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Abgract. In the article system engineering solutions for
enhancing the sngle-phase autonomy of the processes of
contralling the coordinates of dectricd mode (EM) in an
eectrica mechanica sub-system of moving the dectrodes of
an eectric arc ged-making furnace by induding a cross-link
compensatar into its gructure. The technique of the synthesis
of transfer fundions of the crosslink compensator in phase
contrd channds are proposed and mathematical modds of
crossink compensators for dedric arc furnace EAF-3 (ukr.
JICII-3) are obtained.

Key words dectric arc furnace, power supply, compen-
sator of cross links controller, synthess optimazation,
dynamics, criterion.

1. Introduction

Eledtric arc furnaces (EAF) refer to the category of
complex three-phase intardated sysems They are charac-
terized by extremey dynamic, unsteady and phase-asymmet-
ric load, as wel as high unit power (from 1.5 to 170 MVA
and higher). Taking into account the current trend towards
the increase of the production of arc-furnace ged (at present
it makes up more than 50% of the totd world ged produc-
tion), sorap meltingintendfication and the increase of speci-
fic power of dectric power equipment (1.0-1.3 MVAW), the
task of encreasng the dectrotechnica efficiency of making
arc-furnace ged in the EAFsis quiteimportant and topicd.

2. Analysis of recent achievements

One of the promising directions of improving exiging
technica meansfor contrd over mdting phase in the EAF is
the devdopment of new efficient, smple and rdiable
circuitry and algorithmic solutions based on the use of semi-
conductor power converters and microprocessor technol ogy
in the feeding and controlling modes of the system
comprising dectric arc furnace and power supply (EAF-PS
system) [1]. In accordance with tha direction the solution
described in [2] was developed for optimd contrd and
quality stahilization of eectrical mode coordinates But these
solutions do nat take into account cross links exiging and
acting inthe system.

3. Theaim of theinvestigation
The aim of the investigation isthe devel opment of sys-
tem enginearing solutions to the task of creating single-phase

autonomy of mode coordinates contrd and increesing
dynamic accuracy of their Sabilization at apreset leve.

4. Thereaultsof theinvedtigation

For redizing the Srategy of multicriterial optimal contrd
over the modes of the EAF-PS system, the dructure of a
multidreuit high-gpeed system was developed [2]. It condsts
of severa subsystems, namdy, the subsystem cotralling the
position of dectrodes (SCPE), the subsystem controlling
furnace mode coordinate (SCFMC) and the subsystem cont-
ralling power supply mode coordinate (SCPSMC) (Fig. 1).

Functional potentid of such a dructure is directed
towards increasng the dynamic and datic accuracy of
contralling mode coordinates of dectricd arc ged-making,
decreasing the leve of negative interaction of the EAF and
power supply, increasing the dectrica efficiency, decreasng
eneagy intendty, increasing furnace productivity, prolonging
the life duration of power equipment and increasing the
quality of arcfurnace ged. Such soutions have been
developed on the bads of an integrated system approach
which takesinto account modes and functional characteridics
of EAF, aswell asthose of power supply.

Modern trends towards increasing unit tonnage of EAF
and spedific power of furnace transformers (FT) provide the
necessity for obtaining the high-performance drcuitry and
algorithmic provison of the optimization of dectric ded-
making phases (modes). Therefore, the authors propose to
expand the functional capabilities of the automatic control
system (ACS) with the modes of the EAF-PS system which
can be achieved by the means of high-speed wide-range
adjugment of coordinates and parameters of the arc power
supply according to the rdevant control modes. On thisbag's,
the efficient multifunctiond and multicircuit system for
optimal contralling the modes of the EAR-PS system isto be
created according to given qudity criteria.

