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DEVELOPMENT OF THE METHOD

FOR EVALUATING THE EFFICIENCY

OF FUNCTIONING OF THE TROPHY
SAMPLES OF WEAPONS AND MILITARY
EQUIPMENT

An analysis of the experience of the Russian-Ukrainian war shows that the issue of collecting trophy samples of
weapons and military equipment has not been investigated. This determines the relevance of conducting research
on the specified issue. The object of research is the system of collecting trophy samples of weapons and military
equipment. The subject of the research is the effectiveness of the system of collecting trophy samples of weapons
and military equipment. Inconsistencies in approaches to the collection of trophy samples of weapons and military
equipment have been identified, which must be resolved. Decomposition of the existing system of collection of
trophy samples of weapons and military equipment of groups of troops (forces) was carried out, functional con-
nections between the elements of the system were studied, which made it possible to substantiate the indicators
and develop a method for evaluating the effectiveness of the system of collecting trophy samples of weapons and
military equipment of a group of troops (forces). In the course of the research, the authors used general scientific
methods of analysis and synthesis. The analysis method was applied during the decomposition of the existing sys-
tem of collection of trophy samples of weapons and military equipment of groups of troops (forces). The methods
of synthesis and evaluation of complex hierarchical systems were used in the course of developing the method
Jfor evaluating the effectiveness of the system of collecting trophy samples of weapons and military equipment
of a group of troops (forces). The proposed method is based on analytical dependencies that allow to evaluate
the effectiveness of the system of collecting trophy samples of weapons and military equipment and is universal.

It is advisable to use the proposed method in the course of assessing the capabilities of the system for collecting
trophy samples of weapons and military equipment of groups of troops (forces).
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1. Introduction

The Armed Forces of Ukraine, in the course of repelling
the full-scale armed aggression of the russian federation on
the territory of Ukraine, captured a significant number of
trophy samples of the enemy’s weapons and military equip-
ment (WME) [1, 2].

At the same time, the aforementioned revealed problematic
issues regarding the collection of trophy samples of WME that
were discovered (captured) by the Armed Forces of Ukraine
and other components of the security and defense sector [3]:

— most of the time, commanders of units do not report

to the commanders of military units information about

the discovered (captured) trophy samples of anti-terrorist
weapons, due to the reluctance to work out the docu-
ments regarding their registration and write-off, in case
of their failure (destruction during hostilities). The com-

manding staff of military units discovers trophy samples
of WME during the visit to the units’ positions;
— unit commanders report on the discovery (seizure) of
trophy samples of WME with appropriate documenta-
tion, as a rule, in the case when they are guaranteed
to remain in the military unit;
— thelow level of staffing of repair and recovery parts (sub-
units) with evacuation equipment (especially in the re-
formed parts), a significant period of its operation and
frequent failure does not allow to perform the task of
evacuating the trophy WME with high quality.
Solving the mentioned problematic issues and the need
to create an effective system for collecting trophy samples
of WME determine the relevance of the conducted research.
The practice of using trophy samples of WME was
widely spread during the times of the Soviet Union during
the Second World War [4].
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At the same time, according to publicly available re-
search, no known scientific publications have been found
that allow to evaluate the effectiveness of the system for
collecting trophy samples of WME.

However, the Armed Forces of Ukraine have regulatory
documents that determine the procedure for collecting and
registering trophy samples of WME [5-10].

The results of the analysis of publications in the mass
media, scientific publications [1—4], requirements of regu-
latory documents [5—10] show that there is no scientific
and methodological apparatus that allows a full and com-
prehensive assessment of the effectiveness of the trophy
collection system samples of WME.

Therefore, the aim of the research is to reveal the main
provisions of the method for evaluating the effectiveness
of the system of collecting trophy samples of the military
group (forces).

The object of the research is a system of collecting
trophy samples of weapons and military equipment.

The subject of the research is an effectiveness of the
collection system of trophy samples of weapons and mili-
tary equipment.

2. Materials and Methods

In the course of the research, the authors used general
scientific methods of analysis and synthesis:

— an analysis during the decomposition of the existing
system of collection of trophy samples of weapons and
military equipment of groups of troops (forces);

— synthesis and evaluation of complex hierarchical sys-
tems — in the course of developing a method for evaluat-
ing the effectiveness of the system of collecting trophy
samples of weapons and military equipment of a group
of troops (forces).

