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Introduction. The effectiveness of the functioning of telecommunication systems, which belong to the class
of complex technical systems, depends on the reliability of its subsystems and elements; as well as the
complexity of the relationships between them. The aim of the article is to substantiate a general approach to
a comprehensive assessment of the reliability of telecommunication equipment telecommunications network
with a reducible structure with the development of a methodology for calculating equipment reliability
indicators. Main material. Formalized statement of the problem. The section provides a formalized description
of the problem, as well as the limitations and assumptions used in this study. General approach to solving
the problem. The general approach to solving the problem is based on the use of the decomposition principle,
which allows a phased assessment of the reliability of a telecommunication network at three interconnected
levels: the first stage is at the level of individual equipment elements (such typical devices as routers,
switches, servers, workers stations, IP-encryption equipment, etc.), in which various types of redundancy can
be provided separately or jointly: structural, load, temporary; the second stage — at the telecommunication
equipment level of information paths (routes); the third stage is at the telecommunication equipment level
of information areas, which are a combination of equipment of various paths. Methodology for solving the
problem. A technique has been proposed for a comprehensive reliability assessment of telecommunication
equipment of communication networks with a reducible structure, taking into account a combination of
factors, some of which are aggressive and lead to a decrease in reliability (failures causing short-term
interruptions in operation; steady equipment failures that need to be restored to serviceability of failed devices
in a repair body ; insufficient qualification of the attendants), and others — support the normal functioning of
the telecommunication equipment in at the given level (using separately or jointly various types of redundancy
— structural, temporary, load, which leads to an increase in the efficiency of using redundancy). Example.
The given numerical example allows us to identify some new features of the reliability of the operation of the
telecommunication equipment telecommunications network due, in particular, to the reliability models not
ounly of steady failures, but also of failures leading to short-term interruptions in operation. Conclusions. A
promising area of further research is the justification of ways and methods to reduce the intensity of failures
in existing and developing equipment, as well as the development of effective ways to neutralize (reduce)
their impact on the functioning of telecommunication equipment telecommunication networks.
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Introduction

A profound change in communication and computer
technology in recent decades has led to the integration
of communication networks and computer networks,
which made it possible to create a long complex
information network and develop a global information
structure. There is no doubt that the functioning of
such a large system will be significantly affected by
the reliability of its subsystems and elements, as well
as the complexity of the relationships between them.
Despite the continuous improvement of the producti-

on technologies of highly reliable elements, assemblies
and blocks, as well as methods of their assembly and
debugging at the level of subsystems and complexes,
nevertheless, the increasing complexity of modern and
promising systems does not always allow us to ensure
the given reliability of their functioning.

At the same time, an analysis of a number of
publications by native and foreign experts indicates
a decrease in attention to questions of studying
the reliability of the operation of telecommunicati-
on equipment (TE) of communication systems and
networks [1-14]. The scientific results known in this
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subject area are devoted mainly to the study of vari-
ous particular aspects of the reliability of TE and are
obtained, as a rule, without comprehensively taking
into account the totality of factors affecting reliabi-
lity. Some of these factors can lead to a decrease in
reliability (malfunctions that cause short interruptions
in operation; steady equipment failures that require
restoration of the failed devices in the repair bodys;
insufficient qualification of the maintenance staff), whi-
le others maintain the normal operation of the TE at
a given level (using separately or jointly various types
of redundancy — structural, temporary, load, as well as
increasing productivity of the repair body).

This circumstance has led to the fact that now there
is no single methodology and effective scientific and
methodological apparatus (methods, models, techni-
ques) for assessing the reliability of TEs and making
scientifically sound recommendations for its provisi-
on when modernizing existing and building advanced
communication networks.

The purpose of the article is to substanti-
ate a general approach to the integrated reliabili-
ty assessment of TE communication networks wi-
th a reducible structure with the development of a
methodology for calculating equipment reliability indi-
cators at various levels of the structure: at the level of
individual standard devices (switches, routers, servers,
etc.), as well as at levels TE structures of individual
information routes (paths) and individual communi-
cation directions [15].

The comprehensiveness of the reliability assessment
of TE means the possibility of jointly taking into
account in the proposed mathematical models the
main factors that most significantly affect the reliabi-
lity of equipment: failures, various backup methods
(structural, load, temporary), the performance of the
repair body, as well as the ability to build reliability
models with arbitrary laws distribution of some initial
random variables (time of current repair, duration of
connecting the structural reserve, time the existence
of failures and the elimination of their consequences).
By TE of communication networks with a reducible
structure will be referred equipment that has a rather
complicated structural reliability scheme, which can be
reduced to one equivalent element using the regular
procedure of replacing all separate serial and parallel
sections of the circuit with equivalent elements, with
the calculation of the corresponding reliability indi-
cators for them. The reliability indicators obtained as
a result of such a conversion of a single equivalent
element are taken as indicators of the reliability of the
TE with the original complex structure [16-18].

