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Purpose. Development of the theory of design of the generators of high-voltage pulses, creation of a generator with
less loss of energy.

Methodology. The high-voltage converter scheme synthesis was done by the synthesis algorithm with variable struc-
ture based on the graph of state changes. The synthesis procedure is the ideal arrangement of keys in a circuit with a
constant structure so that the nature of electromagnetic processes in the received circuit with variable structure conforms
to the originally specified graph of state changes.

Findings. The synthesis of high-voltage circuit converter was performed in accordance with the requirements of en-
ergy loss reduce: the assurance of the of IGBT operation modes, which reduce current and voltage loading of the device,
and allow switching the transistor with zero current or voltage, or in the case of neutral switching.

Originality. A new circuit of a converter was synthesized. It can halve the working voltage of the primary capacitive
storage, and reduce the current and voltage loading of the power switches. Thereby, it becomes possible to increase the
allowable frequency of operation of the high-voltage converter in comparison with a single-cycle circuit of the converter.

Practical value. The proposed method of implementation and the high-voltage converter device can be used in elec-
trotechnics of cleaning of sulphur-containing gases from sulphur dioxide, since the high-voltage converter has better mass
and size (by reducing the amount of magnetic knots) than similar devices based on single-cycle thyristor schemes and

loses less energy (efficiency of 70 % vs. 60 %).

Keywords: electrotechnology, high-voltage converter, graph of state change

Definition of the problem: The primary task of mod-
ern competitive industrial production is the mastery of
high-performance technologies based on sustainable use
of natural resources, saving energy and reducing harmful
emissions [1, 2]. The development of such technologies is
facilitated by the use of high-voltage pulse technique of
the nanosecond and submicrosecond bands in particular
for the purposes of purification of waste gases of metal-
lurgical production from sulfur dioxide.

Unsolved aspects of the problems. The development
of highly efficient method of neutralization of sulfur-con-
taining gases is based on the method of processing gases of
electric discharge and promising method of cleaning gases
from sulfur dioxide with crucial assistance of activated ab-
sorption solution. The key factor is the power specific vol-
ume which can be created in the discharge gap. From this
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point of view, pulsed action of high voltage (tens to hun-
dreds of kilovolts) with low pulse duration (no more than
several hundreds of ns) is of great interest; under the action
a streamer discharge is formed and the transition discharge
to the form of the spark discharge is prevented, since the
spark discharge leads to a sharp drop of the specific power
by volume in the discharge chamber. To form a streamer
discharge it is necessary to develop a high-voltage impul-
sive energy sources — a high-voltage impulsive converter.

In the middle of the last century, high-voltage pulse
power sources began to be created for research progra-
mmes with a view to their use in particle accelerators and
fusion processes. In this direction the main efforts are con-
centrated on getting record-high output power.

A large number of scientists have been engaged in the
problem of the design and creation of the high-voltage pulse

generator: 1.S.Garber, L.A.Meerovich, G.A.Mesyats,
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tin, Je. F. Zajcev, V.M. Kandykin, A. N. Meshkov, N. G. Shub-

kin, S.P.Sychev, V.A. Vizir.

However, high-voltage devices for research progra-
mmes do not meet the requirements for installations with
a range of industrial applications: high level of average
power, compactness, efficiency and long service life.

Therefore, the creation of high-voltage converters for
use in industrial electrotechnology plants for flue gas clea-
ning, which ensure the reduction of energy consumption,
have a simple structure and high reliability, is an topical
scientific and technical problem.

Analysis of the recent research. The greatest use and
distribution is attributed to the generators which were imple-
mented according to the Arkadiev-Marx scheme. As a rule,
gas spark gaps are used as switches in such generators [3].
The main disadvantage of Arkadiev-Marx generators is the
low efficiency (less than 50 %) due to losses in the charging
circuits. Application of the converters for forming a charging
currents in the Arkadiev-Marx scheme generators the con-
verters for forming a charging currents can increase the effi-
ciency; however, it results in a significant complication of
the scheme of such generators and increases its cost. Signifi-
cant disadvantages of the generator are low resource of its
work and poor stability of generated pulses.

Generators which are developed on the basis of thyratron
switches are more practical and demonstrate a high degree of
efficiency compared to the Arkadiev-Marx generators [4].
However, a common drawback of thyratron devices is the
relatively short lifetime of the thyratrons, which introduces
limitations in the service life of the generator. In addition, the
application of pulsed hydrogen thyratrons compels to solve
a number of additional tasks — providing a hydrogen envi-
ronment to thyratrons (the use of hydrogen generators), the
need for heating circuit. Apart from that, when thyratrons
switch large currents, x-ray emission occurs (it is necessary
to have an additional protection against radiation).

