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1. ByinB 3MiHM BJIaCTUBOCTEN OBEPXHEBUX IIAPiB MaTepiasliB Ha KiHETUKY TEPMOHAIIPY>KEHOTO CTaHy €JIEMEHTIB

KOHCTPYKLi# 32 YMOB TEPMOLMKJIIYHOTO HABAHTAKEHHS

2. The influence of changes of properties of surface layers of materials on the kinetics of the thermal stress state of
structural elements under thermal cyclic loading conditions

Pedepar:

1. MeToro nuceprauiiHoi po6OTH € po3po6Ka Ta HayKOBe OOIPYHTYBaHHS IiAXOiB 1[0/I0 OLIiHKY BIJIUBY 3MiHU
BJIACTMBOCTE! TOBEPXHEBUX 1IapiB MaTepiasliB Ha KIHETUKY TEPMOHAIIPY)KEHOTO CTaHy €JIEMEHTIB KOHCTPYKLil B
YMOBax TEPMOLMKIIIYHOTO HaBaHTAXXEHHS [J1s iX BpaxXyBaHHS y METO/IaX BU3BHAUEHHS 3aJIUIIKOBOTO PECYPCY.
O6’eKTOM IOCIIIIPKEHHS € IPOLECH ITOMKOKEHHS Ta TEPMOHAIPY>)KEHUI CTaH eJIEMEHTIB eHepreTUYHMX Ta
PaKeTHUX KOHCTPYKLi B yMOBax LMKJIIYHOI Aii BUCOKOTEMIIEPATyPHUX ra30BUX [IOTOKIB. [lJ1s1 pO3B’13aHHS
cpopMyIbOBAaHUX Y POOOTI 3a1a4 6YJIM BUKOPUCTAaHI €KCIIEPUMEHTAJIbHI METOIIM Ta 3aCO0U NOCIiKEHb, 30KpeMa
obagHaHi cyyacHUMU iHGOPMAaLiHUMY Ta BUMIPIOBAaJIbHUMU KOMILIeKcamu razonraamivni crenau (I'1C),

BiMOBIAHI mpuiagy i METOAMKYU MeTano(i3nyHUX NOCTiIKEHb, METOIX KOMITIOTEPHOT'O MOJIETIOBAaHHS



TEPMOHAIPY>KEHO-Ae(POPMOBAHOr0O CTaHY MOJEeJIeH i eleMeHTiB KOHCTPYKIill HA OCHOBi CTaHJapTU30BaHUX
IIPOrpaMHUX NIPOIYKTIB, MPU3HaYeHUX AJ1s1 cydacHux [TEOM, a Tako>X NpOrpamMHOro nakeTy Space. Y pe3yibTari
KOMILJIEKCY OOCJIiIKEHb IIPOLECIB Jerpagallii BJIaCTUBOCTEN ITIOBEPXHEBUX IIAPiB MaTepiasiB Ta iX BIJIMBY HA
KiHETUKY TEPMOHAIPY>KEHOI'O CTaHy €JIEMEHTIB KOHCTPYKLill OOIPyHTOBaHA HEOOXiAHICTD il BpaxyBaHHS B 3a7ja4ax
BU3HA4Y€HHS HECIBHOI 3JaTHOCTI €JIEMEHTIB KOHCTPYKLIiH, AKi eKCIUIYaTyIOTHCS B YMOBaX TEPMOLMKIIIYHOTO
HaBaHTaXXEHHS, 110 CKJIaJa€ HAyKOBY HOBU3HY O€P’KaHUX Pe3ysbTaTiB. [IpakTUYHE 3HaYEHHSI OTPUMAHUX
Pe3yJbTaTiB eKCIIEPMMEHTAIbHO-PO3PAaXyHKOBUX [OCIiIPKEHb I10JI5ITA€ B TOMY, 1110 BCTAHOBJIEHI 3aKOHOMIPHOCTI
3MiHM BJIACTMBOCTEN MaTepiajy IOBEPXHEBUX LIAPIB O3BOJISIIOTh KiJIbKiCHO OLIIHIOBATH CTYIIiHb ITOMIKOKE€HHS
€JIEeMEHTIB KOHCTPYKIIiH, SIKi eKCIIyaTyI0OThCSl B yMOBaX TEPMOLIMKIIIYHOTO HABAHTAKEHHSI, i MOXKYTb OYTH
BUKOPUCTaHI MTpY BUKOHAHHI perjiaMeHTHUX, PEMOHTHUX POOIT, a po3p0o6JyieHa METOIUKA OLiHKU
TE€PMOHAIPYKEHOT0 CTaHy J03BOJISIE MiIBULIUTY KOPEKTHICTb OL[iHIOBAHHS iX 3aJIMIIKOBOTO PECYPCY «3a TEXHIUHUM
cTtaHOM». Po3po6ieHi MeTO1M BUKOPUCTAHI IIPY PO3B’I3aHHI MPaKTUYHUX 33a4 MOJEJII0BAaHHS YMOB
AepOJMHAMIYHOIO HarpiBy €JI€MEHTIB KOHCTPYKLi/ paKETHO-KOCMIYHOI TexHiKM 3a 3aMoByieHHamu [I1 "Kb

“IliBmenne” im. M.K. Sdurens".

2. The purpose of the work are the development and scientific justification of approaches to estimation of the
impact of changes of properties of surface layers of materials on the kinetics of the thermal stress state of
structural elements under thermal-cycle loading conditions in order to take such changes into account in methods
for determining the residual operating life. The study object is the processes of damage and thermal stress state of
elements of power and rocket systems under conditions of cyclic loading of high-temperature gas flows.
Experimental methods and research techniques are used, in particular gas-dynamic stands equipped with modern
information and measuring complexes, appropriate devices and methods of physics of metals research, methods of
numerical modeling of thermal stress-strain state of models and structural elements based on standardized
software designed for modern PCs, as well as the Space software package. The scientific novelty of the study is
that the necessity of the consideration of the degradation of properties of surface layers of materials in problems
of determination of the bearing capacity of structural elements that are operated under thermocyclic loading
conditions is substantiated as a result of a complex of investigations of processes of the degradation and their
influence on the kinetics of the thermal stress-strain state of structural elements. The practical significance of
results of experimental and numerical studies is that established patterns of change of properties of a material of
surface layers allow quantitatively evaluate the degree of damage of elements of structures that are operated
under thermocyclic loading conditions and can be used in the performance of routine maintenance, repair, and the
developed method of evaluation of thermal stress-strain state allows to increase the correctness of estimation of
their residual service life time "by a technical condition". The developed methods are used in solving practical
problems of simulating the conditions of aerodynamic heating of elements of rocket and space engineering
structures according to orders of Yuzhnoye State Design Office.
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