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INTRODUCTION

Quick development of technological civilization is accompanied by growing demand for
electric power. This imposes the need for searching new methods and equipment for high
power transmission. Three-phase heavy-current lines (i.e. power busways) are reckoned
among such transmission devices. They are used for power transmitting in middle voltage (up
to 20 kV) or high voltage ranges, and current values ranging to several kA. They are made as
cylindrical symmetric systems (three conductors distributed each 120° in a shield of circular
cross-section), as plane systems (three conductors located aside, with or without the shield),
or as three individually shielded busways. As an insulating medium may be used: the air,
sulphur hexafluoride SF, or a solid component made of epoxy-resins.

An important factor for the process of production of material goods (inclusive of designing
the electric equipment) is saving of raw materials and energy. Proper determination of
electrodynamical parameters of a system is of important practical meaning when analysing
electrical equipment of any type. Designing and carrying out power conductors for higher and
higher current and voltage values give rise to the need of accurate description of
electromagnetic, dynamical, and thermal phenomena. Knowledge of quantitative and
qualitative relationship between a comprehensive set of electrodynamical parameters (power
losses, temperatures, electrodynamical forces, voltage gradients) and structural parameters
(materials, shapes, and dimensions) is necessary for carrying out the optimization process,
taking into account the costs of manufacture and exploitation. Analysis in the above
mentioned scope is feasible with the use of numerical methods and computer technics. The
problems related to determination of electrodynamical parameters may be considered both
with the use of analytical and numerical methods. The tendency aimed at joining these both
methods, i.e. developing algorithms making use of analytical solutions in one area and the
numerical one in another, is also natural. Such an approach remarkably speeds up the
numerical calculation and reduces the requirements related to computer equipment.

The work presents an algorithm of electrodynamical calculation related to heavy-current
lines operating in a cylindrical symmetric arrangement. As an insulating medium the air is
applied. Distribution of current density occurring in the phase conductors and induced in the
shield was determined with the help of the method of integral equations. Knowledge of the
current density distribution enabled calculating of active power losses in the system and,
afterwards, the distribution of conductor and shield temperatures. Maximal electrodynamic
forces and voltage gradients in the systems have been also analyzed.

The presented electrodynamical considerations and calculations are used to optimization of
the shape and cross-section of three-phase shielded air-insulated heavy current lines in two
variants - determination of dimensions with regard to:

— minimal consumption of structural material during manufacture of conductors and shield,
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— minimal power losses and consumption of structural material of the busway.
In order to achieve high effectiveness of the optimization procedure a modified genetic
algorithm was applied.

DESCRIPTION OF THE SYSTEM AND METHODS OF DETERMINATION
OF ELECTRODYNAMICAL PARAMETERS

The analysis was carried out for a three-phase shielded heavy current line composed of
three phase conductors (Fig. 1) each of
cross-section S. , located symmetrically
every 120° in a shield of inner radius Rj
and outer radius R4y. As a basis for
determining the electrodynamical
parameters of the system serves the
distribution of current density J of the
phase conductor. For calculation purposes
a cylindrical system of coordinates (r,p,z)
has been used.

The electrodynamical calculations
(particularly considering heat phenomena)
presented here are used for searching
optimal design of heavy-current busways.
The electrodynamical parameters (serving
for  formulating  of  optimization
constraints) are calculated many times
within the optimization algorithm.
Therefore, the calculation process should
be simplified tothe utmost degree,
keeping at the same time its due accuracy.
Taking into account the nature of the system and the properties of electrodynamic interaction
occurring therein, the computation was confined to a planar linear system (the system is
symmetrical and the length of the conductors significantly exceeds cross dimensions).

