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YHIBEPCHUTETY O€3MEeKH KUTTEAISUTBHOCTI,
rptb2020@gmail.com, ORCID: 0000-0002-0557-5351

Bagum HIZKHUK
HaYaIbHUK HAYKOBO-IOCITHOTO LEHTPY HOPMATUBHO-TEXHIYHOTO PETyIIIOBAHHS
[HCTUTYTY HAYKOBHX JOCHIKEHB 3 IIUBUIHHOTO 3aXUCTy HallioHanpHOTo yHIBEpCUTETY LIMBLILHOTO
3aXUCTy YKpaiHH,
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Oanra HEKOPA
MPOBITHUYN HAYKOBUI CIIBPOOITHUK BiJILTYy iIHHOBAI[IN Ta MaTEHTHOI MiSJIbHOCTI HAYKOBO-
1HHOBaIlII{HOTO 1IeHTpy HallloHanbHOTO YHIBEPCUTETY LIUBLIBHOTO 3aXUCTY Y KpaiHU
ov_nekora@ukr.net, ORCID: 0000-0002-5202-3285

Meta pocaizkeHHsI: OOIPYHTYBaHHS 3arajbHOTO PO3PAXyHKOBO-TEOPETUYHOTO MiAXOIY 10
METO/IIB PO3PAaXyHKOBOI'O OI[IHIOBAHHS 3aXMCHOI 3/1aTHOCTI 3aXMCHUX YKPHUTTIB, 3aXHCHUX CIOPY]
MOJIBIHHOTO MPU3HAYEHHS, 3aXUCHUX CIOPYJ €HEPreTMYHOi 1HPPACTPYKTYpH, a TaKOXK 3aXHUCHHUX
€KpaHiB Pi13HOT KOHCTPYKIIIT y3ro/KEHOTO 13 HOpMaMHu, YMHHUMHU B YKkpaiHi, 30kpema JIbH B.2.2-
5:2023 «3axucHi CHOPYAM LUBLIBHOTO 3aXUCTy. By TMHKY 1 cCIOpyAW» MiJ Yac 3aCTOCYBaHHS 3ac001B
MOBITPSTHOTO HAIaay NPOTUBHUKA.

Metoam pociKeHHsI: Ui 3A1MCHEHHS PO3paxyHKY 3acTOCOBaHI CydyacHi OOYMCIIOBAJIbHI
TEXHOJIOT1i, 3aCHOBaHI Ha BHKOPHUCTAaHHI Cy4aCHOTO HPOrpPaMHOr0 3a0e3MEYeHHs Ta YHCIOBUX
aJITOPUTMAX, a caMe OOYMCIIIOBAJIbHI aJrOpUTMH Ha 0a3i SBHOTO METOJY IHTETrpyBaHHs piBHSHb
JUHAMIKH 332 9acOM, METOIY CKIHYCHHUX €JIEMEHTIB, OMMMC KOHTAKTHOI B3a€MO/Ii1 Ha OCHOBI METOY
mrpagHuX (QYHKIH, a TakoXk MaTeMaTHYHUX MoJiesieil MaTepialiB B yMOBaxX IIBUIKICHOTO
nepopMyBaHHs 3 BpaXyBaHHSAM IXHIX HENIHIMHMX BJIACTUBOCTEH Ta KpUTEpIiB iX pyHHYBaHHS, 110
0a3yrOThCS HA BIIMOBIAHUX TEOPISX MIIIHOCTI.

Pe3yabTaT: OTpUMaHO pe3yJbTaTH, SKi JO3BOJISIIOTH TOCHIIUTH MEXaHI13MHU pyHHYBaHHS a00
BTPAaTU IUIICHOCTI KOHCTPYKIIM 3aXWMCHOi CTiHM 3 OETOHHHMX JIero-O0JIOKIB 1 BCTaHOBHUTHU
B3a€MO3B 30K IIUX aCIEKTIB 13 3a0€3MeYeHHSIM BUKOHAHHS 11 3aXMCHUX (PYHKIII B yMOBax BILTUBY
BUOYXy. Jl7s1 BUBUEHHS MeXaHI3MiB pyHHYBaHHS a00 BTPATH IUTICHOCTI OYyJ0 JOCHIKEHO BIUIUB
BUOYXy 13 MakCHMajbHO HeOE3MEeUHUM T[O€HAHHSAM MapaMeTpiB BUOYXYy 13 TpPOTHIOBUM
ekBiBasieHTOM 3apsiy m (TNT) = 718.2 kr.
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OTpumaHo pe3yabTaT MOAEIIOBAHHS IPOHUKHEHHS M1/l HOBEPXHIO 3aXUCHUX KOHCTPYKIIH Ta
OJTHOYACHOTO BHOYXY pakeT Ta yAapHHUX Oe3mioTHuX JitTansHux anapaTiB (BITJIA), ne po3riasHyTO
JIBa TUITH 3aCO01B IMOBITPSHOTO Hamaay MPOTUBHUKA — KpujlaTa pakeTa X-555 13 3Bu4aitHor0 00MOBOIO
yactuHoto Ta yaapauid BITJIA tumy «Shahed 136».

