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A factor enhancing the effect of pseudometeorite particles when the shell of a space
body is fired at in laboratory conditions is the maximal utilization of the net volume of the
charge forming an elongated cumulative cloud of particles. Moreover, the cloud should
also have maximal velocity and the needed length, with size and mass restrictions on the
cumulative charge.

The symmetry of the cumulative charge structure with respect to the axis Ox
reduces the solution of the problem for optimization with respect to the dynamic load factor
to determination of the maximal area of a rotating figure ABCD about the axis Ox (fig.1).
The figure ABCD is limited by the straight lines x=0, x=H and the plane curves
y = @&Xx) and y = ¢(X). The function y = @&(x) is known; while rotating, it describes the
internal surface of the cumulative charge shell, while y = ¢(x) describes the external
surface of the cumulative charge lining. The rotation of ABCD determines the volume
occupied by the explosive substance.

The physics of the process of formation of a high-velocity cloud of pseudometeorite
particle imposes on the function y = ¢(x) the following restrictions: it should be smooth,

continuous, and it should have positive first and second derivatives; besides:

(1) P (0)=a, ;¢ (H)=a,,,
where ar and ayz are local static apex angles satisfying the condition for a continuous,
discrete, or disperse cumulative jet of cloud particles [1, 2].

The boundary conditions are:
(2) y(A):¢o;y(B):§0H'

The cumulative charge length of the line profile is unknown. It can be determined as
a function of the cumulative cloud length [3].
The length of a plane curve is determined by expression [4]:



y
(3) L=[y1+¢2dx.
0

The following problem is formulated: among all functions y = ¢(x), satisfying
conditions (1), (2) and (3), it is necessary to select the one for which the area S of the

figure ABCD attains maximum value:
H

(4) S, = J.(@—go)dx.
0

For the purpose, Euler's equation [5] must be solved for function:

F=p+1* 1+ ¢'?

where A* is a Lagrangian multiplier.

Using intermediate integral [5]

J-J, ¢ =C,

we obtain [5]:
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Then, we transform [5]:
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But ¢ >0, then:
(p=Ci)dp  _ 4
VA -(p-C,)°

JA2—(9—-C,)? =x+C?;



(X+C, )2 +(p-C, )2 = 22.

Equation (6) is the equation of a circumference, i.e. the solution of the problem is a
circumference arc. Since the arc length is not determined by the problem'’s condition, we
take into account conditions (1). The center of the wanted circumference with radius 4 is
determined as the interception point O; of normals 7, and 7y to the tangents of function
¢(X) at points A and B respectively where, for geometrical reasons related with the given

structure, the radius A4 is equal to:

i:\/H2+(§0H _¢0)2
2sn(a,, —a;,) '

(7)

Besides:

_ cosa,
2sin(a,, —a;)

JHZ2 (04 —00 )

1

C,=Ctga,.

As a result, an analytical expression for the cumulative charge line profile is
obtained, ensuring maximal utilization of the free design space and accounting for the
physics of the process and the additional integral condition (3).

The problem is a simple example of the use of variation calculus in cumulative
charge optimization. It should be noted that here, the effect's optimization on the
parameter of maximal utilization of the net volume is partial. To provide adequate
description of the process, its kinematics and dynamics must be taken into account as

well.
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ISOPERIMETRICAL TASK
FOR OPTIMIZATION OF THE CUMULATIVE CHARGE
FOR PSEUDOMETEORITE PARTICLES

Hristo Hristov, Victor Baranov*

The isoperimetrical task for optimization of the cumulative charge of
pseudometeorite particles on the parameter of maximal utilization of net volume is
formulated and an analytical solution in the form of an equation of a circumference is

obtained for the cumulative charge lining profile.

MN3O0IIEPUMETPNYHA 3A/TAYA
3A OIITUMM3ALINA HA KYMYJIATUBEH 3APA /]
3A IICEBJOMETEOPUTHU YACTULIN

Xpucmo Xpucmos, Buxkmop baparos

CI)opMmepaHa € U3OIICPUMCTPHUYHA 3aJavda 3a ONTUMHU3AIUA HA KyMYJIATUBCH 3apsn 3a
INCEBAOMECTCOPUTHHU YaCTUIU IO MapaMEThp - MAKCUMAJIHO U3IIOJI3YBAHC HA MOJIC3HUSA obeM u e
IIOJIYY€HO aHAJIUTHUYHO PEIICHUC BHB BUOA HAa YPABHCHUC Ha OKPBXKHOCT 34 o6pa3yBamaTa Ha

npodria Ha KyMyJIaTUBHATa OOJIMIIOBKA.



Fig.1. The diagram of cumulative line profile definition y = ¢(x).
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