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METHOD OF ASSESSMENT OF THE EFFICIENCY
OF THE COMMUNICATION OF OPERATIONAL TROOP GROUPING SYSTEM

Abstract. The most distinctive features of military communications systems are the high degree of a priori uncertainty
about the operational situation and the small amount of source data for communications planning. In such circumstances, it
is important to make the right decision-making appraisal apparatus, which will allow the officials of the system
management bodies to be confident in the decisions made. Deciding to build a communications system at any level usually
involves defining the purpose of its operation, selecting metrics and justifying the evaluation criteria, synthesizing
alternative structures, and finding a rational option for deploying the communications system. The practice of the troops
has convincingly shown that in the theory and practice of communications, there is a need to improve the scientific and
methodological apparatus, which will meet the current conditions of operation of control systems and provide a more
adequate assessment of the effectiveness of deployable communications systems. In this article, the authors propose a
method for evaluating the effectiveness of the communication system of the operational troop grouping. The above method
is based on the first time use of the communication system accessibility indicator. In the course of this research, the authors
used the basic principles of communication theory, noise immunity theory and intelligence. The novelty of the proposed
method is that the communication system operational troops grouping are estimated by generalized indicator of availability
of channel resources and network communications system of the operational troops grouping. The practical value of the
proposed methodology is that the methodology allows for a more accurate assessment of the communications system, the
identification of deployment arrangements and measures to improve the effectiveness of the operational troops grouping.

Keywords: communication system evaluation; effectiveness, noise immunity; intelligence; operational troop grouping.

Introduction

The most distinctive features of military
communications systems are the high degree of a priori
uncertainty about the operational situation and the small
amount of source data for communications planning.

In such circumstances, it is important to make the
right decision-making appraisal apparatus, which will
allow the officials of the system management bodies to
be confident in the decisions made.

Deciding to build a communications system at any
level usually involves defining the purpose of its
operation, selecting metrics and justifying the
evaluation criteria, synthesizing alternative structures,
and finding a rational option for deploying the
communications system.

The practice of the troops has convincingly shown
that in the theory and practice of communications, there
is a need to improve the scientific and methodological
apparatus, which will meet the current conditions of
operation of control systems and provide a more
adequate assessment of the effectiveness of deployable
communications systems.

One of the main areas of their improvement and
development is the use of a new approach to determine
the performance indicators and criteria that meet the
current conditions and factors of combat (the purpose of
the operation), as well as the requirements imposed on
the communication system by the management system.

According to this approach, the effectiveness of the
communication system is one of the indicators of its
role and purpose. Despite the fact that the

communication system does not directly influence the
execution of the tasks and causing the enemy maximum
losses, its role in achieving the goal of the battle
(operation) is enormous. To define this role, the concept
of the effectiveness of the communication system is
introduced, which means the degree of realization of its
possibilities for information exchange in specific
conditions of the environment [1-5].

Therefore, the purpose of the article is to develop
a method of assessment of the efficiency of the
communication of operational troop grouping system.

Presentation of the main material

The calculation of performance indicators is
directly related to the determination of the results of the
evaluated solution. There are two options:

the first is related to the experimental validation of
the recommendations and therefore the determination of
the result is limited to evaluation;

the second arises in the priori evaluation of
efficiency when the result is not yet available, but it
should be predicted, as a result of which the results of the
decision are determined by forecasting methods [5, 6].

The first case is the most important for theory, and
the second for practice, since performance evaluation
must be the first to make a decision and determine its
value.

With regard to the operational troops grouping
(OTG) communication system, its effectiveness must be
evaluated on the basis of its characteristics.

Since the communication system has many
properties, the list of indicators that should be used to
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evaluate the quality of the communication system
should be limited.

In practice, this means that the quality assessment
should not be based on all but the most important
indicators that determine the basic aspects of the
performance of the communication system or its
individual elements. This approach allows you to focus
on the key metrics of the communication system that
enable it to best address its core challenge in predictable
operating conditions. Therefore, a comprehensive and
objective evaluation of the effectiveness of the
communication system can be carried out using a
system of indicators and criteria, including the main and
additional indicators on the basic and partial properties,
respectively [1, 5, 10].

