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Pedepar/aHoTanis:

1. Incepranifina po60Ta IPUCBIYEHA BUPIIEHHIO BAKJIMBOTO HAYKOBO-TIPAKTUYHOTO 3aBIAHHS B rajy3i II0XKe>KHOI
0e3MeKy — OLiHIOBaHHS CTIMKOCTI HECYYMX CTaJIeBUX BOTHE3AXUIIEHUX KOHCTPYKILiH 10 aBapiiiHUX BILJIUBIB
[IOB'SI3aHUX i3 30BHILIHIM BUOYXOM Ta MoXexelo. Y BCTYIIi [10JjaHo 3arajibHy XapaKTepUCTUKY AUCEPTaLiliHO]
po60TH, OOGIPYHTOBAHO aKTyaJIbHICTb 0OPaHOI TEMU B yMOBaX 3POCTAHHS 3arpo3 1151 00’€KTiB KPUTUYHO]
iH(paCTPYKTYypH, 30KpeMa BHACINOK Aii BUOYyXOBUX HAaBaHTAXXEHb, [TOXKEX 1 KOMOIHOBAHUX aBapiiHUX BIIUBIB. Y
MepLIOMY PO3[IiJli MPOBEIEHO aHaJi3 HAYKOBUX JKEPeJl, HOpMAaTUBHUX JJOKYMEHTIB i IPaKTUYHUX BUNAOKIB
PYIHYBaHHS CTaJIEBUX KAPKACHMUX KOHCTPYKIiM BHACJIZOK BUOYXOBMX Ta MOKEKHUX BILJIMBIiB. BCTaHOBJIEHO, 110 32
KOMOIHOBAHOTO BUOYXO-TIOXKEXXHOTO BIIJIMBY CTaJI€Bi KOHCTPYKLii 3a3HaI0Th 3HAYHOTO IOMKOKEHHS, SIKE MOXe
IIPOSIBJIATUCS Y JIOKAJIbHUX JedopMallisix, BTpPaTi CTIlKOCTi KOJIOH i paM, MOIIKO/AKEHHI By3J1iB, BillIapyBaHHi

BOTHE3aXMCHOTO LIapy Ta PO3BUTKY PYMHYBaHHS OyJiBesb. Y IPYroMy pO3[ii PO3pO6JI€EHO MaTEMAaTU4YHY MOJIEJIb



