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Abstract. In the article to forecast the trends of development of the state's industry (for example, Ukraine), a
method for evaluating the parameters included in the classical Cobb-Douglas formula is developed. On the basis of
the computational experiment it was established that if the values of the production function Y are close to the numer-
ical values and the deviation between them does not exceed 3.7 %, then for approximation of Y in the industry for
small time periods, it makes no sense to complicate the set of its parameters and coefficients. For forecasting the val-
ues of ¥; (¥; € Y) we have evaluated the parameters that are included in the classical Cobb-Douglas formula. To im-
prove the methodology for estimating the coefficients included in the Cobb-Douglas type formula, new variants of
the multiplicative and additive quality criteria and for the Ukrainian industry are proposed, based on the analytical da-

ta for 2010-2017, the evaluation of the relevant criteria was carried out.
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1 1 Introduction

Over the past decades, a special feature of the practice
of analyzing manufacturing processes has been the active
use of special methods of statistics modelling. An im-
portant role in this context belongs to production func-
tions.

At the present stage of research [1, 2]:

1) the essence of the production function is that it ena-
bles to formulate concrete alternatives (variants) of the
combination of factors of production to ensure a certain
amount of production, that is, the possibility of one factor
of production to replace others;

2) the production function is not only the prospect of
one of the analytical methods for forecasting the devel-
opment of the state’s economy, but also an applied in-
strument used to assess and compare the effectiveness of
national economies;

3) the macroeconomic production function has a wide
range of applications , since its dynamic analysis allows
to solve such key important tasks:

— study the dynamics of the efficiency of production
factors (labor productivity, return on investments);

— identify factors of production growth;

— determine the contribution of each production factor
to the overall increase in production.

For Ukraine in the conditions of European integration
[3], where one of the pressing issues is today to identify
the reserves of the growth of the national economy, the
use of information about local rates of change in the pro-
duction function can give impetus to the improvement of
existing mechanisms for management and activation of
internal factors of development.

2 Literature Review

In theoretical and applied analysis, the most widely
used are the following 4 types of production functions:

1) linear [2, 4];

2) Cobb—Douglas function [2, 5-7];

3) function CES (with postmobile elastics) [2];

4) Leontief function [4].

Their advantages are small number of coefficients (pa-
rameters) [2], which greatly facilitates the statistical eval-
uation, as well as indicators of economic growth (effi-
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ciency, intensification), calculated on their basis, have a
convenient analytical form.

Among the most famous functions is the classic pro-
duction function of Cobb-Douglas, which has the form
[5-7]:

Y = AL°K?, 6))

where A — technological coefficient (or coefficient
characterizing production efficiency); L — work re-
sources; K — volume of fixed investments; o, f — coeffi-
cients of elasticity for labor and investments, respective-
ly.

Partial elasticity factor of the product on the funds:

oY K K
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Elasticity of the product by labor:
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These coefficients of elasticity reflect the percentage
of output growth while increasing resource costs by 1 %.

These coefficients of elasticity reflect the percentage
of output growth while increasing resource costs by «, f
are constant and independent of the factor K, L.

In practice, the use of production functions, verifica-
tion the sum of the coefficients o and £ on one equality is
very important, since it determines the type of economic
growth [2]:

1) a + > 1 (production function with increasing re-
turn on a scale) corresponds to intensive economic
growth, and in the case of a > £ there is an intensive eco-
nomic growth of labor; at a < f intensive economic
growth of funds;

2) a + B < 1 (production function with decreasing re-
turns to scale) means that output is growing slower than
the growth of the factors K and L, that is, there is no eco-
nomic growth (or other important factors remain outside
consideration);

3)a + B =1 there is an extensive type of economic
growth (a production function with constant returns on a
scale).

Based on research results [8—11] and taking into ac-
count the information in the paper [12], one has to agree
with the author's opinion [2], that among the important
factors not taken into account in the production function
of type (1), it is worth noting the elements of scientific
and technological progress, in particular, the place and
role of information technology. The impact of scientific
and technological progress is manifested in the growth or
aggregate efficiency of resources, or the effectiveness of
an individual resource.

