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ABSTRACT

Context. Today, the leading cable production plants in many countries of the world manufacture single- and multi-module
designs of fiber-optic cables (FOC) with different protective covers and the number of fibers. This creates a wide range of possible
FOC models for different consumer (buyer) requirements. However, the lack of openness of prices for FOC for the consumer, in
particular for the project organization, and the desire of the manufacturer to save on production creates a need for the development
and research of a method for evaluating the effectiveness of FOC of a multi-module design. In the work, it is proposed to do this by
analyzing a number of optical cable models according to parameters-criteria — the compactness coefficient and the economic
efficiency coefficient of the FOC by diameter.

Objective. To develop a method of evaluation the efficiency of fiber-optic cables models with multi-modular design based on
mass-dimensional indicators, which will allow to quickly choose an appropriate model of the FOC with the given initial data.

Method. A method of evaluating the efficiency of the FOC modular design has been developed and proposed. It is based on the
comparison of cable models and the selection of the most appropriate of them at given initial data. The paper proposed and intro-
duced parameters-criteria for this — the compactness coefficient v and the efficiency coefficient according to the diameter of the cable
E, — which show the connection of the design characteristics of the FOC to a certain parameter of its structure. At the same time, the
most effective model (design) of the FOC compared to the basic models in terms of technical conditions, both from the point of view
of the manufacturer and the customer, consists in lower material costs for its production while simultaneously ensuring the specified
requirements for the cable (first of all, number of fibers and mechanical strength). This will allow, at the stage of cable design, to
make an appropriate choice of its model with given initial parameters and to develop such a design of the FOC, which will allow to
minimize the dimensions (and therefore the material capacity and cost) of the model without losing its quantitative and qualitative
characteristics.

Results. The paper presents the results of the development and research of the method of evaluating the efficiency of the FOC
with multi-module structure based on mass and dimensional indicators. For example, using the developed method, it is shown that it
is possible to choose a FOC model with a diameter smaller by 10.9% and save 15.5% of the cable cost for each kilometer of the fiber
optic communication line while ensuring the initial requirements for the cable.

Conclusions. The scientific novelty of the work results is that, method of evaluation the efficiency of a modular FOC design has
been first developed, which allows at the cable design stage to compare the model with the cable design according to the technical
conditions (TC) and the appropriate choice of this model with the given initial parameters. The practical significance lies in the pos-
sibility of using this method to make an accelerated selection of the cable model at the stage of its design, while simultaneously pro-
viding the necessary capacity of the FOC with optical fibers and minimizing the cost of its materials and dimensions.

KEYWORDS: fiber-optic cable, cable design, geometric dimensions, mass-dimensional indicators, cost of cable materials.

ABBREVIATIONS FTTH is a Fiber To The Home;
AON is an all optical network HF is a hydrophobic filler;
FOC is a fiber optic cable; OM is an optical module;
FOCL is a fiber-optic communication line; OF is an optical fiber;
FE is a filling element; CSE is a central strength element;
FTTB is a Fiber To The Build; PSE is a peripheral strength element.
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NOMENCLATURE

v is a coefficient of FOC compactness;

E, is a coefficient of economic efficiency of the FOC
by diameter;

dom 1s a diameter of the optical module tube;

D, is an outer diameter of the cable;

n 1s a number of twisted elements in the cable core;

0 is an angle of spiral twisting of the elements in the
cable core;

m is a number of layers in the cable core;

At,; 1s a radial thickness of the water-blocking tape;

Aty is a radial thickness of protective hose;

V. is a the volume of fiber optic cable;

P_ is a mass of fiber optic cable;

Por is a mass of optical fiber;

Pcgg is a mass of the central strength element;

Poy is an optical module mass;

Py is a mass of hydrophobic filler inside optical
module;

Py is a mass of hydrophobic filler between optical
modules;

P, is a mass of the protective hose;

P, is a mass of water-blocking tape;

Ppgr: 1s a mass of the peripheral strength element;

d is a diameter of solid element;

D, is an average diameter of the tubular element, mm;

o is a wall thickness of the tubular element, mm,;

! is a length of the element of the cable, km;

v is a density of the material of structural element;

K is a structural or technological coefficients (twising,
helicity, corrugation, etc.);

E, is a parameter-criterion of the economic efficiency
of the cable, UAH/(km*mm);

C. is a full cost of materials of cable, UAH/km;

N is a number of cable design elements.

C,, is a cost of the cable element, UAH/km,;

C, is a cost of one kilometer or unit of cable element
material, UAH/kg;

M is a mass of the volume element of the FOC,
kg/km;

K, is a rate of waste in the manufacture of the FOC
element, %;

LD is a linear density of aramid threads, dtex;

Ny 18 @ number of aramid threads in PSE layer;

Py, 1s a mass of hydrophobic aggregate in all OM, kg;

D;,om1s an inner diameter of the tube OM, mm;

dor is a diameter of one OF, mm;

K, is a coefficient of helical stacking of fiber;

nor 1s a number of fiber in one module tube;

Yo 18 a material density of hydrophobic aggregate,
kg/mm?;

Konm is a constructive and technological coefficient
that takes into account the spiral stacking of OM around
the CSE;

nom 1S a number of OM in the core of the OC;

d,.; 1 an outer diameter of the tubular element of the
FOC, mm;

d;, is an inner diameter of the tubular element of the
FOC, mm.
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INTRODUCTION

Modern society in the conditions of rapid technical
progress requires providing the increasing number of tele-
communication services and services, the implementation
of which occurs due to the use of various means of tele-
communications. The steady increasing the number of
users of telecommunication services and their require-
ments leads to an increase in the volume of information
transmitted in the communication network. And it
determines  the  expansion of the  transport
telecommunications network and the subscriber access
network. In addition, one of the main trends is the
introduction of 5th  generation (5G) mobile
communication networks, which provide high data
transfer rates and low delay. Future mobile
communication networks place high demands not only on
quality characteristics, but also on the efficiency of the
infrastructure on which communication provision is based
[1]. In this context, the design of optical cables becomes a
main element, providing an extremely important
foundation for the transmission of data in huge volumes.

