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CHOCOB U CUCTEMA JUIA AETEKIIMA U TPOBEPKHU MOAJIMHHOCTH
METKH B MAPKHPOBKE C ITIOMOIIBIO TOBEPXHOCTHO-
YCHJIEHHOU PAMAHOBCKOM CIIEKTPOCKOIINHA

O0s1acTh TEXHUKH, K KOTOPOii 0THOCUTCSI H300peTeHne

[001] Hacrosimee w300peTeHHME OTHOCHTCS K OOJIACTH TEXHHUKH, CBSA3aHHOW C
JCTEKIMEH METOK, MPHUCYTCTBYIOIMUX B MApPKUPOBKE Ha TMOMJIOKKE (HampuMep,
O0aHKHOTE), MOCPEACTBOM IOBEPXHOCTHO-YCHUIIEHHOW PaMaHOBCKOM CHEKTPOCKOIIUU
(SERS) wunu mocpeacTBOM TMOBEPXHOCTHO-YCHJIEHHOM PE30HAHCHOM pPaMaHOBCKOHU
cnekrpockormuu (SERRS). Metka otHocutcs k tumy SERS wmm tumy SERRS w,
TAKAM 00pa3oM, 00JIaAaeT YHHKAJIBHBIM XapPaKTCPHBIM MPU3HAKOM IMOBEPXHOCTHOTO
ycuneHus  (T. €. COOTBETCTBEHHO TMPH3HAKOM  IOBEPXHOCTHO-YCHJIEHHOTO
PaMaHOBCKOTO PAaCcCEAHUs WM MPU3HAKOM MOBEPXHOCTHO-YCUIIEHHOTO PE30HAHCHOTO
PAMaHOBCKOTO PACCESHHSA), YTO TMO3BOJIET MPUMEHATHh CTAHJAPTHBIA PaMaHOBCKHH

CHEKTPOMETP JJISI €€ JETEKIIHH.
IIpeanoceuiku co3gaHus n300peTeHust

[002] Kak x0opomio W3BECTHO CHEIHAIMCTY B JAHHOW oOnacTu TexHukH, SERS-meTka
unu SERRS-meTka comep:kKUT arperaT HaHOYACTHIL C IJIA3MOHHOM MOBEPXHOCTHIO U
AKTUBHBIMU PENOPTEPHBIMU MOJEKYJIAMH, KOTOPBIE XapPaKTEPU3YIOTCS PaMaHOBCKHM
paccessHHEM, aaCOPOMPOBAHHBIMH HA TOBEPXHOCTH HAHOYACTHIL. HaHouacTHipl ¢
IUIA3MOHHOM TOBEPXHOCTBIO OTBETCTBEHHBI 3a CO3JAHUE DBIEKTPHYECKOTO TOJI,
HEOOXOMMOTO /I PAMAHOBCKOTO YCHIJIEHHUS, B TO BPEMSI KaK AKTHBHBIE PENOPTEPHBIE
MOJIEKYJTBI, KOTOPBIE XaPAKTEPU3YIOTCS PAMAHOBCKAM PACCETHHUEM, OOECTICUHBAIOT
VHUKANbHBIN BHOpanmoHHbIM oTme4arok SERS-metkn. SERS-metrka mmu SERRS-
METKa MOKET JOMOJHUTEIBHO COAEPKaTh BHEIIHWM CIIOW NMOKPBITHA, U30IUPYIOIINI
arperaT HaHOYACTHI C AaJCOPOMPOBAHHBIMH HAa TOBEPXHOCTH AKTHBHBIMHU
MOJIEKYJIaMH, KOTOPBIE XapPAKTEPHU3YIOTCA PAMAHOBCKHM PACCESTHUEM, OT BHEIIHEHU

cpeasl. Takum oOpa3zom, BHENTHHN C10M MOKpBITHA a) n3oaupyeT SERS/SERRS-metky
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OT BHEUIHEHN CPEAbI, TEM CaMbIM MPEAOTBPAIAs BEHIMBIBAHUE AKTUBHBIX PEMOPTEPHBIX
MOJIEKYJI, KOTOPbIE XapaKTEePU3YIOTCA paMaHOBCKUM paccesHueM, u3 SERS/SERRS-
metku u 3amumas SERS/SERRS-meTky oT 3arps3HeHuss BHEIMHEH CpPeabl, KOTOPOE
MOJKET BBI3BaTh TIOSABIICHUE JIOXKHBIX TIMKOB, b) VYBEJIWYHBACT KOJUIOHIHYIO
ctabunpHOCTh SERS/SERRS-MeTkH 1 ¢) obecmeunBaeT y1oOHYI0 MOBEPXHOCTh IS
JaTbHEUINEH XUMUYECKON (PyHKIIMOHAIM3AIWH. BHEITHUE CITOW TOKPHITHS BKITFOYAIOT
JUOKCHJ KPEMHHS M TOUMEPHI, Takue kKak nmommdtuieHumud (PEI), natpuesas comp
conojaumepa CTUpOIA u MaJeUHOBOM KHCITOTBI (PSMA),

noymauamauMeruiammonus xiaopua (PDADMAC).

[003] PaMaHOBCKYIO CHEKTPOCKONMIO IIHPOKO HMPUMEHSIOT A KOJIMYECTBEHHOTO
(apmanieBTHYECKOTO aHaNHM3a, HO OOmee TMPEmATCTBHE /Ui €€ MPUMEHEHUS
3aKIII0YACTCA B TOM, 4TO (hiiyopecieHnms oOpasia 0OBIMHO MACKHUPYET PacCesTHHBIA
PaMaHOBCKUM CHTHAJ BCJIEJCTBHE TOTO, YTO PAMAHOBCKHM CHUTHAJl MMEET ropasjio
Ooiee KOPOTKYIO TMPOJOIDKHUTEIBHOCT, 4Ye€M (DIIYOPECIIEHTHBIH CHTHAN, Kak
NPOWUTIOCTPUPOBAHO Ha (¢ur. 1, rme TmoKa3aH CHTHAI C HMHTEHCHBHOCTBIO
pamanoBckoro paccesHus (10) (OTHOCHTENbHBIE 3HAYEHUS HHTEHCHUBHOCTH)
BCJICICTBUE OCBEHICHHS JIA3€PHBIM HMITYJIbCOM UTHTEIHHOCTRIO 600 mc (cTpod 1 He
MOKA3aH BEPTUKAJIHHBIMHU IyHKTHPHBIMH JTHHUAMHE) ¥ TTOKA3aHBI PA3IMYHBIE CHTHAITBI
C HWHTCHCHBHOCTBHIO JOMHHecHeHIWH (myopecuenmmu) (11, 12, 13 u 14)
(COOTBETCTBEHHO ¢ MPOMOJBKUTENBHOCTHIO 1 He, 5 He, 10 HCe 1 50 Hc). M3BecTHO, UTO
BPEMEHHOE CTPOOHUPOBAHHE JAECT WHCTPYMEHTAJIBHBIA CIOCOO MOMABJICHHS OOJIbINECH
yacTh  (PIyOpPeCHEHTHOTO CHTHAjda TOCPEACTBOM  BPEMEHHOTO  Pa3pelICHUS
CHEKTPAIbHOTO CHTHAJIA W TIO3BOJISET TONYy4YaTh PAMAHOBCKHE CIEKTPHI IS
(TyOpPECIIEHTHBIX MaTepHaioB. JIOTIOTHUTEFHBIM TMPAKTHYECKUM TPEUMYIIECTBOM
ABIIAETCS TO, YTO CIIEKTPANBHBIM aHAJIN3 CHUTHATA BO3MOKEH AK€ TPH 0O0mIeM
OCBeHICHWH. PerpeccHs TpPaguIMOHHBIM METOAOM YACTHYHBIX HAWMMEHBIINX
kBagparoB (PLS) mo3BomsieT mpOM3BOAUTE KOJTHUYECTBEHHYIO OLEHKY CHEKTPAIBHOTO
CHUTHA/a ¢ BEIOOPOM BPEMEHHOTO WHTEPBAJA C AKTUBHBIM PAMAHOBCKHM PAacCETHHUEM
(Ha OCHOBE BH3YaJBHOTO OCMOTPA), YTO MOBBIIIAET 3P PeKTHBHOCT. DPPEKTHBHOCTH
MOJIENH ObIJIA JOTIOJTHUTENFHO YTy YIIeHa 3a CYET UCTIONB30BAHUS SACPHOU PETPECCHA

PETYIIPU30BAHHBIM METO/I0M HamMeHbIMX KBaapatoB (RLS) ¢ «kamapmv» oTGOpoM
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MPHU3HAKOB (T. €. KIPAMBIM OTOOPOM) IyTEM TOCIIEAOBATENFHOTO 0TOOPA HAMITY YIIHX
NPHU3HAKOB WM «OOPaTHOTO OTOOpa» TYTEM TMOCIEAOBATENBHOTO YIAICHUSA
HAUXyAIIUX TPU3HAKOB), B KOTOPOM HCIOIB30BAHHE MAHHBIX KAK B PaMaHOBCKOM
CABUTe, TakK W BO BPEMEHHOM M3MEPEHHH  SBIAETCH  CTATUCTHYECKHU
ONITUMHU3UPOBAHHBIM. B 1enoM, pamMaHOBCKAas CHEKTPOCKOMHA C BPEMEHHBIM
CTPOOMPOBAHUEM, OCOOEHHO C ONTHMH3UPOBAHHBIM AHAJTU30M JAHHBIX KAaK B
CHEKTPAIbHOM, TaK M BO BPEMEHHOM HM3MEPEHHUIX, JAET BO3MOKHOCTH CO3JaHUS
YYBCTBUTEIBHOTO M  OTHOCHUTENBHO  MPOCTOr0  KOJIMYECTBEHHOTO  aHAIIN3a
(OTOMFOMUHECIIEHTHBIX MAaTepHaoB (Hampumep, (papManeBTUYECKUX MPOIYKTOB BO

BpeMsl pa3pabOTKH U IMTPOU3BOCTBA JIEKAPCTBEHHBIX CPEICTB).

[004] PamaHOBCckHME CHEKTpBI TMOMYYAlOT IyTEM H3MEPEHUS PaCIpPEACIICHUS
WHTEHCUBHOCTH (DOTOHOB, PACCESHHBIX B PE3YJbTATE PAMAHOBCKOTO PACCESTHUI,
MOJIYYEHHBIX OT IOJUIOKKH, B TOM 4YMCJIE MPEACTABIIONIET0 MHTEPEC BELIECTBA, U
OCBELICHHBIX MCTOYHUKOM MOHOXPOMATHYECKOTO CBETA, B 3aBUCHUMOCTH OT JJIUHBI
BoJIHBL. KonudyecTBEeHHOE ONpeAeNeHHE OCHOBAaHO HA TOM, 4YTO KOHLICHTpALMsA
NPEICTABIIOMETO  WHTEPEC  BENIECTBA  TMPOMOPLHHMOHABHA  WHTETPATBHOU
WHTCHCUBHOCTH €T0 XapaKTEPHCTUYECKHX IOJIOC CHEKTPAa PAMAHOBCKOTO PACCESTHHA.
Tem He MeHee, aHAITA3 CHTHAIIOB, KAK MPABUIIO, YCIOXKHSIIOT IEPEKPHIBAFOIIHAECS TTHKA
pPa3NMUYHBIX COCJAMHEHWH B CMECH, TMPHCYTCTBYIONIEH HA TOUIOKKE, H
SKCIIEPUMEHTAIbHBIE (DAKTOPHI, HE CBA3AHHBIC C KOHIEHTparueid oOpasma. B Takux
ciydasx Oojiee HAAECKEH MHOTO(MAKTOPHBIA aHAIN3, B KOTOPBHIH MOJKHO BKITFOUHTH
OONBIIOE KOJMYECTBO CHEKTPATBHBIX JAHHBIX, HEKEIH CIIOCOOBI, B KOTOPBIX
paccMaTpuBaeTCs JIMIIb OJWH WM HECKOJIBKO CHEKTPANBHBIX TPU3HAKOB. Jlis
WHTEPIPETAIMH  PAMAHOBCKHX  CIEKTPOB  OBIO  pa3paboOTaHO  HECKOJIBKO
MHOTO(aKTOPHBIX c1oc000B. Llemn Takux crocoOOB 3aKITFOYAIOTCS B TOM, 4TOOBI (1)
W3BJICYDh  CIEKTPAIbHYI0  WH(POPMAIMIO, KOTOpas  TO3BOJIET  MPOU3BECTH
KOJIMYECTBEHHYIO OIICHKY TIPEICTABIAIOMIET0 MHTEPEC BemecTBa, (11) OIECHHTH
HEOTIPEJIEICHHOCTH  PE3y/hbTATOB  KOJIMYECTBEHHOW OIEHKH W (1il) OIEHHTH

3(PeKTHBHOCTH TOCTPOCHHOW MOJIEITH.
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[005] OxauM U3 HauOOIEE MUPOKO HUCTIOTB3YEMBIX XEMOMETPUUYECKUX CIIOCOO0B IS
KOJIMYECTBEHHOTO AaHAlM3a CIIEKTPOB SBIIETCS PETPECCHA METOJOM YaCTHYHBIX
HaumeHpmux ksagparoB (PLS). PLS mosBomser cBs3aTe wuH(pOpManumio B OBYX
MaTpPULAX JTaHHBIX, X (HaMpUMEp, CTIEKTPAIbHOE U3MEHEHHE) U Y (HAIIPUMeEp, COCTAB
BBIOOPKH), B MHOTO(DAKTOPHOU MOJIETH, MAKCUMH3HPYS UX KOBAPHAHTHOCTh. S nepHas
perpeccus peryaspu30BaHHBIM METOJOM HAWMEHBIIMX KBaapatoB (saepHas RLS)
MPECTABIIAET COOOU €Ie OJWH MOAXO0J, KOTOPBIM MO3BONAET M3y4daTh (PYHKIMH U3
HEJTMHEWHBIX TPU3HAKOB JAHHBIX, KOTOPHIE B COYETAHHM C alrOpPHUTMaMu OTOOpa
MPU3HAKOB, TAKUMHU KaK <(OKQJHBIID TNpAMOH OTOOpP NPU3HAKOB, ONTHMH3HPYET
UCTIONB30BAHUE MPEIOCTABICHHON MH(pOpMAIMK Mo npu3Hakam aaHHbeix. PLS u RLS
OYEHb MOXOKH B TOM, YTO WX IEIBIO ABIAETCS COKpAIIEHHE PEIIEHHS OT OOBIYHOTO
pelleHus] METOJAOM HAUMEHBIIUX KBAJApPAaTOB B HAMpPAaBICHUHU JUHAMHYECKOTO

MPOCTPAHCTBA OOJTBIIOTO pa30poca BRIOOPKH C MEHBINECH BAPHATHBHOCTHIO.

[006] K w©3BeCTHBIM WCTOYHHKAM OIMMOOK TIPH KOJHMYSCTBEHHOM AHAJIH3E
MOPOIIKOBBIX CMECEH ¢ HWCTOJIh30BAHHEM PAMAHOBCKOHM CHEKTPOCKOTHH OTHOCSTCS
BHYTPHCYTOYHAs H MEKCYTOYHAs] BADHATUBHOCTh PAMAHOBCKOTO MIPUOOPA, H3MEHEHHS
TEMIIEPATYPBI H BIAKHOCTH B TIOMEIICHUH, (JIyOPECUCHIIMH, CMEITHBAHUH, YITAKOBKE
W pa3MeIIeHHH 00pasiia, a TAKKe pa3Mep YacTHIl 00pa3la U UX KOMIAKTHOCTh. XOTS
OOJIPIIIMHCTBO TPOOJIEM MOXKHO PEIIUTh C TOMOINBIO MOAXOSIIUAX TOAXOIO0B
CHEKTPaIbHONW OOpaOOTKH W aHAIHW3a JAHHBIX, TOJIHOE BBIYUTAHHUE (DITyOpECICHIINN
0e3 KaKuX-TH00 HHCTPYMEHTAJIBHBIX CIIOCOOOB ABJISICTCS 3aTPYIHUTEIBHBIM JAXKE MPH

HUCTIOJIb30BaAHHHU ITPOABHHY ThIX aAJITOPHUTMOB.

[007] bonee TOro, BO MHOTMX NOTEHUMAIBHBIX 337a4aX HU3MEPIEMBIA PAMaHOBCKHU
CHEKTP 3aMaCKHUPOBAH CHIIbHBIM (hIyopecueHTHBIM oroM. [IprunHa 3T0OTO B TOM, 4TO
BEPOSATHOCTh PAMAHOBCKOTO (TIOTIEPEYHOTO) PACCEAHHUS HAMHOTO HIDKE, 4YeM
BEPOATHOCTh (uyopecueHIWH. J[pyrumMu clioBaMH, PaMaHOBCKOE pACCETHHE H
(IyOpECIICHTHOE W3TMYUYEHHE SBIAIOTCS ABYMSA KOHKYPHUPYIOIIMMH SBIICHUSAMH, U B
CTIEKTPE TPeOoONIaaeT HauOOJiee BEPOSITHOE SIBJICHHE, KOTOPHIM OOBIYHO SIBJISICTCS
(bayopecueHIHA, a 3HAYUT OHO Oy/IeT CO3/AaBaTh HEMPEPHIBHBIN (DOH TSI OCTATOYHOTO

CTIIEKTPa U OCOOEHHO YBEMYHUBATh (POTOHHBIA (PITyKTYaIIMOHHBIN IIyM, YXY AIIAFOTIAN
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COOTHOIICHHUC CI/IFHaJI/H_IYM, YTO MNPHUBOAHUT K HCONPCACICHHOCTH KaK B ClIydac

I/II[GHTI/I(i)I/IKaI_[I/II/I MaTcpuala, Tak U B CliyHdac pE3yIbTaTOB U3MCPCHUA KOHLICHTPAIIWH.

[008] Oxnako pamaHOBCKHE U (PITyOpECIIEHTHBIE paccessHHbIE (POTOHBI HMEIOT Pa3HbIC
MEepHOAbl CyIecTBOBaHUA. PamaHOBCckHEe (OTOHBI HAOMIOMAIOTCA JOCTATOYHO
KOPOTKOE€ MTHOBEHHE BO BpeMsA BO30OYXKIACHHA (Ta3€pPHBIM CBETOM), TOTJa Kak
¢yopeciieHTHBIE (POTOHBI BCE €II€ MOKHO JETEKTHPOBAThH CITYCTA HAHOCEKYH/IbI HIIH
@K€ MUITUCEKYHIbI, U TO3TOMY (DIyOpPECUEHTHBIH (OH MOKHO TMOJABHUTH, €CIH
paccesHHble (OTOHBI COOMpPATh TOJNBKO BO BPEMs KOPOTKOHM (ha3bl paMaHOBCKOTO
paccesHHA. OTOTO MOMKHO JOCTHYb IIyTEM OCBEHICHHA O00pas3la KOPOTKHMH
WHTECHCHUBHBIMH JIa3€PHBIMU UMITYJIbCAMU (C MIMPUHOM MMITYJIbCA, HAMHOT'O MEHBIIEH,
YeM MPOJOJDKUTEIBHOCTh CYIIECTBOBAHUA (DIyOPECLEHIMH), a HE TPATHLIIMOHHBIM
HenpepbiBHBIM (CW) H3ITyueHHeM, H Iy TEM PETUCTPALIMH PEAKIUU 00pas3ia TOJbKO BO
BpeMs JAaHHBIX KOPOTKHX MMIIyJIbCOB. TakuM o00pa3oM, TpH CHHXPOHH3ALMH
HU3MEPEHUA C MEPHOAOM JIA3€PHOIO MMITYJIbCA MOXKHO YMEHBIIUTh BEPOATHOCTD
AeTeKIuu (IIyopecUeHTHBIX (POTOHOB, TAK KaK OHH B OCHOBHOM H3IYYalOTCS IIOCTIE
(OTOHOB PaMAHOBCKOTO paccesHus. bomee TOro, MOBBIMAETCS TOYHOCTh 0a30BOU
JWHAHA PAMAHOBCKOTO CIIEKTPA, YTO TAKKE MPHBOAMUT K OOJBINIEH TOYHOCTH KaK TPH
WICHTH(UKANWKA MaTepuana, TaKk H TPH KOJIHYECTBEHHOM aHamu3e. CHrHam
CHHXPOHH3AIMH (MK CTPOOMPOBAHMSA) MPEACTABIAET COOOM MU(POBOM CHTHAN WA
UMTYJIbC (MHOTA HA3BIBAEMBIH (TPUTTEPOM»), KOTOPBIA OOECIICYMBAECT BPEMEHHOU
HWHTEPBAJ C TEM, YTOOBI U3 MHOKECTBA 0TOOPATh KOHKPETHOE COOBITHE WITH CHTHAL, a

OCTaJIBHBIC UCKIIIOYUTH UJIHN OT6pOCI/ITB.

[009] CuaxpOoHH3AIMS MOXKET OBITh PealM30BaHA C MOMOIIBI0 PA3TUYHBIX CHCTEM
JAETEKTHPOBAHMA, TAKUX KaK (POTOSNEKTPOHHBIE YMHOKHUTEIM C BPEMEHHBIM
paspemeHreM, OBICTPOJCHCTBYIOIIME ONTHYECKHE 3aTBOPHI HA OCHOBE YCHIICHHBIX
AuyerkaMu Keppa yCTpOHCTB € 3apsA0BOM CBA3BI0, PE30HAHCHO-TYHHEIIBHBIE JUOJBI C
KBAHTOBBIMH TOYKAMH W OJHO(MOTOHHBIE JIABHHONPOJIETHBIE THOABI HA OCHOBE
KOMIUTEMEHTAPHBIX METAJUTOOKCHIHBIX MOMynpoBoJHUKOB(SPAD Ha ocHOBE CMON).
Opnum wu3 cyniectBeHHbIX mnpeumyinectsB SPAD Ha ocHoBe CMOS saBnserca

BO3MOKHOCTDb IIOAABJICHHA KakK (1)0TOJIIOMI/IH€CII€HTHOF0 XBOCTa, TaK H (1)OTOHHOFO
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mryma. SPAD peanusoBansl no cranaaptHoit CMOS-TexHONOTHH U cOAEpsKaT p-n-
nepexo, 00paTHOE CMEIEHHE KOTOPOTO TMPEBBIIIAET €T0 HANPSDKEHHWE TYHHEIHHOTO
mpo0os, a 3TO 03HAYAET, YTO TOMAJAHUE JaKEe OJHOTO (POTOHA MOJKET 3aITyCTHThH
JABUHHBIN MPOOOH, KOTOPBIM 3aTeM MOXHO OyJeT 3apeructpuposaTth. HeoOxomammo
MPAaBHJIBHO TMOA00PaTh IIHUPUHY M TIOJNOKEHHE BPEMEHHBIX BOpOT. CylIecTBYIOLIHME
0HO(OTOHHBIE TABUHHBIE OBl HA 0cHOBE CMOS KOMIAKTHBI M HEAOPOTH, HO TIPH
3TOM  CHOCOOHBI  00€CTIeUMBATh HAJJICKANIEe BPEMEHHOE paspemieHue  (C
JUTUTENBHOCTRIO TIEpUOJa MeHee HaHOCEKyHIbl). [letexktopsl mo tumy SPAD Ha
ocHoe CMOS  wucnone3yroTcd Ui OLICHKM  IEPUOJOB  CyHIECTBOBAHUS
¢ayopecueHmu. CoBceM HEIAaBHO TaKKe ObIIa MPOJEMOHCTPUPOBAHA IPUMEHUMOCTD
SPAD wna ocaoBe CMOS nns momaBneHus (IyoOpecUEHIIMM B PaMaHOBCKOU

CTIEKTPOCKOTHH (HPapMALIEBTHYECCKUX TIPOIYKTOB.

[010] B HekoTophix Ooyiee paHHUX HCCIECAOBAHUSAX JAHHAS METOJHKA «BPEMEHHOTO
CTPOOHPOBAaHUA) OBLIA PEANU30BAHA C TIOMOLIBIO OBICTPOJEHCTBYIOIETO ONTHIECKOTO
3aTBOpa Ha OCHOBe suciku Keppa mnm naszepa ¢ CHHXPOHH30BAHHBIMH MOJAMH CO
cunekrporpadom u ycuneHabiM CCD (ICCD: «ycuneHHOE yCTPOHMCTBO C 3apsaoBOU
cBA3pI0»). Kpome TOro, OBUT mTpOBENEH HEKOTOPBIM aHAIW3 IS BBIICHCHHS
npaBuwibHOTO mojoxkeHuss crtpoda ICCD m CCD anst HOCTHXKEHHST HAWITydIned
3¢ dexruBHOCTH TOHaBIIeHUA (uyopecueHir. OMXHAKO JaHHBIE YCTPOHCTBA JTHOO
OYEHb CIIO’KHBI, HIMEIOT OOJTBIION (PU3HUECKHI pa3Mep M BBICOKYIO CTOUMOCTb, JIHOO
CTIOCOOHBI OJTHOBPEMEHHO M3MEPSATH JIUIIb OJHY TOJOCY JJIMH BOJIH CIIEKTPA, TaK YTO
B HMX CIy4yae HEOOXOAMMO [UIMTEIHHOE BPEMS H3MEPEHHS, M TOITOMY OHH HE
MOAXOAAT [ JIOKATBHBIX 33a/a4 W HE MOTYT OBITh HCIOJB30BAaHBI B CIIy4ae
MepeMEenIeHUs 00Pa3I0B OT PAMAHOBCKOTO CIieKTpoMeTpa. [ mpeogoieHus JaHHBIX

cnoxkaoctet CCD u ICCD crnenyer 3aMeHUTH Ha 60JI€€ TTOIXOIAIINE TETEKTOPHL.

[011] CroskxHOCTH BO3HUKAIOT TIPH MCTIOB30BAHUH PAMAHOBCKOTO CTIIEKTPOMETpA s
npoBepku noanuHHOCTH SERS-metkn wnmu SERRS-meTku, npucytctByromed B
MapKHPOBKE (HAmpuUMep, PHUCYHKE, HAMEUaTaHHOM  KPAacKOW, CoJepkammen
SERS/SERRS-MeTKy), HaHeC€HHOW Ha LEHHBIH JOKYMEHT, HampuMmep OaHKHOTY.

bonee KOHKPETHO, CIIEKTP, U3MEPSIEMBIA PAMAHOBCKAM CIEKTPOMETPOM, BKIIFOYAET B
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ce0s «OTmeyaTok» METKH (T. €. YHUKAJIbHBIE HACHTH()HIUPYIOIIHE CHEKTPAIbHBIE
XapAaKTEPUCTUKH METKH), a TaKKe JOTOJIHUTEIIbHBIE TIOMEXH WM (POHOBYIO
uHpopmarmro. Otmeyarkn (cnekrpanbHbie) SERS- mmu SERRS-meTok comepikar
KOJI€OATENbHBIE TIONOCHI, KOTOPBIE TMPEACTABICHBI MHOJKECTBOM ITHKOB, HMEIOIIUX
(¢opMy TayCCOBCKOTO/JIOPEHIIOBCKOTO PACTIPEACTICHUS B PA3HBIX MECTOMOJOKEHHUAX
CIEKTPAa W PA3MUYHYIO IMUPHHY. MECTONMOIOKEHUS MUKOB B CHEKTPE HE SBISAETCA
a0COMIOTHBIM M OyAET 3aBHUCETh OT JJIMHBI BOJHBI CBETA JIA3€PHOTO BO3OYXKACHUA (B
CBA3M CO CMELICHHEM JJIUHBI BOJHBI Ja3epa). CUrHaIbl paMaHOBCKOTO PACCESTHUS U
SERS/SERRS  mpeacrasmsaror  coboit  pusuueckue 3¢p@deKTp, OTIUYHBIE OT
(bayopecueHIMH: TOUI0KKA LIEHHOTO JOKYMEHTa (HampuMmep, Oymara OaHKHOTHI), a
TaK)ke MAapKHpPOBKAa (HampuMep, KpackH Ha OaHKHOTE) MMEIOT  CIEKTPHI
¢dnyopecueHIMM, KOTOPhIE MOXHO HW3MEPUTh C TOMOINBI0  PAMaHOBCKOTO
crekTpoMerpa. B cmydae, ecnm Ha OOHOM M TOM K€ M3MEPUTEIIBHOM JIOPOKKE
CIEKTPOMETPA MPUCYTCTBYIOT Pa3HbIE KPACKH (HAPHUMEpP, HECKOJIBKO OTIEYATAHHBIX
n300pakeHWd Ha OAHKHOTE), TOIOKKH (HampuMep, Oymara) ¥  METKH,
PE3YNBTUPYIOIIEE CIIEKTPAIBHOE COAEPKUMOE CyMMHpyeTcs. Takum o0Opasom,
pe3ysabTaT HM3MEPEHHUS, TOJIYYCHHBIH HAa PaMAHOBCKOM CIIEKTPOMETpPE, OOBIYHO
COCTOMT W3 CIIEKTPAIIbHOW WH(POpPMAIMK B BHAEC HECKOJBKHX BHIOB IaHHBIX,
MOJYYEHHOW B  pe3ynbrate KyMyJsaTHBHBIX d3(dextoB. HekoTopas wacth
CHEKTPaIbHOH WH(MOPMAIMH W3BECTHA («U3BECTHBIC CIIEKTPAIGHBIE JTAHHBIEY),
HATIpUMEP Kpacka, Oymara, METKa, W CTaOWJIbHA BO BpPEeMEHH (B 3aBUCHMOCTH OT
¢dopmata OaHkHOTHI). OMHAKO HEKOTOPAas YACTh CHEKTPATBHOW HH(MOPMAIWU HE
W3BECTHA (CHEW3BECTHBIEC CIEKTPAJbHBIE JAHHBIE») W CBA3aHA C (Pa3TUIHBIMH)
BHEIITHAMH YCIIOBHSAMH B TIPOIECCE HM3MEPEHHUsS, TAKUMH Kak, Hampumep,
3arpsA3HAIONIAE Taphl (HAmpUMeEp, HAIMYHE OT YEJIOBEKA CIIET0B MOTOOTACICHHS, HITH
Jake TTUBA, WM THUIIEBBIX MPOIYKTOB...) WM HAJWYHE TATEH HA TOJUI0KKE METOK U
T. 1. OTa HEHW3BECTHAsA CIEKTpanbHas wWHpOpMamma J00aBIAETCS B TPOIIECCE
oOpamieHus OaHKHOTHI M HE MOJKET OBITh TpeABHACHA. boee TOro, Takue CIIOKHOCTH
CTaHOBATCS €mie 0O0Jiee aKTyaJlbHBIMH B CITyYae BBITIOJHEHHS H3MEPEHHUS HA LEHHOM
JOKyMEHTE, ABMKYIIEMCS C BBICOKOM CKOPOCTBIO, TIPH KOTOPOH TPeOyeTcs OYEHb

KOPOTKOE BpeMs I aKKyMyJIHPOBaHHUS 3apsaa ceeroamoaoM (Hampumep, 100-
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500 MKc), KaK, HapuUMep, B ClOydyae OAHKHOTHI, TPAHCTIOPTUPYEMOHW CO CKOPOCTHIO
HECKObKO M/c (Hampumep, 10-12 M/c umm ObICTpee) B YCTPOWCTBE JJII COPTHPOBKH
OaHKHOT TP BBICOKOM IPOCTPAHCTBEHHOM pa3pEIIeHUH (HATPUMEDP, B HECKOJBKO

MUJUTHMETPOB).

