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HEJIIHIMHA ®EHOMEHOJIOTTYHA MOJEJIb IOBEJIITHKH
®YHKINIOHAJIBHO HEOJJHOPIIHUX MATEPIAJIIB

Y pobomi chopmosana neniniiina ghenomenono2iuna Mooensb, AKa ONUCYE GIACTMUBOCTE CHAAGLE
3 nam’smmio opmu ma mepmo-ncesdo-niacmuuny nosedinky (TIIIM) mamepiany came 6 mouyi.
Buxopucmano oOiazpamy ncee0o-npyscrHo2o mamepiany, wjo CKIA0AEMbCA 3 MPbOX KPUBONIHIUHUX
oinsinok. Taxuil nioxio npuzeodums 00 HecmiuKol diaepamu HanpyjicenHs-0epopmayis, i O Onucy
MEePMOMEXAHIYHOI NOBEOIHKU 3PA3KI6 PI3HOL (hopmu HeoOXiOHO mMamu piulenHs panuyHol 3a0aui 3
VPaxy8auHam po3eumKy @ponmy oegopmayii ghazoeozo nepemeopenns. llpu yvomy eépaxosano He
MiNbKYU memMnepamypy HasKOJUUHbO2O cepedosuwia, daie i menjo, Wo BUBIIbHAEMbCA 8 MOoYYl npu
@azosomy nepexodi. Pospobreno uucnogy npoyedypy pospaxyHky oiacpamu mamepiany, sKd
npedcmasnie cobor Kpugy, wo 02UHAE CiMelcmseo diazpam mamepiany, noOYO0S8aHUX Oisi NeGHUX
3AKOHIE 3MIHU weuokocmi ponmy pospusy oegopmayiu. Ilodyoosano inmezpanvhy oOiazpamy
Mamepiany, AKull 3HAX00UMbCs Ni0 BNIUBOM CKAAOHO20 HABAHMANCEHHSL.

Knrouosi cnoea: penomenonoziuna mooenvb, HeniHilina MOOelb Mamepiany, mamepiai 3
nam’smmio (hopm, mepmo-neeg0o-niaCmMudHIiCIy, YUCI08d NPOYedypa po3PaxyHKy diazpamu.

Beryn

Ha nanwmit wac BimomMu#l mimuid psa MoAeNed JJIA OMUCY TEPMOMEXAHIUHOI MOBEIIHKU
(G YHKIIIOHAaJIbHO HEOJHOPIIHUX MaTepialliB, 30Kkpema ciiiaBiB 3 nam’atTio ¢popmu (CIID) [3;
4]. butbmicte 3 HUX OyAYIOTbCA Ha MIJCTaBl KIACHUYHUX YSBJIEHb, TOOTO CTaBJIATH coO1 3a
MeTy 0e3MmocepeIHh0 OMUCATH EKCIIEPUMEHTANIbHI JIaHl, OTpUMaH1 Ha PI3HUX MaKpo3pasKax
IIpU MPOCTOMY 1 CKJIaJHOMY HaBaHTaXeHH1. OJHaK, K BCTAHOBJIEHO B €KCIEPUMEHTAJIbHUX
JNOCTIKEHHSX, TOBEAIHKa MaTepiady B TOYIl TUla B 3arajJlbHOMy BHUIAAKYy MOXe OyTH
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BIZIMIHHOIO BiJl TOBEIIHKU 3pa3Kka B IIoMy [5].

Mera po6orn chopmyBaTH HediHiliHY (QEHOMEHOJIOTTYHY MOJIeNb, $IKa OIHCYE
BJIACTHBOCTI CILIABIB 3 MaMm’ATTI0O GOpPMU Ta TE€pPMO-IceBaO-IIacTU4Hy noBedinky (TIIIIM)
Marepiajy caMme B TOYILIL.

Buknan ocHoBHOro marepiany

Hnst omucy mnpyxHOi gedopmanii 1 gedopmarii  PazoBOro  mepeTBOPEHHS
CKOPHUCTAEMOCS JlarpamMol0 IICEBJAO-NPYKHOTO Marepiajly, L0 CKJIAJaeTbcid 3 TPbhOX
KpHUBOJiHIiiHUX fUIsHOK. Take TpakTyBaHHS NPU3BOIUTH JO HECTIMKOi Jiarpamu
HanpyXeHHs-neopMallis 1 i ONMUCAHHA TEPMOMEXAHIYHOT TMOBEMIHKH 3pa3KiB Ppi3HOT
¢bopMu HEOOX1HO MaTH pILIEHHS TPAaHUYHOI 33Jayl 3 ypaxyBaHHSM pO3BUTKY (POHTY
nedopwmaiiii ¢a30BOro NEPETBOPEHHS.