There known driver circuits on the basis of reversible-
switch dinistors (RSD) [5]. However, the technical capa-
bilities of the RSD switch do not allow shaping the pulses
of a nanosecond range. To shorten the duration of the out-
put pulse together with the RSD switches it is necessary to
use sharpening circuits. Furthermore, when using the RSD
diodes-switches, the complexity of their control circuits
becomes a significant drawback.

The alternative to RID generators is the generator of
high voltage pulses based on SOS-diodes [6]. Devices based
on SOS-diodes can generate pulses with a voltage of tens to
hundreds of kilovolts with duration of tens and hundreds of
nanoseconds at the load of tens to hundreds of Ohms. How-
ever, to create the initial excitation pulse in the SOS-gene-
rators thyristors are applied, which leads to high losses dur-

ing the formation of short pulses and increases the number
of interlinked magnetic contours (magnetic knots).

Unsolved aspects of the problem. The works [6, 7] de-
scribed the principles of construction of high-current nano-
second generators with solid-state switching system energy
in which a semiconductor opening switch (SOS-diode) car-
ries out the function of the final power amplifier. In such
generators thyristors are used as primary switches. The mag-
netic knots of compression match parameters of the node of
the primary switch based on thyristor with the outputting
shapers and SOS-diodes. To create pulses of primary excita-
tion in such generators thyristors are used in which the mode
of generation of short pulses shows a significant loss, which
leads to an increase in the number of interlinked magnetic
circuits (magnetic knots) and also makes it difficult to con-
figure, to repair the generator and leads to deterioration of
technical and economic characteristics of the generator.

To improve technical and economic characteristics of
the high-voltage generator, it is important to use high-
speed semiconductor devices, such as IGBT, as the pri-
mary switches. With the advent of powerful IGBT devices
a possibility appeared to create more reliable generators of
a smaller size and higher energy efficiency [8].

Objectives of the work. The use of IGBT in the high-
voltage generators can significantly reduce the duration of
the primary pulses of excitation and thereby reduce the
number of magnetic knots, which leads to downsizing and
decreasing losses of energy. In addition, the IGBT devices
require low power to manage, have a high overload capac-
ity of collector current and erase a problem related to sta-
bility of commutation. Thus, to improve the efficiency of
formation of pulses with a high voltage converter, it is ne-
cessary to develop a method of implementing a high-vol-
tage converter for electrical technology using IGBT tran-
sistors as switches of primary excitation pulses.

The main requirements for the synthesis of high-volt-
age circuit converter are the achievement of the modes of
operation of the IGBT at which reduction of the sink and
voltage burden of the device occurs. This is possible when
the transistor is switched in zero current or voltage, or in
the case of neutral switching.

Presentation of the main research. To implement the
principle of the formation of high-voltage pulses, using the
current interrupter and the inductive energy storage, it is
necessary to match electrical parameters of the energy
source and the parameters of the electric pulses which must
be filed on interrupter in order to obtain pulses of nanosec-
ond duration under load. The high-voltage converter based
on a semiconductor interrupter has the following structure
shown in Fig.1: power supply — input capacitive storage —a
matching device — terminal capacitive storage — a semicon-
ductor opening switch and inductive energy storage — load.

Power Input Matching
supply [=>{ capacilive = device [
storage

Terminal
capacitive

Semiconductor
opening switch
and inductive
energy storage

=== Load

storage

Fig. 1. Schematic structure of the converter
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The requirements for the synthesis of high-voltage cir-
cuit converter involve the achievement of the modes of the
IGBT operation at which the reduction of the sink and
voltage burden of the device is achieved. This is possible
when the switching mode is in zero current or voltage, or
in the case of neutral switching.

The following are selected as stationary intervals for
consideration of electromagnetic processes in a matching
converter: 1 — the end of the charge process of the input
storage capacitor and 2 — the end of the charging of the
terminal storage capacitor.

Thus, the exchange of energy between the energy stor-
age should be as follows: the charge of the second storage
capacitor occurs on the first and second intervals simulta-
neously with the overcharge of the first storage capacitor,
i.e. both charging circuits are connected to the first and
second intervals.

