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Awnnporanus B coBpeMeHHOI XuMuu Bce dYalle NPUMEHSIIOTCS METObI
MaImuHHOTO 06yuenusi. OmHON W3 3aJa4, KOTOPBIE PEIAIOTCS TaKUMU
METOJIAMH, SIBJISIETCS MPOTHO3UPOBAHUE CBOWCTB MOJIEKYJI. DTO MTO3BOJIS-
€T yCKOPUTH ¥ YJAENIEBUTH Pa3pabOTKy HOBBIX JIEKAPCTBEHHBIX CPEJICTB.
OTnIuTeIbHBIMU OCOOEHHOCTSIMU TAKOTO POJA 338784 SIBJISTFOTCS GOJIb-
masi pa3MEePHOCTb IMPOCTPAHCTBA IMPU3HAKOB, IIyM B 9KCIEPUMEHTAJb-
HBIX JIAaHHBIX, HEOJHOPOIHOCTh BBIOOPKHU. DT 0COGEHHOCTU TPEOYIOT J10-
MTOJTHUTE/TLHOTO aHAJIN3a U MPEJIOKEHUs] HOBBIX IOIXOJIOB.

Kpome Toro, B Takux 3ajiauax UCCIIEIOBATEIb JIOJXKEH ObITH yBEDEH B
CBOEM IIPOTHO3€, IOITOMY BasKHO MMETH OIEHKY TOYHOCTHU poruoza. O-
HUM U3 METOJIOB, KOTOPBIE MTO3BOJISIOT 9TO CIIEJIATH SIBJISTFOTCS KOH(MOPM-
HBIE [IPEUKTOPDL.

B nmannO# cTaThe paccMaTpuBaIOTCst KOH(MOPMHBIE TPEAUKTOPHI JIJIsT 3a-
Jla9d MHOTOKJIACCOBOH KJIACCU(MDUKAIUU. DTOT MOIXOJ IO3BOJISIET ITOJLY-
4YaTh JOBEPUTEJIbHbIE MHOXKECTBA Halepel 3a/JaHHOM BEPOSITHOCTH.

B pesynbrare ncciiemoBanus mpeioskKeHa HOBasi KOHMOPMHAs METPUKA
JIJIs1 TIOCTPOEHUsI KOH(OPMHBIX IIPEJIUKTOPOB B CIIyvae 3aa9u Kiaccudu-
Kaluu, pa3paboTraHa METOMKa [TOCTPOEHUsI PErPECCUU Ha OCHOBE KJIac-
CuUIUPYIOMUX AJTOPUTMOB, OIMUCAHHBIE METOIbI TPUMEHEHBI K MPAK-
TUYECKON 3ajlade M IIPOBEJEHO YHUCJIEHHOE MOJIEJIMPOBAHUE HA JAHHBIX
TEMIIEPATYPHI [LJIABJICHS.

Kuarouesbie ciioBa: KOH(MOPMHbBIE MPEJIUKTOPHI, KOH(MPOPMHAsT KJIACCH-
dukanus, TeMIepaTypa IIaBICHUs, XUMAIECKasi THPOPMATUKA

1 Bsegenue

B macrosiiee BpeMst MHTE/IIEKTYa IbHBIN aAHAIN3 JAHHBIX U MAIIMHHOE 00yYeHue
BCe Yallle IPUMEHAIOTCA B KadeCcTBe MHCTPYMEHTOB IIDOIHO3MPOBAHUA B ecTe-
CTBEHHBIX HAyKaxX. XUMUYecKass NHHOPMATUKA sIBJISETCH PA3/eJIOM XUMUU, B KO-
TOPOM 3THU METOJIbI UCIIOJIL3YIOTCS JIjIs 00paOOTKM JAHHBIX, TIOJIYIEHHBIX U3 IKC-
nepuMeHTOB [1]. Takue 3aaun CONPSIZKEHBI C PAJIOM CJIOXKHOCTEl, XapaKTepHBIX



MMEHHO JIJIl XUMUK: OOJIbIIast pa3MEpHOCTh ITPOCTPAHCTBA TPU3HAKOB, OIMUOKH
B 3aIUCAX JAHHBIX, HEYCTPAHUMBIH IIIyM B JJAHHBIX, HEOJHOPOJHOCTD IIPOCTPAH-
CTBa UPU3HAKOB [2,3]. DTu ciroxkHOCTH TPeOYIOT pa3pabOTKH HOBBIX MOIXOJI0B U
YCOBEPITIEHCTBOBAHUS CYIIECTBYOIIHX.

