOANTL K YPE3MEPHOMY 3alUYMIIEHUIO AAHHBIX U CTUPaAHWUIO PasfUYUn MeXay pPasfMYHbIMU
martepuanamMu.

6.3 Perpeccust Ha rnaBHble KOMNOHEHTbI

BbIno ycTaHOBMNEHO, YTO perpeccust Ha rnaBHble kKomnoHeHTbl (PMK) MoxeT 6biTb UCnonb30BaHa Ans npe-
obpasoBaHuWA (CKaTUA) AaHHBIX N0 HECKOMBKUM AfIMHaM BOSH B pA4 HE3aBUCUMbIX KOMNOHEeHTOB. Momnmo cxa-
TUS  A3HHBIX [MaBHbIE KOMMOHEHTbl WMeoT TeHAeHUUMIO K pasgeneHnto  pasfuyHblX  UCTOYHUKOB
BapuabenbHocTU B Habope cnekTpoB. Ecnn 4o6aBuTtb UsmepeHue pacctoaHun ansa rpynn, PIFK moxeT ucnonb-
30BaThbCA AN NpoBeAeHMs KaueCTBEeHHOro aHanusa B 6nukHelt K obnactu.

OcCHOBHbI€ Luaru BbIMoNHEeHWUs UsMepeHnst pacCToaHNA Ha ocHose PIK npuseaeHb! Huxe:

- war 1: cocTaBnsieTcsi Habop 06pasLoB Ana 06yyYeHns unu ubnuoTeka, coaepxallas pasnMyaeMble
rpynnel (Matepuanel) 4ns nocnegylowero onpegenexHua. Kaxaaa rpynna npeactaBnAeTcd HECKONbKUMM
obpasuamu;

- war 2: cnekTpbl 06pa3sLoB UK rpynnel pa3éusaloT Ha rNasHble KOMNOHEeHTLI. KonmMuecTBo rmaBHbIX
KOMMOHEHT, HeobxoauMoe Ans afekBaTHOro npeAcTasneHns obpasua, onpeaenaeTcs UsMepeHnem ocTaTou-
HoW BaprabenbHOCTU B 6UBNMoTeKe CNeKTpoB;

- war 3: Ansi KaXxaou rmaBHOW KOMNOHEHTBI B NpocTpaHcTee rpynnbl PIK no gaHHbIM 06pasLioB Ans Kax-
[O0ro uneHa rpynnbl paccyUTLIBAOT cpeaHeapudmMeTieckne sHavyeHUa U ctaHaapTHble oTKIoHeHus. lMoc-
KOMNbKY rMaBHbIE KOMMOHEHTLI OPTOrOHArMNbHbI, KAXKA0E CTaHAapTHOE OTKNOHEeHWNe (pacCTosiHUE) OTKNaabIBaloT
B OPTOroHarbHOM HanpaeneHuu;

- war4: ansnocneayowen knaccugukaummn o6pasLoB paccHUTLIBAKOT BEKTOPHOE NPOU3BEAEHUE Crek-
Tpa kaxgoro obpasua ¢ rnmaBHLIMYM KOMMOHEHTaMU, NONYYeHHBIMU NP 06y4YeHun 6ubnuoTekn. PaccunTeiBaloT
paccTosiHue OT KaXkAom rpynnel no chopmyne
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D.= (score; —group; ) 2)
e
1

rae D;— paccTosiHue BAOJIb OCH i- FNABHON KOMMOHEHTLI OT CpeiHeapMMeTUYECKOro 3HauYeHUs pesynbTa-
TOB A1 AAHHOW rpynnel;
score; — rnokasarernb obpasua Ans i-i rNaBHoN KOMNOHEHTHI;
group; — cpeaHeapudMeTUYecKoe 3Ha4eHne nokasaTtenei rpynbl Ans j-A rMasHoN KOMMOHEHTLI;
S; — cTaHaapTHoe OTKIIOHeHWe nokasaTesen i-il raBHON KOMMOHEHTbI 4151 COOTBETCTBYIOLUEN rpynnb.

