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THE DYNAMIC ANALYSIS OF THE STATE DEFENSE FORCES GROUP
LOGISTICS SUPPORT SYSTEM USING OF THE QUEUING MODEL

Abstract. The subject matter of the article is the logistics support for the state defense forces. The goal of the study
is the finding out a logistics support model that allows to obtain quantitative estimates of the required number of
weapons ensured a given level of combat readiness and support the serviceability of troops, as well as optimal
management of procurement, repair and modernization of weapons over time. The tasks to be solved are: to present
the process of logistics support of the state defense forces group using the queuing model; to compile a state graph of
a sample of weapons and military equipment; to compose a equations system describing the average number of
weapons and military equipment samples in different states during their operation in the troops; by solving the
differential equations system to obtain the dependences of the main logistics support system’s parameters in time.
General scientific and special methods of scientific knowledge are used. The following results were obtained: The
logistics support of the state defense forces group is presented as a queuing model, the parameters of which are determined
by statistical data from the troops. Based on the obtained solution of the corresponding of differential equations system, an
analysis of the logistics support system of the state defense forces group for a certain period of time can be made. The
dynamic analysis of the logistics support system will form the basis of the recommendation for the implementation of
promising guidelines of equipping state defense forces weapons and military equipment and optimizing the management of
the system according to the certain criteria. Conclusions. A model of queuing is proposed to describe the logistics support
process for the state defense forces group. In the model, the transitions of the sample of weapons from one state to another
are carried out with intensities, p or A dependis on the influence of the external environment and management. Within the
framework of the proposed model, a differential equations system is obtained describes the average numbers of weapons
samples in different states during their operation in the army. The obtained differential system solution corresponding the
model is a quantitative estimate of the required number of weapons needed to ensure a given level of combat readiness and
serviceability of state defense forces troops, as well as optimal management of procurement, repair and modernization of
weapons over certain time.
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Introduction

Formulation of the problem and research tasks.
Today, given Ukraine's path to European and Euro-
Atlantic integration, NATO standards and procedures
are being intensively implemented in all spheres of
activity. The defense reform defining the ways of its
implementation based on and principles guided by
NATO member states. It was introduced the concept of
“logistics” replaced the maintenance, deliveries and
materials. The development of logistics forces and the
entry of capabilities to ensure the actions of troops
(forces) in conducting interspecies, interdepartmental
joint operations is one of the priorities for the
development of the state defense forces.

Thus, the system of logistical support of SOD at
all levels (strategic, operational and tactical) is being
developed with the development of regulatory
documents, change of organizational and staffing
structures and redistribution of powers and functions. In
these conditions, such measures of logistics support of
actions of troops (forces) in the performance of assigned
tasks, such as supply of troops with the necessary
nomenclature of weapons and military equipment
(WME), maintenance of armaments in certain combat
readiness and technical condition, ensuring the
implementation of maintenance and repair (maintenance
and repair), modernization, write-off and disposal of
weapons. Depending on the completeness and quality of

these measures, their level of combat readiness, combat
capability and combat potential depends.

Therefore, an important scientific and applied task
is to develop information and mathematical models for
military-economic analysis and management of
technical in particular, and logistics of troops in general.

In this regard, the authors consider it important to
search for new methods for both analysis and
optimization of the process of drug management,
equipping armored weapons and acquisition of armored
property of the SFD group [1-3].

Analysis of recent research and publications of
recent research and publications on the above issues
shows that a lot of effort is being put into the creation
and development of logistics for both the SFD and the
Armed Forces of Ukraine, in particular, including the
experience of NATO member countries.

The authors worked out the ideology of logistics
management of SFD supply, proposed logistics SFD
models of different structure. Studies of the flow nature
of the process of WME acceptance, storage, repair,
maintenance and write-off (disposal) give an abstract
idea of WME during the preparation and conduct of
SFD operations. However, the mechanism of obtaining
quantitative assessments of the compliance of SFD
armored weapons with modern requirements in the
interests of forming prospects for the development and
equipping of troops (forces) with them has been fully
studied [4-7].
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The goal of the study is the is the development a
model of equipping SFD armored weapons and armored
equipment of a group of troops allows to obtain
quantitative estimates of the required number of
weapons to ensure a given level of combat readiness
and combat potential, as well as costs necessary for
optimal procurement management, repair and repair. for
a certain period of time.

