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1. 3abe3neyeHHs CTIMKOCTi MOHOJIITHUX 3aJ1i300€TOHHUX OYZiBesb IO IPOrPeCy0doro 06BajaeHHs BHACHILOK
nokexi Ta gedarpaiiiHoro BU6yxy
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deflagration explosion

Pedepar:

1. Incepraniiina po60Ta IPUCBIY€HA BUPIIEHHIO BAKJIMBOIO HAYKOBO—IIPAKTUYHOTO 3aBIAHHS B rajy3i IIOXKe>KHOI
Oe3nexku — 3a6e3Me4eHHs! CTIKOCTi MOHOJIITHUX 3aJ1i300€TOHHUX Oy/1iBeJIb IO IPOrPECYI0UOro 06BaIEHHS
BHACJIiZIOK IoXeXi Ta nedarpatiiHoro Bubyxy. Y BCTyIi IOAHO 3arajbHy XapakKTepPUCTUKY IUCEePTaLiiiHOl
poboTu. O6IPYHTOBAHO HANPSIMOK HAYKOBUX JOCIiIKeHb, CHOPMYJIbOBAHO METY POOOTH Ta OCHOBHI 3aBJJaHHS
IOCJiIKeHHs, 00'€KT Ta TpeIMeT AOCTiIKEHHS, HAyKOBY HOBU3HY, IIPAKTUYHE BIIPOBAIKEHHS, IOKA3aHO 3B'5130K
pobOTH 3 HAYKOBMMU ITporpamamu. HaBeseHo aHi Ipo oco6MCTri BHECOK 3100yBaya, anpobario poboTu Ta
ny6slikauii. Y nepuomy posnisii IpoBeieHO aHajli3 HayKOBUX JPKepeJ i HOpMAaTUBHUX JOKYMEHTIB 1010
IOCJIiIKEeHHS IPO6JIeMU IIPOrPECYI0U0ro 00BaJIEHHS MOHOJITHUX 3a71i300€TOHHUX Oy/1iBeJlb BHACIILOK aBapiHUX
cuTyauiid. Y Apyromy po3gisii po3po6seHo MaTeMaTU4Hy MOZeJib IPOTHO3YBaHHSI [TOBEIiHKA MOHOJITHUX

3aJ1i306€ TOHHMX KOHCTPYKLiM B yMOBax IoexXi Ta gediarpauiifHoro BUOyxy, ska Ha BiiMiHY Bif icHy04Unx