IIPOTHO3YBAHHS HANIPY>KEHO-1€(OPMOBAHOI'O CTAaHY HECYYUX CTAJIEBUX BOTHE3AXUIIEHUX KOHCTPYKLIN Ta JUHAMIKU
BifjlIapyBaHHS BOrHE3axVCHOTO [I0KPUBY B YMOBax BUOYXY. [IpoBesieHO nepeBipKy po3pobieHoi Moei MIsIXOM
[IOPIBHSIHHS PE3YJIbTATiB YACEIbHOTO MOJEJIIOBAHHS 3 €KCIIEPUMEHTAJIbHUMU JAHVMMU 1070 MTOBEIHKA CTaJIEBAX
€JIEMEHTIB i3 BOTHE3aXVCHUM IIOKPUTTSIM 32 KOPOTKOYACHOI iMITyJIbCHOI ZIii. Y TPeTbOMY PO3Lisi pO3pPOOIEHO
METOAMKY OLIHIOBAHHS CTIMKOCTI HECYYMX CTAJIEBUX BOTHE3AXMIIEHUX KOHCTPYKIiN [0 BIJIUBY aBapiiHUX
HaBaHTa)KeHb II0B'SI3aHUX i3 30BHILIHIM BUOYXOM Ta [10XKEXKEl0, BUKOHAHO IIPOrPaMHy peasisaliilo MeTOUKHU.
3anponoHoBaHUH NMifXif, 103BOJIsSI€ BCTAHOBJIIOBATH HANOIIbILI YPa3inuBi €JIeMEHTH OyZiBili, BU3HAYaTU piBEeHb
CTIMKOCTi KOHCTPYKILii1 micsst BUGYXY Ta NOJAbLIOL [T0XKeXKi, 0O PyHTOBYBAaTH HEOOXiIHICTb 32CTOCYBaHHS
IOATKOBUX KOHCTPYKTUBHUX 2060 iH)KEHEPHO-TEXHIYHUX 3aX0/iB. Y YeTBEPTOMY PO3[LiJii 3aIIPOIIOHOBAHO MiTX0O1
II0 3a6€e3Ie4YeHHs CTIKOCTi HECYYMX CTaJ€BUX BOTHE3aXUIEHNX KOHCTPYKLIi [0 30BHIIHBOIO BUOYXY Ta IIOXKEXI.
[IpoBeneHo nepeBipKy OCTOBIPHOCTI PO3p0O06JIEHOI METOIVKU Ta OLiHEHO €(DEKTUBHICTh 3aIIPONIOHOBAHUX IiJIXOIiB.
O6rpyHTOBaHO OLIIBHICT ypaxyBaHHs He Jiuile 6e311ocepeiHbOro MOUIKOIKEHHS! CTalIeBUX eJIEMEHTIB Bif,
BHUOYXOBOIi XBUJIi, @ 1 MOXKJIMBOTO [IOPYIIE€HHS 11iJ1iCHOCTi BOTHE3aXMCHOT'O IIOKPUTTS, 1II0 CYTTEBO 3HIKYE (PaKTUIHY
M€Ky BOTHECTIMKOCTI KOHCTPYKIIiii Ta CTYIiHb BOTHECTIMKOCTI OyAiBIi B 11iiomy. HaykoBa HOBM3HA OflepKaHUX
pe3yJIbTaTiB NoJIsArae y ToMy, mo: 1. Bnepiue po3po6aeHo MaTeMaTuyHy MOJIeJIb IPOTHO3yBaHHS HAIIPY>KEHO-
1e(OPMOBAHOTO CTaHy HECYYMX CTAJIEBMX BOTHE3aXMIIEHUX KOHCTPYKIii Ta JUHAMIKU BifjllapyBaHHS
BOTHE3aXMCHOTO [TOKPMBY B yMOBaXx BUOYXY, sIKa Ha BiIMiHY BiJl iCHYI0UMX, BpaXOBY€ CyMiCHY pOOOTY CTajleBOi
