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Purpose. Development of mathematical model for operational calculation of instantaneous arc voltages values during
melting aimed to determine the current values of the short circuit elements parameters in the arc steel melting furnace.

Methodology. The continuous voltage monitoring algorithm was based on the methods of neural network estimation
of power circuit parameters, precise mathematical model of the power circuit, arc gaps and primary sensors of the con-
trolled arc furnace coordinates in three-phase instantaneous coordinates, and the method of arc voltages calculation using
numerical integration of nonlinear differential equations system with variable parameters.

Findings. The structure and algorithm of continuous monitoring of voltages have been developed based on principles
of neural network parameter identification. The structural and parametric syntheses of neural networks have been per-
formed. The numerical model of the arc voltages monitoring system have been created and the precision of the instantane-
ous voltage monitoring have been studied. The increase of the voltage measurements precision was proved.

Originality. The mathematical model of operational calculation of the instantaneous arc voltages values was devel-
oped. This model takes into account the current values of the arc furnace short circuit elements parameters, which are
continuously identified by neural network during melting. It allows us to improve the accuracy of the continuous arc volt-
ages monitoring.

Practical value. The developed structure of the continuous arc voltage monitoring system, which functions based on
the principles of neural network assessment of the parameters of the power circuit elements, allows us to increase the ac-
curacy of the arc voltages calculation, which gives the rationale for its implementation in electric arc furnaces. This will
allow us to enhance the dynamic and static accuracy of electric mode coordinates stabilization at a given level and increase
several indices of electrotechnological efficiency of melting of heat-resistant steels and precision alloys in such furnaces.
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Introduction. In electric arc furnaces (EAF) electric
energy is converted into the process heat of the furnace
feed melting in the arc gaps of the three-phase arc system.
In each electric discharge, energy release is concentrated
in small volumes, which allows obtaining high tempera-
tures in the furnace melting space. Conditions and modes
of arcing and parameters of EAF low-voltage circuit ele-
ments during melting are continuously changing. Arcs in
the power circuit (PC) of the electric arc furnace are sub-
stantially non-linear elements, and their equivalent resis-
tance varies over a wide range — from zero at operational
short circuit to infinity at arc extinction.
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Statement of the research problem Real-time esti-
mation of the EAF low-voltage circuit (LVC) elements
parameters and measurement of arc voltage for electric
mode (EM) control signal generation, in particular those
based on indices of energy and technological efficiency of
melting, EM coordinates control, in particular arc power,
automatic recognition of melting technological stages
based on real-time estimation of information-bearing pa-
rameters of the melting process require accurate instanta-
neous values of electric parameters and coordinates of arc
discharges, and first of all, arc voltage. The latter is
prompted by the fact that control signals for electrode
movement in typical differential electromechanical (elec-
trohydraulic) power regulators, i. e. automatic control sys-
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tems (ACS) of electrode position, are created as the func-
tions of arc current and voltage.

The problem of accurate real-time estimation of arc
voltage is especially acute for neural network systems of
melting technological stages recognition, as well as for
double-circuit systems of high-speed EM coordinates con-
trol. In double-circuit ACS structure, due to change of ar-
tificial external characteristics dependencies of the arc
furnace, arc length control should be performed according
to the law of voltage deviation from the setpoint (arc volt-
age setpoint of the electrode position control system).
Therefore, accuracy of real-time arc voltage estimation
has a determining effect on both the accuracy of the neural
network system of melting stages recognition and on the
indices of dynamics and statics of arc length control and,
hence, of arc voltage control, current and power, reactive
power of the arc furnace and other EM coordinates, as
well as on the integral values of energy and technological
efficiency indices of the melting process in the electric arc
furnace.

