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Abstract. Improving the competitiveness of engineering products, import substitution and
increasing high-tech exports are priority government tasks. The development of the high-tech
products production is ensured through the diversification of engineering enterprises. The
study revealed a number of problems that machine-building enterprises are facing when
mastering the production of new products. The diversification methods and tools used largely
determine the effectiveness of activities throughout the entire product life cycle. The authors
consider the value analysis method as a key instrument for implementing the diversification
strategy. Value analysis includes a variety of instruments, such as conducting marketing and
patent research, reverse engineering, cooperative chain design, and others. The determination
of the company's preparedness for diversification is of particular importance. The article
presents an approach to assessing the key functional areas of the enterprise that indicate its
preparedness for diversification.

1. Introduction
The main tasks of industrial development, defined by the Consolidated Strategy for the Development
of Manufacturing Industry of the Russian Federation [1] until 2024 and for the period until 2035,
include such trends as stimulating demand for domestic products and increasing the share of nonresource and non-energy export. A significant part of such export should consist of mechanical
engineering products [2].
For many enterprises, diversification aimed at developing the production of new competitive products
is the main way to achieve their goals. The high level of technical complexity and the long life cycle
of engineering products create special requirements for diversification instruments. Determining the
parameters of the product that create value for the consumer, establishing a fair competitive price and
calculating the target cost become the most important tasks [3]. According to the authors, the
effectiveness of the instruments used directly depends upon the preparedness of the enterprise’s
internal functional systems for diversification.
The objectives of the study - to classify the problems encountered by machine-building enterprises in
the process of new products development; to examine the diversification instruments corresponding to
the peculiarities of engineering products; to propose an approach to assessing the preparedness of an
enterprise for diversification.
2. Actual diversification problems of machine-building enterprises
According to Peter Drucker, managers can use two approaches that provide a diversification strategy –
development from scratch and acquisition [4]. Each approach requires the use of specific instruments.
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As stated above, the state sets the task for machine-building enterprises to ensure the production of
competitive export-oriented products through the efficient use of existing capacities, competencies and
the development of cooperation. In this case, the diversification strategy is implemented through the
development of the new high-tech products production. The development and the production of new
products become effective when the value is created for the consumer (compliance of the product
parameters with the consumer requirements) and the economic result is ensured for the manufacturer
(compliance of actual costs with the target cost) throughout the life cycle [5].
The results of the diversification problems study conducted by the authors of the article in 2017-2018,
as well as studies of other authors [6-9] made it possible to identify the most actual problems in the
high-tech products production development. For research purposes, the problems are grouped in
accordance with the main stages of the product life cycle, and the results are presented in table 1.
Table 1. Actual problems of diversification.
No.

1

Life cycle stages

.

Research and
Engineering

Problems
- lack of reliable and accessible statistics on target
markets;
- lack of information on the needs and
requirements of targeted consumer focus groups;
- difficulties in conducting an audit of enterprise
capacities and competencies.

Results
unreasonable selection of a
product for development and
production launch

Design

- lack of data on the product target parameters;
- the impossibility of design and technological
decisions verification;
- lack of established criteria for decisions
optimality.

development of a noncompetitive product and
inefficient technological
processes;
long product development
time

3

Production

- unreasonable organization of labor and
production;
- underdeveloped research and production
cooperation;
- dependency on imported component base;
- insufficient use of quality management tools.

actual costs do not allow for
a competitive price;
reduced product quality

4

Delivery
(realization)

2

5

6

Operation
(consumption,
storage)

Utilization

- highly competitive markets are dominated by
foreign manufacturers, creating high entry
barriers;
- low customer focus.
- lack of experience with life cycle contracts;
- insufficient monitoring of customer satisfaction;
- inefficient work with claims;
- long time for troubleshooting.
- lack of experience with life cycle contracts in a
circular economy;
- high requirements of foreign markets for the
environmental friendliness of industrial products.

low sales and growth in
production costs;
disruption of terms and
volumes of supplies
cost of ownership exceeds
the optimal level for the
consumer
the cost and disposal risks
not taken into account at the
stage of product design
increase

The listed problems have a clearly expressed continuity and ability to increase their influence as they
move from one stage of the life cycle to another. This necessitates the use of such diversification tools
that provide efficiency throughout the entire life cycle and allow us, firstly, to select and design the
best product solution, and secondly, to ensure the target cost.
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3. Value analysis as an instrument for diversification of machine-building enterprises
Value analysis (VA) combines many instruments, such as comparative competitive analysis, designing
a value chain, calculating fair prices using normative and parametric methods, determining target
costs, building a patent landscape, reverse engineering, algorithms for solving inventive problems,
designing cooperation chains, etc. The VA has its own tasks at each stage of the life cycle [10]. In
relation to the development of new products, VA instruments in an enlarged form is shown in Figure
1.

Figure 1. Value analysis as a diversification instrument.
The effectiveness of VA instruments application directly depends on the company's internal
preparedness for diversification and factors of external institutional support. External factors include
various forms of financial, informational, organizational and regulatory support of the government,
including the implementation of federal targeted programs and resources of national projects. The
authors pay special attention to assessing the company's preparedness for diversification.
4. Methodology for assessing the enterprise preparedness for diversification
Successful implementation of the diversification strategy is associated with the preparedness of the
enterprise’s capacities for the production of new products, the presence of managerial, design and
marketing competencies.

