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BBenenue

I/Icmopu;l CMAHOBACHUA XEMOMEMPUKU U ee MeCmo
6 cucmeme 3HaHUl

XeMoMeTpyuKa — OTO CUHTeTMYeCKasd AUCLMIUIMHA,
HaxoJs1Iasicsl Ha CThbiKe XMMMM U MaTeMaTuku. Kak camo-
CTOSATE/bHOE HaydyHOe HallpaBieHWe BHYTPU aHAIUTHYE-
CcKOil xuMuu oHa Bo3Huki1a B 1974 B r.Cuatne, CLIA [1].
Y ee ucrokoB crosim amepukaHell bpiooc Kopanbcku
(B. Kowalski) u 1uBen Cpanre Boug (S. Wold) — BHyK
Benukoro ydyeHoro CpaHTte Appenuyca. Kak 3To uacto
ObIBaeT, XEMOMETPUKA [0 CHUX IIOP He HMMeeT OOLIenpu-
3HaHHOTO onpeneneHus. HamGosee nomnyisipHoe npuHal-
gexur . Maccapry (D. Massart) [2]: xemomempuxka —
MO XumMu4eckas OUCUUNAUHA, NPUMEHAIOUas Mamemamuye-
cKUe, cmamucmudeckue U dpyeue Memodsl, 0CHOGAHHble HA
dopmanvHOll Aceuxe, 0451 NOCMPOEHUs uau omoopa onmu-
MANbHBIX Memod0o8 uU3MepeHUss U NAAHO8 IKCHepUMeHmd, a
maxdice 05 uzeaeueHuss Haubosee Ga)CHOU UHGoOpmayuu npu
AaHAAU3€e FKCHEePUMEHMAAbHBIX OQHHBLX.

TpamuMoHHO MaTeMaTHUecKne MOIeN B XUMWU
CTPOWJNCH TaK, YTOOBI B MaTeMaTidyecKoi (opMe BBIpa-
3UTh T¢ WIW WHBIE 3aKOHBI XUMWUHW W GU3WKWA. OmHAKO ¢
COBEpIIEHCTBOBAHNEM W YCITOXKHEHWEM 9KCTIepUMeHTa
MOSBUJIACh HEOOXOMMOCTh aHajI3a OuYeHb OOJTBIIINX Mac-
CVBOB JaHHBIX. B To ke BpeMsl Bcerna cCylllecTBoBaia
HEOOXOMMMOCTh MOJETNPOBAaHMS, XOTST OBl B OTpaHWYCcH-
HOM 0071acTH, TaKWUX TIPOIIECCOB M 3aBUCHMOCTEH, KOTO-
pble He TIOAJAloTCs coaepKaTeTbHOMY MaTeMaTUYeCcKOMY
OTMCaHWUIO M3-32 CJIOXHOCTU TIPOMCXOAAIINX TIPOIIeCCOB
WJIN NX HEU3YYEHHOCTH.

XeMoMeTprKa HUCIONb3yeT MO OOoJbLIeH 4acTh <«IIpo-
CTbie» IMIIUpUYECKHE MOMEIM W C DTOM TOUKU 3peHus
sBsieTCsl 00acTblo (hOpMaJlbHOIO MOAEIMpPOBaHuUsA (1o-
9TOMY Ta 4acTb ompeAeieHust npod. Maccapra, KoTtopas
yKa3biBaeT Ha (GopMalbHYIO JIOTHKY, BECbMa CYLIECTBEH-
Ha). Ellle ogHol BaXHOM OCOOEHHOCTbIO X6eMOMETPUKU, B
OT/JIMYME OT <«TPANAMLIMOHHOIO» II0AX0JA, SIBSAETCA pac-
CMOTpPEHME MHOroakTOpHbIX AaHHBIX B COBOKYITHOCTH,
0e3 BblAEIeHUS MPEABAPUTENbHO OAHOIO MM HECKOJbKUX
«CYLIECTBEHHBIX» (PaKTOPOB WM IEepeMEeHHbIX. B pesysib-
TaTe IOCTPOSHHbIE MHOTOMEPHbIE SMIIMPUUECKUE MOAEIU
MO3BOJISAIOT OOHAPYKUTb HOBbIE CBSI3WM WM SIBJIEHMS, TaK
KaK YYMTBIBAIOT CKpPbITble OOBEKTMBHO CYLIECTBYIOLIUE
CBSA3U BHYTPU OObEKTA.

[MoaoGHbIF MOAXOA OTIYTMBaeT MHOIMX HccCileqoBare-
Jiel, cuMTalollux (GopManbHOE MOAEIMPOBAHUE ITOBEPX-
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HocTHBIM. OfIHaKo TIpM 3TOM He obpalnaeTcs BHUMaHWE
Ha TO, YTO OCHOBHOI cofepXaTelbHBLIII KOMITOHEHT WC-
ClIeIOBaHNST BOBCE HE WCKITIOYaeTcs, a TEepeHOCUTCS Ha
KOHCTPYMPOBAHWE COMEPKATEIBHOTO JKCMEpUMEHTa W,
caMoe TJIaBHOE, Ha WHTEPNpeTalyio W aHaIu3 TIoIy4YeH-
HBIX pe3yTbTaTOB.

C. Bona [3] Tak ompenennn 3amavyu, peraeMble XeMO-
METPUKOWN: KaK HOAYHUMb XUMUYECKU BANCHYIO UHDOpMA-
YUIO U3 XUMUMECKUX OQHHbIX, KaK OPeaHU306ams U npeocma-
eumb 2my UHQOPMAUUIO U KAaK HOAYMUMb OAHHble, codep-
Jcauiue maxyro UHMOPMAuuro.

To, uTo XeMoMeTprKa BO3HUKJIA M Hayajga OypHO pas-
BUBAThCS UMEHHO B Hauyajie 70-X rofioB MpoOIIJIOTO CToJIe-
THSI, IBHO CBSI3aHO C TIOSIBIIGHUEM B TO K& BpeMsl ObICTpO-
NEWCTBYIOIIEH BBIYMCIUTENIBHON TEXHWKW, KOTOpasl craja
TIOBCEMECTHO JIOCTYITHA YYeHBIM W WHXeHepaM. BTo To-
3BOJIVJIO BOTIJIOTUTH MHOTHE CJIOXKHBIE aJITOPUTMBI 0Opa-
OOTKM NAHHBIX, B OCOOCHHOCTM METOMbl aHajn3a Pe3y/ib-
TaTOB MHOTOOTKITMKOBBIX W MHOTOMAKTOPHBIX 3KCIepH-
MeHTOB. B cBolo ouepenpb 5T0 MOOYIWUAO MPOU3BOAUTENCH
W3MEpPUTENBHBIX MPHOOPOB pa3pabaThiBaTh 00OPYIOBaHNE,
CMocoOHOe TIPOV3BOANThL MHOTOKPATHO OoJiblliee KOJUYe-
cTBO u3MepeHuii. i u3BliedyeHusT Toje3Hol WHdbopma-
IV U3 BCE BO3pacCTAONIero oobeMa XMMHUECKUX JAaHHBIX
ToTpeboBasoch TMPUMEHSIThL XeMOMETpUYeCcKe MeTombl. B
pe3ynbTaTe TakKoTro B3aWMONEWCTBUS OB IOCTUTHYT TIep-
BBIIT HECOMHEHHBIN ycrieX XeMoMeTpuku. OKaszanoch, 4ToO
TPamVIIMOHHBIE AHAIWTUYECKUE METOMABI, TpeOyiolne
OONBIINX 3aTpaT TPy/Aa, BpeMEeHU, YHUKAJTbHOTO 000Opyao-
BaHWS, JAOPOTOCTOSIIIINX PEAKTUBOB, MOTYT OBITH 3aMeHe-
HBl Ha KOCBEHHBIC XEMOMETPUYECKHNE METOMBI, TOpasio
Oonee ObicTpble M nemieBble. Hambonee sipko 3Ta TeH-
NEeHIINsT TIpOSIBUJIACh TIPU MCMOJb30BaHUM WHdpakpac-
Hoti (MK) crekTpockonuu, ocobeHHO B OnmxkHel 00-
JIacTH, TIpeXJe CcuyuTaBlleiicss MaJoloJe3HON n3-3a BbI-
COKOTO W TPYAHO YCTPAaHWUMOTO IlIyMa, OOYCIOBJICHHOTO
WHTCHCUBHBIM TIOTJIOIIEHUEM BOIbl M 3ddeKToM pac-
cestHUsI B crieKTpax orpaxeHust [4]. [lostomy mepBhie
paboThl TIO XEMOMETPHUKE OBITM TIOCBAIICHBI MeTOAaM
aHaJM3a CMEeKTPOCKONMYECKUX NaHHBIX [5—7], mocTpoe-
HUIO KaJluOpPOBOYHBIX MoOfeiell ¢ TIOMOIUIbIO MeToja
TJaBHBIX KOMIIOHEHT [8] M MerToma Tipoekuuii Ha Ja-
TEHTHBIE CTPYKTYpHI [9].

XeMoMeTpuKa 3apofuiach W JIWATEIBHOE BpeMs pas-
BUBaJlach B paMKax aHajauThyeckoil xumMuu. OgHAKO cO
BpeMeHeM OOHapyXWIach TEHACHIINS, KOTOPYIO HEKOTO-
pble uccaenoBareu paclueHWIN KaK BBIXOJ XeMOMETPUKU
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«W3-TIO/I KPblJIa» aHATUTUYECKON XWUMWUW W TIpeBpalleHne
€e B CaMOCTOSITETbHYIO AUCIMITIMHY. JIBa o0CcTOATEIbCTBA
JlaJTu TIOBOJ, K TakoMy BbiBoay. IlepBoe — 3TO ycimoxHe-
HUEe MaTeMaThYeckKoro armrapara, UCIOJIb3yeMOro B XeMo-
meTtpuke [10—14]. BTopoe 00CTOATENHCTBO CBSI3AHO C
MOSBJICHNEM MHOTOUNCIIEHHBIX TIPUJIOKEHWI, B KOTOPBIX
XEMOMETPUYECKUIT TIOAXOJ C YCTIEXOM TIpUMEHsIeTCsST B
obnacTax, gajiekKnux oT XMMWU. J[oCTaTOYHO BCTMIOMHUTH O
MHOTOMEPHOM  CTaTUCTUYECKOM KOHTpOJIE TIPOIIECCOB
(MSPC) [15], o6 anammuse mzobpakennii (MIA) [16], o
O6uoornyecKnx TpunokeHnsx [17].

XeMoMeTprKa TeCHO CBsi3aHa ¢ MaTeMaTHKoM, W WX
B3aMMOOTHOIICHUST 3aCITy>KWBAIOT OTIEIBHOTO paccMoTpe-
HUs. MHoTMe MeToabl M alTOPUTMBI, TIOMYJISIpHBIE B Xe-
MOMETpPHMKE, HE BBI3BIBAIOT BOCTOpra y MareMaTtnkos [18],
CTIPABE/UTMBO CUYMTAIOIINX WX TIJIOXO OOOCHOBAHHBIMM C
dbopmanbHON TOukM 3peHUs. CrHeluuaiucTel B 00JacTH
XEMOMETPUKYM BCET/Ia PAacCMaTPUBAJIM CBOIO NIESITEIIBHOCTh
KaK KOMITPOMMCC MEXAY BO3MOXHOCTBHIO W HEOOXOIMMO-
CTBIO, TIOJIaTasi, YTO TJIABHOE — BTO TMPAKTUYECKHIl pe-
3yJbTaT, a HE TeopeThyeckoe 0OOCHOBaHNE HEBO3MOXKHO-
cth ero goctTmxeHus. CTalKuBasch C TIPAKTUUYECKUMU
3ajayaM¥y  MHTEPTIpEeTaliii  OYeHb OOJBIINX W CIIOXHO
OPTaHW30BaHHBIX MAaCCHBOB SKCIIEPMMEHTATbHBIX JaHHBIX
[19], xemoMmeTpuKM M300peTaloT Bce HOBBIC 1 HOBBIE Me-
TONBl WX aHanu3a. JlemalT OHM 3TO Tak OBICTPO, YTO Ma-
TEeMaTUKW, TIO CcJoBaM AaMEPUKAHCKOTO  CTaTMCTUKa
. ®puamana (J. Friedman) [20], He ycmeBaloT He TOJIbKO
PACKpUTHKOBATh WX 3a 3TO, HO W TIPOCTO TMOHSATH, YTO K&
TMIPOVCXOINUT B XEMOMETPHKE.

Brarogapst TakoMy «arpecCMBHOMY» TIOAXOAY K aHaJi-
3y JAaHHBIX, XEMOMETPUKA HalllJla MHOTOYHCJIEHHBIE TTpU-
JIOKEHWST B CAMBIX Pa3HBIX CMEXHBIX W JaJIeKMX OT XUMHUHU
obonactsax. OHa TipuMeHsieTcs B (DU3WUYECKON XUMWUW NIt
WccreoBaHusl KWUHEeTUKU [21], B opraHWyeckoit XWUMUMN
JUTSL TIpeJicKa3aHusl aKTUBHOCTH COSTMHEHWIA TT0 X CTPYK-
type (QSAR) [22], B xumun monumepoB [23], B TeopeTn-
YecKoil M KBaHTOBoW xumuu [24]. JInara3oH MCIoib30BaHMS
XEMOMETPUKM OYeHb IMHPOK — OT TMBOBapeHWs [25] mo
actpoHoMun [26]. OHa TIpUMeHsIeTCsSl ISl pellieHHus cyneo-
HBIX CMIOPOB TIO BOTTPOCAM 3allATHI OKpYXaromiei cpeapl [27]
W JUIST KOHTPOJIS KadyecTBa TIPOM3BOACTBA TIOMYTTPOBOIHUKOB
[28]. TlonpoOHBIT aHaMM3 B3aUMONEHCTBUSI XEMOMETPUKH C
Pa3TMYHBIMU 00TaCTIMU YeJIOBEYEeCKOl JesITeIbHOCTH TIpH-
BeJlecH B KHWIe aHmIWiickoro aHamutuka P. Bpeperona
(R. Brereton) [29].

Hekotopble HampaBieHUsS XEeMOMETPUKN PA3BUBAVChH
n B CCCP, n nmozmaee B Poccun. Tak, Hanmpumep, eiiie B
1950-e rombl B XapbKOBCKOM YHMBEPCHUTETE TIOJ PYKOBO-
mcrBoM  HL.II1. Komapsa mnpoBoamnanch wWccliegoBaHUS TIO
MaTeMaTUYECKOMY OIMMCAaHUI0 XWMUYECKMX paBHOBECHIA
[30]. TlozmHee mosiBMaMch pabotsl JI.A. I'pnbosa [31] u
M.E. Onambepra 10 crnieKTpadbHbIM MeToaam | 32],
b.M. Mapssrosa no TutpuMmerpun [33], b.I'. depernnsena
n B.W. BepimmHUHA MO MeTOoAaM KOMIIBIOTEPHOM WICH-
ndrKanum opranndeckux BemectB [34], U.I'. 3erkeBnua
no xpomarorpacdun [35]. XeMoMeTpUUeCKHWIA TIOAXOH aK-
TUBHO WCTIONB3yeTcsl B pabortax [36], BHIMOTHSIEMBIX B
HayuyHoli 1kone FO.A. 3omorosa [37]. WccnemoBanus B
6mm3kolt K xemoMmeTpuke obnactu QSAR Bemytes Tion
pykosoactBoM H.C. 3eduposa [38]. Merponornuecknim
acreKkTaM M BOTIPOcaM KOHTPOJISI KayecTBa XUMHWYECKOTO
aHanm3a nocesieHa MoHorpadust B.MU. [IBopkuna [39]. B
C.-TlerepOyprckoM YHHUBEpPCUTETE TpyNIia YYEeHBIX TIOM

pykoBoncrBoM FO.T. BracoBa pabGoTtaer Haa co3maHueM
CEHCOPHBIX CHCTEM, W3BECTHBIX TIO[ Ha3BaHWEM <«3JIeK-
TpoHHBIN s3BIK» [40], a B BopoHexe pa3pabaTwIBarOTCs
AHAJIOTUYHBIE METO/bI, U3BECTHBIC KaK «3JIECKTPOHHBINH HOC»
[41]. Bo Bcex aTHMX 00nAcCTSIX WHTEHCUBHO MCITONB3YIOTCS
xeMoMmeTpudeckre Meronbl. Criermanuctsl u3 YepHorosaos-
KA TIPUMEHSIOT MHOTOMEpPHbIE METOJbl aHajM3a JaHHBIX
TIpM pellleHWH 3aJad XMMHWJecKoi KmHeTwku [42, 43]. 3a
nocaenHue Toasl B Poccuy TIOSIBMIMCH HOBBIE HayuyHbIE
TPYMIIbI, pa3pabaTbIBAIONIE U TPUMEHSIONINE XeMOMETPH-
yeckue momxonnl: B Mockse [44—47], B bapHayne [48, 49],
B Tomcke [50]), B UpkyTcke [51]).

