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Determination of Inductive Parameters of the Uncompensated
DC Machines Taking Into Account the Reaction of the Armature

Anton DRUBETSKY!

Summary

In modeling the electrical machine, for calculation transient states, it is necessary to determine the inductances of the
coils. This problem can be solved in different ways. There know the design parameters of the machine, being available to it
basic magnetizing curve or directly from the experiment. As a rule we don’t have the calculated data of the specific engine
when solving a modeling problem. Also we need expression allows to obtain the value of the inductive parameters for
each possible value of the currents flowing in the motor coils for studding different modes of operation. This expression
can be obtained using the magnetizing curve of the machine when open-circuit operation. It is known that when working
uncompensated machine a significant impact on the magnitude of the magnetic flux provided by the armature reaction
which in turn has an impact on its inductance. In this case, in the determination of inductive parameters we have to take
into account the effect of the armature reaction. The method of determining the inductive parameters of the uncompen-
sated traction electric motor taking into account back induction is described in this article. This method allows to obtain
analytical expressions for the inductive parameters that can be directly used for simulation of transient electromagnetic
processes in the case that linearization of these parameters is unacceptable is making a gross error in the calculations. The

influence of eddy currents in the work is not taken into account.
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1. Introduction

As you know, when the direct-current machine un-
der load, by another name when the armature current
is different from zero, there is an effect called armature
reaction of direct-current machine [7-10, 16]. It arises
because of the imposition of the magnetic field of the
armature in the magnetic field of main poles, resulting
in distortion of the magnetic field under the main poles.
In addition to distorting operation, armature reaction is
a decrease in the magnetic flux of the main pole (main
magnetic flux). This is especially true at high armature
currents and deep attenuation of the excitation [9].
It is obvious that the modeling of electromagnetic pro-
cesses in electrical machines, and in particular different
regimes at weak excitation, there is a need to take into
account the demagnetizing effect of armature reaction.

2. Purpose

The purpose of this work is the analysis of the ana-
lytical accounting treatment of the armature reaction

and the development of the method of constructing
the magnetization curve taking into account the back
induction of armature reaction for uncompensated
direct-current machine.

3. Thejustification of methods of calculation

At the moment there are several methods based
on the armature reaction on the main magnetic flux.
A general approach to account for the influence of the
magnetomotive force (MMF) of armature reaction on
the main magnetic flux is described in the fundamental
works on electric machines [8, 10, 16]. Also, in these
works, there are some general methods to account for
this effect. In [8] indicated that for the calculation of
stationary and transient processes on computer char-
acteristics of magnetization can be conveniently rep-
resented in the form of approximations, however, are
not given clear guidance for the analytical calculation.
In [9] on the theory of traction electric machines, the
method in which the reduction of the magnetic flux
is calculated by introducing the demagnetizing factor
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which is determined experimentally and can be ap-
plied for different types of traction engines by enter-
ing the relevant amendments. As stated in [13], this
method is most common in engineering practice. In
the same paper, which is devoted to the design of the
electric traction machines there are two methods of
calculation. In reviewing the above techniques, it can
be concluded that the methodology described in [9] is
essentially graphic, a technique described in [8, 10, 13,
16] is graphic. These methods are well applied in engi-
neering practice in designing electric cars, but for mod-
eling, you need an analytical expression, which could
determine the magnetic flux for all possible changes of
MMF and MMF excitation of the armature reaction. In
[3], devoted to transient processes in the DC micro ma-
chines, presents an analytical method considering the
influence of MMF of the reaction anchor. Therefore, to
development analytical expressions that describe the
main magnetic flux, we use an analytical method [3].

4. Justification of the choice of initial data
for the calculation

In the General course of electrical machines [8, 10,
16], the MMF separation of the quadrature-axis ar-
mature reaction Faq and direct axis armature reaction
F . This principle of separation is physically justified
and adopted for all kinds of direct-current machines.
According to this splitting, the direct axis armature
reaction F_, occurs due to a shift of the brushes from
the geometric neutral line (on the pole axis). In this
article, we assume that the brushes set strictly at geo-
metric neutral line, as a result F =0.

