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Jist ociiikeHHst 3B’ I3aHUX TEPMOMEXaHIYHUX ITPOLIECIB Y MPYKHHUX CTPYK-
Typax OTPUMAaHO CHCTEMY pIBHSHb Yy3araJlbHEHOI MaTeMaTH4YHOI Mojemi Juist
MarepiaiiB i3 MIKPOCTPYKTYpOrO. 3 METOI0 BpaxyBaHHS CKIHUYEHHOI IIBHAKOCTI
MOLIMPEHHS TEIUIOBUX XBHWJIb 1 3B’S3Ky TEMIIEpaTypu 3 MEXaHIYHHMH IOJISIMH,
3acTOCOBaHO cIiBBigHOMEHHs Teopii Jlopma-Ilynemana [2], oo IpyHTY€eThCS Ha
y3araJbHEHOMY 3aKoHi TerutonpoBigHocTi @yp’e. I1lo6 BpaxyBatu edekT Mikpo-
JKOPCTKOCTI Ta Mikpoirepmii, Teopis Jlopma-lllynmsmana moeqHYETBCS 3 TEOPI€IO
Minanina g npy»KHAX MatepialiiB 3 MIKpOCTPYKTYporo [3], ska BpaxoBy€e BIUIUB
IpafieHTiB TeH30pa Aedopmariii Ta BEKTOpa MIBHIKOCTI. [ HEeHTpalbHOCHMET-
pUYHUX MaTepiamiB, chOpMyITHOBAaHO KIIOUOBY CHUCTEMY PIBHSHB MaTeMaTHYHOI
MOJIEJI, 1110 BKJIIOYAE TaKi PIBHSHHS PyXY i PIBHSHHS TEIUIONPOBIIHOCTI:
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Ta B3a€MO3B’SI3Ky MK MEXaHIYHUMHU TIOJISIMH ¥ TEMITEpaTyporo.

OTpuMaHy CHCTEMY PIBHSIHb 3 OJHUM 4YacOM TEIUIOBOI pellakcallii BUKOPHUC-
TaHO JUISl aHaJi3y TEPMOMEXaHIYHOI MMOBEIHKA MIKPOPO3MIpHOTO IIapy B yMOBax
TEeIUIOBOro yaapy. IIpuitHATO, 0 30ypeHHS MEXaHIYHHMX 1 TEIUIOBHX MOJNIB Y
MPYKHOMY IIapi TOPOKYEThCSA PANTOBOI 3MIHOK TEMIEPAaTypH Ha OAHIM Mexi
mapy, TOJI SK IHIIA € TEIDI0i30IbOBAaHOI0. 3B’s3aHy CHCTEMY KIIFOUOBHX DPiBHSHB
pO3B’s3aHO 3 BUKOPHUCTaHHAM MeTony audepeHmiansaux kBaaparyp (DQM) [1].
BuBueHO BIUIMB mapameTpiB MIKpOXKOPCTKOCTI Ta MIKpOiHEpIii, 9acy TepMidHOT
penaxcariii, MPy>XHUX BJIACTHBOCTEH Marepiany i TOBLIMHH IIapy Ha TEpPMOMe-
XaHIYHy TMOBEJIHKY Mikpomapy. [lokazaHo, 1m0 peakilisi MIKpomiapy Ha TepMO-
ylapHe HABAaHTKEHHS 3HAYHO BINPI3HAETHCS BIJl Pe3yJbTaTiB, OTPUMAHUX Y
paMKax Kjlacu4Hoi Teopii st Makpomapy. Ha 1iif ocHOBi 3p00JIeHO BUCHOBOK, 1110
KOPEKTHUI aHai3 MaJOPO3MIpHHUX CTPYKTYp MiJ Ji€0 TEIUIOBOTO yIApHOTO Ha-
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CEKLIA 2 - MATEMATUYHI METOM MEXAHIK/ TA TEPMOMEXAHIKA
SECTION 2 - MATHEMATICAL METHODS OF MECHANICS AND THERMOMECHANICS

BaHTa)XEHHs CIIiJ] IPOBOJUTH HAa OCHOBI IPEJICTABICHOI y Iiif poOOTi y3araqbHEeHOi
maremarnuHoi mopeni Jlopna-lllynsmana 3 ypaxyBaHHSIM e(EeKTiB MiKpOXOPCT-
KocTi Ta MikpoiHepuii. Pobora Moke OyTH KOPHUCHOIO ISl TPOTHO3YBAHHSI TETLIO-
BOI Ta MEXaHIYHOI peakilii MiKpo-/HaHOCTPYKTYpP B YMOBaxX TEIIOBOTO yAapy i
HAJaHHS Ha IIif OCHOBI PEKOMEHNAIM U1 NMPOEKTYBaHHS CYYacHHUX MaJlOpO3-
MIpHHX TIPUCTPOIB.
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ANALYSIS A THERMOELASTIC LAYER BEHAVIOUR UNDER THERMAL SHOCK
WITH THE ENHANCED LORD-SHULMAN MODEL

A generalized mathematical model to study the coupled thermomechanical processes
occurred in elastic materials with microstructure is presented. The Lord-Shulman (LS)
theory of generalized thermoelasticity is employed to account for the finite speed of thermal
waves and coupling of temperature with mechanical fields. In order to take the micro-
stiffness and micro-inertia effect into account, the LS theory is combined with Mindlin’s
extended theory for elastic materials with microstructure which consider the strain gradient
and velocity gradient effects. The obtained mathematical model with one heat relaxation
time is used to analyze the thermomechanical problem for micro-scale layer under thermal
shock conditions. The layer is made of the centrosymmetric homogeneous material. It is
assumed that the disturbance of mechanical and temperature fields in elastic layer is
generated by a sudden application of temperature to the layer boundary. Coupled system of
governing equations is solved utilizing a differential quadrature method (DOM). The
propagation of the thermo-mechanical wave and reflection from the layer boundaries are
investigated. The effect of micro-stiffness and micro-inertia parameters, thermal relaxation
time, elastic material properties, microlayer geometry and temperature changes on the
thermomechanical performance of elastic microlayer is studied in detail. It was shown that
the response of microlayer to the thermal shock load is significantly different from the same
results for macro-scales. It was also concluded that analysis of small-scale structures
should be performed with consideration of micro-stiffness and micro-inertia effects
presented in this work. The work can be useful to predict the thermal and mechanical
responses of small-scale structures more accurately and provide a guideline for the design
and applications of novel devices under thermal shock condition.
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