Defining of the unresolved problem. Due to a num-
ber of design and technological factors, implementation of
continuous direct measurement of arc voltage during mel-
ting in the electric arc furnace is impossible. Therefore, in
off-the-shelf arc power regulators (ARDM-T, ARDH,
etc.) arc voltage signal in each phase is assumed to be
equal to voltage between the point of connection of the
flexible bus duct to the output busbars of the furnace trans-
former and the arc furnace shell. These signals differ from
the actual arc voltages by the value of voltage drop on ele-
ments of the low-voltage circuit of the corresponding
phase of the arc furnace, i.e. on flexible and rigid bus
ducts, electrode and contact coupling of the electrode with
the rigid bus duct. This has a negative impact on dynamic
and static accuracy of all arc furnace EM coordinates con-
trol. Therefore, complex improvement of quality indices
of EM coordinates control and energy and technological
efficiency of steel melting in EAF using double-circuit
ACS is possible only subject to a substantial increase in
accuracy of real-time arc voltage estimation and identifi-
cation of EAF LVC elements parameters.

Analysis of the recent solutions. There is a solution
known where in the arc voltage measurement circuit in-se-
ries-connected resistance z is included, voltage drop on
which in certain modes compensates voltage on the afore-
mentioned elements of the furnace low-voltage circuit [1].
In reality, however, during the process of melting due to a
number of factors, parameters (inductance and resistance)
of the aforementioned LVC elements are continuously
changing over a wide range, while parameters of the resis-
tance z in the arc voltage measurement circuit are invari-
able. Therefore, compensation is partial, and accuracy of
arc voltage measurement is rather low. The authors in [2]
proposed a method of the arc furnace LVC elements pa-
rameters calculation and real-time calculation of arc volt-
ages. However, this deterministic model does not take into
account the relationship between resistance of the low-
voltage circuit and arc current harmonic distortion, fur-
thermore, LVC element parameters within the calculation
periods are assumed to be invariable. Disregard of these
factors reduces accuracy of arc voltage measurement.
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Research objective. Taking into consideration these
factors, the task of developing solutions aimed at enhanced
accuracy of LVC parameters identification and real-time
estimation of EAF arc voltage prompted both by the sub-
systems of melting technological stages recognition and by
the subsystems of EM coordinates control and steel-melt-
ing mode control in arc furnaces is important and topical.

Given the dynamic, stochastic, non-stationary and
phase-asymmetrical character of arc discharge parameters
variation and the consequent character of power supply
circuit element parameters change in the three-phase arc
system without a zero conductor (arc furnace LVC), and
consequently accurate mathematical models of EAF pow-
er circuit and circuits for measuring arc voltage cannot be
obtained, a viable approach to implementation of high-
precision continuous real-time estimation of arc voltages
and identification of EAF LVC elements parameters is the
application of neural network identification principles.

Summary of the main information. The developed
functional diagram of the block for identifying low-voltage
circuit parameters and real-time estimation of EAF arc vol-
tages without electrical connections inside the furnace based
on an artificial neural network (NN) is shown in Fig. 1.

In each phase of the arc voltage measurement electric
circuit, voltage on the primary winding of the voltage
measuring transformers 77 is the sum of drops of arc vol-
tage (u,y, U,z U,c), low-voltage circuit active resistance
(R4, R, Rc) voltage drop, and voltage drop across internal
(Ly, Ly, Le) and mutval (L, Lge, Ley) inductances of
low-voltage circuit elements. So, for the arc voltage meas-
urement circuit in phase 4 (primary winding circuit of the
voltage measuring transformer 77)), the voltage balance
equation is as follows
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Fig. 1. Functional diagram of the block for real-time esti-
mation of LVC parameters and EAF arc voltages
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where u,,, is voltage between point m, of the phase 4
power circuit and arc furnace zero point 0" (Fig. 1).

The functional diagram of the power supply system
element connections in the EAF three-phase arc system is
presented in Fig. 2. Dynamic asymmetry of EAF phase
load stems from the random character of change of arc
length and LVC elements resistance. However, on aver-
age, within certain time intervals due to appropriate ad-
justment of EM coordinates ACS, phase loads are almost
equalized. However, in addition to the aforementioned
dynamic asymmetry, there is also static asymmetry, which
is caused by geometrical asymmetry of the electric arc fur-
nace LVC structure.