1 Main material. Formalized
statement of the problem

The structure of the communication network,
as a complex, spatially separated system, can be
represented in the form of a graph G(N, M), where
N {n;} — variety of peaks (routers, switching centers),

M {m;;} — variety of edges. The path @ = ni N
ny N ng,....,Mng_; N ng, where nf, ng € N
ny,N3,...,n5_q; € N3 n® — terminal router, n” —
transit router. Communication direction n{ (m) =
0 0 0 — 0 -
ng (me) = ... =nj (m) and n) (m1) =nj (m2) = ... =

nY (my), that is, all paths in the same communicati-
on direction contain the same (n{ and n{) terminal
routers. The paths m; and ms of one direction of
communication are independent, if n] (w1) ¢ N7 (m2),
and n] (ma) ¢ N7 (m1), that is, the paths of one directi-
on of communication do not contain the same transit
routers.

Let the operational and technical characteristics of
the TE, which is part of the information paths and
communication directions, be known (or set): reliabi-
lity P = {), Af,tf,0¢}; maintainability pM) —
{tr,oR,1}; redundancy P*®) = {m,a,.,0.,t,}, where
A, Ay —rate of sustained failures in line; £y, oy — average
value and variance of the time of existence of a failure
and its consequences; tr,0r — average value and vari-
ance of the recovery time of a failed device; [ — number
of crews in a repair body; m — number of backup
devices; a — degree of load of structural reserve devices
(o = 0 — unloaded reserve or o = 1 loaded reserve); .,
0. — average value and variance of the backup device
connection time; ¢, — allowable connection time (time
reserve value).

It is necessary to develop mathematical models

of reliability, i.e. analytical dependencies that
establish a relationship between the reliabili-
ty indicators of the TE of the communicati-

on network, the reliability characteristics of the
elements of its structure and the parameters of
the functioning principle: mean time between fai-
lures Ty (t,) = fi (P(T),P(M),P(S)); probability
of uptime P (t,t,) = fo (P, PM) P©)); average
recovery time Tg (t,) = f3 (P(T),P(M),P(S)); coeffi-
cient of readiness Ky, (t.) = f1 (P(T)7P(M),P(S));
coefficient of operational readiness P, (t,t,) =
fs (p(T)7p(M),p(S))_

Limitations and assumptions: TE is considered, the
structural diagram of the reliability of which can be
represented in the form of a reducible structure; the
functioning of individual communication paths and di-
rections is carried out independently; repair time of
failed elements is significantly less than the mean ti-
me between failures; in the repair body, the complete
restoration of the performance of the failed elements is
carried out.
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2 General approach to solving
the problem

This approach is based on the decomposition princi-
ple, the practical implementation of which in the study
of the reliability of TE of communication networks
became possible due to the presence of an important
feature of this class of complex systems — the possi-
bility of splitting the hierarchy of the structure into
a finite number of mutually independent subsystems,
and each subsystem into a finite number of simpler
subsystems etc. The formalization of the study of the
formed scientific and technical problem led to the need
for “vertical” and ‘“horizontal” decomposition of this
process [19].

The analysis showed that with a “vertical”
decomposition, it is advisable to select a set of TE
hardware as subsystems of the network structure that
form the communication information lines. It is advi-
sable to carry out the “horizontal” decomposition in
stages at three interconnected levels:

the first stage — at the level of individual items of
equipment (such typical devices as routers, switches,
servers, workstations, IP encryption equipment, etc.),
in which different types of redundancy can be provided
separately or jointly: structural, load, temporary;

the second stage a at the TLCO level of information
paths (routes), each of which consists of a combinati-
on of various equipment elements, interconnected in a
certain way;

the third stage is at the TE level of informati-
on areas, which are a set of equipment of various
paths. The feasibility of this approach is that it allows
the reliability analysis of TE with varying degrees of
detailization and depth at each stage of the study.

3 Methodology for solving the
problem

This technique is intended for a comprehensive
assessment of the reliability of TE communication
networks (individual standard devices, as well as the
totality of such devices, connected in a certain way
and forming TE communication paths and directions)
taking into account failures, stable failures and various
types of redundancy, which are used individually and
jointly. It is based on the above general approach to
solving the problem, the formalized formulation of whi-
ch, the initial data, limitations and assumptions were
given earlier.

The technique includes a set of interrelated stages,
the consistent implementation of which leads to the
achievement of the goal (Fig. 1).

1
"Vertical" decomposition of the structure of the TE network at the
level of information areas of communication
2 ) .
“Horizontal” decomposition of the structure of the TE network of
individual communication information areas
3 4 TE level of 5 TE level of
TE level of . .
s individual individual
individual L o
typical devices communication communication
yp paths (routes) areas
6 Development 7 Development 8
Development of
of of complex
. e complex
comprehensive reliability L
L reliability
reliability models for TE
S models for TE
models for communication L
- . communications
typical devices paths (routes)
9 o o
Investigation of the effect on the reliability indicators of TE of the
reliability characteristics of structural elements, types and
parameters of the used redundancy, as well as the performance of
the repair body

!

