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1. Incepraujiiine 0OCiIyKeHHs IPUCBSIYEHO PO3po0lLli iHTeleKTyanbHOi iHdpopMaLiiHO-aHAITUYHOI CUCTEMHU, 1110
3abe3nevye BUPiLIEHHS HAyKOBO-MIPAKTUYHOI TPO6IeMHU MiATPUMKYU IIPUIHSTTS PillleHb 00 BiIOyL0BU
MOUIKOPKEHUX O0'€KTIiB 32 YMOB HEBU3HAU€HOCTI. BupimeHHs 1iei npo6ieMu Nnop’si3aHe 3 00JIaHHSIM PO3PUBY MixX
etanamu Qikcalii omKoIKeHb, OLIiHKM BapTOCTI BilHOBJIEHHS Ta YXBaJIeHHS pillleHb [P0 BUOIp ajlbTepHaTUBU
BiZIOYI0BY, 1110 BUHMKA€E BHACIITOK (parMeHTAaPHOCTI HAssBHUX iHCTPYMEHTIB Ta HEITIOBHOTH BXiIHUX aHUX.
O6’eKkTOM mOCTiIKeHHs € npolecH ¢ikcalii MOmKoIKeHb Ta OL[iHIOBAaHHS BapTOCTi Bifi0yJOBY MOMKOIKEHNX
o0’exTiB. [IpenMeTom nocinkeHHs € iHpopmaniiiHO-aHaNITHYHA CUCTEMA JIS [TITPUMKY TPUAHSTTS pillleHb PO
BiZIOYJ0BY IOMIKOI)KEHNUX 0O'€KTIB. MeTa LOCIiIpKeHHs NoJIsirae y po3poblii iHTesieKTyanbHOoi iHpopmaliiiHo-
AQHaJIITUYHOI CUCTEMU Ha OCHOBi BEO-TEXHOJIOTIH, 1[0 MiCTUTh MOZYJIi aHAJIITUKY, OL[iHIOBAHHS BapTOCTI,
IIPOrHO3YBaHHS Ta 30€peXXEHHS IaM’ATi KyJIbTYpHOI ClIaAIMHU. Y TIEPLIOMY PO3/ijli TPOaHaJi30BaHO aKTyasbHICTb

npob6aemu ¢ikcauii pyfiHyBaHb i BiiOyZ0BU B yMOBaxX 30poiiHOi arpecii. 3ailicHeHo orisy icHytounx IAC ninTpuMku



