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AHOTALS

Kyk 1. C. MaremaTuuHi MOJeli 1 METOAU BHUABICHHS 3a MyOIiuHO
JOCTYITHUMM JAHUMU  TIJ03pUIMX Ha (IKCOBaHMM pe3ynbTaT (QyTOONIBHUX
MatuiB. — KBaumidikalliiiHa HayKoBa Mparisi Ha IpaBax PyKOIUCY.

Hucepraiiisi Ha 3100yTTS HAyKOBOTO CTYIEHs JIOKTOpa (inocodii 3 ramysi
3HaHb 11 Maremaruka Ta CrarucTuka 3a cnemianbHicTiO 113 Ilpukinanna
MaTteMatuka. — HarionanpHUN TexXHIYHUN YyHiBepcuteT YKpainu «KuiBchbkuid

MOJIITeXHIYHUM THCTUTYT iMeHi Irops Cikopcskoroy», Kuis, 2023.

Metoro poboTH € MigBUIICHHS €()EeKTHUBHOCTI BUSBJICHHS MiJO3PUIMX Ha
¢bikcoBanuii pe3ynabraT (yTOOJBHUX MaT4diB Ha 0a3l OOpOOKM BUKIIOYHO
3araJlbHOIOCTYITHUX MyOMIYHUX JaHUX 3a pe3ysbTaTaMu ce30Hy (yTOOIBHOTO
TYpHIpY.

Opniero 3 HaBaXxJIUBIMIKMX MpoOeM ¢yTOOMy, IO 3iCTaBHA 3 MPOOIEMOIO
JIOMIHTY, € JOTOBIpHI MaT4i. Pe3ysbratu Takux MaT4diB a00 NeBHUI nepeOir moiii B
HUX € Hamnepel BU3HAYCHUMH, TOOTO (IKCOBaHMMH. Y JOTOBIPHUX MaTyax,
MOB’SI3aHUX 3 BUTPAIIOM 3a CTaBKaMH, 3aBJaHHAM € OTPHUMaHHS pe3yJbTary,
BIJIMIHHOTO BIJ OYIKyBaHOro. Tomy Taki pe3yJbTaTH MOXHA pPO3IJIAJATH SK
HETUIIOB1, aHOMAaJbHI.

JUist  mepeBipKkM  MOTOYHOIO  MaT4y Ha  (IKCOBaAaHUM  pe3yibTaT
BUKOPUCTOBYIOTh MaTeMaTudHi MeToAau ¢yTOONbHOI aHANITUKH, TakKi SK:
MPOTHO3YBAHHS PE3yJIbTaTy MaTdy, aHaji3 CTaBOK a0 il y4acHUKIB MaTdy
MpOTATOM BCiei Tpu. IX TIepeBaror0 € ONEpaTHBHICTh HPUMHATTSA pillleHb, a
HEJIOJIIKOM — HEOOX1JIHICTh BUKOPHUCTAHHS Jy>KE€ BEJIMKOI KUIBKOCTI JaHUX, SKI,
3a3BUYal, HE € MyOJiYHO IOCTyMHHMH. AJBTCPHATUBHUM MOXKE PO3TIISIIATHUCH
M1X1/1, KOJU PIIICHHS MoA0 (PIKCOBAHOCTI MaT4y MPUHMAETHCS 3a pe3ybTaTaMu
ycboro ce3ony. [Ipu mpomMy 3arajabHO JOCTYIHOK € myOJiiyHa iH(opMaIlis moa0

PE3yNbTATIB MPOBEICHUX ITOP YCIX KOMaH/I, 10 J03BOJIIE (hopMaTi3yBaTH MOIIYK



MaTyiB, MiAO3pUIMX Ha (IKCOBAaHMM pe3ynbTaT SAK 3aJady BUSBJICHHS
KOHTEKCTYyaJIbHUX aHOMAJIIH.

Hait6inpim ajexkBaTHUMHU PO3MISHYTIA 3a7adl BUSABJICHHS IMIJIO3PUIMX Ha
(bikcoBaHMI pe3yJbTaT MaT4yiB HAa OCHOBI JIOCTYMHOI MyOJiuHO1 iHdoOpMalii €
CTAaTUCTHYHI HemapamMeTpuuHi TicTorpami meromu. lle oOymoBieHO THM, IO
BX1J[H1 IaH1 XapaKTEPU3YIOThCSI MaJIOK0 KUTBKICTIO JUCKPETHUX YUCIOBUX 3HAYEHB 1
iX 3aKOHM pO3MOAUTY MMOBIpHOCTEH € HeBIOOMUMHU. BonHouac, €(eKTHUBHICTH
BUKOPUCTAHHS IIUX METOJIIB 3aJICKUTHh Bim 00’eMy BuOipku. PazoMm 3 1umM,
NEPCICKTUBHAM € MaTeMaTHYHHA amapar KOH(MOPMHUX MPEAMKTOPIB Ta
CTENEHEBUX MApPTUHTAJIB, SIKHA HE BUMAarae 3HaHHS 3aKOHIB PO3MOJLIY JaHUX,
BUKOPHUCTOBYE 1H(OpMAaIli0 TIPo Mipy HEKOH(GOPMHOCTI JTaHMX Ta MOXe OyTu
BUKOPUCTAHUM ISl BUPIILICHHS 3a/1a4 KJacudikaiii JaHuX.

ToMmy akTyallbHOIO HAyKOBOIO 337a4€i0 € pO3poOKa METOJIB BHUSBIICHHS
nigo3pimx Ha (ikcoBaHWMU pe3yNbTaT MaT4iB 3 BUKOPUCTAHHSM amapary
KOH()OPMHUX MPEIUKTOPIB 1 CTEIIEHEBUX MAapTUHIaIiB Ha 0a31 0OpOOKH BUKIIFOUHO
3arajibHOJIOCTYIMHUX MYyOTIYHUX JaHUX 3a pe3yJbTaTaMdu Ce30HY (yTOOIHLHOTO
TypHIpY.

B nepwomy poszdini po3riisiHyTo mpoOIeMaTHKy JOTOBIpHUX (PyTOOIBHUX
MaT4iB 1 00OTpyHTOBAHO aKTyaIbHICTh JIOCIIIKE€Hb, CIIPIMOBAHKX Ha MONIYK MaTyiB,
MOTEHIIMHO T103p1IKUX Ha (hIKCOBAHICTh pe3yJibTaTy, Ha 0a3i 0OPOOKU BUKIIOYHO
3aralbHOOCTYMHUX  TNyOmiyHMX  gaHuX. [lokasaHo, 10  3acTOCYBaHHS
MaTeMaTUYHUX MeETOAIB (yTOONBHOI aHANITUKH, TaKUX SK MPOTHO3yBaHHS
pe3yabTaTy Maruy, aHajii3y CTaBOK abo0 1M y4aCHUKIB MaTdy MPOTIATrOM BCIET TpU
II0JI0 BUSBJICHHS Mi03pUIMX Ha (PIKCOBAHUM PE3yJIbTaT MaT4dlB BUMArae BEJIUKOI
KUIBKOCTI JIaHMX, K1 HE 3aBXJW JOCTYIHI I aHamizy. BimMideHo, 1o 3aaada
BUSIBJICHHS TA03PUTUX MO0 (PIKCOBAHOTO PE3yNhTaTy MAaT4iB 3a pe3yJbTaTaMu
ce30Hy (yTOONBHOTO TYypHIPY BIJHOCHUTBHCS JO KJIacy 3a7ad BHSBICHHS
KOHTEKCTHHX aHOMaJiil, sIKI BUPILIYIOTbCA B 00JACTi 1HTEJNEKTYaJbHOTO aHaji3y
nanux. [IpoBeneHo aHami3 CTAaTUCTUYHUX METO/JIIB, @ TAKOXK METOIB MAaIIUHHOIO

HABYaHHS, SKI BUKOPUCTOBYIOTHCS JJisi BUSBICHHS aHoMaliid. OcoOnuBy yBary
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MPUCBAYEHO METOJIaM KiacuQikaiii Ha OCHOBI KOH()OPMHUX MPEIUKTOPIB, fAKI
3alpONOHOBAHO BHUKOPHUCTAaTH IS MIJABUIICHHA €()EKTUBHOCTI BUSABJICHHS
MOTEHIIMHO MiA03p1IIUX JIoroBipHUX MartdiB. ChopMyJIbOBAaHO METY 1 HAyKOBI
3aBJIaHHS IUCEPTAIIIHOTO JOCITIIKEHHSI.

Jlpyeuti po30in TPUCBIYEHO PO3pOOIN iMiTariiiHoi Mozaem ¢yTOOIBHOrO
CE30HY 3 MaTuyaMu 3 PiKCOBaHUM pe3yJIbTaToM. [Jisi BU3HAUYCHHS KOHTEKCTYaIbHOTO
aTpuOyTy «CHJIa KOMaHIM» MIPOBEJICHO TPYITyBaHHS KOMaH]I METOIaMu K-CepeTHix
Ta ["ayCiBChKHX CyMilIeil 32 03HaKaMH KUTbKICTh OUOK Ta PI3HUIICIO MK 3a0UTUMU
1 OpONyHIEHUMH M’SYaMH B OJIHOBUMIPHOMY Ta JIBOBUMIPHOMY IIPOCTOpAaXx.
BuzHaueHo moyaTkoBi JlaHi, OOMEKEHHSI Ta (OPMYJIU PO3PAXYHKY UMOBIpHOCTEH
3a0UTTS TOJIIB KOMaHJAMH MijJ 4ac TPU HA OCHOBI peajbHUX JaHUX CE30HY IS
noOy1oBH iMiTamiitHoi mojeni. Po3poGieno imitamiiiny mojaenb (GpyTOoIbLHOTO
CE30HY Ta MTPOBEICHO i1 aHaJI3 IUITXOM CTATUCTUIHOTO MoieTtoBaHHs. Po3pobieHo
QITOPUTM MOJICJIIOBAHHS JIOTOBIPHUX MaT4iB, IOB’S3aHUX 13 3apoOITKOM Ha
CTaBKax.

Tpemiit po30in NPUCBSTYEHO PO3pOOLI METOAIB BUSBIEHHS MIA03PUIMX IOI0
(bhikcoBaHOCTI pe3ybTary (GyTOOJbHUX MATUIB 3a HASBHOCTI JIaHUX PO BECh CE30H.
3anpornoHOBaHO Mipy HEKOH(POPMHOCTI MOTOYHOrO MaTtuy. Ha 0CHOBI aHOMaILHOTO
KOH(OPMHOTO JETEKTOpPY PO3pOOJIEHO METOA BHUSBICHHS MiJO3PUIMX 100
GbikcoBaHOCTI pe3yibTary (yTOOJBPHUX MaT4iB, B SKOMY MPUUHATTSA PIIICHb
BiIOYBAETHCS 32 MOPOTOBUM MpaBUiIoM. [IpoBeieHo MOpiBHSIBHUIN aHATI3 METOIB
BUSIBJICHHSI MaT4iB, MI03PITUX HA (PIKCOBaHMI pe3yjbTaT Ha OCHOBI €KCIIEPTHO
BU3HAYEHOI'O0 TOPOTY BIAXUJIEHHS 1 KOH()POPMHOTO aHOMAaJbHOTO JETEKTOPY. 3
BUKOPHUCTAHHSAM CTETEHEBOIO 1 1HTErpaIbHOTO MapTHUHTAIIB PO3POOIECHO METOIU
BUSIBJICHHS IT1JI03PUIHX 1110710 (PIKCOBAHOTO pe3ysibTaTy PyTOONBHUX MATUiB, B SIKUX
OPUMHATTSA pIIIeHHS BiOyBa€TbCcd TMPH 3POCTAaHHI 3HAYCHHS CTENEHEBOTO
MapTUHTATY ISl IOTOYHOTO CIIOCTEPEIKEHHS MO BIIHOMIEHHIO JI0 3HAYEHHS I[HOTO
K MapTUHTaja JJIs ONEPEIHBOTO CTIOCTEPEKECHHS.

B uemseepmomy po30ini muIsSXoM IMITalIMHOTO MOJICTIOBAHHS PO3IJISIHYTO

aHaji3 o0coONMBOCTEH pO3pOOJEHMX METOJIB 3a JaHUMH OKpPEMHUX KJIaciB



MOJIETBFHOTO ce30HYy. [IpoBeneHo MOpiBHAIBHUN aHali3 PO3POOJIECHUX METOIIB Ta
BiJIOMOTO TiCTOTPaMHOTO METOTY 3a TaHUMH MOJIEIIPHOTO CE30HY 3 BUKOPUCTAHHSIM
METpUKU TOYHOCTI (precision, P), moBHOTH (recall, R) 1 mipu F). 3anpornoHoBaH1
METO/IM TAKO’K BUKOPUCTAHO JIJIS BUSBJICHHS MaTUiB, IKi BBA)KAIOTHCS JJOTOBIPHUMU,
B ce30Hi 2014-2015 pp. Cepii B Itamii.

HaykoBa HOBH3HA 0/IepKaHUX PE3YJIbTATIB MOJISITA€ Y HACTYITHOMY:

1. Po3po6seHo HOBMII MeTOX BHUABJICHHSA MIAO3PUIMX LI0A0 (PIKCOBAHOCTI
pesyabTary ¢yTOOJbHUX MaTdiB, KU BIAPI3HAETHCSA BiJl BIIOMHUX 3aCTOCYBaHHSIM
KOH(GOPMHOTO  aHOMAJIBHOTO  JIETEKTOpa 13  3alpONOHOBAHOK  MIPOIO
HEKOH(OPMHOCTI TOTOYHOTO Maruy, M0 3a0e3Meyye MOMJIMBICTh BH3HAYCHHS
MOPOTy TPUUHATTS PIIIEHHS Y BIAMOBIIHOCTI O 3aJIaHOTO 3HAYEHHS arpiopHOi
HMOBIPHOCTI TIOSIBM aHOMAJIbHUX JIAHUX.

2. Po3po0iieHO HOBMIA MeTO] BHSIBICHHS MIT03pUIMX MOA0 (hiKCOBaHOCTI
pe3ynbrary GyTOONBHUX MaT4iB, SKMA BiAPI3HIETHCS BiJ BIJOMHX 3aCTOCYBaHHSM
CTENIEHEBOT0 MAapTUHT ANy 1 IPABUIJIOM NPUUHSATTA PIILIEHHS Ha OCHOBI MOPIBHSHHS
MOTOYHOTO 3HAYEHHS CTEMEHEBOIO MAapTHHTANY 3 MOMEPEAHIM, L0 J03BOJSIE 3a
paxyHOK 3MiHHM MapamMeTpa YyTIMBOCTI HANAIITOBYBATH CTETICHEBUI MapTHHIall Ha
BUSIBJICHHS aHOMaJTIi BiJ[IIOBITHOTO PiBHS 1 3HAXOJIUTH iX.

3. Po3pobneHo HOBHIl MeTOH BUSBICHHS MiMO3PLIUX IMIOAO (PiKCOBAHOCTI
pe3ynbrary GhyTOOIBHUX MaTYiB, KU BIAPI3HAETHCS BiJ BIJOMHX 3aCTOCYBaHHSM
IHTETpaJIbHOTO MAPTUHTAITY 1 MPABHUIIOM MIPUHHSATTS PIIIEHHS HA OCHOBI TIOPIBHSIHHS
MOTOYHOTO 3HAYEHHS IHTETPAIbHOTO MApPTHHTANy 3 TOMEpPeAHIM, IO Ja€ 3MOTY
BUSIBJISITA aHOMAaJIbHI MaTdi 0e3 HalallTyBaHHs TapaMeTpiB.

4. loBeieH1 HOBI BJIACTHBOCTI CTEIIEHEBOTO MAPTUHTAILY:

- 3a SKUX 3aBrOJHO MaJIUX 3HA4YeHb CTyIeHs KoHpopMmHOcTi (p-value)
MOTOYHOTO CTIOCTEPEKEHHSI 3HAYCHHS CTEIICHEBOTO MapTHHTANA IS MOTOYHOTO
CIIOCTEPEKEHHS € OUTBIIUM 3a 3HAYEHHS I[bOTO X MapTHUHTaja JJisl TOMEePeIHBOTO
CTIOCTEPEIKEHHS;

- 30iIbIIIEHHS 3HAYEHHS CTENEHEBOTO MAapTHHTANa Il  MOTOYHOTO

CIIOCTCPCIKCHHA II10 BiI[HOIHCHHIO A0 IIoIICPCIHBOTO €KBIBAJICHTHO BHUKOHAHHIO
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MpaBuiia KOHPOPMHOTO aHOMAJIBLHOTO JIETEKTOpA 31 3HAYEHHSM P1BHSI aHOMaJIbHOCTI,

1
KU TOPIBHIOE 1)1~N, JIe 1] — HapaMeTp 4yTIMBOCTI CTENIEHEBOro MapTuHrainy M ,En).

5. Orpumaja nojajblIMid PO3BUTOK iMiTauniiiHa moaeab (QyTOOIBHOTO
CE30HY, fKa Ha BIAMIHY BiJ ICHYIOUMX BpaxoBy€ PO30OMTTS MarTyiB Ha Kiacu 3a
KOHTEKCTyaJbHUMH aTpHOyTaMU «CHJIa KOMaHIM» 1 «THM TpW» — JOMaIIHg abo
BUi3HA, 10 3a0e3Mleuye MOJENIOBAaHHSA JOTOBIPHMX MAT4iB 3 (PIKCOBAaHUM
PE3yABTATOM, SIKI MAaIOTh AaHOMAJILHUM XapakTep.

6. Y10CKOHAJIEeHO MeTO KJjacTepu3anii Ha ocHOBI ['ayCiBChbKUX cyMiliel B
YaCTHHI peryspu3ailii HellarOHaJIbHUX €JIEMEHTIB KOBaplalliiHUX MaTPHIlh, 110
710 3MOTYy 3MEHIIUTH YYTIAUBICTH JI0 MTOYATKOBHX YMOB 1 OTPUMYBATHU KJIacTepU
eNincomnoaioHoi GopMu, sIKi BpaXOBYIOTh HEOUEBH/IHI 3B’ I3KM MK TOUKaMU Ha0opy
TaHUX.

[IpakTyHe 3HAYEHHS OICPKAHUX PE3YJIBTATIB MOJISTA€ Y TOMY, 1IO:

1. Pospobmena imiTamiitHa Mojenab (GyTOONBHOTO CE30HY 3ale3rnedye
MO/IIOHICTh 3MOJIETHOBAHOTO CE30HY 3 PEajbHUM 3a TUTIAMU PE3YJIbTaTiB MaTYiB K
3a BCIMa KJIacaMM MardiB, Tak 1 B I{iJIoMy Ha piBHI 3HauymiocTi 0,001 3a kputepiem
Konmoroposa-CmupHOBa.

2. 3anpornoHOBaH1 METOIM BHUSIBICHHS Ha OCHOBI KOH()OPMHOTO aHOMAJILHOTO
JIETEKTOPa, CTENIEHEBOTO MAPTHHTATY i 1HTETPaTbHOTO MAPTHHTATY Ha MOJEIHHHUX
JaHuX 3a0e3MeursId MIJBUILIEHHS €()EeKTUBHOCTI BHUSBICHHS MIJO3pLIUMX Ha
GbikcoBaHul pe3ynbTar (yTOOILHUX MaTYiB y MOPIBHSHHI 3 BIIOMUM T'iCTOTPAMHUM
meTogoM Ha 3-13 % 3a meTpukoro TouHocti, 11-30% — 3a METpUKOIO TTOBHOTH 1
10-18% — 3a Mmetpukoro F1.

3. 3anponoHoBaHI METOIM Ha OCHOB1 KOH(OPMHOTO aHOMAJILHOTO JIETEKTOPA,
CTENIEHEBOT0 MAapTUHIally M 1HTErpajibHOrO MapTHHrajdy BUABWIM 4 3 5 MaTdiB
cezony 2014-2015 pp. Cepii B Irtanmii, siki BBaXarOThCS JOTOBIPHHMH 3a
1H(popMmaltiero Bi oPiiiHUX TPaBOOXOPOHHUX OpraHiB ITaiii.

Pesynbrati po0OOTHM BHPOBAIKEHO Yy HaBUaIbHUN Tipoiec Kadenpu

NPUKIaAHOI MareMaTukd HallloHaabHOTO TEXHIYHOTO YHIBEPCUTETY YKpaiHu
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«KuiBcbkMi MOMITEXHIYHUM 1HCTUTYT 1MeHi Iropst CikOpcbKOro» B pamKax
HOPMATUBHOI TUCIUILTIHA «MallnHHE HABUAHHS.

Po3pobnieni MeToau TakoXK HampsMy MOXYTh OyTH BHUKOPUCTaH1 s
BUSIBIICHHSI MIA03pUIMX Ha (DIKCOBAHWM pe3yibTaT MAaTYiB y 3MaraHHAX 3 1HIIHUX
BH/JIIB CIIOPTY, TAaKHX SIK: XOKeH, Bojietioo, 6eticOo, 6ackeT00:1, KiOepCImopT TOIIO.

binbmie Toro, 3a BiAnmoBigHOTO nepedopMyiTOBaHHA 1 MiI00py aaeKBaTHOI
MIpU HEKOH(OPHOCTI 3alpONOHOBAHI B JUCEPTALIMHOMY IOCTIIPKEHHI METOIU
MOXXYTh OyTH BUKOPHCTaHI IS TOIIYKY IIMPOKOTO KOJa KOHTEKCTHUX aHOMAaJii
(HeTUNoOB1 TpaH3aKIii MO OaHKIBCHKOMY pAaXyHKY, MPOHUKHEHHS IO 3aKpUTOl
Mepexi, aHOMajbHa KUIBKICTh MOBIJOMJIEHb B COLIAJBHUX MEpeXax Ha IEBHY
TEMAaTHUKY TOIIO).

Kuarwu4oBi cioBa: MaremMaruuyHe MOJICIIIOBaHHS, UMOBIPHICHE MOJICTTIOBAHHS,
IHTENEeKTyaqbHUN  aHali3  JlaHUuX, MAalllMHHE HAaBYaHHS, CaMOKOHTPOJIbOBaHE
HaBYaHHS, TJIMOMHHE HABYaHHSA 3 IIJAKPIIUICHHSAM, IOTYYHUH  1HTCJCKT,
MyJbTHAr€HTHAa CUCTEMa, KJIACTEpHUN aHami3, (QyHKIis BIACTaHI, HAHOMMXK4MN
cycin, kimacu@ikaiis JaHUX, perpeciiHa Mojenb, (aKTOpHUN aHalli3, METPHUKA,
perynsapuszaiiisi, mipa HEKOHGOPMHOCTI, KOHGOPMHUN aHOMaJIbHUU JETEKTOD,

MapTHHIraj, PyHKIs paHKyBaHHS, CIIOPTUBHA MOIS.



ABSTRACT

Zhuk I. S. Mathematical models and methods for detecting football match-
fixing using publicly available data. — Qualifying scientific work, the manuscript.

PhD thesis in the field of knowledge 11 Mathematics and Statistics in
speciality 113 Applied Mathematics. — National Technical University of Ukraine
“Igor Sikorsky Kyiv Polytechnic Institute”, Kyiv, 2023.

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
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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.

In the first section, the problems of contractual football matches are
considered and the relevance of research aimed at finding matches potentially
suspicious of fixed results based on the processing of exclusively publicly available
public data is substantiated. It is shown that the application of mathematical methods
of football analytics, such as predicting the result of the match, analysis of bets or
actions of the participants of the match during the entire game to identify matches
suspicious for match-fixing requires a large amount of data that is not always
available for analysis. It is noted that the task of identifying suspicious data regarding
the fixed result of matches based on the results of the football tournament season
refers to the detection of contextual anomalies, which is solved in the field of
intelligent data analysis. An analysis of statistical methods, as well as machine
learning methods used to detect anomalies, was carried out. Special attention is paid
to classification methods based on conformal predictors, which are proposed to be
used to increase the effectiveness of detecting potentially suspicious contractual
matches. The goal and scientific tasks of the dissertation research are formulated.

The second section is devoted to the development of a simulation model of a
soccer season with fixed-score matches. To determine the contextual attribute "team
strength", the teams were grouped using the K-means and Gaussian mixtures
methods based on the number of points and the difference between scored and
conceded goals in one-dimensional and two-dimensional spaces. The initial data,

limitations and formulas for calculating the probabilities of scoring goals by teams
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during the game based on real data of the season for building a simulation model are
determined. A simulation model of the football season was developed and its
analysis was carried out by means of statistical modeling. An algorithm for modeling
contractual matches related to earnings on bets has been developed.

The third section is devoted to the development of methods for detecting
football matches suspicious for fixed results in the presence of data for the entire
season. Measures of non-conformity of the current match are proposed. On the basis
of the anomalous conformal detector, a method of detecting football matches
suspicious for fixed results has been developed, in which decision-making takes
place according to the threshold rule. A comparative analysis of methods for
detecting matches suspicious for a fixed result based on an expertly defined
deviation threshold and a conformal anomaly detector was conducted. With the use
of power and integral martingales, methods have been developed for detecting
football matches suspicious for fixed results, in which the decision is made when the
value of the power martingale for the current observation increases in relation to the
value of the same martingale for the previous observation.

In the fourth section, the analysis of the features of the developed methods
based on the data of individual classes of the model season is considered by means
of simulation modeling. A comparative analysis of the developed methods and the
known histogram method was conducted based on model season data using precision
(precision, P), completeness (recall, R) and F; measures. The proposed methods
have also been used to detect matches considered to be fixed in the 2014-2015
Italian Serie B season.

The scientific novelty of the obtained results is as follows:

1. 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.
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2. 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.

3. 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.

4. 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

1
anomaly detector with the value of anomaly threshold equals to -, where 1 is the

sensitivity parameter of the power martingale M ,En) .

5. 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.

6. 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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The practical significance of the obtained results is that:

1. The developed simulation model of the football season ensures the
similarity of the simulated season with the real one in terms of types of match results
both for all classes of matches and in general at the significance level of 0.001
according to the Kolmogorov-Smirnov test.

2. The proposed methods of detection based on the conformal anomaly
detector, power martingale and integral martingale on model data ensured an
increase in the effectiveness of detecting suspicious football matches with a fixed
result compared to the known histogram method by 3-13% according to the accuracy
metric, 11-30% — according to the completeness metric and 10-18% — according
to the F; metric.

3. The proposed methods based on conformal anomaly detector, power
martingale, and integral martingale detected 4 out of 5 matches of the 2014-2015
Serie B season in Italy, which are considered to be fixed according to information
from official Italian law enforcement agencies.

The results of the work are implemented in the educational process of the
Department of Applied Mathematics of the National Technical University of
Ukraine "Igor Sikorsky Kyiv Polytechnic Institute" within the framework of the
normative discipline "Machine Learning".

The developed methods can also be directly used to identify matches
suspicious for match-fixing in other sports competitions, such as: hockey, volleyball,
baseball, basketball, e-sports, etc.

Moreover, with appropriate reformulation and selection of an adequate
measure of non-conformity, the methods proposed in the dissertation research can
be used to search for a wide range of contextual anomalies (atypical bank account
transactions, penetration of a closed network, anomalous number of messages in
social networks on a certain topic, etc.).

Keywords: mathematical modeling, probabilistic modeling, data mining,
machine learning, self-supervised learning, deep reinforcement learning, artificial

intelligence, multi-agent system, cluster analysis, distance function, nearest



13

neighbor, data classification, regression model, factor analysis, metric,
regularization, nonconformity measure, conformal anomaly detector, martingale,

ranking function, sports event.
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HEPEJIIK YMOBHHUX CKOPOYEHD TA IIO3HAYEHD
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FIFA — Fédération Internationale de Football Association, MixkHapoiHa ¢eaepartis
(GbyTOOIBHUX acorialii

GMM - Gaussian Mixture Model, monens ["ayciBchbkux cymiteit
HMM — Hidden Markov Model, npuxoBana MapkiBcbka MOJCIb
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3a0e3MevYeHHs YECHOCTI CIIOPTHBHUX CTaBOK
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CIIOPTY
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RIPPER — Repeated Incremental Pruningto Produce Error Reduction,
MOBTOPIOBAaHE HApOIIyBaHE CKOPOUEHHS JJIsl SMEHIICHHS [TOMUJIKU

SVM — Support Vector Machine, MmeTos1 onopHUX BEKTOPiB

UEFA - Union of European Football Associations, Coto3 €Bponenchkux
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B1JIOMOI BUIAIKOBOI BEJIMYNHU Y
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BCTYII

AKTyaJbHIiCTH po6oTH. DyTOOT — 1€ BEIMYE3HA 1HIYCTPis, MOPIBHSIHHA 3
TPAIUIIMHUMU €KOHOMIYHUMHU Taiy3siMu. OJIHIEI0 3 HaWBaXUIMBIIIKUX MPOOJIEM, 3
SKOIO CTHUKAETHCS ISl Taly3b, € JOTOBIPHI MaT4i. 3a HETaTUBHUM €(EKTOM TaKi
sBHINA CHiBMIpHI 3 ripobiemoro nominry. Came tomy FIFA 1 OOH 06’ennanu cBoi
3yCHIUIS 100 OOpOTHOM 3 JOrOBIpHMMHM Matdamu y (gyrooisi. Ha ceorogi taki
MaT4l KBaTi(PIKYIOThCS SIK KpUMIHATBHUAN 3JI0YHH.

JIoroBipHUI MaT4 XapaKTepU3YEThCA THUM, L0 MOr0 pe3yibTaT abo MEeBHUI
nepedir mojiid € Hamepel BU3HAYEHUMH, TOOTO (PIKCOBAaHMMH. Y JIOTOBIPHHMX
MaTyax, I[IOB’S3aHMX 3 BUIPAIIOM 3a CTaBKaMH, 3aBJAHHSM € OTPUMaHHS
pe3ynbTary, BIAMIHHOTO BiJ O4YiKyBaHoro. ToMy Taki pe3yJbTaTH MOXHa
PO3MIISIAATH SIK HETUIIOBI, aHOMAJIbHI.

Jist  mepeBipkd  MOTOYHOTO  MaT4y Ha  (IKCOBAaHUW  pe3ysbTaT
BUKOPUCTOBYIOTh MaTe€MaTH4HI MeToAu (yTOONbHOI AaHANITUKU Takl, SK:
MPOTHO3YBAHHS PE3yNbTaTy MaTdy, aHaji3 CTaBOK a0 i y4JaCHUKIB MaTdy
npoTaroM Bciei Tpu. IX mepeBaror0 € ONepaTUBHICTh NPHUHHATTSA pillleHb, a
HEJI0JIKOM — HEOOXI1JHICTh BUKOPUCTAHHS JYX€ BEJIUKOI KUIBKOCTI JaHUX, SKI,
3a3BUYaid, HE € MyOJIYHO JOCTYNHUMH. AJBTEPHATUBHUM MOXKE PO3IJISIATUCH
X1, KOJU PIilIeHHs 00 (pIKCOBAHOCTI MaTuy MPUHUMAETHCS 3a pe3ysibTaTaMu
ychoro ce30Hy. [Ipu 1ipomMy 3arajibHO JOCTYIHOO € myOniuHa iH(OpMaIlis M010
pE3yNbTATIB MPOBEICHUX ITOP YCIX KOMaH/, 10 J03BOJIA€ (hopmManizyBaTH MOIIYK
MaTyiB, MIAO3pUIMX Ha (PIKCOBaHMM pe3yJbTaT, SAK 3a7ady BHUSIBJICHHS
KOHTEKCTyaJbHUX aHoMmaiid. Ha choroani, He I1CHy€ YHIBEPCAIBHUX METOMIB
BUPIIICHHS ITI€1 3a/1a4l, a pe3yJIbTaTH pOOOTH ICHYIOUHUX METOIB CYTTEBO 3aJI€kKaTh
BiJl BXIIHUX MapaMeTpiB, CTPYKTYPHU JaHUX, IPUPOIHU IX MOXOMKEHHS. BiiabiicTh
METO/[IB MAallIMHHOT'O HaBYAaHHSI, [0 BUKOPUCTOBYIOTHCA JUIS MOIIYKY aHOMaJiil B
3alayax I1HTEJNEKTyaJbHOIO aHami3y JaHuX, OpIEHTOBaHI Ha poOoTy 3
HENEPEePBHO3HAYHUMHU JAaHUMHU B 0araTOMIpHHX O3HAKOBUX MpOCTOpax. Takox

BOHH BUMararOThb AJIs1 HABUYaHHS 3HAYHUX 00’eMiB BXi,Z[HI/IX JaHUX.
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OcoOnuBicTIO 3a/ayl BHSBICHHS MIJO3pUIMX Ha (DIKCOBaHWM pe3yJsbTar
MaT4YiB 3a pe3yJIbTaTaMH YChOI'O CE30HY € BIJICYTHICTh PO3MITKM HOPMAJIBHHX 1
aHOMaJBLHUX KJIACIB JIAaHMX, 110 OOYMOBIIFOE€ HEOOXITHICTH i1 pO3MIAAY SK 3amadi
HEKOHTPOJIbOBAHOTO HaB4YaHHA. HalOinpIl ageKBaTHUMHU PO3TJSHYTIH 3amadi
BUSIBJICHHS TI03pUIMX Ha (DIKCOBAaHUUN pe3yibTaT MaT4iB Ha OCHOBI JOCTYITHOT
nyOniyHOoi 1HpOpMAaIll € CTaTUCTHYHI HemapaMeTpuy4Hi Ticrorpamui metoau. Lle
OOyMOBJIEHO THM, W10 BXIJHI JlaHI XapaKTEPU3YIOTbCSI MaJIOI0 KUIBKICTIO
JMCKPETHUX YHCIIOBUX 3HAYEHB. TaKOX 3aKOHU PO3MOJLUTY HMOBIPHOCTEH BX1THHX
3Ha4YeHb € HeBIOMHMHU. BojHoyac, e€()eKTHBHICTh BUKOPUCTAHHS ITUX METOIB
3aJIeXKUTH B1J 00’ €My BUOIPKHU.

HoBuM mepcneKkTHBHUM HampsMOM TONIYKY aHOMalllii y JIaHUX €
MaTeMaTHYHUH anapat KOH(QOPMHHX MPEIUKTOPIB i MapTuHTaNiB. [lepeBaru qanoro
MaTEeMaTHYHOTO amapaTy TMOJralTh, 3 OJHOrO OOKYy, y MO€JHAHHI MPOIECY
HABYaHHS 1 MPOTHO3YBAHHS B OJIHY CTai10, a 3 THIIIOT0 OOKY — Y HE3aJIeKHOCTI BiJl
HMOBIPHICHOTO PO3MOiTY, 3 IKOrO TeHepYIOThCs JaHl. Takox uel miaxiz 103BoJIse
BBOJIUTH OLIIHKU FaPaHTOBAHOI TOYHOCTI JJIsl OTPUMAHUX PIIIEHb.

ToMy akTyanbHOIO HAYKOBOIO 33Jau€l0 CIIiJ BBaXKAaTU PO3POOKY METOIB
BUSIBJICHHS T1JJO3PUIMX HA (PIKCOBAHMI pe3yJIbTaT MAaTyiB 3 BAKOPUCTAHHSM anapary
KOH()OPMHUX MPETUKTOPIB 1 CTEIIEHEBUX MAPTUHTANIB Ha 0a31 00pOOKH BUKITFOYHO
3arajabHOJIOCTYTHUX MyOJIYHUX JIaHUX.

3B's130K po00TH 3 HAYKOBUMH NMPOrpaMaMu, IiaHaMu, Temamu. Pobora
BUKOHYBaJlacid Ha Kadenpl mpuKIaaHOi MaTeMaTuku HaimioHalTbHOTO TEXHIYHOTO
yHiBepcuTeTy VYKpaiHu «KHUiBCBKMI TOJMITEXHIYHUI 1HCTUTYT 1MmeH1 Irops
Cikopcekoro» JlocmimkeHHss AaHOT pOOOTH MPOBOJIUIWCH 3TIIHO 3 IUIAaHAMU
HAyKOBO-JIOCHIAHUX poOIT Kadenapu mnpukiIagHOI MaTreMaTUKH (GaKyJIbTeTy
MPUKJIATHOI MAaTEMaTHUKH:

- B paMKax HaykoBo-gochigHoi pobGotu Ne 2310m  «Iudopmarriiino-
aHAITHYHA CHCTeMa [UIsi MaTeMaTHMYHOTO MOJCNIOBAaHHS Ta yNpaBIiHHS
COLIAJIBHUMHM pU3MKAaMU 3 3aCTOCYBaHHAM Yy TEXHINI Ta MEIUUUHD» (HOMEp

nepkaBHoi peectpariii — 0120U102216);
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- B paMKax MIDXKHAapOAHOro HaykoBoro npoekty «Cyber Rapid Analysis for
Defense Awareness of Real-time Situation» (CyRADARS) / «OnepatuBuuii aHami3
Ki0ep3arpo3 Juisi BOJIOIHHS CUTYaIll€l0 B YMOBAaX peajbHOr0 4acy» 3a MporpamMoro
NATO SPS (nomep npoekty: SPS G5286).

Merta Ta 3aaa4i qocaigxents. Meroro poOoTH € MiaBUIIEHHS €()eKTUBHOCTI
BUSIBJICHHSI MMIJI0O3pIIMX Ha (hiKCoBaHUM pe3ynbTaT (yTOONBHMX MaTyiB Ha 0asi
OOpOOKHM BHKIIOYHO 3araJbHOJOCTYIMHUX MYyOJTIYHUX aHUX 3a pe3yibTaTaMu
ce30Hy (yTOOJILHOTO TYPHIpPY.

JIist foCcATHEHHS BKa3aHO1 METH Yy IaHii JucepTaiiiiHiil poOOTI BUPIIIYIOTHCS
TaKi 3aaui:

1. Po3pobxka mpotietypu rpyiyBaHHs koMaHa pyTOOJIBHOTO CE30HY.

2. Po3pobOka imitamiitHoi Mojeni (pyTrOonapHOTO CE30Hy 3 MardyaMu 3
(hiKCOBaHUM pPE3yJIbTATOM.

3. Po3pobka wmeTomy BUSIBIGHHA MiA0O3pUInMX (yTOOTBRHHUX MaT4diB 3
(bikcoBaHUM PE3yIBTATOM 3a JOMOMOTOI0 KOH(POPMHOTO aHOMAILHOTO JIETEKTOPA.

4. Po3poOka MeTony BHSIBICHHA MiAO3pIIMX (GyTOONBHUX MAaT4iB 3
(biKCOBaHUM pPe3yJIbTaTOM 32 JOTIOMOI'OI0 CTETIEHEBOTrO MapTUHTATY.

5. Po3pobka MmeTony BUSIBJIEHHA MIIO3pUIMX (PyTOOJBHHMX MaT4diB 3
(bikcoBaHUM PE3yJIHTATOM 32 JOTIOMOT'OI0 IHTETPATHbHOTO MapTUHTAITY.

6. docmimkeHHs i orinka e(eKTUBHOCTI PO3POOJICHUX METO/IB BHUSBIICHHS
migo3pimx Ha (PiKCOBaHICTH pe3ynbTary (yTOONHHUX MAaT4iB HAa OCHOBI METPHK
kiacugikariii, ki € 6a30BUMH B MAIIMHHOMY HaBYaHHI HA MOJICIIbHUX Ta PEATbHUX
CE30HaX.

O0’ekTOM JOCHIKEHHS € BUSBICHHS MaT4diB, MiAO3PUIMX II0JI0
(bikcoBaHOTO pe3ysIbTaTy B GyTOOJBHHUX TypHIpax.

IIpeaMeToM MOCTIIKEHHS € MOJCTI Ta METOAW BUSIBICHHS MOTCHIIIHHO
M103pUINX JOTOBIPHUX MaTUiB Y (yTOOIBHUX TYpHIpaXx.

MeTtoau aociaiKeHHsl. AnapaTtoM JOCTIIPKEHHS € MaTeMaTUYHUN aHai3,
TEeOopiss UMOBIPHOCTI 1 MaTeMaTU4YHA CTATUCTHKA, METOJM MAIIMHHOIO HABYaHHS,

Teopiss KOHGOPMHUX MPEAUKTOPIB, METOAM  IMITAI[IHHOTO  MOJIEJIIOBAHHS.
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Jns  ormiHoBaHHS €(EKTUBHOCTI pO3pOOJEHUX METOAIB BUKOPHCTOBYBAJIUCH

METPHUKHU TOYHOCTI (precision, P), noBHOTH (recall, R) 1 mipa F.

HaykoBa HoOBHM3Ha oTpuMaHuX pe3yabratiB. Haykosa HOBHU3HA

OJIep>KaHUX PE3YJIbTATIB MOJIATAE Y TAKOMY:

1. Po3pobneHo HOBMiII MeTO] BUSBICHHS MIJO3pUIMX IMIOAO (HIKCOBAHOCTI
pesyabpTary GyTOOJbHUX MAaTyiB, KU BIAPI3HAETHCS BiJl BIIOMHUX 3aCTOCYBaHHSIM
KOH(QOPMHOTO  aHOMAJIBHOTO  JIETEKTOpa 13  3alMpONOHOBAHOK  MIPOIO
HEKOH(OPMHOCTI MOTOYHOTO Mardy, LI0 3a0e3leuye MOXKIIMBICTb BU3HAUYEHHS
MOPOTy MPUUHATTS PIIIEHHS Y BIAMOBIAHOCTI O 3a/IaHOTO 3HAYEHHS amnpiopHOi

HMOBIPHOCTI MIOSIBM AHOMAJIbHUX JIaHUX.

2. Po3po0nieHO HOBHMIA MeTOJ BHSBJICHHS IMIJO3PUIMX 00 (hiKCOBAHOCTI
pe3ynbrary GyTOOIBHUX MaTYiB, KU BIAPI3HAETHCS BiJ BIJOMHX 3aCTOCYBaHHSM
CTETICHEBOTO MapTUHTANy 1 IPABUJIOM MPUWHSTTS PIIICHHS HA OCHOBI MOPIBHSHHS
MOTOYHOTO 3HAYEHHS CTETMEHEBOTO0 MApTHHTaly 3 MOMEpPEeaHIM, IO JO03BOJIE 3a
paxyHOK 3MiHH TTapaMeTpa YyTIMBOCTI HATAITOBYBAaTH CTCTICHEBUI MapTHHTAJ Ha

BUSIBIICHHSI aHOMAJI1} BIAMIOBIJHOTO PIBHS 1 3HAXOIUTH iX.

3. Po3po06iieHO HOBHMM MeTO0] BUSIBICHHS IIJIO3PUIUX MO0 (PpiKCOBAHOCTI
pe3ynbrary GyTOONbHUX MaT4iB, SIKMUM BIAPI3HIETHCS BijJ BIJOMHX 3aCTOCYBaHHSIM
IHTErpajJIbHOTO MAPTUHTAITY 1 MPABUIIOM MPUNHSATTS PIIICHHS HA OCHOBI MOPIBHSIHHS
MOTOYHOTO 3HAYEHHS IHTETPajIbHOTO MApPTUHrajdy 3 MOIMEpPEeAHIM, IO Ja€ 3MOTY

BUSIBIIATH aHOMAaJIbHI MaT4i 0e3 HaJaIlTyBaHHS [TapaMeTpiB.

4. JloBenieH1 HOBi BJIACTHBOCTI CTENIEHEBOTO MapTUHTAY:

- 3a SKUX 3aBroJIHO MaJMX 3Ha4eHb CTyIMeHs KoH(opMHOcTi (p-value)
MMOTOYHOTO CTIOCTEPEKEHHSI 3HAYCHHSI CTEIICHEBOTO MapTHHTaja JJIsi TOTOYHOTO
CIIOCTEPEKEHHS € OUTHIITUM 3a 3HAYEHHS I[bOTO X MapTHUHTaja JJIsl TIOTEePEIHHOTO
CIIOCTEPEIKEHHS

- 30UIBIIIEHHS 3HAYEHHS CTENEHEBOro MapTUHTana JUIsi  IMMOTOYHOTO

CIIOCTCPCIKCHHA 110 BiI[HOHIeHHIO A0 TOICPCAHBOIO €KBIBaJICHTHO BHWKOHAHHIO
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npaBuia KOHPOPMHOTO aHOMAIBLHOTO JIETEKTOpa 31 3HAYEHHSIM P1BHS aHOMAJIbHOCTI,

1
KU TOPIBHIOE 1)1~N, JIe 1] — HapaMeTp 4YyTIMBOCTI CTENEHEBOro MapTuHrainy M ,En).

5. OTpumana nojgajabIINi PO3BUTOK iMiTaniiiHa momenab (yTOOIBHOTO
CE30HY, fKa Ha BIAMIHY BiJ ICHYIOUMX BpaxoBy€ PO30OMTTS MarTyiB Ha Kiacu 3a
KOHTEKCTyaJbHUMH aTpHOyTaMU «CHJIa KOMaHIM» 1 «THM TpW» — JOMaIIHg abo
BUi3HA, 110 3a0e3rleuye MOJENIOBaHHSA JOTOBIPHUX MAT4iB 3 (PIKCOBAaHUM
PE3yABTATOM, SIKI MAIOTh aHOMAJIBLHUI XapakTep.

6. Y1ockoHajieHO MeTol KJjacTepu3anii Ha ocHOBI ['ayCiBChbKUX cyMiliel B
YaCTHHI peryspu3ailii HellarOHaJIbHUX €JIEMEHTIB KOBaplalliiHUX MaTPHIlh, 110
710 3MOTY 3MEHIIUTH YyTIUBICTH JI0 MOYATKOBHMX YMOB 1 OTPUMYBATH KJIacTepu
eNincomnoaioHoi popMu, sIKi BpaxOBYIOTh HEOUEBH/IHI 3B’ I3KM MK TOUKaMU Ha0opy
TaHUX.

IIpakTHYHe 3HAYEHHS OlePKAHUX Pe3yJIbTATIB NOJSTAE Y TOMY, I110:

1. Po3pobniena imiTamiiiHa Mojienb (GyTOOJBHOTO CE30HY 3abe3nedye
nmo110HICTh 3MO/IETbOBAHOTO CE30HY 3 PEATbHUM 3a TUIIAMH PE3YJIbTaTiB MaTUIB SIK
3a BCIMa KJjacaMd MaT4iB, Tak 1 B I{ijIoMy Ha piBHI 3HauymocTi 0,001 3a kputepieMm
Kommoroposa-CmupHoOBa.

2. 3anpornoHoOBaHi METOIA BUSIBJICHHS HA OCHOB1 KOH()OPMHOTO aHOMAaJTLHOTO
JETEKTOpa, CTEIIEHEBOTO MAPTUHTANY W IHTETPaJIbHOTO MAPTHUHTATY HA MOJIEIHHIX
JaHuX 3a0e3Meuymsid MiABUIICHHS €()EKTUBHOCTI BUSBIEHHSA MIAO3PUIMX Ha
GbikcoBaHMi pe3yabTat (yTOOJBHUX MATUIB y MOPIBHSAHHI 3 BIJIOMUM TiCTOTPAMHUM
MeToaoM Ha 3-13 % 3a Merpukoro TouHocti, 11-30% — 3a METPUKOIO MOBHOTH 1
10-18% — 3a meTpukoro Fi.

3. 3anpornoHoBaH1 METOAM HA OCHOB1 KOH(POPMHOTO aHOMAJILHOTO JIETEKTOPA,
CTENEHEBOTO MapTUHTrajldy 1 1HTErpajbHOr0 MapTUHTaly BUABWIM 4 3 5 maTudiB
cezony 2014-2015 pp. Cepii B Iramii, ski BBa)KalOThCS JOTOBIPHHMH 3a
1H(popMarri€ro B 0piIHHUX TPABOOXOPOHHUX OpraHiB Itaiii.

Pesynbrat poOOTH BHOPOBAXKEHO Yy HaBUYAIBHUN mporec Kadeapu

MPUKIAAHOI MareMaTHukd HallloHaabHOTO TEXHIYHOTO YHIBEPCUTETY YKpaiHu
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«KuiBcbkMi MOMITEXHIYHUM 1HCTUTYT 1MeHl Iropst CiKOpcbKOTO» B paMKax
HOPMATUBHOI TUCIUILTIHA «MalnHHEe HABUAHHS.

Po3po6ieni meToaw TakoXK HAmpsMy MOXYTh OYTH BHUKOPHCTaH1 s
BUSIBJICHHS MII03pUIMX Ha (PIKCOBAHMM pe3yjbTaT MaT4iB y 3MaraHHsxX 3 1HIIMX
BH/JIIB CIIOPTY, TAKHX SIK: XOKEH, BOJIe00J1, OeiicOo1, 6ackeT00I1, KIOepCopT TOIIO.

binbire Toro, 3a BiANOBIIHOTO MEepePOPMYITIOBaHHS 1 MAO0PY aJeKBaTHOI
MIpU HEKOH(OPMHOCTI 3alpPONOHOBAHI B JUCEPTALIHHOMY AOCHIIKEHHI METOIU
MOXXYTh OyTH BUKOPHCTaHI JIJIsl TIONIYKY IIUPOKOTO KOJA KOHTEKCTHUX aHOMAJIIN
(HeTUnoBl TpaH3akilii MO0 OaHKIBCBKOMY paxyHKY, MPOHHMKHEHHS [0 3aKpUTOl
Mepexi, aHOMaJjlbHa KUIBKICTh MOBIJOMIIEHb B COLIAJIBHUX MEpeXaxX Ha MEBHY

TEMaTHKY TOIIIO).

Ocoluctuii BHecoK 3100yBaya. YCi OCHOBHI pe3yJIbTaTH JAUCEPTALIMHOTO
JOCITIIKEHHS, TIPEJICTaBIeHI 10 3aXWCTy, OJepkaHi aBTOpPOM ocoOucro. Y
nyOJiKaIisx y CHIBaBTOPCTBI, 3700yBayeBl HajleXaTh Taki pe3yiabTaTu: B [1]
pPO3pO0IIEHI METOIM BUSBJICHHS MIJ03PUIMX Ha (PIKCOBAHUM pe3yibTaT PyTOOIBHUX
MaT4iB Ha OCHOBI KOH()OPMHOIO MPEAUKTOpAa 1 CTENEHEBOrO0 MapTUHIaJa, SAKI
3aCTOCOBAHO JI0 JIaHMX pealibHoro ¢yToosbHOro ce3ony 2013-2014 pokir Jliru 2
@panuii; B [2] po3po0seHO yIOCKOHAJEHUM METOJ BUSBICHHS MIAO3PUIMX Ha
dikcoBaHuii pe3ynbrar (GyTOONHHMX MaT4iB Ta 3aCTOCOBAHO 3alpOINOHOBAHI
METO/IY 10 JJaHUX peasibHOro GpyTdoapHoro ce30Hy 2014-2015 pokis Cepii B Itanii;
B [3] po3pobaeHo anroput™ GpopMyBaHHS iMITaIIfHOT MoeIl (GyTOOTHHOTO CE30HY

3 TOTOBIPHUMU MaT4aMH.

Anpobaunisa pe3yabTaTiB aucepramii. Pe3ynbraté Ta OCHOBHI MOJIOKEHHS
poOOTH MoJaBanucs Ta 0OrOBOPIOBAIKCS HA TAKUX KOH(PEPEHIIAX:

- III International Scientific Symposium «Intelligent Solutions» (2023), m.
KwuiB, Ykpaina [4];

- 2021 11th IEEE International Conference on Intelligent Data Acquisition
and Advanced Computing Systems: Technology and Applications (momoBiab Ha 11iit

KOH(epeHIii MpoiHeKCOBaHa B HAYKOMETpUYHIN 0a3i Scopus) [5];



25

- «IIpuknagna maremaruka Ta komm'totuHr. IIMK, 2022 : m’sTHagusTa
HayK. KoH(}. MaricTpaHTiB Ta acmipanTiB», M. KuiB, Ykpaina [6];

- ®inocodis 1 HAyKOBO-TEXHIYHA TBOPYICTH Yy XPOHOTONI TEXHIYHOIO
yHiBepcuteTy (2021), M. KuiB, Ykpaina [7];

- InTerpoBaHi iHTeNneKTyasibHl poOororexHiyHl komiuiekcu (IIPTK-2020),
M. KuiB, Ykpaina [8].

Ilyoaikamnii. 3a pe3ynpraTramMu JOCIIKEHB OIMMyOJIIKOBAHO 8 HAYKOBHUX POOIT,
B TOMY 4YHCJ 3 CTATTi y HAYKOBHUX (PaXoBUX BWIAHHAX YKpaiHHM, 30Kpema 2
cTaTTi onyOnikoBaHO B CX1AHO-E€BPONEUCHKOMY KYypHaJl NEPEIOBUX TEXHOJIOTIH
(Eastern-European Journal of Enterprise Technologies), sikuii BKIIFOY€HO 10 CITUCKY
MDKHApOJHOT HAYKOMETPUUYHOI 0a3u Scopus 3 kBapTuiem Q3.

Crtpykrypa Tta o0car aucepranii. Jlucepraiiiina poOoTa ckiIagaeTbes 13
BCTYIy, YOTHPHOX PO3/UTIB, BUCHOBKIB, CIHCKY BHUKOPHUCTaHUX JKepen 13 166
HalilMeHyBaHb. 3araabHuil 00car pobotu ckianae 187 crtopiHOK, 3 skux 164
CTOPIHKM OCHOBHOTO TeKCTy Ta 20 CTOpPIHOK BUKOpPUCTaHUX Jikepes. Pobora

MICTUTh 42 pucyHKa, 21 Tabmuirto.
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PO3JLI 1
AKTYAJIBHICTD 3AJIAUI TA AHAJII3 ICHYIOUUX PILIEHD

1.1 AxTtyaabHicTh 3a1a4i BUsIBJIeHHSI QyTOOJBbHMX MATYiB, MiI03PLIUX HA

(pikcoBaHMii pe3yabTaT

JloroBipHi mMatdi, TOOTO Matyi 3 (pIKCOBaHMM pe3ynbTaToM (match-fixing),
opyd 3 JOIMHTOM HAa3WBaIOTh PAKOBOIO XBOpoOorw cropty [9]. is 6oporsbdu 3
nomiHroM B 1999 pomi Oyna cTBOpeHa crieliaiizoBaHa MiXHApOJJHA opraHizaris
WADA (World Anti-Doping Agency) Ta BUKOPUCTOBYIOTbCSI BUCOKOTEXHOJIOTTYH1
tecTu. Ll TeCTH 103BOJISAIOTH 3 MaiKe a0COTIOTHOIO TOYHICTIO BUSBIISITH HAsIBHICTh
3a00pOHEHUX MpenapaTiB B OPraHi3Mi CIIOPTCMEHa.

Ha Bigminy Bij cuTyamii 3 JOMIHTOM, yCHiXH y OOpOTHOI 3 JOTOBIpHUMHU
MaT4aM¥ 3HAYHO CKpOMHIII. Xo4a MOeINHKY 3 (DIKCOBAHUM PE3yJIbTaTOM, MaOyTh,
ICHYIOTh CTUIbKHM, CKUIBKM M cami CHOpPTHUBHI 3MaraHHd. llpunaiimMHi, Maemo
ICTOPUYHI BIJIOMOCTI, 1[0 TaKi raHeOHI BUMHKM MaJld MICIE L€ Ha CTapOJaBHIX
Onimmikicekux irpax B ['pemii [10].

€Bponelicbkka KOMICisi Ja€  O3HauyeHHs  (Qikcalii pe3ynbTaTy  sK
MaHINYJIOBAHHIO CIIOPTUBHUMHU pPE3yJIbTaTaMH, SIKE OXOILIIOE JIOMOBJIEHOCTI IIPO
nepelir abo pe3yabTaT CIIOPTUBHOTO 3MaraHHs 4M OYJb-IKO1 HOTO OKpeMoi Mo/Iii
(HampuKIIam, MaTdy, TOHKH) 3 METOI0 OTpUMaHHS ()iHAHCOBOI BUTOIU JJIsi ceOe um
JUTSL HIIUX, Ta 3 METOI0 TMOBHICTIO a00 YaCTKOBO YCYHYTHM HEBHU3HAYEHICTH, SKa
3a3BMYAil OB’ s13aHa 3 pe3yJbpTaraMu 3Marass [11].

HesBaxkatoun Ha Te, O JOCI HEMA€ €IMHOTO aBTOPUTETHOTO BU3HAUCHHS
JIOTOBIPHUX MAaT4iB, Y CBOid OCHOBHIM (popMi IX MOKHA BU3HAYUTH SIK ITporpai abo
Ipy A0 3a3falieriib BU3HAYEHOTO pe3yJbTaTy B CHOPTHUBHUX MaTdyax ILISXOM
HE3aKOHHOT'O MAHIMYJIOBaHHS Pe3yJIbTaTaMHi Ha CBOIO KOPHUCTH [12].

JIoroBipHUI MaT4 XapaKTepU3y€eThCs TUM, 10 MOro pe3ybTaT 1/ado MeBHUIMA
nepelir moAiil (Mpu3HaYeHHs MEHaIbTi, OTPUMAHHS T'PABIEM IMONEPEHKCHHS YU

BWJIYYEHHS TOIIO) € Halepel BU3HaAUCHUMH, TOOTO (DiIKCOBaHUMHU.
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[Ipoenene 2013 poky poscnigyBaHHs [HTeprnony Ta €Bpomnoily MoKazaio
MacIuTabu Kopymmii y cBitoBomy (yTOomi Ha ToM wac!: mix mimospy cmigumx Tomi
notpanuiio 680 irop, 380 3 Hux Oyyo opra”izoBano y €sporni — y 13 yemmnionarax,
€BPOKYOKax, BIAOIPKOBUX TypHIpax 4YEeMIIOHATIB CBITY Ta €BpOIH, TOBAPUCHKUX
matyax. I[lle 300 — B A3ii, Amepuri ta Adpumi. Sk BUABHIOCS, 3JTOYNHHUN
CUHIMKAT MIJKYOBYBaB KOMaH/JM 1 CTaBUB Ha BIJOMUI PE3yJIbTAT y a31aTChbKUX
OykMmekepiB. Toal TaM mnpuiiManu CTaBKH, HE 3BEpPTAlOYM OCOOJMBOI yBaru Ha
pPO3MIpH MakCUMaJlbHHX CyM Ta ocoOu rpasiiB. Ha miaAroroBky ogHoro maruy 3
(dikcoBaHUM pe3ysbTaToM Oyiio 3aistHo 10 S0 ¢irypantiB 3 10 pi3Hux kpain. Sk
3asBUB reHepaitbHuil cexperap Intepnony Ponansn Hoy6n (Ronald K. Noble)?,
NpUOYTOK OpraHi3aTopiB JOTOBIPHUX MaT4iB OyB MOPIBHIHHUM 3 TPUOYTKOM
kommnaHnii Coca-Cola, sika y 2012 porri 3apo6una 9 mupna gonapis CIIA.

3 TOTO Yacy CUTyallis 3 JOTOBIPHUMH MaTdyaMy B CIIOPTUBHIN Tally3i TUTBKU
noripmwiacs. 3a gaHuMd MDKHapOJIHO1 acorfiaiii i3 3a0e3MedeHHs] YEeCHOCTI
coptuBHUX cTaBOK (IBIA), kiibKICTh MiO3p1JIOI AKTHUBHOCTI y CTaBKax Ha
cnopTuBHI o1 36unpimnacs Ha 14% y nepion 3 2021 o 2022 pik [13]. Haii6inbie
maxpaicbkux Jii 0yno 3adikcoBano B TeHici (102) Ta ¢pyToomi (67).

@paHily3bka CHOpTHBHA areHuiss Spotradar, ska chewiagi3yeTbcsi Ha
MOHITOPUHTY CHOPTUBHUX MOiH, y CBOEMY IOpiuHOMY 3BITI 3a 2022 pik [14]
3a3HauymnjIa, 10 HAOUIBII Bpa3IMBOIO J0 JOTOBIPHUX MaT4YiB € cepa ¢hyTdoiy: 3a
2022 pik 1o BCbOMY CBITY OyJ10 BUsIBJIEHO 775 H0roBipHUX (HyTOOIBHUX MATYiB, 110
CTaHOBUTH 64% Bij yciXx MaT4iB 3 (HIKCOBAaHUM PE3YJIHTATOM 3a PI3HUMHU BHIAMHU
cnopTy. BopaHouac, mepeiik mepmux TpPhOX BHUAIB CIOPTHUBHHX 3MaraHb 3a

KUIBKICTIO JOTOBIPHUX MATYiB 3a JAHUMH III€1 OpraHizallii 3aJIUIaeTbCsl HE3MIHHUM

I'Europol (2013). Update—Results from the largest football match-fixing investigation in
Europe. (n.d.). Europol. Retrieved 3 September 2023, from
https://www.europol.europa.eu/media-press/newsroom/news/update-results-largest-football-
match-fixing-investigation-in-europe

2RG NEWS. Interpol integrity in sport video report — match fixing: the ugly side of the beautiful
game. Retrieved 3 September 2023, from https://www.responsiblegambling.eu/videos/interpol-
integrity-in-sport-video-report-match-fixing-the-ugly-side-of-the-beautiful-game/


https://www.europol.europa.eu/media-press/newsroom/news/update-results-largest-football-match-fixing-investigation-in-europe
https://www.europol.europa.eu/media-press/newsroom/news/update-results-largest-football-match-fixing-investigation-in-europe
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BXKE€ JICKUJIbKA POKIiB: mepiie Miciie 3aiimMae (yToo, apyre — 0ackeTOoJ1, TpeTe —
BoJsieiOo. [Ipu oMy, y KO)KHOMY 3 IIUX BHUJIIB 3MaraHb 3a()ikCOBaHO 301IbIIICHHS
KUIBKOCTI BCTAHOBJICHUX JOTOBIPHHUX MaT4iB y opiBHsIHHI 3 2021 pokom. Ckaximo,
y ¢GyT001 KUIBKICTh JOTOBIpHUX MaTyiB 30uibmmiacs Ha 10,8% (3 695 no 775).
Haii6inpnry KinbKiCTh JOTOBIPHHMX CIIOPTHUBHUX 3MaraHb 3adikcoBaHo y €Bpori
(630 matuiB), A3zii (240 martuiB) Ta [liBgenHint Amepuii (225 matuiB). [lo peiTuHTY
KpaiH 3 HaWOUIBIIOK KUIBKICTIO JOTOBIPHUX CHOPTUBHUX 3MaraHb YBIWIIUIM:
bpaswuiis (152), Pocis (92), Uexis (56), Kazaxcran (43), Kurait (41), ['pemis (40),
Aprentuna (39), @uninninu (37), [onsmma (36), Tainanxg (35).

BpaxoBytoun HasBHI 3arpo3d JUisl YECHOTO TPOBEACHHS CIIOPTHBHHUX
3maranb, YmpaBiainHa OOH 3 HapkotukiB Ta 3mounHHocti (UNODC) 1
Mixnapoauuii ieHTp 3 6e3nexu cnopty (ICSS) y 2015 p. ykinanu yrogy, HOKIUKaHy
3MIITHUTH CIIBOPAIIO MOA0 OOpOTHOM 3 OpraHi3aIli€lo JOTOBIPHMX MaTdiB Ta
iHmmMKE GopMaMu NPOTHIIPABHOIO BIUIMBY Ha PE3ylIbTaTH 3Maranb’. B mpomy
JIOKYMEHTI CTBEP/[KYBaJIOCs, 110 MPOTUTIPABHUM BIJIUB HA Pe3YyJIbTaTH CIOPTUBHUX
3MaraHb — II€ He MPOCTO MOPYIICHHS MPaBUJI, a KpUMIHATBHHM 37I0YMH Ta MPUUMHA
M1JIPUBY JOBIPH.

