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INNOVATION TECHNOLOGY
FOR UPGRADING SPACE MONITORING STATIONS
TO ADVANCED CIRCUITRY

Introduction. Radar technologies have formed the foundation of outer space control systems in Ukraine, relying
on radar stations.

Problem Statement. The domestic 5N86 radar has been in operation for an extended period, resulting in sig-
nificant obsolescence of its elemental base. Many components have lost functionality and cannot be replaced. The
elemental components used in the radar’s design are either no longer produced by domestic manufacturers or have
been manufactured using outdated technologies, rendering the system uncompetitive and unable to meet modern
requirements.

Purpose. To justify possible approaches and methods for restoring the functionality of radio-electronic com-
ponents with extended service lives.

Materials and Methods. The study has applied theoretical analysis, generalization, analogy methods, and
estimated calculations based on device modeling theory.

Results. A technology for restoring the functionality of radio-electronic equipment has been developed by
creating analogs of obsolete components. This approach has preserved structural and schematic consistency
between the new sample and the prototype, eliminating the need for certain modules within the radar's hierar-
chical structure. By transitioning from outdated transistor circuitry to integrated designs using a functionally
redundant elemental base, all target functions of 299 excluded modules have been implemented using 148 integ-
rated microcircuits.

Conclusions. The proposed transition to advanced circuitry has enabled not only the preservation of functions
in radio-electronic systems that had lost functionality but also elevated the radar to a higher operational level.
This reengineering approach creates opportunities for both restoring outdated radar systems and developing ad-
vanced radar models that meet modern standards.
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The development of new and improved samples
of radio-electronic equipment (REE) always be-
gins with an idea, which is later implemented in
one form or another in a specific sample. It is dif-
ficult to determine the contribution of each par-
ticipant to the creation of a new generation of
REE, as the idea and its implementation are in-
terdependent aspects of a unified process of crea-
ting a new sample. Even a good idea can fail with
poor implementation, and conversely, a good imp-
lementation of a poor idea proves incapable of sol-
ving the problem. Therefore, it is crucial that the
idea and its implementation belong to the same
author, as there will always be executors of others’
ideas, which may not always be correct.

Under the current military conflict in Ukraine,
having accurate and timely data about the space
environment, including the motion parameters of
ballistic missiles and space objects, is crucial for
victory. Solving the tasks of national defense re-
quires the development and implementation of
standardized procedures for space support opera-
tions (combat activities), with space situational
awareness (SSA) being their fundamental func-
tional domain [1,2]. The task of continuously
monitoring near-Earth space in all weather con-
ditions is performed by long-range radar stations.

However, Ukraine’s existing 5N86 radar stations
designated for such purposes are technologically
outdated, and achieving high-level tasks related
to national security and defense with them is only
possible after a significant modernization of the
station’s radio-electronic equipment.

The domestic 5N86 Dnipro (Hen House) radar
is the primary tool for space control, making it ext-
remely important to ensure its reliable and eftec-
tive application for targeted purposes. The 5N86
radar belongs to the second generation of REE.
Today, the groundwork laid during the creation of
the first-generation radars is still being utilized,
and new generations of radars are largely built on
the foundations established in previous years. The
current task is to develop a technology for resto-
ring functionality and transitioning the first-ge-
neration REE hardware to new, modern circuitry
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structures that meet third-generation criteria while
preserving the fundamental principles and classi-
cal circuitry solutions implemented in the radar.

Maintaining and adapting the primary target
functions realized in the current radar to modern
requirements significantly facilitates the resolu-
tion of issues related to creating new circuitry ca-
pable of ensuring high efficiency and qualitative
characteristics of the hardware’s target functions.
The radio-electronic equipment of the existing
radar has essentially exhausted its technical reso-
urces due to prolonged operational use [3].

The reliable operation of radar systems (RS)
has clearly highlighted a critical issue, the reso-
lution of which is highly relevant and signifi-
cant in today’s context. Modern global trends
increasingly emphasize the importance of disco-
vering new ways to enhance and improve exis-
ting systems and achieve new characteristics by
developing and integrating innovative circuitry
solutions into existing radio-electronic equip-
ment (REE).