As the bags of the approach mentioned above, the
concept of priority suppresson of disurbances in the source
of their occurence isintroduced. The multidreuit structure of
the coordinate-parametric system for contralling the modes
of the EAF-PS system devel oped according to this approach
is shown in Fg. 1. The abbreviations and signds shown in
Fig. 1read asfollows:
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Fig. 1. Functional block diagram of multicircuit SAC
for multicriterion mode optimization of the EAF-PS system.
SCPE — subsystem contralling the position of dectrodes; i —ingdantaneous reactor current;
SCFMC - subsystem contralling furnace mode l1oad —0ad current (effective value);
coordinate; . .
. ine /| - er nework current (instantaneous
SCPSMC — subsystem controlling power supply mode net /Tnet — POM (
coordinate; effective); . .
FMCT — furnace mode coordinate transclucer; Rnet —equivalent inductance of power network;
FMCS — furnace mode coordinate setter; L —eouivalent resstance of power network;

FMCC — furnace mode coordinate contrdler;

U g — i due of gwork voltage
SPPC — system of pulse-phase control; tnet et = TLNNING VALIE OF PONEr NEWOrK vallag

UCCI — unit contralling the coil inductance; (instanteneouseffective);
WCC —welding choke coil; Enet —dectromotive force of power network;
PSMCT — power supply mode coordi nate transducer; U éget) — sditing value of power network voltage:
PSMCS — power supply mode coordinate setter; (net) )
PSMCA — power supply mode coordinate adjuster; Ucont —contraling value of power network voltage;
TRG — thyrigter-reactor group; Ugcrg —referencevaue of arc voltage;
FCD — filter-compensating device; ; ) )
DETC — de-energized tap changer; U éet) (Ugrc) —setting vaue of voltage for formation of
OLTC —on-load tap changer; externd furnace characteridtic;
CT — current transducer; Uppn — Secondary phaseto-earth voltage of furnace
VT —voltage transducer; ransformer:
EAF —édlectric arc furnace; ansiorme, _
FT —furnace transformer; lrcp __FCD cur_rent,
Ul —setting value of furnacevoltage; C+ —filter capacitance;
U grc —running vaue of arc voltage; L+ —filterinductance;
u _ furnace voltage I e —running vaueof arc current;

(f) Dl —arclength disturbance;

Ugont —contralling value of furnace valtage (Sgnd); a —thyristor firingangle;

i) —ingtantaneous furnace current; Dxpecc —changein WCC inductance:
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The exigence of close crosslinks between particular
phase channd s as well as between the control channels of
different subsystems of the electric technological system
EAF-PS impedes the necessary dynamic and datic
accuracy of controlling the mode coordinates, so that the
autonomic (independent and phase-divided) control and
desirable values of the generalized control objective
functional chosen for the current melting period or the
partial optimality criteria cannot be achieved.

In the static mode, the numerical form of linkedness
between the inputs and outputs of SAC of electric sted-
making process can be calculated with the use of the
Bristol matrix:

4 Kl U
u
e © o
g leI mmH
whose dements, in the static mode, are determined as
follows:

A=

D D

(oy; /auj all subsystem phasel oops are open

i. L
) (oy; /auj all but u; subsystem phaseloopsare closed
i,j =1,m, that is, they are equal to the ratio between, on
the one hand, the derivative of the steady-state output va-
lue y, of a certain mode coordinate in an open-loop

system with respect to the control signal u; and, on the

other hand, the derivative of the same steady-state output
value y; in a closed-loop system with respect to the

same control signal u; .

If the absolute values of off-diagona eements of
this system matrix increase and the absolute values of
diagonal elements decrease, the system linkedness (the
effectiveness of crosslinking) increases. When off-
diagonal elements tend to zero and diagonal e ements
tend to unity, that is, when Bristol matrix of the system
converts into the identity matrix which refers to the
system with negligibly small effectiveness of cross-
linking, dynamic characterigtics of certain phase control
channels are smilar to characteristics of autonomous
(independent) control channels,

So, taking into account such an indicator as the form
of the Bristol matrix, let us analyze various approaches
to making the modes of the EAF phases autonomous.

