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Bctyn

HenepepBHuil TEXHOr€HHUN TUCK HA YMOBHU MEUIKAHHS JIOJUHU, 3POC-
TAlOYUM 3alUT Ha KOHTPOJb ABTEHTUYHOCTI TMPOAYKTIB CIOKWBaHHS
HA/Jal0Th OCOOJMBOT 3HAYYIIOCTI SKICHOMY XIMIYHOMY aHaii3y. YSBIICHHS
PO 3MICT SIKICHOTO XIMIYHOTO aHaji3y MOpPOTSATOM OCTAHHIX JAECSATHPIY
3a3HANI0 CYTTeBUX 3MiH. ChOTOJHI HOTO TPAKTYIOTh SIK MPOLEAYPY Kid-
cugixayii 00’€KTIB 3a iX O3HAKaMU. SKICHMM XIMIYHUH aHali3 PO3B’S3ye€
3a/1aul eusenenHs: (BCTAHOBJICHHS MPUCYTHOCTI MIEBHOTO aHATITY B MpooOi),
i0oenmughikayii (Ouckpuminayii) (OTOTOXHEHHS aHAJITy 3 BIJIOMOIO 1HJIH-
BIIyaJIbHOI0 PEYOBMHOIO a00 TPYIOK PEYOBHH, BIJTHECEHHS 3pa3Kka 0
OJIHOTO 13 3a3JaJieTi b YCTAaHOBJICHUX KJIACIB) 1 kiacmepuzayii (BU3HAYCHHS
CYKYITHOCTEM 3pa3KiB 3 OJU3bKUMHU XapaKTEPUCTHUKAMH TMPHU BiICYTHOCTI
HaBYAJIbHUX BHOIPOK). Pe3ynbraTtu aHammizy po3riisigaloTh SIK PEeKOMEHJalli
JUTSI IPUMAHSTTS YIIPaBIIHCHKUX PIllICHb.

InenTtudikaiis aHaliTIB Ta KJacTepusallis 00’ €KTIB IPYHTYIOTbCS Ha
00poO11l OaraTOBUMIPHUX MAaCHUBIB €KCIEPUMEHTAIbHUX JAHUX, OTpUMAa-
HUX IHCTPYMEHTAJIbHUMU METOJaMH (XpoMaTorpadiyHUMH, CIEKTPOCKO-
MIYHUMH, CUCTEMAaMU «EJIEKTPOHHUM SI3UK», «CJIEKTPOHHHUH HIC» TOIIIO).
st Toro mo0 3a0e3neunTd BUCOKY HAIIMHICTh Kiacudikailii, 3rajaHi
MacUBU JAHUX CHiJi OOpOOJISITHU 3 BUKOPUCTAHHSIM E(PEKTUBHUX XEMO-
METPUYHHUX METOJIB.

[IpoTsromM ocTaHHIX POKIB Ha XIMIYHOMY Ta €KOJIOTTYHOMY (PaKyJib-
TeTax XapKIBCHKOrO HaIllOHAILHOrO YHiBepcuteTy imeHl B. H. Kapasina
BUKOHYIOTBCSl  JIOCHIJIKEHHS, CIIPSMOBaHI Ha PO3POOKY e(PEKTUBHHUX
XEeMOMETPUYHHUX 3ac00IB aHaIi3y 0araTOBUMIPHUX MACHUBIB XIMIYHUX JIAHUX,
B MepUry 4Yepry Juisi PO3B’SI3aHHS 3ajay  1JeHTU(iKalli aHaliTIB Ta
KJacTepu3aliii 00’€KTIB B SKICHOMY XIMIYHOMY aHajizi. B xoai pobit Ha
3amaul  iAeHTUdikalii Ta KiIactepuzaiiii  OyJo MOLIMPEHO KIIHOUOBE
METPOJIOTIYHE TMOHATTS «HAJIMHICTh PE3YJbTATIB SKICHOTO aHaIi3y»,
PO3pO0ICHO HU3KY aTOPUTMIB KiacudiKallii, 10 IPYHTYIOThCS Ha araparax
TEOpid MTYYHUX HEHPOHHUX MEPEK Ta HEYITKUX MHOXKHH, 3aIPOTIOHOBAHO
3aco0u OOpOOKM O0araTOBUMIpHMX MACHUBIB EKCIEPUMEHTAIbHUX JaHUX,
CTIWKI 10 HAsSBHOCTI B JaHWX IMPOMYCKIB Ta BUKHUAIB. Bysio mokasaHo, 110
CTBOpEH1 alroputMu Kiacugikailii He juiie e€()eKTUBHO PO3B’SI3yIOTh J0-
CUTh TPAAMIINHI 3adayl SKICHOrO aHamzy (TepeBipka aBTEHTUYHOCTI
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NPOJYKTIB CHOXKHUBAHHS, I1JeHTU(IKaIllA 3pa3KiB MNPUPOJHUX BOJ 34
XIMIYHUM CKJIQJIOM TOIIO), ajie¢ ¥ JIO3BOJISIFOTH 13 MIPUMHITHOIO HAIIHHICTIO
imeHTHdIKYBaTH TeorpadiyHe MOXOKEHHSI POCIMHHOI CHPOBHHM 3a BiJO-
MOCTSIMHU TIPO BMICT Y Hill BXKKUX 1 HEPEX1THUX METAIIB.

Y wMoHorpadii BHKIAIEHO 3arajibHl MIAXOAW JO PO3B’SI3aHHSA
aKTyaJIbHUX TMPOOJEM SKICHOTO aHajli3y Ta KOHKPETHI aJrOpUTMH 11CH-
TAdIKaIli Ta KJacTepusallii, a TAKOXK HABEJEHO PE3YJbTATH MPUKIIATAHHS
[IUX aJITOPUTMIB 10 KOHKPETHUX XIMIYHUX 3a1a4d. Oco0auBa yBara mpu/ii-
Js€ThCs Kiacu(ikallii 3 BAKOPUCTAaHHSAM IITYYHUX HEHPOHHUX MEPEK.

BukonyBaHi HUMH (YHKIIIT MOKHA PO3JILIUTH HA JIEKUIbKA OCHOBHUX
Ipyl: anpoKCHUMaIlli W 1HTEpIoJiALii, po3Mi3HAaBaHHA Ta Kiacudikarii
o0pa3iB; CTUCHEHHS IaHWX; IMPOTHO3YBaHHS; 1MeHTU(IKAIl; YIpaBIIHHI.
[ITyyH1 HEHPOHHI MEPEKI MAIOTh TaKi I[IHHI BJIACTUBOCTI, SIK 3IaTHICTH J10
HaBYaHHS (MEpeXy MOKHA HaBUMTH PO3B’SI3aHHIO HEOOXITHOI 3ajadi,
BUKOHABIIIM AJTOPUTM HaBYaHHS), 3/IaTHICTh JO Yy3arajJibHeHHs (ITiCis
HaBYaHHS MEpeka MOJKe IMPAIIOBATH 13 3alIyMJICHUMH a00 CIIOTBOPEHUMU
JTaHUMH, JTal04u MPaBUJIBLHUM pe3ybTaT Ha BUXO/1), CBOOOa BiJl alipiOpHUX
IPUITYIICHB [T0JI0 CTATUCTUYHUX XapPaKTEPUCTHK BUXITHUX JaHHX.

Opniero 3 HalCKIaAHIMX 3a7ad  Kiacudikaiii € Kiactepusailis
(po30UTTA Ha NEKUIbKA OJHOPIAHMX TPyI) MacHBY OararonapaMeTpUuHUX
JAHUX 3a BIJICYTHOCTI €TaJOHIB (HaBUAJbLHUX BHOIPOK) Ta 1H(opMallii mpo
KUIBKICTh OJHOPITHUX KJAcCiB. Y MOHOrpadii ONnucaHo 3amporoHOBAHUMN
aBTOpaMU aJITOPUTM OOPOOKHU TaKUX JaHUX HA OCHOBI MO€IHAHHS HEUPOHHOT
mepexki KoxoHeHa, HMOBIpHICHOI Mepexi Ta MPOUEAYpH MEpPEeXpecHOi
OLIIHKM JOCTOBIpHOCTI (Kpoc-Baiigaii). [{ro mpouenypy BupoOyBaHO IIpU
Kiacuikalili opraHiyHUX PO3YMHHUKIB 32 HAOOPOM iXHIX (DI3MKO-XIMIYHHX
napaMeTpiB Ta Kiacu@ikaiii piuKOBHX 1 JDKEPETbHUX BOJA 1 POCIMHHOI
CUPOBHHM 3a BMICTOM Y HUX B&XKKHUX 1 mepexigHux MertaniB. OnepikaHi
kiacudikailli BUSBWIMCS 3MICTOBHMMH, a PO3POOJICHHUI aIrOpUTM MOYKHA
po3rnsgat K e(eKTUBHUI 3aci0d eKCIIOpaTOpHOro aHamizy (i3uko-
XIMIYHUX Ta XIMIKO-aHAJITUYHUX JAHUX.

3 BEJIMKOIO MTPUEMHICTIO BUCIIOBIIIOEMO BIsTUHICTH Tipod. B. 1. Bepim-
HiHy (OMchkuii gepxaBHui yHiBepcuTeT iM. @. M. JlocToeBchKOro), mpod.
B. B. IBanoBy (XHY imeni B. H. Kapazina), npop. M. O. MuennoBy-
[etpocsny (XHY imeni B. H. Kapasina) 3a minHi nopaau, 3ayBa’keHHsS Ta
nornomory B po0oti. ABropu Basuni M. O. OHIXyKY 3a JONOMOTY B IIij-
roroBii pykomucy, npod. O. I. FOpuenky, H.c. H. I1. Tutosiii Ta A. I'. I'ap-
O0y3 (XHYVY imeni B. H. Kapazina) 3a HajaHHSI €KCIIEPUMEHTAIbHUX JaHUX
PO BMICT METAJIIB y 3pa3Kax MPUPOJHUX BOJI 1 POCIMHHINA CUPOBHUHI.



I'naBa 1

AKTYAJIbHI 3AZAYI CYHACHOT'O
AKICHOT'O XIMIHHOI'O AHAJII3Y
TA TIAXOAU 10 IX PO3B’A3AHHS

1.1. OcHOBHI 3aBZJaHHA Ta 3MICT CYy4YaCHOTO AKiCHOrO
XiMIi9YHOTO aHaJIi3y

BBaxaroTh, 110 ySIBJICHHSI MPO AKICHUM XIMIYHUM aHaji3 BUHHUKJIIO
y XVIII cTomiTTi 3aBAsgKK mpalsM IBeacbkoro xiMika TopHOepHa Yiada
beprmana (1735-1784), sxuil BiAAUIMB SKICHUW aHaTi3 BiJl KUIBKICHOTO
1 po3pOOUB MeEpIly CXEeMY SAKICHOTO aHami3y [1].

VY XX cTopiyui ycTaleHUM CTaB OIS HA SIKICHUM aHaji3 sIK Ha PO3-
JIJ1 aHATITUYHOT X1Mii, MPUCBIYEHUM BCTAHOBJICHHIO CKJIaly PEUYOBUH 1 MaTe-
piamiB (BMICTY aTOMIiB, 10HIB, MOJIEKYJ, 130TOIIIB €JIEMEHTIB, (YHKIIIO-
HaJIBHUX TPYI) 32 JOMOMOIOK0 XIMIYHUX 1 (DI3UYHUX METOIB. [3 pO3BUTKOM
THCTPYMEHTAJIbHUX METO/IIB, KOMIT I0Tepu3aIlii aHajlizy 1 CTBOPECHHIM
BEJMKUX 3a po3MmipamMu 0a3 JaHux 13 (PI3UKO-XIMIYHHUX BJIACTUBOCTEH
PEYOBHH, POCTOM MPAKTUYHMX 3alUTIB HA aHAII3 MPOO CKIAJHOTO CKJIATy
(moOyTOBOI MPOYKIIli, 00’€KTIB HABKOJIMUIIIHHOTO CEPEAOBHUINA, JIIKAPCHKUX
3ac001B, XapyiB) 3MICT SIKICHOTO XIMIYHOTO aHaji3y 3MiHUBCS, a MoTpeda
y HbOMY CYTT€BO 3pOcCia.

[IpobGnemMatuill Cy4acHOro SIKICHOTO XIMIYHOTO aHaji3y IPUCBATUB
crerialbHui HOMep aBTOpuTeTHUM KypHan «Trends in Analytical Chemi-
stry» [2]. Byno poO3MISiHYyTO NWUTaHHS TEPMIHOJOTI], KOHTPOJIIO SIKOCTI
aHaJTi3y, MiJIX0/IIB JI0 OLIIHKYA HEBU3HAYEHOCTI B SIKICHOMY aHaJli31, Ipo0ieMu
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imeHTudIkaiii XiMiYHUX crnoiayk. Pemaktopu Bumycky M. Bankapcen Ta

C. Kapaenac 3aznavyanu [3], 1110 CBOro 4acy siKiCHUM aHaii3 OyB OB’ sI3aHUI

13 BUSIBJICHHSIM KAaTIOHIB Ta aHIOHIB y po3uuHax (MOAIOHE TBEPKEHHS

3ycTpiyaetbcss 1 B MoHorpadii B. I. Bepmmnuina, b. I'. JlepenaseBa Ta

K. C. JlebeneBa [4]), ane curyaliss KapAMHAILHO 3MIHWJIACA, KOJHU CTaJO

3pO3YMLIUM, 10 BaXKJIUB1 IPAKTUYHI PE3yJIbTaTU MOYKHA OTPUMATH HE JIMIIIC

HAa OCHOBI CEHCOPHOTO CIPUUHATTS O3HAK XIMIYHUX pEakiii, aje ¥ Ha

OCHOB1 OOpOOKH MAacHBIB €KCIIEPUMEHTAIBHUX JaHWX, OJCP)KaHUX 1HCTPY-

MEHTAJIbHUMU METOAAaMH (XpoMaTtorpadisi, HU3Ka CHEKTPOCKOMIYHUX METO-

IIIB, CCHCOPHI CUCTEMU «EJEKTPOHHUH SI3UK» Ta «EJIIEKTPOHHUI HIcy) [3, 5].
OTxe, MPOTATOM OCTAHHIX JABOX JAECATUPIY 3MICT SIKICHOTO aHalli3y

MPUHIMIIOBO 3MIHMBCS. CyTT€EBO 3pociia 1 ioro posb. L{e 00ymMoBieHO 3poc-

TAI04YO0I0 MOTPeOOI0 B MACOBOMY aHaJTi31 CKIAJHUX CyMIIIEH y TaKuX o0Jac-

TSX, SIK aHAT13 00’ €KTIB JOBKIUIS, IEPEBIPKA aBTEHTUYHOCTI MEMKO-010710-

FYHUX TIpenapariB, MPOAYKTIB XapuyyBaHHS, XapyoBOi CHPOBHHHU, BHU-

SIBJICHHSI TOKCUKAHTIB, HAPKOTHKIB, BUOYXOHEOE3MEYHNX PEUOBHH.
CyyacHuld SIKICHUW aHalli3 pO3B’sI3y€ 3a1ayl GuseieHHs aHaJITIB;

i0enmugbixayii 3pa3KiB 3a HAOOPOM iX XapaKTEPUCTHUK; Kiacmepuzayii

MaHUX (BU3HAYEHHSI CYKYMHOCTEH OO €KTIB 13 OJIM3BKUMHU XapaKTEpHUC-

TUKaMU 3a BIJICYTHOCTI HABUAJbHUX BHOIpPOK). XapakTepHUMH € TaKli

BHCJIOBJIFOBaHHS 111010 3MICTY SIKICHOTO aHaJi3y:

»  «KauecTBeHHBII aHAIM3 — aHAIM3, B KOTOPOM BEILECTBA HIACHTHDHU-
HUPYIOT WU KIACCUPUIMPYIOT HAa OCHOBE WX XMMHUYECKUX WIIU
(U3UYECKUX CBOMCTB, TAKUX KaK XMMHUUYECKasi pEaKIMOHHAs CIIOCO0-
HOCTbh, PAcCTBOPUMOCTb, MOJICKYJIIpHBIA BeC, TemIepaTypa IUIaB-
JICHUs, UCIyCKAHWE WJIW TMOIJIOIICHUE HW3JIyYEHHUs, MacCC-CIEKTpPBHI,
MOJYIEPUO/IbI IToJTypacnaaa saaep u T.4.» [6];

»  «The objectives of qualitative analysis of multispecies solutions
consist of discrimination, classification, or identification of different
samples» [7];

»  «A recent direction in computerized qualitative analysis is solving
classification problems related to the assignment of a studied
material as an integral object to one or another classy [8].
PesynbratoM poO3B’si3aHHS BCIX I[HUX 3aBlIaHb € Kjiacudikairis

00’€KTIB aHaJi3y: MPU BUSBJICHHI — PO3MOALT 3pa3KiB Ha TPYIH, IO MiC-

TATh QHAJIIT Y KOHIIEHTpAIIii, SIka MePEeBHUIIyE TTOPOTOBY, 1 HE MICTATh HOTO;

Opu 1IeHTU(IKAIlT — BUCHOBOK MPO TOTOXHICTh JOCIIIXYBAHOTO 3pa3Ka

il eTaioHa a00 NPO MPHUHAIEKHICTH 3pa3Kka JEIKOMY KJlacy 00’€KTIB Ha
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OCHOBI BIJIMOBIJTHOCTI 1XHIX BJIACTUBOCTEH (Kiacu@ikailisi 3 HaBYAHHSIM)
[6]; mpu knacTepu3allii — pO3MOAIA MacCHBY aHaII30BaHMX 3pa3KiB Ha
rpynu 00’ €KTIB 13 OJU3bKUMU XapaKTEPUCTUKAMU.

VY 3B’s3Ky 3 IIUM BCE OLIBIIT BUPA3HOIO CTA€ TEHJICHIIS PO3TIsSAaTH
AKICHUM aHali3 SK Tpoleaypy kiacudikaiii o0’€KTIB 3a iX O3HaKaMu
(«Qualitative analysis: the classification of objects against specified
criteria to meet an agreed requirements» [9]). Pesynapratm aHamizy
PO3TIISAIAI0Th K PEKOMEH/ AT ISl YXBaJICHHS YIPABIIHCHKUX PIIICHbD.

Panilie B AKICHOMY aHajli31 BAKOPUCTOBYBAJIU METOJUKH 3 O1HAPHUM
BIJICTYKOM, IO O€3MOCepeIHbO MPHUBOIATH 10 BHUCHOBKY TPO BHUSBIICHHS
a00 imeHTu(dikalii0 aHamiTy. B MeTroaumkax 3 OlHApHUM BIJITYKOM aHa-
JITAYHUN CUTHAJI HalYacTIilIe PeECTPYIOTh OPTraHOJECNTUYHO (B O1IBIIOCTI
BUIMAJIKIB — BI3yaJIbHO). 3aCTOCOBYIOTHCA 1 METOJUKH, IO BUKOPHUC-
TOBYIOTh JUIi BUMIPIOBAHHS CUTHAJy IHCTPYMEHTaJbHI Metomau. Toi
BUCHOBOK ()OPMYIOTh Ha OCHOB1 IOPIBHSHHS 3HAYCHHS aHAJIITHYHOTO
CUTHAJy 3 JESIKUM IOPOroBHM 3HaueHHsAM. Ak ykaszyBaB b. JI. Mineman
[10], «cneayeT MpOBOAUTH pa3IUYUE MEXIY HUIACHTU(DUKAIMEH aHaIWuTa
M ero OOHapyXEHUEM, TIOCKOJIbKY MOCIeIHee NpeAcTaBiIsieT CcoOoM
PETUCTPAIMI0 AHAIMTHUYECKOTO CHUTHajla 0€3 pEelarolero 3aKkIrYeHus
O €ro MPUPOAEH.

CborojiHi B SIKICHOMY aHadi3l JOMIHYIOTh MHiJXOJH, B SIKUX aHAJi-
TAYHUA BHUCHOBOK (OPMYETHCA Ha OCHOBI OOpPOOKM OaraTOBUMIPHUX
MAacCHBIB NMEPBUHHUX KUIbKICHUX JaHUX, OTPUMaHUX IHCTPYMEHTAIbHUMU
MeToAamu (XpoMarorpagpiyHUMHU, CIIEKTPOCKOMIYHUMU, CUCTEMaMH «EJICK-
TPOHHUM SI3UK», «EJIEKTPOHHUH Hic» Tomio). B. 1. BepmmuHin 3amporio-
HYBaB HAa3MBATH Il MACUBH JTAHUX «CHEKTpamMu» [8].

Anroputmu Kiacudikarii JiIAThCS Ha JB1 TPYNHU: aJTOPUTMHU «0Oe€3
HaBUYaHHS» 1 «3 HABYaAHHIM).

AnroputMu «06€3 HaBYaHHS» 3aCTOCOBYIOTH JIJIs1 3HAXOKCHHS OJTHO-
pIIHUX TPyn 00’€KTIB (KJIacTepu3allii), alrTOPUTMHU «3 HABUAHHSIMY — JUJIS
BU3HAUCHHSI TPUHAJICKHOCTI OO’ €KTIB JI0 3a3[ajierilb YCTAaHOBJICHUX
kiaciB (1aentudikaiii) [11].

[Iporienypu knacudikaiii MOBHHHI 3aJI0BUIBHO TPAIIOBATH MPHU
kinacudikaiii croiyk, MoaiOHMX 3a OYyIOBOIO 1 BJIACTUBOCTAMH (IIpU
NMepeKpUBaHHI KJIaciB), a TAaKOX Yy BHUIIQJKY IOTaHO ONHCAHUX BJIAC-
TUBOCTEH, KOJIM MAaCHBHU JJAHUX MICTSATh MPOIYCKH, MOPYIIECHO TiMNOTE3Y
OpO HOPMaJbHUN PO3MOJAUT €KCHEPUMEHTAIBHUX MOXHUOOK abo 1HQOp-
Mallist Ipo pO3MOALT MOXHOOK B3arasi BiICYTHS.
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Il 3a0e3mneyeHHsT BUCOKOI HaAIMHOCTI Kjacudikalli aHamiTIB 00-
POOJISITH Taki MAacHBHU CIiJ 13 BUKOPUCTAHHAM €(PEKTUBHUX METOIIB aHa-
T3y JaHUX, 30KpeMa XEMOMETPUIHUX.

1.2. MeTpoJIOriyHi Npo6J/IeMHA AKICHOrO aHaJIi3y

[IpyHUIKUIK METPOJIOTIT SIKICHOTO XIMIYHOTO aHali3y ICTOTHO BiApi3-
HSIOTHCS B1J] METPOJIOTIYHUX 3acaj KuUlbKicHOTO aHami3y [12]. HificHo, nms
KJIFOUOBOI'0 TIOHSTTS METPOJIOTii KUIBKICHOTO aHalli3y — HEBU3HAYEHOCTI
(uncertainty) — B SIKICHOMY aHaJl131 aHAJIOT1B 3alPONOHYBATH HEMOXKJIUBO.

Mertposioriydi mpoOieMH SIKICHOTO aHadi3y po3IVISiAAId, TOJIOBHUM
YUHOM, JUIS 3ajad 13 OlHApPHUM BIATYKOM (HAIPHUKIIAM, JUIS BIAMOBIAI Ha
MUTAaHHS «aHaJIT BUSABIICHUM / aHamT HeBusaBiaeHui», «TAK / HI» [13]).
Jlesiki METpOJIOTiUH1 XapaKTePUCTUKHU MPOLETYP, 110 MPUBOIATH 0 OiHAP-
HUX BIITYKIB, HaBeJieHo B Tabu. 1.1 [5, 6, 14, 15].

Tabnuys 1.1
MeTpoJioriyHi XapaKTepUCTUKHU NPoUeAyp i3 OiHapHUM BIATYKOM
AHTTIACHKHIM
XapakTepucTuka TEepPMiH, Busnauenns
O3HAaYEHHs
. . HasBHiCTh aHaMITUYHOTO
[To3uTuBHUN pe3yabTaT Positive, P
CUTHAILY
. : BiacyTHICTh aHAIITUYHOTO
Heratusnuii pesynbrar Negative, N ey
CUTHAILY

AHaJIT, IPUCYTHIN

[IpaBunbHU TO3UTUBHUI y mpo0i, BUSBICHO; aHAJIT

True positive, TP

pe3yybTar 11eHTH(PIKOBaHO
IPaBUJILHO
. . BiacyTHiii aHamIT BUSBIICHO;
XuOHUIN TO3UTUBHUM . . .
False positive, FP aHaAMIT 11eHTH(IKOBAHO
pe3yabTar
HENPaBUWIbHO
. . Bincythiii anamit
[IpaBuUnbHUI HETATUBHUM .
True negative, TN HE BUSBJICHO

€3yJIbTa - :
pe3yJibTat (1e imenTudikoBano)

[IpucyTHiit aHamit
False negative, FN HE BUSBJICHO
(He 1,1eHTU(]IKOBAHO)

XMOHWN HEraTUBHUU
pe3ybTar

KinbKicTh TpaBUIBEHUX

TIO3UTHUBHUX PE3yJIbTATIB "
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IIpoooesocenns maon. 1.1

KinbKicTh XUOHUX n
MIO3UTHBHUX PE3yJIbTATIB r
KinbkicTh npaBUIbHUX n
HETaTHBHHX PE3YyJIbTaTIB ™
KinbkicTs XubHUX "
HEraTUBHUX PE3YJIbTATIB N
Yacrora xubHux no3utuBHux | False positive rate, FpR = 1007 o,
pe3yibTaTiB FPR Ny + Ny
CrneundiyHiCTh (MOKa3HUK Specificity (true . 100 7, o
NPaBUIBHUX HETATUBHUX ) p=",%
) negative rate), Sp n. +n
pE3YIIbTATIB) ™ P
Yacrora xubHUX HeratuBHUX | False negative rate, FNR = 1007 o,
pe3yibTaTiB FNR Ry + Mg
ITpOrHOCTHYHICTh Positive predictive ppy = 1007 %
IIO3UTUBHOTO PE3YIbTATY value, PPV Ny + Ay
I[TporHoctrunicTs xuOHOrO | Negative predictive Npy = 1007 %
pe3yabTaty value, NPV Moy + Py

besnepeunuM € To#l dakT, 1m0 OY/Ib-IKU BUCHOBOK PO BUSBJICHHS
a00 i7eHTU(IKAII0 aHaJITy TMOBUHEH CYMPOBOKYBATHUCS KUIbKICHOIO
OI[IHKOIO MOro HEeHaJIMHOCTI (MMOBIPHOCTI XMOHOTO BHUCHOBKY, unrelia-
bility) [3]. BianoBigno go [16—18], HeHaMIMHICTh pE3yIbTATIB SKICHOTO
aHaji3y MOXKHa OXapaKTepu3yBaTH SK KIUIbKICHY OIIHKY MHMOBIPHOCTI
XMOHOTO JIOTIYHOTO BHUCHOBKY (MMOMMJIKOBOI Kiacudikaiiii). [lpukianamu
TaKMX BHUCHOBKIB MOXYTh OyTH TNOMMWJIKOBA IJICHTH(IKAIis ecTepy SK
aMiJly, BUCHOBOK IpO BIJACYTHICTb aHaJITy, SIKAW HaclpaB/]i HAsIBHHUM
y ipo0i, HEMmpaBOMIpHE BiAHECEHHS 3pa3ka MIHEPaJbHOI BOJU JI0 TPyHU
BO/I 3 BUCOKOIO MiHEpaIi3aIli€r0 TOIIO.

Jlns 3a1aq BUSBICHHSA Ta 1iAeHTA(IKAITT

Unreliability (%) = % false positives + % false negatives (1.1)
Reliability (%) =100 % — % false positives — % false negatives. (1.2)

Ane i 3aia4, B IKUMX pe3yJbTaTiB Kiacudikaliii Moxe OyTU HE JBa,
a oubie, popmynu (1.1), (1.2) nenpuiinsatHi. [loaiOHe TBEpHKEHHSI CTOCY-
€TbCSL 1 OUIBIIOCTI METPOJIOTIYHUX XApPaKTEPUCTUK, IMPEACTABICHUX
B Tabm. 1.1.

OriHka HeHaJIMHOCTI Moxke OyTu ampiopHoro [4, 19, 20] ab6o cra-
TUCTUYHOIO [21, 22].
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[Ta"nye cTaTUCTUYHMM MIAX1J, 110 MOJAra€ y BU3HAYCHHI YaCTKH TO-
MUJIKOBO KJacU(pIKOBAaHMX 3pa3KiB y TecToBik BuOipii [23, 24]. Pazom
3 TUM, ctatuctudyHa («ad hocy») mponenypa, npuBadIOYU MIPOCTOTOH)
1 Jat0YM PO3yMHY OLIHKY HEHAJIMHOCTI PO3B’A3aHHS J1aHOi KiacuQika-
IIMHOT 3a7a4l, Ma€ 1 CYTTEBUN HEONIK: BAXXKO IMEepea0auyuTH MOBEIIHKY
aNropuTMy Kiacudikaiii mpu mepexoil A0 OOpoOKH HOBOTO MAaCHBY
EKCIIEpUMEHTAIBHUX JIaHUX, MOJKJIHBO, 3 IHIIOK CTPYKTYpOKO 1 CTa-
TUCTUYHUMH XapaKTEPUCTHKAMH.

1.3. XeMmoMeTpHUYHI 3aCOOHU KOHTPOJII0 ABTEHTUYHOCTI
NPOAYKTIB Xap4yBaHHA i HaMoOIB, CiJIbCHLKOroCNnoAapcbKoi
CHPOBHMHHY, JIIKAPCbKMX 3aC00iB, ieHTUPIKaL]]
00’€KTIiB A0BKIiJ/J1/IA

1.3.1. IIpoonema konmpoiro agmeHmuuHocmi

Penecanc sIKiCHOro aHamizy OOYMOBJIEHHMM IIBUJIKHM 3POCTaHHIM
MPAKTAYHUX 3alUTIB HA MACOBHMM aHaII3 MpoO CKJIATHOTO CKJIATy B HOBHX
NpeIMETHUX 00JacTAX (KJIIHIYHUN aHalli3, MPOMKCIIOBA Tiri€Ha, KOHTPOJb
NICUXOTPONHUX 1 HAPKOTHUYHUX NPENapaTiB, BUABJICHHS JIOMIHTY, OILIIHKA
TOKCUYHOCTI OO0’€KTIB JOBKULIS, CUTHAJIBHUNA KOHTPOJIb 3a0py/IHIOBayiB,
TOKCHUKAHTIB, AUBEPCIHHUX OTPYyT Toio). OMHUM 13 HANMBaXIMBIIIIUX 3aB-
naHb € imeHTudikamis Ta 3a0e3medeHHs O€3MeKr XapuyoBHX ITPOIYKTIB,
HAIO1B 1 XapyOBOi CUPOBUHHU.

[Tin imeHTHdIKaI€r0 XapuOBUX MPOAYKTIB PO3YMIiIOTh BCTAHOBJICHHS
BIJITTOBITHOCTI MPOIYKTY MOTO 3asBJICHOMY HaliMEHYBaHHIO (BHIY, Kjacy,
KaTeropii, copty, reorpadiguHOMy MOXOKeHHIO Totmo [25-36]). [IpoaykTw,
0 HE BIAMOBIIAIOTH 3asBICHOMY HAaWMEHYBAaHHIO, BITHOCSTH J0 PO3PSIAY
danbcudikoBanux. «Danscudikaiiieroy» (MOPYLIEHHSIM CIPaBKHOCTI) BBaXKa-
I0Th MIAPOOKY YHCTOrO abo0 CIPaBXKHHLOTO TOBAPY YW 3aMiHY JOPOTOro
KOMIIOHEHTa KOMIIOHEHTOM 13 HIDKYOIO BapTICTIO JUIsl OTPUMAaHHS He3a-
KOHHOI JIOJaTKOBOiI BUTOJIM, IO BEJE JI0 3HMKEHHS SIKOCTI MPOAYKTY. Jlo
NOPYILIEHHS CPABKHOCTI MPOTIYKTIB MOXKYTh MPUBOAUTH Taki Iii [37, 38]:

— moBHa a00 YacTKOBAa 3aM1Ha KOMIIOHEHTIB;

— TIOBHA a00 YaCTKOBA BIJACYTHICTh 3asIBJICHUX I[IHHUX KOMIIOHEHTIB;

— JIONOBHEHHSI HEOT'OJIONIEHOK PEYOBHUHOK YHM MATEPIAIOM 13 METOIO
30UIBIICHHS Bard, 3HMOKEHHS SIKOCTI @00 MOJIIIICHHS 30BHIIIHBOT
pUBAOJIUBOCTI TPOAYKTY;

— HEJIIOTPUMaHHS HOPM TE€XHOJIOT1YHOTO TPOIIECY;
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— HEIOTPUMAaHHS 3aKOHHHMX BUMOT IIOJO0 CTaHAAPTY MPOAYKTY, HOTO
reorpaiyHOr0 MOXOJKEHHS, MaKCHMaJIbHOTO a00 MIHIMAJIbHOIO
BMICTY BOJIM TOIIIO.

OTxe, BIJHOCHO MPOAYKTIB XapuyyBaHHS TEPMIHH «CIIPABXKHICTH»
a00 «aBTEHTHYHICTH» IO3HAYAIOTh iX HEMiAPOOJEHICTh, HATYPaJIbHICTD,
BIJIMOBITHICTh YKa3aHUM y cepTu(diIKaTax COPTOBOMY, BUIOBOMY 1 Teorpa-
(bI1YHOMY MOXOJKEHHIO, a TaKOXK TEXHOJIOTIi iX mepepoOKH, BIJCYTHICTH
HeperjlaMeHTOBaHUX JOMIIIOK 1 100aBok [39].

3icTaBIEHHS MOKA3HUKIB JOCTIKYBAHOTO MPOIYKTY ¥ aBTEHTUYHUX
3pa3KiB (€TaJOHIB), iX OMHUCIB, OMyOJIKOBAaHUX Yy BIAMOBITHUX JOKYMEHTAX,
a Takok 1H(opMarllii, 0 MICTUTBHCS B CYNPOBITHUX TOKYMEHTax 1 CIO-
KUBUUX ETUKETKAaX, 13 3aCTOCYBAaHHSAM AHATITUYHUX 1 OPraHOJEHTHYHHUX
METO/IIB € aKTYaJIbHUM 3aBIaHHSIM Cy4aCHOI'O SKICHOTO XIMIYHOI'O aHaJl3y
[25,40-51].

K110 BUCHOBOK MPO TOTOXKHICTh aHATI30BAaHOTO MPOJYKTY W aBTCH-
TUYHOTO 3pa3ka ab0 TNpPO BIJIHECEHHS MPOAYKTY IO IEBHOTO Kjacy Ha-
JCKUTh 3pOOMTH Ha OCHOBI OOpOOKM OaraTOBUMIPHUX MACHBIB EKCIIE-
PUMEHTAIBHUX JaHUX, HEMHHYYUM CTa€ 3aCTOCYBaHHS XEMOMETPUYHUX
METO/IIB, Cepel AKX 0COOJUBE 3HAUCHHS MAIOTh aJrOPUTMHU Kiacudikarii,
pO3Mi3HaBaHHS 00pa3iB, AUCKPUMIHAHTHOTO aHaJI3y Ta IITYYHUX HEH-
POHHUX Mepex [52-58].

1.3.2. Excnepumenmanvni memoou

ExcrnpecHICTh 1 YyTJUBICTH XpoMaTorpadidyHoOro aHamizy, MOXKIIH-
BICTh MO€JIHAHHS XpoMarorpadii 3 iHIKUMHU (PI3UKO-XIMIYHUMHU METOJaMU
[59-64] 3pobunu 1oro HaMOIIBII MOIIMPEHOIO MPOILEAYPOIO aHai3y
OPOAYKTIB Xap4yyBaHHs, HAMOIB, 00 €KTIB HABKOJUIIHBOTO CEPEIOBUIIA.
Ha Bcix cragisix BUpPOOHMIITBA MPOAYKTIB 1 B KOHTPOJI iX SIKOCTI BH-
KOPUCTOBYIOTh PI3HI BUAU XpomaTorpadii: BHCOKOCPEKTHBHY pPIIUHHY
(4acTo JOMOBHEHY KaIlUIIPHUM eJeKTpodhope3oM), 10HHY, Ta30BY, TOHKO-
IapOBY, MILIEJISIPHY Ta 1HIII BUAW XpoMaTorpadii.

[HTEeHCHBHO BUKOPHUCTOBYIOTHCS 1 Pi3HI CHEKTPOCKOMIYHI METOAU (BU-
IUMa  CHEeKTpockomiss [65], iH(paduepBOHA CHEKTPOCKOMIs OJIMKHBOTO
niana3zony [65, 66], iHdpayepBoHa criekTpockorist 3 Oyp’e-nMepeTBOPEHHIM
[67], PamaHiBCbKa crieKTpockomisa [68], ssaepHuil MarHiTHUNA pe3oHaHC [69,
70], mac-cnektpometpist [70] (B TOMYy YHCHI 130TOMHA MAac-CIEKTPOMETPIs
[61, 71-74] Ta Mac-crieKTpOMETpist 3 THAYKTUBHO 3B’sI3aHOIO MJ1a3Moro [54]),
aTOMHO-a0copOIIiitHa criekTpodoromerpiss [75—77], MOMIHECIIEHTHA CIICK-
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Tpockomisi [78]). BigHocHa mpocTOTa MIATOTOBKHA 3pa3KiB 1 BUKOHAHHS
BUMIPIOBILHUX IIPOLIEAYP, MOKIIMBICTh IOCUTh IMPOCTO OJICPKYBATH BEJIMKI
MacCHBH JIaHUX TPO BJIACTHUBOCTI aHAN30BAaHUX 00’ €KTIB CIPHUSIN TOMY, IIIO
OaraTOBUMIpHI CHEKTPaJbHI JIaHI YacTO BHUKOPHUCTOBYIOTH SK «BITOUTKHU
najbIiiB» 00’ekTiB («fingerprints») [32, 79, 80].

CTBOpEHHSI TaKMX CEHCOPHHX CHUCTEM, K «EJICKTPOHHUUN HIC» (IS
aHaJ3y ra3yBaTHX 3pa3KiB) Ta «EJIEKTPOHHUU SI3UK» (i1 aHAI3ZY PIAKUAX
3pa3kiB) OyJI0 BUKJIMKAHO MPArHEHHAM Peajli3yBaTy aHAJITUYHI IPOLEAYPH,
[0 MOJCNIOIOTh HIOXOB1 1 JerycraiiiHi 3ai0HocTi moauHu. CucreMu
«ETIEKTPOHHOTO SI3UKa» W «EJIIEKTPOHHOTO HOCY» CKIIAJaloThea 3 Habopy
CEHCOPIB P13HOI CEJIEKTUBHOCTI. 3 1X BUKOPUCTAHHSIM OJIEP’KYIOTh OaraToBU-
MIpHI MacHBH XapaKTEPUCTUK aHAJII30BaHUX 3Pa3KiB, a MOTIM 32 JOIOMOTOK0
XEMOMETPUYHUX METOJIB OTPUMYIOTH 1H(OPMAIIIO PO TOCHIHKYyBaHUN
3pa3oK, SIKy MOKHA CITIBBIIHECTH 3 JIIOJICBKUM CIPUNHATTSIM, HANPUKIA,
CMaKy 3pa3ka (COJOHICThb, KUCIOTHICTh, TPKOTA), BIIOMOCTSIMU PO HOTO
reorpadiuHe NOXO/KEHHS, CKJIaJl, IHTEHCUBHICTh apOMaTy, CTYIIHb CBIXKOCTI
Tomio. IlommpeHuMu cTamyM XiMIYHI CEHCOPU PI3HMX THIIIB: BOJIbTAM-
NEPOMETPUYH1, TOTCHIIIOMETPUYHI, CHEKTPO(HOTOMETPHYHI, (PITyOpPECIICHTHI,
KOHJyKTOMETPUYHI, aMIIEPOMETPUYHI Ta 1HII. 3pocTaroya MOMYJSPHICThH
CHUCTEM «EJICKTPOHHOTO HOCY» M «EJIEKTPOHHOTO SI3UKa» TOB’s3aHa 3 MOXK-
JUBOCTSAMHU X MiHIaTIOpHU3alli, aBTOMaTH3allli poOOTH, MPOCTOTOIO
3aCTOCYBaHHS M €KCITpecHICTIO. B 00po011i MacuBiB TaHUX, IO OTPUMYIOTh
HA OCHOBI BUKOPUCTaHHS HAaOOPIB CEHCOPIB Pi3HOI CEIEKTUBHOCTI, IIUPOKE
3aCTOCYBaHHS 3HAWNIIA XEMOMETPHYHI METOAM, 30KpeMa MeETOJu
pO3Mi3HAaBaHHA O0pa3iB 1IMITYYHUX HEUPOHHUX MEPEXK. 3 YypaxyBaHHIM
JOCATHEHb TEOpli HEUPOHHUX PO3PAXYHKIB 1IeHTU(IKAIIIIO 00 €KTIB aHATIZY
3a JIOTIOMOTOIO0 «EJIEKTPOHHOTO SI3UKa» Ta «EJCKTPOHHOTO HOCY» MOXKHA
pO3IISAaTH SIK TUIKY PO3BUTKY IITYYHOIO IHTENEKTY Ta/abo cdepy 3ac-
TOCYBaHHSI «EJIEKTPOHHOr0 MO3KY» [81-90].

1.3.3. Xemomempuuni memoou

Po3BUTOK XeMOMETPii IIBUIKO TOTIOBHIOE apCEHAJT TOCTYIMHUX XIMiKam
JITOPUTMIB OOPOOKHM €KCIIEPUMEHTAIBHUX JIaHUX. barato mijaxo/iB peasnizo-
BaHO SIK y crieniaiizoBanux nakerax nporpam (Unscrambler, SIMCA, Eigen-
vector Research Ta iHmmMX), Tak 1 B CTATUCTUYHHUX MaKeTaxX 3arajbHOTO MpHU-
3HaueHHs (Statistical Package for the Social Sciences, Statistica, Matlab).

J1ist moniepeAHBO1 0OPOOKY 1 BUITyU€HHS 1HPopMallii 3 0araTOBUMIPHUX
MacHUBIB €KCTIIEpUMEHTAIBHUX JaHUX BUKOPHUCTOBYIOTH METOJM CTHCHEHHS
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JaHUX, 110 JO3BOJISE MPEICTABUTH PE3YJIbTAaTH BUMIPIOBAHb Y KOMIIAKTHOMY
BU/I1, 3pyYHOMY IS Bi3yaiizallii Ta iHTeprpeTallii. HalO1bI nommpeHoro
XEMOMETPUYHOIO TEXHOJIOTIEID MOHUKEHHSI PO3MIPHOCTI MAacHBY JaHUX 13
MIHIMaJIBHOIO BTPATOO 1HPOPMAIIiT € METO/I TOJTOBHUX KOMIIOHEHT.

Memoo 2onoenux komnonenm (Principal Component Analysis, PCA)

Metoz roloBHUX KOMIOHEHT BUKOPUCTOBYIOTh B aHaJI31 OyIb-IKUX
CKJIAJIHUX XIMIYHUX JaHUX, SKUM TpUTaMaHHAa MYJIbTUKOJIHEAPHICTb,
TOOTO MPUCYTHICTh BHYTPIIIHIX, MPUXOBAHUX 3B S3KIB MK 3MIHHUMHU.
OCHOBHUMH TIepelyMOBaMu JJisl TOr0, 00 €(PEeKTUBHO MOHU3ZUTH PO3MIp-
HICTh MACUBY JIaHUX, € «CWJIBHUIDY (K JI0 JIHIMHOTO) 3B’ SI30K MiX MOYaT-
KOBUMH 3MIHHHUMH, BHACIIJOK 4oro iH(opmarris, 1mo MICTUTHCS B JaHUX,
TyOTIOEThCS; caabka 1HPOPMATUBHICTD MESIKUX MOKA3HHUKIB, 110 JT03BOJISE
BUKJIIOUUTH 1X 13 HA0OpPYy JIaHUX; MOXJIUBICTH 00 €IHAHHS JACKUIBKOX
MOKa3HUKIB B o1uH [91, 92].

ANTOpUTM 3AIMCHIOETHCS 1TEpalliiHO, MOro MeTa — pPO3PaxXyHOK
HOBUX 3MIHHUX, OPTOTOHAJIBHUX 1 HEKOPEIHLOBAHUX TOJIOBHHX KOMITOHEHT.
Metoz rosioBHMX KOMIOHEHT 3aCTOCOBYIOTH JI0 JIaHUX, 3alMCAHUX Y BU/I1
Matpuili X po3MipHicTio [ XJ , psaku sSKOi BiJNOBIAAIOTh aHAI130BaHUM

spaskam (i =1,...,1) | a croBmmi — nouarkosum 3minauMm X;(j =1,...,J)  mo

XapaKTepu3yloTh i 3pasku. [onoBHi kommonentu f,(a=1,...,4) — e
JIIHIMHA KOMO1HAI[ISA TTOYaTKOBUX 3MIHHUX

ly=PuX t...™Dp,X;. (1.3)
3a [JOMOMOrOI HOBHX 3MIHHHAX IIOYaTKOBUM MacuB naHux X
PO3KJIaIA€ETHCS HA I00OYTOK ABOX MaTpullb 1 1 P:

A
X=TP’+E=thap;+E_ (1.4)

p
Y upomy piBHsSHHI T (po3mipHicTh [ xA) — MaTpuIll paxyHKIB
(scores), P (posmipmicts J X A)— wmarpuns nHaBantaxkenb (loadings),
E (po3mipaicTs I xJ ) — MaTpuIld 3aIUIIKIB. MeToa TOJJOBHUX KOMIIOHCHT
MOXXHa PO3IJIAJAaTH SK TPOEKTYBaHHS JaHUX Ha IIAMPOCTIP TOJIOBHHUX
KOMIIOHEHT 13 PO3MIPHICTIO, MEHIIOK, HIK MOYaTKOBUU mpocTip. Psaku
t5--st; MaTpuill I’ — 116 KOOpJMHATH 3pa3KIB y HOBIM CHCTEMI KOOPAUHAT,
CTOBII f,...,¢, Marpulll 7 TOJAIOTh IMPOEKIIIi BCIX 3pa3KiB HAa OJHY HOBY
KOOpAWHATHY Bich. KoKeH psjiok maTpuill P cKi1ajaeTbes 3 KOS(DIIEHTIB,
mo 3B’s3yl0Th 3MiHHI ¢ 1 X (1.3), KokeH crToBmelnp P — 1ie TPOeKIIis

BIJNIOBIIHO1 3MIHHOI X; Ha HOBY CHUCTEMY KoopAuHAT [93].
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VY pesynbTari 3acTOCYBaHHS METOAY TOJIOBHUX KOMITOHEHT 31MCHIO-
€TBCS MEPEX1T O HOBOTO OPTOTOHAILHOIO 0a3UCy, OCi1 SIKOTO OpIEHTOBaHI
M0 HampsiMax MaKCUMaJIbHOI JUcIiepcii HA0Opy BXITHUX JaHUX. Take rie-
PETBOPEHHS J103BOJISIE CTUCKYBATH 1HPOPMAITIIO IIJIIXOM BIAKUIAHHS KOOP-
JMHAT, 10 BIJMOBIJAIOTh HAIpsiMaM 13 MiHIMabHOIO guctiepciero. KoxHa
rOJIOBHA KOMIIOHEHTa Ma€ JUCIEPCil0, MaKCUMaJIbHO MOMUIIMBY 3 YCIX
KOMOIHAI[I}l TOYaTKOBUX 3MIHHUX, 3@ YMOBHU OPTOTOHAJIBLHOCTI MTONIEPEAHIN
rOJIOBHIM KOMIOHEHTI. TakuM 4MHOM, 3a/1aya 3BOJAUTHCS JO MOIIYKY TaKUX
JIHIMHAX KOMOIHAIIM IOYAaTKOBHUX MOKA3HUKIB, K1 MOSCHIOBaIW O Mak-
CUMaJIbHO MOJKJIMBY YaCTKy 3MIHIOBAHOCTI (CyMy JHCIIEpPCIi) MOYaTKOBUX
MOKA3HMUKIB. Y OUIBIIIOCTI BUMAAKIB OaraTonapaMeTpUYHUN MacHB €KCIIe-
pUMEHTAJIbHOI 1H(oOpMaIlli, MO MICTUTh JECATKH 3MIHHUX, MOJKHA
IPEACTAaBUTU Y BUJII MACHUBY, 1110 MICTUTh JIBI-TPU 3MIHHI, OCKUIbKU TEPIIi
IB1 a00 TpU TOJIOBHI KOMIIOHEHTHU BimoOpaxkaroTh Onu3bko 80% mouat-
KOBUX JIaHMX. 3aJuIIKu (MaTpuils ), 10 BUHUKAIOTH TPU 1IbOMY, PO3TJIs-
JAIOTh SIK ITyM, 110 HE MICTUTh 3HAUYI01 XIMI4HO1 1H(popmariii [94-96].

Sx mpaBmiIO, 3aCTOCYBaHHIO METOJY TOJIOBHMX KOMIIOHEHT TEpeaye
LEHTPYBaHHsS (BIAHIMAHHA 3 KOKHOTO CTOBII X; CEPEAHBOrO IO

CTOBIILIO 3HAUYEHHS M j) a00 HOpMYBaHHS (JIUJICHHS KOYKHOT'O CTOBIILISI X ;
Ha BJIaCHE CTaHJApPTHE BIIXUJICHHS S j) MOYaTKOBO1 MaTpuIli X, OCKIJIbKHU

BEIIMUMHU JUCTEPCI TMOKAa3HUKIB ICTOTHO 3ajekaTh BIJ MaciTady
OJIMHUILIb BUMiptoBaHHs [93]:

m, =(x; +..+x;)/1; (1.5)

1
s; = ;(Xy—mj)z/f. (1.6)

3a JOMOMOIrOK0 METOJy TOJIOBHMX KOMIIOHEHT MpParHyTh BUSBUTH
B3Aa€EMO3B’A3KM JIaHUX, 1110 CKJIAJal0Th BEJIUKI MacHUBU PE3yJIbTaTiB
NEePBUHHUX BUMIpIOBaHb. OTPUMAaHHS TAaKMX MAaCUBIB €KCIIEPUMEHTATBLHUX
JTAHUX XapaKTepHE JJII BUKOPUCTAHHS TEXHOJOTII «EJICKTPOHHOTO S3UKa»
[69, 97, 98], wmeromiB xpomarorpadii [30, 99], indpadyepBoHOI
CHEKTPOCKOIii OnmkHbOro aianazony [100], smepHOro MarHiTHOrO pe3o-
HaHcy [101] Ta iHmMX.

SAx npukIian po3risHEMO 3aCTOCYBaHHS METOJIy TOJJOBHUX KOMIIOHCHT
OpU KOHTPOJII SIKOCTI PI3HMX BHJIB KBITKOBOro Memay. B poboti [99]
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JOCIIKEHO BMICT caxapiB y 280 3pa3kax (paHIy3pbKOro Meay CeMu
KBITKOBUX PI3HOBUIIB (aKarlisi, KalllTaH, parc, JiaBaHJa, SJIMHA, JINIA,
COHSIIIIHKK). 3a JOMOMOIOK Ta30BOI Xpomartorpadii 3 MOJyM STHUM 10HI-
3aIliTHUM JETEKTOPOM OIliHIOBAJIA BMICT 17 M- 1 TpHcaxapuiB, a pIIUHHOIO
xpomaTorpadi€ro 3 IMITyJIbCHUM aMIIEPOMETPUYHUM JIETEKTOPOM BHU3HAYAIH
BMICT TJIIOKO3M 1 PpykTo3u (Tadm. 1.2). CrnpaBkKHICTh KBITKOBOT'O MOXOJ-
xeHHs 280 3pa3KkiB Mely MiJITBEPJMIM HAa OCHOBI PE3YJIbTATIB MUIKOBOIO,
OpraHOJICTITUYHOTO 1 J1a00paTOPHOro aHaIi31B. ABTOpU MOCTABWIN 3aBIAHHS
BU3HAUUTH TaKl XapaKTEPUCTUKU 3pa3KiB Medy, sIKi 3a0esneuyBaiv O ix
HaiiHy 1aeHTrudikaiito. s ToCATHEHHS MOCTaBJICHOI METH 3aCTOCYBAIU
METOJT TOJOBHMX KOMIIOHEHT. Ilepen 3acToCyBaHHSM METOAY TOJOBHHX
KOMIIOHEHT 13 OTPUMAHOI'0 MAacUBY MEPBUHHUX €KCIEPUMEHTATbHUX JaHUX
3a JIONOMOTOK JucnepciiiHoro aHamizy (analysis of variance, ANOVA)
BIJIIOpaJId CIM TaKUX XapaKTEPUCTHUK 3Pa3KiB MEy, K MacOB1 KOHIIEHTpaIli
TJIIOKO3H, padiHO3U, Tpexasio3u, (PPYKTO3W 1 BITHOIICHHS KOHIICHTpAIlIi
epJ103a/MaJibTyJI03a, MaJIbTO3a/Tpexaniosa 1 pykTo3a/rimoko3a. Habip 13 1ux
XapaKTEPUCTUK 3a0e3reuyBaB iieHTudIKaIo 72% 3pa3KiB MeLy.

[ToTiM 10 MacKBY 3MIHHHUX, BIIIOpaHHUX 3a JOTIOMOTOIO JUCIIEPCIMHOTO
aHaJII3y, 3aCTOCYBAJIM METOJ TOJIOBHUX KOMIIOHEHT. Y pe3yJsbTaTi poOOoTH
BUJUIMJIN OBl TOJOBHI KOMIIOHEHTH, IO € JIHIMHOK KOMOIHAIIIEIO BHIIE-
HA3BaHUX XapaKTEPUCTHUK. TaKuM YMHOM, MAaCUB JaHUX, 110 BKIO4aB 20 xa-
PaKTEPUCTUK 3pa3KiB MEy CEMH KBITKOBHX PI3HOBHUJIIB, OYJI0 CTHCHYTO 1O
MacHuBy po3MipoM 2x7. MeToa roIoBHUX KOMIIOHEHT J03BOJIMB BU3HAUWTH
MeX1 00J1acTell KO’KHOTO KBITKOBOTO PI3HOBHJLY M€y, HAIIPUKIIA[, 00JIaCTh
3pa3KiB SUTIMHOBOT'O M€y BU3HAUMJIACS YITKO, aje MpU bOMY 00JIaCTl 1HIINX
KBITKOBUX PI3HOBH/IIB M€y MEPEKPUIIMCS: aKaIli€Bl 1 KalllTaHOBI, JJABaH/IOBI
1 JIMTIOBI, PAICOBI 1 COHAIIHUKOBI. PAaKTUYHO, HE3BAXKAIOUM HA BIJCYTHICTh
MOBHOI AuQepeHItialli, TaKuil pe3ybTaT HaJaB MOXKJIMBICTh KOHTPOJIIOBATH
SKICTh MEJTy BIIMIOBITHO 10 HOTO KBITKOBOT'O PI3HOBULY.

3anponoOHOBAHUM aJTOPUTM 3aCTOCYBAJIM JJIS OINIHKHU CIIPaBXKHOCTI
47 koMepuUIHHUX 3pa3KiB MeAy: 34 dpaHily3bkux (8 akalieBux, 8 KalTaHO-
BUX, 7 JIaBaHAOBHX, O SIIMHOBUX, 5 JIMIOBUX), 7 YTOPCHKUX 1 3 KUTAHCHKHUX
(akamieBux), 1 icnancbkoro i 1 MapoKkaHCHKOTO (JaBaHIOBUX), 1 Typels-
KOro (SJTMHOBOTO) 1 BHSIBHIIM, IO 5 aKalli€eBuX 1 4 SJIMHOBI KOMEPIIHI
3pa3kd MeJly 3HaXOJAThCA 32 MEKaMM iX mepeadadyBaHoi 00JacTi, TOOTO
HE BIJIMTOB1TAIOTh CBOEMY 3asBICHOMY BH/TY.
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Dopmanvre He3anedcHe MOOeN8aHHs aHnanoziu kaacie (Soft Inde-
pendent Modeling of Class Analogy, SIMCA)

3anmpomnoHOBAaHE OJHUM 13 3aCHOBHUKIB XEMOMETpIi, BHUJIaTHUM
mBeACchkuM yueHuM CBanTe Bosjmom (opmanbHe He3anexHe MOIENTIo-
BaHHS aHAJOTIM KJaciB CTajgo TOMYJISIPHUM 1 TIOTYKHHUM 3ac000M
kiacudikaiiii 3 HaB4anHsaM [91, 102].

[leit meToxn BoJsioJi€ HU3KOIO Teperar. [lo-mepiie, KoXeH Kiac Mo-
JIETI0EThCA OKPEMO, He3alleskHo Bij iHmuUX. [lo-gpyre, kmacudikarris
SIMCA € 6arato3HauHoro (soft): KokeH 3pa3ok MoOKe OyTH OJHOYaCHO
BIIHECEHMM 10 AcKUTbKOX KiaciB. Ilo-tpete, SIMCA Hamae MOXIUBICTH
YCTAaHOBUTU 3HAYEHHS TMOMUJIKM TMEPIIOTO poay 1 MoOyayBaTH BiAMO-
BITHUH KJTacupikaTop.

Knacudikaris 00’ektiB 3a gonomororo SIMCA BigOyBaeTbcs B JBa
eTanu: eTal HaBYaHHS 1 eram TecTyBaHHd. Ha mepmomy erami (gopmy-
IOTBCSI OKpeMi Mojieni kiaciB. KokeH Kijac 13 HaBYallbHOI MHOXXUHHU
00’€KTIB HE3aJICKHO MOJICIIIOETHCSI METOJIOM TOJOBHMX KOMIIOHEHT 13
PI3HOIO KIJTBKICTIO TOJIOBHUX KOMIOHEHT A4 [91, 103].

[lim MomemTro B JaHOMY BHIIQJKy PO3YMIIOTH CITOCIO BiJITBOPEHHS
dbopmu Ta/abo I1HIIMX XapaKTEPUCTHK CKJIATHOTO TIEPBUHHOIO MAaCHBY
B IIpOCTIlIKA (opMi, IO BKIIOYAE TAKOXK 1 HAOIp JAaHUX, IO XapaKTe-
PHU3YIOTh BJIACTUBOCTI MOJIEJIbOBAHOI CUCTEMHU, 1 AMHAMIKY 1X 3MiHHU.

JIJisi TOpIBHSIHHSL CTBOPEHUX MOJENIC PO3PaxOBYIOTh BIJCTaHb MIX
KJIACaMU 1 OL[IHIOKOTh BIUIMB 3MIHHUX Ha PO3MOJILT 3pa3KiB M1k KjacaMu (Mo-
JICNIbHY MOTY>KHICTh 1 IUCKPUMIHAIIIWHY MOTYKHICTh 3MiHHUX ) [104, 105].

3HaYEHHs MOJIENBHOT OTYKHOCTI 3MiHHOT (M ;) moKasye, HACKITbKH

CWIbHUW BIUIMB YMHUTH JlaHA 3MIHHA Ha MOJIEIIOBaHHS JIaHOTO KJacy
(1 — cunbHut BB, 0 — BIUTMBY HEMae),

S'resid
M, =1--"" (1.7)
Jraw

ne S, — CTaHJApPTHE BiJIXUIIEHHS MOYATKOBUX 3HAYEHD 3MIHHOI, Sy —
CTaHJAPTHE BiIXUIEHHS 3aJIUILKIB, 10 BU3HAYAIOTHCS METOJOM TOJIOBHHUX
KOMITOHEHT JIJIs1 BIJITIOBI1THOI MOJE1 JJAaHOTO KJacy.