The solutions of the difference equations of States at
the intervals using the lookup for the first interval € =y,
Yo = 0, to the second interval € = 1, are as follows

uly (n+4,) = E-[ U, (n)—UCz(n)]-%x

(1)
b, .
x{l —eberT [cos ®,,Y,T +—%sin colzleH,
®

12

where m, is the resonant frequency of the electric circuit;
E is EMF of power supply; C, is the capacity of the pri-
mary storage; C, is the capacity of the second storage; Cg
is the equivalent capacitance,

Cp= GG 5
G +C,

Yo, 71 are the moments of the start of the first and second
intervals in relative units; z is a quantity of periods of the
converter operation;
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On the basis of expressions (1) to (6) a graph of state
changes (GSCh) is developed [9, 10]. The GSCh is de-
picted in Fig. 2 with the continuous lines showing rela-
tionships characterising the processes observed in the con-
verter in the first interval, and the dotted lines showing
relationships characterising the processes observed in the
converter in the second interval.

Fig. 2. Graph of state changes

Structural synthesis of the matching converter is per-
formed by the synthesis algorithm with a variable struc-
ture-based graph of state changes [10]. The synthesis
procedure consists in placement of the perfect keys in the
circuit with a permanent structure in such a way that the
nature of electromagnetic processes in the received cir-
cuit with a variable structure conforms to the one ori-
ginally specified by the graph of state changes [10]. The
equivalent circuit of a constant structure that corresponds
to the obtained graph of state changes, is represented in
Fig. 3.

Fig. 3. Equivalent circuit of a constant structure

Based on the graph of state changes (Fig. 2) and an
equivalent circuit (Fig. 3) matrices of equivalence rela-
tions are composed:

for the 1st interval

1 1 1 1 1|E
11 1 1 1|4
w'=| 1 1 1 1 1|Cl; @)
11 1 1 1]L2
1 1 1 1 1]}C2

for the 2nd interval
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1 1 -1 1 1]|E
1 1 -1 1 1|
wi=|-1 -1 -1 -1 -1 |Cl. (8)
1 1 -1 1 1]12
1 1 -1 1 1]|c2

In this case, the equivalence classes are obtained as
follows

y?={EL1}; v?={Cl}; v?={L2,C2}. (9)

For the equivalence classes obtained, multitude of re-
lationships is determined

O ={(21).23)}: Qi ={G.4)}
03 = {(.5).(5).

Variation of the polarity of the connection element C/
(Fig. 3) in the second interval to the opposite one is shown
in (8) with a “~” sign. The nodes in which the polarity for
connection of the part of the electric circuit (element C/)
to the basic circuit should be changed have numbers 3, 4.
These nodes are the nodes of adjacency. In the circuit of a
constant structure (Fig. 3) the open-circuited and short-
circuited branch are inserted. First, the elements of the
subset Y? are disconnected. The node adjacency 3 is di-
vided into a pair of nodes 3’, 3”, between which an open-
circuited branch is inserted. Next, the elements of the sub-
set Y3 are disconnected. To do this, the node adjacency 4
is divided into a pair of nodes 4’, 4” between which an
open-circuited branch is inserted.

In the subset of items Y Hamiltonian cycle does not
occur, so it is necessary to place short-circuited branches
so that they are opposite to open-circuited branches, in this
case short-circuited branches should be included between
nodes 3”, 4" and 3", 4”.

After inserting the short-circuited branches in the indi-
cated nodes, the Hamiltonian cycle will be created for sub-
sets Y2, Y3 as well.

As a result of placing short-circuited and open-loop
branches, the following circuit is developed, Fig. 4.

The placing of ideal switches should be performed as
follows: switch S| is to be placed between nodes 3” and 3”;
switch S, — between nodes 3” and 4’; switch S; — between
nodes 3" and 4”; switch S, — between nodes 4" and 4”.

The synthesized electric circuit with the ideal switches
placed is presented in Fig. 5.

(10)

(]

VS22 ®[F

ud
=

Group of switches, S;, S; and S,, S; operate in an-
tiphase. As a result of synthesis there obtained two electric
circuit, however, only one meets the requirements that
were put forward by the problem statement on the synthe-
sis circuit converter (Fig. 5). Combining synthesized cir-
cuit and a circuit that allows to create flowing of direct and
inverse currents through the semiconductor opening
switch [11], which in turn is necessary for the operation of
the interrupter in the mode of the fast current interruption
and the formation of a high-voltage pulse, the result is a
general electric circuit of the high voltage converter to
generate pulses on the basis of the IGBT shown in Fig. 6.

