AHOTAIIS

Tucnenko O.b. - «KoHUeNnTyaJIlbHO-CTPYKTYpHEe MOJEJIIOBAHHA Ta
peaji3alisi iHTeJEeKTyaJbHMX CHCTEM MOHITOPMHIY TEXHIYHOI CTiHKOCTI
oyaiBeab».- Keanighikayitina Haykosa npays Ha npasax pykonucy.

Huceprariss Ha 3700yTTS HAyKOBOTO CTymHeHs JokTopa dinocodii 3a
cremianpHicTIO 126 - «lHdopmariitHi cucteMu Ta TexHosorii». KwuiBcbkuit
HAI[IOHAFHUH YHIBEpCUTET OyIiBHUIITBA 1 apxXiTekTypu. Kuis, 2026.

Hucepmayito npucéaueno po3poOJEHHIO Ta HAyKOBOMY OOIPYyHTYBaHHIO
KOHIIENTYaJIbHO-CTPYKTYPHUX ~ 3acaj, Mojaeled 1 METOAIB MPOEKTYBaHHS
IHTENEKTYaJIbHUX 1HPOPMALUIMHUX CUCTEM MOHITOPUHIY TEXHIYHOI CTIMKOCTI
OymiBenb 3 BUKOPUCTAHHSM CyYacHMX IU(GPOBUX TEXHONOTIH. Y poOoTi
c(hOpPMOBaHO CTPYKTYPHO-(PYHKIIIOHAJILHY apXITEKTYpy CUCTEMH J1arHOCTyBaHHS,
pO3pO0JEHO aHATITUYHI Ta MPOTHO3HI MOJIENl OI[IHIOBAHHS PU3UKIB, a TaKOX
peanizoBaHO HEUPOMEPEkKEBI AITOPUTMHU Y MPOTPaMHO-AapaTHOMY CEpeIOBHIII
TEXHIYHOTO KOHTPOIO. JIOCHIIPKEHHSI OpIEHTOBAHE Ha TMIJBUIICHHS HAIIMHOCTI,
Oe3MeKr Ta aJanTUBHOCTI OyIIBEJIbHUX OO ’€KTIB MHUISXOM IHTErpallii MeTOJiB
MITYYHOTO 1HTEJIEKTY, I1HTEJIEKTYyaJlbHOTO aHajizy JaHuxX Ta 1HGOpMaliiHUX
TEXHOJIOT1H B €MHY MIATPOPMY MOHITOPHHTY.

HaykoBa HOBH3HA oOJep:KaHuUX pe3yiabrariB. HaykoBa  HOBH3HA
JTYCEPTaIHOT pOOOTH MOJIATAE y TOMY, 110 B POOOTI:

- po3pobneHo  CNN-LSTM-Risk  momens  mporHosyBaHHsS — Ta
kiacudikaiii TEXHIYHOTO CTaHy Oy/iBellb, fKa MOEIHYE MPOCTOPOBHM aHai3
MOIIKO/PKEHb, YacOBE IPOTHO3YBAHHS JETPAJAliMHUX TIPOIECIB Ta PU3HK-
aHaJIITUYHE OI[IHIOBaHHS B MEXKax €IMHOT HEHPOMEPEIKEBOI apXITEKTYPH.

YOOCKOHANEHO:

- KOHYEenmyaibHO-meopemuyHi 3acaou nobyo0o8u IHMeNeKmyalibHux CUcmem
MOHIMoOpuHey  mexHiunoi  cmitikocmi — Oydieenrs — TUIAXOM  (popMyBaHHS
OaraTopiBHEBOi ~ MOjENl  1HTEerpauii  peryjJsaTopHMX, OpraHizalifHMX  Ta
1H(QOpMaLIfHO-TEXHOJIOTIYHUX KOMIIOHEHTIB y €IuHe HUudpOoBE CepeoBUIIIE,

BKJIFOUHO 3 €JIEMEHTaMHU CAMOHAJIAIITYBAaHHS Ta PU3UK-OPIEHTOBAHOI Kiacudikarii



00’ekTiB. CyTT€BO TOJIMIIEHO KOHIICTIIIIO 1HTErpOBaHOI 0a3W JaHUX SK sIpa
1H(pOopMaIiiiHOT IHPPACTPYKTYpH MOHITOPUHTY.

- HAYKOBO-MeMOOUYHI 3acalu OYIHIOBAHHS MEXHIYHO20 CMAaHY OYOi8enbHUX
KOHCMPYKYIll wiisixom 1HTErpainii MareMaTuYyHUX, CTAaTUCTUYHHUX, YHCETbHUX Ta
riOpUIHUX TIAXOAIB Yy MeXax €JIUHUX 1H(QOpMaIliiiHO-aHATITUYHUX KOHTYDIB.
Po3mupeHo 3acTocyBaHHsSI CKIHUEHHO-EJIEMEHTHOTO aHalidy Ta BaplaliifHuX
METOJIB JUIsl BUSIBICHHS JIOKATbHUX Je(EKTIB 1 PEKOHCTPYKIi CcTaHy 3a
HEMOBHUMHU JaHUMHU. 3ampolOHOBAaHO OararopiBHEBI MOJIENl CTPYKTYpHOI
JIaTHOCTUKHU 3 YpaXyBaHHSAM CKJIQJHOI TeOMETpii Ta YMOB eKCIuTyarallii 00’ €KTiB.
[linBUIIEHO AOCTOBIPHICTH OIIHIOBAaHHS 3a PaxyHOK aJanTUBHHUX Ti10pUIHUX
MoJIeIel IPOTHO3YBAaHHSI MTOITKO/KEHbD.

- MEmMOOUKO-ANOPUMMIYHI Ni0OX00U 00 NPOSHO3V8AHHS MEXHIUHO20 CMAH)
OVOi6eNIbHUX ~ KOHCMPYKYIU — WAAXOM — PO3BUMK)Y  CYEHAPHO20 MAd  PUUK-
OpPIEHMOBAH020 MOOento8anHs. PO3IMUPEHO MaTeMaTUYHHUM amapar OIlIHIOBaHHS
3QJIMIIIKOBOTO  pecypcy 13 3acTocyBaHHSM (yHKIINA Jerpajaiii, BaroBHUX
KoedilieHTIB 1 WMOBIpHICHHX  Mojenei. OOIrpyHTOBaHO  BHUKOPHCTaHHS
0aileCiBCHKHUX MPOLEAYp Ul aJallTUBHOTO OHOBJIEHHS MPOTHO31B Y TUHAMIYHOMY
cepenoBuIll. 3a0e3rneyeHo TMIABUIIEHHS TOYHOCTI MPOTHO3YBaHHS B YMOBax
CTOXAaCTUYHUX 30ypeHb 1 HEBU3ZHAYEHOCTI.