Parameters that are changing the most are mutual in-
ductances of flexible cables forming a loop, which com-
pensate the movement of the rigid bus ducts in the process
of arc length control and the furnace tilting. Considerable
static variation of the rigid and flexible bus ducts mutual
inductances and their random fluctuations due to changes
in relative position of the rigid and flexible bus ducts in the
phases lead to ‘wild’ and ‘dead’ phase effects, which has a
negative impact on the technical and economic indices of
EAF functioning, causes uneven heating of the furnace
feed and the melt across the furnace, non-uniform wear of
the furnace lining, leads to voltage asymmetry in power
supply network, etc. Mutual inductances of the flexible
and rigid bus ducts which move together with the elec-
trode arms have the largest value, asymmetry and ampli-
tude of variation. Therefore, for accurate compensation of
the changes of inductance and resistance in the circuits of
arc voltage control in each phase measurement channel, it
is necessary to monitor their change and to adequately
consider their obtained values in arc voltage calculation
models.

The specificity of the proposed arc voltage control
model and the circuit implementing it involves the neces-
sity of continuous calculation of current values of resist-
ances R, Ry, R- and internal L, Ly, Lo and mutual L4,
Lge, L, inductances of the arc furnace LVC between the
points m-0" of the three-phase arc system power circuit,
which has been implemented on the basis of NN.

Data which are continually input into the neural net-
work include arc currents averaged over the period (RMS

Rigid bus ducts Electrodes

Sliding and non-sliding
Bus packet  contact connections

Arc furnace

Flexible cables

Furnace transformer

Fig. 2. Functional diagram of element connections in the
three-phase arc power supply system
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or running average absolute values) 1,4, 1,5, I,¢, voltages
between the points m-0 U, U5, Uy,c of the three-phase
arc system power circuit, total harmonic distortion (THD)
of arc current Ky, » Kpypi,» Kpupi,, and signals of the
current position of each phase electrode S, S, S¢ rela-
tively to a certain reference (zero) point. The specified ele-
ments of the neural network input vector are obtained at
the outputs of the averaged value sensors (AVS) of arc
currents and phase voltages, arc current total harmonic
distortion sensors (THDS) and electrode position sensors
(EPS), respectively.

The output vector of calculated current values of the low-
voltage circuit element parameters V' = |L,, Lg, L¢, Lyg, Lge,
Ley, Ry, Ry, Re| and the vector of instantaneous values of arc

currents i, = i, L, i,c|wWhich is obtained at the arc current
measuring transformers 74 outputs, the arc current deriva-
tives vector dia/dt=|diaA/dt, diaB/dt!diaC/dt| obtained
at the outputs of the differentiators Diff (Rogowski coils)
and the instantaneous phase voltage vector

Uph = |u YRR phc| are input into the arc voltage calcu-

lation block (AVCB), in which the output vector of arc
voltages u. is calculated using the following expressions

dl# — L % _ diaC .
" ar TN dr

. di, di, di,
Uy =Uyp — Rplp — Ly 7: — L 7; — Ly 7; (2)
di . di
Uye =Uppc — Reie —Le Lo _ L dioy L Lo

a @ Y ar

Uy =Uppy — R, —L,

Reference values of the element parameters [¢,, [, L<.,

L, Ly, L, of the neural network output vector V" at
every step of training are presented by solving a system of
6th order algebraic equations, which is comprised of volt-
age balance equations on LVC elements between the
points m-0" for six consecutive moments of current cross-
ing zero in the process of melting (passive experiment). At
these moments, arc voltage and LVC element resistance
voltage in a certain phase are equal to zero. The vector of
resistance reference values R¢, R, R¢ is calculated based
on the relationships obtained in specially set active exper-
iments. In these experiments reference values of resist-
ance can be calculated taking into account the existing
surface effect and its increased manifestation at significant
total harmonic distortion of arc current.

