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The article presents a comprehensive study of modern analytical approaches
to measuring the economic efficiency of manufacturing enterprises in the context
of the transformational development of the national economy. It is substantiated
that economic efficiency acts as one of the key criteria for assessing the
performance of enterprises and reflects the level of rational use of labour,
material, and financial resources. The concept of “economic efficiency” is defined
as an integral indicator combining economic, organizational, and technological
dimensions of enterprise functioning, which characterizes its ability to achieve
maximum results with minimal costs. It is emphasized that under conditions of
uncertainty and growing risks, the efficient utilization of resource potential
becomes a decisive factor for ensuring the stability and competitiveness of
manufacturing systems.

The paper generalizes methodological approaches to quantitative
measurement of efficiency considering internal and external factors, which enables
the formation of a comprehensive diagnostic system of enterprise performance.
The methodological framework of the study is based on the application of
economic and mathematical modelling and the Cobb—Douglas production function
as a key analytical tool. This approach provides an opportunity to quantitatively
evaluate the influence of major production factors—labour and capital—on the
output volume, to identify the marginal productivity of resources, and to determine
the elasticity of production with respect to input factors. The results make it
possible to identify reserves for increasing productivity and to develop practical
recommendations for optimizing the resource potential of manufacturing
enterprises.

The practical significance of the research lies in the development of
proposals aimed at improving the analytical evaluation system of enterprise
efficiency, oriented towards enhancing production performance and achieving
sustainable development. The proposed analytical tools can be applied in strategic

planning, resource efficiency monitoring, optimization of management decisions,



and further academic research on economic growth and industrial modernization

in Ukraine.

Y cmammi  npedocmaeéneno  komniekcHe — OOCHIOMCEHHS — CYYACHUX
AHANTMUYHUX NIOX00I8 00 BUMIDIOBAHHS eKOHOMIYHOI eqheKmusHOCmi 8UPOOHUYUX
nIONpUEMCmME Y KOHMEKCMi  MpaHchopmMayitinoco po3euUmKy HAYIOHANIbHOL
ekoHomiku. OOIpyHMOBAHO, WO €KOHOMIUHA e@eKmMUBHICMb BUCMYNAE OOHUM i3
KAI0Y08UX KPUMePiie OYiHIOBAHHS Pe3yIbMAMUBHOCMI OisLIbHOCMI NIONPUEMCME |
8i00bOpadicac piseHb pPayioHANIbLHO20 BUKOPUCMAHHSA MPYOOSUX, MAMEPIAIbHUX |
Ginancosux pecypcie. llonamms «eKOHOMIYHA eeKmUSHICMby BUHAUEHO SIK
IHme2panbHull NOKA3HUK, WO NOEOHYE eKOHOMIYHI, OP2aHi3ayiuHi ma MexHOI02IUHI
acnekmu QYHKYIOHYBAHHA NIONPUEMCEA [ XAPAKMEPU3ye U020 30amHiCmb
odocseamu MAKCUMATbHUX pe3yibmamie 3a MIiHimanvhux eumpam. Haeonoweno,
WO 6 YMOBAX HEBU3HAYEHOCMI Ma 3POCMAHHA PUSUKIE eheKmusHe BUKOPUCTNAHHS
PeCcypcHo20  NOmMeHyianry  Ccmac  GUPIUANbHUM — YUHHUKOM  3a0e3nedeHHs.
cmaobinbHOCMI MA KOHKYPEHMOCHPOMOICHOCIE BUPOOHUUUX CUCTIEM.

Y pobomi y3zacanbheno memooOonociuni  nidxXoou 00  KiIbKICHO2O
BUMIDIOBAHHS eEeKMUBHOCMI 3 YPAXYBAHHAM GHYMPIUWHIX 1 308HIUHIX hakmopis,
wo  oac  3mo2y  copmysamu  KOMHIEKCHY — cucmemy  OIa2HOCMUKU
pesyremamusHocmi  OisibHocmi  nionpuemcmea.  Memoodonociuny — ocHO8y
00CNIONHCEeHHS CMAaHo8UMbs 3aCMOCY8aHH A E€KOHOMIKO-MAmMemMamuyHo2o
Mooeniosanus ma  eupoonuyoi  @yuxyii  Kobba—Iyenaca sk  K10408020
ananimuynoco iHcmpymenmy. Taxuil nioxio 3abe3neuye MONCIUBICMb KiINbKICHO
OYIHUMU BNIUE OCHOBHUX BUPOOHUYUX (axmopie — npayi ma Kanimaiy — Ha
00cs2 8UNycKy npooyKyii, 6usAsUmMU 2SPAHUYHY NpOOYKMUBHICMb pecypcié i
BUSHAYUMU  elACMUYHICMb  8UPOOHUYMBA  BIOHOCHO  (QAKMOPI8  3ayYeHHs.
Ompumani pezyromamu 0aoms 3mo2y I0eHmugiKysamu pe3epeu Nio8uLeHHs.
NPOOYKMUBHOCMI MaA po3pooumu Npakmuyni pekomeHoayii wooo onmumizayii

