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MOJEJIMPOBAHUE TEXHONOIMMYECKUX CBA3EN
B CTPYKTYPE NMPOU3BOACTBA

B ctatbe paccMoTpeH npobrnemMHO-OpUEeHTUPOBAHHbIN
NOAXoA K MOAENMPOBAHUI0 TEXHOMOTMYECKMX CBA3EN B
CTPYKType MPOWU3BOACTBA NPeanpuUATUI BbICOKOTEXHO-
NornyHoro komnnekca. PaspaboTaHbl MoAenn OLEeHKN
OaHHbIX CBSI3el B YCNOBUSAX HEAOCTAaTOMHOCTU 1 Heomnpe-
[OEenNeHHOCTU UCXOAHON UHGOoPpMaLIMK, NpeaHa3HaYeHHbIe
ONs BblpaboTKM ynNpaBneH4Yecknx peLleHnii B npolecce
ynpaBreHns cTpaTermyecknm pasBuTMeEM BbICOKOTEXHO-
TNOTMYHOTO KOMIMJIEKca.

KntoyeBble cnosa: NpoM3BOACTBO, TEXHOMOIMMYeckne
CBSI3U1, ynpaBneHne, MogenMpoBaHue.

1. Introduction

The main qualitative and quantitative characteristics of the process of
expanded reproduction of innovative high-tech products of the high-tech
complex (HTC) are interconnected, constantly changing over time and are
not always subject to formalized description because of the influence of
the environment, uncertainty and risk. In most papers on strategic man-
agement of HTC, there is no comprehensive, science-based and practical
and feasible tool of management, as some of its elements are designed as
a general rule, at the conceptual level, are fragmented and not fully take
into account the technological links in the production structure. These cir-
cumstances significantly reduce the scientific validity and practical value
of the existing tools of strategic management and pose serious problems in
the course of its use in the development of federal programs and strategies
for the development of industries HTC.

2. The urgency of the problem

Currently, the economic theory there are four main factors of economic
growth:

— increasing the available economic resources;

— forcing people to excessively hard work to the detriment of their
health and needs;

— ways to improve the allocation of scarce resources;

— improvement of production technology in order to reduce the con-
sumption of resources and producing the same volume of a large number
of finished goods (products and services).

The first factor corresponds to the type of extensive growth of the
economic system, the second factor is the basis of non-economic way to
ensure its growth, and the third and fourth factors form the basis of its
intensive growth. At the heart of the extensive economic growth of the
system is used by a build-up of resources and involvement in the produc-
tion of traditional, often obsolete, technology. Strong economic growth
of the system is based on the introduction of a fundamentally new, more
advanced technologies, methods of organization and management, more
efficient use of its innovative capacity.

Most of the economic activities that in the developed countries are high
technology in Russia fall into the group of medium-tech low level, indicat-
ing a low technological development of the Russian industry and the lack
of investment in the development of high-tech in our country.

While highly developed countries spend a significant portion of the
total revenue for the development of new products and technologies
(for example, in Germany, the USA, Japan and some other countries it
is approximately 3% of GDP), in our country research intensity of GDP
declined from 3.7% in 1990 to 1.1% currently. This is due to the fact that
in the nineties of the last century, the main focus of the investment policy
of Russia was the development of export-oriented production (of the fuel
and raw materials complex and production of so-called redistribution).

The basis of the economic growth of our country in this period was
the rent of natural resources, which provided at least 75% of net profit.
Held in Russian innovation policy was not effective because was largely
declarative. It was based on the introduction of pseudo — (modification
of previously developed products and technologies) and microinnova-
tives. The government pursued a “raw” model of economic development,
which has led to a sharp increase in the dependence of economy’s Russia
on world prices for oil and gas, manufacturing lagging compared with
the dynamics of GDP, as well as a slowdown of technological progress
in the country.
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As a result, if the U.S. share of the
global knowledge-based sector has in-
creased since 1992 from 28.1% to almost
40%, the share of Russia in this period
fell from 7.3% to 1.2%. Obtaining natural
resource rents, Russia began to pay more
“intellect” rent to countries exporting
high-tech and innovative products, as our
country imported more than 90% of the
necessary high-tech products (some of
its species) [1].

Economic development priorities of
Russia in XXI century, was the need to
shift emphasis from the primary sector
of the economy to increase the share of
high-technology and high-tech products
in total output, set first the goal of acceler-
ated development of the high-tech com-
plex, which is the “engine” of innovative
modernization of Russia.

