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Purpose. Defining the relationship between the parameters of the energy storage components of the three-phase
parallel power active filter and the character of current which is compensated.

Methodology. The methodology includes formation of the equivalent circuit for active power filter with the
analysis of the distribution of the currents as well as their components in the branches by the principle of compen-
sation. Analysis of time diagrams of the mode parameters by the character of the load current for the scheme which
matches the equivalent circuit and was published in the previous papers. Moreover, the method involves the real-
ization of experiments in order to determine the influence of the values of capacitor voltage and inductance of the
inductive components on compensation quality of the load current by the electric power network current and the
analytical determination of the power distortion influence on the average value and the deviation of the capacitor
voltage of the power active filter. It also involves the justification of the rate of change of load current as a critical
parameter using the experimental results. Analytical determination of the rate of change of load current of the
power active filter taking into account its dependence on the delay angle for thyristor converter considering active
component and instantaneous value of load current. Analysis of the rate of change of load current in the power
active filter with several current delay angles of the thyristor converter and comparison of it with the transient cur-
rent in the power active filter scheme using certain assumptions and taking into account the presence of energy
storage components.

Findings. It is proved that the parameters of the circuit and the modes of the power active filter essentially depend
on the rate of change of load current within a considered time interval. The results are based on the analysis of time
diagrams for the mode parameters of the power parallel active filter used in the circuit with thyristor converter as a
load.

Originality. Influence of the rate of change of load current on the mode parameters of the power active filter, and
accordingly, on the parameters of the power circuit components which should additionally be taken into account for
calculations by known methods is substantiated.

Practical value. It is determination of the influence of the rate of change of load current on parameters of compo-
nents of the three-phase parallel power active power filter, which may be useful for their selection.

Keywords: rate of change of load current, pulse control, total harmonic distortion (THD), current delay angle, angle of
overlap, power distortion
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Introduction. Determination of rational parameters
of storage power active filter is an important milestone
that defines the technical characteristics of the device
and the cost of its manufacture and use during product
lifecycle. The analysis of single-phase power active filter
provided reactive power compensation in the node of
electric power network was executed in [1].

It was noted that the exchange of the components of
the power caused by modulation occurs between the ca-
pacitive energy storage in the circuit with pulsating DC
voltage and the inductive energy storage as a part of the
filter in the load circuits on the side of AC voltage.

These high frequency components of voltage pulsa-
tions herewith take place in circuit between the capaci-
tive and inductive elements during commutation of the
converter switches.

These are the aspects which were laid in the criteria
for selecting storage elements.

Analysis of the previous research. As a result of analy-
sis of the three-phase power active filter during work on
linear load [2] by the time and spectral diagrams that
reflect the distribution of power and energy which is cir-
culating in the electric power network between inductive
and capacitive storages, facts indicated earlier were es-
tablished exclusive of the mode parameters which form
the exchange process of energy between the capacitor
and the electric power network.

It is indicated for a three-phase parallel power active
filter that a significant part of the energy is distributed
between the phases of the electric power network and
transistor converter of the filter.

A small part of the energy circulates between induc-
tive and capacitor storages thereby providing a control-
lability mode.

There are methods of selection of electrical param-
eters of the elements for the power active filter [3], which
have been successfully used for the linear loads which
create harmonic (monoharmonic) currents in the lines
of the electric power network.

As a result of a series of experimental research stud-
ies the insufficiency of these methodologies in the case
of nonlinear loads, which create the polyharmonic cur-
rent of the electric power network (grid) was deter-
mined.

Problem statement. Quality indicators of electric en-
ergy in node of connecting of the power active filter de-
pend on the algorithm embedded in the control system
and the parameters of energy storage elements of an ac-
tive filter.

Existing methods for calculating these parameters
for the case of the monoharmonic currents are insuffi-
cient for rational selection of circuit parameters for the
case of the polyharmonic currents especially with
strongly variable character.

Objectives of the article include definition of rela-
tionships of parameters of power storage elements of a
three-phase parallel active power filter given the nature
of the current during its compensation.

