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OPTIMIZATION OF THE CAPITAL-LABOR RATIO ON THE BASIS
OF PRODUCTION FUNCTIONS IN THE ECONOMIC MODEL OF PRODUCTION

Purpose. Development of a procedure for determining the optimal capital-labor ratio within the framework of two-factor pro-
duction functions, as well as an analysis of the conditions for its implementation in practice.

Methodology. In the process of the conducted mathematical analysis, the search for the extrema of the most popular in eco-
nomic studies, of two-factor production functions, namely the Cobb-Douglas production function, CES-function, linear func-
tion, Allen’s function in terms of capital assets, was performed. The limit rate of the technological substitution of factors in condi-
tions of optimal capital-labor ratio was found, which proved to be unique in all investigated production functions. The indicated
relationship was verified on the basis of microeconomic theory, in particular, using the equilibrium principle.

Findings. The hypothesis of the single marginal rate of technological substitution in conditions of optimal capital-labor ratio is
verified. On the basis of the microeconomic theory, the procedure for determining the optimal capital-labor ratio in the framework
of any two-factor production functions is substantiated due to the marginal rate of technological substitution. The proposed pro-
cedure consists in determining the marginal rate of technological substitution as the ratio of the marginal products of the produc-
tion factors and equating it to one unit. The obtained ratio makes it possible to deduce the formula of optimal capital-labor ratio,
provided that the indicators of the dynamics of realized products, main assets and labor remuneration in the enterprise are ade-
quately described by the corresponding production function with non-zero substitution.

Originality. Development of a procedure for optimization of capital-labor ratio within the framework of substitutional two-
factor production functions based on the formulas of their marginal rate of technological substitution.

Practical value. Theoretical conclusions and proposals were tested on the example of a Ukrainian enterprise in the field of
mechanical engineering. The results of the research can be used to manage capital-labor ratio by determining its optimal volume
in production, which opens the possibility of rational use of basic productive assets and labor at domestic enterprises which are
characterized by relative over-equipment with high moral and physical equipment decay.

Keywords: optimal capital-labor ratio, production function, equivalence principle, marginal rate of technological substitution of fac-

tors

Introduction. In the process of managing the market-pro-
duction system (industry, enterprise, region), top managers
always have the task of maintaining the best proportion in the
distribution of capital to the costs associated with the main
productive funds (K) and pay (L). The ratio K/L is known in
the economy as capital-labor ratio — an indicator characteriz-
ing the degree of equipment availability, the magnitude of the
main productive assets used by one employee or worker.

The growth of labor capital-labor ratio is considered to be
one of the most important factors in increasing the efficiency
of social production. On the basis of the introduction of in-
novation and investment measures, in particular, the automa-
tion of production processes, the technical re-equipment of
enterprises, labor capital-labor ratio in the national economy
of any state is steadily growing. This is a guarantee of high
quality and competitiveness of products (works, services),
compliance with European and world standards. From these
perspectives, capital-labor ratio of Ukrainian enterprises due
to the high decay of the main means of production is very far
from the necessary, for example, the world capital-labor ratio.

The aforementioned statements largely reflect the essence
of economic policy in the conditions of rigid centralized pro-
duction management with a high proportion of manual and
weakly mechanized labor, when measures to introduce the lat-
est technology and technology were accompanied by an auto-
matic increase in demand for additional output. If the transi-
tional market economy, like the Ukrainian one, is studied,
then the relationship between capitalization and volume of
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implementation is less clear and functional. In this situation,
the growth of the K/L ratio may not correlate with changes in
demand for additional products, since the amount of net sales
revenue largely depends on the solvency of consumers of these
products. At the same time, an important factor in the demand
for additional products is the growth of real wages in the coun-
try.

Therefore, the change in the capital-labor ratio of the mar-
ket-production system should be considered and analyzed in
close association with the dynamics of its volume of output
(Y). The fact is that excessive growth of the K/L ratio usually
results in deterioration in the use of core production assets
and, as a consequence, a decrease in return on capital Y/K.
The opposite situation arises in the case of unjustified decline
in capital-labor ratio which inevitably leads to a decrease in
labor productivity Y/L.