As one of the proposed approaches to the above
mentioned problem, the structure of SAC of the modes
of the EAF-PS system can be supplemented by the
compensator of cross links. The functional block
diagram of the structure of the autonomous coordinate &
parametric SAC of the steel-making mode of the EAF-
PS system with the compensator of cross links is shown
in Fig. 2, where x is a system control vector; & isa
control error vector; z isan output signal vector of one-

dimentona controllers, U is an output signal vector of
one-dimentona compensators, )'/ is a vector of output

1
(controlled) furnace coordinates, f is a vector of

disturbances (external influences).
The component signals x of the system control

vector x change rather rardly (it happens more often at
the beginning of the technological period) and, as usual,
when the furnace is switched off. That iswhy cross links
caused by those changes do not affect the dynamics of
mode coordinates in the electric steel-making process.
Taking this into account, it is not necessary to devel op
the modd of a separate compensator of the system
control vector components for eiminating the cross links
caused by the change of the vector X .

The gructure of the dynamic modd of the contral over
the dectric ged-maikng can be determined by a following
generd system marix transfer function:

M1 (p) Wi (p) KWy (p) U
W(p) = gNzl(P) Woo () KWy (P)S
e | N W u’

81 (p) Wo(p) KW, (p)

where W (p) are transfer functions charatterizing signdl

transfer from the input of a Sngle phase channd contralling a
particular subsystem to its output; W ;(p) are transfer

functions describing dgnd transfer from theinput of asingle
phase channel contraling a particular subsystem to the output
of a different phase channd of the same subsystem or to the
output of aphase channd contralling a different subsystem.
Trensfer functions W;;(p) and W;;(p) are dete-

)

mined by the reaults of full-scde experiments during the
process of sted-making or with the use of adigita smulator.
In amultidimentional ACS of the modes of the EAF-PS
system, the dimination of the dynamic and dtatic cross links
or thar decrease to the negligibly smdl levels trandforms the
matrix transfer function (1) of the closed-loop system into the
diagonad one under the condition that the number of the
contralling inputs of the sysem is equal to the number of the
observationa mode coordinates (m = ) of the dectric sted-
making process and the transfer matrix W, (p) of the

controllers of themode coordinatesisdiagond:

eMi(p) 0 K 0
W 2 Wyp(p K 0 g
é a
g 0 0 KW (pg

and each of its phase circuits can be adjusted independently,
that is it can be conddered as autonomous while being
adjused with the use of any methods of classcal control
theory.
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Fig. 2. Functional block diagram of multidimentional autonomous SAC of modes of the EAF-PS system.

The modd of a one-dimensond mode coordinates
controller isintroduced by the diagond transfer metrix:

&M,(p) 0 K 0 0

e u

W (p):(:a I W (P K 0 g
p e u-
é 0 0 W0 u

§ 0 0 KW,(pY

Therefore, taking into account the transfer matrix of the
compensator  W,.(p) , the trandfer matrix of closed-loop

SAC of the modes of EARPS system can be described by
thefollowi ng expression;
y(p) (I + W(p) W, (p)><W (p)*

“(W(p) W, (p) W, (P)XX(D)+Wf(P)><f(D))

y(p) = G(p)>x(p) +G¢ (p) xf (p)),
where G(p) and Gy (p) are matrix transfer functions
with respect to control vector and disturbances vector,
accordingly.
The compensator W, (p) isintended for eliminating

or reducing the effects of cross links. Asit is mentioned
above, theoretically it should provide the diagonal state
of the matrix G(p)

G(p) = (I + W(p) "W, (p) W, (p))

. @)
W(p) XW, (p)>W, (p)

at any indant, or the approximation G(p) to the identity
matrix | in the datic Sate while t® ¥ (p® 0) and

appropriate adjugment of variable parameters of one-
dimentiona controllers Wi, (p) -

Taking into account the fact that transfer matrix
Wp(p) is diagond, it can be dated that the necessary
condition for matrix G(p) to be diagonal, as well as for
obtaining the boundary reation G(p)® | under the

increase of amplification factors, the following equation
should be satisfied:
W(p) W, (p) = diagW(p) .

