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Abstract - It has been shown that the principle of
controlling the current of an electromagnetic drive of a hybrid
contactor of direct current is realized by introducing a special
control electric circuit in parallel with a drive coil by means of
turning on a power SK (semiconductor key), which contains a
condenser, setting the time and controlled low-power
transistor key, in an output circuit of which a low-power
optron thyristor is included, moreover, an auxiliary transistor
key, providing the current discharge with the help of
additional secondary electric winding when commutation
current flows from the circuit of the main contactors to the
circuit of a power semiconductor key, is turned on in parallel
to the mentioned condenser.

The peculiarities of the processes of charging and
discharging of a condenser, which sets the time, in different
operating conditions of a contactor, have been determined.
Whereby, it has been found out that for providing reliable
circuits commutation it is necessary that a condenser charging
time, setting the time up to the level of voltage, providing turn-
on of a low-powered optron thyristor when a contactor is
turned on, shouldn’t exceed the value of minimum time of its
turn-on and the time of the condenser discharge when turned
off shouldn’t be lower than the minimum time of a contactor
turn-off. It allows to determine the parameters of the
elements, providing reliable commutation of a contactor.

As a result of the research it has been shown that the
proposed hybrid contactors due to the introduction of
electromagnetic drive current control and new connections as
compared with the existing ones, possess the properties
increasing their competitiveness. They also have increased
operation reliability, reduced dimensions and cost, their
production and technological indices are improved and the
sphere of their application is broadened.

The possibility of creating competitive reliable hybrid
contactors of direct current on the currents 100-630 A and
voltage up to 1000 V, which function in hard maintenance
conditions, is considered to be an applied aspect of putting into
practice the research results obtained.
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l. INTRODUCTION. URGENCY OF THE RESEARCH AND
TARGET SETTING

Hybrid contactors of direct current or contactors with
arcless commutation combine positive qualities both of
contact apparatuses (small loses of power in on position),
and non-contact ones (arcless current commutation). In
these contactors parallel to the main contactors of the base
contactor, as a rule, with electromagnetic drive, completely
controlled power semiconductor key (SK) is connected,
providing arcless commutation of disconnecting contacts.
Its turn-on and turn-off is made the control circuit. In on
position of a contactor a completely controlled SK is
bypassed by the main contacts. So, SK is under the load just
for a short period of time (some ms) at loading commutation
allowing to use completely controlled power semiconductor
devices (PSD) (IGBT-transistors: GTO- thyristors etc)
without coolers using natural cooling when constructing SK.
Besides, the use of a blowout system of the base contactor is
not necessary. It is very important for contactors intended
for the net voltage of higher than 500 V, when the
commutation process of inductance loading becomes
complicated.

As a result, commutation wear resistance of hybrid
contactors increases dozens of times and approaches the
mechanic one when an apparatus mass is a bit increased (up
to 20-30%). However, in the case of using expensive
completely controlled power SK in these contactors, their
price is two times or [1] or higher than of common classical
contactors.

That is why, from the technical and economic point of
view, they should be used in hard maintenance conditions,
characterized by frequent commutations of active and
inductance loading and in conditions of increased explosion
and fire safety requirements.
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Nowadays, the sphere of using hybrid commutation
apparatuses (including contactors) of direct current widened
greatly due to the development of direct current nets, in
which renewable sources of electric power are used (solar
and wind power stations) [3, 4].

In connection with that the works, aimed at the
development of new principles of creating hybrid
commutation apparatuses and methods of their calculation,
providing the increase of their competitiveness at the world
market of electro-technical products, are urgent and in
demand. The review of scientific works for a period of 10
years is given by the authors in [5] and shows that such
research work is carried out worldwide [6-8].

Il.  THE AIM AND THE TASKS OF THE RESEARCH

The aim of the research is to develop the principles and
methods of calculating operating conditions and parameters
of hybrid contactors of direct current (with an
electromagnetic drive), controlled by the electric drive
current.

The following tasks are to be solved:

- To prove that the principle of controlling a hybrid
contactor by the current of its electromagnetic drive allows
to increase its competitiveness as compared with the existing
ones;

- To study nonstationary electromagnetic processes,
providing electromagnetic drive current control by a
contactor;

- To elaborate the methods of calculating electronic
circuit elements, providing electromagnetic drive current
control and to give recommendations on the choice of their
parameters and operating conditions.

