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Mpepgucnosune

1 NMOArOTOBJIEH depepanbHbIM FOCyAapCTBEHHbIM YHUTApHbIM MNpeanpusaTneM «Bcepoccuiickuii
Hay4Ho-1ccnenoBaTebCKUii MHCTUTYT aBUaLMOHHbIX MaTepMasioB» COBMECTHO C ABTOHOMHO HEKOMMepuYec-
KOV opraHusaumeil «LleHTp HOpMMPOBaHWUA, CTaHJapTM3auuy 1 Knaccugukauuy KOMNO3UTOB» NpU yyacTuu
O6beAnHeHNs puanUecknx nny «Co3 NponssoguTesieil KOMNO3NTOB» Ha OCHOBE COGCTBEHHOIO Nepesoja
Ha PYCCKMi1 A3bIK aHrM0s3bIYHOW BEpCHU YKa3aHHOTO B NyHKTe 4 cTaHapTa

2 BHECEH TexHu4yeckum KomMTeTom no ctaHgaptusaumm TK497 «KomMno3uTbl, KOHCTPYKLUN N N30ennsa
N3 HUX»

3 YTBEPX/EH VI BBEJEH BAEVNCTBVE Mpukaszom ®efepansHOro areHTCTaa No TeXHUYECKOMY pery-
nupoBaHuio n meTponoruu ot 5 gekabps 2017 r. N? 1879-ct

4 HacTtoswmini cTaHgapT SBAAeTCS  MOAUMULMPOBAHHBLIM MO OTHOLWEHWH K  CcTaHAapTy
ACTM E1790-04 (2010) «CTaHgapTHble MpaKTUK/A MO KaYeCTBEHHOMY aHanu3y B G/MXHeR MHdpakpacHol
o6nactmu» (ASTM E1790-04 (2010) «Standard practices for near infrared qualitative analysis», MOD) nytem
BK/IOYEHWSA [0NOTHUTENbHbIX NOMOXEHW, d)pas. CNoB, CCbINIOK, NokasaTene, nx 3Ha4yeHnii n/nnm BHeceHus
N3MEHeHWIi NO OTHOLLEHWIO K TEKCTY NpuMeHsiemoro ctaHgapta ACTM. KoTopble BblAe/eHbl KypCUBOM.

Paspgenbl (nogpasgensl, NyHKTbI), He BOWe/LINe B HACTOSALWMIA CTaHAAPT, NPMBEAEHbI B f,ONONHUTENb-
HOM npuoxeHuu OA.

ConocTaBfieHne CTPYKTYpbl HACTOSLLEro cTaHjapTa co CTPYKTypoli ykasaHHoro ctaHgapta ACTM npu-
Be/leHO B JOMNOJIHUTENLHOM NpuioxeHuu Ab.

HanmeHoBaHve HacTosALero ctaHgapTa U3MeHeHo 0THOCUTE/TbHO HaVMEHOBaHWUS yKa3aHHOro cTaHgap-
Ta ACTM ans npusegeHns B cootsetctene ¢ NOCT P 1.5—2012 (nyHkT 3.5). a Takke B Liensax cobnaiogeHms
NPUHATON TEPMUHONOTUN.

CBefieHnst 0 COOTBETCTBUM CCbISIOYHbIX HALMOHASIbHbIX M MEXToCy/AapCTBEHHbIX CTaH4apTOB CTaHaap-
TaMm ACTM. Ucnosib30BaHHbIM B KAYeCTBE CCbI/IOYHbIX B NpUMeHeHHOM cTaHgapte ACTM. npusefeHbl BA0NON-
HUTENbHOM NpunoXeHun [1B

5 BBEJEH BIEPBbIE

Mpasuna npyMeHeHns HacToALLero cTaHfgapTa ycTaHOB/NEeHbl BCTaTbe 26 ®efepanbHOro 3akoHa
0T 29 mioHA 2015 1. Ne 162-93 «O cTaHgapTu3aLum B Poccuiickoin ®epepauun». IHopmaLms 06 usmeHe-
HUAX K HacToAWeMy cTaHAapTy Ny6/nKyeTCs B eXerofHoM (Mo COCTOSAHMIO Ha 1sHBaps Tekyl, ero roga)
UHopMaLoHHOMYyKa3aTene «HaunoHanbHble cTaHgapTbl», a opuumanbHbIRTe KCT U3MeHeHwuli v nonpa-
BOK — B €XXeMeCsiY4HOM UH(POPMaLMOHHOM yKa3aTene «HaunoHanbHble cTaHgapTbl». B ciyyaB nepecMmoT-
pa (3aMeHbl) WAM OTMEHblI HacTosAW,ero cTaHfjapTa COOTBeTCTBYlLl ee yBejomneHve 6yper
ony61MKoBaHO B GvXaileM BbiMycke eXemMecsYHOro UHOopMaLMOoHHOro ykasatens «HauuoHanbHble
cTaHAapTbl». CooTBeTCTByl LW ana MHpOpPMaUnsa, yBefOMIEHNe W TeKCTbl pasmelalTcsa Takxe B
NHOPMaLMOHHOV cucTemMe 061 ero Nob30BaHNa — Ha ouLmanbHOM caliTe Pefepanbiloro areHTcTBa
NO TEXHUYECKOMY perysimpoBaHuio U MmeTponornmeceTn MHTepHeT (wiviv.gosf. rm)

© CraHgapTuHgopm. 2017

HacTtoawuii ctaHgapT He MOXET 6bITb MNOJTHOCTHIO UM YACTUYHO BOCMPOU3BEAEH, TPAXMPOBAH U pac-
NpPoCTpaHeH B kayecTBe 0L ManbHOr0 n3aHns 6e3 paspelleHns defepasbHOro areHTCTBa No TEXHUYECKO-
My PEerysimpoBaHuio u MeTponorum
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HALULMWOHANBbHBLIN CTAHAAPT POCCUWNCKOMWN GELEPALUMN

KOMMO3UTbl MOJIMMEPHbIE
WHhpakpacHas cnekTpocKkonus.

KauyecTBeHHbIN aHann3 B 6/MXKHel 061acTU UHGpPakpacHoro cnektpa

Polymercomposites. Infrared spectroscopy. Near infrared qualitative analysis

fata BBegeHns — 2018—06—01

1 O6nacTb NPUMEHEHNS

HacToswuii ctaHgapT ycTaHaBNMBaEeT 06LMe Tpe6oBaHNUS K CMEKTPOCKONUMN B 6/IMKHEN HJIpakpacHoi
061acTn AN Ka4eCTBEHHOro aHanm3a noArMepHbIX KOMMNO3NTOB.

HacTtoAwuii ctTaHgapT MOXeT OblTb TaKXe NPUMEHEH K aHanu3y pyrnx matepuanos, Takux Kak
YUCTble OpraHnyeckme n HeopraHnMyeckme BelllecTsa MUX LW BEN, pacTBOPbI, NONIMMEPHble MaTepuansl (kak
peakTonnacTbl. TaK U TEPMONAACTbl), & TakXXe KOMMNOHEHTbI A8 UX NPOU3BOACTBA, BK/IOYAsA CMOSbI,
OTBEPAUTBAN, yCKOPpUTENN, Nnactudnkatopbl 1 npoyee. MeToa NpUMEHUM K TBEPAbIM 06pasuam, Xua-
KM 1 ra3oo6pasHbiM npobam.

HacToawwii ctaHgapT npegnonaraet, YTo O6O0NbLWWHCTBO KauyeCTBEHHbIX aHann30B MEeTOAOM CheKT-
pockonuu B 6mxHelt K o6nactn npoBoAAT C NOMOLLLI0 NPMBOPOB, cneuranbHO CKOHCTPYMPOBAHHbIX AN
[aHHON Lenn 1N oCHalleHHbIX CpeAcTBaMy anropuTMMYecKol KOMMbIOTEPHON 06paboTky AaHHbIX. OgHakKo
HaCTOALWMA cTaHAapT NPYMeHVM 1 K paboTe € Xuakumu obpasuamm ¢ NOMOLLbI0 NPUHOPOB, PacCUNTaHHbIX Ha
paboTy BynbTpadguroneToBoii (Y®), BUAUMOIA 1 cpegHeii nHppakpacHoii (MK) o6nactu, npu Hanmumm noagxoas-
LWMX cpeacTB 06paboTkM AaHHbIX. BonbWHUHCTBO UK-Dypbe-cnekTpoMeTpoB (06bIYHO 3TO CNEKTPOMETPSI,
paboTatuyme BcpeaHeli MK obnactu) MoryT paboTatb 1B 61mkHeli MK o6nacTu, nim ocHalaloTCsi CBETOAENN-
TefNbHbIMK yCTpoiicTBaMu, obecneyvsarowmmmn paboTy ¢ AAUHON BOMHLI A0 1.2 MKM. HacToawmii ctaHgapT
NPUMEHUM W K JaHHBIM, MO/TYYEHHbLIM C MOMOLLbIO TaKux Nprbopos.