I[Ipu 1pomy OyaemMo BpaxoByBaTH HE TUIBKM TEMIIEpaTypy HaBKOJHUIIHBOIO
Cepe/oBUINA, ajle 1 TeIlo, IO BUBUIbHIETbCA B TOulll mpu ¢azoBoMy mepexoni. Taxe
TPaKTyBaHHS J03BOJWIO 3 €IMHOT MO3ULIl cHOpPMYITIOBAaTH HENIHINHY (EHOMEHOJIOTTYHY
MOJENb 1 ONUCATH LUIMH sl €KCIEPUMEHTAIbHUX JaHUX Ha PI3HUX 3pa3Kax IpU pIZHUX
yMOBax HaBaHTAXECHHs, BKIIOYAIOYM LUKIIYHE TEMIlepaTypHE 1 CHUJIOBUH BIUIUB.
BcTaHOBIEHO KOHKPETHI 3aJIEKHOCTI Ui MeXaHuHuX mapamerpl. [lokazano, mo mexa
po3nury ¢a3z pyxaeThcs 3 MOCTIHHOIO I 00paHOoi TeMIiepaTypy MmBUAKICTIO. [ligTBEpKEHO,
0 KJIACHYHI JlarpaMu MaTtepialiB MPEICTaBISIOTh COO0I0 KPHUBY, IO OTHHAE CIMEHCTBO
Jiarpam marepiajly B TOYIIl, sIK€ MOOYAOBAHO JJIsl IEBHUX 3aKOHIB 3MIHU IIBUJKOCTI (PPOHTY
pO3puBY nedopmarii.

VY3aranbHeHa 3aJIEKHICTh MDK HANpyKeHHSM o 1 nedopmaliero &, B MaTepiajbHII
TOYIIl MOJIENIIOETHCA KPUBOIO, 110 300paskeHa Ha pucyHKy 1. IIpu moOynoBi Takoi piarpamu

3ajaioThes Toukn (0,8, ), (0,,¢,) 1 Gyukuii € =y, (o), i=1, 2, 3.
3minHa gedopmartis Ga30BOro MepeTBOPEHHS BU3HAYAETHCS, K PIZHUIIS
&r =V (6)_’1”3 (0) (1)
Dynkuii y, (a) JiarpamMy MarOTh 33J0BOJIBHITH HACTYITHAM BUMOTaM:
v, (0) =0y, (GM) = gM’l//]’ (UM) >0,
¥, (GM):gM’l//Z (Um):gm’l//; (0)<0’ (2)
WS (Gm) = gm’ l//3’ (U) > 0

[Tone nepeminieHb B 3pa3Ky IOBUHHO OyTH HENIEPEPBHUM

u(x)=

BiamoBinHuii  KyCKOBO-OJHOPUIHHMM po3noaul  Aedopmariii B CTPUKHI JAETHCS
bopmyroro

W3(G)X,OSX<S,

v, (0)x+e,s<x<L.

W3(G),OSX<S,

e(x)=

3anexHICTh MDK 30UIBIIEHHAM JOBXHHH u(L):c‘S CTPUXHSL 1 HaNpyXEHHAM

v, (6),sSx<L.

BH3HAYAECTHCA BUPA30OM
S=vy,(o)s+y,(c)(L-s). 3)
Tyt depes s MO3HAYCHO TPAHUITIO PO3ALTY (a3.
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Pucynoxk 1. KpuBa HanpyxeHHs-nedopmartis 1uist 1Bo(ha3HOro Matepiaity

B3zarani piBasaHs (3) 1ae 3MOTYy BU3HAUYUTH CIMEMCTBO O (a,s). Axmo 6 3ampaHo, TO
MOXHA 3HAWTH HANPYKEHHS O, PO3B’SA3yIOUM BIATMOBIAHO 10 yMOB (2) KpailoBy 3amady
HeniHiiHOT npyxHOoCTI. [Ipu nboMy 3 Bupasy (3) He MOXHa OJpa3y BU3HAUUTH O, OCKLIbKH