Y 2016 porti IUMU 3K OpraHi3alisiMu CIJIBHO OYJI0 MIATOTOBJICHO «/{0BiIKOBE
KEpiBHULTBO MNP0 IEPEJOBi METOAM PO3CIiAyBaHHsS JOTOBIPHMX MardiB»® sK
MIPaKTUYHE KEPIBHUIITBO ISl HAJAHHS TI0CAI0BUM 0CO00aM MiAITPUMKH Y BUSIBJIICHHI
Ta PO3CIiAyBaHHI JOTOBIPHUX MAaTYiB. Y BIAMOBIAHOCTI 0 IIbOTO KEPIBHUIITBA, 10
MOSIBU JIOTOBIPHUX MAaT4iB MPU3BOAATH Takl (akTopu: xkamgobda 10 0coOUcCTol
HaXUBHU, CIa0Kl KEpiBHI CTPYKTypU B Traiy3l CHOPTY, JErKOJAOCTYIHI CBITOBI
OyKMeKepChKl IIaTQOpMHU, BIAKPUTI AJIA MIKPOKOTO KOPUCTYBAHHS, HEJOCTATHS

yBara npaBOOXOPOHHUX OpPraHiB /10 MpoOJEeMHU JOTOBIPHUX MAaTyiB SIK 3arpo3H,

3 DOHA: UN anti-crime agency unveils new partnership to tackle match-fixing, sports betting |
UN News. (2015, April 15). Retrieved 3 September 2023, from
https://news.un.org/en/story/2015/04/496032

4 ICSS. Good Practices in the Investigation of Match Fixing. (n.d.). Retrieved 3 September 2023,
from https://theicss.org/2018/12/31/good-practices-in-the-investigation-of-match-fixing/



29

a TaKOXX BUKOPUCTAHHS CIOPTY OPraHi30BaHOIO 3JIOUMHHICTIO JIA JOCATHEHHS
CBOIX BJIaCHUX 1HTepeciB. Haromomyerbcs, mo moeaHaHHs yCIX IUX (pakTopiB
MPU3BOJUTH JI0 TOTO, 1110 3arpo3a PO3MOBCIOHKEHHS JIOTOBIPHUX MAaT4iB MOCTIHHO
3pOCTaE.

VYkpainceka acomiamist pyréomy € uneHom MixkHapoaHoi ¢GyTO0IBHOT
acomiarii (FIFA) 13 1992 poky. ¥V 2015 poui Ykpaina mianucana KoHBeHIit0 Paau
€Bponu 1moA0 OOpOTHOM 3 JOrOBIpHUMHU MaTtdyamu. MeToro IIi€i KOHBEHIlI €
3ano0iranys, BUSBJICHHS Ta MOKAPAHHS JOTOBIPHUX PE3yNILTATIB y CIIOPTI®.

Takox y 2015 pomi BepxoBna Paga VYkpainum mnpuiiHsuia 3akoH Mpo
3arno0iraHHs BIUIMBY KOPYMIIHHUX MpPaBONOPYIIEHb HA pe3yJbTaTH OQILIHHHUX
CIIOPTUBHUX 3MaraHb, SIKUW MOKJIUKAHUNA YHEMOKIJIMBUTU 3a3HaA4eHHM BrumB [15].
3akon nependaudae mrpad Big 200 go 1000 HeomoaaTKOBYBaHMX MIHIMYMIB
JI0XO/I1B, 0OMEKEHHSI BOJII HA CTPOK OJMH-TPU POKU a00 1030aBIEHHS BOJIi 10 TPHOX
POKIB 31 CITEIKOH]ICKAIIIEI0 3a MAKYT, TPUMYC a00 BCTYI Y 3MOBY JIJIsl TOCSATHEHHS
pe3ynbTaTiB 3 METOI0 OTPUMAHHS HENPAaBOMIPHOI BUTOAM Il ce0e 4u TPEeThOl
ocobu. 3aKOH CTOCYETBCS SIK CHOPTCMEHIB, Tak 1 oci0, Akl OepyTh ydacTb y
oprasizailii 3MaraHb, a Tak0X CIIOPTUBHUX (YHKITIOHEPIB.

[Ipo akTyanbHICTh MPOOJIEMHU JOTOBIPHUX MaTUiB JUIsl yKpaiHChKOro (yTOOTY
cBITUUTH 3asiBa rojoBu Komitety @DV 3 etuku ta yecHoi rpu Irops Kouetosa y
2016 porri, B sAKi{ BIH HAaroJOCHUB, 110 MOJOBHUHA Kiy0iB [lepioi siru mornu Oytu
ydacHHKamMu forosipuux Martuis®. Ilig migospy mnorpanwio Oamseko 100
byTbomicTIB, apOITpH, TPEHEPH.

Hanepenoani ¢inany Jliru YemnioniB UEFA, sikuii BinOyBcst 26 TpaBhs 2018

poky B KueBi, B ykpaiHcbkoMy (yTOONI CnajdaxHyB HalOUIbIIMNA KOPYyNUIAHUAN

3> Chart of signatures and ratifications of Treaty 215. (n.d.). Retrieved 3 September 2023, from
https://www.coe.int/en/web/conventions/full-list?module=signatures-by-treaty&treatynum=215

¢ TTonosuny kny6iB ITepoi jtirn Vkpainu 3amigo3puad B g0oroBipaux Maryax (5 rpyaus 2016).
(n.d.). Retrieved 3 September 2023, from https://sport.nv.ua/ukr/football/vitse-prezident-ffu-
zajaviv-shcho-polovina-klubiv-pershoji-ligi-pidozrjujutsja-u-dogovirnih-matchah-309028.html
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ckaugan B icropii’. 35 (yrOoNLHMX KIyOiB i3 4OTHpPLOX Jir — a 1e 67% ycix
npodeciiHuXx KoMaHJ YKpaiHM — BHUSBWIUCA NPUYETHUMHU JI0 Oprasizaiii
JIOTOBIPHUX MAaT4iB 13 CBIIOMO (IKCOBAaHUM pPE3yIbTAaTOM. 3a3Jajerib 3HAIUH
pe3yNbTaT TPHU, YYACHUKH 3JIOYMHHHX TPYIN POOMIN CTaBKH y OYKMEKEPCHKHX
KOHTOPAX, 3aPEECTPOBAHUX Y KpaiHax A3ii, Ta 3aBASKM aHOHIMHOCTI, HETIPO30POCTI
Ta 0E3KOHTPOJILHOCTI TOTANI3aTOPIB y IIUX KpaiHaX OTPUMYBAJIH JI0 5 MITH JI0JIapiB
CHIA uropiuHo.

OTxe, 3a1a4a BUSBJICHHS JIOTOBIPHUX MAaT4iB € aKTYaJIbHOIO SIK y CBITI, TaK 1
B YkpaiHi. [[pyuomy HallO1Ib1IMH 1HTEpEC NPEICTABIAIOTh PYTOOJIbHI 3MaraHHs siK
HaWUMOMyYJIIPHILI B HAIIM KpaiHl Ta 3aKOPJOHOM.

Tunu 10TOBIpHMX MAaT4iB BUIUIAIOTHCS 3a JBOMa KpurepissMu [16]
(tabs. 1.1): Bux oprauizaiii TUX, XTO CTOITh 3a JIOTOBIPHUM MaT4deM, Ta HasIBHICTh
3a;mydeHHsT (piHAHCIB I B3a€EMOPO3PAXyHKIB y4dacHUKIB 3MoBu. Cepen BUIIB
oprasizaiiii BUJIJISIOTh BHYTPIIIHIO Ta KOMOiHOBaHy. Jl0 BHYTpPIIITHROI OpraHizarii
HaJIeXaTh JIIOH, SIKI MAIOTh BIIHOLIEHHS O€310cepeIHbO 10 rpu abo oprasizaiii Ta
MIPOBEICHHS IILOTO MaTuy. Hampukias, 1ie MOXyTh OyTH TpaBili, TUPEKTOP KIyOy,
TpeHep KOMaHIW, ska Oepe ydacTh Yy JOTOBIPHOMY MaTdi, a TaKOX I1HIII
CHiBpOOITHUKM CIIOPTUBHOI cpepHu, 3adisH1 y oprasizauii abo nIpoBeIEeHHI MaT4y.
KoMm0GiHoBaHa opranizaiiis 10JJaTKOBO BKJIIOYA€E B ce0€ YYaCHUKIB, 5IK1 € 30BHIIITHIMU
10 BIIHOIIICHHIO JI0 MaT4dy a0o J0 CIOPTY B IIIJIOMY, ajie TIPH 1IbOMY 3alliKaBJICH1 Yy
pe3yNbTaTi HOTO MaTuy. SIKIIO JJIsl OpraHi3allii JOTOBIpHOTO MaTdy OYJIO 3aJisTHO
KOMOIHOBaHy  OpTraHi3aiil0  y4YacHHKIB 13  3aJdy4eHHSIM  (hIHAHCOBHX
B3a€EMOPO3PaxXyHKIB, TaKUW MaT4d BIJHOCUTHCS JIO0 OpraHizalliiHUX JOTOBIPHUX
MatuiB (tun [). Sxkmo B koMOiHOBaHIM oOpraHizaiii 3J0OBMUCHUKH HE
BUKOPHUCTOBYIOTH ISl B3AEMOPO3PaxyHKIB 0€3M0CEPEIHBO TPOIITi, TO TaKi JOTOBIPHI
MaT4i BiAHOCATH o0 Tumy Il. SIkmmo >k opranizaiis € BHYTPIIIHBOIO 13 3aiTHHAM

(G1HaHCOBUX TIOTOKIB, TO MPOBEICHHS TaKUX TOTOBIPHUX MAaT4iB MPU3BOAHUTH [0

" TIrpu Ge3 npasuit. Bei moapo6uIli ckanaany HaBKOJIO OTOBIpHMX MardiB B Ykpaini (23 TpaBHs
2018). (n.d.). Retrieved 3 September 2023, from https://nv.ua/ukr/ukraine/events/ihri-bez-pravil-
vsi-podrobitsi-skandalu-navkolo-dohovirnikh-matchiv-v-ukrajini-2471458.html
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JIUIIE BUPIIICHHS MUTAHHS 3a0€3Me4YeHHs JOJAATKOBUMH 3aco0aMu JIJIsi ICHYBaHHS
YYACHHMKIB KOMaHAM abo opranizatopiB martdy (tun III). fxmo opranizaumis e
BHYTPIIIHBOIO 1 MpH [bOMY (iHAHCH HE 3aAII0ThCS, TO TMPOBEICHHS TaKHUX

JIOTOBIPHUX MaT4iB Ma€ Ha MET1 MOKpAIECHHS MOKA3HHUKIB YCHIIIHOCTI KOMaHIH

(tun IV).

Tabmuns 1.1 — Knacudikaiis norosipHux maTtdis [16]

3anmyuyeHHs (piHAHCIB
[IpucytHe Biacytae
II T
I Tun JloroBipHi MaT4i, sIK1
KomG6inoBana Opranizariiii 0a3yroThCS Ha
. JIOTOBIpHI MaT4i B3a€MOBITHOCHHAX
Bun mepexi _
. YYACHUKIB
3JIOBMUCHUKIB
I Tun
o _ IV Tun
. JlorosipH1 MaTul, o o
BuyTpimusa . JlorosipH1 MaTul, 5Kl
3aCHOBaHI Ha 3aco0ax
. 0a3yl0ThCsl Ha ronax
JUIS1 ICHYBaHHS

Hawm nns noganeioro Oyne 3pyuHiiie 00’ €1HaTH AOTOBIPHI MaTyi MEpIIOro 1
TPETHOT'O TUITY B FPYITY «IOTOBIPHI MaTyl 3 METOIO BUTPAITy 32 CTABKAMH YU 1HILIOIO
(1HAaHCOBOIO BHUIOJIOIO», a MaTdl JAPYroro Ta YETBEPTOro THUIy — B TPYyIy
«JIOTOBIpHI MaT4i, COPSIMOBaH1 Ha JIOCATHEHHS CIOPTUBHOTO PE3YJIbTaTY».

JloroBipHi MaTui nepioi 00’ eAHAHOT IPYIH MOXKYTh OpPTraHi30BYBaTH 0COOH,
AKi Oe3mocepeIHh0 HE MPUUMAIOTh Y4YacTi Y CHOPTUBHOMY 3MaraHHi, 3 METOIO
OTPUMAaHHs HE3aKOHHOTO (DiHAHCOBOTO MPHUOYTKY, TMOEAHYIOUM JIeTalbHI Ta
HeJerajbHl CHOPTUMBHI OyKMEKepChbKl MIaTGOpMU Ta pPO3NOJAUISIOUN YACTUHY
npuOyTKY cepell TUX, XTo OyB 6e3MmocepeIHbO MOB'I3aHM 13 3a]TyYeHUMH J10 YTOJIU

OCO6aMI/I-y‘IaCHI/IKaMI/I 3Maratb.
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Takox, Taka QopMa [IOrOBIpHOTO MaTdyy MOKe OYTH OpraHi3oBaHa Ta
KOHTPOJIIOBATUCSI CAMUMHU YYaCHUKAMH CIIOPTUBHOTO 3MaraHHs, SKi pPOOJISATH
CTaBKHU caMi abo depes MiJICTaBHy 0c0o0y, 1m0 (HaKTUYHO i€ BiJ] IXHHOTO IMEHI.

VY J0oTOoBipHUX MaTrdax, IOB’S3aHUX 3 BUTPAIIOM 3a CTaBKaMH, OCHOBHHM
3aBJIAHHSIM € OTPUMAaHHS pe3yJIbTaTy MaTdy, BIIMIHHOTO BiJi OYiKyBaHOTO, 1100
MaKCHUMaJIbHO 3apOOUTH Ha CTaBIll. YuM HEHMOBIpHIIIMM Oyne pe3yibTaT, TUM
MNOTEHIIIHO OLIBIINI NpUOYTOK MOKHA OTPUMATH Ha CTaBIIl.

Yroau 3a TOTOBIpHUMH MaTyaMH TaKOXX MOXYTb OyTH MOB'S3aHI 3 1HIIUMU
dbopMaMu 3J0YMHHOI AISUTLHOCTI, BKJIIOYAKOYM BIJIMUBAaHHS KOIITIB, TOPTIBIIIO
JIOJbMH, YXWIEHHS BIJ CIUIATH TOJATKIB, 3arpo3d (I3UYHOI pPO3NpaBU Ta
HAaCUJIbCTBA, IMaXpalCTBO, Xa0apHUIITBO Ta 3AMPHHUITBO[16]. BoHuM Takox €
JoKepenoM  (iHAHCYBaHHsS OpPraHi30BaHWX 3JIOYMHHHUX YTPYHNOBaHb 3 METOIO
3MIACHEHHSI THIIMX, ORI MPUOYTKOBUX/TSHKKHUX 3JI0YMHIB. BakiMBO 3a3HAYUTH,
0 caMme 1€l TUN JOTOBIPHUX MAT4iB TOB'SI3aHUM 13 KPUMIHAJIOM, HE3aKOHHUM
30arayeHHsAM i BUKJIMKa€e MakcuMaibay tpusory FIFA ta OOH 8.

JloroBipHi MaT4i Jpyroi o00’€aHaHOi Tpynu, TOOTO CHpPSAMOBaHI Ha
JIOCSITHEHHSI CIIOPTUBHOIO pe3yJbTaTy, HE MOB'S3aHl 31 CTaBKAMHM Ta 3 MEHIIOIO
HMOBIPHICTIO 3a]y4y€Hl 0 KpUMIHAIBHOI JisibHOCTI. OAHAaK, 1 B HbOMY BUIAJKY
3a3BUYall iICHY€ OHAaMeHIIIe HepsAMa (piHAaHCOBA BUTO/IA BiJl yTOMIH.

MoTuBHM [JIi JOTOBIPHHUX MAaTYiB I[OT'O THIY MOXYTh OyTH PI3HUMH.
Hampukiaz, THIIOBUME CUTYAITISIMH € TaKi:

a) KOMaH/I1 JJOMOBIISIFOTHCSI BUTPATH 110 OJJHOMY MaTdy B OYHHUX 3yCTpidax,
3a0e3neuyoun coli 1Mo TpU O4YKa — Lie Ouiblle, HIX 3a 1Bl HiuWi. [Ipu npomy He
JIOBOAUTHLCS PU3UKYBAaTH, HAMAraltounuch 3100yTH YOTUPH ab0 MIICTh OYOK;

0) migep mapu, cTpaxyroud ce0e BiJi BUMAJAKOBOI BTPATH OYOK 1 Oakarouu
noOeperTy rpa.liB, OOIlsf€ HIYUIO HAa BUI3l B OOMIH Ha TapaHTOBaHy MEPEMOTY

BJIOMa. AyTcaiiiep 3 TaKOI MPOIO3HUIIEI0 MMOTOIKYETHCS, AK€ TEOPETUIHO HOMY

8 ICSS. Good Practices in the Investigation of Match Fixing. (n.d.). Retrieved 3 September 2023,
from https://theicss.org/2018/12/31/good-practices-in-the-investigation-of-match-fixing/
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BaXXKO Oysio 0 HaOpaTu HaBITh OJHE OYKO. Taka cHUTyallld MOXE€ MaTH MICLE Y
MaT4yax CyHEepHHKIB PI3HOTO PIBHS;

B) KOMaH/I1, sIka ByK€ BUPIIIMIA BC1 CBOI TYpPHIPHI 3aBAaHHs, 3alIPOTIOHYIOTh
y IIbOMY CE30H1 MPOTpaTH KOMaH Ii 3 HKYUM PEUTHHTOM, 3 SIKOIO Oy/ie MPOBEACHUN
MaTd, o0 Ta He OMYCTUJIACS JO HUXKYOI JIITY, B3aMiH rapaHTyBaBIIIHM IIEPEMOTY B
HACTymHOMY ce30Hi. [ls TumoBa cuTyaiiss Moxke BiIOyBaTHCS HANPUKIHII
YEeMITIOHATY.

JloroBipHi Matui japyroi o0’€AHaHOT Tpynu, KpIM TOTO, MOXYThb
OpraHi30BYBATUCS JJIS MIABUIIEHHS MO3UIII KOMaHIW B TYpPHIpHINA TaOIuII.

TUNOBOIO CUTYALIEIO € TAKOXK MOKYIIKA PE3YyJIbTAaTy Yepe3 Xxadap KepIBHULITBY
KJIyOy, KOMaH/i, KUJIBKOM TPpaBIsIM (2 4acoM — JIMIIE BOpoTapeBi) abo apOiTpy
noeauHky. Matu «Metamicty — «Kapnatu» (2008 pik), BusHanuii depepaiiieto
¢yr6omy Ykpainu morosipaum’, 6yB OpranizoBaHui caMe 3a TAKOIO CXEMOIO: IPaBIi
JIbBIBCBKOT KoMmaHau otpuManu 110 tmc. pgomapiB CIHIA, 3abe3neuyuBrin
xapkiB'sHam nepemory 4:0 1 BIANOBIAHE MiABUILECHHS B TYPHIpHIN TaOIuULIL.

Pa3zoMm 3 TuM cimij 3a3HaYUTH, 0 0COOH, SIKI 3HAIOTH MPO (PaKT JOTOBIPHOTO
MaT4y, MOB’A3aHOT0 31 CIOPTUBHOI MOTHUBALIIE€I0, MOKYTh BUKOPUCTOBYBATHU IIIO
«BHYTPILIHIO 1H(QOpMaIiI0» Ha Oip’Kax CTaBOK 3 METOK0 OTPUMAaHHs PUOYTKY [16].

3arajgomM, BHSBJICHHS JOTOBIPHMX MAaTyiB, CIPSMOBAHUX Ha JOCATHEHHS
CIIOPTUBHOTO PE3yJbTAaTy, € CKJIAJHIIIMM 3aBIaHHSIM, OCKUIBKMA 3a BiJICYTHOCTI
JIOKa3iB iICHYBaHHs CTaBOK Habarato CKIJIQTHINIE TOBECTH caM (aKT IaxpancTsa.
TyT y cTOpiH, IO TOMOBJISIFOTHCS, € 3aBJaHHS MAaKCUMAJIbHO IPUXOBATH JJOTOBIPHUH
MaTy Mij 3BUYailHu# 1 IpU LIbOMY BUPILIMTH CBOIO MPOOIIEMY.

[HIIMM HACIAKOM JOTOBIPHUX MaTYiB TAKOTO THUITY € T€, 110 IXHI YYaCHUKHU
MOXYTh 3rOJIOM CTaTW >KEPTBAMH HIAHTaXy 3 OOKYy IHIIUX 3JIOBMUCHHUKIB, SIKI

JII3HAIOTHCS TIPO JOMOBJICHOCTI JOTOBIpHOTO MaT4y [16].

? Ik Meranict i Kapnaru nokapasu 3a JoroBipHuil Matd, 3irpanuii y 2008 poui (16 Uepsus
2020). (n.d.). Retrieved 3 September 2023, from https://sport.ua/uk/news/491446-kak-metallist-i-
karpaty-nakazali-za-dogovornoy-match-sygranniy-v-2008-godu
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[Ipunyctumo, 10 JOMOBJIEHICTh Ha KOHKPETHUW MiJCYMKOBHUH pe3yJbTatr
MaT4y Y MEBHI HOT0 XapaKTEPUCTUKU (KUIbKICTh 320MTHX M’SI4IB, PI3HULS M’ SYiB
TOIIIO) € METOI OTPUMAaHHS HEMPABOMIPHOI BUTOJIM Ha CTaBKax y OYKMEKEPChKHUX
KoMmaHisgx. B Takomy BuUMajKy, 1€ MOTEHIIMHO MOXJIMBO BIJCTIIKYBaTH 4epe3
(dhiHaHCOBI TpaH3aKIlii a00 HEMPUPOIHUN PO3IOILT 00CATIB CTABOK HA BIAMOBIIHI
pesyapratn Matuy [17,18]. V Bumaaxky, SKI0 yroad Mo JOTOBIPHHUX MaTdax
YKIaJarThea yepe3 opimiiiHl OyKMEeKepCchbKl KOHTOPU abo K y KpaiHax, /i€ ICHY€
KOPCTKE Ta €(PEKTUBHE PETYNIOBAaHHA, CIITYMM 3HAYHO MPOCTIIIE OTPUMATH
iH(popMaIlio Ta JoKa3u Mpo Takl yroau. Lle mosicHoeTbest TUM, IO aBTOPU30BAHI
OyKMEKEpChbKI ONepaTopd MOBHHHI BIJANOBIJIATA BCTAHOBJIEHUM CTaHAApTaM 3
TIOTJISITY TTPO30POCTI Ta IUTICHOCTI CTAaBOK.

Opnak, gaHi Tpo KUIbKICTh, PO3MIp Ta Yac BIANOBIJIHUX CTaBOK €
HemyOJIigHOI0 1H(GOpPMAITIEr0, a BiIOMI METOU PO3KPUTTS MPUXOBAHOI iH(MOpMAaIIii
[19] TyT Mam03acTOCOBHI.

[Ipote, HaBITh HASIBHICTh aHUX BiJ OYKMEKEPCHKMX KOMMAHIA HIYMM HE
JIOTIOMO’KE B TMEBHHUX CHUTYaIlisiX. Take MOXINBO, SKIIO € KyJlyapHa JOMOBJICHICTD
Npo mporpam oOjHiI€El KOMaHIM IHINN 3 TMEeBHOK (PIHAHCOBOK YH 1HIIOIO
KOMIIEHCalli€ro vepe3 HezalexkHi kaHanmu [10]. Takox 1e MOXIHMBO, KOJIU €
MaTepianibHa CTUMYJISLIS TPETHOI CTOPOHOIO OJIHIET KOMAaHAM MPOTH iHIIOI. Taxi
(dbakTH BCTAaHOBUTH HANEBHE Mail)ke HepeajJbHO, MPUHANWMHI, 0€3 MPOBEICHHS
crerianpbHOi Toineichkoi omeparii. CmpaBa B ToMy, IO cama MpUpoja
CIOPTUBHHUX 3MaraHb rapaHTye, 10 HE 3aBXAM IepeMarae CHbHIIIA KOMaHza, 1
IbOMY MO’Ha HaBECTH 0arato BiJIMOBIAHUX MPUKIAAIB y OyIb-IKOMY BHUJII CIIOPTY.
Tomy B miteparypi [10, 17, 18] roBopsTh Jume Opo Te, MO Pe3yJbTaT MEBHHUX
MaT4iB € MiJ03PUIMM, HETUIIOBUM, aJIOT1YHUM, aHOMAJIbHUM TOIIo. AJjie ¥ Taka
iHpopMallii € KOPUCHOI Ta BAXKIUBOIO, OCKIUIBKA BHUCTYMAE JOJATKOBUM
1HAMKATOPOM TOTO, LIO0 IMEBHA KOMaHJa MOXE MAaTh CTOCYHOK /10 MOPYILIEHHS
CTIOPTHBHUX MPHUHIIUIIIB YECHOI TPH.

B cBiTi KOXHOTO JHSA MPOBOJSATHCS COTHI (PyTOONBHMX MaT4iB, ICHYE COTHI

YEeMITIOHATIB B PI3HUX KpaiHax, TOMY BHHHUKAaE roctpa nmorpedba B aBTOMaTH3AIlli
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MpOLIECY BHSBJICHHS MIJO3PUIMX IIOAO (PIKCOBAHOIO pe3yJbTaTy MaTyiB IO
BEJIMKOMY OOCATY JTaHUX.

Hapasi maitxe Bci Bigomi [17, 18] Bunagku BUSBICHHS JOTOBIPHUX MaTYiB
MOB’s13aH1 3 BUKOPUCTAHHSIM JaHUX B OykMekepiB. OpgHak HE Ha BCl MaT4i B
CIOPTUBHHUX TYpPHIpaxX MNPUHAMAIOTHCS CTaBKH, a SKIIO W NPUUMAIOTBCS, TO
1H(pOpMaIlis PO HUX € KOMEPIIHOI TAaEMHUIICI0, a00 CTaBKU B3arajli MOXYTh
IpUiiMaTUCS HAa HeJlerajabHuX IuiatgpopMax crnopTuBHUX craBok (illegal sports
betting platforms). Tomy akmyansnumu ciin BBaKaTh JTOCTIIKCHHS, CIIPSIMOBaHI
Ha MOIIYK NOTEHIIIHO MA03pUINX Pe3yIbTaTiB MaTyiB CHOPTUBHUX 3Maranb Ha 0a3i

00pOOKH BUKJIIOUHO 3araJIbHOJOCTYITHUX MYOIIYHUX JaHUX.

1.2 AHaui3 iCHYIOYHX pillleHb {010 BUSIBJICHHSI MaT4iB, MIA03PUINX HA

(pikcoBaHMii pe3yabTarT

[IpoGiemaTuka AOCHIIPKEHHS JOTOBIPHUX MAaT4iB € 0araroacrnekTHOK 1
BKJIFOYa€ B ce0e TONIYK NMPWYWH iX BUHUKHCHHS Ta TOIIMPEHHS, BpaxyBaHHS
HalllOHAJIbBHUX 0COOJIMBOCTEMN, EKOHOMIUHE MIATPYHTS, FOPUIUYHI TUTAHHS, 3B’ 30K
3 KpUMIHAJIBHUM CBITOM, aHali3 OCOOJMBOCTEH B PI3HUX BHUAAX CHOPTY TOIIO
[9, 10]. B ocTanne necatupivyds 10 OOTOBOPEHHS IIUX MUTAaHb AKTUBHO JOJTYYHIINCS
i comiosoru [20, 21]. 3maranss, Jie Tpa HE BBaXKAEThCS aBTEHTUYHOIO, HE MOXKYTh
OUIKYBaTH, 1[0 BOHU OYAYyTh MPOJIOBKYBATH OTPUMYBATU TPOMAJICHKY MiATPUMKY
[22]. Cama Mepexa ydYacHHKIB, BTATHYTHX N0 cepu oprasizaiii JOTOBIPHUX
MaTYiB, MOKE€ MATH PI3HY CTPYKTYpPY: BIJl TOPU30OHTAIBHOI MK CITa0KO 3B’ SI3aHUMU
TUMYacoBUMHU ydacHUKaMu (1K B Koriopolis, komu monHaiimenmie 40 maryis
rpenpkoro 4yemmionary 3 ¢yréomy B ce3oni 2009-10 pokiB Oynu BU3HaHI
noroBipauMu [23]) 1o cTporoi BepTukansHoi iepapxii (sk B «Sike Davasy ckangami
mig gac cezony 2010-2011 pokiB B Typeubkomy (yrOoii, fe JeranbHU 0i3HEC
¢GyTO0IBHOrO KiIyOy MisIB 32 HEJETATIBHOIO CXeMOIO [24]).

OkpeMor0 KaTeropi€ro JOCHiIKeHb y cdepli CHOPTUBHHUX, 30KpeMa

¢GbyTOOJNIBHUX, 3MaraHb € MaTeMaTU4YHI METOAW BUSBJICHHSA MaTdiB 3 (PiKCOBaHUM
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pesynbTatoM. [lomyk Takux aHOMAaTi y CIIOPTUBHUX 3MaraHHAX, MpUHANWMHI, Y
ctepi ¢pyTOOITY Hapasi 3BOJUTHCS 10 HPOCHO3Y6AHHA PE3Y/IbMAmY MAmMYy, AHA1I3Y

CmaeokK aoo Oiil yuacHukie mamuy npomsazom eciei cpu [17, 22, 25-28] (puc. 1.1).

Hanpamun matemaTUyHUX A0CNiAKEHDb B
chepi pyT60NbHOT AaHANITUKK

MporHosyBaHHA pesyibTaTy MaTvy AHani3 cTaBoK

AHani3 gin y4acHMKiB MaT4y NPOTArom BCiel
rpu

Pucynox 1.1 — Hanpsimky MaTeMaTUYHUX JTOCHIKEHDb y cdepl GyTOoNbHOT

AHATITUKH

Ilpoznosyeanns pesynomamy dymoonvHo2o0 mamuy BX€ HOCHTHh JaBHO €
MOMYJISIPHOIO JTOCTIAHUIIBKOIO TPo0IeMor0. MeToau OTpUMaHHS PIillICHHS IS I1€T
npo0JieMH BKJIIOYAIOTh CTATUCTUYHI MeToau [25] (30KpeMa, baifeciBCbK1 Mepexki) Ta
METOIM MAaIlMHHOTO HaByaHHs [26]. B poOoti [25] Oyio 3amporoHOBaHO
baiieciBcbky Mepexy i1l MPOTHO3YBAHHS PE3ybTaTy MaT4y B TEpMiHAX HIUM€ET a00
BHUTpAITy MiCIIeBOi a00 rOCTLOBOT KOMaH I, TOYHICTh K01 tocsarana 75 % i Oyia Ha
MOMEHT IyOJiKaIli pe3yJbTaTiB OJHIEID 3 HAWBHUIIUX IPU PO3B’sA3aHHI 3a/aad
nomiOHUM criocoOoMm. J[Jsi MpOTHO3YBaHHS PE3yJIbTaTy MOJEIh BUKOPUCTOBYE 18
aTpuOyTIB 1 KOXXKHOTO MaTdy. [lepeBaroro mbpbOoro MeTOAYy € MOXKIUBICTh
YUCEIHLHOTO UMOBIPHICHOTO BU3HAYEHHS BIUTMBY 0OpaHUX aTpuOyTIB HA PE3yIbTaT
MaT4y, LOI0 J1a€ 3MOry c(OpMYJIOBaTH WMOBIPHICHI MpaBUJa BU3HAYEHHS L[bOTO
pe3ynbTaty. HepgomikoM gaHOTO METOAY € HeOOXIIHICTh BUKOPUCTAHHS CYTTEBOTO
o0csry JOJATKOBUX aTpuOyTIB TPO KOXKEH Mard JJisi OUIbII TOYHOTO
MPOTHO3YBAHHS PE3yJIbTATY.

VY poborti [28] mporHo3yBaBcs He paxyHOK (yTOOJIBHOTO MaTdy, a TUIBKH
pe3yabTar — TOOTO sIka KOMaHaa NepeMoxke 4u Oyjae 3adiKCOBaHUM HIYMWHUM

PE3yJIbTAaT. I[HH ObO0T0 6y.TIO BHUKOPHUCTAHO JABa piSHI/IX MCTOJa MAaIINnHHOI'O
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HAaBYaHHS: IITYYHI HEHPOHHI MEpexXi Ta JepeBa MPUHHATTA pillleHb. Pe3ynbratu
MaTyiB MPOTHO3YBAJIUCh HAa OCHOBI 3arajbHOi CHUJIM KOMAaHJ Ta Pe3yJbTaTiB 1rop,
3irpaHuX MK JIBOMa KOMaHAaMH y MUHYJUX ce30Hax. /{15 HaByaHHS 1 TeCTyBaHHS
BKa3aHUX BHUILE METOJIB OYyJI0O BUKOPUCTAHO JaHI 3 TphoX (GyTOOJbHHMX JIIr:
TypelbKa CymepJira, aHrmichka mpem'ep-iira ta Opasunbscbka Cepist A.

VY po6orti [29] nis mporHo3yBaHHS pe3yibTaTiB (GyTOOJBHUX MAaT4iB OYIIO0
BUKOPUCTAHO YOTHUPHU PIZHUX METOJAA 1HTEJNEKTYyaJIbHOIO aHAI3y JaHUX: JIepeBa
MPUIHATTS pillieHb, HAiBHUM balieciBcbkuii kmacugikaTop, aepeBa TpaliEHTHOTO
OYCTIHTY Ta BUITQJKOBUU Jiic. Pe3ynbTat MaT4iB MPOTHO3YBAIUCH y (hopMarax
«IEepeMOora-Hiung-mopa3ka» Ta KUIbBKOCTI OTPUMAaHUX O4YOK. Pe3ynbpTaTu
MIPOTHO3YBAIMCH HA OCHOBI K BJIACTUBOCTEN KOMaH]I, TaK 1 TOKA3HUKIB yCHIIIHOCTI
KOMaH/I POTSroM nonepennix maryis. Jlani Oynu 310pani 3 10 ce3oniB 2007-2017
POKIB TypeubKkoi cynepiiru. BukopuctanusM BkazaHUX Mofenell Oyna JocarHyTa
aKypaTHICTh (accuracy) mnporHO3yBaHHs 74 % st pe3ynsTaTiB 'y (dopmari
«repeMora-Hiuug-rnopaska», 1 86 % — mno KuibKocTi HAOpaHUX OYOK.

VY po6ori [26] 3ampornoHoBaHa HEHPOHHA Mepeka TITMOUMHHOTO HABYAHHS IS
nependayeHHs: nepeMoxis (QyrOonbHOro martdy. [lins mporHo3y pe3ynbTary
MOTOYHOrO MaT4dy SIK BX1JIHI JIaHI BUKOPUCTOBYETHCS 1H(OpMaIis Mpo ocTaHH1 35
MaT4iB KOKHOI 3 KOMaH/I-y4aCHUIIb MaTdy. 3 11i€i iHPpopMalii AJi KO)KHOTO MaTdy
PO3TIIAIAI0THCS 3HAUEHHS JIeB’iTH aTpuOyTiB. [1o KOKHOMY 3 aTpHOYTIB HA OCHOBI
35 octaHHIX MaT4iB (OPMYETHCS IIICTh CTATUCTUYHUX 1HAUKATOPIB. TaKUM YHHOM,
JUISL KOMaHAW-y4acHUIll MaTdy (opmyeTbcsi BeKTOp 3 54 KOOpIHWHATAMHU.
O06’ennanuii Bexktop 3 108 koopauHaTamMu € BXiIHUM HAOOPOM JAaHUX JIJIsi 0OpaHol
HEHPOHHOI Mepexi. Pe3ynpTaToM poOOTH HEMPOHHOI MEPEXl € TPU 3HAYEHHS 3
niama3ony [0; 1], ki B cyMi JJalOTh OJMHHUIIIO M IHTEPIPETYIOTHCS SIK HMOBIPHOCTI
TOTO, IO MaTd 3aKIHYUThCA HiuMeo abo BHUTpamioM OAHIET 3 KOMaH]I.
Buxopucranusam BkazaHoi Mojieni Oyia TOCATHYTa TOYHICTh MPOTHO3YBaHHS 62 %.

B [30] s mporuo3yBaHHs pe3yJibTaTiB (PyTOOIBHUX MATUIB PEATi30BAHO TPU
QITOPUTMH MAaIIMHHOTO HABYAHHS: JIIC epeB NpUHATTA pimieHs (Decision Forest),

mTy4Ha HeiipoHHa mepexka (Artificial Neural Network, ANN) ta MeTOJ1 OITOpHHUX
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BekTOopiB (Support Vector Machine). Haiikpaiuii pe3yapTaT BUWILIOB y alrOPUTMY
JCy AEPEeB MPUUHATTS PillIeHb, SIKUM gocsir ToUHOCTI 89%, ANN nocsiria TOUHOCTI
72%, a SVM — 70%.

VY [31] 3 BUKOpUCTAaHHSM HEUPOHHUX MEPEK OyJIM CIPOrHO30BaH1 PE3yIbTaTH
cezony 2015/2016 pokiB HIMEILKMX KOMAaH]I, IO BXOJATh M0 «byHaecmirm» —
rojoBHOi Ppyr6onbHOI irn HiMeuunnu. Byno BUsSBICHO YMHHUKH, IO HANO1IbIIE
BIUIMBAIOTh HA YCIIIIHICTh BUCTYNy KOMaHJIU B CE€30HI: CEPEIHIM PICT IpaBIiB
KOMaH/1, KUTbKICTh OYOK, HAOpaHUX KOMaHJ0I0 B TTOTIEPETHHOMY CE30H1, CepeTHIN
BIK T'PaBLIB.

B [32] HaBeneHo omnuc po3poOKM HEHPOMEPEXKEBOI CHUCTEMHU IS
MIPOTHO3YBAHHS PE3YJIbTATIB CE30HY 1TAMNChKOT (hyTOO0IBHOT Jirn «Cepist Ax». Jlns
nig00py MOYAaTKOBOI MHOXKMHU OyJIM BUKOPHUCTAaHI TEMATUYHI CalTH, IO MICTATh
MOBHY CTATUCTUKY 32 HEOOXIMHMMH XapakTepucTtukamu. CucTemMa 3aCHOBaHa Ha
BapTICHUX XapaKTEPUCTHKAX: Mae 12 BXIHUX MapaMmeTpiB, OUIBIIICTh 3 SKHX
OMUCYIOTh BapTICTh OKPEMHX TpaBIiB Ta KIyOy B IIJIOMY, Ta OJUH BUXITHUU
napameTp, KMl MoKa3ye Miclle KOMaHJH1 B HACTYITHOMY ce30Hi. Cuctema J103BoJIs€
BUKOHYBATH OI[IHKY BUCTYNY (yTOOIHHOT KOMaHAM B CE30HI B pAMKaxX paHKyBaHHS
Bix 1 1o 5 mo3umii, 1e 1 — 1e 1-4 micug ta Buxifg o JIiru yemIroHis, a 5 — KoMaH1a
3anuiiae Jiry. Bu3zHaueHo piBeHb 3HAYYIIOCTI BIUIMBY KOXKHOTO 3 BXIJIHHUX
napamMeTpiB Ha pe3yJibTaT HEHpPOHHOI Mepexi. JlochiKeHO BIUIMB BXIAHHUX
napaMeTpiB Ha MiJICYMKOBE pO3TalTyBaHHS KOMaH/IU B CE30HI.

Hetiporni Mepekxi TakoX HIMPOKO BUKOPUCTOBYIOTHCS JIJISl IPOTHO3YBAHHS
pe3yJbTaTiB B IHIIMX BUJAX crnopty: OeiicOomni [33, 34|, nerkiit atnerur [35],
BoJIe00J11 [36] ToOIII10.

Ane 3anpornoHoBaHi B [25-26, 29-32] miaxoau € MaJONPUHHATHUMH JIJIs
BUSIBJICHHSI JIOTOBIPHUX MaTYiB, MOB’S3aHUX 3 BUTPAIIIOM 34 CTaBKaMH, 00 B TaKUX
MaT4ax camMe PaxyHOK 3a3BHuail € BUPIMIAILHUM, a HE TIPOCTO PE3yJIbTaT MaTdy.
HenmonikamMu BkazaHUX MoOJEled Tak0X € BHUKOPUCTAHHS 3HAYHOI KUIBKOCTI
JIOAATKOBUX aTpuOyTIB MarTyy, SIKi HE 3aBXJHU € JOCTYIHHMH, Ta BIJCYTHICTb

MOJKJIUBOCTI OTPpUMAHHA aHATITHIHUX 33KOHOMipHOCTCﬁ M1 IIPOTrHO3YBAHHA
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pesyabtary. Lli Hemomiku 3yMOBIIIOIOTh HEOOXIAHICTh MPOBEACHHS TOCTIKEHDb Y
HaIpsIMKY po3pOOKH aIrOpUTMIB, SIKI BAKOPUCTOBYIOTh OUIBII AOCTYIHI aTpuOyTH
MaT4dy 1 JO3BOJISIIOTH MOOYAYBaTH BIAMOBIJHI aHAJNITUYHI 3aKOHOMIPHOCTI JJis
MPOTHO3YBAHHS HE TIJILKH PE3yibTaTy, aje i paxXyHKy MaTya.

Jlnst BUsIBJICHHS MaTdiB 3 (PIKCOBAHMM pPE3yJIbTaTOM BHKOPUCTOBYIOTHCS
Memoou Ha 0CHOGI ananizy cmaeok [22,37]. Y CBITI CIOPTUBHUX CTABOK CKJIATUCS
NEBHI MPUPOJHI 3aKOHOMIPHOCTI. TOMy 3aBIaHHS MONIIYKY JOTOBIPHOTO MaT4dy
3BOJIMTHCA /10 3HAXO/DKEHHS THUX CHUTHATIB, $KI CylepedaTh TaKuM
3aKOHOMIpHOCTsIM. Hampukian, Ha wMard 3a yd4acTio Oyab-KOi KOMaHIU
MIPOCTABIIAETHCS TMPUOJIM3HO OJTHAKOBA CyMma rpolied. Ajie sIKIo o0csSr CTaBOK Y
KUJIbKa pa3iB MepeBUINy€ 3BUYAWHUHU, 1€ MOTY>KHUU 1HIUKATOP TOTO, IO MaT4
MOTpAIUISE 10 KaTeropii JoroBipHuX. Takok OCKUIbKU 3a3BUYail OUIBIIICTh TPaBIliB
CTaBUTh Ha (paBopUTa MaTUYy, TO 1 TPOIIIEH Ha (aBOPHUTI 3aBXK AW 3HAYHO OLIBITIE, HIXK
Ha ayTcaijepi. Aje SKIIO BHUSABJISETHCS, IO TPOIICH Ha ayTcaijepa MOCTaBICHO
OlblIe, HDK Ha (aBOpUTA, TO 1€ TAKOXK 1HAUKATOP TOTO, IO MaTy MNOTPAIUISE JI0
KaTeropii J10roBIpHHUX.

VY [22] aBTOpH BHKOPHUCTOBYBAJIM CHEIllajbHI MOJENI JJIsI TPOTHO3YBaHHS
00cAry CTaBOK 1 MOPIBHSHHS PEaJbHOTO OOCITY CTAaBOK 13 MPOTHO30BaHUM 3a
JIOTIOMOT'O¥0 CTATUCTUYHUX METOT1B. OOCITH IIUX CTAaBOK MOPIBHIOBAJIUCS B TOM Yac,
KOJIM Hae Matd. Mogeini, siki BAKOPUCTOBYBAIMUCS ISl TPOTHO3YBaHHs, 0a3yIOThCS
Ha TaKUX aTpuOyTax SK IUTMH Yacy, MPUCY/DKEHHS YEPBOHUX KAPTOK 1 MOTOYHUUN
paxyHOK. SIKmio mijg Yac Mardy pI3HULS MDK peaJbHUM OOCATOM CTaBOK 1
IIPOTHO30BAaHUM € CTAaTUCTUYHO 3HAYYIIOI0, MAaTy BBaXKaeThesl (pikcoBaHuM. Y [37]
BBEJCHO MOJIENb 3 LUIAMHU Ta OpoHIOBaHHSMU. Ll mMozenb BkItodae B ceOe THUI
KOMaHAW (BAOMA, Ha BWI3/ll), MOAli, MOB’sA3aHl 13 3a0MTTSAM TOy 1 OTPUMAHHSIM
IPaBISIMU JKOBTOT a00 4epBOHOI KapTKu. Mojenb po3poOJIeHO Ha OCHOBI MOJEII
noAiiHoro mporecy BeiiOymna. Ili moxmem 3acHOBaHI Ha WMOBIPHOCTSX 1
CIpsIMOBaHI Ha MPOTHO3YBAaHHS pPe3yJbTaTy MaTdy 3a MOCTaBJICHUMH CTaBKaMHU.
Opnaxk 1H(pOopMalis 00 CTABOK YACTO HE € 3arajbHO TOCTYIHOIO 1 HE BC1 JOTOBIPHI

Mar4i moB’ A3aH1 31 CTABKaMH.
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3HAYHOTO PO3BUTKY HAOYJIU Memoou ananizy npooyKmueHochi 2pasys ado
komanou ¢ 2pi [27, 38-40]. Lli mocnipkeHHS BUKOPUCTOBYBAIM JIaH1 MPO MO3MIIT
IPAaBIIIB ITi/1 Yac MaT4y, 00 OI[IHUTH X pe3yabTaTUBHICTE. Cepell yCiX KOMaHIHUX
BUJIIB CIIOPTY (yTOOJ TMOCIJa€e Mepiie Miclie 3a CKIAIHICTIO TPAEKTOPIA pyXy
rpaBiiB [40]. 3a KUIBKICTIO TPaBIiB Ha MO, 3ay4€HUX O KOJEKTUBHOTO PYyXY,
¢byTO01 3HaYHO MepeBeplIye XoKel Ta 6ackeT0oi. 3 TOYKH 30py MAaTEMaTUYHOTO
MOJIETIOBaHHS 11€ 03Hayae, 1m0 ¢yTOO0J Mae OUIbIIE CTYNEHIB CBOOOAM, HIK 1HIII
BUJIM CIIOPTY, POOJSYM JOCUTH CKJIAJHUM MOKJIUBICTh OIlIHIOBAaHHS 1rpOBO1
CUTYallii, BAKOPUCTOBYIOUU OJIHY 200 HEBEJIUKY KUIbKICTh METPHK.

[Tix yac pyTOOIBPHUX MATUIB HAKOMUYYEThCS MEBHA IHPOpMALis, IKY MOXKHA
MOAUTUTH Ha TP TUIK HaHux [40]:

—  CTaTHCTUKA MaT4y — iH(pOpMallig BEpXHBOTO PiBHS MPO MaTy (CKIaIH,
pPO3CTaHOBKA I'PABIIIB HA MOJI1, 3aMI1HHU, KAPTKHU, TOJIH TOUIO);

— JaHl Tpo mojaii — BHOPSAJIKOBaHWNM HaOlp JaHMX, IO OIKCYE
MOCTIAOBHICTD JIIH TpaBIIiB 3 M'TYOM (11acu, 0OBEJACHHS, MIJKATH, YIapH TOIIIO);

—  TPEKIHrOBi JIaHIi — TOYHI MPOCTOPOBI KOOPAMHATH BCIX TPABIIIB Ta
M'siua y KO)KHAA MOMEHT 4acy MaTdy.

[lepemidyeni TUNM AaHUX MAOTh PI3HUN CTYMEHb JOCTYHMHOCTI. Ko
3arajbHa CTAaTUCTHKA MaTdy BiJoMa Maibke i BciX npodeciiiHux Ta
HamiBIpodeciiHUX MaT4iB MO BCbOMY CBITY, TO TPEKIHTOBI JJaH1 HABUIIIOTO PIBHS
Jeraizaiii CbOroJHI JOCTYIIHI JIMIE JJIi OOMEXEHOi KIIBKOCTI KOMAaHI, B
OCHOBHOMY 3 HaWCHJIBHIIINX €Bponeichkux (GyTo0apHUX Jir [40].

VY poborax [27, 38] po3riasHYyTO MUTAHHS BiJCTEKEHHS MPOCTOPOBO-YaCOBHUX
JTAHUX TPaBIls 00 KOMAaH/IM 1] Yac TPy, MPEACTABICHUX Y BUMJISIII KOOPAUHAT YCiX
IpaBIliB Ha MOJII Ta M'sYa, BIPOBAHKEHO aHAJI3 JlarpaMu JOMIHAHTHOI o0iacTi 3
BUKOPHUCTaHHAM Jiarpam BopoHoro, a B po60Ti [39] po3riasiHyTO aHaTI3 TPAaEKTOPIn
I'PaBIiB 3 MOXJIMBOCTSMH BHYTPIIIHbOKOMAaHHOT B3aeMoli. Y poborax [41, 42]
PO3TJITHYTO MOJIENi, IO BPAaXOBYIOTH MPOCTOPOBE IOJIOKEHHS TiJIa HAa OCHOBI

aHaJi3y BiJI€O3aIKCIB.
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3arajaomM, TPEKIHTOBl JaHl MOXYTh HaJaBaTH 3HA4YHO OuiblIe 1H(OpMAIi:
MO>KJIUBICTh MEPEXOIUICHHS MACiB, PO3TAIIyBAaHHS PABLIB MPOTHIIFOYMX KOMAH],
CTYyHiHb  KOHTPOJIFO  MPOCTOpy, MBHAKICTh TpaBiiB [40]. Hampuknan,
BUKOPHCTOBYIOUYHM TPEKIHTOBI1 JaHi, MOJie]b B po0OoTi [41] 3a0e3neuye KOMIUJIEKCHE
MIPEICTABIICHHS PI3HUX CTaHIB PyTOONIBHOTO MaTuy. MoJenb MoeaHy€e HMOBIPHICTD
roJIy 3 KOHKPETHOT TOUKH I10JIs1, IMOBIPHICTh KOMaH/I1 KOHTPOJIIOBATH 1[I0 TOUKY Ta
HMOBIPHICTh TOTO, IIO0 M''Y MOXe€ OyTH JIOCTaBJIEHUH y II0 TOYKY, HAJal0uud Ha
BUXOJl OIIIHKY OYiKyBaHOI JOBIOCTPOKOBOi 3HAUYIIOCTI BiJl BOJIOAIHHS M'SYOM.
[Toganpiuii pO3BUTOK IIeH MIAX1] OTpUMaB B poOoTi [42].

Po3rnsiHyTi MeToau copsiMOBaHI Ha OLIHKY HPOAYKTUBHOCTI TpaBLs Ta
KOMaH/JM Ha OCHOBI i TpaBLs MiJ 4ac IpU Ta HOro mo3uiioHyBaHHs. B pamkax
BKa3aHUX JOCIIIKEHb PO3IIISIIAIOTHCS TPAEKTOPIi PyXy IpaBLiB MPOTIrOM MaTdy.
JI71st OIIHKY SIKOCT1 pOOOTH TpaBIlsd MOPIBHIOIOTHCS TPAEKTOPIT pyXy IILOTO TPaBIls
MPOTATOM PI3HUX MATYiB, 110 TOUYMHAIOTHCS HUM Ha OJHIH 1 Tii e IrpoBid MO3UIIII.
Ha oCcHOB1 Takoro moOpiBHSHHS MOKHA 3pOOMTH MPUITYHIEHHS NpO (PIKCOBAHICTh
pe3ysbTaTy MaT4yy, BUXO/ASUM 3 ICTOTHOI P13HULI B «pOOOTI» I'paBIsl B UbOMY MaTuyl
! B IHIIMX MaTyax.

OCHOBHUM HEJOJIIKOM PO3IJISTHYTHX METO/AIB MPOTHO3YBAaHHS PE3yIbTaTy
MaTdy, aHaJl13y CTaBOK a0o0 /il yYaCHUKIB MaTuy IIPOTATOM BCi€1 'pU € HEOOXITHICTh
BUKOPHUCTAHHS BEJIMKOI KIJIBKOCTI JIaHWX, SIKI HE € MyOJIIYHO JOCTYITHHMH, IO B
NESIKUX CUTYAIIsIX CYyTTEBO 3MEHIITY€ MPAKTUYHY LIHHICTh IIUX MIIXOMIIB.

VY J0oroBipHUX MaTyax, MOB’S3aHUX 3 BUTPAIIOM 3a CTaBKaMH, OCHOBHUM
3aB/JIAHHSIM € OTPUMAaHHS pe3yJbTaTy MaTdy, BIAMIHHOIO BiJ OYIKyBaHOIo, 1100
MaKCHUMAaJIbHO 3apOOUTH Ha CTaBLl. TOMY KIIFOUOBOIO XapaKTEPUCTUKOIO MaTdy 3
(1KCOBaHUM pE3yJbTATOM € Pi3HUUA M’AYig. Alle HETUIIOBICTh PE3yJIbTAaTy MaTdy
3aJIeKUTh Bif pi3HUX (AaKTOpiB a00 KOHTEKCTY. Tak BUTpaIl KOMaHAM ayTcaiaepa
Ha BUi3J1 3 PI3HUIICI0 B OAMH M A4 PO3IJISIIAETHCS SK HETUIIOBUN aHOMAJbHUMN
pe3ynbTar. B TOW ke yac Takuil pe3ysibTar € LUIIKOM HOPMaJbHUM MpHU 3yCTpiyl
OJIM3BKUX 32 CUJIOK0 KOMaH. [IpoTe peanbHa cuia KOMaH[ CTa€ 3p03yMIJIOKO JIUIIE

10 3aBEPIICHHIO BCbOT'O TYPHIPY.
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ba3oBUM NOKAa3HMKOM CHUJIM KOMAaHAU € KLIbKICMb HAOPAHUX O0YOK 32
pe3ynbTaTaMM yChOTO Ce30HY. TaKkoX aTpulyT «CHIa KOMaHIM» MOKE BU3HAYATHCH
3a KUJIbKOMa MOKa3HUKaMHM, HAITPUKJIIAJl: 3a KIJIbKICTIO HAOpaHUX OYOK Ta PI3HMIICIO
MDK 3a0MTUMU 1 MPONYIICHUMHU M’ SfYaMH KOMaHJIM B C€30H1 TO1Io [43].

3a CBO€I0 CHJIOI0 KOMAaHIM MOKHA TOUIUTH Ha 2pynu OIM3bKuX KomaH. Ha
puc. 1.2, K mpuKiIaa, HaBEJACHO EBPUCTUIHE PO3OUTTS KOMaH,1 Ha YOTHPH I'PYIH 3a
KUIBKICTIO HaOpaHUX 040K Ha npukiaal ce3oHy 2013-—2014 poxis Jliru 11 @panmii:
koMaHau NeNel—4 nanexath 10 kiactepy Nel, komanau NeNe5S—9 nanexars a0
kiacrepy Ne2, komanau NeNel0—16 nanexars 10 knactepy Ne3, komanam NeNel7—
20 nanexats 10 knacrepy Ne4. Takum 4MHOM, UMM MEHILIWM HOMED KIIACTEPy, TUM
BUIIIE MICIIE B ITJICYMKOBIA TaOJMIIl 3alHSJIM KOMaHAHW IIbOro Kiactepy. Tomy
JIOTIYHO HOMEp KJIacTepy Ha3BaTH PAaHTOM KOMaHJ, IO BXOIATH A0 HbOTO. Jlis

OUTBIII KOPEKTHOTO (CTPOTOro) pO30WTTS KOMAH] 32 CHJIOI HAa TPYMH MOIIIBHO

BUKOPHCTOBYBATH METO/IM KJIaCTEpU3aIlii.
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Pucynox 1.2 — Yemimnicts komana ce3ony 2013-—2014 pokis Jliru 1 @panmii

[Tpote Hapa3i BiACYTHI poOOTH, B IKMX Ha OCHOBI IPYITyBaHHS KOMaHJ 3a 1X
CUJIOI0 BCl MaT4l TYpHIpY IUIWiaucA O Ha TEBHI KJIacu, yK€ B MexXax sSKux Ou

BH3HA4Yajacs aHOMAaJIbHICTh KOHKPCTHOTO MaT4dy.
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1.3. AHaJi3 MeToAiB IHTEJIEKTYaJIbHOI0 AHAJI3Y JaHUX JJIA MOLIYKY AHOMAJII.
BuxopucranHsi KOHTPOJILOBAHOI0 TA HEKOHTPOJHLOBAHOI0 HABYAHHS,
CAMOKOHTPOJIbOBAHOTO HABYAHHS, NIMOMHHOTO HABYAHHA 3 MiAKPINJIEHHAM

Ta MYJbTHAIr¢CHTHUX CUCTEM

Ax Bigmivaiocs B migpo3auti 1.1, moropipHi MaTdi, OB’ 3aHi 3 BUTPAIIOM Ha
CTaBKaX, MAalOTh 3aBAaHH OTPUMATH PE3yJIbTAaT MaTuy, BIIMIHHHUM B1Jl O4IKyBaHOTO,
1100 MakCUMaJIbHO 3apOOUTH Ha cTaBll. Taky X 03HaKy MarOTh JOTOBIPHI Marul,
COpSIMOBaHI Ha JOCATHEHHS CHOPTUBHOTO pE3yJbTaTy, IMOB’s3aHl 3 MIIKYIIOM
CUWJIBHIIIOT KOMaHAM ClaOKimow. B 1boMy BUMAIKy MOXHa CTBEPKYBaTH, IO
pe3yabTaT MEBHUX MATUIB € aHOMAIbHUM. TOMY JOIIILHO TPOBECTH aHANI3 METO/IIB
MOIIIYKY aHOMAJTIA y TaHMX.

AHOManbHA TIOBEAIHKA TMPOIECIB 1 O0'€KTIB, MO CHOCTEPITAIOTHCA, MOXKE
pO3TIIAIaTUCS K JUBHA, MM1103pijia, He3BUYaiiHa a00 HEeCTO/IIBaHa 1 3yCTPIYa€ThCs B
pi3HUX npeamMeTHuX obnacTsax. Tak, sk BusBieHHs aHomanii (Anomaly Detection)
MOXHa PO3TJISaTH BUSIBIICHHS MM1J103pUINX OaHKIBChKHX onepailiil [44-47], BiaMOB
npu poOOTI Pi3HUX JATYMKIB Ta CUCTEM, MOJIA Y CEHCOpPHHX Mepexax [48-49], a
TakoX y MeauuHid miarHoctuil [50-56], y aHaimi3l MOTOKOBUX AaHUX [57-59],
30Kpema, 3 coriaibHuX Mepex [60-63] Toro.

BusiBnenns anomaniii BHUKOPUCTOBYETHCS TMpPHU TOINEpeaHIn 0o0poOii s
BUJIAJICHHS iX 3 HA0OPY JaHWX, 110 YaCTO MPU3BOAUTH JI0 CTATUCTUYHO 3HAUYIIIOTO
migBUIIeHHsT To4YHOCTI. (CBo€yacHe BHUSBJICHHS IHMX PIAKICHUX TOAIN Mae
BUpIIIAJILHE 3HAYCHHS 17151 3a0€3MEUCHHST MOKJIMBOCT1 BXKUTTSI BIAMIOBIAHUX PIIIICHb
Ta 3aXO0/IB 1 € aKTyaJIbHUM HAIIPSIMKOM CYYaCHUX HAyKOBUX JOCIIIKEHb. OCOOINBY
pOJIb 3aB/IaHHS BUSIBJICHHS aHOMAJTI Ma€ B IHTEJIEKTyallbHOMY aHasi3i janux (Data
mining) [64-68], ne€ BUKOPHCTOBYEThCA MIOAO BHUIUICHHS HOBOI 3HAYMMOI
iH(bOpMaIlii 3 BEIUKOTr0 OOCATY JaHWX, 30KpeMa, NP BUSBIECHHI BTOPTHEHb Y
KOMIT'IOTepHI Mepexi [64], aHamizi 300pak€Hb Ta pI3HUX OJHOBUMIPHUX 1

O0aratoBUMIpHUX AaHUX [69-72].
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BusBienHss aHoManiii MOXKHA pO3MVISLAATH K 3aBAAaHHS  OlHApHOI
Kkiacudikaili, 16 KoKHa TOYKA JJAHUX HAJIEKUTh a00 HOPMaJIbHOMY Kjacy, abo
aHOMaJIbHOMY (HEeHOpMaJibHOMY). ToMy 71l BUSIBICHHSI aHOMAJbHOI IMOBEIIHKH
MOXYTh OYTU BUKOPHUCTaHI cuzHamypHi memoou [64]. BoHu npumyckarTh, 1110
KOHKPETHI MOJIel HE3BUYAMHOI MOBEIIHKH, TaKl SK MpaBuja Ta MabJoH!, MOXKYTh
OyTH BHU3HAUEHI ampiopi Ta MOXYTh BHUKOPHUCTOBYBATHUCS /JIi ABTOMAaTUYHOTO
po3Ii3HaBaHHs 00pa3iB Y HOBUX JIAHUX.

OpmHak caMUX CUTHATYPHUX METOJIIB 3a3BUUYail HEJOCTATHHO, OCKIIBKHA YacTO
HE BJIA€ThCS MOOYAyBaTH aJeKBaTHI MOJIeNIl HOBOi, He3BMUYaHOI moBeaiHku. Lle
MOXke OyTH MOB'sI3aHE 3 BIJICYTHICTIO EKCIIEPTHUX 3HAHBb Ta AaHOTOBAHUX MPAKTUYHHUX
TaHuX. Y TaKUX BUMAJKAX 3aCTOCOBYIOTHCS METOJH, SIKI JIICTAd HAa3BY Memoou
6UAG/ICHHA AHOMANIN, HOBU3HU a00 BUKUAIB [65]. BoHu cipsiMoBaH1 Ha BUSBJICHHS
«JIMBHUX» Ta HEHOPMAJIbHHMX (parMEHTIB NOBEIIHKH, SKi BIIXHIISIIOTBCS BiJT
OUIKYBaHUX YU «HOpMaJIbHUX» Mozenei. L{i meTonu 6a3yroThcs HA TOMY, IO IS
OTpUMaHHs MOJIEJEH, SIKi ONMUCYIOTh HOPMaJIbHY MOBEAIHKY, € 3a3BUYall JOCTATHS
KUIBKICTB anplopHUX AaHUX. TOMy 111 METOIM BUMArarTh 3HAYHO MEHILIE 3HaHb PO
aHOMAaJIbHY MTOBEIIHKY.

VYV MateMaTtu4H1i cTaTUCTUI MeToau BusBiaeHHs BUKUIIB (Outlier Detection)
BIJIOMI JaBHO Ta WIMPOKO BHKOPUCTOBYIOTbCS. BUKHUI BU3HAYaeThCS SK
CIIOCTEPEKEHHS, SIKE TaK CHUJIbHO BIJPI3HAETHCA BiJ IHIIUX CIOCTEPEKEHb, IO
CIPHYMHSE TII03PY, M0 BOHO OyJIO CTBOPEHO 1HIIMM MEXaHi3MOM (OpMYBaHHS
nanux [73]. 3a3Buyaii mepemdadyaeThCsA, MO e MEXaHI3M BHU3HAYAETHCS
CTalllOHAPHUM PO3MOJAUIOM WMOBIpHOCTEH. OTKe, BUSBICHHS BHUKHUJIIB IO CYTI
BKJIIOYA€ BHU3HAUEHHS TOrO, UM 3FEHEPOBAHO KOHKPETHE CIOCTEPEKCHHS
BIIMOBIHO JIO TOTO K PO3MOJLIY, IO W 1HIIN CHOCTEPEKEHHS. TpagulliifHO
BUSIBJICHHS] BUKHJIIB y CTATHCTHIII BUKOPUCTOBYIOTH ISl OYUIIICHHSI HAOOPIB TaHUX
nepen moOyJA0BOI0 CTAaTUCTHYHHUX MOJENEH; BUKUIM BBAKAIOTHCSA IIYyMOM Ta
BUJIAJIAIOTHCS JIJIs1 MOKPAILICHHS SIKOCT1 CTATUCTUYHUX Mozeneit [74].