In many countries of the world, the communication
network today has a two-level hierarchical structure
(transport telecommunication network and subscriber
access network) using both copper and fiber optic com-
munication cables. High-speed mutual exchange of in-
formation (audio, video, various types of data) between
the devices of nodes of the transport telecommunication
network is carried out exclusively on the basis of fiber-
optic cables of various designs. On the subscriber access
networks the FOCs are increasingly being replaced the
traditional electrical cables with copper cores due to the
possibility of simultaneously receiving integrated services
of the Internet, television and telephony, which will also
ensure a certain network energy independence during the
provision of services. This is achieved by the creation of
appropriate constructions of FOC and the building of new
high-speed fiber optic communication lines. For this pur-
pose, factories are actively working in cable production
(PJSC “Odeskabel”, PJSC “Zavod ‘Pivdenkabel’” and
others).

Factories producing cable products, guided by their
own scientific developments, design and manufacture an
increasingly large and wide range of FOC of various de-
signs for certain operating conditions (in soil, cable ducts,
underwater, for suspension, in mines, subchannels, collec-
tors, etc.). At the same time, in order to achieve signifi-
cant profitability of production and ensure the technical
efficiency of the cable, cable production plants try to
choose the appropriate design of the FOC (size and num-
ber of structural elements, their materials, manufacturing
technology, weight and cost of the cable) according to the
criterion “technical ability/cost of the cable”. At the same
time, the organization (customer) that performs the design
and/or building of FOCL needs such a brand of cable for
certain laying conditions, which would at the same time
ensure minimum costs for its purchase and compliance
with the requirements for the technical ability of the ca-
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ble. That is, the customer of cable products chooses the
FOC brand on the basis of requirements from: the speci-
fied number of optical fibers and the operating conditions
of the cable, which determines the type of its protective
coatings, mechanical strength, mass, dimensions, etc.
That is why the manufacturing plants provide a wide
range of cable products for the needs of the customer.
Such a task of choosing the optimal cable laying for the
given conditions is very large in scope of work and dura-
tion in time. Therefore, the cable production plant de-
signs, calculates, develops and tests only the basic proto-
types of FOC brands. And variations of the basic FOC
model create a wide range of brands of this cable. The
task of choosing an effective (expedient) sample of the
FOC during the design falls on the manufacturer, and
during the construction of the FOC — on the design or-
ganization.

Currently, there is no publicly available regulatory
documentation on the development of FOC, and known
sources provide only individual details about the calcula-
tion of their structures. Therefore, it requires the creation
of new, improvement of existing methods of design, cal-
culation and development, evaluation of cable structures
for given operating conditions.

Today, the leading cable production plants mostly
manufacture single- and multi-module FOC designs with
different protective covers and number of fibers. At the
same time, within the framework of one brand of cable,
the same FOC design has a different number of OF. This
leads to the complication of choosing an appropriate de-
sign of the FOC, and sometimes to its impracticality in
certain operating conditions, reducing its technical capa-
bility. And the development of a method for evaluating
the effectiveness of FOC models based on mass-
dimensional indicators will allow to make an appropriate
choice of cable design with a given number of optical
fibers, as well as with the possibility of reducing the cost
of materials for production.

The object of study is the evaluation of the effective-
ness of models of fiber-optic cables with multi-module
design by mass and dimensional indicators.

The subject of study is the model of a multi-module
fiber optic cable design.

The purpose of the work is to develop a method of
evaluating the efficiency of models of fiber-optic cables
with multi-module design based on mass-dimensional
indicators, which will allow to quickly choose an appro-
priate (better) model of the FOC with the given initial
data. This approach is universal when creating a wide
range of cable products and selecting a cable based on the
“quality/price” criterion for specific operating conditions.

1 PROBLEM STATEMENT
Suppose there are m models of FOC with modular
design, each of which has a certain number of optical
fibers and other technical characteristics, which in
practice depend on the technological capabilities of

production. First of all, the number of optical fibers ngp,
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the number N and the dimensions (d, Af) of the structural
elements, their materials, the mass P,, the price C; and the
volume ¥V, determine the full cost of the FOC C,., which
can be represented as a function C. = f(n, N, P., V., K, v,
C)).

The task of finding an effective FOC model consists
in finding such a cable model x with the minimum total
cost of materials C, = min[C,., C,,...,C.,] and the
number of fibers, which is greater than the required
N OF>N OFneed-

In turn, the problem of finding an effective FOC
model is to find such a set of mass-dimensional
parameters of the cable design (n, N, d, P., V.) in which
C. — min. For this purpose, it is proposed to introduce
criteria-parameters: cable compactness coefficient v and
economic efficiency coefficient by diameter E|.

