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Abstract—Digitalization — the use of innovative digital
technologies in all spheres of human activity — is indispensable
condition for the country's competitiveness. In the same way,
human capital is the main driver of economic growth in the
country. The purpose of the research is to reveal factors of
management of the human capital. In the process of research,
the modern vision of human capital particularly special human
capital was studied as a form of labor. The economic-
mathematical model of the human capital is constructed. The
solution of the received economic-mathematical model of the
human capital is proposed.
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I. INTRODUCTION

The main contribution to the gross domestic product of
the country comes from economy of knowledge ( for
example the contribution is 45% of GDP in the USA). The
economy of knowledge is customary a complex of such
industries as science, education, information technology,
biotechnology, and medicine. The knowledge economy is
involved in the production and dissemination of knowledge.

[1].

It is not much of an exaggeration to say that human
capital is the key driver of economy of knowledge ,which
was intensified with such lever as digitalization many times.
S. Kuznets the founder of the theory of economic growth
believed that the main reason for the country's economic
growth was human capital. [2]

There are issues of optimal conjugation of human capital
and digitalization. The answer to these questions will allow
you to choose the best ways for the further development of
the knowledge economy and, accordingly, for the further
growth of GDP. It is quite relevant for the Russian economy,
since the share of the knowledge economy in our country
does not exceed 20%. While Russia lags behind developed
countries in investments in the knowledge economy. (table
1)
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TABLE 1. INVESTMENTS IN THE BRANCHES OF THE ECONOMIC

KNOWLEDGE
Investments in the
Ne Branch of economic industry,% of GDP
a knowledge -
Countries Russia
G7*
1 Resgarch., Development and 2.5% 11%
Engineering
2 Education 6,0% 3,5%

Health Service and

3 - . 12,0% 4,0%
biotechnologies
Information and o o
4 communication technology 8,5% 2,0%
5 Total "knowledge economy” 29,0% 10,6%

*USA, Japan, Germany, the UK, France, Italy, Canada

The term human capital, in its modern sense, was
introduced into scientific circulation by Theodore-William
Schultz. [4] By human capital, he considered the following
human skills as:

1) necessary for productive labor;

2) can be itensified through investment (primarily in
education)

G. Becker considered human capital as such a sum of
human implicit abilities, acquired knowledge, skills,
motivations, which, if used effectively, will allow the owner
of human capital to increase their income. [5]

Accordingly, G. Becker considered not only education,
but also vocational training in production, health care
expenses, etc as an investment in human capital. Also G.
Becker defined the forms of manifestation of human capital:
general knowledge, special knowledge (special human
capital), other knowledge. The most important for the
production of goods and services are special knowledge, they
can be assimilated to the sum of skills and abilities of a
particular ~ sphere  professional ~ working in  the
organization.[6,7] The human capital is ability to produce
things and services.

Special human capital (further as SHC) works on the
specific enterprise (the same where the owner of SHC
works) accordingly, generates income to the country of
which the owner of the special human capital resides.
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“The art of mechanics is not wealth which is added to the
human: the* skilled mechanic ”must be classified as wealth
as itself” [8]

Representatives of institutionalism (C. Lankaster, M.
Will, R. Willis, and others) identified the role of the social
environment and social relations in the human capital
formation. [9] Consequently, the social origin influences the
formation of the SHC, determining access to sound academic
background. Of course, the factor of health of the owner of
the SHC also has an effect: the better the health, the more
opportunities for the formation of the SHC and its
subsequent use.

It can be assumed that special human capital is
inextricably linked with human intelligence, and the
connection is direct and fairly strong. As one of the
confirmations, it is possible to cite the fact that the level of
income (benefit from  SHC) directly depends on the
mathematical abilities (intelligence). [10]

We give a trivial chain: abstraction - the basic process of
mental activity (inherent only to humans); the highest level
of abstraction (high intelligence) in mathematics. Parallel lets
add the fact that the export from India of offshore
programming (mathematical programs) exceeds the export of
gas, ferrous and non-ferrous metals from Russia. [3]

Although the Russian level of mathematical education is
higher than the Indian, so the government took care of it and
required with the decree of the President of the Russian
Federation to create network of international mathematical
centers until 2024. [11]

Probably, to obtain a good education requires certain
natural capabilities (genetic potential).

But consideration of this direction is fraught with (social
Darwinism, eugenics, etc.). There is also no doubt that in
order to generate income from the SHC, the owner of the
SHC must work (financial capital can grow even without
labor costs - a rentier).

According to the authors thoughts, SHC is one of the
forms of labor, the most important factor of production. That
is, it can be assumed that labor in production (labor in
housekeeping is not considered here) is come out in the
forms as:

1) Labor. In this case, the limits of the skills and
knowledge of the employee sets the means of labor. A car for
the driver, a machine for the machine operator, etc .;

2) SHC. The means of labor is directly the owner’s
intelligence.