10
| Conclusions and recommendations for improving reliability

Fig. 1. Integrated block diagram of the integrated
assessment methodology reliability of TE communi-
cation networks

Consider the main stages of the proposed
methodology. Can be assumed that as a result of the
operations of the first stage (“vertical” decomposition),
a set of mutually independent subsystems is obtained,
each of which contains TE communication directions
(the solution to this issue is not the task of this arti-
cle). Here are the results obtained by performing the
subsequent steps of the methodology.

3.1 Level of individual typical TE devi-

ces

Let us consider the TE kit, which provides shari-
ng of structural, load and temporary redundancy
and which will be called the system in the future.
Suppose that in the general case the system consists
of n main (working) (n > 1) and m backup (m > 1)
elements, which for simplicity will be considered identi-
cal. In the system, along with structural and temporary
redundancy, load redundancy can be used, while the
elements of the structural reserve are in unloaded
mode.

In each main element, along with stable failures
(intensity A), malfunctions with intensity A; can occur,
stimulating the connection of one of the workable
backup elements to the main (working) mode. We
denote by /\53) the total failure rate and failure, and by
A; the total failure rate, provided that the i elements
are currently inoperative. The value of \; is determined
by the number of main and backup elements, as well
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as the failure rate of a separate backup and failure of
the main elements, i.e.

)\’ET) =n(A+X\) + (m—1i)al, (1)
1=0,1,2,...,m;
Ai=[n+(m—1)a] A,
- (2)
1=0,1,2 ,m.

At @ = 0 we get unloaded, and at o« = 1 — the
loaded mode of structural reserve.

In case of failure of one of the main elements, one
of the working backup elements is connected instead
of it; connection duration ¢. — random variable wi-
th arbitrary distribution function F, (t) = P {t. < t}.
The system has a time reserve — allowable connecti-
on time t,, which setting limits on the duration of
each connection. The probability ¢ that the refusals
(failures) of one of the main elements and the further
connection of the reserve will lead to the failure (di-
sruption of operation) of the system (due to the long-
term connection t, > t,) is determined by the formula:

q=P{te >ty =1-F.(ta). (3)

Repair of failed elements (primary or backup) begi-
ns immediately.

The repair body [ includes (1 <1< m + 1) repair
crews with the same distribution of the duration of
recovery Fg(t) = P{tg < t}. Upon completion of the
repair of one of the m 4+ 1 inoperative elements of the
functioning of the system, the functioning resumes. To
the previously accepted limitations and assumptions,
can be assumed that

ER << 1/(/\+/\C); ER << 1/(/\+)\R);

to << 1/( A4 Af); te << tpg; tq << lg.

For the accepted initial conditions in [20, 21],
calculated ratios for the main reliability indicators
(reliability models) of the system (TE set of a typical
device) were obtained and have the form:

-1

To (1) = l "] |
o (4)

P(t,ty) =
exp [—n)\t (ﬂm)’” ﬁ (n+ia) +q(1+ k:f)ﬂ :
o (5)
Ta(t) = o [Th+ T2 (), (0)

where

Go=q+qp=q=

B

m!

. ('84_7"7515 l=1, bo 1=
Tr=9 50 x=qM% (8)
mﬂ,l—m—&—l L,Il>2m
. [ (t—t.)dF.(#)
TH(t) = | 22— —
" (t) /1—&@
ta
—17;vdF () — ta;  (9)
71—Fc(ta) c a’
ta

A; — formula (2); )\gf) — formula (1) when i=0; ¢ —
formula (3); kf = A\y/X; p = Mg; tr = B1; Bm =

[ x™dFg (x);
0

_ Tp(ta)] "
Kuie = 1+ 7] (10)
Pg (t7ta) = Kp, (ta) P (ta ta) :

Let us now consider another typical TE kit, in
which only temporary reservation is used (there is
no structural reserve). For this device [22, 23], the
following reliability models were obtained in

1 1

To (ta) = At A A1+ Epq) (11)
P(t, ta) = exp |:Tol(fta):| =
=exp[-M(1+ksrq)]; (12)
Tr (ta) = W' (13)
m =[] -
= [L4+ A (fp + kpaTs (1)) (14)
Py (t,ta) = Kn (ta) exp [-AE (1 + kgq)],  (15)
where
oy (= ta)dFy (1)
ﬂm%/]_ﬂ@)‘
- 1_Ff(ta)/xde (z) —ta, (16)
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Fr(t) = Pt
Fy(ta), kr = As/

<ty,q = P{y<ty = 1-

3.2 The TE level of information paths
(routes) and communication di-
rections, consisting of individual
communication directions

Fig. 2 shows a fragment of a communication
network consisting of separate communication directi-
ons, each of which includes a set of independent paths.

