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A new methodology for determining the integral coefficient of reconnaissance protection of armored
vehicles of the Security and Defense Forces of Ukraine is presented. The methodology accounts for
multispectral signature characteristics and operating modes of radio-technical systems, including electronic
warfare complexes and counter-radio-controlled munition systems. It is shown that the intensive development
of optical, infrared, radar, thermal, acoustic, and radio-technical reconnaissance by the adversary
significantly increases the probability of detecting armored vehicles, thereby reducing their combat
survivability. The proposed model is based on the weighted aggregation of partial detectability coefficients
and enables quantitative assessment of the level of reconnaissance protection under various combat
employment conditions. The methodology can be used for comparative analysis of armored vehicle platforms,
optimization of operating modes of radio-technical systems, improvement of camouflage measures, and
enhancement of the effectiveness of counter-radio-controlled munition complexes within the framework of
ensuring the state security of Ukraine.
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Statement of the problem. The results of the
analysis of combat operations on the territory of
Ukraine indicate the rapid development and
intensive employment of technical, radio-
technical, electro-optical, and unmanned
reconnaissance assets by the adversary, which
significantly enhances its capabilities for detecting
and engaging defense forces [1, 2]. This creates
complex threats to military units, particularly when
armored vehicles are used as the primary means of
fire support for assault, maneuver, and security
operations [3]. Signature characteristics generated
during engine operation, vehicle movement, use of
communication systems, electronic warfare assets,
as well as the employment of counter-radio-
controlled munition (C-RCM) systems and firing
activities, directly affect the probability of
detecting armored vehicles by various adversary
reconnaissance means [1, 2]. Under conditions of
multispectral  surveillance (optical, infrared,
thermal, radar, acoustic, and radio-technical), the
reduction of reconnaissance detectability becomes
one of the key factors in ensuring the combat
survivability of armored vehicles. In modern
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warfare, reconnaissance protection defines the
initial stage of the "kill chain" [17, 20], since the
probability of detection determines the subsequent
probability of engagement, penetration, and loss of
combat effectiveness of armored vehicles.

Thus, a scientific and practical problem arises,
the essence of which lies in the lack of a
comprehensive methodology that would allow for
the quantitative assessment of the relationship
between multispectral signature characteristics,
operating modes of radio-technical systems —
particularly counter-RCM systems — and indicators
of armored vehicle combat survivability, as well as
linking the obtained results to mechanisms for
enhancing state security [4].

Analysis of recent research and publications.
In contemporary research, the combat survivability
of armored and automotive equipment is
predominantly addressed through probabilistic
models of detection, engagement, penetration, and
loss of combat effectiveness, as reflected in a
number of studies. In particular, the publication by
O. Ivanchenko et al. proposes a generalized
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survivability indicator for armored vehicles [5].
Further development of methods for assessing the
survivability of armored vehicles is presented in
the works of S. Kudimov, V. Tabunenko,
R. Kaidalov, and their colleagues, who defined
criteria and algorithms for calculating the level of
vehicle preservation depending on combat
conditions, intensity of fire impact, and parameters
of destructive means [6, 7]. The studies by T. Stakh
expand the scientific basis for forming integral
survivability indicators by accounting for
structural, operational, and combat-related factors
affecting the resistance of vehicles to damage [8].
A synthesis of these results indicates the existence
of a well-developed framework for assessing the
combat survivability of armored vehicles;
however, most studies do not consider the specific
influence of operating modes of radio-technical
systems, including electronic warfare complexes
and counter-radio-controlled munition systems,
which significantly alter the level of multispectral
signature  characteristics of vehicles and,
consequently, the probability of their detection by
the adversary. The omission of these operating
modes in existing methodologies necessitates a
scientific solution to this problem.

A wide range of methods and techniques for
camouflage of combat equipment, including
armored vehicles, as well as various forms of
reconnaissance actions against it, are well known.
Combat regulations [3, 4, 9] define procedures for
mechanized and tank units, fundamentals of
reconnaissance, and requirements for tactical
camouflage; however, they lack detailed
consideration of multispectral detectability of
equipment under modern battlefield conditions.
Studies [10, 11] focus primarily on methods of
military reconnaissance and characteristics of
armored vehicles, yet do not disclose the
mathematical framework for forming signature
characteristics and their relationship with the
probability of detection and engagement.
Requirements for camouflage painting and
engineer camouflage of equipment are established
in [12]; however, the effectiveness of these
measures is not evaluated in comparison with the
capabilities of modern adversary reconnaissance
assets, nor is the impact of active radio-technical
systems (electronic warfare and counter-radio-
controlled munition systems) considered, despite
their  significant contribution to increased
reconnaissance detectability of equipment.

