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Pedepar/anoTanis:

1. HaykoBa HOBM3HA OJlep>KaHUX pe3ysbTaTiB. HaykoBa HOBM3HA MCEePTaLliiiHOI pOGOTH OJISITA€ Y HAYKOBOMY
o6rpyHTyBaHHi iHpopmauiitHoi TexHosorii Clustering4Build, 1o inTerpye IHMT2, HeuiTKi MHOXXMHU Ta €BOJIIOLNHI
anropuTMu A1 Kiaacugikalii TeXHIYHOTO CTaHy 00'€KTiB B YMOBaX HEBU3HA4E€HOCTI. Po3pobieno GA-Optimizer i
TypeReducer 111 aBTOMaTH30BaHOI ONITUMI3alii TapaMeTpiB Ta MifBUILEHHS CTIMKOCTI KjlacTepusallii, a TaKoX
QualityEvaluator g5 06IpyHTOBaHOTO BUGOPY ONTUMAaNIbHUX Mogeseil. InTerpauis 3 DSS i mikpocepBicHOO
apXxiTeKTypolo 3abe3nedye MaclITaboBaHICTh, TPO30PIiCThb PillleHb i 3pOCTaHHS TOYHOCTI TEXHIYHOTO MOHITOPUHTY
Oyznisesnb. B nucepraniiiHiil po60Ti ynockoHaneHo: - indpopmauiiiny Texnosorito Clustering4Build s oninku

TEXHIYHOTO CTaHy 00’€KTiB Oy[[iBHULITBA B yMOBaX HEBU3HAUYEHOCTI, sIKa IHTErpye MeToAu KjacTepusallii Ha OCHOBI