To determine the magnetic flux under load we
must have the characteristic of magnetization of the
machine open-circuit operation ® (F, ) (hereinafter
is the magnetization characteristic) or mutual charac-
teristic By(F,,), where F,  — MMF of field magnetizing
coil, F,, - the sum of the drop in magnetic voltage in
the gap and armature projections.

In the preliminary calculation revealed that to ob-
tain analytical expressions for the magnetic flux on
the mutual characteristic it is necessary to perform
some approximations:

e mutual characteristic;

e magnetizing curve tooth layer of the machine and
the armature heelpiece;

e magnetizing curve of cast steel machine frame and
main poles.

This is in turn introduces additional uncertainty
into the calculations.

Therefore, to obtain analytical expressions for the
main magnetic flux, we use the characteristic magne-
tization of the machine @ (F, ).
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5. Development analytical expressions
according to the chosen methodology

5.1. Development expressions for the main
magnetic flux

We can use one of the existing mathematical mod-
els of curves of magnetization to approximate the char-
acteristics of magnetization of the machine [2, 12, 15].
Also we can use the methodology described in [1]
in the case of known coefficient of magnetic satura-
tion of the studied machine. Since, in General, for the
studied machines the coefficient of magnetic satura-
tion is unknown, we | use one of the mathematical
models described in [12]. As approximate expression,
the arc tangent function is taken as one of the func-
tions that most accurately describes the magnetiza-
tion curve [12]. This feature is known in the literature
as the formula of Dreyfus. For the characterization of
magnetization it has the form:

ch (FFW) =p1ar6tg(Pz pr)+P3 FFW > (1)

where p, p,, p, - the coefficients of approximation;
F., - MMEF of field magnetizing coil.

Under load, the main magnetic flux also depends
on the MMF reaction of the armature current within
the estimated polar pitch b,

N

b,
0 2azD,

1 .
aq 5 la (2)

where i - the armature current, A. Here, in the future,
it is assumed that the armature current, in General,
depends on the time, so it is denoted by a small letter;
b, - calculated polar pitch;
N - the number of conductors of the armature winding;
D, - armature diameter, m;
a - the number of pairs of parallel branches of the
armature winding.

Also, high capacity machines, which include trac-
tion motors, a significant effect on a primary magnet-
ic flux having a switching MME, which occurs due to
currents in the short-circuited sections. The direction
of switching MMF depends on the nature of switch-
ing. If switching is speed-up, that switching MMF is
directed oppositely to the MMF of main poles and has
a demagnetizing effect. If switching is slow down, that
switching MME. At the traction motors the commu-
tation is accelerated due to the presence of additional
poles. Given the above resultant MME, which creates
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the main magnetic flux is the difference of the MMF
of the field magnetizing coil and the switching MME.
Switching MMF to a wide range of changes in the ar-
mature current has the form [14]

F_=0,02i2 (3)

To simplify further expressions, we assume that in
F, is already taken into account the effect of switching
MME. Thus, you have not actually MMF of field mag-
netizing coil, and the difference between the MMF of
the coils of excitation and commutation of MME

It should be noted that the accounting effect of
F_is better done at the stage of verification when the
obtained expression for the main magnetic flux and
have the opportunity to verify the characteristic of
the magnetization given in the literature or obtained
experimentally. Thus, it is advisable to calculate the
effect of F , but only for the in the case of large differ-
ences between calculation and experience, you can
enter into F_to the equation for the main magnetic
flux.

According to [3], for the main magnetic flux, tak-
ing into account the reaction of the armature, we have:

FFW+F4;;1
O, (F)dF. (4
aq By, —E,

aq

®,, (E.yoE, )=

*

By substituting the expression (1) in the expres-
sion (2) designating and using F, =F, - F andF, =
F.,-F w We obtain an express10n for the main mag-
netic flux in the machine running under load:

*

D, (FFW,FM) 21;1 (FZ arctg(p2 132)—131 ara‘g(p2 Fl)—
aq

2
J]+p3 FFW-

1+p E
1+ p, F

The expression (4) gives the possibility to deter-
mine the true magnetic flux in the machine under
load, with only the characteristic of the magnetizing
machine (an open-circuit operation characteristic).

