0 m,

3anpononosano nioxio wo0o oUiHKU CNPOMONICHOCEN YePYNoeais
8lliCbK (CU) HA OCHOBI BUKOPUCMAHHA KOMOTHAMOPHOZ0 Memody 3
o00Medcenoro 0azot0 apeymenmie Ha NPuKAAdi GYHKUIOHATLHOT 2pynu
cnpomodicHocmeit "3acmocyeanns’.

Ouinka cnpomodcHocmell Yepynoeanns 6ilicok (cum) 30HCHIOENb-
€5l 8 pamMKax 000POHH020 NAAHYEAHHS 3 MEMON) BUSHAMEHHS NePCneK-
muenoz0 cknady 3opounux Cun Yxpainu (cun o6oponu). Cynacnuii
Hopsdox ouinku cnpomoscnocmeii yepynosamnns eiiicvk (cun) 6
3opoiinux Cunax Yrpainu ipynmyemocsa Ha eKCnepmuux Memooax oui-
wosanns. Hedonixamu eusnauenoezo Ilopsaoky € cyod’exmuenicmo, 006-
2ompusanicmo ma nepconanozampamiicmo (nepioouuie 6i06oiKanns
Qaxisuie 6i0 euxonanns Qynxuionanvnux 06o6’a3xis). Tomy pospo-
ONeHns HOBUX NIOX00i6 OUIHKU CHPOMONCHOCMEH YePYnoeans 6ilicbk
(cun) na ocnoi cyuacHux HAYKoBUX AHATIMUMHUX MemOo0i8, W0 No3-
Oaeneni 3aznareHux HeooiKié € AKMmyaibHUM HAYKOBUM 3A60AHHAM.

3eiono 3i cmandapmamu HATO, cnpomoscrocmi nodiasiomovcs na
de¢’smv ynxuyionanviux epyn, axi micmamv 464 cnpomodrcrocmi.
s po3podaenns memooy OUIHKU CNPOMONCHOCHMENW 3 BUKOPUCMAH-
HAM aHaIimuHux memooieé 3 8pPaAxyeanHHAM iCHYIOUOT HOPMAMUGHOI
0asu, nposedeno ananis icnyronozo Ilopaodxy ouinku cnpomosicnocmei
yepynoeanns giticvk (cun) 6 3opounux Cunax Yxpainu. B xo0i ananizy
8CMAN08JeHO, W0 PYHKUIOHATBHI 2PYNU CRPOMOICHOCHEN € PI3HOPi6HEe-
sumu. Ix douinvno noconamu y mpu Kaacu: Knac mexniunozo ocnauen-
M, KJAC PieHa nid20moeKku 0c0606020 CKAA0Y i KAAC THCMUMYUIHUX
cnpomosicnocmeii. Ilpu yvomy eusnaueno, wio HOCIi cnpomodcHocmeil 8
3anescnocmi 6i0 pisnsa QynKuionyeanns € piznumu 3a npupoooro. Tomy
60HU nompedyloms ouinioeannsa 3a pisnumu ckaadosumu. Ix sanpono-
HOBAHO PO3PI3HAMU HA: eleMeHMAapHi (3pasku 030poenHs ma GilicbKo-
601 mexnixu) ma 2pynosi (nioposodiau, 6ilicok06i wacmunu, 3’cOHanns,
Yepynoeanns).

B pesyavmami docriovcen 6CMaAn08aAEHO AHATIMUMHY 3ANEHCHICHTL
6NIUGY eJleMEHMAPHUX HOCII8 CnPOMOJCHOCMeEW Ha e exmuHicmv
BUKOHAHHA 3A60AHb 2PDYNOGUMU HOCIAMU CRPOMOICHOCHEU. 3a3HaueHul
nioxio Gyode peanizoeanuii 6 AGMOMAMUI0EANIN CUCTeEM NIOMPUMKU
nputinamms piwens 6 x00i 000pOHH020 NIAHYEAHHS HA OCHOBL CNPO-
MooicHocmeil.

3acmocysanis nioxo0y 00360auNMb 3MEHUWUMU 6NIUE CYD cKxmue-
H020 pakmopy ma cKopomumu 4ac HaA NPUUHAMMS 00TPYHMOBAH020
pluents w000 Heo0Xi0H020 CKNA0Y Yepynosanis éitlicvk (cu) 01 6UK0-
HAHHA NOKAAOEHUX 3A60aHD, OUIHUMU OCMAMHIO KiIbKICHb 8apianmis
tioeo 3acmocyeanns. Kpim moeo, peanizauis szanpononoseaiozo nioxo-
Oy nadacmo MONCAUGICMb BUIHAMUMU: KIILKICHY ma AKicHy nompedy
3opoiinux Cun Ykpainu (cun 060ponu) 6 ocHauienni 3pasxamu 030poen-
HsL ma 6ilicbK060T MmexHiKu, HeoOXIOHU 00Cs2 pecypCie 0l pO36UMKY
3opotinux Cun (cun 000ponw). 3anpononosanuil AHAITMUMHUL Memoo
dozsonums Ge3 yuacmi excnepmis ouiHumu PoJtb KONCHO20 BLUCHK068020
dopmysanns 3i cknady cun 060ponu, suHAMUMU NPiopuMemHuUll naan
poseumxy cnpomodciocmeit 3opotinux Cun Ypainu (cun o6oponu)

Kmiouoei ciosa: o6oponie naanyeanis na 0CHO8i Cnpomosicnocmetl,
HOCIi cnpomosicnocmeil, PYHKUIOHANHI epYnU CRPOMOJNCHOCHE, YepY-
nosamns 8ilcok (cun)
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1. Introduction
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ways of application, structure of tasks, which the armed forces

must be ready to execute, the needs for resource provision for

It is not possible to determine the structure of the armed
forces, capable of providing defense of the state in the face of
global changes (political, economic, power and others) without
a comprehensive study of possible conditions of application. In
this case, it is necessary to determine: the purpose, goals and

the development and retention.

High-quality provision and distribution of defense resourc-
es in the armies of the leading countries of the world is based
on the modern scientific approach — the methodology for soft-
ware-target planning. The leading countries of the world have




been using this methodology over the past decades, adapting
it to the conditions of national economies and legislation. The
modern Ukraine also follows this path.