HEYiTKMX MHOJKMH I1epLIOro Ta APYroro TUIIB 3 FeHETUYHOIO ONTHUMI3allielo napaMmeTpiB. 3abe3neyeHo afalTuBHe
IpyIlyBaHHS O0'€KTIB i3 ypaxyBaHHSM MepeXifHUX CTaHiB i pi3HOPIGHOCTI JaHUX. - PO3MNPEHHSI MHOKUHU 00’ €KTIB
xinacrepusatii 1o IHMT2 nnsg PCM- anropuTmy, 1o 403BOJIsIE BDaXOBYBAaTH HEBU3HAUEHICTh (az3udikaTopa Ta
«IIMPUHY 30HMU» IJ1S1 KOXKHOTO Kiactepa. Peanizauis B Clustering4Build yepes mikpocepsicu FuzzificationEngine i
TypeReducer 3a6e3neuye 064MCaeHHS iHTepBaIbHUX (PYHKIiM TUTIOBOCTI Ta LIEHTPIB KJIaCcTEPIB i3 30epesKeHHIM
naHux y JSONB pnis DSS. IHHOBaLifHICTb No1rae B iHTerpallii aBToMaTU30BaHOTro NMifioopy napameTpiB PCM-
anroputMmy 3a gonomororo GA-Optimizer Ta oLiHKU SIKOCTi Kactepusauii yepes QualityEvaluator njs TouHoro
TEeXHIYHOTO MOHITOPHHTY. - 3aCTOCYBaHHS KOMGiHOBaHUX anroputmiB FCM+GA ta PCM+GA 1o 3apadi kiactepusarii
TEXHIYHOTO CTaHy 00'eKTiB OyAiBHULITBA, Y SIKUX HA OCHOBI BiJOMUX MiIXOZiB 1O €BOJIIOLIMHOTO KOAYBaHHS
rapaMeTpiB HEYiTKOI KJacTepusallii peanizoBaHO aBTOMAaTHU30BaHEe BU3HAYEHHS LIEHTPIB KJIACTEPIB, IapaMeTpiB
(dasudikarnii Ta CTyneHiB IPUHAIEXHOCTI, aJallITOBaHEe JO CIel1()iKU LIyMOBUX i HEIIOBHUX JAHUX TEXHIYHOTO
MOHITOPUHTY, IO CIIPUSE MiABUIIEHHIO TOYHOCTI, 305KHOCTI Ta 069N CIII0BaIbHOI €(PEeKTUBHOCTI OLiHIOBAHHS
TEXHIYHOTI'O CTaHy; - HAyKOBO-IIPUKJIaAHY peaisalilo MikpocepsicHOi apxiTekrypu 3 REST- B3aemogiero s
LIEHTPaJi30BaHOr0 30€peXKEHHs pe3ysbTariB Ta iHTerpauii 3 DSS, BIM i IoT-notokamy, 10 3abe3nevye
MacuTaboBaHiCTb, MOAYJIbHICTb, BiITBOPIOBAHICTb OOUNCIIIOBAIbHAX €KCIIEPUMEHTIB Ta IPAKTUYHY MiJTPUMKY
IIPUAHATTS pilieHs imkeHepamu. Habyiu mofanbuioro po3BUTKy: - HAYKOBO-METOIUYHI 3acaiyl 1o6ynoBu
iHopmaliitHOi TEXHOJIOTi OLIIHKY TEXHIYHOTO CTaHy 00'eKTiB Oy[liBHULITBA B yMOBaX HEBU3HAUEHOCTI, 1110, HA
BiZIMiHY BiJ| icHyl09nx BIM-, SHM- ta DSS-pimens, 6a3yl0TbCsl Ha iHTETPOBaHOMY BUKOPMCTaHHI METO/IiB HEYITKOI
KJIacTepu3allii, anapaTy HeYiTKMX MHOXXUH IEPIIOTO i APYTroro TUIILB Ta iIHTEPBAJIbLHUX MOZEJIEN MOJaHHA 3HAHb.
3anponoHoBaHU MifXxiz 3abe3neuye popmarizallilo IepexifHUX CTaHiB KOHCTPYKLiH, TO€JHAHHS
iHCTpyMEHTa/IbHUX BUMIPIOBAaHb i €KCIIEPTHUX OLIiHOK, & TaKOXX aJalITUBHY 0OPOOKY Pi3HOPiIHUX i HEITOBHUX JAaHUX
MOHITOPUHTY. Lle CTBOpIOE TEOPETUYHE MiIPYHTS [JIs1 PO3POOJIEHHS YHIBEPCAIILHOTO IIPOrPAMHOTO
iHCTpyMEeHTapilo KJIAaCTePHOr0 aHaJi3y TeXHIYHOIo CTaHy B MeXax crelianbHoCTi 126 «IHdopmariiiHi cuctemu Ta
TEXHOJIOTii»; - KoMbiHOBaHi MeTony iHTenekTyanbHOi knacrepusatlii FCM+GA ta PCM+GA B ckiafii iHTerpoBaHoi
ingpopmauinnoi rexnosorii Clustering4Build, sixi nepen6adaioTs reHETUYHY ONTHUMI3allil0 LEHTPIB KJIacTePiB,
napametpiB ¢asudikarnii Ta cTyneHiB MpUHANEKHOCTI 3 KOJYBAaHHSM XPOMOCOM BiJI[IOBIZHUMY BaroBUMU
koedinientamu. Ha BinMiHy Bif iCHyl0uMX IiXO[iB, 3alPOIIOHOBAHA apXiTeKTypa peaslisye 3aMKHEHUI UKL
«ONTHMIi3allig — aHaJli3 — peKOMEHJalis — Bidyasisdanisa», interpyerscs 3 PostgreSQL, BIM-mopenamu Ta [oT-
MIOTOKaMU JIaHUX i 3abe3nevye NigBUIeHHS MBUAKOAIL, CTIIKOCTI 3061)KHOCTI Ta TOUHOCTI OL[iHIOBaHHS TEXHIYHOTO
cTaHy OyniBesibHUX 06'eKTiB. OCHOBHUII 3MICT IcepraniitHoi poboTty. [lucepraniiiny poo6oTy NIPUCBIIEHO
BUPILIEHHIO HAYKOBO-TIPUKJIAAHOTO 3aBIaHH4 IiIBUIEHHS JOCTOBIPHOCTI Ta aBTOMATM3Aallil OLiHKM TEXHIYHOTO
CTaHy 00'€KTiB OYZiBHUITBA B yMOBAaX HEBU3HAUEHOCTI IIVISIXOM PO3POOJIEHHS iHTErpOBaHOI iHpopmaLiiHoi
TEXHOJIOTiI KJIaCTEePHOro aHasizy. Y Meskax JOCJiIKeHHsI OOIPyHTOBaHO Iepexif Bin pparmeHTapHOro aHamisy
[IOKa3HUKIB 10 QYHKIIOHYBaHHS KOMILJIEKCHUX CUCTEM TEXHIYHOTO MOHITOPMHTY 3 BUKOPUCTAHHSIM HEYITKUX Ta
iHTepBaJIbHUX MOZeJel IOaHHs 3HaHb. PO3p006IeHO MEeTOM KacTepu3allii Ha OCHOBI HEYiTKUX MHOKMH IIE€PIIOTro
i Ipyroro TUMIB y NO€JHAHHI 3 FeHETUYHUMU AJITOPUTMAMU ONTUMI3allii, 1[0 3a6€e311e4YyI0Th aJallTHBHE BUBHAYEHHS
rapameTpiB MoZelel B yMOBax LIYMOBHUX, HEIIOBHYX i HEOJHOPiAHMX JaHuX. CTBOPEHO MIKPOCEPBiCHY apXiTEKTYPY
Clustering4Build i3 peasnizallieio 3aMKHEHOTO LIUKJIy «OIITMMI3allisl — aHasi3 — peKOMeHallis — Bisyasizalis» Ta
inTerpauieto 3 BIM-mogensmuy, IoT- norokamu i 6a3oro nanux PostgreSQL.