As a basic feature, given its special importance for
the operational grouping of troops [10], it is proposed to
accept the accessibility of the communication system
and to obtain its dependence on other partial indicators.
Since accessibility characterizes the ability of a military
communications system to obtain the management
resources (operational composition) of the necessary
communications resources (its types, services, services),
it seems that the accessibility indicator, on the one hand,
should reflect the spatial aspect, on the other hand - take
into account the ultimate object stability of the elements
of the communication system in conditions of complex
influence of the enemy.

The spatial aspect refers to such an objective
(spatial and topological) position of the control system
users regarding the elements of the communication
system when they are always able to use the channel
resource created by it, having at its disposal regular and
added means of communication [3, 4].

These particularities of generating a generic
accessibility indicator, arising from the fact that they are
of fundamental importance to the OTG communication
system, must be reflected in the corresponding advanced
methodology for evaluating the effectiveness of the
OTG communication system.

However, it should be understood that the
accessibility of the communication system depends
primarily on the structure and location of its elements in
the operating space, the location of users, length of
access lines, physical and geographical conditions of the
terrain, availability of forces and devices of
communication [1]. That is why the improved
methodology for evaluating the availability of the
communication system used the probability of user
access to the communication system resource on the
first attempt, calculated on the functionality [1, 2]

P =a(D,Pl-“"). (1)

This figure depends on the number of elements of
the communication system that are potentially capable
of providing users with a channel resource and can be
used by them from the areas of their dislocation using
the available communication devices (ie, the numerical
value of the components of the accessibility vector D)

and their object stability P*V.
multiplicity of access i (the ability to provide the user

In this case, the

with one, two or more independent routes of
information transmission) suggests a higher probability
of access to the channel resource on the first attempt.
Since the OTG operational space requires a solid
coverage of the communication, the spatial accessibility
indicator should reflect the principle of “territorial”
orientation of the communication system. In this
approach, spatial accessibility is most appropriate to be

estimated by a vector D={d;} whose components
have some scalar value d;. The content of the scalar

value d; =0...1 is that from the d, -th part of the area of

the operating space, the network of OTG radio access,
consisting of L elements, is able to provide any user
with the potential to obtain the necessary part of the
channel resource of the communication system through
/ independent routes:

D={d,dy,d3,..d),...dp }, 1 =1,L, 2)

where L is the total number of elements of the
communication system that are deployed to provide
users with a channel resource.

When

m
L= an’ (3)
k=1

where m is the number of levels in the communication
system; n; is the number of elements in the & -th

echelon (levels).

Hereafter, below the echelons, we will understand
the range of antenna lifting heights of radio access
stations and relay transmitters.

To determine in (2) the component of vector D, it
is necessary to find the ratio of the area from which the
user (subscriber) is able to access the elements of the
communication system to the entire area of the OTG
defense band. Then

4=, @
Slol

where S; is the area of the radio access zone from /
elements of the communication system; S;,, is the total

area of OTG operating space.
Because spatial accessibility is characterized by

component values {dlmin } of the availability vector D,

their relationship can be represented as a spatial

accessibility factor K, 4, . Then

S .
Kspal.av =S_l if I=lgin- (5)

tot

By its nature, the radio access network is zonal.
Coverage areas are part of the territory (operating space
lanes) that are connected to one of the elements of the
radio access network, as well as their intersection zones.
The sizes of these zones depend on the tactical and
technical characteristics of the radio facilities, the
heights of raising their antennas, the operating
frequency, the interference situation and other factors
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affecting the quality of the radio
communication [6-10].
The original product of the proposed sequence of

calculations of the availability index of the OTG

provided

communication system is a matrix A(i ) that has a look

M x N (where M and N are the number of the d;-th
parts of the area along the front and into the depth of the
operating space, respectively), the elements of which
a,,, (i) represent a single area on an electronic map

scale. As a result of calculations for the i-th element of
the communication system, the elements of the matrix

take on values a,,, (/)=1 in case the user can access
from the a,,, -th plots of the area to the i-th system
element or a,,, (i)=0 otherwise [10].

The use of digital terrain information in calculating
the availability of a communication system resource
allows us to determine more accurately than before the
actual area of coverage of each eclement of the
communication system S; according to the expression

M N
S; = Z Z Lynn (i)’ (6)

m=1n=1
where M xN=S,, is the total (covered) area of
operating space.