A distinctive feature of the current state of
REE is that, while many samples in operation are
not yet obsolete in design, they are based on out-
dated and physically exhausted elemental com-
ponent bases (ECB). Most operational radar sys-
tems are considered “classical” models, posses-
sing certain properties that meet not only present-
day needs but also future requirements, owing to
the foresight and design skill of their developers.
These fundamental principles, formulated, substan-
tiated, implemented, and proven over time, re-
main the cornerstone of future development and
improvement. The long-standing functionality of
the 5N86 Dnipro (Hen House) radar convincing-
ly demonstrates its continued viability. Paradoxi-
cally, this “classical” effect of the technology, en-
suring prolonged use, has also created the prob-
lem of maintaining and supporting the operabili-
ty of existing products.

Thus, restoring the operability of REE under
the conditions of discontinued production of both
the equipment itself and the elemental compo-
nents it relies on has become a pressing issue.
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Until recently, modernization and repair were
the primary methods of maintaining the technical
condition of REE. However, repairing outdated
weapon systems often involves retaining obsolete
and unreliable equipment. As a method of main-
tenance, it merely replaces failed components,
leaving the remaining elements with depleted re-
sources, which cannot guarantee the reliability of
repaired equipment [4, 5]. Furthermore, with the
cessation of ECB production for existing circuit-
ry, repairs as a restoration method have become
infeasible, necessitating the exploration of alter-
native approaches to restore REE functionality.

The most suitable and contemporary solution
is reengineering technology, which is rapidly re-
placing traditional approaches, especially when
creating a high-quality replacement for high-tech
products from scratch is nearly impossible. De-
signing a sophisticated product independently
requires years of work and millions of dollars in
investment. However, an alternative approach
exists — one that is not as simple as changing sup-
pliers but is also not as time-consuming as deve-
loping a new product from the ground up. This
approach is reverse engineering, which entails
analyzing an existing product and developing an
equivalent based on this analysis that can be
manufactured using domestic technological ca-
pabilities.

It is important to note that reengineering is not
exclusive to economically underdeveloped count-
ries. Even nations like China, with one of the most
advanced economies, and European countries
have successfully employed reverse engineering.
For example, the Europeans transformed the Ame-
rican 6KAS radio tube into the “European” EL95,
while the Americans created their own 6CAS5 tu-
be based on the European EL34.

A critical prerequisite for successful reverse
engineering is the availability of an advanced do-
mestic technological base, enabling the adaptation
of new products to local manufacturing capabili-
ties. Another essential condition is having a strong
design school, including skilled designers and tech-
nologists, as the success and speed of reenginee-
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ring depend significantly on specialists with ex-
pertise closely aligned to the project’s profile [6].

Reverse engineering is one of the fastest methods
for restoring outdated equipment and achieving
import substitution, presenting a viable opportu-
nity to export domestically produced items at com-
petitive prices. Pursuing a policy of purchasing
imported ready-made products undermines the
possibility of utilizing domestic developments, de-
spite Ukraine’s reputation as a global innovator
in the field of radio-electronic equipment (REE).

Currently, Ukraine lacks the methodological fra-
mework necessary to undertake essential reengi-
neering transformations. There is no established
methodology for evaluating the economic syner-
getic efficiency of such transformations, nor has a
comprehensive analysis of the reengineering pro-
cess been conducted. Additionally, the conceptual
foundations for technological reengineering as a
tool for achieving an innovation-driven breakthro-
ugh in Ukrainian machine-building remain unde-
veloped [7]. Today, the educational system predo-
minantly produces users rather than engineers,
even though “engineering” is the cornerstone of the
term “reverse engineering,” with no mention of
“consumer.” This gap may explain why users find
importing equipment more accessible and comp-
rehensible than engaging in reverse engineering.

The reengineering technology proposed in this
study is innovative, as it addresses the challenges
posed by discontinued production and the lack of
elemental components used in the 5SN86 radar sys-
tem. Exploring new methods for restoring radio-
electronic equipment is the only way to achieve
positive outcomes under these circumstances.
The suggested solution, which replaces outdated
elemental bases with modern ones utilizing ad-
vanced circuitry while preserving existing struc-
tural frameworks, represents a novel approach in
the design of complex technical systems.

The article presents key aspects of the work
conducted in accordance with the Terms of Refe-
rence (TOR) approved by the National Academy
of Sciences (NAS), the National Center for Cont-
rol and Testing of Space Systems (NCCSS) under

ISSN 2409-9066. Sci. innov. 2025. 21(1)



Innovation Technology for Upgrading Space Monitoring Stations to Advanced Circuitry

the State Space Agency, and the Ministry of De-

fense of Ukraine. These include:

¢ Identifying the structural and schematic fea-
tures, as well as the construction and techno-
logical characteristics of the cells and modules
of the 4PK control system in the 5N86 radar
station.