Fig. 1. Analyzed system with marked particular
areas

Current density distribution in current busways and its shield
The magnetic vector potential A(r,p,z) in the considered 2D system has only one
component in z-axis direction, and depends only on the coordinates (r,p),
re. A(r,0,z) = 1, A(r,p), satisfying in particular areas (Fig. 1) the following relationships [2]:
- in the I-area (inside the shield), i.e. for 0 <r <Rj:

AI(raw):Al(r9¢)+A2(ra¢) (1)

The potential A; (r,p) included in the relationship is a result of the currents flowing
through the phase conductors, and may be expressed by the formula:



SCIENTIFIC PROCEEDINGS OF RIGA TECHNICAL UNIVERSITY

Series - Computer Science Boundary Field Problems and Computer Simulation - 46™ thematic issue
2004
3 N x!
AGO= o [i.00Y [asinio =) bcosito-g) | rardy @)
T 1
Sc i=1

The potential A; (1,¢) is a result of the currents induced in the shield and satisfies the Laplace
equation:
V2A,(1,)=0 (3)

- in the II-area (material of the shield), i.e. for R; <r < Ry:
VAL (L9) =@ po psysAn(t9) ©)
- in the IlI-area (outside the shield), i.e. for r > Ry:
VA (1,0)=0 )

The following definitions are related to the above relationships:
- Sc - cross-section area of a phase conductor,
- J - current density of the R-phase,
- ® - pulsation (o = 2nf),
- Mo - magnetic permeability of vacuum,
- Us - relative magnetic permeability of the shield material,
- vs - conductivity of the shield material,
- the coefficients x, a; and b; take the values [2,8]:

r ' 0 for 1=3l
o for r<r , , 0 for i=31
X = rr' , a,= j for i=31-1 , b;= | for i23l (6)
. #
— for rxr —j for i=31-2 o
for 1=1,2,3, ....

Moreover, the following boundary conditions should be met at the boundaries of particular
areas:
-for r = Rj:
Ar (r,9) = An(r,0)
Hio (1,9) = Hug (1,0)
-for r = Ry: (7)
A (r,9) = Am (1,0)
Hue (r,¢) = Huo (r,¢)

Solving the equations (1)+(4) and (6) satisfying the boundary conditions (7) leads to the
expression for magnetic vector potential in analyzed areas.

Distribution of current density J(r,p) in the phase conductor is derived from an
approximate solution of integral equations [2,8] obtained in result of the use of known
relationships for the electromagnetic field E = -joA and J =vyE:
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J(r,0) = 3(t0.00) +—jomorc jJ(r,(p)[K(r,co,r,(p)—K(r,(p,ro,coo)]dr de'=0 (8)
S
JJ (', )r'dr'de'=I1 9)

S

where (1,,(,) is a reference point, yc is conductivity of conductor material, I — intensity of the
current flowing in the R-phase, while K(r',¢',r,0) — is a kernel of the integral equation
determined by the relationship [2]:

K(r.p'.r.0) = ) [agsini(p - ") +b; cosifp — "] Sr'+

i=1

(10)

+>° [Fy sini(p - ") + Fy cosi(p -] rr) x
i=1

The coefficients occurring
in equation (10) are
described in [8].

It results from symmetry
of the system that
distribution  of  current
density of two remaining
phase conductors (S and T)
is the same as in R but
shifted by +120° and -120°,
respectively.

The presented system of
integral equations may be
solved in  approximate
manner using a moment
method, being a variation
of Ritz method [2,6]. In
order to apply this method

As,,

()

Fig. 2. Division of cross-section area of the phase conductor into N
parts

the cross-section S of the conductor is divided into N elements (Fig. 2) of the areas AS;, (with
m=1,2,...,N). The discreti-zation has been made making use of the geometry of conductor
cross-section. The section is in the form of an oval ring.

The oval (dealt in the present paper) is a figure composed of four circular sectors.
Therefore, the sectors of the oval ring (being the sectors of appropriate circular rings) are
divided in angular and radial directions into elementary AS,, surfaces for which coordinates of

their centres are determined.

