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SYSTEM OF MODELS FOR AUTOMATED
PLANNING, DESIGN AND MANAGEMENT
OF DISCRETE PRODUCTION

The functioning of an industrial enterprise of discrete production is considered as a set of inter-
connected production and design processes and managing them. Computer modeling of proces-
ses is used to review options for enterprise activity plans and choose the best one for its imple-
mentation. Variants of model structures and corresponding modeling algorithms are obtained as a
result of generalization of enterprise processes. The parameters of the models (list of works, stan-
dards of consumption time, materials, etc.) are established on the basis of the experience of per-
forming the relevant activity for the industry and are adjusted based on the conditions of the given
enterprise and the generalization of its specific experience.

Keywords: model of production processes, aggregation, decomposition, calendar plan, inventory
management, system optimization.

Introduction

In addition to production processes, the planning of which takes place using mod-
els of the theory of schedules and inventory management, the enterprise manage-
ment system includes the processes of designing, as well as the processes of analy-
zing and correcting models, which are used both for planning and for designing.
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V.A. Zelinsky, A.O. Zelinskyi

Aggregated production models represent processes in a simplified form,
which allows planning for long periods of time, taking into account only signifi-
cant circumstances that can affect current decisions and also divide the planning
task into several weakly dependent detailed ones of smaller dimensions. Detailed
models are used for close-term planning and may have a specific structure. Con-
structed detailed plans require coordination among them and can be used as an
initial state for the prolongation of aggregated plans.

Aggregated models of constructions and technological processes are used in
design tasks with a similar goal — decomposition of a complex project into sub-
systems. In addition, the product manufacturing project in an aggregated form
allows you to start planning its production even before the detailed project is com-
pleted. This shortens the time from the beginning of the project development to
the production of the product.

The purpose of the article is to analyze and develop a system of models and
algorithms, that can be used to automate planning, design and management pro-
cesses at all stages and levels of production management. The ultimate goal is to
create an integrated computer control system that can function without the use of
paper media and with the maximum possible release of the manager, designer,
technologist, as well as the equipment operator from routine functions.

1. Automation of Production Management — Current State

Modern systems of automated production management have gone from simple
MRP, MRPII, which plan only material resources, to more sophisticated ERP and
ERPII, which are focused on quick adaptation of the entire management system to
changes in internal and external conditions. Next in this section we consider their
accepted classification [1].

1. Material Requirement Planning (MRP) proceeds from the plan for the
release of commercial products and the description of technological processes for
them.

2. Manufacturing Resource Planning (MRPII) complements MRP by plan-
ning the need for equipment, labor, energy, etc. Disadvantages of MRP and MRPII
are the difficulty of restructuring plans taking into account new circumstances that
emerge during the execution of plans within the enterprise and among its partners.

3. Enterprise Resource Planning (ERP) complements MRPII in terms of
prompt adjustment of plans, as well as creation of an infrastructure for electronic
data exchange with suppliers and consumers.

4. Customer Synchronized Resource Planning (CSRP) complements ERP
with the possibility of participation and influence of the consumer on the quality
of goods through complaints, wishes and ordering the necessary, and also provides
warranty and post-warranty service.

5. Enterprise Resource and Relationship Processing (ERPII) complements
CSRP with expanded opportunities for cooperation with stakeholders: industry
project organizations and competitors (mutually beneficial exchange of experience
and its generalization); state bodies (labor, tax legislation); public organizations
(waste management, ecology, etc.).
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Companies that implement these automated systems have ready-made soft-
ware modules and subsystems that are combined depending on the needs of the
enterprise. The process of implementing automated systems begins with the deve-
loper’s study of the company’s processes and coordination of the developer’s posi-
tions with the company’s staff. Selected modules of the future automated system
are supplemented, corrected, tested on control examples and filled with data of a
specific enterprise.

Next, models and algorithms that can be used to design software modules of
future automated systems are considered.

2. Models of the Theory of Schedules
and Inventory Management

2.1. The Basic Structure of the Production Process Model. The model is a sim-
plified description of the subject area in the form of a list of specific objects and
processes and the values of their parameters (properties and relations). The
structure of the model describes only the classes of objects and processes, and
also indicates their parameters without specifying values; certain relationships
are established between parameter values. Building a model based on a certain
structure consists in defining a list of objects/processes defined by the structure
and some of their parameters; other parameters remain undefined. The mode-
ling algorithm provides for the determination of unspecified parameters based
on the relationships specified by the structure. If these ratios are not sufficient to
unambiguously determine the values of the parameters, then it is necessary to
set an evaluation criterion for each possible (compatible with the given ratios)
option. Further, these concepts will be used to describe the structure of the pro-
duction process model (PPM).

We will start from the concepts used in machine and instrument construc-
tion; other types of discrete production are to a large extent similar and simpler.
For PPM elements, we will introduce abbreviations and indicate them in italics.
The main element of PPM is the model of production of goods and provision of
services (G&S). As the basic level of the production model of the G&S, we will ac-
cept the design and technological specification (DTS), which is the result of the de-
sign of the G&S and the design of its manufacturing technology. Components of
the DTS are parts and assemblies (PA) with the relationship “PAx is included in
PAy”. For each PA, the manufacturing method is specified in the form of technolo-
gical process (TP) — sequence of technological operations (TO); G&S is the final PA
or their set. Each TO consume non-renewable resources (NR): materials, blanks,
components, etc. and takes the time of the operator and the renewable resources
used by him: equipment, tools, equipping, etc., which are not completely con-
sumed during one TO, but may require periodic: repair, adjustment, sharpening,
etc. The operator (one or several workers) and the renewable resources assigned
to him will be called the performer (PF). The maintenance process is determined
during the design of the TP in a language that is understandable for an operator
with the appropriate qualification. The same TP is used for the production of many
copies of PA, and therefore G&S.
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PPM, in addition to the production model of the G&S, includes: a time scale
(TS) with a certain discreteness of measurements, which continues as needed;
available PFs, with possible intervals of inoperability; the stock and receipts of
NR tied to the TS, which can be used during the production of TO.

Below are the simplifications and clarifications of the concept of TO, adopted
by us — the real process may differ slightly.

1. TO lasts a certain continuous time and ends with a certain change in the PA.
TOs are related by the “previous-next” relationship, if the result of the previous TO
is used as the NR for the next one. NRs are consumed at the beginning of the per-
forming TO and allow accumulation for the next use, which allows you to match
the rate of their receipt with the rate of consumption.

2. The PF is usually capable of performing several different TOs over different
PAs. Identical processing of several identical PAs in a row at one PF is performed
with minimal time spent on reconfiguration — switching to processing other PAs
requires more time, which depends on the previous and subsequent TO. Transfer
of PAs between PFs generally occurs in batches of several pieces. Increasing
the batch size reduces equipment set-up costs as well as transportation costs, but
at the same time waiting for readiness of the entire PAs batch to transfer between
PFs has a negative effect on the level of work in progress (WIP) and the duration of
G&S production. Therefore, the size of the PAs batch should be determined on the
basis of a compromise between the specified factors.

3. In most cases, the PF is fully loaded by one TO over the PAs batch during its
entire execution period. But there are PFs that can simultaneously perform TO
over several, possibly different, PAs. Examples are thermal and galvanic treatment,
cutting, transportation, etc. Simultaneous processing of a certain set of PAs for the
given examples is more efficient than individually. In order to take into account the
above features of the PF, the planning algorithm should provide for the accumula-
tion of a sufficient number of TO, before starting on this PF with the same perfor-
mance parameters.

PPM can be adapted to describe a wide class of production processes, particu-
larly when: the position of not only the equipment, but also the PA (houses, air-
planes on the runways, etc.) can be fixed — the operator and the processing tool
(PF) move between the elements of the processing object (PA); one operator serves
several units of equipment — considered as several PFs, etc.

Practically all types of enterprises have, in addition to the main units, engaged
in direct production of G&Ss, auxiliary units (create conditions for others) similar
to those that are the main ones in mechanical engineering: equipment repair; pro-
duction of specific equipment, etc. Similar models are used for their planning, but
since their processes are weakly dependent and somewhat specific, the planning
of the processes of auxiliary units takes place separately with subsequent coordi-
nation between themselves and with the plans of the main units.

2.2. Basic Algorithm of Calendar Production Planning. Further, in the text
of this and the following paragraphs, the algorithms are described schemati-
cally — their transformation into programs requires additions and specification.

The development of technologies takes place in the direction of both the com-
plication of the TOs themselves and the unification of several TOs within the
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Fig. 1. Simplified PPM-B

framework of comprehensive one. The management of the TO execution pro-
cess is increasingly automated — the operator is removed from the influence on
the object of processing and is engaged in the analysis and influence on increa-
singly general parameters of the TO execution. But the principle of structuring
production at the enterprise on G&S, which are performed according to the
pre-designed DTS, consisting of a set of interconnected TOs, remains unchanged.
Therefore, our further considerations, based on the indicated production pro-
cess presented, will not lose their relevance. Described in item 2.1 PPM will be
accepted as the basic (PPM-B); it will be used:

— to explain the basic principles of production planning — in this section;

— for building aggregated PPMs — in section 3.

The simplified PPM-B is shown in Figure 1. The figure does not show PAs,
which are usually present in the information base of the DTS description; as a
result, the structure of the model became simpler without losing essential features.

In Figure 1, from above: G&S production model in the form of a DTS-graph:
graph vertices — TO; arcs — the relationship between TO: the result of the pre-
vious one (which is at the beginning of the arc) is used as a subject of processing
for the next one (which is at the end of the arc); arcs from the outside of the
DTS graph indicate that the TO requires other NRs in addition to the results of
previous TOs). From below: distribution of TO on TS and on PF.

In addition to those depicted in Fig. 1, PPM-B also contains other parameters:

e for PF, periods of forced downtime associated with equipment repairs and
operator absence are indicated on T§;

e for TO specify the parameters;

— for “previous-next” relations between TOs, indicate the number of results
of the previous TO, which is used for the next one;

— PFs that can perform it and the duration of set-up, depending on the
previous TO;

— specific equipping and NR;

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 1 (7) 7
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— norm of time for execution, etc.

Thus, PPM-B describes the possible options for the production of G&S — it
leaves the executors and terms of execution of the TOs undefined. The application
of the structure described above for modeling the production process is also
known as models of calendar planning (CP) [2—5]. Next, we will present one of
the variants of the CP algorithm, which simulates the variants of the production
process and looks for the best among them according to the given criterion.

Planning is carried out periodically, with a period 7; we extend (prolongate)
the plan as the previously planned TOs are fulfilled so that the period of existence
of the current plan exceeds the minimum permissible value of ¢_, . The time until
which the plan is extended — ¢___is distant from ¢_, by the period — 7, for which

min

calculations are made (¢, =t _, + 7). In case of violation of the current plan, it may

max

be necessary to make an extraordinary adjustment, which can be carried out:

— by using the Al prolongation algorithm by restructuring the previously
prepared plan from the moment the violation was detected;

— by a special algorithm, similar to the usual prolongation, but with a possi-
ble partial exemption of the PF from planned TO, when they turn out to be less
priority.

Algorithm A1 (prolongation of CP):

1. Enter data for calculations for an additional period up to the moment ¢__:

— readiness times and DTS parameters of those G&S that are specified by the higher-
level plan up to the moment ¢__ . There should be no closed paths in the DTS graph; this is per-
formed during the design and is necessary for the correct operation of this algorithm — none
of the TOs located on a closed path will be able to get to the “front” of those for which the pre-
vious ones have already been planned;

— for PF, the time intervals of their possible use are determined;

— restrictions on the terms of possible use are determined for the specific equipping;

— for NR, supply plans are determined in accordance with concluded contracts. Some NR
and equipping are always available (supplied upon request to the Store) and are not taken into
account when planning (item 2.4).

2. Based on the results of preliminary planning, the following data are prepared:

— scheduled TOs over PA batches. In the absence of pre-planning data, the deadlines
for the completion of currently executed TOs, which are received from their executors, will
be sufficient;

— unplanned TOs of all G&Ss that are present in the planned task and all previous ones
for which are already planned or executed — “front” of unplanned TOs that are ready to be in-
serted into the plan;

— terms of release of PFs from execution of previously planned TOs. In the absence of
preliminary planning data, the PFs release term is obtained from its operator.

3. A PF with a minimum release term and the possibility of loading a new TO (taking
into account the possible incapacity of the PF) is selected. A TO is selected from the “front’,
which is a priority for execution on the selected PF, and we put it in the plan: its start and
end terms are determined.

4. The “front” is supplemented by those TOs that follow the TO inserted in the previous
step 3 in the plan, and for which there are no other previous TOs not placed in the plan.

5. Plan construction completion check: are TOs present in the “front”™?

— if so, then proceed to step 3;

— if the TO “front” is empty, then the work on prolongation the plan is completed for
TOs from the G&Ss, the deadlines of which are within ¢__, executors and execution terms
are defined.

End of A1

max
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The following are comments and additions to the A1 algorithm:

1. Preparation of PF work schedules is a preliminary step for CP. Changes
in the composition of the PF (acquisition/decommissioning of equipment and re-
cruitment/dismissal of personnel) are planned in advance at higher levels of ma-
nagement. At the CP level, this possibility is minimal; only equipment repairs and
staff absences (vacation, training, etc.) are taken into account. Of course, the ope-
rator is attached to certain equipment and together they form a PF. If a situation
arises when it is impossible to comply with this (one of the PF components is
missing), then the operator’s ability to work on different equipment and the avai-
lability of backup equipment are used. The formation of PF work schedules is not
a complex task — the unit planner using equipment repair plans, in dialog mode
with the computer, will allocate workers to PF, agreeing on situations that go be-
yond the usual order of distribution. Such an agreement requires interaction
directly with the employee who is offered a deviation from the usual work order
for a certain reward.

2. When determining the start time of the TO, selected in step 3, one should
take into account not only the completion time of all previous TOs, but also the
following:

— availability at this moment of all other NRs that are consumed by TO —
those that will be used are removed from the available NRs;

— it is necessary to ensure the availability of PF during the TO execution pe-
riod, as well as take into account the time for its adjustment;

— the execution of some TOs may require equipping, the deadline for which
must be agreed with the relevant subsidiary unit.

3. Obviously, according to algorithm Al, it is possible to build any admissible
variant of the plan — each new variant can be generated by at least one decision in
step 3, which will differ from what was adopted for other variants. The task of fin-
ding the optimal relative to the given criterion of the CP option for the general case
(without features that could be used to reduce the selection of options) has expo-
nential complexity depending on the dimensionality of the input data — the num-
ber of TOs that need to be planned and the number of PFs. For the conditions of
real production, when the dimensionality of CP tasks is measured in thousands,
the construction of an optimal plan becomes unattainable even for modern com-
puting capacities. To solve the problems of large-scale CP, the theory of schedules
offers heuristic methods that do not ensure the optimality of the plan, but only
bring it closer [5] — algorithm A1 is a scheme for the application of such methods.
Algorithm A1 makes it possible to sort out compact variants of CP, when each TO
is inserted into the plan compactly — without obvious loss of time, but also does
not prohibit providing unused time intervals of PF work in the plan, which can be
used as a reserve when adjusting the plan due to deviations. The quality of the
variant built by the A1 algorithm depends on step 3, namely, on the selection of the
TO from the “front”, which is supposed to be carried out according to a certain
algorithm. In particular, for the implementation of step 3, a limited (by the num-
ber of steps) “branches and bounds” scheme can be applied.

In addition to the specified heuristic search, the simplification of CP tasks can
be achieved in several other ways:

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 1 (7) 9
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— allocation of PA from DTS, the task and plan for the manufacture of
which can be determined separately, based on the inventory management model
(item 2.4) and thus reduce the dimensions of DTS;

— organization of flow production lines with sequentially placed PFs, which
can be loaded by a sequence of TO (Flexible Production Lines — FPL). The list of
planning objects is shortened in the CP model with FPL, and the planning model
itself is slightly modified (item 2.5);

— aggregation and generalization (described in section 3), which allow you
to break down the general task of CP into sub-tasks of a smaller dimension, fol-
lowed by their coordination. Further, in item 2.3 describes the corresponding
coordination scheme.

2.3. Coordination Scheme of Cooperating Units. Decomposition of a com-
plex process into several weakly dependent ones allows reducing the dimensiona-
lity of CP tasks. The higher level of the plan, built using the aggregated model
(section 3), defines a rough plan of interaction between units, which in general can
be improved due to the coordination of their detailed plans. Next, a scheme of
such coordination is proposed.

A rough interaction plan is used as a planning task for detailed planning
of each unit. To be able to “shake” the rough plans of interaction, each of the units
can use an algorithm similar to A1, but using the principle of system optimization
[6]. We turn each of the restrictions in the CP model for detailed planning of the
unit, established by the rough plan, into a criterion: we allow its violation and set
fines, proportional to the deviation with a coefficient that can be adjusted, based
on estimates of real losses in the neighbor. The general quality criterion of each
detailed plan is calculated as the sum of fines for violation of each of the restric-
tions. The option with the minimum total fine is considered the best. The following
are possible as external criteria (formed from restrictions on interaction with
neighbors):

— exceeding the G&S execution terms set by the rough plan. For units as a
G&S, we accept the results of their activities, which are used by other units or
transferred outside the enterprise;

— exceeding the need for specific materials and components, the delivery
plans of which are determined by the rough plan. There is no need to plan and
coordinate widely used materials and components supplied through the Store —
they are planned according to the stock level (see item 2.4);

— violation of equipment repair schedules, established in accordance with
planned and preventive repairs, which are the basis for subsequent agreements
between the repair unit and the unit using the equipment. Emergency repair
of equipment is coordinated with the involvement of the Dispatcher, who de-
termines the degree of responsibility of the equipment user and the repairer to
determine fines;

— use of equipping in violation of agreed terms.

In addition to the specified external criteria, in the CP model we will allow
internal efficiency losses:

— overtime work of PF (in non-working shifts) and its downtime while wai-
ting for work;
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— inconsistencies in operator qualifications and TO complexity;

— loss of time for setting up the equipment, which depends on the order of
starting the TO.

Fines for the specified losses of efficiency are usually accepted as certain norms
for the entire enterprise and do not require frequent adjustments. The specified
violations operate only within certain limits, according to which they are consi-
dered inadmissible.

The task of the unit, defined by the rough plan and the payment for its execu-
tion, is agreed by the higher-level planner with each unit: the parties agree that the
plan is feasible and the executor deserves payment depending on the intensity,
which is measured by reserves of time and resources. The unit planner can calcu-
late a detailed plan with external restrictions (maximum fines for violating exter-
nal criteria), determine internal losses and thus clarify the possibility of meeting
the conditions of the rough plan and payment for its implementation.

After coordination with the higher-level planner, the planner of each unit
has the opportunity to increase the income of his unit by reducing internal losses
and providing better conditions for adjacent units. For this, he evaluates the ca-
pabilities of his partner and calculates his plan with the possibilities of violating
external criteria, expecting to reduce his internal costs. The result of such a cal-
culation is the appearance in the detailed plan of one’s unit of other conditions for
the neighbor, compared to the rough or previously agreed plan of interaction. Un-
der stricter conditions for the spouse, our planner offers compensation that he
pays from his fund (but not more than the savings of his fund due to the reduction
of internal costs). Tougher conditions will be accepted by the spouse if they in-
crease his internal losses no more than the proposed compensation. That is, agree-
ment will occur if each partner benefits.

For mitigating conditions, which may also arise as a result of detailed plan-
ning — our planner can receive compensation if these mitigating conditions
contribute to the reduction of the spouse’s losses.

The process of reconciliation and recalculation can be repeated - each ite-
ration leads to a decrease in total costs for a pair of interacting units, which
means that it improves the plan and the “trajectory of movement” of the entire
production.

In reality, a situation may arise when the unit cannot fulfill the position of
the rough plan. The spouse, knowing this, may demand compensation that is
excessive compared to his own losses. In order to prevent unfair benefits for one
unit and losses for another, it is necessary to provide a way to resolve this kind of
disputes. A higher-level Dispatcher interested in the overall efficiency of interac-
ting units and able to understand their processes can be a judge in their disputes.

It is quite plausible to claim that the iterative process of coordination brings
the overall plan of the interacting units closer to a degree of efficiency that could
be achieved by solving the CP problem for all units together using the algorithm
used for detailed planning.

New conditions for algorithm A1l lead to its complication: it is necessary to
choose the values of constraint violations. At the same time, the need for frequent
recalculation of plans based on the results of negotiations with partners requires
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its quick implementation. The methods of simplifying CP tasks, mentioned at
the end of the previous item 2.2 become more relevant.

2.4. Inventory Management Models. According to the inventory mana-
gement model [7, 8], it is expedient to plan such PAs that: will be used for a long
period of time; their reserves do not increase the WIP too much, and the stock can
be quickly replenished — we will call them blanks. The blanks are concentrated
in the Store and can be quickly delivered to the consumer. Reserve quantities
of blanks are maintained by ordering them from an external supplier or an inter-
nal manufacturer at the moment when their level drops to a certain value.

According to the inventory management model, the following are planned:

— supply of external resources of materials, components, etc., which are avai-
lable on the market;

— specific PAs of own production, which are widely used for a long period of
time, have a short production period, which means that they can be noticed in
the DTS as those that are not planned by the general scheme;

— tool, which is partially repaired at the enterprise and requires replenish-
ment after final wear;

— equipping manufactured at the enterprise, which is stored in the Store
for reuse.

The production and repair of these resources at the enterprise are usually
carried out by auxiliary units that plan their work based on orders received from
the Store. The capacities of these supporting units are maintained based on their
loading forecasts. The intensity of their planned tasks is evaluated and compen-
sated by the higher-level Dispatcher, who takes part in determining the required
capacity.

The Store, in turn, receives orders from units — consumers of the specified
resources; the regulation establishes the deadline for order fulfillment. The con-
suming unit may not take into account the resource restrictions that are supplied
from the Store when planning — it is enough to order the necessary in advance.
A delay in the execution of an order is considered as a deviation from the nor-
mal course of production and is compensated to the customer by a fine imposed
on the Store.

2.5. Flexible Production Line (FPL) & le Production System (EFPS).
When the need for certain PAs, close in technology, increases to the level that
will allow to fully load several sequentially placed PFs, then it is worth thinking
about the organization of a FPL — serially placed equipment with a fixed order of
processing a certain set of PAs and a close time to complete each TO for a given
type of PA. The advantages are a reduction in the time required for the processing
of PAs and in transportation costs. In addition, the dimensionality of the CP prob-
lem is reduced: several TOs over the PA batches are considered as one and several
PFs are considered as one (Fig. 2).

It is possible to process several batches of different PAs by one FPL at the
same time: batch PA2 is started before the processing of the previous batch PA1 is
completed.

Before launching a batch of PAs of a certain type, the FPL is configured to
process PAs according to their own technology. If the rate of processing of the next
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| Inst.N | _s | Inst.2 | | Inst.1 | PA1 batch of N pieces

ﬁ ﬁ ﬁ ""“}ﬁ ﬁ FPL: PF: 1-K

|Inst.M | —-> | Inst.2 | | Inst.1 | PA2 batch of M pieces

Fig. 2. Loading FPL by batches of PA

batch of PAs is faster than the rate of the previous one, then planning should al-
low for a delay before starting the next batch. The delay is calculated so that on
the last PF, the processing of the last instance of the previous batch is completed
before the start of the processing of the first instance of the next batch. Thus,
the PA batch planning model changes slightly (in terms of determining the
start of the next PA batch), but the sequence of steps of the A1 algorithm, in the
case of its application to productions where FPL is used, remains. If the nomencla-
ture of those PAs that fully load a certain FPL is within 3-5, then its planning can
be carried out separately, similar to the planning of a separate unit. At the same
time, simple calculations are performed to determine the order of launching se-
veral batches of PAs, with subsequent coordination with the plans for supplying
blanks to the FPL and using its results.

The design of FPL is the selection of PAs with a similar TP and redistribu-
tion/modification of TOs between PFs so as to ensure the same sequence and
duration of their execution. It is convenient to carry out the relevant calculations
and search for the necessary PAs in dialogue with the computer [9].

FPL in many respects is similar to flow (continuous) production, which can
be an element of discrete production: certain resources are supplied to the flow
input in portions (discretely) and are also discharged in portions. The task of plan-
ning discrete production, which contains such “interspersions” of flow lines, is
similar to planning with interspersions of FPL. The design of flow production
is specific to each subject area and is not considered by us.

During the 4th industrial revolution, which began in 2011, they seek to auto-
mate as many operator functions as possible, including setting up equipment
for maintenance, control over the processing process, transferring parts between
PF-machines, etc. Due to the automation of only FPL, it is impossible to achieve
the required flexibility of the production process — various routes of passing
PAs between PFs are required, which means synchronization of operation of PFs
and transportation of both PA and the tool for debugging PF is required. Appro-
priate approaches to the management of PFs-machines are developed within the
framework of the theory of Flexible Manufacturing Systems (FMS).The corre-
sponding models of calendar planning practically do not change in structure,
but stricter requirements are imposed on the accuracy and speed of planning: we
have more accurate, complete and operational information from equipment sen-
sors and we need a quick and high-quality reaction to changes in the state of
production — expensive equipment should not be idle and needlessly reconfi-
gured. On the other hand, a significant reduction in the number of operators
and service personnel allows to organize round-the-clock work of the enterprise
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without days off. This imposes additional requirements on the planning task —
production processes do not stop, which means that a quick reaction to changes in
the production state is required. Several levels of planning with the possibility of
coordinating plans between units-automat and between planning levels, discussed
in the following section 3, can be applied not only to conventional enterprises, but
also to automatic ones. Approaches to planning in FMS with the use of machine
intelligence are developing in the areas of Cyber Physical Production Systems
(CPPS), Internet of Things (IoT), Digital Twing (DT), Artificial Intelligence (AI),
Advanced Robotics [3, 9, 10], which are aimed at providing properties to automa-
ta to communicate and make intelligent decisions in real time.

3. Aggregation and Decomposition
of Calendar Planning Models

Aggregation and decomposition is the most versatile and powerful approach for
reducing the dimensionality of CP problems. Aggregated models are used for
long-term planning with subsequent detailing (decomposition) of aggregated
plans for nearer periods. Detailed plans are not needed for the long term: for rela-
tively long periods of time, sufficient information is available on the aggregated
resource requirements for the production of G&S, the quantity and quality of
which may be somewhat uncertain.

