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1. Incepranifina po60Ta IPUCBIYEHA BUPIIEHHIO BKJIMBOTO HAYKOBO-TIPAKTUYHOTO 3aBIAHHS MiABUILEHHS
JIMOBIpDHOCTI Ta TOYHOCTi pO3Ii3HaBaHHS 06Pa3iB MIJISIXOM 1100YJ0BU NMOBIPHICHUX MOJIeJIeil, 30KpeMa, eJIiNncoiniB
IIPOTHO3YBAHHSI [IJ11 HOPMaJli30BaHUX JAaHWX Ta CTBOPEHHIO Ha iX OCHOBI iHCTpyMeHTapito iHpopmaliiiHoi
texHoJiorii (IT) 06po6ku iHpopmalii AJ1s1 po3nisHaBaHHS 00JIMY Ta KJIaBiaTypHOTro OYEPKY. AKTyasIbHICTh POOOTH
IOJISITa€ B TOMY, 10 PO3Ii3HaBaHHS 00pasiB € BAXJIMBOIO CKJIAZIOBOIO 0AraTbOX Cy4aCHUX TEXHOJIOTIM, TAKUX SIK
6iOMEeTpUYHI CUCTEMHU, CUCTEMU BiIEOCIIOCTEPEXKEHHS], aBTOMAaTU30BaHi CUCTEMU KOHTPOJIIO JOCTYIy, MEINYHi
pJociinxkeHHs Ta iHui. Tomy HeoCTaTHs IMOBIpHICTh PO3Ii3HaBaHHS 00pa3iB MOKe MaTU CepHo3Hi HacaigKu. Y
3B'SI3KY 3 IIUM Ha CbOTOJIHi iCHye noTpeba B po3po0lli Ta B4OCKOHAJIEHHI METOMIB PO3Mi3HaBaHHS, 10 3a0€311e4yI0Th
BUCOKY TOYHICTb Ta HAJIiliHICTb B yMOBaX 3MiHHUX i 6araTOBUMipHUX JaHUX. MeTOI0 JucepTaliiiHoOi poboTu €

IiABUILEHHS IMOBIPHOCTI Ta TOYHOCTI pO3Ii3HaBaHHS 00pa3iB, 30KpeMa 32 paXyHOK MO0YJOBU HerayCiBChbKUX