HEBIZIOMO TIOJIOKEHHSI TpaHuIll po3auty da3. [ns oxHo3HAYHOTO PO3B’sI3aHHS 1Ii€l 3amadi
HEOOX1IHO MaTH JONOMDKHY 1H(pOpMallito OKpiM pIBHAHHSA (2.3), (I3MYHUX CHIBBIIHOILEHb

E=Vy, (G), i=1, 2,3, rpaHMYHUX yMOB 1 BUMOT A0 TJagkocTi. [lepepaxoBaHi pIBHSHHSA

JOCTaTHI TPU BIICYTHOCTI HECTIMKMX JUISTHOK JiarpaMu, JUisli 3BHYAWHHMX EJIACTHYHHUX
MaTepiajiB, JAJs SKUX Hapy>KEHHsI MOHOTOHHO 3pOCTae 31 30UIbIIEHHAM AegopMaltii.

[TopyiieHHs: 0AHO3HAYHOCTI BUHUKAE B (3), AKILO 33J]aHO O , a HE J. B 11pbomy Bunaaxy
npoOieMa BUPIIYETbCA HUISXOM BBEIEHHS HOHSATTS pylIidHOT cuiu f. BoHa BU3HavaeThes
TaKk

f(0)= [ & (0)do. 4

Tyr o, = (UM +0, ) / 2 — HampyxeHHs MakcBena. OCKUIbKM HaIPpY>KEHHS Y CTaHl piBHOBaru

B 3MilIaHii (a3l MOBUHHO 3HAXOAMUTHCA MK O, 1 O, , TO Alalla30H MOXIMBHX 3HAa4CHb

pywiiieoi cumn Gyne Takum f €| £, £, |-
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Posrnsinemo nomoMikHY 3afady, B SKid Tpeba BU3HAUMTH (QYHKLII 4acy o =0 (t) ,
s=s(t), 6§=6(1).
[ToxigHa 3a yacoM Bif 3asIexHOCTI (3) Aa€ HACTYNHE HEJNIHINHE PIBHSIHHS
§=zr5+(e (0)s+w (o) Lo (5)

TyT TOUKOIO MO3HAYEHO MPOXITHI 32 YACOM, a IITPUXOM MOXIIHI 10 HAMPYKEHHIO O.
B pesynbrarti 3 (5) B 3aralibHOMY BUNAAKY JOTHYHUN MOJYJb JlarpaMH 3pa3ka MO>KHA
BU3HAUUTHU TaK

do _ 1-g (c)s/o
dé v, (U)L+8T’ (U)S

[Ipu i#oro obGuucienHi Tpeba HomepeaHbO BHU3HAUUTH (YHKIIIT Gza(t), s=s(t). s

po3B’si3aHHA 1€l 3a1adl 70 piBHAHHA (5) ciin 100aBUTH (PYHKII0 KIHETUYHOTO BIATYKY
s=0 ( f ) (pucyHoK 2) 1 BUpa3 Juid pylIiiHoi cunu (4), sKuii MOKHA IIPEJICTAaBUTH TaK

7(0)= [[:(0)wi(o)]do. ©

S
A
$=9(f)

v
=

E
Pucynok 2. Cxematnunuii rpagixk HesliH1HHOT QYHKI[IT KIHETUYHOTO BIATYKY.

Jis TpuinaHkoBoro JBo¢a3HOro Marepiaidy 31 3MIHHMUMH MOJYJISIMH IPYXHOCTI 1
BIJNOBIJHO 3MIHHOIO TpaHC(OpMaLiiiHOWO AedopMali€l0 &,Ha OCHOBI HABEACHUX BHUILE
dbopmyn (5) 1 (6) MoKkHA 3amKCaTH 3aJIEKHOCTI MK HAMPYKCHHAM 1 30UTBIIICHHSIM JOBXUHHI
MPYKHOTO 3pa3Ka, a TAKOX JUIsl pyLIIHOT CUITH.

PiBHsiHHS nepioi AinstHkn giarpamu 1is € €[0;¢,, ], o €[0;0,, |, Mae Bursin

e(o)=y, (o). (7)
PiBHSHHA JiarpaMu Ha AUISHIN € € [gm;oo) , o€ [am;oo) , Ma€ BUTIIST
e(o)=y,(o).
3a3HaunMMoO, IO Yac MPOTIKAHHS MPOILECY HAa APYTiA AUISHIN & (a) =y, (a) .3HA4YHO

MEHUINI y MOPIBHIHHI 3 nepedirom nedopMyBaHHS Ha MEpIIiid Ta TpeTid AuisHKax. Tomy
OyZeMo BBa)kaTu, 110 (a30Be NEPETBOPEHHS IPOTIKAE MUTTEBO.