3.1. Development of a method for evaluating the ef-
fectiveness of the system for collecting trophy samples
of weapons and military equipment. Efficiency assessment
method of functioning of the system for the collection of
trophy WME samples is intended to determine the quan-
titative and qualitative indicators of the effectiveness of
its functioning with the aim of its further improvement.

As it is known, in order to be able to objectively judge the
efficiency of the operation and perform comparisons of opera-
tions that are organized in different ways by efficiency, let’s
use certain numerical characteristics — efficiency indicators.
They act as a quantitative measure of the quality of the
decision and are obtained as a result of the application of
operations research methods in the analysis of complex sys-
tems or processes. In practice, a system of several indicators
is used to analyze complex systems [11, 12].

While conducting research on complex systems, the
following types of indicators are used [12]:

— indicator of the type of probability of success;

— indicators of the average value of the achievable result;

— weighted average indicators, etc.

Any studied system can be quantitatively characteri-
zed by a certain set of performance indicators, each of
which reproduces its specific feature. The specific form of
the performance indicator depends on the specifics of the
operation under consideration, its target orientation and

on the purpose of the research, which can be formulated
for the analyzed system in one form or another.

It is clear that the more complex the investigated ope-
ration is, the greater number of performance indicators can
be assigned to it. Therefore, in order to quantitatively eva-
luate the efficiency of the system while performing a cer-
tain function, it is necessary to first evaluate all elements
and subsystems in the same direction and determine the
extent of their influence on the efficiency of the system
as a whole [12].

General performance indicators characterize the studied
process as a whole. Unlike the general ones, individual
performance indicators are used to evaluate the performance
of individual functions, both by the system as a whole
and by its individual elements (subsystems) [12].

Since there can be a lot of performance indicators, a sys-
tem of performance indicators is used for a comprehensive
analysis of operations. As it is known, the following re-
quirements are made to the set of indicators [12]:

— the completeness of the evaluation of the system (con-

tent) functioning;

— clear physical essence of each indicator;

— sensitivity to any influences of internal and external

factors;

— ease of calculating indicators;

— compliance with the purpose of the operation;

— compliance with common sense (easy interpretability).

Depending on the task, performance indicators may
have different weight (significance). From the system of
indicators, as a rule, one or several of the most important,
from the point of view of the researcher, are selected, the
values of which characterize the degree of achievement of
the research goal [12].

The evaluation of the effectiveness of complex systems
is carried out in order to make specific decisions during the
analysis and synthesis of such systems and in the process
of their functioning. Such decisions are made as a result
of the application of performance criteria.

The conclusion about the conformity of the system to
its purpose is made using performance criteria — the rules
by which the quality of the decision is determined. Gene-
rally, several criteria (a system of criteria) can be involved
for this conclusion, which allow to evaluate the system
comprehensively. Thus, all research and actions to improve
the system are aimed at satisfying the selected criteria [12].

The evaluation of the efficiency of system functioning is
very often carried out not only by one indicator, but also by
their entire system. The main feature in such cases is that
the indicators of the studied system can be contradictory.
Such tasks are very common in practice. Achieving results
can be done with defined limitations for indicators, the
so-called trade-off for several indicators.

Based on the analysis of scientific research and relying
on the experience of combat operations, the approaches of
leading scientists who conducted research on complex sys-
tems for military purposes, let’s develop a set of indicators
and determine their limits for evaluating the effectiveness
of the system of collecting trophy samples of WME [12].

The following indicators are proposed for evaluating
the effectiveness of the system of collecting trophy samples
of WME: the promptness of receiving information about
trophy samples of WME, the reliability of information about
trophy samples of WME, the ability of units and subdivi-
sions in the area of responsibility to carry out technical
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reconnaissance and evacuation of trophy samples of WME
and the degree of interaction with other components of
the security sector system and defense.

Let’s consider the procedure for calculating the values
of each of the indicators for evaluating the effectiveness
of the system of collecting trophy samples of the WME.

The efficiency of receiving information about trophy
specimens of WME is defined as the ratio of the time of re-
ceipt of information about trophy specimens of WME (Tjy,g,)
to the normative time of receipt of information about
trophy specimens (Ty,m) and is described by the follow-
ing expression:

Tinsp
T;mm

r= (1)

Criterion value T, is 24 hours, thus information on
trophy specimens of WME should be updated once a day
as of 24.00, as defined in the Table of urgent reports.

