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OO0bexkToM KBadM(UKAIMOHHONW pabOThl SIBISETCS MPOTrPpaMMHBIA MOAYJIb
dbopMHpoBaHUs  peKOMEHJAlMid 1O  Bblgade OaHKOBCKOTO  KpeauTa s
aBTOMaTU3UPOBAHHOM 0AHKOBCKOW CUCTEMBbI, KOTOPHIM MO3BOIUT CHEIMAIUCTY OaHKa
MPUHUMATh PEIICHUE O MaTbHEUIINX IEUCTBUSAX C KaKI0H BHOBBH IOCTYIHUBIICH
KPEJIUTHOMN 3as1BKOM.

ens paboThl — co3maHMe MOAYNS PEKOMEHIAIMi Ha OCHOBE aJIrOPUTMOB
MAalIMHHOTO OOy4YeHHs Il pelleHHs 3ajaud OWHApHOW Kiaccupukauuu Juis
MPEJIOCTAaBICHHOr0 Ha0opa [aHHBIX C KPEAUTHBIMU 3asBKaMU W3 Mara3uHOB
ANEKTPOHUK.

KoHnctpykTopckas 4acTh MOSICHUTEILHOM 3aMMUCKU COJIEPKUT
oOlIeTeXHUUECKOoe 000CHOBaHME pa3pabOTKH, BKIIOYAIOIIEE IMOCTAHOBKY 3aJayH,
OMMCAaHKME TPEIMETHON 00JIaCTH, aHaJIU3 JaHHBIX, pa3paboTKy HMH(OJIOTHYECKON U
JaTaJIOrMYeCcKO MOJIeNel, onucanue u pa3paboTKy NIpOrpaMMHOIO MOJYJIS.

B TexHoMOrHuecKoi 4acTu MOSICHUTENBHOM 3alUMCKU PACCMOTPEHBI BOIPOCHI
B3aUMOJICHCTBUSL C CHUCTEMOM W pa3paboTka uHTepdeiica monp3oBaTeneit. [laHo
OMMCAHKE SKPAHHBIX (POPM MOJIB30BATEIHCKOM YaCTH.

HayuHo-uccrnenoBarenbckasi 4aCTh COACPKUT MOCTAHOBKY 3a7a4l MAUTUHHOTO
oOydeHus s OuHapHou kinaccudukaruu, onucanue Mmetpuku AUC ROC, npuHIUIIBL
TPEHUPOBKH U BaJIUJALMKM MOJIEIeH, TUITMYHBIC OIIMOKU U Mepeo0ydeHHue, ONUCcaHue
aNrOpUTMOB: JIOTUCTUYECKass perpeccus, K-Ommwkaiimux coceneir  (k-nearest
neighbors, KNN), ciyuaitnsiii nec (RandomForest), MHOrocoitHas HelipoHHasl CETh
(MLP), ceprounbie HelipoHHbIe ceTH (CNN), a Takxke omnpenesieHHe alropuTMa,
KOTOPBIH JIy4Ille BCETO CHPABIISAETCA C MOCTABICHHOM 3a1auei.

B skxoHOoMHuYeckoM OOOCHOBaHUM pa3pabdOTKU MPUBEIEHA CMETa 3aTrpaT Ha

pa3paboTKy JaHHOU CHCTEMBI.



Pa3zpaboTan sproHomuueckuii ceptudukar, coaepxkaiiuii oOlMe U 4acTHHIE
APrOHOMHYECKHE XapaKTepUCTUKH, OLICHKHU SIPKOCTHO-KOHTPACTHBIX,
MPOCTPAHCTBEHHBIX, BPEMEHHBIX, HH(POPMALIMOHHBIX XapaKTEPUCTHUK.

Pa3paboTka cuctemMbl NpOBOAMJIACH HAa  OCHOBAHMM  3aJaHUsl  Ha
KBUIM(PUKALMOHHYI0  pabory  OakajlaBpa,  MOJMNUCAHHOTO  PYKOBOJMUTEIEM
KBaTM(UKAIIMOHHON paboThl OakanaBpa M YTBEPIKIESHHOTO 3aBEAyIOMUM Kadeapoit
nys MITY wum. H.D. baymana wu paokymeHra "TexHudeckoe 3amanue",

YTBEPKJIEHHOTO PYKOBOJIUTENEM KBaTU(DUKAMOHHONW paboThl OakanaBpa.
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BBenenue
BOJIBIJ_II/IHCTBO prr[HBIX 6aHKOB y>1<e B TOﬁ NJIn HHOfI Mepe I/ICHOJ’IBSYIOT

MalIuHHOC O6y‘ICHI/IC W aHaJIU3 JaHHBIX B cBOCH ACATCIIBHOCTH. ITomumo 3aJdadyu
CKOpUHTa, MOTYT OBITh U APYTUe NpUuaIoKCHUA, HAIIPUMECP, OIPCACIICHUC
I/IHIII/IBI/IIIyaHBHOﬁ KpCIII/ITHOﬁ CTaBKH, OLICHKA Ka4CCTBA 3aJ10I'a, OIITUMH3all A

KOJIMYCCTBA OINCPANMOHHUCTOB B 34JIC B 3dBUCUMOCTH OT YacCa U OHA IIpHUcMa U T.I.

Pemenue HOI[O6HBIX 3a1a49 MOXKCT CYIIICCTBCHHO ITOBBICUTDH peHTa6CJ'IBHOCTB

Ous3Heca u COKpATUThb U3ACPIKKHU U3-3d YCIIOBCHCCKOI'O q)aKTopa.

Opranuzanus Bcerga CTpEMUTCS K MAKCHUMH3ALUK POLEHTHOW CTaBKH, a
3aeMILUK JKEJIaeT MOJyYUTh BOOOIIEe OeCpOLIeHTHbIHN 3aiiM. PoiHOouHas 1
KOHKYpPEHTHas CpeJia MO3BOJISET 3aeMILUKY HE TOJIBKO OpaTh KPeAUThI, HO U HAWTH

HanOoJiee mpruemMiIeMblid OaHK U Tapud.

DTO MOPOKIAET €1le OAUH BHUJ 3a/1ad. OnpeaeanuTh 10 aHKETHBIM JaHHBIM
BO3BMET JIU 3a€MIIUK KPEIAUT B KOHKPETHOM OaHKE WU MOUJET B IPyroi. 1o
TUIMHAYHAS 3aJ1aya MAlIMHHOTO O0y4YeHUsl, a UMEHHO, 3a7ja4a OMHAPHOM
kinaccudukanuu. Korjna Ha BXoa MOIal0TCSt HEKOTOPBIE 3HAUCHUS U3 aHKETHI
3aeMIIUKa, B Pe3yJIbTaTe JOJKHBI MOJYIUTh HEKOTOPHIN KJlacc 3aeMIluKa (BO3bMET,

HE BO3BMET).

I[JISI peuicHuA HOI[O6HBIX 3aJgad HCO6XOI[I/IMO MUHUMYM ABC BCUIH. BO-HCpBBIX,
HCKOTOpBIﬁ MaTeMaTHYEeCKUM ariaiapar, IpuMCcHHUB KOTOpBIﬁ IMOJIy4YrUM HCO6XOI[PIMBIﬁ

PE3YyIbTAaT. BO-BTOpBIX, HaHHbIC, HA KOTOPHBIX HCO6XOI[I/IMO 06yIII/ITB MOACIIb.

B coBpeMeHHBIX Kypcax 110 MAIIMHHOMY O0yYE€HHIO OOJIBIIYIO POJIb OTBOAST
MMEHHO MaTeMaTUYeCKON CTOpOHE, a paboTy C JaHHBIMU MIPOCTO OMYCKAIOT,

MIPUHUMAsI KaKk caMo co00i pasyMeronuics ¢Gakr.

OJIHaKO, B PCAJIbHBIX 3ad4aX UMCHHO pa60Ta C JaHHBIMH 3aHUMACT OKOJIO
80% pa60qero BpPCMCHU. A KaudecTBO BXOOHBIX JTAHHBIX HCIIOCPCACTBCHHO BJIMACT HA

KaueCcTBO MOCTpOoeHHON Mojieu. [loaTomy B 1aHHOM KBamu(UKAIIMOHHON paboTe



6YJIYT PAaCcCMOTPCHBI OCHOBHBIC 3TAIlbl KaK MAITKMHHOT'O 06yquI/I$I, TaK aHaJIu3a

JaHHBIX.



1. KoHcTpyKTOpPCKAasA 4acTh

1.1. IlocTanoBKAa 3a1auu
Heo6xoaumo pazpaboTaTh MOYJIb pEKOMEHALIUN JIJIsI COTPYIHUKA OaHKa,

KOTOpBIN OyZeT MPOTHO3UPOBATH B3SITUE KPEUTA B 1IEJIEBOM OaHKE Ha OCHOBE
MpeI0CTaBIEHHOr0 Habopa JaHHbIX. /[[aHHbIe B3ATHI C COPEBHOBAHUA,
opranu3oBaHHoro 6ankom Tunbkodd (koHkypc nposoauics ¢ 10 suBaps 2017 rona
no 27 ¢espans 2017 rona).
B pamkax kBaninukannoHHO#N pabOThl OBLIN MOCTABIECHBI CIIEIYIOLINE
3a/a4u:
e AHaiu3 npeIMEeTHON 00JacTH.
e AHanu3 NpeoCTaBIEHHOr0 Habopa JaHHBIX.
e [locTraHoBKa 3aja4il MAIIMHHOTO OOYYEHUS U ONpEJIETICHUE aIrOpUTMa,
KOTOPBI JIy4Ille BCErO CIPABIISAETCS C OCTAaBICHHOM 3a7auei.
e Hactpoiika pabouero okpy>keHust ajisi pa3pepreiBanusi Django u
OMOIMOTEK MAITMHHOTO O0yUYEHUSI.
e PaszpaboTka MOIYJsl peKOMEHIAIMH.
e Pa3paboTka nporpaMMHOIO MOJYJIS.
e DKOHOMHUYECKUI pacyeT.
B Hacrosinmnii MOMEHT cyliecTBYeT OoJibliiasi MIOTPEOHOCTh B TPUMEHEHUHN
MaIlIMHHOTO O0y4YeHHUs JIJIsl ONTUMH3ALUU PabOoThl C KPEIUTHBIMU 3asBKaMu. Takue
CUCTEMBI pa3padaThIBAIOTCS MHAMBUIYAJIBHO MO/ KaXKIbIi OaHK, TOITOMY

IMOJTHOCTBIO YHUBCPCAJIBHOTO PCIICHUA HA I[aHHBIfI MOMCHT HC CYHICCTBYCT.

1.2. Onucanue npeaMeTHON 00J1aCTH
Hemee (i)OpMBI HOTpe6I/ITeJIBCKOFO KpSCANUTOBAaHUS BO3HUKIIN CIIIC BO BpECMCHA

3CMIICACIINA. Tor):[a B 3aCM 6paJm CCMCHaA WX OPYTHUC HCO6XOI[I/IMBI€ BCIIIH.
OTIIaBaTB JKC IMMPUXOAUIIOCH YIKC, HAIIPUMCEP, HC MCIIOK CCMAH, 4 BA. HCHBIO TaKoro

3aiiMa OblIa HCO6XOIII/IMOCTB MMPOKOPMUTH CECMBIO H oOecrieunTh €€ BEDKHUBAHUE.



Co BPCMCHCM ILCJIb KPCANTOBAHUA N3MCHHNJIACD. CCFO}IHH KpCOAUTHI 6epyT HC
TOJIBKO Ha HCO6XOI[I/IMBIC BCIIN, HO 1 HA MMPCAMCTBI POCKOIIN U CTATYyCA. XOpOIJ_II/IM

IMPpUMCEPOM ABJIAOTCA KPCAUTHI HA aBTOMOOWJIb U SJICKTPOHHUKY.

erI[I/ITOBaHI/Ie HACCJICHUA SKOHOMHUYCCKHN BBII'OJHO KaK OJIA roCyaapCTBa, TaK
" 111 CaMOTro KpSCAUTHOTO YUPCIKICHUA. I[BI/I}KCHI/IC KaliyuTalla u TOBap0060p0T
SIBJISIFOTCSI OCHOBOM COBpeMCHHOﬁ AKOHOMMYECKON CUCTEMBI. HOG)TOMy BblJa4da
KpCAUTOB ITOOHIPACTCA U CTUMYJIIUPYCTCA 4CPEC3 CPCACTBA MacCOBOH I/IH(i)OpMaHI/II/I,

yTeM BceoOIel peKiamMbl, MApKETUHIOBBIX aKIIMKM U IPYTUX MPUEMOB.

erI[I/ITOBaHI/IeM HaCCJICHUA, B OCHOBHOM, 3aHUMAIOTCs O0anku. bankoBckue
KpCAUTHI OTIINYAIOTCA OHpCI[CHCHHOﬁ CHCLIH(l)HKOﬁ. Tak OaHK IMOYTH HE HacT
KpCAUThI U3 coOCTBEHHOT'0 KanmuTaia. X HCTOYHHMKOM CTaHOBSITCS JACHBI'N
BKJIaJYHUKOB /U PaCUYCTHBIC CUCTA KOMMCPUCCKHUX OpFaHHSaHHﬁ, IMpUYCM 3THU
ACHCIKHBIC CPCACTBA ABJIAIOTCA BPCMCHHO CBO6OI[HBIMI/I. ITomumo 9TOI0, KpCaAuT
HOCHUT BOSMCBHHBIﬁ XapaKTep, a 3BHAYUT 3aCMIIUK JOJI’KCH HC TOJIBKO BEPHYTH

B3ATYIO CYMMY, HO U 3aIJIATUTH I[OHOHHHTCHBHBIﬁ IIPOLCHT.

Cam no cebe kpenut — 3To (PMHAHCOBAs yCiIyra, a 3Ha4UMT, KaKk U Jito0ast npyras
yciyra, OHa JI0J>KHA PUHOCUTH NpUObUTs opranuzanuu. KitoueBbiMu dpakropamu B

9TOM CJIy4dac CTAHOBATCA pa3sMep HpOLICHTHOﬁ CTaBKH N BO3BPATHOCTH KpCAUTA.

U eciu YCTAHOBUTb MUHUMAJIBHO OOIIYCTUMYIO IIPOLCHTHYIO CTABKY I10
KpCauTy CIIC BO3MOKHO, OIIMPAACh Ha ITPOLCHT BKJIaldad, U3JACPKKHU IIPpU OKAa3aHUN

yCIIyr, TO MpCaAcCKa3aTb 6YI[YHICC MOBCACHHUC 3aCMIIIUKA BECbMa HCIIPOCTO.

[lepBbIMH MOMBITKAMU PELIUTH 3TY POOIEeMy ObLIO BBEAECHUE JOCTATOUHO
nopoOHOI0 aHKETUPOBAHHUA. 3aTeM CHEIUATUCTBl OaHKa MPOBEPSIIN aHKETHBIE

JAaHHBIC U IPUHUMAJIN PCHICHUC O BbIAAYC KPCANUTA UJIN OTKAa3€ B HCM.

Co BPCMCHCM B OaHKax CTaJy HaKaIUIMBaThCS KpSCAUTHBIC UCTOPHUHU
3aCMIIINKOB. B 06H_ICM BHUAC - 3TO COBOKYITHOCTDb AHKCTHBIX JAHHBIX U ITOBCIACHHA
3acMIIMKa, HAIIpUMEP, OTAAJ JIM OH KPCIAUT, OBLJIN JIU IUIATEXKU PETYIIPHBIMU U T. .
BOSpOCH_II/Iﬁ 00BeEM I/IH(l)OpMa]_II/II/I CTaJl TOJTYKOM K aBTOMaTHU3allMU aHaJIn3a 1
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IIPUHATHUA pCH_IeHI/Iﬁ I1O BbIAAYC KPpCAUTA. DTO0 Tak Ha3bIBacMas 3ajla4a KpCaAUuTHOTO

CKOpHHTa.

BapI/IaHTBI ITOU 3a1a491 MOT'YT HEMHOTI'O OTJIMYAaThCA, HO CYTh 3aKIIHOYACTCA B
MNpCaACKa3aHrM HCKOTOPOI'O 3HAYCHUA 110 UMCIHOIIUMCS daHKCTHBIM JaHHBIM.
Haan/IMep, MOJKHO OIIPCACIINTL BEPOATHOCTD ITPOCPOYUKH KPpCaAUTA 3aCMIIIUKOM, A
KOHKPCTHOC PCHICHUC OCTABUTD 3a CIICHIUAJINCTOM. I[perﬁ BapHaHT, IIOJIHOCTBHIO
MCPCIIOKUTHL Hda KOMIIBIOTCP PCHICHUC 3TOI'0 BOIIPOCA, TOTdAd 3aa4ad CBOAUTC K

ONPEAEICHUIO NEUCTBUSA, T.€. JaTh U HE AaThb KPEAUT.

9BOJIIOI_II/I$I TeXHOHOFHﬁ, U POKOC IPUMCHCHNEC MHTCPHETA B KOMMepquKOﬁ
ACATCIIBHOCTU U COTPYAHHUUCCTBO MCIKAY TOPTOBBIMH IIPCANIPUATUAMU U OaHKaMH

MIPUBEIY K MOSIBJICHUIO HOBOM 3a/1aun B 0aHKOBCKOM cdepe.

TCHCpB B Mara3mHax 3JICKTPOHUKHU MOKHO B34ATb KPCAUT HA TOT UIIN WHOU
TOBAp. I[JISI 9TOT0 YK€ HC HY’KHO UJTU B 0ank. Bo MHOrHx KPYIIHBIX TUIICPMAPKETAX
TCXHHUKHU pa60Ta10T BBIC3IHBIC TOYKHU KPCAUTOBAHUA OT PA3HBIX 6ankoB. ITomumo
(1)1/131/1qec1<0r0 MNPUCYTCTBUA B MaradnHax, IOKYIIATCIIAAM JOCTYITHBI OHJIalH (bOpMBI
IJIA TIoAa4H 3aABOK HAa KPCAUT YCPEC3 UHTCPHECT-MAT'a3UHbI 3JICKTPOHUKMU. HOKYHaTeJIB
OCTAaBJIACT 3a4BKHU HA KPCAUT U OKUIOACT PCUICHUA o0anka. Ilocne OJIO6pCHI/ISI 3as1BKH

Y 4CJIOBCKA IOABJIACTCA BBI60p MCIKAY HCCKOJIBKUMU KPCAUTHBIMHA YUPCKIACHUAMMU.

Taxast cBoO01a BbIOOpA y MOKYyIATENeH 1 KOHKYPEHIIUS MeX1y OaHKaMu
MPUBOJIUT K MOBBIIMICHUIO U3JIEPKEK MPU 00pabOoTKe KpEeIUTHBIX 3asBOK. Benb
MIPOBEPUTH KAYECTBO 3a€MIIMKA, OLEHUTH IOTCHIIMAIbHBIE PUCKU, PACCUUTATH
MIPOLIEHTHYIO CTaBKY HY>KHO JIJI1 BCEX MOCTYIAIOIINX 3a8BOK, @ B KOHEUHOM UTOTE
KpEIUT B 3TOM OaHKE BO3BMET JIMILb KaKasi-TO YacTh MoKynaTenei. OctaabHble

3asiBKUA OynyT oOpaboTaHbl 0e3 KakoW-1100 OTaauu.

JUIsl COKpaIlEHUs 3TUX U3JIEP)KEK HEOOXOIUMO pa3padoTaTh MOIYJIb
pEKOMEHAIUi, KOTOPBIM ¢ XOPOIIei BEPOSATHOCTBIO CMOXKET OINPEACIIATH
MOKyTaTeNiei, KOTOpbIE IEHCTBUTENILHO BO3BMYT KPEIUT B ’TOM OaHKe. A 3HAUUT U

MMpOBOAUTH IJISI HUX MOJIHBIN IMHUKJI IIPOBCPOK 6YI[CT 9KOHOMHUYCCKHU OIIPpaBAAHO.
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Tak kak pekoMeHAaTeIbHbIE CUCTEMBI, B OCHOBHOM, CTPOSITCSI HA OCHOBE
KOHKPETHBIX UCTOPUUYECKUX JIAHHBIX, KOTOPBIEC Y KAKJIOT0 0aHKa OyIyT OTJIMYAThCS,
TO pa3pabOTKa YHUBEPCAJIBHOIO pellIeHHs 3aTpyaHuTenbHa. [loaTomy B qaHHOM
KBaTM(UKAIIUOHHON padoTe MOIY/Ih PEKOMEHAAINI pa3padaThIBaeTCs s

OIIpCACICHHOTO 6aHKa, a He BceX OaHKOB B OcJIoOM.

1.3. AHAJIN3 JaHHBIX

1.3.1. UcTOYHHMK JaHHBIX

J1J1s1 BBITTOTHEHU S KBalTU(DUKATMOHHOM pabOThI B3AT HA0Op JAHHBIX C
COpeBHOBaHMUsI, opranuzoBaHHoro 6ankom Tunbkod¢. Konkypc npoBoguics ¢ 10
sauBaps 2017 roga no 27 despania 2017 roga. Ilepen yuactTHukamu Obuia ocTaBjieHa

3aJada 6HHapHOﬁ KJIaCCI/I(bI/IKaLII/II/I. CYTB 3aa4y 3aKJIIF0YacTCA B CIICAYIOIICM.

B marasunax QJICKTPOHHUKH MOKHO B3ATH KPCAUT HA TOT UJIH WHOM TOBAap. I[J'IS[
9TOT'0 YK€ HC HY>KHO UATHU B 6ank. Bo MHOTHX KPYIHBIX TUIICPMAPKECTAX TCXHUKHN
pa60Ta10T BBIC3IHBIC TOUKH KPECAUTOBAHUA OT PA3HBIX OaHKOB. HOKYH&TCJ'IB
OCTAaBJIACT 3a4BKHU HA KPCAUT U OKNIOACT PCUICHUA 0anka. Ilocne 0I[06p€HI/I$I 3a4BKU Y
YCJIOBCKA ITOABJIISACTCA BBI60p MCIKAY HCCKOJIBKUMHU KPCAUTHBIMHA YUPCKACHUAMU.

OTOT BBIOOP B OTHOIIEHNU O0aHka TuHbko( ] 1 HY)KHO IIpeACKa3aTh.

JIpyrumMu cIIOBaMHM, HY>KHO OTIPEICTUTh BRIOCPET JIM TOT WJIM MHOHM YeIOBEK
nMeHHo 0aHk Tunbko(d @, eciu ero 3asBka OyaeT onoopeHa 6ankoM. Ckopee Bcero,
peleHne 3ToH 3aaun TOMOXKET OaHKy HE TTPOBOAUTD JIMIITHIOI paboTy ¢

KIIMCHTAaMHU, €CJIM OHU BCC PABHO MOT'YT HC B]':I6paTB 9TOT OaHK.

Jlist KoHKypca ObLT TpeiocTaBieH Habop TaHHBIX (Janee - JaTaceT) ¢
OINMCaHUEM 3as5BOK Ha KPEIUT U3 MarasmHOB AJIEKTPOHUKHU. Bce 3Th 3asaBKu ObUTH

0J100peHbI OAaHKOM.

1.3.2. IToaroroBka JaHHBIX
JlaHHbIE peKO MOMaAal0T K aHATUTUKY B BUE MTPUTOTHOM IS
WCIIOJIb30BaHUsI METOJIOB MAIIMHHOTO 00y4ueHus. [loaToMy mpeaBapuTeIbHO JaHHbBIE
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HY>KHO 00paboTaTh U MOArOTOBUTH. KauecTBO TaHHBIX HANPSMYIO BIUSET Ha
MIOJIyYEHHBIE PE3YIBTATHI HA ATAlle MOAEIUPOBaHus. YeM KaueCcTBEHHEN
npou3BeeHa NpeoopadoTKa, TEM MEHBIIIE CHII OyJIE€T TPATUTHCA HA MOMBITKY
00BSICHEHUI aHOMAJIBHBIX Pe3yabTaToB. OOBIYHO 3TOT 3TAI BKIIOYAET B cEOs

OYUCTKY H HpeO6paBOBaHI/IC JaHHBIX.

1.3.3. OuncrKa TaHHBIX
OuucTka TaHHBIX MIPEIoIaraeT ycTpaHeHue omnuOoK B JaHHBIX. Hanbomnee

TUIIMYHBIE OITHOKU:

o Opdorpaduueckue ommOku u oneyaTku. [losBisitoTes npu BBOJE
JaHHBIX B 0a3y orepaTopoM. MoryT 3HaUMTENIbHO MOBIHITH HA KAYECTBO
MozaenupoBanus. Hanpumep, mocksa u Mocksa, 100 u 1000.

o OtcyTtcTBHE NaHHBIX. MOT'YT BO3ZHMKATh U3-3a OTCYTCTBUS JaHHBIX
npu BBojE. Takke BOZMOKHO MOSBJICHHUE MPU CO3/ITaHUU CBOAHBIX TaOJIHII,
Pa3HbIX 10 CTPYKTYpE.

o ®ukTuBHbIe 3HaUeHus. [losBasI0TCS, KOrja nojie 00s13aTenbHO
JUISI 3aII0JIHEHUS, HO TOYHBIX JaHHBIX Y ornieparopa HeT. Torjaa BBOASTCS XOThb
Kakue-HUOyAb AaHHbIe. Yallle BCero Takue OUIMOKY MOSBISIOTCS B HOMEpax
tenedoHa, aapecax, 3apiaTax 1 T.n.

o Jlornyecku HeBepHbIe naHHbIe. [log ATy omMOKy moAnanamT
3HAYEHUs, KOTOPbIE HE COOTBETCTBYIOT CMBICITY MoJig Tabnuisl. Hampumep, B
PETMOHE YKa3bIBAKOT TOPOJ WIH PANOH.

o 3akoaupoBaHHbIE JaHHbIE. COKpallleHHas 3alIUCh WU KOJUPOBKA
peanbHbIX NaHHbIX. [[puMeHseTcs ¢ 1e/Ibl0 YMEHbIIEHUS 3aHUMAaeMOT0 MeCTa.

o CocraBHble 3HaueHus1. OOBIYHO XapaKTEPHO ISl TOJIEH ¢
MPOU3BOJIBHBIM BBOJIOM TEKCTOBOM MHpopmMaru. OCOOEHHO CTAaHOBUTCS

po0IeMoid, eciii HEeT NPOBEpPKHU U (hopmaTa BBOAA.

