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Purpose. Selection of a rational power supply system for an electric drill based on an assessment of active power and voltage
losses in a cable line.

Methodology. Research on active power losses in current leads is based on the use of the theory of electrical circuits. On the
basis of retrospective methods of reliability study of the main elements of the electric drill power supply system, factors that affect
its reliability and efficiency are determined. As a result of mathematical modeling of functioning of the electrotechnical complex
of electric drill power supply system with DC link in the mathematical editor Mathcad the change in losses of active power and
voltage during the transition from the “two wires — pipe” system to the system with a DC link “one wire — pipe” is investigated.

Findings. The influence of the structure of the power supply system of the electric drill on the level of power dissipation and
voltage losses in the current lead during drilling of wells is investigated. The necessity of transition to an electric drill power supply
system with DC link “one wire — pipe” is justified. This power supply system will increase reliability and energy efficiency indica-
tors.

Originality. It has been shown for the first time that the active power dissipation and voltage losses in the current lead of the
electric drill with the use of the power supply system with DC link “one wire — pipe” are smaller in comparison with the existing
electric power supply system, especially when drilling average and lower intervals of wells.

Practical value. The developed mathematical models of active power dissipation and voltage losses in the current lead allow us
to determine the main indicators of energy efficiency and operational reliability of the electric drill power supply system and fa-

cilitate the choice of the economic drilling process.

Keywords: electric drill, energy efficiency, electrotechnical complex, dissipation

Introduction. The analysis of reliability and energy efficien-
cy indicators shows that most enterprises, institutions and or-
ganizations are equipped with morally and physically outdated
technological equipment with low energy conversion efficien-
cy. The power supply systems of the electrotechnical complexes
of the oil and gas industry no longer correspond to the value of
the installed capacity of consumers and are not consistent in
terms of electromagnetic and mode compatibility, which
causes an increase in electricity losses and a deterioration of its
quality. The lack of systems for electricity technical metering
and monitoring of its quality indicators often makes it impos-
sible to analyze the power consumption of the enterprise units.
The increase in the voltage level beyond the permissible value
in power grids and the wrong choice of electrical equipment
dramatically reduce the service life of power consumers and
increase their energy consumption [1]. An adjustable electric
drive for well drilling is equipped with semiconductor power
converters that distort the shape of the current curve in the
phase conductors of the power grid, resulting in additional
losses. The power supply system of the electric drill (ED),
which is currently in use, causes an asymmetry of motor cur-
rents and voltages. It results in increasing of power consump-
tion and reducing of the system reliability as a whole [2].

Literature review. The questions of reliability and energy
efficiency research of power supply systems and electrical
equipment are considered in the works by J. Endreni, I. Sud,
S. Blanter, Y. Kostyrko, and S. Shevchuk. The solution to this
problem was started in the works by the authors, and the re-
sults of the research studies are presented in their publica-
tions [3].

As a result of the mathematical processing of statistical
data, it is established that failures of electric drive equipment
are under the Weibull-Gnedenko law, which describes both
gradual and instantaneous failures. The probability of failure-
free operation is determined by the formula
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where a is the parameter of the distribution form; 4 is the pa-
rameter of the distribution scale for the elements of the power
supply system of the electric drill. The parameters of the distri-
bution law are given in [3].

The electric drill cable sections located in the drill pipes
are the most frequently damaged elements, which complicates
the conditions of their operation in the aggressive environment
of the drilling fluid. The average failure time of the cable sec-
tions is 150 hours and their failure flow parameter is
1.3- 10 hour™".

Unsolved aspects of the problem. To achieve this goal, it is
necessary to develop a mathematical model of reliability and
energy efficiency of the power supply system with DC link
“one wire — pipe” and to determine the active power and volt-
age losses and the energy efficiency factors.

Results. Ukraine’s energy independence cannot be
achieved without an increase in the mining of hydrocarbon
energy sources — oil and gas. One of the main ways to achieve
this is to increase the production rate of oil and gas during the
construction of new wells and to continue the operation of
conserved wells. This problem is solved by drilling obliquely
directed and horizontally-branched wells. The most promis-
ing way of drilling is electrical drilling, especially in the Car-
pathian region.