IIl.  TECHNICAL SOLUTIONS ON CREATING HYBRID
CONTACTORS OF DIRECT CURRENT AND THEIR ANALYSIS

Technical solutions in the form of an electric circuit of a
two-pin hybrid contactor of direct current, controlled by the
current of its electromagnetic drive, have been worked out
at O.M. Beketov National university of urban economy in
Kharkiv (Ukraine, Kharkiv). This principle is realized in
such a way that a special electronic circuit of control with a
condenser, setting the time, and a controlled transistor key
with an optron thyristor connected with its input circuit, is
introduced in series with the coil of electromagnetic drive.
This circuit provides reliable contactless turn-on and turn-
off of a completely controlled SK, as the main contactor
contact is by-passed when the loading is commutated by an
apparatus. The main technical solutions, applied in the
contactor, are protected by patent [9.10].

An electric circuit of the given contactor is presented in
figure 1.

A classical double-pole contactor with an
electromagnetic drive is applied as the base contact
apparatus.

Such elements of a contactor as the main contacts MC1
and MC2, IGBT-transistor VT3 with a reverse diode VD7,
primary coils W1.1, W1.2 of a current transformer TA1 form
the main circuit of a contactor on the circuit. At the same
time the contacts 1 and 2 MC1 and MC2 are adjusted in such
a way that the second contact is broken later than the first
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one (time latency is 8-9 ms), and instead of IGBT-transistor -
a dual-operation thyristor can be applied.

A thyristor block R, is intended for spilling the power
accumulating in a circuit inductance, and an optron thyristor
VS3 — for spilling the power accumulated in a loading
inductance. The latter element allows to use the proposed
contactor in non-reverse circuits. The rest elements form the
circuit of controlling the commutation of the main contacts
or VT3.

Such elements as the button START and STOP, auxiliary
contacts MK1.1 and the coil of electromagnet MK1 provide
a drive control and thus the commutation of the main
contacts.

Such elements as a diode bridge (VD1 — VDA4), a
condenser C1, setting the time, a transistor VT2, optron
thyristor VS1, resistors R4 - Ro, a condenser C,, a voltage
regulator VD6 and a bilateral voltage selector VD8 provide
turn-on of a transistor VT3 (or a dual-operation thyristor). In
their turn, such elements as a transistor VT1, resistors R -
Rs, a diode VD5, secondary coils W2.1 and W2.2, diodes
VD9 and VD10, a commutating condenser Cs, a
commutating thyristor VS2, resistors Rio and Ru, an input
circuit of an optron thyristor VS3 provide turn-off VT3 (or a
dual-operation thyristor).

While a contactor is powered off all elements of its
electronic circuit are de-energized and in on-position just a
small amount of elements, included into the circuit of an
electromagnetic drive, are under load.

A detailed description of a contactor work is presented
in [9, 10].

As can be seen from the analysis presented in [5, 9, 10],
the technical solutions proposed by the authors allow to
create hybrid contactors, providing reliable arcless
commutation both in on-position and when powered off.
They don’t need the use of costly large standard driver with
a special power unit as well as an additional source of power.
Furthermore, as compared with the existing contactors, they
possess the following additional positive characteristics:

1) Increased operation reliability, provided by the
following factors: excluding of a less-than-perfect contact
circuit, created on the basis of a current relay, from the
controlling circuit of a power SK, complete excluding of a
possibility of an emergency restart of a power SK upon
power failure, and economical operating conditions of the
elements of a contactor electronic circuit as well as
excluding of a voltage influence on the elements of a
controlling circuit;

2) Reduced dimensions, mass and cost due to
considerable simplification of a controlling circuit
(excluding of the time relay and a large non-process current
relay, simplification of the connections between the electric
contacts);

3) The parameters and operating conditions of the
circuit controlling an electrical part don’t depend on the net
voltage and are determined only by the turned off current, it
allows to use the proposed technical solutions also for
creating hybrid contactors for the voltage higher than 1000
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4)  The absence of the commutation zone with an arc
increases its commutation durability as well as allows to

apply it in conditions of strict explosion and fire safetyv
requirements.
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Fig. 1. Hybrid double-pole electromagnetic contactor of direct current controlled by an electric drive current

The properties mentioned above essentially increase the
competitiveness of the proposed contactor due to the
increase of the maintenance properties and production
simplification.