3HaueHHs AMCKpHMMiHaLiiHOT moTyxHocTi 3MminHoi (D;) mokasye

3IaTHICTh 3MIHHOI PO3AUISTH KJIACH (3/IaTHICTh 3MIHHOI MOJICJIIOBATH KJIac
HE TITHE 3a COOOI0 37aTHICTH J0 PO3AUICHHS Ha kiacHu). Hexall HasiBHI 1Mo
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Bl Momem s KimaciB X, 1 X,, TOAI 3HAYCHHS IUCKPUMIHAIIAHOI
MOTY>KHOCTI Ti€1 3MIHHO1, 110 HAC I[IKaBUTh, BIAMOBIIA€ TaKkiid popmyJi:

(1.8)

D - S fm . (classX modelB) + Sfmi ,(classX ,modelA)
782, (classX,;modeld) + S, (classX,modelB)

YumMm OibIlie 3HAYCHHS JUCKPUMIHAIIMHOL MTOTYKHOCTI 3MIHHO1, THM
OibIIIE 1i 3AaTHICTH 10 PO3JIUICHHS KJIACIB.

JI1st po3paxyHKy BiJICTaHI M KJIacaMHd BHUKOPHUCTOBYIOTH BiJICTaHb
MaxananoOica; 4uM BUIIE 3HAYEHHS 1IbOTO Mapamerpa, TUM Kpallle po3-
PI3HSIOTHCS MOJICIII:

H =, — p1y)" -cov ' (X)- (1 —H,), (1.9)
ne My,/M, — BEKTOPH CEepelHIX 3HaueHb 3MIHHHMX s KiaciB X, X,
cov(X) — 06’eqnana KoBapiamiiina MaTpuis i kinacis X, X,
cov(X,)+cov(X),)

cov(d) = (n,+n,-2) °

(1.10)

ne M;,n, — NOBKUHU BEKTOPIB K, L, .

Ha erani TectyBaHHs HOB1 00’€KTH, HE BUKOPUCTAHI Ha CTajii HaB-
YaHHS, BIJHOCSATH 1O KiaciB, chOpMOBaHMX Ha nepumiomy erami. Etan
Kkiacudikaili HOBUX 3pa3KiB BKJIIOYAE PO3pPaxyHOK BiJCTaHEW Bija 3pa3ka

no uentpy knacy (H,) i Big 3paska no knacy (H,) [93, 104-108]:
1 A
1 Y ;

1 2

H,= |——)> E:
2 J_Aj:1 J (1.12)

2
a

i (1.11)

ne I,J — KiapKOCTi 3pas3KiB i 3MiHHMX, BIJIIOBIIHO, 7, — IPOEKI[is HOBOTO
3pa3ka Ha TOJOBHY KOMIIOHEHTY a, !, — BEKTOp, IO MICTUTh PaXyHKH
BCIX HaBUAJIbHUX 3pa3KiB y Kjaci.

Biacranp Bix HOBOTO 3pa3ka JI0 Kjacy IMOKa3ye, HACKUIBKH JAJIEKO
3pa3oK 3HAXOAUTHLCA BiJ JaHOTO Kiacy. BiacTtanb BiJ 3pa3ka g0 LEHTPY
KJIaCy PO3paxOBYETHCS SK PO3Max 1 MOKa3ye, HACKIIbKH IPOCKIlIS 3pa3Ka
Ha JIaHWH Kjac Jajieka Bij WOro IeHTPOoina, TOOTO HACKUIBKHM BiH BiApi3-
HSIETHCS BiJ] IHIIUX 3pa3KiB JAaHOTO KJacy.
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Taki MoJesorYl BJACTUBOCTI 1 MOXKJIMBICTh BiJHECEHHS 3pa3ka Ji0
OJIHOTO a0 JEKUIBKOX KJaciB abdo /10 KOJHOTO 13 3MOJEILOBAHUX KJIACiB
(Ha BIAMIHY BiJ KIAaCHYHMX METOJIB Kiacudikallii, sKi JI03BOJISIIOTh
BIJIHECTH 3pa30K JIMIIIE 1O OJHOTO Kiacy) 3abe3medyuian MeTony ¢op-
MaJIbHOTO HE3aJICKHOTO0 MOJCIIOBAHHS aHAJIOTIM KJACiB IMOMYJISIPHICTh
Py BU3HAYCHHI CIPABXHOCTI MPOAYKTIB XapuyyBaHHS, OCOOJHUBO B KOM-
OiHaIIil 31 CHEKTPOCKONIYHUMHU MeTojamu [107—-114].

[Ipuknanom ycmimHoro 3actocyBaHHst anroputMy SIMCA e poGota
[79], B siK1ii MIOTO BUKOPUCTAJIM JIs Kjacudikallii BUH 3a X TUIIOM, [TOXO0/-
KEHHAM BUHOTPAAY 1 TEXHOJIOTIEID BUTPUMKH. J[JI1 IIOTO OTpUMAIH «BiJI-
OUTKH NasbiliB» (HOpMasi30BaHi CIIeKTpHU B cepeaHiit [H-o0macti) 60 3pas-
KiB uepBOHUX BUH 1 60 3pa3kiB Oumx BUH. [loTiM po3paxyBaii MaTpuill
MoAI0HOCTI CIEKTPIB HA OCHOBI 1HAECKCY MoAI0HOCTI TaHIMOTO:

Cc

TAB =
’ a+b—-c’

(1.13)
7€ ¢ — MHOXWHA (PparMeHTIB (HACTUHOK) «BIJOUTKIB MAJIBI[IB)», 3araIbHUX
s crionyk 4 1 B; a — MHOXMHA (DparMeHTIB «BIJOMTKIB IaJIbI[IB)»
cnoiayku A, BIACYTHIX y cmonyku B; b — MHoxuHA (parMeHTIB
«BITOUTKIB TAJIBIIB» CIIOIYKHU B , BIICYTHIX y CIIONYKH A .

[Tomunku knmacudikaiii 3a Tunom BuHa (Oiie a0 4YepBOHE) B pe-
3ynapTari 3actocyBaHHa SIMCA 10 cnekTpiB 3pa3kiB 1 10 MaTpullb
noAioHocTi cnekTpiB ckianmu 20% 1 10%, BignoBimHo. BigHOIIEHHS
KUIBKOCTI MOMUJIKOBO KJIacH(PIKOBAaHUX 00’€KTIB JO 3arajibHOi KIJIBKOCTI
00’€KTIB CIYry€ TMPOCTOI0 CTATUCTUYHOK (E€BPUCTUYHOIO) OI[IHKOIO
HeHafiHocTi igeHTudikamii. IIpu 3actocyBanni SIMCA no maTpuim
CHEKTPaJIbHOI TOMIOHOCTI JyIsi PO3PI3HEHHS BHUH 3a BUIOM BHHOTPAIY
1 CrTocoOOM BUTPHUMKH OMUJIKH cKitam 9% 1 5%, BiamosiaHo. [lizcymkom
poOOTH cTajia JAEMOHCTpAIlisl MOXKJIHUBOCTI CTBOPUTH O10JII0TEKY «Bij-
OWTKIB MaJIbIIB» PI3HUX 3pa3KiB BUH.

Jluckpuminanmuuu ananiz

JuckpuMminanTHuil anami3 (Discriminant Analysis, DA) € po3aiiom
0araTOBUMIPHOTO CTATHUCTUYHOI'O aHaNI3y, KWW BKIIOYAE METOJU KIia-
cudikailii 6araTOBUMIPHUX CIOCTEPEKEHb 3a MPUHIMUIIOM MAKCUMAJIBHOI
CXOXKOCTI 3a HasBHOCTI HaBYIbHUX O3HAK. OCHOBHHUMH 3aBJaHHSIMU
JTUCKPUMIHAHTHOTO aHAM3y € JOCHIKEHHS MIKKIACOBOI BIIMIHHOCTI
(IMcKkpuMiHaIlis) B ampiopi 3a JIeKIIbKOMa 3MIHHUMU OJTHOYACHO, TOOTO
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BU3HAUCHHSI «BHECKY» KOXHOI 31 3MIHHUX Y PO3PI3HEHHSI KJIACIB, a TAKOXK
kiacudikaiis 00’€KTIB, 10 HE BXOAWIM JO0 BUOIPKHU, KA HABYAETHCS.
3MIHHI, SIKUMHU ONEPYIOTh [JIs IMOIIYKY BIAMIHHOCTEH MiX KJlacamu,
HA3UBAIOTh JUCKPUMIHAHTHUMU 3MIHHUMHU. B THCKpUMIHAHTHOMY aHali3i
3HAXOJATh TaKy KOMOIHAII JUCKPUMIHAHTHUX 3MIHHHUX 1 JUCKPUMI-
HAaHTHY (QYHKII0, ska O ONTHUMAaJbHO PO3JAUISIIA KJIAacH, IO PO3IJIs-
narotbes [103—1135].

3nificHeHHsI TUCKPHMMIHAHTHOTO aHalli3y Iependadae HassBHICTh MiHi-
MyM JIBOX KJaciB 1 MIHIMyM JIBOX OO0’€KTIB y KOXKHOMY KJAacl, JIHIAHY
HE3JICKHICTh JUCKPUMIHAHTHUX 3MIHHUX, 0araTOBUMIPHY HOPMAJIbHICTh
PO3MOJIUTY NUCKPUMIHAHTHUX 3MIHHUX JJISI KOXKHOIO KJIAcy, NMPUOIU3HY
PIBHICTh KOBapiallliHUX MaTPUIlb JIJIsl YCIX KIIACIB.

OcHOoBHUMHU TIpoOsieMaMu € BIA0Ip JUCKPUMIHAHTHUX 3MIHHHUX
1 BUOIp BUAY MUCKpUMIHAHTHOI (PyHKII1 (JiHIMHA abo HemiHiiHa). Haii-
YacTillle BUKOPUCTOBYETHCS JIiHIMHA (opMa MUCKPUMIHAHTHOI (PyHKIIIT
Takoro Buay [116]:

= Lo+ BiXyjn Tt B X s m=Lon; k=1,...,g (1.14)

ne d;, — 3HaYeHHS NUCKPUMIHAHTHOI QYHKLII [uIg 7 -ro 00 €KTa B Kiaci
k, Xy, — 3HaueHHS JUCKPUMIHAHTHOI 3MIHHOI X; IS M -TO 00 €KTa

B Knaci k, B, — IMCKpUMiHAHTHI MHOKHMKH.

OnuieMo KOpOTKO MpOLEeaypy AUCKPUMIHAHTHOTO aHaIi3y MpH BU-
KOPUCTaHHI JiHIMHOT AuckpuMiHaHTHOI (yHkuii (Linear Discriminant
Analysis, LDA) [116—-120].

Bubip IucKkpuMiHAaHTHHX 3MIHHHX MOYXHa MPOBOIUTH METOJOM IX
MOKPOKOBOT'O BKJIFOUCHHS 200 MOKPOKOBOT'O BUKIIFOUCHHSI.

[Ipouienypa MOKPOKOBOIO BKJIIOYEHHS TIOYMHAETHCS 3 BUOOpY
3MiHHO1, 110 3a0e3neuye Hailkpaile OJHOBUMIpHE po3pi3HeHHA. [loTim
aHaII3yIOTh TapH, YTBOPEHI BIIIOPAaHOIO 3MIHHOIO 1 OJIHIEIO 3 THX, IO
3ayMIIuiIncs. B pe3ynbTaTi 3HaXO[ATh mapy, IO Ja€ Hailkpalie po3pis-
HeHHs. Ha KOHOMY HacTymHOMY KpOLll MPOLEIypHU BiAOUpaOTh 3MiHHI,
SIK1 B TIOETHAHHI 3 B1IIOpaHUMM paHille Jar0Th HaAUKpalle po3pi3HEHHS.

[Tponierypa MOKPOKOBOTO BUKIIOUECHHSI BUXOJUTH 13 MPUITYIICHHS,
[0 BCl 3MiHHI BXOJSTh JO CHUCTEMH, a MOTIM Ha KOXHOMY KpOIIl
BIJKMIAETHCS OJHA 31 3MIHHHMX — Ta, IO B MOEIHAHHI 31 3MIHHHUMH, IO
3AIMIIIIACS, A€ HAaWTIpIe pO3pI3HEHHS.
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[Iponiemypa MOKPOKOBOTO JUCKPUMIHAHTHOTO aHali3y mnepeadadae
nepeBipKy (Ha MOYaTKy KOXKHOTO KPOKY) BCIX JTUCKPUMIHAHTHUX 3MIHHUX
Ha BIJMOBIAHICTh JBOM YMOBaM: HEOOXiJAHIA TOYHOCTI PO3PaxyHKY
(TonepaHTHOCTI) 1 MEPEBUILICHHS 33JIaHOTO PIBHS PO3pi3HEHHs (3a F-Kpu-
Tepiem @imepa). CraTuctuka [F-BBEJECHHSA OIIHIOE MOJIMIIEHHS PO3-
pI3HEHHS 3aBJISKM BUKOPHUCTAHHIO JAHOI 3MIHHOI TIOPIBHSHO 3 PO3Pi3-
HEHHSM, JIOCSITHYTHM 3a JIOIIOMOIOI0 BXe BimiOpaHux 3MmiHHuUX. Cra-
TUCTUKA F-BUKJIIOYEHHS OI[IHIOE€ 3HAUYYIIICTh IOTIPIICHHS PO3PI3HEHHS
MiCJIs BUAAJIICHHS 3MIHHOI 31 CIIMCKY BXK€ B1IIOpaHuX 3MIHHUX. SIK BIJIOMO,
Kputepiid @imiepa 3aCTOCOBYIOTh 71l IEPEBIPKU PIBHOCTI AUCHEPCIH IBOX
BUOIpOK. AKIIO po3paxoBaHe 3HAYEHHS F-KpUTEPItO OLIbIIEe KPUTHYHOTO
JUIsl TIEBHOTO PI1BHS 3HAYYIIOCTI 1 BIJIMIOBIAHOT KUJIBKOCT1 CTYII€HIB CBOOO U
JUISl YMCeTTbHUKA 1 3HAMEHHHKA, TO JUCIIEPCii BU3HAIOTH BIIMIHHUMH:

=7, (1.15)

2 . . 2 .
ne o, — Oulblla AUCIepcis, O, — MEHIIa JUCIIepCis.

. . . 2
3HAUEHHS TOJIEPAHTHOCTI 3MiHHOI BuM3HadaeThes Ak (1—R7), ne
R — kBamgpar koe(illieHTa MHOKHHHOI KOpENAIil i-i 3MIHHOI 3 ycima
IHIIUMU 3MIHHUMH (TIPUITYCTUMO, [0 MU PO3PaXOBYEMO TOJEPAHTHICTh
JUIs 3MIHHOI ), MPUYOMY 3MIiHHI X,z BXe€ BiaiOpaHi JJIs pO3pI3HEHHS
kimaciB) [121, 122]:

P r: =2rrr
L=1-" " (1.16)

2
-7

ne 7yl 7. — KoeilieHTH JIHIHHOI MapHO1 KOPEsIli;

> (5, -, - )

ACEED N

3Ha4YEeHHS! TOJEPAHTHOCTI CIYTy€e MIPOI0 HAJIMIIKOBOCTI 3MIHHOI.
Hampukian, skmio 3MiHHA, NpU3HA4YeHa JJIsI BKIIOYEHHS 1O JUCKPUMI-
HaHTHOI (pyHKIIi1, Mae 3HadeHHs TosepantHocTi L =0,01, To BOHA MOXKe
posrisigatucs Sk Ha 99% HaIIUIIKOBA MOPIBHSAHO 3 YK€ BKIIOUYCHUMU
3MIHHHUMH.

Vyx

(1.17)
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Koeginientn f; nepmoi TucKpuMiHAHTHOI (PyHKIII BHOMPAIOTHCH
TakK, MO0 IEHTPOINU PI3HUX KJIACIB SKOMOTa OUIbIE BIAPI3HSIIUCA OIUH
B111 ojHOr0. Koedimientu apyroi (yHKIIi BUOUPAIOTHCS TaK caMo, aje mpu
IIbOMY 3HA4Y€HHA APYroi GyHKIlI MalOTh OyTH HEKOPEIbOBAHUMHM 31 3HA-
YEHHSIMM TIepIloi. AHAJIOTIYHO BU3HAYAKOTHCS M 1HII PYHKIIIT.

Jnsa orpumanns koedinicutis B; auckpuminanTHOi GyHKLIT TOTPi6-
HUW CTAaTUCTUYHUN KpUTEpid po3pizHeHHs KiaciB. Kiacudikariis 3MIHHUX
31MCHIOBAaTUMETHCSI TUM Kpalle, YUM MEHIIE PO3CISHHS TOYOK BiJTHOCHO
IEHTPOIa yCepeauHl TPYIU 1 YUM OUIbIIA BIACTaHb MK IEHTPAMU TPYIIL.
Taxkum 9MHOM, METOJI TIOIIYKY HAMKpaIoi TUCKPUMIHAIIT JaHUX TOJISATaEe
B 3HaXOJ[KEHHI TaKOl JAMCKPUMIHAHTHOI (yHKIII, sSika O MakcuMi3yBaja
BIJIHOIIEHHS MIXIPYIIOBOi Bapianii (Matpuiisi B ) 10 BHYTPIIHBOTPYIIOBO1
(matpuiss W'). EneMeHTH IUX MAaTPUIlhb BU3HAYAIOTHCS] BUPA3aMHU:

g
W =ZZ(xikm_xik)(xjkm_xjk), (1.18)
k=1 m=1
g . .
by =D m, (X = X)Xy = X)isj =L (1.19)
k=1

e & — KUIbKICTb KJaciB;, P — KUIbKICTh JUCKPUMIHAHTHUX 3MIHHUX; 7, —
KIJTbKICTh CIIOCTEPEXEeHb B K -l Tpymi; X, , X, — BEIWYMHA 3MIiHHOI I

(/) Mg m -ro CIOCTepeXKEHHs B k -ii rpymi; X, , X; — cepeJHe 3HAUCHHS

3MiHHOT I (/) B k - rpymi; X;, X; — cepeJHe 3HAYCHHS 3MiHHOI i (/) 1O
BCIX rpynax.

Marputi W 1 B MicTITh BCIO OCHOBHY 1H(OpMAaIIiio mpo 3aeKHOCTI
ycepeauHl Ipyll 1 MIKIPYIOBi 3aJIe)KHOCTI. 3HAXOJKEHHS KOE(IIIEHTIB
JTUCKPUMIHAHTHUX (DYHKIIM 3BOAUTHCS 10 PO3B’s3aHHS 3a7adi Ha BJACHI
3HAYCHHS 1 BEKTOPHU:

D by, =D wv, (1.20)
D by, =A) wyv, (1.21)
2= A W, (1.22)

e A — BJIacHE YMCIIO, V; — BIACHHUM BEKTODP.
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Koxxauii po3B’s30K, 10 Ma€ CBOE BJACHE 3HAYEHHS A 1 CBOIO IIO-
CJIIIOBHICTH V;, BIATIOBIA€ OJHIA JUCKpUMIHAHTHIN PyHKIli. KomMnoHneHTn
BJIACHOTO BEKTOpa V; MOKHa BUKOPUCTOBYBATH SIK KOE(DIIIEHTH TUCKPU-
MIHAHTHO1 (PyHKIII1

pi=vi\n-g.,pb, :_iﬂi‘xi, (1.23)

Jie n — 3arajibHa KUIBKICTh CIIOCTEPEKEHD B YCIX IpymHax.

3aranbHa KUIBKICTh JUCKPUMIHAHTHUX (YHKIIA HE TEPEeBUILYE
KUIBKOCTI AUCKPUMIHAHTHUX 3MIHHUX 1, IpUHANWMHI, HA OJUHUIII0 MEHIIE
KUIBKOCTI rpym. ICHy€e eKiIbKa XapaKTEPUCTUK, IO JO3BOJISIOTH OLIIHUTH

KOPHCHICTh TUCKPUMIHAHTHOI QYHKIIIi: KOSDIIIIEHT KOPEIISIi 7

(1.24)

A — cratucTtuka Yiakca

1

-1

=\ 1+ 4, ) (1.25)

ne k — KiIBKICTh po3paxoBaHuX (DYHKIIIH.

Yum Ounbllie 3HAYEHHA 7;, TUM Kpallle po3JuIsiova 37JaTHICTb JTHC-

KpUMIHAHTHOT QyHKIII. UMM MEHIIe 3HAYeHHs] A, TUM BHUIIE 3HAYYILICTh
BIJIMOBITHOT TUCKPUMIHAHTHOI (PYHKIII1.

HoBuii 00’€KT BIIHOCUTBCS JI0 KiIacy k., s SIKOTO 3HAYCHHS JHC-
KPUMiHAHTHOI PyHKIIT ¢}, € MAaKCUMAILHUM.

[Ipn HEBUKOHAHHI BKa3aHUX BUILE BUMOT BUKOPUCTAHHS JTAHOTO ajl-
TOPUTMY MO>KE BUKIMKATH Mpodsiemu. IIpoTe mpu mpakTUYHOMY 3aCTO-
CyBaHHI aJIrOpUTMY JIUCKPHMIHAHTHOTO aHaJi3y MJis PO3B’S3aHHS Pi3-
HOMAaHITHHUX 3a/1ad KJacudikailii i IepeBIpKU CHPABKHOCTI BCTAHOBJIIECHO
HOT0 I0CTaTHHO BUCOKY CTIMKICTh [123—125].

Tak, LDA ycnimHo 3actocoByBasiv njsi kinacudikamii 165 3paskis
(dpaHIy3bKOTO 1 0acKChKOTO CHAPY, KOXEH 3 SKHUX XapaKTepu3yBalu
HabopoMm 13 27 O03HAK, BU3HAYEHUX BUCOKOC(EKTUBHOIO PIIUHHOIO
xpoMarorpadi€ro 1 BKa3ylOUMX Ha BMICT PI3HUX MOJIPEHOIB y 3pa3kax
[29]. BumagkoBMM 4YHMHOM MacHB JaHUX pO30WIM Ha HaBYAIbHY
(75% 3pas3kiB) 1TecTtoBy (25% 3pa3kiB) BuOipku. Pe3ynbrath BHUKO-
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PUCTaHHSI METOAY JIHIMHOTO JUCKPUMIHAHTHOTO aHaIi3y TakKi: Ha eTarl
HaBYaHHS YaCTKU NPaBWJILHO BIJIHECEHHUX 3pa3KiB (DpaHIly3bKOTo 1 Oac-
Kcbkoro cuapy cknanu 99% i1 100%, a Ha erami kinacudikaiii TECTOBUX
3pa3kiB — 96% 1 100%, BiATOBIIHO.

PazoMm 3 TmM, Bimomi 1 3amadyi, IpU PO3B’SI3aHHI SKUX JHIAHUAMA
JTUCKPUMIHAHTHUM aHaI3 MPUBOAUB J0 HE3aJ0BUIBHUX PE3yJIbTaTiB (KJia-
cudikaiiss 3pa3kiB CBUHHMHHU 3 mommwikoro 32% [103], knacudikais
3pa3kiB cupy 3 noMmikoro 44% [126]).

Cnin 3a3Hauutd, mo LDA HemouiJibHO 3aCTOCOBYBAaTHU IPU TEpe-
KpUBaHHI KiaciB. {s po3B’s3aHHs TaKWX 3a/1ad OUIbII MEPCIEKTUBHUMU
€ AITOPUTMH, 3aCHOBAHI Ha TEOPIi HEUITKUX MHOXHUH. Teopito HEUITKUX
MHOHUH 3alporioHyBaB moHax 40 pokiB TOMy aMEpPHKAHChKUM MaTEMaTHK
Jlotdi 3ame. Metoau Ha OCHOBI HEYITKOI JIOTIKH JO3BOJISIOTH MPAIIOBATH
3 JAHUMH, SKUM BJIACTHB1 HEBU3HAYCHICTh 1 HETOYHICTD, 1 JOIMYCKAETHCS
MOXJIMBICTh YaCTKOBOI IPHUHAJICKHOCTI 00 ’€KTIB 10 ACKUIBKOX KJIaciB
(oIMH 1 TOM k€ 00’€KT MOXKE€ OJHOYACHO BIJIHOCUTHUCS JO PI3HMX KJIACIB,
ajie 3 pI3HUM CTYTICHEM MPUHATICKHOCTI).

Heuitkuil niHiiHuid quckpuminanTauil anami3 (Fuzzy Linear Discri-
minant Analysis, FLDA) € BIOCKOHaJ€HUM aJrOPUTMOM JiHIMHOTO
JTUMCKPUMIHAHTHOTO aHai3y. BiH 3matHuit HagaTy OubIne iHGoOpMallii mpo
CTPYKTYpYy HaOOpIiB JaHUX, 110 BUBYaroThes [115, 127-129].

FLDA ckianaetbes 3 Takux KpokiB [130]:

1. Po3paxyHOK HEUITKHUX MPUHAJIEKHOCTEH KOXKHOTO 3pa3Ka J0 BCIX
KJIaciB 3a JOTIOMOTOI0 HEUITKOro ainroputMy k-cepemHix (Fuzzy C-means,
FCM).

FCM-anroputm npuiyckae, o o0’ €KTH HaJeXaThb yCIM KiacTepaM i3
MEBHUM CTYIEHEM MpUHAIEKHOCTI. CTyMiHb NPUHATIECKHOCTI BU3HAYAETHCS
BIJICTAHHIO BiJ 00’€KTa 10 BIAMOBIAHMX IIEHTPIB KJAcTepiB (Haiyacriiie
BUKOPUCTOBYIOTh EBKIIIOBY MeTpuky). Lleil anmroput™m itepamiiiHo po3-
pPaxoBy€ KOOpPJIMHATU IIEHTPIB KJIACTEPIB 1 HOBI CTYIEHI MPUHAJIEHKHOCTI
00’€KTIB.

AJITOPUTM 3aCHOBAHUM HA MiHIMI3aIlii HUIBOBOT (DYHKIII]

g M
J =202t (i = €)° (1.26)
k=1 m=i

ne €, — 1HeHtp k-ro kuacy, u#,, — CTYIiHb IMPUHAJIEKHOCTI 00’€kTa m

k-my kiacrepy, [ — eKCIIOHEHIliaIbHA Bara — JIilCHE YUCIIo, Oibie 3a 1.
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3aBnandsM FCM-anroputmy € po30UTTss HA0Opy 00’ €KTIB Ha 3aJjaHy
KUTBKICTh KJ1aciB. [lepBUHHA MaTpUIlsd MPUHAICKHOCTEH 00’ €KTIB 0 Kila-
CiB T€HEPYETHCS BUTMATKOBUM YMHOM. [1OTIM po3paxoByHOThCS KOOpAMHA-
TH IIEHTPIB KJaciB, EBKIIAOBI BiICTaH1 1 HOBI 3HAYEHHS MPUHAICKHOCTEN
00’€KTIB J10 KJIaCIB:

Ny
l
Z u mk xikm
m=1

C, =

T (1.27)
Zumk
m=l
— 1
mk , 2
- 1 = (1.28)
(X =€) 1"
‘ ' ; X =€)’

PoGora anroputmy MNPUNUHSETHCS, KOJIM KBaApaT PIZHUII MIK
HAOyTUMU 3HAYCHHSIMHU TPUHAICKHOCTEH 1 3HAYCHHSMM MPUHATIC)KHOCTEH,
OTpUMAaHUX Ha TMONEpeAHIN iTepallii, CTa€ MEHIIE 3aJaHOro IapaMeTpa

tounocti U —u'| <& [127, 131, 132].

2. Po3paxynok matpuils W 1 B BHYTPIIIHBOKIIACOBHUX 1 MiXKKJIACOBHX
Bapianil. Iloka3Huku, 1O BXOJATH N0 (OPMYJ pPO3pPaXxyHKy BHYTPIIII-
HBOKJIACOBUX 1 MIXKKJIacoBUX Bapiariii (1.18), (1.19), po3paxoByroTh Tak:

n, =nu

mk »

(1.29)
Xy, =U, X

tkm tkm »

Ny

u mk ’xikm

X. -_—ee BB
i " , (1.30)

g T
Z Z umk xikm

X = k=1 m=1

: g : (1.31)

AHanoriuHo po3paxoByIOTh X 4, , X;, X, .

3. Bigbip IUCKpUMIHAHTHUX 3MIHHMX 1 PO3pPaxyHOK JUCKPUMI-
HAHTHUX (DYHKI[IH.
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3actocyBaHHs aiaroputMy FLDA gemo miaBuinye e(QeKTHBHICTh
kiacudikaiii mopiBasHO 3 MetogoM LDA [133]. Tak, mokaszano, 1o mpu
PO30UTTI HA0OPY 3pa3KiB apaxicy 3a JAaHUMH 100 iX CIEKTPIB Y OJIMKHIM
[Y-o6macti Ha 3, 51 6 rpyn metogoM LDA TouHicTh Kiacudikailii ckiaia
42%, 56% 1 70%, BIANIOBIAHO, @ MpU BUKOpUCTaHHI anroputmy FLDA
TOYHICTh PO3AiNCHHS miaBummiacs 10 45%, 63% 1 73%.

lepesa knacughixayii i peepecii (Classification and Regression
Trees, CART)

JlepeBa perpecii 1 knacudikaliii, BIIOMI TaKOX IiJ 3arajibHOIO
Ha3BOIO SK JiepeBa NpuHATTA pimeHb (Decision Tree, DT), € nonmynsapaum
METOJIOM PO3B’sI3aHHS 3a/a4 Kiacudikarii 1 TporHO3yBaHHS 3 HaBYaHHSIM
[134—139]. Ilicns HaBYaHHS JepeBa MPUUHSTTS PIIIEHb CIOCTEPEKECHHS,
0 KJIAaCU(DIKYIOThCS, MPEACTABISIOTECA SK IMOCIIOBHOCTI KOHCTPYKIIiH
«If-Then» («Skmio-To»), opranizoBaHuX y BUTJISII J€pEBA.

bynp-sxe nepeBo pillleHb, MO CYyTi, € JAepeBOBUIHMM Tpacdom. Il
CTPYKTypa JaHUX CKJIAJa€ThCS 3 BY3JIB, CHOJYYCHHX OJUH 3 OIHUM
pebpamu (ritkamu). [Ipu 11boMy HE TOMYCKa€EThCs, 00 pedpa yTBOPIOBAIN
IIUKJI, OCKUIBKH TOJIl JIEPEBO MEPETBOPIOETHCS Ha rpad), BiAMIHHUNA BIJ
JepeBOBUIHOTO. JlepeBO Mae oOAuH OCOOJUBHM BY301 — KOPECHEBUU
(xopinb). KopeHeBuil By30J1 € OCHOBOIO JIEPEBa, OCKUIBKU BiJ] HBOTO MOXXHA
NeperTH Mo JepeBy 10 OYIb-IKOTO IHIIOTO By3jJa. B KIHII JaHITIOKKA
OIpsa 1IydnXx pedep 3HAXOIAThCS JUCTOBI BY3NU (JIUCTSA, TEpMIHAIbHI
By311). Kopinb aepeBa MICTUTH yC1 JIaHi, 10 KIaCU(BIKYIOThCS, a JUCTSI —
NEBHI KJIacu, OTpuMMaHl B pe3ynabTaTi kiacudikamii. IlpoMikHi By31HM
JepeBa € MYHKTaMH TMPUUHATTSA PIIIEHHS Tpo BUOIp a00 BHUKOHAHHS
IpoNEayp TECTYBaHHS, a TUJIKW, IO BUXOAATH 13 BY3IIB, BIJMNOBIIAIOThH
KUTBKOCTI MOMJIMBUX PE3yJIbTaTIB MPOIEAYypU TeCTyBaHHS. By3on, skuit
MOXKHa PO30MTH Ha JiBa HOBI, HA3UBAETHCS OATHKIBCHKUM (BY30J1-0aThKO),
a HOB1 BY3JIM — By3JlaMU-HaIaaKkaMu (T JICTIIMH).

1 moOylioBu JepeBa pillieHb aJrOPUTM CIOYaTKy CTBOPIOE
kopeHeBuil By30i1. B anroputmi CART kokeH By30J1 JiepeBa pillieHb Ma€
JIBOX HamaakiB. Ha koxHOMY Kpolll o0y 0BH JiepeBa pillieHb MPaBUIIO,
chopMoBaHe y BY3Ji, IUIWTh HaBUaJIbHYy BHUOIpKY Ha JIBl YaCTHHU —
YaCTUHY, B SIKI BUKOHYETHCS MpaBuiIo (Ham@aaok-right), 1 4acTuHy, B sK1A
MPaBWJIO HE BUKOHYEThCS (Haianok-left). ¥V koxxHomy By3ii po30UTTs e
TIJILKY 10 OAHIN 3MIHHIN. 3arajbHe MPaBWIO AJi1 BUOOPY 3MIHHOI MOXHA
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copMyIIrOBaTH TaK: BUOpaHa 3MIHHA IMOBHHHA PO30MTH BUOIPKY JaHUX
Tak, 100 OTpUMaHi B Pe3yJbTaTi MAMHOXKHUHU CKIIAJAINCS 3 00’ €KTIB, 1110
HaJIe’KaTh JI0 OJHOIr0 Ki1acy (a00 Oy MakCMMaJIbHO HAOJMKEHI JI0 LIOTO,
TOOTO KUTBKICTh 00’ €KTIB 3 1HIITUX KJIACIB y KOXKHIM 3 IUX MIAMHOXXUH Ma€
OyTH sikoMmora MeH1or0). Ha koxxHOMYy KpoIll moOyI0BH J€peBa aarOpuTM
MOCIIJOBHO MOPIBHIOE BC1 MOXKJIMB1 PO30UTTSI /ISl BCI1X 3MIHHHUX 1 BUOMpae
HaWKpanie po30UTTS.

[ToGynoBa gnepeBa NPUUHATTSA PpillleHb BIIHOCUTBCA JI0 3adad
HaBYaHHSA 3 yUUTeaeM. SKICTh pO30OUTTS OLIIHIOIOTH 32 TaK0 (hOPMYJIOLO:

1 1 1
Gzﬁ L(l—ﬁ;liZ]JrR(l—Rz;rfj , (1.32)

ne N — KUIBKICTh 3pa3KiB y By3Mi-0aTbKy; L 1 R — KIUIBKICTh 3pa3KiB
y NiBOMy i IpaBoMy By3Jlax-HallajKax, BianosigHo; /; Ta 7, — KiIbKicTh
00’€KTIB I -I'0 KJIacy B JIIBOMY / TpaBOMY BY3JIi-HaIlIJIKy .

Kpamum Oyzae Te po30uTTs, I sIKOro 3HadeHHS QyHKIii G Mak-
CUMaJIbHE.

HenomnikoM MeTomy € Te, IO JAEPEBO MOXKE BUSBUTHUCS TMEPECHAB-
yeHuM. Tomy HactynHuil eran anroputMy CART — BiacikanHs (CKOpPO-
YeHHs, 3MEHINEHHs) aepeBa (minimal cost-complexity tree pruning).
OcHoBHa npo6ieMa BIJICIKAHHS — BEJIMKA KUIbKICTh MOXKJIMBUX BIJICIYEHUX
niagepeB aus oxHoro jaepeBa. IlodHaummo depe3 7 KiNBKICTH Tep-
MiHaJBHHX BY3IiB JepeBa, a uepe3 R(T') — nomuiky kiaacugikalii gepesa
(BITHOIIEHHST KUIHKOCTI HEMPABMWIHHO KJIAaCHU(DPIKOBAHUX 00’ €KTIB JO Kijb-
KocTi 00’exTiB y HapuanbHiii BuOipui). Busmaummo C,(7) — mnosmny
BapTICTh (ITOKa3HUK BUTPATU-CKIIAJHICTD) AepeBa I’ — sK

C,T)=RT)+al, (1.33)

7ie oL — TIapaMeTp, 110 3MiHIEeThCs Bl 0 10 +oo.

[loBHa BapTICTh JepeBa BKIIOYAE BI KOMIIOHCHTH — IIOMUJIKY
kiacudikaiii 1 mrpad 3a HOro CKIAAHICTh. JJIsI CKOpOUYEHHS HEOOX1THO
MEePEeBIPUTH Mapu BY3JIB, II0 MalTh 3arajJibHOro Oarbka, 1 3’sICyBaTH,
Hackinpku 36inmemmTecs C, (1) npu ix 00’equanni. SIKmo 30iabIIEHHS
ONMHUTHCS MEHIIE 3aJaHOTO IOPOry, TO OOWABA JIMCTOBI BY3JIM 3JIMBa-
IOTBCS B OJMH, JJIsS SKOTO MHOXHHY PpE3yJIbTaTiB OTPUMYIOTH 00’€]I-
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HAaHHSM pPE3yJbTaTiB y MOYATKOBHX JUCTAX. [7es mossirae B Tomy, 1100
3HAWTU 3HAYEHHS O, JUIs KOXKHOTO By3ya ! B JiepeBi 1 1 BUOpatu «ciiabki
3B’SI3KW», TOOTO BY3JH ¢, JJIS IKMX 3HAUCHHS
R(#) - R(T)
T-1

a(t) = (1.34)

€ HatMeHITUM. Tak yHUKaroTh (GeHOMEHY TIepeHaBYaHHS.

[ToOynoBa paepeBa perpecii 6arato B 4oMy CXOa 3 MOOYJOBOIO
nepeBa kiacu@ikamii. Crnodatky OyaylOTh JI€pEBO MaKCHUMAalIbHOTO
pO3MIpy, SKE€ MOTIM OOpI3yl0Th JI0 ONTHUMaJIbHOrO po3Mipy. IIporec
noOy/IOBU JiepeBa BIIOYyBaeTbCAd TMOCHIMOBHO. Ha meprmomy Kporr
OTPUMYEMO PETPECIiiHY OIlIHKY SK KOHCTaHTy IO BChOMY IPOCTOPY
00’exTiB. KoHCTaHTa pO3paxoBY€EThCA K CepeHE apudMETHUHE BUX1THOT
3MIHHOI B HaBYaJIbHIA BUOIpIIl. SIKIIIO MO3HAYUTHU BCl 3HAUYEHHS BUXIJTHOI

3MibHOI 5K V), Y,,..., Y, | TO perpeciiiy OLiHKY 3HAXOAATH SK

Fx)= ZY Ii(x), (1.35)

ne R — mpocTip HaBYAIbLHUX 00’€KTIB, 7 — KiIbKiCTh 00’€KTiB, [,(x) —
iHAuKaTopHa PyHKIIA pocTopy (HAO1p mpaBuJl, 110 OMUCYIOTh MOMA aHHS
3MIHHOI X JI0 POCTOPY).

Ha napyromy kpoli mpocTip IUIATh Ha MBI 4yacTUHU. Perpeciiina
OIliHKa HaOyBa€ BUY

f(x)= ZY Ly (x)+ ZY 2 (%) | (1.36)

I, 7

OIIHKOIO KpaIlloro po30UTTS CIyTrye CymMa KBaJApaTiB PI3HUIIb
E=) (¥ -f(x))?, (1.37)
i=1

AKY TTIOTPIOHO MIHIMI3yBaTH.

[Tportec po30UTTS MPOAOBKYETHCS 0 TUX TP, MOKKW CyMa KBaJpaTiB
PI3HUIIb HE CTaHE MEHIIIE TIEBHOTO HAaNepel 3a/1aHOT0 TOPOTY.

Bincikanns 1 BuOip GiHAIBHOTO JiepeBa MPOBOJIUTHCS 3a MPOIETY-
paMM, aHAJIOTIYHUMM BUKOPUCTAHUM ISl JepeBa Kiacudikaiii. €auHa
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BIJIMIHHICTh TIOJISITA€ B OLIIHIOBaHHI IOMHWJIKM BIJIMNOBIJI JIepeBa, SKY
PO3paxoBYIOTH 3a (HOPMYIIOIO

1 n
R(f)=nZ(Y,-—f(xi))2. (1.38)
i=1
BapricTh nepeBa nopiBHIOE

C,(/)=R(f)+of . (1.39)

[licna cTBOpeHHs jAepeBa pillieHb 3 ABISIETHCS MOMKJIIMBICTH KJacH-
¢iKyBaTH HEB1IOMI BHOIpKM JaHUX. BU3HAueHHsS Kiacy 3A1MCHIOETHCS
IUIIXOM MEPEeXoAy MO JIepEBY, MOUMHAIOUM B1J] KOPEHEBOTO BY3Ja, Y Ha-
npsiMi 10 TUCTOBUX BY3JiB [134-139].

Jlo mepeBar meToay MmoOynoBH JepeB perpecii 1 kiacudikarii Bif-
HOCSITh iX l€epapxiyHy OyAOBY Ta MOXJIMBICTh MOCIIAOBHO BUBYATH €(EKT
BIIMBY OKPEMHX 3MIHHUX.

Tabnuys 1.3
Pe3yabTarn 3actocyBanns aaropurmy CART pis kiaacugikamii
3pa3KiB NMIIEHHUII, BEPIIKIB i 3€JICHOTr0 Yal0 3a JaHUMH
IY-cnexkTpockomii

Haguanbna TecroBa o
) ) HenamiHicTh
O0'exT BUOIpKa BUOIpKa .
— . knacudikarii, %
(KUITBKICTH 3pa3KiB)
[Tmresnng 70 30 13
Bepuiku 450 537 5
3esneHun yan 70 50 18

Posrnsinemo mpukinan BukopuctaHHs anroputmy. Jms 100 3paskiB
nmenun, 987 3paskiB BepuikiB 1 120 3pa3kiB 3€JIEHOr0 4ar0 OTpUMAau
[Y-cniexktpu 1 po3aiunmim, 3actocoBytoun anroputM CART, koxeH 13 oTpu-
MaHMX MAcHUBIB JaHUX Ha JBa kjacu [136]. ¥V Ttabin. 1.3 npencraBieHo
OI[IHKM HEHAAIHHOCTI poO0TH anroputmy. OIIHKOK HEHAIHHOCTI CIyTYE
noMuJika Kiacudikailii 3pa3kiB TECTOBOI BUOIPKH (BIIHOIICHHS KIJIbKOCTI
HEMPaBWIbHO KJIAaCU(IKOBAHUX 3pa3KiB TECTOBOI BUOIPKHU 10 3arajibHOl
KUIBKOCTI 3pa3KiB y L1 BUOIPIIL).

Memoo onopnux eexmopis (Support Vector Machines, SVM)
MeTon onopHUX BEKTOPIB — II€ Ipyla ajlroOpUTMiB, 3aCHOBAHUX HA
HaBYaHHI 3 yuuteneM. Moro BUKOPUCTOBYIOTH ISl PO3B’SI3aHHS 3a]ay
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OiHapHOi Kjacudikaiii Ta perpeciiHoro anamizy. B OCHOBI MeTomy
J€KUTh TOHSITTS IUIONIMHU PO3B’SI3KiB, 1110 BU3HAYAIOTh T'PAHMII MPHUKA-
HATTS PIIICHb, TOOTO PO3JAUICHHS OO’ €KTIB y MPOCTOPI 3MIHHUX 3/1M-
CHIOIOTH 32 JIONIOMOT010 MO0y A0BH Tinepruionuuu [95, 140—-142].
INneproniuuy OyAyrOTh Ha OCHOBI HABYAJILHOT BUOTPKH — MHOXKHUHHU

00’€KTIB X,;, 3aJlaHUX y BHUJI BEKTOPIB 3MIHHHMX 3 SIBHUM ITO3HAYEHHSIM
MPUHAJICKHOCTI JI0 OJHOTO 3 KiaciB ¢; (+1, —1). I'imepmioniuay O0y1ytoTh
TaK, 100 MakKCHUMI3yBaTH IIMPUHY TpaHUIl (IIUPUHY CMYTH) MIXK MO3HU-
THBHOIO 1 HETaTUBHOIO YaCTMHAMHU HAaBUAJIbHOI BUOIPKH.

Takum ymHOM, y TOOYIOBI TINEPIUIONMHU OEpyTh y4dacTh JIUIIE
OTIOpHi1 BeKTOpH (support vectors), ToOTO OO0’€KTH Ha TPaHHIN MIXK
YacTUHAMU HaBYaJIbHOI BUOIpKkH [143, 144].

[NineprutonuHy MO>KHA MPEICTaBUTH Y BUI1

w-x=b, (1.40)

Heo0xigHO 3HANTH BEKTOpP W TaKuM, MO0 JJIs IEBHOTO TPAaHUIHOTO
3HaYCHHs b 1 HOBOI TOYKM X, BUKOHYBAaJlacs yMOBa

w-x, >b=c¢, =1
w-x, <b=c, =-1. (1.41)

Skmo ckansipHUl T00yTOK BEKTOpa W Ha X; OUIbIIE MEBHOTO IIO-

pPOTOBOTO 3HAYEHHS b, TO HOBY TOUYKY BIJHOCSTH JO MEPIIOi KaTeropii,
KO MEHINE — J0 Jpyroi. BekTtop W MNepneHIUKYJISIPHUN IIyKaHINA
PO3AUIAIOUii MpsMi, a 3HaYCHHS b 3aJIeKUTh BiJ HAHKOPOTIIOI BiAcTaHi
MIK PO3AUISIOUOIO MPAMOIO 1 TOYaTKOM KoopauHart [ 145, 146].

Skmo HaBYanabHA BUOIpKA € JIHIMHO PO3AIIMMOIO, TO 00paTH rimep-
IJIOIIMHU MOKHA Tak, 100 MDK HUMM HE Jie)Kajla JKOJIHA TOYKa HaB-
qaibHOI BHUOIpKH, a TMOTIM MaKCHUMI3yBaTH BIJACTaHb MiX TiNEpIUIO-
muHaMmu. [IluprHa CMyru MK HUMU

w\ _(wx)—(wax) (D =(w =D _ 2

" o o 1

(x+ —X )9

[IIuprHa cMyru MakcuMaibHa, KOJIM HOpMa BEKTOpa W MiHIMAJIbHA.
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JI71s1 BUKJTIOUEHHSI BC1X TOYOK 31 CMYTd HEOOX1JTHO MEPEKOHATUCS, 1110
mst Beix i (1 <7 <n) BukoHyeThest ymMoBa

c,(w-x,=b)=1, (1.43)
OnTuMalibHy pO3AUISAIOYY TINEPIUIOMUHY OyAYIOTh, MIHIMIZYIOUH

HWH 3 ypaxyBaHHsM ymMoBH (1.43) [146, 147].

[Ipu pobGoti 3 OararomapaMeTpUUYHUMH JAHUMH PEKOMEHIYIOTh
BU3HAYUTH HaOUIbll 1H(OpPMATHBHI 3MiHHI. [X BHOIp IPYHTYy€TbCs Ha
PO3paxyHKy 3Hau€HHs F' 1711 KOJKHOT 3MIHHOI:

F(i) = G0 -%) + (& -%)° . (1.44)

1 o 1 .
_lzow T 2<x,w -0’

k=1

e M, — KUIBKICTb TO3WUTHBHUX 3pa3KiB, 7_ — KIUIbKICTh HETaTHMBHUX

. —(+ —(— — . . e ()
3pa3sKiB, X,-( ),X,-( ),x,- — CCpCIH1 3HAYCHHS -1 O3HAKU B IIO3UTHUBHIU, HEra-

TUBHIN YacTHHAX 1 B yC1id BUOIpIIL, BIJMOBIIHO, x,E ,),x,({ l) 3HAYEHHA I -1 03-

HAKH K -ro IMO3UTUBHOIO 1 HETaTUBHOI'O 00’ €KTiB, BIAIIOBIAHO.

3MiHHI COPTYIOTh 3a 3HaUYCHHIMU F, TPUYOMY 3MiHHI 3 HAWMEHIIUMHU
3HAUYCHHSIMH F BiakumaioTh [148].

Y BuUmaaky JIHIMHO pO3AIILHOT BUOIPKM PO3B’SI30K  3ajadi
KBaJIpaTUIHOI ONTUMI3alLlli Ma€ BUJI

w= Zﬂ’icixi , (1.45)
i=1

ne 4, — Bekrop noagilHux 3MinaKX. Jxmo 4; >0, To 06’ekT HaBUANBEHOI

BUOIPKM X; Ma€ Ha3By OMOPHOro BekTopa [ 144, 149].

Arne B OUIBIIOCTI BUMAJKIB 3ajaui kiacudikaiii HE Taki MpocCTi
(HampuKJIaJ, 32 YMOBHU MEPEKPUBAHHS KJIACIB), 1 4aCTO HEOOX1THO OyayBaTH
ONTUMAaJbHI PO3OUTTS MHOXHH OO0’€KTIB 3a JOMOMOIOI0 PO3AUIHLHUKIB
HabaraTo CKJIAQIHINIOI CTPYKTYPH, HDK JIHIMHUNA pO3AUIBHHUK. [ 11bOTO
MOYATKOBI 00’€KTH MEPEYNOPSAIKOBYIOTh 3a JOMOMOTOK CIEIialbHOTO
KJlacy MaTeMaThuyHux (QyHKIN, 3BaHuX sapamu. Lled mporec mnepe-
YIOPSIIKOBYBAaHHS HA3UBAIOTh 1116 TEPETBOPEHHSM 00’ €KTIB  (Imepe-
rpymnyBaHHsaM). Tomi kimacudikyroua dyHkiis Mae Bua [ 148, 150]
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g(x)= iﬂiclK (x;,X)+b (1.46)

ne 4, — xoeQilicHTH, 0 BU3HAYAIOTHECA B XOJ1 ONTHMI3alii, X; — OMopHi
BekTopu, K — snepna ¢yskiis (kernel function), siky BUKOPHUCTOBYIOTH
JUISL TIEPEXO0AY 10 HENMIHIMHOI PO3A1ISI0Y01 IIOBEPXHI.

Hait6inp1m nommpenumMH € taki siapa [147, 151]:

— noninomianse K(x,,x) = ((x,,x)+1)¢;

— papnianbHa GasucHa yHkuis K (x;,x) = exp(—f|x; — tz) :

ne B — nmapamerp;

2
x, = ¥
2 9
o

— panmianbHa 6a3ucHa QyHkis ['ayca K(x;,x) = exp| —

ne ¢’ — muchepcis.

[lepeBaru metomy SVM Taki: 3ajadya KBaJpaTUYHOI ONTHUMI3allli Mae
€IUHUIN PO3B’A30K; MpaBmiia Kiacudikaiii oOMparoTh HE 3a JIOMOMOTOIO
MEBHUX E€BPUCTHUYHHUX MPUMYIICHb, a MPH ONTHMI3allli MEBHOI (PYHKIIII;
JTHIMHUN Ki1acudiKaTop BUKOPUCTOBYIOTH JJIsi poOOTH 3 JaHWUMH, IO
PO3IUISIOTHCS HEJIIHINHO; aJITOPUTM IMOEIHYE TPOCTOTY BUKOPHUCTAHHS
3 €PEKTUBHICTIO; € MOXJIMBICTh NPH BUKOPHUCTAHHI PI3HUX SAEp peai-
30BYBaTH 1HII METOAM Kiacu@ikailii (HEHpPOHHI MEpPEXi 3 CUTMOITHUMU
GYHKIISIMU  aKTUBaIlli, HEHPOHHI MEpEexXi 3 paalaibHUMU (PYHKIISIMU
akTuBarii) [145, 147].

PosrasiHemMo SK TpUKIIAL 3aCTOCYBaHHS METOJY OIOPHUX BEKTOPIB
s kinacudikaiii 3paskiB cupy [152]. Habip nanux cknagaBcs 3 60 3pasz-
KiB cUpy 6 pi3HUX BUJIB, 0 10 3pa3kiB KoxkHOTO BUay. KoxeH 13 3pa3kiB
cupy onucyBau 35 Hi3MUHMMU, XIMIYHUMH XapaKTEPUCTUKAMM 1 Xapak-
TEPUCTHUKAMHU 30BHIINIHBOTO BUTJAAy. HaByanbHa BuOIpkKa BKIHOUaja
48 3pa3kiB, TecroBa — 12. Knacudikaiiro npoBOAuIN 3 BUKOPUCTAHHSIM
Kpoc-Bamijamii (mepexpecHoi MepeBipKHM JOCTOBIPHOCTi), TOOTO Ha
KOXXHOMY KpOIIl Kpoc-Bajijalii popMyBaJid HABYAJIbHY 1 TECTOBY BUOIPKH,
a HEHAJIMHICTh METOJly OI[IHIOBAIA SK CEpPEeJHE BCIX IMOMUJIOK KIa-
cudikaiii. B axocTi sigjpa BUKOPUCTOBYBAIMU pajlajibHy 0a3ucHY (YHKIIIIO.
B T1abmn. 1.4 HaBeaeHO OMIHKM HEHAIIMHOCTI METOAY OIOPHUX BEKTOPIB
s kinacudikamii 3paskiB  cupy. OINIHKOI HEHAIIMHOCTI CilyryBaja
noMuJIKa Kiacugikailii 3pa3kiB TECTOBO1 BUOIPKHU.
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Tabnuys 1.4
PesyabTraTn kiaacu@ikamii 3pa3kiB CMpy MeTOIOM ONMIOPHUX BEKTOPIB

Henaniinicts knacudikariii, %

Bun 1 Bug 2 Bun3 | Bun4 | Bun5 | Bun 6 | Cepenne 3HaueHHS
4 24 34 26 0 14 17

llpoexyia na namemwmui (npuxoeamui) cmpykmypu (Projection on
Latent Structures, PLS) i PLS-peepecis

IchHytoTh ABa TiyMaueHHs (yHaaMmeHtaibHOro merony PLS: «Partial
Least Squares» — «4acTkoBD» a00 «OKpemi HaWMeHII KBaapaTu» 1 «Pro-
jection on Latent Structures», 10 JOCIIBHO NEPEKIANAETHCA SIK «ITPOEKITis
Ha JIATEHTHI CTPYKTypw». PeKOMEHAYIOTh BUKOPHUCTOBYBATH Jpyre
TIyMa4eHHs, OCKIJILKU BOHO BioOpaxkae cyTh metoay [91, 106].

PLS-ananiz — nomyJsispHuid MeTos 0araTOBMMIPHOTO TpaayrOBaHHS,
BIH SIBJIIE COOOIO MOTYXHY aJbTEPHATUBY METOJY TOJIOBHUX KOMITOHEHT,
OCKUIbKA HAJIa€ MOXJIMBICTh TIYMAUUTH PE3YJbTaTH 13 BUKOPUCTAHHSIM
MEHIIIOI KIJTbKOCTI TOJIOBHUX KOMITIOHEHT (y JaHOMy BUOaaky — PLS-koMm-
nonenr) [101, 106, 153].

Ha BigMiHy BiJi METOAYy TOJIOBHMX KOMIOHEHT, y Metoiai PLS mpo-
BOJIUTHCSl OJTHOYACHA JEKOMMO3HUIIS (pO3KIIaJaHHs, pO3OUTTS) IBOX MaT-
putib: X (IPEaUKTOpH, HE3AIEKHI 3MIHHI, HANpPUKIaJ, CHEKTpabHI
cMyru) Ta Y (BIATYKH, CHOCTEPEKEHHS, 3alie’KHI 3MiHHI, HAIpPHKJIA],
KOHIICHTpaIlll KOMIIOHEHTA):

X=TP' +E=t,p,+t,p, +..+t,p, + E (1.47)

Y=UQ' +F = ulqi +u2q'2 +...+unq; +F, (1.48)

ne T i U — marpuni paxyskis, P i O — marpuii HaBaHTaxeHb, E Ta
F' — MaTpwIll 3aJIMIIKIB.

[cHytOTh JBa TOMYJISIPHI PI3HOBUAM METOJY MPOEKIIA Ha JIATCHTHI
ctpyktypu: PLS1 1 PLS2. Mogens PLS1 OynytoTh ais €1MHOi 3MiHHOT ),
HAMpUKIaJ, s KOHIEHTpAIlli OJHOTO KOMIIOHEHTa B cywmiuil. Mojenb
PLS2 po3paxoBytoTh 11 AEKUIBKOX 3MIHHUX Y OJHOYACHO, 1110 JTO3BOJISIE
MOJIETIOBAaTH Oyab-AKy KOMOIHAIIF0 3MIHHHMX CHUTbHO. BiamoBigHuMm
YUHOM BIJIPI3HSAIOTHCS 1 PO3PAXYHKOB1 aIrOPUTMHU IIMX METO1IB (Tadm. 1.5,
1.6), Ha KOXHIM iTepailii po3paxoByeThcsi onHa PLS-xommonenrta. Sk
npaBuio, wmerony PLS mnepeaye ueHTpyBaHHS a00 HOpPMYBaHHS
nepBUHHUX Matpullb X 1Y [154].
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Tabnuys 1.5
Aaroputm PLS1
No kpoky [Ipouenypa [losgscHeHHs
t
1 w. XY, Po3paxyHOK HOpMaIi30BaHOT'O BEKTOPA
’ ‘ X!y 3BaKCHUX HABAHTaXEHb W
2 t.=X/w, Po3paxyHok BekTopa Bar f
t
y i tz . .
3 q; o Po3paxyHok HaBaHTaK€HHSA ¢ 3MIHHO] 1
7
Xt
4 p: = Po3paxyHOK BEKTOpa HAaBaHTaXEHb P
1,
E,=X,-T'P, .
5 r Po3paxyHOK 3ayM1LIKIB
F, =y, -bT.0,
6 I=i+1 ITepexin 1o HacTymHOi PLS-koMIoHEHTH
Tabnuys 1.6
Aaroputm PLS2
No kpoky ITpouenypa [TosicHeHHs
1 u, Bubip moyatkoBOT0 HAOMMKEHHS U
X'u :
) W= il Po3paxyHOK HOpMaIi30BaHOT'O BEKTOPA
X ‘u, 3BaKCHUX HABAHTaXEHb W
3 t.=X/w, Po3paxyHOK BeKTOpa paxyHKIB /
t
4 g = Y, Po3paxyHOK HOpMaIi30BaHOT'O BEKTOPA
: Y't, HABAHTAXKCHD ¢
5 u, =Y'q, Po3paxyHok BeKkTOpa paxyHKIB U
- [lepeBipka 301KHOCTI aITOPUTMY: SIKILO
6 ti new ti old‘ < hm :
’ : yMOBa HE BUKOHYETBCS — MEPEX1]] A0 KPOKY 2
Xt
7 D, ) Po3paxyHOK BEKTOpa HABaHTAXKEHb P
t't
t . . .
] b = u;t, Po3paxyHOK BHYTPIIIHBOTO KOe]ilieHTa
Cot, perpecii
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IIpoooeoicenns maon. 1.6

E =X, - Tzth
9 r Po3paxyHoK 3anunikiB
Fi = Yz - biTiQi
10 I=i+1 [Tepexin qo HacTynmHO1 PLS-koMIIOHEHTH

Posknananns matpuib X 1 Y meromom PLS2 TicHO 3B’s13aH1 ofHE
3 onHuM. Ilepmmii HaOlp 3Ha4YeHb BEKTOpPiB-HaBaHTaXXE€Hb P, 1 ¢,
OTPUMYIOTh 3 YMOBU MaKcUMIi3allli koBapialii (Mipu J1HIHHOT 3aJI€KHOCT1)
MDK BIAMOBITHUMH BekTopamu X Ta Y. IIpoekTyBaHHsSM JaHuX Y Ha ¢,
OTPUMYIOTh TEepUIMK HaOlp 3HAUYE€Hb BEKTOpa paxyHKiB #,. Marpumi X
1 Y omocepeakoBaHO 3B’s3aHI Y€pe3 BEKTOPU-PAXYHKHU: BEKTOP PaxyHKIB
U, € BIAMPABHUM IYHKTOM JJIsI PO3PaxyHKy BeKTopa [ -paxyHkKiB. [Ipu
1boMy B MeToil PLS2 moyaTkoBuii BEKTOp f, 3aMIHIOETHCS Ha U, 1, TAKUM
YUHOM, CTPYKTypa JaHux Y 0Oe3rnocepeaHbO BIUIMBAE HA JIEKOMIIO3UIIIIO
Mmatpuili X . Bektop ¥, (BimoOpaxae cTpykTypy Y ), 3a 10oMororo sikoro
BUOUPAETHCA TEPIIMI HampsM y ACKOMIIO3MINT maTpuili X, /ae HOBI
HAaBaHTOKEHHSA i1 Marpuii X, IO II03HAYAIOTHCS CHUMBOJIOM W
(loadings-weights — 3BaxeH1 HaBaHTaKEHHS).