Hugpopmayuonnoe u npocpammnoe obecneuenue

EnuHcTBEeHHas 1IMPOKO M3BecTHas B Poccuu KHMra o
xeMoMeTpuke [52] Obuia omyOaMKOBaHA HA PYCCKOM SI3bIKE
19 ner Hazaa. OHa [OCTATOYHO IOJHO OTpaxaja COCTOs-
HHUE 3TOM HayuHoi obnactu B cepenuHe 1980-x ronos. Ha
CErOfHALIHMI JeHb HaumOoJee IMOJHbIM M3J0XEHUEM Xe-
MOMETPUYECKHMX METOJOB SIBISIETCSl IBYXTOMHMK, HAaIlu-
CaHHbII rpymnnoi aBTopoB moa pykoBoiacTBoM /1. Maccap-
1a [53, 54]. OH BKJIIOYAET ONMCAHME OCHOBHbIX XEMOMET-
pUYECKUMX METOJOB M MPUEMOB, OO0JbIIOE KOJMYECTBO
MPaKTUYECKHUX MPUIOXEHUI, OOLIMPHbIA CIUCOK JUTepa-
Typbl. CyllleCTBYeT TakXXe MHOXECTBO KHUI U y4E€OHHUKOB,
OPUEHTUPOBAaHHbIX Ha OYEHb PAa3HbIA Kpyr 4MTaTeNei.
Jasl CTYyAEHTOB M CHELMAJIMCTOB B 007acTU aHAIUTHYE-
CKOIl XMMMM, TPOLUE HayaTb ¢ KHUru [29]; ans uccaeno-
Barejeil, 3aHMMAIOLIMXCSI B OCHOBHOM CII€KTPajbHbIM
aHanM3oM, OyayT IoHATHee KHuUru [55, 56]. Has ocBoe-
HUS MPAKTUKU MPUMEHEHHUsI XEMOMETPUKHY MOJe3HA KHU-
ra [57]. Henb3sa Takxke He yIOMSIHYTb 3HAMEHUTYIO KHUTY
E. Manunosckoro (E. Malinowski) [58], kotopyio 10 cux
1Op MHOTME aHAJMTUKK CUMTAIOT Jy4llUM YYeOHUMKOM B
oT0ii ob6aacTu. TeopeTMueckMe OCHOBBI XEMOMETPUKU
MU3J0XeHbI B padorax [59, 60]. HemaBHO Ha pyccKuii si3bIK
Obul mepeBedeH ydyeOHUK [61], coaepxaluuii Kparkoe
onucaHue xemomeTpuku. HeGosblloe, HO OueHb MOaE3-
HO€ BBEIECHUE B XeMOMeTpuKy HanucaHo b.M. MapbsiHo-
BbIM [62]. i y4aCTHUKOB TpeX KOH(MepeHUUH Mo XeMo-
meTrpuke B Poccuu Obl1 M34aH COKpalllEHHbI IepeBon
IONYJISIPHOrO B MUpe yuyeOHMKA [0 XeMoMeTpuke [63].

[IpobaeMaM XeMOMETPUKHU ITOCBSILEHbI 1Ba Crelaln-
3upoBaHHbiX kypHayia: Journal of Chemometrics u
Chemometrics and Intelligent Laboratory Systems. Cra-
TbU, TA€ OIMCHIBACTCS IMPUMEHEHUE XEMOMETPUYECKUX
METOJI0B B NpPUK/AAHbIX 3alayax, PeryjsipHO IeyararTcs
Oonee yeM B 50-TM HAyyHbIX XypHajaX, B YaCTHOCTU B
Analytical Chemistry, Analytica Chimica Acta, Analyst,
Talanta, Trends in Analytical Chemistry, Journal of
Chromatography, Computers and Chemical Engineering,
Vibrational Spectroscopy u T.1.

B mupe mpoBomsiTcs KakK HeOOJblIME PErMOHATbHbIC
KOH(MEPEHLIMY U CEMUHApbl, TAK W PEryJsipHbIe MEXayHa-
poaHble KoHbepeHuuu. Hanbonee aBTOpUTETHBIMU SIBJISI-
10TCSl KOH(epeHLuss «XeMOMETpUMKa B aHaJIMTHYECKOM
xumun» (Chemometrics in Analytical Chemistry — CAC)
[64] 1 «CKaHAMHABCKUI CUMIIO3UYM II0 XEMOMETPUKE»
(Scandinavian Symposium on Chemometrics — SSC) [65].
B Poccum, nauunasa c¢ 2002 roga, mpoxomasT €XEroaHble
MEXAYHAPOAHbIE  IIKOJbI-CUMIIO3UYMbl  «COBpPEMEHHbIE
METO/Ibl aHAJIM3a MHOIOMEPHbIX AaHHbIX» [66—68]. Teo-
peTuyeckrue Y IPUKIaJAHbIE acleKTbl XEMOMETPUKU LIH-
POKO MpeACTaBieHbl B BUJAE MHTEPHET-pecypcoB. B Gosib-
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IMTWHCTBE CBOEM 3TO AHTIOS3BIYHBIC CTpaHUIILI [69—72],
€CTh M HEeCKOJIbKO poccHuiickux caitoB [73, 74].

B xawecTBe TIporpaMMHOTO OGeCTIeYeHUsST B XeMOMET-
pUKE WCTIONB3YIOTCS CTIEIIMATN3UPOBAHHbBIE TIaKeThl TPO-
rpamMm [75—77], mo3Bossiiolie HarsiAHO W ObICTpO 00-
pabaTeiBaTh JaHHLIE B WHTEPAKTWBHOM pekuMe. OmHaKo
IIUPOKO MPUMEHSIOTCSI M CTATUCTUYECKUE TIAaKEThl 00IIIeTo
HazHaueHus1 [78, 79]. 3auacryio wucciemoBaresn TIMIIYT
mpoleaypsl camu, HampuMep B Kogax MATLAB [80], n
OHM TIYONMUKYIOTCS JUISi CBOOOAHOTO MPUMEHEHMSs, HaTTpy-
mep B [60].

Tepmunot u ob6o3nauenus

B pycckom s3bIKe 70 CUX TIOp HE CIIOXUJIAch OOIIe-
MpU3HAHHAs CHCTEMa XeMOMETPMYECKMX TepMUHOB. He-
KOTOpbIEe TIOHATUSI TIEPEBOAWJNCH paHee HEBEPHO WIHN
HeTouyHo. Hampumep, dyHmaMeHTanbHBIN XeMoMeTpuue-
cknii meton PLS mepBoHauanbHO paciiipoBbIBaiCcS Kak
Partial Least Squares n Ha pycCcKWil 3bIK 3TO TIEPEBOV-
JIOCh KaK «4aCTUYHLIE» WIN «4aCTHBIE HAaWMEHBIINE KBaJ-
paThl», YTO HUKAK HEe COOTBETCTBYET cyTh MeTona. K cua-
CTBIO, B TIOCTIE/IHEE BPEMsI OpPUTWHAJbHAsi TpaKTOBKa ad-
opesuarypsl PLS wmamenwnmace Ha Projection on Latent
Structures, 4TO JTOCTOBHO TIEPEBOMUTCS KaK «IMPOEKIINS Ha
JIATEHTHBIE CTPYKTYPHI».

TepmuHsl soft  hard, 4acTo McTONb3yeMble B XeMO-
METpUKE JUISI XapaKTepUCTUKN METOMOB MOMETVMPOBAaHNS,
JIOJIKHBI, TIO HaIlleMy MHEHUIO, MepeBOMUThCH KakK «dop-
MaybHBIT» W «CONMepXKaTeIbHBIM», YTO TOYHEe OTpaxkaeT
CyThb 3TNX TIOHATH. st moHsATHS N-way Mbl MCTIONb3yeM
TepMUH «N-MOIambHEIH». MoXeT OBITh, 3TO W He Jydlliee
pellieHne, HO TIpUMEHEHHWEe TpaguIIMOHHOTO TepMUHA
TEH30PHOTO aHaIn3a <«BAJICHTHOCTb» B XMMHUUYECKOM KOH-
TEKCTe MBI COUJTM HeynayHbIM. Bo MHorux ciyvasx mepe-
BOJYMKM TIPOCTO W30erajay AaBaTh pyccKUe Ha3BaHUS
KJTIOYEBBIM  XEMOMETPUUYECKUM TIOHSTHUSM, TaKWM Kak
scores M loadings, NcTionb3ys BMECTO HUX CJIOXHBIE 3Bde-
MU3MbI. MBI MojiaraeM, 4To B XeMOMETPUKE HEBO3MOXHO
000MTUCH 6e3 TTIOHATHI «CUeT» W «Harpys3Ka» WIW WX aHa-
JIOTOB.

XeMoMeTpUKa — B3TO HayKa, WCMOJb3YIolias coKpa-
meHusi. B naHHOM ciyyae MBIl UMeeM B BUIY He MOHWXe-
HYE Pa3MEepHOCTU JaHHBIX, a TO, YTO B XEMOMETpUKE
yacto wucnonb3yoTes abopesuarypeli: PCA, PLS, PCR,
RMSEP n 1. m. Hecmotpss Ha To, 4To Yy HEKOTOPEIX W3
HUX €CThb OONICTIpUHATBIC pYCCKWE aHaJoTH, HarpuMmep
PCA »sto MI'K, PCR »t0 PI'K, B manHoM 00630pe MBI
PEIIAJIA  COXPAaHWUTh OPUTWHAJIbHBIE aHTIWlickue abOpe-
BUATYpbl. MBI TIpUBOIUM CMMCOK COKpAIIEHW, WCTIOMNb-
30BaHHBIX B CTaThe, B KOTOPOM KYPCHBOM BBIJCTIEHBI
MepeBoibl, YIoTpebsieMblie BIEpBhIE.

ANN (artificial neural network) — wucKyccTBeHHas
HEWPOHHAs CETh;

DASCO (discriminant analysis with shrunk covariance
matrices) — OUCKPUMUHAHMHBIL AHAAU3 C COKPAUEHHOU
KoseapuayuoHHol mampuueil,

EFA (evolving factor analysis) — a2eoarwoyuonnsiii gak-
MOpPHBILL AHAAU3,

GA (genetic algorithm) — reHeTUYeCKUl aJlFOPUTM;

TIA (immune algorithm) — WMMYHHBIN alTOPUTM;

INLR (implicit non-linear latent variable regression) —
HESIBHAST HeAUHELIHASL Peepeccust HA AAMEHIMHbIX NePeMEHHBIX,

ITTFA (iterative target transformation factor analysis)
— UMepauUOHHbIL Ueneoll (PaKmopHblll aHAIU3,
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KNN (k-nearest neighbours) — xnmaccudukanms no K
OMKANIIIAM COCEISIM;

LOO (leave-one-out) — MeTOA IEPEKPECTHOI IIPOBEP-
KU € UCKJIIOUEHHEM IO OJHOMY OOpaslly;

NIPALS (non-linear iterative projections by alternating
least-squares) — HeauHeliHOe UMepayUoOHHOe NPOoeyUposanue
npU NOMOWU HepeOdyouUXcs HAUMeHbIUX K8AOpamos,

PARAFAC (parallel factor analysis) — napanienbHblii
¢akTOpHbIN aHaNU3,;

PAT (process analytical technology) — aHanuTU4YeCKUit
KOHTPOJIb MPOIIECCOB;

PC (principal component) — riaBHasi KOMIIOHEHTa;

PCA (principal component analysis) — MeTO/ TJIaBHBIX
KOMTIOHEHT;

PCR (principal component regression) — perpeccusi Ha
IJ1aBHbl€ KOMIIOHEHTbI;

PLS (projection on latent structures) — TpoeKIIUsI Ha
JIATEHTHBIE CTPYKTYPHI;

PLS-DA (PLS discriminant analysiS) — AMCKpPUMM-
HAHTHbIA aHaAM3 C MOMOILLIbIO PErpeccUM Ha JIaTeHTHbIE
CTPYKTYpbI;

PMN (penalized minimum norm projection) — npoek-
YUl ¢ NOMOWBIO WMPAPHBIX YHKUUTL MUHUMYMA HOPMBI,

QPLS (quadratic PLS) — kBanpaTuuHbiii PLS;

QSAR (quantitative structure-activity relationship) —
KOJNIMUYECTBEHHAS CBI3b «CTPYKTYpa—AaKTUBHOCTDY;

RMSEC (root-mean square error of calibration) —
cpenHeKBaapaTUUHblil OCTaTOK KaJlMOPOBKU;

RMSEP (root-mean square error of prediction) —
CpeTHEKBAAPATUYHBIN OCTATOK TTPOTHO3a;

SIMCA (soft independent modeling of class analogy)
—  opmanrvHoe He3aguCUMoe MOO0eauposaHie aHaa02ull
KAaccos;

SIMPLISMA (Simple-to-use interactive self-modeling
mixture analysis) — npocmoii unmepaKxmueHulli aemMoMo-
deabHblll AHAAU3 cMecell;

SIMPLS (Statistically Inspired Modification of PLS) —
cmamucmuyeckuy momueupoeaniwiii PLS;

SMCR (self-modeling curve resolution) — memod ae-
MOMO0eAbHO20 Pa3pelierus Kpusbix;

SVD (singular value decomposition) — pasjioxeHue 110
CHUHTYJISIPHBIM 3HAYEHUSIM;

SVM (support vector machine) — MeToa OTOPHBIX
BEKTOPOB;
WFA (window factor analysiS) — OKOHHBbIi1 (akTop-

HbIA aHaJIU3

B cratbe wucnonb3yloTcs ciaenylolyde 00O3HAuYEHMSs.
CkajisipHble MEepeMEHHbIE BbIACSAIOTCA KYpCUBOM, Ha-
npumMep s. BekTopbl (cTosOLbl) 0003HAUAKOTCS MNPSIMbIMU
SKUPHBIMA CTPOYHBIMUA OYKBaMH, HampuMep X, a MaTpH-
1bl — IOponMCHbIMKA OykBamu, Hampumep X. MyiabTUMO-
JaJibHble MaTpUlibl BbLACSIOTCA €lle U KypCMBOM, Ha-
npumep G. DaeMeHTbl MacCMBOB 0003HAYalOT TOM Xe, HO
CTPOYHOI OYKBOM, HAIIPUMED X;; — 3TO DIEMEHT MATPULILL
X. MHgeke i obo3HAaYaeT CTPOKY MaTpHUILLI; OH M3MEHSCT-
cst ot 1 mo I. UHAeKc j cooTBeTcTBYET CTONOIY, OH M3Me-
HieTed oT | mo J. AHajorTnuHble 0003HAYESHUS TIpUMEHS -
FOTCS W A7 JAPYTUX WHACKCOB, Hampumep a = 1,..., A
Ormepaltisl  TpaHCTIOHWPOBAHMS 00O03HAYaeTCAd BEPXHUM
uHaeKcoM t, Harpumep X'
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OCHOBBI X€MOMETPHIECKOTO IOIX01A
Xumuuecxue oaunvte u ungpopmauus

XUMUYECKME JaHHble — 3TO OCHOBHOM OOBEKT, C
KOTOpbIM paboTtaeT xemoMmerpuka. Chnenysa kiaccuduka-
1M, TIpeiIoXeHHol B padoTe [81], paccMOTpUM «TUIIMY-
HO€» YCTPOMCTBO JaHHBIX {CM. puc. 1).

Ilpocreiiinii ciaydyaii — 3TO OJHOMEpPHbIE AdaHHLIE
(0D), T.e. mpOCTO OAHO YMCJIO, HAIIPUMEP, 3HAYEHUE OIl-
TUYECKOH IUIOTHOCTH, KOTOPOE MOXKET ObITh IOJYyYEHO
M3MepEeHHeM Ha MOHOXPOMAaTH4YeCKOM (hoTOMETpe.

Bosiee cnoXHBIA cayyailh — 5TO MHOTOMEpPHbLIE, 0OHO-
MoOanbible naHHble (1D), T.e. Habop pe3y/bTaToB He-
CKOJIbKMX W3MEPEHMIi, OTHOCSILUXCI K OAHOMY oOpaslly.
[IpumepaMu TakuxX AQHHBIX SBASIOTCS COEKTP, XpOMATO-
rpamMmma, Habop aeckpunTopoB. C MaTreMaTUYeCKOM TOYKU
3peHuss MX MOXHO HMHTepIpeTupoBaTh Kak 1D-BekTop
(cronbenl WM CTPOKa), Kaxablil 2J€MEHT KOTOPOro COOT-
BETCTBYET HEKOTOPOil MepeMeHHO! (IyIMHA BOJHBI B CIIeK-
TPOCKONMHK, BpeMs YAepXKMUBAaHUS B Xpomarorpabuu).
Yucio nepeMeHHbIX omnpeaesiseT pa3sMEPHOCTb JaHHbIX.

Creaywouiuii, Hanbojee paclpoCTPaHEHHbIIM TUI XH-
MMUYECKUX NAHHbIX, — DTO J8YXMOOAAbHble NAHHbIE, KOTO-
pble mpeacrapiasgiorcsa 2D-maTpuleill — Tabauueid M3 uM-
cea, umerolieil 1 ctpok u J ctonbuoB. TUNIMYHBIN TIpUMeEp
— Habop CHeKTPOoB, CHATHIX M1 / oOpas3loB Ha J AjiMHAaX
BoiH. Kaxnas crpoka B Takoil MaTpulle NpeAcTaBiseT
00beKkT (B AaHHOM cjyyae oOpasell), a Kax/blili crojbell
— mepeMeHHYI0 (IIMHY BoJiHbl). OTHeceHMe AaHHBbIX K
oObekraM (oOpaszlaM) WiM K IepeMEHHbIM (KaHajiaMm)
UMeeT 00Jblloe 3HAYSHWE 1Sl UX UHTEepPIIpeTalluu.