The policy of Euro-Atlantic integration, which is deter-
mined in the “Annual national program under the auspices of
the NATO-Ukraine Commission in 2018” [1] and in the NATO
program “The process of planning and assessment of forces”, is
gradually implemented in the state. These programs identify
measures for bringing the Armed Forces of Ukraine in full
interoperability with the armed forces of the NATO countries.

One of the tasks of the defense reform in Ukraine is the
development of the defense planning system as a component
of the national planning system in the sector of security and
defense. According to this task, the principles of defense
planning used by the NATO member countries and modern
methods of capability development, including the Capability
Based Planning, are implemented. The ultimate goal of plan-
ning is the formation of predicted economic
conditions of development of defense forces

The fourth stage of defense planning (execution control
and analysis) is one of the most important stages. At this stage,
planners and people in charge of funds evaluate the quality of
the achievement of ultimate results of planning, effectiveness of
spending budget funds.

To perform these operations, it is necessary to deter-
mine the mechanism of distribution capabilities while
defense planning. Therefore, one way of implementing the
CBDP method in the practice of defense forces is the devel-
opment of an automated decision support system (DSS) of
defense process planning in the Armed Forces of Ukraine
(defense forces).

The idea of a mechanism for the rational distribution of
defense resources for the effective development of capabilities of
the armed forces is known [2—12]. One of the implementations
of the mechanism of the automation of the process of defense
resources distribution [12] is shown in Fig. 1.

capabilities that are sufficient to perform
these tasks. . . Scenario 1

However, the introduction of the method
of capability based defense planning (CBDP) @
in practice of defense forces faces specific dif- _
ficulties. On the one hand, the procedures Necessary Difference of Existing
of this method of planning are quite labor structure of structures structure of
intensive. On the other hand, there are some forces forces

unsettled issues in the regulatory-legislative
base of the country. In addition, there are
some difficulties of implementation in the

practice of the Armed Forces of Ukraine of
the defense planning experience of the lead-
ing countries of the world. This is related
to the national features of the experience of
military construction in Ukraine, the lack of
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rigidly regulated rules of defense planning in
member countries of the NATO.

Capability based defense planning con-
sists of four stages: Planning, Programming,
Budgeting, Execution control and analysis
(PPBE).

At the stage of Planning, an overall analysis of the devel-
opment of military-political situation around Ukraine with
prospects (for 10—15 years) is carried out. The following tasks
are solved at this stage:

—to predict the dynamics of development of global and
regional security;

— to study the factors that in the course of their develop-
ment can lead to armed conflicts between states;

— to predict the ambitions of the own state;

—to study the conflicts, in the course of which military
force can be applied.

This forms the basis for understanding the desired state of
defense forces for a long term.

At the stage of programming the main problem is to deter-
mine the required amount of investments and rational alloca-
tion by the government programs. The tasks of this stage in-
clude: drawing up plans of increasing defense force capabilities
of the state; determining the capabilities of the states to provide
the defense forces with necessary resources.

At the stage of budgeting, the plan of the development of
capabilities of the state is implemented through the use of the
allocated resources by their distribution according to plan of
the development of the capacities of defense forces of the state.

Evaluation Effective
of variants of development
development of capabilities
of capabilities of AFU (DF)

L T

Fig. 1. Diagram of the mechanism of rational distribution of defense capabilities

To solve the problem of the rational distribution of defense
resources, we used the following initial data: a set of scenario
variants; the specified required structure of troops (forces) to
perform the tasks by scenarios; the existing structure of the
Armed Forces of Ukraine (defense forces) (AFU (DF)).

The capabilities of the military-industrial complex of the
country (countries-partners), the amount of defense force
financing act as restrictions.

In such problem statement, the difference between the ex-
isting and the required structure of troops (forces) determines
the structure of forces that needs to be modified (to form, to
reform, to disband) in due time for the effective implementa-
tion of tasks by the predictable scenarios.

Today, the problem of determining the desired compo-
sition of the AFU (DF) to perform the tasks by the scenar-
ios are solved by the experts of the planning bodies of the
General headquarters of the Armed Forces of Ukraine. The
set tasks are solved without the use of modern automation
means. This leads to some subjectivity in the course of de-
termining the capabilities the AFU regarding the execution
of set tasks. In addition, the limited capability for integrated
comprehensive assessment of the variants of troops (forces)
distribution for execution is noted.



Based on the above, the problem of the need to develop
a decision support system that will reasonably and correctly
determine the required structure of the AFU (DF) that is able
to perform the tasks, set by scenarios, is relevant.

There are certain challenges in the course of solving the
set task. Thus, the main normative base, which currently de-
termines the procedure for capability-based defense planning
in the Ministry of defense of Ukraine and the Armed Forces
of Ukraine, is the following:

Recommendations on defense planning in the Ministry of
defense of Ukraine and in the Armed Forces of Ukraine [13];

Unified list (catalog) of capabilities of the Ministry of
defense of Ukraine and the Armed Forces of Ukraine [14];

Recommendations on organization of conducting capabil-
ity evaluation in the Armed Forces of Ukraine [15].

In the Recommendations on defense planning in the Min-
istry of defense and the Armed Forces of Ukraine [13] (here-
inafter referred to as Recommendations on DP), the concept
of capability is defined.

Capability (operational, combat, special) is the ability of
the structural unit (element) of the AFU (DF) or the total-
ity of forces and means to perform certain tasks (to ensure
implementation of the determined military objectives) under
certain conditions of the situation, resource provision accord-
ing to established standards [13].

Each structural unit (element) of the AFU (DF) can have
more than one combat (special) capability and each capability
can be implemented by more than one structural unit (element).
The capabilities of troops (forces) are determined (detailed) by
the standards that are specific to a structural unit (element) of
each type (kind of troops) of the Armed Forces [13].

This definition of capability distinguishes between the
concepts of “structural unit (element) of the AFU (DF)”
and “their (author) capability to execute certain tasks under
certain conditions, resource provision and in accordance with
established standards”. That is, a structural unit of the AFU
(DF) is the carrier of these capabilities.

