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Pedepar:

1. MeTo10 po60TH € mifBuileHHs e(peKTUBHOCTI BUSIBJIEHHS NiN03pinux Ha QpikcoBaHUI! pe3yabTaT PyTOOIbHUX
MaryiB Ha 6a3i 06pPOOKU BUKJIIOYHO 3arajlbHOAOCTYIIHUX YO IiUHMX NAHUX 3a Pe3yJIbTaTaMU CE€30HY PYyTOO0IbHOrO
TypHipy. OfiHi€10 3 HaBaKJIMBIMNX IPobJeM PyTdOIy, IO 3iCTaBHA 3 IPOOJIEMOIO OIIHTY, € OTOBIpHI MaTi.
PesynbTaTu Takux MaTyiB abo MeBHUN Nepedir NoAiil B HUX € Hallepe], BUBHaYeHUMU, TOOTO (pikcoBaHUMU. Y
JOTOBIPHMX MaT4ax, [IOB’I3aHMX 3 BUTPAIIOM 3a CTaBKaMU, 3aBJIJAHHSM € OTPMMAaHHS Pe3yJbTaTy, BiZMiHHOTIO Bif,
ouikyBaHoro. ToMy Taki pe3y/bTaTh MO>KHA PO3IJISIAATY K HETUIIOBI, aHOMAJIbHI. [I7151 IepeBipKMA IOTOYHOT'O MaT4y
Ha (iKCOBaHMI1 pe3yJsIbTaT BUKOPUCTOBYIOTh MaTeMaTHU4Hi MeTOIM (yTOOIbHOI aHAJITAKY, TaKi SIK: IPOrHO3yBAHHS

pesyJIbTaTy MaTdy, aHasli3 CTaBOK abo JIiil y9aCHUKIB MaT4y MPOTATOM BCiei rpu. [x nmepeparoro e onepaTuBHICTb



