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3anponoHoBaHO KOMMIEKCHWIA METOA OLiHKM MPOrHOCTUYHOI 34aTHOCTI (DYHKLUiA po3nofiny MMOBiIpHOCTEN
BUSIBNEHHS aHaniTy B MeToankax siKicHOro xiMiyHoro aHanisy. 3a pesynbtatamy po3paxyHkiB BU3HaUeHi yHKLIT
po3noainy NMOBIPHOCTEN, SIKi XapakTepu3yTbCsl MakCUManbHOK MPOrHOCTUYHOKO 34aTHICTIO.

KnrouoBi cnoBa: TectoBuin aHanis, kpuei edeKTMBHOCTI, 06nacTb HeHadiNHOCTI, NepexpecHe OLiHIOBaHHS,
yHKLIT po3noginy NMOBIPHOCTEN, CTAaTUCTUYHI KpUTEpIi ageKkBaTHOCTI.

Bcrtyn

[ligBumenuii inTepec XiMiKiB-aHAITHUKIB 10 TECTOBUX METOMIB aHAIli3y OOYMOBIIOETHCS IXHBOIO
SKCIIPECHICTIO Ta BiIHOCHOIO TIPOCTOTOI0 BUKOHAaHHs. He BHKIHMKae CyMHIBY HEOOXITHICTh TECTOBHX
METOAMK JUIS aHali3y TOKCHYHHMX PEYOBHH Yy HaBKOJMIIHROMY cepenoBuini [1-4], xap4oBux
npoxaykrax [4, 5] ta ToBapax 3aranbHOrO BXuBaHHA [4, 6]. TecToBi aHai3u MOXYTh OYTH KOPUCHUMH
TaKOXK MPH MEAWYHIA JIarHOCTHIl, HAPKO- Ta AOMIHT-KOHTpom [7, 8]. Pa3zom i3 30ibIIeHHIM Ha pH-
HKY KUIBKOCTI TECT-CHCTEM, OYPXJIMBO PO3BHBAIOTHCS 1 TEOPETUYHI METOAHM BU3HAYEHHS METPOJIOTi-
YHHUX XapaKTEPUCTUK METOJUK TeCTOBOTO aHaimizy [9-14]. [1inbip dyHKIIT po3moaisty WMOBIPHOCTEH
Ta OLIHKA IXHIX MMapaMeTpiB y Mpoleaypax SKiCHOTO aHami3y 3 OiHapHHM BiAI'YKOM Ta METOJHMKax
HaIiBKUTBKICHOTO BH3HAUEHHS — A00pe mociimpkeHa npobiema [9, 10, 14-16]. ¥V Toii ke gac JOCHUTH
MaJIO yBard MpHUIiJIEHO TAKOMY acIleKTy, sIK OI[iHKa MPOTHOCTUYHOI 3AaTHOCTI TAKUX MOZETIEH.

Haifuacrimme moTpiOHO oOLIHMTH 3HAa4YeHHS MoporoBoi koHueHtpamii [10, 15] 3a iiMoBipHOCTI
BHSIBJICHHSI KOMITOHEHTA, 1110 BUXOAMTD 33 MEXKI TOCIIKEHOI 001aCcTi HEHAIIHOCTI TECTOBOI peaKiIii.
B nawniit poGoti, as 1i€l METH, 3aCTOCOBYBAJIacs MPOIEaypa MEPEXPECHOrO OLIHIOBAHHS — METO/I
JOCIiDKEHHSI TPOTHOCTUYHOI 37JaTHOCTI MaTeMaTHYHUX MOJACICH.