PecypCHO20 NOMEHYIANY 8UPOOHUYUX RIONPUEMCE.



Ilpakmuuna 3nauywicmo 00CHIOHNCEHHS NOJA2AE ) PO3POOIEHHI NPONO3UYill,
CNPAMOBAHUX ~ HA  B0OCKOHANEHHA  CUCMEMU  AHANIMUYHO20  OYIHIOBAHMHS
eghexmusHocmi  OislbHOCMI  NIONPUEMCMS,  OPIEHMOBAHOI HA  NIOBUUEHHS
Pe3VIbMAMUBHOCMI  BUPOOHUYUX NPOYeCci8 [ OO0CACHEHHS CMAN020 DO3GUMKY.
3anpononosanutl aHaniMuyHULL IHCMPYMEHmMapit modce Oymu BUKOPUCMAHUL Y
CMpameziuHOMy — NIAHYB8AHHI, MOHIMOPUHZY  epeKmueHOCmi  8UKOPUCTNAHHS
pecypcie, onmumizayii YAPAaeniHCbKUX pilueHb, a MaKodc ¥ noOAIbUUX HAYKOBUX
O00CNIONCEHHAX, NPUCBAYEHUX NpobIeMamuyi eKOHOMIYHO020 3POCMAHHA ma

MOOepHI3ayii npoMUCiI08020 cekmopy YKpainu.
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AHaNiMuyYHi NiOXo0u,; pecypchuil nomenyian, eupoonuua ynxyis Koboa—/lyenaca,
EeKOHOMIKO-MamemMamuine MOoOe08AHHA, (DAKMOPHULL AHANI3; CMpameciuHa
Pe3VIbmamueHicme.
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Problem statement. Currently, manufacturing enterprises operating under
conditions of economic uncertainty continuously face the challenge of maintaining
effective control and improving the efficiency of their production processes in
order to ensure sustainable development and strengthen their market
competitiveness. In an environment characterized by dynamic market fluctuations,
resource constraints, and increasing technological complexity, enterprises must
focus on the rational use of available resources to achieve stable growth in
production indicators. The issue of economic efficiency thus becomes a
cornerstone for evaluating enterprise performance and for determining the ability
of a firm to transform input resources into measurable economic results.

Given these circumstances, the assessment of economic efficiency plays a

crucial role in managerial decision-making, strategic planning, and long-term



development forecasting. The application of advanced analytical and modelling
tools becomes essential for identifying inefficiencies, evaluating productivity
reserves, and optimizing resource allocation. In this context, the Cobb—Douglas
production function provides a valuable methodological framework for analysing
the relationship between labour and capital as the key production factors, as well as
for measuring the contribution of each factor to the overall production outcome.
This analytical approach not only enables the assessment of efficiency levels but
also supports the identification of future trends in enterprise development under the
influence of changing production and market conditions.

Analysis of recent research and publications. The concept of economic
efficiency has been widely explored in numerous modern scientific studies.
Theoretical and methodological foundations revealing the essence of this concept and
outlining ways to enhance efficiency within enterprises have been thoroughly
analysed in the works of Yaroslavskyi A. O., Batrakova T. 1., Rohach S. M., Biletska
K. Yu., and others. Cherkashyna T. S., Chyzhevska M. B., Shumska S. S., and other
researchers have substantiated the application of production functions to analyse the
impact of labour and capital factors and to optimize the use of enterprise resources.

Task Definition. The primary task of this study is to develop a scientifically
grounded economic and mathematical model based on the Cobb-Douglas
production function, which enables a comprehensive assessment of the economic
efficiency of a manufacturing enterprise. The model aims to examine the
interrelation between the main production factors—labour and capital—and the net
revenue from product sales. This analytical approach makes it possible to evaluate
the effectiveness of resource utilization, to determine the elasticity of production
with respect to input factors, and to identify efficiency trends that may guide
further managerial and strategic decision-making.