Access network

R, R,

Gatewg
" IP network
R& *‘ ‘h‘i
. ‘V Access network’
,v
(:at.eway 4 (:at.eway g

Terminal B

Fig. 2. A fragment of a communication network

Consider one of these paths, for example, I4,
containing routers, channel forming and switching
equipment and other devices as standard equipment.
The structural diagram of the reliability of path I4 is
shown in Fig. 3 (can be assumed that in elements 1,3, 4
temporary reservation is provided, and in elements 2,5
— temporary, structural and load). As a result of two
successive transformations of this scheme, we arrive
at a single equivalent element (1 — 5)°, the reliability

indicators of which can be expressed by the formulas:

Fig. 3. The structural diagram of the reliability of the

TE communication path: a — before conversion; b —

after the first conversion step; ¢ — after the second
conversion step

T(ge) (ta) = =

5
PO (t,ta) = [T PV (t,1a) =
=1
_Hexp[ IS (ta)] = exp [4A) (ta)]: (18)
5 A
. AY (ta
T (ta) =Y ?e)( )7 (1,9 (19)
i=1 AO ( a
5
K, (ta) = [T &4 (ta) =
=1
Iy T
i=1 ()( )‘f'T(l)( ta)
_ T () (20)

T8 (ta) + TS (ta)

P (t,) = K3 (ta) P (t,1,) =

(e)
_ TO (ta) ( ) exp |:_tA(()e) (ta):| 7 (21)

where To(z-l) (ta) = l/A(()i)( )i P(l) (t,ta); T(l) (tn);

K,(i) (ta); Pg(f) (t,ta), i = 1,5 — TE indicators after
the first step of the circuit transformation (Fig. 3b)
obtained using formulas (4) - (16).

Let us construct a structural diagram of the reli-
ability of the TE communication direction I14 (Fig. 4),
using the network fragment shown in Fig. 2.

(=]

(]

M2 |

L= 1
— G He
S A N N

Fig. 4. The structural diagram of the reliability of TE
information direction I4

In fig. 4 marked: 1 — router R;, 2 — communication
line my4, 3 — router R4, 4 — communication line mqs, 5
—router Rs, 6 — communication line moy, 7 — communi-
cation line my3, 8 — router R3, 9 — communication line
mas, 10 — router Rs5, 11 — communication line mys.

Let us use the procedure of sequential conversion
of this structural diagram. At the first step of section
4 - 6 and 7 - 11, we replace with equivalent elements
3(¢) and 4(¢), for which we obtain a set of reliability
indicators Ty (t,), P (t,t.), Tr (ta), Kp (ta), Py (t, ta)
using formulas similar to (17) — (21) (indices 3(¢) and
4(¢) can be omitted for simplification of the record)
(Fig. 5a).



44 Mogylevych D. 1., Kononova L. V., Kredentser B. P., Karadschow L.

o ——————

- M e e R e 2 S M

9

Fig. 5. The structural diagram of the reliability of TE

information direction I14: a — after the first conversion;

b — after the second conversion; ¢ — after the third
conversion

At the second step, we replace the parallel section
of circuit 2, 3(¢), 4(¢) with one equivalent element 2(¢)
(Fig. 5b), the reliability of which is determined by the
formulas:

PP (t,t)=1— (1 - p® (t,ta)) X

x (1 — p) (t,ta)) (1 — pi) (t,ta)) . (22)

K (t,)=1- (1 — kY (ta)> x

x (1 ~E® @) (1 ~ KW (ta)) . (23)

PP (t,t,) =1 — (1 —-P® (t,ta)) X
x (1 — P® (t,ta)) (1 o (t,ta)) . (24)

At the third step, a section of the structural di-
agram of three series-connected elements 1, 2(¢), 5 is
replaced by one equivalent element 6(¢) (Fig. 5¢) and
these formulas can be used to evaluate it’s reliability
(the index 6(¢) can be omitted):

P (t,ty) = PW (t,t,) P (t,t,) PO (t,t,);  (25)
K (ta) = KV (ta) K& (t) K (t2); (26)
Py (t,ta) = PV (t,tq) PP (t,ta) PP (t,ta),  (27)

where PO (t,1,); PO (t,t); KV (ta); K (ta);
Pg(l) (t,t,) and Pg(5) (t,tq,) expressed by appropriate
formulas (12), (14) and (15). P (t,,); K,(fe) (tq) and
Pfe) (t,tq) — by formulas (22), (23) and (24).

Thus, the reliability indicators (formulas (25)
~ (27)) of a single equivalent element 6(°) (Fig. 5c),
to which we brought the initial structural reliabili-
ty diagram (Fig. 4). As a result of three successive
transformations the indicators reflect the reliability of
the TE under consideration communication directions
I14.