1.3.4. OuncTKa TaHHBIX J1aTAaceTa
UTOObI OIIECHUTH Ka4eCTBO HAOOpa JIAaHHBIX U HEOOXOIUMOCTD

HpCHBapHTeHBHOﬁ OYHUCTKHU JaHHBIX, HCO6XOI[I/IMO IMOCMOTPCTh HA CaMU TdHHBIC.
13



O6H_II/IC MpCaACTABICHUA O JAaHHBIX MOKHO ITOJIYYUTH 110 IICPBBIM U ITOCJICIHHUM

cTpoukam aatacera (Tabsiuima 1 u Tadnuna 2).

Tabmuma 1 - [lepBble NATH CTPOK U3 JaTaceTa

gender | age | marital_status | job_position | credit_sum | credit_month | tariff_id [ score_shk | education | living_region monthly_income | credit_count| overdue_credit_count|open_account_flg
client_id
1 M 48 |MAR UMN 53998 00 10 18 0770249 [GRD KPACHOIAPCKUWIA KPAA | 30000.0 10 10 0
2 F 28 |MAR UMN 10889.00 6 11 0248514 |GRD MOCKBA 430000 20 00 0
3 M 32 |MAR SPC 10726.00 12 11 0459589 [SCH OBJ1 CAPATOBCKAA 230000 50 00 0
4 F 27 |DivV SPC 12009.09 12 11 0362536 [GRD OB BONTOrPAICKAR 170000 20 00 0
5 M 45 |MAR SPC 16908.89 10 11 0.421385 [SCH HENABMHCKAS OBNACTE | 25000.0 1.0 0.0 0

Tabnuua

2 - Tlocneauue mITh CTPOK U3 JlaTaceTa

gender |age | marital_status | job_position | credit_sum |credit_month |tariff_id | score_shk| education |living_region monthly_income | credit_count| overdue_credit_count|open_account flg
client_id
170742 |F 27 |UNM SPC 64867.00 12 1.1 0.535257 |GRD PECNYBIIVIKA TATAPCTAH | 40000.0 6.0 0.0 o
170743 |F 24 |MAR sPC 17640.00 6 16 0573287 |SCH CAHKT-METEPBYPI T 300000 10 0o 0
170744 |F 31 [UNM SPC 27556.47 10 1.32 0.416098 |GRD MPYMOPCKN KPAK 40000.0 1.0 0.0 o
170745 |F 53 |DIV PNA 6189.00 12 11 0482595 |SCH MNEH3EHCKASR OBN 310000 20 00 0
170748 | M 49 |MAR SPC 12787.00 10 1.1 0.316087 |GRD OBl MOCKOBCKASA 40000.0 3.0 0.0 o

Bcero B naracere 14 cronbuoB u 170746 crpok. Kak MOXHO yBUIETH B

AaTacCTC NMPCACTABIICHBI 3HAYCHUA B PA3HBIX @opMaTax H Ha pa3HbIX A3bIKAX.

Omnncanne KOJIOHOK M MX BO3MOKHBIC 3HAUCHUS MpeaoCTaBJICHBI OPraHNU3aTOPOM

KOHKYpca yKa3aHbl B Tabnue 3.

Ta6JII/II_Ia 3 — Onucanue CTOJI6I_IOB JaTaccTa

OnucaHue ctonbuos aaTtaceTta

HassaHue OnucaHue

client_id YHUKaNbHbIN NAEHTUPUKATOP KAMEHTA
education ObpaszoBaHue

job_position PaboTa

marital_status CemeiHoe nonoxeHune

gender Mon

age Bospact

credit_sum Cymma kpenuta

credit month CpOK KpeTuTOBaH Ust

tariff id

Howmep npemaraemoro tapuda

living region

Pernon npoxuBanus

monthly income

Mecsunblil 3apaboTOK

credit_count

KommuecTBo KPpEAUTOB y KIIMCHTA

overdue credit count

KommugecTBo IMMPOCPOYCHHBIX KPCAUTOB KIIMCHTA
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I[JISI OAHOT'O CTOJ'I6I_Ia, a UMCHHO SCOI’C_Shk, OIIMCAHUC OPTraHN34aTOPOM HC
MpeaoCTaBJICHO. B03MO0XHO OHO KaK-TO CBS3aHO C IMPOrHO30M BO3BpaTa KpCaAuTa UJIn

¢ TapudHON MOTUTUKOM.

1.3.5. Onucanue BO3MOKHBIX 3HAYCHUH B CTOJIOIAX
B tabnune 4 mpeacTaBieHbl Bce 3HAYEHUS, KOTOPHIE MOXKET MPUHUMATD

npu3HaK “o0pa3zoBaHue”.

Tabnuma 4 - O6pazoBanue

education (oOpa3oBanue)
3HayeHue npuzHaka |Onucanme
SCH HauannHoe, cpennee
PGR Bropoe Beiciice
GRD Briciiee
UGR HenoaHoe BeICIIEe
ACD Y4eHasi CTEneHb

HekoTtoprbie 3HaueHHs B KOJIOHKE job position oTpa)karoT HE JOJDKHOCTH, a
HEUTO JIPYroe U MOTYT BBECTH B 3a0iysxaeHue (Tabuuia 5). Hanpumep, B peaibHOM
MUpE BiIajieliel] COOCTBEHHOT0 OM3HECa MOYKET UMETh KaKyr0-JIH0O0 JTOKHOCTD, KaK B
CBOCM TIPEIIPHUATHH, TAK U B Uy)KOM. TOI/1a 4TO B TAKOM CJIy4ae MPOCTABISICTCS B
atoil rpade? Takoit ke MOMEHT kacaeTcst 6e3padoTuilbl. Cyisi O 3HAYEHUSM,
pUYrHA 0€3padOTHIIBI MOKET ObITh B HHBAJIMJIHOCTH, ICHCHOHHOM BO3pacTe,
OTCYTCTBHUIO pabOTHI O€3 IPUUMHEI M CTaTyce JOMOX03siKkH. M 1Mo Bce 310
BBIJICJICHBI OT/JeIbHBIC 3HaUeHHsI. CKOpee BCero, Takoe MHOTooOpa3ue BBOJIa B ATOM
KOJIOHKE CBSI3aHO C OIMMOKOW Ha ATare MPOSKTHPOBAHUS CUCTEMBI, B KOTOPOH 3TH
JaHHBIC 3aHOCATCS. MOXKHO OBUTO OBI BBECTH OMHAPHBIC MPU3HAKU paboTacT/He
paboTaeT, Biajaenel ouszHeca/Het 6uzHeca. Eciu uenoBek paboTaer, BBECTH JaHHBIE
00 ypOBHE JOJKHOCTH: CITY>KaIllUH/PyKOBOIUTEIIB/CIICIIMAIACT U T.J1. FIHaue BBeCTH
MPUYHUHY OTCYTCTBHUS Pa0O0THI. DTO ObI YBEIWYHIO KOJIMYECTBO CTOJIOIOB B TAOJIHIIC
Y TIOJICH TIPH 3aITOJITHCHUH, HO MOTJIO OBl YIIYUIIIMTH IMPOIIECC MOICITUPOBAHMS HA

OCHOBC JaHHBbIX.
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Tabmuma 5 - Pabora

job position (paboTa)

3HauyeHMe MPU3HAKA

Onucanue

SPC

HepykoBoas1uii COTPYIHUK - CIICIIUATIUCT

DIR PykoBoauTtenb opranu3anuu

HSK Jlomoxo3siiKa

INV He paboTaer (MHBaIMIHOCTH)

WOI Pa6oTaer na UI1

WRK HepykoBoasimuii COTpYIHUK - paboumii
ATP HepykoBoasimmii COTpYIHHUK - 00CITY>KUBAIOIIHMHA IIEPCOHAT
WRP Paboraromuii meHcuoHep

UMN PykoBoauTens noapas3aeacHus

NOR He paboTaer

PNS ITeHcuoHep

BIS CoOCTBEHHBIN OM3HEC

INP MHuayBUyaTbHBIN TP EATIPUHUMATEIb

[Toxoxkast cutyarus u B ctos61e marital status (tabmuna 6). C Touku 3peHust

3aKOHa €CTh TOJIBKO ABa COCTOSAHUS B CEMEMHOM MOJOXKCHUHU: 3aKIFOUYCHHBIN 6paK )51

€r0 OTCYTCTBHC. Bce ocranbHble 3HAUEHUS JIMIIIL OIMCHIBAIOT MMPpUYINHY OOHOTI'O U3

9TUX ABYX coctossHui. boee TOrO, Oq)HHHaJIBHO ITIOHATHUC I‘pa)KI[aHCKI/Iﬁ 6pa1< B

3dKOHOAATCIILCTBC OTCYTCTBYCT, U €My COOTBCTCTBYCT HC CTOJIb KpaCHBBIﬁ TCPMUH,

KaK COXUTCIIBCTBO. HOC—)TOMy €ro B OOBIYHOM JKU3HH CTaparoTCAa n3oerath. Toxe

MOXHO OBbLJIO OBI clIeaTh ABa cToI011a. B o1HOM OMHApHBINA NPU3HAK CEMEHHOTO

IMOJIOKCHHA, B IPYT'OM OIIMCAHUC IIPUYIHH.

Tabnuua 6 - CeMeilHOE MOJIOKECHUE

marital status (cemeiiHOe MOJI0KEHNE)
3Hauyenue npuzHaka |Onucanme
UNM X0J0CT/HE 3aMYKeM
DIV PesBenieH (a)
MAR JKenar/3amyxem
WID Bnosen, BgoBa
CIV I'paxxnanckuii Opak

HpI/IBHaK IMOoJ IpPeACTABJICH ABYMS OUCBUIHBIMU 3HAYCHUAMN (Ta6J'II/I]_Ia 7)
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Taomuna 7 — Ion

gender (1moJ1)

5|

Kenckui

Myxckon

Tabnuua & - Tumel JaHHBIX B CTOJIOIAX

Cronben
gender

age

marital_status
job_position
credit sum
credit month
tariff id
score_shk
education

living region
monthly income
credit_count
overdue credit count
open account flg

Tun
object
nt64
object
object
float64
nt64
object
float64
object
object
float64
float64
float64
nt64

Tabnuua 9 - Onrcanue 4nucI0BbIX CTOJIOOB

count mean std min 25% 50% 75% max
age 170746.0 | 36.50 10.55 18.0 |28.00 34.00 43.00 71.00
credit_sum 170746.0 | 26095.05 | 16234.79 [ 2736.0 | 14908.00 | 21229.00 | 32068.00 | 200000.00
credit_month 170746.0 [ 10.98 3.54 3.0 10.00 10.00 12.00 36.00
score_shk 170746.0 | 0.47 012 0.0 0.38 0.46 0.55 1.13
monthly_income 170745.0 | 40138 20 | 25044 21 | 5000.0 | 25000.00 | 35000.00 | 50000.00 | 950000.00
credit_count 161516.0 | 2.11 1.78 0.0 1.00 2.00 3.00 21.00
overdue_credit_count | 161516.0|0.05 0.21 0.0 0.00 0.00 0.00 3.00
open_account flg 170746.0 (018 0.38 0.0 0.00 0.00 0.00 1.00
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Taonuua 10 - Onucanme 0O bEKTHBIX CTOJIOIIOB

count |unique |top freq
gender 170746 | 2 F 886497
marital status |170746(5 MAR 3956
job position |170746 (18 SPC 134680
tariff_id 170746 | 33 1.1 69355
education 1707465 SCH 87539
living_region |170554 | 301 OB MOCKOBCHAH [ 12228

W3 tabnuil Beillle BUJTHO, YTO B 1aTaCETE MPUCYTCTBYIOT HEKOTOPHIE
Ipo0JIeMBbl, KOTOpbIE HEOOXOIUMO PELINUTD NIEPE]] CO3AAHUEM U O0YyUEHHEM MOAEIEH

(Tabnuma 11).

Tabnuua 11 — CBogHas Tabnuua npoOaeM B JaHHBIX

MNpo6nema Cton6upbl
monthly_income, credit_count,
overdue_credit_count,
OTcyTCcTBME AAHHbIX living_region

Jlornyecku HeBepHble AaHHble U
opdorpadpuueckme owmnbru (onevaTtkn) living_region
gender, marital_status,
job_position, tariff_id, education,
3aKoaMpOBaHHbIE M TEKCTOBbIE AaHHble living_region
1.3.6. 3anoyiHsieM npoONylIeHHbIEC 3HAYEHUS
I[JISI HCKOTOPBIX AJITOPUTMOB MAIIIMHHOT O O6yquI/I$I HCO6XOI[I/IMO 06GCHG‘II/ITB

OTCYTCTBHUC IIPOMMYIICHHBIX 3HaueHuM. MlHaue ux Heab3s MMPUMCHUTDH WJIN UX

pe3yabTaThl OyIyT HE CAMBIMH JIYUIIIMHU.

Cyl1iecTByeT HECKOJIBKO BApUAHTOB 00PaOOTKH U 3aMOJIHEHUS CTPOK C

MIPOMYCKaMU:

o VY nanenue CTpokH ¢ TPOonycKoM. EcCiin KOIU4ecTBO JaHHBIX
MO3BOJISIET MPOILE BCETO YIAUIUTH TAKWE MPUMEPHI.

o [loncranoBka ¢pukTHBHBIX 3HaYeHu. Hampumep, null unu 0.
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L4 HOIICTaHOBKa CPCOAHCTO 3HAUYCHUS UJIIM MCIHAHBI.
L4 HOIICTaHOBKa qaCTO UCIIOJIb3yCMOT'0 3HAYUCHU . OOBI4HO
MPUMCHACTCA IJIA KaTCTOPHUAJIbHBIX 3HAYCHUM.
L4 HpeIICKa3aHI/IC HauoOoJiee BCPOATHOTO 3HAYCHUA.
3a1oJIHUM YHCIIOBBIC CTOJI6I_IBI MCIHUAaHHBIM 3HAYCHUCM. HpI/I 3aIllOJIHCHNH
MMPOMMYIICHHBIX 3HaquHﬁ, BCCTAa CYHICCTBYCT PUCK UCKAKCHUA B JAHHBIX. Ho sT10
TOJIBKO PUCK, 4 OKOHYATCJIbHAA OLICHKA BO3MOKHA TOJIBKO IIPpU IPOBCACHHUHN
OKCIICPUMCHTA. Ha »sTane mammHHOTO 06yquI/151 MOJKCT BBIICHUTBHCA, YTO CTPOKH C
MPONMYMICHHBIMHU 3HAYCHUAMMU JIYUIIC YAAINUTH, TOT A IJIA YIYUIICHUA KAUCCTBA

MOACIN 3TO U 6YI[CT CACIaHO.

CTOJI6I_IBI C KaTCropuajbHbIMH 3HAUYCHUAMU 3aIIOJTHUM 9aCTO HUCIIOJIb3YCMbBIM

3HAYCHUCM.

1.3.7. O6pabdoTka cTondua living_region

Cronbern living_region coaepXut peruonsl Poccuu B KOTOPBIX ObLITN
chopMupoBaHbI 3asBKU Ha KpeauT. B PO cymectByet 85 cyonekToB dhenepanuu, a
YHUKAJIbHBIX 3Ha4eHUH B 3TOM cTosibie 301. Uto mpeanonaraet HaaIudue

TyOIUPYIONIUX U OMIMOOYHBIX 3aITUCEH.

W3 yactuyHoro nepeyHsA 3HAUYCHUU BHIHO, YTO PCTHOHBI 3aIIMCAHBI B 633}7

COBCPHICHHO IMO-pPa3HOMY.
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'"KEACHOOAPCHKIOI KPAM' 'MOCKEA' 'OBN CRPATOBCHERS' 'OBJ BONTIOTEAICKAS'
"UENASHHCKAEA COBIACTR' 'CTAEERCTICILCKII KBRM' "OBN HMFETCPCIOCKAT'
'"MOCKOBCKRA COEN' "XRHTH-MRHCMICKMI RBTOHCOMEHIT OKPYT — HIPL'

'"KELRM CTABEONONRCKINI' 'CREKT-TIETEEEVEDC' 'FECIH. BAINKOPTOCTLRH'

'OBN APXAHTENECHKAA' 'XAHTH-MAHCIHACKIN AC' 'PECH SANKOETOCTAH'
"IEEMCHII KBAM' 'PECTH KAPAUAFBO-UEPKECCHAS' 'CAPATOBCHARS OB’

'OBN KAIVECKAA' '"OBN SBONCCCOCKAA' "POCTOBCKAS OBN' 'VIMYPTCKAA PECH'
'OBN MPEYTCKAZ' 'NEMBCIECKI EINEPANBHHN OKEYVD' 'OBN MOCKOBCKAS'

'CEJl TOMEHCHKRA' 'CEBI EBENICPCOCKAA" '"POCTOBCHKAA OBJIACTE' "COBN KOCTPCOMCHRA'

'"PECI XAKACHA' 'PECIOVEIMKA TATRAPCTRH" '"HPEYTCHKARA OEBEJACTL'

'OBN CBEPINICECKAA' 'OBN MCKOBCKAA' "KPAH SABAMKANLCKMA' 'CEEPONCBCKAA OBMN'

'CENl CPEHEYPI'CKARA' 'CEN EBCPCHEECKRA' 'OBN ACTPRANAHCKRA'

'CEJl HOBCCHEMPCHAA' 'CEBN YEJAEMHCHEAA" "CPEHEYFI'CKAA OB’
'CBEFIIICBCEAA CEIACTL' 'COBJ KYPIRHCERA' '"UEJABEMHCHKAA OBI'

' HMEETQOPOOCKAT OEJIACTE' 'TATRPCTRH PECH' 'VILAHCOBCHEAA COEN' '"MOCKBAR I

'OBN MYPMAHCKAA' 'KPACHOAPCKMA KPAM' '"PECH EVPATHA' 'PECI. CAXA (AKYTHA)'
'0E]l AMYPCKAA' 'XASAPOBCHKIN! KPAM' "CAHKT-NETEPEYEPT I'' 'AMANO-HEHEIFIGL AC'

'CBEJl CRMRPCHKARA' 'THMEHCKAA CEJNACTL" "TBEPCHKAA CEBIACTL'
'APOCIIABCKAA OBJACTE' 'OBN BIAIFMHPCERA" "CEBEN JIEHMHT'PAICEAA'

PucyHok 1 — 3anuce pernoHOB B gaTaceTre

HpI/ISHaK C pCTUOHAMHU BKIIHOYACT PA3HBIC BAPUAHTHI 3anucen OJHHX M TCX XKC

peruoHoB (tabnuma 12).
Tabnuua 12 - BapuaHTsl 3anuceil perHoHOB

PernoH BapuaHTbl HanucaHua
Mocksa MOCKBA
I MOCKBA
MOCKBA T
. MOCKBA
IMOCKBA
MocKoBcKas 061acTb MOCKOBCKASA OB
OBb/1 MOCKOBCKAA
MOCKOBCKAA OBNIACTb
MOCKOBCKAA
OB/1.MOCKOBCKAA

XaHTbl-MaHCUNCKNIA aBTOHOMHbIN OKPYT . . .
XAHTbl-MAHCUWCKMW ABTOHOMHbIN OKPYT - IOTPA

XAHTbI-MAHCUNCKUN AO
AO XAHTbI-MAHCUWNCKMIN ABTOHOMHbIA OKPYT - 1O

ITomumo pa3H006pa31/151 HallUCaHUA PCTUOHOB B 1ATACCTC MPCACTABIICHBI

OIINOOYHBIEC HJIN HCKOPPCKTHBLIC JTaAHHBIC.
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Tabmuma 13 — HekoppekTHbIC U OIITMOOYHBIC 3aIIMCU B PETHOHAX

OwWwmnboUHbIE NN HEKOPPEKTHbIE 3anuUcu

MpuuunHa

r.0AMHLOBO MOCKOBCKAA OBJ1

He cyb6bekT PO

MOCKBOCKAA OBJ1

OneyvaTKa

MPUBOJMKCKUIN GEOEPABHbLIV OKPYI

He cyb6bekT PO

NANbHUIA BOCTOK

He cy6bekT PO

KAMYATCKAA OBJIACTb KamuaTckunin kpai

FTOPbKOBCKAA OBJ1 Hu»keropogackas obnactb ¢ 1990 roga
YUTUHCKAA OB/ 3abalikanbCKnin Kpai
MbITULLIMHCKWIA P-H He cybbeKkT PO

98 Kopg pernoHa

Tpe6yeTc51 MMPUBCCTHU 3TU JAHHBIC K CINHOMY CTHUIIIO. HpI/IHSITO pPCUICHUC

OoTOpOCUTH yKa3aHUs Ha THN CyObekTa (00JacTh, Kpail U T.1.), YIUIUTh BCE

HC6YKBCHHBIC CHUMBOJIbBI, B TOM YHUCJIC U HpO6CJ]BI, MMPUBCCTU K HUKHEMY PCTUCTPY, a

OIIMOOYHBIEC HJIN HCKOPPCKTHBIC JAHHBIC 3dMCHHUTDH Hd dAKTYAJIbHBIC CY6’BCKT]'::I 501041

HanOosiee OJIM3KUE K HAM.

[Tocne Bcex mpeoOpazoBanuit nonyumiock 83 peruona. Ilo Beceit BuauMoctu
JlaHHBbIE OBLUTA COOpaHBI 3a JTUTENIBHBINA MPOMEXKYTOK BpeMeHH, HauuHas ¢ 1990 roxa

u 110 2014 rox. Tak kak OTCYTCTBYIOT JiBa COBPEMEHHBIX peruoHa: PecryOnka

Kpbim 1 ropon CeBacronosnb, KOTopble Bouuid B coctaB Poccun B 2014 rony.

I[I/IafpaMMa MPUHATBIX U OTKIIOHCHHBIX 3a4BOK IIO KPpCAUTAM I10 pCruOHaM IIOKa3aHa

HIKE Ha PUCYHKE 2.
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0 2000 4000 6000 8000 10000 12000 14000
open_account_flg

Pucynok 2 - JluarpamMmma npuHSTHIX U OTKJIOHEHHBIX 3a5BOK 10 KpeAUTaM 110

peruoHam

1.3.8. KomupyeMm kateropuajibHble IPU3HAKH

Korpa xaTeropuaibHble JaHHBIE YK€ OUHUILEHBI, MOKHO IPUCTYIUTh K UX
KOJMPOBAaHMIO. ITO HEOOXOAMMO, TaK KaK aJIrOPUTMbI MAIIMHHOTO 00YYEeHUs B
o011eM ciydyae paboTaroT C YUCIOBBIMU Mpu3HakaMu. COOTBETCTBEHHO, TEKCTOBbIE

3HAYEHUA TaK WM HHAYe HEOOXOMMO NIEPEBECTH B LU PHI.

Paznuuaior GuHapHbIE 1 MHOTOKJIACCOBbIE MpU3HaKU. buHapHble npu3HaKu
Yalie BCero ONMUCHIBAIOT HAIMYME WIIK OTCYTCTBUE 4ero-mu60. COOTBETCTBEHHO,

KoaupyroT ux 0 u 1.

MHOTroKI1acCOBBIE€ MMPU3HAKU KOAUPYET OOBIYHO OJHUM M3 ABYX CIIOCOOOB.
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Bo-nemeX, BCEM YHUKAJIbHBIM 3HAYCHUAM IIPHU3HAKA CTABAT B COOTBCTCTBUC
KaKoe-JInoo quCJI0, HAIIpUMEP, OT 0 A0 n, rac n - KOJIMYCeCTBO YHUKAJIBHBIX 3HA4YCHUM

MIpU3HAKA.

Bo-BTopbix, ucnons3dytor dummy unu one-hot kogupoBanue. (onucaTh 6oJee

oAPOOHO).
Cronben ¢ GuHapHBIM MTPU3HAKOM (110JT) KogupyeM B 0 u 1.
Bce octanpHBIe CTONOBI KOIUpYyeM one-hot.

1.3.9. UcciaenoBanue JaHHBIX

DTOT ATal MOMOTaeT MOHSTh, KaK MIPU3HAKH COOTHOCSTCS C IPYT IPYroM, €CTh
JI1 KaKue-1u00 sIBHbIE 3aKOHOMEPHOCTH. Ellle Ha 3TOM 11are orieHuBaeTCs
pacripejielieHue U HaJlnuue Wi OTCYTCTBUE BHIOPOCOB. B OCHOBHOM MpUMEHSIETCS

BHU3YyaJIN3allvid U CTATUCTUYICCKUC MCTO/IbI (pI/ICYHOK 3)
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credit_count credit_month

35000 120000 160000
140000
30000 100000
120000
25000
80000
100000
20000
60000 80000
15000
60000
40000
10000
40000
20000
5000 20000
0 0 0 —
10 80 0 5 10 15 20 25 0 5 10 15 20 25 30 35 40
credit_sum monthly_income open_account_flg
100000 = 180000 - 160000 - -
160000 140000
80000
140000 120000
120000
60000 100000
100000
80000
80000
40000 60000
60000
40000
20000 40000
20000 20000 I
0 0 0
0 50000 100000 150000 200000 0 200000 400000 600000 800000 1000000 0.0 0.2 0.4 0.6 0.8 1.0
overdue_credit_count score_shk
160000 - - 60000 =
140000
50000
120000
40000
100000
80000 30000
60000
20000
40000
10000
20000
0 | 0
00 05 10 15 20 25 30 0.0 12

Pucynok 3 - PacnipeeneHre 4ucioBbIX NPU3HAKOB

[To rpadukam MOXHO 3aMETUTh, UTO B OCHOBHOM JIFOJIA OEPYT KPEIUT Ha
cymmy a0 100 000 py6seii. Ckopee Bcero, mpuMepsl ¢ O0JbIIeH CyMMONH MOXKHO

OTCCYb KaK HC3HAUYMTCIIBHBIC.

