Metoapl aHaAN3a JAHHBIX B 3aJiade
ITPOrHO3UPOBAHN CIIOPTUBHBIX
pPe3yJIbTaTOB

A.JI. 2Kypasmes!

B mammoit crathe paccMarpuBaeTcs 3a7a4Ua BO3MOXKHOCTH MTPEJICKa-
3bIBaTh CIIOPTHUBHBIE DE3YJIBTAThl C IIOMOIIbIO METOJOB aHAJIN3a JIaH-
HBIX U MAIIMHHOIO OOyYeHUsI U OIpeJesIeHNsI Ka4eCTBA TAKOIO IIPO-
ruo3a. Takyke MPUBOIUTS CPABHEHUE MTOCTPOEHHOM MOJIE/IN C MOJIE/THIO
HCITIOJIB3YeMO# OYKMEKEPCKUMU KOHTOPAMU.

Kurouesbie ciioBa: Kirouesbie cjioBa: MaIuHuoe obyvdenue, mpo-
IHO3MPOBAHKE CIIOPTUBHBIX PE3yJIbTATOB, AHAJIN3 JAHHBIX, KJIACCU(U-
KAIHS.

1. BBegenue

JlamHast cTaTbst MPOAOJIZKAET PabOTy IO IMOCTPOEHUIO MOJIE/IH, OIUCHIBA~
OIIell HEKOTOPBIE HapaMeTpPbl XOKKKeHHOro marda, Hadaryio B [1]. Byger
PacCMOTpPEH OJIMH U3 BO3MOXKHBIX IIOJIXOJIOB K MOJICJIMPOBAHUIO, MCHOJIb3Y-
OIUI B KaveCcTBe OCHOBHOTO MHCTPYMEHTA METOIbI MAITUHHOTO O0yYIeHHsI.
Becn mporiecc nccnenoBanns 6yaeT MpONCXOIUTh Ha PEATbHBIX HCTOPUIECKIX
JaHHbBIX.

2. IloaroroBKa JaHHBIX

2.1. Onucanue JaHHBIX

Paznutunble ncroputieckue NaHHbIE MO XOKKEHHBIM MaTdaM MPEIOCTABIISA-
foTcs Ha opUIMaIbHBIX caiiTax TypHupoB. Hampumep, Ha cafite www.khl.ru
Koutunentanproit XokkeitHo# JIurn MoxKHO HaifiTu mHMOPMAIIAIO 00 UTPO-
Kax, pe3ysibraTtax Mardeil. B gacTHOCTH, MOXKHO MOJIyYUTh TaKue IAaHHBIE,
KaK KOJIMYECTBO 3a0UTHIX Maiib KoMaHIaMi KaK B MaTde IEeJIMKOM, TaK 1 3a
OIIPEJICJICHHBIA TIEPUO/T.

B kagecTBe Habopa JaHHBIX ObLIa MOJIydeHa CTATHUCTAYECKasT HHAPOPMa-
st o MmaTdax KorntuHenTanpHOI Xokkeitrnoit JIurn cesonos 2014-2020. do-
CTYIHBIMI OKA3aJIMCh CJIEIYIONNe MPU3HAKHI: JOMAIIHST U TOCTEBas KOMAaH-
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JbI, JaTa MaTda, UTOMOBBIA CYET, KOJUIECTBO OPOCKOB, PE3yJIbTAT KaXKIOrO
13 3-X MepHOI0B, 3a0POIIEHHbIE MANOBI B OOJIBIIMHCTBE I MEHBIITNHCTBE, UNC-
JIO YHCJIEHHBIX IIPENMYIIECTB, YNC/I0 BLINTPAHHBIX BOpPaChIBaHMI, MITpadHOe
BpeMs U pazinaHbiii Koadgdunmentor BK.

2.2. OT60op mepeMeHHBIX U 00pabOTKa JAaHHBIX

YTobbl yaydniuTh KadecTBO IEPEMEHHBIX, MOYKHO WCIIOIb30BAThH TI'e-
HEPUPOBAHNE HAKOILUICHHOW crarucTuku. Hampumep, mMoaxoadaT cCiierLyrolime
[IPU3HAKK: CPEJIHsAs peajin3alnus OPOCKOB, CPe/iHee KOJTUIECTBO HAHECEHHBIX
OPOCKOB, CpeJIHee KOJIMIECTBO 3a0POIIEHHBIX a0, cpe/iHee KOIUIeCTBO IPo-
IYIIEeHHBIX a0, cpejiHee KOJIUYIECTBO MPOIyIeHHbIX OpockoB. Takne 3na-
YeHUs HAKAILIMBAIOTCS JJIsl KaXKJIOH KOMAHJIbI, UCXOJs U3 €€ MPEeJIbIIyIINX
PE3YJILTATOB, U OOHOBJISIIOTCS IIOCJIE KAXKJIOI'O CHIIPAHHOIO MaTYa.

