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BbiBOABI. Pa3pa60TaHa nu BepHd)HHHpOBaHa METOAUKA M YHCICHHBIN aJITOPUTM
OIMMCaHusg MpOHECCOB aAdPOAMHAMUKK Ha OCHOBC OCPCAHCHHBLIX II0 PCI‘/'IHOJ'II)ILC}/
ypaBHeHI/II‘/'I HaBpe—CtOKCca B TpeXMe'pHOI\/'I IIOCTaHOBKE. HOJ’Iy‘IeHHI)Ie PE3YyJIbTaThl B
JanbHEHIIIeM MOryT HaWTH OPpUMCHCHUC IIpH pa3pa60TKe MCTOOAMUK MOACIUPOBAHUMA
mpouccCoB 06J'I€I[CH€HI/I$1 JICTATCJIbHBIX aIlllapaToB B He6ﬂaFOHpI/IHTHLIX MCTCOYCIIOBUIX.
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ON THE PROBLEM OF AN EXTERNAL INTERFACE CRACK
IN A PIEZOMAGNETIC BIMATERIAL

In this paper, some aspects of external interphase cracks deformation in piezomagnetic materials
are investigated. Nowadays functional elements based on the use of piezomagnets have important
practical applications in various fields of engineering, automation and computer technology. Under
deformation, these materials produce a magnetic field that is proportional to the deformation.
Moreover, when such materials are placed under a magnetic field, they start to show deformation. In
other words, piezoelectric and piezomagnetic materials are widely used. The latter have many similar
properties with piezoelectric materials. During manufacturing and operation, cracks occur at the
interface between different composnents. Hence, external interfacial cracks are particularly dangerous.
Currently, there has been very little research done for the interface cracks between heterogeneous
components in piezomagnetic materials. In this paper, we investigate how a mechanical load applied to
the external intefcace crack affects a piezomagnetic bimaterial. Expressions for stress-strain states are
obtained by means of piecewise holomorphic vector functions which are convenient for formulating
linear conjugation problems for external interfase cracks in such piezomagnetic materials. In this
paper, we consider the case of the oscillation model, which leads to a physically impossible
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interpenetration of the crack edges in the vicinity of its tips. Effects of mechanical loading on the main
magneto-mechanical characteristics in the vicinity of the outer interfacial crack tip are also
demonstrated. In particular, the obtained results clearly demonstrate that mechanical stress causes a
sufficiently significant magnetic induction. Furthermore, both stress and magnetic induction have an
oscillating behavior in the vicinity of the crack tip.

Key words: fracture mechanics, interface crack, external crack, piezomagnetic materials.