2 HopMmaTuBHbIE CChINKU

B HacToAwem cTaHfapTe UCMO/Ib30BaHbl HOPMAaTUBHbIE CCbIJIKU Ha cnefyolme cTaHaapThbl:

FOCT 27176—86 [Mpubopbl cnekTpanbHble onTuyeckne. TepMUHbI Y onpeseneHns

FOCT P 57941—2017 Komno3wuTbl nosinMepHble. MHpakpacHas cnekTpockonus. KauecTBeHHbIl aHa-
3

FOCT P 57987—2017 Komno3uTbl nonuMepHble. MHpakpacHas cnekTpockonusi. MHOroMepHbIA Kosnu-
YeCTBEHHbIV aHanm3

MpumeuyaHune — Mpy NOMbL30BAHUN HACTOALMM CTAHAAPTOM Lies1eco06pa3Ho NPOBEPUTL AEeACTBUE CCbINOY-
HbIX CTaH4APTOB B WH(OPMALWOHHOW cucTeme O6LLEro NoMb30BaHWs — Ha OdiMuMansHOM caiiTe degepancHoro
areHTCTBa N0 TEXHUYECKOMY PETY/IMPOBAHMIO U METPO/IOTUN B CETU VIHTEPHET UM N0 €XerogHoMy WH(OPMaLMOHHOMY
ykasartenio «HaunoHanbHble CTaHA4apThI*, KOTOPbIV ONy6IMKOBAH MO COCTOSIHUIO HA 1 AHBAPSA TeKyLLero roga, 1 no Bbinyc-
Kam EeXEeMEeCSYHOro MH(hOPMAaLMOHHOTO YKka3aTensi «HaunoHanbHble CTaH4apThI» 3a TeKyLWwuii roa. Ecv 3aMeHeH ceblnoy-
HbI/i CTaHA4ApT, Ha KOTOPbI faHa HeAaTMPOBaHHAs CCbiNKa, TO PEKOMEHAYETCS MCNOMNb30BaTh AENCTBYIOLLYI0 BEPCUID
3TOro CTaHAapTa C YY4ETOM BCEX BHECEHHbIX B ;aHHYIO BEPCUI0 U3MEHEHUIA. EC/IM 3aMEHEH CCbI/TIOUHbI CTaH4apT, Ha KOTO-
pblii faHa fjaTupoBaHHas CCblika, TO PEKOMEHAYETCS UCMO/b30BaTh BEPCUI0 3TOT0 CTaHAapTa C yKa3aHHbIM BbllLE rogoM
yTBEPXAEHUA (NPUHATVSA). ECnm nocne yTBEPXAEHNS HACTOSLLEro CTaHAapTa B CChI/IOYHbIA CTAHAAPT, HA KOTOPbI faHa
[aTupoBaHHas cchifika, BHECEHO 3MEHEHWe, 3aTparmBaloLiee NonoXeHe, Ha KOTOpoe faHa CChi/ika, TO 3TO NOMOXeHue

M3paHne opuynanbHoe
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pekoMeHAyeTcs NPUMeHsTb 6e3 yyeTa aHHOTO U3MEHEHUS. ECNN CCbINIOYHbIV CTaHAAPT OTMEHEH 6e3 3aMeHbl, TO NMoJ1oXe-
HWe, B KOTOPOM JaHa CCblNKa Ha Hero, PEKOMEHAYETCS NPUMEHSITh a YaCTW, HE 3aTparnBarLLeil 3Ty CCbIky.

3 TepMUHbI 1 onpeaeneHuns

B HacToswem cTaHgapTe npMMeHeHbl TepMuHbl No FOCT 27176. a Takke cnegyolmne TepMUHbI C COOT-
BETCTBYOLLUMU ONpefenieHUsaMU:

3.1 B3ammogeiicTBue (interactance): fiBneHve, nNpu KOTOPOM Ny4yuCTas 3HEPrus, NpoHuKawwas B
marepuan yepes y4yacToK NOBEPXHOCTU, paccenBaeTcs martepvasoM o6paTHO K MOBEPXHOCTH, OAHAKO K ApY-
romy ee yyacTky.

MpumeyaHune — OTANYMe B3aUMOZENCTBUA OT AN DY3HOTO OTPAXEHNS 3akK/oHaeTca B TOM. YTO Npu And-
(py3HOM OTPAKEHNMOTPAKEHHOE U3/TyUYEHNE BLIXOAMT U3 06/1aCTU NOBEPXHOCTV MaTepuana, kotopas noAsepraercs 06/y-
YeHuto.

3.2 cTaHAapTHbIA o6pasey (3TanoHHbIN o6pasey, obyvawwuii obpaseu) (training sample,
reference sample, standard): Martepuan ¢ MU3BECTHbIM COCTABOM W/WNW XapakTepncTukamu, NCNob3yLmincs
[N yCTaHOB/IEHNSA OTHOLLEHUS MeXy pe3yibTaToM N3MepeHns 1 coOCTaBoOM U/Mnn xapakTepucTnkamm o6pas-
ua.

MpumeyaHus

1 TepmuH «obyyaioLwnii o6paseL» 06bIYHO UCNO/b3YETCA B KOMMNbIOTEPHLIX METOAaX YCTAHOB/IEHUNA BbllLEONMCaH-
HOro OTHOLLUEHMSA, NPU Tak Ha3biBAEMOM «0byyeHnmn* npubopa.

2 KcTaHgapTHbIM o6pasuam AN8 KONMYeCTBEHHOro aHannsa npegbasBsioT HECKONbKO UHble TpeboBaHus, Yem K
cTaHfapTHbIM o6pasuam s KaueCTBEHHOro aHanusa.

4 CyuwHOCTb MeTOAa

KayecTBeHHbIi aHaIM3 ¢ UCNOMb30BaHMEM criekTpockonuu B 6amxHeln VIK o6nactv npoBogaT nyTem
aBTOMaTU3MPOBAHHOIO CPaBHEHMWSA CNEKTPOB N3BECTHLIX MaTepuasioB C HEM3BECTHbIMU 4N ngeHTUdukayumn
nocnegHux. Mpy 3ToM NCNONbL3YIOT MeTOA 6MGNNOTEYHOrO NOUCKA, B OT/IMYME OT CNEeKTpocKonuu B cpeaHei UK
o6nacTtu (cm. FTOCT P 57491). rae onpegeneHne CTpykTypbl HEM3BECTHOTO MaTeprana npoBo4saT No pacnoso-
XEHWNI0. NUHTEHCUBHOCTM U CABUIam MOJIOXEHUS OTAE bHbIX MOM0C MOr/OLWEHUS.

HecMoTpsa Ha TO. YTO MaTemMaTUyecKne anropuTMbl, ONMcaHHbIe B HACTOALLLEM CTaH4apTe, MOTyT npume-
HATBLCA K CNeKTpanbHbIM AaHHbIM B 110601 061aCTu, B HACTOALEM CTaH4apTe ONMUCbIBAETCA UX NPUMEHEHME K
cnekTpockonuu B 6aimxHel MK obnactu.

lMprMeHeHVe XxeMOMeTpUYeCKUX MeTO[0B K CNEeKTPOCKONUU UMeeT OorpaHuyeHns, ogHako He BCe OHU
noka yCTaHOB/IEHbI, T. K. METOZ, ABMSETCA CpaBHUTENbHO HOBbIM. OAHON 13 obnacTei NpuMeHeHns meToga
ABNSETCA CCNefoBaHve BANSHUSA HU3KUX KOHLLeHTpauuii npuMeceii. 115 [,0CTOBEPHOr0 onpeAeneHuns 3arpss-
HVUTenein Heo6XxoAMMO 3HaTb O BO3MOXHbIX 3arpsA3HNTENAX, KOTOPble MOTYT GbiTb BHECEHbI B CUCTEMY, U YUUTbI-
BaTb peasibHyl0 BO3MOXHOCTb Takoro cO6bITUS, HanpuMep, HaMepeHHbIM BK/IHOYEHUEM 3arps3HEeHHbIX
06pasuoB B Habop A5 0b6yueHua npubopa.

