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ABSTRACТ 
In connection with serious social-economic and ecological problems in our country an analysis of demographic 

processes in cities of atomic industry causes a big of interest. The aim of this work was an evaluation of dynamic of age 
structure of population of city Ozyorsk, based in connection with creation of nuclear plant “Mayak” of “first-born” of 
atomic industry in Russia. Data received in city's administration, included the information about number of population, 
its age composition taking into account of natural increase and of migration processes for a period from 1959 to 1997. 

RESULTS AND DISCUSSION 

In accordance with the Zundberg's classification the 
analysis took place in three age groups: children 0-14 
years old, parents 15-49 years old, grandparents 50 and 
more years old. Validity of differences in the age structure 
of population of Ozyorsk by years was estimated by the 
correspondence criterion it was installed that age structure 
of the population was realistically distinguished from 
initial. Criterion of normal age structure of a population 
on Zundberg's is the following: children 25 %, parents 50 
%, grandparents 50%. It was taken 1989 year. Reliability 
of distinction of age structure of the population of city 
Ozyorsk on years have estimated by criterion of 
conformity χ2 . As a result of the carried out analysis was 
established, that the age structure of the population 
authentically differed from initial since 1990. 

Percent of grandparents grows as a whole for the period 
1989-1997, whereas percent of children for the same period 
steadily is reduced. According to classification on Zundberg's 
the age structure of the population Ozyorsk is regressive. It is 
important to emphasize, that this process accrues, to what the 
steady increase of an index of age structure testifies. 
Demographic loading on the population further was 
estimated. This parameter gives representation about that, 
how many children, old men, children and old men which 
have been taken together, it is necessary on everyone 100 men 
in the age of 15-59 years. The results of calculations have 
shown, that loading by children on the population decreases 
with each year, whereas loading by the old men is increased, 
and summary loading remains practically constant. 
Nevertheless, as a whole the increase of loading by the old 
men in conditions of decrease of loading by children 
represents the adverse tendency. 

Years Chi
 0-14

1989 2
1990 2
1991 2
1992 2
1993 2
1994 2
1995 2
1996 2
1997 2
TABLE 1. This table shows the dynamics of age structure on Zundberg's , % 
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χ2  

3 52 25 1.09  
3 51 26 1.13 31.49 
3 50 27 1.17 68.0 
3 50 27 1.17 117.9 
2 51 27 1.23 106.52 
2 51 27 1.23 98.32 
1 52 27 1.29 114.26 
1 53 26 1.24 160.75 
0 53 27 1.35 231.65 



 

 

The results of definition of factors of aging allowing 
to estimate a degree of development of aging of the 
population, have shown, that the meanings of factors were 
exceeded 12 %, that specifies demographic old age. 
Taking into account, that the share of children (0-14 
years) in an aggregate number of the population was less 
than 25 %, the demographic old age has appeared more 
expressed, i.e. second degree. An estimation of rates of 
aging of the population carried out through definition of 
an index of aging and rejuvenation. Index of aging 
expected as the attitude of rate of growth of number of the 
population in the age of 60 and older to rate of growth of 
the population in the age of till 60. The index of 
rejuvenation is represented the attitude of rate of growth 
of the population in the age of 0-14 to rate of its growth 
after 14. The index of rates of aging shows, as far as faster 
an increase of number of the old men in comparison with 
number of other population occurs. The index of aging 
(Ic) shows the attitude of a share of the old men in the 
given year to their share in the previous year. The index of 
rejuvenation (Io) shows the attitude of a share of children 
in the given year to their share in the previous year. 

The parity Ic/Io refers to as an index of 
demographic old age (Id). As a rule, it is more 1.0 and 
shows, in how many of times the rates of aging exceed 
rates rejuvenation in the current year in comparison with 
the previous year. 

Thus, as a result of study of age structure of the 
population of city Ozyorsk is established, that it is 
characterized by a regressive type of age structure, which 
rates are increased last years. The observable picture is a 
consequence of approach of the second degree of 
demographic aging. It is necessary to emphasize, that last 
years the rates of aging of the population steadily accrue. 
As a whole it speaks about adverse demographic changes 
determining age structure of the population of Ozyorsk. 
We investigated a number of factors, such as: dynamic of 
age structure, demographic loading on the population, 
aging factor and rates of population's aging, as well as we 
carried on the subscripted factorial of analysis. Besides, 
we incorporated two factors: index of age structure (IAS) 
and index of demographic aging (IDA). 

