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мальные	 динамические	 свойства	 элек	тротехнического	
комплекса	при	движении.

Практическая  значимость.	 На	 основе	 разрабо-
танного	критерия	определена	процедура	расчетов	па-
раметров	оптимальной	кривой	движения,	что	позволя-
ет	проектировать	системы	автоматического	регулиро-
вания	и	управления	системами	тяговых	электроприво-
дов,	 осуществлять	 испытание,	 усовершенствование,	

ремонт	и	диагностику	систем	подвижного	электротех-
нического	комплекса.
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минимизация затрат, кривая движения, электриче-
ская передача
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СИНТЕЗ ВИСОКОВОЛЬТНОГО ПЕРЕТВОРЮВАЧА 
ДЛЯ ЕЛЕКТРОТЕХНОЛОГІЇ

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	

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	pul	se	
generator:	 I.	S.	Garber,	 L.	A.	Meerovich,	 G.	A.	Mesyats,	©	Lytvynenko	T.	M.,	2016
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V.	V.	Krem		nev,	 B.	M.	Koval’chuk,	 Ju.	F.	Potalicyn,	 I.	M.	Va-
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	–	pro	viding	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-
ce	ssary	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.

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	e = g1,	
g0 =	0,	to	the	second	interval	e =	1,	are	as	follows
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where	w12	is	the	resonant	frequency	of	the	electric	circuit;	
E	is	EMF	of	power	supply;	C1	is	the	capacity	of	the	pri-
mary	storage;	C2 is the capacity of the second storage; CE 
is	the	equivalent	capacitance,
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g0,	g1	are	the	moments	of	the	start	of	the	first	and	second	
intervals	in	relative	units;	n	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
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for	the	2nd	interval
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In	 this	 case,	 the	 equivalence	 classes	 are	 obtained	 as	
follows
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For	the	equivalence	classes	obtained,	multitude	of	re-
lationships	is	determined
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Variation	of	the	polarity	of	the	connection	element	C1 
(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	C1)	
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 21	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	Y 23	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 22	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 Y 21,	Y 23		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	S1	is	to	be	placed	between	nodes	3	and	3; 
switch	S2	–	between	nodes	3	and	4;	switch	S3 – between	
nodes	3 and	4;	switch	S4	–	between	nodes	4	and	4.

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

Group	 of	 switches,	 S1,	 S4	 and	 S2,	 S3	 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 C1 the	energy	from	a	power	supply	will	be	trans-
ferred	to	the	capacitor	storage	C2.

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

  1,VS m
u

U E
E E

  к 	 (11)

where	  VS mU 	is	the	amplitude	of	the	voltage	on	the	power	
switch; E is	EMF	of	power	supply.

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

  

0	

0,5,VS d
I

d

I
I

 к 	 (12)

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

Fig. 5. The synthesized electric circuit with ideal 
switches

Fig. 6. Electric circuit of a high-voltage converter
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where	  VS dI 	is	the	mean	value	of	the	current	through	the	
power	switch; 0	dI  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	 C1,	 intermediate	
capacitive	storage C2	and	inductive	reactor	L1;	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	t0 - t1	corresponding	to	
the	process	of	charge	the	capacitive	storage	C2,	amounts	
to	units	of	microseconds	by	duration;	 the	interval	 t1 - t2 
corresponding	to	the	process	of	discharge	capacitive	stor-
age	C2 and	the	charge	capacitive	storage	C3	is	about	half	
a	microsecond;	the	interval	t2 - t3	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	t3 - t5	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	C1, C2, C3	(Fig.	6)	is	described	by	the	following	ex-
pressions
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Fig. 7. Time dependencies of processes in the circuit of the high-voltage converter: а — the charge of capacity storage 
С2; b — the charge of capacity storage С3; c — the dependence of forward and reverse current through a semi-
conductor opening switch VD; d — the process of voltage pulse generation; uC1 is the voltage of the storage С1; 
uC2 is the voltage of the storage С2; uC3 is the voltage of the storage С3; iVD is the current through a semiconduc-
tor opening switch VD; uout is the output voltage

a b

c d
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where	Q2,	Q3	are	the	Q-factors	of	contours	charge	of	the	
capacitive	storages	C2	and	C3	accordingly;	2,	3	stand	for	
relative	time,	2 = w2t,	3 = w3t; Ud	is	the	voltage	of	the	
power	supply;	UC1(0)	is	the	initial	value	of	the	voltage	of	
the	capacitive	storage	C1; UC 2(0)	is	the	initial	value	of	the	
voltage	of	the	capacitive	storage	C2.

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	
a	reduction	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/m3	was	observed.
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Мета.  Подальший	 розвиток	 теорії	 проектування	
формувачів	високовольтних	імпульсів,	створення	фор-
мувача	з	меншими	втратами	енергії.