[Ticyist bOro po3paxoBYIOTHCS HOBI ¢ -BEKTOPH MPOCcTOpy X 13 BUKO-
PUCTAHHSAM BEKTOPIB HaBaHTakKeHb W . [IoTiM Il 7 -BEKTOpPHU 3aCTOCOBYIOTH
SK CTapTOBI, 3aMIHIOIOYHN Y,. TakuM YHHOM, CTPYKTypa JaHuX X TaKoOX
BILUIMBAE HA JIEKOMIIO3UIII0 Y. ITepaifiiina 3aMiHa HE3aJIe)KHUX BEKTOPIB
u, >t ta t, > u, (0OOMIH BEKTOpaMU pPaxyHKIB) 3IMCHIOETbCA [0
JNOCSTHEHHs1 30DKHOCTI. Bexktop W, Bu3Hauae HampsMm nepmioi PLS-koM-
MOHEHTH B MPOCTOpP1 X, HA AKUW MPOEKTYIOTHCS BC1 3pa3Ku. 3BUYANHO IIeH
HampsiM He 30IraeThCs 3 HaANpsSMOM pP;, OCKUIbkM B PLS-anroputmi
OJHOYACHO IPOBOJUTLCSA I MakcuMmiszamis kosapiamii (f,#). BiaMiHHICTB
MDK HampsMamMu WX ajJbTePHATUBHUX KOMIIOHEHT MOKa3ye, HACKUIbKHU
CWJIbHO MaTpuils Y BIUIMHYyNa Ha po3outts matpui X [153, 155, 156].

3Hauymiict 000X Marpuilb P ta W crae 0o4eBHIHOIO, SKIIO 3allu-
catu (opMyJy po3paxyHKy KoedimieHta B (opmaabHOTro perpeciiiHoro
piBHsSHHA Y = XB [153]:

B=WPWwW)'0". (1.49)
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3HaueHHsT B 4YacTO BUKOPUCTOBYIOTh Yy MPAKTUYHHUX IUISIX MOPH
Kiacugikaili HOBUX 00’ €KTIB:

Y=X,,B. (1.50)

Anroputm PLS1 npocrimmii, Hixk PLS2: BiACyTHS 1Tepaniiina miamiHa
u, >t 1t >u,.

Intepnperaniss PLS-Moneneit € BakiIuBOWO i BHUBYEHHS BHYT-
PILIHBOI CTPYKTYPU JAHMX: BU3HAYEHHS I'pyn 00’ €KTiB, BUKUIIB (rpadik
{—u), B3a€EMO3B’S3KIB MIX 3MIHHUMHU (rpadiku w—¢g,p—w). Metoau
0araTOBUMIPHOTO TpajJyIOBaHHS TaKOX JO3BOJISIOTH 3aMIHUTH IIpsSME
BUMIPIOBAHHS TI€BHOI BJIACTUBOCTI BHMIPIOBAHHSM 1HINOI BJIACTUBOCTI,
KOpPEIbOBaHO1 3 nepiioro [157].

3a momoMororo anroputMmy PLS (sk 1 3a 10mOMOror METOAy TOJIOB-
HUX KOMIIOHEHT) YacTO BHUSBISIOTh B3a€MO3B’S3KH JAHUX Y BEJIHMKUX
MacuBaxX pe3yJIbTaTiB BHUMipIOBaHb, OTPUMaHUX 3a Jgomomororo [Y-crek-
Tpockortrii 3 ®yp’e-nieperBopeHHsM [66, 158, 159], cmekTpockorii B OJIHK-
HboMy [Y-nmianazoni [160, 161], PamaniBchkoi criekTpockomii [162].

Sx nmpukiaaz po3rITHEMO 3aCTOCYBaHHS aJIrOPUTMY TMPOEKIIM Ha Jia-
TEHTHI CTPYKTypu s iaeHTudikamii s0xydynux cokiB [163]. Byno
CTBOPEHO J1Ta0OpaTOpPHI CTAaHAAPTH 3 PI3HUM BMICTOM SIOJIy4HOTO COKY:
2%, 4%, 6%, 8%, 10%, 16%, 20%, 25%, 50%, 70% 1 100%. HaOip
CTaHAAPTHUX 3pa3KiB PO3AUIMIM Ha JBl TPYNH, JJs KOXKHOI Tpymu
BU3HAYWIA HABYAJIbHY 1 TECTOBY BUOiIpKHU. [lepia rpymna BkiIroyaia 3pa3ku
3 BMICTOM sI0JTy9HOTO COKY Bia 2 710 20%; 3arajgbHa KiIbKICTh 3pa3kiB 173,
134 3 skux ckjanu HaB4YaJIbHY BHOIpKY, a 39 3pa3kiB BHUKOPHUCTAIH IS
nepeBipku  aiaroputMy. Jlpyra rpyma BKIHOYajla 3pa3kd 3 BMICTOM
a0myuyHoro coky Big 25 mo 100%; 3aranbHa KuUIbKICTH 3pa3kiB 130, 86
3 SIKUX YTBOPHWJIM HaBYaJIbHY BUOIpKY, 44 copMyBanu TeCTOBY BUOIPKY.
JUIst KOKHOTO CTaHAApPTHOTO 3pa3ka BUMIPsUIM 1H(GpAYEpBOHI CHEKTPHU
B cepeanbomy [U-mianazoHi.

Jlo OTpMMaHOr0 MacHBY pe3yJbTaTiB BHUMIPIOBaHb MPHUKIAIH METO]]
PLS. Tlpu upbomy Matpuiist X nmojae HaOlp OTPUMAHUX CIIEKTPAIbLHUX CMYT,
Matpulsd Y — CTaHJapTHI 3pa3Kd 3 PI3HUM BMICTOM COKY (MaTpHIlst
1 € IBINKOBUM KOJIyBaHHSM ITUX 3pa3KiB). Y pe3ynbTaTi pOOOTH aIrOpUTMY
BUIUIAIA JIB1 JIATEHTH1 KOMIIOHEHTH.

OTpumaHy MOJENb 3acTOCyBaiu s Kiacu@ikaiii 23 KoMepHiiHuX
3pa3KiB COKY: 2 3pa3KH HaJIe)Kajy J0 Mepiioi rpynu o0’ekTiB, 21 3pa3ok —
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no apyroi rpynu. B Tabn. 1.7 HaBegeHO JBa mapamMeTpu, L0 Xapak-
TEpU3yIOTh poOoTy anroputmy PLS: edexTuBHICTH (BIIHOLIEHHS KUIb-
KOCT1 3pa3KiB, MPAaBUJIBHO BIJTHECEHUX 10 BIAMOBIIHOTO KJacy, /0 3a-
rajbHOI KUIBKOCTI 3pa3KiB, 110 HaJeXaTh IbOMY KJacy, %) 1 4yTIUBICTh
(BITHOIIEHHST KUIBKOCTI 3pa3KiB, MPABWJIHHO BIAHECEHUX /0 BiJIMOBIAHOTO
KJIacy, 10 3arajbHOi KUIBKOCTI BIJIHECEHUX JI0 IILOTO KJacy B Pe3yJbTaTi
pO0OTH alIropuT™My, %0).

B pesynbTaTi 3actocyBanHsa anroputmy PLS no kmacudikarii mpo-
MHUCJIOBUX 3pa3KiB COKY JHIIE OJWH 3pa30K JPYyroi rpynu OYyB i7eH-
TU(PIKOBAHUI HEMTPABUIILHO.

Tabnuys 1.7
3HaveHHs epeKTUBHOCTI i YyTaHBOCTI MmeToay PLS
IPH HOro0 3aCTOCYBaHHI 1 inenTudikamii 3pa3kis
i3 pi3HMM BMICTOM SIOJIYYHOTI'O COKY

Bwmict s0my4yHOTO

COKY y 3pa3kax, % 2 4 16 8 1016]20 2550 70 100
, /0

Edexrusnicts, % | 100 | 100 | 100 | 50 | 56 | 60 | 63 | 81 | 92 | 100 | 100

YyTnusicts, % 100 | 100 | 85 | 33 | 83 | 50| 83 | 94 | 100|100 | 100

[ToTyXKHUM 1HCTPYMEHTOM BHSBICHHS (danbcudikamii € MeTox
JUCKPUMIHAHTHOTO aHali3y 3a JIONOMOIOI perpecii Ha JaTeHTHI
crpykrypr (PLS Discriminant Analysis, PLS-DA). Floro BUKOPUCTOBYIOTb
UIsT poOOTH 3 BEIUKUMHU MacHUBaMU JaHUX, OTPUMAHHUX B pPeE3yJIbTarTi
3aCTOCYBaHHS, HaNPUKJIaJ, Mac-ciekTpoMeTpii [164, 165], cnexkTpockomii
B OmmwkHboMy [Y-mianmazoni Ta BuauMmoi crnektpockomii [128, 166],
PamaHiBChKO1 crieKTpocKorii [68].

Ines poro MIAXOAY MOJISTAa€E B TOMY, 1110 MpaBUiia JUCKPUMIHAILIT J1JIs
K xnaciB 3a1a10ThCsl JIIHINHUMU PErpeCiiHUMU PIBHSIHHAMH BUY

XB=D, (1.51)

ne X — noBHa Marpuis BciX modatkoBux ganux ([ xJ), B — marpuis
HeBimomux koeirientis (J xK), a D — ne cneniansua marpuns ([ x K) ,
sKa CKJIAJA€ThCs 3 HYJIB 1 oguHuIlb. [Ipu moOyaoBi MaTpuill D OJUHUIN
CTaBJISITh JIUIIE B TiI PSAKA (PSAAKUA BIAMNOBIAAIOTH JOCHIIKYBAaHUM
00’eKkTam), SIKI HaJIEXKaTh KJacy, IO BIAMOBiga€ Homepy cToBmis. Pe-
rpeciiiHy 3amady po3B’s3yloTh MeToaoMm PLS, mio no3Bosise Hamami
3aCTOCOBYBAaTH MOOYAOBaHYy perpecito Jyis nepeadadyeHHs MPUHAICKHOCTI
HOBUX 00’€KTiB. 71 mpboro OyIyrOTh MPOTHO3 BIATYKY HOBOTO 00’€KTa
1 TIOPIBHIOIOTH PE3yJIbTAT 13 HyJIeM abo oaunuIEeto [167].
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Ha mnpuxnanl wimacudikaiii reorpadiqyHoOro MOXO/KEHHS 3pa3KiB
KEHbIIEHIO [68] mokakeMo e(PEeKTUBHICTh BUKOPpUCTaAHHS airoputMmy PLS-
DA. byno Bigiopano 50 KHATaMCBKUX 1 KOPEUCHKHX 3pa3KiB >KEHBIICHIO
3 PI3HUX PETIOHIB ITUX KpaiH. Bcl 3pa3ku BUCYMIMIM Ta MOAPIOHWIM 10
MOPOIIKOIMOAIOHOTO CTaHy 1 JUIsl KOXHOTO 3pa3ka BuMipsuiu [Y-criexktpu
B OvokHIN [Y-005macTi Ta PamaHIBChKI CIIEKTPH.

Bech oTpuMaHuii MacuB JIJaHMX BHUMAJKOBUM YHWHOM PO3JUIMIM Ha
HAaBYAJIbHY BHUOIPKY IS 3HAaXO/KEHHS ONTUMAJIbHUX IapaMeTpiB
KJacudikalii 1 TeCTOBY BUOIPKY JUIsl IEPEBIPKU CTBOPEHOI MOJIEII.

ITepen 3actocyBanHsiM MeToay PLS-DA nms toro, mio6 mominimuTH
PO3AUICHHS CHEKTPIB (O1IBII TOYHO BU3HAYUTHU MOJOKEHHS CIIEKTPaTbHUX
CMYT, 110 IEPEKPUBAIOTHCS), 1Jis [U-CrIeKTpIB po3paxyBaiu JIPyri MOXIHI.
VY tab6n. 1.8 npencrasneHo iHGopMaIlilo TPO BUKOPUCTAHUM MAacCUB JTaHUX
1 pe3ynbTaTi poboTu metoay PLS-DA.

Tabnuys 1.8
BigoMocTi mpo cneKkTpaJbHi XapaKTEePUCTHKHU 3PA3KIB KEHbIEHIO
i pesyabTatu PLS-DA-ananizy

Y- PamaniBchka
[Tapamerp : :
CHEKTPOCKOIIisI CHEKTPOCKOITis
KinbkicTh 3pasKiB y HaB4abHIH BUOIpIIi 70 (35/35) 70 (35/35)
(KOpeNChKi/KUTANChK1)
KinbkicTh 3pasKiB y TeCTOBIH BUOIpII 30 (15/15) 30 (15/15)
(KOpenChKi/KUTANChK1)
Jliara3oH BUMIPIOBaHb 400-2500 am 250-1700 cm™
Kinbkicte PLS-koMnoHeHT 3 6
KinbkicTh HepaBUILHO
KJacu(ikoBaHUX 3pa3KiB y 0/0 5/3
HABYaJIbHIN/TECTOBIM BHOIpKaX
Henaniitnicts knacudikartii, % 0 9
koK

Po3uiipenHs koia 3aBaHb 1 PO3BUTOK METOJI0JIOTIT SIKICHOI'O XiM14-
HOTO aHaji3y MpPHUBEIM JO HOBOTO PO3YMIHHA SKICHOTO aHai3y SK
CYKYITHOCTI €KCIIEpUMEHTAIbHUX 1 pO3paxyHKOBHUX MpOLEIyp, 110 3a0€3-
nevyyroTh Kiacudikaiio o0’ €KTIiB 3a X XIMIYHUMU, (PI3UKO-XIMIYHUMU Ta
IHIIUMHU XapaKTepUCTUKaMU. BiAMOBIIHMM YMHOM 3pOciia POJib XEMOMET-
PUYHHUX METOIB, 0€3 SKMX 00poOKa BEIMKMX MACHBIB 0araTOBHUMIPHHUX
TAHUX € HEMOJKIIUBOIO.
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VY 3B’s3Ky 3 IIUM, JOOMBaIOUYKMCh BUCOKOI HAJIITHOCTI BUCHOBKIB SIKiC-
HOTO aHali3y, XIMiK MOBMHEH YBa)XHO BHOMpPATH HE JIUIIE E€KCIIEPUMEH-
TaJbHI METOJIU, aJie 1 XEMOMETPUYH1 3aco0u 00poOku naHux. ChOrojHi
JUTSL PO3B’SI3aHHS 3a/a4 SKICHOTO aHai3y BCE MIUPIIE 3aCTOCOBYIOTH HE
JUIIE TPAUIIiiHI, aje 1 JOCTATHHO HOBI XEMOMETPHYHI METOIH.

MeTo/1 rOTOBHUX KOMITOHEHT CIIYTY€ 3aCO00M TOoTNepeTHbO1 00pOOKH
1 BIUTyueHHs 1iHdopMaillii 3 0araToBUMIpHUX MAacHBIB JaHuX. BiH 103BoIIsIE
CYTTEBO 3HWKYBaTH PO3MIPHICTh MAaCHBY JaHUX IMPU MIHIMAJIbHIN BTpaTi
iH(popMarii.

Meton hopMalIbHOTO HE3aJIEKHOI'O MOJICJIOBAHHS aHAJIOTiN KJIaciB
JIO3BOJISIE BIAHOCUTH 3pa3KH JI0 OJHOI'O YM JICKUIBKOX KJIaciB abo 110 KO-
HOTO 13 3MOJIENIbOBaHUX KjaciB. OcOOJMBO YCHINIHO HOTO BUKOPUCTOBY-
I0Th JJIs1 OOpOOKH CIIEKTPaIbHUX JAaHUX.

[lonmynsipHUM € METOJ AWCKPUMIHAHTHOTO aHalidy, aje BiH HE
3aB/IM 3a0e3Meuye BUCOKY HaIIMHICTh aHATITUYHUX BUCHOBKIB.

Bukopucranusa B po3B’sizaHH1 3a7a4 kiacudikaiii gepeB kinacudika-
1ii 1 perpecii NpUBaOIIOE TUM, IO e METOJ JO3BOJISIE BUSBIIATH BIUIMB
KOXHOI1 31 3MIHHUX Ha pe3yJIbTaT KiIacuQiKarlii.

MeTol OMOpHUX BEKTOPIB, MOMYJSIPHICTH SIKOTO 3pPOCTAE OCOOJIMBO
HMIBUIKO, € €(PEKTUBHUM 3aCO00M pO3B’sI3aHHS 3a/1a4 O1HAPHOI KJ1acuQIKallii.

KopucHuMm € MeToa mpoekiiii Ha jJaTeHTHI cTpykTypu. Lleit meton
3a0e3neuye BUSBICHHS BHYTPIIIHBOI CTPYKTYpH JaHHMX 1 YCHIIIHO 3a-
CTOCOBYBaBCS Il 0OpOOKHM MAaCUBIB CIIEKTPATbHUX JaHUX.

OpHiero 3 TOJOBHUX MPOOJIEeM pO3B’si3aHHS 3ajad  Kiacuikarii
€ OIIHKa HAaJIMHOCTI/HEHAIIMHOCTI JIOT1YHUX BHUCHOBKIB, JI0 SIKMX IIpH-
XOJIUTh XIMIK 3a pe3yJibTaTaMM SIKICHOTO aHasi3y. J[o TenepinmHboro yacy
NMaHy€ CTaTUCTUYHWUN (€BPUCTUYHUM) MIAXIJ, IO 3BOJUTHCA O OI[IHKHU
HEHAJIMHOCTI Kiacu(ikallii 3a 4acTKOIO MPaBUILHO/MOMUIKOBO Kiacui-
KOBAaHUX 3pa3KiB y TecToBii BHOipii. HeHaAlliHICTh OLIHIOIOTH 32 JOMO-
MOI00 a00 CTaHJAAPTHUX AJITOPUTMIB, a00 AJITOPUTMIB, MApaMETPU SKUX
OyJid BiJperysiboBaHi Npu oOOpoOIll HaB4YaiabHOI BUOIpKH. Tomy, Bu-
Ouparoun MeTo]l 0OpOOKM MacHBIB €KCIIEPUMEHTAJILHUX JaHUX, TIEPEBAry,
WMOBIpHO, CIif BigmaBath Kiaacudikaiii 3 HaBYaHHAM. [liaBHImMTH
YHEBHEHICTh y HaaIMHOCTI Kiacu@ikaiii T03BOJUTH 1 IIUPIIE BHUKO-
PUCTaHHS TIEPEXPECHOI OIIHKK JTOCTOBIPHOCTI (Kpoc-Bamigari). Pazom i3
TuM, cTtatuctuuHa («ad hoc») mporemypa, MpUBaAOIIOIYM ITPOCTOTOIO
1 Jal04yd pO3YMHY OI[IHKY HEHAJIMHOCTI pPO3B’S3aHHS II€BHOI KJIACH-
dikamiitHoi 3a71a4i, Ma€ 1 CyTTEBUIM HEAOJIK: BaXKKO Iependayvaru, sik Oyjae
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MpaloBaTU TOW YK 1HIIUHA XEMOMETPUYHUN aJITOPUTM MHPHU MEPEXOJl J10
00pOOKHM HOBOTO MACHBY €KCHEPUMEHTAIIBHUX JAHUX 3, MOKJIMBO, 1HIIIOIO
CTPYKTYpPOIO 1 CTATUCTUYHUMH XapakTepucTukamu. HaranbHor € nmotpeda
BUSIBJICHHSI CEpe]l XEMOMETPUYHUX aJTOPUTMIB HANUOIBIIT €PEKTUBHUX
JUISL  pO3B’SI3aHHS KOHKPETHUX 3aBJaHb OOpPOOKM JaHUX XIMIYHOTO
EKCIIEPUMEHTY, pO3poOKa HOBHX 1 Taka MOJIEpHi3allis 1CHYIOUHUX aJro-
PUTMIB, IO JO3BOJIATH 3HU3UTH BUMOTH J0 00’ €My 1 TOYHOCTI MTOYATKOBUX
CKCIIEPUMEHTAIBHUX JaHUX (TOTPiOHI aNrOpUTMH, CTIHMKI J0 HasBHOCTI
B JJAHUX IIYMY, IIPOITYCKIB, IPOMAaxiB).
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I'maBa 2

POBACTHI AJITOPUTMU KJIACUDIKALI
BATATOBUMIPHUX XIMIYHUX JAHWUX
3A 10ITOMOT'OI0 ITYYHHUX
HEWMPOHHUX MEPEX

2.1. OCHOBHI XapaKTepUCTHUKHU Ta apXiTeKTypa
HEMPOHHHUX Mepex

tyuni Hediponni mepexi (IIIHM) — ne matremaTuyHi Mozeni, IO
CKJIQJAIOThCS 3 €JIEMEHTAPHUX OJMHUIL 00poOKH 1H(DOpMalii (HEHPOHIB)
(puc. 2.1), NIEBHUM YMHOM CHOJIYYEHHX OJIMH 3 OJHUM Ta 13 30BHILIHIM
cepenoBuiieM [1-5].

[IITyyna HelpoHHA

: Bxiani  Barosi koedinieHTH
Mepeka Haraaye misiiib-

. BCKTOpPH
HICTb MO3Ky B JIBOX ac- l i
MEKTax: a) 3HaHH$£ HOTpa: 1\1,; NETIF OUT
IUIAIOTh JO0 HEUPOHHOI X; Z — .

. .. 0 Buxijuuii curuan

MEPEXK1 330BHI 1 BHKO- —
PUCTOBYIOTBCS B TIPOIIC- Cymarop ~ PyHKuis
Cl HaBYaHHs; 0) JJIs Ha- aKTHBalll
KONMMYEHHA 3HAaHb 3aCTO- Puc. 2.1. Cxema wmyunozo neupona

COBYIOTBCSI 3B’SI3KM MIXK

HEHpOoHaMH, fKI HA3UBAIOTh CHHANTUYHUMHU BaraMu. Y JITepaTypi HEu-
POHHI MEpEeXK1 YaCTO HA3UBAIOTh HEHPOKOMIT I0TEpaMH, MEPEKaMu 3B’ SI3KIB,
KOHHEKIIMHUMH MepeaMu abd0 MOJENsIMH, IHTEJICKTyalbHUMU CHC-
Temamu [ 1-5].
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CkaoBOI0 4YaCTMHOK MeEpexi € ITyuyHuil HeupoH. Ha Bxin
HEWpoHa MOCTYyMaE JIesika MHOKMHA BX1JHUX BEKTOpPIB (cUrHaimiB) x; (i = 1,
2, ..., n). KoxeH BXijJ] TOMHOXY€TbCSI Ha BIJIMOBIHUM BaroBUil KOe(iieHT

HelipoHa W, (KoeQILi€eHT MIXHEHPOHHOTO 3B’SI3KY), BCl JOOYTKH MiACY-
MOBYIOThCSI, BU3HAYAIOUH PIBEHb aKTUBallli HelipoHa NET :

NET=Yxw +0, 2.1)
i=1

ne @ — noporosuii piBeHb HelpoHa (Y1 3MIlIEHHS HEHPOHA).
e curnan (mam — NET ) nepeTBOPIOETHCA aKTUBALINHOIO (PYHK-
uiero I, popmyroun na Buxoni veiponnnii curnan OUT [6]:

OUT = F(NET). (2.2)

OcHoBH1 Buau GyHKINN akTuBalii [7, 8] mpeacrasieHo B Tadd. 2.1.

Tabnuys 2.1
DyHKIIII aKTUBaLil HEHPOHIB
HasBa dopmyna
Jliniitaa OUT =k-NET , k =const
1
JloricTuuna OUT = 1+ o
. . o NET —NET
INnepOoniunwmii oUT = £ e
TAHI'CHC eVl 4 oM
ExcrnoHenmanpHa OUT =e ™"
é:l(xi_wi )2
PamianpHa Oa3ncHa 20
FRadBas =€ b
O — mapaMmeTp BIIXUJICHHS a00 3riapKyBaHHS
«Kopcrka OUT = 0,NET <6
CXOOUHKa» I,NET > 6
. OUT =sin(NET) uns NET = [—5,1}
CunycoinanbHa 22
abo NET = [— 7[,7[]
eNET
SOFTMAX OUT =5 s
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Heiiponun 00’eaHy10ThCSl B miapu. MOXHa BUAUIMTH TPU TUIH HEM-

POHIB 3aJIEKHO BiJI BAKOHYBAHHMX B MEpexi QPyHKIiH [9]:

1) BXigHI HEWPOHU — CIYTYIOTh JJISI MPUHMOMY Ta PO3MOJAUTY BXITHUX
BEKTOPIB 1 HE BUKOHYIOTh PO3PAXYHKIB;

2) TpUXOBaHI HEUPOHU — CKJIAJAIOTh OCHOBY HEUPOHHUX MEPEX Ta
3MIMCHIOIOTH MEPETBOPEHHS BXIJHUX CHUTHAJIIB 32 BHUIIICHABEACHUMH
dopmynamu (2.1) 1 (2.2); Mepexxa MOXKe BKJIIOYATH OAWH abo je-
KUIbKa IIapiB MPUXOBAaHUX HEHPOHIB,;

3) BuUXIJHI HEUPOHU — (POPMYIOTH BUXOAU a00 pe3ysibTaTh pOOOTH HEMl-
POHHOI MEpEeXi; PO3paxyHKH B HUX TaKOK BUKOHYIOTHCS 32 (OpMY-
gamu (2.1)1(2.2).

AJNTOPUTMHU IITYYHUX HEHPOHHUX MEPEK HAJI3BUYANHO PI3HOMAHITHI
3a CBOIMU KOH(]irypamismMu. BUaiastoTh Taki TUIIM HEHPOHHUX MEPEXK:

— OJTHOHAITpaBJICH] 1 ABOHAIMPABJICHI,

—  PEKypEeHTHI,

—  MEpeXl Ha OCHOBI paaiaibHUX Oa3ucHUX (QYHKIIA 1 caMOOpraHi-
3oBaHi kaptu [1, 10, 11].

Heiiponni Mepexi k1acudikyroTh 3a pi3HUMH o3Hakamu [8, 12]:

—  THI BXIJHOI 1H(opMallii (aHanorosi 1 GiHapH1);

—  TWN HaBYaHHS (HEUPOHHI MEPEXKI «3 HABUYAHHIMY 1 «0€3 HAaBUAHHS»);

—  XapakTep HajJallTyBaHHS BaroBUX KOeQIII€HTIB (HEUPOHHI MEpEexKi
3 (piIKCOBaHMMU a00 JUHAMIYHUMH 3B’ SI3KAMM );

—  TOmoJIOTis (OJTHOIIAPOBI 1 OararomapoBi Mepexi);

—  XapakTep 3B’s3KiB (MEpex1 3 MPSIMUMU, IEPEXPECHUMHU, 3BOPOTHUMU
a00 JlaTepalbHUMU 3B’ SI3KaMH ).

[ToOynoBa HEMPOHHOI MEpEXKI CKIAIA€ThCs 3 IBOX eTamiB [8, 13]:

1) BuOip apXiTeKTypu Mepexi — IHIIIami3alisl Mepexi, BHU3HAYCHHS
KUIBKOCTI HEHPOHIB, TUITY 3’ €HAHHS HEUPOHIB, BUIY aKTHUBAIIHHUX
(mepenaBanbHUX) QYHKITIH;

2) HaBYaHHA Mepexi — BUOIp crocoOy HaBYaHHS (ITOPUTMH JIOKAJIb-
HOI ONTHUMI3aIlli 3 PO3PaXyHKOM YAaCTKOBUX IMOXIJHUX IMEPIIOTO
MopsiAKY a00 3 PO3PaXyHKOM YaCTKOBHUX MOXIAHUX TMEPIIOro 1 ApY-
roro TMOPSIKIB, CTOXAaCTUYHI QJITOPUTMH ONTHMI3allli, aJITOPUTMHU
100aIbHOI oNTHUMI3allii) 1 MiA0ip 3HAYEHb BaroBUX KOE(DIIIE€HTIB;
3MICT HaBYaHHS HEWPOMEPEki MoJisirae B MiHIMI3alil (yHKIIOHAJIA
MOXHUOKHU.
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[TuTanHd Mpo KUIBKICTh MPOMDKHUX (IPUXOBAHUX) HEHUPOHIB € BAXK-
JUBUM, OCKUIbKH MeEpeka 3 BEJIMKOI KUIBKICTIO HEUPOHIB MOJCIIOE
CKJIQJIHIII 3aJ€KHOCTI 1, OT)KEe, CXWJIbHA JI0 TEPEHABUaHHS, a Mepexa
3 HEBEJIUKOIO KUIBKICTIO HEHPOHIB MOXKE BHUSBUTHCS HEIOCTAaTHHO e(dEeK-
THUBHOIO JIJIS BUPIIICHHS MTOCTABJICHOTO 3aB/IaHHSI.

I. 1. BackiH 3anpononysas [14] TppoXBUGIPKOBHIA TMi/Xi HA OCHOBI
dhopMyBaHHSI HaBYAJIbHOI, TECTOBOI Ta KOHTPOJILHOI BUOIPOK, SIKMI IMOBH-
HEH 3aro0IiraTu «IMepeHaBYaHHIO» HEWpPOMEpEeK MpU PO3B’sI3aHHI 3a7a4
IPOTHO3YBaHHS (P13UKO-XIMIYHUX XapaKTEPUCTUK OPTraHIYHUX CIOJIYK.

3aCTOCOBYIOUM IITY4YHI HEHUPOHHI MEpexl Uisi pOo3B’s3aHHS 3a7ad
imeHTrdIKaIii B SKICHOMY XIMIYHOMY aHadi3i, JJI1 KOHTPOJIO «IEepEeHaB-
YaHHs» HEHpPOMEpe)K MH BapilOBalM KUIBKICTh MPUXOBAHUX HEUPOHIB
1 BU3HAYQJIM ONTHUMAJIbHY iX KIUJIBKICTh 3a HaBYAJIBHOK 1 TECTOBOIO
BuOipkamu. Lle¥ miaxig € AOCUTH MPOCTUM. 3ayBa)KUMO, IO XIMIKH HE
3aBXK/JM MaloTh JOCTaTHIO KUIBKICTh 3pa3KiB, IO POOUTh HEMOKIWBUM
dbopMyBaHHSI HaBYaJIbHOI 1 KOHTPOJIbHOI BHOIpOK. ICHYIOYl MIJXOAU 10
OILIIHKM KUIBKOCTI HEMPOHIB y MPUXOBAHUX IIApaxX NPUUHATHI JUIIE IS
OJHOPIAHUX HEUPOHHUX Mepex [15, 16].

[IpakTHuHE 3acTOCYBaHHS aJITOPUTMIB HEHPOHHUX MEPEX HYy¥Ke
pi3HOMaHiTHe. BukoHyBaH1 HUMU (DYHKIIT MOKHA PO3JUIATH Ha JCKUJIbKA
OCHOBHUX TpYIl: alpoKCHUMAIlil ¥ IHTEPIOJAIIsS, PO3MI3HABaHHS Ta
kiacudikailisi 00pa3iB; CTUCHEHHSI JaHUX; MPOTHO3YBaHHS; 1IEHTU(IKALTIS;
yIpaBiliHHS; acorjiamiss. HeilpoHHi Mepeki BOJOAiIOTh TAaKOK I[IHHOIO
BJIACTUBICTIO, SIK 3/IaTHICTh 0 HaBUYaHHS (MEpEXy MOXKHAa HABYUTU PO3-
B’S3aHHIO MEBHOI 3aJ1aul, BAKOHABIIN aJITOPUTM HaBYaHHs), 3/IaTHICTh 10
y3arajJbHeHHs (ITiCs HaBYaHHA MeEpeka MOXE IpalioBaTH 13 3allyM-
JEHUMU YU CIIOTBOPEHUMHU [AHUMH, J1al04M Ha BUXOJ1 MNPABUIBHUN
pesyabrar) [6, 7, 17].

[HI1a BaXKJIMBa BIACTUBICTh HEMPOHHUX MEPEXK, 110 CBIIYUTH MPO iX
MOTEHIAJI 1 MIMPOKI MPUKIAJAHI MOKJIMBOCTI, MOJISITa€ B IMapajieiabHil
00poO11i 1HhOpMAaIlli 0JJTHOYACHO BCiMa HEMpOHAMHU. 3aBISIKM 11 3/TaTHOCTI
OpU  BEJIMKIA KIUIBKOCTI MDKHEMPOHHHUX 3B A3KIB Mpouec oO0poOku
1H(}opMallii 3HaYHO TPUCKOPIOETHCS.

Mepexa BojOJi€ pUCAaMHM INTY4YHOTO 1HTENEKTy. HaTpeHoBaHa Ha
00OMeXeHi1M MHOXKHMHI HaBUYAJIbHUX BUOIPOK, BOHA y3arajibHIOE HAKOTTUYCHY
iH(pOopMaIllito 1 BUpoOJisi€e OUIKyBaHY PEakilit0o CTOCOBHO JaHHX, IO B MPO-
11ecl HaB4aHHS He 00pOOIIsIIUCS.
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2.2. 3HaYeHHA WITYYHUX HEUPOHHUX Mepex AJIA XiMil

ITyyH1 HEMPOHHI MEPEX1 3HANILIM MIMPOKE 3aCTOCYBAHHS B XIMIli.
Ile moB’s3aHO 3 THUM, III0 BOHHU € TOTYXKHHUMH 3aco0aMHu OOpPOOKH JaHUX
HeniHiiHoro Tuly. Cepamu BUKOPHUCTAHHS HEMPOHHUX MEpEeX Yy XiMii €,
30KpeMa, TUIaHYBaHHS €KCIEPUMEHTY (HAIpPHKJIaJ, MOIIYK ONTHMAaJIbHHUX
YMOB MPOBEACHHS XpoMaTtorpadiqyHoro 44 aTOMHO-a0COPOIIMHOTO aHali-
3y), MOJICJIFOBaHHS ¥ 1HTEpIpETallis CUTHAJIB 1HCTPYMEHTAILHUX METOIB,
CKJIQJJaHHA MENTUIHUX KapT, BUBYEHHS KUIbKICHOTO B3a€EMO3B’ 3Ky OYJ0-
BHM Ta aKTUBHOCTI / BIacTuBOCTE Mosekyn (Quantitative Structure Activi-
ty / Property Relationship, QSAR / QSPR).

CninbHo 3 Metonoiorieto QSAR / QSPR HeilpoHHI Mepexi BU3HA-
4al0Th MAaTEeMaTUYHI 3aJIEKHOCTI MK aKTHBHICTIO / BIACTUBOCTSAMH MOJIE-
KyJl Ta IX TOMOJIOTIYHUMH, (DI3UKO-XIMIYHUMHU, TEOMETPUUYHUMU U €JICK-
TPOHHUMH JIECKPUIITOPAMH, OLIHIOIOTh HalOUIbII 1HGOPMATUBHI 3 HHX,
a TaKOX MependavaroTh BIACTUBOCTI HOBUX CIOJyK [ 18-20].

VY xpomarorpadii HEHpOHHI Mepexi BUKOPUCTOBYIOTh, 30KpeMa, MpHU
IJIaHYBaHH1 €KCIIEPUMEHTY — MPOrHO3YBaHH1 1HACKCIB yTpuMyBaHHsI KoBaua
[21], wacy yTpumyBaHHA [22—24], i1HAEKCY MIrpalli AJsi MILEIIpHOi eJeK-
TpokiHeTH4YHOI XpomaTorpadii [25]. I'pagyroBaibH1 KPUBI B METO1 aTOMHO-
abCoOpOIIHHOTO aHaMi3y TaKOXK OYyIylOTh 13 BUKOPUCTAHHSAM IITYYHUX
HEHpOHHUX Mepex [26, 27]. HellpoHHl Mepexi aKTUBHO BUKOPUCTOBYIOTh
JUIA IHTEpHpeTanii Ta MOJEIIOBAHHS CIEKTPIB Pi3HOI MPUPOAM: CIEKTPIB
SAMP [28-30], TY-cniextpiB [31], criekTpiB pyXIUBOCTI HOHIB [32], CIEKTpiB
na3zepHOi 1HAyKOBaHOI uyopecrerii [33], ramma-criekTpiB [34], mac-
cnekTpiB [35, 36], eneKTpOHHUX CHEKTPIB MOTJIMHAHHA B Y@ 1 BUIUMOMY
nmianazoHax [37], onmTuMmizailii YMOB MPOTOYHO-IHXKEKIIMHOTO aHami3y 31
CHEKTPOPOTOMETPUYHUM AeTeKTyBaHHAM [38]. Kamimsipauii 30HHUHN eek-
Tpodopes, BaXKIUBHUMN I TOCTIKCHHS TIENTHAIB, KOMOIHYIOTh 13 HEHPOH-
HUMHU MEpPEKaMHy, OCHOBHE 3aBJIaHHS SKUX TOJISTa€ B MPOTHO3YBaHHI €JICK-
TpodopernyHoi pyximBocTi nentuis [39, 40]. BigzHaunmo Takox 3acTo-
CYBaHHS pEKypEHTHOI HEHPOHHOT Mepexi M1 Kiaacudikari oikiB [41].

Y Tabn. 2.2 HaBEJACHO OCHOBHI MapajurMU INTYYHUX HEUPOHHUX
MEpPEX, 1[0 BUKOPUCTOBYIOTHCS JIJIs1 PO3B’°sI3aHHSI XIMIYHUX 3a7a4 [9, 42—45].

HesBaxkaroun Ha pi3HOMaHITHE 1 mupoke 3acrtocyBanHd [ITHM, nu-
TaHHS TIPO iX XapaKTePUCTHKU (apXITEKTypy, TUMH (DYHKIIA aKTUBAIIIi,
KUIBKICTh TPUXOBAHUX HEUPOHIB, METOJAM HaBUYaHHS ), HEOOXIJIHI 1 JOCTAT-
H1 111 HAQJIAHOTO PO3B’sI3aHHS TOTO YM IHIIOTO KJIACy 3aj/iay, 3aJUIIa€ThCs
BIIKPUTHUM.
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Tabnuya 2.2
OCHOBHI MapaurMu HEMPOHHUX MeEPeK
Cdepa :
Hazga bep Henomxkn IIepeBaru
3aCTOCYBaHHS
Mepexa
-b " . IIpocra
paaianbHOI PosmizHaBanns APXITEKTVDa
ocHoBH (Radial oOpa3iB, 006’em Mepexi P ypa,
: : S IIBUIKE
Basis Function KJ1acudiKaris
HaBYaHHSI
Network)
Mepe:xa npsamoi . Jo3Bonse
: Po3mniznaBanHs :
nepeaayi : : BUPIIIUTH
o0pas3iB, Hwusbka mBuaKicTh )
curnany (Feed o YUCJICHHI
KJ1acudikaris, HaBYaHHI )
Forward MPaKTUYHI
POTHO3YBaHHS
Network) 3aBJAHHS
. Mepexa moxe 0yTu
Mepexa Knacrepaun P Y
: BUKOPUCTAHA ISt Mepexa 3maTHa
Koxonena aHaIs, KJIACTEPHOTO aHai3 (GyHKITIOHYBaTH
(Kohonen’s kiacuikaris, PHOTO y Y Y
: JIUIIE TOM1, KOJIU B yMOBax
Neural POSIIBHABARIL 1 anerizp Bru3HAYCHO TIEPEIIKO]T
Network) oOpa3iB o ) P
KUTBKICTB KJIACTEPiB
PoszmiznaBanHs
Pexypentna o6pasin Jo3Bonsie
Mepexa Enmana pasis, Mepexa Ma€e HEBEIUKY BIJIHOBUTHU
, kiacudikaris, L )
(Elman’s . MICTKICTh CIIOTBOPEHI
acoIfiaTUBHA
Network) \ CUTHAJIN
1aM’ITh

CuHTe3 Mepeki BU3HAYAETHCS 3aJlaueto JOCIIKEHHSI Ta 0COOJIMBOC-
TSAMU TIEPBUHHOTO MAaCHBY €KCIIEPUMEHTAJILHUX JAHUX, TOMY KOPHCTyBad
nig0upae oNTUMAJIBLHI MapaMeTPH MEPeX1 M1 PO3B’SI3aHHS CBOI'O KOHKPET-
HOT'O 3aBJIaHHS METOJIOM «CIPOO 1 MOMUJIOK». Y 3B’SI3KY 3 IIUM aKTyaJlbHUM
€ PO3pOOJICHHSI PEKOMEHJIAINM 1100 BHOOPY XapaKTEPUCTUK HEUPOHHUX
MEpEX, 30KpeMa JIsl pO3B’A3aHHs 33/1a4 SIKICHOTO XIMIYHOTO aHAJIi3Yy.

Cnin 3ragatu mpoOsieMy, MOB’s3aHy 3 alrOpUTMaMu Kiacuikariii
«3 HaBYaHHSMY», — (OpMYyBaHHs HaBUaJIbHOI BUOipku. HaBuanrHa BuOipka
(training set) — e BHOIpKa, 3a SIKOK MPOBOJATH HAJAIITYBAaHHS Mapa-
METpIB aiaroputMmy kiacudikamii. HaBuanbHa BHOIpKa MICTUTHh YCHO
iHpopmaliro npo 3axady, 1 Bif il pEeNpe3eHTATUBHOCTI 3aJIEKUTh e(deK-
TUBHICTh OyJb-SIKOTO JITOPUTMYy HaBYaHHS. 3alpONOHOBAHO JCKIJIbKa
NUISIXIB BUOOpPY HABUalbHOI BHOIPKU: BHUIMAJAKOBUWA aJIrOpUTM; pI3HI
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Bapiallli aAIrOPUTMy HAMOIMKYOro CycCijia; CIIocOOH, 3aCHOBaHI Ha 00’€]I-
HAHHI KOHIIENIIi MOETAaHOro0 BBEJICHHS 3pa3KiB /10 HAaBUaJbHOI BUOIpKHU
1 ctpatudikarii [46—48]. 3anmponoHoBaHi criocodu (oOpMyBaHHS HaBYaJb-
HO1 BHUOIpDKM BHMAararOTh 0araTo 4acy 1 € TPOMI3JIKMMH, MPU I[bOMY HE
JAl0Th BIATOBiAEH Ha BakJMBI mMUTaHHS: «CKUTBKHM 3pa3KiB 13 B1JIOMOIO
KJIACOBOIO MPHUHAJICKHICTIO Tpeba B3SATH JJIsI HACTYMHOI Kiacudikairii
3pa3KiB 13 HEBIJOMOIO KJIACOBOIO MpHUHAICKHICTIO? HacKUIbKU MOXKYTh
1 HACKUIBKY TOBUHHI Il 3pa3Kd PO3PI3HATUCS 32 CBOIMHU BJIACTUBOCTAMU?
Sk mepeBipUTH OJHOPIAHICTH 3pa3KiB HaBYAIbHOI BHOIpku»? ToMy Bax-
JMBAM HEPO3B’SI3aHUM TMUTAHHSM € Mpoleaypa (popMyBaHHS HaBUYaJILHOI
BUOIPKH 1 OLIIHKA 11 OTHOPIJTHOCTI Ta peIPE3eHTATUBHOCTI.

2.3. AJITOPUTMHU JeAKUX HEUPOHHUX Mepex

Hanamo KOpOoTKui ONUC JAEAKUX MOIIMPEHUX AITOPUTMIB IITYUHUX
HEUpOHHMX Mepex [1—14].

Mepeorca Koxonena

Hexali HasBHa MHOXHHA 7 OO0 €KTIB, KOXEH 3 SKHX Xapak-
TEPU3YETHCS M-BUMIPHUM BEKTOPOM MAPaAMETPIB X;, {X;1, Xi2, .. » Xim}, 1 ITFO
MHOXKUHY CJHi71 po30ouTu Ha K KkiactepiB (Ipym), 10 AKUX BXOISITh 00’ €KTH
3 noaioHumu BiactuBocTsAMH. Mepexka Koxonena (Kohonen’s Neural
Network) po3B’s3ye 1o 3agauy. BoHa BITHOCUTBHCS 10 HEMPOHHUX MEPEK
13 caMOOpTraHi3allier0 Ha OCHOBI KOHKYPEHIIiT HEUPOHiB.

Kputepiem 0au3bkocTi 00’€KkTiB A Ta B cinyrye EBkiijoBa BifcTaHb

n

2
Misk Humu Dap = Z(Ai_Bi) . SIkmo BimcTaHb d,z MEHIIE MEBHOIO
i=1

MOPOTY G, BBAXKAIOTh, 1110 00’ €KTH HAJIEKATh OJTHOMY KJIACTEPY; B IHIIIOMY
pasi — pI3HUM KJIacTepam.

Mepexka KoxoHeHa mae aBa mapu: BXIIHUWA 1 BUXiIHUNA. KiTbKIiCTh
HEHPOHIB JOPIBHIOE KUIHKOCTI KiaciB K. B sSKOCTI HEHpOHIB BUCTYNarOTh

m
3BaYKE€HI CyMaTopu o =b, +Zwijxi , i€ j — HOMEp HEWpoHa, wj; — Bara i-ro
i=1

BXOJy j-rO HeHpoHa, b, — moporoBuil piBeHb. KoyxHHMI HEHPOH Mepexi
CIIONyYeHUH 3 yciMa KOMIIOHEHTaMH BXiZHOTo BekTopa X; Curaam s;
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00pOOISIETBCA KOHKYPYHOUOK (DYHKIIIEIO aKTHBAallli, SIKa IMpalioe 3a Mpa-
BUJIOM «IIEpEMOKEIb 3a0Mpae BCE»: BU3HAYAETHCS CYMaTop 13 MakcCH-
MaJIbHUM 3HA4YEHHSIM BUXOHY, 1 caMe 11boMy HelpoHy KoxoHeHa Ha BUXO.l
NPUITHUCYETHCS JIOTTYHA OJMHMUIIA, a 1HILII HEHPOHU BUAAIOTH HYJb (pHC. 2.2).

" «HenpoH-iepeMoKenb» §; BH3HA-
HeilipoH-niepeMOKe1b

YaeTbCA 3 YMOBH d(xasv)Zlfsl}ig}{d(xasj) ,

N
A€ vV — HOMEp HeWpOHA-TIEPEeMOXKIIA,
Q d(x,s;) — BimcTaHb MiX BEKTOpaMH X Ta
n
Sjs d; = Z(‘xi _Sij)z . Barosi xkoedirri-
1=
€HTH «HEHPOHA-TIEPEMOXKIIS»  KOPEKTY-
I0ThCA 3T1AHO 3 npaBuwiioM KoxoHeHa:

BKiﬂ, Svj(t+1) = Svj(t)+n'(xj(t)_svj(t)),(2-3)
Puc. 2.2. Cxema p06omu e Xj — ]-ﬁ CIICMCHT BXiI[HOFO BCKTOPA,
@D YHKYIT KOHKYpenyii 8 Mooei

S, — BaroBUM KOE(QillI€HT, IO XapaKTe-
Koxonena

pH3Y€ 3B’SI30K MK J -M €JIEMEHTOM BXiJ-
HOTO BEKTOpA 1 HEUPOHOM V; 1 — KPOK HaBUaHHsS a00 KOE(IIIEHT MIBUI-

KOCT1 HaBYaHHS (J10JJaTHE YUCJI0, MEHIIIE OJMHMII); [ — HOMED iTepaliii.

Po3paxyHOK Mipu OJIM3BKOCTI 1 KOPUTYBAHHSI BaroBUX KOe(Qili€HTIB
TPUBAIOTh, TOKA MEPEXK1 HEe OyAyTh Mpe/1’ IBJICHI BCl BX1IHI BEKTOPH.

LVQ-mepeorci

Po3Butkom mepexi Koxonmena € LVQ-mepexi (Learning Vector
Quantization), sKi MICTATh NPUXOBAHUM KOHKYPYIOUUU MIap (BUKOHYE
KJIACTEPU3aIlil0 BEKTOPIB) 1 JIHIMHUM IMap BUXITHUX HEHUPOHIB (CITiB-
BIJIHOCUTH KJIACTEPH 3 IIJILOBUMHM KJIacaMu, 3aJIlaHUMU KOPUCTyBayeM).
LVQ-Mepexi iHpopMaIlito Mpo MPUHATIEKHICTh BEKTOPIB O NEBHUX KJIa-
CIB BUKOPHUCTOBYIOTh JIJISI TOTO, 11100 BIIHECTH JIO OJIHOTO KJIACy BEKTOPH,
AK1 aKTUBI3YIOTh OJIMH 1 TOW camuil HelpoH. e nocsraeThcs 3a paxXyHOK
BUKOPHUCTAHHS PI3HOTO 3HAKA Mepe]] KPOKOM HaB4YaHHA 1 'y dhopmydi (2.3).

Take mpaBuiao TrapaHTye, IO NMPU TPaBWIbHIA Kiacudikaiii «HEHpOH-
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MEePEMOKEIIbY» HAOIMKAETHCA IO BXIJHUX BEKTOPIB, a MPU HENPaBUIIbHIN
Kiacu(ikailii BiIIAISIETbCA B1J] HUX.

Mepeorca npsimozo nowupenns cusHany

«Knacuuna» Mepexka npsimoro nomupenns curnany (Feed Forward
Neural Network, FFNN) xapaktepusyetbes nepenadero iHpopmariii 3 1mo-
nepeAHix mapiB Ha HactynHi (puc. 2.3). Hacto FFNN mictuth mpuxo-
BaHUH IIap HEHWPOHIB 13 CUTMOIAAIbHUMHU (PYHKIIISIMM aKTHBAIlli, TOAl K
BUXIJTHAWA IIAp MICTUTh HEUPOHU 3 JIHIMHUMU (DYHKIIAMH aKTHUBAIIIi.
Buxignuii map MICTUTh CTIIBKM HEUPOHIB, CKUIbKU KJIACIB 00’ €KTIB MiC-
TUTHCS B HaBYaIbHIA BUOIpIi. KiIbKICTh BXiZHUX HEUPOHIB JOPIBHIOE
KUIBKOCTI XapaKTEPUCTUK TOCHIIKYBaHUX 3pa3KiB.

Kacxaona netiponna mepeoica

Kackanna neiiponna mepexa (Cascade Neural Netowrk, CNN) — me-
pexa mpsMoi repejadi, B sIKid migdip CTPYKTypH Mepexi BiiOyBaeTbcs Na-
pajenbHO 3 1i HAaBYAHHSIM, IUIIXOM J0JIaBaHHS Ha KOKHOMY €Talll HaBYaH-
HS OJTHOTO TMPHUXOBAHOTrO HekpoHa. KoxkeH ueproBuil HEMpPOH IMiIKIIIOYA-
€THCA JI0 BX1JHUX BEKTOPIB 1 JI0 BCIX YK€ ICHYIOUMX MPUXOBAHUX HEUPOHIB.

BuxigHHi map
HefipOoHIB

MTap
IIPHXOBAHHX

Puc. 2.3. Cxema mepedrci npsimoco nowupents 3 00HUM NPUXOBAHUM
[ OOHUM BUXIOHUM ULAPAMU
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Jlunamiuna neiiponna mepeosrca

Hunamiuna Heiiponna mepexa (Dynamic Neural Network, DNN)
MICTHUTB JIiHIT 3aTPUMKH, TOMY BX1Jl MEpPEXi MOTPIOHO PO3TIISIAATH SIK MOC-
JT1JIOBHICTh BEKTOPIB, 1110 MOJAIOTHCS HA MEPEXKY B MIEBHI MOMEHTH 4acy.

Mepeoca Eamana

Mepexa Eamana (Elman’s Neural Network, ENN) BigHOCHUTBCS 10
PEKYPEHTHUX HEUPOHHUX MEPEkK 1 XapaKTEPU3YEThCS HASBHICTIO 3BOPOT-
HOTO 3B’SI3Ky MDK MNPUXOBAaHUM 1 BXIJIHUM IIIAPOM, IO JO3BOJISIE Bpa-
XYBaTH MEPEICTOPII0 CIIOCTEPEKYBAHUX MPOIECIB 1 HAKOMUYUTH 1H(POP-
MaIIito Jijisi BUPOOJICHHS MTPaBWIIBLHO1 CTpATeT1i YIpaBIiHHS.

Jlns peanizailii aJirOpUTMIB JABOIIAPOBUX HEHPOMEPEkK «3 HABUAH-
HSIM» BUKOPHUCTAJIM Pi3HI KOMOiHAIT (DYHKI[IH aKTUBAIlli, alTOPUTMHU HaB-
YaHHS 1 KUTBKICTh TMPUXOBAHUX HEUPOHIB /i 3 METOW (OpMYyJIIOBaHHS
pEeKOMEH/1alliil 111010 BUOOpY MapaMeTpiB Mepex (Tadi. 2.3).

Tabnuys 2.3
IlapameTpu HEIPOHHUX MeEpPex

Tun napamertpa Onuc

JleBenOepra—Mapksapra, [1ayena—biene, anroputm

Metoa HaBUaHHA
3BOPOTHOIO MOIITUPEHHS TOMIJIKH

Oyukiig aktuBauii | ['imepOonaiyHuil TaHTeHC, JiHIMHA, JOTICTUYHA

OO6pani ¢yHkIil akTUBalii € 0e3nepepBHUMHU 1 TUdepeHIiioBaHUMHU
Ha BC1i yncIoBii oci PyHKIT akTuBarlii (puc. 2.4).

JlorictuyHa (yHKIIISI Ma€ BIACTUBICTh «IOCHJIIOBATH» CJIa0K1 CHUT-
HaJy 13aro0iraTd HAaCHYEHHIO BIJI BEIHMKHX CHUTHAJIB, OCKIJIBKH BOHH
BI/IMOBIZIAIOTh 00JIACTSAM apTyMEHTIB, JI€ CUTMOiJ Ma€ TOJIOTUH CXUJL.
®yHKIIS TinepOoIYHUM TaHT€HC CUMETpUYHa BiIHOCHO ToukH (0, 0), 110
€ TIEPEBAroI0 MOPIBHSHO 3 JOTICTUYHOIO KpUBOIO [7, 8.

Jlns iHiIiami3aiii Baropux KoedimieHTIB 1 3MIIIEHb, HEHPOHIB MEpexKi
Mu BUKopucTanu anroput™ 1. Hryena i b. Biapoy, sikuii 103BoJIslE 3Ha4HO
MPUCKOPUTH TIPOIIEC HABYAHHSA W YCYHYTH 3YIUHKY aJlTOPUTMY HaBYAHHS
B JIOKQJBHUX MIHIMyMaXx. 3TiJHO 3 UM aJTOPUTMOM, BaroBi KoedilieHTH

o . .. . / /
MIPUXOBAaHMX HEHpoHIiB / iHimiamizyBamucs B Mexkax [— \/h,\/h], e [ —
KUTBKICTh BXOJIB HelpoHa. [loyaTkoBl Barm BUXIJTHUX HEHPOHIB BUOU-
paIOTBCS BUIAAKOBAM YMHOM 3 inTepsany |—0.5,0.5] [10, 49]. 3mimenns
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MPUXOBAHUX HEWPOHIB 1HIIIAN13yBaJnCsl BUMAJKOBUM YMHOM B 1HTEpBal
[-I",I"], ne ¥ — po3MipHICTH BXiIHMX BEKTOPIiB; 3MILIEHHS BMXiTHHX
HEHUPOHIB MPU3HAYAIIA OJHAKOBUMHU.

OuT _ . a) OUT | 6)

0.8 1
0.5

0.6 1
0.04
0.4 1

-0.54
0.2 1

0.0 -1.04

-4 -2 0 2 4 6 -4 -2 0 2 4 6
NET NET

Puc. 2.4. Ilpuknaou akmusayitinux ¢oyukyiti: a) nocicmuyra hyHKyis,
0) einepboniyHuli maneenc

Anroput™M 3BOopoTHOro mnomupeHHs noxudku (Error Back Propaga-
tion) — 1e ITepaliiHUil TpaJl€eHTHUN anropuTM HaB4aHHA [9]. Bkazanuii
aNTOPUTM MIHIMI3y€E HAMiBCYyMy KBaJpaTiB PI3HUIL MK Oa)XaHOK Be-

JIMYMHOIO BUXOAY d, 1 pealbHO OTPUMAHMMH Ha BUXOAX MEPEXKi 3HAUCH-

HIMH YV, IS KOXKHOr0O 00’ €KTa k:

> (di-y), (2.4)

ne S — KiUIBbKICTh 00’ €KTIB y HaBYanbHili BUOipwi, Y € kimpkicTio BUXOMiB
OaraToIapoBoi MEpexKi.

[TicyMOBYBaHHSI BEAETHCS MO BCIX HEMpPOHAX BUXIJHOTO LIApy 1 3a
BCiMa 3paskamu, o 00poOisie Mepexa. Minimizaniro £ 3abesmeuye
3MiHa BaroBUX Koe()iIlieHTIB y Takuil crocio:

(9) OE
Aw;"=-n (2.5)
ow,”’
ne W, — BaroBuil koeQiuleHT HelpoHa mapy ¢, T — KoediuieHT

IBUAKOCTI HaBYaHHA (0 <n<1).
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BinanoBigHo 10 npaBuiia qudepeHIiroBaHHS CKIaaHO1 PYHKIIIT,

0E OE dy' ONET'
ow, Oy dNET' ow, ’

(2.6)

ne NET' — 3BaxkeHa cyma BXiJIHMX CUTHAJIB HEHpOHaA I, TOOTO apryMeHT
¢yHKiT akTuBanii (moxiaHa QyHKIIT akTUBaLll Mae OyTH BU3HAUYEHOIO Ha
BCilt oci abc1uc).