Thus, the analysis of scientific sources indicates
the lack of a comprehensive approach that would
encompass: multispectral signature characteristics

of armored vehicles; the influence of operating
modes of radio-technical systems, particularly
electronic warfare and counter-radio-controlled
munition systems; the relationship between
reconnaissance protection and combat
survivability of equipment; and the formal
mathematical representation of these processes
within a unified evaluation methodology. This set
of scientific gaps determines the relevance of the
study and substantiates the need for the presented
research.

The purpose of the article is to develop a
methodology for determining the integral indicator
of reconnaissance (counter-reconnaissance)
protection of armored vehicles of the security and
defense forces, taking into account multispectral
signature characteristics.

Summary of the main material. The
experience of repelling the armed aggression of the
russian federation by the Security and Defense
Forces of Ukraine has convincingly demonstrated
that one of the key factors determining the level of
combat survivability of armored and automotive
equipment (AAE) is its counter-reconnaissance
(reconnaissance) protection. The development of
adversary aerial, ground, radar, electronic, thermal,
and acoustic reconnaissance assets, as well as the
mass employment of unmanned aerial vehicles of
various types, has led to a sharp increase in the
probability of detecting Ukrainian equipment on
the battlefield [5, 6, 7, 10, 11, 18]. Recorded cases
of enemy engagement of combat vehicles were
predominantly preceded by their timely detection,
indicating a direct causal relationship between the
level of reconnaissance detectability of AAE and
actual combat losses.

Despite the critical importance of this factor,
scientific studies and practical methods for
assessing the effectiveness of combat equipment
still lack a formalized, quantitatively defined
integral indicator of reconnaissance protection that
would comprehensively account for multispectral
signature characteristics of equipment, operating
modes of radio-technical systems, and the impact
of counter-radio-controlled munition (C-RCM)
measures. This complicates objective comparative
assessments, determination of optimal employment
modes, and the formulation of scientifically
substantiated decisions aimed at increasing unit
combat survivability within the operational theater.

In general terms, the concept of "counter-
reconnaissance (reconnaissance) protection of
armored and automotive equipment” is defined as
the capability of AAE to resist adversary
reconnaissance. For the purposes of military-
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scientific analysis, an expanded and detailed
definition is introduced to reflect the multi-
component nature of this indicator.

Counter-reconnaissance (reconnaissance)
protection of armored and automotive equipment is
an integral property that determines the ability of
AAE to remain low-observable and difficult to
detect by adversary reconnaissance assets across
optical, infrared, radar, acoustic, vibration, and
radio-technical bands, as well as to counter the
disclosure of its combat capabilities, location, and
intentions during the execution of service-combat
tasks.

This formulation provides a foundation for
reconnaissance protection and the construction of
integral indicators that enable assessment of its
impact on the combat survivability of AAE and the
objectification of decision-making processes
regarding equipment modernization, improvement
of tactical employment techniques, and
development of C-RCM systems.

The assessment of reconnaissance protection of
AAE is formalized by defining an appropriate
coefficient based on the probability of detection,
taking into account the tactical and technical
characteristics of the equipment. This approach
allows a quantitative evaluation of equipment
vulnerability under specific combat conditions,
which is critically important for effective
operational planning.

The reconnaissance protection coefficient
depends on the diagnosis (monitoring) of the
conditions of AAE employment and should
account for:

—the type of combined-arms combat (e.g.,
offensive or defensive actions);

—the type of activity (maneuvering, march,
concentration);

— the phase of combat employment (movement
in column or battle formations, deployment,
stationary combat operations, etc.);

— participation in combat support tasks
(including within security, support/logistics, or
reserve units);

— the tactical situation (terrain relief, natural-
geographical zone, availability of cover, weather
conditions, season, time of day).

The concept of reconnaissance protection of
combat equipment is central to further analysis;
therefore, its essence is considered in greater detail.
Reconnaissance protection of combat equipment is
the aggregate capability of an AAE sample to
reduce the probability of its detection, recognition,
and target designation under combat conditions

[12, 15, 20]. It is formed through camouflage
measures, reduction of signature characteristics,
the use of engineering means, as well as
organizational and tactical measures [13].
Reconnaissance protection is determined based on
the physical signatures of the object — optical,
infrared, thermal, electromagnetic, radar, acoustic,
seismic, etc. [14, 15, 22].

The assessment of reconnaissance protection of
AAE is proposed to be carried out using an integral
indicator  that  includes  coefficients  of
reconnaissance detectability dependent on factors
influencing equipment observability, among which
the following play a significant role:

—the acoustic detection coefficient,
characterizing the noise level generated by
equipment during movement or operation of
weapon systems;

—the vibration coefficient, characterizing
equipment movement — especially on paved roads —
and operation under camouflage means.

At various stages of preparation and conduct of
combat operations, the employment of AAE is a
key factor in ensuring high combat capabilities of
units, especially assault units. Therefore, it is
important to ensure the required level of
reconnaissance protection of AAE samples to
preserve them during combat operations. To this
end, monitoring of signature characteristics is
necessary.

