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Abstract—To calculate the parameters of the Marx generator, such as the voltage at the generator output, the values of
the circuit elements and, if necessary, the number of generator cascades, an electrical model was created with a load repre-
sented as a negative corona discharge in a cylindrical electrode system at atmospheric pressure.

When creating the model, its input parameters were defined, the influence of the current-voltage characteristic of the
corona discharge on the generator operation was investigated, and the impact of deionization processes on the output pa-
rameters of the model (output voltage on the generator, nominal values of circuit elements, etc.) was analyzed. For more
effective modeling of processes in the Marx generator, its general equivalent circuit was divided into two parts, in which the
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charging and discharging processes of the Marx generator stages were studied separately.
The model will be useful in the design of relatively simple systems based on a Marx generator that use a corona discharge,
such as ionisers, electric filters, surface modification devices, etc.

Keywords — corona discharge; Marx generator; high voltage; ionization.

l. INTRODUCTION

Corona discharge today has many applications:
smoke and dust electrofiltration [1], gas conversion [2]—
[4], etc.). Today, the use of corona discharge for ozone
generation is becoming widespread. Corona discharge is
excellently suited for this purpose as it is a source of low-
temperature plasma [5].

To generate this type of discharge, a high electric field
intensity is required.

Pulsed sources for corona generation can have vari-
ous designs. For example, in the work [1], a device based
on inductive energy storage is used for methane conver-
sion, while in [2], a Marx generator is also used for gas
conversion.

The existence of corona discharge is characterized by
the presence of a highly non-uniform electric field in a
gas with pressure close to atmospheric. The electrode
system must have an electrode with a small radius of cur-
vature, around which the corona will be generated. One
of the most common electrode systems for corona dis-
charge is the wire-tube system [6]. When sufficient volt-
age is applied to the electrodes, a corona discharge oc-
curs around the wire, which manifests as a glow around
the electrode with a small radius.

In the literature sources [1], [6], [16], [17], [8]-[15],
the parameters of corona discharge such as current-volt-
age characteristics, discharge inception voltage,
the influence of pressure and radius of curvature on
the critical electric field strength, as well as deionization
processes in corona discharge, its time, and other factors
have been studied. These parameters need to be taken
into account when creating the model.

To generate corona discharge, a high voltage source
is required. This article examines the Marx generator cir-
cuit, which operates based on parallel charging and se-
ries discharging of capacitances into a load. This circuit
was chosen due to its relatively simple design and ability
to produce sufficiently high voltage [7][8].

The operating principle of the Marx generator is
described by two phases: charging and discharging.
When calculating the model for each phase, a separate
equivalent circuit is introduced, within which calcula-
tions are performed that relate only to the specific
phase. The circuit used in this article is shown in Fig. 1.

The operation of the Marx generator is described in
[7], [8], [18], [19]. These works describe the processes
that occur during the discharge and charging of stages,
and outline the main parameters of the Marx generator.
These include the input and output voltage of the cas-
cade, generator charging time, output pulse duration,
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stage utilization coefficient, and the coefficient of charg-
ing circuit influence on the discharge circuit.

The developed model is based on the classical Marx
generator model for active resistance, which is
described in the work [18]. However, corona discharge
has a much more complex behavior. Therefore, changes
were made to the model to account for the influence of
corona discharge on the circuit operation.

1. METHODS AND MATERIALS

To construct a Marx generator model with corona dis-
charge operating at atmospheric pressure in
the load, it is necessary to:

e determine the initial parameters of the system to
create the model;

e investigate the influence of the current-voltage
characteristics of the corona discharge on
the generator operation;

e determine the impact of deionization processes
on the output parameters of the model;

o To effectively study the charging and discharging
processes in a Marx generator, divide its overall
circuit into two independent equivalent circuits,
where the charging and discharging processes of
the stages will be examined separately;

e Derive formulas for determining the parameters
of the Marx generator circuit, taking into
account the parameters of the corona discharge.

