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Pedepar:

1. Y puceprauiiiziilt po60Ti BUpillIeHO HAYKOBO-TIPaKTUYHE 3aBaHHsS PO3POOKY METOIB Ta iHpopMaLiliH1X
TEXHOJIOTi! TO6Y0BU KOMIIO3UTHUX iHAUKATOPIB HA OCHOBI SII€PHUX METOIiB MAIIMHHOTO HaBYaHHS Ta
OTITUMAJIbHOTO y3TOIPKEHHS €KCIIEPTHOI Ta CTaTUCTUYHOI iHpopmarii. O6'eKT JoCTimKeHHs — MPOLeCH 1106yn0BU
KOMITO3UTHUX iHINKATOPIB Y 337jauax paHXyBaHHS i 6araToKpuTepiabHOrO OLiHIOBaHHS Ta BUOODY. [Ipenmet
IOCJiI)KEeHHS — MeTOoAM Ta iHpopMalliliHi TexHoJIorii N06YL,0BY KOMIIO3UTHUX iHIUKATOPIB 3 HA OCHOBI

ONITMMAaJIbHOTO Y3TOJ )KEHHS €KCIIEPTHOI i cTaTUCTUYHOI iHpopMalii Ta arperatiii fanux. MeTa i 3aa4i JOCTiIKeHHS



