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Y pobomi nposedeno moodenosanns nosedinku 10KATbHO HABAHMANCEHOT NOCAAONIEeHOT NOIOCU 3
nces8o0o-NpPYI*HCHO-NIACMUYHO20 Mamepiany npu ii HecmayionapHomy HasaumadxcenHi. Ilpu yvomy
BUKOPUCTHAHHO HENIHIUNY (DeHOMEHON02TUHY MOOelb KA ONUCYE GIACHUBOCHI CHAABIE 3 NAM SIMMIO
Gdopmu ma mepmo-ncegdo-niacmuuny nogedinky (TIIIIM) mamepiany came 6 mouyi. Buxopucmarno
diazpamy nceBoO-npyl’CHO2O Mamepiany, wo CKIa0AEMvbCs 3 mMpboX KpuoaiHitHux oinanox. Taxuil
nioxio  npuzeodums 00 Hecmiukoi Oiaepamu  HanpysceHHs-Oepopmayis [ Ons  ONUCAHHS
MEePMOMEXAHIYHOI NOBEOIHKU 3PA3KIE PI3HOI (hopmu HeoOXiOHO mamu piuleHHs epanuynoi 3a0adi 3
VPaxy8auHam po3eumky Gpoumy OJedopmayii (azoeoco nepemeopenus. 30iiCHEHO NOPIGHANHS
pe3yiomamie OMPUMAHUX 8 2eOMempU4HO JNIHIUHIU | HeMHIUHIL NOCMAHOBKAX NPU  BETUKUX
naacmudHux oegpopmayisx. Becmarnosaeno, wo npu naacmuynux oegopmayisix 00 6% po3bisxcuicme
pe3yabmamie 6 moukax Jjokanizayii Odegpopmayii ne nepesuwiye 5%. Ilpu 30invuenni 3HaueHv
naacmuynoi 0eghopmayii po30idicHiCMb Pe3yIbmamis MojNce 3HAYHO 3POCMAMmU I 8 OKOAL NOCAAONEHHS.
docseamu 20% .

Knrouosi cnoea: penomenonociuna mooenb, HeniHiliHa MOOelb Mamepiany, mamepiai 3
namammio ()opm, mepmo-nees00-niACmuyHICMs, 8eUKI NIACMUYHI Oedhopmayil.

Beryn

Ha nanwmit wac BimomMu#l miTuid psa MOAENEH i ONMUCY TEPMOMEXAHIUYHOT MOBEAIHKU
(YHKIIIOHaJIbHO-HEOAHOPIIHUX MaTepialliB, 30KkpemMa cruiaBiB 3 nam atTio ¢popmu (CIID) [3;
4]. butbmicte 3 HUX OyAYIOTbCA Ha MIJICTaBl KIACUYHUX YSIBJIEHb, TOOTO CTaBJIATH coO1 3a
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MeTy Oe3IOoCepeIHE OMHCATH €KCIIEPUMEHTANIbHI JaHl, OTPMMaHI Ha PI3HUX MaKpo3pas3Kax
IIpU MPOCTOMY 1 CKJIaJHOMY HaBaHTakeHH1. OJIHAK, K BCTAHOBJIEHO B €KCIIEPUMEHTAJIbHUX
NOCTPKEHHSAX TOBEJIHKAa MaTepiady B TOYIl TUIa B 3arajbHOMY BHIAJKy MOXe OyTu
BIIMIHHOIO BiJ TOBEIIHKH 3pa3ka BuUIoMYy [5]. B posrmsiHytux 3amadax po3poOiieHo
YHUCJIOBY MPOIEAYPY PO3paxyHKy JiarpaMu Marepiaiy, sika MpeACTaBisie COOO KPUBY, IO
OTMHAE CIMEHCTBO Jlarpam martepiaily, HoOyJ0BaHUX Ul MEBHUX 3aKOHIB 3MIHHM IIBUAKOCTI
bpoHTY po3puBY nedopmarltii.