Research results. The activity of any enterprise under the conditions of
modern economic development and prevailing uncertainty requires continuous
analysis and monitoring of its economic efficiency. The economic processes of

each business entity are often influenced by external factors such as war, global



crises, and geopolitical instability, which may negatively affect the enterprise’s
performance indicators as they directly impact the overall state of the economic
environment. The indicator of economic efficiency plays a crucial role for any
business, since it allows for assessing the effectiveness of resource utilization
aimed at profit maximization, ensuring stable economic development, and
maintaining enterprise competitiveness.

The interpretation of the concept of economic efficiency in the current
context of dynamic economic development under uncertainty necessitates a clear

definition of its essence and content (Table 1).

Table 1. The Essence of the Concept of “Economic Efficiency”

Author Essence of the Concept of “Economic Efficiency”

Obtaining the maximum possible benefits from the resources

Yaroslavskyi A. O. available for use.

An indicator reflecting the aspiration toward the final result —
Batrakova T. I. not the result itself, but the correctness and accuracy of
movement toward it.

Economic efficiency is a complex category that reflects the
degree of utilization of an enterprises or resource’s potential
Rohach S. M. and is expressed through the ratio of results to costs, taking
into account the industry-specific context (for example,
ecological aspects in agriculture).

Economic efficiency demonstrates the final useful effect
Biletska K. Yu. obtained from the use of means of production and living
labour, as well as from their combined contribution.

Source: systematized based on [1; 2; 3; 4].

Economic efficiency of enterprise activity is defined as the optimal
utilization of the available resources within an enterprise to ensure the achievement
of maximum performance results.

In this study, in order to determine the optimal use of enterprise resources, a
model is constructed based on the Cobb—Douglas production function. The Cobb—
Douglas production function is a macroeconomic model that describes the
functional dependence of production output on the inputs of capital and labour. It

was developed in 1928 by American scholars Paul Douglas (economist) and



Charles Cobb (mathematician) for analysing the manufacturing industry of the

United States.

The methodological foundation of this model is based on the assumptions of

the physical productivity of production assets (or capital, according to Western

terminology) and the participation of only two main production factors — capital

and labour — under conditions of perfect competition [7].

The Cobb—Douglas production function is expressed as follows:

Y =AxL%«KF

where:
Y — total output (volume of production);
A — efficiency parameter indicating the level of technological development;
L — amount of labour employed;
K — amount of capital utilized;
o, f — output elasticities with respect to labour and capital, respectively.

For the purpose of further analysis, the logarithmic form of the linear
regression model is applied. This transformation significantly simplifies the
calculation process and allows for the direct determination of elasticity
coefficients.

InY=InA+f*InK+axLnlL

2

Based on the sum of the elasticity coefficients a and B, the following
conclusions can be drawn:

o + B =1 — constant returns to scale;

(D

a + > 1 — an expansion of production yields a more than proportional increase in

output;
a + B < 1 — additional resources generate a less than proportional increase in

output.

To apply this analytical method to the company LLC "SHILZ", the required

data were collected, namely the values of net income from product sales (Y), fixed

assets (K), and labour costs (L) (Table 2).



Table 2. Performance indicators of LLC "SHILZ"

Period | product s (1), | Pl st (| Labour ot L),
2015 911 456,16 137221645 37 179,35
2016 2350012,93 2 258 658,56 64 114,85
2017 8021 614,85 2 685 425,17 309 344,73
2018 11 526 364,72 2788 297,11 646 171,79
2019 14 670 395,56 3155213,78 673 165,81
2020 15188 813,26 3185 926,28 855970,14
2021 34 251 820,78 5 305 867,45 1 868 906,69
2022 54 939 158,10 6172 748,45 1 429 009,06
2023 216 760 543,29 17 350 234,04 4960 326,46
2024 244 479 860,10 35338 760,25 5063 632,22

Source: systematized based on [9].

To ensure the accuracy of further analysis and the construction of the
production function, it i1s important to use data adjusted for inflation, since all

indicators in the table directly depend on the value of money (Table 3).

