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Summary. The performance indicators of military transport services and communications systems
using logistical systems methods are analyzed. The article presents the main areas current
innovation in the Armed Forces logistics system using logical systems methods. The article considers
the research tasks and analysis of the characteristics of a network mathematical model when using
methods of logistics systems in the military communications and transport services system. This
article examines a systems-logistics approach to organizing transportation and communications
business processes, and analyzes various network models proposed by logistics scholars. The article
also examines the key properties of transportation and communications systems and methods for
structuring them. Based on this research, a new logistical approach is proposed, using which a
network mathematical model is constructed. The necessity of introducing methods of logistics
systems for the study and analysis of the temporal characteristics of the network model in the
logistics system of special-purpose communications, along with advanced digital technologies, as
well as technical solutions of the previous technological order, is substantiated.

Keywords. Military logistics, logistics systems method, innovation activity, digital transformation,
types innovations, characteristics of the network model.

Introduction

In today's complex geopolitical environment, effective military logistics within
the communications and transport systems is of particular importance to the Special
Forces, necessitating the development and implementation of advanced digital
innovation solutions that would improve the efficiency, sustainability, and quality of
military logistics processes [1, 2].

One of the stages solving this problem is the identification of the main
mathematical models of the temporal characteristics of the network of innovative
development of the logistics system of the communications system and transport
services for military purposes [2, 3, 4].

It should be noted that although there are currently significant methods for
logistics systems, they are mainly aimed at analyzing the characteristics of network
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models and the nature of innovative solutions, rather than at determining the
directions and methods for implementing new digital technologies and new logistics
approaches [1, 5, 6].

It should be noted that over 90% of the time it takes for products to reach the
end consumer is spent passing through various communication and logistics channels,
primarily storage and transportation. Currently, overhead costs and losses are
significant across all sectors of the economy, including those in the communications and
transportation systems [1, 5, 7, 9]. Losses for certain types of products during
procurement, processing, transportation, and storage reach 40% [7, 10].

It is possible to reduce them to a significant extent by creating a system of
transport and forwarding services and a wide communication network and a system
of transport and forwarding enterprises of various forms of ownership [2, 7, 11].

Taking into account the above, this paper considers the research tasks and
analysis of the characteristics of the network mathematical model when using the
methods of logistics systems in the communication system and military transport
services.

Methodology and problem statement

It is known that the logistics approach in the telecommunications system when
performing business processes is a way of managing the flow of resources,
information and services in such a way as to ensure their timely, reliable and cost-
effective delivery from supplier to consumer [3, 5, 11].

In the context of the transition to a digital technological paradigm, we believe
that the established literature's opposition between organizational and
technological innovations no longer fully aligns with the trends in the innovative
development of network models based on logistics systems methods [1, 7, 8].

Advanced organizational solutions actively rely on the use of digital
technologies and mathematical models in military communications and transport
systems.

The main time characteristic of a set of works on final equipment and each
individual work - operation in military communications and transport systems is their
duration, the assessment of which can be made on the basis of [1, 9]:

- current standards;

- accumulated data with a sufficiently high degree of repeatability of work, for

example, from experimental estimates of the completion time of each

operation;

- expert assessment method;

- probabilistic approach.

One of the main parameters of

the network model is the critical time 7, - the minimum time in which the

entire set of works can be completed [7].
The second parameter of the critical path L,, model corresponds to the critical

time and represents the complete path, the duration of which is the critical time, i.e.
(3, 71:
t(Ly,) =T,y
Obviously, the duration of any complete path is equal to or less than T7,,.

Therefore, the critical path has a maximum duration.
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Let's consider the essence of the logistics approach to communications
systems. In classical logistics, this approach manages material flows, while in
telecommunications, it primarily manages [1, 2, 4, 6, 71:

- information flows -data, mixed signals;

- network and physical resources bandwidth, communication channels,
multimedia services, QoS, QoE, and SLA;

That is, the logistics approach considers the telecommunications system as a
chain of processes for delivering information to any recipient.

In other words, the logistics approach views the telecommunications system
as a chain of processes for delivering information to any recipient.

The activities on the critical path determine the completion time of the entire
complex, and their progress determines the efficiency of the process as a whole.
When executing the entire complex of activities, the start and end times of all
operations and tasks must be determined [7, 8, 10].

Analysis characteristics and description of the network model
It should be noted that such parameters for each k-th event are the early (late)

date occurrence of the event, using these parameters Tk(") and 7., it is possible

to calculate other parameters, including critical time and critical path 7;,, on the
basis L,, of which a work execution planis drawn up [1, 7, 11].