SHC .The labor limits are given by the owner’s brain.

Let’s emphasize the main factors influencing the SHC
formation according to the authors:

1) education - creates education capital;
2) production experience - creates labor capital;
3) health - creates health capital;

4) social origin —creates ,so to say , social capital.
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Thus, the authors identified the elements of special
human capital. All of them are inalienable from the owner of
SHC.

Note that Russia has perspectives for growth in terms of
human capital. (Table 2).

TABLE 2. HUMAN CAPITAL INDEX (HCI)

Ne Countries HCI
1 Singapore 0,88
2 South Korea 0,84
3 Japan 0,84
4 Hong Kong 0,82
5 Finland 0,81
6 Ireland 0,81
7 Australia 0,80
8 Sweden 0,80
9 The Netherlands 0,80
10 Canada 0,80
11 Germany 0,79
12 Austria 0,79
34 Russia 0,73

There is a strong direct connection between the human
capital index and the level of education. To this thought
summarizes the data table.3.

TABLE 3. EDUCATION LEVEL INDEX (EI)

Ne Countries El

1 Germany 0,940
2 Australia 0,929
3 Denmark 0,920
4 Ireland 0,918
5 New Zeland 0,917
6 Norway 0,915
7 The UK 0,914
8 Iceland 0,912
9 The Netherlands 0,906
10 Finland 0,905
11 Sweden 0,904
12 USA 0,903
32 Russia 0,832

It can be assumed that Soviet education played a positive
role in the value of the Russian human capital index. The
current 33rd place can be explained if the data of Table 1 is
remembered (investments in the industry are two times less
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than in G7 countries). It is education that is the main factor
for the formation of human capital.

Having considered the main features of SHC, let’s get
down to digitalization. According to the authors,
digitalization can be understood as the development and
implementation of digital technologies of accumulation,
processing, transportation, storage, retrieval and visualization
of data in all industries. The main effect of digitalization is
the simplification and acceleration of business processes,
increasing the accuracy and quality of work .Effect shows:

1) reduction of production and financial cycles;
2) optimization of production costs;

3) increase in labor productivity;

4) improving product quality;

5) profit maximization.

Since the main goal of a market economy is to make a
profit, you can not worry about further accelerated
development of digitalization. Danish researcher Jens
Rasmussen divided all professions into 3 categories [14]

1) skill - low-skilled physical labor (driver, loader);

2) rule - strict fulfillment of job descriptions (nurse,
accountant);

3) knowledge - more than 50% of tasks require an
analytical and creative approach under conditions of
uncertainty, respectively, of high-quality education (doctor,
engineer).

According to BCG (Boston Consulting Group) in the
most developed countries (USA, Japan, Singapore, South
Korea, Germany, UK) more than 25% of employees work in
the “Knowledge” category. [15]

Further development of digitalization will lead to the fact
that employees of the categories “Skill”, “Rule” will be
replaced by robots, new professions from the category
“Knowledge” will appear (for example, a mechanic for
robots, a biologist on growing bio-engineering organs, etc.).

Moreover, new professions will become increasingly
difficult. The economic effect of such a substitution
according to BCG for Russia will be + 1.5% of GDP per
year. But workers expelled by robots will become "redundant
people."” According to the World Bank, in the US, job-
replacement risk ranges from 7 to 47%, in Japan from 6 to
55.

According to the Skolkovo Moscow School of Law, the
“Atlas of New Professions”. 186 new professions will appear
in Russia, 57 will die project by 2030.

The onset of digitalization is inevitable; it remains to
assess the possible consequences of this study. What are the
pros and cons of digitization for the formation of SHC? Let’s
take into consideration the factors influencing the formation
of SHC.

1) Education. The possibility of genetic editing and
genetic modification of the species Homo sapiens (the result
will be, for example, Homo sapiens evolutus) is not excluded
in order to improve the genetic fund and improve the quality
of workers in the category "Knowledge".

Atlantis Highlights in Computer Sciences, volume 1

After such an invasion of the human body, the
descendants of the categories "Skill", "Rule" can go into the
category "Knowledge". In general, this can lead to biological
inequality, which is more radical than social inequality.

But SHC may increase many times. For other workers,
the need to constantly change jobs (the death of some
professions and the emergence of new ones) will lead to a
decrease in motivation to education.

2) Production experience. There may be difficulties.
New professions can appear at high speed (15 professions
per year - “Atlas of new professions). Consulting company
Deloitte believes that in the digital epoch, career and
education should go in real time and on an ongoing
basis.[16] «Deloitte» also assumes that a new type of leader
is needed to manage the organization of the future — a
digital leader, a person who forms and develops a digital
culture in his organization.