Hadynu nOOAIBLULO20 PO3GUMKY:

- KOHIIETITyaJIbHO-TCOPETUYHI ~ TIOJIOKEHHSI ~ 1HTEJEKTyali3aiii  MpoleciB
MOHITOPUHTY TEXHIYHOI CTIMKOCTI OyIiBENb SIK CKIAAHUX 1H(OPMALIMHUX CUCTEM:
YTOYHEHO CYTHICTh TEXHIYHOTO MOHITOPUHTY SIK O€3MEepepBHOTO MPoIiecy 0OpoOKu
JaHUX Y TU(POBOMY CEPEIOBHIII.

- METOM TOOYIOBH HEUpOMEpEeKEBUX MOAENeH Ui 3aaad MPOTHO3HOT
JIaTHOCTUKMA TEXHIYHOTO CTaHy Oy[diBeTbHUX KOHCTpYKLiM. OOrpyHTOBaHO
iarerpamiro CNN, RNN, LSTM, GRU Tta TpanchopMepHUX apXITEKTyp SK
€IMHOTO IHCTPYMEHTAPII0 aHai3y MPOCTOPOBO-YaCOBUX JaHUX. PO3BUHEHO MiaXij
JI0 MOJICTIOBAHHS HENIHIMHUX JeTpajalliiHuX TMPOIECiB 13 BHKOPUCTAHHSIM

MexaHi3MiB self-attention.



- METOJ KOHTEKCTHO-afnanTuBHOTO oHOBIeHHs mapamerpiB CNN-LSTM-Risk
Mojeni, 1o 3a0e3mnedye KOPUTYBaHHS BaroBuUX KOE(IIIEHTIB HEHpoMepexi 3
ypaxyBaHHSIM IHTETPaIbHOTO MPOUII0 PU3UKYy Ta yYMOB eKcIulyaTalli o0’ekra,
H1ABUIIYIOYH TOYHICTh MPOTHO3YBAaHHS TEXHIYHOTO CTaHy Oy/IiBEb.

- IPUKJIaIH] TIIXOAW 0 peajizallli 1HTeJeKTyalbHUX CHUCTEM MOHITOPHUHTY
TEXHIYHOT CTIMKOCTI OyaiBeNb Y BHUIVISIAI 1HTETPOBAHUX IPOrpaMHO-amapaTHUX
wiatpopM. Po3mmpeHo MOXKIMBOCTI HEHPOMEPEKEBUX CHCTEM 3a PAXyHOK
MOETHAHHS CEHCOPHUX IMOTOKIB, ITU(POBUX JIBIMHUKIB 1 €KCIUTyaTalllHHUX JaHUX Y
€MMHOMY 1H(GOPMAITIHHOMY CEPEIOBHIIII.

OcHoBHHUIT 3MicT auceprauniifHoi podotru. /[lucepramito NpPUCBIYEHO
PO3pOOJIEHHIO Ta HAYKOBOMY OOI'PYHTYBAHHIO 3aCaJl CTBOPEHHS 1HTENIEKTyaJbHUX
CUCTEM MOHITOPUHTY TEXHIYHOI CTIMKOCTI OyAiBeIh Ha OCHOBI LU(POBUX
TEXHOJIOT1A, METOJIB IITYYHOTO IHTEJIEKTY Ta aHalizy MAaHux. Y poOoTi
c(hOpMOBaHO LIUIICHY apXiTEKTYpy CUCTEMH Ta po3po0JIeHO aHAIITUYHI, POTHO3HI
1 HelpoMepeKeBl MOZEINI JJI1 OLIHIOBAaHHS Ta MPOTHO3YBAaHHS TEXHIYHOIO CTaHy
OymiBenbHUX KOHCTPYKIIA. OOIpyHTOBAaHO METOAUYHHI Oa3uc, M0 I1HTErpye
MaTeMaTH4Hl, CTAaTUCTUYHI Ta 1H(OPMALIIHO-aHANITUYHI MIAXOIU, a TaKOXK
riOpuaHl METOAM CTPYKTYPHOI [1arHOCTHKM 13 3aCTOCYBaHHSM CKIHYEHHO-
CJIEMEHTHOTO aHajizy ¥ aJanTUBHUX alIroputMmiB. Po3pobieHo apxiTekTypy
HEHPOHHUX MEpeX 1 aJropuTMH TIMOMHHOTO HABYaHHA [JI1 TPOTHO3HOI
JIarHOCTHKU TOMIKOMKEHb 3 YypaxXyBaHHSM IMPOCTOPOBO-YACOBUX 1 AMHAMIYHHUX
napameTpiB CTaHy KOHCTpPyKLiil. OOrpyHTOBaHO IHTErpamilo HEUpoMepeKeBUX
Mozenel y LM(pPOBI CUCTEMU MOHITOPUHTY 3 (YHKIISIMA CaMOHaBYaHHA Ta
ajanTarllii, o MmiaBUIIY€E TOYHICTh BUSBICHHS J1e(hEKTIB 1 TPOTHO3YBaHHS PU3HKIB.
3anporoHOBaHO KOHIIENTYalIbHO-apXITEKTYPHY MOJIEIIb 1H(popmarliitHoi
miatrGopMu  TIarHOCTUYHOTO aHaNli3y 3 MOAYISIMH 300py, O0OpoOneHHs Ta
IHTepHIpeTaIlii JTaHuX 1 HEUPOHHO-aHATITUYHUM cerMeHTOM. Po3po0iieHo MeToauky
iHTerpari 6araTopiBHEBOr0 CUCTEMHOTO siipa Y MIPOTPaMHO-arapaTHe CePeIOBUIIIC
MOHITOPHUHTY, II0 3a0€3Meuye B3aEMOIII0 CEHCOPHUX MPUCTPOIB, XMApHOI 00pOOKH

Ta aHaJITUYHUX KOMIIOHEHTIB. IIpakTWyHa MIHHICTH PE3YJbTaTIB TOJISTAE Y



CTBOPEHHI Mofeneld 1 I1HCTPYMEHTIB i MOJEpHI3alii CUCTEM TEXHIYHOIO
MOHITOPUHTY, IO 3a0€3MeUyI0Th ABTOMAaTHU30BAaHWUW KOHTPOJb, JIarHOCTUKY Ta
MIPOTHO3YBAaHHS CTaHy OY/liBEIb.