5 OCHOBHbIE NONIOXEHUSA

KauecTBeHHbI1 aHanu3 B 61vxHelt VIK 061acTi npoBoAsAT NyTeM CPaBHEHWSA CNIEKTPOB NOT/OLLLeHNS Hens-
BECTHbIX MaTepuasnoB CO CNeKTpamy U3BECTHbIX 3TA/IOHHbIX MaTepuanoB. MOCKONbKY NOAOCH! NOrOLEeHNs
MHOTUX BELLLECTB MeHbLLe pasnnyalTcs B 6avxHel MKobnactu. Yem BcpegHeid, aHanmTuyeckme cnoco6HoCcTH
[JaHHOT0 MeToAa CYLL,EeCTBEHHO 3aBUCAT OT TOYHOCTU N3MEPEHNSA MOTNOLLEHUS U OTHOCUTE/TbHOTO NOTNOLWEHUS
npy pasnuyHbIX AJNHaX BOSH. aeHTUdULMpYEMble MaTeprasbl U3MEPSIT C NMOMOLLb CNEKTpOMeTpa B
6nmxHel UK obnacTtu. MonyyeHHble faHHble coxpaHatoT Ha MK. NoAgK/IIYEHHOM K CrieKkTpomeTpy. 3atem
MCNOMb3YOT OAVH UM HECKO/bKO aNropuTMOB U3 pasfena 6 405 BbIpaboTku KpUTepues, KOTOPbIE B NOCey0-
LEeM NPUMEHSIIOT K CNEKTPOCKONNYECKUM faHHbIM HEU3BECTHbIX 06pa3L0B A1a NX knaccugukaumn (Mnm ngex-
TUUKaLMK). Kak COBNaAaoLL X UM HET C O4HUM U3 paHee aHaIM3MpPoBaHHbIX MaTtepranos. s o6ecneveHus
BOCMPOU3BOAMMOCTMN Pe3YNbTaTOB AO/KHbI COGMOAATLECSA NpaBuna Haanexallei na6opaTopHO NPakKTUKM.
MogrotoBka M BBOA NPo6 B NMpubOp AOMKHbI GbITb OAMHAKOBbLI B pamkax 6ubavoTekn. O6paieHve c
HEen3BEeCTHbIMW MaTepuanamMm J0MKHO ObITb TOYHO TAKMM Xe. Kak U CO CTaH4apTHbIMU o6pasuamu.

2
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[lns ananusa razos MOryT noTpeboBaTbCAa CrneunasnbHblie KIOBeTbl, 06ecneunsaioLmne 4nHy Nnpoxoxae-
HVA Ny4ya BN1oTb A0 100 M. CNekTpbl NapoB 1 ra3osB MOTYT ObITb UYBCTBUTESbHbI K 06LLEMY AaB/IeHNI0 obpasLia.
3T0 ycTaHaBNMBAKT OTAE/bHO 415 KaXK0ro Tuna obpasLos.

NpeHTudnumpyemble Hem3BecTHble 06paslibl MOTyT npeABapuTeNlbHO Pas3fensaTbCa No KpUTEpUsM,
OTNIMYHbIM OT IK-cnekTpoB (Hanpumep, NnyTeM BU3yasibHOro ocMoTpa). Bece obyyatoLye o6pasupl (T. €. 3TanIoH-
Hble 06pasLbl 415 06yYeHNs anropuTMoB TOMY, Kak MOTYT BbIrNsAeTb Apyrve MaTepuassl) Takke MOryT npes-
BapuTeNbHO rpynnupoBaTbCcs B 6UGNMOTEKN NOAOGHBIX MaTepnasioB (HanpumMep, XuakMx u Teepabix). 3atem
Hen3BeCTHble MaTepuanbl CpaBHUBAOT C 6MBAMOTEKAMM NOAXOAALMX MaTepranos. MpeasapuTensHoe rpyn-
nvpoBaHne Wi cCopTUPOBKA yMEHbLUAET BEPOATHOCTbL JTIOXHbIX ONpeAenieHnii, Ho TpebyeT 0CTOPOXHOCTH, YTO-
6bl HEM3BECTHbI MaTepuasn, 3aBeflOMO OTCYTCTBYOLWMNIA B 6BIMOTEKE, He Gbln OoNpeAeneH kak matepuarl,
nmetoLwmniica B bubnmoTeke.

N3mepeHuns NpoBOAAT Ha NPONYCKaHWSA, OTPAXEHWSA UK APYrMM Coco60M, NPUroA4HbIM AN NONyYeHNs
MK-cnekTpoB B 6/1MHel o61acTu. Yale BCEro NPoBOAAT U3MEPEHUST B PEXMME NPOnycKaHusa 1 andgdy3Horo
oTpaxeHus.

OnpefeneHve COOTHOLIEHUS MeXAy MHTEHCMBHOCTSMMW MOMMOWEHNA Npu pasHbIX ANVHAaX BOMH ANs
Habopa MaTepnanos 1 BbipaboTka Ha MX OCHOBE KpUTEPUEB 418 MAEHTUdUKaL N AaHHbIX MaTepunanos Tpeby-
eT NCMnonb3oBaHMA 06yvyaemblX KOMMbIOTEPHbIX aIfTOPUTMOB. [aHHble anropuTMbl MOTYT TakXe yuuTblBaTb
NOCTOPOHHUE N3MEHEHWS, KOTOPbIE BO3HWKAIOT, HanpymMep, Npy N3MepeHnm NopoLLKOB.

[ns namepenus B 6amxHen UK o6nactn nmeeTcs Lenblii psg KOMMepYecku AOCTYNHbIX Npnubopos. Ans
ob6ecneyeHns Hagnexalein paboTbl, ONTUManbHOW TOYHOCTU 1 6e30nacHOCTV Heo6xo0AMMO coboaaTth ykasa-
HWA, NpUBEAEHHbIE B PYKOBOACTBE N0 3KCrayaTauum.

MpoBefeHne cnekTpockonuun B 6amxHen VK o6nacty npaktnyeckn He TpebyeT NoAroToBKM npob mnm
06pa3LoB. B cBA3M C 3TUM 3Tanbl NOArOTOBKM NPo6 B APYrMX CNEKTPOCKONMYECKUX METOAMKaX 3aMeLlalTcs
mMeToJamun n3mepeHuns npob6. Hanbonee pacnpocTpaHeHbl cnegyoume MetToab:

- andbhy3Hoe oTpaxeHue — TBepAble MaTtepuasbl U3MeNbyatoT 40 NOPOLIKOOO6PA3HOro COCTOAHUSA (MK
MCMNONb3YyHT BMOSYYEHHOM BUAE, €CNN OHY NPeACcTaBNAT CO60M AOCTATOYHO TOHKO N3MeIbYEeHHbIE MOPOLLKM)
MNIOTHO yTpamb0BbIBaIOT BKIOBETY, YTOObI MOXHO ObI/10 OCBETUTL NOBEPXHOCTL NPO6LI U N3MEPUTL MOLLHOCTb
OTPaXEHHOT0 U3Ny4YeHus;

- NponyckaHne-oTpaXxeHne — MPO3payHylo WAN onanecumpyoLyo XUAKOCTb NOMEeLLalT B KIOBETY C
npo3payHbIM OKHOM U Haxogawmmcs no3agn obpasua skpaHoM U3 paccenBaloLlero cBetT matepuana. Msnyue-
HVe NpoxoauT Yyepes nNpoby 1 anddy3HO oTpaxaeTcsa 3KPaHOM, YTO NMO3BONSAET NPOBOANTL N3MEPEHUS TOUHO
Tak Xe. Kak 1 namepeHunsa and hy3Horo oTpaxkeHns NopPoLLKOB;

- NponyckaHne — XWAKY unv TBepayto Npody nomeLLatoT B KIOBETY C ABYMS NPO3payHbIMU CTEHKAMU 1
N3MepAI0T NPOXosLlee CKBO3b HEE N3/yYeHNE;

- ONTOBO/IOKOHHbIE AATYUKM — CBETOM3NYyYaloLW Wil 1 CBETONPUEMHbI BOTHOBOAbLI NapanfiensHo npu-
KnaabiBaloT K 06pasyy. B pa3nnuHbix ONTUYECKMX «TOJIOBKaX» A/ Nepefayun u3nyyeHuss 13 onToBOJIOKHA B
o6paseL, 1 06paTHO UCMOMb3yeTCsa WMpoKas raMma KoHdurypauuii onTukn. C 0NTOBOMIOKOHHbIMUW AaTynkamm
MOXHO MCNO/Mb30BaTb METOAbl NPONYCKaHWsA, OTPAXEHNSA 1 B3anMoaeicTBnsA. 3amepeHns MeTofoM B3aumo-
[eCcTBMA YacTo AeNnatTcs NPOCTbIM NPVXaTUEM NyyKa ONTUYECKUX BOJTIOKOH, COAepXallero kak ceeTonsnyya-
oL me. Tak M CBETOMPUEMHbIEe BOSIHOBO/AbI, K NOBEPXHOCTH obpasua.

