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1. Hanpy>xeno-gedopmoBaHuil CTaH 000JI0HKOBUX KOHCTPYKLIN CKIagHOI KOHPIrypanii y eKcTpeMaabHUX YMOBax
eKCIuLyaTarii

2. Stress-strain state of complicated configuration shell structures at extreme external environments

Pedepar:

1. O6'exTOM HOCTIIKEHHS € IpolLecH Ne(OpPMYyBaHHS Ta PyHHYBaHHS 0O0JIOHKOBUX KOHCTPYKLIl 3 TEXHOJIOTIYHUMU
0COOJIMBOCTSIMU reoMeTpUYHOI Gopmu. [IpeameT nociIKeHHs - Hallpy>KeHo-AedOpMOBaHUN CTaH 000JIOHKOBUX
KOHCTPYKIIi CK/IaiHOi reoMeTpii Mpy KOMOIHOBAaHOMY 30BHIIIHbOMY HaBaHTaKE€HHI B yMOBaX, HAOJIMKEHUX JI0
eKCIulyaTaliiHuX. MeTa po60Tu - po3pobKa METOIB IO aHaJi3y HAIPYXeHO-1e(OPMOBAHOIO CTaHy 000JIOHKOBUX
KOHCTPYKIi# ckianHoi KoHdirypauii npyu cTaTMYHOMY KOMOIHOBaHOMY HaBaHTa)XXEHHI i eKCIIepUMEHTaJIbHe
IIOCTIiIKEHHS 3TaTHOCTi BUPOOIB 10 CIIPUMHSATTS 3aJJaHUX 30BHILITHIX CUIOBUX HABaHTa)KeHb. MEeTOIU TOCiKeHHSI:
Merto[ CKiHUEHHUX €JIEMEHTIB, €KCIIEPUMEHTAJIbHUI METOJ, LOCIiI)KEHH HaTYPHUX KOHCTPYKLi/-CBiAKiB.
Bisyanisanist mpouecy neopMyBaHHS Ta MOPiBHSHHS PO3PaXyHKIB 3 pe3yJbTaTaMU [IPOBEEHUX CTAaTUYHUX

BUIIPOOYBaHb [T0KA3aJIM SIKICHY i KiJIbKiCHY BiATIOBiIHICTb, IO MifTBEPIKY€E LOCTOBIPHICTb 3aIIPOIIOHOBAHO]