BpaxOBYe€ HeJIiHilHI Terno)i3nyHi XapakKTepUCTUKY MaTepiaiB, TEMIEPATyPHi PEXKUMU NOXKEXK, HEJIHIHICTD
3aKOHIB lepOpMyBaHHS MaTepiasiB KOHCTPYKLiH, BIIJINB HAaBaHTaKeHHsI Bif, fedJarpaniiHoro Buoyxy. Takox
PO3p06JI€HO MaTEMAaTUYHY MO/ZIEJIb PO3IIOLiNTY TEeMIIEPATYPHUX TI0JIiB Y CUCTEMI «3aJ1i300€TOHHA
KOJIOHA-TIEPEKPUTTS» [IPU IIOXKEXI, sIKa [100y10BaHA Ha 6a3i PiBHSIHb HECTAlLliOHAPHO]I TEIJIONPOBiHOCTI, TEILJIOBOTO
BUIIPOMIHIOBAaHHSI, KOHBEKTUBHOI'O TEIJIOOOMIHY, BpaXOBYy€ IIPOCTOPOBY CYMiCHY TEIJIOBY B3aEMOZIIO0
KOHCTPYKTUBHUX €JIEMEHTIB, TEIIJIOBUI KOHTAKT y 30Hi By3J/1a T MEXaHi3M B3a€MHOT'O OIPOMIHIOBAaHHS IIOBEPXOHb.
Y TpeTboMy po3aisi po3p0o6sieHO METOAMKY, sIKA I'PYHTYEThCS Ha 3allPpOIIOHOBAHMX MaTeMaTUUYHUX MOJEISX,
II03BOJISIE€ TIPOBOIUTY PO3PAXyHKU ¥ IPOTHO3YBATH CTilKiCTh MOHOJIITHUX 327113066 TOHHUX OyIiBeJib 10
[IPOrpecyioyoro 006BajeHHs 32 YMOB BUCOKOTEMIIEPATyPHOIO BILJIMBY IIOKEXKi Ta AMHAMIYHOIO HaBaHTaKEHHS,
3YMOBJIEHOTO BHYTPilIHIM JedarpaliiiHum BUOyXoM. Y YeTBepTOMY PO3Zii IpoBefieHa IepeBipKa JOCTOBIPHOCTI
PO3pOOJIEHUX MAaTEMATUYHUX MOJIEJIEN LJISIXOM IOPiBHSHHS PE3yJIbTaTiB YMCEIBHOIO PO3PAXyHKY 3
€KCIIepUMEHTAJIbHUMU JJaHUMHU BUIIPOOYBAaHb Ha BOTHECTINKICTh MOHOJIITHUX 3aJ1i300€TOHHMX KOHCTPYKILiL.
HaykoBa HOBU3HA ofiep>KaHUX Pe3yJIbTaTiB MoJsirae y Tomy, 1o: 1. Biepie po3po6sieHo MaTeMaTU4yHy MOJIeJlb
IIPOTHO3YBAaHHS [IOBEiHKM MOHOJIITHUX 3aJ1i300€ TOHHUX KOHCTPYKIill B yMOBax MOXeXi Ta fedarpauiiiHoro
BUOYXYy, sIKa Ha BiIMiHY BiJ] iCHyI0UMX BpaXOBYy€e HeJIiHilHi Ter10()i3snyHi XapaKTepUCTUKU MaTepiaiB, TeMIlepaTypHi
PEKHUMU MOXKEX, HeJTiHIMHICTb 3aKOHIB AedopMyBaHHS MaTepiajliB KOHCTPYKIiH, BIIJIMB HABaHTAXXEHHS Bif
nednarpauiiiHoro Bubyxy. 2. Bnepiie po3po6ieHo MaTeMaTUYHY MOI€JIb PO3IIOLiNY TeMIIEPATyPHUX IOJIiB ¥
CHCTEMI «3a71i300€TOHHA KOJIOHA-TIEPEKPUTTSI» IIPU NOXKEXKI, sIKa N0OyJ0BaHa Ha 6a3i piBHSIHb HECTAL[iOHAPHOI
