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Abstract. The subject matter of the article is the logistical support of the state defense forces unit in the
performance of its assigned tasks. The goal of the study is to develop of mathematical models for the complex
analysis of the basic forces and means of logistical support and to increase efficiency of planning of military unit
equipment with means of logistical support depending on change of a tactical situation. The tasks to be solved are:
to formulate the logistics optimizing problem for the professional activity of the state defense forces unit, which
includes the main units and technical support ones, in terms of operations research; to substantiate the possibility of
qualifying the material support of the state defense forces unit and the formation of a transport costs matrix using
ABC analysis; to identify technical solutions regarding ways to visualize information for a make-decision person on
logistical support and formulation of output information for the users in the required format. General scientific and
special methods of scientific knowledge are used. The following results are obtained: On the basis of use of modern
principles of stocks management the optimizing task of the management of logistical support for the State defense
forces wheeled and tracked vehicles unit can be formulated as an integer problem of linear programming of
transport type. according to certain features of the flow nature of logistics support in the competence of the deputy
commander of the Deputy Commander of the SDF armaments unit for the input information is sufficient to hold the
ABC-analysis and on its basis to form a matrix of transport costs. visualization of information in graphical mode will
enable to implement interactive display of material and technical support equipment deployment areas, locations of
collection point of damaged vehicles, maneuvering routes, evacuation of damaged vehicles, etc. Conclusions. The
task of finding the optimal logistics support plan for a State defense forces wheeled and tracked vehicles unit can
also be classified as transport and solved by the well-known line programming methods. According to certain
features of the flow nature of the drug in the competence of the deputy commander of the State defense forces unit
for input information is sufficient to conduct an ABC-analysis and on its basis to form a matrix of transport costs.
Visualization of information in the graphical mode will allow to realize interactive display of areas of location of
material and technical support equipment units, places of assembly point of the damaged cars, ways of maneuver,
delivery and evacuation of the damaged samples of weapons, etc.
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of linear programming of transport type

between elements of the system and objects of the
military order.
The system is supported and a class of

Introduction
Formulation of the problem and research tasks.

In the conditions of transformation of managerial
orientation in the direction to Euro-Atlantic integration,
the application of the operation research mathematical
apparatus acquires a new meaning.

The concept of material flow management, the
essence of which lies in the integration of all functional
spheres associated with the passage of the material flow
from producer to consumer into a single complex, is
called “logistic” and has found its functional application
in the military sphere.

The development of new mathematical models to
provide a comprehensive analysis of the main logistical
support (LS) forces and improve the effectiveness of
planning for the equipment of a military unit with
material and technical support equipment (MTE)
depending on changes in the tactical environment seems
relevant in this regard.

Analysis of recent research and publications on
the above issues shows the relevance of the study.

In [1] it was formalized a space-geometric
configuration of the logistic support system for
military training based on the analysis of signs (links)

mathematical methods (models) for determining the
location of the elements of the system on the area is
defined.

The issue of determining the approach to the
positioning of evacuation (repair and evacuation) units
in the operational zone (area) of responsibility for the
minimum total distance to the elements of the combat
order is considered in [2, 3].

The goal of the study is to develop of
mathematical models for the complex analysis of the
basic forces and means of logistical support and to
increase efficiency of planning of military unit
equipment with means of logistical support depending
on change of a tactical situation.

To achieve this goal the following research tasks
are solved:

- to formulate the logistics optimizing problem for
the professional activity of the state defense forces
(SDF) unit, which includes the main units and technical
support ones, in terms of operations research;

- to substantiate the possibility of qualifying the
material support of the state defense forces division and
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the formation of a transport costs matrix using ABC
analysis;

- to identify technical solutions regarding ways to
visualize information for a make-decision person on
logistical support and formulation of output information
for the users in the required format.

Main material

1. Formulation of the problem of optimizing
logistic support for the operational activities of the
state defense forces, which includes the main units
and technical support units, in the terms of
operations research.

Logistics is a rather new notion for us: the
bibliography has not yet defined it as a separate
scientific field in the Ukrainian enterprises that are only
now beginning to pay it some attention, and the
Ukrainian literary sources devoted to this problem are
represented in small numbers.

Nevertheless, the applied warehouse of logistic
research is widely reflected in stock management
methods in various industries. The most efficient
solution of logistic problems is achieved by using a
powerful mathematical apparatus of operations research.

