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cnemanpHicTiIO 126 - «lHopmariiini cucremu Ta TexHosorii». KuiBcbkuit
HaI[lOHAJIbHUI yHIBepcuTeT OyaiBHUIITBA 1 apxiTekTypu. Kuis, 2026.

PobGoty npucBsiueno po3pobiieHHI0 1HGOPMAIIIfTHOI TEXHOJIOTT OIlIHIOBAHHS
TEXHIYHOTO CTaHy OO0 ’€KTiB OyJIBHUIITBA B yMOBaX HEBHM3HAYEHOCTI HAa OCHOBI
3aCTOCYBAaHHS METOMAIB KiacTepu3amii. Y Mexax OCHIDKeHHs IependaueHo
dbopMyBaHHS  BIJIMOBIIHOTO  MAaTeMaTHYHOTO  amapary Ta  Po3poOJIeHHS
AITOPUTMIYHOTO 3a0€3MEUEeHHS KIACTEPHOTO aHali3y 3 BUKOPHUCTAHHIM HEUITKHX
MHOXHH TEPIIOTO 1 JPYroro THUITIB Ta I€HETUYHHMX aJTOPUTMIB ONTHUMI3aIIii.
3anponoHOBaHAa TEXHOJIOTiS OpIEHTOBAHA HA IMPAKTUYHY peajizaiiio 3
MOXXJIMBICTIO 1HTErpaiii [0 Cy4acHUX IH(QOpPMAUIMHUX CHUCTEM MOHITOPHHTY
TEXHIYHOTO CTaHy Oy/AiBeJb 1 CIOPY/I.

HaykoBa HoBH3HA oaep:kaHux pesyabrariB. HaykoBa HoOBH3HA
JUCepTaliifHoi poOOTH MOoJIAraE y HayKOBOMY OOIpYHTYBaHHI i1H(opMaiiiHoi
texHonorii Clustering4Build, mo interpye IHMT2, HeuiTki MHOXHUHHM Ta
€BOJIIOLIIMHI aNrOpUTMH ISl Kiacudikalii TEXHIYHOTO CTaHy 00’€KTIB B yMOBaXx
HeBu3HaueHocTl. Po3pobieno GA-Optimizer 1 TypeReducer nns aBromaru3oBaHoi
ONTUMI3alii mMapaMeTpiB Ta MIJBUIICHHA CTIMKOCTI KJacTepu3alii, a TaKoxX
QualityEvaluator nist o6rpyHTOBaHOTrO BUOOPY ONITUMANIBHUX MOEIeH. [HTerparris
3 DSS 1 MIKpoCcepBICHOIO apxXiTEKTypor 3abe3ledye MacITaOOBaHICTh,
IPO30PICTH PIllIEHb 1 3pOCTAHHS TOYHOCT1 TEXHIYHOTO MOHITOPUHTY OY/IiBEIIb.

B nucepraiiiniii po6oTi yoockonaneno:

- inpopmaniriny texuosorito Clustering4Build ams omiHKM TEXHIYHOTO
CTaHy O0’ekTiB OymiBHUIITBA B YMOBax HEBHU3HAYEHOCTI, KA 1HTErpye METOAH

KJIacTepu3alli Ha OCHOBI HEYITKMX MHOXHH TNEpLIIOro Ta ApPYyroro THIIB 3



TEeHETUYHOIO ONTUMI3AIl€l0 MapaMeTpiB. 3a0e3MeuyeHo aJanTUBHE TPYITyBaHHS
00’€KTIB 13 ypaxyBaHHSM MEPEX1THUX CTAHIB 1 PI3HOPIAHOCTI JIaHUX.

- PO3IIMPEHHS MHOXXHMHHU 00’ekTiB Kiactepuzarii g0 IHMT2 nns PCM-
QITOPUTMY, IIO JI0O3BOJISIE BpPAaxXOBYBaTH HEBU3HAYEHICTh (az3udikaropa Ta
UIMPUHKM 30HW» IS KOoKHOro kiactepa. Peamizamis B Clustering4Build uepes
mikpocepsicu FuzzificationEngine 1 TypeReducer 3a0esneuye oO4YMCICHHS
IHTEepBAIbHUX (DYHKI[IH TUIIOBOCTI Ta IIEHTPIB KJIACTEPIB 13 30€PEIKEHHAM JaHUX Y
JSONB pmns DSS. InnoBariifHicTh TONsiTa€ B 1HTErpalii aBTOMAaTU30BaHOIO
nigbopy mapamerpiB PCM-anroputmy 3a momomororo GA-Optimizer ta omiHku
skocTi  kiactepu3anii  4depe3 QualityEvaluator mis  TOYHOrO  TEXHIYHOTO
MOHITOPUHTY.