Ill. ~ CORONA DISCHARGE
A. Electric field strength distribution

In a, a schematic view of a cylindrical electrode
system is shown, while b illustrates the electric field
strength distribution within it. The inner corona elec-
trode-cathode is a thin wire with a small radius ri1, posi-
tioned along the axis inside a tube with a larger radius r»,
which is a second external electrode-anode.

Fig. 3 shows the voltage-current characteristic of the
corona in a cylindrical electrode system. The A-B region
corresponds to the saturation process, while with a fur-
ther increase in voltage (region B-C), a noticeable rise in
current occurs from the corona onset voltage Uc. If the
voltage continues to increase, a spark breakdown occurs
at Upr (region C and beyond) [9].

The corona discharge voltage is determined from the
expression

U, =Ern’2, (1)
n
where r1 and r2 are electrode radii [m], Ecr is the critical
field strength [V/m] at which corona discharge occurs. Its
value is determined by Peek's empirical formula, which is
calculated for air in a cylindrical electrode system. For
negative corona, it takes the form

Ecr:3,04[[3+0,0311 E]106, 2)
n

where B is the ratio of gas density under normal condi-

tions (To = 293 K, po = 101.3 kPa) to density under work-

ing conditions:

rT
=—, (3)
P poT

where p is gas pressure, Pa; T is gas temperature, K [1].

Let's determine the system's limiting voltage at which
the transition from corona to spark discharge occurs:

Upr = Eprd = Ep(r, = 1) “)

The ratio of electrode radii is important, since incor-
rectly selected values can result in spark breakdown in-
stead of corona discharge.

Therefore, the following condition must be met, [10]

n >&. 4)
i Ebr

B. Current-voltage characteristic

At voltages lower than U« ( region A-B),
the currentin the discharge gap is negligibly small. There-
fore, the beginning of the corona current-voltage charac-
teristic is considered to be the moment of its inception,
when the applied wvoltage has a value
between Ucr and Upr ( region B-C).

The corona current dependence in a cylindrical elec-
trode system is described in [11]. From this, the current-
voltage characteristic formula is derived, which is
approximated by a parabolic function [1], [12], [13]
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where A is the current-voltage characteristic parameter,
k is the electron mobility coefficient, which depends on
the system's geometric parameters and gas type, and for
air is determined as [11]

k:l 0,027+ 0.14

_ (®)
0,53
p i}
£ 105}

1+—-
p

C. Deionization of the discharge gap

After voltage removal from the discharge gap,
charges remain there for some time [14]. The equation
describing the change in charge concentration has
the form

n;()’ )
1+neoﬁet

where neis the concentration of recombining charges, neo
is the initial concentration at the moment of voltage re-
moval, Be is the volume recombination coefficient (for air
at atmospheric pressure Be = 1.4:10"° m3/s) [15], [20].

ne (1) =

Since plasma conductivity in the discharge gap
depends on the charge carrier concentration, after volt-
age removal it gradually decreases similarly (9) [16].

The initial corona discharge parameters required for
modeling are shown in Table 1.

V. MODEL

Before starting the modeling, it is necessary to set in-
itial parameters within the ranges specified in

The generator is powered by input voltage Uin, pro-
ducing pulsed output voltage Uout, Whose value strongly
depends on the number of stages. The value of Ui is de-
termined by the working voltage of capacitors used in
the generator. Usually, it's 5 — 30 kV. Taking lower values
is not recommended since the output voltage may be in-
sufficient for corona discharge generation. Voltage Uout

TABLE 1 INPUT PARAMETERS OF THE MODEL

Parameter Limits Description.