[TocMOTpUM Ha 3aBUCUMOCTH CYMMBbI KpeJUTa OT BO3pacTa (PUCYHOK 4).
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e 0
e 1
70
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L ] L ]
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20
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-50000 0 50000 100000 150000 200000 250000

credit_sum

Pucynok 4 - 3aBUCUMOCTh CyMMBI KPEAUTA OT BO3pacTa

[TocMOTpUM Ha 3aBUCUMOCTH CYMMBI KpeAUTa OT 3apIuiaThl (PUCYHOK 5).

1000000

° e 0
° o 1
800000 ° . °
° °
° °
°
°
600000 e o o
°
)
£
5]
3]
£
Z‘l 400000
<
5 °
£
200000 . +
~ °
.
0y, ©
0 . °® e
-200000
-50000 0 50000 100000 150000 200000 250000

credit_sum

PucyHok 5 - 3aBUCUMOCTH CyMMBI KpEAUTA OT 3apIuiaThl

Jlsist ycTpaneHust BBIOPOCOB yAaJIUM BCE MPUMEPBI C CYMMOM KpeauTa OoJibliie

100 000 py6Gaeit, 3apmnaroit 6osbiie 150 000 pyoieil.
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[Tomyuaem ye pe3yiabTaT HAMHOTO JIydIle (PUCYHOK 6).

credit_count credit_month

35000 120000 160000

140000
30000 100000

25000 120000

80000
100000
20000

60000 80000

15000
60000
40000

10000 40000

20000
5000 20000

0 0

#
8

10 80 5 10 15 20 25 0 5 10 %5 20 25 30
70000 credit_sum 70000 monthly_income 160000 open_account_flg
60000 60000 140000
50000 50000 120000

100000
40000 40000
80000
30000 30000
60000
20000 20000
40000
10000 10000 20000 I
0 0 0
0 20000 40000 60000 80000 100000 0 20000 40000 60000 80000100000120000140000160000 0.0 0.2 04 06 08 1.0
160000 overdue_credit_count 60000 score_shk
140000
50000

120000
40000

100000
80000 30000

60000
20000

40000
10000

20000
0 = 0

0.0 05 1.0 15 20 25 30 0.0

Pucynok 6 - PacrnipeiesieHre YUCIOBBIX MPU3HAKOB MOCIIE YAAJICHUS BHIOPOCOB

1.3.10. IlpuBoaAUM K HOPMAJIBLHOMY pacnpeaeJeHuI0

PaGota ¢ BeIOpOCcaMu, Kak U IPOIMYIIEHHBIMUA 3HAUEHUSIMU T10JIpa3yMeBaEeT B
oOmieM aBa nojaxoja. Bo-nepBbIx, yaaneHue NpuMepoB ¢ BEIOpocamMu U
MOTEHIMAJIBHYIO MOTEPIO AaHHBIX. BO-BTOpHIX, MpeoOpa3zoBaHue JaHHBIX U

IHNOTCHIHUAJIBbHO UCKAKCHHUC B HUX.

[lo rpadukam BbIllIE BUJHO, YTO Y HEKOTOPBIX CTOJIOLIOB 3HAUCHHUS 1aJIEKH OT

HOPMAJILHOTO pacrpeeeHus. A OHO HEOOXOUMO J1Jisi IPUMEHEHUST HEKOTOPhIX
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AJITOPUTMOB. ITomumo YAAJICHUS ITPUMEPOB, CYIICCTBYCT HCCKOJIBKO BAPHAHTOB

MNPpUBCACHUA JAHHBIX K HOPpMAJIbHOMY pacCIIpCACIICHUIO NIIH 6JII/I3KOMy K HCMY.

I[HH 9TOT0O UCITIOJb3YIOT HOPMHUPOBAHHLIC Z-OI_ICHKI/I NN JIOI‘apI/I(I)MI/IpOBaHI/IC.

f_
fr=—2"

o

3nech f - ncxomHoe 3HaueHue Npu3HaKa, f' - HOpMUPOBaHHOE 3HAYCHHE,
WL - CpeHee 3HAaUCHUE NPU3HAKA, a O - CTAHIAPTHOE OTKIOHECHHUE.

BYJICM HCIIOJIB30BAaTh B KAYCCTBC OTHpaBHOﬁ TOYKH IIPOCTOC

norapuMUpoBaHueE.
duHanbpHOE ONMKCAaHUE JlaTaceTa Mocie BceX Mpeodpa3oBaHuil

Tabmuma 14 — CBojHas Tabiuila gaTaceTta mocje Bcex npeoodpazoBaHuit

count mean std min 25% 50% 75%| max

gender 169985.0 [0.479672 (0.499588 (0.000000 {0.000000 {0.000000 |1.000000 |1.000000
age 169985.0 [3.557052 (0.280846 (2.890372 [3.332205 [3.526361 |3.761200 |4.262680
credit_sum 169985.0 [9.989392 (0.598104 (7.914252 [9.607706 [9.960340 [{10.372178|11.512925
credit_month 169985.0 [10.976727(3.526567 |3.000000 |10.000000(10.000000j12.000000|36.000000|
score_shk 169985.0 (0.469747 (0.124184 [0.000000 [0.379817 [0.461759 [0.552641 |1.128291
monthly_income 169985.0 [10.458535(0.489296 (8.517193 [10.126631{10.463103|10.819778|11.918391
credit_count 169985.0 [2.096456 (1.723468 [0.000000 [1.000000 |2.000000 |3.000000 |21.000000|
overdue_credit_count 169985.0 [0.043398 (0.205620 {0.000000 [0.000000 [0.000000 |0.000000 |3.000000
open_account_flg 169985.0 [0.176204 (0.380995 (0.000000 {0.000000 [0.000000 |0.000000 |1.000000
marital_status_CIV 169985.0 (0.024585 [0.154856 (0.000000 {0.000000 {0.000000 |0.000000 |1.000000
marital_status_DIV 169985.0 (0.099385 [0.299179 {0.000000 {0.000000 {0.000000 |0.000000 |1.000000
marital_status_MAR 169985.0 (0.549766 (0.497519 [0.000000 {0.000000 {1.000000 |1.000000 |1.000000
marital_status_UNM 169985.0 [0.305839 (0.460763 {0.000000 {0.000000 {0.000000 |1.000000 |1.000000
marital_status_WID 169985.0 (0.020425 (0.141451 {0.000000 {0.000000 {0.000000 |0.000000 |1.000000
job_position_ATP 169985.0 (0.016396 [0.126992 {0.000000 {0.000000 {0.000000 |0.000000 |1.000000
job_position_BIS 169985.0 (0.031920 (0.175789 {0.000000 {0.000000 {0.000000 |{0.000000 |1.000000
job_position_BIU 169985.0 (0.000729 [0.026999 {0.000000 {0.000000 {0.000000 |0.000000 |1.000000
living_region_npumopckuii 169985.0 (0.007554 [0.086583 {0.000000 {0.000000 {0.000000 |0.000000 |1.000000
living_region_amanoHeHeuxuii| 169985.0 (0.011407 (0.106192 |0.000000 [0.000000 |0.000000 |0.000000 |1.000000
living_region_sipocnaBckas 169985.0 (0.005406 (0.073329 {0.000000 {0.000000 {0.000000 |0.000000 |1.000000
153 rows x 8 columns
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1.4. Undosiornyeckas 1 1aTajgoruyecKasi MoaeJan
Onucanne nHdoOIOTUUECKON MoaeIH 0a3upyeTcsl Ha MMPOBEJCHHOM aHAIU3e
Ha0opa JaHHBIX U UCCIEOBAHUU MPEIMETHON oOnacTu. [Ij1s omucaHus XOpoIio

MOJAXOIUT MOJEND ““‘CYIIHOCTh-CBSI3b .

3 Ha60pa HAaHHbIX MOKHO BBIACIINUTL CIICAYIOIINC OOBEKTHI:

o 3aka3 (KpeauTHas 3asBKa).
. IIpornos.

Takxe MOXXHO BBIIACIIMTD JOIIOJIHUTCIIBHBIC 06’E>CKT]':;I, CBsI3aHHBIC C 3aKa30M.:

o O6pa3zoBanue.

o Pa6ora.

o CemeliHbIl cTaTyC.
. Peruon.

HNudonornyeckyro moaens B Buje ER-n1uarpaMmsl MOKHO TOCMOTPETH Ha
pUCYyHKeE 7.

CBpasoBanue

HaseaHue

id

KpemuTHEas SaAERa

Marasm=

DaTa cosmaHMA

[pencrasanme

Marasms

Pucynok 7 — Uudonoruueckas Mozenb
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Tabnuua 15 — Onucanue cyuHocTe u aTpudyToOB

CymHocTh ATpuOyT Tun faHHbIX Kpartkoe
onucaHue
3aka3 id nesnoe Unentuduxatop
3aKa3a
education cumBosibHOe(3) | Unentudukarop
oOpa3zoBaHus
job_position cumBosibHOe(3) | Unentudukarop
paboThI
marital_status cumBonbHOE(3) | Unentudukarop
CEMENHOr0
cTaryca
living_region cuMBOJIbHOE(3) Nnentudukarop
peruoHa
age 1esno0e Bospact
credit sum 1eI0e Cymma kpeauta
credit_ month 1esoe JIMUTeNbHOCTh
KpeanuTa B
MecsIax
monthly income 11eJI0€ Jloxon B Mmecsin
credit count 1esoe KonunuectBo
KPEINTOB
overdue credit count | emoe KonnuectBo
MIPOCPOYCHHBIX
KPEIUTOB
gender cuMBoJibHOE(1) ITon
tariff id cumBosbHOE(S) | Tapud
[Iporuos order_id nesnoe Unentuduxatop
3aKasza
predict proba C mnaBatornei BepositTHOCTH
TOYKOH MPUHA]IC)KHOCTH
K KJIACCY
predict class 1esoe [IpenckazaHHbli
KJIacC
O6pazoBanue value cumBosbHOE(3) | Unentudukarop
oOpa3zoBaHus
title cumBosbHOE(200) | Pactmdpoka
PaGota value cumBosbHOe(3) | Unentudukarop
paboThI
title cumBosIbHOE(200) | PacimdpoBka
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ITponomxenue Tadauisl 15

CemeliHbIi value cuMBOIIbHOE(3) WUnentuduxatop
CTaTryc CEMENHOTO
cTaTtyca
title cumBosbHO€(200) | PactmdpoBka
Peruon 1d 1eJroe Nnentudukarop
peEruoHa
title cuMBoibHOe(200) | Ha3Banue
peruoHa
I[aTaJIOFI/I"ICCKYIO MOACIIb MOKXHO ITIOCMOTPCTD HA PUCYHKE 8.
lMNpegckazanne
—*samExa
*EEpORETHOCTE
“rmacc
KpenuTHan sanBkKa O6pazoBanne
= n -
id o I —*SHaYeHHE
*obfpasosEasEMe - * s SEaHME
*paboTa -
*ceMERHOE MNONOEEHME - Pabora
*perMoH il
*zospacT '%EEEE%HE_
*cymma EpemsTa HaIEaHMe
*CpOE EpenorTa
*ooxon CeMeliHoE NoNoMEHHE
*ROMMYECTED KPEOMTOE =S PO
*NpOCpOYeHMEE KpeOMTH '“éBéa;HE
*nomn = -
* rapu1d
*naTa cCoOsSOaHMe PeruoH
*MarasMH " =1 PO
*CTATYC SaHEBEEM ‘=;3£a:ne
NonbzoBaTenk Marazux
*id —*id
* Mo *HaSEaHME
*mnexTpONHAR OOETa
*napons CTaTycsanBKM
*id

*HaSEaHMEe

Pucynok 8 — Jlatanoruyeckasi MoJiesib JaTaceTa
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1.5. ApxuTekTypa cucTeMbl

BupTyanoHbiii cepeep VDS

Docker koHTeliHep

Ngin}{ LWSGI
(http-cepeep) (Beb-cepeep)
HTTP
—>
—
Fercona Server A Django
%’ (cepeep CYEO) (cppeiimBopk)
obLwKe ToMa '
P ofLme NopTel

(
- . - Daiinkl
’Eﬁj&ﬂ DainLl canTa KOHCbHrypaLHii

PucyHok 9 — ApXUTEKTypa CUCTEMBI

1.6. ApxuTekTypa MoayJisi

1.6.1. IlpuHuMn padoTsl

Moynb peKOMEHIAIMS SBISIETCS BCTPAMBAEMOM MOJACUCTEMOM TSI
aBTOMAaTHU3UPOBAHHON OAHKOBCKOW CHCTEMBI KOHKpeTHOTO OaHka. Mcxons u3 storo,
MOJYJb HE MpeycMaTpUBaeT HAIMYUE KaKoro-1mbo rpaduyeckoro uHTepdeiica.
OtobpakeHue pe3yabTaToB pabOThl MOIYJIS SBISAETCS YACThIO MPOIECCa ero

BHEJIpeHUS B (YHKIUOHUPYIOIIYIO CUCTEMY.

CocTaBHBIMH YaCTSIMH MOJYJISI SIBJISFOTCS OOyUEHHAs] PEKOMEH 1aTelIbHAs
MOJIeb, IPOrPaMMHBIN KOJT Ha si3bike Python niis unterpanuu 3Toit MoJieIu B CaiiThl
Ha ocHOoBe DpeiiMBopka Django. [l CHIDKEHUST HArpy3KH M COXPaHEHUS
pacCUMTaHHBIX 3HAYEHUN MOAYJIb IPEAYCMATPUBAECT COXPAHEHUE BEPOSITHOCTH U
MpeICKa3aHHOro Kiiacca B 0a3y AaHHBIX. MOJIylib B aBTOMAaTHYECKOM PEXKUME
oOpabaTbIBaeT 3asBKH MPU UX CO3JAHUHU, a TAKKE MOXKET IIPOU3BECTH IIEpepacueT

IIPU PYYHOM 3aIIpoce OT CHEUAINCTa OaHKa.
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CDaKTI/I‘IeCKI/I, MOAYJIb IMOJIYYAaCT KaKHC-TO JaHHBIC HAa BXOAC U OTHACT
MNPCACKA3aHHBIC 3HAUYCHUS HA BBIXOIC. N ocHOBHAs cucTemMa He JO0JI2KHaA 3aBUCCTDH OT

KOHKPCTHBIX MOIICJICﬁ H pacCuCTOB BHYTPHU MOIAYJIA.

BBI/IIIy TOI'0, 4YTO MAIIIMHHOC 06yquI/Ie BKJIHOYACT HCCKOJIBKO 3TalloB, TO U

MOAYJIb JOJIZKCH pCIIaTh HECCKOJBKO 3a/1a4, d UMCHHO!

[loaroToBka JaHHBIX — MMOJYYEHHBIE TaHHbIE U3 0a3bl JAHHBIX KPEIUTHBIX
3asiBOK 00pabaThiBaTh U MPeoOpa3oBbIBaTh B popMaT, MPUTOAHBIN IS

HCHOJIb30BaHMUS B MaTeMaTHUECKOMN MOJICIIN.

3arpy3ka Mojiei — 00y4eHHYI0 MaTeMaTH4eCKYyI0 MOJIEb 3arpyXaTh B

OIICPATUBHYIO IIAMATD JIA I[aHBHCﬁHICFO HCITIOJIB30BaHUA.

HpeIICKa3aHI/IC — 10 Hp606paSOBaHHBIM JAaHHBIM IIPCIACKA3bIBATh BEPOATHOCTD

BO3BpaTa KJIMEHTa B OaHK.

CoxpaHeHue 1 BO3BpaT IIPOTHO3a — COXpaHEHUE B 0a3y JTaHHBIX
MpeCKa3aHHbIX 3HAYCHUM KOHKPETHOMN 3asBKU Y BO3BpAIlCHHE B OCHOBHYIO CUCTEMY

MMPpCACKAa3aHHbIX PC3YJILTATOB.

B cootBercTBHM C TpC6OBaHI/ISIMI/I, MOAYJIb IIPHU BKIIFOYCHUHU CO3ACT Ta6J'II/I]_Iy B

0a3e naHHBIX (Tabnuia 16).

Tabnuua 16 — Onucanue TabIULBI MOTYIIS

Tabauna Cron0umbl Tunbl cT01010B
Prediction order_id int

predict proba float

predict class int

1.6.2. UCTOYHHNK JaHHBIX
Monynb npeacka3biBaeT ONpeeeHHbIC 3HAUCHHUSI HA OCHOBE MOCTYHAOIINX
JTAHHBIX U3 KPEIUTHBIX 3asiBOK. OJTHAKO B 0a3€ TaHHBIX KPEJUTHBIC 3asIBKU XPaAHSITCS

B HCTIPUT'OAHOM JIsI UCITOJIB3OBAHHWA B MAallIMHHOM O6yquI/II/I BHUAC. A Tak Kak
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OCHOBHasl CICTEMa He JI0JKHA 3HATh O MOJIXOAAIIEH CTPYKTYpe, TO IIpe1odpadboTka

HAaHHBIX ITPOUCXOAUT B CAMOM MOIYIJIC.

[IpenporneccuHr BKItOYaeT B ce0s1 CO3[JaHNE HOBBIX MPU3HAKOB, KOJUPOBAHHE
uHpOpMaIUK U yJajdeHue JIUIIHUX cToi010B. B utore nonydaercs Bexktop co 152

IMPpU3HaKaMH.

1.6.3. Pe3yabTHpYyOIINE JAHHbIE
[ToaroToBneHHbBIE JaHHBIE OTIPABIISIOTCS B 3arPYKEHHYIO MO/JIEIb, KOTOpast
CO3/1a€T JIBa BBIXOJHBIX 3HAYCHUS: BEPOATHOCTH, UTO OMPEIeNICH Kiacc 1, u

OHpCIICJICHHBIﬁ KJ1acc.
Ot ABa 3HAYCHU BO3BPAIIAOTCA B OCHOBHYIO CUCTEMY.

1.6.4. Bueapenue

OueBuAHO, YTO caMa 1o cedbe MoJenb 0c000H IIeHHOCTH He nMeeT. OHa
npuoOpeTaeT MoJoKUTEIbHbIE CBOMCTBA I OaHKA JIUIITL BHYTPH paboTarorieit
cucteMbl. [ToaToMy moMumMo pa3zpaboTKu MOJETN U MOAYJISl PpEKOMEHAaIuH,

HCO6XOIII/IMO €TI0 TaAKIKC BHCAPATH B OCHOBHOM CaHT OaHKa.

KoHkpeTHbI#1 crioco6 ¥ BapHaHT UCIIOIB30BAHUS B 3aBUCUMOCTH OT
TpeOOBaHMI MOXKET OTANYAThCS. B pamkax 3Toi KBaIM(PUKALUMOHHON pabOThI
pa3paboTaH HEOOJIBIION IEMOHCTPALIMOHHBIN CAalT, B KOTOPBINA U OyeT Mpou3BeeHa

HUHTCIrpanunAa MOAYJIA peKOMCHHaHHﬁ.

1.7. IlporpaMMHBIA MOAYJIb

1.7.1. Onucanue MoJb30BaTeJIbCKOr0 CLEHAPHUS

Monynb pekoMeH1aluii HauboJiee Moyie3eH B MOMEHT PUHSTHS pelieHust 00
OTKJIOHEHUHU KPEJUTHOM 3asBKHU WK €€ 000peHUs i JalbHeIIel OleHKH
KauecTBa 3aeMIuka. [103ToMmy B 1€eMOHCTPAllMOHHOM CaiiTe KIMEHHO 3TOT CLIEHApUi

u OyJeT oKa3aH.

I/ITaK, N3 PAa3HbIX NCTOYHUKOB (MaFaSI/IHOB) MMOCTYIIAOT KPCAUTHBIC 3asBKH Ha

IMOJTYUCHUC HOTpe6I/ITeJIBCKI/IX KpCAUTOB HA ITOKYIIKY 3JICKTPOHUKH. OTH 3a9BKHU
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bopMUPYIOTCS Ha CTOPOHHUX CEpBHUCAX (calTax) HEMOCPEICTBEHHO Oy IyIIIUMU
3aeMiuKamu. [Ipuuem, OIHU U T€ K€ 3a9IBKU MOTYT MOCTYNaTh CPpa3y B HECKOJIBKO

0aHKOB HMJIH TOJILKO B OJHUH IIO0 BBI60py IMMOKYIIaTCJIA.

VY cnenmanucta 6aHkKa ecth MHTEpQEic, B KOTOPOM OH BUIUT BCE
MOCTYIUBIINE 3a9BKHU U3 pa3HbIX Mara3uHoB. Ha cTpaHulie co CucKom 3asiBOK
BUJIHBI TOJILKO OCHOBHBIE AaHHBIC. [lonpoOHas undopmalus 1o Kaxaou 3asaBKe
TaKXe JIOCTYITHA ISl TPOCMOTpa creruanucTom. [IpuueM oH HE MOXKET
OTPEIaKTUPOBATh WJIM CO3/1aTh HOBBIE 3asBKU. EAMHCTBEHHOE NOMYCTUMOE JEUCTBUE

— 3TO UBMCHCHHC CTATyCa 3as4BKU.

COOTBCTCTBCHHO, €TI0 3a/1a4a 110 UMCOIINMCA JaHHBIM IIPUHATH PCIICHUC
OTIIPABJIATH JIK 3as41BKY B I[aHBHCﬁHIYIO pa60Ty unu HetT. Ecan HOT@HHH&HBHBIﬁ
3aCMIIUK CKOpPEC BCCIO HC BO3bMCT KPCAUT B 3TOM 6aHKe, TO JIYUIIC TaKYIO 3asBKY HC

00pabaThIBaTh.

1.7.2. Moaeap 0a3bl JaHHBIX

3a ocHOBY 0a3bl IaHHBIX B35Ta MH(OJIOTHYECKasi MOJIEIb, CO3/IaHHAs paHee.
OnHako 1715 MOJTHOIICHHOM paboThI caliTa M OTpaKeHUsI OCHOBHOT'O CIICHApHs e
HenoctaTouHo. [ToaToOMy OBLITH BBECHBI IOTIOTHUTENbHBIE 00BEKT — [losb30BaTenb,

a 00beKT 3aKa3 JI0MOJIHEH HECKOJIbKUMH aTpuOyTamH.

HroroByro Mozens MOXKHO YBUIETh B Tabuile 17.
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Tabnuua 17 — Onucanue cyuiHocTe U aTpuOyTOB MPOrPaMMHOTO MOTYJIS

CymHocTh ATpuOyT Tun naHHbIX Kpartkoe
onucaHue
[Tonw3oBaTenn id 1esnoe Nnentudukarop
MOJTb30BATEIIS
login cuMBoJibHOE(50) | Nms
MOJTb30BATEIIS
email cumBodibHOe(50) | Anpec
BJIEKTPOHHOU
MOYTHI
password cumBosibHOE(50) | TTaposib
3aka3 id nesnoe WUnentuduxatop
3aKasa
shop nesnoe Unentuduxarop
Mara3uHa
order_status 1eJoe Unentuduxatop
cTaryca 3asBKH
education cumBonbHOE(3) | MUnentudukarop
oOpaszoBaHus
job_position cumBonbHOE(3) | MUnentudukarop
paboThI
marital_status cumBonbHOE(3) | MUnentudukarop
CEMENHOr0
craryca
living_region cuMBOJIbHOE(3) Nnentudukarop
peruoHa
age 1es0e Bospact
credit sum 1es0e Cymma kpeauta
credit_ month 1esoe JIMUTeNbHOCTh
KpeanuTa B
MecsIax
monthly income 11eJI0€ Jloxon B Mmecsin
credit count 1esoe KonunuectBo
KPE/IUTOB
overdue credit count | mienoe KonunuectBo
MIPOCPOYCHHBIX
KPE/IUTOB
gender cuMBoJibHOE(1) ITon
tariff id cumBosbHOE(5) | Tapud
created nara Jlata co3ganus

3as1BKH
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[Tponomxenue Tadauibl 17

Craryc 3aka3za id nesnoe WUnentuduxatop
cTaryca 3asBKH
title cumBosibHOE(200) | Ha3zpanue
Marazun id 1esoe Unentudukarop
MarasuHa
title cumBosbHOE(200) | Ha3zpanue
[Iporuo3 order_id nesnoe WUnentuduxatop
3aKasa
predict proba C TUIaBaroIICH BeposiTHOCTH
TOYKOH MPUHA]IC)KHOCTH
K KJIaccy
predict class 1esoe [IpenckazaHHblid
KJ1acc
O6pazoBanue value cumBonbHOE(3) | MUnentudukarop
oOpa3zoBaHus
title cumBosIbHOE(200) | PactmdpoBka
PaGota value cumBosbHOE(3) | Unentudukarop
paboThI
title cumBosIbHOE(200) | PactmdpoBka
CemeliHbIi value cuMBOJIbHOE(3) WNnentuduxarop
CTaTyc CEeMEHOTO
craryca
title cumBosIbHOE(200) | PacimdpoBka
Perunon id 1eJyoe Nnentudukarop
peruoHa
title cumBosibHOe(200) | Ha3zpanue
peruoHa

1.7.3. ApxuTekTypa caiita

JleMOHCTpallMOHHBIN callT caenad Ha 0aze paiimBopka Django 1.8, uto

MoJipa3yMeBaeT MOYyJIbHYIO pa3paboTky. B nmponecce pazpaboTku Obuin

HCIIOJIB30OBAHKBI CIACAYIOIIMC BCTPOCHHLIC NJIM CTOPOHHUC MOIYIIN

pasaciia.

bootstrap3 — unrerpanus oubauorexku bootstrap 3 B Django.

django ajax — UCTIOJb30BaHUE ajaxX 3aIPOCOB.

admin_tools — ucnosib30BaHUE BCTPOCHHOT'O aIMUHUCTPATUBHOTO

I[OHOJIHI/ITeJIBHO ObLIN p33pa60TaHBI Ciacayromumue MOIAyJIn:
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o Demotheme — 6a30Bble 111a0JIOHBI CTPAHUI] U CTHIIH.

