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Pedepar:

1. Y pucepTauiiiHiii po60Ti BUpilIeHO HAYyKOBO-TIPAKTUYHE 3aBJAaHHS PO3POOKU METO/IB Ta iHOpMaLiiHUX
TEXHOJIOTI! TO6YZ0BU KOMIIO3UTHUX iHAUKATOPIB HA OCHOBI SII€PHUX METOIiB MAIIMHHOTO HaBYaHHS Ta
ONTUMAJIbHOTO y3rOIPKEHHS €KCIIEPTHOI Ta CTaTUCTUYHOI iHpopmaliii. O6’eKT JOCTiIpKeHHS — IPOLEeCH N100y10BU
KOMIIO3UTHUX iHOVKATOPIB y 337ja4axX paH>XyBaHHS i 6araTOKpUTEpPiabHOrO OL[iHIOBaHHS Ta BU6opy. [IpegmeT
IOCIiIKeHHS — MeToau Ta indpopMaliiiHi TexHOoJIorii T06YL0BY KOMIIO3UTHUX iHAMKATOPIB 3 HA OCHOBI
ONTUMAJIbHOTO y3rOJPKEHHS €KCIIEPTHOI i cTaTucTuyHOi iHdopmauii Ta arperauii janux. MeTa i 3agadi AOCHiIPKEHHS
- po3pobka MeTogiB Ta iHpOpMaLifHAX TEXHOJIOTIN O0YL0BU KOMIIO3UTHUX iHAUKATOPIB OCHOBI SI€PHUX METO/IIB
MAIIMHHOTO HaBYaHHS Ta ONTUMAaJIbHOTO y3TOKEHHS €KCIIEPTHOI Ta CTaTUCTUYHOI iHpopMallii 3 MeTOI0

IiABUILEHHS TOYHOCTI OTPUMAaHUX Mojiesiell Ta 0OMe>KeHHS! iX CKJIafHOCTI. Y BCTyIli OOIpyHTOBaHO aKTyaJbHICTh