An electrodrill is a submersible oil-filled high-voltage
three-phase asynchronous motor with a squirrel cage. Elec-
tricity is supplied to it from a 6 kV power grid through a drilling
transformer TMTB-630/6, a control and protection station
“UZEB”, a current lead made by the “Two conductors —
pipe” system and a device for controlling the insulation resis-
tance of the motor.

The mode of operation of the electric drill practically does
not depend on the amount of drilling fluid supplied by the drill
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pumps into the column of drill pipes to raise the destroyed
rock to the surface. Since drilling and reconstruction of exist-
ing wells are carried out at great depths of drilling, the loss of
voltage in the submersible cable increases. This reduces the
voltage supplied to the drive motor, which causes a softening
in the mechanical characteristic of the electric drill. Resis-
tance asymmetry of cable line and steel drill pipes leads to the
creation of asymmetrical modes of the electric drill operation.
Low and asymmetrical supply voltage increases the heating
temperature of the electric motor winding, accelerates the
degradation of the dielectric properties, the aging of the stator
insulation materials and the failures of the electric drill.

The probability of the voltage decrease at the terminals of
the immersion motor stator increases due to the incorrect po-
sition of no-load tap changer of the power transformer that
feeds the electric drill. Currently, the secondary voltage level is
changed by the switching device manually following the tech-
nological map of drilling. The parameters of the drill power
circuit significantly change during these operations. However,
the increase in phase resistance of the equivalent circuit of the
power line due to the failure of individual conductors of the
cable and after the restoration of the motor performance is not
taken into account. Therefore, the electric drill operates in an
asymmetrical mode and with low voltage. This reduces the ef-
ficiency of drilling and reduces the quantitative reliability indi-
cators of the drill.

More than 14 000 meters of wells were constructed in the
Drilling Department of Dolyna with the use of an electric
drill, and 8 000 meters were constructed in the Drilling De-
partments of Boryslav and Nadvirna. During drilling, the fol-
lowing types of drills were used: E240, E215, and E164. They
are equipped with telemetry systems and devices for changing
the angle of inclination of the well. About 80 electric drills,
30 telemetry systems and current receivers with sliding con-
tacts, 75 insulation control devices and 700 power cable sec-
tions were used throughout the year.

The study of different drilling methods shows that well drill-
ing in difficult conditions with the use of electric drills reduces
the number of complications and accidents in comparison with
other methods. When drilling with an electric drill the basic pa-
rameters are higher than in the rotary or turbine drillings.

An important problem in electric drilling is to provide a
power supply with low voltage and power losses. In function-
ing drilling machines, the electric drill is powered by three-
phase alternating current according to the “Two conductors —
pipe” system. The cable sections are placed inside the metal
drill pipe of type H114 or H141, which is used as the third con-
ductor. Each section consists of a segment of cable KTSHE-
2P with copper cores with a cross-section 2 - 35 or 2 - 50 mm?
(depending on the rated current of the motor) and contact
connections of type KST1. Each cable segment has a pin at
one end and a contact socket at the other. By using them, the
continuous sealed electrical power line is made. The use of a
power supply system “Two conductors — pipe” allows us to
enlarge the hole for the passage of drilling fluid, reduce the
overall dimensions of the contact connections and eliminate
the twisting of the cable sections. But such a power supply sys-
tem creates an asymmetrical electric motor mode.

As a result of the electric drill operating in an asymmetrical
mode, the following factors arise:

- uneven thermal load on the motor windings;

- increased vibration of the motor;

- decreased torque on the shaft.

These factors negatively affect the energy efficiency of the
motor and reduce its service life.

An unbalanced load on the winding causes the motor
overheating and an increase in power consumption. Also, due
to the action of a rotating magnetic field generated by inverse
sequence currents, a torque is generated on the motor rotor
shaft. This torque is directed against the direction of the torque
created by the direct sequence currents [4].

The resultant torque of the electric drill motor, which is
the sum of the torques generated by the currents of the direct
and inverse sequences, will be less than when the motor is
powered by a three-phase symmetric current. This state of af-
fairs reduces the mechanical power supplied to the drill bit,
resulting in a reduced drilling speed for oil and gas wells [5].