CneayeT 0TMETUTb, YTO, HECMOTPS! Ha TO, YTO MMaBHbIE KOMMNOHEHThI paccuuTbIBaOT Mo BceMy Habopy
OaHHbIX, CTaHAapTHbIE OTKIOHEHUA U cpeaHeapudMeTUIeckne 3Ha4eHUs1 PacCUUTBIBAIOT Ars KaXXA0M rpynnbl
nHaueuayansHo. Ecnv pacctosiine ans Bcex rmaBHbIX KOMNOHEHT MEHbLLE HEKOTOPOTo NMopPOroBoro 3HaveHus,
Toraa npo6a cuuTaeTca nNpuHagnexalen rpynne. Kputepuu ansa onpegeneHnst NoporoBbIX 3Ha4eHUn bbinn
noapo6Ho paccmoTpeHbl Butdunaom. U3 tabnuu Butdunaa MoXxHO BEIBECTU MPOCTOE MPaBuUIto, YTo Npu aoc-
TaTO4HO 60MbLLIOM KONMYecTBe 06pa3LIOB MOXKHO UCMONbL30BaTL 3HaYeHue 3.

OpHa nonynsipHas pasHOBUAHOCTb AAaHHOTO NMoAxoAa HasbiBaeTcsl «npocTasi Modenb aHanorMin knac-
coB» (Simple Model of Class Analogies — SIMCA). B SIMCA kaxay!to rpynry pasnaratoT Ha CBOU IMaBHble KOM-
noHeHTbl. Larn 1—4 BLINONHAOT Tak, kak 6yATo kaxkaas rpynna asnsetcs 6ubnuoTtekoin. MHoXecTBO rpynn
TECTUPYIOT C MOMOLLbIO MHOXeCTBa B1UBNMoTeK rnaBHbIX KOMMOHEHT.

6.4 Koppensuus

KoadduumeHT koppensiuMm Aonroe BpeMsl UCMONb30Basca Kak nokasartens nogobus asyx Habopos
yucen. Takke MOXHO UCNONb3oBaTh KO3 MULIMEHT KOppenALUU ANA CpaBHEHUS ABYX CNEKTPOB C Lienbio knac-
cudukauum npob.

KoadduumeHT koppensauum r obbl4HO onpeaensitoT Kak oTHoweHne 0b6bscHeHHOM gucnepcuu K obwen
avcnepcun. B kauecteeHHOM aHanuse B 6nvkHelt UK o6nacTtu ero ncnonb3aytoT cneaytowmm o6pasom — pac-
CUNTBIBAIOT KO3 PULUEHT KOPPENALUN r MeXay U3BECTHLIM U HEM3BECTHBLIM CNeKTpamMu

@)

rae | — KONMYecTBO ANWH BOH B CNEKTPE;
X; — VNHTEHCUBHOCTb MOTTIOLLEHWUA HeU3BEeCTHOro obpasuia Ha /- ANUHE BOTHBI;
Y; — VHTEHCVBHOCTb MOrMOLIEHNA 3BECTHOro obpasua Ha i-in AHe BOSTHbI.

B dopmyne (3) npegnonaratoT, 4To 3Ha4eHuss X 1 Y 6binu npeasapuTenbHO OTLEHTPUPOBaHbI OTHOCU-
TenbHO cpeaHero 3HavyeHus (T. e. 6bINO paccyMTaHo cpeaHee 3HaYeHUe AaHHbIX AN KaXA0W ANWHBI BOMHBI U
BbIYTEHO M3 3HAYEHUS] UHTEHCUBHOCTM MOTMOLEHUS NPU COOTBETCTBYIOWEN ANMHE BOSMHBLI AN KaXKAoro
cnekTpa).

Koraa HensBeCTHblE U M3BECTHbIE CMEKTPbl MAEHTUYHBI UMW OTAIMYAKOTCA Ha NOCTOSIHHBIA MHOXUTESb
(06bIYHO N3-32 BAMSAHUS ASNTMHBLI ONTUYECKOTOo NYTU Ui paaMepa vyactuu), bopmyna (3) aaet sHaveHwe 1. Ecrin
CnekTpbl pasnu4yatotcea, r 6yaeT 6onblue 1. HeussecTHble 06pasL bl 06bIbHO KnaccuduumpyoT NyTem pacyeta
koachbuLMeHTa Koppenauum co BceMu cnektpamu B 6ubnuoteke. Cnektp 6ubnuotekn, gaowmin koadduun-
€HT KoppensaLMn, MakcuMasibHO 6ru3Kkui K 1, cuMTaeTcs Hanbonee 6nM3KUM K cnekTpy obpasua.