Presentation of the main research and explanation of
scientific results. Let us consider the modes of operation
of the parallel three-phase power active filter (4F) in the
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circuit (Fig. 1) which contains a power supply (Grid)
and a three-phase bridge thyristor converter with active
inductive load on the side of direct current as a consum-
er (Load).

The three-phase bridge thyristor converter is pre-
sented as a three-phase current source (i, ;) at the equiv-
alent circuit (Fig. 1).

Fig. 1. Simplified equivalent circuit of the grid node with
an active power filter

The voltage of the grid in phases (k = A4, B, C) gener-
ally consists of the main harmonic u; o which varies

with a period T, and higher harmonics u,flgr

_f h
uk,gr - uk.gr + uk.gr :
In the same way, the main harmonic 1'1{ o and higher

harmonics ilf o constitute the current of the grid

. f h

lk.gr = lk.gr + lk‘gr :

The voltage of the grid under the scheme (Fig. 1) acts
on the load and on the active power filter herewith the
load current i, ,; also generally contains components of

the main harmonic i,{ ,d and higher harmonics il’z u

It :iI{.ld +ig g

Thus, let us present the main current harmonic as two
components: the first one matches the active power i ,{ W.p
and the second one matches the reactive power i,{ g

For analyzing the mode we should accept the as-
sumption that the voltage does not contain the higher
harmonics (uf(’. . =0) in its composition. With this in
mind the grid is a source of sinusoidal voltage with infi-
nitely small internal resistance

uk.gr = uI{‘gr .

The current of the power active filter is determined
by its destination — it is minimization (cut-off) of the
higher harmonics of load current i Ii’ ¢ and the main har-
monic component which corresponds to the reactive
power i,{ 1dg [4]. Also it is necessary to keep in mind that
the process of formation of active filter current ik.af
during valve device commutation by performing relay
regulation of the current or pulse width modulation is
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accompanied by appearance of the appropriate compo-
nent of the current i,i'f;j‘f . So, the current equation of the
power active filter can be written as

. _ . f _ .h .mod
bear = Veadg " Yeaa Tar

The components of this current cause the appear-
ance of the voltage on the inductive elements of the
power active filter which is conditioned by reactive pow-
er u,{ Lg higher harmonics of load current u,}c" , and
modulating component of current

—_f h d
Wep = Uepg Yo +u
and (adding to load current) these components deter-
mine the grid current

Vegr =hcia Tl =
_f h o f _:h -mod __
=liead Theid ~Yiidg " kia Tlar =

_f .mod __ .f -h
=letdp Yo “lgr Tl

that is with full compensation of reactive component of
load current for the main harmonic and reduction of
higher harmonics to zero, the grid current will have the

main harmonic only that corresponds to the active pow-
er of load and higher harmonics caused by valve device

The series of experimental research studies were ex-
ecuted for determination of the influence of the storage
element parameters on the process of current formation
of the power active filter.

Experiments were carried out for the effective value
of grid voltage U,,,,,; = 220 V' and calculating current of
thyristor converter at an angle of 45°7,,, = 120 A, while
the inductance of the input reactors L = 0.0054 H; the
capacitance of the capacitor C = 20 mF; the volume of
the capacitor U, =2 kV; the mean value of switching fre-
quency f,,,.. =5 kHz, determined according to the me-
thodology [3].

Time diagrams for the first experiment are shown in
Fig. 2. Experimental results (Table 1) were obtained by
varying the values of the inductor and capacitor voltage.

As can be seen from Table 1 there is an ability to
achieve total harmonic distortion THD for current that
does not exceed 10 % in the case of the first and third ex-
periments.

In the latter case, the inductance value decreases
and this fact significantly affects the weight and dimen-
sions performance. In addition, the voltage in the DC
circuit decreases as well. It reduces the requirements
for insulation properties of capacitors and transistors
of the power converter. In the case of the last one this
reduces its cost significantly.

commutation of the power active filter (Fig. 2). It ab{e 1
Element parameters and mode parameters of an active
power filter
fmod.a; l]c; C; L9 THD; [gnrms;
kHZ | kV mF mH % A

Exp1 10 2 20 5.4 5.69 | 92.07

Exp?2 5 1 20 5.4 | 2283 | 116.2

Exp3 10 1 20 2.7 9.5 | 95.95

A
L5 ]