1.The earliest possible occurrence TA(P) of an event is the earliest possible

moment of occurrence of the given k-th event. It is determined by the time required
to complete all preceding activities or by the duration of the longest path leading
from the primary event to the k-th, initial event [1, 7, 101

TP =t[L, (0+K)] , 1)

max

where 0- UCX00HO20 COBLIMUS.

Now let's write an expression for Tk(”) . Let's denote 7} the set of arcs entering

(i, j) the j-th vertex (event). Let all 7”’ values for the /-th events that begin each of
these arcs (activities) be calculated. Then
T = max {T" +1,}, j=LN , i=0,N-1, (2)

i,jev;

wherei=0,N—1, j=1,N, N- final event number, T =0.

2. The early occurrence of the terminating event determines the duration of
the critical path [1, 71:

TV = Ly (0+ N)] = 1(Ly,) = T, (3)
3. The late event onset 7, is the latest permissible time for the given event
to occur k-th, at which all subsequent work can still be completed without exceeding
the critical time. This 7, value is defined as the difference between the critical time
and the duration of the maximum path leading from the given event to the final one

(1, 7111
T = Ty = Ly, (K + N)]. (4)
The rule for calculating 7™ the value according to expression (4) is formulated
as follows: if several k-th paths lead to the final event of a given event, then the value

max
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7" is defined as the difference between the critical time and the duration of the

longest path or as the minimum of the differences between the critical time and the
duration of each path.
From the concepts of early and late occurrence of events it follows that for the
final event:
W =T =T, (5)

Let's write an expression for calculating the 7" -late date of an event. Let's
denote ¥, by the set of arcs(i, j) entering the j-th vertex [1, 7, 9].
Let all values 7{" for the j-th events ending in each of these arcs be calculated. Then,

based on (4) and (5):

Ti<P>=i’r§1€i&{T;ﬂ>—tif}, i=0,N-1, j=1LN and T =T . (6)

Knowing the early and late dates of events, for each job it is possible to (i, j)

calculate: early start date tlg,”'”), i=0,N-1, j=1N,earlyfinish date 7)., late start
date ¢ and late finish date ), i=0,N -1, j=LN.

4. The earliest start date of a task coincides with the earliest start date
1 =17, of the initial event of that task, and the earliest finish date exceeds it by

the duration of the task (i, j) [2, 7, 111
ij i

i=0,N-1, j=LN . (/)

i
5. Event time reserve R, is a period of time within which the moment
occurrence of an event can change without exceeding the critical time [1, 71
R =T T, (8)
where k event number.

The initial and final events, as well as all events lying on the critical path, have
no slack. Therefore, the method for finding the critical path is as follows: identify the
events that have no slack, through which the critical path will pass.

In a network graph, each circle representing a graph vertex (event) is divided
into four sectors. The event number k is written in the upper (lower) sector.

(R, =T;) —Te@), here in the left (right) - 7(» ™). 9)

STUDY NETWORK GRAPHS OF THE PROCESSES OF FINAL LOADING OF SHOTS AT A
STATIONARY WORK POINT

1.Small-caliber ammunition. Network graph and calculation of the network
model parameters for the final loading of the 85mm UO-365K round.

Each circle in the graph is designated as follows: the upper sector is the
workstation number; the left (right) is the early start date (late start date) for this
operation; and the lower circle is the time reserve [1, 3, 71.

Workstations (operations) are arranged according to the technical process for
performing final loading work at a given point. The network graph for small-caliber
ammunition, for workstations, and the average time for each operation, taking into
account its sequence, are discussed in detail in [1, 2, 4].

2. Let's consider calculating the network model parameters using the logistics
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systems method. We calculate the earliest possible event completion times
(operation execution times) using expression (3) and record the obtained results in
the left quadrant of each event.
Calculations are performed sequentially from the outgoing event (workstation)

to the final event. For example, for events 12-13 [5, 7, 111

T, =max[T\” +¢,,,,]=max[334 + 22] =356 sec (10)
and

T, =T =T +1y; 53 =584+117=701scc. (11)

3. The late deadlines for events (operations) are calculated using expression
(8.5), and the results are written in the right-hand sector of each event (workplace).
Calculations are performed from the final event (workplace) to the initial event.
For example, for event 2 [4, 7, 101:
7 =min[ 7" —¢,_,]=min[109 —39] = 70sec. (12)
We calculate the time reserves for each event (operation) using formula (7).
The calculated result is recorded in the lower section of the event. For example, for
event 17:
T, =T - T =448 — 448 = Osec. (13)
Here,
Ly, =0-1-2-3-4-5-6-7-10-11-12-13-14-15-16—17-20-21-22-23-24,
and the critical time is equal to: T,, =701sec.