From this expresson the trandfer function of the

dynamic compensator of crosslinksis obtained:
W, (p) = W(p) *>dliagW(p), ©)

where diagW(p) isadiagona matrix obtained from W(p)
by replacing its off-diagona dementswith zeroes.

If it providesfor full compensation, the transform matrix
of the dose-loop system contralling the sted -making process
isto bewritten down asfollows:

L§/(|o) = (I +diagW (p) W, (p))” * X(diagW (p)’

] r ur 4)
W,y (p)(p) +W¢ (p) xf (p)),

or
(0= VD) s
U e (p)w.(p)
) ©)
"W (W () W'”(p)x”p)
wheei =1,2,K,| .

It is necessary to mention here, that the obtained modd
of the compensatar (3) guarantees the absolute autonomy
with respect to control vector components. Also, in Spite of
thefact that each parametric or coordinate system digturbance
can affect all outputs or the majarity of them, the effect of the
mode digturbances on any output can be compensated by a
single one-dimentiona controller W,ip(p) .

The reguirements for the compensation of cross links of
each locd subsystem are different in the gatic or dynamic
gate Undoubtedly, thefull compensation of crosslinksin the
system would be the best solution, but it is rather difficult to
be implemented in practice This difficulty is caused by the
consderable order of the matrix transfer function (1) of the
sydem and the complexity of its particular dements
W (p) and W (p) - It is possible to somewhat smplify its

implementation. After anadyzing the operation peculiarities,
requirements and characteidics the conditions  of
compensating cross links in different subsystems should be
st gpart from each other, Snce each subsystem can contain
ome excessive functiona possibilities concerning  the
compensation of cross links. In addition, not al cross
linksshould be compensated, for example, some additionally
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embedded, functionally necessary links between the outputs
of SRLE and the inputs of SRFMC. So, it is reasonable to
develop the compensatars (with the use of the technique
(3)H5)) for dnglelocd subsystems which would eliminate or
sgnificantly reduce the aross links occurring in the phase
channels contraling the coordinates of theloca subsystems.

For example, for dectromechanicd SCPE the frequency
range which can be handled by the subsystem with tolerable
accuracy is condderably narrower than the frequency range
of the gpectrum of coordinate digurbances. The main mode
of this subsgem is the dynamic mode of handing the
digurbances accompanied by conddeable continuous
dynamic error of their contrd. Static modes (in determinidic
sense) of this subsystem do nat exig. Therefore for the
reduction of the root-mean-square error of SCPE contrd it is
reesonable to synthesize the compensator of cross links
according to above mentioned modd of full dynamic
compensation (3)«5) providing for the dimination of the
effects of static and dynamic crosslinks

Let us obtain the transfer function of the compensator
W (p) for the dectromechanicd SCPE as the subsystem
with intengve cross links occurring because of using the
three-wire system of arc feeding and forming the control
signd of this system according to derivative action.

In Fig. 3 the time dependencies of step responses
Uarca(t) » Uargs (1) , and Ugrec () @ each SCPE output of
ASF-3 (ukr. JICII-3) furnace are shown. They are caused by

21

unit-step arc length digurbance in C-phase while the
automatic control system has been adjusted for handling a
trandent process without its overregulation as appropriate for
the minimization of the variance of the EAF coordinates.
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Fig. 3. Time dependencies of the SCPE output responses caused by
unit-step arc length digurbance in C-phase while adjusting the arc
length according to the derivative control mode.

