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LONG-TERM ASSESSMENT OF ENGINEERING ENTERPRISE PRODUCT
TECHNOLOGICAL COMPETITIVENESS

Abstract. This article is devoted to the development of a method of long-term assessment of
technological competitiveness of mechanical engineering enterprises taking into account the
indicators of absolute and specific technological value of mechanical engineering products by areas
of manifestation and using a scenario approach. The aim of the study is to develop a long-term
assessment of the method of technological competitiveness of the machine-building enterprise
based on indicators of absolute and specific technological costs of machine-building enterprise
products by areas of manifestation and using a scenario approach. Technological competition,
which exists at the macro-, meso- and micro-levels of the economic system, improves the solution
of problems of economic and organizational development and strengthens the market position of
machine-building enterprises. Economic and mathematical modeling is carried out by combining
asynchronous elements of situational modeling and features of the Zeidel method as the most
effective way to model the technological competitiveness of products, companies and clusters in the
national competitiveness system as a complex system. The outlined combination allows to obtain
combinational equations at all stages of the iteration, as well as to form alternative calculations that
describe the state of the finite elements of the state in cases of statistical and other failures and
changes during the implementation of a particular scenario. This makes it possible to identify the
most important elements of the effect of increasing technological competitiveness. Implemented in
this study modeling of material consumption and technological competitiveness of remote starters
ACURA allowed to present scenario algorithms for determining the promising limits of reducing
the cost of the project chip at retail prices per unit and the consequences of the proposed scenarios
in making management decisions. Assessment of prospects for technological competitiveness of
machine-building enterprises should be based on the following determining factors: cost according
to the type of technological competitiveness of products based on material consumption, including
all costs; along with the absolute technological costs, it is advisable to use a specific technological
cost in accordance with the areas of its manifestation. The results of the study will allow machine-
building enterprises to assess the prospects of technological competitiveness of products based on
absolute technological costs and specific technological costs in the areas of its manifestation.
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JTIOBI'OCTPOKOBA OILIIHKA TEXHOJIOITYHOI KOHKYPEHTOCIIPOMOKHOCTI
HNIAIPUEMCTB MAIIMHOBY 1YBAHHSA