4 Example

Consider a numerical example that will allow us
to quantify the influence of the main factors affecti-
ng the reliability of the TE information path and
communication direction I14 (Fig. 3 and 4). Can be
assumed that the information area and their communi-
cation paths contain typical TE kits, one of which
provides for the use of structural, load and temporary
redundancy [20, 21], and in the other — the usage
of temporary redundancy only [22,23]. Let the first
set of equipment be characterized by the following
parameters: single-use structural reserve (duplicati-
on); failure rate of the main (working) device A =
1,25-107%1/h; the backup device is in unloaded state
(a = 0); there is one team in the repair department
(I = 1); average recovery time tg =24 h; ky = A\p/\ =
0, 1, 5; average backup device connection time ¢, =
10 min.; connection time is distributed according to
Erlang law of the 2nd order; allowable connection time
(time reserve value) t, = 0; 4 min.; 8 min.; 12 min.
In the calculation, formulas (4) — (10) were used when
n=m=1.

When calculating the reliability indicators of the
second standard set of equipment, the following ini-
tial data was used: m = 0 (no structural reserve);
A=1,25-10"* 1/h; tg =24 h; ky = A;/X =0, 1, 5;
the duration of failures and the elimination of their
consequences - a random variable distributed according
to Erlang law of the 2nd order with an average value
t = 10min.; ¢, = 0; 4 min.; 8 min.; 12 min. In the
calculation, formulas (11) — (16) were used.

The table 1 shows the results of calculating the reli-
ability indicators of the TE information path (Fig. 3)
and the direction of communication I14 (Fig. 4). In the
calculation, formulas (17) — (27) were used.

An analysis of the data in the table 1 reveals
some new features of the reliability of the operation
of TE communication networks, caused, in particular,
by taking into account the reliability models not only
of steady failures, but also of failures leading to short-
term interruptions in operation.

1. Failures significantly affect the reliability indi-
cators of the TE, especially the reliability indicators
(To (ta), P(t,t,)) and the integrated indicator — the
coefficient of operational readiness Py (t,%,). It should
be noted that the availability factor K, (¢,) is not very
sensitive to failures.

2. An important factor (effective way) to neutralize
(reduce) the harmful effect of failures on the reliability
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Table 1 The results of calculating the reliability indicators of TE information paths and communication

directions Iq4

) Time reserve t, = 4 min Time reserve t, = 12 min
TE Indicator k=0 | k=1 ky=5 | ky=0 [ ky=1] ks =5
0 o P (t,tq,) 0,9862 0,9740 0,9279 0,9866 0,9846 0,9664
Omm“rtl;lcamon Ky (to) 0,99098 | 0,99095 | 0,99067 | 0,9910 | 0,99099 | 0,99086
a
P P, (t,tq) 0,9773 0,9651 0,9192 0,9807 0,9757 0,9574
) ) P (t,tq,) 0,952 0,9902 0,9708 0,9986 0,9962 0,9888
D“eCFIOItl_S Ofl K, (t,) 0,99995 | 0,99993 | 0,99982 | 0,99997 | 0,99996 | 0,99993
communication
14 P, (t,tq) 0,99515 | 0,9901 0,9703 0,9985 0,9961 0,9886
of a TE is temporary reservation — usage of allowable [6] Samaniego F. J. Studies in Structural, Stochastic and Stati-
time t, equipment functioning interruption. stical Reliability for Communication Networks and Engi-
. . . neered Systems. Final Report on ARO grant W911NF-11-
If this parameter t, is present, part of the failures, 1-0428. 2016, no. 31
the duration of which does not exceed the permissible ’ ’
value of t,, does not affect the reliability of the TE  [7] Bailis P., Kingsbury K. (2014) The Network is Reli-
operation — there is a "rarefaction” (decrease in intensi- able. An informal survey of real-woild communicati-
. i . ons failures. AcmQueue, vol.12, Iss. 7, pp. 1-20. DOI:
ty) of the input failure flow, which leads to a decrease 10.1145/2639988.2655736.
in the number of failures (interruptions in operation) ) ) )
of the equipment due to failures. [8] Ha}l P.7. Jin Y. and Samanlego FJ (2015) Noppa.rametrlc
estimation of component reliability based on lifetime data
from systems of varying design. Statistica Sinica, no. 25,
. pp. 1313 — 1335. DOI: 10.5705/55.2014.192
Conclusions
[9] Jin Y., Hall, P., Jiang J. and Samaniego, F. J. (2017)
To obtain more reliable calculated values of the Fstimating Component Reliability Based on Failure Time
L o R . Data from a System of Unknown Design. Statistica Sinica,
reliability indicators of TE communication networks, no. 27, pp. 479-499. DOL: 10.5705 /55.202015.0209
it is necessary to use methods based on an integrated ) o
approach to assessing reliability, which allows you to [10] Zhu P, Han J., Guo Y. and Lombardi F'. (2016) Reliability
R . . and Criticality Analysis of Communication Networks by
take into account all the main factors affecting the Stochastic Computation. IEEE Network, Vol. 30, Tss. 6,
reliability of operation, in particular, failures, vari- pp-. 70-76. DOT: 10.1109,/mnet.2016.1500221nm
f ipment redundan nd repair
ousftypes of equipment redundancy and repair body [11] Stepanova Y.V., Abdulvasea A. and Zhuven N. (2015)
periormance. . Analyz perspektyvnykh podkhodov k povyshenyiu
One of the promising areas for further research nadezhnosty  konverhentnykh  korporatyvnykh  setei
is selection and justification of ways and methods of sviazy [Analysis of promising approaches to improving
reducing the recovery time of a failed TE based on an the reliability of converged corporaﬁe communications
| X o A networks]. T-Comm Telecommunications and transport,
increase in the productivity of the repair body. 10. 9, pp. 44-51.
[12] Meikshan V.I. (2010) Analysis of equipment faults
influence on performance of multiservice network with
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Meroauka KOMIIJIEKCHOI OIIHKN HaIiii-
HOCTi TeJeKOMYHIKaIliiiHOTo 06J/1a JHAHHSI
MepexK 3B 43Ky 3i 3BIIHOI0 CTPYKTYPOIO

