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MATEMATHYHA MOAEND XAOCLY,
BHK/NIMKAHOI'0 MIMHAPOLHOH
TOPT'IBNIEH

Ocnosni egpexmu i 3aKOHOMIPHOCMI, SKI XAPAKMEPUSYIOMb KEUHCIAHCOKI M0oOeni 0108020 UUKLY,
oYU 3mM00eb0Bal 3a 00NOMO2010 CUCTIEMU JTHIUHUX OUDePEHUIANbHUX PIBHSND. 3HATeHT PO36 SI3KU
cucmemu, AKa ONUCYE 83aemMo0io 080x abo mpvox depacas, i docaidrcysana cmabiibHicmy yiei cucmemu.
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1. Introduction

The majority of economic processes proceed in time.
Owing to this, corresponding mathematical models are
basically dynamic and nonlinear.

Till now all new «synergetic» concepts and objects
have appeared and investigated in nonlinear systems with
rather small dimension (n < 4). Research of multivariate
systems leads to complexities, both theoretical, and com-
puting. The model of economic system of 6-th order is
considered below. However it is assumed to be linear, it
shows the complex behavior, similar to determined chaos,
known in nonlinear systems. Similar results for economic
system in 2006 were actively discussed on the Internet. In
the given work model parameters of economies of 3 states
are offered, at which the collaboration between economies
leads to the phase portraits, that are similar to determined
chaos of resonant torus type.

The given system is considered with the purpose of
increasing the management efficiency of the union, that is
the increase of the income for all or most of the countries
from the union.

2. Analysis of publications

The general problem is to model relationships of several
countries at a level of macroeconomic streams with the
objective to define stability of the total system.

Now growth of the international attitudes, expansion
of import-export streams thereof makes it necessary to
analyze and forecast its development [1—10]. Thus, the
task in view is actual.

Consider dynamic economic system, i.e., continuously
developing in time.

At a level of economic categories it has been offered
by Keynes. Its general model for three countries consists
of six differential equations and describes international
trade. The economy of each country is described by two
equations reflecting dynamics of the national income and
the rate of percent.

According to Keynes, the general model for i-th count-
ry (i =1, 2, 3) looks as follows:

where A, B;, (i=1,3) are some positive constants;
Y, (i=1,3) is national income of i-th country (phase
variable); R;, (i=1,3) is the current rate of percent in
i-th country (a phase variable); I, is the function of
demand for investments in i-th country which can be
written as:

I,=DY;-Y,+DL;-(RR,~Ry),

S; is the function of savings of i-th country which can
be written down as:

S;=SY,-Y,+SL;-R, —CA;.

L; is the function of demand for money of i-th country
which can be taken as follows:

Li :LYI Yl +LI, '(Rmax,i _Ri)‘
M; is the amount of money supply of i-th country; it
is regarded as constant; P is price level of i-th country.
It is constant (thus, a constant M;/P. represents the offer

of money in i-th country); Ex; is the function of export for
i-th country which can be written down, for example, so:

Ex, = Ey+U, Y, 4V, Y,
Im; is linear function of import for i-th country as:
Im, = Zy, + Z;-Y,.

Instability in economic system can play even positive
role (economic growth).

This case also was considered. Let’s note, that station-
ary points and limiting cycles are considered as classical
attractors. To «strange» attractor we concern the limi-
ted sets on phase space which are points and cycles in
a broad sense. Resonant torus holds intermediate position
in this hierarchy.

According to the theory, there are no sources of dynamic
chaos in linear systems. But at the certain combination
of constants of this system of the differential equations
the pattern shows chaotic behavior at separate intervals
of time, and in some cases, phase trajectories leave on
torus strange attractor, the objective of the present work
is research of a phase portrait of the given system on
a randomness.

dy; B B

7 =A, ;- 8;)+ Ex;—Im;,

dR; _ M,

dt _Bi(Li B ),
¢
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3. The research resulis

For the given models the following analysis has
been made:

— found stationary conditions were found;

— the analysis of stability has been made. The Lya-

punov parameters for the further estimation of sys-

tem’s stability and trajectories of development were
obtained. So, identification of the type of system’s
dynamics was made;

— the numerical analysis for investigated system at

the various initial parameters describing various types

of interaction of subsystems (for example when two
countries have terminated the attitudes — they become
independent) was made.

In this work the solutions of the system is made using
two methods — numerically-analytical (i. e. eigenvalues
of a matrix of 6-th order are obtained numerically, and
then the known formula for the solution of linear system
with constant factors is written out) and purely numeri-
cal, using Runge-Kutta 4-th order method.

Comparison of solutions has shown, that digitization
is lawful, and is not the reason of chaotic behavior of
the system. Such behavior, in full conformity with the
theory, appears for the combination of parameters when
real parts, at least of two eigenvalues are equal 0, and
imaginary ones, responsible for the period of fluctuations
are not comparable, i. e. their quotient is irrational, or
close to it. Elements of a matrix are chosen so that these
parities were carried out, but parameters of model were
within the limits of economic sense. For example, the
majority of them should be inside (0, 1) interval.

Various figures of projections and sections of phase
portraits are presented by means of Mathematica package.
They allow to present the torus-kind attractor on a plane
in 6 dimensional space. From phase portraits it is clearly
seen, that the drawing set is limited, and trajectories on it
have no circles, so, this fits the basic criterion of «strange-
ness» for attractor.

The similar phenomena were observed in 4 dimensional
models for economies of two states.

4. Conclusions

Thus the required combination of parameters has been
found, and the hypothesis of chaos as a result of globali-
zation has been proved to be true, even for the elemen-
tary models.
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MATEMATHYECKAS MOJIENDL XAOCA, BLI3BAHHOT'O
MEMAYHAPORHOI TOProBAEH

OcnoBubie 9¢hdEKTHl U 3aKOHOMEPHOCTU, KOTOPbIE XapaKTe-
PU3YIOT KEWHCHAHCKITE MOJENH [IeJ0BOTO IHUKJIA OBLIH CMOEH-
pPOBaHBI C TIOMOIIBIO CHUCTEMBI JIMHEHHBIX AuddepeHImanbHbIX
ypaBHeHnuii. Haliflenbl pelieHusi cUCTEMbl, KOTOpas OIIMCbIBAET
B3aMMO/ICHICTBIE IBYX WMJIN TPeX rOCY/AapcTB, W HMCCIe0BaHa CTa-
OUIBHOCTH ATON CHCTEMBI.

Kmiouesste cnoBa: KeilHCHAHCKKHE MOJENHU, MPOOJIEMbI YCTOM-
YUBOCTH, (ha30BOE IPOCTPAHCTBO, aTTPAKTOP, XaoC.
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