During the execution of combat tasks, issues of
tactical camouflage are usually addressed in
accordance with provisions [10, 15, 16]; however,
these lack clear mathematical substantiation.
Commonly accepted methods of tactical camouflage
include concealment and camouflage, imitation,
demonstrative actions, and deception [17, 18].

The implementation of these camouflage
measures requires appropriate technical support. The
main indicators of AAE combat capabilities
— firepower, maneuverability, and strike potential —
are realized through physical processes that may be
perceived by the adversary as signature
characteristics (or, in some contexts, as sources for
deception).

Firepower capabilities characterize the ability
of AAE to engage adversary targets according to
the following parameters: combat rate of fire;
effective firing range; firing accuacy (probability
of hit); and the lethality of munitions.

When firing standard AAE armament, a shot is
accompanied by physical phenomena that also
constitute signature characteristics:
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1) acoustic signature — the noise of the shot, the
sound wave from the propellant charge explosion
or the operation of automatic mechanisms;

2) vibration signature — vibration of the vehicle
and weapon elements, including camouflage
means;

3) thermal signature — local heating of the
barrel due to firing, detected by thermal
reconnaissance systems;

4) optical signature — smoke from propellant
combustion and visually observable muzzle flash,
especially at night (the luminous component of the
optical signature) [19, 20].

In addition, persistent visual signatures include
the overall dimensions and color of armored
vehicles.

Maneuverability properties are determined by
the capability of equipment to move in battle
formations, including during marches and within
marching security units. Under such conditions,
additional signature characteristics manifest. The
results of diagnosing (monitoring) the impact of
signature characteristics made it possible to form
groups of signatures.

Acoustic and vibration signatures. These arise
from the operation of the engine, transmission, and
tracks (or wheels). Sources include diesel or
turbine engines; running gear (especially tracked
propulsion); noises and vibrations of armor and
mechanisms during gear shifting and turning.
Detection means include adversary acoustic
sensors  (ground-based or airborne), audio
recording, or directional localization of noise or
vibration sources. A notable feature is the high
noise level, which during movement can reach
90-115 dB, enabling detection at distances of
several kilometers [16, 21].

Thermal signature. Causes include infrared
radiation from the engine, exhaust system, and
transmission. Sources include heated hull areas in
the engine-transmission compartment; high-
temperature exhaust gases; heating of running gear.
Detection means include thermal imagers (ground-
based or airborne, including UAV-borne), night-
vision devices, and satellite IR reconnaissance. A
key feature is the persistence of the thermal
signature long after the equipment stops (thermal
inertia).

Optical signature. Causes include visual
observation of equipment geometry or its tracks.
Sources include overall contours (especially from
above); tracks from running gear (tracks or tire
marks on soil, snow, grass, etc.); dust plumes when
moving over dry or loose ground. Detection occurs

visually, via optical devices (including from
altitude), and by daylight cameras. A notable
feature is that tracks may indicate direction of
movement, group composition, and equipment
type.

Light (visual-contrast) signature. Sources
include changes in contrast against the background:
glare from unpainted or wet armor elements;
disruption of shadows/contours during movement;
reflections from instrument glass or headlights
(even during daylight). Detection occurs visually
and via optical devices, as well as by optoelectronic
systems through contrast analysis. This signature is
particularly dangerous in open or flat terrain.

Mechanical signature. Sources include physical
traces of interaction with the surface (soil): broken
or pressed vegetation; disturbed snow or soil
layers; ruts and compacted ground. Detection
occurs  through  aerial  observation and
reconnaissance patrols. A notable feature is the
long persistence of such traces after passage of
equipment.

Diagnosing (monitoring) the influence of
terrain relief is a critical factor: each firing position
may have its own value of the reconnaissance
protection coefficient (RPC). This coefficient is
used to model the probability of equipment
detection depending on its signatures across
different spectral bands, for example during
spectral analysis of noise or vibration [21]. During
the organization and execution of area deployment
or guard duties, mechanized (assault) units
supported by AAE perform tasks related to
preparation for combat or restoration of combat
effectiveness after engagements. Equipment
(AAE) not engaged in guard duties and located in
concealed parking within a unit may have a high
level of reconnaissance protection (maximum
RPC). Conversely, significantly lower protection
levels are observed for AAE operating within
guard formations (minimum RPC).

The employment of onboard radio-technical
systems — particularly electronic warfare
complexes, C-RCM systems, and communication
equipment — significantly affects reconnaissance
protection by creating additional electromagnetic,
thermal, acoustic, and optical signatures. Operation
of transmitters, antenna systems, and jamming
generators increases radio-technical detectability,
making equipment susceptible to detection by
adversary radio-technical and radar reconnaissance
assets [17, 20]. Simultaneously, increases in
thermal, vibration, and acoustic signatures caused
by high-power radio-technical complexes enhance
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detectability in infrared, seismic, and acoustic
bands. Accounting for these adverse -effects
requires introducing a radio-technical detectability
coefficient as a corrective parameter reflecting the
reduction of the integral level of reconnaissance
protection during the operation of EW systems,
C-RCM measures, and communication systems.