OTpumaHo pe3yabTaTH MaTEMaTHYHOIO MOJIETIOBAHHSI IIOBEAIHKH TPOCOBUX 3aXHCHUX €KPaHIB
IpU iIXHbOMY 3iTKHEHH] 3 yaapaumu BITJIA.

TeopeTnyHa WiHHICTH TOC/IIIXKEHHSI: TEOPETUYHA I[IHHICTh JOCIIDKEHHS OJIATAE Y PO3pooIi
Ta HAyKOBOMY OOIPYHTYBaHHI METOMIB PO3PAaXyHKOBOi OIIHKHM (DYHKIIOHAIBHOI MPUIAATHOCTI
3aXHUCHUX CIIOPY/[] Y CY4acCHUX YMOBAX BeJIeHHs OOMOBHUX Jii Ta 3aCTOCYBaHHS IPOTUBHUKOM 3ac001B
MOBITPSHOTO Hamaay. Pe3ynbratu AOCiKeHHs! TOTTHOIIOI0Th PO3YMIHHS 3aKOHOMIPHOCTEH BILTUBY
yaapHux (akTopiB (ygapHOi XBWJI, YJIaMKOBOI ii, TEIJIOBOTO BHUIIPOMIHIOBaHHS, BTOPHHHHX
YpaKalouuX YMHHHUKIB) HA KOHCTPYKTHUBHI €IEMEHTH 3aXHCHUX CIIOPYJ Pi3HUX THUMIB. JlocmipKkeHHs
pO3BHBaE HAyKOBI 3acaau y cdepl HUBUILHOTO 3aXHCTy, BIHCHKOBOI 1HXKEHEpii Ta OymiBelbHOT
MEXaHIKH, CTBOPIOIOYM OCHOBY JIJIsl IOAAJIBIIOTO BJOCKOHAIIEHHSI METOJI0JIOTIi OI[IHKM HAIIMHOCTI Ta
0€3MeKH 3aXUCHHUX CIIOPY/l Y BOEHHHHM 1 MICISIBOEHHUN TIEPI1OIH.

OpuriHaabHICTh: OPUTIHANBHICTD IILOTO JOCITIHKEHHS MOJISrae y KOMIIEKCHOMY IMiIXO/1 110
PO3pOOKH METOMIB PO3PAXyHKOBOI OIIHKH (DYHKI[IOHANBHOI MPHIATHOCTI 3aXMCHUX CIHOPYA 3
ypaxyBaHHSIM CyYacCHHMX 3arpo3, IOB’SI3aHMX 13 3aCTOCYBaHHSM IMPOTHBHUKOM BHCOKOTOYHOI 30poi,
KEpOBaHMX aBialliiHUX OO€NpHUMIaciB Ta PAaKETHHX CHCTEM. Po0OoTa BHUPI3HAETHCS HOBHU3HOIO
MOCTAHOBKH 3aBJIaHHS, AaKTYyaJbHICTIO BpaxoBaHMX (DakTOpiB 1 CHPSIMOBAHICTIO HAa CTBOPEHHS
MPAKTUYHUX IHCTPYMEHTIB U1 3a0e3MeUeHHs HaifHOCT1 3aXHCHUX CIIOPY/1 B yMOBAaX Cy4acHOi BiitHH.

