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Abstract—This paper has presented methodology for assessing the economic need for personnel with higher
scientific qualifications and the mechanisms for regulating the process of its reproduction. Approaches to
forecasting the dynamics of personnel of higher scientific qualifications that take into account the provision
of additional annual need for Candidates and Doctors of Sciences in scientific, educational, and knowledge-
intensive sectors of the economy, as well as the experience of countries with effective market economies, have
been considered. Based on the developed methodology, quantitative indicators of the annual additional need
for Candidates and Doctors of Sciences for different sectors of the economy have been calculated.
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Under the conditions of Russia’s transition to the
fourth technological order, economic growth is possi-
ble only due to the development of new high-tech
knowledge-intensive labor markets. The innovative
economy (the knowledge economy) is beginning to be
dominated by a qualitatively new generation of
employees, i.e., knowledge workers [1]. The core of
this generation is personnel of higher scientific quali-
fications (HSQs), including Candidates and Doctors
of Sciences, who are creators of new knowledge and
technologies that are in demand in high technology
knowledge-intensive sectors of the economy and pub-
lic administration [2].

According to the 2010 census, Russia had 596000
Candidates of Sciences (0.5% of the population) and
124000 Doctors of Sciences (0.1% of the population).
Having a scientific degree at the level of Candidate or
Doctor of Sciences is an indicator of having reached
the highest level of scientific and professional compe-
tence in one’s subject area for 460 scientific special-
ties, as well as signifies a high level of general cultural
and universal competence.

The training process of HSQ personnel is long and
requires significant financial resources and intellec-
tual efforts from both the society and student for the
degree. The reproduction of HSQ personnel focused
on ensuring the current and prospective staffing needs
of the economy is the most important task in the sys-
tem of training and certifying HSQ personnel (some
issues related to this problem were considered in [3—
9]). The postgraduate system is the main institute for
preparing Candidates of Sciences; more than 75% of
applicants for the degree of Candidate of Sciences

defended their theses after postgraduate training [10].
At the same time, the lack of a developed methodol-
ogy and, as a consequence, a system for forecasting the
demand for HSQ personnel focused on developing
high-technology sectors of the economy, sciences,
and higher education, is hindering the transition of the
Russian economy to the fourth technological order. In
connection with this, the development of a methodol-
ogy to assess the need for HSQ personnel is of consid-
erable scientific and practical interest.

Personnel with higher scientific qualifications: sec-
toral distribution. The training system and the system
of HSQ personnel certification are complementary. In
the institutes of postgraduate and doctoral studies,
competitors for the degree of candidate or Doctor of
Sciences prepare dissertations, which are then
defended in dissertational councils. In 2015, 1616 doc-
toral and 12524 candidate dissertations were defended
in 2647 dissertational councils established at 989 orga-
nizations [10].

The main places of work (study) during the post-
graduate training of degree aspirants are higher educa-
tion institutions and research institutes. In the last six
years (2010—2015), 69% of defended Candidates of
Sciences worked in universities; 20% at research insti-
tutes; and 11% in health organizations, scientific and
industrial associations, or other organizations, while
for Doctors of Sciences, these figures are 62%, 25%,
and 14%, respectively.

The main places of work for Candidates and Doc-
tors of Sciences are organizations of higher education
(42400 Doctors of Sciences and 160000 Candidates of
Sciences), state research organizations (18300 Doc-
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tors of Sciences and 45700 Candidates of Sciences),
and scientific business sectors (3600 and 18200,
respectively). Unfortunately, there is no information
on the structure and size of HSQ personnel in terms of
scientific specialties, public administration, health-
care, and high-tech sectors of the economy, minis-
tries, and departments (with the exception of the Rus-
sian Ministry of Education and Science and the Fed-
eral Agency of Scientific Organizations). This greatly
complicates the task of forecasting the demand for
HSQ personnel in the real sectors of the economy and
the public administration and healthcare sectors and
requires the development of a special toolkit.