Pacripesiesienne npusHakoB ¢ 3a0pPOIIEHHBIME IIaiibaMu OYIeT XOPOIIO
MoJIeJInpoBaThcsd pactipejiesienueM [lyaccona - pacupesesenne JIMCKPETHOIO
THUIIA CJIYYANHON BEJIMYUHBI, [PEJICTABJISIONICH CODON 9nC/Io COOBITHI, TIPO-
UBOIIEeAINX 38 (PUKCHPOBAHHOE BPEMsI, IIPU YCJIOBUM, YTO JAHHBIC COOBITHS
MPOUCXOMSAT ¢ HEKOTOPO# (PUKCUPOBAHHOI CpejHeil HHTEHCUBHOCTBIO U HE3a-
BUCHMO JIPYT OT Jpyra. Beemem omnpenesenue pacupenenenns [lyaccona:

Boeibepem dbukcupoBantoe ducio A > 0 u OUpesesinM JUCKPETHOE Pac-
[peJieJieHre, 3aJ1aBaeMoe CJIeIyIonell (pyHKIneit BepOITHOCTH:

p(k) =P(Y = k) = 27 e,

ryie k! obosnagaer dpaxTopuan yncaa k, e = 2.718281... — ocHoBaHMEe HATY-
pasbaoro jorapudma. Tor daxT, UTo ciaydaiiHas BeaudnHa Y UMeEET pac-
npenenenne Ilyaccona ¢ mMaTeMaTHIeCKUM OXKUIAHUEM A, 3aIIACHIBACTCH:
Y ~ P()).

Takum o6pa3oM, I KaxKIO0ro MaTda MOXKEM IOJyINTh 3HAYEHHUS pPa3-
JIMYHBIX BEPOSITHOCTEN, KOTOPHIE €0 OIUCHIBAOT.

Takke B mpu3Hakax mpucyTcTByIoT Koaddunuentor BK ma cobbrrust, mpu
KOTOPBIX B MaT4e OyjierT 3abuTo OOoJIbIlle Wi MEHbBIIIE HEKOTOPOTO 3HAYEHUsT
CyMMAapHOI'0 KOJIMIECTBa 3a0UTHIX MIaitd 00emMr KOMaHIaMU, U CAMO KOJIH-
9eCTBO - TOTAJ.

B katecTBe 11€/1€BOI TIepeMeHHON OyeM paccMaTpUBaTh CyMMapHOE KO-
JITIECTBO TOJIOB, 3a0UTHIX 0bemMU KOMaHIaMu B maTde. llemeBast mepemen-
Hast OyjleT NIPpUHUMATh 3HaUYeHne 1, ecyin peajibHOEe CYMMAapHOE KOJMIECTBO
roJ1oB boJIbIlie, 9eM ToTaJ, npeanoxkennbiii BK, u snadgenune 0, eciin MeHbIIIe,
COOTBETCTBEHHO.

Bpemenndt pad (uau pad dunamuku) — cOOpaHHBIH B pasHble MOMEH-
ThI BpEMEHU CTATUCTUIECKUIT MaTepruaJ O 3HAUCHUN KaKUX-JIN00 TapaMeTpOB
(B mpocreiineM cirydae OHOTO) HccaeayeMoro mnporecca. Kaxkmas exquania



CTATUCTUYIECKOTO MaTEPHUAJIa HAa3bIBAETCS U3MEPEHNEM UJIN OTCUETOM, TAK¥Ke
JOIyCTAMO Ha3bIBATh €r0 YPOBHEM Ha YKA3aHHBIM ¢ HUM MOMEHT BPEMEHU.
Bo BpeMmennoM psze [y KaxKIOrO OTCYETA HOJIXKHO OBITh yKa3aHO BpeMs
U3MEPEHNs U HOMEDP U3MEPEHUS MO MOPSJIKY.

Tak Kak y HAC MMEIOTCS CTATUCTUYECKHE IMOKa3aTeIn, KOTOPhie (PpOPMU-
PYIOTCsl HAa OCHOBE NIPEIbIAYINNX Pe3yJbTaTOB KOMaH/Ibl, TO TaKHUe JIaHHbIE
HEOOXONMO aHAJIU3UPOBATH C IMOMOIIBIO BPEMEHHBIX PsIJIOB - JJIsi IIOCTPOE-
HUS aJTOPUTMa HEOOXO0IMMO UCIIOJIB30BAThH TOJIBKO Y2Ke IIPOIIEIITNe COObITHS
JI0 HEKOTOPOTO BpeMs &, & It OIIEHKHU COOBITHS, KOTOPbIE TPOUCXOIAT ITOCIIE.