The capabilities carrier is expected to perform the set
tasks with certain efficiency taking into consideration: con-
ditions of the situation that occurred; the structure of troops
(forces) of the parties, their state; determined standards for
execution of a set task.

The list of capabilities carriers, the corresponding list of
capabilities, references to standards of performance of certain
tasks are contained in the Unified list (catalogue) of capa-
bilities of the Ministry of defense of Ukraine and the Armed
Forces of Ukraine [14] (hereinafter referred to as the Capabil-
ities catalogue).

The order of organization of conducting the capability
evaluation is determined in the Recommendations on the
order of organization of conducting capabilities evaluation in
the Armed Forces of Ukraine [15] (hereinafter referred to as
Recommendations with OEC).

This document proposes the use of the expert methods
during capabilities evaluation. It determines how to deter-
mine the capability level and identify the ways of improve-
ment of the specified capability with the involvement of a
certain group of experts. The proposed tool is important when
solving problems that require non-trivial decisions in the
course of a radical change in the situation, which significantly
affects the capability evaluation mechanism. But on the other
hand, this method means that a part of high-level experts
will not be able to perform their official duties for a (long)
period of time. Thus, according to the Recommendations on

OEC [15], to evaluate a certain capability, it is necessary to
create a working group of 10—12 people, including the head
of the group; the secretary; an expert who can assess the ca-
pabilities of the enemy; a specialist knowing the techniques
for conducting capabilities evaluation; a representative of the
body of military management; a representative of the civil
organization; a representative of a scientific institution; an
expert of an inspection body; a representative of the unit that
directly applies the studied object; an expert in evaluation of
the predicted financial expenses; a representative of the body
of purchasing armament and military equipment (AME).

However, the Capabilities catalogue [14] now contains
464 capabilities. Thus, it is even difficult to imagine how much
time is needed to assess these capabilities and what group of
specialists needs to be distracted from their direct official
duties. It is also necessary to determine whether it should be
required to create permanent working groups, because when
it comes to last capability assessment, the evaluation of the
first groups of capabilities can be hopelessly outdated.

Therefore, for the procedure of capabilities assessment, it
is necessary to develop another method, which would not re-
quire creation of expert groups to assess a significant number
of capabilities.

In addition, some other difficulties occur when imple-
menting the capability-based defense planning method.
Thus, the CBDP procedures require a considerable number
of trained professionals. In the regulatory and legislative
base of the country, there is no clear algorithm of realization
of the CBDP method, the responsibility of certain officials
(organizational structures) for the implementation of stag-
es (phases) of defense planning were not determined. In
addition, there are certain difficulties in “copying” defense
planning experience of the leading countries of the world.
National features of military building experience in Ukraine,
the lack of rigidly regulated rules of CBDP in the member
countries of NATO, on the one hand, lead to certain freedom
of action, and on the other hand, cause the necessity of inde-
pendent development of its national capability-based defense
planning method, focused on threats.

2. Literature review and problem statement

The idea of a mechanism for rational allocation of defense
resources for the effective development of the capabilities of
the armed forces in conceptual terms was borrowed from the
leading experts on defense planning.

Thus, a renowned expert in CBDP, Program Director of
the Research Center on the problems of state security and
defense of the Bulgarian Academy of Sciences, Dr. Todor
Tagarev reveals the problem of the place of defense planning
in the defense policy of the country in his work [2]. He speci-
fies time dimensions of defense planning, suggests alternative
approaches to defense planning, and considers linking policy
goals to the structure of the armed forces.

A more detailed consideration of the concept of defense
capability management is described in a paper by Gerd
Frorat, the former head of the military budget department,
the financial advisor to the Commander in Chief of the
armed forces and the head of the Center of accounting, fi-
nance and analysis of the armed forces of Germany [3]. The
author in his work points out the difficulties and problems
associated with defense funding management. He tells about
the rules of budgetary funds allocation and points out the



need for taking into consideration the international norms
and standards in the field of financial management.

It is possible to get acquainted with certain specific fea-
tures of the defense management areas in the papers of other
well-known specialists on this issue. Thus, the Project Director
of the European research center of security problems named
after George K. Marshall Jack Treddenik reveals the essence
of human resources management [4]. The senior researcher of
Tallinn International Centre for defense studies, Anthony Law-
rence in his papers [5] deals with the problem of the features of
management in the procurement area.

There are some known regulatory and guidance docu-
ments that can be used to understand the capability-based
defense planning procedure.

Thus, it is possible to determine the stages and main steps of
carrying out the defense planning procedure in the guidelines
on capability-based defense planning [6]. The paper by Kegan
Mark [7] focuses on the principle algorithm of the capability-
based defense planning procedure. The issues regarding the
specificity of allocation of the financial defense budget, proce-
dures of its implementation can be studied in publications [8, 9].
Specifics of the defense planning procedure in the countries of
the NATO block can be explored in publications [10, 11].

The above scientific publications [2—11] provide a solid
foundation for solving the set task of the effective implementa-
tion of the capability-based defense planning procedure. How-
ever, the authors do not go beyond conceptual understanding of
the problem. This is due to the fact that specific features of the
state structure, the legislative framework of the country and the
other have a significant impact on solving the set task.

Some attempts to solve this particular issue with taking
into consideration the national features of the implementation
of the capability-based defense planning procedure can be
found in the national periodical scientific publications. But they
also have certain shortcomings.

Thus, it is possible to separate two groups of articles. Some
of them are of the conceptual nature [17-19, 21-24], which
does not make it possible to address the issues of practical cal-
culations in the course of implementing the CBDP procedures.
The others are aimed at solving the set task without taking into
consideration the influence of capabilities [16, 20].

Thus, for example, in the article [16], the authors offer theo-
retical and methodological bases regarding the system of effec-
tive planning management and the use of the programs of the
AFU development. In this case, it is proposed to use the method
of expert-significant intermediate scenarios. The article does
not contain any practical methods for effective planning of the
programs of the AFU development.

Article [17] proposes the method for evaluation of the
level of military and economic security of a country. But the
authors do not go beyond conceptual schemes and the list of
threats to the military and economic security of Ukraine.
There is no clear idea about how to calculate the level of the
military and economic security. That is, the mechanism of this
assessment is not specified.