Current density is expanded in functional space:
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I(r,0)= E Jnfm (11)
m=1

while J,, = J (tm,Pm) = const (for m = 1, 2, ..., N) and f;, are base functions defined as

follows:
1 forasS,,
= (12)

" 0  for the remaining elements

In result, J,, is an approximate value of current density in a AS,, — element.
Making use of the moment method the system of integral equations is then replaced by a
system of N linear algebraic equations in the form

Ly Ly Lz e Lin I N | 0
Ly Ly Ly e Ln I, 0
Ly Ly Ly e lin Ji | _ 0
................................................ M| | M (13)
lN-l,l 1N_1,2 1N-1,3 ...... lN-l,N JN-I 0
AS, A4S, A4S, ... ASy | [ In | I I |
where:
3 b \J !’ \J ! \J !
lm,n:§m,n_5N,n+EJwﬂO Yc J‘[K(I',gﬁ ’rm’¢m)_K(r’¢ >rN’§0N)]dr d¢ (14)
S
for: m = 1,2,3,....N-1 and n=123,...N, Sm,n 1s Kronecker delta,

K(',¢',r,0) - a kernel of the integral equation defined in the form (10).

Solution of the system (13) provides approximate values J,, (for m = 1, 2, 3,....; N) of
current density in particular elements of cross-section AS;, AS,, ..., ASn. Total current I
flowing in the phase conductor may be considered as a set of m conductors transmitting the
currents, Iy, =JnwASn,, (m=1,2,....N).

Distribution of the current induced in the shield is obtained with the use of the
relationships of electromagnetic field: E = -joA and J =yE. Substituting the relationship for
magnetic vector potential within the shield area [2] one finally obtains:

3. N R N . ,
Is(t.9)=——jo o 7s jJ(r,go){Z[Gn K, (kn)+ Gy, L (kn)sini(p- ') +
S i=1

(15)

+ 3 [65 Kok + G T (kn)]eosicp- ) }r'l ' dr g

i=1

Coefficients occurring in the above equation are determined in [1,2,8].

10
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Calculation of active power losses in phase conductors and the shield

Knowledge of approximate distribution of the current density vector enables determining
the value of active power losses in conductors and shield. The losses of active power in phase
conductors Pc (falling to unit length) may be determined e.g. from the Joule law [1,8]:

Pc=ij|J(r',(p')|2 rdr'dg (16)
Ve §

Taking into account the approximate distribution of current density, the relationship takes
a form:

3 &
PC :_Z|Jm(rm’g0m)|2 Asm (17)
7C m=1
and the losses of active power in shield Pq:

1
Py =— J.| J(p") |2 r'dr'de (18)

S Ss

Calculation of temperatures in phase conductors and the shield

Knowledge of the active power losses and the distribution of power density emitted in the
conductors and in the shield is necessary for determining thermal conditions of the system.
Distribution of power density output in the shield is expressed by the relationship:

| JS(r"¢ ') |2

Vs

pt,p)= (19)

Results of many calculations made for aluminium shield of 3-mm thickness have shown that
p(r,) is a function strongly dependent on ¢ and symmetrically distributed every 120° [2],
while the variable r only slightly affects p.

Total thermal power emitted from phase conductors dissipates radially, approximately
uniformly [2,4,9]. At the outer surface of the shield the following boundary condition is met:

P __, o1

=—Ad.— for r=R 20
27R,  ° or : (20)

Inside the shield the temperature meets Poisson equation:

V2 I(r, ) = - L0 1)
As

From outer surface of the shield the thermal power is emitted to the environment in result
of convection and radiation:

11
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A = [T(r,0) - T, | for r=R, (22)

Temperature excess above that of the environment meets the Poisson equation [2,3,9]:

27 T(l 2
Ac mz( o p) where p(1)=é ; P, 5(1—1mj)—%“T(1) (23)
is a difference between the power emitted from the branch through n inner sources, and the
power carried away to the environment with constant a coefficient, 8(1 — 1j) 1s delta function,
g is the thickness of conductor wall.
Methods of solving the above questions and determining the coefficients occurring in
the equations are discussed in detail in the works [2,3,4,8,9].