B 3amayax mexaHiku, ¢ BHBYAETHCS IMOBEIIHKA MaTepialliB, B SKHX MAalOTh MICIE
¢da3zoBi mepexoau, Uil MoOynOBH (I3UYHUX CHIBBIJHOLIEHb MDK HANpPYKEHHSIM Ta
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negopmariiero HeoOXiJIHO JOJAaTKOBO 3HATHU MOJIOKEHHS B 3pa3Ky GpoHTY (pa30BOro rnepexomy
s =s(t) (pucynox 2) i hyrkuito kinernanoro Biaryky s =@ ().
Posrnsinemo BUNaAOK, KoM (YHKIIS KIHETUYHOrO BIATyKy §=®@ ( f ) Oyae maru
BUIJISIL, IPEJCTaBICHUN HA pucyHKy 2. Llg pyHKuis Mmoxe OyTu 3aaHa aHAJIITHYHO.
0 e[0s 1]
=1. ; (®)
So+a(f-1)".
Ha nmepmiit ginstai (mo ¢azoBoro nmepexony) s =0;5s =0. B cuny uporo piBHsHHSA (5)
Haly1e BUTJISA
o=y, (o)Lc.

3Bigcu oTpuMaemMo GopMyny Uisi OOYMCICHHS JOTHYHOTO MOJYJsS Ha TMEpHIid JUISHIN
aiarpamu
oo 1
00 l//]’(a) L
Ha tperiit auiaHui (micns ¢a3zoBoro mnepexoiy) piBHAHHA (5) 3 ypaxyBaHHAM (8)
npuiiMe BUTJIST

é::gT(U)[jo+a)(f_ﬂ)nj|+gT’(6)S:Tl/’1’ (U)Lf.

; ©)
s=5,(t-1,)+o[(f- 1) dr.

B pesymbrari 3 (9) oTpumaemMo HACTyNmHY IHTETpo-nudepeHiiagbHy CHUCTEMY pPIBHSIHHB
BITHOCHO PYILIHHOT CHIIN

t
s=5,(t-t,)+o[(f- 1) dr.
t,
gT (G) 5 . n
, , —er (o) (s +e(f=1) )|
& (o)s+y, (o)L
JUia Bunaaky TpWiIiHIMHOTO JABO(a3HOro warepiajly 3 OJHAKOBHUMH MOJYJISIMU

MPYXHOCTI pe3ybTaTH OTpUMaHi B podoTax [6-8 ].
3 METOI0 CITPOIICHHS MOAAIBIIOTO 3aM1Cy BBEIEMO IMO3HAYCHHS

F=f-1,

B pesynbTati hopmynu cucremu (10) mepenumemMo Tak

(10)

f=

F:d)(F;s),széo(t—tr)+ij(r)" dr,
(11)

& (o) : _
D(F;s)= L S—¢e,(o)s, +oF")|.
() ST'(G)HWI'(U)L[ (s ror)]
Ha nepuiit ginstaii (1o dasosoro mepexony) § = 0;s = 0;7 €[0;2,]. 3 hopmyxn (9) i (10)

OTpUMAEM
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d':ﬁc?:a:ﬁg-t,
L L

f(o)=(ko+b)o = Ko p [ Has,
L L
[HTerpyroun ocranHiii Bupa3, OTpUMaeMo

-\ 2 .
mo ) £ bud
t)=k| | —+1,
f( ) ( L ] 2 L
te[0:,],1(0)=0,1(2,)= 1, < fy-
Ha npyriit nuisHii cuctemy piBHsSHb (11) Oynemo po3B’si3yBaTH YHCEIBHO IPHU
HACTYITHUX YMOBax

s(t,)=0,F(t,)=0.
Jljig 1bOTO BBEJEMO CITKY 3@ 4acoOM 1 3p00MMO MO3HAUYEHHS

t,=t,, +1,p=12;3;..;t, =t

s? :s(tp),F” :F(tp),
O =®(F?,s"),ef =&, (F7).