1
+—1In
2p,
(5)

5.2. Obtaining general expressions for
inductive parameters of electric motor

Having the expression for the primary magnetic
flux at any load, there is a possibility of determination
of inductive parameters of the electric machine in dy-
namic mode, for example when working it in quasi-
stationary mode when powered by a pulsed voltage
source. To retrieve the data dependencies it is neces-

sary to write the equation of electromagnetic state of
uncompensated traction motors of series excitation:

4.5)

FWo dt

di_. d¥ d¥
+L )+ — Mg
o L) dt - dt o dt (6)

Higy (DR +, (O(R, +R,, ) +e(Dy,,0)+AU, =u(b),

+ (Lw + Lap

where i (t) - current of armature winding;

i, (t) =1(t)B - current of field winding coil, where 8
- attenuation degree of excitation field. For direct-
current machines f€[f_ ;1], for intermittent-cycle
engine Be[f (B < 1)] B... always less than
unity due to the presence of permanently enabled
shunt resistance. In the particular case for direct-
current machines, when = 1,i_(t) =1 (t);

u(t) - the voltage of the power supply. When the motor
supply of direct current source u(t) = U, = const,
and when the motor supply of intermittent-cycle
source with period T = 1/f and pulse time t:

© U, 0<t<t; 7
0 g <t<T

e(D dq,w) — the EMF of rotation (counter electromotive
force) dependent on the main magnetic flux and
the rate of phase change of rotation of the armature,

e(D,w) = cO, (FFW, ag)a),

R, R, Ry, ~ active resistance of windings of the ar-
mature, "additional poles and field magnetizing coil;

L., L, Ley, — leakage inductance of the windings of
the armature, additional poles and field magnetiz-
ing coil;

L, - the inductance of the additional poles, as the
magnetic system additional pole is made of un-
saturated, then it can be considered a constant in-
ductance in the operating range of motor currents;

AU, - the voltage drop on the brushes;

Yo, ‘I’ — flux linkage from the main magnetic flux
of the windings of the armature and excitation for
all poles [7]:

\PFW :ZPWFWCDd (FFW’F ) (8)
2 WY FF\V+F;q
o= 2p T [ (F=Ey)®, (Ey)dE.  (9)
a9 By -Ey

where p - the number of pairs of poles;
Wew the number of turns of the excitation winding;
w’, - the number of turns of armature windings per

pole (one polar pitch 1):
., N

w, =—.
8ap
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In accordance with [3] expressions d'¥, /dt and
dV¥_,/dt can be represented in the form:

av,, _ oY, di, . oY, di, ; (10)
dt 0i, dt 0i, dt
d¥yy _ Wiy $+6‘PFW diy, ‘ (11)

dt oi, dt oi dt

Fw

According to the definition of inductance, and
mutual inductance [11] partial derivatives-current in
expressions (10) and (11) can be denoted:

oY

5L o (BB ) (12)
Zi: =M, oy (BB ) (13)
6‘;jw =My (BB )5 (14)
% Lo (Frw ) (15)

where L, (FFW, )> Lo (F.»F, ) — the inductance of
aq .. .
the armature w1nd1ngs and ‘field magnetizing coil;
M, L (FooF » ) My, (F.F. ) - mutual induction
between armature and magnetlzlng coil, magne-
tizing coil and armature.

It is obvious that due to the nonlinear dependence
of the main magnetic flux from the MMF of the field
winding and armature reaction @, (F FW,F q) induction
machine parameters defined in expressions (12-15) are
also nonlinearly dependent on these MME

5.3. Determination of inductive parameters of
the motor given the reaction of the armature

As is known, the flux linkage coil with the current
can be determined not only as the product of the current

14 Pl
2p, E

2 Taq

L, (FFW’F ) ZPW:(PPI;»Z

2 Taq

Mgy, (FFW >F ) M,y (FFW’F

Loy (Eo E, ) = 2pw§w[21;1

aq

(arctg(p2 E )-arctg(p, E ))
1

) 2prWw %[F}:W(arctg(p2 2) arctg(p2 Fl))——l
aq

(arctg(p2 Fz)—arctg(p2 E ))+p3J .
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in the inductance, and as the product of the number of
turns in the magnetic flux linked with the coil [4]. This
approach is used in the derivation of expressions (8) and (9).
As in the expression (4) as arguments used of MME, the
inductive parameters are more convenient using the
derivative of flux linkage for MMF of the armature and
field magnetizing coil. For this expression (12-15) mul-
tiply and divide by the number of turns of the respective
windings, according to MMF which the derivative is tak-
en. Given this, expressions for the inductive parameters
of the motor (12-15) will take the form of:

Loy (FoeoEy ) =
FF\V+F;(1
F-E,, )®,(F)dF
L oo, (FFW’F ) FFWF;q( Fw) d( )
=2pw, 3 ;
OE., E, ’

(16)
Ma—FW (FFW’F )
FFW+F
' 0 (F-F,, )®,(F)dF
_ 2'p‘Na‘NFW FFW_F;q )
- 2E] OF, 3 17)
oo, (E,,,F
MFW—a(FFW’F ) 2pW;WFWM (18)
aq
oo, (E,,E
Lo (Bow By ) = 2PWhy, a (P a‘*). (19)
Fw

By substituting the expression (4) in expres-

sion (16-19) and considering that M__ (F, ,F’ ) =

M, (F..F ) obtain the final expresswn for ‘the
1nduct1ve parameters of the motor [3]:

B o [LHRE )| Py
2E, \1+pE )| 35 (20)
1+p; E
[1+P2 ]] =

(22)

2p,
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6. Calculated and experimental study
of induction parameters of motor
taking into account the reaction of the
armature

As mentioned in the previous section, for the de-
termination of inductive parameters of the machine
we need to have the characteristics of magnetization
of the electrical machine. The characteristic of mag-
netization can be determined by characteristics of
open-circuit operation. Figure 1 shows the circuit for
rating the load-voltage characteristics.

LO
Iio }
K2

Kl T FWe

l/‘ Ies | /I\I\

BB Ew Trw
) . .
O—{on

—

Us

FWw

DCPS

Fig. 1. The circuit for rating the load-voltage characteristics

In Fig. 1 is showen: BB — balancing booster, LO - linear oscil-
lator, DCPS - DC power supply, K1, K2 - contactors connecting
to the scheme respectively balancing booster and linear oscillator,
M - armature of machine which working like engine, G - arma-
ture of machine which working like generator unit, Ug - volt-
age on the armature of generator unit, I, - current of balancing
booster, I, - current of linear oscillator, FW ,FW_ - field wind-
ing of motor and generator unit , I, - current of field winding,
w - rotation frequency of the studied machines.

The rating of open-circuit operation is made at the
switched-off contactor K1 and switched-on contac-

tor K2. Small armature current of the motor M is set
by using the linear oscillator. Then, by changing the
excitation current from minimum to maximum with
the preset step, are rotated the studied machine, the
rotation frequency is maintained within the operat-
ing range. At each step of change excitation current,
a measure of the voltage on the armature of the gen-
erator and rotational speed are done. Then, includ-
ing the contactor K1 is set to required, the armature
current of the generator, which is equal to the current
of balancing booster, and re-iterates the above mea-
surement. As sources, sources with constant current
are prefer. After rating of open-circuit operation, the
main magnetic flux is determined by the formula:

U
Dy (Fy ) =—2, (22)
c-w
When the generator is under load, the main mag-

netic flux is determined by the formula:

q)dq (F E, ): Ug L

FW?> Taq

(23)
cw

where R . - the resistance of the armature of the gen-
erator unit.

Open-circuit characteristic of the traction motor
RT-5IM (R . = 0,056 Om) and the magnetic flux de-
fined by expression (21), are presented in Table 1.