3aranbHi BIAOMOCTi NpPO TeCTOBi METOAUKU

[Mopsin i3 BpakalouMM PO3BUTKOM METOJIIB KUIBKICHOTO aHajily, Oe3nepepBHO PO3LIMPIOETHCS 1
cdepa 3aCTOCYBaHHS SIKICHOTO aHamizy. Y SKICHOMY aHajli3i HIMPOKO BUKOPHCTOBYIOTHCS METOIAMKH
BUSABIIEHHS 3 OiHApHUM BiATyKOoM (aHauiT BusiBIeHWU / aHamit He BuseneHwir, TAK / HI), mo He
nepenbavae, 3a3BUyail, BUKOPUCTAHHS JIOPOTOT0 00JIaqHaHHs, TOCTaBKH Mpobd mo mabopaTopii, 3amy-
YeHHS! BUCOKOKBalli(ikoBaHOro mepconaiy [9, 10]. BusBneHHs Moxe BHKOHYBaTHCS 3a TOIIOMOTOIO
METOAMK 3 OPraHOJECNTHYHOIO (iKCali€l0 aHAIITUYHOIO CHUTHATY, L0 O€3MOCepeaHbO OaloTh BH-
CHOBOK TIPO IPHUCYTHICTH 200 BIICYTHICTh aHAJITY B MpoO0i (IO TAKUX METOIUK BiITHOCSATHCS, HAIIPH -
KJIa 1, momupeHi “spot tests”). [IIupoko 3aCTOCOBYIOTBCS 1 METOAMKH, 1[0 BUKOPUCTOBYIOTh JJIsSi BHMi-
pIOBaHHSI CHTHally iHCTPYMEHTAJIbHI METOOW 1 JO03BOJIIIOTH BCTAHOBUTH, YW € aHANIT y mpobi B
KOHIIEHTpAIIii, 10 MEPEBHIYE 3a3aJIETiIb BCTAHOBIEHY Mexy. OOnIBa TUIIM METOJUK BiHOCSTH 10
nporenyp ckpuHinry [9, 10, 12].

AHaNITHYHIM CUTHAJIOM JJISl X METOAWK MOXKe OyTH BUHMKHEHHsI, a00 3MiHa, 3a0apBIICHHS TIPH
XPOMOT€HHIN peakilii, BAHUKHEHHA a00 TraciHHA (pIyopecleHIlii, yTBOpeHHs ocaiy, MOsBa 3araxy,
MIPUCKOPEHHSI 200 iHTi0yBaHHS (hepMEHTATUBHUX PEAKITiH, 3MIHHU B KUTTEMISUIBHOCTI OpraHi3MiB Ta iH
[9, 17].

Sk cepenoBulle AJsl MPOBEIEHHS PEaKLiil BUABICHHS BUKOPHUCTOBYIOTHCS 1HAUKATOPHI peareHTHi
Manepu, MHONOJIYPETaH, )KeJIaTHHOBI TTiBKH, MOIM(IKOBaHI KPEMHE3eMH, IHIUKATOPHI TPYyOKH TOIIO
[9-11, 17].
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OCHOBHI BUMOTH JI0 PEaKIliii Ta METOIUK, 1[0 BUKOPUCTOBYIOTHCSI:

a) CEJIEKTHUBHICTH O BiTHOIICHHIO JI0 OJIHIET peYOBUHU a0 KIIaCy PEUOBHH,;

b) HHU3BKa MeKa BUSBIICHHS,

C) TMPOCTOTA peECTparlii Ta CTIHKICTh aHATITUYHOT'O CUTHAIY;

d) excmpecHicTb;

e) crilikicTs aHamiTHYHUX (hopM Tijx gac 30epiranus. [9-11, 17].

OCHOBHHH MiAXiA AO OIIHKH METPOJIOTIYHHX XapaKTePUCTHK METOAMK 3 OIHAPHUM BiATYKOM
3aCHOBAaHUI Ha BHBYEHHI 3aJIE)KHOCTI MIMOBIPHOCTI BUSIBIICHHS aHadiTy (P) 3 iioro koHueHTpauii (c),
T00TO. MOOYTOBa KpUBUX ehekTuBHOCTI (puc. 1).

Pe)

0,5 1
0,4 4

0,2 4

Puc. 1. 3aranpHuii BUTIISIT KPUBOT €PEeKTUBHOCTI
Fig. 1. General view of the efficiency curve

BaxnuBo, m00 KpHBi eeKTUBHOCTI OTPUMYBaJH 3a (HIKCOBAHUX YMOB €KCIIEPUMEHTY — pO3Mipi Ta
00’eMy Kpalesib PO3YHMHIB, IO 3MIIIYIOThCSA (B KPAalUIMHHUX METOAAX), MOPSAKY iX 3MillyBaHHS,
TeMIepaTypi, TPUBAIOCTI, OCBiTIIeHH] (Y Bi3yaJdpbHHX MeToaax) oo [10].

B ineanpHOMY BHINaAKy KprBa e(eKTUBHOCTI € OJMHUYHOIO 3MileHOr0 QyHKIieto Xepicaiaa [9]:

.
P(c)={V-c=c | (1)
1,c>c
Je ¢’ — JesKa rpaHMYHA KOHLEHTpaLis. Y LbOMY BUNAAKy METOJAMKA 3 GIHAPHMM BiATYKOM 3aBKIH
NPHU3BOAUTH [0 BUSBJIECHHS aHAITY IIpH ¢ > ¢ (06JacTh HYJILOBOI HMOBIPHOCTI HOMUIKH | poxy) i BH-
CHOBKY TIPO HOT0 BiZICYTHICTB TIpH ¢ < ¢’ (061aCTh HYJILOBOI iMOBipHOCTI ommiiku 11 poxy).

