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Modern methods of designing and organising industrial production systems are
considered. Attention is focused on the most important factors of design, organisation
and optimal production management. This ensures the most effective use of labour,
material and financial resources of the enterprise, reducing the cost price and improving
the quality of products. The main goals and methods of production organisation and
directions of work related to their implementation, which can be used in the design of
packaging enterprises, are described. The characteristics of production types and the
relationship between functional subsystems of design and production organisation are
given. Modern forms of production organisation are described. The design of modern
packaging production is characterised by an integrated system covering all its stages -
research, design, construction, technological preparation, organisation of production,
and production of packaging products.
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Problem statement. In recent decades, the packaging industry has undergone sig-
nificant positive changes and achieved intensive development. This was facilitated by
progressive technologies, computerization and automation of processes, which rapidly
entered packaging production, as well as the need for various packaging to meet the
needs of industry and the population. The complex of measures aimed at the rational
combination in space and time of technological processes with the elements of the sys-
tem of modern packaging production is increasingly oriented towards rational methods
of labour organisation. All this contributes to increasing production efficiency, impro-
ving the use of material and human resources, and ensuring product quality following
global standards and consumer requirements[ 1-4]. Manufacturers of packaging products
face the primary task of rational organisation of production. Their actions are aimed at
integrating a complex of disparate components of the production process into a complete
and highly efficient production system, all elements of which are optimally combined
according to their functions and goals. The tasks of production organisation and opti-
mal management are the most important factors in the development of the packaging
industry as one of the important segments of the acceleration of scientific and technical
progress. After all, they ensure the most complete and effective use of labour, material
and financial resources of the enterprise, reduction of the cost price and improvement of
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product quality, an increase of labour productivity and production efficiency, signifi-
cant reduction of the duration of the “methodology - design - production - implemen-
tation” cycle. Therefore, it is urgent to solve the problem of choosing rational methods
of enterprise design for the production of high-quality packaging from various mate-
rials [5,6].

Analysis of recent research and publications. As is known, the main purpose of
production organisation is to ensure high economic and social efficiency of enterprise
functioning. At the same time, with its general goal — the production and sale of material
goods to meet the needs of customers — the enterprise strives to achieve many separate
goals: economic, social, technical and technological, environmental, etc. The produc-
tion organisation system is a set of organisational forms, methods and rules, the imple-
mentation of which ensures the rational functioning of the elements of the production
system and their interaction in the production process [7-9].

Researchers [10] single out individual functions of organisational activity during
the formation of the production organisation system, grouping them into subsystems.
This targeted integration approach involves the division of production into subsystems
based on the set of elements and the functions they perform. The classification given in
Table 1 combines the directions of production activities, the main goals of the organisa-
tion and the methods of realizing these goals.

However, this classification of productions has a generalized nature and does not
reflect the specifics of printing enterprises intended for the production of packaging.

The authors [11] distinguish three types of production organization:

1) element-by-element — all elements of the production process must correspond to
each other, which is the starting point of its organisation;

2) spatial —related to a certain level of organization of workshops and areas and the
corresponding level of the production structure of the enterprise;

3) time section of production organisation - the optimal combination in time of the
start and end of individual production processes that are connected.

It is difficult to disagree with such a division, but the choice of the production or-
ganisation method is important. According to the definition, the production organisation
method is a way of carrying out the production process, a set of means and methods of
its implementation. Some authors elaborate on this concept and believe that “methods
of production organisation are a set of techniques and operations for manufacturing pro-
ducts or providing services, which are performed with a certain combination of elements
of the production process” [12]. Other researchers define the method of production or-
ganisation as “a certain way of carrying out the production process, which involves a set
of appropriate measures and techniques for its implementation”, focusing on the choice
of options for the implementation of any production [13]. For the production organiza-
tion method, the interrelationship of the sequence of technological process operations
with the order of equipment placement and the degree of continuity of the production
process is particularly important.
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Table 1

The main goals of the production organisation and directions
of work for their implementation

Areas of activity

The main goals of the production

Directions of work on the
realization of the goals of the

organization production organization
1 2 3
Production and Satisfaction of consumer demand, | The organisation of marketing re-
supply of pro- and supply of products under or- | search; operational production plan-
ducts to ders and contracts. Implementa- | ning; production processes; material
consumers tion of production plans for the | and technical support of production;

nomenclature, assortment and qua-
lity of products

sales and marketing of products

Improving the
quality and
ensuring the
competitiveness
of products

Development of new types of
products and improvement of ma-
nufactured products following mar-
ket requirements. Ensuring the sta-
bility of production of high-quality
products, reducing shortages