B pesynbrari audepenuianbHe piBHAHHS Ta iHTerpan (11) MokHa 3aMIHUTH
€KBIBAJICHTHUMHU PI3HULIEBUM PIBHAHHSAM 1 CYMOIO. 3BIJICM OTPHUMAaEMO pPO3PaxXyHKOBI
dbopmynu, A pyminHoi cuinu F

FP=F"? +r-(D(F”,S”),s" =p-s,t+w-J?,

o

(12)
Jr =g +%(F”“ +F7),J" =0,F" =0

Pesynbrati po3paxyHKIiB MO OOYHCICHHIO AOTHUYHOTO MOIYJIS Ha KOXHOMY KpOIIi
IHTErpyBaHHS 3a 4YacoM JUIsl IHTErpajibHOI JlarpaMu MarTepialy HaBeJIeHO HWKYEe Ha

PHUCYHKY 3.

Pucynok 3. [aTerpanpHa miarpama matepiany

[lepma pinsHka iHTerpaibHOi pdlarpamu  Mmarepiany, OA, BianoBigae NpyxHil
noBeninil. Tpers, BC, xapakTepu3ye 3MiliHEHHST MaTepiary. MbK HUMU MICTUTBCS IUISHKA,

9
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sKa HaraJye MOBEAIHKY 17lealIbHO IUIACTUYHOIO MaTepiaiay. AHAJIOTIUHI IUISIHKY MalOTh Micle
1 npu po3BanTaxkenH1 CDEF, ane npu BU3Haue€HUX TeMIlepaTypax.

Hlepopmariss B MaTepiajbHIA TOYIl NPEACTABISIETbCS y BUIUIAAI CYMH MPYXHOIO
CKJIIaZoBO1; cTpubOka nedopmanii npu dazoBomy mepexoil; MiIacTUIHOI aedopmariii, ska
HMIANOPSAAKOBY€ETHCS TEOPIi Teuli 3 KIHEMaTUYHUM 1 TPAHCIALIHHUM 3MILHEHHM; nedopmartii,
BUKJIMKAHOI TemmepaTypHuMH 3MiHamu. [Ipum npomy mnependaudaeTbcsi, L0 BIACTHUBOCTI
MaTepiaiy 3ajexarhb BiJl TEMIEPATYpH.

BucnoBku

ExcnepuMmeHTaNbHO BCTAHOBJICHO, 10 TTOBEIIHKA MaTepiaidy B TOYIl Tila B 3araIbHOMY
BUIIAJIKY BIIPI3HAETHCS B1J MOBENIHKU 3pa3ka B LUIOMY. Y poOoTi GOpMYIIO€ThCs HeliH1iHA
(eHOMEHOJIoTIYHA MOJIeb /ISl ONKCY BJIACTUBOCTEH Mmartepiany came B Touul. s omwmcy
npyxHoi aegopmanii 1 nedopmariii Ha3oBoro nepeTBOpeHHs BUKOPUCTOBYBANACs Jiarpama
IICEBJONPYKHOTO Marepiajly, L0 CKJIAJaeTbcd 3 TPbOX HENIHIMHUX JUISHOK. Take
TpPaKTyBaHHsI TEOpPii MPU3BOJIUTH J0 HECTIMKOI JiarpaMu Hampyra-gegopmariis 1 BUMarae
pIIIEHHS TPaHUYHOI 3a/1a4l 3 ypaxyBaHHIM PO3BUTKY QpoHTY nedopmariii neperBopenHs. Lle
JO3BOJIWJIO 3 TIO3MIi 3alpoNOHOBAaHOI HENIHIMHOI MoJeni Marepiajlly ONUcCaTH psij
eKCIEPUMEHTAJbHUX JaHUX Ha pI3HUX 3pa3kax MOpH pPI3HUX YMOBaxX HABaHTAXKEHHS.
Po3po6iiero 4nciioBy nponeaypy po3paxyHKy AlarpaM Matepiany, sika MpeAcTaBise co001o
KpHUBY, 1110 OTMHA€E CIMENCTBO JAilarpaM marepiaily, NoOyJ0oBaHUX Ul MEBHUX 3aKOHIB 3MIHU
HIBUAKOCTI (QpoHTYy po3puBy jaedopmariif. Ile go3BosMiao 3anucatd BU3HAYaNIbHI
CHIBBIJHOILIEHHS MK IIBUAKOCTSIMH HalpyXeHb Ta aedopmalliii B yHiBepcaiabHiil popmi Ta
3aCTOCYBAaTU JI0 PO3B’SI3aHHA KOHKPETHHMX HENIHIMHUX 3a/Jad TepMO-IICEBIO-IIPYKHO-
IUTIACTHYHOCTI BIIOM1 METOIH.