TEeMU JAUCEPTALiNiHOI pOGOTH, 3a3HAYEHO 3B'I30K POOOTU 3 HAYKOBUMU TeMaMu, CPOPMYJIbOBAHO METY, 3a1a4i Ta
LIiJ1i JOCIiIyKEeHHs], BUBHAYEHO 00’eKT, IIpegMeT Ta METOIY AOCiIKeHHS, [I0Ka3aHO HayKOBY HOBU3HY Ta PaKTUYHE
3HAUYEHHS OTPUMAaHUX Pe3yJIbTaTiB, HaBeleHo iHpOopMallilo IPO IPaKTUYHE BUKOPUCTAHHS, OCOOUCTUI BHECOK
3100yBaya, anpoballilo pe3yabTaTiB AOCIIPKEHHS Ta iX BUCBITJIEHHS y My06Jlikauigx. [IprBogsThCs BiflOMOCTI IOA0
CTPYKTypH Ta 00CsTy gucepTrauiiiHoi poboTu. YV nepmomy po3ziji npoBeneHo aHasi3 3aa4i mody10B1M KOMIIO3UTHUX
iHIMKaTOPiB Ta OrJIsLH, Pi3HUX MiTXOAIB 1O iX TO6YH0BH, 30KpeMa, METOiB MalllMHHOTO HaBYaHHS. HaBeneHo
IIPUKJIAJY BUKOPMCTAaHHS KOMIIO3UTHUX iHIMKATOPIB y 6aratbox cdepax [jisl 100y0BY Pi3HUX y3arajabHEHNX
[IOKa3HUKIB: JIIOJCHKOTO PO3BUTKY, €KOJIOTIYHOI e()eKTUBHOCTI, iHBecTULiiHOrO noptders Toumo. OGIpyHTOBAHO
BUOip MeTH i 3aay poboTu. Y Apyromy po3gisi 3azada nodyj0BM KOMIIO3UTHOTO iHIUKaTOopa cOpMyIbOBaHa B
TepMiHax MallMHHOT'O HaBYaHHS, OTPUMAaHO PO3B'SI3aHHS 33/a4i 100YA0BU HeJliHIIHOI MOJeJli KOMIIO3UTHOTO
iHIMKATOPY Ha OCHOBI SAepHOI pimK-perpecii. [IpoaHani3oBaHO METOAY Y3TOIKEHHS PI3HOPIAHOI €KCIIEPTHOI
indopmarii, mo FO3BOMISIOTH 3HAUTH KOMIIPOMIC MIXX €KCIIEPTHUMM OL[iHKaMU KOMITO3UTHUX iHIUKATOPIB Ta
CTaTUCTUYHUMHU OIiHKAMHU YaCTKOBUX I1I0KA3HUKiB. OGI'PYHTOBAHO 3aIIPOIIOHOBAHUI METOJ, OIITUMAJIbHOTO
y3roJpKEHHsI eKCIIEPTHO] i cTaTUCTUYHOI iHpopmallii 32 JOIIOMOroIo peryisapusallii aepHoi perpecii 3
BMKOPHMCTaHHSIM aNpiopHOI iH(popMalii o0 BaXKJINBOCTI YACTKOBUX [TOKA3HUKIB, 110 CYTTEBO MiJIBAILYE TOYHICTD
OTPUMaHUX Mozesel. Y TpeTbOMy pO3[Iijii HaBeeHO MPUHLMIY KOHLeTii BeJIMKKUX NAaHUX Ta OIKCaHi Ipobiemu,
IKi BUHUKAIOTh [1pY 36i/1bl1eH] 06CsriB iHpopMaliii, 10 BUKOPUCTOBYETHCS 11715 TOOYI0BM KOMIIO3UTHUX
iHgMKaToOpiB. 3alPOIIOHOBAHO BUKOPUCTOBYBAaTH METOAM arperyBaHHs JAHUX 71 BSMEHIIEHHS CKJIQAHOCTI s1epHOL
mogedi. Po3ryisiHyTO MeTOAM IPYITyBaHHS Ta KjacTepu3alii s arperauii ganux. [ nigBUILIEeHHS TOYHOCTI Ta
eeKTUBHOCTI KJlacTepu3allii 3alporIoHOBaHO BUKOPUCTOBYBATH PETyJIsipy3aliiio 3a JOIOMOroI0 LiIbOBOi 3MiHHOI
Ha eTali po3paxyHKy BificTaHi MK TOUKaMU B [IPOCTOPi O3HAK, BUKJIAAEHO 3aIIPOIIOHOBAHUN METO],
PeryJsipu30BaHoi KacTepusalii. BusHaueHo npobjeMy HeJOCTaTHbOI PO3MITKU AHUX, SIKA OCOOJIMBO 4aCTO
BMHUKAE IpU 30i/bLIeHHI KiNIbKOCTI faHuXx. [j1s1 po3B’s3aHH Liei Ipo6ieMu 3allpOIIOHOBAHO BUKOPHUCTOBYBATU
METOJI HalliBKepOBaHOIO HaBYaHHS Ha OCHOBI rpadoBoi peryssipusallii Ta gaepHOro TPIOKY Mif yac onTuMizarii
HeJliHiNHOI PyHKUil nepesar. [Ij1s1 po3B’s13aHHS 3a3HA4€HUX IIPOOJIEM PO3PO0JIEHO JBOETAITHUIN aJITOPUTM arperatii
IAaHUX, SIKA1 BUKOPUCTOBYE SIK IJ100aJIbHi, TaK i JIOKaJIbHi NaTepHU y CTPYKTYPi Habopy mix yac arperauii. Takuii
MiXif T03BOJISIE 3HAYHO CKOPOTUTH PO3Mip BUGIPKY MpU 36€peskeHHi BCiX BJIaCTUBOCTEN Ta 1m1abioHiB. Y
YeTBEPTOMY PO3/iJi HaBeJEeHO OIKC 3aIIPOIIOHOBAHOI iHPOpMaliliHOi TeXHOJIOTII 1J151 T0OYA0BY KOMIIO3UTHUX
iHIMKaTOPiB METOZAMU MAIIMHHOTO HAaBYaHHS, sIKa peaslidye po3pobJieHi y pob0oTi METOLIU Ta aJITOPUTMHU.
Po3pobsena indpopmaruiiiHa TEXHOJIOTIS peasnizoBaHa y BUIJIAL] 6i6/1i0TeKr MOBOIO IporpamyBaHHs Python 3
BiIKPUTUM IOXiIHAM KOJIOM Ta HacJifyBaHHSM iHTepdeiiciB 6i6yioTexu scikit-learn Ta Bignosinae ycim Bumoram
METOJI0JIOTi}1 pO3POOKU MPOEKTIB y cdepi MAIIMHHOIO HaBYaHHS Ta aHaji3y gaHux, a came KDD ta CRISP-DM.
[TepeBipeHo npaue3gaTHICTs po3pobiieHoi iHpopMaLiiiHOI TeXHOJIOTI], TOYHICTh 3aIIPOIIOHOBAHUX aJITOPUTMIB Ta
[IPOaHaji30BaHO OTPUMAaHI pe3yJIbTaT JOCiIpKeHHSs. 17151 1bOro BUKOPUCTAHO JeKibka 6araToMipHuX Habopis
IAHUX, SIKi IPEICTABIISIIOTh Pi3Hi JOMEHi 061acTi. Pe3ybTaTy 0Kasaau Nnpale3faTHICTb Ta e(PEKTUBHICTD
3aMPONIOHOBAHUX Y POOOTI METO/IB Ta aJITOPUTMIB. Y BUCHOBKAx HaBeJIEHO OCHOBHI pe3y/IbTaTu AUCePTaLliliHOI

