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The methodological approach to monitoring of the economic
and functional state of innovation-oriented machinery engineering
enterprises at the modern technological modes

Abstract. The article is dedicated to the development of the methodological approach to monitoring of the economic and
functional state of innovation-oriented machine engineering enterprises in the context of selected indices in alignment with the
range of recommended (desired) values. The authors suggest the following stages of performing the monitoring: structuring of
the indices which determine results of performing economic functions; formation of the composition of machine engineering
enterprises in accordance with the fourth and the fifth techno-economic paradigms (technological modes); calculation of
economic indices, determination of respective indices of dynamics; elimination of the influence on the values of the indices of
non-systemic events; indication of the range of a recommended (desired) rate of knowledge and analysis of indices of a particular
enterprise. The authors applied the proposed approach to research 20 enterprises of Ukraine which by the types of activities
belong either to the fourth or the fifth technological paradigm. The ranges of recommended (desired) values for the indices
of dynamics in figures relevant to the results of performing economic functions of innovation-oriented machine engineering
enterprises were calculated for the fourth and the fifth technological paradigm enterprises. The difficulties in turning to the fifth
technological paradigm in Ukraine in comparison with Poland, Germany, France and The United Kingdom were detected due to
a complex of internal and external factors; nevertheless, a possibility for positive dynamics in 2017 has been outlined.
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State; Innovation-oriented Development; Technological Mode; Techno-Economic Paradigm; Industry 4.0
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HaujioHanbHW TeXHIYHMI yHIBepcUTET YKpaiHn «KUIBCLKMUIA NONITEXHIYHWIA IHCTUTYT iMeHi Iropst Cikopcbkoro», Kuis, YkpaiHa
BosipuHoBa K. O.

KaHOmnaaT eKOHOMIYHUX HayK, AOLEHT, kadeapa MeHeppKMeHTY, HauioHanbHUA TeXHIYHUIA yHIBepCUTET YKpaiHu

«KuiBCbKUIA NONITEXHIYHNIA IHCTUTYT iMeHi Iropst Cikopcbkoro», Kuis, YkpaiHa

MeTtogonoriyHui nigxig Ao AiarHoCTUKU eKOHOMIKO-(PYHKLiOHaNIbHOrO CTaHy

iHHOBaLiNHO OpPiEHTOBaHUX NiANPUEMCTB MaLUMHOGYAyBaHHSA HOBITHIX TEXHOJIOTIYHUX YKNaAiB

AHoTauisi. CTaTTioO NPUCBSAYEHO PO3POOBSEHHID METOAONMOMYHOro Miaxody [0 AiarHOCTUKU eKOHOMIKO-(OYHKLOHaNbHOro
CTaHy iHHOBALUIHO OpPIEHTOBAHOMO MiANPUMEMCTBA MalNMHOOYAyBaHHA B PO3pPi3i OKpeMuX MOKasHMKIB BignoBigHO [0
ZianasoHy pekomeHOoBaHUX (6axkaHux) 3HadYeHb. 3anpomnoHOBaHO MOCMIQOBHICTb peani3auii [iarHOCTMKM 3a eTanamu:
CTPYKTYPYBaHHS NOKA3HWKIB, LLO BU3HA4alOTb PE3YNbTaTh BUKOHAHHS EKOHOMIYHMX (hyHKLUIN; hopMyBaHHSA cKnagy nignpuemMcTs
MalLnMHobyayBaHHSA BignosigHo Ao IV-ro Ta V-ro TexXHONMoriYHnx yknagis; po3paxyHOK €KOHOMIYHMUX MOKAa3HWKIB; BU3HAYEHHS
BiQNOBIAHMX M MOKAa3HWKIB AMHAMIKW; HiBENOBaHHSA BM/MBY Ha 3HAY€HHSI MOKAa3HUKIB HECUCTEMHMX MOAi; BCTAHOBNEHHS
hiana3oHy peKoMeHA0BaHOro (6aXkaHoro) piBHA 3Ha4eHb; aHasi3 MOKa3HMKIB 3a OKpeMUM NignpUeEMCTBOM.