Y pobori posrasinyTo ocoGauBocTi aedopMyBaHHSI 30BHIIIHIX Mik(pasHHX TpimmH B
n’€30MarHiTHUX Matepianax. Bixsmadeno, mo y Ham 4yac B pi3HMX 00JacTsiX MaImIMHOOYIyBaHHS,
aBTOMATHKH Ta O0YMCJIIOBAJIBLHOI TEXHIKM Ba)KJIMBe NMPHUKJIAJHE 3HAYEHHS MAOTh (PyHKIioHAIbLHI
eJeMeHTH, SIKi OCHOBaHi HA BUKOPHCTAHHI 1’€30MarHeTHKIB; Taki MaTepiaqu XxapakTepu3ylOThbCsl THM,
10 npH ix JeopMyBaHHI BUHHKAE MarHiTHe MoJe, sike MponopuionanbHe Aedopmanii. Harosomeno,
[0 TAKOK BHHUKAC i MPOTHI/IE)KHA CHTyalis: BUHUKHeHHs Aedopmauii mix mielo marmitoro moJs;
iHaKImIe Ka)Ky4H, I’€30eJIeKTPHYHI Ta M €30MarHiTHi MarTepiaju € IIMPOKO PO3MOBCIOIKEHHMH.
Ocrtanni MalOTh 6araTto CHiTBHHUX PHUC 3 IT’€30€JIEKTPUYHMMH: NPH iX BHTOTOBJIEHHI Ta moxaabumii
eKCILTyaTanii BUHMKAKOTh TPIIUMHH B 00JIACTi MOidy Pi3HHX KOMIIOHEHT. TakuM 4HHOM 3po0jeHo
BHCHOBOK, 110, 30BHilIHI Mik(a3ui TpimmuHu € 0co0a1uBO Hede3MeYHHMMM, ajle HA JaHUH 4ac st
II’€30MATHITHUX MaTepiajiB JOCJHIAKeHHs TPIilIMH MiXK PI3HOPIAHMMM CKJIAJOBUMH TIPAKTUYHO
BifcyTHi. B naniii po6oTi po3risHyTO BUIIAJ0K MEXAHIYHOI0 HABAHTAMKEHHS] HA 30BHILHIO Mixk(pa3zHy
TpimHy B 1’e3oMardHirHomy Oimarepiaji. 3HaliieHO BUpa3H [JIs KOMIIOHEHT HAIPY/KEHO-
1e()OpMOBAHOI0 CTaHY uYepe3 KyCKOBO-rosioMop(dHi BekTrop-QyHKuii, ski € 3pyyHuMHM Aas
(¢opmymoBaHHA 3aja4 JIHIHHOrO CHpsiZKeHHs JJs1 30BHIIIHIX Mikda3Hux TpimmH B Takux
11’ €30MarHiTHUX Marepiajgax. B podori nociaigkeHo BUnagoxk ocuuiIsuiiiHoi MoneJi, B NPpUNYyILEHH], 1110
TpilMHA NOBHICTIO BiAkpuTa. Bin3dHaueHo, m0 Taka Mofe/b € KIACHYHOI0 TA NPUBOIMTH A0 (izu4HO
HepealbHOr0 B3a€EMONPOHMKHEHHsI OeperiB TpiluMHH B OKoJi ii BepmmH. Takok NMpoilOCTpOBaHO
e()eKTH 1010 BIUIMBY MEXaHIYHOI0 HABAHTAKEHHS] HA OCHOBHI MarHiTO-MeXaHiYHi XapaKTepUCTHKH B
oKoJIi MixkdasHol TpimmHM. 3 oep:KaHMX pe3yJbTATIB BHMCBITJIEHO, 110 MeXaHiYHe HANpPyMKeHHS
CIIPHYMHSIE JOCHTH 3HAYHY MATHITHY iHAYKIiI0; KPiM TOro, IK HaNpYyKeHHs1, TAK i MarHiTHa iHIyKIis
MaKTh OCHUJIIOIYY 0COOJUBICTD 0l BEePIINH TPilMHA.

KirouoBi cioBa: MexaHika pyliHyBaHHS, MDK(a3Ha TpillMHA, 30BHIIIHSA TPIiIUMHA, I1'€30MArHITHI
MaTepiayn.