[012] B TakoM 3>KECTKOM PEKHME CYMIECTBYIOIIME PEMICHUA MPEAIIECTBYIOINETO
YPOBHSI TEXHUKH MPEayCMaTpUBAIOT, Hampumep, kak omucaHo B US 10417856 B2,
NpUMeHeHHe 00NpIoro komudectsa (T. €. 100 wmm 6onee) CIeKTpanbHBIX KAHATIOB I
HU3MEPEHHA BCETO PAMAHOBCKOTO CIIEKTPAa BMECTE ¢ HEOOBIION BXOAHON HIETBIO (YeM
BBIIIIE CTIEKTPATBHOE Pa3peIleHUE, TEM MEHbIIE TOJDKHA OBITH IETb, & 3HAYUT MEHBINE
ceeta nonagaetr Ha CCD-gaTuuk), BO3MOKHO, B COYETAHUHU CO CBETOMOTIOLIAIOIIUMU
CTEHKaMH (Ui YaCTUYHOTO TIOTJIOIIEHHUS CO3JAIOINEr0 IMOMEXH BO30YKIAIOIIETO
CBETa PIJIEEBCKOIO  paccesHHsA) B  PaMaHOBCKOM  CHEKTpOMETpe. 3ajaua,
paccMaTpuBaeMas B JAHHOM TMATEHTE, NPEACTABIAET COOOM CHTyalHio, KOrjaa
COCTaBHbIE OAHKHOTHI JOJDKHBI OBITH IMPOBEPEHBI HA TMOUIMHHOCTh MYyTEM AECTEKLIUU
SERS-cnekTpa 3ammTHOM MeTKH. PacKkppiBaeMoe pemeHue 3aKIF0YaeTCs B TOM, YTOOBI
KapTUPOBATh BCIO OAHKHOTY C TIOMOIIBIO MHOKECTBA HEOONBIINX U3MEPEHHUU B XOC
TPAHCTIOPTUPOBKH OAHKHOTHIL. J[J151 3TOT0 HEOOXOIHMMO HECKOIBKO COTEH MUKPOCEKYH/T
BPEMEHH JIJI1 aKKYMYJTHPOBAHHSA 3apsi/ia CBETOAHOAOM, U CIIEJACTBHEM STOTO SBISETCS
TO, YTO YPOBEHb MOJNAIOIIUXCA CUYHTHIBAHHIO CUTHAJIOB B JAHHOM PEKHME OYCHD
HU3KUK (BOT TOYEMY HEOOXOIWUM KOMIIPOMHCC IO CIEKTPAIBbHOMY Pa3peIIeHUIO).
VY ay4nreHHas pa3nHYUTENbHAS CIOCOOHOCTh MEX/ITYy PAMAHOBCKHM CIIEKTPOM METKH H
CIIEKTPAMHU OT JPYTHX KOMIIOHEHTOB OaHKHOTHI packpbita B US 2007/0165209 Al.
OnHako TO-TIPEKHEMY CYHIECTBYET MOTPEOHOCTh B 0OoJiee OBICTPOM JETEKITHH
PaMaHOBCKOTO CTIEKTpa ¢ 0oJiee BHICOKMM YPOBHEM CHTHAJIA /IS OOecTiedeHus Ooee

HAJEKHOHU TUATHOCTHKH.
KpaTtkoe onucanue uzodpereHust

[013] Hacrosmee u300peTeHHe OTHOCUTCS K CIOCOOY M COOTBETCTBYIOTIECH CHCTEME,
KOTOPbI€ TO3BOJISIOT MPOBEPATh HATUYHE WU OTCYTCTBHUE MOMTHMHHBIX SERS- umm

SERRS-mMeToK, 00magatomux yHAKATBHBIM XapaKTEPHBIM MPU3HAKOM MTOBEPXHOCTHO-
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YCHIICHHOTO pAacCEMBaHWsA, HA MAIIMHOYMUTAEMOM MAapPKHUPOBKE, HAHECEHHOM Ha
LEHHBIH JOKYMEHT (HampuMep, OaHKHOTY WJIH 3THKETKY C MapKHPOBKOMH,
HATIEYaTAHHOW KPACKOW, COJAEpXKANIe METKH), ¢ TPUMEHEHHEM PaMaHOBCKOTO
CIIEKTPOMETPA, MPHUCIIOCOOIEHHOTO JJIA MPOBEACHUS aHATNU3a MAPKUPOBKH METOIOM
PaMaHOBCKOM CHEKTpoCcKomuH. Hacrosimee wu300peTeHHEe MOKHO TPUMEHATH JUIA
MPOBEPKHU MOJAJIMHHOCTH LEHHOTO JOKYMEHTAa WM NIpeaMmera, nomedeHHoro SERS-

i SERRS-mMeTkamMu, B COOTBETCTBUU C PA3IMYHBIMH CITIOCOOAMH, HATIPHMED:

- METKa(METKH) MOXET(MOTYT) HaXOJUTHCS B YACTH MOJJIOKKH LEHHOTO JOKYyMEHTa
WK TIpeIMETa B ONPEJCIICHHON 001acTH: HAIPUMEp, B ClIyyae OyMaskKHOM MOJJIOKKU
(HampuMep, OAHKHOTHI), METKA MOXKET OBITh 3aKpEIUICHA HAa BOJOKHAX OyMaru B
yKa3aHHOW oOmacTh. B JaHHOM cilydae MapKHpOBKa, COAEprKamas METKY(METKH),
ABIIIETCS YacThIO MOMJIOXKKH, KOTOpas TMpPONHUTaHa YyKa3aHHOW(YKa3aHHBIMH)

METKOU(METKAMHU).

- MeTKy(METKM) MOJKHO CMENIaTh C KpacKoH, KOTOPOM OTMEYaTHIBAIOT Ha
OTIPEJIENIEHHON OO0JIaCTH TIOJUTOKKHM IIEHHOTO JOKYMEHTa WM mpenMeTa. B maHHOM
Cllydyae MAapKHpOBKa, coJepKamas MeTKY(METKH), TpPeACTaBIsIeT COoO0OM dYacTh
MO/IJIOKKH, Ha KOTOPOH HAINE4YaTaHO KPACKOM, COAEpIKaIled yKa3aHHYIO(YKa3aHHBIC)

METKY(METKH).

- METKy(METKH) MOKHO CMEIATh C MATEPHAIOM, HATIPUMEP JAKOM, HAHOCHMBIM Ha
OTIpEICTICHHYIO 00JIACTh TOJIOKKH IIEHHOTO JOKYMEHTA WM NpeaMeTa (HarpuMep, B
BHAE cios). B maHHOM ciyuae MapKHpOBKa, COAEpKamas MeTKy(METKH), SBISETCS

HacCcTbIO Ha MOJJIOKKE, HA KOTOPYHO HAHCCCH MaTCpHall.

- MeTKy(MCTKI/I) MOKHO CMCIIATh CO CHCHHAIBHBIM MATCPHAIIOM CJI0OA ITOKPBITHA,

HaHCCCHHOT'O Ha IITACTHKOBYIO MOAJIOXKKY.

Bo Bcex cimywasx MapKUpOBKAa, HAHOCHUMAs HA IEHHBIM JOKYMEHT WM TMPEIMET,
COJIEP’)KUT MaTepuan (HampuMep, YacTh CAMOW TOJIOKKH, KOTOpas COACPKHUT

MCYUCHBIC BOJIOKHA, HWIIA KpPAaCKy, HAHCCCHHYIKO Ha TIIOMJIOKKY, HIIH clion JaKa,
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HAHECCHHBIM HA TOJIOKKY W T..), KoTopbid BkmouyaeT SERS- mmu SERRS-

METKY(METKH).

Croco6 mo HacTosmeMy W300pPETEHHIO JENAET BO3MOYKHOM HAJESKHYIO U OBICTPYIO
nerexkuuro Hammuua nmoUMHHEIX SERS- mmm SERRS-MeTOok M 0CO0OEHHO TTOAXOMUAT
ISl TIPOBEPKH TTOUTHHHOCTH LEHHBIX JOKYMEHTOB, MApKHPOBAHHBIX YKa3aHHBIMHU
METKAMH, T.€. TakuX KakK OaHKHOTBI, KOTOPBIE JBWKYTCS OTHOCHTEIBHO
PAMaHOBCKOTO CIEKTPOMETPA C 3aJaHHOW CKOPOCTBIO M, BO3MOXKHO, C BBICOKOM
ckopocThio (Hanpumep, 10 M/c unu 607ee) WK UMb KPATKOBPEMEHHO JOCTYTIHBI IS
B3aUMO/ICUCTBHUA C PAMAHOBCKHUM CIIEKTPOMETPOM (HaNpUMEpP, KaK B COPTUPOBOYHBIX

ManIuHax).

[014] g npeoaoneHus BEIMICYIOMSAHY THIX HEJOCTATKOB MPEAIIECTBYIOMET0 YPOBHSI
TEXHUKH HACTOANIEE HM300PETEHHE OTHOCHTCA K CIOCOOy TMPOBEPKH ITOAJHHHOCTH
MApKHUPOBKH, HAHECEHHOM HA MOJIOKKY M HMMEIOIEH KOMIO3ULMIO, COACPKALLYIO
nepBbId MaTepuan, Brmodaromuii SERS-metky wimm SERRS-Metky, mpu 3ToM crioco6

BKIIFOYACT CTaAHUH:

- ONpeAcNeHUus MOJMHOM MOJENIH PAaMaHOBCKOIO CIEKTpPa MOJJWHHOW MapKUPOBKH,
HAHECEHHOW HA TMOJJIMHHYI0 MOJJIOKKY W HMEIOIMEH KOMITO3ULHUIO, COJIECPIKAIILYIO
MOJJIMHHBIA TIEPBBIM MaTepHall, BKIIOYAIOMUA noMTuHHYI0 SERS-MeTky wunmm
noanuHHyr0 SERRS-meTky, B BHIE mNepBOil B3BEIIEHHOH CYMMBI 3TaJOHHOTO
PaMaHOBCKOTO CHEKTPa MOJJIMHHOW METKH, 3TaJOHHOTO PAaMaHOBCKOI'O CIEKTpa
3TAJIOHHOW TOJJIMHHOM MOJJIOKKH, KOTOpas HE MAapKUPOBaHA TMOJJIMHHOM METKOM, U
3TaJIOHHOTO PAMAHOBCKOTO CIMEKTPA 3TATOHHOTO MOAIMHHOIO TIEPBOr0 MaTepHasa, He
BKJTFOYAFOTIETO TIO/UTHHHYI0 METKY, COOPAHHBIX NMPH COOTBETCTBYIONIEM OCBEINEHUH
MOJIMHHOM METKH, 3TAJOHHOM MOJIMHHOM IOJJIOKKH M STaJJOHHOTO MOIJIHHHOIO

MIEPBOTO MaTepHaia BO30YK/IAOIUM CBETOM;

- ONpeAcNeHUsd YNOPOINEHHOM MOJEIM PAaMAHOBCKOTO CIIEKTpPa YHOPOIICHHOMH
MAapKAPOBKH, NPUYEM VIPOUICHHAs MAPKHPOBKA OTIHYACTCA OT MNOMJIHHHON
MapKHPOBKH TOJBKO CBOECH KOMIIO3MLHEH, HE BKIIOYAIOIICH MOJJIWHHYK) METKY, B

BUJIE BTOPOM B3BEIIECHHOM CYMMBI 3TAJIOHHOTO PAMAHOBCKOTO CIIEKTPA 3TAIOHHOMU
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HOI[J'II/IHHOfI OOAJIOKKH W DOTAJIOHHOTO PaMaHOBCKOTO CIICKTpa 3TaJIOHHOTO

ONOAMWHHOTO MCPBOro MaTcpuraa,

- TpPH  OCBEIIEHWH  MAPKUPOBKH  BO30YKHAIOIMUM  CBETOM  H3MEPEHUS
COOTBETCTBYIOIIETO PAMAHOBCKOIO CBETOBOIO CHIHAJIA, PACCEMBAEMOIO0 MAPKHPOBKOM,
C IIOMOIIBIO PAMAHOBCKOTO CIIEKTPOMETPA ¢ MOJIyYEHHEM HU3MEPEHHOTO PAMAaHOBCKOTO

CIIEKTPA MapPKUPOBKH;

- COIVIACOBAHMS HM3MEPEHHOIO PaMAaHOBCKOIO CIEKTPa € IIOJIHOM MOJEIIBIO
PaMaHOBCKOTO CIEKTpa IyTEM BBIYHCIEHHUS BECOBBIX KOI()(PHUIMEHTOB B MOIHOM
MOJEIIH, KOTOPbIE MHMHHMMM3UPYIOT, MPH OrPAaHUYCHUM HEOTPHULIATEIBHOCTH
VKa3aHHBIX BECOBBIX KOI(PPUIMEHTOB, pa3HUIly MEXKIY IOJHOM MOJAEIBI0 U
W3MEPEHHBIM PAMaHOBCKMM CIIEKTPOM, M IIOJNYYEHHSA COOTBETCTBYIOLIEH IEPBOM

HEBS3KH,

- COIIAacOBaHHA H3MEPEHHOTO PAMAHOBCKOTO CIEKTPA C YMPOIUEHHOM MOJEIBIO
PAMaHOBCKOT'O CIEKTPA MyTeM BBIYHMCIICHUSA BECOBBIX KO3(PPHIMEHTOB B yNPOLIEHHON
MOJEIH, KOTOPhIE MHHUMHU3HPYIOT, TIPH OIPAaHHUYECHHH HEOTPULATEIBHOCTH
YKa3aHHBIX BECOBBIX KOA()(PHIMEHTOB, PasHUIy MEXKAY YIPOMICHHOW MOJENBI0 H
W3MEPEHHBIM PAaMaHOBCKUM CIIEKTPOM, M TOJNYYEHHS COOTBETCTBYIOINEW BTOPOU

HEBS3KHU,

- BBIMUCICHHUA F-3Ha4YeHUsA, COOTBETCTBYIOIMIETO F-KpPUTEPUIO CpaBHEHHS MOJHOU
MOJENU M YIPOWIECHHOM MOJENH JJisI WU3MEPEHHOIO0 PAaMaHOBCKOTO CIIEKTpa, H3

MOJIYYECHHOU MEPBOM HEBA3KU U BTOPOU HEBA3KU; U

- IPUHATHA PCHICHUA O HATMYHUHU UKW OTCYTCTBHU MCTKH B MAPKHUPOBKC HA OCHOBAHWH

BBIUHCIICHHOTO F-3HaueHM.

Takum obOpaszom, B ciayuae, ecii F-3HaueHHWE COBMECTHMO C HAJIHUYHMEM ITOJTMHHOU
SERS- wmmu SERRS-meTkn B TecTUpyeMoOil MapKHUpPOBKE, MAapKHPOBKY CUMTAIOT
noaTMHHOW. B ciyvae, ecnu F-3HaueHuWe HE COBMECTMMO C HAJIMYHEM TOJJIHHHOMN
SERS- unu SERRS-MeTKH B TECTUPYEMOW MapPKHUPOBKE, MAPKUPOBKY MOKHO CUHTAThH

MOJACIbHOW WM, TO KpalHEeW Mepe, MOJO3PUTENIbHONW. OTalOHHAs TMOAJTHUHHAS
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MOJUTO’KKA OTIIMYAETCS OT TO/JTMHHON TO/JTOKKH JIHIIh TEM, YTO HA HEEe HE HAHECEHA
mapkupoBka ¢ nogmuHHON (SERS- mm SERRS-) mMeTkoi. AHAmOTHYHO, 3TaTIOHHBIN
TIOJUTHHHBIHM TIEPBBIA MaTEPHal OTIAMYAETCS OT MOTMHHOTO NIEPBOTO MaTepHaa JTUIIb
TeM, YTO He BKouyaeT noamuHHyi0 (SERS- mmmm SERRS-) metky. Koneuno, B ciyuae,
€CITK TOJIEKAMAs TPOBEPKE MAaPKUPOBKA AEHCTBHTENBHO SBIACTCA TOJIHHHOM, €€
MEPBBIH MaTepuall M €€ METKa TaKkKe COOTBETCTBYIOT TOJJIMHHOMY IIEPBOMY
MaTepuany, BKIIOYAIOIEMY TMOUIMHHYI0 METKY. BpImeynomMsHyTas 3TalOHHASA
MOJUTMHHASA TIOJJIOKKAa 0003HAYaeT COOTBETCTBYIOINYIO IOJIHUHHYIO TOJIOKKY Oe3
MapKUPOBKU (HampuMep, OyMaKHYIO MOAJIOXKKY OaHKHOTBI MEPE] OTIEYAaThIBAHHEM
Ha HEH W300paKeHHUdA), a ITAJOHHBIM TOJJIMHHBIA TEPBBIM Marepuan 0003HA4aeT
COOTBETCTBYIOIIMK TIOJUIMHHBIA TEPBBIH MaTepuan 0e3 KaKOro-TMOO BKIFOUCHUS

MCTKH.

[015] Crioco6 mo HacTosmieMy W300PETEHHIO, B YACTHOCTH, aaNITUPOBAH IS CIyvas,
B KOTOPOM BO BpeMs OMNEpalMH MO0 U3MEPEHHI0 PAaMAaHOBCKOTO CBETOBOI'O CHUTHAIA,
paccemBaeMoOr0  MApKHPOBKOH, MApPKHPOBKA  TEPEMEIIAETCS  OTHOCHTEIIHHO

PaMaHOBCKOTO CIIEKTPOMETPA.

[016] B ommcaHHOM BBIIIE CIOCOOE KOMITO3HMIIMS MAPKHPOBKH MOKET BKITHOYATh
BTOPOM MaTepHall, a COOTBETCTBYIOLIME B3BCLICHHBIC CYMMBI IOJHOM MOAECIH H
VIPOLIEHHOM MOJENH MOTYT JIONOJHUTENBHO BKJIKOYATh OJTAJIOHHBIA CIEKTP
COOTBETCTBYIOLIETO TIOJUTMHHOTO BTOPOTO MaTepHaja, COOpPAHHBIA TPU OCBEHICHHUH
VKa3aHHOTO TIOJJIMHHOTO BTOPOTO MaTephalia BO3OYKTAIOIMUM  CBETOM, C
COOTBETCTBYIOLIMM BECOBBIM KO3(PPUIMEHTOM. YTOMSHYTHIH BTOPOH MaTepHal
(HampuMep, Kpacka) OOBIYHO OTJIMYAETCS OT TEPBOTO MAaTEpHaNa, BKIFOYAOIIETO

MCTKY, U HC BKIITIOYACT MCTKY.

[017] B npeanoYTHTENPHOM BaAPHAHTE PAMAHOBCKHU CIIEKTPOMETP UMEET MHOKECTBO
CIIEKTPAJIbHBIX KAaHAJIOB, 4 ONepalys U3MEPEHH PAaMAaHOBCKOTO CBETOBOIO CHUTHANA,

paccenBaeMOro MapKHPOBKOM, BKITFOYAET:
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- pacmpeneneHue COOPAHHOTO PAaMAaHOBCKOTO CBETA MO MHOMKECTBY CHEKTPATBbHBIX
KaHAJIOB W TIOJNYYEHHE JBYMEPHOTO LM(POBOTO H300PAKEHHUSA PACIIPENEICHHBIX

CIICKTPAJTbHbIX JaHHBIX C MTOMOIIbIO BU3YaJTU3alITHOHHOTO 6J10Ka;

- MIPEJBAPUTENBHYI0 00paOOTKY MOIy4YE€HHOTO JBYMEPHOTO LU(POBOTO U300paKEHUS
MyTeM OCYIIECTBICHHUS OJOKOM OOpa0OTKH, CHAO)KEHHBIM ITAMATHIO, CIIEAYFOIIUX

OTICpaLIMM:

- MPeoOpa3oBaHUE ABYMEPHBIX CIIEKTPAIBHBIX JAHHBIX B OJJHOMEPHBIE CIIEKTPAJIbHBIC
JaHHBIE  TOCPEACTBOM  JIMHEWHOrO0  TPYNIHPOBaHMA M IpeoOpazoBaHHE

CTPYIIIUPOBAHHBIX JaHHBIX B JAHHBIC 110 JJIMHAM BOJIH,

- MICPECAUCKPETU3ALIUIO OAHOMCPHBIX CIHICKTPAJIbHBIX JAHHBIX C MOJIYYCHHCM

OAHOMEPHOT'O CIICKTpPA C TOYKAMH JAHHBIX, PABHOYJAJICHHBIMH ITO JJIMHC BOJIHDI,

- KaIHOPOBKY OJHOMEPHOTO CHEKTPA MO OTHOLIEHHUIO K 3TAJIOHHOMY CIIEKTPY 0€oro

CBCTA, XpaHAIICMYCA B ITaAMATH, € IIOJTYyUCHUEM OTKaJIPI6p0BaHHOFO CIICKTpa,

- ¢punpTparHo GUIBTPOM HIKHHX YaCTOT OTKATHOPOBAHHOTO CIIEKTPA C TIOJIYUYCHHEM

OT(HHUIBTPOBAHHOTO CIIEKTPA; H

- COBMCIICHHUC I1O JAJIMHEC BOJIHbBI OT(bHHBTPOBaHHOFO CIICKTPa € 3TaJJIOHHBIM CIICKTPOM
MCTKH, XpaHAIIUMCA B MNaMATH, C TIIOMYYCHHCM TCM CaMbIM IIPECABAPHUTCIBHO

00pa0OTaHHOTO CIIEKTPA; H

- BBIIIOJIHEHHUE ONEPALMHd BBIYUCJICHUA TEPBOM HEBI3KM W BTOPOM HEBA3KU C
WCIIOIb30BAHUEM TIPEBAPUTEIIEHO 00OPa0OOTAHHOTO CIIEKTPA B KAYECTBE M3MEPEHHOTO

PaMaHOBCKOTO CIICKTpPaA.

OnTHka W pemeTka paMaHOBCKOTO CIIEKTPOMETPA JAIOT THIHYHYIO (IBYMEPHYIO)
aeGopMaIMiO JIMHAH PaMaHOBCKOTO pAaCCEesHHA, OOpasyIIUXCA Ha JIBYMEPHOM
W300paKeHUH (JTUHUHM PAMaHOBCKOTO PAcCeSsHWS W3OTHYTBHI W cCkatel). Jms
KOMIICHCAIIMN YKAa3aHHOW TedopManyy THHUH PAMaHOBCKOTO PACCESHUS BBITTOTHAIOT
oTiepalli TPYTIITUPOBKH M KaTHOPOBKH JUHUH. Omnepanuio KaTHOPOBKH OOBIYHO

BBITIOJTHAIOT C (STAJTOHHBIM) BO30Y)KTAFOIIMM CBETOM, HCITyCKAEMBIM apTOHOBOM
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JAMITOH, C LENBI0 pacyeTa ABYMEPHOH AeOpMAaliH JIMHUH PAMAaHOBCKOTO PacCesHUS

MyTEM CPAaBHEHUS ¢ HAOIIOJAeMbIM H300PAYKEHHEM aPTOHOBBIX JTMHHM.

[018] B cooTBeTcTBHMM C BBHINICYKAa3aHHBIM TPEAMOYTHTEIIPHBIM BAPHAHTOM, CITOCOO

MOKCT BKIIIOYATh:

- OompeAciICHHUC BCKTOpPa H3MCPCHUA CIICKTPpAa KakK BCKTOPA, COOTBCTCTBYIOLICTO

MOy YEHHOMY TIPEIBAPUTENEHO 00Pa00TAHHOMY CHEKTPY;

- ONpEAENiCHHE MEPBOTrO0 BEKTOpAa CHEKTpa KaK IPOM3BEJCHHsA IMEPBOIO BEKTOpaA
BECOBBIX KO()(PUIMEHTOB M TMONHOM MATpPHUIBI IUIAHA UM OMNpPEAEICHUE
COOTBETCTBYIOIIMX HEOTPHULIATEIbHBIX KOMIIOHEHTOB TIIEPBOTO BEKTOpPA BECOBBIX
K03((PUITHEHTOB, KOTOPBIM MHHUMH3HUPYET C TIOMOIIBIO CIMOCO0Aa HAWMEHBIIHX
KBaJpaToOB NEPBBIH BEKTOP HEBA3KH, COOTBETCTBYIOIIMN PA3HUIIE MEKAY YKAa3aHHBIM
MEPBBIM BEKTOPOM CIIEKTPAa M BEKTOPOM HU3MEPEHHsA CHEKTpa, IPHUYEM IOJIHAs
MaTpuLa IUIaHA MMEET CTOJOIBI, COOTBETCTBEHHO TPEJACTABIAIONINE COOOM

OTAJTOHHBIC CIICKTPAJIbHBIC TaAHHBIC TOJTHOM MOACIIH,

- ONpEAENCHHE BTOPOTO BEKTOpA CHEKTPAa KaK TPOM3BEICHHA BTOPOTO BEKTOPA
BECOBBIX KOX(PPHUIMEHTOB W YMPONIEHHOW MATPHIBI ITUTAHA H  OIPEACICHHE
COOTBETCTBYIOIIMX HEOTPHIATEIHHBIX KOMIIOHEHTOB BTOPOTO BEKTOPA BECOBBIX
KO3 PUIMEHTOB, KOTOPHIH MHHHMH3HPYET C TIOMOIIBI0 METO/Ja HAWMMEHBIINX
KBaJIPaTOB BTOPOH BEKTOP HEBA3KH, COOTBETCTBYIOIIMIA PA3HUIIE MEKIY YITOMSIHYTHIM
BTOPBIM BEKTOPOM CIEKTPa W BEKTOPOM HM3MEPEHHS CIIEKTpa, MPHYEM YTIPOIICHHAS
MaTpUlla IUIAHA HMEET CTONOILBI, COOTBETCTBEHHO IIPEACTABIAIOIINE JTAJOHHBIE

CIICKTPAIbHbIC JaHHbIC prOIl[GHHOfI MOACIIHU,

- BBIYHMCJICHHE TIEPBOM OCTaTOYHOM CcymMmbl kBaapatoB RSS1  omwuboxk,
COOTBETCTBYIOIIEH TEPBOMY BEKTOPY BECOBBIX KO3(DPHUIMEHTOB, TPHYEM TIEPBBINA

BEKTOP BECOBBIX KOAP(HUIIMEHTOB UMEET YHUCTIO Pl HEOTPHUIIATETHHBIX KOMIIOHEHTOB;

- BBIYHCIICHWE BTOPOM OCTAaTOYHOM CyMMbl KBaapatoB RSS2  omwubok,
COOTBETCTBYIOHIEH BTOPOMY BEKTOPY BECOBBIX KOI(P(PHUIIMEHTOB, NPHUYEM BTOPOU

BCKTOP BCCOBBIX KO3(1)(1)I/II_[I/ICHTOB HMECT YHUCIIO p2 HCOTPHULATCIIbHBIX KOMIIOHCHTOB, H
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- BBIUHCIEHUE F-3HaU€HUA KaK YaCTHOTO PA3HOCTH MEXAY BTOPOM OCTATOYHOM
cymMmor kBagpatoB RSS2 wu mepBoil octarouHod cymmoM ksaapatoB RSSI1,
MOJACIICHHOW HA PAa3HOCTb MEXKAY YMCIaMH p2 U pl, u mepBOM OCTATOYHOM CYyMMOM
kBaapaToB RSS1, mopeneHHo# Ha pa3HOCTh MEXAY YMCIOM N KOMIIOHEHTOB BEKTOpa

m3mepenuns criekrpa u unciaom pl: F = ((RSS2-RSS1)/(p1-p2))/(RSS1/(N-p1)).