¢ Establishing the list of functions and principles
of operation for the existing cells and modules
within the information reception unit in the
4PK-01 control cabinet.

¢ Performing simulation modeling of existing cells
and modules on discontinued elemental bases.

¢ Justifying the applicability of reengineering
technology to restore the functionality of cells
and modules.

+ Selecting new elemental bases for the existing
structural and schematic designs.

¢ Conducting simulation modeling and develo-
ping models of cells using new elemental bases.

¢ Developing new circuit designs for construct-
ing cells on updated elemental bases.

+ Conducting test trials of the new cells, demonst-
rating their structural and functional interchan-
geability with the prototypes.

o Creating a complete set of design documents
for manufacturing the new cells.

¢ Designing and manufacturing working proto-
types of the newly developed cells and conduc-
ting experimental studies on their functionality.
The reengineering efforts in this study focused

on 36 digital cells (2TY) and 299 modules (2TM)
within the 4PK-14 control block of the 4PK-01
functional control system of the 5N86 “Dnepr”
(Hen House) radar system for space monitoring
and analysis. The selection of the 2TY digital cells
and 2TM modules as reengineering targets was
based on their role as primary structural elements,
with 80% of the modules housed within the sta-
tion’s cells, blocks, and cabinets.

The selection criteria for reengineering objects
emphasized functional completeness at the cor-
responding structural and hierarchical level of
the radar system. The chosen modules and cells
meet these criteria. The approach proposed in the
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study goes beyond refining existing technical,
structural, and technological solutions. Instead,
it aims for the complete rejection of outdated de-
signs and the creation of fundamentally new so-
lutions to ensure not only the restoration of non-
functional components but also their operation
at a qualitatively higher level.

The primary objective of the work is to identi-
fy a combination of components (modules, cells)
and technologies that can reliably facilitate the
creation of new components with the desired cha-
racteristics specified by the customer, minimizing
associated risks. Achieving this objective requires
more than the mere improvement of existing sys-
tem-technical, design, and technological solutions.
Instead, it calls for innovative approaches to en-
sure the development of high-performance, mo-
dern radar system components.

The need to reduce the variety of design types
and unify them as a means of enhancing the ma-
nufacturability and efliciency of equipment pro-
duction has highlighted the importance of inves-
tigating the potential for reusing structural ele-
ments, particularly the base-support structure
(BSS).

Figure 1 illustrates the unified BSS of the exis-
ting 2TY cell.

Circuitry-wise, all cells and modules are imple-
mented in discrete form on printed circuit boards.
The electrical circuits are constructed using ger-
manium semiconductors, resistors, and capaci-
tors. A unified BSS is employed for all cells, with
the connection of the boards to the block facili-
tated by a standardized connector.

It is worth noting that the circuit solutions uti-
lized in the creation of the digital cells of the pro-
totype are based on diode-transistor logic (DTL)
elements operating in negative logic, unlike mo-
dern logic elements, which function in positive
logic. The entire apparatus of the domestic SN86
radar system is built on DTL.

Thus, for the independent development of new
devices, it is critical to conduct research and iden-
tify innovative circuit and construction-techno-
logical principles for designing cells while ensuring
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Fig. 1. General view of the existing base-support structure of the 2TY Cell
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Fig. 2. Schematic Model of the 2TM-10 Inverter Module
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full interchangeability of the new cells within the
existing functionally complete equipment (FCE).

The first step in the reengineering of the selec-
ted objects — 2TM modules and 2TY cells (pro-
totypes) — is to determine the operational prin-
ciples and target functions of their circuit imple-
mentations through modeling. Circuit modeling
is the most effective approach for studying the
designed object during the formation stage of its
schematic diagram due to its clarity, adaptability,
and ease of adjustment.

During the modeling process, it is essential to
create an electrical circuit model and testing models
for the prototypes, obtaining results in the form of
amplitude-time diagrams for the input and output
signals of each cell and module. The modeling emp-
loys voltage, input, and output signal amplitude
values specified in the design documentation for the
respective modules and cells. The results and mo-
dels derived from existing modules serve as the basis
for modeling the 2TY cells. Figure 2 shows sche-
matic model of the 2TM-10 inverter module de-
signed for altering the polarity of pulse signals.