Aggregation of PPM-B consists in combining its components (item 2.1) into
an interconnected system of their aggregates:

— aggregated TO (ATO) — a certain set of TOs belonging to the same G&S;

— aggregated TP (ATP) — TP of production of a G&S, which consists of ATO,
which do not intersect and together make up a DTS of this G&S;

— unit of enterprises (UE) — the set of PFs that are at the disposal of the unit’s
staff (the PF cannot be part of different UEs). It is accepted that only one UE
can be the executor of the ATO: the ATO cannot be partially executed by different
UEs and, unlike the TO, has no option for execution by different UEs. This simp-
lifies the structure of the PPM and at the same time does not impose significant
restrictions on the determination of the performer of the TOs that are part of
the ATO — all PFs that can perform them we will try to concentrate in the corre-
sponding UE. The integration of PF in the UE are designed in dialogue mode,
based on the following criteria: a) similarities in the professions of PF operators
(it is convenient to transfer experience and quickly find a replacement for the ope-
rator); b) similarities of equipment concentrated nearby (easy to maintain and
replace); c) possibilities of sequential processing of PA in one UE (to reduce trans-
fers of processing items between UEs); d) if TO can be performed using several
different PFs, it is desirable to concentrate all of them in one UE;

— aggregated TS (ATS) — built by consolidating time measurement units,
which is used in PPM-B;

— aggregates of PF (APF) — each UE has its own list and composition of
APF groups that do not overlap with each other and, to a certain extent, inter-
changeable. For APF, the time fund tied to ATS is determined based on the expec-
tations of: acquisition, write-off and repair of equipment; admission, dismissal and
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absence of employees. For each ATO, the APF consumption rate is determined as
aresult of the aggregation of the corresponding PF types that use the TOs included
in the ATO.

— aggregates NR (ANR) — do not overlap and to some extent are interchan-
geable so that it is possible to specify them with the necessary NRs during detailed
planning for the near future. Stocks and receipts of ANR are linked to ATS. For
each ATO, the rate of ANR consumption is determined as a result of the aggrega-
tion of the corresponding types of NRs that use the TOs included in the ATO;

— aggregated G&S (AG&S) — group of G&S, which we plan with the help
of the same ATP. As a result of the generalizations, different G&S (even those
whose detailed technology is still unknown) can be planned with the help of
the same ATP — their correct specification will be carried out at the stage of de-
composition of the plan built on their basis. The adjustment of ATO parameters,
depending on the time of their execution (and therefore the version of the DTS
used) is carried out expertly by G&S designers.

The list and composition of UEs and their APFs, ANRs and ATSs for each ag-
gregation level are fairly stable. For their initial creation and subsequent correction,
the planner of the corresponding level receives information about similar PFs /
NRs and in the dialogue mode makes appropriate decisions.

The following decisions about the PPM structure determine the logical com-
plexity of algorithms for solving planning problems. Models with a simpler struc-
ture and a greater degree of aggregation can be used for planning for more distant
periods and for larger UEs. Their purpose: to coordinate rough long-term plans
with related enterprises; weed out unpromising variants of detailed plans; divide
the task of detailed planning into weakly dependent subtasks.

Next, we will consider variants of PPM structures, which differ in established
restrictions on the mutual position of ATOs belonging to the same ATP in time;
other PPM components: UE/APE, ANR, ATS have a similar structure and can only
have a different degree of aggregation, which corresponds to the aggregation of
resources used by the ATO):

— PPM for volume-calendar planning (PPM-VC) uses ATP-VC;

— PPM for volume planning (PPM-V) uses ATP-V.

To simplify the designations, we will omit the “-VC” suffix for PPM-VC com-
ponents (for example, AG&S instead of AG&S-VC); all PPM components for vol-
ume planning will be marked with the addition “-V” suffix (e.g. AG&S-V).

3.1. Aggregated Technological Process for Volume-Calendar Planning. The
structure of the ATP model is similar to the simplified DTS model (item 2.2): for
AG&S, we create a separate ATP consisting of ATOs, which are connected by the
relationship “previous-next” (we will mark it with an oriented arc in the ATO
graph) so that the previous one must be fully executed (all its TO components
are completed) before the execution of the next one begins (starts at least one
TO from the composition of the next one). At the same time, we do not impose
other restrictions on the mutual position of ATO in time — we will determine
the terms of execution of ATO when building a volume-calendar plan (VCP)
using an algorithm similar to Al. For an ATO, the UE that performs it and the
corresponding APF and ANR vectors, which are used by the ATO during its
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execution, are defined. The ATO execution time cannot be less than the set mi-
nimum, but can be more. With the structure of the ATP model, it is possible to
set various restrictions on the use of APF and ANR during the ATO execution
period, for example:

— certain components of the ANR must be submitted in a certain minimum
time before the end of the ATO;

— for certain components of the APF, a limit is set on the amount of the time
fund consumed by them, depending on the time until the end of the ATO.

The ATP construction algorithm aggregates TOs running in the same UE and
with a close advance in relation to the readiness of AG&S. The presence of such
TOs in one ATO contributes to their execution without undue delay, which means
the reduction of WIP. The relationship “previous-next” for a pair of ATOs is de-
termined by their composition — the presence of TOs in the composition of differ-
ent ATOs, which are in this relationship in the DTS model. When building an ATP,
it is necessary to ensure that there are no closed paths between ATOs, laid on the
“previous-next” routed connections — such ATOs block each other when de-
termining the possibility of launching them for execution. We calculate the need
for resources for ATO as the sum of the needs of TO components and aggregate
(roughen) both by time (using ATS) and by APF and ANR groups. The parameters
of the duration of ATO and restrictions on the periods of consumption of APF
and ANR are determined based on the composition of ATO.

When describing the algorithm, we will use the notation:

— P(X) — parameter P of object X;

— M{X}, or {X}: set M of objects X, or set of objects X.

Algorithm A2 (building ATP):

1. Preparation of input data and supporting structures:

e {UE >{APF >{PF}}} — the list of UEs, its composition of APF and the composition
of each component of the APF vector;

o {ANR >{NR}} — the list of ANRs and the composition of each component of the ANR
vector;

e DTS of the AG&S for which the ATP is intended to be built. AG&S may indicate a PAs
kit. Parameters must be defined for each TO, included in the DTS:

— UE(TO) — the unit performing the TO;

— PF(TO) — PF € UE(TO), which usually performs TO of this type;

— D(TO) — duration of TO execution (on average);

— NR(TO) — non-renewable resources used in the execution of TO;

— R(TO>{TO}) — links to subsequent TOs for this TO; in the general case, there may be
several of them with different occurrences;

e In the process of calculations will be determined:

— A(TO) — minimum advance of readiness in relation to G&S readiness, taking into ac-
count the execution of the following TOs as part of already formed ATOs;

— L(TO>{ATO}) — references to ATOs that include TOs following this one; in the gener-
al case, there may be several of them with different occurrences;

— F{TO} — “front” TOs, which are previous to incomplete ATOe N{ATO} (see below);

— K{TO} — the set of TOs selected from the F{TO} that are prior to the ATO selected from
the set of incomplete and included to the set of completed ATOs in step 5;

e Parameters are defined for each ATO that will be created:

— Id(ATO) — identifier ATO;

— UE(ATO) — executive UE of the ATO;
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— A(ATO) — advance of ATO readiness in relation to G&S readiness;

— D(ATO) — the minimum duration of ATO, defined as the maximum duration of se-
quentially executed TOs (chains) in the composition ATO;

— St(ATO) = A(ATO)+ D(ATO);

— R(ATO->{ATO}) — links to the following ATOs (arcs in the ATO graph);

o sets of ATO, initially empty:

— N{ATO} — incomplete ATOs, their composition is expected to be supplemented and
parameters to be determined;

— Z{ATO} — filled ATO with defined composition and parameters.

2. Creating an initial K{TO}:

The final TO of PA, representing the selected AG&S (multiple TO if AG&S is a PAs set)
is included to K{TO}. The value of parameter A(for all TO belonging to the set K{TO}) set to
zero: A(TO: TOe K{TO}) = 0. We leave the list of subsequent ATOs for each TOe K{TO} empty:
L(TO >{ATO}: TOeK{TO}) = @.

3. Replenishment of N{ATO}:

For each TO*e K{TO} we find ATO* from the N{ATO}, to which it can be attached by
signs: is performed in the same UE and has close values A(TO*) = A(ATO*). Then we adjust the
value A(ATO¥) for the found ATO*: A(ATO¥) = (the minimum value of A(TO) for all TOs that
were included in ATO* at the step 3). To the list of the following for ATO*, we include the fol-
lowing ATOs for TO*: R(ATO* >{ATO}) = R(ATO* >{ATO}) U R(TO* > {ATO}).

If no such ATO was found for the selected TO*, then we create a new ATO* in the set N{A-
TO}. We set its parameters in accordance with TO*, on the basis of which it is created: Id(ATO*)
= sequence number; UE(ATO*) = UE(TO*); A(ATO*) = A(TO*).

4. Adjustment of ATOs characteristics from the set N{ATO}:

For each ATO* from N{ATO}, we review TOe K{TO}, which were included in its on the
previous step. For each TOe K{TO} we go through all the previous TO (chain of TO in reverse
order of their production, possibly with ramifications), which are made in the same unit, until
we come across TO, which are produced in another unit. The set F{TO} is supplemented
by these last TOs; and for these, the ATO* is specified as follows — R(TO>{ATO}) is supple-
mented by a reference to the ATO* with the corresponding occurrence.

For all TOs that have been reviewed for a given ATO* together with their predecessors
(excluding those included in F{TO}), we include them in the given ATO* and adjust the ATO*
characteristics accordingly: we add the need NR to the corresponding ANR component of the
given ATO*: ANR = ANR+ NR(of new TOs); add the need PF fund to the corresponding APF
component: APF = APF + PF(of new TOs). The duration of ATO* (D(ATO*)) is adjusted to the
maximum duration of TOs chains that are part of ATO*. For each TO, with which the set F{TO}
was supplemented, the readiness advance is determined as the advance of the start of the corre-
sponding ATO*: St(ATO*)=A(ATO*)+ D(ATO?).

5. Selection of priority ATO from the set N{ATO}:

One of the N{ATO} — ATO* is chosen as filled, removed from the set N{ATO} and as-
signed to the set Z{ATO}. The criteria used to evaluate the priority of the selection are: the
minimum advance of the launch: St(ATO*) = Min (St(ATO): ATOe N{ATO}).

TOe F{TO}, which refer to the selected ATO* are assigned to the set K{TO} and removed
from the set F{TO};

— If K{TO} # &, then proceed to step 3;

— If K{TO} = &, then proceed to step 6.

6. Assessment of completion of the algorithm:

— If N{ATO} # &, then proceed to step 5;

— If N{ATO} = &, then complete the algorithm.

End of A2.
A diagram, explaining the sequence of steps 3+5 of algorithm A2 is shown in Fig. 3
Chains TO within N{ATO} marked with the same color enter the same ATO only when

the advance of their final TOs is close — within the given parameter. The colors of connected
ATO and TO, which are in different sets, cannot be the same.
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Z{ATO} — aset @

of completed ATOs

TOs of the same color —
as part of one unfilled ATO
from the set: N{ATO}

Set TOs from the “front”
a b c F{TO}

Fig. 3. Scheme for algorithm A2. The color indicates the UE performing the ATO and TO

Let’s admit, that in step 5 an ATO* will be selected, which includes the TOs
marked in green. In the set Z{ATO} ATO* will appear in green, the following for
which: ATO 1 and ATO 4. TO a, b, d will be assigned to the set K{TO} in step 5 and
transferred in step 3 from the set K{TO} to the set N{ATO}; while TO: {a} will join an
already existing ATO with the same color constituents of TO, and {b, d} will form a
new ATO, since there are no corresponding colors among N{ATO} for these TOs. In
step 4, the new TOs a, b, d will be continued by the previous ones according to DTS:

— those of the previous ones performed by the same UE (will have the same
colors as the corresponding new one) will be part of the formed/replenished ATOs
and will be used to adjust their characteristics;

— those of the previous ones, which are performed by another unit, will com-
plete the process of searching for previous ones and will enter the set F{TO}.

Additions and comments to the A2 algorithm are given below:

1. Let us prove that the ATP constructed by the A2 algorithm does not contain
closed paths. At each step 5, some ATO* is selected from N{ATO}, which refers
to already filled ATOs, since the N{ATO} includes TOs only previous to the al-
ready completed ATO. On the other hand, the ATO* selected in step 5 can be re-
ferenced only by ATOe N{ATO} that are not filled yet; TOs preceding ATO* can be
included only to still unfilled ATOe N{ATO}. Thus, the set of ATOs referred to
by any ATO* (directly or indirectly) does not intersect with the set of ATOs re-
ferred to ATO* (directly or indirectly), so closed paths in the constructed ATP
graph are impossible.

In the given proof and in algorithm 2, as well as in Figure 3, the case when
intermediate TOs from the chain are connected by the “previous-next” relation-
ship with TOs that are not part of the ATO, to which the chain belongs is not taken
into account. In this case, there are no guarantees that the connections between
ATO:s will not form a closed path. To reduce this probability, it is possible to use
a reduction in the TO combination tolerance with different advances. In the
unlikely event that a closed path is formed, it can be removed in dialog mode.
A certain complication of the A2 algorithm is also possible, which we will leave
outside the scope of this article.
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2. Step 4 of the algorithm can be adapted to determine the restrictions on
the consumption of APF and ANR components, in particular those specified at the
beginning of section 3. When joining the TO to the ATO, not only the total need
for APF and ANR is determined, but also its distribution by time periods into which
the ATO performance period is divided; such a division can be established by the
structure of the ATP model and used in determining the composition of ATO.

3. DTS usually presents variants of AG&S production, which differ in PA com-
position and/or the method of their production — depending on the G&S copy
number. When building ATP, we use the option specified as a parameter. All
other DTS variants must not violate the ATP structure, i.e., must not have TOs
that cannot be classified as ATOs according to the rules of the A2 algorithm. If such
design/technological modifications are necessary, then it will be necessary to in-
troduce a new G&S, create an AG&S group for it and build a separate ATP for it.
This condition is related to volume-calendar planning decomposition algo-
rithms, which are simplified if it fulfilled.

4. In a situation where the sequence of TOs performed in one UE includes a
short-lived TO performed in another UE returning for further processing to the
same UL, it is possible to ignore such a step to the other unit to simplify the ATP.
Such situations can be resolved through mutual services between UE at the level of
building detailed plans. Algorithm A2 can be easily adapted, if at step 4, when
passing through the TO links, we come across a TO that is performed in another
UE, evaluate the possibility of skipping the latter due to the short duration of
the TO or by a certain UE performing it.

5. Models with the ATP structure can be built for different levels of enterprise
management: departments, workshops, etc.; at the same time, they must be nested
within each other. This is possible because the structures of the input data repeat
the structures of the output. As an initial model for building ATP of a certain level,
you need to use either a detailed DTS or an aggregated one of an immediately
lower (more detailed) level, so that the formed aggregates can be easily decom-
posed into constituent components. The same applies to the construction of ATP-V
(item 3.2), for the construction of which it is possible to use the pre-aggregated
immediately lower level.

3.2. Aggregate Technological Process for Volume Planning. PPM-V are used
for volume planning (VP) at the highest level of enterprise management and for
the most remote period of time and therefore allow the highest degree of aggre-
gation and simplification of the model structure. In particular, the structure of
the ATP-V model is a simplified version of ATP — it fixes: the duration of ATO-V;
their mutual location in time; use of APF and ANR during ATO-V performance
discretes. Thus, the term of readiness of the product position of the enterprise
(AG&S-V) completely determines the terms of production of ATO-V, which are
part of it, as well as the volume of consumption of APF-V and ANR-V within the
limits of execution of AG&S-V. PPM-V focuses more on determining what and in
what quantities to sell and buy than when to produce and consume. Taking into ac-
count the possibility of equalizing the consumption of resources in time at lower
levels of management, we will allow unevenness of their consumption in time
when planning using ATP-V.
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Fig. 4. The structure of the 3-level enterprise management system (simplified). Ma-
nagement of UE-1v1 (PF) is carried out in the same way as for other levels

ATP-V is usually built on base of ATP. The composition of the G&S group
(AG&S-V), which are planned by one ATP-V, includes those with similar ATP;
one of them is chosen as a typical representative, for whom ATP-V is being built.
The same as for ATP of any degree of aggregation:

— the required specification of ATP-V will be carried out at the stage of de-
composition of the plan, built on its basis (in the form of ATOs that were used
during the construction of ATP-V);

— adjustment of ATP-V parameters, depending on the time of their execu-
tion (and therefore the variant of ATP used) is carried out expertly by G&S de-
signers.

The ATP-V construction algorithm is practically no different from the A2
algorithm, but:

— G&S use ATO parameters that belong to ATP instead of the corresponding
TO parameters;

— ATP construction results are interpreted according to ATP-V structure.

3.3. The Structure of a Multi-level Production Management System. Next we
consider a 3-level enterprise management system. In Figure 4 shows its simplified
version to explain the interaction of the PPMs system in the management process.
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Block: “Sales & Supply” predicts and coordinates mutual relations of UE
with consumers and suppliers of the enterprise at all 3 levels of management.
This ensures a single representative from the enterprise for interaction with related
enterprises.

Powers of “Auxiliary UEs” are determined based on the service needs of the
main ones; operational management is carried out through the ordering of
their services by consumers in accordance with the established service regulations
specific to each of the auxiliary UEs. The planning of the processes of auxiliary
units is done separately, using models similar to those for the main units.

The “Dispatcher” block takes part in the coordination of UE plans of the cor-
responding level: among themselves; with related enterprises (through “Sales &
Supply”); interprets the state of a higher-level plan based on the plans of low-
er-level UEs. In the case of significant deviations of the interpreted state from the
state provided for by the higher-level plan, the higher-level planning block makes
a decision to restructure its plan.

The block “Adjustment of parameters” analyzes the deviations of the planned
tasks of the UE from the detailed plans, by which they are implemented, inves-
tigates the reasons for the deviations and adjusts the parameters of the correspon-
ding planning models.

The “Design” block studies the needs of consumers, the capabilities of suppli-
ers and designs the production of G&S (see section 4).

The “Evaluation and implementation of improvements” block collects pro-
posals from the company’s personnel and external stakeholders, regarding the
functioning of all the company’s systems, evaluates the feasibility and possibility
of their implementation, in particular, plans tasks for the design of “G&S for own
needs” and orders projects to external organizations.

Next, we will consider in more detail the functions and implementation of
some of the blocks presented in the diagram.

3.4. Volumetric Planning (VP). The enterprise plan is built based on forecasts
of external market conditions, which are created by many manufacturers and con-
sumers. We believe that our company practically does not affect these conditions.
The task of an individual enterprise is to use these conditions to achieve maxi-
mum financial success. VP is built with such a goal and with minimal restric-
tions on the use of the available potential and wide possibilities of adaptation to
the conditions prevailing on the market.

The task of VP is to guide the current activity of the enterprise, the results
of which will affect the activity in distant periods. Such activities include:

— the work of designers and sales departments of the enterprise, who study the
needs of the modification of the enterprise’s products and forecast the demand and
prices for AG&S-V, which can be achieved due to certain design improvements;

— the work of technologists of the enterprise and supply departments, who
improve existing technologies and evaluate proposals of designers, regarding the
cost of manufacturing future AG&S-V options;

— conversion of production capacities to adapt them to future production needs;

— selection and training of employees for their work in conditions of future
technologies.
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The planning algorithm based on the ATP-V model should allocate AG&S-V
to ATS-V discretes in such a way as to ensure the best trajectory of the company’s
movement in monetary terms: by obtaining the maximum income from the sales
of AG&S-V and minimal costs for the purchase of additional resources and servic-
es, as well as for labor costs. In addition, it is important for the enterprise as a
whole to load the available resources proportionately: selling equipment or lying
oftf employees is not desirable from many points of view. A change in the compa-
ny’s capacity is possible, but it must have the prospect of use beyond the planned
period. At the enterprise level, it is advisable to cooperate with banking institu-
tions: if there is a lack of funds for the production of profitable AG&S-V, or if there
are reserve funds, the use of which can be postponed until the need for them ap-
pears. It is also necessary to take into account tax payments to state bodies. A long
period of time may be used to carry out planned calculations (item 3.6). This cir-
cumstance makes it possible to involve experts in forecasting the parameters of the
VP calculation.

Next, the volume planning algorithm is presented, which involves the par-
ticipation of experts in forecasting external circumstances, as well as in deter-
mining the possibilities of improving the consumer qualities of AG&S due to
design improvements and reducing their cost price due to the improvement of
technology.

Algorithm A3 (VP)

1. In the dialog mode for the VP extension period, we define:

e available APF-V time funds and ANR-V supply plans, wich are coordinated with suppliers;

e to estimate the possibilities of changing APF-V power and ANR supply:

— price forecasts for ANR-V and APF-V, which can be used in the manufacture of
AG&S-V;

— forecasts of personnel recruitment and training opportunities, in particular, what can
be used in production and provided with equipment;

o financial resources of the enterprise at the beginning of the extension period;

o forecasts of conditions that will be provided by banking institutions, in particular, pro-
fit on loans and deposits;

o forecasts of demand for AG&S-V, which will be expedient to produce and their prices,
taking into account possible improvements;

o forecasts of a possible reduction in the cost of AG&S-V due to technological impro-
vements of ATP-V and taking into account design improvements.

Forecasts of the specified parameters are tied to ATS-V discretes and allow errors in
estimates.

2. The initial production state for VP construction is determined based on the VCPs,
constructed for UE level 3 (UE-Iv3). The initial state construction algorithm interprets the
VCP of the specified UE in terms of PPM-V. It is quite universal for related management levels
and is described in item 3.7.

3. Completion of the status of VP by the next AG&S-V; this intermediate state of the VP is
schematically depicted in Figure 5.

ATS-V discretes are filled with AG&S-V needs in APF-V vector components during the
planning period. One color shows the use of several vector components by the same AG&S-V
during several ATS-V discrete.

At step 3, one of the AG&S-Vs is selected (from those defined for planning in step 1)
and the term (ATS-V discrete) and the number of its instances for completing the VP are de-
termined. The choice is made by reviewing several options, which are evaluated according to
the criterion of changing the total score of the next VP state. Among the components that affect
such an estimate:

22 ISSN 3083-6573. Ingpopmayitini mexronoeii ma cucmemu. 2026. No 1 (7)



System of Models for Automated Planning, Design and Management of Discrete Production

Funds of time of APF-V

ATS-V

Ot,;n — the beginning of the VP period Ot .« — the end of the VP period
Fig. 5. State of VP construction

a) receipt of funds from the sale of AG&S-V (the earlier the receipt, the higher the
score) — increases the overall score;

b) financial expenses for the production of AG&S-V (expenses for both ANR-V and la-
bor costs are taken into account; the earlier the payment of expenses, the higher the score) —
reduces the value of the total score;

¢) reduction of APF-V underload (for each component of the APF-V vector and discrete
time, a coefficient is used that indicates the importance of loading) — increase the values of
the overall score;

d) increase in APF-V overload (for each component of the APF-V vector and discrete
time, a coeflicient is used that indicates the inadmissibility of overloading) — they reduce the
values of the overall score.

The evaluation values of points a) and c) increase the overall evaluation, others decrease it
(taken into account with a negative sign). The variant of linking AG&S-V to VP with the highest
positive evaluation is accepted as the result of every step 3.

4. If in step 3 a variant of VP addition with a positive evaluation is found, then it is accept-
ed and step 3 is repeated with a new state of VP. Otherwise, the algorithm terminates and its
results (the resulting VP state) are available for user analysis.

End of A3.

The results of the algorithm A3 are drawn up in the form of the trajectory of
the enterprise in monetary terms and deviations of resource consumption from
those predicted or agreed with related enterprises. The imbalance can be eliminat-
ed by:

— changes in projected prices for AG&S-V due to improvements in their con-
sumer qualities;

— changes in consumed resources for the production of AG&S-V due to tech-
nological improvements;

— clarification of the forecasted and coordinated supplies of APF-V, ANR-V
resources.

If it is impossible to reconcile the imbalance, the A3 algorithm can be run
with other forecast values of the parameters, as well as the coefficients of penalties
for exceeding the need for APF-V or their underloading. An imbalance of resour-
ces is permissible in principle, but it will require compensation for the internal
costs of UE-Iv3. Penalties for imbalance are those additional internal costs for
which a compromise must be found with external profits associated with the pro-
duction of profitable AG&S-V and not the production of unprofitable ones that
could load unused resources.
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In parallel with the VP calculations for the main production, calculations are
carried out regarding the capacity of auxiliary units using the service standards,
established on the basis of the analysis of the operation of the enterprise.

3.5. Volume-calendar Planning (VCP). For UE-Iv3 as G&S will be ATO-V —
a set of ATO results, that are transmitted outside the UE; each of them has its own
ATP. Each such AG&S may be one of next:

— is transferred as processing items to another UE-Iv3 or;

— is transferred outside the enterprise) or;

— used as a subject of processing for ATO-V, which release date is outside
the planning period for UE-Iv3.

VCP is carried out for each UE-lv3 independently with the following ag-
reement: between UE-Iv3; with related enterprises (through sales and supply de-
partments); with a higher-level Dispatcher who is interested in following the hig-
her-level plan.

External constraints for UE-Iv3 are obtained as a result of decomposition of
the planned task from a higher level. When building the VCP, we refine the ob-
tained rough restrictions in such a way as to obtain the best conditions for our
unit, followed by their coordination as described in item 2.3:

— we allow inconsistencies with AG&S readiness plans established by VP —
with subsequent coordination with consumers;

— we allow inconsistencies with ANR supply plans established by VP — with
subsequent coordination with ANR suppliers;

— we allow inconsistencies with the plans for the supply and installation of
new equipment established by the VP — with subsequent coordination with
equipment suppliers;

— we allow inconsistencies with the recruitment and training plans of per-
sonnel established by the VP — with subsequent coordination with the personnel
management service.

Internal losses are those that lead to an increase in the tension of UE-Iv2 plans
and for which they will demand compensation at the stage of their acceptance of
planned tasks. When building the VCP, the planner estimates the amount of com-
pensation that will have to be paid to the executing units:

— we allow compatible (overlapping) execution of ATOs that are in the “pre-
vious-next” relationship — UEs will have fewer opportunities to choose the order
of launching PAs, in particular, combining them in a party;

— we overload/underload the use of APF — the intensity of planned tasks
increases not only in the executor’s unit, but also in the one that performs equip-
ment repair due to the increase in the intensity of its use.

In the same way as it was previously described regarding the CP (item 2.3.),
the VCP is restructured according to the results of agreements with the new coef-
ficients of penalty functions for violation of restrictions in order to achieve benefits
from the compromise of internal losses (compensations to its units) and mutual
fines with neighbors.

3.6. Prolongation of Plans of Different Levels of Aggregation. In Figure 6
time intervals are plotted along the time axis T (marked by rectangles; the
arrow on the time axis indicates the end of the interval; the scale is conditional),
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which represent the periods of existence of the plans: CP (t,+t_,, t,+ ¢, . ); VCP
(At,+ At ., Aty = At ); VP (Vt,+ Vit ., (Vt,+ Vt_ _— outside the picture)). For
each level, the moments of prolongation are at the beginning of the corresponding
interval; one of them is marked: ¢, — for CP; At, — for VCP; Vt, for VP.

The VP of the enterprise is built periodically so that the minimum interval

of its existence is not less than V¢__ ; in particular, at the moment V¢, the VP
is extended to Vt_, . The period between successive prolongations is V1T = Vt, -
- Vt_... V1 is also the interval for which the VP is extended.
Each UE-Iv3, which is a unit of the enterprise, builds an VCP periodically so
that the minimum interval of its existence is not less than At__ , in particular, at the
moment At,, each UE-Iv3 receives a scheduled task (its part of the VP) for the
period up to At , decomposes it and prolongs its VCP. The period between suc-
cessive prolongations is At = At - At_, . AT is also the interval for which the VCP
is prolonged.