This goal defined the following research tasks:

— to present the process of logistics support (LS) of
the SFD group using the queuing model;

—make a graph of states of the sample of weapons;

— to make a system of equations that describes the
average number of weapons samples are in different
states during their operation in the army;

— by solving a system of differential equations to
obtain the dependences of the basic parameters of the
vehicle system over time.

General scientific and
scientific knowledge are used.

special methods of

Main material

1. A queuing model and graph of states of
WME samples of SFD group

Let’s consider a group of SFD troops includes
weapons of various kinds, in number, each. A certain
number is needed to solve a certain amount of tasks for
the purpose. Let’s assume each WME sample can be in
one of the incompatible states.

For the TS system under consideration, we accept:

Sy - serviceable (operational) a sample is in storage
mode (ready for use);

S, - faulty (inoperable), a sample needs repair of a
certain type;

S, - serviceable (operational), a sample is in
combat readiness;

S; - defective, a sample requires write-off and
further disposal;

S, - serviceable (operational) condition, a sample
requires modernization.

Accordingly, in each j-th state can be found

i, J =0,m samples of i-th type weapons (armored

vehicles automobile equipment). With what

We assume that a serviceable condition is a
condition of a sample of weapons and ammunition
characterized by the presence of a stock of technical
resources and the finding of all technical parameters
within the established limits.

The working condition differs from the working
condition in that some parameters of the sample of
weapons that do not affect its operation may not meet
the established limits.

The most important factor determining the
serviceability (serviceability) of a WME sample is the
technical resource reserve. In case of a technical
resource expenditure, a WME sample is considered
defective and its operation should be terminated.

After that, the sample is subject to technical
inspection and further, or overhaul (O) to restore the
technical resource, or write-off and disposal.

Repair of weapons and military equipment, has a
reserve of technical resources, is carried out in military
repair units. Major repairs associated with the
restoration of technical resources are carried out at
industrial enterprises.

WME disposal of weapons and military equipment
is usually carried out in special units (bases) or at
industrial enterprises.

Modifications of WME samples for the purpose of
their modernization aimed at increasing their combat
capabilities (reliability, operational adaptability, combat
effectiveness) are carried out both in the troops and at
repair enterprises of the defense industry. At the same
time WME samples are excluded from the list of
military units.

To re-equip the troops with new equipment, new
WME types are being supplied to industry. The transfer
of weapons and military equipment from one state to
another is carried out under the action of certain
management.

A queuing model is proposed to describe the TS
process of the SOD group [8].

According to the theory of queuing transitions of
the sample of weapons from one state to another are
carried out with intensities, p or A, depends on the
influence of the external environment and control
influences from the control system.

Fig. 1 shows a graph of possible states of the
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Fig. 1. Graph of possible states of the WME sample

As it is seen from Fig. 1, an WME sample can be in
one of five states. We define the corresponding intensities

of the transition from state to state of change as follows:
Lo [ the intensity of the arrival of new WME samples; A,
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[J the WME samples failure rate in storage; A; [J the
WME samples failure rate in a state of combat readiness;
W [ the WME samples restoration intensity by means of
repair; A, [ the intensity of WME samples transferring to
a combat readiness state; p, [J the intensity of WME
samples transferring to a state of constant readiness; A3 [
the intensity of WME samples leaving for disposal; A4 [
the WME samples departure rate for modernization; p [
the WME samples receipt of modernized rate. These
model parameters can be determined from statistical data
from the combat operations.