The organisation of marketing re-
search; production preparation and
development of new types of pro-
ducts; work on product quality as-
surance and technical control orga-
nisation; metrological support

Rational use
of production
resources

Increasing the productivity of emp-
loyees. Improving the use of fixed
assets and production facilities.
Reduction of the duration of the
production cycle and inventories
of goods and material values. Ra-
tionalization of information flows

The organisation of the work of
employees, the functioning of work
tools, and the movement of labour
objects in production. Organisation
of information flows

Scientific,
technical and
organisational
development of
production

Improving the production and
technical base of enterprises and
raising the level of production or-
ganisation

Implementation of assembly works
and executing plans for technical
development and improvement of
production organisation

Improvement
of economic
relations at the
enterprise

Creation of conditions to ensure
the unity of the interests of socie-
ty, the collective and its members

Granting economic independence to
divisions of enterprises and estab-
lishing settlement relations between
them

Social organi-
zation of the
enterprise team

Creation of conditions for impro-
ving the quality of working life
and intensification of creative ac-
tivity of employees

The organisation of employees’
work. Involvement of them in sol-
ving tasks of the organization and
production management

There are three methods of production organization: non-flow (single); flow; au-

tomated [13]. Flow production involves the processing of work items along the estab-
lished shortest route with a fixed time. Its main feature is a stable range of homogeneous
products. In flow production, the main principles of highly efficient organization of the
production process and, above all, the principles of continuity are most fully expressed.
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Flow methods are used in conditions of production of significant volumes of products for
a long time, mainly in mass and large-scale production. Flow production is a higher form
of implementation of mass production with such characteristic features as the division
of the technological process into operations and their fixation by specific workplaces;
precisely defined duration of technological operations; placement of workplaces in the
sequence of the technological process of manufacturing the product (subject principle of
placement). The main structural link of flow production is the flow line. The flow lines
are characterized by the number of workplaces, speed and takt, that is, the time interval
during which the products (selection or semi-finished product) are manufactured. Indi-
cators of loading workplaces, which determine the expediency of using flow production,
are important in the design of production facilities. It is considered expedient to have
a lower limit of 80-85% workload in mass-flow production and 70-75% in serial-flow
production.

Automatic flow lines are popular - a set of machines that automatically, without hu-
man intervention, perform specified technological operations, covering logistics trans-
portation, quality control, product storage, etc. The role of the employees is limited to
supervising the debugging and control process.

The method of production organisation characterizes the degree of compliance with
the basic principles of rational organisation of the production process, and the degree
of specialization and the scale of production determine the type of production organisa-
tion. Therefore, the following types of production organization are distinguished: single,
individual, serial and mass. A characteristic feature of the division of production into
organizational types is the level of specialization of workplaces, which is quantitatively
measured by the coefficient of consolidation of operations Ki and shows the ratio of the
totality of operations for the production of a unit of production to the total number of
workplaces. The authors [14] present the following general classification of production
types and their characteristics (Table 2).

In general, all these methods of production organization can be applied to printing
enterprises for the production of packaging, which have most of the characteristic
features. However, the specifics of manufacturing packaging products require an in-
depth study of production organization methods, in particular at the stage of their design.

The aim of the research. The purpose of the work was to analyse the methods
of designing printing productions and choosing rational forms of organization of tech-
nological processes to ensure the efficiency of their functioning in the process of manu-
facturing packaging products of appropriate quality.

Presentation of the main research material. Undoubtedly, packaging is an im-
portant tool of the manufacturer, the “face” of the product. The effectiveness of sales
and the amount of profit depends on how carefully the images and inscriptions on the
package are thought out. Accordingly, packaging production must take into account both
the technological capabilities of modern printing equipment and the requirements of
consumers. The design of modern productions focuses on the types of designed products.
Today, consumer, transport, production and special packaging are distinguished. Ac-
cordingly, the design of consumer packaging should take into account the requirements
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of consumers and the goods for which it is intended. Transport packaging is intended
for the transportation of various goods, therefore, when designing productions, it is
necessary to pay attention to the influence of external factors, which depend on the
durability of packaging, containers, and especially food, pharmaceuticals, drugs, etc.
The design of production packaging, which is used in factories and workshops for
various internal processes, requires its own characteristics. A separate group is made up
of special packaging, the design of production of which takes into account the specific
requirements of goods, etc.