B mnocneaHee Bpemsi 0oJibliloe BHUMAaHME YOEAsIeTCS
mpex- (u Ooaee) modanvhbim Oarubim [82]. WX MOxXHO
NpeAcTaBUTh B BuAe Mapauienenuneaa (3D-matpulibl), B
KOTOPOM Kaxkioe pebpo COOTBETCTBYET CBOEMY TUIY Iie-
peMeHHoi. [lpumep yeTbipex- U Aaxe BOCbMHUMOAAIbHbIX
JIaHHbIX MOXHO HaiTu B [82].

JaHHbie MOryT obobeauHsaTbes B Onoxku. Ilpocreiinimii
ciaydait — sto oauH 6ok X. Takoit cioyyait yaile BcTpe-
yaeTcs B KaueCTBEHHOM aHajn3e, HarpuMep, B 3ajade
pasfesieHus] CTNeKTpOB W KoHIleHTpamii. KonudecTBeH-
HBI aHaln3, OCHOBAHHBIN Ha PEerpeCcCUOHHBIX 3aBUCHMO-
CTSIX, WCTIONIb3YET JaHHBIE, COCTOSIIME W3 NBYX W Oojee
6nokoB. bnok mipeamkTOopoB (Hampumep, 2D-marpuiia
criekrpoB X) U 610K OTKIMKOB (Hampumep, 1D- BekTop
KOHIICHTpAIIUi y) COCTaBISIOT HAabOp CTaHAAPTHBIX MaH-

HBIX, TIO KOTOPBIM CTPOUTCSI KaquOpOBOUHAS MOJETb
y = Xb. Berpeuarorcs aaHHbIe U 60see CI0XHOI CTPYKTYphI,
oObeauHsoLel Tpu U Oonee Ga0KoB AaHHbIX [83]. st mx
aHaJIM3a NPYMEHSIOTCS CIelMalbHble METO/Abl, Ha3blBaeMble
MapuIpyTHbIM MoaenupoBaHueM (path modeling) [84].

MoxeT mokasaTbcs, YTO Takas cUMCTeMaTu3alusl JaH-
HbIX — pPa3MEPHOCTb, MOJAIBLHOCTb, OJOYHOCTb, HOCHUT
HECKOIbKO (OpMaibHbIN XapakTep U MOXET MpeACTaBsATh
MHTEpeC TOJbKO Ul MaTeMaTUKOB. DTO He coBceM Tak. B
MoCAeIHUE TOfbl KapAUHAIbHO U3MEHWIMCh IpencTaBie-
HUSA O TOM, KakKue JaHHbleé MOXHO CUMUTaTb OOJbLIMMM.
Eciau B Havane 1970-x rogoB 00jblIOH cuuTatack MaTpu-
1a JaHHBIX (HampuMep CHOeKTpoB), cocrosiwiasg u3 20
CcToIOLOB (IepeMeHHbIX, Halpumep MIMH BoaH) 1 100
cTpoK (00beKTOB, Hampumep oOpa3lLoB), TO ceilyac, C
pPa3BUTUMEM TEXHUKM DKCIEPUMEHTa, OOJblION MOXET
cuutatbed Marpuua ¢ 1 000 000 croabuoB u 400 000
crpok [19]. Ilpu oOpaboTke TakMX MACCUMBOB MX IPUXO-
JUTCS pazfensaTh Ha OJIOKUM W MHTEPHpPEeTUPOBATb MOOYe-
peaHo. OTo paszieieHHe Heb3sl IPOBOAUTH (GOpMaibHO,
31ech 0053aTe/IbHO TpeOyeTcsl yuacTUe OMbITHOTO XMMMKA,
TMOHMMAIOLLEro cyTh Aeja. [loHsATHE MOAAJbHOCTU TOXE
npuayMaiu He MaTeMaTMKM. DTO €CTeCTBEHHbI OTBET Ha
noTpeOHOCTh aHaIM3a AaHHBIX TMOPUAHDBIX M DBOJIOLMOH-
HbIX IKCHEPUMEHTOB, YMCIO KOTODPbIX YBEJMUYUBAETCS IO
Mepe Pas3BUTHSI MHCTpyMeHTalbHON 6a3bl. C BHeApeHUEM
HOBBIX aHAJIUTUYECKUX METOAOB, TAKMX KakK TMIepCreK-
TpalibHbld aHanu3 [85] M MuKpouunbl [86], ClOXHOCTb
TMAaHHBIX OyIET TONBKO HApacTaTh.

OcHOBHas 3aaya XEMOMETPWKHM COCTOWT B H3BJIcue-
HUW W3 JaHHBIX HYXHOW XWMWYecKoi WHdopMalnm.
Tlonsatue ungopmayus ABASIETCS KIIOUECBBIM B XEMOMET-
pYKe, TI0O3TOMY JaauM TOIpoOHBIe KoMMeHTapuu. YTto
siBsieTcsl MHGbopMaliMeit — 3aBUCUT OT IIeJIM pelaeMoi
3amayr. B HEKOTOpBIX ciydasx mOCTaTOYHO 3HaTh, 4YTO
VICKOMOE BEIIeCTBO TIPUCYTCTBYET B CHCTEMe, 4 B APYIHX
— HeoOXOoAMMO TOJYYUTh KOJIUYECTBEHHBIC 3HAYSHMUSI.
DKCIMepUMeHTaTbHBIE JaHHbIE MOTYT coAepXaTh HYXHYIO
WHMOpMaIINIO, OHW AakKe MOTYT OBbITh M3OBITOYHBIMU, HO
WHOTAa WHMOPMAIIMM B JAHHBIX MOXET He OBITh COBCEM.
Bce maHHBIE comepXar INyM, HampuMmep TIOTPEITHOCTH,
KOTOpbIE CKPBIBAIOT HYXXHYIO WHGMOPMAILIUIO.

s MITIOCTpalliM pacCMOTPUM  CIISAYIOIIM MaeaTn-
3UPOBAHHBIN 3SKcTiepuMeHT. MMeeTcs cuctema, cOCTOSI-
masa u3 Tpex BemecTB A, B u C 0e3 ITocTOpoHHMX TIpUMe-
ceil. Ilpeamonoxum, 4yTo abGCOMIOTHO TOYHO W3BECTHBI
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Puc. 1. I'padpuueckoe npeacrapiieHue JAHHbIX PA3HOH MOJAILHOCTH
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0. E. Poouonosa

CIeKTPBI $5(A), sg(A), Sc(A) Bcex KOMIMOHEHTOB. 3aMeTHM,
YTO CJIOBO «CMEKTPBI» YIOTPeOIseTcs B caMoM OOIIeM
CMBICIE. DTO MOTYT OBITh JIIOOBIe MHOTOMEpHBIE JaHHBIE,
HaTlpUMep XpOMAaTOTpaMMBbI, M TOrAa A — 3TO BpeMs
yaepXkuBaHmusA. TpebyeTcs oONpenelnTh KOHIICHTPAIINI
BEIeCTB MO CMeKTPY cMecH x(A),KOTOpble TaKKe MOXKHO
TONIyInTh Oe3 TrorpelmHocTel. Ecmm Kakawrii crieKTp co-
NEepXKUT 3HaUYeHWs oTkiawka mias 30 AavH BOfH (WM Bpe-
MEH VIAepXWBAaHUA) A, TO A pelIeHUd BToi 3amadyn
MOXHO cocTaBuTh 30 ypaBHEHHWI OTHOCHUTENBHO TpeX
HEW3BECTHBIX KOHIICHTPAITNH €y, Cp W C(:

X(A)) = casa(A)) + epsp(A)) + cosc(M)

X(A30) = casa(Azg) + cpsp(Asg) + cosclAsg)

SIcHO, 4YTO CTONMBKO ypaBHEHWI pemrath He HYXHO,
MOXHO OCTaBWUTh TOJBKO TPU W3 HUX, COOTBETCTBYIOIINE
M06BIM° TPeM UIMHAM BOJIH, W TIO HUM TIOJYYUTh HYX-
Hyto WHGbpopmaro. TakuMm obGpa3oM, OKas3bIBaeTcs, UTO
ucxonHbeie gaHHbIe (30-MepHBIT 1D-BekTOp) M3OBITOYHBI
MO OTHOIIIEHUI0 K MCKOMOW WHhOpMallMU — WCTIONb3ys
JO0BIe TPU TOYKW CIIEKTpa, TIONYYUM OfHW W Te Xe 3Ha-
YeHHWs KOHIICHTpaIINH.

CnenaeMm Teriepb TipuMep Oosiee peayiMCTUYHBIM, JI0-
mycKasi, YTO BCE CMEKTPhI COAEpKaT HEKOTOPYIO chydaii-
HYIO TIOTPEITHOCTh. ToTaa oleHKW KOHIICHTpAllMH, ompe-
JesieMble TIO0 PasHbIM «TpOiiKaM» JUTWH BOJIH, OYAyT pas-
JMyarbesi. DTU OLICHKW MOXHO YCPEAHWUTh W TIONYYWTh
KOHIICHTpAIIMM C JIyJilleil TOYHOCThIO. 3aMETUM, UTO TOTO
K€ pe3yabTaTa MOXHO MOCTUYh M € TIOMOIIBIO TTOBTOPHBIX
aKcTeprMeHToB. OmHaKo 3TOT MyTh He 3(hheKTUBeH,
MOCKOJBKY TpebyeT OONBIIMX 3aTpaT CWJI W BPEMEHM.
Topasnmo miporiie yMeHbIIIaTh HEOTIPEACTCHHOCTh PEe3yTbTa-
TOB KOJIMYECTBEHHOTO aHaIM3a 3a CUET YBEJIWUYCHUS yncia
MepeMeHHbIX  (KaHajoB, JUINH BOJH) B  OJHOM-
SIMHCTBEHHOM 93KCIIepUMEHTe. BTOT BBIBOI SIBISIETCS
TMEPBBIM BAXKHBIM TIPUHITUTIOM XEMOMETPUKU — UCHOAB30-
8aHUE MHO2OMEPHO20 N00X00a TIPU KOHCTPYWPOBAHUN SKC-
TMEPUMEHTOB U aHAJIN3e WX PE3yJIbTaTOB.

JanHbple Bcerma (MM TIOUTH BCeT/a) cofiepXar B cebe
HEXEJATETbHYIO COCTaBIIIOIIYIO, Ha3bIBAEMYIO WY MOM.
TTpupona 1myma MOXeT ObITh Pa3TUYHONH. DTO MOTYT OBITH
cyJaitHble TIOTPEITHOCTH, COTPOBOXIAIOIINE 3KCIepy-
MEHT (CIBUT 0a30BBIX JTUHWIA, TIOTPEITHOCTA B OTIpesesie-
HUW CUTHAJIOB, HETOYHOCTHU B TIOJITOTOBKE W TIPOBEICHUN
9KcmepuMeHTa). Ho Bo MHOTMX ciydyasx 1IyM — 3TO Ta
YacTh JAHHBIX, KOTOpasl He COMEPXKHUT MCKOMOW WHGbOP-
manuu. Tak, HampuMep, €cliM B PACCMOTPEHHOM BbIIIIe
npuMepe TpeboBaOCh OMPENCTUTh KOHIIEHTPAIINN TOJTBKO
IByx BelllecTB A m B, To BKimam ot BeimectBa C OBIT OBI
IIyMOM, HeXenaTebHOW Tipumechio. Ymo cuumams uiy-
MOM, a ymo uHgopmayueli — peliaeTcs ¢ y4eToM TI0CTaB-
JICHHBIX 1IeJiel M METONOB, MCTIONb3YEMBIX IS €€ JTOCTH-
JKeHWsT. DTO BTOPOM TIPUHIIMIT XEMOMETPUYECKOTO TIOIXO-
Jla K aHAJIN3y JaHHBIX.

IIyMm 1 M30LITOYHOCTh B JAHHBIX 00sI3aTeJIbHO TIPOSIB-
JISTIOTCS Uepe3 KOppeAsytoOHHble C8sA3U MEXIY TIepeMeHHbI-
mu. BosBpatuMcs K WaeaTu3MpOBaHHOMY  TpUMEDY.
MoxHO 3aMeTWTh, YTO B MATPUIIE <«UWCTBIX» CIIEKTPOB,
umMmeronielt pasMepHocTh 3x30, TONMBKO TpW CTOJNONA JaH-
HBIX JINTHEWHO He3aBUCHMMBI. 3aWKCUPOBAB 3TY TPOWKY,

Crtporo roeopsi — He coBceM Jo0bIM. HeobGxommmo, yToObI
crcTeMa uMeJla eIMHCTBEHHOE pellieHUe.
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JII000H YeTBEpTHIT CTONIOEIl MOXKHO TIPEIACTaBWTh B BHJIC
WX TWHeWHOW KoMmOMHaumu. To, yTo nMMHeitHO He3aBUCH-
MBIX CTOJIOIIOB POBHO TpH, HE SBISETCS CIYYaifHOCTHIO,
Belb UMEHHO TaKoe YHCIIO BEIIeCcTB TPUCYTCTBYET B Ha-
et cucreMe. DTO YMCIO, Ha3bIBaGMOE PAHTOM MaTpUIIHI,
WTpaeT BAXHYI pOJib B XEMOMeTpUueckoM aHanmuze. B
Ooyee PeaTMCTUYHOM BapWaHTe paccMaTpruBacMoN 3amauu
(Haure TIoTpelrHoCTe) MOXHO 3aMeTUTh TOSIBIICHNE
TOTIONTHUTETLHBIX  KOPPEIAINI B JaHHBIX, HaATpUMep,
ec/Ti KOHIIEHTpalus TpeThero BeliectBa C OymeT cylecT-
BEHHO MeHblIlle myma. Torga sTMX JaHHBIX OKaxXeTcs yXKe
HEJIOCTAaTOYHO JIJII HAaJeKHOTO OTIpeleIcHUs] BCeX TpeX
KOHIIeHTpaluii, U 3(GdEeKTUBHBIN paHT MaTpUIIBI CTaHEeT
paBHBIM ABYM. TakuM 0oOpa3oM, TOTPENTHOCTH B JaHHBIX
MOTYT TIPDUBECTM K TIOSIBICHWIO HE CHCTeMaTHYeCKWX, a
CIyYaliHBIX CBSA3eH MeXay TepeMeHHBIMU. OUYeBHUIHO, UYTO
B TIEPBOM CJTyyae UMEIOT MECTO MPUYNHHBIE, 2 BO BTOPOM
— KOppeNdIMOoHHBIe CBA3U. 3HaHWe 3(PhEeKTUBHOTO (XM-
MUWYECKOTO) PAHTa M COOTBETCTBEHHO CKPBITHIX, AAMeHN -
HbIX NepeMeHHbIX, YNCIO KOTOPBIX PAaBHO 3TOMY paHTy,
SIBJISIETCSl TPETbUM BaXKHEWIIMM TIPUHITUTIOM XEeMOMETPH-
xu [58].

TTponnmtocTprupyeM ero mpuMeHEeHUe TPUMEpPOM, KO-
TOPBINT OyAeT HEKOTOPHIM YCJIOXHEHHWEM VYK€ pPaccMoT-
peHHOI paHee TPEeXKOMITOHEHTHoM cuctembl. I[lpenmono-
KWM, 4TO UMeeTcsl Heckoiibko (/) cMmeceit Bemiects A, B u
C, HO WHAMBUAyaNbHbBIE CIEKTPbl STHUX BEIIECTB Sa(A),
sg(A), sc(A) HewsBecTHBI. [IpoBensi aHaNMU3, MOXHO TMOJY-
YUTHh CTIEKTPBI 3TUX O0Opas3lloB — ABYXMOJATbHbIC JaH-
HBIe, T.e. marpumy X pasmepHocTH Ix30. IlogBepruys
marpully X OOBIYHOMY MAaTeMaTUYECKOMY aHasu3y,
MOXHO OIpPEAeJUTb €€ paHr. DTO UYUCIO AAaeT BaXHYIO
UHOOPMALIUIO O TOM, CKOJbKO KOMIIOHEHTOB IPUCYTCT-
BYeT B CUCTEME WIM, [0 KpaliHe Mepe, CKOJIbKO HX
MOXHO Pa3/iMyHuTh.

Taxum 00pa3oM, B XUMHUUYECKUX [JTAHHBIX MOYTH BCeraa
TIPUCYTCTBYIOT BHYTPEHHME, CKPBITbIE CBA3U MEXAY Iepe-
MEHHBIMU, MPUBOISALLIME K MHOXECTBEHHbIM KOpPpE/sLiU-
sIM — KOJUIMHEApHOCTSIM. Takoe CBOMCTBO JAHHBIX Ha3bl-
BAETCS MYAbMUKOoAIUHeapHocmso. OHO MOXET MPOSBISATh-
¢l KaK U30bITOYHOCTb [IaHHbIX, YTO MO3BOJSIET YIYULUUTb
KauecTBo oOuUeHOK. Bmecre ¢ TeM 0Opu HenpaBUJIbHOM
BbIOOpe MeToga oOpabOTKM AAHHBIX MYJbTUKOJUIMHEApP-
HOCTb MOXET HEraTMBHO CKa3aTbCsl HA KayecTBE aHalu3a.
Tak, Hanpumep, NPUMEHEHUE METONA MHOXECTBEHHOM
JIMHEHUHOW perpeccuu B YCIOBUSIX MYJbTUKO/UIMHEAPHO-
CTU COBEpILEeHHO HerpueMaemo [63]. [ perpeccHoOHHO-
ro aHaju3za TakKMX AaHHbIX ClelyeT MNpUBJEKaTb CIIEL-
ajlbHble METOAbl, HaIpuMep pUIX-perpecuto [87] wiu
MIpOeKUOHHbIE noaxoanl [60].