Article [18] proposed the method for statement of activi-
ties and tasks in the programs of the AFU development. The
disadvantage is the lack of a mechanism for evaluation of the
necessary and existing capabilities. Based on this, the authors
address the method of expert estimations. This method requires
prior work regarding the selection of highly qualified experts
and has a subjectivity factor.

Article [19] proposed the technique of allocation of the
defense budget of Ukraine to the components of the defense

forces. The authors propose to allocate the budget to the
components of the defense forces, depending on the account
of the share of defense forces units that take part in execu-
tion of defense tasks. This is an approach, which makes it
possible to obtain certain quantitative estimates. But it is
quite rough and does not take into consideration the needs
of these components of the defense forces, the tasks that they
must perform according to the scenarios and capabilities and
importance of formations to execute the set tasks. This leads
to ambiguity in calculations.

An extensive list of political, economic, demographic, ma-
terial and technical indicators is used in article [20] to sub-
stantiate the amount of the AFU. But this work does not cite
the parameters that determine the required structure of the
AFU (DF) to execute the task by predictable scenarios. The
used indicators can act just as restrictive in the course of the
implementation of the necessary quantitative and qualitative
structure of the AFU.

In article [21], the authors raised the issue of the necessity
of resources-based planning, but it is explored only at the con-
ceptual level. The authors provide information in the general-
ized-algorithmic form. This does not make it possible to use the
results obtained by the authors in practice.

In article [22], the authors developed the ideas concerning
the prospects of the development of the defense planning sys-
tem by determining the need for resources of the elements of the
organizational structure of troops (forces). These conceptual
views do not make it possible to use them in practice.

The authors of article [23] offer the original scheme of the
interdependence of the processes of defense planning, oper-
ational planning and budget planning. The stages of defense
planning are described quite thoroughly.

In article [24], the authors provided practical proposals on
the transformation of a mechanized battalion into a heavy bat-
talion. This is an interesting research result as a special case of
transformation, which requires studying for the development of
the mechanism of transformation of AFU groups.

3. The aim and objectives of the study

The purpose of this study is to determine the ways of eval-
uation of capabilities of grouping of troops (forces) during the
execution of the tasks under certain scenarios.

To accomplish the goal, the following tasks were set:

—to identify how capabilities carriers are characterized
through functional groups of capabilities;

— to determine the way how to correlate multi-dimension-
al capabilities carriers (such as a tank company and a tank);

— to determine how to correlate different carriers of capa-
bilities (such as a tank company and a repair company);

— to determine how to evaluate capabilities of a grouping
of troops (forces) during solving the tasks on purpose.

4. Materials that address the ways to estimate the
capabilities of groupings of troops (forces) based on
functional groups

4.1. Determining the carriers of capabilities based
on functional groups. Mutual influence of carriers of
capabilities

Subdivisions, units, formations, and accordingly, group-
ings of troops (forces) formed on their basis, are known to be



the main carriers of capabilities. All the known capabilities
of the AFU (DF) can be united into certain functional
groups of capabilities [11]. The following functional groups
of capabilities are known:

— ENGAGE - covers the capabilities of units and subdi-
visions of the kinds and types of troops (forces) to implement
the key tasks for the purpose;

— FORCE SUPPORT - covers the capability to train
AFU (DF) for defense;

— deployment and mobility of troops (PROJECT) —
covers the capabilities of delivery facilities, training troops
(forces) to advance to areas of destination;

— SUSTAIN - covers the capabilities in the field of com-
bat, rear, technical and medical support;

— CONSULT, COMMAND & CONTROL - covers
the capabilities of the control bodies to control the use of
troops (forces);

— PROTECT - covers the capabilities to provide protec-
tion against threats from the air, sea, anti-mine fight, PCB
protection, etc.;

— reconnaissance (INFORM) — covers the capability of
reconnaissance, surveillance and targeting;

— cooperation in the field of security and defense (PRE-
PARE) — covers the capabilities to ensure regional security
by providing (obtaining) assistance with building up the
operational capacities of partner countries (capabilities of
national forces and facilities);

— military and political control, resource management
(CORPORATE MANAGEMENT & SUPPORT) — covers
the capabilities for regulatory and legal support, capabilities
development planning, resourcing, budget planning and
accounting.

Capabilities carriers at the physical level are samples of the
AME, which execute their task with certain effectiveness. If
we take into consideration one of the elementary capability’s
carriers (such as a tank), it becomes clear that it consists of
certain units. The quality of functioning of units is evaluated
through certain characteristics. All characteristics can be
attributed to certain functional groups of capabilities (Fig. 2).

The formula expression that combines the elements of
functional groups of capabilities into one cumulative assess-
ment of an elemental capabilities carriers are listed below (1).

E, — reconnaissance capabilities of
the AME sample

&) & & & & &

E, — firing capabilities of the
AME sample
E — survivability of the
AME sample

E,, — maneuvering capabilities of the

AME sample sample

Fig. 2. Description of the AME sample through
known functional groups of capabilities

E, — integration of the AME sample
into the general system of control

E. — provision (autonomy) of the AME

E i =Ku'f(Eu)+Kr'f(Er)+Km'f(Em)+
+K,- f(E)+ K, f(E)+K,-f(E,) @

Formula expression (1) contains six functional groups
out of nine. These are the following functional groups: E, is
the integration of the AME sample into the general system
of control; E, is the reconnaissance capabilities of the AME
sample; E, is the survivability of the AME sample; Ej, is the
firing capabilities of the AME sample; E, is the provision
(autonomy) of the AME sample; E,, is the maneuvering ca-
pabilities of the AME sample.

The following functional groups of capabilities were left
out of the focus of the integrated capability of an elemental
carrier of capabilities of the AME sample:

E, is the readiness to execute tasks. This functional group
is determined by the level of personnel training regarding
the use of the AME sample for the purpose both individually
and as a part of the unit [25]; Epjc is the military-political
guidance, resource management, E. is the cooperation in
the field of security and defense. These functional groups of
capabilities are of the institutional character (military-polit-
ical level of governing the state) and perform the functions
of resource provision of the AFU (DF) for their effective
execution of tasks on purpose. The estimation of the last two
functional groups of capabilities is determined by the result
of the calculation of the required amounts of resources in
order to bring the structure of the AFU in conformity for
effective functioning under the expected scenarios. This takes
into consideration the capabilities of the military-industrial
complex of Ukraine and partner countries concerning the im-
plementation of the program of the AFU (DF) development.