Each UE-Iv2, which is a subdivision of one of the UE-Iv3, builds a CP pe-
riodically so that the minimum interval of its existence is not less than ¢_, , in
particular, at the moment ¢, each UE-Iv2 receives a scheduled task (its part of the
VCP) for the period up to ¢, decomposes it and prolongs its CP. The period
between successive prolongationsis T =t_ -~ t . . 7is also the interval for which
the CP is extended.

3.7. Interpreting a Lower-level Plan as Initial State of a Higher-level Plan.
The initial state for plan prolongation at each level is defined as the final state of
the existing plan of the corresponding level. In case of violation of the current
plan, it may be necessary to adjust it out of the ordinary, similarly to what was
indicated in relation to the CP (item 2.2). In the event that the planned task is-
sued to a lower level of management cannot be fulfilled — it is interpreted at a
higher level with significant deviations from the expected state, it is necessary to
rebuild the plan of the higher level. A lower-level plan is used as an initial state,
which is interpreted in the concepts of a higher-level model. This initial state
does not change until an extension (or rebuild) of the lower-level plan is re-
quired. That is, higher-level plan calculations can continue for the lifetime of an
unchanged detailed plan without the risk of becoming obsolete due to a change
in the initial state. This property of the higher level of control relying on the lower

level UEs planning their activities gives those advantages over technical auto-
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matic control systems — the planning receives a non-changing initial state for
calculation.

To explain the algorithm of interpretation of the lower-level plan in terms
of the higher-level model, we will take PPM-B as a lower-level model and PPM as
a higher-level model. The initial state creation algorithm for VCP construction
interprets the UE-Iv1 plan in the form of ATO completion times according to
the CP, as well as APFs occupied by them and ANRs used.

Algorithm A4 (interpretation of the initial state of the VCP)

1. We select AG&S, which are expected to be planned, the given release dates of which are
within At . We are starting to review AG&S with shorter terms of readiness. For each selected
AG&S, a DTS option must be defined, in advance agreed with the customer.

2. We choose the next AG&S. Similar to algorithm A2, we go through the DTS of the se-
lected AG&S from its final TO.

3. We form the initial TO “front” for the selected AG&S — the set F{TO} similar to step 2
of algorithm A2.

4. We choose the next TO from the “front” F{TO}.

We check the presence of the selected TO in the detailed CP of the corresponding unit:

a) if such a TO is present, then it and all previous ones are either present in a detailed
plan or completed:

— they do not need to be included in the ATO; it is enough for the ATO that contains
the selected TO to set/adjust the readiness period, which should be the maximum (according to
the detailed plan) among all TOs found for the given ATO;

— they are marked as having found their application in the detailed manufacturing plan
of the selected AG&S and are not checked in subsequent steps;

— the resources that are planned in the CP for this and previous planned (but not exe-
cuted) TOs are removed from those available for their use to build the VCP; PF and NR residues
will be represented as APF and ANR and used in VCP construction;

b) if there is no TO, it is included in the ATO along with all previous ones performed in the
same unit: the APF and ANR they need are added to the needs of the given ATO. Intermediate
TO:s for included ones performed in other units (as part of other ATOs) complement F{TO}.

5. We check the presence of TO in the “front” F{TO}:

— if present — proceed to the next step 4; — otherwise, the ATP of the next AG&S is
adjusted by those available in the detailed TO plan; proceed to step 6.

6. We check for TOs in the detailed plan, that were not used in the revised AG&S:

a) if present, the TO, checks for unrevised AG&S that are expected to be performed within
the limits At :

— if they are present, then proceed to step 2 (choose the next AG&S);

— otherwise, in the detailed plan there will be TOs that are not included in any ATO,
that belong to those, selected for the construction of VCP AG&S; such TOs are passed on to
the user for analysis;

b) if in the detailed plan all TOs have been used, then the algorithm is complete. VCP of all
AG&Ss earmarked for planning are adjusted by detailed plans. For some AG&Ss with set dates
within A¢__, VCP adjustments may not be necessary.

max’

End of A4

Partially planned ATOs for which readiness dates are determined based on the
detailed plans (step 4a) but remain unplanned by the detailed TO plan (step 4b)
require an adjustment of the duration of execution (for example, in proportion to
the volume of resource requirements).

A new initial state for the construction of the VCP may be needed both when
transitioning to the VCP planning, and in the event of the need to adjust the VCP
in connection with the violation of the planned tasks at the level of the CP, offered
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by the units. The level of violations that require the restructuring of the control
center is determined by the Dispatcher of the appropriate level, who evaluates
deviations from planned tasks.

3.8. Assignment to Units: Decomposition of Aggregated Plans. The process of
decomposition (detailing) is the reverse of aggregation and consists in determi-
ning the composition of already planned aggregated operations (ATO for VCP,
ATO-V for VP). It is carried out with the aim of issuing planned tasks to units —
executors of aggregated operations, when the time has come to extend their
plans. Consider the decomposition algorithm using the example of the decom-
position of ATO into TO for UE-Iv2.

Only those ATOs, whose terms are defined by the constructed VCP within
the period for which the detailed plan is expected to be extended (up to the mo-
ment t__, item 3.6), are detailed. We believe that the planned tasks have already
been issued to the units by the time ¢, . For each copy of AG&S, the ATO of
which is supposed to be detailed, the DTS variant, according to which it is pro-
duced, must be defined; prior to that, the AG&S manufacturing plan exists in a
form that allows for various specification. If the DTS option affects the consumer
properties of AG&S, the choice must be agreed with the consumer. If the DTS op-
tion affects specific NR and PF needs, the selection must be coordinated with the
executing unit’s capabilities and those units that affect those capabilities: the sup-
plier and the Store. To simplify such agreements, DTS options for one AG&S
should be selected that are close in terms of consumer properties and execution
technology.

Algorithm A5 (decomposition of VCP)

1. Determine the list of AG&S whose ATOs are scheduled within the period ¢, + ¢, . —
P{AG&S].

2. We choose the next AG&S from P{AG&S} and exclude it from P{AG&S}. Similar to
algorithm A2, we go through the DTS of the selected AG&S from its final TO.

3. We form the initial TO “front” (set F{TO}) for the selected AG&S, similar to step 2 of
algorithm A2.

4. We choose the next TO from the “front” F{TO}; we check certain conditions accor-
ding to which we perform actions:

a) If the TO is part of the ATO, which is scheduled beyond ¢, then it is skipped to-
gether with the previous ones that are performed in the same unit until the TO is found in
the previous ATOs and we fill F{TO} with them. We exclude the selected TO from F{TO} and
proceed to step 5;

b) If the TO is part of the ATO, which is planned within the period t_,_ + t__, the TO is
included in the planned task for the unit that performs the ATO; the result of the found TO is a
the item of unit task with a lead time equal to the ATO lead time. Prior to the found TO, which
are performed in the same unit, will be scheduled within their unit; previous ones performed in
another subdivision (included in another ATO) add F{TO}. We exclude the selected TO
from F{TO} and proceed to step 5;

c) If the TO is part of the ATO, which was previously detailed — its composition was already
brought to the unit as a planned task or the TO was included in the ATO composition at the stage
of determining the initial state by the A4 algorithm and is already present in the detailed plan —
such TO and all its predecessors are omitted. We exclude the selected TO from F{TO}.

5. We check the presence of TO in the “front” F{TO}:

— if present — proceed to the next step 4;

— otherwise, a planned task regarding the execution of the selected AG&S is issued for
units within the period ¢, + £,... We exclude the selected AG&S and proceed to the next step 6.
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6. We check the presence of AG&S in the selected list P{G&S}:

— if they are present, then we proceed to the next step 2;

— otherwise, the algorithm is completed. Planned tasks are issued to units in the form of
TO readiness terms, the results of which are transferred to other units.

End A5

Algorithm A5 can be slightly improved if, in step 4a, we remember the com-
position of ATOs whose manufacturing term is still outside ¢, and use it when
the term of this ATO falls within the required limits. The composition of such
ATOs cannot be changed — the version of the AG&S instance intended for the
decomposition algorithm remains unchanged because the changes in the DTS are
interconnected and are made in a complex manner.

The unit’s planned task is evaluated by its management, as described in item 2.3.
In detailed planning, it will be used as a norm, deviations from which are agreed
between units on the basis of mutual fines. Parties, interested in negotiations, will
also be:

— block “Sales & Supply”—regarding delivery of G&Ss from the enterprise
and NR to the enterprise;

— equipment repair unit — regarding schedules of planned equipment
repairs;

— technological department — regarding the equipping supply schedules,
agreed at the VCP;

— the Dispatcher who coordinates the product positions of units that are
planned to be used as NR in the ATO, for which a planned task has not yet been
issued.

Units also prepare data on the balances of APF, ANR within the limits of
t.., @S an initial state for adjusting the VCP. The Dispatcher can use the data
received from the units for comparison with the existing VCP and provide in-
formation for making a decision on its reconstruction.

4. Financial Accounts of Units

The basis for introducing a system of coordination between UEs of different levels
is their separate financial accounts. The receipt of funds to the UE’s account is
planned when a planned task is issued to it by a higher-level UE. These funds
should be enough to pay employees (both temporary workers and those on hourly
wages). Also, these funds should cover additional costs associated with the inten-
sity of the issued planned tasks (payment of overtime, small batch sizes, regulatory
shortages, etc.). The unit can reduce internal costs and receive additional funds
due to coordination of plans with adjacent units — units settle among themselves
from their own accounts, seeking to minimize internal costs (item 2.3).
Neighbors for UEs of any level can also be other enterprises with which interac-
tion takes place through the “Sales & Supply” block. Settlement for mutual servic-
es takes place through the enterprise level — the UE does not receive funds from
another enterprise directly to its account and is not settled from its own account.
The UE may pay a fine to the higher-level unit that issued the planned task to
it in the event that the state of the higher-level plan, when interpreted by the de-
tailed plan of the given level, has undergone significant deviations and needs to
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be rebuilt. Calculations should be made through the Dispatcher who interprets
the detailed plan. Changing the task of a unit after it is accepted is a rare case, since
in the considered algorithms, planning can start no earlier than from the existing
plan of units of a lower level. The reverse direction of process modeling has sig-
nificant disadvantages and was not considered by us.

Unit’s accounts can also be used to organize a system, that will interest
employees in the general financial results of the enterprise and the units of which
they are members. Consider the following scheme. The enterprise and each UE
will strive to obtain the maximum financial result, as it will affect the amount of
bonuses for each employee. Of course, after all mandatory payments, including
settlements with services and production units, the enterprise and its UE have
reserve funds, part of which can be used for incentives — the premium fund.
Decisions are made with the participation of representatives of all units of a given
level regarding the size of the premium fund and its distribution according to
formal indicators, agreed in advance, as well as a result of informal discussions.
Each participant in discussions strives to achieve better formal indicators and
also to receive a positive assessment from other participants. Similar decisions
regarding the distribution of the premium fund take place both at the level of the
enterprise, whose premium fund replenishes the premium funds of UEs of a lower
level, and at all other levels and units, which in turn replenish the premium funds
of units of lower levels.

Developers — designers, technologists and rationalizers from any depart-
ment — are evaluated by the effectiveness of the implemented improvements. The
team of developers must determine the degree of participation of each participant
and distribute the received premium funds accordingly. Developers should be
interested in spreading their inventions at least within the enterprise:

— any improvement should be taken into account when normalizing work
for the next planning;

— dissemination of inventions contributes to the overall efficiency of the
enterprise.

5. Design Models

The design of new G&S or the modification of the design of existing ones involves
the study of consumer processes, forecasts of future needs, as well as proposals
for the manufacturability of products. Design criteria are consumer value (utility
for the consumer) and cost price (manufacturing costs).

The design of the product is a set of components that are connected by inter-
action in such a way that certain relationships are maintained between the attrib-
utes of these components. Components for construction and possible methods of
their interaction are introduced in advance from construction experience. On the
set of such components and connections between them, relations are provided:
abstract — concrete, part — whole and similar with different degrees of similarity.

Design involves presenting the product as a collection of interconnected
aggregated/abstract components-converters (AAC) of incoming flows of materials,
energy, and signals. The highest level of abstraction is functional converters, which
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abstract from the material that undergoes changes [11]. The process of designing a
complex product consists in detailing the AAC and linking them together. Detai-
ling can take place in several stages, depending on the complexity of the product.

Algorithm A6 (design-construction)

1. We set the desired function for the G&S project, presented in an aggregated/abstract
form — its functioning and interface can be clarified in the process of detailing.

2. Among the implemented or described G&S, we select similar ones (with a degree of
similarity not less than the given one). We will use the AAC components and interfaces in the
selected G&S in the following steps.

3. G&S detailing: we select the necessary ones from the received AACs and link them
together in such a way as to implement the desired function. Connection involves choosing
the type of connection (interface) and setting its parameters. If it is not possible to achieve the
goal, we expand the set of AAC and interfaces for construction:

— step 2 is performed with reduced G&S similarity requirements;

— aggregate and abstract from the functioning and interfaces of the provided AACs;

— we use the components of the provided AAC and interfaces and specify them;

— we change the requirements for G&S and coordinate them with consumers and adja-
cent AACs of the project.

After expanding the set of components for the projected G&S, we continue the selection of
components and setting their parameters to implement the desired function.

4. If the required level of detail is reached, then the project is completed; otherwise, among
the AACs, detailing the project, we select the next one for further detailing, consider it a new
G&S for designing and proceed to step 1. After detailing the selected AAC, we connect it to
the project of the initial G&S. In the process of detailing the AAC, coordination is carried
out between the interacting AACs of the same project.

End of A6

The following are comments and additions to the A6 algorithm.

1. When detailing components, it may be necessary to coordinate their inte-
raction and redistribute functions. A change of the general G&S interface is not
excluded. When evaluating decisions regarding options for the redistribution of
functions between AACs and detailing their interaction, they strive to improve
the overall project criterion: alternatives are accepted in the case, that the “be-
nefits” in one of the components exceed the “losses” in the adjacent one.

2. For complex projects, it is assumed to highlight several of their interde-
pendent aspects, which are detailed in parallel and in agreement. In particular,
UML [11] provides several types of diagrams (classes, states, activities, etc.), that
describe the project in different sections. UML can be used at higher levels of de-
sign for various subject areas. There are specific methods and software tools for
specific subject areas.

3. The design experience is generalized: new AACs are created both by aggre-
gation and abstraction, and by regrouping the structure of existing ones; the si-
milarity ratio is also refined based on which third-party components have proven
useful for detailing the G&S or AAC we need.

4. For the proper functioning of the main G&S component, auxiliary ones
may be needed, the requirements for the functioning of which are determined
by the main one; algoritm of their construction is similar to A6. A control system
may be required to ensure the interaction of the design components. Its design is
carried out in a similar way, based on the function it must perform: to measure the
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parameters of the main component and its environment and influence the func-
tioning of the main component.

5. After creating a new G&S project and launching it into production, the
process of its improvement takes place. The organization of such a process re-
quires documentation for the G&S project with different degrees of aggregation
and justifications for the decisions made to quickly inform the developer: how it
is possible to change the functioning and which subsystems are affected by the
new option.

6. Since the design processes take place in stages — first the aggregated struc-
ture of the project is determined, then the detailing of each of the AACs takes
place, then a plan is required for the execution of detailing work, which will iden-
tify the executors involved in the detailing of certain AACs of the project and
the deadlines for obtaining agreed decisions. To draw up such a plan, it is possible
to apply calendar planning models, but with the particularity that: standards of
performance of works for them are poorly predictable; the work schedule itself
has alternative paths due to the fact that the result of the previous work affects
the necessity and performance parameters of the following ones. Design models
often include not only mathematical calculations and modeling, but also the crea-
tion of prototypes and their testing, the results of which affect the options for sub-
sequent works. Examples of project planning are given in [7].

7. The G&S design is used to design the TP. The principle of TP design is si-
milar to structural design, but instead of PA components, process components
are used that transform materials into parts and combine them into assemblies.
The TP system of various degrees of aggregation and abstraction is prepared and
organized in advance. The TP design algorithm is similar to A6: for the manufac-
ture of AAC (its part or several parts of different AAC), AAC-processes that were
used for processing similar AAC are selected and the required AAC-process is con-
structed from them. The system of AAC-processes does not correspond to the
AAC system used for construction and does not fit into the ATO system used
for planning — it is convenient for each of the developers to think in their own
system of structural elements.

8. The design of TP can take place in parallel with the design of the structu-
re — technological solutions are somewhat behind the development of the struc-
ture because they must implement the designer’s ideas. The technologist assesses
the possibilities of manufacturing AAC: available equipment; the need to purchase
a new one; production of equipping; personnel training, and also agrees with
the designer on the options of AAC that simplify production. At the same time, it
uses changes in the design at different levels of aggregation, and adjusts its deci-
sions regarding AAC-processes at the corresponding levels of aggregation. On
the other hand, the technologist adjusts the ATO standards, related to changes in
AAC-processes, and from production plans receives information about its scope
for making decisions regarding the purchase of equipment, allowable costs for the
production of equipping and the organization of FPL (backward arrow in Fig. 7).

To accelerate the implementation of design and technological improvements,
as well as to ensure their interaction, the stages of construction, TP design and
planning can be partially combined in time (Fig. 7).
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Designing G&S

N

Designing TP

N

Planning G&S

Fig. 7. Combining the designing, planning and production stages of G&S in time

In the design process (until its completion), decisions are made that, on the
one hand, can be used in the design of the TP, and on the other hand, to evaluate
the possibility and effectiveness of the implementation of constructive solutions
(back arrow from the “Designing TP” block to “Designing G&S”).

It is possible to start planning the production of G&S at higher levels of
management before the design is completed — it is not necessary to know the
detailed TP, it is enough to assess the impact of the already adopted design deci-
sions on the parameters of the relevant ATO.

In addition to the planned task (CP), for the production of the G&S, a DTS
is required, the preparation of which is completed when the TP design is comp-
leted (arrow from the “]%Ening TP” block to “Production G&S”).

When creating an , it is possible to adjust plans (back arrow from the
“Production G&S” block to the “Planning G&S” block)

Conclusions

The result of the research is a set of algorithms for planning and design, aggre-
gation and decomposition, which can be applied to build a multi-level (integrated)
automated management system of a production enterprise. Algorithm for volu-
metric planning differs from traditional ones and can be adapted for planning
goods with a long manufacturing cycle. Dynamic prolongation of plans of difte-
rent levels and their interconnection is supported by the considered algorithms.
The considered algorithms need additions and specification. Some of them have
analogues that are used in existing production management systems. Our goal
was to show their interrelationships in a multi-level management system.

Models of calendar planning with alternative variants of the technological
processes of their production remained beyond our consideration. These include
models of processes: equipment repair, design, testing of product prototypes, etc.

Approaches to determining some parameters of the described algorithms and
management system (planning periods, number of management levels, degree of
aggregation, etc.), as well as means of supporting forecasting and expert assess-
ments, remained beyond our consideration. To solve these problems, the tools of
artificial intelligence are promising — evolutionary algorithms, neural networks,
machine learning, etc. An overview of publications in the specified direction is
given in [12].
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CUCTEMA MOJEJIEN JIJISI ABTOMATM30OBAHOTIO ITJTAHYBAHHS,
[MPOEKTYBAHH I KEPYBAHHSA JMICKPETHVMM BMPOBHUIITBOM

Beryn. KpiM mporjecis BUpOOHUIITBA, ITAHYBAaHHA AKUX BiIOYBa€ThCS 3 BUKOPUCTAHHAM MO-
Jienieli Teopii PO3K/IafiB Ta YIPABJIiHHA 3allacaMy, B CUCTEMi KepyBaHHA MiIIPUEMCTBOM Bifi-
6yBaroThCsA IpOLIeCH MPOEKTYBAHHS, A TAKOX aHAJIi3 | KOPUTYBaHHA MOJIeTIelt, AKi BUKOPUCTO-
BYIOTbCA i U1 IJIAHYBAHHS, 1 /I IPOEKTYBAHHA.

ArperosaHi Mope/ni BMPOOHNITBA IPEACTAB/IAITD IIPOLIECH Y CHPOIEHOMY BUITLALI, 110
Ja€ 3MOTy IUIaHyBaTy Ha BifjajeHi Iepiofy Jacy, BPaXOBYIOYM JIMIIE CYTTEBI ob6cTaBuHN,
AKI MOXYTb BIUIMBATH Ha IOTOYHI pilleHHA. Pe3ynbTaTn 004YNMC/IeHb arperoBaHnX MOJeelt
JAI0Th 3MOTY PO3[UINTH CK/IA[HI leTa/IbHI MOJIe/Ii Ha IeKi/IbKa c/1ab03a/IeXHIX MOfe/Iell MeH-
moi posmipHOCTi. JleTanbHi MOfie/li BUTOTOB/IEHHA TOBAapiB Ta HaJaHHA MOCTYT BUKOPUCTO-
BYIOTbCA JI/IA IVIAHYBAHH:A Ha O/VDKYY IEPCIeKTVBY i MOXKYTb MaTy CrienudiuHy CTPYKTYpY.
ITobynoBaHi AeTa/npHi IIaHU TOTPEOYIOTh Y3TOPKEHb MK 00010 i MOXXYTb Oy TH BUKOPUCTa-
Hi AK IT0YaTKOBMUII CTaH /I IPOJIOHTAIii arperoBaHuX MIaHiB. ArperoBaHi Moy KOHCTPYK-
L[iJl Ta TEXHOIOTiYHMX IPOLECiB BUKOPUCTOBYIOTCA B 3afla4axX IPOEKTYBaHHA 3 aHA/IOTiYHOI0
METOI0 — MEeKOMIIO3MIIii CKIaJHOrO IIPOEKTY Ha mificucremu. Kpim Toro, njaaHyBaHHA BU-
POOHMIITBA B arperoBaHOMY BUIVIA/ MOYKe IIOYMHATICD 1€ JI0 3aBepLIeHH IeTa/IbHOTO IIPO-
€KTY — JIOCTaTHbO MaT! IPOEKT BUTOTOBJIEHHS TOBaPiB y arperopanoMy Buryspi. le mae smo-
Ty CKOPOTUTH Yac Bifi MOYaTKy pO3pOOKIU IIPOEKTY 1O BUTOTOBJIEHHA TOBAPY.

MeTox0 CTaTTi € pO3I/AL CUCTEMU MOJENEN, AKI MOXXYTb 6yTM BMKOPVCTAHi J/Ifl aBTO-
Marn3allii IporeciB ITaHyBaHHsA, IPOEKTYBAHH i KepyBaHHs BUpoOHKITBOM. KiHIleBOIO Me-
TOI0 € CTBOPEHHsI IHTEIrPOBAHOI KOMIT IOTE€PHOI CHCTeMM KePyBaHHS, [0 MOXKe PYHKIIOHYBaTH
6e3 BUKOPMCTAHH: IIANlepOBMX HOCIIB iHpopMalii i 3 MaKCMMaTbHUM MOX/IVBUM 3BiTbHEH-
HAM YIIPaB/liHIsA, KOHCTPYKTOPA, TEXHOJIOTa i onepaTopa 06/1aiHAHHA Bifj Yy TMHHMX QYHKIIIL.

Metopu. Pobora 6asyerbcst Ha y3araqbHeHHI IPOLeCiB BUPOOHMUIITBA i IPOEKTYBAHHS,
iX IIOfjaHHi B arperoBaHOMY Ta a6CTPAKTHOMY BUIVIANL. MoJie/IIOBaHHA BUKOPYICTOBYETCS /I
Heper/IAny i OLiHKM BapiaHTiB IUIaHIB. ATOPUTMI ITAHYBaHHA BUPOOHMIITBA | IPOEKTYBaH-
HI IIOB AI3YIOTbCA B OaraTopiBHeBilt cucTeMi KepyBaHHA CK/IAJHUM BUPOOHMYUM IIPOLIECOM.

Pesynbratu. Po3po0iieHi airopuTmy IIaHyBaHH:A Ta NPOEKTYBAaHHsA, arperanii ta fe-
KOMIIO3U11ii, IKi MOXKYTb 6yTHU 3aCTOCOBaHI /1 M0OyHoBK baraTopiBHeBOI (iHTerpoBaHoi) aB-
TOMATH30BaHOI CHICTeMY KePYBaHH:A BUPOOHNYMM HiNPUEMCTBOM. AJITOPUTM /11 06’ €MHOTO
IUTAHYBAHHsI BifIpiSHAETbCA Bifj TpafuLiiiHUX i MOXKe Oy TV NPUCTOCOBAHUIL ISl ITAHYBAHHS
TOBapiB 3 TPUBAIUM IJMK/IOM BUTOTOBJIEHHA. [[MHaMi4He IPO/IOHTYBAHHA IUIaHIB Pi3HUX PiB-
HiB Ta IX yB's3yBaHHA MDK COOO0IO MiATPUMYETHCS CUCTEMOIO PO3POOIEHUX aTOPUTMIB.

BucHoBku. 3a MeXaMu CTATTi 3a/IMIIM/IICh MOJEi KaJIEeHaPHOIO IIAHYBAHHSA 3 a/lb-
TepHAaTUBHMMM BapiaHTaMM TEXHOJIOTiYHMX IPOLECIB IX BUTOTOBIEHHA. [0 HUX HajeXxaTb
MOJIeTi IIPOLeCiB: PEMOHTY 00/IaIHAHHA, NMPOEKTYBaHH:A, BUNPOOYBAHHSA HOCTIIHMX 3Pa3KiB
IPOAYKIii TOLO.

PosrystHyTi anroputmy noTpeOyIOTh JOIOBHEHb i KOHKpern3anii. [leski 3 HUX MaioTh
aHAJIOTH, SIKi BUKOPMCTOBYIOTbCS Y HasBHUX CHUCTeMax KepyBaHHS BupoOHuursoM. Harmoro
MeTo10 6yI10 II0Ka3aTy iX B3a€EMO3B A3KN Y OaraTopiBHeBill cucTeMi KepyBaHHA.

ITigxony Ko BU3HAYEHH IMapaMeTpiB ONMUCAHNX A/ITOPUTMIB i CCTeMM KepyBaHHsA (Iepi-
OflY IJIAHYBAHHS, KiIbKiCTh PiBHIB KepyBaHH:A, CTYIIiHb arperyBaHHs TOILO), a TAKOX 3aco0M
HiITPUMKM IIPOTHO3YBaHHA Ta €KCIIEPTHUX OLiHOK 3a/IMUINM/IMCh 32 MEXKaMU HAIIOTO PO3I/Is-
my. [list BUpillleHHs LIUX 3a/ja4d HePCIeKTUBHUMIU € 3aCO0U IITYYHOTO iHTe/NeKTy — €BOJIIOLII-
Hi aJITOPUTMM, HEIPOMEPEXKi, MalIMHHE HABYaHHS TOLIO.