CyluecTBEHHbIM MCTOYHMKOM lUyMa B JAaHHbIX MOXET
ObiThb cnocob otbopa obpasuoB. Teopus npoboombopa,
3HAuUMTebHbI Bkaagx B koropyw BHec I1. XKu (P. Gy)
[88], mpuobpena OO/bLIYyI0 HOMYJSIPHOCTbL B IOCIEIHEE
Bpems [89]. MHorounciaeHHbIE NMPUIOKEHUS TEOPUU TPO-
000TOOpa MOXHO HaiTM B cneuvasbHOM Bbinycke [90],
TOJIHOCTbIO MOCBSLLEHHOM 3TON TEME.

Hpyrass npoGiemMa, ¢ KOTOPOH MOXET CTOJKHYTbCS
ucclleoBaTellb, — 3TO kponycku 6 danHeix [91]. D10 MO-
KET CAYYUTbCS IO Pa3HbIM MPUYMHAM: OTKa3bl M3MEpU-
TeJbHOro npudopa, BbLIXOH 3a Mpele/ibl OOHapyXeHus,
HexBarka o0pasloB M T.N. BojabliMHCTBO XeMomeTpuue-
CKUX METOJOB HE J[OIYCKAaeT MPOIYyCKOB B JAHHBIX, I10-
3TOMY [UISl KX 3alOJHEHUSI MCHOJb3YIOT CIEeLHUaIbHbIC
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MPUEMBI, CPelN KOTOPBIX CAMBIM TIOTYJSIPHBIM SIBJISIETCSI
UTEepallMOHHBIN anroput™. Kaxkmas ero urepaimsi COCTOUT
W3 1OByX TmaroB. Ha mepBoM Timare TpoBOAWTCA OIcHKa
mapaMeTpoB MOJENM TaK, KaK OyaTo JaHHBIE W3BECTHBI
noiHocThio. [Ipr 3TOM TIPOTIYCKM 3arofTHSIOTCS HEKOTO-
PLIMHM  aTIPUOPHO JOTTYCTUMBIMKA  3HAUCHUSIMHA, HaTipuMep
CPETHVMU TIO OKPYKAIOIUM 3JIEeMEHTaM MaccHBa JaHHBIX.
Ha BTOpOM 111are ¢ MOMOIIBIO TIOTYUYEHHOW MOJe/n Haxo-
IATCs HanboJiee BEpOSITHBIC 3HAUECHMS TIPOTTYIIEHHBIX JTaH-
HBIX M coBeplliaeTcs cienytoinas urepamust. g 3amnomHe-
HUS TIPOITYCKOB MCTIONb3YeTCsl TAKKe TIONXO/, OCHOBAHHBII
Ha MeToie MakcnuMmyma Tipasaononodust [92]. Herany takux
aIrTOpUTMOB B OOJTBITION CTETIEHW 3aBUCSAT OT TOTO, Kakast
MOJIeSTh UCTIONB3YETCS /ISl OTIMCAHWS JaHHBIX.

Modeau, memodot

PaccMoTpeB yCTpoMcTBO MaHHBIX, TiepeiiieM K MeTo-
maM wx aHanu3a. Jlajee OCHOBHBIE XeMOMETpPHUYECKHE
MeTOolbl OYyIyT OoTMUcaHbl Oojiee TIOAPOOHO, a 3TOT pasnes
MOCBATUM BOTIPOCAM METOJOJIOTHH.

XeMoMeTpuueckre MeTO/bl MOXHO Pasle/inTh Ha JIBe
TPYTITIBI, COOTBETCTBYIOIIME JBYM TJIABHBIM 3amavyam: uc-
c1edosanuio TAHHBIX, HATIpUMep KiaaccUpUKaluu W JAUC-
KPUMWHAIIU, U ApedcKka3aHuro HOBBIX 3HAYSHWH, Hampy-
Mep KanmuOpoBka. MeTonbl TIEpBOM TPYMITBI OTIEPUPYIOT,
KakK TpaBuio, ¢ OMHUM OJIOKOM JIaHHBIX, a JUIS KaJuOpoB-
K1 HEeoOXOAMMBI, KAK MUHUMYM, ABa OloKa — TIPEANKTO-
pPOB M OTKJIWKOB. B 3aBMCHMOCTM OT TIOCTaBIEHHBIX Iie-
JIei, METONIbI pelieHusT MOTYT ObITh HaTlpaBJieHbl Ha TIpe/i-
cKazaHWe BHYTPW JWara3oHa YCJIOBUH BKCIepuMeHTa
(unmepnoasyus) WK 3a ero npeacaamu (3Kcmpanoiayus).

CylllecTBEHHBIM  SIBJISIETCSl  pas3fieiecHue METOIoB Ha
dopmanbHbie (soft), Ha3bpIBaeMble TaKXKe <«USPHBIMH», W
conepxatenbHble (hard), nmm «oenbies. [Ipn mMcnonb3oBa-
HUM dopMantbHBIX Moaenel [93] maHHBIE OMMCHIBAIOTCS
IMITUPUYECKON 3aBUCUMOCTBIO (KaK TIpaBUIIO, IMHEIHOM),
CTIPaBETMBOM B OTPaHWUYEHHOM JWana3oHe YCIOBWM 5Kc-
nepuMeHTa. B 3ToMm ciiyyae He HYXHO 3HaTh, KaK YCTpOeH
MeXaHU3M HCCIIelyeMoTo Tpoliecca, OIHAKO TaKO MeToJ
He TIO3BOJISIET peliarh 3ajaun sKcrparnonsuuu. [lapamer-
pbl (bopMasTbHBIX MOAeJNeH JTUIIeHBI (GU3NUECKOTO CMbICa
M JOKHBI WHTEPIPETUPOBATHCS  COOTBETCTBYIOUIMMU
maTeMaTudeckumMu metomamMu. CopepskaTelbHOE MOJeNV-
poBaHue [94] Gazupyercs Ha DU3NKO-XMMUUYECKUX TIPUH-
IUTaX W TIO3BOJIIET 3KCTPATOJIMPOBATh MOBEICHUE CHCTe-
MBI Ha HoBble ycioBus. [lapameTpnl «comepKaTeabHOM»
MOJIETM UMEIOT (BU3NYECKUH CMBICT, W WX 3HAYECHUS MO-
TYT TIoMOYb TIpM WHTEpTIpeTallni HalIeHHOW 3aBUCHMO-
ctr. O HAaKO 3TOT METO/ MOXET OBITh TIPUMEHEH TOJBKO B
TOM cJIyJae, ecii MOJe/b U3BecTHa arpropyr. Kaxmwiii u3
TMOJIXOIOB MEET CBOW CHUJIbHBIE W ciabbie cTOpOHBI [23] n
Yy KaXIoTo eCcTb CBOWM CTOPOHHWKW W TIPOTMBHWKHW. 3a
nocjie/lHee BpeMsl TIOSIBUJIOCH MHOTO paboT, B KOTOPBIX
paccMaTpuBaloTCs TaK Ha3bIBaeMbIe «cepble» mMomenun [95],
00bEeTMHSIONINE CUITbHBIE CTOPOHBI 000VX METOJIOB.

Wnutepec K «uepHbIM» (hOpPMaANBHBIM) M «CEPBIM»
MeToJaM MOJIEeTMPOBaHUs OOYCJIOBJIEH OONBIIMMU TPY/-
HOCTIMM BBIOOpa M TIOATBEPXKACHWSI TPABUJIBHOCTH CO-
nepxarenbHoit Moaenu. Bo MHOTMX cydasix Bce CBOAMTCS
K TIPOCTOMY TIepeOopy BHYTPHU KOPOTKOTO Habopa KOHKY-
PUPYIOIIVX 3aBUCUMOCTEN, B pe3yibTaTe KOTOPOTO OObIU-
HO BbIOMpaeTcs HauWTIpocTeiilas Moedb, MWHWMAJIbHO
OTKJIOHSIOMIAsics oT AaHHBIX. Ho Takoi Toaxon He rapaH-
TAPYET TIPABUILHOCTA BHIOPAHHOTO METO/a YU MOXET TpH-

BeCTM K TpyObiM ommOkam. Yacro wccieaoBarenu uc-
Tob3yI0T Momaenun, Koropble O.H. Kapryxun [96] cripa-
BEUTMBO Ha3Bajl «pO30OBBIMU», — 3TO WAcATN3UPOBAHHBIE
3aBHCUMOCTH, TIJIOXO COOTBETCTBYIOIIME PEaIbHBIM apTe-
¢akTam, TIPUCYTCTBYIOUIUM B JAaHHBIX (Ipeiicd 6a30BBIX
JIVHW, TIOTPEIIHOCTH, HE TMOMYMHSIONINECS HOPMaJlbHO-
My pacnipeaenicHuo, 1 T.1M.). PopmambHBle MHOTOMAKTOP-
Hble JIMHEHBIe MOJENW W Haajlexalllue MeTOoAbl WX aHa-
JIN3a TOPa3Ao Jydllie TTPUCTTOCOOIEHBI K YUeTy «Heucalb-
HOCTW» AaHHBIX. OHM paboTalOT U B TeX ciydyasx, Koraa
HU O Kakol cojiepxkaTelbHON (hU3UKO-XUMUYECKOW MoJie-
JIU HE MOXeT ObITb W peur. OOOCHOBAaHWEM IS UCTIONb-
30BaHUSI JIMHEWHBIX MOAENeH CIYyXUT TOT (akT, 4To JIO-
Oy10, Jake OYeHb CJIOXHYIO, HO HEINPEepbIBHYI 3aBUCH-
MOCTh MOXHO TMPEJACTABUTh KaK JHWHEWHYI GYHKIIAIO
TapaMeTpoB B JIOCTAaTOYHO Majioil o0JacT WM3MEeHEeHWs
9TUX TapaMeTpoB. [IpUHIMTNMANTBHBIM MOMEHTOM 37eCh
SIBJISIETCSl TO, KakKyl 00JIacTh MOXHO CYMTAThb OOMYCTH-
MO, MHauye TOBOPsI, HACKOJbKO IIMPOKO MOXHO TpHUMe-
HATH TIOCTPOCHHYIO (hopManbHYI0 Mofenb. OTBET Ha 3TOT
BOMPOC AAOT Memodsl npoeepku (BaTuaalun) MoJeei.

Tlpu HamiexaieM TOCTPOCHUM MOJEAN WCXOAHBIN
MacCWB JAaHHBIX COCTOUT W3 JIByX HE3aBUCUMO TIOJy4eH-
HBIX HA0OPOB, KAXIbI M3 KOTOPBIX SIBJSIETCSI TOCTATOYHO
npeactaBuTeNbHBIM. [lepBbiii Habop, Ha3bIBaeMblii 0O0y-
YaloluM, UCTONb3yeTcs A WASHTUdUKAIMU MOACIH,
T.e. IS OIICHKW e¢ TlapaMeTpoB. Bropoit HabGop, Ha3bl-
BaeMbIll TIPOBEPOUHBIM, CIYXUT M1 TIPOBEPKU MOJIEIH.
TlocTpoeHHast MoziesTb MpUMEHSsIeTCsl K TaHHBIM M3 TIPOBeE-
pouHoro Habopa, W TIOJNIyYEHHBbIE Pe3yJIbTaThl CpaBHUBA-
IOTCSI C TIPOBEPOYHBIMM JaHHBIMU. TakuMm oOpa3oMm TIpu-
HUMaeTcsl pellieHue O TIPAaBUJIBHOCTH, TOUHOCTU MOJEH-
pOBaHUSI METOAOM mecm-eatudayuu. B HEKOTOPBIX ciyya-
sIX, Korga oObeM AAHHBIX CIMIIIKOM MaJ JUisi TakKoW Mpo-
BEpKHM, MPUMEHSIOT METOJ TIEPeKPEeCTHOM TIPOBEPKU —
kpocc-earudauyuu [97]. Tlo sTOoMy MeTody TIpOBEpPOYHBIC
3HAYEHUsI BBIYMCIISIOT C TOMOIIBIO CAEAYIOIIEH Mpolery-
pul. HekoTopyto UKCUPOBAaHHYIO J0JI0, HAaMpuMep Tiep-
Bole 10% o006pas3ioB, MCKIIOYAIOT W3 WCXOAHOTO Habopa
MAaHHBIX. 3aTeM CTPOST MOe/b, MCIONb3ys TOJbKO OC-
TaBiiecs 90% nmaHHBIX, W BTy MOJAedb TPUMEHSIOT K
MaHHBIM HWCKJTI0OUeHHOTo HabGopa. Ha creaylomem numkie
VCKJIIOUYEHHbIE JaHHbIE BO3BPAlIAIOT, W yJAISIETCS YXe
npyrad nopuus AaHHbIX (ciaeayromme 10%). CHoBa CTpouT-
csl MojfieJTb, KOTOpasi MpUMEHSIETCSl K UCKITIOYEHHBIM [JIaH-
HBIM. Takas mpolieaypa TIOBTOpsIETCS IO TeX TOop, TIoKa Bce
JMAHHBIC HE TIPOWAYT CTAAWIO UCKTIOUEHUSI (B HAIlleM clyJyae
— 10 nuknoB). Hanbosnee momynsipeH (XOTS M HEOMpPaBIaH-
HO) BapMaHT TIEPEeKPECTHOM TTPOBEpKH, B KOTOPOM JaHHbIC
uckmoyvarotes o ogHomy (LOO). B perpeccuoHHoM aHa-
JIN3€ MCTOJIb3yeTcsl TakkKe TMPOBEpKa METOIOM KOPPEKIIUU
pa3MaxoM, KoTopast onucaHa B [63].

JI1060¥i pe3ynabTaT, MOAYYeHHbBIN TIpYU aHAIU3e U MOje-
JIMPOBAHUM DKCMEPUMEHTANIBHBIX JAHHBIX, HeceT B cebe
HeornpeaeneHHOCTh. KonnuecTBeHHasi olieHKa WIM Kaue-
CTBEHHOE CYXISHHE MOTYT M3MEHUTBLCS TP TMOBTOPHOM
SKCIIepUMEHTe BCJICACTBHE BO3ACHCTBUSI PA3IMYHBIX CIIy-
YalfHBIX Y CHUCTEeMaTUYeCKUX TIOTPEITHOCTEN KaK TIPHCYT-
CTBYIOIIUX B WCXOMHBIX JAHHBIX, TaK M BHOCHMBIX Ha
cranun MojenvipoBaHus [98]. Heonpedeaennocms B KOM-
YECTBEHHOM aHaJIu3e XapaKTepusyercsl JUOO 4UCIOM —
CTaHJAPTHBIM OTKJIOHeHUeM [99], nubGo uHTepBasoM —
noBeputenbHbIM [100] mnm mporHo3HbiM [44]. B kauect-
BEHHOM aHalu3e TMpPUMEHSIeTCS METOA TIPOBEPKU CTaTH-
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ctryeckrx tumnote3 [101], B KoTopoM HeompeaeTeHHOCTb
XapaKTepu3yeTcsl yepe3 BepOsITHOCTh TIPWHATHS HEeBEpHO-
ro pemeHus [102]. MeToasl olleHKHW HeoMpeaeIeHHOCTH
npu MojaenupoBaHUn MHoromepHbIX [103] m MHoromo-
nanbHbIX [104] maHHBIX BBI3BIBAIOT OONBINON WHTEpEC Y
CTICIINATCTOB B 00J1aCTH XEMOMETPHKH.

HanexxHocTh aHATUTUYECKOTO MEeTONa CUJIbHO 3aBUCHUT
OT TOTO, KakKWe JaHHble OBITM WCTONB30BaHBI JUISI TIO-
CTPOEHWSI M TIPOBEPKMU COOTBETCTBYOIICH Momenu. Hamm-
yne BuIOpocoB [105] wmm mamonHbOPMaTUBHBIX JAHHBIX
CHUXAaeT TOYHOCTh MOJEIU W, HaoOOpOT, TPUCYTCTBHE
BITUSITETLHBIX 00pasoB B akcrepuMeHTe [106] cymiect-
BEHHO yJydlraeT KadecTBo Moaenn. OleHKa BAUSTEIbHO-
CTW MaHHBIX MOXET TIPOBOAMTHCS KaK KIacCMUYeCKUMU
perpeccioHHbBIMI MeTogamMu [107], Tak W ¢ TIOMOIIBIO
HecTaTuctTnyeckux Tiponieayp [44]. Tlpu wcronb3oBaHWUM
MOCTPOEHHON MOJIENN NIJIsI OTIpeie/IeHUs] WHTEPECYIOITNX
mokasaTeyieil OObIYHO CTaJKWBAIOTCS € TIOXOXWUMHU TIpO-
6nemamMn. MoxXeT oKa3arbcsl, UTO METOJ, HE TIPUMEHUM K
HEKOTOpPHIM 00pasiiaM (BBIOpOC B TIPOTHO3HBIX JTaHHBIX
[108]) wnm paeT o4yeHb HETOUHBIN pesynbrar. OlleHKa
HeoTpe/ie/IcHHOCTH MeTofa He B cpenHem [109], a ans
WHIVBUAYATbHBIX 00pa3loB SIBJISIETCS CJOKHOW 3amaucii,
Haj pellleHneM KOTOopoil paboTaloT B HacTosiee Bpems
pasHble TPYyMMbl HuccaeaoBareneit [cM. Hampumep 110].
WNMeHHO WX yCcWIus OMNpPEnessioT YCIellHoe pelleHne
TaKWX TPAKTUYEeCKW BaKHBIX 3a7ad, KakK TMepeHoc Kaino-
POBOK ¢ omHoro Tipmbopa Ha Apyroil [111], ot6op Tepe-
MeHHBIX [112], mocTpoeHre poGacTHBIX METOIOB aHaIm3a
maHHbIX [113].