[019] bonee Toro, onepauuy Mo ONMPEAECTICHUIO COOTBETCTBYIOIMX HEOTPHLIATEIBHBIX
KOMITOHEHTOB TIEPBOTO BEKTOpPAa BECOBBIX KOA(D(PHUIMEHTOB W BTOPOrO0 BEKTOpa

BECOBBIX KO3()(PHUIIMEHTOB MOTYT BKIFOYATh:

- MOJEIHMPOBAHUE TIEPBOTO BEKTOPA BECOBBIX KOI(PPHUIMEHTOB, MUHUMH3IUPYIOIIETO
NEPBBIH BEKTOP HEBA3KH, KaK NPOM3BEICHHE IICEBIOOOPATHOW MATPHIBI TMOTHOH
MaTpPHULBI IJ1aAHA U BEKTOPAa U3MEPEHMsS CIEKTPA, U MOJECIUPOBAHUE BTOPOTO BEKTOPA
BECOBBIX KOA((UIMEHTOB, MHHHMHU3UPYIOIIETO BTOPOM BEKTOP HEBI3KH, Kak
MPOM3BEIECHUE TICEBIOOOPATHON MATPHUIIBI YIPOIIECHHON MATPHUIBI IUIAHA M BEKTOpa

WU3MEPEHUS CIIEKTPA; U

- B CIOy4ae, €CIM KOMIIOHEHT COOTBETCTBEHHO TIEPBOTO BEKTOPAa BECOBBIX
KOO(QPHUIMEHTOB WM BTOPOTO BEKTOPAa BECOBBIX KOA(P(PHIMEHTOB HWMeeT

OTPpHULIATCIBbHOC 3HAYCHUC!

- MOI[I/I(i)I/IKaI_[I/IIO COOTBETCTBEHHO ITOJTHOM MaTpHUIlbl IJIaHA WA ynpOIl[GHHOfI
MaTpHUIlbl IUITaHA TIYyTEM VYIAJIICHHA U3 YKaSaHHOﬁ MaTpHUilbl BCKTOpa CIICKTpa,

COOTBETCTBYIOILIETO YKA3aHHOMY OTPHLIATEIbHOMY KOMITIOHEHTY
- IPUHSATHUE 32 HYJIb YKA3aHHOT'O KOMITOHEHTA C OTPULIATEIbHBIM 3HAUYEHUEM U

- TOBTOPHOE  BBIYHCIIEHHE  COOTBETCTBEHHO  TICEBJOOOPATHOM  MATPHUIIBI
MOAU(PHUITUPOBAHHOU TTOJTHOW MATPHIIBI TJIAaHA WITH MOTH(DHUIIMPOBAHHOHN YTIPOIEHHON
MaTpHIpl TUTAaHA 1O TEX MOp, MOKa IOJyYEHHBIE KOMIIOHEHTHI MEPBOrO BEKTOpa
BECOBBIX KO3(P(HUIMEHTOB W BTOPOTO BEKTOPA BECOBBIX KO3(PHIMEHTOB HE OyayT

HUMCTDH JTHIIb HCOTPUIATCIIbHBbIC 3HAYCHHA.
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[020] Hacrosimee w300peTeHHE MOMONHHUTEIIFHO OTHOCHUTCS K CHUCTEME, MPUTOAHOU
JUTA  pealn3alfi  CTaJANH BBIIICYTIOMSHYTOTO CIIOCO0A, CHUCTEME /I TPOBEPKH
MOATHHHOCTH MApPKUPOBKH, HAHECEHHOW HA TO/JIOKKY W HUMEIOMICH KOMIIO3HIIHIO,
coaep:Kalryro mepBbii matepuan, Bkmodaromuid SERS-metky nnmu SERRS-metky,
MpUYEM CHUCTEMAa COJAEPKUT HWCTOYHHUK CBETA, PAMAHOBCKHM CIEKTPOMETP,
BH3YAJTM3ALMOHHBIA OJIOK W OJIOK YTPaBICHUS, COACPKANIMH OJOK OOpaOOTKH H
MaMsATh, PUYEM HUCTOYHHUK CBETA YIPABISICTCS OJOKOM YIIPABICHHS YEPe3 TOKOBYIO
METMI0 Ui TIOJaYd OTKAJIMOPOBAHHOTO BO30Y’KIAIOIIET0 CBETA, MPUYEM CHUCTEMA

BBITIOJTHEHA ¢ BO3MOKHOCTBIO OCYIIICCTBIICHUA onepaunﬁ:

- OCBCHICHHA MAapKHPOBKH B036Y)K)_IaIOIIII/IM CBCTOM, IIOAABACMBbIM OT HCTOYHHKA

CBETA, YIIPABJIAEMOr0 OJIOKOM YTIPABICHHUS; U

- cOopa Pe3yNbTUPYIOIETO PAMAHOBCKOTO CBETa OT MAPKHUPOBKH U pACIIpPEleIIeHUE
COOpaHHOTO PaMAHOBCKOTO CBE€TA B PAMAHOBCKOM CIEKTPOMETPE, HMEIOIEM
MHOKECTBO CHEKTPAJbHBIX KAHAJOB, a TAKXKE TOIYYECHHS JBYMEPHOTO IM(PPOBOTO
W300paKEHUST  COOTBETCTBYIOIIMX  CIEKTPAIBHBIX  JAHHBIX C  TIOMOIIBIO
BU3YaJIM3aIlIMOHHOTO OJI0OKA M COXPAaHEHHS B MAMATH IOJyYE€HHBIX CIEKTPAIbHBIX

JAHHBIX B BUAEC U3MEPEHHOTO PAMAaHOBCKOTO CIIEKTPAa MAPKUPOBKH,
IIPH 3TOM

- MaMATh XPAHUT MOJIHYK MOJEIb PAMAHOBCKOIO CIEKTPA MOJJIMHHOM MAapKHUPOBKH,
HAHECCHHOM HA NOJJIWHHYIO IMOMJIOKKY W HMMCEIOIIEH KOMITO3ZHMIMIO, COJACP KAlIyro
MOJTUHHBIA TEPBBIM MaTepuan, BKIOYaMMA mnoanuHHyro SERS-metrky wmm
noanuHHyr0 SERRS-meTky, B BHIE NEpBOil B3BEIIEHHOH CYMMBI 3TaJOHHOTO
PAaMaHOBCKOTO CIIEKTpPa IOMJMHHOW METKH, O3TAIOHHOTO PAMaHOBCKOTO CIEKTPa
3TAJOHHOUW MOJJIWMHHOM MOJJIOKKH, KOTOpas HE MapKHPOBaHA MOJJIMHHOM METKOM, U
3TAJIOHHOTO PAaMAaHOBCKOI'O CIIEKTPa 3TAJIOHHOT'O MOJJIMHHOTO NIEPBOTO MaTepuana, He
BKITFOYAIOMIETO TIOJTHHHYI0 METKY, COOPaHHBIX TMPH COOTBETCTBYIOIIEM OCBEIICHHUH
MOJUIMHHOM METKH, 3TaJOHHOM MOJJIWHHOW IMOMJIONKKH W 3TAJIOHHOTO IIOJJIMHHOTO

MIEPBOTO MaTepHaia BO30YKIAOIUM CBETOM;
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- NaMATh XPaHUT YHOPOLICHHYX0 MOJEIb PAMAaHOBCKOTO CIEKTPAa YIPOIIECHHOH
MapKMpPOBKHM, IPUYEM YIOPOINEHHAas MapKHPOBKA OTIMYAETCA OT MOJJIMHHOU
MAapKHPOBKH TOJIbKO CBOEH KOMIIO3HMIIMEH, HE BKIHOYAIOIIEH IMOMJIMHHYIO METKY, B
BHJI€ BTOPOM B3BCHICHHOM CYMMBI 3TAJIOHHOTO PaMAHOBCKOTO CIEKTPA 3TATIOHHOMU
NOJJIUHHOM TOJMJIOKKM M OTaJOHHOTO PaMaHOBCKOIO CIEKTPA  3TaJOHHOTIO

ONOAMWHHOTO MCPBOTr0 MaTCpuajia, u

OpH 5TOM CHUCTEMA JOIMOJIHUTCIBbHO BBITTIOJIHCHA C BO3MOKHOCTBIO OCYHICCTBIICHHUA C

MOMOIIBIO OJI0Ka 0OPAaOOTKH OTIEpaIUii:

- COIIaCOBAHMA H3MEPEHHOTO PAMAHOBCKOIO CIEKTPA, COXPAHEHHOIO B MAMSATH, C
COXPAHEHHOM MOJHOW MOJEIBI0 PAMAHOBCKOTO CIIEKTPA IMyTEM BBIUHCIICHHUS BECOBBIX
K03()(PUITMEHTOB B TONHOW MOJENH, KOTOPhIE MUHHMH3HPYIOT, TPH OTPAHWYCHUHU
HEOTPHUIIATEIPHOCTH YKA3aHHBIX BECOBBIX KOA((HUIMEHTOB, PA3HULY MEXAY MOTHOH
MOJIEJIBI0O U M3MEPEHHBIM PAaMAaHOBCKHUM CIIEKTPOM, M TOJYYEHUS M COXPAHCHUSA B

NMaMATH COOTBETCTBYIOLIEH NIEPBOM HEBA3KH,

- COIVIACOBAHMWSI M3MEPEHHOIO0 PAMAaHOBCKOTO CIIEKTPA, COXPAHECHHOI'O B IMAaMSTH, C
COXPAHECHHOW YMNPOIICHHON MOJEIBI0 PAMAHOBCKOTO CHEKTPA IYTEM BBIYHUCIICHHUSA
BECOBBIX KOX((PHUIIUCHTOB B YIPOMICHHON MOJEIH, KOTOPHIE MHHHMH3HPYIOT, TPH
OTPaHWYCHUH HEOTPHUIATETPHOCTH YKA3aHHBIX BECOBBIX KOA(D(HIMEHTOB, Pa3HUILY
MEKAY YIPOIIEHHON MOACIBIO U U3MEPEHHBIM PAMAHOBCKHM CIEKTPOM, U MOIYYCHHUS

H COXpaHCHHUA B MaMATH COOTBGTCTBYIOL[[eﬁ BTOpOﬁ HEBA3KH,

- BBIUMCJICHUA U COXPAHEHHA B MaMATH F-3HaueHUsA, COOTBETCTBYIOIIETO F-KpUTEPUIO
CPaBHEHUSA MOJTHOM MOJAEIN M YIPOINEHHON MOJIEIH ISl U3MEPEHHOTO PAMAaHOBCKOTO

CIIEKTPA, U3 COXPAHEHHON NEPBOM HEBA3KH U BTOPON HEBA3KH, U

- IPUHATHA PCIICHHUA O TOM, IMPUCYTCTBYCT WUJIKM HCT MCTKA B MApPKHUPOBKE HAa OCHOBC
COXPaHCHHOT'O F-3H21‘I€HI/I)I, U BblJJaYW CHIHalla, YKa3bIBAOMICTO Ha PC3ylbTarT

penIeHU.

[021] B npeanoYTUTENPHOM BapUAaHTE OCYIIECTBIICHUS CUCTEMBI, B KOTOPOU BO BpEMS

oncpanyn U3MCPCHHA CHUTHAIa PaMaHOBCKOTO CBCTA, pacCCHBACMOIO MapKHpOBKOﬁ,
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MapKHUpOBKa MEPEMEIAETCd OTHOCHUTEIIPHO PAaMaHOBCKOTO CIIEKTPOMETpa, OIOK
YIIPABIICHUs CHHXPOHU3UPYET OCBEIEHUE MAPKHUPOBKH C ITOMOIIBK) UCTOYHHMKA CBETA
M TIOJYyYEHHE HM3MEPEHHOTO PaMaHOBCKOTO CIEKTPa ¢ IOMOIIBI) PAMAaHOBCKOTO

CHEKTPOMETPA ¥ BU3YAIH3ALMOHHOTO OJIOKA C JBM)KEHUEM MapKHPOBKH.

[022] B onmcaHHOW BBIIIE CHUCTEME, B CIIy4a€ KOTJa KOMIIO3HMLHA MAapPKUPOBKHU
BKITIOYA€T BTOPOM MaTEpHall, COOTBETCTBYIOLIUE B3BEIMICHHBIE CYMMBI ITOJIHON MOJIETH
W YIOPOLICHHOM MOJENHM  JOINOJIHUTENBHO  BKIKOYAKOT  STAJOHHBIM  CHEKTP
COOTBETCTBYIOLIETO TMOJJIMHHOTO BTOPOTO MaTepuasa, COOpPaHHBIM NMPU OCBELICHUU
VKa3aHHOTO TOJJIMHHOTO BTOPOr0  MaTepHaja BO30YXKJAIOIMUM CBETOM H
COXPaHEHHBIN B MAMATH, C COOTBETCTBYIOIIHUM BeCOBBIM Kod(urmenrom. Hanpumep,
B Cy4Yae NEYaTHOM MApPKHUPOBKH YKAa3aHHBIA MOAJUHHBIM BTOPOM MaTepuan MOXKET
COOTBETCTBOBATh HAOOPY KPACOK, NMPUMEHSAEMBIX JUIA TEYaTH MapKHUPOBKH, HO O€3

prroueHUs SERS- wyim SERRS-meTku.

[023] B BbImeynmoMsiHyTOW cHcTEME OJOK OOpPaOOTKH MOMKET OBITh BBHIMOJHEH C
BO3MOJKHOCTBI) ~ OCYIICCTBJIICHHS  OMNCpAIMid  MPEJBApUTEIIBHOM  00pabOTKH

COXPAaHEHHOTO ABYMEPHOTO IH(PPOBOTO M300pAKEHUS TTOCPEICTBOM CJIETYIOIIETO:

- IpeoOpa3oBaHMA ABYMEPHBIX CHEKTPATbHBIX JAHHBIX B OJHOMEPHBIE CIICKTPAIbHBIC
JaHHBIE  TOCPEACTBOM  JIMHEHHOTO  TPYNNHPOBaHHMA W TpeoOpa3oBaHHE

CTPYIITHPOBAHHBIX JAHHBIX B JAHHBIC 11O AJIMHAM BOJIH,

- TNCPCAUCKPCTH3AIMH OAHOMCPHBIX CICKTPAJIbHBIX JAHHBIX C TIOTYYCHHUCM

OAHOMCPHOI'O CIICKTPAa € TOUKAMH JaHHBIX, PABHOYJAAJICHHBIMHA IO AJIMHC BOJIHDI,

- KaJTMOPOBKH OJHOMEPHOTO CIIEKTPA MO OTHOIIEHHIO K 3TAJOHHOMY CIIEKTPY O€noro

CBCTA, XpaHAIICMYCA B IMAMATH, € IMOJTYUYCHUCM OTKaJIH6p0BaHHOFO CIICKTpa,

- ¢punpTpamH GUIBTPOM HIDKHHX YACTOT OTKATHOPOBAHHOTO CIIEKTPA C TOTYYCHHUEM

OT(UIBTPOBAHHOTO CTIEKTPA;
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- COBMCIICHHA IIO JJIMHC BOJIHBI 0T(1)I/IJ'IBTpOBaHHOI‘O CIICKTPa € 3TAaJIOHHBIM CIICKTPOM
MCTKH, XpaHAIIUMCA B IIaMATH, C MOJTYUYCHUCM TCM CaMbIM W COXPAHCHHUCM B MAMATH

MPeABAPUTETHHO 00PAOOTAHHOTO CIIEKTPA; U

- BBINOJIHCHUA OICPALMM BBIYMCICHUA TEPBOM HEBA3KM W BTOPOM HEBA3KH C
WCTIOJIb30BAHUEM TIPEIBAPUTEIIFHO 00PAOOTAHHOTO CIIEKTPA, COXPAHEHHOTO B TIAMSITH,

B KQYCCTBC H3MCPCHHOTO PaAMaHOBCKOTO CIICKTPA.

[024] Bomee Ttoro, 010k OOpPabOTKH MOMKET OBITH JOIMOJHHTEIHHO BBIMOTHEH C

BO3MOKHOCTBIO:

- OIPCACIICHUA BCKTOpAa HW3MCPCHHA CIICKTPa KaK BCKTOPad, COOTBCTCTBYIOLICTO

MOJTYYEHHOMY TIPEIBAPUTEIILHO 00pPaOOTAHHOMY CIIEKTPY;

- ONpEJENCHHs IEPBOrO BEKTOpPA CIEKTPa KAk MPOM3BEIEHHUS IIEPBOTO BEKTOpA
BECOBBIX KOI((QUIMEHTOB W TOJHOW MATPHIBI IUIAHA W ONPEJIEIICHUS
COOTBETCTBYIOIIUX HEOTPHULATEBHBIX KOMIIOHEHTOB TMIEPBOTO BEKTOpPA BECOBBIX
KOX((PHUIIMEHTOB, KOTOPBIH MHHHMH3UPYET C TOMOIIBID CIOCO0a HAMMEHBIINAX
KBaJIPaTOB TIEPBbIi BEKTOP HEBS3KH, COOTBETCTBYIOIIMH PA3HHUIEC MEKIY yKa3aHHBIM
MEPBBIM BEKTOPOM CIIEKTPAa W BEKTOPOM HM3MEPEHHUS CIEKTpa, MPHYEM IOJTHAS
MATPUIA T[JIJAHA HMEET CTOJIOLBI, COOTBETCTBEHHO MPEACTABJIAIOMHUE COOOM

OTAJIOHHBIC CIICKTPAJIbHBIC JaHHBIC MOJTHOM MOJACIIH,

- ONpEJENEeHHs BTOPOrO BEKTOPA CIEKTpAa Kak NPOU3BEACHHA BTOPOrO BEKTOPa
BECOBBIX KOO(P(PUIMEHTOB W YMPONICHHOW MATPHUII TUTAHA H  OTPEIEICHUS
COOTBETCTBYIOINUX HEOTPULATEIBHBIX KOMIIOHEHTOB BTOPOIO BEKTOpPa BECOBBIX
KO3 PHUIMEHTOB, KOTOPHIH MHHHMH3HPYET C TIOMOIIBI0 METO/Ja HAWMMEHBIINX
KBaJPaTOB BTOPOM BEKTOP HEBA3KH, COOTBETCTBYIOIIMM PA3HULIE MEXIY YIOMIHYTHIM
BTOPBIM BEKTOPOM CIIEKTPA M BEKTOPOM H3MEPEHUA CIEKTPA, MPHYEM YIIPOIICHHAS
MaTpUI[a IUIAHA HMEET CTONOILBL, COOTBETCTBEHHO IPEACTABIAIOIINE JTAJOHHBIE

CIICKTPAIbHbIC JaHHbIC prOIl[GHHOfI MOJACIIH,

- BBIYHCIICHHA TIEPBOM OCTAaTOYHOM cymmbl kBagpatoB RSS1  omubok,

COOTBETCTBYIOIIEH TEPBOMY BEKTOPY BECOBBIX KO3(DPHUIMEHTOB, TPHUYEM TEPBBINA
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BEKTOP BECOBBIX KOI((PUIIUEHTOB UMEET YUCIIO Pl HEOTPHUIIATETHHBIX KOMITOHEHTOB, U
COXPAaHEHMs B MAMATH BBIYMCICHHON NEPBOM OCTaTOYHOM CyMMbl KBajapaToB RSS1 u

yucna pl;

- BBIYHCJICHHA BTOPOM OCTATOYHOM CyMMbI KBaapatoB RSS2 ommOoOK,
COOTBETCTBYIOIIEH BTOPOMY BEKTOPY BECOBBIX KO3(PQHUIMEHTOB, MPUYEM BTOPOU
BEKTOP BECOBBIX KOI()(PHULIMEHTOB UMEET YUCIIO P2 HEOTPULIATENBHBIX KOMIIOHEHTOB, H
COXpaHEHUs B MAMATH BBIYHUCICHHOW BTOPOM OCTaTOYHOM CyMMBbI KBajapaToB RSS2 u

YHCTIa p2; U

- BBMUMCJICHHUA F-3HaUYE€HMS Kak YaCTHOIO PA3HOCTH MEXKIAY COXPAHEHHOM BTOPOU
OCTaTOYHOM CyMMOM KkBajpatoB RSS2 u coxpaHeHHOM NEPBOM OCTATOYHOM CyMMOM
kBaapatoB RSS1, mogeneHHOM HA Pa3HOCTh MEXKIYy COXPAHEHHBIMU YUCIaMu p2 U pl,
U COXPAaHEHHOW MEpBOM OCTATOYHOM CcyMMOH kBaapaTtoB RSS1, monenenHoit Ha
PA3HOCTh MEKAY YMCIOM N KOMIIOHEHTOB BEKTOPA U3MEPEHMA CIIEKTPA M YHCIOM pl:

F=((RSS2-RSS1)/(p1-p2))/(RSS1/(N-p1)).

[025] Brok 00paOOTKH MOKET AOMOJHHTEIFHO OBITh BBITIOJIHEH C BO3MOKHOCTHIO
OTIPEIETICHUS COOTBETCTBYIONINX HEOTPHIATEIHHBIX KOMIIOHEHTOB MEPBOTO BEKTOPA
BECOBBIX KOI()(PHIIMEHTOB H BTOPOTO BEKTOPA BECOBBIX KOI(DPHUIIMEHTOB TOCPEACTBOM

CITEAYFOTIETO:

- MOJIECTUPOBAHUS TIEPBOTO BEKTOPA BECOBBIX KOI(PPHUIMEHTOB, MHHAUMHU3HPYIOIIETO
MIEPBBIA BEKTOP HEBA3KH, KaK TPOU3BEIACHHS TICEBIOOOPATHOW MATPHUIBI TOTHOU

MaTpHIlbl IJTaHa H BEKTOPa USMCPCHUA CIICKTPA,

- MOJAETUPOBAHHUS BTOPOTO BEKTOPA BECOBBIX KOI(PPHUIMEHTOB, MHHUMH3HPYIOIIETO
BTOPOH BEKTOP HEBA3KH, KaK MPOU3BEACHHA TICEBAO0OPATHON MATPHIIBI YIPOIIEHHON

MaTpHIlbl IJTaHa H BEKTOPAa USMCPCHUA CIICKTPA, U

- B CIy4ae, €CIH KOMIIOHEHT COOTBETCTBEHHO TIEPBOTO BEKTOpAa BECOBBIX
KO3(QHUIMEHTOB WM BTOPOTO BEKTOPAa BECOBBIX KOI((PHIMEHTOB HMeeT

OTPHULATCIBbHOC 3HAYCHUC:!



WO 2022/013252 PCT/EP2021/069522
21

- MOIM(PHKAIIMHA COOTBETCTBEHHO TOJTHOW MATPHUIIBI TUTAHA HITA YIIPOIEHHONW MATPHUIIBI
IUIaHA My TEM YAAICHUS U3 YKA3aHHOU MATPHLBI BEKTOPA CIIEKTPA, COOTBETCTBYIOWIETO

YKa3aHHOMY OTPHIATEIbHOMY KOMIIOHEHTY
- MPUHATHSA 32 HYJIb YKA3aHHOTO KOMIIOHEHTA C OTPULIATENbHBIM 3HAYEHUEM;, U

- TOBTOPHOTO  BBIYMCIEHUS  COOTBETCTBEHHO  IICEBJAOOOPATHOM  MATPHUIIBI
MOAU(PUITUPOBAHHOM TIOJTHOM MATPHIIBI TJIAHA WK MOIH(PHUIIMPOBAHHOMN YTIPOIIEHHOH
MaTpHIBl IUTAHA O TEX MOpP, MOKa IOJyYEHHBIE KOMIIOHEHTBI IEPBOrO BEKTOpa
BECOBBIX KO3(P(HUIMEHTOB U BTOPOTO BEKTOPA BECOBBIX KO3(PPHUIMEHTOB HE OyayT
HMMETH JIMIIb HEOTPULATEIbHBIE 3HAYEHHUA, U COXPAHECHHU MOyYCHHBIX KOMIIOHEHTOB

B ITaMATH.

[026] [lanee HacTosimiee u300peTeHUE OYIET OMHCAHO OOJIEEe TMOJTHO CO CCHUIKOW Ha
npuiaraeéMbie 4YEPTEKH, HA KOTOPBIX MPOUJLTFOCTPUPOBAHBI OCHOBHBIE ACTIEKTHI U

NPU3HAKK HACTOALIETO H300PETCHHUS.
KpaTkoe onucanue ueprexei

Ha ¢ur.1 npownmocTpupoBaHbl 3HAYEHUS OTHOCUTENBHOM MPOAOILKUTEIBHOCTH
CyImecTBOBaHUS (He B MacmTade) CHTHAJIOB PAaMaHOBCKOTO PpAacCesHH |

(OTOMFOMHHECTICHIIHH (B TOM YHCIE (HITyOpecueHIHH).

Ha ¢wur.2 npowrmoctpupoBaH pamaHoBckuii cnektp SERS-metkn  ms
AeMOHCTpari 3¢ ¢eKTa YBETHUUYEHUS HMHTEHCHUBHOCTH PAMAHOBCKOTO PAaCCESTHUS

CBETa, 00YCIOBIIEHHOTO CTPyKTypoit SERS-yacThipr.
Ha ¢ur. 3 npounmtoctpuposad pamanoBckuid criektp SERRS-meTku.

Ha ¢ur. 4 mpencraBneHa ONOK-cxema, HA KOTOPOH TNPOWJUTIOCTPHPOBAH BapPHAHT

OCYHICCTBIICHHS CITOCO0A COTIIACHO HACTOSAIIEMY H300PETCHHIO.

Ha d¢wur.5 mnpencrasineHa Onok-cxema, Ha KOTOPOW TPOHUTFOCTPHPOBAH CITOCOO

OrpaHUYCHUA HCOTPUHATCIIPHOCTH COTIIACHO HACTOATIICMY H306pCTCHPIIO.
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Ha ¢wur. 6 npeactaBneH cXeMaTHYECKUM BHJI CHCTEMBI, BKIIFOYAOMICH PaMaHOBCKHU

CHEKTPOMETP COTJIACHO BAPHAHTY OCYIIECTBIEHHUS HACTOAIIETO H300PETEHUS.
IHoapoOHoe onucaHue

[027] [na mnpeomoncHHUs BBILIEYNOMSAHYTBIX HEIOCTATKOB M3BECTHOTO YPOBHS
TeXHUKH U AeTekuuu Hanuuua SERS-metkum unmum SERRS-meTkn B MapkupoBke,
HAHECEHHOW Ha TMOMJIEKAINYI0 TPOBEPKE HA TMOJIMHHOCTH MOJJIOKKY, a TaKKe
HAJIC’)KHOM KOJIMYECTBEHHOM OLEHKM BEJIWYMHBI CUTHANA, IOCTYIAKOIIErO0 OT
orneyatkoB SERS/SERRS-metok (T.e. oyeHp cneruduueckux IHMKOB Ha HX
PaMaHOBCKUX CIIEKTPaX) B HEOOPaOOTAHHBIX CIIEKTPAIBHBIX JAHHBIX OT MAPKUPOBKH,
W3MEPEHHBIX PAMAHOBCKHM CIIEKTPOMETPOM, B CIOCOOE COTJIACHO HACTOALIEMY
W300PETCHHIO CPABHUBAIOT HM3MEPEHHBIE CIIEKTPANbHBIE NAHHBIE OT TECTUPYEMOH
MapKHPOBKU C STAJIOHHBIMH PAMAaHOBCKHUMHM CHEKTPAJIbHBIMU MOJAEIAMHU Pa3IUYHBIX
OTAETBHBIX MATEPHAJIOB, 0OPA3YIOIINX COOTBETCTBYIOIYIO IOJIHMHHYIO MapKHPOBKY,
YU OTAJOHHBIM PAMAHOBCKHM CHEKTP STAJIOHHOM NOJJIWHHOM MOMJIOKKH, a TaKXKe
MPUMEHSAIOT HAIEKHYIO MOJEITh OLEHKH KavyeCTBa, CIIOCOOHYI0 HAJCIKHO OTPEACITUTD,
osina i uaeHtuduuposana SERS/SERRS-meTka B MapkupoBke win HeT. B ciyuae,
€CIIH METKA WACHTU(UIMPOBAHA KAK TMOJJIMHHAS B MAapPKHUPOBKE, CaMy MapKHPOBKY
CUHMTAIOT MOJJIHHHON, a B Ooyiee OOIIEM CMBICIE, ITOJJIMHHBIM CYHTAIOT IEHHBIN
JOKYMEHT, COACPKAIIUN JAaHHYI0 MApKHPOBKY (HAHECEHHYIO HA TOJIOKKY JaHHOTO

IEHHOTO JTOKYMEHTA).