. . AT '\.o,' N
T N b e 0 WY i i
0.0l 002

0 0004 0.008

0.012

Fig. 2. Time diagrams of filter-compensating device in
the system with a thyristor converter
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Analysis of the diagrams in Fig. 3 shows the follow-
ing. The quality of selection of rational element param-
eters of the power active filter stands out clearly in the
conditions of the current load in case if it is close to rect-
angular shape with steep fronts of growth and decline,
and high value of the rate of change of load current
(Fig. 3, a and Fig. 4, a). Deflection of filter current is
possible (Fig. 3, a) from the set point, which leads to
harmonic distortion of grid current and increase in its
effective value (Figs. 4, b, ¢) under the same conditions
of control system configuration for the power active fil-
ter. It depends on the electrical parameters of the energy
storage elements.

As opposed to the full compensation mode (Fig. 3, e)
the existing distortions lead to constant changing of the
mean value of the capacitor voltage per the period of the
voltage pulsation (Figs. 3, ¢, d). This corresponds to the
accumulation of electrical energy and the active compo-
nent of the compensator current (Fig. 4, d).

As seen from the results of the experiments, it is pos-
sible to obtain close by the value indicators of the param-
eters of grid current with various combinations of induc-
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tance, capacitance and capacitor voltage: harmonic dis-
tortion factor, effective value of the main harmonic.

Thus known methodology [3] which was used during
the previous calculation gives qualitative results of the
calculation, provided that there are monoharmonic load
currents and it requires clarification in case of polyhar-
monic currents.

In [5] they propose to take into account the distortion
power T, (decreasing of which is provided by device) in
order to refine the calculation of capacitor capacity.

As a result, taking into account losses in the circuits
of the converter of the power active filter P,, the expres-
sion to determine the capacity of the capacitor with the
certain mean value U, and deviation of the capacitor
voltage AU, was obtained by the authors.

T/6
jo (T.+ P, )dt

AUL(AU. +2U,)
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Fig. 3. Time diagram of mode parameters of the power
active filter:
a — phase load current, phase compensator current; b —
phase load current, phase grid current; ¢ — capacitor voltage
for the second experiment; d — capacitor voltage for the third
experiment; e — capacitor voltage for the first experiment
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Fig. 4. Spectral current diagrams:
a — of load; b — of grid for the first experiment; ¢ — of grid
for the second experiment; d — of grid for the third experi-
ment

Power distortion [6], which causes the change of
voltage on the capacitor

T.=S,,,-THD, , (1)

where S, is full power of the first harmonic of nonlin-
ear load;THDI ,, is the parameter the total harmonic
distortion of load current.

Considering that the distortion power 7,is compen-
sated by current of the active power filter, the energy on
the interval T/ 6= 1/ (6w), which is returned from capac-
itor C by changing the voltage AU should not be less
than the energy caused by distortion power in this
period.
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The changing of the energy on the capacitor is caused
by voltage fluctuation from the maximum U ,,, to min-
imum U, ,;, value

Clrr2 2

AVVC :E(UCAmax _UC.min )’ (2)

introducing similarly [1] parameter of voltage change in
relation to the mean value

U, +U

U. = C.max C.min :
Cc.0 2
k. = (UC.max _UC,min) _ UC.max —1=1- UC.min
(ol - - ’
2UC.O UC.O UC.O

and change of energy
AW, =2CU; ok, .

They determine the capacitance of the capacitive
storage by equating (1) with (2) and taking into account
the frequency of main harmonic pulsations of capacitor
voltage

6S1.ld77:HDI.Id — 2CU(2:0kC ~C= 3S1.ldTHDl.ld .

Ucz'.OkCT

Assuming that the voltage deviation is not greater
than 10 % mean value, the capacitance of capacitor is

_ 38,THD, 4 -30 S\THD, 44 )
UZ,0.1T Uz, T

C

It should be noted that the distortion power is an in-
tegral indicator and it cannot accordingly reflect the
character of the distortion. It is the most important for
quality assurance of the distortion elimination.