Hccnenopanne AaHHBIX, 33294 Kaaccubukamuu
H TACKPAMHHAINH

Memood eaasnvix Komnonenm

CoBpeMeHHBIe TIPUOOPHI TTO3BOJISIOT MPOU3BOIUTH OT-
pOMHOE KOJWYecTBO H3MepeHuii. Hampumep, eciu uc-
MOJb30BATh M Sifi CTIEKTPOCKOITMYECKUI NATYWK UIA 3a-
nucu criektpa Ha 300 mwHaAX BOAH 4yepe3 Kaxible 15 c,
TO 32 OJWH Yac paboOThl MOXHO TOJNYUYUTH MaTpUIly daH-
HbIX pasMepHocTn 300x240, T.e. 72000 yncen. OpHaKO N3-
3a MYJBTUKONJTMHEAPHOCTH AOJST TOoJie3HON WHMopMarmmn
B TaKOM MacCHBE MOXET OBITb OTHOCHUTENIbHO HEBeIMKa.
Hnsa BeimeneHus: mone3Hol WHGOPMAIIMM B XeMOMETPUKE
WCTIONTB3YIOTCSI METOABI CXKaTUsl NAHHBIX (B OTJIWYHUE OT
TPAJMIIMOHHOTO TIONXO/AA, KOTAa W3 JAHHBIX BbIICSIOT
OTIEeNbHBIC, 0CO00 3HAYMMbBIC pE3YIbTaThl W3MEpPEHUs).
Wnes 3TUX METOAOB COCTOWT B TOM, UTOOBI MPEACTaBUTH
WCXONIHBbIE TaHHBIE, UCTIONb3YSI HOBbIE CKPBIThIE TIepeMeH-
Hble. [Ipy 5TOM MOMKHBI BHITIONHSITHCS B ycaoBus. Bo-
TMEPBBIX, YUCIIO HOBBIX TIEPEMEHHBIX (XUMWYECKUH PaHT)
JIOJIKHO OBITH CYIIECTBEHHO MEHbIIIe, YeM
YMCJIO WCXOOHBIX TIEPEMEHHBIX, W, BO-

BTOPBIX, TIOTEPH OT TAKOTO CXKaTUsl JaHHBIX

HbIft dakTtopHblii aHamuz (WFA) [115], urepauimoHHBII
neneBoit daktopabiii aHamms (ITTFA) [116], a Takcke mist
MHOTHX METOJOB Kjiaccu(uKaluu, HarpuMep, dopMab-
HOTO HE3aBMCMMOTO MOJICIUPOBAHWSI aHAJOTHM KJIaccoB
(SIMCA) [117]. C mMaremaT4ecKol TOYKM 3pEHUS METO[
TJIAaBHBIX KOMITOHEHT — 3TO JEKOMIIO3WUIIUS HMCXOMHOM
2D-marpuubl X, T.€. NpeICcTaBlIcHUE €€ B BUIE IIPOU3BE-
npenust apyx 2D-matpuu T u P [63]:

A
X=TP'+E=St,p +E (1)

a=1

rae T — marpuua cuetoB (scores); P — maTpuua Harpy3ok
(loadings); E — warpumia ocratkoB (cM. pwuc. 2). Uwncno
cron6uos t, B matpuiie T u p, B Marpuue P paBHO addexk-
TUBHOMY (XMMHWYeCcKOMYy) paHTy marpuiibl X. Bemnuwna A
HasbIBaeTcd uuciom eaasuvix komnonenm (PC), n oHa, ecte-
CTBEHHO, MEHbIIIe Yrcaa cToj0LoB B MaTpulie X.

Jig wimoctpainu Metoaa PCA BepHemcs K mpumepy
CMeCcH Tpex BeLIeCTB, pacCMOTpPeHHOMY paHee. Matpuiia
CTIEKTPOB cMecel BelllecTB X MOXET OBbITh TIpe/icTaBlicHa
Kak Tpou3BeieHUe MaTpulibl KoHueHTpauuii C u maTpu-
IIbI CTIEKTPOB YMCTHIX KOMITOHEHTOB S:

X=CS' +E )

Yucno crpok B Marpuiie X paBHO unciy obpasiios (),
Kakmas ee CTpOKa COOTBETCTBYET CTMEKTPY OAHOTO obpas-
1a, cHAToMYy st J AIMH BoiH. Yucio ctpok B Marpuue C
TakXKe paBHO [, a YMCIO CTOJNOLOB COOTBETCTBYET UMCIY
KOMMOOHEHTOB B cMecu (4 = 3). MaTpuua 4YucThiX CIIeK-
TpoB S B paznoxkeHun (2) mpencraBjieHa B TPAHCTIOHUPO-
BAaHHOM BWJE, T.e. KOJWYECTBO €€ CTPOK PaBHO YHUCITY
JUTMH BoiTH (J), a 9nciio cToioIioB paBHO A.

3angauya pasfeneHus DKCIepUMEHTalbHOM MarTpulibl X
Ha «4UCTble» COCTABJISIOLINE, COOTBETCTBYIOIINE KOHLIEH-
tpatimsaM C u criektpaM S (TTOHUMaeMbiM B 0000IIIEHHOM
CMBICTIE) — TIpeIMET 0co0oil 00JacTM B XEMOMETpPUKE,
Ha3bIBaeMoOW pazdeasenuem kpuewix (curve resolution) [118].
B sToft o6nacTi MOXKHO BBIIETUTH JBA HaTpaBIeHNS.

TlepBoe ucrnonb3yeT MeTol aBTOMOCIBHOTO pas3peliie-
HUg KpuBbIX (SMCR) [119] 1 oHO OpMeHTHPOBAHO TIPEXK-
Jle BCETO Ha TIpUJIOKeHNE K THOPHUIHBIM METOoAaM aHajr3a
(xpomatorpacdus) [120]. dna peanmzaniiv aBTOMOJENBHO-
TO TIOAXoda TPUMEHSIOTCS METOMbl (HOPMaTLHOTO MoJie-
muporanus (PCA, EFA), koropsle He TpeOYIOT coaepxKa-
TeJIbHOTO 3HaHWsI 00 uccaeayemoil cucreme. B pamkax
3TOTO HarpaBJieHHS MOXHO OTMETHTD MeTon
SIMPLISMA [121], mpuMeHSIOIIMI TIpOCTOi, HO BechMma
3GhdEKTUBHBIN TTOIXOM, OCHOBAaHHBI Ha oTOGOpe Tepe-
MeHHBIX [122].

Bropoe HampaBneHWe, HAMPOTWB, YYUTHIBAET ariprop-
HyI0 WHGOPMAIIMI0 O TIpolleccax M MCIONBb3YeT «Cepbie»
t

p: PA

JIOJDKHBI  OBITh  COTIOCTABUMBI € IIYMOM B
JAHABIX. MeTombl CXaTvsl JAHHBIX TI03BO-
JITIOT TIPE/ICTAaBUTL TIONE3HYID WH(bOpMa-
o B Oojiee KOMITAKTHOM BHE, YIOOHOM
TS BUSYATU3AITUW W MHTEPIIpETaITN.
Hawnbonee monynsipHbIM — cIocoOoM
CXKaTUsl TaHHBIX SIBJISICTCSI Memod 21a8HbIX
xomnonenm (PCA) [10]. OH maetr ocHOBY

X

JUIS IPYTUX aHAJIOTUYHBIX XeMOMETpude-
CKHX METOJIOB, BKJIIOUAS IBONIOIIMOHHBIN
dakTopubiii anammz (EFA) [114], okoH-

134

= +...+ +| E

ty ta

Puc. 2. I'padmyeckoe npencrasiienne MeToAA IJIABHBIX KOMIOHEHT



Poc. xum. xnc. (2K. Poc. xum. o6-6a um. JI.H. Mendeaeeea), 2006, m. L, No 2

0 [ J X1

0,2 04 0,6

-0,6 -

7] 0.6 X2

Puc. 3. I'papmyeckoe u3o0paxkenne HA0OpPa JAHHLIX B METOJE TJIABHBIX KOMIIOHEHT:

a4 — JAHHBIC B UCXOAHbIX KOOpAMHATaX NMEPEMCHHBIX X| U X7, 0 — IaHHbIC B KoopauHaTax riaBHbIX KOMIIOHCHT

moaenu [123]. DTo HampapieHUe HAXOAUT CBOE IIPUIOXKe-
HUE IIpU UCCAeI0BaHUM KUHeTuku [121] 1 TepMoanHamu-
ku [124]. Ki1iouyeBbIM MOMEHTOM B TaKMX 3ajadax sBASET-
cs ompele/ieHUe BEeJMYMHbI XMMUYECKOIO paHra CUCTEMbl
— uMcaa riaBHbIX KOMOOHEeHT A [125]. B uneane npen-
CKazaHHBIC CIEeKTphl S U KoHleHTparun C OnM3kl K
WCTUHHBIM 3HAUSHUSIM, XOTS WX HEBO3MOXHO BOCCTAHO-
BUTb TouHO. [TpyunHa 3TOTO HE TOJBKO B MOTPEITHOCTSIX
3KCTIepUMeHTa, HO U B TOM, YTO CITEKTPHI MOTYT YacTHIHO
nepekpbiBatbes. Ecin PCA npuMeHnsieTcs 1is pa3aesieHust
JMAHHBIX Ha XWMUWYECKW OCMBICIICHHBIE KOMITOHEHTHI, KaK
B ypaBHeHWHN (2), To MeTon OOBIYHO Ha3bIBAIOT (haKTOp-
HBIM aHaau3oM (B ominuMe OT OpPMalBHOTO aHaIm3a
TJIAaBHBIX KOMTTOHEHT).

MeTton T1aBHBIX KOMTTOHEHT 3(h(MEKTUBEH HE TONBKO B
MPWIOKEHUN K 3agadyaMm paszaencHus. OH TIpuUTofeH ajist
HCCTIeTOBAHNS TMOOBIX XMMWUYeCKWX AaHHBIX [126, 127]. B
9TOM ciydyae Marpuibl cueToB T U Harpy3ok P yxe Hellb-
351 MHTEPIPETUPOBATb KaK CHEKTPbl M KOHLIEHTpalluM, a
YUCJIO IVIaBHBIX KOMIIOHEHT A — KakK YMCJIO XMMHYECKHUX
KOMIIOHEHT, IPUCYTCTBYIOLIMX B MCCIEAYeMOil CUCTEMe.
TeM He MeHee aaxe DOpMaybHbIM aHANIM3 MaTPULL CUETOB
M Harpy3oK OKa3blBaeTCs BECbMa I10JI€3HbIM /11 OHMMA-
HHUSl YCTpOMCTBa HaHHBLIX. JJaguM MpocTeiillyio IByMep-
Hy10 winoctpauuio Mmeroga PCA.

Ha puc. 3¢ nokazaHbl JaHHbIE, COCTOSILIME TOJbKO U3
JIByX MEPEMEHHbIX X; U X, KOTOpble CBA3aHbl CHUJIbHOM
koppensuuveii. Ha puc. 36 Te ke maHHble NpeacTaBieHbl B
HOBBIX KOOpJAMHaTax. BekTop Harpy3ok p; NepBoOil TaB-
Hoii KoMmoHeHTsl (PC1) onpenensier HampaBieHUE HOBOIt
ocH, BAOMb KOTOpOW Habmomaetcs HauOosblliee M3MEHe-
HUe maHABIX. [TpoeKIMy BeeX MCXOMHBIX TOUYeK Ha 3Ty OCh
cocTapsloT BekTop t;. BTopas rnaBHas KOMIIOHEHTa P,
OpTOroHa/lbHA NepBoii, U ee HanpasieHue (PC2) coorser-
CTBYET HAMOOJbllIEMYy M3MEHEHUIO B OCTATKaX, MOKa3aH-
HBIX Ha puc. 36 oTpe3KaMu, MEPNeHANKYAIPHBIMUA OCH P;.

OTOT TPUBWANBHBIM TIpUMEP TIOKA3BIBAECT, YTO METOJ
TJIABHBIX KOMTIOHEHT OCYIIECTBIISCTCS TMOC/enoBaTeNIbHO,

war 3a maroM. Ha kaxaom 1uare uccleayloTcs OCTaTKu
E,, cpenu Hux BbIOMpaeTcsl HAMpapieHWE HaWOOMbIIETO
W3MEeHeHWsI, JaHHbBIe TIPOCIIMPYIOTCS Ha 3Ty OCh, BBIUWC-
JISIFOTCSI HOBBIE OCTATKW M T.J. DTOT alTOPUTM Ha3bIBAETCS
NIPALS [63]. Jpyroif NOMymspHBIA aNTOPUTM CXaTAS
MAaHHBIX — Pa3flo)KeHWe TI0 CUHTYISIPHBIM 3HAYCHUSIM
(SVD)[128] — crpout Ty Xe aexkomnosninwm (1) 6e3 ute-
paumii. OcTraHOBKa WUTEpallMOHHOW TpOlIeaypsl WIH, Jpy-
TUMHU CJIOBaMH, BBIOOp YWCNIa TJIABHBIX KOMTIOHEHT A
TIPOBOJIMTCSA € MCIOIb30BaHWEM KPUTEPUEB, TTOKa3bIBAIO-
IMAX TOYHOCTH AOCTUTHYTOH AeKOMIO3UINH. IlycTh Wce-
XonHasg marpyuua X MMeEeT pasMepHOCTb: [ cTpok u J
croibLOB, U B pazioxeHun (1) ydyacTBYIOT A IJ1aBHbIX
KOMITOHEHT. BennurHbl

uazlooIZté/lzJZxﬁ,

1= 1=1 =

Eazloogi—Zieﬁ/IZixﬁE, a=1,..,4 (3
1A aa 't

Ha3bIBAIOTCSI HOPMUPOBAHHBIM COOCMBEHHbIM 3HAYEHUEM W
o0ssicHenHol  Oucnepcuel. VX oOBIUHO M300paxarioT Ha
rpacduKke B 3aBUCMMOCTH OT YHCJa @, TOTJa pe3Koe Mu3Me-
HeHue BenMurH (3) yKasbiBaeT Ha HYXXHOe 3HaueHHUe Yuc-
Jla TJIaBHBIX KOMMOHEHT. s mpaBuibHOTO BhIOOpa A
HEOOXOMMMO MCIONb30BaTh METOJl TECT-BATWAAMU JUOO
Kpocc-BUTMIAIIUM (KaK 5TO OMMWCAHO BHINIE). YPaBHEHUS
(1) He comepxar B cebe CBOOOMHOTO YyieHa, TTIO3TOMY JUTSI
JEKOMITO3UIIUM TAHHBIX WX CAEAYeT cHavajaa OTIEHTPUPO-
BaTh (T.€. BBIYECTb CPEelHEE MO CTONOIAM) W MHOTAA HOp-
MUPOBATh.

MeTon TaBHBIX KOMIIOHEHT MOXHO TpPaKTOBAaTh KakK
TIpOCIIUpOBaHe AAHHBIX Ha TIOAMPOCTPAHCTBO MEHBIICH
pasMmepHocTy. BosHukalolyde mpu 3ToMm octatku E pac-
CMaTpUBAIOTCSl KaK LIyM, He colepxXaluluid 3HAYMMOii
XUMHYecKoi HHbopMmauvu. B 2ToM moanpocTpaHCTBe
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MOXHO BBECTM Mepy ONM30CTH 00pas3oB, Ha3BIBACMYIO
paccmosinuem Maxaaanobuca (Mahalanobis) [129], ¢ mo-
MOIITBIO KOTOPOI yaaeTcs pelrath MHOTHE 3a1auyld KadecT-
BeHHOTO aHanM3a. JIpyruM MOIITHBIM WHCTPYMEHTOM aHa-
JI3a JTaHHBIX B TIPOCKIIMOHHOM TIOATTPOCTPAHCTBE SIBIISICT-
cs1 npoxpycmogo (Procrustes) BpaieHue [130].

