PLASTICITY DURING VARIABLE LOADINGS IN ELECTROMAGNETIC FIELDS®
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The basic strain equations of cyclic loadings are presented in [l1], and theorems on
cyclic loadings of isotropic plastic materials are proved. Masing's principle [2] and the
equations of Shneiderovich [3] are also used in isotropic plasticity. A phenomenological
model of an elastic body, polarized and magnetized without hysteresis, taking account of
gyromagnetic effects and the finite values of the strains, is constructed in [4]. Models
of a continuous medium with electromagnetic moments which take account of the effects of
magnetic hysteresis and plastic deformations within the framework of the theory of rela-
tivity are formulated in [5]. Models of magnetoelastic media which take account of magnetic
hysteresis and plastic deformations are treated in [6] on the basis of a variational equa-
tion of the mechanics of continuous media [7]. 1In the present article we discuss the de-
velopment of the deformation theory of cyclic loadings for anisotropic ferromagnetic and
ferroelectric materials.

1. We consider a solid ferromagnetic or ferroelectric body of arbitrary shape having
a volume V, and bounded by the surface S. In the undeformed coordinate system Xj; we intro-
duce uj(p)» the components of the n-th displacement vector and €ij(n)>» the components of
the strain tensor for the n-th loading, the components of the strain tensor for the n-th
loading. All quantities for the n-th loading are labeled with the index n.

Henceforth we assume the following: The body is subjected to body forces with a volume
density Fi(n) and stresses Ty on the surface S, The magnetic and electric fields are de-
termined from Maxwell's equations and the appropriate boundary conditions for problems of
magnetostatics or electrostatics [8, 9], taking account of the deformation of the material.

For definiteness we consider a continuous ferromagnetic medium, since analogous results
for a continuous ferroelectric medium can be obtained by replacing Hi (n) by Ei(n), the com—
ponents of the magnetization vector Ij(n) by the components of the polarization vector Pi(n)»
and adding the body forces p(n) Ei(n)-. ;

The equations of equilibrium, taking account of ponderomotive forces, have the form

00, -
a;@ + Fi(Iny, Hwy) -+ Figny = 0,
J

1 oH, oI, 1
Fi(Iiny, Hm) = — (h..r,n) ) — Hymy d-';i_ )> — 5 rot (I X Heny). (1.1

dx;

We take the expression for the total stress tensor in the form [9]

Tijtm) = Gijimy + 03By » Hiny),
0:i(Bmys Himy) = (1/87)(Bitny Hjmy + BitnyHitny — Bty Humy 817), (1.2)

where the Bi(n) are the components of the magnetic induction in Gaussian ‘units for the n-th
loading

Bi(n) = ]{z (n) + 43]:[””). (1- 3)
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The boundary conditions for stresses on surfaces with normals having direction cosines nj
are written in the form [8]

Tisonts = Taey + Ti (How)s T (Howm) = (po/850) (2H gsemH ojemy — Himy8:3) 15 (1.4)
where the Hoj(n) are the components of the magnetic field outside the ferromagnet and uo is

the magnetic permeability of a nonferromagnetic medium, assumed equal to unity.

Suppose for each n-th mechanical and magnetic loading these are stressesvcij(n), strains
€eij(n)? magnetic field Hj(p), and a magnetization Ij(p). We represent the stress deviators

Sij(n) for the n-th loading

Siitn) = Oijtny — (1/3)0qqn)0:; (1.5)
as the sum of three terms, and the field Hj(n) as the sum of two terms:

Siim =85 + S+ SE™, Hymy = HI™ + HE, (1.6)
where Sgg) is the potential mechanical part of the stress deviator, Si?], nonpotential me-
chanical part of the stress deviator; S(i?), magnetostriction part of the stress deviator;
Hi(In), magnetic part of the field; and Hi(sn), mechanostriction part of the field.

For the first loading we take the following from the conditions for a potential and
the three-dimensional linearity of the relations between o, H ~ g, I:

Gijw = kijap (B L)easy T Capiileay, Ty amy Iy (1.7)
Hiqy = Nilewy, To) iy + 22i508(€ 0 ) ia)Eapa)
kiiop = 9K;igp = const, ka8 = kopij = Kjiap = Kijpas
Qapii = Baii = Tabii> Niji = Mij-

Equations (1.7) take account of the initial anisotropy. We introduce dimensionless con-
stant tensors and label them with asterisk superscipts:

. 1 1
Piap = QF[kijaﬁ(O’ 0) — 5 Biifyyap (0, 0)} | (1.8)

& 14 1 * *
ple = [Qaﬁij (0,0) — = 8u9upvy (0, 0)], Gopi; = Tapi; (0.0 1% =1n,;(0,0),

where u is the arbitrary shear modulus. Here we have used the fact that Hy and I; have the
same dimensions.

