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THE DESIGN PROCEDURE OF SPECIFIED OPERATING LIFE
OF FIBER-OPTIC CABLES

The task of prediction of fiber cable operating life for automating of design study of reliability of optical-fiber transmission system was
solved in the paper. The paper offers generation method of mathematical models of complex coefficients, which brings out from the input
models failure rates the coefficients, which considers the effects of regimes and conditions of usage of fiber cables on the durability indices.

The developed procedure does not require carrying out the experimental investigations and tests, based on the using of standardized
models of failure rates and durability characteristics of fiber cables. Herewith for the prescribed modes and terms of usage of fiber cables
automatically detected the right process of degradation, which determines values of operating life.

In contrast to the prediction technique of equipment operating life on the base of the probabilistic-physical failure patterns, the offered
method operates with the dates, which are stated in the standard-technical documentation on the fiber cables, and allows to increase forecast
precision of the operating life in comparison with the methods, which is recommended in the branch standards.

In the paper were developed software, which implements offered mathematical tool, by which were solved real-world forecasting

problem of the operating live of the cable type OK-ITH-01-5-60.

Keywords: optical-fiber transmission system, optical-fiber cable, reliability, durability, operating life, failure rate.

NOMENCLATURE

d__ 13 a maximal value of the damping constant in the
fiber cable, by which provides operation of fiber-optic
systems of information transmission;

I 1s a quantity of self-contained failure flows of the
component parts of electro-radio elements;

I 1s a quantity of operating temperature (except the
maximal allowed according to the technical requirements);

J.is a quantity of factors, which is considered in 1 failure
flow;

L, is a length of fiber cable;

N is a quantity of the bends (back winding, etc.) of the
cable per time of its operation;

m 1s a quantity of the optic fibers in the cable;

t 1s a operating time of the cable;

t(work) is a cable temperature in the operating mode, °C;

£,1s a total interval of operating time of the cable by the
temperature 7';

f,.. 1s a total interval of operating time of the cable by
the maximal temperature according to the technical
requirements;

T is a maximal allowed cable temperature according to

M

the technical requirements;
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Ap1 18 a base failure rate of the optical fiber during the
process of its operating time, referred to the 1m cable length;

Ay 1s a base sudden failure rate of the optical fiber
composed of fiber cables during the process of its repeated
back winding referred to the 1m cable length;

Ap3 1s a base sudden failure rate of structure of cables
during the process of its operating time, referred to the 1m
cable length;

hpy 18 a base sudden failure rate of structure of cables
during the process of its repeated back winding, referred to
the Im cable length;

Aps 18 a base gradual failure rate of fiber cables during
the process of its operating time;

Ap, 18 a base failure rates 1 failure flow;

A 18 a failure rate of the fiber cable on the maximal regime
and conditions of usage according to the technical
requirements;

A (work) 1s a failure rate of the fiber cable on the operating
mode;

v is a constant variation of the resource; %y =959,

Yy =99.9% — fractile of the normalized normal distribution
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for the probability ¥ =95% u y =99,9% accordingly;
K*ky(work) is a value of the standardized coefficient for
the operating mode of the cable;
K, is a coefficient, which considers ; factor in / failure
flow;

K, is a coefficient, which depends on the mode and
conditions of usage of cable;

K, 1s a coefficient, which depends on energy of activation
of degradation processes;

K is a coefficient of cable operation rate in the regime
of application of communication line;

CS, is a serviceability criterion;

K, is a coefficient of serviceability criterion of fiber
cables by quantity of attenuation;

K_1s a cable capacity factor (by critical parameter);

K, is an average quantity of the bends (back winding,
etc.) of the cable per time unit of its operating;

K, is a temperature coefficient of degradation speed of
statical, mechanical strength of optical fiber;

K, is a temperature coefficient of change of dynamic,
mechanical strength of optical fiber and cable sheath;

K, is a temperature coefficient of degradation speed of
safety and reinforcing elements of structure of cable;

K, is a temperature coefficient of speed change of tensile
strength of cable serving;

K is a coefficient, which characterize maximal reversible
changes of the damping constant in the fiber cable in over
the range negative operating temperature;

K is a stiffness coefficient of operating conditions;

H(work) is a load of cable (by critical parameter) in the
mode of operation,

H(TR) 1s a maximum permissible load of the cable (by
critical parameter) according to the technical requirements;
T . is a total operating time of the cable in a time T’

o.