[028]  [lomoHHUTENHHYIO/HEXKENATETPHYIO  CIIEKTPalbHYI0  HHpOpMAruioo B
HE0OpaOOTaHHBIX CTIEKTPATbHBIX JTAHHBIX, MOJlyY€HHBIX ~ PAaMaHOBCKHUM
CIIEKTPOMETPOM, PA3JEIAIOT HA JBE MOJICIEKTPAIbHBIE KATETOPHUH, KOTOPBIE
COOTBETCTBEHHO OTHOCATCSA K BBIIICYTIOMSHYTBIM «H3BECTHBIM CIIEKTPAIbHBIM
JAHHBIM» W «HEW3BECTHBIM CIIEKTPABHBIM JAHHBIMY», C IEJbI0 YIyYIICHHS
cootHomeHuss curHa/myMm (SNR) u obOecrieueHust ObICTPOH W HAAEKHOH TPOBEPKU
Hammuns SERS/SERRS-MeTkn Ha MapkupoBKe, HAHECEHHOW HA IIEHHBIE JOKYMEHTHI,
COBMECTUMBIE C BBICOKOCKOPOCTHBIMH COPTHPOBOYHBIMH yCTpoHcTBaMu. It

MOJIETMPOBAHUA W3MEPEHHOHM CIIEKTPAIbHON WH(OPMAIIHH HCIIONB3YIOT W3BECTHBIC
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CIICKTPAJIbHBIC JAHHBIEC, TOT/1a KAK HEM3BECTHBIEC CIIEKTPAIBHBIE JAHHBIE, KOTOPBIE IO
OKUAAHUAM OyAyT «HU3KOYACTOTHBIMW) JAHHBIMH, MOJEIHPYIOT C TIOMOIIBIO
MPOCTBIX MHOTOYICHOB (HANPUMEp, MHOTOWIEHOB Jle)kaHapa WM MHOTOWICHOB

SAxo0wu, ['erenbayspa, Llepauke, YeOrpimesa, PoManoBCKOTO).

[029] DOddexr crnekTpaabHOTO YCHICHHS, OOYCIOBICHHBIM HMMEHHO CTPYKTYPOH
npumepa SERS-MeTkn, npowmmrocTpupoBal Ha ¢ur. 2 ¢ paMaHOBCKUM CIIEKTPOM H
cnektpoM SERS (3HaueHHsS MHTEHCHBHOCTH PACCEAHMSA HAHECEHBI B 3aBUCHMOCTH OT
PAMaHOBCKOTO CIBHra B cM), a 3G (eKT CIeKTPaIbHOro YCHICHHS, 00YCIOBICHHbIH
UMEHHO CTpyKTypod mpumepa SERRS-merku, mpowmmmoctpupoBan Ha ¢wur. 3 (rae
PaMaHOBCKUHN CHEKTP MAacIITaOMPOBaH B 8 pa3 A JIyqIIero MEPEKPHITHS CO CIIEKTPOM
SERRS). Ha o6enx ¢urypax OTYETIHBO BHIHBI XapaKTEPHbIC MHKH WHTCHCUBHOCTH
YCHUIIEHHOTO PaMaHOBCKOTO PACCESTHHSA, KOTOPBIE HACTONIBKO CHEIM(PUIHBI JUIA
MMEHHO CTPYKTYpPbl HAHOYACTHILI, 00OPa3yIOMHUX METKY, YTO OHH TPEICTABIIOT COOOM

WACHTH()HUKAIIMOHHBIE IPU3HAKH (T. €. OHH ABIITIOTCSA KOTHEUYATKOMY METKH).

[030] CormacHo WTIOCTPATHBHOMY BapHaHTYy OCYINECTBIIEHHS  HACTOSIIETO
W300pETeHHA, TOMJISKAMAs TMPOBEPKE HA TOMIWHHOCTD MAPKHUPOBKA (PUCYHOK)
OTIEYaTaHa HA OYMaKHOW TOJIOKKE OAHKHOTHI HECKOJIBKHMH Kpackamu. B ciydae,
€CJIH MapKUPOBKa (M, CIEI0BATEIIFHO, OAHKHOTA) SBIIETCS TOITHHHOW, KOMIIO3HIIHS
KKI0M (TIOJTHHHOW) KPACKH W3BECTHA, M K OJTHOM W3 JJAHHBIX KPACOK ISl TIEYaTH Ha
O0ankHOTE ObUTa moOaBrmeHa mommHHAS SERS-meTka, nn1s koTopod wW3BecTeH
(oramoHHBI) pamaHOBCKHMU  cmekTtp. Kpacku, Brmouatomme SERS-mertky,
COOTBETCTBYIOT BBIICYTIOMSTHYTOMY TIEPBOMY MaTepHaiy, a Apyroh(-uM) Kpacke(-am)
COOTBETCTBYET BBIIICYNOMSIHYTBIM BTOPOM MaTepuan. B  JaHHOM KOHKPETHOM
BapUAHTE OCYLIECTBICHHA B MAPKHUPOBKE MPHUCYTCTBYIOT YETHIPE PA3IMUYHBIX KPACKH
(kakas U3 KOTOPBIX HMEET CBOK0 KOHKPETHYIO KOMITO3HUIHIO), U KAXK/IasA KPacKa, €Clid
OHA TMOJTMHHAA W HE BKIFOYAET METKY, HMEET M3BECTHBIH (3TAJIOHHBIN) PAMAHOBCKHAN
CHEKTP. DTaJOHHbIE PAMAaHOBCKUE CIEKTpbl MOMTUHHOW SERS-meTkH, 3TanoHHOU
MOJTHHHOW OYMa)KHOM TOJTOKKH (COOTBETCTBYIOIIEH TOTMHHOW OaHKHOTHI) H
KaKIOM M3 YETBHIPEX ITATIOHHBIX MOJJIMHHBIX KPACOK MOKHO HM3MEPHUTH C MOMOIIBIO

PaMaHOBCKOTO CIEKTPOMETpPA NPH OCBEIIEHHH COOTBETCTBEHHO MOMIUHHOU SERS-
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METKH, STAJIOHHOW TIOJJIMHHOW OyMa)KHOM TIOMJIOKKA M KAKIOW M3 YETHIPEX
STAIOHHBIX TOJJIMHHBIX KPAacOK BO30Y)KAAOIIMM CBETOM (B JAHHOM CIy4yae -
Ja3epHBIM JIy4OM). 3aTeM JAHHBIE STATIOHHBIE PAMAHOBCKHE CIIEKTPBI HCIIONB3YIOT
JUIA TIOJTyYEHHs MOJHOM MOJENH PAMAaHOBCKOTO CIEKTPAa OPUTIMHAIIBHOM MOAJIMHHOMN
MapKHUPOBKA B BHJE JIMHEHHOW KOMOWHAIIMM PA3IMYHBIX 3TAJOHHBIX CIIEKTPOB.
Kaknplil 5TallOHHBIN CIIEKTP COOTBETCTBYET MOJYYEHHUIO C IMOMOULIBI) PAMAHOBCKOIO
CIIEKTPOMETpA ONPEACICHHOIO KOJMYECTBA 3HAYCHUM WHTCHCHUBHOCTH PACCEIHHOIO
CBETA HA PA3HBIX JJIMHAX BOJH. TakuM 00pa3oM, AJI KaKIOTO U3 BBIMIECYTIOMSIHYTHIX
noyiMHHOM SERS-MeTKH, 3TanoHHON MOITMHHOW OyMa)KHOM TOIJIOKKH U YETBIPEX
STAJIOHHBIX MOJJUHHBIX KPACOK MOKHO MOJYYHUTh HUHTEPIIOJIHMPOBAHHYIO 3TAJIOHHYIO
CHEKTPAJIBHYI0 KPHMBYIO, JAKOINYK0 H3MEPEHHYK) HMHTECHCHUBHOCTh paccesHua [ B
3aBUCUMOCTH OT JJIHHBI BONHBEI A, T. €. I(A). [l MpOCTOTHI MPEAIIOIOKUM, UTO W3
KOKJIOM 3TAJIOHHOM CHEKTPATbHOM KPUBOM M3BIIEKACTCS OJHO M TO JKE€ YHUCIO N
(mampumep, n=1024) 3TaJOHHBIX 3HAYCHHH WHTCHCUBHOCTH (COOTBETCTBYIOIIUX N

Ppa3IMIHbIX 3HAYCHUH JJIHHbBI BOJIHLI),

[031] B monHOM MOAENM PaMaHOBCKOTO CHEKTPA OPUTHHAIIBHOM MOMJIMHHOMN
MapKUPOBKH (C YETHIPbMS TIOJJTHHHBIMH KpPacKaMH), HAHECEHHOW Ha (ITOJJIMHHYIO)
MOJJIOKKY, (IMCKPETHOE) TPEACTABICHHE CIEKTPAIbHOW KPUBOM COJEPKHT N
3HAYEHWH WHTEHCHUBHOCTH PaMaHOBCKOTO paccesHus [, 1=1,....n, (B3ATBIX BHOJb
CIIEKTPANIbHOW KPHBOM), W KAKJ0€ 3HAYCHHEC WHTCHCHUBHOCTH [; MOJENHPYIOT Kak
MUHEWHYI0 KOMOMHAIHIO (p1-1) 3TaTOHHBIX 3HAYCHUH WHTEHCUBHOCTH PAMAaHOBCKOTO
paccesHus Xi,...,Xip1, (Mockonbky Xj=1, mma 1=1,....n), ¢ pl=7 B KOHKpETHOM
BapuaHTe ocymniecTBiieHUs (pl 0003HAYAET KOIMYECTBO HE3ABUCHUMBIX MEPEMEHHBIX B

Moenun). Takum 00pa3oM, UMEEM ClieayIomee:
[=P1 Xy P2 Xit... +B-Xi7, Tae P1,...,p7 IBIASFOTCS BeCOBBIMHU KO3PPUITHEHTAMH, H

- Xjp, 1=1,...,n, MPeACTaBIAIOT COOOW N 3HAYECHHH WHTECHCHBHOCTH B BBIOPAHHBIX
PETPE3EHTATHBHBIX TOYKAX BIOIh (HOPMATH30BAHHOTO) 3TAJTOHHOTO PAMaHOBCKOTO
cnekTpa moamuHHOW SERS-MeTkn. BriOpaHHBIE TOYKH HAXOMATCS B CHEKTPATBHOU

nojioce MHUPUHONW TpuOm3uTenpHO 150 HM B OmwkHem HK-mmamazone (O6mmwkHEM
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nH}ppakpacHoM uanazone, 750—1400 am). Hopmanuszammro crneKTpanbHONH KPHUBOU
OCYIIECTBIIAIOT MYyTEM YIAICHUS 3HAYEHUS CMENICHHA (TIPU 3TOM JaHHBIE OOBIYHO HE
LEHTPUPOBaHbI B 0 HA OCH OPAMHAT), B39B PA3HUIYY MEKITYy U3MEPEHHBIM 3HAUYCHHUEM H
MUHUMYMOM H3MEPEHHBIX 3HAUYEHHUH M YCTAHOBHUB MAKCHUMAIIbHOE MUKOBOE 3HAYCHHE

Ha ypoBHe, Hanipumep, 1000.

- Xjs, 1=1,...,n, MPeACTaBIAIOT COOOW N 3HAYEHWH WHTEHCHBHOCTH B BBIOPAHHBIX
PENPE3EeHTATUBHBIX TOYKAX BAOJh (HOPMAIM30BAHHOTO) 3TAJOHHOTO PAMaHOBCKOTO

CHEKTPa 3TaJJOHHOW MOJUTMHHOM OyMmaru; u

- Xig....Xj7, 1=1,...,n, TPEACTaBIAIOT COOOH COOTBETCTBYIOIMME N 3HAYCHUH
WHTCHCUBHOCTH B BBIOPAHHBIX PEMPE3CHTATHBHBIX TOYKAX BIOJb (HOPMATH30BAHHBIX )
STAIOHHBIX CIIEKTPOB COOTBETCTBYIOMIMX YETHIPEX STATIOHHBIX MOJTMHHBIX KPACOK,
WCTIOIB3YEMBIX JIJIsI TICYATH TIOUTHHHOW MaPKHPOBKH (KaXKJas U3 YETHIPEX ITATIOHHBIX

TOJUTHHHBIX KPACOK CYHTAETCS OTACIBHOM, T. €. 0e3 BkmoyeHus SERS-meTkn).

B BekropHO# 3anucu BekTop I MOKeT OBITh CBA3aH C N CKAJIIPHBIMH KOMITOHEHTAMH I,
1=1,...,n; BekTOp B MOxkeT ObITH cBs3aH ¢ pl (B maHHOM ciy4ae pl=7) CKaIspPHBIMH
BecOBbIMHU K03 durmenTamu Bi,B,.....Bp1, a MaTpuna X (nXpl) MoxKeT OBbITh CBA3aHA C
MOJTHOM MOJIETBIO, Yy KOTOPOM TEPBBIA CTOJIOCI] COAEPKHT N 3HAUYeHUH X;1=1
(1=1,...,n), a CTONOIBI, HAYMHAS CO BTOPOTO H 1O p1-i, 00pa30BaHBI COOTBETCTBEHHO

KOMIOHEHTaMH X, (1=1,...,n),.... Xjp (1=1,...,n).

Takum 00pa3oM, TpeACTaBICHHE PAMAHOBCKOTO CIIEKTPA B TOJHOW MOJCTH HMEET

cnemyrommuii Bug: I=Xp.

[032] B cooTBeTCTBHH C HACTOSAIIUM H300PETCHHEM, «YTPOMICHHAS» MapKHPOBKA
MPEICTaBIIET COOOW MAPKUPOBKY, HAHECEHHYIO Ha (TIOUTHHHYI0 ) OyMaKHYHO OCHOBY,
KOTOpasi OTIIMYAETCS OT TOTMHHOW MApKHUPOBKH JAIIb TeM (DaKTOM, YTO OHA HE
Bkmoyaetr (mognmuaHy0) SERS-metky. Takum o0pazom, B yNpOUIEHHOHW MOJEITH
PaMaHOBCKOTO CIIEKTPa TaKOW YINPOMICHHOM MApKUPOBKM HMMEEM N 3HAYCHUH
WHTECHCUBHOCTH PaMaHOBCKOTO paccesHus Ji, 1=1,...,n, B3ATHIX HA CIEKTPATBHOU

KPUBOM, KOTOPBIE MOJAEITHUPYIOTCS KakK JIMHEWHas KoMOWHammsa (p2-1) 3TaTOHHBIX
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3HAYCHUA MHTEHCUBHOCTH PAMAHOBCKOTO paccessHus (MOCKONbKY Zi;=1, mia i=1,...,n)

Zip,...,.Lip: IPX 5TOM B JAHHOM clly4ae p2=6. Takum 00pa3oM, HMEEM CIIeTyIoIIee:
J= W Zit e Zipt. .+ ueZis, TAE WUi,. . ., e SBIIOTCS BECOBBIMH KO3 pHIIeHTaMH, U

- Zp, 1=1,...,n, TIPEACTaBIIOT COOOM N 3HAYCHWH WHTEHCUBHOCTH B BBIOPAHHBIX
PENPE3CHTATHBHBIX TOYKAX BJAOJH (HOPMATHU30BAHHOTO) STAJIOHHOTO PAMAaHOBCKOTO

CHEKTPa 3TaJJOHHOW MOJUTMHHOM OyMmaru; u

- Zy,...Lig, 1=1,...,n, TPENCTABIAIOT COOOH COOTBETCTBYIOIIHME N 3HAYCHUH
WHTCHCHUBHOCTH B BBIOPAHHBIX PEMPE3CHTATHBHBIX TOYKAX BAOJb YETHIPEX
(HOPMaJTM30BAHHBIX) ASTAJOHHBIX CIEKTPOB COOTBETCTBYIONIMX YETHIPEX KPACOK,
MCTIONB3YEMBIX JIJIsl TICUATH YIPOINEHHOW MapKUPOBKH (pasymMmeeTcs, 0e3 BKIIOUYCHHUS

SERS-meTkn).

@DakTU4eCKH, TIPH OTPEIEIICHHH YTPOIIEHHOH MOJENH B JAaHHOM CJIy4ae HMEEM

cnenyromee (s 1=1,....n): Zj=Xi1=1, ¥ Zp=Xiar1), 211 k=2,...,p2.

B BekTopHO# 3ammcu BEKTOP J MOMKET OBITh CBS3aH C N CKAIAPHBIMH KOMITOHECHTAMU
Ji, 1=1,...,n; BEKTOp 1 MOJKET OBITH CBsI3aH C P2 (B JAHHOM Ciiydae p2=0) CKaJIApHBIMU
BECOBBIMU KO3(QQHUIMEHTAMU L1, [L),. . ., Uy, @ MATpULA Z (NXp2) MOXKET OBITh CBA3aHA
C YIPOIICHHOW MOJENbBI0, Y KOTOPOH MEPBBIA CTOJOEI] COMCPIKUT N 3HAYCHUH Z;=1
(1i=1,...,n), a CTOJOIBI, HAYMHAS CO BTOPOTO H IO P2-i, 00pa30BaHBI COOTBETCTBEHHO

KOMIOHEHTaMH Zj, (1=1,....n),....Zip (1=1,...n).

Takum 00pa3oMm, TpencTaBICHHE PAMAaHOBCKOTO CHEKTPa B YHPOIICHHOW MOIETH

AMEET CHEAYOIMHN BUI: J=Z .

[033] MapkupoBKy Ha TIOJIeKAIIEH MPOBEPKE HA TOTHHHOCTh OAHKHOTE OCBEIIAIOT
Ja3epHBIM BO30Y’KTAFOIIMM CBETOM M H3MEPSIOT COOTBETCTBYIOMIMH PaMAaHOBCKHN
CBETOBOM CHTHAJI, PACCEHBACMBIM MAapKHUPOBKOM, C TMOMOIIBIO PaMaHOBCKOIO
CIIEKTPOMETPA C IIOJIYYECHUEM H3MEPEHHOTO PAMAHOBCKOIO CHEKTPA MApPKHPOBKH.
[IpeanoyTUTENBPHO, TPHUMEHAKOT  PAMAHOBCKHMM  CIEKTPOMETP,  OCHAIICHHBIN

WCTOYHHKOM MHOTOMOmoBoro gmazepa (MML). JleldcTBHUTENBHO, Jake €CIH
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NMPUMEHEHHE UCTOYHHUKA OTHOMOJ0BOTO Ja3epa (SML) sBnseTcss OOBIMHON MTPAKTHKON
JUIA TIOJMYYEHMs HAWIYYIIETO BO3MOXKHOIO PAa3pElICHUA, OMBIT ITOKA3BIBAECT, YTO
NPUMEHEHHE MCTOYHHKA MML B I€MCTBUTENBHOCTH MOBBIIAET CKOPOCTH JIECTCKIUU.
Hanpumep, MOITHOCTH Ja3epa MOKET OBITh YBENIWYECHA B AECATH pa3 (0e3 KaKux-Iuoo
JKEPTB) OTHOCHTEIHHO HCTOYHHMKA SML, a BpeMs HHTErpUpPOBAHUS HW3MEPEHUA
YMEHBIIEHO B JAECATh pa3 (HampuMmep, BMeCTO 2 MC MOXHO aocTu4yb 0,2 Mc). OT1o
CBA3aHO C JBYMsI OCHOBHBIMH pa3IMUUAMU MEXKAy ucTouHMKaMu SML u MML:
MOIIIHOCTBIO JTazepa (Hampumep, SML umeer momHOCTh 0K010 100 MBT Ha 760 HM,
torga kak MML uMeer HaMHOTO 60J1€€ BBICOKYIO MOIIHOCTB, HAIIpuUMep, okoio 1 Br)
W IMUPUHOM cnekTpambHOU muHUM (SML mmeer mmpuny okono 0,02 HM, Toraa kKak

MML umeet mupuny 0,08 Hm).

JIaHHBIM HM3MEPEHHBIA PAMAHOBCKMM CHEKTP AACT W3MEPEHHYK) HMHTECHCHUBHOCTH
PaccestHHOTO (PaMaHOBCKOTO) CBETa Y B 3aBUCHMOCTH OT JJIMHBI BOJIHBI PACCETHHOTO
cBeta A, T.€. Y(A). PaMaHOBCKHI CHEKTPOMETP HMEET MHOKECTBO CHEKTPAIBHBIX
KaHaJlIOB, a pPAaMaHOBCKUM CBETOBOM CHIHAJ, PACCEUBACMBIM MapKUPOBKOW U
COOpaHHBIM CIIEKTPOMETPOM, CHavajga pachpeaessercss B JaHHBIX CHCKTPATbHBIX
KaHaiax (depe3 pemeTKy), W Bu3yanu3anuoHHbni 0ok (CCD) momyvaer nBymepHOE
(poBOe H30OPAKEHHE COOTBETCTBYIONINX PACTIPEICIICHHBIX CIIEKTPATbHBIX JAHHBIX
B BUJIE IByMEPHOTO MACCHBA 3HAYEHHWH WHTCHCHUBHOCTH B 3aBUCHMOCTH OT 3HAYCHUH
JJTAHBI BOJIHBI, T. €. JBYMEPHBIC CIIEKTPaJbHbIC daHHBIC. [IOCKOJBKY JByMEpHBIE
CTEKTPAJIbHBIC JAaHHBIC, IMOJYYCHHBIE C PAMAHOBCKOTO CIIEKTPOMETPA, SIBIITIOTCS
HeOOpaOOTaHHBIMH, WX TIOJBEPTAIOT JABHEHINEH TNPEIBAPUTENIHHOW O00padOTKE B
OCHOBHOM JIJIsl YMEHBIIIEHUSI 00hEMa JAHHBIX, MOUTECKANIHX MOCICAYIOMEMY AHATTH3Y
OmoOKOM 00paOOTKH (II COKpAIIeHHs BPEMEHH OOpPAaOOTKH W OOECTICHYCHHS
COBMECTHMOCTH C JEeTEeKIHMed OaHKHOT B BBICOKOCKOPOCTHBIX COPTHPOBIIHKAX),
yayqmeHuss cooTHomeHHe curHam/myM (SNR) u To4HOTO OmpeneneHus MOIOCH

PaMaHOBCKOI'0 pacCCAHUA OTIICHATKA MCTKH.

[035] Cramgmusa mpeaBapuTENbHONH 0OPAOOTKH IBYMEPHOTO HH(POBOTO H30OPAKEHHUS,
MOJTyY€HHOTO  BU3YaIH3AI[AOHHBIM  OJIOKOM, BBITIOTHIAETCS OJIOKOM OOpa0OTKH,

CHAOKEHHBIM TTAMATHIO, ¥ TPETyCMATPUBACT CJIEIYFOIIHE OTICPALH:
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1) IIpeoGpa3oBanHre MOMyYEHHBIX JBYMEPHBIX CIIEKTPAIBHBIX JAHHBIX B OJHOMEPHBIE
CHEKTPAIbHBIE JAHHBIE MTOCPEACTBOM JIMHEHHOTO TPYNITHPOBAHUS M MPEOOPA30BAHUS
CTPYIITUPOBAHHBIX JAHHBIX B JAaHHBIE IO JJIMHAM BOJH. JlaHHOE mpeoOpa3oBaHUE
3HAYUTEIHHO YMEHBIIAET 00bEM MOUIeKANIUX 00pa0OTKe MaHHBIX H yiayumaeT SNR
(myM OOBIYHO yMEHBIIAETCS Ha KO3()(PHUIMEHT KBaapPaTHOTO KOPHA M3 KOJIMYECTBA

MUKCEIIEN B CTOIOIE ABYMEPHOTO IU(PPOBOTO H30OPASKEHHUS).

2) TlepemuckpeTH3aIMIO OJHOMEPHBIX CICKTPAIBHBIX JAHHBIX C MOJYYCHHEM
OTHOMEPHOTO CIEKTPa ¢ TOYKAMH JAHHBIX, PABHOYJAJCHHBIMH TI0 IJTHHE BOJHBL
JIaHHYIO OTEPALHIO BBIMOJIHAIOT MOCPEACTBOM HHTEPIONSIHHA C TOMOINBIO CIUIANH-
(YHKIMKH WIH MHOTOYICHHOH HMHTEPIOJISAIMN CIIEKTPAIbHBIX JaHHBIX. JlaHHAs
MEePeAUCKPETH3ANMS 00/IaaeT MPEUMYIIECTBOM B TOM, YTO YMEHBINAECT CHKATHE
CTEKTpa MO OCH a0CIMCC, a TAKIKE 00ECTICYHBACT TMHEHHOE PA3PEIICHUE CIIEKTPA, YTO
MO3BOJIIET MPUMEHATh XOPOINO H3BECTHBIE WHCTPYMEHTHI i1 0OPAaOOTKH CHTHAJIOB
(HM3KOYACTOTHYHO (PHIBTPAMIO C TIOMOIIBIO CBEPTKH ¢ wucnoib3oBaHueMm FFT,

cBepTKH ¢ ucnoib3oBanueM FIR u 1. 11.).

3) KanmuOpoBKy mepeaucKpeTU3UPOBAHHOTO OJHOMEPHOTO CIEKTPAa OTHOCHTEIHHO
JTAJIOHHOTO CIIEKTpa Oenoro cBeta (HAmpuUMep, OT KBaplEeBOW BOJB(PaAMOBO-
rajJloOrcHHOM JIaMIIbI C IEJIbI0 OaJaHCHPOBKH YYBCTBHTEIBHOCTH PaMaHOBCKOTO
CHEKTPOMETPA), KOTOPBIM XPAHUTCS B TMAMSTH, C IOJyYEHHEM OTKATHOPOBAHHOTO
(omHOMepHOTO)  cmekTpa. JlaHHas  omepamms — MO3BOJSET — COAIAHCHPOBATH
WHTCHCHBHOCTh CBETA, II0JABACMOr0 PaMAaHOBCKHM CIICKTPOMETPOM (TIOCKOIIBKY
OOBIYHO CIIEKTPOMETP BBIJACT Pa3HbIC 3HAYCHHS JJIsI OJTHOM M TOH K€ HHTEHCHBHOCTH

CBETA HA PA3HBIX JUTMHAX BOJH).

4) QunpTpanuio (GUIBTPOM HIKHHX YaCTOT OTKAJTMOPOBAHHOTO CIIEKTPa C
MOJIyYeHHEM  OTQUIBTPOBAHHOTO  CHEeKTpa. JIeWCTBUTENBHO, HEKETATEIbHBIH
BBICOKOYACTOTHBIM IOYM B CIEKTPAJBHBIX JAaHHBIX B OCHOBHOM CBSi3aH C
BH3YAJTU3AIHOHHBIM OJTIOKOM (T. €. er0 (hOpMHUpOBATEIIEM H300PAKEHHUH B €T0 CXEMOK)
W, KaK W3BECTHO, ABISAETCA apredakroM uaMepeHus. J[aHHYIO (UIBTPALHIO MOMKHO

OCYHICCTBUTD C TOMOIIBIO PA3ITAYIHBIX MGTOHOHOFHﬁ, TAKHUX KaK MPUMCHCHHUC (1)I/IJ'IBTpa
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CKOJIB3AIIETO cpeaHero, pumpTpa Ha ocHoBe FFT (OnI1CTpOTO MpeoOpazoBanms Pypre)
nm ¢umptpa CaBunkoro-I'ones. I[lpeanmouyTHTeTpHO TPUMEHSIOT (QHUIBTPAIMIO HA
ocHoBe FFT (mockonbKy HaHHBIN CIIOCOO MOKHO TPHUMEHATh M JUIA COBMEIICHHUS

CTIIEKTPA).

5) CoBmemeHue 1O JIMHE BOJHBI OT(QHIBTPOBAHHOTO CIEKTPAa C STAJTOHHBIM
CIIEKTPOM MOJJIMHHOW METKH, XPAHAMIMUMCA B NMaMATH. JIeHCTBUTENIBHO, XPaHAIIUHCA
STAJIOHHBIA PAMAHOBCKUH CHEKTP MOJIMHHOM METKH OOBIMHO HE COBMEIIAETCA C
PaMaHOBCKUM CIEKTPOM, H3MEPEHHBIM IO MAapKHUPOBKE, IO MHOTHM BO3MOKHBIM
NPUYMHAM, HAIpPUMEpP, II0 NPHYMHE OTKIOHEHUS PE3YJIbTaTOB CIEKTPOMETPA,
W3MEHEHUS TEMIIEPATypPbl, BIMAIOMErO HAa JJIMHY BOJHBI HCTOYHHKA CBETAa W/HWIH
PEIETKY, MEXaHHYECKHX BO3MYIIIEHUH BCIIEJCTBHE BUOpAWi U T. 1. TakuM oOpazom,
Ui TONyYEHWs HAWIy4Iled BO3MOKHOM JOCTOBEPHOCTH OTIEYATKA METKH
PaMaHOBCKHM CIEKTP, MOJIYy4YEHHBIA OT MAPKUPOBKH, COMOCTABIAIOT MO JJIMHE BOJIHBI
C JTAJIOHHBIM CIIEKTPOM. DTO COBMELICHHE MOJKET OBITh PEATHM30BAHO PA3THYHBIMHU

CHOCO6aMI/I, HAImpuMEp, TAKUMHA KakK CIICAYIOIHUC!

- IMyTEM 3aIlyCKa ajJroputMa ¢ pPasHbIMHU IIaraMmu CJABHTA H BBI60pa HauIyqIacro

IIOJIOKECHHUA Ha OCH AJIMH BOJIH,

- OyTEM 3amyCkKa alaroputrMa € pPas3sIHYHbIMU IaraMmu CJABHUTAa W HUHTCPIIOJLINUHA I

HaXOXICHUA HAWTYYIICTO MOJIOKCHUA HAa OCH IJIMH BOJIH,

- IPEATTIOYTUTCIIBHO, ITYTEM BBIIIOJTHCHUA B YaCTOTHOM 00JIACTH CBCPTKH € OTIICHYATKOM

METKH;

- IMyTEM OTCIC)KHUBAHUA 3a TMOJOKCHHCM HCTOYHHKA CBCTAa B XOAC H3MCPCHHA OT

MAapKUPOBKH.

