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MOCTPOEHUE ONITUMAJIbBHOY UMMYHHOCETEBOM
MOJEJIA JJISA KOMIIBIOTEPHOI'O MOJIEKYJIAPHOI'O
JIA3AMHA CYJIb®AHUJIAMUJIOB HA OCHOBE
AJITOPUTMA RANDOM FOREST

CraTesi TIOCBSIIIEHA MCCICAOBAHUSM B OONACTH KOMIBIOTEPHOTO MOJIEKYIISIPHOTO
JIu3aiiHa HOBBIX JIEKApPCTBEHHBIX IIPENapaTtoB Cynb(aHUIAMHUIOB HA OCHOBE TEXHOJOTHH
MMMYHHOCETEBOTO MOJEIHMPOBaHMA. B KadecTBe MeTozna NpenBapUTENbHOH 00paboTKH
JaHHBIX IS BBIACTICHUS WH()OPMATHUBHBIX NECKPUNTOPOB M IOCTPOCHHS ONTHMAJIbHOU
UMMYHHOCETEBOI MOJeNu mpeacTaBieH aaroput™ Random Forest, kotopsiii mo3BossieT
PaHKHPOBATh IIEPEMEHHBIE IO CTENIEHH 3HaYMMOCTH. bubmuorp.: 19 Ha3s.

KioueBble ca0Ba:  KOMIBIOTEPHBIM — MOJNEKYNApHBI  OU3aifH, TEXHOJIOTHS
HMMYHOCETEBOTO MO/ICTUPOBaHuUs, CYIb(aHmIaMuIbl, anroput™ Random Forest.

IMocTaHoBKa MpodJieMbl U aHAJM3 JUTepaTypbl. B HacTosiee Bpems
aKTyaJbHa pa3padOTKa U MPUMEHEHUE HOBBIX MHTEJUIEKTYaJIbHBIX TEXHOIOT UM
st QSAR (porHo3upoBaHue 3aBUCHMOCTH 'CTPYKTypa — aKTUBHOCTB') TIPH
L[EJICHAIIPABIICHHOM CHHTE3€ JIEKapCTBEHHBIX COEIMHEHUN, O00Jadaromux
HEOOXOIMMBIM KOMIUIEKCOM (papMaKoJOTHUeCKUX CBOWCTB. IlpumMeHeHue
KOMITBIOTEPHOTO MOJIEKYJISIPHOTO JiM3ailHa Ha OCHOBE HHTEIJIEKTYalbHbIX
MOAXOM0B 3HAYMTEIBHO COKpALlaeT BPEMEHHbIC, BBIYUCIUTEIbHBIE U
(uHaHCOBBIE PECYPCHI IIPU CO3JaHUN HOBBIX JEKAPCTBEHHBIX COCTUHEHHM.

Cospemennbsie MeToabl QSAR mUpPOKO NPUMEHSIOT WHTEIUIEKTyalbHbIE
AJITOPUTMBl /Il CHHTE3a HOBBIX JIEKAPCTBEHHBIX IMpenaparoB. K meronam
UCKYCCTBEHHOTO  WHTEJUIEKTA, HCHOJb3YeMbIM Ui  MPOTHO3UPOBAHUS
3aBUCUMOCTH ''CTPYKTypa — aKTHBHOCTB', OTHOCSITCSA: HCKYCCTBCHHBIC
HEWpoHHbIE ceTH [l], TeHeTHMYecKue aJropuT™Mbl [2], HCKYCCTBEHHbIE
UMMYHHBIE CUCTEMBI [3], poeBoii HHTEIEKT [4 — 5] (aIropuT™M MypaBbHUHBIX
KOJIOHUH, MUYEITMHBIN alrOpuT™) U T.1.