As it was shown the most percent of children (32 %) 
was in 1959, but in following years it begins gradually to 
fall and in 1989 it was 23%. The growth of IAS indicates 
the increasing process of demographic aging of 
population. The share of children by attitude to parents 
decreases with each year, but the share of grandparents 
increases. Later in conditions of reducing of the share of 
children presents a inauspicious tendency. The results of 

determination factor of aging have shown that in a period 
from 1959 to 1979 their meanings did not exceed 8 %, 
that corresponds to a demographic youth, from 1989 the 
meanings of these factors have exceeded 12 %, that points 
to demographic aging of population. Considering that 
circumstance, that part of a children in a total number of 
population is less than 25 %, demographic aging is more 
denominated, i.e. of the second degree. Rates of aging of 
population from 1989 exceed the rates of rejuvenation, as 
a result the IDA, that characterizes their correlation, 
exceeded a critical meaning (> 1.0). Subscripted factorial 
analysis has shown that the increasing the aging factor is 
affected by not only natural processes of aging, as well as 
by reduction of part of young, which depends on from 
birth-rate. From 1959 it carries a stationary nature, but 
from 1989 it characterizes by the regressive type of 
development, which rates are enlarged at last years. 
Observed picture is characterize by approach of the 
second degree of demographic aging, caused by both the 
raising of the rates of aging, and reducing the rates of 
rejuvenation of population at last years. This indicates the 
inauspicious demographic changes, defining the age 
structure of population of Ozyorsk. Considering the 
reduction of doses of irradiating of the professional 
workers of PA “Mayak” from the 50s, as well as the doses 
of irradiating on population of Ozyorsk in the whole, it is 
necessary to emphasize, that the main contribution to the 
deterioration of age structure of population of city has 
been caused by the change of social-economic conditions 
of life of population. 

The aim of this work is an evaluation of dynamics the 
number of population in Ozyorsk, connected with of 
“activity of the pioneer” of nuclear energetic – the PA 
“Mayak”. Besides, a correlation of the nature of 
demographic processes with social-economic and 
ecological conditions of life of the population in this town 
was included as of the aim of study. In considering this 
question, a natural growth was analyzed, it was defined as 
a difference between birth-rate and death-rate factors and 
migration growth, showing of the growth of population 
per 1000 people due to migration. It has been found that 
for the period 1959 — 1989 the rate of population growth 
amounted 10 000 people per 10 years. Since 1989 it went 
down to 300 — 500 people per years. The change of the 
population is influenced by such processes, as birth rate, 
migration. It was considered the period from 1989 to 
1997, when sharply has changed character of dynamics 
strength of the population of the city. The revealing of the 
tendency of birth rate also plays the important role in 
research of laws of natural movement. 

TABLE 2: This table shows rates of aging 

Years 1990 1991 1992 1993 1994 1995 1996 1997 
Ic 1.055 1.045 1.039 1.027 1.137 0.909 1.037 1.032 
Io 0.996 0.991 0.982 0.976 0.969 0.970 0.969 0.970 
Id 1.059 1.054 1.050 1.052 1.173 0.937 1.070 1.065 



 

 

For an estimation of birth rate defined factor of birth 
rate referred to 1000 men, designed as the following (1): 

Factor 
of birth

 rate
= . 1000 (1)

Number of born ones, 
registered for the year

Population  
Factor of birth rate from 1989 to 1994 is sharply 

reduced, but 1994 of year is stabilized on rather low 
figures (on the average about 8,5 per 1000 men). 
Following important parameter – mortality of the 
population. The size it defined by calculation of factor 
mortality, referred on 1000 man (2): 

Factor 
of death

 rate
= . 1000 (2)

Number of born cases 
of death for the year

Population  
From 1989 to 1994 factor mortality sharply grows, 

and then there comes it some decrease, which, however, 
does not reach reference values. 