ANTOPUTM 3BOPOTHOTO TMOIIMPEHHS MOMUJIIKH KOPHUTYE TapaMeTpu
HaJaITyBaHHS B HaNpsMi HAWIIBUIIIOIO 3MEHIICHHS (yHKI[IOHAIa
nomuiku. Ilpu ¢ikcoBaHOMY 3HAUYEHHI NapaMerpa MIBHUJKOCTI HABYaH-
HS aJrOpUTM MOXKE 3allMKIMTHUCS MOO0JM3Yy BY3BKOTO MIHIMyMYy a0o
«BacTpArTH» B JPIOHMX JIOKaJbHUX MIHIMyMax. Y 3B’SI3Ky 3 1M,
aITOPUTM 3BOPOTHOTO TMOIIMPEHHS TOMUJIKH MOoTpedye Moaudikairii.
HeoOxi11HO a) BBECTM MOMEHT 1HEpIIii, 110 JO3BOJISIE JOJIATH HEPIBHOCTI
MOBEPXHI MMOMUJIKU 1 HE 3yNUHSITUCA B JOKAJIbHUX MiHIMyMax, 1 0) BBECTH
IpOIEAYyPY aJanTHBHOTO MigOOpy KoediIlieHTa IIBUJIKOCTI HaBYaHHS
[10, 13, 14]. 3 ypaxyBaHHSIM BBEJCHHS MapaMeTpa MOMEHTY iHepiii H

3MiHa BaroBoro koegimieHTa B MPoIleCl HaBYaHHA Ha /-i 1Teparllii Ma€e BU]T

OE
t t+1 _ .
Aw, = —naT +pAw", u=0.9. Ipouenypa anantueHOro MiGOPY
ij
Koe(dilieHTa IIBUJIKOCTI HaBYaHHS 3aCHOBaHA Ha TaKWX MIPKYBaHHSIX:

npu3HavYaeThes nmoyarkoBe 3HaueHHs 1] = 0.01; npu 3MEHIIIeHHI KPUTEPIIO
SAKOCTI HaB4YaHHS Mepexi 1 30uibinyerhes B 1.05 pasu; npu 301IbIIEHHI
KPUTEPIIO SKOCTI HaBUYaHHS Mepexi Ouipin HIK B 1.04 pa3u mounHaeThCs
Kopekiis 1 y Oik 3MeHmeHHs 3 koedimieHTom 0.7,

Anroputm JleBeHOepra—MapkBap/iTa HAJICKUTh 10 KBa31HBIOTOHIB-
CBKHUX aJITOPUTMIB onTUMIi3allli. B HboMy eBHUM YHHOM (HAOIMKEHO, aje
JOCUTh OJIM3BKO /10 TOYHOI OLIIHKM) 3HAaXOIATh MaTpullio l'ecce npyrux
YaCTKOBUX NOXiAHUX (QyHKI[loHAna nomuiku. Marpuito I'ecce H 00-
yucmooth sk H = J'J , ne J — marpuns SIko6i noxiguux (yHKIIOHAIIB
NOMUJIKM OKpPEMO JJIsl KOKHOTO BHUXIJHOTO HEHWpoHa 1 JUIsi KOXXHOTO
00’€KTa B HaBYaJIBHIA BHOIpI 3a MapameTpamMu, IO HaJAIITOBYIOTHCS;
rpajlicHT PO3paxoByIOTh 3a opMyiow g =J e, 1e € — BEKTOp MOMUIIOK
mepexi [10, 14].
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AJIrOpUTM 3B’sI3aHUX TPAJIEHTIB, 30kpema Metoj [layena—biene, Ha
nepiriii iTepaiii NOYMHAE TOIIYK Yy HampsiMi aHTUTpadleHTa p, =—(,.
[Ticns BuOOpy HanpsiMy BU3HAYAIOTh KPOK IOIIYKY @,, HA BEIMYUHY SIKOTO
CiJ 3MIHMTH NapameTpu HamamrtyBaHHS W, (f+1)=w, (¢)+a(t)- p(?)
[ToTiM BU3HAYAIOTh HACTYIHUM HANpsM MOIIYKY SK JIHIMHY KOMOIHAIIIO
HOBOTO HAampsiMy HAWIIBUJIIOTO CIYCKY 1 BEKTOpa PyXy B 3B’sI3aHOMY
Hanpsmi p(t+1)=—-g(+1)+ p(t+1)- p(¢), ne B — koucranra [13].

KputepieM 3ynuHKM HaBYaHHS aJITOPUTMIB HEUPOHHUX MEPEX OY-

70 JTOCSTHEHHS 3aJ]aHOTO 3HAYEHHS CEepeIHBbOI KBAaJPATUYHOI MOMUIIKU
(Mean Squared Error, mse):

(@ -y)
S

S Y
i=1 i=l

1

1

mse = (2.7)

OkpemMoro posrisjly BHMarae HMOBIpHICHA HEHpPOHHA Mepexa
(Probabilistic Neural Network, PNN) — moaudikaiis pamiaabHux Oa-
3UCHUX HEUpPOHHUX Mepek. PNN MiCTUTh MpUXOBaHUU IIap HEWPOHIB 13
pajlianbHOO Oa3ucHOK (yHKINE akTuBaili (quB. Tadm. 2.1), KoxkeH
3 IKUX TPU3HAYEHUNU [Jisi 30€piraHHsi OKPEMOro €TaJOHHOIO 3pa3Ka
(HeMae HEOOX1AHOCTI BH3HAYATH KUIbKICTh MPUXOBAHUX HEUPOHIB 1 BUJ
dbyHKII1 akTuBaiii). BuxigHuii map IMOBIPHICHOI MeEpexi — IIe KOH-
KypYyIOUUil 1ap, sSikUil MiipaxoBy€ UMOBIPHICTh MIPUHAJIEKHOCT] BX1THOTO
BEKTOpa JI0 TOTO YM IHIIOTO KJIacy 1, BPEUITI-PEIIT, 31CTaBIsIE BEKTOP 13
THM KJIaCOM, MMOBIPHICTh MPUHAJIC)KHOCTI JI0 SKOTO HakBuIa. HaBuanHs
HMOBIpHICHOI Mepexi nepeadavae MmomnepeHe MpoBeICHHS KilacTepr3aliii
JUISl BA3HAYEHHS LIEHTPIB KJIACIB, IJI1 YOrO HAHYacTillle BUKOPUCTOBYIOTh
anroput™m k-cepeanix. OcHoBHa mpo0Oiiema npu pearizaiii PNN nossrae
y BU3HAUCHHI MapaMeTpa 3riaJKyBaHHs (PyHKIIT akTUBAIlli O: 3HAUYCHHS
napaMeTpa Ma€ OyTH JOCHUTh BEIUKHUM, 100 MEPEHIKOKATU TEepPEHAaB-
YaHHIO, aji¢ He HACTUIBKM BEJHUKHUM, 100 pajaiadbHa Oa3zucHa (YHKIIISA
OToJIONTyBaJia OJHAKOBO 3HAUYYIIMMHM BCl 3HA4Y€HHS BXOJy. Baromi ko-
edimieHTH mnepmoro mapy ¢GOPMYIOTHCS 3 BUKOPUCTAHHSIM BXIJTHUX
BEKTOPIB 13 HaBUAJbHOI MHOXXHWHH. BaroBi KoeQilll€eHTH APYroro Imapy
BIINOB11AI0TH 1IIbOBUM BEKTOpPaM HaBYAJIbHOI BUOIPKH.
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2.4. OuiHKa HaAiAHOCTI i CTIMKOCTIi aJIrOPUTMIB
HEMPOHHHUX Mepex

Baxx/iMBOIO XapakTEpUCTUKOIO aITOPUTMIB Kiacuikaiii € iX CTiid-
KicTh (pO6GacTHICTB)" 10 HASBHOCTI B MACHBAX YHCEIBHUX XaPAKTEPUCTHK
MOXUOOK, PO3MOAIN SIKMX BiAPI3HIETHCS BiJl HOPMaJIBHOTO, 1 MPOMYCKiB
(IaHi 3 MpomycKkaMu OCOOJMBO YacTO 3yCTPIYAIOTHCA MPHU 3BEPHEHHI [0
MAacCHBIB apX1BHUX JIAHHX).

JIJist TepeBipKU CTIMKOCTI peasli30oBaHUX AJITOPUTMIB J0 HASBHOCTI
B MacCHMBaxX JaHUX TOXHMOOK, PO3MOAUT SKHX BIAPIZHAETHCS BIJ HOP-
MaJIbHOT0, BUKOPUCTOBYBAJIM MOJEIb «Tpyoux mpomaxin» [S1—53].

VY BUXIJHI JaHI XapaKTEPUCTUK aHaI130BaHUX OO €KTIB (TECTOBOI
BUOIPKHM) BHOCWJIM MOXUOKH €, K1 PO3paxoByBasIH 3a (OPMYJIIOIO

e=[100-¢)-&_(0,6)+q-&_ (0,5)]/100, (2.8)

Laplas

ne g, % — IHTEHCHUBHICTh «TpyOHMX IIpoMaxiB»;, &g, — BHUIAJIKOBA

BEJIMUMHA, PO3MOJIIJIEHa 32 3aKOHOM ['ayca 3 HyJbOBUM CEpPEIHIM 1 CTaH-

JAapTHUM BIAXWIEHHSAM G; &, — BHIIAJIKOBAa BEJIWYMHA, IO MIAKO-
pseTbcst pos3noAiny Jlammaca 3 HyJIbOBUM CEpPEIHIM 1 CTaHAApPTHUM
. V2
BIIXUJICHHSIM O = —:

a

j, & e(—o0,0), (2.9)

p(e)= %exp{— a‘g - p
ne p(e) — rycruna posmoxiny, a >0 — napamerp Macirady,
—00 < B <+00 — mapaMeTp 3CyBYy.
Ockinbku KoedilieHT ekcuecy po3noairy Jlammaca y, =3 OUIbIIMIA,

HI)X HOpMaJIbHOTO po3nonaury (7, =0), 13 3poCTaHHSIM ¢ MiJABUILY€ETHCS

WMOBIPHICTh TOSIBU CEpPE/l € «rPyOHX MpOMaxiB» — MOXUOOK, 110 OLIbIIE
HDK Yy JBa-TpU pa3u MEPEBUINYIOTh CTaHJIApTHI BiaxwieHHs & [52]. [o
MOYaTKOBUX JAHUX XapaKTEPUCTHK OO €KTIB, MO KIACU(IKYIOThCS,
BHOCWJIM OXUOKU npu 3HaueHHsx ¢ = 0, 10, ..., 100 %.

1 e . . o .
) Criiiicts (robustness, ruggedness) — 31aTHICTb aITOPUTMY BHIABATH NPUHHATHI Pe3yIbTaTH

NpU 3MiHI OKPEMHX IapaMeTpiB; BIUIMB, [0 BUKJIMKAETHCS 3MIHOK OJHOTO YH JIEKIJIBKOX
¢dakropiB, Ha pe3yabTat [50].
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JInsi BUBUEHHSI CTIMKOCTI aJITOPUTMIB Kiacudikaiii J0 HasiBHOCTI
B JJaHUX MPOIYCKIB BUKOPUCTOBYBAJIM TaKy Mpouenypy: Bugamsiu 10
120 % 3HaueHb XapaKTEPUCTUK 3Pa3KIB TECTOBOI BUOIPKU 1 3aIIOBHIOBAJIU
OTpUMaHI MPOIYCKH CePeIHIMU 3HAYECHHSIMH BIAMOBITHUX BIACTUBOCTEH.

HenanifiHicTs pe3ynbpTaTiB KiIacu(iKailli OIIHIOBAIU SK YacTKY
HETPaBUILHO KJIaCHU(IKOBAHUX 3pa3KiB TECTOBO1 BUOIPKHU:

Pz%-IOO%, (2.10)

ne ",.,, — KUIBKICTh HEMPAaBUIBHO KJIACHU(PIKOBAHUX 3pa3KiB TECTOBOI
BUOIpKHU, n — 3arajibHa KUIbKICTh 3pa3KiB TeCTOBOI BUOIpku. HamiliHiCTh
pe3yJIbTaTiB AIrOpUTMIB Kitacudikaiii R =100 - P, %.

Oco0nuBy yBary NpuAUISIA NEPEeBIpIll 3MICTOBHOCTI KiacHbiKarlii.
KoHTponbHy BHOIpKY [ HEpEeBIPKH MPABWIBHOCTI KiacH(iKamli pid-
KOBHX 1 JDKEPEIbHUX BOJ| CKJIaJaiu 3pa3ku, BiAiOpaHi B poOIll, HACTyITHOMY
MiCs HAaBUAHHS QJITOPUTMIB MITYYHHX HEUpOHHUX Mepex. [Ipu npomy
KUTBKICTh BUBHAYEHHUX Y IIMX 3pa3Kax KOHIEHTpAIld METajiB BiAPI3HSIIACS
B1JI KUTBKOCT1 BIAMIOBIIHMX BJIACTUBOCTEH €TAJIOHIB, SIKI BUKOPHCTOBYBAIU
JUI HABYAaHHS aJITOpUTMIB. MOXIMBICT, OTpHMaHHsS 3MICTOBHOI 17€H-
TU(diKaiii TakoX TMepeBipsid, BUKOPUCTOBYIOUM 3alPOIOHOBAHY IIPO-
Heaypy KiacTepu3ailii 3a BiICYTHOCTI iHGopmallii mpo KUIbKICTh KJIAciB
1 HaBYaJibHY BHOIpKYy (AuB. rnaBy 4). 3HaliiecHe OpU IbOMY pPO30UTTS
00’€KTIB Ha KJacH MOPIBHIOBAIM 3 BIJIOMUM 3 yYMOB Bi0OOpYy 3pasKiB.
OkpiM 1BOro, MPaBWIBHICTh KJIacU(IKaIllll OIIHIOBAIM 3a JOIMOMOTOIO
IpoLIeaypH KpOC-BajiJallii.

2.5. Anpo6alisa aJropuTMiB HEMPOHHUX Mepex
«0e3 HaBYaHHA» Ta «3 HABYAHHAM» HAa MO/ eJ/IbHUX
i TeCTOBMX HAGOpax JaHUX

JInsi BUBYEHHSI pOoOOTH alTOPUTMIB HEMPOHHUX MEPEX MPU Pi3HUX
KepYIUuX MapaMeTpax 1 po3poOKH peKoMeHJalliil 3 gopMyBaHHS OMNTHU-
MaJbHOTO CKJIaJly HAaBYAJIbHOI BUOIPKM aJIrOPpUTMU HEHPOHHUX MEpEK
BUMPOOYBaIM Ha HaOOpax MOJENIBHHUX 1 TECTOBUX JaHUX. Bukopucramu
MOJICJIbHI JIaHi, 10 XapaKTepU3yIThCS CKIAJIHUMHU CTPYKTYpaMH: JIBOI€-
papxigHoro (puc. 2.5) 1 AyromoaiOHOI 3 PIBHOIO BIJICTaHHIO MiX 00’ €K-
TaMH KOXHOi 3 AyT (puc. 2.6) [53].
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Puc. 2.5. /[soiepapxiuna Puc. 2.6. [[yconooiona
CMPYKmMypa OaHux CMPYKmMypa OaHux

Sk etasoHH1 (3 HAAIMHO BCTAHOBJICHOIO CTPYKTYPOIO) BHUKOPHCTAIH
1Ba HAOOpH JaHUX, OTPUMAHUX €KCIIEPUMEHTANbHO. [lepiimii 3 HUX MICTUTD
XapaKTePUCTUKU KBITIB 1pUCy (BIIOMHI TECTOBUI HaOIp /11 BUPOOYBaHHS
ITOPUTMIB KJTacH(ikallii 1 KJIacTepHOro aHamizy) [54], Apyruii — xapax-
TEPUCTUKU 3pa3KiB 1TAMMCHKUX BUH (HAOIp JaHUX, IO TAKOX IIUPOKO
BUKOPHUCTOBYIOTh I TECTYBaHHS alTOPUTMIB Kiacudikarii) [55]. Macus
JTaHUX TIPO KBITH 1pHUCY MICTUTh BIAOMOCTI MMpo 4 xapaktepucTuku 150 3pas-
KIB 1pUCY (JIOBKHMHA 1 IMPUHA YAIIOJUCTKA, TJOBXKUHA 1 IIUPUHA TIETIOCTKH).
3pa3ku 1pUCIB MOAUIEHI HA TPU KIIACH, B KOXKHOMY 3 SIKUX MICTUTBHCS T10
50 3pa3kiB. MacuB JaHMX PO BHUHA MICTUTh PE3YJbTaTH BU3HAYEHHS
13 o3Hak 178 3pa3kiB BUH, 110 HAJIEXKATh J0 TPHOX KJIACIB.

3HaueHHS XapaKTEPUCTUK JOCITIPKYBAaHUX MAaCHUBIB JJAHUX HABEJICHO
B Ta0m. 2.4, 2.5 Ta B lonatky (ta6a. 11, [12).

[lepmuM  KpOKOM 3aCTOCYBaHHS QJITOPUTMIB «13 HABUYAHHIM
€ bopMyBaHHSI ONTHMAJIBLHOTO CKJIaJly HaBYajdbHOI BUOIpkH. HapuayibHa
BUOiIpKa MICTUThH BCIO 1H(GOpMAIIiI0 PO MOCTABJIEHY 3ajauy, TOMY e(deK-
TUBHICTh (DYHKIIIOHYBAHHSI Oy/b-IKO1 CUCTEMH, 110 HABYAETHCS, 3aJICKUTh
BiJl pENpe3eHTATUBHOCTI HaByaibHOI BHOIpku [56]. s dopmyBanHs
ONTUMAJIBHOTO CKJIaJly HaBYAJIbHOI BUOIPKM BUKOPUCTOBYBAIW WMO-
BIPHICHY HEHPOHHY MEPEXKY, IO XapaKTEPU3YEThCS MPOCTOI apXiTEeK-
Typoto. Ilpu 1poMy mnpuiiManu, MO ONTHUMAJIbHUN 00’€M HaBYaJIbHOI
BUOIPKM, BHU3HAYEHUN 3a JOMOMOIOK0 WMOBIPHICHOI MEpexXi, MOXHa
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BUKOPHUCTOBYBATH Il HAaBYaHHS HEHUPOHHMX MEPEeX U IHIIMX THIIIB.
TakuMm YMHOM, JOCHIPKYBaHI HEWPOHHI MEpEKI 3HAXOASITHCA B PIBHUX
yMOBaX, 1 MOXKHa CYJAMTH TIPO T€, SKa 13 3alpPOINOHOBAHUX apXITEKTYpP
HEHPOHHUX MEPEX € OUIbIl HaAIMHOW s Kiacudikalli KOHKPETHOI
TectoBoi BHOiIpku. Il onTtumanbHHM 00°’€MOM HaBYalbHOI BHOIpKHU
PO3YMUTH TaKy KUIBKICTh 3pa3KiB, ska 3a0e3meuyBaiia 100% HamIiHICTD
kiacudikaiiii 3pa3kiB TecToBoi BUOipku. HasiBHI Habopu JaHUX PO3ALISAIN
BUIAIKOBUM YMHOM Ha HaBYAJIbHY 1 TECTOBY BHOIPKM IpPHU PI3HOMY iX
cmiBBiiHomeHH1. [Tapametp 7, % mokasye, sika 4acTka 3pa3KiB Bij IXHBOI
3araJibHO1 KUTBKOCT1 3HaXOUTHCS B HaBYAIbHIN BUOIpIIi:

S

T=—-100%, (2.11)

ne S — KUIbKICTh 3pa3KiB y HaBYaJIbHIN BUOipIil, M — 3arajibHa KIJIbKICTh
3pas3KiB.

Tabnuys 2.4
JlaHi 3 IyronoioHo0 CTPyKTYpPOIO
3HaYeHHS 3HaYeHHS 3HayeHHST | 3HAUYCHHS
Howmep N N Howmep . .
o6’ ex1a MepIoi TPYTOi o6’ ex1a MepIoi TPyToi
O3HaKHU O3HAaKH O3HaKHU O3HAaKHU
1 6.35 5.20 8 8.55 5.00
2 6.53 5.80 9 6.90 5.20
3 6.90 6.15 10 7.16 5.60
4 7.40 6.35 11 7.55 5.70
5 7.92 6.20 12 7.92 5.45
6 8.30 5.90 13 8.04 5.00
7 8.47 5.50
Tabnuys 2.5
JlaHi 3 1BOi€EpapXivYHOK0 CTPYKTYPOIO
3HaueHHd | 3HaAYEeHHS 3HaueHHSI 3HaueHHSI
Homep . B Homep . .
06’ K1 nepIIoi Ipyroi 06’ cxra HepIoi Ipyroi
O3HAaKH O3HAKH O3HAaKH O3HAKH
1 1.20 5.60 22 3.45 1.52
2 1.30 5.80 23 3.50 1.30
3 1.40 5.60 24 3.75 1.55
4 1.45 5.50 25 4.00 2.55
5 1.50 5.75 26 4.10 2.80
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IIpoooesowcenns maon. 2.5

6 2.40 5.75 27 4.15 2.60
7 2.50 540 28 4.20 2.40
8 2.60 5.70 29 4.25 2.75
9 2.65 5.80 30 6.40 4.75
10 2.80 5.55 31 6.50 4.35
11 2.84 5.75 32 6.55 4.60
12 1.80 4.80 33 6.60 4.80
13 1.82 4.60 34 6.80 4.50
14 1.95 4.75 35 7.20 5.35
15 1.95 4.95 36 7.35 5.15
16 2.10 4.50 37 7.50 540
17 2.50 2.40 38 7.55 4.15
18 2.60 2.62 39 7.60 3.80
19 2.65 2.30 40 7.75 4.50
20 2.90 2.50 41 7.80 4.15
21 3.30 1.25

besnmommikoBa kinacudikailis 3pasKiB 13 Tyronoai0HOK CTPYKTYPOIO
IpU BHKOPHCTAHHI iiMOBipHicHOT Mepexi (8 = 0.1)” crmocrepiraersest mpu
T'=70%, 3paskiB i3 mBoiepapxiuyHoi CTpykTyporo — mpu 1 =60%,
3paskiB ipucis — npu T'= 70%, 3paskis Bun — npu 1 =87 % (puc. 2.7).

P, % 4, Puc. 2.7. 3anesxcnicmo
3HAYeHb YaACMKU
257 HEenpasuibHoO
204 - K1acupikosanux 3pasxis
— mecmoeoi 6ubipKu 6i0
151 3A 06 ’emy HaguanbHOI 8UOIPKU
10- A 0151 UMOBIPHICHOI
\A /A‘ HEeUPOHHOI MepedxCi:
°129— 0o @ / o ® \/A‘ 1 — 0ani 3 0y2onoodibmnow
0 ® o A CMpYyKmypoio, 2 — 3pasKu

. . . . . . . . . ipucis, 3 —3pasxku 6uH
50 55 60 65 70 75 8 8 90

T, %

2 o e )
) 3pauenns & = 0.1 He € €IUHO MOMKIIMBHM. Hampuxnan, ana namaiiinoi kinacudikamii naHux i3

AYTOMOIIOHOI0 CTPYKTYpPOIO ONTHMANIbHE 3HAUCHHS BIIXWUJICHHA pajiaibHOl 6a3ucHOl QyHKIT
3HaxoAuThCs B Mexkax 0.02 < 9 < 0.6. Y TekcTi BKa3yeMO OJIHE 3 MOXKJIMBUX 3HAYEHB O.
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VY BumaJKy AaHUX 13 JBOIEPAPXIYHOIO CTPYKTYpOIO HaBUYalibHA BH-
Oipka QopmyBanacs Tak, MO0 MIHIMyM JBa-TpU MPEACTAaBHUKU BCIX
JIeB’SITH KJIACIB BXOJWJIM JO i1 CKJIamy JJIsl TOBHIIIOTO OIKUCY MOCTaB-
JICHOTO 3aBJaHHSI.

Jiia inenTudikailii 3pa3kiB BUH, XapaKTEPUCTUKAM SIKUX TPUTAMaHHUN
BEJIMKHM pO3Max 3HA4YeHb — BIJ YAaCTKA OAWHHUIN JO JEKIUIBKOX COTCHb,
MONEPETHHO MPOBEIM ABTOMACHITA0OHE MEPETBOPEHHS JAaHUX (IPUBEJICH-
Hs1 JIO HYJIbOBOT'O CEPEIHHOr0 3HAYEHHS ¥ OJJMHUYHOI Auctepcii) [57]:

norm X~_)_C .
. =———.i=12,..,n,
X, wd() T (2.12)

ne X" — Oe3po3MipHEe 3HAYEHHS XApPAaKTEPHUCTHKH JUI I -TO 3pasKa,

OTpUMaHE BHACIIJIOK aBTOMACIITa0HOTO MEPETBOPEHHS, X; — BUXIJHE

3HAUYCHHS XapaKTePUCTUKU U1 [ -ro 3pa3ka, X — CEepeIHE 3HAYCHHS
XapaKTEPUCTUKU B 3pa3kax, std(X) — cTaHgapTHE BiIXWJIEHHS 3HAYCHD

XapaKTePUCTHUKU B 3pa3Kax, 7 — KIJIbKICTh 3pa3KiB.

[TapameTpu airopuTMiB HEHPOHHUX MEPEX 3 HaBUAHHSIM, IO 3a0€3-
MEYyIOTh CTOBIJCOTKOBY HaAIMHICTh Kiacudikaiii TECTOBUX HaOOpiB
JTAHUX, TpeAcTaBieHl B TaOmd. 2.6. {1 KOXXHOTO ajaropuTMy HEMpPOHHOI
Mepeki BUBHAYMIIM ONTUMAJIbHI aJITOPUTM HaBYaHHSI, KOMOiHAIit0 (PYyHKITIH
aKTHUBAIll JIJI1 MPUXOBAHOTO / BHUXIJHOTO IMApIB 1 KUTBKICTh IMPUXOBAHUX
HelipoHiB [58, 59]. Ilig onTUManbHUMH PO3YMUIM Takl MapameTpH, o
3a0€3Meuy0Th KOPEKTHE HABUYAHHS MEPEX1 Ta MPaBUIIbHE BIJHECEHHS J10
BIJIMOBITHUX KJIACIB 3pa3KiB T€CTOBOI BUOiIpkU. BuOip Merongy HaBYaHHS
1 DyHKIIIM akTUBALIIl IETAIbHO OMUCAHO Aalli B po3a. 2.6.

[IpoimtocTpyeMo BHOIp ONTUMANIbHOI KUIBKOCTI MPUXOBAaHUX HEM-
POHIB 1 KpOKY HaBYaHHsS Ha MPHUKIAAl MEpexi MpsSMOI mepeaadi CUrHaity
1 LVQ-mepexi (puc. 2.8, 2.9). Kputepiem 3ynuHKM HaB4YaHHS OyJo J0-
CSATHEHHS 3HAYEHHS CEPETHHOTO KBAJIPATUYHOTO BIAXHIICHHS, IO JOPIB-
Hioe 0.001 (muB. popmyiy (2.4)).

Puc. 2.8, 2.9 imocTpy1oTh SIBUIIA «HEJOHABYAHHS Ta «TIEPECHABYAHHS
HEHUPOHHOI MEpexi MpsIMOi Tepesiayl CUrHaily: Mepexa 3 7 <6 He 31arHa
PO3B’sI3aTH TIOCTABIICHY 3a/ady, Mepeka 3 /> 7 TpaBUIBHO HAaBUYAETHCS
(«3ayuye» NOpUKIaAM), ajle HE 37aTHA MpalIOBAaTU 3 HOBUMU JIaHHMHU.
[ToniOHi TBepKEeHHS cTOCYIOThes 1 LVQ-Mepexi mins 7<6 1 A>11.



XEMOMETPHWYHI METO/ZIX B PO3B’A3AHHI 3A/ZIAY....

76

INHIII #draweder|

=4 6=4 01=4 L=Y
BHUIHIL ‘OHOIHBL OHOIHEBL NNT
UHHRKIIOQdOMLI (ImeanLye ImHAD HHUHRKIIOQAILLI “OHAIHEL HHHRIIOQLILI (IITeauLIE
IO EHHIAHITION 0I0HLOdOds YOLOW IIDHA(D ‘MIrHWoN KHHYJUMoN 010HL0d0ods oL
vi=4 1 8=4 v1-6=4 L1 8=Y
NNJ
BHHUIHIL “OHOIHBL MMHRIIrOQdauLl (meauiye IMMHAQ ‘errdesidejy—e1dogHoad] YoLow
cl=4 =4 9=14 9=
NNO
BHHIHIL “OHQIHBL MMHAIIroodauLl (pmeaniye IMIHAQ ‘errdeaxden—e1dogHog9] [ TOLOW
vi=4 61 'L=Y Tl1=H L9=4
NNAA
BHHUIHIL “OHQIHRL MMHAIIOQd2IILI [iedaride IMHA(Q ‘errdesidejNy—e1dogHOgd] [ TOLOW
eHud mgede aroudr migedg THEY HRIxdedarodyy THEY THQITOITOTAT] NHITI
windoary

Q7 shnrgp |

WBHHChLECH €1 ¥ddon xuHHodioH ndianweden HIreWHLII(




['JIABA 2. Po6acTHi anroputmu kaacudikallii 6araToBUMipHUX XiMiYHUX JaHUX... 77

JIist TuHaMI4HOT MEpeKl Ta MEPEXi MPsSMOi Nepeaadi CUrHaIy € Je-
KUTbKa BaplaHTIB ONTUMAJIbHUX 3HAY€Hb KUIBKOCTI MPUXOBAHUX HEUPOHIB
JUTST HAJ1HHOT Kitacudikalli MOJEIbHUX 1 TECTOBUX JaHUX. PEKOMEHIYIOTh
[13] pobuTH BuOip Ha KOPUCTH MPOCTIIIOT MOJENI HEUPOHHOT MEPEXI.

Puc. 2.8. 3anescnicmo
3HAYeHb YacmKu P, % g0
HEenpasuIbHO
KAacupixo8anux 3pasxis
HA8YANbHOI I MeCcmoBol
8UOIPOK OAHUX 13
0y20n00iOHO0
CMPYKmMYpo1o 8i0 KilbKOCmI
NPUX0BAHUX HelipOHis (h)
OJ151 MepediCi npAmMol
nepeoauvi cucHamy: 04
1 — nasuanvna eubipka, 4 6 8 10 12 14 16 18
2 — mecmosa eubipka h

60

40

20+

Puc. 2.9. 3anescnicme P. %
> 7% 50
3HAYEHb YaACMKU
HeNnpasuibHO 40-
KAACUDIKOBAHUX 3DA3KIB 2
O0aHux i3 0y20.710@‘l6H070 . B m B B = N S @ 8=
CMPYKMYPOIo 810 KiIbKOCHI 20 2
Heuponis ona LVQ-mepeorci
npU Pi3HUX 3HAYEHHX KPOK)
Hasuanns: 1 —n = 0.03; 0 oo o o o
— T T T T T 1
2—n =001 0.1,0.05 0.04 s : : "} 5 W 6

10+

Jlist miaTBepKeHHs ab0 CIPOCTYBAHHSA IT€T PEKOMEH Il OI[IHUIN
CTIAKICTh MEpPEX1 MPsIMOi Tepe/iadl CUTHALY Ta JUHAMIYHOI MEPEXl MpHU
BIJIMOBIIHUX ONTUMAJIbHUX 3HAYEHHSX KUIBKOCTI MPUXOBAHUX HEHPOHIB
70 HAsBHOCTI MOXMOOK y TMOYAaTKOBUX JaHuX. I[loyaTKoBi 3HaYEHH:
napaMeTpiB, IO XapaKTEePU3YIOTh JaHl 13 JyromogiOHOI0 1 JBOi€pap-
X19YHOI0 CTPYKTYpPOIO 13pa3ku 1pucCiB, MOAU(PIKYBaIU MIJISIXOM BHECEHHS
moXuO0K 3a hopmyioro (2.5).

[IpoinrocTpyeMO BHECEHHS B JlaH1 «TpyOHMX MPOMaxiBy Ha MPUKIAI]
OJIHIET 3 XapaKTEPUCTUK KBITIB IpUCY — JIOBXKUH YaIIoJUCTKIB (puc. 2.10).
Bueceni moxubku nmokasani Ha puc. 2.11 mg ¢ =10% i ¢=80% .
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X, -
7 4 [ ] -
o el Puc. 2.10. [Josocunu
. .
T
. _ -. .- - qamz;zjt;:z:;augfas’me
= mEE e wo 3Haxogﬂm)2c;z
m
1 TmgEm - o
- = 6 mecmosiu euoipyi (X;)

Howmep 3pa3zka

3aJIe’)KHOCTI, TIpeACTaBieHl Ha puc. 2.12 st Mepexi MpsMoi nepe-
nayl curHany 3 7 1 19 HeillpoHaMu y OPUXOBAaHOMY IIapl MOPH 1HIIHUX
napaMeTpax, BKazaHUX y TaOj. 2.8, MO3BOJSIOTH 3pOOMTH BHCHOBOK IPO
Te, 110 MEpeXka 3 MEHIIOK KUIBKICTIO MPUXOBAaHHUX HEUPOHIB HE MOCTY-
MAETHCS MEPEX1 3 OUIBIION KUIBKICTIO HEMPOHIB 3a CTIMKICTIO JO HAasiB-
HOCTI B JJaHUX MOXUOOK.

[Tomi0H1 3aJIEKHOCTI COCTEPIraaucs 1 AJid JUHAMIYHOI MEpexi mpu
h=8 i h=15 npu xnacudikanii 3paskis ipucy (puc. 2.13), i npu h =38
1h=17 npu xnacudikauii JaHUX 13 JYronoAiOHOIO CTPYKTYpPOO
(puc. 2.14). IlpocTi Moaeni Mepex CTIMKIII MPH HEBEIUKUX 3HAYCHHSX
BHeceHUX mnpoMaxiB: 0<qg <30 %, 110 TakoXX rOBOPUTHh Ha iX KOPHCTH,

OCKUIBKA WMOBIPHICThH TOSIBH O1IBINOI KIIBKOCTI IMPOMaxiB y XIMIYHOMY
EKCIIEpUMEHTI Mayia. Y 3B’S3Ky 3 IIUM MU TaKOX PEKOMEHIYEMO pOOUTH
BUOIp HAa KOPUCTh MPOCTIIIOI HeMpoHHOI Mepexi. Jlam OyayTh HaBeneHi
HAUTPOCTIII ONTUMAIbHI apXITEKTYPH HEHPOHHUX MEPEK.

q=10% . g=80 %
| ] i
|
14 | |
) n < U . .
% [ | | & iy
S T - R L Pt B
% l . L = T B -
£ o nE e = owt = y" ) -
< | ] < | ]
5 " = = .l " 5 21 - -
- 2
2 S " o .
] [
R " L] M -
T T T T T | -1 T T T T T ]
D 10 20 30 40 50 0 0 20 0 40 0
Howmep 3paska Howmep 3pazka

Puc. 2.11. Iloxubxu, éneceni 6 008H#CUHU YAULOTIUCMKIE
keimieg ipucy npu o =0.1-X,
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Puc. 2.12. 3anexcnicmo P, % 307
YaCcMoK HenpaguIbHO 25 |
i0eHmughikosanux 3pasKie -
ipucy 8i0 IHMeHCUBHOCMi 20+ /
«2pyoux npomaxisy, 5. o
BHECEHUX V NePBUHHI /
Xapakxmepucmuxu, 10 :Z
0J151 Mepedici npAMOi m-m ,/
nepeoayi CUsHALY: ) o m
1 —mepesicaz h=19,
2 —mepexcas h="T7

—

T
20 40 60 80 100

q, %

c1@® 1

BimsHaunmo, 110 HEHpOHHI Mepexi 0e3 HaBYaHHS 1 TpaAuIliiHI aj-
TOPUTMH KJTacu(ikaiiii He T03BOJISIFOTh BUSBUTH PEATIbHY CTPYKTYPY JaHHUX
(Tabdmn. 2.7). Ilpu po3paxyHkKax 3a METOJOM OINOPHUX BEKTOPIB IS BCIX
MacuBIB JIaHUX BUKOPUCTOBYBAJIM B SIKOCTI siipa pajlajibHy Oa3uCHY
dbynkiiro ["ayca

K(x,x)=e """ (2.13)
Jie mapameTrp 7 =%2 &) o” — AUCTIEPCisL.

Tabnuys 2.7
PesyabTaTn kiaacudikamii MoOgeJbHHUX i TECTOBUX JTaHUX
agropurmamu LVQ-mepexi, mepexki KoxoHeHa i TpaguuninHumMu

aJIrOpUTMaAMM
P,%
AJroput™ HyrononiOHi | JIBoiepapxiuni | 3pa3ku | 3pa3ku
1a”l 1a”l 1pHUCIB BUH
Mepexa Koxonena
(n=0.01) 39 0 9 11
0
LVQ -mepexa (7<h<1l, | ne knacudikye * *
n =0.03)

LDA 50 0 0 0
SVM 0 0 0 *
SIMCA 75 44 4 *
PLS-DA 50 44 7 8

*
ANTOPUTM KOPEKTHO HE HABYAETHCS.
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Puc. 2.13. 3anexcnicmo

/'7
40 - 7/‘\ YacmokK HenpasujibHo
/#O
_—

P, %

i0eHmughikosaHux 3pasKie

30- ipucy 8i0 iIHMeHCUBHOCMi

«2pyoux npomaxisy,

20- / BHECEeHUX Y NepPBUHHI
o Xapaxkmepucmuxu,

5 /./ ® 07151 OUHAMIYHOT MepPedCi:

1’7‘/ 1 — mepeosica 3 h =8,

. . . . . : 2 — mepedxca 3 h=15
0 20 40 60 80 100

q, %

104

[Ipu BukopucTaHH1 (HOPMATBLHOTO MOJEIIOBAHHS aHAJIOTIA KJIACiB Ta
JTUCKPUMIHAHTHOTO aHaJI3y 3a JOMOMOTOI0 PEerpecii Ha JJATEHTHI CTPYKTYpH
JOCIIIKYBaH1 KJIACH MOJEJIBHUX 1 TECTOBUX JaHUX MOJCIIIOBAIM 3a J0-
MIOMOTOI0 OJTHIET TOJIOBHOI KOMIIOHEHTH / MPUXOBaHOi 3MiHHOI. Metoau
SIMCA 1 PLS-DA, a takox LVQ-Mepexxka BUSBWINCS HallMEHII eQek-
TUBHUMH. 3O0UIBIIEHHS KUIBKOCTI TOJIOBHUX KOMIIOHEHT / TPUXOBAHHUX
smMigHUX 111 SIMCA 1 PLS-DA, BianmoBigHO, HE J03BOJIMIIO 3MEHIIHUTH
NOMUJIKY Kiacudikamii 1 MpaBWJIbHO HABYUTH METOA I 1AeHTHIKAIT
3pa3KiB BUH.

Tabu. 2.8 MICTUTH OCHOBHI TIapaMeTpH TPATUIIIMHUX METOAIB KIacu-

dikarii: ams SVM — KUIBKICTh OMOPHUX BEKTOPIB [V, 1 3HAYEHHS Ta-

pameTpa sapa Y B dhopmyrai (2.13), mua SIMCA 1 PLS-DA — 3HadeHHs
CyMapHOi JUCIIEPCii 03HAK, [0 OMUCYIOTh T'OJIOBHI KOMIIOHEHTH / TIPH-
xoBaHi 3minHi Var , nna SIMCA BoHM HaBezieHi JJ1s KOKHOTO KJIacy.

P, % . ‘e m m mm Puc. 2.14. 3anesxcnicmo
YacmoK HenpaguiIbHO
K1acughixo8anux Oanux
i3 0y20n00ioHO1I0
15- CMPYKMYporo i0 4aACMOK
IHMEeHCUBHOCI «2PYOUX
NPOMAXi8», BHECEHUX

204

10+

5 y NEepBUHHI
Xapakxmepucmuxu, OJisl
o lm-m ® B B B 0 0 0 00 OUHAMIYHOT MepedCi.
T T T T T T J—
0 20 40 60 80 100 | — mepedxicas h=38,

q. % 2 —mepexcaz h=17
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Tabnuys 2.8
ITapameTpu TpaguuiiHUX MeTOXIB KJIacHpikamii
[TapameTpu alropuTMiB
M . . . . .
=roA HyFOHO.I[16H1 HBOICpaPXIqu 3pa3ku ipuciB | 3pa3Ku BUHA
JadH1 JAdH1
SVM Nsv=87 Nsvzzo’ Nsv:28’ Nsv:519
y=0.316 y=0.0316 y=0.00316 | y=0.000316
Var = 62 % Var, =61 %,
SIMCA | TP270 e ~60% | Var,=67%, | Var_, =25%
Var, =60 %
Var, =65 %
PLS-DA | Var=73% Var =72 % Var=74% | Var=37%

Pe3ynpTaTtn kimacudikaiii MOACTbHUX 1 TECTOBUX JaHUX JO3BOJISIOTH
XapaKTepU3yBaTH aJTOPUTMH HEHPOHHUX MEpPEX 3 HaBYAHHSAM 5K II€pC-
MEeKTUBHI KJIacu(iKalliiiHI IHCTPYMEHTH.

2.6. OnTuMisanisa napaMeTpiB IITYYHUX HEUPOHHUX Mepex
i cTiMikicTh Ki1acu@ikanii 3 HaB4YaHHAM A0 BapiloBaHHS
BUXiAHUX JaHUX (Kiacudikallisd poO3YMHHUKIB 3a X
COJIbBATOXPOMHUMHU XapaKTEPUCTHUKAMU )

OnTuMmizaliiiro napameTpiB MTYYHUX HEHPOHHUX MEPEX Ta CTIMKICTh
kiacudikarii 10 BapilOBaHHS BUXIIHUX JAHWUX PO3TJISHEMO Ha TPUKIIAI]
Kiacugikailii pO3YMHHMKIB 3a X COJbBATOXPOMHUMHM XapaKTEPHUCTHUKAMHU.

CompBaroxpomui napametpu Tadra—Kammera (mapameTp OCHOBHOCTI
PO3YMHHUKIB SIK aKIENTOpiB BoJHEBOro 3B s3ky [ [60], mapametp
KHCIIOTHOCTI PO3YMHHHMKIB SIK JJOHOPIB BOJHEBOTO 3B’ 53Ky . [61], mapamerp
MOSIPHOCTI | IOJSIPH3OBHOCTI PO3YMHHHKIB 7T [62]) MIMPOKO 3acTo-
COBYIOThCSI B XIMii. PeryisipHo CTBOPIOIOTHCSI HOBI COJIbBATOXPOMHI 30H/U
JUTSL JTOCHIJIKEHHSI PI3HUX PEAKIIMHUX CEPeIOBUIIl 1 MOBEPXHI MaTepiajiB
[63—66]. PeakmiiiHi cepemoBuIia KiIaCH(MIKYIOTh 1 XapaKTEpHU3yKOTh Ha
OCHOBI 3HA4eHb iX COJIbBATOXPOMHHX IapaMeTpiB, BHKOPHUCTOBYIOUH
O0araToBUMIPHI CTaTUCTUYHI MeTOoaM [67, 68]. 3HAYEHHS COJIbBATOXPOMHHUX
napaMeTpiB 13 4aCOM YTOYHIOIOTHCS (IUB., Hanpukiamd, [69]). OkpiMm 1poro,
B JIITEpATypl 3yCTPIUarOThCS BUMAJAKK BIJCYTHOCTI 3HAUYE€Hb OJIHOTO 3 COJIb-
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BaTOXPOMHHUX MapaMeTpiB I ACSIKUX pedoBrH. Hampukiazn, y po6oti [70]
ot 11 31 185 HaBe[eHHUK OpraHiYHEX PO3UMHHHUKIB 3HAYCHHS [TAPAMETPA T
€ HeB1JIOMUMH, B po0OOTI [71] mpemcTaBieHo 3HAYeHHS TUIBKH MapameTpa T
Tt 229 PO3YMHHKKIB, @ B poGOTi [72] — 3HAYCHHS MApaMeTpiB oL 1 T I
35 kucnor. ToMy knacudikaiiiiHi aIrOPpUTMH MOBUHHI HE JHIIE 3a0e3re-
qyBaTU HAAIMHY 1ACHTU(DIKAIIO CIOJYyK 3a HAOOPOM COJIbBATOXPOMHHX
napaMmeTpiB, ajie il OyTH CTIMKMMH SIK JI0 HEBEJIMKOTO BapifOBAaHHS 3HAUYEHB
COJIbBATOXPOMHMX TapaMeTpiB, TaK 1 JO HASBHOCTI Yy BUXITHUX JTaHHUX
IPOIYCKIB.

JlocaipKkyBaHMM HAMM MacHB JIaHUX BKIJIIOYaB 56 pPO3YHMHHUKIB, IO
XapaKTePU3YIOThCS TPhOMA CONBBATOXPOMHUMH MapaMeTpaMu o, B i T
[73, 74] (muB. JomaTok, Tadma. J13).

Y poboti [73] 3ampomnoHOBAHO PO3OUTTS IUX PO3UYMHHHUKIB Ha
6 rpyn: 1) ci1aOKOOCHOBHI pO34YMHHUKHK (anidaTuyHl eTepu W 3aMilleHi
amdaTryHl aMmiHu); 2) anpoTOHHI MOJSAPHI POZYMHHUKH (IIUKIIYHI €TepH,
KETOHHU, €CTEepU 1 HITPUIM); CHIHHOMOJMSAPHI W OCHOBHI PO3YMHHUKHU
(mipuauHu, amiau, cyiab(QoKcuIu, cedoBuHU, pochopoaminn); 4) BiTHOCHO
HOJISIPHI PO3YMHHHUKK (apOMAaTH4HI CIOJIYKH, TajJOreHOMOXiAHI 1 MOJIi-
raJIOTeHOTNOX1/IH1 ami(aTUYHUX BYTJECBOJHIB); S5) PO3YMHHUKH, 3JaTHI
yTBOPIOBATH BOJHEBI 3B’sI3KHU (CIIUPTH 1 BoAA); 6) amidaThudHi ByTJIEBOIHI.

Oco01uBYy CKJIaJHICTh 0OpOOIIl TAKUX JTAHUX HAaJla€ BEJIMKUM po3Max
3HAYCHb COJBBATOXPOMHHMX MapaMeTpiB YCEpPEeIrWHI KOXKHOIO KJjacy.
Hamnpuknan, napamerp ©* ycepeauni kinacy 4 konuBaetrhbcs Big 0.28 1o
0.82, mapametp B ycepenuni knacy 5 — Bix 0.18 mo 1.01, mapametp o
ycepenuni kiacy 2 — Bia 0 no 0.22.

Takum uynrHOM, 00pOOKa MacuMBY JaHUX MPO 56 PO3UUHHHKIB, IO
XapaKTEePU3YIOThCA TPhOMa COJbBATOXPOMHUMU MapaMeTpaMu, € IIKaBOIO
AK 3 XIMIYHOI TOYKH 30PY, TaK 1 3 TOUKH 30py MEPEBIPKU MPaIe3/IaTHOCTI
AITOPUTMIB HEHPOHHUX MEPEXK Ha KJlacax, 10 MePEKPUBAIOTHCS, 1 OI[IHKU
CTIMKOCT1 aJITOPUTMIB JI0 HASBHOCTI B JaHUX MPOIYCKIB 1 HEBEIUKOTO
BapIIOBaHHS YHCEJIbHMX 3HAYEHb XapaKTEPUCTUK (HASBHOCTI B JaHUX
moxuook) [75].

OnrumanbHHi 00’ €M HaBYAJIbHOT BUOIPKH 3HAXOIMIIH 32 JIOIIOMOTOIO
WMOBIPHICHOI MEpexi, K 1 JJid PO3TJISHYTHX paHiie MOJCIbHUX 1 Tec-
TOBUX HaOOpiB JaHuXx. lIpoieaypy BU3HAYEHHS ONTUMAIBHOTO 00’ €My
HABYaJbHOI BUOIPKU MOBTOPIOBAJIM YOTHUPHU pa3M ISl KOKHOTO 3HAYCHHS
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T,% (muB. popmyny (2.7)) 3 MeTOI0 pO3pOOJCHHS PEKOMEHAAIIN IIO0

(dhopMyBaHHA pENPE3EeHTATUBHOI HABYAJIBHOI BUOIPKHU.

Henaniiinicte kmacudikariii po3YMHHHUKIB OIIHIOBAIM 32 (POPMYIIOH0
(2.6). Ha puc. 2.15 HaBeieHO cepeHi 3HaYEHHsI HEHAIIMHOCTI 171eHTU(IKaI1
PO3YMHHUKIB TI0 YOTHUPHOX Tapax HABYAIbHUX 1 TECTOBHX BHOIPOK.
IMOBipHICHA Mepexa NPaBUIBLHO KIIACU(DIKY€e pOZUMHHUKN TECTOBOI BUOIPKH,
nounHatouu 3 1 =60 %. Ile 3HaueHHs 00’eMy HaBUYaJIbHOI BHOIPKH BHKO-

PHCTOBYBAJIM MPU HABYAHH1 HEMPOHHUX MEPEXK i 1HIITMX TUIIIB.

P,% 46
Puc. 2.15. 3anexcnicmo o 164 LDA

3HAYeHb YaACMKU
PO3UUHHUKIE MeCmO80i 12
8UOIPKU, WO HENPABUTHLHO PNN
K1acugixyromuocs, 8io

00 ’emy HasuanbHOI
BUOIPKU 0151 UMOBIDHICHOI
mepearci (0 =0.1) 44

[ IIHIUHO20

OUCKPUMIHAHMHO20

aHaﬂigy T T T T T T
20 30 40 50 60 70

T, %

Tpaguiiitai anropuT™u Kiacudikaili BUMaraloTh O1IBIIOT KITBKOCTI
HAaBYAIBHUX 3pa3kiB. Hampukmaa, diHIMHUNA AUCKPUMIHAHTHUM aHali3
NpaBWIbHO KJIACU(DIKyE POZYMHHUKH TECTOBOI BHUOIPKH, IMOYMHAIOYHU
3T7=70%; npu T =60% nguckpuMiHAHTHHMI aHali3 MPaBHILHO KJIACH-

biKye pPO3YMHHUKU JIMIIE JJjIsi OJHIET TMapu HaBYaJIbHOI Ta TECTOBOI
BUOiIpok. [0 mapy HaB4ajgbHOI 1 TECTOBOI BUOIPOK 3aCTOCYBAJIM 1 ISt
TECTYBaHHS TPAIULIMHUX METOJIB Kiacu@ikaiii Ta JUisl OLIHKKA podac-
THOCTI aJITOPUTMIB.

JI1s1 KOO)KHOTO aIrOpUTMY HEMPOHHOT MEpPEXK1 IIPU BUIIAAKOBO BUOPaHIii
HEBEJMKIA KIUIBKOCTI TMPUXOBAHUX HEUpPOHIB (4#=Y9) BU3HAYaId METOJ
HaBYaHHs 1 KOMOIHAIIIO0 (PYHKIIM aKTHBAII], 110 3a0€3MeUyI0Th TPUUHITHY
(MiHIMQJIbHY 3 OTPUMAaHHX 3HA4€Hb) HEHAMINWHICThH iAeHTU]IKAIT PO3UMH-
HUKIB TecTOBOi BHMOIpkHM (Tabm. 2.9-2.12). IloTim, 3MIHIOIOYH KUIBKICTh
IIPUXOBAaHUX HEMPOHIB, JOCSATAIM CTOBIJICOTKOBOI HAMIMHOCTI KIacH(iKaIii
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pO3uMHHUKIB (puc. 2.16). OnTrMalibHa KIIBKICTh IPUXOBAHUX HEHPOHIB JJIs
PI3HMX THIIIB HEHPOHHUX MEPEXk 3HAXOAUThHCS B Mexkax 10 <h <14,

P, % n
16 o
D Puc. 2.16. Henaoiunicmo
1] N\AT Kaacugixayii po3yuHHUKiI6
\. FFNN__ ENN mecmoeoi 6ubipKu
Vv vy - -
8- npU PI3HUX KLIbKOCMSX
CNN pup o
. ¢ o & ®m = - wu-w NPUXOBAHUX HEUPOHIB
/ 0Ji51 YOMUPLOX MUNIB
o4 N VN, HeUPOHHUX Mepedtc
6 8 10 12 14 16
h
Tabnuys 2.9

Henaniitnicts kiaacudikamii pozunnnukis (£, %) npu piznux
(PyHKIIIX aKTUBALII TA METOIaX HABYAHHA 1A Mepexi Eamana

DyHKI1T aKTUBALI JIJIs1 IPUXOBAHOTO / BUXIJTHOTO IApiB
Merton rinepOoiy- rinepOoTiYHUMA : .
. ) . |norictuyHa /|noricTu4Ha /
HaBYaHHS HUW TaHTEHC /| TaHTEHC / T1mepooIiy- e )
e - JiHIAHA | JIOTICTUYHA
JiH1AHA HUN TAaHTEHC
JleBenOepra—
b 35 30 48 52
Mapxksapara
[Tayena—biene 57 44 52 39
AJroputm
3BOPOTHOTO
17 9 39 44
MOIIUPEHHS =
MOMWJIKHU

Tabnuys 2.10
Henaniitnicts kiacudikamii po3unnnukis (£, %) npu pizanx
GyHKIisIX akTHBAaIlil TA METOJAaX HABYAHHS JJIsl AMHAMIYHOI MepexKi

OyHKIIT aKTUBaLIL JIJIs1 IPUXOBAHOTO / BUXITHOTO IIapiB
Merton rinepOoJIiy- rinepOoivHuUt : :
. : JoricTUYHa / |1oricTUYHa /
HAaBYaHHA  |HMl TaHT€HC /|  TaHIreHC / rimnep- o )
s . JiHIHHA | JOTICTUYHA
JiHiHA OOJTIYHUN TaHTEHC
JleBenOepra—
b 5 9 30 87
Mapksapara =
[Tayena—biene 9 22 39 30
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IIpoooeorcenns maon. 2.10

AJroputm
3BOPOTHOI'O
HOIIUPEHHS

HOMWJIKU

35

83

83

61

Tabnuys 2.11

Henaniitnicts kiaacudikamii pozunnnukis (£, %) npu pizuux
GyHKIIAX akTHBALIl TA MEeTOAAX HABYAHHSA JJI1 KACKAHOI MepesKi

OyHKIIT aKTUBAIIIT 111 IPUXOBAHOTO / BUX1THOTO IIapiB
MeTox HaBYAHHS rinepOoMiYHUil |  rinepOoTIuyHUN Joric- Joric-
TaHT€HC / TaHT'€HC / Tinep- TUYHA / TUYHA /
JiH1AHA OOJIYHUI TaHT€HC | JIiHIMHA |JIOTICTUYHA
JleBenOepra— 9 5 9 9
Mapksapara =
[Tayena—biene 9 35 9 17
AJroputm
3BOPOTHOTO
HOUEHPGHHH 22 35 61 74
MTOMUJIKU

Tabnuys 2.12

Henaniitnicts kiaacudikamii po3unnnukis (£, %) npu pizaux
GyHKIIAX akTHBALII TA MEeTOAAaX HABYAHHA JIs1 MePexi MPAMOi
nepeaavi CHrHaJIy

OyHKITIT akTUBAII JIJI TPUXOBAHOTO / BUXITHOTO IIapiB

rinepOoMiYHMM | rinepOoTIuYHUN Joric- JIoric-
Meton HaBUYaHHS ;
TaHTeHC / TaHTeHC / Tinep- TUYHA / TUYHA /
JiHIHA OONIYHUY TaHTEHC | JIiHIIHA |JIOTICTHYHA
JleBenOepra—
P 5 22 13 9
MapxkBapara =
[Tayena—biene 9 17 9 22
AJroput™m
3BOPOTHOTO
P 30 57 48 30
MOIIUPEHHS
MTOMUJIKU

OnTuMalibH1 MapaMeTpu HEUPOHHUX MEPEX, IO 3a0e3MevyroTh Ha-
niHy KiIacu@ikaiio pO3YMHHUKIB 3a 3HAUYCHHSIMHU iX COJIbBATOXPOMHHUX
napaMeTpiB, IIpeCcTaBiIeHO B Ta0m. 2.13.
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Tabnuys 2.13
OnrumManbHi MapaMeTpH AJIrOPUTMIB HEHPOHHUX MeEpPex
NJIA HAAIHOI KiIacu@ikauii pO3YMHHUKIB

Heuponna mepexa
[Tapametp
FFNN CNN DNN ENN
Anroputm
Merton JleBenOepra— | JleBenbOepra— | JleBenOepra— | 3BOPOTHOTO
HAaBYaHHS Mapkapara | Mapksapara | Mapksapara | DOIIMPEHHS
MOMUJIKU
Otpumane
p 0.001 0.001 0.001 0.1
3HAUCHHS MSse
Kinbkicth
MPUXOBAHUX 1 1 10 1
HEHUPOHIB
(MiHIMaJIbHA)
: . .| rinepOomiu- . . rinepOoIIYHHMA
.. |rimepOomiuHu#| rinepOosiy-
OyHKIIIT HUMN TaHTEHC / . TaHreHC /
TaHreHC / . . HUM TaHTeHC /| . o
aKTUBAILII] . rinepOosiy- Cew rinepOoTIYHHMA
JH1AHA " JHIAHA
HUW TAHTEHC TaAHT'E€HC

Hapiiinicts knacudikaliii po34YMHHUKIB 3a JIOMIOMOTOI0 TpaJuIliii-
HUX aITOpUTMIB € HU3bK010. Y Bumaaky PLS-DA i SIMCA nocnimkyBaHi
KJIACH MOJISITIOBAIM 3a JIOTIOMOTOI0 JIBOX T'OJIOBHMX KOMIIOHEHT / TIpH-
XOBaHUX 3MIHHUX (Ta0. 2.14).

Tabnuys 2.14
3HaYeHHA MapaMeTpiB Ta HEHAJIHHICTD KiIacudikanii po3YMHHUKIB
NeAKUMH TPAAUMUIHHUMH MeTOoAaMu Kiaacudikamii

Meton SVM SIMCA PLS-DA
3Ha'~I€HH;.I Nsv = 24 ’ Varl - Var3 = VCZVS - 100 % ’ Var = 78 %
mapamerpiB | ¥ =0.00316 Var,=91% , Var, =83 %,
P, % 13 26 13

EdexTuBHICTh aITOPUTMIB OLIIHIOBAIH 3a 1X CTIMKICTIO A0 HAsSBHOCTI
B JJAHUX MOXHUOOK, PO3MOLUI SKUX BIAPI3HAETHCS B1J HOPMAIBLHOTO, 1 TIPO-
MycKiB. /|0 MOYaTKOBUX YHUCEIHHUX XapaKTEPUCTUK PO3UYNHHHUKIB TECTOBOI
BHOIPKA BHOCHJIM TOXHOKH BIAMOBIAHO 0 MOl «TPyOHMX IIpOMaxiBy.
CrymiHb CIOTBOPEHHS MOYATKOBUX 3HAYECHB MMapaMETPiB BHECEHUMH «TPY-
OMMM ITpOMaxamm» OLIHIOBAJIN 3a 3HAYCHHSIM KPUTEPIIO
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>
i

. . . initial .
ne N — KiJbKiCTh PO3YMHHMKIB, X; ~ — IOYATKOBi 3HAYEHHS COJHBATO-

changed

xiinitial _ xl , (2 14)

. h d .
XPOMHMX HapaMeTpiB, X; - — 3HAYEHHs COJNLBATOXPOMHMX IapPaMETPiB
MiCJIsl BHECEHHS MTOXHOOK.

Ha puc. 2.17 HaBeneHoO 3anexHICTb KpuTepito O Bij 4acCTKU BHe-
CEHHX MPOMaxiB ¢ .

Q
1,2 :\\
Puc. 2.17. 3anexcuicmo 5 A A /o
Kpumepilo cnomeopenHs 0.6 .\ AL A 4 o 4:/A
NnOYaAmMKOBUX 3HAYEHDb L ./o/
napamempie 6i0 YacmKu o o o
IHMEHCUBHOCMI BHECEHUX 0474
«2pyoux npomaxiey» .\l\l\.‘.“.\.,.ﬂ././l
0 20 40 60 80 100
q, %

Jlns Toro mo0 OMIHWUTH CTIMKICTh aJITOPUTMIB KjaacHudikallii 10 Ha-
SBHOCTI B JIaHMX TIPOIYCKIB, 3 MAacCHBY XapaKTEPUCTUK POIUYNHHUKIB
TECTOBOI BHOIPKM BUIMAJAKOBUM YMHOM BHAALIM 6 1 13 3Ha4eHs, 110
BianoBigae npuoauzHo 10120 % xapakrtepuctuk. [Ipomycku 3amoBHIO-
BAJIM CEPEIHIMU 3HAYCHHSIMHU BIIMOBITHOTO MapaMeTpa Mo 3HAYCHHSX, 1110
sanumuircs (tads. 2.15, HOB1 3HAYEHHSI XapaKTEPUCTUK BUJLJICHO >KHUP-
HUM HIPpUPTOM).