. Userprofile — nepeornpenenenue u JOMOJTHEHUE BCTPOSHHOM
MO/JIEJIN TIOJH30BATEIIS.

. Orders — onpezaeneHre MOJIeIN KPeIUTHOM 3asBKU, CTPAHHUIIBI CO
CTIFICKOM 3asIBOK M OIIICAHHEM KOHKPETHOU 3asIBKU.

o Api — onpeniesieHUe MyTen 7S ajax 3alpocoB U UX 00pabOTKH.

° Stats — cTpaHuIla C OTYETAMH.

1.7.4. Bueapenne Moay.ais

Pe3ynbTaT paboThl MOTYIISl PEKOMEHIAIMI JOJKEH ObITh TOHSATHBIM U JIETKO
WHTEPIPETUPOBATHCS CHEIUATNCTOM OaHKa. [103TOMY NPUHSTO perieHre BIBOIUTh
pe3yibTaT He B BUJE KOHKPETHBIX 3HAUCHU M, a UCIIOIb30BaTh IBETOBOE
kogupoBaHue. T.e. 100aBUTh B CIIMCOK 3asBOK KOJIOHKY, B KOTOPOM B 3aBUCUMOCTHU
OT MpeJICKa3aHHOTO 3HAUYCHHMS OYJIeT BHIBOJIUTHCS KPACHBIN (HE BO3BMET KPEAUT) WU
3€JICHBIN (BO3BMET KPEJIUT) MPSAMOYTOJIbHUK. ITO MO3BOJIUT HATJISITHO

KJIaCCI/I(I)I/II_II/IpOBaTB 3a4BKHU U HC TPATUTb BPCM Ha O6I[YMBIB3HI/IC pe3yibTara.

Tak kak 3asBOK MOXET OBITh O4EHb MHOT'O U TIOCTYMAaTh OHU MOTYT B peajJbHOM
BpPEMEHHU, TO 3alycKaTh NpeJICKa3aHue Mo KaxJa01 3asiBKE HE 11eJIeco00pa3Ho.
[ToaToMy MOy b peKOMEH a1kl Oy1eT cpadaThIiBaTh KaX bl pa3 P CO3JaHUU
HOBOM 3asiBKU. COOTBETCTBEHHO, CIIEIMAIUCT OaHKA CMOXKET YBUIETh UH(POPMAITHIO
10 3as1BKaM YK€ C y4eTOM pekoMeHaanuu mojenu. s storo B Django
MPEyCMOTPEH MEXaHU3M CUTHAJIOB, KOTOPBIE 3aIyCKAIOTCA MPU OMPEACIECHHBIX

YCIIOBHX. N nmro6oi MOAYJIb MOXKCT IMOAIMMCBIBATHCA HA TC NI MHBIC CUT'HAJIbBI.

OpnHako, BCTpauBaHUE MOJYJIS UJIET B YK€ paboTaroIIe cucteMe, 4yTo
MO/Ipa3yMEBaeT HAIMYKE YXKE CO3AaHHBIX, HO elle He 00paboTaHHBIX 3asIBOK.
[ToaTOMY npU UHTErpaALIMK MOYJIA MPEAYCMOTPEH PYYHOM 3aMMyCK MPOTHO3a 110
K101 3asBKe. J[J1s1 3TOr0 nobassieHa AOMOJHUTEIbHAS KHOMIKA U KHOMKA IS
OTIIpaBKH 3arpoca Ha nporuo3. [lociie 06padoTku 3ampoca, uHPpopMalus Oyaer

oOHOBJIeHa 0e3 mepe3arpy3Kku CTPaHULIbI.
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PyuHoli MexaHU3M MPOBEPKU MOKET ObITh TAKXKeE MOJE3€H, Koraa Oyaer
M3MEHEHA WX JONOJIHEHA PEKOMEHIaTeNbHASI MOJEINb, YTO NTO3BOJIUT NIEPECUUTATD

paHCC ITOJIYUYCHHBIC PC3YJIbTATHI.
CHpOFHOSI/IpOBaHHBIe SHAYCHHUA COXPAHAIOTCA B 68,3y JaHHBIX.

1.7.5. Pabouee okpy:keHue

Jlist pa3paOOTKH caiiTa ¥ MOJyJIsl TpeOyeTCsl HACTPOUTh pabodee OKpPYKEHHUE
Ha BUPTYaJbHOM cepBepe. B cOOTBETCTBUU ¢ TEXHUUECKUM 3a/IaHUEM Ha CEpBEp
J0JIKHa ObITH yCTaHOBIIEHA onepanronHas cucreMa CentOS 6.8, a Taxoke python 3.5,

Django 1.8, Percona Server 5.6.

Tak kak B T3 nprucyTCTBYIOT OrpaHUYEHHUS Ha A3BIK 1 PpERMBOpPK, TO IS
aHanM3a JaHHBIX U MAIIMHHOTO 00YYEHUS Takke OyyT NPUMEHSThCS OMOINOTEKH,

HaIMcaHHbIe Ha si3bIKe python U coBMecTuMBbIe ¢ Bepcueil 3.5, a UMEHHO:

o Pandas — otkpsitToe [10 myig ananusa u CTpyKTypUpPOBAHUS
naHHbIX Ha s3b1ke Python. [Ipennaraer ynoOHoe MaHuUIyIMpoBaHUE JaHHBIMH,
CO37IaHUE CBOJIHBIX TAOJHII, PUIBTPALIMIO U U3MEHEHUE 3HAUEHHU S, BHIOOPKH U
T.J.

o Numpy — otkpbiToe 11O 1151 Hay4HBIX BBIYNCIECHUM,

IpeaoCTaBIIAIOIINEC MHOTOMCPHBIC MAaCCHUBHI U (I)YHKLII/II/I JJIIsA pa6OTBI C HUMHMU.

o Matplotlib, seaborn — otkpeiToe I1O 151 BU3yanuzanuu 1aHHBIX U
pacueToB.
o Sklearn — otkpsiToe I10 miis mamuHaHOTO 00yUeHHS. CONEPKUT

MHO>KECTBO F'OTOBBIX AJITOPUTMOB, @ TAKKE KIACCHI JJIsl CO3aHUS CBOUX
peanuzanui U MOAU(PUKALNU CYIIECTBYIOIIHX.

o Scipy — otkpseitoe [1O n1s HayuyHbIX BeruuciaeHui. Conepx uT
CTaTUCTHUYECKHUE U IPYyTUe METO/bI.

o uWSGI — Be6-cepBep 115 3anmycka python-npunoxenuii B cetu

unrepHeT. Heo6xonum nis pa6oter Django.
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o Nginx — http-cepBep 1 006paTHbIii MpokcH ceprep. Mcnonb3yercs
1U1s1 OaTaHCUPOBKU HArPYy3KH, pa3fad CTAaTUKH U APYTHUX 3aAa4. B mocnenHux

BEPCUAX MPENYCMATPUBAETCS PACIIMPEHUE YEPE3 AUHAMUUECKUE MOYJIN.

I[JHI HN30JIMPOBAHUA OKPYIKCHUA U 00JerueHus IMOBTOPHOTO paBBépTBIBaHI/IH

MPUIOKEHUH PUHSTO pellieHre Ucroiab30BaTh Docker.

Docker — cBo6oanoe [1O mis aBToMaTH3aluy pa3BepThIBAHUS U YIIPABICHUS
npuiokeHussMu (BupTyanuzanus Ha ypoBHe OC). [1o3BossIeT cCOXpaHATh OKpYKEHHE

B KOHTeﬁHCp JJIA I[aJIBHeﬁH.IeI‘o MMEPCHOCA HAa Pa3HbIC Linux cucTeMBl.

Docker-o6pa3 crpoutcs taike Ha 6aze CentOS 6.8. B nporiecce coznanus
o0Opa3a B HETO yCTaHABJIMBAIOTCS Bce HE0OXoIuMbIe OnbmnoTexu. Takxe
YKa3bIBAIOTCS OOIIHME MOPTHI U TUPEKTOPUH, KOTOPBIE OYIYT JOCTYITHBI U3 XOCT-
MallluHbl. B pe3ynbrate Ha XOCT-MaliMHe OyAyT JOCTYIHBI BCe (Dailyibl IPUIIOKEHHUI,

0a3bl 1aHHBIX U Joru (pucyHok 10).

BupTyanuHblii cepeep VDS

Docker KoHTeilHep

Cent0S (0C)

Mginx (http-cepeep)

UWSGI (pelb-cepeep)

Percona Server (cepeep CYE[)

Django (dpeiimeopk)

Fython, libs

Dodcer Engine

FoguTensckas OC (Cent0S)

Pucynok 10 — PaGouee okpyxeHue
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B IMponecCcC YCTAHOBJICHBI BCC HCO6XOI[I/IMBIC 3aBUCHUMOCTH JJIA 9TUX

OUOJINOTEK.

1.8. CpaBHeHHe aHAJIOTOB

ABToMaTH3anusi 0aHKOBCKHX OM3HEC-TTPOILIECCOB SABISIETCS OHON M3 CaMBIX
BOCTpEOOBaHHBIX 337a4. B 4aCTHOCTH, JIJIsl pO3HUYHOTO KPEIUTOBAHUSI CO3/IaHBI
MPOrPaMMHBIA KOMIUIEKCHI “KPEIUTHBIX KOHBEHEPOB™ 11 pabOTHI C 3asIBKAMH K3
pa3HBIX UCTOYHUKOB. OTHAKO, MPOTYKTOB, CBSI3aHHBIX C MPEICKa3aHNUEeM B3STHUS
KPEIUTOB TIOTEHIIMAIBHBIM 3aE€MIIIMKOB, Ha PhIHKE HET. CKOpee BCETo 3TO CBS3aHO CO
cenPUIHOCTHIO 337291 U CHIIHOW 3aBUCUMOCTBIO OT JJaHHBIX KOHKPETHOTO OaHKa,
MO3TOMY CO3/1aTh MAaCCOBBIN MPOAYKT JJOCTATOYHO CIIOYKHO MIIU TIOYTH HEBO3MOKHO.
[ToaToMy cpaBHUBAaTH MOAYJIb PEKOMEHAAIUHN Oy/ieM ¢ HauboJiee OJIU3KUMHU

PCUICHUAMU N3 0aHKOBCKOT'O CCKTOpa.

I[JISI CpaBHCHU:A IIPCACTABIICHHBIX BAPHAHTOB BOCIIOJIB3YCMCA MCTOA0OM
B3BCIICHHOM CYMMBI. I[aHHBIﬁ MCTOJ IIO3BOJISACT 06T>GI[I/IHI/ITB pAd KPpUTCPUCB
CpPaBHCHH:A B OIUH HHTCFpaHBHBIﬁ IMOKa3aTeJib, 10 KOTOPOMY 34TEM BBI6I/IpaeTCH
HaI/IJIy‘{HJI/Iﬁ BapHaHT, COOTBCTCTBYIOH_II/Iﬁ MAaKCHUMAJIbBHOMY 3HAYCHUIO 3TOT'O

HUHTCI'PAJIBHOI'O ITOKA3aTCJIA. HHTeraHBHBIﬁ IMOKa3aTCJIb PAaCCYUTHIBACTCA 110

bopmyie:

JT e Zw:-xz-
i1 , TIe:

e [ — MHTETrpAJIbHBIN I10KA3ATEb,
® Ww; — BecoBOl K03 puLeHT pakropa i (Cymma BCceX BECOBBIX KO (OUIIMEHTOB
paBHa 1),
e X;—3HaueHue (akropa i,
® 71— KOJIMYECTBO KPUTEPUEB
B Tabnune 18 mpeacraBieHbl CBOAHBIE TaHHBIC 110 aHAJIOTaM U pa3padaThIBAEMOMY

MOJIYIIO PEKOMEHAAIIHH.
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Tabnuua 18 — CpaBHUTENBHAS XapaKTEPUCTHUKA aHAJIOTOB

Kpurepuu BecoBou LMS | Kpenut- | First Monayib

CpaBHEHUSA kodpbunmeHT Kongeiiep | Loan | pexoMenaanuii
Bank

WnTepdeiic 0,1 5 7 7 6

Harnsgaocts 0,1 4 8 7 7

WNurerpanus 0,2 6 9 8 9

QOYHKIHOHAIBHOCTD 0,1 5 8 7 7

MamaHOoe 0,3 0 2 4 8

oOydeHue

Hcnonb3oBaHue 0,2 3 4 4 8

COOCTBEHHBIX

JTaHHBIX 0aHKa

NHuTerpanbHbIi 1 3,2 5,5 5,7 7,8

MOKa3aTesb

Bce kpurepun BbiOpaHbl Ha ocHOBaHUU T3.

CaMBIM BaKHBIM KpUTCpHUCM BLI6paHO HaJIMYNC MAallIMHHOT'O O6y‘ICHI/I$[ C

KOC—)(l)(I)I/II_II/IeHTOM 0,3 MHorue CUCTEMBbI MO-MPCIKHCMY ITOJIArarOTCA Ha IIPUHATHUC

pCH_IeHI/Iﬁ B PYYHOM PCKHUMEC NI Hd OCHOBC SKCIICPTHBIX CUCTCM oe3 N3y4CHUA

HMCIOIINXCA JAaHHBIX B OaHKe.

Takxe BaxKHBIMU KpUTCPUAMU ABJIAIOTCA UCIIOJIB30BAHUC COOCTBEHHBIX JaHHBIX

0aHKa U BO3MOKHOCTbh UHTETPALIMH B CYIECTBYIOLIYIO CUCTEMBI (Ko uiueHT 0,2).

HOII HCIIOJIb30BAHUEM COOCTBEHHBIX JaHHBIX ITOHUMACTCA UCITIOJIB30BaHUC 0as

JAaHHbIX NI XPAaHUJINII JaHHBIX JJIA CO3daHUA MOHCHeﬁ Ha UX OCHOBC. I/IHTCFpaL[I/ISI

moApasymMeBacT Oonee IMpOCTOC BHCAPCHUC B CYIICCTBYIOIINUEC CUCTCMY, a TAKIKC

BO3MO>KHOCTh OOHOBJIEHHS M 3aMEHBI MaTEMaTHUCCKOHU MOACIN IJIS aKTyaJIn3alnun

pabOoThI MOJTYJISL.
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WuTepdeiic, HarMaHOCTh U PYHKIIMOHATIBHOCTh UMEIOT 00Jiee HU3KUN
koapunment 0,1, yem apyrue kpurepuu. Matepdeiic orBevaer 3a rpadpuyeckoe
oopmiieHue paboThl cucTeMBI B LiejaoM. HarnmsagHocTs ogpa3syMeBaeT IpocToTy
BOCIPUATHS UHGOPMALIMH, KOTOPasi IPEIOCTaBISETCS PEKOMEHAATEIbHON CUCTEMOI.
@OYHKIIMOHAILHOCTh OTBEYAET 3a BBIMOJIHEHUE OCHOBHBIX (PYHKIIUI U HAIUYUE

JOITIOJIHUTCIIBbHBIX.

IIo ntoram CpPpaBHCHH: C aHAJIOT'aMH MOKHO CICJIaTh BBIBOI, YTO MOAYJIb
pCKOMCHIIaI_II/Iﬁ MOXKCT CTAaTb BOCTpC6OBaHHBIM nporpaMMHBIM CPCIACTBAM CPCAU

OaHKOB.
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2. TexHoJiornYecKas 4acTb

2.1. Crpanuua Bxojaa

Bxon

WmA nonesoearens

MNapone

©2017 Demosite, Inc. Bce npasa 3alMilLEHb!

Pucynok 11 — Crpanuna Bxona

2.2. CTpaHuua co CIUCKOM KPEAUTHBIX 3asiBOK

3anaBKN

er,EI,I/ITH bl€ 3aABKU

# Dara

1035  18.05.2017

1038  27.05.2017

1054  06.05.2017

1062  22.05.2017

1063  2B8.05.2017

1069  29.05.2017

1074 20.05.2017

1076 07.05.2017

1080 16.05.2017

1089  12.05.2017

1100 28.05.2017

MarazuH

MarasnH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasnH 1

MarasuH 1

BoapacT

41

22

35

38

35

28

36

28

27

26

35

Cymma Kpegura

29691

30000

28585

19791

13779

24368

14077

54473

19989

12736

40789

CpokK KpeguTa, Mec.

MporHos

0.3286 (0)
0.3562 (0)
0.3379 (0)
0.3404 (0)
0.3036 (0)
0.3385 (0)
0.3635 (0)
0.3842 (0)
0.3174 (0)
0.339 (0)

0.3147 (0)

Pucynok 12 — Ctpannna KpeAUTHBIE 3aBKH
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Cratyc

Hoeblil

HoBblil

Hoewlil

HoBbli

Hogklil

HoBbli

Hogklil

HoBblil

Hogklil

Hoeblil

Hogklil

OelcTBURA

OGHOBENTL

OOHOBATE

QGHOENTL

OBHoBMTL

OOHOBATE

OGHOBUTL

OOHOBATE

OGHOBNTL

OOHOBATE

OGHOBENTL

OOHOBATE



2.3. CTpanuna KpeIuTHOU 3aiBKH

3asiBka Ha kpeanT Ne1035

OGpa3soBaHue: Beicwee

OOnKHOCTE: HepyKoBOAALWMIA COTPYAHMK -
crneuuanicT

CeMelHbIA cTaTyc: XOnocT/He 3amyxem
Pervon: BOMOroACKan

MarasuH: MarasmH 1

Cratyc 3anBKM: HoBbli

BoapacT: 41
CyMMa Kpeaura:

CpokK Kpegura:

Ooxoa:

Konuyecteo
KpeguToE:

MpocpoYeHHsIe
KPeguThI:

Pucynok 13 — OkHO ¢ onucanueM 3asiBKu
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2.4. CTpanuna CTaTUCTHKHA

Demosite Logo Sanem CTaTucTika
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04.05.2017 11.05.2017 17.05.2017 23.05.2017 28.05.2017 02.06.20
OaTtw
@ Grouped (O Stacked @ Cymaa kpeguta {pyb.)

04.05.2017 28,086.00

05.05.2017

18,582.00

08.05.2017 23,766.00

07.05.2017 35,363.00

08.05.2017 18,125.00

Pucynok 14 — Ctpanunia co CTaTUCTUKON



3. HayuHo-uccienoBareibCKas 4acTh
3.1. IlocTanoBKa 3agaun

OcHoBHas 11e1b HCClIeJOBaHUN — M000paTh MOJIENIb MAIIMHHOTO O0OYyUYEeHHUS
JUTSL MOAYJIS pEKOMEHAAIui aBTOMAaTU3UPOBAHHONM 0AaHKOBCKOM CUCTEMBI, KOTOPBIN
MO3BOJIUT CIIELMAIMCTY OaHKa MPUHUMATh PELICHUE O aJbHEHIINX AEHCTBUSAX C
KaXZ10M BHOBB ITOCTYIIMBIIEH KPEIAUTHOUN 3as1BKOM.

Pexomennanuu 0ynyT GopMHpPOBATHECA Ha OCHOBE UCTOPUUYECKUX TAHHBIX C
MpPU3HAKAMU U MPUHATHIM PEIIEHUEM TOTO WM MHOTO YeJI0BEKa, MPEI0CTaBICHHBIX
OpraHu3aToOpoM KOHKYpca.

JlanHas 3a/1aya OTHOCUTCS K 3a/1auaM 00y4eHHs 0 MpeneeHTam, a MUMEHHO, K
O0OyUYEHHMIO C YUUTENIeM, TaK KaK pe3yiabTaT U3BECTEH 3apaHee.

Bonee cTporo 3TOT TUN 3a/1a4 ONMUCHIBAETCA CIEAYIOIIUM 00pa3oM.

3a/1aHO MHOKECTBO 00BbEKTOB X, MHOKECTBO JAOMYCTUMBIX OTBETOB Y, U
cymiecTByeT 1eneBas Gpynknus (target function) y*: X — Y , 3HaueHHs KOTOPOH y; =
y*(x;) U3BECTHHI TOJLKO Ha KOHEYHOM IIOJMHOXKECTBE 00BEKTOB {X4, ..., X;} C X.
aps! “o6bekT—0TBeT” (X;,y;) Ha3pIBArOTCA mpereaeHTaMu. CoBOKyMHOCTb map X' =
(x;, y;)!, HasbIBaeTCs oOyuaromIeii BEIGOPKOIi (training sample).

3amaya oOydeHH s IO TIPEIeICHTaM 3aKII0YaeTCsl B TOM, 4To0bI 110 BhIGOpKe X'

BOCCTaHOBUTH 3aBUCHUMOCTb Y*, TO €CTh IOCTPOUTDH PEHIAIONIYI0 (QYHKIUIO
(decision function) a: X — Y, koTtopas npubimxkana Obl HeiaeByro GQyHKIUIO Y*(X),
npuuéM HE TOJIBKO Ha 00bEeKTax 00yuaroleil BHIOOPKH, HO U Ha BCEM MHOXKECTBE X.

Kax b1l 00bekT 0051a1aeT onpeesieHHbIM HabopoM npu3HaKoB. KOHKpeTHBI
MPU3HAK SIBISIETCS PEe3yJIbTaTOM U3MEPEHUs KaKON-TO XapaKTepUCTUKH.

HpI/IBHaKI/I OBIBAIOT HECKOJILKUX BHUAOB, a HMCHHO:

o bunapusiit (3Hauenus {0,1});

. HomuHanbHbIi (KOHEYHOE MHOXKECTBO);

o [TopsankoBbIf (KOHEYHOE YIOPSAIOUEHHOE MHOKECTBO);
o KonunuectBennsiii ().

Ecam Bce MMPU3HAKHW OTHOCATCA K OJHOMY THUITY, TO JaHHBIC HA3bIBAIOT
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OJTHOPOJHBIMH, UHAYE - PA3HOPOIHBIMHU.

B 3aBHCUMOCTH OT TOro, KAKME 3HAYECHUS MOKET IPUHUMATH Y, Pa3IU4atoT
3a7a4u:

o Knaccuduxanuu;
o Perpeccun.

Hama 3agaua oTHOCHTCS K OMHApHOM Kiaccu(UKanuu, T.€. MHTEPECY IO
HAac OTBET MOYKET IIPUHUMATH TOJIBKO OJTHO W3 ABYX 3HaueHui — 0 win 1.

[lo cyTu, pemias 3aaady Ki1accupUKaIMK, Mbl JOJKHBI HAYYUTh MAILIUHY
“yrajpiBaTh’ OINpPEAENICHHbIN KJIacc 00BbEKTa M0 3apaHee U3BECTHBIM MpU3HaKaMm. Tak
KaK 3TO 3aJ1aya OOy4eHHUs C YUUTEJIeM, HaM U3BECTEH MPaBUIbHBIN Kilacc 00bekTa. U
MO3TOMY MbI CMOXEM TOYHO Y3HATh, € AITOPUTM OIIHOaeTca. A 3HAUUT, CMOXKEM

IMOIIBITATHCS MUHUMHU3UPOBATH OILLIMOKH KaKIA0T0 KOHKPETHOTO aJIrOpUTMa.
3.2. Merpuxka AUC ROC

JlornyHO NMPEeANON0KUTh, YTO HE BCE aJITOPUTMBI OyIYyT peliaTh 3a/1auy
uaeanbHo. Oguu OyayT ommbatbes Oonblie, Apyrue MeHslie. [loaTomy 3apanee
oTpeJeNsieTCsl METPUKA, IO KOTOPOH OYIyT CpaBHUBATHCS aITOPUTMbI MEXAY COOOM.

[To ycnoBusim koHkypca Takoit metpukoit Oyner AUC ROC, T.e. miomanb noa
ROC-kpuBoii (anri1. receiver operating characteristic, pabouas xapakTepUCTHKa
npuémMHuka). IMEeHHO 3Ty METPHKY yalle BCEro UCMOIb3YIOT B 3a/1a4yax OMHAPHOM
KJ1accuguKaIuu.

Taxk kak 3T0 olleHKa OMHAPHOU Kilaccu(UKaLUU, TO ISl €€ TOHUMAHUS U
MOCTPOEHUS TPeOyeTCsl BBECTU JOMOTHUTEIbHBIC MOHATHA. OOBIYHO OJIUH KJIACC
MPUHUMAETCS 32 MOJIOKUTENbHBIN, IPYroi 3a oTpuiaTeNbHbld. [IpuueM neineHue 3to
BECbMa CYObEKTUBHOE U 3aBUCHUT OT KOHKPETHOM 3aauH.

B narmeit 3aaue mosoKUTEIbHBIM KJIACCOM OyJIeM CUMTaTh 3HaueHue “1”, T.e.
KJIMEHT B3sU1 KPEIUT UMEHHO y HY)XKHOro 0aHka. COOTBETCTBEHHO, OTPULIATEIbHBIM
KJ1accoM OyzeT 3HadeHue “0”, T.e. KIMEHT B3sJ1 KPEAUT Y KaKOro-TO APYyroro OaHka.

[Ipu momnbITKE ONPENETUTH KIACC Y KAKOTO-TO 00BbEKTa, MOTYT ObITh MOJTYyYEHbI
pasHble ucxoabl. Hampumep, npaBuibHOE ONpeieieHle MOJI0KUTEIBHOTO Kiacca U

HCIIPABUJIIBHOC OIIPCACICHUC OTPHULATCIBHOT'O KJIaCCa. Bce BAapPHUAHTHI YKa3aHbI B
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tabmnurie 18.