VY raiy3i iHTEIEKTyaaIbHOI0 aHaJlI3y JIaHUX aHOMaJlli — 11€ 3aKOHOMIPHOCTI B

JAHUX, SKI HE BIJANOBIJAIOTh YITKO BHU3HAYEHOMY TIOHATTIO HOPMAJbHOI
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noBeiHKY [65]. [IoHATTS HOpPMaidbHOI TMOBEMIHKM BU3HAYAETHCS MOJIEIUTIO
HOPMAJIBHOCTI, fKa OyAy€ThCSA 3 YpaxyBaHHSIM HaBUAJbHUX JaHUX. BiAmoimHO
MIJIXOAHW JO BUSBIICHHS aHOMaJii 0a3ylThCs Ha MOOYIOBI MOJEIl HOPMaJbHUX
JIAHUX, a TIOTIM cIpo0ax BUSIBJIICHHS BIAXWJICHHS B1J] HOPMaJbHOI MOJIEJl B IaHUX,
0 crocTepiraroTbes. Ha BiqMiHY Bif TpaaMIITHUX CTaTUCTUYHUX 3aCTOCYBaHb,
IpU IHTENEKTyaIbHOMY aHali3l JaHWX BUSBICHHS AaHOMAJIBHHX CIOCTEPEKEHB
po3msiAaeThes K BusiBieHHs HOBU3HU (Novelty Detection), OCKiIbKY BOHU MOXYTh
BIJIMOBIAATH I[IKAaBUM Ta Ba)KJIUBHM IOisiM. BUSBIICHHS JOTOBIPHUX MaT4iB TaKOXK
BiJIHOCUTBLCS JI0 BUSBJICHHS HOBHX BaXUIMBUX 3aKOHOMIPHOCTEH B OTPHMAaHHX
JTAaHUX, TOMY IIPEJICTaBIIA€ IHTEPEC aHaJ3 METO/IIB BUSBJICHHS aHOMAJIH y 3a/1a4ax
IHTEJIEKTYaJIbHOT'O aHaATI3y JaHUX.

AHOMaJIi TaHUX MOXYTh OyTH BIJIHECEHI1 JI0 OJTHOTO 3 TPbOX OCHOBHUX THIIIB
[65]: TOUKOBi, KOHTEKCTyaJIbHI Ta KOJIEKTHBHI (puc. 1.3).

HaiiGinpmoro mommupeHHss HaOyIM TOYKOBI aHOMAIii, JUISl SIKMX OKPEMHA
EK3eMIUIIp JTaHUX MOYXKHA PO3IIISAATH SK aHOMAaJbHUH CTOCOBHO I1HIIMX JIaHHX.
Januii Buj aHOMaliid HaAMOLIBII JIETKO PO3MI3HAETHCS 1 OUIBLIICTH ICHYIOYHX
METO/IIB CTBOPEHO JIsl pO3ITi3HaBaHHSI caMe TOUYKOBUX aHoMatii [45-48, 52, 53, 56,

57, 75-82].

Tunu aHomaniit JaHux

Toukosi

OKpemi TOYKM AaHKX, AKi 32
3HaYeHHAMM CBOIX aTpubyTiBe
noTpanAATb A0 Knacy
aHOMaNbHKUX

KOHTeKcTyanbHi

TOYKM, AKI € aHOMANBHUMKU Y
OAHOMY KOHTEKCTI, @ y iHLoMY —
pO3rNAAAITLCA AK HOPMaNbHI

KoneKTuBHi

TOYKKM AAHMX, AKI OKPEeMOo oAHa
Bifl OAHOI HE € CXOMMMMK Ha
aHoManii, a y CYKynHoCTi —

BBAMAKOTLCA aHOMANIEW

Pucynox 1.3 — Tunm anomaniii qanux

KoHTekcTyanpHl aHOMamii CIOCTEPIraloThCs, SKIIO EK3EMIUIAp JaHUX €
aHOMAJBLHUM JIMIIE y TEBHOMY KOHTEKCTI [82-86]. Ileld BuJ aHOMaliil TakoOXK

Ha3WBA€TbCI YMOBHUM. ]_—[JUI BU3HAYCHHS aHOMaJii ObOro TUIIY OCHOBHUM €
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BUJIIJICHHS. KOHTEKCTyaJbHUX 1 TOBEAIHKOBUX aTpuOyTiB. KoOHTEKkcTyanbH1
aTpuOyTH BUKOPUCTOBYIOTHCS JIJIsl BU3HAYEHHS! KOHTEKCTY (200 OTOYEHHS) KOKHOTO
eK3eMIUIsipa. AHOMajbHa TOBEJIHKA BHU3HAYAETHCS Yy BUMIIAL  3HAYEHD
MOBEAIHKOBUX aTPUOYTIB, BUXOJSYM 3 KOHKPETHOTO KOHTEKCTY. TakuM YHMHOM,
EK3eMIUIIP JaHUX MOXKe OyTH KOHTEKCTYaJIbHOIO aHOMAIEIO 32 JaHUX YMOB, ajie 3a
TaKHUX e MOBEAIHKOBUX aTpUOyTIB BBAXKATUCS HOPMAIHHUM B 1HIIIOMY KOHTEKCTI.

KonekTtnBH1 aHoMaiii BHHUKAIOTh, KOJIM TIOCIIJOBHICTH 3B'SI3aHUX
CK3eMIUBIPIB JaHUX (HAMPUKIAJ, TIJISHKA TUMYACOBOTO PSTy) € aHOMAIHHOKO IO
B1IHOIIICHHIO JI0 111JIOro Habopy nanux [87, 88]. Oxpemuii eK3eMIULIp JaHUX Y Takii
MOCHIAOBHOCTI MOXX€ He OyTH BIAXWUJICHHSIM, OJIHAK CIIJbHA TMOsBa TaKUX
€K3EMIUISIPIB € KOJIEKTUBHOIO aHOMAJTI€I0.

[Tomryk mar4iB, MiAO3pUIMX HA (PIKCOBAHMI PE3yNbTaT, MOXKHA PO3TISAATH
SK BHSIBJICHHS KOHTEKCTyaJIbHMX aHOMalii. J[ifiCHO, SIK MOBEMIHKOBUW aTpuOyT
MaTdy 3 (JiIKCOBAaHUM PE3yIHTATOM MOKHA BUKOPHCTOBYBATH PI3HUITIO M 4iB, a 32
KOHTEKCTyaJIbHi aTpUOyTH B3ATH CUITy KOMaH]I Ta THIT TPH — BHi3HA 200 JOMAIITHSI.
Taxkum 9rHOM, Tpa MOXe OyTH KOHTEKCTYaJIhbHOI aHOMAJIEIO0 32 OJHUX 3HAYCHB
PI3HUII TOJIIB, ajie TIPU TAKOMY K 3HAY€HHI Ii€1 pi3HUIll (TOBEIIHKOBOTO aTpUOyTy)
BBAXKATHUCSI HOPMAJIBHOIO B 1HILIOMY KOHTEKCTI. Y MOAAJIBIIOMY 30CEpEeIUMOCs Ha
aHaji31 METO/IIB MAIIMHHOTO HAaBYaHHS Ta 1HTEJIEKTYyaJIbHOTO aHATI3y JaHUX, SK1
3aCTOCOBYIOTBCS YU MOXYTh OYTHM 3aCTOCOBaH1 JJISI MONIYKY KOHTEKCTYaJbHUX
aHoMaJiil.

3a ampiopHOr 1H(pOpPMAIIEI0 METOJW BHSABICHHS aHOMAaNii KIACHYHO
MOAUTAIOTHCS. HA TPHU Kjacu [65], 10 sIKUX BapTO J0JATH HOBITHI MiIX0AW Ha 0asi
CaMOKOHTpOJIbOBaHOTO HaB4aHHs (self-supervised learning) [89-94] (puc. 1.4):

1. Supervised anomaly detection (kOHTpOJILOBaHE BUSBICHHS aHOMaii) [50,
95-108] — meroau, asnst pobOTH SIKUX 000B’I3KOBA HASIBHICTh HABYAJbHOT BUOIPKH,
Jie¢ aHOMaJIbHI JaHl MaloTh BiANMOBimHI MITKHA. CHpapkHIA KiIac TOYKH JTaHUX
3a3BUYall BU3HAYAETHCA E€KCIEPTOM Yy MpEeAMETHINH 00JacTi 3 ypaxyBaHHSIM HOTO
JOCBIy TOTO, IO € HOPMAJIBHUM, a [0 — HEHOPMAJIBHUM. METO U pealti3yroThCs

Y ABa €Tallvi: HaBUYAaHHA Ta BUABJICHH. Ha [epmomMy eTari 6y,Hy€TBC}I MOJICIb,
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3 SIKOK 3rOIOM TOPIBHIOKOTHCA €K3EMIUIApPH, IO HEe MaroTh MITKU. Haitwacrimie
nependavyaeThesl, U0 AaHl 3MIHIOIOTh CBOi CTATHCTHYHI XapaKTEPUCTUKH, 1HAKILIE
BUHHMKA€E HEOOX1THICTh 3MIHIOBATH KilacuQikaTop.

2. Semi-supervised anomaly detection (HamiBKOHTPOJIbOBAaHE BHUSBIICHHS
anomauiif) [109-114] — ma BXim momaeTbcsi BUOIpKA, MO CKIANAETHCS JUIIE 3
HOpPMaJIbHUX 3HA4YEHb, 0€3 Oy/b-AKUX BiaxuicHb. OCHOBHA 1Ied MOJIATAE B TOMY,
10 aHOMAJTi1 BUSIBISITUMYTHCSI HA HACTYITHHUX €Talax sSK pe3yabTaT BiIXWUICHHS BiJ
3HAYCHb, 1110 HAJIC)KATh ITOYATKOBiH BHOIpIIi.

3. Unsupervised anomaly detection (HEKOHTPOJIbOBaHE BUSBIICHHS aHOMAJTIi)
[46, 49, 55, 63, 75, 115-119] — Bunmaaok, Kojy BIJICYyTHI alipiopHi JiaHi, 1 METOY,
[0 3aCTOCOBYETHCS, HEOOXITHO CAaMOCTIHHO BHU3HAYMTH, SIKI JaHI € aHOMAJIISIMHU.
3a3BHUuaii, METOIM PO3ITi3HABAHHS NMPU HEKOHTPOJIHLOBAHOMY HAaBYaHHI 0a3yOThHCS
Ha MPUITYIIEHH] TIPO T€, 10 aHOMAIbHI €K3eMIUISPH 3yCTPIYar0THCs HabaraTo piamie
3a HOpMasbHI. [7es mossirae y BHUSIBIEHHI aHOMalii HAa OCHOBI BHYTPIIIHIX
BJIACTUBOCTEMN NaHuX. B OLIBIIOCTI BUIMAIKIB BUKOPUCTOBYEThLCA MapameTp distance
(«B1ACTaHbY) JUIsl YXBAJIEHHS PIIICHHS, € 116 aHOMAJIbHUM YU Hi. J[aH1, BU3HAYEHI B
pe3yabTari 00poOKH SIK HAWOIBIN BiIaIeH], 1TIEHTU(IKYIOTHCS SIK aHOMAJTIi.

4. Self-supervised anomaly detection (caMOKOHTpOJIbOBaHE BHUSBJICHHS
aHomautiii) [89-94, 120, 121] — meroau, sIKi MPAIIOIOTh 3 BUOIPKOIO HEPO3ZMIYEHHUX
00’€KTIB 1 BUKOPUCTOBYIOTb 11 JJIsl BUBUCHHS BJIACTUBOCTEH HOPMAJIbHUX 00’ €KTIB.
[le BuBYeHHsS BiAOYBae€ThCA 3a JIOMOMOTOI0 AJITOPUTMIB KOHTPOJIHOBAHOTO
MalTMHHOTO HABYAHHS, SIK1 3aCTOCOBYIOTHCS JUIsl BUPIIIICHHS! BU3HAYCHUX 33J1a4 Ha
OoKpeMux 00’e€kTax BUOIpKU a00 Ha mapax 1ux 00’ekTiB. Taki 3aBJaHHS CHEIlaJbHO
HaJaIITOBAaHI TAKUM YMHOM, 100 JOMOMOTTH OOpaHiil MoJiesll KOHTPOJIHOBAHOTO
HABYAHHS BUBUUTHU MPEICTABIICHHS 00’ €KTa BUOIPKH, IKE CTBOPIOETHCS CTIEIIAIbHO
JUTSL 3a/1adl TIONIYKY aHOMAaJid 1 Ma€ BiIMIHHOCTI BiJl MPEICTABICHHS I[HOTO X

00’€KTa /IS 3aTaJIbHOI 33/1a4l CAaMOKOHTPOJIHLOBAHOTO HABYAHHS.
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Kiacu MeToaiB BHUSIBJIEHHS AaHOMAJTI I
3a anpiopHoio ingopmanicio

KOHTpOHBOBaHC BUSBJICHHA HCKOHT]’)OHBOBaHC BUSABJIICHHA
aHoOMaJIii < a”HoMaJIii
(Supervised anomaly detection ) (Unsupervised anomaly detection)
i
HaHiBKOHTpOHBOBaHG BUSABJIICHHA CaMOKOHTpOHbOBaHe BUABJICHHA
aHOMaJIii “ aHOMAJIIi
(Semi-supervised anomaly detection) (Self-supervised anomaly detection)

Pucynok 1.4 — Knacu MeTo/11B BUSIBIICHHSI aHOMAaJI1i 3a anpiopHOI0 iH(opMalii€ro

Ha crorogni He icHye yHIBepCaJbHUX METOJIB BUSIBICHHS aHOMaJld, a
pe3yabTaTh POOOTH ICHYFOUMX METOIIB CYTTEBO 3aJIe)KaTh BiJl BXITHUX ITapaMeTpiB,
CTPYKTYPH JIaHHX, IPUPOJIH 1X MOXOKCHHS.

B 00nacTi 1HTENEKTyalbHOrO aHaji3y JAaHMX MOKHA BHJIUIUTH TaKl OCHOBHI
IpyIy METOJIIB BUSBIICHHS aHOMaii [65] (puc. 1.5):

—  CTaTUCTUYHI MeTOaM (TTapaMeTPUYHI Ta HeMapaMeTPHUYHIi);

—  METOJH, IO TPYHTYIOThCA Ha Kitacudikairii;

—  METOJY Ha OCHOBI INIMOMHHOTO HABYAHHS 3 MIIKPITIIICHHSM;

—  MeTojau Ha 06a3i MyJIbTUAreHTHUX CUCTEM;

—  METOOM Ha OCHOBI HaWOMMXKYMX CyCiIiB (METpUYHI METOAH
Kiacudikarii);

—  METOJM Ha OCHOBI KJIacTepH3allii.

Ha puc. 1.5 mrpuxoBaHHMH JIiHISMH Ha Jiarpami ITOKa3aHO 3B S3KH MIXK
OKPEMUMH TPyIlaMH METOJIB: METO, 10 HAJICKHUTh TPYIIl, BIJ AKOI MPOBEICHO
MITPUXOBAHY CTPUIKY, MOKE OyTH CKJIaJJOBOI0 YaCTHHOIO METOAY, IO HAJICKHUTh
rpymi, 0 SKOi TPOBEACHO TaKy CTpuUIKy. Hampuknan, MeTroau HaBYaHHS 3
MIJKPITUICHHSM B SIKOCTI CKJIQJIOBUX YaCTHH MOXYTh BHUKOPHUCTOBYBATH METOJIU
Kiacudikali Ta METOIU TIMOMHHOTO HAaBYAaHHS.

CraTuCTUYHI METOJIM BUSBIICHHS aHOMAJIIM MOXXHA B IIJIOMY PO3JUIMTH Ha
napamMeTpHuyHI Ta HermapaMeTpuuHi [69]. [lapameTpuyHi METOAM NPUITYCKAIOTh, 1110

MOJieJb TPOIeCy BIJOMa 3 TOYHICTIO 10 Habopy mapametpiB. Haiibimpimoro
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NOIIMpPEHH HaOylau napaMeTpuyHl MoJenl Ha OocHOBI po3smoauty [ayca,
["ayciBebkux cyMmimeid posnofutiB (GMM), npuxoBaHMX MapKiBCBKHX MOJENEH
(HMM). 3aranpbHuM HEAOJIKOM MapaMEeTPUYHUX METOMIB € MPUITYUIECHHS, IO
MOJIeJIb ICHY€ 1 1i MOXXHa TOYHO OUIHUTU. AJie I1Ieé CYMHIBHO Y Oararbox
3aCTOCYBaHHSX, JI€ CIPABXKHA CTPYKTypa PO3MOJAUTY MMOBIPHOCTEW HEBijoMa 1

MOXe OyTH JTy»e CKJIaJIHOO [69].

'pynu MeToiB BHsIBJICHHA AaHOMATii
3a anpiopHolo indopmanicio

P .

CTaTHCTHYHI MeTOH MeTo/ MAITHHHOTO
HABYAHHA

—

[MapaMeTpuuHi METOIH MeToms KracTepH3arii ) Merow knacndikauii/ |

perpecii

Henapamerpuuni meromu | . Metoau Ha ocHOBI .
TIHOMHHOrO HaBYaHHA i

MeToau Ha OCHOBI MeTtoau Ha OCHOBI HaBYaHHS
MYJIBTHATE€HTHHUX CHCTEM 3 MIKPIIIEHHAM
A

Pucynok 1.5 — OcHOBHI rpynu METO/IiB BUSIBJICHHSI aHOMaJTi B 001acTi

IHTEJNEKTYyaJIbHOT'O aHaJi3y JaHUX

Cepen HemapaMeTpUYHMX METOJIB HAMOUIBIIOrO MOMIMPEHHS HaOyIu
rictorpaMHi MeTOAM Ta sifiepHa oOImiHKa mibHOCTI posmoairy (Kernel Density
Estimation, KDE) [65]. ¥ meTonax, 1110 IpyHTYIOTbCS Ha TiCTOrpaMax, BUAUISIOThH
JIBa MIIXO/M A0 BUSBIICHHS aHOMauiil. [Tpu nepiomMy mijixo/1i IpocTo NepeBIps0Th,
YU MMOTPAIUISIE€ HOBA TOYKA IAHUX Y Oyb-sKY 00J1acTh TicTOrpamu. SIKIo Tak, TOYKa
JMaHuX Ki1acu(IKyeTbCa K HOpMallbHA, 1HaKIlIe — BOHA aHOMalibHa [65]. Hpyruii
T1IX1/1 BITHOCUTH 3HAYCHHS JIAaHUX JI0 aHOMAJIBHOTO 3 ypaxyBaHHSIM HOTO YacTOTH
nosiBu [65]. SIkimo dactora HMXK4Ya 3a BKa3aHUW TOPIr, JIaHi 3 JaHUM 3HAYCHHSIM
KJIacuIKylOTbCs SK aHOMalbHI. Hampukian, SKIIO BBECTH IEBHUNM TOPIT
3yCTPIYAEMOCTI PI3HUII M SYIB MaTdy cepel yciX MaTdiB CE30HY, TO MOEIUHKH,
OCTATOYHHI PaXxyHOK B SIKAX IOMAJA€ y CTOBIMTYUKU TICTOTPAMH, CyMa BUCOT SIKUX

MEHIIIE€ TaKOTO TOPOTy, BIAHOCATHCA 10 MaT4iB 13 (PIKCOBAHUM pPE3YyJbTATOM.
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Ha puc. 1.6 HaBeneHo npukian psaay MMOBIpHOCTEH pi3HMII M’ S4iB (PyTOOIBHHUX
MaT4YiB, a YEPBOHUM KOJIbOPOM BUIIJIEHO 3HAYEHHS PI3HULL M A4IB MaT4y, CyMa
HMOBIPHOCTEM SKHUX HE IEPEeBUINY€E TEeBHUN (PIKCOBAaHUN TOpIr, TOKa3aHUU

HITPUXOBAHOIO JIIHIEIO.

04—

O_ﬂDH B

-6-5-4-3-2-10123 456
Pucynok 1.6 — Ilpukian rictorpaMu pi3HUI M’ S49iB 1 (PiKCOBAaHOTO TTOPOTY

aHOMAaJIbHOCTI MaTay

Henonikom MeToiB TiCTOTpaMm € Te, 110 HENMEPEePBHI BX1/IHI JaH1 MAIOTh OyTH
JUCKPETU30BaHI. A TaKoX I[I METOAM MalOTh HU3bKY €(PEKTHUBHICTH MPU MaJii
BuOipui. Meton KDE BUKOpHUCTOBYETBCS AJIA aHANI3y HENEPEBHO3HAUHUX JAHMX.
Bin no3Bosisie oTpuMaTH HENepepBHY OIIHKY IIUIBHOCTI MMOBIPHOCTI Ha OCHOBI
riCTOTpaMM 3 BUKOPUCTAaHHSIM oOpaHuX y sikocTi suep ¢ynkmi. Ognak, KDE Mmae
IIOHAWMEHIIIE JIBa HEJOIIKH: BiH IOCUTh YyTJIMBUH JI0 IIyMY B TaHUX [69], a Takox
BHMarae BiJTHOCHO BEJIUKOI BUOIPKH JIJI1 TOYHOI OIIHKH IIIJTBHOCTI.

Hactynni MeTou BUSIBIIGHHSI aHOMaJllii HajeXaTh JO METOIB MAIIUHHOIO
HaBYaHHs. Memoou, 3acno6ani Ha Kaacugikayii, TpUITyCKarOTh, 110 MEK1 PILICHHS
y MPOCTOP1 0O3HAK MOKHA BU3HAYUTH 3 HABYAJIBHOTO HAOOPY AaHUX, OTKE, MEXKI
pIlIEHHS PO3JUISIOTh HOPMAallbHI Ta aHOMAaJIbHI TOYKH JaHHUX. 3aJeXKHO BIJl
KUTBKOCTI HOPMaJIbHUX KJIACIB JAHUX JETEKTOPH aHOMaJlii Ha OCHOBI Kilacudikarii
MOXYTh OyTH 3TpyINOBaHi B OJTHOKJIACOB1 a00 OaraTokiacoBl IETEKTOPH aHOMAJIIH.
binbmicte kmacudikamiifHuX METOJIIB BUSBICHHS aHOMAai 0a3yrOThCS Ha METOII

onopHuX BekTopiB (SVM) abo meTonax, 3aCHOBaHUX Ha mpaBuiiax [65].
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Memoo onopnux eexkmopie (Support Vector Machine, SVM) 3acTocoByeTbCst
JUIsT  TIONIYKYy aHOMajid y CHUCTeMax, J¢ HOPMAaJbHOI  TOBEIIHKOIO
XapaKTepU3yeThCcsa JMile oAauH kinac [67, 68, 70]. Lleii MeTom HaIEKUTH 10
QITOPUTMIB KOHTPOJHOBAHOTO HaBYaHHSA. BiH BH3HA4a€ MEXYy Yy BHIJISAIL
TIEPIUIOIINHM, SKa MOJUISIE 00'€KTH HA JIBa KJIACH: HOPMAJIPHUN Ta aHOMAaJIbHUM.
JI1s1 KOKHOTO JOCIHIKYBAHOTO €K3eMIUIsIpa BU3HAYAETHCSI — B sIKiM 00J1acTi BiH
3HAXOJMUTHCS, Ta IPUUMAETHCS BIJIOBIIHE PIILICHHS.

Cranpaptauii Meroq SVM e miHiliHEM KiacudikatropoM. ['onoBHUM
npuHuunoM SVM e makcumizalis BiACTYMIB, TOOTO, BIAJUIAIOYA TiMEPIUIONIMHA
Oyly€eThCA Tak, 11100 BOHA TPOXOuIa MAKCUMAIIBHO JAJIEKO B1Jl HAWOIMAKYMX 0 HEl
TOYOK, SIKI HA3MBAaIOTh OMNOPHUMHU BekTopamu [122]. OnTumanbHa po3AlIOBa
TiNEPIUIONIMHA BH3HAYAETHCA IIIAXOM BHPIMICHHS 3a7a4i  KBaJIpPaTHYHOTO
nporpaMyBaHHS y oOmykiaid obmacti. ToMmy pimieHHS 3aBIaHHA € €JUHUM.
[TepeBaroro SVM e Te, 110 BiH 3a0€31€4Uy€e MOKINBICTh TPOBOIUTH O1IbIII BIEBHEHY
Kjacu(ikamio, Tak sK alrOpUTM BHU3HAYa€E CMYTy MAaKCHUMAaJbHOI IUPUHU. [0
HEJIOJIIKIB METOJTy BIIHOCUTBCSI BIJICYTHICTh CIUJIBHOIO MIJIXOAY /10 BUOOPY sjlipa
y pa3i JiHIMHOI HEPO3AUTHLHOCTI KJIACIB, @ TAKOX YYTIUBICTH J0 IIYMIB JaHUX.

Meroa onopHUX BEKTOpiB 0HOro kiacy (one-class SVM) € monudikariero
KJIACUYHOTO aJTOPUTMY METOJy OMOpHUX BekTopiB [71, 72], skuil Ha OCHOBI
TPEHYBaJIbHOI HEPO3MIUu€HOI BHOIPKH BIJOKPEMIIIOE TaKy 00JIaCTh MPOCTOPY S, Y
K1} KOHIIEHTPYETHCS OUTBIITICTh TOYOK BUOIPKH 1 TP IIOMY 3a0€3MeUy€EThCS TaKe
O0OMEKEHHS: HMOBIPHICTh TOTO, 110 HOBAa TOYKA TECTOBOT BUOIPKU ONMUHUTHCS 11032
obJacTio S, € IeBHUM arnpiopHuM 3HaueHHsM Mixk 0 Ta 1. 3a3navaetses [71, 72], mo
Ha BIAMIHY BIJ CTaHAAPTHOTO METOJY ONOPHHUX BEKTOPIB B METOl OMNOPHHX
BEKTOPIB OJTHOTO KJIACy SIK si/Ipa 3aCTOCOBYIOThCS JIMIIE pajliajibHi 0a3ucHI PyHKIIIT,
1HII HEJiHIAHI S/Ipa MOKa3yloTh TiplIi pe3yabTaTH. EQEeKTUBHICT METOIy CHIIBHO
3aJICKUTH BiJl HASBHOT HABUAJILHOI BUOIPKHU.

IIle onuH MeToA Ha OCHOBI KiacHikalii I'PYHTYeTbCS Ha (OpMyBaHHI
MpaBUJI, SIK1 BIJINOB1IAI0Th HOpMaJIbHIM MOBEAIHIII cucTeMu [65]. Ekzemmuisip nanux,

SKUWA HE BIJIMOBIJAAE UM MpaBUiaM, PO3II3HAETHCS SK aHOMAJbHUU. AJITOPUTM
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CKJIAJaeThcsl 13 JBOX KpoKiB. Ilepmmii kpok: HaBYaHHS MpaBUil BHUOIPKU 3a
JIOTIOMOTOI0 OJTHOTO 3 anroputMiB, Takux sik RIPPER, Decision Trees tomo [65].
KoxHe mpaBuiao Mae CBO€ 3HAUYEHHS JIOCTOBIPHOCTI, MPOIMOPIIHHE BiIHOIICHHIO
MDK KUIBKICTIO 00’€KTIB TPEHYBaJIbHOI BUOIPKH, MPABUIBLHO MPOKIACH(PIKOBAHUX
JAHUM TIPaBUJIOM, JI0 3arajbHOi KITBKOCTI 00’ €KTIB TPEHYBAJIbHOI BHOIPKH,
OXOIUICHUX NpaBuUjioM. J[pyruil Kpok: HOLIYK JUIsl KOXKHOI'O TECTOBOrO 00’€KTa
TaKOTO MpaBuJa, K€ HalKpalie MiAX0AUTh J0 IOr0 eK3eMIuIsapa. MeToIu MOXYTh
pO3ITi3HABATH K OJIMH, TaK 1 KUJIbKa KJIaciB JaHUX.

B okpemy rpymy MOXHa BUIUIMTH MeMOOU HA OCHOBI 2IUOUHHOZ0
HA6YAHHA, 3aCHOBAHI HAa BUKOPHCTAHHI PI3HUX THUIIIB HEUPOHHUX MEPEK, SKI
HABYAIOTHCS 32 TPCHYBAIBHOIO BUOIPKOIO MIPOTHO3YBATH PIBEHh aHOMAJILHOCTI 200
L1JIOB1 03HAKU 00’ €KTa, 33 AKUMHU MPUHAMAETHCS PILIEHHS MPO HOT0 aHOMAIBHICTh
[100, 123-127].

HeoOximHo BIig3HAYMTH, IO HEHPOHHI MEPEXl € TaKOX MOTYKHUMHU
KJ1acu(ikaTopaMu, OCKUIIBKM BOHH MOXKYTh allpOKCUMYBATH JOBUIbHI CKJIaIHI MEXKI
pilieHs y npoctopi o3Hak [66]. IIpoTe BOHM NMpu3HAuYEHI 1Jis BU3HAYEHHS HOBHX
kjaciB gaHuxX. OCKUIbKM HEHUpOHHI MEpeki He CTBOPIOIOTH 3aKPUTHX MEX IS
KJIaciB, alanTallis ix 710 BUSBJICHHS aHOMaJIiii (HOBUHOK) Ta 3a0€3MeYeHHs TOTO, 1110
y3arajpHeHa BJIACTHBICTh MEPEXK1 HE MOBUHHA BIIMBATH Ha ii 31aTHICTh BUSIBIIATU
aHoMaJIii, € JOCUTh CKJIAJIHUM 3aBIaHHsAM [66]. [HIIMMU crioBamu, iCHY€, 3a3BUYaH,
pU3UK TEpEeHaBYaHHS MOJENl TPEeHYBAIbBHUMU JaHUMHU. TakoxX TpyIHOIII
BUHUKAIOTh TIPU BUOOPI BIMIOBITHOT CTPYKTYPH HEMPOHHOT MEPEXKi JJIsl KOHKPETHOT
3a/1adl Ta TPU IHTEpHpeTallii OTPUMAHUX 3aKOHOMIPHOCTEH, OCKUIbKHM HaBYEHI
HEHPOHHI MEPEXk1 € MOJEISIMU TUITY YOPHOT'O SILIUKA.

HanmamtyBanHs  koe(dillleHTIB  HEMPOHHOI Mepexi  BiIOyBaeTbcs 3
BUKOPHUCTAHHSAM ITE€pAalliIfHUX METOMIB OaraToBUMIpHOi omTuMizaiii. Mertoro
onTuMi3zanii € MiHiMi3aiis MUThOBOI (PYHKIIT MOMWIKK TPOTHO3yBaHHSA. B cBorO
4epry, Memoou Ha OCHOGI 2IUOUHHO20 HAGYAHHA 3 RIOKpinaenuam [128, 129]
J0JJATKOBO BUKOPHUCTOBYIOTH MOHSTTS areHTa, B SKOCTI SIKOTO BUCTYIAa€ HEMPOHHA

Mepeka, siIKka HaBYA€ThCS SK Ha OCHOBI TpPEHYBaJlbHOI BHOIPKH, Tak 1 CBOiX
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NPUMHATUX PILIEHHSAX MPO aHOMAJIBHICTh 00’€KTa. {7 OLIHIOBAHHS MPUUHATHX
areHTOM pILIEHb BBOJAMTHCS (DYHKIISI HAropoaH, 3HAYEHHS SIKOI BPaxOBYETHCS
areHTOM TMiJ] 4Yac NPUUHATTA pIlIeHh MO0 HAacTymHuUM o00’ektam [128-130].
VY3araJibHEHHSM HaBYaHHS 3 MIJKPIIUICHHSM € Myabmuazenmui cucmemu [131,
132], gKi ckIamaroThesl 3 JEKUTBKOX areHTiB, IO PO3B’S3YIOTh 3arajbHy 3aaady
napajieTbHO 1 MOXYTh KOMYHIKYBaTH MK c00010. TpeHyBaHHS arcHTIB
BIJIOYBA€ETHCS K 32 PAXyHOK KOMYHIKaIlii, TaK 132 paXyHOK THX K€ MMiIXO/1B, 110 1
y BHUMAJKYy HaBYAHHS 3 MIJKPIIUICHHAM. ATEHTH MOXXYTh OyTH IpeACTaBICHI SIK
PI3HMMHM THUIIAMHU HEWPOHHUX MEPEK, TaK ¥ IHIIUMH aJTOPUTMaMU MAIIMHHOTO
HaBuaHH [131-133].

Memoou nanibaudxcuux cycidie i BUSIBJICHHS aHOMAaJlld 3acHOBaHI Ha
NPUIYIIEHHI, 1110 HOPMaJIbHI JaHl 3yCTPIYalOThCA Y IIUIBHUX 00JacTsIX BUOIPKH,
TOMI SK aHOMaJil BUHUKAIOTH NAJEKO BiJ CBOIX HaWOmmkuumx cycimiB [65]. Lle
nepeadavae, o HEOOX1THO BUSHAYUTH MOHATTS (DYHKIIIT BifiIcTaHl (MIpH CXO0KOCT1)
MDK ToukamMu naanux [113]. Yacto anmga 1p0ro BUKOPUCTOBYEThbCs EBKIimoBa
BiJIcTaHb. BiAMOBIIHO 32 METO0M HAOIMKUYUX CYCi/1B BUSHAYAETHCSA B1JICTaHb 200
JI0 OAHOTO0, a00 0 k HAWOMMKYUX CYCIIU Ta 3a 3HAUYEHHSMH IUX XapaKTEPUCTHK
MPUIMAETHCS PILIEHHS IPO aHOMAJIbHICTh JaHuX. Jlo mepeBar MeTo1y HaOImKInx
CyCiZiB MOKHA BiJTHECTH TakKi:

—  IpOIEC HAaBYaHHS MOJIATAE Y 3aMaM'iTOByBaHHI HaBYaJIbHOI BUOIPKHU;

—  TPOCTOTa peajizallli Ta MOXXJIUBICTh BBOJMTH JIOJATKOBI IapaMeTpu
HaJallTyBaHHs BUOIPKHU;

—  JIETKO 1HTEPHPETYETHCS JIOTIKA AITOPUTMY .

Ak Hemomik MOXHA BIJ3HAYUTH HEe(EKTHBHE BUKOPHUCTAHHS TMaM'ATI,
BHACIIIOK HEOOX1THOCTI 30epekeHHsI MOBHOI BUOIpkU. Takok BedHKa KUTBKICTh
MIPOBEJICHUX OTIepalliif pOOUTH aITOPUTM TPYIOMICTKHM.

Memoou knacmepu3ayii TpyHTYIOTbCS] Ha TPYITyBaHHI CXOKHUX TOYOK JaHUX
y KJacTepH Ta HE BUMAararTh 3HaHb IPO BJIACTHUBOCTI MOJIMBUX BIJXHJICHb

[134-137]. V Bunaaky, KOJM aHOMaJIbHI €K3EMIUIApU HE € OJMHUYHUMHU, IX
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BUSIBJIICHHSI OYJIy€ThCSl HA MPUIYIIEHH] PO Te€, 1[0 HOPMAaJIbHI JaHl yTBOPIOIOTH
BEJIMKI IIUIBHI KJIACTEpPH, a aHOMaJbHI — MajieHbKl Ta po3pi3HeHi. OaHieo 3
HaWMPOCTIMINUX 1 HAMBIIOMIIIUX peajizaiiii IMiaXxoay Ha OCHOBI KiacTepu3arii €
aNrOpUTM k-cepeHix, onucanuii y podotax [134, 138].

OpmHuMU 3 3aralbHOBU3HAHUX XapaKTEPUCTHUK SIKOCTI poOOTH Kitacudikaropa,
SK1 4aCTO BUKOPUCTOBYIOTHCS Ha IMPAKTHUIll, € TOYHICTh, IOBHOTA Ta iX CEpPEIHE
rapMmoHiuHe (F-mipa). Tounicth (precision) knacu@ikaiii B Mexax Kjiacy — 1€
JacTKa 3HAMICHUX KIACH(PIKaTOPOM JIaHUX, 5K AIMCHO HAJIEkKATh JAHOMY Kiacy,
BIJIHOCHO BCiX JaHUX, SIKI CHCTeMa BigHecsa 10 Iboro kiacy. IToBHora (recall)
Kkiacuikanli — 1€ YacTKa 3HaWJIeHUX KJIacU(PIKaTOpOM [aHUX, SKI JIHCHO
HaJIeXaTh JIAHOMY KJIacy, BITHOCHO BCIX JIaHMX IIhOTO KJIACy B TECTOBIM BHOIPIII.

Fg-Mipa € 3BaKeHUM TapMOHIYHUM CEPEIHIM TOYHOCTI I OBHOTH, PUIOMY Baru

IIMX XapaKTEPUCTHK y CyMi MaioTh AopiBHioBatd 1 + B2, Tounicts Mae Bary B2, a
MOBHOTA, BiANOBiAHO, — 1. Take 3BakyBaHHS Ja€ MOKJIUBICTH PETYJIIOBATH BKJIA]l
000X XapakTepuCTUK y 3Ha4eHHs Fg-mipu. Ilpu =1 oTpumyroTh, Tak 3BaHy,
F;-Mipy, sSika € TpPOCTO TapMOHIWHUM CEpeHIM TOYHOCTI 1 TOBHOTH. [HITUMU
cioBaMH, y F;-Mipi XapaKTepUCTUKH TOYHOCTI 1 MOBHOTH MAalOTh OJHAKOBY Bary
[139].

Po3rnssHyTi MeTOoaM MAaIlIMHHOTO HaBYaHHS OpIEHTOBaHI Ha poOoTy 3
HEMEepepBHO3ZHAYHUMU JIAaHUMHU B 0OAaraTOBMMIPHUX O3HAKOBUX IpocTtopax. Kpim
TOTO0, BOHM BHMAararoTh JJii HaBYaHHS 3HAYHMX OO €MIB BXIAHMX JaHMX, a IX
pe3yNbTaTH HE MAalOTh CTATUCTUYHOTO TMIJKPIIJICHHS Y BUTIIAI HMOBIPHOCTI
AHOMAJIBHOCTI JaHUX. AHaNi3 PO3IJIIHYTUX METOJIB MOKa3ye, 110 TIIBKH OJUH 13
HUX, a caMe: CTATUCTUYHHUIN HemapamMeTpUIHUN TICTOTPAMHUNA METOJ B TPUHITUIII
JI03BOJISIE PO3B’SI3aTU 3a/1a4y BUSBJICHHS MaT4iB 3 (DIKCOBAaHUM pPE3yJbTaTOM Ha
OCHOB1 BHKJIOYHO 3arajibHOAOCTYIHOI my0.riuHol indopmanii. J{ns miei 3anayi
riCTOrpaMHHUIl METOJ] 3BOJAMTHCS 10 PO3PAXyHKY IOJITOHY BIJHOCHHX YacToOT,
OCKUIBKM BX1JHI J1aHi, TOPOKYIOThCSI TUCKPETHOIO BUIIAIKOBOIO BEJIMYMHOILO, 1110

XapaKTEPHU3YETHCS MAJIOIO KUTHKICTIO IUCKPETHUX YHCIOBUX 3HAYCHD.
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Braxaerscs [14, 16, 17, 22, 65], mo pe3yabTaTd IOTOBIPHUX MAaTYiB
HaJeXaTh TUIBKA OOJACTI aHOMAJbHUX pE3yJabTaTiB. TakMM YWMHOM, Martul,
nioo3pini Ha (piKCOBaHUN PE3yJIbTAT, CKIAJAAIOTHCS 3 IBOX MHOYKHH:

1) 3Bu4aiiHi MaTyl, aje 3 aHOMAJIbHUMU Pe3yJIbTaTaMu;
2) JOTOBIpHI MaT4i, pe3yabTaTH SIKUX € AHOMAJLHUMHU 32 BUZHAYCHHSIM.

Sxuro ricTorpama KIOYOBUX XapaKTEPUCTUK MAaTyy, HAMPUKIAL, PI3HHII
M’SIY1B MaT4iB MEBHOI IPyNU KOMaHJ 32 YMOBHU BIJCYTHOCTI JIOTOBIPHHX MaT4iB, €
BIJIOMOIO, TO BHWSBJICHHS MAaTdyiB, MIA03pUIMX Ha (HIKCOBAHWM pe3yibTaT, HE
BUKJIMKA€E TPYIHOIIIB 1 3BOJUTHCS 10 BU3HAYEHHS 00J1acTi aHOMAJIbHUX PE3yJIbTaTiB
1o 3aJaHiii moporoBiii HMoOBIpHOCTI. OTpUMaHi pe3yJbTaTU MEPEBIPAIOTHCS Ha
nonajaHHs B 00J1acTh aHOMAIBHUX PE3YJbTaTIB 1 KIACH(PIKYIOThCSA K HOpPMaJbHI

a00 aHOMAaJIbHI.

1.4. KondgopmHi npeauxropn

HoBuM mnepcrneKTMBHUM KJIacOM METOMIB MAIIMHHOTO HAaBYaHHSI, SKI
BUKOPHUCTOBYIOTHCS SIK JUISl BUPIIIIEHHS 3a/1a4 Ki1acudikallii TaHUX, TaK 1 BUSBICHHS
aHOMaJllif, € MEeTOAM Ha OCHOBI KOH(poOpMHMX mnpeauktopiB [140]. Bouu He
BUMAaraloTh 3HAHHS 3aKOHIB pO3MOAUTY JaHMX, BHUKOPUCTOBYIOTbCA SIK 3
JMCKPETHO3HAYHUMH, TaK 1 HEMEepepBHO3ZHAYHUMHU JaHUMH. 30Kpema, B [141]
MOKa3aHo, SIK caMe 1€l MaTeMaTHYHUH arapaT MOKHA MPAKTUIHO BUKOPUCTATH IS
MOKpAIIeHHS pe3yJibTaTiB  Kjacudikaiii MeTOJAaMH OIMOPHUX BEKTOPIB 1
HaMONMKYUX CYCIJIIB Ta JUIsl BUSIBJIEHHS 3MIH Y IMOTOKAaX JIaHUX.

@DakTUYHO METOJM HAa OCHOB1 KOH()OPMHUX MPEIUKTOPIB MOKHA PO3TISAATH
SIK TIEBHUHM PO3BUTOK ICTOIPAMHUX METO/11B, OCKUIbKM BOHH HAJIal0Th CTATUCTUYHY
OLIIHKY aHOMAaJIbHOCTI 00'€KTa, BUKOPUCTOBYIOUH CIEIiaIbHY XapaKTEPUCTHUKY, sIKa
PO3PaxXOBYETHCS HA OCHOBI TCTOTpaMU 3Ha4Y€Hb Mipy HEKOH()OPMHOCTI.

3aranoM, KOHQPOPMHI MPEAUKTOPHU — KJIAC METOJIB MAIIMHHOIO HaBYaHHS,
Kl TPOTHO3YIOTh HAJEXKHICTh OO0’€KTYy JI0 NEBHOIO KJIacy Ha OCHOBI Mipu

BIIMIHHOCTI (KOH(OPMHOCTI) MOTOYHOTO 00’ €KTa BiJ morepeaHix 06’ektiB [140].
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KoHnpopmHuii aHOMalbHMI [ETEKTOP € METOJOM Ha OCHOBI KOH(OPMHOTO
MPOTHO3YBaHHS, 1110 HaJla€ UMOBIPHICHO MOJI0HY Mipy HaJIIMHOCTI JJIsI TPOTHO3Y
aHOMAJIbHOCTI 00’€KTa, SKUM HAIAXOAUTHh BiJI JIOBUIBHOIO METOJY BHUSBIICHHS
anomadiu [142].

VY Garatbox 00JacTSX 3aCTOCYBaHHS MAITMHHOTO HABYAHHS BAKIIUBI SIK caMi
nepenOayeHHs, Tak W JOBipYl MHOXKMHHU (1HTepBaiM) HUX TporHosiB. I[liaxin,
3aCHOBaHMI Ha KOH(POPMHUX TMPEAUKTOpaxX, TO3BOJIAE OTPUMATH HE TUIBKU
TOYKOBUH MPOTHO3, aJie ¥ JOBIpYYy MHOXXUHY CITPOTHO30BaHUX 3Ha4eHb. 1]e oqHier0
OCOOJIMBICTIO IILOTO METOAY € MOKJIMBICTh HAJIAIITOBYBAaTH PIBEHb JOBIPHU, IIO
JI03BOJISIE YTOUHIOBATH JI0BipYl iHTEepBaiu [144].

PosrasiHeMo MHOKUHY 00’€KTiB z; € Z, ne z; = (x;,V;), x; € X € BEKTOpOM
O3HaK i-TO 00°€kTa, ¥; € Y € MITKOI0 Kiacy i-ro o0’ekta, X € mpoCcTOpOM O3HaK
00’exTiB, Y € mpocTopoM MIiTOK KiaciB. BBaxkaemo, 110 K0KeH 00’ €KT Z; OTPUMAHO
3 IeKapToBOro A00yTKy Z = X X Y Ha OCHOBI J€SIKOTr0 MMOBIPHICHOTO PO3MOALTY
PeP(Z), ne P(Z) € MHOKUHOIO BCIX MOXJIMBHUX HMOBIPHICHUX PO3IMOALIIB Ha
MHOXWHI Z. Takox BBaKaeMO, 110 KOXKEH 00’ €KT Z; OTPUMaAHO HE3aJIeKHO B1J YCIX
IHIIMX OTpUMaHUX 00’ €KTiB. L1 mpUImynieHHs 3arajioM Ha3UBAKOTHCS MPUITYILICHHIM
nezanexcnocmi i idenmuynocmi po3noodiny (HIP) [140]. Takox BBOAMTHCS
npUnYueHHA 0OMIHIO8AHOCHI, 32 STKOTO TIOCTIIOBHICTD (Zy, ... Z) ) TEHEPYEThCA 3
iiMmoBipHicHOro posmoxiny P* Ha Z* Ta mae enacmugicmo obminosanocmi: nus
Oyap-sikoi mepecTaHoBKM n  MHOXWHH {1,...,k}, HMOBipHICHHIA po3mOIiN
IEPEMIIIAHOI IIOCTIAOBHOCTI (Zp (1), - -+, Z(k)) CHIBIAJAE 3 PO3MOALIOM P BUXIIHOI
TOCITITIOBHOCTI (Z4,...2;) [140].

AnropuT™M KOH()OPMHOTO NMPOrHO3yBaHHA Yy 3a7a4yax Kiacu(ikaiii BU3HAYa€e

HMOBIpHICHO TMOJ10HI 3HAYCHHS (cMyneHi KoHgpopmHocmi plgy )) HAJICKHOCTI

00’€KTa Z}, 10 KOXKHOTO 3 KJIaciB y € Y 3a HasBHOCTI BxKe KiIacu(iKoBaHUX 00’ €KTIB
(21, -+, Zk—1)- BinOyBaetbes e TakuMm unHoM [140]:
1) mus KOKHOTO 00’€KTY 3 MOCHIIOBHOCTI (Zq, «vv) Zj, v, Z) ) OOUHCITIOETHCS

k) a@k)

mipa nekongopmnocmi (a;” ", ..., i ,...,a,({y 2

) 3a yMOBH, IO OO0’€KT Zj
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HAJICXKHUTh JI0 KIacy Vy:

(yk) Ak({Zz, ;Zk}r Zl)a
a%% = A (21, o) Zio1, Zigrs oo Zich Z0),

(J/k)
= Ax({z1, ) 21}, 7)),
ne Ay € QyHKIIErO, SIKa 3aIE€KUTh BiJl MHOKUHHU BUTIIAAY {Z1, ..., Zj_1, Zj 41, 0, Zi} 1

o0’ekTa Z;, a y BIAMNOBIAHICTh IIUM apryMEHTaM CTaBUTh JIHCHE YHCIIO:

Ap:Z%1 X 7 > R. 3navenHs a(y k) XapaKTepU3yrTh Mipy TOTO, HACKUIBKU KOXKEH

00’ekT € HeKOHGOpMHHM  (BIAMIHHMM) YCIM  TOCHIJOBHOCTI 00 €KTIB

6%7)

(Z1) »Ziy ) Z): UMM OUIBIIMM € 3HAYCHHA d;” ", TUM MEHII KOH()OPMHUM €

00’exT z;. PazoM 3 1iuM, sKmo QyHKIisS Mipu HEKOH(POPMHOCTI Aj 3aJIeXKUTh BIJ

SHAYCHHs 3aIIPpOIIOHOBAHOI'O KJACy yk: TOI[I 3HAa4YCHHA a,(cyk) IMOKa3ye€ HAaCKUIBKU

HEKOH(POPMHOIO € YMOBA, IO 00 €KT Zj, HAICKHUTH 10 KJIACY ). YUM OUIBIINM €

3HAYEHHS a(y m) , THM MEHIII KOHQOPMHUM € 00’ €KT Zj, IS Kinacy Jy;

2) s KOXHOI OKpemoi MITKH P, € Y Kiacy OOYMCIIOETHCS CHIyRiHb

Im)

Kongopmnocmi (p-value) p,” ™ HaneKHOCTI 00’€KTa Z, 10 KIacy Vi:

pIO _ (j11<j<ka® > (yk)}l

koo k

Or)

. i o1
Bennuuna p,”* npuiiMac 3HaY€HHS B J1ana3oHi [;; 1].

3) xondopmHuM mpeaukropoM [%(zy,...,Z;, ...,Z;) € Taka MHOXHHA

MIPOTHO30BAHUX MITOK KJIACiB JUIsl 00’ €KTY Z), Ha piBHI 3HauymiocTi € € [0; 1] :

(21,23, -, 2z) = (i | PYF > ).
PiBeHb 3HAUYNIOCTI € XapaKTepHU3y€ AOMYCTUMICTD (HaA1iHICTh) OTPUMAHOTO
KOH()OPMHOTO TPEANKTOPAa B TAKOMY CEHCI: OTpMMaHa MHOXKHMHA MPOTHO30BAHHUX
mitok ['¢(z4, Z,, ..., Z),) THM OLJIBIIIE € HAMIHHOKO, YUM MEHIIIUM € PiBEHb 3HAYYIIOCTI

E.
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Takox pa3oM 3 pIBHEM 3HAYYIIOCTI € MOXJIMBE BUKOPUCTAHHS PIBHS JOBIPH
1 — & oTpuMaHa MHOKHUHA MPOTHO30BaHUX MITOK ['¥(Zy, Z,, ..., Z;) TUM Oijblie €
HaJIIHHO0, YUM OUIBIINM € piBeHb 10Bipu 1 — € [140].

CimetictBo  {I'%(z4, 2, ...,2;)| € € [0;1]} KOHPOPMHHMX  MPEAUKTOPIB
I'¢(zq, ..., Zjy e, Z) A yCIX MOXKIUBUX PIBHIB 3HAUYYIIOCTI € HAa3MBAETHCS
npeouxmopom Oogipu (noBipeHuM TpeaukTopoM, confidence predictor).
CiMmeicTBO KOH(POPMHHX MPEAUKTOPIB € BKIAJACHUM B TakoMy ceHcl [142]: mns
Oymp-siknx 0 < g1 < g, < 1

['¥1(zq, 24, ..., 23) 2 %2(24, 25, ..., Z3,).

OpHi€ro 3 TOTOBHUX O03HAK SAKOCTI KOHPOPMHOTO MPEIUKTOPA 1 TPEAUKTOPA
JOBIpU € @a1ioHicmb (IOCTOBIPHICTH): BOHA IMOKAa3y€ HACKUIBKU HAJIMHUMU €
OTpUMaH1 KOHPOPMHI IPEAUKTOPH.

Koudopmuwmii  mpemuxtop [¥(zq,25,...,2;) Ha3HBAETbCA  BaJiIHUM
(mocToBipHMM) Ha piBHI 3HauymocTi € € [0;1], sgKm0 He3ameXHO Bif
iiMmoBipHicHOTO po3moziny P¥ na Z¥, #imoBipHicTs ToTO, 0 V) €& I'€(24, 2y, ..., Z))
He nepepumnye €. Ipemukrop moBipu {[¢(zq,2,,...,2;)| € € [0; 1]} HasuBaeThcs
BQJIITHAM, SIKIIO KOXEH OKpeMuil KoHpopMmuuil mpemuktop ['¥(zy,zy,...,2;) €
BaJIiTHUM Ha CBOEMY PiBHI 3HauymIocTi € [ 140].

Hoseneno [140], mo 3a npumyiieHHs 00MIHIOBAaHOCT1, HMOBIPHICTh TOMUJIKU
Vi € I'¥(z4, 25, ..., ;) He nepeBulye € i Oyap-skoro € € [0; 1] i kondpopmHOTO
npeaukropa [ 1, TakKuM YMHOM, BIH MA€ BIACTUBICTh BaJIiTHOCTI.

PiBeHp 3HAYYIIOCTI € BHUKOPHCTOBYETHCSA SIK PIBEHb, IO XapaKTEPU3YE
NOMWIKY KJIacu(ikalii: YuM MEHILUM € €, TUM TEOPETUYHO MEHILIOI0 € HMOBIPHICTh
TOTO, IO ISt 00’€KTa Zj, MPOTHO30BaHA MITKA y) HE CHIBMAJAE 31 CIPABKHBOIO
MITKOIO V.. MHOKUHA [¥(Z4, Z;, ..., Z);) MICTUTB yCi IPOTHO30BaHI MITKH KJIACy JIJIsI
00’€KTa Z; Ha piBHI 3HAYYIIOCTI €. BakyimBa Ha MPaKTHIl CUTYallisl BAHUKAE, SKIIIO

piBEHb 3HAUYUIOCTI BUOpaHO A0CUTh HU3bKUM. Hanpuknan, nexait maemo € < 0,01

ta nipu 1upomy ['¥(zy, z,, ..., z;) = @. OcraHHs piBHICTH 03Hauae, Mo Vk p,(cy W<,

TOOTO 00’EKT Xj, € YUMOCH HOBHM Ta Ma€ 30BCIM Majio CIUIBHUX PUC 3 KOXKHUM 3
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IHIIUX 00’ €KTIB X1, ..., X_q. Curyartis ['¥(z,, Z,, ..., Z) = @ eKBiBaJICHTHA CUTYaITii
€IMHOI CIIPOrHO30BaHOI MITKH KJacy 3 JOCTOBIPHICTIO MEHIIIOIO 3a €, 110, B CBOIO
4yepry, MO>Ke 03Ha4yaTH, 0 TECTOBUN O0’€KT Xj HE € MPEICTABHUKOM HAaBYAIbHOT
BUOIpKu (24, Zy, ..., Zi—1) [144] 1 MOXKE PO3TIISAATHCS K AHOMAIBHHUI.

3aramoM, SKIIO HOBUM 00’eKT 1 HaB4yanpbHUK HaOlp € HIP abo orpumani 3
PO3MOITY 3 BJIACTUBICTIO OOMIHIOBAHOCTI, TO 3a paHiIlle HaBEJEHOK BJIACTUBICTIO
BaJIiTHOCTI MMOBIPHICTh TOMWJIKM BU3HAYEHHS MITKH KJacy OoOMEXeHa 3BEpXY €.
Takum YMHOM, SIKIIO 00’ €KT Zj, KIACU(DIKY€EThCS IK aHOMAJIbHUM, KOJIH BiAMOBITHUN
HaO1p NPOTrHO31B € HEBIPHUM (ITOPOKHIM a00 TaKUM, SIKUH HE MICTUTh CIIPABKHbBOT
MITKH KJacy), TOJAl BKa3aHUW PIBEHb 3HAYYIIOCTI € BIJINOBIJIA€ BEPXHIA MeEXKI
WMOBIPHOCTI BUSIBJIEHHSI aHOMAJTIi.

VY 3agadax BUSBJICHHS aHOMANi 4YacTO € BaXJIMBUM JIUIIEC BHSBICHHS
aHOMaJIbHUX 00’ €KTIB Zj, a HE BU3HAYEHHS TOTO, JIO SIKOTO HOPMAJIBHOTO KJIacy Yy
HaJIEXHUTh 00’€KT. Y LIbOMY BHUIIQJKy BUXOJUTH PO3YMHILIE OLIIHIOBATU CTYHIHb
KOH(GOPMHOCT1 p-value TINBKU AN MITKH, fIKa YK€ € y IbOro 00’€KTa, a He
oOuuncnoBaTu p-value niisg BCiX MOXIMBUX MITOK Yy € Y. ¥V po6oti [145] Oyno
3alPONIOHOBAHO KOH@OPMHUII AHOMANbHUN OemeKmop, SKUWA € 3araibHUM
aNTOPUTMOM Il TIEPEBIPKM Ha aHOMAIBHICTh O0’€KTa Z, Ha OCHOBI MipHU
HEKOH(GOPMHOCTI A, BCTAHOBJIEHOTO PiBHS 3HAYYIIOCTI € Ta TPEHYBAJIBLHOTO HA0OPY
00’ €KTIB Zq,..., Z)_1. [IpaBuI0 pOOOTH IETEKTOPY: 00’ €KT BBAXKAETHCS AHOMAITBHUM,
SKIIO BUKOHY€ETHCS YMOBA

Pr < & (1.1)
ne € € [0; 1] e moporom anomansHOCTi (anomality threshold).

[nakie, 00’ €KT BBAKAETHCA HOPMAIBHHUM.

MHoOX1Ha BCIX MaT4iB, JJI SKUX BUKOHYeThCs ymoBa (1.1), Ha3uBaerbcs
KoH(opmHuum anomanvnum npeouxkmopom i mnosHadaerbcs [%(zq,z,, ..., 2, ).
JoBeneHo, 110 3a npunyiieHHs: ooMiHoBaHocTi a60 HIP 00’ ekTiB BUOIpKH Z4, ..., Zj
Juist Oynb-skoi Mipu HEeKOHPOpMHOCTI A, 1 k =1 HMOBIPHICTH MOMHUIKHA Y

MPUUHATTI PIIIEHHS, 110 00’ €KT € aHOMAJIbHUM, He TiepeBuiye € [146]. [Tapametp
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€ PETyJIO€ YyTIWBICTh KOH(POPMHOTO aHOMAJbHOTO AETEKTOpa JO BHUSIBJICHHS
aHoMaJIbHUX 00’ €KTiB [147].

HeoOxinno BinMiTuTH, 1110 B podoTax [145-147] koHbOpMHMIT aHOMAJIbHUMA
JneTekTop OyB BUKOPUCTAHUH JIJIsi BUSBJIICHHS aHOMAJIIM B TaHUX B pekumi on-line,
TOOTO JIsl IEPEBIPKU MOTOYHHX JIAHUX B peaabHOMY 4daci. [Ipu mpomy mpu moOy1oBi
MIpU HEKOH(OPMHOCTI BHKOPUCTOBYBAJHUCS IMPOTHO30BAHI 3HAYEHHS MOTOYHHUX
JAHUX Ha OCHOBI JaHUX, OTPUMAHKX [0 IOTOYHOTO MOMEHTY 4acy.

3amaya, MO PO3IIANAETHCSA, BIIPI3HAETHCS HASBHICTIO BCi€l OTpUMAaHOI
BUOIPKU JAHUX, MO SIKIM NPUIMAIOThCS PIIEHHS MO KOKHOMY Matuy. Lle Takox
BHUMAarae po3poOKu Mipy HEKOH(POPMHOCTI, 1110 BPaXOBY€E BCIO HasiBHY 1H(GOpPMAILIIIO.

3HauCHHA CTYINEHIB KOH(GOPMHOCTI, IO OTPUMAaHI SIK PE3yJbTar
KOH(GOPMHOTO aHOMAJIBHOTO JIeTeKTOpa a0 KOH()OPMHOTO MPETUKTOPA, MOXKYTh
OyTH BUKOpPHUCTaHI TaKOX Il NEPEBIPKM HASBHOCTI y MOCHIJIOBHOCTI 00’ €KTIB
BJIACTUBOCTI OOMIHIOBAHOCTI.

IToCITiTOBHICTh BUMAAKOBHX BEIUYUH {S) )y, HA3UBAECTHCS MAPMUHZAIOM,
axuro [148-150]:

M(Snlsn—1;5n—2; "'151) = Sn—lr (12)
ne M(X|Y) € yMOBHMM MaTeMaTHYHHM CIOiBaHHSIM BHIIAJKOBOI BEIMYMHU X 3a
YMOBH BiJIOMOi BUIIaIKOBOT BEJTUUUHU Y.

MapTuHranu 3acTOCOBYIOTBCA  JUISl  JOCHIIPKEHHS  BJIACTHBOCTEH 1
MIPOTHO3YBaHHS BUIIAIKOBHUX ImporieciB [151, 152].

Y pobGoti [148] Oyno 3amporoOHOBAHO BUKOPHUCTATH BHUIIAJIKOBI 3MIHHI

Mé“), an), s M,En), ..., 1110 HA3UBAIOTHCS cmenenesum mapmunzanom [148, 150]:

nen €[0;1], MV = 1.
[TocaigoBHOCTI BUMNAAKOBUX 3MIHHUX M(()n),Ml(n),...,M,En),...., U1 yCIX

3HaueHb napameTpa 1 € [0; 1] Ha3uBarOTHCS CIMEMCTBOM CTEIIEHEBUX MaPTHHTAJIIB.
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JUisi  HIBEMIOBaHHS 3aJIeKHOCTI BlJ IapamMeTrpa € BUKOPUCTOBYIOTh

inTerpansHuii MmapTunradi [ 148, 150]:
1

My = j MM dn.
0
B pobGorax [149, 152] noBenmeHo, mio IHTErpajibHU MapTuHran M; Ta
CTeNeHeBUN MapTUHrain M ,En) 3aJI0BOJILHSIIOTH O3HAYeHHIO0 MapTuHTana (1.2).
CreneHeBuil Ta 1HTErpajJbHUN MAPTUHTAI JIaIOTh MOKJIMBICTH NEPEBIPUTH
rinoTe3y MpoO BIACTUBICTh OOMIHIOBAHOCTI JUIsl TOCHIOBHOCTI 00’ €KTIB
(24,29, ..., Zk, ...) TIOTOUKOBO 3a PAaxyHOK BJIACTHUBOCTI, fKa JOBEICHA IS

MapTUHTAJIIB 1 Mae Ha3By HepiBHOCTI [ly0a [145]:
P (maXMk = 7\) < 1
k A
Takoxx y pobori [149] noBemeHOo, IO CTENEHEBUW Ta I1HTErpaIbHUN

MapTUHTAI 3 IOYaTKOBOK YMOBOIO M,En) =1 € HeBI’€MHHM HE3POCTAIOYUM

BHUITAIKOBUM IIPOICCOM. Takum YHUHOM, BI/I6paBIHI/I 3HA4YCHHA IMOPOTY A TakK, 010

1 o . .
3Ha4YCHHAA X HC IICPCBUINYBATHUMC HAIICPCA 3a/JaHMHU P1BCHb 3HAYYIIOCT1, BAKOHAHHA

yMOBU M = A BBaXa€ThCs yMOBOIO TOTO, IO Ha OO0 €KTI Z; MOPYIIYETHCS
BJIACTUBICTH OOMIHIOBAHOCTI IJISl MOCIIAOBHOCTI (Z4,Z5, ..., Z, ... ). Ha mpaxTwumi
NOPYILIEHHS I[I€1 BJACTUBOCTI O3HAYA€ TaKl MOYKJIMBI CUTYaIlli:

1) mocnigosuicts (24,25, ..., Zk, ..) HE € BHIIAJAKOBOIO, TOOTO BOHAa HE €
3r€HEePOBAHOI0 BUIAJKOBUM PO3IOALIOM;

2) TOYKa Zzj, B3fATa 3 BUIIAJKOBOIO PO3MOJAULY, IO BiAPI3HAETHCS BIJ
BUIAJIKOBOTO  PO3MOJITY, 3a SKUM OyJia 3reHepoBaHa  IOCIIJOBHICTh
(ZI:ZZJ s Zk—l)-

Sk HaCNIJIOK, CTENIEHEBUH Ta IHTErpajIbHUN MAPTUHTAIH OYJI0 BUKOPUCTAHO
y 3aja4l MOIIyKYy B MOTOII JaHUX OO0’€KTa, M0 XapaKTepU3yeE MOMEHT 3MIHH Y
BJIACTUBOCTSIX CEpEAOBHUINA, B SKOMY TreHepyloTecsi 00’extu [141]. Taxox
MapTUHTAJIX OyJI0 BUKOPUCTAHO JJIS 3a/1a4l MOLIYKY aHOMaJIbHHUX MOCIITOBHOCTEH

TOYOK Ha MPUKJIAAl TPAEKTOPiM monboTy mitakiB [153]. Sk mipa HEKOHPOPMHOCTI
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BUKOPHUCTOBYETHCS  BIACTaHb MK  TOJIOKEHHSMH  TOTOYHOI  TOYKH,
CIIPOTHO30BaHUMU 3a HopMmaiabHOIO (['ayCiBCbKOIO) perpeciiiHol0  MOJEIUIIO,
OTPMMAHOI0O Ha OCHOBI TPEHYBaJIbHOI BUOIPKH, Ta MOJEIUIIO, MOOYJAOBAHOIO 3a
HAsBHUMH Ha MOTOYHHH MOMEHT TOYKaMH TPAEKTOPII.