B pesynprare  BBIIEONMCAHHBIX  ONEpPAUMM  MOJNYYalOT  NPEABAPUTEIIBHO
00OpaOOTaHHBI PAMAHOBCKHH CIIEKTP €3 JABYMEPHBIX CHEKTPAJIbHBIX JAHHBIX,

NOTYYCHHBIX BU3yaAITU3allTHOHHBIM OJIOKOM.
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(uckpeTtHoe) TIpencTaBlIEHHWE CHEKTPaIbHOM KpuBOoW Y(A) TpeaBapHTENBHO
00pa0OTaHHOTO  PAMAaHOBCKOTO  CHEKTpAa  CONEPKUT 1N (TpeaBapHUTENBHO
00pabOTaHHBIX) 3HAYCHWH WHTCHCUBHOCTH PAMAaHOBCKOTO paccesHus Y;, 1=1,....n
(B3ATBIX BIOJb CIIEKTPAIbHOW KPUBOH), U (N-MEPHBIN) BEKTOP Y MOXKET OBITh CBSI3aH C

N CKaJIAPHBIMU KOMIIOHEHTaMH Y, 1=1,...,n.

[036] [Inst cormacoBanus (TIpeABapUTEIEHO 0OPAOOTAHHOTO) PAMAHOBCKOTO CIIEKTPA C
MOJTHOW MOJIENBI0 BEKTOP (M3MEpeHHs) chekTpa Y pacKIaAbIBAIOT CIIEAYIOIIHM
oOpazom: Y=I+¢ (IMHEHHBIN PErpeCCHOHHBIA aHANU3), C TIEPBBIM BEKTOPOM CIEKTpA:
I=Xp, rne X mpexacrasmsaer coOoi marpuiyy (maHa) nXpl momHOM Moxenw, [
NPEJCTABIIET COO0M COOTBETCTBYIOIIHMI MEPBBIH BEKTOP BECOBBIX KOA(P(PHUIMEHTOB, a
€ TIPEICTABIIET COOOH BEKTOP OIMHOKH WM BEKTOP HEBS3KH C KOMIIOHCHTAMH &;,
i=1,...,n. 3nauenns kommnoueHToB Py (k=1,...,pl; B manHOM ciydae pl=7) mepBoro
BEKTOpPAa BECOBBIX KOA(P(UIMEHTOB [}, KOTOPhIE MUHHUMHU3UPYIOT BEKTOP OINHUOKH €,
MOYKHO OTIPEJIEIHTh PA3IMYHBIMH M3BECTHBIMHU CIIOCOOaMH onTHMU3anuu. Hanpumep,
MOJKHO BBIYHCITHTH (MTEPATHBHO) BEKTOPHI HEBS3KH /IS MHOJKECTBA BBIOPAHHBIX
3HAYEHHUH KOMIIOHCHTOB BEKTOpA [} M BHIOPATh BEKTOP [3, COOTBETCTBYIOIIHI BEKTOPY
HEBSA3KH C Ooyiee HU3KOM HOpMOU. Jlpyrodi cmoco0 3akimodaeTcs B NPUMEHEHUH
XOPOIIO W3BECTHOTO AJITOPUTMA ONTHMHU3ALUH, TAKOTO KaK, HATIPUMEP, CHMITICKCHBIN
anroput™m [lanmwmra. [IpeAnoYTHTETFHO MPUMEHSIOT CIMOCO0 PA3HOCTH HAWMEHBIIHX
kBagparoB (LSR), koTopelii oOmagaer MpPeWMMymiecTBOM B TOM, YTO OH MEHEe
WHTEHCUBEH B TOM, YTO KAcaeTCs BBIYUCICHHM, MPOU3BOIUMBIX mpoueccopom (CPU),
W TIOATOMY JIy4IIe MTOIXOMHT AJI POBEPKH MOTHHHOCTH MAPKUPOBOK Ha OAHKHOTAX

B BBICOKOCKOPOCTHBIX COPTUPOBOYHBIX MAallIMHAX.

[037] Amnanoruuno, mig coriacoBaHus  (MPEABAPUTEIHHO  O0OpaOOTaAHHOTO)
PAMAaHOBCKOTO CIEKTpa C VYOPOIICHHOW MOJEIBI0 BEKTOp Y PACKIQAbIBAIOT
creayromuM obOpaszom: Y=J+g&’, co BTOpeIM BekTOpoM cmektpa J=Zp, tae Z
MPEACTaBIIET COO0M MaTpully (IiaHa) nXp2 yNpOIMEHHOW MOJENH, | TPEIACTABIISET
co00M COOTBETCTBYIOIIMH BTOPOM BEKTOP BECOBBIX Kod(dduimenro, a ¢’

MPEACTABIIET COOOW BEKTOP OMIMOKHA WM BEKTOP HEBA3KH C KOMITOHEHTAMH €’;,

1=1,...,n. 3HaYCHUs] KOMIIOHEHTOB W, (m=1,...,p2; B gaHHOM ciy4ae p2=(pl-1)=6)
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BTOPOTO BEKTOPA BECOBBIX KOI(PPHUIMEHTOB WU, KOTOPHIE MHUHHUMH3UPYIOT BEKTOP

OIIMOKH €°, MOKHO OTIPEJIETUTH CTIOCOO0M pa3HUIBI HauMeHbUX KBaapaTos (LSR).

[038] Cormacuo cmocoOy LSR, omeHkn mapameTpa HaMMEHBINWUX KBAaJAPaToOB f st
MTOJTHOW MOJENH (COOTBETCTBEHHO W ISl YIIPOINEHHOW MOJIETH) C YUYETOM H3MEPEHUHN

Y nony4aroT u3 pl (COOTBETCTBEHHO P2) HOPMAILHBIX YPABHEHHH:
&= YiPiXitBoXipt. . . APpiXipt 0=1,...,n), 1. €. e=Y-XB, u
m X XX = X, XY L. pLs
WJTH COOTBETCTBEHHO

Y ZitZipt. . FupZip (i=1,...n), . e. £€2=Y-Zp, n
?=1 Zzil ZijZik He = E?:l ZUY“ j=1,. . ,p2

Cnoco6 LSR nmaeT pemieHue, KOTOpO€ MHHUMH3UPYET KBAJPATHYHYIO HEBS3KY, T. €.
ﬁzming l|€|? mst monmoit momenu u fi=min,, ||€'||* xns ynpomenHoit moxemu. Eciu
MPEAMONIOKUTh, YTO CTOJOIBI MATPHUIBI IUTAHA TIOJHOM MOJaead X JIHHEWHO
HE3aBHCHMBI, MOYHO HCIIONB30BaTh (JIEBYI0) TCEBN000paTHYI0 X' JAaHHOM MATPHIBI
IwIaHa X ITOJHOM MOJEIH C X+=(XTX)'1XT, rae X" apnsercs npeoOpa3oBaHueM X, H
3anucarh €€ B BHUJE ﬁ = XY (1 umeem X'X=Id). B ciyuae, ecliu CTPOKH MATPHIIBI
TUTaHA TIOJTHOW MOAeNd X JTHHEHWHO HE3aBHCHMBI, MOJKHO HCIIOJIb30BaTh (IIPABYIO)
ncesroo6patHyro X', ecm ota marprma X ¢ X =X"(XX")", n mo-npexnemy 3armcars
€ee B BHJC ﬁ =X'Y (m mmeem XX'=Id). Ha mnpakTHKe HPUMEHSIOT CIIOCO0
CUHTYJISIpHOTO pasioxeHuss (SVD) mns BBIYHCICHUS TICEBIOOOPATHOW MAaTPHIIBI
IUIAHA C LENBI0 TONYYEHHA CTAOWIBHOTO WM OBICTPOTO pacdera. AHAJIOTHYHBIM
06pa30M BEIMHCIIIOT TICEBI000PATHYIO Z' MATPHIKI INIAHA YIPOIIEHHOM MoeH Z 1
3aIICHIBAIOT B BUAE ji = Z'Y. DTH TCeBI00OpATHBIE MATPHIIBI IIPEITIOYTHTETHHO
MPEIBAPUTEIBHO BEIYUCIIOT (TIOCIIE TOTO, KaK H3BECTHBI COOTBETCTBYOIUE MATPHUIIBI
IJIaHa) W COXPAHSIOT B MaMmsATH Onoka oOpabGotku. I[locne ompeneneHuss mepBOTO
BEKTOPA BECOBBIX KO3(PHUIMEHTOB ﬁ M BTOPOTO BEKTOPA BECOBBIX KOA((UIIUEHTOB fi

CTATUCTHUYCCKYIO 3HAYHMMOCTb JAHHBIX OLCHOYHBIX BCCOBBIX KO3(1)(1)I/II.[I/I€HTOB ABYX
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MOJIeTIEH (C y4eTOM OJHOTO M TOTO K€ BEKTOpPA H3MEPEHHH Y), T. €. KAUeCTBO TOJTHOU
MOJEIA MO CPAaBHEHHIO C YHOPOWICHHOM MOJENBI0, MOKHO IPOBEPHTH IyTEM

BBIYHCJICHHA KIIaCCHYCCKOI'O F-KpI/ITepI/ISI.

[039] Onmnako mpoGneMa ¢ BBIIEYNOMAHYTHIM crocoooM LSR 3akmrodaercs B TOoM,
YTO OH HE YYHUTHIBAET, SBIACTCA JIM TOJNYYEHHOE PEIMICHUE «IOIMYyCTHMBIMY.
JleiCTBUTENIBHO, €CIM B PELICHUH MPHUCYTCTBYET OTPHUIATENHHOE 3HAYEHHUE BECOBOTO
komnonenTa f3; (Je{2,...,7}) BexTopa P maM BECOBOrO KOMIIOHEHTA [ (1€{2,...,6})
BEKTOPA [, TO MHTEHCUBHOCTh COOTBETCTBYIOIIETO CIIEKTPATILHOTO KOMIIOHEHTA OyAeT
OTPULIATENIBHON, YTO (PU3HYECKHM HEBO3MOXKHO (3TO OyIeT HEIOMyCTUMBIM
pemenneM). bputo 3amMedeHo, 4TO CHOCOO MPOBEPKH MOMIMHHOCTH HAMHOTO Oolee
HA/Ie)KEH TPU MPUMEHEHWH KOHKPETHBIX CIMOCOOOB MHUHHMHU3ALUH IS COOJIOICHUS
orpanndeHus HeoTpUareabHOCTH (NNC) mns 3HaYeHHH BECOBBIX KOI((HUIIUCHTOB.
M3BeCTHBI ~HEKOTOpPBIE CIOCOOBI, HHTETPUPYIOIIME YKA3aHHOE OTrPAHUYCHHUE
HEOTPHULATEIFHOCTH: HATIPUMEP, CIIOCOO aKTUBHOTO HAOOpa (MOJpOOHO ONMMCAHHBIN B
kaure Charles L. Lawson and Richard J. Hanson, “Solving Least Square Problems,
STAM 1995) unu crioco6 rpaaueHTHOTO criycka JlanapeOepa. CormacHO HACTOSATIEMY
W300PETEHUIO, I COOIOJACHHUS OTPAHWYCHUS HEOTPHIATETRHOCTH crocod LSR
COYETAOT CO CIIEAYIONIUM CTIOCOOOM, TTOKa3aHHBIM Ha ¢ur. 5. 1o OyaeT 0OBSICHEHO B
clydae TONMHOW wMoaenu ¢ pl=7 BecoBbIX KOIPPUIUEHTOB H MOXKET OBITh
HETIOCPEJICTBEHHO TIEPEHECEHO C COOTBETCTBYIOIIMMH W3MEHEHUSIMH Ha CIydan
yrpomeHHoW Mojenu (¢ p2=6 BecoBbiX K03(duimenToB). CrocoOd BBHYHCIICHUS
3HaYeHHH pl KOMIOHEHTOB [1,...,7 BEKTOpPa BECOBBIX KO3(PPHUIIMEHTOB ﬁ HaYUHaeTCA
(S1) myTeM WX BBIYHCIEHHS M3 TICEBAOOOPATHOM MATPHUIEI X' ¥ BEKTOPA H3MEPEHHS
cnektpa Y, XpaHANIUXCS B TAMATH OJIoka 0OpaOOTKH, T. €. ﬁ =X'Y, 3arem
BBITIOJTHAIOT TPOBEPKY (S2) i OTpeAeNeHHs, €CTh JIM KaKOoe-THOO OTPHLATEIIFHOE
3HaYCHWE BECOBOTO KO3(PQHIMEeHTa B TEPBOHAYAIIFHO BBIYUCICHHOM BEKTOPE
BECOBBIX KO3 PuImeHTOB ﬁ B mpumepe, mokazaHHOM Ha ¢ur.S5, ABa BECOBBIX
ko3 duimenta 3, u s UIMEOT OTpULIATENBHBIE 3HAYCHHA (cooTBeTCTBYROIHE SERS-
METKE M TPEThEH KPacKe COOTBETCTBEHHO), TOTJIAa 3HAYEHUE BECOBOTO KO3(HUITHEHTA

B, 3amaroT paBHBIM HyJFO (S3) M COOTBETCTBYIONIHH CTOJIOSI] MATPHUIIHI TIaHA X, T. €.
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CTONOEI, COOTBETCTBYIOIIMUA PaMAaHOBCKOMY crieKTpy (mommaHOM) SERS-MeTkn (c
KOMIIOHEHTAMH X1, ...,Xyp2), YAAIIOT (S4) 3 (MCXOMHOM) MAaTPHIIBI TUTaHA X U TAKHM
o0pa3oM TMoMy4YaroT HOBYI MaTtpuny miana n X (pl-1) X’. 3arem BBIYHCIAIOT
COOTBETCTBYIONIYIO HOBYIO NICEBI000paTHYI0 MaTpumy X’* (S5) M HCIIONB3YIOT ee s
BbIYUCIIEHUA (S6) HOBOTO BEKTOPA BECOBBIX KOI(PPHUIIMEHTOB ﬁ’, c ﬁ’ = X""Y: naHHELH
HOBBIN BEKTOP BECOBBIX KO3((PHUIIUEHTOB HMeeT TONbKO (pl-1) kommonenros By, By,
B3, B’ B’s, B’s 1 P’7 (mockombKy [, OBLT 3aaH PaBHBIM HYJIIO). 3aTE€M BBITOHAIOT
npoBepky (S7) nis ompeneneHHs, €CTh JIM Kakoe-THOO OTPHUIATEIbHOE 3HAYCHUE

BecoBOTO Kod3(ddumuenta (ma — «Y») B BBIUHUCICHHOM BEKTOPE BECOBBIX

KO3 PHUIMEHTOB ﬁ’ nm Het (HeT — «N»). B mpumepe, nokazanHom Ha ¢wur. 5, oJuH
BECOBOM KO3(pduimeHT B’¢ HMMEET OTpHULATENPHOE 3HAaYeHHE (COOTBETCTBYIOIIEE
TPEThEH KpPacKe), TOTr1a 3HAYEHHE BECOBOTO Kod(pduumenta [’ 3a1a10T paBHBIM HYJIIO
(S8) ™ cooTBeTrcTBYyIOLIMH CTONOEI] MAaTpHIBI IUIaHA X', T.€. CTOJNOEL,
COOTBETCTBYIOIIUN PAaMaHOBCKOMY CHEKTPY (3TAJIOHHOW MOJTMHHOW) TPEThEH KPACKH
(¢ KoMIOHEHTAMH Xjg,...,Xns), YAAUBIOT (S9) U3 (MCXOMHOM) MATPUIBI TUTaHa X W
TAaKUM 00pPa30M MOJIy4aroT HOBYO MaTpuiy maHa n X (p1-2) X*’. 3aTeM BBUUCIAIOT
COOTBETCTBYIONIYI0 HOBYIO TIceBA000paTHyro mMarpumy X’°° (S10) M HCIONB3yIOT ee
st BerarciieHus (S11) HOBOTo BEKTOpa BECOBBIX KO3 (HIMEHTOB ﬁ”, C ﬁ” =X""Y:
JaHHBIH HOBBIH BEKTOP BECOBBIX KO3(PPHUIMEHTOB MMeeT TOMBKO (p1-2) KOMIIOHEHTOB
B1, B3, P4, P75 u B777 (mockommbKy B, 1 3’ ObUTH 3aJaHBI PABHBIMH HYJIIO). 3aTEM
BBHITIOHAIOT MPOBEPKY (S12) mis ompeneneHus, ecTh JIM KaKOe-TM00 OTPUIIATETFHOE

3HaYeHHe BecoBOro Kod(p¢umueHTa («Y») B BBUHUCIEHHOM BEKTOPE BECOBBIX

KO3 PHUITHEHTOB ﬁ” nm Het («N»). B mpumepe, mpencrasmeHHoM Ha ¢wur. 5, Bce
OCTaJIbHBIC 3HAYCHUS BECOBBIX KOMIIOHEHTOB [’y B’3, B°y, B’s u B’7; ABmsroTCA
MOJIOKUTENTbHBIMA. B pesymprate (S13) okoHuaTenmpHbie pl 3HAYEHHWH BECOBBIX
KOMIIOHEHTOB, TIOJlyY€HHbIE C ToMompio cnocoba LSR mpu orpanmyennn
HEOTPUIIATENBHOCTH, T. €. crtoco0a LSR-NNC, pasubt 71, 0, B3, B4, B, 0 11 f775,
W BBIYUCIIEHHE ocTaHaBnuBaeTcs (S14). B ciydae Hamw4us OTpUIIATETFHOTO 3HAYCHHUS
Ha cramuu S12 (T.e. Y) cooTBeTCTBEHHO BBHIMONHAIOT cramuu (S8)-(S12). Cmocod
LSR-NNC Taxke NUpPUMEHSIOT I8 BBIYHCICHHUA (HEOTPULATEIBHBIX) 3HAYCHHU

~r +
KOMIIOHEHTOB BTOPOTO BEKTOPA BECOBBHIX K03 (pummenTos i =Z'Y.
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[040] TlonyumB Hame)xkHele 3HA4YeHHA (T.€. HEOTPHIATENBbHBIE 3HAYCHUS,
COOTBETCTBYIOIHE (PU3HUECKH BOSMOXKHBIM) C TIOMOIIEI0 crioco6a LSR B couetanuu ¢
orpanndyeHreM HeoTpUaTenbHOCTH (LSR-NNC), 1751 KOMIOHEHTOB IEPBOTO BEKTOPA
BECOBBIX KO3(HImeHTOB ﬁ U BTOPOTO BEKTOpAa BECOBBIX KOI((PHUIIMEHTOB [i TEmEPh
MOYKHO BBIYHCIIUTH HAJCKHBIM F-KpUTEpHM U1 CPaBHEHUS KadyeCcTBa IOJTHOW MOJEIIH
C YNPOINEHHONW MOJENbI0. {71 OCYIIEeCTBICHHA 3TOTO BBIMUCILIOT F-3HaueHHe Kak
YaCTHOTO PA3HOCTH MEKIy BTOPOM OCTATOYHOM cyMMO# kBaapatoB RSS2=}1  (&';)*
YIPOUIEHHONW MOJENH W MEPBOM OCTATOYHOM CymMMOM kBaapatoB RSSI1=}1%.(g;)?
MOJTHOW MOJIENH, TIOAEIEHHON Ha pa3HOCTh (p2-pl) Mexxay uucnamu p2 u pl, u nepBou
OCTaTOYHOM cyMMOM kBaapaToB RSS1, momeneHHOM Ha pa3HOCTh MEXKAY YUCIOM N (B
AaHHOM ciay4yae n=1024) KOMIOHEHTOB BEKTOpa U3MepeHus crekrpa Y U yucioMm pl:
F=((RSS2-RSS1)/(p1-p2))/(RSS1/(n-p1)). Takum obpazom, F=[(RSS2-
RSS1)/RSS1]xK, ¢ koappummenrom K=(n-p1)/(p1-p2). B paccmarpuBaemMom nmpumepe
HUMEETCS OMHAKOBOE KOJIMYECTBO TOUYEK JAHHBIX, T. €. N, A1 00enx monenei. [TomHas
Mozenb (Momenab 1) COACPKUT HA OJHMH MapaMeTp OOJbIIE IO CPAaBHEHUIO C
VIPOMIEHHOW MOAEIBI0 (Moaenbio 2). Kak 00bIYHO, MOJEITH ¢ OOJBIIMM KOJIMYECTBOM
MapaMeTPOB BCETAa CMOKET COTJIACOBATH JAHHBIC TI0 MEHBINEH MEpe TaK K€, KaK H
MOJIEb C MEHBIIUM KOJHMYECTBOM TapaMeTpoB, a F-kpurtepmii OyaeT OMpenenATs,
JaeT U TOJHAS MOJENb 3HAYMMO JIy4YlIee COTJIACOBAHHME NAHHBIX, YEM YTPOIICHHAS
Mozenb (0e3 meTkH). M3 mpuBemeHHOW BBIME KIACCHYECKOW (HOpMyNBI TOTydaeM
3HaueHne koddduimenta K, ompememsemoe kak (n-pl)/(pl-p2)=(n-7)/1=1017. F-
3HAYCHHE TIPEACTABIAECT COOOH YHWCIIO0, TPEACTABISAIONIEE BEPOSITHOCTh HATHYHS

noyIMHHOW SERS-MeTKH B MapKUpPOBKE.
[041] Kak mpasuio, 3Hayenue F 3aBucut ot SNR crieayronim oOpazom:

- npu Hu3koM SNR u Hanmuuum B mapkupoBke SERS-metku: 3Hauenue F sBusercs
HU3KUM. DTO HOPMaJIbHO, MOCKOJIBKY CIyYalHBIM IIyM OKa3bIBAET TAKOE K€ BIMSHUE,

KaK ¥ OTIEYATOK, BBIOJHAOIMUNA POJIb OTIUYUTENBHOTO npu3Haka SERS-MeTkw.

- mpu HW3KOM SNR u orcyrctBum (mommuuHOM) SERS-mMeTkm B MapKupoBke:

3HaueHue F aBnseTcs HU3KHM.
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- ipu BeIcOKOM SNR m Hammuwmu (moaymmaHOM) SERS-MeTkH B MapkupoBKke: 3HaUYEHHUE

F aBageTcs BHICOKHUM.

- mpu BeIcOKOM SNR u orcyrctBum (momnmuuHOM) SERS-meTkm B MapkupoBke:

3HaueHue F aBnseTcs HU3KHUM.

Tpenn mexxny SNR u 3nauenuwem F, Oynyunm nMHEWHBIM, HE OYEHb MOAXOIUT IS
BBIHECEHMS PELICHUS NPU MPOBEPKE IMOJIMHHOCTH MAapKHUPOBKH, KOrAa 3HadeHHE F
Haxoautca B auanazoHe oT 8000 mo 1000000. /IomOMHUTENIBHYIO CTAIUIO0 «CHKATHS
MOJKHO 3aJ€WCTBOBATh AJI1 U3MEHEHHUA 3HaueHHus F ¢ Tem, 4TOOBI cO37aTh MIATO HA
KPUBOH, MpPEACTABILIOMEH 3aBUCUMOCTh 3HaueHus F mo otHomennro k SNR. B
JAaHHOM BapUAHTE OCYINECTBIICHUS MOIU(PHUIMPOBaHHOE («CkaToe») 3HaueHue F’
MoJIy4YaeTcs MmocpeacTBoM mnpeoOpasosanus F’=konctanrta x Log(F), manpumep, npu

3HAYEHUU KOHCTAHTBI, PABHOH 5.
N3 cepum 5KCIEPUMEHTOB MOKHO JOCTOBEPHO CAENATH BBIBOJ, YTO:

- 3HaueHme F’, KoTopoe HWXKE HIKHEr0o mnoporoBoro 3HadeHus (LTV)
npuomm3uTeabHo 20 (Hanpumep, oT 1 g0 20), COOTBETCTBYET OTCYTCTBHIO
(momymuaHON) SERS-METKH B MapKHPOBKE, U BEBIHOCHUTCS OTPHIATEIbHOE pemeHue D,

YKa3bIBAIOIIEE HA TO, YTO COOTBETCTBYIONIAE OAHKHOTA HE SBJISICTCS TOUTHHHOM.

- 3Hadyenwe F’, koropoe BbIme BepxHero moporoBoro 3HaueHws (HTV)
npuOmu3uTensHO 50 (Hampumep, ot 50 mo 80), ykassiBaeT Ha Hanuuue SERS-meTku B
MAapKHUPOBKE, W BBIHOCHTCSA TOJNOKHTEIbHOE pemeHne D+, ykaspIBaromee, YTO

COOTBETCTBYIOIAS OAHKHOTA SBIICTCS TIOJTMHHOM.

- TOT/Ia KaK TMPOMEXKYTOUYHbIE 3HaueHWs [’ (Hampumep, OT HIDKHETO TMOPOTOBOTO
sHaueHns LTV mo BepxHero moporoBoro 3HaueHuss HTV) He mo3BOIAIOT crenath
BBIBOJI (pe3yabTaT CHIbHO 3aBHCHT OT ypoBHA SNR). B manHOM mocrmemnem ciyuae,
MMOCKOJIbKY HEBO3MOJKHO BBIHECTH pemieHue, mpucytcteyer iu SERS-metka B
MAapKHUPOBKE WJIM HET, W TO3TOMY HENb35 BBIHECTH PEINEHHUE, SABIACTCS M OAHKHOTA
MOJTMHHON WJTH HET, OaHKHOTY coxpanstor (R) mmsa Oonee merampHOTO (Hampumep,

KPUMHUHATMCTHYECKOTO) aHAJIH3A.
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[042] Craguu BhIIEyKa3aHHOTO TPEANOYTHTEIBHOTO BapHaHTa OCYINECTBICHUS
crioco0a TPOBEPKH TOMIUHHOCTH MAapKHPOBKH, HAHECEHHOW HA TOMIOXKKY U
MMEIOIIEH KOMIIO3ULMIO, BKIoUaronyto kpacky U SERS-metky (mmu SERRS-meTky),
0000menbt Ha ¢ur. 4. Tlocne Hawama cmocob6a (MO) 3amaroT 3HAYEHHA YHCTA
STAJOHHBIX PAMAaHOBCKHUX CIIEKTPOB B IIOJIHOM MOJEIIH W B YIPOIIEHHOM Mojenu pl
(mpu pl > 4) u p2 = (pl-1) u coxpasAOT B maMATH O510Ka 00padboTku (M1), a Taxxke
OepyT KOIMYECTBO N TOYEK HA M3MEPSAEMOM paMaHOBCKOM criekrpe. Ha cragumn (M2)
3a/1aF0T COOTBETCTBYIOHIME PAMAHOBCKHE CHEKTPHI Xp,...,Xjp1 (1=1,...,n) mONHOH
MOJEIH U Zi,. .., Liy; YIPOIIEHHON MOAEIH U COXPAHAIOT COOTBETCTBYOILYIO IIOJIHYFO
MaTpHIly 1iaHa X ¥ yOpoueHHY MaTpully miaHa Z. Ha craguu (M3) BBIYHCISIOT U
COXPAHAIOT COOTBETCTBYIONIYIO IICEBIO00OpaTHYI0 X' TIONHOM MATPHIIBI ITIIaHA H
nceBnooOpaTHy0 Z' yIpOIEHHOH MATpPUIBI TaHa. 3ateM Ha cragmum  (M4)
W3MEPEHHBIN PAMAHOBCKUM CHEKTP IOJIYYalOT OT MAPKHPOBKH B BHJE IABYMEPHOIO
W300pKEHHA,  TOJNYYEHHOTO  BU3YAIU3ALMOHHBIM  OJIOKOM  PaMaHOBCKOTO
CHEKTpOMETpa (TIPH OCBEIEHHH MAPKUPOBKH BO30YKIAIOIIUM JIA3€PHBIM CBETOM), U
MOABEPTAIOT TPEABAPUTEIIFHOW 0OPAOOTKE C TMONyYEHHEM OJHOMEPHOTO CHEKTpa H
MOJTyYEHHEM COOTBETCTBYIOIIETO BEKTOpAa HM3MEPEHHs CrekTpa Y, HMEIOHIEro n
kommoneHToB. Ha cragmm (MS5) ocymectBmsiror criocod LSR Bmecte co cmocobom
NNC (1. e. LSR-NNC) nnst BBIMHCIIEHHS TIEPBOTO BEKTOPA BECOBBIX K03 PHIIHEHTOB
ﬁ =X"Y, COOTBETCTBYIOIIETO TIOJTHOM MOJAEIM, M BTOPOTO BEKTOPAa BECOBBIX
ko3 duimentos i =Z'Y, COOTBETCTBYIONIET0 YNIPOMIEHHOH MOJETH, KOTOPHIE
MUHHUMH3HUPYIOT COOTBETCTBEHHO KBaJpaT MEPBOTO BeKTOpa HEeBsiI3kH € (T. €. Y-XP)
JUTA TIOJTHOM MOJENH W KBaJpaT BTOPOTO BeKTOpa HeBs3ku & (T.e. Y-Zu) s
VIPOIEHHOW MojaeNnd. 3ateM Ha cragud (M6) BBIYHCIIIOT TEPBYK) OCTATOYHYIO
cymMmy kBanapatoB RSSI=X}T  (&)? W BIOPYyHO OCTATOYHYIO CYyMMy KBaJpaToOB
RSS2=}1 ,(¢';)* u monywaror coorsercTByromee 3Hadenuwe F, rme F=K(RSS2-
RSS1)/RSS1 (1 K=(n-p1)/(p1-p2)). Ha cragum (M7) BeramcisitoT cxaroe 3HaueHue F’
(mammpumep, mocpeacTeom npeodpazosarmsa F'=5Log(F)). Hakonemn, BeIHOCAT pemenue
c yderoM cxkaroro 3HaueHus F° wu coxpaneHHsix 3HaueHud HTV (BepxHero
noporoBoro 3HaueHus1) W LTV (HIKHErO mMOpOTOBOTO 3HAYEHHA), KOTOPHIE

A0y CTUMBI JJIs1 MAPKHUPOBKH:
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- Ha ctaguu (M8) 3Hauenne F’ cpasHuBatot co 3nauenneM HTV: ecmm F° npepbrmraer
+

HTV (ycnosue cl), Ha ctaguu (M9) BeIHOCAT monokHTENbHOE pemeHue D, T. e.

