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1. Bomno6am €.C. YiockoHaIeHHsSI CUCTEMU PO3iJIEHHS pakKeTHO-KOCMIYHUX €JIEMEHTIB 32 0TIOMOTOI0
nipoTexHiuHux npuctpois. 0 KeanidikauiiiHa HayKoBa Ipallsl Ha IpaBax pykonucy. Jucepranis Ha 3100y TTs
HAyKOBOTIO CTyIeHs NokTopa ¢inocodii 3a crienianbHicTio 134 — ABialjifiHa Ta pakeTHO-KOCMiYHa TexHika y rauysi
3HaHb 13 - Mexaniyna imkeHepist. — JII1 «Kb «IliBgeHHe», [JHinpo, 2025. B yMoBax 3pOCTal0uoro 06¢csAry KOCMiYHUX
3aIyCKiB Ta IOCUJIEHHS KOHKYPEHIIii Ha pUHKY KOCMIYHUX MOCJYT, 0COOJIMBA yBara MpUinseTbCs 3HUKEHHIO
BapTOCTI 3aIlyCKiB, 3MEHIIEHHIO MaCH PaKeTHUX CUCTEM Ta KOCMIYHUX anapariB, a TAKOXK 3a6e3[1e4Ye€HHIO BUCOKOTO
piBH# 6e3meku. Y 1bOMy KOHTEKCTi BaXJIMBY POJIb BillirpalOTh CUCTEMU PO3[IiJI€HHS, SIKi IOBUHHI OyTU JIETKMMHU,
e(eKTUBHUMU Ta HaflilHUMU. CepeJ, CUCTEM PO3[iJ€HHS, 0 BUKOPHUCTOBYIOThCS B PaK€THO-KOCMIUHIN TeXHill,
aKTyaJIbHUM € IIMTaHHS PO3POOKU HOBUX, 6iibll €(PEKTUBHUX Ta HaAiHUX cucTeM. CydacHi BUMOTHY 10 6e3MeKu Ta

