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Abstract—The relevance of the article is that population
ageing is one of the most important demographic problems that
has a global character and affects all socio-economic processes of
society. The article deals with the issues of demography, namely
mortality and fertility, the change in total population, changes in
age-sex structure and distribution of Russia's population between
urban and rural areas for the period 2001 — 2018. We have
separately studied the question of the ageing of the population.
This problem is common to many modern economies. There are
positive and negative consequences of this process. The main
problem is the reduction of the working-age population of the
country.

As effective methods of studying and analyzing phenomena
and processes, the following are proposed: statistical observation,
sampling; summary and grouping; a system of indicators
(average, absolute and relative values, indices); graphical
analysis, as well as own (special) research methods (scales-meters
of demographic processes; sex and age pyramids;
standardization; tables of survival; longitudinal and transverse
analysis, etc.)

The analysis of demographic indicators of Russia allowed to
carry out an assessment of features of sex and age structure of
the population at the present stage and in the future. At the same
time, the reduction of the working-age population of the country
and the aging of the population were identified as the main trend.
At the same time, migration processes, which include Russia,
allow in recent years to "mitigate’ the consequences of the
growth of the coefficient of pension burden of the population.

All this requires the government to develop a set of measures
to reduce the effects of demographic aging, maintain sustainable
socio-economic development and ensure a decent quality of life
for older people, as well as promote active old age, which implies

maintaining productive employment of workers for longer
periods.

Keywords: population, demographic problems, gender and age
structure, population ageing, methods of regulation, demographic
forecast, migration, migration processes

I. INTRODUCTION

The analysis of demographic processes of the last decades
has shown: both in developed and developing countries the
rate of population ageing has increased [1, 2, 3, 4, 5].

Population ageing is one of the most important
demographic problems that has a global character and affects
all socio-economic processes of society. The almost universal
increase in the proportion of older persons is characterized by
varying rates, which differ significantly across regions and
countries [2, 3, 4, 5, 6].

A. Literature review

Demography has been the focus of economic and
statistical science since the eighteenth century. Having studied
the theoretical aspects of population, we believe that all
theories can be grouped into three historically established
groups, depending on the factors affecting the change in the
demographic situation:

e (quantitative theories (reflect only the quantitative
aspect of population changes). This theory of
population: a) T. Malthus [7] , explaining natural
population growth natural and biological causes; b) K.
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Marx [8], who demographic changes of the
reproduction of labor power and the General
population determined by so-cio-economic factors —
development of method of production and the
transition to the next socio-economic system; etc.;

e qualitative theories (originated at the end of the XIX
century; took into account qualitative changes in the
age structure). These include: a) A. G. Sundberg [9],
who proposed a classification of the types of age
structure (progressive, stationary and regressive); b) F.
Burgderfer, proposed a graphical expression of these
types of population structure in the form of an age
pyramid) E. Rosset [10], A. Sauvy [11] etc.

e general theory of the reproduction of the population -
the theory of demographic transition (from the first half
of the XX century - to the present time). The founder -
A. Landry formulated the model of transition including
three stages (primitive, intermediate and modern) [12].
This theory was further developed by: W.S.Thompson
[13] (studied the demographic indicators of different
countries and identified General trends in their overall
demographic development); F.W. Notestein [14]
(formulated a modern vision of this theory; in contrast
to A. G. Sundberg, based on the degree of stability of
demographic changes-a high degree of stability, the
initial period of population growth, the modern period
of growth and a low degree of stability), etc.

Domestic scientific demographic studies reflect global
trends. However, due to the ideological orientation of the
social Sciences in the USSR, which had a Marxist character, at
first the theory of "demographic transition" acquired " its "
features: a) initially, the three stages of the theory of transition
reflected the specific types of the reproductive process of
population (archetype, traditional type, rational) [15] (the
transition from one stage to another ultimately depended on
the productive forces development level); b) then (since 1982)
— the four-phase model of "transition", based on qualitative
indicators (fertility rates, mortality, the share of the working-
age population, etc.), took into account their change in
dynamics and "domestic national features" of filling these
phases, which, in contrast to the global, "lagged" in time [16].

