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ESTIMATION OF TRANSMISSION PARAMETERS OF DIELECTRIC SELF-
SUPPORTING OPTICAL CABLES IN THE EXPLOITATION CONDITIONS 

 
Abstract.  In  this  paper,  the  estimation  of  transmission  parameters  of  dielectric  self­supporting  optical  cables, 

which  operate  in Odessa  and Kiev  climatic  zones,  defined  and  estimated  the  additional  components  of  the  transmission 
characteristics.  
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ОЦІНКА ПАРАМЕТРІВ ПЕРЕДАЧІ ДІЕЛЕКТРИЧНИХ САМОУТРИМНИХ  
ОПТИЧНИХ КАБЕЛІВ В УМОВАХ ЕКСПЛУАТАЦІЇ 

 
В  даній  роботі  проведено  оцінку  параметрів  передачі  діелектричних  самоутримних  оптичних  кабелів  в  умовах 

експлуатації  в  Одеській  та  Київській  кліматичній  зонах  та  визначені  й  оцінені  додаткові  складові  передавальних 
характеристик. 

Ключові слова: параметри передачі, діелектричні самоутримні оптичні кабелі, кліматична зона експлуатації, фізико­
кліматичні навантаження.  

 
Introduction 
Todays, advantages of application of self-supporting optical cables with different dielectric power elements 

(SSOCd) on the overhead fiber-optic communication lines (FOCL) on the transport telecommunication networks 
and networks of subscriber access cause no doubts [1 – 3]. 

Clearly, that for providing of transmission of high-quality optical signal for such SSOCd needs, that values 
of transmission characteristics of cables were expected and corresponded to the requirements of ITU–Т 
recommendations. 

In some works, for example, [4, 5] it is indicated that the module constructions of SSOCd are created thus, 
that to provide surplus of length of optical fiber (OF), placed in a cables core, with the purpose of exception of 
possibility by applying the mechanical tension to the optical fibers while occurrence of the tensile forces. It is 
provided the spiral laying of the optical modules with optical fibres round a central power element (CPE) with the 
certain radius  R and step h (fig. 1). In addition, the optical fibers as a result of material thermocontracting of 
structural elements during SSOCd making, placed in a middle of OM by gelikoide, that creates additional surplus of 
OF length. Value of radius R, step h of spiral laying of OF and distances, between them and the internal surface of 
OM wall, which enables free movement fibers in the middle of tube of the module, determines the measure of the 

possible relative lengthening (longitudinal deformation) of cable pc , which is the criterion of calculation of the 
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maximall possible tensile loading сF  [5]. The maximall possible tensile loading of a cable is a basic parameter of 

longitudinal mechanical durability and that is why rationed 
for every type of a cable in its technical specifications.  

Obviously, that, above all things, at presence of 
such spiral laying of fibers, their length will not equal 
length of SSOCd, which influences on the value of 
transmission parameters of OF and cables.  

As known, to these transmission parameters of 
single-mode optical fibers behave: attenuation  coefficient 

 , dispersion of signal   and bandwidth F , which is 
reciprocal to   [7, 8]. 

As known, SSOCd are under the dynamic action 
of the mechanical, ice and wind loadings and temperature, 
that, above all things, cause it longitudinal deformation, 
the size of which can constantly vary, causing the 
permanent change of radius and step of spiral laying of OF 
at a core and transmission parameters of cables [6].  

Goal of work 
Today, the estimation of transmission parameters 

of SSOCd with power elements from different materials under the action of the mechanical, physical and climatic 
loadings of exploitation areas is not exposed to a 
full degree.  

Calculation expressions for values of 
transmission parameters of optical fibers and 
SSOCd are widely presented in the literature, for 
example [7, 8].  

For the estimation of change of 
transmission parameters of SSOCd during 
exploitation under the action of climatic factors it 
is necessary to expect the additional components of 
transmission characteristics, the values of which 
depend on, above all things, the structural features 
of cable: to the radius and step of spiral laying of 
OF in a cable and it bends during exploitation on 
poles of FOCL. 