3. IlocTtanoBKa 3ajjaumn KJjaccuduKaIumn

IIycts X — MHOXKecTBO onmucaHuii 06beKTOB, ¥ — MHOYKECTBO HOMEDOB
(nmm HamMeHoBaHMit) KyaccoB. CyIlmecTByeT Hem3BeCTHAs IeeBas 3aBHCH-
MOCTb — oTobpazkenue y*: X — Y| 3HaueHUs KOTOPOil M3BECTHBI TOJLKO Ha
00beKTax KOHETHON 00ydJarolieil BEIOOPKN

X" ={(x1,91)s- -, (Tm,ym)}. Tpebyercst mocrpours anropurm a: X — Y,
CITOCOOHBIN KJTAaCCU(PUITMPOBATDL IPOU3BOJIbHBIN 00beKT T € X, COIOCTABUB
obbekT y € Y.

Ham HEoOX0MMMO OTINYIaTEH XOPOIINi AJTOPUTM KJIACCUPUKAIINNA OT ILIO0-
XOr'0, JIjISI 9TOIN0 HaM HY?KHO BBECTH METPUKH JIJIsI OIIEHKH Ka9eCTBa MOJIEJIM.
Moyjtesib Tak>Ke Oyj1eM OIEHUBATH 110 TOMY, CKOJIBKO JIEHEI MbI IIOJIYIUM WJIN
[oTepsieM, ecJid OyJIeM CTaBUTh COTJIACHO ee IpeicKasannsaM. [ljist sToro BBe-
JieM caeyrontyto merpuky: ROI (return on investment) - ROI = %, rje
P, - npubbLIb HA IUCTAHIINKA B 1 MaTYel, S - CyMMa OJIHON CTaBKH, 1 - KOJIH-
1ecTBO cTaBOK. 10 ectb ROI siBJIsieTcst OTHOIIEHUEM 3apabOTaHHBIX JEHET K
norpadeHHbiM. RO - ocHOBHOM MokasaTesb 3 (MEKTUBHOCTH MTPOTHOCTUIE-

ckoit mosiesin. Takum obpasom, Oyiem "urparb B mitoc"B ToM ciiyvae, eciu

ROI > 0.

3.1. llepekpecHasi mpoBepKa

Kpocc-sanudayus (cross-validation) - MeTO, OIIEHKU AHATUTHIECKONH MO-
JleI U e€ IIOBEJICHNUS Ha HEe3aBUCUMBIX JaHHBLIX. IIpu orenke mMoje/m uMero-
myecs B HaJMIUU JaHHBIE pas3buBaiorcs Ha k dacreil. 3arem Ha k — 1 4a-
CTSIX JAHHBIX [IPOU3BOIUTCS 00y UeHIe MOJIEJIN, & OCTABIIASICS YaCTh JAHHBIX
HCIIONb3YyeTCs JJisi TecTupoBanus. llporenypa mosropsiercsa k pas; B UTOTe
Kakjast u3 k Jacreil JAHHBIX WCIIOJIB3YeTCsl JIJIsT TeCTUpOBaHuUsl. B pe3yiib-
Tare IOJIydaeTcsi OleHKa 3(M@PEeKTUBHOCTH BHIOPAHHON MOJEenn ¢ HamboJee
PaBHOMEPHBIM UCIIO/IL30BAHUEM UMEIOIIUXCS JAHHBIX.

ViIydmmM KadecTBO € MOMOIIBIO0 KPOCC-BAJIAIAINA. TaK KaK MBI OyaeMm
CTPOUTD IIPEACKA3ATEIbHYIO MOIEIb C IIOMOIILI0 BPEMEHHBIX PsiJIOB, TO HEOOD-



XOJIUMO TIPABUJILHO HCIIOJb30BATH KPOCC-BAJIMIAINIO. byem ciasurars o0y-
9aIOIyI0 BEIOOPKY HA 7 ITAroB, a HE YBEJUYIUBATDL ee, 100aBJIss IPOIIEIIIe
MaT4d, ITOOBI HE YIUTBIBAATDH CJUIIKOM CTapble PE3YJIbTAThI, KOTOPBIE y2Ke
MOTEPSLIA CBOIO MH(MOPMATUBHOCTHL U MOTYT TOJBKO IOMENIaTh IPU 00yUe-
HUU.
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Puc. 1. Kpocc-Banunarust