These circumstances require de-
composition of the problem of strategic
management HTC by allocating a number
of private, logically interrelated problems
whose solutions are the stages of manage-
ment. In the process of modeling of these
problems, a new object-and task-oriented
economic and mathematical tools for
managing reproduction of the advanced
innovative products HTC is developed. It
provides the ability to perform real-time
multiple calculations to generate optimal
management decisions in the formulation
and implementation of strategies and
long-term programs for the development
of high-tech complex, its branches, in-
tegrated structures and enterprices. The
most important element of these instru-
ments is the models and algorithms for the
evaluation of technological connections
in the structure of production.

3. Economic-mathematical tools
for technology connections in the
structure of production

The greatest uncertainty in the man-
agement of advanced innovative products
reproductions of HTC have structural
and technological changes, described
by the vector of final products Bk(f) and
a matrix of technological links between
its branches (sub-branches, integrated
structures, businesses) || zZ l -

Therefore, to analyze the process
to be used economic and mathematical
models that identify important factors that
determine the patterns, and on this basis
to predict the expanded reproduction of
products. Economic and mathematical
models of reproduction — is homomor-
phic mapping it into a set of equations,
inequalities, logical relations, graphs.
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Data show combined elements of the
relationship of the reproduction process
of production, and present them in the
form of a similar relationship of elements
of his models. Naturally, the simulation
results of the process are hypothetical in
nature, despite the extensive use of real
information. Therefore, they can be used
as a guideline, which express the general
natural tendency changes the output pa-
rameters of the process of reproduction
products created HTC.

Technological structure of the produc-
tion process is described by a matrix of
coefficients ||z,«j I , that take into account
the technological links between the sec-
tors, sub-sectors, companies, enterprises
of high-tech complex and their changes
that have diverse character.

Given the accelerated replacement of
core technologies in HTC during its in-
novative modernization, it is advisable to
use the matrix || zZ; || in the calculations for
the future only to three years, as Informa-
tion about the coefficients z; «late» for
several years. Therefore, from our point
of view, the solution of the problem need
to use a probabilistic approach. Apply
with some methods for correcting the
«outdated» technology factors (feasibility
design, factor, statistical corrections, etc.)
is not appropriate because they require a
cross-sectoral balances for the previous
time periods. In addition, the correction
methods are not designed for significant
changes in the structure of the final prod-
uct vectors and technologies.

Various methodological approaches to
accounting for uncertainty in the matrix of
technological coefficients ||z ||
The simplest is to use matrixes L i || "
A Tzl where |0,
zjj , — matrixes with the maxi-
mum and minimum poss1ble values
of the coefficients, and || Zi " — ma-
trix used in decision making. "In this
case, you can use the value of 4, which
characterizes their differences and as-
signed (determined) by an expert. Then:

207 = @+ 2) 1z ]I, and

Izl = =adllzll,

In view of the multiplicity of inter-
acting factors that can not be accurately
taken into account, it can be assumed
that the technological coefficients ||z,j||
are random variables and are subject to
certain laws of distribution. Then the
definition of the distribution of the output
parameters of the models of the process
involves the use of the distribution of
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probabilities for 72 elements of matrix
||z!-/-|| with dimension (7 X 7).

Finding the type and parameters of the
laws of the relevant multi-dimensional
probability distribution || zZ; || is very dif-
ficult for matrixes (77 X 77) < 5 even with
simple (one-parameter) laws of distribu-
tion technological factors. Therefore, it
is advisable to use the formula of finding
mathematical expectation M[z;], vari-
ance D[z;], and mean-square deviation
o-[zij]:JD[zij], in the absence of a
compelling reason for the choice of any
specific density distribution of random
variables z;. In this methodical approach
to accountmg for changes ||z,j || in ma-
terial change in production technology
major challenge is to define the upper and
lower bounds for z;;.

We use the expression, according to
which possible changes in accounting
limits of each element of technological

matrix ||z,j || :
Av)v,

. (maxb, /v)*v, +Av, /v, *b,

.(2)

where: Av;—the change in the gross output
of'the i-th defense industry in capamty level
of production; ||y,k|| = || e~ —z,k"
inverse matrix of technologlcal factors
|| 24| - identity matrix, by — parameters
of the equation.