Determination of electrodynamical forces acting in the system
The force AF acting on unit length of the conductor carrying the current of density J of the
cross-section AS placed in the field of induction B is determined by the relationship [8]:

AF=(JxB) 4S (24)

In the system of cylindrical coordinates the magnetic induction B expressed in terms of vector
magnetic potential is equal to:

B=rotA=1,B, +1,B, (25)
with:
B, _17A , B, __9%A (26)
r oo or

Substituting the above relationships into the formula (24) gives [8]:

AF =1 A4F, (r,9,t) +1,4F, (r,0,1) (27)
where:
AF, =1 A4S LA , AF, =] ASé)—A (28)
roe or

Distribution of the current density and, further on, distribution of the magnetic induction
are calculated in the complex domain. The above expressions in the time-form, take the
following shape:

AF¢(r,(p,t)=2|J|AS|Br|sin (ot+y))sin(wt+y,) (29)
AFr(r,(p,t)=—2|J|AS‘B¢‘sin(a)t+l//J)sin (wt+y,) (30)

In the presented relationships vy, yr, W, are initial phase shifts of J , B, , B, , respectively.
Induction values B, and B, occurring in the point defined by the coordinates (ry, ®m), 1.€. in
the middle of the elementary cross-section AS;, leading the current I, = J,AS,, are

12
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determined as a sum of inductions caused by all elementary conductors of the system, except
for the induction of the given elementary conductor (nevertheless, the induction caused by
two other phases and currents induced in the shield are taken into consideration).

N
3u, 1 J'{_]
InsPm) = n Ums@Pm) + m -t
Br(mgp ) HEIB ( @ ) dr 1 3

hem Am 31)
+ Zi [Fli cosi(p, —¢')-F,; sini(p, —¢' )](r r')i } r'dr'de’

i=1

= 3uy 1 1
By (s Pn)= D By (1) — 21, I{—+
o (T > Pn) yA on (T @ g 3

Ay

nzm (32)
+ Zi [Fyi sini (¢, —¢' )+ Fy sini (g, —¢')](rr) }r’ dr'dg’

i=1

Substituting the above expressions into the formulas of the forces provides appropriate
equations for the forces acting at particular elements of the conductor cross-section as time
functions and their average values falling to a cycle. The force values fall to unit length:

- in time-dependent form:

AF(/,(rm,(pm,t)=2|Jm|41Sm |Br(rm,(pm)| sin(wt+y,)sin(wt+y,) (33)
AF, (1 P ) == 21| 48 B, (1, 0 | sin (@ t+ 7)) sin (@ t+y7,)  (34)

- average values for a cycle:
AF 7 (R |Jm| VAN |Br(rm,(pm )| [cos(y; +w,)+2siny, siny,] (35)

AF 1 (1,0, )= |Jm|ASm ‘B¢(rm,(pm )‘ [cos(y; +y,)+2siny, siny,]  (36)

The computation made with the use of the above relationships enable determining values
of the forces and investigating the effect of changes in the busway geometric parameters on
the values of active forces.

Maximal electrodynamical forces in the system occur under short-circuit and non-
stationary conditions, when the transient component is superimposed on the stationary
periodical one of the short-circuit current. In result, some other phenomena, apart from
sinusoidal patterns, may appear. For purposes of developing the calculation method the
knowledge of the total non-stationary pattern of short-circuit current as a time-function was
assumed. The transformations are similarly performed. The calculation is made with the use
of the Laplace transform and, afterwards, the time-dependent values are reinstated.

13
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Determination of voltage gradients in the system
Distribution of electric field in the system may
be determined from the equations [2,7]:

E=- grad V and V?V=0 (37)

In the analyzed case maximal electric stress is
determined based on analytical relationships (due to
geometry of the system) [2]. Maximal values of
electric field intensity occur un the points shown in
Fig. 3.

