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Consider a macrosystem which consists M elements with stochastic behaviour. Let each
element can be in any state from the class K ,...Kp , moreover K (... Kp =.

The sets of the states mark Q,...0,, where Q; € K; (i € I—,B) Further will be count that Q;

are discrete and containes finite number of elements.
Consider three type of elements:
1) in each state can be only one element.
2) 1n each state can be arbitrary number of elements.

3) average number of elements is the sets (), Qp bigger than the capacity of their.

A stochastic behaviour of system elements generates M possible states which define the

vector N = {Nl,...Nm}.

Consider the account of probable characteristic for macrostate N . Then have

P(N)=11 P/(N,), > P(N,..N, )=1 (1)
n=1 Ni,..N, =l
In first case from (1) obtain
G,! N G,-N
P,\N,)= L a "(l—a,)’m " (2)
( ’7) Nn'(Gn—Nn)' " ( n)
By G, — o and G,a, — o obtain normal approximation for binomial distribution
=~ \2
1 N,—N
I)I(NH)Z—exp _LLz_n)_ (3)
V20, 20,

<Nn>:Gnan’ G, :\/an(l_an)Gn

For considered system the expression for informatical entropy has the form

H,(N)=—3% N, In <N"> +(G, ~N,)In(G, - N,) @
n=I a,

where G,, is the capacity of Q,,.

For second model obtain the expressions

G, +N, —1 _
P2(Nn): g el n ; aNn (l_an)Gn 1 )
n=1 Nn!(Gn _1)
HZ(NH):_an:annNh_(Gn+Nn)1n(Gn+Nn) (6)
n=1 a

n
According to conditions of third model the expressions for the probability and the
informatical entropy have the forms

m G Nn
P3 (Nn): nlgleancn (_a% (7)
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m
Hy(N, ) == 8 N, n L )
n=1 anGne
The distribution of elements connects with the consumption of different resource. In this case
the set N contains all possible states. If the quantity of the resources in distribution process is finite
so to exist the subset of assumption states D C M .
The condition for the existence of stationary set of macrosystem has the form of the
maximum of informational entropy.
If the system to be situated in nonstationary set so in the future the system entropy increases
monotonically.
The principle of maximum entropy generates the procedure of the finding of this state.
On first step we consider any abstract macrosystem in which stochastic mechanism of

elements distribution on states (J; is analogous to real system but resources are infinite. In this

i
system all states are possible. On this set of possible states we can define the distribution function
and the informational entropy.

On second step we assume that the resources are finite then in the possible states is allocated
the subset of states for which the consumption is finite.

The expression for the entropy have the forms: (4), (6), (8) and the conditions of maximum
entropy

H, (N) = max, (k = 1,2,3) )

where Ne Dc M .
For each system model can be considered linear and nonlinear schemes of the recourse

consumption.
On base Lagranrg principle define the essential conditions of maximum entropy. In general

case Lagranrg function has the form
p r
LN A)=H(N)+ Elkk (g — @ (N))+ Elk" (g5 =0 (N)) (10)

0 (N)=qp, kelpi @ (N)<gy, ke p+lr
D={N:¢,(N)=q,. kel.p; ¢,(N)<q,. ke p+1r}

Thus, we have the problem of mathematical programming for the finding of optimal state.
The conditions of the optimum for the considered models have the forms:

*

D ln(Gn—N:)—ln<N"> +Vqu>(N*,7L*):O, nelm (11)
an

2) 1n(Gn—N,’§)—lnN: +VNncI>(N*,x*)=O,nel,—m (12)
al’l

3) —In NC’Z +VNn<I>(N*,7x*)=O, nelm (13)

In case when the resource consumption is linearly the problem is simplified and the equations

for first model have the form
m

H((N)=max, ¥1,,N, =q, keln (12)

n=I

LNA)=H,(N)+ £ xk[qk— izknzvn] a3
k=1 n=

The essential and sufficient conditions of the optimum for the problem (12), (13) have the
form
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dL, G,—-N r
=In—2 Lla,)— YA t, =0
N, N, () it
(14)
oL, m —
—=q; — 2 N, =0, kel,r nelm
akk n=1
In this case from the equation (14) follows the analytical solution
N = G , b,={a,)” nelm (15)
1+bnexp(z Kjtjn]
j=!
For second model analogous we obtain
m N
H,(N)=max, >t N, =q,, kel,r (16)
n=1
r m
L,(N)=H,(N)+ Zxk(qk_ztann (17)
k=1 n=1
0 G, +N r —
b Gt N S, =0, nelm
aNn Nn k=1
oL m —
2 ZQn_Ztann:O’ke 14 (18)
a}‘«k n=1
. G, ——
N, = , C,=1/a, nelm (19)
r
j=1
And for third model we have
m R
Hy(N)=max, Yt,,N, =q;, ke lr (20)
n=1
LZ(N’K):H3(N)+ Zkk[‘]k_ ztannj 2D
k=1 n=1
a N r N
Oy NS4 =0, neim (22)
oN,, a,G, k=1
a m R
A:qn— 21N, =0, kelr (23)
a}\.k n=1
r -
N, =a,G, exp{— 2 At j nelm (24)
j=1

These solutions of optimization problem for the system with stochastic behaviour of elements
can be founded in the analytical form when the system has finite linear consumption. If the
consumption is nonlinear then the solution of the problem is founded by numerical methods.
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