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V. BimomocTi npo guceprauiio
Mosga guceprarii:
Koau TemaTHYHHUX PYOpPHK: 27.41

Tema gucepranii:
1. TomoreHnHi MmaTeMaTU4Hi Mogei poleciB fepopMyBaHHS i ONTUMI3allis mapamMeTpiB QyHKLiOHATIbHO-
rpaflieHTHUX CTPYKTYP

2. Deformations and optimizations process of functionally graded structures homogeneous mathematical model

Pedepar:

1. Incepranifina po60Ta IPUCBIYEHA BUPIIEHHIO aKTyaJIbHOI HAYKOBO-TIPAKTUYHOI IPO6JIeMi - po3pooLi
rOMOT€HHUX MaTeMaTUYHUX MOZesel npoueciB qedopMyBaHHs i onTrMisalii napameTpis QyHKIiOHAIbHO-
rpagieHTHUX CTPYKTYp (PI'C) — dyHKIiOHANIBHO-TPaJlieHTHHUX MaTepiaiB i QyHKIiOHANIbHO-TPaJliEHTHO
HEOJHOPIJHUX (TeTePOreHHMX) KOHCTPYKIii. BuzineHi 4Ba OCHOBHUX ME€XaHi3MH, 10 3a0€3I1€4YyI0Th IPaliEHTHICTD
BnactuBocteil OI'C. [lepmuii MOB'SI3aHUH 3 IEPEOANYHOI HEOIHOPiAHICTIO 3MiHHOI BeJIMYMHYN HA3BaHO aMIUITyIHON
rpagieHTHicTIO. IHImNIA, 10 3a6€3Me4yeThCs OAHAKOBUMYU HEOTHOPITHOCTSMY, aje 3i SMiIHHMM KPOKOM Ha3BaHO
KPOKOBOIO I'PaflieHTHOCTIO. PO3IJISIHYTO 33a4i MaTeMaTUYHOrO MOJeJII0BAaHHS [IpOLeCiB AedOopMyBaHHS i
ontumizatii napamerpis PI'C 32 HAIBHOCTI aMILIITYAHOI i KPOKOBOI rpajlieHTHOCTI. JIOCIIiIPKEHO 3a/1€XKHICThb
TOYHOCTI 3aIIPOTIOHOBAHUX TOMOTE€HHUX MaTeMaTHYHuX Mogenel OI'C Bif cTyneHs iX reTeporeHHOCTi Ta

rpagzieHTHOCTI. [IpoBefieHO aHasli3 YyTJAMBOCTI HallpyKeHO-AedOPMOBAHOI0 CTaHY KOHCTPYKLil 3 QyHKI[iOHAIbHO-



rpaflieHTHUX MaTepiaiB Bifi XapaKTEPUCTUK TaKUX MaTepiasiB. Po3po6seHi roMoreHHi MaTeMaTU4Hi Mo eti
npoueciB nedpopmyBaHHs i onTumiszarii napametpis ®I'C y Bunaaxkax mMasoi KOHIEHTpaLlil BKIIOYeHb
(HeopHOPiNHOCTI), KOJIM pO3MipU BKJIIOYEHDb 6araTo MeHIl BiicTaHi MK HUMU. 3alIpOIIOHOBaHi TOMOTEHHi
MaTreMaTuy4Hi Mojei nmpouecis gedpopmyBaHHs i ontuMizanii napameTpis @I roppoBaHUX MJIACTUH i 060JIOHOK, 10
TPYHTYIOTbCSI Ha PiBHSIHHSX B IPOEKLiSIX KOMIIOHEHTIB HANIPY>XKeHO-1,e(OPMOBHOI0O CTaHy Ha Oci 6a30BOi IOBEPXHi.
[TokazaHa AOLiNBHICTb 10Ny TOMOI€HHMX MaTeMaTUYHUX MoJesieil onTumizauii napamerpis OI'C Ha 3apayi
JIOKaJIbHOI Ta ry106anbHOi ontuMmizaii. [lo okanpHOI onTuMizaliii BifHeceHO 3a/1a4i ONTUMI3alLil TapaMeTpiB
OKpPEMOi KOMipKU reTepOreHHOCTI. [7106apHa oNTUMi3allisl BKIII0Ya€e B ce6e BUBHAUEHHSI ONTUMAJIBHOTO 3aKOHY
3MiHH, IO NOMINSIEThCS Ha aMIUIITYIHY i KDOKOBY, IapaMETPiB OCEPEIKIB FeTEPOr€HHOCTI 32 OJIHI€I0 YU KiJIbKOMa
KoopauHaTtamu. [TokazaHo, mo ontumainbHi @I'C cknagaoThes 3 PyHKLIOHATbHO-TPAliEHTHUX i PETYJISIPHUX
yacTuH. OTpUMaHi pe3yJIbTaTh MOXKYTb BUKOPUCTOBYBATUCS B iH)K€HEPHil mpakTulli npu npoexkryBaHHi OI'C 3

Harepen BU3Ha4€HUMU OINITUMaJIbHUMU.

2. The thesis is devoted to the topical theoretical and practical issue - to the development of homogeneous
mathematical models of the deformation processes and optimization of functionally graded structures (FGS) -
constructions from functional-gradient materials and functionally graded nonhomogeneous (heterogeneous)
structures. Two main gradient mode mechanisms are properties. The first periodic heterogeneity variable, such
gradient mode called amplitude. Another type of gradient mode called walking, it provides identical
inhomogeneity, but with variable pitch. The problems of mathematical simulation of processes of deformation and
optimization of parameters for FGS cases, amplitude and walking gradient mode are considered separately.
Accuracy of the proposed mathematical models of homogeneous FGS on the degree of their heterogeneity and
gradient mode are dependence. The analysis of sensitivity of stress-strain state of structures made of functionally
graded materials on the characteristics of such materials. FGS homogeneous mathematical model, with low
concentration of inclusions (inhomogeneity), when the size of inclusions much small’s than the distances between
them, are developed. The proposed homogeneous mathematical model of the processes of deformation and
parameter optimization FY corrugated plates and shells based on the equations of the projections of the
components of the stress-strain state on the axis of the base surface. Feasibility of separation of homogeneous
mathematical models of optimization of parameters of FGS on the model of local and global optimizations is
shows. Local optimization includes optimization of the parameters of individual cell heterogeneity. Global
optimization includes determining the optimum law of parameters of cell heterogeneity on one or more
coordinate. It is split into amplitude and step optimization, which is considered separately. It is shown that the
optimal FGS are composite structures consisting of functionally graded and regular parts.The obtained results can
be used in engineering practice when designing an FGS with predetermined optimal properties.
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