According to Table 1 was executed approximation of
the magnetization curve according to the expression (1):

@ (F,) = ~0,0484434085-arctg(~0,0002353001 F ., ) +

+0,0000003254-F, , (24)

Table 2 presents the results of the calculation of the
magnetic flux according to the expression (23):

Table 1
I A 64,02 82,69 101,26 129,33 150,91 182,97 209 228,57
Ug, \'% 321,83 326,03 316,94 317,08 354,1 355,74 353,37 352,33
w, rad/s 53,75 46,28 40,73 37,05 39,18 37,23 35,61 34,55
(Dd(FFW), Wb 0,04002 0,047087 0,052015 0,057204 0,060408 0,063874 0,066332 0,06816
Table 2
LA 64,02 82,69 101,26 129,33 150,91 182,97 209 228,57
?};‘;Eﬁ}‘;ﬁe‘mb’ 0,04002 0,047087 0,052015 0,057204 0,060408 0,063874 0,066332 0,06816
;I;;i[()fgv;zl’n‘gtli)(’)n 0,040046 0,046571 0,051548 0,057149 0,060413 0,064198 0,066643 0,068222
A, % 0,065 1,096 0,898 0,095 0,007 0,508 0,469 0,091
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As can be seen from table 2, the approximation of
the arc tangent function gives a good approximation
to the true characteristic of magnetization. Graphical-
ly the experimental and approximated characteristics
of magnetization are presented in Figure 2.
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Fig. 2. Approximation of the characteristics of magnetization at
open-circuit operation

To check the accuracy of the calculation of the
characteristics of magnetization according to the ex-
pression (4) or (5) there were several points when the
armature current of the generator, different from zero.
The results of experiment and calculation, as well as
the degree of divergence of the calculated values and
experimental data are presented in Table 3.

As can be seen, the difference does not exceed 7%, in-
dicating acceptable accuracy of the calculated expression
for the main magnetic flux ® dq(FFW,F*aq). Graphically, the
results presented in table 3 are shown in Figure 3.

0.07 0l069471
=
Ia=157,58 A
0.06 b
.D6YIEY
0.05 SoGEa
T 1a=18235 8
S 37267 ||
I = i
S 036622
0.03 W EXperimen
0.02
0.01
o
0 50 100 150 200 250

IFw[A]
Fig. 3. Calculation and experimental values of the main magnetic
flux under load

I[,A I, A Ug, B w, rad/s
62,7 167,49 292,33 51,618
85,07 182,35 293,44 43,805

198,22 157,58 291,39 30,953
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To determine the validity of the obtained expres-
sions for the main magnetic flux, it is possible to
quantify the inductive parameters of the traction mo-
tor PT-51M. It is necessary to substitute expression
(23) in expression (18-20), taking the same current
in the armature and the field winding. The calculation
results are presented in Table 4 and Figures 4, 5, 6.

Table 4
LA LaFeoFl) My, (B F ), Ly (FoF)
’ mH mH mH
0 13.499 -0.004294 216.85
20 12.238 -1.424 196.973
40 9.696 -3.468 155.752
60 7.336 -4.237 116.964
80 5.559 -4.059 87.841
100 4.295 -3.538 67.354
120 3.402 -2.979 53.044
140 2.762 -2.485 42.904
160 2.295 -2.077 35.566
180 1.947 -1.747 30.134
200 1.683 -1.482 26.026
220 1.478 -1.269 22.857
240 1.316 -1.095 20.368
260 1.187 -0.953 18.382
280 1.082 -0.836 16.775
300 0.996 -0.739 15.457
320 0.924 -0.657 14.364
340 0.864 -0.588 13.448
360 0.813 -0.528 12.673
380 0.77 -0.477 12.013
400 0.733 -0.433 11.445
420 0.7 -0.395 10.954
440 0.672 -0.362 10.526
460 0.647 -0.332 10.151
Table 3
0, (F, ), Wb, @, (F,F ), Wb, e
experiment calculation >
0,036622 0,037267 1,73
0,043197 0,04541 4,87
0,060989 0,065471 6,85
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Fig. 4. The dependence of the inductance of the armature
winding from the excitation current and armature current

4.5

4

3.5

i
3 i \

25

2

Mrw-aymH]

1.5

1

]!
, |
" —
—
05 ,I

[}

0 50 100 150 200 250 300 350 400 450 500
IFw, lafA]

Fig. 5. The dependence of the mutual induction between field
windings and armature of the excitation current and armature current
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Fig. 6. The dependence of the inductance of field winding from
the excitation current and armature current