IIposioni muayxosi inHosayii TONATAIOTh Y (HOPMYBaHHI KOHIICTITYaJIbHO-
METOJMYHMX Ta 1H(POpPMAIIHO-aHATITUYHUX 3acaj] MOOYIOBH I1HTEIEKTyaIbHUX
iHQOpMaIIMHUX CHUCTEM MOHITOPUHTY TEXHIUHOI CTIMKOCTI OydiBellb Ha OCHOBI
iHTerpamii CEHCOPHHX MEpeX, aHaJITHIYHUX MOIYIIB, OOYMCIIOBAIBHHX
cepeloBUI] 1 3aco0IB NPUUHATTA pIlIEHb Y €IUHY IU(POBY apXiTEKTypy.
TeopeTnyHO OOTPYHTOBAaHO MOHITOPUHT SIK O€3mepepBHUN MpoIlec 0O0pOoOKH,
1HTeprpeTanii Ta Bi3yani3alli JaHUX y PO3MOALIEHUX 1H(QOpPMAIIHHUX CHUCTEMAX.
Po3euneno migxoau no inrterpamii [oT, SCADA, BIM 1 Digital Twin y eauny
maTdopMy OararopiBHEBOI B3a€MOJIl JIaHMX Yy peajbHOMY 4Yacl. Y3arajabHEHO
MeTOAM 00pOOKM reTepOoreHHUX AAHMX 13 3aCTOCYBAaHHSAM IITYYHOI'O 1HTEJIEKTY Ta
HelpoMepexeBux Moneneid. OOrpyHToOBaHO 1HQOpPMAIIHHY CUCTEMY SIK a/IalTUBHE
CepelOBHINIE 3  BIACTHBOCTAMHM CAaMOHAaBYaHHS Ta CaMOHAJAIITyBaHHS.
3anpornoHOBaHO  ApPXITEKTYpU PO3MOAUIEHHMX CHCTEM 3  1HTEJIEKTYaJbHOIO
B3a€EMOJIEI0 MOAYINIB aHaji3y, MPOrHO3YBAaHHS Ta YNPAaBIiHHA. YTOYHEHO POJb
1H(OopMaIITHUX TEXHOJIOTIM SK OCHOBHM peami3aiii U(PPOBUX JBIMHHUKIB 1
mporHo3Hoi giarHoctuku. Bmepme po3pobdireno CNN-LSTM-Risk wmopens
IPOTHO3YBaHHS Ta Kiacuikalli TEXHIYHOTO CTaHy OyaiBelb, fKa MOEIHYE
MPOCTOPOBHUI aHANI3 TMONIKO/HPKEHb, YacOBE IMPOTHO3YBAaHHS JIEerpaJlalliiiHUX
MPOLIECIB Ta PU3MK-AaHAIITUYHE OI[IHIOBAHHS B MEXKax €JUMHOI HEeHpoMepeKeBOi
apxITeKTypH. Y CyKyNHOCTI II€ CTBOPIOE€ ULUIICHY MIaTGOpMy PO3BUTKY

IHTEJIEKTyaJIbHUX CUCTEM MOHITOPUHTY CKJIAJTHUX TEXHIYHUX 00’ €KTIB.

3a pesynomamamu  00CHiONCeHHST pO3pobNeHo [ O0OIPYHMOBAHO MAKI
HOJLOMNCEHHSL.
1. Po3po0neno apxiTekTypy DIHOWHHUX HEUPOHHUX MEpex IS

MPOTHO3HOT JIarHOCTUKHU TMOIIKO/KEHb 13 YpaxyBaHHSAM MPOCTOPOBO-YACOBHX 1
JTUHAMIYHUX TapaMeTpiB CTaHy KOHCTPYKIIIH, a TAKOX aJTOPUTMH iX HaBUYAHHS Ha

JJAHUX CEHCOPHOTO MOHITOPHHTY, IO 3a0€3MeUyI0Th BUCOKY TOYHICTh BUSBJICHHS



nedekrtiB. OOIpyHTOBAaHO IHTErpalil0o HEHPOMEPEKEBUX Moneiel y mudpoBi
CEpeoBUIla MOHITOPUHTY 3 MOJIMBICTIO CaMOHABYaHHS Ta aJanTaiii J0 3MiH
eKCIUTyaTallliHUX YMOB.

2. Po3pobneHo  mporpamHo-amapaTHy  MOJAENb  IHTEJICKTYaJlbHOTO
CyNnpoBOAYy OymiBeIbHUX OO0 €KTIB, IO 00 €Hy€ aHaJITU4YHI, IPOTHO3HI Ta
Bi3yasi3alliiiHi MOAyll B €IUHY CHUCTEMY MIATPUMKHU PIllleHb. 3apONOHOBAHO
KOHIICTITYaIbHO-apXITEKTYpHY MO/ICJIb iH(dOopMartiitHol aThopMu
JIIarHOCTUYHOTO aHaJli3y 3 1HTErPOBAaHMMH MOAYJISIMHU 300py, OOpoOKH Ta
1HTepIpeTalii JTaHUX MOHITOPHHTY.

3. OOrpyHTOBaHO  HAyKOBO-TNIPUKJIAJHUWA  MOX1g Yy  IHTerparii
0araTopiBHEBOIrO CHCTEMHOIO fapa y NpOrpaMHO-arnapaTHe CEepeOBHILE
MOHITOPUHTY 3 BHKOPUCTaHHSIM CEHCOPHUX HPHUCTPOIB, XMapHOi OOpoOKH Ta
Bizyamizanii JgaHux. I[IpoBeneHa eKCIepUMEHTaIbHA ampoolallis MiaTBepaua
e(eKTUBHICTh 3allPOIOHOBAHOI IJIATPOPMHU Yy BUSBIEHHI JE(PEKTIB, OI[IHIOBAHHI
PHU3HKIB 1 TPOTHO3YBaHHI 3aJIMIIKOBOTO PECYPCY KOHCTPYKITIH.

Y mnepmomy po3aini aucepramiitnoi pobotu «Cucmema OiaeHOCMUKU
MexHiuHo20 cmaHy O0yOieelbHUX 00 €KmMI8. KOHYenyii, sumocu ma (OyHKYIOHANbHI
KoMnoHenmuy 3A1MCHEHO (DOPMYBaHHS 1HTETPOBAHOTO KOHIENTYaJbHOTO IMiIXOMY
JI0 TEXHIYHOTO MOHITOPUHTY OO’€KTIB 13 MIJBUIIEHUM PHU3UKOM SIK 0a30BOTO
eJIeMEeHTa IHTEJEKTyalbHUX 1H(OpMaliiiHuX cucteM. Bnepme cucteMHO
OOTPYHTOBAaHO TIOE€HAHHS PETYISITOPHUX, OpTaHi3alliiHUX Ta 1HGOpPMAIIITHO-
TEXHOJIOTTYHUX CKJIQJOBUX Yy OaraTOpiBHEBY MOJI€Jb MOHITOPHUHTY, III0 BPaXOBY€
JUHAMIKy 3MIH TEXHIYHOTO CcTaHy OyAiBedb. 3ampolOHOBAaHO TPAKTyBaHHS
TEXHIYHOTO MOHITOPUHTY SK Oe3mepepBHOro mpoiecy 300py, oO0poOku Ta
1HTeprnpeTauii AaHUX y HUPpoBHUX MiIaTdopMax MIATPUMKH pillieHb. PO3BHHEHO
kinacudikaiiio 00’€KTIB MIABUIICHOTO PHU3UKY HA OCHOBI IHTETPAJIBHHUX
NOKAa3HUKIB, IO TMOEAHYIOTh TEXHIYHI, (YHKLIOHANIbHI Ta eKCIUTyaTalliiiHi
XapaKTePUCTHUKH. OOrpyHTOBaHO MIPUHITATTN moOyI0BH aJanTHBHUX
OpraHi3alifHuX CTPYKTYP MOHITOPHHTY 3 MOXJIMBICTIO IHTErparlii CEHCOPHUX