Then, in the case of a uniform dis-
tribution law, you can use the following
expression for the mathematical expecta-
tion and variance of technological factors:
Zjj +2y

M[ZI./.] = 5 (3)
(z;,—Zi)’
D L= = "7 4
[7,]==— @
(d,)’
D[Zii] = :; *(M[Zg,'])zs (5)
where: d, = zi —Mlz,] _ Miz;]-z; :
M[Zii] M[Z;‘,']
z..,z;— lower and upper bound values of

Zij»
technological factors.

Choosing a uniform distribution law
z; can be seen as a pessimistic variant,
which determines much longer intervals
spread of the output parameters of the
process models at regular intervals spread
of'the initial information. Thus, the appli-
cation of the Act of distribution z;; creates
«hard» real terms since should refuse
the registration of preference (in terms
of the probability density differences),
some values z; in the interval (z;,zj) in
front of other technological values of the
coefficients. As an optimistic version of
the variant that takes into account the
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assumption of a lower density of prob-
ability for large deviations z; on (z;,z)-
For this case, you can use the beta prob-
ability distribution with density H,, s for
the deviations (z;):

GR+a+p)
G(l+a)G(1+p)

%

Ha’ﬂ (zy) =
(Zi' —Zy )a (EU - Zi')ﬁ
y J
(El;_zy )l+a+ﬁ

where: G(l)=jy"le'ydy — tabulated

sk

) (6)

gamma functior(;; o and  —parameters
of the distribution, and & > 0 and 5 > 0.
In this case, the numerical character-
istics beta-law distribution determined
according to the following expressions:

Miz)=—% e P )
T 24a+p 24a+pB7"

_(+a)(1+p), Gi-z) ®
3+a+p (2+05+ﬂ)2
olz,1=/Dlz,] 9)

that z?]-lis to be found

Diz,]

Modal value z
by the formula:

i

P Z,,~+Lgi, (10)
a+p a+p

Beta-law distribution is given by Karl
Pearson first type curve and how private
limiting cases include normal, uniform,
exponential, and other laws of distribution
of random variables. Heuristic rationale
for the choice of beta-distribution law for
estimating the level of uncertainty in the
technological structure of the “perturbed”
reproduction innovative products linked
to the concept of random variables with
this law distribution on the interval (0, 1)
by the following relationship:

25

where: W;—independent normally distrib-
uted random variables; S; — independent
random variables exponentially distrib-
uted with density H(S) = ¢ when S > 0.
or H(S) =0 when S <0.

However, the determination of the in-
terval (z;,zy), of mathematic expectation
M]z;;] or mode of the distribution law zﬁ}l
still does not allow to determine the pa-
rameters o and f§ of the law. Setting time
characteristics M[z;] and z?jlis not useful
as a symmetrical distribution law beta
one of the parameters is arbitrary (o or f3).
Therefore, you can use the special case of
the beta distribution law, the subordinate
the rule of “three sigma”, i.e.
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Zy —z, =6,[D[z,] = 60z,] (12)

For a symmetrical distribution law of
the expression (12) can be represented
as follows:

z,=M[z,1-3/Dlz;]  (13)

(14)

For our case, the characteristics of the
distribution law ZU,Zij,Zi]/‘-/[ and M[z;] are
related as follows:

6M[Zl.j]:g,.j+4z§4 +z (15)

From (12) it is evident that the length
of the interval (z;,Zj), as in the case of
uniform distribution law determines the
variance of z;;. However, for this beta dis-
tribution law of the variance is three times
smaller than the variance of the uniform
distribution law in the same range of val-
ues of technological coefficients z;;, which
improves the accuracy and reliability of
the simulation results.

If we denote by ¢ the value z; rela-
tive deviations from their mathematical
expectations, we obtain expressions for
the lower ¢, and upper ¢, boundaries of
these deviations:

M[z;]-z, Zy

Zy = M[z,1+3,/Dlz,]

g, -2 g B MED
S Mlz] T Mz,
Taking into account (16), we obtain

the following expression:
2

ﬂ[j _517

Dlz;]= *(M[z,])* (17)

Thus, the dispersion Dlz;] is associ-
ated with indicators of the relative accu-
racy of the technological coefficients z;
at the appropriate time interval.

