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Abstract. The study is devoted to the problem of financial regulation of
the defense industry and the provision of troops, as the escalation of the
military conflict in eastern Ukraine has revealed shortcomings in this area.
A comparative analysis of NATO and Ukraine's defense spending was
conducted and differences in the cost structure were identified. The
tendency of Ukraine's defense spending to gradually approach the structure
of NATO defense spending is pointed out, but the insufficient level of this
approach is also taken into account. The analysis allowed to identify
problematic issues and inconsistencies in the financial regulation of the
defense industry. The state of export of defense equipment and
technologies as a possible source of financing of defense enterprises is
analyzed. The existence of two opposite trends in the financial regulation
of military logistics has been identified: both an increase in funding in
absolute terms and a reduction in the share of the total amount for the
implementation of the unified logistics system of the State Armed Forces
Development Program. The developed mathematical model of supply of
military units is suitable for use in information systems of logistical
support of troops.

1 Introduction

The Russian Federation has concentrated 28 battalion tactical groups with a total number of
about 100 thousand servicemen, up to 1100 tanks, up to 2600 armored personnel carriers,
up to 1100 artillery systems near the borders of Ukraine [1]. Russia exercised the transfer of
forces for further large-scale offensive operations [2]. This allows Russia to launch
offensive operations in any direction without additional mobilization. According to the
military doctrine of the Russian Federation, the lack of manpower in large-scale aggression
in the absence of a coherent front line and considerable depth raids should be compensated
by the high mobility of troops [2]. This level of threat requires significant efforts from
Ukraine to form a reliable supply of troops and efficient logistics [3-7].
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The study found that the available capacity of enterprises of the military-industrial
complex (hereinafter, MIC) is not enough for the simultaneous restoration of damaged
military equipment (including during military actions), modernization, creation and serial
production of new models for the Armed Forces of Ukraine (hereinafter, Armed Forces) to
replace technically, technologically and morally obsolete military equipment that Ukraine
got after the collapse of the USSR. The problem of restoration and renewal of the military
equipment fleet in the system of troops is complicated by the constant lack of financial
resources in the conditions of economic crisis in the country [8- 11]. Therefore, the role of
budget planning, financial regulation and the use of modern technologies to create effective
military logistics is significantly enhanced.

2 Empirical results and discussion

Comparison of budget expenditures for defense of NATO and Ukraine indicates their
significant difference [12, 13, 14, 15, 16, 17]. According to the study, the budget of NATO
countries shows three main blocks: the cost of personnel (Personnel Expenditure) ~ 30 -
50%; operating costs (including training of troops ~ 25%; costs of research and
development (hereinafter, R & D) in the field of defense (Defense R&T Expenditure) <10%
and costs of purchasing defense equipment (Defence Equipment Procurement Expenditure)
~ 20-30% [13] For the period up to 2014, the item of expenditures for the maintenance of
personnel of the Armed Forces was the main part of the defense budget of Ukraine (for
example, in 2010 this part was 87.9% of the total defense budget), which resulted in the
impossibility of long-term development of the armed forces [18].

Table 1. Poland's defense spending as an example of NATO defense spending.

Expenditure Years
2012 2013 2014 2015 2016 2017
Total Defence, Mln € 6754 6720 7565 9546 8500 8683
% of GDP 1.7 1.7 1.8 2.2 2.0 1.9
Personnel, Mln € 3406.8 | 3497.7 3544.1 3604.3 3533.7 3823.6

Defence Investment, Mln € 1542.9 1452 .4 2027.7 3152.5 1850.4 2321.0

l?lll’l‘:rg"““ & Maintenance, | 1337 | 15705 | 14582 | 18234 | 1898.8 | 1918.1

A typical example for comparison is a NATO country such as Poland. This country is
chosen from all NATO countries because it is the most correct basis for comparison. Poland
borders Ukraine, was a member of the Warsaw Pact and the state of military equipment and
logistics, the procedure for budgeting defense spending of this country is comparable to the
defense of Ukraine (Table 1) and (Table 2) [12-15, 19, 20].

Table 2. Volumes of production of armaments and military equipment by defense enterprises by
volume (UAH million) and as a share of total production (%).