Tabnuia 18 — BapuaHTsl onpeaesieHus KJIacCoB

Jlannbie
Knaccuduxarop Ilonoosicumenvro OmpuyamenvHo
Ilonoorcumenvro TP FP
OmpuyamenvHo FN TN
['ne:
. TP (True Positives) — BepHO Ki1acCUGUIIMPOBAHHBIEC TTOJIOKUTETbHbBIE
MIPUMEDHI;
. TN (True Negatives) — BepHO KJ1acCU(DUITUPOBAHHBIE OTPUIIATEIIHHBIC
MIPUMEDHI;
. FN (False Negatives) — moJ0KUTeNbHbIE TPUMEPHI,

KJ1accuUIMPOBaHHBIC KaK OTpUlIaTesibHbIC (omuoKa [ pona);

. FP (False Positives) — oTpuniateasHbie IPUMEPHI, KJIacCUPUITUPOBAHHBIE
Kak TmosiokutenbHble (ommuobka Il pona).

Jist moctpoenus rpapuka ROC-kpuBOH UCTIONB3YIOT OTHOCUTEIbHBIE
3HayeHus, a uMeHHO TPR u FPR, koTopbie OTKIIanbIBaOTCS 110 BEPTUKAIU U
TOPU30HTAIN COOTBETCTBEHHO.

TPR (True Positives Rate) — 3To 107151 WM MPOIIEHT UCTUHHO MOJOKUTETBHBIX

00BbekTOB. Takke €€ Ha3bIBaIOT YyBCTBUTEIBHOCTHIO (Sensitivity) anroputma. TPR =

TP

TPIEN 100%, nmoka3pIBa€T HACKOJIBKO XOPOIIO AJITOPUTM ONPEAECTSAET

MOJOXKUTEIbHBIN Ki1acc. B HameMm clIy4dac, 9TO Ka4CCTBO OIIPCACICHHA, YTO KIINCHT
BO3bBMCT KPCIOUT B OaHke.

FPR (False Positives Rate) — 3To 107151 WiIM IPOLIEHT JIOKHO TOJIOKUTETBHBIX

FpP

00BbekToB. FPR = T 100%, noka3pIBaeT HACKOJIBKO aJrOPUTM HENPABUIIBHO

OoIIpCaACIIACT MOJOXKUTEIbHBIN KJ1acc. T.€. momeyaeT KIMeHTa Apyroro 6aHKa, KaK
OeJICBOI'O KJIIMCHTA.

Crnemmuduunocts (Specificity) aroputma — 3TO 1011 WIM TPOLIEHT UCTUHHO

OTPHULIATEIIBHBIX 00BEKTOB. SP = TNT—JI:’FP -100% wiu SP = 100 — FPR.

YewM BhIIIEC 9YBCTBHUTCIIBHOCTD, TCM JIYUHIC AJITOPUTM OIIPCHACIIACT
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MOJIOKUTENIbHBIE UCXO/IbI U XYK€ oTpuliatesbHble. Co CeU(pUIHOCTHIO BCE
Ha000POT, 4YeM OHa OOJIbLIE, TEM JIyUllle ONPEAEISIOTCS OTPULIATENbHbIE UCXOAbI U
XyKe MOJIOKUTeNbHbIE. MI3MeHeHne crnennpuuHOCTH/9yBCTBUTEIBHOCTH aJITOPUTMA
3aBUCHUT OT IIOPOTa OTCEYEHHUSI, T.€. OT HEKOTOPOTro MapaMeTpa alropuTMa, KOTOpbIi
MbI MOKEM MEHSTb.

Jliist ynoOcTBa aHanu3a U CpaBHEHUS KauecTBa allrOPUTMOB UcTonib3ytoT AUC
ROC — mnomaae nog ROC-kpuoii, uzmepsercs ot 0 o 1. Uem Bbillie 3HaUeHUE
AUC ROC, tem nyumie knaccudukatop. Ha npaxtuke 3Hauenue 0.5 apngercs
HAUXY/IINM, TaK KaK COITOCTAaBUMO CO CIy4aillHbIM 0JI0POCOM MOHETKHU. JTa
METPHUKA HE COACPKUT HHPOPMAIIUIO O YYBCTBUTEILHOCTH/CIEIU(DUIHOCTH
anroputMa. Ouenka kadyectsa anroputma no AUC ROC onucana B Tabnuie 19.

Tabnuua 19 — Onenka kauecTBa aaropuTMa

NuTepBan KauecTBO MOaen
09-1.0 OtnnuHoE

0.8-0.9 Ouenb xoponiee
0.7-0.8 Xopomiee

0.6 -0.7 Y 1OBIETBOPUTEIBLHOE
0.5-0.6 HeynoBneTBoputenbHoE

3.3. TpenupoBka u BaJuaNMSA

OrneHrBaTh KA4€CTBO AJITOPUTMOB Ha TEX )K€ IAHHBIX, HA KOTOPBIX OHU ydaTcs,
HE TIPEJICTaBIIsACTCS pasyMHbIM. [To3TOMY 17151 MpOBEpKH MOIEIIEH UCTIONB3YIOT JIBa
METO/1a.

Bo-nepBbix, 310 pazduenue o61iei BRIOOPKU Ha TPEHHPOBOYHYIO M TECTOBYIO
(manpumep, 70% - TperupoBouHas, 30% - recroBas). COOTBETCTBEHHO, BCE
o0y4YeHHUe MPOBOJUTCS TOIHKO Ha TPEHUPOBOYHON BEIOOPKE, a MPOBEpKa
00001mIaromIei crmocoOHOCTH ATOPUTMA MMPOBOUTCS HA TECTOBON YacTH. DTOT METOT
HCTIONB3YETCsI, KOT/Ia JAaHHBIX IOCTATOYHO MHOTO U pa30ueHne Ha YaCTH HE CHIIHHO
YXYIIIAT PE3yJbTaT.

Bo-BTopbIx, 3T0 Kpocc-Banuaanus (cross-validation, CV). 3aecy npumensieTcs
HEMHOTO JpyTas cTparerus pasouenus. Hamm qanapie pa30uBaroTCs Ha KaKoe-TO

KOJM4YecTBO rpyni. Janee ofgHa U3 3TUX TPyNN YOUpPAETCs, a HA OCTAIbHBIX
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MpOBOAUTCS 00ydeHue. BriOpolieHHas rpymnmna CTaHOBUTCS TECTOBOM U Ha HEH
Mojieb TipoBepsieTcs. L{uki1 moBTOpSETCS CTOJIBKO pa3, Ha CKOJIBKO TPy ObLIN
pa3ouThl UCXOAHBIC aHHBIe. CpeHee 3HAUCHUE METPUKU Ha TECTOBBIX JAHHBIX
CTAHOBUTCSI UTOTOBOM OIIEHKOM KauecTBa anroputma. CyliecTByeT HECKOIbKO
BapUAHTOB peajin3alliy 3TOro noaxosa. Mcnonb3yeTcss B OCHOBHOM, KOTJIa JAHHBIX
HEMHOT'0, TaK KaK MpH OOJIBIIIOM KOJIMYECTBE JAHHBIX WX OOJIHIIIOM KOJIMYECTBE
TPYIII, KPOCC-BAJIUIAIIMSI TIPOBOIUTCSI OUEHB JIOJITO.

Jlna pemieHust HalIew 3a1auM UCXOIHBIM JaTaceT pa3/ieiuM Ha
TPEHUPOBOYHYIO U TTPOBEPOUHYIO BIOOpKH. Ha TpeHUpOBOUHOM BEIOOPKE Oyaem
MIPOBOJIUTH Kpocc-Banuaalni. O0ydaroniyto CnocoOHOCTh AITOPUTMOB OyieM
MIPOBEPSATH 110 MTPOBEPOUHBIM JIaHHBIM. Takoi moixo1 o0ecrneuyrnBaeT MaKCUMAaIIbHYIO
HE3aBUCHUMOCThH UTOTOBOI'O 3HAYEHHUSI OT Mpolecca 00yUeHHsl, TaK KaKk MPOBEPOYHBIC
JTAaHHBIE COBCEM HE OYIyT y4acTBOBAaTh B 00yUCHHH MOJICIICH.

Ucxonubie nannsie coaepxat 153 npusnaka, 1 neneBoi oret, 169985
MIPUMEPOB.

[Tocne pa3zbuenust Ha TpeHrpoBouHYIO (70%) 1 mpoBepounyto (30%) BeIOOpKU
MOJIy4aeM:

o TpenupoBouHas — 118989 npumepos.
o ITposepounas — 50996 npumepos.

Jlnst kpocc-Banuaanuu OyaeM UCIOIb30BaTh pa30MeHE Ha TPYIIIBI, KOTOPOE
COXPaHUT COOTHOIIICHHUE KJIACCOB KaK B TPEHUPOBOUYHOM, TaK U TECTOBOM
noaseioopkax (StratifiedKFold). KonudecTBo rpymmn BeiOupaeM paBHOE 5.

3.4. OmnOkM u nepeodyyenue

[Ipenckazanne KOHKPETHOTO Kjlacca y 0OBbEKTa BCE-TaKW HE UJICAJIbHO U
aJITOPUTMBI JIOMYCKAIOT OIMTUOKHU. B HEKOTOPBIX clTydasXx OHM JIOCTaTOYHO MaJibl, a B
JIPYTUX HACTOJILKO BEJIMKH, YTO METOJ] MOKHO HE MUCIOJIb30BaTh. O0IIas ommuodKa
aJropuTMa MOXET OBITh Pa3JI0’KeHA Ha CMEIIEHUE, TUCTIEPCHUIO U IITyM (CBOMCTBO
JaHHBIX ).

Cwmemienue (bias) — 310 cpefHsisa ommOKa Ha pa3HbIX TPEHUPOBOYHBIX HAOOpax.

JHucniepcus (variance) — Moka3biBaeT HACKOJIbKO YYBCTBUTEILHON OBIBAET
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OLIEHKA K pa3HbIM Ha0OpaM TPEHHUPOBOK.

[Tpu 5TOM CyIIECTBYET ONpPESICHHBIN KOMIIPOMHICC MEXITY MUHIUMH3AIUCH
cMmelenus u aucnepcuu (the bias-variance tradeoff), T.e. yMeHbIieHre 0THOTO
NPUBOAMT K YBeTHMUeHUI0 apyroro. Ho Tak kak o0a mokaszaTens BaXHbI, HE
’KEJaTeIbHO TPOBOUTH ONTUMHU3AILINIO 0€3 OTJISAKY Ha IPYTOH.

[lepeoOydenne — 3T0 KOTAa MOJIENIb XOPOIIIO MpeICKa3biBaeT Ha
TPEHUPOBOYHOW BHIOOPKE, HO CHIIBHO OIMIMOAeTCsl Ha TECTOBOM, T.€. 00J1aAaeT HU3KOH
o0ob1maromei cnocoOHocTh0. OO ATOM MpoOIEMe CUTHAIU3UPYIOT BHICOKAs
TUCTIEPCHUST M HU3KOE CMEIIICHHE.

HenooOydeHne — 3To KOr/ia MOJIETh ellle He HayYnIach MpeCcKa3bIBaTh
neseBoe 3HadeHne. OO0 3Toil nmpodieMe CUTHAIM3UPYIOT BRICOKOE CMEIIICHUE U
HU3Kasl TUCTICPCHUSL.

CMernieHne U JUCTIEPCHUs UCTIONB3YIOTCS KaK MPH BBIOOPE KOHKPETHOTO
ITOPUTMa, TaK U €Tro TUrnepnapameTpoB. [Ipu 3ToM cTaparoTcs BEIOMpPATh MOJEIH C
HAaUMEHBIIMMU TIOKA3aTEISIMA CMEIICHHS M TUCTICPCHUH.

Bonbiioe koarM4ecTBO MPU3HAKOB 3aTPYIHSAET BU3YAIBHOE MPEACTABICHUE
aHanu3 Mojenu. [loaToMy NpUMEHSIOTCS APYTUE HHCTPYMEHTHI, TAKHE KaK
BaJIMIallMOHHAS KPUBasi U KpUBasi 00y4eHUSI.

BanunannonHast KpuBasi — 3T0 3aBUCUMOCTH OIICHKH Ha TPEHHUPOBOYHOM U
TECTOBOM BBIOOPKAX OT KOHKPETHOTO 3HAYCHUS TUTIEpIIapaMeTpa.

[To 3T0i¥i KPUBOI MOXKHO OTIPEACTUTH BIMSHIE TUTIEpIIapaMeTpa Ha
nepeodydeHne win HeqoooydeHue. Ecim onieHKky Ha 00yJaromiei 1 TeCTOBOM
BbIOOpKaxX HU3KHE, TO MOZENb HeooOyuniack. Hu3kas onieHka Ha TECTOBOM
BBIOOpPKE M BBICOKAsi HA TPEHUPOBOYHOW YKa3bIBAET HA MepeodyueHne Mozenu. Bee
OCTaJIbHBIC BAPUAHTHI CUUTAIOTCS XOPOIIUMH.

KpuBast 00yueHus1 — 3TO 3aBUCHMOCTH OLIEHKH OT KOJMYECTBA IPUMEPOB B
TPEHUPOBOYHOU BbIOOpKE. Takke 3Ta KpuBas MOKA3hIBACT, 3aBUCHUT JIM OI[EHKA OT
OLITUOKY TUCTIEPCHH WM OIIMOKH CMEIIICHHS.

Ecnu onieHka Ha oOydaroieil 1 BaTuAaIMOHHOW BEIOOPKE CXOMUTCS K
MEHBIIIEMY 3HAYCHHIO MPU YBEITUUYCHUH pa3Mepa BHIOOPKH, TO J0OaBICHHE HOBBIX
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MPUMEPOB HE YIYUIIUT padboTy aiiroput™a. OueHb OOJbIIast OLIEHKa Ha
TPEHUPOBOYHOI BHIOOPKE M HEIOCTATOYHAS HA MMPOBEPOYHON CKOPEE BCETO
IIOKa3bIBACT, 4TO YBCJII/I‘ICHI/IC HpI/IMCpOB MOXCT ynqulI/ITB HpeI[CKaSaHI/IH MOIOCIN.
3.5. I1l1an uccjiefoBaHud

Pemenue 3aa4 MallITHHHOI'O 06y‘ICHI/I$I OOBIYHO COCTOHUT U3 HECKOJIBKHUX

11aroB:
o Onpenenenue NoAXOQAIINX aITOPUTMOB JIJISl PELIEHUS 3aa4H;
o Br160p 6a30BbIX TapaMeTPOB ISl AITOPUTMOB;
o OOyueHue BbIOpaHHBIX aJTOPUTMOB;
o AHanu3 pe3ynbTaToB;
o [louck onTUManbHBIX MAPAMETPOB JJIs1 KaXKOT0 alrOpUTMa;
o CpaBHEHUE TyUIINX PE3YIbTATOB;
o Br160p uTorosoro ajiroputMma.

Ha npakTuke 10CTaTOYHO TPYAHO ONPEAETUTDh UACATIbHBIN aJrOPUTM, TOJIBKO
IIOCMOTpPEB Ha AaHHbIe. [103TOMY 3a4acTyro nepesa uccileJ0BaTeNIeM Ha IIEPBOM dTalle
CTaBUTCS 3a/1aya Mo BHIOOPY M CPABHEHHIO HECKOJIBKUX AITOPUTMOB MEKIY COOOM.

JI71s1 penieHus 3Toi 3ajay CPaBHUM aJITOPUTMBbI, KOTOPBIE Yallle BCETO

UCIIOJIb3YIOT /1J1s1 OMHApHOU Kilaccu(uKaluu, a UMEHHO:

° Jloructuueckas perpeccus;

° K-6mmxkaimmx coceneir (KNN);

. Cnyuaiinsiii nec (Random forest);

° MHorocnoinas Heitponnas cets (MLP);
o Cseprounas HeifponHas cetb (CNN).

3.6. JlorucTuueckasi perpeccus

Jloructunueckas perpeccusd OTHOCHUTCA K JIMHEHHBIM aJiroputMam
kiaccudukanuu. OHa onpeensieT He KOHKPETHBIN Kilacc 00bEKTa, a BEPOSITHOCTD
MNpUHAOJICKHOCTH 00BEKTA K KaXXIO0MY U3 KJIaCCOB. HCHOCPCI[CTBCHHO BCPOSATHOCTD

BBIYUCIIACTCA OJIA ITOJTOKUTCIIBHOI'O KJIacCa. HpI/I 9TOM MHUHUMU3HUPYCTCA
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norapudmudeckas GyHKIUS TOTEPh, KOTOpast He TIO3BOJSET allTOPUTMY CHIIBHO
omn0OaThCsl B BEPOATHOCTSX.

B 6ubnuoreke scikit-learn kimacc Jist TOTUCTUYECKON PErpecCUu Ha3bIBAETCA
LogisticRegression (penalty="12', dual=False, tol=0.0001, C=1.0, fit_intercept=True,
intercept scaling=1, class weight=None, random_state=None, solver="liblinear’,
max_iter=100, multi class='ovr', verbose=0, warm_start=False, n_jobs=1).

JIro6ast MozieNib B MAIIIMHHOM O0y4YEHUH UMEET CBOM TUIIEPIIapaMeTpHl, T.€.
HACTPOMKH, KOTOPbIe HEOOXOAUMO TO00paTh U 33aJ1aTh 10 Hadaaa OOyJICHHUS.

JUIst TOTUCTUYECKOM perpeccuy TaKUMH MapaMeTpamMu OyayT:

C - mHBEpCHBIN apaMeTp peryisipuzanui. YeM MeHbIIIe 3HaUeHUE, TeM
cuiibHee perynsipuzaiys. CuibHas peryisipu3anus NPUBOIUT K HeT000yUeHHIO, a
CIIMIIKOM cliabasi K IepeoOydeHn 0 MOIeTIH,

tol - TOJepaHTHOCTH TSI KPUTEPUEB OCTAHOBKH, T.€. TIONCK MaKCHMyMa TN
MUHUMYMa MPEKPATUTCS, KOTJ]a HICKOMOE YHCIIO0 OYAEeT JOCTaTOUYHO OJIM3KO,

solver - anropuTM™, HCTIOIB3yeMBbIi B 3a1aue ontumMu3anuu. [lo ymoadanuto
ucnosib3yercs liblinear (MeTo1 MOKOOPAMHATHOTO CITYCKa)

Jlpyrue mapaMeTpbl OCTaBUM TaKUMH, KaKk UX PEKOMEHAYIOT aBTOpHI scikit-
learn.

Jlnst mepBoro 3amycka mosnoxkum 3Hauenus tol = 0.3, C = 0.5, solver =
‘liblinear’. B pe3ynbraTte 00yuenus moaenu noixyyaeM AUC ROC = 0.5944
(pucynoxk 17).
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ROC Curve
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Pucynok 17 — ROC kpuBas ans noructuyeckoit perpeccuu (tol = 0.3, C=0.5,

solver = ‘liblinear’)

Bo3spmeMm 3Ty mtomazas 3a 6a30Boe 3HaU€HUE U MOIBITAEMCS €T0 YIyUIIUTh.
Jloructuueckas perpeccusi CYUTaeTCs OJTHUM U3 OCHOBHBIX METOJIOB IMPU OMHAPHON
KJIaCCU(UKAIIUH U TTOT00HBIN HEYJOBIETBOPUTEIBHBIN PE3yIbTaT MOKET TOBOPHUTH O
HENPaBUIBHO MOI00paHHBIX TUTIEpPIIApaAMETPaXx.

Ecnu paccMoTpeTs KpuBYyIO 00y4eHUs], TO CTAHOBUTCS TIOHSATHO, YTO MOJIETh

He000yumiIace (pucyHok 18).
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LogisticRegression
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Pucynok 18 — KpuBast o0yuenus ans noructudeckoi perpeccu (tol = 0.3, C=10.5,
solver = ‘liblinear’)
C moMoIIbi0 BAIMJAIIMOHHON KPUBOK MOKHO MPUMEPHO TIOHSATh, KaKOH
napaMeTp Hy)>XKHO U3MEHUTh, YTOOBI YIyUIIUTh KadecTBO Mojaenu. 13 pucynka 19
BUJHO, YTO YMEHBIICHHE TUIeprapaMeTpa tol, MoKET 3HAUUTETHHO yIyUIIUTh

AJIr'OpUTM, IPUYICM 3HAYCHHUC JOJIKHO OBITh KaK MO>KHO Oymke K 0.

Validation Curve with LogisticRegression
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Pucynok 19 — BanunanuonHasi KpuBasi JIOTUCTUYECKOM perpeccuu s mapamerpa tol
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[Ipu aToM runepnapamerp C MOKHO U HE MEHSATH (pucyHok 20).

Validation Curve with LogisticRegression
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Pucynoxk 20 — BanimpauyoHHasi KpyBasi JOTUCTUYECKOM perpeccuu aiis napamerpa C

N3menenue runepnapametpa tol cuiabHO BiusieT Ha Mojenb. [Tonoxum tol = 0.00001

u nomyuuM AUC ROC = 0.7198 (pucynok 21).
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Pucynok 21 — ROC kpuBas mis noructuueckoi perpeccuu (tol = 0.00001, C = 0.5,
solver = ‘liblinear’)
Teneps MOXHO MPUCTYNUTH K M3MeHeHUIo0 Tunepnapamerpa C. Kak BugHO U3
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pucyHka 22, uaMeHenue runeprnapamerpa C ckopee BCero He 1acT KaKuX-1100

PE3YIbTATOB. 3aTo BHUAHO, YTO 3HAYCHHI MCHBIIIC 0.4 mocTeneHHo yXyamaroT

MOICIIb.
Validation Curve with LogisticRegression
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Pucynok 22 — BanimpauuoHHasi KpuBasi JOTUCTUYECKOM perpeccuu aiis napamerpa C
(tol=0.00001)

Jloructuueckas perpeccus ¢ napamerpamu C=0.5, tol=0.00001, solver=
liblinear na kpocc-Banunanuu nokassiBaeT AUC ROC=0.72, a Ha oT/I0:KEHHOU
tectoBoi BeIOOpke AUC ROC=0.7198.

Haiinem ontumManbHble TUIIEpIIapaMETPhI ¢ TOMOIIBIO MOUCKA 10 ceTke. s
JIOTUCTUYECKOHN perpeccuu NpeyCMOTPEH CIIEUaIbHbIN TUIT TOUCKA
LogisticRegressionCV. BapuaHT co cieayolmyMu runepnapaMmeTpaMu okasancs
ayumum: C=0.5, tol=0.00001, solver= liblinear, T.e. OH MOJHOCTHIO COBHAJ C PYYHBIM

BBOAOM.

3.7. K-ommkaiimux coceneit (k-nearest neighbors, KNN)
MCTOII K-0amxaimmx COCCI[Cﬁ OTHOCHUTCA K MCTPHUUICCKHUM AJITOPUTMaAMU
CUHUTACTCA OJHUM U3 CAMBIX ITPOCTHIX. I[J'IH KaxKa0ro 00BEKTa Kjace OIIPCACIIACTCA

OTHOCHUTENBHO ero cocenel (npyrux onmxaimmx Kk HeMy o0bekToB). Eciu k coceneit
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OTHOCSITCS K OIPEIEICHHOMY KJIACCy, TO M y TeKYIIeT0 00bheKTa OyIeT 3TOT Ki1acc.

KomnuecTBo Gmmkaiimx coceziei, ¢ KOTOPBIMU HY>KHO CPaBHUBATh OOBEKT, U
METpPUKA PACCTOSHUN MEXy 00BEKTaMH SIBIIIOTCS THUIEpIIapaMeTpamMu U 3a1al0TCs
710 Havajia O0y4eHUS] MOJIEIIH.

[Tpu MCTONBE30BaHUU ATOTO ANTOPUTMA CTOUT IIOMHUTH, YTO OH HE OYEHb
YCTOMYMB K 3alllyMJICHHBIM JTaHHBIM, U paboTaeT MeaJIeHHEH nmpu O60IbIIoM 00beMe
naHHBIX. Takxke ogHON U3 MPOOIIEM SBISIETCS TOJ00P METPUKHU PACCTOSTHHIA MOJT
KKIYI0 3a/1a4y.

JIJ1s1 TOBBIIIICHHSI KA4eCTBA aTOPUTMA JKeJaTeNbHO YAAUTh IIYMBI U3
BBIOOPKH, a eIIe JTy4Ille OCTABUTH TOJHKO ITAIOHHBIE IPUMEPHI.

KommuecTBo Gmmkaimx coceieil 00bIYHO MOI0MpaeTCs IO BaIUIallMOHHON
KPUBOW MM aBTOMATHUYECKH 110 KPOCC-BAIHIAIUH.

B oubanoreke scikit-learn ximace mia K-Ommkaimmx coceneil Ha3pIBaeTcCs
KNeighborsClassifier (n_neighbors=5, weights="uniform', algorithm="auto’,
leaf size=30, p=2, metric="minkowski', metric_params=None, n_jobs=1, **kwargs).

J11st mepBOro 3amycka 1mojokKuM 3HaueHus n_neighbors = 3,
metric="minkowski'. B pe3ynbrate 00yuenus moaenu noayyaem AUC ROC = 0.

6162 (pucynox 23).

ROC Curve
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-, -~ ROC curve (area = 0.6162)
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False Positive Rate (Specificity)
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Pucynok 23 — ROC kpuBas s k-nearest neighbors (n_neighbors = 3,
metric="minkowski")

Cyns 1o KpuBOM 00y4eHUs: MOJIeIb HeJoo0y4eHa (pPUCYHOK 24).
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Pucynok 24 — KpuBas o0yuenus s k-nearest neighbors (n_neighbors = 3,
metric="minkowski")
YBenuueHue KOIMIeCcTBa Coceield MOKET YIYUIIUTh MPeICKa3aTeIbHbIC

CIIOCOOHOCTHU alropuTMa (PUCYHOK 25).