Fig. 3. The points of maximal values o
electric field intensity

PROBLEMS OF HEAVY-CURRENT BUSWAYS OPTIMIZATION

Geometric parameters characterizing the system
(Fig. 4) are the following: thickness of the conductor
wall (g), big (a) and small (b) oval diameters, the height
of suspension of the conductors (h), and internal shield
radius (R3). For purposes of the present consideration a
constant shield thickness (ts) is assumed — amounting
to 3 mm. This is imposed by technological requirements
in manufacturing and exploitation of the busways.
Outer shield radius (R4) and insulator height (h;,) are
determined by the above dimensions. Thus, the system
is characterized by five independent variables
(a, b, g, h, R3).

The optimization is aimed at finding the most
favourable shape and geometric dimensions of
considered busways in order to achieve: a) minimal consumption of structural material of
conductors and shield (material optimization); b) minimal power losses (falling to unit length
of the conductor) and consumption of structural material of the busway (power optimization —
aimed at determining busway dimensions for possible the lowest busway exploitation cost,
taking into account material consumption of the conductors and the shield). Hence, the
optimization criterion includes, among others, a factor of variable costs of busway
construction and exploitation.

The objective function S(u) depends on geometric variables affecting the value of busway
cross-section area (the investment costs ki,,) and the level of active power losses (operation
costs kop) [8]:

Fig. 4: The geometry of analyzed
system

S() = f(ujuy,eu,) = ky, +y-k (38)

op
where:
u — the vector of decisive variables (in the case of r=5, they are a, b, g, h, R3),
Kiny — the investment cost, ko, — the exploitation cost.

Constraints of the optimization process are admissible electrodynamical and thermal parameters
(temperatures of working lines T¢p,, and of the screen Ty, clectrical strength of the system E,,, the

14
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forces acting in steady conditions and in short-circuit state F,,), as well as admissible ranges of
variation of the geometrical dimensions.
A set of the above mentioned constraints Z; in a general form is given by the function:

Zi(w)=[Z,(w), Z,(u), ..., Z,(u) ] (39)

In order to convert the presented problem to a constraint-free optimization problem the
criterion function S (u) has been modified [1,3]:

k
S, (W= S+ Y P (Z)’Nz] (40)
i=1

1 for Z; >0 infringement of the constraints

where:  Nj[z,] ={ .
0 for Z,<0 fulfilment of the constraints

The formula (40) includes P; - a so-called penalty factor, of high value, being positive for
the case of minimization S(u) (and negative for maximization).

Due to the dependence of criterion function included extremized variables on delimiting parameters
(the values of which are to be determined in result of complex numerical calculation) and due to the
constraints included in the objective function, the modified criterion function can not be written in an
explicit form. This imposes an additional problem that complicates the optimization calculations and
considerably extends the time consumed for getting the results.

As an optimization method the genetic algorithms have been applied [1,5], as the most
effective methods of optimum searching in a global sense. The selection was made based on
the model of expected values and random selection with respect to remainders without
repetitions, with the best individual “always” transmitted to the next generation. The
population was of constant size, equal to 20 individuals. Crossing and mutation probabilities
were constant and amounted to 0.8 and 0.005, respectively. The optimization process was
performed for 100 generations.

RESULTS OF THE CALCULATION

The optimization calculation was effected for three-phase shielded busways, operating in
symmetrical cylindrical arrangement (Fig. 4), made of aluminum, with air used as an
insulating medium. For assumed rated voltage and current, material parameters and
temperatures (of the environment, conductors, and shield) such optimal geometrical
dimensions of the heavy-current busways were determined that lead to satisfaction of the
selected optimization criterion (the material or energetic one) and ensuring keeping
admissible electrodynamical parameters of the system.

For purposes of the calculation the following exploitation and material data have been
assumed: rated voltage 10 kV, rated current 1+4 kA, temperature of the environment 308 K,
temperature of the shield 338 K, operation temperature of the conductors 363 K, conductivity
of conductor and shield material 37-10° S/m, temperature coefficient of resistance variation
of the conductors and shield 0.004 1/K, emissivity coefficients of outer surfaces of the
conductors and shield amounting to 0.5; mains frequency 50 Hz.

Results of the optimization calculation for various current and voltage values are shown in
Figs. 5 + 8.