Because of the large dimension of the
task may be that individually determine
the accuracy values for the elements of the
matrix || z; | ,asawhole is not possible, as
are computers, time, statistical and other
difficulties. In this case, we propose to use
the following teaching methods:

— the whole matrix || zZ; | ,Is character-
ized by a single number, namely, as an
indicator of the average relative accuracy
¢y set of its elements. Then, on the basis
of the above relationships:

— it is possible to write the following
expression:

E (1_(p¢p )M[Zi/] (18)
zy = (l+¢,)M[z,] (19)
Dlz,1= [i j M[z,)* (@0)
o =\[Dlz,] @1)

— it is possible to limit the partition of
the elements of matrix of technological
coefficients ¥z;, where (i,j = l,n), on
several subsets ¥1Vz;;, where (i, j= l,k),

P2z, where (i,j = k+1,l), Pz, where

i ip>

(i,j = m+1,n), for each of which is de-
termined by the index of average relative
accuracy ¢, (i =1,n). Such a condition
is fulfiling, given the significance (im-
portance) of each technological factor
z;;. In this case it is necessary to conduct
a comparative analysis of inter-industry
linkages and to identify the most impor-
tant z; by their effect on the technological
structure of the process of reproduction;

— it is possible to use the ranking of
industries HTC, based on the percentage
of participation of each of them in the
production of the final product. In this
case, all elements of the i-th line of the
matrix ||z,-j I ,is determined by the value
of the index ¢, where (i =1,n).

As an analysis shows of linkages and
anumber of matrices || zZ; || - may be cases
where z; deviate from their mathematical
expectations M[z;] at a sufficiently small
values, which is typical, as a rule, for
“unperturbed” HTC development (tech-
nology does not significantly change,
made the same products and etc.). In
this case, the specific form of the density
distribution for the elements of the matrix
||z,»j | . has a significant effect on the out-
put parameters of the process models of
reproductive management of the complex
high-tech products.

Considered methodical techniques
allow a few times to reduce the time
required for modeling for technology
connections in the structure of produc-
tion, and the results obtained will have
acceptable accuracy [2].

4. The timing of the replacement
technology used by the enterprise
taking into account technological
connections in the structure of
production

The overall level of technology is
independent (external to the enterprise)
factor, where as its replacement in the
enterprise need to be determined taking
into account both external and internal
factors. Rationale for the timing (time)
change the technology used now an
enterprise of HTC, is an important task
of managing its development. To solve
it is necessary to conduct a comparative
assessment of different technologies by
defining the transition point the marginal
cost of production to a significant change




in their volume, taking into account that
the cost per unit of output should be cre-
ated in addition to diminish. Therefore,
the calculation of so-called «limit of
technology» is based on the definition
of the marginal cost of production using
different technologies:

we-TC
0

(22)
where: MC — the marginal cost of pro-
duction; 7C — total gross costs; Q — an
appropriate volume of products produced
by the enterprise HTC.

At the highest according to the tech-
nology used in the company HTC, the
nomenclature of its production and the
scale of production, the volume of total
costs per unit of output, taking into ac-
count the stages of product life cycle is
minimal. Given the “diseconomies of
scale”, which is negative from a certain
period of time, the consequences of scale,
period (time) of the transition to the pro-
duction costs of a significant change can
be defined as follows:

X=MC,~MC,.,>0  (23)
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X=MC,yp, 24

where: X — the point (point in time) that
defines the necessary time to replace the
technology in the enterprise of HTC;
MC,,;, — the minimum cost; ¢ — point
(point in time), corresponding to a certain
volume of products manufactured by the
enterprise of HTC; MC, — average vari-
able costs at point #; # + 1 > ¢ — a period
of time greater than ¢.
Therefore:

X, = ATC,~ ATC,, >0  (25)

/Yr = ATCmina (26)
where: X, — the point (point in time) that
defines the necessary time to replace by en-
terprise of HTC their technologies; ATC,,,;,,
— the average total costs; A7C; — the aver-
age total costs at point #; # — point (point in
time), corresponding to a certain volume of
products manufactured by the enterprise of
HTC; ¢+ 1 —aperiod of time greater than 7.

Calculation of points X and X,. subject to
the minimum and average values of costs,
taking into account technological factors
can determine the time of replacement
technologies at enterprises of HTC [3].
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5. Conclusion

The above methodological ap-
proaches, models and algorithms allow
a few times to reduce the time required
for modeling for technology connec-
tions in the structure of production, and
the results obtained have acceptable
accuracy. Their use in the development
of management solutions can improve
the scientific validity and optimality
of federal targeted programs for the
development of high-tech industries
complex.
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