MpenmyLLecTBO KOPPENALMOHHOMO NOAX0Aa COCTOMUT B TOM, YTO ANA XapakTepusauui rpynnbl Tpebyetca
TONbKO OMNH U3BECTHLIN 06pasel,. OTo AenaeT AaHHbIA Noaxoa Ype3sblvaniHO YA0OHBIM ANa naeHTuduKaumn.
OpHako ¢ AaHHBIM NOAX0A0M A0BOMLHO TPYAHO CO3AaThb IPynny U3 HECKONbKUX 06pa3LIoB U NPOU3BECTU KBaNU-
dukauuo koppensiunei. pynnoBble paccTosiHAA U KO3 ULUNEHT KOppensauun r He CBA3aHbl NNHENHON
3aBUCUMOCTbIO.

Kpome Toro, TpebyeTca 6onbluas 0CTOPOXHOCTb NPU UCTIONb30BaHWUN KOppensauun ¢ HeobpaboTaHHbEIMA
UK-cnekTpamu. BonbLuas lWnprHa nonoc MHOrMx cnekTpoB B bnvkHen UK obnactu n otnnuma 6a3oBon NMHUK
MOIyT NpuBeCTU K oumbkam naeHTudmnkaumun. CnekTpbl, oTAMYaloWmMeca NosUUMAMU OQHON UMW ABYX NOMOC
(Hanpumep, CoeAMHEHUS-FOMOSIOK), 0BBIYHO TSHKENO KNaccUULMPYIOTCS C UCMONb30BaHUEM KOPPENALUOH-
Horo noaxopa. Ilyywme pesynbTaThl NofyYanTCcA Nocrne npeasapuTenibHoin 06paboTkn CnekTpoBs ANs Makcu-
MU3aLMKU pasHULbLl Mexay knaccuduumpyeMbiMu rpynnamu. OBbIMHO NMpUMeHsieMble MeToAbl NOAroTOBKU

6
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AaHHbIX UCNOMb3YOT NPON3BOAHbIE CNEKTPOB M OrpaHnyeHne gnanasoHa anvH BosH. Moaxoa ¢ Mcnonb3oBaHu-
eM NPOM3BOAHBIX YBENUYMBAET pasnmime Mexay CnekTpaMmm CXoaHbIX coeanHeHnin. OrpaHnyeHne gnanasoHa
ONNH BOMNH MO3BOMSIET OrpaHNYUTb CpaBHEHUME TeMu ChneKkTparibHbIMU XapakTepucTUKamu, KoTopble
COOTBETCTBYHIOT KIOUYEBBIM (PYHKLIMOHATBHBIM rpynnam.

PacnpegeneHne koaddurumneHTa Koppensaumm aBnsieTca 4OCTaTOMHO COXHON (PyHKLMEN n3MepeHHOro
3Ha4yeHus1. TeM He MeHee, ee rpadnyecKkMi BUa AOCTYMEH.