AHoTanis. [IpucBs4eHO pPO3pPOOICHHIO METOAY JOBTOCTPOKOBOI OIIIHKU TEXHOJIOTIYHOL
KOHKYPEHTOCIIPOMOHOCT1 ~ MIAMPUEMCTB ~ MAIIMHOOYIYBaHHS 3 ypaxyBaHHSM ITOKa3HHKIB
abCcoNOTHOI Ta MHUTOMOI TEXHOJOIIYHOI BapTOCTI MPOAYKHii MammHOOyIyBaHHA 3a chepamu
MpOsiIBYy 1 3 BHUKOPWUCTAHHSM CIEHApIiHHOTO TMiaxomy. MeTor IOCHIDKEHHS € PO3pOOJICeHHS
JIOBFOCTPOKOBOi ~ OI[IHKM METOAY TEXHOJOTIYHOI KOHKYPEHTOCIIPOMOKHOCTI — MiJIPUEMCTBA
MamuHOOYIyBaHHS HAa OCHOBI TIOKa3HHWKIB aOCOJMIOTHUX 1 NHTOMHX TEXHOJIOTTYHHX BHUTpAT
OpOAYKIIl MiANPUEMCTBA MAIIMHOOYIyBaHHSA 3a cdepamMu IMposBY Ta 13 3aCTOCYBAHHAM
CLEHapIMHOro Mmiaxoay. TexHoJoriyHa KOHKYpEHLIs, sIKka ICHy€ Ha Makpo-, M€30- 1 MIKpOpiBHI
€KOHOMIYHOI CHUCTeMHM, HOJIMIIy€e PO3B’s3aHHS MNpoOJIeM EKOHOMIYHOIO Ta OpraHi3aliifHOro
PO3BHUTKY 1 3MIIIHIOE PUHKOBI TO3UIlII MAaIIMHOOYIIBHUX MIANPUEMCTB. EKOHOMIKO-MaTeMaTHYHE
MOJIETIIOBAaHHSI 3MIIMCHIOETHCS IUIAXOM TMOEJHAHHS ACUHXPOHHUX €IIEMEHTIB CUTYaTHBHOTO
MOJICJIIOBAHHA Ta OCOOJNMBOCTEH MeTomy 3eljens sK Haloubil e(EeKTUBHOTO CIOCo0y
MOJIEJIIOBAaHHSI TEXHOJOTTYHOI KOHKYPEHTOCIPOMOXKHOCTI MPOJYKIi, KOMIAHI{ Ta KIacTepiB y
HAI[IOHATBHIN CHCTEMI KOHKYPEHTOCIIPOMOXHOCTI SIK CKIaaHOi cucteMu. OkpeciieHa KOMOIHAIis
JI03BOJISIE OTPUMATH KOMOIHAIIMHI PIBHSAHHSA Ha BCIX eTamax ireparnii, a TakoX chOpMyBaTH
TbTEPHATHBHI PO3pPaxXyHKH, 110 OMUCYIOTh CTaH KIHIICBUX €JIEMEHTIB CTaHy B Pa3i CTATUCTUYHHX
Ta iHmMUX 300iB 1 3MiH MiJ 4Yac peajizaiii MeBHOro creHapiro. lle yMOXIUBIIOE BU3HAYCHHS
HAWBAXKIIMBIIIUX €JIEMEHTIB e(eKTy MiIBUIIEHHS TEXHOJIOTIYHOT KOHKYPEHTOCIIPOMOXHOCTI.
PeanizoBane B HamomMy JOCHTI/DKEHHI MOJICITIOBAHHS MAaTepiaJOMICTKOCTI Ta TEXHOJIOTTYHOL
KOHKYPEHTOCIIPOMOKHOCTI TPUCTPoiB nuctanuiitHoro mycky ACURA 103BOJHMIO MPEICTaBUTH
CUEHApiliHI aNrOPUTMHM BHU3HAYEHHS TMEPCIEKTUBHUX MEX 3HIDKEHHS BapTOCTI MPOEKTY
TEXHOJIOTIYHOTO Yila B PO3APiOHMX IiHAX 3a MPOAAX OJUHMII MPOAYKLIi Ta HACTAKM peanizaiii
3alpONOHOBAHUX CIIEHApIiB MPH YXBaJeHHI BIAMOBIIHUX YIPaBIIHCHKUX pimieHb. OIiiHKa
HEePCHEKTHB TEXHOJIOTTYHOI KOHKYPEHTOCIIPOMOKHOCTI MiAMPUEMCTB MAIIMHOOYIyBaHHS MMOBHHHA
Oa3yBaTHCsl Ha TakuX BU3HAYaJIbHUX (DAKTOpax: BapTICTh BIAMOBIAHO 1O BUAY TEXHOJOTIYHOI
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KOHKYPEHTOCIIPOMOKHOCTI MPOAYKLIi Ha OCHOBI MaTepialoMiCTKOCTi, BKJIFOYAIOUM BCI BUTPATH;
nopsii 3 aOCONIOTHUMHM TEXHOJOIIYHUMHM BUTpPaTaMU JOLIJIBHO BHKOPHUCTOBYBAaTH KOHKPETHY
TEXHOJIOTIYHY BapTicTh BiAMOBiAHO A0 chep ii mposBy. PesynbraTu AOCHIPKEHHS O3BOJATH
MaIIMHOOYJIBHUM M1IPUEMCTBAM OLIIHIOBaTH MIEPCIEKTUBHU TEXHOJIOTTYHOI
KOHKYPEHTOCIIPOMOKHOCTI IPOIYKIiT Ha OCHOBI a0CONIOTHUX TEXHOJOTIYHUX BUTPAT Ta MUTOMHUX
TEXHOJIOTTYHUX BUTpAT y cepax ii nposBy.

Knwuoei  cnoea:  BUCOKOTEXHOJIOTIYHA  MPOAYKLIsA,  €KCHOPT,  KJacTepu3allis
BHUCOKOTEXHOJIOTTYHOI MPOIYKIIii, MANPUEMCTBA MATMHOOY Ty BaHHSI.

®opmyn: 0; puc.: 5; Tabm.: 1; 6i6:1.: 23.

Introduction. The ability to create, to effectively attract, and to use technological
innovation contributes to enterprise competitiveness, which is a significant advantage in the highly
competitive environment. Technological competition, which exists at the macro-, meso- and micro-
levels of the economic system, improves solving economic and organizational development
problems and strengthens the market position of engineering enterprises. In this context, the need
for assessment of mechanical engineering enterprise technological competitiveness is relevant.