Thus, having analyzed the functional groups of capa-
bilities, it is possible to conclude that by their purpose they
can be divided into three classes. The class of technical sup-
port — functional groups of capabilities: “Engage”, “Corpo-
rate management and support”, “Force support”, “Inform”,
“Project”, “Protect”, “Sustain”. The class of the level of
personnel training is the functional group of capabilities
“Readiness to perform tasks”. The class of institutional
capabilities is the functional groups of capabilities: “Cor-
porate management and support”, “Prepare”.

In addition, after grouping the functional capa-
bility groups for each carrier by a particular rule,
there is a possibility to determine its cumulative
capability. The methods of grouping functional
groups of capabilities in a certain cumulative ca-
pability are known. For example, this procedure
may be implemented by the methods of regression
analysis. In the case of a limited data sample for
determining mathematical models of influence of
the functional groups on the cumulative capabil-
ity of each typical AME sample, it is proposed to
use the combinatorial method with a limited base
of arguments (Fig.3). The information on this
matter contained in open sources in given in the
list of literature [26—30].

This technology for determining the general
formula expression for capabilities carriers of one
type makes it possible (Fig. 4):

—to determine the weight of the functional
groups of capabilities of the AME sample when
solving the tasks for the purpose;

— to determine the state of its capabilities (even
long-term).
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— insufficient possibilities regarding ensur-
ing performance of military actions by a group-
ing (functional group “Sustain”) (ExeR [0...1]);

— limited readiness of troops (forces) regard-
ing the execution of tasks for the purpose (func-
tional group “Force support”) (EzeR [0 .. 1]).

o The general formula expression of evalu-

ation of the cumulative capability of a group
carrier of capabilities is shown in (2).
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In the course of the evaluation of capabil-
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ities of a grouping of troops (forces), certain
scenarios are implemented taking into con-
sideration the possible structure, state and

intentions of enemy forces, other important

Ep=K*[E)+K X [E)+K,* [(E)+K,* [(E)+

+K* [E+K*(E)

Fig. 3. The principle of functioning of the software product for determining
the general formula expression for capabilities carriers of one type

E i gany = 01* f(E,)+0,14* f(E,) +0,14* f(E, ) +0,24* f(E, )+
+0,17* f(E,)+021* f(E.)

E, - integration of the AME sample into the general system of control;
E, - reconnaissance capabilities of the AME sample;
E,, - maneuvering capabilities of the AME sample;
E, — provision (autonomy) of the AME sample;
E,, firing capabilities of the AME sample;
- survivability of the AME sample.

e e

mobility

inform
engage
protect
control
T-64=1 M sustain

EO NN
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Fig. 4. Comparison of the capabilities of elementary carriers
of capabilities to determine the capability of the AME by
known TTC

The effectiveness of functioning of a group carrier of
capabilities (subdivision, unit, formation, grouping of troops
(forces)) depends not only on its own capabilities. During
combat actions (operations), the effectiveness of execution of
the set tasks also depends on how the enemy will permit to
implement own capabilities.

Thus, the main component of the integrated capability is
the functional group of capabilities that meets the purpose of
the group carrier of capabilities “Engage” of troops (forces)
(Epp). The cumulative capability of a group carrier of capabilities
when confronting the enemy forces can be reduced through:

—an insufficiently effective control system (functional
group “Consult, command and control) (EpeR [0..1]);

— weak reconnaissance capabilities of a grouping (func-
tional group “Inform”) (Ej.e R [0 .. 1]);

— limited possibilities regarding the modification of the
operative construction of troops during the operation (func-
tional group “Project”) (Ep€R [0...1]);

— an insufficient level of capabilities regarding ensuring
survivability of a grouping (functional group “Protect”)
(EfeR [0...1]);

features of conducting military actions that
could affect the outcome of confrontation
(Fig. 5).

For this purpose, the scenarios are de-
termined that may arise in specific future,
which will expectedly cause the need for
using defense forces to solve the crisis. For each of the
scenarios, the tasks, which defense forces must solve to
obtain a positive result of application, are determined.
In this case, assessment of the capability to execute a
specific task by a certain structure of the defense force
is selected based on the defined standards of task execu-
tion by the groupings of defense forces. Comparing the
possible options of the structure of own forces to solve
the set task in terms of the minimum cost of its solution,
the required structure of the AFU (DF) is determined.

After comparing the required structure of defense forces
with the existing structure, the necessary structure that
needs to be built up within a specific term for execution of
specified tasks for the purpose in full degree is determined.
Hence, there arises a requirement for the necessary level of
funding of the defense forces of a country. But, typically,
there is a shortage of financial resources to solve the set
tasks. In this case, the task is solved on rational distribution
of the allocated financial resources for defense for effective
development of capabilities in order to maximally meet the
needs of defense of a country.

Change of
standards

Standards Scenario

Vs ‘
\
|
Own forces 7” Enemy’s forces
‘

i |
I | T
| i i
i v
Change in [
structure of Standards
forces — Sufficient
forces
@ '
1

Determining the cost of
2 the variant, structure of
own forces

Fig. 5. Schematic diagram of calculation of the variant of
solving the tasks of a grouping of troops (forces) under
specified scenario



4.2.Procedure for determining group carriers of
capabilities based on the functional group of capabilities
(‘Engage’Y

The main component of the integrated capability is the
functional group of capabilities “Engage”. The functional
group of capabilities “Engage” is intended to assess the op-
erative (combat) capabilities of troops (forces). The original
data for evaluation of operative (combat) capabilities of troops
(forces) include: specific features of action of own troops and
the enemy’s troops, the structure of forces of the parties, pe-
culiarities of the areas, seasons and other important factors.

The potential capability regarding the infliction of dam-
age to the enemy is assessed for each party (Fig. 6).

For such assessment, it is necessary to possess the in-
formation about the fighting capabilities of the constituent
elements of a grouping of troops (forces).