Knowing that the structure of the communication
system consists of L of eclements in different
relationships, you can calculate the vector of availability
D for the whole system as a whole. You need to have
this L matrices A(i) for each i-th element separately
coating S;, which determine essentially the area for
each element of the communication system. Then the
area of the intersection is no less than that [ of its
elements S; is suggested to calculate by the formula

&) .
S,=U(ﬂﬂ...ﬂSl-j,(i=1, =1, ) (7)

=1\12 |/

where ¢! is the number of combinations from L to  of

potentially reflective quantities overlapping area [,
which may be created in the operating area of a future
operation [11].

Thus, by determining the values of the quantities
of the set {S;}, it is possible to find, in accordance with

expressions (2) and (4), the values of all components of
the accessibility vector D. For calculations, while
estimating the accessibility index and vector D, it is
proposed to use the following approach to its
calculation.

The output data for the calculations are the number
of L elements of the communication system of the
corresponding structure G; the maximum number of M
rows of matrices 4; the maximum number of N columns

of matrices 4; many matrices {4}, the elements of
which are calculated according to expression (6),
summarized in a three-dimensional array of data
A[l..M,1..N,1..L].

You must have a variable S to store intermediate
and output data, the multiplicity counter £ and the one-

dimensional array S[1..k] [5, 10].

After inputting the total area of the operating area
is determined and the array of input data is zeroed. The
same elements of all matrices are then checked for
access. In the case of a satisfactory answer, the value of
the multiplicity counter and the corresponding value of
the array S, are changed.

After the verification of all elements, calculations
are made of the ratio of the area to the frequency of
access to the total area and the output of the obtained
results. The initial data show which part of the area of
the operating area (covered or served relative to the
territory) is able to access [/ elements of the
communication network, ie, the creation of /[
independent routes [5-10].

Thus, the values of the components of the
accessibility vector allow us to conclude how the
analyzed (planned) variant of the construction of the
communication system will provide users access to its
channel resource. However, the values of the
accessibility vector components obtained alone are not
sufficient to uniquely determine the required number of
independent access routes. In the face of complex
adversary action, you need to have information about
the projected object stability of the communications
elements that provide access.

If their stability Pg,; was ideal (Psn' =1,i= 1,L) ,
then for each of the users, guaranteed reliable access to
one element of the communication system would be
sufficient for guaranteed access to the channel resource.
Otherwise, a well-founded question arises as to how
much of a planned communication system it is
necessary to create independent routes to ensure its
necessary stability.

This question can be solved in this way [6, 10, 11].
Let the user, while in a certain location of the operating
space, be able to expand the / communication lines
available to him in accordance with the / elements of the
communication system.

Also known are the values of the object stability of

its elements {P,;}. For ease of calculation, it is

N
assumed that all elements of the communication system

providing access to users are equal to {P,}=FP/".

the
user of which will gain access to the link resource of the
communication system, can be found from the
expression [11]:

Then the probability of an occurring event Py,

P =1-T](1-B") (®)

i=1

By determining the value P“" and demanding the

value of the indicator Py, you can find the minimum

required number / of elements of the

min
communication system to which the user must be
provided access:
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Inin = lOg(l—P”") |:1 _ngs] )

Determining the minimum level of number of
independent routes for the user in the specific conditions
of the enemy's influence, corresponding to the
requirements on the stability of the communication
system, the values of the components of the
accessibility vector (4) are estimated and the reasoned
conclusion about the sufficiency or insufficiency of the
values of this structural characteristic for a particular
variant of the implementation of the communication
system is made. In contrast to the known methods
[1-3, 5-7], the object stability of the access elements is
taken into account in the calculations of the spatial
accessibility of the communication system.

Based on the requirements of the management
system, each user, along with the possibility of spatial
access, should be provided with the necessary
(sufficient) resource capacity of the communication
system, which, as a rule, for the analog version of its
practical implementation is quantified in the
communication channels, and for digital is the bit rate
(bit/s). Thus,

Ay =min(By,e; Cragios Zsee ) (10)

where B,,. is the channel capacity of the anchor lines;

C,adio 18 the number of radio access channels; Z,,. is

the availability of secrecy equipment.

For the purpose of determining the availability of a
communication system, which characterizes its
capabilities in providing users with the required channel
resource, which reflects the content of the bandwidth,
the coefficient of availability on the bandwidth can be
used for analog transmission systems (ATS)

A

ATS ,

Koy band =mln{A : _al}a
n

es

(11)

where 4,,, is the required number of communication

channels. To determine the availability of a
communication system using a digital transmission
system (DTS), it is advisable to enter a bandwidth
availability factor in the form

4 plan 1}

Vnes

K aDVTS =min {
is the planned (implemented) transmission

(12)

where V4,

speed; V,,,, is the required transmission speed.