100 Validation Curve with KNeighborsClassifier
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Pucynok 25 — BanunanuonHas kpuBas k-nearest neighbors aist mapamerpa
n_neighbors

VYBenuuenne n_neighbors no 60, npuBoaut k AUC ROC = (.7249 na
OTJIO’KEHHOM BBIOOpKE.

[To rpadukam BHIHO, YTO TEKYIIHE HACTPOUKHU AAJIEKH OT COBEPIICHCTBA, HO
13-32 OOJBIIOTO KOJIMYECTBA MPUMEPOB U Pa3MEPHOCTH BEIOOPKHU aITOPUTM OYCHB
JOJITO TIPOU3BOIUT pacueTsl. Ha Oymyiee, Ast ymydlIeHus KaueCcTBa MOYKHO OBLIO
OBbI IOMTPOOOBATH IPYTHE METPHUKH PACCTOSHHS U MTPOBECTH OTOOP ITAJTOHHBIX

IIPUMEPOB.

3.8 Cayuainbii jgec (RandomForest)

CrnydaliHbIH Jiec OCHOBaH Ha O3TTHHIE HaJ| pelalonuMu AepeBbiMu. CaMu 1Mo
ceOe pemaronye AepeBbsl HMEIOT HU3KOE CMEIICHHE (MOTYT JOCTUTaTh MOYTH ()
OIINOKHM), HO JIETKO Mepeo0ydaroTcs. barruHr ke mo3BosieT COBMEIATh MOA00HBIC
AJITOPUTMBI B HECMEIICHHYIO KOMITO3UIIHIO C HU3KOW JUCTIEPCHEH, UTO 1aeT OYCHb
XOPOIIIKE PE3YIbTATHI.

B 6ubnuoteke scikit-learn kiacc ajis ciy4aifHOTO jeca Ha3bIBaeTCs
RandomForestClassifier(n estimators=10, criterion='gini', max_depth=None,
min_samples_split=2, min_samples_leaf=1, min_weight fraction leaf=0.0,
max_features='auto', max_leaf nodes=None, min impurity split=1e-07,
bootstrap=True, oob score=False, n jobs=1, random state=None, verbose=0,
warm_start=False, class weight=None).

['umepriapamMeTpsl 11 CITy4aliHOTO Jieca:

o n_estimators — Ko114ecTBO AepeBbeB. OOBIUHO, UeM OOJIbIIEe

JIEPEBBEB, TEM JIYYIIIC, HO YBEIUIUBACTCS JUTUTCILHOCTh O0OYUICHMS,

o max_features - YuCI0 MPU3HAKOB JIJIs1 BEIOOPA pacIIeIICHUS.

BanunanmonHas KpuBasi Ha TECTOBOM BBIOOPKE JIOJDKHA OBITh YHUMO/ANIbHA,

Ha TPEHUPOBOYHOM CTPOro Bo3pacTtaeT. [Ipu yBeaTndeHHH 3TOro napameTpa

yBEJIMUMBAeTCs BpeMs oOydeHus. HacTpanBaercs 1mocie KOJIMYecTBa JEePEBhEB.

o max_depth — MakcumanbHas riiyOrHa 1epeBbeB. Y BEIMUEHUE
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rIIyOMHBI J€PEBHEB MPUBOAUT K YBEJIIMUEHUIO KaUeCcTBa MIpeICKa3aHus Ha
KoHTposie. OOBIYHO UCTIONB3YIOT MAaKCUMAaIbHYIO ITyOUHY, HETTyOOKHE
JEPEBbsl IPUMEHSIOTCA B 3a7a4ax ¢ OOJBIINM KOJIUYECTBOM IIIYMOB.
o min_samples_split - MuHuManbHO€ YKCI0 0OBEKTOB, IPU
KOTOpPOM BBINIONIHsIETCA pacuieruienue. [Ipu yBennueHun napameTpa KauecTBo
Ha oOydeHuH majaet, a Bpems noctpoeHust RF cokpamaercs. He oka3biBaeT
CWJIBHOT'O BJIUSIHUSI, €CJIA UCTIONIb3YIOTCSI HETIIYOOKHE 1€PEBbS.
o min_samples_leaf - Orpannuenue Ha YUCI0 OOBEKTOB B JIUCTHSIX.
He oxa3biBaeT CUILHOTO BIMSHUS, €CIHM UCTIONb3YIOTCS HETTYOOKHUE ePEBbSI.
N3BecTHO, YTO Ka4eCTBO aIropuTMa ClIy4aifHOro jieca O4€Hb 3aBUCTT OT
BBIOPAaHHOTO KOJIMYeCTBa JiepeBbeB. UeM ux Oounblie, Tem sny4iie. Ho 6ombioe
KOJIMYECTBO 3aMeIIsAeT padboTy anroputma. i BeiOopa Hanbosee y1aqyHoro
3HAYEHUs yI00HO MCTOIB30BATh BAIUALIMOHHYIO KPUBYIO.
N3 pucyHnka 26 BuaHo, uyTo nociie 200 pocT kauecTBa 3aMEAIISIETCS, IOATOMY
3aUKCUpPyeM UMEHHO 3TO 3HAUCHHE JJIs JaTbHEHIIINX pacueToB.

Validation Curve with RandomForestClassifier
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Pucynok 26 — Banunanuonnast kpubas RandomForest n71s1 mapamerpa n_estimators

Jlnst n_estimators=200 u ocTaJIbHBIMHU TTapameTpamu 1o ymonuanuio AUC
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ROC=0.7391. Ha na"HbIif MOMEHT — 3TO JIYUIIUIl pe3yabTaT, HO MOKHO
MONpoOOoBaTh €T0 eIl yIyUIIUTh.

Crnenyrouiuii mapameTp, KOTOPBIH ClieayeT BBIOpaTh — 3TO KOJIUYECTBO
MIPU3HAKOB JJ1s pacuierieHus. [1o ymoyaHHIO COBETYIOT YCTaHABIMBATh 3HAYEHUE,
paBHOE KBaJpaTHOMY KOPHIO OT OOIIEro KOJIMYecTBa MpU3HaKkoB. B Hamiem cirydae
Oyznet npumMepHo 12 npu3HAKOB.

N3 pucyHka 27 BUAHO, YTO MUK MPUXOAUTCSA HA 3HaYeHud ot 15 no 25
npu3HakoB. CKOpee BCEro, B 3TOM OTPE3KE U HAXOAUTCS ONTUMAJIBHOE 3HAUEHUE.
VYcranoBum max_features=15, Tak GoJibliiee KOIMYECTBO MPU3HAKOB 3aMEJISIET
paboTy anropuTMma.

1.00 Validation Curve with RandomForestClassifier
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Pucynok 27— Banunanuonnas kpuBas RandomForest nis mapameTtpa max features
XOTsl pEeKOMEHIyeTCsl HE OTpaHUYUBATh TIIYOMHY JiepeBa, BCE-TaKu

MOIbITAEMCS HAWTHU ONTUMAJIbLHOE 3HaueHue. 13 PUCYHKaA 28 BHAHO, YTO JIyUIICC

3Ha4YeHHUE TIIyOuHBI mpuxoauTcs Ha 20. 3Hauut yctaHoBuM max_depth=20.
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Validation Curve with RandomForestClassifier
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Pucynok 28 — Banunanuonnas kpuBasi RandomForest ny1s mapamerpa max_depth
Jlpyrue nmapaMeTpsl n3-3a OrpaHUYeHUs II1yOUHBI MOKHO He Tporarth. Mrak,
CIIy4ailHbIi Jiec ¢ runepnapameTpamu n_estimators=200, max_features=15,

max_depth=20 nemonctpupyer AUC ROC=0.7588, uto BuaHO U3 pUCyHKa 29.
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Pucynok 29 — ROC kpuBas qis RandomForest (n_estimators=200, max_features=15,
max_depth=20)

Pucynok 30 noka3biBaeT KpUBYIO OOy4E€HHUS JJIs BBIOPAHHBIX MapaMeTpoB. M3

HCTO BUAHO, YTO HCMHOI'O YMCHBIINJIOCH Hepeo6yquI/Ie, HO €CTh CIIC HaQ 4YEM
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paboTath.
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Pucynok 30 — KpuBas o0yuyenus g RandomForest (n_estimators=200,

max_features=15, max depth=20)

JlanpHelmmii mooop mapaMeTpoB B pyYHOM PEKUME MOXKET 3aHSAThH CIUIIKOM
MHOTO BpeMeHH. [loaToMy 3amycTum niepedop mapaMeTpoB O CeTKe, YCTAaHOBUB
TPaHUIIBI KAKIOTO MapaMeTpa, UCXOs U3 BaJUIallMOHHBIX KPUBBIX, TPUBEICHHBIX
BBIIIIC.

Campiii nyummii pe3ynprat, a uMeHHO AUC ROC=0.7594, natot ciaeayromue

napameTpbl: max_features=27, max_depth=18, n_estimators=250.

3.9. MuorocJioiiHas HeiiponHasn cetb (MLP)

HeﬁpOHHaﬂ CCTh CHHUTACTCA YHHUBCPCAJIbHBIM AlIPpOKCHUMATOPOM. OI[HaKO
OHHOCHOﬁHaH HeﬁpOHHaSI CCTb UMCCT PAL OFpaHquHHﬁ, KOTOPBIC IIPOIIadaroT IIPpHU
YBCIIMYCHUU CJIOCB CCTHU. Bce ciou B Takol CETH SIBISIOTCS ITOJIHOCBSI3HBIMU.

Jlis knaccudukanuu 00bIYHO UCTIONB3YIOT MHOTOCTIOMHBIN NIepcenTpoH ¢ 3 — 4
CKPBITBIMHU CJIOSIMU. CIH/ITaCTCSI, 49TO MMCHHO TaKas apXUTCKTYypPa CCTHU IIOMOracT
HaubOoJee YCIICOIHO peUIaTh 3aaa4n. Ha IMPAKTUKE YHUBCPCAJIIBHOT'O OTBCTA IIOKA HC
CymeCTBYCT, T.C. KOJIMYCCTBO CJIOCB U KOJIMYCCTBO HCprOHOB HOI[6I/IpaI-OT

OKCIICPUMCHTAJIIBHO K KEDKIIOﬁ 3a1a4dc. OTO0 )K€ OTHOCHUTCS U K (1)YHK]_II/ISIM dKTHUBalluH,
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OHHM TaKXKe MOAOUPAIOTCS JIs1 KAXKJIOTO CJI0s SKCIIEPUMEHTAJIBHO.

HelipoHHble ceTH 10CTaTOYHO OBICTPO MepeoOydaroTcs, HO3TOMY OYEHb
KeJaTeIbHO MPUMEHSTh Pa3IMYHbIe METObI Il CHUKEHUS 3TOro 3pdekra.
[ToGouyHBIM JIeiCTBUEM CTAHOBUTCS YBEJIWYEHUE JJIUTEIBHOCTH 00yUEHUs U
MUHUMAJIbHOE KOJIMYECTBO AMOX.

J1J1st MOCTPOEHUS MHOTOCIIOMHOTO MepcenTpoHa OyneM UCmoiab30Bath theano u
keras, koTOpbie 00JIer4atoT paboTy ¢ HEHPOHHBIMU ceTsiMU. Emie ogHum
3HAYUTEIBHBIM IUTFOCOM TUX OUOIMOTEK SIBISETCS pacueT ¢ UCMOJIb30BaHUEM
CUDA, 4TO 3HaYUTEIBHO NOBBIMIAET CKOPOCTh PACUETOB.

B nepByro ouepens Hy»KHO ONIPEAEIUTHCS € TOIOJIOIME HEMPOHHOM CETH, T.€.
BBIOpATh ONTUMAIBHOE KOJTUYECTBO CIIOEB U HEHPOHOB B HUX.

YToObl MOHATH, KaK HEMPOHHAs CeTh BeJET cedsl B Mpoliecce 00yyeHus,
MIPOBEJIEM HECKOJIbKO SKCIIEPUMEHTOB. 3aUKCUpPYEM KOJIMYECTBO ATOX
nb_epoch=60 u xonmuuecTBO 00HEKTOB B Mauke batch size=838, a Takxke KOJIUIECTBO
HEHPOHOB B KaXXJ10M cioe Oyner paBHO 77 (B 2 pa3a MeHbIIE, YeM KOJIUYECTBO
MPU3HAKOB).

Ha pucynke 31 nokazan rpaguk 3aBucumoctd AUC ROC ot konnuecTBa 31mox
JUISI TIEPCENITPOHA C OJTHUM CKPBITHIM clioeM U 77 HelipoHaMH (B 2 pa3a MEHbIIIE, YeM
KOJM4ecTBO Mpu3HakoB). [loutu cpasy nmocie Havana oOyueHus MnpeacKka3aHue
TPEHUPOBOYHON U BATUIAIMOHHON BEIOOPKH PACXOJATCS, YTO CBUIETEIBCTBYET O

CTPEMUTENBHOM NEePeo0yueHUH.
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Pucynok 31 — 3aBucumocts AUC ROC ot konudecTBa 31ox (1 cioit, 77 HeHpOHOB)

Opnnako naxe ¢ yuetom nepeodyderuss AUC ROC=0.7513 (pucyHnok 32).
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Pucynok 32 — ROC kpusas qjist MLP (1 cnoit, 77 HEeHpOHOB)

HeliponHast ceTb ¢ IByMsI CKPBITBIMH CIIOSIMU JIEMOHCTPUPYET elie osee
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ObIcTpoe TepeodyueHre, Kak BUIHO U3 PUCYHKA. UTO HEraTUBHO CKa3aioCch Ha €&
kadectBe, a uMeHHO AUC ROC=0.7453. Eciu Obl ocTaHOBUIM 00y4YeHHE MOJISTU Ha
18 smoxe, MoxkHO ObLIO OB 0xkKAaTh Mokazaresib AUC ROC B patione 0.7533

(pucyHnok 33).

Overfitted model by AUC ROC | layer=2, neurons=77
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Pucynok 33 — 3aBucumocts AUC ROC ot xonudecTBa 31mox (2 ciost, 77 HeHpOHOB)

HeliponHas ceTh ¢ Tpems cKpbIThiMU ciosiMu nokazana AUC ROC=0.7291

(pucyHok 34).
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Overfitted model by AUC ROC , layer=3, neurons=77
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Pucynok 34 — 3aBucumocts AUC ROC ot xonuyecTtBa 3mox (3 cnost, 77 HEHpOHOB)
YetbIpexcioitHas HEHPOHHAS CEeTh MOKa3ajia XyAIIui pe3ysbTaT, 8 UMEHHO

AUC ROC=0.7267 (pucyHok 35).

Overfitted model by AUC ROC , layer=4, neurons=77
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Pucynok 35 — 3aBucumocts AUC ROC ot xonuyecTBa 3mox (2 cnost, 77 HEHpOHOB)

3 IMPOBCACHHBIX HUCCJICIOBAHUN CTAHOBUTCS IIOHATHO, YTO YBCINYCHHC
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CKPBITBIX CJIO€B HE TOJIbKO HE YJIy4IIaeT KauyeCTBO MOJEIH, HO U 3aMETHO €€
yxyamaer. MakcuMmalibHOE 3Hau€HUEe Ha BaJuAallMOHHON BbIOOpKE HacTynaeT 10 20
3II0XH, a BCE IMOCIEAYIOIINE AIIOXU UAYT TOJIBKO Ha YJIYULICHHUE IIPEACKa3aHus Ha
TPEHUPOBOUYHOM BbIOOpKE. CBOAHBIE PE3YNIHTATHI HIKCIIEPUMEHTOB IPUBOJIATCS B
tabsuue 20.

Tabnuua 20 — Pe3ynbTaThl 3KCIIEPUMEHTOB MHOTOCJIOMHON HEHPOHHOM ceTH 6e3

JOIIOJJHUTCIIBHBIX HACTPOCK

CkpbIThI€ CJIOH, IIT Bamumaumonnsii AUC ROC
| 0.7513
2 0.7453
3 0.7291
4 0.7267

[lepeoOyuenue — 3TO 0iHA U3 KITIOYEBBIX MPOOJIEM HEHPOHHBIX CETEH.
[ToaToMy i €€ ymeHbIIeHHs ObUIN pa3paboTaHbl ONpPeIeICHHbIE METObI, KOTOPHIE
nojJiep KuBaroTca Oubnrorekoi keras. A UMEHHO:

. Dropout. Ha kaxoii urepairiyi ¢ BEpOSITHOCTBIO p OTOpachIBaeT

HEHPOHBI B ONpeJieieHHOM cioe. [lanbiie o0yueHue npoxoauT 6e3 3Tux

HEHPOHOB JI0 KOHIIA UT€pAllMU. DTO MO3BOJISIET Jyulle 00padaThiBaTh OMIHOKH.

o Perynsapuzanus. Tak Ha3piBaeMOe COKpallleHUE BeCOB. MOxeT

MPUMEHSTHCSA KO BCEM CIJIOSIM WIJIM TOJIBKO OmpeeseHHbIM. OOBIYHO

ucnosb3yercs L2-perynsapuzanus ¢ nmapamerpom C=0.0001.

. Br160p HavanbHbIX BecoB. Jis muHEHONW QyHKIMY aKTUBALIUU U

CUTMOMJIa XOPOIIIO MOAXOIUT MeTO nHuManu3anuu Xavier (unu Glorot).

Jna ReLU ncnionp3yercs meron nHunuanusanuu He.

[IpumMeHuM Bce BbIIIENEPEUNCICHHBIE METOIBI K MOJIEISIM. T.€. K KaXaA0My
cioro npumenuM L2-perynspuzanuio u dropout=0.2, Kk BBIXOJHOMY CIIOIO
init='glorot uniform', k octasibHbIM c0sM init="he uniform'. IToBTopum Bce
HKCIIEPUMEHTHI C HEMPOHHBIMU CeTSIMH OT 1 110 4 cKpbIThIX ciioeB. KoianuecTBo
HEMPOHOB B KaXJIOM CJIO€ MO-IIPEXKHEMY /7.

Kaxk BunHO U3 pucyHka 36, 0JHOCIOWHAs HEWPOHHAS CETh CTaJla TOpas3ao
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MeJyIeHHee nepeodyyaThes. Pa3Huia Mex 1y TpeHUPOBOUHON U BaIUAALIMOHHON

BBIOOPKOI COKpaTHIIACh.

Overfitted model by AUC ROC , layer=1, neurons=77, dropout, reg=L2

== Training AUC ROC
= Validation AUC ROC
076 Overfitting
Normal fitting
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Pucynok 36 — 3aBucumocth AUC ROC ot xonuuectBa 31mox (1 cioif, 77 HEHPOHOB,
L2, dropout=0.2)

KauectBo Mmonenu crano nyunie, a uMeHHO AUC ROC=0.7530 (pucyHok 37).

AUC ROC , layer=1, neurons=77, dropout, reg=L2

os
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7 = ROC curve (area = 0.7530)
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70



Pucynok 37 — ROC kpusas jyist MLP (1 cnoit, 77 neitponos, L2, dropout=0.2)
HeliponHas ceThb ¢ AByMs CKpbITbIMU ciosiMu noka3biBaeT AUC ROC =

0.7562. U3 pucynka 38 BUAHO, 4TO IepeoOydeHNEe TaKKe HAXOIUTCS TI0]T KOHTPOJIEM,

XOTsI OHO HEMHOI'0O OOJIbIIIE, YEM B OJTHOCIIOMHOM CETH.

Overfitted model by AUC ROC , layer=2, neurons=77, dropout, reg=L2

= Training AUC ROC
= Validation AUC ROC
Overfitting
Normal fitting
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Pucynok 38 — 3aBucumocts AUC ROC ot xonudecTBa 31ox (2 ciost, 77 HeHpOHOB,
L2, dropout=0.2)

HeﬁpOHHaH CCTh C TPECM: CIIOAMU UMCCT SIPKO BBIPAKCHHOC Hepeo6yquHe,

kak BUIHO n3 pucyHka 39. Kauecteo AUC ROC=0.7491.
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Overfitted model by AUC ROC , layer=3, neurons=77, dropout, reg=L2

= Training AUC ROC
078 — Validation AUC ROC
Overfitting
Normal fitting
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Pucynok 39 — 3aBucumocts AUC ROC ot xonudectBa 31ox (3 ciost, 77 HeHpOHOB,
L2, dropout=0.2)

UYetsipe ckpbIThIX ci0s garoT pe3yabraT AUC ROC=0.7540, npouecc

o0OyueHus NpeacTaBieH Ha pucyHke 40.

Overfitted model by AUC ROC , layer=4, neurons=77, dropout, reg=L2

= Training AUC ROC
= Validation AUC ROC
Overfitting
Normal fitting
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Pucynok 40 — 3aBucumocts AUC ROC ot xonudecTBa 31ox (4 ciosi, 77 HeHpOHOB,
L2, dropout=0.2)
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Pe3ynbTar 3TMX 3KCIIEPUMEHTOB HE CTOJIb OYEBUICH, KAK MPEABIIYIIUX.
Camblii Tydinii pe3yJbTaT oKa3ajia HEMPOHHAs CETh C IBYMSI CKPBITHIMU CIIOSIMH,
3aTeM UJET CETh C YETHIPbMS CKPBITHIMU cI0siMU (Tabmwuia 21).

Tabmuia 21 — Pe3yabTaThl SKCIEPUMEHTOB MHOTOCIIOMHOM HEMPOHHOU CETH C

dropout u perynsipuzanuei

CKpbITHIC CJIOM, LT Bamumaumonnsii AUC ROC
| 0.7530
2 0.7562
3 0.7491
4 0.7540

[TonmpoOGyem MpoBECTH MOKUCK MO CETKE ONTUMAJIbHBIX TUIIEPIAPAMETPOB IS
HEUPOHHOM CETHU € TPEeMs CKPBITBIMU CII0SIMU. B utore nosryyaem cienyromue
IapameTpsl:

o [lepssiit cnoit. Heiiponst — 300, dropout - 0.2.
o Bropoii crnoii. Heliponst — 150, dropout - 0.25.
o Tperuii cnoii. Hetiponst — 150, dropout - 0.2.

C takumu nmapametpamu AUC ROC=0.7573 (pucyHnox 41).

Overfitted model by AUC ROC , layer=3, neurons=(300, 150, 77), dropout, reg=L2

== Training AUC ROC
= Validation AUC ROC
Overfitting
Normal fitting
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Pucynok 41 — 3aBucumocts AUC ROC ot xonudectBa 3mox (3 ciost: 300, 150, 77
HelipoHoB; L2; dropout)
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3.10. Ceprounblie HelipoHHbIe ceTH (CNN)
B otnuuue ot MEPCCUTPOHA, B KOTOPOM €CThb TOJIBKO ITOJIHOCBA3HBLIC CJIOU, B

CBCpTO‘IHOﬁ CETH HECKOJILKO THIIOB CJIOEB. A UMEHHO:

° CBepTOUHBIH CIIO;

° AxTuBanronssiii cioi (ReLU);

o [Tynunr (cinoit cyoaucKkpeTu3anun);
° ITonHOCBS3HBIN CIIOM.

OOBIYHO CBEPTOYHBIE HEHPOHHBIE CETU UCIIOJIB3YIOT JJIsi pabOTHI €
M300paKEHUSMH, XOTSI B TEOPUU OHU MOT'YT MOJAOUTH U JJI IPYTUX JTAHHBIX.

[TonmpoOGyem NMpUMEHUTD UX JJIs pEIICHUs Hallel 3a1a4uu, T.€. IJ1s1 OMHapHON
kjaccudukanuu. Bo3bMeM TOMOJIOTHIO CETH, KOTOPYIO IpeiaratoT B keras st 3Toi
uenn: Conv -> ReLU -> MaxPooling -> Conv -> ReLU -> GlobalAveragePooling ->
Dropout -> Dense. PazmepnocTts cnost 1D.

Kax BugHO U3 pucyHka 42 cBepToyHas ceTh oOydaercs KpaiiHe MeaieHHo. B
HEKOTOPBIX MECTaX KaueCTBO Ha BaJIMIAIIMOHHON BIOOPKE BhIIIE, YEM Ha

TPEHUPOBOYHOM.
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Overfitted model by AUC ROC , conv=2, neurons=77, dropout, reg=L2

== Training AUC ROC
= Validation AUC ROC
Overfitting
Normal fitting
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Pucynok 42 — 3aBucumocts AUC ROC oT xonudecTBa 310X (2 CKpBITHIX clios, 77
HelipoHoB; L2; dropout)

Metpuka AUC ROC=0.6620 (pucyHok 43). DTa HEHpoceTh HE ycrena
0o0y4uThes 3a 60 310X, XOTS MPU UX YBEIMYCHUHU, BOBMOXKHO, KQ4eCTBO OyeT

Jyd1e.
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AUC ROC , conv=2, neurons=77, dropout, reg=L2
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Pucynok 43 — ROC kpuBas ayist CNN (2 ckpbITBIX €105, 77 HEWpOHOB, L2,
dropout=0.2)

[TorpoOyeM TOMOJIOTHIO CO CTBOCHHBIMU CBEPTOYHBIMU CIIOSIMHU, & UMEHHO:
Conv -> ReLU-> Conv -> ReLU -> MaxPooling -> Conv -> ReLU-> Conv -> ReLU
-> GlobalAveragePooling -> Dropout -> Dense.

Ota ceTh 00yumIach ObICTpee, YeM Nnpeabiayiias (pUCyHok 44).
[IpennonoXuTeNbHO, YBETUICHHUE STIOX MOJOKUTEIBHO CKakeTcs Ha meTpuke. AUC

ROC=0.7295.
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Overfitted model by AUC ROC , conv=4, neurons=77, dropout, reg=L2

== Training AUC ROC
~— Validation AUC ROC
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Pucynok 44 — 3aBucumocth AUC ROC oT xonudecTBa 310X (4 CKpBITHIX cliosi, 77
HelpoHoB; L2; dropout)

[TorpoOyeM TOMOJOTHIO CO CTBOCHHBIMU CBEPTOYHBIMU CIIOSIMH, @ UMEHHO:
Conv -> ReLU -> Conv -> ReLU -> Conv -> ReLLU -> MaxPooling -> Conv ->
ReLU-> Conv -> ReLLU -> Conv -> ReLLU -> GlobalAveragePooling -> Dropout ->
Dense.