- 3actocyBaHHs koMmOiHoBaHuX anroputmiB FCM+GA ta PCM+GA no
3a/1a4l KjacTepu3allii TEXHIYHOTO CTaHy 00'€KTiB OymMiBHUIITBA, y SKMX HAa OCHOBI
BIJIOMUX MIAXOMIB /IO EBOJIOIIMHOTO KOJAYBAaHHS IapaMeTpiB  HEYITKOI
KJlacTepu3allli  peajli3oBaHO aBTOMATHM30BaHE BU3HAYEHHS IIEHTPIB KIACTEPIB,
napameTpiB ¢aszudikailii Ta CTyNEHIB TPUHAIEKHOCTI, aJlallTOBaHe J0 CrelupiKu
IIYMOBHUX 1 HETMIOBHUX JIAHUX TEXHIYHOTO MOHITOPUHTY, IO CIPHSE IMiIBUIEHHIO
TOYHOCTI, 301)KHOCTI Ta OOYMCIIOBAJIbHOI €(PEKTUBHOCTI OLIIHIOBAaHHS TEXHIYHOTO
CTaHy;

- HayKOBO-TIPHKJIAJIHY peasi3allilo MiKpocepBICHOI apxiTekTypu 3 REST-
B3aEMOJIIEI0 ISl LIEHTPAIi30BaHOTO 30€PEKEeHHS pe3y/bTariB Ta iHTerparii 3 DSS,
BIM 1 loT-morokamu, 1o 3abe3nedyye MaciTabOBaHICTh, MOJYJIBHICTD,
BIITBOPIOBAHICTh OOYMCITIOBAJILHUX EKCIIEPUMEHTIB Ta MPAKTUYHY MIATPUMKY
NPUAHATTS PIIICHb 1HXKCHEPAMHU.

Habynu nooanvuio2o po3eumky:

- HayKOBO-METOJIMYHI 3acagu MoOYyIoBH 1H(POPMAIIHOT TEXHOIOTIl
OLIIHKM TE€XHIYHOT'O CTaHy 00’ €KTiB OyAIBHULITBA B YMOBaX HEBU3HAYEHOCTI, 1110, HA
BimMiHYy Bifg icHyrouux BIM-, SHM- ta DSS-pimens, 0a3yroTbcsi Ha
IHTErPOBAaHOMY BHUKOPHCTAHHI METOAIB HEYITKOI KiacTepu3allii, anapary HEYITKHX

MHOXXUH TIEPIIOTO 1 JPYroro THUIIIB Ta IHTEPBAIBHUX MOJEJCH TMOMaHHS 3HAHb.



3anpornoHoBaHUNA  MiAXi —3a0e3neuye  (opManmizaiiio  NepexigHUX  CTaHIB
KOHCTPYKIIIH, MO€HAHHS IHCTPYMEHTAIbHUX BUMIPIOBAHb 1 €KCIIEPTHUX OIIHOK, a
TAaKOX aJanTHUBHY OOpOOKY PpI3HOPIIHMX 1 HEMOBHUX JaHUX MOHITOpUHTrY. lle
CTBOPIOE TEOPETUYHE MIATPYHTS JUIsl PO3POOTIEHHS YHIBEPCATBLHOTO MPOrpaMHOTO
IHCTPYMEHTApII0 KJIACTEPHOrO aHalli3y TEXHIYHOIO CTaHy B MEXaX CIEliaIbHOCTI
126 «IndopmalriitHi CHCTEMH Ta TEXHOJIOTII;

