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1. ¥ nuceprauiiiHiili po60Ti PO3B’sI3aHO aKTyasIbHy HayKOBY 33/1a4y IIiABUIEHHS 3TATHOCTI 10 y3arajabHEHHS
Mogeeil perpecii Ta kinacugikariii, modynoBaHUX Ha OCHOBI MEAUYHUX JAHUX MaJIUX OOCSITIB, HIJIIXOM
PO3pO6JIEHHS 11 YIOCKOHAJIEHHSI METO/IiB IHTEJIEKTYaJIbHOTO aHaJli3y JaHUX Ta PO3BUTKY aHCAMOJIiB TaKUX MOJEJIEH,
110 326€e3I1e4YyI0Th BpaxyBaHHS 0COOJIMBOCTEN KOPOTKUX, BUICOKOPO3MipHUX Ta He30aJlaHCOBaHUX BUOGIPOK.
Po3po6:eHi, yIoCKOHaJIeHi Ta pO3BUHYTI METOJM OpPi€EHTOBAHI Ha [TO€JHAHHS ayrMeHTallii Ta aHcambJ1eBOro
HaBYaHHS [J151 KOPOTKUX HAbOPiB NaHUX i3 pi3HUX rajsyseil MeguuuHu. JluceprauiiHa poboTa CKIafaeTbCs 3i
BCTYI1y, YOTUPbOX PO3[ijiB, BUCHOBKIB, CIIUCKY JIiTEPATYPHUX IPKEPEJI Ta JOJATKIB. Y NEepLUIOMY PO3Zijli BUKOHAHO
aHaJIITUYHUN OIJIS MoZesiell i MeToIiB po3B’s3aHHs 3a7a4 perpecii Ta knacudikanii y BUaiky KOpoTkux Habopis
MeJNYHUX JaHUX. [IpoaHanizoBaHO NPUYMHYU HECTAdi JOCTYIHUX /JIs aHaJli3y JaHUX Y Men4Hill chepi. OnncaHo
0CO6IMBOCTI KOPOTKUX HA0OPiB JaHUX Ta IPOOJIEMH, SKi BUHUKAIOTH I1if, Yac iX iHTeJIeKTyaJlbHOTO aHaJIi3y.
HaBeneHo Bu3HAYEHHS ITOHSTTS KOPOTKA BUOIpKa MEeUYHUX JAHUX Y MEXax NUCEPTALitHOrO AOCTiIKEHHSL.

dopmanbHO onmcaHo 3anadi perpecii Ta knacudikauii. [IpoBeseHo oIy, iCHyI0UNX MOJesell Ij1sl aHai3y KOPOTKUX