POOOTH 1010 BUPILIEHHS [IOCTABIEHNX HAYKOBUX 33724 AOCiIpKEHHSI.

2. The scientific and practical task of developing methods and information technologies for building composite
indicators based on kernel methods of machine learning and optimal concordance of expert and statistical
information is solved in the dissertation work. Research object - the processes of building composite indicators in
the tasks of ranking and multi-criteria evaluation and selection. Research subject - methods and information
technologies for building composite indicators based on optimal concordance of expert and statistical information
and data aggregation. The purpose and objectives of the research - the development of methods and information
technologies for building composite indicators based on kernel methods of machine learning and optimal
concordance of expert and statistical information, to increase the accuracy of the obtained models and limit their
complexity. The introduction substantiates the relevance of the topic of the dissertation, indicates the connection
of the work with scientific topics, formulates the goal, tasks and objectives of the research, defines the object,
subject and methods of the research, shows the scientific novelty and practical significance of the obtained results,



provides information about practical use, personal contribution of the recipient, the approbation of research
results and their coverage in publications. Information on the structure and scope of the dissertation work is
given. In the first chapter, an analysis of the task of constructing composite indicators and an overview of various
approaches to their construction, in particular, machine learning methods, was carried out. Examples of the use of
composite indicators in many areas for the construction of various generalized indicators are given: human
development, environmental efficiency, investment portfolio, etc. The choice of the goal and tasks of the work is
substantiated. The second chapter formulates the task of constructing a composite indicator in terms of machine
learning, and a solution to the task of constructing a nonlinear model of a composite indicator based on kernel
ridge regression is obtained. The methods of concordance of disparate expert information, which allow finding a
compromise between expert assessments of composite indicators and statistical assessments of partial indicators,
are analyzed. The proposed method of optimal concordance of expert and statistical information using kernel
regression regularization with the use of a priori information on the importance of partial indicators is justified,
which significantly increases the accuracy of the obtained models. The third chapter provides the principles of the
concept of big data and describes the problems that arise when the amount of information used to construct
composite indicators increases. It is proposed to use data aggregation methods to reduce the complexity of the
kernel model. Methods of grouping and clustering for data aggregation are considered. To increase the accuracy
and efficiency of clustering, it is proposed to use regularization with the help of a target variable at the stage of
calculating the distance between points in the feature space, and the proposed method of regularized clustering is
outlined. The problem of insufficient data marking, which especially often arises when the amount of data
increases, is identified. To solve this problem, it is proposed to use semi-supervised learning methods based on
graph regularization and kernel trick during the optimization of the nonlinear preference function. To solve these
problems, a two-stage data aggregation algorithm was developed, which uses both global and local patterns in the
set structure during aggregation. This approach allows to significant reduce the size of the sample while
preserving all properties and patterns. The fourth chapter describes the proposed information technology for
building composite indicators using machine learning methods, which implement the methods and algorithms
developed in the work. The developed information technology is implemented in the form of a library in the
Python programming language with open-source source code and inherits scikit-learn library interfaces and
meets all the requirements of project development methodologies in the field of machine learning and data
analysis, namely KDD and CRISP-DM. The functionality of the developed information technology, the accuracy of
the proposed algorithms, and the obtained research results were analyzed. For this, several multidimensional data
sets representing different domains of the area were used. The results showed the efficiency and effectiveness of
the methods and algorithms proposed in the work. In the conclusions, the main results of the dissertation work on
the solution of the set scientific research problems are presented.
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