T is a total operating time of the communication line

during the year;
T,

ry 18 a gamma-percentile operating life before the writing

of the cable in all regimes and terms of operation under the
technical requirements;
T, 1s an operative temperature of components operation;
€ 1S @ mean-root square error.

INTRODUCTION

In the period of intensive development of information
and communication means the important place in our life
plays systems of transfer, processing and storing of
information. In spite of all-round introduction of wireless
technologies, the most widespread has still the systems,
which are constructed on the wire communication lines. In
the systems of information transmission, where it is
necessary to provide high speed of information exchange,
quality and reliability, mainly will be applied the fiber-optic
cables.

Obviously, by the design of such type communication
lines the durability characteristics of fiber cables (minimal
time between failures, gamma-percentile operating life, life
time) will determine extensively indices of its durability.
Consequently for increasing of the accuracy and validity of
calculation value of durability characteristics of
communication lines on the base of fiber cables it is

necessary to use not only data, which is stated in the
technical conditions for the cable, but also features of
exploitation patterns composed of communication line,
procedure and conditions of application.

The object of research is the forecasting method of
optical cables resource in the reference data and the
parameters of the modes and conditions of their application.

Calculated methods of operating life prediction [1, 2],
usually, characterizes low self- descriptiveness [2], and also
considerable time spent for the experimental investigation
[1]. In the early design stage, the usage of such methods is
difficult by the task solution of provision of the necessary
level of durability indices. This situation brings about the
necessity of models design, which does not demand
carrying out of the tests and more fully considered the
influence of conditions and terms of usage of fiber cables.

Subject of investigation are the methods and models,
which is used for analysis of the design level of durability
of fiber cables.

The goal of this work is design of methodology, which
allows to increase the accuracy of prediction of durability
indices of fiber cables and ensure the probability calculation
of conditions of usage, in the frame of the approved at the
present time calculation methodology of the operating life
of electronic means.

1 PROBLEM STATEMENT

We consider characteristics of cable durability

Tp.yTY = {Tp.leY>Tp.y2TY>~~~>Tp_y]TY} — set / gamma-
percentile operating in maximum and lite conditions under
technical requirements and corresponding to its condition
use , = (R, R, .. ..., R} — set ] vectors mapamerpoB
parameter conditions, and also exploitation pattern optical-
fiber transmission system = {f, f,, ..., [} — set K residence
time of optical-fiber transmission system in different operation
conditions, waiting and storing and respective application
condition , waiting and storing R = {R, R, ..., R }.

In that case forecasting problem of gamma-percentile
operating life of fiber cables will be concerned with
determination of relation T'py = F(I, I, ..., II)) and
parameter value (I1).

For quality rating of formed model can be used the criteria
of mean-root square error [3]:

I 2
ezz[rp_szy ~F(Ih,. 1), o T )} — 0 npu L — max, (1)
i-1

2 LITERATURE REVIEW

Calculated methods of forecasting of operating life can
be divided into probabilistic and determinate.

Probabilistic methods [1, 4-5] assumes pilot researches
of degradation process of electro-radio equipment, according
to which forms the functions of distribution of accrued
operating time and determines parameters. Yet even if prefer
the hypothesis of one or other kind of cumulative distribution
curve, then determination of its parameters according to the
technical requirements will be nontrivial task, let alone about
recetving of relations from the modes and operating conditions
of electro-radio equipment[6]. Though, that the probabilistic
methods found their way in a number of national standards
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of CIS countries (for example, [7]), in the engineering practical

work still use determinate methods [2]. Ty (work) =Tr7'7 > @
Basic data for calculation of durability indices of electro- Ko Ko,

radio equipment according to the methodology, stated in = ;1000

[2] are the normalized in technical requirements durability

characteristics of electro-radio equipment and parameters T, H (work)

of the model of communication line. Kor = T. - K¢ :W'
Value of gamma-percentile operating life of electro-radio ol

equipment in operating mode is calculated under the Values Tr. ¥ stated in the data book [8]. Fig. 1 shows a

mathematical model: fragment with data of reliability characteristics of fiber cables.