[IPUNHATTS pillleHb, MigXoAiB 70 no6ynoBy HudPOBUX IBIHHMKIB Ta METO/IiB MAIIMHHOIO HABYaHHS J1JIS
[IPOTHO3YBAHHS BAPTOCTI BiHOBJIeHHS. OBIPYHTOBAHO HEOOXITHICTh CTBOPEHHS KOMIJIEKCHOI CUCTEMY, SIKa
iHTerpye QyHkuii 06Ky, aHaITUKY, IPOTHO3yBaHHS Ta CLIEHAPHOI'O MOJEJIIOBaHHS. Y IPyroMy po3fiiii po3po6eHo
koHuen1io IAC Ha OCHOBI TiOpUIHOI apXiTEKTypH, 10 MOENHYE MOHOJIITHAN Be6-3aCTOCYHOK i3 BiLOKpEMJIEHUM
ML-mikpocepsicom. PopmasnizoBaHO 6araToKpuTepianbHy 3a7a4y IPUIHSTTS PillleHHs PO BiiOyA0BY
IIOIIKOKEHOTo 00'€KTA SIK 3a/1a4y BUOOPY 3 MHOKMHU ajIbTEPHAaTHUB B YMOBaX HEBU3HAUEHOCT] 3 ypaxyBaHHSIM
HaJIeXXHOCTi 00'eKTa 40 KyJIbTYypHOI criagmunu. PopmaiizoBaHo 3aia4y IPOrHO3yBaHHS BAPTOCTI BiJHOBJIEHHS 5K
perpeciiiHy 3aziauyy MallMHHOTO HaBYaHHS i3 3aCTOCYBaHHSIM KOMOIHOBAaHOTO KOJIyBaHHS KaTeropiaJibHUX O3HAK. Y
TPeThOMY PO3iJi onucaHo peasnizauio IAC, 1m0 0XOII0e MOAYJIi 001Ky OUIKOAKEHUX 00 €KTiB, iIHTEepaKTUBHY
Kapry, nincucremy OLAP-aHaniTMKU Ta MOLyJIb BipTyasbHUX TYPIB 117151 36€pesKeHHsI 1aM'sSITi ITPO 00'eKTU
KyJIbTYpHOI ciaamuHu. Po3po6ieHo nudpoBuil IBiiHMK MOIKOIKEHOr0 00'€KTa, O NoeaHye UUppoBUil mpodisb
3 IPOTHOCTUYHUM LIAPOM Ha OCHOBI Mogei XGBoost Ta MexaHi3MOM CLIEHApHOTIO IlepepPaxyHKy BapTocTi 3 SHAP-
iHTepHpeTalieo pe3yabTarTiB. Y 4eTBEPTOMY PO3[iJli IPOBEIEHO MOPIBHAJIBHUI aHAJi3 MOZEJIe! MAIIMHHOTO
HaByaHH (Linear Regression, Random Forest, XGBoost) Ha gaHux ny6siyHuX 3aKyliBesb cucteMu Prozorro ta
BMKOHAHO MOJYJIbHE 1 iHTerpauiiHe TeCTyBaHHs pOo3po6sieHoi cucteMy. HayKoBa HOBM3HA OTPMMAHUX PE3YJIbTaTiB
II0JISITa€ B TOMY, 10 BIIEpLIe 3alIPOIIOHOBAHO KOHIEMNL|0 iHpopMaliiHO-aHAMITUYHOI CUCTEMU MiATPUMKU
IIPUIHATTS pillleHb 00 Bi0yJ0BU Ha OCHOBI ri6puAHOI apXiTeKTypH, gKa 0€IHye MOHOJIITHUI BE6-3aCTOCYHOK
Ta BilokpemyieHni ML-Mikpocepsic i 3a6e3euye HaCKPi3HUI LUKJI MiJTPMMKY NPUIAHSTTS pilleHb B YyMOBax
HETIOBHOTH Ta HEBU3HAYEHOCTI BXiIHUX aHuX. Briepie po3po6aeHo nudpoBuil ABIMHUK IOLIKOKEHOIO 00'€KTA,
110 1oefHye UUpPOBUi IPOPisb 3 IPOTHOCTUYHUM 1IapOM Ha OCHOBI Mmogesi XGBoost Ta MexaHi3MOM CLieHapHOTO
(what-if) nepepaxyHky BaprocTi 3 SHAP-iHTeprpeTallieto pe3ysnbrartis. Habys nogansuoro po3BUTKy Migxif 1o
NiATPUMKY IPUMHSITTS PillleHb W00 BiIOYAOBY 3a PaxyHOK (popmMaisalii 6araTokpuTepianbHOiI 3agadi BUOOPY
aJIbTepHATYBY BiJHOBJIEHHS] B yMOBaX HEBU3HAYEHOCTI 3 ypaxyBaHHSIM HaJIeSKHOCTI 06’€KTa [0 KyJIbTypHOI
cragmrHy. HabyB ofasipIioro po3BUTKY MifXif, 10 IPOrHO3YBaHHS BAPTOCTI BiJHOBJIEHHS 32 PaxyHOK
dopmasizalii perpeciiHoi 3agadi i3 3acTOCyBaHHSIM KOMOIHOBAaHOTO KOJIyBaHHSI KaTeropiaJbHUX 03HAaK: one-hot ns
HOMiHaJIbHUX 3MiHHMX Ta ¢azudikalii 3 TPUKyTHUMU QYHKLISIMUA HAJIEXKHOCTI 1J14 NOPSIKOBUX. [IpakTuiHe
3HAUYEHHS OTPUMAaHUX Pe3yJIbTaTiB I10JISIrae y po3pooLii Ait04oi Be6-cuCcTeMHU, IPU3HAYEHO] 17151 BAKOPUCTaHHS
opraHaMi MiCLIeBOIO CaMOBPsIyBaHHS Ta iHIIMMU KOPUCTYyBauyaMy, 10 GEPYTh y4acTh y IJIaHyBaHHi Bifj0y10BY.
Cucrema 3abe3neuye peecTpalilo MOMKOAXKEHNX 00'eKTiB i3 poTodakTamu, Bizyasizaliio pyiiHyBaHb Ha
iHTepakTuBHIi1 KapTi, 6baraToBuMmipaui OLAP-anHani3, aBromaTnyHe GOPMYyBaHHS OPi€EHTOBHOI BAPTOCTi
BiZJHOBJIEHHS Yepe3 ML-MikpocepBic Ta IOpiBHSHHS aJlbTePHATUBHUX CLi€HApIiiB BinOy#oBuU. Lle mo3Bosise
CKOPOTUTH 4ac NONePeNHbOI OLIIHKM BapTOCTi, BUSBJISITY IOTEHLIMHO 3aBUIIEHI CYMHU Y 3asBKaxX Ha PaHHIX eTanax