Ona npumMeHeHWs maTtemaTuyeckoro annapara K CNekTPOCKONMYECKUM faHHbIM 06bIYHO MCMOMb3YoT
MeTogA, 3aK/yaloLWniica B cneayoLwem:

- CNeKTpasibHble N3MepeHNs onpeaensaoT HEKOTOPOe MHOroOMepHOe NPocTpaHcTBO. OCK B faHHOM Mpo-
CTPaHCTBE — 3TO MHTEHCUBHOCTY MOT/IOLLEHNA NPY Pa3NNYHbIX A4/IMHAX BOJSTH WAV BENNYMHBI, MONYYEHHbIE UX
maTtemaTnyeckum npeobpasoBaHuem;

- Fpynnbl CNEKTPOB O HOTO MaTepuana onpeAensioT 061acTb B MHOTOMEPHOM NPOCTPAaHCTBE;

- aHanu3 3akKnyaeTcs BonpeaeneHnm Toro, Bkakyto o6nacTb nonagaet CnekTp Hen3BecTHOro obpasua.

B gaHHOM aHanMTMYecKkoM NoAxoAe CyL,ecTBYOT cneaytoLine npobaembl: HeA0CTaTOUYHOE pa3aeneHme
rpynn B MHOrOMEPHOM NPOCTPaHCTBe AN1A ux knaccudukauuy (HegoctTaTouHble pa3nnyns B CNekTpax matepua-
N0B), HeafeKkBaTHoe NpeAcTaB/eHne N3MepUTeNbLHO BaprabenbHOCTY B NpeAenax rpynn B npoecce obyye-
HMA (HeJocTaTo4yHOe KOMMYecTBO WM pasHoobpasve 06pasuoB Ana 0byuveHws), naoxue npegensi
06HapYy>XeHUs1 NPUMECHbIX 3arps3HUTenei.

[nsontummnsaunm MeToA0B KAaHHbIM BO3MOXHbLIM NpobieMaM co3faHne metTofa NpoBoAUTCA BTPU 3Ta-
na. Ha nepeom aTane, 06y4yeHun, npruboOpom nccneaytoT n3BecTHble 06pasubl. CobpaHHble faHHble 06pabaTbl-
BaKTCA OAHWUM NN HECKONTbKUMY a@nropuTMamMun U UCNONb3YIOT 4718 «00yYeHNs» anroputMoB pacnosHaBaHuio
pasnnyHbIX A4PpYrux Mmatepuanos.
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Ha BTOpOM 3Tane, Banngauuu, NnpoBepsoT CNOCOOGHOCTb afIrOPMTMOB NPaBu/IbHO pacno3HaBaTbh MaTe-
pvanbl. He BXOoAMBLUME B 0byyatoLnii komnnekTt. KpaiiHe xenaTenbHo, 4To6bl 06pasLbl, U3MepsAeMble B Npo-
Llecce BasiMaaLnm, Haxo4UANCh B TOM Xe pa3oBOM U hM3M4eCKOM COCTOSHWM, Y4TO 1 06y4aloLie obpasLbl.

Ha TpeTbem 3Tane, ucnonb3oBaHWU, NPOBOAAT M3MEPEeHNEe HeW3BEeCTHbIX 06pasLoB ¢ NocneayoWwmum
CpaBHEHUEM MONYYEeHHbIX AaHHbIX C U3BECTHbIMU Oobpasuamun B 6uGiMoTeke 1 onpeaeneHnemM coBnafeHuns
MOYyYEHHbIX AAaHHbIX C JaHHbIMW KaKoro-nn60o U3BECTHOro MaTepuasna. HensBecTHbIVi MaTepman COOTHOCUTCS
c 06pasL oM, xapaktepusyLwmmMmcsa Hanbosee 6/IM3KUMIN pesybTaTamu.

Ecnu nonyyeHHble AaHHble He COrnacyTcs HU C 04HUM 06pa3L oM 13 6UBINOTEKM, anropuTM MOXET He
naeHTUMULMpoBaTb obpaseLl.

NaeHTudnumpyemMble Ha AaHHOM aTane 06pasLibl 4O/MKHbI HAXOAUTHLCSA B TOM Xe ha3oBOM U hU3NYECKOM
COCTOSIHMU, KaK 1 M3BECTHbIE MaTepuasibl Ha aTane Banugauum.

YKNAKOCTM MOXHO U3MEPSITL B YNCTOM BUAE UM B pacTBope. B 1o6oM ciyyae AMHa OnTUYecKoro nyTv B
KioBeTe A8 Npob fo/MKHA GblTb MOCTOAHHON, O4MHAKOBOW AN5 BCEX XWAKOCTE, cCpaBHUBaEMbIX C HEN3BEC-
THOW. 1 yKa3blBaTbCA Kak NnapameTp meTofa onpeneneHus. MockobKy BO3MOXHO 06yyYeHne anroputma Ha
[aHHbIX, MONYYEHHbIX NP APYTrOi ANNHE ONTUYECKOTO NyTH, CeAyeT NOMHUTb, YTO YMEHbLUEHNE N3MEHYNBOC-
T BHELWHWX (DAKTOPOB MOBbILAET TOYHOCTb OnpeseneHuns. i3aMepeHne HeM3BeCTHbIX MaTepuanoB Takke
[LO/MKHO NPOBOANTLCS B KIOBETE B TEX XE YCNOBUSAX, UTO U U3MEPEHME 06yYatoLLMX BelecTs. ECnn ucnonb3yoT
pacTBOpbI, yKasbiBaloT CTeneHb pa3basBneHns.

TBepable maTepuasbl MOTyT M3MePATLCA B MOyYEeHHOM BUAe, ecniv OHW 061ajaloT O4HOM UM HeCKOb-
KUMU CpaBHUTENbHO POBHLIMU MOBEPXHOCTAMU. [lpyrue maTepuasnbl MOryT noTpe6oBath WAMoBKU. Mpu Wwu-
choBKe TBepAbIX 06pasLoB A1 Bcex 06pa3uoB B 6M6/MOTEKE MCNOML3YIOT 04UH cnoco6. Cnocob WM oBKM
yKa3blBaloT B MPOTOKO/E UCMbITAHNSA.

HeunsBecTHble MaTepuasbl 06pabaTbiBalOT TOYHO TakK Xe, Kak U NCNOoMb30BaHHbIe AN 06yyeHus. Ecnm
06pasupbl WAnMdyoT, KpaliHe BaXHO, YUTO6bI HeM3BECTHbIe 06pasLbl WANgoBannch TEM Xe caMmbiM abpasnBomM,
C TeM e cambiM pasMepoM 3epHa, YTO 1 obpasLbl B 6U6AMOTEKE.

6 lMcnonb3yemble anropuTmbl

6.1 O6wWMmne N0N0XeHNS

B naHHOM pasfesne onucbiBaloT HECKO/IbKO KOMMbIOTEPHbIX aITOPUTMOB, A0Ka3aBLUMX CBOK 3hheKTMB-
HOCTb Npu 06paboTKe flaHHbIX CNEeKTPOoCcKonumM B 6mxHel MK o6nactn. OnucaHns MHOroBapuaHTHbIX METOA0B
CTaTUCTUYECKOTrO aHanm3a AaHHbIX MpeACcTaBAsaoT cO60M NpakTUYeCcKn YNCTY0 abCTpakTHY MaTeMaTuky, He
TpebyLlyo nogpo6HOro onucaHus. CyLecTBYeT Lesblii pajg KHAT N0 CTaTUCTUKE N XEMOMETPUKE, B KOTOPbIX
onuncaHbl MeTObl MHOTOBapMaHTHOr0 aHanu3a npu pas/inyHbIX ypoBHAX MaTemaTuyeckoli abetpakymu. 6onb-
LIMHCTBO aJropMTMOB, MWCMO/Mb3YyEMbIX B KayeCTBEHHOM aHanuse B 6nvmxHen WK obnactu, sBnswoTcs
CpaBHUTENbHO NPOCTLIMW peann3auusiMn aHHbIX METOAO0B.

[aHHble MeToabl peann3oBaHbl B 60/bLIMHCTBE CTATUCTUYECKMX Nporpamm. MporpamMmmHoe obecneuve-
Hue (MO) ana aHanu3a CNeKTPOCKOMMYECKNX faHHbIX TakKe MOXEeT COAepXaTb peannsalmnmn ykasaHHbIX anro-
pnTMOB. Kpome TOro, WM3roToBUTENN COBPEMEHHbLIX CNEKTPOMETPOB B 6nmkHeln WK o6nactu BkaouatoT
peanu3auum aHHbIX aNiropUTMOB B CO6CTBEHHOE MO AN1a ynpaBieHns cnekTpomeTpamMm 1 06paboTku faHHbIX.
MocnegHwnii noagxoA MeeT NPenMyLL,ecTBO B TOM. UTO BCE NOJIyYeHHbIe Ha Npubope faHHble 6yayT o6paboTa-
Hbl a6CONMOTHO OANHAKOBbLIM 06pa3oM. B nto6om criyyaB NoApo6GHOCTY anropuTMoB 1 UX peannsanum 06b14HO
MOJTHOCTbIO NPO3payHbl ANA Nonb3oBaTens. TeM He MeHee, NoMb30oBaTeNb 0683aH y40CTOBEPUTHLCA B Npa-
BU/IbHOCTU peanusauuy anroputMa B MCNosib3yeMoM UM NPOrpaMMHOM obecneyeHnm.