KoMnoHeHTLl BOMOKOHHO-0MTUYECKUX CUCTEM
CnpaBo4Huk "HagexHocts 3PU" nepegaqv nHchopmaLum

Tabnuya 8

xapaKTEpHCTHKa HaneXXHOCTU U CNpaBOYHbIe aHHbIe
OoTAeNbHbIX MAapoOK ONTUYECKNUX kaGenen

1
?\oﬁQ' }\.64' H.M1
Mapka ka6ens di, | Aot | da | 10° | ds | hes, | i | 10° | ds | hes, ?:I:Ii;b: 'rbipcrq
wr | Mum | wr |1/nep. | wr | 1/um | wr |1/nep.| wt | 1M t («;:95‘*/}
M M "afé'z)’“:' ! ¢
OnTtuyeckue kabenmu
MoHmaxHbie u 0nsa nodsuxHsix obbekmoes
OK-BCO01 0 |325 | - - 0 | 444 | - - 7 | 412-|10(70) | 11,2
1012 107"° 10"
OK-BEC06 0 | 658 | - - 0 |372 | - - 0 | 903 | 10(85) 15
107" 107° 108
OK-BECO07 0 [194 | - - 0 | 425 | - - 0 | 293 | 10(85) 15
0™ 107 107
OK-MC01 0 | 341 | - - 0 | 354 | - - 0 | 467 |10(70)| 11,2
102 10 107°
OK-MC06 0 |767 | - - 0 |327 | - - 0 | 1,06 | 10 (85) 15
1070 1070 107
OK-MC09 0 |121-| - - 0 | 542-| - - 0 | 3,55 | 10 (85) 15
107 107 107
OK-MC11 o | 1147 | - - 0 | 503 | - - 0 | 638 | 10(85) 15
107 -10°* 10
CB-50-2 0 [356 | - - 0 [ 102 | - - 8 | 546- | 1(200) 15
107" 0™ 1072
CB-200-2 0 | 864 | - - 0 |216-| - - 0 | 1,84 | 1(200) 15
.1045 ‘10—14 .10'”
lMoneebie u Ang cmauuoHapHeIx 06LEKMOoe U COOpYXKeH Ul
OK-CCO01 0 |462 | - - 0 |788 | - - 0 | 632 | 5(85) 10
10° 107 -10°®
OK-CC02 0 931 | - - 0 534 | - - 1 | 874 |150(50)| 187.,5
10"° 10 107
OK-CC03 0 | 466 | - - 0 |53 | - - 0 | 261 |150(50)| 1875
107" 107 107
OK-MH-01 0O | 905 | 1 |00098| 3 | 247 | 3 | 222 | 6 | 1,74 |30(70) 60
107 107 107

Figure 1 — Table fragment from the data book “Reliability of electro-radio product”
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As fig. 1 shows according to the classification of the
data book [1] fiber cables are the electro-radio equipment,
which are related to the group “Fiber cables™ type
“Components of optical fiber systems of information
transmission”, for which standardized T u Tp_y.

Consider the value calculation 77 Y (work) by the example
of fiber cable type OK-ITH-01-5-60. The cable is intended
for operating in the communication lines by conditions of
stationary, nonstationary and air laying and operation in
the field conditions with the repeated laying.

Construction of the cable consists of quartz optic fibers,
longitudinal laid together with thread CBM-K in cover made
from the epoxyacrylate (fig. 2).

According to the technical requirements [9] are indicated
following values of no failure operating time (minimal) of
the cable for the application mode:

—to 35°C — 200000 h. (light mode);

—to 55°C — 100000 h. (light mode);

—70°C —=30000 h (maximum mode).

As follows from the fig. 2 and [9] “critical” parameter for
the cable type OK-ITH-01 is the temperature. In that case

K, - t(work) _ 3)
[workimax

Find the values K_by formula (1) by X =1 and by formula
(2). The results of calculation are shown in the table 1.