KOHCTPYKLii /1 BOTHE3aXMCHOI0 IOKPUBY B YMOBAaX BILIMBY BUOYXY Ta [I03BOJII€ BU3HAYaTU 30HU BiflIapyBaHHS
BOTHE3aXVCHOTO MTOKPUBY. 2. Briepie po3po61eH0 METOAUKY OLIiHIOBAHHS CTiMKOCTi HECYYUX CTaJIeBUX
BOTHE3aXUIIeHNWX KOHCTPYKLi [0 BIJIMBY aBapiliHUX HaBaHTa)KeHb I10B'SI3aHUX i3 30BHILIHIM BUOYXOM Ta [OXKEXEIO,
sIKa J103BOJIsI€ BU3HAYATU HaINPy>KEHO-I,e(POPMOBaHUI CTaH KOHCTPYKTUBHOI cUCTEMU OYZiBJli B yMOBaxX
30BHIIIHBOTO BUOYXOBOTO HABAHTAKEHHS 3 YPAXYBAaHHSIM MOJKJIMBOTO BiJ[lIaPyBaHHS BOTHE3aXUCHOTO IIOKPUBY
HECY4YHUX CTaJIeBUX KOHCTPYKIiH, SIKa 6a3yeThCs HA po3p0o0bJIeHill MaTeMaTUYHil MOoieJli IPOTrHO3yBaHHS
HaNpYy>XeHO-1e(POPMOBAHOTO CTaHy HECYUMX CTAJIEBUX BOTHE3AXUIEHMX KOHCTPYKIiH Ta BiJIapyBaHHs
BOTHE3aXMCHOTO MTOKPUBY B yMOBaxX BUOYXY Ta NOAAJILUIOrO TEMIIEPATYPHOrO BIUIMBY Bil IIOXKEXXi, BUSIBJIEHHS
HaIOiIbLI Ypa3IMBUX HECYUYUX KOHCTPYKLi OYAiBIi, BXKUTTSI KOHCTPYKTUBHUX pillleHb 460 iH)K€HEPHO-TEXHIYHUX
3ax0fiB 3a/1J151 HEAOMYIIEHHS PYHHYBaHb. 3. YIOCKOHAJIEHO KOMITIOTEPHY MOJI€JIb IOBE[iHKM HECYUMX CTAJIEBUX
BOTHE3aXMIIEHNX KOHCTPYKLii [0 BILJIMBY 30BHIIIHIX BUOYXIB Ta IIOXKEXK, sIKa 3abe3evyye IPorpamMmHy peaisaliiio
po3pobieHoi metToauku. 4. Habynu nogansuioro po3BUTKY MifXoau 1o 3a6e3MeyeHH s CTiNKOCTi HECyYnX CTaJleBUX
BOTHE3aXMIIEHNX KOHCTPYKLi 4O 30BHIIIHBOIO BUOYXY Ta MOXKeXi. Po3pobiieHa MeToguKa OLiHIOBaHHS CTiHKOCT]
HECY4YHMX CTaJIeBUX BOIHE3aXUIEHUX KOHCTPYKLil 10 BIVIUBY aBapiiHMX HaBaHTa>XXEHb I1OB13aHYX i3 30BHIIIHIM
BHOYXOM Ta IIOXKEXKEI0, € HOBUM IIiIXOA0M, SIKUAI O3BOJIsIE BPaXOBYBATHU IIOCJIiIOBHY [il0 BUOYXOBOTO
HaBaHTAKEHHS, JIOKaJIbHI IIOMKO/KEHHS CTaJIeBUX €JIEMEHTIB MicJisg BUOYXy, MOXJIMBE BiillapyBaHHS ab0
MOPYLIEHHS LJIICHOCTI BOTHE3aXVCHOTO IIapy, @ TAKOX MMOJAJbIly 3MiHY HECY4Oi 30aTHOCTI KOHCTPYKLIN 32 YMOB