Mozunesun /JI. I., Konownosa I. B., Kpedenuep B. II.,
Kapadwoy I.

Bceryn. EdextusHicTs (QyHKIOHYBaHHS TeI€KOMYHI-
KaIifiHuX CUCTeM, K1 BIIHOCATHCA MO KJIACYy CKJIQTHIX
TEXHIYHUX CUCTEM, 3aJI€KUTh BiJ HAMIHHOCTI CKIQIOBUX 11
MiCHCTEM 1 €JIEMEHTIB, & TaKOXK CKJIAIHOCTI 3B SI3KiB MixK
aumu. MeToio cTtarTi € 00rpyHTYBAHHS 3arajbHOTO HiIXOMLY
70 KOMIIJIEKCHOI OIIHKMA HAMIHHOCTI TeJTeKOMYHIKAIIHO-
ro obGJIaTHAHHS TETeKOMYHIKAINHOT Mepexi 31 3BIIHOIO
CTPYKTYPOIO 3 PO3POOKOIO METOAUKY PO3PAXYHKY HOKA3HU-
KiB HaIiiHOCTI 00JIaIHAHHS.

Ocuouuii marepiasi. QopMasii30BaHa MOCTAHOBKA 33,14~
4i. Y po3mijii mpeacTaBaeHo onuc npobsemu B Gopmastizo-
BAQHOMY BUIJISIl, & TAKOX OOMEIKEHHs Ta JIOIYIIEeHHS, IO
BUKOPUCTOBYIOTHCSl B HABEIEHOMY JIOCTILTKEHHI.

BaranpHnil miaxix q0 BHpIINEHHS 3azadi. 3araJibHuil
mAXia 70 BUpinieHHs 33729l 6a3yeThCsd HA BUKOPWCTAHHI
MIPUHITATTY JEeKOMIIO3UITi], SKUU T03BOJISE TIOETAITHO TTPOBO-
OUTHA OIHKY HAMIHOCTI TeJeKOMYHIKAIINHHOI Mepexi Ha
TPHOX B3AE€MOIIOB’SI3aHUX PIBHSX: MEPIINI €Tal — HA PIiBHI
OKPEMUX eJIeMEHTIB 0618 /HaHHSA (TAKAX TUIIOBUX MTPUCTPO-
iB, #K MapUIPyTHU3aTOPHU, KOMYTAaTODH, CepBepa, pobdodi
cranmil, amaparypa [P-mudpysanns i T.11.), B AKAX MOXKYTb
OyTu mepeabadenHi okpeMo abo CHiIBHO Di3HI BUIW pe3ep-
BYBaHHS: CTPYKTYDHOI'O, HAaBAHTAXKYBaJIbHOI'O, IACOBOIO;

ApYyTHil eTam — Ha PIBHI TeJIeKOMYHIKAIIHOrO 00J1a/IHaH-
He indopMamiiianx maaxis (MapmpyTiB); TpeTiii eramr —
Ha PIiBHI TeJEKOMYHIKAIITHOrO OOJ/aaHaHHS iH(OpMAIIiii-
HUX HAINPAMKIB, gKi IIPEICTABIIAIOTH CODOI0 CYKYMIHICTDH
00J1aTHAHHST PI3HUX MIJISAXIB.

Meronuka Bupinrerrs 3a/a49i. 3apoOMOHOBAHO METO/IH-
Ky KOMIIJIEKCHOI OIIHKU HAIHHOCTI TeJIeKOMYHIKAIiiHOTO
0obJIaTHAHHS MEpeX 3B'sI3Ky 31 3BIAHOI0 CTPYKTYPOIO, IO
BPAXOBY€ CYKyHHICTH (DAKTOpIiB, OXHI 3 SKNX € arpecus-
HUMH | NPU3BOJATH [0 3HUKEHHA HaziiHOCTI (3601, mI0
BUKJIMKAIOTh KOPDOTKOYACHI TepepuBr y (DYHKIIOHYBAaHHI;
CTIiMKi BigMOBH 0018 IHAHHS, SIKi IOTPEOYIOTH BiJHOBJIEHHS
IPaIe3IaTHOCTI TPUCTPOIB, IO BIIMOBUIN Y PEMOHTHOMY
oprami; HeIOCTATHs KBaTi(iKaIis 00CIyroByIOYOro mepco-
HAJIy), & AT — DATPUMYIOTH HOpMaJIbHe (DYHKITIOHYBaHHS
TeJIeKOMYHIKaIIHHOro 0618 /HAHHS HA 331aHOMY DiBHI (Bu-
KOPUCTAHHSI OKpeMo abo0 CIIbHO PI3HNX BUIIB pe3epByBa-
HHS — CTPYKTYPHOTO, 9aCOBOTO, HABAHTAXKYBAJIbLHOTO, IO
HPU3BOJIMTH 0 IABHINEHHS €(EKTUBHOCTI BUKOPUCTAHHS
HAJJIUIITKOBOCT ).