For substantiation of the results obtained and for providing
practical realization it is necessary to study the processes
which haven’t been considered before, but occurring in a
contactor circuits in case of loading commutation. On the
basis of the data obtained the necessary calculation techniques
are expected to be worked out.

IV. THEORETIC RESEARCHES OF NONSTATIONARY
PROCESSES IN THE CIRCUITS OF HYBRID CONTACTORS

The data of the researched processes are presented
below. The main processes occur in the circuit of

electromagnetic drive of a contactor in case of its
commutation. The design circuit for studying these
processes is presented in figure 2.

The following symbols are used in the circuit:

Rk - active resistance of a drive coil;
Lk - inductive resistance;
C: - condenser connected with a coil in series;

Rs - regulated resistor, connected with the input
circuit of the optron thyristor;

VT2 — transistor key;
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e VD1 — threshold voltage regulator, determining the
voltage level on the condenser, on which the turn-on

of the key VT2 occurs.
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Fig.2. Design circuit for studying the processes occurring in
the circuit of an electromagnetic drive

As the resistor resistance R is enormously higher than
that of the resistor Res (in modern low power transistors the
coefficient of the current transmission £>100), it is possible
to consider with a fractional error that the equivalent value
of resistance, connected in parallel to the condenser C., will
be the following — Re = Re.

The process of charging a condenser C, in case of a
turned on contactor is divided into two stages. The first stage
lasts up to the moment of turning on a transistor key VT2,
i.e. up to the voltage reaches the voltage value of the
breakdown of the regulator VD1. In this case a transmission
process in the circuit is determined with the following
equation:

uk:l‘k'Rk‘l‘Lk'CZ_i:‘i‘uC (1)
After the corresponding transformations we have:

d?uc, =Ry duc, 1

dt? L dt

_ _Uk
¢ L€ L€ 2)

According to [11] its solution looks like that:

Uk . .
Uc = Uk+p1_p2'(P2 cePrt —p, - eP2?h), 3)
i o= UK (opit _ op2t
tk Ly (p1—Dp2) (e € ) )
where 2
pl‘zz_RiKi [Rin 1
2L 2L ) LG

In this case it is supposed that a charging process is

aperiodic, i.ef( R ) 1 0
[2~ij L

The second stage starts from the moment of turning on a
transistor key VT2 in case of a regulator breakdown VDL. In
such case (Re = R¢);

U
UC(O) = UCT: 17(0) = RL; 2 Iturn—onVSl (5)

where U cr - the voltage of the regulator breakdown VD1,
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RE :R6,

lwm-onvs1— turning on current of optron thyristor VS1 (fig.
1).

For determining the time of a transistor key closing (t1)
it is necessary to solve the following transcendental
equation:

Ugr=Uy + S '(pz'epl‘tl‘pl'epzltl) ©

1 M2

In case when pl< p; it is possible to use the following
equation for this circuit:

nU,—Uc)-n (* %) (7

t, =
Py

For normal operation of an electronic circuit of control it

is necessary that
1 <t wrn-on min= 0,75t turn-on

The equation of a transmission process at the second
stage looks as follows:
e =l Ric+ Ly - S5+ uc ®)
duc
dt

Or after the corresponding transformations:

where i, = C; - =5 4+ 2¢
Rg

2
d uzc | Re, 1 -du—°+uc~71 2R (9)
a? L R,-C,) dt L-C, U R,
:Uk_UCT
LG
In case when t = 0, U(0) = Ugr, [¢(0) = —%—-
L (P1-D2)

. (e R e P2ty )

Using known calculation techniques of transmission
processes of electric circuits [11], we obtain:

Ue =Uy k=A% 4 (A+Uq ~Uy k)% (10)

where 1 1.(0)[;
A= '|:pi'(UCT —UK-k)+ IE:( )}

]
Pr — P2 1
= RE *
RE+Ry’
/ 2 1
=—a+t+ |a*?———;
p1,2 - K~Lk~C’
1 ,R 1
a==-(*- ).
2 Ly RE-Cq

So, in a stable condition the voltage on the condenser C;
isequal to Uy - k = U,.

Practically the time of a condenser charge is determined
from the equation (10) assuming thatUy -k = U,.
However, if pl2 >>p's, this time can be determined from the
equation:

IniA
0,05-U, In095-U, —InA
/

- pl/ Py

(11)

t, =
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In this case the full time of a condenser charge will be
teharge = t1 +to.