Thus, the application of camouflage means and
measures during combat and special tasks requires
significant effort, enabling a tangible reduction in
detection risk.

For the integral calculation of the
reconnaissance protection coefficient of combat
equipment, a weighted sum of partial indicators of
the mathematical model is used (protection
coefficients: acoustic K,; thermal K;; optical K,;
infrared K;; radar K,.; vibration K,,, radio-technical
K.

Kint:W1'Ka+W2'Kt+W3'KO+W4,'Ki+
+ws - K, +wg - K, + wy - Ky, (1)

where w; is the denote the weighting factors
representing the relative contribution of each
signature type to the total reconnaissance
detectability of the equipment.

The weighting coefficients of model (1) are
proposed to be determined based on:

— empirical research data on the effectiveness
of equipment detection in different environments
(forest, urban, open terrain);

— results of field trials presented in publicly
available NATO reports and scientific studies;

— expert assessments provided by specialists in
tactical reconnaissance and counter-detection
measures [15, 22].

Let us consider the procedure for determining
the weighting coefficients of the reconnaissance
protection coefficient (RPC).

The normalization procedure for the weighting
coefficients is performed as follows:

w; = a;/(ag + oy + -+ ay), (2)

where o; is the represents the expert-based
weighting of each factor's influence, conditioned
by the combat scenario, terrain features,
characteristics of the armored and automotive
equipment, radio-technical assets, and other
operational parameters.

Model expression (1) and expression (2) are
supplemented by incorporating a vibration
component, which also accounts for vulnerability
to seismic reconnaissance assets. This direction is
becoming increasingly relevant under conditions of
employment of seismic sensor systems such as
"Penicillin" and analogous systems. Consideration
of this parameter is consistent with multi-aspect
reconnaissance approaches in accordance with
MASINT standards, as defined, for example, in
STANAG 4716.

Table 1 presents the recommended values of the
weighting coefficients of signature characteristics
calculated using expression (2).

Table 1 — Weighting Coefficient Values for Signature Characteristics

Detection Type Coefficient Value Remarks
Acoustic K, 0.18 Engine noise, firing
Thermal K, 0.13 Barrel heating, exhaust
Visual K, 0.12 Dimensions, color, muzzle flash
Infrared K; 0.12 IR radiation of the hull
Radar K, 0.11 Reflection of radar signals
Seismic K, 0.11 Vibrations, including those detected by seismic sensors
Radio-technical K.+ 0.23 Radio-frequency detectability

Let us formulate a methodology for calculating
the integral coefficient of reconnaissance
protection of armored and automotive equipment
of the Security and Defense Forces of Ukraine.

Step 1. Determination of AAE employment
conditions.

External conditions affecting the level of
reconnaissance  detectability are  assessed,
including: type of combat (offensive, defensive,
march); phase (movement in column, deployment,

combat actions, standby/guard duty); terrain type
(open, urbanized, forested); relief features (ravines,
shelterbelts, hills, tank-dangerous directions);
weather conditions, time of day, and season.

Purpose: to define the initial background
influencing  the intensity  of  signature
characteristics.

Step 2. Identification of potential detection
spectra.
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All channels and spectral bands in which AAE
may be detected are identified: acoustic; vibration
(seismic); optical (visual); infrared/thermal; radar;
radio-technical (radio reconnaissance, EW, radio
monitoring); mechanical and track/trace signatures
(considered in an advanced model if required).

Purpose: to form a complete list of signature
characteristics.

Step 3. Diagnostics (monitoring) of AAE
signature characteristics.

For each spectrum, the following are
determined: sources of the signature (engine,
transmission, barrels, antennas, exhaust); signature
intensity (in dB, °C, W, GHz, dB/m, etc.); potential
detection range; adversary detection means
(ground-based assets, UAVS, satellites, sensors).

Data acquisition methods include laboratory
and field measurements; video and spectral
analysis (IR/UV/RF); operational diagnostics data;
and combat employment results.

Purpose: to obtain initial numerical (or
normalized) values for each signature.

Step 4. Normalization of partial coefficients.

For each spectrum, a partial detectability
coefficient is defined: acoustic — K, ; thermal — K;;
optical — K,; infrared — K;; radar — K,.; seismic
(vibration) — K,,; radio-technical — K.

Normalization follows the principle: 1 denotes
maximum detectability (worst case); 0 denotes
complete non-detectability (ideal case).

Normalization methods may include linear,
logarithmic, or expert-based approaches (when
direct data are unavailable).

Purpose: to bring all signatures to a unified
scale.

Step 5. Determination of weighting coefficients (w;).