MMOBIpHICHUX MoZesiel 4151 HOpMasli3oBaHUX JJaHUX. PO60Y0I0 HayKOBOIO TilIOTE3010 AUCEPTALINHOTO NOCIIiIKeHHS
€ TBEPIPKEHHS, 110 MiIBUILIEeHHS MMOBIPHOCTI Ta TOYHOCT] pO3Ii3HaBaHHS 00pa3iB AOCITaeThCsl 32 PAXyHOK
BAKOPMCTAHHS HErayCiBCbKUX MMOBIPHICHUX MOZEJIEH, SKi I03BOJISIIOTE BPaxOBYBaTH BiIMiHHICTb PO3IOALITY JaHUX
Bifl, HOpMaJIbHOTO. [lJ1s1 TOOYIOBY BKa3aHMX HErayCiBCbKUX IMOBIpHICHUX MOJI€JIeN IPOIIOHYEThCS
BUKOPUCTOBYBATH BiJITIOBiTHMI METOM, HA OCHOBi 6araTOBUMiPHUX HOPMali3yl0YMX [1€PETBOPEHD, SIKi JO3BOJISIOTh
BpPaxOBYBaTH KOPEJISLI0 MK 3MiHHUMU Ta HAaGJIM3UTH PO3IOiJ 10 HOPMAaJIbHOTIO, 11O MIifBUIye HMOBIPHICTb Ta
TOYHICTb po3Mi3HaBaHHs 06pasiB. [l JOCATHEHHS [TOCTaBIEHOI MeTU HEOOXiTHO BUPIMIUTY TaKi 3aBIaHHS: -
IIPOAHAsIi3yBaTH iCHYIOUi MaTeMaTUYHi MOJeJIi, 1[0 BUKOPUCTOBYIOThCS /17151 PO3Ii3HaBaHHS 00pasiB, Ta OLIHUTH ix
TOYHICTb IIPU POOOTI 3 HETAyCiBCbKUMU JAHUMU; - LOCTITUTHU iCHYI04i HOpMasli3ylodi IIepeTBOPEHHS Ta METOAU IJIs1
OIIiHIOBaHHS iX TapaMeTpiB; 06paTu NepeTBOPEHHS [JIsk HOpMasisallii AeCSITUBUMIPHUX BEKTOPIiB XapaKTEPUCTUK
006114 Ta 1eB'ITUBUMIPHUX BEKTOPIiB XapaKTE€PUCTUK KJIaBiaTypPHOTo NOYEpKy; - IOOyAyBaTH IMOBIpHICHY MOZEeIb
17151 pO3Mi3HaBaHHS 06JIMY y BUIJISIZ] €J1IICcoiia MPOrHO3yBaHHS 3 KBAaHTUJIEM F-posnopiny njis HopMasizoBaHOTro
BEKTOPY XapaKTePUCTUK, SIKUI I0OYA0BaHO 32 JOIIOMOIOIO AeCITUBUMIPHOIO HOPMaJli3yloyoro epeTBOPeHHs; -
o6y yBaTy IMOBIPHICHY MOZ€JIb [j1s1 PO3I1i3HaBaHHS KJIaBiaTypHOrO IIOYEPKY y BUIJISA] eJIiIcoifa MpOorHo3yBaHHs
3 KBaHTWIEM F-po3nopiny Ajs1 HOpMasi3oBaHOrO BEKTOPY XapaKTEePUCTHUK, SIKAY TOOYIOBAHO 32 JOMNOMOIOI0
IeB’ITUBUMIPHOTO HOPMaJli3yl04oro epeTBOPEHHS!; - YIOCKOHAIUTY NMOBIPHICHY MOZEJb 1711 PO3Ii3HaBaHHS
007114 y BUTJISAI €J1I1Coifa IPOrHO3YBaHHS 3 KBaHTUJIEM Xi-KBafpaT [JIs1 HOPMaJsli30BaHOTO BEKTOPY
XapaKTEPUCTHK, IKUI OOYN0BAHO 3a JOIIOMOTOI0 JeCSITUBUMIPHOTO HOPMaIi3ylouoro epETBOPEHHS; —
YAOCKOHAJIUTU MMOBIPHICHY MOJEJb IJIs1 pO3Ii3HaBaHHA KJ1aBiaTypHOT'O IMOYEPKY Y BUIJIALI eJlirncoina
IIPOTHO3YBaHHS 3 KBAaHTUJIEM Xi-KBafiparT /iJ1si HOpMasli3oBaHOTO BEKTOPY XapaKTePUCTHUK, SIKUI 100YI0BaHO 32
