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ABSTRACT

This article provides information about the laws of distribution of waves, taking into account a
sphere with a broken unloading, as well as their solutions.
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If the state diagram of the medium during unloading has a broken line (Fig. 3) consisting of two
straight lines, then the results of the previous paragraph are valid as long as P(r,t)= P** . Therefore,
based on the physical plane (r,t), the surface r=R; (t) is first determined, in which P=P**, and then
the distribution of velocity and strain on it is found from the calculations. Calculations show that the
pressure at the shock wave front decays more weakly than at the cavity. In this regard, the pressure
isobar turns out to be elongated towards the spatial coordinate r (Fig. 1).
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Figure 1. Pressure isobar during unloading.

Depending on the value of the rate of "Unloading strain" C,, = E;1/P, (Fig.3) (E1 < E) there
may be cases a, § . If Ry (t) < Cp1, then case a (Fig. 1) is realized, and for R, (t) > Cp1, CasE J is
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realized (Fig. 2).
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Figure 2. Unloading cases

We assume the solution of the problem for the case a . In this case, region 2 is bounded by a non-
characteristic surface AB, where P (r,t) = P** = const, a characteristic of the positive direction BC
and a layer boundary AC (Fig. 4). Note that the solution to this problem in region I, where P =
(r,t) = P™ is constructed, will be used to obtain the corresponding solution to the problem in the
subsequent region 2. [1].

In region 2, this problem has boundary conditions

P(r,t) = P** = const,

U(r,t) = U™(t), npur = Ry(t) ()
au U 9g™(t)
- _|_ vV—=————

ar r ot

And the equation of state of the medium
P(r,t) =P +E(E—-E™), (2)

where, E; = pocgl , P™ —value given by the diagram Px& In the plane case (v=0), the wave
equation for region 2 is written as:

a%u 5 982U
=z~ =z =0 3)
Which has a solution

U(r,t) = Fl(r — Cplt) + F,(r + Cpit) 4
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Substituting (4) into the last two conditions (1) and performing calculations similar to those for the
problem with linear unloading, we obtain:

U(r,t) =
U**(ROJtB*) -
O (R (FD) + o) - B (FC2)) + U (FZ)IAZs + (s (F2) — )

2Cpq 230

£ (F(Z,)) + U™ (F(Z,))]dZ,}. (5)

where, Z3p40 = Ro + Cpito,  F(Z;) (i=1,2) is the root of the equation Ri(t) + Cpit =7Z; _i
with respect to time t.

After integrating the first equation, taking into account (5), the load P_O (t) at the layer boundary
AC is expressed by the formula:

Po(t) = P =2 [0 {[Ry (F(r = Cpat) ) + Cpu) - € (F(r = Cput) ) + U (B(r — Cput))| +
[(R1 (F(r + Cplt)) — pl) CET (F(r + Cplt)) + U (F(r + Cplt))]}dr. (5)

For a spherical wave (V=2) in region 2, taking into account (1), the solution of equation (3) with the
coefficient Cp replaced by Cp; is represented as:

T—Cplt 52

1
v =2 [ de [ e

T'+Cp1t T+Cp1t Rl[F(Zz)]—CplF(Zz)
— ] Ri[F(Z)]- €7 (F(Z,))dZ, + j dz, j P (&) d&
Z20 Zz0 Z10
r— Cplt Z1
] az | d j (€D dE,
Z10
r+Cp1t 52
[ ae [ miren-erene
Z20 Z20
r+Cpst &3 R1[F(&2)]1-Cp1F(&2)
mnglt ng
v | oag [an [ eGoas -
Zy0 Zz0 Z20
_ _ RI[F(21)] UIF(z)I'R} | 4R U™ [F(Zy)] 1 RiRy s
®(1) = 2Cp1-R1[F(Z)(R1~ cpl){ R3 + R? +2(' + R3 )U [FZ)T+

Ry [(2 Cpl) (1 + Cpl) Ry Rl] 8**(F(Z1)) 4R ( Cpl) 5**(F(Zl))}

Ry Ry
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where: Z1020=R; (tp) + Cp1to, mz = (C; — C3), nz = (C, — Cs) are arbitrary integration constants
determined from the condition U(r, t) = Uy(t,), U(r,t) = Uy(t,), are expressed as dependencies:

Uo(to) = ...
ms =R§[ Oc “+é (to)l,
pl
Up(t S ok
nz = Cp1t0R(2) [ 2:)10) + & (to)] — R§U,(to), @)

The formula for the load, taking into account (1) and (4), has the form:

Po(t) = P + poCon { [ {7 §(61)d8s = Ri[F(r + Coput)|€7[F(r + Cput)] +
J‘Rl[F(r+cp1t)]_CP1F(r+Cp1t) ¢(El)dfl} dr —

Z10

RO e, [ pe)de -

rZ2 \Wzq9

fr+Cp1t R1[F(Ez)] e [F(fz)]dfz n fZT;-(I)-Cmt de, lez(l)[F(fz)]—CmF(fz)¢(€1)d€1 _ m3}dr}.

Z20

(8)
Thus, the solutions of the plane and spherical problems in region 2, taking into account (3), (4) and
(5), (6), are completely obtained.

Note that the solution of the problem for both a plane and a spherical wave in region 3 is constructed
in the same way as in region I, with the only difference that in region 3 Young's modulus E; takes
place [2]. In areas 4 and 5, which are limited by the characteristics of the positive and negative
directions, as well as the boundary of the layer CE (Fig. 1), the Goursat problem is obtained, the
construction of a solution to which is not difficult [3].

Based on the solution of the problem in area 5, the profile of the load on the CE is determined. For
subsequent areas 6, 7, etc., the problem is solved in a similar way until Po(t)= 0 [4].

In the case ¢ (Fig. 2), the solutions of the problems of plane and spherical waves in region 2 do not
differ from the case o and they are mathematically identical. However, in the case of a, at the
boundary of the layer, we have a section of application of the load AC, while in the case of ¢ it is
absent. In this regard, in the case of a, it is required to determine the load profile on AC, and in the
case of 0, an additional region 3 arises, where it is necessary to find the forms of the shock wave
front in section BD.

In conclusion, we can say that the solution of problems for a plane and spherical wave in region 3
(Fig. 2), taking into account the corresponding boundary conditions on the characteristic BE,
mathematically reduces to a boundary problem, where there was a linear unloading of the medium.
Therefore, apparently there is no need to present here the solution of the above problem.

In the case ¢ (Fig. 2), the solutions of the problems of plane and spherical waves in region 2 do not
differ from the case a and they are mathematically identical. However, in the case of a, at the
boundary of the layer, we have a section of application of the load AC, while in the case of & it is
absent. In this regard, in the case of a, it is required to determine the load profile on AC, and in the
case of 0, an additional region 3 arises, where it is necessary to find the forms of the shock wave
front in section BD.
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Conclusions:

In conclusion, we can say that the solution of problems for a plane and spherical wave in region 3
(Fig. 2), taking into account the corresponding boundary conditions on the characteristic BE,
mathematically reduces to a boundary problem, where there was a linear unloading of the medium.
Therefore, apparently there is no need to present here the solution of the above problem.
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