Knro4oBi cnosa: iHHOBALiHO OpiEHTOBaHE MiANPUEMCTBO MalLMHOBYAYBaHHS; NMOKa3HVKM OUHAMIKU €KOHOMIYHNX MOKa3HIKIB;
€KOHOMIiKO-(DYHKLiOHaTbHUIN CTaH; iHHOBALiNHO OPIEHTOBaHMI PO3BUTOK; TEXHOMNOTMYHNI yKNnag,
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yHMBEPCUTET YKpanHbl «KNEBCKNIA NONTEXHNYECKNA MHCTUTYT nMeHn Urops Crukopckoro», Knes, YkpauHa
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MeTtoponornyeckuin NoaxoA K ANMarHOCTUKe 3KOHOMUKO-(PYHKLIMOHANbHOIo COCTOSIHUSA

MHHOBALMOHHO OPUEHTUPOBAHHbIX NPEANPUATAA MALULMHOCTPOEHUS HOBbIX TEXHOJIOTMYECKUX YKN1aloB

AHHoTauusa. Ctatba nocesilleHa pas3paboTke MeTOZOSorMyYeckoro nogxoda K AWarHOCTMKE SKOHOMUKO-(OYHKLUMOHANbHOro
COCTOSIHUSI UHHOBALMOHHO OPUEHTMPOBAHHBLIX MPEeAnPUSTAA  MalUMHOCTPOEHUSs B pas3pe3e OTAefbHbIX MokasaTenei
COOTBETCTBYIOLLErO [Auana3oHa PEeKOMEHOOBaHHbIX (Kenaemblx) 3HadveHun. [peanoxeHbl 3Tanbl MNOCNE[OBaTENbHOCTU
peanu3auuy ANarHOCTUKW: CTPYKTYpuMpoOBaHWe nokasartenemn, Onpeaensiowmnx pesynstaTtbl BbINOAHEHUS 3KOHOMUYECKUX
byHKUWMIA; hOpMMPOBaHME CocTaBa NPEQNPUATIIA MAWMHOCTPOEHNSA B COOTBETCTBUM C IV-M 1 V-M TEXHONOMMYECKUM yKNagamu;
pacHeT 9KOHOMMNYECKNX NoKasaTeneii; onpegeneHne COOTBETCTBYIOLMX UM NoKasaTenein ANHaM1KIN; HUBEMPOBaHNE BANSAHWS Ha
3Ha4YeHNs nokasaTenel HECUCTEMHbIX COBbITUIA; YCTaHOBMEHNE Anana3oHa PEKOMEHAOBaHHOMO (KENAEMOro) YPOBHS 3HAYEHUIA;
aHanma nokasaresnei OTAeNbHO B3ATOro NpeanpusATus.

KnroueBble cnoBa: MHHOBaLWIOHHO OPUEHTUPOBAHHOE NPEANPUATE MaLLMHOCTPOEHUS; NoKasaTeny AMHaMMKN SKOHOMUYECKNX
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ECONOMICS AND MANAGEMENT OF ENTERPRISES

1. Introduction

The focus of mechanical engineering enterprises on in-
novative development requires methodological approaches
to the indication of economic performance results which pro-
vide, decelerate or eliminate an enterprise’s capacity to deve-
lop. The imbalance between the rate of development of va-
rious enterprises and opportunities permitting the achieve-
ment of higher results determines the need to identify re-
commended (desired) approximate values for each of the eco-
nomic figures as reference points. Increasing or decreasing
economic indices relevant to a recommended rate conduce to
achievement of the appropriate economic and functional state
in the process of innovation-oriented development.

2. Brief Literature Review

Development of methodological approaches to the moni-
toring and analysis of the effectiveness of development, the
state of innovative development, the potential of development
and innovativeness are considered in the scientific papers by
the following domestic and foreign scientists: K. S. Boichen-
ko (2014) [1]; S. Yu. Aloshyn (2014) [2]; I. O. Liakh (2013) [3];
O. H. Parfentieva (2015) [4]; J. Kadarova, M. Durkacova,
K. Teplicka, G. Kadar (2015) [6]; E. G. Carayannis & M. Pro-
vance (2008) [7].

In particular, K. S. Boichenko suggests evaluating the en-
terprise development rate with the use of competitiveness in-
dices, the enterprise development phase with the use of an in-
tegral figure and in accordance with the potential implemen-
tation degree [1].