Ilpu wmnccnegosanvm manHBIX MetogoM PCA ocoboe
BHVUMaHUWe yaendercd TpadmKaM cUeToB W Harpyzok. OHM
HecyT B cebe WHbOpMaINo, TONe3HYI0 UIT TTOHUMaHUs
TOTO, KaK yCTpoeHBI JaHHbie. Ha Tpaduke cueToB KaXXabIit
obOpasell uzobpaxaercsa B Koopaunarax (ti, t;), yaiie Bcero
— (t, ty). bAn3ocTh ABYX TOUEK O3HAUAET WX CXOXECTb,
T.€. TIOJIOXUTENBHYIO KOppesinio. Toukn, pacroyioXeH-
HbIe TIOM TIPIMBIM YTJIOM, SIBASIOTCSI HEKOPPETUPOBAHHBI-
MU, a pacnojIoXKeHHBIE AWaMETPaTbHO TIPOTHBOTIONOXHO
— WMEIOT OTPUIIATENbHYI0 Koppenamnuio. Eciam Tpadwk
CYETOB WCTIONBb3yeTCsT UTST aHaju3a B3aMMOOTHOIICHUWIA
00pasnoB, To TpabWK HATPY30K MPUMEHSIETCST UTST WCClie-
JIOBaHWS pONT TlepeMeHHBIX. Ha Tpaduke Harpy3ok Kax-
Jast TiepeMeHHass oTobpaxaeTcss TOYKOW B KOOPAWHATaxX
(p;, 1)), Hampumep (P;, Py). AHAIU3UPYA €rO AHANOTMYHO
rpaduky CyeToB, MOXHO TMOHTb, KakKue MepeMeHHbIe
CBsA3aHbl, a Kakue He3aBUCUMbl. COBMECTHOE MCCSI0BA-
HHUe NapHbIX rpacMKOB CUETOB U HArpy30K TAKXKe MOXET
JIaTh MHOIO I10J€3HOM MHPOpMaLMU O JaHHBIX [63].

Kaaccudpurauua u duckpumunayus

Knaccudukauuss — 3To BecbMa IIMPOKUKA Kpyr 3aaad
KaueCTBEHHOro XMMMYECKOTo aHaiu3a, B KOTOPbIX TpeOy-
€TCSl YCTAaHOBUTb IIPUHALIEKHOCTb 00pasiia K HEKOTOPOMY
Kiaacey. 3amauM kaaccubrKaluy MOXHO pa3ieuTh Ha JABe
Gosblive rpynnbl. K mepBoii rpyrime OTHOCITCS TakK Ha-
3bIBaeMble 3amaun 0e3 ooyuenus (unsupervised). OHu Ha-
3BaHbl TakK MOTOMY, YTO B HUX HE HCIIOJb3YeTCsl 00ydalo-
1K1 HAabop OOpa3LoB W HMX MOXHO paccMaTpUBaTb Kak
pPa3HOBUMAHOCTb HMCC/IE€AOBATENbCKOIO aHaav3a. 3ajadyu
BTOpPOH Tpymmbl —  Kjaaccudukauuss ¢ obyueHuem
(supervised), Ha3bIBAIOTCI TaKXkKe 3agadyaMu OUCKPUMUHA-
yuu. B HUX nmpuMeHsieTcs o0ydaloninii Habop o0pa3LoB, O
KOTOPbIX MMEETCs anmpuopHas MHGbOpMAalls OTHOCUTE/b-
HO MPUHAMIEKHOCTH K KjaccaM. MeToabl pelieHus 3aaad
Knaccugukauud 6e3 obyuyeHUs1 OCHOBaHbl TJ1aBHbIM 0Opa-
30M Ha J€KOMIIO3MLIMM MAaTpulibl JaHHbIX 110 MeTony PCA
¢ nocaeaylolwuM aHaauzoMm [131] paccrosgHuil Mmexay
KJ1accaMM, IOCTPOEHUEM ASHAPOTPaMM, MCMOJb30BaHUEM
HeueTKuX MHoxecTB [132] u 1.n. B paGore [133] npume-
HSEeTCSl MeToJ IIPOKPYCTOBO BpallleHMe, a B paborax
[134—136] — paccrosinue MaxanaHoOuca. B tex ciyuasx,
KOr/a BO3MOXHO MpOBEAEHUE AMCKPUMUHALIMU, T.€. Kjac-
cuduKauuu ¢ oOydyeHHeM, DTUM MeTOoAaM CJleAyeT OTaa-
BaTb IPeaIoYTeHUE.

O6yualoliuii Habop oOpa3LOB KCIOAb3YETCs s II0-
CTPOEHUS MOJEIU KiaccuduKaluuu, T.e. Habopa MnpaBui, ¢
MOMOLIbIO KOTOPbIX HMCCAeAyeMblil o0pasel, MOXET OblTh
OTHeCeH K TOMy WiM MHoMy Kiaccy. Ilocie Toro, kaxk
Mojeab (WIM MOJeNM) MOCTPOeHa, ¢ HeoOX0AUMO MpPOBe-
PUTb, MCIOAb3Ysd METOdbl TECT- WM KPOCC-BaIWAALIUMU, U
Onpeae/iuThb, HACKOJAbKO OHa TouyHa. Ilpu ycnexe mpoBep-
KW — MOe/lb FOTOBA K MPAKTUYECKOMY IIPUMEHEHUIO, T.€.
K TpeacKa3aHUIo MPUHALIEXHOCTH HOBbIX 00Opa3LOB.

B aHanuTuyeckoil XUMMHK KiaccuduKalusa MPUMEHs -
€Tcsl K HabopaM MyJbTUKOJIMHEAPHbIX JaHHbIX {CIEKTPb,
XpOMaTOrpaMMbl), TIO3TOMY AWCKPUMHUHALIMOHHAS MOJAE/b
MOYTU BCEeraa MHOrOMepHa M OCHOBaHA Ha COOTBETCT-
BylOLIMX NpoeKlMoHHbiX noaxogax — PCA, PLS. MoxuHo
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OTMETHUTh WCTONB30BaHNE JMHEHHOTO TMCKPUMHUHAHTHOTO
aHammza B OmmkHeit MK criekrpockoru [137], a Takke
KaHOHMYECKOTo JUCKpUMHWHAHTHoro aHamuza [138]. OnHum
W3 caMbIX TIOMYJISIPHBIX TIOAXONOB SIBsieTCs MeTo, (hopMah-
HOTO HE3aBUCMMOTO MOJICJIMPOBAHUSI aHAJIOTWii  KJIacCoOB
(SIMCA [139]), pa3zpadorannsiii C. Bonmom [117].

B ocHoBe metoma SIMCA jneXuT TipedrtojoXeHne O
TOM, YTO BC€ OOBEKTHI OMHOTO Kjacca WMEIOT CXOOHbIE
CBO¥iCTBA, HO 00NagalOT WHAWBUAYATbHBIMU OCOOEHHO-
cramu. [lpn TocTpoeHVMM AMCKPUMUHALIMOHHOW MOAETU
HEOOXOAWMO YUYMTBHIBATh TOJBKO CXOJICTBO, OTOpachIBas
OCOOEHHOCTH Kak InyM. [jig 9TOro Kaxabli Kiacc W3
oby4arolero Habopa oOpa3loB MOJEIUPYETCs He3aBUCH-
Mo meToaoM PCA ¢ pa3HBIM YKCIIOM TJIaBHBIX KOMITOHEHT
A. Tlocie 3TOro BBIUMCISIOTCS PACCTOSTHUSI MEXIy Kiac-
caMM, a TaKKe PacCTOSTHUS OT KaXJOTo Kjacca o HOBOTO
o0bekTa. B KauecTBe TaKux METPUK WCIIONB3YIOTCS NIBE
BeaUnuUHBL. OgHA BeIMYMHA — 3TO pacCTosTHUE d OT 00b-
eKTa JIo Kjacca, KOTOpoe BBIYMCISIETCS] KaK cpeTHeKBaIpa-
TUYHOE 3HAYEHME OCTAaTKOB €, BO3HMKAIOLIUX IpU Ipo-
eLIMPOBaHUM OObEKTA Ha KJlacc

BDTa BeMMYMHA CpaBHUBACTCA CO CPECAHCKBAAPATHYHBIM
OCTAaTKOM BHYTPH Kiacca

1

_ 2
do = (I—A—lXJ—A)%eU

Jpyrasi BeJMuMHa OIpenenseT paccTosiHUEe OT 0ObeKTa
IO LieHTpa Kjacca, KOTOpOe BbIYMCISETCS KaK pasmax
(xBagpar paccrosHust MaxajnaHobuca):

A -[g

h:l+
I G,

rae T, — IpoeKklMsl HOBOro o0pasua (cyeT) Ha IJaBHYO
KOMIIOHEHTY a; t, — BEKTOp, COACpXKAlllWil cyeTa Bcex
o0y4JaroIx oopasiioB B Kiacce.

ITomumo metoma SIMCA st IUCKpUMHWHAIINN XUMH-
YecKMX JaHHBIX WCIONMB3yIoTCa Takke Metom DASCO
[140], cxoxwmit ¢ SIMCA, wmeronm xknaccuduKaluu IO
omuxkatimemy coceny (KNN) [141], MeTonm omOpHBIX Bek-
TopoB (SVM) [142, 143] n wmHorme napyrve. MOIIHBIM
WHCTPYMEHTOM SIBJISIETCSI METONl IMCKPUMWHAHTHOTO aHa-
JIN3a C TIOMOIIBIO PETpeccUy Ha JATEHTHBIE CTPYKTYPHI —
PLS-DA [144].

Tpexmooaavuvie memoodo:

Merton rmaBHBIX KOMTIOHEHT ObIT pa3paboTaH uist
00paboOTKM JMaHHBIX, UMEIOIINX BUJ ABYXMOJATbHONH 2D-
MaTpuiibl. OHaKO B TIOC/IeHEE BpeMsl MCCIeTOBAaTEIN BCE
yaiie UMEIOT JIeJIo ¢ TpexX- U 0ojiee MOJATbHBIMA JTaHHBI-
MU, KOTopble o0jamaroT Oojiee CIOXHOW CTPYKTYpPOW,
Harpumep B Buae napamnenenunena (puc. 4). Takue naH-
HBIe TIONy4YaloT, HampwMmep B TUOpUAHBIX [145, 146] wn
SBOJMIOIIMOHHBIX Meronax aHamusa [147]. Hnga cxatus
TaKUX MAacCHUBOB JaHHBIX TIPUMEHSIIOTCS CTIeIIMaNbHbIS
monxoApl (TpU Haubojiee YacTo MCMOb3yeMble KpaTKo
paccMoTpeHbl B 3ToM paszfaene). [lomHoe n cucremarnye-
CcKOe OTHMCaHWe 3TUX METO/IOB BMecTe ¢ MHOTOUMCIIEHHBI-
MU TIpUMepaMi WX TIpUMEHEHWs B 3afladyaX XUMUIECKOTO
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Aneopumm  Tucker3 [152] mo3Bo-

>J

Puc. 4. I'pacnyeckoe npeacrasieHne METOAa Pa3BepPTHIBAHUA B IUIOCKYI0 MATPHUILY

aHamm3a mpuBeAcHo B KHUTe [82]. KpaTkoe BBeneHVE B
METOMBI aHaTi3a TPEXMOMANBHBIX JAHHEBIX TIPEJICTABNICHO B
cratbe [148]. DTN ke alTOPUTMBI UCTIONB3IYIOTCS UTST 00-
paboOTKN JAaHHBLIX, TIOMYYEHHBIX B Pe3yibTare TUMEpPCITeK-
TpaNbHBIX M3MepeHuit [85], a Takxke A aHaMM3a M30-
6paxenmit [12].

Memoo paszeepmeisanus (unfolding) [149] — sTO TIpO-
CTEHIIINIA CMTOCOO aHaan3a TPEXMOAANBHBIX JAHHBIX, C TIO-
Mollbio Kotoporo 3D-marpunia X pasmepHoctn IxJxK pas-
BopauyuBaeTcs B OObluHYyI0 2D-marpuuy “X pasmepHOCTU
IxKJ (puc. 4). I1pu sTOM 1 HazbIBaeTCSI «OCHOBHOM» MOIOA.
Janee BO3MOXHO OObIYHOE IPUMEHEHHE MeToJa IJIaBHbIX
KoMNoHeHT. Takoil moaxon yacTo okasbiBaeTcs d(PdekTun-
HbIM, Kak, Hanpumep B [23], u npu peweHun 3D-QSAR
3agad [150, 151]. OoHako oH uMeeT psid HenocTaTkoB. Bo-
MepBblX, B KauyeCTBe OCHOBHOM MO[bl MOXHO BblOMpPAThb
J00oe M3 Tpex HallpaBieHWi, T.e. UMEET MECTO HEOMHO-
3HAYHOCTb pa3BepTbhiBaHUs. Bo-BTOPBIX, IIPY TaKOM IOIXO-
Jle TepsieTCsl CBSI3b MEXIY COCSTHUMM TOUYKAaMH, TaK KakK ¢
nepexomgom or 3D-marpuubl IxJxK k 2D-marpuue IxKJ
YK€ HE YYUTBIBAETCA, YTO U3MEPEHUS Xij U Xiyy|j ABIAIOTCS
COCEIHMMM, YTO MOKET ObITh CYLIECTBEHHO.
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Puc. 6. I'padpmueckoe npeacrasienne moaesu PARAFAC ¢ R koMnoneHTammu

a-|v_
+g

Puc. 5. I'papmueckoe npencrasiaenne monesm Tucker3
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» KJ

JiseT oOpabaThiBaTh TPEXMOJATBHBIC
JIaHHBIE, COXpaHsAs WX TIepBOHAYAh-
HYIO CTPYKTYpY, a CIIeIOBaTe/IbHO, U
TIOCTIeIOBATETBHOCTD HW3MEpEHNI,
.. HampuUMep TIOPSIIOK  [UTMH  BOJTH
CTIeKTpa WM TIOCTIEOBATETEHOCTD
TOYeK TI0O BpeMeHM Ha Xpomaro-
rpamme. Mcxomawie 3D-maambie X
pasnaratorcsi Ha Tpu oObIUHBIE 2D-
marpullbl Harpy3ok (A, B, C) u
TPEXMOJAIbHbIA ~ KepH-MaccuB G
(puc. 5). Kaxnblii 27€MEHT HCXOl-
Hoil 3D-marpuubl X MOXHO 3ariu-
caTb B BUAE CYMMbI:

—>J

P O R
Xik = 3 ¥ Y ipbiqCir&par +eik 4)
p=lg=lr=1

rae a, b 1 ¢ — dJeMEeHTbl MaTpull HAarpy3okK, Kaxmaas U3
KOTOPbIX COOTBETCTBYET CBOEii MonAe; g — 2JEMEHTbI
KepH-maccuBa G. [Ipy 3TOM 4MCIO IJIaBHBIX KOMMIOHEHT
no KaxjaoMy HampabieHuio (P, Q, R) MoxeT ObiTb pas-
JIMYHBIM.

Memoo PARAFAC (parallel factor analysis) [148] oriu-
qyaercsa oT modenan Tucker 3 Tem, 4To Kaxjas mMoia Ipei-
CTaBJISIETCS OQHUM U TEM K€ UKCJIOM IJIABHbIX KOMIOHEHT
R (puc. 6). PaznoxeHue CTpourcst Tak, YTOObl MUHHUMMU-
3UPOBATh CyMMY KBAIpPATOB OCTATKOB €j:

R
Xik = Y airhjcy +eji %)
r=1

OCHOBHBIM JOCTOMHCTBOM 3TOIO METOJA SIBIsIEeTCs €AUuH-
CTBEHHOCTb pasioxeHus. Tak, ecid uccaenyercs cMech
HECKOJIbKUX XMMUYECKMX BEILUECTB, TO IIPU NPaBUIbLHOM
BbIOOpE uMC/Ia IVIABHBIX KOMIOHEHT MAaTpHIilbl HAarpy3okKk
MPEACTARISIOT YUCThIE CIIEKTPbl UCXOAHBIX BE1lIECTB.

MATLAB-kon aJropuTMa
PARAFAC Moxno Haiitu B [148].
Tak Kak MaTpulibl HAarpy3oK B pa3-
JoxeHun (5) omnpenensioress ¢ Io-
MOLLbIO UTEPALIMOHHON MPOLEAYPHI,
3TOT METOoH TpeOyeT OueHb OObIIO-
ro obbeMa BblUMCIEeHU. B HacTosi-
lee BpeMs BeayTcs paOoOThbl, Ha-
npapjieHHblEe Ha YCKOPEHHE BbIUKC-
JUTeNbHBIX Tpoueayp. Ilocneanue
JOCTHXEHMSI M HMX KPUTUYECKMI
aHaau3 mpeacTaBieHbl B [152], an-
TOPUTMbI BCEX PACCMOTPEHHBIX Me-
TOOOB AEKOMIO3ULIMK TPEXMOIAb-
HbIX JAHHBIX TpUBeiaeHbl B [153].