6.5 MHoromepHble HanpaBnALWUe KOCUHYCbI

Ons onpepeneHns cteneHyn nogobus AByX CMEKTPOB UMM WX MPOM3BOAHBLIX MOXET UCNONb30BaTbCs
MeTOo4 MHOTOMePHbIX HanpassioLmX KocuHycoB. OBo3Havast MHOrOMepHbIA BEKTOP, NPeACTaBNSAoLWUN OANH
CMeKTp (HanpumMep, CNeKTp HeM3BEeCTHOro BelecTBa) kak X, a MHOrOMEpPHBLI BEKTOp APYroro cnekTpa (Hanpu-
mep, 6ubnmoteyHoro) — kak Y, no copmyne (4) MOXHO NOMNY4YUTb 3HAYEHUA ANA 6, U3MeHSAILWUeCA OT HyNA
(Ans NonNHOCTLIo CriyvanHoro oTHowweHWs) 4o 1 (ans naeanbHOro COOTBETCTBUA).
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Takkakcos (6) = 1 npu 6= 0, 041H 13 NyTen AnA NpUMEHeHUA AaHHOro NoaxoAa 3aknioyaeTcs B UsMepe-
HUM MHOrOMEPHOro PacCTOAHNS B MOMSIPHBIX KOOpAUHAaTax ¢ UTHOPUPOBaHUEM paauyc-sekTopa. Takoin noaxon
0cobeHHOo adhheKkTUBEH NpK cpaBHEHUN NMOPOLLKOOOPa3HbIX TBEPAbIX BELECTB, T. K. paAuyCc-BEKTOp B AaHHOM
Cny4ae CoOTBETCTBYeT BapuaLMsiM CrieKTpa NPy MHOTOKPaTHBIX U3MepeHUsAX aHanorMyHbx ob6pasLios, 4To Yac-
TO (XOTA 1 He Bcerga) UrHopupyeTcs NIpu cpaBHEHUN CEKTPOB.

6.6 Cucrema nonsipHbIX KoopauHar

Cuctema nonsipHeIX koopauHart (polar qualification system, PQS) onuckiBaeT MeToa knactepusauumn gaH-
HbIX CMIEKTPOB 1 ONpeaeneHNs PacCTOSAHWN A0 AaHHbIX KNacTepoB, aHAaNOrMYHLIX ONMUCLIBaeMbIM PacCTOAHUSA-
mMn MaxanaHo6uca, HO C WCMOMb3OBaHUEM LieNbIX CNEKTPOB WUNn oaHoW unu Gonee obnacTtelt cnekTpa.
Mpremnemble pesynbTaTbl YacTO MOXHO YNy4lMTb ONTUMU3aUUen obnactei, UCNoNb3yeMblX B pacyeTax.
MpuMeHseMas KOHLeNLMSA COCTOMT B KOHBEPTaLUMWU CNeKTpanbHbIX NpeACTaBeHUA B NOSISPHYIO CUCTEMY KOOp-
AunHat. AnropntM BKNtoYaeT HECKOSbKO CTaaun.

Kaxkgas nsmepeHHas cniekrpanbHas Touka AaHHbIX peobpasyeTca B NoNApHble KoopanHaThl No hopmy-
ne

2ni (5)

rAe N — KONMYeCcTBO TOUYEK JaHHbIX B CNEKTPe;
i— NHAEKC /- cneKTpanbHON TOYKU AaHHbLIX, oT0 o n — 1;
®; — yron aaHHbIX B NOMSPHOA cUCTeMe KoopauHaT (B paauaHax).

R=A, (6)

rae R; — paauyc-BeKTop AaHHbIX B MONAPHOIA cUCTEMe KoopauHarT,
A; — nornotueHue cnekTpa B j-i Touke AaHHbIX.
[N KaXaoro cnekTpa pacCcuMTLIBaOT LLEHTP TshkecTU donurypbl B NONAPHLIX KoopanHaTax. 3Ha4yeHue LeH-
Tpa TXKECTU PUrypbl NepecUnTLIBAOT B AeKapTOBLI KOOPAWHAaTLI, COOTBETCTBYIOLWME MOMSAPHBIM KOOPANHA-
Tam, rno coopmyne

n-1 ; 7
X= JZA,»COS(E), ()
n,-zo n
raoe X — koopauHaTa LieHTpa TSXKeCTH crnekTpa no ock abcumnce B AeKapToBbIX KoopaMHaTax.
n-1 ; 8
= EZA’ sin (ﬁ), ( )
ni= n

rae Y — koopauHaTa LeHTpa TshKeCcTU cnekTpa no ock opauHaT B AeKapToBbIX KoopAuHaTax.
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KaxxgoMy cnekTpy COOTBETCTBYET TOUKa, NpecTaBnsaoLas ero LeHTp TshkecTu. Takum obpasom, aHano-
rMYHBIE CNEKTPLI Jal0T KriacTep ToYeK B 04HON 06nacTu B NONSAPHON cucteMe KoopauHaT. LIeHTp TSKeCTM Kax-
JOro Knactepa npeAcTaBnaloT cpegHeapudMeTUYECKUM 3HavYeHnem X, Y-koopAuHaT, paccuuTaHHbIX, Kak
ykasaHo B pasgenax 7 u 8.