2 REVIEW OF THE LITERATURE

Analysis of the works of well-known authors in the
field of fiber-optic communication, in particular, design,
development and production of FOC — Malke G., Hess-
ing P., Kanamori H., Beyer G., Bailey D., Wright E.,
Bondarenko O.V ., Katok V.B. etc. [2 — 12] showed the
lack of completeness of research in this direction. In par-
ticular, these works show approaches to the calculation
and design of modular structures of cables according to
tensile load [2, 3, 5, 7, 12], features of the use of different
materials for structural elements of cables [4], considera-
tion of metrological standards during the production of
FOC [6], features of the construction of a modular type
FOC [8], interrelations of the sizes of the structural ele-
ments of the FOC and methods of determining the cost of
the cable [8, 10, 11]. However, the assessment of the ef-
fectiveness of modular constructions of the FOC based on
mass-dimensional indicators, which would allow choos-
ing the appropriate cable structure for the given initial
data (conditions), remained out of the authors’ attention.

3 MATERIALS AND METHODS

Currently, in the conditions of the market economy,
there are a lot of different telecommunication companies
(telecommunication operators) that are engaged the pro-
viding telecommunication needs of consumers within the
limits of a settlement or district. Network construction
technologies such as Fiber to the Build and Fiber to the
Home, which are built on the basis of FOCL, have be-
come especially popular for use. They make it possible to
implement the AON optical information transmission
technology. For this, communication operator companies
use FOC with different amount of OF (for laying in the
ground, cable duct, low-current channels, hanging be-
tween buildings or on network poles for various pur-
poses).

To ensure the necessary bandwidth of communication
lines and networks, FOCs with a certain number (from 4
and more) of single-mode optical fibers with low attenua-
tion are used. In some countries, FOCs as a rule with
modular design are manufactured and used on communi-
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cation networks. Modular designs of the FOC core can
have a different structure, i.e. different number and sizes
of twisting elements (tubes of optical modules, filling
elements, layers, etc.), which determines the difference in
their geometrical and dimensional parameters. Fibers in
FOC are placed inside the tube of optical modules with
different diameters, which are filled with hydrophobic
filler. In such FOC the core contains, as a rule, from 2 to
12 OM tubes in the first layer or OM and a certain num-
ber of filling elements, which are spirally arranged around
the central strength element. As a rule, the CSE is made
of a fiberglass rod or a steel rope with a polyethylene
sheath. The diameter of the CSE depends on the number
of elements in the first layer of the cable core. The size of
the CSE, in turn, is decisive when calculating the value of
the maximum permissible tensile load of the FOC, the
value of which is used to estimate the long-term mechani-
cal strength of the cable and to conduct its development
(2,8, 11].

The choice of the FOC core structure, materials and
sizes of the structural elements of the cable determines its
technical indicators, including weight and dimensions.

Therefore, FOC designers solve the task of developing
a cable design that would allow minimizing the dimen-
sions (which means the material capacity and cost) of the
models without losing their quantitative and qualitative
characteristics. At the same time, the design of a certain
brand of FOC can have several options for the core and
the number of OF in it. This requires the selection of the
optimal design of the FOC for the given operating condi-
tions. At the same time, the effectiveness of the FOC
model (construction) compared to the basic models ac-
cording to the technical specifications, both from the
point of view of the manufacturer and the customer, con-
sists in lower material costs for its production while si-
multaneously ensuring the specified requirements for the
cable (primarily, in terms of the number of fibers and me-
chanical strength). The choice of a modular design of the
FOC with OF freely located inside determines the absence
of mechanical stresses in the fibers and ensures their in-
tegrity during operation [11].

The efficiency of the FOC design in terms of mass and
dimensions compared to the basic models according to the
technical conditions consists in the lower material con-
sumption of its structural elements while ensuring the
proper level of its technical ability. The solution to this
problem is based on the definition and study, first of all,
of the FOC cores, which are difference between cable
models. This will make it possible to compare FOC mod-
els with each other according to the criteria of construc-
tive efficiency and to choose the most appropriate one of
them at the given initial data.

In order to evaluate the effectiveness of fiber-optic ca-
ble models based on mass-dimensional indicators, it is
necessary to introduce parameters-criteria that would
show the connection of the characteristics of the FOC
design to a certain parameter of its structure. Therefore, it
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is proposed to introduce the following parameters-criteria
in the work:

— cable compactness coefficient, which shows the re-
lationship with the volume of the FOC and its mass;

— coefficient of economic efficiency of the FOC by di-
ameter, which characterizes the part of the cable cost per
unit of its diameter.

In a general view, the structure of the core of an opti-
cal cable with a single-layer multi-module unarmored
design is presented in Fig. 1 [2, 3, 6, §, 10].

First of all, it is necessary to show the relation be-
tween the outer diameter of the FOC structure and the
number of layers, the number and sizes of elements (OM
or FE) in the layers, the radial thicknesses of the protec-
tive layers of the cable, etc.

Taking into account [2, 8, 9, 10], the outer diameter of
the FOC of the multi-module design according to Fig. 1
can be determined by the expression:

D, =doy| 1+ -1]+1|+

1t
.2 . 20
smOsm%

+2(m - l)dOM + 2Atwb + ZA[ph .