The performed analysis of functional properties of
typical artificial neural networks showed that the most vi-
able option for the discussed task of immediate identifica-
tion of arc furnace LVC element parameters is the neural
network with direct signal propagation and training algo-
rithm based on error back propagation. One of the imple-
mentation variants of the proposed neural-network-based
calculation of LVC parameters is the use of three neural
networks of the above type, in each of them one of the fol-
lowing three groups of LVC parameters is calculated: re-
sistance R, Ry, R, internal L, Ly, L-and mutual Lz, Ly,
L¢, inductances. This approach simplifies the structure
and procedure for NN training to identify a certain param-
eter, whereas specialization of each neural network struc-
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ture in identification of only one LVC parameter (i.e¢., its
training on the standard implementations of only one LVC
parameter variation) to a certain extent increases accuracy
of calculation of each controlled parameters of the arc fur-
nace LVC elements. One of the studied neural network
structures for calculation of particularly dynamically var-
ying parameters — mutual inductances of flexible and rigid
bus ducts of the low-voltage circuit and EAF electrodes —
is presented in Fig. 3.

Only those signals of the input neural identifier vector
are input into each neural network whose variation most
strongly correlates with the processes of change of a co-
rresponding LVC parameter calculated at its output, i.e.
signals of coordinates which considerably affect the fluc-
tuation of its value.

The study of the efficiency and accuracy of neural-net-
work identification of dynamically varying parameters of
the EAF low-voltage circuit and of continuous calculation
of arc voltage using their obtained values, as well as re-
search of efficiency of the proposed procedure of the syn-
aptic connections matrix synthesis (training procedure)
and testing of each NN were accomplished using the cre-
ated digital model of the EAF power circuit. The func-
tional diagram of the developed EAF power circuit math-
ematical and digital model in instantaneous three-phase
coordinates is shown in Fig.4. The designed model ade-
quately simulates EM coordinates variation at the level of
instantaneous values, appropriately simulates real sto-
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Fig. 4. Functional diagram of the electric arc furnace
power circuit mathematical model
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chastic characteristics of the disturbance variation based
on arc length and characteristics of variation of resistances
R, R, R, internal L, Ly, L and mutual inductances Lz,
Lge, Ly of the arc furnace LVC elements.

The digital model uses two random-process generators
RPG1 and RPG2 which generate processes S(z;) of the
electrode arms (rigid bus ducts) position change and
f (t,) of arc length random fluctuations in the furnace
melting area [3].

The non-linear function transformer implements a ma-
thematical model of the relation between the relative posi-
tion of the flexible cables and rigid bus ducts (which are
attached to the electrode arms) and current values of mu-
tual inductances Lz, L, L4 between individual phases
L= lI’(S.). Implementation of non-linearities of L;(/,) (in-
ternal inductance, j = 4, B, C), R;(I,) (resistance), u,(i,)
(dynamic arc volt-ampere characteristics), as well as of
the processes S(#;) and f (¢,) as identified in the experi-
mental study of the arc furnace DSP-3 modes enabled ad-
equate simulation of the furnace arc voltage u,(;) and cur-
rent 7,(¢;) real variation processes at the level of instantane-
ous and RMS values.

As input, signals of arc currents i,,(t,), i,5(), i,c(;)
and phase voltages u,,,(%;), u,,5(t), u,u(t;), at points m
(Fig. 1), which are also input signals of the electrodes
movement control signal generation block in the existing
power regulators (e.g., ARDM-T), and output signals
from the electrode arm position sensors Si(#;) in relation to
their certain reference position are fed into the arc voltage
calculation block. Averaged value sensors AVS (of RMS
or half-period average values) and arc current total har-
monic distortion sensors THDS output signals 7,;(¢) U,;,(t,)
and Ky (t;), which along with signals S;(#,) form the input
vector of the general neural network. Differentiators Diff
(Rogowski coils) output derivatives di,,/dt, di,z/dt and
di, /dt of instantaneous arc current values.

At the output of the neural network, processes of LVC
element parameters variation — resistances R,(?,), Rp(t,),
Ro(t), internal L,(t), Lg(t), Lo(¢) and mutual L,g(%),
Lgc(t), Ley(t;) inductances of the arc furnace electric pow-
er circuit (LVC) elements are calculated.