B cBA3M ¢ OKCHOHEHIHMAIbHBIM POCTOM MOTPEOHOCTH B HOBBIX
COEMHEHUSX B (hapMalleBTUUECKON MPOMBIIIUIEHHOCTH TpedyeTcs: pazpaboTka
HETPAaJUIMOHHBIX METOJOB i O00pabOTKM MHOTOMEPHOM CTPYKTYpHOI
uHpopmaruu. [1o cBeeHUsAM OHOTO M3 INIABHBIX MOCTABIIMKOB XUMHUYECKON
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uHopmaruu CAS YHCIO CTPYKTYp XUMHYECKUX COCAMHEHUN COCTaBIISCT
okoio 60 mutH. [6]. Camblii KpYIHBIH MOCTaBIIMK OOpPAa3loB XUMHUYECKUX
coemuaeHnit ChemNavigator mnpemiaraer okoio 59,9 MIH. yHHKaJIbHBIX
BewiecTB [7]. Uucno BUpTyalbHBIX MOJIEKYN (copepxkamux 10 13 aTtoMoB)
CreHEpPHPOBAHHBIX KOMIIBIOTEPOM 3a IOCJEIHee BPEeMsl COCTABJISIET IMOYTH
MIWLIHApA. B CBA3M ¢ 3THM NpPH KOMIIBIOTEPHOM MOJIEKYISIDHOM JH3aifHe
aKTyaJbHO MPUMEHEHHE PA3IMYHBIX HHTEJUIEKTYaJIbHbIX U CTaTUCTUYECKUX
NOAXOAOB  JJIsi  pemieHuss 1poOieMbl  BbIIENECHUS  WH(POPMATHBHBIX
JECKPUNTOPOB, XapaKTEepU3YIOLIUX XxuMmMuueckoe BemecTBo. llupokoe
NPUMEHEHHE HAIIIM TaKue CTaTUCTUYECKHE MOAXO0/bI KaK: (DaKTOPHBIN aHATIN3
(Factor Analysis, FA) [8], Mertom-omopHbIx BekTOpoB (Support Vector
Machine, SVM) [9], ciyuaiinsiii tec (Random Forest, RF) [10] u ap.
Anroputv Random Forest npescraBisier 0coOblii HHTEpEC B KauecTBe
MeTona OO0pabOTKM XMMHUYECKOW CTPYKTypHOW uH(popmauuu. Hampumep, B
pabore [l11] aBropamu mpeACTaBICH TOAXOM JJIS IMPOTHO3UPOBAHUS
akTuBHOCTH 1-, 3-, 5-Tpua3uHOB, Kak KaHHAOMHOUIHBIX perenTopoB (CB2) ¢
ucnons3oBanueM RF wmetoma. Berumcnsiercs naBaguarb MOJICKYISPHBIX
JECKpUNTOPOB i1 HaOopa naHHBIX u3 58 aHasnoroB. B 3aBucuMocTH OT
3HAYEHUU JECKPUIITOPOB OCYIIECTBISETCS OOyueHHe clydyallHOro jeca Juis
[OMCKa CBA3M MEXAY OMOJIOrMYeCKOM aKTUBHOCTBIO U MOJEKYISIPHOU
CTPYKTYypoOii aHanoroB. Pe3ynbTarbl, MOITy4eHHbIE C TOMOIIBIO CIy4aifHOTO
Jieca CpaBHUBAJIKNCh C METOIOM OMOPHBIX BEKTOPOB U JEPEBbAMU pPELIECHUI
(Decision Trees, DT). Hawnyummii pesyasrar (100%) mokaszan merton RF
otHocuTebHO Metoaa SVM (93%) u DT (67%) coorBectBeHHO. Pabora [12]
MOCBAIIEHA HCCIENIOBAaHUAM pELENnTopa SMIHJepMalbHOrO (hakTopa pocra
(EGFR) mpu neuenun pakoBbIX Oosesneil. Panee ObUT paspaboTaH psif
mozaenet QSAR, MOCBSIIEHHBIH  MPOTHO3MPOBAHUIO  MHTUOMpYIOIIEH
akTuBHOCTH MoJjiekyn mnpotuB EGFR. Asropamu [12] cnmemana mombiTka
pa3paboTKu Mojeneld NPOTHO3MPOBAHUS Ha OOJBIIOM MHOXKECTBE MOJIEKYI
(~ 3500 mostekyiT), KOTOPBIE BKIIFOYAIOT B ce0sl pa3InyHble KapKachl, TAKHE Kak
XMHA30JIMH, MUPUMUINH, XUHOJIMH U UHJ0J. B pabote ucnons3oBanach 0aza
nanubeix PubChem, mpu 3Tom mpumenenue anropurma Random Forest mano
MaKCUMaJbHbIM pe3ynbTar ¢ TouHocThlo 83,7%. B wuccnenoBanum [13]
Npe/ICTaBICHO MpuMeHeHne anroputMa Random Forest mpu paspabotke
monenerd QSAR mpenckazaHusi TOKCUYHOCTH BOJHOM Cpelbl XUMHUYECKUX
coenuHeHuil. PabGora [14] mnocesmeHa pa3pabOTKe HOBOIO aJIropuUTMa
UHTEPHPUTALMU MOJIeNIei clydaifHOTo Jieca. AJTOPUTM MO3BOJISET BBIYUCIUTH
BKJIaJ| Kaxkjaoro jaeckpunropa. Ilpemmaraemass mepa HHPOPMATUBHOCTH
JECKPUIITOPOB ~ HE  SBISIETCS  albTEPHATHBOM  BaKHOCTU  IEPEMEHHOU
bpelimana, HO OHa XapakTepu3yeT BKJAJ KOHKPETHOM MNEPEMEHHOU K
pacyeTHOMY  3HAYEHHUIO OTKJIMKAa MpPU  HCCIEAOBAaHMM  3aBUCHMOCTH
"CTpYKTypa-akTUBHOCTh'  XUMHUYECKMX coeauHeHud. Takum  oOpazom,
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UCCIICJIOBaHUS B 00JacTH  NPUMEHCHHS  COBPEMEHHBIX  METOJIOB
HCKYCCTBEHHOTO MHTEJUICKTA U CTATHCTUYCCKUX IOAXOAO0B MPH MOCTPOSCHUU
QSAR mopeneit SBISIOTCS aKTyalIbHOM 3a1a4uei.