IOTIOMOTOI0 J€BSITUBUMIPHOIO HOPMaJli3yl04yoro IepeTBOPEHHS]; - CTBOPUTH Ha OCHOBI YI,0CKOHAJIEHUX
MOBipHiCHUX Mojiesiel iHpopMaLlifiHi TeXHOJOTI] J1 po3Ni3HaBaHHS 00JIMY i KaBiaTypHOro noyepky. Haykosa
HOBU3HA OJIep>KaHUX Pe3yJbTaTiB I10JIra€e y HacTynHomy. 1) Briepuie nobyzoBaHa MOBipHiCHa MOZeJb [1J1s1
pO3Ili3HaBaHHS 00JIMY Y BUTJISI €J1IICoifa IPOrHOo3yBaHHs 3 KBaHTUJEM F-posmnoginy 1 HopMasizoBaHoOro
BEKTOPY XapaKTEPUCTHUK, SKa Ha BiIMiHY Bifl iCHYIOUMX MOJIE€JIEN BpAXOBY€ BiIXMJIEHHS PO3IOAUIY TaHUX Bif,
rayCiBCbKOTO 3aB[ISIKU 3aCTOCYBaHHIO NI€CATUBUMIPHOrO NepeTBopeHHs bokca-Kokca Ta KisbKiCTb TOYOK JaHUX
3aBJISIKM BUKOPUCTAHHIO KBaHTWJIS F-po3nofisny, o n03BOJIsS€ MiBULMINTY TOYHICTb i IMOBIPHICTb PO3IIi3HaBaHHS
06714. 2) Briepiie no6bygoBaHa MMOBipHiICHa MOZEJb [J1s1 PO3IIi3HaBaHHS KJ1aBiaTypHOTrO OYEPKY y BUTJISA]
€JIifCoifla MPOTrHO3yBaHHS 3 KBAaHTWJIEM F-po3noiny 111 HOpMali30BaHOTO BEKTOPY XapaKTEPUCTHUK, sIKa Ha
BiIMiHYy BiJl iCHYIOUMX MOJI€JIell BpaXOBY€ BiIXMJIEHHS PO3MNO/iNY TaHUX Bifl rayCiBCbKOTO 3aBISIKU 3aCTOCYBAaHHIO
IeB’aTUBUMipHOro nepeTBopeHHs bokca-Kokca Ta KilbKiCTb TOUOK JAHUX 3aBJIsIKM BUKOPUCTAHHIO KBaHTuUJs F-
posIominy, o 403B0JIsIE NiABUIMTY TOYHICTb i IMOBIPHICTb PO3Ii3HaBaHHS KJIaBiaTypHOTO MOYEPKY. 3)
YI0CKOHaIEHO IMOBIPHICHY MO/I€JIb /1J1s1 PO3Ii3HaBaHHs 00JIMY Y BUIJISIA] €J1iMCoia MPOrHO3yBaHHS 3 KBAHTUJIEM
Xi-KBazpar 11 HOpMaJli30BaHOTO BEKTOPY XapaKTEPUCTUK, SIKa Ha BiMiHY Bif] iCHYIOUMX MOJI€JIEN BPAXOBYye
BiIXWJIEHHS PO3IIOJiNy JAaHUX Bifl rayCiBCbKOIO 3aBIISKM 3aCTOCYBAaHHIO [€CSITUBUMIPHOTO IepeTBOPEHHS bokca-
Kokca, mo 103B0osIsie MigBUIMTYU TOYHICTD i IMOBIpHICTb po3Mi3HaBaHHS 061MY. 4) YI,OCKOHAJIEHO NMOBIpHICHY
MOJIEJIb [1714 PO3IMi3HaBaHHS KJIaBiaTypHOTO IMOYEPKY Yy BUTJIA/] €JIiNICoifla MPOrHO3yBaHHS 3 KBAHTUJIEM Xi-KBaJpaT
IIJI1 HOPMaJli30BaHOTO BEKTOPY XapaKTEPUCTHK, SIKA HA BiIMiHY BiJl iCHYIOUMX MOJEJIEN BPAXOBYE BillXUJIE€HHS
PO3I0AiNy JAaHUX Bifl rayCiBCbKOIO 3aBISKM 3aCTOCYBaHHIO JI€B’ITUBUMIpHOro nepersopenHs bokca-Kokca, mo