NaeHTndmKaumnsa HemsBeCcTHbIX 06pasLoB NPOM3BOANTCSA NYTEM NPeobpas3oBaHUS UX CMEKTPOB B Ty Xe
camyto NOMSPHYI0 CUCTeMY KOOPAMHAT, Kak M 0BydaloLne gaHHble, pacyeTa LeHTpa TSXKeCTU cnekTpa v paccTo-
AHWUA OT LileHTpa TAXecTM obpasLia 40 CpegHero s3HavyeHus LLeHTPOB TSXXECTW KaXaoro knacrtepa.

Mpu HeobxoamMmMocTn 06paTHas MaTpuLa BeiOpaHHOM B npeaenax rpynmbl MaTpuLbl BapyaHTHOCTU-KoBa-
PUaHTHOCTW, OCHOBaHHas Ha 3Ha4eHnsax X, Y B AeKkapTOBOM cUCTEME KOOpAMHAT MOXET MCNOoMb3oBaThbcA A5
pacyeTa paccTosHMin MaxanaHobuca B 4ekapTOBON cucteMe koopanHaT no doopmyrnam, npusegeHHeIMB 6.2, a
3HaveHus X, Y B NOMNSIPHOM cUCTeMe KOOPAMHAT B kKayecTBe 3HauYeHWUn AByXMepHOM MaTpuLbl X, ONUCaHHON B
6.2.

PaccTtosiHus oT crniekTpa 4o LeHTpa TSXKEeCTU Kaxaoro Knactepa MOXHO paccuntaTs ¢ noMoLlbio EBknngo-
BbIX PACCTOAHMI B AeKapTOBOW CUCTEME KoopAMHAT in paccTosiHui MaxanaHobuca, kak onucaHo paHee.
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MpunoxeHne A
(cnpaBouHoe)

PacueT pacctosHui MaxanaHobuca

Ons pacveTta o6paTHON mMaTpuubl BoIGOPOUHON BHYTPUIPYNMOBOW BapuaHTHOCTU-KOBapuaHTHocTn M TpebyeTtca
obpalleHre MaTpuLbl, NONY4YeHHOW onMcaHHbIM HUXe crnocoboMm. MNopsaok obpaleHns MaTpuL oNMcaH NPakTUYEeCcKn BO
BCEX KHUrax Mo KOMMbOTEPHON CTATUCTUKE M MaTEMaTUYECKMM METoAaM, NOITOMY 3/16Cb OH HE NMPUBOANTCA.

Ons nonyveHws maTtpuubl, Nognexallen obpaleHunio, paccmaTpyMealoT Habop AaHHbIX, BKIIOYAIOWMIA 4aHHbIE Mo p
paanuyHeIM MaTepuanam, Npobbl KOTOPbIX N3MePSNUch Ha f AnuHax BonH (Unu vyactorax). Mcnone3yloT uHaekc i ans pas-
INMYHbBIX MaTepuaroe, j — ANA pasnuyHbIX ANWH BOMNH. [ins pasnuyHbIX AMMH BOIH TaKXXe MOryT UCNONb30BaTbCAUHAEKCHI I
¥ ¢. [ins kaxgoro matepuana MMeeTcst psa CNEKTPOB, MOMyYeHHbIX AN n; 00pa3uos, NPeACTaBNAWMX pesynbraThl Ha f
ANMHax BoMH. Micnonb3ytoT nHaeKke m ans psana o6pasuos n;, COOTBETCTBYIOWMX KAXA0MY 13 p matepuanos. Takum obpa-
30M, o6LLee KONUMYeCTBO CNEKTPOB B Habope AaHHbIX n GyaeT paBHO Zn,-.