Tabnuys 2.15
IloyaTkoBIi i 3MiHEHI BHECEHHAM IPOIYCKiB 3HAYCHHA
COJIbBATOXPOMHMX XapaKTEPUCTUK

3HaYEHHS COJIbBATOXPOMHHUX XapaKTEPUCTUK

. [Ticna BHECEHHS ITicnsa BHECEHHS
IlouaTkoB1 o ) o )
10 % npomyckiB 20 % mpomyckiB
o B * o B * o B *

0.00] 046 | 0.24 0.00 0.46 0.24 0.14 0.46 0.24
0.00 | 047 | 0.27 0.00 0.47 0.27 0.00 0.47 0.27
0.00] 0.22 | 0.73 0.00 0.22 0.73 0.00 0.37 0.73
0.00 | 0.20 | 0.69 0.00 0.20 0.69 0.00 0.20 0.69
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0.08 | 048 | 0.71 0.08 0.48 0.71 0.14 0.48 0.71

0.00 | 0.45 | 0.55 0.00 0.45 0.55 0.00 0.37 0.49

0.00 | 0.76 | 0.88 0.00 0.76 0.88 0.00 0.76 0.88

0.00 | 0.69 | 0.88 0.00 0.69 0.48 0.14 0.69 0.88

0.00 | 0.77 | 0.92 0.00 0.77 0.92 0.00 0.77 0.92

0.00 | 0.80 | 0.83 0.11 0.80 0.83 0.00 0.80 0.49

0.00 | 0.71 | 0.14 0.00 0.71 0.14 0.00 0.71 0.14

0.00 | 0.39 | 1.01 0.00 0.39 1.01 0.14 0.39 1.01

0.00 | 0.64 | 0.92 0.00 0.64 0.92 0.14 0.64 0.92

0.68 | 1.01 | 041 0.68 1.01 0.41 0.68 0.37 0.41

0.79 | 0.88 | 0.47 0.11 0.88 0.47 0.79 0.88 0.47

0.83 | 0.77 | 0.54 0.83 0.46 0.54 0.83 0.77 0.54

090 | 0.52 | 0.92 0.90 0.52 0.92 0.90 0.52 0.92

0.00 | 0.00 | -0.02 | 0.00 0.00 -0.02 0.00 0.00 -0.02

0.00 | 0.00 | 0.03 0.00 0.00 0.03 0.14 0.00 0.03

0.00 | 0.00 | -0.04 | 0.00 0.00 -0.04 0.00 0.00 -0.04

0.00 | 0.00 | 0.00 0.00 0.00 0.48 0.00 0.00 0.00

0.00 | 0.53 | 0.76 0.00 0.53 0.76 0.00 0.37 0.76

0.00 | 0.49 | 0.87 0.00 0.49 0.48 0.00 0.37 0.87

Tabnuysa 2.16
Henagilinicts anroputMmis kiaacudikauii (P, %) npu o0podui 1anux,
B AIKi 0yJ10 BHECEHO «IPy0i mpomMaxm»

q,% 0 10 | 20 | 30 | 40 | 50 | 60 | 70 | 80 | 90 | 100

Pl Ol o0 |0 0 0 0 0 0/ /0010

P, 43 | 43 | 43 | 43 | 43 | 43 | 43 | 43 | 43 | 87 | 87

P | 43 0 0 87 | 43 | 43 | 8.7 0 43 | 43 | 43
P 87 | 43 | 43 | 87 | 43 | 43 | 43 0 87 | 43 | 8.7

RN 13 143 | 13 | 87 | 43 | 87 | 87 | 87 | 87 | 87 | 8.7

ELMN 0 0 | 43 | 8.7 0 8.7 0 87 | 43 | 87 | 8.7

P, | 1317 1717 2|17 |17 2222222

PSVM 26 | 26 | 22 17 17 17 | 22 |22 | 22 | 22 | 22

P, | 57157 ] 61| 61 |61 |61 |61 |6l |61 |6l |6l
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3HAYEHHSI COJIbBATOXPOMHUX MapaMeTpiB CUJIBHO 3MIHIOBAJIUCS SIK

MICJIsE BHECEHHSI MOXUOOK 3a MOJCIUII0 «TPyOUX MpOMaxiB», TaK 1 IMICHs

BHECEHHsI MpoIyckiB. [Ipu OIliHIN CTIHKOCTI aJIrOPUTMIB HEHPOHHUX Me-

pPeX IS iX HAaBUYaHHS BUKOPUCTOBYBAIM MapameTpu 3 Taon. 2.13. HeHna-

TIAHICT Kiacudikaili po3YMHHUKIB IpH 0O0pOOI JaHWUX 3a HASBHOCTI
MPOITYCKIB 1 MOXUOOK MpeAcTaBiaeHo B Tao. 2.1612.17.

Tabnuys 2.17

Henagilinicts anroputMmis kiaacudikauii (P, %) npu o0podui 1anmx,
B SIKi 0yJI0O BHECEHO MPONMYCKH

KinbkicTh mpoIyckiB 6 13
Lo, Pow s Py 4.3 13.0
P P 8.7 17.4
P.. 8.7 26.1

PPLSfDA 30 30

P, 26 26

PSIMCA 70 65

CriiiKicTh anropuTMiB Kiacu(ikallii 10 HAsIBHOCTI B JaHUX MOXUOOK
3HMJKYETHCSI B TAKOMY MOPSIKY:

PNN > DNN > ELMN = LDA =~ CNN > FFN > PLS — DA > SVM > SIMCA
CTIHKICTB O HasIBHOCTI MPOMYCKIB — Y TAKOMY TOPSIAKY:

CNN = PNN = DNN > LDA = ELMN > FFN > SVM > PLS — DA > SIMCA .

skkok

TakuM 4YMHOM, 3’siICOBaHO, IO JJIg HaAIMHOI Kiacudikaiii opra-
HIYHUX PO3YMHHUKIB, [0 XapaKTEPU3YIOTHCS TPhOMa COJIbBATOXPOMHUMU
napameTpaMu, ONTHUMalibHa KUIbKICTh MPUXOBAHUX HEUPOHIB ISl Pi3HUX
TUITIB HEUPOHHUX MEPEXK 3HAXOAUThCA B Mexkax 10 </ <14,

B skocTi QyHKIIN akTUBaIlli JOIIJIBHO BUKOPHCTOBYBATH TimepOo-
JIYHUN TaHTEHC 1 JIIHINHY (QYHKIIIO CIIUIBHO 3 aJITOPUTMOM HaB4aHHS Jle-
BeHOepra—MapkBap/Ta.

AJITOPUTMH HEUPOHHUX MEPEK CTIMKIII A0 HAABHOCTI B IaHUX MPO-
MaxiB 1 MPOMYCKIB, HIXK TPAAUIIIITHI METOU Kiacudikarii.

HaiiBuiiorwo CTIMKICTIO O HASBHOCTI y BHUXIJHUX JaHUX IPOMaxiB
BOJIOJII€ IMOBIpHICHA HEHPOHHA MEpEXKa.
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I'naBa 3

[AEHTUPIKALIA TEOT'PA®IYHOI'O
[TOXOAXKXEHHA 3 BUKOPUCTAHHAM
IITYYHUX HEUPOHHHX MEPEX

3.1. IneHTUdikaLis 3pa3KiB piuYKOBUX i A)KepesIbHUX BOJ,

OnHuM 3 IHCTPYMEHTIB, HEOOXIAHUX AJI1 PO3B’SI3aHHS KOMILIEKCHOI
npoOJIeMH SKOCTI BOJH, € SKICHHM XIMIYHHMM aHaji3, OCOOJMBO 1ICHTH-
dikarris 3pa3kiB BOJ 3a iX CKJIaJ0M, TTOXOKEHHSIM Ta BIACTUBOCTIMH. J[71s
pPO3B’sI3aHHS III€1 3a/layl BCE 4YACTIIIE 3alydyal0Th XEMOMETPUYHI METOAU
(MeTO/ TOJIOBHUX KOMITOHEHT, (PaKTOPHUM, KJIACTEPHUHN 1 TUCKPUMIHAHTHUIN
aHaJII34, ITYYHI HEUPOHHI Mepeski Ta iHimi) [ 1-7].

My BUKOpUCTa M amnapaT HEUPOHHUX MEpEeX Il BCTAHOBJICHHS
MOXO/PKeHHS (BIIHECEHHSI /10 TOTO a0o0 1HIIOTO 3a3Jajieriib BUOPAHOTO
KJIacy) 3pa3KiB PIYKOBHUX (3a0pyJHEHUX IIPOMHUCIOBHMHU CTOKAMM) 1 JIKE-
peIBHUX BOJ M. XapKOBa Ha OCHOBI JIaHMX MPO BMICT BaXKUX 1 Mepe-
X1THUX MeTamB [§].

AHai30BaHUA MacHUB JaHMX BKIIOYaB 22 3pa3Kd PIYKOBUX BOJ
124 3pa3kud JKEpPEIbHUX BOJI 13 PI3HUX PIYOK 1 JKepen M. XapKoBa,
Bi1IOpaHuXx y pi3Hi ce30HU BIpoaoBxk 2008—2010 poki. Y 3pa3kax BOJ
BU3HAYAJIM KOHLEHTpALli KylIpyMmy, LIMHKY, IUTIOMOYMY, KaJIMit0, MaHTaHy,
bepyMy, kKo0anbTy 1 Hikemro. Tabm. 3.1-3.3 MICTATH cepenHi 3HAYCHHS
KOHIIGHTpAIlll METaliB y 3pa3kax BOJl, BH3HAUEHI 3a IT'ATbMa IMapa-
JeIbHUMHU BUMIPIOBAHHSIMU [§].
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Tabnuys 3.1
Konuenrpanii meraJiB y 3pa3kax JepeJbHUX BOX (Mr/i1)
Jlxepeno, pik Meran
B1100pYy Ta
aHaji3y npoou /n Cu Mn Fe Cd Pb Co Ni
0.009 | 0.010 | 0.030 | 0.048 | 0.0024 | 0.025 | 0.0084 | 0.008
Capram SIp- F 01370008 | 0.024 | 0.072 | 0.0024 | 0.028 | 0.0063 | 0.009
«XapkiBCchbKa-1»,
2010 p. 0.012 | 0.008 | 0.026 | 0.050 | 0.0018 | 0.025 | 0.0078 | 0.009
0.012 | 0.005 | 0.020 | 0.102 | 0.0019 | 0.023 | 0.0084 | 0.011
0.007 | 0.005 | 0.018 | 0.057 | 0.0012 | 0.023 | 0.0069 | 0.012
0.005 | 0.004 | 0.013 | 0.059 | 0.0016 | 0.019 | 0.0069 | 0.011
, 0.007 | 0.004 | 0.008 | 0.033 | 0.0018 | 0.016 | 0.0103 | 0.012
«XapKI1BCbKa-2y,
2010 0.008 | 0.005 | 0.019 | 0.057 | 0.0021 | 0.023 | 0.0063 | 0.012
0.019 | 0.018 | 0.008 | 0.064 | 0.0029 | 0.035 | 0.0078 | 0.020
0.008 | 0.075 | 0.061 | 0.076 | 0.0024 | 0.029 | 0.0056 | 0.020
0.008 | 0.023 | 0.070 | 0.120 | 0.0022 | 0.028 | 0.0063 | 0.020
Paiton 0.008 | 0.019 | 0.022 | 0.055 | 0.0019 | 0.035 | 0.0094 | 0.020
Manteneiivonis-| 0.010 | 0.093 | 0.018 | 0.037 | 0.0025 | 0.025 | 0.0078 | 0.020
cbKOT IEPKBH, | 0.005 | 0.007 | 0.041 | 0.028 | 0.0019 | /8" | 0.0078 | 0.009
2010 p. 0.006 | 0.008 | 0.021 | 0.028 | 0.0026 | w= | 0.0063 | 0.010
Paiion sasoxry | 0.010 | 0.040 | 0.014 | 0.026 | 0.0012 | 0.016 | 0.0078 | 0.010
xapuoBux | 0.014 | 0.015 | 0.024 | 0.078 | 0.0026 | 0.016 | 0.0078 | 0.014
xucnoT, 2010 p. | 9,023 | 0.022 | 0.013 | 0.043 | 0.0024 | 0.013 | 0.0100 | 0.014
) 1 0.023|0.005 | 0.011 | 0.008 | 0.0083 | 0.011 | 0.0133 | 0.012
Parion symaut 00 004 10,002 | 0.015 | 0.0053 | 0.015 | 0.0125 | 0.014
Y6opeBuua,
2009 p. 0.018 | 0.005 | 0.003 | 0.015 | 0.0049 | 0.027 | 0.0063 | 0.014
0.014 | 0.002 | 0.004 | 0.010 | 0.0052 | 0.017 | wu/e | 0.011
Paion mapky | o 0341 0 004 | 0.015 | 0.052 | 0.0123 | 0.021 | 0.0125 | 0.038
«kOnIiCcTBY,
2009 p. 0.015 | 0.003 | 0.003 | 0.029 | 0.0086 | 0.007 | 0.0125 | 0.006

* . “ee . .
Tyt 1 B Tabn. 3.2-3.5 — KOHIIEHTpaIlli METaJIB, HWXKY1 32 MEXY BUSBICHHS.
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Tabnuys 3.2
Konuenrpanii meraJiB y 3pa3kax piuykoBHX BOJ (MI/J)
Piuka, pik Meran
BiJ100pYy
1 aHAITI3Y Zn Cu Mn Fe Cd Pb Co Ni
poou
0.015 | 0.0055 | 0.023 | 0.100 | 0.0021 | 0.035 | 0.0084 | 0.020
0.013 | 0.0045 | 0.041 | 0.120 | 0.0015 | 0.044 | 0.0088 | 0.018
Hemunns
2008 p. 0.008 | 0.0073 | 0.017 | 0.028 | 0.0024 | 0.035 | 0.0094 | 0.014
0.012 | 0.0073 | 0.013 | 0.038 | 0.0022 | 0.047 | 0.0063 | 0.013
0.012 | 0.0078 | 0.433 | 0.019 | 0.0022 | 0.046 | 0.0140 | 0.020
0.005 | 0.0034 | 0.002 | 0.022 [ 0.0017 | 0.041 | 0.0105 | 0.016
Xapkis 0.104 | 0.0103 | 0.007 | 0.019 | 0.0019 | 0.041 | 0.0112 | 0.012
2009 p. 0.015 | 0.0043 | 0.003 | 0.017 | 0.0017 | 0.034 | 0.0090 | 0.008
0.007 | 0.0052 | 0.003 | 0.016 | 0.0039 | 0.031 | 0.0085 | 0.010
0.010 | 0.0052 | 0.003 | 0.017 | 0.0030 | 0.023 | 0.0097 | 0.007
0.047 | 0.0043 | 0.005 | 0.011 | 0.0032 | 0.031 | 0.0070 | 0.012
Tomar 0.109 | 0.0069 | 0.003 | 0.017 | 0.0052 | 0.043 | 0.0068 | 0.014
2009 p. 0.065 | 0.0069 | 0.133 | 0.022 | 0.0060 | 0.038 | 0.0078 | 0.013
0.010 | 0.0078 | 0.006 | 0.017 | 0.0030 | 0.028 | 0.0075 | 0.019
0.011 | 0.0087 | 0.040 | 0.023 | 0.0023 | 0.038 | 0.0107 | 0.016
0.012 | 0.0056 | 0.279 | 0.069 | wu/B a/B | 0.0125| 0.011
0.017 | 0.0056 | 0.003 | 0.146 | u/B H/B u/B | 0.004
Vo 0.005 | 0.0032 | u/B | 0.011 | H/B u/B8 | 0.0071 | 0.004
2010 p. 0.030 | 0.0286 | 0.015 | 0.097 | 0.0090 | 0.200 | 0.0554 | 0.030
0.009 | 0.0063 | 0.023 | 0.046 | wu/B | 0.038 | 0.0089 | 0.039
0.008 | 0.0110 | 0.013 | 0.043 | 0.0021 | 0.010 | 0.0047 | 0.007
0.011 | 0.0080 | 0.028 | 0.046 | 0.0015 | 0.025 | 0.0078 | 0.009

Tabnuys 3.3
KonuenTpanii meraJiB y 3pa3kax piYykoBHX BO/J,
IJISL IKMX He BU3HAYeHI KOHUeHTpanii Hikesro (2011 p.)

Metan
7n Cu Mn Fe Cd Pb Co
Hemuymrs | 0.052 0.033 0.096 0.213 | 0.0035 | 0.025 0.005
XapkiB 0.034 0.030 0.066 0.180 | 0.0035 | 0.016 0.007
Jlomanp 0.036 0.034 0.037 0.160 | 0.0035 | 0.024 0.008
Vau 0.042 0.033 0.047 0.069 | 0.0031 | 0.009 0.003

Piuka
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JIJ1st KOXKHOT piuKy 1 JpKepesia KUIbKICTh BiaiOpanux npod (006’emom
no 500 mur) konuBanacs Bix 2 no 7. Yac TpaHcmopTyBaHHS 1 30epiraHHs
mpoO BiJy MOMEHTY iX B11I0OPY /10 0OpOOKHM HE MepeBUIyBaB 100u. BmicT
METaJiB y 3pa3Kax BOJ| BU3Ha4Yajlud METOJOM aTOMHO-aO0COpPOLIAHOI CHeK-
Tpockorii [8—12] B monym’i mponaH-OyTaH-MIOBITPS 1 all€TUJICH-TOBITPAI.
BigHocHi cTaHmapTHI BIAXWJICHHS BH3HAYCHHS KOHIICHTpAIlld (CymapHI
BIJIHOCHI HEBU3HA4Y€HOCTi) He mnepeulryBaiu 3 % [12]. [IpaBuiIbHICTH
METOAMK MEPEBIPUIIN 382 METOJOM «BBEAECHO-3HANUICHOY.

Tabn. 3.4 MICTUTH 3HAYCHHSI TPAHUYHO JIOMYCTUMHUX KOHILIECHTpAIli
MeTalTB y uTHIM Bol [13].

Tabnuys 3.4
I'pannyHO KOoMyCcTHMI KOHLIIEHTPALil MeTaJIB y MUTHIN BOAiI (MI/J1)

HopmatuBu 111 TuTHOI BOIM
Meran ... | 3 KomoAs3iB 1 KanTaxiB | (h)acCOBAaHOI 3 MyHKTIB
BOJOIPOBITHO] . :
JOKEpe pPO3TUBY 1 OIOBETIB
[{uHk 1.0 HE BU3HAYAETHCS 1.0
Kynpym 1.0 HE BU3HAYAETHCS 1.0
Manran 0.05 0.5 0.05
DepyMm 0.2 1.0 0.2
Kanmii 0.001 HE BU3HAYAETHCS 0.001
[TmromMOym 0.010 HE BU3HAYAETHCS 0.010
KobGanbT 0.1 HE BU3HAYAETHCS 0.1
Hikenpb 0.02 HE BU3HAYAETHCS 0.02

OcCK171bKH KOHIIGHTpAIIll METaIB Yy 3pa3Kax BOJI BapiloBajucs B Jiia-
Ma30HI1 BiJl TUCAYHUX JI0 JAECITUX MI/J, NEepe] 3aCTOCYBAHHSIM aJITOPUTMIB
kiacu@ikaii NpoBeau aBTOMAacIITaOHe MEPETBOPEHHS MOYATKOBUX JAaHUX
3a popmyroro (2.12).

OO6poOka MacHBiB €KCIEPUMEHTANIBHUX JAaHUX YCKIAIHIOETHCS HasIB-
HICTIO TPOMYCKIB: JUIsl TPhOX 3pa3KiB JHKEPEIbHUX BOJ HE BU3HAUYECHO
BMICT TUTIOMOYMYy Ta KOOalbTy; JUIsl YOTHPHOX 3pa3KiB PIUKOBUX BOJ —
BMICT MaHTaHy, KaJaMilo, TUTIOMOyMYy 1 KOOanbTy (KOHIEHTpallli MeTaliB
HUKYl 32 Mexl BusBieHHs). Ilepen 3actocyBaHHSIM KilacH(iKalliHUX
QJIITOPUTMIB MPOITYCKH 3aIIOBHUIIN HYJISIMU.

Ha puc. 3.1 npeacraBieHo 3al€KHOCTI YAaCTKH HEMPABWIBHO KJIACH-
(bikoBaHMX 3pa3KiB BOJ TECTOBOI BHOIPKM BiJ 00’€My HaBYaJIbHOI BHOIPKH
JUIS PIUKOBHX 1 JUKEpEIbHUX BOJ JUIA MMOBipHiCHOI Mepesxi. MIMoBipHicHa
Meperka MPaBIIILHO 1IeHTU(IKYE 3pa3Ky BOJI TECTOBOI BUOIPKH, TOYUHAIOYN
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Puc. 3.1. 3anesxcnicmo
YaCcmMoK HenpaguiIbHoO
K1acughixo8auux
3pasKkie 600 mecmogoi
8UbIpKuU 8i0 00 ’emy

407 HABYAIbHOT 6UOIPKU

O\
4

20 0151 UMOBIPHICHOI
\ HEeUPOHHOI MepexcCi.

1 — 3pasku piuxosux
600, 2 — 3pasKu
0oicepesbHUxX 800

0 n

30 40 50 60 70 80
T, %

3 T=75%, mo ekBiBaJieHTHO 16 1 18 3pa3kaM PIYKOBUX 1 JKEpPETbHUX

BOJ, BiamoBimHO. Ile 3HadueHHs 00’eMy HaBUYaJIbHOI BHOIPKH BHKOPHC-
TOBYBJIM MIPU HABUYAHHI HEUPOHHUX MEPEXK 1 1HIIHUX TUIIB.

Ax Meron HaBUAaHHS IS KACKaJHOI MEpexki, MEpexkl 3 MPSIMUM TO-
IIUPEHHSIM CUTHATY 1 JUHAMIYHOI MEpPEKl BUKOPUCTOBYBAJIU AJITOPUTM
JleBenOepra—MapkBaparta; ajisi mepexi EnMana — anroputM 3BOPOTHOTO
NOIIMPEHHS] TOMWIKUA (IpyU BUOOPI METOAY HAaBYaHHS KEPyBAaJIMCS BCTa-
HOBJICHOIO OINTUMAJIBHOIO apXITEKTYpPOI MeEpex s Kiacudikaiii Mo-
JeIbHUX / TECTOBUX JaHUX 1 Kiacuikarlii po3YnHHUKIB).

[TapaMeTpy HaBYaHHS 1 TECTyBaHHS peali30BaHUX HEHPOHHUX Me-
peX, a TaKOX HEHAMIMHICTh iAeHTH(IKalIi 3pa3KiB BOJ MPEICTABICHO
B Tabxa. 3.5. s peai3oBaHUX HEMPOHHUX MEPEK BU3HAUECHO ONTHUMAJIb-
HE YHUCJIO HEHPOHIB MPUXOBAHOTO IMapy W ONTUMAaIbHY KOMOiHAIIIIO
GbyHKIIM akTUBAIT JIJI1 TPUXOBAHOTO 1 BUXITHOTO IIaPiB.

P. Puc. 3.2. 3anesrcnicmo
0
’ lg [ YaCcmKU HenpasUIbHO

60 - \ K1acu@ikosanux
2o

° u [ [ 3paskie 600 6i0
204 \ KIIbKOCMI HetupoHie
° ° ° NPUXOBAHO20 WUAPY
0J151 OUHAMIYHOT
Mmepeoici: 1 — 3pazku
PIUKOBUX 800,
2 — 3pasKu
0oicepesibHUxX 800

20+
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Puc. 3.2-3.5 1110CTpyIOTh 3QJIEKHOCTI YaCTOK HENpPaBHILHO KJacH-
(1KOBaHUX 3pa3KiB BOJ BIJl KUIBKOCTI HEHPOHIB MPUXOBAHOTO ILIAPY IS
QITOPUTMIB HepoMepek. BukopuctanHda came IuX mnapameTpiB 3abe3-
MeyyBaJio KOPEKTHE HaBUaHHS MEpeXi 1 3aJ0BUIbHY 1A€HTHU(IKAIIIIO
3pa3KiB BOJ TECTOBOI BHOIpKH (OKpiM Mepexi Enmana).

[Ipu BukopucTaHH1 s 1IeHTU(IKAI] 3pa3KiB BOJ JIHIMHOIO JIHC-
KPUMIHAHTHOTO aHalli3y, METOAY OMOPHUX BEKTOPIB, (HOPMaILHOTO HE3a-
JISKHOTO MOJCIIIOBAHHS aHAJIOT1M KJIaciB 1 JUCKPUMIHAHTHOTO aHaji3y 3a
JIOTIOMOT'OI0 perpecii Ha JIaTeHTHI CTPYKTYpH HEHAMIMHICTh P € HeNpuii-
HSATHO BHCOKOI0. B Tabj. 3.6 HaBeaeHO MiHIMAJIbHI 3HAYCHHS P, OTpUMaH1
Py MOJIEIIOBaHHI KJaciB 3a JOIMOMOTOK OJIHIE€T TOJOBHOT KOMIIOHEHTH
B MeToal SIMCA nng 3pa3kiB pIYKOBUX 1 JOKEpPEIbHMX BOJ Ta 3a
JIOTIOMOT'OI0 TPHOX 1 OJIHIET TOJIOBHUX KOMIIOHEHT B MeTojl PLS-DA s
3pa3KiB PIUYKOBUX 1 JKEPEIbHUX BO/I, BIATIOBIIHO.

Tabnuys 3.5
ITapaMeTpu HEHPOHHUX MEPeEK
i HeHaiMHICTB iTeHTHdIKAWII 3pa3KiB BOJ
KinpkicTh P.% s
MPUXOBAHUX )
. .. DyHKIIT aKTUBALIT 1)1 3pa3KiB
Hetiponna HEHPOHIB /IS . .
: ) IPUXOBAHOTO / BUXITHOTO | piYKOBHX /
Mepexka iaeHTudIKamnii anis
3pa3KiB pIYKOBUX / P JURCPCIbHIX
JDKEPEITbHUX BOJ BOA
rinepOoIIYHUN TaHTeHC /
Kackaua 9/10 HEPOOTIIHHIH 17/0
rinepOoIIYHUM TAHTEHC
3 npsvim rinepOoIIYHUi TaHTeHC /
MNOIIUPEHHSIM 9/11 P o 17/0
JIHIAHA
CUTHAITY
rinepOoIIYHUNA TaHTeHC /
Enmana 11/12 POOJITIHH 17/17
JIHIMHA
) rinepOoIIYHUN TaHTeHC /
JlnHamiuyHa 11/11 p .y 0/0
JIHIMHA
< . amiainHa Oa3zucHa /
NmoBipHICHA 16/ 18 pan . 0/0
KOHKYPYIOUHH 111ap

Takum 4uHOM, OJiepKaHl pe3yJbTaTH CBIAYATH, MO 1ACHTU(IKAIIIIO
3pa3KiB BOJ 3a JAHUMH IIPO BMICT MIKPOEJIEMEHTIB JIOIIJIBLHO 3/11MCHIOBATH
13 3aCTOCYBaHHSM IMOBIPHICHOI Ta TMHAMIYHOI HEHPOHHUX MEPEK.
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Puc. 3.3. 3aneorcnicms
4acmKu HenpaeuiIbHo
K1acugikoeanux
3pasKie 600 6io
- - KLIbKOCMI HeUpPOHia
NPpUX08aH020 wapy O
KACKAOHOI MepediCi:
1 — 3pasku piukosux
DS 800, 2 — 3pasKu

o
=t ©+

P.% 50/ m—m—m

401

30 A

20~

T T
10 1 0ocepesibHUxX 800

Puc. 3.4. 3aneorcnicmo
YaCcmKU HenpasUIbHO

E——E N B W KIacu@ixosanux 3pasKie

800 810 KLIbKOCMI

e © 06 o o o' @ ° HeUPOHi6 OJisl Mepedrci

10~

Enmana: 1 —3pasku
piuKosux 600, 2 — 3pasxu
o

0oicepesbHUx 800

P, %
60 -

40

20

N

o
/. KIIbKOCMI HEeUPOHIE
- OJ151 Mepedici npAMoL
® nepeoavi cucHay:
\ 1 — 3pa3sku piuxoeux
\ 600, 2 — 3pasKu
| [
: . .

10 12

Puc. 3.5. 3anexcnicmo
4acmKU HenpPasuIbHO
K1acugiko8anux
3pasKie 600 6io

: ooicepesibHUxX 800

7 8

9
h

10 11 12

JlJig mepeBipKH MPaBWIILHOCTI KIacu(ikallli BUKOPUCTAIN HE3aJIEKHY
KOHTPOJIbHY BUOIPKY, SIKa MICTHJIA YOTHPH 3Pa3KH PIYKOBUX BO/I, BiIOpaHUX
y 2011 pomi (Tadma. 3.3). B mux 3pa3kax OyJiv BU3HAUEHI KOHIICHTpALlli THX
caMHX MeETalliB (OKpIM HIKENI0), 10 1 B 3pa3kax, orpuManHux y 2008—

2010 pokax.
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Tabnuys 3.6

PesyabTaTn inenTudikanii 3pa3kiB Bo/ 32 10MOMOTI 010
TPAAUUIHHUX AJTOPUTMIB KJIacupikamii

Merton LDA SVM SIMCA PLS-DA
P, % nust 3pa3kiB
pIYKOBHX / 67/33 50/67 50/50 50/ 17
JDKEPENbHUX BOJI
- Var, =70 %,
apamerpu Ut N_ =16, Var, =75 %, .
3paSK1BB1(3);IK0BI/Ix — =1 Var. =55%, Var=170%
Var, = 64 %
Var, =100 %,
Var,=61%,
HapaMeTpI/I TUISL N_ =18, Var, =62 %, Vo350,
3pa3KiB IKEPEITbHUX — v =0.00316 Var, =59 % ar = 0
. Var, =62 %,
Var, =100 %

[Ipu BUKOpHCTaHHI WMOBIPHICHOI Ta AMHAMIYHOI HEHPOHHUX MEPEK
HAJIMHICTD iAeHTUdIKaIlli 3pa3KiB BOJA 3a JaHUMU MPO BMICT 7 MeETaliB
cknana 100 %.

HonatkoBo gocmigwiu cridikicte anroputmiB IIIHM no nasBHOCTI
B JJaHUX MPOIYCKIB. BUKOpUCTaIW 4OTUPHU 3pa3Ku PIUKOBUX BOJI, aHAIII3
akux mpoBoAuBcs B 2011 p. 1 B IKUX KOHIIGHTpAIlli 10HIB HIKEIIO HE OyJu
BH3Ha4eHi (Taom. 3.3).

Jlns HaBYaHHS HEHMPOHHUX MEPEX BUKOpPUCTAIM 22 3pa3Ku BOJI 13
Tabm. 3.2 1 mepemdeni B Tada. 3.4 GyHKIII akTUBaIlli. 3aCTOCOBYBAJIN T1 XK
aNTOPUTMHM HaBYaHHS, 110 BUKOPUCTOBYBAJIM paHilIe I iaeHTHdIKAI1
3pa3KiB PIYKOBHUX 1 JKEpPEIbHUX BOJ, JaHI IPO CKIaJ SKUX HaBEIACHO
B Ta0Om. 3.1, 3.2: w1 KackaJgHOT MEpEexi, MEpexkKi 3 MPSIMUM TOITUPEHHSIM
CUTHaJy 1 IMHAMIYHOI Mepexi — anroputM JleBenOepra—MapkBap/ra; st
Mepexi Enmana — anroput™ 3B0pOTHOTO MOIIUPEHHS TOMUJIKH.

BiacyTHI 3HaY€HHSI KOHIICHTpAIllid 10HIB HIKEJIO B JAHUX KOHTPOJIb-
HO1 BHOIPKM 3aMiHWIN cepelHbor0 KoHIeHTpariew (0.0144 mr/m) mporo
eJIEMEHTa B 3pa3Kax HaBYaJIbHOI BHOIPKM (B JaHMX PO CKIIAJ 3pa3KiB
PIYKOBHUX BOJI, BiiOpaHux 1 mpoaHaiizoBanux y 2008—2010 poxkax).
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Jlani, HaBemeHi B TaOi. 3.7, MO3BOJSAIOTH MOPIBHATH HAIIMHICTH
pI3HUX anropuTMiB kiacudikaiii. Bukopuctanus TpaaulliiHUX alropuT-
MIB JaJI0 Halripiii pe3yabTaT; Hakpanl pe3yiastaty (100% HamiiHICTB)
3a0e3neunsia JMHaMiyHa HEHpOHHA Mepexka. MoxHa JIMTH BUCHOBKY, 1110
3aCTOCYBaHHSI HEMPOHHUX MeEpex 3ade3neuye HaJliHy 1JeHTU(IKAIII0
3pa3KiB PIUKOBUX BOJ HAaBITh 3a BIACYTHOCTI OJHIET 3 XapaKTEPUCTHUK, 1110
OMHUCYIOTh 3pa3Ki HaBUAJIbHOI1 BUOIPKH (€TaJIOHIB).

Tabnuys 3.7
PesyabTaTn inenTudikanii 3pa3kiB piukoBUX BOJ
3a HAABHOCTI B JIAHUX MPOMYCKIB

OnrTuMansHa MiHnimalibHa
Anroputm KUIBKICTh HEHAJIIHICTB,
HEWPOHIB P, %
Kackanna mepexa 14 25
Mepexa 3 npsAMUM IOIIMPEHHAM CUTHALY 15 25
Mepexa Eaxmana 15 25
JlunamiuHa Mepexa 14 0
MMoBipHicHa Meperxa 22 25
LDA, SVM, SIMCA ™, PLS-DA™ - 75

Y MeToJi onopHuX BekTopis BukopuctosyBamu N =221y =1.

*

[Ipu BapitoBaHHI TOJOBHMX KOMIOHEHT / mpuxoBaHux 3MmiHHuUX 111 SIMCA
1 PLS-DA Bix 1 1o 3 HeHanilHICTh HE 3MIHIOETHCSI.

3.2. IneHTudikaniss reorpadiyHOro NoOXo KeHHs
OBOYiB i ppyKTIiB

OpHi€ero 3 akTyallbHHX 3a7a4 SIKICHOTO XIMIYHOTO aHalli3y € MepeBipka
CHPAaBKHOCTI MPOAYKTIB XapuyBaHHS 1 XapyoBOi CHPOBUHM Ta BUSIBJICHHS
danscudikoBanoi mpoaykmii. Cepen crocoOiB ¢anbcudikali XapuoBHUX
MPOIYKTIB 1 CUTLCHKOTOCTIONAPCHKOI CUPOBUHHM IOCUTH TOLIUPEHOIO € MOBHA
ab0 JacTKoBa iX MiJMiHA 3aMIHHUKaMH 1HIIIOTO HaMEHYBaHHS ab0 COpTy
3 MO3HAYCHHSAM pETIOHY, 110 MAa€ HAa PUHKY Kpanry penyramito [14]. Mu
BU3HAJIM 32 HEOOX1JHE BUBYMTU 3aCTOCOBHICTb XEMOMETPHUYHMX 1 CTaTHC-
TUYHUX METOMIB I 17eHTU(DIKaIlli TeorpadiqHOro MOXOoHKEHHS IPOIYKTIB
Xap4yyBaHHs POCIUHHOTO MTOXOKCHHSI.



['JIABA 3. InenTudikanis reorpadpiyHoro noxomKeHHs... 105

[cHYI0Th HETTOOAMHOKI JIOKA3HW TOTO, IO PiBEHH 3a0pyAHEHHS 00’ €K-
TIB JOBKULIS (aTMOC(EPHOro MOBITPS, [PYHTIB, MOBEPXHEBUX BOJ) 10HAMU
METaJIIB-TOKCUKAHTIB MO3HAYAETHCS HA BMICTI IIUX METAJB Y MPOAYKTax
POCIMHHOTO TOXO/DKEHHS (AMB., Hampukiana, [15, 16]). lle mo3Bommio
BUCYHYTH TINOTE3Y, 10 3a BMICTOM METaJIB-TOKCHUKAHTIB Y POCIUHHUX
IPOJIYKTaX MO’KHA 1IeHTU(IKYBaTH reorpadiuyHe MOXOKEHHS IUX TPO-
IyKTiB. BcTaHoBIeHHsIM TeorpadiyHOro MOXO/KEHHS BBaKANIH 11eHTU(I-
Kamio Tumy Mapgmadry’), SKAH YHHATH BIUIMB HA MiKPOGICMEHTHHIA
ckiag npoaykry [18].

JIist mepeBIpKM 1I€T TIMOTE3U BUKOPUCTAIN €KCIIEPUMEHTANIbHI JaHi
PO BMICT METajiB B OBoYax 1 PpykTax 13 pi3HUX paloHIB M. XapKoBa
1 XapkiBcbkoi o6Omacti, orpumani y 2008-2010 poxkax [18]. Tumnm
nanamadTiB, XapakTepHi s XapKIBChbKOi 00JacTi, MpeaCcTaBlieHl Ha
puc. 3.6 [19].

AHan30BaHU MacHUB JJAaHUX MICTUB 58 3pa3KiB KapTOIUIi 1 22 3pa3ku
s6myk (Tabn. 3.8, 8 rpym 3pa3kiB KapToIuil Ta 4 rpymu 3pasKiB sSOIYK,
HOMEPH I'pyN BIJIMOBIIaI0Th HOMEpPaM THIIIB JIAHAIA]TIB).

Tabauys 3.8
Paiionu Bii0Opy Ta KUIBKICTH 3pa3KiB KapTOILIi Ta A0JYK
Tun manamadTy BiAMOBITHO KinbkicTh 3pa3kiB KinbkicTb 3pa3kiB
10 puc. 3.6 KapTOILIi S0y K
1 11 3
2 6 —
3 _ _
4 5 4
5 2 —
6 5 —
7 8 —
] _ _
9 10 2
10 11 13

VY 3pa3zkax pOCIMHHOIO MaTepiajly BHU3HAYald KOHIEHTpaIlii Kymnpy-
My, IUHKY, TUTIOMOyMy, KaJamito, MaHrany, ¢epymy, KOOQJIbTy, HIKEINIO,
TFOMIHIIO 1 XpOMY.

3 Jlanamadt — mpupoHO-TEPUTOPIATEHIN KOMILUIEKC, IO Ma€ YiTKe reorpadivyHe MOJ0KEHHS Ta

XapaKTEePU3Y€EThCSI TEBHOIO B3AEMOJIEI0 JIFOJCHKOI MiSTIBHOCTI 1 MPHUPOAHUX KOMITOHEHT
penbedy, IPYHTIB, KITIMaTy, TOBEPXHEBUX 1 mig3eMHux Box [17].
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Puc. 3.6. Tunu nanowagpmis Xapkiecoroi oonacmi (macumab 1:400000)
1 — midcpiukogi pignunu ecosi, niogeoeHi i BlIOHOCHO BUPIGHSAHI,
2 — MIJICpIUKOBI PIBHUHU J1eCO8i, BIOHOCHO BUPIGHAHI, PO3UNEHOBAHI APAMU
i bankamu,
3 — MidICPIUKOBI PIBHUHU J1€COBI, PO3UNeHOBAHI ApaAMU | OATKAMU,
4 — 0ONUHHI PIBHUHU 1€COBI, CUTIbHO PO3UIEHOBAHI ApaAMU [ OANKAMU,
5 — Oonunni pisHunu 1ecosi, po3unieHosani apamu i barKamu;
6 — 00IUHHI PIBHUHU J1eCO8T NIOCKI,
7 — OONUHHI piBHUHU OpiOHO20POUCTI,
8 — 00NMUHHI PIBHUHU NIOCKI [ CLAOKOXBUNIACTI,
9 — 6aN0YHO-00NUHHI PIBHUHU,
10 — m. Xapxis (ypbocucmema)
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Ta6n. 3.9 1 3.10 MicTATH cepelH] 3HAYCHHS KOHIICHTpAllli MeTaliB
3a TpbOMa MapajeIbHUMU BUMIPIOBAaHHSAMH.

Tabnuys 3.9
Konuenrpauii meraJiB y 3pa3kax KapTomi (MI/KI CyXol MacH)
Tum Meran
naaamadTy

(puc. 3.6) Fe Mn | Zn | Cu | N1 | Pb | Al | Co | Cr | Cd

10 1440 | 8.11 | 944 1290|0.78|0.82|2.40|0.87|0.36 | 0.08
10 12.30 | 1.90 | 3.70 | 1.90 | 0.10 | u/a | 4.40 | 0.10 | 0.10 | 0.01
10 22.10 | 14.60 | 541 | 1.17|0.26 | 0.51 | 7.40 | 0.10 | 0.31 | 0.06
10 23.00 | 13.00 | 492 | 1.20{0.24|0.49|7.30]0.11|0.30 | 0.08
10 22.00 | 1490 | 5.20 | 1.24|0.30|0.50 | 7.20 | 0.10 | 0.36 | 0.07

10 13.60 | 6.41 | 5.17 | 1.75]0.59|0.60 | 6.42 | 0.21 | 0.19 | 0.09
10 12.00 | 5.76 | 6.00 | 1.80|0.44 | 0.53|6.40 | 0.20 | 0.20 | 0.03
10 30.09 | 5.20 | 10.10 {3.20|1.40|0.80 |2.40|0.30|0.82|0.12
7 30.50 | 4.70 | 8.14 [2.90]0.60 | 0.54 | 6.40 | 0.24 | 0.29 | 0.06
7 9.20 | 14.10 | 7.60 | 4.70 | 0.46 | 0.31{3.00{0.72|0.16 | 0.06
7 6.70 | 7.20 | 4.10 | 2.10|0.21 | 0.24 | 2.10 | 0.40 | 0.07 | 0.03
7 1040 | 946 | 8.00 |2.52]0.96|0.58|1.76{0.44|0.31|0.12
7 1040 | 946 | 8.00 |2.52]0.96|0.58|1.76 |0.44 | 0.31 | 0.12
7 6.60 | 740 | 4.10 | 3.300.50|0.41 |3.80|0.44|0.21 | 0.06
1 10.60 | 18.40 | 9.43 | 3.84|0.95|0.55|2.80|0.72]0.30 | 0.11
1 9.21 | 1090 | 8.11 |3.12/0.58 10.34|2.30|0.64 |0.24 | 0.08
1 30.09 | 5.20 | 10.10|3.20|1.40 | 0.80|2.40 | 0.30 | 0.82|0.12
10 11.30 | 7.60 | 7.10 | 3.10|0.40 | 0.18 | 2.60 | 0.40 | 0.20 | 0.10
10 10.00 | 7.20 | 6.80 |3.00|0.39]0.20 | 2.40 | 0.38 | 0.20 | 0.10

8.10 | 820 | 490 [ 4.60|0.46|0.56 |4.60|0.70 | 0.30 | 0.12
510 | 2.15 | 5.60 | 1.40]0.22|0.40|5.12]0.30|0.24 | 0.09
1140 | 1.70 | 5.80 |2.10|0.20 | 0.25|2.10|0.30 | 0.16 | 0.02
14.60 | 7.45 | 470 | 2.920.49|0.63 | 432 |0.41 | 0.21 | 0.08
20.34 | 6.41 | 4.05 | 6.08 |1 0.62|1.76 | 3.02|0.50 | 0.48 | 0.06
31.00| 5.00 | 9.64 | 2.86|1.12|0.80|2.54{0.30|0.56 | 0.03
17.80 | 10.60 | 8.65 | 6.90 | 1.00|0.576.20|1.40|0.43 |0.10
990 | 8.10 | 743 |5.100.60|0.31 | 4.10 | 1.00 | 0.21 | 0.07
9.86 | 10.20 | 7.94 | 4.10 | 0.56 | 0.68 | 4.80 | 0.68 | 0.26 | 0.10
10.60 | 7.80 | 5.10 [2.60|0.51 | 0.48 [ 3.20 | 0.50 | 0.34 | 0.09

NN IOIOINN|A~ B~
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IIpooosoicenns maon. 3.9
12.60 | 6.30 | 7.00 | 1.35]|1.06 | 0.36 2.40|0.46|0.35|0.11
10.00 | 8.00 | 5.60 | 4.20]0.58 | 0.61 | 4.00|0.80|0.26|0.08
1040 | 7.00 | 5.20 [ 2.00|0.36 048 |3.40|0.35(/0.30|0.11
28.50 | 3.81 [10.20|1.63 10.38|0.84|3.60|0.62|0.14|0.05
32.50|15.00| 9.60 | 540|0.25(1.35(3.60(1.12(0.32|0.15
19.80 | 7.60 | 5.80 |2.80]0.40|0.54|4.80(0.28(0.21]0.12
2740 | 440 | 820 [2.9810.49|0.60|7.10|0.20|0.29 | 0.05
32.80| 490 | 940 13.10]/0.52]0.62|7.90]0.230.26|0.07
20.60 | 7.70 [ 10.10 | 4.40|0.51|0.325.00|0.12]0.13|0.07
23.00 | 6.69 [ 11.80|531/1.40{0.90|4.10|0.22]0.14|0.09
1040 | 8.76 | 590 | 4.80|0.60 | 0.66 | 4.40|0.86 |0.24 | 0.06
1040 | 890 | 580 | 4.80]0.54]0.68 490(0.69|0.28|0.11
21.60 [ 1240 | 9.30 [3.2010.72]0.65]2.80|0.70 | 0.51 | 0.11
10.80 | 15.60 | 8.40 |3.70]0.91]0.33(2.70]0.30|0.24|0.08
12.60 | 6.30 | 7.00 | 1.35]1.06 0.362.40|0.46|0.35|0.11
690 | 740 | 5.00 {4.10]0.40(0.32|3.60|0.44|0.2010.10
840 | 790 | 5.10 {4.65]042|0.46|4.10]0.6210.200.18
840 | 2.06 | 2.34 [ 0.14]0.11 | 0.15[4.60 | 0.02|0.11 |0.01
54.80 | 8.60 | 12.60|4.10|0.50|1.00|3.86|1.94|0.60]0.26
51.20 | 10.80 | 18.30[4.90|0.62 | 0.96 | 3.90| 1.80 | 0.62 | 0.30
1830 | 890 | 9.70 |390|3.80|1.14|5.10{0.60 | 0.32|0.14
22.00 | 6.94 [ 10.20 |4463.62|6.004.71|1.20|1.50|0.89
2140 | 7.00 {1040 |4.40|3.50|5.90[4.84|1.10|1.38|0.87
2420 7.21 [ 12.80 | 4.68 | 3.50|6.00 | 490 |1.14|1.40|0.90
1840 | 6.04 | 927 | 1.70]0.50 [ 1.02 |1.70 | 3.48 | 0.36 | 0.10
1790 | 543 | 10.00|1.54|0.46 096 |1.52|3.61|0.40]0.09
1460 | 592 | 830 |1.62]048|1.00|1.80|3.30(0.32|0.10
14.10 | 583 | 9.10 | 1.56]0.42 096 |1.62|3.27(0.36|0.10
3524 | 559 1054 1250(1.12(1.39|7.60|0.17 0.43|3.40

O O[O O Q[ QO[O | O | O =N =ON=N =N DN

—
ja)

CyMapHa BIIHOCHA HEBHU3HAYEHICTh pE3yJbTATIB aHaJI31B HE Iie-
peBunnyBana 10 %. Ilpernu3ziiiHiCTh aHani3y B YMOBax MHOBTOPIOBAHOCTI
(301KHICTB) 1 BHYTPIIITHBOIA00pATOPHY MPEIU3INHICTD aHali3y (BHYTpIII-
HbOJA0OPATOPHY  BIATBOPIOBAHICTh)  XapaKTEpPU3yBajlud  3HAUYCHHSAMU
BIJIHOCHUX CEPEAHBOKBAJpAaTUUHUX BiaxwieHb. s koHmeHTpaiii Fe,
Mn, Zn, Cu i Al Bonu He nepesuiiyBasiv 4.0 %, aist konnentpariii Ni, Pb,
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Co, Cr 1 Cd — 5.0 %. [IpaBWiIbHICTP METOJIUK TEPEBIPSIIA 32 METOJOM
«BBEJICHO-3HAMICHO» HAa CTAHJAPTHUX PO3UMUHAX.
Tabnuys 3.10

Konuenrpanii metaJiB y 3pa3kax si0JyK (MI/Kr cyxoi Macu)

Tun Meran
naHAmadTy _

(puc. 3.6) Fe {Mn | Zn | Cu | Nt | Pb | Al | Co | Cr | Cd
10 12.40 | 2.10 | 4.24 | 2.60 | 0.20 | 0.13 | 3.60 | 0.90 | 0.26 | 0.04
10 9.60 | 2.00 | 2.10 | 0.62 | 0.12 | 0.82 | 4.60 | 0.39 | 0.30 | 0.10
10 6.30 | 2.40 | 1.00 | 0.60 | 0.38 | 0.46 | 1.60 | 0.00 | 0.23 | 0.03
10 16.30 | 3.00 | 2.40 | 2.44 | 0.25 ] 0.54 | 3.40 | 0.46 | 0.40 | 0.20
10 16.90 |1 2.20 | 0.72 1 0.39 | 0.14 | 1.20 | u/H | 042 | 0.36 | 0.12
10 12.28 | 2.30 | 4.61 | 1.04 | 0.19 [ 0.74 | 4.20 | 0.51 | 0.30 | 0.10
10 7.10 | 1.52 1 2.00 | 1.70 | 0.24 | 0.28 | 1.00 | 0.01 | 0.14 | 0.03
10 5.80 | 1.50 | 2.60 | 1.40 | 0.21 | 0.30 | 0.86 | 0.01 | 0.11 | 0.02
10 4.80 | 096 | 1.50 | 0.86 | 0.20 | 0.60 | 2.20 | 0.42 | 0.16 | 0.12
10 6.70 | 1.10 | 1.80 | 0.90 | 0.28 | 0.84 | 2.00 | 0.48 | 0.23 | 0.20
10 10.40 | 2.60 | 2.90 | 1.20 | 0.46 | 1.12 | 3.20 | 0.70 | 0.34 | 0.23
10 9.00 | 1.65 ] 1.85]0.52 | 0.11 | 0.76 | 4.00 | 0.32 | 0.24 | 0.11
10 23.50 | 1.45 1 4.192.00 | 0.20 | 0.61 | 4.50 | 0.71 | 0.30 | 0.03
1 640 | 1.20]1.45]1.74 1033 |0.26 | 1.60 | 0.93 | 0.14 | 0.06
1 16.00 | 1.30 | 3.62 | 2.40 | 0.31 | 0.30 | 2.40 | 0.20 | 0.43 | 0.05
1 6.80 | 2.40 | 2.00 | 0.46 | 0.24 | 1.10 | 3.20 | 0.26 | 0.21 | 0.20
9 17.80 1 2.20 | 1.20 ] 0.39 | 0.11 | 0.84 | 5.00 | 0.41 | 0.20 | 0.20
9 10.20 | 2.10 | 2.60 | 0.84 | 0.14 | 1.10 | 5.10 | 0.50 | 0.36 | 0.21
4 9.12 | 2.10 | 1.85 | 1.10 | 0.20 | 0.26 | 3.00 | 0.33 | 0.21 | 0.12
4 10.40 | 2.44 | 5.10 | 1.86 | 0.29 | 0.16 | 3.10 | 0.92 | 0.24 | 0.06
4 9.70 | 1.94 | 4.06 | 2.00 | 0.16 | 0.10 | 3.70 | 0.81 | 0.20 | 0.03
4 21.00 | 1.60 | 3.80 | 1.65 | 0.21 | 0.54 | 3.80 | 0.61 | 0.27 | 0.09

Ta6n. 3.11 MICTUTH 3HAYEHHS TPAHUYHO JIONMYCTUMUX KOHIIEHTpAIlIN
MeTajiB B oBouax 1 ¢ppykrax [20, 21].

Tabauys 3.11
I'pannyHo gonmycTUMi KOHIEHTpAalil MeTaJIIB B 0BO4YaX i PpyKTax

Mertan

Fe Mn /n Cu Ni Pb Co Cr Cd

OBoui 50.00 | 20.00 | 10.00 | 5.00 | 0.50 | 0.50 | 1.00 | 0.20 | 0.03
OpyKTH — — (1000|500 — ]040| - - 10.03

I'’IK, mr/xr
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3a kpuTepieM y~ MEPEBIPUIN TIOTE3y PO HOPMATBHICTH PO3IIOILIY
KOHLIEHTpAI[lil METaJlIB y 3pa3Kax KapToIuli 1 s0JIyK, a 3a 3S-KpUTEepieM —
HAsSBHICTb Y MAacCHBl JIaHMX CIOCTEPEXKEHb, IO PI3KO BUIAUISIOTHCS
(BukumiB). 'imore3y mpo Tte, mo konmeHtpamii Ni, Pb, Co, Cr 1 Cd
B 3pa3Kax KapTOIUTl PO3MOJAUICHI HOPMAaJbHO, BIIKWMHYJHM, a JEsAKi KOH-
HEHTpAIlll METAIIB Y KapToIull Oyjau BU3HaHI Bukuaamu (tads. 3.12, 3.13).
AJe mi gaHl 3 MacWBY JaHWUX HE BUKIFOYAIHM, OCKUIBKHU JIJIS PO3IMOILIIB 13
XBOCTaMH, JIOBUIMMH, HIK XBOCTH HOPMAJIBHOTO PO3MOALTY, OTPUMaHHS
PE3YIBTaTIB, IO CYTTEBO BIAPI3HAIOTHCS BiJl CEPEAHBOTO 3HAYEHHS, € JO-
CUTh IMOBIpHMM. BHCOKI KOHUEHTpalii MeTajaiB Yy JAESIKUX 3pa3Kax
(HampuKIaa, Kaamilo 1IUIIOMOYMYy B 3pa3kax KapToOIUll) BKa3ylOTh Ha
3HAQYHUI aHTPOIOTE€HHUN BIUIMB Ha €KOCHUCTEMM B MICIAX BiJ100py MpoO.
Tak, y 3miiBcbkoMy paiioHi XapKiBCbKOi 00JIaCTi MPAIlOIOTh TEIIOCIEK-
TpocTaHiiss 1 10 MpoOMUCIOBUX MIANPUEMCTB (IJis1 MOpiBHSHHA: B Kpac-
HOKYTCHKOMY paiioHi Bchoro 4 mignpuemctBa). He auBHO, 1m0 mnpu
MepeXo/ii BiJl OJHOTO PErioHy JO IHIIOTO CIIOCTEPIraloThCs ICTOTHI KOJIH-
BaHHS KOHIICHTpAIlli MeTaliB-3a0py/HIOBAYiB.
Tabnuys 3.12
Pe3yibTaTH nepeBipku rimore3v mNpo HOPMAJIbHICTH PO3MOALTY
KOHLEHTPAaliil MeTAJIB y 3pa3Kax KapTOILIi i| BUSIBJICHHS
CIIOCTEPEKEeHb, 0 PI3KO BUALIAIOTHCSH

Mertan
Fe | Mn | Zn | Cu Ni Pb Al Co Cr Cd

o | 68191 [ 1.0 | 1.7 662|761 | 1.8 | 33.0 | 39.6 | 420.0
()| T8 [ILTT3.8 178 1126 160 160 11261 38 [ 111
i ORENOREOERORNOBRCORNCORNCORNGRNEC)
2 | - | = | =] 4 |1 | =141 1

[Tapametp

KinbkicTh
BUKH/IIB

* 2
Tyt i B 1abi. 3.13 Xipum (f ) — KPUTHYHI 3HAYEHHS KPHUTEpilo 7 s PiBHS

3HA4yMoCTi 5 % 1 f CTymeHiB cBOOOIH.
Tabnuys 3.13
Pe3yibTaTH nepeBipKM rinore3u mpo HOPMAJIbHICTH PO3MOILTY
KOHIEHTPAaIliil MeTaJiB y 3pa3Kkax f0JyK

Meran
Fe | Mn | Zn | Cu Ni Pb Al Co Cr Cd

o 117221351713 ] 0809 10/ 16| 32
Lnpum () 3.8 (1)

[TapameTp
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JInsi 3HAXOJ/KEHHSI 3aJIe)KHOCTEH MIXK XapaKTepUCTUKAMHU 3pa3KiB
KapToIuIl 1 A0ayK Ta iX reorpagpiyHUM MOXOKEHHSAM O MACHBIB JaHUX
3aCTOCYBAJIM KOMIUIEKC CTATUCTUYHHUX 1 XEMOMETPUYHUX MPOLIEYD.

[3 cTaTHCTUYHMX METOAIB BUKOPHUCTOBYBAJIM HEMapaMeTpUYHI aj-
TOPUTMU — PO3PAXyHOK Koe(DilleHTIB paHroBoi Kopemsmii CripmeHa,
KpuTepito Y uTkokcoHa—MaHHa—Y1THI Ta MOro y3arajibHEHHS — KPUTEPIIO
Kpackena—Yomiica 1 mapamMeTpUuyHUM aaropuT™M — PO3pPaxyHOK Koedi-
1ieHTiB Kopesii [lipcona. 3 XxeMOMETpUUHUX NPOLEAYP 3aCTOCOBYBAIU
METO/ TOJIOBHUX KOMITOHEHT Ta HMOBIPHICHY HEUPOHHY MEPEKY.

Koediient panropoi kopensiii CripMeHa ClIyrye Miporo JIIHIMHOTO
3B’SI3KYy MK JBOMAa BEJTMYMHAMH HE3aJIe)KHO Bl BUY iX po3noaury. ko
3HailZieHe 3HaueHHs KoeQilieHTa OlIbllIe 3a KPUTUYHE TPHU BIAMOBIIHUX
PIBHI 3HAYYIIOCTI Ta YUCII CTYNEHIB CBOOOAM, TO KOPEJALII0 BBaXalOTh
ctatucTudHO 3Hauyiow [22]. Koedimient kopensiii I[lipcona Bukopuc-
TOBYIOTH I 0OpOOKH HOPMAJIbHO PO3MOJAUICHUX JaHUX. [HTeprpeTryoun
3Ha4YeHHS KoedirienTa Kopemni (»), npuiimaiots: r > 0.9 — my»e CuibHa
kopensmis, »=0.7-0.9 — cunpna xopemsamis, r=0.5-0.7 — cepenns
kopensmisi, »=02-0.5 — cmabka kopesis, r<0.2 — gyxe ciaOka
Kopesiis [23].

Kputepiit YinkokcoHa—MaHHa—Y1THI NpU3HAYEHUI ISl OI[IHKU B1JI-
MIHHOCTEH MDK JBOMa HE3aJICKHUMH BHOIpKamMu. BiaMmiHHICTH / mO/10-
HICTh BUOIPOK BH3HAYAJIM 32 BMICTOM METaly, IO YMHUTH HAWOUIBIINI
BIUIMB Ha 1IeHTU]IKAIliI0 3pa3KiB. SKIO po3paxoBaHe 3HAYEHHS KPUTEPIIO
BUILIE 33 KPUTHUYHE, TO MNPUNMAIOTh TiNOTE3y MPO BIACYTHICTH BIJIMIH-
HocTel Mix BuOipkamu (Hj), iHakiIe — rimote3y mpo HasBHICTb CYTTEBOI
BIIMIHHOCT1 Mix BuOipkamu (H;).