Meta po6oTu noJisirae y 3acToCyBaHH1 HeJIiHiHOI (heHOMeHOJIoruHOoT MoAeni [ 7], sika
ONHCYE BJIACTUBOCTI CILJIABIB 3 MaM ATTI0O (OPMHU Ta TEPMO-IICEBIO-IIJIACTUYHY IOBEIIHKY
(TTIIIM) matepiany came B TOUIIl, A0 33Ja4l MOJEJIIOBaHHS JIOKAJIbHO HaBAaHTAKEHO1 MOJIOCU
3 MCEBJO-NPYXHO-IJIJACTUYHOTO MaTepiajly MpU BEIUKUX IJIACTUYHUX Jedopmalisix.
[TopiBHATH pe3ynbTaTH MOJCIIOBAHHS B TE€OMETPUYHO JIHIAHIA 1 HENHINHIA MOCTaHOBKaX
MIPU BEITUKUX TUTACTHYHHUX AePOopMaIlisix.

BukJjiaa ocHOBHOro Marepiasy
PosrnsiHemo 1BOBUMIpHY 3a7a4y Mpo HECTalloHapHEe Ae(OopMyBaHHS MOJIOCH 13 CIUIaBy

NiTi 3 wmanumu mnocmabnenusmu. Hexail reoMerpis moJiocu X € [—H /2;H / 2],
yel[-L/2;L/2].  Jna  nocmaGmorouoro  pospidy  sammmemo:  ye[-1/2;1/2],
xe[-H/2;-H/2+I|U[H/2-1;-H/2].
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Pucynok 1. 'eomerpist mosiocu 3 nmociaabaeHHIMA

Ha xpasx 3 mocnabnennsmu (x=—H /2,x=H/2) moBepxHs MOJOCH BUIbHA Bin
HarnpyxeHHs. [loBepxHi camoro mociaabieHHs MOJI0CH TaKOX BUTHHI BiJl HAIIPY>KECHHS.
J1s BCIX TOYOK MOJIOCH, ISt AKX y =0 MIBUAKICTH BEPTUKAIBHOTO NEPEMILICHHS V.,

nopiBHioe Hymo. Ha xpai y=L/2,xe[H/2-x.]. 3a1aerhcs HEHyNbOBa WIBHIKICTH
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nepeMilieHHss v, =V, sKa 3MIHIOETbCS 110 BIIOMOMY 3aKkoHy. JUisi IHWIOrO Kpas
y=-L/2,x€[H/2-x.] maemo v, =V,

[ykanumu BenuuuHamMu OynyTh J€B’SITh CKJIAJOBUX BeKTOpa W : HIBUIKOCTI

IepeMIlleHb Vv,V ; CKIAJOBI TCH30pa HANPYKEHHS O ,,0,,0,,0, ; Aepopmauii & ,&,,&, 1
temmneparypa 7.

Y Bunaaky miockoi aedopmanii (1, =0, v, =0, 9(---)/da, =0) npu BUKOpHCTaHH]
OpPTOTOHAIBHOI JeKapToBOi cucremu KoopamHar (H, =H,=H,=0) i1 reoMeTpu4HO

JNIHIMHUX CKIIAJOBUX TeH30pa nedopmarliii oTpuMaemo:
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Tenzop medopmaiii 1 CKIaA0B1 BEKTOpa MEPEMIllleHb MOB's3aH] TAKUMU HETIHIMHUMUA
CIIBBiTHOMECHHAMH [1]:
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3 ypaxyBaHHSM IIbOTO TICIIsA AU(PEPEHITIIOBAaHHS 32 YaCOM B T€OMETPUYHO HETIHIMHOMY
BUIAJKY JUISl IIBUJKOCTEHN nedopmaltiil mpH miockii nedopmaliii MoxkHa 3aucaTu:
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[licnst BUKIIOUEHHA 3 BU3HAUAIbHUX (PI3UYHUX CIIIBBIJHOLIEHb IIBHJKOCTEH
negopmariil y BUnagxy riaockiii nredopmariii orpumMaeMo:
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Temneparypy B TOUKax Tila BU3HAYMMO SIK PO3B’SI30K PIBHSIHHS TEIJIONPOBIIHOCTI:

2 2
CL (7)
ot ox~ Oy

Uepes W, mo3naueHa QyHKIIIs, IO BPaXxOBYE TEILIO, SIKE BUHUKAE B TUT1 IpH (Pa3oBOMY

