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AHOTALIA Y oaniii pobomi nposedeHo auaniz OAHux, 3Acmoco8aHO MA NOPIGHAHO Mixc 00010 PO Memooié MAUUHHO20
HABYAHMA 00 OOHO20 i3 HAUOINbUWL BANCIUBUX 34 CE0IM 6NIUEOM MA 3HAYEHHAM GIOKpumux oamacemig opeanizayii L[EPH,
posmiyenux na CERN Open Data Portal, axuii nos’sazanuili i3 eiokpummsam 6030Hy Xiceca. 3aedanHns noiseano y eupiuieHHi
npobnemu 6iHapHOi Kiacugixayii ma po3noodiieHHi cnocmepedceHs Ha mi, Wo c8iouams NPo CUSHAL PO3NAOY YACMUHKY Md (OHOEI.
Ha nepwomy emani 6yno npoananizo8ano 6xioHi 0awi, npoge0eHo aHaui3 8i0CYmHIX 3HaueHsb. byno 6i03Haueno 3anedcHicms gakmy
giocymHocmi Oinbuwocmi 3MIHHUX 810 OOHIEI XapakmepucmuyHoi, a Mmaxodic NepesipeHo 4u GNIUGAE HAABHICMb/GIOCYMHICIb HA
NPpUHAnexXCHiCMb cnocmepedcenb 00 cueHany. [ia OyiHKu ma OmpuManHs NOYAMKOSUX De3YAbMamie npo 6niug 3MIHHUX Ha
pesyiomam OyN0 po3paxosarno mampuyi Kopeisyii. Jlani 3acmocoeano 6inbu moyHuti ma Haoditnul Memoo po3paxyHky Predictive
Power Score, axuii € Ho8UM ma nepcneKMugHUM Ni0OX000M 00 BUSHAYEHHA 3ANIeHCHOCEN, A came nepeddayy8aIbHUX 61acmugocmell
sMiHHUX. [[na nooanvulo2o 3acmocy8anHa nioxo0ié MAwUHHO20 HAGYAHHA Oamacem OYI0 00poOieHO ma OYUWeHO, BUABIEHO mda
3aKO00BAHO KAMe20PIanbHi 3MIHHI 3a niOXo0om «one-hot encoding», a mMakodic NpoGeOeHo 3aMiHYy 6IOCYMHIX 3HAYEHb HA
po3paxoeani cepedui no damacemy. Ilicna nidzcomoseku 6XiOHUX Oanux ix 06y10 6UKOPUCMAHO 01 HABYAHHA ma eéanioayii pady
mooenei. OcCKinbku npodrema noisieaid 6 upiuwieHHI numauHs OiHapHOi Kaacugixayii, mo 00 posenaHymux mooeneu G8iiulLiu
Haubinbw nowuperi memoou xiacugixayii, maxi ax: Decision Tree, Logistic Regression, Bagging, Random Forest, K-Nearest
Neighbours, Gradient Bossting, XGB, SVM. [lo koochoeo 3 Mmemoodié 6OY10 3acmoCO8aHO NOWLYK 2inepnapamempie i3
uUKOpuUcmanuam 2-gononoi kpoc-ganioayii. Ceped mempux 01 OYIHKU SKOCMI Ma NPOOYKMUSHOCMI Mooderei 0y1o o6pano
Mempuru akypamuocmi, mournocmi, yymausocmi, F-snauenns ma AUC, ocmanna 3 Hux 6yaa eupiuiaibHolo, OCKiNbKY Haubinbuie
nioxoouna 00 eumoz ma ocobrueocmeil kiacugixayii. Hatixpawumu cebe nokazanu K-Nearest Neighbours ma memoou, wo
basyrombcs Ha noby0osi ancamonie i3 npocmux Kiacugikamopis, a came oepeg piuwenv. Takodxc Oy10 npoeedeHO HABUAHHA MA
sanioayis mooeneil Ha OAa3i HEUPOHHUX Mepedxc, AKi X04 | NoKazanu 0ocums GUCOKI pe3yibmamu, 0OHAK Yepe3 NpoOieMamuxy 3
NepeHasuanHHAM BUABUNUCA 0ewo 2ipUMUMU 34 Memoou Ha OCHOBI nobyodosu ancamonie. Halieuwi 3navenns cnocmepieanucy ons
Gradient Boosting ma XGB, a max sk ocmauHill € cxodxicum 3a NPUHYUNOM 00 Repuio2o, aie MAe psio nepesaz no uiUOKoCmi,
HAOIIHOCMI Ma NPOOYKMUEHOCH, Mo OY0 06pAHO 3yRUHUMUCA came Ha Hbomy. TTicia Hacmynnozo emany 600CKOHANEHHA BXIOHUX
napamempie mooeni, 6yn0 00CASHYMO 36iNbUeHHS 3HAYEeHb MEMPUK Ma OMPUMAHO 8UCOKI NOKA3HUKU NepedbayysanbHol 30amHoChii.
Ockinvku XGB 6azyemoca na nobyoosi ancambuig i3 npocmiwux npeouxmopie (a 6 OaHoMy 6UNaoky O0epes piuieHb), mo ye
00360IUNO  OMPUMAMU HAOYHE YAGIEHHA Npo anzopumm nepeddauenus. Takum YUHOM HACMYNHUM KPOKOM 6YI0 NpO6eOeHO
8izyanizayito pobomu ompumanoi mooeni y 6ueaidi no6yoosu 36edeHo20 Oepesa piulenb, d MAKONC PO3PAX08aHo F-3HauenHs
sadicnugocmi sminnux. Ompumani pe3yrbmamu 00360UNU NPOGECIU ANHANI3 6NAUBY KOJICHOT 13 3MIHHUX HA NepedbayeHHs CUsHATY, d
maxooic nopienamu ix iz meopemuurumu gioomocmamu. byno giomiveno Oinvuiull 8NAUE 3MIHHUX, OMPUMAHUX BYEHUMU MEMOOUMU
PO3PAXYHKY i3 MeopemuyHux GopMyi 6 NOPIGHAHHI I3 6XIOHUMU 3MIHHUM, Ki 8I0N0GI0ANU HEONPAYbOBAHUM 3HAYEHHAM OemMeKmopie.
Taxum uunom 6 pesyromami pooomu OYI0 NPOAHANIZ08AHO PI3HI NIOXOO0U MaA MemOOU MAWUHHOZ0 HABYAHHS, 6CMAHOBIEHO, WO
HaubiIbWl NPOOYKMUGHUMY MA NPU YbOMY JecKUMU 6 iHmepnpemayii pe3yivmamie € mooeni na 6azi ancambuio depes piuiensb, a
MAKONHC OMPUMAHUT ANCOPUMM OIS POOOMU 3 eKCNEePUMEHMATbHUMU OaHUMY, IX GHANI30M MA BUKOPUCTNAHHAM Y Memooax
MAWUHHO20 HABYAHHS.