MaTeMaTU4HOI MOJIeJli JOCII)KEHH Ta Pe3yJIbTaTiB YMCEIbHOT0 aHanizy. OTpuMani pesysnbrat: CTBOPEHO Miaxiz,
BM3HAYEHHS HAIIPY>XeHO-1e(POPMOBAHOTO CTaHy 0O0JIOHKOBUX KOHCTPYKLi CKIaIHOI KOHQIrypalii Ha OCHOBI
teopii Tumomenko-MinasiHa. 3ariponoHoBaHa MaTeMaTU4YHa MoJesib AedopMallii MiKCTYII€HEBOTO BiJICiKy i
IaJIMBHUX 0aKiB, 1J0 BPaxOBYy€e 3MiHY MEXaHIYHUX XapaKTePUCTUK MaTepiayly B pe3yJIbTaTi IEPEXOAY B MJIACTUYHUI
CTaH IIif, Ai€l0 CUJI0BUX HABAHTAXKEHb. BOOCKOHATIEHA METOIMKA €KCIIEPUMEHTAJIbHOIO BU3HAYEHHS PYNHIBHUX
Iedopmaliiii KOHCTPYKIill pakeTHO-KOCMiYHOI TexXHiKU Ha (pparMeHTax-CBiiKax, 110 [03BOJIsS€ [IPOrHO3yBaTU
HanpyXeHo-1e(OPMOBaHMI CTaH 060JIOHKOBUX KOHCTPYKIIil 3 KOMIIO3ULiTHMX MaTepiasiB po3paxyHKOBUMU
MeToAaMu 6€3 IPOBEAEHHS AOPOTrOro i TPMBAJIOrO HATYPHOTO €KCIIEPUMEHTAJIBHOTO BiAnpaljoBanHs. [IpoBeneHo
CIIPSIMOBaHi BUIIPOOYBaHHS peaslbHUX KOHCTPYKLiN pakeTHOI TeXHiKY [Ipy 3aJlaHuX BUax KOMOGIHOBaHOTO
30BHILIHBOI'O HAaBaHTaXEHHS. BusiBlleHO HOBI MexaHiuHi e(peKTH, 3yMOBJIEHI OCOOJIMBOCTSIMUA T€OMETPUYHOI PopMU
KOHCTPYKIii, BIaCTUBOCTSIMU MaTepialy i XxapakTepy HaBaHTaXKeHHs. HaykoBa HOBM3HA N0JIIrae B TOMY, 110 Ha
OCHOBI aHasi3y Bisyanisauii nosuis gedopmaliiii i Harpy>xeHb 0 MOBEPXHi 000JI0HOK CKJIAAHOI FTeOMETPUYHOI GopMHU
i 1iIILOBOTO €KCIIepUMEHTAIbHOTO JOCJIiI)KeHHSI BUSIBJIEHI 30HM HAalOiIbII BipOTifHOro pyHHYyBaHHS KOHCTPYKLII.
OnucaHni nigxony JO3BOJISIOTE 3 BUCOKOIO MipOIO BipOTiIHOCTI IPOrHO3yBATH CTaTAYHi PyHHIBHI HaBaHTaKEHHS
060JI0HOK 06epTaHHS ckiIanHOi KoHbirypauii B yMoBax, HabJIMKEHUX 0 eKCITyaTaliliHuX. Pe3ynpraTi
mocinkeHHs BripoBamkeHi B mpakTuky JI1 "KB "ITiBnenHe" im. M.K. fIHress. O61acTb 3aCTOCYBAaHHS - paKeTHO-

KOCMiYHa TexHika.

2. The object of research is the processes of deformation and destruction of shell structures with technological
features of a geometric shape. The subject of the study is the stress-strain state of shell structures of complex
geometry with combined external loading in conditions close to operational ones. The purpose of the work is the
development of methods for analyzing the stress-strain state of shell structures of complex configuration with
static combined loading and an experimental study of the ability of products to perceive the given external force
effects. Research methods: the finite element method, an experimental method for the study of full-scale
structures-witnesses. The visualization of the deformation process and the comparison of calculations with the
results of static tests showed a qualitative and quantitative convergence, confirming the accuracy of the proposed
mathematical model of the study and the results of numerical analysis. Results obtained: an approach has been
created to determine the stress-strain state of shell structures of complex configuration based on the
Tymoshenko-Mindlin theory. A mathematical model for the deformation of the inter-step compartment and the
fuel tanks is proposed, which takes into account the change in the mechanical characteristics of the material as a
result of the transition to the plastic state under the action of load factors. The technique of experimental
determination of destructive deformations of rocket-space equipment structures using witness fragments has
been improved, which allows predicting the stress-strain state of shell structures made of composite materials
using computational methods without carrying out expensive and long-term experimental testing. Directed tests
of real structures of rocket technology were carried out for specified types of combined external loading. New
mechanical effects due to the peculiarities of the geometrical shape of the structure, material properties and the
nature of the load have been discovered. The scientific novelty lies in the fact that, based on the analysis of the
visualization of the deformation and stresses fields along the surface of the shells of complex shape and a targeted
experimental study, the zones of the most likely destruction of structures are identified. The described approaches
allow to predict with a high degree of probability a static destructive loads of shells of rotation of complex
configuration under conditions close to operational ones. Research results drawn on in practice of the Yuzhnoye
State Design Office. The field of application is rocket and space technology.
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