- KOMOIHOBaH1 MeETOAW iHTeNekTyaapbHOol kjactepuzainii FCM+GA Ta
PCM+GA B ckiazi interpoBanoi iHpopMmartiiinoi texunosorii Clustering4Build, sixi
nependayaroTh TEHETUYHY ONTHUMI3allil0 I[EHTPIB  KJIAacTepiB, IapaMeTpiB
dazudikarii Ta cTynmeHiB TPUHATICKHOCTI 3 KOMYBAaHHSIM XPOMOCOM BiJIMOBITHUMH
BaropuMu koedimieHTamMmu. Ha BiaMiHY BiJ ICHYFOUMX IIIJIXOAIB, 3alpOIIOHOBaHA
apxiTEeKTypa peajizye 3aMKHEHUH ITUKI «ONTUMI3aIlis — aHali3 — PEKOMEHIaIlis —
Bi3yamizaiiis», iHTerpyetbes 3 PostgreSQL, BIM-monensmu Ta loT-morokamu
JaHuX 1 3a0e3neuye MIABHMINCHHS IIBUJKOMII, CTIMKOCTI 301’)KHOCTI Ta TOYHOCTI
OLIIHIOBaHHA TEXHIYHOTO CTaHy OyniBeJIbHUX 00’ €KTIB.

OcHoBHMIT 3MicT jaucepramiiiHoi poOoru. [lucepraiiiiny poOoTty
IPUCBSIYCHO  BHPIMICHHIO  HAYKOBO-TIPUKJIATHOTO  3aBHAHHS  ITiABUIICHHS
JOCTOBIPHOCTI Ta aBTOMAaTU3allii OI[IHKYA TEXHIYHOTO CTaHy 00’ €KTIB OY/IiIBHUIITBA B
YMOBaX HEBU3HAYEHOCTI NUIAXOM PO3POOJEHHS 1HTErpoBaHOl 1H(pOpMAIIHHOT
TEXHOJIOT1i KJIAaCTepHOro aHalizy. ¥ MeXax JOCHIJKEHHS OOIPYHTOBAaHO Mepexin
Bl (pparMEHTApHOIrO aHai3y IOKAa3HUKIB JI0 (DYHKIIOHYBaHHS KOMIIJICKCHUX
CHUCTEM TEXHIYHOI'O MOHITOPUHTY 3 BHUKOPHUCTAHHSM HEYITKUX Ta 1HTEPBAJIbHUX
MoJiesie mofaHHs 3HaHb. Po3po0iieHo MeToau KiiacTepu3allii Ha OCHOBI HEUITKHUX
MHOXKHH TIEPIIOTo 1 APyroro THUIIIB y MOEAHAHHI 3 TEHETUYHUMH aIrOPUTMaMH
onTuMizalii, Mo 3a0e3MmeuyloTh aJanTHBHE BU3HAYCHHS IMMapaMeTpiB MoOeiei B
yMOBax IIYyMOBHUX, HEMOBHUX 1 HEOMHOPIAHUX AaHUX. CTBOPEHO MIKPOCEPBICHY
apxitektypy Clustering4Build i3 peanizaliieto 3aMKHEHOTO ITUKITY «ONTHMI3aIlisT —
aHaji3 — peKOMEHJaIlsl — Bizyamizalis» Ta iHterpaiiero 3 BIM-monemsamu, 10T-
norokamu 1 6aszoro manmx PostgreSQL. 3ampomoHoBaHa TEXHOJIOTiS 3abe3meuye

MIJBHINCHHS TOYHOCTI, INBHJKOMII Ta BIATBOPIOBAHOCTI OOYMCIIIOBAIBLHUX



eKCIIEpUMEHTIB, (OpMYBaHHS OOIPYHTOBaHMX peKoMeHpalii y mexax DSS Ta
CTBOPIOE HAJIIITHY OCHOBY JUIsl aBTOMAaTH30BAHOIO MOHITOPUHTY 1 TTPOrHO3YBaHHSI

TEXHIYHOTO CTaHy Oy/IiBeJb Y peagbHOMY Yaci.

