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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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WAYS TO IMPROVE THE EFFICIENCY IN PERFORMANCE
OF CORONA DISCHARGE OZONATORS

Abstract. This article analyzes several ways to increase the corona discharge current in ozonators, which can
further improve the ozone efficiency and reduce the specific energy consumption of the ozonating element at low air
pressures in the discharge zone. Their capabilities, advantages and disadvantages when used in ozonating elements
are described. The dependences of the voltages on the air pressure for different constant values of the discharge
current measured at pressures starting from 100 mm Hg up to a pressure of 680 mm Hg at normal air temperature of
20°C are shown. The obtained data show that when the current values are constant and the pressure decreases, it
turns out that the voltage decreases as much as the energy consumption increases. A table has been compiled that
records the ozone efficiency and specific energy costs, as well as the corresponding values of voltages and currents
for the three pressures, where it can be established that at low air pressures, it is possible to obtain fairly high values
of specific energy consumption (166 g/kWh), which is the main advantage of the described method of obtaining
ozone. In order to use the existing dependence of the discharge current value on the ambient air pressure, the effect
of a natural pressure drop in the discharge zone due to the electric wind was tested when the ion-convection pump
mode is observed. A method has been developed for air exhausting out of the working volume of the ozonizing
element, which in turn involves the passage of ozonized air through the exhaust device, which ultimately signi-
ficantly reduces the efficiency of obtaining ozone. This problem is solved with the help of an electric wind that
occurs in the corona discharge zone; and a pressure drop around the corona element is observed.

Keywords: corona discharge, ozone, ozonator, the corona needle, productivity, energy consumption.

A method of producing ozone in electric discharges is the safest and most effective of all known,
which is characterized by an optimal ratio of energy consumption to the concentration of ozone produced.

Corona discharge (one of the types of electrical discharge) occurs in a gas in a strongly
inhomogeneous electric field between two electrodes — a high voltage and grounded separated by a gap
(discharge gap) and a dielectric. Ozone is produced by the dissociation of oxygen molecules into the
corona layer caused by electron impact.

The results of theoretical and experimental research of recent years have shown that a negative
corona discharge with microelectrodes (microwires, the needle (the tip), sharp edges and a thin spiral with
radii of curvature of not more than 25-50 microns) compared with other types of corona discharge
provides a higher specific discharge current and a large current density on the corona electrode [1,2].

The ozone performance of any ozonized element primarily depends on the magnitude of the
discharge current, and thus in order to reduce the specific energy consumption it is necessary to reduce the
voltage values in the same discharge current. There are several ways to strengthen the corona discharge
current, which leads to the increase of ozonized element productivity. Consider their possibilities,
advantages and disadvantages when they are used in ozonized elements.

One of the ways to strengthen the corona discharge current, which is equivalent to increasing
productivity of ozonized element, is to reduce the distance between electrodes of the discharge gap. In this
case, at the same supply voltages it is possible to obtain higher values of the discharge current, if the
breakdown between the electrodes does not occur.

— 189 ——




N E W S of the Academy of Sciences of the Republic of Kazakhstan

Another way of strengthening the discharge current is to heat the corona electrode or to heat the air
surrounding the discharge gap. In this case, with the increase of temperature the ionization rate in the
discharge layer increases due to the increase of the length of free path of electrons, thus the current density
in the outer area of the corona increases considerably. It was found that when air is heated up to 140°C
and at the same voltage values the discharge current increases in five times, but the application of this
method to strengthen the discharge current is caused by a number of technical difficulties: the need for an
additional device to heat the air and then to blow it through ozonized element, and the thermal insulation
of ozonized element from the environment is required as well. Furthermore, at such air temperature
(140°C) one can only decompose ozone produced in ozonized element.

Another way to improve performance of ozonized element is to use pure oxygen instead of air.
Indeed, in this case, the ozone output increases almost in two times. The reason hindering the use of this
method is its high cost. Furthermore, under production conditions the use of oxygen does not meet the
safety requirements.

One of the most effective ways to reduce specific energy consumption in obtaining ozone is the
performance of ozonized element at lower air pressures. In this case, the only way to apply this method is
to suck off the air from working volume of ozonized element, which provides passing the ozonized air
through the aspirator and ultimately the effectiveness of obtaining ozone considerably reduces. This
problem was solved by [4] using the electrical wind which occurred in the corona discharge zone, and it
was found that the pressure around the discharge element decreased.

The results of the research showed that in the whole range of temperature and air pressure the
characteristics of corona discharge are the functions of air density. The impact of temperature on the
corona discharge is described by the same laws as the dependence of the air density on the temperature.
Air pressure or its density has an influence on the amount of the discharge current through the initial field
strength of corona discharge, which determines the firing voltage at a given interval [5].