Therefore, the value of T can vary from 1/24 (for the
minimum time of receiving information, let’s take one hour)
to 3 (3=72/24 — for the maximum time, let’s take 72 hours,
this is the time when the trophy sample of WME will
be dismantled). For an example of calculation, let’s take
the time of information arrival as 4 hours.

The reliability of information about trophy specimens of
WME is defined as the ratio of reliable information (Dcoyec:)
to unreliable (Dyu5) information and is described by the
following expression:

_ Dmrect
- ’
D false

D (2)

where Dgyeer is the number of trophy specimens that
were discovered (captured) in fact; Dygse is the number
of WME samples that are not displayed in reports, but
are available.

The value of D has the following range of changes
from 0 (no trophy detected) to infinity (in case there
are no trophy samples of WME, about which there is
no information in the reports).

According to the experience of combat operations, the
maximum number of trophy samples of WME per day of
operation does not exceed 100. For our calculation example,
let’s take Deorece=10 and Dygs.=100.

The ability of units in the area of responsibility to
carry out technical reconnaissance and evacuation of trophy
samples of WME is defined as the ratio of the number
of trophy samples of WME that are able to detect and
evacuate units and units per unit of time Sy(¢) to the
normative Sy,.(¢) and is described by the expression:

_ Spalt)
- Snarm (t) .

3)

For example, let’s take Sy (t)=10.

The normative number of trophy samples of WME,
which can be detected and evacuated by parts and units
per unit of time Sy,,,»(¢) (in the research, the value of time
is one day) is calculated from two components, namely:

1) the number of trophy samples of WME that can
be detected by technical intelligence groups;

2) the number of devices that can be evacuated by
parts and units in the zone of responsibility.

The value S,,m,(¢) varies from 1 to N, where N is the
upper limit of the number of trophy samples of WME that
can be detected by technical intelligence groups and eva-
cuated by the forces and devices of the repair and resto-
ration regiment and is determined by the organizational
and staffing structure of the regiment.

The number of trophy specimens of WME, that can
be evacuated, is determined by the number of evacua-
tion devices that are functional and available for the
evacuation of each category of trophy specimens of WME
and the length of the section of the evacuation route.
The number of trophy samples of WME that can be de-
tected by technical intelligence groups is defined as the
number of trophy samples of WME located in the area
on which technical intelligence is carried out for each
of the technical intelligence groups (for example, let’s
take N=40).

The degree of interaction with other components
of the system of the security and defense sector is de-
fined as the ratio of the number of components of the
security and defense sector that provide information on
trophy samples of WME (Nj,/) to the total number of
components operating in the zone of responsibility of
the group of troops (forces) (Ny,) and is described by
the expression:

Ninf
N=",
Nfact

(4
where Nj,s is considered 100 % if all components of the
security and defense sector operating in the area of respon-
sibility provide information on trophy samples of WME.

The minimum number of components is determined as 1,
and the maximum number is determined in accordance
with the Law of Ukraine «About the National Security
of Ukraine» and the experience of combat operations in
repelling armed aggression of the russian federation and
is 12. For the example below, let’s take Nj,r=1.

The evaluation of the effectiveness of the system of
collection of trophy WME should be carried out accord-
ing to the generalized indicator of the evaluation of the
effectiveness as a set of partial indicators (1)—(4).

Then, the generalized indicator of the effectiveness of
the system of collecting trophy samples of WME E will
have the following form:

E=f(X1,X2,X3,X4), (5)
where X; is an indicator of the effectiveness of the sys-
tem of collecting trophy samples of WME; i is the serial
number of the indicator.

To simplify the calculations of the effectiveness of the
system of collecting trophy samples of WME, let’s accept
the hypothesis regarding its linear dependence on the se-
lected indicators, then:

(6)

where K; is the weight coefficient of the i-th indicator
in expressions (1)—(4).

To determine the weight of each of the indicators,
let’s use the generally accepted method of expert evalua-
tion (ranking of indicators).
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For the implementation of this method, 10 specia-
lists (experts) competent in the specified field of research
are involved.