We think, that it is better to talk about the optimal capital-
labor ratio in terms of maximizing the volume of output at
given total capital costs (or minimizing total capital costs for a
given volume of output). This statement is based on the funda-
mental provision of the microeconomy, according to which
the optimum of the commodity producer is achieved at the
point where the weighted by price marginal products of the
production factors coincide. Realizing this condition, the en-
terprise as a commodity producer reaches the state of internal
equilibrium, that is, the best combination of resources K, L. As
is known, the marginal categories have found their full imple-
mentation in the theory of marginalism, and in particular, in
the mathematical economics branch of economic science —
the theory of production functions.
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Literature review. In the domestic literature, insufficient
attention to the indicator of capital-labor ratio within the
framework of the theory of the production function has been
paid. Usually, authors studied the K/L ratio as a certain de-
rivative value only, which can be calculated within the frame-
work of the analyzed production function.

Indeed, using simple transformations, the original pro-
duction function was shown when the capital-labor ratio
served as a new factor. For example, if the output of produc-
tion function had the form Y=f(K, L), and dividing its left and
right sides by L, the following was obtained Y/L = f(K, L,
K/L), that is, the function that reflects the dependence of la-
bor productivity on three factors, among which was the capi-
tal-labor ratio.

The analysis of foreign sources of recent years has shown
that the approach to studying the K/L indicator, which poten-
tially can and should be optimized on the basis of production
function, is also completely absent. Thus, in the works [1, 2]
the issues of determining the nature and conditions for maxi-
mizing neoclassical production functions are discussed but an
assessment of the impact of the level of capital-labor ratio on
output is not given. The problems of studying the elasticity of
the substitution of capital invested in the main productive
funds and labor were discussed by the authors of the work [3],
who analyzed the CES function (Constant Elasticity of Sub-
stitution). They justified the fact that higher elasticity of substi-
tution could lead to a higher level of capital-labor ratio with a
maximization of output, which is crucial for economic growth.

In the work [4], a two-factor production function with a
known elasticity of labor substitution by capital was studied to
assess changes in the capital-labor ratio when the marginal
rate of substitution changes. The publication [5] is devoted to
the study of the advantages and disadvantages of the CES-
function and the Cobb-Douglas production function in their
use in forecasting production.

In the work [6] the author studies the methodological
questions of the application of the Cobb-Douglass production
function in the problems of forecasting the long-run equilib-
rium level of production, depending on two factors: labor and
capital. The research [7] highlights the most dominant prob-
lem in evaluating the parameters of the CES-function, which
is related to the local minima of the target function. The au-
thors proposed ways to overcome the problems of constructing
the CES function, since it is less restrictive with respect to the
interaction of the factors K and L in comparison with the
Cobb-Douglas production function.

A certain breakthrough in the study of the index of capital-
labor ratio on the basis of two-factor production functions was
observed at Odessa National Economic University with the
appearing of scientific developments in this direction [8, 9], in
which for the first time the optimum of a commodity producer
was determined in the case of the use of Cobb-Douglas pro-
duction function in its classical and dynamical (taking into ac-
count the time factor) variants.

Unsolved aspects of the problem. We think that the problem
of finding the optimal capital-labor ratio according to the cri-
terion of maximum output with the given total capital costs is
highly relevant and little studied. In particular, it is of definite
theoretical and practical interest to determine the best K/L ra-
tio for such two-factor production functions as the CES-func-
tion, the Cobb-Douglas function, the linear function, the Al-
len’s function, etc.

Purpose. The purpose of the study was to develop a proce-
dure for determining the optimal capital-labor ratio in the
framework of the two-factor production function, as well as an
analysis of the conditions for its implementation in practice.
To achieve the set goal, the following tasks were set: 1) to
search for extrema of the most popular production functions
in terms of K/L on the basis of mathematical analysis; 2) to test
the hypothesis of a single marginal rate of substitution of sub-
stitutional production functions in conditions of optimal cap-

ital-labor ratio; 3) to justify the procedure for determining the
optimal ratio of K1/L 1 in the framework of various two-factor
production functions using the marginal rate of substitution;
4) to analyze the growth trajectory reflecting the effect of the
scale of production on the basis of the developed procedure for
determining the optimal capital-labor ratio within the frame-
work of various two-factor production functions; 5) to test the
theoretical results of the study on the example of statistical
data of domestic commodity producers.

Results. Determination of the extrema of the most popular
production functions by the magnitude of capital-labor ratio
K/L on the basis of mathematical analysis is to be started with
the function of Cobb-Douglas

Y=AK*LP, (1)

where A is the coefficient of scale (0 < A); a, B are unknown
parameters characterizing the elasticity of output by produc-
tion factors (0 <a < 1,0<B < 1).

It is then assumed that all variables of the models Y, K, L
are presented in cost terms.

