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pe3ynbpTaT PyTOOIbHMX MATiB
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Pedepar:

1. MeTo10 pob60TH € MifgBuUIleHHS €(PEKTUBHOCTI BUSIBJIEHHS Ni03Ppinnx Ha (iKCOBaHMII pe3yabTaT (PyTOOIbHUX
MarT4iB Ha 6a3i 06POOKU BUKJIIOYHO 3arajbHOLOCTYIIHUX MyOJIiYHUX JAHUX 33 Pe3yIbTaTaMU Ce€30HYy QyTOOIbHOTO
TypHipy. OpHi€lo 3 HaBaXIUBimux pobsem PpyTdosy, o 3icTaBHA 3 IPO6IEMOIO OMIHTY, € JOTOBIpHI MaTYi.
PesynbTaTu Takux MaTyiB abo NeBHUI Nepedir oAl B HUX € Hallepe], BUBHaYeHUMU, TOOTO (pikcoBaHUMU. Y

,I[OFOBipHPIX MaT4dax, TIOB'I3aHUX 3 BUTPAIIOM 3a CTaBKAMU, 3aBdHHAM € OTPYMaHHS PDE3YJIbTATY, Bi,ILMiHHOTO BiIL



ouikyBaHoro. ToMy Taki pe3ybTaTh MO>KHA PO3IJISIAATY SIK HETUIIOBi, aHOMaJIbHI. [I7151 IepeBipKU IOTOYHOTO MaT4y
Ha QiKCOBaHUN pe3yJbTaT BUKOPUCTOBYIOTh MaTeMaTHU4Hi MeToau GyTOOIbHOI aHaITHKY, TaKi SIK: IIPOrHO3YBaHHSI
pesyJIbTaTy MaTdy, aHaJli3 CTaBOK abo /Iiil y9aCHUKIB MaT4y TPOTATOM BCiei rpu. [x mepeparoio e onepaTuBHiCTh
IIPUIHATTS pillleHb, 3 HEJJOJIKOM O HEOOXiJHICTh BUKOPUCTAHHS AY>KE BEJIMKO] KiJIbKOCTi JaHUX, SIKi, 3a3BAYall, He €
y6J1iYHO JOCTYIHUMU. AJIbTEPHATUBHUM MO>KE PO3IJISIAATUCH MTiIXif, KoY pilleHHs mo0 $ikCOBaHOCTI MaTuy
IIPUIIMAETHCS 3a Pe3yJIbTaTaMM yCbOTO Ce30HY. [Ipyu LIbOMY 3arajbHO JOCTYIIHOIO € MMy6sliyHa iHdopmallis mom0
Pe3yJbTaTiB MPOBEIEHUX irop ycix KoMaHg, 1o J03BoJIsie (POpMasli3yBaTH MOUIYK MaTUiB, Ni03pinnx Ha (PiKCOBaHUI
PEe3yJIbTaT SK 3a7a4y BUSBJIEHHS KOHTEKCTyaJIbHUX aHOMalii. Hai6inb afeKBaTHUMM PO3IJISIHYTIN 3a1a4i
BUSIBJIEHHS Ii03pinnx Ha (HiKCOBAaHUI pe3ysbTaT MaT4yiB HAa OCHOBI JOCTYIHOI Ny6J1iyHoi iHpopmallii € cTaTUCTHYHI
HelapaMeTpUuHi ricrorpamui metonu. lle 06yMOBJI€HO TUM, 11O BXiJIHI aHi XapaKTepU3yIOTbCS MaJIOO KiJIbKiCTIO
IVICKPETHMX YMCJIOBUX 3HAU€Hb i iX 3aKOHM pO3INOJiNly IMOBIpHOCTEN € HEBinoMUMU. BogHO4YacC, e(peKTHUBHICTD
BUKOPUCTAHHS LIUX METOJiB 3aJI€KUTb Bifl 06'eMy BUOipKkU. Pa3oM 3 IMM, IEPCIEKTUBHUM € MaTEMATUYHUI anapar
KOH(QOPMHUX IPEIUKTOPIB Ta CTEIIEHEBUX MAaPTUHTaJIiB, IKUI He BUMarae 3HaHHs 3aKOHIB PO3IOAiNy JaHuX,
BHMKOPHUCTOBYE€ iH(OpMaLilo IPO Mipy HEKOH(POPMHOCTI AaHUX Ta MOXe OYTH BUKOPUCTAHUI 1J1s1 BUPiLIE€HHS 33134
xiacudikauii fannx. ToMy aKTyaJbHOIO HAyKOBOIO 33/1a4€l0 € PO3POOKA METO/IB BUSIBJIEHHS IIiO3PINNX Ha
(dikcoBaHUI pe3ysbTaT MaTYiB 3 BUKOPUCTAHHSIM ariapaty KOHPOPMHUX IPEIUKTOPIB i cTerieHeBUX MapTUHTAJIB Ha
6a3i 00pOOKY BUKJIIOYHO 3arajlbHOAOCTYIHUX My0OJIiYHUX AaHUX 32 pe3yJibTaTaMy ce€30HY (yTOOJIBHOTO TYPHIpY.
