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3("15@)05@(")@ % Ki Ku Kin Kiv Kv
ol bmdgMo (5%) (10%) (20%) (30%) (40%)
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14 70 - - - + +
15 75 + - - + +
16 80 - - + + +
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18 90 - - + + +
19 95 + - + + +
20 100 - + + + +
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Resume

The dissertation is dedicated to the study of electromagnetic processes in three-
phase and single-phase cable lines made of woven polyethylene, determining the power
and power losses caused by these processes in network elements, analyzing the level of
reliability of the network power supply when using each of them, comparing them with
each other, making relevant conclusions and determining the expediency of their use in
specific conditions.

The first chapter studies the current state of the electricity supply system in Tbilisi
and analyzes the emergency shutdowns in the network. It is important that the average
voltage system of the city power supply includes 2191 units, 1558.1 MW total power, (10-
6)/0.4 voltage transformer substations and their power supply network includes, 6-10 kV,
3967.76 km long cable network. It is important that a significant portion of cable networks
are outdated and in need of urgent rehabilitation.

According to the daily report of the controller management service of the Tbilisi
electricity supply network, in 2021 1567 power outages were registered due to technical
malfunctions of the network. Emergency power cuts were mainly done for the following
reasons: 173(11.0%) for breakdown elimination by service personnel, for breakdown
liquidation as a result of relay protection -1370(87%), for unknown reasons -24(1.5%).

Research materials have shown that the reactive power factor of cable lines is
significantly lower. As a result, the reactive power carried by the cables is 40-45% of the
total capacity. It is also shown that the spectrum of high-order harmonics outgoing in cables
is mainly dominated by 5th-order harmonics. Consequently, the additional heating of the
cable insulation is mainly due to this harmonica.

In the second chapter, the current electromagnetic processes in the three-phase
cables are investigated and an electrical replacement scheme is developed. Electromagnetic
processes due to asymmetry of load current in cables are explored. The influence of high-
order harmonics on electromagnetic processes generated as a result of load current
distortion is studied. It is important that the active and reactive power and energy losses in
a medium voltage cable network depend mainly on the cable design, the substance of the
elements’ materials, and the technical arrangement of the cable network.

The reasons for the unequal distribution of the load current between the three-phase
cables connected in parallel and the separate phases are established.

Based on the qualitative and quantitative analysis of the parameters of the parallel
connected cables’ replacement circuit, it is established that the difference between output
currents of the parallel-connected wires is mainly due to the inequality of the transient
resistances of the contact at the beginning and end of the cable. A method for detecting
inequality between the resistors of the same phases connected in parallel is proposed, which
is based on the principle of simultaneous control of the total output currents in the parallel
circuits and the difference of output currents in the separate circuits. Studies have shown
that despite the identity of the cable parameters and the same operating conditions, the
currents in the cables of the same phases are significantly different from each other, and in
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some cases, the output current in a highly loaded cable significantly exceeds the allowable
current under long-term heating conditions.

The third chapter examines the current electromagnetic processes in three-phase
cable networks, identifies the causes of power and electricity losses and influence of screen
grounding method on cable overheating and reducing conductivity.

Electrical replacement scheme of cable network has been developed to investigate
the electromagnetic processes in three-phase cables made of single-phase woven
polyethylene insulation, to estimate their power and power losses, and to determine the
impact on cable conductivity. It is substantiated that the current electromagnetic processes
in three-phase cable networks made of single-phase cables are similar to the current
processes in a single-phase two winding power transformer. In particular, the processes in
the case of a two-point grounding screen are identical to power transformer working in a
short-circuit mode, and in the case of a single-point grounding and transposed screen, are
identical to a power transformer working in idling mode. Accordingly, in the study of
single-phase cables, power transformer replacement circuits can be used along with taking
into account the parameters of the proposed replacement circuit. It is supported by evidence
that in two-point screen-grounded single-phase cables mainly dominate losses due to
currents generated by the current in the cable screen.

Based on the synthesis of screen grounding methods: "sectioned single-grounded
screen" and "mid-grounded screen”, a new screen grounding method has been developed:
"sectioned mid-ground screen", which ensures damage protection from cable over voltages,
reduces the number of expensive network devices, reduces the amount of installation work,
and simplifies maintenance services.

Based on the conducted research, the following recommendations are proposed for
the implementation of medium voltage cable networks of the power supply system.
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