Uin, [V] 5-30kV Input voltage

Uou, [V] Usr — Upr Output voltage

ten, [S] 0,1-10s Generator charge time

t, [s] 0,05 — 50 ms Output pulse duration
The coefficient of influence of

o 0,01 — 0,06 the charging circuit on the dis-
charge circuit

n 0,5—0,95 Degree utilisation rate

71, [m] <5 mm Internal electrode radius

7y, [m] 5—50cm Outer electrode radius

/, [m] 0,05—1m Electrode system length

P, [Pa] > 100 kPa Pressure range of the environ-
ment

T, [K] . Qperating temperature of the en-
vironment

should have a value between U« and Usr, as these are the
limits within which corona can exist. Stages are charged
to voltage Uo, which for stable circuit operation is taken
slightly lower than the input voltage. For this purpose, a
stage utilization coefficient n is introduced, which deter-
mines its voltage:

UOH:T]Uin' (10)

The lower the coefficient, the more stable the stage
switches will operate, but the lower the output voltage
will be.

Charging time tcn determines the charging speed of
stage capacitances to the required voltage, and conse-
quently the frequency of generator output pulses. It is
chosen based on generator speed. In theory, the circuit
shown in Fig. 1 can produce up to several dozen pulses
per second. In this work, we'll limit ourselves to ten
pulses, as at this frequency the real circuit will guaran-
teed work stably. Choosing charging time more than 10 s
is also not recommended, as in this case charging resis-
tors will start approaching the values of capacitor leak-
age resistances, which will lead to excessive stage dis-
charge and the generator may not reach the required
stage breakdown voltage.

The output pulse duration should not be taken too
small, as such values require very small stage capaci-
tances. Too large values, conversely, lead to large capaci-
tances which will be difficult to charge.

The length of the electrode system should not be too
large, as this will lead to increased discharge capacitance,
which will significantly reduce the generator output volt-
age. Too small length may cause incorrect corona dis-
charge formation due to possible low curvature in other
places of the electrode system.

Pressure and temperature are recommended to be
taken close to normal conditions. The pressure value
should not be too low, as this will complicate corona ap-
pearance.
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The arresters in this system are conventional globular
ones that operate at atmospheric pressure. For their cal-
culation, the breakdown gradient of air Eyr is taken, which
under normal conditions is 3 MV/m. In this model, for
calculation simplification, their transient processes are
not considered, meaning operation occurs instantane-
ously.

Although both phases of generator operation are
considered independently, the parameters determined
in the discharge phase will determine the parameters re-
lated to the charging phase [8], [18].

A. Discharge Circuit Model

For analyzing the generator discharge process, its
equivalent circuit is introduced (Fig. 4), consisting of
charging (surge) capacitance Ck, spark gap breakdown re-
sistance R;, equivalent total resistance of charging resis-
tors R'o, discharge resistance R, discharge capacitance C,
and electrode system. Components C and R are constitu-
ent parameters of the electrode system that depend on
the medium and construction. The model neglects the
influence of parasitic capacitances between the circuit
and the ground. The parasitic inductance of the dis-
charge circuit with conductor lengths ranging from tens
of centimeters to several meters will have a magnitude
of order n-10® H. Combined with the discharge capaci-
tance, they will constitute an oscillatory LC circuit with a
resonant frequency that exceeds the operating fre-
guency of the Marx generator by 8 orders of magnitude,
which allows it to be neglected.

We assume that during discharge, all spark gaps op-
erated simultaneously. Stage capacitances Co are con-
nected in parallel. Therefore, the impact capacity is

C; =nCy, (1)

where n is the number of generator stages. It is found
using output voltage Uout and intermediate stage voltage
Uointer expressed in (10)

LU
n= cell[i} (12)
UOinter
where ceil() is the function of rounding up to the nearest
integer.

Having the number n, we can find the stage voltage.

Uout
— 13
" (13)

U():

Spark gaps operate in air at atmospheric pressure. For
them, the discharge gap is calculated considering the

field strength value Eur = 3 MV/m and known stage volt-
agein (13):

_ Uy

B, (1%

Ip

During system discharge, capacitances are shunted

by two charging resistors Ro. The discharge of capaci-

tances Co to charging resistors can be accounted for by

introducing resistance R'o parallel to discharge
resistance R:

RIO :ﬁRo_ (15)
2
Since the recommended value of coefficient « is
0.01 £ a £0.06, the charging resistance can be deter-
mined by it
%zgﬁﬁ. (16)
on
With too large values of Ro, the charging time and
non-uniformity of stage charging increase, while with
small values, spark gap operation deteriorates [18].