The circuit in Fig. 6 is a push-pull electrical circuit,
that is why each time while recharging a primary storage
capacitor C| the energy from a power supply will be trans-
ferred to the capacitor storage C,.

The load factor of the power switch on the voltage «,,
can be represented by the following relationship

_ UVS m E

K, = =—=], 11
== (1)

where Uy, is the amplitude of the voltage on the power
switch; £ is EMF of power supply.

The load factor of the power switch on the current x,,
can be expressed as follows

K, “lsa_gs (12)
0y

Fig. 4. Partitioning of the electric circuit with a
constant structure

L. S S3 L»

C>
. S2 S —"

Fig. 5. The synthesized electric circuit with ideal
switches

2 1, @
+ =

| L3 VD] |ZH

Fig. 6. Electric circuit of a high-voltage converter

70

ISSN 2071-2227, HaykoBuit BicHuk HIY, 2016, N2 2



ENEKTPOTEXHIYHI KOMNANEKCU TA CUCTEMMU

where [, is the mean value of the current through the
power switch; [, is the mean value of the input current.

As it can be seen from (11), the voltage on the power
switch does not exceed the voltage level of the power sup-
ply, while in the single-cycle circuits, the voltage at the
switch is twice as high. From (12) it follows that the load
of the power switch for current is twice as small as that of
the single-cycle circuits. With the load of power keys de-
creasing for current and voltage, the frequency of the con-
verter operation can increase. In addition, since the volt-
age on the capacitive storage coincides with the voltage
level on the power switch, installed power (power-to-size
ratio) of the storage capacitor will be twice as small as that
for the single-cycle circuit converter.

In the converter circuit shown in Fig. 6 reactive ele-
ments create three oscillating circuits: the first circuit in-
cludes the primary capacitive storage C/, intermediate
capacitive storage C2 and inductive reactor L/; the second
circuit consists of the intermediate capacitive storage C2,
inductive reactor L2 and capacitive storage C3; the third
circuit includes the capacitive storage C3 and inductive
reactor L4. Oscillations in the contours occur sequentially,
i.e. first, oscillations are observed in the first circuit, then,
when the circuit structure changes due to the switching of
the key switch, oscillations occur in the second circuit and
then in the third one. Thus, the scheme is built on the reso-
nance energy transfer from the source to the load.

Fig. 7 shows the time dependence of currents and volt-
ages in the circuit of the high voltage converter.

The time intervals presented in Fig. 7 have a different
scale for all the diagrams. This is done for better visualiza-
tion of the diagrams. The interval ¢, — ¢, corresponding to
the process of charge the capacitive storage C2, amounts
to units of microseconds by duration; the interval ¢, — ¢,
corresponding to the process of discharge capacitive stor-
age C2 and the charge capacitive storage C3 is about half
a microsecond; the interval ¢, — ¢; during which the reverse
current of the semiconductor opening switch (diode VD)
reaches the maximum value, makes a range from tens to
several hundreds of nanoseconds. In the last interval, an
output pulse is generated #; — #5 the duration of which de-
pends on the load characteristics and ranges from tens to
hundreds of nanoseconds.

The dependence of the voltage on the capacitive stor-
ages CI, C2, C3 (Fig. 6) is described by the following ex-

pressions
C C
Ue =U, [ 1-—2— |- i+
C1 d( ' +C2\J CI(O) Cl +C2
N (13)
+(Ud +Uc1(0)) 2 ¢ 20 cos,;

1
C - Q—Eﬁz
C+C,

u

/.\ Gt

u

“out

t1 t2

ot s

d

Fig. 7. Time dependencies of processes in the circuit of the high-voltage converter: a — the charge of capacity storage
C2; b — the charge of capacity storage C3; ¢ — the dependence of forward and reverse current through a semi-
conductor opening switch VD, d — the process of voltage pulse generation, u, is the voltage of the storage C1;
Uc, is the voltage of the storage C2; uc; is the voltage of the storage C3; iy, is the current through a semiconduc-

tor opening switch VD; u,,, is the output voltage
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G

Uucs(9) = Uca) C.+C
2t G

L,
[1—@293 cosf%} (15)

where O,, O are the O-factors of contours charge of the
capacitive storages C, and Cj accordingly; ¥,, U5 stand for
relative time, U, = ®,f, U3 = ms¢; U, is the voltage of the
power supply; Ucy(g is the initial value of the voltage of
the capacitive storage Cy; Ucy() is the initial value of the
voltage of the capacitive storage C,.

