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The statistical data about the fires in Ukraine demonstrates that in the country there has 

been the unsatisfactory situations with the fires from the cable products. Among the electro-

technical products on fire insecurity the cable products takes first place (about 60 % of the 

fires, 20 % of the dead cases and 70 % of direct loss of material property). At the production of 

cable products the main measures of decrease in their fire insucurity is the reduction of 

combustible materials masses and the use of the materials with the lowered level of 

inflammability, smoke - and gas emission. The counted period of service of cable products is in 

average 30 years. On the real objects the cable products are operated much longer time. 

Therefore as a part of cable lines the cable products which were mounted at the different 

building constructions are operated and, respectively have to be more fire-safe in comparison 

with the modern cable products [1]. 

Let's estimate the influence of the thermodynamic properties of the isolation material on 

the parameters of the loaded cable lines. For this purpose we will construct a thermodynamic 

model of the work of the loaded cable line, that is we will estimate heat exchange between the 

cable line and external space and we will define its maximum allowed current loadings. Let's 

solve for the elementary a case of the single-core cable product with single-layer isolation laid 

in the air. 

The maximum allowed current maxI  for a cable product at the temperature inhabited 

(
1t ˃ airt ) can be calculated by a formula: 
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where is the:  

S  – the cross-sectional area of conducting lived the radius, m2;   – specific electrical 

resistance of material lived, Ω ·m; 
1t  – temperature of the lived, К; airt  – air temperature of 

the environment, К; 
2 – coefficient of the heat conductivity of the insulating material of a 

cable product, 
Кm

W


; r1 – radius of the conducting lived, m; r2 – the maximum external radius 

of the cable, m; air  – value of coefficient of the heat conductivity of the air at the certain 

temperature, 
Кm

W


; 0Nu  – Nusselt's number of process of a convection thermolysis between 

the air and the surface of the cable product. 

Let's check the correctness of the formula (1). In [2, 3] it is given proceeded admissible 

currents for the new cable products depending on their design and service conditions. In 

particular at the temperatures lived K338t1  and surrounding environments K298tair  for 
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the wire with rubber or polyvinylchloride isolation with a section of 10 mm2 at an open way to 

laying proceeded admissible current equally А80possible I  (table 1.3.4 [2]). Coefficient of heat 

conductivity of new rubber or polyvinylchloride isolation 
Кm

W
1901602


 ,, , Coefficient 

of heat conductivity of the air 
Кm

W
1062 2

air


 , , specific electrical resistance of copper 

m10721 8  ,  [4]. To the cross-sectional area 2mm10S   of a single wire there 

corresponds radius m10781r 3

1

 , , the maximum radius of the cable 
2r  is accepted equal 

m104r 3

2

 , we receive: 
W

mК
7160


 ,R ,  , 8072Nu0 , , А68max I  . The value 

maxI  

which is calculated differs from standard 
possibleI  for 15% that can be considered satisfactory. 

The analysis of dependence of the maximum allowed current 
maxI  (formula (1)) for the 

copper single-core wire with one layer rubber (or polyvinylchloride) isolation from insulation 

layer thickness at various ambient temperatures allows to draw the following conclusions: 

- the value of the maximum allowed current significantly depends on insulation layer 

thickness, at the same time growth 
maxI  corresponds to the growth of the thickness 

12 r-rr   - it 

is caused by the fact that the growth of thickness of the isolation provides the decrease in the 

heat exchange with the environment; 

- the environment temperature also affects the value of the maximum allowed current: 

Its growth causes decrease 
maxI : so growth of the temperature on 50С causes to the decrease 

maxI  approximately on 5 A in the certain conditions; 

Received dependences of the maximum allowed current 
maxI  for a copper single-core 

wire with one insulation layer from heat conductivity coefficient at various ambient 

temperatures in a complex to schedules of dependences of the maximum allowed current for 

the copper single-core wire with one insulation layer from insulation layer thickness at the 

various ambient temperatures allow to develop recommendations both to insulation layer 

thickness, and in composition of material of isolation at operation of cable products in different 

conditions. 
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