Methodology for forecasting the economic need for
HSQ personnel. The key element in the development
of methodology for forecasting the economic needs
for HSQ personnel is the selection of principles for
forecasting the dynamics of personnel and the meth-
ods for implementing them. The following principles
can be used:

1. ensuring the reproduction of the amount of HSQ
personnel and its structure within the Nomenclature
of Scientific Specialties (the principle is “based on prog-
ress”);

2. ensuring the production of the number of HSQ
personnel and its structure in accordance with the
standards within the Nomenclature of Scientific Spe-
cialties (the principle is “based on the standards”™);

3. meeting the needs of knowledge-intensive sec-
tors of the economy (healthcare, public administra-
tion, and high-tech sectors of the real economy, such
as information and communication technologies,
nuclear and defense industries, etc.) for HSQ person-
nel based on strategic programs for economic develop-
ment (the principle is “according to need”);

4. providing the HSQ personnel to the sectors of
the Russian economy in amounts similar to those in
countries with an effective market economy (principle
“by analogy”).

At the existing level of knowledge, these four prin-
ciples exhaust the whole range of possible approaches
to forecasting the needs for HSQ personnel. These
principles, to some extent used in forecasting the
needs of the economy for personnel with professional
education [11, 12] proved to be adequate for their
adaptation to the methodology of forecasting the
needs of the economy for HSQ personnel taking into
account both a detailed study of the existing informa-
tion about HSQ personnel and the development of
methods and tools for the indirect quantification of
missing indicators.

The annual additional need for HSQ personnel,
which is defined as the number of workers with aca-
demic degrees needed to provide the planned volume
of production of goods or services, is used as quantita-
tive indicators of forecasting [13]. Let us consider the
forecasting techniques based on each of these princi-
ples to form the scope of their application.
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The principle “based on progress”: scientific sector.
One of the main working spheres of HSQ personnel is
the state and entrepreneurial scientific sectors. The
approximately stable distribution of the number of
Candidates and Doctors of Sciences in each field of
science (scientific specialty) has been formed at the
State Academies of Sciences over time. For example,
for 2010—2014, the number of researchers with academic
degrees in the public and entrepreneurial sectors of sci-
ence changed by no more than 0.8%. On average, these
numbers were as follows: 21800 Doctors of Sciences and
62300 Candidates of Sciences [14].

The forecasting method based on the principle
“based on progress” is intended for the field of activity
where the priority is the need to maintain the current
number of scientific employees with a scientific degree
by replenishing natural age-related withdrawals. To
forecast the annual additional need, it is necessary to
know the number of Candidates and Doctors of Sci-
ences and the rotation ratio in each field of science (or
scientific specialty for forecasting at a more detailed
level). Rotation ratios show the share of annually with-
drawing HSQ staff, Candidates of Sciences R, and
Doctors of Sciences Ry in relation to their total num-
berin the current year and are equal to the inverse ratio
of the average time of service of this personnel.

If we take the average age at which the service of
Doctors of Sciences is completed to be 70 years and
that of Candidates of Sciences to be 65 years, then,
using the average age of the applicant for a scientific
degree as the date of the candidate’s or doctoral disser-
tation defense, we can calculate the average number of
years of service of Candidates and Doctors of Sci-
ences, followed by the corresponding rotation rate.
With an average duration of service of a Doctor of Sci-
ences of 22 years and Candidate of Sciences of 29
years, the corresponding rotation rates will be Ry, =
0.046 and R = 0.035. These indicators are slightly
different for different fields of science, ministries, and
departments.

The annual additional need for Candidates of Sci-
ences (AL, as part of the researchers of the state and
business sectors of science will be determined by the
value of the natural age-related withdrawal of Candi-
dates of Sciences and the transfer of Candidates of Sci-
ences to the category of Doctors of Sciences and cal-
culated using the ratio

AL, = ALY™ + ALY = LR, + ALY, (1)
where AL is the annual additional requirement for
withd

Candidates of Sciences, AL; ~ is their natural age-
related withdrawal, L is the number of Candidates of
Sciences working in the industry, R is the coefficient

of rotation of Candidates of Sciences, and AL‘;Z is the
number of doctoral dissertations defended by Candi-
dates of Sciences employed full time. Similarly, the
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annual additional need for Doctors of Sciences is cal-
culated without taking into account the last term.

The annual additional need for HSQ personnel of
the state and business sectors of science, calculated by
the ratio (1), will be 990 Doctors of Sciences and 2170
Candidates of Sciences. According to the reports of
dissertational councils, in 2015, 364 doctoral and 1966
candidate dissertations were defended by full-time
employees and post-graduate students of the state and
business sectors of science.