The basis for calculating firing capabilities of a grouping of
troops is fighting capabilities of the AME samples, calculated
through reduced ammunition (a).

The effective depth of dislocation in the operative struc-
ture of the own forces is determined for the specified AME
samples depending on the nature of warfare, specific features
of the terrain and seasons.

Based on the dislocation (in the case of simplification of
calculations, it is the depth of the dislocation), the radius of
the effective application of the OVT sample for enemy’s facili-
ties (groups of OVT samples) is determined.

Based on these data, the table of the availability depth
of OVT samples facilities is formed. On the other hand, the

5. Results of study into the impact of forces of a party
on objects of the opposing party with respect to the
functional group of capabilities “Engage” of troops

(forces)

The idea of calculations implies the calculation of the
possibility of influence of the weapons of the parties on
the enemy in the whole depth of its location. The possi-
ble location of the objects that can be under the target
influence of the enemy is taken into account on the linear
projection. In this case, the option of distribution density
of the location of an object in the operative building of
troops (forces) is selected (by default the uniform distri-
bution law is accepted).

Thus, for example, a certain operative construction of
troops (forces) of motorized infantry division (Fig.7) is
presented in the table that defines: the name of the element;
the number of elements of the same type with the same
conditions of location and structure; the distance of the
element from the front edge towards the depth (from the
first line of the main area of defense); the importance of
the element in the course of solving the set task; the num-
ber of typical shots, which is enough to defeat the object
(Table 1).

Table 1

Characteristics of objects of motorized infantry
division in defense

. . . Number of | Distance | Impor- | Number
Calculz}tlon .o‘f Fhe expected lgcatlon (location dep‘Fh) of the Name clements | min—max, km | tance | of shots
enemy’s facilities and protection from the application of the -

FCP mid 1 15-25 50 50
OVT samples are calculated. -
BCP mid 1 20-35 100 75
Characteristic of AME Characteristic of object RCP mid 1 40-50 75 75
p— name, CP 1,2 mibr 2 10-20 50 50
type of ammunition in one unit of amount of conditional ammunition 11,12,21,22 mib 4 0-10 20 200
fire; for damage; _
TTC of AME; protection class; 13,23 Fb 2 0-10 25 300
assessment of integrative capability application area (air, ground); 15,25 ib 2 0-10 15 150
of AME importance of the object 51,52 rc 2 0-5 15 40
! | 16,26 sadn 2 5-10 25 100
Characteristic of group pf AME Characteristic of group of objects 61,62,63 zrabatr 3 10-20 25 50
17,27 eatc 2 0-20 25 50
name; name;
maximal distance of effective effective distance from the front 41 adnGFA 1 5-15 30 100
application; edge; 42 radnGFA 1 10-20 40 100
number of AME; number of objects
application area: 14,24 tb 2 0-20 25 200
damage class CP 3 mibr 1 10-40 50 50
31,32 mib 2 0-35 25 200
Determining the capabilities of a group carrier of 33,34 tb 2 0-35 30 300
capabilities 36 sadn 1 5-35 30 100
Effective distance of objects 37 eatc 1 0-35 30 50
@)
- 64,65,66 zrabatr 3 25-35 25 50
Name of the group of objects
() 71 tal 1 35-40 35 150
Number of the group of 81 ebr 1 25-35 30 300
objects (/) 82 bRChBd 1 25-35 15 100
Dista | Name | Num | S;;;; Total 39 4,630
nce of of ber of
AME | AME | AME
Y Sporr Based on the possible location of the objects in the course

Fig. 6. Estimation of firing capabilities of
a grouping of troops (forces)

of the operation (combat), the axis of the required intensity
of use of weapons on the enemy’s facilities is formed from the
front edge (Table 2). The diagram of the required intensity
of use of weapons on the areas of the expected location of the
objects of first party is shown in Fig. 8.
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Fig. 7. Battle formation of motorized infantry division in defense,

In the face of the shortage of typical ammunition to de-
feat the enemy’s objects, it is necessary to know the areas of
the most effective use of weapons. To do this, the required
zonal specific weight of weapon application (W)) is deter-
mined from the formula expression (3).

>

i=1

Bi Nij 3

(Y b B
where B, is the determined
importance of an object that
is located in given zone; Njis
the total number of typical
shots, sufficient for defeating
the objects in the given zone;
N;is the total number of typ-
ical shots, sufficient to defeat
the facilities; Nj;is the mathe-
matic expectation of the num-
ber of typical shots, sufficient
for defeating an object taking
into consideration the proba-
bility of its location in given
zone and probable location in
other zones; i=1.../is the num-
ber of objects of the enemy
to be defeated; j=1...J is the
number of conditional zones
of operative construction of a
grouping of the enemy.

The calculation of the nec-

essary zonal specific weight of
weapon application is shown
in Table 3. The diagram of
the zonal specific weight of
weapon application is shown
in Fig. 9.

Table 2

Mathematical expectation of using typical shots by the probable dislocation of objects of motorized infantry division
in the course of the operation (combat actions)

Na”;e of element/ distance |~ - 5-10 | 10-15 | 15-20 | 20-25 | 25-30 | 30-35 | 35-40 | 40—45 | 45-50
rom the front edge
FCPmid | o L 25 25 : L L L
BCPmid | A [ L 25 25 5 | : :

RCPmid | [ : : L S L [ 375 37.5
CP 1,2 mibr ; 50 50 | [ [ [ [ [
11,12,21,22 mib 400 400 [ . L I . [ L S
13,23 th 300 300 | L L L [ [ [ [
15,25 ib 150 1550 | L [ L [ [ [ [
51,52 re 80 s L L [ [ . [ S
1626sadn | 200 i L i ________ E ________ i ________ i ________ i ________
61,62,63 zrabatr | 75 I i ________ E ________ i ________ i ________ i ________
17,27 eatc 25 25 25 25 | i ________ E ________ i ________ i ________ i ________
41adnGFA | 50 50 L [ [ [ [ [
42 radnGFA | 50 50 | i ________ E ________ i ________ i ________ i ________
14,24 th 100 100 100 100 : : L o [
CP 3 mibr : 10 10 10 10 0 | T [
31,32 mib 57.1 57.1 57.1 57.1 57.1 57.1 574 | [ [
33,34 tb 85.7 85.7 85.7 85.7 85.7 85.7 8.7 | L [
36 sadn 16.7 16.7 16.7 16.7 16.7 67 | [ [
37 eatc 71 71 71 71 71 71 71| L [
64,65,66 zrabatr | [ [ [ [ 75 7 L S
Ml | [ [ [ [ : : 150 | [
8tebr | [ [ [ [ 150 150 | [ [