)

For a generalized assessment of FOC models, we will
calculate the parameters of their technical and economic
group. As you know, the technical and economic group
includes three main parameters, namely: product cost
(UAH/km), dimensions or volume ¥ (dm’) and mass P,
(kg/km) [7, 13, 14].

Dy

1 2 3 4 5 6
Figure 1 — Cross-section of a model of a single-layer con-
struction of FOC: 1 — CSE; 2 — OM tube; 3 — OF; 4 — water-
blocking layer; 5 — protective hose; 6 — polyethylene coating (in
the case of metal TSE); 7 — peripheral strength element

According to [2], the product of the volume and mass
of the cable model under investigation will allow to ob-
tain the parameter-criterion — the compactness coefficient
of the FOC v (dm™ kg):

v=F

c

'PC' 2
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By the value of the parameter-criterion of the com-
pactness coefficient, it is possible to compare the material
consumption of the cable with the material consumption
of the basic design according to the technical specifica-
tions and, thus, determine the efficiency of its model
based on mass-dimensional indicators. The smaller the
value of the compactness factor, the smaller its weight
and material consumption.

The volume of the cable V. is defined as the sum of
the volumes of all its structural elements (solid or tubular)
and their fillings. Expressions for calculating the volumes
of solid and tubular structural elements of the FOC are
presented as:

— for solid element V, = nd2 -1-K /4

— for tubular element V, = n(dozm - dl%l) 1-K/4.

The mass of the FOC is the sum of the masses of all
its elements and their fillings. The mass of FOC can be
calculated using the following expression:

N
P, :ZB = Pop+ Pcsg + Pom + Pyp+ Pyp +
=1

1

A3)

+wa +PPSE + Pph'

Most cable construction elements are solid (optical fi-
bers, CSE or PSE fiberglass rods, filling elements, etc.) or
tubular (OM tube, protective hose, etc.). According to [7,
8, 10], the expressions for calculating the mass of solid
and tubular structural elements of the FOC are generally
presented as:

— for a solid element

2
P=Tyi(kK) @)
— for a tubular element
P=mnD,, oy l(k,K) . 5)

In formulas (4) and (5), the nominal dimensions of the
elements are substituted (without taking into account tol-
erances) and the nominal mass is calculated (without tak-
ing into account waste).

The mass of the hydrophobic filler of the OM cable
tubes is determined by the expression [9]:

T2 2
Ppr = Z(DinOM —dorK "0F)YhflK0M"0M )

The mass of aramid threads, kg, can be calculated by
the expression [9]:

Ppsg = LD-n, 1074 . @)

Establishing a relation between the compactness coef-
ficient of the FOC, in particular, from its core structure
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10

(the number of OM tubes, fibers, etc.) will allow choosing
a less material-consuming cable model while providing a
given amount of OF.

It is possible to calculate the cost of materials of indi-
vidual elements and the total cost of materials of all ele-
ments of the FOC based on the determined masses of the
cable elements and the prices of their materials.

It is obvious that each model of FOC, due to its differ-
ent diameter, volume (material consumption), has a corre-
sponding cost price. Therefore, in order to quantitatively
compare the efficiency of the designs of these models, in
this work it is proposed to introduce a parameter-criterion
of the economic efficiency of the FOC by the diameter Ej,
which will characterize the cost of the cable materials per
unit of its diameter, i.e.:

®)

The total cost of materials of all elements of the FOC
is determined by the expression [9]:

N
C. = Zceli : ©
i=1

The cost of materials for a separate element of the ca-
ble is calculated according to the expression [9]:

(10)

100+ K
C,=CM (Qj .

100

According to the value of the parameter-criterion —
coefficient of economic efficiency of the FOC by diame-
ter, it is possible to compare the cost of materials of dif-
ferent cables models and, thus, determine its more effi-
cient design. The lower the value of the coefficient of
economic efficiency of the FOC, the lower the cost of the
part of the cost of the cable materials per unit of its di-
ameter. Thus, lower costs for cable materials as a whole.

4 EXPERIMENTS

A multi-module FOC design without armor was cho-
sen as the sample for the research (Fig. 1). It can contain
several (1, 2 and 3) concentric layers of OM around the
CSE. The number of elements in the first layer used in
practice are in ranges from 3 to 12 [2, 5, 10, 11].

In the investigated FOC models, the following were
adopted: the diameter of the OM tube (element in layer)
doym = 2.3 mm with the maximum number of OF in each
module Nor = 12, the fiber diameter in the primary pro-
tective coating doy = 0.255 mm, the step of the spiral
arrangement of the layer elements around the CSE 4 = 90
mm. The densities of materials and semi-finished prod-
ucts used in the calculations for the structural elements of
the FOC and their cost are taken according to [2, 10].

In this work, the assumptions are:
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1. All elements of the layer are OM tubes with optical
fibers. All OM tubes in FOC design are completely filled
by fibers, that is, they contain 12 fibers in each.

2. OM tubes, which have a spiral arrangement around
the CSE with a certain angle, in the cross-section of the
cable were considered as circles, not an ellipse.

Calculations of data arrays of FOC models were per-
formed in the MathCad 14 software environment using
expressions (1)—(10) and known geometry formulas.