Accordingly to [9, 10] calculation 
expressions of additional components of 
attenuation coefficient, dispersion of signal and 
reason of their appearance are given in tablе 1. 

For determination of component of signal 

attenuation coefficient sl  it is necessary to know 

the change of parameters of spiral laying in the 
moment of action on SSOCd the external physical 
and climatic loads. Accordingly to [5, 6] change of 

the relative lengthening of a cable с  causes the 

change of parameters of spiral laying of OF R and 
h. However, the change of step of spiral laying at appearance of the longitudinal loadings on SSOCd can be not 
taken into account as a result of small meaningfulness [8]. 

Thus, the longitudinal lengthening of a cable, which creates under the action of the certain physical and 
climatic loadings on SSOCd, above all things, causes the change of radius of OF laying and, as a result, distances 
between fibers and internal surface of OM wall. This connection between the longitudinal relative lengthening of a 

cable and distance сR  is possible to present as expression  

pс c

pс cR R

 


 
, (1)

here pс , pсR – the maximall possible relative lengthening of a cable and distance between OF and OM wall, 

that provides it; с , сR – the relative lengthening of a cable and distance between OF and OM wall, that apperas 

here at the certain loadings. 
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Connection between the radius of spiral laying of OF in the core of SSOCd and distance сR  between 

fibers and internal surface of OM wall shows expression, which is got in [8] 

СPЕ ОМ c ОF
1 1

2 2
R d t R d      , (2)

here СPЕd – diameter of CPE, mm; ОМt – a radial thickness of OM wall, mm; сR  – distance between OF and 

internal surface of OM wall, mm; ОFd  – diameter of OF with shell, mm. 

Bend radius of SSOCd in span bendR , which is got in expression (7), is a radius of imaginary circle, part 

of which coincides with the arc of sagging of SSOCd in span (fig. 2). The radius of bend of SSOCd in the places of 
binding on poles depends on the size of arrow of sagging of SSOCd and limited to the value minimum of possible 
bend radius of  a cable, which is rationed in its technical specifications.  

From fig. 2 evidently, that radius of imaginary circle of sagging of SSOCd in span it is possible to define 
by Pythagoras theorem 

2
21

2 4
s

bend

L
R f

f

 
  

 
, (3)

here f  – sag of SSOCd in span at the certain loads; m; sL – length of span of FOCL, m.  

As you can see from fig. 2 an arc of sagging of a cable in span is part of imaginary circle by a radius, and in 

the places of binding to poles – bR . 

Temperature dependence of sag of SSOCd, certainly, creates the change of radiuses of bend bendR  and bR  

during exploitation. It creates a necessity for research of change of transmission parameters of dielectric self-
supporting optical cables dependently on the terms of hanging and action of temperature.   

The additional component of signal dispersion, which can appears only in the case of lengthening of 

SSOCd on the size of the maximal possible relative lengthening pс  and which depends on the parameters of spiral 

laying of optical fiber in the core of cables, is polarization mode dispersion sl  [11].  

During the calculations of value of component signal dispersion sl  as the parameter R in expression (9) 

can understand the radius of spiral laying of OF in the core of SSOCd, at calculations bend  – radius of bend of 

cable bendR  in span, and at calculations b  – radius of bend of cable bR  in the place of binding on poles. 

Using the expressions (1) – (9) the calculations of additional components of transmission characteristics of 
SSOCd and estimation of their transmission parameters at appearance of loads of two climatic areas of exploitation 
were performed. Calculations were performed for: SSOCd of types ОКЛ-3-Д2А14-3×4Е, ОКЛ-3-Д3А14-3×4Е, 
ОКЛ-3-Д4А14-3×4Е, that exploitate in the conditions of Odessa and Kiev climatic areas, length of span of air 