IIpnvep. HaBenenwmil 9ucaoBuit IpUKJIA] JO3BOJIAE BH-
JABUTH JedKl HOBI ocoOsmBOCTI HAamifiHOCTI DYHKITIOHYBAH-
HS TeJIeKOMYHIKAIIITHOTO 00JIaTHAHHS TeJIeKOMYHiKAI[IITHOT
Mepexi O0yMOBJIEHI, 30KpE€Ma, YPaXyBaHHSIM B MOJEJISX
HaHOCTI HE TIIbKU CTIMKUX BiIMOB, aJje i 300iB, IO
TPU3BOAATE 10 KOPOTKOUACHUX TI€PEPB y (DYHKITIOHYBAHHI.

BucraoBkn. IlepCrieKTUBHUM HAIPAMKOM  TOTATBIITAX
JOCJI/IZKEHb € OOrPYHTYBAHHS [IJIAXIB Ta METOIB 3MEHIIe-
HHS {HTEHCWBHOCTI 300iB B iCHyOuOoMy i OOJiajHAHHI, 110
PO3pPODIIETHCS, a TaKOXK PO3pOOKa e(DEeKTUBHUX CIIOCODIB
melirpasizanil (3mMennienns) Ix BrumBy Ha npouec GyHKIio-
HYBaHHS T€JIEKOMYHIKAIIHOTO 00/1aTHAHHS TE/IEKOMYHIKa-
MAHUX Mepex.

Karwo6i crosa: HaOIHHICTD; TeJIEKOMYHIKaIiiiHe 0012~
MHAHHS; BiAMOBH; 3001; pe3epByBaHHS

MeToguka KOMILJIEKCHOIH OIleHKM Hale-
2KHOCTH TeJIEKOMMYHUKAIIMOHHOTO 000-
pPynoBaHuda ceTeii CBA3M C TPUBOAMMOIL

CTPYKTYPOIii

Mozunesuw /. H., Kononosa H. B., Kpedenuep b. I1.,
Kapadwoy .

Bpezenne. Db dekruBrHocTb BHYHKIMOHUPOBAHUSL TeJIe-
KOMMYHUKAIIMOHHBIX CHCTEM, KOTOPBIE OTHOCATCS K KJIac-
Cy CJIOXKHBIX TEXHWYECKUX CHUCTEM, 3aBHUCUT OT HAJEIKHO-
CTH COCTABJIAIOIAX €€ IMOACUCTEM U 3JIEMEHTOB, & TaKXKe
CJTOKHOCTH CBsI3eii Mexky HuMu. l[ebio CTaThu siBjIse-
TC 000CHOBaHME ODIEro MOAX0a K KOMILIEKCHOHN OILleHKe
HA/Ie?KHOCTU TEJIEKOMMYHUKAIMOHHOTO 000DY/I0BAHUs Te-
JIEKOMMYHUKAIUOHHON! CETH C TMPUBOJAWMON CTPYKTYpPOIi C
pa3pabOTKOM METOMUKH pacyeTa IMoKa3aTeaed HaJeK HOCTH
000pyIOBAHUS.

OcHoBHOIT Marepuas. PopMan30BaHHAs TTOCTAHOBKA
3azadn. B pasperne mpeiacTaBieHO OmuCaHWe TpPobJieMbl B
dbopMasM30BaHHOM BHE, & TaKKe OIPAHUYEHHUS U JIOILY-
MEHUsI, UCITOJIF3yEeMbIe B TTPUBEIEHHOM WCCJIEI0BAHU.