OaHKHOTa C MAapKHUPOBKOM SABIAETCS TMOMIMHHOW (M BBIYHCIICHHWE OCTAaHABIMBAETCS

(M9%)); ecu F mensmie unu pasao HTV (ycnosue ¢2), To

- Ha craguu (M10) 3nauenue F’° cpaBHmBaroT co 3HaueHuweMm LTV: ecrm F° menbmie
LTV (ycnosue c3), Ha ctanuu (M11) BbIHOCAT OoTpuuaTenpHOE pemieHue D, T. e.
O0aHKHOTA ¢ MAapPKUPOBKOW HE ABIAETCSA MOIMHHOW (M BBIUYMCIICHHE OCTAHABIMBAETCS
(M11)); ecnmu F’ mpesbrmaeTr wnu pasHo LTV (ycmosue c4), To Ha craguu (M12)
O0ankHOTY coxpamstor (R) ama  mocnenyromero aHanmusza (M BBIUMCIICHHE

ocraHaBnuBaercsa Ha (M127)).

[043] B ciyuae, ecnmu MapKUpoBKa coaepKUT MHOkecTBO SERS-merok unmn SERRS-
METOK, PEIICHHE O TOUTHHHOCTH TOJIBKO Ha OCHOBE OJHOTO 3HA4YeHUS F MOXKET OBITH
HE JIOCTATOYHO HaAeKHBIM. COTIIACHO HACTOAIIEMY H300PETEHHIO, MOJKHO TIPUMEHSATH
MHOKECTBO Pa3JIMYHBIX YIPOIIECHHBIX MOJEIEH U BBIYUCIATH pa3nuuHble F-3HaYeHUS
JUISL CPAaBHEHHUS TIOJIHOM MOJENH TOJIHHHOW MApKUPOBKH (T. €. coaep:Kamiei
MHOKECTBO 3TAJIOHHBIX CIEKTPOB PA3IMYHBIX METOK) C KaKIOH W3 YIMPOINEHHBIX
Moaene. Hampumep, pa3nuyuHbie YNPOIIEHHBIE MOJEIH MOTYT COOTBETCTBOBATH
MapKUPOBKE, OTIUYAKOMICHCA OT MOJJIMHHON MAPKUPOBKH TOJIBKO OTCYTCTBUEM OJHOU
W3 PA3IUYHBIX METOK MOJJIMHHOM MapKUpOBKU. JlaHHbie F-3HaYeHWs MmOnydaroT U3
(mpeABapuUTEIFHO OOpa0OTAHHOTO) BEKTOpa CrekTpa Y, TIOJy4eHHOTO U3
W3MEPEHHOTO PAMAaHOBCKOTO CIEKTpPa MAapKUPOBKH, MOJIEKAIIETO0 IPOBEPKE
MOJUTHHHOCTH, TyT€M TMPHMEHEHHWS BhImeynoMsHyToro cmocota LSR-NNC s
HAXOXKJEHUS PAa3IMYHBIX BEKTOPOB BECOBBIX KOI(P(PHUIIMEHTOB, MUHUMH3UPYIOIIHX
KBaJpaTbl COOTBETCTBYIOLUIMX BEKTOPOB HEBA3KU. PemeHne O MOAIMHHOCTH
MapKUPOBKH JOJDKHO BKIIIOYATh Pa3HbIE MOPOTOBbIE MpaBWia A8 KaKIOTO0 U3
BBIYHCIICHHBIX [-3Ha4Y€HWN, YTO MPUBOJIMUT K OMPEACICHHOW CIOKHOCTH. B m1aHHOM
Cllydae pPeImeHne 0 OJTHHHOCTH TPEIIOYTHTEITFHO MOJKET OBITh OCHOBAHO HA JIEPEBE

PELICHUH, BKITFOYAOIIEM YKA3aHHbBIE IPABUIIa TOPOTOBBIX 3HAYECHUM.
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[044] Hactosmiee u300peTeHHE Takke OTHOCHTCA K cucteMe (60), KOHKPETHBIH
BAPUAHT OCYIICCTBIICHUA KOTOPOW TPOWUIIOCTPUPOBAH Ha ¢ur. 6, comepskamen
ucTouHUK (61) cBeTa, paMaHOBCKUH CHEKTpoMeTp (62), BH3yaTH3alMOHHBIA OJIOK
(63), 6ok (64) 06paboTkH, 010K (65) mamsaTu u Onok (66) ynpasnenusa. brok (66)
VIPaBICHUS yNPAaBIseT UCTOUYHHUKOM (61) cBeTa (B JaHHOM CIIydyae JIa3epoM) yepes
TOKOBYIO TIETIIFO JUIS TIOJAYX KaJTMOPOBAHHOTO BO30YKIAIOIIETO CBETA M OCBEIICHUSA
Ha MapKHUPOBKY (67) Ha OankHOTE (68), MoAIeKaMIeH TpOBEPKe HA TOJTUHHOCTD, TIPH
JOCTH)KEHUHU (ABWKYIIEHCS) MAapKUPOBKH YPOBHS BH3YaJIH3aLMOHHOTO Onoka (65).
JlazepHbiii BO30Y)KJAOIIMA CBET TMOJAIOT Yepe3 IUXPOMYHOE 3epKano (69) Ha
MapkupoBky (67). B oTBeT Ha OCBeIIEHHE PaMAaHOBCKHM CBET PacCeMBAaETCs OT
MapKHPOBKH, COOMpPAETCA Yepe3 AUXPOMYHOE 3epKajno (69) u pacmpenenseTcs depes
pemetky (70) k CCD-pmatumky (71) Busyanmum3anmumoHHOTO Oioka  (63).
CooTBeTcTBYIOMEE IByMEpHOE IH(PPOBOE MU300pPaKEHUE COOPAHHOTO PAMAHOBCKOTO
CTIEKTPA MOJIyYaAIOT C TIOMOIIBI0 BH3YAIN3aMOHHOTO OJI0Ka (63), U OHO TPEACTABIIAET
CO00H M3MEPEHHBIN JBYMEPHBIM PAMAaHOBCKUH CIEKTP, KOTOPBIH COXPAHAIOT B OJIOKE
(65) mamsatu. brok (65) maMsATH XPaHUT TOJHYIO MOJENb TOMTAHHOW MapKHPOBKH
(HaHEeCEHHOW HA TOMTUHHYIO TIOUIOKKY TOUTMHHOW OAHKHOTHI), T. €. KOJHYECTBO N
TOYEK W3 BHIOPAHHBIX JTANIOHHBIX CIEKTPOB, KOIMMYECTBO Pl  BECOBBIX
KOX((PHUIIMEHTOB, 00pa3yrOIUX TEPBBIH BEKTOP [ BECOBBIX KOIPPHUIMEHTOB, H
KOJIMYECTBO P2 BECOBBIX KOA((PHIMEHTOB, 00Pa3yIOMMX BTOPOH BEKTOP W BECOBBIX
KO3 PUIMEHTOB, KaK TOSCHSIOCH BBIMIE. ODTAJIOHHBIE CIEKTPBI TIOJHOM MOJEITH
XpaHATCS B BHAE KOMIIOHEHTOB TOJTHOW MATpHIB! X (TUIaHA), a STAJIOHHBIE CTIEKTPHI
YIPOIICHHOW MOJEIN XPAHATCS B BHJAEC KOMIIOHEHTOB YNPOLICHHOM MAaTpUUbl Z
(mmana). bmox (65) maMATH JOTONHUTENIFHO XPAHHUT YOPOIIEHHYIO MOJEINb,
TIpeIBAPUTENEHO BEIYHCIIEHHEIE TICeBI000paTHbIe X' 1 Z' COOTBETCTBEHHO MATPHIIBI
X u marpuupl Z. CoxpaHEHHBIH JIBYMEPHBIM H3MEPEHHBIM PAMAHOBCKUH CIIEKTP
MpeaBapuTeIbHO OOpadatbiBaeTcss OmokoM (64) 0OpaOOTKH, KaK OMWCAHO BHIMIE, C
MOJIyYeHHEeM (OJHOMEPHOTO) TIPEABAPUTENHFHO OOpaOOTAaHHOTO CIEeKTpa B (opme
BeKTOpa Y M3MEPEHUs CIEKTPA, UMEIOMIETO N KOMIIOHEHTOB, KOTOPBIH COXPAHSIOT B

onoke (65) mamsatu. bnok (64) 00padoTKH 3aTeM
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BBIYUCIISIET NEPBBIA BEKTOP ﬁ = XY BecoBBIX KOI((PHUIHMEHTOB, COOTBETCTBYONIHIA
MOJTHOM MOJENH, KOTOPBIM MUHUMHU3UPYET KBAJPAT NEPBOTO BEKTOPA HEBS3KH €= Y—
Xp, u Borumcager Bropoit Bektop fi =Z'Y BecoBBIX KOI(QUIMEHTOB, KOTOPHI
MUHHUMH3HPYET KBAJPaT BTOPOTO BEKTOPAa HEBA3KU &=Y-Z, U COXpaHIET B OlOKe
(65) mamATH BBIYHCIIEHHBIE BEKTOPHI HEBA3KH. B OnOKe mamsATH TarkkKe XPaHATCS
sHayeHuss mapametpoB HTV m LTV, coorsercTByronue BEpXHEMY IOPOTOBOMY
3HAYEHUIO U HIKHEMY MOPOTOBOMY 3HAYEHHIO, KOTOPBIE HEOOXOJUMO YUUTHIBATH C
noMouipr0 F-xpurepus nmt moimHOM M ynpolneHHOM moxend. Ilepsas ocrarounas
cymma kBaapatoB RSSI=}1  (&)? w BTOpas oOCTaTOYHAs CyMMa KBaJpaToOB
RSS2=¥1 ,(€';)?, COOTBETCTBEHHO CBA3aHHBIE C TIONHOW MOJENBIO W BTOPOM
MOJIEITBIO, BBIYHCIIAIOTCS OJIOKOM (64) 00paboTkH, a cooTBeTcTByIonee F-3nauenwue F-
KPUTEPHUS TOTIOTHUTEIHHO BhIMUCIIAETCS O710KOM (64) 00padotku B Buae F=K(RSS2-
RSS1)/RSS1, tme K=(n-pl)/(pl-p2). bnox (64) 00paOOTKH BBIYUCIAET CIKATOE
sHauenne F’ kak F’=5Log(F) m coxpanser manHoe 3HaueHHE B Onoke (65) mamsTH.
brok (64) 00pabOTKH, HAKOHEN, BRIAAECT PeIeHHe (IPEANOYTHTEIHHO 0TOOPaKAeMOe
Ha DKpaHE) HAa OCHOBE COXPAHEHHOTO 3HaYeHHWA F’ ¥ COXpAaHEHHBIX 3HAYCHUH
mapametrpoB HTV m LTV mnpu cpaBHenun 3mauenms F° ¢ HTV u LTV (xak
OOBSCHAJIOCH BHIME). B cnyyae mnpH3HAHWA MApKUPOBKH HE TOMIUHHOW (YTO
COOTBETCTBYET OTPHIATEIBPHOMY pemieHH0 D7), COOTBETCTBYIOHIYIO OaHKHOTY
COXPAaHAIOT Kak moaaenbHyro. B cmywae, ecrm F’>LTV, OaHKHOTY CUHMTAOT

TOT0O3PUTEIIBHON W COXPAHSIOT JIJIST JATBHEUIIETO (KPUMHUHATHCTHYECKOTO ) aHAJTH3A.

[045] Brimeyka3aHHBIN PeIMET H300PETEHHS CIIEAYET CUNTATh WILTFOCTPATHBHBIM, a
HE OrPaHWYMBAIOIIMM, H OH CIYKUT JJIs JIy4IIEro TOHMMAHUS HACTOALIETO

H300pETEHUS, OTPEACIIIEMOT0 HE3aBUCUMBIMHE ITyHKTAMH (DOPMYITBI H300PETCHHS.
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IlepBoHayanbHO noaaHHas ¢popmyJia u3oOpeTeHUs

1. Cnoco® mTpOBEPKH TOMITHHHOCTH MAPKHPOBKH, HAHECEHHOW HA TOMJIOKKY H
UMEIOMIEH KOMIO3ULMIO, COAEPKAallyr0 TEpPBbIM Matepuai, Bkmrovaromuii SERS-

meTKy i SERRS-meTky, oTnuuaroniuiicss Tem, 4To croco0 BKITFOYAET CTa/IUU:

ONpEIENICHUA IOIMHOM MOJEIM PaMAaHOBCKOIO CIIEKTpPa MOJJIMHHOM MAapKHUPOBKH,
HAHECEHHOM HA MOJJIWHHYI0 IOMJIOKKY M HMMEHOIIEH KOMIIO3ZHMIMIO, COJEPKALIyIo
NOJJMHHBIA TEPBBIM MaTepualn, BKIIOYAOMMA noanuHHyro SERS-metky wmm
noanuHHyro SERRS-meTky, B BHOe nepBoil B3BEIIEHHOHM CYMMBI 3TaJOHHOTO
PAaMaHOBCKOTO CIIEKTpPa IOMJIMHHOM METKH, OJTAJIOHHOTO PAMaHOBCKOIO CIIEKTpa
3TAJIOHHOM IMOJJIMHHOM MOJJIOKKH, KOTOPas HE MapKUpPOBaHA MOJJIMHHOM METKOM, U
3TaJIOHHOTO PAMAaHOBCKOTO CIIEKTPA 3TAJIOHHOTO MOJJIMHHOIO MEPBOr0 MaTepHalla, He
BKJIFOYAIOLIETO TOUIMHHYIO METKY, COOPaHHBIX TPH COOTBETCTBYIOLIEM OCBELICHUHU
MNOJJIMHHOW METKH, 3TaJOHHOM NOJUIMHHOM IMOAJIOKKHM M 3TAIOHHOTO IOAJIMHHOTO

NIEPBOTO MaTepHasa BO30YKIAOIIUM CBETOM;

ONpEACNICHU  YNPOIICHHOM MOJEIM  PAMAaHOBCKOTO  CIEKTpa  YNPOIIEHHOHU
MapKHpOBKHM, IPUYEM YOPOIIECHHAas MapKUPOBKA OTIMYAETCA OT MOJJIUHHOMU
MAapKHPOBKH TOJIBKO CBOEH KOMITO3ZHMIMEH, HE BKIIOYAKOMEH IMOMJIWHHYIO METKY, B
BHJIC BTOPOM B3BCHICHHOM CYMMBI 3TAJIOHHOTO PAaMAHOBCKOTO CIEKTPa 3TaTIOHHOMU
NOJJMHHOW TOJJIOKKM M JTaJOHHOTO PaMaHOBCKOIO CHEKTPa 3TaJOHHOTO

NOAMWHHOIO ICPBOro MaTcpuraia,

pu OCBELICHUH MAapKUPOBKH BO30YKTAFOIIAM CBETOM H3MEPEHUSA
COOTBETCTBYIOIIETO PAMAHOBCKOTO CBETOBOIO CHTHAJIA, PACCEMBAEMOIO0 MAPKHPOBKOM,
C MOMOMIBIO PAMAHOBCKOTO CIIEKTPOMETPA ¢ MOJIyYEHHEM H3MEPEHHOTO PAMAHOBCKOTO

CIEKTPA MAPKUPOBKH,

COTJTAaCOBAHMA M3MEPEHHOIO PaMaHOBCKOTO CIEKTpa € TMOJHOM  MOJEIBIO
PaMaHOBCKOTO CIEKTPA MYyTEM BBIYHCIIEHUS BECOBBIX KOX((PHUIMEHTOB B TONHOW
MOJENA, KOTOPbIE MHHUMH3UPYIOT, TMPH OrPAHUYEHHH HEOTPULATEIBHOCTH

VKa3aHHBIX BECOBBIX KOI((HUIMEHTOB, PpA3HHUIy MEXKAY TOJHOW MOJENBI0 H
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W3MEPEHHBIM PAMAHOBCKMM CIIEKTPOM, M IIOJIYYEHHs COOTBETCTBYIOLIEH IEPBOU

HEBSI3KHU,

COINIACOBAHMA HW3MEPEHHOIO PAaMAaHOBCKOTO CIIEKTpa C YIPOIIEHHOHM MOJEIBIO
PaMaHOBCKOTO CIIEKTPA IMyTEM BBIYUCIICHUSA BECOBBIX KOI(P(PHUIIMEHTOB B YIIPOIIEHHOM
MOJEIH, KOTOPBIE MHMHHMMHU3HPYIOT, IIPM OIPAaHWMYEHHH HEOTPULATEIBHOCTH
YKa3aHHBIX BECOBBIX KO3()(HUIMEHTOB, PasHUIly MEXKAY YIPOIICHHOM MOJENBI0 H
U3MEPEHHBIM PAMAHOBCKHM CIIEKTPOM, M TOJNYYEHHs COOTBETCTBYIOINEM BTOPOH

HEBSI3KHU,

BBIYHUCIICHUS F-3HaueHMs, COOTBETCTBYIOIIETO F-KpUTEpHIO CpaBHEHUA MOJHOU
MOJEIIM W YIPOIIEHHOM MOJENU JJI1 HM3MEPEHHOIO PaMAHOBCKOIO CIIEKTpa, W3

MOJTyY€HHOM NIEPBOM HEBA3KU U BTOPOU HEBSI3KH; U

NpUHATHA PCHICHUA O HAJTUMYHWHU HIIW OTCYTCTBHHU MCTKH B MAapKHUPOBKC HAa OCHOBAHUH

BBIYUCIIEHHOTO F-3HaueHus.

2. Cnoco0 mo m. 1, Tie BO BpeMs OTEpaIii U3MEPEHUS PAMAHOBCKOTO CBETOBOTO
CUTHAJIa, PACCEMBAEMOTO MAPKHUPOBKOH, MapKHPOBKA IMEPEMEINACTCS OTHOCHTEIIBHO

PaMaHOBCKOTO CIIEKTPOMETPA.

3. Cnioco6 mo mo6omMy u3 1. 1 ¥ 1. 2, T/1e KOMIIO3HUIHA MAaPKUPOBKH BKITFOUAET BTOPOH
MaTepHaj, a COOTBETCTBYIOIIHE B3BCIIECHHBIC CYMMBI IMOJTHOW MOJEIH M YIIPOIIEHHON
MOJAETH JOTOJHUTENFHO BKIIOYAOT JTAJOHHBIH CIEKTP COOTBETCTBYIOIIETO
MOUTMHHOTO BTOPOTO MaTepuaja, COOpPAHHBIA TPH OCBCIICHHH YKA3aHHOTO
NOJJIMHHOTO BTOPOTO MaTepHaia BO30Y)KHAIOMIMM CBETOM, C COOTBETCTBYIOIIHUM

BECOBBIM KO3 PHUIIEHTOM.

4. Cnioco0 mo mro6omy u3 m. 1-3, T1e paMaHOBCKHN CTIEKTPOMETP UMEET MHOKECTBO
CIIEKTPAbHBIX KAHAIIOB, 4 ONEPalysd U3MEPEHUs PAMaHOBCKOTO CBETOBOTO CHTHAIIA,

paccenBaeMOro MapKHPOBKOM, BKITFOYAET:
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pacnpesieieHie COOPaHHOTO PAaMAHOBCKOTO CBETA TI0 MHOMKECTBY CIHEKTPAJbHBIX
KaHAJIOB W TIOJNYYEHHE JBYMEPHOTO LM(POBOTO H300PAKEHHUSA PACIIPENEICHHBIX

CIICKTPAJTbHbIX JaHHBIX C MTOMOIIbIO BU3YaJTU3alITHOHHOTO 6J10Ka;

MPEABAPUTETFHYI0 00PA0OTKY TMOTYYEHHOTO JABYMEPHOTO HH(POBOTO HU300PAKCHUS

MyTEM OCYIIECTBICHHA OJIOKOM 00pabOTKH, CHAOKEHHBIM MTAMATHIO, OTIEPALIAN:

MpeoOpa3oBaHMsl JByMEPHBIX CIEKTPATbHBIX JAHHBIX B OJHOMEPHBIE CIIEKTPAJIbHBIC
JaHHBIE  TOCPEACTBOM  JIMHEWHOTO  TPYNNHPOBaHMA W TIpeoOpa3oBaHUA

CTPYIIIIUPOBAHHBIX JaHHBIX B JAHHBIC 110 AJIMHAM BOJIH,

nepecanucKpeTU3aiun OAHOMCPHBIX CIICKTPAJIbHBIX JaHHBbIX C MOJIY4YCHUCM

OAHOMEPHOTI'O CIICKTpPA C TOYKAMH JAHHBIX, PABHOYAAJICHHBIMH ITO JJIMHC BOJIHDI;

KaJTMOPOBKHM OJHOMEPHOTO CIEKTPa IO OTHOIIEHHIO K STAJIOHHOMY CHEKTPY Oenoro

CBCTA, XpAHAIICMYCA B ITAMATH, € IIOJTYyUCHHUEM OTKaJIH6p0BaHHOFO CIICKTpa,

¢unbTparmu GUIBTPOM HIDKHHUX YACTOT OTKATHOPOBAHHOTO CIEKTPA C TOJIYUYCHHEM

OT(PHUIBTPOBAHHOTO CIIEKTPA; H

COBMCHICHHUA IIO0 JJIMHC BOJIHbBI OT(i)I/IJIBTI)OBaHHOI‘O CIICKTPa C 3TAJIOHHBIM CIICKTPOM
MCTKH, XpaHAIIUMCA B MNaMATH, C TIIOYYCHHCM TCM CaMbIM IIPCABAPUTCIBHO

00pabOTaHHOTO CIIEKTPA; H

BBINIOJIHCHUE OMNEpPAlMd BBMUHUCICHUA TIEPBOM HEBA3KA M BTOPOM HEBA3KH C
WCITOJIb30BAHUEM TIPEBAPUTEIIEHO 0OPa0OOTAHHOTO CIIEKTPA B KAYECTBE HM3MEPEHHOTO

PaMaHOBCKOTO CIIEKTpa.
5. Cioco06 110 11. 4, BKITFOYAFO LML

OnmpcACICHUC BCKTOpPa HU3MCPCHHA CIHCKTPAa KaK BCKTOpa, COOTBCTCTBYIOLICTO

MOy YEHHOMY TIPEIBAPUTEIEHO 00Pa00TAHHOMY CIIEKTPY;

ONpPEACICHUE MEPBOTO BEKTOPA CIEKTPA KaK MPOU3BEACHUA EPBOTO BEKTOPA BECOBBIX
KOX((HUIIMEHTOB W TOJHOW MATPHIBI TUIAHA W ONPEIEICHHE COOTBETCTBYIOIIUX

HEOTPHIIATENHHBIX KOMIIOHEHTOB TIEPBOTO BEKTOPAa BECOBHIX KO3 (PHIHMEHTOB,
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KOTOPBIH MHHHMH3HPYET C TOMOINBIO CTHOCO0Aa HAWMEHBIIMX KBAJAPATOB TEPBBIN
BEKTOP HEBA3KH, COOTBETCTBYIOIIMHN PA3HMIIC MEKIY YKA3aHHBIM IEPBBIM BEKTOPOM
CIIEKTPA M BEKTOPOM H3MEPEHMs CIEKTPa, MPHYEM IIOJHAS MaTpHLA IUIAHA HMEET
CTOJOLBI, COOTBETCTBEHHO TMPEACTABIIIOMUE COOOH JTAJIOHHBIE CIEKTPAJIBHBIC

JIAHHBIC TIOJTHOM MOJECIIH;

OIIPEAEIIEHHE BTOPOr0 BEKTOPA CIIEKTPA KAaK MPOU3BEACHUSA BTOPOTO BEKTOPA BECOBBIX
KO3(p(UIMEHTOB U YTIPOLICHHON MATPHUIIBI TUTAHA U ONPEAETICHHE COOTBETCTBYIOIIUX
HEOTPHULIATEIBHBIX KOMIIOHEHTOB BTOPOTO BEKTOPAa BECOBBIX KOI(PQPHUIMEHTOB,
KOTOPBIM MUHUMH3UPYET € IIOMOLIBI0 METO/Ia HAMMEHBIIUX KBAJIPAaTOB BTOPOH BEKTOP
HEBS3KH, COOTBETCTBYIOIIMH PAa3HHULE MEXAY YIOMAHYTBIM BTOPBIM BEKTOPOM
CIIEKTPAa M BEKTOPOM H3MEPEHHUS CIIEKTPa, IPUYEM YIPOIUECHHAs MaTpULA IUIaHa
UMEET CTOJOLBL, COOTBETCTBEHHO MPEACTABIAIOIIHE OJTAJIOHHBIE CIIEKTPAJIbHBIE

JAHHBIE YIIPOIICHHON MOJIETIH;

BBIUMCJICHHE  TEPBOM  OCTATOYHOM CyMMBbl  kBagparoB  RSS1  ommoOoK,
COOTBETCTBYIOIIEH IEPBOMY BEKTOPY BECOBBIX KOI((UIMEHTOB, MPUYEM TIEPBbIHA

BEKTOP BECOBBIX KOI(PPHUIIMEHTOB HMEET YUCIIO Pl HEOTPUIIATEIPHBIX KOMIIOHEHTORB;

BBIYMCJICHHE  BTOPOH  OCTAaTOYHOM  cymMmbl  kBaaparoB RSS2  ommbok,
COOTBETCTBYIOIIEH BTOPOMY BEKTOPY BECOBBIX KOI(PQHUIMEHTOB, TPUYEM BTOPOU

BCKTOP BCCOBBIX KO3(1)(1)I/II_[I/ICHTOB HMECT YHUCIIO p2 HCOTPHLATCIIbHBIX KOMITOHCHTOB, 1

BBIUMCIICHUE F-3HAYEHU KaK 4YaCTHOTO PA3HOCTH MEKIY BTOPOM OCTATOYHOM CYyMMOM
kBagpatoB RSS2 u mepBoit octatounoit cymmol kBaapatoB RSS1, moaenenHo#l Ha
Pa3HOCTh MEXAY YHCIHaMU p2 U pl, U mepBOM OCTATOYHOU CyMMOU KBaapatoB RSS1,
MOJICICHHOM HAa PAa3HOCTh MEKIAYy YHMCIOM N KOMIIOHEHTOB BEKTOpPAa H3MEPEHHS

cnekrpa ¥ unciom pl: F = (RSS2-RSS1)/(p1-p2))/(RSS1/(N-p1)).

6. Cmoco6 mo 1.5, TOe OmpeneneHWe COOTBETCTBYIOMIMX HEOTPHLATEIBHBIX
KOMIIOHEHTOB TIEPBOTO BEKTOPA BECOBBIX KO3(PPHUIMEHTOB W BTOPOTO BEKTOPA

BECOBBIX KO3()(PHIIMEHTOB BKITFOYAET:
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MOJIETMPOBAHHUE TIEPBOTO BEKTOPA BECOBBIX KOI(D(PHIMEHTOB, MHUHHUMH3HPYIOIIETO
MEPBBIA BEKTOP HEBSI3KH, KaK TPOM3BEACHHE TICEBIOOOPATHOW MATPHIBI TTOHOM
MATPHIBI IIJIJAHA U BEKTOPA U3MEPEHHA CIEKTPA, U MOACIMPOBAHUE BTOPOrO BEKTOPA
BECOBBIX KO3()(PHUIMEHTOB, MHHUMHU3UPYIOLIETO BTOPOM BEKTOP HEBA3KH, Kak
MPOU3BEJICHUE TICEBAOOOPATHON MATPHIBI YIPOLUIEHHONM MATPHIBI IUIAHA W BEKTOPA

HU3MCPCHUA CIICKTPA, U

B CIy4yae, €CIM KOMIIOHEHT COOTBETCTBEHHO IEPBOTO BEKTOpa BECOBBIX
KO3((UIMEHTOB WM BTOPOTO BEKTOpPAa BECOBBIX KOI((PHUIMEHTOB HMeeT

OTPULIATCIIbHOC 3HAYCHHUC!:

MOAH(HKAIHIO COOTBETCTBEHHO TOJTHOW MATPHIIBI IJIAHA WITH YITPOIICHHON MAaTPHIIBI
TJIaHA TIYTEM yIaJICHHA U3 YKA3aHHOW MAaTPHIIBI BEKTOPA CTIIEKTPA, COOTBETCTBYIOIIETO

YKa3aHHOMY OTPHUIATEIHBHOMY KOMIIOHEHTY
TMPHHATHE 3 HYJIb YKA3aHHOTO KOMITOHEHTA C OTPUIATEIIFHBIM 3HAYCHHUEM; U

MOBTOPHOE BBIYUCIICHUE COOTBETCTBEHHO TICEBI00OPATHO M MAaTPHLBI
MOAU(DUITUPOBAHHOMW TTOJTHOH MATPHIIBI IJIAHA HITH MOJAU(PUITUPOBAHHON YTIIPOIICHHOM
MaTpulpl IIaHa 0 TE€X TOp, MOKa IMOJIyYeHHBIE KOMITIOHEHTBHI NEPBOTO BEKTOpa
BECOBBIX KOX((HUIIMEHTOB W BTOPOTO BEKTOPA BECOBBIX KOI(PQHUIMEHTOB HE OyayT

HUMCTDb JTUIIb HCOTPHIATCIIbHBIC 3HAYCHU .