Figure 2. Functional areas of diversification factors.

In previous publications [11, 12], the authors proposed a system of diversification success
factors, including the parameters of the external and internal environment. Internal factors are
classified according to the functional basis into 7 main groups (Fig. 2). This article proposes a
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model for the quantitative assessment of factors, the use of which allows us to make a
diagnosis of the company's preparedness for diversification.
As part of the study, the significance of internal factors was assessed using the T.L. Saati method
based on the example of several machine-building enterprises. The hierarchy analysis method is based
on pairwise comparisons of alternative options according to various criteria. A nine-point scale and
ranking of a set of alternatives for all criteria and goals are used [13, 14]. Thus, an expert assessment
of the factors significance was carried out in respect to the achievement of the goal – to master the
production of new competitive high-tech products. Elements of one level of the hierarchy are
compared in pairs by the strength of their influence on the elements of a higher level. The criteria for
assessing the significance are given in the table 2. Comparing an element with itself, we get equal
significance of “1”, i.e. the main diagonal of the matrix consists of ones. The hierarchy analysis
method uses a 9-point scale; the results are entered into the matrix of paired comparisons.
Table 2. The scale of relative importance.
Degree of
Definition
importance
1
Equal importance
Some predominance of the significance
3
of one action over another (weak
significance)
5

Essential or strong significance

7

Very strong or obvious significance

9

Absolute significance

2. 4. 6. 8

Explanation
Actions contribute equally to the goal
Experience and judgment give little preference to one
action over another
Experience and judgment strongly favor one action over
another
The preference of one action over another is very strong.
Its superiority is almost obvious
Evidence of a preference for one action over another is
highly convincing.

Intermediate values between adjacent
scale values

A situation where a compromise solution is needed

At first, we find the sum of the elements of each column. Then it is necessary to divide the elements of
the matrix by the sum of the elements of the corresponding column. These actions are called matrix
normalization. Matrixes of paired comparisons are compiled for each group of factors. As an example,
the results for the functional area “Product development and production” are given (Tables 3, 4).
Table 3. Matrix of pairwise comparisons for factors of the group “Product development and
production”
Factors of the group “Product
development and production”
1
2
3
4
5
Sum

1

2

3

4

5

1
1/5
1/3
1/3
1/7
2.01

5
1
7
7
3
23.00

3
1/7
1
1/3
3
7.48

3
1/7
3
1
3
10.14

7
1/3
1/3
1/3
1
9.00

This group contains the following list of factors:
1. R&D experience;
2. Availability of technological competencies;
3. Preparation of production for the release of high-tech products with a target cost;
4. Availability of production capacity to produce high-tech products;
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5. Organization of operational production management (implementation of the MES

system).
The results showed that in order to achieve the goal (to master the production of new
competitive high-tech products) the factor “R&D experience” takes on the greatest importance (44%).
The factors “Organization of operational production management” (20%) and “Preparation of
production for the release of high-tech products with a target cost” (19%) are next in importance.
Table 4. Weights of factors of the group “Product Development and Production”
А ij

1

2

3

4

5

Average value

1
2
3
4
5

0.50
0.10
0.17
0.17
0.07

0.22
0.04
0.30
0.30
0.13

0.40
0.02
0.13
0.04
0.40

0.30
0.01
0.30
0.10
0.29

0.78
0.04
0.04
0.04
0.11

0.44
0.04
0.19
0.13
0.20

Weight in
percentage
44%
4%
19%
13%
20%

Then, an expert assessment of the implementation level of each factors group and elements within the
group was made using a scale from 0 to 10 points. 0 points are assigned if the factor is not
implemented; 5 points - partially implemented; 10 points - fully implemented (Table 5).
Table 5. Scoring of factors.
Factors

Weight

1-4

∑=1.00

1-4
1
2
3
4
5

1-5
1-5
1-2

Assessment scores

Weighted average
rating

Factors of the group «Strategic management»
Arithmetic average =1.25
∑=0.2 points
Factors of the group «Finances»
∑=1.00
Arithmetic average =7.50
∑=6.8 points
Factors of the group «Product development and production»
0.44
10
4.4
0.04
0
0.4
0.19
10
1.9
0.13
10
1.3
0.20
5
1.0
∑=1.00
Arithmetic average =7.00
∑=9.0 points
Factors of the group «Personnel»
∑=1.00
Arithmetic average =4.00
∑=4.5 points
Factors of the group «Marketing and service»
∑=1.00
Arithmetic average =2.00
∑=1.0 points
Factors of the group «Logistics»
∑=1.00
Arithmetic average =0
∑=0 points

The calculation results showed that the most problematic areas requiring improvement are logistics,
strategic management, marketing and service. An in-depth analysis of individual factors related to
problem areas should be carried out in the future.
5. Conclusion
Mastering the release of new high-tech products is a serious challenge for the machine-building
enterprise. The study showed that the diversification strategy, on the one hand, requires the
development of additional competencies in the field of R&D, organization of production, marketing
and service, logistics, strategic management. On the other hand, diversification can become a factor of
the industry innovative development and open up new product and technological niches for
enterprises.
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Value analysis tools are needed to make an informed choice of a product solution and to ensure target
cost [15]. The proposed methodology for assessing the enterprise’s preparedness for diversification
allows us to identify areas requiring improvement and timely management decisions.
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