HabopiB JaHux. PO3rissHyTO METOAM, 32aCHOBAHI Ha IPUHIMIAX AEKAPTOBOrO KBaJpaTa MHOKMHU BXiTHUX
KOMITOHEHT BEKTOPIB /1J1s1 PO3B’sI3aHHS 3a71a4 perpecii Ta knacudikanii. [TpoaHasnizoBaHO MPUYUHY MiABUIIEHHS
eeKTUBHOCTI iHTeJIEKTyaJIbHOTO aHasli3y 3a ix JOIIOMOroI0 y BUMAJKy KOPOTKMX BUOIPOK NaHUX. Y IpyroMy po3zimni
PO3pO6JIEHO Ta YIOCKOHAIIEHO METOAM iHTEJIEKTYaIbHOTO aHaJli3y KOPOTKUX BUCOKOPO3MiPHMX MEIMYHUX BUOIPOK
1151 pO3B's13aHH 331124 perpecii, 6iHapHOi Ta MyJIbTHKJIACOBOI Kacudikauii misxom moaudikaii npouenypu
ayrMeHTallii Ha OCHOBI I€KapTOBOrO KBaipaTa MHOXKMHU BXiTHUX KOMIIOHEHT BEKTOPIB. [lJIs1 yCYHEHHS 3a3HAaYE€HUX
00ME>XeHb yJIOCKOHAJIEHO METOJ, IeKapTOBOr0 KBajpaTa LIJIIXOM [IEPEXOAY Bifj KOHKATeHallii BEKTOPIB [0
IIOKOMITIOHEHTHOTO OOUMCJIEHHS] Pi3HULb MK ycimMa apamu BXiJHUX €K3eMIUISPIB i3 J0JaTKOBUM BUKOPUCTaHHSIM
KaCKaJHOTO NpUHLUITY POPMYBaHHS 03HaK. Takuil MigXif 103BOJIsS€ 3MEHIIUTY PO3MipHICTh ayTMEHTOBAHOI
BUOIpKY Ta NiIBAIUTY iIHPOPMATUBHICTb NIpeCTaBIEHHS AaHUX. TeopeTUyHO OOIPYHTOBAHO, L0 Y OCKOHAJIEHU
METOJI, 3abe3Ieuye MifBUIIEHHS 30aTHOCTI IO y3araJbHEeHHs HeJIiHIMHMX MofeJlel perpecii Ta 6iHapHOI
ksacu@ikauii mpu aHasnizi KOpOTKUX BUCOKOBUMIPHUX BUOGIPOK AaHUX. Kpim TOro, po3po6sieHO METO], PO3B'I3aHHS
3a/1ay MYJIbTUKJIAcOBOi Kyacudikallii 3 aiUTUBHOIO KOMIIEHCalli€lo BUXiIHOro curuany. Bin nepenbayae
(OopMyBaHHS WITYYHOTO 1IiJIbOBOTO aTPUOYTY IIJISIXOM JOJaBaHHS 3BAKEHOI CYMU BXiIHUX O3HaK /10 3HaY€HHS MiTKU
KJIacy 3 NOJAJbIIMM 3aCTOCYBAaHHSIM [IONIAPHOTO NPeACTaBIeHHS AaHuX. Takuil nifgxiz 3abesnevye KOPEKTHY
iHTepIpeTaLjiio LiJIbOBOTO CUTHAJY Ta PO3MIKPIOE 00JIACTh 3aCTOCYBAHHS MiIXOiB HA OCHOBI IeKapTOBOr0 KBagpaTa
Ha 6araToKJacoBi 3a7a4i. Y TPETbOMY PO3[Iijli PO3BUHYTO METOAM iHTEJIEKTYaIbHOI'O aHali3y KOPOTKUX
He30aJ1aHCOBaHUX BUOGIPOK MEIMYHUX JAHMX HA OCHOBI aHCaMO6JIiB MOJielel eKapTOBOro KBagpara Jjist
PO3B's13aHHS 3aja4 perpecii Ta 6iHapHOi Knacudikaii. 30kpema, IoJaabLUIOro pO3BUTKY HAbYJI0 3aCTOCYBAHHS
aHcam06J1eBOro migxony TUIY 6eriHr y 3aayax perpecii, y Meskax sSIKoro JiJisi Ko>KHOI BUIIaIKOBOI MifBUOipKU
CHHTE3Y€eTbCsI OKpeMUI 6a30BUI YI€H aHCAMOJIIO i3 BUKOPUCTAHHSM YIOCKOHAJIIEHOTO METOY AEKAPTOBOTO
KBa/IpaTa MHOXKWHM BXiITHUX KOMIIOHEHT BeKTOpiB. Kpim Toro, po3BuHyTO aHCcaM61b 36aJ1aHCOBAaHUX MiABUOIpOK
IAHUX JJIs1 aHaIi3y JaHuX B yMOBax IucbasaHCy KiaciB y 3anadi 6iHapHoi kiacudikarii. TyT KoskeH 6a30BUI YJieH
aHcaMO6JII0 HAaBYaEeTHCS Ha BJIACHI 306a1aHCOBaHI MinBUOIpPIli 3 BUPIBHIOBAaHHSIM OOCSITIB KJIaCiB 10 PiBHS
MiHOPUTAPHOTO, a Pe3yJIbTaTH NEPLIOTO PiBHS Y3TOAXKYIOTbCS i3 BUKOPHUCTAHHSIM MeTaMmozesti. Po3aBuHyTHil MeTo[,
3MEHIIYye 3MillleHHS OLiHOK allOCTEPIOPHUX MMOBIPHOCTEN, CIIPUYMHEHE JOMiHYBaHHSM KJlacy OilbIIOCTi, Ta
3abe3neyvye MiIBUIIEHHS 31aTHOCTI 10 y3araJabHEHHS MoJesiell py aHasi3i KOpOTKMX HabOpiB MEIUYHUX JaHuX. ¥
YETBEPTOMY PO3/iji po3p006JI€HO IPOrPaMHO-AJITOPUTMIYHUI KOMILJIEKC, 33 JOIIOMOIOIO SIKOTO MO>KHA BUKOHYBATU
iHTesIeKTyalIbHU aHaJli3 KOPOTKUX BUOIPOK MEIMYHUX AAHUX. ATIpo6aliilo BUKOHAHO Ha MPUKJIa/li HU3KU
[IPaKTUYHUX 33724 3i cpepy MeguunHY. Pe3ynbTaTy IpoeMOHCTPYBAJIH TigBUIEHHS 3IaTHOCTI IO y3arajbHEeHHS
000X aNropuUTMiYHUX peasnizalliiil po3pobseHoi Mojiesi MopiBHIHO 3 6a30BUMU. OKpiM 1IbOTO, PO3BUHEHI aHCaMOJIi
MoOJeJiell Ha OCHOBI J€KapTOBOTO KBajpaTa MHOXKMHU BXiIHUX KOMIIOHEHT BEKTOPiB BepUQPIKOBAHO Ta allpOOOBAHO
IIpY PO3B'sI3aHHI 3a/1a4 perpecii Ta Knacudikauii. PesynbraTy IOPiBHSIHHS 3 iCHYIOUMMU aHCAMOIISIMU
IIPOJIEMOHCTPYBAJIM CYTTEBO Kpallly 30aTHICTb JO y3arajJbHEeHHs pO3BMHEHUX aHCaMOJIiB IpU PO3B’s13aHHI

[IPaKTUYHUX 3a/a4 i3 rajy3eil peBMaToJIOr i, EHI0OKPHUHOJIOTI TPaBMATOJIOri Ta TPaHCIIAHTOJIOT.