Hesap cTaTbl — NOCTPOEHUE ONTUMAJIBLHOW HMMYHHOCETEBOM MOIEIHU
npu MIPOTHO3UPOBAHUH 3aBUCUMOCTH "CTpyKTypa — aKTUBHOCTB"
JICKQpPCTBEHHBIX COCAMHCHUU Cynb(aHWIAMHIOB Ha OCHOBE BBIICIICHUS
UH()OPMATHBHBIX JIECKPUIITOPOB C KCIIOJIb30BaHWEM anroputma Random
Forest. KputepueM ONTHMAaIbHOCTH SIBISETCS MaKCHMAalIbHOE COXPAHCHUE
uH(bOpMAIIM O XMMHUYECKOM COEIMHEHUU IPU MUHUMAIBHOM KOJHUYECTBE
JECKPUTITOPOB.

Peanuzanus  aaroputma Random Forest pmas  mocrpoenus
ONTUMAJIBHOH MMMYHHOCETEBOH Moaeau. PaccMoTpuM MMMYHHOCETEBYIO
TEXHOJIOTHIO MPOTHO3UPOBAHMS 3aBHUCUMOCTH '"CTPYKTYpa — aKTHBHOCTD'
JICKApCTBEHHBIX COCTUHEHUH (CyTb(haHmIaMUI0B) HA OCHOBE MCKYCCTBEHHBIX
UMMYHHBIX cucteM [15]. Ha mepBom 1miare ocymiecTBiseTcs BbIOOp
XUMUYECKUX COCIWHEHUU Il WCCIEAOBAHMS, 3aT€M OMHCAHUE CTPYKTYPHI
COCIMHEHUI HA OCHOBE JECKPUIITOPOB M HX Kiaccuukamus 1O
MPOTHOCTUYECKUM  Tpynmnam.  Jlagee  OCymIECTBISETCS  MOCTPOCHHUE
ONTUMAJIBHOW MaTeMaTHuecKOil Mojenu (BPEMEHHBIX pAJO0B — 3TaJOHOB,
COCTOAIIIMX M3 JECKPUIITOPOB, OIMUCHIBAIOIIUX CTPYKTYpY BBIOpAHHBIX
XUMHYECKHX BEIIECTB C W3BECTHBHIMH CBoiicTBaMu). Ha cremyromem 1are
ocyuiecTBisercd oOOy4eHHEe HUCKYCCTBEHHONM HMMYHHOM CHCTEMBI 10
JTaJloHaM. 3aTeM peaju3yeTcs aJrOpuTM paclo3HaBaHUsS 0Opa30B HA OCHOBE
CHUHTYJSIPHOTO DPAa3JIOKEHUsI MATpPHUIl JJIsl ONpeAeNIeHUs Kiacca, K KOTOPOMY
NpUHAJIeKAaT  paccMmarpuBaemble  00pas3bl.  OlleHKa  DHEPreTUYeCKUX
MNOTPEIIHOCTEM MO ToMoJoraM TO3BOJSIET ONpeneauTh 3(PPEKTUBHOCTD
pacmo3HaBanusi oOpa3oB. [locrme 3Toro mpousBOAUTCS OTOOpP KaHIWUIATOB
JIEKAPCTBEHHBIX COEAMHEHUM C 3aJaHHBIMUA CBOMCTBAMM [JI JAJbHEUIINX
HCCIIEIOBAaHUM.