Karouo8i caoba: modesv Bupobruuux npoyecif, azpeeayis, 0ekomMno3uis, kaieHOApHUT NAGH,
KepyBanHA 3anacamu, NPOEKMYBanHa, NPUHYUN CUCTIEMHOT ONIUMI3ayii.
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TELEMETRY AS THE FOUNDATION

OF PREDICTABLE QOS
IN HYBRID CAMPUS NETWORKS

This paper addresses the problem of ensuring predictable Quality of Service (QoS) in hyb-
rid campus networks that integrate wired Ethernet segments and wireless Wi-Fi segments
into a unified infrastructure. It is shown that the fundamentally different nature of constrai-
ned resources — bandwidth and queueing in the wired environment versus airtime in the wire-
less medium — precludes the direct application of classical QoS mechanisms without adap-
tation. The necessity of a systematic end-to-end QoS approach is substantiated, based on
policy alignment across heterogeneous segments and the use of telemetry as a means of veri-
fiability and controlled adaptation. Classes of telemetry metrics are proposed that enable the
assessment of resource state, access quality, and integral end-to-end quality indicators in
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hybrid campus networks. The role of telemetry as a foundation for building stable QoS po-
licies and for the subsequent application of automation and machine learning methods is
demonstrated.

Keywords: hybrid campus network; Quality of Service; QoS; network telemetry; Wi-Fi; Eth-
ernet; airtime; end-to-end QoS.

Introduction

Modern campus networks integrate multiple networking technologies —
such as the IEEE 802.3 family of standards—into a unified hybrid infra-
structure in which the interaction between different transmission media is
critically important. The defining characteristics of such networks include
user mobility and traffic heterogeneity, which make Quality of Service
(QoS) management an inherently end-to-end challenge. In Wi-Fi networks,
the primary constrained resource is airtime, which is strongly influenced
by radio environment conditions, whereas in wired and optical Ethernet
networks the limiting factors are bandwidth and queueing resources.

Consequently, achieving predictable and stable QoS requires coor-
dinated policies, systematic telemetry, and adaptive control mechanisms
that enable effective coordination of resources across both segments and
ensure service reliability for all traffic classes.

Problem Statement

The objective of the paper is to develop a systematic approach to en-
suring predictable Quality of Service in hybrid campus networks that
combine wired and wireless segments within a unified infrastructure. The
study focuses on analyzing the fundamental differences in the nature of
constrained resources in Ethernet and Wi-Fi networks and on identifying the
implications of these differences for the organization of end-to-end QoS.

The primary task is to substantiate the role of telemetry as a key
instrument for verifiable QoS, enabling a transition from declarative and
static policies to controlled adaptation, based on the actual state of the
network. Within this scope, the paper also addresses the task of classifying
and systematizing telemetry metrics that are informative for assessing
Quality of Service in both segments and that can be coherently aligned
across the hybrid network.

Hybrid Campus Network: Definition
and Key Characteristics

A hybrid campus network is a network of a single institution or a group
of enterprises, geographically confined, that belongs to a specific branch
of the regional provider Internet topology. Such a network integrates
wired optical and copper Ethernet segments with wireless Wi-Fi segments
into a single service domain with coordinated access, security, and Quality
of Service policies. Unlike the traditional model, in which wireless access
was treated as an auxiliary component, in a hybrid campus network both
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transmission media are considered equal and integral parts of a unified
infrastructure.

A key characteristic of a hybrid campus network is user mobility
combined with traffic heterogeneity. Users and devices can dynamically
change their points of attachment and access types while simultaneously
consuming services with diverse requirements in terms of latency, band-
width, and reliability. This transforms Quality of Service provisioning
from a set of local configuration tasks into a comprehensive end-to-end
system-level challenge.

Hybrid campus networks are typical for modern universities, health-
care institutions, corporate and industrial facilities, where stationary
systems, staff mobile devices and numerous Internet of Things devices
coexist. In such environments Wi-Fi is used not only for user access but
also to support mission-critical services, which significantly increases
the requirements for QoS predictability and stability.

A fundamental distinction between hybrid campus networks and
traditional architectures lies in the different nature of their constituent
resources. In wired Ethernet segments, the primary resources are link
bandwidth and service queues, whereas in Wi-Fi the limiting resource
is airtime, which is allocated among stations in a competitive
manner and is highly dependent on radio-environment conditions. This
precludes the direct application of classical QoS mechanisms without
appropriate adaptation.

An additional challenge arises from the nondeterministic nature of
wireless access and the need to align priorities across heterogeneous
traffic classification and scheduling mechanisms in Wi-Fi and Ethernet.
A priority assigned in the wired portion of the network does not guaran-
tee equivalent service quality in the wireless segment without proper
mapping and control.

Therefore, a hybrid campus network must be treated as a single
managed system in which QoS is shaped along the entire transmission
path. This necessitates a systematic QoS approach based on coordinated
policies, the use of telemetry and careful consideration of the physical
and protocol-level characteristics of different access media.

Primary Approaches to QoS Organization
in Wired and Wireless Campus Network Segments

Quality of Service in campus networks is defined as a set of mechanisms
for managing constrained resources in order to provide specified per-
formance characteristics for different traffic classes. In hybrid campus
networks these mechanisms are implemented simultaneously in wired
Ethernet environments and wireless Wi-Fi environments, which differ
fundamentally in their physical and protocol-level characteristics.

QoS in the Wired Ethernet Segment. In the wired segment QoS is
based on a relatively deterministic channel model in which the primary
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constrained resources are link bandwidth and device buffer memory.
Classical approaches include traffic classification and marking (IEEE 802.1p,
DSCP), the use of queues and schedulers, as well as traffic policing and
shaping mechanisms. When properly configured, these mechanisms ma-
ke it possible to achieve reproducible and predictable behavior for cri-
tical traffic classes, particularly real-time services.

QoS in the Wireless Wi-Fi Segment. In the wireless Wi-Fi segment,
QoS is implemented under conditions of shared use of the radio me-
dium, where the primary scarce resource is airtime and medium access is
inherently competitive. The IEEE 802.11e standard defines MAC-layer en-
hancements, in particular the Enhanced Distributed Channel Access
(EDCA) mechanism, which is implemented in practice through Wi-Fi
Multimedia (WMM) [1]. These mechanisms allow different contention
parameters to be assigned to traffic classes but do not provide strict re-
source guarantees.

The effectiveness of QoS in Wi-Fi is highly dependent on physical-
layer factors, including radio environment conditions, modulation rates,
the number of retransmissions and client density. Under such condi-
tions, the traditional interpretation of QoS as a bandwidth guarantee is of
limited applicability; a more appropriate metric becomes fairness in air-
time allocation.

Comparison of QoS Approaches in Ethernet and Wi-Fi. The key dif-
ferences between QoS approaches in wired and wireless segments are
summarized in Table 1.

Implications for Hybrid Campus Networks. The comparison de-
monstrates that QoS in Ethernet and Wi-Fi relies on fundamentally dif-
ferent resource and contention models. In a hybrid campus network,
this implies that identical traffic marking (e.g., DSCP — Differentiated Ser-
vices Code Point) does not guarantee equivalent service quality across
wired and wireless segments without additional policy alignment. Ac-
cordingly, QoS organization must be treated as an end-to-end sys-
tem-level task that requires consideration of Wi-Fi physical constraints,
the use of telemetry and controlled policy adaptation.

Table 1. Differences between QoS approaches
in wired and wireless segments

Characteristic Ethernet Wi-Fi
Primary constrained Bandwidth, queues Airtime
resource
Medium access type Deterministic Competitive
Main QoS mechanisms | Queues, schedulers, shaping | EDCA / WMM (IEEE 802.11e)
Impact of physical layer | Minimal Critical
Base fairness metric Bytes / throughput Airtime
Predictability High Limited
Congestion response | Queuing, packet loss Collisions, increased latency
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At the same time, there is a need for rapid and flexible modification
of policies. Software-defined networking (SDN) is well suited to this
task [2]. In addition to improved flexibility, software-defined networks
may also demonstrate superior latency characteristics [3].

Telemetry as the Foundation
of Verifiable QoS in Hybrid Campus Networks

The Role of Telemetry in QoS. In hybrid campus networks, Quality of
Service cannot be treated as a set of declarative policies or static configu-
rations. Due to the differing physical nature of wired and wireless seg-
ments, as well as the dynamic behavior of Wi-Fi, actual service quality is
formed over time and depends on the current state of the network. In this
context, telemetry becomes a necessary prerequisite for verifiable and
controllable QoS.

Telemetry enables the network operator to:

e observe actual resource consumption;

e detect discrepancies between configured policies and real network
behavior;

e evaluate the impact of changes to QoS parameters;

e provide a foundation for adaptive control without sacrificing stability.

Without telemetry, QoS remains a local configuration artifact rather
than a systemic property of the network.

Principles of Telemetry System Design. When applying telemetry to
QoS tasks, not only the metrics themselves are important, but also the
principles governing their selection and processing [4]:

¢ End-to-end consistency — metrics must be aligned across Wi-Fi and
Ethernet segments.

e Measurability — each metric must have a well-defined method of
collection and interpretation.

e Sensitivity to degradation — metrics should react to quality de-
gradation before it becomes critical.

e Compatibility with automation — metrics must be suitable for
aggregation and analysis in cloud-based systems.

This approach enables the application of machine learning (ML)
techniques for monitoring hybrid campus networks [5].

Classes of QoS Telemetry Metrics. For a systematic analysis of QoS
in a hybrid campus network, it is advisable to distinguish several com-
plementary classes of metrics, as summarized in Table 2.

Telemetry Aggregation and Alignment. Individual metrics have limi-
ted value without alignment across segments. This is achieved through:

e normalization of indicators;

e aggregation by traffic classes and locations;

e correlation between Wi-Fi and Ethernet metrics.

Of particular importance is the transformation of Wi-Fi metrics (e.g., airti-
me, retries) into a form suitable for comparison with wired-network indicators.
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Table 2. Complementary classes
of metrics for systematic QoS analysis

Metric Key metrics Interpretation Collection
category methods

Traffic Average/peak per-class | Reflect congestion and | Switch/ AP coun-

and queues throughput, queue occu- | scheduler efficiency; | ters, SNMP, strea-

(Ethernet pancy, packet drops,|in Wi-Fi, reveal sys-|ming telemetry, har-

& Wi-Fi) queueing delay and vari- | tematic degradation |dware queue coun-
ation ters

Airtime Airtime share per class/ | Assess fairness of re-| AP counters, Wi-Fi

and access client, access attempts |source allocation; iden- | controller telemet-

(Wi-Fi) and retries, average wait | tify cases where high |ry, vendor-specific
time, collisions/backoff |priority ~does not|streaming APIs

yield expected QoS

Physical layer | RSSI, SNR, MCS in use, | Separate physical is- | AP telemetry, radio

(Wi-Fi) retransmissions, channel | sues from QoS poli- | monitoring sensors,
width, noise level cies; critical for cor-|client driver data

rect control

End-to-end  |End-to-end latency, jit-|Reflect user-perceived | Active probing, pas-

delay ter, packet loss, service|quality; verify achie-|sive flow analysis,

and quality  |reachability vement of target QoS |application-layer te-

lemetry

Stability Rate of metric change, | Distinguish ~ short- | Time-series aggre-

and dynamics | oscillation amplitude, du- | term bursts from per- | gation, sliding win-
ration of degraded sta-|sistent problems; pre- | dows, cloud analyt-
tes, hysteresis vent unstable control |ics

Limitations of Telemetry. Telemetry has inherent limitations:
e delays in data collection and aggregation;
e incompleteness and vendor-specific implementations;
e limited accuracy of client-side data.

Therefore, telemetry cannot be used for instantaneous control; instead,
it should serve as the foundation for controlled adaptation and for
verifying the effectiveness of QoS policies.

Conclusions

Hybrid campus networks integrate Ethernet and Wi-Fi into a unified
system in which user mobility and traffic heterogeneity transform QoS
into an inherently end-to-end challenge. The principal difficulties arise
from the different nature of constrained resources: Ethernet is limited by
bandwidth and queueing resources, whereas Wi-Fi is constrained by air-
time and radio-environment conditions. Directly transferring QoS poli-
cies between these segments without adaptation does not guarantee
equivalent service quality.

Effective QoS provisioning requires coordinated policies, the use of
telemetry and adaptive priority control. Telemetry makes it possible to
monitor actual resource consumption, identify discrepancies between
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configured policies and the real network state, establish a foundation for
controlled adaptation. Only a comprehensive system-level approach—
based on end-to-end metrics, data aggregation, and alignment between
Wi-Fi and Ethernet—can ensure predictable and stable Quality of Service.

The proposed telemetry-based approach enables not only the ob-
servation of the current network state but also the verification of target
QoS attainment, the detection of latent degradation, and the evaluation of
policy effectiveness. The systematization of metric classes provides a
practical basis for their implementation in monitoring systems and for
subsequent use in automated or intelligent control algorithms.

The results of this study can be applied to the design of hybrid cam-
pus networks, the optimization of their operation, the development of
solutions based on Software-Defined Networking and cloud-based or on-
premises analytics. From a practical perspective, the work lays the groun-
dwork for improving the stability of mission-critical services, reducing the
risk of quality degradation, and transitioning toward predictable QoS as a
managed property of modern campus networks.
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TEJIEMETPIA SIK OCHOBA TTEPEIBAYYBAHOI'O QOS
Y SMIIITAHWX KAMITYCHVX MEPEXKAX

Beryn. CyuacHi KamIrycHI Mepexi iHTerpyroTh YMCIIEHHI MepeXkeBi TexXHOJIOTIl B
enuHy TiOpUaHYy iHMPacTPyKTypy, B [KiVl B3aeMOZIis MiX Pi3HMMM cepeToBUITIaMM
repefiayi € KpUTUYHO BaXKIIMBO0. BrsHauabHMMI XapaKTepuCTUKaMy TaKX Mepex
€ MOOUIBHICTE KOPMUCTYBaUiB Ta HEOTHOPIOHICTh TpadiKy, 10 poOUTE yIIpaBIiHHA
gKicTio oOciryroByBaHHs: QoS HeBin'eMHOIO yacTyHOIO Ipobiiemn. Y mepexax Wi-Fi
OCHOBHMM 0OMeXeHVM pecypcoM € edpipHMIT yac, Ha SIKMII CVJIbHO BIUIMBAIOTh YMOBU
paniocepeniosuIa, TOfi SIK y IPOTOBMX Ta ONTUYHMX Mepexxax Ethernet oomexyBasin-
HUMM paKTOpaMM € Pecypcu POy CKHOT 37aTHOCTI Ta yeprit. OTxe, JOCATHeHHSI I1e-
penbadysaHoi Ta cTabinmbHOT QOS BriMarae CKOOP/IMHOBAHWX TOJTITHK, CUCTEMaTUIHOT
TeJleMeTpil Ta alalTUBHMX MeXaHi3MiB yITpaB/IiHHSL.

Mertoro 11i€i cTaTTi € po3pobKa CHCTeMHOTrO IIiIXoy 10 3abesnedyeHHs nependa-
4yBaHOI SIKOCTi 0OCIIyTOBYBaHHS B TiOPUMIHMX KaMITyCHUX Mepeykax, Ki IOeTHYIOTh
JpOTOBi Ta Oe3pOTOBi cerMeHTN B paMKax €IMHOI indpacTpykTypn. [JocimimpkeHHs
30cepe/KeHO Ha aHasli3i pyHIaMeHTaTbHIIX BIIMIHHOCTE ¥ XapaKTepi oOMeXkeH X
pecypciB y mepexax Ethernet Ta Wi-Fi Ta Ha BrsHaueHHi Hac/TiKiB VX BigMiHHOCTET!I
I OpraHisariii HackpisHoi QoS.

MeToan. 3amrporioHOBaHO KJlacy MeTPVK TeJleMeTpil, 110 JJO3BOJISAIOTh OlliHIOBa-
TM CTaH pecypciB, SKicTb JOCTYIy Ta iHTerpaibHi okasHMKM end-to-end sxocTi B 3Mi-
IIAHVIX KaMITyCHUX MepeXKax.

Pesynpramn. ITokasaHo, 1o pisHa mpmposa oOMeXeHMX pecypciB — ITPOITyCKHOL
3[ATHOCTi Ta Yepr y ApOTOBOMY CepefIoBWIIi 11 edpipHOro dacy B OesmpoToBoMy —
YHEMOJIVBIIIOE IIpsiMe IIepeHeceHHs KlacmaHmx QoS-mexaHi3MiB 0e3 amamTarrii.
OOGrpyHTOBaHO HEOOXITHICTH CCTEMHOTO HAaCKPi3HOro Iifxomy A0 QoS, 3acHOBaHOTO
Ha y3rojKeHHi ITOJIITVK MK cerMeHTaMM Ta BUKOPMCTaHHi TeJleMeTpii K iHCTpyMeH-
Ta IepeBipIOBaHOCTI 1 KOHTPOJIboBaHOI afanTailii. ITokasaHo posb TeemeTpii K
OCHOBU T TOOyIoBM CTaOimbHMX QOS-TIONMITHK i TTOMIAIBIIIOro0 3aCTOCYBaHHS Me-
TOJIiB aBTOMATM3Allil Ta MallIMTHHOTO HaBYaHHSI.

BucuOoBKM. Pe3ysibTaTni 1IbOTr0 JOCIIIKEeHHS MOXKYTh Oy TH 3aCTOCOBaHI [I IIPO-
eKTyBaHHsI FOpMIHMX KaMITyCHIX MepeX, ONTMMIi3allii IXHbOI poOOTI Ta po3poOKM
pillleHp Ha OCHOBI ITPOTpaMHO-BM3HAUYEHMX MEPeX Ta XMapHOI abo JIOKaIbHOI aHa-
THTVKY. 3 TpaKTUYIHOI TOYKM 30y, poboTa 3aKilajiae OCHOBY TS TIIBUITIEHHS CTa-
OUTPHOCTI KPUTIMYHO BaXKIMBUX IIOCIIYT, 3HVDKEHHS PW3VKY IIOTipIIeHHS SKOCTi Ta
riepexofty 70 rependadysaHoi QoS sK KepoBaHOI BJIaCTMBOCTI CyJacHMX KaMITyCHVIX
Mepex.

Karouo8i croba: TibpunHa KamIycHa Mepexa; sKicTb oOciyrosysaHHs; QoS; mepe-
xeBa TesteMerpis; Wi-Fi; Ethernet; edipruit gac; HackpizHa QOS.
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SYSTEM FOR MEDICAL DOCUMENTATION

FILLING BASED ON AUTOMATIC
RECOGNITION OF AUDIO RECORDINGS

The investigation aims to address the pressing issue of excessive administrative burden on
medical personnel in Ukraine, which leads to significant time expenditures and the risk of
errors in manual documentation. As a result, an intelligent software system was created
that can automatically convert audio recordings of medical consultations into structured re-
porting adapted to national standards. The developed system is adapted to the linguistic and
regulatory environment of Ukraine, ensures an unprecedented level of data confidentiality
by localizing the transcription process, and directly generates reports in accordance with
national standards.

Keywords: intelligent software system, automatic recognition of audio recordings, medical
records administration, automatic speech recognition, generative language models, structured
reporting.

Introduction

Medical record management is one of the most pressing and time-con-
suming challenges in physician practice. Numerous studies point to a
disturbing trend: medical professionals are forced to devote a significant
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portion of their time to completing electronic records and generating
reports, rather than to patient care. This imbalance, where administrative
tasks begin to take precedence over clinical interactions, is extremely det-
rimental. The situation is further complicated by the ever-increasing ove-
rall burden on the medical system and the simultaneous tightening of
regulatory requirements for the quality, completeness and detail of me-
dical records [1—3].

The solution to this problem is the implementation of intelligent sys-
tems capable of automating the conversion of physician and patient
speech into structured medical records. The combination of automatic
speech recognition (ASR) and generative language models (LLM) techno-
logies enables the creation of a tool that enables transcription, extraction of
key clinical entities and the completion of standardized forms in real time.
This system is a necessary step in the digital transformation of the medi-
cal industry.

The purpose of the paper is to improve the efficiency of document
flow in medical institutions by developing and implementing an infor-
mation system for automated processing of audio data from consultations
and intelligent completion of medical reports.

Survey of Modern Technologies
for Solving the Problem

Automatic Speech Recognition Technologies. Automatic Speech Recog-
nition is a key technology for medical record automation systems. Sig-
nificant progress has been made in this field in recent years thanks to the
development of deep learning and transformative neural network archi-
tectures [4]. Several technologies, including OpenAl Whisper [5, 6], Goog-
le Cloud Speech-to-Text [7], Vosk [8], and Microsoft Azure Speech Ser-
vices [9], were reviewed and their advantages and disadvantages were
analyzed in detail. Whisper Large v3 Turbo was selected for the system
because it provides high accuracy for both Ukrainian and English, operates
offline (critical for medical data privacy), and offers an optimal balance
between speed and accuracy. Furthermore, the model is open-source, requi-
res no additional training, and is actively supported by the community.

Analysis of Natural Language Processing Methods. After receiving a
text transcript from an automatic speech recognition system, the task of
structuring the information and identifying key medical entities arises.
This task is critical for automatically filling medical forms, as the unstruc-
tured text of the doctor-patient dialogue must be converted into specific
document fields (patient name, age, diagnosis, complaints, medical histo-
ry, prescription, etc.) [10].

Various approaches are used to solve this problem, which can be
roughly divided into three categories: traditional NER models [11], gener-
ative LLM models [12], and rule-based methods [13]. Our system for iden-
tifying medical entities and structuring transcript information uses the
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Google Gemini API (Gemini 2.0 Flash model). The choice of this model
was based on several factors: Gemini demonstrates excellent support for
the Ukrainian language and the ability to understand medical context
even in colloquial speech. Gemini supports the generation of structured
JSON output, which simplifies integration with medical forms. In addi-
tion, the model is capable of few-shot learning, meaning it can learn to
extract the required fields based on a few examples in the prompt, without
the need for large annotated datasets.

Existing Medical Record Automation Systems. The current market
offers a significant number of medical record automation solutions, vary-
ing in functionality, technology stack, pricing and geographic coverage.
The most significant systems, representing different approaches to solving
the problem of automating medical record flow, were analyzed: Suki Al
[14], Nuance Dragon Medical [15] and DeepScribe [16].

An analysis of existing systems revealed the following key limitations,
justifying the need to develop a custom solution. First, none of the leading
international systems support the Ukrainian language at a level sufficient
for medical applications, making them unsuitable for use in Ukrainian
medical institutions without significant modifications. Second, all cloud-
based solutions transmit medical data to servers located abroad (primarily
in the United States), which creates legal risks and violates confidentiality
principles.

These limitations define the basic requirements for the developed sys-
tem. The system must support the Ukrainian language at a high level, en-
sure fully local data processing to ensure confidentiality, use open-source
components to minimize costs, integrate with Ukrainian medical docu-
mentation standards [17] and use modern Al technologies for ambient
documentation.

System Architecture

We developed an information system for automated medical form fil-
ling. It utilizes a modular architecture that enables seamless expansion of
functionality between components and facilitates scalability and custo-
mization (Fig. 1). The modular approach eliminates the need for system
maintenance, allows for independent component updates without re-
quiring the inclusion of all system functions, accelerates testing and mo-
dule loading.

The client-side portion of the system is designed for viewing browser
extensions for Google Chrome and runs on the Google Meet platform.
Manifest V3 is a new specification for Chrome extensions that ensures unin-
terrupted performance. We chose Manifest V3, the highest standard,
which provides advanced capabilities for working with media streams,
guarantees data-free access and optimizes system resource utilization.

An alternative ping-pong solution for seamless audio streaming
with minimal overhead in a custom, advanced system. This will allow

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 1 (7) 45



H.A. Zatulovskyi, H.A. Pidnebesna

|
Standards

Audio . .
— ] audio capture [-Stream chunkmg
Al A2
analysis
Chunks !—v and EE—
structurin
Data 5 A5
transcription saving
. F—Text —»
(Whisper) to database Gemini
A3 A4
Whisper MySQL

Fig 1. Main processing scheme

you to transition to audio recording with multiple sequential recording
fragments.

A modular architecture with a clear separation of individual com-
ponents improves the system’s reliability and scalability: no single mo-
dule is required to operate all systems as a whole. This ensures a high
level of performance.

The server-side portion of the system is implemented using the
FastAPI framework, which handles audio file processing, transcription
and storing the results in a database. The server-side architecture is de-
signed using the Facade design pattern, allowing for flexible interactions
between subsystems with a unified interface. At this point, the servers are
integrated with the client-side partial system, facilitating overlay, testing
and further development of functions. The use of Facade API controllers
enables the use of high-level methods without the need to develop inter-
nal logic for each subsystem’s operations, which reduces the number of
components and increases architectural complexity.

One of the key functions of the server-side is the asynchronous pro-
cessing of audio chunks retrieved from the client system (a Google Meet
extension). This asynchronous nature is crucial to avoid the need to pro-
cess multiple one-hour recording sessions for various operations without
blocking the main thread and with minimal latency. Sometimes an audio
fragment is processed independently of others, allowing the system to op-
erate in real time, processing multiple streams in parallel without inter-
fering with each other. This function executes an asynchronous func-
tion (async def), ensuring efficient use of server resources during large
numbers of simultaneous downloads. Oscillators can be recycled to hand-
le other requests at the completion of the process creation/decomposition
operation.

Transcription is performed locally for the additional Whisper Large
V3 Turbo model (transcriber.py), ensuring the confidentiality of medical
data and the immediate availability of additional services. The model is
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loaded via the Hugging Face Hub and automatically configures itself
upon access to the hardware. This approach provides a balance between
speed, accuracy and unavailability.

Intelligent Analysis Using LLM

The Google Gemini API via the google-genai library is used to automa-
tically fill medical forms based on transcribed text. Gemini 2.0 Flash
was chosen as the optimal choice due to its high request processing speed
(up to 2 seconds for a typical medical form), an expanded context win-
dow (1 million tokens), which allows processing even very long consul-
tation transcripts, and excellent understanding of medical terminology
in Ukrainian. Gemini 2.0 Flash demonstrates good results in structured
information extraction and JSON generation, which is critical for accur-
ate form filling.

The form parser is built on the principle of template prompting
using Jinja2: for each type of medical form, a separate, detailed prompt
template is created, containing a description of the form structure, exam-
ples of correct completion, validation rules and instructions for han-
dling cases where certain information is missing from the transcript. The
use of a low temperature (0.1) ensures deterministic and predictable
model behavior, minimizing hallucinations and ensuring stability of re-
sults between runs. After receiving data from the Gemini API, the sys-
tem undergoes a critical validation and normalization step to ensure
form completion is accurate and complies with medical standards. The
validator performs a comprehensive check of the received data against
several criteria: it verifies the presence of all required fields defined in
the form configuration, controls the format of special fields such as phone
numbers (mask +380XXXXXXXXX), dates (DD.MM.PPRR format), regis-
tration card numbers and checks “select” fields against acceptable dic-
tionary options to prevent the entry of incorrect or non-standardized
values. If inconsistencies are detected, the system automatically normal-
izes the data to a standard format: it adds country codes to phone num-
bers, standardizes dates and removes extra spaces and special characters
from text fields.