6.2 PaccTosiHusas MaxanaHo6uca

PacueT paccTosiHuii MaxanaHo6uca onncaH B iMTepatype B NpYMeHEeHN HEMOCPeACTBEHHO KCNeKTpam
B 6/1mxHel MK o6nactn. PacueT paccTtosiHua MaxanaHo6rca — 3To cnocob onpeaeneHunst Toro, nonagaet v
ob6pasel, B 3aiaHHy0 06/1aCTb MHOFOMEPHOr0 NPOCTPaHCTBa. Masioe paccTosiHMe yka3biBaeT Ha TO. YTo o6pa-
3el, HaxoauTcsa 6/1M3K0 K LLeHTpYy 061acTu 1, cnefoBatenibHO, BXOAMT B Hee. O6yvatolwme obpasubl 3agaiT
06n1acTb NpOCTpaHCcTBa TakMM 06pa3oM, YUTO MHOTOMEPHbI 31UNCONS BK/TOUYAET ONpPeeNIeHHYH0 400 AaH-
HbIX 06pa3uoB. PaccTosiHue OT LeHTpa o6nacT 40 NOBEPXHOCTW annunconga (T. e. IKBMBAJIEHT AnameTpa)
onpegensiet pacctosHne MaxanaHobuca. PaccTosiHne MaxanaHo6uca paccuMTbiBaloT C  MOMOLLbIO
MaTpPUYHOr0 ypaBHEHMS
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rae D, — paccTosHne MaxanaHobuca gns Hem3BeCTHOro obpasuya oT LeHTpa anauncouga Aas /-ro uneHa
(knacca o6pasLoB) 6ubANOTEKY;
X0 — BEKTOP MHTEHCUBHOCTU NOTNOLWWEHUS ANA NAeHTUULMPYEMOro Hem3BecTHoOro obpasya, B3ATbli Npu
pasNyHbIX 4/INHAX BOJIH;
X(/) — cpegHee 3HayeHMe MokKasaHU HECKONMbKMX pas3nyHbiXx 06pasuoB Tuna matepuana, npepcras-
nawouiero/-M unen 6ubnnoTekn;
M — obpartHasa maTpuua BbI6OPOYHOI BHYTPUIPYNMNOBOI BApUaHTHOCTN-KOBApMaHTHOCTY (onucaHa B npu-
noxexun A).

Bbl10 NoKasaHo, YTO A0BEPUTENbHbIA MHTEpPBaN 418 paccTosHUs MaxanaHobuca pacnpeeneH Takum
o6pasomuTo p WD nmeeT F-pacnpegenedveckun- k- 1df,raep = (n- k- 1)!NK.n — KONMYECTBO CNEKTPOB
N K — KOMNYeCTBO NCMNO/b3yeMbIX A/IMH BOJH (MM 4acToT).

[ns obyyeHus anroputma nosib3oBaTeslb AO/HKEH MOYYUTb MHOMO CMEKTPOB KaXAoro ctaHfapTHOro
obpasua gna onpeaeneHvs BapuabenbHocTM MaTepuana obpasya B AaHHbIX 06y4eHus. Mo NosyYeHHbIM
pesynbTatam 3aTem onpefensiT 06/1acTb MHOTOMEPHOrO MPOCTPaHCTBA, XapakTepusyLlyl yKasaHHbIl
matepuan. MoaTomy kpaiiHe BaXHO, 4TO6bl 06yyatoLme 06pasLbl B MakCMMasIbHON CTENEHN OTpaXanu BClo
eCcTeCTBEHHYI0 BapnabelbHOCTb MaTepuana.

Ocoboe mMecTo B JaHHOM NOAX0Ae OTBOAUTCA aHanM3y Npo3paydHbiX (He paccemBatoLlwmx CBET) XUAKOC-
Teii. Mpo3payHble YNCTbIe XUAKOCTW NPaKTUYECKN HE UMEIOT BHYTPeHHel BapnabenbHocTy. MoaToMy pasmep
o6nactu, onpegensiowiein sapnadenbHOCTb NPO6 (KOTopas AN YUNCTbIX, HepacCenBaloLWnX XULKOCTel paBHa
HY/110) CXMMaeTCs B MHOTOMEePHOM NPOCTPaHCTBE 10 OAVHOYHOM TOUKN U. Cle0BaTeNbHO, ee AnaMeTp yMeHb-
LiaeTcs NpakTU4Yeckn 4o HynsA. B aTom cnyyae pa3mepbl 06/1aCcTU COOTBETCTBMA ANS HEN3BECTHOro obpasua
CTaHOBATCA HACTOJ/1IbKO MasibIMU, YTO LLYM npm6opa nnn apyrne HesHavynutesbHble OTKNIOHEHUA yCJ'IOBI/II7I n3me-
peHuns MOryT NPMBECTU K TOMY, YTO BaNUAHbI 06paseL, okaxeTca 3a npegenamv o6nactu, onpegeneHHol ans
JaHHOro marepuana.

CyuwiecTByeT ABa NyTU pelleHUss AaHHOW npob6nemsbl. MepBblii NyTb — 3aMeHa pacuyeTa pacCTOsHUIA
MaxanaHobuca mexgy HensBecTHbIMM 06pasLamu n 3BeCTHbIMWU MaTepuanamm pacieTom EBkIMA0BbIX pac-
CTOAAHWI. OHa NPOM3BOANTCA NYyTEM 3aMeHbl 06paTHON MaTpuL bl BbIGOPOYHOV BHYTPUIPYNMnoOBOMA BapnaHTHOC-
TU-KOBAPMAHTHOCTMW Ha € AMHNYHYI0 MaTpuLy (MaTpuLy, y KOTOPOI BCe 3NeMEHTbI TNaBHOW AnaroHanu pasHsbl 1,
a BCe oCTasibHble 3/1eMeHTbl paBHbl 0).

BTopoii nyTb 3aknovaeTca B npegHaMepeHHOM BBOZE NPOV3BO/IbHON BapnabeibHOCTH B AaHHble. 3TO
fenaeTcs co3faHNeM HeCKOTbKUX KOMWIA AaHHbIX C NocneAyoLwmnm 4obasneHnemM npor3BoibHOM0 YACIa K Kax-
[OMY 3HaYEHMI0 NoKa3aTens NorioLWeHns B pacllMpeHHoM Habope faHHbIX. Heo6X04MMOo HaiTn KoMnpoMuce
MEXAY ManbiMW 3HAYEHMSIMU [,06aBNSEMOrO WyMa (4TO NPpUBEAET K TOMY, YTO 06/1aCTb KaXAoi rpynnbl 6yaeT
0CTaBaTbCs CPABHUTENBbHO Masioin N NPUGANKATHLCA K TOUKE) U CIMLLKOM 60MbLIUMK 3HAYEHVUAMU, KOTopble
6yAyT NpYBOAUTL K 4Ype3MEepHOMY 3allyMIEHMI0 AAHHbIX WU CTUPAHMWIO Pas/Munii Mexay pasvyHbIMu
maTepuanamu.

6.3 Perpeccus HarnaBHble KOMMNOHEHTbI

BbI/10 yCTaHOBNEHO, YTO perpeccus Ha rnasHble KOMMOHeHTbl (PIK) MoxeT 6bITb MCMONb30BaHa ANA Npe-
06pa3oBaHuns (CXaTusA) AaHHbIX N0 HECKOTbKUM A/IMHAaM BOJIH B PSif, HE3aBUCUMbIX KOMMOHEHTOB. MOMMMO Cxa-
TUS  [aHHbIX [NaBHble KOMMOHEHTbl UMEKT TEeHAEHUMI0 K pasfeneHuto  pasinyHbiX UCTOYHWKOB
BapuabenbHOCTU B Habope cnekTpoB. Ecnun f06aBUTL M3MepeHne paccTossHMiA ans rpynn. PFK MoxeT ncnonb-
30BaTbCA A1 NPOBEAEHNS KA4EeCTBEHHOT0 aHanusa B 6nmxHeli UK obnactu.