If the value is bigger than 1, then the reserve of
information resources of the network is calculated by
using the following expression:

(13)

Because the coefficients calculated using
expressions (5), (11), (12) reflect the physical content of
the spatial (in terms of coverage) and channel (in terms
of capacity) types of accessibility, the requirements
have to be met together, it makes sense to enter a
generic indicator of the communication system

Ores = Kay bana —1-

K

av band >

Kcs = min{K spat. av}'

In order to increase the validity of the adopted
decision on the choice of the structure of the
communication system in accordance with the
requirement for the information exchange, and therefore
access to it by the officials of the control bodies, the
criteria values of the generalized indicator (13) should
be set in accordance with the degree of satisfaction of
the needs of the bandwidth control system as the main
indicator of effectiveness, reflecting the most essential
feature of the military communication system.

The structure of the proposed method of
assessment of the efficiency of the communication of
operational troop grouping system is presented in Fig. 1.

— adjustment

Initial data input
(= {wi})

Providing access
probability

Calculation
of the need
for a multiple access

1 2

Spatial
accessibility
calculation

Calculation of the
reserve of information
capabilities

Parameter 6 BER< BER,,

V.2V

i = Viper

7

Package transfer

Fig. 1. Methodology for evaluating the effectiveness
of the communication system

The proposed approach to the evaluation of the
effectiveness of the communication system is
advantageous and obviously different from the known
ones [1-9].

Thus, the methods used to evaluate the
effectiveness of the communication system at this time
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reflect, as a rule, one or more of its partial properties,
such as security [1, 5], stability (in the aspect of
structural survivability) [6, 8] or throughput [2, 7],
which, from the point of view of the systematic
approach, is insufficient, since the individual properties,
even if significant, but considered separately, do not
reflect their mutual influence on each other.

For this reason, the evaluation of the effectiveness
of the communication system is formally versatile but
not complex. In an improved methodology, the
accessibility indicator binds to the basic throughput and
integral stability index, which includes partial indicators
of survivability, noise immunity and reliability, which
allows a comprehensive evaluation of the OTG
communication system, and therefore, to make a more
reasonable decision on its building.

Conclusions

1. The identified contradictions between the needs
of the management system and the capabilities of the
communication system, as well as the differences in the
estimates of its predicted and real efficiency in the main
indicators can be resolved:

Organizationally can be resolved on the basis of
the application of the principle of systematic,
justification and implementation of a new territorially
distributed structure, including the radio access
network;

technically can be resolved by digitizing the
communication system and translating it into a higher-
quality technological platform with the predominant use
of domestic communication means;

methodologically can be resolved by improving the
methodology for evaluating its effectiveness and
developing scientifically sound recommendations for
the practical implementation and formation of the
structure of a communications system that meets the
modern and promising requirements of commanding
troops.

2. Also, it is necessary to look not for an optimal
solution, but for a rational solution between the required
efficiency and the acceptable cost.

The direction of further research should be
considered the development of methodological bases for
the operational management of military radio
communication facilities.
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Meronnka oniHKy e) eKTHBHOCTI
CHCTEMH 3B’SI3KY OIIEPAaTHBHOIO YIPYNOBAHHS BiliCbK