[lepeBaru po3TasiHYyTOTO MaTEMaTUYHOTO amapary IMOJSATaloTh y MOEIHAHHI
MPOLIeCY HABYAHHS 1 TPOTHO3YBAHHS Y OJIHY CTAIIIO 1, SIK HACJI1JIOK, Y BUKOPUCTAHH1
pe3ynbTariB Kiaacu(ikamli monepenHix o0’€KTIB A MPOTHO3YBaHHS PE3yJbTATy
JUTSL IOTOYHOTO 00’ €KTa.

Kpim Toro, meit miaxia n03BoJise 0e3 3HAYHUX OOYHUCITIOBAIBHUX BUTpAT
OTpUMATH HEMapaMeTPUUHI JIOBIpYl 1IHTEpBaIH (JOBIPYl MHOKWHHU) ITPU BUPILICHHI
3aBAaHb Kiacudikallii Ta BHSABJICHHS aHOMAaiH, IO J03BOJISE BBOJWTH OLIHKU

rapaHTOBAaHOT TOYHOCTI JJIsl PIlI€Hb.

1.5. IlocTanoBKA 3a1a4i JOCTIIKEeHb

Mertoto po6oTH € miABUIIICHHS €(PEKTUBHOCTI BUSBIICHHS MaTYiB, TOTEHIIHHO
MiI03piiuX Ha (IKCOBAaHICTh pe3yibTaTy, Ha 0a31 0OpoOKM BUKIIOYHO
3araJIbHOIOCTYMHUX MyOIIYHUX JaHUX PO Pe3yIbTaTH MPOBEICHUX MaTUiB.

JI7ist focATHEeHHS BKa3aHO1 METH Y JIaH1i JucepTailiifHiil poOOTI BUPIIIYIOTHCS
TakKl 3aj1a4i:

1. Po3pobka mporieaypy rpynmyBaHHS KOMaH]T CE30HY.

2. Po3pobka imitarmiitHoi Mojeni (yTOOJBHOTO CE30HYy 3 MaT4aMH 3
(b1KCOBaHUM pPE3yJIbTATOM.

3. Po3poOka MeToay BUSBIEHHS MIA03pUIMX (yTOOJBHUX MaT4diB 3
(biKCOBaHUM PE3yJIbTATOM 32 JOTIOMOI'0I0 KOH(OPMHOI'O aHOMAIBHOTO JIETEKTOPA.

4. Po3pobka MeTOqy BHABIEHHS MiAO3pUIMX (GYTOOIBHUX MAaT4iB 3
(bikcoBaHUM PE3yJIbTATOM 3a JOMOMOIOI0 CTEIIEHEBOTO MAPTUHTATY.

5. Po3poOka MeToay BUSIBIEHHS MIA03pUIMX (yTOOJBHUX MaT4diB 3

(b1KCOBaHUM pPE3yJIbTATOM 32 JOMOMOI'OK0 IHTErPaIbHOTO MapTUHTATY.
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6. JocnimkeHHs U oniHKa €()eKTUBHOCTI pO3pOOJIEHUX METO/AIB BUSBICHHS
NiJ03pUIHX Ha (PIKCOBAHICTh Pe3ysbTaTy (PyTOONBHUX MAaT4iB HA OCHOBI METPHK
kiacudikarii, ki € 6a30BUMH B MAllTMHHOMY HaBYaHHI Ha MOJICJIbHUX Ta peabHUX
CE30HaxX.

O0’ekTOM  JTOCTIUKEHHS € BHUSBICHHS MaT4iB, MiAO3PUIMX  II0JIO
(bikcoBaHOTO pe3yabTaTy B PyTOONHHUX TypHIpaXx.

IIpenmeTom AOCIIKEHHS € MOJENIl Ta METOAM BUSIBJIECHHS MOTEHIIMHO

migo3piinx Ha (IKCOBaHUM pe3yJIbTaT MaTUiB y PyTOONBHUX TypHIpax.

BucHoBku 10 po3aiay 1

I. Matui 3 (ikcOBaHMM pe3yJIbTATOM € peajlbHOI MPOoOJIEeMOI0, sKa
3arpo’kKy€ OCHOBOIIOJIOXKHUM TMPUHIMIAM Ta aBTOpuTeTy (GyTOoNy y OaraTthox
KpaiHax CBITy, y TOMY 4ucii i B Ykpaini. Ha chorogni Taki Matdi KBamiiKyrOThCS
3 IOPUIUYHOI TOYKHU 30pYy SIK KpUMIHAIBHUN 37104MH. OHAK (DaKTH MpPOBEIEHHS
JIOTOBIPHUX MAaT4iB BCTAHOBUTH HAIIEBHE Mailkeé HEMOXJIMBO, MpUHAKWMHI, 0€3
MPOBEJICHHS CIELIaIbHOT TOJIIENHChKOi omeparlii, OCKUIbKM cama Mpupoja
CHOPTUBHHUX 3MaraHb rapaHTye, IO HE 3aBXKIU IEepeMarae CWibHIIIAa KOMaH[a.
Tomy MOXHa TOBOPUTH JIUIIIE TIPO TE, IO Pe3yJIbTaT MEBHUX MATUIB € MiA03PUINM,
aHOMAJIbHUM TOIIO. AJie i Taka iH(opMaIlisi € KOPUCHOIO Ta BaXJIMBOIO, OCKUIBKH
BUCTYTIA€ JOJJATKOBUM 1HIUKATOPOM TOTO, L0 IEBHA KOMAH 1a MO>KE€ MaTH CTOCYHOK
JI0 TIOPYIIIEHHS CIIOPTUBHUX MPUHIIUIIB YE€CHOI TPH.

2. Y J0oroBipHMX Maryax, OB’ SI3aHUX 3 BUTPAIIOM 3a CTaBKaMU, 3aBJIaHHAM
€ OTpUMAaTH pe3yJbTaT MaTdy, BIAMIHHHMHI BiJl O4IKyBaHOTro, 100 MaKCHUMAaJbHO
3apoOUTH Ha CTaBIil. TOMy pe3yibTaTH TaKMX MaTYiB MOXKHA PO3TISIaTH SK
HETHUIOB1, aHOMaJIbHI1, 0 A03BOJIsE (POpMali3yBaTH MOLIYK MaT4iB 3 (piKCOBAaHUM
PE3yNBTATOM.

3. BukopucTaHHd METOJIB NPOTHO3YBaHHS pe3yJbTaTy MaTdy, aHaJI3y
CTaBOK a0o0 [1{i yYaCHHUKIB MaTyy MPOTATOM BCI€l TP Jisl BUSBIICHHS M1A03PUIUX

110,10 (HIKCOBAHOTO pe3ysbTaTy (PyTOOJbHUX MAaT4diB BUMAra€ BEJIMKOI KUIHKOCTI
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JAHUX, SIKI HE 3aBXKAU JOCTymHI s aHami3y. lle oO0ymoBiIO€ AOLUIBHICTD
MPOBEJICHHS JOCII)KEHb BUSBJICHHS MOTEHI[IMHO MiAO3PUIMX 1010 (PIKCOBAHOIO
pe3yJIbTaTy MaTyiB, K1 HE BUMArarOTh BEJIMKO1 KUIBKOCTI HEMyOJIYHO JOCTYITHUX
TaHUX.

4. 3agada BUSBIEHHS MiO3PLIUX MIOAO (PIKCOBAHOTO pe3yibTaTy MaTdiB
BIJIHOCHUTHCS IO BHSBJIECHHS KOHTCKCTHMX aHOMAaJIii, IO BHPINIYETHCS B Tamys3l
IHTEJIEKTYyaJIbHOI'O aHaji3y AaHUX. BUIbLIICTh METOAIB MAalIMHHOIO HaBYAHHS, IO
BUKOPHUCTOBYIOTHCS JUIsl TIOIIYKY aHOMAaJii B JaHHUX, OPIEHTOBaHI Ha poOOTy 3
HEeMepepBHO3HAYHUMU JAHUMU B 0araTOMIpHUX 03HAKOBHUX MPOCTOPAX 1 BUMAraroTh
BEJIUKOro 00’eMy BHOIpKHM, IO OOMEXKY€ MOXIIMBICTH iX 3aCTOCYBaHHS JUIst
PO3B’sI3aHHS MTOCTABJICHOI B IUCEPTAIITHOMY JTOCIIKEHHI 3a1a4i.

5. KoudopmHI mnpeaukTOpu HE BUMAraloTh 3HAHHS 3aKOHIB PO3MOILTY
JTaHUX, BUKOPUCTOBYIOTHCS SIK 3 JUCKPETHO3HAYHUMH, TaK 1 HENEPEePBHOZHAYHUMU
nanumu. llepeBarm gaHOro MaTeMaTHMYHOrO amapary IMOJIATalOTh Yy IMO€IHAHHI
MpOLIECY HABYAHHS 1 IPOTHO3YBAHHS Y OJIHY CTAJIIIO 1, SIK HACHI/I0K, Y BUKOPUCTaHHI1
pe3ynbTaTiB Kiacudikaiii monepeAaHix o0’€KTiB A MPOrHO3YBAaHHS PE3yJbTaTy
it noroyHoro o0’ekra. Takox 1€l migxig Ag03BoJisie  0e3  3HAYHUX
OOYMCIIIOBAJILHUX BUTPAT OTPUMATH HeNapaMmeTpuyHi AOBipYl 1HTEpBaIU (JIOBIpYI
MHOXMHH) TIpY BHpIIIEHHI 3aBlaHb Kiacu(ikaiii Ta BUSBICHHS aHOMAJIH, IO
JTIO3BOJISIE BBOJAMTH OI[IHKM TapaHTOBAHOI TOYHOCTI IS pillieHb (ITPOTHO31B).

6. AKTyaJqpbHOI0 HAyKOBOI 3a7adei0 € po3poOKa METOMIB BUSBICHHS
migo3pimx Ha (PIKCOBaHWMN pe3yslbTaT MaT4iB 3 BUKOPUCTAHHSM amapary
KOH(OPMHUX NPEIUKTOPIB, CTENEHEBUX Ta 1HTErpajJbHUX MApPTHHIaJiB HA OCHOBI
BUKOPHUCTAHHS JaHUX JHIIE TMPO PaxXyHKH MPOBEACHUX MaTdiB Ta MICHb iX

IMPOBCIACHHA.
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PO3/11 2
®OPMAJIBALISI ONUCY BXIJHUX JAHUX, TPYITYBAHHS
KOMAH/I TA PO3POBKA IMITALIIITHOI MOJIEJII
®YTBOJBbHOI'O CE30HY 3 MATYAMMU 3 ®IKCOBAHUM
PE3YJbTATOM

2.1. I'pynyBaHHs KOMaH/ 32 IXHbOIO CHJIOK0

Ax 3azHavanocs B miaposaini 1.3 mamui 3 ¢hikcoeanum pesynbmamom
BIOHOCAMBCA 00 K1ACY KOHMEKCHMHUX aHomaii. J{1s BU3HaYeHHS aHOMAaUTIi IIbOTO
TUITy OIHUM 13 OCHOBHHMX KPOKIB € BUJIJICHHS KOHTEKCTYyaJIbHUX 1 TTOBEIIHKOBHX
arpuOyTiB. Sk  moBemIHKOBUN  aTpuOyT  ¢yTrOOIBHOrO MaTdyy  OyaemMo
BUKOPHCTOBYBATH PI3HUII0O M’si4iB, 00 BOHA JO3BOJISIE MPOCTO 1 OJHO3ZHAYHO
BCTAHOBUTU PE3y/bTaT BiAMOBiAHOrO Mmarudy. IIpore wmaru wmoxe OyTtu
KOHTEKCTYaJIbHOIO aHOMAJIIEI0 32 OTHUX 3HAYEHb PI3HUII TOJIIB (CKaXIMO, epemMora
c1a0KO1 KOMaHAM HaJ[ CUJIBHOIO 3 PI3HULEI0 y TPU M s4l), aje MpPU TAKOMY XK
3HAYEHHI 11€1 PI3HUII, TOOTO MOBEIIHKOBOTO aTpUOYTY, BBAXKATUCS HOPMAJIbHUM Y
IHIIOMY KOHTEKCTI (IIpM TepeMo3l CHIbHOI KOMaHAM Haja ciadkoro). Sk
KOHTEKCTyaJbHI aTpuOyTH Bi3bMEMO aTPUOYTH «CHJIa KOMAaHIW» 1 «THUIl TPU» —
BUi3HA a0o0 JoMmaliHs. 3a CUJIOK KOMaHAM TMOAUISIOThCS Ha rpynu. [pynu
BU3HAUYAIOTHCSI  MUISXOM  TMPOBEACHHS  OAHOBUMIpPHOI  a00  JBOBUMIpPHOI1
kiactepu3aiii. OMHOBUMIpHA KJIacTepHU3allis BiIOyBAETHCS 3a KIIBKICTIO HAOpaHUX
OYOK, a IBOBUMIpHAa — 3a KUIBKICTIO HAOPAHUX OYOK Ta PI3HUIICIO0 MIXK 3a0UTUMH 1
OPOMYyIIEHUMHU M’sil9aMy KOMaHJ y ce3oHi. Kimacrepusariisi 103BOJsi€ BUAUIATH
2pynu 00HOPIOHOCMI KOMAHO 3a Cujlol 3a pesyibraramMu ce3oHy. Ha ocHOBi
KOHTEKCTyaJIbHUX aTpUOyTIB Mardl TYpHIpY TOAI MOXHa Oyzne po30UTH Ha Kaacu 1
BKE B KOXKHOMY KJIacl MaT4iB 3a MOBEIIHKOBUM aTprOyTOM BHU3HAYATH aHOMAaJbHI

Martdi. Takum YHMHOM, BAXXJIMBOIO 3aa4YCIO € KJ'IaCTepI/ISa]_Ii}I KOMaH/J 3a CHJIOIO.
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OpHuM 31 CTaHAAPTHUX 1 HAWUOUIBII JOCTYNMHHUX IOKAa3HUKIB YCIIIIHOCTI
KOMaHJ y CE30H1 € 3arajbHI OYKH, HAOpaHi KO>KHOI KOMAaHJOK Mij 4ac CE30HY:
s(6)=3w(t) + d(t), ne w(f) Ta d() € BIAIOBITHO KIJTBKOCTI TIEPEMOT Ta Irop y HIYHIO
Ui kKoMaHu ¢. KpiM 1mboro moka3HuKa, AJs aHalli3y 1 MOJCTIOBaHHS pe3yJbTaTiB
GbyTOONBHUX MaT4diB TAaKOX 3a3BUYail PO3DISIIAIOTH TaKli XapaKTEPUCTUKH SIK
KUIBKICTh 3a0UTHX gf(¢) Ta mponyimeHnx ga(t) KOMaHOIO ¢ TOJIIB, a TAKOX PI3HUIIIO
uux BenuuuH gd(¢)=gf(t) — ga(t). PO3misiHyT1 XapaKTepUCTUKH HaBeeHO y Ta0m. 2.1
muis ce3ony 2013-2014 pp. Jliru 2 @panuii. Leit cezon 6yB oOpanuii Tomy, 1o Oymnu
nyOivH1 3asBU PO C(abIIOBAHICTh PE3YIbTATIB JEIKUX MaT4iB KOMaHau Nimes
Olympique'®!!, monpasga moriM 110 iH(OPMAILIIO BiINOBIZHEM OpraHaM He

BOAJIOCA FOPUAUYIHO OOBCCTH.

Tabmurs 2.1 — [Nokasauku ycmimHoCTi Komaua y ce3oni 2013-2014 pp. Jliru 2

Opaniii

Ne t s(t) w(t) d(t) gf@® | ga(t) | gd(t)
1 Metz 76 22 10 55 28 27
2 Lens 65 17 14 58 40 18
3 Caen 64 18 10 65 44 21
4 Nancy 61 16 13 47 37 10
5 Niort 58 15 13 51 47 4
6 Dijon 57 14 15 53 42 11
7 Brest 56 15 11 38 32 6
8 Angers 55 14 13 46 45 1
9 Tours 55 15 10 63 56 7
10 Troyes 52 15 7 56 44 12
11 Creteil 50 12 14 57 58 -1
12 Le Havre 48 11 15 43 43 0
13 | Arles-Avignon 46 10 16 36 38 -2
14 Clermont 45 10 15 31 38 -7
15 Nimes 44 10 14 49 54 -5
16 Auxerre 43 10 13 35 45 -10
17 Laval 42 10 12 44 52 -8
18 Chateauroux 40 10 10 43 59 -16
19 Istres 36 9 9 48 74 -26
20 CA Bastia 24 4 12 21 63 -42

10 e Monde. Matchs truqués présumés : ce que révélent les écoutes (14 janvier 2015), from
https://www.lemonde.fr/football/article/2015/01/15/les-pieds-nickeles 4557302 1616938.html

11 1.. Chami, Matchs truqués de Ligue 2 : 18 mois ferme pour les anciens dirigeants nimois,
leparisien.fr (Sep. 13, 2018), from https://www.leparisien.fr/sports/football/matchs-truques-de-
12-18-mois-ferme-pour-les-anciens-dirigeants-nimois-13-09-2018-7887090.php
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Ha puc. 2.1 Toukamu mpeAcCTaBIEHO IMOJOKEHHS KOMaH] 3a HaOpaHUMU
OYKaMH B OAHOBUMIpHOMY MpocTopi. Ha puc. 2.2 ToukaMu moka3aHoO MOJOKEHHS
KOMaH/I 32 KIJIbKICTIO HAOpaHUX OYOK Ta PI3HUIICI0 MK 3a0UTUMH 1 IPOMYIICHUMHU
M’SlYaMU KOMaHJl y CE€30HI B JABOBUMIpHOMY Impoctopi. IlapameTpu «KUIbKICTH
HAOpaHMX OYOK» Ta «PI3HUIISI MIXK 3a0UTUMH 1 TPOIMYIICHUMHU M’ ST4aMU KOMaH»
oOpaHi siK HailO1Ib1 1HGOPMATHUBHI TapaMeTpu HabOpy JaHUX 3 Ta0. 2.1, OCKUTBKH

1HII1 apaMeTpu € CKIaJ0BUMHU LIUX JBOX.

s(t)

0 o oo L] o0 (] o ]

1 I I 1 I I I
20 30 40 50 60 70 80

Pucynok 2.1 — [TonoxxeHHs1 KOMaH[ 3a HAOpaHUMU OYKaMU B
OJTHOBUMIPHOMY TIPOCTOPI
80 - s(t) & gd(t)
ol
sl
Ssol .
s .

30 -

20 L I L I L L I I
-50 -40 -30 -20 -10 0 10 20 30

gd(t)
Pucynok 2.2 — IonoxeHHs: KOMaH/[ 3a KUIbKICTIO HAOpaHUX OYOK Ta
PI3HHIICIO M1 3a0UTUMU 1 IPOITYIIICHUMH M’ sST9aMH KOMaH]I Y CE€30HI B

JBOBUMIPHOMY ITPOCTOPI

Cnoyatky g TpyMyBaHHS KOMAaHJ[ BHUKOPHUCTAEMO KIIACUYHHI METO
kiactrepuzaritii K-cepennix [134-137]. Bxinaumu ganumu juist Mmetony K-cepeaHix €

MaTpuIls Todok X posmipHOCTi (N, D), ne N € KUIbKICTIO TOUYOK BUOIPKH, TOOTO
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JIOBKUHOIO BUOIPKH, a D — KUIBKICTIO KOOPJIMHAT OJIHIET TOUKH (200 PO3MIPHICTIO
JAHUX ), Ta KUIbKICTh KiacTepiB K.

Pesynsrarom metomy € Bektop G = (g4, .-, i) -, gn) IOBKUHOIO N, 1
KOOpJIMHATA g; JOPIBHIOE HOMEPY I'PYIIH, J0 SIKOi OYJI0 BIIHECEHO TOUYKY X; BUOIPKHU
X. Takox ayig BU3HAYEHHS MPUHAIECKHOCTI TOYKU X, 10 BIATIOBIHOTO KJIACTEPY
(rpymu) 3a MetosoM K-cepenHiXx BUKOPHUCTOBYIOTh BaroBy ¢yHkiitoo 6, (k) Takoro

BUITISILY:

1, K110 TOYKA X, HAIEKUTH Kiactepy Cy,
0, SIKI1IO TOYKA X, HE HAJIEXKUTh KiacTepy Cy.

0.00) = |

Ha mowarky poGotu metomy BinOyBaeThes iHimiamizaimiss K TOYOK Cy, SIKi

Ha3UBAIOThCS IEHTPaMU BIAMOBITHUX KJIacTepiB (Cj € HEHTpoM k-ro kiactepy Ck).

[Ticns LbOro aJrOpuTM TPYIyBaHHA TOYOK 33 METOAOM K-CepelHiX 1TepaTUBHO
BUKOHYE JIBa KPOKHU:

1. 3akpimieHHs: TOYOK Xi, X2,..., Xy 3a Kiacrepamu C;, C,, ..., Cx 3a Takum
MIPaBUJIOM:

Xp € Ci © k = argmin [|x, — ¢],
j=1,..K

me ||+ || € eBkmimOBOO HOPMOK BeKTOpY, abo, IHIMMHU ciloBamH, ||x, — ¢j|| €
€BKJIIIOBOIO BiJICTAHHIO MiXK TOYKOK BUOIPKH X, 1 IEHTPOIIOM C;.

2. OHoOBIEHHS LEHTPIB Ci, C2,..., ck KiaactepiB Ci, (C,,..., Ckx Tak, 1mo0
IIEHTPOI]T ¢; CTaB MEHTPOM Mac kiactepa Cy, TOOTO:

Cr = - Z X
k=1~ n
|Ci| e
ne |Cy | nopiBHIOE KIJILKOCTI €JIeMeHTIB y Kiactepi Cp,.
ITiciist oHOBIIEHHS IIEHTPIB BiAOyBa€ThCS MEPEXi Ha HACTYITHY €IOXYy poOOTH
aNTOPUTMY, Ha SIKii 3HOBY ITOBTOPIOIOTHCS HABEJCHI BUIIE JBA KPOKU. 3aBEPIICHHS
poboTtu MeTony K-cepeHix BiJOyBae€ThCs 32 YMOBH, 11O KJIACTEPH IMICJIsl OHOBJICHHS

IIEHTPIB HE 3MIHWIKCS, TOOTO:
vk=1,.,k ¢V =c®,

— (E-1) _ (E)
Vk=1,..,K ¢, =cp 7,
ne E € HoMepoM MOTOYHOI ernoxu poOOTH aJITOPUTMY.
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3aragbHONPUMHATOIO 0a30BOI0  PEKOMEHJIALIEI0  MOYaTKOBOTO  BUOOPY
IEHTPOINNIB Cj, € 1HIMIATI3aIlsl UISIXOM BHOOPY BHIAQJKOBUX TOYOK CEPENl TOUOK
BuOipku X. Lle n03BoIsie BUOpATH EHTPOINM B 3aJIEKHOCTI Bl pO3MOALLY TOUOK Y
MIPOCTOPI, ajie HE 3aBK AU 3a0e3meuye 301KHICTh 0 SAKICHOTO PO3B’S3KY: BUHUKAIOTh
CUTYyallli, KOJIM TIpU TaKii iHiIiani3amii B MOJANBIIIOMY TMEBHI KJIACTEPH MOXKYTh
3HaYHO 3MEHIIUTHUCA, B TOW 4Yac SK iX KJIACTEpHU-CYCiy HaBMaKu — MacIITaOHO
po3poctucs. Takox BUIAAKOBa 1HILIANI3allls LEHTPOIAIB 3a METOAOM K-cepeaHix
MOJKE MPHU3BOAUTHU 10 OTPUMAaHHS PI3HUX PE3YNbTaTiB KiacTepusallii, ToOTo 1ei
METOJI € HECTIKNUM J0 TOYaTKOBUX YMOB.

3amaua kiacrepusalii Habopy To4oK X MeTooM K-cepeaHix po3misiIacThCs

K 3aJ1a4a ONMTUMI3aIlli TaKoi IUIOBOT (PYHKIIII:

N K
J(i;K) = 2 z 0 (k) ”xn — ||2 . 2.1)

n=1k=1

s ommcaHoro airoputMy Merony K-cepenHix Il (PyHKISL € CyMOIo
KBaJIpaTiB BIJCTaHEH MK KOKHHUM €JIICMEHTOM BHOIPKH X, 1 IEHTPOiIOM clgi)
KJIACTEpPy, JO SKOTO IeH €JIEMEHT HAJCKUTh HAa MOMEHT €MOXH 3 HOMEpPOM [ Ta
pO3MISAAETHCS SIK BHYTPIIIHBOKJIACTEPHUN KBaJpaT BIJICTaHI MK €JIEMEHTOM 3
BUOiIpku X Ta IHEHTPOiAOM HOro KJacTepy y paMKax €eMoXu 3 HOMEPOM i.
Maremarnuno goBejaeHo [154], mo qis Mmerony K-cepenaHix 3HaueHHS i€l QyHKIi
3MEHIIYEThCSA 3 TUIMHOM dYacy (31 30UIbIICHHSAM HOMEPY €moxu) 1 mporec ii
omTuMi3alii 3aBKau 301raeThbes, MO B CBOIO YEPTy € MEePEeBaror I[-OT0 METOAY. 3
1HIIOTO OOKY, HE TapaHTYEeThCA 301KHICTH MPOIECY ONMTHMI3AIli J0 I0OaIBHOTO
MIHIMYMY, 11O € HEIOJIIKOM METO]TY.

ITepeBaroro metony kiacrepusaniii K-cepemHix € 00’e€aHaHHS 00’ €KTIB y
TPy 3a OIU3BKICTIO 10 CePEAHBOT0 3HAUCHHS, 1110 Y CEHCI KJIacTepu3arlii 3a OHIEI0
3MIHHOIO MOXKE€ BBaXKaTHCS MIpOI0 OMU3BKOCTI 00 €KTIB: UMM MEHIIUNA PaJiyc
Kiactepa (BIACTaHb BiJ] HEHTPY JO KPaHBOI TOYKM KiacTepy), THM MEHIIUN

Jllana3oH 3HayeHb 00’€KTIB KiacTepa, 1 TUM OJMK4l BOHU MK c00010. AHAJIOT14HE

BU3HAUEHHS OJM3BKOCTI OO0’€KTIB MOXKHA CQHOPMYJIOBaTH 1 JUIsl BUIAJKY
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JIBOBUMIPHOT KJIacTepH3allli: YUM MEHIIUU pajlyC KjlacTepa, THM MEHIINM € OKLJI
BIJIHOCHO LICHTPO1/1a, Y SIKOMY 3HaXOAAThCS YC1 TOUYKH KJIACTEpa, 1 TUM OJIMKY1 BOHU
M1 cO0O0IO0.

Takoxx mepeBaror0o MeToay Kiactepusanii K-cepeaHix € BHU3HAUYCHHS
MPUHAIEKHOCTI 00’€KTIB KJIACTEpy HAa OCHOBI BHU3HAUEHHS BIJICTaHI JO IEHTPY
KJlacTepy 0e3 J101aTKOBOTO 3a3HAYCHHSI BETUYMHHU PO3KUIY 3HAUYE€Hb 00’ €KTIB 200
«po3MIpy» Kjactepa, TOOTO alropuTM He MNOTpedye AOAATKOBUX (PIZMUYHUX
oOMeXeHb Ha «00’em» KilacTepa.

[Ilogo HemodiKiB MBOTO METOAY, TO JO HHUX TaKOXX MOXKHA BIJTHECTH
HEOOX1/IHICTh BUBHAUCHHSI MOTPIOHOT KUTbKOCTI KiacTepiB K. B nesxkux 3anadax neun
napameTp Moxke OyTH BU3HAYEHUI Harepes 13 eMIIPUYHUX MIpKyBaHb. Takox 1ei
napaMeTp MO)KHAa BU3HAYUTH Harepes, SKIO € MOXKIUBICTh OOYIyBaTu Aiarpamy
pO3CisSIHHS 1711 BUOIpKU TOYOK X, TOOTO, HAMPUKIIAJ, Y BUITAJIKY, KOJIU MH MAaEMO
CIpaBy 3 OJHOBUMIPHUMH, JBOBUMIPHUMHU a00 TPUBUMIPHUMH TOYKAMH, IPUUOMY
JUISL OCTAHHBOTO BUIAAKY, aHaII3 JiarpaMu pO3CISIHHS € YXE€ HE HaCTUIbKU
TPHUBIATHHOIO TPOIENYPOI0 SK y TNEPIIUX JABOX BHUMNAAKaX. I[CHYIOTH Takox
€BPUCTUYHI MIAXOAW A0 BH3HAYEHHS KUIBKOCTI KiactepiB. Hampukian, meton
JIKTSD», KWW TOJSATae y BU3HAYEHH! ONTUMAJIBHOI KIIBKOCTI KJIACTEPIB LIJISIXOM
aHami3zy rpadiky MiJCyMKOBUX 3HAu€Hb (3HAUY€Hb, OTPUMAHUX Ha (IHATBHUX
enoxax) IIp0Bo1 (yHKIT (2.1) mpu pi3HUX 3HaAYEHHAX MapameTpa K, ToOTO 3a
pi3HOI KUTBKOCTI KiacTepiB. ONTHUMaNbHOIO TOMI BBAXKAETHCA TaKa KUIBKICTh
KJIACTEpiB, 3a AKOi BiAOYIOCS HAMOUIBII «CTpIMKE» a00 IIBUAKE 3MEHIICHHS
3HaYeHHS LU1Ib0BOI (QyHKIII. IcHye 6araTo 1HIIKUX MOJIOHUX €BPUCTUYHMX IM1IXOAIB
[136].

[Ipore OCHOBHHMM HEIOJIKOM I[LOTO METOJQYy € T€, IO BIH JI03BOJISIE
NPUHAJICKHICTh €JIEMEHTY BUOIPKH JHIle OfHOMY kiactepy. OAHAaK Ha MpPaKTHUIl
Take OOMEXEHHs MOxke OyTH 3aHaJTO >KOPCTKHM, OO0 MaloTh MiCIle pi3Hi
IPUKOPJOHHI» CHUTYyalli, KOJU 3ICTaBICHHS OKPEMOro 00’€KTa 1 KjlacTepa He €

OJHO3HA4YHUM.
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OcTaHHBOTO HEAONIKY N030aBIEHUI METOJ] KJacTepu3alli Ha OCHOBI
['ayciBChbKHUX CyMIIIEH, SIKUWA J03BOJIsi€E (POPMYBaTH «M’SIK1» PILICHHS, IO
BpPaxoBYIOTh MOKJIMBICTh HNPHUHAJIEKHOCTI 00’€KTa JaHUX OJHOYACHO JEKIIBKOM
kiactepam [137, 155-158].

ANTOPUTM TpymyBaHHS KOMaH]] Ha OCHOBI MeTomy [ ayCiBCbKUX CyMilIei
HaBE/ICHO HIKYE:

1) Maemo kinbkicte rpyn K, MHOXHHY TO4OK X = {x,}, sSIKy moTpiGHO
PO30MTH Ha TPYIH, KOKHA 3 N TOYOK X,, Ma€ d KOOPIMHAT.

2) ®opmyemo MHoxkuny laycian {P(x,|z, = k; W, L)}, BUKOPHUCTOBYIOUH
MeTof ['ayciBcbKuX cymitneil. 3MiHHA Z,, € HOMEPOM KJIACTEPY, 10 SKOi HaJIe)KaTuMe
TOYKa X,. B 3aranpHiil cymimi koxkHa 3 [aycian MaTume CBOKO Bary
Wy = P (Z; Wk, Zi). TyT mia py, po3yMi€ThCsl BEKTOP MaT€MaTUYHUX CTIOAIBAHb 110
KOXKHIM 3 d KOOPJIUHAT, X} € KOBapialiifHOI MaTPHUIICIO PO3MIPHOCTI dXd.

3) 3a HanamToBaHUMU [ayciaHaMu 17151 KOKHOI TOUKHU X,,, BAKOPUCTOBYIOUHU

teopemy baiteca [137, 159, 160], Bu3HauaeMo HOMEp KJIacTepa 3a OJIHUM 13 TaKUX

MpaBuI:
- YITKHUM:
z, = argmax P(z,, = k|x,; W, Zx);
Zn
-  HEYITKHUM:

TOYKa X, HAJICKUTh IO KIACTEePy Z, = k 31 CTyleHEeM MPUHAIC)KHOCTI

k
039 = P(2y = k|%n; Wer Zk)-

Oyuknis  P(z, = k|x,; W, Z;) BU3HAYAEThCS 3a TeopeMoro baiieca,
BUKOPHCTOBYIOUHM [ 'ayciaH 1 X Barv, OTpuMaHi 3a MeToioM ['ayCiBChKHUX CyMilIIeH:
P(xn|zn = K; Wy, Zx)wi

P (xn)

Oynkuis P(x,|z, = k; U, Xx) € IUIBHICTIO HOPMAJbHOTO PO3MOILTY

P(Zn = klxn, Uk, Zk) =

(I"aycianoro):
1

A/ 27‘[|Zk|

1 -
P(xplzn = k; e, Zx) = o 70— I (=)
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HanamryBanns "aycian P(x, |z, = k; U, X)) BiIOyBa€eThCs y IBa €TaIu:
(k).

I) OHOBIIEHHS CTYIIEHIB IPUHAIIEKHOCTI P,

w0 _ WiPGnlzn = k5 e, i)
" P(xy) '

[I) oHoBIeHHS mapameTpiB Wy, Ly, W, KokHoi 3 K Taycian y Takii
IMOCJIITOBHOCTI:

1) OHOBJICHHSI BEKTOPY MaTeMaTUIHUX CIIO/IIBaHb Uy :

k
ne Ny = g:1 p1(1 );

2) OHOBJICHHS KOBapialiifHOI MaTPUIN X :

N
1 k
L = N_z pT(’l )(xn - .uk)T(xn - .uk);
kn=1

3) oHOBIIEHHsI BaroBoro koediiienra [‘aycianu:

Ny
Wy :'RF

[ToBTOpEHHS HAaBEACHUX €TaIliB BiIOYBAETHCS O MOMEHTY, TIOKH MICIIS €TI0XU

E xnacrepu He 3MIHATHCS:
Vk=1,..,K Vn=1,..,N plED = (E)
[inpoBa QyHKISA 33241 KIacTepu3arlii MeTomoM [ ayCiBCbKUX CyMillIei Mae

BUTJIS, MOAIOHMM 110 11i€T 5k QyHKIIT 1711 MeTony K-cepenHix:

N K . o
F(i;K) = Z Z p;k)(l) ”xn — ,u,(cl) ” : (2.2)

n=1k=1
BiaminnicTs GyHKIIT BTpaT aig MeTofa ['ayCiBCbKUX Cymimneit Bij i€l x
byHkil s merony K-cepeaHix 3yMOBJIEHA THM, 10 HAJIEXKHICTh €JIEMEHTIB J10

KJIacTepiB 'y MeTofi [ayCiBCbKMX CyMilllell BH3HAUA€ThCA Yepe3 CTyMNeHi

. (R . .
IIPUHAJIEKHOCTI p,(qL D ¢ [0; 1], 1 TAaKUM YHHOM TEBHOIO MIPOIO KOXKEH €JIEMEHT X,

HAJIC)KUTh 0 KOKHOTO Kitactepa C,.
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SIK moyaTKOB1 BEKTOPHU MATEMaTUYHKX CIIO/IIBAHb MOYKHA OOMpaTH BUIIAAKOBI
Touku 3 Habopy manux X. Ilpum mpomy, st 3a0e3nedeHHs CHaJaHHA 3HAYCHHS
GbyHKIIIT BTpaT pekoMeHayeThes [161] oOuparty Taki JiaroHanbH1 3HaYECHHS MaTPHUIlh
2, K1 3a0€3Me4yBaTUMYyTh SIKOMOra OUIbII MIMPOKE MOKPUTTS BCHOro HaOOpPy
JaHuX movyarkoBuMmu ['aycianamu.

3a momomororo Mmerona ['ayciBChKHX Cymillied MO)XKHa OTPUMATH KJIacTepu
eNNTHUYHOI abo Oulbll BUTOHYEHOI (opmu, HIX Meton K-cepennix. Lle crae
MOYKJIMBUM, OCKIJIBKM HaJAIITyBaHHS KoBapiamiifHoi marpuii ['aycianu mo3Bosse
BpaxyBaTH B3aEMHY KOPEJAII0 TOYOK Kiactepy. lle mo3Bomsie OuTbIl TOYHO
BpPaxoOBYBAaTHU O0COOIMBOCTI HAOOPY JTaHUX MpH (POpPMYyBaHHI OKPEMHX KIIACTEPIB.

3 1HII0TO OOKY, LIel MPOLEC TAKOXK MOKE MPU3BOANUTH /10 MOSBU BUPOIKEHUX
KJIacTepiB a00 /10 HecTaOUIbHOI Kiactepuzalii. [[ns 3amoOiraHHs 1[bOMYy Hamu
3aIPOIIOHOBAHO [4] mpouenypy peryinspusanii KOpeasiiiHOi MaTPHI 2 HIJIAXOM
MHOXEHHS 11 HellarOHaJIbHUX €JIEMEHTIB ITICIIS KOXKHOTO OHOBJICHHS HAa KOS(IIli€HT
y < 1. lle npu3BoAuTH 10 3MEHIICHHS B3aEMHOI KOPEJSIii MK 3HAYCHHSIMHU
KOHTEKCTYyaJbHUX aTpuOyTiB CUIIM KOMaH/I, SIK1 OMICYIOTHCS YMOBHOIO ['ayCiBChKOIO
HIIBHICTIO WMOBIpHOCTI. [Ipr MomentoBanH1 Oyii0 BUKOpUCTaHO 3HadueHHs Y = 0,9
1y=0.

CrioyaTky BHMKOHAa€EMO TPYIyBaHHS KOMaHJ Ha OCHOBI OJHOBUMIPHOI
kiacrepuzaitii. [Ipu npomy Oyzie BUKOpUCTaHO Jiuiie MeToll K-cepeiHiX, OCKUIbKY B
OJHOBUMIPDHOMY BHUIIQJKy B3a€MHA KOpEJLIs TIpPU BUKOPUCTAHHI METONY
["ayCciBCbKMX cyMillle HE pO3paxoBYeThbCsl 1 (OpPMYBaHHS KJIACTEPIB EIINTUYHOI
dbopMu MOXKIIUBO JIUIIIE TIPU PO3MIPHOCTI MTPOCTOPY O3HAK HE MEHIIIE JIBOX.

[‘pymyBaHHsI KOMaH]I 32 MOKa3HUKOM YCIIITHOCTI KOMaH/ Y CE30H1 J03BOJISIE
PO3MOIUIUTH KOMAHIHU Y TPyNu OJNM3bKUX 3a YCHIIIHICTIO YYacHUKIB. Y (yTdomi,
BpPaxoBYIOUM KUTBKICTh YYacHUKIB y (yTOonbHuX mirax (6mu3pko 20 KomaHs-
YYaCHHKIB), KOMaH]IA TTPOTIOHYETHCS TPYITYBaTH y 4 KIACTEPH:

1) naiikpamti (nepiui N KoMaH/, sIK1 33 MpaBUJIaMU NEPEXOJATH Y JITY BUILIOTO

PIBHSI UM CTalOTh MPU3EpaMu a00 MPUNMAIOTh YYacTh Y €BPOKYOKaX, a TAaKOXK
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1€ OJTHA YU JCKUIbKA KOMaH/, SIK1 € HAUOIMKUYUMHU 10 HalKpaIux 3a

3arajbHUM PE3yIbTATOM);

2) Ti, XTO OMMKYNN O HAWUKPAIIUX KOMaH];

3) Ti, XTO OMMKYUM 10 HAUTIPIIUX KOMaH];

4) mamripun (octaHHl L KOMaH/I, SIKi 32 MPaBWIAMU TIEPEXOSTh Y JITY HUKIOTO
PiBHSI, a TAKOX ITI€ OJHA YU JCKIJIbKA KOMaHI, SKi € HAHOIMHKIUMU 10

HAWTIPIINX 32 3arajIbHUM PE3yIbTaTOM).

Krnacrepu Nel 1 Ne4 dopmyroTbest iKCOBaHUM YMHOM 3TIAHO 3 TIPABUIIAMU
¢byTOonbHOI niru, sika posninaerbea. Kmactepu Ne2 1 Ne3 e mpomikHUME 1
oTpeOyIOTh BUSHAYEHHS.

Knacrepu 1 14 3a npasunamu 11 Jliru @paniiii MaTUMyTh Take HAITOBHEHHS:

- wiacrep 1 — komanau NeNe [-4;

- xiacrep 4 — komanau NeNe 17-20.

3a OM3BKICTIO 3HAUEHB Ta MIBUIKICTIO CMaly 3HaYEeHb 3arajibHUX PE3YJIbTaTiB
koMaHsT NeNe5-16 cezony 2013-2014 pokiB Jliru II @paniii BidyalnbHO MOXKHA
chopmyBaTu Taki iBa kiactepH (1o i Oyso 3pobieHo B nociimxenHi [ 1], puc. 2.3):

- xiactep Ne2: komanau No5 - Ne9;

- iactep Ne3: komanu NelO - Nel6.

3HaueHHs 1UIbOBOI (yHKIIT (2.1) /uis pO3MISHYTO1 BUIIE KilacTepu3ailii
nopiBHoe | = 71,7.

3acrocyeMo KiacuuHuM MeToJ| K-cepeiHix AJis OTHOBUMIPHOI KIIacTepH3allii
JAHUX, 0 aHATI3YIOThCS.

Pe3ynbraTti ekcnepuMeHTy JUIsl 3araJIbHUX Pe3ysbTariB KomaHj ce30Hy 2013-
2014 poxkis Jliru II ®@pannii HaBeneHi B Tabmuil 2.2. EkciepuMeHT NpoBOAMBCS 3a
TaKUX YMOB:

- KUIBKICTb KJIACTEPIB JOPIBHIOE 2;

- KUIBKICTb 3amycKiB JopiBHIOE 160.

- KOMaH/H, JUIsl SIKUX TOTPIOHO MPOBECTHU KIIACTEPU3aLlit0, — KOMAHIU
NeNe 5-16.
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Pucynok 2.3 — BigyanbHa Ki1acTepu3ailisi 3arajibHUX pe3y/ibTaTiB KOMaH]I

Tabnuus 2.2 — Pe3ynbTaTu eKCiepuMeHTY 3 KilacTepusalili koman ce3ony 2013-

2014 poxis Jliru 11 @panmii

Pesynbrar kinactepusarii KinbkicTh mosiB B 3HaueHHs QyHKIIIT BTpaT
EKCIIEPUMEHTI Ji
{5-10; 11-16} 91 55,5
{5-11; 12-16} 69 62,2

Meton K-cepeaHix B 3aJ€KHOCTI Bl BUIIaJJKOBUX IIOYaTKOBUX YMOB 30iraBcs
JI0 TBOX MOXKJIMBHX pe3ynbTariB. [Ipu 1iboMy, dacriie cepe pe3yabTariB 3’ IBIsBCSA
BapianT {5-10; 11-16}, axuii Mae MiHIMaJbHE 3HaY€HHS LUILOBOI (QyHKuIi (2.1)
cepell yCiX OTPUMAaHUX Pe3yibTaTiB. TOMy sIK OCTaTOYHHIA Pe3yNIbTaT eKCIIEPUMEHTY,
3a MiHIMyMOM (YHKIIIi BTpat Oys0 oOpaHo came BapiaHT rpymyBaHHs {5-10; 11-16}
(puc. 2.4):
- kiactep Ne2 — komanau NeNe 5-10;

- kiactep Ne3 — komanau NeNe 11-16.
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Pucynok 2.4 — Pe3ynbrytode rpynyBaHHs komas ce30Hy 2013-2014 poxis Jliru 11
®paniii

JIBoBUMIipHa KjacTepu3allis MPOBOAUTHCA Ha MapaMeTpax «KUIbKICTh
HaOpaHUX OYOK» Ta «PI3HUIIS MK 3a0UTHUMHU 1 TPOMYIIEHUMHU M’ T4aMU KOMaH» 3a
Metonamu K-cepennix Ta ['ayciBchkux cymiieid. B 000x Bumaakax MHOXHUHA TOUOK
X po3ouBanack Ha K =4 rpymnu. 3a paxyHOK TOTO, II[0 BUKOPUCTOBYIOThCS JIB1 3MIHHI1
(puc. 2.2), Toukn HaAOOPY JaHUX PO3TAIIOBaHI TAKUM YHUHOM, 1110 MOKJIMBA MOSIBA
BUPO/DKCHUX KJIACTEPIB HE € TaKOol OYEBUIHOIO, AK Ii¢ OyJo y BHUIAIKY
omHOBUMIpHOi kinactepu3aiii (puc. 2.1). ToMy y mpoMy BUMAAKY KJIACTEPHU3AIIIIO
MPOIMOHYETHCS MPOBOAUTH O€3 J101aTKOBUX MepeayMoB (0e3 (pikCcyBaHHS NMEPILOTO 1
YEeTBEPTOTO KJIACTePy) O/pasy IS MONUIYKY yCiX YOTUPhOX KIIaCTEPiB.

Ha puc. 2.5 HaBeaeHO MOXIIMBI BaplaHTH pe3y/bTaTiB KiacTepu3allii,
OTPUMAHUX 3a JIOMOMOTOI0 MeTofa K-cepemHix. Y 3aroyioBkax okpeMux rpadikis
[[OTO PHUCYHKY JUIsl 3PYYHOCTI HAaBEIEHO 3HA4YeHHs LUIhOBOT QyHKIIT (2.1).

HaiikpamuM pe3ynbTaroM 3a 3Ha4eHHAM I1boBO1 QyHKmii (2.1) J = 7459 €

pe3yapTar, 300paxkeHud Ha puc. 2.5,a. lleil pe3ynpTar XapaKTepu3yeThCA
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KOMITAKTHUMHU MPOMDKHUMHM KJIacTepaMH 1 HEBUPOKEHICTIO KpalHIX KJIACcTepiB.
OCKUIBKM y JaHUX MPUCYTHIW JIHIMHUN TPEHJ, OTPUMaHl KJIACTEPH TAKOXK YITKO
[1]/1al0ThCS PaHXKYBaHHIO: KO)KHOMY OTPUMaHOMY KJIACTEPY MOYKHA ITPUCBOITH PaHTr
BiJl 1 710 4 3a cajjaHHsAM pO3IVITHYTUX MapaMeTpiB cuiik KoMan. Halonuxkxunii 1o
HaWKpamoro BapiaHT kiactepusarii (puc. 2.5, 0) nmporpae BHACIIIOK PO3MIUPEHHS
OJTHOTO 3 MPOMDKHHMX KiacTepiB. Bcl iHII BapiaHTH, KpiM PO3MIMPIOBAHOCTI
IMPOMIKHUX KJIACTEPIB, MAKOTh TAKOXK 1 BUPOKEH1 KIaCTepH, IO € HEOaXKaHUM NPU

BUKOPUCTAHHI IPyITyBaHHs KOMaH[ JJIsl HOAANIbIIOT 0OpOOKH JTaHUX.

s{t) & gd(t) K-cepeguix, K=4,] =745.9 s(t) & gd(t) K-cepenuix, K=4,1 =730.2 s(t) & gd(t) K-cepeaix, K = 4, J = 931.2
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Pucynok 2.5 — Pe3ynbraru kiiactepu3saliii KomaHa MeToaoM K-cepeaHix 3a
3MminHUMH S(t) Ta gd(t)

Ha puc. 2.6 HaBeineHO MOXJIMBI BapiaHTH PE3yJbTaTiB KjacTepusallii 3a
meTtonoM ['ayciBcbkux cymimieil 3 mapamerpoM perynapuzauii y = 0, To0to 3
MOBHOIO PETYJSPU3AI€I0 HEIIaroHaJIbHUX €JIEMEHTIB KOBapialliiHUX MaTpHIIb.
Pesynbrar kiacrepusanii, HaBeAeHU Ha puc. 2.6, 0 30iraeTbcsi 3 HaWKpalum

pe3ynbrarom 3a metogoM K-cepennix (puc. 2.5 a). Ha puc. 2.7, a1 puc. 2.7, 6 nus
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pe3ysbTary Kjacrepusailii puc. 2.6, 0 HaBeeHO BUIIA OTpuUMaHOi ['ayciBchbKOi
CyMIlll 1 mporuec 30DKHOCTI LUIbOBOI (yHKIIT BiamoBigHo. Kiactepu MaroTh

SMNTUYHUN BUTVIAA. MiHIMaIbHe 3Ha4eHHS [UThoBO1 yHKIII1 (2.2) nopiBHioe 770,7.

0 Points, 89 epoch Points, 93 epoch

Pucynok 2.6 — Pe3ynbraru Kilactepu3saliii KOMaHg METOAOM ['ayCIBChbKHX CyMillIen
npu Y = 0 3a 3minauMmu s(t) ta gd(t)

Gaussians, 93 epoch

K =4 costs
7000 - T v v

6000
5000
4000/,
3000 f|

2000 |- |

& X 23
1000 F ® Y 770,672

0 10 20 30 40 50 60 70 80 90 100

(6)

Pucynok 2.7 — I'ayciBchka CyMilll 1 Tpo1iec 3015KHOCTI IIJTbOBOI (PYHKITIT 3

napaMeTpoM peryisipuzanii y = 0

VY Tol e yac pe3yibTar, 300pakeHUi Ha puc. 2.6, a HaJa€ MOXKJIUBICTh
OTPUMAaTH OJIHAKOBY KIJIBKICTh TOYOK y KpalHIX KiIacTepax. 3HAYEHHS LUIbOBOT
bynkuii (2.2) anga mporo pesyapTary kinacrtepusaiii nopiBHioe 914,3. Otxe, 3a
3HAYEHHSM IUIbOBOI (QYHKIT (2.2) HallKpaluM pe3ysibTaToM cepell PO3MISTHYTHX

st Bunaaky y = 0 € pesynbrar KiacTepusailii, 300paxkeHuit Ha puc. 2,6, 0.
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Haiikpamuii pe3ynsTaT B JaHOMY BHUIIAJKy IOBHICTIO CITIBIIaB 3 HaWKpamum
pesyapraroMm i metony K-cepeanix. Ilpu mpomy, merton ['ayciBChkux cymimien
MIPOJIEMOHCTPYBaB OUIBII CTaOUIbHY MOBEAIHKY: MOXJIMBUX BapiaHTIB pe3yJbTaTy
Oy710 OTpUMAaHO BCHOTO 2, y TOM Hac K 3a MeToaoM K-cepeaHix Oyno oTpuMaHo 6
PI3HHX BapiaHTIB PE3yaAbTaTy KIacTepH3aIllii.

Ha puc. 2.8, a HaBeieHO pe3yabTar KiacTepu3alii 3a MeTofoM ['ayCiBChbKHX
cymimed 3 mapamerpoMm perymsapm3amii Yy = 0,9, T0oOTO 3 YacCTKOBOIO
peryaspu3aili€elo HeAlaroOHaJbHUX €JIEMEHTIB KoBapiamiHux Martpuib. Ha
puc. 2.8, 61 puc. 2.8, B HABEJICHO BUIJIS OTPUMAHOI [ 'ayCiBCHKOI CyMiIIIi Ta MpoIiec
301KHOCTI LIIbOBOI (PYHKIIIT BIAMOBIAHO. Y LbOMY BHUMNAAKy Meton ['ayciBChkux

CyMillel cTabIbHO 301raBcst 10 €IMHOTO MOXKJIMBOTO PE3yJIbTaTy KJIACTEpH3allii.

i K =4 costs
0.025 Gaussians, 100 epoch 8000 1

Points, 100 epoch
7000
6000
. 5000
) IS

e S 5
4000 [,

3000 G

2000 f%,.

1000

0 10 20 30 40 50 60 70 80 90 100

Pucynok 2.8 — Pe3ynbraru kiiactepu3zaiiii KoMaH METOA0M ['ayCiBChbKHUX CyMilIen
mpuy = 0,9

3anpornoHOBaHe ypaxyBaHHS HElarOHAJbHUX EJIIEMEHTIB KOBapiamiitHuX
MaTpHIlb 3a0€3MeUISI0 BUIVISAA KJIACTEPIB ENINTUYHOI (OpMHU, IO MPHU3BEIO [0
OUIbIII BATOHYEHUX PE3YJIbTATIB KJIaCTEpU3allli, HDK paHille OTpUMaHi pe3yibTaTy,
HaWKpamy 3a 3Ha4eHHSM NUTboBUX (yHKIiN. Tak, 70 HANCWIBHINIOTO KiacTtepa
(3eneHuil Komip) Jojanack KOMaH/1a, sika € OJIM3bKOI0 A0 HaWKpAIUX TPhOX KOMaH]T
3a IapaMeTpoM PI3HUIIl 3a0UTHX Ta MPOMYIICHUX M s4iB Sd(f). 3HaUCHHSI IUTbOBOI
byHkii (2.2) s oTpUMaHOTO pe3yiabTaTy kiactepu3aiii gopiBHioe 1024,0, a

nIb0Bo1 PyHKIT (2.1) — 973,6. HaBenenuit npukiaa nokasye, 1o 3alpornoHOBaHa



80

peryispu3ailisi MoXxe 3a0e3MeUUTH OTPUMAHHS €JUHOTO PE3YAbTaTy KiacTepu3alii
HE3JIC)KHO BiJ] MTOYATKOBUX YMOB, SIKHI BOJHOYAC JTO3BOJISIE BpaxXyBaTH HEOUCBUIHI
KOPEJIAIINHI 3B’SI3KM MDK TOYKaMu 3 HaOOpy AaHUX, IO IOTEHIIMHO MOXe

IMOKpalIrTH IMoAaJIbIIC )IOCJ'IilI}KeHHSI HasABHUX JaHUX.

2.2. @opmyBaHHS MOYATKOBUX JAHMX JJIA MO0YI0BH iMiTaniiiHol MoaeJti

(yT00JbHOTO CEe30HY

Jlns moOynoBu Ta JOCHIIKEHHS €()EKTUBHOCTI METOMIB BUSIBICHHS
NIJ03pUIMX 1100 (PIKCOBAHOIO pE3yJIbTAaTy MaTdiB 1 iX MOPIBHSJIBHOIO aHAII3Y
HEOOXITHO PO3pPOOHUTH IMITAIlIMHY MOJeb (PyTOOJHHOTO CE30HY, IO BPAXOBYE
HasIBHICTh TAKUX MAaT4YiB.

Po3pizHstoTe 1Ba TN MaT4iB 3 (PIKCOBAHMM PE3YyJIbTATOM: TIOB’si3aHI 3
M1KYIIOM KOMaHJ] 3 METOI0 3ap00iTKy Ha CTaBKaxX y OYKMEKEePChKUX KOHTOPAX 1 Ti,
10 MepeciiAyoTh TypHIipHI it [14, 16, 17, 22]. BaxiuBo 3a3HauuTH, 10 caMe
NEepIIUA THUI JIOTOBIPHUX MaryiB MOB'SI3aHUK 13 KPUMIHAJIOM, HE3aKOHHUM
30araueHHsM Ta BUKJIUKae MakcuMmanbHy TpuBory FIFA ta OOH [16].

B momanpimomy y mpOMYy pO3AUTI PO3MISHEMO AalTOPUTM MOJIEIIOBAHHS
JIOTOBIPHUX MaT4iB, OB’ A3aHUX 13 3apO0ITKOM Ha CTaBKaX, 3 BUKOPUCTAHHSIM SIKOTO
bopMyIOTBCS MaTryl, pPe3yJbTaTH SKUX BIAMIHHI BiJl OYIKYBaHMX 1 MOXYTh
PO3IIISIIATUCS SIK aHOMAJTBHI.

[TouaTkoBUMU NTaHUMH € JaHI PeajbHOTO CE30HY. BiH CKiIamaeTbcs 3 JBOX
TaOnuIb: TaOnMIl MardiB 1 Tabmuii komada. Omuc mapameTpiB LUX TaOUIlb
HaBeJIEHO y Ta0u. 2.3 1 Tabi. 2.4 BIANOBIAHO. Y TaONHIIl MaTyiB JIaHl yIOPSAIKOBaH1
3a JaTOl0 MpoBeNeHHS Maruy D,. Y Ttabmuii KoMaHJ BOHHM YIOPSIKOBaHI 3a
KUTBbKICTIO HaOpaHux o4ok p(t;). Jeski mapamerpu Tadm. 2.4, a came: 3arajibHi OYKH
KOMaHJ, KUIbKOCTI BUIpPaHUX, HIYMHHUX Ta TMPOTPAaHMX MaT4yiB — MOJKHA
NopaxyBaru 13 Tadnuil Maryis (Tadm. 2.3).

Sx peanpHUl ce30H BUKOpucTOoBYyBaBcs ce30H 2013-2014 pokiB Jlirm 11

@panii. [pynyBaHHs KoMaH[ CE30HY MMOKa3aHO Ha puc. 2.4.
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Tabnuns 2.3 — Onuc napameTpiB TaOIULI MAaTYiB

k | Homep matuy

D;, | Jara npoBeIeHHS MaTay

h; | Inentudikarop (a0 Ha3Ba) KOMaHIU-TOCIIOAAPKH MATUY

0y | Inentudikarop (abo Ha3Ba) rOCTLOBOI KOMaHAU MATUY

oy, | KimpkicTs romiB, 3a0UTHX KOMaHI010 hy,

B | KimbkicTb romiB, 3a0UTHX KOMaHJIOKO Oy

Tabnuus 2.4 — Onuc napaMeTpiB TypHIpHOT TaOmuII

[ Homep komanu
t; InenTudikarop (abo Ha3Ba) KOMaHIU
p(t;) 3aranpH1 OYKH KOMaHIN

w(t;) KinbKicTh irop KOMaH 1, sIK1 3aBEPUIMIIHCH IEPEMOTOIO ITi€T KOMaHIH

d(t;) KinpkicTh irop KOMaH I, sIKi 3aBEPIIIINCH HITHEIO

I(t;) KinpkicTh irop KoMaHu, sIKi 3aBEPIIAINCH TTOPA3KOI0 ITIET KOMaHI!

group(t;) | Panr komannu (rpyna, 10 sIKOi HaJEKUTh KOMaH/1a)

Ha ocnHOBI Tabmuii wmardiB 1 TaOdMWII KOMaHI pPEATbHOTO CE30HY
OOYMCITIOIOTBCS YaCTOTH TOJIB, IO 3a0MBalOTh KOMaHAW y MaTdi. [ KoxHOT

KOMaHJ1, OOYMCIIOETHCS JBa TUMM YacToT. [lepmmii TUm 4YacTtoT (JOMAIlIHI)
v(Xi|gr0up(tj) = g) — 11e YaCTOTH TOTO, 110 KoMaH/a t; 3a6°e¢ X; = x;,x; = 0, K,
TOJIIB Ha BJIACHOMY TIOJIi 3a YMOBH, 1110 KOMaH/1a CyPOTUBHHUKA t; HAJIE)KUTh IPYIIi
g. pyruii Tan 4actot (BUI3HUK) v(Y]| group(t;) = d) — IIe YacTOTH TOTO, IO
KoMaHza t; 3a0’e Y; =y;, y; = TKJ roJIIB Ha BWI3/ll 3a YMOBH, III0O KOMaH]a
CyNPOTUBHHKA t; HANEKUTh Ipymi d. ¥V mux ¢opmynax ming K; i K; posymieTbes
MaKCUMaJibHa KUIBKICTh TOJIIB B aHANI3YEMOMY PEaIbHOMY CE30Hi, SIK1 BIAMOBITHO
3a0uiia KOMaHa t; B IOMAIIHiX irpax Ta KOMaHza t; y BUi3HUX irpax. Takum 4uHOM,

JUISL KOXKHOI KOMaHIUM OTPHUMYEMO YOTHPU MHOXKMHU YacTOT MEPIIOrO THUIY 1
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YOTUPH MHOKHMHHU YacTOT JApyroro Tumy. Ha OCHOBI OTpuUMaHUX dYacTOT
PO3PaxOBYIOThCSI TMApPAMETPU TEOPETUYHUX 3aKOHIB PO3MOJAUTY WMOBIpHOCTEH
3a0UTTS TOJIIB KOMaHAAMH I Yac iX T'pU 3 IHIIMMH KOMaHAaMHU BiJIOBITHOIO
paHry.

BXimHuMU JaHUMH aJITOPUTMY MOJCITFOBAHHS CE30HY €:

- N KoMaHJ| peasibHOTO Ce30HY 3 aTpulyTamu, ONMCaHUMHU B Ta01. 2.4;

- P,(X) = P(X;|group(tj)) =g), g = 14,i,j = 1N — iimosipHicTs
TOTO, 110 KoMaHAa t; 3a0’e X; = x;, x; = 0, K, ToJiB Ha BIIaCHOMY IOJI1 P YMOBI,

1[0 KOMaH/1a CyPOTUBHHUKA t; HAJIEXKUTH TPYTIl g.

- By(v;) = P(Y;|group(t;) =d), d = 1,4,i,j = 1,N — iimosipHicTs

TOTO, II0 KOMaH/a t; 3a0’¢ Y] =Y, Yj = O,KJ roJIiB Ha BUI3/1 IIPU yMOBI, IO
KOMaH/1a CypOTUBHUKA t; HAJIEXKUTh IpyIl d.

PesynbratoM poOOTH anropuTMy € MOJAENbHUN Ce30H, cPopMOBaHUUN Ha
OCHOBI1 3aJIaHOTO peajlbHOro ce30Hy (GyTOOJBHOrO TypHIpy. MonensHul Cce30H
CKIIaJaeThes 3 Tabmuili MaTdiB (Tad. 2.3) Ta TypHipHOI TabIuUIll ce30Hy (Tadm. 2.4).

[TpunyiieHHs anropuTMy € TaKUMHU:

1) KIIBKICTB TOJIB, SIKI KOMaH/1a-rocnojiapka 3a0’€e Mij1 yac rpu, Ma€ po3Mo/i
Ilyaccona;

2) HOMeEp 1 IrpyIia KOMaHId PO3IVISIAI0ThCS K OTIEPEIH] OIIHKH 11 CHIIH.

Po3po6ky imirtariiiinoi Mozeni ¢yTOOIBHOTO CE30HY PO3IISHEMO B Takii
MOCJIITOBHOCTI, KOKHMM IYHKT SKOI BIATIOBITA€ OKPEMOMY MiAPO3AUIY JIaHOTO
pO3ILITY:

1. Po3paxyHok WMOBIpHOCTEH 3a0UTTSI rOI1B KOMaHaMU 111 4ac rpU Ha
OCHOBI peajbHUX JIaHUX CE30HY.

2. PospoOka imiTaiiitHoi mozesi pyTOoJIbHOro ce30Hy 0€3 JOTOBIPHUX
MaTyiB 1 ii aHaTI3 MIJIIXOM CTaTHCTUYHOTO MOJICTIOBAHHS.