Research conclusions and recommendations for fur-
ther research in the area. The synthesized electric circuit
of the high-voltage converter allows decreasing the load on
the IGBT power switches on the current and voltage and
provides zero current switching of the power switches; due
to the high speed of the IGBT devices, this circuit achieves
areduction in the number of magnetic knots, which reduces
the weight and dimensions as well as energy losses com-
pared with a single cycle thyristor circuits.

The proposed method of implementing a high-voltage
converter can be used in electrotechnology of cleaning
sulphur-containing gases from sulphur dioxide; in the
course of the experimental verification on the basis of the
proposed converter, increase in the degree of neutraliza-
tion of sulphur dioxide up to 96 % with the specific power
consumption of 40 kW/m?® was observed.
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Merta. Iloganbinmii po3BUTOK TeOpil MPOEKTYBaHHS
(hopMyBauiB BUCOKOBOJIETHUX IMITYJILCIB, CTBOPEHHSI (hOp-
MyBaua 3 MCHIIMMH BTpaTaMy €Heprii.

MeTonuka. BUKoHaHO cHHTE3 CXeMH BUCOKOBOJIBTHO-
TO IEpPETBOPIOBAYA 32 AITOPUTMOM CHHTE3Y i3 3MiHHOIO
CTPYKTYpOIO Ha OCHOBI rpada 3minu cradis. [Iponenypa
CHHTE3Y IOJISITAa€ B PO3CTAHOBIII 11€aTbHAX KITIOUIB y CXe-
Mi 3 IOCTIHOIO CTPYKTYPOO TAaKUM YHHOM, III0 XapaKTep
€JIEKTPOMArHiTHUX MPOLECIB B OTPUMaHili cXxeMmi 31 3MiH-
HOIO CTPYKTYpOIO BIZNOBiNAae 3a3aajerinp 3amaHii rpa-
(oM 3MiHI cTaHiB.

Pe3yabraTn. BukoHaHO cHHTE3 CXeMH BHCOKOBOJIBT-
HOTO IEPEeTBOPIOBaYa y BiAMOBIHOCTI 10 BUMOT 3HM)KEH-
HS1 BTpaT eHeprii: 3abe3neueHHs pexxumi podoru IGBT,
3a SIKUX JOCSTa€ThCs 3HIDKCHHS 3aBaHTaKCHHS TPHIIaLy
SIK 32 CTPYMOM, TaK 1 32 HAIpPyToI0, 3/IiI{CHEHHs KOMyTallii
TPaH3HUCTOPa B HYJI CTpyMy abo HampyTHu, ado y BUITAIKY
HEHTpaIbHOI KOMYTaIlii.

HaykoBa HoBu3Ha. CHHTE30BaHa HOBa CXeMa Iepe-
TBOPIOBaua, IO JO3BOJISIE 3MEHIIMTH POOOYY HAIpyry
NEePBMHHOTO EMHICHOTO HAKONMYYBa4a y J[Ba pa3u, 3HU3H-
TH 3aBaHTAXXEHHSI CUJIOBUX KJIFOYIB IO CTPYMY M Hanpysi,
YHACIIIZIOK Y0ro MOJMJIMBE 30UIbIICHHS JAOITyCTUMOI yac-
TOTH POOOTH BHCOKOBOJITHOTO MEPETBOPIOBAYa B MOPIB-
HSTHHI 3 OTHOTaKTHOIO CXEMOIO TIEPETBOPIOBAYA.

I[IpakTuuna 3HaYMMicTh. 3arponoHOBaHUK croCi0
peadrizanii Ta pUCTPiii BHCOKOBOJIFTHOTO NEPETBOPIOBAYA
MOXXE€ 3HAMTH 3aCTOCYBAaHHsS B EJEKTPOTEXHOJIOTIi O4YM-
IICHHS CIPKOBMICHUX Ta3iB BiJ MIOKCHUAY CipKH, OCKLIBKH
BHCOKOBOJIBTHHI TIEPETBOPIOBAY Ma€ MEpEBaru Iepen
AQHAJIOTIYHUMH TIPUCTPOSMHU Ha 0a3i OMHOTAKTHUN THPHUC-
TOPHHX CXEM y MacorabapuTHHUX MOKa3HUKaX (32 PaxyHOK
3MEHIICHHS! 00’€My MarHiTHUX BY3JiB) 1 BIPI3HAETHCS
mennmmu Brparamu eHeprii (KKJ 70 % nporu 60 % y
aHaJIoriB).