The discharge resistance R value is found from
the voltage-current characteristic of the electrode sys-
tem. This value depends on the applied voltage, which
imposes additional complications in calculations. If using
Ohm's law, then from equation (6) we can express the
dependence of the resistance R on the applied voltage U
[1].

R= v = v = ! .37
I AUWU-U,) AU-U.)

If conductivity 6 is expressed through resistance, we

get the formula [16].

1
0= =AU-U,,) (18)

To simplify the determination of the resistance R,
which is used to calculate the time-independent con-
stant parameters, it can be taken as the minimum value
obtained from (17) at the maximum voltage equal to the
generator output voltage Uout:

1
R=— . (19)
e A(Uout - Ubr )
When applying voltage pulse to electrodes, first
the discharge capacitance C between electrodes is
charged, which is found as:

_ 2megyln

C -7 7 N
ln(er
i

where dielectric permittivity in case of air e = 1 [17]. Dur-
ing this process, charge flows from surge capacitance Ck
to discharge capacitance C through total

(20)
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resistance of the discharge channels of the spherical dis-
charge arrester R.. It is found using Toepler's formula:

R - nkyd _ nky(r, —1)
g UoCo
where kr = 1.5-102 V-s/m, q is the stage capacitor charge
(3]

The voltage dependence on time on capacitors Cxand
C, denoted as uk(t) and u(t), respectively, is described by
the following formulas

@n

—t
”kl(t)z(Uom —Ucr)eXp[T—J'f'Ucr, (22)
pl

”1(f):“k1(t)R,R—’0 1—eXp[_—t] , o (23)
0+ R

+Rl Tpl
CYout
=—kout 24
o+ C (24)
C,C
T, =R ——, 25
pl 1 Ck +C (25)

where uri(t) and ui(t) are the impact voltage at the gen-
erator output and the voltage on the electrode system
respectively during charge flow, Tp1 is the flow time con-
stant, Ucr is the equilibrium voltage of both capacitors.

In addition to the flow of capacitor charges, their dis-
charge also occurs through resistance R'y:

—t

U (1) =U,,, exp [—J, (26)
sz

’sz = Ck (Rl + R'O ), (27)

where 12 is the discharge time constant of capacitance
Ck.

From equations (22), (23), and (26), we obtain the de-
pendence of voltage on time for these capacitors during
their simultaneous charging and discharging:

U2 () = g () - upp (1) =

= [Uom -U, ]exp [_—t}+Ucr exp{_—t} (28)
T

pl Tp2

+ Rl Tpl

R —
ulz(f)Zuklz(f)R,—O l—exp[—t} , (29)
0+ R

The voltages described in will change in this way until
corona occurs at u(t) < Ue or t < ter, where ter is the time
of corona occurrence

u(ty)=Ug. (30)

The corona discharge changes the output signal form,
and in the system this is reflected as the appearance of
corona resistance R(u), which depends on the applied
voltage and is connected in parallel to
resistance R'j.

R(u) can be calculated using iterative approximation,
making the formula for corona resistance recursive,
where the voltage value u(t)m at step m is taken from the
previous u(t)m-1. In the first step, resistance R(u) is absent,
so the ordinary voltage functions (28) and (29) are used
here.

