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Development of information systems and technologies makes it possible to use complex models for information support
of management decisions. The most particular interest shows the theory of graphs and matrix calculus in order to assess
the production capacity of an industrial enterprise. The study of the authors is devoted to development of methodological
approaches to assessing of production capacity based on graph-matrix models. The essence of these models lies in the fact
that a manufacturing enterprise is depersonalized by perceiving it as a kind of production system, consisting of produc-
tion links that add up to a production chain and form a kind of production network, which is represented as a model of
the production cycle. In order to perform the appropriate calculations, the specified graph model is linked to the matrix
model, which takes into account the main parameters of the production system: technological connections; assortment
structure of products; direct consumption coefficients; production capacity of the links. Suggested approach determines
the flexibility and broad analytical capabilities of the proposed models for calculating of production capacities.

The basis for theoretical and methodological researches became the methods of analysis and synthesis, principles of
consistency and complexity, graph theory and matrix calculus. The approbation of the proposed graph-matrix models
of production systems was carried out using the examples of a metal working enterprise. The theoretical and practical
significance of the study lies in the fact that the proposed graph-matrix model makes it possible to ensure effective man-
agement of production facilities by taking into account the mobility of the product assortment structure and complex

production network. technological links.

Production capacity:
conventional calculation technique
and its development directions

Production capacity is a basic operating parameter
for any industrial enterprise. Calculation of production
capacity for plant in general and for its separate shops
gives an adequate competitive technical and economi-
cal characteristics doe an enterprise in comparison with
the main market players [1-3]. Taking into account the
above-mentioned principles, it is evident that the noted
parameter can be considered as an independent one for
management of the concrete enterprise or even manage-
ment of holding structures, what is quite actual at present
time. Additionally, this parameter can also be one of cri-
teria of supplier choice procedure. In particular, the most
of large metallurgical holdings purchase components and
auxiliaries for metallurgical equipment via announcing
electronic trading which include choice of the optimal
supplier based on several criteria. Production capacity
of the operating equipment is the main of these criteria.
Additionally, production capacity is a key factor for de-
termination of production potential.

According to the conventional technique, calculation
of production capacity of an enterprise is based on calcu-
lation of its shops’ capacities [4, 5]. Shop capacity, in its
turn, is determined by capacities of technological equip-

© KIReeva N. V., ZamBRzHITSKAIA E. S., Voinov S. S., 2021

ment and machines in a shop, i.e. capacities of all shop
equipment and machines are calculated. Then equipment
with less throughput capacity is determined as a “bottle-
neck” in a shop; it characterizes the shop’s production
capacity [6].

It is evident that the above-described approach was
efficient in the conditions of preset assortment structure
of manufactured products, lack of universal equipment
that is able to execute several operations corresponding
to different kinds of products, as well as restriction of
remedies of electronic computer tools. The problem of
improvement of methodical approaches for calculation of
production facilities is actively discussed at present time
at the level of domestic and foreign publications. Chinese
scientists who are investigating this parameter in inter-
action with innovation potential and company cost at a
stock market, consider production capacity parameter
as especially important indicator [7-11]. European re-
searchers mostly examine the problems of management
of production capacities for industrial enterprises as well
as practical examples of “expanding the bottlenecks” in
the concrete production system [12-16].

Especial attention is paid to publications devoted to
the problems of improving the production capacity cal-
culation technique due to use of capabilities of the mod-
ern information systems and technologies [17, 18]. In
general, at present time we can speak about possibility
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of varying the methodological calculation base for pro-
duction capacities, namely using matrix calculus, graph
models etc. Graph-matrix models are well-known and
widely used in technical and information sciences [19].
But acceptability of the a.m. methods (due to develop-
ment of IT-technologies) for calculation and analysis of
production capacities is principally new appearance in
day-by-day work of an economist at an industrial enter-
prise. However, it is important to define more precisely
that use of the mentioned capabilities is connected with
several methodical questions, and the following material
in this article will be devoted to solving these questions.

Growth and analysis of production capacity based
on the graph-matrix models of a production system

Most of modern industrial enterprises, including
metal processing plants, are multi-product works with
flexible assortment structure. Assortment shifts are con-
sidered as one of the most important factor having the ef-
fect on the value of production capacity, and they should
be taken into account in calculation technique for this
parameter [20].