Knruoei cnosa: ananiz oanux; 0opooxa 0anux, excnepuMeHmanbHi OaHi, MawuHHe HagYanus, OinapHa Kiacugikayis,; epadieHmuuil
oycmune

DATA ANALYSIS AND MACHINE LEARNING ON THE CERN DATA
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ABSTRACT The data from one of the open datasets of CERN, applying and comparing a number of machine learning methods were
analyzed. The dataset is hosted on the CERN Open Data Portal and is associated with the discovery of the Higgs boson. It is
considered to be one of the most challenging in terms of impact and importance. First of all, the task was to solve the problem of
binary classification and the division of observations into the records that indicate the signal of particle decay and background. At
the first stage, the input data were analyzed, and the missing values were processed too. The fact of the dependence of most variables
on the absence of one characteristic was noted, and it was checked whether the presence/absence affects the affiliation of
observations to the signal. Correlation matrices were calculated to evaluate and obtain initial results on the influence of variables on
the output. Secondly, a more accurate and reliable method of calculating the Predictive Power Score was used, which is a new and
promising approach to determine the dependencies, namely the predictive properties of variables. For further application of machine
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learning approaches, the dataset was processed and cleaned, categorical variables were identified and coded according to the “one-
hot encoding” approach, and the missing values were replaced with the calculated averages of the dataset. After preparing the input
data, they were used for training and validation of a number of models. Since the task was to solve the problem of binary
classification, the considered models included the most common classification methods, such as: Decision Tree, Logistic Regression,