S RESULTS
Using expression (1), calculations of the outer diame-
ters of the intended models of the FOC were performed in

the paper. At the same time, taking into account the rule
of “correct twisting”, at twisting the elements of the cable
core in a spiral layer, their number in each subsequent
layer increases by six compared to the previous one. And
their variety is determined by the possible number of ele-
ments of a layer from 3 to 12 and layers from 1 to 3 [10].
The results of the calculations of the outer diameters of
the FOC models are presented in the Table 1.

For a visual representation and better understanding,
the results of the calculations of the outer diameters of the
FOC models are presented in Fig. 2.

Table 1 — The results of the calculations of the diameters of the FOC models

Number of Number of elements in the first layer
layers in 3 [ 4 | s 6 7 [ s | 9 [ 10 | 1 12
FOC design diameters of the FOC design, mm
I 8.5 9.1 9.7 10.4 11.1 11.8 12.5 13.2 14 14.7
il 13.1 13.7 14.3 15 15.7 16.4 17.1 17.8 18.6 19.3
111 17.7 18.3 18.9 19.6 20.3 21 21.7 22.4 23.2 23.9
24 , : SI3—5773 ] ter. Thi.s fact makes it possible to obtain a given capacity
232 48/3 of OF in the cable when using a larger number of layers,
g 3;; i 453 while achieving smaller dimensions (material consump-
£ s 393 tion) of the FOC. The smaller dimensions of the FOC lead
%“ " 53 36/3 3072 to a decrease in the material capacity of the cable and, as
oS 92303 ] 28:2,,,--" a result, to a decrease in the cost of its materials during
g 14278 2412 2'6_13- - manufacture.
8 16: 222 0" In order to quantitatively verify this statement, it is
S - 2({:_2' A necessary to carry out a generalized assessment of the
é’ 132 162 S 1241 effectiveness of each presented model of the FOC accord-
c.i 1;:;12/2 1.4'1‘, r2 o 10',1/1’1‘ ing to the c.r1terla outhnec} in the work. .
£ g ¢ 9/'_/‘ According to expressions (2) — (7), the calculations of
S 1 § the mass of structural elements of the FOC were per-
% 112 3y 7 formed. All calculations of the coefficient of compactness
a4 5L of the FOC models are given in the Table 2 and Fig. 3.
:\: 3 1}/4/4/‘ Fig. 3 shows that the dependencies of the compactness
I S N | IR J | coefficient have a parabolic character, that is, a small in-

3 4 5 6 7 8 9 10 11 12
Number of OM tubes in the first layer, pcs

Figure 2 — Dependences of the outer diameter of FOC models on
the number of OMs in the first cable layer for one-, two- and
three-layers core designs (m/n FOC model number, where m is
the total number of OMs; # is the number of layers)

Three dependencies are shown in Fig. 2 show the con-
nection between the number of OM in the first, second,
and third layers and the outer diameter of the FOC. Fig. 2
shows that with an increase of the number of OM in the
first FOC layer from 3 to 12 in the one-, two- and three-
layers structure of the cable core, its outer diameter will
increase linearly. It can also be seen that some models of
FOC with the same number of OM tubes can be obtained
using a different number of layers and provide the same
cable capacity (or even more), but with a smaller diame-
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crease of the number of OM in the first layer leads to a
greater increase of the cable compactness coefficient. That
is, obtaining a smaller value of the FOC compactness
coefficient is achieved when using a smaller number of
OM and layers of the cable core. This choice is limited
only by the conditions for the total number of optical fi-
bers and the value of the mechanical strength of the cable
[11]. This makes it possible to choose a more compact
FOC model, which is especially relevant for more effi-
cient use of the space of cable ducts, collectors and other
places of cable laying. So, for example, models 12/1 and
12/2 have the same number of OFs in FOC models (144
fibers). According to the dependencies in Fig. 3, by
choosing the 12/2 model, it is possible to get a FOC with
a lower cost of materials. At the same time, the diameter
of the FOC model will decrease by 10.9 %.
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Table 2 — The results of calculations the compactness coefficient (dm®kg) of one-, two-, and three-layer FOC designs with dif-
ferent core structures

- The number of layers of the FOC construction
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3 36 8.5 56.745 |150.418| 8535.5 | 144 | 13.1 | 134.782 | 317.830 | 42837.8 | 324 | 17.7 | 246.057 | 451.153 |111009.4
4 48 9.1 65.039 |170.605| 11096 168 | 13.7 | 147.411 | 345.018 | 50859.4 | 360 | 18.3 |263.022 | 481.645 |126683.2
5 60 9.7 73.898 |193.635]| 14309.2 | 192 | 14.3 | 160.606 | 375.193 | 60258.2 | 396 | 18.9 | 280.552 | 515.222 |144546.6
6 72 10.4 84.949 [218.876|18593.3 | 216 | 15.0 [ 176.715 | 407.717 | 72049.7 | 432 | 19.6 | 301.719 | 551.235 |166318.1
7 84 11.1 96.769 |246.096| 23814.5 | 240 | 15.7 | 193.593 | 442.363 | 85638.4 | 468 | 20.3 | 323.655 | 589.453 |190779.4
8 96 11.8 | 109.359 |275.173|30092.6 | 264 | 164 | 211.241 | 479.010 [101186.6] 504 | 21.0 | 346.361 | 629.756 |218122.9
9 108 | 12.5 | 122.718 [306.163|37571.7 | 288 | 17.1 |229.658 | 517.725 |118899.7| 540 | 21.7 | 369.836 | 672.215 |248609.3
10 120 | 13.2 | 136.848 |338.953] 46385 | 312 | 17.8 | 248.846 | 558.396 |[138954.6| 576 | 22.4 | 394.081 | 716.718 |282444.9
11 132 | 14.0 | 153.938 [373.568| 57506.3 | 336 | 18.6 | 271.716 | 601.055 [163316.3| 612 | 23.2 | 422.733 | 763.300 |322672.1
12 144 | 14.7 | 169.717 1410.133] 69606.5 | 360 | 19.3 | 292.553 | 645.838 [191574.8| 648 | 23.9 | 448.627 | 812.103 |364331.3
0000 FOC model, which at the same cost of materials will have