FOCL sL  = 50 m (the network of railway transport, line of electro-transmission,  electrified with tension to 1 kV), 

wavelengths of the second (1310 nm), third  (1550 nm) and fourth (1595 nm) transparancy windows, wavelengths of 
cutt-off of 1260 nm regions, 1450 nm and 1530 nm accordingly, at three chemical compositions of OF core – 3,1% 
GeO2, 96,9 % SiO2; 7 % GeO2, 93 % SiO2; 13,5 % GeO2, 86,5 % SiO2, relative difference of refraction indexes of 

the core and the cladding of OF   = 0,005, the step of spiral laying h  = 100 mm, the radius of bend bR  equals 20 

diameters of SSOCd, the diameter of CPE  СPЕd  = 2,7 mm, the OM diameter ОМd  = 2,5 mm, the thickness of 

OM wall ОМt = (0,15…0,2) ОМd , the diameter of the fibers with protective and painted covers ОFd = 250 

microns, possible relative lengthening of SSOCd in range (0...0,368) %, which defined in [6, 8]. Characteristics 
conditions: 

- Odessa climatic area: high speed of wind in default of ice-storm 0V  = 28,3 m/s; high speed of wind at 

ice-storm isV  = 23,6 m/s; a maximal thickness of ice wall on a cable icet  = 28 mm; average annual temperature – 

10,3 ºС [12].  

- Kiev climatic area: high speed of wind in default of ice-storm  0V  = 25,3 m/s; high speed of wind at  

ice-storm isV  = 18 m/s; a maximal thickness of ice wall on a cable  icet  = 16 mm; average annual temperature – 8 

ºС [12]. 
Such suppositions were accepted in the calculations of additional component of transmission parameters of 

SSOCd: 
1. The change of bend radius of SSOCd in the places of binding on poles from a temperature was not taken 

into account, and accepted even minimum to the allowable value. 
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2. Through the small radius of spiral laying of OF in the core of SSOCd comparatively with the radius of 
bend of cable in span of air FOCL, an optical fiber during the calculation of value was examined as such which is 
laying on an arc. 

Calculation of total attenuation coefficient of SSOCd, got by expressions (1) – (7) and recognition [7, 8] 

allowed to get dependence of SSOCd on the relative lengthening of cable pс  %, that appears under the action of 

loads on SSOCd of different external environments. On fig. 3 dependence of the total attenuation  coefficient of 

SSOCd type ОКЛ-3-Д2А14-3×4Е αSSOCd on  = 1550 nm from the relative lengthening of cables pс , % is shown. 

On fig 4 the graph of spectral dependence of total linear dispersion of SSOCd is shown recognition and 
without by the account of additional component dispersion of signal. 

On fig. 5 spectral dependence of bandwith of SSOCd is shown for chemical compositions of OF core 7 % 
GeO2, 93 % SiO2; 13,5 % GeO2, 86,5 % SiO2 at presence and absence of additional componenet F . 
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Fig. 3. The dependence of the total attenuation coefficient SSOCd 

αSSOCd at = 1550 nm from lengthening of cables pс , % 

Fig. 4. Graph spectral dependence of the total linear dispersion of 
SSOCd with and without additional component 
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Estimation of transmission parameters of SSOCd in the conditions of exploitation in Odessa and Kiev 

climatic areas allowed to set that: 
- the transmission parameters of OF and SSOCd differ due to surplus length of fibers in the core of  

cables, which is conditioned it by a spiral laying with a certain step and radius.  

- change of value of attenuation coefficient ( ad) on wavelengths   1310 nm, 1550 nm, 1595 nm, 
conditioned by the spiral laying of OF in a core. It has the most value in default of loads of cables on a drum and 
does not exceed 2,1 % from the own losses of optical fiber and proportionally diminishes under the action of the 
longitudinal loadings. Under the action of loads, that relative lengthening of SSOCd, and temperatures of 
exploitation  ad diminishes, mostly, due to straightening of spiral of OF on 0,23 % in the conditions of the Odessa 
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climatic area and on 0,12 % in the conditions of the Kiev area on supporting lengths of waves of the second, third 
and fourth transparancy windows. Additional losses due to the bends of different types of SSOCd in span of FOCL 
are 0 %, and due to minimum possible bends in the places of binding – does not exceed 0,1 % at all wavelengths; 

- the spiral laying of optical fiber in the core of SSOCd and lengthening of cable to the maximal 
allowable value results in appearance of additional positive polarization dispersion, and bends of cables in span of 
FOCL and in the places of binding – to negative polarization dispersion; 

- the additional component of signal dispersion makes from the value of the rationed linear chromatic 
dispersion in accordingly to recommendations of ITU-T: for the second transparancy window region – 5,7 %, for the 
third – 1,1 %, for the fourth – 5 %.  