Let us consider the formation of current in power
circuit (Fig. 1). The voltage drop on the inductive ele-
ment L, of the power active filter caused by the voltage
of grid and the voltage of transistor converter, which in
turn has a relationship to the voltage on the capacitor
through switching function for the corresponding phase
W 171

dik.af _ _
kg Sl g W g TUp g —Vile
while three transistors work at the same time in the
scheme and the condition is fulfilled in the scheme
without neutral conductor

iA‘af +iBAaf +iC4af =0.

Thereby the voltage on the capacitor U, together
with inductance and voltage of grid defines not only en-
ergy reserve of the capacitor but the maximum rate of
change of current

diy o g TV ke
dt L

a
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Considering conditions accepted in the study the
current which should be compensated has the signal
edges with high rate of change (~ 150 kA/sec — Fig. 3).
The signal edge is caused by switching processes in grid
circuits of the thyristor converter and is determined by
the angle of overlap [8], which determines the appropri-
ate rise time of current.

21 0L,
y(a,1,)=arccos| cosa — 1 l-a=

\/gUk .m

\/gUk .m

where «a is the current delay angle of the thyristor con-
verter; /, is the mean value of load current; L,, is the
equivalent inductance of grid circuit of the thyristor
converter; w is angular frequency of grid voltage; U, is
the amplitude of the grid voltage. The time of commuta-
tion in this case (Fig. 3, a) t,, = t, — t,. Taking the as-
sumption that the load current of the thyristor converter
after commutation is constant I/, = const, the rate of
change of current within the interval of commutation is

1
=  =—|arccos| cosa —
0]

20,0l J
—-a ,

diyy| 1,0
di| gy
-1
21 oL
=1 ,w| arccos cosa——4 | _q| . (3)
\/gUk.m

Therefore, the desirable phase current of the power
active filter, given the form of desirable grid current can
be determined by the active component i, pof load
current [9] and full load current

Pk.ld

u* . . . .
Veaf =Uidp " ad = V2 sin(arf +y )=l 1y 5

k.ld

where P, is the active power of phase load; U, is the
effective value of phase voltage of load; v, , is the phase
shift of phase voltage.

The rate of change of current of the active power fil-
ter is

di . P di
Lol Dok cos(at +y, )~ KA. (4)
dr » dr

The mean value of load power (active power) for
phase of grid of the three-phase bridge thyristor con-
verter [8] is

P :i:—\/g[]k"dld cosa . (%)
: 3 2r
Taking the assumption that the phase shift of phase
voltage ¥, , =0, the rate of change of current of the ac-
tive power filter within the interval of commutation of
valves (a) taking into account expressions (3—5) is
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i
ﬂ(a) = Ida)—300$2 a+
Vg
21 0L,

dt
-1
(6)
“/_Uk id J }

In this case as described previously (Fig. 3) the num-
ber of the switchings per one period of grid voltage is six.
If we consider the interval of commutation of valves for
the thyristor converter (#)—t,) (Fig. 3, b) then the rate of
change of current of phase with the valve that is being
closed differs by the sign from the rate of change of cur-
rent of phase with the valve that is being opened, re-
maining the same in value. In this time interval the cur-

+Ida){arccos[cosa -

rent in the third phase varies slightly (Fig. 2) and is ac-
cepted as constant. Let us consider the relationship of
mode parameters for phases A and B under the condi-
tions that current delay angles are acted in accordance
with Table 2, taking the assumption that the amplitude
of grid voltage of phase A is

mA \/7 Ald \/_ mAB

Using the initial data in which the experiments were
carried out: L,, = 0.0036 H; P, = 14 kWt; Usprys=
=220V, 1,= 150A L,=0.0054 H, L,= L,,+ L;letus
define numerical values of expressions in Table 2 and
summarize them to Table 3.