IIpakTHyHa WiHHICTH: MPAaKTUYHA LIHHICTH POOOTH TMOJSATAE Y MOXKIMBOCTI BUKOPUCTAHHS
pPO3pOOIIEHUX METOJIB PO3PAaXyHKOBOI OLIHKH JUIS MiJBUIICHHS €()EeKTHUBHOCTI MPOEKTYBaHHS,
eKCIUTyaTallii Ta MOAEpHi3allil 3aXUCHUX CIIOPY/l IUBUIBHOTO 3aXUCTY i BIHCHKOBOTO MPHU3HAYCHHSI.
OTtpumani pe3yabTaT MOXKYTh OYTH 3aCTOCOBaHI1 JJIsl: €KCIEPTHOI OLIIHKU CTaHy ICHYIOUHMX CIOPYA
1 BU3HAYEHHS IXHHOI TOTOBHOCTI 10 BHUKOPHUCTaHHSA 3a YMOB MOBITPSHUX yAapiB; ONTHMI3arlii
MPOEKTHUX PIlIEHb MpU OYIIBHULITBI HOBUX 3aXHUCHUX CIIOPYH, 3 YpaXyBaHHSIM CydyacHHX 3ac00iB
MOBITPSIHOTO ~ HAamajy MPOTUBHMKA; pPO3POOKM HOPMATHBHUX JIOKYMEHTIB 1 METOJIUYHHMX
pexoMeHaalii y chepi HUBUIBHOTO 3aXUCTY; IPOTHO3YBaHHS 3AJIMIIKOBOTO pECYPCy Ta BUSHAUECHHS
MPIOPUTETIB Y MPOBEJCHHI PEMOHTHHX 1 B1IHOBIIOBAIIBHUX POOIT; MiABUILIEHHS O€3IE€KN HACEJIEHHS
Ta 0cO0OBOr0 CKJIQAY 3aB/SKHU OiIbII TOYHOMY OOIPYHTYBAHHIO PiBHS 3aXUCTY CIIOPY/I.

Kurouosi cioBa: 3axucHa crnopyzia, 3aco0M HOBITPSHOIO Hamaay, pyHHYBaHHSI €JIE€MEHTIB
KOHCTPYKIIH 3aXMCHUX CHOPYJ, METOJU pPO3PaxyHKOBOI OLIHKH, MOJENIOBaHHsS pyWHyBaHb, LS-
DYNA, xpuTHuHa eHepreTudHa iHppacTpykrypa, kpunata pakera, BIIJIA tunmy «Shahed 136»,
TPOCOBI 3aXMCHI €KpPaHHU.
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Leading Researcher, Department of Innovations and Patent Activity, Scientific and Innovation
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Purpose of the study: the research aims to substantiate a general computational and theoretical
approach to the methods of assessing the protective capacity of shelters, dual-purpose protective
structures, protective facilities of energy infrastructure, as well as protective screens of various designs,
in accordance with current regulations in Ukraine, in particular DBN V.2.2-5:2023 “Protective
Structures of Civil Protection. Buildings and Structures”, under conditions of enemy air attacks.

Methods of research: for the calculations, modern computational technologies were applied, based
on advanced software and numerical algorithms, namely: computational algorithms using the explicit
time integration method for dynamic equations, the finite element method, contact interaction description
using the penalty function method, as well as material models under high-speed deformation, considering
their nonlinear properties and failure criteria based on corresponding strength theories.

Results: the results obtained make it possible to investigate the mechanisms of failure or loss
of integrity of protective walls made of concrete Lego-blocks and to establish the relationship
between these aspects and the ability of such structures to perform their protective functions under
explosive impact. To study the mechanisms of failure or integrity loss, the influence of an explosion
with the most dangerous combination of parameters was analyzed, with a TNT equivalent of m =
718.2 kg. Modeling results were also obtained for penetration under the surface of protective
structures and the simultaneous explosion of missiles and attack unmanned aerial vehicles (UAVS).
Two types of enemy air attack means were considered: the Kh-555 cruise missile with a conventional
warhead and the Shahed-136 attack UAV. Additionally, mathematical modeling results were
obtained for the behavior of cable protective screens upon collision with attack UAVs.

Theoretical value of the study: the theoretical significance lies in the development and scientific
substantiation of computational methods for assessing the functional suitability of protective structures
under modern combat conditions and the use of enemy air attack means. The results deepen the
understanding of the regularities of the impact of damaging factors (shock wave, fragmentation effect,
thermal radiation, and secondary destructive effects) on the structural elements of different types of
protective facilities. The study advances scientific foundations in the fields of civil protection, military
engineering, and structural mechanics, forming a basis for further improvement of methodologies for
assessing the reliability and safety of protective structures during and after wartime.