Backneitmum npuMenenneM XuMuH(GOPMAaTHKHU, HA KOTOPOE B HACTOSIIIEE Bpe-
Msl HAIIPABJIEHO 3HAYUTEJHLHOE YUCJIO HAYIHBIX UCCJIEI0BAHUN, SIBISETCA paspa-
6orka HOBBIX 3IEKTUBHBIX JeKapCTBeHHbIX cpeicts [4]. Uccnenosanus B nan-
HOI 06JIACTH UCTOPUIECKHU COMPSIZKEHBI ¢ GOBITMM KOJTMIECTBOM PETYIATOPHBIX
OrpaHUYEHNH, 3HAYUTEIHHBIMI BPEMEHHBIMU 3aTPATAMU, U, KAK CJIEJICTBHE, IKO-
HOMUYECKUMU U3JepKKaMu [5, 6].

['aBHBIM METOJIOM B 3TOH O0JIACTH ABJSIETCS IIOCTPOCHHE KOJMIECTBEHHBIX
Mozesieil crpyKTypa-cBoiicTBo (quantitative structure-activity (property) relation-
ships, QSAR/QSPR) [5]. Uues aroro Merosa 3ak/0UaeTcs B OCYIIECTBIICHUN
MOUCKA COeMHEHnit, 06/1a1ar0Mmx HeOOXOAUMBIMA CBORCTBAME, UCIIOJIB3ysl Ma-
Temarndeckoe Mojeaupopanue. Merog QSAR 5KOHOMHUT pecypehl M U yCKOPSIET
IPOIeCC Pa3pabOTKKM HOBBIX COCIMHEHMIA.

B manHoil cTaThe paccMaTpUBaeTC 3a4a49a MPOrHO3UPOBAHUST (PU3HKO-XUMHU-
YECKUX CBONCTB MOJIEKYJI ¥ TIOCTPOEHHS JOBEPUTENbLHBIX MHOXKECTB JIJIsI IIPOTHO-
3a C TOMOIHIO KOH(POPMHBIX TPEINKTOPOB. B obsacTu pa3paboOTKN HOBBIX JIe-
KapCTB 9Ta 3a/a9a MOsBJISIeTCsl €CTECTBEHHBIM 0OPA30M IIPH MOMBITKAX OIEHUTD
Te WJIM UHbIe CBOMCTBA MOJIEKYJI, KOTOPLIM JIOJ?KHO y/IOBJIETBOPSTH HOBOE JIEKap-
CTBEHHOE CPEJICTBO [7]: TOKCMYHOCTH, PACTBOPUMOCTb B BOJE U T. JI. B obsactu
OIIEHK! TOYHOCTHU IPOTHOo3a Mojeseii QSAR ncrnosb30BaImcs METOIbI Ha, OCHOBE
domain adaptation [8]. Kpome roro, B auccepraiuu [9] nposejen anaaus To4HO-
CTHU MPOrHO3a HA OCHOBE OIEHKM OOJIACTU IIPUMEHUMOCTH. [IpuMeHeHrne MeToIa
OJIMZKAMIINX coceeil JJIsI TeX »Ke IeJieil OIMCaHo B [10]. Tak>ke OIeHKY TOYHOCTH
IPOrHO3a TI0JIyYasd Ha OCHOBEe KOH(MOPMHBIX IPeAuKTOpos [11].

B nannoii pabore nmpeioxkeHa HOBas KOH(MOPMHAsA METPHUKA JIJIs HOCTPOe-
HUs KOHMDOPMHBIX IPEIUKTOPOB B CIIyvae 3a1a9u KIaccubuKanyum, pa3paboTana
METOJMKA, TIOCTPOEHHS] PErPECCHU HA OCHOBE KJIACCH(PUIMPYIONUX AJTOPUTMOB,
OIIMCaHHbIE METO/IbI IPUMEHEHBI K IPAKTUIECKON 3a/1a1e U IPOBEJIEHO INCIEHHOE
MOJIEJINPOBAHUE Ha JIAHHBIX TeMIepaTyphl wiasierns (melting point, MP).

Crarbst opranu3oBaHa cjeAyionmmM obpa3oM. B iepsom pasjesie onucana mo-
CTAHOBKA 3814491, BO BTOPOM Pa3/IeJIe ONMCAHbI KOH(OPMHBIE TPEJINKTOPBI, B TOM
qucsIe I 380491 KIacCubUKAIN, TPETHI PA3JIEN COMEPKUT ONMCAHNE JAHHBIX
JUUIsT SKCIIEPUMEHTA, 9eTBEPThIN Pa3JIesl MOCBSIIEH ONUCAHNIO BBIYUCIUTETHHOTO
9KCIIEPUMEHTa W pe3y/IbTaTaM pacdeToB, B 3aKJIOYEHUU NPUBEIEeHbl OCHOBHBIE
BBIBOJIBI.