Ha mpakTuiii moporoBa KOHIIEHTpaIllisi PO3MHUBAETHCS B iHTEpBall HEHaNIHHOCTI (Ac) — iHTepBal
KOHIICHTpAIllil aHaJITy, B SKOMY JJIS YaCTUHH 1JICHTHYHUX MPOO MPUXOAATH O MO3UTHBHOI'O BH-
CHOBKY MO MPUCYTHICTH aHANITy, & B YaCTHHI — JJO HETaTUBHOTO. TakuM YWHOM, 3aMiCTh OPOTOBOI
KOHIIEHTpAIii ¢’ IOBOAUTHECS 0OrOBOPIOBATH JIiBY i MPaBy MeXi iHTepBany HeHaniiHOCTI. KirouoBoro
METPOJIOTITHOI0 XapaKTEPUCTUKOIO METOIUKY BUSABJICHHS 3 O1HAPHUM BiATYKOM OYJI0 3aIIpOITIOHOBAHO
BBa)KaTH iHTepBasl HeHaAiHHOCTI [9, 10]. OcKilbKM MpH CKPUHIHTY Ba)KIMBILIE YHUKHYTH HOMUIIKHA |
pOIy, SIK BEPXHIO MEXYy JOUIIBHO TPHUHHSIU Cogy, (MPH KOHIEHTPALIAX, MIO IEPEBHUILYIOThH
Coo%, 0L < 1%), a HIDKHIM TIOPOTOBHM 3HAYEHHSIM BBaKAJIH Csy. Briepiie neTanpHe JOCITIIHKEHHS TaKoTO
inTepBaiy Oyno mposeneHo M.IT. Komapem [18].

Mpouenypu ouiHkn NnapameTpiB KpUBUX ePeKTUBHOCTI

Ha mpaxtuii kxpuBy e(eKTHBHOCTI MiOMParOTh K (YHKIIIO, IO alpOKCUMYE EMITIpPUYHY 3aJIekK-
HICTb YacTOT BHUsABIEHHS P°™ Bim c. JIma oTpuMaHHS TaKol 3aJIeKHOCTI BHOMPAIOTh Kimbka (M)
KOHIICHTpAIIH ¢; BCepeAnHI iHTepBaly HEHAAIWHOCTI, [UIsI KOXKHOI 3 HUX IPOBOIATEH V; BUTIPOOYBaHb,
(iKCYIOTh YHCIIO MO3UTHBHUX PE3YNbTAaTiB BUSABJICHHS aHANITY (7;) Ta O0YHCIIOIOTH EMITIPUYHY 4acTO-
Ty BHUSIBIICHHS aHamiTy [9, 10]:
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n.
PM=t @
1
Jns anpokcumarii 3amexHocTi PP Bif ¢ MOXHA, B MPHUHIHUIT, BUKOPUCTOBYBATH OYIb-SIKy HeE-
cnanay ¢yHkiio, ooMexeny 0 i 1. Taki BIacTUBOCTI MarOTh, HAPUKIIAM, THTETpaIbHI QYHKIIT po3-
MOy BUMIQJIKOBUX Beln4uH [9, 19].
B nmaniit poGoTi [N OWIHKH MPOTHOCTHYHOI 3/aTHOCTI BHUKOPUCTAIM 3 BHAM (PYHKIINA — eKc-
MTOHEHITIHHOTO, JIOTICTUIHOTO Ta HOPMAJIHHOTO PO3MOAUIIB BiIITOBITHO IO PEKOMEHAAIIIH, IO BHCIIO-

BJICHO B po0oTi [10].

Tabmums 1. @yHKIiT po3noainy, BUIPoOyBaHi IPH anpoKCUMAIlii KpUBUX €(EKTHBHOCTI
Table 1. Distribution functions tested at approximation efficiency curves

Posnonin Bupas mist P(c), obnacts BU3HAUEHHS, MiJTiHHI TapaMeTpH
Distribution Expression for P(c), domain of definition, fitting parameters
EKCHOHSH.HIHHHH P(c):l—exp —cma ,a<c<oo,qa>0,b>0

Exponential b

JloricTuunuit P(C):;,k<c<oo,k>0,t>0

Logistic 1+GXP(_C_ )