- Production volumes
g 2016 2017 2018 2019
&= UAH 1, UAH % UAH o | UAH %
million million million million
R&D 3522 | 2.64 516.6 316 | 1453.0 57 | 574.0 10.0
Purchase 4920 | 36.8 5571 34.0 | 113581 | 44.6 | 3229 56.1
Repairs 4741 | 35.47 5821 35.6 8625 33.8 | 1953 33.9
Serial 2895 | 21.66 4376 26.7 3797 14.8 | Nodata | No data
production
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A comparative analysis of the data presented in Table 1 and Table 2 indicates a gradual
approximation of Ukraine's defense spending, year after year, according to manufacturers'
reports, in terms of research expenditures to the level of NATO countries (10%). At the
same time, the required level of R&D funding in Ukraine has not been achieved to date. In
particular, it should be noted the inadequate amount of funding for the preparation of the
production of new models of military equipment by the Ministry of Economic
Development of Ukraine [18, 21-24].

Problematic issues in this area, in particular, are: shortcomings in planning and financial
regulation in the defense production system, which lead to inconsistencies in the
simultaneous fulfillment of R&D and mass production within one enterprise, resulting in
reduced R&D quality and/or increased cost of military equipment; significant funds
advanced by the state for these purposes are not allocated by producers on a separate
account, which allows the funds to be redistributed to other, non-targeted, cost items, which
significantly reduces the efficiency of financial resources (actually using advanced money
as an interest-free public loan of up to 80 % of the cost of the order for a grace period of up
to 5 years).

The cost of purchasing defense equipment far exceeds the cost standards for these
purposes of NATO countries, as the task of providing Ukrainian troops with modern
equipment in exchange for morally and technologically obsolete one is extremely urgent.

The increase or decrease in the share of expenditures under the article "Repair of
military equipment" accompanies more or less intensive phases of military actions.

During the period 2017-2019, a tendency for reduction of series production was
revealed. This is due to both the acute problem in procurement and the presence in the
nomenclature of mass production of a certain number of obsolete samples.

According to the study, in addition to the lack of budget funding, there are limited
opportunities for adequate funding, as well as the fact that defense companies and concerns
are not able to fully compensate for the lack of cash resources from military equipment and
technology (see Table 3) [25-27].

The study also found that a significant deterrent to the effective development of the
defense industry is the inconsistency of the regulatory framework for the formation of the
price of defense industry products and limiting profits to up to five percent of the
company's costs from purchasing components and services of other companies and only
thirty percent of other own production costs in the cost of production.

This leads to the fact that the level of profit of defense enterprises is ~ 5.4-8%. The
profits of defense companies are reduced to this level by "Guidelines for common
approaches in the application of certain provisions defined by the Cabinet of Ministers
Ne517 from 08.08.2016" approved by the Ministry of Defence of Ukraine in order to reduce
budget expenditures [14]. This decision of the Defence Ministry achieved the goal to
reduce government spending, but, on the other hand, it also limited the ability of defense
companies to use their own funds to finance their own developments without spending time
on coordination and further expectations of budget funding, which otherwise would
significantly accelerate the introduction of new models needed by the troops [12, 28, 29,
311

The results of the analysis indicate that inadequate attention to the defense industry,
inadequate state funding of defense companies for the period 1991-2013, lack of effective
control over the activities of defense companies by government agencies and civil society
has led to a significant reduction in the export potential of the defense industry. Therefore,
adequate and effective budget funding remains the financial basis not only for development,
but for the very existence of state concerns and enterprises.
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Table 3. Indicators and general characteristics of export opportunities of the defense industry of
Ukraine.

Indicators Details
Directions Gulf countries, Southeast Asia and China.
Armored vehicles, warships, military equipment,
modernization of previously exported equipment.
Revenue ~ $ 30 million per year.
Control by government agencies
and civil society
Use of export opportunities of the | <25%. Non-systemic nature of export contracts. Small share
defense industry of the number of contracts per year.

Structure

Low, which leads to a loss of defense technology.

The analysis showed that the country's leadership has taken this issue into account.
Expenditures on the development of armaments and military equipment of Ukraine
compared to the state before the aggression of the Russian Federation (2020 to 2014)
increased 35.5 times (Fig. 1) [14, 15]. Most of these expenditures are directed to enterprises
of the national defense industry [14, 30- 33]. This strengthens the material and technical
support of the troops.

The dynamics of expenditures for the development of armaments and military
equipment of Ukraine is shown in Fig. 1.
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Fig. 1. Expenditures for the development of armaments, military equipment, UAH million.