[IPUIHATTS pillleHb, 8 HEJOJIIKOM O HEOOXiJHICTh BUKOPUCTAHHS AY>Ke BEJIMKO] KiJIbKOCTI JaHUX, SIKi, 3a3BAYall, HE €
y6J1iYHO JOCTYIHUMU. AJIbTEPHATUBHUM MO>KE PO3IJISIAATUCH MiIXif, KoY pilleHHs Mmoo $ikCOBaHOCTI MaTyy
IIPUIMAETHCS 3a PE3yJIbTaTaMM yChOTO CE30HY. [Ipyu IbOMY 3arajbHO JOCTYITHOIO € My6siyHa iHdopmallis mom0
Pe3yJIbTaTiB MPOBEIEHUX irop ycix KOMaHf, o J03B0JIsie (POPMali3yBaTH MOUIYK MaTUiB, Mif03pinnx Ha (PiKCOBaHUI
pe3yJIbTAT SK 33[1a4y BUSIBJIEHHS KOHTEKCTyalbHUX aHOMaliil. Haii6inbi aieKBaTHUMHU PO3IJISIHYTIN 3a7a4i
BUSIBJIEHHS i03pinnx Ha (iKCOBaHUI pe3ysbTaT MaT4yiB Ha OCHOBI JOCTYIIHOI Ny6J1iyHOiI iHpopmallii € cTaTUCTUYHI
HelapaMeTPUuHi ricrorpamui metonu. lle 06yMOBJI€HO TUM, 1O BXiJIHi IaHi XapaKTepU3yIOTbCS MaJIOIO KiJIbKiCTIO
IVICKPETHHMX YMCJIOBUX 3HAYEHb i iX 3aKOHM pO3IOJiNly IMOBIpHOCTEN € HEBiOMUMU. BogHO4YAC, €(PEKTHUBHICTD
BUKOPUCTAHHS LIUX METO[iB 3aJIEKUTb Bifl 06'eMy BUOipKU. Pa3oM 3 IMM, IEPCIIEKTUBHUM € MaTEMATUYHUI anapar
KOH(QOPMHUX IPEIUKTOPIB Ta CTEIIEHEBUX MAaPTUHTaJIiB, IKUI HE BUMarae 3HaHHs 3aKOHIB PO3IOAiNy JaHuX,
BMKOPHUCTOBYE€ iH(OpMaLil0 IPO Mipy HEKOH(POPMHOCTI JaHUX Ta MOXe OYTH BUKOPUCTAaHU 1J1s1 BUPILIE€HHS 33134
ksacu@ikauii ganux. Tomy akTyaspHOIO HayKOBOIO 331aY€l0 € pO3poOKa METO/iB BUSIBJIEHHS MiJO3PiINX HA
(dikcoBaHUI pe3ysbTaT MaTYiB 3 BUKOPUCTAHHSIM arapaTty KOHPOPMHUX IPEAUKTOPIB i cTerleHeBUX MapTUHTAJIB Ha
6a3i 06pOOKM BUKJIIOYHO 3arajlbHOJOCTYITHUX MyO/IiYHUX JAHUX 3a PE3yJIbTaTaMu CE30HY PyTOOJILHOTO TYPHIpY.
HaykoBa HOBU3HA OZI€P>KaHUX PE3YJIbTATIB MOJISITA€ Y HACTYNNHOMY: 1. PO3p06s1eHO HOBUI METO, BUSIBJIEHHS
nino3pinux mozno ¢pikcoBaHOCTI pe3ynbTaTy PyTOOIPHMUX MATUiB, SKUH BiIpi3HSIETHCS Bif] BiTOMUX 3aCTOCYBaHHSIM
KOH(OPMHOTO aHOMAaJIBHOTO JAETEKTOPA i3 3alIPOIIOHOBAHOI0 MipOI0 HEKOH(POPMHOCTI TOTOYHOT0 MaTYy, 10
3abe3rnedyye MOXKJIMBICTh BUBHAUEHHSI IOPOTY IPUIHATTS PilleHHS y BifTIOBIIHOCTI 10 3aJaHOTO 3HAYEHHS
arpiopHoi IMOBIPHOCTI IOSIBM aHOMAJIbHUX JaHUX. 2. PO3p06iIeHO HOBUI MeTO/, BUSIBJIEHHS MiZ03PiNnX o0
dikcoBaHOCTI pe3ysbTary PyTOOIBHUX MATUiB, SKUH Bilpi3HSIETHCS Bifl BiJOMUX 3aCTOCYBaHHSIM CTEIIEHEBOTO
MapTHUHTaly i IpaBUJIOM IIPUMHSTTS PillleHHSI HA OCHOBI IIOPIiBHSHHS IIOTOYHOTO 3HAYEHHSI CTEIIEHEBOTO
MapTHUHTaJly 3 IONEepPeiHiM, 0 JO3BOJISIE 32 PaXyHOK 3MiHM NTapaMeTpa YyTJIMBOCTI HAJIAIITOBYBATH CTENIEHEBUI
MapTUHTaJ Ha BUSIBJIEHHS aHOMaJIil BiAMOBimHOTO PiBHS i 3HaX0mUTH iX. 3. PO3p061€HO HOBUM MEeTOJ, BUSBIEHHS
nifo3pinux mozno PpikcoBaHOCTI pe3yabTaTy PyTOOIbHUX MATUiB, SKUI Bipi3HSIETHCS Bif BiOMUX 3aCTOCYBaHHSIM
iHTerpasibHOro MapTUHTay i IPaBUJIOM NPUMHATTS PillleHHS] HA OCHOBI NIOPiBHSHHS IOTOYHOTO 3HAYEHHS
iHTerpajbHOr0 MapTUHTaly 3 MONEPEAHIM, IO Ja€e 3MOTY BUSIBJISITY aHOMaJIbHi MaTyi 6€3 HayalTyBaHHS
napameTtpis. 4. /loBeieHi HOBi BJIaCTUBOCTi CTEIIEHEBOIO MAaPTUHIAJY: - 32 IKUX 3aBIOJJHO MaJINX 3HAYEHb CTYIEHS
KOHQOPMHOCTI (p-value) TOTOYHOT0 CIIOCTEPEXKEHHS 3HAUYEHHSI CTEIIEHEBOI0 MApTHHIaIA JJ1s1 IOTOYHOTO
CIIOCTEPE’KEHHS € O1/IbIIMM 3a 3HAYEHHS L[bOTO XK MapTUHTaja [Jisl MONEePEIHbOTO CIIOCTEPEXKEHHS; — 301/IbLIEHHS
3HAQYEHHS CTENIEHEBOT0 MapTHHIaJa Jjisl IOTOYHOTO CIIOCTEPEKEHHS 110 BiZHOLWIEHHIO 10 IIONEPENHBOTO
€KBiBaJICHTHO BUKOHAHHIO ITpaBuia KOHGOPMHOTO aHOMAJILHOTO NEeTEKTOPa 3i 3HAaUeHHSIM PiBHSI aHOMAaIbHOCTI,
sxkuii gopisHioe 07 (1/(1-0)), Ae 0 0 napameTp 4yTIMBOCTI CTeneHeBoro MapTunrany M_k”™((o)). 5. OTpumasa nojganabumii
PO3BUTOK imiTaliiiHa Mozesb PyTO0JIbHOTO CE30HY, KA Ha BiIMiHY Bif iCHYI0UMX BpPaXxOBy€e PO30MTTSI MaT4iB Ha
KJIaCH 32 KOHTEKCTyaJIbHUMU aTpUOyTaMu «CUjla KOMaHAW» i «TUII TPU» O JOMAIIHs abo BUi3HA, 0 3a6e3rnedye
MOJI€JIIOBaHHSI IOTOBIPHUX MaT4iB 3 (PiKCOBAaHUM PE3YJIbTATOM, 5IKi MaIOTh aHOMAJIbHUI XapakTep. 6. YI0CKOHaTIEHO
METOJ, KlacTepu3allii Ha OCHOBI ['ayCiBCbKUX CyMilllell B YaCTHHI perysspusallii HeiaroHaJbHUX €JIEMEHTIB
KOBapialilHMX MaTpulp, MO AaJIO 3MOTy 3MEHIIUTH YyTJIMBICTb JO MOYaTKOBUX YMOB i OTPMMYBATH KJIACTEPU

eslincononioHoi GpopMH, sIKi BpaxoByIOTh HEOUEBUIHI 3B's13KM MiXK TOUKaMU HabOPY JAaHUX.