Hopmansamii Plc)= 1 j' exp —1({c—x : dx . —o0<c<oo 650 550
Normal svV2m Y, 2 s ’ ’ ’

MporHocTuMyHa 3aaTHICTb byHKUiA po3noainy iiMoBipHOCTEH

VY po6orax [9, 10, 20] nocnimKyBanocs aleKBaTHICTh allpOKCUMYIOUHX (PyHKIIH, IpoTe AOBOJI Ya-
CTO BHHHMKAE MMOTpeOa OMIHUTH 3HAYCHHS KOHIICHTPAIlIH, III0 BUXOAATH 3a MEXKI JOCIIKEHO1 00IacTi
HEHaIIMHOCTI TECTOBOT peakiii. 3aIsl M IBUIIICHHS HAIHHOCTI OTPUMAaHUX OI[IHOK, HEOOXI1IHO JIOCITi-
JUTH TPOTHOCTUYHY 3JaTHICTH MaTeMaTHYHOI MOJEN, SKy He HaJae MpocTa ampoKCHMAallis 3a
JIOIIOMOT'0I0 HEJIIHITHOTO METOAY HaiMEHIINX KBaJpaTiB.

Sk MeTon JOCTiPKEHHS] MPOTHOCTUYHOI 3/IaTHOCTI MaTEeMaTHYHHUX MOENel, B poOOTI BHKOPH-
CTOBYBABCS METOJI TIEPEXPECHOTO OL[IHFOBAHHSI.

Ilepexpecue ouintoBanus (Cross-Validation) € mpoueayporo OWiHKA TOYHOCTI MPOrHO3YBaHHS 3a
JIOTIOMOT'O0 JTaHUX i3 CIeIiadbHOi TECTOBOI BUOIPKH (BUKOPHUCTOBYETHCS TAaKOX TEPMiH KpPOC-TIEpEBi-
pouHa BHUOIpKa) NUISIXOM HOPIBHSHHS TOYHOCTI MPOTHO3Y 3 TIE0, 110 JOCATAETHCS HA HaBYAJIbHIN BH -
Oipui, ToOTO Ha BUOIpLi, 32 AKOI BiacHe OyamyBanaca monenb. OTxe, MoJelb OyAyeTbcs 3a Ha-
BYAIEHOIO BUOIPKOIO, @ TOYHICTH MPOTHO3Y MOJIENI OIIHIOETHCS 33 TECTOBOIO BHOipKoI0. B imeani, ko-
JIM € JOCUTH BEJIMKa BHOIpKa, YaCTHHY CIIOCTEPEKEHb (HAPHUKIal, MOJOBUHY ab0 Bl TPETUHHU) MOXK-
Ha BUKOPUCTOBYBATH JUIsl HABYAJILHOT BUOIPKH, & CIIOCTEPEHKESHHS — JUIsl TeCTOBOT [21-22].

B po0oti BUKOpHUCTaIU OJIUH 3 BHIIB MTEPEXPECHOTO OIliHIOBaHHS — Leave one out cross validation.
CyTb HOro momArae B TOMY, L0 IPOBOAWUTHCS OJMHUYHE OLIHIOBAHHS OJHi€] TOYKH, pelira — Ha-
BUaJIbHA BUOIpKa.

CriouatKy, BUIIy4aloud 3 PO3paxyHKiB MEpUIy eKCIIEpUMEHTANBHY TOUKY (c1, P1), peiTy eMmipud-
HUX JAHUX alnpOKCUMYIOTh 33/IaHOK0 (YHKII€I0 1 3HAXOMATh MiATIHHI mapameTpu. BukopucTtoBytoun
OLIIHKY X MapaMeTpiB Ta KOHLEHTPALIIO ¢i, 00YHCIIOIOTH IPOTHO30BaHy HMOBIPHICTb P;. [otim o
HaBUYaJIHHOI BHOIPKH MOBEPTAIOTh TOUKY (c1, P1) Ta BUIy4aroTh (¢, P,). Ilporenypy nmoBTopioots N
iTepaliif, OTpUMYIOUHM HaOip MPOTHO30BAaHMX 3HAYEHb WMOBIPHOCTEH I KOXKHOI KOHIIEHTpAaLii P;,
i=1...N.