IIppy  DOCTpOEHMHM  ONTUMAJIbHOM  MMMYHHOCETEBOM  MOJAENH
MPUMEHSETCS MYJAbTHAITOPUTMUYECKUN TMOAXOJ, KOTOPBIM 3aKIO4aeTcs B
cnenytomeM [16]. Ha srame npeaBaputenbHOi 00pabOTKH UCXOAHOTO Habopa
JIECKpPUIITOPOB cynb(aHUIaMUI0B BBIOMpaloTCA HECKOJIKO
WHTEJUICKTYaJ bHBIX WJM CTAaTHCTHYECKUX anroputmMoB [17], KoTopbie
00pabaThIBalOT WCXOMHBIA HAOOp HAeckpuntopoB. Jlamee ocymecTBiseTcs
BBIOOp HAWIYYIIETO W3 HUX, TO €CTh BBIOMPAETCS aJTOPUTM C HAUMEHBIIECH
omnOKoi 0000IIeHUS.

B kauectBe  OmMHOTO W3  aNTOPUTMOB,  HCIOJB3YEMBIX B
MYJIBTHAJITOPUTMHUYECKOM Ton1Xo/ie, BeiOpan Random Forest. Meron ocHoBaH
Ha TTOCTPOCHHUH aHCAMOJIsl IEPEBHEB PEIICHMUIA.
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Paccmorpum cnenyrommme momstus [18 — 19]: T(x), i=1, B — 10

aHcaMOJIb JIEPEBBbEB PEIIEHMH, IJle X — BEKTOP JECKPHITOPOB Pa3MEPHOCTH
N; B — kommuectBo aepeBbes B ancamoue; D={(x,Y;), (X2, Y2)s - (Xns Yn)} —

obywaromas BbIOOpKa IaHHBIX, T1€ Yj, J=1 n —kmacc.

Jlanee W3 WCXOAHOW BBIOOPKH JaHHBIX BBIOMpaeTcs N CiaydailHbIX
o0bexToB ¢ noBropeHusmu (bootstrap sample), npuHuMaromux 3HadeHue D;.

3areM CTpOUTCS IepeBO pemeHui st D; (monHoe mocrpoeHue 6e3 OTCedeHHs

BeTBe) ¢ moBropoM amroputMa B pa3. Mepa uHpopmaruBHOCTH
JICCKPUIITOPOB, OCHOBaHHas Ha airoputmMe Random Forest maxomurtcs 1o
CJIEAYIOLIEMY aJITOPUTMY.

Anroputm.

1. Ilycte X; — Hexoropslii aeckpuntop. Heo0xomumo mocTpouTh

CIy4aiHBIH JleC ¥  TMOJIY4YUTh  OLEHKY BEpPOATHOCTH  OIIMOOYHOM
kiaccupukanun E; meronom Out-Of-Bag, npemnoxennsim bpeiimanom [19]

Ha OCHOBE HAONIONCHMH, HEe BXomamux B bootstrap BeiOOpku. JlaHHBIC
BBIOOpKH Ha3biBaroTCs BeIOOpKamu Out-Of-Bag.

2. B Bwibopkax Out-Of-Bag ocymiecTBuTh CilyyaiiHy0 THepecTaHOBKY
3HAUCHUH ECKPUITOpA X; UL KaXKJOTO JIepeBa U3 MOCTPOCHHOTO CIy4aifHOTOo

neca.