Graph-matrix modeling can be proposed as methodo-
logical base of the new methods for calculation of produc-
tion capacity, allowing to take into account assortment
shifts in the structure of manufactured products. The idea
of this approach is depersonalization of an industrial en-
terprise based on its comprehension as any production
system consisting of production links. These links make
a production chain and form any production net which
is presented by a graph model of production system. In
order to provide corresponding calculations, the men-
tioned graph model is combined with a matrix model,
which takes into account the main parameters of produc-
tion system: technological links; assortment structure of
products; direct consumption coefficients; production
capacities of links. Capability of accounting the assort-
ment shifts in the structure of manufactured products, as
well as transition from “bottleneck” link to a limiting”
link is a principal moment in the proposed graph-matrix
model. In other words, the authors refused from calcu-
lation of production capacity of an enterprise according
to the “lifting” principle, from the level of technological
equipment and machines in a shop up to shop itself and
then to the enterprise in general. The proposed method
includes the following consequence: throughput capaci-
ties of each technological link are located in the order of
increase; the link with minimal throughput capacity is
determined as a “limiting” link for the production system
in general.

Let’s consider the essence of the proposed approach
on the example of metal working enterprise.

At the initial stage of assessment of production capac-
ity of a metal working enterprise it is required to execute
description of the technological process and to present
it as a graph model of production system. Technological
process at the examined metal working enterprise is pre-

sented by three production subsystems. Let’s examine
each of these subsystems with more details.

Subsystem 1: production of bushings. Manufacture of
bushings at the examined plant is organized using univer-
sal metal processing equipment. It consists of the follow-
ing machines: band saw, turning lathe, thermal furnace,
high-precision turning lathe. It is important to note that
the examined process requires charging in the furnace the
batches including 24 billets, not single billets, what is ex-
pedient from the economical point of view.

Subsystem 2: production of clamps. These clamps are
used for fixing metallic sheet in a rolling mill during its
cutting by flying shears. These products are non-standard
and are fabricated according to the drawings prepared by
customers. As a rule, the most metallurgical enterprises
provide purchase of these products via announcing elec-
tronic trading procedure.

The process of clamps fabrication includes mechani-
cal production and assembling of single components. This
feature is expressed in structuring the graph model of pro-
duction system in the form of convergent technological
process (1:1 in this case).

Realization of the production process is realized on
universal metal working equipment consisting of the fol-
lowing main blocks: band saw and gas cutting machine;
planing machine; milling machine; drilling machine.
Assembling of components in the final product is con-
ducted at the examined plant in manual mode, usually
using bench tools.

Subsystem 3: production of gear couplings. This tech-
nological process is also organized at the examined plant
using the park of metal working machines including band
saw; thread-turning machine; slotting machine; gear
milling machine; thermal furnace; high-precision turn-
ing machine.

All production subsystems of the examined plant are
combined in the graph model (see fig. 1)

n*

b= (bi j) — matrix of direct consuming coefficients
* Imkn
of products for products;

q ——(qk j)l* — matrix of production capacity of links
J ) jen
for products.

In order to provide consequent calculation of produc-
tion capacity, it is required to reduce all measuring units
of final products to the common measure — a conditional
assortment ton. Some simulated link which corresponds
to each kind of finished product according to the preset
assortment structure is introduced for this purpose. This
simulated link is characterized by infinite production ca-
pacity and zero part of the main capital.

Let’s then form the matrix model and implement con-
sequently definition of “limiting” link of the production
system.
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Fig. 1. Graph model of production system, production links are noted in green squares:
1 —band saw; 2 — gas cutting area; 3 — turning processing area 1; 4 — planing machine; 5 — turning processing
area 2; 6 — milling area; 7 — slotting area; & — gear milling machines; 9 — heat treatment area; /0 — drilling area;

11 — turning processing area 3; 12 — assembling area

It is suggested to conduct calculation of throughput ca-
pacities of production system links on the base of a graph-
matrix model in conditional assortment units (tons) in the
following way:

1

Y-y
q

where LT — a vector of throughput capacity of production sys-
tem links; £ — ordinary matrix with corresponding units.

The initial data for calculation of production capacity
of the examined plant are presented in the tables 1 and 2 in
matrix form.

The result of calculation of production capacities of the
examined production system links is presented in the table 3.

Then, according to the suggested algorithm, calculation
of the system production capacity in general is conducted
in conditional assortment units (tons), in correspondence
with assortment structure of products which was preset at
the initial calculation stage.

LT = , (D

C=ming_y 4 (LT;), 2)

where k — number of production system links.