2. The logistics support process dynamic analysis
of the state defense forces group for a certain time.
According to the state graph (Fig. 1) for a certain i-th
type, the average number of weapons in each j-th state
can be determined by a system of differential equations

dnjy(t)
dt
+usmy () + pgng () +po ();  ng(0) = Ny;

—(M + 1 + 0 md (6) +udnf (6 +

)

dnl (t [ a i - )
O 2l A O+ ib 0, (3
n(0) = Ni;
dn (t [ a i - )
20 (Rl )+ 2im O+ b O
nh(0) = Nb;
i
5O _3ins h(0)= Nis; ©)
dt
dn;‘t(t) =Wy () + My (0 Hi(0)=Nj;  (6)

ny () +nl @)+ b () +ns () +ny () =N'(1);  (7)

here i=l,_n, t€[0,T], T [J certain time.

The solution of the differential equations system
(2) 1 (7) will be the time dependences of the i-th type
WME samples average numbers in each state
n’;(t), i=lLn, j=0,_m. Based on this solution, a

dynamic analysis of the logistics support system of the
SFD group can be made for a certain period of time T
by types (for example, for automotive equipment,
armored vehicles, etc.) weapons:

N (1) = iy (6) + my () +ny (0) + 3 (0) + g (1)) =D n, (8)
Jj=0
here N' ) i=1,n O current number of the i-th type

WME samples in the group SFD ; T - a certain time.
Similarly, the average number of the j-th state

(j= O,_m) WME samples can be calculated.
n
| . .
N;@)=np(0)+..+nj@)+...+n ()= Zlnl, .9
i=
For example, N(f) determines the current number

of serviceable (able-bodied) WME samples are in
combat readiness mode.

The ratios between the different N;@®), j= 0,m

will allow to assess the indicators of combat readiness
and combat potential of the SFD group. Thus, the
coefficient of serviceability of weapons can be
calculated by expression

K. =(No(6)+No(0)/N() (10)
where N(f) [ the total current number of the WME
samples in the SFD group.

n m

N(r):Zan;.

i=1 j=0

(11)

By analogy, the coefficient of the SFD group
combat readiness can be determined:

Ny (?)

-2 12
No(D)+ N, (1) (12

Ker
3. Study of the process of maintenance by types
of weapons and military equipment to ensure
compliance with the requirements of the combat
readiness and combat potential of the SFD group.
The specifics of performing of assigned tasks for the
SFD group purpose allows us to consider it expedient to
study the process of maintenance by WME types (for
example, armored weapons and military equipment)
with a fixed i. An example of solving the system of
differential equations (2) - (7) in the environment of
computer algebra Mathcad [9] is shown in Fig. 2.
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Fig. 2. Dynamics of weapons average numbers
of a certain type by state during a certain time

The obtained calculated data of the average
number of weapons and military equipment weapons in
each j-th state, allow a dynamic analysis of the vehicle
system in the period of 1.5 years. Similarly, data were
obtained on the change of the serviceability coefficient
K, and the combat readiness coefficient K, of a certain
type of weapons over time (Fig. 3).

The obtained data should be used to ensure
compliance with the requirements of combat readiness
and combat capability of the SFD group. Based on the
analysis of changes in quantitative estimates of the
number of weapons in each of the possible states, it is
possible to form appropriate management decisions on
the LS for the procurement, repair and modernization of
AMWE staff samples during a certain period.
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Fig. 3. Changes in the coefficient of serviceability K
and the coefficient of combat readiness K.,
weapons of a certain type over time

Thus, with a constant intensity of the conversion of
weapons into combat readiness and the combat
readiness factor of the SFD group will decrease.

To maintain a constant level of combat readiness,
the intensity of A, must vary according to a certain law.

Adjustments of the intensity of A, as well as other
parameters of the drug system will form the basis of the
recommendation on the implementation of promising
areas of SFD equipping SOD with AWME and
optimizing the management of the drug system by a
certain criterion as a whole.