2 IlocraHoBKa 3aga4m

CraBuTcs 3a7ja9a MPOTHO3UPOBAHUS (DU3UKO-XMMUIECKUX CBOMCTB BENECTBa Ha
OCHOBE CTPYKTYPBI MOJIEKY/bl. VMeeTcss obydaromas BbIOOpKa n3 N MOJEKYJI:
S ={(z1,y1),---,(xn,yn)} , BekTOp TIpH3HAKOB (MeckpumTopos) z; € RM nia
KaXKJI0il MOJIEKYJIBI coepKuT M 37IeMEeHTOB, KaXKJI0i MOJIEKYJe U3 00y Jaromei



BBIOOpPKU mpucBoeHa MeTKa y; € R. Heobxoanmo mocTpouTh ajropuT™M, KOTOPBI
HAa OCHOBE MMEIOIIEroCsi BEKTOPa JECKPUIITOPOB IPOTHO3UPOBAJI OBI IIEJIEBYIO TIe-
PEMEHHYIO.

Paccmorpena mocTaHOBKa, MPUBOJAIIAS 38/[ady PErPECCUU K MHOTOKJIACCO-
Boiil Kytaccudukaiuu. Pa3obbem umeroruiicss Habop JeficTBUTEIbHOSHATHBIX Me-
TOK Ha IMOJMHOYXKECTBA, U, IIPEJICTABUB UX KaK KJIACCHI, HA3HAYNM HOBBIE METKH.
ITocne sTOro mpuMeHNM aJrOPUTMBI MHOTOKJIACCOBOM KJIACCH(DUKAIIIH.

Pazo6bpem BBIOOPKY Ha KJIACCHI [T0 KBAHTUJISIM Paclpeiesiennsi BbIOopku. By-
JIEM JIEJIUTh UMEIONLYIoCs JIJTMHY BBIOOPKHU Ha HY>KHOE YHCJI0 KJIACCOB U OpaTh
B KaveCcTBe IPAHUI] KJIACCOB 3HAYMEHUS IEJIeBOI IIepEMEHHO, COOTBETCTBYIOIINE
[TOPSIIKOBOM CTATUCTUKE C YKa3aHHBIM HoMepoM. [ljist manubix MP paszmennm
BBIOOPKY Ha 10 KJ1accos.

3 KouadopMHBIE TPEeINKTOPHI

Bo MHOrEX IpUIIOKEHUSIX MAITUHHOTO O0OyYeHUs] BayKHBI HE TOJIBKO CAMU IIPEJI-
CKa3aHUs, HO U JIOBEPUTEJIbHbBIC NHTEPBAJIBI JJIs 9TUX peicka3anuii. Hampumep,
B 3aJ1a4aX MEUIMHCKON IMArHOCTUKYA HEOOXOJUMO MMETh HAJEXKHbIE MPEJICKa-
3aHWUS U UX JIOBEPUTEJHHYIO BEPOSITHOCTh. K TaKUM HMPUJIOKEHUSIM TAK?Ke OTHO-
CUTCsT XUMIYIecKasi nHMOPMATHAKA, KOTJA PACCMATPHUBAIOTCS 3889l TPOrHO3H-
poOoBaHUsA TaKUX BEJINYINH, KaK TOKCUIYHOCTb.

TTosxo, OCHOBAHHBIN Ha KOH(MDOPMHBIX IIpeuKkTOpax [12,13], nossosaser jjist
3a/IaHHO} BEPOSITHOCTH ITOJIYIUTH HE TOJIBKO CaM IIPOTHO3, HO U €0 JOBEPUTEIb-
HbBII nHTEpBas (WK IOBEPUTEILHOE MHOYKECTBO B cirydae Kiaccudukanuu). Enre
OJTHOU OCOGEHHOCTBIO ITOTO METOJIA SBJISIETCS BO3MOXKHOCTH HACTPAUBATH YPO-
BEHb JIOBEPHSI, ITO MPUBOJUT K NU3MEHEHUIO [MTUPUHBI HHTEPBAJIA.

KondopMHubIe IPEAUKTOPBI UCHOIB3YIOT IPE/IbIIYIIHI OIBIT JIJIs OIpeIesie-
HUSI BEJUIUHBI JOBEPUTEIHLHOIO MHOXKECTBA JIJIsi HOBBIX Ipeickazanuil. IlycTo
JlaHA BEPOATHOCTH € W AJITOPUTM, KOTOPBIl TeHepupyeT npeickasanue y. Torma
OIACBHIBAEMBIH METOJT MTO3BOJISIET MOy IUTh MHOYKECTBO, BKJIIOYAOINIee B cebs 4,
KOTOPOE TaK»Ke COJEPKUT MCTHUHHOE 3HAYEHUE Y C BEPOSTHOCTHIO 1 — £. DtoT
METO/T MOYKET IIPUMEHSITHCS K JIIOOOMY AJITOPUTMY MAITHHHOTO O0YYI€HUSI.

