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Pedepar:

1. Ha ocHOBIi 3p006s1€eHOT0 KPUTUYHOTO aHaJi3y i CHHTe3y €KCIIEPMMEHTAJIbHUX i TEOPETUYHUX JOCJIiIKEHb II0Ka3aHO
6araTorpaHHMI1 BILJIMB BOAHIO HA MEXaHIYHY ITOBEJiHKY Ta MillHICTh KOHCTPYKLiHUX MaTepiasiB 3 peasisalieio
M0ro JeKisib—KoX MexaHi3MiB 0JlHOYaCHO, ab60 He3aJIe>KHO. 30KpeMa, [JIs1 CTajiel 3aJIesKHO Bif KOHIIeHTPallii BOJIHIO,
B M€TaJli MOXKYTb OLHOYACHO JigTH JBAa BOJAHEBI MEXaHI3MU: CIIPMYMHEHA BOLAHEM IIiIBUILEHA EKOTe3id
(OKpux4eHHS) Ta CIPUYMHEHA BOJAHEM MiJBUIIEHA JIOKaJIbHA IIJIaCTUYHICTh. CNiBICHYBaHHS Pi3HUX MEXaHi3MiB
BILJIMBY BOJHIO Ha AedopMyBaHHs Ta iXx OHOYACHA [isl B CTAJISIX BCE 1Ie HeJLOCTaTHbO AOCiIpKeHa. BcTaHOBIeHHS
IIOMiHYI04OrO MEXaHi3My € HaJl3BU4YaliHO CKJIa[HOIO Ta aKTyaJbHOIO MTpo6seMoro. ICHyIoui Moaeli i rinoresu npo
MEXaHi3MU BILIMBY BOJHIO HA MEXAHI4YHY [1IOBEMIiHKY METAaJliB IIOSICHIOIOTS, K IIPABUJIO, OKPUXYYBAJIbHY HOTO JilO0.
ToMy aKkTyasbHUM 3aBIaHHSIM i METOIO AUCEPTALIHOI POOOTH € MaTeMAaTU4YHE MOJIEJIIOBAHHS ABOICTOCTI BILJIUBY