KpuTepii agekBaTHOCTI NPOrHOCTUUHOI CMPOMOXHOCTI (byHKLUiIN po3noginy iiMoBipHOCTe#H

3acTOCOBYBaBCSI KOMIUIEKC CTATUCTHYHHMX KPUTEPIiiB BiAMOBIAHOCTI MigiOpaHUX METOAOM Iepe-
XPECHOTO OIIHIOBaHHS WMOBIPHOCTEH PO3MOJINIIB 3 €MIIPUYHUMU HMOBIPHOCTSAMH: KOEQili€HT JIi-
HilHOT Kopensiii Mixx P ta PV — mporHo30BaHoI0 MMOBIPHICTIO, aHANi3 HEB 30K Ta PO3PAXyHOK
CTaTUCTUKHM ’, a TAKOXK aHaJli3 3HaY€Hb KOE(III€HTIB KOPEISAILii MiX IiAMHHAUMH [apaMeTPaMH.
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KoedimienT miHiiHOI KOpemsmii po3paxoByBaBCs MiK HMOBIPHOCTSIMH, OTPHUMAaHHMU METOAOM
MIEPEXPECHOr0 OLIHIOBAHHS Ta EMIIPUYHUMH 32 (OPMYJIOO

_ 2P PP P
N e

Yum Ommxue po3paxoBaHuil koedilieHT kopemauii Ao 1, THM anpokcumyroya (QyHKIis BBaxkajacs

a/IeKBaTHILIOLO.
[IpoBoauBCS, TAKOXK, aHANI3 HE3BaKEHUX HEB'SI30K
__ pemp CvV
Ei_P i — P 4)
3a KONMBaHHAM 3HaYeHb HEB'A30K Bix -1 mo +1 BimHocHo Bici PV poGHIM BHCHOBOK OO
a/IeKBaTHOCT1 MOJIeNIi (UMM PiBHOMIpHillle pO3TallyBaHHs, TUM aJeKBaTHiIIa MoAems [23]).

CTaTuCTHKY )° pO3paxOByBaIIH SK
2 2
X'=2.58" )

OTpyrMaHi 3HaUYeHHs CTATHCTHKHU ) MOPIBHIOBAIM 3 KPUTUYHUM 3HAYEHHSAMH, Y BUIIAJKy BUKOHAHHS
HEpIBHOCTI

3)

2_.2
X <Xt,5% (6)
. 2 o . 2
€ f — YMCIIO CTYNEHIB CBOOOMM, X 50, — S%0-Ba TOUKA PO3MOMLLY X ~ 3 f CTyHeHsAMH CBOOOIH, MOJIETH
BU3HABAJIaCs aJ€KBAaTHOIO.
OwuiHioBay, TaKOX, 3HaUCHHA KOe(]iLi€HTIB KOpEIALil MiXK MATIHHUMHU TapaMeTpaMu

D.

§;=——— 7
i TﬁDﬁ (7

ne Dy, Dy, D; — eneMeHTH KoBapiallitHUX MaTpHIlh MiATIHHUX ITapaMeTpiB, po3paxoBaHUX 32 alropH-
T™MOM, HaBeeHuM y [23]. Ilpu 3Ha4eHHAX s; 6Mu3bKuX 10 +1 Moaens nepeBr3Hayena [9].

EkcnepuMeHTanbHi AaHi, pe3ynbTaTi Ta iX 06roBopeHHs

BimomMocTi mpo MeTOAMKH BHSBIIEHHS MpeacTaBieHi B poborti [ 10]. XpoMoreHHi peakuii mpoBou-
JMcs B PO3YMHAX, Ha (UIBTPYBaJbHOMY Mamepi, pearecHTHUX IHAMKATOPHHUX Marepax, MiHOMOiy-
peTaHi, TOBEpXHi TEIIF0 METHIKPEMHIEBOI KUCIIOTH, (PTOPOTUIACTOBUX IUIACTHHAX, JKECJIATHHOBHX IIJTi-
BKaXx; JOCHIJDKyBaJIMCS Peakiii pi3HOTO THITY 33 y4acTIO IIMPOKOTo HaOOpy peareHTiB Ta aHAIITIB.

ExcniepyMeHTanbHi JaHi 32 JOMOMOTOI0 METOIY TMEPEXPECHOr0 OLIHIOBaHHS alPOKCHMYBATUCS
(hyHKIISIME €KCTIOHEHIIIHHOTO, HOPMAIILHOTO Ta JIOTICTHYHOTO PO3IOALTIB Po3paxyHKy poBOIMIIHCS
3a JONOMOTOI0 TIPOrpaMHOTO nakeTy Matlab.

Jlnst BCiX METOAMK OyJM PO3paxoBaHi 3HAYEHHS CTATUCTUKH ), KOE]IliEHTH KOpENALii 3 emItipu-
YHUMH 4aCTOTaMH, a TAKOK KOS(IIIEHTH KOPEJIALil MK apameTpamu (Tadiuiii 2-4).