Modern studies of population aging processes have
revealed: a) significant features of these processes in different
countries of the world [17, 18, 19], highlighting Western
European, Chinese, Russian, etc. [19]; b) these features are
influenced by historical, geographical, political , socio-
economic, institutional and other factors [20, P. 235-251; 21,
P. 925-942; 22, P. 210-222].

The broad discussion of global population growth and
ageing has a great influence on the forecasting of economic
fluctuations and the development of economic and social
policies [23].

One of the instruments of regulation of socio-economic
processes and phenomena is the monitoring and analysis of the
main indicators characterizing them. The statistical learning
processes serve the General scientific methods of cognition
and General methods of the theory of statistics, which allow us
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to consider these phenomena: a) in conjunction, with the aim
of identifying the causal relationships of the development; b)
dynamics, with the aim of establishing trends; C) comparing
and mapping to determine the specificity of the object of
study. As effective methods of studying and analyzing
phenomena and processes, the following are proposed:
statistical observation, sampling; summary and grouping; a
system of indicators (average, absolute and relative values,
indices); graphical analysis, as well as own (special) research
methods (scales-meters of demographic processes; sex and age
pyramids; standardization; tables of survival; longitudinal and
transverse analysis, etc.).

The level and efficiency of management decision-making
depend on the quality of the collected information, its
relevance, reliability and completeness [24]. At the same time,
of great practical importance are: assessment of population
size and composition; study of population dynamics, its
natural and migratory movement; assessment of population
reproduction parameters; construction of forecasts.

II. METHODS AND MATERIALS

In the dynamics of natural population change, the
processes of fertility and mortality, marriage and divorce rates,
migration, which have a direct impact on the birth rate, are
considered. Thus, the population at the end of the year (Np) is
calculated on the basis of the following balance equation:

N,=N,+B ~D+A-L (1)

where: Ny, — population at the beginning of the year; B —
number of births; D — number of deaths; A — number of
people arriving in the territory; L — number of people who left
the territory.

The total change in population for the year (ANy):

AN, =N, —N_ =(B-D)+(A-L)=PR,, +P,, (2

tot pe

where: Pny  — is the natural increase (decrease) of the
population; Pz — Migration (mechanical) increase (decrease)
of population.

Foreign policy, domestic economic and social aspects of
the government's policy are reflected not only in the life of
society, but also in migration processes. Migration policy is
increasingly influenced by factors related to the aging of the
population.

The issues that reflect the causes and problems of the
ageing of society are primarily related to the total load factor
(Krotioad fac) and the coefficient of pension burden on the
working population (pension load ratio) (Kpens.ioad rat.), Which
are calculated accordingly:

K I:)Work (3)

tot.load fac. — ( I:)younAworkA I:)oldAwork )/
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/ I:)work (4)

pens.load rat. = PoldAwork

where: Pyounwork. — the population is younger than the working
age (this includes men and women aged 0-15 years); Pwork. —
the working-age population (men aged 16-59, women — 16-54
years) ; Podwork — population older than working age
(formerly men aged 60 years and over, women aged 55 years
and over; now men aged 65 years and over, women aged 60
years and over).

The forecast of demographic trends is one of the directions
of analysis and evaluation of the population structure. The
purpose of this forecast is to identify possible negative trends
and management decisions at the international, state or
regional levels. The most common method of forecasting in
this case is a prospective calculation of the population,
provided that the prevailing trends in fertility and mortality.

The only method that allows you to build a forecast not
only the total number, but also the age and sex structure of the
population, is the method shifting ages (component method).
The following group of consequences of the current trends is
considered [25, 26]:

Reduction of the total population and its labor potential. In
this case, there is a decrease in the number of potential
employees, and their age composition becomes older with
obvious positive (experience, qualifications) and negative
(conservatism, reduced initiative) consequences.

Changing the ratio of the main age groups of the
population by reducing the proportion of children and
adolescents and increasing the proportion of older people. This
requires a fundamental restructuring of the social
infrastructure to meet the needs of the elderly.

The lack of a mechanism for smoothing deformations of
the age and sex structure of the population.

Fixing the imbalances of the population by sex, due to the
high mortality of men of all age groups [5].