7. CucteMa 11 IPOBEPKH TIOUTHHHOCTH MAaPKUPOBKH, HAHECEHHOW HA TIOJIONKKY W
UMEIOMICH KOMIO3HUIMIO, COJAEPKAIlyl0 TEPBbIM Matepuan, Bkmrovaromuii SERS-
MeTky uin SERRS-MeTKy, mpuueM cuctemMa COAEPKUT UCTOYHHK CBETA, PAMAHOBCKHI
CHEKTPOMETpP, BH3YAIH3ALMOHHBIA ONOK W OJIOK YTPABJIEHHUS, COACPKALIHA OIJIOK
00pabOTKH W TaMATh, MPUYEM HCTOYHHK CBETA YIPABIACTCS OJOKOM YIIPABIICHUS
Yepe3 TOKOBYIO TETIIFO IS TMOJAYH OTKATHOPOBAHHOTO BO30YIKIAIOIIETO CBETA,

OpHUYICM CUCTCMA BBITIOJTHCHA C BO3MOXHOCTBIO OCYIICCTBIICHHA onepaunﬁ:

OCBCHICHHA MapKHPOBKHU B036y)I(I[aIOH_[I/IM CBCTOM, IIOJaBaA€CMbIM OT HCTOYHHKA CBCTA,

VIPABISEMOTO OJIOKOM yIPABICHHS, H
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cOopa pPe3yIbTUPYIOMIETO PAMAHOBCKOTO CBETA OT MAapPKUPOBKH M PACIPEICIICHHUE
COOpaHHOTO PaMaHOBCKOTO CBETa B PAMAaHOBCKOM CIIEKTPOMETPE, HMEIOIIEM
MHOKECTBO CIEKTPANBHBIX KAHAJIOB, a TAKXKE TMOYYCHHsS JBYMEPHOTO MH(PPOBOTO
M300PAKEHUST  COOTBETCTBYIOIMUX  CIEKTPATBHBIX  JAHHBIX C  TOMOTIBIO
BH3YAJTU3AMOHHOTO OJI0OKA W COXPAHEHUS B TMAMATH TOJyYEHHBIX CHEKTPATbHBIX

AAHHBbIX B BUIC U3MCPCHHOTO PAMaHOBCKOI'O CIICKTPAa MaAPKHUPOBKH,
OpH 5TOM CUCTEMA OTIIMYACTCS TEM, YTO.

NaMATh XPAHUT MOJHYI0 MOJEIh PAMAHOBCKOIO CIEKTPa MOJJIMHHOW MapKHUPOBKH,
HAHECEHHOM HAa IOJIMHHYKO IOJUIOKKY M HMEIOMIEH KOMIIO3HIUIO, COJEPKALIyIO
NOJJWMHHBIA TEPBBIM MaTepuali, BKIIOYAOMMA noanuHHyro SERS-Merky wmm
noyimHHyl0 SERRS-mMeTky, B BHIe nNepBOH B3BEHIEHHOH CYMMBI 3TaJOHHOIO
PaMaHOBCKOTO CIEKTpa MOJJIMHHOM METKH, 3TaJIOHHOIO PaMaHOBCKOI'O CIIEKTpa
3TAJIOHHOM NOJUIMHHOM MOJUIOKKH, KOTOpas HE MapKHUPOBaHA MOJJIMHHOM METKOH, U
3TAJOHHOT'O PAMaHOBCKOI'O CIIEKTPA 3TAJOHHOTO MOJJIMHHOTO NEPBOr0 MaTepHasa, He
BKITFOYAIOIIETO TOUIMHHYI0 METKY, COOPaHHBIX HMPH COOTBETCTBYIOIIEM OCBEINCHHU
MOJJIMHHON METKH, 3TaJJOHHOW TOJJIUHHOM MOJIOKKH W 3TAJIOHHOTO TOJTMHHOTO

MIEPBOTO MaTepHaia BO30YKIAOIUM CBETOM;

NaMATh XPAHUT YOPOLICHHYK) MOJEIb PAaMaHOBCKOTO CHEKTpa YHPOIICHHOMU
MApKUPOBKH, IPUYEM YIPOIIECHHAs MapKHPOBKAa OTIMYAETCA OT MOJJIUHHOMU
MApKUPOBKH TOJIBKO CBOEH KOMIIO3HMLMEH, HE BKIIOYAIOMIECH MOJJIMHHYK) METKY, B
BUJIC BTOPOM B3BCIICHHOM CYMMBI 3TAJIOHHOTO PAMAHOBCKOTO CIIEKTPa 3TalIOHHOMU
NOJJUHHOM TOJJIOKKM M JTAaJOHHOTO PaMaHOBCKOIO CIEKTPA  3TaJOHHOTO

NOAMWHHOIO ICPBOTr0 MaTCpuaia, u

IpH 3TOM CHUCTEMA JOIMMOITHHUTCIBHO BBITTIOITHCHA ¢ BO3MOKXHOCTBIO OCYHICCTBIICHHUA C

TMTOMOTIBO 0JI0Ka 0OPAOOTKHU OTIepaIiii:

cormacoBaHus H3MCPCHHOTO pPaMaHOBCKOI'O CIICKTpPad, COXPAHCHHOIO B TMAMATH, C
COXpElHCHHOfI MOJTHOM MOJCIBIO PaMaHOBCKOT'O CIICKTPA IMYTCM BBIYHCIICHUA BCCOBBIX

KO3((HUITMEHTOB B TIOJIHOM MOJENH, KOTOPHIE MUHHUMH3UPYIOT, TIPU OTPAHHYCHHUH
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HEOTPHIIATETFHOCTH YKAa3aHHBIX BECOBBIX KO3(PPHUIMEHTOB, Pa3HUIy MEXKIY MOTHOU
MOJENIBI0 U U3MEPECHHBIM PAMAHOBCKHUM CIEKTPOM, M IOIYYEHUS M COXPAHCHHA B

NaMATH COOTBETCTBYIOLIEH NIEPBON HEBA3KH,

COTJIACOBAHMA HW3MEPEHHOIO0 PAaMAHOBCKOIO CIEKTPA, COXPAHEHHOIO B IIAMATH, C
COXPAHEHHOU YINPOLICHHOM MOJEIBI0 PAMAHOBCKOTO CIEKTPA IIYTEM BBIYHCIICHHUSA
BECOBBIX KOX((UIIMEHTOB B YIPOIICHHON MOJETH, KOTOPblE MHHUMH3HUPYIOT, TPHU
OTPaHWYECHUH HEOTPHUIATETPHOCTH YKA3aHHBIX BECOBBIX KO3()(UIMEHTOB, Pa3HUILY
MEXKIY YIPOINEHHON MOJAEIBIO U U3MEPEHHBIM PAMAHOBCKHUM CIIEKTPOM, U IOTYYEHHUS

" COXpPAaHCHHUA B TaMATH COOTBGTCTBYIOIIIeﬁ BTOpOfI HCBA3KH,

BBIYUCJICHUS U COXPAaHEHUsA B maMATH F-3HadueHus, cOOTBETCTBYHOIIEro F-kpurepuro
CPaBHEHHUA MOTHOM MOAENH U YIPOIIEHHOW MOJEIH AJIA U3MEPEHHOTO PAMaHOBCKOTO

CIIEKTPA, U3 COXPAHEHHOM MEPBOU HEBA3KU U BTOPOM HEBSI3KH; U

OpUHATHA PCHICHHUA O TOM, IMPUCYTCTBYCT HJIKM HCT MCTKA B MAPKHPOBKC Ha OCHOBC
COXpPaHCHHOTO F-SHa“ICHI/ISI, H BbIJa4¥ CHUTHaja, YKa3bIBAKOIICTO Ha PE3YJIbTAT

peuIcHuUs.

8. Cuctema mo m. 7, TAe BO BpPEMs ONEPALMH H3MEPEHHUS PAMAHOBCKOTO CBETOBOTO
CUTHAJIa, PAaCCEMBAEMOTO MAPKHUPOBKOH, MApKHPOBKA IMEPEMEINACTCS OTHOCHTEIIBHO
PAMaHOBCKOTO CIIEKTPOMETPA, W OJIOK YTMPABICHHA CHHXPOHH3HUPYET OCBEIICHHE
MapKHUPOBKH C TTIOMOTMIBIO UCTOYHHKA CBETA W TOJyUY€HHE U3MEPEHHOTO PAMAHOBCKOTO
CHEKTpa C TOMOMIBI0 PAMAHOBCKOTO CIMEKTPOMETPA W BU3YAITH3ALMOHHOTO OJIOKA C

ABWKCHHUCM MAapKHPOBKH.

9. Cucrema mo moOOMy W3 1.7 W 1. 8, T/l KOMITIO3HIHSA MApKHUPOBKH BKIFOYAET
BTOPOM MAaTEpHAJl, COOTBETCTBYIOINWE B3BCLICHHBIE CYMMBI IIOJTHOM MOJEIH H
VIPOIIEHHOM  MOAENM  JONOJIHUTEIBHO  BKIFOYAKOT  JTAJIOHHBIA  CIEKTP
COOTBETCTBYIOLIETO TOUTHHHOTO BTOPOTO MaTepHaja, COOPAaHHBIA NPU OCBEHICHUH
YKa3aHHOTO TOAJMHHOTO BTOPOr0 Marepuana BO30YKZAOIIUM CBETOM U

COXPAaHEHHBIN B TIAMATH, C COOTBETCTBYOIIHUM BECOBBIM KO3((HUITUEHTOM.
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10. Cuctema o mro60oMy U3 Tt 7-9, rae 010K 00paOOTKH BHITIOTHEH C BO3MOKHOCTHIO
OCYIIECTBJICHUS OTEPAIHi MPeABAPUTEIIHHON 00paObOTKH COXPAHEHHOTO JIBYMEPHOTO

HU(pPOBOro H300PAKEHUSI IOCPEACTBOM CIIEAYIOIIETO:

npeoOpa3oBaHMA JBYMEPHBIX CIIEKTPAIBHBIX JAHHBIX B OJHOMEPHBIE CIIEKTPAJIbHBIC
JaHHbIE  TIOCPEACTBOM  JIMHEHHOTO  TPYNIHPOBaHHMA W TIpeoOpa3oBaHUA

CTPYHITHPOBAHHBIX JaHHBIX B JAHHBIC 11O AJIMHAM BOJIH,

nepeauCKpeTU3alun OAHOMCPHBIX CHICKTPAJIbHBIX JaHHBIX C NOJIy4YCHUCM

OAHOMCPHOI'O CIICKTPa C TOUKAMHA JaHHBIX, PaBHOYJAAJICHHBIMH I10 AJIMHC BOJIHBI,

KaJ'II/I6pOBKI/I OJHOMCPHOTO CIICKTpa IO OTHOHMICHHUIO K 3TAaJIOHHOMY CIICKTPY 0enoro

CBETA, XpaHANICMYCA B IaMATH, € TOJTYUCHHEM OTKaJIH6p0BaHHOFO CIICKTpPa,

¢unpTpaip GUIBTPOM HIKHHX YaCTOT OTKATHOPOBAHHOTO CIEKTPA C MOJYYECHHUEM

OT(HUIBTPOBAHHOTO CIIEKTPA;

COBMCHICHHA ITIO JJIMHC BOJIHBI OT(i)I/IJILTI)OBaHHOI‘O CIICKTPa € STAJIOHHBIM CIICKTPOM
MCTKH, XpaHAIIUMCA B IIaMATH, C IMOJIYUYCHUCM TCM CaAMbIM H COXPAaHCHHUCM B IMaMATH

MpeABAPUTETHLHO 00PAOOTAHHOTO CTICKTPA; H

BBIMIOJIHECHUSL OMEPAIMd  BBIYMCICHUA TMEPBOM HEBA3KM M BTOPOM HEBI3KH C
WCTIOJTb30BAHHEM TIPEIBAPUTEIIEHO 00PAOOTAHHOTO CIIEKTPA, COXPAHEHHOTO B TIAMSTH,

B KaYeCTBE H3MEPEHHOTO PAMAHOBCKOTO CIEKTPA.
11. Cucrema mo 1. 10, rae 6110k 0OpaOOTKH BBITIOTHEH C BO3MOXKHOCTHIO:

OnpeaAcCICHUA BCKTOPa HN3MCPCHHUA CIHCKTPAa KaK BCKTOpa, COOTBCTCTBYIOLICTO

MOy YEHHOMY TIPEIBAPUTENHHO 00Pa00TAHHOMY CIIEKTPY;

ONpEJEIICHUA MEPBOTO BEKTOPA CIEKTPA KaK IMIPOU3BEICHHS NIEPBOTO BEKTOPA BECOBBIX
KO3(QPHUIMEHTOB W TOTHOW MATPHIBI IUIAHA W OTMPEAETCHHUS COOTBETCTBYIOIIHX
HEOTPHIIATENHHBIX KOMIIOHEHTOB TIEPBOTO BEKTOPAa BECOBBIX KO3 (PHIMEHTOB,
KOTOPBIH MHHHMH3HPYET C TIOMOINBIO CTOCO0Aa HAWMMEHBIIMX KBAAPATOB TEPBBIN

BCKTOP HCBA3KWH, COOTBGTCTBYIOH_[I/II‘/'I Pa3sHULIC MCKAY YKa3aHHbIM IICPBBIM BCKTOPOM
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CIIEKTPAa W BEKTOPOM HU3MEPEHHs CIEKTPa, MPUYEM IOJIHAs MAaTpHIA MJIAHA HUMEET
CTONOIBI, COOTBETCTBEHHO TMPEACTABILIIOMAE COOOW OSTAJOHHBIC CIIEKTPATbHBIC

JIAHHBIC TIOJITHOM MOJEIIH;

ONPEENICHU BTOPOrO BEKTOPA CIEKTPA KaK MPOU3BEIECHHS BTOPOTO BEKTOPA BECOBBIX
KO3(PHUIMEHTOB M YIIPOIICHHON MATPHIIBI TJIAHA M ONPEJECIIEHUS COOTBETCTBYIOLINX
HEOTPHULIATENbHBIX KOMIIOHEHTOB BTOPOTO BEKTOpPAa BECOBBIX KO3 (PHIIMEHTOB,
KOTOPBIM MUHUMH3HUPYET ¢ MOMOLIBI0 METOJa HAMMEHBIINX KBAaJPAaTOB BTOPOH BEKTOP
HEBA3KH, COOTBETCTBYIOIIMM PAa3sHULE MEXKAY VYIOMAHYTBIM BTOPBIM BEKTOPOM
CIICKTPA M BEKTOPOM HW3MEPEHMs CIEKTpa, NPHYEM YIPOIIECHHAs MAaTpHLA IUIAHA
HUMEET CTOJOLBI, COOTBETCTBEHHO IPEACTABIAIOIME JSTAJIOHHBIE CIEKTPAJIbHBIC

JAHHBIE YIIPOIICHHON MOJIETIH;

BBIUMCJICHHAS ~ TIEPBOM  OCTAaTOYHOM  CyMMBI  kBagparoB RSS1  omwubok,
COOTBETCTBYIONICH TIEPBOMY BEKTOPY BECOBBIX KOI(DPHUIMEHTOB, TPHYEM TEPBBIA
BEKTOP BECOBBIX KOI((PUIIUEHTOB UMEET YUCIIO P 1 HEOTPHUIATETHHBIX KOMITOHEHTOB, U
COXpPAHEHHS B TAMSATH BBIYHUCJICHHOW TIEPBOM OCTATOYHOM CyMMBbI KBaapaToB RSS1 u

yucna pl;

BBIYHMCIIEHUS  BTOPOM  OCTATOYHOM  CyMMBI  KBaapatoB RSS2  ommOoK,
COOTBETCTBYIOIIEH BTOPOMY BEKTOPY BECOBBIX KOI(PQHUIMEHTOB, TPUYEM BTOPOU
BEKTOP BECOBBIX KOI((PUIIUEHTOB UMEET YUCIIO P2 HEOTPHUIIATEIHHBIX KOMITOHEHTOB, U
COXPAHEHMs B MaMITH BBIYMCICHHOW BTOPOM OCTATOYHOM CyMMBblI KBajapaToB RSS2 u

ypcna p2; u

BbIYMCIIEHU F-3HaueHUss KaK YacTHOTO PAa3HOCTU MEKIYy COXPAaHEHHOM BTOpPOH
OCTaTOYHOM cyMMOM KBaapaTtoB RSS2 u coxpaHeHHOW NEpBOM OCTATOYHOM CyMMOM
kBazapaToB RSS1, moaeneHHoON Ha pa3HOCTh MEKIY COXPAHEHHBIMU YUCIaMH p2 u pl,
U COXpPaHEHHOW MepBOM ocTaTo4yHOM cyMMmou kBaaparoB RSS1, mopenenHoil Ha
Pa3HOCTh MEXAY YUCTIOM N KOMIMOHEHTOB BEKTOpPA U3MEPEHHUS CIEKTPA U YKcIOM pl:

F=((RSS2-RSS1)/(p1-p2))/(RSS1/(N-p1)).
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12, Cuctema mo 1. 11, rae 6510k 00paOOTKH BBHITIOTHEH ¢ BO3MOKHOCTBIO OTIPEACIICHUS
COOTBETCTBYIOIIMX HEOTPHLATEIBHBIX KOMIIOHEHTOB TIEPBOTO BEKTOpPAa BECOBBIX
KO3(QQHUIMEHTOB M BTOPOTO BEKTOPAa BECOBBIX KO3(PPHUIMEHTOB MOCPEACTBOM

CIIEAYFOILETO:

MOJIETMPOBAHUA TIEPBOTO BEKTOPA BECOBBIX KOA(D(PHUIMEHTOB, MHUHHUMH3HPYIOIIETO
MEPBBIH BEKTOP HEBA3KH, KaK TMPOU3BEACHHS TIICEBIOOOPATHOW MATPHUIBI MOTHOU

MaTpuIibl [jIaHa H BEKTOPAa U3MCPCHUA CIICKTPA,

MOJIEIMPOBAHHUA BTOPOTO BEKTOPAa BECOBBIX KOA(D(PHUIMEHTOB, MUHUMHU3HPYIOMIETO
BTOPOM BEKTOP HEBA3KH, KaK MPOU3BEACHUS TICEBAOOOPATHON MATPHIIBI YIIPOIEHHOH

MaTpHUIbl INTaHa U BEKTOPAa H3MCPCHUA CIICKTPA, U

B ClIyuyae, €CIIM KOMIIOHEHT COOTBETCTBEHHO IIEPBOIO BEKTOpAa BECOBBIX
KO3(Q(UIIMEHTOB WM BTOPOTO  BEKTOpPa BECOBBIX KO3(HIMEHTOB HMeeT

OTPHLATCIIbHOC 3HAYUCHHUC!

MOTH(PHUKAIIMKA COOTBETCTBEHHO TOJHOW MATPHIIBI TIAHA WITH YIPOIICHHONW MaTpPHIIBI
TJIaHa My TEM yAATICHHUSA U3 YKA3aHHOW MATPHIBI BEKTOPA CIIEKTPA, COOTBETCTBYIOMIETO

YKa3aHHOMY OTPHIATEIBHOMY KOMIIOHEHTY
MPUHATHA 34 HYJIb YKQ3aHHOTO KOMIIOHEHTA C OTPULIATENIbHBIM 3HAYCHUEM; U

MOBTOPHOTO BBIYUCIICHUSA COOTBETCTBEHHO TICEBI00OPATHOM MaTpPHILIBI
MOIU(PHUITUPOBAHHOH TTOJTHOW MATPHIIBI IJIAaHA WJTH MOTH(DHUIIMPOBAHHOHN YIIPOIIEHHON
MaTpUIpl TUTAHA O TEX MOp, MOKa IOJyYeHHBIE KOMIIOHEHTHI MEPBOrO BEKTOpa
BECOBBIX KO3(P(HUIMEHTOB W BTOPOTO BEKTOPA BECOBBIX KO3(PHIMEHTOB HE OyayT
HWMETH JIMIIb HEOTPULATENbHBIE 3HAYEHUA, U COXPAHEHHUA MOYUYEHHBIX KOMIIOHEHTOB

B ITaMATH.
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®opmyJia uzobpereHus, usmMeHeHHasi no ct. 34 PCT

1. Cmoco6 mpoBepKH TOMIUHHOCTH MAapPKHPOBKH, HAHECEHHOW HA TIOMJIOKKY H
UMEIOMIEH KOMIO3ULMIO, COAEPKAallyr0 TEpPBbIM Matepuai, Bkmrovaromuii SERS-
MeTky uimu SERRS-meTKy, oTnuuaroniuiics TeM, 4To Croco0 BKIFOYAET CIIEAyIOIIHe
CTaJHWH, BBINOJHACMBIE CUCTEMOW, COAECPKALIEM HCTOYHUK CBETA, PAMAHOBCKHU
CHEKTPOMETP, BU3YAIHM3ALMOHHBIA ONOK W OJNOK YIpPaBIEHHUSA, COACP)KALIUM OIJIOK
00pabOTKH W MaMATh, MPUYEM HCTOYHHK CBETA YIPABIAETCS OJOKOM YIIPABICHUS

HEPEC3 TOKOBYHO MECTITHO AJIA MOAaYH OTKaJIH6p0BaHHOFO Bo36y>1<z[afomero CBCTa.

COXpPaHEHHE B MaMATH TIOJHOM MOJEIM PAMAHOBCKOTO CHEKTpa IOAJUHHON
MApKUPOBKH, HAHECEHHOM HA MOJIMHHYIO IOJJIOKKY M HMEKOHICH KOMIIO3HIMIO,
COJIEP’KAINYI0 TIOJJIMHHBIA TIEPBBIM MaTepHal, BKIIOUYArOmui moamuHayro SERS-
MeTKy wuiau noanuHHylo SERRS-meTrky, B BHIe nepBod B3BEIICHHOM CyMMBI
3TaJOHHOTO PaMaHOBCKOTO CIEKTPA MOAJIMHHON METKH, 3TAJOHHOTO PaMaHOBCKOIO
CIIEKTPa ATAJOHHOW MOJJIMHHOW MOIJIONKKH, KOTOpPas HE MapKHUPOBAaHA ITOJJIMHHOU
METKOM, M STaJOHHOTO PAMAaHOBCKOI'O CHEKTPA 3TAJIOHHOTO MOJJUHHOTO MEPBOTO
MaTepuana, HE  BKIIOYAIOMETO  TOJIMHHYID  METKY, COOpaHHBIX  TIpH
COOTBETCTBYIOIIEM OCBEIICHUH TTOJTMHHOM METKH, STAJIOHHOW MOJJIMHHOMN MOJJIOKKHU

H 5TATOHHOTO MOIAJTUHHOTO IICPBOTO MaTCpUaia B036Y)I(I[aIOH.[I/IM CBCTOM,

COXpPAHECHHE B MAMATH YNPOLICHHOW MOJEIM PaMaHOBCKOIO CIEKTPAa YIPOIICHHOU
MAapKHpOBKHM, IPUYEM YHOPOINEHHAas MapKHPOBKA OTIMYAETCA OT MOJJIUHHOMU
MapKHPOBKH TOJIBKO CBOEH KOMITO3HMIIMEHM, HE BKIIOYAIOIMEH IMOMJIMHHYIO METKY, B
BHJIC€ BTOPOM B3BCHICHHOM CYMMBI 3TAJIOHHOTO PaMAHOBCKOTO CIIEKTPa 3TaTIOHHOMU
NOJJUHHOW TOJMJIOKKM M JTAaJOHHOTO PAaMaHOBCKOTO CHEKTPA 3TaJOHHOTO

NOAMWHHOTO ICPBOro MaTcpuraa,

npu OCBELICHUH MAapKUPOBKH BO30YKTAFOIIIUM CBETOM HU3MEPEHHE
COOTBETCTBYIOIIETO PAMAHOBCKOTO CBETOBOIO CHTHAJIA, PACCEMBAEMOr0 MAPKHPOBKOM,
C MOMOMIBIO PAMAHOBCKOTO CIIEKTPOMETPA ¢ MOJIyY€HHEM H3MEPEHHOTO PAMAHOBCKOTO

CHEKTPA MAPKUPOBKH,
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BBITIOJTHEHUE OJTOKOM 0OPaOOTKH:

COTJITACOBAHMA M3MEPEHHOIO PaMaHOBCKOTO CIEKTpa € IOJHOM  MOJEIBIO
PAMAaHOBCKOTO CIIEKTpa IyTEM BBIYMCICHHUS BECOBBIX KO()(PHUIMEHTOB B MOIHOM
MOJENH, KOTOPBIE MHHHMHM3HPYIOT, I@IPH OIPAaHMYEHHH HEOTPULATEIBHOCTH
VKa3aHHBIX BECOBBIX KOI((PUIMEHTOB, Ppa3HHUIy MEXKAY TOJHOW MOJENBI0 H
W3MEPEHHBIM PAMAHOBCKMM CIIEKTPOM, M IIOJIYYEHHsA COOTBETCTBYIOLIEH IEPBOU

HEBSI3KHU,

COIVIACOBAHMA HM3MEPEHHOTO PAaMaHOBCKOIO CIIEKTpa C YMNPOIIEHHOM MOJENBIO
PaMaHOBCKOT'O CIIEKTPA IMyTEM BBIYUCIIEHUA BECOBBIX KOA(P(PHUIIMEHTOB B YIIPOIIEHHOM
MOJAEIIH, KOTOPbIE MHMHHMMM3UPYIOT, TMPH OrPAaHHYCHUM HEOTPHULIATEIBHOCTH
YKa3aHHBIX BECOBBIX KOA()(UIIMEHTOB, PasHHIly MEXKAY YMPOLICHHOW MOJENBI0 H
W3MEPEHHBIM PAaMAHOBCKMM CIEKTPOM, M IIOJNYYEHHsS COOTBETCTBYIOIIEH BTOPOHU

HEBA3KHU,

BBIYUCJICHUSA F-3Ha4ueHMWs, COOTBETCTBYHOLIErO F-KpUTEpHIO CpaBHEHHUsA MOJTHOMU
MOJIEIM W VYIPOINEHHOM MOJENM AJI1 H3MEPEHHOTO PAaMAaHOBCKOTO CIIEKTpa, W3

MOJTyYEHHOM NIEPBOM HEBA3KHU U BTOPOM HEBA3KH;, U

OPHUHATHUA PCIICHUA O HATHYHU WA OTCYTCTBHHU MCTKH B MApPKHUPOBKEC Ha OCHOBAHHWH

BhIYHCIICHHOTO F-3HaueHwHs.

2. Cnoco0 mo m. 1, Tie BO BpeMs OTEpaIiii U3MEPEHUS PAMAHOBCKOTO CBETOBOTO
CUTHaJla, PacCEMBAEMOTO MAapKUPOBKOM, MapKUPOBKAa MEPEMEIIAETCS OTHOCHUTEIBHO

PaMaHOBCKOTO CIIEKTPOMETPA.