I

Ins npeactaBneHus oTAenbHbIX 3Ha4YEHUI NMOITOLWEHWS s KAXA0ro crnekrpa o6pasua mmatepuana Ha 3aJaHHOM
ANWHE BOMHbI fUCNonbayoT 06o3HaqeHne xmj(l), a ans npeAcTaBrneHus cpegHero NnornoweHus Ans 4aHHOro /-ro matepua-
na — xj(i).

OGpalaemast MaTpULa MMeeT pa3aMepHOCTL f x f. Kaxgoe 3HaueHne maTpuubl Nony4aioT cregylowmm obpasom.

PaccuntbiBaloT cpegHee 3HauYeHne UHTEHCUBHOCTM MOMTOLEHNS )_(] (/) i-ro maTepuana Ha KaXzioM AnvHe BOrHbI NO

topmyne

CpegHee apudMeTUUECKOe 3Ha4eHNe MUHTEHCMBHOCTU NOIMOLWEHNS AJ151 AaHHBIX NO ONpedeneHHoMy maTepuany Ha
KaXXOoW ANVMHE BOMHbI BLIMUTAIOT U3 KaXA0ro pesynbTata U3MepeHna 4nsa AaHHOro MmaTepuana Ha AaHHON AnnHE BOMHbI.
Takum 06pa3oM, CKOPPEKTUPOBAHHOE 3HAYEHUE MHTEHCUBHOCTMN NOMMOLWEHNA X' BLIMMCNAIOT NO chopmyne

Xy (1) = X (1) = X; (0)- (A.2)

OnemeHT B pagy rv ctonbue c Matpuubl V (Ha3oBem ero V, ) paccunTbIBalOT CNOXEHUEM BMECTE COOTBETCTBYIOWMNX
BKI1840B KaX4o0ro u3 p matepuarnos

Vie= 2 Vicli)- (A3)

Bknags! V (/) paccunTbiBalOT N0 BCEM CNEKTPaM, COOTBETCTBYIOLMM Matepmary 1 Kak CyMMbl CKOPPEKTUPOBAHHbIX
3HaYEHWUI MHTEHCMBHOCTW NOMMOLLEHUS NPY ANUHAX BONH U €

V=Y (X;nrgi, )i(z;)nc(i))_ (A4)

MaTtpuuy M nonydatot o6palteHnem matpuubl V.

MpumevaHuns

1 PaccTosiHue MaxanaHo6wnca, onpegeneHHoe Beiwe, 6yeT Noka3biBaTh, BO CKOMbKO pa3 3HaveHue n — p Gonblue,
yem ykasaHo B FTOCT P 57987 (nogpasgen 16.2). Matpuua V Bblwe oBosnavaetca XXY(n - p) B npencrasnennu
FOCT P 57987. Matpuua M, aensiowascs o6paweHHoi matpuuen V, 6yaet B n — p pas 6onbwe vem (XXY)*. Macwutabu-
poBaHue 34eCh AenaeTcs s Toro, YTo6bl MEeTPUKKN, UCNOMNb3yeMble Arsi knaccudukaumm, Gbinu He OUeHb YYBCTBUTENBHbI
K pasmepy bubnuoteku n.

2 Ecnun > n, maTpuua V6yget Heobpawaemon. [ins oueHkm o6palaemMocTn MOXHO UCNONb30BaTh MaTeEMaTUYeC-
Kue BbIKNaaKuW, aHanormyHsle npueeaeHHsim B FTOCT P 57987.
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Mpunoxenne 1A
(cnpaBouHoe)

OpuUruHanbHbIA TEKCT HEBKMIOYEHHBIX CTPYKTYPHbIX 3/1IeMEHTOB NpUMeHeHHoro ctaHgapta ACTM

OA.1

1 OGnacTbL NnpUMMeHeHun

1.2 3HaveHuns BenuumH B cucteme CU cuntalotes craHgapTHeiMu. B ctaHaapTe He ucnonb3yoTes apyrve eauHnL bl
M3MepeHUs.