3a xkpurepieMm Kpackena—Yoitica nepeBipstoTh PIBHICTh MEJIaH Jie-
KUIbKOX BHOIpok. Llei kpuTepiii 3acCHOBaHWUW Ha paHrax, a HE Ha IO-
YATKOBHUX CIIOCTEPEKEHHSIX, TOMY BiH € 1HBapiaHTHUM I10 BIJTHOIIICHHIO J10
OyIb-IKOTO MOHOTOHHOTO IIEPETBOPEHHS INKAJIM BUMIpIOBaHb. MU 3a
J0moMoror kpurepito Kpackena—Yostica BU3Ha4aiad MeTajl, BMICT SIKOTO
YUHUTH HAUOUIBIIMI BIUIMB HA BIJIHECEHHS 3pa3ka POCIMHHOTO MaTepiary
710 Ti€i 4M 1HIIO1 TpymH. SIKIO0 po3paxoBaHE 3HAYCHHS KPUTEPIIO OlbIie
3a KPUTUYHE, TO TECTOBAHUI MapameTp iCTOTHO 3MIHIOETHCS 3aJIEKHO BiJl
IpyNu 3pa3KiB, B IHIIOMY BUITAJIKy CTATUCTAYHO 3HAYYIIl BIAMIHHOCTI JIJIst
TECTOBAHOIO IMapaMeTpa y Tpymnax BicyTHI [24].
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JIMOBipHiCHY HEHpPOHHY Mepexy 3aCTOCYBAlM SK KilacH(ikariiHuii
THCTPYMEHT IJis iAeHTu(iKaiii 3pa3kiB KapToIull Ta sS0IyK 3a iX reorpa-
GIYHUM MMOXOHKEHHSIM 3 Ti€l MPUYMHM, IO IIed alrOpUTM € CTIMKUM
710 TIOPYIICHHS TIMOTE3W MPO HOPMAaJIbHUN PO3IOJIT €KCIIEPUMEHTAIb-
HUX MTOXUOOK.

[lepen 3actocyBanHssM PNN KoHIEHTpaIlli MeTajiB y 3pa3kax poc-
JUHHOTO Martepialy Mifgadud aBTOMaclITaOHOMY mepeTBOpeHHio (2.12).
JIsi omHOTO 3pa3ka KapTomull BMICT IUIFOMOYMY Ta JJIsI OJJHOTO 3pa3ka
sa0yK BMICT aJIOMIHIIO HE OyJM BHU3HA4CHI (KOHIIEHTpAIlli BUSBUIUCS
HUOKYMMU 32 MEXKY BUSBIICHHS); BIJICYTHI JlaHi 3allOBHWINA HyJsMU. [[ms
pearizaliii WMOBIPHICHOT Mepeki 3HA4YeHHs IapaMeTpa BiAXWICHHS pa-
nianbHOI 0a3ucHOoi (QyHKIIT aktuBamii 3agaBanu 0.1. Jng HaBYaHHSA
Mepeki BUKOPUCTOBYBAIM HaBYAJIbHY BHOIpKY 00’eMoM 79 % (46 3pa3kiB
kaprora 117 3pa3kiB g01yk). Y pe3yibrari 0OpoOKH aHalli30BaHUX
MacuBiB JaHux PNN 3iTkHymuca 3 mpoOsieMoro igeHTUdiKaili AeIKuX
IPYII 3pa3KiB: JJII KapTOIUTl — 3pa3KiB, BiiOpaHuX 13 JaHAIadTIB TUIIB 4,
516, nna s6ayk — 3paskiB 13 nanamadTiB TumiB 1 1 9. Ile moxxHa mosicHUTH
HEJIOCTaTHROIO KIJBKICTIO 3pa3KiB, BIAIOpaHUX 13 LIMX THIB JaHAIIadTiB.
VY 3B’43KYy 3 HEMOXJIMBICTIO 1IEHTU(IKYBAaTH BCl TPyNHU 3pa3KiB NEpEBI-
PUIIM MOKJIMBICTh 00’ €HAHHS TPYII 3a JIOMOMOTror0 KputTepiiB Kpackena—
Yomica ta Yinkokcona—MaHHa—YiTHi.

B Ta6n. 3.14 mpeacraBieHO pe3yiabTaTH PO3PAXYHKY KPHUTEPIIO
Kpackena—Yomnica. BecraHoBieHo, 1o Ha iAeHTU]IKAIIIO 3pa3KiB Kap-
TOILII HAaWOUTBIIMI BIUIMB YMHUTH BMICT KOOAJIbTy, a Ha 1AeHTH(IKAIIIIO
3pa3KiB sI0JIyK — TUTFIOMOYMY.

Tabnuys 3.14
Pe3yabTaTn po3paxyHky kpurepiro Kpackena—Yoiuiica

MeTtan
Fe | Mn | Zn | Cu | Ni Pb Al Co Cr | Cd
Kapromms | 12.9 | 7.0 | 13.7 | 11.9 | 150 | 174 | 7.0 | 25.0 | 16.4 | 4.4
A6nyka | 2.0 | 12 | 28 |39 | 63 | 72 | 60 | 21 | 0.6 | 3.8

" Kputnuni 3HaueHHs KpUTepito A piBHIB 3Hauymiocti 10 15 % npu uucii cTyneHiB
cBoOoau 7 nopiBHiolOTH 12.0 1 14.1, BignosiaHo.

" KpuTudHi 3HAaYGHHS KpHUTEpil0 s piBHIB 3Hauymocti 10 i 5 % mpu uwmcri
CTyTEHIB CBOOOIU 3 AOPIBHIOKOTH 6.2 1 7.8, BIAMOBIIHO.

[IpomykT
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Pe3ynbTatu po3paxyHKy KpuTepiro Y UIKokcoHa—MaHHa—Y1THI Ope-
ctaBieH1 B Tabia. 3.15 1 3.16. YV Bumanky 3pa3kiB KapTOILUIl B OJHY TPyIy
00’eTHANIM 3pa3KH, a) BiAiOpaHi 3 manAmadTiB TUIIB 5 1 9, OCKUIBKU OYJI0
OpUAHATO Tinote3y Hy mpo BIACYTHICTH BIAMIHHOCTEM MK BHUOIpKamu;
10) BiiOpani 3 manaAmadTiB TUMIB 4 1 6, OCKUIBKHA TaKOXK OYyJIO IPUIHATO
rinoTe3y MNpo BiJACYTHICTh BIAMIHHOCTI MIX BHOIpKaMu, a 3pas3Ku,
B1110paHi 3 IIUX THUITIB JJAHAMA(TIB, 3 BUKOPUCTAHHAM airoputMy PNN He
11eHTU(diKyBaIUCA.

Tabnuys 3.15
Pe3yabTaT po3paxyHky Kpurepiro Yinkokcona—ManHa—YiTHI
IJIS 3pa3KiB KapTOIJIi

Mertan Kobanbt
Tun manpmadry 1 2 4 5 6 7 9
10 Hy H, Hy H, Ho H, H,
1 Ho Ho Ho Ho Hy H,
2 Ho Ho Ho Hy H,
4 H() H() H() H1
5 H() H() H()
6 Hy H,
7 H,

Tabnuys 3.16
Pe3yabTaT po3paxyHKy KpuTepio YuikokcoHa—MaHHa—YiTHI
JJIA 3pa3KiB s10IyK

Meran [TmromMOym
Tun nanpmadry 10 1 9 4
10 Hy Hy H,
1 H, Hy
9 Hy

VY Bunmaaky 3paskiB sO0JyK B OJIHYy Ipymy OO0 €IHaJIM 3pa3Ku, Bi-
niopani 3 manamadTiB TamiB 11 9.

OO0’enmHaHHS TPyH Y3TOJKYEThCS 3 OJIM3BKICTIO XapaKTEPUCTHK
BIJIMTOBITHUX THIMIB JIaHAMADTIB: THNH JaHmmadpTiB 4 1 6 — JOIWHHI, THII
naHamadTy 9 npoHM3ye BCIO KapTy JaHamadTiB Yy BHUIJIAAI TOHKHX
(GKUJIOK», 1 BUIAETHCS MOKJIMBUM OO0’ €IHYBaTH MOro 3 OYyIb-SIKUM IHIIUM
THUIIOM JIaHIIaQTy.
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Bumesramadi il J03BONMIIM TIPAaBHILHO 1ACHTH(IKYBATH 3pa3KH
TEeCTOBUX BUOIPOK 13 3actocyBaHHsAM PNN, a takox npu moegnanni PNN
1 PCA (ta6n. 3.17). ¥V Tab6n. 3.18 HaBeAeHO BJIACHI 3HAYEHHS TOJOBHUX
KoMrnoHeHT. [lepiri 4oTUpu KOMIOHEHTH omucyioTh 77.8 % 3aranbHOI
JUCIIepCii 03HAaK 3pa3KiB KapTOIUIl, MEpIll TPU KOMIIOHEHTH OIHUCYIOTh
69.7 % 3aranpHOI qucIiepcli 03HaK 3pa3KiB SA0IYK.

Tabnuys 3.17
PesyabraTn 00poOku macusiB 1anux PNN i PCA micas
00’ €IHAHHA TPy

[IpoaykT
Merox Hapaverp Kapromis Abnyka
KibKiCTh TOJIOBHUX 4 3
KOMIIOHEHT
PNN+PCA | Hapuanpua ubipka | 78 % (45 3paskis) | 77 % (17 3paskis)
TecToBa BuOIpKa 22 % (13 3pazkiB) | 23 % (5 3pa3kiB)
PNN Hapuanpna Bubipka 91 % (53 3pazku) | 82 % (18 3pa3kiB)
TectoBa BuOIpKa 9 % (5 3pa3kiB) 18 % (4 3pa3kn)
Tabnuys 3.18
BJiiacHi 3HaYeHHS TOJIOBHMX KOMIIOHEHT
KomnoneHnra 3pa3Ku KapToIti 3pa3ku s10JIyK
1 3.66 2.90
2 1.57 2.73
3 1.33 1.34
4 1.22 —

Ax npukian Ha puc. 3.7 HaBeAeHO rpadik paxyHKIB JJig 3pa3KiB
s6myk. Jlms 3pa3kiB KapTOIull IomepeaHs oOpoOka AaHWX 3a METOJIOM
TOJIOBHUX KOMIIOHEHT JO3BOJIMJIA CYTTEBO 30UIBIIMTH O0’€M TECTOBOI
BuOipku. Ha puc. 3.8 HaBeneHo (parMeHT KapTH TUMIB JaHAMA(TIB 13
TOYKaMHU BigOOpY 3paskiB s0IyK, Ha puc. 3.9 — xapry Ja"HamadTiB 13
TOYKaMH B1100PY 3pa3KiB KapTOILII.

Jlnst Toro mo6 3’sCcyBaTH, UM MOKHA CKOPOTHUTH KIIbKICTh METaliB,
KOHIIEHTpallll SKMX HEOOX1JIHO BU3HAYaTH y 3pa3Kax KapTomui Ta sIOIyK
koedirienT panroroi kopensiii Croipmena (tabn. 3.19) ta xoedimieHTH
kopersiii [lipcona (tabi. 3.20).
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Puc. 3.8. ®paemenm kapmu munis nanowagpmis Xapxiscokoi obnacmi
3 moukamu 8i0Oopy 3pasKis A0IYK (Koip 3ipKu 8i0N08i0aAc nesHitl 2pyni 3pasKis,
N .o . . *
8i0IOpanitl Ha 8IONOBIOHUX MUNAx J1anowagpmy )

" * mun aanowagmy Ne 10
* munu 1anowagpmise Ne 1, 9

* mun nanowagpmy Ne 4
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Puc. 3.9. Kapma munie nanowagpmis Xapkiecvkoi obnacmi 3 moukamu 8ioo6opy
3pasKie Kapmonii (3HaYoK 8iON0BIOA€E NeHill 2pyNni 3pasKis, 8i0ibpaHill Ha
8IONOGIOHUX Munax ianowagpmy )
mun aanowagpmy Ne 10

mun nanowagpmy Ne 1
mun aanowagpmy Ne 2
munu aanowagpmis Ne 4, 6
mun nanowagpmy Ne 7

munu nanowagpmis Ne 5, 9

926 -2 X6
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Tabnuys 3.19
3HaveHnHs koedinieHTIB paHroBoi kKopeasuii CnipMena

JJISI KOHIIEHTPAaIiil MeTaJliB y 3pa3kax KapToIuIi

Mn | Zn Cu Ni Pb Al Co Cr Cd | Meran
1.19| 635 | 0.11 | 248 | 584 | 1.84 | 048 | 481 | 1.55 | Fe
0.07 | 3.24 | 076 | 0.26 | 033 | 2.18 | 0.73 | 2.03 | Mn
217 | 547 | 6.02 | 0.69 | 291 | 450 | 3.80 | Zn

3.40 | 2.00 | 091 | 340 | 070 | 228 | Cu

443 | 035 | 2.08 | 519 | 3.87 | Ni

035 | 407 | 7.05 | 404 | Pb

337 | 0.82 | 0.59 | Al

3.62 | 352 | Co

5.24 Cr

 pun. (f =56, piBens 3pauymocti (=0.05) = 1.96; Z,,,,,, (f =56, (a:=0.01) =2.79

Tabnuys 3.20
3nauvenHs koedinienTiB kopeasiii Ilipcona
JJIS1 XapaKTEePUCTUK 3Pa3KiB ﬂﬁ.l]yK*
/n Cu Ni Pb Al Co Cr Cd Meran
1 2 3 4 S5 6 7 8 9

0.35 | 0.30 0.38 0.27 0.58 Fe
0.24 0.27 0.40 0.36 Mn
0.65 0.41 0.52 0.24 Zn
0.26 0.41 Cu
0.38 0.75 Pb
0.36 0.30 0.31 Al
0.33 Cr

3naueHHs koedirienTtis, MeHi 0.2, He HaBEICHO.

3 KOXHOI Mapu KOPEJIbOBAHMX KOHLEHTpALId METAIIB Yy 3pa3kax
KapTOILUIl BUKIIOYWIA TI0O OAHOMY METaly, KOHIIEHTpAIllsl SKOTO Xapak-
TEPU3Y€ETHCS HAWOUIBIIIOW aucnepcieto (auB. Tadim. 3.21). Tak, gy 3pa3kiB
KapToIUIl BUKITIOUMIN KoHueHTpauii Fe, Mn, Zn, Pb 1 Cd. J{ns 3pa3kiB s01yk
y pe3ynbTaTi po3paxyHKy KoedirieHTiB Kopesmii Ilipcona BUsBMIM nwIIe
OJIHy Tapy KOpPEThOBAaHUX BMICTIB METalliB, TOMY CYTTE€BE CKOPOUCHHS
KUTBKOCTI METaJIiB, KOHIIEHTpaIll IKUX TpeOa BU3HAYATH, HEMOYKIIUBE.

3acTocyBaBIlld A0 CKOPOUYEHOTO MAacHBY JIaHUX, IO XapaKTEPU3YIOTh
3pa3Ku KapToILIi, HMOBIPHICHY MEPEXY, OTPUMAJIN BUCOKUN 00’ €M T€CTOBOI
BUOIpKHU — 22 % (13 3paskiB), yci 3pa3Ku K01 11eHTU(DIKYIOTHCS MPaBUIIHHO.
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Tabnuys 3.21
3HaYeHHH QUCHEPCiid KOHIEHTPAalil MeTAJIIB y 3pa3Kax KapTOILIi

Merain Fe Mn Zn | Cu | N1 Pb Al | Co Cr | Cd
Hucnepcis | 107.98 | 12.16 | 7.74 | 2.04 | 0.69 | 1.53 | 3.05 | 0.70 | 0.09 | 0.22

skkok

TakuM YMHOM, MOXXHa BBa)KaTH JTOBEICHUM TOM (hakT, IO arapar
MITYYHUX HEHPOHHUX MEpPEkK € €PEeKTUBHUM 3aCO00M BCTAHOBJICHHS I0-
XOJIKEHHSI 3pa3KiB BOJI HaBITh 3a BIJICYTHOCTI B1JIOMOCTEH MPO KOHIIEH-
TpaIil0 OJHOTO 3 HHUX, a HAHOUIBIIOK €(PEKTUBHICTIO BOJIOJIIOTH TWHA-
MIYHa Ta UMOBIpHICHA MEPEXI.

BukopuctaHHg KOMILUIEKCY CTaTUCTUYHUX METOJIB CHIJIBHO 3 METO-
JIOM TOJIOBHMX KOMIIOHEHT Ta WMOBIPHICHOIO MEpEkKe 3a0e3Meunsio
HaJ1HHY 17eHTrdiKaIio reorpad®iqHOr0 MOXOKEHHS POCIWHHOI CUPOBHU-
HU, MATBEPAMBIIN TINOTE3y MPO 3B’S30K reorpadiyHOro MOXOMKEHHS
OBOUYIB 1 (JPYKTIB 13 BMICTOM y HUX BaXKHUX 1 IEPEXIAHUX METAIIB.
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I'raBa 4

K/JIACTEPU3ALIA OB’EKTIB BE3
ATIPIOPHOI IH®OPMALII ITPO
KIJIbKICTDb KJIACIB

3niiicHIOIOUM KiIacudIKaIliio «3 HaBYaHHSIM», JOCTIAHUK PO3IMOALUIIE
00’€KTH HaBYAJILHOI BUOIPKM MK Harepe]l BU3HAUYEHUMH Kilacamu; Ieu
pPO3MOJIII  BUKOPUCTOBYIOTH JUIsl TOro, IMmo0 moOyayBaTd TipaBuiia
kiacugikarili. BBakaroTe, 110 KJIacu JOCHUTH J0OpE BIAOKPEMIICHI OAWH Bif
OJIHOTO B IPOCTOP1 JIaHUX, a BCl 00’€KTH HABYAIbHOI BUOIPKH MPABUILHO
po3moauteHi 3a knacamu [1]. Ilpm xmacudikarii «Oe3 HaBUaHHS» HaB-
YJaJIbHUX BUOIPOK HEMAE, ajie KIIbKICTh KJIACIB CIIJ] 3a7aTH Mepe]] TOYaTKOM
knacudikari [2]. Omxke, 1 knacudikaiis «3 HaBYaHHSAM», 1 Kiacu]ikaiis
«0e3 HaBYaHH» BUMAararoTh iH(opmallii Mpo KUIbKICTh KJIACIB.

Po3B’s3yroun peaibHi 3a7adi, XiIMIKM JOCHTh YacTO CTHUKAKOThCS
3 HEOOX1AHICTIO aHaji3yBaTH HAOOpPU NAaHMX, IJIs SKMX KUIbKICTh OJIHO-
PIIHUX TPyH HEBiJOMA, 1 11 CJI1J] BU3HAUYUTH B X011 00poOKku nanux. Kpim
TOT0, pallloHaJbHI KpUTEPii MJIs BiAHECEHHS 00’€KTa 0 TOrO0 YU 1HIIOTO
KJIaCYy MOXKYTh OYTH HESICHHUMH, IIOTaHO (popmanizoBaHUMH, HeUiTKUMH. 111
00cTaBUHU OOYMOBIIOIOTH HEOOXIJHICTh KOMOIHYBaHHSA PI3HHX XEMO-
METPUYHHMX METOJIB MU MpoBeaAeHH1 Kinacudikartii [3—7].

[Is1 rmaBa mpuCBAYE€HAa BU3HAYEHHIO KUIBKOCTI KJIACciB 1 3HAXO/I-
KEHHIO CTIMKOI Kiacudikallli 3a JOTOMOTOI MPOIEAYPH, IO IOETHYE
Mepexxy KoxoHeHa Ta WMOBIpHICHY Mepexy. BukianeHo pe3yiabTaTtu
ampoOarlii 3ampornoHOBaHOI MPOILEAYpPU HA MaCHUBl JaHUX MNpo 9 xa-
PAKTEPUCTUK 76 OpraHIYHUX PO3UYUHHUKIB.
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Knacudikariis po3dyMHHUKIB € OJHUM 13 MPHUKIAIAIB 33134 Kiacudi-
Kailii, JUisi SKUX OJTHO3HAYHE PO3B’SI3aHHS € MPUHIMUIIOBO HEMOXKIIUBHUM.
Tomy Oyno BaXJIuBO 3’sCyBaTH, UM HaJla€ 3alporOHOBaHa Mpoleaypa
MO>KJIMBICTh OJIEP’KYBATH XIMIYHO 3HAUyIlll 3MICTOBHI pe3yibTaTth. Takox
Kiacudikariss po3YMHHUKIB 3a JEB’SATbMa XapaKTEPUCTUKAMHU IPUBEPTAE
0COOJIMBY yBary, OCKUJIbKM OUIBIIICTh BITOMUX KJacu(ikaliii IpyHTY€E€ThCS
JUIIEe Ha JIeK1IbKoX mapamerpax [8—10].

Po3pobrnieny mnporueaypy TakoxX OyJIO 3aCTOCOBAHO i KilacTepH-
3aI1li 3pa3KiB BOJI 13 PI3HUX JKEPEN 1 piuoK M. XapKoBa Ta 3pa3KiB sI0JIyK
PI3HOTO MOXOIKCHHSI.

4.1. IIpoueaypa KiacTepu3sanii 06'€KTiB 6e3 anpiopHOi
iHpopmauii npo KiJIbKiCTh K/1aciB

[IpoBoaNTH 0OPOOKY MAacHBIB €KCTIEPUMEHTATBLHUX JAHUX, JUIS IKUX
KUIBKICTh OJTHOPIIHUX T'PYIN HEBIOMA, a KpUTEpli BIAHECEHHS 3pa3KiB 0
TOr0 YM I1HIIOTO KJacy HEUITKI ab0 CymnepewInBi, MU IPOMOHYEMO 3a
POIEAYPOIO, 0 NMoeAHY€E Mepexky KoxoHeHa «0e3 HaBYaHHS» 3 IMOBIp-
HICHOIO MEPEKEI0 «3 HAaBYAHHIM.

Ponr Mepexxi KoxoHeHna mojisirae B morepeaHii KiiacTepu3aliii JaHuX
1 3HaXO/PKEHHI K1TBKOCTI OJTHOPIAHMX TPYIT JOCHIKYBAaHUX 00’ €KTIB; POJIb
PNN — y 3Haxo/pkeHHi CTiiiKol Kiacu@ikailii JOCTIKyBaHUX OO €KTIB.
Mepexy Koxonena o0paHo 3 Ti€i NpHYMHM, IO BOHA 3a HAIIHHICTIO
MIEPEeBEPIITY€E CTAHIAPTHI AITOPUTMHU KiacTepHoro aHamzy. B Tabdn. 4.1
MOPIBHIOIOTECSL PE3YJIbTATU BUKOPUCTAHHS MJI1 OOpOOKH PI3HUX MAaCHBIB
JAHUX QITOPUTMY 3raJIaHOi MEpPEXl Ta HU3KU AITOPUTMIB 1€papXIvyHOl
KjacTepuzaiii («OMMKHBOTO CyCia», «IAJIEKOro CYCifa», «CepelIHbOro
3B’SI3KY», «IICHTPOIAHOT0») 3 BUKOPUCTAHHSIM EBKIIZI0OBOI METpUKHU OJH3b-
KOCTI, a TaKOXK MeTony K-cepenHix 1 HeuiTkoro merony k-cepeanix. BuOip
IMOBIpPHICHOT Mepexi OyB OOyMOBJIEHHH THM, IO il BJIacTUBI BHCOKa
CTIMKICTD JI0 HASBHOCTI B JAHUX TOXHUOOK, PO3MOJILT SKUX BIAPI3HAETHCS Bif
po3noauty ['ayca, 1 MpomycKiB, a TAKOXK MPOCTa apXITEKTypa.

Anroput™m kiacudikailii 0e3 anpiopHoi 1HQoOpMaIll Npo KUIbKICTb
KJIaciB 1 6€3 HassBHOCTI HABYAJIbHOI BUOIPKHU BKIIFOYAE TaKl KPOKH:

1) xnacudikamis maHux 3a gomoMoror Mepexi Koxonena mpu
PI3HUX 3HAYEHHSX KIJILKOCTI HEMPOHIB (BIAMOBIIHO 1 KITBKOCTI KJIACiB);
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2) BH3HAUCHHS IPyN 3pa3KiB, K1 HE3AJIECIKHO Bl KUTLKOCTI 3alaHUX
HEHpOHIB BigHECEHI Mepexkero KoxoHeHa 10 OAHOro 1 TOro K Kiacy;
BUKOPUCTAHHS IIUX 3pa3KiB B SIKOCTI MEPIIOi HaBYAJbHOI BUOIPKH IS
HaBYaHHS WMOBIPHICHOT MEPEXKi;

3) BunagkoBe GOpMyBaHHS HEBEJIWKUX BUOIPOK MPUOIU3HO OJIHA-
KOBOTO PO3MIpy 31 3pa3KiB, IO HE yBIMIIUIM 0 TEPIIOi HABYAJIbHOI BH-
OlpKH, 1 MOCIIJIOBHOTO iX TPEJ sIBICHHS Ha BX1J IMOBIPHICHOT MEpexi
(6 =0.1) AK TecTOBUX BUOIPOK;

4) BKJIIOYCHHS 3pa3KiB KOXKHOI TECTOBOI BHUOIPKH J0 HaBYaJIbHOI
BUOIPKM Ticis iX Kiacudikaiii KIMOBIPHICHOIO Mepekero (HaBuajabHa BH-
Oipka 30UIBIIYETHCS, 110 3a0e3neuye ajeKBaTHY Kiacu]ikallio HacTyM-
HUX TECTOBUX BHOIPOK);

5) mnpoBenenns kpoc-Bamigamii (leave-one-out cross validation)
[11, 12] nnst nepeBipKHU i1 YTOUHEHHSA OTPUMAHOI KJIacu(iKallii.

CxeMy 3ampomnoHOBaHOI MpoleAypu Kiacudikaiii HaBEICHO Ha
puc. 4.1.

X76 +

Kpoc-paminamisa

Mepe:xa KoxoneHa IMoEBipHiCHA HefipoHHA Mepeska
X1 O
']
[#]
=
X2 O = o
8 Tlepmra g / Nesi _\\'_"-_
O\ : ;5 HaRHANBHA § "x< /g( PesymbTar:
MacHB JaHuX S| BuOpKAa —) o —> YL; \ - C=p Ipym
O'_-‘ O g o1 PNN = Q ‘ \ PO3UHHHIKIR
g E N\ /\\\ Lo /'
& g ¢ e v
)
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&

T'pymn

Puc. 4.1. Cxema npoyedypu xnacugirayii, wjo rpyHmyemucs
Ha no€onanni mepedici Koxonena ma uMogipHICHOI Mepedrci

[Tpouemypa kpoc-Bajijailii moJjsrajia B MOCIIJOBHOMY BUKJIIOUCHHI
00’€KTIB 13 HaBYAJIbHO1 BUOIPKH, HAaBYaHHI Ha 00’ €KTaXx, IO 3aJUIITHIINCS,
1 po3Mi3HaBaHHI BUKIIOUYEHUX 00 €KTiB. JlOCHiIKyBaHUN MAacuB JIaHHUX
pO30MBaETHCS HA k BUOIPOK, IO HE MEPETUHAIOTHCSA Ta MAaIOTh OJTHAKOBI
po3mipu. Ha kokHii iTepaliii HaBYaHHS TTPOBOJUTHCS 3a k-1 BUOIpKamu,
a TECTyBaHHA — Ha BUOIpIl, 1m0 3anumuiacs. [Ipouemypa kpoc-Bamigarii
TIOBTOPIOEThCS K pa3iB 10 TUX Mip, MOKM KOXKHA 3 BHOIpOK He OyJe BH-
KOPHUCTaHa B SIKOCTI TECTOBOI.
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Tabnuys 4.1
Pe3ysbTaT KJIACTEPHOI0 aHAJII3Y MACUBIB JaHUX
P, %
Meron Jlyroro- /lBoiepa- 3pasku | 3pasku 3pasku | 3pasku
ioHi gami | PR 1pHCIB puu | DITROBHR | JUKCEPEIL-
A JaH1 BOJ HHUX BO/J
Mepexka
Koxonena 39 0 9 11 54 46
(n=0.01)
k-cepennix 46 0 11 26 86 91
He‘;ﬁﬁgﬂﬁ;"ﬂ 46 10 10 40 77 83
“63;13;;‘;’;”0 54 0 33| 69 77 87
“ﬂciﬁi@;‘go 46 0 15 29 77 83
«CCp)CI[HBOFO 46 0 9 29 77 R7
3B’SI3KY»
CUCHTPOTHII | = 40 0 32 38 82 95
ITOPUTMY

Ha nepmux eranax ajropurmy HEOOX1ITHO OTPUMATH HE Oaratro rpym, 1o
BKJIFOYAIOTh OJIMH-IIBA 3pa3KW, a JIEKUIbKA TpyN, IO MICTATh SIKOMOIa
O1TBITY KIJIBKICTh 3pa3KiB.

4.2. Knacugikanist po34YMHHUKIB 32 Pi3MKO-XIMiYHUMMU
XapaKTepuCTUKaMu

Knacudikaiiisi po3uyMHHUKIB € TPUKIAAOM OJHIET 3 HAMCKIQIHIIINAX
3amad kiacudikaii. OqHo3HaUHOT Kiacudikaiii po3YMHHUKIB ICHYBaTH HE
MO’K€, OCKUIBKHM KOXKHA 3 MOXJIMBHUX Kiacudikailiid crpsiMOBaHa Ha pO3B’si-
3aHHA OKPEMOIO KoJjia 3a/ad 1 HaJa€ mepeBary THUM 4YM 1HIIMM XapakTe-
puctukaMm pedoBuH [13]. BuiblIicTh iCHYHOUMX Kiacuikaliid IpyHTYEThCS
HAa BUKOPHCTaHHI OOMEXKEHOI KIJIBKOCTI XapaKTEPUCTUK PO3YMHHHUKIB.
3Ba)karouu Ha 111 00CTaBUHU, MU BUKOPHUCTAJIM 3alPOIIOHOBAHY MPOLIETYPY
st kiacu@ikaiiii Habopy PO3YMHHHUKIB 1 BBAXKAIM, IO PO3IVISIATH ITHO
MpoLIeypy SK 3aCTOCOBHY MOKHA B TOMY BHUIIQJIKYy, SIKIIIO BOHA J03BOJISE
OTPUMATHU XIMIYHO 3MICTOBHI pPE3yJIbTATH.
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JlocaikyBaad MacuB JaHMX, IO BKJIOYAaB 76 PO3UYMHHUKIB, 34
HAO0OopOM 13 9 (PI3UKO-XIMIYHUX XaPAKTEPUCTHK:

napamerp posunHHOCTi [inbneGpanna, 8, k' “em™ 2,
MTOBEPXHEBUW HATAT, Y, 10°H/ M,

TUTIOJIBHUN MOMEHT MOJIEKYJIH, W, /1,

BIJIHOCHA Ji€JICKTPUIHA TPOHUKHICTD, &,

MOKa3HUK 3aJI0OMJICHHS, N,

EMITIPUYHUNA MapaMeTp KUCIOTHOCTI PO3UMHHUKA SIK JTOHOpa BOJHE-
BHUX 3B S3KIB, 0,

eMITipIYHHIT TApaMeTp MOJSIPHOCTI 1 MOJSIPH30BHOCTI, T ,
eMITIpUYHUHN TTapaMeTp nossipHocTi Paiixapara, Er, Kkan / Mo,

Str. — CTpyKTypOBaHICTh PO3YMHHUKA.

YucioBi 3HaYeHHA MMapaMeTpiB, B34TI 3 podotH [8], HaBeaeHo B Jo-
natky (tabm. [14).

VY B3sTomy 3 poboTu [8] AOCIII)KYyBaHOMY MacHBI JAaHUX HAasBHI
YOTHPU IIPOITYCKU: HEBIJIOMI 3HAYEHHS CTPYKTYpPOBAHOCTI 1-JeKaHOIy,
aHi30Jy, rekcametmidochopamiay Ta npomiieHkapooHaty. i npomycku
3aMOBHWJIM CEPEHIM 3HA4Y€Hb CTPYKTYPOBAHOCTI 1HIIUX 72 PO3YMHHHUKIB
(Bono cranoBwio 0.63) 1 Hamam o00poOsiu MOAU(PIKOBAaHUM MacuB
nanux. [lepen 3acrocyBaHHSM mpouenypu kiacudikaiii 3A1HMCHUTIN aB-
ToMacIITaOHEe TepeTBOpeHHs naHux (auB. Gopmyny (2.12)). Ilpu Buko-
HaHHI KJIacTepu3allli 3 BUKOpUCTaHHIM Mepexi KoxoHeHa oOupanm Taky
KUTBKICTh HEMpOHIB: 5< /<8 (Tadm. 4.2).

YVVVVYYYVY

Y V V

Tabnuys 4.2
PesyabTaTn kiaacudikamii opraHiyHnx peyoBuH Mepe:kerd Koxonena
NPHU Pi3HUX KiJIBKOCTAX HeHPOHIB (4) (TYT i B HACTYIMHUX TA0JIUIAX
3pa3Ku, BifHeceHi Mepeskerd KoxoHeHa /10 0HOIO i TOr0 K KJacy
HE3aJIEKHO BiJl KIJILKOCTI 3aJaHNX HEHPOHIB,
Bi/IMi4eHi KHPHUM KypPCHBOM)

Bignecenns 1o kiacy
No Po3unHHUK
h=5 | h=6 | h=7 | h=28

1 H-IIEHTaH 1 4 2 1

2 H-TeKcaH 1 4 2 1

3 H-TeIITaH 1 4 2 1
4 H-OKTaH 1 4 2 1

5 1-OKTaH 1 4 2 1
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IIpoooeowcennss maon. 4.2

6 H-JICKaH 1 4 2 1

7 H-TOJeKaH 1 4 2 1

8 H-TE€TpaJICKaH 1 4 2 2

9 H-TeKCcaJIcKaH 1 4 2 2
10 [MUKJIOTEKCaH 1 4 2 1
11 METWILUKIIOT€KCaH 1 4 2 1
12 [UC-JIEKATIH 1 5 4 2
13 OCcH30II 3 5 4 2
14 I-KCHIIOJI 3 5 4 2
15 ME3UTHUJICH 3 5 4 2
16 rexcadTopOeH301 1 4 1 2
17 TETPaXJIOPMETaH 1 5 2 2
18 TPUXIIOPETUIICH 3 5 2 2
19 TETPAXJIOPETUIIEH 3 5 2 2
20 TOJIYOJI 3 5 2 2
21 0-KCHJIOJI 3 5 2 2
22 M-KCHJIOJI 3 5 2 2
23 CTUIIOCH301 3 5 1 2
24 M-IIAMOJI 3 5 4 2
25 1,4-miokcaH 3 1 1 6
26 bTopbeH301 3 1 1 8
27 JTUXJIOPMETaH 2 1 1 3
28 xJiopoopm 3 1 1 3
29 1,2-nuxsmoperan 2 1 5 8
30 1,1,1-Tpuxnoperan 3 1 1 6
31 1,1,2,2-TeTpaxioperan 4 2 5 8
32 1 -xnopnponan 1 1 1 3
33 1,2,3-Tpuxsiopnponas 4 1 5 8
34 XJIOpOEH301 4 1 5 8
35 0-TUXJIOPOEH301 4 2 5 5
36 M-JTUXJIOPOEH30J1 4 5 7 8
37 1,2,4-TpuxaopOeH301 4 2 7 5
38 TUOpoMMeTaH 4 2 7 5
39 opomodopm 4 2 7 5
40 1,2-nubpomeTan 4 2 7 5
41 1-6pomnponan 3 1 1 6
42 OpoMOeH30T 4 2 7 5
43 ouHoIMeTaH 4 2 7 5
44 l-iionnponax 4 1 5 ]
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IIpoooeowcennss maon. 4.2

45 HOI0€eH30IT 4 2 7 5
46 TeTpariipopypan 3 1 1 6
47 aH130J1 4 1 5 8
48 l-aminoOyTaH 1 1 1 3
49 ipUINH 2 2 5 8
50 X1HOJIIH 4 2 7 5
51 TUCyJb(pig KapOOHY 4 5 7 5
52 TeTpariipoTiopeH 4 1 5 8
53 METAHOJI 5 6 3 7
54 €TaHOoJI 5 6 3 7
55 l-nportanon 5 6 3 7
56 1-OyTaHon 5 6 3 3
57 l-nenTanon 5 6 3 3
58 l-rekcanon 5 6 3 3
59 l1-okTanon 5 6 3 3
60 1-nexanon 5 6 3 3
61 1,2-eTaHgion 5 6 6 7
62 BOJA 5 3 6 7
63 N-metundopmamin 5 3 6 7
64 N,N-aumerundopmamiz 2 3 6 4
65 N,N-aumeruianeTamia 2 3 6 4
66 N,N-MeTuipoiiJion 2 3 5 4
67 rexcameTtuiiocdopamiz 2 3 5 4
68 TUMETHIICYITb(POKCHT 2 3 6 4
69 0-Kpe30J1 5 6 3 7
70 pOIUIeHKapOOHAT 2 3 6 4
71 aleToH 2 6 3 3
72 HITPOMETaH 5 3 6 7
73 HITpOETaH 2 3 6 4
74 HITPOOEH3011 2 3 5 4
75 aleTOHITPUJII 5 6 6 7
76 OCH30HITPUIT 2 3 5 4

byno BUSIBIEHO OECATh TPyl PO3YMHHHUKIB, SIK1, HE3AJIEKHO B1J] KUIb-

KOCT1 3aJlaHuX y CTPYKTypi Mepexi KoxoHeHa HEHpOHIB, BIIHOCSTHCS
MEpEeXKEI 10 OAHOro 1 Toro * kiacy. KoxkHa Taka rpyma micTuia He
MEHIIIE YOTHUPHhOX PO3UMHHUKIB. 53 peyoBHMHHM, MPEACTaBIICHI B Ta0OI. 4.3,
BUKOPUCTAJIM B SKOCTI MEPIIOi HaBYaJIbHOI BUOIPKH JJIsI HaBYAHHS
HMOBIPHICHOI HEHPOHHOT MEPEXK1 Ha APYroMy €Talll aifOPUTMY.
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23 pedoBWHHU, 110 3ATHUIINIUCS, BUAAKOBUM YMHOM PO3OUIIN HA TPH
BUOIPKH (JIB1 BUOIPKHU MICTUJIM 1O 8§ POZYMHHUKIB, TPETSA — 7 POZUMHHUKIB).
[{i BuOIpKM BHUKOPHUCTAIM SIK TECTOBI A Kiacu@ikaiii MMOBIPHICHOIO
HEWPOHHOIO MEPEKEIO (TPETIN Ta YETBEPTUM €TANU AITOPUTMY ).

PesynpTatn knacudikaili 3pa3KiB TECTOBUX BHOIPOK HaBEJICHO

B Ta0. 4.4-4.6.

Tabnuys 4.3
CkJ1aj nepioi HaB4aJaIbHOI BUOIpKH
JJIS1 HABYAHHA IMOBIPHICHOI Mepexi
Kiac Po3unHHUK (HOMEp pO3UMHHUKA B Ta0IuIl 4.2)
H-nieHTaH (1), H-rekcaH (2), H-renrtad (3), H-okTaH (4),
I 1-okTaH (5), H-AekaH (6), H-noaekaH (7), uukiorekcas (10),
MeTuaukiorekcat (11)
II oen3ou (13), n-kcunon (14), mezutunel (15), n-uumon (24)
I TpuxiioperutieH (18), rerpaxnoperunes (19), Tomyon (20),
o-kcwiod (21), M-kcuiion (22)
v 1,4-niokcan (25), 1,1,1-tpuxnoperan (30), 1-6pommponan (41),
Terpariapodypas (46)
v 1,2,3-tpuxiniopnponat (33), xnopoenzo:n (34), 1-itonnponan (44),

aHizoxa (47), TerparigpotiodeH (52)

1,2,4-tpuxnop6en3on (37), nmopommeran (38), opomodopm (39),
VI 1,2-mu6pometan (40), 6pomben3on (42), nuitonmetan (43),
rnonoben3on (45), xinomiH (50)

VII meTtaHol (53), eranon (54), 1-nponanon (55), o-kpe3o: (69)
VIII 1-0yTtanon (56), 1-nerranon (57), 1-rexcanon (58),
1-oxTanoun (59), 1-nexanon (60)

N,N-mumetundopmamin (64), N,N-mumerunaneramis (65),
IX mumeTtuicyibdookena (68), mpomnienkapoonat (70),
HiTpoeTaH (73)

N,N-metunmipoizion (66), rekcametmidocdopamin (67),

X HITpoOeH301 (74), 6en3oniTpui (76)
Tabnuys 4.4
PesyabraTn kiaacu@ikanii nepuoi TecToBoi BUOipKH
Kiac Po3unHHMK (HOMEp po34rMHHUKA B Ta0J. 4.2)
11 H-TeTpajiekaH (8)

111 uuc-aexanid (12), ermsnbdenson (23), nucynbdig kapoony (51)
v 1,2-nuxnoperan (29)

VII aneroH (71)

IX HiTpomeTad (72)
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Tabauys 4.5
Pe3yabTaTn kiaacugikamii Apyroi TecToBoi BUOIpKu
Kiac Po3unHHMK (HOMEp pO3YMHHUKA B Ta01. 4.2)
I rekcadropoenszon (16)
11 H-TeKcanekaH (9), rerpaxiaopmetas (17)
\Y 1,1,2,2-terpaxioperad (31)
VIII 1-xnopnponas (32)
IX aneronitpui (75), 1,2-eranaion (61), Boaa (62)
Tabnuysa 4.6

PesyabraTn Kiacudikauii TpeTboi TeCTOBOI BUOIPKH

Kiac Po3unHHMK (HOMEp po34MHHUKA B Ta0. 4.2)
| xsopodopm (28), 1-aminoOyTaH (48)
1Y dbropbenson (26), nuxiaopmerat (27)
\Y o-nuxjopoen3oi (35)
VI M-auxjiopoeH3ol (36), nipuus (49)
IX N-metundopmamin (63)

JIs mpoBeACHHS KpOC-BaliAallli MacUB JaHHUX 13 XapaKTepUCTUKAMHU
76 pO3UMHHUKIB PO3OUJIM BUIAJKOBUM YMHOM Ha 5 BUOIPOK: 4 BUOIpKH
MICTWIIM 10 15 pedoBuH, 1’sita BUOipKa — 16 pedoBuH. [Ipouenypy kpoc-
BaJII/IaIlli TIOBTOPIOBAJIA 5 Pa3iB: KOKHY BUOIPKY BUKOPUCTOBYBAIM OJIUH
pa3 K TECTOBY BHOIPKY JJIsl TECTYBaHHS WMOBIPHICHOI MEpEXKi, a YOTUPHU
iHII1 BUOIPKKM — B SIKOCTI HaBYAJIbLHUX JJII HABUYaHHS MMOBIPHICHOI Me-
pexi. B pesynbrari mpoBeAeHHsS MOpoueaypu Kpoc-Bamigaumii 12 pos-
YUHHUKIB 3MIHWIA CBOIO MPUHAIECKHICTh 0 KiaciB (I’ SITUM eTam ajro-
puT™MYy, Ta0mI. 4.7).

Tabnuys 4.7
Pe3yabTaTn Kpoc-Bajigamii
Kiac
Po3unnHMK .
(HOMeEp PO3UMHHUKA B Ta0I. 4.2) A0 Kpoc~ TG KPOe-
BaJIi Harli BaJIi Hartli

M-Kcutod (22), Tonyoin (20), o-kcuion (21), 3 )
TpuxJoperuiieH (18), errsdenzon (23)

0-Kpe3od (69) 7 4
nukiorekcad (10), H-gonekan (7), 1 )
MeTuiIuKIorekcas (11)

nipuaud (49) 6 5
aHi3ou (47) 5 6
1-OyTtanomn (56) 8 7
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Bigznauumo, mo xjaopodopm Tta l-amiHoOyTaH Oyiau BiIHECEHI 10
I kacy, 1o MICTUTHh HEMOJAPHI aniaTUdHI BYTJICBOIHI, HE3BAKAIOUYHM HA
SIBHY BIJIMIHHICTb iX BjacTuBocTed. HalOUIbI BipOriIHUM MOSICHEHHSIM
IbOMY (DaKTy Cayrye BiACYTHICTh BIAMOBIAHOI TPYNH AJI XJIOpOoPopMy Ta
1-amiHOOyTaHy y BUXiAHIA HaBYaIbHIA BUOIpIL. Y 3B’S3KY 3 IUM JIO HaB-
yajapbHOi BUOIpKM nojanu goaaTkoBy XI rpymy. Xmopodopm BHUKOpPHC-
TOBYBAJIM K €JIEMEHT HOBOI I'pYyINH B HaBYaIbHIA BHOIipIl, a 1-amiHOOY-
TaH — SK eJeMEHT TeCcTOBOi BHOIpKU. B pesynbTaTi 3acTOCyBaHHS
anroputMy PNN l-aminoOyTan OyB BiJHECEHMI 1O OAHIET TPynu 3 XJIO-
podopmom. BignecenHs xiaopodopMy A0 Tpyld, BIAMIHHOI BIJ 1HIIUX
rajoreHo3aMileHUX BYTJICBOJHIB, Y3TO/KYEThCS 3 KiIacH(diKaIiero pos-
ynHHUKIB 3a JI. CHaitnepom [14] Ta M. IllacTperoMm [15].

Ocraroyna kinacudikaiis 76 po3unHHUKIB [16] mnpencraBieHa
B Ta01. 4.8.

O6roBopuMo (Hi3UKO-XIMIUHI MIPKYBaHHS, 110 TOSICHIOIOTH BiJHE-
CEHHs PO3YMHHHMKIB J0 THX YU 1HIIUX KJIACIB.

Knac I mictuth HenossipHi aniaTudH1 BYTJIEBOAHI 3 YMCIOM aTOMIB
kapOony 1m0 10 ta rexcadropOensoin. LI pedoBHHM XapaKTepU3yHOThCS
Iy’K€ HU3bKOIO 1EJIEKTPUYHOIO MPOHUKHICTIO 1 TOKAa3HUKAMH 3aJIOMJICH-
HSI HIDKYE JIBOX.

Knac Il micTuTh HENOJISIPHI Ta CJIA0KOMOJIAPHI ami(aTudHi ByTII€BO/I-
Hl 3 YUCJIOM aToMmiB KapOoHy Ounbine 10, MUKIIYHI ¥ apoMaTH4HI BYT-
JI€BOJHI, a TAKOXX TPUXJIOPETWIICH Ta TETpaxJIOpMEeTaH. Y IUX PEYOBUH
JIeTIeKTPUYIHI TPOHUKHOCTI Ta MOKA3HUKHU 3aJJOMJICHHS OLIBIIE JBOX, YAM
MOXHa TIOSICHUTH PO30UTTS amiaTUIHUX BYTJICBOJHIB Ha JBa KJIACH.
Mo>xHa BBaxkat, 110 rekcadtopOeH301 BigHeceHui 1o I kimacy Takox Ha
OCHOBI 3HAYCHb JICICKTPUYHOI MPOHUKHOCTI 1 TOKa3HUKA 3aJIOMJICHHS.

Knac III mictuth uMc-IeKaniH, Iucyiabdin KapOOHy, TeTpaxjiop-
etuseH. [{uc-nexanin BiApi3HIEThCA Bl LMUKIIYHUX BYTriaeBOHIB I kiacy
BUIIMM 3HAYEHHSM TIOBEPXHEBOTO HATATY (3HAYEHHS ITOBEPXHEBOTO
HATATY IUC-JeKaliny ckianae 31.6, Toal K 3HAYCHHS I[LOTO MapaMmeTpa
B Il kmaci He mepeBuinyroTh 29.5). IlomiramoneHonoximaHi amiaTudHUX
BYTJICBOJIHIB (TE€TPAXJOPMETaH 1 TETPAXJOPETUIICH) BITHECEHI 10 PI3HUX
KJIACiB Y 3B’SI3KY 3 BIIIMIHHOCTSIMU B 3HAQYEHHSX TOBEPXHEBOTO HATATY
(3HaUCHHSI MOBEPXHEBOT0 HATATY TETpaxJopMeTaHy ckianae 26.1, a Tert-
paxjopertwieny — 31.3).

Knacu IV-VI BxkiIo4aroTh CIAOKOMOJISIPHI TaJOreHOMOXiAHI amida-
TUYHUX 1 aPOMATUYHHUX BYIJIEBOAHIB, M€TEPOLUKIIYHI CIOIYKH (XIHOJIH
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1 mipyuauH), apoMaTHdHi 1 1ukiIiyHi edipu (TerparigpodypaH, aHi3odl,
1,4-niokcaH), a Takox TeTparipoTiodeH 1 o-kpe3oi. Lli kimacu pedyoBHH
yTBOPEH1 Ha OCHOBI criendiuHoi KoMOIHAIllT 3HAYEHb 1X 9 mapameTpis, aje
BiI3HAaUMMoO, 1o npu mnepexodi Big IV kmacy mo VI cmocrepiraerbes
30UIbIIICHHS 3HAY€Hb IMOKa3HWKA 3ajiomyieHHs. TpuxioperwieH (kiac 1)
BIJIPI3HAETHCS Bl TAJIOTCHOMOXIAHUX amiaTuyHux ByriaeBoaHiB [V-VI
KJaciB MEHIIMMH 3HAQUEHHSMU JIUMOJIBHOIO MOMEHTY, J1EJIEKTPUYHOI
NPOHUKHOCTI 1 CTPYKTYypOBaHOCTI. €IMHUN TpeNCcTaBHUK (PEHOJIIB, O-Kpe-
30J1, BIAPIBHSETHCS BIJ ali(paTUYHUX CIUPTIB BUIIMMU 3HAYCHHSIMU
OUTBIIIOCTI CBOIX XapaKTEpUCTUK (MOBEPXHEBOIO HATATY, IOKa3HUKA
3QJIOMJICHHS, EMITIPUYHOTO TapamMeTpa KHUCIOTHOCTI SIK JOHOpAa BOIAHEBUX
3B’SI3KIB, EMIIIPUYHOrO MapaMeTpa TMOJIPHOCTI 1 TOJSPU30BHOCTI,
CTPYKTYPOBAHOCTI) 1 MEHIIIMMH 3HAYECHHSMH JUIMOJIHLHOTO MOMEHTY 1 Mi-
CJICKTPUYHOI TPOHUKHOCTI.

Knac VII mictuth anipaTuddi COUPTH 3 YUCIOM aTOMIB KapOOHY 10
5 1 anieton; xrac VIII — anipaTuyHi CIUPTU 3 YUCIIOM aTOMIB KapOOHY BiJl
5 mo 10 1 1-xmopnpoman. 1-XaopnpormnaH XapaKTepU3y€e€ThCsl HAMMEHIIIMMU
3HAYEHHSIMU TTOBEPXHEBOTO HATATY 1 MOKa3HUKA 3aJOMJIEHHS Cepell yCix
raJlIor€HONOX1IHUX ali(paTUYHUX BYTJIEBOJHIB, PO3IJISHYTUX NpPH KJia-
cudikarlii, 10 MOSICHIOE HOTO BITHECEHHS JI0 I[LOT0 KJIacy.

Knacu 1X 1 X MiCcTATh BUCOKONOJISIPHI CMIOJYKU. PO3ZUMHHUKYN 1TUX TPy
BIJIPI3HAIOTHCA BUCOKUMM 3HAUYCHHSIMH JIIEJIEKTPUYHOI TPOHUKHOCTI, €MIIi-
PUYHOTO MapaMeTpa noyisipHocTi Palixap/Ta 1 moka3HHUKa 3aJIOMJICHHS.

Xnopodopm Ta 1-amiHoOytan ¢opmyroTs krac XI. Xiopodopm
XapaKTEePU3Y€EThCsl HAMBUILIKMM 3HAYEHHSM E€MIIPUYHOrO MapameTpa Kuc-
JOTHOCTI SIK IOHOpPA BOJIHEBUX 3B’sI3KIB. XapaKTEPUCTUKH |-aMiHOOyTaHy
Ta ximopodhopMy momiOHI. Hampuknan, OJU3BKHMH € TapaMeTpu
3QJIOMJICHHS 1 JIIETIEKTPUYHI MPOHUKHOCTI. BuainenHs xmopodopmy Ta
l-amiHOOyTaHy B OKpeMHUI KJac CJIiJl BBaKaTH MPUHAOMOM, IO BPAXOBYE
3HAYHY BIAMIHHICTh XapaKTEPUCTUK BKa3aHUX PEUOBUH BIJ 1HIIUX
PO3MISTHYTUX PO3UYNHHHUKIB.

[Ipo Te, 1m0 oTpuMaHa HamMu Kjacudikailis pO3YMHHUKIB HE € (Hop-
MaJIbHOIO, CBIAYUTH TOW (paKT, IO BOHA OJM3bKa 10 PO3OUTTI PO3-
YUHHUKIB Ha TPYIH, 3aIPONOHOBAHOTO JIJISl 1HIIKMX TPYH CHOIYK 1 HAOOpIB
XapaKTEPUCTUK.

VY po6oti M. Illactpera ta ciiBaBTOpiB [15] 311ticHeHO KiTacu(piKaiiio
83 po3unHHUKIB 32 HA0opoM 13 8 mapameTpiB (pyHkiii KipkByaa, MoIsIpHOT
pebpakuii, mapaMerpa po3unHHOCTI [inbae0pania, MOKa3HUKa 3aI0MIICHHS,
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TEeMIIepaTypy KUITiHHS, JUAMOJIBHOTO MOMEHTY, €HEpPriid BUILOI 3alIOBHEHO1
1 HIKYOi HE3aIIOBHEHOT MOJICKYJIIpHUX OopOiTaieit) Ha 9 rpyn: 1) anpoToHHi
noJisipHi (14 po3unmHHUKIB); 2) apOTOHHI CUILHOMNOJSIPHI (9 pO3YMHHUKIB);
3) anpOTOHHI CWJIBHOIIOJISIPHI 3 BUCOKOIO MOJISIPU3OBHICTIO (2 PO3YMHHUKM);
4) apomaTH4HI HEMOJSAPHI (8§ PO3YMHHUKIB); 5) apOMaTU4HI BIIHOCHO IIO-
nsipHi (12 po3unHHUEKIB); 6) enekTpoHoJ0HOPHI (10 po3unHHMKIB); 7) 31aTHI
JI0 YTBOPEHHSI BOJHEBUX 3B’13KIB (19 po3unMHHUKIB); 8) CUIILHO acolliiioBaH1
PO3UYMHHUKH, 3/IaTHI JI0 YTBOPEHHS BOJHEBHMX 3B’S3KIB (5 pO3YMHHUKIB);
9) PO3UMHHMKY 3 HEBU3HAYCHOIO (DYHKIIIEO (4 pO3ZUMHHUKH ).

Tabnuys 4.8

3anponoHoBaHa KJIacu(pikamiss pO3YUHHUKIB.
Yucaa B ny:kkax — jorapupmu MoJIbHUX 4acTOK (x) pyaepeny Cg,
B Hacu4eHunx po3unHax npu 298 K. 3navyenns x,
SIKIIIO He BKA3aHO IHILE JKepeJio, 3anmo3uueHi 3 poootu [17]

Knac Po3unHHKK
H-1ieHTaH (-6.1), H-rekcaH (-5.1), H-renrtax (?), H-OKTaH
(-5.2), 1-okTaH (-5.2), H-gekad (-4.7), rekcadTopoenson (?)
H-TeTpajaekaH (-4.3), H-rekcajgekad (?), H-nmoaekad (-3.5),
Henonsapui | nmukiorekcas (-5.3), Metuniukiorekcat (-4.5), Tpuxyiop-
Il | Ta cnabkomno- | eruien (-3.8), TerpaxsiopmeTad (?), 6enzon (-4.0), n-kcu-
JISIpHI1 jo1 (-3.3), mesutuiieH (-3.5), n-mumodn (-3.6), Tomyodn (-3.4),
o-kcuyoa (-2.9), m-kcunod (3.3), etun6enson (-3.4)
nuc-aekanin (-3.3 [18]), nucynbdin kapoony (-3.2 [18]),
TerpaxiyioperuiieH (-3.8)
dbropoenzon (-4.1 [18]), nuxmopmetan (-4.6),
1,2-nuxmoperan (-5.0), 1,1,1-tpuxnoperan (-4.7),
1-6pommnponan (-5.2), Tetpariapodypan (?),
0-kpe30J (-5.7), 1,4-miokcan (-5.3 [19])
1,1,2,2-terpaxnopetan (-3.1), 1,2,3-Tpuxnopmpo-
naH (-4.0), xmop6en3oin (-3.0), o-quxnopoenson (-2.4),
1-fioanponan (-4.6), mipuaus (-4.0), TerparigpotiodeH (-5.4)
opomoOen3oin (-3.3), M-auxiopoen3o (-3.4), 6pomo-
dbopwm (-3.2), ondensoi (-3.5), xinomin (-2.9), 1,2,4-tpu-
xnop6enzoi (-2.8), nuiioameran (-4.8), 1,2-1u6pom-
etaH (-4.2), nmopommeTas (-4.5), arizon (-3.1)
VII Jlonopu METaHOJI (MPaKTUYHO HE po3unHsAeThes [20]), eranon (-7.1),
BojHeBoro | l-mpomanoin (-6.4), 1-6ytanou (-5.9), anieron (-7.0)
3B’s3Ky Ta | l-menTtanon (-5.3), 1-rexcanon (-5.1), 1-okranon (-5.0),
1HIII 1-nexanon (?), 1-xmopnopomnas (-5.6)
N-metummipomigos (-3.9 [18]), rekcametundocdopamiz (?),
HiTpoOeH301 (-3.9), 6enzoniTpui (-4.2)

I1I

1A

Cmabxkoro-
JSIpH1

VI

VIII

IX [onsiphi
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IIpoooeowcenns maon. 4.8
1,2-eTanaion (?), Boaa (MpakTUYHO HE POZUHHIETHCS
[20]), N-meTundopmamiz (?), N,N-numerridopmamis
(-5.3), miTpoeran (-6.7), N,N-mumerunaneramin (?),
mumetuicyibdokcu (?), mpomniienkapooHat (?),
HITpOMeTaH (MPaKTHUYHO He po3unuHsieThes [20]),
aleTOHITPUJ (PAKTUYHO HE PO3UHMHSIETHCS [20])

X1 [H1m xsopodopm (-4.8), 1-amino0yTan (-3.3)

X [Tomsiphi

* . . . . . .
Po3unnHMKH, BigHECEH] B po0OTIi [17] 10 BUKHUIB, BUIALIEHI )KUPHUM HIPUPTOM.

I1. I'pamatuka Ta criiBaBTopH [4] moaiawiy Ha rpynu 152 po34rMHHMKY,
KOXEH 3 SIKMX XapaKTepusyeTbcs HabopoM 31 174 monekynsipHUX Jec-
kpuntopiB. byino cdopMoBaHO m’SATh Tpym: 1) ampoTOHHI NOJSPHI
(58 po3unHHUKIB); 2) apoMaTH4HI HEMOJspHI ab0 ciiadkomnossipHi (25 pos-
YUHHUKIB); 3) €JIeKTpOHOAOHOPHI (20 po3uMHHUKIB); 4) 31aTHI 1O YTBO-
peHHsI BOAHEBUX 3B’s3KIB (37 pPO3UYMHHMKIB);, 5) amidaTuyHl ampoTOHHI
HenoJisipHi (12 pO3YMHHMKIB).

Buxonsuu 3 40 xapaktepucTuk noJspHocTi, A. KaTpuubKkui 1 CriB-
aBTopu [21] 3ampononyBanu kiacu@ikamiro 40 po34YMHHUKIB Ha 5 Tpyil:
1) N-popmamiz; 2) 3qaTHI A0 YTBOPEHHS BOJAHEBUX 3B’A3KIB (9 po3umH-
HUKIB); 3) mossipHi anpoToHH1 (12 po3unHHUKIB); 4) MpOCTi 1 CKJIaJHI
edipn, aMiHH, apOMAaTHYHI BYTJICBOIHI, TaJOr¢HOMOXiAHI amdpaTHIHNX
1 apoMaTUYHUX BYTJIEBOAHIB (15 po3uMHHUKIB); 5) H-Te€KCaH, IUKIOTeKCaH
1 TETpaxJOpMETaH.