Ta6muns 2. CraTuctuka y* 1y EKCIIEPUMEHTAIIBHAX JAHUX
Table 2. y” statistics for experimental data

% PO3paxoBaHi 3a piBHAHHAM (5)
Meroauka* y?, calculated by the equation (5)
Method* Excnionenniitauii posmonin | Jlorictruunmii po3mogin | HopmampHuiA po3moin )
Exponential distribution Logistic distribution Normal distribution Krs%
2 2.24x10 1.30x107 1.40x107 12.59
4 1.60x107 1.10x107 1.10x10° 14.07
5 1.54x107 2.00x10* 2.00x10* 15.51
6 1.90x102 2.90x10? 1.70x107 12.59
7 4.09x107 7.60x107 6.70x107 11.07
8 2.94x10"" 3.70x10? 2.10x10° 9.49
9 6.49x10" 1.50x10° 3.10x10° 9.49
10 7.50x107 9.00x10* 1.00x107 14.07
11 8.10x107 7.00x10 5.00x10"* 14.07
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12 8.00x107 2.00x107 1.50x107 11.07
13 1.00x10? 1.15%107 1.14x107 11.07
14 2.33x107 8.10x107 7.00%107 11.07
15 2.93x107 1.60x107 1.80x10° 15.51
16 4.80x10°° 8.00x10"* 8.00x10™ 14.07
17 1.74x107 1.30x10° 1.00x10°° 9.49
18 2.04x107 1.50x107 1.40x107 12.59
19 2.04x107 9.20x107 9.70x10° 11.07
20 1.66x107 9.00x10"* 7.00x10* 11.07
21 2.73x107 1.97x107 1.93x107 12.59
22 7.92%107 1.02x102 1.07x107 7.81
23 2.00x107 2.40x10° 2.70x107 14.07
25 1.74x107 4.00%10* 5.00x10* 12.59
26 3.56x10"! 3.00x10"* 9.00x10* 7.81
27 2.70x107 9.70x10° 9.30x10° 9.49

* TyT 1 1aji HOMep METOAMKH Bi/IOBiae HoMepy B poOoTi [10]

* here and below, the method number corresponds to the number in the [10]

Taoauus 3. KoedimienTn MiHIAHOT KOpesLii MK EMITIPUYHAMHE Ta MPOTHOCTHYHUMHU HMOBIPHOCTSIMU

Table 3. Linear correlation coefficients between empirical and predictive probabilities

R?, po3paxoBanuii 3a piBHAHHAM (3)
MeTtomuka R, calculated by equation (3)
Method ExcnioHeHIiHHUH po3moiT JlorictuaHuit po3momin Hopwmansauii posmozin
Exponential distribution Logistic distribution Normal distribution
2 0.945 0.995 0.995
4 0.983 0.988 0.988
5 0.930 0.999 0.999
6 0.941 0.992 0.995
7 0.913 0.974 0.977
8 0.818 0.992 0.996
9 0.592 0.997 0.993
10 0.956 0.994 0.994
11 0.956 0.996 0.997
12 0.943 0.985 0.988
13 0.862 0.844 0.845
14 0.913 0.966 0.970
15 0.919 0.995 0.995
16 0.969 0.995 0.994
17 0.923 0.993 0.994
18 0.927 0.994 0.995
19 0.947 0.966 0.964
20 0.923 0.995 0.996
21 0.838 0.887 0.889
22 0.773 0.958 0.956
23 0.979 0.974 0.970
25 0.945 0.999 0.998
26 0.961 0.999 0.998
27 0.991 0.968 0.970
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Tabnuus 4. KoediuieHTn Kopensuii Mix NiAIHHAMY TapaMeTpaMu
Table 4. Correlation coefficients between fitted parameters

Sjj, pO3paxoBaHi 3a piBHIHHAM (7)
MeTtoauka s, calculated by the equation (7)
Method ExcnioHeHIiHHMA po3moaiT Jlorictuanuit po3monin Hopmaneauit po3nogin
Exponential distribution Logistic distribution Normal distribution
2 0.618 0.051 0.053
4 0.878 0.202 0.216
5 0.717 0.035 0.041
6 0.504 0.449 0.463
7 0.635 0.039 0.041
8 0.501 0.002 0.009
9 0.549 0.017 0.002
10 0.800 0.128 0.144
11 0.772 0.032 0.036
12 0.875 0.257 0.278
13 0.907 0.206 0.215
14 0.749 0.089 0.101
15 0.527 0.014 0.010
16 0.815 0.178 0.198
17 0.832 0.005 0.005
18 0.661 0.041 0.028
19 0.643 0.036 0.040
20 0.818 0.108 0.122
21 0.802 0.595 0.629
22 0.821 0.511 0.545
23 0.887 0.522 0.556
25 0.683 0.074 0.082
26 0.652 0.298 0.286
27 0.703 0.256 0.253