To ensure seamless audio stream capture during medical consulta-
tions, a specialized Chrome browser extension was developed that inte-
grates with the Google Meet platform and provides the ability to auto-
matically record dialogues. The extension’s architecture is built around a
clear separation of responsibilities between components, with each modu-
le performing its own specific function: a service worker (background.js)
coordinates the overall operation of the extension and manages its lifecy-
cle, while an offscreen document captures and processes audio streams
using the Web Audio API and displays transcripts in real time. This archi-
tecture fully complies with Manifest V3, the latest version of the Chrome
Extensions specification, and ensures stable operation even during long
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recording sessions, which is critical for medical consultations, which often
last from 30 minutes to an hour or more.

The extension’s interface integrates directly into the Google Meet
page as a floating panel located in the lower left corner of the screen. It
provides convenient access to controls without obscuring the main video
conference area displaying participants.

To ensure convenient and efficient work for medical staff with ac-
cumulated consultation transcripts and the automatic filling of various
medical forms, an intuitive web application was developed based on the
modern Streamlit framework, combining ease of use with powerful data
processing functionality. The system’s interface is logically structured
and consists of two main operating modes, which the user can easily
switch between: viewing and editing existing transcripts with the ability
to add doctor voice notes, and automatically filling out medical forms
based on intelligent analysis of transcribed consultations using the ca-
pabilities of large language models.

The system’s main interface page is designed with an emphasis on
functionality and ease of use. The interface includes (Fig. 2) a side navi-
gation bar with intuitive mode selection controls and powerful record fil-
tering tools for quickly finding the desired consultations among the large
amount of stored data. The central part of the screen displays the main
data table loaded from a MySQL database, where each row represents an
individual medical consultation with basic metadata: an abbreviated re-
cord identifier, patient and doctor names, a short transcript fragment
for preview and the date of the consultation. This table is interactive and
allows the user to quickly browse available records, sort them by various
criteria and select a specific record for detailed viewing or editing with
one click.

The ability for the physician to record additional information (medica-
tion prescriptions, diagnosis, symptomes, etc.) is also implemented.

After the transcription process is complete, which typically takes only
a few seconds thanks to the optimized turbo version of the Whisper mod-
el, the system automatically displays the recognized text in a dedicated
text field below the audio recording module. This allows the physician to
immediately check the recognition quality, ensure that all important in-
formation was correctly recognize and edit the text, if necessary, before
saving.

The automatic analysis mode for consultation transcripts is the most
innovative and technologically sophisticated feature of the entire medical
information system, providing intelligent processing of unstructured dia-
logue texts and automatic filling of various types of medical forms with
minimal user intervention. The automatic analysis subsystem is built on a
modern modular architecture with a clear separation of responsibilities
between components and utilizing object-oriented design principles. The
general diagram of the interaction of the subsystem components shows
the form selection interface, the configuration loading module, the Gemini
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Fig 3. Architecture of the automatic analysis subsystem

API client for text analysis, the validator of the received data, and the
generator of source documents in DOCX and JSON formats (Fig. 3).

An example of a module for selecting a medical form is shown on
Figure 4.

An example of a generated document in DOCX format with fully popu-
lated medical form fields, including all mandatory and optional sections
according to the standards of the Ministry of Health of Ukraine [18] (Fig. 5).

The JSON file format is created simultaneously with DOCX and con-
tains identical data, but is presented in a machine-readable format with
a clear hierarchical structure, where each form field has a corresponding
key and a typed value. It is particularly useful for automated integration
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(003/0) — Inpatient medical record
(027/0) — Medical record extract
(063/0) — Prophylactic vaccination map

(086/0) — Medical certificate for subm

Fig. 4. Example of a module for selecting a
medical form
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wepen’s

Popua neprinoio obnxosol JoxysenTami

5o 0250

cncponm Laeps s, e MBomSETICE fopi

(Boamy BOTORS AZpecs) MTY
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Koasa CIPIOY 1 T T O O | L1 1 1 11 J=L 111/

Haxca MO3 Vi

METHHHA KAPTA AMEBY. TATOPHOT'O XBOPOTO N
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2 Cnncwscera-lamen-2 [1] 31 Lil2lol 3]sl 5] 4 Tesedon ac. poboumh _-30ATIZIET
TRmcan, wocem, pa)
5 Miue DpORICEINRE XBOPOFC sk Ha Jeca X, 12, xnaprwpa 45

6. Mbcoe poSoti. pocaza  _ ByalexCepmec ey &y use niom

5 6, ocode, 1 op 183 TEpUTOPH 300 = 7, v, w0 ap a1 mamecen 30 1, 2,3
ratesopal cerd, o M TLION of dat, 13 3 TaROX BUICEIEH 13 308 Geryuommoro (obos' mKosoro) |
= -8 -9
— O
9. Lajnfi]2]3]4]
10. Burndi(a) mobax | 1] 6] 1]0] 2] 5] 3 opemoay 11 S} aobamy | | | | | | | (=p
Tmee, wncems, ) Temcss, wacem., pa)
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Xapypevoe 51py x ¥ 2010 poes
A DO 3 TGP
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Saxropu pruy
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(mpuamanne, mupmec)

Fig. 5. Example of saving in DOCX format
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with electronic medical records, electronic document management sys-
tems of medical institutions, regional and national patient databases,
and for transferring data to the Unified Healthcare System (EHS) via
standardized APIs without the need for manual data transfer.

Conclusions

This study aims to address the pressing issue of excessive administrati-
ve burden on medical personnel in Ukraine, which leads to significant
time expenditures and the risk of errors in manual documentation. The
main goal was to create an intelligent software system capable of automa-
tically converting audio recordings of medical consultations into struc-
tured reporting adapted to national standards.

This goal was achieved through the development of a modular ar-
chitecture combining a browser-based client and a high-performance
server processor. A key technical feature is the implementation of a con-
fidential and continuous audio stream capture mechanism thanks to an
unique “ping-pong” architecture. High-precision transcription of Uk-
rainian medical terminology is ensured through the use of a locally de-
ployed Whisper Large v3 Turbo model, a fundamental advantage over
cloud-based foreign counterparts and guaranteeing complete confiden-
tiality of patient data.

An important functional module of the system is the implementation
of semantic analysis, which integrates the generative capabilities of the
Gemini API with dynamic Jinja2 templates. This enables reliable extrac-
tion of key entities (diagnosis, complaints, anamnesis) from the transcript
and the automatic generation of validated documents in DOCX format
for official use, as well as JSON. Computational experiments fully con-
firmed both the high quality of recognition and the successful fulfillment
of all requirements defined in the technical specifications. The developed
system has clear competitive advantages: it is adapted to the linguistic
and regulatory environment of Ukraine, ensures an unprecedented level
of data confidentiality by localizing the transcription process and directly
generates reports in accordance with national standards.
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CVICTEMA 3ATIOBHEHHSI MEOVMYHOI JOKYMEHTALIIT
HA OCHOBI ABTOMATMYHOI'O PO3ITISBHABAHHS AYIIO3ATINCIB

Beryn. AnMiHicTpyBaHHS MeIMYHOI IOKYMeHTallil € OffHiel0 3 HaltOUIbII rocTpuX Ta
4Jaco3aTpaTHMUX IIpobsieM y IOJeHHIN MpakTulli jgikaps. YnciaeHHi gocIipKeHHS
BKa3yIOTb Ha TPMBOXKHY TEeHJIEHIIiI0: MeaV4Hi paxiBlli 3MyIIeH] IpUOIAT 3HAa4YHY
9acTKy CBOr0 poOOUOro Jacy He IIAIlicHTY, a caMe 3aIllOBHEHHIO eJIeKTPOHHVIX KapTOK
Ta (popmyBaHHIO 3BiTHOCTI. Takmyt mycbanaHc, fge agMiHICTpaTVBHI 3aBTaHHS TOYM-
HaIOTh IlepeBakaTy Hajl KJIiHIUYHOIO B3aeMOJIi€lo, € BKpay HeraTuBHUM. CuTyariis
JIOATKOBO YCKJIa/JHIOEThCS depe3 HeBIMHHe 3pOCTaHHs 3arajlbHOro HaBaHTaKeHHs
Ha MeIVMYHY CHCTeMy Ta OHOYaCHe IIOCVJIEHHS PeryJIATOPHVX BUMOT 10 KOCTi, IT0-
BHOTW Ta JeTalisamii MemuuHMX 3ammciB. BupimeHssM 1iiel mpobriemm € 3arpo-
Ba/DKeHHS iHTeJIeKTyaJIbHMX CHUCTeM, 3JaTHMX aBTOMaTM3yBaTV IIepPeTBOPEHHS yC-
HOI'0 MOBJIEHHS JIiKapsl Ta IallieHTa B CTPYKTypoBaHi MeamuHi 3armcy. TToennanms
TeXHOJIOT'il aBTOMaTUYHOI'O PO3Ili3HaBaHHsA MOBJIEHHs Ta IeHepaTUBHMUX MOBHMX
MojleJIelt 103BOJIsiE CTBOPUTH IHCTPYMEHT, KM 3abe3redye TpaHCKpuOallifo, BUTST
KITIOYOBMX KIIIHIYHMX CYTHOCTEW Ta 3alloBHEHHs CTaHIapTu30BaHUX (popMm y pe-
artpHOMY 4aci. Taka crcreMa € HeoOXiZHMM KPOKOM 171 11 poBoi TpaHcdopMaril
MeIVYHO]I raysi.

Meroro cTarTi € ormvcaTy mpoGJIeMy i 3aITpOTIOHYBaTH PillleHHs Tpo0yIeMn CTBO-
PeHH iHTeJIeKTYaJIbHOI ITPOrpaMHOI CUCTeMU, 3aTHOI aBTOMAaTUYHO IepeTBOpIoBa-
TV ay/1io3aIc JIiKapchbKMX KOHCYJIbTallill Ha CTPYKTypPOBaHY 3BiTHICTb, aJallTOBaHy
710 HaITiOHaJILHMX CTaHIIAPTIB, 110 HiABUIINTL €(PeKTUBHICTH JJOKyMEeHTOO0Iry B Me-
IOVYHMX 3aKiIafax IIUIIXOM PO3POOKM Ta BIIPOBaDKeHHS iH(OPMAIiHOI crcTeMu
IUIS aBTOMATM30BaHOI 00poOKM ayaiogaHX KOHCYJIbTAIIiV Ta iHTeIeKTyaIbHOTO 3a-
IMTOBHEHHSI MeIMYHOI 3BiTHOCTI.

Metomm. B poboTi noeqHaHO TeXHOJIOTII aBTOMATUYHOTO PO3Ili3HaBaHHS MOB-
steHHs1 (ASR) Ta reneparmBHI MOBHI Mopeni (LLM), mo mo3BosIsie CTBOPWUTU iH-
CTPyMeHT, 1110 3abe3reuye TpaHCKpMOaIlilo, BUTST KIIOUOBUX KIIHIYHMX CyTHOCTE
Ta 3aIllOBHEHH: CTaHAapTM30BaHMX PopM y peassbHOMY 4aci. Taka crmcrema € HeoO-
XiAHUM KPOKOM Jy1st P poBoi TpaHcdopMariil MeIMuHOI ralysi.

PesynwsTaTn. PospobieHo MOyIbHY apXiTeKTypy, fKa OeAHYE KITi€HTCHKY Jac-
TMHY Ha 0a3i Gpay3epHOro po3MIMpeHH: Ta BUCOKOIIPOAYKIMBHUI CepBepHIiT 00-
pobHmK. KirouoBoio TexHIUHOI0 0COOIMBICTIO € peaslisallisi MexaHi3My KoHdimeH-
LIiIHOTO Ta Oe3lepepBHOro 3aXOIUIEHHS ayAiOoIIOTOKY 3aB/sSKN YHIKaJIbHIN ping-pong
apxiTekTypi. 3abe3reueHo BUCOKOTOYHY TPaHCKpMOALIilo YKpalHCHKOI MEIMYHOI Tep-
MIHOJIOTII Yepe3 BMKOPWCTaHHS JIOKJIBHO posropHyTol Mmomeni Whisper Large v3
Turbo, mo € pyHAAMEeHTaILHOIO IIepeBaroio Hajl XMapHMM iHO3eMHMMM aHajIoraMu
Ta TapaHTYye€ IOBHY KOHQIAEHIIIVHICTb JaHMX Malli€eHTiB.

BucaOBOK. Po3po0iieHa cricTeMa Ma€ UiTKi KOHKYPeHTHI IlepeBari: BOHa € azall-
TOBAHOIO IO MOBHOI'O Ta HOPMaTMBHOIO cepeloBuIlla YKpaiHu, 3abesreuye Gesrpe-
LeJIeHTHUI piBeHb KOHQIAeHIIMHOCTI JaHMX 3aBAsSKM JIOKasli3allil Ipoliecy TpaH-
cKpmOariil Ta IpsiMO TeHepye 3BiT 3a HalliOHATbHVM CTaHIapTaMIA.

Karouobi croBa: inmenexmyasvna npoepamua cuciema, A6momamuixe posnisHabans ayoi-
o3anucib, adminicmpybanns meouunoi dokymenmayii, abmomamuune po3nisHabants Mobaer-
HA, eeHepamubHi MoBHi Modeai, cmpykimypobana 36imHicime.
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TH®OPMALIVIHI TEXHOJIOTTI
B HAVYIII TA BUPOBHUIITBI

Onucano cmanobaenns 6i00isy KoMnAeKCHUX 00CAIONeHb iHGPOPMAYITHUX 1MeXHOAORITl Ho-
uynarouu 3 1968 p. no cyuacuuil nepiod. Opeanizamopom i 3a6idyBauem iioeo 6y6 uien—ko-
pecnondenm HAH Vipainu I'puyenxo Boaodumup Liaiu. I1id tioeo xepi6nuymbom 3ano-
uamxobano Oyxe Baxaubi HANpAMU THHOPMAYIIHUX MexHoA0eil ma ix 6niub y cepax,
no6’asanux 3 posBumkom cucmem kepybaHHs 3AAIBHUUHUM MPAHCIOPIIOM 2IPHUHO-Mema-
AYPRIHUX NIONPUEMCTNG, MeOUYUHU, 2e0po3n00iAeHUX OUHAMIUHUX CUCTIEM, 3 PO3BUTKOM
Meopii wmy4no20 iHmMeAeKIny ma ceMaHmuuHo20 Mo0e08ants, KOMOIHAMOPHOI OnmuMi-
3ayil, inghopmayitinux mexrooeii 6 cucmemi ocGimu. Kosexmub 6i0diry ompumal cymmebi

Hurysanus: Jlama O.I1., I1asnernko H.€., Tumodiesa H.K., Illesuerxko C.A. Iadop-
MalliliHi TexHOoJIOTil B HayIli Ta BUpoOHMULTBI. Information Technologies and Systems.
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Ingpopmayiini mexnoaoeii 8 nayyi ma Gupobnuymei

Hayxobi pesysvmamu, niombepoxeni nybAiKayiAMU Y YEHMPAIOHUX XKYPHAAAX, MOHO2PA-
hiamu, namenmamu Ha Bunaxodu, abmopcekumu c6idoymbamu Ha mbip mouyo.

Katouo6i caoba: ingopmayiini mexroaoeii, komOiHamopra onmumisayis, kepybanns 3a1is-
HUYHUM MPAHCHOPIOM, WIMYYHUTL iHIMeAeKN, NPOSHO3YBAHHA KUMMESOAMHOCIT A00UHU.

Beryn

OmnucaHo craHOBJIEHHS BigauTy moynHatoun 3 1968 p. i morenep. Oprani-
3aTOPOM i 3aBifyBaueM 70ro OyB KaHIMIAT TeXHIUHWX HayK, Jajli — WieH—-
kopecriongeHT HAH Yxkpainu I'puitenko Bonmopmmvup Duriu. Iig vioro
KepiBHMUIITBOM 3allo¥aTKOBaHO JIy>ke BaXK/IVBi OCHOBY PO3BUTKY Ta CTAaHOB-
JIeHHs iHOpMalliTHMX TeXHOJIOTIN B cpepax cucTeM KepyBaHHS, 30Kpe-
Ma 3aJIi3HUYHVM TPaHCIIOPTOM HiIIIPYEMCTB MeTaIy PrifiHOI ITPOMICIIO-
BOCTi, PO3BUTKOM TeOPpil IITyYHOTrO iHTeIeKTy, OHTOJIOTii, KOMOiHaTOpHOI
oITMMi3allil, Mofesti ¢i3ioIoridyHMX IIpOolieciB Ta peaklli JIIOAVHM 3a Pi3-
HIX YMOB cepe[IoBuIla, iHPpOpMalliiHIX TeXHOJIOTiV B OCBITHbOMY IIPO-
teci Tomo. CoiBpobITHMKM BifIiTy OTpMMaIi CYTTEBI HayKOBi pe3yiib-
TaTH, HiATBeppKeHi myOslikaliisiMy B HayKOBUX Xy pHaslax, MOHOrpadis-
MM, TaTeHTaMM Ha BHAXOV, aBTOPCHKMMM CBimorrrBaMm Ha TBip [1—83].

ITocranoBKa 3a11aqi

PosryigHyTo cTaHOBJIEHHS Ta PO3BUTOK iHOpPMaIliIHMX TeXHOJIOTIN ITpo-
TATOM IT'ITAECSATU POKiB, TounHaroun 3 1968 poky i morernep. 3a 11e I1e-
piof IpOBOAWINCS HAYKOBi HOCIIIKEHHS B Pi3HMX TayTy3six, sKi 00’en-
HaHi OJHMM HayKoBMM HarpsMoM. Lle — indopmariiniai TexHosIoriI.

Ilinxiz, 10 IIPONOHYETHCA

Ha npuxtagi mpukiagHux mpobsieM 3 pisHMX Tajly3el II0Ka3aHO PO3BU-
TOK Ta CTAaHOBJIEHH: TeOpil Ta NPpaKTUKM iHPOPMAaIiTHMX TeXHOJIOTiN
Ta X 3aCTOCYBaHH4 B pi3sHMX cdepax HayKu Ta BUPOOHUIITBA.

Icropnuna noBinka

Bimyrisn KOMITIEKCHMX TOCITIIKeHb iHpOPMAIliTHIX TEXHOJIOTiN PO3IIoYaB
CBOIO icTOpito HanpukiHIli 1968 p. cTBOpeHHIM 1abopaTopil crHTe3y CIIe-
IiajTizoBaHMX U POBUX CHCTEM KepyBaHHS Ha Oasi Bimmily, sSIKuit odo-
JIOBaB KaHAWIAT TexHiYHMX HayK beprapao men Pio, mio mparoBas Haj,
CTBOPEHHSIM CHCTeM KepyBaHH: 3aJli3HMYHMUM TpaHcrioproM. HosocTso-
peny nabopatopito ouonms B.I. I'punienxo. Lls mabopaTopis Oyria migpos-
nizom BigpineHns «TeopeTnynoil KibepHeTVKI» [HCTUTYTY KibepHeTUKY,
saxuyi ouosroBas [rymkos B.M. 31995 p. — Binzin, a 3 1997 p. Bigain koM-
JIEKCHMX JOCITiKeHb iHdopMarinHnx TexHosnorin MHHII ITtaC HAHY
ta MOHY. 3 2022 p. 3aBigyBaueM BiJiiyly cTajia A-p TexH. HayK, CTapIIL
HayK. CIiBpo0., MpoBinH. HayK. ciBpod. Tumodiesa H.K.

bibaioepagpiuna dobioka. Bomomgvmup Irotiu I'puiieHKo 3acCHOBHUK Ta
OpraHizaTop CTBOpeHHsSI apXiTeKTypu CucTeM KepyBaHHS Ta MeTO[IiB

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 1 (7) 55



O.I1. Jlana, H.€. I1a6aenxo, H.K. Tumocpieba, C.A. IlleBuerxo

Bostommm iq CIIUIKY€TBCS 3 KOJIeraMu

OIITMMi3allil TPaHCIIOPTHO-TEXHOJIOTIUHMMM IIpollecaMi. 3akiHumB da-
KyJIbTeT eKCIUIyaTallil 3aJli3HMYHOTo TpaHcHnopTy PocToBchkoro-Ha-/lo-
HY iHCTUTYTIHCTUTYTYy iHJKeHepiB 3aJli3HMYHOro TpaHcropty B 1960 p.
B Tomy x poui Oys Hanpasieruit B O0UnMCIIOBAIBHNI IIeHTP AKazeMil
Hayk YPCP Ha mocay MOJIOAIIIOro HayKOBOT'O CIIIBPOOITHMKA y BifIis,
KM KepyBaB KaHII. TexH. HaykK bepHapmo mein Pio. B 1962 p. Ha 0Gasi
00uNMCITIOBaJIBHOTO IIeHTPY Oysio cTBopeHO IHcTuTyT KibepHeTnkm AH
YPCP. 31962 no 1965 p. niparrosas B IK AH YPCP crapiimim iHxXeHepoM,
31965 1o 1968 p. — TaM ke IIpoBiTHMM iHXeHepoM, 3 1968 o 1969 p. ro-
JIOBHMM KOHCTpYKTOpoM. B 1968 p. saxmcTuB Iycepratiito Ha 3000y TTs Hay-
KOBOI'O CTyTIEHsI KaH/y/IaTa TexHiyHMX HayK. 3 1969 o 1977 p. Oys BueHUM
cekpertapeM IncturyTty kibepnernku AH YPCP. 3 1977 o 1995 p. — 3a-
CTYIHVIK AMpeKTopa 3 HaykoBoi pobotn IHnctuTyTy Kibeprernxkn AH YPCP.
OnHouacHO 0ouOIIIOBaB JITA0OpPaTOPiIO CHHTE3y Crelliayli3oBaHVX HUMPPOBIX
cucTeM y1pasiiHHA. 3 1992 p. — nupekTop BiggiieHHs iHpOpMaITiIHMIX
Texnoiorin ta cucteM IK im. B.M. I'mymkosa AH Ykpainu 3 mpomosxeH-
HSIM BMKOHAHHS 0OOB’SI3KiB 3aCTyITHVMKA OVpPeKTOpa 3 HayKOBOi POOOTIL.
31997 p. — aupexkTop MiXXHapogHOr0 HayKOBO-HaB4YaJIbHOTO LIeHTPY
indopmarinHux Texxosorin Ta cucteM HAH Ta MOH Ykpainu Ta 3a cy-
MiCHUIITBOM Y BifIiIi KOMIUIEKCHMX JOCIIKeHb iHOopMaLIilTHIIX TeXHO-
JIOTiVI — IIPOBITHMII HayKOBUM CIiBpobiTHUK. 3 2015 p. — wieH-KOpec-
nongeHT HAH Yxpaiun. Bin € 3acHOBHMKOM HayKOBOTO HampsMY, CTa-
HOBJIEHH:I Ta peaJlizallil TeOpeTMYHMX OCHOB iH(pOpMaIliIHIX TeXHOJIOTIVA.

HayxoBui nopo06ok Biggiay

IndopmariniHi TexHOJIOTIT — Ile CYKYIIHICTh MeTOIB, BUPOOHMUIMX IIPO-
1IeciB Ta IIpOrpaMHO-TEXHIYHMX 3aco0iB, 00'€IHAHNX Y TeXHOJIOTiUHMI
JIAHITIOXKOK ISl 30MpaHHs, 30epiraHHs, oOpoOKM, MOIIYKY, Teperadyi Ta
nommupeHHs iHdopmariii. CTBopeHHs1, 00poOKa, 30epiraHHs, 3axMCcT Ta
Iepefiaya JaHMX IIOTPeOyIOTh 3aCTOCYBaHHS KOMII IOTEPHOI TeXHIKM, Me-
pexeBoi iHPpPacTPyKTypH, IIpOrpaMHOro 3abe3ledeHHs (OIlepallivtHMX
cucreM, 0a3 maHMX TOIO). Bee 1ie moBMHHO 3a0e3medyBaTi IIBUIKUM
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I'purienko Bomommmup Dwtia, MipomHnuenko Bikrop
Muxaruiosuy, Jlama Osexcint ITerposny, boremcpxumt Bi-
kTop OrrekcaHIpOBITY

HOIIYK, AOCTYII 110 JIKepeJl iHdopmaliil Ta aBToMaTM3allilo IIpo1ieciB
YIPaBJIiHHS, ITPOEKTYBAHHSI.

Y Bigmisi KoMIUIeKCHMX AOCIIiKeHb iHpOopMalliiiHX TeXHOJIOTI 3a-
IIOYaTKOBaHO Ta PO3BMHYTO Ay>Ke BaXKJIMBi HaIIpsIMM Teopil Ta BIIpOBa-
IDKeHHs iH(POPpMAaIIivTHMX TeXHOJIOTIV, TIOB I3aHMX 3i cdepaMm KepyBaH-
HS 3aJII3HMYHVM TPaHCIIOPTOM IIIIPUEMCTB MeTaly PTiiHOI ITIPOMIACIIO-
BOCTI, T€OPO3IOAUIEHVIMI AVHAMIYHVIMI CUCTEMAaMM, 3 PO3BUTKOM Teopil
IITYYHOTO iHTeIeKTy, OHTOJIOTIYHOTO aHasli3y, KOMOiHaTOpHOI OIITMMi-
3a1i1, dpiziostorii Ta MegMIVHY, iHPOPMAIIIIHMMM TeXHOJIOTisSIMU B IIPO-
1eci HertlepepBHOI ocBiTH. Po3riraHemo meski 3 Hux.

Cucmemu KepyBanna mpancnopmuumu npoyecamu nionpuemcms me-
maaypetinoi npomucasoBocmi. B maboparopii cuHTe3y crielrtializoBaHMX
1M poBUX crCTeM KepyBaHHs pO3p0o0JIeHO 3araIbHi MiIXOAM Ta TPUHIIN-
v 1100y I0BY aBTOMATW30BaHMX CUCTeM KepyBaHHS 3aJli3HWYHVM TpaH-
CIIOPTOM MeTasTy pritHmx mgnpueMcTs. Y 1970 —1974 poxax iz kepiBHU-
ursoM B.I. I'purienka y Binmosink Ha rocraHoBy Ne 297 Big, 16.10.1969 p.
ITpesunit AH YPCP cniBpoGiTHuKM j1abopaTopii po3poOwImM TUIIOBU
MIPOEKT aBTOMATM30BaHOI CUCTeMV KepyBaHHS TPaHCIIOPTOM MiJIpu-
€MCTB TipHIYOI Ta MeTaJTypriliHOI ImpomMmcsIoBocTi [1—12].