B paGore paccMoTpeHbl 0CO0EHHOCTH /1e()OPMHUPOBAHUS BHEIIHHX MexK(pa3HBIX TpemMH B
NMbEe30MArHUTHBIX MaTepuajax. OTMe4eHo, YTO B Halle BpeMsi B Pa3HbIX 00JaCTAX MALIMHOCTPOECHUS,
ABTOMATHKH M BBIYHCIUTEJIbHON TEXHUKH BajKHOe NMPHKJIATHOE 3HAYEHHE MMEIOT (PYHKIMOHAJIbHbIE
3JIeMeHTbl OCHOBAHHbIE HA MCIOJIb30BAHNHU b€30MATHETHKOB; TAKHEe MAaTePHAJbI XapaKTepH3YIOTCsH
TeM, 4TO NPHU UX AedopMalMH BO3HHKAET MATHUTHOE 10JIe, KOTOpOe MPONOPIHHOHAIBHO Aed)opManuu.
BbIsiBJIEHO,YTO TaK:Ke HMeeT MeCTO H MPOTHBOMOIOKHAS CUTYAINs: BOSHUKHOBEHHE ieopMAaIlH 110/
JelicTBHEM MArHUTHOTO TMOJIS; JPYTMMH CJIOBaMH, IIbe30JIeKTPHYeCKHEe M INbe30MarHUTHbIe
MarepHa/ibl IIHPOKO pacnpocTpaHenbl. IlociieTHMe MMEIOT MHOIO CXOOHBIX CBOHCTB ¢
MbE303JIEKTPHYECKUMHU: NPH MX M3TOTOBJEHUUH M JaJIbHelIeil JKCIUIyaTallii BO3HUKAIOT TPeIUHbI
B 00JIacTH pa3jieleHus1 Pa3HbIX KoMmmoHeHT. Takum oOpa3oM, caelaH BBIBOJ, YTO BHeIIHHe
Mesk(a3Hble TPEIMHbI SBJSIOTCS 0COOEHHO ONMACHBIMH, HO HA TaHHBII MOMEHT /ISl Nbe30MATHUTHBIX
MATepHAJIOB HMCCJICJOBAHUS TPEIIMH MEXKAY PA3HOPOAHBIMH COCTABJISIOIIMMH  NPAKTHYECKH
OTCYTCTBYIOT. B naHHoil palore paccMoTpeH ciy4yail MeXaHU4YeCKOW HArpy3KM Ha BHEUIHIOK
Me:k(pa3HYI0 TpellMHY B INbe30MArHHTHOM Oumarepuase. HaiieHbl BbIpa:keHMsI JJIi KOMIIOHEHT
HANPS/KeHO-1e()OPMHPOBAHHOIO  COCTOSIHHSI  Yepe3  KYCOYHO-T0JOMOPQHBbIe  BeKTOp-QYHKINH,
KOTOpbIe YI00HBI /ISt (OPMY/IHPOBAHUSA 32124 JUHEHHOro CONpPsIKeHUs VISl BHEIIHUX MexKpa3HbIX
TPelIMH B TAaKUX Nbe30MATHMTHBIX MaTepuajax. B paGore mcciemnoBaH ciay4yaid OCHMISIMOHHOI
MOJIeJIH, TIPeAnoJiaras TPEeUMHY NMOJHOCTHI0 OTKPBITOi. OTMeYeHo, YTO AaHHAsi MoOJeJb SIBJsETCH
KJIACCHYECKOil M MPHUBOAMT K (GU3NYECKH HepeaJbHOMY B3aHMONPOHUKHOBEHHIO OeperoB TPeUMHbI B
okpecTHocTH ee BepmnH. Takke npomutocTpupoBanbl 3((¢eKTbl, KOTOPbIe 00YyCI0BJIEHBI
MeXaHH4YeCKHM HArpy;KeHHeM HAa OCHOBHbIE MATHMTO-MeXaHMYeCKHe XapaKTePHCTUKH B OKPECHOCTH
BepIIMHbI BHemIHell Mexda3Hoii Tpemmubl. Ha mnoadydYeHHBIX pe3yJbTaTax MOKA3aHO, YTO
MeXaHHYecKoe HAINpsSiKeHHe BBI3BIBAET J0CTATOYHO 3HAYMMYI0 MATHMTHYI0O MHIYKIIMIO;.KpOMeE TOro,
KaK HanpsiKeHHe, TAK M MAarHUTHAsi MHAYKUUS MMEIOT OCHU/UIHPYIOUIYI0 OCOOEHHOCTH B 00JIACTH
BepPLIMHbI TPELHHBDI.

KiroueBble ciioBa: MeXaHMKa paspylleHus, MexdasHas TpelluHa, BHEIIHSAS TpEIHHA,
IIb€30MarHUTHBIC MaTePHAJIbI.
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Introduction. Functional elements based on the use of piezomagnetic materials
have important applications in various fields of machine building, automation, and
computing. Piezo-magnetics are materials that are characterized by the fact that when
they are deformed, a magnetic field appears. It is proportional to the deformation [1]. The
opposite also stands, under the influence of the magnetic field such materials exhibit
deformations.

Piezoelectric and piezoelectric materials have many similarities. During the
manufacture and operation cracks develop at the interface of various components.
External interfacial cracks are dangerous in particular. This type of cracks for
piezoelectric materials have been studied in details in [3, 5]. However, there were almost
no studies done of cracks between heterogeneous piezomagnetic components. In this
paper, external interface cracks between two piezomagnetic materials is investigated.

Basic equations for a piezomagnetic material. In the absence of mass forces, the
constitutive equations for linear piezomagnetic materials, based on [2], can be represented
as:

Uy =Ejks 1, =0, (1)
w, K=1,2,3
where Vi = , 2)
0, K=4
I Gij-,i,le,Z,_? 3)
VB i=1,237=4
Cyur, K =123

b =123K =4
VKL o K=123: =4
~Yi,J=K=4

In equations (2) — (3) uy, ®, o;, B; are elastic displacement, magnetic potential,

4)

stress and magnetic displacement, respectively. In equations (4) Cijkr » hy » vy are elastic

modules, piezomagnetic constants and magnetic permeability, respectively.