1.3 BHacmoswem cmarHOapme He npedycMompeH0 pacCMompeHUue 8cex 80rpocos obecrieverus besonacHocmu,
C85A3aHHbIX € 20 npumereHueM. Nons3oeamens HacmMosAwe20 cmaHdapma Hecem omeemcmeeHHOCMb 3a yCcmaHo8/1e-
HUE coomeemcmeyiowux rnpasuil 1o mexHuke 6e3ornacHocmu u oxpaxe 300p08bsi, a makxe onpedensem yenecoobpas-
HOCMb PUMEHEHUS 3aKOHO0ameIbHbIX 02paHu4eHul neped e20 Ucnonb308aHUEM.

MpwumeyaHune— WcknovyeHne gaHHbIX Noapasaenoe 06yCNnoOBNEHO TEM, UTO OHWM HOCAT MOSICHAIOLWMIA WUITKn
pekomeHaaTenbHbIN XapakTep.
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Npunoxenne 1B
(cnpaBouHoOe)

ConocTtaBrneHue CTPYKTYpbl HacTosiLero cTaHaapTa co CTPYKTYPOMl NpUMeHeHHoro
B HeM cTtaHgapta ACTM

Tabnwuua Ob.1

CTpyKTypa HacTosLLero ctaHaaprTa Crpyktypa cranaapta ACTM E1790-04 (2010)
Paanen Moppasgen MyHkr Paspgen Mogpaspen MyHkT

1 — — 1 1.1—1.3 —_

— — — 1.2—1.3* —

2 — — 2 2.1 —

3 — — 3 3.1 —

3.1—3.2 — 3.2 —

4 — — 4 4.1—4.5 —

5 — — 5.1—-5.3 —

6 6.1—6.6 — 6 6.1—6.6 —

— — — 7 71 —

A A

A —

MpunoxeHus Mpunoxexus
Ab —
Aas —

* NlanHbIi pasgen (noapasaen, NYHKT) UCKNIUEH, T. K. ero NONOXKEeHWS HOCAT NOSICHSAIOWMIA M CNPaBOYHbIN XapakTep.
** NaHHbIN pasgen (nogpasgen, NYHKT) UCKIIOYEH, T. K. ero NONOXEHUS pa3MeLLEHbl B APYTMX pasgenax HacTosWero

cTaHgapra.
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Mpwvnoxexnne OB
(cnpaBo4Hoe)

CBefeHUs1 0 COOTBETCTBUU CChINOYHbIX HaLMOHaNbHbLIX U MEXrocyaapcTBEeHHbIX CTaHOapToOB
ctaHgaptam ACTM, ucnonb3oBaHHbIM B Ka4eCTBe CCbINTOYHbIX B NpUMeHeHHOM cTtaHaapTe ACTM

Ta6nwuuya OB.1

0Ob6o3HaveHue
CrteneHb
CCbINTOYHOr0 MEXrocy4apCTBEHHO- 0603Ha4YeHre 1 HaMMEeHOBaHWe CCbinovHoro ctaHgapta ACTM
COOTBETCTBUA
ro craHgapra
[OCT 27176—86 NEQ ASTM E131 «MonekynsipHasi cnekTpockonus. TepMUHONOIMs»
[OCT P 57941—2017 MOD ASTM E1252 «CraHgapTHasi npakTuka obLmx MeToAoB Mnory-
YeHVs1 MHPPaKPaCHbIX CNEKTPOB A151 KAYECTBEHHOIO aHanm3ay
FOCT P 57987—2017 MOD

ASTM E1655—05(2012) «CTtaHgapTHble NPaKTUKK NO UHApa-
KpacHOMY MHOTFOMEPHOMY KONUYECTBEHHOMY aHamNuay»

- MOD — moancuumpoBaHHble CTaHAapThl;
- NEQ — HeakBuBaneHTHble CTaHAAPTHI.

MpwuMeyaHue— B HacToswWwel Tabnuue NCNonb3oBaHbl CNeayowme yCrnoBHble 0603HaUYeHNs CTENEHN COOT-
BETCTBUS CTAHAapPTOB:

YOK 678.01:536.468:006.354

OKC 13.220.40

KritoueBble cnoBa: KOMMO3UTHI MOMMEpPHLIE, MH(ppakpacHas CrnekTPOCKOMNUs, KaYeCTBEHHbIA aHanns, bnmk-
Haa UK obnacTtb
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