The andyss of these Sep responses, as well as the
characteridics obtained under the unit-gep disurbances in
phases A and B, shows that the magnitude of the response on
the output of lagging phase is rdatively the leas and non-
significant, so, it can be neglected. Taking this into account
and on the basis of the step responses obtained in practice, the
matrix transfer function of the eectromechanica subsystem
contralling the pogition of dectrodes has been determined as
follows

é 1151 8.12p u
& 5 0 a
& 0.258p+1 0.0921p“ +0.53p+1 a
g ¥
: 1138 8.96 ,
Wi(p)=¢€ 0 q° 2 P i
é 0.262p+1 0.098p? +0.61p+10
& 78%p 0 C142 g
€0.0877p? +0.491p+1 0.252p+1

Now in accordance to expresson (3) the matrix transfer function of the compensator of cross links for the subsystem

contralling the position of dectrodesis obtained asfollows:

éNAAk(p)

1. é
Wi (p) = Wi (p)” ~>diagW; (p) = 2NBAk (p)
ghea (P)

where

Wag, (P)
Wag, (P)
Weg, (P)

Wic, ( P)g
Wac, (P) U,

G
Wee, (P g

(©)

_1184p° +20810p° +0.16>40° p* +0.6884>40° p* +0.173610" p* +0.24440" p+0.149640"

Wan, (P

1194p% +20930p° +0.16240° p* +0.68890°6 p° +0.1736407 p? +0.244:20" p+0.149640 '

1.243p" +21.64p% +153.2p° +554.4p* +1031p° +722.2p?

Wap, (P) =

30.18p’ +646.1p° + 6114 p° +33170p” +0.111410° p® +0.23210° p? +0.277:40% p+0.14720°

-60.25p" - 1194p° - 0.140° p° - 45590p* - 0.1191x0° p® - 0.1694x10° p? - 0.1027x10% p

Wea, (P) =

-234p° - 3674p° - 23930p* -

308p’ +6593p° +62390p° +0.339410° p* +0.114:207 p° +0.237207 p? +0.28340 p+0.1540"

81180p° - 0.1434x0° p? - 0.1055x10° p

Wag, (P) =

1194p® +20930p° +0.16120° p* +0.6890° p° +0.174x07 p? +0.244X407 p+0.1540"
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Ve (p) = 1184p® +20810p° +0.1603:20° p* +0.6940°8 p® +0.173640" p? +0.24440" p+0.1540"
B3 110408 + 209305 +0.16140° p? +0.689x10° p3 +0.1736X07 p? +0.244407 p+0.15407
46. 15p +649. 2p +3434p +8112p +7243p
WCBk (p) = 6 4 6.3 7 2 7 7
1194 p® +20930p° +0.161:40° p* +0.69>20° p° +0.1736>407 p? +0.244407 p +0.150
49. 26p +654. 7p +3412p +8400p +8309p
WACk (p) = 6 4 6 3 7 2 7 7
1194 p® +20930p° +0.161>20° p* +0.69>20° p® +0.174:20" p? +0.244407 p +0.15640
Ve (p) = -62.81p" - 1202p°® - 9924p° - 45380p* - 0.1214x0° p° - 0.1808:.0° p? - 0.1178x10° p
C - L
"k 300.8p’ +6467 p® +61420p° +0.334x40° p* +0.11320 p® +0.235%0" p? +0.282x0 p+0.15640"
Vi (p) = 1284 p® +20810p° +0.1603x10° p* +0.688440° p® +0.173640” p? +0.244:0" p +0.1540’
CC - .
k 1194 p® +20930p° +0.1607 0% p* +0.6940° p° +0.1736407 p? +0.244X10" p+0.1540’
The dynamic characteridtics of the components of the compensator of crosdinksareshown in Fig. 4.
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Fig. 4. Step responses hep, (1), P, (1) 1 Mg, () of the respective components We, (P) - Weg, (P) . Wee, (P)
of the developed compensator of cross links Wy, (p) are shown by unbroken line (- )
and those of the reduced order compensator are shown by broken line(........... ).