Analysis of research and problem statement. In research [1; 2], it is proposed to
determine the competitiveness of products under static conditions adjusted for the share of the i-th
product in sales volume over the studied period, the importance rate of the j-th market in which the
product is presented and the competitiveness of the i-th product in the j-th market. The disadvantage
of the differential approach is its inability to determine the impact of parameters on consumer
preferences. The combined method enables to express the ability of the product to compete under
certain market conditions through comprehensive quantitative rate — competitiveness indicator
[3; 4]. For a diversified enterprise that produces a variety of products, competitiveness indicator of
the mass of commodities can be calculated as an average weighted of competitiveness indicators of
each product using a formula [1; 5]. The paper [6; 7] considers a method of enterprise
competitiveness assessment, which is represented as the ratio of properties of products to the
amount of claims to them; the technology of a product is determined according to its characteristics:
economic, technical, environmental, socio-psychological and legal ones. The competitiveness is
defined as the average geometrical of the competitiveness indicators of each factor group. Other
researchers define the problem of enterprise competitiveness assessment the way that stated it: to
determine the values of competitiveness indicators, one should identify the numbers of most similar
ones relative to the reference enterprises [8—10]. Competitiveness indicators mentioned were as
follows: return on assets, on investments, on fixed assets, on production; capital productivity;
turnover ratio of current assets, autonomy, flexibility and absolute liquidity. Some researchers
suggest to use a model approach for integrated competitiveness indicators determination, the
essence of which is to develop economic and mathematical model of the competition object, for
example, such as the problem of the effect of the acquisition and use of the optimization of a
product, the maximizing of the market share which is occupied by this or another manufacturer and
comparison of the model (forecasting) indicators of economic development or state. According to
[11—13], the application of an individual indicator system is objectively stipulated by the
complexity and ambiguity of this level, and he proposes to combine technical indicators with a
scientific approach and, as a result, to consider the scientific and technological level of production.

The purpose of the article is developing a long-term assessment of mechanical engineering
enterprise technological competitiveness method on the basis of indicators of absolute and specific
technological cost of mechanical engineering enterprise products according to areas of
manifestation and with the use of scenario approach.

Unsolved aspect of the problem. Technological competitiveness of products, enterprises
and clusters in the national competitiveness system is a complex system, because it consists of a
significant number of interacting components; consequently, it acquires some qualitatively new
features which are not typical for each of its constituents considered in isolation from others. This
statement is confirmed by research.
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Research results. Andreeva [14] gives a more complete definition of product
competitiveness: «competitiveness is a characteristic of the product-competitor depending on
compliance with competitive public needs and with cost to meet it». Besides, the measure of
product compliance with public needs for various markets is different, which is not included in the
definition. These shortcomings are eliminated in the following definition [15]: «competitiveness is
nothing else than demonstration of product quality in the market relations; it is defined by the
ability of products to be sold in a particular market to the maximum possible extent and without
losses for the manufacturer». A systemic definition of product competitiveness is provided by [16]:
«Competitiveness of a product is estimated by the ability to outperform, at some time, without
losses, in terms of quality and price, the characteristics of the counterparts in a particular segment of
the market». From our point of view, the most comprehensive description of competitiveness is its
definition as a market product feature, which represents its demand in the market, the ability to
bring profit [17; 18]. Competitiveness is the ability to stay ahead of competitors in the market and to
ensure the efficiency of enterprises activity through technological innovations, scientific and
innovative potential management, technical level of production, technological capabilities,
information activities. It is closely related to financial and organizational competencies, whereby
technological product competitiveness is a set of competitive advantages of technological,
technical, qualitative nature, corresponding to its functionality and customer value.