Table 3. Inflation-adjusted performance indicators of LLC "SHILZ"

Period Net income (Y), Fixed assets (K), (Ifj;?:l:l;'ucs(;sl:; In.ﬂation
thousand UAH thousand UAH UAH index
2015 2 291 669,89 3450 157,30 93 479,86
2016 5256 785,00 5052 432,81 143 419,63 1,124
2017 15 781 609,91 5283 266,93 608 600,38 1,137
2018 20 652 827,40 4 996 043,45 1 157 804,28 1,098
2019 25250 980,85 5430 817,62 1 158 666,58 1,041
2020 24 898 373,20 5222 552,95 1403 155,31 1,050
2021 51043 225,15 7 906 983,65 2 785 108,14 1,100
2022 64 669 981,78 7 266 065,66 1682 115,14 1,266
2023 242 771 808,48 19 432 262,12 5555 565,64 1,051
2024 244 479 860,10 35338 760,25 5063 632,22 1,120

Source: systematized based on [8,9].




The logarithmically transformed indicators were also calculated (Table 4).

Table 4. Logarithmically transformed performance indicators of LLC

"SHILZ"

Period In(Y) In(K) In(L)
2015 14,64 15,05 11,45
2016 15,48 15,44 11,87
2017 16,57 15,48 13,32
2018 16,84 15,42 13,96
2019 17,04 15,51 13,96
2020 17,03 15,47 14,15
2021 17,75 15,88 14,84
2022 17,98 15,80 14,34
2023 19,31 16,78 15,53
2024 19,31 17,38 15,44

Source: created based on [§].

Based on the results of the performed calculations and regression analysis, the
model constructed on the basis of the Cobb—Douglas production function can be
presented as follows:

InY = Ln(—4,590) + 0,696 x Ln K + 0,776 x Ln L; 3)
Y = 0,0102 * L0776 5 0696 (4)
After analysing the obtained results, the following conclusions can be

drawn:
a=0776,=0696,a+f >1 %)

An increase in investments in fixed assets and labour costs by 1% leads to an
increase in net income from product sales by 0.696% and 0.776%, respectively. To
determine the adequacy of the model, an analysis of statistical indicators was

carried out (Figure 1).



Regression Statistics

Multiple R 0,9903
R-square 0,9808
Adjusted R-square 0,9753
Standart Error 0,2339
Observations 10
ANOVA
df SS MS F Significance F
Perpeccua 2 19,5234 19,7617 178,4221 0,000001
OcraToK 7 0,3830 0,0547
Utoro 9 19,9064

Coefficients Standart Error t-Stat P-Value Lower95% Upper95% Lower95% Upper 95%

Intercept -4,590 1,9220 -2,3884  0,0483 -9,135205335 -0,04562 -9,135205335 -0,04562
X Variable 1 0,696 0,1715 4,0597 0,0048 0,290635013 1,101519 0,290635013 1,101519
X Variable 2 0,776 0,0901 8,6108 0,0001 0,562831509 0,988974 0,562831509 0,988974

Figure 1. Analysis of statistical indicators of the model

Based on the analysis results, it can be concluded that the model is adequate,
since the coefficient of determination R* = 0.98 indicates that 98% of the variance
in net income from product sales is explained by the independent variables. The F-
statistic significance value of 0.000001 confirms the model’s overall significance
at the 99.99% confidence level. Because the p-values of the independent variables
and the constant are less than 0.05, all indicators are statistically significant, which
further supports the adequacy of the model.

In general, the enterprise LLC "SHILZ" effectively utilizes its resources, as
o + B > 1, meaning that the expansion of production yields a more than
proportional increase in output. The constructed model also indicates that, at this
stage, it is more reasonable to allocate a larger portion of investment to labour
costs rather than to fixed assets, since o > [, implying that the return on labour
investment is higher than the return on investment in fixed assets. However, the
coefficient for fixed assets is also positive, which suggests that the focus should
not be completely shifted but rather that proportional investment would be most
appropriate to maximize the overall outcome.

For further forecasting of the net income from product sales, it is necessary
to predict the values of fixed assets and labour costs using trend models (Table 5,

6).