- bandwith SSOCdF  it is a reciprocal to linear signal dispersion and can change in a range  0,1 % at 

all of the considered chemical compositions of OF and wavelengths. 
 
Summary 
In this work performed research in relation to the estimation of transmission parameters of SSOCd in the 

conditions of exploitation allowed to do such conclusions: 
1. In this work the estimation of transmission parameters of dielectric self-supporting optical cables is 

performed in the conditions of exploitation in Odessa and Kiev climatic areas and the additional components of 
transmission characteristics are defind, that conditioned the spiral laying of OF in the core of SSOCd, by the bends 
of cables during sagging in span and in the places of binding to poles. 

2. Results of calculations and researches of parameters it was allowed to set the transmissions of SSOCd, 
which are exploited in the conditions of Odessa and Kiev climatic areas, that: 

- a change of value of attenuation coefficient of SSOCd on wavelengths 1310 nm, 1550 nm, 1595 nm, 
mostly, conditioned the spiral laying of OF in the core of cable. Attenuation coefficient of SSOCd has a most value 
in default of loads of cables on a drum and does not exceed 2,1% from the own losses of optical fibre; 

- the additional constituent of signal dispersion appears only in the case of the relative lengthening of 
SSOCd to the allowable value and makes from the value of the rationed linear chromatic dispersion in accordingly 
to recommendations of ITU-T: for the second transparancy window region – 5,7%, for the third – 1,1%, for the 
fourth – 5%, that matters very much at the use of DWDM technologies of FOTS. 

- bandwith SSOCdF  depends on linear dispersion of signal and can change in a range  0,1% at all of 

the considered chemical compositions of OF and lengths of waves. 
3. The estimation of transmission parameters of dielectric self-supporting  optical cables in the conditions 

of Odessa and Kiev climatic areas can be made to order to the use in cable industry on the stage of planning of 
optimum constructions of SSOCd for application in the concrete terms of exploitation. 
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СИСТЕМА ДЛЯ ВИМІРЮВАННЯ  

І КОНТРОЛЮ ВОЛОГОСТІ НАФТОПРОДУКТІВ 
 
Розроблено мікропроцесорну систему для вимірювання і контролю вологості нафтопродуктів, що може 

бути використана на нафтопереробних підприємствах, а також у вимірювальних лабораторіях під час видобутку 
нафти.  Отримано  залежності  функції  перетворення  та  визначено  чутливість.  Розбіжність  теоретичних  та 
експериментальних результатів не перевищує 3%.  

Ключові слова: вологість, нафтопродукт, ємнісний сенсор, від'ємний опір 
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THE SYSTEM FOR MEASURING AND CONTROL OF PETROLEUM PRODUCTS HUMIDITY 

 
Abstract – The system for measuring and control the petroleum products humidity is developed and can be used in the oil industry 

and  in test  labs during oil production. The dependences of  functions of transformation and sensitivity of petroleum products humidity are 
obtained. The divergence of theoretical and experimental results is 3 %. 

Keywords: humidity, petroleum product, capacitive sensor, negative resistance 
 

Вступ 
Визначення вологості в нафті та маслах завжди було однією з головних проблем для фахівців. Вода, 

яка присутня в гідравлічних і мастильних рідинах, може викликати значні пошкодження технологічних 
вузлів, які потребують змащування деталей. Без відповідних пристроїв та засобів контролю важко помітити 
їхнє поточне руйнування. Вода наявна у нафті сприяє корозії, при її транспортуванні може спотворювати 
покази витратомірів, а також призводить до передчасного зношення обладнання та виникнення аварійних 


