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condition of maximum Pontryagin’s function defines the structure of optimal
control. Further we study adjoint equations and differential association.
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In this research, we consider the optimal control problem for an economic
system whose behavior is described by the dynamical model of a three-sector
economy. The results are summarized in [1,2]. For the state parameters of the
system we take the capital-labor ratio functions (specific capital) in each sector
and for the control parameter we take the amount of specific investments in
the capital generating sector. The solution of the optimal control problem
under consideration is based on the Pontryagin maximum principle. We find
the optimal control structure depending on some auxiliary function, which is
expressed in terms of conjugate variables. Analytic solutions of the systems
of differential equations for the state variables and the conjugate variables
are obtained. The system of differential equations (differential association),
describing the dynamics of the system states has the form:

k̇0(t) = −λ0k0(t) + l
(1)
0 ρ(A1k

α1
1 (t)− i1(t)),

k̇1(t) = −λ1k1(t) + i1(t),

k̇2(t) = −λ2k2(t) + l
(1)
2 (1− ρ)(A1k

α1
1 (t)− i1(t))

In previous papers [1, 2] there were obtained optimal control structure, and
solutions of differential equations and conjugate parameters. Four basic modes
of optimal control were analyzed on the time interval [0, T ]. For each of the
options issued to differential equation k0(t), k1(t), k2(t) for relative depending
on the control structure.

Further it is shown how k0(t), k1(t), k2(t) behave at different optimal con-
trol regimes. Below we state stationary solutions of a differential system asso-
ciation for the first option of the structure of optimal control with additional
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condition. Suppose that k0(t) = k0, k1(t) = k1, k2(t) = k2, k0, k1, k2 some val-
ues. Then the only stationary solution of the system of differential equations
is: 

k
(0)
0 = 1

λ 0
l
(1)
0 ρ(1− γ)A1

(
γA1
λ1

) α1
1−α1

,

k
(0)
1 =

(
γA1
λ1

) 1
1−α1

,

k
(0)
2 = 1

λ 2
l
(1)
2 (1− ρ)(1− γ)A1

(
γA1
λ1

) α1
1−α1

.

Consider the behavior of the function k1(t). If, for a specific set of values

for the parameter t inequality k1 = k1(t) < k
(0)
1 holds, then ∆k1 > 0, the

function k1(t) is decreasing on t. At the same time, as can be seen from the
explicit representation of function k1(t):

lim
t→∞

k1(t) = k
(0)
1 =

(
γA1

λ1

) 1
1−α1

.

Based on the findings, you can depict the character of solutions of differential
equation about k1(t) from the above-mentioned system, depending on the
initial values k1,0, i.e. the phase trajectory of this equation.

Figure 1: The behavior of functions of the capital-labor ratio of the first sector
in a given interval of time

There has been stability on the trajectories of stationary solutions at cor-
responding control regimes. By analogy we study behavior of trajectories for
functions k0(t) and k2(t) for the four best optimal control structure options.
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The estimation of financial stability of insurance
company
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In actuarial mathematics one of the main problem is to investigate how
the capital of insurance company depends on some parameters of its activity.

In our report we consider the following model of surplus of insurance com-
pany:

U(t) = C0 + Y1(t)−R(t)− Y2(t) + PI(t) ,

where
1) C0 – initial capital;
2) Y1(t) = a · t – the premium process;
3) R(t) = b · t – own expences;

4) Y2(t) =
N(t)∑
j=1

Xj – claims process;

5) PI(t) – return from investments.
We assume that (N(t), t ≥ 0) is a homogeneous Poisson process, {Xj , j ≥

1} are i.i.d.r.v.

In our report we consider the following problems:

1) optimal investment control;
2) ruin probability as a function of the parameters of insurance company

activity;
3) calculating of financial stability characteristics as a function of the pa-

rameters of insurance company activity.

References

1. L. A. Orlanyuk-Malitskaya. Financial stability of insurance company,
1994, ANKIL, Moscow. (In Russian).

113



XXXI International Seminar on Stability Problems for Stochastic Models

97. Shakhgildyan Kseniya 10
Moscow State University
Russia
ksy-shakhgildyan@yandex.ru

98. Shestakov Ivan 103

Peoples’ Friendship University of Russia
Russia
Shestakovivpet@mail.ru

99. Shestakov Oleg 46

Moscow State University
Institute of Informatics Problems,
Russian Academy of Sciences
Russia
oshestakov@cs.msu.su

100. Shevtsova Irina 64

Moscow State University
Institute of Informatics Problems,
Russian Academy of Sciences
Russia
ishevtsova@cs.msu.su

101. Shnourkoff Peter 100, 104, 107–111, 116
Higher School of Economics
Russia
P.Shnurkov@hse.ru

102. Sinitsyn Igor 88
Institute of Informatics Problems,
Russian Academy of Sciences
Russia
sinitsin@dol.ru

103. Sinitsyn Vladimir 88
Institute of Informatics Problems,
Russian Academy of Sciences
Russia
vsinitsin@ipiran.ru

104. Sikolya Kinga 6

University of Debrecen
Hungary
kinga.sikolya@inf.unideb.hu
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