Bagging, Random Forest, K-Nearest Neighbors, Gradient Boosting, XGB, SVM. The search for hyperparameters using 2-fold cross-
validation was applied to each of the methods. Among the metrics for assessing the quality and performance of the models, metrics of
accuracy, precision, sensitivity, F-value and AUC were chosen, the latter of which was crucial because it best suited the
requirements and features of the classification. K-Nearest Neighbors and methods based on building ensembles from simple
classifiers, namely decision trees, proved to be the best. Models based on neural networks were also suggested and validated,

although they showed quite good results, due to the problem of overfitting turned out to be slightly worse than the methods based on
the construction of ensembles. The highest values were observed for Gradient Boosting and XGB, and since the latter is similar in
principle to the first one, but has a number of advantages in speed, reliability and performance, it was chosen to focus on. After the
next stage of improving the input parameters of the model, an increase in the values of metrics was achieved and high indicators of
predictability were obtained. Since XGB is based on building ensembles from simple predictors (and in this case decision trees), this
allowed us to get a clear idea of the prediction algorithm. Thus, the next step was to visualize the work of the obtained model in the
form of constructing a consolidated decision tree, and also calculate the F-values of the importance of variables. The obtained
results allowed us to analyze the influence of each of the variables on the prediction of the signal, as well as to compare them with
theoretical information. A greater influence of variables was obtained by scientific methods of calculation from theoretical formulas
in comparison with the input variables, which corresponded to the raw values of the detectors. Thus, as a result of the work different
approaches and methods of machine learning were analyzed, it was found that the most productive and easy to interpret the results
are models based on the ensemble of decision trees, and the algorithm for working with experimental data, their analysis and use in

methods of machine learning was established.

Keywords: data analysis; data processing; experimental data; machine learning; binary classification; gradient boosting

Beryn

Ponp Ta BIUIMB HayKH PO JaHi 3pOCTa€e 3 KOKHUM
POKOM, aHaNi3 MaHUX Ta MAIIMHHE HABYAHHS HAOMPAIOTh
BCe OUIBINOI Bark SK HEBIJ €MHa 4YacTHHAa pPOOOYOro
IpoIieCy OpraHi3alliii, 1110 ONEePYIOTh 3HAUHUMH 00CATaMu
iHpopmanii. Jlo onHi€i 3 Takux HaANEKHUTh 1 BimOMa y
BceoMy cBiti LIEPH - €spomeiicbka opranizamis 3
SIIEPHUX  JIOCHI/PKEHb, SIKa OJHOYACHO € HaiOUIBbIIOI B
CBITI Jabopartopieio 3 (i3UKH eIeMEHTapHUX YaCTHHOK.
[IpoBeneHHsT €KCIIEPUMEHTIB 3aBXKIU CYNPOBOKYETHCS
TeHepalli€lo BeMKUX 00’ eMiB naHux (Harmpukiaz, 3a 2016
pik Oyno 3renepoBaHo noHax 49 IlerabaiitiB manux [1]),
o0 MiCTATh B c00i BaXIHMBY iH(pOpMAIO, sIKa, OIHAK,
moTpeOye 3HAHb BUCHHUX JUTS ii BHOKPEMIICHHS.

VY 3B’s13Ky 31 3pOCTalOUUM IHTEPECOM 10 JaHUX,
orpumanux B LIEPH, Oymno ctBopeno CERN Open Data
portal [2], Ha sKOMy 3HAaXOAWUTbCS iH(OpPMalis
MpU3HAueHa JUIsl HAaBYaJbHUX Ta JOCITITHHUIBKUX I[UJICH.
Ha moprami 3i0pani Biakputi nmani 3 pisanx LHC
excriepumenTiB: ALICE, ATLAS, CMS ta LHCb. Cepen
HaiiOimpm  mikaBux 31 cropoHum Data Science €
MiATOTOBaHI 30ipku / HA0OpH NaHUX IS aHAJI3y MaHUX
Ta MallMHHOTO HaBYaHHA. B maHiit po6oTti Oyio obpaHo
OOVH 13 HaWOIIBII BaXJIMBUX 3a CBOIM BIUIMBOM Ta
3HAYCHHSM [aTaceT, TOB’SI3aHUN i3 BIAKPUTTSIM OO030HY
Xirrca. PosrmsgHyTHit maracer moOynoBaHWH Ha OCHOBI
3MOIEIbOBAHUX 3a J0OMOMOro0 OQiIliiHOro reHeparopa-
momemi ATLAS full-detector mogiit "Higgs to tautau",
sMmimaux 3 pisEuM  ¢orom [3]. Otpumani 3
eKCIIEPUMEHTIB  JlaHi HeoOximHo kmacudikyBatd Ta
NEPEBIPUTH HA BIAMOBIMHICTH MOiM po3maaam 0030HIB
Xirrca. [lyist inentudikanii curnany (kaHaiy, abo monuii),
IO BIJNOBiNae po3manxy O0030HY, BHKOPHUCTOBYIOTHCS
CHelLiabHi JITOPUTMH, IOOYZOBaHI JOCITIIHUKAMH Ha
0a3i (Qi3muHMX 3HaHB. AJe Bce OUTBIIOI yBaru
MIPUBEPTAOTh MIAXOMU A0 Kiacudikamii, oTpuMaHi 3a