E 543 better indicators of economic efficiency.

, oo 13,7 11, It was established that the increase of the cost of FOC
e St Mgy markers P 11 materials due to the increase of the number of OM tubes
P layer (and therefore the total capacity of the OF inside the ca-
= ble) from 3 to 12 in the first layer in a single-layer core of
5 y 0 the cable is 66.8 %, in a two-layers — 86.6 %, in a three-
lda:J A layers — 87 %. The specified results of the calculation of

S o In qq layer the increase of the cost price of FOC materials in percent

z m AT N gy e mean that the models of single-layer cables have the
£ 00 m smallest cost variation.

§ — According to the expression (8), the parameter-

g 1 I criterion of the economic efficiency of the FOC design by
C 0 layer the diameter E| is determined. The results of the calcula-

Number of OM tubes in the first

Figure 3 — Dependencies of the compactness coefficient of FOC
models on the number of OM in layers (m/n FOC model num-
ber, where m is the total number of OM; n is the number of lay-
ers)

Using expressions (9), (10), the full cost of FOC mate-
rials C. (Table 3) for one-, two-, and three-layers cable
designs were determined in the work. Fig. 4 makes it pos-
sible to establish a visual connection between the cost of
materials of the model FOC and the diameter of the cable.
This dependence will make it possible to determine the
parameter-criterion of economic efficiency of FOC mod-
els by diameter.

Fig. 4 shows the dependence of the total cost price of
FOC materials on its diameter with different numbers of
layers and elements in them. From Fig. 4 and Table 3 it
can be seen that some of FOC models have approximately
the same cost of materials in the overlapping parts of the
graphs. This indicates that it is possible to choose such a
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tion of E are presented in the Table 4 and Fig. 5.

From the Table 4 and Fig. 5, it can be seen that using
more than one layer in the cable core, the value of the
parameter-criterion of the coefficient of economic effi-
ciency of the FOC decreases, that is, the expediency of
the three-layer design is higher than the others if a large
number of OF is needed. But at the same time, it can be
seen that in the overlapping parts of the graphs, some
FOC models have approximately the same values of the
Ey coefficient. That is, with approximately the same cost
of materials of these FOC models, it is advisable to
choose the one with a larger number of layers, as this
gives a larger number of optical fibers. So, for example,
from Fig. 5 models 10/1 and 12/2 have almost identical
values of the parameter-criterion of economic efficiency
E,. However, by choosing the 12/2 model, it will allow us
to get a FOC with more optical fibers (144 vs. 120).

On the other hand, for example, the models 12/1 and
12/2 have the same number of optical fibers, but different
prices. By choosing the model 12/2 according to the re-
sults of this method, it will save 15.5 % of the cost of the
cable for each kilometer of FOCL.
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Figure 4 — Dependence of the total cost price of materials of the FOC on its diameter for one-, two- and three-layer designs (m/n
FOC model number, where m is the total number of OMs; n is the number of layers)

Table 4 — Results of the calculation of the parameter-criterion of the economic efficiency of the FOC design by diameter
Parameter-criterion of the economic efficiency of the FOC design

. Number of OM in the first layer
Number of layers in cable core
3 4 5 6 7 8 9 10 11 12
1 0.416 0.339 0.279 0.227 0.188 0.158 0.134 0.114 0.097 0.085
I 0.117 0.107 0.097 0.088 0.079 0.072 0.065 0.059 0.054 0.049
111 0.067 0.064 0.061 0.057 0.053 0.050 0.047 0.044 0.041 0.038
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Figure 5 — Dependence of the parameter-criterion of the economic efficiency of the FOK design by the cable diameter (m/n FOC
model number, where m is the total number of OMs; 7 is the number of layers)
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6 DISCUSSION

The proposed method of evaluating the efficiency of
the FOC with a modular design will allow during the
cable designing stage to make an appropriate choice of
its model with the given initial parameters. The re-
searches presented in this work show a large number of
possible models of FOC. This is also confirmed by the
variety of cable models that are presented on the official
websites of the manufacturers’ factories, for example
PJSC “Odeskabel” and PJSC “Zavod ‘Pivdenkabel’”
[13, 14]. Thus, manufacturing plants provide a wide
range of cables of the same brand, which differ in the
structure of the core and the number of fibers. The con-
sumer, based on his needs, chooses the necessary capac-
ity of the cable. Moreover, a very important point at this
stage is the lack of transparency of prices for FOC for
the consumer. And the manufacturing plant seeks to save
on the cost price of production of the FOC and to reach
an agreement on the price through discussion with the
buyer. Therefore, this method of evaluating the effec-
tiveness of modular FOC design will allow manufactur-
ing plants to systematize the expediency of manufactur-
ing FOC models, and consumers — without prices, to
orient themselves in the expediency of choosing a cer-
tain cable model.