Based on the results of processing expert evaluations
using the simple ranking method, the following weighting
factors were determined, which are listed in Table 1.

Tahle 1
The results of the ranking of the weighting coefficients
Promptness The reli- The El].I]lllt.V of units The degree of
. . and units in the area | . A ;
of receiving ability of o interaction with
. . . ) of responsibility to
information information f other components
carry out technical
about trophy | about trophy . of the system of
. ) reconnaissance and ,
specimens specimens evacuation of traphy the security and
of WME of WME samples of WME defense sector
B B B By
0.13 0.16 0.47 0.24

Taking into account the information given in Table 1,
the generalized indicator of the effectiveness of the system
of collecting trophy samples of WME can be written:

E=0.13X,+0.16X, +0.47X; +0.24X,. @)

Having normalized the obtained values of the indicators
by normalizing them to the maximum value, expression (7)
can be written as following:

E=([0.13 01610 04710 0241
ﬁ* 100 a0V 2

=0.07+0.016+0.118+0.2=0.404. (8)

For a qualitative assessment of the effectiveness of the
system of collecting trophy samples of the WME, let’s
substitute the numerical values of expression (8) in Har-
rington’s verbal-numerical scale, which is given in Table 2.

Tahle 2
Harrington's verbal-numerical scale for each indicator
No. A meaningful description of gradations Numerical
of assessment indicators value

1 Very high 0.8-1.0

2 High 0.64-0.8

3 Average 0.37-0.64

4 Low 0.2-0.37

5 Very low 0.0-0.2

Then, the effectiveness of the existing system of collect-
ing trophy samples of WME using the selected indicators
and based on the division using the values of Table 2 can
be considered average.

Evaluation algorithm of the effectiveness of the system
of collecting trophy samples of the military group (forces)
is shown in Fig. 1.

The given method will allow to evaluate the effectiveness
of the system of collection of trophy samples of WME.

START

1

Input of the
output data

2 Calculation of the
efficiency of
receiving
information

Calculation of
reliability of
information

4 Calculation of
the capacity
of parts
(subdivisions)

3

5 Calculation
of the degree of
interaction

6 Obtaining

a generalized
assessment on the
Harrington scale

END

Fig. 1. Method implementation algorithm

3.2. Results of the analysis and discussion of the results.
In the course of the research, the authors developed a method
for evaluating the effectiveness of the system for collecting
trophy samples of weapons and military equipment.

The proposed method allows:

— to evaluate the effectiveness of the system of collection

of trophy samples of weapons and military equipment;

— to determine management measures to improve the

efficiency of the system of collecting trophy samples

of weapons and military equipment;

— to justify the organizational and staffing structure of

units performing the task of collecting trophy samples

of weapons and military equipment.

The advantages of the researches include:

— the simplicity of computer calculations;

— a complete assessment of the effectiveness of the

system of collection of trophy samples of weapons and

military equipment;

— adaptability of assessment indicators with melting

system of collection of trophy samples of weapons and

military equipment.

The shortcomings of the mentioned research include:

— the need for adequate software to implement possible

research methods;

— the availability of time to carry out calculations of

the state of the collection system of trophy samples

of weapons and military equipment.

It is advisable to consider the practical implementation
of the proposed method in the automated logistics ma-
nagement system <«Logistics-IT».
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The direction of further research is the substantiation
of recommendations for improving the system of collection
and development of trophy specimens of WME.

4. Conclusions

1. The attack of the russian federation on the terri-
tory of Ukraine showed problematic issues regarding the
collection of trophy samples of WME and revealed the
lack of a scientific and methodical apparatus that allows
to make comprehensive, complete and reliable assessment
of the effectiveness of the collection of trophy samples
of WME.

2. Decomposition of the existing system of collection
of trophy samples of WME of military groups (forces)
was carried out, functional connections between the ele-
ments of the system were studied. This made it possible
to substantiate the indicators and develop a method for
evaluating the effectiveness of the system of collecting
trophy samples of the WME.

3. The proposed method:

— is based on analytical dependencies that allow to eva-

luate the effectiveness of the system of collecting trophy

samples of WME;

— is universal and can be adapted to the organizational

and staff structure of groups of troops (forces);

— allows to evaluate the system of collection of trophy

samples of WME according to quantitative, qualitative and

relative indicators, which allows to simplify the software
implementation of the proposed mathematical apparatus.