Tpoxu mizuime A. Karpunpkuii 1 cniiBaBropu [22] 00poOuiu BeTuKuii
MacuB JIJaHUX Npo BIAacTUBOCTI 703 po3uMHHMKIB, Akl onucyBanu 100 mec-
KPHUIITOPAMH; JECKPUIITOPU XapaKTEPU3yBAIM PI3HOMAHITHI BJIACTHBOCTI:
YTBOPEHHSI TOPOXKHUH B PO3YMHHUKY, TUCHEPCIMHY U €IEKTPOCTATHUHY
B3aEMOJIII, CHJIy BOJHEBOIO 3B’s3Ky ToIo. byno copmoBano 11 rpyn
pedoBuH: 1) ByrneBoaH1 (81 po3unMHHUK); 2) rajoreHonoxijHi ByrJIeBOAHIB
(80 po3zunnnuKiB); 3) erepu (58 po3unHHMKIB); 4) ecTepy (67 PO3UMHHUKIB);
S) anpuerigv, KeToHd Ta amian (84 pO3UYMHHUKM); 6) HITpUIM Ta HIT-
pocnionyku (36 po3uMHHUKIB); 7) PO3UMHHMKH, 3/1aTHI 10 YTBOPEHHS BOJ-
HeBUX 3B’s3KiB (125 posumHHuKiB); 8) amiam 1 mipuauaud (100 po3uwnH-
HUKIB); 9) Tionu, cynbdiau, cynbPOKCUAN, TIOCTONYKH (49 pO3UMHHUKIB);
10) cnonyku, mo Mictath (ochop (12 pozumHHMKIB); 11) po3uMHHUKH
3 HeBU3HaYeHOHO (yHKI€E (11 po3YMHHUKIB).

Tabm. 4.9 MiCTUTB MOPIBHSUIbHY XapaKTEPUCTUKY 3alPONIOHOBAHOI Ha-
MU Kiaacudikaili po3YMHHMKIB 13 mepeniueHuMu kiacudikamisimu. Hasene-
HO JIMILIE PO3YMHHUKH, IPUCYTHI B MACHBI1 JAHUX, JOCIIIKEHOMY HaMH.
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Tabnuys 4.9

IopiBHSIHHS 3aNIPONOHOBAHOI KIacudikanii po3UMHHHUKIB
3 IHIIUMH KJIacupikaniasMu

3anpononoBaHa | 3rigHo | 3rigHO | 3rigHO | 3rigHO

PosamHEmK kiacudikamist | 3[15] | 3[21] | 3[22] | 3[4]
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IIpooosoicennss maobn. 4.9
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AHani3 BIJOMOCTEN, MpecTaBiIeHUX B Ta0. 4.9, n103BoJisie 3p0OUTH
BUCHOBOK, III0 3alpOIOHOBaHAa HaMU Kjacudikaliis po3YUHHUKIB y Oara-
ThOX acCHeKTaxX CX0)kKa 3 IHIMMMHU KiIacu(IKaiMHUMH MmaxogaMu. Bui-
JUMO OCHOBH1 MOMEHTH:

—  BIJIHECEHHS! TPUXJIOPETUJIEHY A0 OKPEMOI BiJl 1HIIMX rajoreHo3ami-
IIEHUX BYTJICBOAHIB TPYIH y3TOMKY€EThCS 3 KIacu(piKalliero po3unH-
HUKIB 3a IllacTtperom [15];

—  cwian knaciB IX 1 X oTrpumaHoi HaMu Kiacudikallli po34MHHUKIB,
a TAaKOX BUIJICHHS CIUPTIB B OJHY TPyNy Y3TOJKYETHCS 3 1HITUMU
KJ1acu(IKaIisIMH,

—  BIJIHECEHHs eTepiB (TerpariapodypaH, aHizof, 1,4-110KkcaH) 10 OJHIET
IPyIy 3 TajJoreHOMOXITHUMHU BYTJICBOJIHIB, & TaKOXK BHJILJICHHS TET-
paxjopMeTaHy B TpyMy, OKpeMy BiJ IHIIUX TaJIOr€HO3aMIIEHUX
BYTJICBOIHIB, Y3TOKY€EThCs 3 Knacudikamiero A. Karpurmpkoro [21];

—  cknaa kiacy III, BiaHeceHHs TeTpaxjopMeTaHy 1 l-xmopnponany
B OKpEMI BiJI 1HIIIMX TaJOreHO3aMIIIEHUX BYTJIEBOJHIB IPYIIH, a TAKOX
BITHECEHHS B Hammi kimacudikamii amdatidyHuX 1 apoMaTHYHHX
BYIJIEBOJHIB JI0 PI3HUX TPyl Y3TOIKYETbCA 3 KiIach(]iKaliero
I1. I'pamatuku [4];

—  momibHo nmo kiacudikaiiii, 3amponoHoBanux M. Illactperom Ta
A. Karpuupkum [15, 21, 22], Hama kiacu@ikaiis TaKoX MICTHTb
KJIaC CITOJIYK 13 HEBU3HAYEHOK (DYHKIIIETO, 110 CKIATAETHCS 3 XJIOPO-
dbopmy Ta 1-amiHOOyTaHy.

Knacudikanito, 3aCHOBaHy Ha IEBHOMY Ha0Op1 JECKPUNTOPIB, MOXK-
Ha BU3HATU PAIliOHAJBLHOIO, SKIIO BIAETHCS OTPUMATH 3MICTOBHI PE3YJIb-
TaTW MpH i1 TOMMPEHHI HA HOB1 00 €KTH 1 JaHi. Bukopucrani Hamu Jec-
KPUIITOPH BKJIIOYATU (PI3UKO-XIMIYHI XapaKTEPUCTUKHU, IO BUKOPHUCTO-
BYIOTBCS JUIsl JJOCIIIJIPKEHHSI (PEHOMEHIB PO3UYMHHOCTI Ta TPAKTYBaHHS B3a€-
MO/ pPO3UMHHUK—PO3UMHEHa peuoBuHa [9, 13].

[IpobGneMa po3uyMHHOCTI (PyJEpEeHIB y PO3UYMHHUKAX PIZHOI TPHUPOAU
NPUBEPTAE BEIUKY YBary JOCHIIHUKIB (JIMB., HATIPUKIIAJ, HEIaBHI IPYHTOBHI
ormsiau [20, 23]). Ha choroani HOCTyIHI JaH1 PO PO3UMHHICTE (DyJiepeHiB
Ceo 32 KIMHATHOI TeMriepatypu y npuOian3Ho 150 yuctux pozunHHukax [20].
TiymaueHHS 1UX JaHUX YCKIAQAHEHE 3HAYHUMH PO3ODKHOCTSIMH y 3Ha-
YEHHSIX PO3YMHHOCTI, 0 HABOJATHCS Yy pi3HUX Jpkepenax [20, 23]. Kpim
TOT0, BBAXKAIOTh, 1110 po3unHEHHS Cgo B MOJIAPHUX PO3UMHHUKAX IMPUBOIUTH
70 YTBOPEHHS KOJOITHUX, a HE ICTUHHMX pO3uuHIB [23], a B HEAKHX
BUIAJIKaX B1I0OyBatOThCs XiMiuHI peakiii Cq 3 po3unHHuKamu [17, 24]. Sk
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pe3yJIbTaT, BAXKKO JINUTH OJHO3HAYHUX TBEP/DKEHb IIOJI0 3aJIEKHOCTI PO3-
YUHHOCTI (yJiepeHy BijJ MapaMeTpiB PO3YMHHUKIB. [[Is mporHO3yBaHHS
po3unMHHOCTI (ynepeHy po3pobieHo Oarato moxeneir QSPR, mpuuomy
YCIIIIHI MOJIEJI € TOCUTh CKJIQHUMHM 1 BAKOPUCTOBYIOTh, IITOHAIMEHIIIE, YO-
TUPH 200 I’ SITh KBAHTOBO-XIMIYHHKX 1 TOMOJOTIYHUX napameTpiB [17, 25-27].
3a X OOCTaBUH BUJIAETHCS MPUPOJHUM 3’SICYBAaTHU: UM BIAMOBIJIAE
BIJIHECEHHSI PO3YMHHUKA JO TI€El YW 1HIIOI TPyNU I[E€BHOMY PIBHIO
po3unHHOCTI Cgp, un HI? OCHOBHA 171€d MPOCTa: MOKHA MPUITYCTUTH, IO
PO3UYMHHUKH, BIJHECEHI /10 OJHOT0 Kjacy, MalTh CXOXI BJIACTHBOCTI,
BKJIFOYAIOUX 3AaTHICTh po3unHATH Cgo. 3HaUCHHS pO3YMHHOCTI Cg y Pi3-
HUX PO3UYMHHUKAX, BHPAXKEHI B MOJBHHUX dYacTKax (QylepeHy (x) y Ha-
cuyeHux mpu 298 K poszumnax, npeacrtaBiedi B Tadn. 4.8. Lleit HaOip
nanux, Brepiie chopmoBanuit M. bekom 1 I'. Mennai [19], HeomHOpa30BO
BUKOPHUCTOBYBAJIM MPHU JOCITIKEHHI PO3YMHHOCTI ynepeHiB [24, 25-27].
Cynsauu 3 naHux, HaBejeHux y Tabin. 4.8, dynepen Cgy Oyorce cnadbro
PO3UUHAEMBCA B PO3YMHHMKAX, BigHeceHHMX A0 kiacy VII  Hamroi
knacudikamii (Ig x < -5.9), xkmacy VIII (-5.6<lIgx < -5.0), kmacy I
(-6.1<Igx < -4.7) ta xmacy X (Ig x = -5 — -7). ®ynepen Cq, € crabko-
PO3YUHHUM Y PO3UMHHHUKAX, 110 Hajexarbh A0 kiacy IV (-5.3 < lg x <
< -4.1 (0-kpe30 Oy0 BUKIIOYEHO 3 PO3MIISIAY SK BUNAAal0UUid PO3ZYNHHUK
[17]). @ynepen Cgqy € nOMIpHO po3uuHHUM Y POIYUHHHUKAX, 110 YTBOPIO-
101b knacu I, I1I, VI ta IX (-4.6 < 1g x < -2.8, UKIIOreKcaH Ta TeTpariapo-
TIO)EH JIEMOHCTPYIOTh AHOMAaJbHO BHCOKY 3/IaTHICTh JI0 PO3YUHCHHS;
TUAOIMETaH BUKJIIOUECHO 3 PO3MVISAY SIK BUTIAIal0UMid PO3UUHHUK [17]).
Takum 4rHOM, 13 58 PO3UMHHHUKIB, JJIS AKUX Oyjia JOCTYITHA KiIbKICHA
iHpOopMalliss PO PO3UYMHHICTL (QyJIepeHy, 3AaTHICTh 1O PO3UMHEHHS JIMIILE
JIBOX PO3UYMHHMKIB HE BIJIMOBIJAE iX BIIHECEHHIO JI0 KiaciB. e Bkazye Ha
3MICTOBHICTh 3HaiieHOI Kacu@ikalii 1 HaJa€ MOXKJIUBICTh HaIMIBKIILKICHO
OILIIHIOBATH PO3YMHHICTH (DyJepeHiB y PO3UMHHUKAX, U SIKAX BIJCYTHI
eKCIIepUMEHTalbH1 Jlanl. Hanpukiaa, MoKHA OUYIKYBaTH, 1110 MOJIbHI YaCTKU
Ceo Y HacuueHUx po3unHax y 1,2-ertanmiony, N-metmidopmaminy, N,N-au-
MeTHIIALIeTaMiy a6o mpomineHkapOoHaTy (kac X), He IepeBHInyoTs 107,
3anporoHoBaHa Mpoleaypa Kiacudikarii moeaHye mpuBadIuBI pUCH
KJacudikaili «3 HaBYaHHAM» Ta Kjacudikaili «0e3 HaBuaHHsD». BoHa He
BUMarae amnpiopHoi iHdopmMalii Mpo KUIBKICTh KJaciB Ta (opMyBaHHS
HaBuYaJgbHUX BUOIpOK. KpiMm Toro, mporeaypa 103BoJisie 00poOISITH HEMOB-
H1 AaHi1 (Ha0OpU JAaHUX 3 MPOMYCKaMM), il MOXKHA IPUKIAJATH A0 Oararo-
napaMeTpuyHuX JaHUX, YHUKAIOUM CTHUCHEHHs NaHuX. BoHa € mepcrek-
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THBHUM 3aCO00M PO3B’s3aHHS HEKOPEKTHO ITOCTABJICHUX 3a1ad KiacHui-
Karii XIMIYHUX JaHUX.

4.3. Kiracrepu3auia 3pa3kKiB piuyKOBHX i J)KepeJIbHUX BO/

VY pozaini 3.1 Oysno npoBeaeHO 1eHTU(IKAIII0 TTOXOHKEHHS 3pa3KiB
PIUKOBUX Ta JKEPESbHUX BOJA 32 JAHUMHU IPO BMICT y BOJAX BAKKHUX
1 IepexiTHUX METATIB. YPaxOBYIOUH, III0 HAaM BiJIOME IMOXOJKEHHS 3pPa3KiB
BOJI, BUJABAJOCA JOLIGHUM NEPEBIPUTH, HACKUIBKM TpOLEAypa Kiacre-
puzaiii 00’ekTiB 0e3 ampiopHOoi 1HdOpMaIi Mpo KUIBKICTh KiaciB
(po3min 4.1) 3maTHa HagaTH 1HGOPMAIIIIO TTPO MTOXOHKEHHS 3pa3KiB BOJ.

BiamoBigHO 10 alropuTMy KilacTepu3allii Ha OCHOBI ITO€IHAHHS
mepexi KoxoHeHa Ta WMOBIPHICHOT Mepexki, Ha MEpPUIOMY eTaml 3acTo-
coByBanu Mepexy KoxoHeHa, 3MIHIOIOUM YHCJIO HEUPOHIB BiJ TPHOX [0
ceMu. [ns1 22 3pa3kiB piukOBHX BOJI BUSIBWIM yoTupu rpynu (10 3pa3kis,
Ttabn. 4.10), chopmoBaHi 31 3paskiB, MO0 MOTPAIUISIIA JO BiAMOBIAHOI
IPYNH HE3aJIKHO BiJ KUIBKOCTI HEWpoHiB. s 24 3paskiB KEpeIbHUX
BOJI BUSBWJIM 11’ sITh Takux rpyi (14 3pa3kis, Tadm. 4.11).

Tabnuys 4.10
PesyabTaTn kiaacugikamii 3pa3kiB piYKOBHX BOJ MEPEKEI0
KoxoneHna npu pi3HMX KiJIbKOCTSAX HelipoHiB (/1)

Kiac I'pyna
No Piuka, pik BigOOpy nepuioi
3pa3ka | ¥ aHamizy npoobu |h= 3 |\h=4 |h=5 |h=6 | h="7 | HaBUAJIBHOI
BUOIPKH
1 3 3 3 1 6 I
2 3 3 3 1 6 I
3 Hemunuis, 2008 p. 1 2 5 6 1
4 3 1 2 6 6
5 2 4 4 2 3 II
6 1 2 5 6 6
7 2 1 4 5 2 111
8 Xapkis, 2009 p. 1 2 2 4 5
9 1 | 2 4 7
10 1 2 2 4 7
11 2 | 2 5 2
12 2 1 4 5 2 111
13 Jlonans, 2009 p. 2 1 4 5 2 111
14 2 1 5 6 1
15 2 4 5 6 1
L VP Y P I 0 2
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IIpoooeoicenns mabn. 4.10

18 3 2 1 3 5

19 2 4 4 2 3 II

20 Vu, 2010 p. 2 [ 4 |3 2 | 6

21 3 3 1 3 4 1A%

22 3 3 1 3 4 1A/
Tabnuysa 4.11

PesyabTaTn kiaacudikamii 3paskiB JuKepeJbHUX BO/I MePeKer0

KoxoHeHa npu pi3HUX KiJILKOCTAX HelpoHiB (h)

No . Knac I'pyna
Jxepeno, pik "
3paska BinGopy mepuoi
. . = =4 | h=5 | h= h =" |HaBYAJIBLHOI
1 aHani3zy npobu :
BUOIPKH

3 «Xapzlglls(c)bKa—l», P 2 3 5 5 I

4 P- 2 I 4 2 6

5 2 2 3 5 5 I

6 . 2 2 3 2 7

7 «Xasz(;]ls(c)LKa-2», 7 7 1 7 7 T

8 p- 2 2 3 5 5 I

9 3 3 5 4 1

10 «XapkiBcbka-2», | 3 3 5 3 4 III

11 2010 p. 3 3 5 3 4 111

12 ITanTeneiiMOHIB- S S 5 S 4 I

13 3 3 5 3 4 111

14 Cbléaoﬁ‘gpma’ 2 1 4 2 2 I\

15 p 2 1 4 2 2 v

16 3aBOJI Xap4OBHUX 1 1 1 1 7 Il

17 p 3 3 4 2 6

T kuciort, 2010 p. 7 4 7 ] 3 vV

19 1 4 2 6 3

20 Y60B}:3J113.I/Iqa 1 4 1 1 3 v

21 20%9 o 1 4 2 4 1

22 ' 1 1 2 4 1

23 [Tapk «FOHICTBY, 3 4 2 6 3

24 2009 p. 1 4 1 6 3

I3 3pa3kiB, 110 3aaUIIUINCS, CHOPMYBAIM TPU TECTOBI BUOIPKH IS
3pa3KiB PIUKOBUX BOJI 1 1B1 TECTOB1 BUOIPKH JJI 3pa3KiB JKEPEIbHUX BOJ.
Ocrarouny knacuikaiiito 3pa3kiB BOJ, OJICpKaHy ITiC/IS BUKOHAHHS €Ta-
niB 3—5 anropuTMmy Kiactepusallii, npeacraBiieHo B Ta0m. 4.12, 4.13 [28].
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Tabnuys 4.12
Knacugikanis 3paskiB piykoBuX BOJ M. XapKoBa

Ne 3paska | Piuka, pik Bigoopy 1 anamizy npoobu | Kiac
1

Hemunuts, 2008 p.

Xapkis, 2009 p.

Nello RN [o WV, RSN RUS I )

13 Jlomans, 2009 p.

19 Vo, 2010 p.

AR [W[W[W[LW[W (LWL [ == —

Cnin 3a3HayuTH, IO JBI TPYNH 3pa3KiB JHKEPENbHUX BOJ Oyid
00’eHaHI (JKepena B pailoHl ByJl. YOopeBuya 1 JKepesia B palloHl MapKy
«FOHICTBY), OCKUTbKU OCTAHHS Tpyla BKJIIOYaja JIUIIe ABa 3pa3KH, 110 HE
JI03BOJIMJIO MIATBEPIUTH X BUAUICHHS B OKPEMHUIA KJiac.

Otpumana knacudikailisi 3pa3KiB pIYKOBUX 1 JDKEPEIbHUX BOJ BIJ-
MOBIJA€E X MOXOKEHHIO. 3pa3Ku, BiIiOpaHi 3 pi3HUX PiUOK abo0 JKEpes, He
3MIIlIaHl MK COOOI0; CIIOCTEPIra€eThCs JIUIIE 00 €qHAHHS NIESIKUX 3pa3KiB,
BIIIOpaHUX 13 PI3HUX PIYOK 1 Jokepen (piuku XapkiB 1 Jlomane; mxepena
«XapkiBcbKa-1», «XapkiBcbka-2» 1 Jkepeno B paiioni [laHTeneiiMOHIBChKO1
LEPKBU), 110 00YMOBIJIEHO OJIM3bKICTIO 1X XapaKTEPUCTUK.

VY Bumaaky 3paskiB PIUKOBHUX BOJI Kjac 2 BKJIOYAaE€ HAWOUIBIN 3a-
OpyIHEH1 3pa3Ku, 10 XapaKTEPU3YIOThCSI HAO1IBIIIMM BMICTOM MaHTaHYy,
IroMOyMy, KOOaIbTy, HIKENIIO (KOHIIEHTpallli METalIiB y 3pa3kax 3HAYHO
NEPEBUILYIOTh KOHIEHTpAIli B IHIINX 3pa3Kax).
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Tabnuys 4.13
Knacudikamisi 3paskiB JukepejibHUX BOJ M. XapKoOBa

Jlxeperno, pik BIZOOpY 1 aHAII3Y

npodu Kac

Ne 3paska

Capxun Sp «XapkiBcbka-1», 2010 p.

«XapkiBcbka-2», 2010 p.

[TanTeneiimoH1BCchbKa 1epkBa, 2010 p.

3aBoj xapuoBux kucnot, 2010 p.

ByJ1. YOopesuua, 2009 p.

NSRS SN NS N ) Sy Uy JUi\y yUNN U U U yU— U—" y—
NI N g S I S Y N T S T I N I I S R S R A R Ed I
NGNS A NG G RIS T LIS A TN I NS J I NS ) Sy Sy pUE TN I JUN U U JURN U U e g,

[Tapk «¥Onictb», 2009 p.

JIist okepelibHUX BOJ KJ1ac 2 BKJIIOUA€ HAWMEHII 3a0py/IHEH] 3pa3Ku
(aHami3 mKepesnbHUX BOJ OyB CIPSMOBAaHUN HA BUSIBICHHSI JIXKEpEI, BOJa
3 SKMX HaWOLIbII MpUJATHA AJi1 BXKUBAHHS) 3 HAaWMEHUIMMHU KOHIEHT-
palisiMi IUHKY, KyIPyMy, IUTFOMOYMY 1 KOOQJIIBTY.

4.4. Ki1acrepu3auifa 3pa3KiB Xap4oBOi CHPOBUHHU

B po3aini 3.2 onucano kiacu@ikailio 3 HaBYaHHSIM 3pa3KiB OBOUIB
Ta (QPYKTIB 3a BMICTOM y HUX BaXKHX 1 MEpEeXiIHUX MeTamiB. byso mo-
Ka3aHO, 10 CYKYHHICTh CTAaTUCTUYHHUX 1 XEMOMETPUYHHUX IPOLEaAyp,
BKJIFOYAIOUM KJIacu(ikalio 3 BUKOPUCTAHHSAM IMOBIPHICHOI HEHWPOHHOI
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Mepexi, T03BOJISIE€ 3 BUCOKOIO HAINHICTIO MOB’A3aTH PIBEHBb 3a0PYTHECHHSI
XapyoBOi CHPOBUHM METaJlaMU 3 TUIIaMU TeorpadiyHuX JaHamadTiB.

Onucany B po3zaini 4.1 npouenypy po3OUTTS MAaCUBY JaHUX Ha TPYINU
3a BIJCYTHOCTI HaBYaJIbHOI BUOIpKH 1 0e3 1H(opMallii Ipo KUIbKICTh TPyl
3aCTOCYBAJIM JIJIs 3HAXO/KCHHS OJHOPITHUX TPYI 3pa3KiB s0IyK [29].

Ha nepmomy etami nporeaypu KiUTbKicTh HEMpOoHIB Mepexi KoxoHneHa
BapitoBayia BiA ABOX A0 I'sATH (Tabm. 4.14). Jlna 22 3pa3kiB BUSBWIM JIBi
rpynu (9 3paskiB, Tabn. 4.14), chopMoBaHi 13 3pa3kiB, 110 NOTPAILILIU
y BIANOBIIHY TPyIly HE3aJ€XHO Bl KUIBKOCTI HEMpoOHIB. [3 3pa3kiB, 110
3aTUIIAIUCS, C)OpPMyBaIu YOTUPU TecToBl BUOIpKU. OcTaTouyHa KJacu-
dikarris 3pa3kiB S0IyK, OJeprKaHa IICIs BUKOHAHHS €TalliB 3—5 aIropuTMy
KJlacTepu3allii, npejcrtarieHa B T1admn. 4.15. Bigznauumo, 1m0 Ha m’aTomMy
etami (Kpoc-BasliJiallisl) ABa 3pa3kKu 3MIHWIN CBOIO TPYIIOBY MPUHAJICKHICTD:
3pazku 12 119 13 apyroi rpymu nepemMiCTUINCS 0 TEPIIIOi.

Tabnuys 4.14

Pe3yabTaTn kiaacugikaiii 3pa3kiB s10ayk mepexero Koxonena
MPH Pi3HUX KiJBKOCTAX 3aaHUX HEelpoHIB (/1)

I'pyma
Tun [epIIol
No Micrie Bioopy Kiac HaBYaJIb-
3pa3ka nanmadry 3paska HOI1
(puc. 3.6) BHGipKH
h=2h=3h=4h=5

1 10 M. XapkiB, OcHOBa 2 2 1 3

2 10 M. XapKis, 1 2 3 5

3 10 JKoBTHEBHI paliOH 1 1 2 4

4 10 M. XapKis, 23|42 I

JIeH1HCBKUI paliOH
M. XapKis,
5 10 OpmKOHIKII3eBChKHM | 2 3 4 2 I
parioH
M. XapKis,
6 10 OpmKOHIKIA3EBCHKHM | 2 2 | 3
parioH

7 10 M. XapKis, 1 1 2 1 I1

8 10 JKoBTHEBUI paiioH 1 1 2 1 11

9 10 M. XapKisB, 1 1 2 1 11

10 10 J3epKUHCHKUI 1 1 2 4

11 10 paiioH 1 2 1 5
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IIpooosoicenns maon. 4.14

12 10 M. Xapkis, 1| 1|3 |4
’KoBTHEBHUII pailoH
13 10 M. XapKis, 2 13|42 I
MOCKOBCBKHY paliOH
14 1 XapKIBCbKUN paiioH, 7 7 P ] 1
cMT MaH4YeHKH
15 1 XapKlBC.I)KI/II/.I paioH, | , 3 4 3
c. BuibxiBka
XapKiBCbKHI paiioH,
16 1 \. Mepeda 1 1 3 4
17 9 XapkiBCbKHil paiioH, | 2 3 4 2 |
18 9 cmT Kynuanai 1 2 3 5
19 4 Yyrvi 1 1 3 4
20 4 M-I 1 213
1 4 XapKIBCbKHUM PanoH, 1 ’ 1 5
cMt Poranp
29 4 qyrleCLKgH panow, |, 3 4 P I
cMT CBITaHOK
Tabnuys 4.15

Pe3yabTraTn kiaacugikaiii TecToBUX BUOIPOK 32 10IIOMOT 010
HMOBipHICHOI Mepexi

TecToBa BUOIpKa No 3pazka I'pyna
2 1
[Tepma 10
6
18
Apyra 132
11
15
Tpets 16
19
1
Yersepra 20
21

OtpumaHna kiacudikallis 3pa3kiB S0JIyK HE BIANOBIIAE THUIIAM JIaH/-
madTiB, 3 IKUX MOXOIUIN 3pa3ku (puc. 4.2).
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4 K

Puc. 4.2. Jlokanizayis micyb 30upanus 3paskie so1yk
* Jlanowagm 10

* Jlanowagpmu 1+9
* Jlanowaghm 4

Kiacrepuzanito MacuBy JaHUX MPO BMICT METAJIB Yy 3pa3kax siOIyK
IMPOBOJIUTH 3HAYHO CKJIQJIHIIIE, HIX)K 0OpOOJIATH MacHMBU JaHUX MPO BMICT
MeTaniB 'y Bojmax. Puc. 4.3—4.5 UIIOCTPYHOTH PO3MOJIIT KOHIEHTPAIIli
METaJIIB Y JOCHIDKYBAaHUX 3pa3Kax IIicis aBTOMAcCIITa0HOTO IEepeTBO-
PEHHs TOYaTKOBUX JaaHuX. Jlerko OauuTH, 110 KOHIEHTpAIlii MeTaliB
y PI3HUX Tpynax 3pa3KiB PIYKOBUX 1 JKEPEIbHUX BOJI 3MIHIOKOTHCS
B IIUPOKUX 1HTEpBAJIaX, IO 1 JO3BOJSE MPAaBUILHO 1MeHTH(IKYBATH iX
reorpaiuHe MOXOJKEHHS, a BMICT METallB y PI3HUX rpynax 3pasKiB
S07TyK 3HAXOJUTHCS MPAKTUYHO B OJIHUX 1 TUX CaAMHUX MeEXax, 10 pOOUTh
OyIb-sKe PO30UTTA MAacHMBY JAaHUX HA TPYNH ACHIO IITYYHUM 1 3HAYHO
YCKJIQJIHIOE 1JICHTU(DIKAIIII0 3pa3KiB 3a MICIIEM MOXOKCHHS.

B Toii xe yac 1 orpumaHa kinacudikanis 3pas3kiB 0JyK He 1M030aB-
JeHa 3MICTY: PO3MOJAUI 3pa3KiB SOJyK MDK TpynaMu BIJIOBIAa€ PIBHIO
3a0pyTHCHHS METaJIaMHU.
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20
] = B N
]
.% 15 _l—Egg
=15
§ 10 [ JFe
2 — B Mn
T 5B e | CU
S B Zn
-

T

T T T T T
-10 -05 00 05 10 15 20 25 3,0 35
Konnenrpariii metaiis

Puc. 4.3. Buicm memanis y 3pazkax piukosux 600

3a0pyaHEHHS 3pa3KiB SOJYK KUTBKICHO XapaKTepU3yBald 3HAUYCHHSIM
KpUTEPItO

1 N
PC=— le (4.1)

l'

ne N — xinbkicTb Mertanis, X; — KOHIIeHTpalis i-ro metany, I'JIK; — rpa-
HUYHO JIOMTyCTUMa KOHIIEHTpaIlis i-ro Metaiy (auB. Tabdi. 3.11).

I Ni
B Co
L___|IPb
N Cd
[ 1Fe
I Mn
[ Cu
B Zn

Howmepu 3paskiB

T T T 1
-10 -05 00 05 10 15 20 25 30 35
KonmnenTpariii metanis

Puc. 4.4. Buicm memanis y 3pasxkax 0xicepeibHux 600



146 XEMOMETPHWYHI METO/ZIU B PO3B’A3AHHI 3AZIAY...

Howmepu 3pa3kiB

-3 -2 -1 0 1 2 3
KonrnenTpaiiii meranis
Puc. 4.5. Buicm memanis y 3paskax a01yx

3navenus ['JIK y 3Hamennuky dopmynu (4.1) maiag metaniB i3 HEBi-
nomuM 3HaueHHsIM ['JIK y ¢ppykrax (Tadmn. 3.11) npuiimanu 3a 0 AMHUITIO.

Ilepumii knac MicTHTh 3pasku 3i 3HadenHavu PC > 2.07, apyruii —
spasku 3 PC < 2.00 (ta6m. 4.16). 3Hauenns PC = 2 MOXHA PO3IVIAIATH SIK
TPaHUII0 MK 3pa3KamMu 3 NPUUHATHUM 1 BUCOKMM PIBHEM 3a0pyIHEHHS
METaJIaMH.

Otpumani pe3ynbTaTH AONOMAaraloTh NOOyAyBaTU IHTEPHOISALIAHY
KapTy 3a0pyAHEeHHs 3pa3KiB g0ayk MeTanamu (puc. 4.6). IHTepnonsIiiHi
KapTh BUKOPHUCTOBYIOTh MPHU KOHTPOJI SIKOCTI XapuyOBOi CHUPOBUHU MJIS
OIL[IHKH JUITHOK MAaKCUMaJIbHOTO / MIHIMAJILHOTO PU3HKY.

Puc. 4.6. [nmepnonsayiina kapma 3a0pyOHenHs 3pa3Kie 101yK Memaiamu
(ceimauil Konip 8ionosidac HatimeHut 3a0pyYOHEeHUM PAIOHAM,
MeMHUL KOAIp — HatbiIbw 3a0pyOHeHUM)
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Tabnuya 4.16
Ocrarouna kinacugikaiisi 3pa3kiB s10JIyK
Tmz;;zﬂ;.l 6a)(bTy Micue Bia0opy 3pa3ka Kimac PC
10 M. XapkiB, OcHOBa 1 2.21
}8 M. XapkiB, JKoBTHEBUI pailoH é ?g{
10 M. XapkiB, JIeHIHCbKUI palioH | 3.26
10 M. XapkiB, OpJKOHIKIJI36BCbKHUI palioH 1 2.72
10 M. XapkiB, OpJIKOHIKIJI36BCbKUI paiiloH | 2.56
10 . Xabkis. JK - 2 1.22
10 . XapkiB, JKoBTHeBuUl palioH 7 104
10 2 1.46
10 M. XapkiB, [[3epKuHCbKUM paiioH 2 1.99
10 | 2.87
10 M. XapkiB, JKOBTHEBUH pailoH 2 2.12
10 M. XapkiB, MOCKOBChKUI palioH | 3.40
1 XapKiBChbKHUH pailoH, cMT MaH4YeHKH 2 1.37
| XapKiBCbKUH paiioH, c. BinbxiBka | 2.39
1 XapKiBCbKHH paiioH, M. Mepeda 1 2.28
) XapkiBcbkuil paiioH, cMT KynuHuui ! 347
9 ’ 1 2.86
4 Yy 2 2.00
4 M- YIYIE 1| 207
4 XapKiBCbKH paiioH, cMT Poranp 2 1.86
4 YyryiBcbkuil paiioH, cMT CBITaHOK | 3.26

dkokosk

Bukopucranus mnporeaypy Kiactepuzallli Ha OCHOBI 00’ €IHAHHS
Mmepexi KoxoHeHa Ta WMOBIpHICHOT MeEpexi J03BOJMIO OTpPUMATH 3Mic-
TOBHI Pe3yJbTaTy NpH Kiacu@ikalii 3pa3KiB PlUYKOBUX 1 JKEPETbHUX BOJ
BIJIOMOT'O TOXOJIPKEHHS;, BITHECEHHS 3pa3KiB BOJI JI0 KJIACIB BIAMOBIAAE X
reorpadiuHOMY MTOXOIKEHHIO.

3rajaHa mpoleaypa MOAUTMIA 3pa3Ku SIOMyK Ha Tpynu, L0 BiJI-
MOB1/IAI0Th PI3HUM BMICTaM BaXKKHUX 1 MEPEX1AHUX METAJIIB, 10 J03BOJIUIIO
noOyyBaTU 1HTEPIONAIIAHY KapTy 3a0pyIHEHHs sOJyK, KOPUCHY TMpH
KOHTPOJII SIKOCTI XapuOBOi CHPOBUHHU.
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Jlani, HaBeaeH1 B TUaBl 4, JO3BOJISIIOTH PEKOMEHIYBAaTH 3aIlpoIlo-
HOBaHUM aJITOPUTM KJacTepu3allii K €(eKTUBHY MPOIEAYpPY E€KCILIopa-
TOPHOTO aHAI3y OAaraTOBUMIPHUX XIMIUHHMX JTAHUX.
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I'maBa 5

[JEHTUOIKALIA OB’EKTIB

B AKICHOMY XIMIYHOMY AHAJII3I.
MIAX1J4 HA OCHOBI TEOPII
HEYITKUX MHOXWH

OnvH 3 OCHOBHUX MIJAXO/IB A0 1eHTU(IKAIlIl 3aCHOBAaHHUI Ha OIIiHIO-
BaHH1 OJIM3BKOCTI XapaKTEPUCTHK aHANITy a ¥ etayioHa e [1-7]. Xapak-
TEPUCTUKAMU MOXYTh OyTH, HalpUKIAA, Yac YTPUMYBaHHS B XPOMATO-
rpadii, MojIoKeHHS a00 MaKCUMyMH CMYT TOTJIMHAHHS, XIMIYHI 3CyBU
B criekTpax SAMP, pe3ynbTaTé poOOTH MYJBTHUCEHCOPHHUX CHUCTEM «EJEK-
TPOHHUH HIC» 1 «EJIEKTPOHHUM s13UK» [8—13]. PitieHHs «aHamiT 30iraeThes
3 €TAJIOHOM» a00 «aHAJIT BIJAPIZHAETHCS BiJ €TaJOHA» MNPUINMAIOTh,
MOPIBHIOIOYM KUIBKICHY MIpy MOAIOHOCTI €TajioHa M aHamTy 3 1i Kpu-
TUYHUM 3HA4YCHHSIM. Mipamu no1i0HOCTI MOKYTh BUCTYNAaTH, HaPUKIAI,
pI3H1 BUJM BiJICTAaHEH MK aHaJITOM M €TaJIOHOM a00 1HJEKCH MOAI0OHOCTI
(BimcTani MIHKOBCBHKOTO TIPH PI3HUX MeETpHKax, MaxamanoOica, 1HIEKCH
Tanimoto) [14, 15].

VY npunyiieHH1, 0 XapaKTepUCTUKU HE3aJe’kHi, a PO3IMOLI iX I0-
XHMOOK onucye 3akoH ['ayca 3 HyJbOBMM MaTeMaTUYHUM OYiKyBaHHSIM
1 BIJOMUMH JUCHEPCISIMUA, HAUIIPOCTIIIMM CIIOCOOOM MEPEBIPKHU TiNOTE3HU
npo 30ir (B Mexkax IOXHOOK BHUMIPIOBAHb) XapaKTEPUCTHK €TajJoHa
i aHAITY € TOCTIPKEHHS CTATUCTUKHU

N
Ko = 280 (5.1)
i=1

ne N — 3arajbHe 4HCJI0 XapaKTEPUCTHUK, &; — 3BaKEH1 HEB SI3KU
9 l
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E=w'?(a,—e), i=1,2 N, (5.2)
CTATUCTHUYHI Baru
1
Wi_Sz(ai)’i :1,2, N, (53)

s*(a;) — mucrepcist i-i XapaKTepHUCTHKH aHANNTY, SIKy HOTPIOHO abo eKcrie-
PUMEHTAIIPHO BH3HAUUTH IO PO3CISIHHIO PE3YJIbTAaTIB MOBTOPHUX CIOCTE-
pekeHb, ad0 3a7aTH, BUXOJSUU 3 0COOIMBOCTEN MPOBEACHHS €KCIIEPUMEHTY
1 XapakTEepUCTUK BUMIPIOBAJIbHOT cucTeMu. [Ipu piBHI 3HaYYIIOCTI OL aHAJIIT
OTOTOXXHIOIOTh 3 €TAJIOHOM, SIKIIIO BUKOHY€ETHCSI HEPIBHICTh

Koxen <Xvoas (5.4)

2 . . .
ne X N,o — 1000-B1acoTkoBa TOUKA PO3IOALLY xz it N CTyTIeHiB CBOOOIM.

[Ipu inenTUdiKarii MOKINBI IBa TUIIH TOMUJIOK — ITOMHUJIKOBHUI BHC-
HOBOK MPO BIAMIHHICTh aHAIITYy BIJ] €TajoHa a00 iX HEMpaBOMIpPHE OTO-
TOKHEHHS. 3a3BU4ai Ol HeOe3IMeUHl 3a HACIIIKaMH MOMUJIKH MEPIIO-
ro tuny (Hampukiag, HEOTOTOXXHEHHS aHaJITy 3 HEOE3NEYHUM TOKCHU-
KaHTOM), 1 1X 3a TPaJUIII€0 PO3MIAAAI0Th K noMuiaku | poay [1]. Hamiii-
HICTb, KJTFOYOBY METPOJIOTTYHY XapaKTEPUCTHKY MPOICAYPH 1IeHTU(IKAITIT
[16, 17], nopedHo OB’ sSI3yBaTH 3 MaJIOK WMOBIPHICTIO TOMUJIOK | pomy.

Ak 1 npu TpaauiiiiHIi MEepeBIpLl CTATUCTUYHHUX TINOTE3, pO3pa-
XyBaTH MMOBIPHOCTI MOMUJIOK TEPIIOro 1 APYroro poay MOKHA JIUIIE
TO/1, KOJW BiAOMI TYCTUHHU PO3MOJIUTY MOXMOOK XapaKTEPUCTUK aHAJITY
i etanona. Taka iH(dopmallisg JOCTyHHA TUIBKUA MpU 0OpoOIi MOJETbHUX
(imiToBanux) paHux. Tomy HamIMHICT 1AeHTU(IKAIIT OIIHIOIOTH 3a
JIOTIOMOTOI0 JIBOX MIJXOMAIB — CTAaTUCTUYHOTO Ta anpiopHoro [3]. ¥V nepiiio-
My 3HaXOJATh BIJICOTOK MOMHJIOK TpH iAeHTU(]IKAIi aHaIITIB, MpO 5Kl
Harepe BiJJoMO, II0 BOHU a0o0 30iratoThCsi 3 €TajoHaMH, abo BIJPI3HS-
IOTbCSL BIJl HUX. Y APYroMy [Jisi PO3paxyHKy MHMOBIPHOCTI TOMUIIOK
NEepIIoro i Apyroro pojy BUKOPHUCTOBYIOTh alpiOpHi TiMOTE3U MpO Xa-
PaKTEPUCTUKN aHAJITY U eTaJioHa. BuMoraMm 10 migBHINEHHS HaIIHHOCTI
ineHTudikaiii npualieHo ocoOMMBY yBary y BijioMiil MoHorpadii [3].

3 BIJACYTHICTIO PO3ropHyTOi iH(oOpMalii Tpo MNOXUOKH Xapak-
TEPUCTHK aHaJITy W eTajloHa TOB’s3aHl HE JHINE TPYAHOII B OIIHII
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HaJIHHOCTI 11eHTrdIKaIli. BaXIMBO TakoxX, 110 MPU BChOMY PI3HOMAHITTI
BUKOPUCTOBYBAaHUX KpPHUTEPiiB MOMIOHOCTI 3a BIICYTHOCTI 3rajjaHoi
iH(opMallii TeOpEeTHIHO OOIPYHTYBATH BHOIP TOTO YH I1HIIOTO KPHUTEPIIO
NOAI0HOCT1 SIK HAUOLIBII MOTY>KHOTO JUIsl BUPIIICHHS] KOHKPETHOTO 1/1€H-
TU(DIKaliTHOrO 3aBJaHHA HEMOXJIKMBO. B cuiy 11b0ro 0coOiuBHil 1HTEpeC
BUKJIMKAIOTh KpPUTEPii, SIKI MNPUIYCKAIOTh BUKOPUCTAHHS PO3TOPHYTOI
iH(opMmaIlli mpo rycTUHy pO3IOLTy MOXHOOK EKCIIEPUMEHTATbHUX XapaK-
TEPUCTHUK aHATITY ¥ €TajoHa.

[lepCrieKTUBHOIO BHUJAETHCS PO3pOOKA KPUTEPIiB, 3aCHOBAHHUX HA
3aCTOCYBaHH1 Teopii HeuiTkux MHOXUH (fuzzy sets theory). B ocHoBi
TE€Opli HEUITKUX MHOXHH JIEKUTh TOHATTS CyO €KTHUBHOI HWMOBIPHOCTI
(«possibility»), BiaMiHHE Bl CTATUCTUYHOI UMOBIpHOCTI («probability»).

[ligxig mo imeHTUdIKAIll, 3aCHOBAaHUN Ha TEOPil HEUITKUX MHOXKHH,
MOXKHa TPOUTIOCTpyBaTH Tak. Hexail QyHKIIOHaNbHY TPyIy B MOJEKYJl
aHaMITy 11eHTU(IKYIOTh, TMOPIBHIOIOYM EKCIEPUMEHTAIbHO 3HaMJACHUN
MaKCUMyM CMYTH TOIJIMHAHHSA 3 €TAJIOHHUM 3HA4Y€HHSIM, HaBEICHUM
B atyiaci crekTpiB (06a3i qanux). OCKUIBKH 111 BETUYUHU B TOYHOCTI Maiixke
HIKOJIM HE 301raroThCs, 3aMiCTh TOYKOBOTO 3HAYCHHS €TAJIOHHOI XapaKTe-
PUCTHKHU 3aJIal0Th JCSKHN 1HTEpBal JOMYCTMMHX 3HadyeHb. ['pymy BBa-
KAKOTh 1ICHTU(PIKOBAHOIO, SIKILO €KCIIEPUMEHTAIIbHE 3HAYEHHS TOTPAaILIse
B 3a3HAYCHMUI IHTEPBAJ, 1 BIJICYTHHOIO, SIKIIO BOHO JIEKUTh 1032 1H-
TepBaioM. lleli NMXOTOMIUHMI pE3yJbTaT BUKJIMKAE JEAKE 3aMilllaHHS,
a/pKe BUSIBIISETHCS HEBAKIMBHUM, HACKIJILKU BEJIMKA PI3HUIIT MK €TaJOH-
HUM 1 BUMIPSIHUM 3HAYCHHSIMH, SIKIIIO OCTAHHE MOTPAIUIsiE B JOMYCTUMUIN
iHTepBai. binbin 3MicTOBHY 1H(GOpPMAIIiIO J03BOJISIE OTPUMATH 3aTYUYCHHS
KJIFOYOBOTO TOHSITTS TEOPii HEUITKUX MHOXKHH — (DYHKIII MPUHATICKHOCTI.
DYHKIIII0 TPUHAJICKHOCTI XapaKTEPUCTUK aHAMITY 1 €TajoHa BU3HAYAIOTh
TakK, 1100 y pa3l MOBHOTO 30iry BUMIPSIHOTO 3HAYEHHS 3 €TAJIOHHUM BOHA
npuiiMana 3HadyeHHS 1, a B Mipy HaOMMKEHHS EKCIIEPUMEHTAIBLHOTO
3HAYEHHS O MEXi JOMyCTUMOrO iHTepBany 3HIKyBamacsi mo 0. Mmo-
BIpHICTh MPABUJILHOI 1IeHTU]IKAIT (HATIAHICTE) TUM OUIBIIE, YUM BHUIIE
3Ha4YeHHS (DYHKIIIT TPUHATICKHOCTI.

[Tounnarouu 3 moHepchbKUX pooiIT [18, 19], Teopis HEUITKUX MHOXKHH
YCHIIIHO 3aCTOCOBYETHCS Il OOpOOKHM pe3yJbTaTiB XIMIYHOTO aHali3y,
B TOMY 4YucCJl sKicHOoro [20-26]. HaBiTh HasBHICT B JaHUX «TPYyOHX
npomaxiB» (outliers) [27] He mepemkoxae moOyI0BI Ha OCHOBI TEOPii
HEYITKUX MHOXKUH POOACTHUX AJITOPUTMIB, CTIMKUX JI0 BIIXUJICHHS 3aKOHY
PO3MOJIUTY €KCIIEPUMEHTATBLHUX MOXUOOK BiJl HOpMaJibHOTO [28—31].
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VY naHiii dacTuHI poOOTH 3alpPOIIOHOBAHO Ta MPOTECTOBAHO ajro-
pUTM 1eHTU(IKAIl aHATITIB, KWW 3aCHOBAaHWN Ha aHami3l OaraToBH-
MIPHHMX MAacCHBIB JIaHUX 1 BUKOPUCTOBYE MIIXOJX T€OPIi HEUITKUX MHOMKUH.
[lepeBaru anropuTMy — HHM3bKa YyTIMBICTh JO HASBHOCTI B JAHUX TPyOHX
IpoMaxiB 1 MiHIMaJIbHI BUMOTH JIO anpiopHoi iHdopMaliii mpo BIACTUBOCTI
pe3yJIbTaTiB BUMIPIOBAHb.

5.1. HeuiTki KpuTepii noAi6GHOCTI

3HAUCHHS XapaKTEPUCTHK aHAIITY ¥ eTajJoHa PO3MJIAaliu SIK O/l-
HOMIpPHI HEYITKI yncna [32]. YABUTH pe3yabTaT BUMIPIOBAHHS y BUIJISIL
HEYITKOTO 4YHuClda MOXHAa 3a JIOOMOrOI  MPOUEAYPH  PO3MUTTS
(pasudikarii) [26]. DazudikyBaTu pe3yabTaT BUMIPIOBAHHS p — 3HAYUTHh
BU3HAUYUTH Ha 1IHTEPBaJIl TaKy Oe3nepepBHY (DYHKIIIKO MPUHATICKHOCTI [(X),
sKa IpuiiMae MakCUMajibHE 3Ha4YeHHs B Toull p (U (p) = 1) 1 piBHOMIPHO
yoyBae 10 u = 0 B Toukax p + 0.5H (3ayBakumo, 1110 BUMOTa HOPMYBaHHS
no ¢yHkmii p (x) He mpen’ siBhsieTsest). [lapamerp b Oynemo Ha3uBatu
JIOTTYCTHMHM PO3MaxoM JaHMX. MOro 3HaueHHs CIlij 0OMpaTH, BUXOIAUM
3 0COOJIMBOCTEH MPOBEICHHS EKCIEPUMEHTY 1 XapaKTEPUCTHUK BHUMIPIO-
BajbHOI cucteMu. [lapamerp b HEe MOXKHA OTOTOXXKHIOBATH 3 MapaMeTpamu
po3Maxy CTaTUCTUYHMUX po3noAutiB. HalmpocTiiie ysBI€HHS pe3ybTaTy
BUMIPIOBAHHS p Y BUIJISI/II HEUITKOTO YUCIIa MPEACTaBICHO Ha puc. S.1.

1,0 1

ux), ..

Puc. 5.1. Mooicnuse
npeocmaeiieHts
pe3yibmamy GUMIDIOBAHHS
PV 8u2ns0i HeyimKo2o
yucna 3 00Ny CmuMum
poamaxom oauux b

0,6

0,4 1

0,24

0,0

p-0.5b p p+0.5b
X

[IpoBiBmM npouenypy (aszudikailii xapaKkTepucTUK aHATITYy ¥ eTa-
JI0OHA, MOKHA OIIIHUTHU CTYMiHb iX MPUHAICKHOCTI OJIHI MHOXXHHI, BH-
KOPUCTOBYIOUH TaKy XapaKTEPHUCTHUKY, SIK MEPETHUH JBOX HEUITKHUX YHCET
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[18, 33]. Ha puc. 5.2 Bumi- 104
PIOBaHHSA p; 1 p, HAJEKATh H
OJHIA MHOXHHI 31 CTyIIe- 08+

HeM npuHanexHocTi 0.25.
[Tonanus Xapakre-

PUCTHK aHAJITy W eTajoHa 04

K HEYITKUX YHhCesl MOXHa  HP,P)

0,6

BUKOPUCTOBYBAaTH [UIsl BU- 02

KOHaHHS TPOLEIypHu 17€eH-

Th(iKamii. 0.0 2 )
ITIpononyeTscsa HacTy- IIKaja pe3yJibTaTiB BUMipIOBaHb

OHUI ~ aTOPUTM  1JICHTH-

dikarlii aHaITIB. Puc. 5.2. Ipunanexcnicmo umipiosans

1. Bamatu TOMyCTUMHIA PO3- D1 I P2 OOHITE MHOMCUHI

Max JaHux b.

2. ®a3udikyBaTh 3HAYCHHS XapaKTEPUCTHK aHAJITy U eTajgoHa (p),
3aaaBM (QYHKIIT NPUHATEKHOCTI W, I = 1, 2, ..., N. Busnauanu ¢yHkIii
MPUHAICKHOCT1 YOTUPHOX THUMIB (Tabm. 5.1).

3. Jns i-i xapakTepuCTHKH €TajloHa 1 BIJAMOBIJHOI XapaKTePUCTUKHU

NEPETUH HEUITKUX YUCETL.

Tabnuys 5.1
Tunu pyHkuin NpUHAIEKHOCTI, siKi 0yJIM BUKOPUCTAHI B PO0OTI
Tun ¢pyHKIIT MPUHATIEKHOCTI dopmya s po3paxyHKy
Cimricona n(x)=1- %| p-— x|
KBaaparnuna ul(x)=a,(x-p)’ +aq, |x — p| +a,
- -
I'ayca Y (x)=exp| 0.5 X;Gp
Jlanmaca ' (x) =exp| — X;Lp
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4. 3HalTU CyMapHy MOTYXKHICTh MHOKHHH (DYHKIIIH TPUHATIEKHOCTI:

1 & |
usum _N;Mae . (55)

5. TlopiBHSATH 3HAYEHHS KPUTEPIIO Lo, 3 KPUTUYHUM 3HAYCHHSAM Ll
1 3p0OUTH BHUCHOBOK MpO 1AeHTU]IKAIIIO0 aHANITYy a00 Mpo HOTo BiAMIH-
HICTb B1J] €TAJIOHA.

5.2. Po3paxyHOK napameTpiB QYHKLiil IPUHAIEKHOCTI

[Tapamerpu TpukyTHOi (CimMIicoHa) 1 mapaOoiaiyHOi (KBAaApPaTUYHOIL)
GyHKIIH NPUHATIEKHOCTI PO3PaXOBYBAIU 3a JOMOMOTOI0 €JIEeMEHTAPHUX
anreOpaiyHuX NePETBOPEHb.

BukopuctoByBaau TakoK ABI I3BOHOMOJIOHI (YHKIIT MpUHATIEK-
Hocti — ['aycosa i JlaracoBa TumiB. Bu3Hauarodu mapamerp po3maxy o
dbyHKIIT npuHaIeKHOCTI ['aycoBa Tuiy, IpyHTYBaJIUCS Ha TaKUX MIpKYy-
BaHHsX. Hexail BUMiproBaHHs p Ma€ (QyHKIIIIO MPUHATIEKHOCTI, OTUCYBaHY
ryCTHHOIO po3noauty ['ayca (0e3 HakiiaJeHHsT YMOBH HOpMYyBaHHs). Jlis
BU3HAYEHHSI PEMEpPHOT TOYKU MPUHAMEMO, 110 MOXJIMBICTH TMOSBH pe-
3yJbTaTy BUMIPIOBAHHA X To03a iHTepBasioM [p-0.5b; p+0.5b] nopiBHIOE
0.003. Akmo pe3ynabTaTd BUMIPIOBaHb HACMPAaBAl HIJKOPSAIOTHCS 3aKOHY
['ayca, 1 3Ha4YeHHS BIAMNOBIJAE IIECTH CTAHAAPTHUM BIIXUICHHIM
(wuprHa inTepsaiy [p-0.5b; p+0.5b] nopiBHioe 66°). TakuM 9HHOM,

G b

iy (5.6)

[Ipu po3paxyHky mapameTpa po3mMaxy (QyHKIT mpuHanexxHocTi Jlan-
JIACOBA THITy 3HAXOIMIM TakKi 3HAYCHHS G, MPH SKUX 3HAYCHHS OPIUHAT
dyukiii npuHanexxHocti p” 36iraroThes 3 koopamHatamu (yHKmii p°
B Toukax p-0.5b 1 p+0.5b; mapametp

ot =2
9

(5.7)

Pisnuns mapamerpiB po3maxy ¢yHKIN mpuHaiexHocTi [aycoBa
1 JlarmacoBa THINB TOSICHIOETHCS OCOONMBOCTSIMU (PYHKIIH — BHKOPHC-
TaHHSIM KBaJpaTa Pi3HUI[l «MATEMATUYHE OUIKYBAHHSI — PE3YJbTAT BUMI-
PIOBaHHS» 1 MOJYJSI 3a3HAYEHO! PI3HUIN. 3arajJibHUil BUIJSAT (DYyHKIINA
MPUHAJIC)KHOCTI TOKa3aHuil Ha puc. 5.3.
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Hamiitnicts  oTO- m
TOKHEHHS aHaITy 10+
1 eTajioHa IpUKAMaTn
piBHotO 100-(1-0)% npu
BUKOHAHH1 HEPIBHOCTI

Hsum = Mo, (5.8)

0,8 1

0,6

0,4 +

Ie o — PpiBeHb 3Ha-

gymocti  (MMOBIPHICTH 0.2

MIOMHUJIKOBOT'O BHCHOB-

Ky TIpO  BiAMIHHICTb 00 p-0.5b Iz p+0.5b
eTaoHa #  aHamiry). IIKajla pe3yJIbTaTiB BUMipIOBaHb
OueBuano, mwo po = 0, Puc. 5.3. 3acanvruii suensno gyuxyii

u, = 1. Iami 3HadeHHS NPUHATIEHCHOCME

L, OLIHIOBAJIM €BPUCTUYHO. Po3risganu yHIMOAaidbHI CUMETPUYHI
GyHKIIT TpUHAIEKHOCTI U (X) 1 BAKOPUCTOBYBAJIN aHAJIOTII0 MK HUMH
1 TyCTUHaAaMU KWMOBIpHOCTI. {151 3a7aHOT MMOBIPHOCTI Ol 3HAXOJUJIU TAKE
3HAQYEHHS 7, JUIS SIKOrO JJIS BUNAQJKOBOI BEIWYMHU X WMOBIPHICTh

p (x e[p-0.5b,p - 7’]) =a, ne p — MaTeMaTUIHE OYIKYBaHHS X (IIPH ILOMY

3Ha4YeHH1 (QYHKIS TPUHAICKHOCTI IOopiBHIOE 1). BkazaHny WMOBIPHICTH
OLIIHIOBAJIM fK BIIHO- TG
mennst A, / A, ne
A, — mJoma KpuBOI
byHKIiT MPUHATICK- oo
HOCTI Ha 1HTEpBall, H,
A — 1UIoIma mMia BCIEKO 0,44
KpUBOIO (DYHKITIT MpHHA-
nexHocTi. Sk p, Opanu 027 A
3HAYCHHS OpJWHATH o
byHKIIi MIpUHATIEK- p-05b p-r p
HOCTIBTOYIl (p - r) IIKajia Pe3ysIbTaTiB BUMiIPIOBAHb
(Tabm. 5.2). Ilpomenypy

0,8+

r

_ Puc. 5.4. /]o susnauenns
BUSHAYCHHA  [lg 1IFOC- KPUMUYHO20 3HAYCHHS HEeUIMKO20
Tpye puc. 5.4. Kpumepiro ioenmugixayii
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Tabnuys 5.2
KpuTn4Hi 3HaYeHHS HEYITKUX KPUTEPiiB ifeHTUPiKail
o @DyHKII NPUHATIEKHOCTI
S 0 G L
0.10 0.46 0.64 0.45 0.22
0.05 0.32 0.48 0.27 0.12
0.01 0.16 0.23 0.09 0.03

5.3. BUunpoo6yBaHHA aJIrOPUTMY ifeHTUPiKaLii

Ha nepuioMy erami BJIaCTUBOCTI HMPOMOHOBAHOTO QJITOPUTMY 17€H-
Tadikaiii JOCHIHKYBadd 3a JOMOMOTOK IMITAIlIHHOTO MOJICTFOBaHHS.
[TepeBipsinu CTIMKICTh PE3yIbTATIB J0 HASIBHOCTI Y BUXIJIHUX JIAaHUX I10-
XHMOOK, IO MawTh TYCTHHY PO3MOAUIY 3 XBOCTaMH, IOBIIUMH, HIK
y HOpMajbHOTO po3noautry. B po6oti [34] HaBeaeHI MOJOXKEHHS Mak-
cuMyMiB 14 cMmyr mnoriauHaHHS —TpeT-OyTui-2-[[(2,2,2-Tpuxiopera-
HiMigoin)okcu|MeTui |akpunary B 14-o6macti. Ix posrmsmanu sk xapak-
TEPUCTUKUA eTaioHa e (Tabn. 5.3). B 11 XapakTepUCTUKH BHOCHIIU
MOXMOKH, 3reHEePOBaH1 32 MOJICIIIIO TPyOrx mpomaxis [35]:

e=[(100-A)-g, +A-g, |/100, (5.9)

ne A — IHTeHCUBHICTh TpyOux mpomaxis (A Minsuiv Biz 0 1o 100% 3 kpokom
25%), € — MOXMOKH, PO3MOILTIEH] 32 3aKOHOM ['ayca 3 HyJIbOBUM CepeHIM
1 CTaHIAPTHUM BIIXUJICHHSIM 6’, & — MOXUOKH, PO3MOJIIEH] 32 3aKOHOM
Jlaraca 3 HyJIbOBHM CEPEIHIM i CTAHJAPTHUM BiIXMICHHAM 6. Buxomsuu
3 JaHUX Ta0i. 5.3, mpuIycKaiy, o AOMYCTUMUNA pO3MaX MOJOKEHHS CMYT
MOTJTHHAHHS MOYHA IpUiHsTH piBEuM 1 cM™ (emyru 7, 10 i 11 BusHaueHo
HajiMeHIn TouHO), Tomi o = (1/6) em”, a o = (1/9) cm’'. Tenepawuito
BUIMAIKOBUX YHMCEJ, PO3IMOIJICHUX BIJIMOBIIHO J0 3aKkoHiB ["ayca 1 Jlamaca,
BUKOHYBAJIHM 3a JOTIOMOT OO METOTy 3BOPOTHUX (hyHKIIiH [36].
XapaKTepUCTUKHA aHAIITIB pO3paxoByBadu K &; =€, + &, Orpu-
mami a*, A= 0, 25, 50, 75, 100%. Bcim 3HAYEHHSIM a MPUIHCATA OJTHAKOBI
craHmapTHi Bimxmiaenus s(q;) = (1/6) cm'. Pesympratn imeHTHbikamii
aHaJITIB 3a Habopamu a® (Tabin. 5.4) mokazyroTh, IO MiAXia, 3aCHOBAHUM
HA BHUKOPHCTAHHI CTATHCTUKH % , He e(GeKTUBHHN ISl OTOTOXKHCHHS
aHAJITIB 3 €TAJIOHOM NP HASBHOCTI B pe3yjIbTaTaX BUMIPIOBaHb «TPYyOHX
IpoMaxiB», TOJ1 SK HEUITKI KpUTEpii MOAIOHOCTI CTIMKI A0 BIAXWUJICHHS
3aKOHY PO3MNOJILTY €KCIIEPUMEHTAIBHUX MOXHUOOK Bil HOPMAJIbHOTO.
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Tabnuys 5.3
Io0keHHsE MAKCUMYMIB cMyYT norJuHanHs B [Y-cnekrpi

TpeT-0yTHI-2-[[(2,2,2-TPUXJIOPETAHIMIZOLT)OKCH |MeTIHII | akpIJIATY

Ne cmyru nornHaHHS Maxcumym CMyr_PlI Binnecenns
MOTJIMHAHHS, CM

1 3348.7 VNH

2 1738.5

3 1732.2

4 1727.9

5 1724 Ve-o

6 1719.7

7 1712

8 1707.3

9 1702.3 Vc=0
10 1697

11 1674
12 1669.7 Ve=N
13 1664.7
14 1645.2 Ve=c
Tabnuys 5.4

OTOTOKHEHHSI XapaKTEPUCTUK AHAJITIB (@) i eTajsioHa (e).
AKupaum mipudrom BUiIeH] pe3yJbTaTH,
110 32/10BOJILHAKTH YMOBaM (5.4) ado (5.8)

Koureniii Kputnune Habopu xapakTepucTuk
PHTEPI | swavennn* | (a%e) | (@re) | (@%e) | (@™ie) | (@™ie)
foon 23.7 13.3 19.8 27.5 36.7 47.1
T 0.32 0.87 0.84 0.82 0.79 0.77
T 0.48 0.97 0.96 0.95 0.93 0.91
T 0.27 0.90 0.86 0.82 0.78 0.75
T 0.12 0.60 0.56 0.53 0.50 0.48

* ) 2 ) 2
Tyt 1 B Ta0d. 5.5, 5.6 1151 CTATUCTUKUA Y ooy HABOATHCA KPUTUYHI 3HAYCHHS X v, 0.05

1 Lg.05 B PEIIITI BUMA/IKIB.

B po6oti [37] BuMipsiHi criekTpu KoMOiHatiiiHoro po3citoBanHs (KP)
CyMilllel BOAM 1 €TAHOJy MPHU PI3HUX TEMIIEpaTypax. 3 MAaCUBY OTPUMAaHHUX
naHux [38] BUAUTWIM pe3yibTaTd BUMIPIOBAHHS 1HTEHCHBHOCTEH MOT-
muHaHHs po3unHiB (I) etanony npu 30, 50 1 70 °C (E30, E50, E70) 1 Bonu
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npu 30 °C (W30). MacuB nanux mictuB BuMiproBanHs npu 200 1OBKHHAX
xBuiIb — Big 850 mo 1049 HMm — 3 kpokoM 1 M. 3HaueHHs | 3MiHIOBaUCS
B IIMpOKOMY iHTepsaii — Bix 2-10° mo 2-10".