BN COKOTEMIIEPATYPHOT'O BIVIUBY TIO>KEXKi.

2. This thesis is devoted to addressing an important scientific and practical problem in the field of fire safety -
assessing the resistance of load-bearing steel fire-resistant structures to emergency impacts associated with
external explosions and fire. The introduction provides an overview of the thesis and justifies the relevance of the
chosen topic in the context of growing threats to critical infrastructure, particularly those resulting from explosive
charges, fires and combined emergency impacts. The first chapter analyses scientific sources, regulatory
documents and practical cases of the collapse of steel frame structures due to explosive and fire effects. It has
been established that under combined blast and fire effects, steel structures suffer significant damage, which may
manifest as localised deformations, loss of stability of columns and frames, damage to joints, delamination of the
fire protection layer, and the progression of building collapse. In the second chapter, a mathematical model has
been developed to predict the stress-strain state of load-bearing steel structures with fire protection and the
dynamics of fire-protective coating delamination under explosion conditions. The developed model was validated
by comparing the results of numerical simulations with experimental data on the behaviour of steel members with
a fire-retardant coating under short-term impulse loading. The third chapter sets out a methodology for assessing



the stability of load-bearing fire-protected steel structures under emergency loads associated with external
explosions and fire, and provides a software implementation of the methodology.The proposed approach makes it
possible to identify the most vulnerable elements of a building, determine the level of structural stability following
an explosion and subsequent fire, and justify the need for additional structural or engineering measures. The
fourth chapter proposes approaches to ensuring the resistance of load-bearing steel fire-protected structures to
external explosions and fire. The validity of the developed methodology has been verified and the effectiveness of
the proposed approaches has been assessed. The rationale for taking into account not only the direct damage to
steel elements caused by the blast wave, but also the possible compromise of the integrity of the fire-resistant
coating, which significantly reduces the actual fire resistance limit of the structures and the fire resistance rating
of the building as a whole, is substantiated. The scientific novelty of the results obtained lies in the fact that: 1. For
the first time, a mathematical model has been developed to predict the stress-strain state of load-bearing steel
fire-protected structures and the dynamics of fire-protective coating delamination under explosion conditions;
unlike existing models, takes into account the combined behaviour of the steel structure and the fire-resistant
coating under explosion conditions and enables the identification of areas where the fire-resistant coating
detaches. 2. For the first time, a methodology has been developed for assessing the stability of load-bearing steel
fire-protected structures against emergency loads associated with external explosions and fire. This method
enables the determination of the stress-strain state of a building’s structural system under external explosive
loads, taking into account the possible delamination of the fire-protective coating on load-bearing steel structures.
It is based on a mathematical model developed to predict the stress-strain state of load-bearing steel fire-
protected structures and the detachment of the fire-protective coating under conditions of an explosion and
subsequent thermal effects from a fire, identifying the most vulnerable load-bearing structures of the building, and
implementing structural solutions or engineering and technical measures to prevent damage. 3. A computer model
of the behaviour of load-bearing steel fire-resistant structures under the influence of external explosions and fires
has been refined, enabling the software implementation of the developed methodology. 4. Approaches to ensuring
the resistance of load-bearing steel fire-protected structures to external explosions and fire have been further
developed. The methodology developed for assessing the stability of load-bearing steel fire-protected structures
under emergency loads associated with external explosions and fire represents a new approach that allows for the
sequential effects of explosive loads, local damage to steel members following an explosion, possible delamination
or compromise of the fire-resistant layer, as well as subsequent changes in the load-bearing capacity of structures
under high-temperature fire conditions.
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KBasigikanis: n.dinocod, nou., 263
InenTudikarop ORCID ID: 0000-0001-5124-6068

HoparkoBa iHpopmamwist: https://scholar.google.com.ua/citations?user=NLAPWbQAAAAJ&hl=ua;
https:/ /www.scopus.com /authid /detail.uri?authorld=57200142908&origin=resultslist

IloBHe HaﬁMeHyBaHHﬂ IOpI/I,I[H‘IHO'l' 0COOM: HaujoHambHuit YHIBEpCUTET LMBIJIILHOTO 3aXUCTY YKpaiHu
Kopg, 3a €IPIIOY: 08571363

Micue3Haxoa KeHHs: Bys.OHonpieHka, Yepkacu, Yepkacbkuii p-H., 18034, Vkpaina

dopma ByracHOCTI:

Cq)epa yIIpaBJIiHHﬂ: JepxaBHa cayx6a YkpaiHu 3 Ha[I3BU4YaHUX CUTYalill

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odiliiHUX OTIOHEHTIB Ta pelleH3€eHTiB
OdiuiiiHi OTIOHEHTH

Baacue IlpizBume Im'a Ilo-6aTbKOBI:



1. binuk Ceprint IBanoBu4

2. Serhii Bilyk

KBasigikamis: 1. 1. n., npodecop, 05.23.01
Imentudikarop ORCID ID: 0000-0001-8783-5892

HoparkoBa iHpopmamist: https://publons.com/researcher /ABF-3104-2021;
https:/ /www.researchgate.net /profile /Serhii-Bilyk;
https://scholar.google.com /citations?user=5qMyN_0AAAAJ&hl=ru&oi=ao

IToBHE HaﬁMeHyBaHHH Iopl/l,ILI/I'-IHOi 0COOM: KuiBChKUIl HALIIOHAIbHUI yHiBepcuTeT OyiBHULITBA i

apxiTektypu

Koz, 3a €IPITIOY: 02070909

Micuesnaxo,szeﬂna: npocnekt [lositpsHux cui, Kuis, 03037, Ykpaina
dopma ByacHOCTI: [lepxkasna