Kak BumHO U3 pucyHka 45, 3ta MoJienb o0ydaercs ObIcTpee, YeM mpeablayIasi,
HO TEHJCHIIUA K pOCTy coKkpaTuiack. CKopee BCero, yepe3 Kakoe-To KOJTUIECTBO
ATIOX, MOJIEJTb BBIMIET Ha MJIATO U YBEITUYCHHUE UTEPAllMii HE TacT 3HAYUTEIHLHOTO

npupocta B kauecte. AUC ROC= (.7356.
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Overfitted model by AUC ROC , conv=6, neurons=77, dropout, reg=L2

= Training AUC ROC
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Pucynok 45 — 3aBucumocts AUC ROC ot xonnyecTBa 310X (6 CKpbITHIX CI0EB, 77
HelpoHoB; L2; dropout)

[lepeoOyueHue y CBEpTOUHBIX ceTel ObLIO caMOe HU3KOE U3 BCEX MOJIETIEH.
OpnHako, CKOPOCTh OOYYEHHS U Ka4eCTBO HA BAJIUJAIMOHHON BHIOOPKE I0CTATOYHO
Hu3koe. Bo3mMoxHO, pu nmogdope napaMeTpoB MO CETKE, pe3yabTaT MOKHO OyIeT
HEe3HAuuTeNbHO ynyumuTh. Ho, ckopee Bcero, mpuaercst nogouparh Ipyryro
TONOJIOTHIO CETU. B BUly OTpaHUYEHHOCTH BPEMEHH U HE MOJHBIM COOTBETCTBUAM
LEJISIM MCCIIEI0OBAHUS, U3YUYEHHE 3TOTO BOMPOCA JIyUllle MPOBECTH B paMKaX APYTUX
HUCCIIEI0OBaHUM.

3.11. Onpenenenue ajaropurMa, KOTOPbIi Jydllle BCEro CpaBJsieTcsi ¢
NOCTABJICHHOM 3aJa4eH

JlaHHOE uccaen0BaHNuEe MPOBOANIOCH C LENBIO ONIPEAECIUTh MOJAENb, KOTOpas
Jy4llle BCETO CIPABUTCS C MOCTABJIECHHOMW 3aa4yeil.

B xone uccnenoBanusi ObUTH MPOBEAEHBI SKCIIEPUMEHTHI CO CIEAYIOIIUMHU

MOACIISIMU.
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o Jloructuueckas perpeccus;

° K-6mmxkaimmx coceneir (KNN);

. Cnyuaiinsnii nec (Random forest);

° MHorocnoiHas Heitponnas cets (MLP);
o Cseprounas HeifponHas cetb (CNN).

Hy‘{HJI/Ie PE3YJIbTAThI 110 KAXKAOMY BUAY MOI[CJIefI " UX IapaMETpPhI

MpeCTaBiIeHbI B TabuIe 22.

Tabnuua 22 — CBogHas Tabiuia pe3ysbTaToB MO pa3HbIM aJrOpUTMaM

CCTh

> ReLU -> Conv ->
ReLU -> MaxPooling ->
Conv -> ReLU-> Conv -
> ReLU -> Conv ->
RelLU ->
GlobalAveragePooling -
> Dropout -> Dense.

Ha3Banue moxesnu IlapameTtpsbl AUC ROC
Jloructrueckas C=0.5, tol=0.00001, 0.7198
perpeccusi solver= liblinear.
K-6mmxkaitmux coceneit | n neighbors=60. 0.7249
Crnyualinblii Jiec max_features=27, 0.7594

max_depth=18,

n_estimators=250.
MHorocioiHas Ilepssiii cnoit. Heliponstr | 0.7573
HEHWpPOHHAs CEeTh — 300, dropout - 0.2.

Bropoii cioi. Heitponsl

— 150, dropout - 0.25.

Tperuii cion. HerpoHsl

— 150, dropout - 0.2.
Cseprounas HeliponHass | Conv -> ReLU -> Conv - | 0.7356

I[JISI peuIicHuA 6I/IHapH0ﬁ KJIaCCI/I(pI/IKaI_II/II/I C IpCACTABJICHHBIMU JaHHBIMH

JydIIe BCEro CIpaBuiCs alroput™ ciaydaiiHoro jeca (random forest). Ero mui u

OyZieM UCIOJIb30BaTh AJIs pa3padOTKU MOYJIE PEKOMEH AU .

MHoOTroCIONHHBIN TIepCeNTPOH HEZHAUUTENIBHO YcTymnaeT. Bo3amoxHo, mpu 0osee

IIMUPOKOM ITOUCKCE ITO0 CCTKE, MOKHO HalTH OoJjiee YAa9HbIC TUIICPIIAPAMCTPHIL,

KOTOPBIC TTO3BOJIAT HCprOHHOfI CCTU CPABHHUTHLCA CO CﬂyqaﬁHBIM JICCOM.

Crout OTMCTUTDB, UTO HA IIPAKTUKE, UMCHHO 3THU IBAd AJIT'OpUTMA HO6C)KJIaIOT B
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pa3HOO6p33HBIX COPCBHOBAHUAX 110 MAITMHHOMY 06y‘1€HI/II-O " aHAJIN3Yy JaHHBIX IIPH
PCUICHUHN 3a1a4 K.]'IaCCI/I(i)I/IKaLII/II/I, WJIM XOTs OBI BXOOAT B tor-10.

Taxxe CYIICCTBCHHOC 3HAYCHNUEC OKA3bIBACT KAYCCTBO MPCAOCTABIICHHBIX
JaHHBIX U UX HaHBHCﬁHIaH Hpe):[06pa60TI<a JJIs UCITOJIB30BAHUA B aJITOPHUTMaAX.
HOC—)TOMy CICAYCT YACIIATh HOATOTOBKC JAdHHBIX JOCTATOYHO MHOI'O BPCMCHHU U

YCHHHﬁ, YTOOBI IMOJIYYHTDH MaKCHUMaJIbHBIN PE3YyIbTAaT.
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4. JkoOHOMHYECKOEe 000CHOBaAHHME PA3PA0OTKH

4.1. CmeTra 3aTpar Ha CO31aHHMe MPOTrPAMMHOIO0 U3
[IporpamMMHBIi IPOAYKT, KaK U JH00bIE IPYTUe TOBAPHI U YCIYTH,

moApasyMeBacT HAJIMYUC OMMPCACIICHHBIX 3aTpaT Ha €0 IMIPOU3BOIACTBO. HOG)TOMy

KpaﬁHe BaXHO YMCTDH OIIPCACIIATH CTOUMOCTD p33p36aTBIBaeMOFO MporpaMMHOIO

obecIrieyeHus. qame BCCTO HOI[O6HBII>1 pacucT ACaacTCia B BUAC CMCTHI, IIPU 3TOM

HOIIpO6Ha$I CMCTa OCTACTCA Y UCIIOJITHUTCIIA, @ B IOTOBOPC IIPOIIMUCHIBAOTCA

YKPYIHEHHBIE CYETA.

MaTCpI/IaJIBHBIC pacxoabl HA CO3JaHUC MOAYJIIA peKOMeHI[aHI/Iﬁ MOT'YT

BKIFO9ATh CIICAYIOIIUC 3aTPAThI:

Omara Tpyna

HaKJIaIIHBIC pacxoabl

o IIpoune pacxomasl

Tabmuna 23 — CebecTOMMOCTED

O6opynoBaHue U MporpaMmMHoe ooecreyeHue

Ne Kareropus Cymma, pyo.

1 O6opynoBanue u 5700
IPOrpaMMHOE
o0ecrieueHue

2 Ormtara Tpyaa 336 480

3 Haxmagneie pacxoaper | 52 092

4 [Ipoume pacxoasl 5100

5 Hroro 399 372
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Tabnuua 24 — DkoHOMHUYECKOE 00O0OCHOBAHME

Ne | Kareropusi Cymma, pyo.
1 | CebecToumocThb 399 372
2 | IlpuObuib 120 000
3 | Croumocts ¢ HIC 612 859
4 | CroumocTts 6e3 HIIC 519 372

4.2. O00cHOBaHME CMETHI 3aTPAT

4.2.1. Pacyer 3aTpaT Ha 000py10BaHuUeE
J1J1s1 BBITTOJTHEHMSI KBalTM(DUKAITMOHHOW paboThl ObUT apeHI0BaH BUPTYaIbHBIHI

cepBep. CtouMocTb apeH bl 3a 3 Mecsina coctaBuia 1 500 py6Gieit.

Taxxe a1 pa3pabOTKH UCHOIB30BANIACH YKE CYIIECTBYIOIIAs
BBIYUCIIUTENbHASA TeXHUKA. OO0I1as CTOMMOCTD 3aTpaT Ha 000pyI0BaHUE

CKJIaAbIBACTCA N3 aMOPTHU3AITUMOHHBIX OTYHUCJICHUM U CTOUMOCTHU PEMOHTA.

CHauana omnpeaenuM aMmopTH3alnoHHbIe oTurciienus (AO).

cost- time
AO=———
months

e cost — CTOUMOCTbD BBIYMCIIMTSIILHOM TCXHHKH, time — BpCMs UCITIOJIb30BAHHA
JIA CO3OaHUusA MOAYIIA peKOMeHI[aHI/Iﬁ B MCccCianax, months — CPOK IIOJIC3HOTO

HCIIOJIb30BaHUs BBIUYMCIUTENbHON TEXHUKU B MECSLIAX.
AO=42000 *3/60=2 100 pybnei

Ha pemoHT 00BIYHO 3akiagbiBalOT 5% OT CTOMMOCTH BBIYHCIMTEIHHOM

TEXHUKH, a UMEHHO, 2 100 py0O:ei.

3aTpathl Ha cCOOCTBEHHOE 000pya0BaHKe cOCTaBisOT 4 200 pyoieil.
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Bcero Ha o0opyznoBaHue ¢ ydyeTOM apeHJOBaHHOM TEXHUKU ObUIO 3aTpavyeHO

5 700 pyOuet.

Hcnons3oBaHHOE IMporpaMMHOC oOecrieueHue ML CO3aaHUA MOAYJIA
pCKOMCHIIaI_II/Iﬁ ABIISACTCA CBO6OI[HBIM HO, IMO3TOMY 3aTpaThl HA ITPOTrPAMMHOC

obecrnieyeHne OTCyTCTBYIOT.

4.2.2. Pacyer omjiarsl Tpyaa

Jlist paboronatens pacxo/sl Ha oruiary Tpyaa (OT) Bkiro4aroT He TOJIBKO
OKJ1aJ, IPONHUCAHHBIA B TPYJOBOM JOTOBOPE, HO U OTUMCIICHUS B Pa3JIUYHBIC
couuanbHble GoHbl, Takue kak [1d PO, DCC, DOOMC. KonkpetHbie Tapudsl
3aBUCST OT MPUMEHSAEMOI0 HAJI0ro0010KeHUs paboToAaTeNs, yCIOBUN Tpyaa U

3apabOTHOM TIAThl COTPYAHHUKOB.

Tax ans opranuzanuit Ha OCHO 6e3 kakux-1100 JIbroT ¢ HOpMaJIbHBIMU

ycioBusaMu Tpyaa B 2017 roay AeCTBYIOT CIEAYIOIINE CTABKHU:

o [IOP — 22%.
. PPOMC - 5.1%.
o OCC - 2.9%.

o B3Hoc Ha “TpaBmMaTuzm” — 0.2%

Utoro: 30.2% nonoiMHUTENbHBIX OTUYHUCICHUN, €CJIM CyMMa HAUUCIISIEMBbIX

BO3HArpaxkJeHu coTpyaHuky menee 755 000 py6seli ¢ Hayasia roa.

Ecnu aTa cymma nipesbitiena — 27.3%. [{ns pacdeta OyaeM NpuMEHSITh OOIIYIO

ctaBky B 30.2%.

Taxoke B orjiaTy Tpy/Jia MOXKHO 3aJI0KHUTh PACXOJIbI HA OTMYCK, Pa3InyHbIE
KoMreHcalnuu u T.1. Ha atu Hyx sl Oyaem npubdasisath eme 10% ot 3apaboTHOM

mnatel. T.e. cymmapno — 40.2% x okiany.

CYMMa pPacxoaoB Ha OIUIATY TpyAa AJId OAHOTO YCJIOBCKA COCTABUT:

OT = 1.402 * oknaxg * MeCSIbL.

Uroro: OT = 1.402 * 80 000 * 3 = 336 480 pyOueii.
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4.2.3. PacyeT npo4ux pacxoaos
K aT10i1 rpymnmne pacxo 0B OTHECEM 3aTpaThl HA KaHLEISAPCKUE TOBAPHI U YCIYyTH

CTOPOHHHX OpFaHHSaHHﬁ.

CTOMMOCTbH KaHIEIAPCKUX TOBApOB (OyMara, pydku, KapTpux u T.1.): 4 500

pyOJIeH.
CroumocTs ycnyr (pacneyaTka miaakatoB): 600 pyOiiei.
Nroro npoune pacxoasi: 5 100 pyoseil.

4.2.4. PacueT HAKJIAJHBIX PACXO010B

HaknagHbie pacxo/ipl BKIIOYAIOT B €05 pacXobl, KOTOPbIE HAIPSIMYIO HE
CBA3aHbI C OCHOBHBIM ITPOHU3BOACTBOM. Cro/1a BKIIFOUAIOT PacXo/Ibl Ha
yIpaBJI€HUECKUI NIEPCOHAJI, OIJIATy OPHUCOB, 00s3aTENbHBIE IIATEXKH (U1 yA0OCTBA
pacyera 3TU CyMMbI YUTEHBI B pacueTe OIulaThl Tpy/a), KOMMYHaJIbHbIE TUIaTEXHU,

oriara TCJIC(i)OHa nT.AO.

OOBIYHO TOUYHBIN pacyeT MPOU3BOAUT OyXranTepusi, Tak Kak y Apyroro

nepcoHasa J0CTyna K no1o0Ho# nHopMauu 0ObIYHO HET.

JIns ynponieHust pacyeToB K 3TOM KaTeropun otHeceMm 15% ot Beex npyrux

pacxo/ioB.
Haxmannsie pacxoast: (5 700 + 336 480 + 5 100) * 0.15 = 52 092 py6ueil.

4.2.5. Pacyet ce0ecTOUMOCTH Pa3padOTKH MOXYJIS PEKOMEHAALMHU

CebecToMMOCTD MOAYJII CKIIAABIBACTCA U3 BCCX BBINICTICPCUUCIICHHBIX

pacxonoB, a umeHHo 5 700 + 336 480 + 5 100 + 52 092 = 399 372 pyGeil.

4.2.6. Pacyer npuObLIM OT MPOEKTA

JIro0ast opranuzaius co31aeTcs ¢ 1ebio moaydeHus npuosuiu. [ToaTomy
OKOHYATEJIBHYIO IIEHY 3aKa34MKy HEOOXOIMMO YKa3bIBaTh C YUETOM KeTaeMOi
npuosUTU. Taxke He0OXOAUMO TOMHUTD, uTO opranu3anuu Ha OCHO nomxHBI
matuTh 20% Hanora Ha npuObUTL. ECii He BIaBaThCsl B HAJIOTOBOE
3aKOHO/IATEILCTBO U MOPSIAOK yUeTa JI0XO0JI0B U PACXOJIOB JJIsl ONIpeeICHUs
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Hajoroob6iaraeMoi 6a3bl, TO IPUOBUIb MOXKHO ONPENEIUTh, KaK I0X0bl MUHYC
pacxoibl (cebecTonmMocTh). COOTBETCTBEHHO, HAJIOT HA MPUOBLTH TUIATUTCS C ATOU

pPa3HUIILL. A 4ncTast TPUOBLIL — 3TO MPUOBLTH MOCIIE YIIJIAThl HAJIOTOB.
UYucras npubbuib 1o npoekty: 100 000 pyodieil.
Hanor na npu6suts: 20 000 py6seii.

[Tpu6s1H: 120 000 py6ei.

4.2.7. PacueT UTOroBO# LEHBI

OO61ast CTOMMOCTh MPOEKTA BKJIIOYAeT ce0eCTOMMOCTh U MpuObLIL: 399 372 +

120 000 = 519 372 pyb6ueii.

Taxxe MoxeT moTpeOOBaTHCA BKIIOYUTH B LIEHY HAJIOT Ha JOOABICHHYIO
croumocTb. Ctout otmMeTutsh, uTo H/IC npumeHseTcs He BO BCEX peRKUMax
Hasoroo0oxeHus. Tak Kak BCe pacdeTbl ObUIM CIENIaHbl ISl OpraHu3aluy Ha

OCHO, To B utorosy:o 1eny nob6asum HJIC.

Urorosas nena nis kimenTta: 1.18 * 519 372 = 612 859 pyOneit
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3akJIloueHue

[Ipu paszpaboTke © peanu3aluud MPOrPpaMMHOTO MOAYJsA (HOPMUPOBAHMS
pEeKOMEHJaui 1o BbIJaye OAHKOBCKOIO KpeauTa ObUIM MOJYYEHBI CIIETYIOIINe

pe3yabTaThl:

¢ bbina u3yueHa npeaMeTHast 00J1acThb.

e [IpoBeneH aHaNHM3 MPEAOCTABICHHOTO HAOOpa TaHHBIX.

e bpija mocTaBieHa U U3ydeHa 3aJa4a MalTHHHOTO 00y4YeHUsI.

¢ Bbij10 MPOBEICHO UCCIIEIOBAHUE AITOPUTMOB IS OWHAPHOM
KJ1accuuKaIuu.

e bbi omnpeniesieH TyUIInid ajJroOpyuT™ IS PEIIeHUs TOCTABJICHHON 33 auH.

e HacrtpoeHo pabouee okpyKeHHUE IS pa3BepThiBaHus Django u
OMOIMOTEK MAITMHHOTO O0YyUYEHUSI.

e PaszpabotaHa uHposornyeckas MoJaeb.

Pa3pabotan MOIynb peKOMEHAALNH.

e Pa3paboTaH MpOrpaMMHBIH MOIYITb.

e Paspaboran unrepdeic st IpOrpaMMHOTO MOTYJIS.
e [loctpoensl rpaduku pabOThl MOJEIH.

¢ [IpousBeneHo 3KOHOMUYECKOE 0OOCHOBAHUE.

e [loaroToBneHa TOKYMEHTAIIHS.

¢ [loaroToBneHsl rpadUueCKUe MaTEpUAIIHI.

e DKOHOMHUYECKHI pacyeT.
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1. HammeHnoBaHue

Monyns  pekoMeHIaluMi I COTpyAHHMKAa OaHKa, KOTOpbI  Oyner
IIPOrHO3UPOBATh B3ATHE KPEAMTA B LIEJIEBOM OaHKE Ha OCHOBE IPENOCTABIECHHOIO
HaOopa NaHHBIX C LEJNbI0 COKpAILEHUS H3JEpKEK Ha MpOoBEpKY 3asBok. IlomHoe
Ha3BaHue «lIporpamMmubIii MOAydh (QOpMHUpPOBaHUS PEKOMEHIALUM MO BbIAaue
0aHkoBcKoro kpeauta». Kparkoe HazBaHue «Moayib peKOMEHAALNI
2. OcHoBaHue 11 pa3padoTKu

OcHoBaHueM U1 pa3pabOTKH ABISETCS 3aJaHUE Ha KBAIM(UKALIMOHHYIO paboTy,
MOJANMHUCAHHOE  HUCIHOJHUTEIEM  KBAIM(DPUKAUMOHHON  paboThl, PYKOBOAMUTEIEM
KBaJIU(PUKALIMOHHOM paboThl, 3aBenyromuM kapeapoirt COMY MI'TY um. baymana.
3. UcnotHuTE 1B

Crynentka rpynnel BUY 5- 81.

4. HazHaveHue 1 nejb pa3padoTku

OO0bekTOM KBaIM(PHUKAUMOHHON pPaOOTHl SBISETCS NPOrPAaMMHBIA MOIYJb
(dbopMHpOBaHUs PEKOMEHAAIIMH 1O BbI1auye OAHKOBCKOIO KpeAUTa, KOTOPbINA O3BOJIUT
CHeuaIucTy OaHKa MPUHUMATh PellIeHue O JAIbHEUIINX AEUCTBUSIX C KaXK/10H BHOBb
IIOCTYIIUBLIECH KPEAUTHOU 3asiBKOM.

Ilens paboTel — co3gaHME MOAYJIS PEKOMEHJALUMH Ha OCHOBE aJIrOPUTMOB
MAalIMHHOTO OOYYEeHHs Il peuleHus 3aJauyu OWHapHOM Kiaccu(UKalMu Ha OCHOBE
MPEJIOCTAaBICHHOr0 Ha0opa [aHHBIX C KPEAUTHBIMU 3asBKaMU W3 Mara3uHOB
AJIEKTPOHHUK.

4. Conepxanue padoThbl
4.1. 3apauu, noasiesKalue peaan3annu:
e AHaiu3 NpeIMETHON 00JIacTH.
e AHanu3 Npe0CTaBIEHHOr0 Habopa JaHHBIX.
e JlocTaHOBKa 3a7a4u MAIIMHHOTO OOYYEHUs U OIIPE/IEICHUE aJTOpPUTMa,
KOTOPBI JIy4Ille BCErO CIPABIISAETCS C OCTaBICHHOM 3a7aueil.
e Hactpoiika paGouero okpy>keHust ajisi pa3pepreiBanusi Django u
OMOIMOTEK MAITMHHOTO O0yUYEHUSI.

90



e Pa3paboTka MOyJIsl peKOMEH Iallui.
e Pa3paboTka NporpaMMHOIO MOJYJIS.

e DKOHOMHUYECKHI pacyeT.

4.2. TpeO6oBanusi K yHKIIMOHAJbHBIM XapPaKTEPUCTHKAM
Monynb peKoMeHIalui JOJKEeH 00J1aaTh CIEIYIOMNM () YHKIIMOHAIOM:

e [loaroToBka MaHHBIX — MOJYYCHHBIC JaHHBIC U3 0a3bl TAHHBIX KPEIUTHBIX
3asBOK 00pabaThIBaTh U MPe0oOpa30oBbIBATh B (hOpMAT, IPUTOIHBIN IS
WCIIOJIb30BaHUsl B MAaTEMATUUECKON MOJICIIH.

e 3arpys3ka MoJeiIl — 00y4eHHYI0 MaTeMaTHYECKYIO0 MOJIEIb 3arpy>KaTh B
OTIEPATUBHYIO MaMSTh JJIsl JadbHEHUIIEr0 UCTIOJIb30BaHUS.

e [Ilpenckazanue — o nNpeoOpa3zoBaHHBIM TAHHBIM MPEJICKA3bIBATH BEPOSTHOCTD
BO3BpaTa KJIMEHTA B OaHK.

e CoxpaHeHHE U BO3BpAT MPOrHO3a — COXPAaHEHHUE B 0a3y JaHHBIX
MpeCKa3aHHbIX 3HAYCHUM KOHKPETHOMU 3asBKH Y BO3BpAIllEcHHE B OCHOBHYIO

CUCTCMY IIPCACKA3AHHBIX PC3YJIbTATOB.

4.3. TpeOoBaHUA K COCTABY IPOrPAMMHBIX CPeICTB
Knuentckass vacth sBisieTcs rpaduueckum Opayzepom Firefox 53.0.3, mox
yhpaBjieHueM onepanronHoi cucrembl Windows 10.
CepBepHas 4acTh pa3pabaTbIBa€MOro MpOEKTa MpeaycMOTpeHa A paboThl B
Cpele, COCTOAIIEH U3 CIEAYIONNX KOMIOHEHTOB:
e (CentOS 6.8
e Docker 1.13
e uWSGI 2.0.13.1
e Nginx 1.11.10
e PerconaDB 5.6
e Python 3.5
e Django 1.8
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e Pandas 0.19.2
e Sklearn 0.18.1
e Numpy 1.12.1
e Matplotlib 2.0.0
e Scipy 0.19.0
4.4. TpeOoBaHUA K NPOrPAaMMHBIM KOMIIOHEHTaAM
OCHOBHBIM TpeOOBaHMEM K IPOTPAMMHBIM KOMIIOHEHTaM SIBIISIETCSI KOPPEKTHOE
ucrnonHeHne pyHKINH, 3asBICHHBIX B ITyHKTE 4.2.
5. TpeOoBaHusi K BXOAHBIM U BBIXOJHBIM JTAHHbIM
5.1. TpeGoBaHusl K BXOAHBIM H BBIXOTHBIM JTAHHBIM:
BxoaHble JaHHBIE A1 MOTYJISI PEKOMEH AT
e KpeaurtHsie 3as1BKU.
BbIxoHbIe TaHHBIC TSI MOIYJISl PEKOMEHTAITHIA:
e Ilpenckazanubiii Kiacc.
e [IpenckazanHas BEpOSTHOCTh OTHECEHUS K Kiaccy 1.
5.3. TpeOoBaHUA K ApXUTEKTYpe CHCTEMbI
Moynb peKOMEeHIAIUi JOKEH OBITh pa3padoTaH JUIsl CATOB MTOCTPOSHHBIX Ha
ocHoBe Django 1.8, mpu 3TOM rpaduueckas 4yacTh B MOAYJIE HE MPETyCMOTpEHA.
CooTBeTcTBEHHO, 00pabOTKa M MPEICTABICHNE BBIXOJHBIX JTAHHBIX MOMYIS JOJIKHBI
OBITh peajn30BaHbl B 3aBUCHMOCTH OT caiTa. Bcsi mporpamMMHasi 4acTh JOJDKHA
HaXOAUThCs BHYyTpU onHOT0 docker-koHTeliHepa Ha BUPTYaIbHOM CEpBeEpe.
KnuenTckas 9acTh mpecTaBlieHa CTaHIAPTHBIM BeO-0pay3epoM.
5.4. TpeOoBaHUA K COCTABY TEXHMYECKHX CPEACTB
Knuentckass 4dacTh MOIyNs PEKOMEHIAIMK TIperoaraeT peaju3aluio Ha
MEPCOHAIEHOM KOMIIbIOTEpE C KOHPUTypalue, IpruBeIcHHON HIKE:
e npoueccop Intel, 2.5 GHz u Brie,
e RAM He menee 4 I'0aiir,
® MOHHUTOP,

® KJIaBHATYDA,
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® MBIIITb WU APYTOd MaHUITYJISTOD,
e o0opymoBaHue JUIs JoCTyma K cetu HTepHeT.
CepBepHasi 4yacTh NPOEKTa BBIMOJHACTCS HAa apeHJAOBAaHHOM BUPTYaJbHOM

cepBepe Co CleayIolIe KOHpUryparuen:

® nporieccop 2xXeon X5675,

e RAM He menee 2 ['0aiir,

® JIMCKOBAs MOJICUCTEMBI CO CBOOOIHBIM MPOCTPAHCTBOM HE MeHee He MeHee 10
I'Gaiir.

e o0opymoBaHue JUIs JoCTyMa K cetu HTepHeT.