Overheating reduces the insulation life of the electric mo-
tor stator winding. The peculiarity of the electric drill motor
design is the large ratio of the stator length to its diameter.
Therefore, the active part of the stator winding of the electric
drill motor is much longer than its front part. When the tem-
perature fluctuates, thermal expansion and narrowing of the
metal parts occur and, as a consequence, mechanical stresses
occur in the groove insulation of the stator winding. Over time,
microcracks appear in the insulation, their size increases and a
local electrical breakdown occurs [6].

Vibration leads to an increase in the aging rate of the motor
components, especially shaft and housing seals, which are
made of cast tungsten carbide [7]. The operation of an electric
drill in an environment containing abrasive particles and cor-
rosion-active chemicals is impossible without effective sealing
of the joints of the shaft and the motor housing. The most ef-
fective way to ensure the tightness, reliability and durability of
such a seal is to use cast tungsten carbide rings. Their working
surfaces should be polished and fixed to each other and greased
with transformer oil, which an electric motor is filled with.
However, vibration causes micro-cracks in the cast tungsten
carbide rings and their rapid failure, which reduces the average
drilling speed of the well and the life of the rock-breaking tool.

Inadmissible asymmetry of currents on the terminals of
the motor (> 5 %) is observed during the drilling of wells at
medium intervals. The increase in the energy efficiency of well
drilling in the Carpathian region is only possible due to the
modernization of the current supply system of the electric mo-
tor.

The electric drill power supply system “Two conductors —
pipe” causes asymmetry of currents and voltages of the motor,
which increases power consumption and decreases the sys-
tem’s reliability as a whole. The voltage at the drill terminals
can only be changed stepwise by changing the transformation
ratio depending on the drilling depth. This state of affairs in-
creases the losses of active power and complicates the regula-
tion of the rotation speed of the drill bit.

Analysis of the energy characteristics of the well drilling
with the use of the electric drill showed that the power and
energy losses in the power supply system are significant and
primarily caused due to the imperfection of the “Two conduc-
tors — pipe” system. Also, the use of a two-core cable located
inside the drill pipe column reduces the hydraulic cross-sec-
tion and, accordingly, increases the hydraulic resistance of the
drill pipe column to the pumping of the drilling fluid.

The history of the development of electric drilling has nu-
merous attempts to design single-phase asynchronous motors
and to use the power supply system of electric drills according
to the “one conductor — pipe” scheme. However, the perfor-
mance of single-phase motors that were powered by this
scheme was unsatisfactory. The startup of the electric drill was
also difficult.

At the same time, the placement of the starting capacitors
requires an additional volume in the layout of the electric drill
motor. For the reasons given above, the use of single-phase
asynchronous motors and a power supply system for electric
drills according to the “one conductor — pipe” scheme has
proved to be inefficient and unreliable.

At the Ideas Fair of the 8" International Investments Fair,
the director of the innovative enterprise “Elektrobur”, PhD.
Oleh Kekot presented a DC electric motor for an electric drill.

Drilling rig with the use of Kekot electric motor, includes
the following units: chisel, spindle, bending mechanism, gear-
box, electric drill motor, telemetry system, lock, single-wire
power supply, drill pipe, rotor, square rod, current collector,
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swivel, hook of the hoist system, DC generator, generator
drive motor, electric drill control board, drill console, and te-
lemetry system console.

The DC electric motor proposed by Kekot is structurally
designed as a non-contact valve motor. The rotary thyristor
switch is provided for switching the current in its armature
winding. However, the rotating semiconductor switch is me-
chanically coupled to the motor shaft and, therefore, does not
function satisfactorily in the conditions of vibration and ex-
treme temperatures in the borehole.

Therefore, in order to improve energy efficiency and reli-
ability of functioning of the electrotechnical complex for drill-
ing, the primary task is to modernize the power supply system
of the drill by introducing a DC power supply system and in-
stalling an immersive frequency converter of the supply voltage
of the electric drill.