OCHOBHbI€ LWarv BbIMOSIHEHNSA N3MEPEHUNS PacCTOAHNA Ha ocHOBe PIK npuBefeHbl HUXE;

- war 1: cocTtaBnsieTcs Habop o6pasLoB ANA 06yUeHUs unm 6ubanoTeka, cogepxallas pasimyaemble
rpynnel (MaTepuanbl) Ans nocneaywowero onpegenenns. Kaxgas rpynna npefctaBnseTcs HEeCKONbKMM
obpasuamu;

- war 2; cnekTpbl 06pasyoB Uan rpynnbl pasbrBaloT Ha rNaBHble KOMMNOHEHTLI. KONMYECTBO rNaBHbIX
KOMMOHEHT, Heob6xoANMoe 19 afeKBaTHOro NpeacTaBieHnsa obpasua, onpegenseTcsa usmepeHrem ocTaTou-
Holi BapnabenbHOCTW B 6MGIMOTEKE CNEKTPOB;

- war 3: ANA Kak4ol rnaBHON KOMNOHEHTbI B NpocTpaHcTBe rpynnbl PIK no gaHHbIM 06pasuoB AN15 Kax-
[l0T0 uYneHa rpynnbl paccynTbiBalOT cpegHeapudMeTUyeckme 3Ha4eHuss U ctaHAapTHble OTKNOHeHus. lMoc-
KONbKY rnaBHble KOMMOHEHTbI OPTOrOHa bHbI, K&X/A0€e CTaHAAPTHOE OTK/IOHEHUE (PacCcTOAHNE) OTKNaAbIBaOT
B OPTOrOHa/IbHOM Hanpas/eHny;

- war4: ans nocnegytLlelt knaccugurkauuy 06pasLoB paccunTbIBaOT BEKTOPHOE NPOn3BeaeHne crnek-
Tpa kaxaoro obpasua ¢ rnaBHbIMVY KOMNOHEHTaMU, NOSTyYeHHbIMW Npy 06yveHun 6ubnnoTekn. PaccunTbiBaoT
paccTosiHne OT KaxAol rpynnbl o chopmyne
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_ (score, - group,) )
! S

rae O; — paccTosiHve BAOMb OCK /- TNaBHOM KOMMNOHEHTLI OT CpefHeapndMmMeTM4eckoro 3Ha4yeHnsa pesynbra-
TOB A4151 faHHOW rpynnbl;
score, — nokasartenb obpasua A1 b/1rnaBHOV KOMMNOHEHTI;
groupj — cpegHeapugmMeTMyeckoe 3Ha4YeHne nokasartenei rpynnbl AN /-l rnaBHOW KOMMOHEHTI;
S, — cTaHfapTHOe OTK/IOHEHWE noka3aTesnei /-l rnaBHO KOMMNOHEHTbI 4719 COOTBETCTBYIOLLEN rpynnbl.

CnepyeT OTMeTUTb, Y4TO. HECMOTPS Ha TO, YTO r/1aBHble KOMMNOHEHTbI PacCYMUTbIBAIOT MO BCEMY Habopy
[aHHbIX, CTaHAAPTHbIE OTK/IOHEHUA U cpefHeapuMeTMYeckme 3Ha4eHNs paccunTbIBatOT A5 KaK40W rpynnbl
NHAMBMAYanbHO. Ecnv paccTosiHue ans BCex rnaBHbIX KOMMNOHEHT MeHbLUEe HEKOTOPOro NOPOroBOro 3Ha4eHus,
Torga npoba cumTaeTca npuHagnexaten rpynne. Kpurepuu ans onpegeneHnst noporoBbiX 3HavYeHuin 6b11m
nofpo6HO paccMoTpeHbl Butcungom. N3 tabnuy Butdunga MoxHO BbIBECTM NPOCTOE NpaBuso, YTo NpuAoc-
TaTo4YHO 60/1bLLIOM KO/IMYecTBe 06pasL,0B MOXHO UCNO/b30BaTb 3HaYeHve 3.

OpfHa nonynspHas pasHOBUAHOCTb AaHHOTO MOAX0Aa HasblBaeTCA «NpocTas MoAe b aHanoruii knac-
coB» (Simple Model of Class Analogies — SIMCA). B SIMCA kaxayto rpynny pasnararlT Ha CBOU [N1aBHble KOM-
NOoHeHThI. larn 1—4 BbINOMHAT Tak, kKak 6yATo Kaxaasa rpynna asnasetca 6ubnnotekoir. MHOXeCTBO rpynn
TECTUPYIOT C NOMOLLbIO MHOXECTBA GUB/IMOTEK rNTaBHbIX KOMMOHEHT.

6.4 Koppenauusa

KoathdpmumeHT koppensuun fonroe Bpems WCMo/b30BasICA Kak nokasaTesib nofobus Asyx Habopos
ymcen. Takke MOXHO NCNO/b30BaTh KOIULMEHT KOPPENALMMN A9 CPaBHEHUSA [BYX CNEKTPOB C Lie/bio Knac-
cudhukalmm npob.

KoathchmumeHT koppensuum r o6bI4HO ONpefensatoT kak OTHOLWEHME 06 BACHEHHON gucnepcum K obLuei
avcnepcun. B kavuecTBeHHOM aHanuse B 6nvxHeli K o6nactu ero ncnonb3yoT credyowmnm obpasom — pac-
CUMTbIBAKOT KOIPPULMEHT KOPPENALUN I MEXAY U3BECTHLIM Y HEM3BECTHbIM CNeKTpamMm

®

rae / — KONn4ecTBO A/1MH BOJIH B CNEKTPE;
X, — WHTEHCUBHOCTb NOIOLLEHNA HEN3BECTHOro o6pasuia Ha /-i A/IMHe BOSHbI;
Y. — WHTEHCMBHOCTb NOINOLWEHNA U3BECTHOro obpasLa Ha /-ii ANNHE BOMHbI.

B dhopmyne (3) npegnonaratoT, 4To 3HaYeHUs X u Y 6bi1n npefsaputesibHO OTLEHTPUPOBaHbl OTHOCH-
TeNbHO cpefHero 3HayeHus (T. e. 6bI710 paccyMTaHo cpefHee 3HavYeHne faHHbIX 4159 KakKA0l ANVHbI BOSHbI U
BbIYTEHO W3 3HAYEHWS WMHTEHCUBHOCTU MOF/OWEHNS MPKU COOTBETCTBYHOLEW [A/IMHE BOJHbI AN KaXKOro
cnekTpa).

Korga Hen3BecTHble U U3BECTHbIE CNEKTPbl UAEHTUYHbI UMW OTINHAKTCSH HA NOCTOSHHbIA MHOXWTENb
(06bI4HO M3-3a BAVAHNA A/IMHBI ONTUYECKOro MyTU UK pasMepa vyactuy), popmyna (3) gaeT 3HadeHune 1. Ecnu
CnekTpbl pasnunyaloTcs, 1 byget 6onblie 1. HensBecTHble 06pasLbl 06bIYHO KlaccMuLmMpyoT NyTeM pacyeTta
KoahhuLMeHTa KOppensauum co BCeEMU cnekTpamu B 6ubnnoteke. CnekTp 6ubnnoteku, favLmnii Koadpuum-
EHT KoppenaLummn, MakcumanbHo 61M3kuii k 1, cuntaetca Hanbonee 6M3KUM K cnekTpy obpasua.

MpeumyLLecTBo KOPPENALMOHHOI0 NOAX0AA COCTOUT B TOM. YTO A/15 XapakTepusauum rpynnel TpebyeTcs
TO/IbKO OAVH U3BECTHbIN 06pasew,. OTo fenaeT AaHHbl NOAX0[ Ype3BblYaiHO yA06HbIM A8 naeHTUdMKaLum.
OfHaKo Cc faHHbIM MOAX0A40M [0BO/IbHO TPYAHO CO34aTh rpynny 13 HECKONbKMX 06pasL,0oB 1 MPOU3BECTY KBaIN-
dvkaumio koppenauuein. Fpynnosble paccTosAHMSA W KO3hULMEHT KOPpPensauun r He cBa3aHbl NMHeRHoM
3aBUCKMOCTbIO.

Kpowme Toro, TpebyeTcs 60/bLUas OCTOPOXHOCTb NPU NCMONb30BAHUUN KOPPENALUUM ¢ HeobpaboTaHHbIMK
WMK-cnekTpamu. Bonblias WwWypuHa noa0c MHOTMX CNeKTPoB B 6vxHel MK obnactu n otnnumnsa 6a3oBoii TMHUM
MOTyT NPMBECTMN K OWwWMnbKaM ngeHtTudurkaunm. CnekTpbl, oTanvarLwmecs no3nuunsaMm 04HON nav gByx nonoc
(Hanpumep, COEAVHEHUSA-TOMOONN), 06bIYHO TSXKEN0 KNAcCMUUMpPYOTCA C NCNONb30BaHNEM KOPPENSALNOH-
Horo nogxoga. Jlyywmve pesynbTaTbl NOyHaAlOTCA NOCAe npeABapuTebHOM 06paboTkn CNeKTPOB A1 MaKCu-
MU3aLMn pasHulbl Mexay knaccuuuupyembiMu rpynnamu. O6bIYHO NpUMeHSeMble MeTofbl NOArOTOBKM

6
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ZaHHbIX MCMO/Ib3YIOT MPOM3BOAHbIE CMEKTPOB M OrpaHnyeHve guanasoHa AanH BosH. MoAX0A C MCNOo/b30BaH-
€M NPOU3BOHbIX YBENNUMBAET pasnnyne Mexay CnekTpaMm CXoHbIX coeguHeHnii. OrpaHuyeHne guanasoHa
ONVH BOSIH MO3BOMSIET OFPaHUuYUTL CPABHEHWE TeMW CMEeKTpasibHbIMU XapakTepucTMkamu, KoTopble
COOTBETCTBYIOT K/OUEBLIM DYHKLMOHA/bHBLIM TPynnam.