3. Po3pobOka anropuTMy MOJIEIIFOBaHHSI IOTOBIPHUX MaTyiB, OB’ I3aHUX 13
3apoOITKOM Ha CTaBKax, 1 HOTo aHali3.

Po3po0biieHi B 1aHoMy po3/ili MOAEI Ta alrOpUTMH, 3a HEOOXITHOCTI Ta 3a

HasIBHOCTI BIANOBIAHUX BX1AHUX TaHUX, MOXKYTb OYTH y3arajabHEH1 JIJIsl BpaxyBaHHs
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IHIIMX apameTpiB PyTOONBHUX MATUIB, Ha SIKI TPUIMAIOThCS CTaBKU, — KIJIBKICTb

MPU3HAYEHUX MMEHANIBbT1, KUIBKICTh MTONEPEIKEHD 1 BUITyYE€Hb TOLIO.

2.3. Po3paxyHok MMOBipHOCTel 32a0MTTS I0JIiIB KOMAHAAMU i Yac rpU HA

OCHOBI IAHUX PeaJbLHOI0 Ce30HY

Opniero 3 HaWOLIBII PO3MOBCIOUKEHUX MOJAENEH Uil IMPOTHO3YBaHHS
pesyabTary ¢yTOonpHNX MaT4iB € po3noaut [lyaccona [43]. Bin BukopucToBy€eThCS
JUISL PO3paxXyHKy HMOBIPHOCTEM KIJILKOCTI IOJIIB, SIK1 KOMaH/1a 3a0uBae y Matdi. [1pu
IIbOMY BHKOPHCTOBYETHCS MPUITYIICHHS, 1110 TOJ € HE3aJEKHOIO TOIIEI0, OCKITBKU
BiH HE BILJIMBA€ HA UMOBIPHICTH TOTO, CKUIBKH TOJIiB Oy/ie 3a0UTO Y MOJAIBIIIOMY.

[Tpu po3paxyHKy iMOBIPHOCTEH TOIiB, 3a0UTHX KOMaH/I010, BPAaXOBY€ETHCS THIT
rpu — nomanrHs abo BHi3HA, a TAKOXK CHJIa KOMaHIU CyMPOTHUBHUKA, TOOTO 70 SKO1
Ipyny BOHA BITHOCUTKCSA. ANTOopuTM moOynoBu posnoxaini [lyaccona gucna romis
KOMaHJ CE30HY CKJIaJIA€ThCS 3 TAKUX €TaIliB:

1. ®opMyeMO MHOKUHY 3HaYEHB TOJIB, 3a0UTHX KOMAHJIOKO t; IPOTATOM irop
ce30Hy. OTpUMY€EMO MHOXUHY Gi(g) = {ki(g), ki(g) +1, .., Ki(g)}, ae ki(g) Ta
Ki(g - BIJMOBIAHO MIHIMaJbHAa Ta MaKCHUMaJlbHa KUIBKICTH TOJIB, 3a0HTHX
KOMaHJIOH0 t; TIPOTATOM YCIX ii IOMaNIHiX irop CE30HY, Y AKMX KOMaHAa-CyNEPHUK t;
Hajexana rpyimi g.

2. Vk € Gi(g) OOUMCITIOEMO YaCTOTY TOSBHU KITBKOCTI TONIB K SIK TOIIB,

3a0UTHUX KOMAHJIOI0 t; IPOTATOM ITOp CE30HY, Y SIKUX KOMaHJa t; Oylia JoOMalHbOIO,

a KOMaHJa-CyIIEpHUK t; Halexana rpymi g:

{my;|X; = k, group(t;) = g}l
{mi;|group(t;) = g

Je m;j — MaT4 MK Komannamu (t;, t;), e t; € JOMalIHBOK KOMaH 00 MaT4y, a t;

vg(X; =k) = v(X; = k|gr0u'p(tj) =g)=

€ BUI3HOIO KOMAaHJOK Maruy; {mij|Xi = k, group(tj) = g} — MHOXWHA, III0

MICTHUTh JIMIIIE T1 JIOMAITHI MaT4l KOMaHAM t;, y SAKuUX BoHa 3a0una X; = k romiB 1
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CYNIEpHUK {; HAJICKAB 10 TPYIIH g, {ml- j | group(tj) = g} — MHOXKHHA, 110 MICTUTD
yCl JioMallHi MaT4i KOMaHI¥ t;, y AKMX CyNEPHUK t; HaJEkKaB 10 IPyNH g, a 3HaK
MOJTyJIS HaJl MHOXKHHOIO IMiIPaxOBY€ KUIbKICTh €JE€MEHTIB Y I[1il MHOXHHI.
BinnocHi wactotu v, (Y] = k) JUCKPETHOI BUIAJKOBOI BETMYMHU KUJIBKOCTI
roiiB Y;, 3a0MTHX KOMaHIOKO t; TPOTAIOM Irop CE30HY, y AKMX KoManja t; Oyna

BHI3HOIO, OOYMCIIIOIOTHECS aHAJIOTTYHO:
[{mi;]Y; = k, group(t)) = djf
I{myj|group(t;) = d})

Va(Y; = k) =v(Y; = k|group(t) =d) =

b

e {mi ]|Y] =k, group(t;) = d} — MHOXXHHA, 110 MICTHTb JIMIIE Ti BHI3HI MaTdi
KOMaH/¥ t;, y AKMX BOHA 3a0uia Y; = k roiiB, i CynepHUK t; HaJEKaB JI0 TPYIH d,
{mi j | group(t;) = d} — MHOKHMHA, 110 MICTUTb yCl BUi3HI MaTyi KOMaHH t;, y AKUX
CYNEpHHUK t; HaJiexkaB JI0 Tpymu d.

3. 3rigHO 3 OIIIHKOIO 32 METOJOM MaKCHMAaJIbHOI TpaBaomnomioHocti [162],
napamerp 7\5‘9 ) posnoainy Ilyaccona mis momamiHiX MaTtdiB KOMaHIH t;, Y SIKUX

CYIEPHHUK HAJIE)KaB TPYIIi g, BU3HAYACTHCS 38 (POPMYJIOIO:
K;
D = kv = )
k=0

x(d : . :
[Tapametp A} ) posnoniny [lyaccona jist BUi3HUX MaT4yiB KOMaHAM t;, Y SIKUX

CYIIEpHUK HaJIeXkaB I'pyl d, BU3HAYAETHCA 32 AHAJIOTTYHOIO (POPMYIIOK0:

K;j
7V\J@ - z k- Vga(Y; = k).
k=0

Posmopinu Ilyaccona kinbKkocTel 3a0MTHX TOJIIB KOMaHJIOH t; B 11 JOMAaITHIX

Maryax i KOMaHI010 t; B ii BUI3HMX MarTyax BU3HAYAIOTHCS 32 POpPMyJIaMu:

e_)ksg))\(g)xl
P(X; =x;) = :

)

xl‘!
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D ca)Vi
5@

Palt) =) =1 —

4. Jlns OUIHIOBaHHS HACKUIBKMA TapHOIO € BIANOBIIHICTh MiX (DaKTUUHHUM
YUCJIOM MAaTYiB 3 TIE YM IHIIOK KUIBKICTIO TOJIB Ta Moxaeito Ilyaccona
BUKOPHCTOBYEMO KpuTepil Xi-kBaapar. s mepeBipku po3moiiy WMOBIPHOCTI
[Tyaccona uMcna romiiB y JOMAIIHIX MaT4ax KOMaHIU t;, CyHEpHUK SIKOT HaJEXKUTh

rpyni g, craTuctTuka Xi-KBaJpaT BU3Ha4aeThes 3a popmyiioro [163]:

n
~ 2
X2 _ Z (nig (k) - nig(k) )
Lg — ~ ’
;. (k
L k)
fisg (k) = P,(X; = k)M k) =v,(X; = k)M i1r10Bi
IS Tll’g = g4y = i Ta nl-g = Vg i = i €, B1AIIOB1AHO,
IIPOTHO30BaHOK0 Ta (DAKTUYHOIO aOCOMIOTHUMHM YacCTOTaMHU IOSIBM MaT4iB KOMaHI!
ti, y AKMX s KOManjaa 3abuia K TONIB Ta CYNEPHUK t; HaJekXaB JI0 IPYNH g,
M9 = |{m--| rou (t) = }| — KUIbKI 1 I 1 t;
;= ijlgroup(tj) = g KUIBKICTB YCiX JOMAITHIX MaT4iB KOMaHIH t;, Y

AKMX CYNEPHHUK t; HAJIEKAB 110 TPYIIH g.

Craructrka Xi-KBaapart JJIs BUI3HUX MaTUiB KOMaHIH t;, Y IKUX CYNIEPHHUK t;
HaJIC)KaB JIO TPYIH d, BU3HAYAETHCS AaHAJIOT1YHO.

2 . . . _

Kputnune 3HaueHHs X5 (1) BU3HAYAETHCA Ha piBHI 3Ha9ymocTi o = 0,05.

KinekicTh cTeneniB cBoooan n = Ki(‘g ) _ ki(‘g ),

[Tpu BUKOHAHHI yMOBU Xiz, g < X3 (n) BBaXkacTbCs, MO0 OTPMMAHUNA PO3IOILI
JIOCTaTHHO TOYHO OIMCYE BUMAIKOBY BEIIMUUHY.

Axmo po3nonin Ilyaccona He TOYHO ONMKMCY€E BUIAIKOBY BEIIMYHUHY, MOXKYTh
OyTH BUKOpPHUCTaHI Taki po3noainu [43]:

- posmnoxnin [lyaccona 3 po3mupeHoro KUTbKICTIO HYIIB;

- BII’€MHUN O1IHOMIQJIBHUH PO3MOJILI;

- TE€OMETPUYHUN PO3IOLT;

- PIBHOMIpPHUH PO3MOAILI.
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[TapameTpn BKa3aHUX PO3MOAUTIB MOXYTh OyTH 3HAWMJIEHI 3a METOJIOM
HallMEHIIMX KBaJApaTiB, METOJIOM MaKCHUMAJIbHOI MPaBAONOAIOHOCTI a00 METOAOM
MOMEHTIB. AJIEKBAaTHICTh OTPUMAHUX PO3IMOAUIB TAaKOX IEPEBIPAEThCA 32

KpuTepieM Xi-KBajpar.
2.4. Imitaniiina moaeab GpyTO0JIHLHOIO Ce30HY TAa il aHAJII3

[To6ymoBy Moneni GpyTOOIBHOTO CE30HY /IS IMITAIlli HASIBHOCTI TOTOBIPHUX
MaTyiB, MOB’sI3aHUX 13 3apOOITKOM Ha CTaBKaXx, MPOBEJIEMO B TPU €Tallu.

I eTan: oTpuMaHHs MOYATKOBOI peaJiizalili MOAEJIbHOI0 Ce30HY

1. BukopucroBytoun ¢yHkuii imoipHocTi Fy(X;) Ta P, (Y]), MOJEIIEMO
pesynbrar matuy (t;, t;) MK KOMaHaamu t; Ta t;.

1.1. T'enepyeMO MOYaTKOBY KUIBKICTh TOJIB X;, 3a0UTy KOMAaHJIOIO t; SIK

3HAYCHHS BUNAKOBOI BEJIMYMHU 3 QyHKILier0 iMoBipHOCTI Py (X;)
Six; =11 < Si(x;+1)5

Jc

n
Smer = ) By = k), 510 = 0,Siqeny = 1
k=0

ne S;;, — WMOBIPHICTb TOTO, 1110 BUNIAJKOBA BeJINUMHA R npuiiMe 3HaUeHHA 1; < Siy;

MOYATKOBE 3HAYEHHS KUIbKOCTI TOJIIB X; BU3HAYAETLCS 32 HIKHBOKO TPAHUIIEIO S;y,

IHTEpBay, Yy AKUH NOTpAIUIsi€ BUMAIKOBE YUCIIO T;.

1.2. BpaxoByrooud dYacTOTy HIYMWHMX MAaT4iB JIOMAaIllHbOI KOMaHIU B
pealbHOMY CE€30HI, BH3HAYaEMO — II€H MaT4 3aBEpIIUTHCSA BHIUMIO 4M Hi. J[ms
BOTO TeHEepyeMO OlHApHY BUIIAJIKOBY BEJIMYMHY, 3HAUYE€HHS 5KOi «1» BiAmoBinae
oAl «MaT4 3aKiHYMTHCA BHIUMIO», a «0» — «MaTd 3aBEpPIIUTHCS IMEPEMOTOI0
AKOICh ~KOMaHAW», MNpUYOMYy HMOBIpHICT, Tomli «l» nans  KomMaHau ¢
pospaxoByethest sk d(t;)/(w(t;) + d(t;) + I(t;)).

1.3. ko 3reHepoBaHO 3HA4YEHHS «1», TOAl MaTd 3aKIHYY€TbCS HIYHUEIO 1

KUIBKICTB TOJIIB, 320MTHX BUI3HOK KOMAHIIOK Yj = X;.
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1.4. Sxumo orpumyemMo 3HaueHHsS «0», TO T€HEPYEMO MOYATKOBY KUIbKICTb
TOJIB Yj, 3a0UTy KOMaHIOK0 t; K 3HAYEHHS BMIIAJKOBOI BEJIMYMHM 3 (DyHKIIEHO
nMoBipHOCTI Py (Y]) KinbKoCTI TOJIB y; BU3HAYAKOTHCH LUISXOM BH3HAUCHHS
IHTEpBaIly, y KU NOTpaIuIse 3HAYEHHS 1 PIBHOMIPHO PO3MOALIECHOT Ha IHTEpBAI

[0; 1] BumagKoBOi BEIUYMHU R:

Jc

v

e S in — MMOBIPHICTb TOT0, 10 BUIIAJIKOBA BEIMYMHA R IpUME 3HAYEHHA 1] < Sjpy.
[ToyaTkoBEe 3HAYEHHs KiIBKOCTI TOJIB ); BU3HAYAETHCA 32 HIKHBOIO TPAHMIIEIO
Sj}’j IHTEpBay, y KU IIOTPAIUISE BUNIAIKOBE YUCa 7j. SIKINO NpU LbOMY Y = X;,
TOJI1 30UIBIIIYEMO pe3yIbTaT Y CHIIbHIIIOI KoMaHau Ha 1 M’ si4. TobTo, sikio g < d,
TOM1 30UIBIITYEMO X; Ha 1, 1HaKIIe — 30UIbIIyeMO y; Ha 1.

2. TloBtoproemo kpok 1 misa Bcix N(N — 1) matuiB, ie N — 1€ KUIbKICTh

KOMaHJ, SIKi MPUHMaNN y4acTh Y IbOMY CE30Hi.

B nmincymky, MaeMo MoJieinbHUM ce30H GyTOONBHOTO TYPHIPY
M = {mu = (xi,yj), l,] =1,N, i :/:]},
Jie X; € KUIbKICTIO TOJIiB, 3a0MTUX KOMAHJIOK t; y Mat4i m;j, y; € KUIbKICTIO I'OJIiB,

3a0MTHX KOMaHJIOK t; y MaTyi m;;.

II eTan: o0uYMCIeHHSA 040K KOMAaH|

1. O6uHCITIOEMO TIONIEPEIHI OUKH KOXHOI Komanau p(t;), i = 1, N:
p(t) = 3w(t) +d(t), w(ty) = |{my|x; >y} dt) = [{my]x; = y;}],

ne w(t;), d(t;) € BiOmoOBiIHO KUIBKICTIO IEPEMOT Ta irop y HIYHIO /IS KOMAH/IH t;.

III eTran: rpynyBaHHsA KOMaH/ 32 OTPUMMAHUMH 0YKAMH
J{ns rpynyBaHHSI KOMaHJI MOJEJIBHOIO CE30HY BUKOPHCTOBYETHCSI Ta cama

METO/IMKA, sika OyJia 3acTOCOBaHa I IPYITyBaHHS KOMaH/I PEaTbHOTO CE30HY.
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[IpoBeneno aHaimiz po3poOJIEHOTO aANTOPUTMY MUISXOM CTaTUCTUYHOTO
MOJICJIFOBAHHSI 1 MOPIBHSAHHA OTPUMaHUX pE3yJbTaTiB 3 peaJbHUM CE30HOM.
Crnoyatky OyJ10 MepeBIpeHO AKICTh MOJICIIOBaHHS Ce30HIB Ha OcHOBI etamiB I Ta I
po3pobJieHoi Mojei 0e3 CIIOTBOPEHHsI pe3ysibTaTiB MaTyiB. g JOCTiTKEHHS
aJICKBaTHOCTI 3alpOMOHOBAHOTO METOJY IMITAIITHOTO MOJIETIOBaHHS OyJIo
3mojenboBaHo 100 ce3oHiB.

Ha puc. 2.9 naBeneHo aOCOJIFOTHI YaCTOTH THIIIB PE3yJbTaTIB 3a KJIACAMHU
MaT4iB JUIsl PEaJIbHOTO Ce30Hy. TakoX Ha puc. 2.9 HaBeIEHO CepelHl 3HAYCHHS
aOCOJIIOTHUX 4YacTOT THUMIB pe3ynbTaTiB 1o 100 3MojaenboBaHUX CE30HaM,
3rpynoBaHi 3a kjacaMu MartdiB. [Ipu 1poMy, B KOXKHOMY MOJEJIBHOMY CE€30HI
BUKOPUCTOBYBAJIOCS TPYIyBaHHS KOMaH, sike OyJ0 OTpUMaHO JUIsi KOMaHI 3
pearbHOTO ce30HY. SIK BUIITUBAE 3 puC. 2.9, B 3MO/IETHOBAHUX CE30HAX B IIIOMY
30epiraeTbcst AKICHUN XapakTep 3aJIeKHOCTEH MK KIJTBKICTIO IOMAITHIX TEPEMOT,
HIYMIX Ta JOMAITHIX TOPa30K 3a KJacaMH MaT4iB PEajbHOIO CE30HY.

Takox Oyna 3a1licHEHa MepeBIpKa IOCTOBIPHOCTI PIZHUI MK THUIIAMHU
pEe3yIbTaTIB 3MOJICJIbOBAHOTO 1 PEAIbHOTO CE30HIB JJI KOXKHOTO Kjacy MaryiB.
[TepeBipka 3aiiicHIOBanzack 3a kpurepieM Konmoroposa-CmupHoBa [164] Ha piBHI
3Hauymocti a = 0,001. Kputnune 3HaueHHsi ctaTUCTUKH A, = 1,95. Pesynpratu
3aCTOCYBaHHSI KPHUTEpIIO A KOXKHOTO KJIacy MardiB HaBelAeHO B Tabm. 2.5.
KpuTepiii mossirae B mepeBipii Takoi HyapoBoi rinotesu Hy: F.(x) = E,(x), ne
E.(x) € emmipuuHO0 (DYHKIIE€HO PO3MOAiINTYy BHOIPKM THIIB pe3ylbTaTy MarTdiB
peasbHOTO ce30Hy, a F, (x) — BiAmoBiaHO 3MOEIBOBAHOIO ce30ny. ['inoTe3a H,
BUKOHYETbCS 32 YMOBU A < Ay. 3a 00paHOro piBHS 3HAYYLIOCTI /Ui YCiX KJaciB
MaTYiB PI3HULA MK TUIIAMU PE3YJIbTATIB 3MOJCIBOBAHOTO 1 PEATIbHOIO CE30HIB
BUSIBUJIACS] CTATUCTUYHO HE3HAYYIIIOIO.

Ha puc. 2.10 HaBeneHo abCOMIOTHI YacCTOTH THUIIB PE3yJIbTATIB PEaTbHOTO
ce3oHy. Takox Ha puc. 2.10 HaBeIeHO cepeiHI 3HAaUCHHS a0COIOTHUX YaCTOT THITIB
pesynbTariB o 100 3MoaenboBanux cezoHaM. CyMapHe BIAXUIEHHS B1Jl PEAIbHOTO

CC30HY 3a THUIIaMHU PC3YJIbTAaTy MAaTdy Y 3MOJACJIbOBAHHUX CC30HAX CTAHOBHTDH 13%.
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[lepeBipuMO AOCTOBIPHICTH PI3HMII ABOX HaBEJAECHHX BHOIPOK PI3HUIL TOJIB 3a
kputepiem KonmoropoBa-CmupHoBa [164] 3 TuM 3Ke piBHEM 3HAYYILIOCTI
a = 0,001, o # panime. [as po3risHyTUX BUOIPOK CTaTHCTHKA KPUTEPIIO A =
0,32, KpuTHYHE 3HA4YEHHS CTAaTUCTUKU Ay, = 1,95. Omxe, pi3HULOA MK
PO3TJISTHYTUMH 3arajlbHUMU BHOIpKaMU THINIB PE3yJIbTaTy MAaT4iB € CTATUCTUYHO
HEe3HavyIIok0 Ha piBHI 3HauymocTi « = 0,001. Takum urHOM, 32 PO3MOIIJIOM THUIIIB

pe3yJIbTaTIB IO CE30HY 3MOJICIbOBAHUI CE30H € IOIOHUM JI0 PEabHOTO.

I Poant i ceson France: Ligue 2, season 2013-2014
I MopenbHuii ceaoH o “ .
PeanbHuit ce3oH VS 1-100-11 ModenbHi ce3oHn
cepe,qu 4acToOTK no rpynax
knac (1,1 knac (1, 2 knac (1, 3 knac (1, 4,
2 (1, 1) 25 (1,2) 25 (1,3) 2 (1,4
220 220 2207 151838 220
5 5 5 5
& ] ] &
=15 = 15 s 15 =
2 2 11.68 ] 2
210 g L 10 10 ]
2 2 s 2
S | moss g g g
36 4o, 5
2 _ 1.78
0 0 0 ° 0
Oomawwi Hiuni JomaluHi JHomawHi Hiuni [JomatHi AomalwHi Hiuni JomaluHi OomawwHi Hiuni JomaluHi
nepemoru nopasku nepemoru nopasku nepemoru nopasku nepemoru nopasku
knac (2, 1) Kknac (2, 2) knac (2, 3) knac (2, 4)
2 25 25 25
020 20 w20 2° E
T T 7 T
] & 5.l ©
215 215 215 5 2
2 2o 5 0.72 g
210 9 2ol 2107 BS? 210 2
3 9| 3 3 3
E 6.15 .95 6 = 66.35 = 6 =
£ 518 X 5 5402 X 5 449 X
0 0
Oomalwusi Hiuni JomarluHi JomawHi Hiuni JomauwHi OomawHi Hiuni JomaiuHi Oomawwsi Hiuni JomarluHi
nepemoru nopasku nepemoru nopasku nepemoru nopasku nepemoru nopasku
knac (3,1 knac (3, 2! knac (3, 3! Kknac (3, 4
2 @1 25 (3,2) 25 (3,3) 2 (3,4
o 20 o 20 w20F 1865 0 20f g
Z z z z 536
215 1329 S15 sz 13 215 215
o o 1212, 136 1151 2 2
5.l & 5 10 5 8 9.76
£ 10 797 10 2 10 210 s
o 5.74 7 ) 2 o
= = = =
3 ¥4 ¥4 3
5 5 5 5
5 2.88
0 0
Lomawni Hiuuni Jomaiwi Homawni Hiuni [JomawHi Homawni Hiuni [JomauwHi Lomawni Hiuni JomaiwHi
nepemoru nopasku nepemoru nopasku nepemoru nopasku nepemoru nopasku
knac (4, 1 Knac (4, 2 knac (4, 3 Kknac (4, 4,
2 4, 1) 25 (4,2) 25 (4,3) 2 (4,4)
o 20 o 20 @ 20 o 20
5 T T T
] 5 g ]
215 215 215) 4, 215
2 2 2 = 1 2
0.29) 0.33
210 €10 9791 .9 4o} Mo.07 S 10
3 3 8 8 3 3
E £ 6.46 S c 527 6
£ 5 455 EAFIS N— £ 5 4 £ o5l 74
1116 2 1.89
0 0 0 0
[omalwi Hiuni JomaluHi JomawHi Hiuni JomatHi [omalwHi Hiuni JomaluHi OomalwHi Hiuni JomaluHi
nepemoru nopasku nepemoru nopasku nepemorun nopasku nepemorun nopasku

Pucynok 2.9 — Po3mnoii TumiB pe3ysibTaTiB MaTyiB 3a KJlacaMu MaTyiB Yy

3MOACJIbOBAHUX CC30HAX



Tabnuns 2.5 — Pesynbrat nepeBipku kputepiro Koamoropora-CmupHoBa 3a
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piBHs 3Hauymocti « = 0,001 ams BCTaHOBIECHHS 3HAUYIIOCT PI3HUII MK TUIIAMHU

pPe3yJbTaTiB 3MOJICIbOBAHOTO 1 PEalbHOTO CE30HIB T10 KJlacaM MaTYiB

Knac martuis

3HauYeHHS

CTAaTUCTUKH A

Knac maruis

3HaueHHS

CTATUCTUKH A

(1,1) 0,339 3,1) 1,910
(1,2) 0,598 (3,2) 0,311
(1,3) 0,876 (3.3) 0,442
(1,4) 0,102 (3,4) 0,749
2,1) 1,319 (4,1) 1,824
(2,2) 0,732 (4,2) 0,777
(2,3) 0,077 (4,3) 0,317
(2,4) 0,495 (4,4) 0,073

220

200 [
180 |-
160
140 -
120
100
80
60
40t

20 -

France: Ligue 2, season 2013-2014

PeanbHui ce3oH VS 1-100 mogenbHi ce3oHU

cepeaHi 3aranbHi YacToTn
T

174

[omaluHi nepemorn

123

T
I Peanbhmit ceson | |
I MopernbHWit ce3oH

122.25

Hiuni [omaluHi nopasku

Pucynok 2.10 — Po3noin TumiB pe3ynbTaTiB MaT4iB 3arajioM y

3MOACIIBOBAHUX CC30HAX

Ha puc. 2.11 HaBeaeHo ricTorpaMu pi3HHUIIb TOJIB Y MaTdax PeajbHOTO 1

OJIHOTO 3MOJICJIbOBAHOTO Ce30HIB. [lepeBiprMO JOCTOBIPHICTH PI3HMIN JIBOX
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HaBeJIEHWX BUOIPOK p13HUIb roJliB 3a Kputepiem Koamoroposa-CmupHoBa [164]. 3a
piBEHb 3HAYYIIOCTI, SIK 1 panime, BizbMemMo BenumumHy o = 0,001. Kpwurepiii
KonamoropoBa-CmupHOBa Tmonfrae B TEPEBIPIl TakKoi HYJIbOBOI TINOTE3U
Hy: E.(x) = E,(x), ne F.(x) e emmipuuHOO (YHKII€W PO3MOAITYy BHOIpKH
PI3HHMIIL TOJIIB PEaIbHOTO CE30HY, a Fy, (X) — BIAMOBIIHO 3MO/ICILOBAHOTO CE30HY.
Jnst po3rasiHyTUX BUOIPOK cTaTHCTHKA KpuTepito A = 0,58, kpuTuuHe 3HaYEHHS

CTaTUCTHKHU A, = 1,95.

Po3nogin pisHuvub ronis y peanbHomy ce3oHi

Posnogin pisHWUb ronie y mogenbHomMy ce30Hi

¥ peanbHoMy ces0H!

40

KinbKicTb MaTyiB 3 BiANCBIAHOK pisHMLE roAiB
¥ MOARABHOMY Ce30H]

KinbKicTb maTyie 3 BiANoBI4HO pisHMLEIR ronis

5 4 2 0 2 4 ] 0
5 4 2 0 2 4 3

3HauyeHHA pisHMLUi ronis 3HayeHHA pisHMUi ronis

Pucynok 2.11 — Po3mnofin pi3HULb TOTIB PEaIbHOTO 1 3MOCITHOBAHOTO CE30HIB

OTxe, pI3HUI MK PO3TIITHYTUMHU BUOIPKaMH PI3HUILL TOJIB € CTATUCTUYIHO
He3HauyIow Ha piBHI 3Hauymocti o = 0,001. Takum YuHOM, 3a PO3MOALIOM

PI3HHIIb TOJIIB YCIX MATY1B 3MO/IENIbOBAHUI CE30H € MOJIIOHUM JI0 PEAIBHOTO CE30HY.

2.5 AroputM MOETIOBAHHS AOTOBIPHUX MAaT4YiB, OB’ SI3AHUX i3

3apo0iTKOM Ha CTaBKaX

Pe3ynbTaT OroBipHOTO MaT4y, 100 HA CTAaBKaX Ha HHOMY MOTJIA 3apOOUTH
37I0BMUCHHMKH, TOBUHEH BIPI3HATHUCS BiJl OYIKyBaHOTO pe3yjbTaTy, TOOTO HOCUTH
aHoMaJbHUM xapakTtep. Lle iloro HaliBaxkJIMBiIIA BIACTUBICTh. TOMY HOTO 3HAUYCHHS
HE TOBMHHO MICTUTUCS B 00JIaCTI OYIKYBaHMX 3HAU€Hb pe3yJibTaTy Marua,
IOB’SI3aHUX 13 CHUJIOK0 KOMAaHJ. 3alpOllOHOBAHO BBECTH IOPOrOBE 3HAYEHHS

HMOBIPHOCTI P4, SIK€ HE MOBHHHI MEPEBUILYBATH aHOMAJIbHI PI3HULI TOJIB MaT4iB
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KJIaCy 1 TaKMM YHMHOM CepeJl SKUX MOXKYTh 3HAXOJIUTHCS Pe3yJbTaTH OTOBIPHHUX
MaT4iB. 3HA4YCHHS WMOBIPHOCTI P4 13 €BPUCTUYHHX MIPKyBaHb 3alpONOHOBAHO
obupartu B mianaszoni 0 < p, < 0,4.

ANTOpUTM MOJENIOBAHHS PE3YyJIbTATIB JOTOBIPHUX MAaTyiB, MOB’S3aHUX 13
3ap0OITKOM Ha CTaBKaxX, CKJIAJAAE€THCS 3 TAKUX €TArliB.

1. 3 BUKOpPUCTAaHHSM OTPUMAHUX MOJCIBHUX CE30HIB TYPHIPY OYIYIOThCS
rICTOrpamMu Pi3HUL TOJIIB YCIX MAaT4iB OKPEMO IJsl KOXHOro kjiacy. Ilpukmanu
rictorpam, oTpumanux mo 100 momensHUX ce30HaX, HaBeJeHO Ha puc. 2.12. Sk
BUIUIMBAE 3 I[bOI'O PHUCYHKY, TICTOTpaMH MalOTh OYIKYBaHI 3aKOHOMIPHOCTI B
pe3ynbTaTax MaTdiB (CHJIBHIIII KOMaHAM MaloTh Kpalll pe3yJbTaTh B Ipi 31

CnabImuMu KOMaHIaMH; BIoMa KOMaHIU TPalOTh Kpallle, HiK Ha BUi3/1).

] HopmantHi pisHiu ronie Ha pisi 0.2 HopmanbHi i aHOManbHi 3HaYEHHA PI3HMLL
-AHDMaﬂbH\ pi3HKL ronisHa pienHi 0.2 rOﬂiB Ha piBHi aHoman bHDCTi pA — 0,2
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Pucynok 2.12 — I'icrorpamu pi3HHIIb TOJIIB IO KOXXHOMY KJIacy MaT4iB

2. BukopucroByrouu TricTOrpaMmy pi3HHUIIb TOJIIB, 30yJ0BaHy 3a KjacaMu

MaTyiB 3a 100 3MoJenbOBaHUMHU CE30HAMHM, BU3HAYUMO MHOXUHY HOPMAaJIbHHX
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. . N . ‘o
P13HUIb I'OJIB Dl(] ) 3a JOIIOMOI'OI0 1ITCPAIIMHOTO AJITOPUTMY, B AKOMY CIIOYATKY

N N
BBAKaTUMEMO, 1110 Dl.(]. ) ¢ MOPOKHBOIO MHOKHUHOI0, TOOTO Dl.(j ) = g.
2.1. O6upaeMo 3HaYEHHS PI3HMUIII TOMIB d, K€ 3a TICTOrpaMor0 KJIacy MaTyiB

.. . N
(i, /) Mae HAHOLIBIITY YaCTOTY MOSIBH h; cepe THX 3HA4YCHb d, 10 d & Di(j ),

2.2. lomaeMo 3HaueHHS d 10 MHOXHHH Dl.(;v).

(V).

2.3. O64MCII0EMO CyMapHy 4acTOTY MOSBH YCIX 3HAY€Hb 3 MHOKHHH D; i

N
P = Zgep ha-

2.4. Axmo pi(j-v) > 1 — py, nepexoaumo Ha Kpok 2.5. [Hakmie, nepexoaumMo Ha
Kpok 2.1.

: . N
2.5. 3HavyeHHS MOXJIMBUX DPI3HHUIb TONIB d* & Dl.(j ) YTBOPIOIOTh MHOXUHY
p@ . S
jj AHOMAIIbHHX PI3HHIb KIIACY MaTHiB (I, /).
4
3Ha4YCHHs MHOXMHHU D, BUKOPHCTOBYIOThCS JUI MOJIC/IIOBAHHS PE3yIbTATy

JIOTOBIPHOTO MaTyy.

Jns npuknany Ha puc. 2.12 HaBeneHI HOpMayibHI (3€JIGHMM KOJip) 1
aHOMaJIbH1 (YEPBOHUI KOJIP) PI3HMUII TOJIIB MO KOXKHOMY KJIaCy MaTdiB MPHU PiBHI
aHomaibHOCTI py = 0,2. Pe3ynbpTaTu BUOOPY 3Ha4Y€HB 3a TICTOTpaMoro 3 puc. 2.12
pu piBHI aHOMaIbHOCTI P4 = 0,2 BigoOpakeHo B Tadm. 2.6.

3. Bubupaetrscs N MaT4iB Ce30HY TYpHIPY BHUIIQJKOBUM YHHOM, SIKi OYIyTh
MepEeTBOPIOBATHCS HA JOTOBIpHI. [lami po3risgatuMeMo BCl Aii Ha MPUKIIai OJTHOTO
TaKOro MaTyy.

4. Bu3Ha4daeThbCs KJIaC MaT4iB, 0 SIKOrO HAJIEKUTh JaHUHM MaTd.

5. SIkuio pe3ynbTaT OOpaHOTO MaTyy HE MICTUTHCS B OOJIACTI OYIKYBaHUX
3HA4YE€Hb PE3yJbTaTy MaTyiB ILOTO KJIACy MaT4iB (TOOTO el pe3yJbTar 1 Tak
CXOKUM Ha JOTOBIPHUN MaTd), TO BUIAJKOBUM YHHOM OOHMpA€EMO IHIIUM Matd.

Inakme nepexoaumo 110 1. 6.
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6. Pi3HUIIS TOJIB OOUPAETHCS BUIAJIKOBO 3 MHOKUHHM aHOMaJIbHUX 3HAYCHb
pI3HUIL TONIB [JJis BIAMNOBIIHOTO Kijacy MardiB (Tabm. 2.6). Ilpu upomy
BUIAJKOBOMY BHOOpI BHUKOPHUCTOBYIOTHCS WMOBIPHOCTI, MPOMOPIIHI YacToTaM

aHOMAaJLHUX 3HAYEHb 3 TICTOIPAMH PI3HMIIL TOJIIB JIJIsl BIATIOBITHOTO KJIACY MaTUiB.

Ta6muis 2.6 — HopmanbH1 i aHOMaJIbHI PI3HULI M’ SI9iB

Kitac HopwmaibHi pi3Huii
' AHOMaJbHI pi3HUL M 4iIB .
MaTyiB M’SYiB
(1,1) {-3,-2,2,3,4} {-1,0, 1}
(1,2) {-3,-2,-1,3,4,5} {0, 1,2}
(1,3) {-2,-1,3,4,5, 6} {0, 1,2}
(1,4) {-2,-1,3,4,5, 6} {0, 1,2}
(2,1) {-4,-3,-2,3,4,5,6} {-1,0, 1,2}
(2,2) {-3,-2,3,4,5} {-1,0, 1,2}
(2,3) {-3,-2,3,4,5, 6} {-1,0, 1,2}
(2,4) {-2,-1,4,5, 6} {0, 1,2, 3}
(3,1) {-6,-5,-4,-3,2,3,4,5, 6} {-2,-1,0, 1}
(3,2) {-5,-4,-3,-2,3,4,5, 6} {-1,0, 1,2}
(3,3) {-4,-3,-2,3,4,5,6} {-1,0, 1,2}
(3.4) {-4,-3,-2,-1,3,4,5,6} {0, 1,2}
4,1) {-6,-5,-4,1,2,3,4,5, 6} {-3,-2,-1, 0}
(4,2) {-6,-5,-4,-3,2,3,4, 6} {-2,-1,0, 1}
(4,3) {-4,-3,-2,3,4,5,6} {-1,0, 1,2}
(4,4) {-4,-3,-2,3,4,5} {-1,0, 1,2}

7. PaxyHOK JOTOBIPHOTO MaT4dy OOMPAETHCS BHUIIAJIKOBO 3 BIJAMOBIIHOTO
CTOBMYMKA TaONUI[l paXyHKIB MaT4iB (IuB. Ta0a. 2.7), e HOMEp CTOBMIIS TaOJIHII
JIOPIBHIOE OOpaHiil Pi3HUIIl TOJIB JIOTOBIpHOTO Matdy. [Ipu 1boMy BUMaJAKOBOMY

BUOOPI BUKOPHCTOBYIOTHCS HMOBIPHOCTI Ha OCHOB1 aprMETHYHOI Mporpecii 3
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a, =1ia, =0,1,n > 2 (puc. 2.13):

@ a1+(((1n al)(]—l) 1+(01 (]
P(j=-2L= =
S (a; + an)n (1 + 0,1)n
- 2 2
. 0,9( — 1)
T Tm-1D _ (®-1-09j4+09 (n—-01-09)
0,55n ~ 055n(n—1)  055n(n—1)
(n—-1+1-01-09) 1 +(a9—aw)
B 0,55n(n — 1) - 0,55n 0,55n(n—1)
1<j<nnz=2;
P()=1n=1,

JI€ N — KUIbKICTh BapiaHTIB paxyHKy Yy BUOPAHOMY CTOBMYMKY TaOJMIIl paXyHKIB
MaT4yiB, j — TMOPSAKOBUHA HOMEpP paxyHKy y BHOpaHOMY CTOBIYHUKY TaOJuWIII

paxyHKiB MaTyiB, S — cyMa MepIIrx N 4jeHiB apuMEeTHIHOI Mporpecii.

Tabnuis 2.7 — TeopeTHIHO MOKIUBI PAXyHKH MaT4iB IS BCIX KJIaciB MaTyiB,

KOJIM OJHI€I0 KOMaH1010 0yJ10 3a0UTO HE OubIe 6 M’s4iB

Pi3Hu1st roni Matay
0 1 2 3 4 5 6
Paxynok | 0:0 1:0 2:0 3:0 4:0 5:0 6:0
MaT4y 1:1 2:1 3:1 4:1 5:1 6:1
2:2 3:2 4:2 5:2 6:2
3:3 4:3 5:3 6:3
4:4 5:4 6:4
5:5 6:5
6:6
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a1=1, an=0.1, n=7

= = = 1=1, an=0.1, n=5
07 a1=1, an=0.1, n=3 04 a an n 03

0.6

05

0.4

0.3

0.2

0.1

1 2 3

Pucynok 2.13 — IMoBipHOCTI Ha OCHOBI1 apupMeTHUHOI porpeciiz a; = 11

a, =01mmn €{3,57}

[Tpu n = 1 oOpana ¢yHKIIIS KIMOBIPHOCTI € CTai0l0 (YHKIIEI 31 3HAYCHHSIM

P(1) =1. Ina n = 2 obpana ¢yHKIiA HMOBIPHOCTI € CIIaJHOIO CTYIiHYATOO

0,9(1-J)
0,55n(n-1)

(YHKITIERO 3 TOYaTKOBMM 3HaYE€HHAM #iMoBipHocTi P(1) = 1 KPOKOM

0,55n
O6pana ¢yHKIIis TMOBIPHOCTI 3a0€3Meuy€e MOCTYNOBE 3MEHIIIEHH WMOBIPHOCTI 31
301TBIIICHHSM TIOPSIKOBOTO HOMEpPY pe3yibTaTy MaTdy. EJeMeHTH CTOBMIIA
TaOJIUIl PaXyHKIB MaT4iB PO3TAIIOBaHI y MOPSAAKY 30UIBIICHHS KUIBKOCTEH TOJIIB,
3a0UTHX KOMaH1aMH 111 9ac Matuy. OTxKe, M O1IbIIE T'0JIIB KOJKHA KOMaH 1a 320’ €
M1]] 9ac TP, THM MEHIIIa HMOBIPHICTh 0OpaHHS TAaKOT'O BapiaHTy Pe3yJbTaTy MaTdy
K KaHauaaTta Ay GopMyBaHHS (PIKCOBAHOTO pe3yibTaTy. BuzHaueHHs anpiopHO
HEB1JIOMUX WMOBIPHOCTEH K YIEHIB apU(PMETUUHOI IPOrpecii BAKOPUCTOBYETHCS B
3aagax JOCHTI/DKCHHS Omepariid sK OJWH 3 METOMIB TMOJOJaHHS aIrpiopHOl
HeBU3Ha4YeHocTi [165].

Ko oTpuMaHOro pe3yiabTaTy Mardy He OyJio B peaJbHOMY CE30HI, TO
Bi/I0yBa€THCS MOBTOP 1. 6 Ta 1. 7.

PesynpraTn  MonemoBaHHS ~— MaTdiB 13 (IKCOBAaHMM  Pe3yJbTaTOM
IIPOJIEMOHCTPOBAHO Ha MNPHKIAAI OJHOrO 13 3MOJCIHOBAHHUX CE30HIB (IUB.
Tab:1. 2.8). BunagkoBuM 4MHOM Yy 3MOJIeJIbOBAaHOMY Ce€30H1 OyJsio oopano T, = 10
MatyiB. byJ10 BUKOpUCTAHO piBeHb aHOMAIBHOCTI py = 0,2. I KOKHOTO MaT4y
chOpMOBAHO pE3yNbTaT 3a AITOPUTMOM (POPMYBAaHHS JIOTOBIPHHUX MAaTYiB Yy
IMITAIiHIA MOJENl Y BIAMOBIAHOCTI JI0 aHOMAJIbHUX PI3HMIlb, BU3HAYECHUX [IJISI

KOXHOTO KJIacy MatyiB y Tadauui 2.6.
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Tabnuug 2.8 — [Ipuknaau yTBOpEeHUX JOTOBIPHUX MATUIB Y MOJIETLHOMY CE30HI

Jomamus | Bui3Ha komana OnoBeHui [TouaTkoBUit
KOMaHzaa pe3yabTar pe3yJbTar
team 3 team 13 4:1 0:0
team 2 team 15 4:1 3:2
team 4 team 19 0:1 3:2
team 9 team 7 0:2 2:2
team 11 team 7 4.0 2:3
team 16 team 19 3:0 1:1
team 17 team 2 4:1 0:0
team 17 team 7 5:2 1:2
team 17 team 15 3:0 4:4
team 17 team 19 4:0 4:3

Cepen oTpuMaHUX pe3yJbTaTiB 3yCTPIYAIOThCS TaKl, SIKI MOXKYTh BUTJISIATH

K O4iKyBaH1, Harpukiaz, 0:1 uyu 0:2. Ane 1t BIANOBIAHKUX KJIAC1B MaTyiB, TOOTO y

BIJIMOBITHOMY KOHTEKCTI, TaKl pe3yJIbTaTH PO3TIISIAI0ThCS SIK aHOMAJIbHI.

BucHoBku 10 po3aiay 2

1. Kiacrepu3aiiisi 103BOJIsSi€ BUIITUTH TPYHH OJHOPITHOCTI KOMAaHI 3a iX

CWJIOIO 3a pe3yJibTaTaMu ce30Hy. To/l Ha OCHOBI KOHTEKCTYallbHUX aTpuOyTiB MaT4i

TYpHIpY MOXXHa Oyae po30MTHM Ha KJacu 1 BXKE€ B KOXKHOMY KJjacli MaryiB 3a

MOBEAIHKOBUM aTpuOyTOM BH3HaYaTH aHoMaibHl Maryl. Ilpu ogHOBUMIpHIN

KJIacTepu3allii KoMaH BpaxoBaHi MpaBuiia nepexoay y (yTOOIbHI JIITH BUIIOTO 1

HUKYOTO PIBHIB 1 BUKOPUCTAHO MeTON K-CepelHiX, OCKITbKA B3a€EMHA KOPEIAIis

JAHUX B OJHOBUMIPHOMY BUMAJKy BIJICYyTHS. 3 JBOX OTPUMAHUX MPH PIZHHUX

MOYAaTKOBUX YMOBaxX BapiaHTIB KJacTepusallii oOpaHO BapiaHT TpyMyBaHHS 3

MIHIMAQJIbHUM 3HAQYEHHSM LUIbOBOT (DYHKII1, SKHI TaKOXK 3yCTpIYaBCs HalyacTille.
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2. Ilpm nBoBuUMIpHIM  KjacTepu3alii KOMaHJ pe3yJbTaT, OTPUMAHHM

MeTozioM [ayciBChbKUX cyMmileit 3 mapamerpom perymspusanii y =0 30iraerscs 3

HaWKpalM 3a 3HAYEHHSAM IUIBOBOI (DYyHKIIIT pe3ysbTaToM, KM HaOUTBIT 4acTo
OTPUMYETHCSI 3 BUKOPUCTAHHAM MeToAy K-CepemHiX MpH HOro 3amycKy 3a pi3HUX
noyaTkoBuxX ymoB. Ilpu 1mpoMy 4yTiuBiCTH MeTOAy ['ayCiBChbKHX CyMilIed A0
MOYaTKOBMX yMOB 3HAYHO HIDKYE, a OTPHMaHi KJIacTepyd MAaloTh KOJOMOIIOHUH
BUTJISA/I.

3. VYpaxyBaHHs 3aIpPONOHOBAHUX HeJ[larOHATbHUX €JICMEHTIB
KOBapialiifHUX MaTpHIlb B METOA1 ['ayCiBCbKUX CyMIIIeH MUISXOM peryisipusariii 3
napameTpoM Y = 0,9 3a0e3neyye OoTpMMaHHS €JUHOTO PE3yabTaTy KiacTepu3allii
HE3aJIeKHO BiJ MOYaTKOBUX yMOB. [Ipu 11poMy KilacTepu MarOTh €NiNCONOAIOHUN
BUTJISA, IO JTO3BOJISIE BpaXyBaTH HEOUEBHJIHI KOPEJIAIINMHI 3B’ SI3KM MK TOYKaMH 3
Ha0oOpy JaHUX.

4. OcobmuBicTiO po3pobieHoi iMiTariitHoi Mozaesni ¢yTOOIBHOTO CE30HY 3
MaT4aMHu 3 1IKCOBAaHUM PE3YJBTATOM € T€, 110 KOMAaH/IH MOAUIAIOTHCS Ha TPYIIH, K1
BpPaxoOBYIOTh iX CHJIy 3a 3arajJbHUMH OYKaMU B C€30HI. BiAmoBigHO, WUMOBIPHICTH
3a0UTTS TOJI1B KOMAH/IOKO ITiJT 4aC MaT4dy PO3pPax0OBY€ETHCS MO TPYTIaMm, a He 10 YChOMY
ce30oHy. Takox mig 4yac po3paxyHKy Li€i WMOBIPHOCTI BPaXOBYEThCS THI TPU —
nomaiiHs abo Bui3zHa. lle Ao03Bossie BpaxyBaTh OCOOJMBOCTI TPU JOMAIIHBOI Ta
BHUI3HOI KOMaH/IH.

5. Sk BUIUIMBAE 3 PO3MOALUIIB THITIB PE3YyJIbTATIB MaT4iB, 3TPYIMOBAHUX 32
KJIacaMH{ MaT4iB, B 3MOJICJIbOBAHMX CE30HAX y CEPEIHBOMY 30epIiraeThbCsl Xapakrep
3QJIEKHOCTEN MDK KUIBKICTIO JOMAIIHIX TMEpPeMOr, HIYWiX, BHUI3HUX IEPEMOT,
IpUTaMaHHUX KJacaM MaTyiB peajbHOro ce3oHy. CymapHe BIOXWIECHHS BIJ
peaJbHOTO CE30HY 3a TUIMAMHU pe3yJIbTaTy Mardy y 3MOJENbOBAaHUX CE30HaX HE
nepesuinye 13%.

6. 3a 3araJbHUMH PO3IOJUIAMH THUITIB PE3yJbTATIB MATUiB Ta PI3HUISIMU
rojliB YCiX MaT4iB 3MOJICILOBAHHI CE30H € MOJIOHUM J0 pealbHOr0 CE30HY. 3a

kputepiem KonmoropoBa-CMHpHOBa, pI3HULS HAaBEACHUX PO3MOJAUIIB Ha PIBHI
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3Hauymocti 0,001 € crarucTuuHo He3Hauymo. CepeqHe 3HAYEHHS CTATHCTUKHU
KpUTEpis UIsl PO3NOLIIB THITIB PE3yNbTaTy MO KjlacaM mMaTdiB ctaHoBUTH 0,71. Ha
12 3 16 knmacax MarT4iB 3HAYEHHS CTAaTHCTUKH KpuTepis He nepeuinye 0,9, mo y
MOHAJ JIBa pa3d MEHIIE 32 KPUTHUYHE 3HAYEHHS CTATUCTUKU KpUTEpis Ha PiBHI
srauymocti 0,001. 3HadeHHsT CTATUCTUKU KPUTEPISA I PO3MOLIIB Pi3HUIH TOMIB
y ce30H1 craHoBuTh 0,58, 110 y MOHAJ TPU pa3u MEHIIE 32 KPUTHUYHE 3HAUYEHHS
CTaTUCTHKHU KpUTepis Ha piBHI 3Hauyocti 0,001.

7. TicTorpamu pi3HUIIL T'OJIB IO KOKHOMY KJacy MaT4iB MalOTh OYIKYyBaHI
3aKOHOMIPHOCTI B pe3yJibTaTax MarTyiB: CWJIbHIII KOMaHId MAalOTh Kpalll
pe3yabTaTu B Ipi 31 CIA0IMIMMU KOMaHIaM1; BJIOMa KOMaH/U TPaloTh Kpalle, HiXK Ha
BUI3/11.

8. Po3rigHyTy iMiTaliiiHy MOJIENb MOKe OyTH y3arajlbHeHO JIJIsl BpaXyBaHHs
THIMX TTapamMeTpiB GyTOONTHHIX MaTUiB, Ha SIKI TPUHMAIOTHCS CTaBKH, — KUIBKICTh

MPU3HAYEHUX MMEHANIBbT1, KUIBKICTh MOTIEPEKEHB 1 BUITy4Y€Hb TOIIO.
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PO3/ILI 3
METO/IA BUABJIEHHS MIIO3PLIIAX IOI0 ®IKCOBAHOCTI
PE3VJIbTATY ®YTBOJIBHUX MATYIB 3A HASIBHOCTI IAHUX ITPO
BECH CE30H

3.1 Bu3HauyeHHS Mip¥ HEKOH()OPMHOCTI MOTOYHOT0 MATHY

ba3oBuM MOHATTSM TpU  BHUKOPUCTAHHI MaTeMAaTUYHOTO  amapary
KOH(OPMHUX TPEIUKTOPIB 1 CTENEHEBUX MApTHUHTANIB € Mipa HEKOM(pOPMHOCTI
00’€KkTa naHuX. Ii uKMCIOBE 3HAYEHHS XapaKTepU3ye€, HACKIILKH KOXKEH 00 €KT €
HEeKOH(GOPMHUM (BIIMIHHMM) B yCi€l MOCTIIOBHOCTI OTpUMaHUX 00’ €KTiB. Bin
BUOOPY MipHM HEKOHGOPMHOCTI 3aJIEKUTh SKICTh aJITOPUTMIB KOH(POPMHOI
Kkiacudikallli Ta BUSBICHHS aHOMaIiH B qaHux [145].

OnHuM 3 OCHOBHHMX IMOKa3HUKIB (yTOOIBHOTO MaTuy Z € HOro pe3yJibTar y
dopmari o: 3, A€ YHCIO O JOPIBHIOE KUIBKOCTI TOJIB, 3a0MTHUX KOMaHIOO-
roCroAapKow, a 4ucio 3 — BIJAMOBIIHO TOCTHOBOK KOMAHJIONO, IiJl Yac MaTdy.
Matouu pe3ysbTar MaTdy y TakoMy (opMari, JIETKO MiApaxyBaTH PI3HUIIIO M’ SYIB Y
IbOMYy MaT4i K unucio o — [3. L{g xapakTepuctuka € mOBEAIHKOBUM aTpUOyTOM,
OCKUJIbKH Y BIATIOBITHOCTI 10 BU3HAYEHOT'0 KOHTEKCTY (CHIJIM KOMaH/I 1 TUITy T'pH) 3a
PI3HUILICIO M’ 141B MICJISI 3aBEPLIEHHS MaTuy ONIOCEPEKOBAHO BU3HAYAIOTh YU € MaT4
aHOMaJIbHUM. Tak, MaT4i 3 MOJIyJIEM PI3HUII TOJIIB HE OLIBIITNM 32 2 M 5141, MOKYTh
BUKJIMKATH MiA03PH, SKIIO cJladka KOMaH la BUrpajia y CUIbHOI a0 3irpajia 3 HEel y
Hiymnto. Takoxx Taki MaT4yl MOKYTh BUKOPHCTOBYBATHUCS] KOMAHIaMHU ISl BUPIILIEHHS
iXHIX TYpHIPHHUX 3a/1ad B C€30HI. SIKIIO pI3HUIISA M’ A4iB 32 MOJIyJIeM OLbIe, HiXK 2
M’s14l, TAKWA MaT4 BUKJIMKAE M1JI03pU 110JI0 aHOMAIbHOCTI pe3yJIbTaTy, KOJIU CHIIN
KOMaH/ OJH3bKi. AJle TaKMi MaTd MOXKE€ 1 HE BHKJIMKATH ITIJIO3pH, SKIIO CHIIN
KOMaH/I JIIWCHO € KapAUHAIBHO pi3HUMHU. [IpoTe, y IboMy BUTIAAKY TaKi MaT4i yepe3
HEOUIKYBAHICTh PE3YNbTATy (Ay’KE€ BEIMKHUI paxyHOK) MOXKYTh OyTH JOTOBIPHUMH,

00 103BOJIATH IIAXpasiM OTPUMATH 3apOOITOK HA CTaBKaX Ha TaKUM pe3ysbTar.
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Ha ocHOBI KOHTEKCTyanbHUX aTpUOYTIB, sIK OyJ10 MOKa3aHO B PO3ALJI 2, MaTyi
TypHIpY po30HUBatOThCs Ha Kiacu. KoxkxHOMy Kiacy MaT4iB MpUTaMaHHUMN BJIACHUN
pO3MOJIIT HWMOBIPHOCTEW PI3HUIN M S4iB, SKUM 3aJ€KUTh BiJ CHIM KOMaH]
ydacHUIb 1 Tumy Tpu. [lomryk aHOMambHUX MaT4iB BiOyBAa€TbCA caMe B Mexkax
BH3HAYEHOTO KJIaCy MaTuiB. SIK MPOrHO30BaHE 3HAYEHHSA Pe3yJIbTaTy MaTuy OyJaemMo
BUKOPUCTOBYBAaTH MaTeMaTUYHE CIIOAIBAHHSA-PI3HUII M S4iB MaTUiB JJAHOTO KJacy.
OCKUIBKM PO3MOJLI HMOBIPHOCTEM pI3HUII M’SYIB KJIaCy MAaTYiB BBAXKA€ThCS
HEBIJJOMUM, BHKOPUCTOBYETHCSI HOTO OLIIHKA, SIKA PO3PAXOBYETHCS SK CEPEIHE
apu(pMeTUYHE 3HAUCHHS PI3HULI M SYIB KJIaCy MaT4iB B CE€30HI, 10 PO3TIIAIAETHCS.

Hexait Maemo rpymyBaHHS KOMaHj1, TOOTO MaeMo (dyHkiio group(t) = g,
sKa KOMaH/Il 3 HOMEPOM g Yy TYpHIpHiil TaOyuIill CTaBUTh Yy BIAMOBIIHICTH HOMED
rpynu n, e t = 1,T, g = 1,K, T € KiTbKICTIO KOMaHI y ce30H1, K € KITbKICTIO TPYII.
Ha ocHOBI rpymyBaHHs KOMaHJ YTBOPIOEThCS Kiacu(ikallisi MaTdiB B 3aJI€KHOCTI
BIJl TOr0, 10 SIKUX TPyl HaJeKaTh KOMaHIU — ydacHMI maTtdy. Knacudikamis
MaT4iB posrisaaerbes Ak Qyskmis (i,j) = class(z), gxa KOXKHOMY Mardy Z

CTaBUTh Y BIAMOBIAHICTE ymopsakoBaHy napy uucen (i,j), ne i = 1, K € Homepom

IPYIH, 0 SKOI HAJIEKHUTh JOMAIIHSI KOMaHaa Matay, a j = 1, K — HOMepoM Ipymnu
BUI3HOT KOMaHau wmardy. Matui z, mis skux class(z) = (i,j), yTBOpIOIOTH
MHOKMHY MartyiB G;; knmacy martdiB (i,j). Muoxunu G;; € Takumu, AKi He

NEPETUHAIOTHCA Mk COOO0I0 11X 00’ €IHaHHS YTBOPIOE YCIO MHOKUHY MaT4iB CE30HY

G:

Vlil,jipGl]ﬂGlZ,:(Z), U Gij=G,
(i.j)ec
ne € = {(i,)li=TK,j=TK}.

BBaxkaemo, 1110 MaT4i Z € BHOOPSJAKOBAHUMH y MHOXUHI G;;, TOOTO, 110 BCI

JE)
MaT4l Zj € NPOHYMEPOBaHMMH 3a Homepom k = 1,|G,;| . Busnauumo cepennro

PI3HHMITIO TOMIB 10 Ki1acy MatdiB (i, ):

avg(i,f) =  mean o= B} = = Napeq, (@ — Be), (3.1)

class(z))=(i,))
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1€ k € HOMEpOM IOTOYHOT'O MaT4y B XpOHOJIOT'TYHOMY MOPSIAKY, / € HOMEPOM 1HIIOTO
Mardy, KA BiTHOCHTRCSI 10 TOTO Kiacy mardiB (I, j), M0 i MOTOYHMi MaTH, i, j €
BIJIMOBITHO HOMEPOM TPYIHU JOMAIIHBOI 1 TOCThOBOI KOMaHIU. BukopucToByoun
paHiliie HaBeJeHE MPHUITYIICHHs PO TPyIMy KoMaHi, xapakrepuctuka avg(i,j) €
CepelHIM  pe3yJbTaTOM TPYNH  CIOCTEPEXKEHb, fAKa B  MOJAIBIIOMY
BUKOPUCTOBYETHCS SIK MPOTHO30BAHE 3HAYEHHS pe3yJbTaTy IpU Y JaHOMY Kilaci
matuiB (I,j). B cBor uepry, BiaxuiceHHs (DaKTUUHOTO Pe3yibTaTy MaTdy Zj Bi
OYIKYBAaHOTO PE3yJbTaTy MOXKHA PO3MVIAJATH K XapaKTEPUCTUKY aHOMAaJIbHOCTI

MaT4y MO BIAHOUICHHIO A0 Kiacy MmardiB G;;, 10 SIKOTO HAJIEXKUTh Zi. lOoMy

ijs
BUKOPHUCTAEMO I[I0 PI3HHULIIO SIK Mipy HEKOH(POPMHOCTI @) MaT4y Zj, 10 BiTHOIIEHHIO

J10 KJ1acy MatyiB G
a = |og — B —avg (@, j)I. (3.2)
Yepes Te, 1110 pe3yiabTaT MaTay Oy — [ € UM YUCIIOM, a XapaKTepUCTUKA
avg(i,j) € pamioHaJIbHHM YHCIIOM, MOJKJIHMBI BiIXWICHHS BiJ IJIOYHCETHHOTO
pe3ynbTary, WO MHOPOKYIOTh MOXMOKM B OOYMCIEHHI MipU HEKOH(POPMHOCTI:
BixwieHHs y~0,5 32 Miporo HEKOH(GOPMHOCTI TPU3BOATH JI0 TOTO, 110 Pe3yJIbTaTh
MaTyiB, SIK1 BIAPI3HAIOTHCS HA OJUH M sS4, B MJICYMKY MalOTh OJTHE 3HAYEHHS MIpU
HeKoH(pOopMHOCTI. Uepe3 11e MOKIMBHM JIONUJIBHAM PIIMIEHHSIM € BHUKOPHUCTAHHS
MIpU HEKOH(OPMHOCTI 3 OKPYIJEHOK J0 IUJIOr0 YHUCIA XapaKTEPUCTHUKOIO

avyg (l,] ):

a, = |ak — By — round(avg(i,j))|. (3.3)

3 1HWOro OOKy, SKIIO KpIM HIAKPECICHHS AHOMAJIbHOCTI YHUCEIBbHOIO
BIIXWUJIEHHS MK (DaKTHYHUM 1 OYIKYBaHUM pe3yJbTaTaMHd MaTdyy BHUHHKAE
HEOOX1IHICTh BpaxXyBaHHS aHOMAJIbHOCT1 MaT4iB TaKOX 3a TUIIOM pPe3yJbTaTy, TO
MOke OyTH BUKOpPHCTaHa Taka Mipa HEKOH(OPMHOCTI:

a, =1, Sl—sgn(avg(i,j)*(ak—ﬁk))

(o =By ) —avg (i, ), (3.4)

ne GyHkiis sgn(x) BKasye 3HaK 9ucia x i gopiBHioe 1, sxmo x>0, 0, skmo x=0 Ta

—1, sxmo x<0. s mipa HEeKOH()OPMHOCTI BpaxoBy€ SIK aOCOJIOTHI Pe3yJIbTaTh
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KOMaHJI MaryiB, TaK 1 PI3HULIO Yy MIJICYMKAaX (PAKTUYHOrO 1 CHPOrHO30BAHOTO
pe3yabTaTiB, MPUUOMY 1 PI3HUIST Ma€ OUIBIN 3HAYHUM BIUIMB, HIXK aOCOJIFOTHI
pe3yJIbTaTu MaT4iB. 3a paXyHOK I[bOT'0, HAIIPUKJIa/, MaTdi 3 (PAKTUUHOIO IEPEMOT OO
1 CIPOrHO30BaHOI0 OPA3KOI0 € OUTbII HEKOH(DOPMHUMHU, HIXK MaTui 3 PaKTUYHOIO 1

CIIPOTHO30BaHOIO IIEPEMOT0I0, SIKi BIIPI3HAIOTHCS 32 KUIBKICTIO 3a0UTHX M’ S4iB.

3.2 MeTox BUSIBJICHHSA MiZ03PiJINX 11010 (IKCOBAHOCTI pe3yabTary
(¢pyT00IbHMX MATYiB 3 BUKOPHCTAHHAM KOH()OPMHOI0 AHOMAJILHOI0

eTeKTopa

B migpo3aimi 1.4 3a3Hadanocs, 1m0 Ba)XJIMBUM MEPCHEKTUBHUM KJIACOM
METO/IiB MAIlIMHHOTO HAaBYAHHSI, SIKI BUKOPHUCTOBYIOTHCS SIK JIUISI BHPIIICHHS 3a]1a4
kiacudikarii 1aHuX, TaK 1 BUSBIICHHS aHOMAJIii, € METOJ HAa OCHOB1 KOH(OPMHHX
npeaukTopiB. KoHQopMHMIT aHOMaabHUMA JETEKTOP € MOAANBIINM PO3BUTKOM
Teopii KoH(popmHOro mnporHosyBaHHs [140, 142, 145]. Bin BuKOpHUCTOBYE
HMOBIPHICHO NO1I0HY MIpYy HAAIMHOCTI JUIsl IPOrHO3Y aHOMAJIbHOCTI 00’ ekTa [140,
146].