S. Yu. Aloshyn considers an improved approach to the for-
mation of a system of indices for monitoring of the innovative
development state of an industrial enterprise, which takes in-
to account components (catalysts) such as a market compo-
nent, an organisational and managerial component, as well as
innovative culture [2].

I. O. Liakh researches methodical recommendations for
the evaluation of the financial and economic activity of engi-
neering enterprises by applying the adaptive renovation ap-
proach with regard to the following stages:

a) determination of the objectives and the main goal of the
framework;

b) selection of adaptive renovation indicators from the sys-
tem of indices of the financial and economic activity of en-
terprises;

c) preliminary determination of a set of factors, which can in-
fluence the rate of the financial and economic activity of
enterprises;

d) selection or calculation of the threshold values of adaptive
renovate indicators related to the financial and economic
activity of enterprises;

e) ascertainment of information on the state of the financial
and economic activity of enterprises;

f) collection and transmission of data for their subsequent ana-
lytical processing;

g) analytical processing of indicators of the financial and eco-
nomic activity of enterprises, evaluation of the rate of the fac-
tor influence on its state and selection of the most influen-
tial ones from these factors for subsequent consideration in
the process of making corresponding managerial decisions;

h) collection of special information in order to analysing cer-
tain threats to the financial and economic activity of enter-
prises, as well as indication of adaptive renovation factors
and assessment of the rate of their influence on the state of
the financial and economic activity of enterprises [3].

Scientists propose different approaches to the assess-
ment of the development potential.

O. H. Parfentieva proposes steps a diagnostic instrument
for the assessment of the development potential, which in-
cludes: a) selection of a system of indices for the monitoring;
b) a comparative analysis of the indices; c) formation of a vec-
tor of significance for the selected indices aimed at evaluation
of the degree of their interrelation with activity results of the
enterprise; d) calculation of an integrated figure of the enter-
prise development potential [4].

V. I. Kariuk discloses a methodical approach to the as-
sessment of the investment potential of industrial enterprises,
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which includes a complex methodical instrument for the as-
sessment of the enterprise innovation potential based on the
determination of indices of its personnel, facilities and equip-
ment, as well as its financial, economic, scientific, marketing,
infrastructural, organisational, managerial, market and infor-
mation potential [5].
J. Kadarova, M. Durkacova, K. Teplicka and G. Kadarhave
suggest an integrated BSC-DEA model to monitor the effi-
ciency of industrial enterprises and the relevant processes [6].
E. G. Carayannis and M. Provancehave developed an ap-
proach to the evaluation of innovativeness of the enterprise on
the basis of the «3P» construction of innovation measurement
which simultaneously considers the Posture, the Propensity
and the Performance related to the firm’s innovation capabili-
ties with the use of the Composite Innovation Index (Cll) [7].
Despite the fact that all the abovementioned scientists
have considerably contributed to the research of the stated
problem, there is a need to develop the methodological ap-
proach to the monitoring of the economic and functional state
of innovation-oriented enterprises to determine their ability to
enhance.
3. The purpose of the article is to develop a methodolo-
gical approach to the monitoring of the economic and functio-
nal state of innovation-oriented engineering enterprises in the
context of selected indices in order to detect inconsistency
and make managerial decisions aimed at its elimination.
4. Results
Monitoring of the economic and functional state of inno-
vation-oriented engineering enterprises, the development of
which is innovation-oriented, should be based on the indica-
tion of dynamic figure values for each economic index or ra-
tio, along with comparing them to a particular recommended
value.
The monitoring includes the following stages: a) estab-
lishment of object affiliation with a particular class or a group
(the quality identification stage); b) indication of differences
between the selected object and other objects of the same
class (group) based on the comparison of a quantitative fi-
gure which describes its state, along with the threshold value
(the quantity identification stage) [8]. Figure 1 shows a conse-
quence of the monitoring of the economic and functional state
of an innovation-oriented engineering enterprise in the context
of selected indices. The first (preparatory and analytical) stage
consists in substantiation of the research purpose and struc-
turing of indices as indicators of the performance of econo-
mic functions by defining components of the enterprise’s in-
ternal environment and the phases of economic functioning in
promoting innovation-oriented development. The database of
the engineering enterprise under analysis should be formed
in compliance with the techno-economic paradigm, within
which the enterprise functions. It is justified to divide enter-
prises of the domestic engineering industry into groups by the
fourth and the fifth techno-economic paradigms. This division
stipulates the specificity and the innovation rate of the acti-
vity. Such a group should comprise enterprises with traditional
production, as well as leading enterprises with high indices of
innovation development. Keeping to the mentioned require-
ments will validate the objectiveness of the research.
Researchers highlight the need to aggregate indicators
defining the state and the dynamics, i.e. the dynamics indi-
ces should be included in the system of indicators [9]. The
second (calculation and analytical) stage encompasses steps
to determine a range of recommended values for the indices
based on results of performing economic functions (econo-
mic indices and ratios) according to the components of the
enterprise’s internal environment. The second stage includes
the following steps:
¢ Calculation of economic indices, which determines results
of performing economic functions according to the compo-
nents of the innovation-oriented engineering enterprise’s in-
ternal environment.