PacnpegfeneHue KoaghuLMeHTa Koppenayum aeaseTcsa 4OCTaToOuHO CNOXHOMN (hyHKLUel n3MepeHHoro
3HaueHus. Tem He MeHee, ee rpadnyecknii BUa LOCTYMEH.

6.5 MHOromepHble HanpasALWNE KOCUHYChI

[ns onpefeneHvs cTeneHn nofobms ABYX CMEKTPOB WM UX MPOU3BOAHLIX MOXET MUCNOJ/b30BaTbCA
MeTO/ MHOTOMEPHbIX Hanpas/AoLWNX KOCMHYCOB. O603HaYas MHOTOMEPHbI BEKTOP, NPefCTaBNAoLWNI O4UH
cnekTp (Hanpumep, CNeKTP HEM3BECTHOTO BELLEeCTBa) Kak X. & MHOrOMEpPHbI BEKTOP ApYroro cnektpa (Hanpu-
mep. 6MbIMOoTeYHOro) — Kak Y. no gpopmyne (4) MOXHO NonyynTb 3HaYeHna Ana 0, M3MeHsWwmecs oT Hyns
(415 noNHOCTBIO CyyanHoro oTHoweHns) Ao 1 (418 naeanbHOro COOTBETCTBUS).

cos(0) = Xy @
IXI1Y]

Tak kakcos (0) = 1npu 6 = 0, 0oguH 13 NyTeli A4NA NPUMEHEHNA AAHHOTO NOAX04a 3aK/IvaeTcs B u3mepe-
HMM MHOTOMEPHOTO PaCcCTOSIHUS B NOMISIPHbIX KOOPAMHATaxX C UTHOPMPOBaHNEM paaunyc-BekTopa. Takoli noaxos
0C06€eHHO 3h(heKTBEH NPY CPABHEHMM NOPOLLKOOOPAa3HbIX TBEPAbLIX BELLECTB, T. K. paAnyCc-BEKTOP B AaHHOM
c/yyae COOTBETCTBYET Bapmauysm CneKkTpa npy MHOroKpaTHbIX M3MepPEeHNAX aHanorMyHbIX 06pasLoB, yToyac-
TO (XOTS 1 He BCeraa) UrHopmpyeTcs Npu CpaBHEHMM CMEKTPOB.

6.6 Cucrtema NnonApPHbIX KOOpAUHAT

CucTtema nonspHblx koopguHarT (polar qualification system, PQS)onnchiaaeT meTog knactepusaymm gaH-
HbIX CNEKTPOB M onpeaeneHns paccTosaHNI 10 AaHHbIX K1acTepoB, aHa/IOTUYHbIX OMUCbIBAEMbIM PaCCTOSHUSA-
MU MaxanaHo6uca. HO C MCMOMb30BaHMEM Le/bIX CNEeKTPOB UAM OAHOA unu 6onee obnacTteil cnekTpa.
Mpuemnembie pe3ynbTaTbl HACTO MOXHO Y/yULWWTb ONTUMU3aLUe o6nacTeid, UCNOMNb3yeMbIX B pacyeTax.
MpuMeHsiemas KOHLEeNUUs COCTOMT B KOHBEPTAaLUN CNeKTpasbHbIX NPeACcTaB/IEH NI B NONSPHYI0 CUCTEMY KOOP-
AnHaT. ANropuTM BK/IOYAET HECKO/IbKO CTaguiA.

Kaxpaas uaMepeHHas cnektpasibHas Touka faHHbIX Npeo6pasyeTcs B NONAsSPHbIE KOOPAMHATLI MO (DOPMY-
ne

B. = 2ki (5)

raen — KOMMYEeCTBO TOYEK flaHHbIX B CNeKTpe:
NHAeKC Ali cnekTpasibHOM TOUKM AaHHbIX, oT0gon - 1;
B, — Yro/14aHHbIX B MONSPHONM cucTeMe koopavHaT (B paguaHax).

R,=A, (6)

rae R, — pagunyc-BekTop AaHHbIX B NONAPHON CUCTEME KOOPAWHAT,;
A, — nornouieHune cnekTpa B A TOUKe AaHHbIX.
[ns kaXporo cnekTpa pacCcUnTbIBAKOT LLEHTP TAXECTU Urypbl B NONAPHBLIX KOOpAMHATaxX. 3HavYeHne LeH-
Tpa TAXeCcTn hurypbl NepecynTbiBaloT B A4eKapTOBbl KOOPAVMHATLI, COOTBETCTBYIOLME MOMSPHBIM KOOPANHA-
Tam, no chopmyne

™

rae X — KoopauHata LeHTpa TSXKECTU CriekTpa no ocu abeuymce B AEKAPTOBbLIX KOOpAUHATAX.

(8)

rae Y — koopauvHaTta LeHTpa TSXeCcTu CnekTpa no ocu opAuHaT B eKapTOBbIX KoopAnHaTax.
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Kaxgomy cnekTpy COOTBETCTBYET TOUKa, NpefCcTaBnsaoLas ero LeHTp TaxecTn. Takum o6pa3om, aHano-
TMYHble CNEeKTPbI fal0T knacTep ToUYek B 04HOM 061acTy B NONAPHOM cucTemMe koopanHart. LIeHTp TaxecTu Kax-
[oro knacrtepa npeActaBisaloT cpefjHeapuMeTUHeCKUM 3HadyeHnem X. Y-KoopAuHat. paccyuTaHHbIX, Kak
yKasaHo B pasgenax 7 u 8.

MaeHTudmnkauma HenssecTHbIX 06pasLoB NPOU3BOANUTCA NyTEM NpeobpasoBaHus KX CNEKTPOB B Ty Xe
camy1o NoJIAPHYI0 CUCTEMY KOOPAMHAT, Kak M 0byyaloLune AaHHble, pacyeTa LleHTpa TSXeCcTn cnekTpa u paccTto-
AHWA OT LeHTpa TsKecTn obpasla o CpeiHero 3Ha4yeHns LLEHTPOB TAXECTU KaX40ro knacTepa.

Mpn HeobxoanMocTn obpaTHas MaTpuua BbibpaHHol BnpeAenax rpynnbl MaTpuLbl BApUaHTHOCTU-KOBa-
PMaHTHOCTW. OCHOBaHHas Ha 3Ha4YeHuAax X.¥YB ,quapT0|30|7| CucTemMe KoopgmnHat MOXeT Ucnonb3oBatbCa A4
pacyeTa paccTosHuin MaxanaHoburca B AeKkapTOBOV cMCTeMe KoopAMHAT No hopMynam, npuBeAeHHbIM B6.2. a
3HayeHns X. Y B NONIAPHON cUCTEME KOOPAMHAT B kauecTBe 3HauYeHWli [ByXMEPHOWR MaTpuLbl X. ONUCAHHON B
62.

PaccTosHus oT cnekTpa A0 LeHTpa TAXeCTU KaxJoro knactepa MoXHo paccumTarhb € NoMoLLbio EBknungo-
BbIX PacCTOSIHWI1 B eKapPTOBOI CUCTEME KOOpAMHAT Un paccTosHUi MaxanaHobuca. Kak onvcaHo paHee.
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Mpunoxexve A
(cnpaBo4yHoe)

PacueT pacctoaHnii MaxanaHo6buca

Onsi pacueTa 06paTHO MaTpWLibl BbIGOPOYHON BHYTPUrpYnnoBOi BapyaHTHOCTU-KOBapuaHTHOCTH M TpebyeTcs
obpauieHme MaTpuLbl, NOJYYEHHOI OMMUCAHHBIM HIKE COCO60M. MopsAA0K 06paLLeHnst MaTpuUL, ONMcaH NPakTUYeCckn BO
BCeX KHUrax rno KOMMbITEPHOMN CTATUCTAKE U MATEMATMYECKUM MEeTOAaM, MO3TOMY 34eChb OH HEe NPUBOAUTCS.

[Ns nonydeHns MaTpuubl, Nognexaleil 06paleHnio, paccMaTpruBaioT Habop A4aHHbIX, BKOUYAKLW M JaHHbIE M0 P
pasnnuHbIM MaTepuanam, npobbl KOTOPbIX U3MEPSANUCH Ha fannHax BoMH (UNu yacToTax). Micnonb3yoT nHgekc! ans pas-
JIMYHBIX MATEPUASIOB, Y— AJ1S1 PA3/IMYHbIX A/INH BOJTH. [LN151 PA3/IMUHbIX A/TUH BOJTH TaKKe MOTYT UCMO/b30BATLCSA NHAEKCHI T
1 c. ns Kax[oro matepuana uMeeTcsi psf CNekTPoB, MOMYUYEHHbIX 415 11, 06pa3yoB, NpeaCcTaBNaowWwmnxX peynstaTsl Ha f
AJIMHaX BOJH. VICNONb3yloT MHAEKC T A/ psiga 06pasuoBs (. COOTBETCTBYIOLNX KAXAOMY N3P MaTepuanoB Takum o6pa-
30M, 06LLee KOIMYECTBO CNEKTPOB B HAbope faHHbIX 1 6yaeT paBHo £11,.