Table 2
The rate of change of current and interphase voltage depending on the current delay angle of the thyristor converter
di,
No a Adaf UAB. ,-(a)
dr (a) g
b 2ol )|
w
1 0 Ida)2+lda) arccos| 1 - —4 ¢4 0
L \/gUm,A
21, 0L B NG
1)
2 % Ida)[arccos %—MJ—EI EUm.A =_3 m.AB
Vo, , ) 3 2 2
NG 21 0L B
w
3 % lda)4—3+lda)[arcco{—M]—%] \/gUm_A =
4 \/gUmA
-1
5 21 ,0L,
4 ?ﬁ 1,0 \/§+I a{arccos[—i——J—sg} ﬁUm.A :lUm.AB
P NE 2 2
Table 3
The results of numerical calculation of mode parameters for the active power filter
a, di, di , diy ,
Ne | %(a) LA/ Usper @),V | 2L, "'tf (@), V U g (@) +2L, "~tf (@), V
1 0 62030 0 669.92 669.92
2 % 72100 466.68 778.68 1245.36
3 % 69200 538.89 747.36 1286.25
hY/4
4 3 57420 269.44 620.14 889.58
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Thus, in this case the capacitor voltage should be

calculated for the current delay angle « :% by expres-
sion

Up 23U, Asm( j

-1
21,0l J z

J3u,,

+2L, Ida)\/g+l w arccos[—
4

Assuming the necessity of forming the line current

using the active power filter with the given rate of change

.ref
Uear

dt
rent of scheme (Fig. 1) in the equivalent circuit (I), tak-
ing the assumption that two valves of the transistor con-
verter are turned on and the capacitor is fully put into
circuit.
In general, the transient component of circuit cur-
rent is

, let us consider the process of changing the cur-

K3

Lyar = —éefﬂt ((10,3+CU0,B2 +CU0a)2)sin(a)t)—

—Ioa)cos(a)t)), (7

h ﬂ rf ) 1 C® 0)2

where f=——; @y=—F7—; 0=4/®,
2L2 / L.C

active resistance of circuit; Ly =2L, is the total induc-

tance of circuit; C is capacitance of the capacitor. Thus

there are initial conditions (Fig. 3, @) for the point 7,_,

The time graph of the transition current is shown in
Fig. 5 for the previously mentioned parameters of cir-
cuit. The limits of deviations of current (£ HB) of the
setpoint caused by the configuration of control system
and, in the this case, constitute /B=0.11,, . Let us de-
termine the time #, (Fig. 5) which corresponds to inter-

-B%; ry is the

u =U,#0 j
elizg, 0 current i, .- .

section of the instantaneous current z""f and hne

z:f/;f HB (Fig. 5). According to formula él) fort=

diA.af

=Bl
= Be X
dt

t=t,

((108+ €U+ CU0? Joos oty ) + Iywsin(aty ). 8)

Assuming that the transient begins at the #, = 0, and
given the fact that the rate of change of current of the
filter should be equal to the rate of change of set current

¥ ref
di Adf dl diyy
dt dr ’

=0

equating the right sides of formulas (3) and (5) we will
obtain the expression
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3
B1,B+CU B +CU =1 J0cos’ar+
-1
21, a)L
+1 0| arccos| cosa ——=—— s
f Ukia

that connects circuit and mode parameters of the active
filter with circuit and mode parameters of load current.

50071 —
igpd
raf iA_af
360 L
220
804/
ly / { LS

0 0002 doo4 0006 0008

Fig. 5. Time dependence of transient current and deter-
mination of its deviations from the set value on the
HBvalue

The point of intersection of the instantaneous cur-

rent with line l:ff s —HB (Fig. 5) is determined by the
equation

- HB,

i* _ iref
Aaf “Aaf
or

L 2 2\sin(wr)—
‘ ~c ((ro8+cUB* +CU Jsin(ar)

—Ioa)cos(a)t)) - at‘ =HB.

The solution of this equation finds the time #, during
which the circuit can provide the level of deviation not
more than 10 % of the set current of active power filter.
So the relationship is determined for parameters of ca-
pacitance (C), inductance (L;) and voltage of the ca-
pacitor (U,) of commutating current of thyristor load
transducer and the width of the hysteresis loop (HB) of
the relay current regulator.

In evaluating the rate of change of current and the
time of its implementation it is necessary to consider (in
addition to the above parameters) the influence of the
commutation process associated with increasing of
switching frequency.