[Tocie mpoBeIeHHOTO UCCIIEIOBAHUS JJisi BLIOOpA ONTUMAJBHBLIX ¢ U 1 |
OCHOBBIBasICh Ha pa3Mepe JIOCTYIHBIX NCTOPUYIECKHUX JIAHHBIX - 2770 MaTdeit,
okazaJsinch 3uadenusi 600 u 100 coorBercTBenHO - Puc.2. Ux u 6ymnem ucmoib-
30BaTh JIjIs TTIOCTPOEHUS MOJIETIH.

3.2. Ilpenckazanme Mmoaeun

Tak Kax B MCXOJHBIX MPU3HAKAX y HAC €CTh KO(PDUIMEHTHI Ha IeJjie-
Bble coObiTust 0T BK - koadpdrmentsr kg u k1 myisa ucxoma ”Toran menbiie”
u ”Toray 60sbIIe” KaKOro-To KOJWYIECTBa Iaiid COOTBETCTBEHHO, TO OyIeM
CTPOUTDH BEPOSITHOCTHBIE MOJIEJIH [/ YJIyIIIEeHUs] IPEICKA3aTEIbHON CII0CO0-
HOCTH aJI'OPUTMA, TO €CTb MOJIEJIb BO3BPAIIAET BEPOATHOCTD TPUHAJIJIEZKHO-
cru K kiaccy 0 mm 1 - pg 1 p; cooTBeTcTBeHHO. BBenem Benuauusb! b; = p;*k;
st ¢ = (0,1 - oTHOIIEHNE BEPOATHOCTU HACTYILIEHUS] UCXOJA ¢, IIPeICKA3aH-
HOIl HaIeil MoIe/IbIo, K BepogTHOCTH, KOTopyIo naeT BK. /lannble Betuannb
- MaTeMaTHYeCKOe OXKHUJIAHNE HAIUX CTABOK.

Terepb MOKHO pacCMOTPETH PA3JIUYIHBIE IIOPOTOBBIE 3HAUEHUST b JJIsT OT-
bopa 3HaUYeHUi b;, MPU KOTOPBIX XOTHUM CTaBUTH Ha MaTd. Takoit mopor b
JIOJI?KeH ObITH HoJtbIne 1, Tak Kak WHaYe Mbl OyJIeM UTPATH C OTPUIIATETbHBIM
MaTEeMaTUIeCKUM OXKHIAHWEM. B IPeIroioKeHUn, ITO P; - BEPOSATHOCTU
COOBITUI, TO M3MEHSIS MOPOr b TPUHATUS PeIeHul, Mbl Oy/ileM BJIUSTH Ha
BBIUTDBIIIL.



train_size test_size train_roi

0 500 50 -0.0161334
1 500 100 -0.0295533
2 500 150 0.0188796
o 200 200 -0.033247
k) &S00 20 -0.0224978
I 5 S00 100 0.020901%2
& S00 150 0.0154973
T 500 200 0.0127306
8 700 50 -0.0425073
2 700 100 -0.0155961
10 To0 150 -0.0233171
11 700 200 -0.0628967
12 800 50 -0.00506773
13 800 100 -0.00514792
14 800 150 -0.0229847
15 800 200 -0.0341113

Puc. 2. ITouck onTuMaabHBIX t U 1

IlosToMy 1 XOTUM HCKATH MMEHHO BEPOATHOCTH, & HE ITPOCTO MOCTPOUTH
bunapubiit Kiaaccuduxkarop. [Ipu BepHOI ruoTe3e, MOKHO UCKATh OIXOIsI-
e Koaddunuentsl oT BK st Toro 4robbl yBeJMduTh CBOM BBIUTPHIIII.

Ilepeiimem K mOKa3aTENLCTBY TUIOTE3bI. [ljIs MOTEHIMAIBHOTO YJIydIle-
HUsl TIPeICKA3aTeIbHON CIIOCOOHOCTH aJIlOPUTMa PACCMOTPUM BBEJICHUE CJie-
JAYIOIUX Moporoseix 3uadenuit: 1, 1.01, 1.02, 1.03, 1.04, 1.05.