3. Crioco6 mo mo6omy u3 1. 1 ¥ 1. 2, T/1e KOMITO3HUIHAA MAPKUPOBKH BKITFOUAET BTOPOH
MaTepHaj, a COOTBETCTBYIOIIME B3BEIIEHHBIC CYMMBI ITOJTHOW MOJEH M YIIPOIIEHHON
MOJETH JOTOJHHUTENPHO BKIIOYAOT OJTANOHHBIA CIEKTP COOTBETCTBYIOIIETO
MOUIMHHOTO BTOPOTO MaTepuaja, COOpPaHHBIM TPH OCBEIIECHHH YKA3aHHOTO
MOAJTMHHOTO BTOPOTO MaTepHaia BO30Y)KHAIOMIMM CBETOM, C COOTBETCTBYIOIIHUM

BECOBBIM KO3(PPHUIIHEHTOM.
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4. Cnioco0 mo nrobomy u3 mi. 1-3, T1e pAMaHOBCKHN CIIEKTPOMETP UMEET MHOKECTBO
CIIEKTPAIbHBIX KAHAIIOB, 4 ONEPalsd M3MEPEHUs PAMaHOBCKOTO CBETOBOTO CHTHAIIA,

paccenBaeMOro MapKHPOBKOM, BKITOYAET:

pacmpesieleHie COOPaHHOTO PAaMAHOBCKOTO CBETA IO MHOMKECTBY CIEKTPAJIbHBIX
KaHAJIOB W TOJY4YEHHE JBYMEPHOr0 LM(POBOTO HU300PAKEHHUSA PACIIPENEICHHBIX

CHICKTPAJIbHBIX JAHHBIX C ITIOMOIIBIO BU3YATU3alTHOHHOTO 6J'IOKa;

MPEABAPUTETHHYIO 00PA0OTKY TOYYEHHOTO JABYMEPHOTO HU(POBOTO HU300PAKECHUS

MyTEM OCYIIECTBIECHUA OTIOKOM 00paOOTKH ONEpanuii:

npeoOpa3oBaHMsA JBYMEPHBIX CIIEKTPAIIBHBIX JAaHHBIX B OJHOMEPHBIE CIEKTPAJIbHBIC
JaHHBIE  TOCPEICTBOM  JIMHEWHOTO  TPYNIHPOBAHHUSA W NPEeoOpPa3OBaHUA

CrpyrrpOBaHHbIX JaHHBIX B JAHHBIC 110 JJIMHAM BOJIH,

nCpeauCKpETU3aAIUA OOJHOMCPHBIX CIICKTPAJIbHBIX JaHHBIX C MOy YCHUEM

OAHOMEPHOTO CIICKTPA ¢ TOYKAMH OJAHHBIX, PaBHOYAAJICHHBIMHY IO JJIMHC BOJIHDI,

KaTMOPOBKH OJHOMEPHOTO CHEKTPAa MO OTHOLICHHIO K STAJIOHHOMY CHEKTPY OeJoro

CBCTA, XPaHAIIECMYCA B ITIaAMATH, C IIOJTYUYCHUCM OTKaJIH6p0BaHHOFO CIICKTpa,

¢unbTpanmy GUIBTPOM HIDKHHX YACTOT OTKATHOPOBAHHOTO CIIEKTPA C IOJTy4YECHHEM

OTHHITETPOBAHHOTO CIIEKTPA; U

COBMCIICHHUA IIO AJIMHEC BOJIHBI OT(bHHBTpOBaHHOI‘O CIICKTPa C 3TAaJIOHHBIM CIICKTPOM
MCTKH, XpaHAONIUMCA B TIIAMATH, C TIOIYYCHHECM TEM CaMbIM TIIPCABAPUTCIIBHO

00pabOTaHHOTO CTIEKTPA; H

BBIMIOJIHCHUE OMNEPALMi BBIUHUCICHUSA MNEPBOM HEBA3KM M BTOPOM HEBI3KH C
WCTIOJTb30BAHHEM TIPEABAPHUTEITHHO 00PAOOTAHHOTO CIIEKTPA B KAYE€CTBE U3MEPEHHOTO

PaMaHOBCKOTO CIIEKTpa.
5. Cioco06 110 11. 4, BKITFOYAFO LML

OnmpcACICHUC BCKTOpPa HU3MCPCHHA CHCKTPAa KakK BCKTOpa, COOTBCTCTBYHOLICTO

MOTYYEHHOMY TIPEIBAPUTENEHO 00Pa00TAHHOMY CHIEKTPY;
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OTIpeIEICHHE TIEPBOTO BEKTOPA CMIEKTPA KaK MPOU3BEACHHSA TEPBOTO BEKTOPA BECOBBIX
KOX((HUIIMEHTOB W TOJTHOW MATPHIBI TUIAHA W ONPEIEJICHHE COOTBETCTBYIOIIHUX
HEOTPUIIATEIHPHBIX KOMIIOHEHTOB TIEPBOTO BEKTOPAa BECOBBIX KO3 (HHUIIUEHTOB,
KOTOPBI MHUHHUMH3HUPYET C TIOMOMIBIO CIOCO0Aa HAWMMEHBIIMX KBAJIPATOB IEPBBIN
BEKTOP HEBS3KH, COOTBETCTBYIONIWH PA3HHUIIE MEXKIY YKA3aHHBIM TIEPBBIM BEKTOPOM
CIIEKTPa W BEKTOPOM HW3MEPEHHS CIEKTPa, NMPHYEM TMOJHAS MATPUIA TUIAHA HUMEET
CTONOLBI, COOTBETCTBEHHO NPEACTABIAIONINE COOOM JTAIOHHBIE CHEKTPAJIbHBIE

JIAHHBIC TIOJITHOM MOJEIIH;

OINpeAeIICHHE BTOPOTO BEKTOPA CIEKTPA KaK MPOU3BEACHUA BTOPOrO BEKTOPA BECOBBIX
KO3(PUIMEHTOB M YIIPOLICHHON MaTPHIIbI TUIAHA M OIMPEJEICHUE COOTBETCTBYIOIINX
HEOTPHULIATEIbHBIX KOMIIOHEHTOB BTOPOTO BEKTOpPAa BECOBBIX KO3(HLIMEHTOB,
KOTOPBIM MMHUMH3HUPYET ¢ MTOMOLIBI0 METO/1a HAMMEHBIINX KBAaJPATOB BTOPOM BEKTOP
HEBA3KH, COOTBETCTBYIOIIMM pAa3HHULE MEKAY VYIOMSHYTBIM BTOPBIM BEKTOPOM
CHEKTPAa M BEKTOPOM H3MEPEHUS CHEKTPa, MPUYEM YINPOINECHHAs MAaTpHLA IJIaHa
UMEET CTOJOLBI, COOTBETCTBEHHO TMPEACTABIIIOIMINE JSTAJTOHHBIE CIEKTPATbHBIC

JAHHBIC YIIPOIIEHHOW MOJIETIH;

BBIUMCJICHHE  TIEPBOM  OCTATOYHOM CyMMBI  kBagparoB  RSS1  ommoOoK,
COOTBETCTBYIONIEH TEPBOMY BEKTOPY BECOBBIX KOI()PHUIMEHTOB, TIPHYEM TIEPBBIA

BEKTOP BECOBBIX KOI(PPHUITUEHTOB UMEET YUCIIO Pl HEOTPUIIATETPHBIX KOMIIOHEHTOB;

BBIUMCJICHHE  BTOPOH  OCTAaTOYHOM  cymMmbl  kBaapatoB RSS2 ommbok,
COOTBETCTBYIOIIEH BTOPOMY BEKTOPY BECOBBIX KOI(PQHUIMEHTOB, TPUYEM BTOPOU

BCKTOP BCCOBBIX KO3(1)(1)I/II_[I/ICHTOB HMECT YHUCIIO p2 HCOTPHLATCIIbHBIX KOMIIOHCHTOB, 1

BBIYHCIICHUE F-3HAYE€HUSA KaK YaCTHOTO Pa3HOCTH MEKIY BTOPOU OCTATOYHOM CYyMMOM
kBaapatoB RSS2 u mepBoit octarounoit cymmoit kBaaparoB RSS1, moageneHHoit Ha
Pa3HOCTh MEXAY YHCIaMU p2 U pl, U mepBOM OCTATOYHOU CyMMOU kBaapatoB RSS1,
MOJICICHHOW Ha PAa3HOCTh MEKAYy 4YHMCIOM N KOMIIOHEHTOB BEKTOpPAa H3MEPEHHS

cnekrpa ¥ unciom pl: F = ((RSS2-RSS1)/(p1-p2))/(RSS1/(N-p1)).
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6. Cmoco6 mo 1.5, rae OmpeaeneHWe COOTBETCTBYIOMIMX HEOTPHLATEIBHBIX
KOMIIOHEHTOB TIEPBOTO BEKTOPAa BECOBBIX KOS(PPHUIMEHTOB M BTOPOTO BEKTOPA

BECOBBIX KOA()(PHUIIUEHTOB BKIFOYAET:

MOJIETMPOBAHUE TIEPBOTO BEKTOPA BECOBBIX KOI(D(PHUIMEHTOB, MHUHHUMH3HPYIOIIETO
MEPBBIH BEKTOP HEBSI3KH, KaK IMPOM3BEIEHHUE TIICEBAOOOPATHOW MATPHUIBI TOTHOU
MaTpHLBI IUIAHA U BEKTOPAa MU3MEPEHHUA CIEKTPa, U MOACIUPOBAHHUE BTOPOTrO BEKTOPA
BECOBBIX KO3((PUIMEHTOB, MHUHUMH3UPYIOLIETO BTOPOM BEKTOP HEBA3KH, Kak
MPOU3BEJICHUE TICEBAOOOPATHON MATPHIBI YIPOLICHHON MATPHIBI IUIAHA M BEKTOPA

HU3MEPCHUA CIICKTpA, U

B ClIyyae, €CIIH KOMIIOHEHT COOTBETCTBEHHO IIEPBOIO BEKTOpAa BECOBBIX
K03(p(pHUIMEeHTOB WM  BTOPOTO  BEKTOpa BECOBBIX KO3(PHIMEHTOB HUMeeT

OTPHULIATCIIbHOC 3HAYCHHUC:!

MOJU(HUKALMIO COOTBETCTBEHHO TOJIHOW MATPHII TUIAHA WK YTIPOIIEHHOW MATPHUIIBI
IUTaHA Iy TEM YJaJICHUA U3 YKA3aHHOM MaTPHILIbI BEKTOPA CIEKTPA, COOTBETCTBYIOIIETO

YKa3aHHOMY OTPHIATEIBHOMY KOMITOHEHTY
MPUHATHE 32 HYJIb YKa3aHHOTO KOMIIOHEHTA ¢ OTPUIIATEIbHBIM 3HAYEHUEM ;

MMOBTOPHOE BBIYUCIICHUE COOTBETCTBEHHO TICEBI000PATHON MaTpPHLIbI
MOAU(DHUITUPOBAHHOW TTOJTHOH MATPHIIBI TUIAHA HITH MOJAHU(PHUITUPOBAHHON YIIPOIICHHOW
MaTpulpl IJIaHa O TE€X TOp, MOKa IMOJyYEHHBIE KOMIIOHEHTHI NEPBOrO BEKTOpA
BECOBBIX KO3((HUIIUEHTOB W BTOPOTO BEKTOPA BECOBBIX KO3(PHUIMEHTOB HE OyayT

HUMCTDb JTUIb HCOTPHIATCIIbHBIC 3HAYCHHW .

7. CucteMa 11 IPOBEPKH TOJUTHHHOCTH MAaPKUPOBKH, HAHECEHHOW HA TIOMJIOKKY U
UMEIOIICH KOMIO3HUIMIO, COJAEPKAllyr0 TEPBbIM Matepuai, Bkmrovaromuii SERS-
MeTky uin SERRS-MeTKy, npuyueM cuctemMa COAEPKUT UCTOYHUK CBETA, PAMAHOBCKHI
CHEKTPOMETpP, BH3YAIH3ALMOHHBIA ONOK W OJNIOK YIPABIIECHHUSA, COACPKALIHHA OIJIOK
00pabOTKH W TMaMATh, MPUYEM HCTOYHHK CBETA YIPABIACTCS OJOKOM YIIPABIICHHUS
Yyepe3 TOKOBYIO TETIIIO IS TOJAYH OTKAJTHOPOBAHHOTO BO30YIKIAIOIIETO CBETA,

OprU4YICM CUCTCMA BBITIOTHCHA € BO3MOXKHOCTBIO OCYHICCTBIICHHUA onepaunﬁ:
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OCBCHICHHA MAapKHPOBKHU B036y)I(I[aIOH_[I/IM CBCTOM, IIOJaBaA€CMbIM OT HCTOYHHKA CBCTA,

VIPaBISAEMOTO OJIOKOM yTPABICHHS, H

cOopa pPe3yIbTUPYIOMIETO PAMAaHOBCKOTO CBETA OT MAapPKHUPOBKH M PACIIPEICIICHHUE
COOpPaHHOTO PaMaHOBCKOTO CBETa B PAMAHOBCKOM CIIEKTPOMETPE, HMEIOIEM
MHOKECTBO CIEKTPANBHBIX KAHAJIOB, a TAKKE TMOYYCHHS JBYMEPHOTO MH(PPOBOTO
M300PaKEHUST  COOTBETCTBYIOIMUX  CIEKTPAIBHBIX  JAHHBIX C  TOMOTIBIO
BU3YAJTU3ALIMOHHOTO OJIOKA W COXPAHEHUS B TMAMATH TOJyYEHHBIX CHEKTPATbHBIX

AAHHBIX B BUIC U3MCPCHHOTO PAMaHOBCKOI'O CIICKTPAa MaAPKHUPOBKH,
OpH 5TOM CUCTEMA OTIIMYACTCS TEM, YTO.

NaMATh XPaHUT MOJHYI0 MOJEIb PAMAHOBCKOIO CIEKTPAa IMOJJIMHHOW MapKHUPOBKH,
HAHECEHHOM HAa NOJIMHHYIO IOJUIOKKY M HMEIOIIEH KOMIIO3HIUIO, COJEPIKALIyIO
MOJUIMHHBIM TEpPBBIM MaTepual, BKIovyarommi mno;mmHHyro SERS-metky wmm
nojyimHHyr0 SERRS-meTky, B BHIE nNepBOH B3BEHIEHHOHM CYMMBI 3TaJOHHOIO
PaAMAaHOBCKOTO CIEKTpa IOJJIMHHOM METKH, 3TAaJIOHHOTO PaMaHOBCKOI'O CIEKTpPa
STAJIOHHOM TOJUTMHHOW TMOJUIOKKH, KOTOpas HE MapKUPOBaHA MOIMHHOM METKOW, U
9TaJOHHOI'O PAMAHOBCKOI'O CIIEKTPa 3TAJOHHOTO MOJJIMHHOTO NEPBOr0 MaTepHasia, He
BKITFOYAIOMIETO TIOJTHHHYIO METKY, COOPAHHBIX TMPH COOTBETCTBYIOIIEM OCBEIICHHH
MOJJIMHHON METKH, 3TaJJOHHOW TOJJIUHHOM MOJIOKKH W 3TAJIOHHOTO TMOJTMHHOIO

MIEPBOTO MaTepHaia BO30YK/IAOIUM CBETOM;

NaMATh XPAaHUT YOPOLICHHYK) MOJEIb PAaMaHOBCKOTO CHEKTpa YHPOIICHHOMU
MApKUPOBKH, TIPUYEM YIPOIIEHHAsA MAapKHPOBKAa OTIMYAETCA OT MOJJIUHHOMU
MApKUPOBKH TOJIBKO CBOEH KOMIIO3WULMEH, HE BKIIOYAIOMICH MOJJIMHHYK) METKY, B
BUJIC BTOPOM B3BEIICHHOM CYMMBI 3TAJIOHHOTO PAMAHOBCKOTO CIIEKTPA 3TaIOHHOMU
NOJJMHHOM TOJJIOKKM M JTaJOHHOTO PaMaHOBCKOIO CIEKTPA  3TaJOHHOTO

NOAMWHHOTO MCPBOTr0 MaTCpraia, u

OpH 3TOM CHUCTCMA JOIMOJIHHUTCIBHO BBITIOIHCHA ¢ BO3MOXHOCTBIO OCYHICCTBIICHHUA C

MOMOIIBI0 OJI0Ka 0OPAOOTKH OTIepaIHii:
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COIIACOBAHMA HM3MEPEHHOIO PAMAHOBCKOTO CIEKTPA, COXPAHEHHOTO B NAMSATH, C
COXPAHECHHOHU IOJIHOM MOJEIIBI0 PAMAHOBCKOIO CIIEKTPA IyTEM BBIYHMCIICHHS BECOBBIX
KO3(PHUIMEHTOB B TOJHOW MOJENH, KOTOPbIE MHHHMH3HPYIOT, TPU OTPAHUYCHUU
HEOTPHIIATENPHOCTH YKAa3aHHBIX BECOBBIX KO3(PPHUIMEHTOB, Pa3HUIy MEXKIY MOTHOU
MOJEIBI0 U U3MEPEHHBIM PAMAHOBCKHUM CIEKTPOM, M IIOJYYEHUA M COXPAHCHHA B

NAMATH COOTBETCTBYIOLIEH NIEPBON HEBA3KH,

COTJIACOBAHMA HW3MEPEHHOIO0 PAaMAHOBCKOIO CIIEKTPA, COXPAHEHHOIO B IIAMATH, C
COXPAHEHHOU YIPOLICHHOM MOJEIBI0 PAMAHOBCKOIO CIEKTPA IIyTEM BBIYHCIICHHUSA
BECOBBIX KOX((UIIMEHTOB B YIPOIICHHOM MOJETH, KOTOPblE MHHUMH3HUPYIOT, TPHU
OTPaHWYECHUH HEOTPHULATETBHOCTH YKA3aHHBIX BECOBBIX KO3(()ULIMEHTOB, pa3HUILY
MEXAy YIPOLIECHHOW MOAEIBIO U U3MEPEHHBIM PAMAHOBCKUM CIIEKTPOM, H MOIYYECHUS

H COXpaHCHHA B IaMATH COOTBCTCTBYIOH_Ieﬁ BTOpOﬁ HCBA3KH,

BBIYUCJICHUS U COXPAaHEHUsA B maMATH F-3HadyeHus, cOOTBETCTBYHOIIEro F-kpuTepHro
CPaBHEHHMS TMOJHOM MOJENH U YIPOIIEHHON MOJENHU JIIsl U3MEPEHHOTO PAMAaHOBCKOTO

CIIEKTpPAa, U3 COXPAHCHHOM MEPBOUN HEBA3KU U BTOPOU HEBA3KH; U

OPHUHATHUA PCHICHUA O TOM, IPUCYTCTBYCT WM HCT MCTKAa B MAPKHUPOBKEC Ha OCHOBC
COXPAaHCHHOT'O F-3H21‘I€HI/I5[, U BblJa4YH CHTHalla, YKa3bIBAOIICTO Ha PE3yIbTarT

penIcHuUs.

8. Cuctema mo m. 7, TAe BO BpPEMs ONEPAIMH H3MEPEHHUS PAMAHOBCKOTO CBETOBOTO
CUTHAJIa, PACCEMBAEMOTO MAPKHUPOBKOH, MApKHPOBKA TEPEMEINACTCS OTHOCHTEIBHO
PAMAaHOBCKOTO CIIEKTPOMETPA, W OJOK YTPAaBICHHA CHHXPOHH3HUPYET OCBEIICHHE
MapKUPOBKHU C TIOMOIIBIO UCTOYHHUKA CBETA W TMOJyUYeHHE U3MEPEHHOTO PAMAHOBCKOTO
CHEKTPa C TIOMOMIBI0 PAMAHOBCKOTO CIMEKTPOMETPA W BU3YAIH3ALMOHHOTO OJIOKA C

ABMKCHHUCM MAapKHPOBKH.

9. Cucrema mo moOOMy W3 1.7 W 1. 8, T/Ie KOMITIO3HIHSA MApKHUPOBKH BKIFOYAET
BTOPOM MAaTE€pHAJl, COOTBETCTBYIOINME B3BCLICHHBIE CYMMBI IIOJTHOM MOJEIH H
VIOPOINEHHOM  MOJENM  JONOJIHMTEIBHO  BKIOYAKOT  JTAJOHHBIM  CIIEKTP

COOTBCTCTBYOLICTO MOAJIMHHOI'O BTOPOro MaTtcpuala, CO6paHHBII\/'I npru OCBCHICHHUH
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YKa3aHHOTO  INOAJIMHHOTO  BTOPOro - Martcpuaia B036y>KI[aIOH.[I/IM CBCTOM H

COXPAHEHHBIN B TIAMATH, C COOTBETCTBYIOIIUM BECOBBIM KO3((PUITUEHTOM.

10. Cuctema o mro60oMy U3 Tt 7-9, rae 010K 00paOOTKH BHITIOTHEH C BO3MOKHOCTHIO
OCYIIECTBJICHUS OTMEPAIHi MPEABAPUTEIIHHON 00paObOTKH COXPAHEHHOTO IBYMEPHOTO

HU(pPOBOro H300PAKEHUSI TOCPEACTBOM CIIEAYIOIIETO:

npeoOpa3oBaHMsA JBYMEPHBIX CIIEKTPAIBHBIX JAHHBIX B OJHOMEPHBIE CIIEKTPAJIbHBIC
JaHHbIE  TOCPEACTBOM  JIMHEHHOTO  TPYNIHMPOBaHMA W TIpeoOpa3oBaHUA

CTPYHIITHPOBAHHBIX JaHHBIX B JAHHBIC 110 AJIMHAM BOJIH,

nepeauCKpeTU3alun OAHOMCPHBIX CIICKTPAJIbHBIX JaHHBbIX C MOJIY4YCHUCM

OAHOMEPHOTO CIICKTPA ¢ TOYKAMH JAaHHBIX, paBHOYJAJICHHBIMHU IO JJIMHC BOJIHDI,

KaIUOPOBKH OJHOMEPHOTO CIIEKTPA MO OTHOIIEHHIO K 3TAJOHHOMY CIEKTpY O€noro

CBCTA, XpaHANICMYCA B IaMATH, € MOJTYUYCHHUEM OTKaJIH6p0BaHHOFO CIICKTpa,

¢unbTpaiu GUIBTPOM HIDKHHX YACTOT OTKATHOPOBAHHOTO CIIEKTPA C IOJTy4YECHHEM

OT(UIBTPOBAHHOTO CTIEKTPA;

COBMCIICHUA IIO MJIMHE BOJIHBI OT(i)I/IJILTI)OBaHHOI‘O CIICKTPa C 3TAJIOHHBIM CIICKTPOM
MCTKH, XpaHAIIUMCA B IIaMATH, C IMOJTYUYCHUCM TCM CaMbIM H COXPAaHCHHUCM B IMaMATH

MPeABAPUTETHLHO 00PAOOTAHHOTO CIICKTPA; B

BBIMIOJIHCHUS OMNEPAllMd  BBIYMCICHUA TNEPBOM HEBA3KM M BTOPOM HEBI3KH C
WCTIOJTb30BAHHEM TIPEIBAPUTEIIFHO 00PAOOTAHHOTO CIIEKTPA, COXPAHEHHOTO B TIAMSTH,

B KQYECTBE M3MEPEHHOTO PAMAHOBCKOTO CTIEKTPA.
11. Cuctema mo 1. 10, rae 610k 0OPaOOTKH BBITIOJTHEH ¢ BO3MOKHOCTHIO!

ONpCACICHUA BCKTOPa HN3MCPCHHUA CIHCKTPAa KaK BCKTOpa, COOTBCTCTBYIOLICTO

MOy YEHHOMY TIPEIBAPUTEIEHO 00Pa00TAHHOMY CIIEKTPY;

ONPEACIECHUA IEPBOTO BEKTOPA CIIEKTPA KaK MPOU3BEAECHHS IEPBOTO BEKTOPA BECOBBIX
KOX((HUIIMEHTOB W TOJHOW MATPHIBI TUIAHA W OMPEJECICHHS COOTBETCTBYIOIIUX

HEOTPHIIATENHHBIX KOMIIOHEHTOB TIEPBOTO BEKTOPAa BECOBHIX KO3 (PHIHMEHTOB,
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KOTOPBIH MHHHMH3HPYET C TOMOINBIO CTHOCO0Aa HAWMEHBIIMX KBAJAPATOB TEPBBIN
BEKTOP HEBA3KH, COOTBETCTBYIOIIMHM Pa3HMIIC MEKIY YKA3aHHBIM IEPBBIM BEKTOPOM
CIIEKTPAa M BEKTOPOM HW3MEPEHHMsA CIIEKTPa, MPHYEM IIOJIHAS MATpHLA IUIAHA HMMEET
CTONOLBI, COOTBETCTBEHHO NPEACTABIAIONINE COOOM JTAIOHHBIE CHEKTPAJIbHBIE

JIAHHBIC TIOJITHOM MOJEIIH;

OIPEIENICHUA BTOPOrO BEKTOPA CIEKTPA KaK MPOU3BEAECHHS BTOPOrO BEKTOPA BECOBBIX
KO3(PHUIMEHTOB M YIIPOIICHHON MaTPHIBI TJIAHA M ONPEJEIIEHUS COOTBETCTBYIOLINX
HEOTPHULIATENbHBIX KOMIIOHEHTOB BTOPOTO BEKTOpPAa BECOBBIX KO3 (PHIIMEHTOB,
KOTOPBIM MMHUMHU3HUPYET ¢ IIOMOIIBI0 METOJa HAMMEHBIINX KBAaJPaTOB BTOPOH BEKTOP
HEBA3KH, COOTBETCTBYIOIIMM PpAa3sHULE MEXKAY VYIOMAHYTBIM BTOPBIM BEKTOPOM
CIICKTPa M BEKTOPOM HU3MEDPEHMs CIEKTpa, NPHYEM YIPOLICHHAs MAaTpHLA IUIAHA
UMEET CTOJOLBL, COOTBETCTBEHHO IMPEACTABIAIOIINE OJTAJIOHHBIE CIIEKTPAIbHBIE

JAHHBIE YIIPOIICHHON MOJIETIH;

BBIUMCJICHHUS ~ TIEPBOM  OCTAaTOYHOM  CyMMBI  kBagparoB RSS1  omwubok,
COOTBETCTBYIOIIEH IEPBOMY BEKTOPY BECOBBIX KOI((UIMEHTOB, MPUYEM TIEPBbIHA
BEKTOP BECOBBIX KOA((HUIIUEHTOB UMEET YUCIIO P | HEOTPHUIIATETHHBIX KOMITOHEHTOB, U
COXPAHEHHs B MAMATH BBIYHCIICHHON NEPBOM OCTaTOYHOM CyMMbl KBajapaToB RSS1 u

yucna pl;

BBIYHMCIIEHAS  BTOPOM  OCTATOYHOM  CyMMBI  KBaapatoB RSS2  ommOok,
COOTBETCTBYIOIIEH BTOPOMY BEKTOPY BECOBBIX KOI(PQPHUIMEHTOB, TPUYEM BTOPOU
BEKTOP BECOBBIX KOI((PUIIUEHTOB UMEET YUCIIO P2 HEOTPHUIIATETHHBIX KOMITOHEHTOB, U
COXPAHEHMs B MAMITH BBIYMCICHHONW BTOPOM OCTATOYHOM CyMMBbl KBajapaToB RSS2 u

yucna p2; u

BbIYMCIIEHUA F-3HaueHUs KaKk YacTHOTO PAa3HOCTU MEKIY COXPAaHEHHOM BTOPOH
OCTaTOYHOM cyMMOM KBaapaTtoB RSS2 u coxpaHeHHOW NEpBOM OCTATOYHOM CyMMOM
kBazapaToB RSS1, noaeneHHoON Ha pa3HOCTh MEKIY COXPAHEHHBIMU YUCIaMH p2 u pl,
U COXPaHEHHOW MNepBOM ocTaTo4HOM cyMMmou kBaaparoB RSS1, moaenenHoil Ha
Pa3HOCTh MEXAY YACTIOM N KOMIIOHEHTOB BEKTOpPA U3MEPEHHUS CIEKTPA U YUCIOM pl:

F=((RSS2-RSS1)/(p1-p2))/(RSS1/(N-p1)).



WO 2022/013252 PCT/EP2021/069522
10

12, Cuctema mo 1. 11, rae 6510k 00paOOTKH BBHITIOTHEH ¢ BO3MOKHOCTBIO OTIPEACIICHUS
COOTBETCTBYIOIIMX HEOTPHLATEIBHBIX KOMIIOHEHTOB TIEPBOTO BEKTOpPAa BECOBBIX
KO3(QQHUIMEHTOB W BTOPOTO BEKTOPAa BECOBBIX KO3(PPHUIMEHTOB MOCPEACTBOM

CIIEAYFOILETO:

MOJIETMPOBAHUA TIEPBOTO BEKTOPA BECOBBIX KOA(D(PHUIMEHTOB, MHUHHUMH3HPYIOIIETO
MEPBBIH BEKTOP HEBA3KH, KaK TMPOU3BEACHHS TIICEBIOOOPATHOW MATPHUIBI MOTHOU

MaTpuIibl [jIaHa H BEKTOPAa U3MCPCHUA CIICKTPA,

MOJIEIMPOBAHHUA BTOPOTO BEKTOPAa BECOBBIX KOA(D(PHUIMEHTOB, MUHUMHU3HPYIOMIETO
BTOPOM BEKTOP HEBA3KH, KaK MPOU3BEACHUS TICEBAOOOPATHON MATPHIIBI YIIPOIEHHOH

MaTpHUIbl INTaHa U BEKTOPAa H3MCPCHUA CIICKTPA, U

B ClIyuyae, €CIIM KOMIIOHEHT COOTBETCTBEHHO IIEPBOIO BEKTOpAa BECOBBIX
KO3(Q(UIIMEHTOB WM BTOPOTO  BEKTOpPa BECOBBIX KO3(HIMEHTOB HMeeT

OTPHLATCIIbHOC 3HAYUCHHUC!

MOTH(PHUKAIIMKA COOTBETCTBEHHO TOJHOW MATPHIIBI TIAHA WITH YIPOIICHHONW MaTpPHIIBI
TJIaHa My TEM yAATICHHUSA U3 YKA3aHHOW MATPHIBI BEKTOPA CIIEKTPA, COOTBETCTBYIOMIETO

YKa3aHHOMY OTPHIATEIBHOMY KOMIIOHEHTY
MPUHATHA 34 HYJIb YKQ3aHHOTO KOMIIOHEHTA C OTPULIATENIbHBIM 3HAYCHUEM; U

MOBTOPHOTO BBIYUCIICHUSA COOTBETCTBEHHO TICEBI00OPATHOM MaTpPHILIBI
MOIU(PHUITUPOBAHHOH TTOJTHOW MATPHIIBI IJIAaHA WJTH MOTH(DHUIIMPOBAHHOHN YIIPOIIEHHON
MaTpUIpl TUTAHA O TEX MOp, MOKa IOJyYeHHBIE KOMIIOHEHTHI MEPBOrO BEKTOpa
BECOBBIX KO3(P(HUIMEHTOB W BTOPOTO BEKTOPA BECOBBIX KO3(PHIMEHTOB HE OyayT
HWMETH JIMIIb HEOTPULATENbHBIE 3HAYEHUA, U COXPAHEHHUA MOYUYEHHBIX KOMIIOHEHTOB

B ITaMATH.
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