I'naBubiM TpeboBanmeM ist pabOTHI ITOTO IOJIXOJIA SIBJISETCS B3aMMO3aMe-
HSIEMOCTH JTAaHHBIX. VIHAYe TOBOPSsI, JaHHBIE JOJKHBI OBITH HE3ABUCUMBI U OJIHHA~
KOBO PAaCIIPEJIEJIEHBI. ITO JOCTATOYHO CUJILHOE yCJIOBUE, KOTOPOE, TEM HE MEHee,
BBITIOJIHSIETCST B OOJIBIITTHCTBE BO3MOXKHBIX TTPUJIOXKEHMIA.

Wcrosib3yeMblii jijist TO9€IHOrO IIPOrHO3a aJTOPUTM OIIPEIENSIeT MePY HEKOH-
dopMHOCTH, KOTOpasi BLIPayKaeT, HACKOJIBKO HETUIINIHBIM SBJISETCS MTPEICKA3bI-
BaeMbIil OOBEKT IO OTHONIEHUIO K IIPEJBIILYIINM 00bEKTaM.

ITocne 3amanust Mepbl HEKOH(MOPMHOCTHU U BEJIMIUHBI €, BBIYACIISIETCS MHOXKE-
¢TBO 1. DTH MHOXKECTBA UMEIOT BayKHOE CBOMCTBO BJIOYKEHHOCTHU, XapaKTEPHOE
JUTSL TOBEPUTEIBHBIX MHTEPBAJIOB: IIPU €1 > £ BepHO, uTo I'°1 C I'*2. HazoBeMm
JIOBEPUTEJIbHOE MHOXKECTBO YPOBHS € BAJIUJIHBIM, €CJIM OHO BKJIIOYAET B ceOs
ucruanyio Metky B (1 — €)% ciyqaes.



HazoBeM MyJIbTUMHOMKECTBOM a1, ... , Gy MHOMXKECTBO, IIOJYJIEHHOE U3 IO-
CJIEZIOBATEIBHOCTHA @1, . .. ,0yp, ACKJIIOYAB HHAMOPMAIMIO 00 YIIOPSIOYEHHOCTH
9JIEMEHTOB. DTO MMOHSTHE BaXKHO JJIs1 ONpeJiesieHust Mepbl HeKoHdopMHocTh. Ha-
30BEM TAKO¥ Mepoii CJie/IyIoliee ceMeiCTBO OTOOPaYKEHMIA:

A (2" % (2) 5 R,

rie (Z)"~! — mymbruMHOKecTBO 06HeKTOB (7, ¥) pasmepa n — 1. Mepa ompeie-
aser uucaa «; = An (121, oy Zie1, Zit1, « -+, Znl, %), BBIPAXKAIOIIUE, HACKOJIBKO
00'bEKT 2; OTJIMYEH OT OO'bEKTOB B MYJIBTUMHOMXKECTBE |21, « ..y Zi—1, Zidls -« Zn)-
Camu 110 cebe umcia «; He HECYT MHOIO MH(OPMAIIUH, OJHAKO HO3BOJISIOT
cpaBHUBaTH 00beKTHl. Hampumep, MBI XOTUM IOJYYUTh TaKyl MH(MOPMAIIIO O
HOBOM IIPEJICKA3AHUM (41, Unt1). LOT/IA MBI MOYKEM IOCUUTATH BEJIUIUHY

#i=1,...n4+1: a; > aps1}
n+1

p(gn-‘rl) =

OTa BeJIMYMHA TPUHUMAET 3HAUEHHUS MEXKILY n%_l u 1, HazoBeMm ee p — value.
BaxXabIM CBOHCTBOM 3TOH BEIUUUHBI ABJISIETCS CJACAYIONEe HEPABEHCTBO:

P(lz1, o5 201§ 2 p(Yny1) <0) <6,

JIOKA3aTeIbCTBO TOTO yTBEpKIeHus npubeneHo B [14]. Takum obpasom, ecam
HabJrofaeTcss p — value HEKOTOPOH METKU MEHbBINe Halepe]l 3aJaHHOi MAaJIoi
BesimanHbl, Hapumep, 0.05, 3170 o3Ha4YaeT, YTO MeTKa MaJyioBepositHa. CiieroBa-
TEJIFHO, TIPU 33/IAHHON BEPOSITHOCTHU 1 —& KOH(MOPMHBIE IIPEINKTOPBI TEHEPUPYIOT
MHOYKECTBO

Ire={y: ply) >e}.