Originality: the originality of this research lies in a comprehensive approach to developing
computational methods for assessing the functional suitability of protective structures, taking into
account modern threats related to the use of high-precision weapons, guided aerial munitions, and
missile systems by the enemy. The work is distinguished by the novelty of the problem statement, the
relevance of the factors considered, and its orientation towards creating practical tools to ensure the
reliability of protective structures under modern warfare conditions.

Practical value: the practical value of the study lies in the possibility of applying the developed
computational assessment methods to improve the efficiency of designing, operating, and
modernizing civil protection and military protective structures. The results obtained can be used for
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expert evaluation of the condition of existing facilities and determining their readiness for use under
air attack conditions; optimization of design solutions for new protective structures considering
modern enemy air attack means; development of regulatory documents and methodological
recommendations in the field of civil protection; forecasting the residual resource and identifying
priorities for repair and restoration work; enhancing the safety of the population and personnel
through more precise justification of the protective capacity of structures.

Keywords: protective structure, air attack means, destruction of structural elements of
protective facilities, computational assessment methods, failure modeling, LS-DYNA, critical energy
infrastructure, cruise missile, Shahed-136 UAV, cable protective screens.

Beryn

BaxxmBuM GakTopom, 0 BU3HaYa€ ePeKTUBHICTh 3aXUCHHX CIIOPY.T Y Oy IiBeIbHUX 00’ €KTax
MIChKOT 3a0yJOBM € 3JIaTHICTh 1IXHIX OrOpOKYBAJbHMX KOHCTPYKIIIH 30epiraTé  CBOI
OrOpOJDKYBaJIbHI (YHKII B yMoBax OOHOBHX iif, OJIOKYyBaTH BIUIMB YpaXKarouux (HaxTopiB 3
MPUYMHU aBlalliiHUX, PAKETHUX Ta apTUIEPIMCHKUX OOCTPLIIB, a TAKOXK 3aXMINATH JIFOJEH BiJ
YpaKCHHSI yJIaMKaMH Ta OCKOJIKaMH OyAiBEeIbHUX KOHCTPYKLIN. TakoX Ba)KIMBHM acCHEKTOM, IO
BHU3Haua€e eeKTUBHICTh 3aXMCHHUX CIOPY[, € MOXKJIMBICTh O€3MeuHO0l eBaKyallii micisi pyiHyBaHHS
OyaiBeTbHIX KOHCTPYKIIiI BHACHIOK BIyYaHHS B HUX 3ac00iB MOBITpstHOTO Hamamy. st 3axucty
HACEJICHHs 3a TaKUX YMOB OyJIO 3allpONIOHOBAaHO BHKOPHCTOBYBATH 3aXUCHI YKPHUTTS MOIYJIbHOT
KoHCTpyKii (Tumy) [1-6].

3anponoHOBaH1 YKPUTTS MAIOTh CKJIaJIHY CTPYKTYPY, L0 CKJIAIA€ThCs 13 3a11300€TOHHOT KaIlCyJiy,
YaCTHHU $KOI 3’€qHaHi MK co00r0. L[i OJOKM BCTaHOBIIOIOTHCS HA TPYHT Oe3 (hyHIAMEHTHUX Ta
MAKPITUTIOIYUX KOHCTPYKIiK [1-6]. KpiM 11poro, A7 3aXMCTy HAceNeHHs Bifl MOBITPSHUX OOCTPLIIB
3aCTOCOBYIOThCS criopynu moznsiiHoro npusHadeHHs (CIIIT). Lli ykputrs oOnamToBaHi y OKpeMHX
MpUMIIIEHHSX OyAiBesb, MPUMIIIEHHIX OKpeMuX npulyaoB, yacto CIIII ynamToByroThCs y HiI3eMHUX,
ITiIBATBHUX T IIOKOJLHUX MPUMIIICHHSIX.