As shown in the works [8, 9], for a given capital cost C =
= K+ L, the production function (1) reaches its maximum

o i
Yy = A(g] L0 = A[SJ K, )

at

K-—"—c; 1--P ¢,
o+f o+f

Where the optimal capital-labor ratio is equal to

K\/L,=0/B. (3)

Consequently, investing the capital in the main production
funds and labor in proportion (3), provided that the relation-
ship between production output and two aggregated produc-
tion factors is adequately described by the Cobb-Douglas pro-
duction function, the commodity producer receives the largest
output (2), or provides a minimum total cost capital

o+ o+
Crv :JKI :JLI'
o p

The function with constant elasticity of resource substitu-
tion or the CES function is the second most popular produc-
tion function in economic research

_r
Y =AJAK?+(1-A)L"] 7, “4)

where A, is the coeflicient of scale (0 < A4,); 4, is the weight
factor of the production factor (0 < 4, < 1); p is the coefficient
of substitution (-1 < p); y is the homogeneity index (0 <7y).

Searching for extrema and deducing the formula of opti-
mal capital for production functions (4) are given in the works
[10, 11]

¥
Yyux = A LI(A-A)K, /L +1)] ? = )
v
= A KA1+ L /K)] 2,

at

= Z l. e
1+ 4 1+[ 4 an
1-A4 1-4,

From formulas (6) the optimal capital-labor ratio equals
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Thus, applying the proportion (7), provided that the rela-
tionship between production output and aggregated produc-
tion factors is adequately described by the CES function, the
commodity producer maximizes output (5), or provides the
minimum total cost of capital

Cov = 1 1

A e
1-4,

Let the activity of a market-and-production system be pre-
cisely approximated by a linear function

Y=A,K+ AL, (8)

where A, , A; are coefficients at production factors that charac-
terize their marginal products.

Condition of maximizing output at a given total cost of
capital C= K+ L is

Y=A4,K+ A;(C - K) > max. )

We find the first partial derivative of expression (9) for a
variable K and equate it to zero

1+[ 4 an L
-4 K- 1+(1Al ]np .
1

oY
6—K:A2—A3:0. (10)
Expression (10) shows that the maximum output for a lin-
ear production function does not depend on the selected val-
ues of K, L, but the condition must be fulfilled 4, = A; =a. Ifit
is fulfilled, then any point on the line ¥'=a(K + L) will satisfy
the condition (9) and the task of determining the optimal cap-
ital-labor ratio has an infinite set of solutions. At the same
time, the maximum of producer’s products is equal Y, x=
= aC,, and the minimum total capital costs are Cy;y = Y/a.
Let the activity of the market-production system be quite
accurately approximated using the Allen’s production func-
tions [11]

Y=A,KL - AsK, — AcL?, (11)

where Ay, As, Ag are unknown coefficients (0 < Ay, 4s, As).
The condition of maximizing output in the given total
capital costs C= K+ L is

Y= AK(C - K) — ASK> — A(C - K)? =
=—K*(A; + As + Ag) + CK(Ay + 24;) — A¢C* — max.

We find the first partial derivative of expression (12) for the
variable K and equate it to zero

(12)

o _ —2(A,+ A+ Ag)K +C(A, +244)=0.
oK
From here, we get critical points
A 24 ) A 24 (13)
U2 A A+ A) U 2A A+ A)
and optimal capital-labor ratio

/ A +24, (14)
VT A 24

Substituting the values of K, L, from the formula (13) in
the Allen’s production function, we determine the maximum
output in terms of optimal capital-labor ratio

A, +2A,
24, + A+ A

2 A+ 24
2A, + A+ A

YMAX = A4K1C - A5K|2 -

2
A4L1C1ﬂ_ (15)
2A,+ A+ A)
2
— AL} - AC? _Ar24 |
2A, + As + A)

Thus, investing the capital in the main production funds
and payment in proportion (14), provided that the relationship
between production output and two aggregated production
factors is adequately described by Allen’s production function,
the commodity producer receives the largest output (15), or
provides the minimum total cost of capital.

A+ A+ Ag)

2(A + A+ A)
CMIN 4 S A6 L
A, +24

A, +24; "

Now we test the hypothesis of a single MRTS (Marginal
Rate of Technological Substitution) in terms of optimal capi-
tal-labor ratio of the commodity producer. For this we will
consistently substitute the expression K,/L, for the above-dis-
cussed production function in the formula MRTS ¢

oY oY fL(KL)

MRTS
IKT3L 0K fu(K,L)

(16)

where fi(K, L), f{(K, L) are the first partial derivatives of the
corresponding V production functions with variables K, L ex-
pressed in monetary units.