¢ Determination of the chain absolute increase for linear nor-
malised values of the figures related to the result of per-
forming economic functions (both for the range of values
and for each enterprise):
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where [" Kt } - the values of the chain absolute increase
for linear normalised values of figures (both for the range of va-
lues and for each enterprise separately) in the context of each
economic index;

K, - the selected economic index of assessment, which is a
figure related to the results of performing economic functions

Fig. 1: Sequence of the monitoring of the economic and functional state of innovation-oriented enterprises
of the engineering industry in the context of selected indices
Source: Compiled by the authors

Gavrysh, O., & Boiarynova, K. / Economic Annals-XXI (2017), 164(3-4), 65-70

67



ECONOMICS AND MANAGEMENT OF ENTERPRISES

according to the components of the enterprise’s internal envi-

ronment during a corresponding phase of economic functio-

ning in the innovation-oriented development; K,€K; K- a set
of estimation indices, which are figures of the results of perfor-
ming economic functions;

T, - the year of assessment, in the period of assessment

(T) ’ Tn, € Ts

E,, - a number of the engineering enterprise, E, cE; E - a
set of enterprises in the researched group representing the
fourth and the fifth techno-economic paradigms, respectively;

( £ W - the value of the selected economic index of

’ « assessment, which is a figure related to the re-
sult of performing economic functions for a certain enterprise
in the estimated period.

¢ Elimination of the influence of the 2008-2009 financial and
economic crisis and the 2013-2015 economic crisis in
Ukraine. To eliminate the influence of the 2008-2009 finan-
cial and economic crisis and the 2013-2015 economic crisis
in Ukraine on the relevant indices, it is expedient to smooth
the values with the use of the moving average method re-
garding a two-year interval.

e Establishment of the range of a recommended (desired) rate
of values for indices of dynamics of economic figures rela-
ted to the results of performing economic functions accor-
ding to the components of the internal environment of the
innovation-oriented engineering enterprise. Taking into ac-
count the differences between the values of indices of dy-
namics for various enterprises, which is stipulated by the
scale of the activity, the rate and the reserve of the develop-
ment, it is expedient to use the range of values that forms
the zone of the desired (optimal) rate as the desired rate of
values in the state of innovation-oriented development. To
determine the upper and lower bounds of the zone, which
correspond to the economic status of the enterprise in the
state of innovation-oriented development, the authors have
applied the minimax (or maximin) method to determine the
optimal values with concomitant estimates [10].

The authors propose to calculate the upper and lower

bounds according to Formulas 2 and 3:

Where - the values
of the upper and lower bounds of
the index of dynamics for a cer-
tain economic figure related to
the results of performing econo-
mic functions;

- the value of the
chain absolute increase, which is
smoothed in a two-year period for
linear normalised values in the con-
text of the selected index of dyna-
mics for a certain economic figure
related to the result of performing
economic functions according to
the components of the enterprise’s
internal environment in the estima-
ted period (7}, € T);

GR - growth rate, %
Source: [17-18]

Gavrysh, O., & Boiarynova, K. / Economic Annals-XXI (2017), 164(3-4), 65-70

68

M - a number of enterprises under research;

, - the desired dynamics value of the
K, parameter.