3.1 Koudopmuas kjgaccudukanms

Paccemorpum 3amaay mHOTOKTaccoBoit Kitaccudukaruu. [lycrs y Hac ecTh BHIOOD-
ka S ={(z1,v1), --., (xn,yn)}, oBo3HAYMM 38 2; napy (T, ;). ¥i € {1, ..., K},
rae K — amcio kmaccos. [Ipn MHOTOKJIaACCOBOM KTACCU(PUKAIINA UTOTOBOE TIPE -
cKazaHUe IpejcraBisger coboit K dmces, KOTOpble MOXKHO Ha3BaTh BEPOSITHO-
CTSMU HCXOJIOB TS 00beKTa T;, 0G03HAUEM X 0}, ... oX. Jlna nanmoit 3amaqn
BBIOOpPKa Pa3dbMBAETCsl HA, TPEHUPOBOYHYIO, KAJIMOPOBOYHYIO U TecTOBYIO. lasee
ornpejiesisieTcss Mepa HeKoHGpOopMHOCTH A, KOTOpasi MOPOKIAETCS aJrOPUTMOM
kiaccundukarmuun. Ha TpernpoBowunoit BeIOOpKe 00ydaeTcss 0A30BBI aJrOPUTM,
Ha KaJuOPOBOTHON PACCIUTHIBAIOTCI Mephl HeKoHpopMHOCTH. [Ipu mocTpoennn
[IPOrHO3a HA TECTOBON BBIOOPKE pacCUUTHIBAIOTCS K 3HAYeHUN Mepbl HEKOH-
dbopMHOCTH JIj1si 00bEKTa JJIs BCEX BO3MOXKHBIX UCXOJIOB, 3aTe€M JIJI KaXKJI0r0 U3
BO3MOKHBIX MCXOJIOB 3HAYEHUS MePhl HEKOH(MOPMHOCTH CPABHUBAKOTCS CO 3HAUE-
HUSMY Ha KaJIHOPOBOYHON BBIOODKE JJIst TTOJIydenus: p — value. B urorosoe Muo-
JKECTBO TPEJICKA3aHMI BXOJAT KJIACCHI, JIJIsT KOTOPBIX p — value 6oJbile ypOBHs
JoBepusi. ToYedHbI IPOTHO3, TPOU3BOIUMBIH KOH(MOPMHBIM ITPEIUKTOPOM — 3TO
KJIACC, UMeouil Makcumasibaoe p — value. Iloaromy KadecTBo KiaaccuduKanum
MOZKET OTJINYAThCS OT UCIOIB3YeMOro 0a30BOI0 ajrOpUTMA.



O6ozHaunM 3a © UCTUHHBIN KJjacc o0bekTa x;: u = y;. OxKumaercs, 9To
MAKCHMAJIBHOE U3 9HCeN 0, ... 0X cooTsercTByer mermrHOMY Kitaccy u. Takum
obpa3zom, 06beKT TeM bosiee KOHMOPMeEH, TeM OOJIbIIe COOTBETCTBYIONIEE NCTHH-
HOMY KJIACCY YHCJIO, TO €CTh, YeM yBepeHHee oH Kjaccudurmpyercs. Haobopor,
yeM 0OoJIbIlle 3HAYEHNUsI, COOTBETCTBYIOIIHE JIPYIUM KJIaccaM, TeM MeHee KOHMOp-
MEH pacCMaTpUBaeMblil 00beKT. Torma paccMOTPUM MaKCUMYM CPEJIA YHCEe]T, KO-
TOPBIE COOTBETCTBYIOT KJIACCAM, OTJIMYHBIM OT UCTUHHOTO:

- max  o].
j=1,...K,j#u

ITocsie 9TOrO BO3MOXKHO ONPEIETNTL Mepy HekoHpopMHOcTH [15]:

;= max o — ol (1)
Jj=1,...K,j#u

DTa Mepa MOKeT ObITh OIPe/IeIeHa Ha TPOU3BOJBHOM AJITOPUTME KjaccuduKa-
nun. Hanpumep, 1715 caydaifHOro jieca 9TH BEPOSITHOCTH OIPEENIAI0TCA KaK J10-
JIML JIePEBbEB, TIPOTrOJIOCOBABINIX 3a JAHHBIN Kiacce [16]. CaMu gepeBbsi pereHuii
TEeHEPUPYIOT TAKUE BEPOATHOCTH B BUJIE YACTOT MMONAIAHUI OOBEKTOB U3 00y va-
fo1ell BBIOOpKU B KOHKpeTHbI juct [17]. st HelipoHHBIX cerTeii BEpOATHOCTU
MOJTyIAI0TCsT €CTECTBEHHBIM 00pa3oM mocie softmax cmost [15].

Oj1HaKO, BO3MOXKHOCTH ITPOU3BOJILHOTO BBIOOpA Mepbl HEKOH(MOPMHOCTH OT-
KPBIBAET IIHPOKHE BO3MOXKHOCTH JIJIsT 9KCIEPUMEHTOB. B nannoit pabore mnpe-
JIOXKE€HA HOBasi Me€pa HEKOH(MOPMHOCTHU, KOTOPast B PE3YJIbTATE BBIUNCIUTEHHBIX
9KCIIEDUMEHTOB IIOKa3bIBAET JIydlllee KadeCTBO 110 CPABHEHUIO C IIPUBEJICHHOI
BBIIIE CTAHIAPTHON Mepoil. OpesesinM HOBYIO MEPY CJIELYIONIUM 00pa30M:

1 1

- - :
0; +7 max o] +7
G=1, K

o =

)

TJIe Y — HEKOTOPOEe MAJIOe YUCJI0, BBOANMOE BO M30€KAHWE JICJIEHUS HA HOJIb.
B 10 ke Bpems, B ciIydae paccCMaTPUBAEMON 3a/1a41, 8 UMEHHO ITPU CBEJICHIHT
perpeccur K MHOTOKJIACCOBO# KJtacCu(DUKAIUIHU, Ty MEPY MOXKHO YJIyUIlIUATh.

