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2. Stress-strain state of construction elements under high-speed loads

Pedepar:

1. Y po60oTi MicTUTBbCSI BUpIlleHHSI HAYKOBO-TEXHIYHOI IpO6JieMU MeXaHiku lepOpMiBHOrO TBEPIOTO Tifa, sIKa
[oJIsITae y po3pob1i e(peKTUBHUX aHATITUYHO- YMCIIOBUX METO/IB JOCIiIKEHHS JUHAMIYHOTO HAIIPyKEHO-
I,e(OPMOBAHOTO CTaHy €JIEMEHTIB KOHCTPYKIill BHACJIiIOK BIUIUBY iMITyJIbCHOTO HaBaHTAXKEHHS Pi3HOI Pi3NYHOi
IIpUpOAY i HAI3BYKOBOI ra30Boi Tedii Ta 3aCTOCYBaHHI X METO/IB O PO3BsI3aHHS aKTyaJIbHUX [IPUKJIAIHUX 334a4.
3anpornoHOBaHO y3arajabHEHY MOZEb NTUHAMIYHOTO HANPY>K€HOIePOPMOBAHOTI'O CTaHy €J1eMEHTIB KOHCTPYKILiH 3
MOJIIKPUCTAIIYHUX MaTepialiB [Py iMITyJIbCHOMY HaBaHTaKE€HHI, IKa I'PYHTYETbCA Ha NIO€IHAHHI MOJeJIEN
HEeCTaliOHapHOTI'O TEPMOTIPYXHOTO Ae(pOpMYyBaHH4 i IBUKICHOTO NJIACTUYHOTO Je(OPMYyBaHHS 1Sl ypaXyBaHHS

BHACOKOIIBUJIKICHOTO 3MilJTHEHHS Ta TEMIIEPATYPHOTO 3HEMIIJTHEHHS MaTepiany. PiBHSIHHA cTaHy AJ14 Ljiei moperi



3aIPOINIOHOBAHO y MoaupikoBaHil ¢popmi [1exxnHy 3 10JATKOBUMHU TEMIIEPATYPHUMU MHOKHUKAMU Y GOpMi
I>xoHcona-Kyka, B IKOMY €KBiBaJIeHTHI HAaIIPYy>KEHHSI 3aJ1eKaTh SIK Bifl eKBiBaJleHTHUX AedopMallii, Tak i Bif,
IIBUJIKOCTI fedopMalliil Ta Bifj TeMnepaTypu. Y3araabHeHy MOZEb BUKOPUCTAHO JJ1s1 PO3B'sI3aHHS PSAY
[IPaKTUYHMX 3a7a4. OTPMMAaHO YTOUHEHI PO3B’S13KU 33ja4 BUCOKOUIBUIKICHOTO Je(OpPMYyBaHHS 000JIOHKOBUX
€JIEMEHTIB KOPILyCYy ra30TypOiHHOTO JBUTYHA BHACJiJOK OOPMBY YaCTUHMU JIONIATKU Ta JIOKAJIbHOTO MOLIKOIKEHHS
JIONATOK ra3oTypOiHHUX JBUT'YHIB CTOPOHHIMU NpeameTamy. OTpMMaHO YTOYHEHI AHAMIUHI Hallpy)XKeHHS B
33/la4ax BUCOKOMIBUIKICHOTO Ae(OpMyBaHHs IIJIMTU 3 OpeOPEHHSM IiJ, BIVIMBOM ra304MHaMI4HOI yAapHOi XBUJIi Ta
IIJIACTUHU IIiJi BIJIMBOM TiApOJMHAMIYHOrO YIAPHOTO HaBaHTAKEHHS. JJOCiI)KEHO BUCOKOIBUIKICHE
IepopMyBaHHS i pylHYBaHHS YaCTHHU OOTiYHMKA pakeTy y GOpMi yCiueHOro KOHYCy Ta eJIeMEHTIB KpillJIeHHS
rOJIOBHOI YaCTUHU CIIeljaJIbHOI paKeTHOI KOHCTPYKILii BHACJIIIOK iMITyJIbCHOTO HaBaHTaXXEHHS. 3alIPOIIOHOBAHO
MOJIeJIb HECTALiOHAPHOTO Je(OpMyBaHHS KOMIIO3UTHOTO KOPIYCY TBEPONAJIMBHOIO JBUTYHA SIK CDEPUYHO-
LUUIiHIPUYHO-CPEPUIHOI 060JI0HKM 0OEPTAaHHS 3 OPTOTPOIIHUMU YU (PYHKLIOHATIBHO-TPaAyi0BaHUMU
xapakrepuctukamu. OTpUMaHO psif 3aKOHOMIPHOCTE!N PO3NOAiNy AMHAMIYHUX NedopMaliili B KOHCTPYKLIi Ipu
BHYTPIlIHbOMY iMITyJIbCHOMY HaBaHTaX€HHi. [[pOBEIEHO YMCIOBUI aHAaJIi3 IMHAMIYHOI HECTIKOCTI OGTIYHUKIB
pakeT B HaZI3ByKOBOMY Ia30BOMY TOTOL], 110 MOJEIOI0ThCS 000JI0HKaMu y (popMi napabosioina ob6epTaHHs Ta
iAKPirIeHoro MmnaHroyraMmu Kounyca. OTpUMaHo psifi 3aKOHOMiIpHOCTE JUHAMIYHOI HeCTIKOCTi OOTIYHUKIB Ta

BUSIBJIEHO iX (POpPMU KOJIMBaHb MPU BTPATi TUHAMIYHOI CTiMKOCTI

2. The work delivers solution to a relevant scientific and engineering problem of solid mechanics. It consists in the
development of effective analytical - numerical methods for studying the dynamic stress-strain state of structural
elements under the influence of impulse loads of various physical nature and supersonic gas flow, as well as the
application of these methods to solving urgent applied problems. A generalized model of the dynamic stress-strain
state for structural elements from polycrystalline materials under impulse loading is proposed. It is based on a
models combination of unsteady thermoelastic deformation and rate plastic deformation to take into account the
high rate hardening and temperature softening of the material. The stress-strain state equation for this model is
proposed in a modified Pezhina form with additional Johnson-Cook temperature form. Equivalent stress depended
on equivalent strains, strain rate and temperature. The generalized model is used to solve the practical problems.
In the high-speed deformation problems of the gas turbine engine casing due to the breakage of a blade part and
local damage of the blades by foreign objects, refined solutions are obtained. In the ribbed plate highspeed
deformation problems under the action of a gas-dynamic shock wave and a plate under the action of a
hydrodynamic shock wave, refined dynamic stresses are obtained. The high-speed deformation and destruction of
the rocket fairing part in the truncated cone form and the fastening elements for special rocket under impulse
loading has been studied. The model for non-stationary deformation of the solid propellant motor composite
casing as the spherical-cylindrical-spherical shell with orthotropic or functionally graded characteristics is
proposed. Regularities of the distribution of dynamic deformations in a structure under internal pulsed loading are
obtained. The dynamic instability of rocket fairings in supersonic gas stream is numerically investigated. The
fairings are modeled by parabolic shells and ringstiffened conical shells. The dynamic instability regularities of
fairings and the dynamic stability loss modes are obtained.
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