3a pe3ynbTaTamMu JAOCTIKEHHS pO3pPO0JICHO:

1. Po3pob6neno interpoBany iHdopmariitny texnonoriro Clustering4Build
JUTSL OIIIHKA TEXHIYHOTO CTaHy 00’€KTiB OYJIBHUIITBA B yMOBAaX HEBU3HAYEHOCTI,
IO MOEJHYE 1HTEPBaJIbHI HEUITKI MHOXHUHM Jpyroro tuny, aaroputmu FCM 1
PCM Ta reHeTMuHy ONTHUMI3AIlil0 TMapaMeTpiB y €IUHOMY aJalTHUBHOMY
cepenopuii. CtBopeHo mnporpamHi Moxayiai GA-Optimizer, TypeReducer 1
QualityEvaluator,  sxi  3a0e3medylOTh  aBTOMATH30BaHE  HaJAIITYBaHHS
daz3udikaropiB, HMEHTPIB KIACTEPIB 1 MapaMeTpiB «IIUPUHU 30HW», a TaKOX
oOTpyHTOBaHUM BUOIp MOJICIICH 3a TTOKa3HUKAMU SIKOCT1 Kiiactepu3arii. Ampooartist
MIATBEp/IASIA MIBUIIEHHS TOYHOCTI, CTIMKOCTI 301)KHOCTI Ta BIJATBOPIOBAHOCTI
pe3yNbTaTIB y 3a7adyaxX TEXHIYHOTO MOHITOPHHTY 3a HAsSBHOCTI NIYMOBUX 1
HETTOBHUX JIaHUX.

2.  OOrpyHTOBaHO  MIKPOCEPBICHY  apXIiTeKTypy  iH(MOpMaIiifHoro
cepenoBuiia TexHiyHOro MoHiTopuHry 3 REST-B3aemomiero, mo 3abe3neuye
MOJYJBHICTh, MacmTaboBaHicTh Ta iHTerpamito 3 DSS, BIM-monensmu, IoT-
notokamu 1 6a3or0 nanux PostgreSQL (JSONB). PeanizoBaHo 3aMKHEHHI IUKII
«OmTHUMI3AIlisl — aHami3 — PEeKOMEHallis — Bi3yalizamisy, SKUH MATPUMYE
aBTOMAaTHU30BaHy KjacTepu3aiilo Ta (OPMYBaHHS I1HXKCHEPHUX DIIMICHb Y
pealpHOMY  4Yaci.  3ampoloOHOBaHa  CTPYKTypa  TrapaHTye  MpO30piCTh
00UYHCITIOBAIBHUX EKCIIEPUMEHTIB, ayJauT pe3yibTaTiB 1 MPaKTHYHY MiATPUMKY
NPUAHATTS PIlICHB 0J10 OE3MEYHOI eKCIUTyaTallii Oy 1iBeIbHUX 00’ €KTIB.

Y nepumomy po3aiji chopMOBaHO KOHIETITYaTbHO-TEOPETUUHY 0a3y OI[IHKU
TEXHIYHOTO CTaHy O00’€KTiB OyJIIBHHMIITBA B yYMOBaX HEBHU3HAYEHOCTI.
OOrpyHTOBaHO JOUIIBHICTh BUKOPUCTAHHS HEUITKMX Ta IHTEPBAIbHUX MOJEIeH
st popmanizallii 3HaHb Y CHCTEMaX TEXHIYHOTro MoHiTopuHTy. [lokazano, 1o
HEYITKa KJIacTepu3allisl J03BOJSIE BPAaXOBYBaTH MEpPEXiJHI CTaHU KOHCTPYKIIMH,

PI3HOPIMHICTh 1 HEMOBHOTY BXIAHUX JaHUX. [loeqHaHHA IHCTPYMEHTAIbHUX



BUMIpIOBaHb 3 E€KCIEPTHUMH OI[IHKAMM 3a0e3leuye KOMIUICKCHUM aHali3 CTaHy
00’extiB. [IpoananizoBano cywyacui BIM-, SHM- ta DSS-pinienHss ta BUSABICHO
OOMEXEHICTh iX aHATITUYHUX MOMJIMBOCTEH IIOJ0 aJanTUBHOI KJacTepH3allii.
BcranoBneHo BIACYTHICTh YHIBEpPCAJIbHOTO MPOTPAMHOTO 1HCTPYMEHTApIIO st
1HTerpauii pi3HOPITHUX JaHWX MOHITOPUHTY. BU3HaueHO HEOOXIIHICTh CTBOPEHHS
1HTerpoBaHoi 1H(GOPMAIIMHOI TEXHOJOTrli 3 TOEAHAHHSAM HEUITKUX MHOXUH,
KJIACTEPHOT'O aHalli3y Ta 3aco0iB Bi3yadizalii pe3ynbTaTiB. Po3ain 3akiangae
TEOPETUYHE MIAIPYHTS JUISI pO3pOOKH aJanTHUBHOI Ta MaciTaboOBaHOI CHUCTEMU
OIIIHKM TEXHIYHOTO CTaHy Oy/IiBelb.