During modelling technological competitiveness of products, enterprises and clusters, it is
reasonable to be guided by the following determinants: 1) all material intensity indicators define the
cost value according to the type of technological construction of products; 2) a work package to
reduce the labour-intensity and technological cost of products in use includes the application of
design solutions that help reduce the cost of training and make-ready, technical control,
transportation of products; reduce resource consumption, replace components of the product while
maintaining its quality; enhance harmonization and standardization of the product components;
facilitate and simplify conditions for maintenance and repair in order to limit the requirements for
personnel qualification; 3) technological production cost is determined in monetary terms as the
sum of all expenditure and used when the cost parameters are essential for the enterprise or cluster
to improve its technological competitiveness; or it is determined as a percentage of the total
production cost; 4) along with the absolute technological cost, the technology specific cost is
applied for the area of its manifestation. Therefore, we propose to carry out mechanical engineering
enterprise product technology competitiveness modelling in order to assess the competitiveness
potential of the entity and its possible changing after taking a number of strategic
measures.

During the implementation of situational modelling technological competitiveness of
products, companies and clusters with asynchronous nature, one includes in the scheme functional
(logical) elements, and their individual components in their integrated form (as a multitude) in the
outputs of the scheme, are designated as xj, xa, ..., x,. Thus, e}, ey, ..., ¢; are characteristics of the
system. For example, technological competitiveness of certain products in the system of national
competitiveness (as a simple multitude of elements) can form a scheme with a single output pole
that characterizes its value during certain change, where e will respectively have two values: 0
(constant value) and 1 (variable value) at the output. To characterize the technological
competitiveness of enterprises and clusters, we can form a scheme with four poles, which
characterizes 16 states (e, e; ... ej6); thus, each element of the scheme has to perform a certain
function of the current multitude fi, f>, ..., fv. The function is understood as a system of logical
equations from the description of a single parameter of enterprise or cluster technological
competitiveness.

Let us carry out modelling the material intensity and the technological competitiveness of
ACURA PJSC «Stakhanov Wagon Works» remote starting devices with the conditions given in
Fig. 1.
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Fig. 1. Scheme of the material intensity and TPC of ACURA devices modelling

We presented the input data for modelling the material intensity and the overall
technological design of ACURA devices in Table.
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The input data for modelling the material intensity
and the overall technological design of ACURA devices

Table

e, Value e; Value ey Value
R, 0,09 E, 0,1 M, 0,06
R, 0,10 E, 0,09 M, 0,06
R, 0,08 E, 0,05 M, 0,01
Rtotal 0927 Etotal 0’24 M, total 0,13

Source. Compiled by the author.

Based on the results of modelling the material intensity and the overall technological design
of ACURA remote starting devices (for scenario 1), we can conclude that only 2.4% reduction of
the planned technological chip design cost reduction in the retail price per ACURA unit sales can be
achieved. Thus, enterprise will not achieve the planned increase of technological competitiveness of
ACURA remote starting devices in the national market, although some positive effect of these
activities will be observed (see Fig. 1) (adapted by the author on the basis of [19]).

Let us work out a mathematical equations system, which evaluates the changing of state
factors for the 1-st scenario (Fig. 2).

0,09*1+0,1*1+0,06*1= 0,09*1+0,1*14+0,06*1

Changing of e

0,1- (0,1*0,004)+0,09-(0,09*0,001)+0,06-(0,06*0,006) =

N

-

Y4

Note: Changing of e...e, is uniform over 5 years.

0,1*1+0,09*1+0,06*1
0,08*1+0,05*1+0,01*1=0,08*1+0,05*1+0,01*1

0,09*1+0,1*14+0,06*1= 0,09*1+0,1*1+0,06*1
0,0996-(0,996*0,004)+ 0,089-(0,089*0,001)+0,059-

(0,059%0,006) =

0,09%1+0,1*1+0,06* 1= 0,09*1+0,1*1+0,06*1
0,0992-(0,0992*0,004)+0,0889-(0,0889%0,001)+0,0586-

(0,0586*0,006)=

< 0,0996-(0,996*0,004)+ 0,089-(0,089*0,001)+0,059-

(0,059%0,006)

0,08*1+0,05*1+0,01*1=0,08*1+0,05*1+0,01*1

0,09*1+0,1*1+0,06*1= 0,09*1+0,1*14+0,06*1
0,0988-(0,0988*0,004)+0,0888-(0,0888-0,001)+0,0582-

(0,0582%0,006)=

(0,0586*0,006)

0,08*1+0,05*1+0,01*1=0,08*1+0,05*1+0,01*1
0,09*1+0,1*14+0,06*1= 0,09*1+0,1*1+0,06*1
0,0984-(0,0984*0,004)+0,0887-(0,0887*0,001)+0,0578-