Jj—u 1
= L” +’y| B max o+~ @)
‘ J=1,. K.jtu v

Muoxkuress |j —u| nossisercsa 6aarofaps CTpyKTyPe PACCMATPUBAEMOI! 3a1a9H.
ITockobKy HOMEpa KJIACCOB YIOPSIO9YEHb], U, BOOOIIE FOBOPS, IIPEACTABIIAIOT CO-
6011 BozpacTalomye yCpeJHeHHbIe 3HAYCHUs JeHCTBUTEILHO3HAYHBIX METOK, BO3-
MOKHO BBECTHU PACCTOTHUE MEXK LY KJIACCAME, U PACCMATPUBATH 9TOT MHOXKUTEIh
KaK CBOErO POJia MEHAJU3AIUIO, TO €CTh, O0BLEKT TeM 06oJiee HEKOHMOPMEH, YeM
JaJblie IPEICKA3aHHBIA KJIaCC PACIOJIOXKEH OT UCTUHHOTO.

Cy1ecTByeT HECKOJIbKO KPUTEPHEB Il U3MEPEHUs KadecTBa KOH(POPMHBIX
npenckasanuit [18]. Tlepseiit u3 HUX — TOYHOCTH KOHGMOPMHOTO TPEIUKTOPA, TO
€CTb, YMCJIO BEPHBIX IIPeJCKA3aHuil, CreHepUPOBAHHLIX Ha OCHOBE MAKCUMAJILHO-
ro p — value.



Kpome Toro, uamepsiercst cpeqauii pasmep KOH(MOPMHOIO IPeICKA3AHUS:

1 k
I G)l
=1

rae k — JJIMHA TeCTOBOU BLIOOpKH. 2KesaTe/bHo, ITOOBI 9TOT MOKa3aTeIb ObLI
KaK MOKHO OJIMzKe K eIUHUIIE.
Eie ogHoli MeTpukoii KauecTBa sBJISIETCH CpejHee 3HadYeHune p — value:

1k

i=1 vy

SHadueHue 3TO METPUKU TEM JIydIlle, 9eM OHO MEHbIIIE.

4 Onucanne JaHHBIX

st mpoBeIeHnsT BHIYUCTUTEIBHBIX SKCIIEPUMEHTOB ObL/T BHIOPAH HAOOD JTaHHBIX
9KCIIEPUMEHTAJIbHO U3MEPEHHOI TeMIlepaTyphl ILJIABJIEHUs BEIIECTB.

Jaracer MP mosiyuen u3 onucaHwii AaTEHTOB XUMHUYECKUX COEIUHEHU, B
KOTOPBIE BKJIIOYAIOTCS IKCIIEPUMEHTAIHLHO U3MEPEHHBIE (DPUBUKO-XUMUIECKHE Be-
JIMYUHBL. DTOT HADOP JaHHBIX cocTouT u3 N = 271537 MoJiekys, KOTopble To-
JIyI€HBI U3 UCXOIHOrO JATACEeTa II0CJIe UCKIIIOUEHNUS sIBHBIX BHIOPOCOB M OIMOOK
JJaHHBIX. EI‘O OCO6eHHOCTbIO SIBJIAETCS BBICOKUIA YpOBEHb IIyMa B JaHHBIX, TO
€CTb, [IPY 3aHECEHNH 3AIMCHA B IIATEHTHI, MOI'YT OBITH HCIIOJIB30BaHbl HE TOYHBIE
3HAYEHUsI TEMIIEPATyPhbl, & MHTEPBAJIbI, B KOTOPBIX JIE2KUT UCTUHHOE 3HAYEHWE,
WA MOXKET OBITh YKa3aHO, ITO TEMIIEPATYPAa BBIIIE WX HUXKE HEKOTOPOTO 3HA-
gennsi. Kpome TOro, n3aMepeHne TeMieparypbl IJIABJIEHIS MOXKET ObITh CJI0XKHO
B 9KCTPEMAJIbHBIX CJIydasiX, eCJId TeMIepaTypa 3HAaYUTeIbHO Hu3Kasd (Huzke 50
IPaJyCcoB) WM 3HAYUTEIBHO BhicoKast (cBbime 250 rpasycos). B pesysibrare sTo-
r'0, CIIPOrHO3UPOBATH 3TY BEJUUYUHY CO CPEJTHEKBAIPATUIHON OMMNOKON MEHBbIIIE,
geM 35 — 3T0 HempocTas 3ajaa4a [2].