A. B. Inmanekui, C. O. Cyrak, M. M. TiopHnikos, I'. T. JIsmenko, T. P. Boxno, O. I1. Bornap, A. O. MenbHUK

AnoTanisi. HaiiGinbin xapakrepHUMU 0COOIMBOCTSIMH 1OOYIOBH CUCTEM 3B’ 3Ky BiICHKOBOI'O IPU3HAYEHHS € BUCOKUI
CTYIIHb aInpiopHOi HEBU3HAYCHOCTI CTOCOBHO OINEPATHBHOI OOCTAHOBKM Ta MaJMi OOCAT BUXIJHMX JAHUX JUIs IUIAHYBAaHHS
3B’513Ky. Y TaKMX YyMOBaX BayKJIMBUH NpaBUIbHUI BUOIp amapaTy OLIHKM NPUHHATHX YHPABIiHCBKHX DIllIeHb, SIKUH J103BOJUTH
[0Ca/IOBUM 0c00aM OpraHiB YIpPaBIiHHS CHCTEMONO 3B’SI3Ky OYTH BIIEBHEHHMM Yy DIllEHHSX, LIO NpuiiMarorscs. IIpuitHaTTs
pillleHHs Ha 100yI0BY CHCTEMH 3B 513Ky Oyab-SKOro piBHS, SIK IIPaBUIIO, BKJIIOUA€ BU3HAYCHHA MeTH ii (QyHKIIOHYBaHHs, BUOIp
MOKA3HUKIB 1 OOIDYHTYBAaHHS KpHUTEpiiB OLIHKW, CHHTE3 aJbTEPHATHBHUX CTPYKTYp 1 IOIIYK paliOHAJIBHOIO BapiaHTy
po3ropraHHs cucTeMH 3B’A3Ky. IIpakTika BiiCbK IIepeKOHIIMBO [10Ka3aia, 110 B Teopii Ta MpaKTULi opraHizauii 38’ 513Ky BUHHKIIA
HEOOXI/IHICTb B yHOCKOHAJICHHI HayKOBO-METOJUYHOI'O amapary, o Oyze BiINOBifaTH CydacHUM yMOBaM (DyHKIIOHYBaHHS
CHCTEM YIpaBIiHHA Ta 3a0e3neuyBaTH OLIbII aJEKBATHY OLIHKY €(EKTHMBHOCTI CHUCTEM 3B’s3Ky, IO PO3ropTarThca. B
3a3Ha4yeHil CTaTTi aBTOPaMH 3alPONOHOBAHO METOIMKY OLIHKH €(QEKTHBHOCTI CHCTEMHM 3B’SI3KY OIEPaTUBHOIO YrpYyHOBAaHHS
BilicbK. 3a3HaueHa METO/MKa 3aCHOBAaHA HA BUKOPHCTAHHS IOKAa3HMKa JIOCTYITHOCTI CUCTEMH 3B’3Ky 3 Iepiuoro pasy. B xoxi
3a3HaYCHOr0 JOCII/DKEHHS aBTOpaMH BHKODHUCTaHI OCHOBHI IIOJOXKEHHS Teopii 3B’sA3Ky, Teopii 3aBajocTikocTi Ta
po3Bix3axuiieHocTi. HoBu3Ha 3amponoHoBaHOI METOAMKH IONATaE B TOMY, IO CHCTEMa 3B’SI3Ky ONEPAaTHBHOIO YrpyHOBaHHS
BIHCBK OLIHIOETBCSA II0 Y3araJlbHEHOMY IIOKa3HHMKY JOCTYHHOCTI KaHAJIbHMX Ta MEPEKEBHUX PECYpPCIB CHCTEMHU 3B’S3KY
OIEPaTHBHOIO YIPYIOBaHHs Bilichk. [IpakTHuHe 3HaUSHHS 3aIPOIOHOBAHOI METOJUKH HOJIAra€e B TOMY, 10 3a3HAUCHA METOMKa
JI03BOJIsIE OLIBILI TOYHIIIE OLIHUTU CHCTEMY 3B’A3KYy, BU3HAUUTH 3aXOJU IIOAO PO3FOPTAHHSA CHCTEMHU 3B S3KY Ta BHPOOUTH
3aXO0/IM CTOCOBHO IiJBUILECHHS €()eKTHBHOCTI CUCTEMH 3B’ 3Ky ONEPaTUBHOTO YTPYHOBaHHS BilChK.

Kaw4yoBi ciaoBa: OmiHIOBaHHS CHCTEMH 3B’sI3Ky; €(DEKTHUBHICTB; 3aBa03aXHIIEHICTh; PO3BiA3aXUILEHICTh; OIEpaTHBHE
YIpYIOBaHHS BiHCBK.