. * * . . . :

We introduce the tensors Uij;B and Ui"B which result from the symmetrization and anti-
o

symmetrization of the dimensionless shear modulus tensor with respect to pairs of indices:

* _ 1 * * * 1 * *
PGas = 5 (Miiap T Hapis): s =2 (Wjap — Maps)- (1.9)

* :
The tensor uijiﬁ isnot equal to zero for crystals of the monoclinic and triclinic systems.

We introduce the quantities

* * ] *
e(ijn) = l-‘(ijécﬂeaﬁ(n)a 6’5]' M= ngcg,ﬁsaﬁ(n)a (1.10)
(I* 1 (% (*n) * (e* * '
&= s Wiiaslamlpm, Li " = Nialam, IE™ = gijapl imEapinyr

which are, respectively, the reduced strain deviator taking account of anisotropy (the de-

viator if the strains satisfy the restriction e[*] = 0), reduced strain tenmsor taking ac-
ii .

count of the asymmetry of the shear modulus tensor with respect to pairs of indices, the

reduced magnetostriction strain deviator, the reduced magnetization vector, and the reduced

mechanostriction magnetization vector.
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It is necessary to introduce increments of the quantities appearing in the material re-
lations for the n-th and (n — 1)-th loadings:

6 = (1/3) (— 1) (Cuutn—1) — Taam): Si';'_< 1y (S50 — 5%,
B = (- (SN =81, T = (1) (S““” 557),
ﬁ(im): (—1 ):1(H;1»1—1)_ ;Izl)) }I(.r,n/: (— 1) ([{(ian—l) _H(isn))7 .
& = (UE) (— )" Ko (Capinn) — Eapin): '
e = (=" (e = ). B = (=) (T = ),
?if*"’ 1) (el 70 — €7, “*’” (— b (10— 1),
I = (= (7 = 1),

where K is the arbitrary bulk modulus. Following [10] we introduce for the temsors §(?%,

§[9] S(In)a é(f?), é[:?] é(I*n) and the vectors ﬁ_(In) ﬁ(?n) i.(*n) and I.(E*n) the di-
1]

rectlon tensors and vectors, denotlng them by superscripts 1; by the formulas

FOm = 30/(Fmsere, 3i - §la/(Flaginyue (1.12)
S(un) S(In)/(S(In) (Jn) 1/2 arn ’“(*n)/(e(*n)”(*n))llz
1y
~hi* *n *11 *n in ~ * ~ *2)7™(
el [ [ ]/(eoﬁcﬁj o[w'ﬂ 172 egjll’ n _ (I*n)/( (I ?) I*n))1/2

H(un) H(In)/(H(In)H’In))Uz }*’I(ilen) - Egen)/ (TIE;E"’I?S’”)‘”,
I(l*n) I(*n)/(l(*n)j(*"))lm I(ils*n) — T(ie*")/(fg*")fgf*n))‘/z_

In [1] it is assumed that the direction stress and strain increment tensors coincide, general-
izing to the case of variable loadings the idea of the coincidence of the stress and strain
direction temsors in the theory of small elastic—plastic deformations [10]. We generalize
the idea of [1] to the case of variable mechanical and magnetic loadings of arisotropic ma-

terials, assuming the equality of the direction stress increment tensors S; (ln) g, [nl,
Ly

g - * ~ %
filn) and the direction tensors e1§l n)’ elJ[l n] ei-(lI n)’ respectlvely,and the quality

of the direction vectors of the increments of the magnetic field Hl(ln) H (1en) and the
direction vectors of the increments of the magnetlzatlon I (1*n) and I (le*n) respectively.
Then for the n~th loading the relations between °1J(n): 1(n) and elj(n)Il(n) are determined
by Egqs. (1.5) and (1.6), but written for increments of the quantities, labeled with a ~, and
the equations:

~k ok * 11~ * ¥ OF
™ — 3™ - 30¢", ¢V = (‘")9 Masiilam e, (1.13)
(1) g
o0 = B9 s g B S
C=oew e S -m
¢ .
Pecy . TR ~ e L
Fim 1 rem my _ H e ) (en) . H (&%)
8P = el M = I B = e 1T
3e i
where
N . 2 . 1/2
ap = (F3wse) = (F ) (1.14)
o L - / \1/2
~ 3 * 2 ~ix “’[*n .
Gﬁ:(?smgm), [M L— %Mu])7
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~ ~ ~. /2 . ~ t/2

(In) 3 sumaam Y2 ~aEa 2 ~r*m)y~(I*n

oi" = (—-2 Sii S ) Pogy =g e Meg M),
HY = (BVEP) T = TTEm) e,

ﬁ(en) — (ﬁg&n)ﬁ-&sn))lﬂ; T(s*n) — (Tge*n)fis*n))llz.

We obtained the bulk properties in (1.13) by assuming the validity of the relation of bulk
quantities for the base load, but written in terms of increments. Equations (1.13) are
supplemented by the assumption of the existence of six universal relations among invariants,
which can be written as a consequence of the hypothesis of the potential character of the
material equations in increments in the form

-~

n L(Yn) pr(n)  Thnl __ q-i*nl —
c(i)==3ei M™, Gi]—-Sai B, = const,

(1.15)
o‘i’"’ - 38<iz*n)p 7™, AW = Femye,
~ =) % 1 % ~ ~ ~
H(zn) — 2I(a n)q(n), Q( n) _ (_9_) QaBWIa(n)Is(n)q(ﬂ),
fw"(n) = ™ (;‘;n)gﬁ(n), T(i*n)ii(n)a 7({3*”)?1'(7:)-
~ gy e f ey~ ~ i g
q(n) = q(") (e§;")sij(n), I m—’i(n)’ I ")Ii(n)),
ﬁ(n) — ﬁ(n) (;g;wzij(n)- ’I‘(i*ﬂ)]-'i(n)’ I(ie*n)li(n)>~
~ - ~ (% ~
In Eqs. (1.15) and the second of (1.13) M(n), g(n), and ﬁ(n) are functions of eijn), €11 (n)’
~{(% ~ ~ * ~
I§ n) Ii(n)» I££ n)’ Ii(n). Here strain anisotropy is not taken into account, and the

existence of stress increment and magnetization potentials depending on n is assumed. The
functions ﬁ(n), ﬁ(n), and 7'\®) for the n~th loading are found from very simple experiments.
The corresponding problems are solved by the method of successive approximations, analogous
to the method in [10, 1] for the base and variable loads of isotropic bodies in the absence
of an electromagnetic field. Not taking account of the change in the linearly elastic con-
stants with the number of the loading for the theory of plasticity of anisotropic ferromag-
nets in the presence of a magnetic field, it is possible to use the analog of the generalized
Rayleigh—Masing—Moskvitin principle [11, 12, 2, 1]

~ ~ g~ ey s wEm)F .
T = 2O G oy T a8y T T, (116
~ ~(En)~ ~ ~ ~(ekn) T 9
q(n) =gq (eﬁj ")ei]-(n)/ai, I(;zg.[ i(n)/ﬁ?n 1(18 n)-[i(n)/anﬁn) ’
~ ~ ~ ~cknyy (e*n)F Py
1 =0 (&5 eum/ad, TimLim/Br, T Tim/an),

where M( ), g, and n are functions corresponding to the base load, ap is the parameter of
the n-th mechanical loading, having the meaning of the coefficient of change of scale of

the stress and strain axes and also of the axes of the increments of stresses and strains

for the n-th loading (the parameters o, are on the order of magnitude of 2), B, is the param-
eter of the n-th magnetic loading, having the meaning of the coefficient of change of scale
of the axes of the fields and magnetization and also of the increments of the fields and
magnetization for the n-th loading (the parameters B, are on the order of magnitude of 2);
the v, = Bnan‘/2 are parameters characterizing the interaction of the magnetic and mechanical
loadings. In the formation of material relations for the n-th loading principle (1.16) per-
mits the expression of the corresponding functions in terms of the functions M » 4, and n
of the first loading.