For each module, a testing model is developed
within the Simulink/MATLAB environment. The
results of testing the schematic model of the mo-
dule are presented as time diagrams of the input
and output signals in Fig. 3. All designations in the
figure correspond to the current documentation.

The conclusion regarding the compliance of the
developed module model with the requirements of
the existing module was made through a compara-
tive analysis of the test results of the module mo-
del against the parameters of the existing module.

The next step involves determining the opera-
tional principles and target functions of the sche-
matic implementations of the existing 2TY cells
through modeling in the Simulink/MATLAB en-
vironment. The schematic diagrams of the cells
are constructed using discrete components from
2TM-type modules. The positional designations
of the elements and contact numbering conform
to the current documentation.

The test schematic for the 2TY-113 cell, de-
signed for decoding binary three-digit codes and
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implemented using 2TM-49 and 2TM-10 modu-
les, is shown in Fig. 4.

The third step is the development of ToR for
designing the electrical circuits and constructing
printed circuit boards (PCBs) for new cells. This
step is based on information obtained during the
modeling of existing modules and cells, as well as
the results of test trials. Designing new electrical
circuits is not feasible using the outdated existing
component base (ECB) [8], as the primary opera-
tional and technical limitations and shortcomings
of any electronic system are determined at the le-
vel of the ECB used.

The main task in reengineering the 2TY cells and
2TM modules is to select a new ECB to replace
the components that are no longer in production.
There are two possible approaches to address this
issue: restoring the production of the outdated
component base and replacing it with a more mo-
dern alternative.

However, using the first approach is both tech-
nically and economically inefficient and unjusti-
fied. The technical impracticality lies in the fact
that the number of components in this case re-
mains almost unchanged. Consequently, the ope-
rational characteristics of the products, including
their reliability, also remain at the previous level.
The technologies used in the development and
production of the existing ECB are outdated, ma-
king their use by domestic manufacturers im-
practical due to the uncompetitiveness of the re-
stored ECB.

The current level of semiconductor technolo-
gy enables a qualitatively new implementation
of previously created standard replacement ele-
ments using a new-generation component base.
However, there is no universal methodology for
selecting the optimal ECB for all scenarios.
Therefore, choosing the ECB represents a criti-
cal scientific and practical task, the solution to
which involves the development of fundamental
technical and economic requirements for the
new ECB.

The key feature of ECB selection in this con-
text was that the decision was based on functio-
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Fig. 3. Time diagrams of input () and output () signals

nal information obtained during the modeling of
existing cells constructed using transistor-based
discrete circuit technology.

The component base represents the founda-
tional level of the structural-hierarchical division
of a functionally complete device (FCD). Integ-
rating all functional requirements at this founda-
tional level (a single element) significantly influ-
ences the schematic and structural-technological
design of both the new cells and the higher struc-
tural-hierarchical levels of the FCD.
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Given the lack of a necessary domestic compo-
nent base, the domestic developer urgently requires
the supply of high-tech electronic component bases
(ECB) from abroad. The Ukrainian market has
long been saturated with imported electronic pro-
ducts. The selection of the nomenclature of foreign
ECB manufacturers was made considering factors
such as serial production scale, technological com-
patibility, functional completeness, full compliance
with electrical parameters and application modes,
as well as the availability for purchase and cost.
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Fig. 4. Test Circuit for the 2TY-113 cell
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One of the main criteria for selecting an ECB
is the high reliability of the components, con-
firmed by years of operation. This is important
because it is unrealistic to verify the published
data on the actual reliability of modern micro-
chips, transistors, etc., measured in FIT (Failure
In Time). When selecting ECBs manufactured
in the United States, it is necessary to consider
that they are divided into quality classes: indust-
rial (commercial/industry), military, and space-
grade [9, 10].

Based on these established criteria, the well-
known American company Texas Instruments (TT)
[11] was chosen as the manufacturer for the new
ECB. Specifically, taking into account the elect-
rical modes and functions formed by the 2TY cells
and 2TM modules, the widely used family of inte-
grated circuits (ICs) from the 7400 series with
transistor-transistor logic (TTL) was selected. The
choice of specific ECB components must consider
the input and output signal levels as well as the
supply voltage of the respective cells.