Meronnka oneHkH 3¢ eKTHBHOCTH
CHCTEMBI CBSI3H ONIEPATHBHOMH IPYNINIHPOBKH BOIHCK

A. B. HInmanxui, C. A. Cyrak, M. H. Tropuuxos, A. T. Jlswenko, T. P. Boxno, A. I1. bornaps, A. A. MenbHuk

AnHoTanus. Haubonee XxapakTepHbIMH OCOOEHHOCTSMM IOCTPOSHHUSI CUCTEM CBSI3M BOSGHHOI'O HA3HAYEHMs SBIISETCS
BBICOKAs! CTETICHb aIIPHOPHOI HEOINPEIeICHHOCTH OTHOCHTENBHO ONEPaTHBHOM 00CTAHOBKU M Mallblii 00bEM MCXOAHBIX JAaHHBIX
JUISl TUIAaHUPOBAHUSA CBA3U. B TakmX yclOBHMSAX Ba)KeH NPAaBWIIBHBIA BBIOOp ammapara OLEHKH NPUHUMAaEMbIX YIPaBICHYECKUX
pelIeHn, KOTOpbIi MO3BOJIMUT JOJDKHOCTHBIM JIMIIAM OPraHOB YIIPABIEHUS CUCTEMOH CBSI3M OBITH YBEPEHHBIM B PEILICHUSIX,
KOTOpbIC NPUHUMAIOTCA. [IpUHATHE pelIeHMst Ha IOCTPOSHUE CHCTEMBl CBSI3M JIFOOOrO YPOBHS, KakK IIPAaBHIIO, BKIIOYACT
omnpejeeHue Leinn ee (yHKIMOHNPOBaHUS, BBIOOP MOKa3aTelled 1 00OCHOBaHUE KPUTEPHEB OLCHKH, CUHTE3 aJIbTePHATUBHBIX
CTPYKTYpP M HOKCK PallMOHAJILHOI'O BapHaHTa Pa3BEepThIBAHMS CHUCTEMbI CBsA3H. IIpakTHKa BOICK yOeIMTENbHO MOKa3ala, 4To B
TEOPHHU U IPAKTHKE OPraHM3allM CBS3M BO3HHMKJIA HEOOXOIMMOCTH B COBEPIICHCTBOBAHMM HAYYHO-METOIMYECKOrO amrapara,
KOTOPBII OyZeT COOTBETCTBOBATh COBPEMEHHBIM YCIOBHSAM (DYHKIIMOHMPOBAHHUs CHUCTEM YNpaBJIEHHS U obecreunBaTh Oolee
aJICKBAaTHYIO OLIEHKY 3G (EKTUBHOCTH CHCTEM CBSI3M, Pa3BOpauMBalOTCA. B yKka3aHHOH craThe aBTOpaMH MPEUIOKEHA METOIHUKA
OLICHKH 3()()EeKTUBHOCTH CHCTEMBI CBSI3U OIEPATUBHOM I'PYNIMPOBKU BOMCK. YKa3aHHAsi METOMKA OCHOBAHA HA MCIIOJIb30BAHME
MOKa3aTeNns JOCTYIMHOCTH CHCTEMBI CBSI3M C IEPBOrO pasa. B Xozme yka3saHHOro HCCIEIOBaHUS aBTOPAMH HCIIOIb30BAHBI
OCHOBHBIE TIOJIOKEHHSI TEOPHUM CBSA3M, TEOPUHM IIOMEXOYCTOMYMBOCTH M pa3Be3allMIEHHOCTH. HoBHM3HA mpeutoKeHHON
METOAMKM 3aKII0¥aeTcss B TOM, UYTO CHCTEMa CBS3M ONEPaTUBHOW TPYNIIMPOBKU BOIMCK OLIEHUMBAETCS O OOOOIICHHOMY
MOKa3aTeNI0 JOCTYITHOCTH KaHAJBHBIX U CETEBBIX PECYPCOB CHCTEMBI CBSI3H ONEPATHBHOM IPYNIHMPOBKH BOMCK. IIpakTuueckoe
3HAYCHHE IPEJIOKCHHON METOAMKU 3aKII0YaeTCA B TOM, YTO YKa3aHHas METOAMKA I03BOJISAET 0OJiee TOYHO OLCHUTh CHCTEMY
CBSI3U, OIPEJEIUTh MEPbI 110 Pa3BEPThIBAHUIO CUCTEMBI CBSI3M M BbIPAOOTaTh MEPhI MO MOBBIMIEHUIO 3P()EKTUBHOCTH CUCTEMBbI
CBSI3H ONIEPATUBHON IPYNIUPOBKH BOKCK.

KawuyeBbpie ca0Ba: OLEHKA CHCTEMBI CBA3M; 3(P(EKTHBHOCTb; I[TOMEXO3AIIUIIEHHOCTD; pPa3Bel3alUIIEHHOCTS;
orepaTHBHAs IPYNIUPOBKA BOKCK.
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