Inputs  include  expert  assessments by
reconnaissance specialists, artillery personnel, and
AAE crews; statistics on equipment detection; and
international standards (MASINT, STANAG 4716).

Procedure:

—experts assess the importance of each
spectrum (a;);

— normalization is performed [see expression (2)];

— weights w; ...w- are obtained, summing to 1.

Purpose: to determine the contribution of each
spectrum to overall detectability.

Step 6. Accounting for the impact of radio-
technical systems (EW, C-RCM,
communications).

A radio-technical detectability coefficient is
determined for AAE, accounting for: transmitter

operation (band, power, mode); jamming
generators; antenna system radiation intensity;
heating of EW and C-RCM power units; and
additional vibration due to equipment operation.

A correction factor is introduced to decrease (or
increase) partial K; values.

Purpose: to integrate the impact of active
equipment not previously accounted for in
scientific studies.

Step 7. Calculation of the integral coefficient K;.

Expression (1) is used without reproducing the
formula in the text; the article may reference it as:

"The integral coefficient of reconnaissance
protection was determined using a weighted
aggregation model of partial detectability
coefficients [see expression (1)]".

The result K;,,; € [0; 1].

Interpretation: 0.00-0.30 — high reconnaissance
protection; 0.31-0.60 — medium; 0.61-1.00 — low
(equipment is easily detectable).

Step 8. Comparison of different employment
conditions.

Analysis is performed for scenarios including:
movement; stationary positions; engineered
positions; firing; operation of EW/C-RCM; and
different natural-geographical zones.

Purpose: to obtain risk maps and scenario-based
assessments.

Step 9. Integration into decision-making
systems.

Applying K;,,; enables: identification of safer
operating conditions; selection of EW/C-RCM
operating modes; route planning; adjustment of
battle  formations; and determination of
modernization needs.

Purpose:  practical application of the
methodology in combat command and control.

Step 10. Verification and adaptation.

The methodology should be validated through:
range trials; combat conditions; modeling systems
(LVC, constructive simulation); and multi-model
scenarios.

Purpose: to confirm validity and adapt the
model to real-world conditions.

The proposed methodology enables the
derivation of an objective integral indicator of
AAE reconnaissance protection; its use for
comparative assessment of different equipment
samples; optimization of EW and C-RCM
operating modes; formulation of tactical
camouflage decisions; enhancement of unit combat
survivability; and integration of results into
mechanisms for ensuring the state security
of Ukraine.
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Conclusions

The first time, the concept of counter-
reconnaissance (reconnaissance) protection of
armored and automotive equipment is proposed
and formalized as an integral property of combat
vehicles that determines their ability to resist
detection, recognition, identification, and tracking
by adversary reconnaissance assets across
multispectral domains (optical, infrared, radar,
acoustic, vibration, and radio-technical).

An expression for the integral coefficient of
reconnaissance protection of armored and
automotive equipment is proposed. It comprises
weighted partial indicators of acoustic, thermal,
optical, infrared, radar, vibration, and radio-
technical detectability and enables quantitative
assessment of the overall level of equipment
concealment, as well as determination of its
vulnerability to adversary detection under specific
combat employment conditions.

For the first time, a methodology for calculating
the integral coefficient of reconnaissance
protection of armored and automotive equipment
of the Security and Defense Forces of Ukraine has
been developed. The methodology accounts for the
integral indicator of reconnaissance protection and
the specific impact of operating modes of counter—
radio-controlled munition (C-RCM) systems and
electronic warfare assets on the probabilities of
detection, engagement, and loss of combat
effectiveness. This enables a quantitative linkage
between the results of modeling signature
characteristics and indicators of combat losses, and
supports the development of scientifically
grounded recommendations for  equipment
modernization, configuration of radio-technical
system operating modes, and advancement of
C-RCM complexes in the context of enhancing the
level of state security of Ukraine.

Further research is planned to focus on
assessing the effectiveness of counter — radio-
controlled munition systems as a component of
state security provision by accounting for projected
unmanned  activity, developing  signature
monitoring tools, and implementing active
suppression of adversary reconnaissance channels.

References

1. Herasymov S. V., Cherniavskyi O. Yu.,
Tomchuk O. A., Bolkot P. A., Martynenko S. A.
(2024). Obladnannia  polihonu  navchalno-
trenuvalnymy kompleksamy dlia zbilshennia
dalnosti dii system upravlinnia bezpilotnykh

aparativ [Equipment of the training ground with
training complexes to increase the operating range
of UAV control systems]. Zbirnyk naukovykh prats
Viiskovoi akademii (m. Odesa), vol. 1 (21),
pp. 77-86. DOI: https://doi.org/10.37129/2313-
7509.2024.21.77-86 [in Ukrainian].