HaykoBa HOBU3HA OfIEP>KaHUX PE3YJIbTaTiB [OJISIra€ y HACTYNMHOMY: 1. PO3p06sieHO HOBUI METO, BUSIBJIEHHS
nino3pinux momo GpikcoBaHOCTI pe3ysbTaTy PyTOOJIBHUX MATUiB, SIKUI BiIPi3HSETbCS Bill BilOMUX 3aCTOCYBAHHSIM
KOH(OPMHOTO aHOMAJIBHOTO AETEKTOPA i3 3alIPOIIOHOBAHOI0 MipOI0 HEKOH(OPMHOCTI MOTOYHOTO MaTYy, 110
3abe3rnevyye MOXKJIMBICTh BUBHAUEHHS! IOPOTY IPUIHATTS PillleHHS y BifTIOBIIHOCTI 10 33JaHOTO 3HAYEHHS
anpiopHOi IMOBIPHOCTI I10SIBY aHOMAJIBHUX JIAHUX. 2. PO3p06JI€HO HOBUII METO/, BUSIBJIEHHS MiI03PiNuX MOA0
dikcoBaHOCTI pe3ysbTary PyTOOIBHUX MATUiB, SKUH BiIpi3HIETHCS Bifl BiTOMUX 3aCTOCYBaHHSIM CTEIIEHEBOTO
MapTHUHTaJIy i IPaBUJIOM IPUNHATTS Pill€HHS HA OCHOBI IIOPiBHSAHHS ITIOTOYHOTI'O 3HAYEHHS CTEIIEHEBOTO
MapTHUHTaJly 3 IONEePeHIM, 0 JO3BOJISIE 32 PaXyHOK 3MiHM NTapaMeTpa YyTJIMBOCTI HAJIAIITOBYBAaTH CTENIEHEBUI
MapTHHTaJ Ha BUSBJIEHHS aHOMAJIH BifOBiZHOrO PiBHS i 3HaxX0nnTH iX. 3. PO3p06sieHO HOBUI MEeTO, BUSIBJIEHHS
nigo3pinux mozno pikcoBaHOCTI pe3yabTaTy PyTOOIbHMUX MATUiB, IKUH BiIpi3HSIEThCS Bifl BiTOMUX 3aCTOCYBaHHSIM
iHTerpajsbHOro MapTUHTaJly i IPaBUJIOM IPUMHSTTS PillleHHS Ha OCHOBI MOPiBHSIHHS TOTOYHOTO 3HAYEHHS
iHTErpaJIbHOrO0 MapTUHTAJy 3 NONEPEIHIM, IO A€ 3MOTY BUSBJISITY QHOMAJIbHI MaT4i 6€3 Ha/lallTyBaHHS
napameTpis. 4. J/loBeJieHi HOBi BJIACTUBOCTI CTENIEHEBOTO MAaPTUHIAJY: - 32 SIKUX 3aBrOJJHO MaJIX 3HaY€Hb CTYIEHS
KoHdOopMHOCTI (p-value) MOTOYHOTO CriocTepeskeHHsI 3HaUeHHsI CTeNeHeBOro MapTUHTasIa Jjisk IOTOYHOTO
CIIOCTEPE’KEHHSI € O1/IbIIMM 32 3HAYEHHS L[bOTO K MapTUHTaja [1Jis1 MONEPENHbOTO CIIOCTEPEXXEHHS; — 301/IbLIEHHS
3HQYEHHS CTENIEHEBOT0 MapTHHIaJja JjIsl IOTOYHOTO CIIOCTEPESKEHHS 110 BiJTHOLUIEHHIO 10 MIONEPENHBOTO
€KBiBaJICHTHO BUKOHAHHIO ITPaBuia KOHGOPMHOTO aHOMAJILHOTO TETEKTOPA 3i 3BHAaUEHHSIM PiBHS aHOMAaJIbHOCTI,
sxkuii gopisHioe 07 (1/(1-0)), Ae 0 0 napameTp YyTIMBOCTI CTeneHeBoro MapTunrany M_k”™((o)). 5. OTpumasa nojgaabumii
PO3BUTOK imiTaliiiHa Mozesb PyTO0JIbHOTO CE30HY, KA Ha BiMiHY Bif iCHYI0UMX BpPaXxOBy€e PO30MTTSI MaT4iB Ha
KJIaCH 32 KOHTEKCTyaJIbHUMU aTpUOyTaMU «CUjia KOMaHAW» i «TUII TPU» O JOMAIIHS abo BUi3HA, 10 3abe3nedye
MOJ€JIIOBaHHSI IOTOBIPHUX MaT4iB 3 (PiKCOBAaHUM PE3yJIbTATOM, 5IKi MalOTh aHOMAaJIbHUI XapakTep. 6. YI0CKOHalIeHO
METOJ, KlacTepu3allii Ha OCHOBI ['ayCiBCbKUX CyMilllell B YaCTHHI perysspusalii HeliaroHajJbHUX €JIEMEHTIB
KOBapialjifHUX MaTpHLb, WO Jaj0 3MOTy 3MEHLINTHY YYTJIMUBICTD 4O [I0YAaTKOBUX YMOB i OTPUMYBATU KJIaCTEPU