Cnucoxk BUKOPHCTAHOI JiTepaTypu:

1. Usnes, . 1. Teopus ynpounstomerocs mactudeckoro tena / J[. JI. Usnes, I'. U. BrikoBreB. — Mockga:
Hayxka, 1971. - 232 c.

2. Crebnsuko, II. A. MeTtomsl pacuieIIeHUs] B IPOCTPAHCTBEHHBIX 3ajadyax TeOpHH IwiactuuHoctd / I
A. Crebnsuko — Kues: HaykoBa gymka, 1998. — 304 c.

3. Abeyaratne, R. Evolution of phase transitions / R. Abeyaratne, J. K. Knowles — Cambridge University Press,
2006. — 258 p.

4. Shaw, J. A. Thermomechanical aspects of NiTi. / J. A Shaw, S. Kyriakides — Mechanics and Physics of
Solids, 1995. —No 43, p.1243-1281.

5. Shaw, J. A. 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.

6. 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.

7. 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.

8. Tlerpos, O. JI. Komm'toTepHe MoaeniOBaHHs MOBEMIHKH CTPIMKEHS 3 TPUITIHIHHOrO ABO(a3HOro mMaTepialy
mpu po3tsaryBanni / O.J1. IletpoB — IHdopmariiiiHi TeXHOIOTIT Ta KOMIT IOTEpHE MOJICTIOBAHHSI, MaTepiain
crareit MHIIK (ISBN 978-617-7468-26-3) — 2018. — IBano-®pankiBcbk. — 2018. — C. 234-237.

References:

1. Ivlev, D. D., Bikovtsev, G. 1. (1971). The theory of a strengthened plastic body. — Moskva: Nauka. [in
Russian]

2. Steblyanko, P. A. (1998). Methods of decomposition in space problems of the theory of plasticity. — Kyiv:
Naukova dumka. [in Russian]

3. Abeyaratne, R., Knowles, J. K. (2006). Evolution of phase transitions. — Cambridge University Press.

4. Shaw, J. A., Kyriakides, S. (1995). Thermomechanical aspects of NiTi. J. Mechanics and Physics of Solids
43, 1243-1281.

10



Bicnux Yepracwvroeo nayionanvsnozo ynieepcumemy imeni boeoana Xmwenvrhuyvkoeo

5. Shaw, J. A., Kyriakides, S. (1997). On the nucleation and propagation of phase transformation fronts in a
NiTi alloy. Acta Materialia.

6. Petrov, A., Chernyakov, Yu., Steblyanko, P., Demichev, K., Haydurov, V. (2018). Development of the
method with enhanced accuracy for solving problems from the theory of thermo-psevdoelastic-plasticity.
Eastern-European Journal of Enterprise Technologies.

7. Steblyanko, P., Chernyakov, Y., Petrov, A., Loboda, V. (2019). Phenomenological Model of Pseudo-
Elastic-Plastic Material Under Nonstationary Combining Loading Theoretical, Applied and Experimental
Mechanics, Springer Verlag.

8. Petrov, A. D. (2018). Computer modeling of the shearing behavior of trilinear two-phase material during
stretching. Information Technologies and Computer Modeling; materials of articles Annual Intern.
Scientific. [in Ukrainian]

STEBLYANKO Pavel,

Doctor of Physics and Mathematics, Professor, Professor of Department of Cybersecurity and
Information Technology, University of Customs and Finance, Ukraine

DOMICHEY Konstantin,

Candidate of Technical Sciences, Associate Professor, Professor of Department of Computer Science,
Kyiv International University, Ukraine

PETROYV Alexander,

Doctor of Philosophy (PhD), Junior Researcher, Department of Theoretical and Computer Mechanics
Dnieper National University Named After Oles Honchar, Ukraine

NONLINEAR PHENOMENOLOGICAL MODEL OF BEHAVIOR OF FUNCTIONALLY
HETEROGENEOUS MATERIALS

Summary. Introduction. In this work formed a nonlinear phenomenological model of
describing the properties of alloys with shape memory and thermopseudo-plastic behavior of the
material exactly at the point. A diagram of pseudo-elastic material consisting of three curvilinear
sections is used. Such approach leads to unstable stress-strain diagram and in order to describe
thermo-technical behavior of samples of different shapes it is necessary to have a solution to the
boundary problem taking into account the development of phase transformation deformation front. In
this case, not only the ambient temperature but also heat is released at the point of phase transition.