2. The aim of the thesis is to increase the efficiency of identifying suspects for fixed results of football matches
based on the processing of exclusively publicly available public data based on the results of the football
tournament season. One of the most important problems of football, comparable to the problem of doping, is fixed
matches. The results of such matches or a certain sequence of events in them are predetermined, that is, fixed. In
fixed matches related to winning bets, the task is to obtain a result that is different from the expected one.
Therefore, such results can be considered atypical, or abnormal. Mathematical methods of football analytics are
used to check the current match for a fixed result, such as prediction of the match result, and analysis of bets or
actions of the match participants throughout the game. Their advantage is the promptness in decision-making,
and their disadvantage is the need to use a very large amount of data, which, as a rule, is not publicly available. As
alternative there can be considered an approach where the decision regarding the match fixedness is made based



on the results of the whole season. At the same time, public information about the results of the games played by
all teams is publicly available, which allows formalizing the search for matches suspicious of a fixed result as a task
of detecting contextual anomalies. Statistical non-parametric histogram methods are the most adequate for the
considered task of identifying matches suspicious for a fixed result based on available public information. This is
due to the fact that the input data are characterized by a small number of discrete numerical values and their
probability distribution laws are unknown. At the same time, the effectiveness of using these methods depends on
the size of the sample. Along with this, the mathematical apparatus of conformal predictors and power martingales
is promising, which does not require knowledge of data distribution laws, uses information about the degree of
non-conformity of data and can be used to solve data classification problems. Therefore, an urgent scientific task
is the development of methods for detecting suspicious matches with a fixed result using the apparatus of
conformal predictors and power martingales based on the processing of exclusively publicly available public data
based on the results of the football tournament season. The scientific novelty of the obtained results is as follows:
A new method of detecting football matches suspicious for fixed results has been developed, which differs from
the known ones by the use of a conformal anomaly detector with a proposed measure of non-conformity of the
current match, which provides the possibility of determining the decision threshold in accordance with the given
value of the a priori probability of the appearance of anomalous data. A new method of detecting football matches
suspicious for fixed results has been developed, which differs from the known ones by using a power martingale
and a decision-making rule based on a comparison of the current value of the power martingale with the previous
one, which allows, by changing the sensitivity parameter, to adjust the power martingale to detect anomalies of the
appropriate level. A new method of detecting football matches suspicious for fixed results has been developed,
which differs from the known ones by the use of an integral martingale and a decision rule based on the
comparison of the current value of the integral martingale with the previous one, which makes it possible to detect
anomalous matches without adjusting the parameters. New properties of the power martingale are proved: for any
small values of the p-value of the current observation, the value of the power martingale for the current
observation is greater than the value of the same martingale for the previous observation; increasing the value of
the power martingale for the current observation in relation to the previous one is equivalent to fulfilling the rule
of the conformal anomaly detector with the value of anomaly threshold equals to o0™(1/(1-0)), where o is the sensitivity
parameter of the power martingale M_k”™((0) ) . The simulation model of the football season got further
development, which, unlike the existing ones, takes into account the grouping of matches into classes according to
the contextual attributes "team strength" and "type of game" - home or away, which provides simulation of
contractual matches with a fixed result, which are anomalous. The method of clustering based on Gaussian
mixtures has been improved in terms of regularization of off-diagonal elements of covariance matrices, which
made it possible to reduce the sensitivity to initial conditions and to obtain clusters of an elliptical shape that take
into account non-obvious connections between the points of the data set.
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MOJIITEXHIYHM IHCTUTYT iMeHi Irops Cikopcekoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npocnekT Bepecreiicbkuii, 6yg. 37, Kuis, 03056, Ykpaina
dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBIiTH | HayKK YKpaiHu

InmenTudikarop ROR:

VIII. 3aKkJIr04Hi BiZoMOCTi

BaacHe IlpizBume Im's I10-6aTbKOBI [llenecros Auppiit FOpitiosud
rOJIOBH pagu

BaacHe IlpizBume Im's [10-6aTbKOBI [llenecros Anppiit FOpiiioBny
roJIOBYIOYOro0 Ha 3acigaHHi

BiamoBiganbHUH 32 MiITOTOBKY Kyx IBan CepriiioBuy

00JIIKOBHX JOKYMEHTIB



PeecTtpaTop VYKpIHTEI

KepiBHuk Bigginy YKpIHTEI, mo €
BiZITIOBiZAaILHUM 3a peecTpallilo HayKoBoi IOpuenko TeTsHa AHaTosiiBHA

OistJIBHOCTI




