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Anomauia—Yy  3anpomnoHoBaHiii poGori (opmynoeThCH
(heHoMeHoOIOTIYHA MOJe/Ib IJIsI ONMCY BJIACTHBOCTEl cluiaBiB 3
nam'ATTI0 popmu B TouNi. BcTaHoBJIeHO, 10 KJIACHYHI JiarpaMu
MaTepiaiiB NPeICTABJIAIOTE CO00I0 KPHBY, 10 OTHHAE CiMeliCTBO
Aiarpam marepiaiy, sike m00y10BaHO JJIsl ICBHUX 3aKOHIB 3MiHH
IWBHAKOCTI GpoHTYy po3puBy nedopmaniii.

Abstract—The present paper formulates a phenomenological
model for describing the properties of alloys with shape memory
at a specify point. It is established that the classical material
diagrams is an envelope of a certain family of material diagrams
constructed for certain laws of velocity variation and the front of
strain rupture.
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B 3amauax MexaHikM, 1€ BUBYAETHCSI IIOBEIIHKA
MarepianiB, B SIKUX MalTh Micue (a3oBi Mepexoau, s
noOynoBr  (i3UYHUX  CHIBBIIHOIIEHBMDK HAIpyrowo Ta
neopMaliero  HEOOXIMHO 3HATH  TOJNOXKEHHS  (QpOHTY
(azoBoro nepexony s = s(t) i QYHKUIIO KIHETUYHOTO BiITYKY

s=o(f) [12].

Bcrvin

V3arampHeHa ~ 3aJIEKHICTh ~ MDK ~ Halpyrorwo G i
nedopMariero Y , B MaTepiaJbHIl TOYI[l MOJICIIOETHCS
KpuBOIO 1m0 300paxkeHa Ha Puc 1. [lpm moOymosi Takoi
JiarpamMu 3aarThCs TOYKU MIOMUHU (o ,,,7, )1(C .7, ),
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¢yukuii  y=vy,(c)i=1,2,31 BU3HAUAEThCS 3MiHHA
nedopMartisi HIepeTBOPEHHS
Yr = \|/3((F)—\|/]((F).
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Puc. 1. Kpusa Hanpyra-gedopmanis Uit ABO(A3HOro MPYKHOro
marepiairy
®ynkiii (o) MOBUHHI  3aJ0BOJNBHATH  HACTYMHHUM
BUMOI'aM.

V,(0)=0,y,(c)=7y,v(c)>0,
Wo(Cy ) =Yy Wa(o, ) =1, vi(c)<0, (1)

‘V}(cm): ym’ \Vi?(c)> 0.



[Tone 3mieHp B 3pa3ky NOBUHHO OyTH HETlepEpPBHUM

u(x)—{

BinmoBimHuil KYCKOBO-OIHOPIAHHUN PO3MOALT IedopMartii
B CTPUIKEHI Ta€ThCS (HOPMYIIOI0

y;(c)x, 0=<x<s,

vy, (c)x+y,(c)s,s<x<L.

y;(c) 0=<x<s,
Y(x)=
y,(c) s<x<L.
3anexHiCTh MDK 30UIBIICHHAM JOBXUHU (L )=3§
CTPYDKEHS 1 HAMPYrol0 BU3HAYAETHCS BHPA30M
d=vw;(c)s+y,(c)(L-s) (2)

Tyr § -moJIO>KeHHs TpaHuIl po3aity dhas.

PiBHsHHS (2) mae 3MOTy BH3HAUMTH CIMEHCTBO §(o,s) .
Skmio & 3amaHo, TO MOXKHA 3HAHTH HANPYry G, PO3B’A3YHOUH
BiAmoBinHO 10 yMmMoB (1) kpaiioBy 3ajauy HemiHIAHOI
npyxHocti. [Ipu mpomy 3 Bupasy (2) He MoOXHaA 3pazy
BU3HAUUTH G OCKUIBKM HEBIJIOMO TIOJOXEHHS  TPaHUIi
po3niny das.

Jns ogHO3HAUYHOTO pO3B’SI3KY IMi€l 3amadi HEOOXiTHO
HaJlaTH AOIMIOMDKHY iH(OpMaIlifo OKpiM piBHSIHHS OanaHcy (2),
(i3MYHKX CHIBBIIHOWEHb vy =\ (G ),i= 12,3, TPAHUYHHUX
YMOB 1 BUMOT JO TJIaJKOCTi. 3a3BWYail I[i BUMOTH JOCTAaTHI
NpU  BIICYTHOCTI HECTIMKMX [JUISHOK Jiarpamul, Juis
3BHYAalHMX EJNaCTUYHUX MarepiamiB, s SKUX Hampyra
MOHOTOHHO 3pOCTa€ 31 30UIbIICHHIM qedopmaltii.