As follows from the table 1 by using formula (2) if in the
technical requirements are not indicated data for the
facilitated regimes, above considered method of standard
[2] gives underestimation of durability characteristics of the
fiber cables.

Consequently, for improving the accuracy of prediction
of operating life of fiber cables it is necessary to find
mathematical model, which adequate describes relation of
operating life from the modes and conditions usage of
cables, and determine parameters and coefficients.

3 MATERIALS AND METHODS

For receiving of calculation correlation of estimation of
gamma-percentile operating life of fiber cables on the
facilitated regimes we will take principle of duality [10],
reasoning from we can state, that [11, 12]:

T, work e
work @

Figure 2 — Sketch of construction cable type OK-11H-01-5-6/0

Table 1 — The results of calculation of capacity tactor

Ne | #work), °C Capacity factor
Model (1) Model (2)
1 2 3 4
1 35 0,15 0,5
2 55 0,3 0,786
3 70 1,0 1,0

10

Mathematical calculation modes of failure rates of fiber
cables are stated in the data book [8]. As the fiber cables
refers to the group of complex items, cumulative, which
compounded of self-contained failure flows of its component
parts, mathematical calculation mode of its failure rates has
the following view:

®

S R )

=1

Mathematical modes of the failure rates (A,; ) has the

following view:

Mgy =hp -m-Kpy-Lg-K,; ©)
Mey =hp, m-Kpp-Kpy-Lg K, @)
hey =hp, Kpz-Lg K, ®

Mey =M, Koy Krg-Lg-Kg ®
Moy = hps-m-Kpy-Kegp . (10)

Coefficient values K, and K, calculated by the formula:

Ky I_IJ . (1n

—hE [
7,, 298
KT e “

Value 7, determines by the formula:

t—In| —— || - 12

Value #*, determines by the formula:

11
)
o=te T (13)

where:

I
t=ly + Dot
=1
Value K, determines by the formula:

N
Koo :7- 14)

Value of the serviceability criterion C'S,, by which defines
value of coefficient K determines by the formula:

Cs, = Lmax (15)

Since the negative temperature is the factor, which
reduces the rate of chemical reaction, then in the calculation
durability value models (7) and (9) can be disregarded. In
addition, analysis of the formulas (6), (8) and (10)—(15) and
the tables of the data book [1] shows, that the parameters of
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the modes and conditions of usage of fiber cables are K, N,
t, T .t . setof values T, set of values 7, and /. Remaining
parameters and coefticients of the formulas (6), (8) and (10)-
(15), determines in fact values Az, as it depends on the
features technological structure of the cable.

According to the methodology of the standard [2], by
the calculation of the durability values of the equipment, by
which total failure flow rate consists of self-contained failure
flows of its component parts, the value of the resource
determines in the following way:

T _mm{T 7., .7 } (16)

A 13 ry Tyt rys
Hence, using (4) find the formula for calculation of the
coefficients, which depends on the mode and conditions of
usage of cable, for each self-contained failure flow:

A

é

(work) _Kny (work)-K,
A Kr-K,

€

(work)

A

]

(WOFk) _ Krq (work)~Ke (work)

Kr3-K, :

Kys = (18)

&

hg, (work)

=Ky (work). (19)

Kys =
és

In formulas (17)—(19) indicate:

J.

i

[1X.,

j-1

= K’"-J’i .
4 EXPERIMENTS

To verify the proposed method find the value K for
maximal the mode and conditions of usage of cable type

OK-TTH-01-5-6/0 according to the data, indicated in the data
book [8] and technical requirement [9]. Table 2 shows the
results of calculation.

In a similar way calculate the value K for the temperature
I =35°Cand T _=55°C and divide i{ into the limit value
from the table 2. Table 3 shows the results of calculation.

Data, which is stated in the table can be considered as
functions 7' (K", - defined of its values. Besides, as the
table 3 shows functions r (K ", and ' (K" ,5) are
congruent. So the form (16) has the followmg view:

Tr.y =min {Tr.yl ’Tr.y3 } .

Find the value 95% of the cable resource for the
temperature 35°C and 55°C. For that using the formula, which
is stated in the standard [2]:

Ly SRR

T}".’\{ -

'To.m .