Iepexo/ii 3 TOUOK 4 B TOUKM B Ha jaiarpami Martepiaiy.
BBenemo ciTku 3a yacoM 1 Mo KoopArHATaM:
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B sxocTi po3paxyHKOBOi BI3bMEMO HACTYNMHY (QopMyiy iTepauiifHoi mpouexypu i
IEepENUIIEMO 11 TaK
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TemneparypHe moJjie B IOJIOCI BU3HA4aeMO 3a JOMOMOIOI0 JIBOBUMIPHOTO BapiaHTa
ITepaIiitHOT MPOLIeTypH:
(77)  ={T" 4o+
m+1 m
— p+l p p+l p
M, =B (e, T +a, T )+ Py (o T +a,,T7). (10)
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3a3HauMMO, II0 IICJIg BU3HAYEHHS OCHOBHUX HEBIIOMHUX, OKPEMO pPO3IIYKYIOThCS
LUISIXOM IHTErpyBaHHS 3a 4acOM pelITa HEBIIOMUX (YHKIIH:
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Posrnsinemo  ymciioBl  pe3yabTaTH, OTpUMaHi Juisi nojocu npu L =2H,
h =h,=H/10,7 =0,01.

Ha pucynkax 2 1 3 ans BiAMOBIAHMX MOMEHTIB Yacy IOKa3aHO I0JI€ IHTEHCHUBHOCTI
negopmMariii , ssIke Ma€e MICIE B II0JIOCI ITPH PI3HUX BUJAaX HaBaHTa)KECHHS.

Ha pucynky 2 a) moka3zaHo MoJjie€ IHTEHCHBHOCTI Jedopmaiii Npu CUMETPUYHOMY
HABaHTaKEHHI (PHCYKOK 2 a)) st 6e3po3MipHOro MoMeHTy dacy (¢ =30 =30007 ). B MmomeHT
t=50 pO3TATYBaHHS TOJOCH 3YNHHSIOCH, ajie B TUIl 1 Jajdl WIIOB TEPEepO3MOALI
HAaBaHTAXXEHHS B PEKUMI ycraHOBJeHHs. Ha pucynky 2 0) mokazaHo moJjie IHTEHCHBHOCTI
nedopwmartii (pucykok 1 a)) ms ¢ = 70.

Ha pucynky 3 a) mokasaHo Mosie IHTEHCHBHOCTI AeopMalii Mpu HECUMETPUYHOMY
HaBaHTaXeHHI (pucyHOK 3 6)) misa Gespo3mipHoro momeHnty dacy (¢#=30=30007). B
MOMEHT ¢ =50 po3TAryBaHHsS IOJIOCH 3YIUHAJIOCH, ajleé B TUIl 1 Jajii HIIOB Mepepo3noill
HAaBaHTAXEHHS B PeKuUMI ycraHOBJeHHs. Ha pucynky 3 0) mokasaHo moJieé IHTEHCHBHOCTI
nedopwmartii (pucynox 1 a)) st ¢ = 70.
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a) t=30

Pucynok 2. Ilone iHTeHCUBHOCTI AedopMmallii IpU CUMETPUYHOMY HaBaHTaKEHHI

BucnoBku

MopnentoBaHHsl MOBEIIHKU 3 TICEBAO-NPYKHO-IUIACTUYHOTO Marepialy IMpU BETUKUX
IUIACTUYHUX JleopMallisiX BUMAarae 3aCTOCYBaHHS HEJIMHUX MaTeMaTHYHUX MoOJeNeH, sKi 3
OUIBIIOI0 TOYHICTIO MOIJIM O ONKMCATHU Ta CIPOTHO3YBaTH MOBEAIHKY Takoro Tiia. B poboTi
MIPOBEJICHO MOJICJIIOBAaHHS TOBEIIHKM JIOKAJIbHO HABAaHTa)XEHOI MOCHabieHol MoJocu 3
MICEBJO-NIPYKHO-IJIACTUYHOTO MaTepiajly MpH il HeCTallloHaApHOMY HaBaHTaXXEHHI. ABTOpaMH,
70 pO3BsI3aHHS BHUIIE BKa3aHOI 3a/ayi, 3aCTOCOBAHO HENIHINHY ()EHOMEHOJIOTIYHY MOJEIb
Marepiaiy, sKa JO3BOJISIE OMUCATH PsIJl eKCIepEeEMEHTAIbHUX JAHHHUX Ha PI3HUX 3pa3Kax Mpu
pi3HHX yMoBax. [IpoBeseHO MOPIBHSAHHS pe3y/ibTaTiB OTPUMAHUX B F€OMETPUYHO JIIHIHHIN 1
HENIHIMHIA TOCTaHOBKAX IpPU BEJIMKUX IJIACTHUHUX AepopManisx. UucenbHO MOPIBHAHO
MOJIsI IHTEHCUBHOCTI IPU CUMETPUYHOMY 1 HECUMETPUYHOMY HaBaHTa)keHH1 BcraHoBieHo,
0 MpHU IUIACTUYHUX JedopManisix 1o 6% (mam gedopmarii) po3ODKHICTh pe3yibTaTiB B
TOYKax Jiokanizamii aedopmarii He nepeunnye 5%. [Ipu 30uIbIICHH] 3HAYEHb TIACTUYHOT
nedopmartii (6utbie 7%, Benuwki aedopmairii) po30ODKHICTE PE3YNbTATIB MOXKE 3HAYHO
3pOCTaTH 1 B OKOJII MOKJIMBOTO CTBOPEHHs luiiku nocsratu 20%.
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Pucynoxk 3 Ilosie iHTeHCHBHOCTI iehopmaltii Ipyu HECUMETPUYHOMY HaBaHTaKEHHI