[na npeactaBneHns oTAeNbHbIX 3HAYEHWIA NOTNOLWEeHUs 415 KAXA0ro cnekTpa o6pasya T MaTepuana Ha 3afaHHoii
AnvHe_BOnHbI f cnonb3yoT o603HaveHne aans npefcrtaBneHNs cpefHero nornoweHns 4aa gaHHoro Pro matepua-
na— (/).

Ob6palwaemasn maTpuua nMeeT pasmepHoOCTb 1x (. Kaxgoe 3HaueHne MaTpuubl MOyvatoT cieayowmum o6pasom.

PaccunTbiBalOT cpefiHee 3HaYeHUE UHTEHCUMBHOCTM nornouweHus 7((/) Pro MaTeprana Ha Kaxaoi A/iMHe BOHbI MO

chopmyne

(A1)
T
CpefiHee apumeTnyeckoe 3Ha4eHNe UHTEHCUBHOCTY NOT/OWEHNA 418 AaHHbIX N0 onpeAeseHHOMY MaTepuany Ha
KaX oW AIMHE BOMHbI BbIYNTAIOT U3 KaXKAOr0o pesynbrarta U3MepeHust Ans AaHHOTo Matepuana Ha faHHO AnvHe BOJHbI.
Takum 06pa3om, CKOPPEKTUPOBAHHOE 3HAYEHWNE UHTEHCUBHOCTU NOFNOLLEHNS X' BbIYUCASAIOT NO hopmyne

*q %10 B *«*10 -*/10 . (A.2)

3nemeHT B psgy rucronbue c MaTpuybl V (Hazoem ero VIC)paccumTbiBaloT C/IOKEHMEM BMECTE COOTBETCTBYIOLNX
BK/1afl0B KaXJ0ro n3 p matepuasnos

(A3)

Bknagpl VQ/) paccunTbiBaloT N0 BCEM CNeKTpam, COOTBETCTBYIOLMM MaTepuany T Kak CyMMbl CKOPPEKTUPOBAaHHbIX
3HAYEHNI MHTEHCUBHOCTU MOT/IOLEHNS NPU AJIMHAX BOJIH T U C

* )*xTc0)) (A-4)
Mdt* | (N-p)

Matpuuy M nonyyatoT o6pateHvem matpuubl V.

MpumeyaHnsn

1 PaccTosiHue MaxanaHo6uca. onpegeneHHoe Bbllwe, 6yaeT nokasbiBaTb, BOCKO/IbKO pa3 3HauyeHue n - p 6onblue,
yeM ykaszaHo B NOCT P 57987 (nogpasgen 16.2). Matpuuya V Bbiwe ob6o3HavaeTca XXV (n-p) B npeacTaBieHUn
FOCT P 57987. MaTpuua M. siBnswowasncsa obpaleHHoli matpuueid V, 6yaet B 1 -p pas 6o/blue yem (XXD)*. Macwtabm-
poBaHue 34ecb fenaetcs Ans T0ro, YTobbl METPUKK, UCNONIb3YyeMble A5 Knaccudukauyum, 6bin He O4YeHb YyBCTBUTE bHbI
K pasmepy 6ub6nunoTeku n.

2 Ecnn /> n. matpuua Ybyaet Heobpaliaemoii. na oueHkn obpallaeMocT MOXHO UCMO/b30BaTh MaTeMaTnyec-
Kne BblKNnafku, aHanornyHble npusegeHHbim B FOCT P 57987.
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Mpunoxenne AA
(cnpaBo4yHoe)

OpuUrnHanbHbIli TEKCT HEBKMNIOYEHHbIX CTPYKTYPHbIX 3/1IEMEHTOB NpUMeHeHHOro ctaHgapta ACTM

A1
1 O6nacTb NpumMeHeHus

1.2 3HaueHus BennuuH Bcucteme CU cunTaloTesa cTaHAapTHIMU. B cTaHAapTe He UCNO/b3YyTCs Apyrie eAuHuLbI
M3MEpeHUst.

1.3 BHacTosilemM cTaHfapTe He NpesycMOTPEHO PacCMOTPEHME BCEX BONPOCOB o6ecneyeHnst 6e30nacHocTu,
CBSI3aHHbIX C €70 NpUMeHeHneM. Monb3oBaTe b HACTOSLWEro cTaH4apTa HeCeT OTBETCTBEHHOCTb 3a yCTaHOB/e-

HMEe COOTBETCTBYIO L UX NPABU/ MO TEXHUKE 6830MNaCHOCTU M OXpaHe 340P0Bbsl, a TaKXe onpegenser uenecoobpas-
HOCTb NPUMEHEHUsl 3aKoHO4aTe bHbIX OrPaHNYeHUil Nepes ero UCNosb30BaHNeM.

MpumMeyaHune — VCKNOUYEHNE JaHHbIX NoApa3fenioB 06YC/0BEHO TEM. YTO OHW HOCAT NOSCHSOWWA unn
pekomeHgaTeNbHbI xapakTep.
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Mpunoxexne b
(cnpaBo4yHoe)

ConocTaBneHne CTPYKTYpbl HACTOALWEr0 CTaHAapTa co CTPYKTYpPOil NPUMEHEHHOTO
B Hem cTaHgapTta ACTM

Ta6nuya [f06.1

CTpyKkTypa HacToAlwero ctaHgapTa CTpykTypa ctaHgapta ACTM E1790-04 (2010)
Paspen Moapasaen MyHKT Paspen Moapaspen MyHKT
1 - - 1.1—1.3 -

1
— — — 1.2— 1.3* —
2 — - 2 2.1 —
— — 3.1 —

3 3
3.1—3.2 - 3.2 —
4 — — 4 4.1—4.5 —
5 - - 5 51—5.3 —
6 6.1-6.6 — 6 6.1—6.6 —
— — — 7 7.1 —
A A
AA —

MpunoxeHus MpunoxeHusa

AB —
AB —

* laHHbIV pa3gen (noapasgen, NyHKT) UCK/TIYEH, T. K. €70 NOI0XKEHUS HOCAT NOSICHALNIA N CNPaBOYHbI XapakTep.
** [laHHblli pa3gen (nogpaspaen, NyHKT) UCKIOYEH, T. K. €70 NONOXEHNS pa3MelleHbl B 4pyrux pasjenax HacTosLero
cTaHgapTa.
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Mpunoxexnune 1B
(cnpaBoyHOe)

CBefieHNs1 0 COOTBETCTBUMU CCbIJTOYHbIX HALMOHA/IbHbLIX M MEXIOCyAapCTBEHHbIX CTaH4apToOB
ctaHfaptam ACTM, ncnosib30BaHHbIM B Ka4eCTBE CCbIIOYHbIX B MpUMeHeHHOM cTaHgapte ACTM

Ta6nuya [AB.1

O60o3HaueHVe

CreneHb 06 ACTM
CCBINIOYHONO MEXTOCYAAPCTBEHHO- o o o 03HaYeHNe 1 HaMMeHOBaHMe CCbITOYHOTO CTaHaapTa
ro craHgapta
FOCT 27176—86 NEO ASTM E131 «MonekynsipHasa cnekTpockonusa. TepMUHONOrua»
FOCT P 57941—2017 MOD ASTM E1252 «CtaHgapTHasa npakTtvka obuux MeToaos nony-
YeHns MHpPakKpacHbIX CNEKTPOB /1S Ka4eCTBEHHOTO aHanusa*
FOCT P 57987—2017 MOD ASTM E1655—05(2012) «CTtaHgapTHble NpakTVKu No nHdpa-

KpaCHOMY MHOToMepHOMY KONMM4YeCTBEHHOMY aHa/In3y»

MpumeyvyaHune — B HacToswen Tabnnye MCnonb3oBaHbl cnefyolme ycioBHble 0603Ha4YeHNs CTerneHn cooT-
BETCTBMA CTaHAApTOB:

- MOD — moanduunpoBaHHble CTaHgapThl;

- NEO — HeakBuBasieHTHble cTaH4apThl.

YK 678.01:536.468:006.354 OKC 13.220.40

KntoueBble crioBa: KOMMO3WTbl NOMMEPHbIE, MH)PakpacHas CreKTPOCKOMUS, KayeCcTBEHHbI aHanmns, 67mx-
HAs MK obnacTb
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