Martui 3 (iKCOBaHUM pe3yJIbTATOM BIAHOCSATHCA 1O KJIACy KOHTEKCTHUX
aHomautiii. BuzHaueHHs! KOHTEKCTyalbHUX aTPUOYTIB 1 pO3OUTTS KOMaHJ CE30HY Ha
Kinack G;j Oyno po3risHyTo B po3aiti 2. Tam ke Oys0 MOKa3aHo, 110 BUABIECHHS
MaT4iB, MIJ03PUINX Ha (PIKCOBAHUU pE3yibTaT, BIAOYBAETHCSI OKPEMO B KOXKHOMY
Kyaci Mat4iB G;j 3 BUKOPUCTAHHSAM IOBEIIHKOBOTO aTpuOyTy, 3a KU OepeThes
PI3HUIIS M SUIB MaTYy.

OnuHuUIEI0 BXIHUX JaHUX € CIOCTEPEXKEHHS Z;, IO OIHUCYE MaTd
¢GbyTO0IBHOTO CE30HY, k € MOPSIAKOBUM HOMEPOM MaTuy y ce30Hi. CrocTepeskeHHs
Zy € Ha0OpOM 3HaueHb zi=(ik, jk, Ok, Pk, T%), A€ ix 1 O € BIAMOBITHO TPYIIOO (PAHTOM)
1 pe3yJIbTaTOM KOMaHJU-TOCIIOAAPKH I[bOTO MaT4dy, a ji 1 Bx € rpymnoto (paHrom) i

PE3YIIbTAaTOM rOCThOBOI KOMaHIH1 MaT4y, Tre AaTOr0 IMPOBCIACHHA MATYY.
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BusiieHHst MaT4iB, Mia03plikX Ha (PiKCOBAHUU PE3yNbTaT 3 BUKOPUCTAHHAM
KOH()OPMHOTO aHOMAJILHOTO JETEKTOPA, CKIIAAETHCS 3 TAKUX €TalliB:

1) s KOXHOrO Matdy Zy € Gi; 3 MOCHINOBHOCTI Gij = (Zy, ) Zig, e, ZN)
00YHCITIOETHCS Mipa HeKOoH(popMHOCTI (a4, ..., Q;, ..., Ay ) TIO BiJHOIICHHIO JIO BCIiX
IHIIUX 00’ €KTIB:

a; = Ay({zz, ..., z2n}, 71),
s
Ay = AN({Zli ) L1 Zk41r s ZN}r Zk);
e
ay = Ay({zy, ., Zy—1}, 2n),

ne Ay € QyHKIN€r0, sIKa 3aJ€KUTh BiJl MHOKHUHU BUTISILY {Z1, «o) Zk—1, Zk41) -» ZN }
1 00’ekTa Zj, 1 Yy BIANOBIAHICTH MMM apryMeHTaM CTaBUTh JIHCHE 4YHCJIIO:
AN:ZN1 X Z > R.

Mipa HeKOH(DOPMHOCTI @ PO3PaxoBYEThCS 3a ofHIEI0 3 hopmyi (3.2)-(3.4),
IO € TIEPIIUM €TaroM P PO3paxyHKy KOH(POPMHOTO MPEIUKTOpa.

2) BUKOPHUCTOBYIOUH MIpH BIMIHHOCTI IOTOYHOTO A-TO MaT4y 1 yCiX 1HIIMX
MaTYiB IbOTO X KJIACy, OOYUCIIOETHCS CTYIIHb KOH(GOPMHOCTI (BIAMIHHOCTI) (p-

value) MaTuy BiJf MHOKUHU CIIOCTEPEKEHD {Z,..., Zky. .., ZN-I, ZN}:

)_#{i:aiZak,ISiSN} (3.5)

Pk:p(zl,zz,...,zk,...,zN N

Je omepailis #4 moBepTae KUIbKICTh €JIEMEHTIB y MHOXUHI 4. Hanpuxnan, as
MHOXHWHHU 1iuX uucen {1, 2, 5, 10, 15, 17} onepamisa #{1, 2, 5, 10, 15,17} =6. Y
dbopmym (3.5) B UHMCENBbHUKY 3alMcaHa MHOXKHHA, IO MICTUTh HOMEPH TaKHUX
CIIOCTEpEXKEHB (MaTUiB), Mipa BIIMIHHOCTI SIKAX € TAKOIO CaMOI0 a00 OLIBIIO0, HIXK
y MOTOYHOTO CIIOCTEPEIKEHHSI, BKJIIOYAIOUM I HOMEP MOTOYHOTO CIOCTEPEKEHHS.

ToMmy KUIBKICTh €JIEMEHTIB Y MHOXHMHI 3 YMCEJIbHHKA M€l hopMynu mpuitmae

3Ha4YeHHs B niana3oHi [1; N]. BianoBinHO BenuuMHA P, MpHilMae 3HAYEHHSA B

lana3oHi [% ; 1.
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3) Ha ocHoBI cTyneHoo KOH()OPMHOCTI MaTdy p, NPUAMAECTHCSA PIICHHS

HI0J10 KJ1acy 00’ €KTa, IO CIIOCTEPITaeThes, 3a TAKUM TTPABUIIOM:
a) SKIIO
Pr <E§ (3.6)
TO/1 00’ €KT Z;, BBAXKAETHCS KOH(OOPMHO aHOMAJILHUM;
0) K110
P =& (3.7)
TOJIi 00’€KT Z;, BBAXKAECTHCA HOPMAILHUM, 1¢ € € [0; 1] € nopozom anomanvrnocmi
(anomality threshold).

MHoX1Ha BCiX MaT4yiB, JUId SIKHX BUKOHYETbCS yMoBa (3.6) Ha3uBaeThCs
KOH(OPMHHUM AHOMAJIbLHUM NpeIuKTOPOM 1 MOo3HaYaeTbcs 5K
[8(24, 25, ey Ziy o) ZN—1) ZN)-

Busnauennss koHhopMHOI aHOMamii y3rOJKYe€TbCS 31 CTaTHCTHYHUM
BU3HAYEHHSIM BUKHUAY 3a XokiHcoMm [73]. KondopmHa aHomaiisi € 00 €KTOM Z,
SKAW  HACTUIBKM  BIIXWISETHCS  BIA  Zy,..., Zk_1,Zk+1r - ZN 3@ MIPOIO
HEKOH(GOPMHOCTI, IO BUKJIWKAE IIJI03pY MPO Te, IO el 00’€KT OyI0 YTBOPEHO
MEXaHI13MOM, BIIMIHHMM BiJ] TOTO, 3a JOMOMOI'OI0 SIKOTO YTBOPEHO iHIII 00’ €KTH
BUOIPKH.

[Tokazano [144, 146], mo KoH(pOpPMHE MNPOTHO3YBaHHS, a TaKOX HOTO
PO3LIMPEHHS Y BUTJIAI KOH(GOPMHOTO aHOMAJIBHOTO JAETEKTOpa, 3a0e3MedyroTh
rapaHTii MOKPUTTS Ul CTYNEHS KOH(POPMHOCTI Py , @ caMe: SIKII0 BUKOHY€EThCS
MPUMYIIEHHS OOMIHIOBAaHOCTI a00 HE3&IEKHOCTI Ta 1IEHTUYHOCTI PO3MOILTY
00’€KTiB BUOIPKH Zq, ..., Zy T4 YMOBA, IO HAa JETEKTOP MOTPAILISIE OJUH 00 EKT 3a
OJIMHMITIO Yacy, TOA1 Jist Oy 1b-siK01 Mipu HeKOoH(popMHOCTI Ay 1 k = 1 IMOBIpHICTB
NOMWIKHM Yy TPUUHATTI PIIIEHHS, 110 00’€KT HE € HOPMaJIbHUM, HE MEPEBUIIYE €
[146]:

P(p, <e)<e (3.8)

Takum yrHOM, TAapaMETP € PETYIIOE Uy TIUBICTH KOHGOPMHOTO aHOMAJIBHOTO

JIETEKTOpa /10 BUSBJICHHS aHOMaJIbHUX 00’€kTiB [147]: 1eil mapaMeTp € 4acTKOIO
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aHOMAJIbHUX O00’€KTIB, fIKI BUSBIECHO AK KOH(OpMHI aHoMmanii. HanamryBaHHs
I[bOTO MapaMeTPy TAKOXK BILJIMBAE HA TOUHICThH BUSIBJICHHS, 110 JJOPIBHIOE BITHOCHIN
KUIBKOCTI aHOMAJIBHUX 00’ €KTIB cepell THX, K1 BUSBJIEHO K KOH(POPMHI aHOMATIi.
Bucoke 3HaueHHs mapameTpa € MOKe 30UTbIINTH Yy TIUBICTh JIETEKTOPA, ajie B TOU
K€ Yac 3MCHIINTh TOYHICTh BUSIBJICHHS Ta 30UIBIINTH YACTOTY TOSBU XHOHHMX
BUSIBJICHb. X04a JOCITHEHHS BUCOKOI Yy TJIMBOCTI € BaXKJIMBUM, CTBEP/IKY€ETHCS, 1110
oOMexXyrouuM (HaKTOpPOM y BHUSIBJICHHI aHOMAaJT € PaKTUUYHO 3HMKEHHS TOYHOCTI
[166]. Lls mpoGiema oTpumMalia Ha3By OMaHH 0a30BOTO PIBHS Ta MOJISTAE B TOMY, IO
TOYHICTh BHSBJICHHS ITOYHMHAE TOCTYNATHUCS YacTOTI MOMHIJIKOBUX PIIIEHb PO
aHOMAJIbHICTb, 10 BAOYBA€ThCA YEpPe3 HU3bKY YaCTOTY aHOMAaJIbHUX 00’ €KTIB.

Otxe, ciJ HaJalITOBYBaTH IapaMeTp € 3aJeKHO BIJ PIBHS TOYHOCTI,
NPUIUHATHOrO B KOHKPETHIN MPUKIAAHIN 3a1a4i.

Y  Bumagky poOOTH  KOH(POPMHOTO  aHOMAJIBHOIO  JETEKTOpa Yy
HEKOHTPOJILOBAHOMY PEXHUMI1, TOOTO pekuMi 0€3 BUMTENS, MOXKHA CTBEP/KYBATH,
10 3HAUeHHS napamempa € Cl1i0 6CMAHO8UmMU OAU3LKO 00 AnpiopHoi UMOGIpHOCTI
NOsABU AHOMANLHUX 00 €KMIB A, W00 00CsAMU 2APHO20 DANAHCY MINC HYMAUBICINIO
ma mounicmio eusenenus [145]. JliicHO, IpUITyCKarOYu HAsABHICTh TaKO1 ideanbHol
Mipu HeKOH(OpMHOCTI Ay, Mo a; > a; i OyAb-AKMX O0’€KTIB Z; Ta Zj, IO
HajJeXaTh J0 aHOMAJbHOTO Ta HOPMAaJbHOTO KJIACiB BIAMOBIJHO, 1HTYITHBHO
3p03yMijio, IO BCTAHOBJICHHS MapameTpa € = A mpu3Beae 0 TOro, MO0 TOYHICTh

BUSBIICHHS Oyzie OJu3bKOI0 10 1.
. 1 .
Tum He MEHII, 3aBX/IM CIiJl yHHKATH HANAIITYBAHHS € < — HE3AIEKHO Bij

Mipu HEKOH(POPMHOCTI Ay, OCKUIBKK TOJAlI YyTJIMBICTH 0 aHOMAJIBHHX 00’ €KTIB
oyae nymnpoBoto. II[o6 mpomemoHcTpyBaTH AaHWid (PaKT, MPUITYCTHMO, IO MU
CIIOCTEPITaEMO aHOPMAJIbHUN 00’€KT Z;, Takuii, mo a, > a; Vi = 1,...,N. 3
dbopmyIH I Py, BUIUTMBAE, 1110 D), = % OT1xe, KO € < %, TOM1 00’ €KT Zj, He Oye

kiacudikyBaTUCS SK aHOMaJIbHUM, HaBITh SKIIO BIH BUIVISAAE  JYXKE

EKCTpEMaTIbLHUM 332 MipOI0 HEKOH(POPMHOCTI.
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3.3 llopiBHSAMILHUI aHAJII3 MEeTOAIB BUSIBJIECHHS MATYiB, MiI03PijIMX HA
(pikcoBaHM# pe3y/bTAT, HA OCHOBI €KCIIEPTHO BU3HAYEHOI'0 IOPOrYy

BiAXHJIEHHS | KOHPOPMHOI0 AHOMAJILHOIO IETEKTOPY

B migpo3gim 2.5 nns oOrpyHTyBaHHS BigHECeHHS (yTOOIBHUX MATUiB 0
JIOTOBIPHUX BHUKOPUCTAHO CTATUCTUYHE BU3HAUCHHS AHOMAIbHUX JaHUX, SKE
IPYHTY€ThCS Ha MMOBIPHOCTI iX MOSBH Py VY BIANOBIIHOMY KJacli MaruiB.
MOKITMBHI TaKOXK 1HIIAHA MIAX1] TSI BUSHAYECHHS aHOMAJIIN, SKUH IPYHTYETHCS Ha
eKCMIEPTHUX JTaHWX. (75 BH3HAYCHHS aHOMAaJbHOTO MaTdy EKCIEepTy MOKe OyTH
MPOCTIIIE BKa3aTH HE MMOBIPHICTh Py 3 SIKOIO 3 SABISETHCS AHOMAIBHUN PE3yJbTaT,
a BU3HAYUTH MOPOTOBE BIIXWJICHHS PE3yJbTaTy MaTdy BiJ JESKOTO OUYIKYyBaHOTO
3HA4YCHHsI, OUIBIIIE SIKOTO PE3yJbTAaT MaTdy MOKE PO3TIIAIATHCS K aHOMaIbHUHN. SK
aHAJIOT1I0 MOKHA HABECTH OI[IHIOBaHHS YCHIIITHOCTI CTYJIEHTA, IKUI BITHOCUTHCA J10
Jesikoi kaTeropii cryAeHTiB. Tojl sk O4iKyBaHMM pe3yJbTaT JUIsl I[bOTO CTYAECHTA
MOXe pO3MIISAaTUCA CEepeIHi 0anl HaBUaHHS CTYACHTIB JaHOI KaTeropii, a
aHOMAJbHUMH BBaXaTUMYTHCS OIIHKH CTYJCHTA, IO BIAXWISIOTBCA BIJ
CepeHbOro Oay OuIbIlle BU3HAYEHOTO MOPOTOBOTO 3HAYEHHS.

BpaxoByroul KOHTEKCTHY 3aJ€XHICTh aHOMAaJbHUX MAaT4YiB, SIK OYIKYBaHE
3HAUEHHS pe3yibTaTy Mardya JONUIBHO BUKOPUCTATH MaTEMaTU4YHE CIOJiBaHHS
pi3Huil M’s4iB kmacy mardiB m(i, j). OCKiIbKM BOHO HEBIOME, TO MOXe OyTH
BUKOPHCTaHa HOTO OIlIHKA, OTPMMaHa IO TIEBHIM KUTHKOCTI CE30H1B, HAITPUKJIIA], 110
100 monmensHuM ce3oHam. Ha puc. 3.1 HaBemeHi rictorpaMu Ta MaTeMaTH4HI
CHOJIBaHHS PI3HUII M’SYIB MO KOKHOMY Kilacy MatyiB (4epBoHa JiiHis) 3a 100
MOJIETEHUMH Ce30HaMu. PO3risiHy Ti MoienbHI ce30HH C(HOPMOBAHO 32 aITOPUTMOM,
HaBEJCHUM Y PO3/1JIi 2, BUKOPUCTOBYIOUH AaH1 peasibHOTO ce30Hy 2013-2014 pokis

Jliru 11 ®panmii.
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class (1,1) class (1,2) class (1,3) class (1,4)

3 2 4 0 1 2 3 4 3 2 4 0 1 2 3 4 5 2 4 0 1 2 3 4 5 6 2 4 0 1 2 3 4 5 6

class (2,1 class (2,2) class (2,3) class (2,4
05 (2,1) 05 22) 05 (2.3) 05 24

04 04 04 04
03 03 1 03 03
02 02 02 02

01 01 1 01 01

43210123456 3 2 4 0 1 2 3 4 5 32401 2 3 4 56 2 4 0 1 2 3 4 5 6

lass (3,1 lass (3,2 lass (3,3) lass (3,4
s class (3,1) s class (3,2) o5 class (3,3) s class (3,4)

04 04 1 04 04
03 03 03 03
02 02 1 02 02

01 01 01 01

65-432-10123456 543210123456 4 3240123456 4 3210123456

class (4,3) class (4,4)

05 05 05

04 04 04

03 03 03

02 02 02

01 01 01

65-432-10123456 65432101234 6 4 3240123456 4 3 240 1 2 3 4 5

Pucynok 3.1 — I'icrorpamu Ta MareMaTU4YHE CIIOAIBAaHHS PI3HUII M’ SUIB 110

KJ1acaM Mat4iB, chopmoBaHi 3a 100 MoeTbHUMH CE30HAMHU

TakuMm YUHOM PO3MITKY JaHUX IS MOJIETHHOTO CE30HY MOXHA BUKOHATH 3
BUKOPUCTAaHHSAM HEPIBHOCTI
Iak - Bk - m(l,])l > X (39)
Je X — TOpOroBe 3HAYEHHs BIAXWICHHS pPE3yJIbTaTy Mardyy BiJ OYiKYBaHOT'O
3HAYEeHHSI, 0 BU3HAYAETHCS EKCIIEPTOM.
Ha npaxTtuii 3akoH po3nojuly WMOBIPHOCTEH 1 MaTeMaTH4HE CIIOJIBaHHS
m(i, j) pi3HUII M’ S4B KJIACY MaT4iB € HEBIIOMUM. TOMY, TAKOX SIK 1 TpH OO I0BI
Mipu HEKOH(POPMHOCTI (3.2), BUKOPUCTOBYETHCS OIIHKA IT€T PI3HUII M SYiB, SKa
pO3paxoByeThCs K cepenne apudmerwude 3HaueHHs avg(i,j) pisHumi M’ sdiB
KJIaCy MaT4iB B CE30HI, 1110 PO3TIISIAETHCS.
Takum 4YMHOM, BUpIIIATbHE TMPABWIO MPUUHATTA PIMIEHHS IOJ0
aHOMAJIBHOTO XapaKkTepy MaTya MoKe OyTH MpeJCTaBICHO Yy BUTIISII
loe = B —avg (@, )| > x. (3.10)
Bupimansae npaswmio (3.10) 3a CTpyKTYpOrO aHAJIOTIYHE MPABUITY MTEPEBIPKU
CTaTUCTHUYHUX rinotes3. [Ipu oMy Mipa HEKOH(GOPMHOCTI y JiBii YaCTHHI YMOBU
BIJIMTOBIIA€ TMMOHSATTIO CTATUCTUKH, a TIOPOTOBE 3HAYCHHS X — KPUTUYHOMY PIBHIO.

[ToMuUIKM TpYU TPUHHATTI pillIeHb 3a BUpIMaTbHUM mpaBuiaoM (3.10) MoOXyTh
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BUHHUKATH y BUIAJIKY, KOJM OTPUMAaHE IO peaybHiil BUOIPII CepeaHE 3HAYEHHS
avg(i,j) pizuuii M’siaiB K1acy Oy/e BiIpi3HATHCS BiJl iCTHHHOTO MAaTeMAaTHYHOTO
cioniBanast m(i, j) He MeHIIe, Hi’K Ha ofuH M’s14. Taka CUTyaIlist MOKE BUHUKATH
y BUINIAJKy Majioi BUOIPKH pe3ysIbTaTiB MaTyiB KJacy.

Hemomikom manoro mpaBwia € Te, MO BIiACYTHS iHdOpMAIis IIOI0
JIOCTOBIPHOCTI OTPUMAHUX AaHOMAJBHUX PE3YJIbTATIB SIK MMOBIPHICHUX aHOMAJIM.
AJe e HeIoTIK MOKHA YCYHYTH IUISXOM 3aCTOCYBaHHS MaTEMaTHYHOTO armapaTy
aHOMAJIbHOTO KOH(OPMHOTO JeTekTopy. JliBa yacTHHA BUPIMIAIBLHOTO MpaBuia
(3.10) cniBmagae 3 Miporo HeKOH(pOPMHOCTI (3.2), 10 BUKOPUCTOBYETHCS IIPHU
BUSIBJICHHI aHOMAJIIbHMX MAaT4iB 3 BHUKOPHUCTAHHAM KOH(GOPMHOTO aHOMAJIBHOTO
neTekTopa. Mix 3HAaUeHHSIMU MipU HEKOH(DOPMHOCTI 1 CTyIeHeM KoH(popMHOCTI (p-
value) maruy icHye oJlHO3Ha4HUU 3B's30K. lle MpU3BOAUTH 1O TOro, 110 MOXHA
BCTAHOBHTH 3HAUYEHHS MOPOTY KOH(YOPMHOTO aHOMAJLHOTO IETEKTOPY, IIPH SIKOMY
BiH IIpUKMAaE Ti K caMi PilICHHs, 110 1 Ha TiJcTaBl BUpimaibHOro mpasuia (3.10).
Jns 11bOro BU3HAYAETHCS MaKCUMallbHE 3HAYEHHS MIPU HEKOH(DOPMHOCTI, AJis
AKOTO HE BUKOHYEThCS ymoBa (3.10). BimnoBigHe iiomy 3HaueHHs p-value Oyne
BU3HAYATH 3HAYEHHS MOPOTY €KBIBAJEHTHOTO KOH(POPMHOTO JETEKTOpa. 3HAUCHHS
MOpOTy € AHOMAJIBHOTO KOH(OPMHOTO JAETEKTOpa J03BOJSE BU3HAYUTH CTYIIHb
JIOCTOBIPHOCTI OTPUMaHUX aHOMAJIbHUX JAHHUX, a caMe: UMOBIPHICTh MOMUJIKU Y
NPUUHATTI PIICHHS, 10 00’ €KT HE € HOPMAJILHUM, HE MEPEBUIIIYE €.

[TponeMoHCTpy€EMO T1e OUIBI JeTaNbHIIIe HAa pUKIIal. Jjis Hao9HoCTi 1 63
O0OMEXEHHS PO3IIIs Ay MOKIaaeMo MaTeMaTiuHe crioniBandst m(i, j) = 0 i cepenne
snaueHus avg(i,j) = 0. BpaxoBywouu Te, 110 Pi3HHI M’SYiB MAT4y € IIAM
YHCJIOM, TOTOYHA Mipa HEKOH(POPMHOCTI @; TAKOXK € IIUIUM YHCIIOM 1 MOPOIKYE
MOAT YCiX MaT4diB KJacy Ha cerMeHTH. KUIbKICTh ITUX CErMEHTIB JOPIBHIOE
KUTBKOCTI YHIKaJbHUX 3HAa4eHb MIpH HEKOH(OPMHOCTI. OKpeMOMYy CETrMEHTY
MaTu4iB BIJMIOBIJIa€ OJHE YHIKAJIbHE 3HAYCHHS MIpH HEKOH(GOPMHOCTI .

PosrnsitHemMo monail  MaryiB Ha CErMEHTHM Ha NPHUKIaAl  CTBOPEHHS

KOH()OPMHOTO aHOMAajJbHOTO JIeTeKTOpa Uil KJIacy MaT4diB  OJHOro 13
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3MOJIeJIbOBaHUX CE€30HIB (puc. 3.2). Po3risiHyTi MOJ€NIbHI C€30HU C(POPMOBAHO 32
QITOPUTMOM, HABEAEHUM Y PO3JAUIL 2, BUKOPUCTOBYIOUYHM JIaHI PEAIBHOIO CE30HY
2013-2014 pokis Jliru II ®dpanmii. Mipa HEeKOHPOPMHOCTI @ IS IILOTO KJIacy
MaT4iB MpuiMae 4YoTUpU 3HA4YeHHsS. OCKUIbKM ICHY€ YOTHUPH 3HAYEHHS MipHU
HEKOH(OPMHOCTI, TO iM BIAMOBIIAIOTh YOTHUPHU MOXKJIUBUX 3HAUYEHHS CTYTCHS
xoupopmuocti €D — V), gk BumHo Ha puc. 3.2, OAHOMY if TOMy K 3HAYCHHIO
MipH HEKOH()OPMHOCTI BIATIOBIA€ OAHE 1 T€ K 3HAYCHHS CTYIEHIO KOH(POPMHOCTI.
ExBiBanenTHu#l  BupimanbHoMy mnpaBwiy  (3.10)  anroput™M  BUSIBIEHHS
KOH(OPMHOTO aHOMAJIBHOTO JETEKTOPA OMUCYETHCS BUPA3OM:

D < €D, (3.11)

Takum umuHOM, SKIIO TMOpIr BupimanbHoro mpaswmia (3.10) Y =a;, To Ha
OCHOBI 3HAYEHHs d; MIPH HEKOH()OPMHOCTI OJHO3HAYHO BU3HAYAETHCS 3HAYCHHSI

g®),

o, class (3, 2)

Py class (3, 2)
1r .* @ I’I I.".I .I‘_,.‘;"- ’ .I*'I. H '.‘ =."'.
s

=

Pucynok 3.2 — Ilpukian rpadikiB Mipu HEKOHPOPMHOCTI Ta p-value

PosrnsitHemMo  iHTepmperanilo  CTYNEeHIO KOH(MOPMHOCTI pPj  ILIAXOM

BUKOPHUCTAHHA TICTOTpaMHU pPI3HULb TONIB MaT4iB Kiacy. Y BIAMOBIIHOCTI 0
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3HaY€Hb MipH HEKOH(OPMHOCTI BUAUISIETbCS 4 CErMeHTH MaTdiB: | cerMeHT
CKJIaJa€eThes 3 MaTuiB, Mg Skux ay = 0, I cermenT — Mmarui, ms axux a; = 1, 111
CEerMeHT — MaT4l, IS SIKuxX a; = 2, [V cermeHT — matui, Juist sIKux a; = 3.

Ha puc. 3.3 300paxeHo ricrorpamy pi3HHUIb M S4iB MaTdiB KJacy, IO
posrisnaeTbes. ['icTorpama mokasye 3B’ 30K MK PI3HUILSAMH M’SI9iB 1 BITHOCHOIO
JacTOTOI I1X MOSBU Yy Kiaci maTdiB. MojkHa BCTAaHOBUTH BIJIOBIIHICTb MIXK
CErMEHTaMH MaT4iB 3a Mipot0 HeKOHopmHocmi i cmosnyamu zicmozpamu. Jlo 1
cezMeHmy HaJe)XaThb MaTyl, SKMM BIJIIIOBIAA€ CTOBIEIb TICTOIPaMU 3 apryMEHTOM
0: e cToBmeIb, IKUIM BIAMOBIIA€ PI3HUII TOJiB, sgka gopiBHIoE 0. Jlo II cermenty
HaJIe)KaTh MaTYi, SKMM BiJITOBIIal0Th CTOBIIII ricTorpamu 3 aprymeraTamu —1 i 1. Jlo
III cermeHTy HanexxaTtb MaT4i CTOBMIIIB TicTorpamMu 3 aprymentamu —2 i 2. [lo IV

CEerMEHTy — 3 apryMeHTamu —3 1 3.

Knac(3,2)
[icTorpama pi3Hvub M'AdiB

0.35 3HayeHHA 0.31 ' ' ' '
Vet [H1-5-3:5] 3HayeHHAa 0.28
03 Mexi [-0.50.5] 7
0.25 . .
3Ha4veHHsa 0.19
Mexi [0.5 1.5]
0.2r .
0.15 .
3Ha4veHHsa 0.08 3Ha4veHHsa 0.08
0.1F Mexi [-2.5-1.5] Mexi [1.5 2.5]
Ll
3Ha4veHHsa 0.03 © 3HayeHHa 0.03
0.05 Mexi [-3.5-2.5] Mexi [2.5 3.5]

Pucynoxk 3.3 — IIpukiaz rictorpaMu pi3HULI M’ sI9iB JUIsI KJIacy MaT4iB
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Tenep nmpoBeneMo aHANOTIYHI MIPKYBaHHS 32 CTyNE€HEM KOH(MOPMHOCTI py.
OCKUIBKM ICHY€ YOTHpPU 3HAYEHHS MipU HEKOH(OPMHOCTI, TO iM BIJNOBIJIAIOTH
YOTUPH MOKIHBHX 3HaueHHs crynens kondopmuocti €D — V), 3a snauennamu
CTYNeHs: KOH(GOPMHOCTI MOXXHA BUIUIMTH BKJIAJCHI MHOXHWHH (TPYIH) MaT4iB.
Muoscuna I mardis BusHauaetbes mepiBictio py, < €, ne €) e crymenem
KOH(OPMHOCTI, SIKOMY BIANOBiJa€ 3HAUEHHS MipU HeKOHPopMHOCTI a; = 0. La
MHOKHHA HA3HBAEThCS KOH(QOPMHUM HPEIMKTOPOM 3 piBHeM 3HauymocTi €8 i
nosHagaetbea W (z,,2,, ..., zy). Jlo MHOXHMHE | MaTdiB BXOmATH yci mamui
nomounozo kKiacy mamui¢ (Matdi Bcix cerMeHTiB [-IV), ockuibku ar = 0 €
HAaWMEHIITUM 3HAYCHHSIM MipH HEKOH(POPMHOCTI. 3a BHU3HAYCHHSIM CTYICHS
koupopmuocti €D nopiBHIOe  BimHOCHIH wacToTi TosBM  MaTdiB, Mipa
HeKOHDOPMHOCTI SIKUX @y = 0 1 npuitmae s3mauenns €D = 1. Ilx mnoxis
CKBIBAJICHTHA MOl MOSIBU OYy/b-SIKOTO PE3yjbTaTy MaTda JaHOTO Kiacy. Tomy
sHauennss €) Takok MOXKHA PO3paxyBaTH SK CYMy BiJHOCHHMX 4YacTOT TOJIB 3a
rictorpamoro puc. 3.3.

Hacrymna, muoscuna 11 mardis BusHadaethes HepiaicTio py, < €00 i e
KOHGOPMHHM TPEIUKTOpOM 3 piBHeM 3Hauymocti £/) | mnosnauaerbes
réD(z,,z,,...,zy). BoHa BKiIOuae BCi Mardi 3a BHKIIOYCHHAM THX, SKHM
BiAMmoBigae wmipa HekoHpopmHOCTI ap = 0 abo wmarui cermentiB II-IV. 3a
BU3HAYeHHsM cTyneHs koupopmuocti €1 nopiBHIOE BiZHOCHIH 4acTOTi MOSBH
MaT4iB, Mipa HEKOH(OpPMHOCTI AKUX aj = 1. OCKUIBKM B MHOXXHHY MaT4iB He
BXOJSATh MaTui cerMeHTa [, 1 Mmojis eKBIBaJEHTHA IMOJli MOSABU OYJb-SIKOTO
pesyabTaTy MaTda 3a BukmoueHHsM 0. Tomy, yuikambhe 3Hagenns /0 moxua
Br3Haunty TakuMm guHoM: €10 = e¢() — b, =1 — h;, ne h; mopiBHIOE BigHOCHIIT
YacTOTI HYJIbOBOI PI3HUII M’S[4iB, TOOTO HIYUHHUM PE3YJIbTATAM.

B naxomy mpuknazi h; = 0,28,eUD =1 — 0,28 = 0,72. ¥V pesynsrari, £D
JIOPIBHIOE BIAHOCHIM YacTOTI Pi3HUI M’ S4iB, KpPIM HYJIbOBOi ab0O MOSBM MaTyiB,

Mipa HEKOH(OPMHOCTI SIKUX a; = 1.
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Mnoscuna Il maTuiB 3a XapaKTEPUCTUKOK D) (POPMYy€EThCS aHAIOTIYHUM
upHOM i € KoHpopmunM npeauktopoM ¢ (z,, z,, ..., zy). Tit nanexats MaTyi, ays
KX @) = 2 a60 Marui cermentiB 1111 IV. Omxe, 3Hauenns £/ Busnauaethes 3a
cxoxum npunmumom: e = gD —p, e h; mopiBHIOE Cymi CTOBMILIB
ricrorpaMmu, siKki BIJMOBIJIalOTh 3HAYCHHSIM pi3HULL romiB {—1, 1}. B manomy
npukiani, h; = 0,314 0,19 = 0,50, €D = 0,72 — 0,50 = 0,22. V pesyibrari,
(D nopiBHIOE BiIHOCHIH YacTOTI pi3HHUIE M’SI4iB 13 3HAYeHHIME {2, —2, 3, —3} 260
NOSIBU MaT4iB, Mipa HEKOH()OPMHOCTI AKUX Aj = 2.

Muostcuna IV 3a XapakTEpUCTUKOIO Py, POPMYETHCS aHATOTTYHIUM YUHOM 1 €
konpopmunM TpeauktopoM €W (z,,z,, ..., zy). Tit Hanexare Marui, mua sKuX
a; = 3 a6o marui cermenry 1V. 3nauenns, €)= WD — ;. ne hy;; nopisHIOE
CyMi CTOBMIIIB TICTOTpamu, SIK1 BIINOBIJAI0Th 3HAYEHHSIM Pi3HULb roiiB {—2,2}. B
naHoMy mpuknami, hy; = 0,08 + 0,08 = 0,16, V) = 0,22 —0,16 = 0,06. Y
pesynbrari, € nopiBHIOE BimHOCHI 4acTOTi pi3HMIb M’S4iB i3 3HAYCHHSIMH
{3,—-3} abo nosiBu MaTyiB, Mipa HEKOH()OPMHOCTI SIKUX ) = 3.

Takum ynHOM, KOHPOPMHHUI AaHOMATBHUHN IETEKTOP 32 3HAUYCHHAM € (popmye
BKJIaJIeHE CIMENCTBO KOH(DOPMHUX IPEIUKTOPIB, IJIs IKUX BUKOHYETHCS YMOBA: JJIs
Oynp-akux 0 < g, <g, <1

['¥1(z, 25, ..., 2y) 2 I%2(24, 25, ..., Zy).

Sk 3a3Hayanocs B miapo3auti 3.2, 3a npumnyiieHHs oOMiHoBaHocTi abo HIP
00’€KTIiB BUOIPKH Zj, ...,Zy I Oynb-aKoi Mipu HEKOH(POPMHOCTI WMOBIPHICTH
MOMMWJIKH KOH(GOPMHOT'O aHOMAJIBHOTO JETEKTOPA y MPUNHATTI PIlICHHS, IO 00’ €KT
HE € HOpPMalIbHUM, He mepeBuirye & OTxe, SKIIO 00’€KT Zy HACHOpaBIl €
HOpPMaJIbHUM, UMOBIPHICTh HEMTPABWJIBHOTO PIIICHHS PO aHOMAJIBLHICTh 00’ €KTa HE
nepeBullye € TUM camMHM, MU OTPUMYEMO OLIHKY JIOCTOBIPHOCTI MPUUHATHX
piIIeHb SIK 111 KOHOOPMHOTO aHOMAJIFHOTO JIETEKTOPa, TaK 1 )i METOAY Ha OCHOBI

CKCIICPTHO-BHU3HAYCHOI'O IIOPOI'Y Bi,Z[XI/IJ'IeHHH.
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3.4 MeToau BUSIBJCHHS MiA03PiauX M0A0 (pikcoBaHOCTI pe3yabTary
(pyT00/IbHUX MATYiB 3 BAKOPUCTAHHAM CTEIEHEBOI0 TA iHTErPajbLHOIO

MapPTHHTAJIIB

[Tomanpini MeToaw BUSBIEHHS MIA03PLINX 11010 (hIKCOBAHOTO PE3yIbTaTy
MaT4iB pO3pOOJEHO Ha OCHOBI 3arajbHOr0 METOAYy MOOYyJ0BH KOH(POPMHOTO
IPEAUKTOPA, 3alIPONOHOBAHOIO B [ 145], HIIsIXOM HOTro HACTYMHOI aJanTalli:

— BBEJICHHSM HOBOI Mipu HEKOH(OPMHOCTI (BIAMIHHOCTI), aJaliTOBAHOT T[T
0COOJIMBOCT1 pEUTUHTYBaHHS (GyTOOIBHUX MATUIB 1 HOTO YYaCHHKIB;

— BUKOPUCTaHHSIM CTyIEH KOH(POPMHOCTI p-value 1 crteneHeBoro ado
IHTETpaJIbHOTO MAPTUHTaJa;

— BBEJICHHSIM BHPIIIAIBHUX TPaBHWJ, 3a SKUMH Ha OCHOBI BHKOPHUCTaHHX
XapaKTEPUCTHK MPUUMAETHCS PIIICHHS PO MOTEHINIAHY MiI03P1TICTh PyTOOIBHOTO
MaT4y.

Ha ocHoBI cTynens KoHGOpPMHOCTI MOKHA C(POPMYBATU XapaKTEPUCTUKY, KA
HA3HUBAEThCS cmenenegum mapmuneanom [145] 1 BHUKOpPUCTOBYETbCS B Teopil

MOIIYKY 3MiH B TTOTOKax jJaHux [141]:

1-7m
M _ k n-1y _ k(K n-=1y _ 1k 1
M =TI () =" I () =T (n () ), (3.12)
ne 1 € [0; 1] € mapamerpoMm 4yyTIuMBOCTI MapTHHTaTy. CTEIICHEBUH MapTHHTAN €
y3araJibHEHOI0 CTaTUCTUKOIO, IKa JUIS k-T'O CIIOCTEPEKEHHS OOUHCIIIOETHCS IUTSIXOM

: VI .1 .
I THECEHHS KIIEPErOPHYTOI HMOBIPHOCTI» — KOXHOIO CIIOCTEPEXEHH Bix [ = 1 10

L

1-nm
[ = k no crenienst 1 — 1) Ta 3Ba)KyBaHHS KOJKHOTO PE3YyJIbTYIOYOTO 3HAUYCHHS (p—)
i

JIOMHOKE€HHSM Ha 1 1 100yTKOM ycix okpemux 3HaueHb. Ockuibku 0 < p; < 1, TO

1 :
— 2> 1. A ockutbku 0 < n < 1, TO:

i
0<1—nm<1,

I\

1S(—) < —.

pi pi
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1-nm

1

3Ba)KYBaHH$I (p—) IIAXOM JOMHOXKXCHHSA Ha 1 IPU3BOJUTE 0 TOI'O, IITO
i

1_
n<n1/p)*M <n/p;
T00TO 3HaYeHHs (1/ pl-)l_n MICIIA TOMHOKEHHS Ha 1) MOXKE CTaTH SIK MEHIIUM 3a 1,

TaK 1 OUIBIIUM. SKIIO pO3MIISIAATH 110 CUTYAIliI0 BIJIHOCHO CTyIEeHS KOH(MDOPMHOCTI

. M
Py TOTOYHOro (k-ro) CIOCTEPEKEHHS 1 CTENEHEBOro MaptuHrany M,
MOTICPETHBOTO  CITOCTEPEIKCHHSI, TO JOMHOMXEHHS MIETP1 Ha N(1/p)t™M moxe
MPU3BECTH JI0 TOTO, IO 3Ha4YeHHS M ,En) MOX€E SIK 3MEHIIUTHUCS, TaK 1 301IbIIIUTHUCS.

.. . n—-1 e e

Ha puc. 3.4 nokasano pi3Hi BapiaHTH MHOXHHUKA Mp, ~ 4K (QyHKUOIi Bix 1 mpu
3HaueHHsX Py € {0,1;0,2;0,3;0,33; 0,4; 0,5}. 3 uporo rpadiky MoxxkHa 3poOUTH
BHUCHOBOK, 110 Ha BiApi3ky 1 € [0; 1] mns Oyne-sxkux 0 < p; <p, <1 maemo
np?_l > npg_l. Takox BuaHO, 0 Tpu Py, = 0,4 hyHKIis npz_1 < 1 Ha Biapi3Ky
n € [0; 1]. ITounnarouu 3i 3HaueHb p;, = 0,33 i menire, pyukiis f(n) = npg_l Ha
BiApi3ky M € [0; 1] mpu mNeBHUX 3HAYEHHAX 1) MOYMHAE TPHUIMATH 3HAYCHHS

f(m) > 1. B upoMy IOJISTAE NPUHYUN YYMAUBOCTI CIENEHe8020 MAPMUHRAAA: 32

IIEBHUX 3HAYCHb IMapaMETpa 1 3HAYCHHA CTCIICHCBOI'O MapTHHIAILY Mlgn) IIo4YnHac

3pOCTaTH 32 YMOBHM HU3BKOT'O 3HAUYECHHSI CTYIEHsI KOHPOPMHOCTI Py,.

Nerenpa:
0,17 'y
0,271
0,371y
0,337"1p
0,471y
0,571y

% 0/5 1 .
Pucynok 3.4 — I'padix pyskrii f(n) = np,?_l npun € [0; 1]
s pg € {0,1; 0,2; 0,3; 0,33; 0,4; 0,5}



116

1106 HiBenOBaTH MPOAEMOHCTPOBAHY 3aJIEKHICTh BiJl 3HAUYEHHS NapameTpa
1), OOYUCITIOETHCS IHTETPAIbHUI MAPTHUHTAIT:
M, = M (3.13)
¢ =M} Vdn. .
0

3HaiiieMo 1iei iHTerpat:
1

1 k
[[man =[] Joryan
0

0

34 BUBHAYCHHAM:

1 k k
[ ] Jeryan = J (1)
0 =1

1
e fn eln(H{F:lpi) dn —_ fnke(n—l)ln(n?=1pi)dn —
0 0

= (IIO3HAYMMO Yepe3 € = — ln(H 1pl) ockinekn Vi=1,k0<p; <1ta

ln(l_[l 1p1) <0)=

1 1

1
— J.r.lke—c(n—l)dn — jnke—cn+cdn — ecjnke—cndn —
0 0 0

= (BBemeMo 3aminy cn = u. Tomi n = % dn = dc—u. ITpu n = 0 maemo u = 0,

npun = 1 maemo u = ¢, tomy u € [0,c]) =

c Cc c
ec [ ju\k e‘ e‘
= —j (—) e tdu = —— j uke ™ du = —+ j utk+D-1lo-ugy =
c) \c c c
0 0
eC
= Ck+1y(k +1,0),

ne Y(k + 1, ¢) € HIDKHBOIO HETTIOBHOIO raMMa-()YHKITI€FO.
Otxe,

C

1
jM,E“)dn —J H(p )dn = k+1y(k+ 1,0),

ne Y(k + 1, ¢) € HIDKHBOIO HETIOBHOIO TaMMa-()yHKIIIEI0, € = — ln(]_[l 1 pl)
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[Ipu anami3i pe3ynbTaTiB 3aCTOCYBaHHS XapaKTEPUCTUK M,En) ta M}, 1o
OKpeMHX KJIaciB MaTdiB, OyJI0O BHUSBICHO TakKi HOBI BIACTUBOCTI Ili€l
XapaKTePHUCTHUKHU:

Teepoorcennsa. Ipun € (0; 1) e cipaBeUTMBUMH TaKi TBEPHKCHHSL:
1) nu1st ciocTepekens zy,, 1 skux py — 0, cipaBeayuBo, o M ,En) > M ,En_)l;

2) K110 M,En) > M,ETPI, TOIl PR < M;
1

3) Axuo M,En) > M,En_)l, ToI Pp < M.

JHoenenns. 1) Hexait M ,En) > M 1?1—)1- Toni:

[Towr > Jow™)

. o - -1 . . .
BuokpeMumo criibHUI MHOXHUK HiF:ll(np? ) 3 000X CTOpIH HEPIBHOCTI:

k-1 k-1
oy | [ewr ) > | [owl ). (3.14)
i=1 i=1

Ockinbku py, € (0; 1], Toni Vx € R pi > 0. 3Bimku pE_l >0 np,?_l > 0.
Toni Vk € N ]_[i-;l(np?_l) > 0. [MoxinuBuiu HepiBHiCTh (3.14) Ha H{-‘;ll(np?_l),
OTPUMAEMO an_l > 1. [IponorapugmyBaBIIIH 1[I0 HEPIBHICTH, OTPUMAEMO:
In np;g_l > 0.
CkopucraeMocsi ~ BIACTHBICTIO  Jorapu(min In(ab) =lna+1nb,
koau Va > 0,b > 0:
Inn + lnp;g_l > 0.
IIepenecemo
Inn > —1In p,r{]_l.
CkopucraeMocs BiactusicTio jJorapudmiB Va € R,b > 0 alnb = In b*:

Inn>0—-n)np, . (3.15)

PosrisitHeMo moBiiiHy HEPIBHICTD:

O0<n<l1
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JIOMHOKMMO 1110 HEPIBHICTh Ha —1:
-1<—1m<0.
Jonamo 10 111€i HepiBHOCTI 1:
0<1l1—-1m<1
OTxe, Ha 11€ YUCIIO MOKHA MHOXKUTH YU ILTUTH HEPIBHOCTI, 1 3HAK MPH I[LOMY
He 3MiHUuThCs. [loainuBinm HepiBHICTH (3.15) Ha (1 — 1)), oTpUMaemMo:

Inn

T > Inp, . (3.16)

Ockimpkun < ltap, <1,tomilnn<OTalnp, <O.

ITepeiinemo 1m0 pomatHix Jjorapudmib. Jlog 1bOro, CKOPUCTAEMOCS

-1
: 1 . .
BJIACTUBICTIO CTerneHs Vx € R x = (;) Ta BJacTUBICTIO JorapudmiB Va € R,

b>0alnb = Inb?:
—ln%
> —|n—.
1-m Pk

[ToMHOXXHUMO OTpHUMaHy HEPIBHICTH Ha —1:
1
In=

n 1
<In—. (3.17)
I-n Pk

B3sBum rpanumto npu p;, — 0y HepiBHocTi (3.17), oTpumaemo:

ln1
Ll
1-—nm

OtpumManu HepiBHICTh, cripaBeaauBy Vn € (0; 1).

< 0o,

OTtxe, ipu py, — 0 € cipaBeIMBOIO HEPIBHICTE M ,En) > M ,En_)l.

2) Cxopucraemocs HepiBHicTIO (3.17). Ilepenumemo 11 'y BUTIIsIAL:

! 1 L <l ! (3.18)
n—<In—. :
I-m P

: : 1 . .
Ockinsku 1 € (0; 1), Tomi Bupas 1y € HOBHOIO CyMOI0 HECKIHIEHHO CIIa/IHOL

reOMETPUYHOI nporpecii 31 3HaMmeHHukoM 0 < n < 1:
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1

—=1+n+n2+---=zn".
1_n n=0

Tomy HepiBHICTH (3.18) nepenumeTses y BUTIISIL

(1+n+n+ ---)ln% < In—, 10670

D
1 15: "< In— (3.19)
n— ) 1 n—. .
N & Pk
n=0
Ockinekn 0 <N <1, To n+n¢+--=Yo  n">0. JlogaBmu 1o wiei

HepiBHOCTI 1, oTpumaemo 1+ Y7 m™ > 1, mo eKBIBa&JCHTHO HEPIBHOCTI
1<Xnp-on™

. 1 1 1
[ToMHOXUMBIIM 110 HEPiBHICTH Ha In > OTPHMaeMo lnﬁ < ln;Zf{’zo n".
BpaxoBytoun orpumane 1 (3.19), MoxHa nmoOy1yBaTH TaKUil JaHIIOT HEPIBHOCTEM:
1 law .1 1 11
In-<In=)7_,n" <In—, 3 skoro BUIUIMBaE, 10 — < —, 10, B CBOIO YEPry,
n n Pk N Pk
€KBIBAJICHTHO HEPIBHOCTI Py, < 1), ocKuUIbku 1] > 0 Ta p, > 0.

Otxe, KO ISl k-TO CHOCTEPEKEHHS BUKOHYETHCS YMOBA M,En) > M,ETl)l,

TOJI1 aBTOMATUYHO BUKOHYETHCS YMOBA Py, < 1.
3) CxopucTaBirch HepiBHICTIO (3.16) Ta B1IOMOIO BIIACTUBICTIO JIoraprupMiB

VYa € R,b > 0alnb = Inb?, orpumaemo:

1
InnI=" > Inp, . (3.20)

3a paxyHOK BJIACTUBOCTI MOHOTOHHOCTI (DyHKIIIi €KCIIOHEHTA 1 BIACTUBOCTI

Inb _

norapudmis Vb > 0 e b, maemo:

1
1—
L
[lepenumiemMo oTpruMaHy HEPIBHICTb SIK

1
1_
P <n-.
Otxe, KO I k-TO CIOCTEPEKESHHS BUKOHYETHCS YMOBA M,En) > M,Erl)l,
1
TOJIl aBTOMAaTHYHO BUKOHYETHCS yMOBa Py, < 111,
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3BOpOTH€ TBEPKCHHA TaKOK BHUKOHYETLCH, OCKUIBKH  BCl BUKJIaAKH

3IIACHIOBAJIUCH IIUIIXOM €KBIBAJICHTHUX MIEPETBOPEHDb HEPIBHOCTEN.

1
OTtxe, ymoBa M,En) > M,Erl)l € eKBIBAJICHTHOIO YMOBI P, < 1170,

JloBesieHa BIacTUBICTH 3) 32 yMoBU M ,((n) > M 191—)1 € YTOUHEHHSM OOMEKXEHHS

3BEpPXy I CTYNEHS KOH(POPMHOCTI pPj IO BIJIHOIICHHIO JI0 OOMEXKEHHS,

1
OTPHMAaHOTO IIiJ] 9aC JOBEICHHS BIACTHBOCTI 2), ockinmbku V1 € [0; 1] -1 < 1. B

CBOIO Uepry, 0OMexXeHHs 3BepXY JJIS Py, OTPUMAHE TiJ] Yac I0BEICHHS BJIaCTUBOCTI

2), € O3HAYCHHSIM TIOHSTTS «KOH(POPMHUN aHOMATBHUI IETEKTOPY.

Takum yunom, 006edeHo, w0 3a CRPABEOIUCOCMI YMOBU Mg]) > M;crl_)l

BUKOHYEMbCA ymoea KOH¢OPMH020 aAHOMAJIbHOZO Oemekmopy 3 maxKum rice

3HAYEHHAM RNOpPO2y AHOMAIbHOCHMI & AK I y napamempa yYymaueocmi M
cmenenesozo mapmunzana M g’).

3 i”moro OOKy, JOBEJIEHO, IO YyMOBa M,En) > M,En_)l Ha 3HAYEHHS
CTCTICHEBOTO MapTHHTANy CKBiBaJCHTHAa TOMY, IO KOH(MOPMHHI aHOMAaIbHUN

MNPpCAUKTOP Ma€ 3HAYCHHAM IIOPOTY aHOMAaJIBHOCTI g, SIKWM I[OpiBHI-OG 3HAa4YCHHIO

1
N1, e 1] € 3HaYEHHSM MapameTpa YyTIUBOCTI CTEIIEHEBOro MapTuHrany M ,En).

n

JloBeneHa BinacTuBicTh 1) mokasye, 1m0 yMoBa M,En) > M,E ) aBTOMATHYHO

-1
BUKOHYEThCA, KON Py, — 0. 3 1HIIOro 00Ky, CIOCTEpEKEeHHs (Matyi), s SKHX
pr — 0, TeopernuHo € aHoManbHUMHU. Lle € Tak, OCKUIbKH 32 yMOBOIO (3.5) HU3BKI
3HAYEHHS CTYNEeHs KOH(POPMHOCTI Pj MOXJIMBI JMIIE TOMAl, KOJM Mipa
HEKOH(GOPMHOCTI @} IOTOYHOTO CIIOCTEPEIKCHHS € OJIM3BbKOI J0 MaKCHMAaJIbHO
MO>KJIUBOi, 200 1HIIMMHU CJIOBaMHM, SIKIIO MOTOYHE CIIOCTEPEKEHHSI € HaWOUIbII
HEKOH(GOPMHUM (HEB1AMOBITHUM) 10 MHOKUHU CIIOCTEPEKEHD
{21,25, ) Zky ey Zn }-

Tomy nys BU3HAYEHHS MIJO3pUIMX Ha (PIKCOBAHWM pe3yJbTaT MaTdiB 3a

CTETICHEBMM a00 1HTETPAIbBHIM MapTHHTAJIOM MPOTIOHYIOTHCS TaKi MpaBuJa:
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- moxuHa [ (z4, Z9, v, Zk, o) Zy—1, Zy ) CKIIAJIAETHCS 3 MATUIB Zj,, IS STKAX

CIipaBCajiiBa TaKka yMOBa:

MW >mM" ; (3.21)
- maoxwuHa ['(z4, Zy, ..., Zg, .., Zy—1, Zy) CKIIQJIAETHCS 3 MATYIB Zj, JJIS SIKUX
CIpaBe/JIMBA TaKa YMOBA:
M, > M,_,. (3.22)
Y mpaBwii, onucanomy (3.21) abo (3.22), aHami3yeTbcs 3MiHA 3HAYCHHS
MapTUHTAy B CYCIIHIX CIOCTEPEKEHHAX, 1 TOMY B MOJAJIBIIOMY II€ MPABUIIO
HA3UBATUMETHCS K HPAGUI0 MAPMUHL2ad.
Takox B X0 TOCTIIKEHh KOPUCHOIO BHSIBUJIACS XapaKTEPUCTHKA, CX0Ka Ha
BUIIIE HABEJCHUM CTECIIEHEBUN MAPTUHTIA:
M =™ T, (0P 7), (3.23)
ne meZ N [0;k], 3okpema ipu m = 1. Y creneHeBOMY MapTHUHTall TapameTp
m = k. IHIIl 3HaYEHHS MapaMeTpa m AAl0Th MOMKIJIMBICTh BU3HAUUTH, CKUIBKU

NEPIINUX 7 CIOCTEPEkKEHb OyAyTh TOJAATKOBO 3BAKYBATUCH IIJISIXOM MHOXKEHHS Ha
. -1
N micas OTPUMAaHHS 3HAYEHHS p? . Hanpuknan, 3HauenHs m=1 Oyne
IPOIHTEPIIPETOBAHO TAaKUM YHMHOM: 3Ba)KyBATHCh MHOXXEHHSIM Ha 1 Oyze Juile
n-1 : .o m-1
3Ha4YEeHHs p; ~, YCi HACTymHI p; OyIyThb JOMHOXXYBAaTUCh Ha TOIEPEIHE

Y -1
3HAYEHHS MapTHHraldy 0€3 TAKOro 3BaXKyBaHHs. MHOXEHHs Mr(r??c Ha p,? 32 yMOBH

m<k Ta p, <1 o0OHO3HAYHO MPHU3BOAUTUME JO TOro, IO ]\7[1(23(

30UIBIIYBATUMETHCSI TI0 BIJHOIIEHHIO 0 1\771(,?3(_1, a skuo p, = 1, Tomt Oyne

(M) _ o)
Mm,k = Mm'k_l. I{s1 XxapakTepucTUKa MOKE BUKOPUCTOBYBATUCh Y BUNIAJKY, KOJIU
6y215-511<e BIIXWJICHHS P Bix 1 o3HauaTuMme, 110 NMOTOYHE CIIOCTCPCIKCHHS MOXE

Oyt HectanmapTHuM. I[lpu 1pOMYy yCIM HOPMaJIbHUM CIOCTEPEKEHHSIM
BIJINIOBIIaTUME pIBEHb CTyIEeHs KOH(opmHOcTI p, = 1. lle MoxiuBO 3a yMOBH,
SKIIO BBeJEHa Mipa HEKOH(OPMHOCTI BCIX HOPMAaJbHUX CIOCTEpEXKEHb Oyjne

onHakoBa. Hampukiaa, 1me MOXIMBO y BHUMNAJAKY, KOJHM Mipa HEKOH()OPMHOCTI
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BHU3HAYCHA SIK OlHapHUH Kilacu(ikaTop, SIKUM MONEpeIHbO KiIacuPikye 00’ €KTH y
JIBa KJIaCH: HOpMaJIbHE a00 AaHOMAJIbHE CITOCTEPEIKEHHS.

Chopmyntoemo Temep B y3arajlbHEHOMY BUIJISIAI MemoOu 6UAGTEHHA
mamuie, nioo3pirux Ha (ikcoeanuii pezyibmam, 3 GUKOPUCHIAHHAM
Cmenenego20 ma iHmezpaibHO20 MapmMuH2aAlie.

Hexaii Mmaemo ce3oH ¢GyTOOJBHUX MaTyiB G, PO3IJICHUNA HAa OKpPEMI KJacu
MaT4iB {G;;} y BIAOBIAHOCTI 0 BUKOPUCTaHOTO IPYMyBaHHA KOMaHx group(t).
PosriistHeMo Ki1ac MaTyiB G;j. [l KOKHOTO MaTdy Zy € Gy;:

1) oGuncIoeThCS Mipa BIIMIHHOCTI @, 3a oJiHi€t0 3 hopmyi (3.2)-(3.4), o €
MEPIITUM €TaroM MPH PO3paxyHKy KOHPOPMHOTO MPEAUKTOPA;

2) BUKOPUCTOBYIOYHM MipH BIIMIHHOCTI MOTOYHOTO A-TO MaTdy 1 yCiX 1HIIUX
MaT4iB IIbOTO * KJacy, OOUHCIIOEThCS CTYIMHbL KOH(OOPMHOCTI (BIAMIHHOCTI) (p-
value) MaTdy BiJi MHOKHHH CTIOCTEPEXKEHbD {Z/,..., Zk,...ZN-1, Zn} 3 hopmyioro (3.5);

3) miapaxoByeThCS 3HAYCHHsS CTeneHeBoro MaptuHraia (3.12) abo
iHTerpasibHoro Maptunraia (3.13). CreneHeBuid MapTUHTall OOYMCIIOETHCS 3a
00paHOro 3HAaYEHHS apamMeTpy Uy TIUBOCTI 1);

4) mepeBipseThCsl BUKOHAHHS YMOBH (3.21) 1151 cTeTIeHEBOT0 MapTHHT ATy 200
(3.22) nmns IHTErpaJIbHOrO MapTHHIAdy BIAMOBIAHO. SIKIIO YMOBa BUKOHYEThCH,
MaTd BBa)KA€ETHCS IT1I03pUINM Ha (PiKCOBAaHUN Pe3yJIbTAT 1 TOJAETHCS O MHOXUHU
takux MatdiB  [(zy, 2y, ..., Z, oy Zy—1,2Zy) @00 T(2q,2Z5, o) Zky ooy Zn—1, ZN)
BIJIITOBITHO.

B po3aini 4 311iicHIOETBCS TOPIBHAHHS 3aIPOMTOHOBAHUX METO/IIB BUSBIICHHS
MaT4iB, MII03pIIMX Ha (PIKCOBAHUM PE3yNbTaT, 3 BIIOMUM IICTOIPaMHUM METOI0OM
[122], axuit y mTaHOMY BUIIAJIKY 3BOJUTHCS /10 MIEPEBIPKHU HA AHOMAJIbHICTh MaT4y Ha

OCHOBI 2cicmozpamu pizHuYb m’A4ie U TOTOYHOTO Kiiacy MaT4iB (I, ) 3a piBHEM

. N . .
AHOMAJIBHOCTI Py (Di(j ) = @) 3a psA MOCITITIOBHUX KPOKIB:

1) oOupaeTbecst 3HAYCHHS PI3HUII M sUiB d, SIKE 3a TICTOTPaMOI0 TOTOYHOTO

kjacy maT4iB (I, j) Mae HalOUIBIITY YacTOTy MOSIBU h; Ce€pel TUX 3Ha4YeHb d, SIKi HE

N
HaJeXaThb Dl.(j );
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5 N
2) 10Ja€ThCS 3HAYEHHS d J10 MHOXKUHU Di(]. );

: N
3) 0OUYHUCHIOETHCS CyMapHa YacTOTa MOSBH YCIX 3HAYEHb 3 MHOKUHU Di(j ).

N
pi(j)z Z ha;

()
deD;;
N .
4) sx1o pi(j ) >1- D4, IEPEXOIUMO HA KPOK 5, IHAKIIIE — HA KPOK 1;
. . N
5) 3HAUYEHHSA MOXJIMBHUX DPI3HUIL M’sUiB d* & Di(j ) YTBOPIOIOTb MHOXXHUHY

4 - N
D;;” aHOManbHUX PI3HUIb KIIACY MATYiB (i, ));
6) cepell yCix MaryiB y MOTOYHOMY KJacl MaT4iB BHU3HAYa€EMO aHOMAJIbH1

MaT4i 32 TAKUM TPABHIIOM:

: . A
— MaT4 € aHOMAJIBHUM, SIKIIO PI3HUIII M’ S4IB Y HbOMY d € Di(j ),

BucHoBku 10 po3aiay 3

1. O06’enHaHHA MaT4iB B KJIAaCH 32 KOHTEKCTHUMH aTpUOyTamMu J03BOJISE SIK
IPOrHO3HE 3HAUEHHS YHMCEIBHOTO Pe3yibTaTy MaTdyy BUKOPHUCTOBYBATH CEpPEIHE
3HAYECHHS PI3HMIN M S4iB BIAMOBIIHOTO Kjacy MaTdiB. BigxwieHHs (HakTHYHOTO
pe3ynbTaTy MaTdy BiJ OYIKyBAaHOTO pO3TISAAETbCA K  XapaKTepUCTHKA
AHOMAJIBHOCTI MaT4y 1O BIJHOIICHHIO O BU3HAYEHOTO KJIACy MaT4iB (KOHTEKCTY).
Takox BBEIEHHS BIANOBIAHOI MIpM HEKOH(GOPMHOCTI 3a0e3Neuye MOMXKIUBICTb
NOPIBHSAHHSA (PAKTHUYHOIO pe3yJibTaTy MaTdy 3 pe3yJjbTaTaMU YCIX 1HIIMX MaT4iB
IPyIH 1 1I03BOJIsIE BPAXOBYBATH SIK A0COJIIOTHI pe3yIbTaTH KOMaH I, TaK 1 PI3HULIIO Y
MIACYMKax (PaKTHYHOTO 1 IPOrHO30BAHOT'O PE3YJIbTATIB.

2. Po3pobnenunii Ha OCHOBI aHOMAJHLHOTO KOH()OPMHOTO JAETEKTOPY METOJ
BUSIBJICHHSI MIAO3PUIMX MO0 (PIKCOBAHOCTI pe3ynbTary (yTOOJbHUX MAaTYiB
JI03BOJISI€ BUSIBJISITH KOHTEKCTHI aHOMAi JaHUX Y KJlacaX MaT4iB 3 BUKOPUCTAHHSIM
3alpOIIOHOBAHUX MIp HEKOH(POPMHOCTI  NUISXOM  IOPIBHSHHS  CTYNCHIO
KOH(pOpMHOCTI (p-value) mMatdy 3 MOpPOroBUM 3Ha4YeHHSM. BiH BiIHOCHUTBCS 10

KJIAaCy METOJIB BUSBIICHHS 0€3 BUUTEIS 1 I03BOJISIE BBOJAUTH OI[IHKA TapaHTOBAHO1
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TOYHOCTI JIJIsi oTpuMaHuXx pieHb. [Ilo0 gocsrtu rapHoro 6anaHcy MK 4y TIUBICTIO
Ta TOYHICTIO BHSIBJICHHS, 3HAYEHHS IOPOTY CJiJ BCTAHOBIIOBAaTHU OJIM3BKUM J0
anpiopHOi UMOBIPHOCTI MOSIBU aHOMAJIBHUX 00’ €KTIB.