Cnucox BUKOPHCTAHOI JiTepaTypu:
Domichev K. Modeling the behavior of the body with pseudo-elastic-plastic material at non-stationary
loading / K. Domichev, P. Steblyanko, A. Petrov // Meranodizuka Ta HOBITHI TEXHOJOrii, [HCTHUTYT
meraiodizuku im. I'. B. Kypaiomoa HAH Vkpaiau, 2021 — Tom 43, Bumyck 1 —c. 107-128.
Crebnsanko I1.A. Meronsl pacilelUIeHHs B IPOCTPAHCTBEHHBIX 3ajauax TeopuH IwiactuaHoctd /I1A.
Crebnsako — Kuen: Haykoa mymka, 1998. — 304 c.
Abeyaratne R., Knowles J.K. Evolution of phase transitions /R. Abeyaratne, J.K. Knowles— Cambridge
University Press, 2006. — 258 p.
Shaw J. A., Kyriakides S. Thermomechanical aspects of NiTi. / J. A Shaw, S. Kyriakides — Mechanics and
Physics of Solids, 1995. — No 43, p.1243-1281.
Shaw, J. A., Kyriakides, S. On the nucleation and propagation of phase transformation fronts in a NiTi alloy
/J. A Shaw, S. Kyriakides — Acta Materialia,1997. — No 45, p. 683-700.
Petrov A. Development of the method with enhanced accuracy for solving problems from the theory of
thermo-psevdoelastic-plasticity / A. Petrov, Yu. Chernyakov, P. Steblyanko, K. Demichev, V. Haydurov —
Eastern-European Journal of Enterprise Technologies. 2018. Vol. 4/7 (94). P. 25-33.
JlsomiueB K.E. Heminiiina ¢peHoMeHnonoriuaa MoJeNb HOBEMIHKN (D YHKI[IOHAILHO-HEOHOPIIHAX MaTepialiB
/ K.E. Ipomiues, I1.O. Crebmsnko, O.J. IlerpoB // BicHnk UepkacbKOro HalliOHAJIBHOI'O YHIBEPCHTETY
iM. b. Xmenbauipko. Cepis [Ipukinaana marematuka. Inpopmatuka Nel(1). — 2020—C. 4-12.
Steblyanko P. Phenomenological Model of Pseudo-Elastic-Plastic Material Under Nonstationary Combining
Loading / P. Steblyanko, Y. Chernyakov, A. Petrov, V. Loboda — Structural Integrity, Volume 8,
Theoretical, Applied and Experimental Mechanics, Springer Verlag, 2019. — P. 205-208.
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9. TIlerpor O.J]. Komm'toTepHe MOIEIIOBAHHS MOBEMIHKU CTPIKEHS 3 TPUIIHIMHOrO ABO(A3HOr0 MaTepialy
mpu posrarysansi / O.J1. IlerpoB — IHdbopMaIriiiHi TeXHOIOTIT Ta KOMII FOTEpHE MOJICTIOBAHHSI;, MaTepiaau
crareit MHIIK (ISBN 978-617-7468-26-3) — 2018. — IBano-®pankiBcbk. — 2018. — C. 234-237.
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SIMULATION OF LOCALLY LOADED STRIP BEHAVIOR FROM PSEUDO-ELASTIC-
PLASTIC MATERIAL UNDER LARGE PLASTIC DEFORMATIONS