Based on the numerous measurements of the initial voltage of corona discharge Peak managed to give
the empirical formula for the initial field strength of corona occurring on the surface of the corona wire
with a radius rp [6]. The comparison of the calculated and experimental data shows [7,8] that in general the
best convergence (for coaxial cylinders) can be obtained for the following Peak formula:

0,298 0
70
where & - relative air density, which is defined by the formula:

S 0,386p
273+ T

E,=3035(1+

2

where p - barometric pressure, mmkHg,T —air temperature, °C; 6 =1 under atmospheric conditions
adopted for the normal (p = 760 mm Hg, T =20°C).

The impact of Ey on the value of corona discharge current can be determined by the initial voltage
Uy (1) onvolt-ampere characteristic of corona discharge, Townsend formula is given as an example [8].

I e k(U -U U

3)
R? lnE

o

where g - dielectric constant, and x - mobility of ions, U - voltage between electrodes, Uy - initial voltage
of corona discharge.

It is advisable to check the conformity of the experimental values of corona discharge ignition voltage
with the calculated ones by Peak formula (1). Table 1 shows the experimental results of measurements and
the calculated values of initial voltage Uy, Uc and field intensities of corona Eo, Ec depending on pressure
and air temperature. All measurements and calculations are referred to negative corona discharge.

The values 9, given in the tablewere calculated by the formula (2). Using the formula (1) the tension
on the surface of the corona wire can be calculated using the experimental values Uy. While the values Uy
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are measured by the sufficient accuracy (0.1%), a large error may be introduced due to the unevenness of
the diameter along the length of the corona wire in the determination of Eo by the formula (1).

The table of data analysis shows that in most cases the values Ec are greater than values Eo. The
difference between Eo and Ec does not depend on p and T and makes 3% on average, whereas values Eq
may be changed with respect to Ec with increasing temperature sometimes up to 7%.

It was found out [9] that primarily the decrease of air density tended to reduce the value of the initial
voltage of corona discharge, thus, the volt-ampere characteristics significantly increased.

Now consider the output parameters of ozonized element at low air pressures, which include the
performance of ozone (g/h) and specific energy consumption (g/kWatt-h). To do this, we use the
characteristics of ozonized element, obtained in work [9, p. 169, figure 57], and approximating it we find a
formula for the dependence of the ozone on corona discharge current:

Table 1 — Initial voltage and tension of corona field (atm.air R = 0,5 cm, ro = 0,0025 cm)

p, mmHg T, °C A Uo, V Eo, KV/cm tf);n‘;\g C(‘;l) forrlflfl’le:/(l)
100 24,5 0,133 1000 75,5 72,5 955
80 24,5 0,266 1400 105 107 1420
300 24,5 0,399 1750 132 132,3 1755
400 24,5 0,532 2050 155 156 2065
500 24,5 0,665 2300 173 176 2330
680 24,5 0,903 2700 204 209 2770
680 40,0 0,852 2520 190 203 2690
680 60,0 0,801 2460 185 196 2600
680 80,0 0,755 2400 181 189 2510
680 100 0,715 2350 177 183 2423
680 120 0,678 2260 170 178 2360
680 140 0,648 2200 166 173 2290
P, =KI ()

Where Pp — ozone productivity (g/h), K - coefficient of proportionality (g/h-mA), I - discharge current
(mA). Using the magnitude of the inclination angle characteristics we can calculate the value of the
proportionality coefficient K = 0.2 g/h-mA.

Specific energy consumption (Ps) is determined by the ratio of ozone productivity (Pp) to the energy
consumption W = U-1 kW per hour, that is:

P = P—p = K , g/kWatt/h (5)
w Ul

where U - voltage between the electrodes, kV, I - discharge current, A.

In fact, at a certain current Ps depends only on the value U, the smaller its value, the higher Ps. The
comparison of the experimental values Ppg with the calculated Ppc by the formula (4) is of great interest.
To illustrate this comparison we make a table which also includes the experimental values Psg.

Table 2 — Ozone productivity and energy output of ozonated element

U, kv 5 5,6 6,1 6,4 6,6
I, mA 0,5 1,0 1,5 2,0 2,5
Pre, g/h 0,09 0,25 0,36 0,45 0,5
Pec, g/h 0,13 0,24 0,33 0,44 0,53
Psk, g/kWatt/h 45 40 35 32 29
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As can be seen from the data in table 2, the maximum difference between Pr» and Pra does not exceed
8%, and therefore the determination of Pnfor the other values of the discharge current according to the
formula (4) leads to a small measurement error. The calculation formula (5) can be used to determine Py.