The conductivity of the main circuit increases
with increasing transistor switching frequency. It
causes increase in the loss of voltage and power. As a
result, the overload capacity of element by the load
current will be decreased, for example, as shown in
Fig. 6 [10].
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Fig. 6. The dependence of the collector current of the
transistor switch IRG4PC50FD on the commutation

frequency

There should be noted essential influence of current
modulation of the transistor converter of the power ac-
tive filter on the values of total harmonic distortion for
voltage at the point of connection, taking into account
inductive resistance of line as shown in [1].

Conclusions and recommendations for further re-
search. By the experimental research it was determined
that the applying of known methods for calculating the
parameters of the power circuit active filter in case of
compensation of load currents with considerable distor-
tion of shape, including grid current of the three-phase
bridge thyristor converter is insufficient.

Considering the procedure for calculating capacity
of the capacitor in DC circuits of the active power filter
there was noticed insufficiency of consideration of pow-
er distortion because it is an integral factor and actually
summarizes current distortion not reflecting their char-
acter.

Using the active power filter for loads with sharply
variable character of current without energy storage, as
stated in some works, is not possible in the absence of
supply of energy which is necessary to compensate the
differential load current that is provided by the capaci-
tor with corresponding parameters.

The relationship between mode parameter of the
three-phase bridge thyristor converter as a load and
mode and scheme parameters of the active power filter
was defined analytically from the standpoint of forming
the set value of differential current of active power filter.

Subsequent studies will be performed in the direc-
tion of solving equations presented in this paper, com-
paring the known parameters of load mode of grid with
the values of parameters of the power active filter: in-
ductance, capacitance, voltage on capacitor.
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Meta. BuzHaueHHs 3B’43Ky MapaMeTpiB HaKOMU-
YyBaJIBHUX €JIEMEHTIB TpU(a3HOTO MapajeIbHOTO CH-
JIOBOTO aKTUBHOTO (PiIbTPY 3 XapaKTEpOM CTPYMY, IO
niuIATa€ KOMITEHCcaIlii.

MeToauka. Bkitouae ckjlagaHHs CXeMU 3aMilllIeHHS
CWJIOBOTO aKTUBHOIO (DiJIbTPY 3 aHaJi30M PO3MOIilTy
CTPYMiB y TijIKax Ta iX CKJIaJOBUX 3a IPUHILIUIIOM KOM-
rneHcauii. AHaJli3 YacoBMX JiarpaM rmapaMeTpiB pexxu-
My CXEMHM, 1110 BiAMOBiZa€ cXeMi 3aMillleHHsI Ta JOCIi-
JI)KeHa B paHillie ony0JIiKkoBaHUX poOOTaxX, 3a XapaKTe-
poOM CcTpyMy HaBaHTaxkeHHs. [IpoBemeHHsS ekcrepu-
MEHTIB JUISI BUSIBJICHHSI BIUIMBY 3HAUYEHHS HAIpPYyTH
KOHJIeHcaTopa 1 BeJIMYMHU iHAYKTUBHOCTI Ha SIKiCTh
KOMIICHCAIIil CTpyMy HaBaHTaXXEHHS 3a CTPYMOM Me-
pexi. AHaJliTUYHE BU3HAYEHHS BIUIMBY IMOTYXXHOCTI
CITOTBOPEHHS Ha CepeIHE 3HAYCHHS I BiIXUJICHHS Ha-
MPyTr¥ KOHIIEHCATOpa CUJIOBOTO aKTWUBHOTO (DilbTpy.
OOrpyHTYBaHHS, Ha ITiICTaBi pe3yJbTaTiB eKCIepU-
MEHTIB, B IKOCTi KpUTUYHOTO TTapaMeTpy AudepeHiia-
JIy CTpYMY HaBaHTaXEHHs. AHaJlliTUMHE BM3HAUYEHHS
nudepeHiaTy CTpyMy CUJIOBOTO aKTUBHOTO (BibTpy 3
ypaxyBaHHSIM aKTUBHOI CKJIaIOBOI CTPyMY i MUTTEBO-
IO CTPYMYy HaBaHTaXKEHHSI — TUPUCTOPHOTO MEPETBO-
proBaya, y 3aJIeXXHOCTI Bill KyTa KepyBaHHSI OCTaHHIM.
AHautiz mudepeHuiaay CTpyMy CUJIOBOTO aKTMBHOTO
GinbTpy IS OEKiNBKOX KYTiB KepyBaHHS TUPUCTOP-
HUM TIepETBOPIOBaYEM HaBaHTaXKCHHS Ta IMOPiBHSIHHS
1i0T0, 3a TIEBHUX IPUITYIICHb, 3 IIEPEXiTHUM CTPYMOM Y
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EJEKTPOTEXHIYHI KOMNANEKCU TA CUCTEMMU

CXeMi CHJIOBOTO aKTUBHOTO (DilbTPY, IO MOXe OyTH
3a0e3MeUYeHNI  HAKONMUUYYBAIBHUMU  €JIeMEHTaMU
dinbTpy.