3. Mo wmomudunuposanueiM Out-Of-Bag ompenensercss  oreHka
BEPOSTHOCTH OMUOOYHON KITaCCU(PUKAITUU Ei .

4. Onpenenenne MH(POPMATUBHOCTU JECKPUIITOpPA X; PEAU3yeTCsl Kak
3Hauenue pasHuip: |(x)=max(0, E —E;).

B kauecTBe JOCTOMHCTB JAHHOTO METOJ]a MOYKHO MPEICTaBUTh: BHICOKOE
KaueCTBO IIOJlydyaeMbIX Mojenel; sQexTtuBHas 00paboTka HaHHBIX C
00IBIIUM YHCIIOM JECKPUIITOPOB u KJIACCOB; BO3MOXKHOCTb
pacrnapajuieTuBaHusl aJITOPUTMOB JUisi pabOThl C OOJBIIMMU JaHHBIMH,
JIEPEBbsI PEIICHH SIBISIOTCS YI0OHOI MOAENBIO sl TPEICTAaBICHUS 3HAaHUH B
OKCTIEPTHBIX CHCTEMaX; HEUYBCTBHTEIBHBI K MACIITAOMPOBAaHUIO; O0yJaromiast
BBIOOpKA MOXKET COJIepKaTh NMPU3HAKH MU3MEpPEHHBIC KaK B UMCIIOBOM, TaK U B
HOMUHAIILHOW IIIKaje, HaJIWYHe METOJOB OICHWUBAHHUS HWH()OPMATHBHOCTH
OTJCIBHBIX JCCKPUIITOPOB 3a cueT BHyTpeHHel oneHku Out-Of-Bag u T.11.

B kadecTBe HEMOCTATKOB MOXKHO BBIZICITUTH: JIJISI HEKOTOPOTO THTIA 337134
(c HaMYKeM CUJIBHOM 3alllyMJICHHOCTH ) BO3MOXKHO Mepeo0ydeHIe anropuTMa,;
MOJISJTA 3aHUMAIOT MHOTO TIaMSITH JIJISl XPaHCHHUS TAHHBIX.

BeiBoabl. B HacTos1ee BpeMs He CyIIECTBYET YHUBEPCAIbHBIX METOIOB
JUISL OLIEHKH Mepbl MH(OPMAaTHUBHOCTU JECKPUIITOPOB B HCXOAHOW BBIOOpKE
JIAaHHBIX, a MOCKOJIBKY IIpU PEIICHUM 3aad CUHTE3a HOBBIX JICKAPCTBEHHBIX
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IpenapaToB HCIOJIb3YETCSd OrPOMHOE KOJIMYECTBO CTPYKTYP XUMHUYECKOH
uHPOpPMAIIUM, TPUMEHEHHE MYJIBTHAITOPUTMUYECKOTO TIOIX0a SIBISETCS
YAOOHBIM € TOUKH 3peHMs NoAOOpa HAWIYYIIEro ajiropuT™Ma Jjsl MOCTPOCHUS
ONTUMaJIbHOY UMMYHHOCETEBOU MOJIEIIN.

Anroputm Random Forest ¢ ero mOCTOMHCTBAMH H MajbIM
KOJIMYECTBOM HEJOCTATKOB YCIIEUIHO MPHUMEHSETCS B Ka4€CTBE MHCTPYMEHTA
JUIs OLEHKH CTENEeHW BAXKHOCTU JECKPUNTOPOB CYIb(aHWIAMHUAOB IpH
IOCTPOEHUM OINTUMAJIbHOH HMMMYHHOCETEBOM MOJENN JJIsi KOMIIBIOTEPHOIO
MOJIEKYJISIPHOTO ~ JM3aliHa  JICKQpCTBEHHBIX  IpernaparoB Ha  OCHOBE
MCKYCCTBEHHBIX UIMMYHHBIX CHCTEM.