The analysis of the step responses of the
components IJk(p) (i,j=AB,C) of the

compensator demonstrates that, in spite of the high

order of W,Jk(p) , they are not very intricate, and their

characterigtics do not significantly differ from the step
responses of elementary dynamic units, in particular,

those of the second order. Therefore, for simplifying
the circuitry design of the SRLE compensator
Wy (p) the order of its components is reduced with

the use of well-known techniques. As a result, the
matrix transfer function Wl(li)(p) of the compensator
with the reduced order is obtained:

€0.4992p” +2.5874p+10.16 - 0.0184p* - 0.0705p 0.0053p? u
50.5034 p? +2.5845p +10.16 0.094p? +0.531p+1 0.1272p? +0.5668p +1 ﬂ
WO () = § 00051 0? 0.4992 pz +25874p+1016  -0.176 p?- 0.0738p E
& 0.122p“ +0.5231p+1 0.5034p“ +2.5845p +10.16 0.8396p“ +2.4916p+1 u
g -0.0175p? - 0.0686p 0.0045p? 0.4992p? + 2.5874p +10. 16“
g 0.0895p® +0.492p+1 0.115p? +0.4524p+1  0.5034p? +2.5845p +10. 16g

For the comparison, in Fg. 3 there are point charts of step

WD (P,

reponses of trandfer fundions W(r) (p),
(r)  (p) of the developed reduced order compensator
Wl(li)(p) . Asit can be seen, under such Smplifycation of

Wy (p) the accuracy of recondructing the step responses

h i (t) issugtained and, repectively, the proper accuracy of

the compensation of the crosslinksis achieved.

The effectiveness of the gpplication of the compensator
of cross links for dectromechanicd ACS has been
investigated in furnaces Ne 1 and Ne 2 of the ASF-3 (ZICTI-3)
type a the “Novovolynsk dged-making plat” public
corporation. The obtained results have shown that its
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application causes the amplitude decrease of arc voltage,
current and power oscillations and, consequently, specific
power consumption decreases by 3-5 %, time of basic
melting decreases by 4-5 % and oscillations of power supply
voltage are d so reduced.

The authors dso propose the other solution to the
problem of transforming SRLE from V-canonical sructure
into P-canonical dructure The arc current should be
eliminated from the process of forming the control sgna for
this subsystem, that is the derivative control mode in the
exiding arc power controllers should be replaced by the
adjugment of the eectrodes postion in the arcing modes by
the contrd mode ruled by the deviaion of arc voltage U 4

fromitsreferencevaue U ¢ g -

With the use of this gpproach the processes of
contraling the eectrodes position (arc voltages), which are
autonomous with respect to the phase channds, are obtained.
It means that they are invariant to arc current fluctuations
caused by the action of coordinate disturbances as well as
paramentric ones. In the cases of arc extinction, short
circuits or similar situations for fail-safe arc initiation, it
is proposed to form the signal controlling the electrodes
position according to the derivative action.

Switching the contra modes is performed in the zone of
sgnificant deviations of the furnace operating point from its
presst value where the output Sgnd of the unit of forming
the contral signal (UFCS) of the SCPE takes on maximum
values under the conditions of both control modes (saturation
zone of the input/output characterigtic of the UFCS) which
does not affect the dynamics of the process of controlling the
extrema didurbances The dynamics of changing ac
voltages while handling the arc length disurbancein C-phase
by adjudting the arc valtage deviation isshown in Fg. 5.
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Fig. 5. Changein arc voltages U gca(t) , Ugcp(t) .
U 4rcc (t) while handling the arc length disturbancesin
C-phase by adjusting the arc voltage deviation.
Let us mention, that the dements V\/ij(li)(p)of the

obtained SCPE compensator W]S<r )(p), due to the

nonlinearity of furnace externa characteristic, depends
(though indgnificantly) on the coordinates of furnace
operating point, in particular, on thereference vaue U g ¢