When a contactor is turned off, a condenser C; starts
discharging through an open semiconductor key VT2 and a
resistor Re, and it finishes when the voltage on the condenser
occurs and it is equal to the voltage of a regulator breakdown
VD1

The equation of a transmission process in this case looks
like that:

RgCi o€+ uc =0 (12)
Whent =0 — Uy = Uk - k. Then

uc=Uyg-k-e='/r (13)
wherez=Re- C 1.
The time of a condenser discharge (tgisch ), until the

voltage is Uct, will be determined from the following
equation:
Uk (14)
) . Uer

For the normal operation of a circuit controlled by a
contactor it is necessary that the following in-equation to be
carried out:

taisen = 7+ In

tdisch <t turn—off max:]" 25't1um—on (15)
. t —
In this case ¢, = -=opna (16)
gln Ucr

For reducing over-voltage by the current of an input
circuit of optron thyristor VS1 it is recommended to fulfill a

stipulation ll]]Lk < (2 =+ 3). In this case the stipulation will
CcT

be fulfilled at which a condenser discharge C.: with the help
of a transistor key VT1 (fig. 1) will occur only in case of full
transmission of current to the by-passing SK, i.e. the
conditions, at which a reliable arcless commutation of a
circuit at a contactor cutoff will be provided.

For reducing the influence of a condenser, turned on in
parallel with the coil of an electromagnet, on a contactor
operation it has been proposed by the authors to change the
parameters of the base coil in such a way that an import
power of a circuit of control could remain unchanged:

Ufs _ Uks _
o= =Pk A7)
KB KtRE

TABLE I.

where Ry, Pys- the resistance of a coil and the power of -
control of a base contactor respectively;

Ry~ changed resistance of a coil;

Rg- equivalent resistance of a circuit which by-passes a
condenser.

Rg ta Ry are determined in the following way:

U
REZU_C'RKBZk'RKB (18)
K
AS RKB = RK + RE then
Rg = Rgg- (1 —k) (19)
The power on the changed coil:
Pg=Pep-(1—k) (20)

In case of using a base contactor without changes the
power in the coil would be (I — k)? times lower than in the
preceding case:

Py = Pgg - (1 = k)? (21)

So, the correlations obtained allow to calculate all the
processes occurring in the circuit of electromagnetic drive
and to choose the parameters of its main elements rationally.

V. THERESULTS OF CALCULATING THE PARAMETERS
OF THE ELEMENTS OF AN ELECTROMAGNETIC DRIVE
CIRCUIT

The calculation values of the main parameters of the
elements of an electromagnetic drive circuit, participating in
the commutation process of a completely controlled power
SK, are presented in table 1. The calculations have been
carried out according to the formulae (18) — (20), (13) — (16),
(4) — (7), (10), (11). The contactors of the series KTII6000
were used as a base contactor. The main parameters of a
circuit of their electromagnetic drive are given in table 2
[12].

| U Parameters of the electromagnetic circuit
TV Uk | | R Re, | Pk, | Uo, | Uct, | Ci | Taiscn, | t, | to, | tenarg,
\% Ohm Ohm W Vv Vv uF S S S S
11%% g 2562 | 284.47 | 153 394 01 | 0053 | 024 | 0293
250 % § o | 16133 179.2 24.3 22 9 858.25 0.138 | 0.074 |0.332 | 0.406
400 S 1089 1210 36 1617.75 | 0.175 | 0.0985 | 0.424 | 0.522
630 3 613.53 68.17 63.9 3897 0237 | 0.111 | 0.8 | 0.911
TABLE II.
Rat. current, A
Parameters 100, 160 250 400 630
Coil loss, W 17 27 40 71
Coil resistance Ry at U, =220 V, Ohm 2847 1792.6 | 1210 | 618.7
Coil inductance Ly, H 28.5 18 12.1 | 6.817
Responce time, s
When turned-on 0.18 0.28 0,40 | 0.55
When disconnected 0.08 0.11 0.14 0.19

The analysis of the calculation results shows that
calculation parameters of the elements of an electromagnetic
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drive circuit provide reliable operation of the circuit of
controlling the commutation of the completely controlled
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" SK in the whole range of nominal currents contactors using level of overloading lower than 2,5 - Unom can be achieved

the contactless method. At each of the proposed nominal
currents of a base contactor the charging time of a condenser
C1 up to the voltage Ucr in case of its turning on is lower
than the minimum time of turning on a contactor and the
time of discharge in case of turning off is always higher than
the maximum time of cutting off a contactor. However, the
dimensions and cost of a condenser C despite its rather high
capacity, will be inconsiderable, as we use an electrolytic
condenser with low voltage (not higher than 25 V).