Kaxkmas mostekyia npejcrasiena 3amucbio SMARTS, koropas siBiisieTcst cum-
BOJIBHOM 3aIUChI0 CTPYKTYPHI I'pada monekysnsl. Ha ocaoBe SMARTS paccun-
TBIBAIOTCSI MOJIEKYJISIPDHBIE JIECKPHUIITOPBI, KOTOPBIE MCIIOJIb3YIOTCS KAK BEKTOPBI
[IPU3HAKOB J[jIsl aJlOPUTMOB MAaIlMHHOIO 00ydeHmsi. B xumudeckoit nHpOpMa-
THKE HET OIPEEJIEHHOTO TOIXO0/Ia JJIsi BEIOOPA JTEeCKPUIITOPOB I KOHKPETHON
3a1a9u, [T PA3HBIX TPHUJIOYKEHW JIydminii Habop AECKPUNITOPOB MOXKET OBITH
pasubiM. [loTroMy ware Bcero mccieoBaTesn CTPOSAT MOJIEIN HA Pa3HBbIX HAbO-
pax JeCKPHUIITOPOB U BBIOUPAIOT TOT HAOOD, HA KOTOPOM &JITOPUTMBI IIOKA3bIBAIOT
MEHBIIIYIO OIUOKY.

st maHHOil paboThI 3Ta HPOIEAYPa IPEBAPUTELHBIX PACIETOB ObLIa IIPO-
Bezena Ha wiardopme OCHEM [19]. Bouin Boibpansr geckpunroper OEstate,
[IPU UCIIOJIb30BAHNN KOTOPBIX OBLIHM IIOJIYI€HbI OIMUOKHN B CPEIHEM MEHBIIE, IeM
Ha JPYyrux Habopax JaHHbx. CaMu 3HAUEHUS] BEKTOPOB TaKKe ObLIN PACCINTAHBI
Ha naHHOU iardgopme. Ilpu BhIrpy3Ke 3HaYEHU IIPOBOIUTCS CTaHIAAPTHAST 00-
paboTKa JJaHHBIX, BEIONPAIOTCS 3HAYEHUs C KOI(MDMUIIMEHTOM KOPPEJISIINT MeHee



OIIPEJIEJIEHHOTO TIOPOTa, UCKJIIOYAIOTCS OYeHb PAa3pPEeyKeHHbIE 3HAUEHUS C 0OJIb-
UM KOJIMYEeCTBOM HyJeil. B pe3ysibrare pa3smMepHOCTh MPU3HAKOB JJIsd JAHHBIX
MP cocrasasier M = 349.

Camu geckpunrtopsl OEstate — WHIEKCHI 9JIEKTPO-TOIIOJIOITIECKOTO COCTOSI-
HUsA, KOTOPBbIE O0BEJAMHSIIOT B cebe MHGPOPMAINIO 00 JIEKTPOHAX U TOIOJOTUN
rpada. [loMrMO TakMX WHIEKCOB, JECKPUIITOPHI BKJIIOUAKOT B ceOsl TaKue Be-
JIMIUHDBI, KaK YUCJO AKIENTOPOB BOJIOPOIHON CBA3U, YUCTIO ATOMOB-TAJIOTE€HOB,
KOJIMIECTBO &TOMOB BOJIOPOJIA, KHCJIOPOJa W HEKOTOPBIX APYTUX B MOJEKYJIE,
polar surface area u apyrue.

5 PezsynbraTsl

ITockoabKy mIyM B JAHHBIX HE MO3BOJISIET MPOTHO3MPOBATH PACCMATPUBAEMOE
CBOIICTBO € XOPOIIEH TOYHOCTHIO, MOXKHO PACCMOTPETH 3a/Ia9y KaK KJIaCCUPUKa-
IAIO0 U CTPOUTH IPOTHO3 B KYCOYHO-IIOCTOSTHHOM BUJIE.

B xadecTBe 6a30BBIX aTOPUTMOB OBLITH BHIOPAHBI JIOTUCTUIECKAST PETPECCHSI,
peliaoliee JepeBo, Cay4dalHblil Jiec 1 MHOIOCJIOUHBIN IepIIeIITPOH.

st m3MepeHnst KauecTBa MpeJICKa3aHus OYIeM UCIIOJIb30BATH MOIMMDUITUPO-
BauHyto MeTpuky RMSE*. Jlyis ee pacdera mocje mpoBeIeHNsT KJIACCU(DUKAITAN
OyzeM Ha3HAYATH KAaXKIOMY KJIACCY CpejHee 3HAYEHUE BCeX METOK, [IPUHAJJIe-
JKAIUX JAHHOMY KJIACCY, TOCTe 9Toro Oyjem cautarh 3Hadenne RMSE mexty
CpeIHUM 3HaY€HUEM IIPpEeJICKa3aHHOM KJIaCCe U peaJIbHBIM 3Ha9€HUEeM METKHN KOH-
KPETHOI MOJIEKYJIBI:

K
1 _
RMSE" = [ =% > (5 =)’
J=19i=j
TJIe N - 9UCJ0 0OBEKTOB B OOydalomieil BbIbopke, K - IHUC/IO KJIACCOB, ¥j; - MPeJl-

CKa3aHHad METKa KJlacCCa JJId Y; yj - CpejJHee 3Ha4dYeHHhe KJlacCa j, ] - METKHt
KJIaCCOB.

cp CpejiHee 9mUCIIO KJIACCOB
Auropur™m RMSE* B IIPEJICKA3aHUN

RMSE"™ to50—95%  09%

Cpennee
p — value

Jlor. perpeccus 58.109 58.115 6.99 8.09 9.22 3.15
Coydaitublii jiec 47.62 47.49 5.68 6.83 8.18 2.52
Pemaroree nepeso [54.7 54.8 7.94 8.87 9.72 3.49
[leprenrrpon 43.79 43.79 6.9 8.28 9.49 2.84

Jlor. perpeccust 58.109 56.00 5.99 6.96 8.64 2.78
CoydJaitHblil jiec 47.62 46.53 5.46 6.51 8.13 2.47
Pemaroriee nepeso [54.7 54.27 6.71 8.04 8.88 3.02
IlepuenTpon 43.79 43.63 5.32 6.34 8.07 2.42

Tabnuua 1. 3uavenus RMSE™, cpenero duciia KJacCOB B NPEJACKA3AHUYN U CPEIHETO
p — value mia KOERGOPMHBIX KJIACCH(DUKATOPOB, BEPXHss 9acTh — Mepa (1), HukHssa —
Mmepa (2)



B Tabsme 1 npescrasiienbl pacueTbl KOH(pOPMHON Kiaccuduramuu. Kojon-
ka RMSE* — omubka 6a3oBoro aiaropurma, CP RMSE* — ommbka TO49€vIHO-
T'0 TPeJICKa3aHnsl, CPeHEPUPOBAHHOIO KOH(MOPMHBIM KaaccudukaTopoM. Taxrke
[IPEJICTABJIEHBI 3HAYEHUS CPEJIHErO YUCIIa KJIACCOB B KOH(MOPMHOM IIPEICKA3AHNN
u cpeanee 3HaveHuit p — value. 2KupHbiM mipudToM B 00€UX YACTAX BBIIETC-
HBI JIydIiue pe3yabrarsl. [Ipu ucronb3osanuu Mepsbl (1) HauMeHbIMe 3HAYCHUsT
CpeJHero pasMepa KOH(MOPMHOIO IIPEICKA3aHNs U CPEIHEr0 3HAYeHus p — value
HAOJIIOIAIOTCS ¥ aJITOPUTMA CIIydaifHoro jeca. Kak BuIHO M3 TaOIUIbI, TPEIJIO-
JKeHHas Mepa (2) H03BoJIMIIA YIIYYIIUTh Ka4ecTBO IporHo3a. OcobeHHO yCHeHo
oHa TToKa3aJia cebst ¢ 6a30BbIM AJITOPUTMOM B BUJIe HEHPOHHOHN ceTH, KOTOPHIH B
UTOre JIEMOHCTPUPYET JIydIllee KauecTBO.

6 3akJiroueHue

B pabore paccmorpena 3aada TPOrHO3UPOBAHNS (PUBUKO-XUMUIECKIX CBOMCTB
MOJIEKYJI ¥ TPECTABJIEHA TTOCTAHOBKA 339, CBOJSINAsI PEIPECCUI0 K KJIACCH-
dukarmu. st TpuMeHeHUs 9TOro MOAX0Ja ObLiIa BBEJEHA METPUKA KAIECTBA
[IPOrHO3a ¥ OBLIN TTOCTPOEHBI 6A30BbIE KJIACCHMDUKATOPHI. 3aTeM K MOJIY ICHHBIM
[IPOTHO3aM ITPUMEHSJICS TIOX0Ji KOH(DOPMHBIX MPeIuKTopoB. Jjist 3T0r0 B pac-
yerax ObLIa UCIOJIb30BaHA CTAHIAPTHAS Mepa HEKOH(pOPMHOCTH, TUIIMIHO IIPH-
MeHsieMasl JIJIsi TAKON 3aJladu, U HOBasi Mepa, MPEJIOXKEHHAs B JAHHON pabore.
B0 mpogeMoHCTPUPOBAaHO, UTO MPE/IOKEHHAST MEPA TO3BOJINIIA YIIy IIITUTH BCE
METPUKH KadecTBa KOH(MOPMHON KIaCCUPDUKATIAN.
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