2. Yevseiev, S., Herasymov, S., Kuznietsov, O.,
Opirskyi, 1., Volkov, A., Peleshok, Yu., Sinitsyn, 1.,
Milevskyi, S., Matovka, T., Rizak, V. (2023).
Method of assessment of frequency resolution for
aircraft. Eastern-European Journal of Enterprise
Technologies, no. 2 (9) (122), pp. 34-45. DOI:
https://doi.org/10.15587/1729-4061. 2023.277898
[in English].

3. Boiovyi statut mekhanizovanykh i tankovykh
viisk Sukhoputnykh viisk Zbroinykh Syl Ukrainy.
Chastyna Il (Rota, batalon), zatv. nakazom
komanduvacha SV Zbroinykh Syl Ukrainy M 605
[Combat Charter of Mechanized and Tank Troops
of the Land Forces of the Armed Forces of Ukraine.
Part Il (Company, Battalion). Approved by Order
of the Commander of the Land Forces activity
no. 605]. (2016, December 30). Kyiv
[in Ukrainian].

4. Nakaz Ministerstva vnutrishnikh sprav
Ukrainy Pro zatverdzhennia "Polozhennia pro
orhanizatsiiu ekspluatatsii bronetankovoho
ozbroiennia ta tekhniky, inshoho maina
nomenklatury bronetankovoi sluzhby Natsionalnoi
hvardii Ukrainy” Ne 1313 [Order of the Ministry of
Internal Affairs of Ukraine for approval of the
"Regulations for the organization of the operation
of armored weapons and equipment, and other
changes to the nomenclature of the armored service
of the National Guard of Ukraine" activity
no. 1313]. (2016, December 19) [in Ukrainian].

5. lvanchenko O., Kovtun A., Kudimov S.
(2020). Determination of the Indicator of
Survivability of Armored Vehicles During the
Performance of Tasks to Provide State Security.
Chest i zakon, no. 3 (74). DOIL:
https://doi.org/10.33405/2078-7480/2020/3/74/
215677 [in English].

6. Kudimov S., Tabunenko V. (2021).
Metodyka vyznachennia rivnia boiovoi zhyvuchosti
bronovanykh kolisnykh mashyn pry vykonanni
pidrozdilamy Natsionalnoi hvardii Ukrainy zavdan
za pryznachenniam [Method for determining the
level of combat survivability of armored wheeled
vehicles during the performance of tasks by
National Guard units]. Systemy upravlinnia,
navihatsii ta zviazku, no. 2 (64).
DOI: https://doi.org/10.26906/SUNZ.2021.2.034
[in Ukrainian].

40 ISSN 2078-7480. Yecms i 3axon Ne 4 (95)/2025



O. Horbov, S. Herasymov, . Stratiichuk. Methodology for calculating the integral coefficient
of intelligence protection of armored vehicles of the Security and Defense Forces of Ukraine

7. Kaidalov R. O., Bilenko O. I., Kudimov S. A.
(2022). Pokaznyky ta kryterii boiovoi zhyvuchosti
bronovanykh kolisnykh mashyn [Indicators and
criteria for combat survivability of armored
wheeled vehicles]. Zbirnyk naukovykh prats
Natsionalnoi akademii Natsionalnoi hvardii
Ukrainy, vol. 2 (40) [in Ukrainian].

8. Stakh T., Sidor R., Khaustov D.,
Khaustov Ya., Kyrychuk O., Mudryk V.,
Nastyshyn Yu. (2025). Uzahalnena model
zhyvuchosti zrazkiv bronetankovoho ozbroiennia i
tekhniky [Generalized model of survivability of
armored weapons and equipment]. Viiskovo-
tekhnichnyi zbirnyk, no. 32, pp. 28-43. DOL:
https://doi.org/10.33577/2312-4458.32.2025.28-43
[in Ukrainian].

9. Boiovyi statut mekhanizovanykh i tankovykh
viisk Sukhoputnykh viisk Zbroinykh Syl Ukrainy.
Chastyna 11l (Vzvod, viddilennia, ekipazh), zatv.
nakazom komanduvacha SV Zbroinykh Syl Ukrainy
MNe 238 [Combat Charter of Mechanized and Tank
Troops of the Land Forces of the Armed Forces of
Ukraine. Part 111 (Platoon, Squad, Crew).
Approved by Order of the Commander of the Land
Forces activity no. 238]. (2016, May 25). Kyiv
[in Ukrainian].

10. Ovcharenko V. V., Bashkatov Ye. H.,
Lysenko O. V., Karpenko S. I. (2018). Rozvidka.
Chastyna I. Indyvidualna pidhotovka rozvidnyka
Natsionalnoi hvardii Ukrainy [Reconnaissance.
Part I. Individual Training of the National Guard
Recon Scout]. Kharkiv : NA NGU [in Ukrainian].

11. Zaitsev D. V., Nakonechnyi A. P.,
Pakharev S. O., Lutsenko I. O. (2016). Viiskova
rozvidka [Military Reconnaissance]. Kyiv : KNU
im. Tarasa Shevchenka [in Ukrainian].