AHaJi3 OMMCAaHNX CTATHCTUIHUX KPUTEPIiB IMOKa3y€e HACTYITHI pe3yabTaTH. 3a 3HAUYCHHAMHU KPHUTE-
pito y* (Tabn. 2) BCi ampokcumyrodi (GyHKIii MPU3BOAATE IO aAE€KBATHMX PE3yJbTaTiB. 3HAYCHHS
KoeiIieHTIiB JTiHIHHOT KOpEAIii MK EMITIPUIHAMH Ta MPOTHOCTUYHUMH WMOBiIpHOCTSIMH (Tabi. 3),
OKpiM TIOOJMHOKUX BUNAIKIB (HANpUKIal, cripoba ampoKcHUMyBaTH cucTeMy NeQ excroHeHIiHHUM
PO3MOAITIOM), TaKOX AEMOHCTPYIOTh aJEKBATHICTH MPOMOHOBaHMX Mojenei. LlikaBimmM BUSBUBCS
aHaJli3 HeB'A30K Ta 3HAYeHb KOe(IIlieHTIB KOPEIAIii MiXK MiATiHHUMHU TTapaMeTpaMH JUIsl alfpOKCHMYIO -
ynx QyHKIIA (Tabn. 4). Bei 6e3 BUKIIOUSHHS 3HAYEHHS §j;, pO3paxoBaHi Uil MATIHHUAX MapaMeTpiB
eKCTIOHEHLIHHOTO po3noAiay nepeBuiytots 0.5, y aeskux Bunaakax csrarouun 0.91 (cuctema Nel3),
0 BKa3y€ Ha JOBOJI CHJILHUH B3a€MO3B’S30K MiX MiATiHHAUMH MapaMeTpaMH, 110, y CBOIO 4Yepry,
CIPUYHMHSIE HEraTUBHUH BIUIMB Ha CTIMKICTh 3HANIEHUX OIIHOK Ta iX MPOTHOCTHYHY 3AAaTHICTh. bimbmn
toro, st 80% METOAMK PO3MOIii HEB'SI30K JIJIsi EKCIIOHEHITIHHOT (PyHKIIIT HEe TPU3BOIUTH JI0 a/ICKBAT -
HUX pe3yJIbTaTiB, HATOMICTh JIOTICTUYHHHA 1 HOpMaJbHUH PO3MOAUIM MOKAa3YIOTh XapakTepHY VI
aZIcKBaTHUX MOJEJICH TOBEMIHKY HEB'S30K. XapaKTepHHH TPHKIIA HaBEIeHUN Ha puc. 2 (cHcreMa
Ne§).
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Puc. 2. Po3nonin HeB’s130k y BUNaAKy anpokcumanii cucremu Ne8 (yHKIISIMA €KCIOHEHIIIHOro (M), JIOTicTH-
qHOTO ( A) Ta HOPMAJIBHOTO (®) PO3IO/LIiB

Fig. 2. Distribution of residuals in the case of approximation of system No. 8 by exponential (m), logistic (A)
and normal (e) distribution functions
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Puc. 3. Emmipuuni 3anexnocti P°™ Ta iX anmpokcuMaris (pyHKIisSIMH eCIIOHEHIiHEOr0 PP, orictmanoro P°¢ ta

HOpMAaJTBHOTO P™™ pO3MOiIiB Ta IX CHIBCTAaBICHHS 3 aHAIOTIYHUMH, PO3PAaXOBAaHUMU 3 3aTYICHHSAM HPOLETYPH
. ex lo norm . .

kpoc-amimaii (Poy , Pov , Pov BiTOBiTHO)

Fig. 3. Empirical dependences P™ and their approximation by exponential P®*, logistic P*°¢ and normal P™™

distribution functions and their comparison with similar ones calculated using the cross-validation procedure

ex] lo norm .
(Pevs Py, Py, respectively)

VYcminHicTh 3aCTOCYBaHHS METOLY IEPEXPECHOTO OLIHIOBAHHS MOYKHA MOMITHTH i HA HACTYITHOMY
npukiiazi (tectoBa Meroauka NeS, puc. 3). s eKCIOHEHIIIIHOTO PO3IOALTY 3 KpOC-BaiIaIli€ro Ha-
BiTh Bi3yaJIbHO CIIOCTEPIraeThCs BiIIMIHHICTD QYHKIIIT, po3paxoBanoi 3a pomomoroto MHK Bin dyHK-
1ii IepeXpecHOro OIiIHIOBAHHSI.