JIOIIOMOT'0OX0 METOMIB MAIIWHHOIO HaBYaHHI. BOHH €
JIOCUTh TEPCHEKTUBHUMHU Y HAMNPSMKY IOKpAIIEHHS
ICHYIOUMX MOXONIB Ta AalropuTMiB. 3 II€I0 METOI0
OpraHizamis Hajaixa JaHi UII MOJIMBOCTI CTBOPEHHS
HOBUX MOJeNel IHIIUMH HayKOBISIMH Ta (axiBLsMH 3
data science.

Meta podoTu

B namiii poOoTi craBmiIOocs Ha MeTi IPOBECTH
aHai3 BXIAHUX JaHUX, 3poOWTH iX 00poOky Ta
MATOTOBKY 10 MOJAJbIIOr0 BUKOPUCTaHHS B MOJIETIIX, a
TaKoXXK PO3POOHTH PIIICHHS AJS TOCTaBICHOI MPOOIeMHU
OinapHOi kmacudikamii MeToITaMi MAaITHHHOTO HABYaHHS
[4], a came: po3poOWTH, HABYUTH Ta MOPIBHATH MIiXK
00010 e()EeKTUBHICTh MOJEeNICH, BHU3HAYMTH HAWOUIBII
BT Ta JOIIIbHI, 3a0€3MCUUTH 1X JITKE BHKOPHCTAHHS
IUTs aBTOMATH3allli igeHTu(iKaii CUTHATIB 3 JaHUX, sKi
OTPUMYIOThCS Ha ekcriepuMmenTax. OTpuManuii miaxing no
aBTOMAaTUYHOTO TPHHHATTS PIlIeHb NPO KiIacU]ikaiilo
CUTHAJIB, JOTIOMOXXE Ta NMPHUUIBHIMKNTE POOOTY IiJ 4ac
aHai3y OTPUMaHMX JaHWX 3 EKCHEepHUMEHTy B
cepenoBumni Python [5]. Takox oTpuMaHHS alrOpUTMY
poboTH 3 JaHUMH, PO3POOKH Ta Bajimalii Moxereil Moxe
OyTH 3aCTOCOBaHMIA A0 iHITUX HAOOPiB BXiTHIX JTaHUX.

BukiiajeHHsi 0CHOBHOIO MaTepiaJry

Ha nepuromy erami po6otu OyJio mpoaHaai3oBaHO
BXIJIHI JaHi, MPOBEACHO aHaJi3 BIJACYTHIX 3HA4YCHb [6].
Byno Bij3HaueHo 3anexHicTh  (aKTy  BiICYTHOCTI
OlmbIIOCTI 3MIHHMX BiJ OJHIET XapaKTEpPUCTHYHOI, a
TaKOX MEPEBIPEHO UM BIUIMBAE HASIBHICTH/BIJCYTHICTh Ha
NIPUHAJIEKHICTh CIIOCTEPEXXEHb 0 CUrHay. J[ms omiHkn
Ta OTPUMaHHA IIOYAaTKOBUX pE3yJbTaTiB IpO BIUIMB
3MIHHUX Ha pe3yJbTaT OyJlI0 pO3paxoBaHO MAaTPHIIi
Kopersamii. Jlam 3actocoBaHo OiIBII TOYHWH Ta HaiHIHA

54

BICHUK HTVY "XIII" Ne 2 (4)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PILIEHHA B CYYACHUX TEXHOJIOI'IAX"