[Mopymenns: €qHOCTI BUHUKAE B (2), SKIIO 33JaHO G, a HE
6. s mpoGiema Moke OyTH BHpIIICHA IIJISIXOM BBEICHHS
TIOHSTTS pYIIiHHOI cnin /. BoHa BU3HAYa€ThCS TaK

f(6)=[1:(c)ds. (3)

Tyr 6, =(os,, + 0o, )/ 2 — Hanpyra Makcsena. Hanpyry

MakcBenna MOXHA ~ IHTEPIPETYBaTH  T'EOMETPHYHO  SIK
HaNpyry,npu sKii ABi 1Uiomi, oOMexeHl KpUBOIO Harpyra-
nedopMailis, MaroTh piBHY muronry. OCKUTBKH Hampyra B CTaHi
piBHOBAru B 3MilraHiii (as3i MOBUHHA 3HAXOIUTHCS MK G, i

G, ,» TO Jiala30H MOXJIMBHX 3Ha4eHb pYIIHHOI cuiH
[ f.,.fy ] - PosrigHemo kBasicTaTMuHMi mHpolec, B SKOMY
Tpeba BUBHAYUTH QYHKLII 9aCy o = o(t), s = s(t), 8 =8(t).

[MoxinHa 3a yacoMm Bij Bupa3y (2) nac HACTYIIHE HENiHiiHE
PIBHSHHS

S=7v,(c)i+(yr(c)s+vy)(c)L)S. @

Tyr TOYKOI IMO3HAYEHO MPOXINHI 3a YacoM, a INTPUXOM
IOX1HI IO G .
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B 3aragpHOMYy BUNAAKy AOTHYHHH MOAYAb JAiarpamu
Marepiary MOXKHa BU3HAYHUTH 3 (4) Tak

do _ 1-y,;(c)s/3
ds  yi(c)L+7vr(c)s

IIpu ioro oGuucneHHi Tpeba NONEPETHHO BHU3HAYUTH
¢byakuii o =o(t), s=s(t),ad 0bOro A0 piBHIAHHA (4)
cmig 100aBUTH (PYHKINKO KiHETHYHOTO BIATYKY s = @( f )
(Puc. 2) 1 Bupa3 ans pywiiiHoi cuimu (3), SIKMA MOXKHA
MIPEACTaBUTH TaK

f(s)=[lvi(c)-v,(c)]do (5)

Oy

II. TPMJIIHIAHUI ABO®A3HUI MATEPIAJ

Just TpuiiHiiHOrO nBO(a3HOrO Marepially 3 pPI3HUMH
MOIYISIMU MPYKHOCTI W, # l; 1 BIANOBIIHO 3MIHHOIO
TpaHc(opMaliiiHo nepopMmallieioy, Ha OCHOBI HaBEAEHUX
Buiie Gopmya (4) i (5) MokHA 3aMHUCaTH 3aJIEKHOCTI MIXK

Hampyrorw i 30UIBIICHHAM IOBXHHU IPY)KHOTO 3paska, a
TaKOX IS PYLIHOT CHITH.
PiBHsHHSA nepIoi psMOi Ha hishicesingt
ye [0y, ] o€ [0;0, ] MaeBUsg
v(c)=v,(c)=0c/p, ) (6)
PiBHsAHHSA psMoi Ha IUTSHI

Y€ ['Ym,'OO),G € [G,,,;'OO)MaGBI/IFJI;[[[
Y(6)=\V3(6)=Ym+(6—6m)/p3‘ (7)

3BiAKHU

Y;(c)=ko+b, @®)

IS
k:1/M3_1/M1’bZYn1_Gn1/M3'

Ha ocnoBi dpopmyn (4)-(8) 3amumremo

d=(ko+b)s+ (ks +L/p,)s. ©)

f(o)=(k%+bc)—(k67”+bc(,). (10)

3BincH 0TpUMaEMO

f(6)=y,(0)6=(ks+b)é.