In mechanics problems, where the behavior of materials in which phase transitions take place,
to build physical relations between stress and strain, it is necessary to additionally know the position
in the body of the front of the phase transition and the function of kinetic response. We consider the
case when this function will have the form of a polyline consisting of two linear segments and a more
general case with a nonlinear second segment, for which the second linear segment of the previous
model will be an asymptote. This combined line can be set analytically, which allowed to build a more
precise algorithm of problem solving.

A numerical procedure has been developed for calculating a material diagram, which is a curve
that bends around a family of material diagrams constructed for certain laws of change in the velocity
of the deformation rupture front. The integral diagram of the material is constructed, which is under
the influence of a complex load.

For a two-phase material consisting of three curvilinear sections with different modulus of
elasticity and, correspondingly, variable transformational strain on the basis of the proposed model,
the dependence between the stress, length increase of the sample and the driving force is recorded. At
reception of calculated formulas of the refined model the auxiliary problem connected with
development of an instant thermomechanical surface on the given coordinates of four points has been
considered. At active loading the total thermomechanical surface of pseudo-elastic material consists
of three separate surfaces. This is the surface of the elastic part, the surface where deformations
caused by phase transformation are jumping and the part of the surface for which the material
continues to behave elastically (after phase transition) and then passes into the plastic state. Similarly,
the thermomechanical surface is defined during unloading.

Purpose. The aim of this work is to form a nonlinear phenomenological model that describes
the properties of alloys with shape memory and thermopseudoplastic behavior (TPPM) of a point
material.

Results. A nonlinear phenomenological model is formed in the paper to describe the properties
of the material at the point. A diagram of a pseudoelastic material consisting of three nonlinear
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sections was used to describe the elastic deformation and the deformation of the phase transformation.
A numerical procedure for calculating a material diagram has been developed, which is a curve
enveloping a family of material diagrams constructed for certain laws of change in the velocity of the
deformation rupture front.

Conclusion. It is experimentally established that the behavior of the material at a point in the
body in the General case differs from the behavior of the sample as a whole. The paper formulates a
nonlinear phenomenological model to describe the properties of the material at the point. A diagram
of a pseudoelastic material consisting of three nonlinear sections was used to describe the elastic
deformation and the deformation of the phase transformation. This interpretation of the theory leads
to an unstable stress-strain diagram and requires a solution of the boundary value problem taking into
account the development of the transformation deformation front. This allowed from the standpoint of
the proposed nonlinear model of the material to describe a number of experimental data on different
samples under different loading conditions. A numerical procedure for calculating a material diagram
has been developed, which is a curve enveloping a family of material diagrams constructed for certain
laws of change in the velocity of the deformation rupture front. This allowed us to record the defining
relations between the rates of stresses and strains in a universal form and to apply the known methods
to solve specific nonlinear problems of thermo-pseudo-elastic-plasticity [1; 2].

Keywords: phenomenological model, nonlinear model of material, materials with shape
memory, thermo-pseudo-plasticity, numerical procedure of diagram calculation.
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BOOLEAN FUNCTION “EXCLUSIVE OR” FOR THE N VARIABLES

This paper proposes a new Boolean function — "exclusive OR" for case of n Boolean variables.
The definition of this function is given; its basic properties are studied. In particular, it is established
(theorem) that the "exclusive OR" of n variable is a symmetric function with respect to the permutation
of arguments, and in the case n = 2 coincides with the "exclusive OR". For the cases n = 3,4, a
disjunctive normal form (DNF), perfect disjunctive normal form (PDNF), minimal disjunctive normal
form are constructed. In particular, in the case of n = 3, three equal minimal disjunctive normal forms
were found using the Quine method. It is established that the conjunctive normal form, the perfect
conjunctive normal form and the minimized conjunctive normal form coincide with the definition of
the "exclusive OR" of n variable. For the cases n = 3,4, Zhegalkin polynomials are constructed, which
are of the order of one lower than PDNF. Post classification performed. It is established that the
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