MeToq po3paxyHKy Predictive Power Score [7], skuit €
HOBUM Ta IIEPCIEKTHBHHM IIOXOJIOM [0 BH3HAYCHHS
3alIe)KHOCTEH, a caMe mependadyBaHHUX BIACTUBOCTEH
3MiHHUX. JIJIs MOAAnbIIOrO 3aCTOCYBaHHS ITiJXOJIiB
MAIIMHHOTO HaBYaHHA JaraceT Oyjo oOpoOJeHO Ta
OYMIICHO, BUSIBIICHO Ta 3aKOJJOBAHO KaTeropiajibHi 3MiHHI
3a miaxomoM «one-hot encoding», a TakoX MPOBEACHO
3aMiHy BIJCYTHIX 3HaueHb Ha pO3paxoBaHi cepenHi Mo
nmaracety. I[licns MiAroTOBKHM BXiIHUX JaHUX ix OyIo
BHUKOPUCTAHO ]ISl HABYaHHS Ta BaJiauii psay MOAENeH.
Ockinpku mpobieMa monAraga B BHPIMICHHI IHTaHHS
OiHapHOI KIacHikarmii, TO 00 PO3TITHYTHX MOJICICH
BBIMIIUTM HAMOLTBII TOMIMPEHi METOIH KiIacudikarlii, Taki
sk: Decision Tree, Logistic Regression, Bagging, Random
Forest, K-Nearest Neighbours, Gradient Bossting, XGB,
SVM. Jlo K0HOTO 3 METOAIB OyJIO 3aCTOCOBAHO MOIIYK
rimeprnapamMerpiB 3 BHKOPUCTaHHAM 2-(OJIHOI Kpoc-
Bamiganii. Cepex MeTpUK JUis OLIHKM SIKOCTI  Ta
MIPOXYKTUBHOCTI ~ Mojeneil Oyiao o0paHO METpHKH
aKypaTHOCTi, TOYHOCTI, 4yTnuBocTi, F-3nadenns ta AUC,
OCTaHHS 3 HHUX OyJia BHPILIaJIbHOIO, OCKUIBKH HaHO1IbIIe
MIXOMWIAa 1O BHUMOT Ta OCOONMBOCTEH KiacHikarii.
Hai 6yno o6paHo sk 0a30BHI IMiIXiJ] peati3amifo METOLy
Gradient Boosting [8] wna 6a3i XGB, sxi
3apeKoMeHAyBanu cebe SK OXHI 3 HaWKpammx st
3apnanp kimacudikamii [9] . Ilicns HacTymHOTO eTamry
BJIOCKOHAJICHHS BXIOHHX MapaMeTpiB Mojeni, O0yJso
JOCSITHYTO 30UIbIIEHHS 3HA4Y€Hb METPUK Ta OTPUMAHO
BUCOKI  IIOKa3HMKM  MepeadadyBalbHOi  34aTHOCTI.
Ockinbku XGB 0a3yerbcss Ha moOyzoBi ancamOImiB i3
MPOCTIINX IMPEAMKTOPIB (2 B JaHOMY BHIQJKY JAEPEB
pillIeHb), TO IIe JT03BOJIWJIO OTPUMATH HAOYHE YSIBIICHHS
PO AITOPHUTM mependadeHHs. TakuM YUHOM HaCTYITHHM
KpOKOM  Oyno  mpoBeaeHO  Bisyalizamito  pobotn
OTpUMaHOi MoJeNli y BHITSIII TOOYIOBH 3BEAECHOTO
JepeBa pilleHb, a TaKOX pO3paxoBaHO F-3HaueHHs
BaXUTUBOCTI 3MiHHUX. OTpHMaHi pe3yNbTaTH IO3BOJIHIH
MPOBECTH AaHalli3 BIUIMBY KOXKHOI 13 3MIHHHX Ha
nepenOavyeHHss CUTHANy, & TaKOX TIOPIBHATH iX 13
TEOPETHYHUMH BiJJOMOCTSIMH.

OO0roBopeHHsI pe3yJbTaTiB

[IpoBenennit anami3 BiACYTHIX 3HaYeHb IOKa3aB
HasIBHICTh BENMKOI KiJIBKOCTI BiAICYyTHIX 3Ha4yeHs (puc. 1)
Ta iX 3aJISKHICTh BiJl 3Ha4eHb OJHi€l (PakTOpHOT 3MIHHO].
[Micnst po3rmsay po3MOAITIB 3HAYEHb OyJIO0 MPHIHATO
pIIIEHHS TIPO 3alOBHEHHS BIJICYTHIX 3HAYCHb METOJaM
pO3paxyHKy CepeqHiX MOKa3HHWKIB 110 3MiHHHM, IO
3a0e3Me4nIo MOXKIIMBICTh BHKOPUCTAHHS Py METO/IB
MAIIMHHOTO HaBYaHHS.