ByJ10 cTBOpeHo MeToMKy HoOY10BY aBTOMAaTU30BaHOI CCTEMU Kepy-
BaHHs Ta 3allpOIIOHOBAHO TUIIOBi pillleHHs 3 0OpOOKM JaHMX, 3arajIbHy
CTPYKTYpPYy CUCTeMM, CKJIaj, 3aJad, peXuMyu poOOTH, BU3HaAUeHO TUIIV
obsrapHaHH: IS epefiadi Ta 300py iHdopMallii, po3pobsieHo alropuT-
MM i mporpaMm. BpaxoByBasiacs miiroToBKa IlepcoHasly MiITPUEMCTBA,
HasBHICTh HeoOXiTHMX 3aco0iB OPr3B’s3Ky Ta 0OUMCIIOBAIBHYIX ITOTYX-
HocTel. BripoBakeHHs cucTeMy repegdadaso MOXIIUBICTE 300py Ta
nepenayi iHgopMatii mpo TpaHCIOPTHUI IIPOLiec, BUKOHAHH: 1 00po0-
K11, popMyBaHHS 3BiTHOI IOKyMeHTalIil [JIs1 BUpillleHHs 3aBgaHb OOJIiKy
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Ta aHaJli3y BarOHOIIOTOKIB Ha TEpUTOPIi MpHUYMX Ta MeTaIy PriViHMX IiI-
IIPUEMCTB, 3a0e3IIeueHHs 3HVDKEHHS BeJIMUMHI IIPOCTOI0OBaHb PYXOMOTO
CKJIa[y i opranisaliiro IJlaHyBaHHs 10ro e(peKTUBHOTO BUKOPMCTaHHS Ha
3aBOJICHKMIX KOJTisiX. I Iporiec cTBOpeHHs IIPOEKTY CYyITPOBOJIKYBaBCs CITiBII-
patieto sabopaTopii 3 MiHicTepcTBoM YopHOI Metanypril Ykpainu, [TOL]
MYM YPCP, YkpaiHCbKMM fepKaBHUM IIPOEKTHUM iHCTUTYTOM «Merta-
JlypraBToMaTVKa», [IHIITpOIIeTpOBCEKMIM I1HCTUTYTOM iHDKeHepiB 3ali3-
HIYHOTO TPaHCIOPTy. bepyun 1o yBarv ocobriBy posib TPaHCIIOPTY B TEX-
HOJIOTii MeTaIypri’iHOro BUPOOHMIITBA, CUCTEMY PO3IJIsSAaIN, SIK CKIIafo-
By 4aCTVHY Y KOMIUIEKCHilI aBTOMaTu3allil JUCIeTYepChbKOro KepyBaHHA
OCHOBHMMM TexHOJIoriuHuMM rpoliecamu. CriBpobiTHMKM j1abopaTopil
pospobwm indopmaninay cucremy IHTPAHC-2 — aBTOMaTmsoBaHy
cucTeMy O0JTiKy, IIPOCTOIOBaHH:, CTaHy i poboTn BaronHoro napky MIIIC
Ha Min i3HMX IUIgxax MeTalypriHoro 3asony Ha 0asi EOM MiHcbk-22.
ITpotsrom 1976 —1980 pokiB KojI0 3aBgaHb IIOCTYIIOBO PO3IIMPIOBAIOCH,
BUHMK/Ia HEOOXITHICTh pO3BUTKY (PYHKIIN cucTtemy. Po3BUTOK crcTeMm
reper0avaB BUKOPUCTAHHS ITOTYXKHIIINMX 3aco0iB mepenadi ITaHMX, MOB
IporpaMyBaHH: i CydacHiIx 3acobiB 00UMCITIOBaIbHOT TEXHIKM, a came:
EOM Mincek-22, EOM Miuncek-32, €C EOM, CM EOM. IlisHime Oyso
po3pobiteno indopmaningy cucremy IHTPAHC-6 — aBroMaTisoBaHy cuc-
TeMy 00Ky obopory Baronis MIIC Ha meTasypriiHoMy 3aBofi 3ario-
PLKCTaTb 3a eleMeHTaMI 000pPOTY, TepiofamMy 100V, pofaMyt BaHTaXYy i Iie-
XaMM 3aBaHTaKeHHsd/ po3BaHTakeHHs. CTBOpeHHs CIiBpOOITHMKaMM JIa-
6oparopii moxidHoro xwiacy cucreM (IHTPAHC-2, IHTPAHC-4, IHTPAHC-6)
Ta OTPVMaHH: JIOCBi/ly Ta pe3ysIbTaTiB IXHBOI eKCIUIyaTallil y BUpOOHM-
4yIX YMOBax Pi3HMX IiJIPUEMCTB, 30KpeMa Ha 3amnopixcra, A3oBcTali
ta HoBosmmmeribkoMy MeTasTyprirtHux KoMOiHaTax IiATBEPOVUIN 1X KUT-
Te3aTHICTh. TpyaHOIIII BlpoBaykKeHHs cyicTeMy OyJIvt OB’ A3aHi 3 BiZICyT-
HICTIO JIOCBifly eKcIUTyaTallil moAgiOHMX crcTeM, HeoOXiHICTIO HasBHOCTI
Ha 3aBofjax 3aco0iB 3a0esreueHHs Oe3nepebivHOT Nepenayi iHopMariii,
HeJIOCTaTHIM CTyIleHeM MiIrOoTOBKM IlepcoHaity. Y 1978 p. momyii cucre-
MU I BUKOHAHHS IToIepeaHboI 00pobkut iHdopMariil Ta cIigKyBaHHS
3a AVICIIOKAIli€l0 TPaHCIIOPTHMX O0’€KTiB y peaslbHOMY 4Yaci Oyym amari-
TOBaHi Ta MepeaHi y JOCIIIHO-IIPOMUCIIOBY eKcIUlyarallito I'otoBHOMY
iHdopMatiTHO-00UMCITIOBAIIBHOMY 11eHTpYy ['0510BHOTO yIipaBiiiHHS pid-
KOBOTO (JIOTY (TpaHCIOPT PidYKOBOTO (PJIOTY).

ABmomamusoBani cucmemu KepyBaHHA 8 npomucrobocmi. 115 Bu-
pimleHHs 1IpobiieM KepyBaHHS ITPOMMCIOBMM TpaHcopToM MiHicTep-
CTBO YOPHOI MeTasTyprii YKpaiHu BMaraao KOMIUIEKCHUX JOC/I/KeHb Ta
BIIPOBa/)KeHHS pO3p00JIeHNX CUCTeM i Ha PiBHI OKpeMMX IiIITpueMCTs, i
Ha PpiBHI Bciel raimysi. Y 1979 p. Oyso 3arBepmxeno Ilporpamy pobir i3
CTBOpEeHHSI iIHTerpOBaHMX aBTOMAaTM30BaHMX CCTeM KepyBaHHS y YOPHI
metastyprii YPCP. Haykosum xepisaMKOM ITporpamm Oysio mpusHaueHO
akagemika B.M. I'itymikosa.

Ha piBHi raiysi Oysio mocTapjleHO 3aBIaHHS OIlepaTUBHOIO Kepy-
BaHHs poOOTOIO TPaHCIIOPTY, OpraHisallil CIIKYBaHHS 3a BaHTaXKHVIMM
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onepallisMu i IlepecyBaHHAMM TpaHC-
MOPTHMX 3aco0iB, IUIaHyBaHHSA 00cCs-
riB IepeBe3eHb, OOCSTIB PEeMOHTIB 3a-
JH3HWYHMX KOJIVI Ta PyXOMOIO CKJIa-
ny, piHaHCyBaHHSA BUTpaT Ha PEMOHT,
ajuBO Ta MAacCTWIbHI MaTepiain.
[Iporpama mepenbavdasia HOCIIIKeH-
Hs 1 pO3pOOKY iHTerpoBaHMX MoeIen
KepyBaHHsI TPaHCIIOPTOM Ha piBHi ra-
JTy3i nuIsaxoM 3abe3nedeHHs iHdPoOpMa-
LiMHOI 1 IIporpamMHOi CyMiCHOCTI Ta
B3a€MO[II CUICTeM Pi3HOrO piBHS, a Ta-
KOJK CTBOpEHHSI 1 BBe[IeHHsI B eKCIUIya-
Talifo Ha 0a30BMX MiOIIPUEMCTBAX
AOCHIIIHMX 3pa3KiB aBTOMaTM30BaHMX
cucTeM KepyBaHHS. Bpaxosyioum Te, Axaptemik I'imymkos B. M., mpodecop
o j1abopaTopiero CuMHTe3y crieriami-  ['purmenko B. 1.

30BaHMX IIMPPOBUX CUCTEM KepyBaH-

Hs yXe OyJIo BOPOBa/KEHO psll BasKIMBUX HayKOBO-IOCTIIHMX poOiT,
CIIPSIMOBaHMX Ha CTBOPeHH: e(eKTVBHMX IPOrpaMHO-TeXHIYHVX KOMII-
JIeKCiB Ha PiBHI IIJIIPUEMCTBA, a TAKOX BUKOHAHO JOCIIJIKeHHS MeTO-
HiB 3abe3rieueHHs B3a€MOZIIl JIOKAJIbHMX TPAHCIIOPTHUX CUCTeM, ii CIIiB-
pobiTHMKM Oy 3ayIydeHi 10 po3poOJieHHS aBTOMAaTM30BaHMX CUCTEM
KepyBaHH#, Kl yBiVIIUIN 110 cKilaay mifcucremmn «TpancriopT» rasyse-
Boi ACY Ykpuopmer. HaykoBe KepiBHMIITBO PO3pOOJIEHHAM ITifICHC-
TeMu OyJs1o gopyueHo ['punienky B.1. B 1979 p. B Mexxax KOMIUIEKCHOT ITPO-
rpaMy CTBOPeHHs iHTerpoBaHMX CUCTeM KepyBaHHS Ha IIiIIIpUeMCTBax
vopHoi Metasyprii YPCP Oysno pospobrieHo iHdopMariiniHy cucremy
IHTPAHC-2P onepaTuBHOro KepyBaHHs pOOOTOIO TPaHCHOPTY MHiOIpu-
emctB Minyopmety YPCP, sxa BUKOpMUCTOBYBajla MexaHi3MI1 CMHTaKCU4-
HOT'0 Ta CeMaHTMYHOIO KOHTPOJIIO 1 3aXMCTy JaHWX, MiCTWIa JOIaTKOBI
JyHKIiT 00uNMCcIIeHHs Ta KOPUTYBaHHS IUTAHOBMX 3aBIaHb I OCHOBHIX
ITOKa3HVKIB TPaHCIIOPTHOIO ITpollecy, JaBajla 3MOI'y BMKOHYBaTH Jiajlo-
TOBUTI peXVM iHOpMaIliTHO-TIOITYKOBMX 3ajiay, BUKOPVCTOBYBajla MOX-
JIMBOCTI MYJIBTUIIPOTPaMHOTO peXynMy (PYHKITIOHYBaHHS, Majla MOXIIV-
BiCTB TMpaKyBaHHSI Ta IPUB SI3KM 10 KOHKPETHVX YMOB 00’ €KTa BIIpOBa-
mKeHHs Tomo. Peastisalliss oOMiHy iHdoOpMalliero MiX crcTeMaMy TUITY
IHTPAHC Ta mifcucremoro «TpaHcriopT» 3abesneursia MiHdopmer orre-
paTMBHOIO iHdoOpMaIli€ro IIpo pobOTy TpaHCHIOPTY Ha VIOTO IIiAIIPUEM-
CTBax Ta Jjajia 3MOTY IIIIBUIINUTY SIKiCTh OIIepaTVMBHOIO PeryJIloBaHHs Po-
60TOr0 TaTy3i Ta IMOKPAIINTY OKa3HVIKM BUKOPUCTAHHS BarOHHOTO MapKYy,
YIOCKOHaIUTY KepyBaHHS eKCIUIyaTalli€lo TpaHCIIOPTY, 3HM3UTU cObi-
BapTiCTh ITlepeBe3eHb. [1)1s1 BUKOHAHHS 3aBlaHb O0JIiKY, KOHTPOJIIO Ta aHa-
JIi3y IlepecyBaHb TPaHCIIOPTHMX 3aco0iB y ITporpami pobiT 3i cTBopeHH:
IHTerpoBaHMX aBTOMaTU30BaHMX CVICTeM KepyBaHH: y YOPHIil MeTaJIyprii
YPCP Gys10 3aru1aHoBaHO CTBOPEeHHs JIOKaJIbHOIO OaHKY JaHMX IS OIle-
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Hupexrop MHHIIITIC I'punienko B 1., mpesuaenT Vk-
painy Kyuma J1. [1. Bpydenns gep>kaBHOI Haropogm

paTUBHOIO KepyBaHHs TpaHcropTom ramysi. Y 1979-1986 pokax cmis-
pobiTHMKM jTabopaTopil po3pobwin mporpaMHUIT KOMIUIEKC 15 BeJleH-
Hs OaHKy paHmx mifcucremu «Tpancnopr» TACY Ykpuopmery YPCP.
Bysio mpoBefeHo AociIiIKeHHs 3 opraHisallil aBTOMaTM30BaHOIO OaHKY
JaHMX 3 TeXHIYHOIO OCHAIlleHH: 3aJli3HMYHOIO TPaHCIIOPTY Tayiysi Ha
0as3i aBTOMaTM30BaHOrO OOpOOIEHHS iHdOpMAIlil ITacIopTiB 3aTi3HNY-
HVIX TOCIIOAAPCTB IAIPUEMCTB YKpuopMeTy. bysio moctimkeHo nuraHHs
oprasisariii Ta BeJleHHs iHTerpoBaHOI 0a3u JTaHMX IACHOPTIB 3aJIi3HMUY-
HMX F'OCIOAAPCTB MiJIITPUEMCTB, BUPIIIeHO 3aBJaHHs BU3HauYeHH: IT0Kas3-
HVKIiB poOOTH i aHasIi3y BUKOPMCTaHHS TPAaHCIOPTHMX 3acO0iB 3 METOIO
po3po0JIeHHs IUIaHiB Ta 3aco0iB 3 ITOKpallleHHs poOOTH 3asli3HUYHOIO
TPaHCIOPTYy Ta BIOCKOHaJIEHHS VIOrO TeXHIYHOTO OCHAIIleHHs, po3po0-
JIEHO aJITOPUTMM CTBOPEHHSI 3araIbHIMX 3BiTiB IIOKa3HMKIB poOOTH TpaH-
CHOpTHMX HifgnpueMcTs. IligBuinenHs edeKTMBHOCTI KepyBaHHS I0Cs-
rajiocs 3aBIsIKM BUKOPUMCTAHHIO iHTeJIeKTyasli3oBaHOI iHdopMallinnHol
TeXHOJIOTii Ha OCHOBI KOMIUIEKCHOTO BUKOPMCTaHHs crcTeM Oa3 JaHmX i
3HaHb, BKJIIOYHO 3 MeTOoaMV MOJIe/IfOBaHHS, OIITMMIi3allil Ta poOoTu 3 Oa-
3010 gaHux. Peasizariifo mporpaMHOTo KOMITIeKCY OyJsIo 3iViCHeHO 3
BUKOpPUCTaHHSAM po3pobiieHoi B IncturyTi kibepHetku CYB/] «ITajbmar»
ta €C EOM.

Inwi nayxo8i nanpamu 6iddiay. IlosiBa mepcoHaIbBHMX KOMIT I0TEPIB,
PO3BUTOK 3aco0iB nepenaui iHdopmariil, 301IbIIIeHHS IBUIKOCTI Iepe-
7adi JaHMX 1 MeTomiB opradisaillii 30epexeHHsI Ta 0OpOOJIeHHS TaHMX
CTBOPWIVM MOXJIVMBICTh BUpIllIeHHsI HOBUX 3aBlIaHb Yy IIpeMEeTHMX raily-
34X, [Ki BiQIIOBiJAIOTh Pi3HMUM Tajly3sM HayKOBOI JIisUIBHOCTI Ta COIiasIb-
HOI IMPaKTMKM, a caMe 30CepePKeHNX Ha MeToJaxX KOMIUIeKCHWX JOCIIi-
I>KeHb B3a€MOJIil iHdOpPMaIliTHIX TeXHOJIOTiN Ta CUCTeM, MeTofax Ta
MozesIsix KOMOiHATOPHOI ONTMMI3allil B iHTeJIeKTyaJIbHIX CCTeMax, Me-
TOJIaX, MOJIEJISIX Ta TEeXHOJIOTisAX 30epiraHHs, 0OpoOIeHHs TaHMX Ta 00-
4lCIIeHb, IHTeJIeKTyaJIbHMX iHOPMaliTHVX TeXHOJIOTisIX Ha OCHOBI Teo-
pii OHTOJIOTIYHOTO aHaJli3y, MeToiB dpopMatisallil 3HaHb B IIPUKIIaJHMIX
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iHpOpMAaIIiIHIX CCTeMaX Ta TeXHOJIOTIiSIX, OXOPOHI 340POB’ s JIIOAVHM
Ta HellepepBHiN OCBITi TOIIO.

[TpoTsarom 1992 —1998 pokis criiBpoOiTHMKM Bigily po3poOwim crie-
ItiajTizoBaHi iHOpMalliriHi TeXHOJIOTII Ta BiToBiHe mporpamMHe 3abe3ie-
4yeHHd I 0asu maHmx «CmyHol Jep>KaBHOI aBTOMATM30BAHOI IIAaCIIOPTHOL
cucteMmn Ykpaiam» 3 pukopucta"asM CYbJ CLIPPER ta IBM PC [1, 11].

Byso mocrtimxerno MeTony iHTerpariil CTpPyKTYpOBaHMX i cJ1laboCTpyK-
TYpOBaHMX JaHMX B 0a3ax JaHVX PO3NOAUTeHNX iIH(POPMALIiVIHIIX CHCTEM,
IO J1aJ10 3MOry nodyaysatu dep>kaBHY HapiraritHo-rinporpadiuny iH-
dopmariintHy cucremy. IlpunInmm mobyaosu posmnopiteHnx 6a3 gaHMx
Ta BUKOPWUCTaHHS TeXHOJIOTII KIIieHT-cepBep OyJIo peasli3oBaHO B IIpolieci
CTBOpPEeHH:I HalliOHaJIbHOI aBTOMaTM30BaHOI KOMIT IOTepHOI CrCTeMM 300-
Py, epemnadi, 30epexkeHH:I Ta aHa/Ii3y OKeaHOJIOTiuHOI iHpopMmarii [14].

PospobiieHo MeTOIM BitoOpakeHHs IMHaMIKV PyXOMOTO CKJTafy It
perioHaJIbHMX TPaHCIOPTHMX CUCTeM, CTPYKTypa AaHMX Ta HPVHLVIIN
MaHinysmoBanHg HuMu [11]. Ha 11i71 ocHOBI cTBOpeHO ITporpaMHIMiL KOMII-
JIeKC MOHITOPVMHIY PYXOMOIO CKJIaJly Ha PO3Taly>kKeHMX TPaHCIIOPTHMX
Mepexax. Y3araJlbHeHO Ta PO3BMHYTO MeTOJ], YMOBHMX BeIVYMH I MO-
JeJII0BaHHSI PYXOMOIO CKJIajly Ha PO3Taly>KeHWX 3aJI3HUYHUX MepeXXax
Ta CTBOPEHO BiJIIIOBIIHMI IIPOTrPaMHMI KOMIUIEKC IS FIOTO peaJli3aliil.

Po3pobrieno koHIemnIIito iHPopMaIlinnHOT TeXHOJIOTIT MOJIe/TIOBaHHS
ITacaXMPOIIOTOKIB y BEJIMKMX IlepecajlodHMX By3Jlax i IacaXMPChKMX
koMIvtekcax (APM-[Iunllac) Ta BifmoBinHy iMoBipHiCTHO-aBTOMATHY MO-
7leIb AVHaMIKM MepeMillleHHs 1 B3aeMOJil crcTeMM eJleMeHTapHMX I10-
TOKIB 3a YMOB 00MekeHOro (pisM4HOro) mpocTopy o0’eKTa Ta B3a€MOZIl
cuctemu [5].

B 1999 — 2001 pokax 3a jorosopoM 3 YKp3aJli3sHUIIEIO Ta Y CIIiBIIpalli 3
JIHiIIporeTpoBCcbKIM YHIBEpCHUTETOM 3aJTi3HMYHOIO TPaHCIIOPTY OyJio pos-
pobiieHO cucTeMy sl IPOBeeHHs aHaJli3y IUIaHYBaHHS Ta IIPOrHO3Y-
BaHH: PEeMOHTY BaroHiB 3 ypaxyBaHHsIM MKPEeMOHTHMX IIepiofliB Ta IIpo-
Giry, sy Oyr1o BuposakeHo y KnuiscbkoMy BaroHHOMY ferio. B 2002 —2009
poOKax B MeXax IIPO€KTy HacHopTu3allii BarOHHMX JeIo YKp3asli3sHUIL
CHiBpOOITHMKYM BiAJIiTy pO3pOo0IIIN IPOrpaMHII KOMIUIEKC [IJIs BeJIeHH:
b/ «OcHoBHi 3acobm TiHMITHMX MATpUEMCTB YKp3atisauii». A B 2010 —
2014 pokax TpaguiinHi omnepatii podotu 3 b1 Oysio iHTerpoBaHo 3 MOX-
JIMBOCTSIMU Bisyasiizaliil Ta IPOCTOPOBOIrO aHaIi3y TeoiHdOpMaIintHuX
TeXHOJIOTiN, fAKi JlaBaji¥ 3MOTy BMKOPWMCTOBYBaTW 3acoOu iHTerparii
pi3HMX 00’€KTiB KepyBaHH: 3a JOIIOMOIM IMdPOBOI MOJIeI, 0 CrMpa-
€ThCS Ha BEeKTOPHI Ta pacTposi gaHi. [locarnyTi pesyibrati 6ys1o opieH-
TOBaHO Ha BIIPOBaJ)KeHH: B CHCTeMaxX KepyBaHH: IlepeBe3eHHsAMM, a Ta-
KOX JUISI MOHITOPUMHIY OO’€KTIB B CUCTeMaxX KepyBaHHS Pi3HOTO Hpu3-
HaueHHs Ta iX PO3BUTKY i MomepHisamil. byso po3poOrieno mizoTHWUI
npoekT I'eoiHdopmariiviHol cuctemMn YKp3astisHuii, mo Mas OaraTopis-
HeBY iepapxiuHy CTPYKTypy, SfKa MICTUTb MOXJIMBOCTI BioOpakeHHs
00’eKTiB ITpeaMeTHOI TaTy3i YKp3atisHulli Bif piBHA «YKp3alisHULIS» 10
KOHKPETHOT'O eK3eMIUIIPYy OOJIamHaHHS Higpo3nity abo mexy. bymo pos-

ISSN 3083-6573. Information Technologies and Systems. 2026. No. 1 (7) 61



O.I1. Jlana, H.€. I1a6aenxo, H.K. Tumocpieba, C.A. IlleBuerxo

poliieHO apXiTeKTypy iepapxii 00'ekTiB IpenMeTHOI ranaysi Ykpsatis-
Hui, ctpykrypy ['eobll mpenMerHoi ramysi YKp3astisHWUIN, TeXHOJIOTi0
olMdpyBaHHS Ta IIPOCTOPOBOI HPWB A3KM 00’€KTa IIpegMeTHOI 00-
JIaCTi, TeXHOJIOTII0 Ofep’KaHHS HOBMX IIPOCTOPOBMX AAaHMX Ha OCHOBI
IIPOCTOPOBOIO aHaJIi3y iCHYIOUMX JaHMX Ta FPaHUYHUX YMOB, 3a/laHNX B
daxrorpadiunin b1, MeTomu momyKy, Hapirarii Ta Bisyastizarlii o0’ ek-
TiB AK y dpaxTorpadiunin b/l, Tak i B 'eob/l. /i1 06’ekTiB nIpesMeTHOL
rajrysi Ykp3asiisHuili OyJyio BU3HauYeHO ONTMMasIbHUI Habip TeMaTaHMX
ImapiB 3 MeTo0 e(deKTMBHOTO IIOIIYKYy Ta BilmoOpakeHHs ITPOCTOPOBUX
manux [1, 11].

OnHuM i3 HaOpsAMiB HayKOBUX JOCII)KeHb Bif1ijTy ITicjId BUKOHaH-
Hs MibkHapogHoro npoekty EXPERNET, axui BUKOHYyBaB KOHCOPIIiyM i3
I’ 4TV KpaiH €BpoI, cTaB OHTOJIOTIYHU aHaJli3, CTBOpeHHs «ExcriepTHO1
CUICTeMW /1151 KepyBaHHS HalliloOHaJIbHOIO TeJIEKOMYHIKalliTHOIO MepeXero
Ykpaiau 3 goctynom 1o Inteprer». KepiBHukoM poboTn Bift Ykpainu 6ys
akaneMik Ckypixin Bonmogumup Dwiiu. LIsg poborta 3amouaTkyBaia pos-
BUTOK TaKMX HaIIpsMiB iHTeJIeKTyaJIbHOI'O cepeoBMIlia, K 0asy 3HaHb,
IporpamMHi MyJIbTHMareHTHi cucreMy, i Bxe micisg 2000 p. micis pospo-
6J1eHHs CBITOBOIO HAYKOBOIO CITIJTFHOTOIO KOHIIEMIIil CeMaHTUYHOIO Be-
Oy — HampsiMy OHTOJIOTiYHOrO aHasTi3y. OHTOJIOTiYHM aHaJIi3 € CKila-
JIOBOIO KOMITOHEHTOIO TeXHOJIOTI! IITYYHOT'O iHTeJIeKTY, IIT0 aKTUBHO PO3-
BVBAETHCA 3apas [12].

PospobiieHo Mofielb crCTeM KepyBaHHSI T'eTepOreHHOI0 MepeXkero,
ccpopMyIIbOBaHO 3a/1adi OIITMMI3AlIlil pecypciB CKIaJHOT AMHAMIYHOI pO3-
IOAUIEHOI CHCTeMM MDK KOpUCTyBadaMI Ta cepBicaMy; iepapxiduHy Mo-
ZleJIb CHCTeMM KepyBaHHS 3 BiTHOBJIIOBaJIbHVUMM (PYHKIIIAMM IIiiCCTeM
Mepexi Ta HNepcoHaly UIsd JIKBifallii HeIITaTHMUX CUTyallili Ta BiTHOB-
JIeHHsI HeoOXiITHVIX 3HaUeHb ITapaMeTpiB; ceMaHTUYHY Oa3y JaHMX (OHTO-
norito OntoManagen), sika dpopMatisye Ta HaKOOMYYy€ 3HaHHS IIPO IIPO-
necr (PyHKIIOHYBaHHS IIMPOKOCMYTOBOI MOOUILHOI MepeXi Ha OCHOBI
MIOJIaHHA MeTaflaHVX HeoOxigHoro dopmary, TepMiHiB, JIOTIYHMX BiHO-
IIIeHb Ta iHTepIIpeTallil TepMiHiB. /)15 iHTeleKTyaIbHMX iHpOpMaIlitHyX
CHICTEM Ta MepeX po3pobJIeHO MofieJli, aJIFOPUTMI Ta METOAM CeMaHTI4-
HO-OPi€HTOBaHVIX TEXHOJIOTIV, CIIPSIMOBAHMX Ha IIOJaHHY Ta O0po0IIeHH:
JaHuX i 3HaHb, 110 JI03BOJIAE IIABUIIUTY e(eKTUBHICTh 3acTOCyBaHHS
3HaHb B IIpeMeTHUX rajayssax. Ha ocHOBI BUKOpUcTaHHS TeXHOJIOTII ce-
MaHTUYHMX MepeX Il MOOUIBHMX IITMPOKOCMYTOBMX TeJIeKOMYHiKallivi-
HVIX CMICTeM YeTBepTOro MOKOJIiHHS po3p00JIeHO aJIrOpUTMI, MOJIeJIi i Me-
TOJIV Ta IPOTOTUII iHTeJIeKTyaIbHOI CHCTeMN DaraToKpuUTepiaJIbHOrO BU-
Gopy onTMMaTIBHOTO IpoBariiepa MOOITTEHOTO 3B 43Ky I1JIs IlepelaBaHHs
MyJIbTUMeiTHOro Tpadiky TyT i 3apas 11 KopucTyBaJa. YJ0CKOHaIeHO
Ta PO3IIVMpPeHO PYHKIIOHATIbHY apXiTeKTypy iHTeleKTyaIbHOI CHCTeMM
KepyBaHHs CKJIa[JHOIO PO3IIOIUIeHOI0 AMHAMIYHOIO CHCTeMOIo, 10 basy-
€ThCS Ha CeMaHTUYHOMY ITiIX0fIi 10 dpopmartisallii 3HaHb PO PYHKITiO-
HyBaHHs HasgBHOI cructeMi. Po3pobiieHo MeTOIMKy CTBOpeHHsI MeTajla-
HUX, HeoOXiHMX 14 iHTerpalii indopMaIliiHux pecypcis, BUpillIeHHs
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3a/la4 CIPUVHATTS Ta po3Ili3HaBaHHH B iHTeJIeKTyaJIbHMX iHdopMarlii-
HUX TexHosIorigax. Ha ocHOBI anastisy Moziesien MeTagaHuX Ta ITIXO/iB 10
ix 3aCTOCyBaHHJ B 3a7jayax iHTerpatlii indopMaliniHux pecypcis Ta iHTep-
orepabesTbHOI B3aeMozIil iHpopMarivtHMX 00’ €KTiB po3po0IIeHO aropuT-
MM Ta METOAM IOIIYKY i KOMIIOHOBKV OHTOJIOTIUHUX CePBICiB y cepero-
BUIII iHTeIeKTyasIbHMX iHdOopMallitHm1x TexHosorin [12].