At the same time, the special importance of modern in-
formation technologies for economic growth is presented
in the work of American economists S. D. Oliner and D.
E Sichel [11], who carried out the evaluation of the pa-
rameters of the production function, in which the indica-

tors of information technology were included as inde-
pendent factors of production. The authors [11] built a
model that assessed the impact on the economic growth
of the following three factors:

1) investments in the software;

2) investments in communications;

3) other costs.

Here the labor quality index was included as labor
costs. Quality was taken into account by means of indica-
tors of changes in levels of education, qualifications and
structure (by level of education and sex) employed — [12].

In the context of the analysis of various important fac-
tors of development, one should note the important fea-
ture of the apparatus of production functions, the use of
which makes it possible to compare the trends of eco-
nomic development of different countries [6, 13—15].

An analysis of the methodology for constructing a
production function using quality criteria, which is the
purpose of this article, can be considered as one of the
steps for the active use of the production function in prac-
tice. At the same time, it will enable to activate promising
directions of research of the Ukrainian economy.

The achievement of the above goal led to the follow-
ing tasks:

1) to introduce the mathematical tools of the method-
ology of refining the production function using an ex-
panded set of constant coefficients.

2) to propose the main elements of the methodology
for building a production function, using quality criteria
in practice.

3 Results and Discussion

3.1 The mathematical tools of the methodology
for refining the production function using
an expanded set of coefficients
In the paper [6] we propose a method for constructing

a function Y with variable elasticity coefficients in the
form:

Y(L.K,Aa, )= A- L/ K9 gsWKD) 4
f(L.K,a) ZZa,m(p, L), (K) (%)

i=0 m=0

M N
L K IB ZZZ Iln¢l )’ (6)

i=0 m=0

where a;,,, b;, — constant coefficients; ¢,(L), ¢,(K) —
transcendental functions.

Ukraine is characterized by an unstable development
of the economy. Output data for Ukrainian industry is
given in Table 1. These data are generated by analogy in
accordance with the data given in the papers [5, 6].

To data Table 1, we will apply the valuation tech-
nique and take into account the inflation index (Table 2).

Considering the relative index (Table 2), the obtained
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(calculated) refined data for the parameters Y, L, K and
are shown in the Table 3.

Table 1 — Output (general) data on Ukrainian industry [16]

Employed popu- .Volumfz of sold
. L industrial prod- | Investments
lation L in in- ..

Year dustry, thousand ucts .(goods, K .1n.1ndustry,

péople services) Y, million UAH

million UAH
2010 3462 1043111 55384
2011 3353 1 305 308 78 726
2012 3237 1367 926 91 598
2013 3170 1322 408 97 574
2014 2 898 1428 839 86 242
2015 2574 1776 604 87 656
2016 2 495 2 158 030 117 754
2017 2441 2 625 863 143 300
Table 2 — Inflation indicators in Ukraine [16]
Year Inflation The value of the inflation index Inf
index, % relative to 2010 year

2010 109.1 1.000
2011 104.6 1.046
2012 99.8 1.044
2013 100.5 1.049
2014 124.9 1.310
2015 143.3 1.878
2016 112.4 2.111
2017 113.7 2.400

Table 3 — Data on Ukrainian industry considering the inflation
index, million UAH

Volume of sold industrial products Investments
Year .
(goods, services) Y K

2010 1043112 55384
2011 1 248 000 75 263
2012 1310 200 87 738
2013 1 260 600 93016
2014 1 090 400 65 813
2015 946 000 46 683
2016 1 022 500 55792
2017 1094 100 59 708

For data Table 3 received a production function of a
classical type in the form:

Y, =0.2981° K. @)

For function (7) according to Table 3, square deviation
is established oy = 0.108.

Using the approach of constructing the function of Y
with variable coefficients, similar to that in [6], Y; was
given a more complex form

Y] — AlLal+a2L+a3KKﬁ'+ﬁzL+ﬁ3K, (8)

for which the mean-square deviation oj= 0.093, that is
less comparing with o by 14 % (Aol o; ~ 0.14). Here Aj,

oy, &, o5, B, P, 3 — are constant coefficients for a giv-
en dataset.