Tabnuys 5.5

Pe3yabTaTH OTOTOKHEHHS €TAHOJY 3 BOJAOIO 3a JaHUMHM cniekTpiB KP

Kpurepit | Kputnune 3HaueHHS Habopu xapakTepucTyk
pHTEp P (E30; W30) | (E50; W30) | (E70; W30)
foom 234 1.1-107 9.6-10° 4.4-10°
T 0.32 0.02 0.02 0.02
T 0.48 0.03 0.03 0.03
ne 0.27 0 0 0
T 0.12 0 0 0

Tabnuys 5.6

Pe3ysbTaT 0TOTOKHEHHS €TaHOJY 3a ciekTpamu KP, BumipsiHumn
3a pizHux Temneparyp. ZKupuum mpudTom BUAUIEHI pe3yibTaTH,
110 3210BOJILHSAIOTH YMOBI (5.8)

Kputepiit | Kputnune 3HaueHHs HaGopy xapakTepucTik
(E30; E50) | (E30; E70) | (E50; E70)
X exen 234 3.0-10° 9.4-10" 1.1-10"
T 0.32 0.48 0.41 0.43
T 0.48 0.57 0.54 0.57
ue 0.27 0 0 0
T 0.12 0 0 0

Po3B’s3yBanu nBa 3aBAaHHs 1AeHTUDIKAIIT. Y MEepIoMy XapakTepHc-
TUKU BOJM BBAXKAIM €TAJTOHHUMHM 1 TIEPEBIPSUIA MOXKJIMBICTH OTOTOKHEHHS
BOJM 3 €TAHOJIOM Ha OCHOBI MOPIBHAHHS MacuBy AaHux W30 3 macuBamu
E30, E50 1 E70. ¥ apyromy xapakrepuctuku E30 po3risigany sk eTaloHH1
1 IepeBIPSIM  MOMKJIMBICT OTOTOKHUTH 3 HuMU JnadHi ES50 1 E70. s
KO>KHOT'O BHMIPSIHOIO 3Ha4Y€HHs i1HTeHcuBHocTi I, i = 1, 2, ..., N, Opanu

[ . 2
JonycTuMuid po3Max aaHux b; = 0.1:1;, a mpu oOYMCIEHHI CTaTUCTUKUA A
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cTaHmapTHi BiaxwieHHs 3amaBaiu sk s(I;) = 0.1-1; / 6. Pe3ynbratu pos-
paxyHKIB TOKa3ylTh, LIO0 BCl BUKOPUCTaHI B POOOTI MiAXOIU IO 11E€H-
Tudikaiii 3a6e3neuyoTh PO3PI3HEHHS BOJU 1 €TAHOIY 32 XapaKTepUCTUKAMU
CHEKTPIB KOMOIHAIIMHOTO po3citoBaHHA (Ta0. 5.5). OTOTOKHEHHS CIIEKTPIB
€TaHOJTy, BUMIPSIHUX TPHU PI3HUX TeMIIEpaTypax, 3ade3neuye BUKOPUCTAHHS
HEYITKMX KPUTEPIiB 3 TPUKYTHOIO 1 MapalOoMiyHO0 (DYHKUIAMH TPUHATIEK-
HOCTI (Tabi. 5.6). BOadaeThes, 1m0 caMe UMK KPUTEPISIMU CITiJT KOPHCTYBa-
THUCS B pa3i, SKILO MOMUJIKa | poay ocoOnmBo HebakaHa.

skekook

3anporoHOBaHUM aNropuT™M 1aeHTU]IKALll aHAMITIB 3aCHOBaHUN Ha
aHaji31i 0araToBiAI'YKOBUX MAaCHUBIB JIaHMX, 1[0 BUKOPHUCTOBYE IIIJIXOIU
TEOpli HEUITKUX MHOXUH. [lepeBaru anroputMy — CTIMKICTh /10 HASBHOCTI
B JIaHUX TPyOUX MpOMaxiB 1 MiHIMaJabHI BUMOTH JI0 anpiopHO1 1H(popMaIlii
PO CTAaTHCTHUYHI BJIACTHUBOCTI PE3yJIbTaTiB BUMIPIOBaHb (HEOOXiTHO BKa-
3yBaTH JIMILIE JOMYCTUMHUH poO3Max JaHuX JUisl aHAITYy M €TajoHa).
BukopuctanHs TpuUKyTHOI 1 KBaJapaTH4YHOI (YHKIINA NPUHAIICKHOCTI
B Ipolieaypl iaeHTrdIKaii HAWOUIbII JOIIIBHO Yy BUMAaAKaX, KOJU IO-
MUJIKOBHII BUCHOBOK NPO BIIMIHHICTH aHaNITy BiJI €TajOHa OCOOJUBO
HEOE3MEeUHMUIA.
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Tabnuys /{.1
XapakTepucTHKH 3Pa3KiB KBIiTIB ipucy [54]

No JloBxxuHa lupuna | [osxuna | Illupuna

" |JamonmcTKa, | 9alIoiucTKa, | IETFOCTKY, | IETIOCTKH, Bun

Jpasid cM cM cM cM
1 5.1 3.5 1.4 0.2 tpue
MICTUHUCTUN

2 4.9 3.0 1.4 0.2 ~//-

3 4.7 3.2 1.3 0.2 ~//-

4 4.6 3.1 1.5 0.2 -//-

5 5.0 3.6 1.4 0.2 -//-

6 5.4 3.9 1.7 0.4 -//-

7 4.6 3.4 1.4 0.3 -//-

8 5.0 3.4 1.5 0.2 -//-

9 4.4 29 1.4 0.2 ~//-
10 4.9 3.1 1.5 0.1 ~//-
11 5.4 3.7 1.5 0.2 ~//-
12 4.8 3.4 1.6 0.2 -//-
13 4.8 3.0 1.4 0.1 -//-
14 4.3 3.0 1.1 0.1 -//-
15 5.8 4.0 1.2 0.2 -//-
16 5.7 4.4 1.5 0.4 ~//-
17 5.4 3.9 1.3 0.4 ~//-
18 5.1 3.5 1.4 0.3 -//-
19 5.7 3.8 1.7 0.3 ~//-
20 5.1 3.8 1.5 0.3 ~//-
21 5.4 3.4 1.7 0.2 -//-
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IIpooosocennss maon. /1.1

2 5.1 37 15 0.4 /-
23 4.6 3.6 1.0 0.2 /-
24 5.1 33 1.7 0.5 -
25 48 3.4 1.9 0.2 -
26 5.0 3.0 1.6 0.2 -
27 5.0 3.4 1.6 0.4 -
28 52 35 15 0.2 -
29 52 3.4 1.4 0.2 -
30 47 32 1.6 0.2 /-
31 4.8 3.1 1.6 0.2 /-
32 54 3.4 15 0.4 -
33 52 4.1 15 0.1 -
34 5.5 42 1.4 0.2 -
35 4.9 3.1 15 0.1 -
36 5.0 32 12 0.2 -
37 5.5 3.5 13 0.2 -
38 4.9 3.1 15 0.1 /-
39 4.4 3.0 13 0.2 -
40 5.1 3.4 15 0.2 -
41 5.0 35 13 0.3 /-
D) 45 23 13 0.3 -
43 4.4 32 13 0.2 -
44 5.0 3.5 1.6 0.6 -
45 5.1 3.8 1.6 0.2 /-
46 48 3.0 1.4 0.3 /-
47 5.1 3.8 1.6 0.2 -
48 4.6 32 1.4 0.2 -
49 53 37 15 0.2 -
50 5.0 33 1.4 0.2 -
51 5.0 3.0 1.6 0.2 _pme
PI3HOKOJIIpHUIA
52 5.0 3.4 1.6 0.4 /-
53 52 35 15 0.2 -
54 52 3.4 1.4 0.2 -
55 47 32 1.6 0.2 -
56 438 3.1 1.6 0.2 -
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57 54 3.4 1.5 0.4 -//-
58 5.2 4.1 1.5 0.1 -//-
59 5.5 4.2 1.4 0.2 -//-
60 4.9 3.1 1.5 0.1 -//-
61 5.0 3.2 1.2 0.2 -//-
62 5.5 3.5 1.3 0.2 -//-
63 6.0 2.2 4.0 1.0 -//-
64 6.1 2.9 4.7 1.4 -//-
65 5.6 2.9 3.6 1.3 -//-
66 6.7 3.1 4.4 1.4 -//-
67 5.6 3.0 4.5 1.5 -//-
68 5.8 2.7 4.1 1.0 -//-
69 6.2 2.2 4.5 1.5 -//-
70 5.6 2.5 3.9 1.1 -//-
71 59 3.2 4.8 1.8 -//-
72 6.1 2.8 4.0 1.3 -//-
73 6.3 2.5 4.9 1.5 -//-
74 6.1 2.8 4.7 1.2 -//-
75 6.4 2.9 4.3 1.3 -//-
76 6.6 3.0 4.4 1.4 -//-
77 6.8 2.8 4.8 1.4 -//-
78 6.7 3.0 5.0 1.7 -//-
79 6.0 2.9 4.5 1.5 -//-
80 5.7 2.6 3.5 1.0 -//-
81 5.5 24 3.8 1.1 -//-
82 5.5 24 3.7 1.0 -//-
83 5.8 2.7 3.9 1.2 -//-
84 6.0 2.7 5.1 1.6 -//-
85 54 3.0 4.5 1.5 -//-
86 6.0 34 4.5 1.6 -//-
87 6.7 3.1 4.7 1.5 -//-
88 6.0 2.2 4.0 1.0 -//-
89 6.1 2.9 4.7 1.4 -//-
90 5.6 2.9 3.6 1.3 -//-
91 6.7 3.1 4.4 1.4 -//-
92 5.6 3.0 4.5 1.5 -//-
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93 5.8 2.7 4.1 1.0 /-
94 6.2 22 45 15 /-
95 5.6 25 3.9 1.1 /-
9% 5.9 32 48 1.8 -
97 6.1 28 4.0 13 -
98 6.3 25 4.9 15 -
99 6.1 28 47 12 -
100 6.4 2.9 43 13 -
101 6.3 33 6.0 2.5 dpme
BIPTiHCBHKUIA
102 5.8 2.7 5.1 1.9 /-
103 7.1 3.0 5.9 2.1 /-
104 6.3 2.9 5.6 1.8 -
105 6.5 3.0 5.8 22 -
106 7.6 3.0 6.6 2.1 -
107 4.9 25 45 1.7 -
108 73 2.9 6.3 1.8 -
109 6.7 25 5.8 1.8 /-
110 72 3.6 6.1 25 /-
11 6.5 32 5.1 2.0 -
12 6.4 2.7 53 1.9 -
13 6.8 3.0 55 2.1 -
114 5.7 25 5.0 2.0 -
115 5.8 2.8 5.1 2.4 -
116 6.4 32 53 23 -
117 6.5 3.0 5.5 1.8 /-
118 77 3.8 6.7 22 -
119 77 2.6 6.9 23 -
120 6.0 22 5.0 15 -
121 6.9 32 5.7 23 -
122 5.6 2.8 4.9 2.0 /-
123 77 2.8 6.7 2.0 -
124 6.3 2.7 4.9 1.8 /-
125 6.7 33 5.7 2.1 /-
126 6.3 33 6.0 25 -
127 5.8 2.7 5.1 1.9 -
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128 7.1 3.0 59 2.1 -//-
129 6.3 2.9 5.6 1.8 -//-
130 6.5 3.0 5.8 2.2 -//-
131 7.6 3.0 6.6 2.1 -//-
132 4.9 2.5 4.5 1.7 -//-
133 7.3 2.9 6.3 1.8 -//-
134 6.7 2.5 5.8 1.8 -//-
135 7.2 3.6 6.1 2.5 -//-
136 6.5 3.2 5.1 2.0 -//-
137 6.4 2.7 53 1.9 -//-
138 6.8 3.0 5.5 2.1 -//-
139 6.0 3.0 4.8 1.8 -//-
140 6.9 3.1 54 2.1 -//-
141 6.7 3.1 5.6 24 -//-
142 6.9 3.1 5.1 2.3 -//-
143 5.8 2.7 5.1 1.9 -//-
144 6.8 3.2 59 23 -//-
145 6.7 3.3 5.7 2.5 -//-
146 6.7 3.0 5.2 2.3 -//-
147 6.3 2.5 5.0 1.9 -//-
148 6.5 3.0 5.2 2.0 -//-
149 6.2 34 54 2.3 -//-
150 59 3.0 5.1 1.8 -//-




170 XEMOMETPHWYHI METO/ZIU B PO3B’A3AHHI 3AZIAY...

o
=
: ety |B|B(BIE|0 B2 2|28 2|88 8
QS 1 HIIOATT | & | & | 2| = Llxlalalclo|n| o] —
g ] p— | ] ] ] p— | ] p— ] ] p—
BHUL
ol |ln|w|w| |l ~lalo| e
oIoHArgRgeod | |[F |~ |t | ||| ||| —|x ||~
cnfen|on|len|N| Nl en N on | N e N
,.$1£d0/08cdO
+ | rn|aalo|lg|lvlale|lw|—=|wv|~|wnn|n
HoLmuHAIrOY (S| c|o|® | c| eS| S|lao|a|—]|— ]|«
: r—{ | —{ O p— | r—{ e —{ r—{ p— | | r—{ |
Adoarrox +|®w|lw|lo|la|ln|ln|lnlolaln|o|le|o
O|en|DfB|len|n|aN|o|q|la|=~|S|D|=F
9IOTHIHOHOIH] it wm|~(F| Ol ||~ |wnvr|n|wv|wm
p—
\; wdd || —|lw|la|l~|w|n|w|n|w|~|—]|—
e | N N|o|=|lw|a|R|a|H|w|cn|n|ow|w
- H]TIHBI/IHOIHEOCIH N~ NN~ |~~~ —~]— ]|~ —~]| e
=]
e~ ¢
o | wddHroBdp |w|e|lo|sx|a|x|lo|—=|a|lalale|a|mn
= N A|Aa|aa|d|la|q|la|a|Qflal =+
% | HOIoHREBIPIH |o S | S |c|c|S|c|c|c|c || ||
s
=1
= s ole|l|la|lala|laa| =l | ca|enlol o
= |wdd ‘urioHegRrp| S | = || F | S || || S| —=|n| | =[S
é Nl | N[N | N[ |en|]e|on
S
= . olmn|ioln|loln|loc|lo|olw|n|lo|lol|lo
2 | wdd wrondagp (B || R0 |B | |R|S|B|R||Q|B |~
J ANl |ad|eo|ladld|ldla|lca|c|e| e
z
g | mdmEN 81518 22 (2|R|2| 5|8 g|8]R|F
£ ola el | clalo|lvo|o|loc|lalw|o| =
HIOC ILOTH¥AL[ vy | — oo || = ||+ ||| || C| O |~
| p— | Lo | [aa\| ] | p— | Lo | p— | | p—
AL =l s A e Y E R =2 B A A E=
BIIOE <+ | —~ o0 > e = | ¥
Nla|ldldldlalajld|lalaldlalal«
wdd —|w|lo|ln|lalolc|vn| |||l ]|o
I ~E|A|a|n| Sl =S| =] =F|=]| =
BLOILOHA BHI‘LI{HQH —_— N~ N~~~ N~~~ — ] —
. ol lolajlv|laleo|lolaln|n
* < |en|en|t|en|F|F | ||| F|F |0 |
L | p— | L | p— | o] p— | ] p— | o] p—
eiceds o)\ — |||l a|S |||




171

JOJATKHU

[ | €601 L8T Or't1 0Ty | ¥€1 | 6T0 | €T | S€EC | OIL | 061 [ €9T | 081 | IS¢l 43
[ | stdl 00°¢ ¢l OF¢ | S€1 | 050 | vLC | S6C | ¢l | S61 [ OLC | €1 | 9L ¢l 143
I 066 L8T €'l P8E | L6'T | TFO | 69C | TFCT | vOL | TLL [ 9€T | €81 | 89¢l ek
| CI¢l 88'¢C 60’1 069 | S6'1 | CTCO | 61°C | 98¢C | 901 | T'61 [ 9€T | 991 | 8¢ ¢l 43
I | ¢8CI ILC 61 OLS | 8¢C | 6C0 | €TE | 00C | TOL | €CC [ OL'C | OST | €L ¢l [§3
[ | €0l 65 ¢ FO'l OLY | 86’1 | 9C0 | €€C | €9C | 96 091 | 1T | 891 | COVI 0e
I ¢l6 Ot € €Tl 0S¥ | 9OL'T | LEO | L6T | S6C | LOL | ¥61 [ 08T | 06T | L8CI 6C
[ | ¢8C1 LL'E 0’1 Co6¢ | S¢T | LTO | 61T | OFC | T6 OLL | ¥I'C | TL'T | 0t¢l 8¢
[ | So6ll (443 60 08¢ | S¥1 | v€0 | ¥6'C | €8C £6 [91 | @9C [ LL'T | 6L¢€l LT
I 0e8 0T ¢ ¢cl'l 8¢€ | T6'1T | L¥YO | 89T | €9C | ¥vC1 | 0ST | TCE | €OC | SO€l 9T
I T8 8¢ 48! cSE | 99T | 8C0 | 19T | €8T | 96 00C | I9C | 18T | OS¢l ¢C
[ | S101 C9E 601 €6 | 91 | 9C0 | LET | 8P T $6 8LL | ¢€T | 091 | €8¢l ¥C
[ | €0l 00¥ It 08¢ | 691 | LTO | 88T | 19C | 101l | 991 [ 9€T | 981 | IL ¢l 5
I 0LL (452 0l 0S¥ | 861 | SCO | IvC | I¥C | COL | 981 [ €9C | 08¢ | £6Cl (44
I 08L IL¢ 601 €9¢ | OI'C | ¥TO | LT'E | 00E | 9CL | O9L | 8C'C | €91 | 90F¥I | K4
I 18 9€ € 960 OL¢ | 991 | LTO | €0°€ | OLC | OIL | TSI [ 9T | OI' € | ¥9°¢l 0¢
I | 0891 8¢ ¢C'l OL8 | 981 | C€0 | ¢6'¢ | 0£C | 8OL | €91 [ 8F'C | 65T | 61 V1 61
[ | 0¢ll LSC ¢r'l 099 | CL'T | OFO | OFE | S6C | SIL | 00C [ €9C | LST | €8¢l 81
[ | 08CI €9°C LO'T 0C9 | L61 | €€0 | vI'E | 08C | OCL | 00C [ TLT | T6'1 | 0EVl L1
[ | OI¢l 88°¢C 81 0cL | 9YT | 0£0 | T6C | €8C | CIL | CLT [ OLC | 18T | £9¢l 91
[ | LPSI 00°¢ 0T'1 0SL | 96C | 6C0 | ¥9°¢€ | 0€C | TOL | OCL [ 8EC | L8 | 8E¥I ¢l

7'I7 ‘vopul BHH2HIC9000d[ |




XEMOMETPHWYHI METO/ZIU B PO3B’A3AHHI 3AZIAY...

172

I | 0CI1 €0'¢ 860 €TYO | S¥T | 0TO | 8L°T | 96C | OIT | €0C | 9v'T | €L'T | 9¢¢I 9¢
I | 0901 0T'¢ 60 €8¢ | C9T1 | ICO | 06'C | 09C | 8IT | #91 | €TT | LOT | ¥LCI ¢¢
I | SLET €6'C | 0€9 | 891 | 6£0 | 6LC | 00€ | SIL | T'LL | 89T | 06’1 | LLEI ¥
[ | 0611 9C'¢ 101 SOL | L8T | TEO0 | vL°E | 88¢ | TIL | OFvL | TF'C | SL'T | T8EI €<
[ | €9C1 LEE ¥l 09¢ | 6¢C | €CO | 66C | STC ¥6 CLT | 09C | €91 | €E8El s
I | 0TI 16C (40 OCTL | T6C | LTO | LTE | CLT 6 PCL | ¥OT | LT | SOCI 1<
[ | 09C1 01'¢ 40 068 | 80T | TEO | #¢¢€ | 88C | 80I | ¥LI | LTT | €L'1 | v6'¢l 0¢
[ | 0901 LT LO'T 0C9 | 86T | TEO | T6TC | SLT | €Ol | 881 | oFbC | TOCT | OI'¥I ot
I £86 .23 2 160 019 | ¥1C | 10 | 6£¢ | OL'E | TOL | O9L | TI'C | 891 | 06 ¢l 8t
I | €901 L4 2 70T 06F | 61C | LTO | LTS | SCE | €O | O9T | 8CC | 65¢ | 8¢Vl LY
I | 0801 c£EE L3O vCs | STT | 00 | €9C | €8T | TIT | 681 | v¢C | ¥O¥ | TTV¥I 9t
I €88 ce'e 880 FOS | €0C | 8C0 | 00E | 00E | LOL | OLL | oI'C | LL'T | SO¢l ct
I 089 00°¢ 80 9¢tr | 991 | ¢€0 | €9C | ¥9C | €01l | LT | 6CC | 86'€ | ¥TEI (44
[ | €601 oY s 880 ere | OL'T | LTO | 9¢¢ | ¢C¢¢€ | 100 | OSL | 66T | 681 | 88¢l 1314
I | €201 00'¢ 160 8Cr | 8Y1 | LTO | 89C | S¥C 06 88 | CI'CT | ¥8¢ | I¥cl (44
I C6L 8¢¢ €60 €19 | #€C | ¥€0 | 6C¢ | ST | LIT | TOL | 1€T | ILT | 9¢°¢l I
I 09L €ee 680 Ors | 80C | OCO | ¥O€ | 00C | 8CI | T¢CI | I€T | 66'€E | CCV¥I ot
I | 0201 69T 811 OLE | LET | 8CTO0 | ¥9C | O¥ T 86 el | OI'C | OST | LOEI 6¢
I | SOIT I¢¢ 40 STy | ¥P1 | 6C0 | v C | SV T 86 08I | €€T | €91 | SO¢I 8¢
I 088 8LT 601 09t | 9¢1 | #€0 | 89C | 09C | OIL | €€IL | ¥8C | ¥9'1 | 8CTEI Lt
I 06 LY'¢ FO'T OIS | 98T | 9C0 | 86C | OLT | 00T | €0CT | T¥' T | 18T | 8 €I Uk

77 ‘voput BHHIIHCI0QO] T




173

JOJATKHU

(4 (433 8r'C 611 09F | 9v'L | ¥T0 | €0T | So6'1 98 091 | ILT | 060 | €OEl L,
[4 8¢t F1'¢C £ | 08¢ | SI'T | #€0 | LST | TI91 L6 091 | ¢6'T | 881 | 9911 91,
c 988 ere 660 [ce | €91 | €10 | vI'C | 8EE | 1OL | OIC | 0T | 601 | 96'1L1 CL
[4 ¢86 0S¢ (R | cCE€ | 961 | ITO | 68T | 0C€ | 6£1 | 00E | 09T | L9 | 6671 L
f LY 8L'T 860 vLE | €01 | LTO | ¥81 | 881 L8 Ove | v€T | 99T | 6VEl el
[4 01y ol ¢ 98T 8CE | L8 | ITO | 98C | €6 C | 98 0€C | L9T | IST | 98¢l L
C 0L8 81 160 COE | 9T | LEO | COT | OL'T | €01 | ¥OC | 1CC | 191 | 6CTI 1L
(4 8IL LO'E 8T'1 €8T | 0T | v10 | 8TT | €81 | ISl | 891 | €L'1 | 611l | ICTTI 0L
(é 0L €6'l 0l LTS | THO | €0 | OET | €€C | OIT | OLT | 9¢T | ¥6 0 | vEcl 69
(4 01¢ 8t ¢ (40 89t | vO'1 | LTO | 00C | ITC | 8L 961 | ¢6'1 | LT'T | LECI 89
(4 c0s 3l°¢ AN 0c€ | 8CTC | 9C0 | 81'¢ | 86C | 8L OCSr | 04T | TOT | TIT'°€l L9
C 8L9 0eT 611 09t | 80C | LEO | €9C | TFCT | 86 IS8T | 9¢C | ITT | LETI 99
C 593 i Sl €6C | €OT | YO | LT | 681 | ¥OI | O6l | €5C | Sv T | LTTI ¢9
(4 0cr L8T cC | Sty | L8T | 610 | OT'E | 0S¢ L8 06l | 9I'C | €I'T | LECI 19
(4 0e9 9t ¢ el 08¢ | €£0 | ¢€0 | 6T | OT'C | ¥6 08T | ¢c6'1T | STT | L9ET &9
(4 0t 6S'1 860 CLE | T90 | €S0 | IvT | COC | OOL | 891 | €OC | 9¢'1 | ¥#9°CI 9
(4 089 LT A Lce | IvV0 | €90 | 60T | SOC | TOT | O9T | 8CCT | OI'T | €€CI 19
(4 0cs (43! o'l C6'1 | TFO | 8CTO | LSO | 861 88 901 | 9¢'1T | 60 | LETI 09
I | $8CI L8T 680 089 | vOCT | 610 | L9¢ | OFE | 8OL | L91 | 0ST | &1 | CLEL 6<
I | 0LCI ¥8'C LO'T 009 | 991 | T¢0 | €C¢ | 00 | TOT | 891 | 89T | L6 1T | 6T¢l 8¢
I 0L6 [€¢ Y60 8€9 | €0CT | 9TO0 | 00¢ | 0TE | 8IL | €91 | 0£CT | OL'T | CCt¥I LS

7'I7 ‘ropu sHHIICIOQO] T




XEMOMETPHWYHI METO/ZIU B PO3B’A3AHHI 3AZIAY...

174

C 8¢t vLC Al 06C | LLT | 6CT0 | OST | S€C ¢8 09l | 861 | I | 6CCI 80
C ¢C9 9TC €60 0€C | 9¢'T | Y10 | 660 | 091 | vel | SIT | vL'T | TL'C | ISTI L6
C LEG £9C 91l 09C | 8T¢ | TEO | LTT | OST | T91 | 06l | 0CT | TE'1 | L¥TI 96
[/ cre 96 'C oT'l €Tt | €€T | LTO | 9TT | C0¢ 86 O8I | 8CTT | 661 | TITI €6
€ 06¢ 0t'e CII SIC | 661 | €CO | €CCT | S¥C | 88 08l | ¢CC | €8C | 6CCl ¥6
(4 Co6F 90°C 960 COE€ | ¢91 | 850 | 9¥1 | 8¢l 08 LOC | 9TC | €51 | 69°Cl €6
c 0st €9C o'l 09¢ | €91 | 050 | €TT | st 98 0CC | ¢vrC | IST | 00CI 6
C 08t LG L 80T orc | ¥9T | TS0 | OST | 091 I8 S8I | ¢&C | €81 | 80°CI 16
C ¢C9 IC¢ LOT PLT | 8€T | THO | 66T | OTC | OL 9¢C | 08T | €T | 80Tl 06
C 089 CLC 00T 08¢C | €T | 80 | 69T | So6'1 78 JLC | 9 | 90°C | v9O1I 68
(d 9¢ 1C¢ 9€'1 09C | €1 | OFO | 19T | To6'1 88 09C | 9T | L9T | €911 88
< Cor 9TC S| SYC | 91T | €v0 | 691 | 8L'1 06 8CC | 1€T | 191 | 91Tl L8
¢ 0t DLE £G 1 ¢OC | 9F1 | 00 | ¥6'1 | OTT | 66 O8L | #¥CC | 860 | L9TI 98
C 0ce 80°¢ 6L0 COt | S2C | €C0 | IT¢C | 9CC | ¥6 O8I | 8¢C | 680 | 811 ¢8
C CIS 10°¢ 80 08% | ¢91 | 190 | 661 | €91 ¢8 SCC | CEC | 9L | «0¢l 78
C 09 CL'T IE1 0cc | OF1 | OFO | 8CT | 00T | 8L O+vc | I€C | €11 | 80°¢CI €8
¢ FIL PI€ o'l 06€ | LLT | 9C0 | €T | OTT | 98 88 | 0OCTTC | 18T | TLTI 8
C 8LC [4 3 8¢'T 0€C | €T | 0£0 | 9CTC | TYC | 98 06l | 00C | ¢60 | 00CI I8
¢ oY £l 611 LET | SO6T | V0 | €T | €8C | 101 | O€ET | Ob'C | L8E | OLTI 08
[4 0SL | E 901 OFc | 9LC | €0 | €81 | 061 | 9€1 | 8%1 | S6'1 | 660 | €€TI 6L
< 00¢ (454 960 €9C | €60 | €v0 | ¢l | CL'T | TIT | O8I | €CT | 68C | #8811 8L

7'I7 ‘ropu sHHIICIOQO] T




175

JOJATKHU

£ CLE cl'e 0L0 OF'c | €80 | ev0 | SCTT | €91 08 09T | 86’1 | €¥€ | LLCT | 6I1
(4 Sre 96 C 90| 907¢C | 19T | €0 | 60C | 00C | 80T | €¢C | 61C | I9T | ¢cvcl | 8II
(4 Sov ek €60 €61 | €1 | 00 | 091 | 861 98 80C | 661 | LY | TSIIL | LIT
(4 LOY L8T LT 06T | TOT | TS0 | LTT | 9%C <8 SIC | 0CC [ IS T | €OTT | 911
z ¢8¢ 61°¢ €60 06C | ¥OT | €¥0 | 60T | 96T 78 SCC | 06°C [ 68T | 80CTI | €11
€ 9% TEE 0Ll 80¢€ | #¥1 | Tv0 | 10C | 8F T 38 O1¢ | 0§C | ¥LO | I¥IT | ¥II
& LO9 0€'C £G 1 08¢ | €OT | 090 | €OT | SLT | €01 | OOC | T6T | 89T | 9L'I1 | €Il
< €Ce 8LT 060 00C | ¢C1 | 9T0 | LTT | §€C 38 O1C | LIT | e¥C | TSIl | TII
(4 9¢ I8¢ ¢L0 06C | 8¢¢ | ¥vTO | 85C | 8T'¢ | LOT | o6l | @81 | vL¢ | Ov 1T | TII
C 089 9C & 960 €9CT | 6T | 6T0 | T6T | ¥LT 6 00C | OLC | €1 | 1911 | OIT
¢ (483 0 980 0LC | 80T | 6€0 | ¥OT | 9€C 6 061 | ¥6'1 | 6C1 | TTCI | 601
C 881 [4 ¢ 880 0c¢C | €9T | 8V 0 | 9L'T | 8¢'1 78 SCC | 8C'C | SL'T | TLTT | 801
& 0r¢ LE 001 OF'c | €91 | LEO | €0C | €91 08 06l | CI'C | €LT | S¢cl | LOI
C 3 B3 0t'e 980 0LC | vl | 990 | ¥81 | 891 06 0CC | LTC | €T | ¢rcl | 901
(4 L9 LS Ol v6C | 81 | CE0 | T6'1 | 0CT €8 0T | 861 [ €L | I€TI | €Ol
(4 SIY LA 760 907C | <1 | LEO | V9T | 06T 98 col | 881 [ ¢LT | ¢81T | ¥0I
(4 8¢t 8¢t 080 08¢C | T€T | v€0 | TTT | 96T 36 O1IC | 9vC | S¥CT | veCl | €01
€ 9¢ LLE Ol SYT | S€1 | 6T0 | 9¢1 | S¥'1 88 ¢8L | 06T [ vET | 09CI | TOIL
C 0L 96'C LCT 0c€ | OPT | 9C0 | LTT | £CT L6 LT | OL'T [ 80°C | 80CI | 101
L 90t ¢8°C (4! 0¢C | I8T | S¥0 | 66T | €8T 38 081 | ITC | LTE€ | 6CTCI | 001
C 099 2L YOl 0t | €61 | vTO0 | SLE | CS¢E 88 C8L | OI'C | LOT | LETI 66

7'I7 ‘ropu sHHIICIOQO] T




XEMOMETPHWYHI METO/ZIU B PO3B’A3AHHI 3AZIAY...

176

2 06¢ cI'e 680 ot | I80 | €50 | 090 | TET | 101 | OFT | 19T | 96°C | ¥8TI | O¥I
2 08¢ 81 1870 OLC€ | 880 | 850 | 80 | T91 88 ol | 6I'C | 6S¢€ | 6VEl | 6¢1
€ CL¢ 691 80 00€ | OI'L | €90 | 090 | 6L'1 96 0ST | v9C | 1€¢ | €€CI | 8¢l
3 0CcL LT T €LO €8¢ | 080 | €60 | L¥YO | 8CT 68 OTIC | #€C | CLY | €TTL | LET
2 <69 8T gL0 OT'L | ¥60 | €90 | 990 | T91 76 €8I | OCTC | 9v'C | 09CL | 9¢1
£ 059 €1 €LO Sr'e | €TT | 090 | 80 | 00T <8 SLL | €TT | ¥T1 | I€TL | €€l
3 009 6C'1 8L0 00€ | #¥80 | LTO | OCT | OL'T | 90L | €1IC | 9¢€¢C | €€ | OLCL | ¥El
& 09¢ 9¢°1 990 0L¢ | €80 | LTO | 60T | ST'1 86 Ovc | OvC | I€C | I8CI | £tl
¢ 0es 4! PLO or'c | €80 | ¥vCO | TCT | OCT | ¥OL | 00T | Ob'C | 66°C | 88TI | ¢¢l
& 09 61 9L°0 Oy | v60 | 1CO | €CTT1 | I€T | TCL | O8L | T&€C | €€1 | 98°CI | I€1
(4 08¢ LET 6L0 09C | S€T | THO | €L'T | OI'C 08 0CC | 86T | 0¥ | vOTIL | O¢1
(4 (443 8LC 680 ¢I'ec | 061 | OVO | SYC | C€CC 88 Sv¥c | 08C | €91 | LETCT | 6C1
G 99t LA L60 00¢c | 9LT | 850 | vTT | €I'C 6 €8C | 8LC | €I'C | 6L'11 | 8CI
C (493 8¢ 690 voc | LLT | 6£0 | €T'E | $LC 98 SIC | 6TC | £€T | &¥TI | LTI
C 8Lt 8T¢ 980 LT | SET | LEO | €9T | 09°C ¢8 01T | LIC | 91 C | LOTL | 9C1
C 08¢ L& 49 €L0 08¢C | T6eC | TCO | €0'E | 98°C (4 OTIC | 6£C | Tev | L8TII | €CI
(4 08¢ 0T'¢ 640 09T | TOT | OE0 | 89T | E9C 98 STIC | ¢I'C | 08¢ | Ol | ¥CI
C 9213 [4 02 60 80T | ILT | €¥0 | €I'T | OTT | TOL | €9C | €LT | ¥y | TP TL | €T1
G cor 09¢ €60 009 | L81 | L¥O | 80¢ | 81 € | 6I1 [ €8C | €C¢ | SOC | 9¢ 11 | Ccl
T ¢C9 6¢'¢ 080 ¢Ct | €81 | ¢€0 | 6LTC | 06C 96 00C | T¢vrc | OFC | SYIT | ICI
(4 Foc o€ €60 8CTT | L8T | LEO | ¥9'T | 00°C L8 06l | 00C | ¢vC | 00CIL | OCI

7'I7 ‘ropu sHHIICIOQO] T




177

JOJATKHU

¢ 0ce 8T 9¢°0 €OL | ¥OT | 00 | C60 | 0£C 88 OIC | 8¢C | €8¢ | 9¢¢Cl | 191
2 0c9 8L'1T LSO | SLTIT | 6CC | CSO | OI'T | 09C 68 CCC | ¥9C | LOT | 8F¥El | 091
¢ 099 91 LSO | 00€Cl | OLC | €S0 | TET | 08T 86 0¢C | OL°C | 891 | veFL | 661
& 088 L'l L9 0OS'L | YI'T | €90 | 850 | 061 L6 0LC | ¥9°C | €0C | s¥Tl | 8CI
3 08t 7o'l LSO 106 | 9T | 80 | €80 | O8I 68 ¢ol | 86C | CI'v | ¥8ET | LSI
£ SCL 81 090 06'L | SST | 190 | €90 | L1 €6 0CC | ¢€C | 61'¢€ | LT'EL | 9¢1
¢ 0r9 ce'l 8¢0 09°L | OFT | €60 | 850 | 8V T | €O | 00T | OI'C | 6C1 | 8STI | €€1
& SLO 1 9¢0 | ¢SO0 | L8T | I90 | ¢80 | 081 86 ¢8I | 8CC | 0t | €Cel | ¥vSI
¢ ey 2| 190 ole | 951 | 90 | €1 | U< | 911 | &% | &€ | U6l | LLel | B51
3 08t LY'1 80 | 0801 | 9TI | vT0 | 9¢'1 | 8’1 | TIT | 0CC | 8'C | L9C | 6LCI | TCI
3 00¢ 0¢'l 650 098 | €CT | TCO | LST | OFT | €CL | OFC | €9°C | Cl't | OSEL | ISI
£ 0s¢ £ET LSO ove | vI'T | €0 | 6€T | TV T | €IT | €IC | 9€°C | 06'€ | 80CT | OSI
¢ 059 91 €0 cr8 | STL | YO | 9L°0 | €61 6 CIT | 8CC | #T¢€ | TELEL | 6F1
2 €79 981 <0 €OL | 980 | LYO | €90 | OL'T 98 CIC | 8'C | 19V | L8TI | 8FI
¢ CIv 2| 8¢0 06t | 890 | OFO | ¥€0 | 860 08 00C | €CC | POS | 88¢Cl | L¥I
3 0¢8 891 090 00F | OET | V0O | €S0 | OST | TOL | OIT | SI'T | LEE | 9L'El | 9¥I
€ c¢8 00'C €90 I¢8 | vI'T | 6CT0 | 8L0 | 8T | CIT | €81 | OCC | 88'¢C | €TCL | S¥I
£ 0s¢ c0C 160 Ovt | CO1 | LYO | 080 | 00T 6 00C | €€C | €6V | TOEL | I
¢ 1748 90°C 680 CEr | €C0 | 0S0 | TS0 | €€'1 L6 CEC | €L'C | L1'E | CSEL | EFl
= 08L LY'C 0L0 09°¢ | ¥90 | LEO | 0SS0 | OV 68 00C | S€CT | 95T | 9¢°€l | Tl
3 009 | B4 LLO 09F | SLO | €S0 | 050 | ¥€'1 96 01T | OLC | I8C | €6Cl | I¥I

77 ‘voput BHHIIHCI0QO] T




XEMOMETPHWYHI METO/ZIU B PO3B’A3AHHI 3AZIAY...

178

‘WH C[ ¢ 1 (g7 Adil eHHE OT0HOY 9d€0d 9HRHHUILIONOLLIED EHHOIIOH THHIIT)

"BALOBh EHHOUTITIA]
2 *

(3 09¢ 091 1970 0c6 | SET | 950 | 9L°0 | €0C 96 S¥C | LT | O1I'F | €1¥L | 8LI
¢ 0r8 91 090 066 | 9V 1 | €60 | 890 | €91 | OCI | 00T | LET | 68T | LTCL | LLI
¢ ce8 9¢'1 660 | 0TOL | €€T | €0 | 690 | 651 | OCI | 00T | 9CCT | 8TV | LTEL | 9LI
3 0SL 9¢'1 0L0 0L | IV 1T | €F0 | SLO | 081 | COL | O€CC | 8FC | 16€ | OFEL | SLI
¢ OrL LT 90 OLL | 90T | TE0 | 190 | 891 €6 0T | s¥T | €9¢ | ILCL | PLI
3 099 ILT c9'0 0OL6 | ¥T1 | ¥#0 | OLO | 891 16 00C | 8¥'C | 16T | 9TVl | €LI
¢ OLY €91 LSO 066 | ¥90 | 870 | IS0 | 6€1 98 col | 8CT | 6€T | LLTI | TLI
£ 01¢ €81 990 0cc | €L0 | OFO0 | 6V 0 | €T 96 06l | ¢€C | €0E | 0TTI | ILI
¢ 0¢9 6’1 L90 08 | TI'T | LCO | 960 | 86T | TIT | OSC | 98°C | 09F | OV ECl | OLI
3 0sL 081 L0 998 | PE1 | 6€0 | ¥80 | €CT | €OI | €¥CT | 69T | 86T | 8CCl | 691
¢ ¢89 LT CLO | 9T0T | L660 | OFO | 990 | 8F1 38 ¢ol | 0T | LEE | TBTI | 891
k $69 9¢1 €80 | 890L | 9%1 | ¢¥0 | ¢60 | OLT | TIT | O€C | 09°C | OL'E | SPEl | L9
£ 1748 LT 8L0 99 | SIT | C€0 | LYO | 8T 38 LG | 92T | 95 | ELEL | 991
g ¢19 891 0L0 8¢6 | €OT | T¥0 | 890 | €€ 06 0T | OEC | 9L T | SLEL | €91
3 €LY L1 890 8CS | ¥60 | OFO | OLO0 | 6€T1 | 901 | €8I | €€C | sv'e | 96¢Cl | ¥91
3 0LS I1°¢C L80 8CE | 960 | 090 | 090 | €9T | 90T | OCC | 85'C | LTE | S8TI | €91
¢ 089 81 960 88¢ | 080 | 050 | 950 | €81 | LOT | 00C | v¢C | 9Tt | 69¢Ll | 91

77 ‘voput BHHIIHCI0QO] T




JAOAATKH 179
Tabauys /1.3
CoabBaTOXpOMHI MapaMeTp PO3YNHHUKIB
[TapameTp
No Po3unHHUK % Knac
o B T

1 JU130MPOITIIOBUH €Tep 0.00 0.49 0.27 1
2 IU-H-OyTUIIOBUH €TEp 0.00 0.46 0.24 1
3 JETUIIOBUM €Tep 0.00 0.47 0.27 1
4 JIIOKCaH 0.00 0.37 0.55 2
5 Terpariapodypan 0.00 0.55 0.58 2
6 aH13071 0.00 0.22 0.73 4
7 eTep AMOECH3UITY 0.00 0.41 0.80 2
8 nudeH1I0BUi eTep 0.00 0.13 0.66 4
9 eTWI(PEHIJIOBUH eTep 0.00 0.20 0.69 4
10 2-0yTaHOH 0.06 0.48 0.67 2
11 areToH 0.08 0.48 0.71 2
12 €TUJIAIlETaT 0.00 0.45 0.55 2
13 eTHII0eH30aT 0.00 0.41 0.74 2
14 nporiJieHKapooHat 0.00 0.40 0.83 2
15 JTUMETHIAIETaM1T 0.00 0.76 0.88 3
16 aumeTuahopmamig 0.00 0.69 0.88 3
17 N-MeTumniposIiioH 0.00 0.77 0.92 3
18 TETPAMETUIICEYOBHUHA 0.00 0.80 0.83 3
19 TpUETUIIaAMIH 0.00 0.71 0.14 1
20 JTUMETHUIICYTb(POKCHU]T 0.00 0.76 1.00 3
21 | rexcamerundochoprpuamin | 0.00 1.05 0.87 3
22 HITpOOCH3EH 0.00 0.39 1.01 2
23 OCH30HITPUII 0.00 0.41 0.90 2
24 alETOHITPUII 0.19 0.31 0.75 2
25 MIPUIAH 0.00 0.64 0.87 3
26 2,6-TIMETUIITIPUIAH 0.00 0.76 0.80 3
27 X1HOJIIH 0.00 0.64 0.92 3
28 TOJIyOJI 0.00 0.11 0.54 4
29 0eH30I1 0.00 0.10 0.59 4
30 XJ0pOEH30J1 0.00 0.07 0.71 4
31 OpoMOeH301 0.00 0.06 0.79 4
32 TETPaxXJIOPMETAH 0.00 0.00 0.28 4
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33 1,2-nuxnoperan 0.00 0.00 0.81 4
34 TUXJIOPMETaH 0.30 0.00 0.82 4
35 xjg0podopMm 0.44 0.00 0.58 4
36 TpeT-0yTaHo 0.68 1.01 0.41 5
37 130MPOIAaHO 0.76 0.95 0.48 5
38 H-OyTaHOJI 0.79 0.88 0.47 5
39 eTaHOJI 0.83 0.77 0.54 5
40 METaHOJI 0.93 0.62 0.60 5
41 CTHJICHTJIIKOJIb 0.90 0.52 0.92 5
42 BOJIA 1.17 0.18 1.09 5
43 IICHTaH 0.00 0.00 -0.08 6
44 reKCcaH 0.00 0.00 -0.04 6
45 renTaH 0.00 0.00 -0.02 6
46 JIEKaH 0.00 0.00 0.03 6
47 reKcaJiceKad 0.00 0.00 0.08 6
48 1300KTaH 0.00 0.00 -0.04 6
49 LIMKJIOTeKCaH 0.00 0.00 0.00 6
50 LIMKJIOTE€KCAaHOH 0.00 0.53 0.76 2
51 7-OyTUPOJIAKTOH 0.00 0.49 0.87 2
52 HITpOMETaH 0.22 0.25 0.85 2
53 II-KCHUJIOJ 0.00 0.12 0.51 4
54 areropeHoH 0.00 0.49 0.90 2
55 XJIOpeTaH 0.00 0.00 0.81 4
56 dbTopOeH301 0.00 0.07 0.62 4
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Tabnuys /1.4
BaacTtuBocTti 76 opraniyHuX po34YHHHUKIB

Po3unHHNK ) Y v € n o n | ET | Str.
H-TICHTaH 144 115.5]0.00| 1.84 | 1.843 | 0.00 |-0.15| 31.1 | 0.41
H-TeKCaH 15.017.9]0.00 | 1.88 | 1.883 [ 0.00 |-0.11|31.0|0.40
H-TeNTaH 15.2119.7]10.00 | 1.92 | 1.925|0.00 |-0.06| 31.1 | 0.41
H-OKTaH 15.5121.210.00| 1.95 | 1.946 | 0.00 | 0.01 | 31.1 | 0.41
i1-OKTaH 14.7118.3]10.00 | 1.96 | 1.962 | 0.00 | 0.01 | 31.0 | 0.31
H-JICKaH 15.823.4]10.00 1.99 | 1.987 [ 0.00 | 0.03 | 31.0 | 0.42

H-JI0JICKaH 16.0 {24.90.00| 2.00 | 2.0150.00 |-0.01|31.1 0.43

H-TETpaJIeKaH 16.2126.0|0.00| 2.03 |2.034|0.00|0.06|31.0|0.44

H-T€KCaJIEKaH 16.3127.110.00| 2.05 |2.052|0.00|0.08|31.0|0.45

LIUKJIOT€KCaH 16.8124.60.00| 2.02 |2.026 | 0.00 | 0.00 | 30.9 | 0.46

meruaukiorekcan | 16.0 | 23.310.00 | 2.02 |2.018 | 0.00 | 0.00 | 31.0 | 0.39

UC-/IeKaJIIH 17.8131.6 10.00| 2.20 | 2.187|0.00 |{0.09 | 31.2 | 0.42

OEH3011 18.8128.210.00| 2.27 |2.244 | 0.00 | 0.55|34.3|0.45

-KCHJIOJI 18.1]27.810.00| 2.27 |2.230|0.00 |0.45|33.1|0.45

ME3UTUIIEH 18.1 {28.30.00| 2.28 |2.240 | 0.00 | 0.45|32.9 | 0.34

rexcadropbenson | 16.9121.6[0.00 | 1.89 | 1.890 | 0.00 | 0.27 | 34.2 | 0.56

teTpaxiopmeran | 17.6{26.10.00 | 2.24 | 2.124 | 0.00 [ 0.21 | 32.4 | 0.49

tpuxnoperwien | 19.028.810.80| 3.42 | 2.176 | 0.00 | 0.48 | 35.9 | 0.47

terpaxiopermien | 19.0|31.30.00 | 2.28 |2.260 | 0.00 | 0.25 | 32.1 | 0.50

TOJIyOJI 18.8 12791031 | 2.38 |2.232|0.00|0.49|33.90.61
0-KCWJIOJ 18.0129.5|045| 2.57 |2.259|0.00 |0.51|34.7|0.50
M-KCHJIOJI 18.0128.110.30| 2.37 |2.234|0.00 |0.47|34.6 |0.44
eTHII0EH30J1 18.0 128.5/037| 2.40 | 2.051|0.00 |0.53 |34.1 0.46
-I[UMOJI 17.6 127.71039| 238 |2.217|0.00 |0.41 | 34.6 | 0.47

1,4-niokcan 19.7132.81045| 2.21 |2.017|0.00 |0.49 | 36.0 | 0.66

¢dTopOeH3o0I 18.1127.1|1.48| 542 |2.156 | 0.00 | 0.62|37.0|0.55

IUXJIOPMETaH 20.2127.211.14| 893 |2.020 | 0.13 |0.82|40.7 | 0.78

xJ10poopm 1951265 |1.15| 4.89 |2.082|0.20 | 0.58 | 39.1 | 0.64

1,2-muxmnoperan | 20.0 | 31.5|1.83 | 10.36 | 2.080 | 0.00 [ 0.73 | 41.3 | 0.65

1,1,1-tpuxnoperan | 19.6 | 249 [ 1.70 | 7.25 | 2.062 | 0.00 | 0.44 | 36.2 | 0.52
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IIpoooeowcenns maon. J[.4

1,1,2,2-
XJIOPIPOIaH

202354171 820 |2.224|0.00 |0.95|39.4|0.63

1-xnopnponan 17.4121.11197| 7.70 | 1.844 | 0.00 | 0.43 | 37.4|0.53

1.2.3-tpuxaop- | 5 61371 | 1.85| 7.45 | 2.194 | 0.00 | 0.78 | 40.4 | 0.56
Ipona”

XJIOPOEH301 19.8132.5|1.69| 5.62 |2.317|0.00|0.68|36.8|0.50

o-guxjopoenzon | 20.5(36.2 (250 9.93 | 2.400 | 0.00 | 0.77 | 38.0 | 0.96

Mm-auxiaopoenzon | 20.0 [35.5|11.54| 5.04 | 2.382 | 0.00 | 0.65 | 36.7 | 0.42

L2, 4-mpuxiiop- 15 71447126 | 4.15 | 2.468 | 0.00 | 0.66 | 36.2 | 0.44
OeH30II

IMOpoMMeETaH 22.4140.1 143 | 6.68 |2.377|0.00{0.92|3940.70

opomodopm 21.9(45.01099| 439 |2.546 |0.00 | 0.62|37.710.70

1,2-nubpomeran | 19.8 {38.3 | 1.19| 4.75 | 2.359 1 0.00 | 0.75| 38.3 | 0.71

1-6pommpoman | 18.2 1252193 | 8.09 | 2.050|0.00|0.49|36.9|0.59

OpomMOeH3011 202 1355(1.56| 540 |2.424|0.00 [0.77 | 36.6 | 0.52

TUHAOIMETaH 24.1150.0 [ 1.08 | 5.32 | 3.083 | 0.00 | 1.00 | 36.5 | 0.95

1-liognpomnax 18.6[29.0 | 1.84| 7.00 | 2.258 | 0.00 | 0.60 | 35.7 | 0.61

nonoeH3on 20.7138.8(1.40| 4.49 | 2.615]0.00 1 0.84 | 36.2 |0.52

rerparigpodbypan | 19.0 | 26.4[1.75| 7.58 | 1.974 | 0.00 | 0.55|37.4 | 0.58

anizon 197|346 |1.25| 433 | 2293 | 0.00|0.70 | 37.1 | 0.63
l-aminobyran | 17.8 | 23.5 | 1.37| 4.88 | 1.956 | 0.05 | 0.31|37.6 | 0.71
HipaE 2171363237 12.91 | 2273 | 0.00 | 0.87 | 40.5 | 0.69
xiHomin 228|452 (2.18] 8.95 | 2.640 | 0.00 | 0.93 | 394 | 0.58
acymeGin 56313151006 2.64 | 2.638 | 0.00 |0.55 | 32.8 | 0.50
KapOOHY
rerparizporioben | 20.5|35.0 | 1.90| 8.61 | 2.257 | 0.00 | 0.60 | 36.8 | 0.55
MeTaHo 203|223 (2.87 | 32.66 | 1.760 | 0.98 | 0.60 | 55.4 | 0.92
eTaHon 26.0|21.9 | 1.66 | 24.55 | 1.848 | 0.86 | 0.54 | 52.9 | 0.80

1-nponianon 24.4123.13.09]20.45|1915]0.84 10.52|50.7 | 0.76

1-0yTanon 2331242 1.75]17.51 | 1.952 1 0.84 | 0.47 | 49.7 | 0.73

] -nieHTanoNn 2241252 (1.70 | 13.90 | 1.982 | 0.84 | 0.40 | 49.1 | 0.70

1-rexcanon 21.825.71.55|13.30 | 2.005|0.80 | 0.40 | 48.8 | 0.68

l1-okTanon 2091269 (1.76 | 10.34 | 2.038 | 0.77 | 0.40 | 48.1 | 0.66
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IIpoooesorcenns maon. J[.4

1-nexanon 199284 | 1.62| 8.10 | 2.064 |0.70 | 0.45|47.7 |0.63

1,2-etanion 32.4 1474|231 |37.70 | 2.047 { 0.90 | 0.92 | 56.3 | 0.92

BOZA 47.9|71.8|1.85|78.36 | 1.776 | 1.17 [ 1.09 | 63.1 | 2.31
N-MeTi- 31 1 1395| 3.86 | 182.4 | 2.045 | 0.62 | 0.90 | 54.1|0.88
(popmamig

NN-umeTit- | 54 1 136,41 3.92 | 36.71 | 2.024 | 0.00 [0.88 | 43.2 | 0.74
(dopmamin

NN-mmerit- 1 53 313171 3.72| 37.78 | 2.061 | 0.00 [ 0.85 | 42.9 | 0.72
aneTramMijg

N,N-meTmr- 23.6140.7 | 4.09 | 32.20 | 2.155 | 0.00 | 0.92 | 42.2 | 0.64
HlpOJ’IlI[OH

rekcameTi- 19.133.8|5.54|29.30 | 2.123 | 0.00 | 0.87 | 40.9 | 0.63
dochopamin

JMCTHII- 26.6 1 43.0 | 4.06 | 46.45 | 2.182 | 0.00 | 1.00 | 45.1 | 0.89
CYIb(OOKCUT

0-Kpe30I1 219|350 | 1.45 | 11.50 | 2.344 | 1.65 | 0.68 | 51.9 | 0.96

npominenkapoonar | 21.8 | 41.4 | 4.94 | 64.92 | 2.019 | 0.00 | 0.83 | 46.0 | 0.63

aleTOH 22.1122.7|2.69 | 20.56 | 1.839 | 0.08 | 0.62 | 42.2 | 0.68

HITpOMETaH 25.7136.3 |3.56 | 35.87 | 1.903 1 0.22 | 0.75 | 46.3 | 0.90

HITpOETaH 22.7132.1|3.60 | 28.06 | 1.931 | 0.00 | 0.77 | 43.6 | 0.78

HITPOOEH30J1 22.1142.414.22 | 34.78 | 2.403 | 0.00 [ 0.86 | 42.2 | 0.49

AlETOHITPUII 24.1128.3 1392|3594 | 1.800|0.19 |0.66 | 45.6 | 0.74

OCH30HITPUII 22.7138.5|4.18 | 25.20 | 2.328 | 0.00 | 0.88 | 41.5 | 0.79
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