CUCTEM 1 aHAJITUYHUX MOAYTIB. YIOCKOHAJIEHO TMOHATIHO-TEPMIHOJIOTTYHUN



amapar HUIIXoM (opMatizaiii Kareropil «KpUTHYHHHA 1HAMKATOP», «TPAaHUIHHMA
CTaH» Ta «IHCTUTYIIMHA KOOpAMHALIA» B KOHTEKCTI 1H(OPMAIIHHUX CHUCTEM.
3anponoHOBaHO  KOHIIEMI[I0O 1HTErpoBaHOi ©0a3W MOHITOPUHTY SIK  sijipa
iHpopMaIiitHOl 1HGpaCTPYKTypH, 110 3a0e3Meuye HAKOMUYEHHS JAAHUX Y PEXHUMI
peanpHOTO Yacy. BuzHaueHo poiib MEXaHi3MIB 3BOPOTHOTO 3B 513Ky Ta MPOTHO3HOI
aHATITUKW Y TIJBUILECHHI MPOAKTUBHOCTI CUCTEM MOHITOpUHTY. OOrpyHTOBaHO
OiAXIA A0 Y3TOMKEHHS PEryIATOPHUX BUMOT 13 HU(DPOBUMHU TEXHOJOTIIMU Ha
OCHOBI TIPUHIIUITY OIEpaIiitHOl BiAMOBIAHOCTI. Po3p0biaeHo apxiTeKTypHI 3acaau
1HTerparii CEeHCOPHHUX 1 AaHANITHYHUX KOMIIOHEHTIB Y €IMHY MU(PPOBY MIaTHOPMY.
VY cykynHocTi 1€ (QopMye HAyKOBO-METOIMYHE TMIATPYHTS [JIsi CTBOPEHHS
IHTEJIEKTyaJIbHUX CUCTEM MOHITOPUHTY TEXHIYHOI CTIHKOCTI Oy/IiBEIb.

VY apyromy po3aiji nucepraiiiiHoi poOOTH «AHanimuuHi i NPOSHOCMUYHI
MoOel Y 3a0ayax GUSGIeHHs PU3UKI@ ma NomeHYiuHux oegekmis OyOiseibHUX
cucmem» C(POPMOBAHO KOMIUIEKC 1HHOBAIIA IIOJI0 IHTETPOBAHOTO 3aCTOCYBAHHS
MaTE€MaTUYHUX, CTATUCTUYHUX 1 LU(PPOBUX METOIIB OLIHIOBAHHA TEXHIYHOTO
CTaHy KOHCTPYKIIIH y Mexax cremianbHocTi 126 «IHdopmariiini cuctemu Ta
TexHoJorii». OOrpyHTOBAHO MOEJHAHHS AHAIITUYHUX, YUCEIbHUX, BaplalliliHUX 1
riOpUIHUX MOJENEeH y eauHOMY 1H(OpPMAIIHHO-aHAITHYHOMY CEPEIOBHII s
MIJBUIICHHS TOYHOCTI AlarHOCTUKH JedekTiB. Po3pobieHo 6aratopiBHEBI Mojei
CTPYKTYPHOI OILIIHKM 3 ypaxyBaHHSM CKJIQJHOI reoMeTpii 00’ €KTIB, BIACTUBOCTEHN
MaTepiaiiB 1 TUHAMIKH HaBaHTaXEHb, & TAKOXK YJAOCKOHAJIEHO METOJU CKIHYEHHO-
€JIEMEHTHOr0 Ta BaplalliiiHOro aHamizy [Jsi poOOTH 3 HENOBHUMHU JaHUMHU.
3anpornoHoBaHO OaratoakTopHy MOJENb OI[IHIOBaHHS  (PI3MYHOrO CTaHy
KOHCTPYKIIIH Ha OCHOBI IHTerpamii eKcluTyaTalliiHuX 1 MOHITOPHHTOBUX
napaMeTpiB. Y TOYHEHO MaTeMaTHYHUN anapar BU3HAYCHHSI 3aIMIIKOBOTO PECYpCy
13 3acTocyBaHHSAM (YHKIN aerpamaiii, BaroBux Koe(dimieHTIB 1 WMOBIPHICHUX
MIIXO/IB, 30KpeMa OalleCiBCBKUX TMPOLEAyp aJanTUBHOTO TMPOTHO3YBAHHS.
Po3BHHEHO KOHIIENIIIIO 1HTerpallii Mojenel y nudpoBi CUCTEMHU MOHITOPUHTY 3
BUKopucTaHHAM BIM-opi€eHTOBaHMX CepelOBHIN Ta IHTEPAKTUBHHUX 1HTEp(deiciB

Bi3yamizaiii CcTaHy. YJOCKOHAJ€HO CIICHApHO-OPIEHTOBAaHUN  MmiAXiA  J0



IPOTHO3YBaHHS JETpajalliiHUX TPOLECIB 13 ypaxyBaHHSIM CTOXaCTUYHHUX
(bakTOpiB 1 YACOBUX 3aTPUMOK. Y pe3ysbTaTi HAYKOBO-METOA0JIOTIYHY OCHOBY JJIsI
CTBOPEHHSI 1HTEIEKTYyaJIbHUX CHCTEM HPOAKTHUBHOTO YMPABIIHHSI TEXHIYHUM
CTaHOM OYZiBEIbHUX KOHCTPYKITIH.