IO3BOJISIE TIABUIIUTY TOYHICTD | IMOBIPHICTb PO3IMi3HaBaHHS KJIaBiaTypHOIO [TIOYEPKY.

2. The dissertation is dedicated to solving the critical scientific and practical problem of improving the probability
and accuracy of pattern recognition by developing probabilistic models, specifically prediction ellipsoids for
normalized data, and creating information technology (IT) tools for face recognition and keystroke dynamics
recognition based on these models. The relevance of the study lies in the fact that pattern recognition is a vital
component of many modern technologies, such as biometric systems, video surveillance systems, automated
access control systems, medical research, and others. Therefore, insufficient recognition accuracy can lead to
serious consequences. In this regard, there is a growing need to develop and improve recognition methods that
ensure high accuracy and reliability under conditions of variable and multivariate data. The dissertation aim is to



improve the probability and accuracy of pattern recognition, specifically through the development of non-
Gaussian probabilistic models for normalized data. The working scientific hypothesis of the dissertation is that
improving the probability and accuracy of pattern recognition can be achieved through the use of non-Gaussian
probabilistic models, which account for deviations in data distribution from normality. To construct these non-
Gaussian probabilistic models, the proposed approach utilizes multivariate normalizing transformations that
account for variable correlation and approximate the data distribution to normality, thereby enhancing the
probability and accuracy of pattern recognition. To achieve this aim we need to solve the following tasks: - Analyze
existing mathematical models used for pattern recognition and evaluate their accuracy when working with non-
Gaussian data. - Investigate existing normalizing transformations and methods for evaluating their parameters;
choose a transformation for normalizing ten-variate feature vectors for face recognition and nine-variate feature
vectors for keystroke dynamics. - Build a probabilistic model for face recognition in the form of a prediction
ellipsoid with a chi-square quantile for a normalized feature vector, constructed using a ten-variate normalizing
transformation. - Build a probabilistic model for keystroke dynamics recognition in the form of a prediction
ellipsoid with an F-distribution quantile for a normalized feature vector, constructed using a nine-variate
normalizing transformation. - Improve the probabilistic model for face recognition in the form of a prediction
ellipsoid with a chi-square quantile for a normalized feature vector, constructed using a ten-variate normalizing
transformation. - Improve the probabilistic model for keystroke dynamics recognition in the form of a prediction
ellipsoid with a chi-square quantile for a normalized feature vector, constructed using a nine-variate normalizing
transformation. - Develop information technologies for face and keystroke dynamics recognition based on the
improved probabilistic models. The scientific novelty of the obtained results is as follows. 1) For the first time, a
probabilistic model for face recognition has been constructed in the form of a prediction ellipsoid with an F-
distribution quantile for a normalized feature vector, which, unlike existing models, takes into account the
deviation of the data distribution from Gaussian by applying the ten-variate Box-Cox transformation and the
number of data points by using the F-distribution quantile, which allows to increase the accuracy and probability
of face recognition. 2) For the first time, a probabilistic model for keyboard handwriting recognition has been
constructed in the form of a prediction ellipsoid with an F-distribution quantile for a normalized feature vector,
which, unlike existing models, takes into account the deviation of the data distribution from Gaussian by applying
the nine-variate Box-Cox transformation and the number of data points by using the F-distribution quantile, which
allows to increase the accuracy and probability of keyboard handwriting recognition. 3) The probabilistic model for
face recognition in the form of a prediction ellipsoid with a Chi-square quantile for a normalized feature vector has
been improved, which, unlike existing models, takes into account the deviation of the data distribution from
Gaussian by applying the ten-variate Box-Cox transformation, which allows to increase the accuracy and
probability of face recognition. 4) The probabilistic model for keyboard handwriting recognition in the form of a
prediction ellipsoid with a Chi-square quantile for a normalized feature vector has been improved, which, unlike
existing models, takes into account the deviation of the data distribution from Gaussian by applying the nine-
variate Box-Cox transformation, which allows to increase the accuracy and probability of keyboard handwriting
recognition.
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anMipana Makaposa

Kopg 3a €IPIIOY: 02066753

Micue3HaxoaKeHHS: npocnekt ['epoiB Ykpainny, 6yg. 9, Mukonais, MukosaiBcbkuit p-H., 54007, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. ®apioHosa TeTsHa AHaToJiiBHA

2. Tatyana A. Farionova

KBasigikamis: . . u., go1., 05.08.03
InenTudikarop ORCID ID: He 3acrocosyerbcs
JoparkoBa iHdpopmamnist:

IloBHe HaliMEeHYBaHHSI IOPHUAUYHOI 0COOM: HaujoHanbHuUil YHIBEPCUTET KOPA6IIeOyAyBaHHS iMeHI

agmipana Makaposa

Kopg 3a €IPIIOY: 02066753

Micue3HaxoaKeHHS: npocrnekT ['epois Ykpainu, 6y, 9, Mukonais, MukonaiBcbkuii p-H., 54007, Ykpaina
dopma BracHOCTI: JlepxaBHa

Cdepa ynpaBiriHHS: MiHicTepCTBO OCBITH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3aKkJII04Hi BiZoMOCTi
BnacHe IlpizBume Im's I10-6aTbKOBI lepenepiii Bikrop [BaHoBUY

TOJIOBH paju



BaacHe IlpizBume Im's I10-6aTbKOBI lepenepiii Bikrop [BaHOBUY
TOJIOBYIOYOTO Ha 3acCiiaHHi
BiamoBimaibHUH 32 MiZTOTOBKY Tpyxos Aprem CepriiioBud

00JIiKOBUX JOKYMEHTIB

PeectpaTop YkpIHTEI

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIIOBiZaJIbHUM 32 peEeCTpallilo HAayKOBOIi IOpuenko TeTsHa AHatosiiBHA

OisSIIBHOCTI