Jlpyruii  po3gili  npucBideHO (HOPMYBAHHIO HAyKOBO-METOJIUYHOTO
OIAIPYHTS Ta po3poOlil KOoMOIHOBaHMX MeTofiB kiactepuzainii FCM+GA Tta
PCM+GA st OIIHKM TEXHIYHOTO CTaHy 00’ €KTiB OymiBHHMITBA. P03po0ieHo
QITOPUTMU  QJANTUBHOTO  BU3HAYEHHS  LEHTPIB  KJIAcTepiB,  CTYIEHIB
MPUHAJICKHOCTI Ta MmapaMeTpiB ¢asudikailii B yMoBaxX IIYMOBUX, HEMOBHUX Ta
HeogHopinHuX JaHux. CTBOpeHO Moayll ¢a3zudikaili, aHATITUYHOTO AJpa,
ontumMmizamii Ta DSS, iaTerpoBani 3 BIM-monensmu, loT-morokamu ta 6a3o0r0
PostgreSQL. IHHOBalIfHICTh MOISITa€ y MOEAHAHHI HEUYITKOI JIOT1KH, T€HETHYHOI
ONTUMI3allii Ta KOAYBaHHS XpOMOCOM CTYMNEHSIMH MpuHaIeKHOCTI. Po3pobriena
apxitektypa Clustering4Build peanizye 3aMKHEHUN LUK «ONTUMI3aLIs — aHAII3
— pexoMeHpariss — Bizyamizamisy. lle 3a0e3meuye miaBUIIEHHS CTaOUIBHOCTI,
IIBUJKOJIT Ta TOYHOCTI KjacTepu3allii. 3amnponoHOBaHI METOAM 1HTErPYIOTh
MaTeMaTH4Hy e(QeKTUBHICTh, 1H(GOpPMAIIiHI TEXHOJOrli Ta  MPaKTUUYHY
aJanTUBHICTh. PO3/11J1 BCTAHOBIIIOE OCHOBY JJIi AaBTOMATH30BAHOTO Ta HAIIHHOTO
MIPOTHO3YBaHHS TEXHIYHOTO CTaHy OyIiBEIb.

Y Tperbomy po3aiii oOrpyHToBaHo 3actocyBanHs FCM ta PCM-
anmroputMmiB 3 IHMT2 s OIIHKM TEXHIYHOTO CTaHy OyliBeab y yMOBax
HeBU3HaueHocTl. Po3pobneno moaym FuzzificationEngine ta FCM-Core nins
aBTOMATHUYHOTO ()OPMYBaHHSI IHTEPBAJIbHUX (DYHKIIH MpUHANIEKHOCTI. BuzHaueHo
MOKa3HUKH SIKOCT1 KJIacTepH3allii, Takl sk rinepo0’eM Ta 1HJIEKC cPepUuuHOCTI, IS

BUOOpY ONTUMAIILHOT MOJIENl. 3aCTOCOBAHO T€HETUYHI aITOPUTMHU JIJIsI ONTUMI3aIlil



daszudikaTopiB 1 TMapaMeTpPIB «IIUPUHUA 30HW», 110 TMIJABUINYE TOYHICTH 1
BIJITBOPIOBAHICTh KJlacTepusallii. Po3mupeno MHoxuHy 00’ekTiB PCM -anroputmy
JUISL BpaxyBaHHS PI3HOI LIUIBHOCTI Ta 00’€My JaHUX. 3alpONOHOBAHO METOAMKY
Bubopy Mk HMT1 ta IHMT2 Ha ocHOBI aHami3dy CTPYKTYPHOI BaplaTHBHOCTI
naHux. [HTerpaiisi aaropuTMiB 3 MIKPOCEPBICHOIO apXITEKTyporo 3abe3neuye
aBTOMAaTH3AIlll0 Ta HAIIMHICTh TEXHIYHOrO MOHITOpWHTY. HaBeaeHo mnpukiiaau
kiacudikaiii 00’€KTiB 13 PI3HOK IIUIBHICTIO Ta 00’€MOM [JIsl JIEMOHCTpallii
e(eKTUBHOCTI IMiIXOY.