Table 2
Characteristics of production types
L Type of production
haracterist - :
Characteristics Single Serial Mass
1. Nomenclature of manufactured . .
big limited small
products
2. Sustainability of the nomenclature absent significant significant
3. Issue volume small average big
4. Consolidation of operations by absent partial complete
workplace
5. Applied equipment universal specialized special
6. Applicable tools and technological . universal and .
. universal o special
equipment specialized
7. Qualification of employees high average mostly low
8. Product cost high average low
9. Production specialization of technological mixed substantive,
workshops and departments £ detailed
10. Technological process route typical operating
11. Productlon structure of the difficult mo@erately simple
enterprise difficult
12. Labour .1nten51ty of products high average low
manufacturing
large series:
1<K<10
S average series: _
13. Specialization of workplaces K>40 10 <K <20 K=1
small series:
20<K <40

Any type of packaging product is decorated with a certain printing technique: offset,

screen, flexographic, digital, or gravure printing. One of the advanced technologies, Full
HD Flex is an alternative to rotogravure printing. It allows the reproduction of screens
with high resolution in combination with significantly improved colour transfer of solid
tone and provides the widest range of tonal gradations. Improved mechanical properties
and precisely defined surface of halftone dots allow to achieve consistently high print
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quality, including for large runs. HD flex + varnish provides high-quality flexographic
printing and, due to the objects highlighted with varnish, gives the packaging a unique and
more expensive appearance. Selective varnish focuses attention on selected elements that
need to be emphasized in layouts. “Cold Seal” — cold welding — an innovative technology
without the use of high temperatures during packaging. This type of technology is used
for Flow-Pack type packaging, as well as packaging products that should not be exposed
to high temperatures. First of all, these are confectionery products made of chocolate or
with its content (chocolate bars, large chocolate candies, waffles, cookies and rolls in
chocolate, glazed curds). Cold welding is used in most cases for such products. Gravure
printing technology, thanks to the high screen ruling and printing with metal rollers
provides the possibility of uniform ink transfer while working at high speeds with a
wide range of colour reproduction of images on different packaging materials, which
makes it unique for obtaining high-quality printing. The advantage of such printing is the
possibility of printing in one run, Cold seal (cold varnish), selective varnishing, as well
as the possibility of manufacturing Retort packaging for sterilization in an autoclave.

Let’s consider methods of designing packaging production using gravure printing
for decoration. As part of the production process, there are groups of processes that differ
in content, principles and methods of organisation. Accordingly, several subsystems are
distinguished within the system of production organisation, which take into account
the peculiarities of these production processes. The complex of subsystems include
functional subsystems: organisation of production preparation and development of new
product release, organisation of main production processes, organisation of production
infrastructure, organisation of works to ensure product quality, organisation of material
support of production, and organisation of product sales (Fig. 1).

Design and organisation of
packaging production

Designing the production Preparation of project
structure of the enterprise documentation

A i Y T ——
\4

Organisation of packaging

production processes
A 4
Product sales market P _| Design and organisation of
forecasting h ] material and technical
Quality marketing research support

Fig. 1. Interrelationship of functional subsystems of design and organisation
of packaging production
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The organisation of production at the enterprise involves certain levels: at work-
places (optimal combination of work tools, work items, workforce); organisation of
work between production areas; the organisation of production processes performed
by workshops is aimed at their functioning as a single entity. It should be taken into
account that the organisation of any production process is carried out by the form most
characteristic of this or that production; the type of production, which reflects its specific
features; the method of production organisation, determining the “mass” or scale of
product production per unit of time.