20
1=V -%.,-09.99 @)
Find the value of the constant variation, solve (20)

relatibely 1 by values 7 and 7)., stated on the picture 2:

T,.,-T

ry o.m

Yy=99.9% * L roy =Ay=95% *Lom

v= =0,22.

By that value constant variation 95% cable resource by
the temperature 35°C is 400000 h., by temperature 55°C —
200000 h.

5 RESULTS

For the approximation of the relationship 7., (K*m) can

be used piecewise linear function. Besides, in the technical
requirements [3] values T . and for normal temperature
(25°C) are not stated, let take, in the temperature range 25—
35°C value is constant and equal to 400000 h.

Table 2 — Values of the coefficient Kp.yi

No Design formula Value Reference
1 2 3 4
1=20; 1= 0; trma — £, £ = 30000 /2 — minimal operating time according to
the technical requirements [3]; Zia = 70°C (343°K) — according to the
1 Ky =Kn-K, 3713 technical requirements [3]; Kz = 13.44-10° — according to the table in the
data book [2]; K, = 1 (group 1.1) — according to the table in the data book
[2]
1=20; 1= 0; trma — £, £ = 30000 /2 — minimal operating time according to
the technical requirements [3]; T = 70°C (343'K) — ccording to the
2 K, y; = =Kr3-K, 34.6 technical requirements [3]; Kg; = 8.05:10° — according to the table in the
data book [2]; K, = 1 (group 1.1) — according to the table in the data book
[2]
1=0;,t=0; trma — £, £ = 30000 / — minin}al opergting time according to
3 e - K 3713 the te_chnical _requirements [3]; Zax = 70C (343 K_) — according t_o the
Fys n ’ technical requirements [3]; Kz = 13.44-10° — according to the table in the
data book [2]
Table 3 — Value of the standardized coetticients K'*nyl.
No Temperature K*r_yl K *,_vg K *,_vs To.m, thousand. h.
1 2 3 4 5 6
1 35°C 1,16-10” 6.94-107 1,16:107 200,0
2 55°C 0,167 0,341 0,167 100,0
3 70°C 1,0 1,0 1,0 30,0

11
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Having absorbed the disclaimers of the relationship 7', from K*ky can be represented in the form:

400000 npu 0< K", (work) < K"

Try (work) =

]Yr"‘/nJrl _]Yr Vn
Y * *
K 7Y+l -K 7Yy
Diagrams of relationship 7’ r.y (work) from K *nyl(work) and
K*M(work) are stated on the fig. 3.
Fig. 4 shows relation K *nyl(work) from the temperature 7,

AUNT : :
and (T)Kz‘, 1.e. interval size of cable operation by the

temperature I’ to the total hours of service f, which was
received with the help of designed software in the MathCad
programming language [13].

Calculation of the values T ry(work.g) for the group of
equipment, which uses cable, distinct from the group 1.1
calculated by the formula [5]:

r e
T, (work g) = Ly (work)

K

e

Tey{work),[h]

t
0 0.5 1R w(work)

Figure 3 — Relationship of gamma-percentile operating life from
the standardized coefficient : 1 — from R*K 1(work),
2 - K, y(work)

Figure 4 — Relation K'*n 1(work) trom the temperature 7; and
interval size of cable operation by the temperature 7 to the total
hours of service ¢

12

+—'~[K*r_y (work)—K*r_yn:| onsa K*r.y,, < K*r_y (work) <K

7 Vnt1-

Moreover, it should also be noted, that in this
methodology value K is not used, as the parameters of the
exploitation pattern explicitly enters into the formula (11).
Therefore the received value will be numerically equal the
service life of the cable.

6 DISCUSSION

Suggested methodology of forecasting of operating life
of fiber cables in comparison with methodology [2] provides
substantially larger calculation accuracy. However suggested
methodology demands high volume of basic data and higher
labor-intensiveness of calculation, than methodology [2].

In comparison with methodologies, which are based on
the probabilistic methods [1, 4-5] suggested methodology
doe not requires experimental researches and tests, at the
same time provides comparable accuracies of forecasting of
durability indices.

Weakness of the suggested methodology is using
piecewise-linear approximation, thus complicating carrying
out of calculation.