MOZ[CJIH])OB&HI/IC H NPCACKA3ZAHUC

Juneitnas xaaubposxa

B 3amayax  KOJMYECTBEHHOIO
aHa/u3a y4yacTBYIOT IBa OJloKa AaH-
Hbeix. [lepBwiit 610k X — 3TO Mar-
pUlIa MPEANKTOPOB (CTIEKTPHI, Xpo-
MarorpaMMBbl, HaboOp ACCKPUTITOPOB
M T.11.); BTOpoil 6J0K Y — 3TO mar-
pUlla  OTKIMKOB  (KOHLICHTpalVH,
AKTUBHOCTU U T.1.). Yucio crpok (/)
B OTMX MaTpHUliax paBHO KOJMYECTBY
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Puc. 7. Monenbublii npuMep noCTpocHusA KaﬂﬂﬁpOBO‘IHOﬁ 3aBHCUMOCTH pa3/IMIHbIMHM METOAAMM:

a — cnekTpbl 4uCThiX BeluecTB (A, B) u rmaBHbix koMmnoHeHT (PC1, PC2); 6 — momesbHbIE CIEKTpaibHbIE JaHHbIE, 6 — OJHOMEP-

Hasi KaMOpoBKa; ¢ — KanubpoBka meronoM PCR. m — A, @ — B

o0pasztioB, uyncyio ctonbioB (J) B MaTpuiie X COOTBETCTBY-
€T YNy KaHaJoB (JITMH BOJIH), HA KOTOPBIX 3arMCchIBacT-
Csl CUTHaJl, U HaKOHell, 4yucio cToiouoB (K) B Marpuie Y
paBHO YMCIy XMMMUYECKHX IlOKaszaTelei, T.e. OTKJIMKOB.
3agaya KaJMOpOBKW, WIM TPaayUpPOBKHU, KaK €€ MPUHATO
Ha3blBaTb B 0ojiee Y3KOM CMbICIAE€ B aHAJIMTHUUYECKOM XU-
MMU, COCTOMT B IOCTPOCHMM MaTeMaTU4YeCKOH Mojeliu,
cea3biBatoieit 6;10kn X n' 'Y, ¢ TOMOIIBIO KOTOPOM MOXKHO
B JaJibHelillleM IIpeacKasbiBaTb 3HAueHHUs IlOKasaTejeill y
o HOBO cTpoke 3HaueHUH X [9]. Tlpocreiimmas kanu6po-
BOYHAsI MOJENb — O3TO odHOoMmepHas peepeccus (J = 1,
K=1), T.e. Mmonens y = a + bx [154], koTopast COOTBETCT-
BYET OJTHOMY KaHaJy aHajuThdeckoro curHama. C Tomo-
MBI METOMIOB KJIACCMYECKOTO PErpecCMOHHOTO aHaan3a
MOXHO CTpOWTH OoJjiee CIOXHYIO, MHOXECTBEHHYIO per-
peccnto (I > J, K = 1), B KOTOpO#i y4acTBYIOT HECKOJBKO
kaHanaoB, T.e. y = Xb [155]. Ilpu ucnonb3oBaHMUM DTUX
METOIOB OOBIYHO IIPEAIONaraeTcs, Yro 3HadyeHus (hakTo-
POB X;; M3BECTHbI TOYHO, @ IOrPELUIHOCTU IPUCYTCTBYIOT
TONBKO B Gyioke y. CoBpeMeHHBIE perpecCUHOHHBIE METOBI
(PCR, PLS) noszBonsior paboTtaTh ¢ JAHHBIMU JIJIsT CTydasi,
KOTJIa TIOTPENTHOCTH cofiepXkaTcsl B 000Mx OJIoKax.
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Jnag WUIIOCTpaUMU pa3iMyHbIX METONOB KaaubOpoB-
KM CHOBA MCHOJIb3YEM paHee BBEACHHBIN MpUMeEp CMe-
cu BelllecTB. Ternepb HANOJHUM €ro KOHKPETHbIM CO-
nepxaHueMm, cMmonaenupoBaB naHHele X Y. Paccemor-
puM cMech AByX BemiecTB A u B (K = 2) u mipeamnono-
KUM, 9TO UMeeTCs HEKOTOPBIM MprUOOop, TO3BOMSIOIINHA
M3MepATh aHANUTUYEeCKW curHan s (crektp) Ha 101
kaHane (J = 101). CooTBeTCTBYIOIINE CMEKTPHI «UHC-
TBIX» BelllecTB (¢, = cp = |) TpuBEeAcHBI Ha puc. 7a
(kpuBsie A 1 B). CriekTpbl CHJIBHO TIepeKpbIBalOTCH,
TaK 4YTO HEBO3MOXHO BBIICIUTh KakKue-Inbo «ceiek-
TUBHBIC» KaHambl IS OLIEHKW KoHIeHTparuii. Ha
puc. 76 TIpeACTaBieHBl JACBSATH MOJCTbHBIX CITEKTPOB
(I = 9) paznuuHbIX cMeceil A U B, B KoTopbhle BHeceHa
ciygaliHasg MOTPEeITHOCTh CO CTAaHAAPTHBIM OTKJIOHEHW -
em 0,05. DTu MopaenbHBIE CHEKTPBI MCTOJIb3yeM Kak
oOyuaromit HaGop.

Mg mocTpoeHNsT OMHOMEPHON KalMOPOBKU MBI B3SITN
VHTEHCUBHOCTH $(Asg) A KaHana 50 ¥ M3006pa3sniv Ux Ha
pvc. 76 B 3aBUCUMOCTH OT KOHIEHTpalWii ¢, W Cp Be-
mectB A (kBaaparbl)) W B (Kpyru); COOTBETCTBYIOIINE
KanOpOBOUHBIC 3aBUCUMOCTH S = bc — Tipsimbie A 11 B.
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TouHOCTh KaTWMOPOBKM TIPUHATO XapaKTEpU30BATb
cpednexeadpamuynoim  ocmamrxom kaaubpoexu (RMSEC),
KOTODBIT BbIUKcCHsieTcsl IO (hopMysie

1 ]
RMSEC = |5 (y; _yi)z/F (6)
i=1
O
rae y; 1 y; — COOTBETCTBEHHO M3BECTHLIC WU IPEACKA3aH-

HBIe 3HAYeHWsI OTKIWKA A oOpaslioB cpaBHeHWS { = 1,
..., I, F — uncyo creneneit csoboas! [29], oHo paBHo [ — 1
JUIsST OMHOMEPHOH perpeccuu (6e3 cBOOOTHOTO YJieHa).

Acro, uyro yeM meHbIle RMSEC, TeM TouHee OTMCHI-
BatoTcs oOyuatonime maHHble. KpoMe Toro, KadecTtBo Ka-
JMOPOBKN XapaKTepU3yeTcsl TaKxkKe Koaghuuuenmom Kop-

n]

peaayuu R2 Mexny BeIMUMHAMU Y M Y — UeM OH Oimxke K
€AMHHIIe, TeM Jydllle TOYHOCTb KAJIUOPOBKU (COOTBETCT-
BYIOLLIME 3HAueHUs1 AaHbl Ha puc. 7¢). I'paduku, npuse-
JieHHble Ha pHUC. 76, MOKA3bIBAIOT, YTO U3-3a HeAOCTaTKa
«[IpUOOPHOI» CENIEKTMBHOCTHM OJHOMEpHasl KaauOpoBKa
HeynoBaeTBopUTeabHA. KanubpoBKa ¢ MOMOILbIO MHOXe-
CTBEHHOI perpeccuu OyaeT paccMOTpeHAa HMXKe, a 34eChb
MOKaXeM, KaKk paboTaeT MHOTOMepHas MO[ejlb, MOCTPO-
€HHasl C MOMOLIbIO peepeccull HA 2AaGHble KOMNOHEHMbl
(PCR [87]).

B manHOM cryyae MaTpHIla TIpEAUKTOPOB COCTOUT W3
CTIEKTPaTbHBIX JAaHHBIX, a MaTpWIla OTKITUKOB COACPXKUT
3HayeHus KoHueHTpauuii (1.e. X = S, a Y = C). [Ipume-
Hsasg Meton PCA, matpuity X MOXHO pasfioXuTh 1o Gop-
myne (1), mpuuem B Hamem mipumepe A = 2. Tloayuws-
1IMecsl BEKTOpbl HArpy3oK p; M P, IlOKaszaHbl Ha puc. 7a
(xpusBbie PC1 u PC2). CpaBHuBag 3TOT U cocenHuii (0)
rpadukyu BUIHO, YTO TepBas IJaBHAs KOMIIOHEHTAa OIM-
ChIBAET [JIAAKUI TpeHJ B IaHHBIX, TOrJa Kak BTOpasi KOM-
MOHEHTA IPEACTABIAET <«3alllyMJEeHHbIe» OTKJIOHEHMSI OT
atoro TpeHma. [MonyuerHaa Matpuna cyetoB T mcmonn3y-
eTcs Kak OJIOK He3aBUCHMBIX (DaKTOPOB (MpPealKTOpOB) B
perpeccuu Ha 610K oTkiIuKoB Y, T.e. Y = TB. Pesynbrarnl
kamubpoBku MetrogoM PCR mokazaHml Ha puc. 7e, rie

1,0
RZ= 0,999 a
0g | RMSEP=0,008
T
g 06 A
[=4]
@]
o
‘2
04
g C
02 - )
R-2=0,998
RMSEC=0,012

0 0,2 0,4 0,6 08 1,0
Konuenrpauus

0
M300paxkeHbl Mpeacka3aHHble 3HaUeHUs1 KOHLIEHTpaLUi y
B 3aBUCMMOCTH OT COOTBETCTBYIOLIMX M3BECTHbIX 3Haue-
HUN y (KBagpatel 11t A v Kpyru i B), a Takke perpec-
CHOHHBIC TIpSIMBIe, KOTOpble ciauBatoTcsa. [lpwBefcHHBIC
Ha 3ToM Xe Tpaduke BesmanHel RMSEC n R? cBuzeTenn-
CTBYIOT 0 ToM, uyTto Metoa PCR mo3Bossier 1ocTiyb BBICO-
KOl «MaTeMaTUYecKoi» CEeNEKTMBHOCTM W TIONYYWTH
OlIEHKW KOHIIeHTpalnii BeiectB A m B ¢ TouHocThIO,
Topa3fo Jydiieid, 4yeM B ciaydyae OJHOKaHaJbHOM Kamno-
poBku. B merone PCR umncno creneneit ¢cBoGoabl B ypas-
HeHUM (6) paBHO F= T — A.

Panee yxxe oTMmeuanock, 4To Kaxkmasi XxeMoMeTpruiecKast
MoJieTb HYKJaeTcsl B TIOJTHOIIGHHOW TpoBepKe. B Hamem
TIpUMepe Takasi TIpoBepka MPOBOAWIACH € TIOMOIIBIO MPO-
BepouyHoro Habopa (TecT-BalMmalusi), COCTOSIIIIETO W3
It obpastioB (cMeceit A u B). Ha puc. 8a npencrasne-
HBbI pEe3yNbTAaThl MPOBEPKU MOJAETU JJI OIIEHKM KOHIICH-
Tpaliy BellecTBa B. B KoopmnHarax «W3BeCTHO—TIpe/-
cKazaHo»  («KOHIIEHTpAlIMSI—KaTuOPOBKa») TIpUBENECHBI
TMaHHbIE JUIST IEBSITH 00pasioB, KOTOPhIe OBLTN MCITOTh30-
BaHBl B KajnMOpoBKe (YepHbIe KPYTH), W TISTh 00OpasiioB
TIPOBEpPOYHOTO Habopa (OKPYKHOCTH). 31ech Xe yKazaHbl
3HaueHust ocratkoB KanmnopoBkn (RMSEC) m mpoBepkn
(RMSEP), a Ttakke KO3(DpDUIIMEHTH KOpPpENAun JUIst
obyuaromiero (R.2) u mposepouroro (R?2) Habopos. Cpea-
HEKBaApaTUUHBII ocTatok mpoBepkn RMSEP Berumcisier-
ca aHajgormyHo RMSEC (dbopmyma 6), HO TOIBKO ¢ WC-
TI0JTb30BaHMEM 00pa3ioB M3 TIpoBepouyHoro Habopa. Ilpu
9TOM YHWCJIO cTerieHel cBobonsl F paBHO ynciy 3THX 00-
pasuioB. U3 puc. 8a BUAHO, YTO MeTOH TJIaBHBIX KOMIIO-
HEHT BBbIIEPXXWBACT TIpoBepKy — KanubpoouHas (C) u
mposepouHasi (T) mpsameie camBatotcsi. PaccMoTrpum B
3TOM KOHTEKCTE METO/ KaTUOPOBKU € TIOMOIIBIO MHOJICE-
cmeenHoll  peepeccuu. ITlockonbKy oOy4yamimii Habop
COCTOUT U3 JICBATH 0OpasloB, TO M1 TIOCTPOCHUST MOJC-
JIM MOXHO WMCTONb30BaTh He 0OoJjiee BOCHMH KaHaJIOB
(I > J), HamipuMep: MepBHIA, YeTHIPHAMIIATHIN, TBAAIATh
CeIbLMOM, M T.[.

Ha pwuc. 86 mokazansl pe3ynbrathl KamnopoBku (C) u
mpoBepkn  (T), TOJyYeHHBIE METOJOM MHOXECTBEHHOMN

1,0
R2=0,86 o
08 RMSEP=0,14
T o)
S 06 -
2]
Q
Q.
e
5 04 - C
02 {0
RZ=1,00
RMSEC=0,00

0 0,2 04 0,6 0,8 1,0
KoHueHnTpauus

Puc. 8. [IpoBepka KaJMOPOBOK B MOJIEJIbHOM TpAMepe:

@ — MeToJl TIaBHBIX KOMIIOHEHT; 6 — MHOXeCTBeHHas perpeccusi. O6yuatoruii (@ , C) u mposepounslit (O, T) HabGopbl
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perpeccun. [locKonmbKy B STOM cliyyae 4YWCIO OOpasIoB
BCEro Ha eITHUILY OoJbllle Yrcia KaHajoB (8), To Kanmnbpo-
BouHas mipsMasd C TOUYHO TIPOXOAWT uepe3 Bce TOUKU 00y-
yatolero Habopa (yepHslie Kpyr#), mostomy RMSEC = 0,
u R2 = 1. OgHako ITpoBepKa MOKa3biBAET HEYIOBIETBO-
pUTETbHOE KayecTBO KaJMOpPOBKW: TOYHOCTh €€ Ha Topsi-
IIOK XyXe TOYHOCTHM, mocturaemoii mo mMeromy PCR, a
npoBepovyHast TipsMmass T 3HAUNTENbHO pacXoAWTCS OT
Kam6poBouHoil C. DTO — TUMWYHBIA MIPUMED HepeoyeHKU
moaenmn [60], Korma TOYHOCTb ONMMWCAHWS OOYJaroIINX
JMAHHBIX 3HAYUTENBHO JIy4llle, YeM KayecTBO TIPOTHO3ZUPO-
BaHWS.

TTpoGnema cOamaHCMPOBAHHOCTH OIMMCAHUS JaHHBIX
paccMaTpuBaeTcd BO MHOTMX paboTtax A. XOCKIOJICCOHA
(A. Hoskuldsson), kotopwiit B 1988 1. BBeT HOBYIO KOH-
LIeNLMI0 MOAEIMPOBaHUs — TaK HaszblBaeMblil H-npunuun
[156]. CornacHo 3TOMYy HNPMHUMILY TOYHOCTb MOOEIMPO-
BaHnuss (RMSEC) u  TOYHOCTb  IIPOTHO3MPOBAHUSL
(RMSEP) cBsazanbl Mmexiay coboii. Yayuiienue RMSEC
HeMmuHyemo Biaeder yxyameHnue RMSEP, nmostomy wnx
HYXHO paccMaTpuBaTb COBMECTHO. KIMEHHO mo 3Toit
NpUYMHE MHOXECTBEHHasl JIMHeliHas perpeccus, B KOTO-
poii BCceraa yyacTBYeT SIBHO M3OLITOUHOE YMC/IO IlapameT-
pPOB, HEWU30€XHO MPUBOAUT K HEYCTOMUMBBIM MOJEJSM,
HEMPUTOAHbIM U151 TIPAKTUYECKOTO IPUMEHEHHS.

B Hacrosiliee BpeMsi camMbiM TOMYJSAPHbIM METOA0M
MHOTOMEpPHOI KaJlMOPOBKM B XEMOMETPUKE SIBISIETCS
MeTol, npoekyuu Ha ramernmusie cmpykmypol (PLS). OH BO
MHorom cxox ¢ MetoaoM PCR, Ho ¢ TeM cyliecTBeHHbIM
oTiMyMeM, 4To B Merone PLS mpoBomurcs onHoOBpeMeH-
Hasl IeKoMTto3nnust MaTpuil X u Y:

X=TP' +E
Y=UQ +F 7)

TTpoekIu cTposATCA COTITACOBAaHHO TaK, UYTOOBI MaK-
CUMM3HAPOBATh KOPPETATINIO MEXIY COOTBETCTBYIOIITUMU
Bektopamu X-cueroB t, u Y-cueroB u, [lostomy PLS
perpeccus ropasio Jyullle OINMCBLIBAET CIOXHBIE CBSI3M,
MCHOJIb3YSl MPU DTOM MEHbIIEe YMCIO TIIaBHbIX KOMIIO-
HeHT. MertanbHoe onucaHue metona PLS npuseneHo B
[63]. DTOT NOAXOA MOCIYXKWI OCHOBOM Il O4eHb MHOIMX
METOIOB KaJMOPOBKM, WCIIONb3YEMbIX B XEMOMETPUKE,
takux kak SIMPLS [157], PMN [158], pobactubiii PLS
[159], Ridge PLS [160] u MHorux apyrux nomxoios [161].