VY Tperbomy po3aiii gucepraiiitHoi poOoTH «IHmenekmyanbHi mexHoni02ii
ma Hetipomepexcegi CMpYKmypu 8 ynpasiinHi 6eznexor 0yoigenvy cHopMOBaHO
KOMIUIEKC HAyKOBUX Ta NPHUKJIAJHUX IHHOBAI IOAO PO3BHUTKY TiOpUIHHUX
HEHpPOMEpEKEBUX IMIJIXOJIB JJI MPOTHO3HOI JIarHOCTUKH TEXHIYHOTO CTaHy
OyAiBeNbHUX  KOHCTPYKLiH. OOIpyHTOBAaHO BHUKOPHCTaHHA KOMOIHOBAaHUX
apxitektyp CNN, RNN, LSTM, GRU Tta tpanchopmepHux Mojenen i aHaIizy
IPOCTOPOBO-YACOBUX JaHMX, 10 3a0e3Ieuye MiIBULICHHS TOYHOCTI BUSBJICHHS Ta
MPOTHO3YBaHHS TMOIIKO/KEHb. PO3BMHEHO METOAM MOJCIIOBAaHHS HETHIHHOI
JUHAMIKH JeTpaalliiiHuX MPOIIECiB 13 3aCTOCYBaHHAM MeXaHi3MiB self-attention Ta
yHI1()IKOBAaHUX YaCOBHUX Mojieliel. Y JOCKOHaJIEHO OaraTocTpaTeriajibHe HaBYaHHS
HEHPOHHUX MEPEX 13 MOE€JHAHHSAM pI3HUX THUIIB HAaBYaHHS Ta aJalTUBHUX
QITOPUTMIB ONITUMI3Allii, 1110 MIJBUIIYE CTIHKICTh MOJIETICH JI0 IIYMiB 1 HETOBHOTH
JaHUX. 3alpoNOHOBAaHO IHTETpallll0 CEHCOPHUX [JIaHMX 1 YHUCEJIBHOIO
MOJICNIIOBAaHHSI B €IWHOMY 1H(OpMAIIHHOMY CEpEeNOBUINl JIs MIABUIICHHS
JIOCTOBIPHOCTI TporHo3iB. OOIPYHTOBAaHO 3aCTOCYBaHHS aBTOCHKOJEPIB 1
riOpuIHUX HEUPOMEPEIKEBUX APXITEKTYP AK €(PEKTUBHUX IHCTPYMEHTIB BUSIBICHHS
NpUXOBaHUX JAePEeKTIB 1 aHamizy OaraToBUMIpHHMX cuUTHamiB. Po3po0ieHo
KOHLIETILII0 0aratopiBHEBOI IHTErpaiii Helpomepexk y LU(pPOBI CUCTEMU THUITY
[oT-SCADA-Digital Twin, mo 3a0e3nedye Oe3nepepBHUN MOHITOPUHT 1
MIPOTHO3YBAHHS CTaHy 00 €KTIB y peairbHoMy yacl. [IpukiagHa peanizaiiisi moysrae
y CTBOPEHHI IHTErpOBaHOI MPOrpaMHO-arapaTHOI CHUCTEMH I1HTEIEKTYyaJlbHOIO
cynpoBoay, sika moeanye loT-cerncopu, SCADA, Heiipomepexi Ta mudpoBi
NBIMHUKKA B €IWHY IUIATGOPMY MIATPUMKHU PillieHb. Y pPe3ynbTaTi JOBEICHO
e(EeKTUBHICTh HEWPOMEPEKEBUX TEXHOJOrH y MIABUIICHHI pIiBHSA O€3MeKH,
ONEpaTUBHOCTI J1arHOCTUKM Ta MPOAKTUBHOTO YIPABIIHHA OY/iBEIbHUMHU

00’ eKTaMH.



Y 4erBeproMy Ppo3aiii nauceprauiiiHoi pobotu  «llpuknaona ma
eKCNepUMeHmanbHa iMniemMeHmayis iHpopMayiiHux niame@opm iHmenexmyaivHol
diaeHocmuku»  c(POPMOBAHO  KOMIUIEKC  HAYKOBO-TIPUKJIAAHUX  1HHOBAIIIM,
COpPSAMOBAaHUX Ha peali3allilo IHTEIEKTyaJlbHUX CHUCTEM MOHITOPUHTY TEXHIYHOT
CTIAKOCT1 OyniBeiab. Po3po0OiieHO HepoMepekeBy IUIaTGopMy MPOrHO3YBAHHS
neeKkTiB Ha OCHOB1 1HTerpaiii CEHCOpPHHMX TMOTOKIB, ICTOPUYHUX JaHUX 1
eKCIUTyaTalllfiHUX  mapaMeTpiB y  e€auHe  iHQopmaliiiHe  cepeloBUIIIE.
OOrpyHTOBaHO 3aCTOCYBaHHS IITYYHUX HEHPOHHUX MEPEX [JIi MOJEITIOBAHHS
HENHIMHUX TpoIeciB  jaerpagamii Ta 0aratroakTOpPHOTO MPOTHO3YBaHHS
MOIIKOKEHb. 3allPOIIOHOBAHO AJITOPUTMH PAHHBOTO TMOMEPEHKEHHS KPUTHIHUX
CTaHIB 1 aJallTUBHOIO OHOBJICHHS MOJENeN y mpoleci ekcrutyataunii. Po3BuHeHO
niaxia g0 ¢popmanmisanii HepoMepex K YHIBEPCATbHOTO OOYMCIIOBAIBLHOTO s/Ipa
aHami3y Oe3MeKu 3 IHTEerpalielo Pi3HUX apXITEKTyp 1 METOJIB OOpOOKM NaHHX.
YI0CKOHaNeHO  MEXaHI3MU  IHTEJEKTyaJbHOTO  HaBYaHHSI  Mojeied 13
BUKOPUCTAaHHAM TPaJlEHTHOI ONTUMI3AIlll Ta KOMOIHYBaHHSI HABYAHHS 3 yUYUTEIEM
1 0e3 yuurens. 3amporOHOBAHO 1HTErpamiro MUGPOBUX  ABIWHUKIB 1
CaMOOPraHi3ylouux KapT JuIsi MOJCNIIOBaHHS Ta  KJacTepu3allli CTaHiB
KOHCTPYKIIiH. Po3po6iieHo MeTonu po3mi3HaBaHHS 00pa3iB TEXHIYHOTO CTaHy Ha
OCHOBI TO€JIHAHHS CTATHCTUYHUX, OaH€eCIBCBKMX 1 HEHMPOMEpPEKEBUX ITiJIXO/IB.
PeanizoBaHO 1HTENEKTyallbHI MPOLEAYpPH Kiacu(iKalii Ta OLIHIOBAHHS PU3HKIB 13
ypaxyBaHHSM HEBU3HAYCHOCTI Ta HEMOBHOTH JaHUX. Y CYKYIHOCTI OTpUMaHi
pesynbratd  (popMyroTh epeKTHBHY UU(PpoOBY MmiatGopMy MPOAKTUBHOIO
yIpaBiIiHHS 0€31eK0k0 OyiBEIbHUX 00’ €KTIB.
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ABSTRACT

Tyslenko O.B. — “Conceptual and structural modeling and implementation of
intelligent systems for monitoring the technical stability of buildings”. -
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 dissertation is devoted to the development and scientific substantiation of
conceptual and structural principles, models and methods for designing intelligent
information systems for monitoring the technical stability of buildings using
modern digital technologies. The work forms the structural and functional
architecture of the diagnostic system, develops analytical and predictive models for
risk assessment, and implements neural network algorithms in the software and
hardware environment of technical control. The research is focused on increasing
the reliability, safety and adaptability of construction objects by integrating
artificial intelligence methods, intelligent data analysis and information
technologies into a single monitoring platform.