An analysis of the values of the annual additional
need of the scientific sector for HSQ personnel shows
that defenses of candidate and doctoral dissertations
by graduate students and scientific sector employees
do not fulfill it.

The principle “based on the standards”: University
sector. In the sphere of higher education, a stable
structure of the distribution of higher-education
teaching personnel (HETP) by branches of science
and scientific specialties has formed, while the num-
ber of HETP depends on two important factors.

The first factor is the requirement for the propor-
tion of individuals with scientific degrees as part of the
number of faculty members of the university, which
are defined by federal state educational standards for
higher education in each area of training. For different
areas of training, these standards are somewhat differ-
ent. Thus, the proportion of scientific and pedagogical
workers (in terms of the integer values of faculty mem-
bers) with scientific degrees and (or) academic titles in
the total number of scientific and pedagogical workers
implementing the educational program for the bache-
lor’s program 11.03.04 Electronics and Nanoelectron-
ics must be at least 50%; for 11.04.04 Electronics and
Nanoelectronics, it must be at least 70% for the aca-
demic master’s program and at least 55% for the
applied master’s program; for the specialty 31.05.01
General Medicine, it must be at least 65%; for the
bachelor’s program 45.03.01 Philology, it must be at
least 60%; for the master’s program 45.04.01 Philol-
ogy, it must be at least 80% for the academic master’s
program and at least 70% for the applied master’s pro-
gram. The average value of the proportion of faculty
members who have scientific degrees in all areas of
training and at all levels of higher education is 65%.

The second factor is the number of students that
determines the number of faculty members, that is,
the amount of employed higher-education teaching
personnel of the university.

Thus, based on the number of students, standard
requirements for the qualification of HET personnel,
and the standard number of students per HET person-
nel unit, it is possible to calculate the minimum num-
ber of teachers with academic degrees required to pro-
vide training for bachelor’s, specialist’s, and master’s
degrees at higher-education institutions.

Figure 1 shows the number of students of state and
non-state educational organizations of higher educa-
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Fig. 1. Dynamics of the number of students of state and
non-state higher education organizations: —e— special-
ists; —@— bachelors; —A— masters; —l— total. Actual val-
ues shown for 2004—2015; forecasted values shown for
2016—2020.

tion taking into account all forms of education, full-
time, evening, and correspondence classes, for 2004—
2015. The forecast calculations for 2016—2020 consid-
ered the dynamics of the movement of students based
on years of study taking into account withdrawal [15].

According to the standards, the staffing table for
the higher education system is formed using the values
of the adjusted number of students and the values of
the number of faculty members adjusted to full-time
employment. The values of the adjusted number of
students L4 are calculated by the ratio

Lstud = qull—lime + 0'25Lpart—time + O'ILcorresp’

(2)
where Ly imes Lpart-times @A Leopres, are the number of
students enrolled in full-time , part-time (evening),

and correspondence forms of training, respectively.

Since some full-time teachers work for a certain
fraction of the K; wage rate (K; varies in the range of
0.1—1.0 in increments of 0.1), the given number of
HETP (Lygerp) was calculated as the sum of the products
of wage rate fractions (K;) and the number of teachers
working for this wage rate as follows (L; yerp):

10

Lygre = ZKiLi,HETP- 3)
i=1

The analysis of the ratio of the adjusted number of

students to the adjusted number of HETP in the

higher education system over the last five years made

it possible to justify the value of the Kygrp/sua coeffi-

cient: the number of HETP per student equal to !/,;.

The normative adjusted number of Candidates
(L.,) and Doctors of Sciences (Lg4,) in the composition
of HET personnel is determined by the following ratio
(here and below, the term adjusted is omitted):
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Fig. 2. Forecasted values of the standard number of HETP,
taking into account values of the standard coefficients:
Doctors of Sciences; B Candidates of Sciences; 7 with-
out degree; —A— adjusted number of students (right scale).

Lcs = Kcs : Kdeg_tol : LHETR
= Kcs ’ Kdeg_tol ’ (KHETP/stud : Lstud):

where L is the total number of Candidates of Sci-
ences, K, is the proportion of Candidates of Sciences
in HETP with a degree, K, ( is the proportion of
HET with a degree among the total number of HETP,
KyEerp/sa 18 the ratio of the number of HETP per stu-
dent, and L4 is the adjusted number of students.