82 bRChBd : : : : 50 50 : :
Total 1,204.9 1,391.6 | 5266 | 501.6 | 216.6 | 4766 | 476.6 150 | 375 375




1600 quently corrected after taking into consideration
1400 the effectiveness of characteristics of a grouping
1200 - for other components of functional groups of ca-
1000 pabilities.
800 - When calculating the quantitative impact
600 - of the parties in the course of warfare (opera-
400 - tions), the possible number of shots is calculated
208 through reciprocal characteristics of the oppos-
0-5 510 10-15 1520 2025 25-30 30-35 3540 40-45 45-50 | & groups. Thus, when determining the number
of shots that can be made by the AME sample,
Fig. 8. Mathematical expectation of using typical shots at probable the ratio of combat potentials of the parties for
dislocation of facilities of motorized infantry division a certain AME type is taken into account. If
there are several modifications of AME samples
200 type, the average fighting potential (E ;) is
’ calculated (4).
1,000 .
0,800 Z(EAME(i)'NAME(i))
0,600 E ey = ,
0,400 Z N i (8) *)
0,200 - -
0,000 - where Eqpe(i) is the effectiveness of functioning
05 510 10-15 1520 2025 2530 3035 3540 4045 4550 | of the AME sample of the i-th type; Nayg (i) is the
number of the AME samples of the i-th type.
Fig. 9. Calculation of necessary zonal specific weight of weapon application Thus, if the combat potentials of a certain
kind of AME of the parties are not the same,
The impact of weapons of all defeating potential is tradi- the number is recalculated. During the recal-
tionally reduced to the typical shot. The need for ammuni- culation, the number of AME samples with less
tion for destruction of a certain object is also calculated in combat potential decreases (the potential possi-
typical shots. bility of application in relation to the best AME
No doubt, the proposed diagram of the necessary zonal samples decreases). But the recalculation refers
specific weight of the weapon application will be subse- to the same number of OVT samples.
Table 3
Calculation of zonal specific weight of typical shots
gName of the clement/ | g 5| 540 | 1015 | 1520 | 20-25 | 25-30 | 30-35 | 3540 | 4045 | 45-50
istance from front edge
FCPmid | i i 0.05 0.115 1 o i _________ i _________
BCPmid | i _________ 0.154 0.07 007 | i 1
RCPmid | i o i _________ i _________ i _________ 1 1
CP 1,2 mibr 1 ot 1 i _________ i _________ i _________ i _________ i _________
11,12,21,22 mib 0.033 0029 | [ [ [ [ [ [ [
13,23 tb 0.031 0027 | i _________ i _________ i _________ i _________ i _________ i _________ i _________

15,25 ib 0.012 0011t | i _________ i _________ i _________ i _________ i _________ i _________ i _________

51,52 rc 0.025 o l _________ l _________ l _________ l _________ l _________ l _________ l _________

1626sadn | 0.036 1 o i _________ i _________ i _________ i _________ i _________

61,62,63 zrabatr 1 0.071 0075 | i _________ i _________ i _________ i _________ i _________

17,27 eatc 0.01 0.009 0.024 0025 | i _________ i _________ i _________ i _________ i _________

41adnGFA | 0.011 0.028 o i _________ i _________ i _________ i _________ i _________

42 radnGFA 1 0.038 004 | i _________ i _________ i _________ i _________ i _________
14,24 tb 0.01 0.009 0.024 0.025 1 1 o i _________ i _________
CP 3 mibr 1 0.019 0.020 0.046 0.021 0021 | i _________ i _________
31,32 mib 0.006 0.005 0.014 0.014 0.033 0.015 0015 | i _________ i _________
33,34 tb 0.011 0.009 0.024 0.026 0.059 0.027 0027 | i _________ i _________
36 sadn 0.004 0.010 0.010 0.023 0.011 o1t | i _________ i _________
37 eatc 0.004 0.003 0.008 0.008 0.020 0.009 0009 | i _________ i _________
64,65,66 zrabatr | i _________ i _________ i _________ i _________ 0.079 0.079 o i _________
Ml | b e [ [ : : 023 | [
8tebr | i _________ i _________ i _________ i _________ 0.031 003t | i _________ i _________
82 bRChBd 1 1 1 1 0.016 0.016 1 1
Total 0.143 0.152 0.355 0.392 0.450 0.278 0.278 0.230 | 1.000 | 1.000




Example 1.

To determine the relative number of tanks and correspond-
ing number of shots of opposing parties. On condition that:

party 1 — T-64 — 100 pieces.; ¢/p=1.00; 32 shots in each
tank (totally 3,200 shots);

party 2 — T-90 — 50 pieces.; ¢/p=1.30; 40 shots in each
tank (totally 2,000 shots).

Calculation.

Combat potential is in favor of side 2. That is why side 1
will be subject to recalculation.

The relative assessment of combat
ACP=1/1.3=0.77.

That is why the reduced number of tanks T-64 will make
up: 50+50-0.77=88.5 pieces (totally 2,832 of reduced shots).

In this case, at the next stages of calculations, the ca-
pabilities of reconnaissance, firing capabilities (distance,
accuracy, destructing effect of a shot), possibilities regarding
control the AME sample, etc. remain tabular.

In addition, if party 1 has more equipment with greater
combat potential than party 2, the combat potential of this par-
ty decreases several times before reaching the full consideration
of the effect.

Example 2.

To determine the number of tanks and corresponding
number of shots of opposing parties. On condition that:

party 1 — T-64 — 40 pieces; ¢/p=1.00; 32 shots on each
tank (totally 1,280 shots);

party 2 — T-90 — 50 pieces; ¢/p=1.30; 40 shots on each
tank (totally 2,000 shots).

Calculation.