YerBepTHid Ppo3Ai1 TPUCBAYCHO PO3POOII Ta JOCTIHKEHHIO MOIYJIB
iHdopmariiinoi Texnosorii Clustering4Build gm1s  aBTOMaTH30BaHOI  OITIHKH
TEXHIYHOT'O CTaHy Oy/AiBesb. 3aMponoOHOBAaHO MiKpocepBicHY apxiTekTypy 3 REST-
B3a€EMOJII€I0, IO 3a0e3Meuye MOIYJIbHICTh, MAacITabOBaHICTh 1 TEXHOJOTIYHY
HE3aJIC)KHICTh KOMITOHEHTIB. Peali3oBaHO MIATPUMKY KjacTepu3allii Ha OCHOBI
HMT1 Tta [IHMT2 i3 mnpomneayporo 3HIDKCHHS THIY. 3alpoBaKEHO
LIeHTpaizoBaHe 30epexkeHHs1 pe3ynbTaTiB y PostgreSQL (JSONB), mo rapantye
BIITBOPIOBAHICTh 1 ayAuT OOYHUCITIOBAJIbHUX EKCIIEPUMEHTIB.  [HTerparis
reHeTUYHO1 onTuMizaiii Ta DSS no3Bosisie aganTUBHO HANIAIITOBYBAaTH MOJENI Ta
dbopmyBatu mpakTU4HI pekoMeHsalli. CTBOPEHO KOMIUIEKC MAKETIB MPUKIATHUX
mporpam Jijisi peaJibHoro 4acy, 1o 3a0e3neuye HaliiHUN Ta TOYHUN MOHITOPUHT
OymiBenb. 3ampomoHoBaHi pimieHHs 1HTerpyroThess 3 BIM, IoT Ta DSS,
MIJBUIIYIOUM IHTEJICKTYAJIbHICTh CHUCTEMH. PoO3ai1  JEeMOHCTpYe NPAKTUUYHY
peamizaiifo KOMILJIEKCHOTO, aBTOMAaTH30BAaHOTO Ta aJaNTUBHOTO TEXHIYHOTO
MOHITOPHHTY 00’ €KTIB OyIiBHHIITBA.

Kniouosi cnoea: ouiHKa TEXHIYHOr0 CTaHy OyaiBenb 3acobamu
iHdopmartiitnoi Texnonorii Clustering4Build, aBTOMaTu30BaHUi MOHITOPUHT,
HEUITKI MHOXWHH, IHTEpPBaJIbHI MOJEI, KIJIACTEpHUU aHali3, TEeHETU4Ha
OIITHMI3allisl, aanTUBHI Mojesi, komOiHoBaHi anroputMu FCM+GA ta PCM+GA,

MIKpOCEpBICHA apXiTeKTypa, udpoBi naHi, interpaiis 3 BIM ta loT.



ABSTRACT

Bykov S.V. Information technology for assessing the technical condition
of construction objects under conditions of uncertainty using the clustering
method. - Qualification scientific work in the form of a manuscript.

Dissertation for the degree of Doctor of Philosophy in specialty 126 —
“Information Systems and Technologies”. Kyiv National University of
Construction and Architecture. Kyiv, 2026.

The work is devoted to the development of information technology for
assessing the technical condition of construction objects under conditions of
uncertainty based on the use of clustering methods. The research provides for the
formation of an appropriate mathematical apparatus and the development of
algorithmic support for cluster analysis using fuzzy sets of the first and second
types and genetic optimization algorithms. The proposed technology is focused on
practical implementation with the possibility of integration into modern
information systems for monitoring the technical condition of buildings and
structures.

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 1oT 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 loT 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, [oT streams and the PostgreSQL
database. The proposed technology provides increased accuracy, speed and
reproducibility of computational experiments, the formation of substantiated
recommendations within the DSS and creates a reliable basis for automated
monitoring and forecasting of the technical condition of buildings in real time.

According to the results of the study, the following was developed:

1. An integrated information technology Clustering4Build was developed to
assess the technical condition of construction objects under uncertainty, which

combines interval fuzzy sets of the second type, FCM and PCM algorithms and



genetic optimization of parameters in a single adaptive environment. The GA-
Optimizer, TypeReducer and QualityEvaluator software modules were created,
which provide automated tuning of fuzzifiers, cluster centers and “zone width"
parameters, as well as a reasoned selection of models based on clustering quality
indicators. The testing confirmed the increase in accuracy, stability of convergence
and reproducibility of results in technical monitoring tasks in the presence of noisy
and incomplete data.