Calculation methods as well as calculation parameters of a
current transformer and the circuit of controlling the
commutation of a completely controlled SK for the range of
nominal currents (100 — 130 A) is presented in the work [5].

Calculation methods of overload capacity of a completely
controlled SK as well as overloading limiter are presented in
[13], where it is shown that power semiconductor devices
performing the role of SK in hybrid contactors can be applied
without coolers using natural cooling. Providing of allowable

start

T VD1/N /NVD2

220 - PV )=

QD32§ /N VD4

stop

due to the turned on series-parallel low power varistors with
the corresponding mass and cost.

V1. EXPERIMENTAL RESEARCH OF ELECTROMAGNETIC
DRIVE OF THE PROPOSED CONTACTORS

The aim of the research is to determine such important for
the analysis of the work of an electromagnetic drive
parameters as the value of a contactor turning on time t wm-on,
a condenser charging time Ci- teharg at turning on a contactor
and the time of its discharging tsisch at turning off. The
researches have been carried out using a special installation,
the electrical circuit of which is shown in figure 3.

The originality of the experiment is that in the course of
the research a base contactor KTTI6000 with the nominal
current 250 V without any changes has been used.

MK1 o4

i

VTl

O—
O O

— Otothe oscillosope

o2
ol

Fig. 3. Electrical circuit of the acting installation

Furthermore, operating conditions of electromagnetic
drive of this contactor were the same as in the research,
given in sections 4 and 5 for the same contactor. It has been
achieved due to the following conditions:

2 2
Ugg _ Uk _ P
- — TKB»
RkB Rk+RE
UKE :J/UI(B'
Rg .
k=——"—"=0,1,;
Rx+RE
— .Ucr _ UctE
PK —PKB'0.9,_——,
Rg Rg

Where U,, =220V; P, =27 W

vy ~ — - JPes - (Rxg + Rp) = 1.054;
Uxs

U, =23L92V ;R =199.2 Ohm

U =10Vv- corrected values of controlling voltage,

equivalent to the resistance, the voltage of the voltage
regulator stabilization VD5 respectively.

In this case the value a condenser capacity remained
unchanged and equal to 858 uF.

Time measuring was carried out with the help of dual-
pattern digiscope, and the terminals 1 and 2 were used for
measuring twum-on, and the terminals 1 and 4 — for measuring
taisch and tenarg. Measuring of twm-on for the base contactor was
carried out when Uk = 250 V and closed contacts K1.

The voltage measuring was carried out with the help of a
digital voltmeter. The results of comparison of experimental
and calculation values of the parameters research are
presented in table 3. Furthermore, calculations were carried
out according to the same methods as in section 5.
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TABLE Il

o
v

EXPERIMENTAL AND CALCULATION VALUES OF THE MAIN PARAMETERS OF AN ELECTROMAGNETIC DRIVE.

Inom, Rka, RE, UcTe, Uog, V 9, twrn-on, S g, tcharg, S 0, tdisch, S 9,
A Ohm Ohm V Exp. | Pay. % Exp. | Base | % | Exp. | Pay. | % Exp. Pay %
o 2 N ° 10 3 < 2 B |l &8 [8 ] 8 @ 3 =~
& 5 S - Q| g ¥ | 3 S | ¥ 3|[S]¢¥ 3 S | ¢

The analysis of the results given in table 3 showed a high
level of coincidence of experimental and calculation values
of the investigated parameters. The maximum error does not
exceed 6,1% and it is quite acceptable for the engineering
calculation methods. These researches also showed that it is
not efficient to increase the value k higher than 0,1 because
of possible failure of a drive operation.