15
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Fig 5. Total cross-section areas of heavy-
current busways (obtained in result of material
and power optimization) as the functions of
varying rated current
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Fig 7. Total cross-section areas of heavy-
current busways (obtained in result of material
and power optimization) as the functions of
varying rated voltage

FINAL REMARKS AND CONCLUSIONS

1 1,5 2 2,5 3 3,5 4
Current (kA )

Fig. 6. Total active power losses falling to unit
length of the busway (obtained in result of
material and power optimization) as the
functions of varying rated current

Fig. 8. The effect of changing rated current on
optimal values of geometric dimensions of the
busways, for U, =3 kV

e Material optimization allows determining busway dimensions ensuring their minimal unit
mass, maintaining their admissible electrodynamical and thermal conditions (leading to
growing power losses in these structures). In result of power optimization such busway
dimensions are obtained that ensure the lowest operational costs of the busways, taking into
account the cost of conductor and shield material (with a view to achieving real geometric

dimensions).

e In case of air-insulated heavy-current busways applied for middle voltages (up to 20kV)
the optimization results depend chiefly on heat factors and to less degree on the other
electrodynamical parameters. For low rated currents and higher rated voltages the
optimization results are to higher degree affected by electric strength of the system.
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e Temperature measurements of the conductors and shield performed in busway
manufacturer’s laboratories have been satisfactorily consistent with the calculations made
with the use of the methods here referred to (the differences are under 1,5 per cent).

e The genetic algorithms are reckoned among the most effective optimization methods,
enabling achieving the optimum in a global sense. Their specific properties enable easy
paralleling of the calculation process, that results in considerable acceleration of the
optimization process.

e More original effect of the performed calculation led to 30 per cent reduction of
construction materials consumption that ensures reduction of busways mass and
manufacturing cost.

REFERENCES

1. Bednarek, K. 2003. Improvement of effectiveness of high-current lines optimization by
modification of genetic algorithms and paralleling of the computation process. X7
International Symposium on Electromagnetic Fields in Electrical Engineering ISEF’2003.
Maribor (Slovenia): 619-624.

2. Bednarek, K. 2004. Determination of temperature distribution in oval three-phase shielded
heavy current lines. International Conference on Unconventional Electromechanical and
Electrical Systems UEES’2004. Alushta (Ukraine): 649-655.

. Modest, M. F. 2003. Radiative heat transfer. N. Y ork, Oxford, Tokyo: Academic Press.

4. Hewitt, G. F., Shires, G. L. & Bott, T. R. 1994. Process heat transfer. New York: CRC

Press, Boca Raton.

5. Goldberg, D. E. 1989. Genetic Algorithms in Search, Optimization and Machine Learning.
Massachusetts: Addison-Wesley Publishing Company, Inc. Reading.

6. Harrington, R. 1969. Field Computation by Moment Methods. New Y ork: Mcmilan Comp.

7. Nawrowski, R. & Tomczewski, A. 2000. The Solution of 3D Electric Field Distribution by
Means of Boundary Method. Information Extraction and Processing, National Academy of
Sciences of Ukraine, No 14: 37-40.

8. Bednarek, K. 2004. The use of integral equations method for determining electrodynamical
parameters of three-phase heavy-current busways optimized with regard to material and
power consumption, XIV Symposium PTZE Electromagnetism Application in Modern
Technics and Computer Science, Zakopane (Poland): 14-17 (in Polish).