2. The microservice architecture of the technical monitoring information
environment with REST interaction is substantiated, which provides modularity,
scalability and integration with DSS, BIM models, IoT streams and the
PostgreSQL database (JSONB). A closed loop “optimization - analysis -
recommendation - visualization” is implemented, which supports automated
clustering and the formation of engineering solutions in real time. The proposed
structure guarantees the transparency of computational experiments, audit of
results and practical support for decision-making regarding the safe operation of
construction objects.

In the first section, a conceptual and theoretical basis for assessing the
technical condition of construction objects under uncertainty is formed. The
feasibility of using fuzzy and interval models for formalizing knowledge in
technical monitoring systems is substantiated. It is shown that fuzzy clustering
allows taking into account transient states of structures, heterogeneity and
incompleteness of input data. The combination of instrumental measurements with
expert assessments provides a comprehensive analysis of the condition of objects.
Modern BIM, SHM and DSS solutions are analyzed and their analytical
capabilities regarding adaptive clustering are limited. The absence of a universal
software toolkit for integrating heterogeneous monitoring data is established. The
need to create an integrated information technology combining fuzzy sets, cluster
analysis and means of visualizing results is determined. The section lays the
theoretical foundation for the development of an adaptive and scalable system for

assessing the technical condition of buildings.



The second section is devoted to the formation of a scientific and
methodological basis and the development of combined clustering methods
FCM+GA and PCM+GA for assessing the technical condition of construction
objects. Algorithms for adaptive determination of cluster centers, degrees of
membership and fuzzification parameters in conditions of noisy, incomplete and
heterogeneous data have been developed. Modules for fuzzification, analytical
core, optimization and DSS have been created, integrated with BIM models, 10T
streams and the PostgreSQL database. The innovation lies in the combination of
fuzzy logic, genetic optimization and chromosome coding by degrees of
membership. The developed Clustering4Build architecture implements a closed
loop “optimization — analysis — recommendation — visualization”. This ensures
increased stability, speed and accuracy of clustering. The proposed methods
integrate  mathematical efficiency, information technology and practical
adaptability. The section establishes the basis for automated and reliable prediction
of the technical condition of buildings.

The third section justifies the use of FCM and PCM algorithms with INMT2
for assessing the technical condition of buildings under uncertainty. The
FuzzificationEngine and FCM-Core modules are developed for automatic
generation of interval membership functions. Clustering quality indicators, such as
hypervolume and sphericity index, are determined for selecting the optimal model.
Genetic algorithms are used to optimize fuzzifiers and “zone width” parameters,
which increases the accuracy and reproducibility of clustering. The set of objects
of the PCM algorithm is expanded to take into account different data densities and
volumes. A method for choosing between NMT1 and INMT2 based on the analysis
of structural variability of data is proposed. The integration of algorithms with a
microservice architecture ensures automation and reliability of technical
monitoring. Examples of classification of objects with different densities and
volumes are given to demonstrate the effectiveness of the approach.

The fourth section is devoted to the development and research of

information technology modules Clustering4Build for automated assessment of the



technical condition of buildings. A microservice architecture with REST
interaction is proposed, which ensures modularity, scalability and technological
independence of components. Support for clustering based on NMT1 and INMT2
with a type reduction procedure is implemented. Centralized storage of results in
PostgreSQL (JSONB) is introduced, which guarantees reproducibility and audit of
computational experiments. Integration of genetic optimization and DSS allows
adaptively tuning models and generating practical recommendations. A set of
application software packages for real-time has been created, which provides
reliable and accurate monitoring of buildings. The proposed solutions are
integrated with BIM, IoT and DSS, increasing the intelligence of the system. The
section demonstrates the practical implementation of complex, automated and
adaptive technical monitoring of construction sites.

Keywords: assessment of the technical condition of a building based on IT
Clustering4Build, automated monitoring, fuzzy sets, interval models, cluster
analysis, genetic optimization, adaptive models, combined FCM+GA and
PCM+GA algorithms, microservice architecture, digital data, integration with BIM
and loT.
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