eslincononi6Hoi GpopmHy, 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-n)), 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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horld=19934022600;https: / /www.webofscience.com /wos /author /record /943541

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0C00H: HanioHanbHuii TexHiuyHuil yHiBepcuTteT Ykpainu "KuiBchKuit

MOJIITEXHIYHMN iHCTUTYT imMeHi Irops Cikopcpkoro”

Kopg 3a €IPIIOY: 02070921

Micue3HaxoaKeHHS: npociekT bepecTeiichKuil, oyz. 37, Kuis, 03056, Ykpaina
dopma BiracHOCTI: /lepxasHa

Coepa yIIpaBJIiHHﬂ: MiHicTepCcTBO OCBITH i HayKU YKpaiHu

InenTudikarop ROR:

CeKTop HayKH: YHIBepCUTETChKUIL



VIII. 3akr04Hi BimoMocTi
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBI

TOJIOBH paju

BaacHe IlpizBuiie Im's ITo-6aTbKOBI

rOJIOBYIOYOTO Ha 3acCifiaHHi

BinmoBigasbHUH 3a MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

Peectpartop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peECTpallil0o HAyKOBOIi

OisIJIbHOCTI

[llenecroB Aunpin FOpiitoBuY

lllenecroB AHnpin FOpitoBuY

Kyk IBan CepriiioBuy

VkpIHTEI

FOpuenko TetsaHa AHaToiiBHA