DC power transmission systems are able:

- to increase the efficiency of management of high power
and lengthy power system from one center;

- to create the most favorable conditions for the function-
ing of interregional and international wholesale markets for
electricity and power;

- to integrate AC power systems that operate with a nomi-
nal frequency of 50 or 60 Hz and different ideology of frequen-
Cy support;

- to change the value and direction of the power flow in the
general power system and its individual parts without any iner-
tia, i.e. to carry out the electricity transmission according to
the set program, including in the forward and reverse direc-
tions;

- to increase the efficiency of load schedules management
by accumulating electricity during periods of excess generation
and by giving electricity during periods of increased consump-
tion;

- to reduce the amount of emergency equipment while
maintaining high reliability and maneuverability (the expand-
ing of the possibility of emergency mutual assistance of sys-
tems);

- to reduce the environmental burden by reducing the di-
mensions of the transmission towers, 1.5 times’ reduction of
the land exclusion zone for the DC transmission line, higher
safety for humans, flora and fauna due to the absence of wave
effects;

- to provide the minimum low bandwidth of interconnec-
tions, to eliminate the problem of weak connections;

- to increase the efficiency of power transmission from
large and medium hydropower plants by optimizing the rota-
tion speed of the hydropower generator rotors, which increases
the energy efficiency of the power plant;

- to significantly facilitate the integration of generating
equipment based on renewable DC power sources (solar pan-
els, wind turbines of small and medium power, energy storage
fuel elements) into local networks due to the lack of their mu-
tual synchronization.

The creation and operation of DC transmission lines are
connected with some technical problems that require addi-
tional financial costs. The main problems include:

- the need for compensation of higher harmonics and re-
active power of converters when converting direct current to
alternating current;

- the complexity of thyristor valves control (when using
thyristors in converters);

- low internal resistance of power electronic semiconduc-
tor switches, which are in the open state, variation of the tech-
nical characteristics of these devices, which is the reason of
uneven distribution of voltages on separate elements, which
are connected in series [8];

- low stability of inverters operation in asymmetrical
modes of electricity transmission (it leads to complication of
the construction of substations, which reduces their reliability
and increases the cost).

In recent years considerable experience has been gained in
the field of DC power transmission systems. The key issues of
DC transmission have been thoroughly studied in practice.
They are also successfully overcome, although many design
solutions remain expensive.

In a new technological environment, the use of direct cur-
rent systems at the macro level is a necessary condition, and in
some cases it is indispensable (i.e. when AC transmission is
impractical or impossible). Such tasks are meant:

- creation of spatial active-adaptive networks, i.e. systems
in which all the subjects of the electricity market participate in
the processes of generation, transmission and distribution of
electricity;

- formation of smart grids (“Smart Grid”);

- integration of several large energy networks into a single
network;

- connection of decentralized micro-energy systems (Mi-
crogrid) formed on the user side to the common power system;

- transmission of considerable electric power over long
distances;

- integration into a common system of marine-based pow-
er plants (wind farms, floating solar power plants, water-using
equipment), energy storage facilities, and others;

- laying of power transmission lines in rough terrain, at the
bottom of rivers and seas, installation of large capacities in cit-
ies, metropolitan areas, on industrial sites of drilling rigs.

In terms of energy consumption, there are the following
factors that contribute to the development of DC systems: in-
crease in the length of rail and other contact ways; increase in
the number of automobile, ship, aviation, internal (inside
buildings, enterprises, drilling rigs) and special networks;
widespread installation of equipment with switched-mode
power supplies, industrial and domestic machinery equipped
with DC motors.

Recently, the scientific community celebrated the 100"
anniversary of the discovery of the phenomenon of supercon-
ductivity and the 30" anniversary of the discovery of high-
temperature superconductivity, which made it possible to
make the transition from expensive cooling of low-tempera-
ture superconductors with liquid helium to a fundamentally
new — nitrogen temperature level. In the early 2000s, data on
the successful testing of prototypes and experimental segments
of superconducting DC cables began to appear in scientific ar-
ticles.

At present, there are several dozens of experimental cable
lines in the world designed to study the possibility of transmit-
ting electricity using the superconductivity effect, but their
length does not exceed one kilometer. Analysis of information
sources shows the possibility of building energy transmission
systems several kilometers long for use in real power grids. It
has already been announced about the development of proj-
ects for such cable lines from one to ten kilometers long (Rus-
sia, Japan, Republic of Korea, Europe and the USA).