To find the refined value oy, the classical econometric
and mathematical method of exponential smoothing is
used to clarify the errors of the results of econometric
studies for the Ukrainian industry which do not exceed
A =8 %.

In the paper [6], the deviations of the o, A; for agricul-
tural products in Ukraine do not exceed 37 % (Aol/o; ~
0,37).

The ratio (8) shows 7 coefficients A, &y, &, &, B,
and f;, which can be considered conditionally constant
for a given set of data, in particular for industry. If we
choose data for a period of 7 years, then we will deter-
mine the coefficients of this type with a high accuracy
that does not exceed the accuracy of the relevant statistics
A;. Relevant constraints will be derived from the princi-
ples of statistics and metrology for a particular category
of research, in particular for the parameters Y, L, K,
which characterize the Ukrainian industry.

Since the analysis of the effectiveness of using the
production function with variable coefficients in the tasks
of the study of manufacturing problems, there is a need in
the first approximation to test the advanced method of
constructing production functions [6].

We draw attention to a plurality of data in the Table 3.
Data from Table 3 for Y; (2010, 2014, 2016, 2017) are
similar and their errors (deviations from the mean value)
do not exceed A, = 3.7 %, that is, significantly less error
systems of the type A; (A, < Aj). In this case, the task of
determining the coefficients A, &, &, a3, B, P> and [
will be mathematically incorrect and as a result, as estab-
lished on the basis of a computational experiment, these
coefficients will be estimated with a large error of
Az ~ 20-35 %.

On the basis of the data analysis Table 3 observe the
unstable development of Ukrainian industry. Therefore,
there is no point in forecasting trends in the development
of industry in Ukraine to apply the ratio (8). Here it is
expedient to use the ratio of type (7) for certain small
intervals of time, for example, for 2010-2012 and 2012-
2015. For these small periods of time, it is advisable to
estimate the rate of change in the coefficients type A, «,
f, and information about them to use to predict trends in
the volume of sales of industrial products (goods, ser-
vices) Y.

3.2 Elements of the methodology of

constructing a production function

using quality criteria

Like in the works [17, 18] we use the product to evalu-
ate the quality of products (industry) kp = {ki-k2-k3},
where k; — coefficient of commercial gain, k, — coeffi-
cient of product competitiveness level — [19], k3 — coeffi-
cient of product reliability.

Similarly to [17, 18] and taking into account the in-
formation given in the Table 3 and [20-23], the multipli-
cative qualimetric quality criterion will be presented as:
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where k, — coefficient of the level of quality (reliabil-
ity) of the parameters of the type of production function
Y;; ks — coefficient of quality (reliability) of type parame-
ters L, oy, o, oi; kg — coefficient of quality (reliability) of
type parameters K, S, 3>, fs.

Let’s mention the quality criterion of Z, in the additive
form in the same way as in scientific work [17]:

(10)

where a; =1, 2, ..., 6) — weight coefficients.

In the first approximation we choose a; = 1/6, a
k; = 1/A;. In the first approximation, as an example, let it
be k] = k2 =k3= 1/A] ~12.5.

According to the Table 3, it is evaluated: k,= 2.83,
ks =2.90, and k¢ = 5.13.

As aresult, Z, =214 402, Z, = 17.11. (11)

If the errors of the parameters corresponding to the
methodology for assessing the quality criteria of the cor-
responding methodology can be reduced, then the integral

4 Conclusions

According to the results of the research, a method for
evaluating the parameters included in the classical Cobb-
Douglas formula is developed. On the basis of the com-
putational experiment it was established that if the values
of the production function Y are close to the numerical
values and the deviation between them does not exceed
3.7 %, then for approximation of Y in the industry for the
period 2010-2017, it makes no sense to complicate its
appearance. To predict Y; values, we evaluate the parame-
ters that are included in the classical Cobb-Douglas type
formula. To improve the methodology for estimating the
coefficients included in the Cobb-Douglas type formula,
new variants of the multiplicative and additive quality
criteria and for the Ukrainian industry are proposed,
based on the analytical data for 20102017, the evalua-
tion of the relevant criteria was carried out. The above
example has an analytical orientation and illustrates the
possibility of using a Cobb-Douglas formula for analyz-
ing the coefficients of a given model with sufficient relia-
bility. Research focused on controlling the development
of industry in Ukraine by means of quality criteria.