For the Cobb-Douglas production functions the value
(16) takes the form

oY oY fL(KL) ABKPIP!

MRTS
K7L 0K fu(K,.L) AaK“'IP

_B K
cx ()

Substituting (17) expression (3), we obtain

K, o
MRTSLK:g T S B =1,
1

and the tested hypothesis is confirmed.
Similarly, for the CES function

wr7s, -2 O _SKD
oL oK fL(K,L)

1-4 (K] (8)

12 12
_YI-A)Y T yAY
A\ L

r P
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Substituting expression (7) in (18), we obtain

I+p

1
1+p —
— — 1+
MRTS,, =1 AI[KIJ =4 (Al ] S
A4 1, 4 [(1-4

Again the hypothesis is confirmed.
For the linear function

wrrs,, ~2X.0Y _SiKD) A (19)
AL oK fi(K,L) A,

As shown above (see formula (10)), the condition for ob-
taining the maximum output is equal to A, = 4;. Therefore, it
is obvious that, at optimum capital-labor ratio of the com-
modity producer, the expression (19) is equal to one and the
hypothesis that is being tested is valid.
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For Allen’s production function

, A4—2A{K]
_aY oY _ [i(K.L) _ L) oo

MRTS, =——:——="L = .
oL oK  fi(K,L) A4[K]2A6

Substituting expression (14) in (20), we obtain

A, 24, X A4—2A5M
MRTS. . L) A +245
K= = =
K A, +24
Ayl —1|-2 ASE00
4[LJ & F A+ 24 5
_Af—4A5Ae_1

CA2Z-4AA,

Thus, for the four substitutional production functions that
were examined the assumption of a single marginal rate of
technological substitution of the MRTS in terms of optimal
capital-labor ratio was confirmed. Now we will summarize the
results obtained and justify the procedure for determining the
optimal ratio K;/L, within the framework of various substitu-
tional two-factor production functions using the marginal rate
of technological substitution. To this end, we will use the well-
known provisions of the microeconomic theory about the re-
quirements for the optimum of the commodity producer,
which ensure the internal equilibrium of the market-produc-
tion system [12].

Requirement 1. The ratio of the marginal products of the
production factors MPy, MP, should be equal to the ratio of
their average prices pg, p;

MP
7K piK (2 1)
MP, p.
Requirement 2. Marginal products of production factors
per 1 monetary unit must be the same
MP, MP,
KL (22)
Pk P

Requirement (22) is often referred to the equivalence prin-
ciple — price-weighted marginal products of production fac-
tors should be aligned. Implementing these requirements, the
market-production system achieves a state of internal equilib-
rium, that is, a better combination of resources K, L, which
means — the optimal capital-labor ratio.

Obviously, in the case of measuring all the variables Y, K,
L in monetary units, the marginal products coincide, and the
corresponding marginal rates of technological substitution
MRTS| i are equal to one.

Consequently, we come to the following conclusion: in or-
der to determine the coordinates of the optimal capital-labor
ratio on the basis of two-factorial production function, it is
sufficient to find the expression of its marginal rate of techno-
logical substitution and equate it to one unit. In other words,
the definition of the optimal capital-labor ratio in the frame-
work of two-factor production function consists in expressing
the ratio K,/L, provided

MRTSLK:ﬁ:ﬁ:M:I. (23)
oL oK fy(K,L)

Obviously, in the long run, a simultaneous change in the
production factors K and L may occur with an increase in the
volume of output Y. This process is graphically shown by the
growth of isocost with appropriate movement of isoquants
with corresponding equilibrium points of the producer, which
are connected by a curve — a growth trajectory.

The growth trajectory is an isocline for which requirement
(23) should be applied. It combines the equilibrium points of
the commodity producer in accordance with the increase in
total capital expenditures C = K + L with an increase in pro-
duction volumes Y. Its form depends on the efficiency of in-
creasing output volumes and reflects the effect of scale pro-
duction.

In the case when enterprises produce homogeneous or
conditionally homogeneous products, for example, coal
mines, cement plants, etc., some production functions vari-
ables, for example, Y, L, can be measured in physical units.

Then from formula (21) it follows that expression (23)
takes the following form

MP, _oY oY _ fx(K,L) _pyx

MRTS, = ) « =Px
MP, 0K oL fi(K.L) p,

24

In this situation, the growth trajectory will be determined
by the isocline, for which the requirement (24) should be met.