The approaches to the creation of multi-layer FOC
presented in this work are confirmed by the capabilities
of the manufacturing plants according to their prices for
cable products [13, 14].

The use of a larger number of layers in a multi-
module FOC for reducing the costs of materials is con-
firmed by the results of work [11].

CONCLUSIONS

The researches in this work of the effectiveness of
the modular FOC design based on mass and dimen-
sional indicators allowed us to do the following con-
clusions:

1. In the work the method of evaluating the effi-
ciency of the multi-module FOC design based on mass-
dimensional indicators by applying to the intended
range of cable models the criteria parameters — the ca-
ble compactness coefficient and the economic effi-
ciency of the cable by to the diameter Ey is developed
and researched.

2. In the course of researches of FOC models, ac-
cording to the accepted parameters-criteria, it was es-
tablished that:

— by changing the number of layer elements and
layers, a wide range of FOC models can be obtained to
ensure the diversity of cables in terms of the total num-
ber of optical fibers;

— the use of the parameter-criterion of compactness
is the ability to choose a model of the FOC with a
smaller diameter (dimensions) while providing the
same amount of OF. In the work, for example, it is
shown that using this approach it is possible to choose
a FOC model with a diameter smaller by 10.9 %.
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— the increase of the cost of the FOC materials due to the
increase of the number of OM tubes (and therefore the total
capacity of the OF in the cable) from 3 to 12 in the first layer
with a single-layer core of the cable is 66.8 %, with a dou-
ble-layer — 86.6 %, with a three-layer — 87 %.

— the use of a cable with maximally filled by OM tubes
in layers with one- and two-layers core is impractical, since
the transition to a larger number of layers with a smaller
number of OMs will allow to obtain a more compact cable
design while simultaneously providing a given number of
OFs. Therefore, for example, it is shown in the work that, by
selecting the FOC model according to the approaches pro-
posed in the method, it is possible to save 15.5 % of the cost
of the cable for each kilometer of the FOCL.

3. The method, results, established facts and statements
obtained in this work can be recommended for usage in the
process of accelerated selection of a cable model at the stage
of its designing, with the simultaneous provision of the nec-
essary capacity of the FOC with optical fibers and the mini-
mization of the cost of its materials and dimensions.
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METO/] OIIHKA E®PEKTUBHOCTI MOJEJE BOJTOKOHHO-OIITHYHAX KABEJIB BATATOMOIYJBHOI
KOHCTPYKIII 3A MACO-TABAPUTHUMH MTOKA3ZHUKAMM

Bonnapenko O. B. — 1-p texn. Hayk, npodecop, Jlaypear Jlep>xasroi IIpemii B ramysi Hayku i TeXHIKH, 3aBigyBad Kadexpu Bo-
JIOKOHHO-ONTHYHUX JIHIK €IeKTPOHHNX KOMYHIKalii, Jlep>kaBHUH yHIBEPCUTET IHTENEKTyalbHUX TEXHOJOTIH i 3B’s13Ky, M. Oneca,
VYkpaina.

CrenmanoB [I. M. — kaH/. TeXH. HayK, JOLEHT, JOLEHT Kadepu KOMYTAL[IHHIX CHCTEM eJIeKTPOHHUX KOMYHikauil, /lepyxaBHui
YHIBEPCHUTET IHTEJICKTYJIbHUX TEXHOJIOTIi i 3B’s13Ky, Ozneca, YkpaiHa.

Bepounubxkmuii O. O. — qupexrop TOB «IIpoexkrOynanbancy, Oneca, Ykpaina.

Cinennb C. B. — kaHA. TeXH. HayK, B.0. 3aBilyBadya KaQeapu paTioeIeKTPOHHUX CHCTEM 1 TEXHOJOTiH, JlepkaBHUHN yHiIBEpCUTET
IHTEJIeKTyaJIbHAX TEXHOJIOTIH 1 3B’s13Ky, Omeca, YkpaiHa.

AHOTAIIA

AxTyanbHicTs. Ha choroznni 3aBou-ntizepn BHUpoOHHITBA KabeIbHOT IPOAYKIIii B 6araTbox KpaiHax CBITY BUTOTOBISIIOTH OJTHO-
Ta GaraToMoyJIbHI KOHCTPYKIii BOJIOKOHHO-onTHYHUX KaberniB (BOK) 3 pi3HNMYU 3aXMCHUMH NOKPUBAMH Ta KiJIbKICTIO BOJIOKOH. [e
CTBOPIOE MIUPOKUH psiy MoxuuBHX Mojaeneid BOK mist pisHux Bumor criokuBayva (mokymipst). IIpote BiACYTHICTD BIAKPUTOCTI IiH Ha
BOK mnst crokuBava, 30KpeMa AJis MPOEKTHOI opraHizaliii, i MparHeHHs BUPOOHUKA 36KOHOMHUTH Ha BHPOOHHITBI CTBOPIOE
HEOOXiHICTh B pO3po0Li Ta JociipKeHHI MeTony ouinku edekriuBHocTi BOK 6araromonynsHO1 KOHCTpyYKILil. B po6oTi 3ampomnono-
BaHO 3pOOUTH I IUIIXOM aHANi3y HU3KH MOJEJNel ONTUYHUX KabelliB 3a mapaMeTpaMHu-KpUTEPisIMHA — KOe(ilieHTOM KOMIAKTHOCTI
Ta KoedimieHToM exoHOMIYHOI epexTrBHOCTI BOK 32 miameTrpom.