Takox akTyanbHOI IPOOIEMOIO B HAIll Yac B YMOBaX [NIOBHOMACIITA0HOIO BTOPIHEHHS KpaiHU-
arpecopku B YKpaiHy € 3axXUCT KPUTHYHOI 1HQPACTPYKTYpH, 30KpEMa, €HEeproood’€KTiB,
CHeproKoMyHikamiii Ttomo. Jlns 3AaifiCHEHHS LbOrO 3aXUCTY 3aCTOCOBYIOTHCS CIIELIAIBbHO
oOnamToOBaHl 3aXWCHI CHOPYAM, TIEPEBAKHO 3BEACHI 13  3aTi300€TOHHHUX MOHOJITHUX
OrOPOKYBAIBHUX KOHCTPYKILiit [1-7].

[Ipu oOrpyHTYBaHHI 3aXMCHOI 3/JaTHOCTI YKPHUTTIB Ti€i 4M 1HIIOI KOHCTPYKIIT MOXYTh OyTH
3aCTOCOBaHI JieKibKa miaxoaiB. B YkpaiHi Ha MOTOYHMIT yac BBEIEHO B 10 OHOBIICHUH Jep>KaBHUN
oynienbHuit crangapt JBH B.2.2-5:2023 «3axucHi cnopyau LuBLIbHOI 3axucty. byauHkum i
CIOPYAW», WO BCTAHOBJIOE OCHOBHI MNPUHLIMIN Ta BH3HAYa€ METOHOJOTIYHI MIJXOAU [0
PO3PaxyHKOBOI'O OIIIHIOBAHHS 3aXMCHOI 3JaTHOCTI KOHCTPYKI[IM 3aXHCHUX YKPHUTTIB Ta CHOPY.
IPOTH THOBITPSHUX 0OCTpiniB. Lleil cTaHmapT BCTAHOBIIOE OCHOBHHUM MiAXiA A0 PO3paxyHKOBOL
OLIIHKH 3aXHCHOI 3/1aTHOCTI KOHCTPYKIIH, SIKUI TPYHTY€THCS Ha 3aCTOCYBaHHI TPAAUIIIHIX METOIB
PO3paxyHKy 3a YMOBH BIUIMBY yJapHOT XBUJIl BUOYXY 3a JIOIIOMOI'OI0 CTAaTUYHOI'O TUCKY. Bennuuna
[bOTO THCKY PaH)KOBaHA 3a KJIACaMH 3aXUCHHUX CHOPYJ Ta JONYCTUMHMM THCKOM YAApHOI XBWII,
3TiIHO 13 BCTAHOBJICHOIO Kiacu(ikalliero, HagaHoi y LboMy >k cranmapTi. Lledl migxin He mae
CYBOPOTO TEOPETHUYHOTO OOTPYHTYBaAHHS, TPOTE BiH MOKE OyTH 3aCTOCOBAHUN OCKUIBKH JAa€ BEJIUKI
3aracy MiHOCTI KOHCTPYKIiH 1 11e CIpUiMaeThCs pajiie ik CyTTeBa nepepara. [Ipote Takuit miaxin
HE MOX€ BBAXATHCS YHIBEPCAIBHUM, 00 SKIIO posrisgaTu 3axucHy 3maatHicte CIIII, mro
pO3TaIoBaHi BCepeAMHI KOHCTPYKIINA, TO HAaBaHTaXXEHHS BiJl BUOYXY, CYTTE€BO 3HIDKYIOThCS BiJ
MOJIOJIaHHA HMMHM 30BHIIIHIX OrOPOJDKYBaJbHUX KOHCTPYKIH. AJle mpu 1IbOMY Ha KOHCTPYKLIi
YKPUTTIB MOXJIMBUH JTOaTKOBHM BIIMB 3 OOKY yJIaMKiB Ta 3pyHHOBAHUX YaCTUH IIMX 30BHILIHIX
KOHCTPYKIII. 3aCTOCOBYIOUM TIIX1J Ha OCHOBI MPHUKJIAJaHHS KBa31CTATUYHUX HABAHTAXEHb TPH
BIATBOPEHHI BIUIMBY YyAapHOI XBWII BHOYXY YacTO BaXXKO OOIPYHTYBaTH, IO BHYTPIIIHI
OTOPOJDKYBaJIbHI KOHCTPYKIi, Je Mae OyTH yIalITOBaHE YKPUTTS, MAalOTh JOCTATHIO 3aXUCHY
3JaTHICTD, 110 B 0araTboX BHUIIAAKaX HE BiAMOBiAa€ AIHCHOCTI.
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