Cdepa ynpaBriHHS: MiHicTepCcTBO OCBIiTH | HayKy YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Manapuka Irop I'puroposuy

2. Ihor H. Maladyka
KBasigikamnis: k. r. u., mouent, 21.06.02
Imentudikarop ORCID ID: 0000-0001-8784-2814

JoparkoBa iHdopMmanist: https://scholar.google.com/citations?hl=uk&pli=1&user=hoihiB4AAAAJ;
https:/ /www.scopus.com /authid /detail.uri?authorld=58578908000

IloBHe HafIMeHyBaHHH IOPUIHUYHOL 0C00H: UepKachKuii ilepKaBHMUI1 TEXHOJIOTIYHUI yHiBEpCUTET
Kopg 3a €IPIIOY: 05390336

Micue3HaxoaKeHHS: GybBap llleBuenka, Yepkacu, Yepkacbkuii p-H., 18006, Vkpaina

dopma ByacHOCTI: Jlepkasna

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAayKu YKpaiHu

InmenTudikarop ROR:

PeuenseHTu

BaacHe IlpizBume Im's I1o-6aTbKOBI:
1. KyctoB Makcum BosiogumupoBry

2. Maksym Kustov
KBasigikamis: g. 1. u., npodecop, 21.02.03
I,ILeHTI/I(l)iKaTOP ORCID ID: 0000-0002-6960-6399

JopaTrkoBa iHdpopmamnist:



IIoBHe HaﬁMeHyBaHHﬂ IOpI/I,uH‘{HOi 0COOM: HaujoHambHuit YHIBEpCUTET LMBIJILHOTO 3aXUCTY YKpaiHU
Kopg 3a €IPIIOY: 08571363

Micue3Haxoa KeHHS: Bys.OHonpieHKa, Yepkacu, Yepkachbkuii p-H., 18034, Vkpaina

dopma ByracHOCTI:

Cdepa ynpaBiriHHS: [lepkaBHa cyx6a YKpaiHy 3 HaI3BUYANHNUX CUTYaLii

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBuuie Im's I1o-6aThbKOBI:

1. Hixkauk Bagum BacunboBuy

2. Vadym Nizhnyk

KBasigikanis: 1. 1. n., npodecop, 21.06.02
InenTudikarop ORCID ID: 0000-0003-3370-9027

JoparkoBa iHpopMauist: https://scholar.google.com.ua/citations?hl=uk&user=dh1PWqUAAAAJ;
https:/ /www.scopus.com /authid /detail.uri?origin=resultslist&authorld=57204838811&zone=

IloBHe HaflMeHYBaHHﬂ IOpI/I,I[H‘{HOi 0COOM: HaujoHambHuit YHIBEpCUTET LMBIJILHOTO 3aXUCTY YKpaiHU
Kopg 3a €IPIIOY: 08571363

Micue3Haxoa KeHHS: Bys.OHonpieHka, Yepkacu, Yepkacbkuii p-H., 18034, Vkpaina

dopma ByracHOCTI:

Cdepa ynpaBitiHHSL: [lepkaBHa ciyx6a YKpaiHy 3 HaI3BUYaNHNUX CUTYaLii

InenTudikarop ROR: He zacrocosyerscs

VIII. 3ak1104Hi BiZOMOCTI

Bnacue IpisBume Im'a [To-6aTbKOBI Pubka €sreniit Onexcifosny

TOJIOBH pajgu

Bsacue IIpisBume Im'st [To-6aTbKOBI Pubxa €srenift Onexciiosny

TOJIOBYIOYOTO Ha 3acCiaHHi

BiamoBizasibHUH 32 MiATOTOBKY [Typpenko Poman PycnanoBu4

00JIiIKOBHX JOKYMEHTIB

PeeCTpaTop FOpuenko TetsHa AHaToJiiBHA

KepiBHuKk Bigginy YKpIHTEI, mo €
BiZINOBiZaJIbHUM 32 peecTpallilo HayKOBOi

OisiIBHOCTI

Opuenko TersiHa AHaTOJIiBHA