The interest in this direction is determined by the fact that
large power sources (nuclear power plants, hydroelectric pow-
er plants, solar and wind farms) are located at large distances
from large cities and electricity consumers, which leads to the
need to transport large energy flows over long distances. In this
case, the traditional power delivery scheme involves the use of
high-voltage overhead transmission lines, which is due to the
desire to minimize energy losses during its transportation. This
leads to the need to create high-voltage step-up substation
and, respectively, step-down substations, to significant energy
losses (6—10 %) during its transportation, as well as the alien-
ation of large areas of land.

The use of superconducting cable lines will significantly
reduce the voltage class and increase the single transmit power
by increasing the operating currents.

This provides the ability to create transmission at low volt-
age, which significantly affects the cost of the entire infrastruc-
ture of the cable line. Also, there are no voltage drops along
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the length of the superconducting line, which is essential for
long lines. Moreover, when developing long lines, supercon-
ducting DC cable lines are considered.

For example, in Germany the proportion of cables in the
low voltage lines is more than 80 % and the proportion of ca-
bles in the medium voltage lines is 65 %. Experts in Europe
believe that the greater the proportion of cable networks is, the
more reliable the energy supply is.

High voltage cables connect countries separated by seas.
They are used for deep input of power into cities and large en-
terprises and connect the generator part of power plants with
network substations.

Cables with cross-linked polyethylene insulation are wide-
ly used for high power transmission. They have a high through-
put capacity (it is 17—25 % higher than the throughput capac-
ity of paper-impregnated cables), thermal resistance to short-
circuit currents, low mass and smaller diameter, which facili-
tates laying in drill pipes. Such cables are highly environmen-
tally-friendly (no lead sheath) and have low specific damage
rate (between one and two orders of magnitude lower than in
oil-filled).

The share of paper-oil and thermoplastic polyethylene in-
sulated cables is significantly reduced.

Modern cable designs include a built-in fiber module to
monitor their status and power transmission parameters.

High voltage underground cable lines are an ideal option
for deep input of large capacities into load centers. The electri-
cal insulation of new cables now and in the near future is
cross-linked polyethylene. The industrial development of ca-
bles with such insulation is promising. In our country, it is sig-
nificantly behind the world level.

DC power transmission and inputs to the power substa-
tions will require DC cable inserts. In addition to high-power
long-distance power transmission, DC cable lines are used for
underwater routing.

At sufficiently high demand for DC cables, the production
of extruded polymer insulated cables should be organized
based on the production of high voltage AC cables together
with retrofitting of the test base.

Based on the above, it is necessary to note the prospects of
the development and implementation of cable sections of the
electric drill power supply system using the effect of supercon-
ductivity at high temperatures. Such a design of cable sections
will provide almost complete absence of active power losses
during the transmission of electricity to the electric drill.

The drilling speed of solid rocks by conical bits is nonlin-
early dependent on the rotation speed of the bit. Currently, the
speed control is carried stepwise with the gearbox insert be-
tween the drill shaft and the bit. The gearbox is installed before
the drill pipe is lowered into the well. However, the gearbox
cannot change the gear ratio during the active drilling process.
The gearbox also increases the length of the bottom of the drill
string, which does not contribute to the drilling of inclined and
horizontally branched wells.

The use of a surface frequency converter is impossible due
to the capacitive component of the insulation resistance of the
feeder system cable and does not lead to a decrease in the elec-
tricity losses during drilling [9].

The upgraded current lead system will include a controlled
rectifier placed on the surface. The electricity from the rectifier
will be transmitted to the submersible frequency converter
(SFC), mounted directly above the electric drill, through ca-
ble cores, connected in parallel, and through the drill pipe col-
umn.

Accordingly, it becomes possible to adjust the rotation
speed of the bit continuously and over a wide range, to reduce
power losses in the drill pipe of the electric drill power supply
system and to increase the reliability of the electric drive dur-
ing the construction of wells [10].

Active power dissipation in the current lead of the AC
power supply system, depending on the drilling depth

APAC = ]rz(Rspip[pe 1+ 2Rsp7cable 1)’
where 1, is rated current of electric drill motor; Ry, ;. is spe-
cific electrical resistance of the pipe; Ry, .. is specific electri-
cal resistance of the cable; /is drilling depth.
Active power losses in the current lead of DC power supply
system, depending on the drilling depth

1
APDC :IIZJC(RS[Jpipe'l+2Rspcab/e'l]’ (1)

where /) is rated current in DC link.