We use the methodology described in [9, 13] for
checking the adequacy of the calculations of induc-
tive parameters. So as to determine the inductance of
the armature winding is necessary to know the design
parameters of the traction motor, this article can only
use the method of determining the inductance of the
field winding. The essence of this methodology is the

graphic differentiation of the characteristics of mag-
netization of the motor. In [3] it is stated that with this
method we obtain in fact not L., and L., + M, .
therefore, to check the correctness of calculations is
possible only if I =1 = 0 A. After verification of
the calculation was derived value of the inductance
LFW(O,O) = 216,85 mH, which coincides with the re-
sults obtained by expression (20) and is shown in
Table 4. As can be seen from table 4, the absolute
value of the mutual inductance between the armature
winding and the field winding is small compared to
inductance of the field winding; however, it is com-
mensurable with its own inductance of the armature
winding. To assess the degree of magnetic coupling of
these windings we use the famous expression for the
coupling coefficient [4]:

——re (25)
LaqLFW
The changing of the coupling coeflicient depend-
ing on the exciting current and armature current are
shown in Figure 7.

0.25

0.2 /

0.1
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Fig. 7. The dependence of the coupling coeflicient from the
excitation current and armature current

As can be seen from Fig. 7, the value of the coupling
coefficient at small currents is relatively small, which
is the physical processes when a reaction anchors [8,
10, 16]. At these currents appears weak saturation of
coil flux guide and armature reaction provides basi-
cally only a distorting effect on the magnetic flux. At
currents close to the hour current, the coupling coeffi-
cient reaches a maximum, due to the fact that the edge
of the pole under which there is an increase in induc-
tion is saturated, and the opposite edge is still on the
unsaturated part of the curve of magnetization. With
further increase of currents both edges of the pole are
saturated, which causes a decrease in the difference of
inductions and, as a consequence of the reduction of
coupling coefficient.
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7. Conclusions

The obtained expression for describing the mag-
netic flux of the electric machine @ dq(FFW,F*aq) allows
the simulation when either the armature current for
different degrees of attenuation of the excitation. On
the basis of the expressions for ® dq(FFW,F*aq), expres-
sions for the inductive parameters of the electrical
machine, which essentially depend on current are
obtained. As shown by calculation we cannot neglect
the inductive coupling between the excitation wind-
ing and the armature windings, especially at cur-
rents close to the hour current. Experimental analysis
showed good agreement, which demonstrates the ad-
equacy of the obtained expressions.
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Okreslenie parametréw indukcyjnych niezakonczonych urzadzen DC biernych
z uwzglednieniem reakcji armatury

Streszczenie

Do obliczen standw nieustalonych w modelowaniu maszyn elektrycznych, nalezy okresli¢ indukcyjnos¢ uzwo-
jen. W tym celu nalezy zna¢ parametry konstrukcyjne silnika, podstawowa krzywa magnesowania lub bezpo-
$rednio wykorzysta¢ wyniki badan. Z reguly przy rozwigzywaniu problemu nie ma obliczonych danych doty-
czacych konkretnej maszyny. Ponadto, do analizy réznych warunkéw pracy, nalezy mie¢ réwnanie pozwalajace
na uzyskanie warto$ci parametréw indukcyjnych dla kazdej mozliwej wartosci pradéw plynacych w cewkach
silnika. Takie wyrazenie mozna uzyska¢ wykorzystujac krzywa magnesowania maszyny pracujacej bez obcia-
zenia. Wiadomo, Ze podczas pracy maszyny nieskompensowanej, znaczacy wpltyw na wielko$¢ strumienia ma-
gnetycznego ma reakcja twornika, ktdra z kolei wptywa na jej indukcyjnosé. W tym przypadku, w celu okresle-
nia parametréw indukcyjnosci nalezy bra¢ pod uwage reakcje twornika. W artykule opisano metode okreslania
parametréw indukcyjnych nieskompensowanego silnika trakcyjnego z uwzglednieniem rozmagnesowujacej
reakcji twornika. Ta metoda umozliwia wykrywanie zaleznosci analitycznych parametréw indukeyjnych, ktére
moga by¢ bezposrednio wykorzystane do symulacji elektromagnetycznych stanéw nieustalonych w przypadku,
gdy linearyzacja tych parametréw powoduje powstawanie duzych, niedopuszczalnych btedéw w obliczeniach.
W artykule nie uwzgledniono wptywu pradéw wirowych.