These effects allow us to quantify the method of
movement of ages, the essence of which is to assess the
movement of indicators over time on the basis of the specified
forecast parameters of fertility, mortality and migration.

Method of shifting ages (method component):

a) is believed to have been developed by Whelpton P. K.
(27];

b) calculations of the age structure of the population by
this method worked in Russia and S. G. Strumilin, p. P.
Shusharin, A. Y. Boyarsky, M. S. Poor, etc.; among foreign
authors note V. Lutz, W. Sanderson, R. Lee [28], etc.;

c) is used by the population Commission of the United
Nations;

d) officially applied the Federal state statistics service.

The method of movement of ages allows us to quantify
these effects. The essence of this method is to assess the
movement of indicators over time on the basis of the specified
forecast parameters of fertility, mortality and migration.
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Calculation scheme according to the method of shifting
ages is:

a) known age structure of the population Sy, at beginning
of year (t);

b) during the year there is a change in the baseline
population: mortality, migration;

c) at beginning of year (t+1) the population aged (x+1) is
determined by the formula:

Sl = Si - P+ M, (5)

1 . .
where: P, = L, + I the coefficient of movement in the
X

next age, which is determined by the ratio of the number of
living on the tables of survival at the age of (x) and (x+1); M,

- balance age-specific migration.

This procedure applies to all ages except 0 years of age.
The number of this age group in the period (t+1) is calculated
taking into account the indicators of the birth rate and infant
mortality. The number of births is calculated by multiplying
the number of age-related births and the average annual
number of women of the corresponding age. Age-related
fertility is the result of a forecast of the nature of fertility in the
future. The number of women is determined by the results of
the preliminary survey. To calculate the number of boys and
girls separately, the sex ratio at birth is used, which is an
empirical pattern recorded over a long period of observation.
Then multiplying the number of births by the probability of
survival from the mortality tables for the population of the
corresponding sex, the number S is obtained. It should be
noted that the procedure in question is carried out as many
times as it is necessary to carry out the forecast for how many
years ahead. At the same time, the population of each age
moves to the next, older age [25, 26].

The theoretical basis for statistical analysis of the
demographic situation in the country is a set of demographic,
social, medical and economic indicators.

III. RESULTS

According to the Federal state statistics service of Russia,
we analyzed the distribution of the country's population by
territory of residence (city — village), sex and age structure and
the ratio of births and deaths (figures 1 and 2, table I).
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Fig. 1. The growth rate of the total number of men and women for the period
2004-2018
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Fig. 2. The ratio of births and deaths in Russia from 2000 to 2017
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trend. Examining these indicators from 1926 to the current
date, we note the presence of cyclicality of this process (and in
different periods: 18-22-year cycles). Since 2015, there has
been a slight positive growth trend.

2) The relative symmetry of the pyramid, built according
to the calculated average for 18 years of study indicators, for
the age group from 0 to 50 years indicates slight differences in
the number of men and women of this age, which indicates a
relatively "quiet years" of our society and the economy as a
whole. The most significant deviations are observed in the age
group of 70 years and older with a significant difference
between the number of men and women over the age of 80
years.

3) Throughout the study period, there is an annual decrease
in the rural population with an increase in the share of the
urban population. Slight fluctuations in the level of
urbanization suggest that the main process of "Exodus of the
village to the city" is basically over. However, the presence of
a constant small increase in this indicator, on the one hand,
characterizes the presence of the process of population flow
into the city due to natural economic reasons, on the other-
continues to indicate a significant increase in differences in
infrastructure, transport accessibility, social security, the
availability of a network of roads, educational and cultural
level, etc.