From formulas (23, 24), the optimal capital-labor ratio of
K,/L,is quite easy to find.

Approbation of the theoretical results obtained is complet-
ed using the example of statistical reporting data of machine-
building LLC “ZHYTOMYRTEPLOMASH” for 2010—2017,
which produces radiators and central heating boilers (Table 1).

Here, Y is the net proceeds from sales of the enterprise’s
products, Kis the residual value of the main production assets,
L is labor costs, fistime (1= 1, 2, ..., N), k is thousand.

Since the empirical data is represented by time series, in
the process of modeling, dynamic production functions were
used to take into account the influence on Y of all factors, ex-
cept Kand L, embodied in the time factor 7. In the course of a
mathematical statistical study, various dynamics of the pro-
duction factors were tested. Their analysis showed insufficient
reliability of the found parameters of production models based
on the Cobb-Douglas, linear and Allen’s functions due to a
small sample (N = 8).

Highly accurate and statistically significant was the only
dynamic CES function, which was created according to the
data of Table 1 based on the use of an iterative algorithm for
minimizing the target function of the remainders of the model
by the Marquardt method. At the last iteration, the optimal
solution was obtained (Table 2).

Thus, the desired model will be written as follows

Y'=9.89579¢0-06%11[() 02230 K0-36244 +

+ 0.97770[70‘56244]71'77795‘ (25)

Here, the substitution parameter p is found from the rela-
tionship: p=1/c,x— 1 =0.56244.

Table 1

Output data for the modeling of the dependence of output
of “ZHYTOMYRTEPLOMASH” LLC on the costs
of aggregated production factors

Y, K, L,
Years t
k, UAH k, UAH k, UAH
2010 66087 5226 7059 1
2011 103 704 5398 10 070 2
2012 93397 5346 11 373 3
2013 90 837 4986 12 675 4
2014 116 358 5769 16 415 5
2015 124762 5371 17 450 6
2016 88978 6017 13778 7
2017 132 969 6162 23 150 8
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Table 2

Results of statistical modeling of the CES function based on
data of “ZHYTOMYRTEPLOMASH” LLC

Constant A4, 9.89579
Scientific and technological progress ® —0.06961
Elasticity of replacement of resources o ¢ 0.64002
Parameter of distribution A4, 0.02230
Marquardt number 0.01000
Adjusted coefficient of determination R? 0.99999
The sum of squares of regression residues RSS 0.03096
Durbin-Watson coefficient DW 2.01023

The equation (25) with a very high accuracy describes
the dynamics of net revenue from sales of products of Zhy-
tomyrteplomash for the period under consideration. The
coeflicient of determination indicates that 99.9 % of the
variation in revenue from sales of products is explained by
the dynamic CES function, and the absolute error of the
model which is 3.1 %. The Durbin-Watson criterion DW =
2.01 indicates a high adequacy of the constructed produc-
tion function (optimal value 2.0). The growth rate of the
neutral scientific and technical progress @ = —0.6961 shows
that the company’s average annual net revenues from sales
decreased by almost 7 % under the influence of all factors,
except for changes in capital expenses on basic production
funds and labor.

Based on the data of Table 1, we calculate the marginal rate
of technological substitution of MRTS,  for each year of the
investigated period.

-4, 1-0.0223

= =43.84756; 1+ p=1+0.56244 =1.56244.
A 0.0223

The results of calculating the marginal rate of substitution
of MRTS, x are presented in Table. 3

In this case, all values of the marginal rate of technological
substitution of resources exceed one unit (see Table 3), that is,
there is a case where the actual capital-labor ratio significantly
exceeds the optimal one. However, it should be noted that the
investigated enterprise has a positive tendency to reduce the
value of MRTS, x and gradually bring it closer to the optimal
level.

Based on the parameters of the model (25), we calculate
the average index of optimal capital-labor ratio for the enter-
prise “ZHYTOMYRTEPLOMASH” LLC by the formula (7)

Table 3

Actual capital-labor ratio and marginal rate technological
substitution of “ZHYTOMYRTEPLOMASH” LLC

Capital-labor ratio . .
Years K Margma} rat'c technological
T UAH /JUAH substitution MRTS,
2010 0.74033 27.41143
2011 0.53605 16.55168
2012 0.47006 13.48049
2013 0.39337 10.20590
2014 0.35145 8.55812
2015 0.30779 6.95636
2016 0.43671 12.01628
2017 0.26618 5.54382

1

— 0.64003
1+
Kl:[ A J ”:(0'0223 ] ~0.08894.