Therefore, when designing production facilities, it is necessary to take into account
the characteristics of printing equipment, flow lines, its dimensions, the number and
volume of products planned for production, and the number of service personnel
(workers, engineering and technical workers of various ranks, etc.). When designing, it is
also necessary to take into account the sequence of execution of technological processes
that are planned for the manufacturing of products: a room for preparing the layout of
the packaging and developing an exclusive packaging design; premises for printing on
packaging and its decoration using appropriate modern technology, including lamination,
embossing with or without foil, varnishing, flocking, die-cutting, etc. Separate rooms
should be allocated for the placement of materials, semi-finished products, and finished
products. In addition, when designing production facilities, laboratories should be de-
signed to control various characteristics of materials and finished products, which should
be equipped with modern control and measuring devices. The company conducts control
of semi-finished products at each stage of the production process: control of pre-press
preparation of original layouts, materials for the production of printing forms, production
of semi-finished products, resistance of packaging to aggressive environments, etc. The
design takes into account the use of production equipment, technologies and materials
that affect or ensure environmental safety, under the best global standards, the rational
use of natural resources, the reduction of the amount of production waste and their
timely disposal. Modern design of packaging production should be oriented towards
environmental policy related to the supply of appropriate components and materials,
design, development, and production of environmentally safe products by the enter-
prise.

The general scheme of the technological production system includes the analysis
of target functions, forecasting (technology, quality, product sales market, technology
development), and design of technological equipment. In addition, management systems
for the organization of production, and forms of specialist training, taking into account
production conditions, are being designed (Fig. 2).

Such forms of organization as concentration, specialization, cooperation, com-
bination and diversification, which are characteristic of modern market conditions, can
be used for the design of packaging production. Thus, concentration is the process of
focusing the manufacturing of products on a limited number of enterprises and in their
production divisions. The level of concentration depends, first of all, on the volume of
packaging production, the power of machines, units, devices, flow lines, and the size and
number of technologically homogeneous productions.
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Target functions Custom function
. . Training of
Forecast Design of Design of T
. Techno- i specialists
analysis : techno- production TN
logical ] taking into
and i logical management
unification design equipment systems accoul}t
production
reauirement
Development Organization of
and storage of the production
technical system
documentation
Forecasting the
development
of technologies
and production

Fig. 2. General scheme of the production design system

The design of packaging production is characterized by specialization, which shows
the concentration at the enterprise and in its production divisions of the production of
homogeneous, one-type products, for example, packaging made of cardboard, corrugated
cardboard, film materials, metals, glass, polymer materials, etc. When designing, it is ne-
cessary to distinguish between technological, subject and detailed specialization.

Technological specialization involves the separation of enterprises to perform cer-
tain operations or stages of the production process (for example, prepress, and printing
processing). Subject specialization involves the concentration of production at the en-
terprise of finished types of packaging products from the same type of materials (for
example, packaging from cardboard or film materials, etc.). A type of subject is detailed
specialization, based on the production of semi-finished products. In the process of pro-
duction design, it is important to provide for compliance with the conditions of stan-
dardization, unification and typification of processes. In the conditions of competition,
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in several cases, the diversification of production, which allows expanding the product
range, is more attractive for the enterprise. Specialization in the production of a limited
range of products, aimed at meeting clearly defined market needs, is characteristic of
relatively small enterprises. When designing packaging production, cooperation is im-
portant, which involves production connections of enterprises, workshops, and sites that
jointly participate in the production of products. It is based on detailed and technological
forms of specialization. It contributes to the full loading of production capacities and
the elimination of problem areas and ensures the improvement of the results of the
enterprises as a whole. Combination methods involve the joining of successive stages of
production; integrated use of raw materials; joint processing of waste, etc.

The design of modern packaging production is characterized by complex automation
as an integrated system covering all its stages - research, design, technological preparation,
organization of production, and manufacturing of products. High requirements for
packaging must be met in the conditions of rapid change of products and reduction of
their serialization, expansion of the nomenclature while increasing the total volume of
manufactured products, and shortening of the time from the receipt of the application to
the manufacture of a new product. Therefore, production must be flexible, i.e. able to be
dynamically restructured to produce new products without significant costs.

The concept of flexible production requires a new approach to the design of tech-
nological processes and production areas. The problems of flexible integrated production
are solved with the involvement of the principles of group production, the economic
and organizational basis of which is the subject specialization of departments and
workshops, and the technological component is the unified group form of construction
of technological processes.

The flexibility of the system state is in its ability to function successfully under various
external and internal changes. External changes are associated with the appearance of a
new assortment of products, the use of more advanced technology, and the improvement
of the qualifications of service personnel. Internal changes or problems are determined
by the presence of interruptions in the management system of technological and material
flows, a decrease in the quality of processing.