3. JloBeaeHo Taki BIACTUBOCTI CTEIIEHEBOTO MAPTUHTAY.

—3a SKMX 3aBrOJHO MaJUX 3HAYCHHSAX CTylneHs KoH(opMHOCTI (p-value)
MOTOYHOTO CIOCTEPEKEHHS 3HAYEHHS CTENEHEBOr0 MapTHHTraja JUisi TOTOYHOTO
CIIOCTEPEXKEHHS € OUIBIINM 3a 3HAYCHHS 1[LOTO X MapTUHTAJIA ISl ONEPEAHBOTO
CIIOCTEPEXKECHHS;

—pu  30UTBIIEHHI 3HAYEHHSI CTEMEHEBOTO MapTHHTAa g TOTOYHOTO
CIIOCTEPEKEHHSI MO BIJIHOLIEHHIO J0 MOMNEPEIHHOr0 aBTOMATUYHO BUKOHYETHCS
MpaBUIO0 KOHPOPMHOTO aHOMAJBLHOTO MPEAUKTOPY HA MOTOYHE CIIOCTEPEKEHHS 3

TaKUM >K€ 3HAYEHHSM pPIBHS AHOMAJIBHOCTI, SIK 1 y MapaMerpa YyTJIHUBOCTI 1)

CTCIICHCBOI'O MapTHUHTaJIa M,En);

— 30UJIBIIICHHS 3HAa4YCHHA CTCIICHCBOI'O MapTHHI'aJIa JJIA IIOTOYHOI'O
CIIOCTCPCIKCHHA I10 BiI[HOI_HCHHIO A0 TIOIICPCIAHBOIO CKBIBAJICHTHO BHKOHAHHIO

nmpaBuia KOHGQOPMHOTO aHOMAJIBHOMY JIETEKTOPY 31 3HAYCHHSIM  PIBHSA

1
AHOMAJIBHOCTI, SIKMM JOPIBHIOE 3HAYEHHIO M17M, JIe 1 € 3HAYEeHHSIM MapaMmeTpa

YyTIUBOCTI CTETICHEBOTO MapTHHTaTy M ,En).

4.V po3po6iieHOMYy Ha OCHOBI CTEIIEHEBOT'O MapTUHTATy METO/Il BUSBIICHHS
MII03pUIMX 100 (pikcoBaHOTO pe3ysnbTaTy (yTOOJBHUX MAT4UiB MNPUAHATTS
piteHHsT BiAOyBaeThCS TP 3pOCTAaHHI 3HAYEHHS CTETICHEBOTO MApPTUHTANY IS
MOTOYHOTO CIIOCTEPEIKEHHSI 10 BIIHOMIEHHIO 10 3HAYEHHS IIbOT0 %K MapTUHTAJIA JIJIsi
MOTIEPEAHBOTO cTIocTepexeHHs. [Ipu 1iboMy 3MiHa TapaMeTpa Yy TIIMBOCTI T03BOJISE
HAJIAIITOBYBAaTH CTETNICHEBUH MapTHUHTA]T Ha BUSBICHHS aHOMAJIIA BiIMOBITHOTO
piBHSL.

5. Y po3po06iieHOMY Ha OCHOBI IHTEPAIbBHOTO MAPTUHT ATy METO/I1 BUSIBIICHHS
iI03pIMX MO0 (PIKCOBAHOCTI pe3ynbTaTy (yTOONBHUX MATYIB MPUUHATTS
pilieHHs BiOYBA€ThCS MPHU 3POCTAaHHI 3HAYEHHS IHTETPAIIBHOIO MAapTUHTaNy s

IMOTOYHOI'O CIIOCTCPCIKCHHA 110 BiI[HOH_ICHHIO A0 3HAYCHHS ObOI'0 K MapTHHI AJIa JIJId
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MOTIEPEHBOTO  CTIOCTepexeHHs. [lpu I1IbOMy BHKOPHUCTaHHS I1HTETPAIBHOTO
MapTHHTalla HE BUMAarae HaJlallTyBaHHS TapaMeTpiB.

6. BcTaHOBIIEHO €KBIBaJIGHTHICTh METOJIy BUSIBIICHHS MaT4iB, IMI03PUIMX Ha
¢bikcoBaHUI pe3yNbTaT HA OCHOBI €KCIIEPTHO BU3HAYCHOTO MOPOTY BIIXUIICHHS Ta
KOH(GOPMHOT0 aHOMAJILHOTO AETEKTOPY, L0 103BOJISIE BAKOPHUCTOBYBATH JIJISl OTIHCY
JIOCTOBIPHOCTI OTPUMaHUX PE3yJIbTATIB BIACTUBOCTI KOH(GOPMHOTO aHOMAJIBHOTO
netektopa. Po3paxoBaHe 3Ha4yeHHs MOPOrOBOTO PIBHSA € EKBIBAJIETHOTO
KOH(OPMHOT0 aHOMAJIBHOTO JIETEKTOpa JOPIBHIOE BIAHOCHIN YaCTOTI MOSIBU MAaTYiB
y BUOIPII 13 3HAYEHHAMH Mipy HEKOH()OPMHOCTI, sIKa HE HIXKUYE€ MOPOrOBOrO PiBHS

X, IO € BAXKJIMBUM JJIA pOSy'MiHHSI OTPpUMAHHUX JaHHX SIK aHOMAJIbHUX 3 HOSI/IHiﬁ

WMOBIPHICHOTO MiIXO.Y.
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PO3/LT 4
AHAJII3 METO/IB BUSIBJIEHHSI NIJO3PLIMX OO0
®IKCOBAHOCTI PE3YJIbTATY MATYIB 3A HASIBHOCTI
JAHUX ITPO BECb CE30H

4.1 AnaJi3 oco0anBoOCTEl PO3PO0IEeHUX METOMIB 32 JAHUMH OKPEeMHUX

KJIACiB MO/1€JIbHOI0 CE€30HY

Metoau BusiBieHHS (yTOONBHUX MAaT4iB, MIAO3PLIMX II0J0 (PIKCOBAHOCTI
pe3yabTary, MOXKHA PO3TJIsaTy K OlHApHI KiacudikaTopu, sKi HA BUXOMl JAOTh
3HAYCHHS 1, SKIIO MaT4 € «IOTEHIIMHO Mi03p1IuM Ha (pIKCOBAHICTh PE3yJIbTaTy»,
1 0 — B IPOTUJICKHOMY BHIMAAKYy. BakKTMBHUMH JJIs TOAAIBIIOTO aHATI3y OYIyTh
Taki eJEMEHTH MaTpHUIll HeBIAMoBiMHOCTEH (confusion matrix) OiHapHOTO
kiacudikaTopa: KUIBKICTh KOPEKTHHX CHpamboByBaHb (true positives, TP),
KUIBKICTh XMOHMX croparboByBaHb (false positives, FP), kinbkicTe XuOHHX
nponyckiB (false negatives, FN). TP nopiBHIO€ KiTBKOCTI MaT4iB, sIKl € MOTEHIIITHO
M1I03pUTMMH 1 KacudikaTop ix BUSBUB TakuMH. FP qopiBHIOE KIIBKOCTI MaT4iB, K1
HE € MOTEHIIMHO M1I03pLIINMHU, ajie KiaacugikaTop ix BBaxxae TakuMmu. FN nopiBHIo€e
KUIBKOCTI MaT4iB, K1 € IIOTCHIIIHHO MiA03P1IIMMU, aie KiacudikaTop iX MOMUIKOBO
MPOIMYCTUB. 3a IIMMHU XapaKTepPUCTUKAMU OOYHUCIIOIOTHCS METPUKU TOUYHOCTI

(precision, P), moBHOTH (recall, R) Ta iXx rapMOHIYHOTO CepeaHhOTO — MipH F:

TP
P=—"" 4.1)
TP+ FP
TP
R=————, 4.2)
TP+ FN
2 2TP
F = - . 43
' 1 1 27P+FP+FN (4.3)

7+7
P R
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OOpaHi  XapakTepUCTUKH € Oa30BUMHU  XapaKTEPUCTHUKAMU  AHAII3ZY
€(PEeKTUBHOCTI AJITOPUTMIB, SIKI 3aCTOCOBYIOTBCS ISl pO3B’sI3aHHA 3a7a4 O1HapHOI
kiacudikaii. Yci Tpu XapakTepuCTUKY MPUMUMAaIOTh 3HAYCHHS 3 Aianaszony [0; 1] 1
MalTh AHAJIOTIYHY IHTEPNPETAIlil0 PEe3yJbTaTiB: YUM OLIbIl OJM3bKUM 10 1 €
3HAYEHHS XapaKTePUCTUKH, TUM AJITOPUTM € OB €(heKTUBHUM 3 TOUKH 30PY JTaHOT
XapaKTePUCTUKH.

[IpogemoHCTpyeEMO pOoOOTY  3ampoONOHOBAHMX METOAIB Ha  OJHOMY
3MO/JIEThOBAaHOMY CE€30H1. Bu3HaueHHS aHOMaTLHUX PI3HUIL M’ ST41B 31HCHIOBAIOCS
3a TiCTOrpaMamu pi3HUIb M S4UiB 10 KOKHOMY KJIacy MaT4iB Ha PiBHI aHOMaJIbHOCTI
nanux p, =0,2. I'icrorpamu 0ynu noOynoBani 3a 100 MoAeTbHUMHU CE30HAMU 32
METOJIMKOI0, PO3TIIAHYTOI0 Yy po3fini 2. [licns Bu3HAUEGHHS aHOMAJIbHUX PI3HUIh
M’SI41B, B IOTOYHOMY C€30H1 0yJi0 BBeZIeHO 10 TOrOBIpHHUX MaTyiB 3a AJITOPUTMOM
YTBOPEHHSI JIOTOBIPHHUX MAaT4iB, PO3MISIHYTHM Yy po3aull 2. YciM BBEIECHUM
JIOTOBIPHUM MaT4yaMm OyJI0 HMPHUCBOEHO Kiac 2 y xapakrepuctulll «lloTeniiitHo
M1103pUTuid MaT4d». Takok Ha OCHOB1 BU3HAUYEHUX aHOMAJILHUX PI3HUILL M’ sI4iB OYyJI0
MIPOBEJICHO PO3MITKY MaT4iB CE€30HY Ha IMpeaMeT iX aHOMAaJIbHOCTI. Y CiM Mardam,
K1 OyJIM YTBOPEHI Iepe/l BBEICHHSIM JOTOBIPHUX MAaTYiB 1 Y SKUX PI3HUI M’ SUIB
Oyna aHomanbHOIO, Oymo mpucBOoeHO kKiac 1 y xapakrepuctuill «lloTeHIiiHo
nigo3pinmii Matyuy. [Ipukian kjacy MaTyiB Micisi TPOBEICHHS PO3MITKH 1 BBEJICHHS
JIOTOBIPHUX TOKa3aHo B Tabia. 1 Ha mpuknani knacy maruis (1, 4). Marui, ki Oynu
BBEJICHI K JIOTOBIPHI, MMO3HAYEHO CHHIM KOJBOPOM 1 B KoJOHLI «IloTeHuiiHo
MIJ03pUIMI» BOHM MarOTh 3Ha4YeHHs 2. Marui, g1 OyJd 3MOJEIbOBaHI 3
aHOMAJLHUM PE3yJIbTaTOM, y TAOJMII MO3HAYEHO CIPUM KOJHLOPOM 1 B KOJIOHIII
«IToTeHIiHO Mia03p1anid» BOHM MalOTh 3HaUeHHs 1. Yci iHm11 MaTyi, ToOTO MaT4i 3
OUYIKyBaHMM PaxXyHKOM, B KOJOHII «IloTeHIIHHO M1103p1nii» MaroTh 3Ha4eHHS (.

Cnouatky po3risiHeMO poOOTy 3alPOINIOHOBAHUX METO/IIB BUSIBIICHHS] MaTUYiB,
migo3pimx Ha (iKCOBAaHWUN pe3yibTaT, Ha kiaci matdiB (1, 4) (tabmn. 4.1). B mio
TpyMy BXOJATh MaTdi, y SIKHX KOMaH/a-TOCToapKa HaJle)KHUTh 10 rpymnu 1, ToOTO €
OJIHI€IO 3 HAY CIIIIHIIIKX B I[bOMY CE30H1, 8 TOCThOBa KOMaH/1a HAJIEKUTH 10 TPyIU

4, TOOTO XapaKTepU3y€eEThCSI OJJHUM 3 HAMHIKYMX 3HA4YeHb ycmimHocTi. CepeaHii
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pe3yabTar no rpymni avg(i, j) nopiBatoe 1,125. Otxe, o4ikyBaHUM pe3yJIbTaTOM

MaT4y € BUTPAI JOMAIIHbOI KOMaH/IM 3 PI3HUIICIO0 M 4iB Ha piBHI | abo 2 M’syiB.

Ta6muns 4.1 — Martui kiacy (1, 4) MOAEIBHOTO CE30HY

No Komanpa- I'ocTpOBa Pesynprar [Torenmiitno

rocrnojiap KOMaH/1a 103 LITHIA
| team 1 team 15 0:0 0
2 team 2 team 15 6:2 2
3 team 3 team 15 3:2 0
4 team 4 team 15 1:2 1
5 team 1 team 17 2:2 0
6 team 1 team 18 2:1 0
7 team 1 team 20 1:1 0
8 team 2 team 17 2:0 0
9 team 2 team 18 2:2 0
10 team 2 team 20 2:2 0
11 team 3 team 17 2:2 0
12 team 3 team 18 6:1 1
13 team 3 team 20 4:1 1
14 team 4 team 17 2:0 0
15 team 4 team 18 3:3 0
16 team 4 team 20 2:1 0

Jlai mpoaeMOHCTPOBAHO POOOTY METOY BUSBIICHHS MaTUiB, MiJ03PIINX Ha
(1KcoBaHMIl pe3yibTaT Ha OCHOBI KOH(OPMHOrO MNPEAUKTOPAa 1 CTEIEHEBOrO
mapTuHrana. KoxeHn ¢yTOOIbHUN MaTd € OKpEMHUM CHOCTEPEKEHHSIM Zk, SIKI
MOCTIAOBHO  00OpoOMIol0ThC  anroputmMoMm.  Crnodatky  Jjisi  TTOTOYHOTO
CIIOCTEPEKEHHS Z; OOUUCIIOETHCS Mipa BIIMIHHOCTI aj 3a ofiHi€er0 3 hopmyn (3.2)-

(3.4). PosristneMo pe3ynbTaTH, OTPUMaH]1 IPU O0YUCIICHHI MipU HEKOH(GOPMHOCTI
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3a gopmyoro (3.2) (puc. 4.1), To0TO 6€3 OKPYTICHHS CEPEIHBOTO PE3yIbTATy MO
rpyni. 3Ha4eHHs L€l MIPH MOKa3yIOTh HACKIIBKH PE3YJbTAT MAaT4yy BiPIZHAETHCS
3a 3HAYEHHSIM BiJ OYIKYBaHOTO pE3yJIbTaTy, SIKUM IS IIbOTO METOAY € CepeaHii
pe3yabTar Mo kjiacy martdiB. UuM OUIBIIMM € 3HAYEHHS MIpU BiAMIHHOCTI, TUM
OinbIIIe 1IeH MaT4d BUALISIETHCS 3 IIOMDK 1HIITUX 32 O9IKyBaHHM pe3yJibratoM. Ha puc.
4.1 1 yciX HACTYMHUX CTOBIMYMKAMU CIPOT0 KOJIHOPY BUJILJICHI MOTEHIIMHO MiA03pL
MaTyl 3a MPUHLMIOM PO3MITKH (T1 Mardl, JJI SKUX 3HAYEHHS y CTOBIYUKY
«IToTeHmiiHO TiA03pUINiD» AOPIBHIOE 1), a CHHBOTO KOJIHOPY — JIOTOBIpHI Matyli,
Kl OyJM CTBOpPEHI 32 METOAOM 3 po3aury 2 (TI MaTdi, JUIsl SIKAX 3HAYEHHS Y
cToBNUUKY «IloTeHLIMHO migo3putuit» nopiBHIOE 2). Mipa BIIMIHHOCTI KOXHOTO

MOTEHIIMHO IMI03P1JIOr0 MaT4y € OIBIION0 32 MipH BIJIMIHHOCTI 1HIIUX MaTYiB.

., class (1, 4)
4 T T T T

Pucynok 4.1 — Xapakrepuctuka a;, oounciiena 3a gopmysoro (3.2) s

MatuiB kjiacy (1, 4)

Jlaii 3a MHOXXHHOIO MaT4iB {z1, Z2,..., Z,..., ZN} 1 OTPUMAHUMU 3HAYCHHSIMU
MipU HEKOH(OPHOCTI @) JIsl KOKHOTO CITOCTEPEKEHHS z; OOUYUCITIOETHCS CTYIIHB
KoH(popMHOCTI py (puc. 4.2) 3a (3.5). L{g BenuumnHa ipuiiMae 3Ha4YSHHSI B Jliana3oH1
[1/k; 1] 1 xapakTepu3ye 4aCTKy TaKUX MaT4iB Y MHOXKHHI { Z1, Z2,..., Zk,..., ZN |, SKI
€ OUTBII BIAIMIHHUMH BiJ] TOTOYHOI'O MaT4y, a00 TAKUMHU 3K, SIK TOTOYHUM Maty. [ami
I XapaKTepUCTUKAa MOKe OyTH TMpoOaHalli30BaHA 3a HPAGUIOM KOHPOPMHO20

anomanbho20 oemexkmopa (3.6). 3a UM MPaBUIIOM T1AO3PUIUM € TOM MaT4, Y SIKOTO
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CTYMIHb KOH(OPMHOCTI py € MEHIIMM 3a Mopir aHomaibHOCTI €. Ha puc. 4.2
300paKE€HO PE3yIbTaTH BUSBIICHHS M1A03pUTUX MaT4iB 11 kiacy (1,4) mpu e = 0,2.
Takox Ha IbOMY PUCYHKY IITPUXOBAHUMH JIIHISIMU BUJIUICHO MaTyl, sKi 3a (3.6) €
MpaBWIBHUMU CIIpallbOBYBaHHsAMH (true positives, TP, 3eneHuii koiip) Ta XMOHUMU
npormyckamu (false negatives, FN, »xoBTuii komip). Ha oCHOBI 3HaueHb IHX
XapaKTePUCTUK OOUYMCIIOIOTHCS METPUKH TOYHOCTI (4.1), moBHOTH (4.2) 1 Mipa F)
(4.3). Otxe, ns kinacy matuiB (1, 4) 3a (3.6) npu € = 0,2 koHbOPMHUI aHOMATBHUN
JIETEKTOP 32 METPUKOIO MOBHOTH (recall) criparroBaB Ha 75 %: BUSBIIEHO OUIBIIICTh
OUIKYBaHMX MIJO3PLIMX MAaT4iB. 3a METPUKOIO TOYHOCTI (precision) ajaroputm
crapairoBaB Ha 100 %: Bci ouikyBaHi Mig03piii Ha (HIKCOBAHICTh pe3yibTaTy MaTdi
BUSIBJICHO, 1 1O THIITUM MaT4aM MOMIJIOK He Oyi10. Mipa F nst knacy (1, 4) B ubomy
BUNAAKY nopiBHIOE 0,86, TOOTO anropuT™ 3arainom s kiacy (1, 4) copairoBaB

no0pe, alie € MOKIIMBOCTI JJIs TOKPAIIEHHS PEe3yJIbTaTy.

Py class (1, 4)

0.8 -

© pk
fixed
FN
TP

0.4

Pucynok 4.2 — Xapakrepuctuka py 1 MaT4iB kiacy (1, 4), oOuuciena 3a
Mipoto HeKOH(OpPMHOCTI (3.2) 1 pe3yabTaTy BUSABICHHS M1J03P1IINX MaTYiB MIPU

€ = 0,2 3a mpaBWJIOM KOHGOPMHOTO aHOMAJILHOTO JIETEKTOpa

Ha puc. 4.3 HaBeieHO pe3yJIbTaTh OOUUCIICHHSI CHIENEeHe8020 MAPMUH2ATY
(3.12) 3 mapamerpom uytauBocTi | = 0,8 miisa knacy mardis (1, 4), o6uncienum 3a

paHilie pO3NIIHYyTUMH 3HAYEHHSMH CTYINEHIB KoH(popmHOcTi. Jlami 14
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XapaKTepUCTHKA aHANI3yeThCcsl 3a mpaBuiaoM (3.21): TOYkM, y SKUX 3HAYCHHS
MapTUHT Ay 3pOCTa€ B MOPIBHSHHI 3 MONEPEIHIMH, BIAMOBIIAIOTH MaT4yaM, SIKi €
MiI03pITMMH Ha (DIKCOBAHICTH iX pe3yibTary. Ha puc. 4.3 Takox IMTpUXOBAaHUMU
JIHIAMHA BUJUIEHO Matdl, iK1 3a (3.21) € mpaBUIBHUMU CIIpallbOBYBaHHAMHU (true
positives, TP, 3enenuit komip). Ha ocHOBI oTpuMaHuUX pe3yibTaTiB OOUUCIIOIOTHCS
MeTpuKU TO4YHOCTI (4.1), moBHOTH (4.2) 1 Mipa F (4.3). OTxe, nis Kilacy MaT4iB
(1,4) 3a meTrogoM BUSBICHHS Ha OCHOBI cTeneHeBoro maptunramny (3.21) 3a
MeTpukoro moBHOTH (recall) maemo cmpampoByBanHs Ha 100 %: BusiBIEeHO BCi
OUIKYBaHI MiAO3pLIl MaTdi. 3a METPUKOI TOYHOCTI (precision) aaropuTMm
copamtoBaB Ha 100 %: Bci ouikyBaHI MaTyl BUSIBIEHO, 1 XMOHUX BUSBJIEHb HEMAE.
Mipa F qis knacy (1, 4) nopiaioe 1, To6to npaswmio (3.21) ms knacy (1, 4) nano

BIJIMIHHI pe3yJIbTaTH.

M®®, class (1, 4)

Pucynok 4.3 — Xapakrepuctrka M,gs) it MatdiB kaacy (1, 4) 1 pesynbTaTtu

BUSIBJICHHSI I 103pUTMX MaT4iB rpu 1] = 0,8 3a mpaBmiioM CTENEHEBOr0 MapTHHT Al

Ha puc. 4.4 naBeieHO pe3yJibTaTy OOUYKCIICHHS iIHMeZpanbH020 MapmMuH2aLy
(3.13) nns xinacy matuiB (1, 4), 06UnCcIEHOTO 32 paHilIe PO3TIASHYTUMU 3HAYCHHIMU
CTyIEeHiB KoH(opMHOCTI. [lani s xapakTepucTUKa aHalmi3yeThesl mpaBuiioM (3.22):

TOYKH, Y SIKHX 3HAYEHHS IHTErpajbHOrO MapTUHIaly 3pOCTa€ B MOPIBHSIHHI 3



132

NOMNEepPeHIMH, BIJMOBIJAIOTh MaTyaM, sIKI € MiJ03pUIMMU Ha (PIKCOBAHICTh iX
pesynbrary. Ha puc. 4.4 TakoX IITPUXOBAHUMH JIHIAMH BHAUIEHO Matdl, SIKI 3a
(3.19) € npaBuILHUMH CIIpallbOBYBaHHAMH (true positives, TP, 3enenuit komip). Ha
OCHOBI IIMX BUSIBIICHb OOYUCITIOIOTHCS METPUKH TOYHOCTI (4.1), moBHOTH (4.2) 1 Mipa
Fy (4.3). Orxe, ana xnacy matdiB (1, 4) 3a METOIOM BHSBICHHS HAa OCHOBI
iHTerpagpbHoro wmaptunrany (3.22) 3a wmerpukoro mnoBHotH (recall) maemo
cupanboByBaHHs Ha 100 %: BUSBIEHO BCI OUIKYBaH1 M1A03pUII MaT4i. 32 METPUKOIO
TO4YHOCTI (precision) amroputm cmpaioBaB Ha 100 %: Bci owikyBaHi Martdi
BUSIBJICHO, 1 XMOHUX BUSABJICHL HeMae. Mipa F 1y kiacy (1, 4) nopiBHioe 1, To6TO

npaBuio (3.22) nns kiacy (1, 4) Takox 1ajno BiAMIHHI pe3yJibTaTH.

Mk, class (1, 4)

Pucynok 4.4 — Xapakrepuctuka M, s maT4iB kinacy (1, 4) 1 pe3yapraTtu

BUABJIICHHA I'[iI[OBpiJ'II/IX MaT4iB 3a IIpaBUJIOM iHTCFpaJIBHOFO MapTHHIaJIa

PosrnsiHeMo pe3ynbTaTt, OTpUMaHi TP BUSABIICHHI aHOMAJIBHUX MaTdiB 3a
2icmozpamoro pizHuub m’auie s noroyHoro kiacy. Ha puc. 4.5 moxaszano
ricrorpaMmy pi3HUIlb M’S4iB i kiacy matdiB (1, 4), Ha sKiii 3a piBHEM
aHOMaJIbHOCTI P, = 0,2 BU3HAUEHO aHOMAJIbHI Pi3HUII M’ 14iB. B 1anHoMy BUTaKy,
aHOMAJLHUMH PI3HUIIMHA M’ S141B BUSBUIUCH 3, 4 1 5. Takox Ha puc. 4.5 mokazaHo
pE3yNbTaTH BUSABICHHS aHOMAIBHUX MATYiB 32 II€10 TICTOTPaMOIO: IMTPUXOBAHUMU

JHISIMA BHJIJIEHO MaTdl, SIKI 3a TICTOTPaMoOI0 PI3HUIL M SYIB € MPaBUILHUMU
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crpaiboByBaHHsIMH (true positives, TP, 3enennii komip). Ha ocHOBI 1TuX BUSIBICHB,
Tak caMo, AK 1 Jjsi npaswia (3.22), oOYUCTIOIOTHCS METPUKH TOYHOCTI (4.1),
noBHOTH (4.2) 1 mipa F (4.3). OTxe, ans knacy matdiB (1, 4) 3a METO10M BUSIBIICHHS
Ha OCHOBI TICTOTpaMHu PI3HUIb M’SYIB MOTOYHOTO KJIACy MaT4iB 32 METPHUKOIO
noBHOTH (recall) cipamtoBaB Ha 75 %: BHSABIEHO OUIBIIICTh OYiKYBAaHUX ITiA03PLIHX
MaT4iB. 3a METPHUKOI TOYHOCTI (precision) anroput™ crpairoBaB Ha 100 %: Bci
OUIKYBaHl1 MaT4l BUSBJIEHO, 1 XUOHUX BUSABIEHb HeMae. Mipa F mus knacy (1, 4)
nopiBHioe 0,86, TOOTO BUSIBICHHS 3a TICTOTPaAMOIO Pi3HUIL M’ si4iB s Kiacy (1, 4)

JIaJIo TapH1 pe3yabTaTH, aje € MOXKJIMBOCTI JJIsl YIOCKOHAJICHHS.

Results Histogram, class (1,4), level = 0.2
T T T T

T T
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S «—
= : 0.3 B
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g %’ 0.2 .
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S ® B i
g S 0.1
>
0
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HasaBHi pi3Huui ronis
BusasneHHA aHOManbHUX MaT4iB 3a rictorpamolo pisHuLb ronis
€=0.2
1 —
05f ™
0 | | | I 1 |
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Homepwu maTtuyiB B Tabnuui knacy matyis (1,4)

Pucynok 4.5 — I'icrorpama pi3HHI, M’ 4B 1J11 MaT4iB kiacy (1,4) 1

pe3yJabTaTH BUSBIICHHS M103P1IIMX MATYiB 3a II€0 T1CTOrPamMolo

Tenep aHanmoriyHO PO3TISTHEMO PE3yJIbTaTH, OTPUMAHI IIPU OOYUCIICHHI MIpH
HEeKOHPOPMHOCTI, ane Bxe 3a dopmynow (3.3) (puc. 4.6), TOOTO 3 OKpYIJICHHS
CEpEeIHbOTO Pe3ybTATy MO KJacy MaTdiB. 3HAYEHHS IIi€] MIpH, TaK CaMmo SIK 1 MipH

(3.2), moka3yoTh HACKUIBKH PE3YyJbTAaT MATyy BIJPI3HIETHCS 3a 3HAYEHHSIM BiJ
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OYiKyBaHOTO pe3yJbTaTy, IKUM JIJIS IbOTO METOAY € CEepelHIN Pe3yNbTar Mo Kiacy
MaTyiB. YuM OUIBIIMM € 3HAY€HHS MIPU BIIMIHHOCTI, TUM OUIblIE LEW MaTd
BUJIUIIETHCS 3 TIOMDK 1HIIUX 3a OYIKYBAaHMM pe3yJIbTaToM. BiAMIHHICTBH moJisrae
JWIIe B TOMY, IO CEpeHiN pe3yipTaT MO KJIacy MaTdiB TEMep € I[IJIUM YHUCIIOM.
Cepenniit pe3ynbrar 1o kiacy MatdiB (1, 4) 3 ypaxyBaHHSM OKPYTJIEHHS JOPIBHIOE
1. 3a oTpuMaHUMU 3HAYEHHSIMU MIpH HEKOH()OPMHOCTI HA JTaHOMY KJIacl MaT4iB
YITKO MOKHA BUIJUIMUTH MaTyi, K1 BIAHOCSTBCSA JO HOPMAaJIbHMX, BiJl TUX, SIKI €
AHOMAJIbHMMH 32 CBOIM PE3yJIbTaTOM. TakuM YHHOM, JIJIS ITLOTO KJIacy MOKHa 0yJI0
0 3acTOCYBAaTH CIPOLIEHUHN MPUHIUI MOUIYKY IMiI03pLIUX MaT4iB — 33 MEPEBIPKOIO

4y € OUIBIIO0 Mipa HEKOH(POpPMHOCTI 3a 1.

a, class (1, 4)

4 I @
O—
35 fixed |
3 |
25 .
2 |
1.5 N
1F © © © .
0.5 .
0 & | N ! I L |
0 2 4 6 8 10 12 14 16

Pucynok 4.6 — Xapaktepuctuka a;, oouuciiena 3a gopmysnoro (3.3) ais

MatuiB kiacy (1, 4)

Jlani 3a MHOXXHHOIO MaT4iB {z1, Z2,..., Zk..., ZN} 1 OTPUMAHUMU 3HAUYCHHSIMU
MIpU HEKOH(OPHOCTI @) JIsl KOKHOTO CIIOCTEPEKEHHS z; OOUYUCITIOETHCS CTYIIHb
KoH(popMHOCTI py (puc. 4.7) 3a (3.5). Ha puc. 4.7 npoaeMOHCTPOBAHO PE3yIbTaTH
BUSIBJICHHSI M103piauxX MatdiB i knacy (1, 4) 3a (3.6) npu € = 0,2. [Ipu mpomy
MOpoO31 aHOMAJIBHOCT1 J[Ba 3 MOTPIOHMX MaT4iB HE OYIyTh BHSBIICHI. XHOHHUX

CIpallbOBYBaHb MPU LILOMY TaK0X HE BiJ10yBa€ThCA.
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P class (1, 4)
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Pucynok 4.7 — Xapakrepuctuka py 1 MaT4iB kiacy (1, 4), o04uciena 3a
Mipoto HeKOH(popMHOCTI (3.3) 1 pe3yJIbTaTy BUSBICHHS MiJO3PUIMX MaT4iB IPH

€ = 0,2 3a npaBusioM KOHGOPMHOTO aHOMAJILHOTO AeTekTopa (3.6)

Orxe, mans kmacy maruiB (1,4) 3a (3.6) mpu €= 0,2 xoHpopMHMIA
aHOMAJBLHHUM JCTEKTOP 3a MeTpukoro moBHOTH (recall) cmparmoBaB Ha 50 %:
BUSIBJICHO TOJIOBUHY OYIKYBaHUX IMIJO3PLIMX MAaT4iB. 32 METPHUKOI TOYHOCTI
(precision) anroput™ crpaitoBaB Ha 100 %: cepen BUABICHUX MaTUiB 3HAXOASITHCS
JuIie ovikyBaHi MaTdi. Mipa F nis kiacy (1, 4) B uboMy BuUnaaky aopisHioe 0,67,
TOOTO aIropuTM 3aranoM ais kiacy (1, 4) cnpairoBaB HEMOTAaHO, aJie € MOKJIUBOCTI
JUTsl TIOKpaIieHHs. Y TOpIBHSHHI 3 pe3yJibTaraMu KOH(GOPMHOTO aHOMAJIbHOTO
JIETEKTOPa, OTPUMAHUMHU TPU BUKOPUCTAHHI Mipyu HEKOHGOPMHOCTI (3.2), MOTOYHI
pe3yabTaTi MOTIPIIMIKCH 32 MIPOIO MOBHOTH: OyJIO BUSIBJIECHO Ha 1 OYiKyBaHUU

MiA03p1INil MaTy MEHIIE, Hi’K TPH BUKOPUCTAHHI Mipu HEKOH(POpMHOCTI (3.2).

Tenep o004YMCIMMO 3HAYEHHA CTENEHEBOTO MapTHHIala M,En) Ta
iHTerpasibHoro Maptunrany M;. Ha puc. 4.8 HaBelneHO pe3ylbTaTH OOYMCICHHS
creneHeBoro maptunraiy (3.12) 3 mapamerpom uytiauBocti 1 = 0,8, oOuucieHumM
3a paHille PO3TISIHYTUMU 3HAUEHHSIMU CTYMEHIB KOH()OPMHOCTI JUIsl KJIacy MaTdiB
(1,4). na xmacy matuiB (1, 4) 3a METOJOM BUSIBIICHHS Ha OCHOBI CTETICHEBOTO

Maptunrany (3.21) 3a merpuxoro nmoBHOTH (recall) anroput™m cnpairoBas Ha 100 %:
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BUSIBJICHO BCl OYIKYyBaHI MIJO3pLIl MaTdi. 3a METPUKOIO TOYHOCTI (precision)
anroputM crupaifroBaB Ha 100 %: Bci ouiKyBaHi MaTui BUSIBJIEHO, 1 XMOHUX BUSIBJICHb
HeMae. Mipa F s kiacy (1, 4) nopiBatoe 1, To6to npaswio (3.21) mis kinacy (1, 4)
Jano BIAMIHHI pe3yJibTaTd. Pe3ynbTaTH, OTpUMaHI B JaHOMY BHUIAIKy €
1IGHTUYHUMH J0 pe3yJbTaTiB, OTPUMAHMX 3a JOIIOMOTOI0 CTEIIEHEBOT0 MapTHHIala
3 mapameTrpoM 4ytiauBocTi 1 = 0,8, 00YMCIEHMM TIpU BUKOPUCTAHHI MIpHU

HeKkoH(popmHocTi (3.2).

Mf(o's), class (1, 4)

Pucynok 4.8 — Xapakrepuctuka M ,En) Ju1st MaTuiB knacy (1, 4) 1 pesynbratu

BUSBJICHHS M1103pUInMX MaT4iB npu 1 = 0,8 3a npaBUIOM CTENIEHEBOTO

mapTuHrana (3.21)

Ha puc. 4.9 HaBeneHo pe3ynbTaTu OOYUCICHHS IHTErPAIbHOTO MApPTHHTATY
(3.13) nns xknacy matuiB (1, 4), oOUUCICHNM 3a paHilie PO3TISTHYTUMH 3HAYCHHSIMHU
cTyneHiB KoHpopmHocTi. st kiacy matuiB (1, 4) 3a METO/10M BUSIBIICHHS] HA OCHOBI
1HTEerpajgbHoro Maptunrainy (3.22) 3a merpukorw noBHOTH (recall) cnpairoBaB Ha
100 %: BusiBIEHO BC1 OYIKYBaHI1 Mi103pLIi MaT4i. 32 METPUKOIO TOYHOCTI (precision)
anroputM crpaifroBaB Ha 100 %: Bci ouiKyBaHi MaT4i BUSIBJICHO, 1 XMOHUX BUSIBJICHB
Hemae. Mipa F muist kiacy (1, 4) nopiatoe 1, To6T0 mpaBwiio (3.22) ans knacy (1, 4)

7110 BIIMIHHI pe3yJIbTaTH.
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Pe3ynbraTu, oTpuMaHi B JaHOMY BUNAJKY, € 1J€HTUYHUMU /10 PE3YJIbTATIB,
OTpUMaHUX 3a JOMOMOrOK IHTErpajllbHOro MapTuHrana mnpaswia (3.22),

00YMCIIEHUM TIPH BUKOPUCTAaHHI Mipy HeKOHGOpMHOCTI (3.2).

Mk, class (1, 4)

Pucynox 4.9 — Xapakrepuctuka M, ayis matdiB kiacy (1, 4) 1 pe3ynbTatu

BUSIBJICHHS IT1I03PUIMX MATYiB 3a MPAaBUJIOM 1HTETpajibHOr0 MapTuHTana (3.22)

Tenep posrassHemMo poOoTy MeTOMIB Ha Kiaci MaTdiB (4, 1), ToOTO Ha Kjaci,
CUMETPUYHOMY J0 nornepeanboro. CepeHiil pe3ynbTar no kiacy Matyis avg (i, )
nopiBHioe —0,875. OTxe, O4IKyBaHUM pe3yJbTaTOM MaTdy € HiuMs abo BUTpaIll
roCThOBOT KOMAH/IH 3 PI3HUIICIO B OJIMH M’ s14. BITBIIICTE MI03pUIHX MaTYiB Y IBOMY
KJIacl MaIOTh BEJIUKY PI3HUIIO M’ SYIB — HE MeHIa 3a 3 M s4i (Tadn. 4.2).

['padik mMipu BIAMIHHOCTI @) KOXKHOTO MaT4y JAHOTO Kjacy, OOYHCIEHY 3a
dbopmymoro (3.2), mokazano Ha puc. 4.10. Ha Biaminy Big cutyairii 3 kiacom (1, 4),
y LIIbOMY KJacl iCHYIOTh MaTdl, Mipa BIAMIHHOCTI SIKUX 3HaXOAUTHCS HA OAHOMY
PiBHI 3 MOTEHIIIHO NIJO3PIIMMU MaT4aMu. Y JaHOMY KJIacl MaTdiB BCbOTO OJIMH
takuit MaT4d (Ne 7), ajie 3a IEBHUX YMOB TaKi MaT4i MOXYTh OyTH IPUUUHOIO XHOHUX

BUSABJICHbD.



Ta6nuns 4.2 — Martui kiacy (4, 1) MOAEIBHOTO CE30HY

No Jlomarus Buizna Pesyrar H.OTeHLTiﬁHvo

KOMaH/aa KOMaH/aa I1J103p TN
1 team 15 team 1 0:0 0
2 team 15 team 2 3:3 0
3 team 15 team 3 3:3 0
4 team 15 team 4 3:2 1
5 team 17 team 1 I:1 0
6 team 17 team 2 4:1 2
7 team 17 team 3 0:3 0
8 team 17 team 4 1:2 0
9 team 18 team 1 I:1 0
10 team 18 team 2 I:1 0
11 team 18 team 3 0:4 1
12 team 18 team 4 1:2 0
13 team 20 team 1 1:2 0
14 team 20 team 2 0:2 0
15 team 20 team 3 0:5 1
16 team 20 team 4 1:2 0
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Ha puc. 4.11 nokazano pe3yJbTaTy BUSBJICHHS MiI03PUIUX MATUiB JIJIsl KJIacy

(4,1) 3a npuHIMIOM,

chOpMYIBOBAaHUM [UISl  KOHGDOPMHO2O AHOMATILHO2O0

oemexmopa (3.6) npu € = 0,2. Ha 1npomMy pHCYHKY IITPHUXOBAHUMHU JIIHISIMU

BUJIUVICHO MaT4i, 5Kl 3a (3.6) € nmpaBWIBHUMHM CIIpallbOBYBaHHsIMHU (true positives,

TP, 3enenuit konip) Ta xubHumMu npomnyckamu (false negatives, FN, xoBTuit komip).

Ha ocHOBI 11ux BHUSBJIEHb OOYUCITIOIOTHCSI METPUKH TOYHOCTI (4.1), moBHOTH (4.2) 1

mipa F; (4.3). Orxe, npu €= 0,2 ana knacy MmaruiB (4, 1) koHdpopmHuUit

aHoMaJIbHHM neTekTop (3.6) 3a MeTpukoio moBHOTH (recall) cmpairoBaB Ha 75 %:

BUSIBJICHO OUIBIIICTh OYIKYBAaHHUX HIAO3PUIMX MaT4iB. 32 METPUKOIO TOYHOCTI
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(precision) anroputm crparoBa Ha 100 %. Mipa F qis kiacy (4, 1) nopiBHioe
0,86, 1110 € 03HAKOIO TOTO, 1110 HA JAHOMY KJIacl MaT4iB I€TEKTOP CHPALIOBaB rapHoO,

aJIC BCC OJHO € MOJKJIMBOCTI IJIA IIOKpAaICHHSA PE3YyJIbTAaTy.

a,, class (4, 1)
5 T i} T T T T

Pucynok 4.10 — XapaxkTepucrtuka ai, oouucieHa 3a ¢popmyoro (3.2) amus

MatuiB Kjacy (4, 1)

P class (4, 1)

0.7 -
0.6 -

0.5 -

fixed
0.3 - FN
TP

0.2 \I/ V) M
0.1 | | | | | |

0 2 4 6 8 10 12 14 16

Pucynox 4.11 — Xapakrepuctuka py 1uist MatdiB kiacy (4, 1), obuncnena 3a
Miporo HeKoH(popMHOCTI (3.2) 1 pe3yJIbTaTH BUSBJICHHS IT1I03pUIMX MaTUiB MPH

€ = 0,2 3a npaBusioM KOHGOPMHOTO aHOMAJIBLHOTO JeTekTopa (3.6)
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Ha puc. 4.12 noka3zaHo pe3yJbTaTy BUSBJICHHS M1A03PUIMX MaT4iB JJIsl KJIacy
(4, 1) 3a mpuHuUOM, CHOPMYIBOBAHUM JJIsl cmenenegozco mapmuneany (3.12) 3
napaMmeTpoM uyTiauBocTi 1 = 0,8, o04MCIeHMM 3a paHilie po3MITHYTUMU
3HAYEHHSAMHM CTYyNEeHIB KOH(pOpMHOCTI. J[0JaTKOBO /10 MO3HAYEHb, TPUUHATUX Ha
puc. 4.11, na puc. 4.12 MTPUXOBAaHUMU JIHISIMH YEPBOHOTO KOJHOPY BHUIIICHO
MaTyi, Kl € XuOHUMU crpanboByBaHHsIMHU (false positives, FP). 3a merpukoro
noBHOTH (recall) anroputm crpairoBaB Ha 100%: BUSIBIEHO BC1 OUIKYBaHI1 IM1J103pLTi
MaTdi. 3a METPUKOI TOYHOCTI (precision) aiaroputm crpaimroBaB Ha 80%: Bci
OYIKYBaH1 MaTyl BUSIBJICHO, ajie MPUCYTHI i XuOHI BusABIeHHs. Mipa F; 1i1s kiacy
(4, 1) nopisntoe 0,89, To6T0 mpasuio (3.12) nans knacy (4, 1) nano pe3yabTartu, Kl
€ KpaluMMH, HIX Y KOH()OPMHOTO aHOMAaJbHOTO JETEKTOpa, ajieé BCE OJIHO €
MOXJIMBOCTI JIJIsl TOKpAILlEHHS. Y TOPIBHSHHI 3 pe3yibTaTaMd KOH(OPMHOIO
aHOMaJILHOTO JIETEKTOpa, OTPUMAaHWMU IPU BUKOPUCTAHHI MIpH HEKOH()OPMHOCTI
(3.2), moTOYHI pe3yabTaTH MOTIPIIUIUCH 32 METPUKOIO TOYHOCTI (3MEHIIECHHS 10
80%), asie MOKpaIWINCh 32 METPUKOIO MOBHOTH (3pocTtanHs 10 100%). Bognouac,
3a METPUKOI [; TIOTOYHI pe3ylbTaTh € TPOXH KpAIIMMH, HIDK pe3yJbTaTu

KOH(i)OpMHOI‘O AHOMAJIBHOT'O ACTCKTOpA.

MO®), class (4, 1)

Pucynok 4.12 — Xapakrepuctuka M ,En) JUTst MaT4iB Kiacy (4, 1) 1 pesynasTatu

BUSIBJICHHS M1103pUTKMX MaT4iB npu 1) = 0,8 3a mpaBUIOM CTENIEHEBOTO

Maptunrana (3.21)



141

Ha puc. 4.13 HaBeeHO pe3ynbTaTH OOUYHUCICHHS 1IHTErpaIbHOTO MApTHUHT ATy
(3.13) nns knacy matuiB (4, 1), o0urciieHNM 32 paHillie PO3TJISHYTUMU 3HaUYCHHIMU
cTyneHiB KoHpopmHocTi. s kitacy maTdiB (4, 1) 3a METO/IOM BUSIBJICHHS] HA OCHOBI
iHTerpayibHoro Maptunrany (3.22) 3a merpukor mnoBHoTH (recall) amroputm
cupairoBaB Ha 75 %: BHUSBICHO OLIBIIICTh OUYIKYBaHUX IMJIO3PIIUX MaTdiB. 3a
METPHUKOIO TOYHOCTI (precision) aJropuTM cripaiioBaB Ha 75 %: BCl O4iKyBaH1 MaTyi
BUSBIICHO, ajle NPHUCYTHI XHMOHI crhpanpoByBaHHsA. Mipa Fi mnsg knacy (4, 1)
nopiBHIOe 0,75, 110 € 03HAKOIO TOTO, IO METO,T BUSBIICHHS Ha OCHOBI IHTETPAJIbLHOIO
MapTuHrany (3.22) cropairoBaB HOpMaJIbHO, aji€ € MOKJIMUBOCTI JIJIsl TOKpaIeHHs

pe3ynbTary.

M,, class (4, 1)

1 ]

Pucynok 4.13 — Xapakrepuctuka M, s MatdiB kiacy (4, 1) 1 pe3yabratu

BUSIBJIICHHSI M1103PUIMX MaT4iB 32 MIPaBUJIOM IHTETpaJIbHOrO MapTuHrana (3.22)

Posrisitnemo pe3ynbTatv, OTpUMaHi MpU BUSABICHHI aHOMAJIbHUX MaT4iB 3a
riCTOrpaMo0 PI3HMIL M S4IB JUIsl MOTOoyHOro kiacy. Ha puc. 4.14 moxazaHo
ricrorpaMy pi3HUIIb M’SYIB s Kjiacy wMatdiB (4, 1), Ha sKiii 3a piBHEM
aHOMaJbHOCTI p4 = 0,2 BU3HAYEHO aHOMAJIbHI Pi3HUII M s4iB. B JaHOMYy BUTIAIKY,
aHOMAJIbBHUMHU PI3HULSAMH M’ s14iB BUSIBUIIMCH —2, 1 13. Takox Ha puc. 4.14 nokazaHo
pe3yibTaTH BUSBICHHS aHOMAJIbHMX MAaT4iB 3a M€ TICTOTPaMOI0: 3€JIEHUMHU

MITPUXOBAHUMU JIIHISIMA BUAUICHO MaT4i, sIKI MalOTh Pe3yjbTaT, IO BIAMNOBIIAE
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YEepBOHUM CTBOIILISIM Ha TICTOrpaMi 1 IpH LIbOMY BIJIMIYEHI SK AIMCHO aHOMaJbHI
Matul (true positives, TP, 3eneHuil Komip), YEPBOHUMH IITPUXOBAHUMU JIHISAMHU
BUJIUICHO MaT4i, SIKi MalTh Pe3yjbTaT, 110 BIJMOBIJa€ YEPBOHMM CTBOIIIISM Ha
rictorpami 1 mpu LbOMY HE BiaMiIYeH1 ik aHoManbH1 Matul (false positives, FP,
yepBOHUI Koip). Ha ocHOBI mux BUSIBIEHBb, TaK caMo, SIK 1 Jyis mpaBuia (3.22),
OOYMCIIOIOTHCSI METPUKU TOYHOCTI (4.1), moBHOTH (4.2) 1 Mipa F (4.3). Otxe, mis
KJjacy MatyiB (4, 1) 3a METOJIOM BUSBJIEHHS Ha OCHOBI TiCTOIPAMH PI3HULIL M’ SYIB
MOTOYHOTO KJIACY MaT4iB 3a METPUKOIO MOBHOTH (recall) cmpamroBaB Ha 67 %: 3
BUSIBJICHUX MAaTyiB OLIbIlIa YaCTHHA € OYIKyBaHMMH MIJO3PLIMMHU MaTdyamu. 3a
METPUKOI0 TOYHOCTI (precision) aiaroput™ crpamoBaB Ha 50 %: MNOJOBUHY
OUIKyBaHMX MaT4iB BUsABIEHO. Mipa F mis kimacy (4, 1) mopisutoe 0.571, ToOTO
BUSIBJICHHSI 32 T1CTOIPaMOIO Pi3HUIb M sI4iB IS Kiacy (4, 1) pano pe3ynbrartu, siKi

NOTPeOYIOTh yI0CKOHAJIEHHS.

04 Results Histogram, class (4,1), level = 0.2

03 7

YacTtoTa nosisu
y knaci matuis (4,1)
o
N
T
1

Al IE T
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HasaBHi pisHuui ronis
BusaBneHHA aHOManbHUX MaT4iB 3a ricTOrpamoro pi3HuLb ronis
e=0.2

1r B

= FP I
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Homepwn matyiB B Tabnumui knacy matuis (4,1)
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FN
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Pucynok 4.14 — I'ictorpama pi3HUI M’ SI4IB AJ11 MaTyiB kinacy (4, 1) 1

pE3ybTaTH BUSBIECHHS MMII03PUINX MaTYiB 3a II€I0 T1CTOrPaMOI0

INicTrorpamu pizauIe M g4iB st matdiB kinaciB (1,4) 1 (4,1) MakcumaabHO

BIJIPI3HSIIOTBECA MK COOOIO0 y MOPIBHSHHI 3 IHIIUMH «CUMETPUYHHMI» KIIACaMH,
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TOMY BOHM U OyJid oOpaHi JJisl IEMOHCTpaIlil 0COOJIMBOCTEN pOOOTH PO3POOJICHHUX

METO/IIB.

4.2 IlopiBHSLIbHMH aHAJI3 PO3P00JIEHUX METOAIB 32 JAHUMHU MOJEJIbHOI0

Ce30HYy

OuiHky e(EeKTUBHOCTI pPe3yJIbTAaTIB BUSBJICHHS MAaT4iB, MIJO03pPUIMX Ha

(ikcoBaHMIl pe3ysbTaT, 3a rICTOrPaMoI0 PI3HULL M SYIB KJacy MaTyiB MOTOYHOTO

MOJICIBHOTO CE30HY 3a pPIBHSAMU aHOMalbHOCTI naHux py = 0,2 ta py = 0,3

HaBeJIeHO B Ta0u1. 4.3. Po3rIisiHyTI MOJI€NIbHI C€30HU C(POPMOBAHO 32 AIITOPUTMOM,

HABEJICHUM Yy PO3iTi 2, BAKOPUCTOBYIOUH JIaHi peanbHoro ce3ony 2013-2014 pokis

Jlirn Il ®panmii. Po3aMiTka 1aHWX BUKOHVETHCS 34 TiCTOrpaMaMy PI3HUIL M’ S4iB
paHIy A y p p 10

KJIaciB MatuiB, oTpuMaHuMu 3a 100 moznenbHUX ce30H1B (puc. 2.12).

Ta6muis 4.3 — O1iHkY ePeKTUBHOCTI Pe3yiIbTaTiB BUABJICHHS MaTUiB, M1A03P1IHX

Ha (IKCOBaHUI pe3yJIbTaT, 3a TICTOrpaMaMy PI3HUIIb M S4iB KJIACiB MaT4iB

MIOTOYHOTO CE30HY

O6csr pa=0,2 pa =03

Kuac 3“61‘\11"‘“’ TP | FN |FP | P R Fi |TP|FN|FP| P R F
(LD 12 0 2 1 0% 0% 0 2 0 1 67% 100% 0,8
1,2) 16 0 0 3 | Hemae anomanpHux MaTuiB | 0 0 3 | Hemae aHOMalibHUX MaT4iB
(1,3 35 2 6 2 50% 25% 033 | 2 6 2 50% 25% 0,33
(1,4 16 3 1 0 100% 75% 0,86 | 4 0 0 100% 100% 1
2,1 16 2 0 1 67% 100% 0,8 2 3 1 67% 40% 0,5
(2,2) 12 0 0 1 | Hemae anomanpHux MaTuiB | 0 3 3 0% 0% 0
(2,3) 32 5 0 0 100% 100% 1 8 0 0 100% 100% 1
2,4 16 3 0 0 100% 100% 1 3 3 0 100% 50% 0,67
3,1 32 6 0 0 100% 100% 1 6 4 0 100% 60% 0,75
(3,2) 32 1 5 4 20% 17% 0,18 | 5 5 0 100% 50% 0,67
(3,3 56 5 0 4 56% 100% 0,71 | 9 0 0 100% 100% 1
(3,4 32 2 5 3 40% 29% 033 | 2 5 3 40% 29% 0,33
4,1 16 2 2 1 67% 50% 0,57 | 3 2 1 75% 60% 0,67
4,2) 16 3 0 0 100% 100% 1 3 3 0 100% 50% 0,67
4,3) 32 4 2 1 80% 67% 0,73 | 7 0 0 100% 100% 1
4,9 12 1 2 1 50% 33% 0,4 2 2 1 67% 50% 0,57

Cepe/Hi XapaKTepUCTHKH 66% 64% 0,64 78% 61% 0,66

Businenns matuiB, migo3piiaux Ha (piKCOBaHUM pe3yabTat, B CBOIO Yepry, 3a

MM METOJIOM BIIOYBA€THCA 3a TICTOIpaMaMU PI3HMIL M’ SYiB KJIACiB MaT4iB,
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noOyJIOBaHUMHU JIUIIIE 32 TOTOYHUM CE30HOM. KOMIpKHM y CTOBMISIX METPHK
TO4HOCTI P, R 1 F; MaloTh [lala30HHE YOTUPbOX-KOJIbOpPOBE 3adapOyBaHHI.
YepBoHnuM KoJb0poM 3adapOoBaHi KOMIpKH 31 3HaYeHHAMH 3 aianaszony [0,4; 0,6)
a6o [40 %; 60 %). ITomapanueBUM KOJIHOpOM 3ahapOoBaH1 KOMIPKHU 31 3HAUEHHIMHU
3 miama3ony [0,6; 0,75) abo [60 %; 75 %). ’KoBTuM Komb0pOoM 3adpapOoBaHi KOMIpKH
31 3HaueHHaMH 3 gianazony [0,75; 0,9) a6o [75 %; 90 %). 3eneHUM KOJILOPOM
3adapOoBaH1 KOMIpKH 31 3HaUeHHSAMU 3 Aiana3zony [0,9; 1] ado [90 %; 100 %].

Sx BumnuBae 3 Tabn. 4.3 3a piBHAMU aHOMAaJIbHOCTI daHux py = 0,2 Ta
p4 = 0,3 ricTorpamMHHMil METOJ BHSBJICHHS aHOMAJIA MPOJAEMOHCTPYBAaB HU3BKY
AKICTh pOOOTH, TPUYOMY 32 METPHUKOIO F| AKICTh poOOTH B 000X BHUNAIKAX € B
CEpeIHbOMY MaiKe OJTHAKOBOIO.

30kpema, y pe3yiibTarax 3yCTpPIUaeThCsl Taka yHIKaJbHA CUTYyallis: y Kjacl
(1, 1) anroput™m He BUSBUB >KOJHOTO CIPABKHHOTO aHOMAJILHOTO MaT4dy. 3 I[bOTO
MOXHa 3pOOUTH BHCHOBOK, IO TICTOTpaMa PIi3HUIIL M S4iB IO KJIacy MaTdiB,
YTBOPEHA JIMILE 33 MOTOYHUM CE30HOM, MOXXE CYTTEBO BIJIPI3HATHCH BiJ TaKoOi
rictorpamu, mooyioBaHoi 3a 6ararbma ce3onamu. Lle, B cBOIO 4epry, nMpu3BOIUTH
JI0 TOTO, IIT0 aHOMAJIbH1 MaT41, BU3HAYCHI 3a T1ICTOrpaMoOI0 PI3HUIL M’ I4iB 0araThoX
CE30HIB, 32 MEBHOTO PiBHS aHOMAJIbHOCTI MOXYTh BBaXKaTUCh HEAHOMAJIbLHUMHU 32
TiCTOTrPaMOI0 Pi3HUI M’ SYiB TOTOYHOTO CE30HY.

HeoOxigHo TakoX BIAMITUTH, 10 IIJIBUIICHHS PIBHI aHOMAJIbHOCTI
MIPU3BEJIO B CEPEAHBOMY JIO MiABUILCHHS SKOCTI BUSBJICHHS 32 METPUKOIO TOUHOCTI,
a TaK0>X 3MEHIIEHHIO SIKOCT1 32 METPUKOIO MOBHOTHU. L{e 00yMoBIEHO THM, 1110 TIPH
301TBIIICHH] PIBHA aHOMAJBLHOCTI P4 301IBIIYETHCS KUTHKICTh AHOMAITBHUX JaHUX Y
BUOIPII 1, BIAMOBIAHO, 3MEHIIYEThCS KUTBKICTh HEAHOMAJIbHUX pe3ynbrariB. lle
MIPU3BOIUTE 10 30UTBIICHHS MPAaBWJIBHUX BUSABJICHb aHOMallii TP Ta 3MeHIeHHs
XUOHUX BUsBIEeHb aHoManiid FP y Bupasi (4.1), mo gae 30UIbLIEHHS METPUKH
TOYHOCTI. | HaBmaku, 31 30UTBIICHHSAM Y BUOIPIIl aHOMAIBHUX JaHUX 30UIBITYETHCS
KUIBKICTh XUOHUX BUSBJICHb HOpMaIbHUX JaHuX FN y Bupasi (4.2), 110 npu3BoIuTh

0 3MCHIICHHS METPUKA TMOBHOTU. Ili 3aKOHOMIPHOCTI B MOJAIBIIOMY
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MPOCTEKYIOTHCA B YCIX aJrOPUTMaX BUSABJIEHHS MaTYiB, MA03pUIMX HA (PIKCOBaHUM
pe3yJbTart.

OuiHkd e(peKTUBHOCTI 3aCTOCYBaHHS Ha PI3HUX Kjacax MaTryiB METOIy
BUSIBJICHHSI MATYiB Mi103p1uX Ha (DIKCOBAHUMN pe3ysIbTaT HA OCHOBI KOHPOPMHOIO
aHoMmasibHOTO JnerekTopa (3.6) mpu Mmipi HekoHpopmHOCTI (3.2), HaBeAeHO B
Tab1. 4.4. Pe3ynbrati HaBEJICHI JIJIs IBOX BUIMAAKIB PO3MITKH JaHUX: TIPU PO3MITII
Ha piBHAX aHoManbHOCTI py = 0,2 Ta p, = 0,3. 3HaUEHHS TOPOTY AHOMAJIBHOCTI €
o0paHO 3a IPaBHIOM € = P, Y BIAMOBIAHOCTI JI0 pEKOMEHIAIlIM IIO0J0 Iopora
aHOMAaJILHOCTI 3 po3aAuTy 3.2. KoMipKH y CTOBIIISX METPUK TOYHOCTI P, R, F'| MatOTh

TaKe X KOJb0poBe 0OpMIICHHS, 10 i B Ta0m. 4.3.

Tabmuus 4.4 — Oninku epeKTUBHOCTI METOLY BUSBIICHHS MaTyiB, I1103pLIUX HA

(p1KCOBaHMI pe3yJIbTaT, HA OCHOBI KOH(OPMHOTO aHOMAJIBHOTO JeTeKkTopa (3.6)

Pk <gée= Pa
O6csr pa=0,2 ps =03

Kirac 3“611\1;”‘“’ TP |FN |FP| P R Fi |TP|FN|FP| P R Fi
1,1 12 2 010 100% 100% 1 2 0 1 67% 100% 0,8
(1,2) 16 0 0 0 | Hemae anomanpamx mat4iB | 0 0 0 | Hemae anoManpbHHX MaT4iB
1,3) 35 1 710 13% 100% 0,22 | 8 010 100% 100% 1
1,4 16 3 1 0 75% 100% 0,86 | 4 010 100% 100% 1
2,1 16 2 010 100% 100% 1 2 3 0 100% 40% 0,57
2,2) 12 0 0 2 | Hemae anomanpaux MatuiB | 0 3 2 0% 0% 0
(2,3) 32 5 010 100% 100% 1 8 010 100% 100% 1
2,4 16 3 010 100% 100% 1 3 3 0 100% 50% 0,67
(3,1 32 6 010 100% 100% 1 6 | 410 100% 60% 0,75
(3,2) 32 1 5 14 20% 17% 0,18 | 5 5 0 100% 50% 0,67
(3,3) 56 5 0 | 4 56% 100% 0,71 | 9 010 100% 100% 1
(3,4 32 2 5 0 100% 29% 044 | 7 010 100% 100% 1
4,1 16 3 1 0 100% 75% 0,86 | 4 1 0 100% 80% 0,89
4,2) 16 3 010 100% 100% 1 3 3 0 100% 50% 0,67
4,3) 32 6 010 100% 100% 1 7 010 100% 100% 1
4,4 12 2 1 0 100% 67% 0,8 3 1 0 100% 75% 0,86

CepeHi XapaKTepUCTHKH 83% 85% 0,79 91% 74% 0,79

[TinBumeHHs piBHS aHOMAJIBHOCTI IPU3BEJIO B CEPEIHBOMY O IMiJIBUIICHHS
SKOCT1 BHSIBJICHHSI 32 METPHUKOIO TOUYHOCTI Ha 8%, a TaK0oX 3MEHIICHHIO SIKOCTI 32
MeTpuKol0 ToBHOTH Ha 11% y mnopiBHsHHI 3 BumaakoMm py = 0,2. ITokazHuk

METPUKH F| y cepeTHbOMY HE 3MIHUBCSL.
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VY tabnuui 4.5 HaBeleHO OLIHKM €(EKTHUBHOCTI 3aCTOCYBAaHHSA Ha PI3HUX
KJIacax MaT4iB METOJY BHSIBJICHHS MaT4iB, MMJ03pLIMX Ha (DIKCOBAaHUM pe3yJIbTarT,
Ha OCHOBI cTeneHeBux MapTuHraniB 3 1 = 0,2 Ta = 0,5 3a onucannM npaBuIoM
(3.21) npu mipi HekoHpopMHOCTI (3.2). Po3miTka maTdiB BigOyBajlach Ha piBHI
aHoMmasibHOCTI P4 = 0,2. KoMipku y CTOBHISIX METPUK TOYHOCTI P, R, F; MaiOTh

TaKe X KOJbopoBe 0OpMIIEHHS, 110 i B Ta0. 4.3.