Jist TpuniHiiiHOTO NBO(A3HOTO Marepiany 3 OJHAKOBUMHU

MOIY/ISIMU OpyKHOCTI WU, = |l; =L Ha OCHOBI (opMyln
(8)otpumaemo
k=0,b=y, =y, -0, /N
B pesymprari 1mpOro CopocTUThCA IU(epeHIiaIbHe

piBHstHHS (9)
S5=bs+LS/pn
i Bupa3 i pymridnoi cuiu (10)
f(o)=b(c—-0a,)
I'panuni 3MiHu pyHIiHHOT CHITK OYNYTh TAKUMH
f,=b(c,—-0c,) fiy =b(c,, —0c,)

PosrisiHeMo BHIanoK, KoM (PYHKIIiS KIHETHYHOTO BIITYKY
§=@( f)0Oyne ™Matu BHUITLA, InpencrasieHuid Ha Puc.

é

1w
- =
1

f
2.

Puc. 2. CxemaTtnunuii rpadix GpyHKUiT KIHETHYHOrO BIATYKY.

s pyHkuis Moxxe OyTH 3a/1aHa aHATITHYHO [2].

{

Ha mepmmiii mimstHii (1o ¢asoBoro  mepexomy)
s =0;s=0. B cuny 1iporo piBusHus (4) HaOyje BUTIIA

0; fel0:f.]
S+ o f = 1)

(11)

d=vy'(c)L6.

3Bincu oTpuMaeMo (GOpMYITy sl OOUHCIEHHS TOTUYHOTO
MOJIYJISL liarpamMu

do __ 1
ds  yi(o)L -

Ha nmpyriit pinstHUi (mmicnst ¢pa3oBoro mnepexony) piBHSIHHS

(4) 3 ypaxyBaussm (11) npuiime BUIIILA
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L

S=vr(Sog+o(f~f,)+(vps+viL)

Yr
s=(s,—of )(t—t, )+ mjf(r)dr.(lz)
B pesynbTari

_ Yr
Vs +yL

[8=vr($y+o(f=fI] 3

Jns Bumanky TpuiiHIAHOTO ABOGA3HOrO Marepiany 3
OJIHAKOBHUMH MOJYJISIMH  TPY)KHOCTI OTPHMAEMO

. b - )
f=trl5=bts ol f = £l
[Ticnst iHTErpyBaHHS MOXKHA 3aITUCATH

flt)=a.+(f —a.)e "0,

_ ub’o
b= L
te[t,;o) f(t,)=f., f(t.)=Ff < fu-

.= (8/b=$,+ f.)/®

3 mMeToro CITPOUICHHA 3al1MCy BBCACMO IMO3HAYCHHSA
c,=b’+2k(c+ f, ), F=f~-f.

[epenumemo (12), (13) Tak

F=<D(F,s),s=s',,(t—t,_)+wIF(r)dr,

Ye(F) s :
D(F,s)= m[s —Vr(F)($y+oF ), (14)
Yo (F)=lc, + 2kF .
Ha nmepmniit  mimsaii (1o ¢a3oBoro  mepexomy)

§=0,5=0;te[0;t, ] . 3 dopmyn (9)i(10) orpumaemo

6=h8:>c5=u—’5-t,
L L
f(c)z(kcs+b)c's=(k“L—’6t+b)“L’ 5.

[HTErpyrOUM OCTaHHIO PIBHICTH, OTPUMAEMO

H/S ;7 bu15
t)=k(—=)" —+ g,
() =k(=—=)" 7

te[0:t, ], f(0)=0,f(t,)=f < fu-



Ha  gpyriii  ginsuani cucremy  piBHsHB  (14)
OyZIeMOPO3B’A3yBaTH YHCETHHONPU HACTYITHUX YMOBaX
s(t,)=0, F(t.)=0.
Jis  uporo BBeAeMO CITKy 3a 4YacoM 1 3poOHMO

IIO3HAYCHHSA

Z,

s(t,), F" =F(t,),
QF =D(F",s")y; =y,(F").

t s

r

Gttt p=1;23,.1¢,

SI]

B pesynbrari audepeHiianbHe piBHAHHS Ta iHTerpan (14)
MOJKHA 3aMIHUTH €KBIBaJCHTHUMH PI3HHIIEBHUM PIBHSHHSIM 1
CyMOI0. 3BifICH OTPUMAaEMO pPO3PaxyHKOBI (QoOpMynH, Ui
pyuiiiHoi cnm F

F'"' =F? +1-®(F",s" ), s" =p-5, - 1+w-J",

Jr=gr! +%(F”” +F?),J"=0,F"=0.