Similarly, the standard number of Doctors of Sci-
ences is calculated as follows:

Ly = Ky - Kaeg ot - Lusere
= de ' Kdeg_tot : (KHETP/stud ' Lstud)'

Based on the data on the forecasted dynamics of
the adjusted number of students, we calculated the
forecasted values of the adjusted number of HETP and
Candidates and Doctors of Sciences in the composi-
tion of HETP Ky, (o = 0.65%, the ratio of doctors and
Candidates of Sciences 4 : 1 (K., = 0.8, K;,=0.2), and
the number of students per HETP unit (Kygrp/sua =
1/11).

It follows from the calculation (Fig. 2) that, in the
medium term, the forecasted minimum standard
number of Candidates of Sciences (L.,) and Doctors
of Sciences (L) in the Russian higher education sec-
tor will decrease annually by 2000—3000.

It should be noted that the number of Candidates
of Sciences for the formation of the forecasted need for
HSQ personnel should be calculated in the context of
branches of science in accordance with the All-Rus-
sian Classification of HSQ Specialties 2013

(OKSVNK) (L., where i is the index of the branch of
science). Relations (4) and (5) conduct these calcula-
tions in the context of enlarged groups of training pro-

grams (UGNP) according to the All-Russian Classifi-

cation of Education Specialties (OKSO) 2013 ([Lis,
where j is the index of the enlarged group of training

4

&)
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programs). For the transition from UGNP to branches

of science, it is necessary to multiply the value of L/ by
the transition matrix M, i.e., “enlarged groups of
training programs in postgraduate studies/specialties
in accordance with the Nomenclature of Specialties of
Scientific Workers,” which is formed based on the

approved standard document.

Based on the forecasted standard number of Can-
didates or Doctors of Sciences in the HETP composi-
tion, the annual additional need for them in the higher

education system (AE;S), as calculated based on the
standards, will be determined by the ratio

ALlcs = Rc[s ' Ecs + ALprodicS' (6)

The value of AL, s (change in the number of
Candidates of Sciences) can be either positive or neg-
ative depending on the dynamics of the student popu-
lation. With reference to the methodology of forecast-
ing the economic need for skilled personnel, this value
corresponds to the component of the annual addi-
tional need associated with changes in the physical
volume of output product [13]. As already noted, in
the medium term, for the higher education system, the
value of AL, s Will be negative as the student popu-
lation decreases.

The total values of the minimum standard number
of the adjusted HETP population for the higher edu-
cation system are 121500 Candidates of Sciences and
30400 Doctors of Sciences. In 2015, the adjusted
HETP number in universities was 140800 Candidates
of Sciences and 36500 Doctors of Sciences. This
means that the actual number of HSQ personnel in
higher education institutions exceeds the minimum
allowable, i.e., the standard requirements of the Fed-
eral State Standards of Higher Education are met.

Taking into account the value of the rotation ratio
of Doctors and Candidates of Sciences (0.046 and
0.035, respectively), the annual minimum additional
need to replenish their natural age-related withdrawal
from the university sector is 4250 Candidates of Sci-
ences and 1060 Doctors of Sciences, along with taking
into account a decrease in the number of students,
3830 Candidates of Sciences and 960 Doctors of Sci-
ences (2016).

A comparison of the annual additional need for
Candidates and Doctors of Sciences in the HETP
composition and the number of defended candidate
(6507) and doctoral (1055) dissertations by graduate
students and full-time personnel working at universi-
ties has shown that, in 2015, the replenishment of the
number of Candidates of Sciences satisfied the annual
additional needs for HETP with academic degrees
with a surplus and that of Doctors of Sciences at a
minimum.

The principle “based on need”: example of SC Rosa-
tom. The methodology for forecasting the HSQ per-
sonnel for other knowledge-intensive sectors of the
Vol. 29
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Fig. 3. Diagrams of distribution for universities subordinated to (a) the Ministry of Education and Science of Russia and (b) the

Institutes of the State Academies of Sciences.

economy differs from the forecasting methodology in
the higher education sector and the research and
development sector in that it is necessary to take into
account the structural personnel shifts in these sectors
of the economy that occur in the fourth technological
order and the knowledge economy.