12. Diakov S. 1., Kolos O. S., Varstivskyi A. A.
(2024). Fortyfikatsiia ta maskuvannia
[Fortification and Camouflage]. Kyiv : KNT
[in Ukrainian].

13. Herasymov S. V., Cherniavskyi O. Yu.,
Nanivskyi R. A., llkiv I. M., Smychok V. D.

(2023). Komplektuvannia polihonu navchalno-
trenuvalnymy kompleksamy dlia pidhotovky
operatoriv.  bezpilotnykh litalnykh  aparativ
[Equipping the training ground with training
complexes for UAV operator preparation]. Zbirnyk
naukovykh prats Viiskovoi akademii (m. Odesa),
vol. 2 (20), pp. 63-72. DOI: https://doi.org/10.37129/
2313-7509.2023.20.63-72 [in Ukrainian].

14. NATO STANAG 4671 (2009). Ground-
Based Target Signature Modelling. NATO
Standardization Agency [in English].

15. NATO RTO-TR-SET-081 (2008). Acoustic
Signatures of Ground Vehicles and Their
Reduction Strategies. NATO Research and
Technology Organization [in English].

16. FM 3-09.34 (2002). Target Acquisition and
Countertarget Operations. Headquarters,
Department of the Army [in English].

17. Cai, W., Wang, H., Zhang, Y., Li, J., Liu, X.
(2024). Stealthy Vehicle Adversarial Camouflage
Texture against Object Detectors in the Physical
World. Entropy, vol. 26, no. 11, art. 903. DOI:
https://doi.org/10.3390/e26110903 [in English].

18. Polak K., Korzeb J. (2022). Modelling the
acoustic signature and noise propagation of high
speed railway vehicle. Archives of Transport,
vol. 64, iss. 4, pp. 73-87. DOI:
https://doi.org/10.5604/01.3001.0016.1051
[in English].

19. MIL-HDBK-1908B  (2020).  Detection
Avoidance Technology Handbook. U.S.
Department of Defense [in English].

20. STANAG 4716 Ed.1 (draft) (2020). NATO
Standardization Agreement: Measurement and
Signature Intelligence (MASINT) Reporting.
NATO Standardization Office [in English].

21.Herasimov S., Borysenko M.,
Roshchupkin E., Hrabchak V., Nastishin Yu.
(2021). Spectrum Analyzer Based on a Dynamic
Filter. Journal of Electronic Testing, vol. 37,
pp. 357-368. DOI: https://doi.org/10.1007/s10836-
021-05954-0 [in English].

The article was submitted to the editorial office 16.10.2025

VJIK 621.39

O. M. I'op6os, C. B. I'epacumos, 1. O. Ctpariiiuyk

METOJAUKA PO3PAXYHKY IHTEI'PAJIBHOI'O KOE®ILIEHTA PO3BIIYBAJIBHOI
3AXUINEHOCTI ABTOBPOHETAHKOBOI TEXHIKH
CWJ BE3IEKU TA OBOPOHU YKPATHU

Pozensinymo  memoouxy po3paxyHky immespanvHo2o KoeghiyieHma po36i0y8anvHOi  3axXuyeHoCmi
a8momo0inbHoi ma 001060 OpoHemMaHK08oi mexuiku niopos3oinie cun Oesnexku ma 000poHu Yrpainu sx
KAH0Y08020 THCIMPYMEHMY 3MIYHEHHS MeXanismie 3a0e3neyeHHs 0epiHcasHoi be3nexku 8 ymosax 30pounoi
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azpecii ma BUCOKOMEXHONO2IUHO20 Xapakmepy cydachux 6otosux Oii. Illpaxmuunui 0ocei0 npomuoii
OUCMAHYTIHO KEPOBAHUM 3ACOOAM YPAICEHHS CBIOUUMb, WO DA2AMOCNEKMPAIbHI 3aC00U MEXHIYHOT PO36IOKU
NPOMUBHUKA, 30KPEMA ONMUYHI CUCTEMU CHOCMEPENCEHHS, THPPAUepB8OHT 3acO0U BUABNEHHS, PAOIOMEXHIYHI
KOMNJIEKCU, AKYCMUYHI CEHCOPHI Ccucmemu, padioNoKayitHi 3acodu ma CcetucMiyHi O0amuuxu, IiCMOMHO
NIOBUWYIOMb PUSUK GUSIGTEHHSL MA YPANCEHHS BilicbK080i mexHiku. Lle cmasumyv neped cunamu 6e3nexu ma
000poHU 3a80anHA — POPMYBAHHI HOBUX NIOX00i8 00 OYIHIOBAHHSL i OONOBOT HCUBYHOCTHI MA NPUXOBAHOCTII.
Y makux ymosax 3ab6es3nevenns HeobXioH020 pieHs po36I0YEAIbHOL 3axXueHOCmi a8momMooiibHol ma 601080l
OpoHemanKo8oi mexuiku Haby8ac cMpame2iyHo20 3HA4eHHsl, OCKIIbKU NPSAMO BHIUBAE HA CMILIKICIb 0eparcasu
00 308HIWHIX 3a2P03 MA HA eQeKMUSHICMb QYHKYIOHYBAHHS ceKmopy be3neKu ti 000pOoHU.

