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♦ It is identification and description of the
regularities for dynamics of different agegroup workers in the regional economy
by using a mathematical modeling.
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Complex dynamic modes of model
Bifurcation diagram of Poincare map

dx1 / dt = b11 − b12 + (K11 − K12 − K13 + α12 x2 + α13 x3 )x1 ,

dx2 / dt = b21 − b22 + (K 21 − K 22 − K 23 + α 21 x1 + α 23 x3 )x2 ,
dx / dt = b − b + (K − K − K + α x + α x )x ,
31
32
31
32
33
31 1
32 2
3
 3
xi – number of employed people of i-th cohort,
t – time,
bij – the immigration flows of i-th cohort ,
Kij – the flow rates of the employed and the economically inactive
population of i-th cohort, mortality rates and the transition to the next
age group,
αij – the coefficients of influence the cohort i-th on the j-th cohort .

Lyapunov exponents (λi)
and dimension of attractor (D)

 x&1 = b1 + (K 1 + α 12 x2 + α 13 x3 )x1 ,

 x& 2 = b2 + (K 2 + α 21 x1 + α 23 x3 )x2 ,
 x& = b + (K + α x + α x )x ,
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b1= 1.798, α12 = 0.1599, α13 = –0.362,
b2 = –0.996, K2 = 0.0279, α21 = –0.013,
α23 = 0.0081, b3 = –8.608, K3 = 1.428,
α31 = 0.431, α32 = –0.139

The system has 5 equilibrium points which correspond to various
options for sustainable development: the dominance of any one or two age
groups in the labor market or the coexistence scenario. These points are
experiencing a variety of bifurcation: loss of stability, saddle-node
bifurcation etc. This leads to a wide range of structures in the phase space.

These dynamic modes are observed in crisis times characterized by migration outflow
of the working population of two cohorts (b2 <0, b3 <0) and reduction of inflow of employees
from the unemployed and the economically inactive population to the first cohort (К1).
Charts of dynamic modes near the point estimates of model parameters

Research and verification of models
by statistical data of the Jewish Autonomous Oblast

dx1 / dt = 6.055 + (− 2.331 + 0.042 x2 + 0.013 x3 )x1

dx2 / dt = 0.00257 + (0.491 − 0.021x1 − 0.0039 x3 )x2
dx / dt = 7.585 + (− 0.012 + 0.0047 x − 0.0103 x )x
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f – stable focus, n – stable node, p – periodic solutions,
- – no stable attractors, * – point estimates
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The relationship between employed people of 16-29 years and 30-49
years are discrimination that is probably caused by demand for low-skilled
and low-paid staff. Between 16-29 years and 50 years and older are relations
close to a partnership like for help of the older generation (a13 = 0.013,
a31 = 0.0047). Interactions of employed citizens of 30-49 years and 50 years
and older represent a competitive relationship and they are approaching
to oppression of pre-retirement employment and the retirement age (a23 = –
0.0039, a32 = – 0.0103).
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The reduction of migratory influx of employed people in the cohort 16-29 years and
negative migration balance of employees 30-49 years leads to a change in the dynamics
of the model modes: from damped to undamped oscillations (pic. a). This can be expressed
in enhanced staff turnover in the economic crisis. The same nonlinear effect is observed
at increasing competition between employed people of 16-29 and 50 years and older (pic. g).

Key Research Findings:
♦ It is shown the socio-economic interaction of different ages employed can
cause fluctuations in the region economy.

♦ Point estimates of parameters for proposed a mathematical model by statistical data of Jewish Autonomous Oblast indicate that a deterioration of the
socio-economic situation may lead to a transition of parameters to domain
of a periodic oscillations or complex dynamics.

♦ In crisis time the oscillations are close to synchronous and overlap each
other and form irregular dynamics of the total employed population.