In the arc voltage calculation block, taking into ac-
count the obtained current values of the above-listed LVC
element parameters R,(#,), Rp(t;), Ro(t), Lu(t), Ly(t),
L(), Lyp(t), Lpc(t;), Ley(2;) and derivatives of instantane-
ous arc current values di,,/dt, di z/dt di,-/dt, on the basis
of the model (2), at each i-th step of time sampling instan-
taneous values of arc voltages u,,(t), u,z(,), u.c(t;) are
calculated.

The block diagram of the functioning EAF power cir-
cuit digital model algorithm and models of arc voltage
u,(t;) real-time computation is shown in Fig. 5. The main
loop over the time ¢ € [0, T;,,,] of the EAF power circuit
EM coordinate variation simulation is implemented by
Blocks 4-10. Numerical integration of the differential
equation system is carried out in Block 5 and results in
instantaneous values of arc currents i,,(t;), i,5(), i,(t)
and voltages u,(t,), u.5(t,), u,c(t;) at each i-th integration
step. Block 6 calculates f, (t,), S;(2), uy(iy(%)) and
Lyi(t,). Block 7 implements calculations of half-period av-
erage arc voltages U, and currents [, , and arcs current
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THD values K zp based on harmonic analysis of arc cur-
rents within the period. In Block 8, the designed neural
networks implement the procedure of calculation of resist-
ances R (1), Ry(t,), Ro(¢,), internal L (¢;), Ly(t,), Lo(2;) and
mutual L 5(t,), Lpc(t), Lea(t;) inductances of the arc fur-
nace LVC elements.

In Block 9 instantaneous arc voltage values u,,(t)),
u,5(t;), u,c(t;) are calculated based on the model (2), i.e.
the AVCB algorithm is implemented (Fig. 1). Current ref-
erence and obtained parameters R;(t), L;(#), Lug(t),
Lgc(), Ley(t) of the EAF low-voltage circuit are recorded
in Block 10 of the time-based loop. Blocks 11 and 12 build
time dependencies of the obtained and reference processes
of the LVC element parameter variation and calculate er-
ror of their calculation for the studied structures, parame-
ters and characteristics of the neural network.

Start

-
~ Reading initial values of

LV elements parameters

and its digital model
3 ‘
Generation of signal amplitude variation data
array for processes of arc length f (1)) and
electrode arm position S (t;) change

] [
4
%/ t=0T,

| T 11
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Reducing ODE system to Caucly's
normalized form and numerical integration
— 6 [
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calculating arc voltages uaJ (t) and mutual
inductances Ly | (t)
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— g I

Calculating values of power circuit
parameters L, ;. L; and R;

THD ]

5 \
Calculating instantaneous arc
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power circuit parameters and arc
voltages to a file
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arc voltage control
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Fig. 5. Block diagram of the EAF power circuit digital
model algorithm and arc voltage calculation
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In order to achieve the desired accuracy of the arc fur-
nace LVC element parameter identification and, hence, the
operational control of arc voltage, accuracy of parameter
identification was studied using various types of neuron’s
activation functions, numbers of neurons in the hidden
layer, methods of the neural network training, etc.

The best results of mutual inductance calculation (i.e.,
the smallest absolute and relative errors) were obtained for
NN with one hidden layer containing 35 neurons with
‘tansig’ activation function and while training NN using
the error back propagation method.

Fig. 6, a shows input signals of the neural network, i.e.
arc currents 7,,(t,), Lz(t), 1,c(t) plotted against time;
Fig. 6, b presents positions S,(#,), Sz(%), Sc(t;) of the rigid
bus ducts connected to the electrode arms, respectively.

Fig. 7 shows reference and obtained processes of arc
furnace LVC mutual inductance variations L 54(%,), Lz (%)),
Ley(t), which are identified by the designed neural net-
work (Fig. 3) having the structure and parameters dis-
cussed above.

Analysis of neural network calculation processes of
mutual inductances presented in Fig.7 showed that aver-
age relative error of L, (¢;)) and identification within the

time interval £ =28 s is 8 =1.7-107, and for L,(z,) it is
8=1.7-107. The largest relative error of identification
was at the moment of time # = 18.5 s while identifying the
variation process for L.,(#) and was estimated at & =
=0.6 - 107 2in relation to the reference value. Mean relative

error of resistances identification R ,(¢;), R(?,), Rc(¢;) amo-
unted to §=1.2-10~° . The same level mean relative errors
were also obtained for identification of other parameters
of the arc furnace LVC elements and for real-time compu-
tation of arc voltage.