4. Texaundeckasi peaan3amus

4.1. Ilouck Ham/JIydIlIero ajropurma

Pasnenum BBIOOPKY Ha 2 MHOXKECTBa, MIPEJIBAPUTETIHLHO OTCOPTUPOBAB 110
nmare: X1 = {mepsole 2000 marweii}, Xo = {ocrasmuecs 770 maraeii}. Mo-
Jesb Oyler o0ydarbCs ¢ IMOMOIIBIO paHee BBEIEHHON KPOCC-BaJIUIalluy Ha,
MHOKecTBe X1, & II0CJIe C COOTBETCTBYIOIMMI OKHAMHU OIlEHEHa Ha MHOXKe-
crBe Xo, TJle Ha IEpPBOM IIare BBIOOPKa JJIsI OOydeHUs OYIeT COCTABJISITH
nociegane 600 maTdeit mHOXKecTBa X1. B KauecTBe Momeneit BHIOpAHBI CJle-



aytomue ajgroputmbl: Light GBM, XGBoost - ofHu u3 cujibHBIX ajroput-
MOB MallUHHOrO 00y4eHust. TakxKe ObLI NCIOJIH30BAH AJTOPUTM CJIyYaiHOI'O
MIOUCKa JIYUIIUX TapaMeTpoB Kiaccudukaropa mo cerke - Random Search
BMeCTO Itepebopa BCeBO3MOXKHBIX BapuaHTob - Grid Search mo npuuunze ero
TPYJ0EMKOCTH.

4.2. AHann3 pe3yJibTaTOB

Jig KaxKJioro ajropuTMa IIPOBOJUM I1epebop THIlepliapaMeTpoB, Iepe-
60Op PA3/INIHBIX IIOPOTOB U BLIOUPAEM JIYUIIYIO MOJIEJb, COTJIACHO BBHIOPAHHON
Metpuke. [omyunnu cienyronve pe3yabrarsl - Puc.d

D i 6 H | J K L
model tyy v feats|v) bord(v| test money |v]test paiv test lofv]test w|~|test beiv| testroi |v
lbm  defat 1 -437000000000001 19 294 26 562 -0007508591065292
Igbm defolt | 101 0799999999999 205 29 207 53 000090537314

2
Z

B defat L0 BT M B M 4Th OMTRSIIS
Mo defat 106 5% M0 a6 00SM0MnAT
B defat LK O R I 00t
B defat 105 B 4b M1 M5 00mMASES

Puc. 3. Ilouck smyurmero mopora - LGBM

Takum 0O6pazoM, MOXKHO CIeJIaTh BBIBOJ, UTO:

1) LightGBM ¢ moporom 1.05 - Hamrydmmii aJropuT™ ¢ TOYKH 3PEHUST
merpuku ROI

2) wroroseiit ROI na Xy cocraBui 3.8%- 9T0 03HAUAET, UTO €CIM ObI MbI
CTaBWJIN TIO TIPEJICKA3HUSM HaIllleil Mojesun, To nepeurpasiu o1 BK.

3) Ilpu yBesimueHun mopora oTcevdeHust IIPOUCXOIUT YBEJIUIeHNEe METPUKI

ROI

5. 3akJrodeHune

WTorn mpoBeaeHHOrO NCCIeI0BAHNS TOKA3BIBAIOT, YTO METOIBI MAITTHHO-
ro oOyd4eHHs MOYKHO NPHUMEHSTH I aHaJN3a CIHOPTUBHBIX HCTOPUIECKHIX
JaHHbIX. Takke OHU MOATBEPKIAIOT CHOPMYIUPOBAHHYIO THUIIOTE3Y O TOM,



9TO MOYXKHO yBeimauTh RO ¢ OMOIIBIO UCIOJIB30BAHUS TIOPOTOBBIX 3HAYE-
HO [T 0TOOpa BEPOATHOCTHBIX IPEICKA3AHUIA.

[Tonydennyio MOJe/ib MOXKHO HCIIOJb30BATH [JIsi UI'Phl HA PBIHKE CIIOP-
TuBHBIX cTaBoK nporuB BK. Bosee Toro, crour zameruTb, 9TO B KadecTBE
ko3 durmenToB BK B JaHHBIX MCIIOIB30BAIMCE KOIDMDUIIMEHTH HA, MOMEHT
3aKPBITHUS IPUEMa CTaBOK, KOTOPbIE 3HAUYUTEILHO HUXKE KOI(PDUIIMEHTOB HA
live-craBKu, TO €CTh MPUOBLIL MOYKET OBITH YBEJIUYIEHA.
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Data analysis methods in the problem predicting sports results
Zhuravlev A. D.

This article discusses the problem of predicting sports results using
data analysis and machine learning methods and determining the
quality of such a forecast. Also giving a comparison of the constructed
model with the model used by bookmakers.
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analysis, classification.
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