In this case, the calculation of the annual addi-
tional need, as well as the natural age-related with-

drawal of Candidates of Sciences (ALZVS“hd) and
changes in the number of jobs due to changes in phys-
ical volumes of production (AL4 ), should take
into account the qualitative changes in the structure of
jobs in connection with the transition to a knowledge
economy. Over the past ten years, the total number of
employees with higher education has increased annu-
ally by 0.6%, while in manufacturing, it has increased
by 1.0% [16]. Unfortunately, the state statistics pro-
vides no data about the number of employed in the
economy with academic degrees of Candidate and
Doctor of Sciences. By analogy with workers who
received higher education, it can be assumed that the
proportion of employed individuals with degrees in
knowledge-intensive sectors of the economy should
also increase by at least 1% annually as follows:

ALlcs(struct) = Llcs ' Ksltruct' (7)
Consequently, for high-tech sectors of the econ-
omy, the annual additional need for personnel with

academic degrees is calculated as follows:
ALlcs = Rcis : Llcs +AL

prod_cs

+ Llcs ’ K;lruct' (8)

STUDIES ON RUSSIAN ECONOMIC DEVELOPMENT  Vol. 29

Along with the lack of data about the number of
individuals with academic degrees in terms of eco-
nomic sectors, there are no data about the professional
qualification structure (the number of employees with
scientific degrees in terms of the fields of science and
specialties). Since the data were missing, a hypothesis
has been proposed that the professional and qualifica-
tion structure of personnel with higher scientific qual-
ifications in the economic sectors corresponds to the
professional qualification structure of defended dis-
sertations by graduate students and workers of these
sectors. The hypothesis was tested based on the known
data for institutions of higher education subordinate to
the Ministry of Education and Science of Russia, as
well as for the research-and-development sector. This
hypothesis has been confirmed (Fig. 3), which allows
it to be extended to other sectors of the economy [17].

Let us consider the definition of quantitative values
of the need for HSQ personnel using the example of a
knowledge intensive sector of the economy, i.e., enter-
prises and organizations subordinate to the State Cor-
poration Rosatom. The number of HSQ personnel in
the structure of state employees of the State Corpora-
tion Rosatom is 3670 individuals (1.4% of the total
number of employees). Their composition includes
Academicians and Corresponding members of the
Russian Academy of Sciences (25 people), Doctors of
Sciences (615 people), and Candidates of Sciences
(3030 people) [18]. Based on the data on the number
of candidate and doctoral dissertations that have been
defended in terms of the scientific specializations for
competitors with scientific degrees working at the
State Corporation Rosatom [10], the proportions of

No.4 2018
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Fig. 4. Structure of defended dissertations for a scientific degree by the personnel of the SC Rosatom in terms of enlarged groups
of scientific specialties (for the period from 2009 to 2014): Candidate of Sciences ([5]) and Doctor of Sciences ().

the defenses of candidate dissertations in terms of sci-
entific specialties were calculated.

Figure 4 shows the structure of the dissertation
defenses for the scientific degrees of the Candidates
and Doctors of Sciences given by employees of SC
Rosatom in terms of the enlarged groups of scientific
specializations with averaging for 2009—2014. The
first 11 groups include the maximum number of
defenses; the grouping is carried out according to the
increase in the code of enlarged groups of scientific
specialties.

The annual additional need of organizations
(enterprises) of the SC Rosatom for HSQ personnel of
all scientific specialties for the medium term, taking
into account only the annual natural age-related with-
drawal, was 80 Candidates of Sciences and 30 Doctors
of Sciences. No changes in physical volumes of pro-
duction by the SC Rosatom in the medium term are
planned [18]; therefore, there is no corresponding
component of the annual additional need. The contri-
bution of structural shifts in the provision of the SC
Rosatom with HSQ personnel to the annual addi-
tional need can be taken into account based on the
available data only using the average growth rate of the
proportion of individuals with degrees in knowledge-
intensive sectors of the economy by 1% per year. In
this case, ALy Will be 30 Candidates of Sciences
and 6 Doctors of Sciences.

Consequently, the annual additional need of the
SC Rosatom for HSQ personnel for the medium term
is 110 Candidates of Sciences and 36 Doctors of Sci-
ences.