As we know, the functioning of the units of the
state defense forces (SDF) must be provided with
certain resources: stocks of material and technical
equipment (MTE), availability of repair bodies,
maintenance personnel, etc. [4, 5].

Optimization of resource allocation is often carried
out according to the specified criteria and certain
limitations. These tasks can be included in the class of
transport tasks of linear programming.

Suppose that in the SDF area of responsibility
there are n units of wheeled and tracked vehicles
(WTV), each j-th of which requires the provision of
MTE resources in an amount not exceeding by,
j=1..,n

The operation of the main units is provided by m
types of logistics units, each of which has a resource
reserve &, i = I,...., m.

The cost of supplying an MTE unit from i to j
point is cjj.

The matrix Cj; = (cjj), i=1,..., m, j=1,..., n is
sometimes called the transport cost matrix. Its values
are determined by the activity orientation of the
enterprise.

When forming the matrix Cj; can be taken into
account not only the material cost of transportation of a
certain number of units of MTE resource and time, risks
or priority of displacement. The task is to create a
resource allocation plan that meets the needs and does
not exceed the available capacity.

Denote by xij, i=I,... m, j=I.., n — the
movement of a number of resource units from the i-th
support unit to the j-th main unit.

Then the total cost will be as follows:

m n
D2 CGijij -

i=1j=1

The optimal transportation plan X* will be called a
plan that provides a minimum amount of costs for the
transportation of all resources.

It should be noted that the semantic load of
coefficients ¢, i=1,...m, j=1,..,n can vary
depending on the specifics and conditions of the tasks
performed by the WTV unit. Thus, it is possible to
minimize time, fuel costs, risk, maximize efficiency,
etc.

Thus, of the problem of optimizing logistic support
for the operational activities of the state defense forces
units on the basis of using modern principles of
inventory management can be formulated as an integer
problem of linear programming of transport type:

Find a set

such that minimizes the objective function

F(x):Zicuxlj — min 1)

m
i=1 j=1

and satisfies the conditions

ixij :bj ) (2
>x, =a,, ®
X; 20, x, €Z, 4)
i=1,...,m, ®)
j=1,....n, (6)

We should note that expression (2) refers to the
provision of the WTV units with the full amount of
MTE equipment.

Similarly, view (3) means the condition of full use
of resources.

Taking into account the actual conditions of LS,
expressions (2) and (3) can be written as

;Xij < bi ’ (7)

jZ:; Xij < a‘i ) (8)
Under the condition

iai # Zn:bJ

i=1 j=1

problem (1)-(8) is called open, but can be reduced to
closed by piecemeal methods.
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In the authors' opinion, it is promising to use the
results of ABC analysis to form the coefficients cij,
i=1,...mj=1, .., n, namely, to take into account
the hierarchy of LS of the main units and relevant
logistics support ones.

Proceeding from this, as a focus of further research
can be requested a more sophisticated formulation of the
transport problem, namely the introduction of limits of
the form.

> rx, <b ©
> <a (10)
i=7,...,m, (11)
=1,..., n, (12)

The task of finding the optimal LS plan for a state
defense forces wheeled and tracked vehicles unit can
also be classified as transport and solved by the well-
known line programming methods [6].

2. Possibility to qualify the material support of
the SDF unit and to form a matrix of transport costs
by means of ABC analysis.

The authors consider the possibility to qualify the
material support of the state defense forces division by
means of ABC analysis, a method that allows to classify
resources depending on their significance. The
classification is based on the Pareto principle.

Regarding ABC analysis, the Pareto principle is
the following: reliable control of 20% of positions
allows 80% control of the system.

In business, the ABC-analysis principle and the
Pareto principle are most often used in logistics for
inventory management: regarding stocks of hardware,
components, suppliers, customers, etc.

For example, ranking stocks by value, we can
define:

category “A” (they say 10% of stocks, the value of
which is 70% of total production),

category “B” (20% of stocks, which account for
20% of total production);

category “C” (the value of which is 100%).

Thus, logistics managers should focus on the
management of category “A” stocks.

With respect to “B” stocks, the control can be
periodic, with “C” stocks being more generous [7,
8].

By analogy the authors propose to conduct ABC-
analysis and on its basis form transport costs matrix
Cyj = (cy), i=1,...., m, j=1,...., n for determined risks of
flow nature of LS of state defense forces unit.