VIl. THE DISCUSSION OF THE RESEARCH RESULTS

The application of the hybrid contactors of an electronic
circuit control by an electromagnetic drive current, presented
in the schemes, allows to create a series of positive
characteristics, increasing their competitiveness. It can be
achieved by the introduction, in parallel with a drive coil, of a
special electronic circuit of turn-on of a completely controlled
power SK, containing a condenser, setting the time and a
controlled transistor key, in an output circuit of which a low-
power optron thyristor is turned on. In parallel with the
mentioned condenser an auxiliary transistor key is connected,
providing a discharge in case of commutation current flow
from the main contactors circuit to SK circuit with the help of
an additionally introduced auxiliary transformer coil. This
circuit provides a reliable contactless commutation of a power
SK in all operating conditions of a contactor. Additional
positive characteristics, obtained as a result of using technical
solutions, proposed by the authors, are clearly defined in
section 3 and were confirmed with the results given above the
theoretical and experimental researches.

The weak point of these contactors is the fact that the
introduction of a charged condenser in parallel with a drive coil
decreases the control power of this coil and consequently,
complicates the process of connecting a contactor. As a result, to
minimize this influence it is proposed to limit the voltage value
on this condenser at the level 0,1-Uk.

With the existing base of elements, the above mentioned
complicates the application of this contactor when the voltage
level of control is lower than 110 V. But this weak point is
compensated with the achieved positive characteristics.

Carried out research of nonstationary processes,
occurring in the contactors circuits in case of commutation,
allowed to develop the methods of calculating the main
elements of an electronic circuit of a contactor. suitable for
engineering calculations.

Furthermore, it has been shown that the charging time of
a condenser, setting the time up to the level of voltage
providing the turn-on of a low-power optron thyristor when
a contactor is turned on, shouldn’t be higher than the value
of the minimum time of its turn-on, and the discharge time
of this condenser when turning off shouldn’t be lower than
the maximum time of turning off a contactor.

It has been also shown that the consumption capacity in
controlling circuits of the proposed contactor should be
equal to the same capacity of a base contactor.

The results of calculations and experimental researches,
presented in the article as well as in the works published by the
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authors before, show real possibility of creating hybrid
contactors of direct current with the proposed principle of
operation, rated for currents 100 630 A and voltage up to
1000 V.

The results obtained may be applied when developing
contactors, which can be efficiently used in hard
maintenance conditions with frequent engine starts, for
example, in electric transport, in crane equipment, in rolling
production of metallurgical plants etc, as well as in electrical
systems of alternative electric power industry in conditions
of increased explosion and fire safety requirements.
Furthermore, their positive characteristics, mentioned
above, considerably increase their competitiveness.

VIIl. CONCLUSIONS

It has been substantiated that the proposed hybrid
contactors as compared with the existing ones have the
following advantages:

Increased reliability of operation provided by excluding
of unreliable contact circuit on the basis of current relay
from the power SK control circuit and the possibility of
emergency restart of a power SK when disconnecting the
contactor is completely excluded;

Economical operating conditions of the elements of a
contactor electronic circuit;

The influence of a net voltage on the elements of a
control circuit is excluded;

The dimensions, mass and cost are reduced due to
essential simplification of a control circuit (time relay and a
large non-process current relay are excluded, the
connections between the elements are simplified);

The parameters and operating conditions of an electronic
control circuit do not depend on a net voltage and are determined
only by the current which is turned off and it allows to apply the
proposed technical solutions also for creating hybrid contactors
for the voltage higher than 1000 V.

The lack of a commutation zone with an arc increases its
commutation wear resistance as well as allows to use it in
conditions of explosion and fire safety requirements.

It has been stated that for providing reliable commutation
of a circuit it is necessary that the time of a condenser
charging, setting the time up to the level of voltage and
providing turn-on of a low-power optron thyristor in case of
turning on a contactor, shouldn’t be above the value of
minimum time of its turn-on and the discharge time of this
condenser in case of turn-off, shouldn’t be below the
maximum time of turning off a contactor.