Pe3syabratu. Ha nigcraBi aHatizy yacoBux aiarpam
napamMeTpiB pexXuMy CUJIOBOTO MapajesibHOTO aKTHUB-
HOTro (iJIbTPY, 3aCTOCOBYBAHOIO Y CXeMi HaBaHTaXKeH-
HSl 3 TUPUCTOPHUM TMEpeTBOPIOBaYeM, JOBEACHO, IO
napamMeTpu cXeMu N pexXuMy CUJIOBOTO aKTUBHOTO
(inbTpy iCTOTHO 3ajexkaTh Bifl LIBUAKOCTI 3MiHU CTPY-
MY Yy 4aci.

HaykoBa HoBu3HA. OGIpYHTOBAHO BILIMB LIBUAKO-
CTi 3MiHU CTPYMY HaBaHTaXXEHHSI Ha peXXUMHI Iapame-
TPU CHJIOBOTO aKTUBHOTO (DiJIBTPY Ta, BiAMOBITHO, HA
mapaMeTpH eJIEMEHTIB CUJIOBOI CXeMU OCTaHHBOTO, 1110
HEeoOXiTHO J0JAaTKOBO BpaxOBYBaTU IIPU iX pO3paxyH-
Kax 3a BiTOMUMU METOIUKAMU.

IIpakTuuna 3HaummicTh. [lonsirae y BM3HaAYeHHI
BIUIMBY ILIBUAKOCTI 3MiHM CTPYMy HaBaHTaXXKEHHS Ha
napamMeTpu eJeMEeHTIB CUJIOBOI YaCTUHU TpUha3HOTO
MapajesIbHOrO CMJIOBOTO aKTUBHOTO (DiIbTPY, 10 MO-
ke OyTY BUKOPUCTAHO TPU iX BUOODi.

KmouoBi cioBa: dugpepenuyian cmpymy, imnyrsche
VAPAGAIHHA, KOeiyleHm 3aeanbHuX HeAIHIUHUX CNOMBO-
PEeHb, KYm YNPABAIHHA, KYM KOMYmMauii, NOMYICHICMb
CHOMBOPEHHS.

eas. OnpeneneHue CBSA3M ITapaMeTPOB HAKOIIM-
TEJBHBIX DJIEMEHTOB TPEX(A3HOTO MapaIeJIbHOTO CH-
JIOBOTO aKTMBHOTO (PMJIBTPA C XapaKTepoM TOKa, IO/~
JIEXKAIIErO KOMITEHCALIUH.