With regard to the proposed approach, the authors re-
searched twenty enterprises in the context of indices of each
of the components and phases of economic functioning in the
conditions of the innovation-oriented development.

According to scientific research, the fifth techno-econo-
mic paradigm includes electronic industry, computer indus-
try, optical fibres, telecommunications, robot construction
[12], and it is based on industries manufacturing electric ap-
pliances, machine tools, instruments, household appliances
and machines, including the aviation industry producing air-
craft, helicopters, unmanned aircraft and accurate weapons,
as well as rocket production [13-15].

The types of economic activity, which basically belong
to this paradigm, are: 26. Manufacture of computer, elec-
tronic and optical products and 30.3. Manufacture of air
and spacecraft and related engineering, including classifica-
tion of high-tech products [16]. However, it is appropriate to
consider industries manufacturing electrical appliances, ma-
chine tools and instruments as belonging to this paradigm
providing its high innovation level, in particular: 27.1. Ma-
nufacture of electric motors, generators, transformers, elec-
tricity distribution and control apparatus; 27.5. Manufacture
of household appliances; 28.99. Manufacture of engineering
equipment special setting and 29.31. Manufacture of electri-
cal and electronic equipment for motor vehicles. Comparing
the results of machine building enterprises by the types of
economic activity, which are fully attributed to the fifth tech-
no-economic paradigm, with the leading countries of Euro-
pean machine building (Table 1), it can be argued that do-
mestic machine building has significantly lower figures both
in the number of enterprises and in the volume of produc-
tion, for example such a kind of production in Poland in 2015
exceeded the same domestic production 17 times (com-
pared to 7 times in 2012).

In total, until 2015, the production activity referred to the
fifth techno-economic paradigm in Ukraine decreased, how-
ever the production of computers, electronic and optical pro-
ducts in 2016 was characterised by an increase in the indica-
tors (as in January 2017 in relation to December 2016), which
evidences the presence of certain changes in the transition to
the fifth technological paradigm (Table 2).

The focus was on the economic functioning of the fifth
techno-economic paradigm enterprises, such as PJSC
MERIDIAN named after S. P. Korolyov, PJSC MOTOR SICH,
PJSC ELMIZ, PJSC ELEKTROPANEL Hlukhiv Plant, PJSC
Kharkiv Electrical Engineering Plant UKRELECTROMASH,
PJSC Scientific and Industrial Company «BILSHOVYK»,
ARTEM State Joint Stock Holding Company, PJSC Kyiv
RADAR Plant, PJSC ELEKTRONPRYLAD, PJSC Ivano-
Frankivsk Plant PROMPRYLAD, PJSC KVAZAR. In the ag-
gregate, the economic activity of the mentioned enterprises
is covered by the following types: 26.11. Manufacture of

Tab. 1: The results of functioning of machine engineering enterprises
by the type of economic activity in the selected countries (manufacture of computer,
electronic and optical products of the fifth techno-economic paradigm)

Note: PV - production volumes, million euro; NE - number of enterprises, thousand units;



electronic components; 26.30. Manufac-
ture of communication equipment; 26.51.
Manufacture of instruments and equip-
ment for measuring, testing and naviga-
tion; 27.11. Manufacture of electric mo-
tors, generators and transformers; 27.12.
Manufacture of electricity distribution and
control apparatus; 28.99. Manufacture
of engineering equipment special setting
and 30.30. Manufacture of air and space-
craft and related machinery.

According to the scientific literature, the
4% techno-economic paradigm includes:
automobile construction, tractor construction,
shipbuilding industry, agricultural machine

ECONOMICS AND MANAGEMENT OF ENTERPRISES

Tab. 2: Industrial Production Index by the types of economic activity referred
to the fifth techno-economic paradigm in Ukraine

building, road-building and municipal ma- Source: [18]

chine building, manufacture of sanitary-tech-

nical and gas equipment and products, ma-

chine building for light and food industry (excluding the produc- ¢ Analysis of the dynamics indices in the context of eco-
tion of household appliances and machines) [12-15]. The study nomic figures related to the results of performing eco-
of the 4™ technological paradigm was based on the example of nomic functions according to the components of the in-
enterprises such as PJSC Korosten Plant of Chemical Machine- ternal environmental system of the selected enterprise in
Building, PJSC Sumy Machine-Building Science and Production the zone of recommended values and establishment of the
Association, PJSC Sumy NASOSENERGOMASH Pump and Po- desired rate of dynamics indices for the enterprise. It is ex-
wer Engineering Works, PJSC Elektropanel Hlukhiv Plant, PJSC pedient to take into account the statistical values, espe-
Kharkiv Electrical Engineering Plant UKRELECTROMASH, PJSC cially those being at the normative/recommended level, in