(0,0578%0,006)=

0,0988-(0,0988*0,004)+0,0888-(0,0888-0,001)+0,0582-

(0,0582*0,006)

\_ 0,08*1+0,05*1+0,01*1=0,08*1+0,05*1+0,01*1

Fig. 2. The mathematical equations system which evaluates the changing

0,1- (0,1*0,004)+0,09-(0,09*0,001)+0,06-(0,06*0,006)
0,08%1+0,05%1+0,01*1=0,08*1+0,05*1+0,01*1

0,0992-(0,0992%*0,004)+0,0889-(0,0889*0,001)+0,0586-

/

Changing of e, period

t

Changing
of Riptar total per unit.
0.6376 Base 10,15

0,6367—»10,12

> 0.6358———$9.93

0,6346—»9,92

> 0,6335——9.91

of state factors for the scenario 1
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On the basis of the results, let us work out a mathematical equation system which evaluates
the changing factors of state for the 2-nd scenario.

From the results of modelling the material intensity and of the general technological design
of ACURA remote starting devices (for scenario 2, Fig. 3), we can conclude that, from the planned
reduction of chips technology design cost (in case of mechanized production precision lines
acquisition), the planned reduction in retail prices (4.7%) per ACURA unit sales can be achieved.
Thus, the enterprise will reach the planned increase of ACURA remote starting device technological
competitiveness in the national market.

Changing of e Changing  Changing of e, Period
Rivtal total per unit

0,09*1+0,1*1+0,06*1= 0,09*1+0,1*1+0,06*1

0,1-(0,1*0,016)+0,09-(0,09*0,0002)+0,06- 10,15 t
(0,06*0,008) = 0,638
0,1*1+0,09*1+0,06*1 10,02 t+1

0,08*1+0,05*1+0,01*1=0,08*1+0,05*1+0,01*1

(" 0,09%140,1*1+0,06*1= 0,09%1+0,1*1+0,06*1 )
0,0984 — (0,0984*-0,016)+ 0,0899-(0,0899-

D 0,0002)+0,0595-(0,0595-0,008) .
=0,1- (0,1*0,016)+0,09-(0,09*0,0002)+0,06-
(0,06%0,008)

_ 0,08%1+0,05*1+0,01*1=0,08*1+0,05*1+0,01*1

0,635 9,92 t+2

(" 0,09%1+0,1%1+0,06%1= 0,09*1+0,1%¥1+0,06*1 )
0,0968-(0,0968%0,016)+ 0,0898-
(0,0898%0,0002)+0,059-(0,059*0,008) =
N 0.0984 - (0,0984%-0.016)+ 0,0899-(0.0899- (- 0633 9,83 t+3
0,0002)+0,0595-(0,0595-0,008)
0,08%1+0,05%1+0,01*1=0,08*1+0,05*1+0,01*1

0,09%1+0,1*1+0,06* 1= 0,09%1+0,1*1+0,06*
0,0952-(0,0952*0,016)+0,0897-(0,0897-
2 0,0002)+0,0585-(0,0585-0,008) .
= 0,0968-(0,0968*0,016)+ 0,0898-
(0,0898*0,0002)+0,059-(0,059*0,008)
0,08%1+0,05%1+0,01*1=0,08*1+0,05%1+0,01*1

0,631 9,75 t+4

-
N

(" 0,09%1+0,1*1+0,06* 1= 0,09%1+0,1*1+0,06*1
0,0936 —(0,0936-0,0-16)+0,0896-(0,0896-
2 0,0002)+0,058-(0,058*0,008)= .
0,0952-(0,0952*0,016)+0,0897-(0,0897-
0,0002)+0,0585-(0,0585-0,008)
(L 0,08%1+0,05%1+0,01*1=0,08*1+0,05*1+0,01*1 _J

0,628 9,67 t+5

Fig. 3. The mathematical equations system which evaluates the changing

of state factors for the scenario 2
Note: Changing of e)..e, is uniform over 5 years.
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The modelling results show the scheme elements state changing process, but the function
changing at the input — approximately, as there are interim results, and, therefore, there exists a
statistical risk of failure within the iteration. Therefore, in the process of enterprise and cluster
technological competitiveness modelling, it is reasonable to use methods of simultaneous nature
(for example, economic researchers used Seidel method [20—23]). According to this modelling
method, it is appropriate to use the mathematical equations shown in Fig. 4.