L \1-4 1-0.0223

If we refer to the data in the second column of the Table 3,
we can see that the actual capital-labor ratio in the enterprise
substantially exceeds the optimal. This means that the produc-
tion funds of “ZHYTOMYRTEPLOMASH” LLC are in a
certain excess. This conclusion was confirmed also by the
Cobb-Douglas production function: the coefficient of the
variable In(K) was statistically insignificant, unreliable (the
Student’s 7-test is 0.705, the p-significance is 0.519).

The closest value to the optimal one was the actual value of
MRTS x=15.544, or capital-labor ratio of 0.26618 UAH/UAH.
They were observed in 2017 and this year the company really
received the maximum net sales revenue in the amount of
132.969 thousand UAH for the studied period (Table 1).

In this regard, a question arises: what net revenue from the
sale of products would “ZHYTOMYRTEPLOMASH” LLC
receive in 2017 with an optimal capital ratio of 0.08894? To an-
swer it, we will use the calculation of the required volume of the
main production funds in 2017 under optimal capital-labor ratio

jom =%.L2m7 = 0.08894-23 150 = 2058.96.

1

Thus, it would be enough to limit with the use of the main
production funds in the amount of 2059 thousand UAH. At
the same time, the net revenue from the sale of products of the
enterprise would remain unchanged.

Consequently, the reserve for the growth of net revenues
from the sale of products at the expense of optimization of
capital-labor ratio at the enterprise — in this case as a result of
the sale of part of unused basic production funds, in 2017 was
approximately 4103 thousand UAH (6162 — 2059). Hence, the
revenue from the sale of production of Zhytomyrteplomash
LLC in 2017 under the optimal capital-labor ratio, would be
137 072 thousand UAH. (132 969 + 4103).

Thus, the given example confirms that in the industrial
sectors of Ukraine in the years studied there was a slight excess
of the basic production funds compared with the wages [13].

The actual excess of the required capital-labor ratio during
this period, that is its non-optimality, was formed under the
influence of two main factors:

1) the presence of a large amount of obsolete and unused
technological equipment at enterprises of the domestic industry;

2) artificial underestimating of the productive factor of
“labor force”, which manifests itself in unreasonably low wag-
es at the enterprises under study.

Conclusions. As the advantage of the study, we consider
the fact that the problem of managing the capital-labor ratio,
the need to find its optimal value in production is under the
study of a wide range of domestic and foreign economists and
practitioners. Its relevance and importance for the economy of
any state, including Ukraine, is substantiated. For the first
time, a procedure has been proposed for determining the opti-
mal capital-labor ratio on the basis of substitutional produc-
tion functions, whose theoretical foundation is the equiva-
lence principle of microeconomics. Theoretical conclusions
and proposals were tested on a specific example of the Ukrai-
nian commodity producer.

As prospects for further developments of this direction, it
is necessary to study optimal capital-labor ratio, as well as the
optimal trajectories of the development of enterprises within
other production functions such as the functions of Solow, Le-
ontiev’s functions, etc.
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Meta. Po3pobka npoueaypy BU3HAUYEHHSI ONTUMAaJIbHOT
(OHI0030pOEHOCTI B paMKax IBO(MAKTOPHUX BUPOOHUUMX
(yHKIIi#, a TAKOX aHaJli3 YMOB ii peastizaliii Ha TpaKTHUILIi.

Metonuka. Y Tipoleci MpoOBEIeHOro MaTeMaTUYHOTIO
aHaJjIizy OyB 30ilICHEHUI TTOIIYK eKCTPEMYMiB HAMOIIbIII ITO-
MyJISIPHUX B eKOHOMIUHUX TOCTiIKEHHSIX IBODAKTOPHUX BU-
poboHuuux yHkuin — Kobdba—/lyrnaca, CES-dyHkuii, -
HiltHOI DyHKIIIi, PyHKIIT AJieHa 3a BeTMIMHO0 (POHI0030-

po€HOCTI. 3HailieHa rpaHUYHa HOpMa TEXHOJIOTIYHOTO 3aMi-
meHHs (haKTOpiB B yMOBaxX ONTUMAIbHOI (hOHI0030pOEHOC-
Ti, 10 BUSIBWJIACS B YCiX TOCTIKYBAaHUX BUPOOHUYUX (DYHK-
LiSIX ONMHUYHOIO. YKa3aHe CIiBBiAHOILLIEHHS OyJI0 mepeBipe-
He Ha OCHOBi MiKpO€KOHOMIYHOI Teopii, 30KpemMa, 3a J0I0-
MOTOI0 eKBiMap>KUHATBHOTO IPUHIIUITY.