Conflict of interest

The authors declare that they have no conflict of inte-
rest in relation to this research, whether financial, personal,
authorship or otherwise, that could affect the research and
its results presented in this paper.

Financing

The research was performed without financial support.

Data availahility

The manuscript has no associated data.

References

1. Trofeina tekhnika: znyshchuvatymemo okupantio yikhnimy zh
tankamy i snariadamy (2022). Ukrinform. Available at: https://
www.ukrinform.ua/rubric-ato/3421939-trofejna-tehnika-znisu-
vatimemo-okupantiv-ihnimi-z-tankami-i-snaradami.html Last
accessed: 22.12.2022

2. Trofeina tekhnika, yaku zakhopyly Syly oborony Ukrainy. In-
Jfohrafika (2022). Militarnyi. Available at: https://mil.in.ua/uk/
news/trofejna-tehnika-yaku-zahopyly-syly-oborony-ukrayiny-
infografika/ Last accessed: 22.12.2022

3. Poltavski myslyuvtsi zabraly v rosiian desiat tankiv i peredaly yikh ZSU
(2022). Zaxid Net. Available at: https://zaxid.net/poltavski_mislivt-
si_zabrali_v_rosiyan_desyat tankiv i peredali yih zsu n1538846
Last accessed: 22.12.2022

4. Bandurin, S. G., Vorsin, V. E (2018). Deiatelnost sovetskoi trofeinoi

sluzhby v 1941-1945 gg. Voenno-istoricheskii zhurnal, 12, 49—56.

. VKP 4-00(01).01. Doktryna ob’iednana lohistyka (2020). Kyiv, 47.

6. Pro zatverdzhennia Poriadku pryimannia Zbroinymy Sylamy prydatnoi
dlia zastosuvannia boiovoi tekhniky derzhavy-ahresora (2022). Posta-
nova Kabinetu Ministriv Ukrainy No. 802. 15.07.2022. Available
at: https://zakon.rada.gov.ua/laws /show/802-2022-%D0%BF#Text

7. Pro zatverdzhennia Instruktsii z obliku viiskoooho maina u Zbroinykh
Sylakh Ukrainy (2017). Nakaz Ministerstva oborony Ukrainy
No. 440. 17.08.2017. Available at: https://zakononline.com.ua/
documents/show /480390 662917

8. Boiovyi statut Zbroinykh Syl Ukrainy <Lohistychni operatsii> (tak-
tychnyi riven) (2021). Odesa, 112.

9. Boiovyi statut <Lohistyka Sukhoputnykh viisk Zbroinykh Syl
Ukrainy» (taktychnyi riven) (2021). Odesa, 164.

10. VKDP 4-99(55).01. Nastanova «Okremyi remontno-vidnoolivoalnyi
polks> (2020). Kyiv, 142.

11. Zahorka, O. M., Mosov, S. P, Sbitniev, A. L., Stuzhuk, P. I. (2005).
Elementy doslidzhennia skladnykh system viiskovoho pryznachennia.
Kyiv: NAOU, 100.

12. Popov, N. G., Vitkovskii, A. 1., Klokotov, N. P. et al,; Rodio-
nov, I. N. (Ed.) (1992). Voennaia nauka: teoreticheskii trud. Mos-
cow: Voennaia akademiia Generalnogo shtaba VS SSSR, 192.

a

MM Mykola Zaitsev, PhD, Head of Legal Department, Research
Center for Trophy and Perspective Weapons and Military Equip-
ment, Kyiv, Ukraine, e-mail: zaitseo.n@gmail.com, ORCID: https.//
orcid.org/0000-0003-0322-5910

Roman Chunakov, Deputy Head of Legal Department, Research
Center for Trophy and Perspective Weapons and Military Equip-
ment, Kyiv, Ukraine, ORCID: https://orcid.org/0009-0003-8756-1512
Ruslan Ransevych, PhD, Deputy Head of Department of Robotic
Systems Research, Research Center for Trophy and Perspective
Weapons and Military Equipment, Kyiv, Ukraine, ORCID: https;//
orcid.org/0000-0002-6076-5633

P4 Corresponding author

;20

TECHNOLOGY AUDIT AND PRODUCTION RESERVES — Ne 2/2(70), 2023