ISSN 2409-9066. Sci. innov. 2025. 21(1)

®

5o

The next criterion is speed. In the existing
modules and cells, the maximum operating fre-
quency is 2 MHz, while in the ICs from the
CD4000 and SN7400 series, it is 8 MHz. An im-
portant criterion is the rise time of the pulse
signals, which for the existing cells and modules
is 0.1—0.6 ps. According to the technical data for
the 4000 series, for logic elements working with
pulse signals at a supply voltage of 10 V, ambient
temperature of 25 °C, and a capacitive load of
50 pF, the typical rise time is 50 ns, with a maxi-
mum of 100 ns under the same conditions. For
flip-flop circuits, the typical rise time is 30 ns.

All new 2TY cells have been developed within
the framework of the ToR for the design of elect-
rical circuits on a new component base, based on
the initial data from the 2TY cell prototypes. The
electrical schematic of the cell was developed in
accordance with the ToR for the design of a new
cell using the SN74HCO02N IC. Figure 5 shows
the electrical schematic of the 2TYn-113 (index n
means new) cell.
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Fig. 5. Electrical diagram of the 2TYn-113 cell

The analysis of the test results for the 2TYn-113
cell showed that the obtained parameters fully
match those of the prototype — the existing
2TY-113 cell.

Similarly, the development of other 2TYn cells
using the new component base allowed for main-
taining the intended purpose and all functions of
the existing prototype 2TY cells, ensuring com-
plete electrical and functional interchangeability
between the old and new cells.

According to the Terms of Reference for design,
after the development of electrical circuits, the
design documentation for the 2TYn cells is creat-
ed. The design of the printed circuit boards is
done in P-CAD 2006. The basic supporting struc-
ture (BNC) of all 2T'Yn cells is also retained, using
the same construction as the prototype 2TY cells.
Maintaining the existing BNCs when creating
the new cells helps reduce the time spent on desig-
ning the new generation of the structure and lo-
wers manufacturing costs, as the BNC makes up
to 30% of the total cost.

20

Retaining the circuit design and construction
of the 2TYn cells, similar to the existing 2TY pro-
totypes, ensures complete functional interchan-
geability of the new cells. The use of a new com-
ponent base significantly simplified the circuit
implementation, reducing the number of compo-
nents used. This not only lowered power consump-
tion but also improved the reliability of the cells.

Considering the financial capabilities and the
possible levels of funding required to completely
transition 2nd-generation radar systems to a new
level, the decision should involve a step-by-step
transition strategy.

The outcome of transitioning the cells to a new
circuit design is the development of a complete set
of operational documentation, including functio-
nal electrical diagrams (E2), schematic electrical
diagrams (E3), a list of components (LE), and
technical descriptions (TD). The total volume of
operational documents developed for the new cells
amounted to 112 pages in A4 format. The design
documentation, which includes specifications, as-
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sembly drawings, and printed circuit board layouts
for all cells, totaled 117 A4 pages. The technolo-
gical documentation developed for replacing spe-
cific existing cells with new ones comprised 137
A4 pages.

Some results, reflected in prior publications
[12—14], have been supplemented with new ma-
terials and have continued to contribute to ongo-
ing research in this field. Comparative characte-
ristics of the schematic solutions of the prototype
and the new cells are presented in Table 1. As
shown, the use of a new component base enabled
the transition from discrete semiconductor cir-
cuitry based on germanium semiconductor tech-
nology to integrated circuitry utilizing TTL logic
microchips.

The new circuitry for the 2TYn (new 2TY cells)
allowed for the implementation of target functions
more efficiently by excluding 299 modules from
the hierarchical construction of the radar system
(RLS). The solutions developed for the 2TYn cells
operate with only one, significantly lower, voltage
instead of the seven required by the prototypes.
The use of a new generation of electronic compo-
nent base (ECB) enabled simpler circuit imple-
mentations with fewer elements. For example, in
the existing 2TM-50 module, the 2AND-NOT
function is implemented using a two-channel co-
incidence circuit containing: 2 transistors (type
P416) and 6 diodes (types D18, D9). In the elect-
rical circuits of the 2TY-81 and 2TY-510 cells
(comprising 5 and 8 modules of 2TM-50), respecti-
vely), the implementation required 10 and 16 tran-
sistors; 30 and 48 diodes, respectively. The new
circuitry achieves the same function using only 3
and 2 components, respectively. The target func-
tions previously implemented with 299 modules
are now achieved with just 148 microchips. Addi-
tionally, the number of cells has been reduced due
to the compact layout, with each 340 cm? board ac-
commodating 2 to 6 microchips (each 4—16 cm?).