Stowa kluczowe: maszyna elektryczna pradu stalego, silnik trakcyjny, reakcja twornika, krzywa magnesowa-
nia, strumien magnetyczny biegunéw, modelowanie

Ornpepenenne MVHAYKIMOHHBIX IApaMeTPOB MAIINH IOCTOSHHOTO TOKA C TOYKV 3pEeHNA
PeaKIu AKops

Pesrome

[Tpu MopenMpoBaHMY MEKTPUIECKUX MAIINH, /ISl pacyeTa IePeXOSHbIX PEKUMOB, BOZHUKAET HEOOXOMIM-
MOCTb B OIIpefie/IeHMM MHAYKTUBHOCTEN X 0OMOTOK. JJaHHas 3ajilaya MOXKeT OBITb pellleHa Pas3/IMIHbIMU
crioco6ami: 3Hast KOHCTPYKTVMBHBIE ITapaMeTpbl MAIIVHbI, IMes! B PacCIOPsKEHNUN ee OCHOBHYIO KpUBYIO Ha-
MarHMYMBaHUA WIM HEMIOCPEACTBEHHO U3 OmnbITa. Kak ImpaBuio, Ipu pelieHnn 3afady MOJeIPOBaHNA HeT
TOCTYIa K pacueTHBIM JaHHBIM KOHKPETHOro ABuratensd. Taxoke, I MCCIeOBaHM PA3/IUYHBIX PEXVMOB
paboThl, HEOOXOAVIMO MIMETDb BBIpaXKEeHIe, TO3BOJIAIOLIee ITOTYYUTDb 3Ha4eHVe MHAYKTMBHBIX ITapaMeTPOB IJI
TI060T0 BO3MOXKHOTO 3HAYEHVSI TOKOB, IPOTEKAIIINX 0 0OMOTKaM JBUraTess. Takoe BbIpa)KeHVe MOXKET
OBITH IIOJTY4EHO, UCIIONb3Ys KPUBYIO HAMarHMYMBAHNA MAIIVHBI IIPY XOJIOCTOM Xofe. VI3BeCcTHO, 4TO 1pu pa-
60Te HEeKOMIIEHCUPOBAHHOI MAIMHBI CYIIeCTBEHHOE B/IVMsAHNE Ha BEIMYNHY MarHUTHOTO IIOTOKA OKa3bIBaeT
peaxuus sAKops, 4TO, B CBOIO OYepefib, OKas3blBaeT BAMAHME M Ha ee MHAYKTMBHOCTU. B TakoM ciydae, pu
OIpefie/leHNy MHAYKTUBHBIX ITapaMeTPOB HEOOXONMMO YUUTHIBATh U JIEJICTBME peakLuy sKopsa. B pabore
oIucaHa MeTO[VKA OIpefie/IeH) s MHIYKTUBHBIX TIapaMeTPOB HEKOMIIEHCHPOBAHHOTO TATOBOIO 3/1eKTPOMBI-
raTess C y4eTOM pasMarHMYMBAIOLIEro JeiiCTBUA peakuuy AKops. JJaHHas MeToAMKa MO3BOJIAET IOTYIUTD
aHA/IMTUYeCKNe BBIPAKeHN 111 UHAYKTUBHBIX IIapaMeTPOB, KOTOPble MOYXHO HEIIOCPe[ICTBEHHO JCIIO/Ib30-
BaTb /11 MOJIe/IMPOBAHNs [IePeXOJHbIX 57IeKTPOMATrHUTHBIX IIPOLIECCOB B TOM C/Iydae, eC/Ii JIMHeapyusanus
3TUX IApaMeTPOB BHOCUT HELOMYCTUMO IPyOyIo IIOTPeIIHOCTD B pacueThl. B paboTe He paccMaTpuBacs ydeT
BIVAHMSA BUXPEBBIX TOKOB.

KnroueBbie cmoBa: JJIEKTpNIECKAA MalllMHA IIOCTOAHHOI'O TOKa, TATOBBIN JJIEKTPOABUTATEND, pE€AKINA AKOPAI,
KpuBas HaMaron4mBaHNA, MaTrHUTHBIN OTOK IJIaBHBIX ITOCOB, MOJeNnnpoBaHne