Efficient use of the developed methodology will be higher
with large quantity of operating life values stated in the
technical requirements for the fiber cable. In case in the
technical requirements is stated only one value, the effect
from the developed methodology will be insignificant.

CONCLUSIONS

In the paper were solved the task of forecasting of
operating life of fiber cables according to the reference data
and characteristics of the modes and its conditions of usage.

Scientific novelty of the results, which were received in
the article is that for the first time were suggested the
methodology of forecasting of durability indices of fiber
cables, which allows automatically select from the totality
of failure rate the right failure rate, which determines the
value of its durability indices, and also making the
registration of influence of the modes and conditions usage
on is, which allows to increase calculation accuracy and
also detect the causes, which has an influence upon the
level of calculated values.

Practical significance of the received results is that were
developed software, which realizes the suggested method,
on the base of which was solved practical task of forecasting
of operating life of cable type OK-ITH-01-5-6/0.

Prospects of further investigations are to research
performance capability of the suggested methodology for
forecasting of durability indices for other groups of
components of fiber optic systems of information
transmission, such as fiber connectors, fiber switchers, fiber
couplers and splitters and optic-electronic modules.
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SKan. TexH. HayK, IOIEHT AenapraMenta KoMmmbiotepHoi uikeHepud, HaloHabHBIH HeceoBaTe/Ibekuil yHHBepeHTeT «Bhicias mikosia
SKOHOMHUKH», MockBa, Poccust

“Kam. TexH. HayK, JOLEHT, podeccop JernapraMenTa DJIeKTpoHHON HHKeHepuH, HalloHaIbHBIM HCCeJoBaTeIbeKHH YHUBEPCHTET «Bhic-
I1ast [IKOJIa SKOHOMHKH», MockBa, Poccns

METOJINKA PACUETA YTOUHEHHOI'O PECYPCA OIITHYECKHX KABEJIEN

Periena 3a1aua mporHO3MPOBAHUS pecypca ONTHUECKHUX Kabenel /s aBTOMATH3aIlUK TTPOSKTHBIX UCCIISIOBAHUM HA/IE)KHOCTH BOJIOKOHHO-
ONITHYECKUX CHCTeM repenaun uadopmarmu. [pemiokena MeTonuka GopMUPOBAHUS MATEMATUUECKUX MOJIelIeil KOMITIEKCHBIX KoaddurmeH-
TOB, KOTOpast MO3BOJSIET BBIICINTh W3 MCXOIAHBIX MOJIEJe MHTEHCHBHOCTEHM OTKA30B KOA(D(DHUIMEHTHI, YUUTHIBAIOIINE BIUSHUE PEKUMOB H
YCIIOBHM MPUMEHEHHS ONITHUSCKUX Kabenel Ha WX MoKa3aTely J0JrOBEUHOCTH.

Paspaborannas MetoMka He TpeOGyeT MpOBeIeHHs YKCIEPUMEHTAIBHBIX MCCIEIOBAHUN U HCTIBITAHUM, 6a3UPySCh HAa HUCTIONB30BAHUH
CTaHIAPTH30BAHHBIX MOJIeNIel HHTEHCHMBHOCTEHM OTKA30B M HOPMUPOBAHHBIX XapaKTEPUCTHKAX JOJTOBEUHOCTH ONTHUECKUX Kabedeit. [Ipu sTtom
JUTS 337IaHHBIX PEXKUMOB U YCJIOBHIM TPUMEHEHHUS ONITHUECKUX Kabesel aBTOMATHYECKH BBISIBISIETCS TOT ITPOLIECE JeTpaiallii, KOTOPBIi orpesie-
JISIET 3HAYCHHUSI UX pecypca.

B oTinune OoT METOIMK MPOrHO3UPOBAHUS pecypca M3/ Ha OCHOBE BEPOSTHOCTHO-QH3MUECKUX MOJENCH OTKA30B MPEIOKEHHbIM
METOJl OMIePUPYET TOJBKO C JAHHBIMHU, MPUBEACHHBIMA B HOPMATHBHO-TEXHHUECKOH JOKYMEHTAIIMH HA ONTHUYECKHE Kabenw, W MO3BOJIET
MOBBICUTH TOYHOCTh TIPOTHO3UPOBAHUS pecypca Mo CPABHEHHIO ¢ METOIMKAMHM, PEKOMEHIOBAHHBIME B OTPACIEBBIX CTAHIAPTAX.