- po3pobka MeToziB Ta iHpopMaLiiHUX TEXHOJIOTIN TOOYI0BU KOMIIO3UTHUX iHAMKATOPIiB OCHOBI SI€PHUX METO/IiB
MaIIMHHOTO HaBYaHHS Ta ONTUMAJIbHOTO Y3TO/KEHHS eKCIIePTHOI Ta CTaTUCTUYHOI iHdopMaliii 3 MeTo1o
NiABUILEHHS TOYHOCTI OTPUMAaHUX Mojieslell Ta 0OMe>KeHHs! ixX CKJIaHOCTi. Y BCTyIli OOIPYHTOBAaHO aKTyaJbHICTh
TE€MHU JMCEPTALiHOI pOOOTH, 3a3HAUEHO 3B’130K POOOTHU 3 HAYKOBUMU TeMaMu, CHOPMYJIbOBAaHO METY, 33[a4i Ta
LiJTi JOCiIKEeHHs], BUBHAYEHO 00’eKT, IIpegMeT Ta METOY AOCiIpKEHHS, I0Ka3aHO HAyKOBY HOBU3HY Ta MPaKTUYHE
3HAUYEHHS OTPUMAaHUX pPe3yJIbTaTiB, HaBeleHo iHpopMallilo PO IPaKTUYHE BUKOPUCTAHHS, OCOOUCTUI BHECOK
3100yBaya, anpoballito pe3ysbTaTiB AOCIIIPKEHHS Ta iX BUCBITJIEHHS y My06Jlikauigx. [IpuBoasThCs BiloOMOCTI 1OA0
CTPYKTypH Ta 06CsTy OucepTauiiiHoi po6oTu. Y nepmomy po3fii npoBeneHo aHasi3 3a1a4i mo6y10B1U KOMIIO3UTHUX
iHIMKaTOPIB Ta OrJIsLH, Pi3HUX IMITXOAIB 1O iX TO6YIOBH, 30KpeMa, METOiB MallMHHOTO HaBYaHHS. HaBeneHo
IIPUKJIAJY BUKOPUCTAaHHS KOMIIO3UTHUX iHIMKATOPIB y 6aratbox cdepax 1jisl 100y 0B Pi3HUX y3arajibHEHNX
[IOKa3HMKIB: JIIOACbKOTO PO3BUTKY, €KOJIOTIYHOI €(DEKTUBHOCTI, iHBECTULIMHOTrO OopTderis Towmo. OGIPyHTOBAHO
BUOIp MeTH i 33124 po6oTH. Y Ipyromy po3zii 3asada nobynoB1u KOMIIO3UTHOTO iHOMKaTOpa cOPMYIbOBaHa B
TepMiHax MallMHHOT'O HaBYaHHS, OTPUMAHO PO3B'SI3aHHSI 33/1a4i 100YA0BU HeJliHIHOI MOJeJli KOMIIO3UTHOTO
IHIMKATOPY Ha OCHOBI SE€PHOI pimK-perpecii. [IpoaHani3oBaHO METOIY Y3TOIKEHHS PI3HOPIGHOI €KCIIEPTHOI
iH(opmallii, o JO3BOJISIOTh 3HANTH KOMIIPOMIC MiXX €KCITEPTHAMMU OLiHKaMU KOMIIO3UTHUX iHIMKATOPIB Ta
CTAaTUCTUYHUMH OIiHKAMH YaCTKOBUX ITIOKA3HUKIB. OGI'PYHTOBAHO 3aIIPOIIOHOBAHUI METOJ, OIITUMAJIbHOTO
y3roJpKEHHs eKCIIEPTHO] i cTaTuCTUYHOI iHpopmallii 3a JOoIOMOroo peryspusaliii saepHoi perpecii 3
BMKOPHMCTaHHSIM aNpiopHOi iH(popmalii o010 BaXKJINBOCTI YACTKOBUX [TIOKA3HUKIB, 110 CYTTEBO MiJIBUIILYyE TOYHICTb
OTPUMaHUX Mofesed. Y TpeTbOMY PO3[Iijii HaBeieHO MPUHLMINY KOHLETIIii BeJIMKMUX NaHUX Ta OINKCaHi npobiemu,
sIKi BUHUKAIOTh [1pY 36i/1bl1eH] 06csriB iHpopMaliii, o0 BUKOPUCTOBYETHCS 1715 TOOYI0BM KOMIIO3UTHUX
iHgMKaTopiB. 3alPOIIOHOBAHO BUKOPUCTOBYBAaTH METO/IM arperyBaHHs NAHUX J1JIs1 BMEHIIEHHS CKJIQAHOCTI 1€ pHOI
mogeJti. PO3IJIsSIHyTO METOAM IPYITyBAaHHS Ta KjacTepu3alii s arperauii ganux. [ migBUILIEHHS TOYHOCTI Ta
eeKTUBHOCTI KJlacTepu3aliii 3arporIoHOBaHO BUKOPUCTOBYBATH PETYJISIpU3aliiio 32 JOIIOMOTOIO LiTbOBOi 3MiHHOI
Ha eTalli po3paxyHKY BiiCTaHi MK TOYKaMU B IIPOCTOPi O3HAK, BUKJIAZEHO 3aIIPOIIOHOBAHUN METO],
PeryJsipu30BaHoi KiacTepusallii. BusHaueHo npobjeMy HeJOCTaTHbOI PO3MITKU JJAHUX, SIKA OCOOJIMBO 4aCTO
BUHUKAE MU 301/IbIIEHH] KiZIbKOCTI JaHUX. [I7151 po3B’si3aHH4 Liiei mpo6yieMU 3alIpOIIOHOBAHO BUKOPUCTOBYBATH
MeTOJy HaliBKepOBaHOTO HaBYaHHS Ha OCHOBI rpadoBoi peryssipusallii Ta IepHOro TPIOKY Iif, yac onTumisarii
HeJliHilHO] PpyHKLii nepesar. [Ij1s1 po3B’si3aHHS 3a3Ha4€HUX IPOGJIEM PO3POOJIEHO JBOETAITHUN aJITOPUTM arperattii
IAHUX, SIKUY BUKOPUCTOBYE SIK IVIOOQJIbHI, TaK i JIOKAJIbHI IATEPHU y CTPYKTYPi HAbOPY Nif yac arperauii. Takui
niAxin 7o3BOJIsIE 3HAYHO CKOPOTUTH po3Mip BUOiIpKU 1py 36epeskeHHi BCiX BIaCTUBOCTEN Ta MabIoHIB. Y
4YeTBEPTOMY PO3/iJi HaBeJeHO OIKC 3aIIPOIIOHOBAHOI iHPopMaliliHOi TeXHOJIOTi 17151 T0OYA0BY KOMIIO3UTHUX
iHAMKaTOpiB METOJAMU MAIMHHOTO HAaBYaHHS, SIKa peasisdye po3pobJieHi y poOb0Ti METOIU Ta aJITOPUTMU.
Po3pob6ieHa iHpopmallifiHa TEXHOJIOriS peasni3oBaHa y BUIJIs i 6i61i0TeKu MOBOIO mporpamyBaHHs Python 3
BiIKPUTUM IOXiITHUM KOJIOM Ta HacJliyBaHHSM iHTepdeiiciB 6i6sioTeku scikit-learn Ta Bifnnosinae ycim Bumoram
METOJI0JI0Ti¥1 pO3pOOKU MIPOEKTIB y cdepi MAIIMHHOIO HaBYaHH: Ta aHasizy gaHux, a came KDD ta CRISP-DM.
[lepeBipeHo npane3fgaTHiCTb po3po6seHOi iHpOpMallifiHOI TEXHOJIOTI, TOYHICTh 3alIpOIIOHOBAHUX aJITOPUTMIB Ta
IIPOAHAIiI30BaHO OTPUMAaHI pe3yJIbTaT JOCiIpKeHHs. [I71s1 1bOro BUKOPUCTAHO JAeKiabKa 6araToMipHUX HabopiB
IAHUX, SIKi IPEeICTABJISIIOTh Pi3Hi JOMEHi 06s1acTi. Pe3yabTaTy 10Kasanu rnpaie3faTHICTb Ta e(peKTUBHICTD
3aIPONIOHOBAHUX Yy POOOTI METOIB Ta AITOPUTMIB. Y BUCHOBKAaX HaBeJE€HO OCHOBHI Pe3yJIbTaTU AMCEPTaLiHOI

POOOTH 1010 BUPILIEHHS IIOCTABJIEHNX HAYKOBUX 33724 AOCiIKEHHS.

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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