2. Scientific novelty of the results obtained. The scientific novelty of the dissertation work lies in the scientific
substantiation of the Clustering4Build information technology, which integrates INMT2, fuzzy sets and
evolutionary algorithms for classifying the technical condition of objects under conditions of uncertainty. GA-
Optimizer and TypeReducer have been developed for automated optimization of parameters and increasing the
stability of clustering, as well as QualityEvaluator for a reasoned selection of optimal models. Integration with DSS
and microservice architecture provides scalability, transparency of solutions and increased accuracy of technical
monitoring of buildings. The dissertation work has improved: - Clustering4Build information technology for
assessing the technical condition of construction objects under conditions of uncertainty, which integrates
clustering methods based on fuzzy sets of the first and second types with genetic optimization of parameters.



Adaptive grouping of objects is provided, taking into account transient states and data heterogeneity. - expansion
of the set of clustering objects to INMT2 for the PCM algorithm, which allows taking into account the uncertainty
of the fuzzifier and the "zone width" for each cluster. Implementation in Clustering4Build through the
FuzzificationEngine and TypeReducer microservices provides calculation of interval typicality functions and
cluster centers with data storage in JSONB for DSS. Innovation lies in the integration of automated selection of
PCM algorithm parameters using GA-Optimizer and clustering quality assessment using QualityEvaluator for
accurate technical monitoring - combined algorithms FCM+GA and PCM+GA with automated determination of
cluster centers, degrees of membership and fuzzification parameters, which increases the accuracy, stability and
speed of technical condition assessment in conditions of noisy, incomplete and heterogeneous data. - scientific
and applied implementation of microservice architecture with REST interaction for centralized storage of results
and integration with DSS, BIM and IoT flows, which ensures scalability, modularity, reproducibility of
computational experiments and practical support for decision-making by engineers. Further development has
been made: - scientific and methodological principles for building information technology for assessing the
technical condition of construction objects under conditions of uncertainty, which, unlike existing BIM, SHM and
DSS solutions, are based on the integrated use of fuzzy clustering methods, the apparatus of fuzzy sets of the first
and second types and interval models of knowledge representation. The proposed approach provides formalization
of transient states of structures, combination of instrumental measurements and expert assessments, as well as
adaptive processing of heterogeneous and incomplete monitoring data. This creates a theoretical basis for the
development of a universal software toolkit for cluster analysis of technical condition within the scope of specialty
126 "Information Systems and Technologies"; - combined methods of intelligent clustering FCM+GA and PCM+GA
as part of the integrated information technology Clustering4Build, which provide for genetic optimization of
cluster centers, fuzzification parameters and degrees of membership with chromosome encoding by appropriate
weight coefficients. Unlike existing approaches, the proposed architecture implements a closed loop "optimization
- analysis - recommendation - visualization", integrates with PostgreSQL, BIM models and IoT data streams and
provides increased speed, stability of convergence and accuracy of assessing the technical condition of
construction objects. The main content of the dissertation work. The dissertation work is devoted to solving the
scientific and applied problem of increasing the reliability and automation of assessing the technical condition of
construction objects under conditions of uncertainty by developing an integrated information technology of
cluster analysis. The study substantiates the transition from fragmentary analysis of indicators to the functioning
of complex technical monitoring systems using fuzzy and interval knowledge representation models. Clustering
methods based on fuzzy sets of the first and second types in combination with genetic optimization algorithms
have been developed, which provide adaptive determination of model parameters in conditions of noisy,
incomplete and heterogeneous data. The Clustering4Build microservice architecture has been created with the
implementation of a closed loop “optimization - analysis - recommendation - visualization” and integration with
BIM models, IoT streams and the PostgreSQL database.
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