The updated circuitry enables not only the eli-
mination of modules but also a significant reduc-
tion in the number of cells. Moreover, the func-
tional control system (4PC) on the new ECB is
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Fig. 7. Test equipment for verifying new logic cells

consolidated into a single cabinet, replacing the
existing four.

To assess the conformity of 2TY (existing cells)
and 2TYn (new cells), operational prototypes we-
re manufactured and experimentally tested. The
integrated circuitry of the new cells, developed
based on the designed electrical circuits, ensures
full functional interchangeability.

The general appearance of the functional pro-
totypes of the new cells is shown in Fig. 6.

For the first time in domestic practice, a con-
cept has been developed for transitioning from
monofunctionality to multifunctionality in test
equipment. The developed test equipment for ve-
rifying the new cells is shown in Fig. 7.

The testing of the new cells in the integrated
circuit design not only confirmed the expected
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characteristics but also demonstrated that the
obtained characteristics of the new cells are sig-
nificantly better. Some comparative characte-
ristics of the new cells and their prototypes are
shown in Table 2.

As seen from Table, the integrated circuit de-
sign of the new cells addressed one of the key is-
sues of large systems — the energy consumption.
This was reduced from 200 W in the existing cells
to 16 W in the new cells, and in some cases, even
to 10 W. The testing of the new cells showed that
the use of the new element base and circuit solu-
tions resulted in an increase in the operating
speed from 2 MHz to 8 MHz. The timing charac-
teristics of the pulse signals used by the new cells
allow for a significant improvement in the effec-

Table 1. Comparative Characteristics of Circuitry Solutions
for Cells and Modules

Prototype 2TY 2TYn

Discrete Circuitry Integrated Circuitry
Cell Quantity

Module Quantity Modules CIiIrlglel%tr%tI%i)
81 2TM-50 0 3
113 2TM-49, 10 0 2
322 2TM-49 0 3
408 2TM-03, 42 10 0 4
676 2TM-35, 10 10 0 6

Total Modules 299 | Total ICs 148

Table 2. Comparative Characteristics of New Cells
and Their Prototypes

Parameters Cell %1:19;? type Cell 2 TYn
Power consumption, W 200 16 (10)
Speed, MHz 2 8
Rise time of pulse, ns 100—1000 8—10
Signal delay time, ns 50 6—10
Maximum operating
temperature, °C 60 125 (150)
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tiveness and reliability of the required target
functions. For example, the rise time of the pulse
signals used to form the necessary target func-
tions increased from 100—1000 ns in the existing
cells to 8—10 ns in the new cells. The signal prop-
agation delay in the electrical circuits of the cells
was significantly reduced — from 50 ns in the exis-
ting cells to 6—10 ns in the new ones. Overall, the
realization of the target functions is ensured with
much better characteristics in the new cells.

To assess the possibility of extending the life
cycle of radio-electronic equipment with the new
element base, circuit designs were developed using
different types of integrated circuits. For examp-
le, the SD4000 series was used as an alternative
to the SN 7400 series, and tests showed full com-
patibility, which reduces risks associated with the
element base and provides a significant scientific
and technical advance.

It should be noted that during the experimen-
tal testing of the cells made with the new element
base, the temperature regime was maintained by
natural air cooling, without the use of forced air
cooling. Paradoxically, it was found, through the
evaluation of thermal fields of the new cells using
thermal imaging cameras and pyrometers, that
the hottest area was the power supply circuits of
the cells, not the cells themselves or their integra-
ted circuits. At an ambient temperature of +23.2 °C,
the temperature of the integrated circuits in all
prototypes ranged from +24.4 °C to +25.3 °C.

Thus, as a result of the conducted simulation
modeling and the development of module and
cell models in the equipment of the existing radar
system, new circuit solutions have been created
for designing the new cells based on the new ele-
ment base. Testing of the new cells demonstrated
full structural and functional interchangeability
with the prototype.

Therefore, the feasibility of using the innova-
tive reengineering technology to restore the ope-
rability of radio-electronic equipment in the con-
text of the discontinuation of both the equipment
itself and its component base on which it was
built has been substantiated.
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Today, the role of the National Academy of Sci- | as defined by the NAS of Ukraine. The developed

ences (NAS) in addressing pressing issues as the | technology will not only restore the functionality
main scientific organization of the country is | of outdated electronic systems but also serve as
clearly visible, and its efforts have been made in | the foundation for creating the next generation of
accordance with the priority research directions, | advanced electronic systems.