Conclusions

A model of queuing is proposed to describe the
logistics support process for the state defense forces
group. In the model, the transitions of the sample of
weapons from one state to another are carried out with
intensities, | or A depends on the influence of the
external environment and management. Within the
framework of the proposed model, a differential
equations system is obtained describes the average
numbers of weapons samples in different states during
their operation in the army. The obtained differential
system solution corresponding the model is a
quantitative estimate of the required number of weapons
needed to ensure a given level of combat readiness and
serviceability of state defense forces troops, as well as
for optimal management of procurement, repair and
modernization of weapons over certain time.
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JuHamivyHMii aHAJII3 CHCTEMHU JIOTiCTHYHOrO 3a0e3NeYeHHs YTPYIIOBAHHS CHJI 000POHH [IePKaBU
3 BHKOPHCTAHHAM MOJeJIi MACOBOro 00CTyroByBaAHHS

€. A. Cupopenxko, O. A. Makoros, O. B. Icakos, M. B. Kopna, M. B. Mociiiayk, O. I1. Kiimos

AnoTtanis. [Ipexverom BUBUYEHHS B CTAaTTi € JIOricTUYHE 3a0e3MeYeHHs CU1 000POHU JiepKaBH. MeTor0 K0CTiT:KeHHsI €
po3po0Ka MOZEN JIOriCTUYHOro 3a0e3leueHHs], 10 JI03BOJIsIE OTPUMYBAaTH KUIBKICHI OLiHKM IOTPiOHOI umcenpHocTi OBT st
3a0e3IeueHHs 3a1aHOro PiBHA OOErOTOBHOCTI 1 MATPUMKH CIIPABHOCTI BIHCBK, @ TAKOXK VISl 3[iHCHEHHS ONTHMAJIBHOIO YIPABIIiHHS
3aKyIiBISIMH, PEMOHTOM 1 MozepHizaiero OBT nporsroM BH3HAaueHOro nepiofy yacy. 3aBAaHHS JOCJIIKeHHsS: NPEICTaBUTH
IPOLIEC JIOTICTUYHOrO 3a0€3MCUEHHs! YTPYIIOBaHHs CHI 00OPOHH JEpKaBH 3 BUKOPUCTaHHAM MOJEII MacOBOIO OOCIIyrOBYBaHHS;
ckactd Tpad craniB 3pazka OBT; cxiactu cucreMy piBHSHB, IO OIKCYE CepeHi uncenbHocTi 3pa3kiB OBT; nuisixoM BUpiIIeHHs
CHCTEMH JM(EpEeHLIAIbHIX PIBHAHb OTPUMATH 3aJISKHOCTI OCHOBHHMX IapaMETpIB CHCTEMH JIOIiCTHYHOIO 3a0€3ICUEHHs y 4aci.
MeTo/10/10r14HOI0 OCHOBOO JIOCII/DKEHHS CTalM 3arajJbHOHAYKOBI Ta CIelialbHi MeTOAM HayKoBOro mi3HaHHA. OTpumani Taki
pe3yabtaru. [Iponec JI0ricTHYHOro 3a0e3NEeUeHHs YIPYNOBAaHHSA CHI OOOPOHM JIep’KaBU IPEICTaBICHHH SK MOZEIb MAacOBOIO
00CIIyroByBaHHs, IapaMeTpH SIKOI BU3HAYAIOTHCS 3a CTATUCTMYHMMHM JaHMMH 3 Bilicbk. Ha mizcraBi oTpuMaHOro po3B’si3aHHS
BIZINTOBITHOI CHCTeMH () epEeHLIITHIX PIBHSIHb MOKe OYTH 3pOOJIEHHII aHaIIi3 CHCTEMH JIOTiCTUYHOrO 3a0€3IeUeHHsI yIPYIOBaHHS
CHJI 00OPOHH JIePKaBH 33 BU3HAUYCHHH Nepiozt yacy. JJuHaMiuHM aHali3 CHCTEMH JIOTICTUYHOrO 3a0€3I1eUeHHs CKIIa/IaTUME OCHOBY
peKoMeHzanil MIoN0 peatizalii NMepCreKTHBHUX HaNpsSMKIB OCHAIIEHHS CHJI OOOpOHM JIepXKaBH O30pO€HHS Ta BiHCHKOBOIO
TeXHiKOW. BucHoBKH. [I1st onmcy mporecy JIOTiCTHYHOro  3a0e3MedYeHHs YTPYIOBaHHA CHJI OOOPOHM JEp)KaBH IPOIOHYETHCS
MOJIEJIb MacoBOro odciryropyBanss. B Mozeni nepexoau 3paska OBT 3 ogHOro crany B iHIINH 31iHCHIOIOTECS 3 IHTCHCHBHOCTSIMH,
p abo A, sKi 3aJeXarb Bijl BIUIMBY 30BHIIIHBOIO CEPEJOBHINA 1 KEPYIOUMX BIUIMBIB 3 OOKy CHCTEeMH yrpaBiiHHA. Po3B’sa3aHHA
BIZINOBITHOT Mozeli T cucTeMu (epeHIiiTHIX PIBHSHB SBJISIE COOO0 KUIBbKICHI OIIHOK moTpiOHOi uncensHocTi OBT, HeoOXixHOL
U 3a0e31eyeHHs 3a1aHoro piBHs 6oeroroHocTi i cripaBHOocTi OBT yrpymyBaHHs ciil 000pOHHU JepKaBH, a TAKOXK IS 311 HCHEHHS
OITHUMAIBHOrO YIIPaB/IiHHS 3aKyIIiBIIIMU, PEMOHTOM i MoziepHizauieto OBT nporsarom BU3Ha4eHOro nepioy yacy.