Ta6muis 4.5 — OniHKY ePeKTUBHOCTI METOAY BUSBIICHHS MaT4iB, IMI03PUIMX HA
(dikcoBaHMi pe3ysbTaT, HA OCHOBI CTeNeHeBUX MapTuHraiis 3a (3.21) npun = 0,2

tan = 0,5 mpu piBHI aHOManbHOCTI P4 = 0,2

Obesr M? >y MO > mY
Knac | Bubipkw,
N TP | FN | FP P R F TP | FN | FP P R F

(1,1) 12 0 2 0 0% 0% 0 2 0 0 100% 100% 1,00
(1,2) 16 0 0 0 | Hewmae anomanpHux MatdiB | 0 0 | 16 | Hemae aHOMaJIbHUX MaTyiB
(1,3) 32 1 7 0 100% 13% 0,22 7 1 0 100% 88% 0,93
(1,4) 16 2 2 0 100% 50% 0,67 3 1 0 100% 75% 0,86
(2,1) 16 2 0 0 100% 100% 1 2 0 0 100% 100% 1,00
(2,2) 12 0 0 0 | Hemae anomanpHux MaT4diB | 0 0 2 | Hemae aHOMaJIbHHX MaT4iB
(2,3) 32 3 2 0 100% 60% 0,75 5 0 0 100% 100% 1,00
2,4) 16 1 2 0 100% 33% 0,5 3 0 0 100% 100% 1,00
(3,1 32 2 4 0 100% 33% 0,5 6 0 0 100% 100% 1,00
(3,2) 32 1 5 0 100% 17% 0,29 1 5 4 20% 17% 0,18
(3,3 56 5 0 0 100% 100% 1 5 0 4 56% 100% 0,71
(3,4 32 2 5 0 100% 29% 0,44 7 0 0 100% 100% 1,00
4,1) 16 2 2 0 100% 50% 0,67 3 1 0 100% 75% 0,86
4,2) 16 2 1 0 100% 67% 0,8 3 0 0 100% 100% 1,00
4,3) 32 3 3 0 100% 50% 0,67 6 0 1 86% 100% 0,92
4,4 12 1 2 0 100% 33% 0,5 2 1 0 100% 67% 0,80

CepenHi XapakTepUCTHKH 93% 45% 57% 90% 87% 88%

VY pesynbrarax, oTpuManux 3a npaBwioM (3.21) meTtpuka ToyHOCTI (P) B
nepeBaxkHii OubmIocTi curyaiiil carae 100 %, ToOTO mpu 3HAYEHHSX MapaMeTpa
n=0,2 ta n=0,5 yyTaUBOCTI MpaBWJIO CTEMEHEBOIO MapTHHTala J03BOJIE
BUSIBUTH CaM€ aHOMaJIbHI MaT4l y OUTBIIOCTI KJIaciB MaTYiB.

ITpu upomy, npu n = 0,2 cepeqHe 3HaYCHHSI METPUKA MOBHOTU R JOPIBHIOE
45%, TOOTO € HU3BKUM 1 HE € YYTIMBUM JI0 aHOMAaJIbHUX pe3yJibTariB MaTyiB. [Ipu
n = 0,5 merpuka moBHOTH miaBUITYeThCSA HA 40%, TOOTO 3 T ABUIIICHHSM 3HAYCHHS

N ME€TOA CTAa€ 3HAYHO O1TbII YYTIUBHUM OO0 daHOMAJIbBHUX MaT4iB.
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3a Mipoto F'; criocTepiraeThes Taka xx Tenjeiis. [Ipu n = 0,2 3HaueHHs Mipu
F\ nopisaroe 57%, mo o0yMOBI€HO HU3bKUM 3HaYCHHSIM MeTpuku R. [Ipun = 0,5
3HaueHHsA Mipu F| migBuiyeThess 10 88%, 10 BUKIMKAHO PI3KUM 3pOCTaHHSIM
meTpukn R. HaBeneHi pe3yibTaTu IEMOHCTPYIOTHh BIUIMB MapameTpa dyTIHBOCTI
CTENICHEBOTO MapTHUHTANa 1 Ha METPUKy R, SKa XapaKTepus3ye UyTJIHUBICTh
QITOPUTMY BUSBIICHHS] HA OCHOBI CTEIIEHEBOI'0 MapTUHTAJIA.

Taxox y pe3yabTaTax NpUCyTHS YHIKaJIbHa cuTyauis: y kiaci (1,1) anroputm
npu 3HadeHH1 1| = 0,2 He BUSBUB >KOJHOTO aHOMAJIBHOIO MaTdy. 3 LOI'0 MOXHA
3pOOUTH BUCHOBOK, 10 TMpu 3HaueHHI 1 = 0,2 MeToa Ha OCHOBI CTENEHEBOIO

maptuHrana (3.21) He 37aTHUN BUSBIATA aHOMaJbHI Matyi, p-value sKuX
2 : .
Pk < E~0’167‘ 3 i”moro OOKy, y BUMaAKy 3 kjacamu MmartdiB (2,1) ta (3,3),

YYTJAUBICTh aJTOPUTMY BHUSBHWIACH JTOCTAaTHBOIO JJII TOTO, IO BHUSBUTH BCi
HEOOX1THI MaT4i 1 He 3pOOUTH XMOHUX BUSBIICHB: 3HAYCHHSI METPUK TOYHOCTI (P) Ta
noBHOTH (R) csaratoth 100%, 1 BinnoBigHo mipa F; = 1.

VY 1ab:. 4.6 HaBeACHO OLIIHKH €(PEeKTUBHOCTI 3aCTOCYBAaHHS Ha PI3HUX KJacax
MaT4iB METO/Ty BUSBIICHHS MaT4iB, M1J03PUINX HA PIKCOBAHMI pe3yJIbTaT, HA OCHOBI
creneHeBoro Maptuhranry 3 1 =08 (3.21), oOuucieHoro npu Mipi
HekoH(popmHocTi (3.2). Po3miTka MaryiB BigOyBasiiach Ha PIBHSIX aHOMAaJIbHOCTI
ps = 0,2 Ta py = 0,3. Komipku y cToBmusx tadn. 4.6 metpuk TouHocti P, R 1 F|
MaroTh TaKe X KOJIbOPOBE 0(hOpPMIICHHSI, IO i B Ta0m. 4.3.

[Ipu BukopucranHi creneneBoro Maptunraany 3 =08 1 py, =02 y
MOPIBHSHHI 3 pe3yJibTaTaMu, HaBeJeHUMH B TaOmuil 4.5, BiaOynocs 30UIbIICHHS
MMOKa3HWKa METpHKH TOBHOTH 10 100% 1o BciM KiacaM MaTdiB, 3MCHIICHHS
MOKa3HHWKA METPHUKU TOYHOCTI Ha 19%, aje Moka3HUK METPUKH F'| IMiABUIIUBCS Ha
0,27. OTxe, mpu 30UIBIICHH] MMapaMeTpa YyTJIMBOCTI 1) BiOYBa€ThCs 301IbIICHHS
MOKa3HUKa METPUKU MOBHOTHU. [Ipu 3HauenHi mapamerpa uyrTiauBocTi 1 = 0,8 1
ps = 0,3 Takox BiIOyBae€ThCs 30UIBIICHHS TMOKAa3HUKA METPUKH TOYHOCTI 1
3HIKEHHS] METPUKH TOBHOTH, aJI€ BOHU MPUHMAIOTh OM3bK1 BUCOKI 3HaueHHS (86%

Ta 85% BIAMOBIAHO), @ 3HAYEHHS MapaMeTpa METPUKHU F'| HE 3MIHIOETHCS.
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Tabmuus 4.6 — Oninku epeKTUBHOCTI METOAY BUSABIICHHS MaTyiB, IM1103pLIUX HA
¢bikcoBaHMil pe3yabTaT, HA OCHOBI cTeneHeBoro Maptunrany (3.18) mpun = 0,8,

o0uHrcIIeHnX JIs PiBHIB aHOMaJbHOCTI Py = 0,2 Tapy = 0,3

> W
O6car py=0,2 pys =03

Kna 3“611}”‘“ TP |FN |FP| P R F, |TP|FN|[FP| P R F
a,1 12 2 10 1 67% 100% 0,8 2 10 1 67% 100% 0,8
1,2) 16 0 0 | 0 | Hemae aHomanbHux MatuiB | 0 0 0 | Hemae aHOMambHUX MaT4iB
1,3) 35 8 0 ]2 80% 100% | 0,89 | 8 | 0 | 2 80% 100% | 0,89
1,4 16 4 1010 100% 100% 1 4 1010 100% 100% 1
2,1 16 2 1013 40% 100% | 0,57 | 5 010 100% 100% 1
2,2) 12 0 0 | 2 | Hemae aHomanbHux MatuiB | 0 3 12 0% 0% 0
(2,3) 32 5 0 |3 63% 100% | 0,77 | 8 | 0 | O 100% 100% 1
(2,4 16 3 010 100% 100% 1 3 310 100% 50% 0,67
3,1 32 6 10 | 4 60% 100% | 0,75 |10 | 0 | O 100% 100% 1
(3,2) 32 6 10 | 4 60% 100% | 0,75 |10 | 0 | O 100% 100% 1
(3,3) 56 5 0 | 4 56% 100% | 0,71 | 9 | 0 | O 100% 100% 1
(3,4) 32 71013 70% 100% | 0,82 | 7 | 0 | 3 70% 100% | 0,82
4,1 16 4 10 1 80% 100% | 0,89 | 5 010 100% 100% 1
4,2) 16 3 010 100% 100% 1 3 310 100% 50% 0,67
4,3) 32 6 10 | 4 60% 100% | 0,75 | 7 | 0 | 3 70% 100% | 0,82
4,4 12 3 010 100% 100% 1 3 1 0 100% 75% 0,86

CepenHi XapaKTepUCTHKH 74% 100% 0,84 86% 85% 0,84

Bonnouac, Oyna mepeBipeHa yMOBa €KBIBaJEHTHOCTI METOJy Ha OCHOBI
KOH(GOPMHOTO aHOMAJILHOTO JIETEKTOpa 1 CTENEHEBOTr0 MapTUHTAJIa, 110 JOBEICHA Y

paMKax TBEp/DKEHHS B miApo3aim 3.3 1 Mae BUTTIS:

g =i,

I[Ipu N =0,8 maemo €= 0,32768. Po3paxoBaHi TMOKa3HUKA METOAA
BUSIBJICHHSI HA OCHOB1 KOH()OPMHOTO aHOMAJILHOTO JICTEKTOPA TIOBHICTIO CITiBITAJIH 3
MTOKa3HMKaMH METOa BUSBJICHHS Ha OCHOBI CTETICHEBOTO MapTHHTAJIA.

VY Tabmn. 4.7 HaBeeHO OIIHKY €()EeKTUBHOCTI 3aCTOCYBAHHS HA PI3HHUX KIlacax
MaT4iB METO/Iy BUSBJICHHS MaT4iB MiA03pUTNX Ha (PIKCOBAHMUI pe3yIbTaT HA OCHOBI
IHTerpaJibHOr0 MapTuHrany (3.22), o0uuciaeHoro npu Mipi HekoHpopmHocTi (3.2).
Po3miTka maT4iB BijOyBajiach Ha piBHSX aHoMmaibHOCTI py = 0,2 ta py = 0,3.
KoMipku y cToBmisix MeTpuk TouyHOCTI P, R 1 F; MaloTh Take * KOJbOPOBE
odopmIieHHS, 110 i B TabI. 4.3.

[Ipu BUKOpHCTaHHI IHTETPAJIBHOIO MAapTUHTATY IMPHU PIBHI aHOMAJbHOCTI

ps = 0,2 nmocsAraroTbcsi BHCOKI TOKAa3HUKHM BCIX PpO3MISHYTHX MeTpuk. Ilpu
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3017IBIIEHH] PIBHS aHOMAJIBHOCTI B1IOYBA€THCS 301IBIICHHS MOKAa3HHKA METPHUKU

TOYHOCTI Ha 9% 1 3HMKEHHS MOKa3HUKIB METPUK NOBHOTH Ha 17% Ta F Ha 0,05.

Tabnuus 4.7 — Oninku epeKTUBHOCTI METOLY BUSBIICHHS MaTyiB, MM1103pLIUX HA
¢ikcoBaHMi1 pe3yJbTaT, HA OCHOBI IHTETPAILHOTO MapTUHTAIY (3.22), 00YMCIeHNX

JUIS1 piBHIB aHOMaIbHOCTI py = 0,2 Tap, = 0,3

My > My_4
O6csr Py =0,2 ps=0,3

Knac B“%"K“ TP |FN|[FP| P R Fi |TP|FN|FP| P R F
(LD 12 1 1 0 100% 50% 0,67 | 1 1 0 100% 50% 0,67
1,2) 16 0 0 0 | Hemae aHomanbaux maruiB | 0 0 0 | Hemae aHOManIbHUX MaT4iB
(1,3) 35 7 1 2 78% 88% 0,82 | 7 1 2 78% 88% 0,82
(1,4 16 4 010 100% 100% 1 4 1010 100% 100% 1
2,1 16 2 0 1 67% 100% 0,8 3 2 10 100% 60% 0,75
(2,2) 12 0 0 | 2 | Hemae anomasibHuX MaTyiB | 0 3 12 0% 0% 0
(2,3) 32 5 0 |2 71% 100% | 0,83 | 7 1 0 100% 88% 0,93
(2,4 16 3 00 100% 100% 1 3 310 100% 50% 0,67
3,1 32 5 1 2 71% 83% 077 | 7 | 3 | 0 100% 70% 0,82
(3,2) 32 5 1 4 56% 83% 0,67 | 9 1 0 100% 90% 0,95
(3,3 56 5 0| 4 56% 100% | 0,71 | 9 | 0 | O 100% 100% 1
(3,4 32 7 012 78% 100% | 088 | 7 | 0 | 2 78% 100% | 0,88
4,1 16 3 1 1 75% 75% 0,75 | 4 1 0 100% 80% 0,89
4,2) 16 3 00 100% 100% 1 3 310 100% 50% 0,67
4,3) 32 6 0|4 60% 100% | 0,75 | 7 | 0 | 3 70% 100% | 0,82
4,4 12 2 1 0 100% 67% 0,8 2 12 (0 100% 50% 0,67

CepeaHi XapaKTepUCTHKH 79% 89% 0,82 88% 72% 0,77

VY 1abmn. 4.8 HaBeeHO cepeIHI TOKAa3HUKHA METPUK TOYHOCTI, TOBHOTH 1 F} 115t
PO3IJISHYTUX METOJIB BHUSBICHHS MIIO3PUIMX IM0A0 (DIKCOBAHOTO pe3yibTaTy
MaTYiB MpPHU BUKOPUCTAHHI MIpU HEKOHPOPMHOCTI (3.2) Ta piBHIX aHOMAJIBHOCTI
pa=02Ttap, =0,3.

[Ipu BUKOpHCTAaHHI MPOCTOI MIPU HEKOH(POPMHOCTI Ha JAHUX MOJAEIBHOIO
CE30HY 3alpPOTIOHOBaHI METO/IU BUSBICHHS Ha OCHOBI KOH(POPMHOTO aHOMAJILHOTO
JIETEKTOPA, CTENIEHEBOIO0 MapTUHIay 1 IHTErpajJbHOTO MapTUHTaTy 3a0€3MeuyIoTh
BUTpAIlll IIOJ0 BHUSABICHHS MNOTEHIIHHO MIIO3PUIMX MaT4diB 3 (DIKCOBAaHUM
pe3yJbTaTOM y TMOPIBHSAHHI 3 BIJIOMHM TicTOrpaMHUM MeTojioM Ha 8%-17% 3a
METPHUKOIO TOUHOCTI, 11%-36% 3a meTpukoto noBHotH 1 0,11-0,20 3a MmeTpukoro F.

[Ipu BuKOpUCTaHHI MPOCTOI Mipu HEKOH(MOPMHOCTHI HA JAHUX MOJEITHHOTO

CE30HY 3aIlPOTIOHOBAHI METOJM BHSABJICHHS Ha OCHOBI KOH(OPMHOT'O aHOMAJILHOTO
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JETEeKTOpa ¥  IHTErpajbHOrO MapTUHTaly MaroTh OJM3bKI  MOKa3HUKU
(Biapi3HsAOTECS Ha 2%-4% 3a Merpukamu TodHOCTI 1 moBHoTH Ta 0,02-0,03 3a
METPUKOIO F') s pO3TIsSHYTUX piBHIB aHoMaiibHOcTel 0,2, 0,3 1 3a0e3medyroTh
TOYHICTh BUSIBIEHHS Ha 2%-9% Bule Yy MOPIBHSAHHI 13 METOJOM Ha OCHOBI
CHIenenes020 MapmuH2any py 3Ha4eHHI mapaMmerpa ayTiauBocTi 0,8. Pazom 3 Tum
ocTaHHIM MeTroj 3abe3neuye Burpam Ha 11-15% 3a MeTpukow MOBHOTH 1 Ha

0,02-0,07 3a MeTpuKOIO F1.

Tabnuus 4.8 — CepeHi MOKa3HUKU METPUK TOYHOCTI, ITOBHOTH 1 F'| PO3TIITHYTUX
METO/11B BUSIBJICHHSI MaTUiB, MM1JI03pIIMX Ha (DIKCOBAHUM PE3yNbTaT, IPU

BUKOPHUCTaHHI MipH HEKOH(OopMHOCTI (3.2)

pA=0,2 A=0,3
P R F P R Fy

66% | 64% | 0,64 ] 78% | 61% | 0,66

Meton

INicTorpamuuii Mmeto
MOITYKY aHOMaJIii

Kondopmuuii

AHOMAaJIbHUU JIETEKTOP 83% 85% 0,79 | 91% 74% | 0,79
IPpU Py < Py

CreneHeBui MapTurran | o 0. | 1000, | 084 | 86% | 85% | 0,84
mpun = 0,8

InTerpansaunit Mmaptunran | 79% 89% 0,82 | 88% | 72% | 0,77

VY tabmn. 4.9 HaBeieHO cepeIHI MOKAa3HUKHA METPUK TOYHOCTI, TOBHOTH 1 F} 11t
PO3IJIIHYTUX METOJIB BUSBICHHS MIA03PUIMX 00 (DIKCOBAHOTO pe3yibTaTy
MaT4iB MpU BUKOPUCTAaHHI MIpH HEKOHPOpPMHOCTI (3.3) Ta piBHI aHOMAJIBHOCTI
ps = 0,3.

[Tpu BUKOpUCTaHHI Mipy HEKOH(GOPMHOCTI 3 OKPYTJICHHSIM CEPEAHBOT PI3HUIII
M’SI9iB 3aIIPOIIOHOBAaHI METO/M BHUSBICHHSI Ha OCHOBI KOH(OPMHOTO aHOMAJIbLHOIO
JIETEKTOPA, CTETICHEBOTO MAaPTUHTAJY 1 IHTErpajJbHOTO MAPTUHTANY 3a0e3MeuyIoTh
ripil MOKa3HUKW, HIK MPU BUKOPUCTaHHI Mipu HekoH(popmHOocTi (3.2). binbi
YyTJIUBUMU 10 OKPYTJIIECHHS CEPEAHBOT PI3HULIL M’ SI4Y1B BUSIBUIIUCA METOU Ha OCHOBI

KOH()OPMHOT0 aHOMAJILHOT'O JIETEKTOPA 1 IHTETPAIbHOTO MAPTUHTAITY.
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Tabnuug 4.9 — CepeHi NOKa3HUKU METPUK TOYHOCTI, IOBHOTH 1 F'| PO3IIIIHYTUX
METO/11B BUSIBJIEHHS MATY1B IM1JI03p1IIMX HA (DIKCOBAHUI PE3yNIbTAT IPU

BUKOPHUCTaHHI Mipu HeKoHpopMHOCTI (3.3)

MeTton P P4 :RO'3 F
Kondopmuuii anomabHuit 1ETEKTOP 91% 62% 0.67
IpH Py < Pa
CreneneBuii maptunran npu n = 0,8 91% 81% 0,83
[HTErpanbHuii MapTUHTAI 87% 62% 0,69

CreneneBuil MapTHHraja npu mapamerpi gytiauBocti 1 = 0,8 3a0e3neuun
HaWKpal 3Ha4eHHs TTOKa3HUKIB METPUK TOYHOCTI, IOBHOTHU Ta F'| TIpU BUSBIICHHI
MaT4iB, TOTCHIHO MIA03pUINX Ha (IKCOBAHICTh Pe3yabTaTy. TaKUM YUHOM, JJIS
BUPIIICHHS MPAKTUIHUX 3a/a4y JIOIIJTBEHO BUKOPHCTOBYBAaTH

Mipy HEKOH(pOpMHOCTI (3.2).

4.3 AHaJi3 MeToiB BUAABJICHHSA MiZ03PIINX 1010 PIKCOBAHOCTI pe3yabTary

MAaT4iB 32 JaHUMH PeaJIbHOTO0 Ce30HY

TecTyBaHHS  PO3IJISHYTUX  METOJIB  BHUSBICHHS  MIJO3PUIMX  LIOJAO
(biKCOBaHOCTI pe3ybTaTy MaT4iB 0yJIO TAKOXK MPOBEJICHO HA pealbHUX JaHuX. [[is
uporo Oyino oOpaHo ce3on 2014-2015 pokiB Cepii B Irtami, ockuibku
MPAaBOOXOPOHHI OpraHW BCTAHOBWJIM, M0 KEPIBHUITBO KoMmaHau «KaTtaHis»
(Catania) opranizyBaJio JUIsl CBO€T KOMAHIU PsiJi IOTOBIPHUX MaT4iB cCaMe Yy IIbOMY

-12 . . . . .
ce30H1 -. MaTuli, sIK1 FOpUIMYHO BU3HAH1 JOTOBIPHUMHU, HaBeeH1 y Tadu. 4.10.

PosrnsyTi MaT4i Oynu OpraHi3oBaHI HAMPUKIHIN CE30HY, IO JO3BOJISIE

TOBOPUTH PO Te, 110 KoMaH 1a «KaTaHis» Malia Ha MeT1 TYpHIPHI LUIL: SIK MIHIMYM,

2 Press, A. (2015, June 30). Catania’s owner admits to match fixing in five Serie B games. The
Guardian. Retrieved 3 September 2023, from
https://www.theguardian.com/football/2015/jun/30/catania-match-fixing-serie-b
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KOMaHJla Hamarauach 30epertu ceOe BiJ MOXIIMBOI ydacTi y IUied-od maTdax 1
NepeBeACHHs] y HWXK4y Jiry. Takoxk, OedKl pe3ynbTaTH MaTdiB € JOCTaTHBO
BEJIMKUMH (3 PI3HMIICIO y 3 M’s4i), 10 MOXKE TOBOPUTH MPO MOKIMBUHN 3apOOITOK

Ha IIUX pe3yJibTaTax.

Tabnuus 4.10 — Jorosipui matui komanau «Katanis» y ce3oni 2014-2015 pokis

Cepii B Iramii
JlomamHsg komanaa | Bwuizna komaHza PesynbTar JlaTa mpoBeeHHS
Varese Catania 0:3 02-Apr-2015
Catania Trapani 4:1 11-Apr-2015
Latina Catania 1:2 19-Apr-2015
Catania Ternana 2:0 24-Apr-2015
Catania Livorno 1:1 02-May-2015

Ocratouna TypHipHa TaOmuis ce3oHy 2014-2015 pokiB Cepii B Itamii
HaBesieHa y Tabnuui 4.11. OmHiero 3 0coONMBOCTENM PE3yNIbTATIB PO3IIITHYTOTO
CE30HY € Te, 110 OaraTo KOMaH 1 3aBEPIININ OCHOBHUM 3aTIK TYPHIPY 3 OJHAKOBUMHU
3araJlbHUMHU OYKaMHU.

Ax Hacmigok, michas OQIMIHOTO 3aBEpIIeHHS Cce30Hy Biaoysnochk 10
J0IaTKOBUX (PyTOOJBHUX MaTyiB y cepiix Iuie-od Ta rueil-ayr. B ocHoBHOMY
3aJIiKy ce30Hy Bij0Oysocs 462 matyi. J[ig mojgaasIioro rpynyBaHHsS KOMaH OyIiio
BUKOPHUCTAHO JuIIe AaHl 3 Tabnuii 4.11, He BpaxoByrOUM pe3yibTaTH AOJATKOBUX
MaT4iB. Takoxk yepe3 BKazaHy O0COOJIMBICTh CE30HY JJIA TPYIMyBaHHSI HOTO KOMAaH]I,
KpIM 3arajibHUX o4oK p(t) KomaHj, OyJl0 BUKOPHUCTAHO TAaKOXK O3HAKYy 3arajlbHOl
pizHuI M’ s4iB gd(t).

Jist rpymyBaHHS KoMaHJ Oyiio 3[1ACHEHO iX po30UTTS Ha 4 KiacTepu
METOJIOM Ha OCHOBI ['ayCiBChKUX cymitiei 3 koedimieHTom perymspu3aiii y = 0,9
(puc. 4.15). Ilpu npoMy mijg yac KiaacTepusailii OyJO BHUKOPUCTAHO JlaHl BCIX
koMaHa, KpiM komaHT Nel ta No22, siki 3a CBOi MOKa3HUKAMU SIBHO BUJIUIAIOTHCS 3
MOMDK YCIX KOMAaHJ: TOYKM ITUX KOMAaHJ 3HAaXOJAThCS Ha BEJIMKIM BIiJICTaH1 Bijl

OCHOBHOI MaCH TOYOK.
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Tabmuusg 4.11 — IMoka3zuuku ycnimHocTi komang y ce3oHi 2014-2015 pokis
Cepii B Iramii

t  Is@[w©®[d®[gf©® [ga®[gd@®
'Carpt' 80 | 22 14 59 28 31
'Frosinone' | 71 20 11 62 49 13
'Vicenza' | 68 18 14 44 37 7
'Bologna' | 68 | 17 17 49 35 14
'Spezia' 67 18 13 59 40 19
'Perugia’ 66 16 18 49 40 9
'Pescara’ 61 16 13 69 55 14
'Avellino' | 59 15 14 57 50 7
'Livorno' | 59 15 14 42 42 0
'Bart' 54 14 12 43 49 -6
"Trapani' | 53 13 14 56 67 -11
"Ternana’' 51 13 12 36 47 -11

TS N i Y o I IN-J e BN N Eo N KU U R AR SR

'Latina’ 50 11 17 38 41 -3
'Lanciano' | 50 10 20 49 48 1
'Catania’ 49 12 13 59 60 -1
"Pro 49 12 13 46 57 -11
Vercelll'
17 'Brescia' 48 12 12 54 63 -9

18 'Crotone' | 48 | 12 12 42 52 -10
19 'Entella’ 47 | 10 17 37 39 -2
20 'Modena' | 47 | 10 17 37 52 -15
21 'Cittadella’ | 44 9 17 47 56 -9
22 'Varese' 39 9 12 40 67 -27

3aranioMm, yTBOpPEHi IpyNH BUOKPEMUIUCH 32 OJIM3BKICTIO 0 3arajibHUX OYKax
p(t) xomaHa ce3oHy: y Tpymy Nel moTpanmuiau KOMaHIW 3 OYKaMHU 3 Jialla3oHy
[66; 71], y rpymy Ne2 — BinmoBigHoO, 3 niana3zony [54; 61], a y rpymy Ne3 —
BIMOBIHO, 3 mianmazony [47;50]. Bomnouac, mpu dopmyBanai tpynu Ned
OCHOBHHMM (DaKkTOpoM BUSABHIIACS ONHM3BKICTH 3a PI3HUICI0O M s4iB y ce3oHl. [Ipu
bOMY, PI3HMIIS M’ S[4IB KO’KHOI KOMaH U 3 Tpynu Ne 4 € MEHILIOK0, HIK Y OLIBIIOCTI
KoMaH/ 1HmuX Tpyn. Lleit dakTop Takox BIUTMHYB Ha BUOIp KJIacTepy, J0 SKOTO
noTpioHO OyJo mpueaHaTH KoMaHay Noe22: 119 KOMaH/ia Ma€ HalMEHITY PI3HMITIO

M’sgiB. Takok komanga Ne22 3a NHCTaHIED A0 KIACTEPHOTO IEHTPOimy €
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ommxyoro A0 rpynu Ned4, Hix go rpynu Ne3. HaiiOuibin OJU3BKOIO TPYIOO 10

koMaHAu Nel 3a IUCTaHIIIEIO A0 KJIACTEPHOTO IEHTpoiny € rpyma Nel.

FpynyeaHHa komaHg, GMM, v= 0,9
80 ¢
751
701 ¢
® é
6 &
65
601 ) g ¢
%
s 11 &0
12
13, 14
50 1 15
20 P57 19 pyna Nel
ovna o
45+ 21 [pyna Ne2
40+ 22
35 L 1 1 1 1 L J
-30 -20 -10 0 10 20 30 40
gdit)
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- Gaussians, 100 epoch, 4 =0.9
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70 3 %“
% )
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=
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12
13 14
50 16 15
% 1817 19
45 21
s 10 b 0 5 10 15 » “s 10 5 0 5 10 1‘5 20
gdt) gd()
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Pucynok 4.15 — Pesynbratu rpynyBanHs koMaH] ce3ony 2014-2015 pokis
Cepii B Itamii
(a) octatouHe TpyIyBaHHS KOMaH] CE30HY, (0) MPOEKIIis pe3yJIbTYHOUHX
["aycian Ha KOOpAMHATHU KiIacTepu3ailii, (B) rpymyBanHs koMan NeNe 2-21

METOJ/IOM Ha OCHOBI ['ayCiBChbKUX cyMilen

VY BIANOBITHOCTI [0 OTPUMAHOTO TPYIyBaHHS KOMaH] YTBOPEHO KIacu

MaTYiB 1 Ha OTPUMAHUX KJIAcax MAaTYiB MPOTECTOBAHO POOOTH PO3TISAHYTHX 1
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3alpPONOHOBAHMX METOMIB BHSBJICHHS MIJO3pUIMX Ha (PIKCOBaHMIA pe3yJbTaT
(GyTOO0IBHUX MaTyiB. Pe3ynbTaT 3alpONOHOBAHUX METO/IB BUSBIECHHS OTPUMAHO
NpU BUKOPUCTAaHHI mpocToi Mipu HekoHdopMmHocTi (3.2). Indopmamiro mpo
po3moia MaTyiB 3 Taouuil 4.10 3a kjjacaMu MaT4iB HaBejeHO y Tabnuii 4.12. Y
kiaci MaT4iB (3, 4) OMMHUIIOCH JIBA IOTOBIPHUX MaTdi, y Kjacax martuis (4, 3), (3, 3)

Ta (3, 2) ONUHUIIOCH 110 OJTHOMY JIOTOBIPHOMY MaTdy.

Ta6murs 4.12 — Po3noain gjoroBipHux MatdiB komanau «Kartauis» 3a

KJIaCaMH MAaT4iB

. Knac | Homep y
Homamns | Bwui3na . i
Pesynbrar | Jlata npoBefieHHs | MaT4iB |  KJaci
KOMaH/a | KOMaHJa VAT

Varese | Catania 0:3 02-Apr-2015 4, 3) 30
Catania | Trapani 4:1 11-Apr-2015 (3,4) 28
Latina | Catania 1:2 19-Apr-2015 (3,3) 27
Catania | Ternana 2:0 24-Apr-2015 (3,4) 30
Catania | Livorno 1:1 02-May-2015 (3,2) 22

PosrnssHemMo pe3ynbTaTH BUSIBICHHS aHOMAJIBHUX MaT4iB y KJaci MaT4diB
(3,2) (puc. 4.16). 3a rTicTOrpaMHHUM METOJOM TIOIIYKY aHOMAaJiil TMpHU TMOpO3i
anomaibHOCTI 0,2 OyJI0 BUSIBICHO 3 aHOMalIbHUX Matdi (puc. 4.16, a), a mpu Mopo3i
agomainpHOocTi 0,3 — 5 anomanmpHux MmatuiB (puc. 4.16, r). 3a xoHbOPMHUM
aHOMAJBLHHUM JIETEKTOPOM IIpH Topo3i aHoMmanbHOCTI 0,2 (puc. 4.16, 0) y oMy
KJIacl MatyiB OyJi0 BUSBJIEHO | aHOMalbHUI MaTd, a OpHU MOPO31 AHOMAJIBHOCTI
0,3 — 6 aHomanbHuX MatuiB (puc. 4.16, 1). Taki )X pe3ynbTaTh OTPUMAHO 32
JIOTIOMOTOI0 CTETICHEBOI'0 MapTHUHTajia 3 mapaMmeTpoM uyTiauBocti 0,8 (puc. 4.16, B).
3a 1HTErpajbHUM MApPTUHTAIOM OyJIO BHSBIEHO 5 aHOMajJbHUX MAaT4YiB
(puc. 4.16, e). lorosipauii MaT4 Ne22 He OyJ10 BUSIBICHO 32 )KOAHUM 3 IIUX METOJIIB.
L5 cuTyarrist moB’si3aHa 3 THUM, 1110 MaT4 3aBEPIIUBCS HIYUEIO, Y TOM Yac 5K y [IbOMY
KJIacl MaT4iB OYIKYBaHOIO PI3HUIICIO M’ s14iB € (), TOOTO TEX Hiuusl. 3arajaom, Hiuus €
OJIHAM 3 YacTUX PE3yJIbTAaTIB MaTdy, TOMY TaKHi MaT4 Ba)XHO BU3HAYUTH SK

aHOMAaJIbHUI HAa OCHOBI JIMILIE€ PI3HUII M’ SIYIB.
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BURBNEHHA SHOMANLHIX MATUIE 38 FiCTOrPaMOIO PaHLL ronis, P, class (3, 2) MO8, class (3, 2)
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Pucynok 4.16 — Pe3ynbTaTu BUSBJIECHHS IOTOBIPHUX MaT4iB y KJjiaci MaT4diB (3, 2)
(a, r) ricrorpaMaum Metoaom npu p, = 0,2 ta py = 0,3, (6, 1) KOHPOpPMHUM
aHoMaJabHUM JieTekTopoM npu € = 0,2 ta € = 0,3, (B) METOJIOM CTEIIEHEBOTO

Maptunrany 31 = 0,8, (¢€) MeTo10M IHTETPaJTbHOI0 MAPTUHTAITY

Posrisitnemo pe3ynbTaTd BUSBICHHS aHOMAalbHHUX MaTdiB Yy KJacli MarTdiB
(4,3) (puc. 4.17). 3a ricTorpaMHMM METOJIOM TMOILIYKY aHOMaliil 3 Toporamu
anomanibHOCTI 0,2 Ta 0,3 Oyso BUsSBIEHO 5 aHOManbHHMIA MaT4iB (puc. 4.17, a, r).
Takuii camuii pe3ynbTaT OTPUMAHO 3a KOH(POPMHHUM aHOMAJbHUM JAETEKTOPOM
(puc. 4.17, 6, 1). 3a cTeneHEBUM MAPTUHTAJIOM 3 TapaMeTpoM 4y TiauBocTi 0,8 OyIio
BusBiieHo 11 aHomanbHux MatyiB (puc. 4.17, B). 3a iHTErpaibHUM MapTHHTAIOM
oyno BusiBiaeHo 10 anomanpHuX MatuiB. JloroBipuuii MmaTd Ne30 Oyii0 BUSIBICHO 3a
yciMa pO3TasHyTUMU Meromamu. Ll curyanis moB’s3aHa 3 TUM, [0 MarTd
3aBepiuBcs nepemororo «Karanii» 3 mepeBaror y 3 mM’sidi pu TOMY, 110 CepeaHs
pi3HHII M’s4iB B Kiacl MatyiB aopiBHIOE 0,08, ToOTO MaTy 3a CBOIM Pe3yJNbTaTOM

CWJIBHO BIIXWJISIETHCS BiJ] OUIKYBAaHOTO PE3yJIbTaTy MaTuy.
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BUABNEHHs aHOMANbHWUX MaTHiB 3a FICTOFPaMoto PisHNLL ronis Py class (4, 3) MO, class (4, 3)
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Pucynok 4.17 — Pe3ynbratu BUSBIEHHS IOrOBIpHUX MaTYiB y Kiaci maTdiB (4, 3)
(a, r) ricrorpaMauM MetoaoM npu p, = 0,2 Ta py = 0,3, (6, 1) KOHPOPMHUM
aHoMaJIbHUM JieTekTopoM nipu € = 0,2 ta € = 0,3, (B) METOI0M CTENEHEBOTO

mapTtuHrany 31 = 0,8, (¢) MeTo1oM IHTErpaTbHOTO MAPTUHTATY

PosrnsitHemMo pe3ynbTaTd BUSBICHHS aHOMAlbHUX MaT4iB Yy KJlacli MaTdiB
(3, 3) (puc. 4.18). 3a ricrorpaMHUM METOJIOM TIOIIYKY aHOMAaJiil MpU MOporax
anomainbpHOCT1 0,2 Ta 0,3 OyJo BUsBiIeHO 6 aHOManbHUX MaTyiB (puc. 4.18, a, 1). 3a
KOH(GOPMHUM aHOMAJbHUM JICTEKTOPOM TMpu Mopo3i aHomanbHOCTI (0,2
(puc. 4.18, 6) y uboMy KJjacl MaT4iB OyJI0 BHUSIBIEHO 3 aHOMAaJbHUX MaTya, a Mpu
nopo3i anoManbHocTi 0,3 — 7 aHoManbHUX MaTuiB (puc.4.18, 1). 3a iHTerpaIbHUM
MapTUHTajgoM OyJI0 BHSBICHO 7 aHOMaJbHUX MatyiB (puc.4.18,¢). Taki x
pe3ysibTaTH OTPUMAHO 3a JOMOMOIOI0 CTENEHEBOr0 MAapTHUHTalla 3 MapaMeTpoM
gyTauBocTi 0,8 (puc.4.18, B). JloroBipauii maTd No27 Oys10 BUSBIECHO 32 JIOITOMOTOIO
KOH()OPMHOTO aHOMATBHOTO AETEKTOpA MPH MOpo3i aHomManbHoCTi 0,3, CTENEeHEBOTO
MapTHUHTaJl 3 mTapaMeTpoM 4yTiauBocTi 0,8 Ta iHTerpanbHoro Maptunraia. Cepeaus
PI3HUI M YIB y IOMY KJ1aci MaT4iB 1opiBHIOE 0,67, @ pi3HULIA TOTOBIPHOT'O MAaTYy

Ne27 nopiBHioe —1. JlaHuil N1OTOBIpHUN MaT4 BIAPIZHSAETHCS BIJ OYIKYBAHOIO
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pe3yJabTary, aje y boMy KJlaci MaT4iB ICHYIOTh MaTul, y IKUX p-value 11e MeHIle,
HIK Y IOTOYHOT'O — Y€pe3 1€ MaTy HE PO3II3HAETHCS 3a ICTOIPAMHUM METOJIOM Ta

KOH()OPMHUM aHOMAJIBHUM JIETEKTOPOM MpHU MOPo31 aHoMalbHOCTI 0,2.

BVSIBNEHHS aHOMANLHUX MaTHiB 3 FCTOrPaMoIo PisHNLb ronie 08
€=02 P, class (3, 3) MO8, class (3, 3)
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Pucynox 4.18 — Pe3ynbTaTu BUSBICHHS IOTOBIpHUX MaTYiB y Kiaci matuiB (3, 3):
(a, r) ricrorpaMauM MeToaoM nipu p, = 0,2 Ta py = 0,3, (6, 1) KOHPOPMHUM
aHoMabHUM JieTekTopoM npu € = 0,2 ta € = 0,3, (B) METOJIOM CTEIIEHEBOTO

Maptunrany 31 = 0,8, (¢€) MeTo10M IHTETPaJIbHOI0 MApPTUHTAITY

PosrnsitHeMo pe3ynbpTaTd BUSBICHHS aHOMAaJbHUX MaT4diB Yy KJacl MaryiB
(3,4) (puc. 4.19). 3a ricTorpaMHUM METOJOM IOIIYKY aHOMAajidl Mpu MOpo3i
anomaibHOCTI 0,2 OyJI0 BUSBICHO 5 aHOMaILHUX MaT4iB (puc. 4.19, a), a mpu nopo3si
aHomasibHocTl 0,3 — 9 anHomanbHux MartuiB (puc. 4.19, r). 3a xoHbOpMHUM
aHOMAJBLHUM JIETEKTOPOM IIpu Topo3i anomanbHOCTI 0,2 (puc. 4.19, 6) y npomy
KJ1aci MaT4iB OyJI0 BUSBJICHO 7 aHOMaJbHUX MaTyiB, a MPH MOPO31 aHOMAJIBLHOCTI
0,3 — 9 anomansHuX MatuiB (puc. 4.19, m). 3a iHTErpaTbHUM MAPTHHTAJIOM OYJIO
BUSBIICHO 9 aHOManbHUX MaT4diB (puc. 4.19, e). Taki xx pe3yiapTaTd OTPUMAaHO 3a

JIOTIOMOT'O0 CTETIEHEBOT0 MApTUHTaa 3 mapamerpoM uytiauBocTi 0,8 (puc. 4.19, B).
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HoroBipauit Matu No28 BHUSBICHO 3a JIOMOMOIOK KOH(POPMHOTO aHOMAaJIbHOTO
JETEKTOpa IpH NMopo31 aHoManbHOCTI 0,3, CTENEHEBOr0 MapTHUHT ANl 3 TapaMeETPOM
yyTiuBocTi 0,8 Ta iHTerpanbHoro Maptunraia. Jloropipauit Matd Ne30 BusiBiIeHO 32

yciMa pO3TJSIHyTUMU METOAAMH.

BusBneHHs aHOManbHUX MaTYiB 3a ricTorpamolo pisHuUb ronis
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Pucynok 4.19 — Pe3ynbpTaTi BUSIBJICHHS IOTOBIPHUX MaT4iB y Kiiaci MaT4iB (3, 4):
(a, T) ricrorpamuuM Metoaom mipu p, = 0,2 Ta py = 0,3, (0, 1) KOHPOPMHUM
aHoMaJabHUM JieTekTopoM npu € = 0,2 Ta € = 0,3, (B) METOJIOM CTEIIEHEBOTO

MapTtuHrany 31 = 0,8, (€) MeToJoM 1HTErpaabHOTrO MapTUHT ALY

OTxe, 32 JOMOMOIOI0 TICTOTPaAaMHOTO METOJY BUSIBIEHO 3 3 5 JOTOBIPHUX
MaT4iB. 3a JIOMIOMOIOK KOH(OPMHOrO aHOMAJIBHOTO JIETEKTOpa 3 IOPOTrOM
aHoMasibHOCTI 0,2 BUSIBICHO JHINEe 2 3 5 JOTOBIPHUX MaT4a, a 3 IMOPOTrOM
aHomasibHOCT1 0,3 Banocs BUSBUTH Bke 4 3 5 TOTOBIpHUX MaTyiB. 3a IOIOMOTOIO0
CTENICHEBOTO MapTHUHTaNa 3 mapaMmeTpoM uyTimBocTi 0,8 Ta I1HTErpasbHOTO
MapTHHTaJa BUSBJICHO TaKOX 4 3 5 JOTOBIPHUX MaTdiB. 3arajoM y pO3TJISTHYTHX
KJIacax MaTyiB BUSIBIICHO J0 33 aHOMaJIbHUX MAaT4iB, 1110 CTAHOBUTH 110 26% yci€i

KUTBKOCTI MaT4iB X KiaciB. Lle 3HaueHHs € OIM3bKUM JI0 TIOPOTYy KOH(POPMHOTO
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AHOMAJIBHOTO JETEKTOpa, SKWW CHIBMAJa€e 13 3aJaHOK MMOBIPHICTIO TMOSBHU

aHOMAJIbHUX JaHux p, = 0,3.

BucHoBku 10 posainy 4

1. SxicTe poboTH 2icmozpamuozo memoody BUSBICHHS aHOMAIIN Ha JTAaHUX
MOJIEIBHOTO CE30HY B CEPEIHOMY JOPIBHIOE 66 % 3a METPUKOIO TOYHOCTI, 64 % 3a
METPUKOI0 MOBHOTH 1 0,64 3a MeTpuKor0 F'| IpU BUKOPUCTaHHI PiBHS aHOMaJIbHOCTI
pa = 0,2, Ta 78 % 3a MeTpukor To4HOCT1, 61 % 3a MeTpuxoro moBHoTHU 1 0,66 32
METPUKOI0 F| TpW BUKOPUCTaHHI MOpory aHoMmaibHOCTI py = 0,3. B 0060x
BUTAKaX, TICTOTPAaMHUII METOJ BUSBICHHS aHOMAJid MPOJAEMOHCTPYBaB HHU3bKY
AKICTh pOOOTH, IPUUOMY 3a METPUKOIO F| SIKICTh poOOTH B 000X BHMajKax Oyia B
CepeIHbOMY Mail’ke 0JIHaKOBOIO.

2. ExcnepumenrtanbHo Oyo MIATBEPIKEHE [OBEIACHE TEOPETUYHO B
JcepTallii TBEpJIXKEHHS PO T€, 110 YMOBA €KBIBAJICHTHOCT1 METO/[1B BUSIBJICHHSI Ha

OCHOB1 KOH(OPMHOTO aHOMAJILHOTO JIETEKTOPA 1 CTENEHEBOTO MAPTUHTAITY 3B’SI3y€

1
ix mapameTrpu 3a GopMysiol € = 1N (po3misiaaBcs Bumaaok 3 =081 €=

0,32768).

3. Ilpu BukopucTaHHi TPOCTOI MipH HEKOHGOPMHOCTI Ha JaHUX
MOJIEJIBHOTO CE30HY 3aIllpOINIOHOBAaHI METOAM BUSIBJIEHHS HAa OCHOBI KOH@OpMHO20
AHOMAbHO20 0eMeKmopa, CMENneHeso20 MapmuHeany 1 IHmMezpaibHO20
mapmunzany 3a0€3MeuyloTh NepeBary LI0J0 BUSBIEHHS MOTEHLINHO MiI03pUINX
MaT4iB 3 (PIKCOBaHUM pe3yJbTaTOM Yy TMOPIBHAHHI 3 BIJOMHM TICTOTPaAaMHUM
meToaoM Ha 8%-17% 3a meTpukoro TouHocTi, 11%-36% — 3a METpUKOIO TOBHOTH
10,11-0,20 — 3a meTpuKkoro F.

4. IliBUILEHHS pIBHS AHOMAJIBHOCTI NPHU3BOAUTH B CEPEAHBOMY [0
HiABUIICHHS SKOCTI BHSBJICHHS PO3IISHYTHUMU aJIrOpUTMaMH 32 METPHUKOIO
TOYHOCTI, a TAKO 3MEHIICHHIO SIKOCT1 32 METPUKOI0 MOBHOTH. J[J1s1 3a0e3neueHHs

HEOOXI1JTHOTO PIBHS METPUKH MOBHOTH JOLIIBHO BHKOPHUCTOBYBAaTH aJITOPUTM Ha
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OCHOB1 CTEMEHEBOr0 MAapTHHrajdy 13 BIANOBIJHUM 3HAYEHHSIM MapaMmeTpa
Yy TIUBOCTI.

5. Ilpu BuKOpHICTaHHI MipU HEKOH(GOPMHOCTI 3 OKPYIJICHHSIM CEepeaHbOl
pI3HMIII M’SYIB 3alpONOHOBAaHI METOAM BUSBICHHS Ha OCHOBI KOH@OpmHO20
AHOMAILHO20 O0eMeKmopa, CHIeNeHeso20 Mapmunaily 1 IHmezpanbHozo
Mapmuneany 3a0€3MeUylOTh TIPII MOKa3HUKU, HDK MPU BUKOPUCTAHHI MIipH
HeKOH(opMmHOCTI (3.2). buibll 4yTIMBUMHU J10 OKPYTJIEHHS CEPEIHbOI PI3HULI
M’SI4iB BUSBUJIUCS METOJIM Ha OCHOBI KOH)OPMHO20 AHOMANbHO20 OemeKmopa 1
inmezpanvnozo mapmunzaay. CTenieHeBUA MapTUHT A IPU MapaMeTpl YyTIUBOCTI
n = 0,8 3a6e3neunB Halikpaillli 3HaYeHHs TOKa3HUKIB METPUK TOYHOCT1, TOBHOTH Ta
F\ moo BUSABIEHHS MOTEHIIHHO M1I03p1IUX Ha (DIKCOBAHHM pe3ysIbTaT MaTUiB.

6. 3anmponoHOBAaHI METOJUM HA OCHOBI KOHQOPMHO20 AHOMATbHO20
0emeKmopa, CmeneHe8o20 MapmuHzaiy 1 iHmezpanbHO20 MapmuHzaily BUSBUINA
4 3 5 matuiB ce3oHy 20142015 pokir Cepii B Itanii, siki BBaKarOTbCSI TOTOBIPHUMU

3a iH(opMali€ero Bl oDiliiiHUX MPaBOOXOPOHHUX opraHiB ITamii.
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OCHOBHI PE3YJIBTATH I BUCHOBKH

1. Ilpu TpymyBaHHI KOMaHJ CE€30HY 3alpolOHOBaHAa IMpoIeaypa
peryispuzaiili HeJlaroHaJbHUX €JIEMEHTIB KOBaplalifHUX MaTpUIlb B METOJI
["ayciBchbkuxX cymilnei, sika 3a0e3neduye 3MEHIIEHHS! YyTIWBOCTI O MOYAaTKOBHX
YMOB, a TakoXX (OpPMyBaHHA KJACTEpiB eminconoaioHoi ¢Gopmu, mo J03BOJISE
BpaxyBaTH HEOUEBUIHI KOPEIIALIIHI 3B’ A3KH MK TOUKaMHU HAO0Opy JTaHUX.

2. Po3zpobiena imitamiitHa Mojenb (PyTOOJIBHOIO CE30HY 3 MarTyamMu 3
(hiKCOBaHHUM PE3yJIbTaTOM, OCOOIMBICTIO SIKOI € T€, 1[0 MaT41 MOAUISIOTHCS Ha KJIacu
32 KOHTEKCTYaJIbHUMH aTpUOyTaMU «CHjia KOMaHAW» 1 «TUIl TPH» — JOMAIIHs abo
BHUi3HA, 1 BIJMOBIJIHO WMOBIPHOCTI 3a0WTTS TOJIIB KOMAHJOK IIiJI 4Yac MaTdy
PO3paxoBYIOThCS ISl KJIAaciB, a HE MO YChOMY Ce30HY. MoJenOBaHHS MaTdiB 3
(dikcoBaHUM pe3yIbTaTOM BiAOYBAETHCS LUISIXOM BHIIAJIKOBOTO BHOOpPY 1 3aMiHU
pE3yNbTaTIB MaT4YiB 3 HOPMAJILHUM PE3yJIbTaTOM Ha aHOMAJIBHHI 3 BpaxyBaHHSIM
pPO3MOAUIIB PI3HUIIL M SI4IB KJ1acy MaT4iB. OTpUMaHi 3 BAKOPUCTaHHSAM IMITaLIMHOT
MOJIeJIl TICTOTPaMU PI3HUIL M SIYIB MO KOKHOMY KJIacy MaT4iB MarOTh OYIKYBaHI
3aKOHOMIPHOCTI B pe3yJibTaTaX MaTyiB: CHJIBHINI KOMaHAM MAarOTh Kpallll
pe3yabTaTu B Ipi 31 CJIAOMIMMH KOMaHIaMU; BJIOMa KOMaH/IU TPaloTh Kpallie, HiK Ha
Buizai. Po3moninu THMIB pe3ynbTaTiB 3a BCiMa KjacaMd MAaTYiB pPEabHOTO 1
MOJICTBHUX CE30HIB € Moa10HuMH 3a KputepieM Konmoroposa-CMipHOBaA Ha piBHI
sragymocTi 0,001.

3. Ha ocHOBI aHOManbHOTO KOH(OPMHOTO JIETEKTOPY 3 BUKOPUCTAHHSIM
3aMpOINOHOBAHUX MIp HEKOH(DOPMHOCTI pO3pOOIECHO METO/I BUSBIICHHS MiA03PLINX
mo/10 (pikcoBaHOro pe3ynbTaTy (yTOOJBHUX MaTYiB, MPUUOMY CIIpallbOBYBaHHS
JIETEKTOPY BiJOYBA€ETHCS, KOJU CTyNeHb KOH(OpMHOCTI (p-value) maTdy gocsrae
3HAa4YeHHs EBHOTO Topory. Lleit MeTo BiTHOCUTBCA 10 KJIaCy METOIB BHUSIBICHHS
0e3 BUMTEINS 1 T03BOJISIE BBOJUTH OI[IHKM TapaHTOBAHOI TOYHOCTI ISl OTPUMAHUX
pimienb. [{ns 3abe3nedyeHHss OanaHCy MIX YyTJIMBICTIO Ta TOYHICTIO BHUSBIICHHS,
3HA4YEeHHsI TOPOTY CJIi/1 BCTAHOBIIOBATH OJU3BKHUM JI0 alpiOpHOT KMOBIPHOCTI MOSBU

AHOMAJIbHUX 00’ EKTIB.
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4. Ha OCHOBI CTENEeHEBOr0 MAapTHUHTalTy pPO3POOJIEHO METOJ]l BUSBICHHS
MI03pUIMX 1010 (PIKCOBAHOCTI pe3ysbTaTy (PyTOOJbHUX MATUiB, MPUYOMY
OPUMHATTSA pIIIEHHS B10yBa€TbCcsd IPU 3pPOCTAHHI 3HAYEHHSI CTENEHEBOIO
MapTUHTAy ISl IOTOYHOI'O CIIOCTEPEKEHHS MO BIAHOUIEHHIO J0 3HAYEHHS I[bOTO
K MapTUHTaja JJis NOMEePEAHbOr0 CIIOCTEPEXKEHH. 3MiHA MapaMeTpa Yy TIHBOCTI
JI03BOJISIE HAJIAIITOBYBAaTH CTENEHEBUN MAapTUHIajd Ha BUSBJICHHS aHOMaii
BIJIMOBIHOTO PiBHSIL.

5. Ha ocCHOBi IHTETrpaJIbHOTO MAapTHUHTATY PO3pPOOJECHO METOJ BUSBICHHS
MII03pUIUX 10J10 (PIKCOBAHOCTI pe3ysbTaTy (PyTOOJBHUX MAT4iB, MPUYOMY
OPUMHATTS pIIIEHHA B1IOYBA€ThCA NPHU 3pPOCTAHHI 3HAYEHHS I1HTErPajbHOTO
MapTUHTAy JUIsl MOTOYHOI'O CIIOCTEPEKEHHS M0 BIAHOLICHHIO J10 3HAYEHHS 11bOTO
K MapTUHTaJIa 1Jis MONEPEAHbOr0 CIIOCTEPEKEHHs. BUKOpHUCTaHHS 1HTErpaJIbHOTO
MapTHHTaJla HE BUMAarae HaJlallTyBaHHS TapaMeTpiB.

6. Ilpu BukopucTaHHi TpocTOi MipH HEKOHPOPMHOCTI Ha JaHUX
MOJIEJIBHOTO CE30HY 3alpONOHOBAaHI METOAM BUSIBJIEHHS Ha OCHOBI KOH(OPMHOIO
AHOMAJIBHOT'O JIETEKTOPA, CTENEHEBOIO MAPTUHTAY i IHTErpaJlbHOTO MAPTUHI ALY
3a0€3MeuyoTh BUTpAIll 1010 BUSBJICHHS IOTEHIIMHO MiA03pIIMX MAaTyiB 3
(1KCOBaHUM pe3yJbTAaTOM y MOPIBHSAHHI 3 BIIOMUM TICTOrpaMHUM MeTO10M Ha 3%-
13% 3a merpukoto TouHocTi, 11%-30% 3a merpukoro moBHoTH 1 10%-18% 3a
MeTpukoro F. IligBuIleHHs piBHS aHOMaJIbHOCTI NMPU3BOAMTH 3alIPOIIOHOBAHUMHU
METOJIaMH B CEPEAHBOMY JI0 MIBUIICHHS SIKOCT1 BUSBICHHS aHOMaJIii 32 METPUKOIO
TOYHOCTI 1 3MEHIIECHHIO SKOCTI 3a METPUKOI MOBHOTU. Jlyisi 3a0e3neueHHs
HEOOX1THOTO PiBHA METPUKH MOBHOTH JOLIJIBHO BUKOPUCTOBYBATH METO/]T HA OCHOBI
CTENEHEBOTO MAapTUHI Ay 13 BIAMOBIIHUM 3HAUYECHHSAM IMapaMeTpa 4y TIUBOCTI.

7. 3ampolOHOBaHI METOAM Ha OCHOBI KOH(GOPMHOIO aHOMAJIbHOTO
JETEKTOpa, CTEMEHEBOr0 MApTUHTAIy W 1HTETPaJbHOIO MapTHUHTATy JO03BOJIWIN
BusBUTH 4 3 5 MartuiB ce3ony 2014-2015 pokiB Cepii B Itamnii, siki BBaXXaroThCA
JIOTOBIPHUMU 32 1H(POpMaLi€ro BiJ O(IIiHUX MPAaBOOXOPOHHUX opraHiB ITamii.

8. Po3pobneni wmerogum MOXyTb OyTH BHUKOPHUCTAaHI [JIsl BUSBJICHHS

MiI03pIIMX Ha (DIKCOBaHWM pe3ysibTaT MaTyiB y IHIIUX CIOPTUBHUX TYypHIpax,
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TaKuX SK: XOKeH, BoJeibon, OelcOon, OackeTOoa, KiGepcmopT TOIIO. 3a
BIJIIOBIJTHOTO MepepOpMyIIOBaHHs 1 MiAOOPY aJeKBaTHOI MIPU HEKOH(POPMHOCTI
3aMpoIIOHOBAaHI B IUCEPTAIIHHOMY JTOCII1KEHHI METOIU MOXKYTh OyTH BUKOPHCTaH1
JUTSL TIOITYKY IMUPOKOTO KOja KOHTEKCTHMX aHOMaJlid (HETUIOBI TpaH3aKIil IO
O0aHKIBCHKOMY PaxyHKY, IPOHUKHEHHS JI0 3aKPUTOI MEpeXi, aHOMajabHa KIJIbKICTh

MOB1JIOMJICHB B COLIIAIBHUX MEpekaxX Ha MEBHY TEMAaTHKY TOIIIO).
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JTOJATOK A. CIHCOK IMYBJIKAIIA 3IOBYBAYA 3A TEMOIO
JTUCEPTALIIL

1. Haykogi npani, B AKX ony0.IikOBaHi OCHOBHI HAyKOBi pe3yJIbTaTH

JAUCePTAIii:

1. Zhuk, 1., & Chertov, O. (2023). Framework based on conformal predictors
and power martingales for detection of fixed football matches. Eastern-European
Journal of Enterprise Technologies, 2(4 (122), 6-15. https://doi.org/10.15587/1729-
4061.2023.276977 [Scopus Q3].

YV pobomi 3000ysauem po3pobneni memoou GUsAGIeHHs NIO03PLIUX HA
Qixcosanuii  pesynomam  GymoOOIbHUX MaAmM4i@ HA  OCHOBI KOHMOPMHO2O
NpeouKmopa i Cmeneneso2co MapmuHeand, siKi 3acmoco8ano 00 OaHUX pealbHO20
dymbonvrozo cezony 2013-2014 poxie Jlicu 2 Opanyii.

2. Chertov, O., & Zhuk, 1. (2023). Detection of fixed football matches based
on the theory of conformal predictors using the modified Stepanets indicator
function. Eastern-European Journal of Enterprise Technologies, 3(4 (123), 22-32.
https://doi.org/10.15587/1729-4061.2023.282645 [Scopus Q3].

YV pobomi 3000y8auem po3pobOreHo YOOCKOHANEHUU Memoo BUABIEHHS
nioo3pinux Ha @Qikcoganull pe3yiomam @ymooIbHUX MamM4ié ma 3aCmoco8aHO
3aNPONOHOBaHI Memoou 00 OaHux peanvHozo GymooavHoco cezony 2014-2015
pokis Cepii B Imanii.

3. Ueptos, O. P., & Kyxk, 1. C. (2022). Imitamniiitna monens GyTOoIbHOTO
CE30HYy 3 MaTuaMH 3 (piKCOBaHUM pe3ysbTaTtoM, Haykosi gicmi KIII, 1-2, c. 82-94,
2022. https://doi.org/10.20535/kpisn.2022.1-2.287916

V' pobomi 30006ysauem po3pobrero aneopumm @GOpMyS8aHHs IMImMAayiuHoi

mooeni ymooabHO20 Ce30H) 3 00208IPHUMU MAMYAMU.
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2. HaykoBi npaii, siki 3acBiI4y0OTh anpodaiio MarepiajiB Jucepraumii:

4. Chertov, O. R., & Zhuk, 1. S. (2023). Clusterization of soccer season teams
using K-means and GMM methods. Intelligent Solutions-S: Proceedings of the
International Symposium, September 28, 2023, Kyiv-Uzhorod, Ukraine / Ministry of
Education and Science of Ukraine, Taras Shevchenko National University of Kyiv
and [etc]; Vitaliy Ye. Snytyuk (Editor) (pp. 14-15).

3000y6auem 3anponoHo8ano i peanizo8aHo Npoyeoypy pecyrApusayii
Kosapiayiunoi mampuyi 0ns memooy kiacmepusayii Ha ocHosi [ ayciscbkux
cymiwietl.

5. Xyxk, 1. (2020). 3acTtocyBanHs KOHPOPMHHUX MPETUKTOPIB 1 CTEIIEHEBUX
MapTUHTAJIB JUIsl BUSIBJICHHS M1103p1IUX MaTyiB (yTOOJIBHUX TYpHIpIB. [Ipuxiaona
mamemamuxka ma Komn'tomune. IIMK, 2022 : wsaTHaausaTa HayK. KOH(Q.
MaricTpanriB Ta acmipasTiB, Kuis, 16-18 nuct. 2022 p. : 36. Te3 mom. / [penkod.:
Huuka 1. A. ta in.]. — K. : [Ipocsira, 2022. — 368 c¢. ISBN 978-617-7010-23-3
C.24-29.

6. Chertov, O., Zhuk, I., & Serdyuk, A. (2021). Search of the Deviation from
the Natural Process Using Stepanets Approach for Classification of Functions. 2021
11th IEEE International Conference on Intelligent Data Acquisition and Advanced
Computing Systems: Technology and Applications (IDAACS) (pp. 720-724), doi:
10.1109/IDAACS53288.2021.9660997. [Scopus].

3000y6auem 3anponoHOBAHO ANOPUMM 3ACMOCY8AHHA MAMEMAMUYHOSO
anapamy kiacugikayii @yHKyil O0na po38’A3aHHA 3a0adi NOULYKY Mamuyis
ni003pinux Ha Qikcosanuli pe3yrbman, NPo8edeHo MOOEN08AHHS 3 BUKOPUCTAHHAM
oanux gpymoéonvnozo cezony 2013-2014 poxie Jlieu 2 @panyii.

7. Kyxk, 1. (2020). BusBrneHnHs 30BHIIIHBOTO BIUIMBY B iH(GOpMaIiiHUX
OTOKax Mepexi Internet sk mpobaeMa inenTudikaiii oopaszy. @irocogis i Haykoso-
MeXHIYHA MeopuiCmb y XPOHOMONI mexHiuHo2o yHieepcumemy.: Mamepianu 111
Mixcnapoonoi naykoso-npaxmuynoi kongepenyii. — 410 c. C.144 — 147.

8. Kyxk, I. C., & UYepros, O. P. (2020). Bukopucranasi MaTeMaTHYHOTO
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anapaty HaOmkeHb CTemnaHils JUisl BUSIBJICHHS IITYYHUX BTPy4YaHb Y CHUTHAJIax
pi3HOi Tpupoau. Iumezpogamni iHmeneKmMyanvbHi poOOMOMEXHIYHI KOMNIEKCU
(IIPTK-2020). Tpunaoysama mixcHapoOHa HayKo8o-npaxmuuHa kongepenyis 19-20
mpasus 2020 p., Kuis, Ykpaina. — K.: HAY, 2020. — 305 c. C. 276 — 278.

3000y6auem npoananiz08aHo MOHCIUBOCMI 3ACMOCYBAHHS IHOUKAMOPHUX QYHKYIU
Cmenanyss 0na NOWYKY AHOMANIU Y XAPAKMEPUCMUKAX, sKi ONUCYIOMbCA

nepiooOudHUMU DYHKYIAMU.