Summary. Introduction. Currently, a number of models are known to describe the
thermomechanical behavior of functionally inhomogeneous materials, in particular alloys with shape
memory (SPF) [3; 4]. Most of them are based on classical ideas, ie aim to directly describe the
experimental data obtained on different macrosamples under simple and complex loads. However, as
established in experimental studies, the behavior of the material at a point in the body in the General
case may be different from the behavior of the sample as a whole [5]. In the considered problems the
numerical procedure of calculation of the diagram of material which represents a curve which
surrounds a family of diagrams of the material constructed for certain laws of change of speed of a
front of rupture of deformations is developed.

Purpose. The aim of the work is to apply a nonlinear phenomenological model, which describes
the properties of alloys with shape memory and thermo-pseudo-plastic behavior (TPPM) of the
material at the point to the problem of modeling a locally loaded strip of pseudo-elastic-plastic
material at large plastic deformations. Compare the results of modeling in geometrically linear and
nonlinear formulations for large plastic deformations.

Results. The behavior of the locally loaded weakened strip of pseudo-elastic-plastic material
under its non-stationary loading is modeled in the work. The authors used a nonlinear
phenomenological model of the material to solve the above problem, which allows to describe a
number of experimental data on different samples under different conditions. A comparison of the
results obtained in geometrically linear and nonlinear formulations with large plastic deformations.
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Conclusion. Modeling the behavior of pseudo-elastic-plastic material with large plastic
deformations requires the use of nonlinear mathematical models that could more accurately describe
and predict the behavior of such a body. The behavior of the locally loaded weakened strip of pseudo-
elastic-plastic material under its non-stationary loading is modeled in the work. The authors used a
nonlinear phenomenological model of the material to solve the above problem, which allows to
describe a number of experimental data on different samples under different conditions. A comparison
of the results obtained in geometrically linear and nonlinear formulations with large plastic
deformations. Numerically compared intensity fields at symmetric and asymmetric loading It is
established that at plastic deformations up to 6% (small deformations) the discrepancy of results in
points of localization of deformation does not exceed 5%. With increasing values of plastic
deformation (more than 7%, large deformations), the discrepancy of the results can increase
significantly and in the vicinity of the possible creation of the neck to reach 20%.

Keywords: phenomenological model, nonlinear model of material, materials with memory of
forms, thermo-pseudo-plasticity, large plastic deformations.
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NUMERICAL-ANALYTICAL METHOD FOR THE PROBLEMS OF
ENVIROMENTAL SAFETY

In problems of modeling pollution of water and atmospheric resources of the Earth’s
ecosystems, models of potential flow are often used. Recently, considerable attention has also been
paid to protecting metropolis from atmospheric pollution with acoustic noise. Very often, without
focusing on local flow features, the Laplace equation is used to describe the potential equation motion
of a fluid. Acoustic problems are modeled based on the Helmholtz equation.

In the work presented below, the features of the numerical-analytical method for the Helmholtz
and Laplace equations are considered. The sound potential is a rapidly oscillating function given at
the boundary of the computational domain. In addition, the numerically-analytical method
peculiarities are presented for the Laplace equation that uses the expansion of the boundary condition
in a Fourier series in eigenvalues of the Sturm-Liouville problem. Despite the fact that the data
presented in the work were obtained for canonical domains, the scheme of the method implies the
possibility of using it for domains with an arbitrary curvilinear boundary. The numerical-analytical
method proposed in the paper allows for low computational costs to solve numerically the problems
for the Laplace equation and the acoustic equations. The results of the research conducted can be
used as new information technology to address the environmental security challenges of water and air
resources.

Keywords: Computational modeling, Numerical method, Geo-environmental monitoring.

Introduction

One of the major problems of today is the problem of preventing pollution of the Earth's
water and air resources. It is directly related to the geo-environmental monitoring of the
planet. To prevent global man-made disasters, scientists are developing mathematical models
that describe the processes of occurrence and spread of pollution in aquatic environments.
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