6. JTanbl pa3padboTkun

Tabnuua 1 — Dramnel pa3paboTku

HaumenoBanue sTana JlaTa BBIIOJHEHHUS
Pa3paboTka TEeXHUYECKOTO 3aJaHUs o 2017-04-03
Pa3paboTka 3CKM3HOTO MPOEKTA 1o 2017-04-15
Pa3paboTka TEXHUYECKOTO MPOEKTa 1o 2017-05-15
Pa3zpaboTtka mporpaMmMbl 1o 2017-05-31
Otnaaka nmporpaMmel 1o 2017-06-08
Pa3paboTka nporpaMMHON JOKyMEHTAIUU 1o 2017-06-20
3ammTa KBaTM(pUKAITMOHHON paboThI 1o 2017-06-30

7. Texnnueckasi AOKYMCHTAIIUA, NIPCABABJIASAICMAS 110 OKOHIYAHUH

padoThI
[To oxoHYaHUU PaOOTHI MPEABABIAIOTCS CICIYIONTNE TOKYMEHTHI:
1. Texanueckoe 3aJaHuE.
2. Pac4éTHO-TIOSICHUTEIIbHAS 3aIIMCKa.
3. IIporpamMmma U METOAMKA UCTIBITAHUIA.
4. PyKOBOJICTBO MOJIb30BATEIS.

5. Texker mporpaMmel.
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6. 'paduueckuii matepuai no nNpoekTy B popmare 1uctoB Al.
8. Ilopsinok npuemMKu padoThl
ITpuemMka paboThI OCYILECTBISIETCSI B COOTBETCTBUM C ToKyMeHTOM "[Iporpamma

W METOIMKA WUCHBITAaHUN".

9. /lonosiHUTEIbHBIE YCJIOBHS

TexHuueckoe 3a1aHUC MOKCT YTOUHATHCA B YCTAHOBJICHHOM IMOPAIKE.
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Iopsigok M METOAMKA MCIIBITAHUM

1. Ileanb ucnbITAHUMI
[lens ucnbITaHUNA COCTOUT B MPOBEPKE PabOTOCIOCOOHOCTH MPOrPaMMHOIO
MOAYJIA MW COOTBCTCTBHA BBIITOJIHACMBIX q)YHKHI/Iﬁ Tpe6OBaHI/IﬂM JOKYMCHTA

“TexHnYecKOe 3aqaHue’” .

2. CocTaB npeabsB/IsieMOil JOKYMEHTAIUU
Hepen IMPOBCACHUCM HUCTIBITAaHUH NpCaABABILAOTCA CIICAYIOIUC TOKYMCHTHI:
- Texaunueckoe 3a7aHue;

- [lopsAIOK ¥ METOIMKA UCTIBITAHUM.

3. Texuuueckue TpedOBaHUSA
3.1. TpeOoBaHUA K IPOrPAMMHOI TOKYMEHTALMHU
CocTtaB mporpaMMHON JOKYMEHTAIlMU JIOJDKEH YIOBJIETBOPATH TPEeOOBaHUSIM
nokyMmeHTa “TexHuyeckas TOKyMeHTalus, IPEeAbABIIEMOro 0 OKOHYaHUU PaOOTHI.
[IporpammHasi JOKyMEHTalMs JIOJDKHA OBITh OGOpMIIEHA B COOTBETCTBUU C
I'OCT u ECIIJI no coctaBieHuto u 0hOpPMIICHUIO JOKYMEHTOB Ha MPOTPAMMHOE
u3zenue.
3.2. TpeOoBaHUA K COCTABY TEXHHYECKHX CPEACTB
3.2.1. TpeOoBaHus1 K NPOrpaMMHOMY 00eCIIeYECHUIO
CepBepHas yacTb J10JKHA BhINIONHATHCS B docker-konTeiinepe co cienytromum [10:
e (CentOS 6.8
e uWSGI 2.0.13.1
e Nginx 1.11.10
e PerconaDB 5.6
e Python 3.5
e Django 1.8
e Pandas 0.19.2
e Sklearn 0.18.1
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e Numpy 1.12.1
e Matplotlib 2.0.0
e Scipy 0.19.0

Knuentckass dacte siBnsercs rpadudeckum Opayzepom Firefox 53.0.3, mon

yIpaBiieHUEM onepaoHHol cucteMbl windows 10.

3.2.2. TpeGoBaHus K annapaTHOMY o0ecne4YeHn 0

CepBepHas 4acTh MOJCHCTEMBI MOJYJIS AOJDKHA (DYHKIIMOHUPOBATH Ha x64
COBMECTHUMOM apXUTEKType CO CICAYIOIIUMU TpPeOOBAHUSIMHU K ammapaTHOM
KOH(UTypalnu:

1. IIpoueccop 2xXeon X5675;

2.03Y 2T16;

3. Mecto Ha xecTkoM nucke He meHee 10 I'0;

Pexomennyemas anmapaTHasi KOHPUTypaIus:

4. CeteBast KapTa ¢ MPOMYCKHOM criocoOHOCTHIO He MeHee 100 Mbps.

KnuenTckast 9acTh Mo ICHCTEMbI MOAYJIS JOJKHA GYHKIIMOHUPOBATh Ha X32/X 64
COBMECTUMOM apXUTEKType CO CJIEAYIOIMMH TpeOOBaHUSAMU K amnmnapaTHOU
KOH(UTypalnu:

1. ITpouieccop x64 apxutektypoi ¢ TaktoBoil yactotoi ot 2000 MI'1;

2. O3Y nue menee 21°6auT;

3. duckoBas mojcucteMa co CBOOOIHBIM MPOCTPAHCTBOM, HEOOXOAUMBIM JJIst
yctanoBku OC u web-0Opaysepa;

4. Hannuue MaHUITyIsTOpA TUNA “MBIIIb

5. I'padpuueckuii agantep U COBMECTUMBIA C HUM MOHHUTOP, MOAAECPKUBAIOIINE
paspenieHue 3kpana He MeHee 1280x720;

6. Hoctyn B IHTEpHET 1 HEOOXOAUMOE /17151 ATOr0 00OPYIOBAHUE.

4. IlopsiioK MpoOBeIeHUS UCTIBITAHUH
97



HcnpiTanue cucteMbl JOIKHO MPOBOJAUTHCS B CIIEAYIOUIEH MTOCIEI0BATEILHOCTH

1. 3amyck nporpamMMBbI-KIIMEHTA;

2. IlpoBefeHue HCHBITAHUNA B COOTBETCTBHMM C TpeOOBAaHUSMH JOKYMEHTA
“TexHuUUecKoe 3aJaHue’”;

3. 3aBepiieHue padboThI.

5. IIporpamMma ucCHbITAHUA

Tabnuua 1 — mporpamMma UCIbITAHUN

Ne JeiicrBue Pesyabrat Hpumeyanus

3anyctuth web-Opaysep u BBectu B| BeiBoautcs dbopma

1 |agpecnont ctpoke URL-anpec caiita |aBTopu3annu Ha caiTe

2 |BBecTH JIOTHH U MApOJIb: OT00pa3urcs crpaHulia co
demo CIIUCKOM KpPEIUTHBIX
demo 3asBOK

3 |HaxaTb Ha CCBUIKY C HOMEPOM OTkpoeTcss ~ MOAANIBHOE
3asIBKU OKHO C OITUCAHUEM 3asIBKU

4 |Haxare Ha xkHonky “Hosoe” y|OTtkpoercs CIIUCOK
3asiBKU B KOJIOHKE CTaTyC 3asBKU JOCTYITHBIX CTaTyCOB

3asIBKU

5 |BwiOpate craryc “Opobpen” wnu|B KOJIOHKE CTaTycC
“OTKIOHEH” 0TOOpa3uTCs BBHIOPAHHBIN

CTaTyc

6 |llepeiitu Ha cTpanuny 4. Y mo6oii| Yepes mnapy cekyHa B
3aBKM  HaXaTb  HAa  KHOIMKY | KOJIOHKE MPOTHO3
“O0HOBHUTE” MOSIBUTCSI 3HAUCHUE, €CIIU
€ro TaM He ObUIO, HIIH

0OHOBUTCS, €CIIN OBLIO.
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7 | Haxatp Ha kHONKY “Cratuctuka” B | OTKpOE€TCS CTpaHula ¢

BCPXHCM MCHIO I‘pa(i)I/IKaMI/I

6. Pe3yabTaT HCNIBITAHUS
OcHoBoM HUCIILITAHUN ABJIACTCA OCYHICCTBJIICHUC BCEX BO3MOXHBIX
IT10JIB30BAaTCIBbCKUX HeﬁCTBHﬁ. HUcnrwiTanue cunraercs HpOﬁII@HHBIM YCIICIIHO, CCJIN B

€ro mpolecce He Obla BbIBEJICHA CTPAHUIIA C CUCTEMHOM OLIMOKOM.
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BBICIIIET0 00pa30BaHUs

«MockoecKuii 2ocyoapcmeeHHblil mexXHUYeCKUll yHugepcumem
umenu H.D. baymana»
(HayuonanvHLL UCC1E008AMENbCKUTL YHUGEPCUMEM)

YTBEPXIAIO COI''TACOBAHO

" " 2017 r. " " 2017 r.

[TPOIrPAMMHBII MOJTY JIb ®OPMUPOBAHIST PEKOMEHIALMI 1O BBIJJAUE BAHKOBCKOI'O
KPEJIUTA

PyKOBOJICTBO I10J1530BaTEIIA
(BHI TIOKyMEHTA)

Jluctel A4

(BuI HOCHTEIISN)

5

(KOJIMYECTBO JICTOB)

Hcnonnurens: cryaeHt rpynnst BUY5-81
M. O. Tapan

" " 2017 r.

Mocksa, 2017
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PyKOBOI[CTBO I10Jb30BaTEC/IsA IIPOrpaMMHOro MOayJasi

Ilocne BxIIOUEHUS MOAYJIA peKOMeHI[a]_II/Iﬁ Ha calTe MOSBISICTCS BO3MOXKXHOCTD

MMpoCMaTpUBaTh IIPOTrHO3 110 KaH(HOﬁ KpCI[I/ITHOﬁ 3asBKC.

JlaHHOE PYKOBOJICTBO MpPEAHA3HAUCHO IS CIIeUaNucTa 0aHKa, KOTOPBIN

SapeFI/ICTpI/IpOBaH Ha CaﬁTe U UMCCT I[OCTYH K erI[I/ITHBIM 3asjBKaM.
1. Bxox Ha caiT

YtoOsI 3aiiTH HA CaAT HEOOXOAMMO B aJIPECHOM CTpOKE Opay3epa BBECTH <afpec
caiita> u HaxaThb enter. [locie nmepexoaa Ha calT OTKpoeTcs cTpaHuua ¢ Gopmoit 11s

BBO/JId JIOTUHA U IT1APOJIA, €CJIN IMOJIb30BATCIIb HC OBLI ABTOPU30BAaH paHCC. (pI/ICYHOK

).

Bxon

WmMA nonessoearens

Mapone

©2017 Demosite, Inc. Bce npasa 3allMLLEHb.

Pucynok 1 — Bxop Ha caiirt
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2. KpenuTHble 3asiBKH

ITocne ABTOPHU3alIUH IMOJb30BATCIIb IMOMAAACT HAa CTPAHUIY CO CIIMCKOM 3asdBOK.

Ha neii on cmoxeT IMOCMOTPCTDb BCC 3aABKH, KOTOPBIC ITPUXOAAT U3 PA3HBIX

Mara3uHoB (PUCYHOK 2).

3aaskn

er,EI,MTH bl€ 3aABKU

# DOata

1035 18.05.2017

1038 27.05.2017

1054  06.05.2017

1062  22.05.2017

1063  28.05.2017

1069  29.05.2017

1074 20.05.2017

1076  07.05.2017

1080 16.05.2017

1089 12.05.2017

1100 28.05.2017

B tabnuiie npencTaBieHbl ClEeYIONINE OCHOBHBIC JJAHHBIC:

e Howmep 3asaBKH.

MarasuH

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

MarasuH 1

Bospacr
41
22
35
38
35
28
36
28
27
26

35

Pucynok 2 — KpenutHblie 3asBKU

CyMma kpeguTa

29691

30000

28585

19791

13779

24368

14077

04473

19989

12736

40789

e JlaTta moCTYIUIEHUS 3asBKH.

e MarasuH.

L4 BOSpaCT KIIMCHTA.

e (CymMa Kpenura.

e C(Cpok kpeaura.

e IIporno3 Moayisi peKOMEHAALUN.

e (Craryc 3asBKH.

L4 ﬂeﬁCTBHH IJIA 3aITYCKa IMPOTHO3UPOBAHUA B PYYHOM PCIKUMC.
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CpokK Kpeaura, Mec.

Mporxos

0.3286 (0)
0.3562 (0)
0.3379 (0)
0.3404 (0)
0.3036 (0)
0.3385 (0)
0.3635 (0)
0.3842 (0)
0.3174 (0)
0.339 (0)

0.3147 (0)

Craryc
Hogklil
HoBbIi
Hogklil
HoBbli
HoBbIi
Hogklil
HoBklil
Hogklil
HoBbIi
Hogklil

HoBbIi

OedCTENA
OOHOBATE
OGHOBNTL
OOHOBATE
OGHoBMTL
OGHOBNTL
OOHOBATE
OGHOBNTE
OOHOBATE
OGHOBUTL
OOHOBATE

OOHOBATE



3. OkpanHas ¢opma nogpoOHOI MHPOPMALIMHU O 3aABKe

OmnepaTop MOXKET IMOCMOTPETH MOAPOOHYI0 HH(OPMALIKIO O 3asBKE, €CIIH

Ha)XMET Ha CChUIKY C HOMEPOM 3asiBKHU (PUCYHOK 3).

3asBka Ha kpeaut Ne1035

OBpazoBaHue: Bhicliee

DOMXHOCTE! HepyKoBOAAWMI COTPYAHWK -
cneymanmecT

CeMeWHbIi cTaTyc: XONOCT/HE 3aMyKeEM
Pervos: BONOroAckas
MarasuH: Marazmd 1

CraTtyc 3anBKu: HOBbIA

BospacrT: 41

CyMma Kpegura:

Cpok kpeaura:

Ooxon:

Konuyecteo
KpeguToe:

MpocpoYeHHsIe
KPeguThI:

Pucynok 3 — KpenutHas 3asiBka

Emy Oyzer npoieMOHCTPUpPOBAaHA BCILIBIBAIOIIEE OKHO, B KOTOPOM OYIyT

omucaHa cleayromias nHpopmaIus:

e (OOpa3oBaHue.

e JIOMKHOCTB.

e (CewmeliHbIi cTATYC.
e Peruon.

e Mara3zus.

e (Craryc 3asBKH.

e Bo3zpacr.
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e (CymMa Kpenura.
e Jloxon.
e KonnuecTBO KpeAUTOB.
e [IpocpoueHHBIE KPEIUTHI.
MopanbHoe OKHO ¢ HH(OpMaIuei o 3asBKe MOXKHO 3aKpbITh, HA)KaB Ha KPECTHK

NJIn KJII/IKHYB MBIHIKOﬁ 3a HpeﬂeHaMI/I 3TOI>1 BCHHBIBaIOHleI q)OpMBI.
4. CTaTHCTHKA

YT0oOBI MOCMOTPETH HA TPAPUKN CO CTATUCTUKOW 3asBOK HY)KHO IEPEHTH Ha
CTpaHUIly <ajpec caiita>/stats/. OnepaTopy OyayT HOCTYITHBI HECKOJIBKO BUIOB

OTYETOB (PUCYHOK 4), 2 UMEHHO:

e KonuuecTBo 3a5BOK 10 AHSIM.

e CpenHsia cymMMa KpeauTa B JICHb.

e KonnuecTBo 3as1BOK 110 MOy KIUEHTOB.
e KonnuecTBo 3as1BOK 110 CTATyCy 3asBKU.

e KomnuecTBO 3aBOK 110 BO3pacTy.
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Demosite Logo Sanskm CTaTncTuka
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04.05.2017

07.05.2017

20,086.00

35,363.00

08.05.2017 18,129.00

Pucynok 4 — Ctpanuiia co CTaTUCTUKOU
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[Ipunoxenue I'

denepanbHOE TOCYIAPCTBEHHOE OIO/PKETHOE 00Pa30BATENBHOE YUPEKICHHE
BBICIIIET0 00pa30BaHUs

«MockoecKuii 2ocyoapcmeeHHblil mexXHUYeCKUll yHugepcumem
umenu H.D. baymana»
(HayuonanvHLL UCCE008aMENbCKUTL YHUGEPCUMEM)

YTBEPXIAIO COI''TACOBAHO

" " 2017 r. " " 2017 r.

[TPOIrPAMMHBII MOJTY JIb ®OPMUPOBAHIST PEKOMEHIALMI 1O BBIJJAUE BAHKOBCKOI'O
KPEJIUTA

TekcT mporpaMMEI
(BHI TIOKyMEHTA)

Jluctel A4

(BuI HOCHTEIISN)

19

(KOJIMYECTBO JICTOB)

Hcnonnurens: cryaeHt rpynnst BUY5-81
M. O. Tapan

" " 2017 r.

Mocksa, 2017
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TexkcT nporpaMmabl
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[Ipunoxenue /]

denepanbHOE TOCYIAPCTBEHHOE OIO/PKETHOE 00Pa30BATENBHOE YUPEKICHHE
BBICIIIET0 00pa30BaHUs

«MockoecKuii 2ocyoapcmeeHHblil mexXHUYeCKUll yHugepcumem
umenu H.D. baymana»
(HayuonanvHLL UCC1E008AMENbCKUTL YHUGEPCUMEM)

YTBEPXIAIO COI''TACOBAHO

" " 2017 r. " " 2017 r.

[TPOIrPAMMHBII MOJTY JIb ®OPMUPOBAHIST PEKOMEHIALMI 1O BBIJJAUE BAHKOBCKOI'O
KPEJIUTA

I'padmueckre MaTepuainl
(BHI TIOKyMEHTA)

Jluctel A4

(BuI HOCHTEIISN)

6

(KOJIMYECTBO JICTOB)

Hcnonnurens: cryaeHt rpynnst BUY5-81
M. O. Tapan

" " 2017 r.

Mocksa, 2017
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MPOrPAMMHbIN MOAY/1b ®OPMUPOBAHWA PEKOMEHAALUMW MO BbIAAYE BAHKOBCKOIO KPEAUTA

Llenb: CpaBHeHMWe aHanoros
PaspaboTaTb MoAy/b, KOTOPbIN ByaeT

NPOrHO3MpPOBaTh B3ATUE KPEAWTA B Lie/IeBOM
HaHKe Ha OCHOBE NPeAOoCTaB/leHHOro Habopa  [ElLELL KoapduueHT KoHgeiiep peKomeHaaumii

[OaHHbIX.
3apauu:

A
* AHanu3 npeameTHOM 06acTy.

* AHanus npeaoctaB/iEHHOro Haﬁopa OYHKUMOHANb-
AaHHbIX. T

* TocTaHOBKa 334341 MaLLMHHOTO 0BydeHus [FHiTs
1 onpeaeneHne anropuTma, KotTopblit .
[V O eHue
JIydLLE BCEro CNPaBAAETCA C MOCTaBAEHHON o

Kputepun Becosoit Kpeaur- Mopaynb

3agaven. Ucnonb3osaHue

* HacTpoiika paboyero oKpyxeHus ans Snma IR
pa3sepTbiBaHMAa Django n 6ubanotek [aHHbIX GaHKa
MaLUMHHOIO 06y4eHuUs.

UHTerpanbHbii
* PaspaboTka mogyns peKomer,au,Mﬁ. noKasaresnb

ApXUTEKTypa CUCTEMbI

BupTyanoHbiii cepsep VDS ‘
BupTyanbHblii cepeep VDS
Docker KoHTelHep
Docker KouTeiinep
I Cent0S (0C) | e
Nginx u
i (http-cepeep) (eb-cepeep)
ginx (http-cepeep) WTTR
| ———
WSGI (eeb-cepese| I
| u ( peep) € Percona Server o]  Django
(cepeep C¥BA) | (peiinsopk)
Percona Server (cepeep CYB/)
Django (chpeiimeopk) uEu.[uiuME
obwme noptel
(anpexTopuu)
Python, libs
Danel
Noru ®aiinsl B I @aiinel caitta “ T ——— I
LM
| Docker Engine | ok
| PoguTensckan OC (CentOS) |
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NHbonornyeckaa moaens

Peruon

<=
Cpox xpemuTa

PaBora @
Obpasosanye Corpy Ganuxa 0

KpeaxTHas 3assxa @

il—

. ) 1
Coarmene

PaBora Z o -
- Cenmeiinoe nonoxenve Pervion

Npepackasauue
aTaziorm4yecCkaa moaesib e
*BEpPOATHOCTD
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N .
id :—'—"w&r_.u_e__
.
ofpasosanye - *uassanye
°paBora o
. 276t 107I0XeH:
ceMeriHOe noONOXeHMe . Pabora
*pervox S
*sospace 3xavenye
*cyrMa xpemmra “Hassanve

*CpoOX XpemuTa

*noxon CemeiiHoe NonoXeHne
*XONVYECTBO XpPemMToB 2

3Hadgenue
*NpPOCPOYEeHHNEe KPEeIUTH enaspanye
*non
*rapud
*nara cosnaxue n Pernon
*MarasuH n ¢ suavenye
*cTarTyc 3asBKM LY —
MNonbsosarens Marasun
- 1
*id id
*JoTuH *Ha3Baxue
*3IeXTPOHHAA noYTa
*napons Craryc 3anBKun
1
*id
*HasBaxue
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Ucch eaoBaTeNnbCKaA 4acCTb

ROC Curve

JlorucTuyeckas C=0.5, tol=0.00001, solver= 0.7198
perpeccua liblinear.
CnyuaiiHblid nec max_features=27, 0.7594

max_depth=18,
n_estimators=250.

MHorocnoiHas Mepeblit cnoi. Heipouel — 300, 0.7573
o o s ot e ” R HeiipoHHan ceTh dropout - 0.2.
. RandomF orestClassifier BTopo# cnoid. HedpoHbl — 150,
ray dropout - 0.25.
085 TpeTuit cnoi. HelpoHbl — 150,
dropout - 0.2.
090
CeeproyHan Conv -> ReLU -> Conv -> RelLU > 0.7356
§°“ HelpoOHHaA ceTb Conv -> ReLU -> MaxPooling ->
Conv -> ReLU-> Conv -> RelLU >
o Conv -> RelLU ->
s GlobalAveragePooling -> Dropout
— -> Dense.
0.100 2000 0000 w0000 000 100000

Training examples.

3KpaHHble GpopMbl

Demoste Logo Demoste Logo 3w -

Bxon Otyersl

Mun nonwsosatenn
B LELSS
VA nonb3oBaTe 1650
|
Rapans. |
il
1) i
1
BoitT
. 1200 " I
\
©2017 Demosite, Inc. Bee npasa saupuens ,"‘ [\
ol | |
i/ [
H / |
Demosite Logo - [o— Dol |
a | |
|
KpeauTHble 3aaBKK o) 3
" Aara Marssus  Bospact  Cymua kpeawta  Cpok kpemwra, Mec. fporss  Erazye  Pedctaun /‘ | \
1035 18052017 Maramn1 41 29691 14 03206 (0)  Homs  OOmowm 400, -
103 27052017 Marawm1 22 30000 18 0.3562(0)  Homsh  Gfmowm
1054 08052017  Maramm1 36 28588 10 03370(0)  vom  Cowomm 20 \|
1062 22062017 Marame1 38 0781 0 03404 (0)  Homs  Gowomm 180 i
04082017 1052017 17082017 2082017 2052017 020620
1063 20052017 Marawm1 35 e 10 03036(0)  Homs  Oomowm e
1060 20052017  Maramm1 28 24368 10 03385(0)  Homm  cowomm
@Guuped  OStacked OCruna paza (oS )
1074 20062017 Morawn1 36 14077 12 03638 0)  vom  Gowomme
ovos 2 N -
1076 07052017  Maramm1 28 54473 10 03842(0)  Homs  OOwomm
1080 16052017 Macamn1 27 10080 12 03174(0)  Homa  twomm
o o e e - 2% ®  ma o vz N -

100 26082017  Marmwmd 38 w70 iz PP S — e
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