TABLE 1. THE POPULATION OF RUSSIA BY LEVEL OF
URBANIZATION AND GENDER
. TABLE II. DISTRIBUTION OF POPULATION BY AGE GROUPS (%).
Ev&_ary Oof the_tota! In the total Of the tc_>ta| In the total
thing |population (in . population .
o population A population S I 0 s T A B
Years | POPU- million (%) (in million (%) ololololalalSl8|8|8|28]| 8
lation people) 0 people) 0 Year QIFNB|RIR |||y |V
(min Wo- Indicators | S | 2| 3| S| 3| S| g|ag|g|g|d] @
peoplé) citi | village | citi |village| men |women| men men IARARARARARS
2001 [146.3 107.1]39.2 73.21 (26.79 |68.3 |78.0 |46.68 |53.32 Entire
2002 [145.2 106.4|38.8 73.28 [26.72 |67.6 |77.6 |46.56 |53.44 population  [100 |100 |100 {100 {100 {100 {100 [100 {100 [100 {100 [100
2003 [145.0 |106.3|38.7 73.31 (26.69 |67.5 |77.5 |46.55 |53.45 Of the total number of population aged:
2004 |[144.3 106.0]38.3 73.46 (26.54 |67.0 |77.3 |46.43 |53.57 - younger
2005 [143.8 105.2 38.6 73.16 (26.84 |66.7 |77.1 |46.38 |53.62 than
2006 [1432 [104.8(38.4 73.18 [26.82 663 |769 463 |53.7 working age |39.76|38.82|29.86 |28.59[23.27 | 24.48 | 18.14|17.19|16.23| 16.05|16.07| 16.15
2007 [142.8 104.738.1 73.32 [26.68 |66.0 |76.8 |46.22 |53.78 - at working
2008 |142.8 |104.9]37.9 73.46 12654 1660 1768 |46.22 |53.78 age 51.61|52.52|58.37[55.99/60.37|56.96 |61.27|62.5 |62.95|62.83|62.35|61.89
2009 [142.7 [1049|37.8  [7351 |26.49 [65.9 [76.8 |46.18 [53.82 - older than
2010 [142.9 105.3[37.6 73.69 [26.31 [66.1 [76.8 146.26 [53.74 working age |8.57 |8.64 |11.76/15.38[16.33|18.5 [20.51|20.39|20.82|21.11|21.58|21.96
2011 (1429 105.4(37.5 73.76 (26.24 |66.1 |76.8 |46.26 |53.74 Urban_
2012 [143.0 105.7137.3 73.92 [26.08 [66.1 76.9 [46.22 [53.78 population |17.75]33.4952.42|62.05[69.09|73.43[73.31|73.36|73.32| 73.42| 73.56 | 73.67
2013 1433 |106.1[37.2__ |74.04 [2596 [66.3 |77.0_|46.27 |53.73 Of the total number of population aged:
2014 [143.7 [106.6]37.1  [74.18 [25.82 [66.6 [77.1 |46.35 [53.65 " younger
2015|1463 [108.3[38.0  [74.03 [25.97 [67.8 [78.5 |46.34 |53.66 than
2016 1465 110861379 7413 125.87 1679 173.6 126.35 [53.65 working age |5.53 |105 |1422[15.7 [15.17[17.48[12.41|11.86|11.3 |11.19|11.19|11.25
- - - - - - - - - - at working
;8}; 1322 }822 ;;g ;225 5225 22} ;g; 2232 gggi age 10.96[20.69[32.87|37.7743.7443.27|46.3346.93 |46.9 [46.82[46.52[46.23
18 years average 73.68 |26.32 46.35 |53.65 - older than

1 Constructed and calculated by the authors according to the Federal state statistics service [3, 4, 6, 25]
b1 Calculated by the authors according to the Federal State Statistics Service [30, 31, 32, 33, 37]

1 Constructed and calculated by the authors according to the Federal state statistics service [26, 27, 28,
29, 30]

working age [1.25 [2.29 [533 [8.56 [10.16|12.64|14.5 |14.57|15.12|15.42|15.84|16.18

Rural
population |82.25(66.51|47.58]37.95[30.91|26.57[26.69|26.72 | 26.68|26.58 |26.44|26.33

Of the total number of population aged:

The analysis allows to draw the following conclusions:

1) Since the beginning of the XXI century, the dynamics of
the population of the country as a whole is relatively stable the
Decline of 2001-2014 since 2015 has turned into a positive