Bce mpenctaBieHHble METObl JAIOT Pe3ybTaT Ipel-
CKa3aHMSl B BHAE TOYEUHOM OLEHKM, TOr[a Kak Ha IpakK-
TUKE 4YacTO HYXHA UHMEPEAAbHAsA OUeHKd, YUUTblBaloLLast
HeoMpeaeJeHHOCTb Pe3ybTaToB MporHosa. [locrpoeHue
JIOBEPUTEbHBIX WHTEPBAJIOB TPAAWLIMOHHBIMH CTATUCTHU-
YeCKMMU METOJaMM HEBO3MOXHO M3-3a CIO0XHOCTU 3aia-
yu [109], a ucnonb3oBaHMEe UMUTALMOHHBIX METOAOB [97]
3aTPYAHUTENBHO HM3-3a 0OJNbIIOIO BPEMEHM pacueToB
[100]. B 1962 r. JI.B. Kanropoeuu [162] npemioxui apy-
roil moaxod K aHajiu3y JaHHbIX — 3aMEHUTb MUHUMM3a-
LMI0 CYMMbl KBaJpaTOB OTKJOHEHMI Ha CHUCTEMY Hepa-
BEHCTB, KOTOpas PEllaeTcsl ¢ MOMOILbI0O METONOB JIMHEH -
HOro mporpaMMuUpoBaHUsl. B aToM ciyuae pesysnbTaT mpo-
rHO3a cpa3y UMeeT BUI MHTEpBaja, I03TOMY STOT METOId U
Obl1 Ha3BaH <«IPOCTbIM MHTEPBaJbHbIM OLEHMBAHUEM»
(ITKUO) [23, 44]. C nomollplo 3TOro Meroaa ObUIO Bbl-
MOJHEHO HECKOJAbKO paboT B 00JacTW aHaIMTUYECKOM
xumuu [163].
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Mertonsl MHOTOMEpHOI  KamUOpOBKM  €CTECTBEHHO
obobmatoTest Ha cimydaii, korma X m Y OJOKH SIBISIOTCS
N-MonanbHbIMU MaTpullaMu [82]. MHoromMonaabHast per-
peccHsi MOXeET OBITh TTIOCTPOEHA Pa3IUYHBIMU cITocobaMMu.
C momoiblo MetonoB, omnucaHHbIX Bbille (PARAFAC,
Tucker3), 610k TipeANKTOpOB X pacKiaabiBacTCsl B TIPOU3-
BeneHre 2D-marpull Harpy3ok, C TIOMOIIBIO KOTOPBIX
TIPOBOIUTCS OIeHKAa TIapaMeTpoB. OTW METOAbl MOKHO
paccMarpuBarth Kak oboOieHne meroga PCR mng mHoro-
MOJANbHBIX MaHHBIX. O000meHeM Metoma PLS smagerca
Tri-PLS gexommoznmus 3D-matpuiisr X, KOTOpyIo MOXKHO
TIPEICTaBUTh B «MaTpULIMPOBAaHHOM» Bude [164]:

IIX:T.IIP

rae "X — 2D-marpuna (pasmepHoctb IxKJ), momygaemast
npu paseptke 3D-matpuuibl X (pasmepHocth IxKxJ); T
— 2D-marpunia cuetoB (pasmepHocTh [IxA); "P — 2D-
MaTpuiia BecoB (pasmepHocTh AxKJ), KoTtopasi, B CBOIO
ouepenn, sBAsgeTcd pasBepTKoi st 3D-matpuier P,
TIpeficTaBsieMoil KaK TeH30pHOe TIpon3BeAicHNe AByx 2D-
MaTpuIl

P =JPKP
Jexommiosntins 6j0ka ¥ TIpoBOANTCST aHAJIOTUIHO:
vy = U-1Q

3mech Tak Xe, KaK M B 0ObI9HOM Metone PLS, maTtpm-
ua cuetoB T BbiOMpaercs TakuM criocobomM, 4ToObl Mak-
CUMM3UPOBATh KOPPESILUI0 MEXIy BekTopamu t, W u,.
Cama perpeccuonHas 3agaya U = TB pewaerca Tpaauiiu-
OHHbIM CIIOCOOOM.

MaremaTuyeckuii anmnapar, MCIOoJAb3yeMblii IpU MHO-
TOMOJQJIbLHON KaJuOpOBKe, AOBOJbHO cloxeH. OmHako B
HACToslllee BpeMsl CYLIECTBYIOT IIPOrpaMMHBIE IPOAYKTbI
[165], no3Bongoliye UCCAEA0BATENSIM JIETKO CIIPABIASTbCS
¢ MaTeMaTM4yeCKMMM TPYAHOCTSAMU. B jMTeparype umeror-
¢ MHOIOYMCJEHHbIe IPYMMepbl MCIOJb30BaHUSl MYJbTH-
MOJaJbHOW KaJIMOPOBKU B XMMHUU: NMPUMEHEHUE KHMHETHU-
yeckoil creKTpohOTOMETpUM ISl ONpeAeicHus MecTULIU-
noB [166], paspenieHue Hamaraomuxcsa nukos B BOXKX ¢
IUMOAHO-MATPUYHBLIM  JeTeKTopoMm [167], onpeneineHue
CleJ0BbIX KOHLEHTpauuii MerayioB [168], mpumeHeHue
razoBoil xpomarorpabum/mMacc-crieKTpOMETPUM LISl OIpe-
JeJIeHUs] CJAeNOBbIX KOHLIEHTpalMii KieHOyTepona B OMO-
joruyeckux obpasuax [169], ucnonbsoBanue QSAR s
npeackasaHus aHTUOAKTepUaibHOM aKTMBHOCTU COEIMHE-
nui [170].

B paGore [170] aHTMOakTepuaibHas aKTUBHOCTbL Be-
1ectBa (Marpuua Y) mpencraBieHa Kak (yHKIIMS YMEHb-
wieHust pocra Gakrepuii Ha 50% (logl/1Csy) B 3aBUCHMO-
CTU OT MPOAOKUTEIbHOCTU AekcTBUA (2—10 4acoB) u
ypoBua pH (5,6—8,0), T.e. Gnok ganubix Y ectb 3D-
MaTpuila, a MaTpuma AecKpUNTopoB X — 3TO OObIYHAS
2D-marputia.  [na  wmcciaenoBaHWST W MOJCIUPOBAHWS
cTaHAapTHEI MeToA PLS He TIOAXOAWT, TMORTOMY Tepend
npuMeHeHneM PLS wmcnmonb3yeTcst MeToa pas3BepThIBAaHUS
JMAHHBIX, YTOOBI TPOCHEANThL, KaK OWojoThuYecKas aKTUB-
HOCTb 3aBHCHUT OT BpeMeHU W ypoBHS pH.

Heauneiinaa xaaubposra

B HekoTophIX ciyyasx, HampuMep 3amadyax THUTPOBa-
HU, B cnoxHbIXx QSAR 3amavyax, TOCTpOWTH JTUHEHHYIO
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KaOpOBOYHYIO 3aBMCUMOCTh HEBO3MOXHO. Kpome Toro,
JIMTHEWHBIT Tomxoa TpebyeT OONBIIOTO KOMWYecTBa JaH-
HBIX, KOTOpBIE HE Bcerja AOCTYMHBL. B sToM ciyvae wic-
MOJTE3YIOTCSI TBA aTbTEPHATHMBHBIX TOMX0OAA: MHOXECTBEH-
Hasl HeTWHEWHas perpeccusl WM MHOTOMepHas HeJMHeT-
Has KaTuOpoBKa.

Heauneiinoiti  peepeccuonnwiii anaauz [171] mMoxHO ¢
YCIIeXOM TIPUMEHSITh JUTS pellieHnsT 3a7a4 KOJIMYeCTBeHHO-
To aHajaM3a B TOM cjlydae, eclii YHCIo TIepeMeHHBIX HeBe-
ymko. Kpome Toro, HeoOXoauMO pacriojlarath cojepia-
TEJbHOU MO[IE/bIO, CBS3blBaIOLLECH O10KU NpeaukTopoB X
un 610k otknmkoB Y. [Mo-BumuMoMy, Kpyr TakWx 3agad He
OUeHb IIMUPOK — B HETO BXOMAAT, TIOUTH WCKITIOUUTEIBHO,
KWHeTUYeCcKe W TUTpuMeTpudeckie 3amaunm [172]. Taxk,
9TOT TIOAXOM TPUMEHSIJICS TIpU aHajin3e aKTUBHOCTH aHTH-
oKcHOaHToB [23], mnst pellleHMsI oOpaTHOW KWHETHUYECKO
amaun [21, 95], ans oOpabOTKM pe3ysbTaToB TUTPOBAHUS
[173, 174]. B pabote [45] comepkuTcsl TTOAPOOHBIN aHANIN3
Mpo0JieM, ¢ KOTOPBIMM CTAJIKWBAETCS VCCIe0BaTeNb, TIpY-
MEHSIOLIWIA HETMHEUHBIN PErpecCUOHHLIN aHAIN3.

ANBTEpHATUBOW KJIACCMYECKOW perpeccuy SIBAseTCS
(opmanbHBIN TOAXOM, KOTOpHIN He TpeOyeT 3HaHUWS Cco-
nepKaTeTbHOM MoJie/Ti, HO TIpearoiaraeT Haauyue Oojb-
moro yuciia gaHabix [175]. s yuera HeMWHEWHBIX 2¢-
(exTOB TIpemiaratoTcss pazHooOpasHbIe YCOBEPIICHCTBO-
BaAua [83] oberuHoro Metoma PLS: INLR [176], GIFI-
PLS [177], QPLS [178].

TTomumo HenuHeitHoro PLS, B xeMoMeTprke akKTMBHO
MPUMEHSIETCSI METOd UCKYCCMBEHHbIX HEeUPOHHbIX cemeli
(ANN) [179, 180], WMUTHpYIOIIWI paclpocTpaHeHNE
CHUTHAJIOB B KOpe TOJIOBHOTO MO3Ta. DTOT METO[ ¢ ycre-
XOM MCTIONIb3YeTCs JUISl WHTEPTONIInu (ByHKIIMH W Kiac-
cudbmkanuu. B nocneagune 10 ner HelipoHHBIE CETH TIpH-
BIIEKIU K cebe OoJpllloe BHUMaHWE XUMWKOB, KOTOpbIE
HavyaJlu TIPUMEHSITh UX s Knaccudwmkanmu [181], nwc-
kpuMuHamu [41] n kammu6poku [182, 183]. 3arem, on-
HaKo, HaMETUJIOCh HEKOTOpoe OXJaXIeHWe WHTepeca, n
ucrnonb3oBaHne ANN B XeMOMETpUKe 3aMETHO CHU3M-
siock. [TpnumHa 3akmroyeHa Bce B TOM ke TpobjieMe Tepe-
OIIEHKM MoJieJieli, 0 KOTOpOii 11JIa peub BHIIIIE.

JpyruM MHTEpEeCHBIM METOJOM HEeJTWHEHHOTo Mojesv-
pOBaHUsI, WMHUTHPYIOIINM OWOJIOTUYECKUE TPOIIECCHI,
siBRsieTcsl eenemuueckutl areopumm (GA), ¢ ycrexom Tipu-
MeHsieMBI B XeMomeTrpuke [184, 185]. Meron GA u ero
Pa3HOBUIHOCTh — WMMYHHBIN anroput™ (IA) Tione3Hbl B
TeX cAayJasix, Korja 3ajadya XMMHAYECcKOTo aHan3a He ToJI-
naercs GopManu3alM B TEPMHUHAX OOBIUHBIX IIEJEBbIX
(byHKIOW, HampuMep TIpW pa3pelieHUd MHOTOKOMITO-
HEHTHBIX TepeKphiBafoImxcs xpomartorpamMm [186]. TIpu-
Mep TIPaKTUYECKOTO TIPUMEHEHMS] PA3TMIHBIX HeJVMHEH-
HBIX TIOJIXOIOB B XEMMWJIIOMUHECIICHTHOM aHalu3e TpHuBe-
nIeH B padore [187].

3akmoyenne

B cratbe paccMOTpeHbl OCHOBHbIE NOCTMXKEHHS XEMO-
MeTpuku 3a nociaeaHue 20 ger. B To Xe Bpems 3a mpene-
JaMu o030pa OCTaIMCh OYEHb MHOTHME AaKTyalbHble Ha-
npapjieHUs U MPUIOKEHMS KakK OJM3KMe K XMMUH, TaK U
JlajieKie OT Hee, HallpuMep METOAbl GHAAUMUYECK020 KOH-
mpoas  npoueccoe (PAT). Bro mnpakruueckass o001acThb
[188—190], B KOTOpYyl0O X€MOMETpPMKA OPraHWYHO I[PUB-
Hecna cBou noaxoabl W meronbl [191—195] u rae ona
OypHO pa3BUBAETCH.

HecMoTpst Ha BceBO3MOXHBIE W pa3HOOOpPA3HbIe MPU-
JIOXEHMSI, XeMOMETpUKa HECOMHEHHO SBJIsCTCS XUMUYe-
ckot mucuunivHoi. Ee mmpokoe pacrnipocTpaHeHue u
TIpUMEHEHNE B TIEPBYIO ouepellb OOYCIOBICHO TeM, 4TO
TIAaBHOW CBOEWl 1eNbl0 XEeMOMETpUKa BWIMT pelieHUe
KOHKPETHBIX, B OCHOBHOM XWMHWYECKMX 3a7a4, a TIOTOM
HaxXo[MUT yXe CYyUIeCTBYIOIINE WU pa3padaThiBacT HOBBIC
MaTeMaTUJYecKre W CTaTUCTUYEeCKUe TIPUEeMBbl U aJiTOpUT-
Mbl. Pa3BuTue Takux poACTBEHHBIX objacTeii, Kak OWo-
METpUKa W TEXHOMETPUKA, KOTOpbIE 3apOAMIMCH TOpa3io
paHbllie, TIONINO 10 MHOMY TyTH. OCHOBHOE BHMMaHHE B
9TNX OOJIACTAX YAESAIOCh COBEPIIEHCTBOBAHUIO CTATUCTH-
YecKoTo ariapara, B pe3yJibrare Tenepb X MOXHO cKopee
OTHECTH K MaTeMaTUKO-CTATUCTUYECKUM IVCITUTIAHAM,
BeCcbMa Majo BOCTpeOOBAaHHBIM OMOJIOTaMU W WHXEHe-
pamu.

HecMotpst Ha Bce mMerolnnecsi 0ObeKTUBHBIE U CYOb-
€KTHUBHBIE TPYIHOCTH, MBI C ONTUMU3MOM OIIEHWBaeM
TIEPCTIEKTUBBI PA3BUTUSI XEMOMETPUKM B OTEUYECTBEHHOI
Hayke. HabmonaeTcs pacTyiunit MHTEpeC K 3TOM AUCHINTI-
JIMHE KaK CO CTOPOHBI XMMWKOB-aHAJIUTMKOB, TaK W CO
CTOPOHBI JIPYTUX CIeIMaIucToB — (hU3NKOB U MaTeMaTH-
KoB. CpaBHUMBasi COBpeMEHHOE TIOJIOKEHWE NIeJ ¢ CUTya-
1IMei, UMeBIlIel MecTo ellle TISATb—CeMb JIeT Ha3aj, Hellb-
39 HE OTMETHTh 3HAUWUTENbHBII pOCT TyOIWKaluii poc-
CUMICKMX YYEHBIX B OTEUYECTBEHHBIX W MEXIYHApPOIHBIX
JKypHaJiax, TIOCBSIIIICHHBIX XeMOMETPUKE.

OpnHako, ecny pocchiickre yuyeHble XOTIT ObITh AeiicT-
BUTEJIbHO AaKTMBHBIMU YYacTHMKaMU 3TOro Tipoliecca,
HYXHO TIPEANPUHSITL CPOUYHBbIE MEPbI MO PA3BUTHIO XEMO-
MeTpuku. [lo HallleMy MHEHUWIO, HEOOXOAUMO 3HAUNTEb-
HO TIOHAITH YPOBEHb TIPETIOABAHUST XeMOMETPUKHU B YHU-
BepcuteTax. JlIsi oTOTO CleAyeT TOATOTOBWTH (HAmNucaTh
WIN TIepeBecTH) YYeOHWK TI0 XeMOMETpUKe, pa3paboTraTh
HECKOJIbKO THUTIOBBIX TMpOTpaMM OOYUeHUs I XWUMHUKOB-
AHAJIMTUKOB, TEXHOJIOTOB, WHXeHepoB M T.M. CuuTaewm,
YTO MOXHO CTaBUTh BOIIPOC O BBEJECHUW COOTBETCTBYIO-
WX CMEUMANTbHOCTEN B MarnucTepcKux crieraan3almsix,
a Takke B KaHAMIATCKWX W JTOKTOPCKMX coBeTax. M Ko-
HEYHO Xe HaJo He3aMeUIMTEIbHO PElIUTh BOTMPOC O Moj-
TIMcKe Ha BemylllMe XypHaibl B 3Tol obmactu: Journal of
Chemometrics 1 Chemometrics and Intelligent Laboratory
Systems, KoTopbie ceiiuac Heb3sl HAWTU HU B OAHOHN poc-
cutickoii oudanoTeKe.
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