Combat potential is in favor of party 2. That is why par-
ty 1 is subject to recalculation.

Relative assessment of combat potentials ACP=1,/1.3=0.77.

So, the reduced number of tanks T-64 will make up:
30-0.77+10-0.77-0.77 = 29.03 pieces (totally 929 reduced shots).

Thus, the general formula expressions for calculating the re-
duced amount of equipment depending on the physical quantity
and the famous combat potentials are shown below (5).

For ¢/pr<c/p2:

Ny=N,{ L2 Ny
1 ’ c/p, N, ’

&:Nzwm.[u[m_[m]}[w_2]],
c/p, N, N ¢/ py

where [*] is the integer part of the number; Ny, Ny are the to-
tal amount of equipment of a certain type of parties; N, is the
calculated reduced number of equipment of a certain type of
party 1; ¢/py; ¢/p2 are the combat potentials of equipment of
the parties.

potentials

(6

6. Discussion of the results of research into assessment of
carriers of capabilities with the use of functional groups
of capabilities

The determined Order of the organization of conducting
capabilities evaluation [15] suggests using the expert meth-
ods of evaluation. Obviously, this is a compromise nowadays.
The expert methods of evaluation require considerable time
of working on a specified problem. They need constant
distraction of a certain number of leading specialists from

performing their functional responsibilities. This method is
characterized by subjectivity.

Solving the problem of evaluation of capabilities of a
grouping of troops (forces) by automating these procedures
is elimination of the main defects of the modern Order of
organizing evaluation of capabilities, which is used in the
Ministry of Defense of Ukraine and in the Armed Forces
of Ukraine, and when the Law of Ukraine “On the national
security of Ukraine” is passed, it should be applied to all
defense forces of the country.

Compared with the Order of organization of conducting
capabilities evaluation, the proposed Method of evaluation
of capabilities of a grouping of troops (forces) by automating
these procedures has certain drawbacks. Thus, during its de-
velopment, the Method will require significant efforts on the
part of leading specialists of certain direction of activities of
the AFU (DF). The above-mentioned specialists are required
to develop a mathematical model of the processes that are
carried out in the course of solving specific tasks. However,
on the other hand, once created, the Method of evaluation of
capabilities of a grouping of troops (forces) will make it pos-
sible to obtain an effective estimation of capabilities without
participation of experts — specialists of high qualification.

During the development of the Method of evaluation
of capabilities of a grouping of troops (forces), the existing
regulatory base was taken into consideration [13—-15]. One
of the key points of evaluation of capabilities carriers is their
characteristic through the functional groups of capabilities.
These functional groups are of different levels, and in the
opinion of the authors of the article, such a division is not
quite optimal. But with the aim of the better adaptation of
the Method to the modern regulatory base, it was proposed
to select three classes of functional groups of capabilities: the
class of technical equipment, the class of the level of person-
nel training and the class of institutional capabilities. This
made it possible to bring certain clarity into the list of the
proposed functional groups of capabilities.

On the other hand, a different nature of carriers of ca-
pabilities was emphasized. Thus, at the level of the AME,
carriers of capabilities are technical in nature. At the level
of groupings, carriers of capabilities are organizational in
nature. It was therefore proposed to distinguish between
elementary (physical) carriers of capabilities and group
carriers of capabilities. To estimate the characteristics of ele-
mentary carriers of capabilities, it was proposed to apply the
combinatorial method with the limited base of arguments,
developed by the authors.

This article started solving the problematic issue con-
cerning determining the desired structure of defense forces
for scenarios in the specified term. The method for deter-
mining group carriers of capabilities for the functional
group of capabilities “Engage” was proposed as an example.
In subsequent studies, it is planned to reveal the approaches
to evaluation of capabilities for functional groups “Consult,
command and control”, “Force support”, “Inform”, “Project”,
“Protect”, and “Sustain”.

In the future, after the development of the method of
evaluation of capabilities and including it into the technique
of development of the plan for rational development of the
AFU (DF) taking into consideration the limitations by
financial defense resources, it is necessary to address the
problem of taking into consideration the risks of the failure
to fulfill the plan of rational development of the AFU (DF)
in the course of its implementation.



7. Conclusions

1. It was determined that the functional groups of capa-
bilities can be divided into three classes: the class of technical
equipment of capabilities carriers (functional groups of capa-
bilities: “Engage”, “Consult, command and control”, “Force
support”, “Inform”, “Project”, “Protect”); the class of person-
nel training level (functional group of capabilities “Readi-
ness to execute tasks”); the class of institutional capabilities
(functional groups of capabilities: “Corporate management
and support”, “Prepare”).

2. Capabilities carriers are divided into elementary
(physical) and group carriers. Elementary capabilities car-
riers include samples of armament and military equipment.
They can be described through the functional groups of ca-
pabilities related to the class of technical equipment. In turn,
the group capabilities carriers (military formation, grouping
of troops (forces)) can be described through the classes of
technical equipment of capabilities carriers and the level of
personnel training.

3. The effectiveness of execution of a task according to
the scenario by a group carrier of capabilities depends on:

— the influence of the enemy (enemy’s capabilities re-
garding the execution of tasks);

— effectiveness of implementation of capabilities by
elementary carriers of capabilities that are the basis

of efficiency of functioning of a group carrier of capa-
bilities;

— effectiveness of implementation of capabilities accord-
ing to functional groups of capabilities.

4. Integrated capability regarding the execution of tasks
in the course of operations (combat actions) depends on the
capabilities to perform necessary functions by seven func-
tional groups of capabilities:

— functional group of capabilities “Engage”, which cor-
responds to the purpose of a group carrier of capabilities of
troops (forces);

— functional group “Consult, command and control” de-
termines effectiveness of the control system;

— functional group “Inform” determines reconnaissance
capabilities of a grouping;

— functional group “Project” determines the capabili-
ties regarding an operative change in the construction of
troops;

— functional group “Protect” determines the capabilities
of a grouping regarding ensuring its survivability;

— functional group “Sustain” determines the effective-
ness of implementation of capabilities regarding ensuring
conduction of military operations;

— functional group “Force support” determines the level
of readiness of troops (forces) regarding the execution of
tasks for the purpose.
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