Let us express /¢ through /..

The apparent power in the current lead is equal to the mo-
tor power

SCL = SM~ (2)

We take into account that
Sy =30, 1,; (3)
SCL = UDC]DC- 4

If we substitute (3) and (4) into (2), we get

Upclpce = \/EUrIr'
Therefore,
— \/§UI‘1I‘

I DC —
UDC

®)

The level of DC voltage in the current lead is determined by
the amplitude value of the sinusoidal AC voltage of the motor

Upc = \/EUr‘ (6)

From expressions (6) and (5) we obtain

37
pc= JJ—E . (7)

Substituting (7) in (1), we determine the active power loss
in the DC link of the electric drill power supply system

3 1
APDC :EIIZ)C [Rsppipe 'l+7RspfcabIe lj

1

2

A comparison of the results of calculations of active power
dissipation in the current lead of DC and three-phase AC
power supply system of the electric drill is illustrated in Fig. 2.

The use of the DC link power supply system of the electric
drill can significantly reduce power losses in the current lead.
When drilling oil and gas wells in the Carpathian region at a
depth of more than 2 km, the predicted decrease in power
losses will be 25 %.

The supply voltage of the electric drill motor is an impor-
tant indicator. Reducing the voltage drop in the current lead
will allow works to be carried out at greater depth.

Since the resistance values of the cable and the pipe are
different, the voltage drop is calculated separately in phases.

Controlled

_ TMTB-560-6 ¢ kv power grid
rectifier

To drawworks

UZEB M
- ==

12 1 ISFC:‘<

b
| S | -

DC link

N
N

Fig. 1. Modernized power supply system of an electric drill with
DC link
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Fig. 2. Dependence of power dissipation in the current lead of
DC and three-phase AC power supply system

Voltage drop in the current lead pipe of the AC power sup-
ply system depending on the drilling depth is

o — I,I(Rsp_pipe cosQ+ Xsp_p,.pe sing) 10

A UA C _ pipe U
ph

0.

Voltage drop in the core of current lead cable of the AC
power supply system depending on the drilling depth is

_ Irl(Rs cable Ccoso® + Xsp_cable sin (P) 10

AU % = 0,
AC _cable U

ph

where 1, is rated current of electric drill motor; Ry, ;. is spe-
cific electrical resistance of the pipe; Ry, .. iS specific electri-
cal resistance of the cable; X, ,,. is specific electrical reac-
tance of the pipe; X;, .. is specific electrical reactance of the
cable; /is drilling depth; U, is phase voltage.

Voltage drop in the current lead of the DC power supply
system depending on the drilling depth

1
IDC : [Rspipipe + ERspfcable ] !
UDC

AU pc %= g ®)

where /)¢ is current in the DC link at rated load of the electric
drill motor.
If we substitute (7) into (8), we get

V3 1
s Ir (Rspfpipe + E Rspfcablejl

AU % -2
UDC

A comparison of the results of calculations of voltage drop
in the current lead of DC and three-phase AC power supply
system of electric drill is illustrated in Fig. 3.

10
5 I I
0 .
2 3 4 s

Drilling depth, km

Voltage drop, %

m AC (cable)  m AC (pipe) DC

Fig. 3. Dependence of voltage drop in the current lead of DC
and three-phase AC power supply system

The use of a DC link can significantly reduce the voltage
drop in the current lead system.

Conclusions. Using the developed mathematical model of
an electric drill power supply system with a DC link, the losses
of active power and voltage in the current lead of existing and
proposed electric drill power supply systems are determined by
the calculation method.

The scientific and methodological base has been created
for choosing a rational power supply system of the electric drill
according to the level of active power and voltage losses in the
current lead.
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MeTta. Bubip pauioHanibHOI CUCTeMU eJIEKTPOIToCTayaH-
H$I eJ1eKTpoOypa Ha ITiJACTaBi OLIiIHKM BTpaT aKTUBHOI MOTYXK-
HOCTi Ta Halpyry B KaOesbHil JiHil.