To conduct the study, expenditures on the development of armaments and military
equipment are approximated by the polynomial equation:

y =6,4609x6- 190,54x5+2191x*-12445x3+ 36715x2-51370x+26092 (1)
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Fig. 2. The ratio of planned funds and cash costs, %.

The study of the dynamics of expenditures on the development of armaments and
military equipment of Ukraine indicates that the periods of rapid growth of expenditures
(2014-2015, 2016-2018, 2019-2020) are replaced by periods of some stabilization (2018-
2019). The presence of these periods cannot be explained only by the lack of financial
capacity of the state to strengthen the appropriate level of defense capabilities. There is also
a lack of a proper system for managing financial and material resources in the defense
sector.

The study found a systematic gap between the planned amounts in the state budget and
cash expenditures for defense needs (Fig. 2) [14]. The data of the diagram (Fig. 2) show
that the annual cash expenditures for defense purposes for the period under study did not
exceed 80% of the planned funds. They reached the lowest level in 2019. This is confirmed
by the data of Figs. 3, which shows the planned expenditures under the rearmament
program and the funds spent on it in fact [14]. The study of the identified trend (equation 1)
indicates the need to reduce the adaptive periods for institutional and institutionary
structures in order to avoid significant gaps between the planned funds and cash
expenditures.
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Fig. 3. Expenditures under the rearmament program, UAH billion.
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According to the study, one of the main reasons for the gap between planned
expenditures and cash expenditures is the uneven quarterly allocation of money by the
Ministry of Finance. The Ministry of Finance allocates the bulk of budget amounts, as a
rule, in the last quarter of the financial year, which significantly reduces the ability of the
Ministry of Defence of Ukraine (hereinafter, MDU) to effectively use these funds in full. In
particular, as it is established by the study, the MDU is forced to use the advance form of
payments to suppliers, which automatically leads to an increase in receivables.

The inconsistency of the regulatory framework, institutional and institutionary
inconsistencies, in particular, the lack of proper scientific substantiation and planning of
defense expenditures also leads to a decrease in the effectiveness of financial regulation of
the defense industry. The situation is exacerbated by the fact that the formation of the
defense budget is largely non-transparent. Adequate systematic, effective control over the
spending of defense budget funds has not been established.

Today, based on the experience of approaches to defense planning in NATO member
countries, the main target function is not the number of troops or units of military
equipment, but the factor of the military structure's ability to perform certain actions. And
financial regulation in the troop support system should be aimed at building the ability of
the Armed Forces to respond to challenges and threats which are detected by intelligence.

Therefore, based on the experience of other countries, the task is to formalize this
objective function in the form of the so-called "Standard catalog of capabilities of typical
military structures" [14].

According to this approach, seven main categories are outlined for the Armed Forces.
Two of them are: "deployment and mobility" and "logistics" [14]. Much work has been
done in this direction by the MDU, in particular, a codification system in line with NATO
standards has been introduced; a system of military logistics management has been formed,
the structural subdivisions of which are gaining practical experience in organizing the
supply of military units, including that in the condition of conducting combat operations.

The reform of military logistics is carried out in such a way that it is capable of
organizing the proper accumulation, safe storage and formation of a system of efficient
supply of troops.

This requires effective funding for military logistics and proper integration with
NATO's logistics structures. This goal is formalized as a strategic goal Ned4 of the State
Program for the Development of the Armed Forces of Ukraine "Creation of a unified
logistics system and improvement of the medical support system of the Armed Forces in
accordance with NATO standards" [19]. It is directly related to the strategic goal No2
"Improvement of the defense planning system, introduction of transparent and effective
resource management in the Ministry of Defence of Ukraine and the Armed Forces of
Ukraine using modern Euro-Atlantic approaches" [14, 33-36].

Table 4. Financing of the unified logistics system and improvement of the medical support
system of the Armed Forces in accordance with NATO standards.