In the equations above, small indexes vary between 1 and 3, and capital indexes vary
between 1 and 4. Moreover, there is a summing up of repeating indices.

We assume that all components are not dependent on the coordinate x, . In this case

the solution of equations (1), according to the method proposed in [4], is

V= af(z), ()

T
where z=x+ px3, Vz[ul,uz,u3,0)] , fis an arbitrary four-component vector-
function.

T
Vector a= [al,az,a3,a4] can be derived from:

T
[M+p(R+R j+p2T}a=O. (6)
Matrix elements M , R, T which has 4 x4 dimensions are defined as:
Mg =Hygr, Rx =Hyks, Tk =Hs k3. (7)
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The non-trivial solution of the system of equations (6) exists if p is a root of the
equation:

de{M+p(R+RTj+p2T}=O. @®)
Since equation (8) has imaginary roots [1], the roots of equation (8) with positive
imaginary parts are denoted as p, , and eigen-vectors of the system are denoted as a,,
and o=12,34.
The most general solution of equations (1) can be represented as [1]:
V=Af(z)+ Af(2), )

where A=[a;,a,,a3,a,] is a matrix which columns are the eigenvectors of the system

©), f(2)=11(z1) f2(22) f5(z3) fulza )]T is an arbitrary vector-function of a complex
variable zy =x|+ pox3.

By introducing the vector:
T

t=[031,63,033, B3] (10)
and using the first relation (1), this vector can be written as:
t=Kf'(Z)+I?}_N(5), (11)
where
Kip, =(Hsgn+prHsiss)An , (12)
and

7(2)= {dfl(zl)} dfz(zz)’ df3(z3)’ df4(z4)}
dz dz, dzy dz, )

We now consider the bi-material space consisting of two different anisotropic

piezomagnetic half-spaces x3 >0 Ta x3 <0, with properties defined by matrices H 1(20
1 H 512]21 respectively. We consider the vector ¢ to be continuous along the entire
interface, and part L ={(—oo;¢;)u(by;cy)u...(b, )} of the interface —oo<x) <o,
x3 =0 is in an ideal magnetic-mechanical contact, i.e.,:
t(l)(xl 0)= t(z)(xl 0) for x; €(~ o0, ), (14)
V(l)(xl 0)= V(z)(xl 0) for x, eL. (15)

According to equations (9) and (11) the solution of equations (1) can be written in
the form:

V(xy,x3)= AV f )+ A FU)(z) (16)

Dy, x3)= KD () KD FUz) | a17)
where j=1 for x3>0 and j=2 for x5 <0; vector-function f (l)(z) and f (2)(2) are
analytical at the upper (x3 > 0) and lower (x3 < 0) half-planes, respectively.

Equation (17) and boundary condition (14) yields:
KV 0()- K70 ()= kK@ () - KVF (), ~o<x <. (18)
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The left part of equation (18) is the boundary value of the analytic function in the
region x3 >0, and the right part of equation (18) is also the boundary value of the
analytic function in the region x3 <0.

Equation (18) shows that both functions can be analytically extended to the entire
plane. Therefore they are equal to some function M (Z) that is analytic in the whole plane.

By taking into account that the stresses are limited at the infinity, equation (17)
results:

M(zx = M(O) =const,

Z—>0
where M 0) is an arbitrary constant vector.
The relation M(z)=M ©) is valid for the entire plane. Hence (18) yields:

KV ) - k@D p@E)=pm0) x>0,
kD) gVp0E) =m0 5 <o,

The matrices in equation (19) are not singular. By taking into account that the eigen-
value is found, we conclude that:

70(z)= (I?(Z)Tl K0 0()- (17(2)}1 MO, x>0,
F0E) - (&0 K@ Q) (O] 1), 1, <o
Since f '(l)(z) i f ’(2)(2) are arbitrary functions, by equating M 0) =0, equation
(20) transforms into:
7OE)= RO KD O) x>0, FOE) =[] K@) x <0. @)
By introducing the following vector:

(19)

(20)

()] =7 (1.0)- 7 x,.0) (22)
and based on equations (16) and (21), we can derive the following:
()l = B )~ B 70 (), (23)

where B= A(l) - Z(z)(l?(z)TIK(l) .
Hence based on relation (17), vector t(l) at the interface can be written as:
((61.0)= K0 W)+ KOO 4)
Let’s introduce a vector -function W(Z) as:

BN(z), x5 >0,
W(e)= {_ BN(z), x3 <0,

where N)=[106), 406, 40, £06)]

We obtain the following equations for the derivative of displacements jumps and
for the stress vector:

(25)

[ Ge)]l=w* () - (), (26)
(x.0)=6W* (x)) -G (x), 27)

where G= KB, W (x;)=W(x, +i0), W (x;)=W(x, —i0).
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Equations (25), (26) and (15) yield that the vector-function W(z) is analytic in each

half-plane including the part of interface areas L .
We shall now consider transversally isotropic piezomagnetic materials with an
isotropic plane orthogonal to the axis x5 . In this case, for all fields that are independent of

coordinate x,, the component ¥V, of the vector -function V becomes independent of
components (V],73,V4) in the plane (x;,x3). In order to obtain a solution for ¥, , a rather

simple antiplane problem needs to be solved. Therefore, we will focus our attention on
the solution for the components (V;,V3,V4).

Let’s introduce the following notions:
Hyy1 =Ch1, Hizz =Cs, Hiza3=Cs3, Hi313=Caa, Hyjaz =hay,
H3zq3 =h33 Hizqr=hs Higgr=-711 H3as =733 28)
Matrix G has the following structure :
G Giz Gig| |ig11 813 L4
G=|Gy; Gz Gy |=|831 833 1834 |
Gq1 Gaz Gaa| | 841 1843 1844
moreover, as numerical analysis shows, all g;; are real.
Problem statement and its solution. There are two heterogeneous piezoelectric
half-planes x3 >0 and x3 <0 with characteristics ng.}c)l i Hﬁ; respectively, that are

bonded at the section (c,a) of the interface of the materials. There are two external
cracks x; <c¢ and x; >a at the remaining part of the interface (fig. 1).

-
C d 44 ‘Pl Xy
@ P,
Hiw ]

Fig. 1. Problem statement
Conditions at the interface are:
uj’ =ur u3 =u3 o3 =013, 633 =03 o =0 | By =B85 x E(Cﬂ), (29)
oi3 = Ad(x —d)’ 033 = —Pd(x —d), o =0 Bi=B xe (c.a) (30)
Let’s introduce new vectors:
stx) =1l cx ], [ BV 0 P )= oty (.00 (. 0o ()] |
Based on equations (26) — (27):
Sec;)=MW " (x;) —MW (x;), 31)
P(x))=NW"(x;) —NW (x;), (32)
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where
L0 0 G Giz Gy
M= 0 1 0 |, N=|Gy; G333 Giyf.
Gy1 Gy Gy o 0 1
By introducing the new vector-function:
R(z)= {]NV:VV(”))Z ><00 L R(z)={Ri(2).Rs(2).Ra(2)}] |

we can derive:
W (x)=N"R"(x)) W (x)= N_IR_(xl)
Equations (31) — (32) results: , '
P(x1)=R+(x1)—R_(x1), (33)
S(x1)=0R"(x1)= QR (x1) (34)
where Q = MN - , and matrix @ has the following structure:
g1 @13 Q4
0=|q31 iq33 q34
941 1943 iq44
As the analysis shows all g, are real.
From (33) it is evident that R(z)is analytical on those sections of the interface on
which P(x;)=0.
Given that [0']=0, the 3" relation of (33) yields: R}(x)-Rj(x)=0 for
x; €(—o0;4+00). Based on this Ry(z)= Rg = const . However, since all factors are equal to

zero at infinity, then Rg =0.
By taking into account that R4(x)=0, (34) can be re-written as:
[ (e )] =iy R (o) + a3 RS (xey )+ iy Ry (xy) =13 B3 (xy),
[5(x1 )] = g31 RY" (31 )+ig33 RS (x1)— 31 Ry (1) +ig33 R3_(x1), (35)

1 . — . -
BV (x1,0)=qu1 Rf (x1)+iqas B (x1)—qa1 Ry (x1)+ig33 R (x;)
By combining the first and second equations (35), we can derive:

s Lol = 9, 7 oy )+ 75 ()