Metoauka. JlocnimKeHHs aKTUBHUX BTPAT Y CTPYMOITPO-
BOJaX BUKOHAHE Ha MiICTaBi BUKOPUCTAHHS TEOpii eJieK-
TPUYHUX KiJl. PeTpOCIeKTMBHUMU METOAAMU JOCIiIKEHHS
HaJifHOCTI OCHOBHHUX €JIEMEHTIB CUCTEMM €JIEKTPOITOCTa-
YaHHS eJeKTpoOypa BCTAaHOBJICHI (pakTopu, 1110 BIUIMBAIOThH
Ha MOoro HaJillHIiCTh i e(peKTUBHICTb POOOTU. Y pe3yJbTaTi
MaTeMaTUYHOTO MOJIETIOBAHHS B MAaTeMaTUYHOMY PEIaKTOPi
Mathcad ¢yHKUIOHYBaHHSI €JIEKTPOTEXHIYHOIO KOMILIEKCY
CHCTeMU €JIEKTPOIOCTaYaHHSI eJIeKTpoOypa 3 JIaHKOIO IT0-
CTIIHOTO CTPYMY JOCJIIXKEHO 3MiHY BTPaT aKTUBHOI MOTYX-
HOCTI i1 HANPYTY MPU MEePeXo/i BiJi CUCTEMM «IBa MIPOBOIU —
TpyOa» 0 CHUCTEeMU 3 JIAHKOIO TIOCTIHHOTO CTPYMY <«OIWH
MpOoBia — TpyOa».

Pesyabratu. [lociimkeHO BIUIMB CTPYKTypU CUCTEMU
eJIEKTPOITOCTaYaHHs eJIEKTpoOypa Ha piBeHb TMCUMALii Mo-
TY>XXKHOCTI Ta BTpaTy HAIIPyTu y CTPYMOITiIBOI i/ yac OypiH-
Hs cBepmioBUH. OOyMOBJIeHa HEOOXiIHICTb Mepexomy o
CHCTEMU €JICKTPOIIOCTAYaHHSI eJIEKTpoOypa 3 JIAaHKOIO I10-
CTiIlTHOTO CTPYMY «OJMH MPOBiI — TpyOa», 1110 MiABUILUTH I10-
Ka3HUKM HaIiiHOCTI Ta eHeproeeKTUBHOCTI.

HaykoBa HoBU3HA. YTiepilie TOKa3aHOo, 1110 TMCUTIALLis aK-
TUBHOI MOTYXHOCTI Ta BTpaTW HaMpyru y CTPYMOMIiABO/I 10
€JIeKTpoOypa 3 BUKOPHUCTAHHSIM CUCTEMHU eJIEKTPOITOCTayaH-
H$I 3 JIJAHKOIO TIOCTiIHOTO CTPYyMY «OIWH IMPOBiI — Tpyba», y
MOPIBHSIHHI 3 ICHYIOUYOIO CHUCTEMOIO E€JIeKTPOIOCTayaHHS
eJleKTpoOypa, 3MEHIIYIOThCSI, 0OCOOJUBO TIpU OypiHHI cepen-
HiX i HYKHIX iHTepBaJliB CBEPIJOBUH.

Ipaktnyna 3uaunmicTs. CTBOpPEeHI MaTeMaTU4Hi MOIeTi
NUCUIIaLii aKTUBHOI MOTY>KHOCTI Ta BTPAaTU HAIMIPYTU Y CTPY-
MOITiIBOMI TO3BOJIAIOTh BM3HAYaTH OCHOBHI ITOKAa3HUKK
eHeproeeKTUBHOCTI Ta eKCIUTyaTalliitHOT HaIiiHOCTI crucTe-
MM eJICKTPOTIOCTaYaHHS eJIEKTpoOypa Ta IMOJIETIIUTA BUOIp
€KOHOMIYHOTO Tpoliecy OypiHHS.

KimouoBi ciioBa: enexkmpobyp, enepeoeghexmuenicmo, enex-
MpomexHiuHull KomMnaexkc, Qucunayis
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Lean. BbiOop patioHaabHOUM CUCTEMBI DJIEKTPOCHAOXKE -
HMSI 9JIEKTPOOYypa Ha OCHOBAaHMM OIIEHKH ITOTePh aKTUBHOM
MOIIIHOCTH ¥ HAIPSKeHUsT B KAOETbHOU TMHUU.