PesyabraTu. IlepeBipeHa rimore3a onMHUYHOI IpaHUY-
HOI HOPMM TEXHOJIOTIYHOTO 3aMillleHHsI B yMOBax OMNTHU-
MaibHOI (hoH10030poeHOCTI. Ha 0CHOBI MiKpOEKOHOMIUHOI1
Teopii 0OTrpyHTOBaHA TMpoOlieaypa BU3HAUYEHHST ONTUMAIbHOL
(oHI0030pOEHOCTI B paMKax OyIb-sIKUX ABODAKTOPHUX BU-
poOHMYMX (DYHKILiN 32 JOTTOMOIOI0 IPAaHUYHOI HOPMU TEX-
HOJIOTIYHOTO 3aMillleHHs. 3arponoHOBaHa Mpolienypa Mmo-
JISiTa€ 'y BU3HAYEHHI IPaHUYHOI HOPMM TEXHOJIOTIYHOIO 3a-
MillleHHS SIK BiTHOLLIEHHS I'PaHUYHUX MPOAYKTiB BUPOOHU-
yux (aKTopiB i MPUPiIBHIOBAHHS OT0 10 oauHMLi. OTpuma-
HE CIiBBiIHOIIEHHS TO3BOJISIE JOCUTh MPOCTO BUBECTHU (HOP-
MyJly ONTHUMaibHOI (POHIO030POEHOCTI 3a YMOBH, IO ITO-
Ka3HUKU [HUHAMIKM peajli3oBaHOi MPOMAYyKIlil, OCHOBHUX
¢oHIiB i oriaTH mpatli Ha MiANTPUEMCTBI aeKBaTHO OIUCY-
I0TbCS BiINOBIHOIO BUPOOHUYOIO (DYHKIII€IO 3 HEHYJILOBUM
3aMilLIEHHSIM.

HaykoBa HoBusHa. [losnsirae B po3poOui mpolenypu
onTuMi3alii (poHI0030POEHOCTI B paMKax CyOCTUTYLIMHMX
nBO(aKTOpHUX BUPOOHMYMX (YHKUIN Ha 06a3i gopmyn ix
rPaHUYHOT HOPMU TEXHOJIOTIYHOTO 3aMillIeHHSI.

IIpakTiyHa 3HaYMMicTh. Te€OpEeTUYHI BUCHOBKM Ta MPO-
no3ulii OyJu anpoOoBaHi Ha MPUKJIaAi YKpaiHChKOTrO i~
MPUEMCTBA B rajy3i MaliMHoOynyBaHHs. Pe3yiabraTty mocii-
JIDKEHHSI MOXKYTb OyTU BUKOPMCTaHI ISl YIIpaBIiHHS (hOHI0-
030pOEHICTIO Yepe3 BU3HAYEHHSI 11 ONTUMAaJIbHOI BEJIMUMHU
Ha BUPOOHMITBI, 1110 BiIKPHBAE MOXKJIUBICTh paLliOHATBHOTO
BUKOPUCTAHHS OCHOBHUX BHMPOOHMYMX (POHMIB i poOOUoi
CUJIM Ha BITYM3HSIHUX MiAMPUEMCTBAX, IS SIKMX XapaKTePHO
BiTHOCHE HAJUTMIIKOBE YCTAaTKyBaHHSI 3 BUCOKUM MOPaJb-
HUM i (DiI3BMYHUM 3HOCOM.
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Ieab. Pa3paboTka npoueaypbl onpeneaeHusi OonTUuMaib-
HOU (DOHIOBOOPYKEHHOCTH B paMKax ABYX(aKTOPHBIX ITPO-
M3BOJCTBEHHBIX (DYHKIIUI, a TAKXKE aHAIN3 YCIIOBUI ee pea-
JTA3aIUY Ha TTPAKTUKE.