Since in the arc power regulators ARDM-T, ARDG, of
SPU and STU series control signal for moving electrodes
is generated on the U,,(#;) signal basis, the increase in the
accuracy of arc voltage operational control allows im-
proved dynamic accuracy of stabilization (reducing dis-
persion) of EM coordinates, and consequently compre-
hensive improvement of energy efficiency indices, energy

Fig. 6. NN input signals: arc currents 1,4(t,), 1,5(,), L,c(t;)
(a) and bus ducts positions S(t,), Sg(t,), Sc(t;) (b) vs.
time
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Fig. 7. Reference and obtained processes of EAF LVC ele-
ments mutual inductances variation L(t), Lpc(t),
L) plotted vs. time

saving and electromagnetic compatibility, in particular
reduced specific energy consumption and improved per-
formance of the arc furnace [4].

Further research will be focused on development of
design solutions for practical implementation of the neural
network model of LVC elements parameters calculation
and algorithm of arc voltage continuous control on the ba-
sis of DSP-3 arc furnace, as well as experimental research
of accuracy of parameter identification, arc voltage con-
trol and indices of energy and technological efficiency of
arc furnace utilization.

Conclusions. 1. Use of neural network identification
models makes it possible to continuously obtain high-ac-
curacy data (mean relative error being & <107) on varia-
tion of parameters of the LVC elements of the arc furnace
during melting.

2. In comparison to the conventional solutions, practi-
cal implementation of the developed mathematical model
and block diagram of the algorithm for continuous calcu-
lation of arc voltage of the arc furnace, which take into
account the variation of the LVC elements parameters,
will result in increased accuracy of continuous arc voltage
control during the melting process in electric arc furnaces.

3. Since phase control signals for moving electrodes
are formed on the arc voltage signal basis, this will make
it possible to raise the dynamic and static accuracy of EM
coordinate control, and, as a consequence, to improve a
number of energy and technological efficiency indices and
electromagnetic compatibility of the arc furnace modes
and power supply network.
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Merta. Po3poOiieHHsT MaTeMaTHYHOI MOJeNi [UIs oIle-
PaTHBHOIO MO XOAy IUIABKH PO3PAaXyHKy MUTTEBHX 3Ha-
YeHb HAMpPYT AYT Ta CHCTEMOTEXHIYHUX PIillIeHb I OIliH-
KM TIOTOYHHMX 3HA4YeHb MapaMeTpiB eJIeMEHTIB KOPOTKOT
MepeKi IyroBOi cTaleIiaBHIbHOT medi.

MeTtonuka. B ocHOBY airoputMmy HernepepBHOTO KOH-
TPOJIIO HANPYT JAYT MOKJIAJEHO METOIUKY HeiipoMeperke-
BOI OLIIHKH MapaMeTpiB EIEMEHTIB KOPOTKOI Mepexi, ToU-
Hi MareMaTH4HI MOJIeJi CHJIOBOTO KOJIa, J[yTOBHX IPOMiXK-
KiB Ta TEPBHHHMX JaBadyiB KOHTPOJIHOBAHUX KOOPAWHAT
JIyrOBOI I1€4i B MUTTEBHX TpH(A3HUX KOOpIMHATAX, Me-
TOJ PO3paxyHKy HAIpyr IyT Ha OCHOBI YHCIIOBOTO iHTET-
PYBaHHSI CHICTEMH HENiHIHHUX qu(epeHIiHHUX PiBHIHB 31
3MiHHUMH TTapaMeTpaMH.