[licns waBuanHS Ta Bamigamii Momened OyIo
OTPUMAHO psJ TX XapaKTEPUCTHUK, [0 HaBe/IeH] Ha puC. 2.
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Puc. I — Kinvkicmo 8i0cymHix 3HaueHb cepeo 3MiHHUX

Classifier Accuracy Precision Recall FMeasure AUC

GaussianNB 0.68204 0.546211 0435912 0.484868 0.761160

LogisticRegression 0.74952 0.675280 0.532837 0.595661 0.815203

KNeighborsClassifier 0.80190 0.740824 0.653073 0.694186 0.868067

DecisionTreeClassifier 0.81890 0.763739 0.677228 0.717886 0.880569

RandomForestClassifier 0.82294 0.792401 0.656752 0.718228 0.888015

SVC  0.83064 0.779958 0.699118 0737329 0.893542

BaggingClassifier 0.83554 0.790000 0.711381 0.748632 0.899080

XGBClassifier 0.83400 0.783139 0.7156871 0.747996 0.904873

GradientBoostingClassifier 0.84154 0.795140 0.725754 0.758864 0.910165

Puc. 2 — Pesynomamu sanioayii piznux memoois
MAUUHHO2O HABYAHHSL

Haiikpammumn ~ cebe  mokazanmn  K-Nearest
Neighbours ta Meromu, mo 06a3yloTbcs Ha HOOYHOBI
aHcaMOJiB i3 mpocTHX KiacudikaTtopiB, a came aepeB
pimmens. Takoxx Oyno MpoOBEICHO HABUAHHS Ta Baimarlis
Mozenelt Ha 0a3i HEHPOHHUX MEpeX, SKi X0U 1 IMoKazain
JIOCHUTH BUCOKI pe3ynbTaTh, OJHAK Yepe3 MpoOIeMaTHKy 3
NepeHaBYaHHsIM BUSBUIIUCS JICUIO TiPIIMMHU 32 METOJH Ha
OCHOBI moOymoBM aHcamOmiB. HaiiBuin 3HaueHHS
cnocrepiranuck st Gradient Boosting ta XGB, a Ttax sik
OCTaHHIN € CX0XHM 3a MPUHIIMIIOM JI0 MEPIIOTo, ajie Mae
psax  mepeBar 1O IIBWJAKOCTI,  HaJiiHOCTI  Ta
MIPOXYKTUBHOCTI, TO Oyno 0OpaHO 3YIMUHUTHCS caMe Ha
HpoMy. Ockinbkn XGB  0a3zyerbcs Ha 1moOyn0Bi
aHcaMOJIB 13 MPOCTIIIMX TPETUKTOPIB (a B JaHOMY
BUIAJKy JE€peB pillleHb), TO I€ JO3BOJMIO OTPHMAaTH
HAaOYHE YSBICHHS PO aIropUTM mepenbadeHHs. Takum
YHHOM HACTYITHIM KPOKOM OyJI0 TIPOBEAICHO Bi3yalli3amito
poboTH OTpHMaHOi MOIENi Yy BHIVAI IMOOYIOBU
3BEICHOrO JepeBa pillleHb, a TaKOoX po3paxoBaHo F-
3HaYeHHS  BakiaMBOCTI  3MiHHHX [10].  Otpumani
pe3ysbTaTh JI03BOJIMIMA NPOBECTH aHaNi3 BIUIMBY KOXKHOI
i3 3MIHHUX Ha nependadeHHs CHIHAlLy, a TaKoX
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MOPIBHATH iX 13 TEOPETUYHUMH BiIOMOCTAMH. byio
BiIMIYeHO OUIBIIMI BIUIMB 3MIHHHX, OTPHUMAaHHUX
BYCHUMH METOJIAMH PO3PaXYHKY 13 TeopeTHIHuX (Hopmyt
B TMOPIBHAHHI 13 BXIJIHUMH 3MIHHHM, SKi BiIIOBimanu
HEONparbOBaHUM 3HAYEHHSIM JETEKTOPIB