In all subsequent steps, resistance R must be taken
into account, so we transform the existing formulas (17),
(27) = (29) into a recurrent form:

1
R(U) = 9
" Aw(®) -1 —Ue) (3D
(mpy u(t),,—1 SUg, R = 0);
o =Cp| R +-R0BOn_| (32)
RIO + R(l/l)m
up(0),, =
—t -t | (33)
= [Uout - Usr exXp| — |+ Ucr exXp 5
Tpl Tpm
R —t
u(t),, =u, (t),, ———| l—exp| — | |; 34
()m k( )m R’0+Rl- plil_pl] (34)

where m is the step number. The resulting voltages can
be expressed by the average values of the voltages of
each step:

K
w2 () + D (0),
)=

(35)

K
() + ) u(t),,
_ m=1
up(0)= K+1 ’

where K is the number of steps.

(36)

In the case of u(t) < Ud, resistance R(u) is ignored
since it becomes very large (theoretically infinite), there-
fore

R’OR(u)m _

Ry +R(u),, j -
=C; (Ri + R’O) =Ty, (mpu u(t),, <U,,.).

Tom =Cr | R +
pm k[z (37)

After the voltage u(t) has reached its maximum and
began to decrease, deionization processes in the elec-
trode system come into effect. As stated in Section lll,
when voltage is removed from the discharge gap, its con-
ductivity does not decrease instantly. This is character-
ized by the appearance of a certain current, which de-
pends on the concentration of carriers, and thereby
slows down the decrease of the output voltage.

To calculate it, it is first necessary to determine
the time to when deionization begins. It is found at the
peak of the output voltage up(t) as the extremum point
of this function within the range from 0 to 11 [4]:
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du(ty)
dt

To find the initial concentration of charge carriers neo
at point to, we use the formula

=0; (0<t0 <Tp1). (38)

_ SoVim _ A(UeO _Ucr )Vm
2,82.1071° 2,82.1071°

where 60, Ueo — conductivity and voltage of the gap at
moment to

. (39

L)

Us = up (). (40)

e — electron charge, vm — collision frequency [s] [16]:

v, =2,92-10 p. 1)

During deionization, the discharge gap will generate
some current, which will reduce the rate of decrease in
the output pulse amplitude. The voltage can be shown as
changing proportionally to the concentration of charges
[51[19]:

Ne _ Up |

g0 UeO , 42)
t—ty)U

Me(t): ne( 0) e0 .

)

Therefore, the output voltage u(t) will be described
as

up (), 0<t<t,
u(t) = up (t), 1o <t <t (43)
Me(t), 1y <t.

The duration ti of the discharge pulse at the system
output is measured from its beginning to half the ampli-
tude during voltage drop [18]:

U
u(t;) = ;0.

The impact capacitance Ck can be approximately
found using the formula (22). Let the output voltage of
the system be given only by this formula. By substituting
the pulse duration ti, we can find the time constant t,
which determines the voltage decay during this process.
Since the duration is defined on the interval from the be-

ginning to half-height, the resulting voltage must fall to
half

(44)

exp (_—t‘j =0,5. (45)

Tk
Expressing t from (45) we get

4

- - A (46)
In(0,5) 0,69

Tk

Therefore, the impact capacitance Cx is found as

~ 1
0.69 R'O Rmin . @7
’ R,O +Rmin
Having the value of the impact capacitance, we can
find the value of the stage capacitance Co:

Cy = nCy. (48)

After the discharge process is complete, the genera-
tor transitions to the capacitor charging phase [18].

B. Charging Circuit Analysis

During charging, the capacitances of all stages are
considered discharged and connected in parallel.
The capacitors charge unevenly due to the increase in
charging resistance as the stage number increases [8],
[18].

Since the voltage delay at each stage is approximately
the same, we can use the average voltage of all stages,
the change of which can be approximately characterized
by a first-order inertial circuit.

The increase in ro leads to a decrease in the voltage
drop between capacitive stages and to a greater approx-
imation of all transient characteristics to an exponential
graph.