Pe3yabTaTtu. Po3polbrneni cTpykTypa Ta aJlrTOpUTM CH-
CTEMU HEIEPEPBHOIO KOHTPOJIIO HANpyr Ayr Ha OCHOBI
MPUHIIUITIB HEIPOMEpEeKeBoi OIIHKK apaMeTpiB, BUKOHA-
Hi CTPYKTYpHHH 1 TapaMeTPUYHHUI CUHTE3 HEHPOHHHX Me-
PeK; CKiIajcHa IU(pPOBa MOICIh PO3POOJICHOI CHCTEMH
KOHTPOJIIO HATpPYT JyT Ta BUKOHAHI Ha Hil JIOCIIPKCHHS
TOYHOCT] HENIEPEPBHOIO KOHTPOJIIO HATIPYT JyT; i ATBEPA-
JKEHUH e(eKT IMTiABUILCHHS TOYHOCTI BUMIPIOBAHHS HapyT
JIyT TyTOBOI TIEYi.

HaykoBa HoBH3HA. Po3po0iieHa MaTeMaTHyHa MOJEIb
OIIePaTHBHOTO PO3PAaXYHKY MUTTEBHX 3HAYCHb HAIPYT AYT 3
ypaxyBaHHSIM MOTOYHUX 3HAYEHB ITAPaMETPIiB EIEMEHTIB KO-
POTKOi Mepexi IyroBoOi Iedi, fKi HelepepBHO BIPOIOBXK
IUIABKH OLIHIOIOTHCS HEHPOHHOIO MEperKero, 10 Jajo 3MO-
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Ty MiBUIIMTH TOYHICTh HENEPEPBHOTO KOHTPOIIO HANpPyT
ayr.

I[IpakTnyna 3HaYHMicTh. Po3po0iieHa cTpyKTypa cH-
CTEMH HETIepepBHOTO KOHTPOJIIO HATIPYT YT AYTrOBOi CTa-
JIETUIABIIIBHOT TIedi, sika (DYHKIIOHY€ Ha OCHOBI IIPHHIIU-
B HEHpPOMEKEBOI OIIHKM TapaMeTpiB €IIEMEHTIB CHIIO-
BOTO KOJIa, Ja€ 3MOTY ITiJBUIIUTH TOYHICTh HETIEPEPBHOTO
KOHTPONIO HAmpyr AyT, [0 MiATBEPIKY€E MOIITBHICTH
MIPAKTUYIHOTO ii BAKOPUCTAHHSA HA AyTroBHX redax. OcraH-
HE JIaCTh 3MOTY MOKPAIIUTH AWHAMIYHY i CTaTUYHY TOY-
HICTh CTaOLII3aIl] KOOPIHMHAT €JICKTPUYHOTO PEKUMY Ha
3aJIlaHOMY PiBHI Ta, BiJTIOBIHO, MMiBUIIUTH HU3KY ITOKa3-
HUKIB EJIEKTPOTEXHOJIOTTYHOT e()EeKTHBHOCTI TUIABICHHS
BHCOKOJIETOBAaHMX CTaJieil 1 Mpenu3ifHuX CIUiaBi B LUX
reyax.

Karo4oBi cioBa: dyeosa cmanennagunvua niu, Heti-
POHHA Mepedica, Hanpyea dyau, Yu@poea mooeisb

Hean. Po3paboTka MaTeMaTHYECKON MOJICIN JIJIsI OTIe-
PaTUBHOTO MO XOAY IJIaBKU pacueTa MITHOBEHHBIX 3HaYe-
HUH HaNPSHKCHUH YT U CHCTEMOTEXHUYSCKUX PEIICHHHA
JUTSA OIIEHKW TEKYIIMX 3HAYCHUH IMapamMeTpPOB SIIEMCHTOB
KOPOTKOHM CETH JyroBOM CTaJICIJIaBUIIbHOM IEYH.