of arc voltage. Therefore, a change in the reference value

Uacreg  requires correcting the coefficients of transfer

functions \/\/I”Jk (p) of the compensator Wﬁ(r)(p) . How-

ever, the application of the contrd mode ruled by the
deviation of arc voltage does not reguire indantaneous
correction, but it causes some complication of the UFCS
circuit. The chaoice of one out of two proposed solutions (the
compensator or control mode ruled by the arc voltage
deviation) for the dimination of crosslinking is made for
each particular EAF taking into account the complexity of its
congruction, since the accuracy of the dynamic
compensation of crosslinking is approximeatdy smilar for
both cases Their implementation enables obtaining the
nearly autonomous processes of arc length contral in the
SCPE (Fig. 3, Fig. 5).

If these solutions are used, in the generd case, only
functionaly necessary links between the voltage output of the
eectromechanical SCPE (arc voltage) and the driving input
of the controller of furnace mode coordinate (SCFMC) in
appropriate phase channds remain working out of the links
exiding in the ACS and the arc furnace power circuit. The
remaining links are necessary for the formation of desired
atificial externd characteidic in the zone of average-length
and short-length arcs.

But the interactions between current outputs of phase
channdsin ahigh-speed SCFMC existing due to a functional
link between linear currents in power supply control system
of the three-phase arc sysem are yet not diminated. Phase
channels contralling that subsystem are intended for handling
the digurbances of different origin causing the deviation of
indantaneous vaues of the contrdled furnace mode

coordinate from its preset vaues U gt) (Ugarc) - Apat from

arc length fluctuations these are devidions of arc voltage
gradient, changes of resstance and reactance of furnace
dements (caused by different conditions) induding those
occurring due to the magnetic coupling between the e ements
of short circuit of the furnace.

The devel oped sol utions enabl e obtaining the structures
of loca subsysems of the layered architecture systems
contralling the modes of the EAF-PS complex technol ogical
system, that belong, according to their dynamicd and datic
features, to the P-canonicd dructures. Their application
increases the autonomy of handling the coordinate and
paramentrical disturbances in each phase channd and
provides independent phase-by-phase adjugment of control
vector componentsin every local subsystem.

5. Conclusions

The system enginesring solutions for the dimination or
sgnificant redudng the crosslinking effects between the
phase channds of the local subsystems are proposed. Ther
application to practice enables obtaining the autonomous
phase-by-phase contol of mode coordinates in the process of
electric ged-making.
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MNOPA3ZHA ABTOHOMI3BAILIA
PEKUMIB Y EJIEKTPOTEXHOJIO-
I'MTYHOMY KOMILJIEKCI “ IYT'OBA

CTAJIEIVIABUJIBHA Y —

EJIEKTPOIIOCTAYAJIbHA MEPE/KA”

Opect Jlo3uncrkuit, SApocnas Ilapanuyk

3anporoHOBaHO CHUCTEMOTEXHIUHI PINICHHS JUIS

CTaJICIUIABMIIBHOI TIedl 3a JIOTIOMOrOI Tif €fHaHa M0 ii
CTPYKTYpU KOMIIGHCATOpa TepepexpecHrX 3B’ s3KiB. 3arpo-
TIOHOBAHO METOMMKY CHHTE3y IepelaBalbHUX (DyHKINiH
KOMIIEHCATOPIB TIEPEXPECHUX 3B'S3KIB Y (ha3HHX KaHajax
PETyIIIOBaHHsI Ta HA OCHOBI PE3YJIbTATIB eKCIIEPEMEHTATBHHIX
JIOCITIJDKEHb OTPUMAHO MaTeMaTHIHI MOJIENi KOMIIEHCATOPIB
TepeXpecHuX 3B’ s3KIB st yroBoi niedi ey JICII-3.
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