OXOPOHY HaBKOJIMIIHBOTO CEPENOBUILA BUCYBAIOTh JKOPCTKi BUMOTH 10 HAJIiIMHOCTI PaKET-HOCIiB Ta 3MEHIIEHH



HACJIiOKIB aBapilHUX CUTYyaLill. Y 3B'13Ky 3 UM Cy4aCHi paKeTU-HOCIi MalOTh OCHAIlyBaTUCS €(PEKTUBHUMU
CHCTEMaMU PO3JiJIEHHS Ta CUCTEMaMU 6e3neKu. [lepCcreKTUBHUMY BUKOHABUMMU €JIEMEHTAMU B LIUX CUCTEMAX €
JIiHINHI KyMYJIITUBHI 3apsiiv: BOHU JieTKi, epeKTHBHI, HaflilHO lepepi3aloTh aBapiliHy pakeTy-HOCil Ha MeHIi
(PparMeHTH Ta COPUSIIOTh 3MEHIIEHHIO HACIIOKIB aBapiHUX cUTyalill. [IpoeKkTyBaHHS cUCTEM PO3[iJI€HHS Ha
OCHOBI JIIHITHUX KyMYJISTUBHUX 3apAJiB € CKJIQAHUM 3aBIaHHAM. EQeKTuBHICTD Aii NiHITHUX KyMyJISTUBHUX
3ap4[iB, 30KpeMa I11M61Ha IPOHUKHEHHS KYMYJISITABHOTO CTPYMEHS!, KPUTUYHO 3aJI€KUTh Bifl HU3KU MTapaMeTPiB,
KJIIOYOBUMH 3 SIKUX [IPY BUKOPMCTaHHI 3aps/liB HOPMOBAHOTO Psifly € TUIIOPO3MIip (AiaMeTp) JiHiliHOro
KyMYJISITUBHOTO 3apsny Ta (OKyCHa BifiCTaHb. BinxuseHHs Bif, ONITUMAabHOI (paLlioHaIbHOI) (POKYCHOI BifiCTaHi
IIPU3BOJUTH 10 3HIDKEHHS €(DeKTUBHOCTI JIIHIHHOTO KyMYJISTUBHOTO 3apsiay, 1[0 BUMarae BUKOPUCTaHHS JIiHIHHNX
KyMYJISITUBHUX 3apsifiB Oisibiioro Tunoposmipy. lle, B CBOIo uepry, 3yMOBIJIO€ 36i/IbII€HHS Macu KOHCTPYKIIi,
[IOCHUJIEHHS yIaPHO-XBUJIbOBUX HABAHTAXXEHb, 3DOCTAHHSI BAPTOCTI Ta 3arajabHe 3HWKEHHS €(DEKTUBHOCTI CUCTEMU.
[1ig yac mosbOTY pakeTa-HOCIN 3a3Hae 3HAYHMX TEIUIOBUX i MEXaHIYHMX HaBaHTaKEHb. [ 3axucTy
KOHCTPYKTUBHUX €JIEMEHTIB BiJ] BACOKUAX TEMIIEPATYP i a€POAMHAMIYHUX BIUIMBIB IIMPOKO BUKOPUCTOBYIOTb
6araTomapoBi KOHCTPYKLi (Mepemkoan), Ae nepuuil (CUJI0BUH) ap € MeTaleBUM (Halpukiag, 3i ciiasy 2219), a
HACTYIIHI CKJIaJal0ThCA 3 CIeLiaJIbHUX 3aXMCHUX IIOKPUTTIB Y BUTJIAZI KOMITO3ULIMHKX MaTepiaiB. [Ipy po3nineHHi
TaKUX [IePEIIKOZ, [IPOLEeC MPOHMKHEHHS KYMYJISITUBHOTO CTPYMEHIO YCKIIAIHIOETLCS YEPE3 MOCIIiLOBHY B3aEMOZIIO
CTPYMEHSI 3 Pi3HOPiITHUMU MaTepialaMy, KO>KeH 3 SIKUX Mae crieniudivni pisnko-mexaHiuHi xapakTepUCTHUKU Ta
0CO6IMBOCTI pyriHyBaHHs. ToMy 17151 oITUMI3allii KOHCTPYKILiM i MiBUILLEHHS IXHbOI €(PEKTUBHOCTI BUHUKA€E
HarajabHa HEOOXiZHICTb y JOCJiIPKEHHI IPOEKTHUX NTapaMeTPiB JiHIHHOTO KyMyJISTUBHOTO 3apsly caMe JJis TaKuX
TUMOBUX AJI51 PAKETHO-KOCMiYHOI TEXHIKM 6araTomapoBuX Mepemko . Y qucepTaliiiHiil po60Ti BUKOHAHO
KOMIIJIEKCHUI aHajli3 Cy4aCHOTO CTaHy BUKOHABYMX €JIEMEHTIB CUCTEM PO3[IiJIEHHS, 30KpeMa JIiHIHUX
KyMYJISITUBHUX 3apsZiB 3 HaMiBUMJIiHIPUYHOIO KyMYJISITUBHOIO BUIMKOIO, IO JO3BOJIMJIO BUSIBUTU OCHOBHI HAyKOBO-
TexHiyHi mpobsemMu. IcHyI04i METOIMKY Ta MaTeMaTUYHi MOJieJli HeJOCTaTHbO TOYHO OIMKUCYIOTb [IPOIieC
(dhopMyBaHHS Ta IPOHMKHEHHS KyMYyJISTUBHOTO CTPYMEHS JIiHITHOTO KyMYJISTUBHOTO 3aps/ly, B TOMY YHCJI
BITUM3HSIHOTO BUPOOHUIITBA Y SIKOTO KYMYJIITUBHA BUiMKa HaiBUMIIHAPUYHOI (OPMH, 1O YCKIAHIOE ONTUMI3aLIiI0
1ux napametpis. [IpoekTyBaHHS €(PEKTUBHUX CUCTEM PO3MiJIeHHS PaKETHO-KOCMIUHUX €JIEMEHTIB, 110
BHUKOPUCTOBYIOTb JIiHIMHI KYMYJISITUBHI 3apsiy 111 PO37iJieHHs 6araToapoByX NepenKo, € CKIaJHUM HayKOBO-
TE€XHIYHMM 3aBJaHHSIM. BU3HAUEHHS ONTUMAJIbHUX ITPOEKTHUX IIapaMeTPiB BUKOHABYOIO €JIEMEHTY — TUIIOPO3MIpy
Ta QOKYCHOI BificTaHi - 17151 3a6e31e4eHHs] epeKTUBHOTO TPOHUKHEHHSI B 6araTolapoBy NepemKoy 00yMOBIIeHe
3aJIEXKHICTIO L[bOTO IIPOLECY Bifj 6araTrox (akTopiB, BKIIOYAIOYN XapaKTePUCTUKN MaTepialiB KyMyJISITUBHOI BUIMKU
Ta MIAPiB MEPELIKOIU, TEOMETPUYHI PO3MipU KYMYJISITUBHOTO CTPYMEHIO 1 KYMYJISTUBHOI BUIMKH, THII i KiJIbKiCTb
BHUOYXOBOi P€4OBMHH, (POKYCHY BiICTaHb, a TAKOXX TEXHOJIOTIYHUI PiB€Hb BUPOOHUIITBA JIiHIHTHOTO KyMYJIITUBHOTO
3apsany. Takum 4YMHOM, TPOEKTYBAHHS €(PEKTUBHUX CUCTEM PO3JiNeHHS], IUISIXOM MiIBUIIEHHS € (PEKTUBHOCTI
CHACTEMMU PO3LiJIE€HHS, IO AOCATAEThCS BU3HAYEHHIM PalliOHAJILHOTO TUIIOPO3MIpPY JIiHIHHOTO KyMYJISTUBHOTO
3apspy Ta pauioHanbHOI GOKYCHOI BiicTaHi AJ1s1 mepepisaHHs 6araTolapoBoi IEPEMKOH, Y SIKOi IIepIIni ap 3
aJIIOMiHI€EBOTO CIIaBy Mapku 2219, a Ba HACTYIIHI 3 KOMIIO3ULIMHOI0 6araTo(yHKLiOHAIBHOIO IOKPUTTSI €