When the values of quantities for the n — 1-th loading are known, and a model is fixed

for the increments of the quantities, Eqs. (1.11) determine the quantities for the n-th load-
ing.
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A loading condition is a positive value of the energy dissipation function 8y/6t

8y /6t > 0. (1.17)
For the n-th loading the dissipation of energy x = x(n) is written as the sum
=" =y""0+ WO WP, (1.18)
where x(n-l) is the energy dissipated up to the final instant of the (n — 1)-th loading,

ﬁ(n), work for the increments of the quantities; ﬁén), nondissipated part of the work for
the increments of the quantities. For ﬁ(g) we assume a model such that for a closed cycle

the area of the hysteresis loop is equal to the energy dissipated in a cycle, Then

L.M,N ~
e o ™ aem 1 ~g) ~ =~ 1~ ~ 1~
— G (n)
W™ = 5 (5:(;1,; aL + Fow dM + 0D aN ) + 5 O Tmeiimy, Weo = 75 Giimeiim + 5 Himlim, (1.19)
&,
0,0,0 1
where
~(kn) F(En)yF ~(exn)F
L =iy M=T""Tm; N =TTy (1.20)

i~ 3 ~
Oy = 5 [Kppapdij + Kppiibap] €ij(n)-

If the value of x(n) given by (1.18) — (1.20) does not satisfy inequality (1.17) with the
use of model (1.11), Egqs. (1.5) and (1.6) in increments, and (1.13) — (1.15), this implies
that there is an unloading, and the loading has the number n + 1. The model assumed is one
[n] " gIn)  ona wlE®
(n) (In) - P !
sij and Hy , respectively, for simple and nearly simple loadings (see below). To con-
struct other variants of the model it is necessary to give up the conditions of three-di-
mensional linearity, the existence of potentials, and the constancy of the orientations of
the direction tensors and vectors.

2. For simple loading and strain [10] the direction stress and strain tensors and the
direction magnetic field and magnetization vectors for any number of the loading n do not
depend on the time t. A theorem of simple variable loading holds. Let us consider an in-
compressible anisotropic material characterized by the equalities

possible variant. It is applicable when S are small in comparison with

K = o0, }LE?&BZO, 8(*11):0’ 4nl1i(l)l>>|Hi(l)| (=12,...,n) (2.1)
~(n) ~(n) D TFn) __ opn) o0
0%’ = 3es —_— B =9 ——
i i = f *n) ’
8 (e e imy) (15 i)

n 2 ~ gy~ a(k) n A bgl)
r
D =X As ;1] (g‘ €3; Sij(k)) I_Il(li L) ™
r,8 =1

1=

n n
2 agk) — (Y 4+ ,1)/2’ 2 b§.” — (6 4= 1)/2’ g(iln) =0, H(en) =0,
k=1

=1

where the body forces and surface forces, the magnetic field, the magnetization, and the
strains vary proportionally respectively to the parameters X(Z)(t)’ VH(Z)(t)’VI(Z)(t)’ and
“(ZD(t)s where 7 is the number of the loading:

Fyy=Flhy (1), Tioy=Tihoy(8), Hyp = Hivag (f), (2.2)
Ly = I?viy (1), &0y = ehipw(f) (1=1,2,...,n),

where the quantities with superscript zero do not depend on the time., The loading and strain
will be simple if
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Ay (B) = vuu, (v (D) (1=1,2,...,n), (2.3)

) B
1 (n) 2al® 2b;

hn-vy = hw = T4 > A (a1 — ) | I e—n — w7 lI Il [vig-n —viol >

7,8 =

.o (D
-1 s

VH(—1) = VH® = (6L 14 VA B (Vi) — Vi) ]H | ey — ey | H |Ve-n — Vil -

=1

In Egqs. (2.1) and (2.3) Arg, ar(k), bs(z), v, 8§, A are constants. The stresses 0ij(n) are
found in the form

Tijem) = Oijhm (£). | (2.4)
It follows from (1.3) and the fourth of Eqs. (2.1) that
Bitny = By (1). (2.5)

The substitution of (2.4), (2.5), and (2.2) into (1.1), (1.2), and (1.4) gives the first of
Egs. (2.3). Maxwell's equations for magnetostatics and the boundary conditions are satisfied
also. When (2.2) and (2.4) are satisfied the first two of Eqs. (1.3) and the fourth of
(1.13) are satisfied, since the incompressibility conditions, the first three of Egs. (2.1),
are valid. To confirm this it is necessary to use the first, third, sixth, and eighth of
Eqs. (1.11) and the second of (1.10). Since the potential ¢ in (2.1) does not depend on the
invariant N (cf. (1.19)), which is equivalent to satisfying the last two of Eqs. (2.1), the
fifth and seventh of Eqs. (1.13) are trivially satisfied:

Sg]gIn) — 0, ﬁ(i}(en) =0

The substitution of Eqs. (2.2) and the expressions for Si( and H( n) from (2.1) into the
third and sixth of Egs. (1.13) and taking account of the second and fifth of Eqs. (1.11)
gives the second and third of Eqs. (2.3). Since conditions (2.2) and (2.4) give the con-
stancy of the direction tensors and the conditions of the consistency theorem, the theorem
is proved.