Scientific novelty of the results obtained. The scientific novelty of the
dissertation work lies in the fact that the work:

for the first time:

- A CNN-LSTM-Risk model for predicting and classifying the technical
condition of buildings has been developed, which combines spatial damage
analysis, temporal prediction of degradation processes, and risk-analytical
assessment within a single neural network architecture.

improved:

- conceptual and theoretical principles for building intelligent systems for
monitoring the technical stability of buildings by forming a multi-level model of
integrating regulatory, organizational and information technology components into

a single digital environment, including elements of self-configuration and risk-



oriented classification of objects. The concept of an integrated database as the core
of the monitoring information infrastructure was significantly improved.

- scientific and methodological principles for assessing the technical
condition of building structures by integrating mathematical, statistical, numerical
and hybrid approaches within single information and analytical circuits. The
application of finite element analysis and variational methods for detecting local
defects and reconstructing the state based on incomplete data was expanded. Multi-
level models of structural diagnostics were proposed, taking into account the
complex geometry and operating conditions of objects. The reliability of the
assessment has been increased due to adaptive hybrid damage prediction models.

- methodological and algorithmic approaches to predicting the technical
condition of building structures through the development of scenario and risk-
oriented modeling. The mathematical apparatus for estimating the residual
resource using degradation functions, weighting coefficients and probabilistic
models has been expanded. The use of Bayesian procedures for adaptively
updating forecasts in a dynamic environment has been substantiated. The accuracy
of forecasting under conditions of stochastic disturbances and uncertainty has been
increased.

have been further developed:

- conceptual and theoretical provisions for the intellectualization of the
processes of monitoring the technical stability of buildings as complex information
systems: the essence of technical monitoring as a continuous data processing
process in a digital environment has been clarified.

- methods for building neural network models for tasks of predictive
diagnostics of the technical condition of building structures. The integration of
CNN, RNN, LSTM, GRU and transformer architectures as a single tool for
analyzing spatio-temporal data has been substantiated. An approach to modeling
nonlinear degradation processes using self-attention mechanisms has been

developed.



- a method of contextually adaptive updating of the parameters of the CNN-
LSTM-Risk model, which provides adjustment of the weight coefficients of the
neural network taking into account the integral risk profile and operating
conditions of the object, increasing the accuracy of predicting the technical
condition of buildings.

- applied approaches to the implementation of intelligent systems for
monitoring the technical stability of buildings in the form of integrated software
and hardware platforms. The capabilities of neural network systems have been
expanded by combining sensor streams, digital twins and operational data in a
single information environment.

The main content of the dissertation work.

The dissertation is devoted to the development and scientific substantiation of
the principles of creating intelligent systems for monitoring the technical stability
of buildings based on digital technologies, artificial intelligence methods and data
analysis. The work has formed a holistic architecture of the system and developed
analytical, predictive and neural network models for assessing and predicting the
technical condition of building structures. A methodological basis has been
substantiated that integrates mathematical, statistical and information-analytical
approaches, as well as hybrid methods of structural diagnostics using finite
element analysis and adaptive algorithms. The architecture of neural networks and
deep learning algorithms for predictive diagnostics of damage taking into account
the spatiotemporal and dynamic parameters of the state of structures have been
developed. The integration of neural network models into digital monitoring
systems with self-learning and adaptation functions has been substantiated, which
increases the accuracy of defect detection and risk prediction. A conceptual and
architectural model of an information platform for diagnostic analysis with
modules for data collection, processing and interpretation and a neural-analytical
segment has been proposed. A methodology for integrating a multi-level system

core into a software and hardware environment has been developed.



Leading scientific innovations consist in the formation of conceptual,
methodological and information-analytical foundations for building intelligent
information systems for monitoring the technical stability of buildings based on the
integration of sensor networks, analytical modules, computing environments and
decision-making tools into a single digital architecture. Monitoring is theoretically
substantiated as a continuous process of processing, interpreting and visualizing
data in distributed information systems. Approaches to integrating 10T, SCADA,
BIM and Digital Twin into a single platform for multi-level data interaction in real
time are developed. Methods for processing heterogeneous data using artificial
intelligence and neural network models are generalized. The information system is
substantiated as an adaptive environment with self-learning and self-adjusting
properties. Distributed system architectures with intelligent interaction of analysis,
forecasting and management modules are proposed. The role of information
technologies as the basis for implementing digital twins and predictive diagnostics
is clarified. In total, this creates a holistic platform for the development of
intelligent monitoring systems for complex technical objects.

According to the results of the study, the following was developed and
substantiated.

1. The architecture of deep neural networks for predictive diagnostics of
damage was developed, taking into account the spatio-temporal and dynamic
parameters of the state of structures, as well as algorithms for their training on
sensor monitoring data, which ensure high accuracy of defect detection. The
integration of neural network models into digital monitoring environments with the
ability to self-learn and adapt to changes in operating conditions was substantiated.

2. A software and hardware model of intelligent support of construction
objects was developed, which combines analytical, predictive and visualization
modules into a single decision support system. A conceptual and architectural
model of an information platform for diagnostic analysis with integrated modules

for collecting, processing and interpreting monitoring data was proposed.



3. A scientifically-applied approach to integrating a multi-level system core
into a software-hardware monitoring environment using sensor devices, cloud
processing and data visualization is substantiated. Experimental testing confirmed
the effectiveness of the proposed platform in detecting defects, assessing risks and
predicting the residual life of structures.

In the first section of the dissertation “System for diagnosing the technical
condition of construction objects: concepts, requirements and functional
components”, an integrated conceptual approach to technical monitoring of objects
with increased risk as a basic element of intelligent information systems is formed.
For the first time, the combination of regulatory, organizational and information
technology components into a multi-level monitoring model that takes into account
the dynamics of changes in the technical condition of buildings is systematically
substantiated. The interpretation of technical monitoring as a continuous process of
collecting, processing and interpreting data in digital decision support platforms is
proposed. A classification of high-risk objects has been developed based on
integral indicators that combine technical, functional and operational
characteristics. The principles of building adaptive organizational monitoring
structures with the possibility of integrating sensor systems and analytical modules
have been substantiated. The conceptual and terminological apparatus has been
improved by formalizing the categories of “critical indicator”, “limit state” and
“Institutional coordination” in the context of information systems. The concept of
an integrated monitoring base as the core of the information infrastructure that
ensures the accumulation of data in real time has been proposed. The role of
feedback mechanisms and predictive analytics in increasing the proactivity of
monitoring systems has been determined. An approach to harmonizing regulatory
requirements with digital technologies based on the principle of operational
compliance has been substantiated. Architectural principles for integrating sensor
and analytical components into a single digital platform have been developed.
Taken together, this forms a scientific and methodological basis for creating

intelligent systems for monitoring the technical stability of buildings.