Based on the results of conducted calculations, capacity
of the examined production system makes 17 conditional
assortment units of products. It is important to note that not
one link, several links, such as “rough” turning processing
1 as well as milling and heat treatment, are determined as
“limiting” links of the analyzed production system. Thereby
the measures aimed on increase of production capacity of
this system should be oriented on unblocking three links,
not one. It is evident that content of “limiting” links can
vary with variation of assortment of manufactured products.
In this connection, development of modernization and re-
construction plans for production system facilities should be
accompanied by thorough research of final customers and
prediction of the market assortment structure of products.
The formulated task is independent from the methodical
point of view and needs detailed processing at the levels of a
single plant and industrial branches in general. So, use of the
described technique allows to rise management efficiency for
production facilities of modern industrial enterprises, par-
ticularly quality of modernization and reconstruction plans,
as well to assess readiness of a plant for varying the assortment
structure of products under influence of demand and supply
market trends.
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Table 1. Matrix of direct consuming coefficients of products for products (b)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0
2 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0
3 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0
4 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0
5 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0
6 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0
7 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0
8 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0
9 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0
10 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0
11 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
12 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
13 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
14 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
15 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0
16 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Table 2. Matrix of production capacity of links for products (q)
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
1 12 36 72 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
2 | 1000 1000 1000 | 288 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 { 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
3 | 1000 1000 1000 | 1000 1 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
4 11000 1000 1000 | 1000 | 1000 [ 36 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
5 | 1000 1000 1000 | 1000 | 1000 | 1000 9 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
6 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 72 9 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
7 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 { 18 | 1000 | 1000 | 1000 | 1000
8 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 36 | 1000 | 1000 | 1000
9 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 9 9 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000
10 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 144 | 36 | 1000 | 1000 | 1000 | 1000 | 1000
11 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 [ 1000 | 1000 | 1000 | 1000 | 1000 [ 6 36 | 1000
12 | 1000 1000 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 1000 | 36
Table 3. Vector It should be mentioned that to evaluate sufficiency of production facilities of the producer
of throughput capacities the suggested technique for  for implementation of the concrete order in the conditions
of production systemlinks | cajculation of a plant produc-  when this producer has other orders. Use of the proposed
1 40.80 tion capacity on the base of the technique allows to improve substantially objectivity of the
2 612.00 graph-matrix model of a pro- procedure of supplier choice and to decrease failure risks of
3 17.00 duction system can be applied deliveries due to insufficiency of production facilities.
4 76.50 for any enterprise with produc-
s 912 tion separated o'n technolggical Conclusions
stages, both during operation or
6 17.00 designing. This research allows to reveal possibilities of the
7 38.25 It is also important to note modern IT technologies for calculation of production
8 76.50 that this technique can be used capacities of enterprises. Graph-matrix models that are
9 17.00 for the procedure of choosing not principally new tools by themselves and are actively
10 61.20 'F}.le stupplier of equipment a}lx— used in informatics ar'ld technical sciences, should pe—
iliaries, such as metallurgical come the methodological base for the new calculation
1 43.71 (e.g. for definition of supplier techniques of the examined parameter. The idea of a.m.
12 76.50 of conveyor rolls etc.). It helps models for calculation of production capacities is based
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on the approach that production plant is depersonalized
via its understanding as any production system consisting
of production links. These production links constitute a
production chain and form a production net which can be
presented as a graph model of production system. In order
to provide the corresponding calculations, the described
graph model is linked with a matrix model which takes
into account the following main parameters of a produc-
tion system: technological links; assortment structure of
products; direct consuming coefficients; production ca-
pacities of links. Possibility of accounting the assortment
shifts in the structure of manufactured products, as well
as refuse of the “bottleneck” principle and transition to
the “limiting” link concept, are the principal features of
the suggested graph-matrix model.

Efficiency of the proposed graph-matrix models for
calculation of production capacities was illustrated on the
example of a metal working enterprise. Expedience of use
of such models was proved in general and their analytical
possibilities for production system management in gen-
eral were displayed.

Practical approbation of the suggested technique was
realized in the conditions of Magnitogorsk Factory of
Precision Products. This plant used firstly this technique
in 2019 in order to win electronic trading for delivery of
auxiliary equipment for the large metallurgical works. The
technique helped to substantiate sufficiency of produc-
tion capacity reserve for realization of the tender order
in comparison with other participants having other equal
conditions.

The further researches should be directed on devel-
opment of calculation algorithms and inclusion of these
calculations in the corporate information management
system of a modern industrial enterprise.
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