Uccnenosanus nposoasaTcs no rpanty Nel'P 0115PK00549 MOH PK no
TeMe: KOMIIBIOTEpHBIN MOJIEKYISIPHBIN JU3alH JIEKAPCTBEHHBIX IIPENapaToB Ha
OCHOBE UMMYHHOCETEBOro MozaenupoBanus (2015-2017 rr.).
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BecmHuk HTY "XIN", 2016, Ne 21 (1193)

VK 004.89:004.4

IToGynoBa onTHManabHOI IMMYHHOCeTeBOI Mojedi A KOMII'IOTEPHOro
MOJICKYJIAPHOT0 Au3aiiny cyabganinamigise Ha ocHoBi anaropurmy Random Forest
/ Camirynina T.A., Camirymina 3.1. // Bicauk HTY "XII". Cepis: Indopmarika Ta
MmojenoBanus. — Xapkis: HTY "XIII". — 2016. — Ne 21 (1193). — C. 102 — 108.

CraTta mpuUCBAYCHA JOCHTI[HKEHHAIM B OOJIACTI KOMIIIOTEPHOTO MOJIEKYJISPHOTO
Iu3aifHy HOBUX JIKapChbKUX TpemapaTiB  Cyib(aHiTaMigiB Ha OCHOBI  TEXHOJOTIi
IMyHHOCETEBOTO MOJICTIOBaHHA. SIK MeTox momepeiaHboi OOpoOKHM MaHUX [UIS BHUIIJICHHS
iHpOPMATUBHUX JECKPHNTOPIB 1 MOOYJOBH ONTHUMAJbHOI IMMYHHOCETEBOW MOJEIi
npencraBinenuii anroputM Random Forest, sikuii m03BOJNIsIE paHKyBaTH 3MiHHI 338 CTYIIEHEM
3HaugymocTi. bidmorp.: 19 Ha3B.

KoaiouoBi cioBa: KoMI'TOTEpHUI MOJIEKYIISIPHUI TU3aifH, TEXHOJIOTISI IMyHHOCETEBOTO
MOJICNTIOBaHHS, cyibGaninaminu, anroputm Random Forest.

YK 004.89:004.4

IMocTpoenne onTUMaJLHOII WMMYHHOCETEBOH  MOJEJHM /UIsi KOMIIBIOTEPHOTO
MOJIEKYJISIPHOTO Au3aiiHa cyJbgaHuIaMUI0B Ha ocHOBe aiaroputma Random Forest
[ Camurynuna I'.A., Camuryauna O.U. // Becuuk HTY "XITN". Cepus: Uudopmaruka u
mojenupoBanue. — Xappkos: HTY "XITN". — 2016. — Ne 21 (1193). — C. 102 — 108.

CraThsi TIOCBSIIIEHA MCCICAOBAHUSAM B OOJAaCTH KOMIIBIOTEPHOTO MOJEKYISPHOTO
Ju3aiiHa HOBBIX JIEKAPCTBEHHBIX IIPENapaToB Cyib()aHWIAMHIOB HAa OCHOBE TEXHOJIOTHH
MMMYHHOCETEBOTO MOJEIHMPOBaHMsA. B KadecTBe MeTona NpenBapUTENbHOH 00paboTKH
JAHHBIX IS BBIACICHUS WH()OPMATUBHBIX NECKPUIITOPOB M IOCTPOCHHUS ONTHUMAaJIbHOU
UMMYHHOCETEBOI MOJeNd mpeacTaBicH aiaroput™ Random Forest, kotopsiii mo3BossieT
PaHKHPOBATh IIEPEMEHHBIE 110 CTENEeHU 3HaYUMOCTH. bubntorp.: 19 Ha3s.

KioueBble c0Ba:  KOMIBIOTEPHBIM — MOJEKYNAPHBIM  JU3aifH, TEXHOJIOTHSA
HMMYHHOCETEBOTO MOJICITUPOBAHUs, Cyabhanunamussl, anropurm Random Forest.

UDC 004.89:004.4

Building of the immune network optimal model for computer molecular design
sulfonamides based on random forest algorithm /Samigulina G.A., Samigulina Z.I.
/I Herald of the National Technical University "KhPI". Subject issue: Information Science and
Modelling. — Kharkov: NTU "KhPI". —2016. — Ne 21 (1193). — P. 102 — 108.

The article is devoted to research in the field of the computer molecular design of the
new drugs sulfonamides on the basis of immune network technology. As a method of the data
pre-processing to extraction of the informative descriptors and building of the optimal immune
network model presented the Random Forest algorithm, which allows to rank variables in the
order of importance. Refs.: 19 titles.

Keywords: computer molecular design, immune network technology, sulfonamides,
algorithm Random Forest.
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