Metoauka. B mpouecce mpoBeneHHOro MaTeMaTHye-
CKOTO aHamm3a ObUI OCYIIECTBIEH TMOUCK KCTPEMYyMOB
HauboJee MOMyJISIPHBIX B 9KOHOMUYECKUX UCCIET0OBAHUSX
IBYX(aKTOPHBIX TTPOU3BOICTBEHHBIX (DyHKIMIT — Kobb6a—
Hyrnaca, CES-dyHkuuu, nuHeiiHOW GyHKUUN, DYHKIIUK
AmeHa o BenuuyuHe (OHIOBOOpPYXeHHOCTU. Hailinena
npeaeabHast HopMa TEXHOJIOTUYECKOTo 3aMellleHUsT (hakTo-
POB B yCIIOBUSIX OITUMATBHON (DOHITOBOOPYKEHHOCTH, KO-
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TOopasi oKazajach BO BCEX MCCIEAYeMBIX MPOM3BOICTBEH-
HBIX (PYHKUIMSIX EIMHUYHOM. YKazaHHOE COOTHOIIEHUE
OBIJIO TTPOBEPEHO Ha OCHOBE MUKPOIKOHOMUYECKOM Teo-
pUM, B YACTHOCTM, C IIOMOLIbIO 3KBUMApPXUHAILHOIO
MPUHIKATIA.,

Pesyabratel. [IpoBepeHa runore3a eTMHUYHON TTpeaeb-
HOW HOPMBI TEXHOJIOTUIECKOTO 3aMEIIeHUS B YCIIOBUSIX OTI-
TUMaJIbHOM (hOHIOBOOPYKEHHOCTU. Ha 0CHOBE MUKPOIKO-
HOMMYECKON Teopun 000CHOBaHA TIPOIIEAYpPa OTPEIeICHUS
ONTUMAJIbHON (DOHIOBOOPYKEHHOCTH B paMKax JIOObIX
IBYX(aKTOPHBIX TTPOU3BOACTBEHHBIX (DYHKIIMIA C TIOMOIIBIO
MpeneabHOM HOPMbI TEXHOJOTMYECKOro 3amelineHus. [1pen-
JIOXKEHHasl TIPOIleypa 3aKJIoYaeTcsi B OIPENeIeHUN TIpe-
NIEIbHOM HOPMbI TEXHOJIOTMYECKOI0 3aMeIleHMs] KaK OTHO-
LIEHUS MPeAeSIbHBIX MPOAYKTOB (DaKTOPOB MPOU3BOACTBA U
MpUpaBHUBaHKE €T K equHulLle. [ToydeHHOe COOTHOIIICHUE
MO3BOJISIET TOCTATOYHO IIPOCTO BBIBECTH (DOPMYITY ONTH-
MaJIbHO# (hOHIOBOOPYKEHHOCTH IIPH YCIOBHUM, YTO ITOKA3a-
TeIW IWHAMWKHM DPEaTM30BaAaHHOM TIPOAYKINHM, OCHOBHBIX
(GOHIOB U OIJIaThl Tpyda Ha NPEANPUATUU aAeKBATHO OMU-
CBIBAIOTCS COOTBETCTBYIOLIEN IMPOU3BOACTBEHHOM (DYHKIIM-
eii ¢ HeHyJIEBbIM 3aMelleHUEM.

Hayunas HoBu3Ha. 3aKiiouyaercsl B pa3paboTKe MPOIIeTy-
pbl oNTUMM3aLUKU (POHIOBOOPYKEHHOCTU B paMKax CyOCTU-
TYLIMOHATBbHOM OBYX(AaKTOPHOU MPOU3BOACTBEHHOM (DYHK-
LuU Ha 6a3e (popmyJ X NpenebHON HOPMBI TEXHOJIOTHYEe-
CKOTO 3aMEIIEHMSI.

IIpakTHyeckass 3HAYMMOCTb. TeopeTuyeckue BbIBOIbI U
MpEeTOKEHUs ObUTM armpoOMpOBaHbI Ha TIpUMEpE YKpauH-
CKOTo TMPEIpUsITUSI B OTpacid MallMHOCTpoeHUs. Pe3yib-
TaThl UCCIICTOBAHUSI MOTYT OBITh MCTIOJb30BaHbI IS YIIpaB-
JIeHus1 (OHIO0BOOPYKEHHOCTBIO Uepe3 OIpeneieHue ee Orl-
TUMAaJIbHOM BEJIMYMHBI Ha MIPOU3BOICTBE, UTO IIPEIOCTABIIS -
€T BO3MOXHOCTb PallMOHAIbHOTO MCIOJb30BaHMSI OCHOBHBIX
MPOM3BOJICTBEHHBIX (DOHIOB M paboueil CWIbl Ha OTede-
CTBEHHBIX MPENNPUITUSIX, I KOTOPbIX XapaKTePHO OTHO-
CUTEIbHOE M30BITOUHOE 000PYIOBaHNE C BBICOKMM MOpPab-
HBIM 1 GUBMYECKUM U3HOCOM.
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