To the left, the value . To the right, the input
of state element at  ¢1(t) = f1(x1(t), ..., xn(t), el(t-1)); values of state elements
the time t is e2(t) = f2(x1(t), ..., xn(t), e1(t), e2(t-1)); obtained in the same
substituted, ! = iteration and only for

according to the ek(t) = fk(x1(t), ... ,.>.<r.1(t)., .e.l (©), ..., ek-1(1), the element that is
topological E ek(t-1)). calculated are
numbering scheme ' substituted

Fig. 4. The mathematical equations system of the determining

of state of elements which characterize elements during iteration ¢
Note. To get the most accurate state of the scheme before the modelling, it is reasonable to arrange the equation, namely to
record the exact order of its valuation because the state of i-th element can be calculated only if all states of the elements, which are
included into the equation and can affect the value of this element, will be estimated.

Topological numbering of input for the equation variables is based on rank assigning. If the
variable will affect the output element (e), it can be assigned rank 1; if value has the probability of
changing (which can affect ey), it is assigned rank 2. Thus, we receive several equations systems for
the same sequence of input data sets. However, one of them will use the simple iteration method
(asynchronous modelling), and the other one will provide alternative calculations that characterize
the state ey in cases of statistical and other disruptions and changes within the iteration.

However, in the process of the synchronous modelling, in one iteration, combinational
equations (which show the final result) can be obtained. This, inevitably, leads to the impossibility
of intermediate states of element and its impact on ¢, researching (although it reduces the amount of
calculations). In this regard, it is appropriate to add the asynchronous modelling to each iteration
phase through alternative calculations, which describe the e, state in cases of the statistical failures
within iteration. For example, on the basis of data calculations for scenario 2 (see Fig. 3),
we assume that at the 3rd stage, there is a possibility of statistical and other disruptions
and changes; due to this, the cost can be additionally reduced by reducing the labour-intensity of the
repair TPC by 7% and at the 5-th stage by 3%. Thus, the system of mathematical equations that
calculate the state factors changing for scenario 2 and the possibility of statistical failures are shown
in Fig. 5.

As a result of the modelling, it was found that the implementation of the scenario 2, in case
of failures due to which there is a possibility of additional cost reducing by reducing the labour-
intensity of the repair TPC at the 3-rd stage (by 7%) and the 5-th stage (by 3%), the enterprise can
get additional opportunity to reduce retail prices by 5.8%.
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Fig. 5. The system of mathematical equations that calculate state factors changing
for scenario 2 and the possibility of statistical failures
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Thus, the proposed combination of situational asynchronous modelling elements and Seidel
method features (used in modelling of a synchronous nature) is the most effective way for
modelling the technological competitiveness of products, companies and clusters in the national
competitiveness system as a complex system. Due to the outlined combination, combinational
equations at all stages of iteration could be obtained, and the alternative calculations that describe
the state of finite elements of state in cases of statistical and other disruptions and changes during
the implementation of a specific scenario could be formed.

Conclusions. The long-term assessment of enterprise technological competitiveness method
is based on the synthesis of indicators of specific and absolute technology product cost according to
the areas of manifestation and involves using a scenario approach, combining situational and
asynchronous modelling elements with Seidel method features. Modelling the material intensity and
the technological competitiveness of ACURA remote starting devices made it possible to determine
that, under scenario 1, only 2.4% reduction of the planned technological chip design cost reduction
in the retail price per ACURA unit sales can be achieved, and under scenario 2, the planned
technological chip design cost reduction in retail prices (4.7%) per ACURA unit sales (in case of
mechanized precision production lines acquisition) can be achieved. As a result of the modelling, it
was found that, in case of Scenario 2 implementation, there is probability of failures, which can
result in possible additional cost reduction with the labour-intensity of the repair TPC reducing at
the 3-rd stage (by 7%) and the 5-th stage (by 3%) — the enterprise can get an additional opportunity
to reduce retail prices by 5.8%. Assessment of mechanical engineering enterprise technological
competitiveness prospects should be based on the following determinants: cost according to type of
technological competitiveness of products based on material intensity including all expenditure;
along with absolute technological cost, it is advisable to use the specific technological cost
according to areas of its manifestation.
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