In the second section of the dissertation work “Analytical and predictive
models in the tasks of identifying risks and potential defects of building systems”, a
set of innovations has been formed regarding the integrated application of
mathematical, statistical and digital methods for assessing the technical condition
of structures within the scope of specialty 126 “Information Systems and
Technologies”. The combination of analytical, numerical, variational and hybrid
models in a single information and analytical environment has been substantiated
to increase the accuracy of defect diagnostics. Multilevel structural assessment
models have been developed taking into account the complex geometry of objects,
material properties and load dynamics, and finite element and variational analysis
methods have been improved for working with incomplete data. A multifactor
model for assessing the physical condition of structures has been proposed based
on the integration of operational and monitoring parameters. The mathematical
apparatus for determining the residual resource has been refined using degradation
functions, weighting coefficients and probabilistic approaches, in particular
Bayesian adaptive forecasting procedures. The concept of integrating models into
digital monitoring systems using BIM-oriented environments and interactive state
visualization interfaces has been developed. The scenario-oriented approach to
predicting degradation processes has been improved, taking into account stochastic
factors and time delays. As a result, a scientific and methodological basis for
creating intelligent systems for proactive management of the technical condition of
building structures has been formed.

In the third section of the dissertation work “Intelligent technologies and
neural network structures in building safety management”, a set of scientific and
applied innovations has been formed regarding the development of hybrid neural
network approaches for predictive diagnostics of the technical condition of
building structures. The use of combined CNN, RNN, LSTM, GRU architectures
and transformer models for analyzing spatiotemporal data has been substantiated,
which ensures increased accuracy of damage detection and prediction. Methods for

modeling nonlinear dynamics of degradation processes using self-attention



mechanisms and unified temporal models have been developed. Multi-strategy
training of neural networks has been improved by combining different types of
training and adaptive optimization algorithms, which increases the resistance of
models to noise and incomplete data. The integration of sensor data and numerical
modeling in a single information environment has been proposed to increase the
reliability of forecasts. The use of autoencoders and hybrid neural network
architectures as effective tools for detecting hidden defects and analyzing
multidimensional signals has been substantiated. The concept of multi-level
integration of neural networks into digital systems of the 10T-SCADA-Digital
Twin type has been developed, which provides continuous monitoring and
forecasting of the state of objects in real time. The applied implementation consists
in creating an integrated software and hardware system of intelligent support that
combines 10T sensors, SCADA, neural networks and digital twins into a single
decision support platform. As a result, the effectiveness of neural network
technologies in increasing the level of safety, diagnostic efficiency and proactive
management of construction objects has been proven.

In the fourth section of the dissertation work “Applied and experimental
implementation of information platforms for intelligent diagnostics”, a complex of
scientific and applied innovations aimed at the implementation of intelligent
systems for monitoring the technical stability of buildings has been formed. A
neural network platform for predicting defects based on the integration of sensor
flows, historical data and operational parameters into a single information
environment has been developed. The use of artificial neural networks for
modeling nonlinear degradation processes and multifactorial damage prediction
has been substantiated. Algorithms for early warning of critical states and adaptive
updating of models during operation have been proposed. An approach to
formalizing neural networks as a universal computational core for safety analysis
with the integration of various architectures and data processing methods has been
developed. Mechanisms for intelligent model learning using gradient optimization

and combining supervised and unsupervised learning have been improved. The



integration of digital twins and self-organizing maps for modeling and clustering of
structural states has been proposed. Methods for recognizing patterns of technical
condition have been developed based on a combination of statistical, Bayesian and
neural network approaches. Intelligent procedures for classifying and assessing
risks have been implemented, taking into account uncertainty and incompleteness
of data. Taken together, the results obtained form an effective digital platform for
proactive safety management of construction sites.

Keywords: intelligent monitoring systems, technical stability of buildings,
information systems and technologies, neural network models, deep learning,
artificial intelligence, scenario forecasting, multifactor risk analysis, digital twin,

BIM technologies, 10T sensor networks, intelligent decision support.



CIIUCOK ONYBJIKOBAHUX MPAILIb 3A TEMOIO JUCEPTAILIII

Cmammi y Haykosux (axosux UOAHHAX, SKI IHOEKCYIOMbC 8 MINCHAPOOHUX
HayKoMempuuHux 6a3ax.

1. TepeatreB 0O.0., I'opbatiok €.B., Tucnenko O.b., 3yOpiii .M.
[TigBumieHHs eQeKTUBHOCTI 1H(POPMAIINHOI CHCTEeMHU KOMILJIEKCHOI Oe3meKu
3axucTy OyniBenb. Modern engineering and innovative technologies. Issue Ne29.
Part 1. October 2023. P. 102-111. https://doi.org/10.30890/2567-5273.2023-29-01-
022.

2. TepentseB O.0., I'opbatiok €.B., Tucnenko O.b., 3yOpiit .M.
(2024). Metoauka po3poOKu MiABHUIIECHHS €(heKTUBHOCTI 1HGOPMAIIHHOI CUCTEMHU
OesneyHoi ekcruryaramii  OyaiBens. Modern engineering and innovative
technologies.  Issue  Ne31. Part 1. February 2024. P. 62-71.
https://doi.org/10.30890/2567-5273.2024-31-00-014.

3. ApxiTekTypa iHPOpMaLIMHOI CUCTEMHU JIIaTHOCTUKU TEXHIYHOTO CTaHy
¢dbynnamenTiB OyniBenb / TepentbeB O.0., T'opbatiok €.B., Tucnenxo O.b.,
3yopiii 1.M., Makapuyk O.B. SWorldJournal. Issue No24 Part 1 March 2024. P.
135-143. https://doi.org/10.30888/2663-5712.2024-24-00-073.

4, TepentbeB 0O.0., T'opbatiok €.B., Tucnenxo O.b., 3yopiit .M.
[HTErpoBaHi MOJEal MPOTHO3YBAHHS HAIMHOCTI MPUUHATTSA pILIEHb CUCTEMHU
JIarHOCTUKHU TeXHIYHOTO ctany OymaiBenb. SWorldJournal. September 2024. Issue
27. Part 1. P. 98-106. DOI: 10.30888/2663-5712.2024-27-00-018

5. Terentyev 0.0., Gorbatyuk Ie.V., Tyslenko O.B., Bykov S.V.
Methods of damage of the information system of building technical condition
diagnostics. Modern engineering and innovative technologies. Issue Ne35. Part 2.
October 2024. P. 35-44. https://doi.org/10.30890/2567-5273.2024-35-00-049.

6. Terentyev 0.0., Gorbatyuk Ie.V., Tyslenko O.B., Bykov S.V.
Program and technical complex of implementation of the information system of

diagnostics of the technical condition of buildings. SWorldJournal. Issue No30.
Part 1. March 2025. P. 82-96. https://doi.org/10.30888/2663-5712.2025-30-01-004.

7. Terentyev 0.0., Gorbatyuk le.V., Tyslenko O.B., Bykov S.V.
Creation of information methods in the diagnosis of industrial buildings. Modern



https://doi.org/10.30890/2567-5273.2024-35-00-049
https://doi.org/10.30888/2663-5712.2025-30-01-004

engineering and innovative technologies. Issue Ne38. Part 1. April 2025. P. 146-
151. https://doi.org/10.30890/2567-5273.2025-38-01-030.