4.The medium-caliber ammunition network diagram and calculation of the
network model parameters for the final reloading of the 122mm round will be as
follows.

The initial data for the problem are shown in [1, 7, 12]. The methodology for
constructing the network diagram and calculating the network model parameters is
similar to that for the 85mm UO-365K round discussed above. The network diagram
for the final reloading of the 122mm round and for the critical path for the final
reloading of the 122mm VOF30 round are defined as [6, 7, 12]:

Ly, =0-1-2-3-4-5-6-7-10-11-12-13-14-15-16—-17-20-21-22-23-24,
and the critical time is equal to: T, = 652sec.

5. Large-caliber ammunition. Network diagram and calculation of the network
model parameters for the final ammunition loadout for the 152mm VOF73 round.
The initial data for the problem are disclosed in [2, 7]. The network diagram for
the final ammunition loadout for the 152mm VOF73 round is shown in [2, 7, 11].
Critical path for the final ammunition loadout for the 152mm VOF73 round:
Ly, =0-1-2-3-4-5-6-7-10-11-12-13-14-15-16-17-20-21-22-23-24,
and the critical time is equal to: 7,,, =617sec.

Thus, the obtained analytical formulas, with the help of which numerical
calculations were carried out, allow us to analyze the network models of the time
characteristics of the complex of the communication system and transport service
based on the methods of logistics systems.

Conclusions and Recommendation

1.The study proposed a new logistic approach for constructing a mathematical

model for the temporal characteristics of a communications and transport system.
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Based on the characteristics of the network model, analytical expressions were
derived that allow us to determine the first and second parameters of the model:
the critical path, the early event onset, the late event onset, and the early event onset.
2. Based on the resulting analytical formulas, numerical calculations were
performed to analyze the network models for the temporal characteristics of the
communications and transport system complex using logistic systems methods.
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Elchin Salmanov
HayioHaneHul yHigepcumem 060poHU, A3epbalioxaH

AHOMayis. Y cmammi npoaHani308GHO NOKA3HUKU epekmusHOCMI 8ilicbKOBUX MPAHCNOPMHUX
CIyHb [ cucmem 383Ky 3 3aCMOCY8aHHAM Memodig s02icmuyYHUX cucmem. [MpedcmasseHo
OCHOBHI  HANpAMU  Cy4acHUX IHHosayid y a02icmudHid cucmemi  36polHUX  cui i3
BUKOPUCMAHHAM A102iCMUYHUX nioxodig. Po32asHymo 00C1ioHUYeKi 3080GHHS ma 30iliCHeHO
QHAOI3 XOPAKMepUCMUK Mepexesol MamemMamu4Hol Modeni npu 3a0cmocysaHHi mMemodis
102ICMUYHUX cucmem y cucmemi 8ilicbko8020 383Ky mMa MPAHCNOPMHO20 306e3ne4eHHsl.
JocnioxeHHs 6a3yemMeCa HG CUCMEMHO-102ICMUYHOMY NiOX00i 00 0p2aHI3aUli MPAHCNOPMHUX |
KOMYyHIKaQUIGHUX 6i3Hec-npoyecis, @ MAaKOXC BKMOYAE OHAA3 PI3HUX Mepexcesux modesed,
30npPONOHOBAHUX Haykosusamu y coepi snoz2icmuku. Okpemy ysaey npudineHo Ka4o8um
8/10CMUBOCMAM MPAHCNOPMHUX | KOMYyHIKQUIGHUX cucmem ma mMemodam iX Crmpykmypu3sayii.
Ha ocHosi nposedeHo20 00CIiOxeHHA 3aNpoNnoOHOBAHO Hosul s02icmudHuUl  nioxid, 3a
doNoMOo20t0  IKO20  N0bYOOBAHO — Mepexesy  Mamemamu4Hy modens.  ObrpyHmMo8aHo
HeobXxiOHICMb yNpo8adieHHs Memoodig A02iICMUYHUX cucmem 0458 00CNIONEHHS ma aHAA3Y
4aCoBUX XaPAKMepUCMUK Mepexesoi Modesi 8 102icmuyHil cucmemi cneyianiz3osaHo20 383Ky,
3 YPAXYBAHHAM Cy4aCHUX YUposuX MexHO02il, G MAKOX MexHIYHUX pilleHb nonepedHix
MmexHo02IYHUX yKaadia.

Knroyosi croea: silicbkosa no2icmuka, Memoou A02iCMUYHUX CUCmeM, iIHHO8AUITHA isbHICM®,
yugposa mpaHcpopmayis, munu iHHo8ayil, XapakmepucmuKku Mepexesoi Mooesi.
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