dKTYyaJIbHOIO Td CBO€4YACHOIO HAYKOBOIO 3a1a4€l0.

2. Boliubash Ye.S. Improvement of the separation system of rocket-space elements using pyrotechnic devices. o
Qualifying scientific work as a manuscript Dissertation for the degree of Doctor of Philosophy in specialty 134 -
Aviation and Space Rocket Engineering in the field of knowledge 13 — Mechanical Engineering. - Yuzhnoye State
Design Office, Dnipro, 2025. Amidst the growing volume of space launches and increasing competition in the space
services market, particular attention is paid to reducing launch costs, decreasing the mass of rocket systems and
spacecraft, and ensuring a high level of safety. In this context, separation systems play an important role, as they
must be lightweight, effective, and reliable. Among the separation systems used in rocket and space technology,
the development of new, more effective and reliable systems is a relevant issue. Modern safety and environmental
protection requirements impose stringent demands on the reliability of launch vehicles and the mitigation of
consequences in emergency situations. In this regard, modern launch vehicles must be equipped with effective
separation systems and safety systems. Linear shaped charges are promising executive elements in these systems:



they are lightweight, effective, reliably cut the emergency launch vehicle into smaller fragments, and contribute to
reducing the consequences of emergency situations. The design of separation systems based on linear shaped
charges is a complex task. The effectiveness of linear shaped charges, in particular the penetration depth of the
cumulative jet, critically depends on a number of parameters, the key of which when using charges of a
standardized series are the size (diameter) of the linear shaped charge and the stand-off distance. Deviations from
the optimal (rational) stand-off distance lead to a decrease in the effectiveness of the linear shaped charge, which
requires the use of charges of a larger size. This, in turn, leads to an increase in the structural mass, intensification
of shock-wave loads, increase in cost, and overall decrease in system efficiency. During flight, the launch vehicle is
subjected to significant thermal and mechanical loads. Multilayer structures (barriers) are widely used to protect
structural elements from high temperatures and aerodynamic effects, where the first (power) layer is metallic (e.g.,
made of alloy 2219), and subsequent layers consist of special protective coatings in the form of composite
materials. When separating such barriers, the shaped charge jet penetration process is complicated by the
sequential interaction of the jet with dissimilar materials, each having specific physical and mechanical
characteristics and fracture peculiarities. Therefore, for optimizing structures and increasing their effectiveness,
there is an urgent need to study the design parameters of the linear shaped charge specifically for such multilayer
barriers typical for rocket and space technology. In the dissertation work, a comprehensive analysis of the current
state of executive elements of separation systems, particularly linear shaped charges with a semi-cylindrical
cumulative liner, was conducted, which allowed identifying the main scientific and technical problems. Existing
methodologies and mathematical models do not sufficiently accurately describe the process of formation and
penetration of a shaped charge jet of a linear shaped charge, including those of domestic production with a semi-
cylindrical cumulative liner, which complicates the optimization of these parameters. Designing effective
separation systems for rocket and space technology elements using linear shaped charges for separating
multilayer barriers is a complex scientific and technical task. Determining the optimal design parameters of the
executive element - size and stand-off distance - to ensure effective penetration into a multilayer barrier is
conditioned by the dependence of this process on many factors, including the characteristics of the cumulative
liner material and barrier layers, geometric dimensions of the shaped charge jet and cumulative liner, type and
amount of explosive material, stand-off distance, as well as the technological level of linear shaped charge
production. Thus, designing effective separation systems by increasing the effectiveness of the separation system,
achieved by determining the rational size of the linear shaped charge and the rational stand-off distance for
cutting a multilayer barrier where the first layer is made of aluminum alloy grade 2219 and the next two layers are
made of a composite multifunctional coating, is a relevant and timely scientific task.
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