The principle “by analogy”: total economy. The prin-
ciple “by analogy” implies the formation of the struc-
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ture and volumes of HSQ personnel in the sectors of
the national economy in the same proportions as in
other countries with an effective market economy, for
example, in OECD countries. To compare the data
when calculating the number of PhDs trained in the
OECD countries and Candidates of Sciences in Rus-
sia in terms of fields of science, the International Stan-
dard Classification of Education (ISCE) codes pro-
vided in OKSVNK 2013 were used, which establish the
correspondence between scientific specialties of the
Nomenclature of Specialties and educational special-
ties of ISCE 2011.

For comparative analysis, the indicators of Ger-
many and Japan as the countries-leaders of the econ-
omy of the 6th technological order were used. These
countries are closest to Russia in terms of the popula-
tion and the volume of training of HSQ personnel. In
2014, 28.1 thousand PhD theses were defended in
Germany, 16000 in Japan [19], and 20000 in Russia in
2013 (in Russia, 2014 was a drop out year in terms of
dissertation defenses (9900) due to the reorganization
of the network of dissertational councils, so for the
Russian Federation, the indicators for 2013 were
used).

The distribution of graduates of PhD programs
(ISCE level-8 programs) in these countries and in
Russia by fields of science is shown in Fig. 5. The
greatest difference in the structure of training person-
nel of higher scientific qualifications in Russia and
selected OECD countries is observed in the fields of
social sciences, business, and law. In Russia, its pro-
portion is maximal and exceeds the values of Germany
and Japan by twofold. In the field of science Health-
care and Social Security, for Russia, this proportion is
minimal (three times less than in these countries).
Vol. 29
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Proportions for other fields of scientific activity are
not significantly different.

An analysis of the dynamics of these indicators over
the past ten years (2005—2015) has shown that the
above structural difference in the training of HSQ per-
sonnel in Russia and selected OECD countries per-
sists. The HSQ personnel structure of Germany and
Japan, which have high economic development indi-
cators, can be adopted as a guideline for changing the
structure of the formation of the annual additional
need for HSQ personnel for these sectors of the Rus-
sian economy as Healthcare and Social Security.

Implementation of forecasting principles. The devel-
opment of the forecasted Russian economic needs for
HSQ personnel includes the calculation of the annual
additional need for three main public institutions:
education, science, and high-tech sectors of the econ-
omy. For education, the calculation is carried out in
compliance with the principle “based on the stan-
dards”; for science, the principle “based on the prog-
ress” is used; and for high-tech sectors of the econ-
omy, the principle “according to need” is used. At the
same time, all of the calculated formulas of the annual
additional need include the replacements for natural
age-related withdrawals; for the education and eco-
nomic sectors, they additionally include changes in
the physical production volumes; and, for the econ-
omy sector, they additionally include structural
changes in the workplaces. These indicators are objec-
tive and require these needs to be satisfied by the state.
It should be noted that the indicators of annual addi-
tional need do not take into account the intersectoral
personnel movement associated with transfers of
workers at their own initiative. The principle “by anal-
ogy” can be used to take into account structural
changes in workplaces when comparing the volumes
and specific weights of HSQ personnel for different

STUDIES ON RUSSIAN ECONOMIC DEVELOPMENT  Vol. 29

scientific specialties in Russia and countries with effi-
cient economies.

The total annual additional need for HSQ person-
nel in the country as a whole can be obtained by sum-
ming up the annual additional need for three main
public institutions with specifications in terms of sci-
entific fields or groups of scientific specialties.

CONCLUSIONS

The methodology of forecasting the needs for HSQ
personnel presented in this paper makes it possible to
carry out quantitative estimates of the annual addi-
tional need for Candidates and Doctors of Sciences for
various knowledge intensive sectors of the economy.
The implementation of forecast calculations for the
sectors of science and higher education is not compli-
cated. The calculation of the annual additional need
for Candidates and Doctors of Sciences in the sectors
of public administration, healthcare, and other
knowledge intensive high-tech sectors of the economy
is hampered by the lack of state and departmental sta-
tistics about the number and structure of HSQ person-
nel employed in these sectors. To fill the missing
information for these sectors of the economy, the
methodology for the formation of these indicators has
been developed and tested based on the example of SC
Rosatom.
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