The developed methods of calculating the main elements
of a contactor electronic circuit allows to make calculations
with sufficient accuracy for engineering calculations and it
is confirmed with the results of experimental researches. The
research results show the real possibility of creating
competitive hybrid contactors of direct current with the
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IToka3aHo, IO NPHHIMI KEPyBaHHS CTPYMOM €JIEKTPOMArHiTHOTO TNPHUBOJY TiOPHIHOTO KOHTaKTOpa IIOCTIHHOTO CTpyMy
peanizoBaHO MIITXOM BBEISHHS IOCITIJOBHO 3 KOTYIIKOIO IIPUBOAY CHEIiabHOI €IeKTPHIHOI CXeMH KepyBaHHS BKIIOUYEHHS CHIOBOTO
HK, 1m0 MicTHTh KOHIEHCATOP, IO 33JIa€ Yac, Ta KEPOBAHUIT MAIOIIOTYKHIHA TPaH3UCTOPHIH KITIOY, B BUXiTHE KOJIO SKOTO BBIMKHEHHI
MaJIONIOTY>KHHI ONTPOHHHMH THUPHCTOP, NMPU YOMY MapajeibHO BKa3aHOMY KOHJCHCATOPY BMHKAETHCS JOIOMIXKHUHA TPaH3UCTOPHIi
KITIOY, SIKHi 3a0e31meuye 3a JOIIOMOTOI0 TOJJTAaTKOBO BBEIEHOT BTOPUHHOT 0OMOTKH TpaHCHOpMATOpa CTpyMy HOTO pO3pS TIPH NepeTiKaHHi
KOMYTAIIHHOTO CTPyMY 3 KOJIa TOJIOBHHX KOHTAKTIB B KOJIO CHJIOBOTO HATTIBITPOBITHUKOBOTO KITIOYA.

Bu3HaueHi 0coOIMBOCTI MPOLIECIB 3apsiay Ta Po3psaAy KOHICHCATOPA, IO 33/a€ Yac, B Pi3HUX peXUMax podoTu KoHTakropa. [Ipn
1[bOMY OyJIO BCTAHOBJICHO, 110 TS 3abe3nedeH s HaaiifHOT KoMyTallii Koja HeoOXiaHO, o6 yac 3apsay KOHAeHCATopa, 10 3a/a€ 4ac,
N0 PiBHS Hampyru, 1o 3abesnedye BKIIOYCHHS MAaJONOTY)KHOTO ONTPOHOTO THUPHCTOpa MPU BMHUKAHHI KOHTAKTOpa, HE MOBHUHEH
HEepeBUIIYBaTH 3HAYCHHS MiHIMAJIBHOTO Yacy HWOro BMHKaHHs, a 4ac pO3psay LbOr0 KOHASHCATopa MpU BUMUKAHHI HE MOBHHEH OyTH
MEHIIHMM, HDK MaKCHMaJlbHHH Yac BiIMHKaHHS KOHTaktopa. Lle 10o3Boiisie OOIpyHTOBAHO MIIXOJWTH A0 BU3HAUCHHS MapamMeTpiB
€JIEMEHTIB, 10 3a0€3MeUyI0Th HaiifHy KOMYTAIlil0 KOHTaKTOpa.

B pe3ynbraTi npoBeaeHuX JOCIiKEeHb TAKOXK OYII0 MOKa3aHo, M0 IMPONOHOBAHI TiOPH/IHI KOHTAKTOPH 3aBISKH BBEICHHIO KEPyBaHHS
CTPYMOM EJIEKTPOMATHITHOTO TIPUBOIY Ta BBEIEHHIO HOBHX 3B’SI3KiB IMOPIBHSHO 3 ICHYIOUUMH MAaIOTh BIACTUBOCTI, IO MiABUILYIOTH 1X
KOHKYPEHTOCIPOMOXKHICTh. 30KpeMa B HUX IiJBHIIEHA HaAIHHICTh pOOOTH, 3MEHILICHI rabapyuTH Ta BapTiCTh, MOKpaIIeHi iX BUpOOHUYO-
TEXHOJIOT1YHI OKa3HUKH, PO3LIMPEHa 001acTh 3aCTOCYBaHHSI.

[IpyKIagHAM acCeKTOM BHUKOPHCTAHHS OJIEPXKAHOTO HAYKOBOTO PE3yJbTAaTy € MOMKIIMBICTH CTBOPEHHSI KOHKYPESHTOCIIPOMOXKHHUX HaiiHUX
ribpuIHIX KOHTAKTOPIB MOCTiiHOrO cTpyMy Ha ctpymu 100630 A ta Hanpyry o 1000 B, 1110 npaiioroTh y BaKKUX YMOBaX eKCILTyaTallii.

Kniouoei crnosa — 2ibpudnuii KOHMaxmop, NOCMItiHULL CIMpPYM, 20J08HI KOHMAKMU, CUT08UL HANIENPOGIOHUKOBUL KIHOY, KePYBAHHS
CMPYMOM, e1eKmpPOMASHIMHULL NPUBOO.
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