(36)
where
. , q31tm;qq
Fi(z)=R(z)+iS;Ry(z), j=1,2,m; =+ |- 931433 ,yj=—8—f,
911913 j
Sj:q33+qul3 (sz_mj), Y =q31—-m;q1.j=12 (37)

q31—m ;g1
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Equations (33) and (37) yield:
oY (x1,0)+iS;05 (x,0) = F}f (x,) = F; (x), (38)
From equations (33) and (35), the following expression can be derived for the
normal component of the magnetic induction vector at the interface:

B§“(x1,0)=(q34 ‘74;323’} (x1.0)+I8.44(x,0)

q33

By taking into account conditions (29) and (30) as well as equations (36), (38), we
arrive to the following problem for the function Fj(z):

R (oy)+ 1 (s0)=0, 3 < c.a)

R a)-F (n)=glx) x; ¢ (C’a), (39)
where g(x;)= (R ~iS1P)5(x; —d).
Note that in equations (36), (38) we used only equations with the index j = I,
which are sufficient for the next analysis.
Based on [3] and taking into account the zero conditions for the function Fj(z) at
the infinity the problem (39) can be written in the form:
X(z t
R XE [ s,
2mi xe(ca X (l‘)(t—z)
where X(z)= (z —c)_0'5+i8(z - a)_o‘s_i8 , €= Inyy .

27
The calculation of the last integral leads to:

F() X(Z) P1—1S1P2
2ni XV(d)(d-z)

Subsequently equation (36) and condition F(x;)=F (x;)=F/(x;) for

2

(40)

xy & (c,a) yields:
[t xp )]+ i my g (xy )]= 84 (L4 v )Fi (xy ) =

_91(1+y\X(x1) A -iSiF for x 2(c.a). (41)
i X*(d)(d-x;)

Taking also into consideration that according to the first equation (39)

F(x) :—yiFﬁ(x]) , we can derive:
1

1 . 1 +1
0{3)(x1,0)+1510g3)(x1’0):YIY—F1(X1)=
1
_ N+l X)) P-iSih
no2n X (d-x;)
Analysis of the results. Numerical analysis was performed for the CoFe,O4 / Al
bimaterial, the parameters of the material are given in Table 1. In this case, in

calculations, aluminum was considered as a piezomagnetic material with piezo-magnetic
constants close to zero. We assumed that ¢ = —-10mm, ¢ = 10mm, and d is a variable.

for x; [c, a]. (42)
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Table 1
Material properties CoFe;O4 and Al

Constants CoFe;04 Al Constants CoFe,04 Al
¢y, GPa 274 178,0 Iy, , N/A-m 5223 58,03
¢13, GPa 161 87,2 hs3, N/A-m 629,7 69,97
¢33, GPa 259 172,8 hys, N/A-m 495,0 55,00
€44, GPa 45 43,2 711 *¥10°6, N-¢%/C? 531,5 63,5

733 ¥10°%, N-¢%/C? 1423 24,7

Results of calculations c33(x;,0) and B3(x;,0) at (c, @) are shown in figures 2 and
3 respectively for d=11 mm (line I) and d=13 mm (line II). The load was P, = 10°N/m,
P, =10*N/m.

33
s5x10° }

1x10°

3x10°

2x 10°
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Fig. 2. Distribution of the normal stresses at the interface

B3
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Fig. 3. Distribution of magnetic displacements at the interface

Based on the obtained results, it can be seen that the applied mechanical stress
causes a rather significant magnetic induction. It is also evident that both the stress and
the magnetic induction have an oscillating singularity at the ends of (¢, a). However,
because the bimetal constant & for the chosen material is relatively small
(¢ =10,0406509), and the applied load is close to tension/compression, the visual
oscillation is not observed.
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V]IK 536.2:621.078
B. 10. Kinum

Jlninposcokuil nayionanohuil yHisepcumem imeni Onecs I onuapa

PO BUBHAYEHHA YTQMJIEHOT JOBI'OBIYHOCTI ITPOCTHUX
EJIEMEHTIB KOHCTPYKIINU 3A HASABHOCTI JUCUITATHUBHOI'O
PO3ITPIBY TP HUKJITYHOMY HABAHTAKEHHI