8.  Tyslenko 0., Bykov S., & Katin O. (2025). System of organization
and functioning of mechanisms for ensuring the operational safety of

buildings. Ways to Improve Construction Efficiency, 2(56), P. 91-104.
https://doi.org/10.32347/2707-501x.2025.56(2).91-104

Q. Tucnenko O. b., & buxos C. B. (2025). AnaniTi4Hi Ta 1iarHOCTHUYHI
OJIOKM  KOHTPOJIO B  IU(GPOBOMY  CEPENOBHUIINl  OIIHKA  CTPYKTYypHOI
HATIMHOCTI. Ynpaeninnsa poszeumkom cknaonux cucmem, (64), P. 259-266.
https://doi.org/10.32347/2412-9933.2025.64.259-266

Mamepianu anpooayii 00CNIOJCeHHsI  HA  HAYKOBO-NPAKMUUHUX
KOH@hepeHyisax:

10. Modeling of reliability of foundation structures / Gorbatyuk le.,
Terentyev O., Tyslenko O., Zubrij I. Importance of Soft Skills for Life and
Scientific Success: Proceedings of the 3rd International Scientific and Practical
Internet Conference, FOP Marenichenko V.V., Dnipro, Ukraine, March 7-8, 2024,
P.7-8.

11. TopbGariok €.B., Tucnenxo O.b., 3yoOpiii .M. Merogosnoriynai i
KpUTEplaibHl OCHOBU JOCHIIKEHHS (DYHKI[IOHYBAHHSI I1HKEHEPHUX KOMILIEKCIB
IIpU CTBOPEHHI LUTLOBUX 00’€KTIB OyaiHaycTpii. International scientific conference
"Organization of scientific research in modern conditions ‘2024" No 23 on March
21, 2024. Seattle, Washington, USA., P. 46-51. https://doi.org/10.30888/2709-
2267.2024-23-00-017.

12.  TepentseB 0O.0., TI'opbatiok €.B., Tucaenko O.b., 3yOpiii .M.
Building an information model of determining the location of mobile objects.
Promising scientific researches of Eurasian scholars &apos;2024. Proceedings of
International scientific conference (September 21, 2024). Seattle, Washington,
USA. Ne 26. P. 41-44. https://doi.org/10.30888/2709-2267.2024-26-00-008

13. Terentyev 0.0., Gorbatyuk le.VV., Tyslenko O.B., Bykov S. V..
Methods of diagnosing deformations of building structures. International scientific
conference “Technique and technology of the future &apos;2024” No 35 on
October 20, 2024. Karlsruhe, Germany. P. 36-40. https://doi.org/10.30890/2709-



https://doi.org/10.30890/2567-5273.2025-38-01-030
https://doi.org/10.30888/2709-2267.2024-26-00-008
https://doi.org/10.30890/2709-1783.2024-35-00-027

1783.2024-35-00-027. URL:
https://www.proconference.org/index.php/gec/issue/view/gec35-00.
14. TepentseB 0O.0., T'opbatiok €.B., Tucnemko O.b., buxos B.C.

IaTerpoBana Mojienb OLIHKA HAAIAHOCTI PIIIeHb JUIS J1arHOCTUKU OyaiBElb.
Proceedings of the 6th International scientific and practical conference “Scientific
achievements of contemporary society”. Cognum Publishing House. London,
United Kingdom. 2025. P. 280-286. URL.: https://sci-conf.com.ua/vi-mizhnarodna-
naukovo-praktichna-konferentsiya-scientific-achievements-of-contemporary-

society-10-12-01-2025-london-velikobritaniya-arhiv/.
15. TepeatseB 0.0., T'opbatiox €.B., Tucnenko O.b., buxoB B.C.

[HpopmariiiHa TEXHOJIOTISI YHOpaBIiHHSA JKUTTEBUM LHMKJIOM  OyJIBEJIBHHUX

KOHCTPYKIIH 1 ciopyll. Modernization of today’s science: experience and trends:
collection of scientific papers «SCIENTIA» with Proceedings of the VII
International Scientific and Theoretical Conference, January 24, 2025. Singapore,
Republic of Singapore: International Center of Scientific Research. P. 192-195.
https://doi.org/10.36074/scientia-24.01.2025.

16. TepentseB 0O.0., T'opGatiox €.B., Tucnenko O.b., buxo B.C.

MopentoBaHHs 3arpo3 O€3MeKu Ta BPa3JIMBOCTI Y BIPTyaJIbHIN MEPEKEBI CUCTEMI.

Proceedings of the 5th International scientific and practical conference “Science in
the modern world: innovations and challenges”. Perfect Publishing. Toronto,
Canada. 2025. P. 169-173. URL.: https://sci-conf.com.ua/v-mizhnarodna-naukovo-
praktichna-konferentsiya-science-in-the-modern-world-innovations-and-
challenges-23-25-01-2025-toronto-kanada-arhiv/.

17.  Terentyev 0.0., Gorbatyuk Ie.V., Tyslenko O.B., Bykov V.S.
Creating a model of mobile location. International scientific conference

“Organization of scientific research in modern conditions &apos;2024” No 30 on
March 21, 2025. Seattle, Washington, USA. P. 25-28.
https://doi.org/10.30888/2709-2267.2025-30-00-003.



https://doi.org/10.30890/2709-1783.2024-35-00-027
https://www.proconference.org/index.php/gec/issue/view/gec35-00
https://sci-conf.com.ua/vi-mizhnarodna-naukovo-praktichna-konferentsiya-scientific-achievements-of-contemporary-society-10-12-01-2025-london-velikobritaniya-arhiv/
https://sci-conf.com.ua/vi-mizhnarodna-naukovo-praktichna-konferentsiya-scientific-achievements-of-contemporary-society-10-12-01-2025-london-velikobritaniya-arhiv/
https://sci-conf.com.ua/vi-mizhnarodna-naukovo-praktichna-konferentsiya-scientific-achievements-of-contemporary-society-10-12-01-2025-london-velikobritaniya-arhiv/
https://doi.org/10.36074/scientia-24.01.2025
https://sci-conf.com.ua/v-mizhnarodna-naukovo-praktichna-konferentsiya-science-in-the-modern-world-innovations-and-challenges-23-25-01-2025-toronto-kanada-arhiv/
https://sci-conf.com.ua/v-mizhnarodna-naukovo-praktichna-konferentsiya-science-in-the-modern-world-innovations-and-challenges-23-25-01-2025-toronto-kanada-arhiv/
https://sci-conf.com.ua/v-mizhnarodna-naukovo-praktichna-konferentsiya-science-in-the-modern-world-innovations-and-challenges-23-25-01-2025-toronto-kanada-arhiv/
https://doi.org/10.30888/2709-2267.2025-30-00-003