Ta NigBUIIMTU OOI'PYHTOBAHICTh PO3MO/iny 0OMeKeHUX (PiHaHCOBUX PECypCiB.

2. The dissertation research is devoted to the development of an intelligent information-analytical system that
addresses the scientific and practical problem of decision support for the restoration of damaged objects under
uncertainty. Solving this problem involves bridging the gap between the stages of damage recording, restoration
cost estimation, and decision-making regarding the choice of restoration alternative, which arises due to the
fragmentation of existing tools and the incompleteness of input data. The object of the research is the processes of
damage recording and restoration cost estimation for damaged objects. The subject of the research is the
information-analytical system for decision support regarding the restoration of damaged objects. The aim of the
research is to develop an intelligent web-based information-analytical system that includes modules for analytics,
cost estimation, forecasting, and cultural heritage memory preservation. Chapter 1 analyzes the relevance of the
problem of damage recording and reconstruction under conditions of armed aggression. A review of existing
decision support information-analytical systems is conducted, along with approaches to building digital twins and
machine learning methods for restoration cost forecasting. The necessity of creating a comprehensive system
integrating the functions of recording, analytics, forecasting, and scenario modeling is substantiated. Chapter 2
develops the concept of the IAS based on a hybrid architecture combining a monolithic web application with a
separate ML microservice. The decision-making task regarding the restoration of a damaged object is formalized



as a selection problem from a set of alternatives under uncertainty, taking into account the object's cultural
heritage status. The restoration cost forecasting task is formalized as a regression machine learning problem using
combined encoding of categorical features. Chapter 3 describes the implementation of the IAS, covering modules
for recording damaged objects, an interactive map, an OLAP analytics subsystem, and a virtual tours module for
preserving the memory of cultural heritage objects. A digital twin of a damaged object is developed, combining a
digital profile with a predictive layer based on the XGBoost model and a scenario cost recalculation mechanism
with SHAP interpretation of results. Chapter 4 presents a comparative analysis of machine learning models (Linear
Regression, Random Forest, XGBoost) using public procurement data from the Prozorro system. Unit and
integration testing of the developed system is performed. The scientific novelty of the obtained results lies in the
fact that for the first time the concept of an information-analytical decision support system for restoration based
on a hybrid architecture is proposed, which combines a monolithic web application with a separate ML
microservice and ensures an end-to-end decision support cycle under conditions of incomplete and uncertain
input data. For the first time, a digital twin of a damaged object has been developed, combining a digital profile
with a predictive layer based on the XGBoost model and a scenario (what-if) cost recalculation mechanism with
SHAP interpretation of results. The approach to decision support for restoration has been further developed
through the formalization of the multi-criteria task of selecting a restoration alternative under uncertainty, taking
into account the object's cultural heritage status. The approach to forecasting the restoration cost has been
further developed through the formalization of this task as a regression machine learning problem using combined
encoding of categorical features: one-hot encoding for nominal variables and fuzzification with triangular
membership functions for ordinal variables. The practical significance of the obtained results lies in the
development of a functioning web system intended for use by local self-government authorities and other users
involved in restoration planning. The system provides registration of damaged objects with photographic evidence,
visualization of destruction on an interactive map, multidimensional OLAP analysis, automatic generation of an
approximate restoration cost via an ML microservice, and comparison of alternative restoration scenarios. This
enables reducing the time for preliminary cost estimation, identifying potentially inflated amounts in applications
at early stages, and improving the substantiation of limited financial resource allocation.
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