TEIJIONIPOBiIHOCTI, TEIJIOBOTO BUIIPOMIHIOBAaHHSI, KOHBEKTUBHOTO TEIIJIOOOMIHY, BpaXxOBYy€ IIPOCTOPOBY CyMiCHY
TEIJIOBY B3a€MOJIi10 KOHCTPYKTHMBHUX €JIEMEHTIB, TEIIJIOBUM KOHTAKT Y 30Hi By3Jla Ta MEXaHiI3M B3a€MHOTO
OIIPOMiHIOBaHHS [IOBEPXOHb. 3. Briepiie po3po6yeHO METOIMKY 3a6€311e4eHHs CTIHKOCTi MOHOJIITHUX
3aJ1i300€TOHHUX OYy/1iBeJIb IO IPOrPECYIOUOro 06BaIeHHs BHACIILOK MOXKeXi Ta AedarpaliiiHoro BUGyxy, sika
6a3yeThCsl Ha pO3pOOJIEHNK MaTeMaTUYHNX MOJIeJIX Ta Iepedayae BUBHAUEHHS HAlPy>KeHO— e pOPMOBAHOTO
CTaHy KOHCTPYKTHMBHOI CUCTEMM I1iJ] BIJINBOM I1OXeXi Ta BUOYXy, BUBHAUEHHSI 3DYHHOBAHUX €JIEMEHTIB, BXUTTS
KOHCTPYKTUBHUX PillleHb 260 iHXE€HEPHO-TEXHIYHUX 3aXO0LiB 3 METOIO HEJIOMYIIEHHS IIPOTrPECYI0YOro 0OBAIEHHS
OyzniBesb. 4. YIOCKOHaTIEHO KOMITIOTEPHY MOZEJb CTIHKOCTI MOHOJIITHUX 3aJ1i300€TOHHUX OYyZiBeJIb 10
IIpOrpecyo4yoro o6BajieHHs, ska 3abe3nevyye IporpamMHy peasisaliio po3pobieHoi MmeToauku. Po3pobieHa
METOJIMKa 3a0€31e4eHHs CTilKOCTi MOHOJIITHUX 3aJ1i300€ TOHHUX OYZiBesb IO IPOrPECy0Y0ro 06BaIeHHs
BHACJIIOK MOKeXi Ta fedarpauiiHoro BUOyXy, sKa 6a3yeTbCsl Ha pO3POOJIEHUX MaTEMATUYHUX MOJIENSIX, € HOBUM
IiAX0ZI0M, SIKUH JO3BOJISIE PEasli30BYBaTH CTPATETii IPOEKTYBaHHSI, IPUAMaTH OOIPYHTOBaHI PillleHHS I0A0 BUOOPY
KOHCTPYKTUBHUX i iH)K€HEpHO-TEXHIYHUX 3aXO0iB 17151 3a6e311e4eHHs] CTPYKTYPHOI LiilicHOCTi Oy[iiBesib B yMOBax
KOMOIHOBaHMX aBapiiHUX HaBaHTaXXEHb. BUKOPUCTaHHS yIO0CKOHAJIIEHOI KOMITIOTEPHOI MOZEJ J03BOJIsIE
aBTOMATM3YBaTH IIPOLIEC OLIHIOBAHHS CTIMKOCTI KOHCTPYKTMBHOI CUCTEMH, 31iMICHIOBATHU [TOE€TAITHE NOCJIII>KEHHS
HarnpyeHo-71e(OPMOBAHOI0 CTaHY KOHCTPYKTMBHOI CUCTEMHU Ta BU3HAYaTH KPUTUYHI 30HU pyiiHYyBaHHs. e
3abe3rnevye NIPaKTUYHY LiHHICTD SIK Ha CTaii IPOEKTyBaHHS HOBUX O0'€KTIB, TaK i 06CTEKEHHSI Ta PEKOHCTPYKLii
iCHYI0YHMX CIIOPYZ, @ TAKOXK MOe OyTA BUKOPHCTAHO B CUCTEMAX MifTPUMKU IPUIHATTS pilleHb B yMOBaX

