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V. BimomocTi npo gucepraniio
Moga guceprariii:
Koau TeMaTHYHHX PyOPHK: 30.19

Tema guceprauii:
1. OI_LiHKa I'PaHUYHOrO CTaHy IBOKOMIIOHEHTHOT'O MaTepiaﬂy 3 KYJIICTMU BKIIIOYEHHSAMMU Ta IIPOTHO3YBAHHSA

HaJIiIMHOCTI KOHCTPYKLii METOaMM1 KOMIT'IOTEPHOrO i MaTEMAaTUYHOTO MOJEJIIOBAHHS

2. Evaluation of the limiting state of a two-component material with spherical inclusions and predicting the
reliability of the structure by methods of computer and mathematical modeling

Pedepar:

1. Y nucepratii o6IpyHTOBaHO TEOPETUYHI [10JI0’KEHHSI Ta pO3pOOJI€HO IIPAKTUYHI 3aCaiu 1010 YIOCKOHAIEHHS
MaTEMAaTUYHMX METO/IB OLiHKYA MILJHOCTi Ta MMOBIPHICHUX XapaKT€PUCTUK HALIMHOCTI €JIEMEHTIB KOHCTPYKLi 3

I BOKOMIIOHEHTHOTO MaTepialy; IPOBELEHO aHalli3 Oro NPYy>KHUX IapaMeTPiB Ta TPAaHUYHOTO CTaHy 3 yPaxyBaHHSIM
0co6MBOCTEN MIKPOCTPYKTYpHU. OO'€KTOM HOCIIPKEHHS BUCTYIIA€ NpoLieC ne@OopMyBaHHS JBOKOMIIOHEHTHUX
MarepiasiB 3 KyJISICTUMU BKIIIOYEHHSIMU. [IpegMeToM IOCTiIKEeHHS — IMOBIPHICHI XapaKTEPUCTUKHU MPY>KHUX
[apameTpiB, FPaHUYHOIO CTaHy, K IOBEPXHI IIJIMHHOCTI, IIPY PiI3HOMAaHITHIN KOHLEHTpaLil BHYTPIlIHIX
KOMIIOHEHTIB MaTepiany; CTaTUCTUYHUI IIPOTHO3 HaAIMHOCTI KOHCTPYKIIM 3 JBOKOMIIOHEHTHUX MaTepialiB.

TeopeTruyHolo 6a3010 AucepTalii € MeTonu: 06podKY 300paskeHb (PinbTpaliisi, cerMeHTallisl, HopMmasisalis Ta



po3mi3HaBaHHSM 00'€KTiB); MEXaHIKU TBEPIOro gedOopMiBHOrO Tijia; Teopii IMOBIPHOCTI Ta BUNAJKOBUX IIPOLIECIB.
Po3paxynok HJIC cTaTUCTUYHO-€KBiBaJIEHTHUX MIKPOCTPYKTYP IIPOBOJYMBCS B PAMKaX METOJly CKiHYEHHUX
eJleMeHTIB. Y po60Ti po3po6sieHO HOBUI pO3paxyHKOBUIA MiiXiz HAa OCHOBI MeToay MoHTe-Kapo 115 oLiHKU
JIMOBIpHICHMX ITapaMeTpiB FPaHUYHOTO CTaHY JOCJIiIKyBaHOTO MaTepiaiy, 0 CIUPAETHCS HAa aHAJi3 CTATUCTUYHO-
€KBiBaJIEHTHUX MIKPOCTPYKTYP. I1igXiz m03B0JIsS€ IPOrHO3yBaTH 3a/IMIIKOBUI PECYPC €JIEMEHTIB KOHCTPYKLIiNA Ta
BM3HAYaTH HOTo MMOBIpHICHI XapaKTepUCTUKU. Po3pobsieHo anroputmu (OCHOBaHi Ha METO/Iax KOMITIOTEPHOI
00p06KY 300pakeHb) 1J1s1 aBTOMAaTU30BAHOTO BU3HAYEHHS MOBIPHICHAX XapaKTEPUCTUK PO3MIpy, TPOCTOPOBOTO
PO3I0LiNy Ta KOHLEHTpaLii KyJISICTUX BKIIOUYE€Hb JBOKOMIIOHEHTHOTO MaTepiaiy. lle 1o3Bossie BUSHAUNTU (PYHKILi]
T'YCTHMHU PO3NO/AiNY paiiyCiB BKIIOYEHD B 3aJIEXXHOCTI Bifl iX KOHLIEHTpALlil 17151 CUHTE3y CTaTUCTUYHO-
€KBiBJIEHTHUX CTPYKTYP. BCTaHOBJIEHO 3aKOHOMIPHOCTI BIIJIMBY KOHLIEHTpallii BKJII0U€Hb Ha QYHKIii I'yCTUHU
posmnoginy (Ta ix napaMmeTpu) KOMIIOHEHTIB TEH30PY JKOPCTKOCTI JOCIiIPKyBaHOTO Marepiainy. BcraHoBieHO
KOHILIEHTPALi}Hi 3aJ1€;KHOCTI MaTEMaTUYHOTO O4iKyBaHHS, NUCIEPCii Ta AOBipYi iIHTEpBaNy rpaHuLb IIJIMHHOCTI [IpU

CTHCKaHHi Ta po3TsraHHi Aj1s yaByHy Mmapok BU35-BY100 (mikpocTtpykTypu tuny LII'2-11T12).

2. The dissertation substantiates the theoretical provisions and develops practical principles for improving the
mathematical methods for assessing the strength and probabilistic characteristics of reliability of structural
elements made of two-component material; the analysis of elastic parameters and limiting state is carried out
taking into account the peculiarities of the microstructure. The object of the research is the deformation process
of two-component materials with spherical inclusions. The subject of research is the probabilistic characteristics
of the elastic parameters of the limiting state as a yield surface at various concentrations of the internal
components of the material; statistical forecast of the reliability of structures made of two-component materials.
The theoretical basis of the dissertation is the following methods: image processing (filtering, segmentation,
normalization, and object recognition); mechanics of a rigid deformable-body; theory of probability and stochastic
processes The calculation of the SSS of statistically equivalent microstructures was carried out within the
framework of the finite element method. In this work, a new computational approach based on the Monte Carlo
method has been developed for assessing the probabilistic parameters of the limiting state of the material under
study, based on the analysis of statistically equivalent microstructures. The approach allows predicting the residual
life of structural elements and determining their possible characteristics. Algorithms (based on methods of
computer image processing) have been developed for the automated determination of the probabilistic
characteristics of the size, spatial distribution, and concentration of spherical inclusions of a two-component
material. This makes it possible to determine the density functions of the distribution of the radii of the inclusions
depending on their concentration for the synthesis of statistically equivalent structures. The regularities of the
influence of the concentration of inclusions on the distribution density functions (and their parameters) of the
components of the stiffness tensor of the material under study have been established. The concentration
dependences of the mathematical expectation, dispersion, and confidence intervals of the yield points in
compression and tension for cast iron (microstructures of the ShG2-ShG12 type) have been established.
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