The approximation of the dynamic parameters of the
charging circuit of a multi-stage generator for
the average voltage u, to the dynamic parameters of a
first-order inertial circuit makes it possible to introduce
an equivalent charging circuit (Fig. 5) for a single-stage
generator with the following parameters:

to = R.C,, (49)
&~m+&{§—q, (50)
C, =nC, (51)

This scheme shows the equivalent charging capaci-
tance Ce, which is charged from a constant voltage source
Uin through an equivalent charging resistance Re.

Using the equivalent circuit allows analyzing a multi-
stage generator using formulas for a single-stage one.
Therefore, when charging the circuit with constant volt-
age, the voltage on the stage capacitance, which in cal-
culations is taken as the average voltage on all stage ca-
pacitors, is found as:

(1) = kU, [1 _exp (;—tﬂ (52)
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By substituting the charging time tcn into (52), we find
the equivalent charging resistance:

SN (53)

CeIn 1—ﬂ

in

R. =

€

By comparing (50) and (53), we obtain the formula for
the charging resistance ro:

P S (%—1). (54)

C.In 1—&

BX
The charging time tch corresponds to the interval from
the beginning of the voltage rise on the capacitances dur-
ing charging to the triggering of spark gaps. This param-
eter directly sets the frequency of the output pulses [18].

V. RESULTS

The model allows determining the resulting parame-
ters such as the output voltage, the voltage on the gen-
erator stages, the voltage of corona occurrence and
breakdown of the electrode system, the values of
capacitances, resistances, and the number of generator
stages, which largely depend on the parameters of
the electrode system (radii and length of electrodes), the
environment (pressure, temperature) and the specified
initial parameters of the generator, which need to be
taken into account when calculating the circuit (input

and output voltage, charging time and duration of
the output pulse, etc.).

CONCLUSIONS

Based on the analysis of literature sources, the phys-
ics of corona discharge and the operation of the Marx
generator were studied. The obtained information was
applied to build a model of the Marx generator for gen-
erating corona discharge in air, which was obtained by
modifying an existing model with an active load.

The developed model does not take into account par-
asitic capacitance (between the system and ground) and
the inductance of the discharge circuit. Therefore, when
practically implementing this system, it is worth reducing
factors of probable increase in the values of these param-
eters, for example, by additionally insulating the genera-
tor and using the shortest possible connection to the
electrode system.

The data, which are the results of modeling, can be
applied to build corona discharge generation systems.
For example, in the design of electrostatic precipitators,
gas converters, gas activators, ultraviolet radiation
sources, etc.

Considering the relevance of research aimed at find-
ing new applications for corona discharge, the work done
can be considered useful for science, as
the resulting model makes it possible to calculate and im-
plement a corona discharge generation system with
a simple design.
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HauioHanbHWI TEXHIYHMI YHIBEpCUTET YKpaiHu

"KWiBCbKMM NOMITEXHIYHUIA IHCTUTYT imeHi Irops Cikopcbkoro” R 00syn5v21
Kwis, YKpaiHa

AHoTauia—Y cratTi po3rnaHyTo poboTy reHepaTopa MapKca 3 HaBaHTa*KeHHAM Y BUMNAAI Big'€MHOro KOPOHHOIO Po3pAay
B NOBITPi 32 aTMocdepHOro TUCKy Ta N06yA0BaHO HOro eneKTpuUHy mogenb. [locnigKeHo BB BONbT-aMNepHOi XapaKTepuc-
TUKM KOPOHHOTO PO3PAAY Ha BUXiAHY HanNpyry reHepaTtopa Ta BN/AMB NpoueciB AeioHisauii Ha napameTpu reHepaTopa Mapkca.