Paspa6orato mporpaMmHoe obecrieueHne, peaansyoliee MpeNIOKeHHbIN MATeMAaTHUECKHI anmapart, ¢ TIOMOIIb KOTOPOTO PellieHa MPaKTH-
yeckas 3aj1aua MPOTHO3UPOBaHUs pecypcea kabemss mapku OK-1TH-01-5-60.

KimoueBbie ciioBa: BOJOKOHHO-ONITHYECKAS CHCTEMa Tepenaun HH(QOPMAIIUH, OMTOBOJOKOHHBIN Kabelb, HAIE)KHOCTh, JOJTOBEUHOCTD,
pecype, HHTEHCHBHOCTD OTKA30B.
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eKOHOMIKM», MockBa, Pocis

2bakaiaBp, MariCTpaHT JenapraMenTty ElIekTpoHHOi imkeHepii, HaltioHanpHUM JOCTIAHUIBKUN YHIBEPCHTET «BHINA MIKOJNA eKOHOMIKH,
Mocksa, Pocis

SKaHJ1. TeXH. HayK, JOIEHT JenapraMeHTy KoM toTepHoi ilskeHepii, HarlioHa by TOCTiIHHILKHH YHIBEpCHTET «BHIIA MIKOJIa eKOHOMI-
ku», MockBa, Pocis

“Kanj. TexH. HayK, JOIEHT, Tipodecop nerapraMenTy EiekTpoHHoi itketepii, HartioHanbHUM TOCTIHHILKHE YHiBepcHTeT «BHIIa 1mKkosa
eKOHOMIKM», MockBa, Pocis

METO/IUKA PO3PAXYHKY YTOUHEHOI'O PECYPCY OIITUYHUX KABEJIIB

Bupimieno 3ajiauy mporHo3yBaHHS pecypcy ONTHUHHUX KaGemiB JIJI1 aBTOMATH3AaIlli MPOSKTHUX JOCHKEeHb HaiHOCTI BOJOKOHHO-OIITHY-
HUX CHCTeM Tepeaadi iHpopMariii. 3arpornoHOBaHO METOIUKY (GOPMYBAHHS MaTeMaTHUHUX MOJIENeH KOMITIEKCHUX KOeDIIi€HTIB, IKa J03BOJISIE
BHUJIUTMTH 3 BUXTHAX MOJIeJIel IHTeHCUBHOCTEH BiTMOB KoeillieHTH, 10 BPAXOBYIOTh BILUIUB PEXXHUMIB 1 YMOB 3aCTOCYBAHHS ONTHYHUX KabeiiB
Ha X [OKAa3HUKU JOBrOBIYHOCTI.
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Pospo6iena MeTosMKa He BUMAarae IpoBeIeHHsI eKCIIepUMEHTAIbHUX JIOCTIKEHD 1 BUIIPOOYBaHb, 6a3yl0unch HA BUKOPUCTAHHI CTaHIapTH-
30BaHMX MOJIesiel IHTeHCUBHOCTEH BiZIMOB 1 HOPMOBAHHX XapaKTePUCTUK JOBIOBIYHOCTI ONITHYHUX KabemB. [Ipy 1IboMy 11 3a71aHUX PEKUMIB
1 YMOB 3aCTOCYBaHHSI OLITUYHUX KaGesliB aBTOMATHUHO BHSIBJLIETLCS TOH MPOIIec Jerpajialiii, sSIKUi BU3HaYae 3HAUSHHS iX pecypey.

Ha BigMiHy BiJi METOAMK IPOTHO3YBAHHS pecypcy BUPOGIB HA OCHOBI IMOBIPHICHO-(DI3HUHHMX MOJIEJeH BIJIMOB 3allPOTMIOHOBAHHMA METOJ
orepye TUIbKH 3 TaHUMH, HABEJICHUMH B HOPMATUBHO-TEXHIUHIM JOKYMEHTAIIli Ha ONTHYHI Kabel, 1 TO3BOJISE TABUIIMTH TOUHICTh TPOTHO3Y-
BaHHS Pecypey MOPIBHIHO 3 METOMKAMH, PEKOMEHIOBAHUMH B raJTy3eBUX CTAHAAPTAX.