Yuacmo 6i00isry 6 Odissvnocmi mexniunoeo komimemy i3 cmanoap-
musayii Ykpainu TK-20 «Ingopmayiini mexnosoezii». IlounHaroun 3
1997 poky Bifisn KOMITIEKCHMX JOCIIPKeHb iHPOpMaIliiHVX TeXHOJIOTi
OpaB aKTMBHY y4acTb B HiSJIbHOCTI TeXHIYHOTO KOMiTeTy i3 cTaHmapTH-
3anil Ykpaiau TK-20 «Indopwmartingi TexHosorii», (OyB yTBOpeHU y Crc-
TeMi HalliOHaJIbHOI cTaHAapTM3aLil Ykpaiam). '010Boi0 TexHiuHOrO KOoMi-
Tery TK-20 mpusHaveHo Ha Tov 4ac AupekTopa MDKHapOogHOro HayKOBO-
HaBYaJIPHOIO 1IeHTPY iHOpMaIliiHIX TeXHOJIOTiV Ta cucTteM I puiieHKa
Bonopymupa Duriva.

Metoto ctBopenns TK-20 Oyso 3abesmeueHHsI rapMmoHisaliil yk-
palHCBKMX CTaHIApPTiB y cdepi iHPopMaIiHMX TeXHOJIOTIN i3 MiXHa-
pomuvmu cragmapTtamu (ISO/IEC JTC 1, IEEE, CEN/CENELEC). B oprasi-
3ainHoOMy IvIaHi cekperapiaT komitery TK-20 mparfosas Ha 6asi I
«YxpH/IHII» (YxpaiHcbKuil HayKOBO-IOCIIHMI i HaBYaJIbHUI 1I€HTP
npobiieM craHgapTu3ariii, ceprudikariii Ta sxocti). TK-20 3a0esneuysas
MDKHapOIHy iHTerpariifo — HpeJcTassiB YKpaiHy B poOOTi MKHAPOIHVIX
TexHiuHMX KoMiTteTis ISO/IEC, BinnoBigajibHMX 3a cTaHgapTusatito IT.

Ocnosuumu 3asgaHHsMu TK-20 Gysm: pospoOseHHsI Ta BIIpoBa-
mxenns HCTY y cdepi iHdopMaLintHMX TeXHOJIOTiN; afarTallis Mix-
HapopHux crangaptis ISO/IEC 1o yKpaiHCBKMX YMOB; CTaHJapTU3allis
MporpaMHOro 3abesreueHHs Ta iHpOPMaIIiTHIX CHUCTeM, 3a0e3eueHHs
IIpolLieciB po3po0sIeHHs, TeCTyBaHHS, BIIPOBa/LKeHHs; iHdopMarliviHa Oe3-
IleKa, CTBOPEHHs Ta BIIPOBa/)KeHHs CTaHAApPTiB 3aXMUCTy JTaHMX i Kibep-
Oe3nexy; CyMicHICTB Ta iHTepoIepaberbHiCTh, 3a0e3eueHHs B3aeMOZIl
MiX pisHMMM IT-cucremamu, mporokosiamu Ta popMaramu JaHUX; Me-
TOIWYHA IIATPVMKa, KOHCYJIbTALIil Ta eKCcIlepTu3a Id Iep>KaBHUX opra-
HiB, Oi3Hecy 71 OCBITHIX yCTaHOB IIIOJI0 3aCTOCYBaHHS CTaHIAPTIB.

TK-20 craB nepmmM cucTeMHMM MaJaHYMKOM I CTaHIapTu3a-
nii IT B YkpaiHi. Moro misuTbHICTD 3aKTaia OCHOBY [IJIs1 PO3BUTKY HaIlio-
HaJIbHUX cTaHAapTiB y cdepi IT, gasa 3Mory iHTerpysaTu yKpaiHCBKY
CUCTeMy CTaHJapTH3allil IIFOr0 HaIpsAMY Y MDKHapPOIHUI IIPOCTIpP, CTBO-
pvTy 6asy [1J1d IOJAJIBIIIOTO PO3BUTKY CIIelliali3oBaHMX KOMITeTiB. Anpom
TK-20 6ys Texuiunmit migkomiter [TK-6 «TermekomyHikariii Ta oOMiH iH-
dopmMarriero Mix crcTeMaMi», SKuvi OyB y BeIeHHI BiI1i/Ty KOMIUIEKCHMX
mocitimkeHb iHpopManinHux TexHosorin. [linkomiter ITK-6 3a0e3mneuy-
BaB CTaHIapTM3allilo B3aeMoAil Mix pisHMMU [T-crucTremamm Ta Mepexa-
mu. OcHoBHi 3aBraHHs [1K-6: po3po0rieHHs Ta afganTaliis CTaHIAPTIB Te-
JIEKOMYHIKAIIiTHUX POTOKOJIB 3a0e3edeHHs CyMiCHOCTI MK pisHUMM
Mepe>XXHVMI TeXHOJIOTiAMM Ta CUCTeMaMM Ilepefadi JJaHuX; CTaHJgap-
TH3allisg popMarti 0OMiHy iHPOpMalli€l0 — BU3HAUYEHHS €AVHMX IIPaBIl
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IUISL CTPYKTY P JIaHMX, ITOBiTOMJIeHb Ta iHnTepdericis, 111006 crcTteMy MO
KOPEeKTHO B3aeMOidTy; iHTeponepabesbHicTh IT-cricTeM — y3romkeHHs
BVIMOT /IO arlapaTHOTI'O Ta IIPOrpaMHOro 3abe3redeHHs 1151 3a0e3reueHHs
IXHBOI B3a€MO/Iil y TeTepOoreHHMX cepeloBUIlax; TapMOHi3allisa 3 MiKHa-
ponuumu crangaptamu ISO/IEC ta ITU-T — apanTaliisi CBiTOBMX CTaH-
HapTiB y cdepi TesleKoMyHiKallin Ta iHdopMariitHoro oomMiHy 1o yKpais-
CBKMX yMOB; iHdopmalirHa Oe3lleka y Ipoliecax OOMiHy AaHUMU —
BIIPOBa/KeHHs BMMOT 1010 3aXMCTy iHdOopMaliil i yac mepengadvi Mix
cucTeMaMV; MeTO[WYHa IIATPMMKa Ta eKclepTu3a — HaJlaHHd pe-
KOMeHJIallill Iep>kaBHVM opraHaM, Oi3Hecy Ta OCBITHIM ycTaHOBaM II[OZI0
BIIPOBa/)KeHHs CTaHaPTiB y cdepi TelleKOMyHiKarlir.

ITinkomiteT ITK-6 Mae y cBoeMy apceHaJli BeJIMKUT ITepeslik po3poo-
nennx cranpgaptis JICTY, rapmoHizoBaHMX 3 MDKHapOAHMUMY, CJIOBHUKM
TepMiHiB 3 iIHpOPMaLITTHIX TEXHOJIOTIN, PO3POOKM IEPCIEKTUBHMX IUTa-
HiB pO3BUTKY CTaHIapTu3allil YKpaiHu, yyacTb y MDKHapPOIHIV cTaHaap-
Tm3alil — daxisui 3 [1K-6 6paym yuacts y poboti ISO/IEC JTC 1/SC 6
«Telecommunications and information exchange between systems», 10 3a-
OesreuyBasio MpeACTaBHUIITBO YKpalHM y MIKHapOOHiN MisUTbHOCTI 3i
cTaHIapTU3alil.

PospobiteHo 3a Bech yac icHyBaHHs 162 JICTY, 14 TiiymauHMX CJI0B-
HVIKiB 3 iHOpMaLIiVIHIX TeXHOJIOTi, TapMOHi30BaHMX 3 Mi>XKHapOIHUMI,
III0 Ma€ 3Ha4YeHHs VI YKpaiHu Ta 3a0e3medye: €AMHY HOpMaTUBHY 0asy
II TeJIeKOMYHIKaIiVHMX CHUCTeM; CYMICHICTh YKpaiHchbKux IT-pimrens i3
MDKHapOIHMMY; HiABUINEHHS piBHA Kibep3axmcTy mpu oOMiHI JaHUMIY;
MOXJIMBICTB iHTerpallil y I7100a1bHi Mepexxi Ta craHmapTu Toilo. Bermke
3HaueHHs MaloTh OCTaHHi po3pobiieHi craHgapTi €sponernicekoro Co-
103y ETSI Ta mixnaaponHsi cranmaptn ISO/IEC JTC 1/SC 6 y cdepi Oe3-
IAPOTOBMX TeJIeKOMYHIKaIliIHX MepeX Ta, CTaHAapTH, 1110 perjlaMeHTy-
I0Th POOOTY Ta 0OMiH iHdOpMalii€lo B Oe3MiyIOTHMX JIITaJIbHMX arlapaTax.

IIpoenos ¢pizionroeiunux npoyecib 1100unu 8 excmpemarvHux ymobax.
CriiBpoOiTHMKM Bif1iily po3pobwm iHndopMalliiiHi TexHOIOoTT 171 mpo-
rHO3Y (pi3ioyIOriuHMX CTaHIB JIIOOAVMHN B eKCTpPeMaJIbHMX YMOBax, Io0y-
moBaHi Ha 0a3i KoMIapTMeHTaJIbHMUX Mopesieit. TexHosoril Oys10 BUKO-
PVICTaHO 114 OLIIHKM 3[0POB’ s JIIOAMHM 3a IMHAMiYHVMY XapaKTepuCTu-
KaMm pi3i0oNIOTiYHMX CHCTeM OpraHi3My JIIOAMHM Ta po3po0IIeHH: 3aco0iB
3aXVICHOTO CITOPS/KeHHsI JIIOAVHMY, sIKa Mpalllo€ B eKCTpeMaJIbHUX yMO-
Bax. B mopaseiriomy Oysio ofep’kaHO HOBi pe3ysIbTaTyi B KOMIUIEKCHI
OIIiHIII (PYHKIIITHOTO CTaHy JIIOAMHY B YMOBax 3MiHHOTO cepeoBUIIIa Ta
OvHaMiKM QisMYHMX HaBaHTaXeHb VI Pi3HMX BapiaHTIB 3aXMCHOTO CIIO-
PSAIDKEHH: 1 crcTeM XXUTTe3abe3leueHHs 3a KOPCTKMX 0OMeXeHb rapaH-
TOBaHOI Oe3Iekn cepenosmilia i oauHN. CTBOpeHO MIporpaMHO-iH-
dopMatiiviHe cepefoBuMIlie, siKe peasli3ye B3a€MOJIif0 Ha3BaHMX PaKTOPiB B
3BMUAHNIX 1 eKCcTpeMayIbHMX yMoBax. PoboTy Oysio BUKOHAHO B paMKax
Cpomo1 pamouHoi €Bpornericbkol Imporpamm Mapil Kropi. Pospobiiero
MaTeMaTUYHi MofeTi, siKi BifoOpaXaloTb KMCHEBUI PEXMUM TKaHWH JIIO-
avan. Ha 0asi iHdopmalirHiX TeXHOJIOri BMKOHAHO IIPOTHO3M eHep-
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TeTUYHOIO CTaHy JIIOAVHM B eKCTpeMaJIbHUX yMoBax. [JocsarHyTi pe-
3yJIbTaTH CIPUAIOTH 3allobiraHHIO iIlleMiuHMX i KapziopecripaTOpHMX
3axBoproBaHsb [13].

HenepepBna oc6ima. B KoHTeKCTi 3aBHaHb HellepepBHOI OCBiTI OyI10
CTBOPEHO KOMIUIEKC OCBITHIX ITporpaM PO3BUTKY JiTeVl 3 BUKOPMCTaH-
HsIM iHQOpMAaIliTHO-KOMYHIKaIIiTHNX CUCTeM B HaBYaJIbHOMY IIPOILIeci.
3po0biieHo y3arajbHeHH: i BU3HauYeHO HOHSTTS iHdOpMallilTHO-0CBiTHBO-
ro IpOCTOpPy, VIOrO KOMIIOHEHTiB Ta CTpyKTypu. CTBOpeHO aBTOPCBHKY
Iporpamy pO3BUTKY MUCJIeHHs AiTeVt Bif, 1 10 3 pokiB, y gKii 3aKk1ageHo
KOHIIeNTYaJIbHI HiIX0V A0 BUXOBaHH:A iHPOPMaliNHOI KyJIbTYPH, HOUN-
HalouM 3MaJIKy. YJIOCKOHaJIeHa IIporpaMa HaB4aJlbHO-PO3BMBaJIbBHOIO
Kypcy «Jloriku cBiTy» mig giten 4-12 pokis. Pospobiieno minxin, go pos-
Iy iHOPMAIIiIHVIX TEXHOJIOTIN K 0co0IMBOro iHdOpMalitHOTO ce-
penoBuIlia HaBKOJIO IUTVHM, gKe OropTae BCl TpaJWlliViHi cepegoBuIIa,
III0 PO3MISAAIOTHCS Y AOKYMEHTax IIOIIKUIBHOI OCBITM (IIpUpOIHe ce-
penoBuile, IIpeIMeTHO-IrPOBe cepeoBIIe, COolliaJIbHe cepeloBuIle, ce-
penoBuIlie BJIaCHOIO «s1» AUTVHM). 3alIpOIIOHOBAHO iHTerpaliiHy Mozieslb
roeTartHOro popMyBaHHs 3HaHb, YMiHb Ta HaBMYOK 3 OCHOB iHdOpMa-
TUKY, e 3aK/IaleHO MOXJIVMBOCTI peastizaliil 0cOOMCTICHO Opi€HTOBAaHOTO
HaBuYaHHA (depe3 pOpMM Ta METOIM HaBYaHH), ypaxXyBaHHS aKTyallb-
HyX 110Tped cy0’eKTiB HaBYaJIbHOTO IPOLeCy B OIlaHyBaHHI Cy4acHUX iH-
dopmarriiHnx Ta TeJleKOMYHiKalliftHMX TexHosorit. PospobiieHo Has-
YJasIbHi Ta METOAVMYHI MaTepiaiv ISt pO3BUTKY TBOPUMX 34i0HOCTEN yUHIB
IIOYaTKOBOI Ta cepelHbOl IIKOIM. AnpoOoBaHO Ta BIPOBa/)KeHO B Ha-
BUYaJIBHUM IIPOIeC MeTOAVKY iHHOBAIliVHOI ITiIFOTOBKM y4YHiB OCHOBHOIL
mkoym (5-7 xi1.). Po3pobrieHo aBTOPCHKY HporpaMy Ta METOAVYHI MaTe-
pianmm s BunTentiB Kypcey «OcHOBU iHMOpMaTHKM Ta 00UMCITIOBAIIbHOL
TeXHIKI», sIKy OyJI0 peKOMeHIOBaHO /Il BUKOPUCTAaHHS y HaBYaJIbHO-
My npoileci HaykoBo-MeTomyuHuM 1eHTpoM YipasiiiHHs ocBitu I'osto-
CifBCBKOI partoHHOI AepKaBHOI agMiHicTpartil y M. Knesi [59-64].

HayxkoBi po3p0o0K, 10 BUKOHYIOTBCS 3apas3

Hudgpobi naamegpopmu. [I>xeperroM po3BUTKY iHPOPMAIIiTHOTO CYCIIiIb-
CTBa BBaXkKaeThbCs iHoOpMallisl, a iIHCTpyMeHTOM PO3BUTKY iHdopMarlii-
HOIO CYCIIUIBCTBA CJIYIYIOTh iHdOpMarinHi TexHosorii. Indposi miat-
dopmu (LITT) BucTymaroTs sk 3acib i kaHaI 11 3a0e3reueHHs JOCTYIY i
OTpMMaHHS CIIOXMBadYaMy Ta OisHecoM HMQPOBMX TOBApPiB i MOCIIYT Ta
BUKOPWCTOBYIOTDH II€BHI MeXaHi3MI 1 aJIrOPUTMM J1JIsl peaslizallii BJIaCHOrO
dynkuionany. [Tposegeno xiacudikariro LI, sika mo3Bosisie mopisHs-
TV X BJIACTMBOCTI Ta 3pO3yMiTu BifMiHHOCTI, Ta goromarae obparu LII1
11 BUKOPWCTaHHs. SIK KpuTepin kiacudikallii MOXYyTb 3aCTOCOBYBaTHCS
oflHa a0o CyKyIHICTb xapakTepucTuk. Kitacudikariisg 3a ofiHi€ro 03HaKo0
HayJacTillle BcTaHOB/Ioe 1tofioHicTs LI Ha ocHOBI: dyHKIIiIHOrO IIpNM-
3Ha4eHHs; cpepu isUIbHOCTI; MOJIesli MOHeTH3allil; perioHy MoV peHHs
Ta BUKOPWCTaHH:; peXXMMy KepyBaHHs; ITpaBa BjacHocTi Tomto. Kiracu-
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dixariisg 3a CyKyIHICTIO XapaKTepUCTUK Oa3yeThcs Ha: MOAiOHOCTI apxi-
TeKTypPHOI KOHIryparilil, xapakTepucTukax iHQpacTpyKTypu, eKOoCuc-
TeMI Ta IIOCIYT; XapaKTepucTuKax Oi3sHec-Mofiesli; 0coOIMBOCTIX BUKO-
PUICTaHHS Mepexi, TeXHIYHIX pecypciB Ta MpOrpaMHOro 3abe3ledeHH:s
pisHux pisHiB. [ToGymoBaHO MaTeMaTHUUHy MOfesIb 3amadi Kiacudikarlii
LITT 3 BUKOpMCTaHHAM Teopil KoMOiHaTOpHOI onTmMmisariii [15, 16].

ITpornec npoexryBanHs Ta ekcruryaTanii LIIT cympoBomkyeTbea He-
BI3HAYEHICTIO, siIka 0OyMOBJIeHa pO30CepeKeHICTIO YUaCHMKIB eKOCIIC-
TeMM 1 PO3MUTICTIO MeX MK Ppi3HMMM IPOJYKTaMV, PUHKaMM Ta rajiy-
3aMn. HeBusHaueHicTh € pe3ysibTaTOM TexHOJIOTiUHOI ckiiagHocTti LTI,
Herepei0auyBaHOI IIOBeIiHKM CIIOXMBadiB, KOHKY PeHTHOI 00pOTbOM Mix
wiaTdopMaMm Ta yUaCHMKaMM eKOCUCTeMI BcepeanHi IuiaTpopmu, 30B-
HIIIIHBOTO BIUIVBY IOJITUYHMX UM PEryJIATOPHMX 3MiH. HeBrnsHaueHicTh
BUHMKAE BHACIIIOK SIK 00 €KTMBHMX, TaK i Cy0'eKTMBHMX NPWYMH, IIPU-
4OMYy Pi3HI TUIV HEBU3HA4YeHOCTI 110 Pi3HOMY BIUIMBAIOTh Ha YYacHUKIB
exocvctemu LIT 3 pisHmMM postamm. [JocitizkeHO YMHHMKY BUHVKHEHHS
Ta BUIV HeBM3HAUYeHOCTI, AKi IPYHTYIOTbCS Ha: HEIIOBHOTI BXiJHOI i 110-
TOYHOI iH(OpMaIlil; HeUiTKOCTi po3po0sIeHVIX ITpaBiI OOPOOKM Ta OIliH-
K1 iHdopMallil; cuTyarlii pusMKy, 10 CYIPOBOIKY€ETbCS HEOIHO3HAaU-
HIiCTIO 11010 OOpaHH4 BapiaHTYy iVl mif yac B3a€MOZil Ta IPUMHATTI pi-
IeHb yyacHKamy ekocvictemu LITT. JTocmimpkeHo miaxoay 10 BUpPIilIeHHs
11po0sIeM HeBM3HAUeHOCTi 3a paXyHOK 300py iHdopMmariil Ta rmorimbrieH-
HsI 3HaHb, eBOJIIOLIT Oi3Hec-Momeri, amantanil ausavny LI, 3acTrocyBan-
H cHlelliaJIbHMX MeXaHi3MiB CcTpaTeril KepyBaHH:. B Mexax Teopii Kom0i-
HaTOPHOI OIITMMIi3allil [IJId BUpillleHHs Ipo0sieM HeBMU3HaYeHOCTi 3Mofie-
JIbOBAHO Ta IOOyIOBaHO MaTeMaTWYHi MOfeJi 3azadi 3 Teopii MacoBOro
obciTyroByBaHHS Ta 3a7adi 3 Teopii irop. B 000x Bumagkax HeBM3HAYEHICTh
IIOB’s13aHa 3 0COOJIMBOIO CTPYKTYPOIO apryMeHTY 1IIboBOI PyHKIIl. AHa-
JIi3 cUTyallil 3a JesKMi MPOMDKOK 4acy J03BOJISIE BCTAHOBUTY II€BHY 3a-
KOHOMIpPHICTB i BpaxyBaTy 1 3 METOIO ITOM SIKIIIeHHs a0 yCyHeHHs BIUIVI-
By HEBM3HA4YeHOCTI Ha HiANPUEMHULIBKY HisJIbHICTh Y4aCHUKIB €KO-
cuctemm LIIT.

Xmapni obuucaenns. IToHATTS «XxMapHI OOUMCIIEHHS» — 1Ie MOJIeb,
sKa 3a0e31edye 3pydHNUI IOCTYII 3a 3allTOM Yepe3 Mepexy 10 CIIILHOIO
IyJIy HaJIaIlITOBaHMX OOYMCIIIOBAJIBHMX pecypciB (HaIIpMKIIaz, Mepex,
cepBepiB, CXOBUIIL JaHMX, JOOATKIB i cJIy0), SKi MOXYTb OyTV HIBUIKO
HaJlaHi Ta 3BUIbHEHI 3 MiHIMaJIbBHMMM YIIPaB/IHCBKMMM 3yCUUIIMU abo
B3a€MOJIIEIO 3 ITOCTaYa/IbHVIKOM ITOCITYT.

OsHaky, gKi BUKOPUCTOBYIOTHCS Y BU3HAYEHHI ITOHATTS XMapHMX
o0OunciIeHb, Bif3HAYAIOThCS BUCOKMM piBHEM CKJIamHOCTi. BoHM oxorr-
JIIOIOTH SIK TEXHIYHI, TakK i opraHisaminHi acmiekTy, 110 BUMarae Bij da-
XiBIiB ITIMOOKMX 3HaHb y cdepax iHPOpMAIIiITHIX TeXHOIIOTIN, Mepexe-
BOI iHdpacTpyKTypwu, Oesnexn gaHux Ta KepysaHHs IT-pecypcamm. Ta-
KNyl OaraTOpiBHeBUN IIifXif, 0OyMOBIIIO€ HeOOXiZHICTh KOMIUIEKCHOTO
PO3yMiHHS TepMiHiB i IIPo11eciB, 110 jIeXXaTh B OCHOBI XMapHMX 00UNCIIeHb
[17—19].
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Ocnobui nanpamu pos3bumxy docaidxenv 8 cghepi onmosoziunozo
ananisy [20—34]. OcHOBHIi JocATHEHHS Y cdpepi OHTOIIOTIYHOTO Ta ceMaH-
TUYHOTO aHaJIi3y:

e Po3po0sieHO HOBATOPCHKMI Ta PyHIaMeHTaJIbHUN HaIlpsM CTBO-
PEHHS OHTOJIOTIYHMX MOJIeJIeVl CKJIaTHMX 0araTOKOMITIOHEHTHMX iHdop-
MalimHmx 00 eKTiB Ha OCHOBI MaTeMaTMYHOI JIOTiKM JlecbHeBCbKOro Ta il
MepeoJIOTiuHOro IIiAXoay («JacTuHa-1IijIe»), KUl pelpe3eHTye CKIaIHi
00’€eKTH gK CYKYITHICTb (CMCTeMY) B3a€EMOIIOB si3aHX KOMIIOHEHTIB i3 JiT-
KM CTPYKTYPHUMH BiiHOIIeHHAMM. Mepeosioriuni Mopesi 3a0esrte-
4yI0Th MaTeMaTU4YHY CTPOTiCThb i CeMaHTUYHY TOUHICTb TPV MOJIeJIIOBaH-
Hi CKJIQTHOCTPYKTYpOBaHMX 00’ €KTiB, 110 € 000B’sI3KOBOIO ITepeyMOBOIO
IUISL CTBOPEeHHsI ePeKTMBHIX iHTeIeKTyaIbHMX CUCTeM HMiATPUMKU IIpu-
VIHATTS pillleHb Y TexHilli, yIIpaBsIiHHi Ta Oesreri.