BucHoBkH

B pesynbraTi poboT Oyno mpoaHalli3oBaHO Pi3Hi
MiIXOIM Ta METOAW MAIIMHHOTO HABYaHHS, BCTAHOBIICHO,
[I0 HaHOUTBIN MPOAYKTHBHUMHE Ta NPH IIEOMY JIETKUMH B
iHTepHpeTamii pe3ynpTaTiB € MoAeni Ha 0a3i aHCaMOIO
JiepeB pimeHp. 3aCTOoCyBaHHSI HEMPOHHUX MEPEX € TaKOXK
BHCOKOE(EKTUBHIM, OJHAK B IOPIBHAHHI 3 aHCAMOJISIMU
JIepeB pillleHb He MAalOTh HACTIIBKH BHCOKHX TOKa3HUKIB
N0 HaAiHHOCTI mepeadaueHb Ta MOMIHUBOCTI MPOCTOT
iHTepIperanii OTpUMaHOoi MOZEJI Ta BU3HAUEHHS BILTHBY
KOXKHOT OKpeMol 3MIiHHOiI Ha pe3yiapTarT. Takox Oysio
OTPUMAHO aJTOPHUTM JUIS POOOTH 3 €KCHEPUMEHTAIEHIMHU
JaHUMH, X aHaTi30M, OOpOOKOIO Ta BHKOPHCTaHHSIM B
METO/1aX MalIMHHOTO HaBYaHHSI.
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AHOTALHA B oannoii pabome Obini npogeder ananus OAHHbIX, NPUMEHEHbL U CPABHEHb MedHcdy cOOO0U pia0 Memo008 MAUUHHO20
06yUeHUst K OOHOMY U3 CAMBIX BANCHBIX NO C60EMY BIUAHUI U 3HAYEHUIO OMKDBIMbIX HAO0po8 OanHwix opearusayuu L[EPH,
pasmewennvix Ha CERN Open Data Portal, xomopuuii cészsan ¢ omxpwimuem 6o3ona Xueeca. 3adaua cocmosna 6 peuteHuu
npobnemvl GUHAPHOU Kiaccupurayuu u pacnpedeienu HabarOeHUll Ha me, Ymo cUOemeabCMeyIon 0 CUsHale pacnadda Yacmuysl u
@onosvie. Ha nepsom smane Obliu NpOAHATU3UPOBAHBI 6XOOHbBIE OAHHblE, NPOBEOeH AHAAU3 HeOOCMmalowux 3Hauenuil. Boino
OMMeYEeHO 3a6UCUMOCTb PAKMa OMCYMCMBUs OOTbUUHCIGA NEPEMEHHBIX O 0OHOU XapaKmepucmu4eckoll, a maxice nposepeHo
6NUAHUE HATUYUA/OMCYMCMEUS NEPEMEHHbIX HA NPUHAONEHCHOCb Habmodenutl K cueHany. [ns oyenku u nonyueHus HauaibHulx
DPe3yIbmamos 0 6MuUAHUY NePeEMEHHbIX Ha pe3yabmam Oblia paccyumana mampuya koppenayuil. /lanee npumeneno 6onee mounwlii u
HaoedxcHvlll memoo pacyema Predictive Power Score, komopblil A6758emcs HOBLIM U NEPCHEKMUSHbIM HOOX000M K ONpeoeieHuro
3asucumocmetl, d UMEHHO K NPeOCKA3AHUIO C8OUCME nepementbIX. /[na danbHeliue2o npumMeHeHuss N00X0008 MAUUHHO20 00yYeHUs,
Oanuvle ObLIO 00PAOOMAHO U OYUUEHO, ODHAPYICEHO U 3AKOOUPOBAHO KAMe2OpUaibHule NnepeMeHHvle no memody «one-hot
encoding», a makdce npogedeHa 3ameHda OMCYMCMSYIOWUX 3HAYeHUll Ha paccuyumanHvle cpeonue no Habopy oauuwix. Ilocie
NO020MOBKU UCXOOHBIX OAHHBIX OHU ObLIU UCNONB308aHbl OISl 00yueHus u eamuoayuu psoa mooenei. Ilockonvky npobrema
3aK0UANACH 8 peleHuy 80onpoca OUHAPHOU KIACCUUKAYUU, MO 6 YUCIO PACCMAMPUBAEMbIX MOOelell 6ouliu Hauboaee
pacnpocmparnennvie memoosl kiaccuguxayuu, maxue kax: Decision Tree, Logistic Regression, Bagging, Random Forest, K-Nearest