3anponoHOBAaHO OWIHKY YTOMJIEHOI MOBrOBiYHOCTI 32 BH3HAYEHHAM 3MiHH TeMIepaTypu
JUCHIIATUBHOIO PO3irpiBy NMPOCTHX ejeMEeHTiB KOHCTPYKILii, 110 3HAXOAATHCH MiA Ai€I0 HUKJIIYHOIO
HABAHTAKEHHsI, 1 OCHOBHMX MOKA3HHKIB iX HANPY)KEHOI'0 CTAHY i3 BpPaxXyBaHHSAM BiANOBiIHOI 3MiHM
XapakTepucTUK Marepiagdy. ONiHKa YTOMJIEHOI /[OBIOBiYHOCTi CKJIAJA€Tbesl 3 MOCJIiA0BHOIO
PO3B’si3aHHS HeJIiHIHOI HecTaliOHApHOI 3aJa4i TeIIONPOBIIHOCTI TAa BHU3HAYEHHS 4YMC/Ia LHMKJIIB
HABAHTAKEHHS] 10 MOMEHTY AOCATHEHHS I'PAHHYHOIO0 HANPY:KeHOro crany. B pobori mocraHoBka
3aa4i MiCTUTH PiBHSIHHA HeJIiHIIHOI HecTalioOHAPHOI TEIVIONPOBIAHOCTI i3 PO3MOAIJIEeHMMHU [KepeIaMu
Tensa. Bkazano Ha oco0iuBocTi rpaHuyHux ymoB. HaBeneHo po3B’si3aHHs HeJliHilHOT HecTanioHapHOi
3ajadi TenJompoBiIHOCTI, BUXOASIYM 3 3aJIEKHOCTI Bil TeMmepaTypu i XapakTepMcTHK martepianay i
BHYTPIlIHIX [JzKepeJ eHepril, 1 OHIHKM YTOMJIEHOI JOBIOBiYHOCTI MPOCTHX eJIeMEHTIB KOHCTPYKIili,
10 3HAXOASATBLCHA Wil Ni€l0 NHKJIIYHOI0 HABAHTAKCHHs, 32 HASIBHOCTI JHCHIIATHBHOIO PpO3irpisy.
BukiageHo po3B’si3aHHsI IOCTABJIEHOI HeJliHiliHOI 3a1a4i, sike BiI0OyBa€TbCsl 3 BAKOPUCTAHHSAM METOAY
MOCTiI0OBHUX iHTepBaliB Ta NMPOCTOPOBO-YACOBHX KBAJPAHTIB i 103B0OJISI€ 3BECTH PO3B’SI3aHHA /10
NOCJIA0BHOCTI po3B’s3KiB JIiHiiiHUX 3aga4y. OTpUMAaHuUil CTPYKTYPHMIi po3B’fI30K HeJiHIHHX 3a1a4
HECTAliOHAPHOI TeINJIONPOBITHOCTI 103BOJISIE BPAaXOBYBATH [IMCHUNATHBHMIA Ppo3irpiB umukjiIiyHoO
HABAHTAKEHOTO CTEP:KHA TA OUiHUTH BIUIMB TeMIIEPATYPH CaMOpPO3irpiBy Ha A0BroBiYHiCTH MPOCTOro
ejeMeHTa KOHCTPYKUii. [lo0ynoBaHo ainropuT™M BU3HAYEHHS TeMIepPaTypH JUCHIIATHBHOIO PoO3irpiBy
CTEPKHS NPH UHUKJIIYHOMY aedopmyBaHHi. I OAHOPIAHOrO CTep:KHS, IO 3HAXOAUTBLCHA MiJ Ai€r0
HUKJTYHOro e)OPMYBAHHS 32 PiI3HUMH 4YacTOTAMH Ta AMILIITYaMH HANpYKeHHs, INPOBeleHO
PO3paxyHKH 4YHCJIa LMKJIIB HABAHTA)KEHHS [0 MOMEHTY /OCSATHEHHSI B CTep:KHi TPaHMYHOrO
HAINPYKEHOI'0 CTAaHY.

KiouoBi ciioBa: nukiiuHe HABaHTAKCHHs, AUCHUIIALS SHEPrii, 3aa4a HeJHIHHOI HecTallioHapHOI
TEIUIONPOBIAHOCTI, [DKEpeia Tera

Hpe):momeﬂa OLICHKAa ycm.m)cnmii A0JITOBEYHOCTH 110 ONPEACICHUI0 H3MEHEHUS] TeMIIEPaTypPhbl
AUCCUIIATUBHOI0 pa3orpeBa IMNpPoOCTbIX 3JIEMEHTOB KOHCprKHHﬁ, HAXOASIIIMXCH TMOJA JeiicTBHEM
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