BucHoBkM

3anpornoHOBaHO METOJ IePEBIPKU MTPOTHOCTHUYHOI 3aTHOCT] (DYHKIIIH €KCIIOHEHIIITHOTO, JOTIiCTH-
YHOTO Ta HOPMAJIBHOTO PO3IOAUTIB JJIsA arpoKCHMaIlii 00racTi HEHaMIHHOCTI TECTOBHX METOAWK 3
OinapHuUM BiaArykoMm. [yt okpeciieHHS HaOopy (YHKIIH, MO0 MOXKYTh OyTH BHKOPHUCTaHI B OIHII
METPOJIOTIYHUX XapaKTEPUCTUK METOAUK TECTOBOTO aHali3y, OyJ0 BHKOPHCTaHO MPOLEAypy Mepe-
XPECHOTO OILIHIOBAHHA. AHaJi3 KOMIUIEKCY CTATUCTHYHUX KPHUTEPIiB a/IeKBaTHOCTI MIOKa3aB MepeBary
BUKOpHUCTaHHs (DYHKII HOPMAJILHOTO Ta JIOTICTUYHOTO Po3Mo/iiB. DyHKIIisS eKCIIOHEHIIITHOTO PO3-
MOJUTY HE XapaKTepU3y€eThCc NPUHHATHOIO TPOTHOCTHYHOIO 3AaTHICTIO.
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A.V. Panteleimonov, N.O. Nikitina. Verification of the predictive ability of some probability distribution functions in
test analysis.

V.N. Karazin Kharkiv National University, 4 Svobody sqr., 61022 Kharkiv, Ukraine

The increased interest of analytical chemists in test methods of analysis is due to their expressivity and relative
simplicity of implementation. There is no doubt about the need for test methods for the analysis of toxic sub-
stances in the environment, food products and general consumer goods. Test analyses can also be useful in
medical diagnostics, drug and doping control. Along with the increase in the number of test systems on the mar-
ket, theoretical methods for determining the metrological characteristics of test analysis methods are also devel-
oping rapidly. The selection of a probability distribution function and the estimation of their parameters in qualita-
tive analysis procedures with a binary response and semi-quantitative determination methods is a well-studied
problem. At the same time, relatively little attention has been paid to such an aspect as the assessment of the
predictive ability of such models. Most often, it is necessary to estimate the value of the threshold concentration
for the probability of detecting a component that goes beyond the studied area of unreliability of the test reaction.
In this work, for this purpose, the cross-evaluation procedure was used - a method for studying the predictive abil-
ity of mathematical models.

A comprehensive method for assessing the predictive ability of probability distribution functions for analyte de-
tection in qualitative chemical analysis methods is proposed. Based on the results of calculations, probability dis-
tribution functions characterized by maximum predictive ability are determined. The increased interest of analyti-
cal chemists in test methods of analysis is due to their expressivity and relative simplicity of implementation.
There is no doubt about the need for test methods for the analysis of toxic substances in the environment, food
products and general consumer goods. Test analyses can also be useful in medical diagnostics, drug and doping
control. Along with the increase in the number of test systems on the market, theoretical methods for determining
the metrological characteristics of test analysis methods are also developing rapidly. The selection of a probability
distribution function and the estimation of their parameters in qualitative analysis procedures with a binary re-
sponse and semi-quantitative determination methods is a well-studied problem. At the same time, relatively little
attention has been paid to such an aspect as the assessment of the predictive ability of such models. Most often,
it is necessary to estimate the value of the threshold concentration for the probability of detecting a component
that goes beyond the studied area of unreliability of the test reaction. In this work, for this purpose, the cross-eval-
uation procedure was used - a method for studying the predictive ability of mathematical models.

A method for testing the predictive ability of exponential, logistic, and normal distribution functions for ap-
proximating the uncertainty region of binary response test methods is proposed. A cross-validation proce-
dure was used to define a set of functions that can be used to assess the metrological characteristics of test
analysis methods. Analysis of the set of statistical adequacy criteria showed the advantage of using normal
and logistic distribution functions. The exponential distribution function is not characterized by acceptable
predictive ability.

Keywords: test analysis, efficiency curves, uncertainty region, cross-validation, probability distribution
functions, statistical adequacy criteria.
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