Years
The amount of funding

2017 2018 2019 2020

Total under the state program,

UAH million 100939.38 | 7173.21 | 22211.95 | 33402.10 | 38152.12

For the strategic goal Ne4 of the

State Program, UAH min 1796.06 2899.22 | 9379.27 9284.77 10232.8

Share of the total amount, % 31.5 40.42 42.23 27.79 26.82
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The analysis of the dynamics of the implementation of the planned funding of military
logistics and work to establish proper integration with NATO logistics structures is given in
Table 4 [14]. According to the data presented in Table 4, it is possible to indicate the
presence of two opposite trends in the financial regulation of military logistics in the
military support system. First, the analysis of the dynamics of funding of the strategic goal
Ne4 of the State Program for the period 2017-2020 indicates an increase in funding in
absolute amount by more than 3.5 times. Secondly, there is a reduction of the share of the
total amount for the implementation of this paragraph of the State Program by more than
1.5 times [14, 37-40].

The reduction of the share of the total amount indicates a certain decrease in the
attention of the MDU leadership to the importance of military logistics reform and a
decrease in opportunities for potential growth of the efficiency of military logistics reform
in the near future.

The creation of an effective system of military logistics is also due to the ability to use
modern information systems, support and decision-making systems. These systems, as the
experience of the recent military conflict in Nagorno-Karabakh has shown, must be based
on reliable and efficient mathematical models. As military actions are often characterized
by the sudden cutting of supply options through certain, previously defined routes, which is
associated with the actions of the enemy (increasing risk &), we have developed a
mathematical model of supply with the choice of alternative routes. The proposed technique
is one example of the use of genetic algorithms.

To do this, we model the logistics supply system of military units with a pseudo-
canonical oriented graph (hereinafter, digraph). Weak section of the supply route is the
capacity of the corresponding digraph arc which is under threat. This, in the definitions of
graph theory, is the weight of the arc §(x) > 0, where x is the number of cargo in kind that
will pass per time unit through each arc of the digraph. Provided there is no loss of cargo
for the whole digraph as a model of the logistics system of supply of military units the
following equation is correct:

Z'{l 5ienter(x) — Z;n 5jentrance(x) (2)

where n is the number of points of departure of goods, m is the number of points of
receipt of goods, i, are indices of output / input arcs of the digraph, which leave / enter /
nodes - points of departure / receipt of goods.

Each of the arcs, according to the degree of risk of transportation has a so-called
capacityx < x™%*, where x™%* is the maximum number of cargo in kind that will pass per
time unit by the corresponding arc of the digraph.

That is, the weight of the arc of the digraph becomes a function of time and a function
of risk:

{6(x) = (1) 6(x) = f(&) 3

The weight of the transportation route is equal to the sum of the weight of all arcs that
are parts of the mentioned route. Since, during military actions, it is important not only to
deliver a certain cargo to a certain military unit, but also at a certain time, we impose
restrictions T < T,

Then the problem under certain conditions and constraints can be solved by the
algorithm of the standard problem of graph theory - the problem of flow control.

The developed mathematical model can be used in any system of support and decision-
making of military logistics as a separate additional module.
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3 Conclusions

The current problems of financial regulation of the defense industry and the provision of
troops are the result of improper prioritization of strengthening the state's defense
capabilities for the period 1991-2013. The study found that for the period up to 2014, the
share of expenditures on the development of armaments, military equipment and military
logistics was less than a quarter of the minimum threshold limit value and, even under this
condition, cash expenditures for these purposes were much lower than planned.

The rate of operational capability of the latest and modernized equipment for the Armed
Forces is insufficient for the timely replacement of old and damaged machinery and
equipment. The permanent lack of the necessary amounts of financial resources for these
purposes increases the degree of threats and necessitates the formation of an effective
system of management of available financial and material resources.

The problem of forming a gap between the amounts planned in the state budget and
cash expenditures lies mostly in the uneven quarterly allocation of money by the Ministry
of Finance. The allocation of budget amounts occurs mainly in the last quarter of the
financial year, which significantly reduces their effective use, forcing the advance payment
to suppliers, which, in turn, leads to an increase in receivables of the Ministry of Defence of
Ukraine. The inconsistency of the regulatory framework, institutional and institutionary
inconsistencies, in particular, the lack of proper scientific substantiation of planned
expenditures also leads to a decrease in the effectiveness of financial regulation of the
defense industry. For the most part, the formation of the armed forces budget is non-
transparent, and proper systematic, effective control over the expenditure of the defense
budget has not been established.

The mechanism of planning the defense needs of the budget process, their financing,
effective management of financial, production and material resources is extremely
imperfect and needs to be reformed. The military logistics system needs to be reformed.
The task of adequate financial support for the formation of a highly efficient centralized
logistics service with modern information tools and decision support system is quite urgent.
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