- younger
than

working age [34.23|2832(15.64]12.89(8.1 |7.01 |5.72 |5.33 |4.93 [4.87 |4.87 |49
- at working

age 40.65|31.83(25.51|18.22(16.63]13.69|14.94]|15.57|16.05|16.01 [15.83 [ 15.65
- older than

working age [7.32 [6.34 [643 [6.82 |6.17 |5.86 [6.01 [5.82 |5.71 |57 |5.73 |5.77

d Calculated by the authors according to the Federal State Statistics Service [30, 31, 32, 33, 36]

860



ATLANTIS
PRESS

Analyzing the distribution of the population by age groups
(table II), it can be noted that in Russia there are social
processes similar not only to European States, but also to all
economically developed countries (USA, Canada, Japan,
China, etc.): urbanization and population aging. And if
urbanization is a social project of the governments of almost
all countries in the transition from an agrarian social order to
an industrial one, population ageing — the "unpleasant" and, to
put it mildly, an unintended consequence of industrialization
and improve the quality of life (improved medical care,
increased life expectancy and the level of social benefits to the
average individual)The problems of migration in modern
society acquire a geopolitical nature, including bearing threats
to national security [29].

Analyzing the statistics of migration processes for the last
27 years (from 1990 to 2017 inclusive) we note its positive
dynamics:

1) Studying the dynamics of migration growth of the
Russian population, it can be noted that the average growth
rate of this indicator for the considered 27 years was 110%.
However, the dynamics does not allow to speak about its
stable character: it is possible to allocate years when it made
more than 200% (for example, in 1994 = 233%, in 2005 =
260%, in 2011 = 202%), but there were also periods when it
hardly rose above 50% (for example, 2001 = 34%, 2003 =
50%). It speaks about a set of factors of foreign and domestic
policy both of Russia, and foreign countries from which there
is an "import of the labor capital", and also about the
subjective and objective reasons influencing the decision of
the concrete person to change a residence.

2) Comparing the percentage of internal and external
migration, attention is drawn to:

o unfortunately, since 2005, the Federal state statistics
service is no longer interested in the problems of
movement of citizens within Russia. This was due to
the high cost of collecting this information and its large
" relative inaccuracy»;

e only in the first two years of the analyzed period (in
1990 and 1991) internal migration exceeded the size of
external migration (in 1990, the share of internal
migration population growth was 59.71%, and in 1991-
92, 64%. In the years following 2005, the average
proportion of internal migration compared to external
migration was only 10.5%.

3) The analysis of international migration, based on
official data of the Federal state statistics service for the period
1990-2017 (2018), shows that the collapse of the Soviet Union
and the actual consolidation as a place of residence of the area
(region, country), where at the beginning of the perestroika
process lived the bulk of the country's population, "raised from
their homes" (set in motion) large migration groups. And if in
the 90s of the XX century the main “motivating force" was the
"Exodus to the homeland", the migration processes of the first
18 years of the XXI century are mainly characterized by
economic reasons.

Advances in Economics, Business and Management Research, volume 131

4) During the whole study period, the ratio remains
approximately the same for the two main groups of countries
from which migrants arrive in the Russian Federation: = 87-
89% from the CIS countries and =10-13% from abroad.
Moreover, the "main supplier" of labor are: Uzbekistan
(depending on year: from 10 to 24.5% of the total number of
migrants, with an average of 17.4%), Tajikistan (8 to 10.6%,
with an average of 9.5%), Armenia (from 7.5 to 10.6%, with
an average of 8.5%), Kazakhstan (from 10,22 to 14.5%, with
an average of 11.4%), Ukraine (from 11,4 to 32.2%, on
average — gives 19,03%). This should take into account not
only the economic but also the demographic situation of each
country-the "donor of labor". Small Armenia with a
population of 3.0-3.1 million people. it is much more difficult
to supply the Russian labor market from 7.5 to 10.6%
annually, compared to Uzbekistan with its constantly growing
population (for example: from 27.3 million people in 2008 to
31.8 million people in 2016.). It should also be noted that
after the events of 2014, the migration flow from Ukraine
increased by 1.75 times in 2014 from 11.41% to 19.97% to
31-32. 4% on average of the annual total migration flow. The
smallest share belongs to Turkmenistan (on average-1.2% of
the total share of arrivals in the Russian Federation).