Merta. Po3pobutn MeTox OLiHKH e(heKTHBHOCTI MOZIEIel BOJIOKOHHO-ONITHYHHUX KaOeliB 0araToMo Iy IbHOT KOHCTPYKIIIT 32 Maco-
rabapUTHUMH TTIOKa3HUKaMH, 10 IO3BOJIMTH IIPUCKOPEHO BUOMpaTH nouiabHy Monens BOK i3 3a1aHnMy BUXiJHUMH TaHAMH.

Metoa. PospoGneno i 3anponoHoBaHO MeToA owiHKM edektuBHOCTI BOK MomynbHOT KOHCTpyKWil, sikuii 0a3zyeTbcsi Ha
MOPiBHSHHI MoJiesiei kabeniB i BuOopi HaiiGUIbII JOLITEHOT 3 HUX TIPH 33aHUX BUXIJHUX JaHUX. B po0oTi 3anponoHOBaHO Ta BBe-
JICHO JUTS 1[bOTO TapaMeTpU-KpUTepii — KoedillieHT KOMIAKTHOCTI U Ta KoedilieHT epeKTHBHOCTI 3a giameTpoM Kabeinto Ey — sKi
MOKa3yI0Th 3B’30K XapakTrepucThku KoHCTpyKuil BOK no meBHoro mapamerpy #oro ctpykrypu. [lpu npomy HaiOinbin epekTuBHA
mozenb (koHeTpykuis) BOK mopiBHSHO 3 6a30BHMH MOJEISAMH 10 TEXHIYHUM yMOBaM, SIK 3 TOUKH 30pY BUPOOHHKA i 3aMOBHHKA,
MOJISITa€ B MEHIIIMX MaTepiaJOBUTpaTax Ha HOro BUPOOHUITBO MPU OJHOYACHOMY 3a0e3IeueHHI 3aJaHUX BUMOT JI0 Kabemo (B mep-
Iy 4epry, 1o KUIBKOCTI BOJOKOH Ta MeXaHI4Hii MinHocTi). Lle m03BoNUTE Ha eTami MPOEKTyBaHHS KaOelro 3IHCHUTH JOLMUIBHUI
BHOIp HOro Mozeni 3 3alaHMMH BUXITHUMU HapaMeTpaMu Ta po3poOnTH Taky KoHCTpyKuito BOK, sika 10o3BoJIUTE MiHIMI3yBaTH ra-
OapuTH (a 3HAYNTh MaTEePIaJOEMHICTD i cOOIBapTICTh) Mozeli Oe3 BTpaTH ii KUIbKICHHX Ta SIKICHUX XapaKTEePUCTHK.

Pe3yabTaTn. B po6oTi pUBEICHO pe3yJIbTaTH PO3POOKH Ta JOCIHIKEHHS METOy OmiHKU edekTrBHOCTI BOK GaraTomMomaynbHOT
KOHCTPYKLIT 32 Maco-rabapuTHUMM MOKa3HUKaMu. it IpuKiiay, BUKOPUCTOBYIOYM PO3POOJICHUH METOJ, IOKa3aHO, IO MOXKHA
obparu Mozenb BOK 3 nmiamerpom menmum Ha 10,9 % i 3ekonomutn 15,5 % BapTocti kabenmto Ha KoxkeH kinomerp BOJI3 npu
3a0e3NeyeHH] BUXITHIX BUMOT JI0 KaOero.

BucHoBku. HayxoBa HOBH3HA pe3ynbTaTiB poOOTH MONATaE B TOMY, IIO BIEpIIEe po3poOIeHO MeTo I OLiHKN edektuBHOCTI BOK
MOIYJIBHOI KOHCTPYKIIi{, IKMH 103BOJISIE HA €Talli IPOEKTYBaHHs KaOelto 3i{CHUTH NOPIBHSIHHS MOJIEN 3 KOHCTPYKIIEI0 KaOeIo 1o
texHivHUM ymoBaM (TY) Ta nominsauiA BUOGIp 1€l Mozeni 3 3aJaHUMU BUXiJHAMH HapaMeTpamH. [IpakTiyHa 3HaIyIIiCTh ITOJISrae B
MOXJIMBOCTI 32 JOIIOMOT0I0 JAaHOT'O METOAY 3IiHCHIOBaTH NPHCKOPEHHU BHOIp MoJiesi kabelro Ha eTarli oro IpoeKTyBaHHS 3 OJHO-
yacHUM 3abe3nedeHHsM HeoOxinHoi emHocti BOK ontuyHmMmM BOJIOKHaMHM Ta MiHiMi3awlili coGiBapTocTi #Horo marepiaiiB Ta
rabapuriB.

KJIFOUYOBI CJIOBA: BOJIOKOHHO-ONTHYHHI Kabelb, KOHCTPYKLis Kabeio, reOMEeTpHYIHI pO3MipH, Maco-rabapiTHI MOKa3HUKH,
co0iBapTiCTh MaTepianiB Kabemo.
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