REFERENCES

1.

o

10.

11.

12.

13.

14.

15.

Kovbasiuk, S. V., Vyporkhaniuk, D. M. (2024). Space support for the operations (actions) of the Ukrainian Defense
Forces: a systematic approach and practical recommendations. Science and Innovation, 20(3), 28—39 [in Ukrainian].
https://doi.org/10.15407 /scine20.03.028

. Vyporkhaniuk, D. M., Kovbasiuk, S. V. (2018). Basics of Space Situational Awareness. Foreighn and domestic experience

of space activities in security sector: monography. Kyiv [in Ukrainian].

. Tymoshenko, R. 1. (2016). Updating the fleet of weapons and military equipment is the way to the combat capability of

the Armed Forces of Ukraine. Collection of scientific works of the Center for Military and Strategic Studies of the National
Defense University of Ukraine named after lvan Chernyakhovsky, 3,6—11 [in Ukrainian]. https://doi.org/10.33099 /2304-
2745/2016-3-58 /6-11

. Fudukhin, A. V. (2004). Forecasting the reliability of electronic devices after long-term storage. Mathematical machines

and systems, 4, 164—170 [in Russian].

. Lavrich, Yu. N. (2013, May). Study of the influence of long-term storage on the characteristics of solar cells. Proceedings

of the Il INPC “Semiconductor materials, information technologies and photovoltaics” (May 2013, Kremenchuk, Ukraine).
Kremenchuk [in Russian].

. Lavrich, Yu. N. (2019). Features of the domestic school of radar systems for space control. Science and Innovation, 15(2),

80—90 [in Russian]. http://dx.doi.org/10.15407 /scin15.02.080

. Mekhovych, S. A., Zakharchenkov, O. S. (2012). Conceptual basis of technological reengineering at machine-building

enterprises. Marketing and innovation management, 4, 179—185 [in Ukrainian].

. Boyko, V. 1., Gurzhii, A. M., Zhuykov, V. Ya. (2004). Digital circuitry. Kyiv [in Ukrainian].
. Hamiter, L. (1991). The History of Space Quality EEE Parts in the United States. ESA. Proc. of Electronic Components

Conference ESTEC (12—16 Nov. 1990, Noordwijk, Netherlands). Noordwijk.
Kirkconnell, C. S. (2014). High Efficiency Digital Cooler Electronics for Aerospace Applications. Proc. XL SPIE 9070:
Infrared Technology and Applications (July 24, 2014, Baltimore, MD, United States).
Day, V. (1993). Impact of electronics obsolescence on the life cycle costs of military systems. Air Force J. Logistics, 17(3),
29-33.
Lavrich, Yu. M., Bistrov, M. L, Prysiazhnyi, V. L, Piaskovsky, D. V. (2023). Implementation of the technology of dual
using space control means. Space science and technology, 29(4), 127—140 [in Ukrainian]. https://doi.org/0.15407/
knit2023.04.000
Lavrych, Yu. M., Timchenko, I. V., Shkil, Yu. V. (2023). The extension of the REA life cycle by reengineering means. Collec-
tion of theses of the international extracurricular scientific and practical conference: Integrated intellectual robotic comp-
lexes, IIRTK-2023 (23, May, 2023, Kyiv). Kyiv [in Ukrainian].
Lavrych, Yu. M., Bystrov, M. 1., Plaksin, S. V., Shkil, Yu. V. (2023). Restoration of radio-electronic devices by reenginee-
ring means. Technology and design in electronic equipment, 3—4, 23—28 [in Ukrainian]. https://doi.org/10.15407/
knit2023.04.127
Research Report (2023). Development of technology for restoring the functionality of radio electronic equipment by
developing an analogue of the failed product. Digital cells 2T4. Dnipro [in Ukrainian].
Received 07.03.2024
Revised 04.06.2024
Accepted 07.06.2024

ISSN 2409-9066. Sci. innov. 2025. 21(1) 93



Lavrich, Yu. M.

FO.M. Jlaspuu (https://orcid.org/0000-0003-3616-2135)

IncTuTyT TpancnoptHux cucreM i rexnosoriii HAH Ykpainwu,
ByJ1. [Tucapskescokoro, 5, {ninpo, 49005, Ykpaina,
+380 56 746 4282, itct@westa-inter.com

ITHHOBAIIIMIHA TEXHOJIOTTA MEPEBEJEHHSA CTAHIIIT KOHTPOJIIO
KOCMIYHOTO I[TPOCTOPY HA ITEPCIIEKTUBHY CXEMOTEXHIKY

Beryn. OCHOBOIO KOHTPOJIFO KOCMIYHOTO TIPOCTOPY B YKpaiHi € paiosioKalliiini TexHosioril, 1o 6a3yroThesl Ha BUKOPUCTAHHI
panionokaniiinux craniii (PJIC).