KawuyoBi caoBa: norictuune 3abe3nedeHHs; MOJEIb MAacOBOrO0 OOCIYroByBaHHS; rpad CTaHIB 3pa3ka 030pPOEHHS Ta
BIMICHKOBOT TEXHIKH; KiJIbKICHI OL[IHKA CUCTEMH JIOTiICTUYHOrO 3a0€3MeYEHHS.

JuHAMHYeCKHIi aHAJIU3 CUCTEMBI JIOTHCTHYECKOro ofecnedeHusi IPyIIHPOBKU CUJI 000POHBI IOCyAapcTBa
¢ MCII0JIL30BAHHEM MO MACCOBOI0 00CTYKMBAHUS

E. A. Cunopenxo, E. A. Makoron, A. B. Hcakos, H. B. Kopaa, M. B. Mocuituyk, A. I1. Knumos

AnHoTanus. Ilpenverom H3ydeHHs B CTaThe ABIILETCS JIOTHCTUYECKOE oOecrieueHue cil 000poHsl rocyaapersa Lessio
HCCJIeIOBAHMS SBIIIETCS Pa3pabOTKa MOJIENHN JIOTHMCTHYECKOro 00ecIeueH s, T03BOJIIONICH MONydaTh KOJIMYECTBEHHbIE OLEHKH
HyxHOH uncnennoctu BBT it obecnieuenus 3a1aHHOrO ypOBHsI OOErOTOBHOCTH M MOAIEPKaHUS MCHPABHOCTH BOKCK, a TaloKe
HEOOXOIMMbIE Ul OCYIIECTBICHUSI ONTHUMAJIBHOIO YIPABICHHS 3aKylIKaMH, PEMOHTOM M MonepHusammeid BBT B Teuenue
OIPEICNICHHOT0 Mepro/ia BpeMeHU. 3aaui HCCJICHOBAHMS: TIPEICTABUTH POLECC JIOTMCTHYECKOro 00ECIICUCHUS! IPYIIIUPOBKU
cuil 00OpOHBI IOCy/lapcTBa € HCHONB30BAHUEM MOJENN MacCoBOro OOCITYKHMBaHHUS; COCTaBHTb rpad cocrosHuil obpasua BBT;
COCTaBUTb CUCTEMY YPABHEHUH, OIUCBHIBAIOLIYI0 CpeJHHE 4HCIeHHOCTH oOpasuoB BBT; myrem pemeHns cucTeMsl
b depeHIanbHbIX  ypaBHEHNH IIOTYy4UTh 3aBUCHMOCTH OCHOBHBIX I1aPaMETPOB CHCTEMbI JIOTHCTUYECKOro O0ECHeYeHHs BO
BpeMeHH. MeTOJ0NI0rHiecKoll OCHOBOM HCCIIEIOBAaHMS CTald OOIICHAyYHbIe M CICHAIbHbIE METOAbl HAYYHOIO IO3HAHMS.
IMoay4ensl cieayonme pe3yiabTaTbl. [Ipolecc JOrucTUYECKOro oOECHedYeHUsl IPYHITMPOBKH CHI OOOPOHBI TrocylapcTBa