¢ Po3pobrreHO MeTOIM AMHAMIYHOTO IIOTIOBHEHHS OHTOJIOTIV, SIKi, Ha
BiZIMiHY Bifl TpaJUIIIVIHVX HiIXOMIB 10 OHTOJIOTIYHOIO MO/IeJIIOBaHHs, 3a-
Oe3redyroTh MOHITOPMHT 3MiH BIIKPUTMX ceMaHTUYHO-PO3MideHNX BiKi-
pecypciB, BU3Ha4alOTh Ta JIOAAIOTh peJieBaHTHI KOHILIENTW, IXHi BiIHO-
IIIeHH4, anMGyTM IO IIOYATKOBOI OHTOJIOIII [IJIs TI OHOBJIEHHS Ta IIOIIOB-
HeHH4. Lle 3a0e3neuye edeKTMBHE pO3IIMPEHHS TePMiHOIOTIYHOT 0asu y
HOBUX, CJ1abodopMastizoBaHMX IpeAMeTHMX O0JIacTsIX Ta aBTOMATM3YeE
mpolec GopMyBaHHS OHTOJIOTIV y Pi3HMX TraIy3six.

e Breprre po3poOsieHO MeTOJ 3iCTaBiIeHHS OHTOJIOTIUHMX MOZesIet
CKJTamHMUX iHPOopMaliHNIX 00’ €KTiB, KM Ha BiAMIHY Bill TpamuIintHuX
MeTOIiB I'PYHTY€TbCSI Ha KOMIUIEKCI KpUTepiiB ceMaHTMYHOI OJIM3bKOCTI
Ta IO€AHYE KUIbKICHI METPUKM i KOHTEKCTHI KpuUTepili, 1110 301/1bI1ye TOY-
HICTh pe3yJIbTaTiB BCTAHOBJIEHHS ITOIi0HOCTI OHTOJIOTIYHMX MOJIEIeN! JI0-
CITKyBaHMX 00'€KTIB Ta MiABUIIY€E SKiCTH POOOTM OHTOJIOTiYHO-OpieH-
TOBaHMX iIHPOPMAIIITHMX CUCTeM Ta 3aCTOCYHKIB.

¢ Po3po0iieHO allropmUTMM PO3IOILTY 3aBdaHb B pol Oe3miIoTHMX JIi-
TasIbHMX 00 ekTiB (BrJIA), gKi IToeAHYIOTh MeTO/, PO3IOAUIY 3aBIaHb MiX
areHTaMy Ha OCHOBI IXHiX PoJIeVl 3 MeTOIOM JVMHAMIiYHOIO IUIaHyBaHHI
Ha OCHOBi OHTOJIOTiYHOI MOJeJI, 110 3a0e3redye MOXJIMBICTh AVHAMIid-
HOTO Iepepo3HoAUTy 3aBdaHb B poi briJIA, edeKTBHICTE BUKOPVICTaHHS
oOMeXeHNX pecypciB Ta MOXJIMBICTh AMHAMIYHO 3MiHIOBATM IUIaH Micii,
MiZABUIIYBaTV KMBYYiCTh CUCTEMM Ta aJallTUBHICTh 10 3001B.

e Po3pobiteHO criocoOu iHTeIeKTyaIbHOTO 0OpOOJIeHHs TeKCTiB, IO
0a3yroThcs Ha ITO€IHAHHI CeMaHTUYHMX Te3aypyciB Ta aJITOPUTMIB KJTac-
Tepu3yBaHHs, 110 Ja€ 3MOTY IIIABUIIIATY TOUHICTh BVUSBJICHHS KJIIFOYOBVIX
KOHIIeNITiB Ta BiJHOIIeHb MK HMMM, MiHiIMi3yBaTV «iH(OpMaIiTHUI
IITyM». 3aBISIKV BIIPOBa/)KeHHIO HEUiTKOI JIOTiKM Ta BpaxyBaHHIO 0COOIIM-
BOCTEVl YKPalHCBKOI MOBM, po3poOsieHa TexHOJIoris 3abesreuye sKiCHO
HOBUT CIIOCi0 MOOYIOBY OHTOJIOTIT IIpeIMeTHOI TaTy3i Ha OCHOBI T€KCTO-
BUIX TaHWX.

e Po3pobi1eHO KOMITIEKCHY TeXHOJIOTIIO /Il aBTOMATM30BaHOTO BUIO-
OyBaHHS 3HaHP i3 TEKCTOBVIX MaCWBIB, Jle OCHOBHY yBary IpVIijIeHO eBOJIIO-
IIIIOBaHHIO ITOOYIOBY OHTOJIOTIN Bif] CEMaHTUYHOIO 30aradyeHHs TepMiHiB
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110 iepapXidyHOro CTPyKTypyBaHHS PUXOBaHMX BiIHOIIeHb. Bukopucran-
Hsl arlapaTy HeYiTKMX MHOXMWH IIif 4ac 0Opo0OsIeHHs TeKCTiB ajlo 3MOTy
edpekTBHO popMalisyBaTi CKIaJHi Tasly3eBi 3HaHHS, BpaxOBYIOUM Ipa-
MaTWUYHY BapiaTMBHICTh MOBU [IJIsI IIOJAJIbIIIOTO iX BUKOPVCTaHHSI.

Kombinamopna onmumizayia [35-49]. barato nmpuxiIagHuX 3amad
3BOJISATBC [10 3a/1a4 KOMOiHaTOpHOT onTMMi3artil. BoHu 3amaroTbes ogHiero
abo kiylbkoMa 0a30BMMM MHOXMHaMM, MDK ejleMeHTaMU SIKMX MOXYTb
OyTn 38’3k abo BOHM BiACyTHI. 3a 00UNMCIIEHHSM LJTbOBOI PYHKIIIT
BUIUIEHO 3a/1aui K1 BiTHOCSITHCS 10 CTATMYHMX Ta AMHaMiuHMX. Bumiiie-
HO O3HAaKM, 3a SKVMMV BCTAaHOBJIIOETBCS TOAIOHICTD IIMX 3a7ad. 3agadam
KOMOIHaTOpHOI OIITMMIi3allil BjlacTVBa CMMeTpis, fKa IIOB s13aHa 3 CUMeT-
piero KOMOiHATOPHMX MHOXVH. 17151 BUSIBJIEHHS BJIaCTMBOCTEVT KOMOiHa-
TOPHOI ONTMMi3allil IPOBeAeHO aHali3 NPUKIaJHMX 3a7ad, AKi 3BeJeHO
110 3a71a1 KOMOIHATOPHOI OIITMMIi3arlil, BUSIBJIEHO 3araIbHi IX 0COOIMBOCTI.
1 HuX po3po0iieHO MaTeMaTWYHYy ITOCTAaHOBKY, SKa BpPaxoOBYy€ Bilac-
TUBOCTI IIMPOKOro KJIacy 3ajiay, 3allpOIIOHOBaHO MeTOI, iX MOJIe/IIOBaHHSI.
3a aprymMeHTOM ILiyIboBOI (PYHKUIT IpUKIafHI 3a7adi po3IileHo Ha Mifl-
3a1a4i, BCTAaHOBJIEHO 1X INoaiOHicTh. HeBusHaueHicTh B [IMX 3agavax 3 B-
JISIETBCS 3aBSKIM OCOOJIMBIN CTPYKTYpi MHOXMHM KOMOIHAaTOPHMX KOH-
dirypanin. BctaHoBiieHHd cuMeTpii B 3afjauax 1IbOro Kjlacy IpOBeIeHO
IIUISIXOM aHaJli3y cMeTpii KoMOiHaTOpHMX KOHIrypalliit, Ki € apryMeH-
TOM LJIbOBOT PYHKIII.

* Po3polsieHo HOBUIT METOJI, MOMEITIOBAaHHS IIPVKJIATHMX 3aa9 KOM-
GiHaTOPHOI OIITMMI3allil, IKVII BpaxoBYy€ IX KOMOiHATOpHY IPUpPOLY.

* Po3po0s1eH0 HOBUII MeTOI, pO3B’ I3aHH: 3a7]au KOMOiHaTOPHOI OIITH-
Mi3allii pi3HMX KJIaciB, IO I'PYHTYETbCS Ha pO3Mi3HaBaHHI CTPYyKTypu
BXiZIHOI iH(pOopMallii Ta Ha3BaHMI METOIOM CTPYKTYpHO-aIdaBiTHOTO I10-
IITyKy. 30DKHICTh MeTOIIy [TOBEIeHO Ha ITifIK/Iacax po3B sI3HMX 3a1a4.

* 17151 reHepyBaHHsI KOMOiHaTOpHMX KOH(Iryparlit pospo0sieHo yHi-
BepCaJIbHUV PeKYypPeHTHO-IIePiOJVYHNUI MeTOJ, KU IPYHTYETHCA Ha
BJIACTMBOCTI ITePiOAVMYHOCTI, 10 XapaKTepHa I YIOPSIKYBaHHSI KOM-
GiHaTOpHMX MHOXVMH. Po3pobiieHo nporpamHe 3abe3rniedeHHs IS TeHe-
pyBaHH: KOMOiHaTOpHMX KOHPIrypariinn pisHux THUIIiB.

* Po3pobiieHO MeTop, 151 pO3B’si3aHHs IepeliuyBaIbHIX 3a/1a4u B KOM-
GiHaTOpMIIi.

* Po3pobiieHo mifxin mo pos3s’s3aHHS NPUKIATHMX 3amad KoMmOi-
HaTOPHOI ONTMi3arlil riOpraHVMY aJITOpUTMaMIA.

* OmmcaHo cuTyallito HeBM3HaYeHOCTI, sIka BMHMKAE B 3a/1a4ax KoMOi-
HaTOPHOI OITVMMIi3allii, Ta mogaHo ii Kiacudikariito. Po3pobieno camoHa-
JIaTOIKYBaJIbHI aJITOPUTMU [IJIs BUpPIIlIeHHs ITpo0sieMy HeBY3HaYeHOCTi.

* 3 BUKOPWCTaHHSIM KOMOIHATOPMKM PO3p00IIeHO KOHCTPYKIIitO HOBOTO
TUITy KOOPAMHATHOIO KOMYTaTOpa, sSIKUV € OJTH/M i3 OCHOBHVIX €JIeMeHTiB
B TeOpii TeJleKoMyHiKallivt. OTprMaHO IaTeHTM Ha BUHaxXif, [65-66].

* 3 BUKOPWCTaHHSM Teopil KoOMOiHaTOpHOI onTMMi3arii moOymoBaHO
MaTeMaTW4Hi MOflesli IPpUKIagHVIX 3a71a4, gKi BUHMKAIOTh B Pi3HMUX rajy-
349X (CHCTeMaxX aBTOMATM30BAHOTO KOHCTPYKTOPCBKOTO ITPOEKTYBaHHS,
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reopOo3IOJIiyIeHNX iHTeJIeKTyaJIbHUX AVHAMIYHMX CHUCTeMax, po3Ii3Ha-
BaHHI MOBJICHHEBMX CUTHaJIiB, KJIHIYHIN JIarHOCTUII, TeJIeKOMYyHiKariil
TOIII0) Ta 3aIIPOIIOHOBAHO OOYMCITIOBAJIbHI CXeMU 1X po3B’sa3aHH4. 14 1e-
SKMX 3 HUX PO3po0iIeHo porpaMHe 3abesmeueHHs [46-49)].

* 3 BUKOPWCTaHHAM KOMOiHaTOpHOro aHasIi3y Ta Teopil KoMOiHa-
TOPHOI OIITMMIi3aIlil JOCIIikeHO KOMOIHATOPHY HIPUPOOY AesSKMX 3amad
IITYYHOTO iHTeJIeKTY Ta 3BeIeHO iX [10 3a/1a4 KOMOiHaTOPHOT OITMIi3aLIil.

Mobiavre 300po6’a. Memodu ma 3acobu [50-58]. HaykoBo-gocimigHi
poboTtu TemaTuHOI rpymm «MoOiTbHe 310poB’s. MeToy Ta 3acoOm» Bu-
KOHYBa/IMcsA 3a (PyHAaMeHTaJIbHMMM Ta HpuKIagHuMy TeMamu. Kpim
LIbOTO BUIKOHYBaJIMCS HayKOBO-HOCIiIHI pobotu 3a rpantamu HAH Vk-
paiHm 0TI MOJIOOMIX YUE€HMX.

B ocHoBy iHdopMalliiHIX TeXHOJIOTiN ITOKIaJleHO MaTeMaTUYHi MO-
neri ¢i3iooriyHMX peaxiiint JIIOAVHM 3a Pi3HUX YMOB cepefoBuIla, iH-
TeHCMBHOCTI (Pi3MUHOI aKTMBHOCTI, OISy Ta 3aXVMCHOI'O CHOPSIKeHHs
JOAVHN. BukopucranHs 11X iHpOpMAIIiHMX TEXHOJIOTIN Ja€ MOXIIN-
BICTb ofiep>KaTu IIoIepeKyBaJIbHUM IIPOrHO3 CTaHy JIOAMHM B Pi3HUX
yMOBax cepeIOBMIIIa, 110 JTa€ MOXKJIMBICTh 3HU3UTY PU3MKY, a iHOIi 11 3a-
MOOIrTM TOPYIIIEHHIO 30POB’ S JIFOIVIHA.

B ix ocHOBY moxajieHO po3poOKy My IbTMYHKIIHOI IU1aTdpopMu
IIPOrHO3YBaHHs TepMOi3i0/IOriuHOro CTaHy JIFOIVHM 3a eKCTpeMaIbHMX
YMOB CepeJloBMIIa, sKa 3a JOIIOMOI'M XMapHMX TeXHOJIOTiN IoeqHaIa
CydJacHi MaTeMaTW4Hi Mofiesli i3ioyIoriuHmX CrCTeM JIFOAVHI 3 HaTHOBIT-
HIIIMMW JIOCATHEHHSIMM MOOUIBHMX TeXHOJIOTiN. MybTudyHKIIiHa
IwIaTdopMa MiCTUTh KOMIUIEKC IIPOTrpaMHMX MOJIYJIiB [IJ14 BUpIllIeHHH 3a-
BaHb IepeOyBaHHS JIIOAVHN B eKCTpeMaJIbHIX YMOBaxX CepeloBUIla, a
caMe: 3a BMCOKOI UM 3a HU3bKOI TeMIlepaTypu HOBITps, 3a IIiJIBUILEHOI
BOJIOTOCTI IIOBITP$l, B XOJIOMHIM BOJIi, IIi/] Yac iHTEHCMBHOI (Pi3MYHOI ak-
TUBHOCTI ToI110. CIIpOEKTOBaHO OaraTopiBHEBY KITi€HT-CEpBEepPHY apXiTek-
TYPY, sIKa 3a0e3Ieuye jioriute Ta ¢isnuHe po3MeXyBaHHS 00UNCITIOBAITb-
Hux pecypcis. CepBepHa YacTVHa CUCTeMM CKJIaJAa€ThCA 3 IIpOrpaMm Ke-
pyBaHHS IIOTOKaMM JaHMX, cepBicHOI Iu1aTdopMu, Gasu mepcoHaIbHMUX
naHux i 6asu gaHMX pesysbTaTiB IIporHosysaHHs. KilieHTChKy dacTuHy
CUICTeMM peajli3oBaHO sK Halip KII€HTCHKIX 3aCTOCYHKIB M7 MOOITTBHIIX,
IeCKTOIHMX IuIaTdopM i BebIuIaTdopM, MpMU3HAUYEHNX IS BBEIEeHHH,
IepeBipKM MepeaBaHHs JaHNX Ha cepBep i MoJaIbIIoro BijoOpaKeHHs
pe3yJIbTaTiB MPOTrHO3yBaHHS.

MynpTndyHKinHa mwiatdopma 1a€ 3MOTy OTPUMATH IIPOTHO3 i Oa-
raTorapamMeTprMYHO OLIHUTK BIUIMB Ha TepMOdQi3ioIoOriuHmi CTaH JIfo-
JIVIHVM Pi3HMX YMOB IIOBITPSHOIO i BOJHOTO CepeOBUIIa, PI3HUX BUIIB Ta
pi3HOI iHTeHCMBHOCTI i3MUHOI aKTMBHOCTI, pi3HMX aHCcaMOJIiB OfAry Ta
3aXVICHOTO CITOPSIIKEeHHSI; OL[IHUTY CTYIIiHb aflalnTallil JIIOAVHM 10 iHTeH-
CMBHOI (Pi3MYHOT aKTMBHOCTI B CITEKOTHMX YMOBax Ce€peloBUIIa; IIPOrHO-
3yBaTM Yac [0 HaCTaHHs IleperpiBaHHS i 3HeBOIHEeHHs abo Iepeoxosio-
JDKeHHSI OpraHi3My JIIOIVHM 3a eKCTpeMaIbHVX YMOB CepeloBMIIa; OT-
pvIMaTy IPOTHO3 BIUIMBY Ha JIIOJIVHY €JIeKTPOMarHiTHOI rineprepmii B
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paniodacTOTHOMY Jiana3oHi; JOCJIIWUTY BIUIMB BUIIPOMIHIOBAaHHS MO-
6istbHOTO TesTedpOHYy Ha TeMIlepaTypy MO3KY JIIOAVHM; OLIiHUTY TeMIlepa-
Ty PpHU KOMQOPT JIFOAVMHYU B IIPUMIlIIeHHI.

Ingpopmayinni mexnoaozii 8 ocBimnvomy npoyeci. IIpogosxeHo fgo-
CJTKeHHs Ipo0JsIeMIt 3aCTOCYyBaHHS B OCBITHBOMY IIpolleci KoMII IoTep-
HMX IHHOBALIVIHMX TeXHOJIOTIV Ta IepCOHaIi30BaHOIO0 HaBYaHHS K HO-
BITHBOI IIeIarorigyHol TeXHOJION1I.

3nivicHeHO OIJIAM Ta aHaJIi3 3apyODKHIIX 1 BITUM3HAHMX JOCITIKEHD Y
rajIysi BOpoBa/)KeHH: ITlepCOHali30BaHOr0 HaBYaHH B 3aKJIaZlax OCBIiTIL.

JOCITiKY€ThCsl CTaH BUKJIaJaHHS PO3IUTB JVUCKPETHOI MaTeMaTUK
(koMbiHaTOpHOTO aHasIi3y) B IPodiIbHMX Kilacax 3aKIafliB 3arajIbHoI ce-
PeaHbOI OCBITH 33711 MiATOTOBKM MaviOyTHiX IIpOrpaMicTiB.

PozpobiieHo HallpssMML Ta IIporpaMy BUKOPMCTaHHS IITyYHOTO iHTe-
JIGKTY B OCBITHIX TeXHOJIOTiSIX, 30KpeMa Ul IepcoHali3allil HaBYaHHs,
IO JorioMarae 3abesreuyBaTyt IIaTPOPMY IS TOCTYITy 110 HaBYaJIbHO-
ro KOHTEHTY, PecypciB i MOXJIMBOCTEN HaBYaHHS BifIIOBiIHO 10 oTped
KOXXHOTO yYH4.

3pobrieHo aHasIi3 ITepeBar Ta puU3MKiB BUKOPVUCTAHHS TeHepaTBHOTO
IITYYHOTO iHTeJIeKTy B OCBITHBROMY ITporeci. 3a pesyJyibTaTaMy JOCIIi-
JKeHb ITiJIrOTOBJIEHO Po0OOoUi MaTepiain [yIs TOAasIbIIIoro oIpallloBaH-
HsI Ta JIOIOBiAb «AHaJIi3 pU3MKIiB BUKOPUCTAHHA IITYyYHOIO iHTeJIeKTy B
OCBiTi» I TeMaTW4YHOI MIKOIM «[?03BUTOK Teopil Ta MeToxiB KOMOiHa-
TOPHOI ONTUMI3Allil B 3ajaUax ITY4YHOrO iHTeIeKTy». OTpuMaHi pesyiib-
TaTy € BarOMUMM I BUPIIIeHHs 3aB/laHHs BIIPOBaj/[)KeHHs IepcoHali-
30BaHOIO HaBYaHH: B yMOBax 1 poBoi TpaHcdopMallii ocBiTn.

Po3pobiieHo 3arajbHy KOHIIEIIIiI0 BIIPOBaiKeHHs Yy 3aKilafax [10-
IIKUTBHOI OCBiTM MiKHaAyKoBOi iHTerpaiii y STREAM-texnomnorii. Bu-
3Ha4YeHO POJIb KOXXHOro Hampsamy STREAM vy misHaBaJIbHIiV [TisUIbHOCTI
JTOIMIKIJIBHST.
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CxonvHKaMM ITi3HaHHS MOXYTb OyTu Taki. CTBOpeHHS eMOIIilTHOTO
0o0pa3y 00’exTa 3a IOIIOMOIM JXVMBOINCY, MY3MKM, TaHIIIO, JIiTepaTypu
ToIO. B3aeMomonoBHeHHS Ta IOPIBHAHHS Bpa’keHHs, aKTHMBi3allis Bjlac-
Horo gocsifgy nutuHu. Ilepexin Binm emorintHoro oOpasy A0 HayKOBOTO.
BusHaueHO Ta y3arajlbHEHO OCOOJIMBOCTI MiXKHAYKOBOI iHTerpariii Harl-
pamis STREAM-TexHONOrIl — MpUPOIHMUYMX HayK, TEXHOJIOTi, poOoTn
HaJl 3MiCTOM TeKCTiB, iH)KMHIPiHTY (KOHCTPYIOBaHHs), MUCTEIITBA, MaTe-
MaTrKn. Po3pobrieHo MeTommuHi peKoMeHAarllil i MaTepiamn Wi IIpak-
TUYHOI iHTerpOBaHOI POOOTH 3 AITHMM BCiX JOIMIKUIBHUX IPYI — MOJIOM-
1101, cepegHbOI, CTapIIIOL.

HociimkeHo, K BUXOBaTesli-MeTOAMCTY 1 BXoBaTesli MOXYTh edek-
TVBHO i JOPEYHO y MiJrOTOBII JI0 3aHATh BUKOPVCTOBYBaTU INTYYHUN
inTeniexT. Havmepime — y migroTosIi 10 3aHATH, CTBOPEHHI MaTepiasliB
Wi poboTtu 3 miTeMu Toio. Ilo-mpyre, cTBOpeHHI pO3TOPHYTMX IUIaHIB
3aHATh, ajle BUXOOUTh CIIPOIIeHO i He KpeaTuBHO. [lo-TpeTte, akyMyrraLlii
imevt s IwIaHyBaHHS BilacHOI poOoTn. Ilo-ueTBepre, HaOyTTI MOCBimy,
PO3BUTKY IIpOodeciiiHIIX BMiHb.

IlepcrieKTHMBM PO3BUTKY
HayKOBMX JOCTiI>KeHb

o repcrieK TMBHMX JOCIIKeHb BiIUTY BilHeCeMO TaKi HayKOBI HaITpsSIMA:

1. KombGinaTropuka, KoMOiHaTOpHa onTMMi3ariis.

Hanpamu Buxopucmanma meopii kom0inamopHoi onmumizayii ma xomoi-
HAMOPHO20 AHAAI3Y B THEPOPMAYIAHUX MEeXHOA02IAX.

Teopis 3HAaKOBVIX KOMOIHATOPHMX IIPOCTOPIB.

KombGinaropHa onTmMisaliist B 3afjavax IITYYHOTO iHTEJIEKTY.

Mertop, cTpyKTypHO aipaBiTHOrO HOUIYKY ONTMMaJIbHOTO PO3B SI3KY
B 3a1a4yax K0M6iHaTopH0'1' OIITVMI3alIil.

KombiHaropuika B Teopii TeJleKOMyHiKartii.

2. OcHOBHI HaIlpsAMM PO3BUTKY HOCIIKeHb y cpepi OHTOIOrIYHOrOo
aHaJIsy.

3. lIndposi iaTdopm.

4. ITnardopmu xMapHIX 0O0UNCIIEHb.

5. MammHHe HaBYaHHS.

6. STREAM-TexHOJIOTII B criCTeMax OCBITMH.

7. Komm'totepHi Mopesti IIpOrHO3yBaHHS >KUTTE3QATHOCTI JIIOAMHN
ITif Jac IVIaHyBaHHS BiFICbKOBVIX 1 PATYBaJIbHVX OIlepalliVi 3a Pi3HMX YMOB
cepeloBuIIa.

BucHOBKM

TakmM uMHOM, CHIBpOOITHMKM BifJIiyTy KOMIUIEKCHUX HOCIIIKeHb iH-
dopmalliTH1X TexXHOJIOTiN 3a 4ac iCHyBaHHS Bi[JIUIy 3alloyaTKyBaJIM i
PO3BUHYJIM Psfl BOXIMBUX IS Pi3HUX cdep HapOTHOTO rOCIofapcTBa
HayKOBUX HaIlpgMiB, MOB’d3aHMX 3 iHPOPMAILiHMMM TeXHOJIOTiSIMI.
Bonw cTocyroTbcs TOCiIpKeHHs Ta BITPOBaj)KeHHSsI CyYacHMX CHCTeM Kepy-
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BaHH4 B Pi3HMX rasry3sx HapOIHOI'0 TOCIIOapPCTBa, PO3BUTKY TeOpil Ty Y-
HOTO iHTeJIeKTy, OHTOJIOrii, KOMOiHaTOpHOI omTMMi3allil, MOOUIEHOrO
3[10pOB s, iIHpOPMaIIIVIHMX TeXHOJIOTiN B OCBITHBOMY ITpolieci Toio. ITo-
HaJIBIINY PO3BUTOK HayKOBMX JIOCIIIKeHb BifIUTy OB 3aHU 3 PO3BU-
TKOM Teopii KOMOiHaTOPHOI onTMMi3arlii, po3pobIeHHSIM HOBUX ITIXO/iB
IO PO3B’si3aHHA IIPUKIATHMX 3a7ad B paMKax Ili€l Teopii, pPO3BUTKOM
OHTOJIOTIYHOTO aHaJli3y, Teopii HMdpoBux WwIaTPopM i xMapHMUX 00UNiC-
JIeHb, INTaHb, IIOB’ I3aHNX 3 MEAMIIVHOIO, 3 OCBITHIM IIPOIIeCOM TOIIIO.
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INFORMATION TECHNOLOGIES IN SCIENCE AND PRODUCTION

Introduction. The formation of the department is described from 1968 to the present.
Its organizer and the Head was the candidate of technical sciences, in the future cor-
responding member of the NAS of Ukraine, Volodymyr Ilyich Gritsenko. Under his
leadership, very important foundations for the development and formation of infor-
mation technologies in the areas of control systems were laid, in particular, railway
transport of enterprises of the metallurgical industry, the development of the theory
of artificial intelligence, ontology, combinatorial optimization, models of physiologi-
cal processes and human reactions under various environmental conditions, informa-
tion technologies in the educational process. The employees of the department re-
ceived significant scientific results, confirmed by publications in monographs, in cen-
tral journals, patents for inventions, and copyright certificates for works.

Problem statement. The formation and development of information technologies
over fifty years, starting from 1968 to the present, was considered. During this period,
scientific research was conducted in various fields, which are united by one scientific
direction. This is information technology.

The proposed approach. The example of applied problems from various fields
shows the development and formation of the theory and practice of information tech-
nologies and their application in various fields of science and production.

Conclusions. During its existence, the employees of the Department of Compre-
hensive Research of Information Technologies have initiated and developed a number
of scientific directions related to information technologies that are important for vari-
ous spheres of the national economy. They concern the study and implementation of
modern management systems in various branches of the national economy, the deve-
lopment of the theory of artificial intelligence, ontology, combinatorial optimization,
mobile health, information technologies in the educational process. Further develop-
ment of scientific research of the department is connected with the development of
the theory of combinatorial optimization, development of new approaches to solving
applied problems within the framework of this theory, development of ontological
analysis, theory of digital platforms and cloud computing, issues related to medicine,
educational process.

Keywords: information technology, combinatorial optimization, railway transport manage-
ment, artificial intelligence, prediction of human viability.
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