( t—:n)

We note that for nonzero but small stresses S[n] S(ig) and the fields H
loading close to (2.2) will be close to simple.

By using (1.16) it is possible to prove a theorem on variable loading. If the problem
of the variable loading of a ferromagnet is solved by the method of successive approxima-
tions, at each stage it is necessary to solve the separate problem of magnetostatics for a
known state of strain found from the preceding approximation, and the mechanical problem for
known fields and magnetizations. We denote the k—-th approximation by a superscript k in
curly brackets. From equations of the type (l.1l) the stresses O{R}, the strains gik% y?

j(n

{k} . 1j(n)

i (a) are equal to the differences (n even) or sums (n odd):
ol = 0%ty —(— )" Gﬁ?(}n), elitn = eiitn_n — (— 1) eiln),
HE) =B ) — (— "B, I =1y — (—0)'TH,
{k} E{k} H{k} {k}
j(n=1)* "ij(n~-1)’ "i(n-1), i(n-1)
beginning of the n-th loading, and certain fictitious quantities which result from solving
the problem of the base loading under the action of the loads

the magnetic field H,

of the corresponding quantities oy and I existing before the

(— 1) [Finony — Fuemy + Fo (TG28, HOGZY) — F (1077, V@) — Fo (Lm0 — Lo ™, HGZE — Hey M),

r - B 1) . \_
(— V)" [ Titneny = Taemy + T (HE2) — T (HEDY) — njoy; (BRZY, HEZR)4-
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h— k— I {h—1} {h—1} th—1}
=+ n;0y; (BGY" H( ) + njo; (Bgfi 1= Bw "y Homp — Haw ]

and the current density

(=D)®Gitn-1 — Fitm)

under the condition that in the material relations of the base load the scales of the axes
of stresses and strains are changed by a factor ap, and the scales of the field and magneti-
zation by a factor B,. The notations used here appeared in Eqs. (1.1), (1.2), and (1.4).

3. Let us obtain the material relations for a polycrystalline steel sample, We con-
sider first the base load. We choose 0jj and Hj as determining parameters. Then the po-
tential of the strains and magnetizations has the form

ci

f = s, (H,6,) B2 — o, (H, 0,) HH 05 + 0*/2K + | e.doy, (3.1)

0

where 0 and € are the intensities of the stresses and strains; %o and ao are functions of
H and 0; which must be determined experimentally. Equation (3.1) yields the following ex-
pressions for the strains and magnetizations:

. 6 1 3 7 (:’n 0a A
€;; :_a—Eé—Gﬁl’ -+ Sen {81 —:--(Foﬂz -—EE_'.’I_HOLHE,Gaﬁ) Si]-—-aoHiH;;, (3.2)
i) 1 % . 1
1
S=0;—5 Uaaﬁij,
af / 1 9%, H Hﬂ .
Ii = -(W; = (M(‘- : ? H— Pig Hi —Z(LQGiqu,.

For the simple elongation of a long rod in the direction of the axis the second of Egs.
(3.2) can be rewritten in the form

mioxn (H, o .
I =yu,(H, oV H + = 0(8H —2ay(H,0;)0, ] — H'o;

I:-Il, II:H17Gi=011?

ba,(H, 61)

i) (3.3)

where 0,, is the stress applied to the ends of the rod, and Hj and I; are directed along
the axis of the rod.

We approximate the experimental magnetization curves for a patented steel wire [13],
‘ choosing as an analytic relation the function given in [14];
wo(H, 6 \H -+ (H?/2)0%,/0H = a;arctglexp(xe )BH ], (3.4)
2a0(H o,)H -+ H*a/oH = agarctglexp(xo ppH],

where o3, @2, %, and B are experimental constants.