Metoauka. B 0CHOBY airopuT™Ma HENPEPHIBHOIO KOH-
TPOJIsl HAIPSDKEHUH JYT IOJIOKEHA METOAMKA HEHPOCETEBOM
OLICHKY ITAPaMETPOB JIEMEHTOB KOPOTKON CETH, TOUHBIEC Ma-
TEMATUUYECKUE MOJIENIN CUIOBOM LIETH, JyTOBBIX IIPOMEXKYT-
KOB U NCPBUYHBLIX JATYUKOB KOHTPOJIUPYEMBIX KOOpAWHAT
JIyTOBOW TEYM B MTHOBCHHBIX TpU(A3HBIX KOOPHMHATAX,
METOJI pacueTa HanpsHKEHUH IyT Ha OCHOBE YUCIIEHHOTO HH-
TETPUPOBAHUS CUCTEMBI HEITMHCHHBIX (D (hepeHITIAaTEHBIX
YpaBHEHUH ¢ IEPEMEHHBIMU MTapaMETPaMHU.

Pesyabrarnl. PaspaboraHbel CTpyKTypa W alirOpUTM
CHCTEMBI HETIPEPHIBHOTO KOHTPOJS HANpsDKCHWH IyT Ha
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OCHOBE MPUHIIUIIOB HEHPOCETEBON OLIEHKU MapaMeTpoB,
BBINOJIHEHB! CTPYKTYPHBIH M MapaMeTpUUYECKUil CHHTE3
HEWPOHHBIX CceTel; cocTaBiieHa U(poBas MOAEIb pa3pa-
00TaHHOI CHCTEMBI KOHTPOJISI HAITPSHKEHUH TyT ¥ BBITION-
HEHBbl Ha HEH HUCCIENOBAHUS TOYHOCTU HENPEPHIBHOTO
KOHTPOJIS HANPSDKEHUH YT, TOATBEPKAEH 3()D(EKT MOBHI-
IIEHNsT TOYHOCTH U3MEPEHHs HaNpsKEHWH JyT JTyTOBOW
Heyn.

HayuHnast HoBu3Ha. Pa3paboTana Maremarnieckas Mo-
JIeJIb OIEPATUBHOIO pacueTa MTHOBEHHBIX 3HAYEHUN Ha-
IPSDKEHUM AYT C y4eTOM TEKyIUX 3HaueHUH IlapaMeTpoB
JJIEMEHTOB KOPOTKOM CETH JYIOBOM IIe4d, KOTOpbIE HE-
MIPEPHIBHO HA MPOTSHKEHUH IJIaBKU OLIEHUBAIOTCS HEHPOH-
HOI CEThI0, YTO MO3BOJIMJIO MOBBICUTH TOUHOCTh HEIpe-
PBIBHOTO KOHTPOJISI HAIPSKEHUH YT yTOBOM MEUH.

IIpakTHyeckasi 3HAYNMOCTb. PazpaboraHas cTpyk-
Typa CUCTEMBI HENPEPBIBHOTO KOHTPOJISI HAIPSLKEHUH TyT
JyTOBOW CTaJeTUIaBIIILHON Meud, (PYyHKIIMOHUPYIOIIAs Ha
OCHOBE TNPHUHIMIIOB HEMPOCETEBOM OLIEHKU MapamMeTpOB
DJIEMEHTOB CHJIOBOM LIEIH, TI03BOJISET MTOBBICUTH TOYHOCTD
HENPEPBIBHOTO KOHTPOJISI HANPSDKEHWH YT, 4YTO IOJ-
TBEPXKIACT 1L1eJIECO00Pa3HOCTh €€ MPAKTUIECKOIo HCIIO-
JIb30BaHMsl B AYroBbIX Inedax. Ilociennee maer BO3MOX-
HOCTh YIyYIINTh JUHAMHUYECKYI0 M CTaTH4eCKyl TOY-
HOCTh CTaOMIIN3aINH KOOPMHAT JIEKTPUIECKOTO PEIKIMA
Ha 3a/laHHOM YPOBHE M, COOTBETCTBEHHO, TMOBBICUTH PSiJL
NoKaszareyied eNeKTPOTEXHOJIOTHYECKOH 3((EKTUBHOCTH
IUIaBJIEHUS] BBICOKOJIETUPOBAHHBIX CTANEH M MPELU3HOH-
HBIX CIUIaBOB B ATHX I€Uax.

KoatoueBble clloBa: dy2osas cmaneniaguibHas neub,
HeUpPOHHASA cemb, HaNpsCceHue 0yeu, yugdposas mooeis
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