3anpononosarna memooduxa 6azyemvcs Ha 6a2amoKpumepiaibHoOMy nioxooi, SKull nepeddaiac HoOpMy8aHHs.
PIBHOPIOHUX OeMACKYSANbHUX NAPAMEMPIS, GUSHAYEHHSL IXHIX 8A208UX KOCMIYIEHMIE eKCHePMHUM WLISXOM Ma
Gopmysanns iHmMmezparbHO20 NOKAHUKA 34 NPUHYUNOM HAOTUINCEHHSI 00 YMOBHO «iOeanbH020» 3PA3Ka
Po36i0ysanvro-3axuwyenol mexuiu. Ilpu ybomy 8paxo8yomucs aKyCmuyHi wymuy, meniose U iHgpaiepsone
BUNPOMIHIOBANHHS, ONMUYHA NOMIMHICMb, PAOIONOKAYIIHA GI0OUBANILHA CUSHAMYPA, CEUCMIYHI Npossu, d
MAKOHC PAOIOMEXHIYHA CUSHAMYPA, WO POPMYEMBCSL NIO YAC POOOMU WIMAMHUX | CREYIATbHUX PAOTOMEXHIYHUX
3aco6i6, 6KIIOUHO 13 KOMNIEKCaMUu padioeieKmpoHHoi 6opomvbu ma cucmemamu npomuodii padiokeposaHum
boenpunacam. Oxkpemy ysazy npudineHo axmopam, sixi, 3a6e3neuyouu 3axXucm 6i0 OUCMAHYIIHO KePOBAHUX
3ac00i8 YPaXtCeHHsl, OOHOHACHO 30IbULYIOMb PAOTOMEXHIYHY NOMIMHICHb MEXHIKU, W0 Oe3n0cepeoHbo GNIUSAE
HA 3a2anvHull piseHs il po3sioyeanbHOI 3aXULeHOCHI.

Hasedena memoouxa oae moducaugicms 30ilicHIO8AMU CUCHEMHe NOPIGHAHHA PI3HUX 3DA3KI6 MeXHIKU i
3ac00i6 npomuodii OUCMAHYILIHO KEPOBAHUM DOENPUNACAM, OYIHIO8AMU IXHIO NPUOAMHICHb 00 3ACMOCYEANHSL
V KOHKPEMHUX MAKMUYHUX YMOBAX, BUHAYAMU HAUOLbW ehekmueHi pexcumu pobomu paoioeieKmpoHHUX
3acobie ma onmumizyeamu makmuyHi piuwents. Pospaxoeanutl inmezpanvhuil Koegiyienm mooice 6ymu
iHmezpo6anull y npoyedypu niaHy8aHHs 3aCMOCY8AHHA CUl be3neKku ma 000poHU, MOOeT08aHHS O0U0BUX Oill,
hopmysanms pexomenoayitl w000 MOOepHizayii 030POCHHA mMa GIlICbKOBOI MEXHIKU, a MAKONC 8
00IPYHMYBAHHS YUPAGTIHCLKUX PilieHb ) cepi 0epacasHol be3nexi.

Pospobnena memooduka € eaxciugum CKIAOHUKOM QOPMYBAHHI KOMIIEKCHOL cucmemu 3a0e3nedeHs
depoicagroi besnexu YKkpainu, ockinbku 0ae 3Mo2y KilbKiCHO GU3HAYAMU CINYNIHb YPA3IUBOCI ABMOMODIIbHOL
i 601080I OpoHemManKo80oi MexHiKU 00 MEXHIYHUX 3aco0i8 PO36IOKU HPOMUBHUKA MA HPOSHO3YEAMU
eghexmuenicmv 3ac00i6 MACKYSAHHSL | RPOMUOILL BUCOKOMEXHOLOSITUHUM 302PO3AM.

Knrouosi cnoea: Oepoicasna 6Gesnexa, mexanism 3abesneyenus, cuiu Oeneku ma 00O0POHU,
asmoOpoHemManKo8a MexHiKa, pO3Bi0VEANIbHA 3AXUWEHICMb, NPOMUOdisa padiokeposanum OOEnpunacam,
Oe3ninomui JnimanbHi anapamu, 6UAGNEHHA, AKYCMUYHA 6i0payisa, enaus, OiaeHOCMYBAHHA, 3aXUCH,
Koe@iyienm, MOHIMOPpUHe, CNeKMPATbHUL AHAT3, PO36i0YEAbHI 03HAKU, PAOIOMEXHIYHA NOMIMHICMb.
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