parameters of type Z; and Z, will be increased.
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AHaJii3 MeTog0J10ril MO0Yy10BM BUPOOHNYOI (PYHKIII 3 BAKOPUCTAHHAM KPUTePIiB AKOCTI

CKpUHBKOBCHKUH P. M.l, }O3eBuu B. M.z, KaraeB A. B.3, ITaBinOBCHKI F.4, IIpomrok T. B.]

! JIbBiBCHKMIT yHiBepCHTET Gi3Hecy Ta mpaBa, By Kysnapkisceka, 99, m. JIbsiB, 79021, Vkpaina;
2 DizuKo-MexaHiuHmi inctutyT iM. . B. Kapnenka HAH VYkpaiuu, Byn. Haykosa, 5, M. JIbBiB, 79060, YkpaiHa;
3 X apKiBCBKHIi TOProBeTbHO-eKOHOMIYHHH iHCTHTYT KHiBCBKOTO HAIIOHANBHOTO TOPrOBEIBHO-CKOHOMIYHOTO YHIBEPCHTETY,
npoB. Otakapa Spoma, 8, M. Xapkis, 61045, Ykpaina;
4 Kommnasis “Zaklad Handlowo-Uslugowy BHP”, Byn. Koctmmncbka, 17, m. [y, 69-113, Ionsma;
3 Akaniemis hiHAHCOBOTO MOHITOPHHTY, Byl Binopycska, 24, M. Kuis, 04050, Ykpaina

AHoOTanisi. Y cTaTTi Ha NPUKIAAI YKpailHA po3poOJICHO METOIMKY OIIHFOBAHHS MapaMeTpiB KIaCHYHOI GopMyiu
tuy Ko66a—/lyrmaca Ui TNpOrHO3yBaHHS TEHICHLIH pPO3BUTKY IPOMHCIOBOCTI JepkaBu. Ha ocHOBI
00YHCITIOBATBHOTO EKCIIEPUMEHTY BCTAHOBIICHO, IO 1A 3HA4eHb BUPOOHMYOI QyHKLIT Y, OMU3BKUX 32 YUCTOBUMH
3HAUCHHSIMH 1 BigXuiaeHHAMH 10 3,7 %, anmpokcuMyBaHHS Y y cdepi NMpOMHCIOBOCTI Ui HEBENMKHX YaCOBHX
MepioJliB € HEMOKIIMBUM 3 OTJBSITYy Ha YCKIIAQJHCHHS MHOKWHH ii TapaMeTpiB Ta koedilieHTiB. [y mporHo3yBaHHS
3HaueHb Y; (Y; € Y) mpoBeneHo OIiHIOBaHHS MapaMeTpiB, 10 BXOIATH 10 KiacuyHol popmysu tuny Ko66a—/lyriaca.
Jlnst ynoCKOHAJEeHHS METOIMKH OIHIOBaHHS Koe(il[ieHTiB, 1[0 BXOJATH IO Ii€i (OpMyNH, 3alpOIIOHOBAHO HOBI
BapiaHTH MYJBTHIUTIKATUBHOTO Ta aJIMTUBHOTO KPHUTEpiiB sKOCTi. Buxoxsum i3 aHamiTHuHMX naHux 3a 2010-2017
PP, IPOBEJICHO OL[IHIOBAHHS BiINTOBITHUX KPUTEPIIB ISl IPOMHUCIOBOCTI Y KpaiHH.

Kiwouosi ciaoBa: BupoOHmua Qyskmis, ¢pyskmis Koo6a—/yrmaca, kputepii SKOCTi, TPOMHUCIOBICTh, MPOMHCIOBA
TIPOYKIIisL.
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