BOJIHIO Ha MEXaHiuHi BJIAaCTUBOCTi MeTaJIeBUX €JIEMEHTIB KOHCTPYKLii Ta iX 3a/IMIIKOBY [LOBrOBiYHICTb. O6’€KTOM



IOCIIiIPKEHHS € BOJHEBA Jerpajallisa MarepiajiB Ta JOKPUTUYHUH PICT TPILIMH B €JIeMEHTaxX KOHCTPYKLiN 3a Aii
BOJHEBMICHOTO cepenoBuila. [IpeqMeToM SOCTII>KEHHS € MATEMAaTUYHI MOJIeJli Ta METOJMKA [1J1Sl IPOTHO3YBaHHS
MILIHOCTIi Ta JOBrOBIiYHOCTi €J1eMEHTiB KOHCTPYKILil 3a ABOiCTOi Aii BoAHI0. Y po60Ti cPOPMYIbOBAHO HOBY
PO3PaxyHKOBY MOZeJIb 3yMOBJIEHOTO BOJIHEM POCTY TPIilllMH B METaslax 3a [Iii CTAaTUYHOTO HAaBAaHTAXKEHHS, sIKa
6a3yeTbCsl HA Cy4acHUX (i3UYHUX i MEXaHIYHUX Teopisix ix gedopmyBaHHS i pyiiHyBaHHs. Ha 11ii1 ocHOBI
PO3p06JIEHO METO, OL[iHIOBAaHHS 3a/IMIIKOBOI JOBrOBIiYHOCT] €J1eMeHTiB KOHCTPYKLiH 3 TPilllMHAMU 3 ypaxXyBaHHIM
MEXaHi3MiB BIUIMBY BOJIHIO Ha lepopMyBaHHS MeTasy. Ha nifgcraBi OTpUMaHUX TEOPETUYHUX Pe3yJIbTaTiB
BCTAHOB-JIEHO XapaKTE€—~PUCTUYHE 3HAYECHHS KOHLIEHTPALlil BOOHIO Y MAJIOBYIJIELEBIl CTal, 32 SIKOTO 3MiHIOETBCS
MeXaHi3M BILJIMBY BOLHIO Ha eOpMyBaHHS CTaJli, SIKe He CyIlepeYuTh BiTOMUM Y JliTepaTypi eKCllepUMeHTaJIbHUM
IAHUM JJ1s1 Takoro Kiacy craseil. ChopMysbOBaHO OCHOBHI PiBHSIHHSI MaTEMaTUYHOI MOZEJI, SIKi JO3BOJISIIOTh
OLIiIHWTH BIJIMB BOJHIO Ta MEXaHI{YHOTO HaBaHTAKE€HHS Ha IJIACTUYHY Aedopmaliiio meTany. [TokaszaHo, 1110 BOJE€Hb
MOXKe 30iJIbIIyBaT ab0 3MEHINYBaTH MBUJIKICTb AMCIIOKALL{ 3a/IE5KHO Bifl yMOB KOHIIEHTpALlil BOGHIO, TEMIIEPATypU
Ta [IPUKJIA—~AEHOr0 HAaIIPY>KEHHS B 3aJ1i3i. 32 MaJIMX KOHLIEHTPALill BOJEHb [IOCUJIIOE PYX JUCJIOKALil, TUM CAMUM
301/1b1IYyI04Y MIBUJIKICTD IIJIACTUYHOI AedopMaliii. KisbKiCHO BCTaHOBJIEHO, 1O 32 3HAaYEHb KOHIEH-TPallii
3a37aJlerifp MOrJIMHEHOTO BOJHIO, JOBIOBIYHICTb IJIACTMHU 3 TPILIMHOIO € HAa NOPSJOK MEHIIOI0, HiX 3a
KOHILIEHTPALlii BOAHIO, IKMI [TOCTYIOBO IU(YHAYE 3 BEPIIMHY TPIllIMHU B 30HY NepeapyiiHyBaHHs. [IoB’13aHo 1e 3
THUM, 10 [TOCTYIIOBE HABOJHIOBAHHS 30HU N1€PENIPYAHYBaHHS CIIOYATKY ii naacTudikye, TUM CaMUM 3aTyIUIIOYA
BEpUIVHY TPillMHY, 30i7IbIIYI04H ii pO3KPUTTS Ta rajibMylouu ii nomupeHHs. OTpUMaHi pe3y/bTaTy BKa3ylOTh Ha Te,
10 naacTUgiKyBaHHS MaTepiasy BOGHEM IIO3UTUBHO BILIMBAE HA JOBrOBIYHICTb €JIEMEHTIB KOHCTPYKLiN B yMOBaxX
BOJHEBMICHMX cepenoBull. YCi TeOpeTUYHi po3pobKu nucepTallii JOBeIeHO 0 KOHKPETHOI iHsKeHePHOI METOTTUKHU
17151 IPOTHO3YBaHHS 6e3MevHoi eKCIlTyaTallii eJ1eMeHTiB KOHCTPYKIiH 3 ypaxyBaHHSIM HaBOJHIOBAaHHS MeTaly
BHACJIJIOK [ii eKCIIyaTalilHOro CepeNOBUIIA.

2. Despite the fact that a large volume of information is devoted to the problem of the influence of hydrogen on the
mechanical properties and resistance to destruction of structural steels and alloys in the world and domestic
literature, this issue still remains incompletely studied. This is due to the fact that the influence of hydrogen on the
mechanical behavior of structural materials is multifaceted, and several mechanisms can be implemented
simultaneously or independently. On the basis of the critical analysis and synthesis of experimental and theoretical
studies, the multifaceted influence of hydrogen on the mechanical behavior and strength of structural materials
with the implementation of its several mechanisms simultaneously or independently is shown. In particular, for
steels, depending on the hydrogen concentration, two hydrogen mechanisms can simultaneously operate in the
metal: hydrogen-induced increased decohesion (embrittlement) and hydrogen-induced increased local plasticity.
The coexistence of different mechanisms of hydrogen influence on deformation and their simultaneous action in
steels is still not sufficiently investigated. Establishing a dominant mechanism is an extremely difficult and urgent
problem. Existing models and hypotheses about the mechanisms of hydrogen's influence on the mechanical
behavior of metals explain, as a rule, its embrittlement effect. Therefore, the actual task and goal of my dissertation
work is the mathematical modeling of the duality of hydrogen's influence on the mechanical properties of metal
structural elements and their residual durability. The object of research is hydrogen degradation of materials and
subcritical growth of cracks in structural elements under the action of a hydrogen-containing environment. The
subject of the research is mathematical models and methods for predicting the strength and durability of
structural elements under the dual action of hydrogen. The paper formulates a new calculation model of
hydrogen-induced crack growth in metals under the action of static load, which is based on modern physical and
mechanical theories of their deformation and destruction. On this basis, a method of assessing the residual
durability of structural elements with cracks was developed, taking into account the mechanisms of hydrogen
influence on metal deformation. In particular, a mathematical model of hydrogen diffusion in a piecewise
heterogeneous body in a three-dimensional setting was constructed; an algorithm and corresponding numerical
programs were developed for calculating the distribution of hydrogen concentration in the entire volume of three-
dimensional bodies, taking into account the effect of force and temperature factors. A certificate of copyright
registration for the work N2107646 was obtained for the developed program for calculating the concentration of



hydrogen in volumetric elements of structures under the action of force loads "DIFEUS 3D".
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