Table 5. Models for forecasting the value of fixed assets

. Coefficient of
Model type Equation determination (R?)
Exponential y =888 970,21¢"™ 0,85
Linear y =2 644 605,83x - 6 583 997,33 0,56
Iy y ==28596 085,83In(x) -
Logarithmic 5022 547.94 0,35
. y =197 133,50x" - 2 491 420,80x"
Polynomial (3rd degree) | =, ¢ 575 364 14x - 6 749 849,80 0,98

Source: calculated by the author

The polynomial model of the third degree demonstrates the highest value of the

coefficient of determination, R? = 0.98. Therefore, it is advisable to use this model

for forecasting the value of fixed assets (Figure 2).
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Figure 2. Forecast of the dynamics of fixed assets value



Table 6. Models for forecasting labour costs

. Coefficient of
Model type Equation determination (R?)
Linear y =539 156,90x - 1 374 580,82 0,75
o y=1868 522,51In(x) -
Logarithmic 1231 511,38 0,52
Polynomial (3rd degree) 24 995,14x2,18 0,87

The power model demonstrates the highest coefficient of determination, R?
= 0.87. Therefore, it is advisable to use this model for forecasting labour costs
(Figure 3).
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Figure 3. Forecast of the Dynamics of Labour Costs

Thus, the forecasted values of fixed assets and labour costs for 2025 amount
to 56,128,027.44 UAH and 4,656,843.33 UAH, respectively. For 2026, these
values are 86,435,052.68 UAH and 5,629,511.23 UAH, respectively.

Using the obtained model based on the Cobb—Douglas production function,
as well as the forecasted values of fixed assets and labour costs, the future values

of net income from product sales can be calculated (Table 7, Figure 4).



Table 7. Forecast of net income from product sales

Pe;“’ Y K L Y — calculated value
2015 911 456,16 1372 216,45 37 179,35 671 120,50
2016 2350012,93 2 258 658,56 64 114,85 1 449 039,00
2017 8021 614,85 2 685425,17 309 344,73 5 543 407,57
2018 11 526 364,72 2788 297,11 646 171,79 10 078 274,73
2019 14 670 395,56 3155213,78 673 165,81 11 338 273,28
2020 15188 813,26 3 185926,28 855 970,14 13 754 351,53
2021 34 251 820,78 5305 867,45 1 868 906,69 35956 930,92
2022 54 939 158,10 6 172 748,45 1 429 009,06 32 439 967,39
2023 216 760 543,29 17 350 234,04 4 960 326,46 174 933 364,30
2024 244 479 860,10 35 338 760,25 5063 632,22 291 639 077,09
2025 - 56 128 027,44 4 656 843,33 377 110 305,82
2026 --- 86 435 052,68 5629 511,23 590 067 368,40
Source: calculated by the author
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Figure 4. Forecast of the Dynamics of net income from product sales of LLC
"SHILZ"

Conclusions and Discussion. Based on the conducted study of the Cobb—
Douglas production function, it has been established that the enterprise
demonstrates increasing returns to scale, indicating significant potential for further
expansion of its production activities. The estimated elasticities show that labour
costs have a stronger influence on net income compared to investments in fixed

assets. This confirms the necessity to strengthen the strategic focus on the



development of human capital. The enterprise should prioritise measures aimed at
improving employee qualifications, enhancing motivation systems, maintaining
competitive wage levels, and creating conditions that support higher labour
productivity. At the same time, investments in fixed assets should remain an
important component of the long-term strategy, as they ensure technological
renewal, modernisation of production facilities and sustained competitive
capability.

The modelling results further highlight the importance of technological
modernisation. The implementation of automated and digital solutions, the use of
energy-efficient technologies, the optimisation of production processes and the
adoption of modern managerial approaches will support increases in productivity
and reductions in operational costs. Such technological development will
strengthen the enterprise’s resilience to external challenges and contribute to its
long-term competitiveness.

Another key direction for development is the establishment of a system for
continuous monitoring of investment efficiency. The enterprise should introduce
analytical tools for assessing the impact of capital investments and labour costs on
economic performance. Regular updates of forecasts based on econometric models,
in particular the Cobb—Douglas model, will enable more accurate assessments of
growth prospects, better-grounded strategic decisions, and timely responses to
changes in the external environment.

Future research prospects include expanding the model by incorporating
additional factors that influence enterprise efficiency, such as innovation activity,
the level of digital transformation, energy efficiency and external economic
conditions. A promising direction is the use of panel data for groups of enterprises
within the industry, which would make it possible to form a more generalised view
of resource efficiency, identify best practices and assess the resilience of
production systems under crisis conditions. Such an approach will deepen
scientific understanding of the determinants of economic efficiency and enhance

the practical value of research for a wide range of manufacturing enterprises.
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