HA3BUYAMHUX CUTYalLill TEXHOT€HHOI'O Ta BOEHHOT'O XapaKTepy.

2. This dissertation is devoted to solving an important scientific and practical problem in the field of fire safety -
ensuring the resistance of monolithic reinforced The introduction presents a general overview of the dissertation.
It substantiates the direction of the research, defines the aim of the work and the main objectives of the study, the
object and subject of research, the scientific novelty, and the practical implementation. It also demonstrates the
connection of the dissertation with scientific programmes. Information regarding the author’s personal
contribution, the approbation of the research, and the related publications is provided. The first section analyses
scientific sources and regulatory documents concerning the study of the problem of progressive collapse of
monolithic reinforced concrete buildings as a result of emergency situations. The second chapter developed a
mathematical model for predicting the behaviour of monolithic reinforced concrete structures under fire and
deflagration explosion conditions, which, unlike existing models, takes into account the nonlinear thermophysical
characteristics of materials, fire temperature regimes, the nonlinearity of the laws of deformation of structural



materials, and the impact of deflagration explosion loads. A mathematical model of the distribution of temperature
fields in the ‘reinforced concrete column-slab’ system during a fire has been developed, which is based on
equations of unsteady heat conduction, thermal radiation, convective heat transfer, taking into account the spatial
combined thermal interaction of structural elements, thermal contact in the node area, and the mechanism of
mutual irradiation of surfaces. The third section developed a methodology based on the proposed mathematical
models, which allows calculations to be made and the stability of monolithic reinforced concrete buildings to be
predicted in terms of progressive collapse under conditions of high-temperature fire exposure and dynamic
loading caused by an internal deflagration explosion. In the fourth section, the reliability of the developed
mathematical models was verified by comparing the results of numerical calculations with experimental data from
fire resistance tests of monolithic reinforced concrete structures. 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 behaviour of
monolithic reinforced concrete structures in conditions of fire and deflagration explosion, which, unlike existing
models, takes into account the nonlinear thermophysical characteristics of materials, temperature regimes of fires,
the nonlinearity of the laws of deformation of structural materials, and the impact of loads from deflagration
explosions. 2. For the first time, a mathematical model of temperature field distribution in a reinforced concrete
column-slab system during a fire has been developed, based on equations of unsteady heat conduction, thermal
radiation, convective heat transfer, taking into account the spatial combined thermal interaction of structural
elements, thermal contact in the node area, and the mechanism of mutual irradiation of surfaces. 3. For the first
time, a methodology has been developed to ensure the stability of monolithic reinforced concrete buildings against
progressive collapse due to fire and deflagration explosion, which is based on developed mathematical models and
provides for determining the stress-strain state of the structural system under the influence of fire and explosion,
identifying destroyed elements, and implementing structural solutions or engineering and technical measures to
prevent progressive collapse of buildings. 4. A computer model of the resistance of monolithic reinforced concrete
buildings to progressive collapse has been improved, which ensures the software implementation of the developed
methodology. The developed methodology for ensuring the resistance of monolithic reinforced concrete buildings
to progressive collapse due to fire and deflagration explosion, which is based on the developed mathematical
models, is a new approach that allows you to implement design strategies, make informed decisions on the choice
of structural and engineering measures to ensure the structural integrity of buildings under conditions of
combined emergency loads. The use of an improved computer model allows you to automate the process of
assessing the stability of the structural system, carry out a phased study of the stress-strain state of the structural
system and determine critical failure zones. This provides practical value both at the design stage of new facilities
and during the inspection and reconstruction of existing structures, and can also be used in decision-making
support systems in conditions of man-made and military emergencies.
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Cdepa praBJIiHHﬂZ JepkaBHa ciay>x6a YKpaiHu 3 HaI3BU4aHUX CUTYalill

InenTudikarop ROR: He zacrocosyerscs

VII. BizomocTi npo odinifiHuX ONOHEHTIB Ta PELeH3€HTIiB
OdiuiiiHi OIOHEHTH
BiacHe IIpizBuie Im'sa I1o-6aTbKOBI:

1. bapa6am Mapis CepriiBHa
2. Mariia S. Barabash

KBasigikanis: n. 1. u., npodecop, 05.23.01
Imentudikarop ORCID ID: 0000-0003-2157-521X
JopaTrkoBa indpopmamnist:

IloBHe HafIMeHyBaHHSI IOPUIHUYHOL 0COOM: [lepkaBHe HEKOMEpLIitHE MiANpueMcTBo "Jlep>KaBHuit

yHiBepcuTeT "KniBCbKUM aBialliiHUM iHCTUTYT"



Kog 3a €IPIIOY: 45853942

Micue3Haxoa KeHHS: npocr. I'yzapa Jlio6omupa, Kuis, 03058, Vkpaina
dopma ByacHOCTI: Jlepxkasna