The age-sex composition of the arrivals suggests that for
the period from 2000 to 2018, the main share of them:

a) "settles" in cities (on average =~ 71.2%). Moreover, the
share of those who prefer to settle and look for work in cities
among those coming from foreign countries is higher: on
average for the period under review, it is = 78.2%.

b) accounts for the population of working age (it is on
average 72.6% of the total volume of all migrants for the
analyzed period). Thus, the coefficients of the total and
pension burden of arriving migrants is low and averages for
2000 — 2018 respectively 37.7% (total load factor) and 14.07%
(pension load factor), which allows to "rejuvenate" the
population of the country. It should be noted that there is a
tendency to increase the proportion of children and
adolescents in the total number of visitors.
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TABLE IIL THE RATIO OF THE TOTAL AND PENSION BURDEN IN

RUSSIA FOR THE PERIOD 1926 —2017

N w| o 9| < ~
o o o — — —
vear [Q|18|3|I2|2|8|N|§|8|8|]| 8
Indicators | S | S| 3|23 |3 |g|g|8|g|N| 9
o o o o o o
N N N N N N

Entire
population  |100 [100 {100 {100 {100 {100 |100 |100 |100 |100 |100 |100

Country population (total) (since 2000 - averaged over 3 years):

- total load

factor 0.93710.904[0.713]0.785]0.656|0.755]0.631]0.6010,589]0.616 | 0.665 |0.739
- retirement
ratio 0.166]0.1640.202]0.275{0.27 ]0.325]0.335]0.326]0.331]0.355|0.384 |0.426

Urban population (since 2000 - averaged over 3 years):

- total load

factor 0.619(0.61810.595 0.642]0.579]0.696 [0.581 {0.563|0.563]0.593 [0.64 [0.713
- retirement
ratio 0.114{0.111]0.162{0.227]0.232]0.292|0.313{0.311]0.32210.35 [0.379{0.418
Rural population (since 2000 - averaged over 3 years):
- total load
factor 1.022(1.089|0.865 [1.082[0.8580.94 |0.785[0.716|0.662]0.682[0.738 |0.818
- retirement
ratio 0.18 10.199(0.252]0.375]0.371]0.428]0.402]0.373]10.355]0.3690.402 |0.453

€ Calculated by the authors according to the Federal State Statistics Service [30, 31,32, 33, 36]

In table III, we calculated the coefficients of the total and
pension burden on the working population of the country for
almost a century.

As can be seen from the analysis of the data, the pension
burden on the working population for almost a century of
research has increased almost 2.5 times (42.6% for the period
2015-2017 compared to 16.6% in 1926). Moreover, for the
first 18 years of the current (XXI) century, the growth rate of
the pension load coefficient increased almost 2.3 times, and
the coefficient itself averaged 0.426 for the period 2015-2017.
I. e. on 1 working citizen of the country there are 0,426
pensioners. There is a serious imbalance in the age structure
of the population, which entails an increase in social benefits.

IV. CONCLUSION

According to the forecasts of the Government of the
Russian Federation, the decline in the birth rate, the increase
in life expectancy, the retirement of a large generation of 50-
ies, as well as the decline in the working age population by
almost 14% over the next 35 years will contribute to the aging
of the population in Russia. In the absence of changes in the
level of economic activity of the population, the labor
resources of Russia may be reduced by more than 20 million
workers, and the coefficient of demographic load will grow by
more than 50% [6].

The analysis of demographic indicators of Russia allowed
to carry out an assessment of features of sex and age structure
of the population at the present stage and in the future. At the
same time, the reduction of the working-age population of the
country and the aging of the population were identified as the
main trend. At the same time, migration processes, which
include Russia, allow in recent years to "mitigate" the
consequences of the growth of the coefficient of pension
burden of the population.
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An increase in the share and number of representatives of

the older generation in the population structure of Russia, a
decrease in the number of working-age people require the
government to develop a set of measures to reduce the effects
of demographic aging, maintain sustainable socio-economic
development and ensure a decent quality of life for older
people, as well as promote active old age, which suggests
maintaining workers' productive employment for longer
periods.
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