Thus, as input information in the competence of
the Deputy Commander of the state defense forces
armaments unit, it is proposed to consider:

— availability, condition of armor and military
equipment (MTE);

— foreseen costs and losses, the need for and the
possibility of their comprehensive maintenance (MTE)
and repair (R);

— training and staffing of specialists, mechanics -
drivers and drivers for other units;

— possibility of using local industrial and economic
base (resources).

Using mathematical apparatus of factor analysis is
proposed to make the obtained data processing to form
their ABC - hierarchy.

Forming such a matrix manually is a very
important process, so there are systems for its
automation [9, 10].

3. Defining technical solutions for ways of
visualization of information for the make-
decisions person on logistics and the formation of
source information for users in the desired
format.

The main idea of LS improvement is to process
the input and output information in an interactive
mode, operational and optimal management of
material flows. In this regard, the authors consider it
appropriate to visualize the information for the PL
decision maker and generate the output information
for the users in the required format.

The “overlay” of the resulting solution on the
information of the mapping services and
technologies is proposed using Cash- and MIP-
mapping procedures.

This will enable use of cached copies of map
sheets at different scaling levels and visualize the
solution at the cost of efficient use of information
resources.

Cached copies of mapsheets of different scales
can be stored in a virtual storage and used by
control signals if there is an order to visualize the
information of the mapping service.

In this process, the image quality of map sheets
with different levels of detail is improved by using
textures with different separation capacities for
different objects of the same image, depending on
their size and depth.

Thus, visualization of information in graphical
mode will enable to implement interactive display
of MTE deployment areas, locations of collection
point of damaged vehicles, maneuvering routes,
evacuation of damaged vehicles, etc.

The prerequisite for technical implementation
of modernization of LS is the use of new
information  technologies, such as onboard
information systems of the "*Command and Control"
class (e.g., Hermes-C2), which can be installed
directly on armored vehicles [11, 12].

An airborne information system integrated with
Aselsan and Harris communications equipment can
also be effective for LS tasks.

Conclusions

1. The task of finding the optimal logistics
support plan for a State defense forces wheeled and
tracked vehicles unit can also be classified as
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transport and solved by the well-known line
programming methods.

2. According to certain features of the flow
nature of the drug in the competence of the deputy
commander of the state defense forces unit for input
information is sufficient to conduct an ABC-analysis

and on its basis to form a matrix of transport costs.

3. Visualization of information in the
graphical mode will allow to realize interactive
display of areas of location of material and
technical support equipment units, places of
assembly point of the damaged cars, ways of
maneuver, delivery and evacuation of the damaged
samples of weapons, etc.
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Po3podiienHst mpono3uuiii y10cKoOHaJeHHs JOTiCTUYHOr0 3a0e3ne4eHHs] MiAPOo3aiay cHl 000POHH 1epKaBU
4yepe3 BisyasibHe-rpadiuHe 300paskeHHs] 00CTAHOBKM Ta 32CTOCYBAHHS
MaTeMaTHYHUX Mo/ eJIeil T0CIiIzKeH sl onepanii