Konrouosi cioBa: erexmpomexnonozis, 6ucokogonbm-
HUll nepemeopiosay, epagd 3minu cmamia
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Heus. {ansHelee pa3sBUTHE TEOPUH MPOEKTHPOBA-
HUs (hopMHUpoOBaTesel BBICOKOBOJIBTHBIX UMITYJIBCOB, CO3-
JaHue GopMHUpOBATENS C MEHBIIMMH ITOTEPSIMHU YHEPTHH.

Mertoauxka. BeirorHeH CHHTE3 CXeMBI BBICOKOBOJIETHOTO
npeoOpa3oBaress 10 aJrOpUTMY CHHTE3a C IIepPEeMEHHON
CTPYKTYpO# Ha OCHOBE Tpada M3MEHEHHUsI cOCTOSTHUA. [Ipo-
Leypa CHHTE3a 3aKIIIOYAcTCs B PACCTAHOBKE HICATBHBIX
KJTFOUEH B CXeMe C TTOCTOSTHHON CTPYKTYpOil TaKUM 00pazom,
YTO XapakKTep EKTPOMATHUTHBIX MPOLIECCOB B OIyUYEHHON
CXEME C MEePEMEHHON CTPYKTYpOW COOTBETCTBYET MEPBOHA-
YaJIbHO 337IaHHOMY TpadoM U3MEHEHHIO COCTOSTHUIA.

PesyibTaThl. BEINONIHEH CUHTE3 CXEMbI BHICOKOBOJIBT-
HOTO TIpeoOpa3oBaresisi B COOTBETCTBUH C TPEOOBaHUSIMHU
CHIDKEHHUSI IOTEPh SHEPTUH: 00eCcIieueHHe PeXUMOB pado-
Tb1 IGBT, nipu KOTOPBIX JOCTUTAETCs] CHUXKEHUE 3arpy3Ku
npudopa Kak 1o TOKY, TaK U 10 HANPSHKEHHUIO, OCYIIECT-
BJICHHE KOMMYTAlLMM TPAH3UCTOpa B HOJIE TOKA WIJIM Ha-
NpsDKEHHS, TH00 B cllydae HEHTpaIbHOM KOMMYTAIHH.

Hayunas HoBu3Ha. CHHTE3MpOBaHa HOBas CXeMa TIpe-
oOpazoBarerns, TO3BOJAIONIAS YMEHBIINTH pabodee Ha-
NpsDKEHUE TNEPBUYHOTO E€MKOCTHOTO HAKOIMTENsl B JBa
paza, CHU3UTH 3arpy3Ky CUIJIOBBIX KITFOUEH 110 TOKY U Harpsi-
JKEHUIO, BCJICACTBUEC YE€ET0 BOBMOXKHO YBCIIMUCHUE TOITYCTH-
MOI1 4acTOThl PadOThI BEICOKOBOJIETHOTO IIpeoOpa3oBarelis
B CpaBHEHMH C OJJHOTAKTHOM cXeMoi rpeobpazoBaressl.

IIpakTnyeckass 3HaYUMOCTb. [IpeyIoskeHHBIN cro-
co0 peanM3alny U yCTPOMCTBO BHICOKOBOJIBTHOTO IPE00-
pa3oBarelsi MOJKET HaWTH MPUMEHEHHE B JIEKTPOTEXHO-
JOTMU OYMCTKH CEPOCOJEPKAIINX Ta30B OT JHOKCHAA
Cephl, TAK KaK BEICOKOBOJIBTHBII NPpeoOpazoBaTelb NMEET
MIPEUMYIIECTBA TIepe aHAJOTMIHBIMU YCTpOIiCTBAaMU Ha
0a3e OMHOTAKTHBIX THPHCTOPHHUX CXEM B Maccorabapur-
HBIX [TOKA3aTeNsAX (33 CUET yMEHbBIICHUS 00beMa MarHUT-
HBIX Y37I0B) M OTJINYAETCsl MEHBIINMHU TOTEPSMHU SHEPTHH
(KI1[, 70 % mpotus 60 % y aHamoros).

KnroueBble c10Ba: 21exmpomexHonocus, 6viCoko-
BOILMHDLIL NPEOOPA308aAMENL, 2PAP UIMEHEHUS COCMOAHUT

Perxomenoosarno 0o nybnikayii O0oxm. mexH. HayK
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