Mertoauka. BxiiouaeT cocTtaBjieHUE CXEMbl 3aMe-
IIEHWsI CHJIOBOTO aKTUBHOTO (WJIbTpa C aHAIM30M
pacrpeneieHUs TOKOB B BETBSIX M MX COCTaBJISTFOIINX
10 MMPUHIIUITY KOMIIEHCAIINH. AHAJIN3 BPEMEHHBIX TH-
arpaMM ITapaMeTpPOB PEXMMa CXEMEBI, COOTBETCTBYIO-
el cxeMe 3aMelleHUs M WCCIeIOBAaHHON B paHee
onyOJIMKOBAaHHBIX paboTax, II0 XapaKTepy TOKa Ha-
rpy3ku. [IpoBeneHne sKCIepuMeHTOB JJIsT BBISIBICHUS
BJIMSTHUS 3HAYEHMST HATIPSDKEHUST KOHIEH caTopa 1 Be-
JIMYMHBI MHAYKTUBHOCTM Ha KAYeCTBO KOMIIEHCALIMKA
TOKa Harpy3KH 110 TOKY CETH. AHAJTUTUUYECKOE OTpee-
JIEHUE BJIMSTHUS MOIIHOCTU MCKaXKEHMSI Ha CpeaHee
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3HAYCHNE M OTKIIOHCHME HANPSKEHUS KOHIACHCATO-
pa CIIOBOTO aKTUBHOTO (rrbTpa. O00OCHOBaHME, Ha
OCHOBAHUM PEe3yJIbTaTOB 3KCIIEPMMEHTOB, B Kaue-
CTBE KPUTHYECKOro mnapaMeTrpa auddepeHumana
TOKa Harpy3ku. AHaJIUTHUUECKOE oTpeneaeHue nud-
depeHlIMana ToKa CUJIIOBOTO aKTUBHOro (puibTpa ¢
y4eTOM aKTUBHOU cocTaBJsIoNeid TOKa U MTHOBEH-
HOTO TOKa Harpy3ku — TUPUCTOPHOTO Mpeobpa3oBa-
TeJisl, B 3aBUCMMOCTHU OT YIJIa YIIPAaBJICHUS TOCTEI-
HUM. AHanu3 nuddepeHirasa Toka CUIOBOTO aK-
TUBHOTO (PUIbTPA IS HECKOJIBKUX YTJIOB YIpaBJie-
HUSI TUPUCTOPHBIM IIpeoOpa3oBaTeeM Harpy3Ku U
CpaBHEHHUE €Tro, IIPU OIIPEIeICHHBIX TOMYIICHUSIX, C
MIePEXOIHBIM TOKOM B CXEME CHJIOBOTO aKTUBHOTO
¢unabTpa, KOTOPHIN MOXET OBITH OOecreYyeH HaKo-
MMUTEJIbHBIMU 3JIEMEHTaMM DUIbTPA.

Pe3ynbTaTel. Ha ocHoBaHMM aHanIu3a BpeMEHHBIX
IrarpaMm IapaMeTpoB peXuMa CUJIOBOTO Iapasuiesib-
HOT'0 aKTUBHOTO (pUJIBTPaA, UCTIOJIB3YEeMOTO B CXeME Ha-
IPY3KM C TUPUCTOPHBIM IIpeoOpa3oBaTesieM, J0Ka3a-
HO, YTO TTapaMeTPhl CXeMBbI U PeXKKMMa CUIIOBOTO aKTHUB-
HOTO (DWJIBTpaA CYIIECTBEHHO 3aBUCSAT OT CKOPOCTH M3-
MEHEHMSI TOKa BO BpEMEHMU.

Hayunast HoBuzHa. OG0CHOBAaHO BIUSIHIE CKOPOCTH
M3MEHEHMS TOKA HArpy3KW Ha peKMMHEBIC ITapaMeTPhI
Tpex(a3HOTro IMapayIeIbHOTO CHUJIOBOTO AaKTUBHOTO
¢unbTpa M, COOTBETCTBEHHO, Ha MapaMeTphl dJIeMEH-
TOB CHJIOBOIT CXEMBI IIOCJIETHETO, YTO HEOOXOIUMO M0~
MOJTHUTEJIbHO YYUTHIBATh IIPU UX pacueTax 1Mo U3BeCT-
HBIM METOAMKAM.

IIpakTHyecKas 3HAYUMOCTb. 3aKJII0YaeTCs B OIpe-
JIeJICHUY BIIUSTHUSI CKOPOCTU M3MEHEHUsT TOKa Harpys-
KU1 Ha TTapaMeTphl 2JIeMEHTOB CUJIOBOI YacTH Tpexdas-
HOTO TIapaJUIeJIbHOTO CHJIOBOTO aKTMBHOTO (DWIIBTPA,
YTO MOXET OBITh UCITOIb30BAaHO TIPU UX BHIOOPE.

KimoueBble cioBa: dugghepenyuan moxa, umnyiscHoe
ynpaeaerue, K03 puuyueHm cyMmMapHuiX HeAUHeUHbIX UC-
KajiceHuil, y2oa YnpaeaeHus, yeoa KOMMYmMayuu, Moui-
HOCMb UCKANCEHUS
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