Методика.	Виконано	синтез	схеми	високовольтно-
го	 перетворювача	 за	 алгоритмом	 синтезу	 із	 змінною	
структурою	на	основі	графа	зміни	станів.	Процедура	
синтезу	полягає	в	розстановці	ідеальних	ключів	у	схе-
мі	з	постійною	структурою	таким	чином,	що	характер	
електромагнітних	процесів	в	отриманій	схемі	зі	змін-
ною	 структурою	 відповідає	 заздалегідь	 заданій	 гра-
фом	зміні	станів.

Результати.	Виконано	синтез	схеми	високовольт-
но	го	перетворювача	у	відповідності	до	вимог	знижен-
ня	втрат	енергії:	забезпечення	режимів	роботи	IGBT,	
за	яких	досягається	зниження	завантаження	приладу	
як	за	струмом,	так	і	за	напругою,	здійснення	комутації	
транзистора	в	нулі	струму	або	напруги,	або	у	випадку	
нейтральної	комутації.

Наукова новизна.	 Синтезована	 нова	 схема	 пере-
творювача,	 що	 дозволяє	 зменшити	 робочу	 напругу	
первинного	ємнісного	накопичувача	у	два	рази,	знизи-
ти	завантаження	силових	ключів	по	струму	й	напрузі,	
унаслідок	чого	можливе	збільшення	допустимої	час-
тоти	роботи	високовольтного	перетворювача	в	порів-
нянні	з	однотактною	схемою	перетворювача.

Практична  значимість.	 Запропонований	 спосіб	
реалізації	та	пристрій	високовольтного	перетворювача	
може	 знайти	 застосування	 в	 електротехнології	 очи-
щення	сірковмісних	газів	від	діоксиду	сірки,	оскільки	
високовольтний	 перетворювач	 має	 переваги	 перед	
ана	логічними	пристроями	на	базі	однотактний	тирис-
торних	схем	у	масогабаритних	показниках	(за	рахунок	
зменшення	 об’єму	 магнітних	 вузлів)	 і	 відрізняється	
меншими	втратами	енергії	 (ККД	70	%	проти	60	%	у	
аналогів).

Ключові слова:	електротехнологія, високовольт-
ний перетворювач, граф зміни станів

Цель.	Дальнейшее	развитие	теории	проектирова-
ния	формирователей	высоковольтных	импульсов,	соз-
дание	формирователя	с	меньшими	потерями	энергии.

Методика.	Выполнен	синтез	схемы	высоковольтного	
преобразователя	 по	 алгоритму	 синтеза	 с	 переменной	
структурой	на	основе	графа	изменения	состояний.	Про-
цедура	 синтеза	 заключается	 в	 расстановке	 идеальных	
ключей	в	схеме	с	постоянной	структурой	таким	образом,	
что	характер	электромагнитных	процессов	в	полученной	
схеме	с	переменной	структурой	соответствует	первона-
чально	заданному	графом	изменению	состояний.

Результаты. Выполнен	синтез	схемы	высоковольт-
ного	преобразователя	в	соответствии	с	требованиями	
снижения	потерь	энергии:	обеспечение	режимов	рабо-
ты	IGBT,	при	которых	достигается	снижение	загрузки	
прибора	как	по	току,	так	и	по	напряжению,	осущест-
вление	 коммутации	 транзистора	 в	 ноле	 тока	или	на-
пряжения,	либо	в	случае	нейтральной	коммутации.

Научная новизна.	Синтезирована	новая	схема	пре-
образователя,	 позволяющая	 уменьшить	 рабочее	 на-
пряжение	 первичного	 емкостного	 накопителя	 в	 два	
раза,	снизить	загрузку	силовых	ключей	по	току	и	напря-
жению,	вследствие	чего	возможно	увеличение	допусти-
мой	частоты	работы	высоковольтного	преобразователя	
в	сравнении	с	однотактной	схемой	преобразователя.

Практическая  значимость.	 Предложенный	 спо-
соб	реализации	и	устройство	высоковольтного	преоб-
разователя	может	найти	применение	в	электротехно-
логии	 очистки	 серосодержащих	 газов	 от	 диоксида	
серы,	так	как	высоковольтный	преобразователь	имеет	
преимущества	перед	аналогичными	устройствами	на	
базе	однотактных	тиристорних	схем	в	массогабарит-
ных	показателях	(за	счет	уменьшения	объема	магнит-
ных	узлов)	и	отличается	меньшими	потерями	энергии	
(КПД	70	%	против	60	%	у	аналогов).

Ключевые  слова: электротехнология, высоко-
вольтный преобразователь, граф изменения состояний
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