Neighbours, Gradient Bossting, XGB, SVM. K kasxcoomy u3 memooog 6vi10 npumeHeHo NoUcK 2unepnapamempos ¢ UCHoIb308aHUeM
2-¢ghononou xpocc-éanudayuu. Cpeou mempux 018 OYeHKU KAuecmeda U npou3so0umenbHoCmu mooenel Obliu 8blOpansl Mempuxy
akkypamuocmu, mourocmu, wyscmeumenvrhocmu, F-snavenus u AUC, nocneduss uz Hux 6vlia pewiaioujeii, nockoavky 6oavuie
€0211aCc08bI8ANACy ¢ MPeDOBAHUAMU U 0CODeHHOCmAMU Kiaccupurayuu. JIyywumu cebsa nokazanu K-Nearest Neighbours u memoowt,
OCHOBAHHbBIE HA NOCMPOEHUU AHCAMONel U3 NPOCMbIX KAACCUDUKAMOPOS, A UMEHHO Oepegbes peuteHull. Taxoice Obiio nposeoeHo
obyuenue u ganuoayus mooenell Ha 6aze HeUPOHHBIX cemell, KOmopbvle XOms U HOKA3AAU OOCMAMOYHO 6bICOKUE Pe3YIbmamsl,
00HAKO uepes npobremMamuxy ¢ nepeobyuenuem oKa3aniuch HeCKOIbKO Xyce Memooos Ha 0CHO8e nocmpoenus ancamonei. Boicokue
sHauenus nHabmooanuce 0as Gradient Boosting u XGB, a max kax nocieOHutl noxoxc no NPUHYuny Ha nepeviil, Ho umeem pso
npeumMyuecms no CKOpoCmu, HAOEHCHOCMU U NPOU3BOOUMENbHOCHU, MO ObLIO0 PeuleHo OCMAaHO8UMbCA UMenHo Ha Hem. Ilocne
credyowezo dmana Co8epuUeHCMBOBAHUA 6XOOHbIX NAPAMEMPo8 MOOel, Oblio OOCMUSHYMO YEenudeHue 3HAYeHUll Mempux u
NnoIyueHsl 8blcoKUe nokazamenu npedckazamenvrol cnocoonocmu. Ilockoneky XGB basupyemca na nocmpoenuu ancamonei u3
NPOCMbIX NPEOUKMOpPO8 (A 6 OAHHOM Clyude Oepedbes peuieHull), mo 3mo NO360UN0 NOAYYUMb HALAOHOe npedcmagneHue 00
aneopumme npedckazanus. Taxum oopazom credyiouum wazom 6vlio NPOEedeHO BU3YAIU3aAYUI0 PAOOMbl NOYYEHHOU MOOeU 8 8Ude
nocmpoenus c600H020 depesa peuteHull, a makoice paccuumarno F-3nauenue sascnocmu nepemennvix. Ilonyuennvie pesynomamol
NO36OMUNU  NPOSECMU  AHATU3 GIUAHUA KAXHCOOU U3 NEePEMEHHbIX HA NPeOCKA3aHus CUSHANd, a MAKdXHCe CPAGHUMb UX ¢
meopemuueckumu ceedenusmu. bvino ommeueno 6onvuiee 6nusAHUE NEPEMEHHBIX, NONYYEHHbIX YUEHLIMU MEMOOaMu pacyema u3s
meopemuyeckux QOpMyn NO CPABHEHUIO C BXOOHbIMU NEPeMEHHbIMU, KOMopble Omeedanu HeoOpabOManHHbIM 3HAYEHUAM
Odemexmopos. Taxum obpazom 6 pesyivmame pabomvl ObLIU NPOAHATUSUPOBAHBL PA3TUYHbIE NOOX0O0bL U MemOObl MAWUHHOZO
06yuenUst, YCMAHOBNEHO, YMO Hauboee NPOOYKMUGHBIMU U NPU DMOM JIe2KUMU 8 UHMepNpemayuy pe3yabmamos echv MoOeu Ha
basze ancamba 0epesbes peuleHull, a makice Obil NOAYYeH aN20PUmm 05t pabomvl ¢ IKCNEPUMEHMATLHLIMU OAHHbIMU, UX AHATUZOM
U UCNONL30BAHUEM 8 MEMOOAX MAWUHHO20 00YUeHUS.

Knruesvie cnosa: amanuz Oanuvlx, 00pabomka OAHHBIX, IKCHEPUMEHMANbHblE OaHHble, MAWUHHOe O0O0yuenue, OUHAPHAs
Kaaccugpurayus; epaoueHmuulii OycmuHe
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