O6muii mogxonq k pemenmio 3agagn. OOmmit momxomn,
pemienus 3a1a9u 0a3UPyeTCs HA KCIIOIb30BAHUU IIPUHIIV-
Ta JIEKOMITO3WINN, KOTOPBIA ITO3BOJISET IMOITAINHO MTPOBO-
IATH OIEHKY HAEKHOCTU TEJeKOMMYHUKAITMOHHON CeTH
HA TPeX B3aMMOCBA3AHHBIX YPOBHAX: IEPBBIA dTAl — HA
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YDOBHE OTAEIHHBIX 3JEMEHTOB 000pymoBaHu:A (TAaKUX TH-
MOBBIX YCTPOMCTB, KAK MapIHIPYTU3ATOPHI, KOMMYTATOPHI,
cepBepa, paboure crammmu, ammaparypa IP-mudposanus
7 T.71.), B KOTOPBIX MOTYT OBITH IIPEIYyCMOTPEHBI OTIEIHHO
WJIM COBMECTHO DPA3JIMIHBIE BUIBI PE3EPBUPOBAHUS: CTPY-
KTYPHOTO, HAarpy309HOTO, BPEMEHHOI'0; BTOPOH dTAll — Ha
YPOBHE TeJIEKOMMYHUKAIIMOHHOTO 000py/10BaHus HHpOpMa-
IIMOHHBIX My Teil (MAPIPyTOB); TPETHIA STAIT — HA, yPOBHE T~
JIEKOMMYHUKAIMOHHOrO 000pyI0BaHus HMHQPOPMAIIMOHHBIX
HAIIPABJIEHN, TTPEICTABJIAIONIAX COOOM COBOKYITHOCTH 000-
DPYIOBAHUST PA3IUIHBIX ITYTEH.

Meromuka pemenust 3azaqn. llpemyiokena meTomuka
KOMILTEKCHOU OITEHKN HA/IE€KHOCTU TEIeKOMMYHUKAI[NOH-
HOTO OOODPYIOBAHMS CEeTeil CBSA3M C MPUBOAMMOI CTPYKTY-
POil, yINTHIBAION[As COBOKYIIHOCTE (DAKTOPOB, OHU U3 KO-
TOPBIX SABJIAIOTCS AarPECCUBHBIMA U [IPUBOIAT K CHUZKEHUIO
HAJEKHOCTH (COOM, BBHI3BIBAIONNE KPATKOBPEMEHHBIE TIEPEe-
pPBIBBI B (OYHKIMOHUPOBAHUY; YCTONYMBBIE OTKA3bI 000DY-
[OBaHUsA, KOTOPbIE HYKIAIOTCH B BOCCTAHOBJIEHHH PabOTO-
CITOCOGHOCTH OTKA3ABIINX YCTPOHCTB B PEMOHTHOM OpraHe;
HE/IOCTATOYHAasT KBaan(UKarms O0CIyKUBAIONIETO IIEPCO-
HAJIA), & APYIWe — IOJEPXKUBAIOT HOPMAIbHOE (DYHKIU-

OHUPOBAHNE TEEKOMMYHUKAIIMOHHOTO OOOPYIOBAHUS HAa
3a7]AHHOM yPOBHE (MCTIOMH30BAHWE OTIETHHO WA COBME-
CTHO Pa3/INYHBIX BHUJOB PE3epBHPOBAHUS — CTPYKTYPHOTO,
BPEMEHHOT0, HArPy309HOr0, YTO IPUBOIAUT K MOBBIIIEHUIO
3bHEKTUBHOCTH UCTIOTH30BAHUS H30BITOTHOCTH).

IIpumep. IlpuBemeHHBIR YUCIOBOM IIPUMED MHO3BOJISIET
BBISIBUTH HEKOTOPHIE HOBBIE 0COOEHHOCTH HAIEKHOCTH (DYH-
KIIMOHUPOBAHUS TEJIEKOMMYHUKAIIMOHHOTO 000pPYI0BaHMUS
TeJIeKOMMYHUKAITMOHHON CeTH OOYC/IOBJIEHHBIE, B UACTHO-
CTH, YYETOM B MOJEJISIX HAJEKHOCTH HE TOJHKO yCTOWUM-
BBIX OTKa30B, HO W C00EB, MPUBOAAMNX K KPATKOBPEMEH-
HBIM IIePepPhIBaM B QyHKIIMOHUPOBAHIH.

Briogpr. Ilepcriek THBHBIM HAITPABICHUEM JTAJIbHEATIIIX
WCC/IeIOBAHUl sBJIsTeTCs OOOCHOBaHWE MyTell M METOIOB
YMEHBIIEHN ST WHTEHCUBHOCTU CO0EB B CYIIECTBYIOMIEM U Pa-
3pabaTbiBaeMOM 00OpYAOBaHWU, a TaKXKe pa3dpaboTka d¢-
dexTuBHBIX €nOCO60B HefiTpasn3anuu (yMEHbIIEHUS) WX
BJIMSTHUS Ha TIPOTIECC (DYHKITMOHUPOBAHUS TEJIEKOMMYHIKA-
IIUOHHOTO 00OPYIOBAHUS TEJIEKOMMYHUKAIIMOHHBIX CETE.

Karouesnie ¢A06a:; HAIEKHOCTD; TEJIEKOMMYHUKAIMOH-
HOEe 000pYy/I0BaHMe; OTKA3bl; COOM; pe3EePBUPOBAHIE



	Introduction
	Main material. Formalized statement of the problem
	General approach to solving the problem
	Methodology for solving the problem
	Level of individual typical TE devices
	The TE level of information paths (routes) and communication directions, consisting of individual communication directions

	Example
	Conclusions
	References