Byno 06paHo LUMAIHAPUYHY eNEKTPOAHY CUCTEMY, L0 CKAAAAETLCA 3 TPYOKM (aHOA), B cepeauHi AKOI B3A0BK OCi HaTATHYTO
TOHKUIA ApiT (KaToA), HaBKOMIO NoBepXHi AKoro popmyeTbca KopoHa. Cxema reHepaTopa MapKca, Wwo moaeniosascs, 6yna 06-
paHa K/iacuuyHa, AKa CKNAfa€eTbCA 3 KOHAEHCATopiB, Pe3nUCTOpiB i ra30BMX NPOMIKKiB. BoHa Mae paa nepesar nepep, iHWWMMH
iCHylOUMMM AxKepenamu BUCOKOI Hanpyru. Lie moxausicTb reHepyBaTh BUCOKi Hanpyru Ao 10 MB i mae BUCOKY eNleKTpUUHa
MiLHICTb, OCKiZIbKM B CXeMi BiACYTHi KOMNOHEHTU, AKi MOXKYTb JIErKO BUITU 3 naay Yepes npobiii. Kpim Toro, cxema ayrke npocra
i noBTOplOBaHa.

[na Toro, wWo6 BUKOHATU PO3PaXyYHKU cucTeMU, HEObXigHO 3aAaTH 3HaYeHHA BXiAHUX napameTpis mogeni. Cepen HUX:
reomeTpuYHi po3mipu eNeKTpoaHOI cuctemu (paaiyc BHYTPILWHBbOrO i 30BHILLHBbOrO €1EeKTPOAIB Ta A0BXUHA UMNIHAPA), BXigHA
i BUXiAHa Hanpyra reHepaTopa, TemnepaTypa i TMCK cepepoBuLLa. Pe3ynbTaToMm MOAEeN0BaHHA € BUXiAHI NapameTpy, a came:
KiNIbKiCTb KacKaAiB reHepaTopa, Hanpyra oAHOro Kackasy reHepaTopa, Hanpyra YTBOpeHHA KOPOHU Ta ickposoro abo gyrosoro
npo6oto eneKkTpoaHoi cucTeMu, 3HaYEHHA KOHAEeHcaTopiB Ta onopis reHepaTtopa Towo. Kpim Toro, mogenb ao3sonse 6yaysatu
rpadiuHi 3anexHOCTi NpoueciB 3apaay i po3pagy cuctemu.

Mogenb He BpaxoBY€E Napa3suTHi MapameTpu, TaKi AIK EMHICTb MiXK NPUCTPOEM i 3em1elo Ta iHAYKTUBHICTb PO3PAAHOrO KOH-
TYpY, AKi NPUCYTHI B peanbHiii cxemi. Tomy, W06 3MeHLWUTH iX BNNB, PEKOMEHAYETbCA BHECTU AeAKi 0CO6/MBOCTi B KOHCTPYK-
uito. [lnA 3meHLWeHHA NapasuTHOI EMHOCTI KOHTYp reHepaTopa MapkKca cnig i30110BaTH Bif, HABKOIMWHbOTO cepesoBuLLLa, No-
MICTUBLUM AOTO B TOBCTOCTIHHMI NAACTUKOBUIA KOPMYC i, AKLLO PO3PAAHUKU PO3MILLEHi B 3aXUCHili KON6i, 3an1UTHU BCi KOMMNOHe-
HTU TpaHcPOPMATOPHMM Macaom abo enoKCUAHO CMooto. [iNA 3MeHLeHHA BNAUBY NApa3suTHOI iHAYKTUBHOCTI HeobXigHO
NiAKNI04aTH eNeKTPOAHY CUCTEMY A0 reHepaTopa AKOMOra KOpoTLUMMM NPOBOAAMM.

PesynbTaTv po3paxyHKiB MOXYTb 6yTH BUKOPUCTaHi ANA NPOEKTYBaHHA NPUCTPOIB, po60Ta AKMX 6a3yeTbCA Ha BUKOPUCTaHHI
KOPOHHOro po3paay. Lie moxKyTb 6yTu NnpUcTpoi ANA ouUnLLEeHHA rasiB (enekTpodinbTpu), nepepobKu rasy, reHepauii 030Hy Ta
ynbTpadionety ToLuo.

Knrouoei cioea — KopoHHuUli po3pad; zeHepamop MapKca; sUcoKa Hanpyaa; ioHizayis.
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