The following important process influencing number 
of the population, is the migration. Parameters of 
migration is the following: Kv + – factor of arrival, Kv− – 
factor of departure referred on 1000 man. During all 
considered period factor of arrival always is more than 
factor of departure, however sizes of both factors 
decrease, that specifies decrease of intensity migrational 
processes. By results of 1997 the difference between 
factors has become insignificant.  

In the of table 3 dynamics of a gain of the population 
of city Ozyorsk is submitted. 

The natural gain, which is defined as a difference 
between factors of birth rate and death-rate, is positive 
in case of excess of factor of birth rate above factor of 
death-rate and negative – in case of excess of factor 
death-rate above factor of birth rate. The natural gain 
accepts negative meanings up to –4,3, because factor 
death-rate after 1994 decreases, and factor of birth rate 
is stabilized, the natural gain a little is increased, but 
remains negative (-2). With the help of factor of 
migration, which races as (3) 

,KKK vvv −+ −=  (3) 

estimated of migration a gain showing, on how many men 
(per 1000 men) increase of the population owing to migration. 
The gain of migration, remaining positive (from 0 to 9), in 
1997 sharply has decreased up to 0,3 per 1000. The general 
gain, which represents the algebraic sum of first two 
parameters, was positive till 1996 inclusive owing to excess 
of migration a gain above natural, and only in 1997 it has 
become negative with meaning –1,7 per 1000 men. 

The received data testify that in the whole dynamics 
of the population in Ozyorsk has the adverse tendencies to 
decrease, that promoted by reduction of rates of a general 
gain of the population from 1989 to 1997, which is 
defined by the following factors. 

By decrease of a level of birth rate and increase of a 
death rate determining a negative natural gain; and 
decrease migration of a gain owing to reduction migration 
of processes (0,3 per 1000 men). Because of the general 
gain of the population accepts negative meanings.  

For this purpose, data taken from official files of 
Ozyorsk administration were used, the included the number of 
population from 1959 to 1998, birth rate and death-rate of the 
population for period 1950 – 1997, and the number of people 
arriving and leaving the town from 1959 to 1997. 

It should be noted that since January 1998 for the first 
time in the history of town the number of population 
reduced by 150 people in comparison with 1997. These 
data point to the negative dynamics. The processes such as 
birth rate, death-rate and migration affect the changing of 
the number of population. Analysis has shown that since 
1950 as a result of birth rate factor had been falling natural 
decrease of the number of young families in the course of 
time from 1965 to 1989, it stabilized at the average on level 
16,4 per 1000 people, but since 1990 it fallen to values 8,5 
per 1000 people. In its turning, since 1950 a factor of death-
rate had been gradually increasing, but the rate of its 
increase stayed on the constant level till 1989, then it 
sharply increased up to 12 events per 1000 people. In this 
connection, natural growth increased and took negative 
values –3,5. During the whole period considered in this 
study a factor of arrival constantly exceeded a departure 
factor, however, the values of both factors decreased that 
reflected a reduction of the intensity of migration processes. 
As a result to 1997 the difference between these factors 
became small (0,3 per 1000 people). 

CONCLUSION 
The obtained results indicate that since 1950 

demographic processes in Ozyorsk were more favorable, 
in spite of fact that it was in this period workers PA 
“Mayak” and the population as a whole, got 
comparatively greater radiation doses than in the 
following years. Social-economic situation in the town as 
a whole, as a result of the economic of reforms in the 
country. Reduction of the number of population in the 
town is expressed by the negative natural growth and by 
reducing migration processes, which resulted in sharp of 
decrease of the general growth of population, till its 
stopping in 1998.  

T

Gain 
Natural  
Migration 
Summary 
ABEL 3. This table shows the dynamics of a gain of a population of Ozyorsk (people ⋅ 1000-1) 

1989 1990 1991 1992 1993 1994 1995 1996 1997 
6.4 6.1 4.1 1.1 -1.9 -4.3 -4.2 -3.8 -2.0 
6.3 7.2 7.5 6.3 9.6 7.4 7.2 8.1 0.3 
12.7 13.3 11.6 7.4 7.7 3.1 3.0 4.3 -1.7 