IIpoGaemaruka. EsnemenTra koMiuiekryoua 6a3a, sika Oysia 3acrocoBana 1pu nmpoexrysanni PJIIC, abo 30BciM He BIPOO-
JIIETHCA BITYN3HSHUMU BUPOOHUKAMU, 200 BUPOOJISIETHCS 32 3ACTAPIJIMMU TEXHOJIOTISIMHE, 110 POOUTH 11 HEKOHKYPEHTHOIO Ta
He3/IaTHOTO 3a0e3MeYNTH Bi/[ITOBIIHICTH CyYaCHIM BHMOTAM.

Mera. OOrpyHTYBaHHSI MOKJIMBUX HIJISAXIB Ta CIOCOOIB BiIHOBJIEHHS NPALE3AATHOCTI CKJIaJ0BUX PALiOCTIEKTPOHHOTO
00JTa/IHAHHS 3 TPUBAJIMMU TEPMiHAME €KCILTyaTalil.

Marepiaiu i MeToau. 3aCTOCOBAHO METO/L TECOPETUYHOTO aHAJII3Y Ta y3araJbHEHHS, METO/IM aHAJIOT], OLIHOYHI PO3PaxyH-
KU Teopii MOJIeJIIOBAHHS allapaTiB.

Pesyabratu. Po3po6ieHo TEXHOJIOTIIO BiTHOBICHHS TIPAIE3aTHOCTI PaJioeTIeKTPOHHOI aapaTypH IIJISXOM CTBOPEHHS
AHAJIOTIB 3aCTAPIINX CKIAJOBUX PAIOETEKTPOHHOTO 0OmaHaH st 36epekeH s KOHCTPYKTUBHO-CXEMHOT 1/IeHTHYHOCTI HO-
BOTO 3pasKa Ta MPOTOTHILY, IO JISITJIO B OCHOBY HOBOI TEXHOJIOTII, I03BOJIMIIO MOBHICTIO BUKJIIOUUTH MOJYJIb SIK KOHCTPYK-
TUBHUI esieMeHT 3 iepapxiunoi cxemu PJIC. I3 3acTocyBaHHSIM NEPCIEKTUBHOI, (DYHKIIIOHATBHO HA/IIUIITKOBOI €JIEMEHTHOT
6a3u 3/1iiiCHEHO TIepeBeIeHHsT 3aCTapiJiol TPAH3UCTOPHOI CXEMOTEXHIKM Ha IHTErpasibHy, SIKa A03BOJIAE peaisyBaTh IiIbOBI
QyHKIIiT MEHIo0 KilbKicTIO enemMenTiB. Tak, yci minboBi dyHKIi 299 MoxysiB, BUKIIOUEHUX 3i CKJIaMy KOHCTPYKTUBHOI
iepapxii, pearnizyioTbest 148 iHTerpasbHUMI MiKpOCXeMaMU HOBUX OCEPEJIKiB.

Bucnosku. [lepesenents PJIC Ha epClieKTUBHY CXEMOTEXHIKY JI03BOJIMTH 3a0€31e4nTH He TiIbKK 30epekeHHs yHKIii
pazlioeIeKTPOHHIX BUPOOIB, 110 BTPATHJIM [IPalle3aTHICTh, a i nepesectu PJIC Ha Gijiblil BUCOKUIT piBeHb (DYHKI[IOHYBaHHSI.
IIpononosana texnoJoris BigHOBIeHHS PJIC cTBOPIOE MOKJIMBOCTI HE TiIbKY JIJISE Bi/IHOBJIEHHS MPAIlE€3/[aTHOCTI 3acTapi-
JIUX, a i 17ist po3pobku nepenektusHux 3paskis PJIC, 1o BiANOBIAAIOTH CyYaCHUM BUMOTAM.

Kmouosi cnosa: KOHTPOIb KOCMITHOTO IPOCTOPY, PEiHKUHIPITHT, CXeMOTEXHIKa, MOJIEJTh, MOZIYJIb, KOMipKa.
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