Pospo6ieno nmporpamMue 3a6esreueHHs], M0 pealisye 3alpoloHOBaHUN MaTeMaTHUYHUM arapar, 3 JOMOMOTOI0 SKOTO BUpIIIEHa MPaKTHIHA
3a/1a4a IPOTHO3YBaHHS pecypey kabemo mapku OK-1TH-01-5-60.
KitrouoBi cjioBa: BOJNOKOHHO-ONITHUHA CHCTeMa Tiepenaui iHopMarlii, OmTOBOJOKOHHUHN Kabesb, HAMIWHICTh, JOBTOBIUHICT, Pecypc,
1HTEHCHUBHICTD BiJIMOB.

REFERENCES

Kompleksnaya sistema kontrolya kachestva. Apparatura, pribory,
ustroystva i oborudovanie voennogo naznacheniya. Tipovye
metodiki otsenki pokazateley bezotkaznosti i remontoprigodnosti
raschetno-eksperimental’nymi metodami. RDV 319.01.16-98.
[data vvedeniya 1999-07-01]. Moscow, MO RFE, 1998, 55 p.
(Rukovodyashchiy dokument).

Apparatura radioelektronnaya. Opredelenie pokazateley
dolgovechnosti. OST 4.012.013-84. [data vvedeniya 1985-07-
01]. Moscow, VNIIL, 1985, 15 p. (Otraslevoy standart)

Maslov A. Ya., Chernyshov A. A., Vedernikov V. V. Optimizatsiya
radioelektronnoy apparatury, pod. red. A. Ya. Maslova,
A. A. Chernysheva. Moscow, Radio i svyaz’, 1982, 200 p.
Druzhinin G. V. Nadezhnost” avtomatizirovannykh sistem. Izd.
3-e, pererab. i dop. Moscow, Energiya, 1977, 536 p.

Gribov V. M., Kofanov Yu. N., Strel’nikov V. P. Otsenivanie i
prognozirovanie nadezhnosti bortovogo aerokosmicheskogo
oborudovaniya. Moscow, NIU VShE, 2013, 495 p.

Cherkesov G. N., Cherkesov G. N. Nadezhnost’ apparatno-
programmnykh kompleksov: Uchebnoe posobie. Sankt-Peterburg,
Piter, 2005, 479 p.

10.

1

—

12.

13.

Nadezhnost’ v tekhnike. Modeli otkazov. Osnovnye polozheniya.
DSTU 3433-96 [data vvedeniya 1999-01-01]. Kiev,
Derzhstandart Ukrainy, 1999, 98 p. (Natsional’nyy standart
Ukrainy).

Nadezhnost” ERI: spravochnik. Moscow, MO REFE, 2006, 641 p.
TU 16.K71-026-88. Tekhnicheskie usloviya. Opticheskie kabeli
dlya polevykh 1 statsionarnykh ob”ektov i sooruzheniy.
Makleyn S. Pod red. V. A. Artamonova Kategorii dlya
rabotayushchego matematika : Per. s angl. Moscow, Fizmatlit,
2004, 352 p.

. Zhadnov V. V. Raschetnaya otsenka pokazateley dolgovechnosti

elektronnykh sredstv kosmicheskikh apparatov i sistem,
Nadezhnost’ i kachestvo slozhnykh sistem, 2013, No. 2, pp. 65-73.
Zhadnov V. V. Method the Estimated Life of Electronic Devices
for Control and Communication Systems. 2015 International
Siberian Conference on Control and Communications (SIBCON).
Proceedings. Omsk, Omsk State Technical University, 2015.
Voskoboynikov Yu. E., Zadorozhnyy A. F., Litvinov L. A. Pod
red. Yu. E. Voskoboynikova Osnovy vychisleniy 1
programmirovaniya v pakete MathCAD: ucheb. posobie.
Novosibirsk: NGASU (Sibstrin), 2012, 212 p.