III. YMCEJIbHI PE3VJIbTATH

I[lpu uncenpHOoMy po3B’sizanHi cucremu (14) 3a
JIOTIOMOTOI0  HAaBEACHMX PI3HUIEBUX (OPMYIT CHOYATKY

3aMa0ThCA L, ®,5),8,Y 4 O 4 » Ym O m Ky s, T

O6uucmototses k,k,,k;,b,6,,c,1u, ,anorim 1,,f,,¢;.b,6,11,.

Pesynpratn po3paxyHkiB HaBeneHo Hmxve. Ha Puc.3.
MoKa3aHa TUIIOBA 3aJIeKHICTh JUIS LIBHJIKOCTI
PpO3IOBCIOKEHHs (ha3oBoro nepexony Bix yacy. ['padik mae
Tpu AinsHKY. Ha meprniid AUTSTHI IBUAKICT JOPIBHIOE HYITIO,
a Ha TpeTid Jocsrae MOCTIHHOTO 3HAYCHHSA. MiK HHMHU
MICTHTBCS NUITHKA 31 3MIHHOK INBUAKICTIO. B pesynbTati
oOunCIieHHs JOTHYHOTO MOZYIST Ha KOXHOMY  KpOIIi
IHTErpyBaHHS 33 4acoM JUIsl iIHTErpajibHOI JiarpamMu Marepiany
TEX MAaEMO TpH XapakTepHi ainsHku (Puc.4).

5(t)
12
10

i, —

v

o N OB Oy 0

1 4 7 1013 16 19 22 2528 31 34 ¢

Puc. 3. IBHIKICTH PO3MOBCIODKEHHS (ha30BOr0 MEPEXo1y
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o(5)

1 A—;_._
0,8 /
0,6 /
0,4 /
0,2 /
4

)

1 4 7 10131619 22 25 28 31

Puc. 4. IurerpaibHa aiarpama marepiainy

Ilepma  nminsgHKa  BIATOBIZa€  TPYXKHIM  HOBEIIHIN
Matepiany. TpeTs xapakTepusye 3MilIHEHHs MaTepiany. Mix
HUMH MICTUTBCS IUISIHKA, AKa Harajaye MOBEHIHKY iIealbHO
IJJACTHYHOTO MaTepiany.

BUCHOBKHI

SIK BCTaHOBJIEHO B EKCHEPUMEHTAIBHHUX JOCHIIKEHHSX
MOBEAIHKY Marepiajly B TOYI Tila B 3arajlbHOMY BUIAIKy
BIIPI3HAETLCS Bil TOBEHIHKH 3pa3ka B IUIOMY. Y poOoTi
dbopMymoeThesl  (PEHOMEHOJIOTIYHA MOJENb  JUIA  OIHCY
BJIACTMBOCTEH Marepiany came B Touli. [y omucy mpyxHOi
nepopmanii i gedopmanii  dazoBoro  meperBopeHHS
BUKOPHCTOBYBaNAcsl Jiarpama IpYKHOTO MaTepianty, IIo
CKJIaJa€ThCcsl 3 TPHOX NPSAMONIHIMHMX JUIHOK. Take
TpakTyBaHHs Teopil NPU3BOJAUTH [O HECTIHKOI jaiarpamu
Hanpyra-aedopMaliis i BUMarae pilleHHs TpPaHUYHOI 3a1adi 3
ypaxyBaHHSIM PO3BUTKY (ppoHTY nedopmalii mepeTBOpPEHHS.
Take TpakTyBaHHS IO3BOJMJIO 3 TMO3MINI JOCHTH IPOCTOI
MOJIeJIi MaTepialy ONMUCATH PsJ €KCIEPUMEHTAIBHUX JTaHUX
Ha pi3HHX 3pasKax pu pi3HHX yMOBax
HaBaHTaKeHHs.BcraHoBieHO, MmO  KJIacHM4yHI  Jiarpamu
MarepianiB MpeNCTaBIAI0Th COO0I0 KPHBY, IO OTMHAE JEsIKe
CIMEHCTBO Jiarpam Marepiany, HoOymoBaHE Uit TEBHHX
3aKOHIB 3MiHH IIBUAKOCTI PPOHTY PO3pHUBY AedopMartiii.
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