2. The dissertation solves the urgent scientific problem of increasing the ability to generalize regression and
classification models built on the basis of small-scale medical data by developing and improving data mining
methods and developing ensembles of such models that take into account the features of short, high-dimensional
and unbalanced samples. The developed, improved and advanced methods are focused on combining
augmentation techniques and ensemble learning for small data sets from various fields of medicine. The
dissertation consists of an introduction, four sections, conclusions, a list of literature sources and appendices. The
first section provides an analytical review of models and methods for solving regression and classification
problems in the case of short sets of medical data. The reasons for the lack of data available for analysis in the
medical field are analyzed. The features of short data samples and the problems that arise during their intellectual
analysis are described. The definition of the concept of “short sample of medical data” within the framework of the
dissertation research is given. The regression and classification tasks are formally described. The existing models
for the analysis of short data sets are reviewed. Methods based on the principles of the Cartesian square of the set
of input vector components for solving regression and classification problems are considered. They are focused on



the development and improvement of methods based on the Cartesian square of the set of input vector
components. In the second section, methods for intelligent analysis of short high-dimensional medical samples are
improved and developed for solving regression, binary and multiclass classification problems by modifying the
augmentation procedure based on the Cartesian square of the set of input vector components. To eliminate these
limitations, the Cartesian square method is improved by switching from vector concatenation to component-by-
component calculation of differences between all pairs of input instances with the additional use of the cascade
principle of feature formation. This approach allows you to reduce the dimension of the augmented sample and
increase the informativeness of the data presentation. It is theoretically substantiated that the improved method
provides an increase in the ability to generalize nonlinear regression models and binary classification when
analyzing short highdimensional data samples. In addition, a method for solving multiclass classification problems
with additive compensation of the output signal has been developed. It involves the formation of an artificial target
attribute by adding a weighted sum of input features to the class label value with the subsequent application of
pairwise data representation. This approach ensures the correct interpretation of the target signal and expands
the scope of application of approaches based on the Cartesian square to multiclass problems. In the third section,
methods for intelligent analysis of short unbalanced samples of medical data based on ensembles of Cartesian
square models for solving regression and binary classification problems are developed. The use of an ensemble
approach of the bagging type in regression problems has been further developed, within which a separate basic
member of the ensemble is synthesized for each random subsample using the improved Cartesian square method
of the set of input vector components. In addition, a balanced class ensemble is developed for data analysis under
class imbalance in a binary classification problem, in which each base member is trained on its own balanced
subsample with class sizes equalized to the minority class, and the first-level results are reconciled using
metaaggregation. The developed method reduces the bias in posterior probability estimates caused by the
dominance of the majority class and improves the generalizability of models when analyzing small-volume medical
data samples. In the fourth section, a software and algorithmic complex is developed, with the help of which it is
possible to perform intelligent analysis of short samples of medical data. The test is carried out on the example of a
number of practical problems in the field of medicine. The results demonstrated an increase in the ability to
generalize both algorithmic implementations of the developed model compared to the basic ones. In addition, the
developed ensembles of models based on the Cartesian square of the set of input vector components were verified
and tested for solving regression and classification problems. The results of comparison with existing ensembles
demonstrated a significantly better ability to generalize the developed ensembles for solving practical problems in
the fields of rheumatology, endocrinology, traumatology and transplantology.
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dopma BracHOCTI: JlepxasHa
Cdepa ynpaBiriHHS: MiHicTrepcTBo OCBiTH i HayKu YKpaiHu

InenTudikarop ROR:

VIII. 3ak1104Hi BiZOMOCTI
BiiacHe IIpizBuie Im'sa ITo-6aTbKOBi

TOJIOBH pajgu

BiiacHe IIpizBuie Im'sa Ilo-6aTbKOBi

TOJIOBYIOYOTO Ha 3acCiiaHHi

AxoBuHa Bitaniii CTennaHoBUY

AxoBuHa Bitamniit CternnaHoBUY



BigmoBigasbHUH 32 MiATOTOBKY

00JIIKOBHX JOKYMEHTIB

PeecTpaTop

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZINIOBiZaJIbHUM 32 peECTpallil0 HAyKOBOIi

OisIIBHOCTI

BikTop MuxainoBud XaBajiko

IOpuenko TeTsHa AHaTOJIiBHA

FOpuenko TetsHa AHaToJiiBHA