O. A. Maxoros, 1O. B. Ba6kin, K. JI. bakanos, B. I. Mockanenko, M. B. Mociituyk, C. B. ITickyn

AnoTtanisi. IlpexMeroM BHBYEHHSI B CTaTTi € JIOTiCTHYHE 3a0e3NEuYCHHs MigPO3JiNy CHI OOOPOHH AEpXKaBU IPU
BHKOHAHHI HUM 3aBJIaHb 33 NpH3HaYCeHHSIM. MeTO0I0 OC/iKeHHsI € PO3POOICHHST MaTeMaTHIHOI MOZeNei UIsl KOMILIEKCHOTO
aHaji3y OCHOBHHMX CHJ 1 3aco0iB JIOTiCTHYHOrO 3a0€3MeueHHs Ta MiIBUIIMTH e(QEeKTHBHICTh IUIAaHYBaHHS OCHAILCHHS
BiliCBKOBOI'O MiIp0o31ily 3acobaMu MaTepialbHO-TEXHIYHOro 3a0e3MeueHHs] B 3aJIeKHOCTI BiJl 3MiHM TAKTUYHOI OOCTaHOBKH.
3aBmaHHs AOCTiKeHHs: (HOPMYITIOBAHHSI 3a/a4i ONTHUMI3allil JIOricTHYHOro 3abe3neueHHs paxoBoi MisUTbHOCTI MiAPO3ILTY CHII
00OpOHH Jep)KaBH, OO CKIAany SIKOrO BXOIATh OCHOBHI MIAPO3INM  Ta MiAPO3AIIM TEXHIYHOI MiATPUMKH, Yy TepMiHAX
JIOCITI[DKEHHS OIepallii; oOIpyHTYBaTH MOXIIMBICTH KBadidikallii marepiaibHOro 3a0e3nedyeHHs MiApOo3aAily Cull 000pOHH
nepkaBu Ta (OPMYBAHHS MATPHLI TPAHCIOPTHUX BUTPAT 3a gomoMoror ABC-anamiza; BU3HAYCHHs TEXHIYHHUX PillIeHb MO0
LULIXIB Bi3yasizauito iHpopmalii mis ocodu, 110 MpuitMae pillieHHs 10 JIOTiCTHYHOMY 3a0e3neueHHI0 Ta (JOpMyBaHHS BHXiIHOT
iHpopMarii sl KOpUCTyBaviB y nmotpibHOMy (opmari. MeTox0JI0riYHOI0 OCHOBOK TOCIIXKEHHS CTAJId 3arajibHOHAYKOBI Ta
CreliagbHi METOAM HAyKoBOro mi3HaHHsA. OTpuMani Taki pe3yiabraTH. 3ajada ONTHUMI3allii JOTICTUYHOrO 3a0e3NeyYeHHs
(axoBoi AiSTBHOCTI MiAPO3ainy cui o0OpOHH AepxkaBu chOpMyIbOBaHA Yy TepMiHAX [MOCHTiKeHHs omepauiii. [lokazana
kBani(ikallis MaTepialbHOro 3a0e3neYeHHsI MiAPO3 iy CHiI 000POHHU JepiKaBH Ui POPMYBaHHS MATPHULI TPAHCIOPTHUX BUTPAT
3a gornomororo ABC-ananiza. BucHoBku. 3agaya onTuMizanii ynpaBiiHHS JOTiCTHYHUM 3a0€3MEUSHHSIM ITiIPO3/iy KOMiCHO-
FYCEHHMYHUX MAIIMH IiPO3aiTy cruil 00OOpOHH JepiKaBH HA OCHOBI BUKOPHCTAHHS Cy4aCHHX HPHHIMIIIB YIIPABIiHHSI 3aracamu
Moxe OyTH chopMyITbOBaHa SIK I[LIOYHCENbHA 3a/1a4ua JiHITHOro MporpaMyBaHHs TPAHCIIOPTHOIO TUITY. 32 BU3HAYEHHUMH PUCAMHU
MOTOKOBOT'O XapaKTepy JIOTICTUYHOro 3a0e3leueHHs] Y KOMIETEHIii 3acTyMHHKa KOMaHIupa MiAPO3Aiay CHI OOOpOHH
JIepkaBu  BXifHa indopmarii € goctaTHbOKO Ui mposeneHHs ABC-anamizy Ta Ha Woro OCHOBI (hOpMyBaHHS MAaTpHIl
TPaHCIIOPTHUX BWTparT. Bisyamizamisi inopmamii y rpadiuHoOMy peXuMi HaJacTh 3MOLY peati3yBaTH IHTEPAaKTHBHE
BiOOpaXkeHHss  padOHIB pO3TAlIyBaHHS IMiIPO3IiIIB MaTepialbHO-TEXHIYHOrO 3a0e3MedeHHs, Micis 30ipHOr0 MyHKTY
TMOIIKO/DKEHUX MAIIKH, UISIXH MaHEeBPY, IMiBO3Y Ta €BaKyallii MOIIKO/DKEHUX 3pa3KiB 030pOEHHS Ta BifICBKOBOI TEXHIKH, TOIIO.

KawuyoBi caoBa: norictudHe 3a0e3nedeHHs, KONICHO-TYCEHHYHI MAIIMHH, MaTepiallbHO-TeXHIYHE 3a0e3redeHHs,
LiJIoYKCeNbHA 3a/1a4a JIiHIHHOTO MPOrpaMyBaHHs TPAHCIIOPTHOT'O THITY.
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