IPEJICTaB/IeH KaK MOJIEIb MacCOBOIO OOCITYKMBAHHUS, ITapaMeTPbl KOTOPOI ONpEeIIAtOTCs 110 CTaTUCTHYECKUM JaHHBIM U3 BOKCK.
Ha ocHOBaHMM IOTYy4€HHOrO PELICHHs] COOTBETCTBYIOIIEH cucTeMbl U depeHIHaIbHbIX YPaBHEHUI MOXET ObITh C/eIaH aHAIIN3
CHCTEMBI JIOTMCTHYECKOrO OOECIeueHusl TPYHIMPOBKU CHI OOOpOHBI T'OCYHapCTBa 3a ONpPEEICHHBIH IEPUOJ BPEMEHHU.
JIMHaMUYeCKuii aHallM3 CHCTEMbI JIOTHCTHYECKOro obecredeHust OyIeT COCTaBIsITh OCHOBY PEKOMEHJALMH IO peasM3alu
TIEPCIIEKTUBHBIX HANPABJICHHIT OCHAIIEHHE CHJI 000POHBI TOCYAApCTBa BOOPYKEHHS M BOSHHOM TEXHUKOH U ONTHMU3ALMK YIIPaBIICHUE
CHUCTEMOH IO OIpE/IENICHHOMY KpUTepuio. BeiBoabl. [l ommcaHus mporecca JOMCTUYECKOro OOECHeUeHHUs I'PYIIMPOBKH CHII
000pOHBI TroCyIapCTBa MPeuIaraeTcs MOZeIb MaccoBoro oocimykuBaHus. B Monenu nepexozp! odpasua BBT u3 onHoro cocrosiHust B
JIPYroe OCYILECTBIIAETCS C MHTEHCUBHOCTSIMH, [ WUIM A, KOTOpBIE 3aBUCAT OT BIIMSHUS BHEIIHEH CPEZIbl M YNPaBILIIOINX BO3JEHCTBHIT
CO CTOPOHBI CHCTEMBI YIIpaBiieHus. PeleHne cooTBeTcTBYroIIEi Mofeny i cucreMsl U GepeHIHaIbHBIX TTOTYdeHHbIE PEICTaBIseT
€000l KOIIMYECTBEHHbIE OLICHKU HYXHOH unciaeHHoctd BBT, HeoOxoaumoii uist obecrieueHus 3alaHHOr0 YPOBHSI O0OCTOTOBHOCTH U
ucnpasHocti BBT rpynnupoBku cuit 000pOHBI FoCyIapeTBa, a TakKe UL OCYILECTBICHHUS ONTUMAIBHOIO YIPABICHUS 3aKyIKaMH,
peMoHToM U MozepHu3anueii BBT B TedeHue onpeeneHHoro nepruoaa BpeMeHH.

Kamo4ueBble caoBa: JIOTHCTUYECKOE O6CCHC‘ICHI/IG; MOACJIb MacCOBOI'O 06CJ'IY)KI/IBaHI/IH; rpa(b COCTOSTHUI 06pa3ua
BOOpPYKEHUS U BOCHHOM TCXHHUKHU,; KOJIMYCCTBCHHBIC OLICHKU CUCTEMBI JIOTUCTUYCCKOI'O oOecrieueHusl.
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