Cdepa ynpaBriHHS: MiHicTepCTBO OCBITH | HayKK YKpaiHu

InenTudikarop ROR:

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. Benikos Anarosniit CepadpumoBuy

2. Anatolii S. Bielikov

KBasigikamis: 1. 1. ., npodecop, 21.06.02

InenTudgikarop ORCID ID: 0000-0001-5822-9682

JoparkoBa iHdpopmamnist:

IloBHe HaiMeHYBaHHSI IOPHUAHUYHOI OCOOH: YKpaiHChKMI1 IePKaBHUII YHIBEDCUTET HAYKH i TEXHOJIOTI
Kopg 3a €IPIIOY: 44165850

Micue3HaxoaKeHHS: ByJ1. JlasapsHa, JHinpo, JHinpoBchkuil p-H., 49010, Vkpaina

dopma Bi1acHoCTI:

Cdepa ynpaBiriHHS: MiHicTepcTBO OCBIiTH i HAyKu YKpaiHu

Inentudikarop ROR: He zacrocosyerscs

PeuenseHTu

Baacue IlpizBume Im'a Ilo-6aTbKOBI:
1. KyctoB Makcum BosioguMupoBud

2. Maksym V. Kustov

KBasigikanis: n. . u., npodecop, 21.02.03

Imentudikarop ORCID ID: 0000-0002-6960-6399

JoparkoBa iHdpopmamnist:

IloBHe HaliIMeHYBaHHS IOPUAHYHOL 0COOM: HarlioHa/IbHUil YHiBEPCUTET IUBiILHOTO 3aXMCTy YKpaiHu
Kopg, 3a €IPIIOY: 08571363

Micue3Haxoa KeHHS: Bys.OHomnpienka, Uepkacu, YepKachKuii p-H., 18034, Ykpaina

dopma ByracHoCTI:

Cdepa praBJIiHHﬂZ JepkaBHa ciay>x6a YKpaiHy 3 HaI3BU4aHUX CUTYaLill

InenTudikarop ROR: He zacrocosyerscs

Baacue IlpizBumie Im's Ilo-6aTbKOBI:
1. Kupnyenko OkcaHa B'ayecsiaBiBHa

2. Oksana V. Kyrychenko



KBasigikamnis: n. 1. ., npodecop, 21.06.02

InenTudikarop ORCID ID: 0000-0002-0240-1807

JoparkoBa iHdpopmamnist:

IloBHe HaiMEeHYBaHHS IOPHAHYHOI 0COOH: HanjoHanbHMI yHIBEPCUTET LMBUILHOTO 3aXUCTy YKpaiHu
Kopg, 3a €IPIIOY: 08571363

Micue3HaxoaKeHHS: Bys.OHomnpienka, Yepkacu, YepKachKuii p-H., 18034, Ykpaina

dopma By1acHoCTI:

Cdepa ynpaBiriHHS: [lepkaBHa ciyx6a YKpaiHy 3 Ha3BUYANHUX CUTYALLii

InenTudikarop ROR: He zacrocosyerscs

VIII. 3aKkJII04Hi BiZoMOCTi

BaacHe IlpizBume Im'st ITo-6aThKOBI Pu6ka €sreiit OsekciitoBuY
TOJIOBH paju

BsiacHe IIpizBuie Im'sa ITo-6aTbKOBI Pu6ka €Breniit OsekciiioBnd
rOJIOBYIOYOTO Ha 3acigaHHi

BigmoBigasbHUM 32 MiATOTOBKY Mari6opona Poman IropoBuy
00JIIKOBHX JOKYMEHTIB

PeecTpartop FOpuenko TetsiHa AHaTOJTIiBHA

KepiBHuKk Bigginy YKpIHTEI, mpo €
BiZIOBiZaJIbHUM 3a peecTpallilo HayKOBOIi IOpuenko TeTsHa AHaToJiiBHA

OisIIBHOCTI