So, the operational training of teachers will be required in
they train qualified staff. There is a risk of the disappearance
of the profession as itself by the time of the preparation of a
highly qualified teacher. Also, learning a new complex
profession may require a certain sorting of trainees according
to their level of intelligence. A sort of targeting to get the
most benefit from learning.

3) Health. Since we have already mentioned “a biologist
on growing bioengineering bodies” in the list of new
professions, the health of the owner of the SHC may also be
subject to adjustment in the direction of improvement. That
can increase the life of the SHC, since the death of the owner
causes the SHC to be reset (there is no labor and no income
from the SHC).

Moreover, if it becomes possible to combine human and
artificial intelligence (implanting gadgets into the human
body), then the person will become one of the many
elements of the “Industrial Internet of Things” IloT
(Industrial Internet of Things), assimilate to objects. It poses
a question about the beneficiaries of such a system.

4) Social inequality can be replaced by biological
inequality. Instead of one obstacle on the way to education,
another but higher will appear.

Il. THE MODEL

How to define management of the human capital? Let's
apply the model Solow to one-sector economy. Let's
consider it for production of the human capital with a
number of simplifications. [17]

Y = AE“R” (1)
Y=1+C )
Z—T =—uR+1 3)

And — coefficient of technologies. It is supposed that this
constant. For this model this coefficient can consider, for
example, effect of training of workers at production. Direct
introduction of effect of training of workers at production
would complicate (1).
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a=p=0.5. This simplification will allow to solve
economic-mathematical model. If a #p, the decision in an
analytical look not to receive.

Y — the cost of the human capital, the work of the
average salary on number of busy. It is the lower estimation
of cost of the human capital. Production function of Cobb-
Douglas [18] is applied/

E — expenses for education in the country. Growth of
expenses for education increases the human capital.
Education provides transfer of the accumulated knowledge to
the subsequent generations. Without this transfer there would
be no growth of the human capital.

R — expenses on research and development, reflect a
digitalization contribution. By analogy with function of
Cobb-Douglas, it is expenses on the non-material capital.
Research and development leads to growth of knowledge. As
they are shown in finished goods, they cannot be kept within
one firm. Respectively, results of research and development
are distributed among all human capital. Digitalization
determines the speed of dissemination of the obtained data.
The more progress of digitalization, the quicker is imparted
the new knowledge gained as a result of research and
development.

| — investments into education;

p — wear of intangible assets;

C — expenses on reproduction of the human capital.

(1) — production of the human capital;

(2) — expenditure of the human capital;

(3) — dynamics of expenses on research and development.

According to authors the system of the equations (1)-(3)
sets as a first approximation economic-mathematical model
of the human capital. In this economic-mathematical model
the human capital is defined by expenses for education and
expenses on research and development. According to authors
these factors can be applied to assessment of the impact on
growth of the human capital. The demographic aspect is not
considered for simplicity of economic-mathematical model.

Let's transfer the received economic-mathematical model
to specific indicators. For this purpose we will divide all
elements of economic-mathematical model into YO, cost of
the human capital during the set initial stage of time. We
choose YO0 taking into account the available statistics.

11
y=Ae’r? (1)
y=i+c ()]
K =—ur+i (37
dt

Let's assume that specific expenses for education of
e=const. As first of all we are interested in influence of costs
of research and development on the human capital. Let's
carry out the corresponding transformations.

r=—— 4)
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. 2
2yy J25% -
5> + A2 —y+c=0
AT e e (5)
A2 =b 6)
2yy‘+yy2 —by+bc=0 @)

According to authors, the differential equation (7) is
economic-mathematical model of growth of the human
capital.

ﬂ_—yy2+by—bc

dr 2y
&zdr 8)
(~uy2 +by —bc)

2

D = b2 —4yic ©)
(Dy+b(b+D)In‘y_b+D‘_(b—D)2Iny_b—D}:_QPrCl (10)

2u 2u ‘ 2u 2u

It is a formal dynamic system. The received result allows
to be a simulation model and to count it on the computer.
Respectively, it is possible to calculate as the concrete factor
influences growth of the human capital. The model can seem
obvious, the main advantage in allocation of quantitatively
significant effects.

Statistical researches will
parameters A, e, b, c.

allow to estimate model

I11. CONCLUSION
The results of the research.

1) The modern vision of human capital has been studied.
The most important element for the production of human
capital - special human capital - has been identified.

2) Forms of labor labor itself and special human capital
were emphasized.

3) The factors influencing the formation of SHC were
concerned.

4) The possible impact of digitalization on SHC was
indicated.

5) The economic-mathematical model of cost of the
human capital is constructed and solved.
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