Metomuka. MccnenoBanue akTUBHBIX ITOTePb B TOKOTIO -
BOJIaX BBIMIOJTHEHO HA OCHOBAHUUW WCIIOJIb30BAHUSI TEOPUU
3JICKTPUUYECKUX IIeTeil. PeTpOCIeKTUBHBIMU METOIaMM MC-
CJIeZIOBaHMST HANEXHOCTM OCHOBHBIX 2JIEMEHTOB CHCTEMBbI
9JIEKTPOCHAOXKEHUS 2JIEKTpoOypa YCTaHOBJIEHbI (haKTOPHI,
BJIMSIIONIE€ HA €r0 HaIeXHOCTb U 3((HEKTUBHOCTh pabOTHI.
B pesynbraTe MaTeMaTUUYECKOrO MOJECIUPOBAHUS B MaTeMa-
TMYecKoM penakrope Mathcad GyHKUMOHUPOBAHUS DJIEK-
TPOTEXHUIECKOTO KOMILJIEKCA CUCTEMBI 2JIEKTPOCHAGKEHMST
2JIeKTPOOypa CO 3BEHOM MTOCTOSIHHOTO TOKA UCCIIEIOBAHO 13-
MEHEeHMe TTOTeph aKTUBHOM MOIITHOCTU M HATIPSIKEHUST TIPU
Tepexonie OT CUCTEMBI «IBa MPOBOAA — TPyOa» K CUCTEME CO
3BEHOM ITOCTOSTHHOTO TOKa «OJWH TIPOBOI — TPyOa».

PesynbraThl. ViccienoBaHo BAMSIHME CTPYKTYPhl CHCTE-
MBI 2JIEKTPOCHAOXEHUsI JIeKTpoOypa Ha yPOBEHD IMCCUTIA-
LMY MOLIHOCTU U TIOTEPU HATIPSIKEHUST B TOKOMIOBOE TIPU
OypeHuU ckBaxXrH. OOyCIOBJIeHa HEOOXOIUMOCTD Mepexona
K CHUCTEMe BJIEKTPOCHAOXEHUsI DJIEKTpOoOypa CO 3BEHOM I10-
CTOSTHHOTO TOKa «OJIMH TIPOBOM — TPyOa», YTO MOBBICUT TT0-
KaszaTeIn HaJeKHOCTU U 9HEeproa(p(eKTUBHOCTHU.

Hayunas nosu3na. BriepBrie moka3aHo, 4TO AMCCHUTIAIINST
AKTUBHOI MOIIIHOCTH U MTOTEPh HATPSIKEHUST B TOKOTIOJBOIE
K 2JIEKTPOOYpY C MCTIOIh30BAaHUEM CUCTEMBI DJIEKTPOCHAO-
JKEHMUSI CO 3BEHOM IOCTOSIHHOTO TOKAa «OIMH MPOBOJ — TPY-
6a», B CpaBHEHUU C CYIIECTBYIOIIEI CUCTEMO 2IeKTPOCHA0-
XKEHMSI 2JIEKTpOoOypa, yMEHbILIAETCsI, 0COOEHHO MPU OYpeHUU
CPEeIHUX W HIDKHUX MHTEPBAJIOB CKBAXKIH.

IIpakTnyeckas 3HaunmMocTb. Co31aHHBIE MAaTEMaTUUECKHE
MOJIEJTA TUCCUTIALINY aKTUBHOW MOIITHOCTU U TIOTEPb HATIPSI-
JKEHUsI B TOKOIIOABONE IMO3BOJISIIOT OMpPEAETUTh OCHOBHBIE
rokazarenu dHeprodhdOEeKTUBHOCTH W IKCIUTyaTallMOHHOM
HaEKHOCTU CHCTEMBI 3JIEKTPOCHAOXEHUST JIEKTpoOypa U
00J1eTYNTH BEIOOP 9KOHOMUYHOTO TIpoliecca OypeHus.

KinioueBbie cioBa: snexkmpobyp, sHepeodggekmusHocmy,
2neKmpomexHutecKuil Komnaekc, duccunayus
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