Conclusions. Thus, the methods of modern production design should primarily be
based on the latest scientific and practical achievements of the packaging industry and
be determined by the principles of system analysis, which are laid down in the creation
of methodical, mathematical, software, linguistic, information and technical support,
which include the principle of system unity, decomposition, modality, openness, stan-
dardization, ergonomics, integration.
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Poszensoaromovcs cyuacni memoou npoexmysanis ma cucmem opeanizayii npomuc-
JIOBUX BUPOOHUYMS. AKYeHmyemvcsa y6aea HaA HAUGANCIUGTUUX YUHHUKAX NPOEKMY-
6aHMSA, opeaHizayii ma onmuManIbHO20 YNPAGLIHHA GUPOOHUYMEOM. Addice came onu
3abe3neuyoms HAUOLIbW eheKmueHe BUKOPUCTNAHHSA MPYO08UX, MAMepPIalbHux i @i-
HAHCOBUX pecypcie niOnpueMcmed, 3HUNCEHHs: codieapmocmi ma nio8UWeHHs AKOCmi
npooykyii. Onucani 0CHOBHI Yini ma memoou opeaHizayii 6upoOHUYMEA, HANPAMKU PO-
bomu wo0o ix peanizayii, sKi Modcyme Oymu GUKOPUCTMAHHI 8 NPOEKMYBAHHI NAKY-
8anbHUX eupodonuyme. Haeedena xnacughikayisa eupobHuyme, saxa 6UOKpeMIIoe ix 3a
8UOOM OIANLHOCMI MA  OCHOGHUMU Yinamu opeawnizayii. Onucani mosipui Hanpsamu
pobomu wodo peanizayii yineu opeawizayii eupoonuymea. Haeedeno xapaxmepuc-
MUKU 8UOU GUPOOHUYME MA 63AEMO36 S30K (PYHKYIOHANbHUX niOcucmem ix npoex-
myeanHs ma opeauizayii. Buokpemaeno mpu 6uou opzauizayii eupooHuymea: no-
enemeHmHuull (yci enemenmu UPOOHUYO20 Npoyecy 6iON0sidawms 00UH OOHOMY),
npocmoposull (no8 A3aHull 3 NeGHUM pieHeM Opeanizayii niopo3oinie ma 6i0NOGIOHUM
pieHem upoOHUYOT IHpacmpyKkmypu nionpuemMcmea),; 4acosuti po3piz opeaxizayii eu-
pobHUYymMEa (onmumanvHe NOCOHANHA 6 4aAcCl NOYAMKY | 3aKIHUEHHS OKpeMUux upoo-
HUYUX npoyecie, nog’sazanux migxc codow). Onucani cyuacHi ¢opmu opeanisayii 6u-
pobruyms. Tomy po3pizusioms maxi munu opeaHizayii upoOHUYmMEa: OOUHUYHULL,



208 HAYKOBI 3AIIMICKW / SCIENTIFIC PAPERS * 2023 / 2 (67)

iHOUGidyanbHUl, cepitinuil i Macosull. XapaxmepHow 03HaKow nooiny eupoOHUYMEd Ha
OpeaHizayiliHi munu € pigeHb cneyianizayii pooouux Micyv, KUl KiIbKICHO 8UMIDIOEMbCS
Koeghiyienmom 3axpinienns onepayiil K i nokazye 8iOHoweHHs CYKynHOCmi onepayiil 0Jisi
8U20MOBIEHHS OOUHUYL NPOOYKYIL 00 3a2aibHOl KiitbKocmi poboyux micysb. Pozpoonena
V3a2anbHeHa cxema CucmemMu npOEKMYSants SUpoOHUYmMs. J{iist NPOEKMYBAHHSL CYUACHUX
NaKy8anbHUX SUPOOHUYING XAPAKMEPHA THMESPOBAHA CUCTNEMA, WO OXONTIOE 6CT 1020
cmaoii - 00cniodHcenHs, NPOEKMYBAHHS, KOHCMPYIOBANHS, MEXHONOSIYHY Ni020MOBKY,
OpeaHizayiro UPOOHUYMEA, 8USOMOGIEeHHs NAKYEAIbHOI NPOOYKYil

Knwuogi cnoea: memoou, npockmyganns, gopmu i munu opeaizayii, naxoeamus,
2nubOKULl OpPYK, BUPOOHULMEO.
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