Scientific & Industrial Com-
pany «BILSHOVYK», PJSC
BUDMASHPIant, PJSC Kha-
rkiv Machine-Building Plant
«SVITLO SHAKHTARIA», JSC
Novokramatorsk ~ Machine-
Building Plant, PJSC Drogob-
ych Machine-Building, PJSC
BOREKS, JSC Kyiv Motorcy-
cle Plant, the economic ac-
tivity of which covers types
such as: 28.13. Manufacture
of other pumps compres-
sors; 28.22. Manufacture of
liting and handling equip-
ment; 28.29. Manufacture of
machinery and equipment
for general purpose; 28.30.
Manufacture of machinery
and equipment for agricul-
ture and forestry; 28.91. Ma-
nufacture of machinery and
equipment for metallurgy;
28.92. Manufacture of ma-
chinery and equipment for
mining and construction in-
dustry; 28.94. Manufacture
of machinery and equipment
for manufacturing textiles,
clothing, fur and leather pro-
ducts; 28.92. Manufacture of
machinery and equipment for
mining and construction in-
dustry; 28.96. Manufacture
of machinery and equipment
for plastic and rubber; 30.91.
Manufacture of motorcycles;
29.20. Manufacture of bo-
dies for motor vehicles, trai-
lers and semi-trailers.

Within the purpose of the
research, we have formed
ranges of recommended va-
lues for the indices of dyna-
mics as reference points of the
economic and functional state

Tab. 3: Ranges of recommended (desired) values for the indices of dynamics
in figures relevant to the results of performing economic functions
of innovation-oriented machine engineering enterprises

of quineering enterprises ac-  Note:1 - the phase of functional provision; 2 - the phase of functional production;
cording to the proposed me- 3 - the phase of functional expanded production; 4 - the phase of functional innovative production.
thodology (Table 3). Source: Compiled by the authors based on [11; 19-20]
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the process of the dynamics indices. If the index value
is within the appropriate range, it is expedient to ana-
lyse a deviation of the values of dynamics from the re-
commended (desired) ones in order to reveal the unde-
sirable growth by indices focusing on the minimization
and vice versa.

The authors explain the analysis process regar-
ding the values of dynamics indices of related to a
particular enterprise according to the proposed me-
thodological approach by the example of the fixed
asset depreciation ratio. As can be seen in Figure 2a,

a) the value of the fixed asset depreciation ratio for an
enterprise, which functions within the fifth techno-
economic paradigm, fluctuates within limits. Howe-
ver, it tends to increase, which can be seen from the
deviations from the recommended (desired) value of
dynamics (Figure 2b).

5. Conclusions

The proposed methodological approach consists
in monitoring of the economic and functional state in
the context of selected dynamics indices, establish-
ment of desired values and determination of the corre-
sponding techno-economic paradigm due to the ana-
lysis of the indices of engineering enterprises. The ap-
proach enables the analysis of the dynamics indices
by using the main indices and ratios which determine
results related to performing economic functions ac-
cording to the components of the enterprise’s internal
functional system in the zone of recommended (de-

b) sired) values.

The conducted research enables innovation-
oriented engineering enterprises to ascertain incon-
sistency of their economic functional state and make

Fig. 1: Graphs for the following values: managerial decisions with the use of object manage-
a) values of the fixed asset depreciation ratio; ment

b) values of dynamics indices calculated on the basis of the fixed asset Furth h will ai td loni
depreciation ratio and their indicators in the zone of recommended urther research will aim at developing measures

(desired) values for machine engineering enterprises which function and procedures for the enhancement of the economic
within the fifth techno-economic paradigm functional state of innovation-oriented engineering en-
Source: Calculated by the authors based on [11] terprises.
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