After integrating Eqs. (3.4), analytic expressions are obtained for the functions
No(H, 04) and ao, (H, o0f)

o, In [exp (— 2#0 1) + [52H2]
BH? exp (%01)
o, ln [exp (—2x0;) + fizﬂz]
2BH® exp (%0;) ’

(3.5)

2a
%, (H,0;) = 7{1 arctg [exp (x¢,) PH] —

U“,
a,(H, 0;) = + arctg [exp (xo;) BH] —
Taking account of (3.4), Eq. (3.3) can be written in the form
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I = {a; — 0,0, )arctglexp(xo;)pH . (3.6)

The approximation of the experimental data in [14, 13] by Eq. (3.6) is quite satisfactory.

The constants o, and B, are determined by comparing the experimental curves with Eq.
(3.6) for oy = 0 [14]. After determining o, and B, the constants y and a, are found for
fixed oy from the conditions

% = (Vo)n(l/BH,), @y — ayo; = (2/€) (o),
where I, (0j) is the saturation magnetization, and oi in parentheses indicates that the
constants are calculated from the graph of I as a function of H for a given oi; H; is taken

from the I-H curve at a value of the magnetization equal to (1/2)Ix (04). The values of the
constants for the patented steel wire [13] introduced into the model (3 2),.(3.5) were de-

termined from the experimental I—H curves for o; = 0 and 05 = 9,7+10° dyne/cm®;
a; =950 G, B = 7.8-10-%(1/0e) @y = 6.5-10-% G cm?/dyne, ;
% = 1.47-10-1! cm?/dyne, (3.7

Equations (3.2) written for increments are valid for variable loadings. When the material
relations for an isotropic body are written in this way principles analogous to (1.16) are
valid in which for simplicity it is possible to take parameters of the change of scale equal
to 23

%" = u, (H™/2, P /2), (3.8)
(n) (1/2)a (H(n)/:) (n)/2) (n) 28 (O'(n)/ ).

The functions %o and a¢ for steel are determined by Egs. (3.5) and (3.7). At the given

point small fields are considered which do not affect the form of the function ei(ci).
Therefore, function €4(0;), which is known from experiment in the absence of a magnetic field,
enters (3.8),
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STRESS STATE OF A STRAIGHT ISOLATED CUT, LOADED FROM WITHOUT
BY CONCENTRATED FORCES AND GROWING AT A CONSTANT RATE

E. N, Sher : UDC 539.375

In [1] an investigation was made of the stress state of a straight isolated cut, de-
veloping at a constant rate under the conditions of antiplane deformation of the ideal theory
of elasticity. Here, we consider cases of total self-similar loading and non-self-similar
loading by concentrated forces, applied at the middle of the cut to its edges and depending
arbitrarily on the time,

In the present work an analogous investigation is made within the framework of the
ideal theory of elasticity for the case of plane deformation; here, use was made of results
and ideas published in [2, 3].

In the unloaded elastic xy plane, at the initial moment of time t = 0, let a cut loaded
by forces concentrated along its edges start to develop along the x axis from the origin of
coordinates with the rate v. It is required to determine the stress state arising in the
plane, specifically, the value of the coefficient of the field intensity of the stresses
near the tip of the cut. The elastic displacements, as is well known [4], satisfy the fol~
lowing equations:

2 2
1 97w 1 0%y 0.1)
w,=u; +v, A, = A, =37
8u1__ 0u2 6'1;1 h 0_1;__‘2
dy — dz’ oz ody*

where uj(x, y, t), vi(x, y, t) are the potential and solenoidal components of the displace-
ment vector wi (X, y, t); a and b are the velocities of the longidinal and transverse waves
of the elastic plane,

The components of the stress tensors are expressed in terms of the displacements by
the ‘formulas

b oy
N I T Y Y L
Oyy =M1 »2 0z+0y —e%z {r Cxy=H 6y+6z’

We consider the region of the upper half plane y > 0, bounded by the arc of the longi-
tudinal wave, emitted at the initial moment of time (Fig. 1). 1In this region a solution of
system (0.1) is sought, satisfying the following boundary conditions. At the edge of the
cut, with |x| < vt, the external load is given: o« y = Oy (¥, t); Oxy = 0. The form of
the function oy (x, t) will be refined in what fol{ows.

a2 0w ow, ow,
O = b [—z(‘gﬁ+79f)“2 “']' ©-2)

. Novosibirsk. Translated from Zhurnal Prikladnoi Mekhaniki i Tekhnicheskoi Fiziki,
No. 1, pp. 154-163, January-February, 1980, Original article submitted January 25, 1979.
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