9. Jaluria Y. & Torrance K.E. 1986. Computational Heat Transfer. Washington, N. York,
London: Hemisphere Pub. Corp.

(98]

17



SCIENTIFIC PROCEEDINGS OF RIGA TECHNICAL UNIVERSITY
Series - Computer Science Boundary Field Problems and Computer Simulation - 46™ thematic issue
2004

Karol Bednarek, Dr. Sc, Assistant professor

Poznan University of Technology, Institute of Industrial Electrical Engineering
Piotrowo 3a, 60—965 Poznan, Poland

e-mail: Karol.Bednarek@put.poznan.pl

Bednarek K. Elektrodinamiskas un optimizacijas problemas trisfazu stipro stravu ovalas formas Iinijam.
Darba aprakstita metode elektodinamisko parametru noteikSanai trisfazu stipro stravu Sinam un risindatas to
skersgriezumu un formu optimizacijas problemas .Tika izmantota integralo vienddojumu metode, lai noteiktu
stravas blivuma sadalijumu fazu Sinas ka art stravam, kuras inducéjas ekranéjosa dala (izmantojot magnétisko
vektoru potenciala metodi ieprieks izvélétas sistemas dalas). Stravu blivuma sadalijums [ava aprekindt sistemas
aktivos jaudas zudumus un temperatiru sadalijumu Sinas un ekrana. Izdevas apreékinat sistémas maksimalas
elektriskas slodzes. Elektrodinamiskie aprékini deva iespéju optimizéet stipro stravu Sinas. Ka optimizacijas
kritériji izmantoti izdevumi Sinu izveidoSanai un ekspluatacijai ka ari to izstradasanai. Optimizacijai lietots
modificets genetisks algoritms. Doti optimizdcijas apréekinu rezultati un pétijjuma rezultatu kopsavilkums.

K. Bednarek. Electrodynamical and optimiztion problems of oval three-phase heavy current lines.

The work presents a method determining electrodynamical parameters of three-phase heavy-current busways
and the problems related to optimization of their shapes and cross-sections. The integral equations method
served for determining the distribution of current density in phase conductors and the one induced in the shield
(using the equations of magnetic vector potential for previously defined sub-areas of the system). The current
density distribution allowed for calculating active power losses in the system and temperature distribution in the
conductors and shield. Moreover, maximal electric stresses of the system were determined. The
electrodynamical calculation enabled optimizing the geometry of the heavy-current busways. As the optimization
criterion the investment and operation cost was chosen, related to design and operating the heavy-current
busways. A modified genetic algorithm was applied for the optimization purpose. The results of optimization
calculation are presented and the summary includes an analysis of the results obtained during the study.

Beanapex K. IIpo6sieMbl 3JIeKTPOAMHAMHKH U ONTHMH3AINHU JJIsl TPex$a3HbIX JHHUN 0BAIBHOH (GOPMBI
AJIS1 CHIIbHBIX TOKOB.

B pabome paccmompen memoo onpedenenus 21eKMPOOUHAMUHECKUX NAPAMEMPO8 Ol Mpexasuvlx WuH
CUTTLHBIX MOKO08 A TAKdiCe peuaemcs npooiema onmuMu3ayuy cedeHus u Gopmol 3mux wiuH. [na noayyeHus
pacnpeoenenus NIOMHOCIU MOKO8 8 WUHAX U 6 IKPAHEe NPUMEHEH MemoO UHMeZPANbHbIX YPAeHeHull (0A
IKPAHA UCNOIL30BAH MEMOO BEeKIMOPHBIX NOMEHYUAN08 O/ BblOpanHblx uacmeti cucmemsl). Pacnpedenenue
RAOMHOCHEN MOKA NO360em Onpedeiums Nomepu aKmMugHOU MOWHOCIU U MeMNepamypy 01 WUH U IKPAHA.
Onpedenenvl  MakcumanbHvle MowHOCmu cucmemvl. brazooaps pacuemam 31eKMPOOUHAMUKY, MOICHO
ONMUMUBUPOBAML WUHBL CUTLHBIX MOKOS. B kauecmee npumepos onmumuzayuu uUCnoIb308aHbl pacxoovl Hd
uzeomosnenue, pazpabomky u oKcniyamayuu wuH. s OnmumMuzayuy UCHOIb308aH MOOUDUYUPOBAHHDILL
eenemuueckull ancopumm. Ilpusedenvi pesyromamuvl onmumusayuu u 0aemcsi 0030p 2IABHBLIX Pe3YabMamos
paspabomxu.
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