Figure 1 shows the dependence of voltage (U) on the air pressure (p) for various values of the
constant values of current discharge (I), measured at pressures ranging from 100 mm Hg. up to pressure of
680 mm Hg. under the air temperature 20°C as normal. From these data we can conclude that when the
value I is constant and p is reduced it turns out that the less the value U is, the more Psis.

In accordance with the law of states of ideal gas, the decrease of air pressure also reduces the
concentration of oxygen molecules in the air that can lead to reduction of ozone formation in the discharge
gap. Meanwhile, the decrease in p also leads to the opposite effect: strengthening the ionization processes
due to the lengthening of the mean free path of electrons, and therefore, to the increase of their energy.
Thus, the reduction of p cannot significantly influence on the degree of ozone output as when p is reduced
the permanence of discharge current values is provided by the required density of charge stream which
mainly consists of oxygen ions and ozone.

U, kV LpA
T 26
35 . 15
39 - A /: ]
I
25 %// .
20 %/ l
|
45 V.p/g +
é/ I P
i »
"0 100 200 300 400 500 €0 | mm Hg
€80

Figure 1 — Dependence of voltage on air pressure

Table 3 shows the productivity of the ozone (Pps) and specific energy consumption (Ps), as well as
the corresponding values of U and I for the three air pressure.

Table 3 — Output parameters of ozonated element at low air pressures

P, mm Hg. 100 400 680

I, nA 5 10 15 20 5 10 15 20 5 10 15 20
U, kv 1,2 1,3 1,4 1,5 2,3 2,5 2,6 2,8 3,1 34 35 3.8
Pec, g/h 103 2:10° | 3-10° | 4-10°3 107 2:-103 | 3-103 | 4-10°3 103 2:103 | 3-103 | 4-1073
Ps, g/kW/h 166 153 142 133 87 80 77 71 64 58 57 52

The main discharge processes under the corona needle and corona wires are not different
fundamentally and they vary according to the electric field configuration and discharge power. In this
regard, in order to study the impact of air pressure on characteristics of corona discharge there has been
used the coaxial electrode system which is characterized by experimental simplicity and convenience, and
it is also ozonized element for obtaining ozone in corona discharge.

As can be seen from the data in Table 3, at low air pressure it is possible to get quite high values of
specific energy consumption (166 g/kW-h), which is the main advantage of this method of producing
ozone.

In order to use the existing dependence of discharge current value on the air pressure, there has been
tested the effect of natural pressure reduction in the discharge area due to the electric wind when there is
an ion-convection pump mode.
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A device was developed for producing ozone in a corona discharge zone, comprising a corona
electrode in the form of needles and the outer electrode as a grid located in the tube with a plug made of
ozone resistant insulating material (Teflon, Vinyl and etc.) [10].

The most advantageous modification is ozonator containing successive ozonized elements made in
the form of "the corona needle - flat metal mesh", which are placed in the half-closed chamber and are
arranged symmetrically in the direction of the electric wind, which occurs in the direction of the open side
of the camera, the ozonator contains ozonized elements located near the closed part of the chamber and
additional ozonator discharge electrodes located near the open end of the chamber for the narrow part
circle section nozzle.

As it was noted, the principle of convection ion pump based on the known parameters of the electric
corona wind that generally reduces the pressure in the discharge interval was used in the proposed design
of the ozonator [11]. It was found that the decrease in pressure in the discharge zone allows you to raise
the efficiency of the ozonator. Furthermore, it is expected that the effect of reducing the pressure in the
interelectrode space to be more noticeable if a discharge system is placed in a half-closed chamber in such
a manner that caused an electric wind is directed towards the open portion of the chamber. In the case of
series, connection of several elements in the ozonized discharge chamber disposed symmetrically, the
effect of reducing the pressure in the chamber to be more significant than a single corona needle. The total
sum of the determined pressure differential Ap = Api+Apz+ ... etc, and so the magnitudesof discharge
currents of ozonated elements at the same potential differences tend to the increase.

A new design that allows to divide the processes of formation of ozone and the creation of an electric
wind, which leads to the provision of a low specific energy consumption with a simple design [12].

Figure 2 represents a functional diagram of ozonator which operates in a semi-closed mode and
consists of separate elements arranged ozonated and discharge electrodes to generate an electric wind.
Ozonated elements 4 units in the form of electrode system as "needle-net" contain the discharge electrodes
1 and 2 to the external electrode grid disposed in a sealed portion of the tube 3 made of ozone resistant
insulating material (Teflon, Vinyl and etc.). Corona electrode K is supplied from the power supply unit
(PSU) of negative polarity high voltage, and the grid electrode 2 is grounded. The additionallycorona
electrodes 4 attached to the grid electrode 2 and located near the open part of the edge portion of the circle
narrow nozzle chamber section 5 (section AA) is used to create electric wind in ozonator chamber. The
second electrode is a grid 6, which is attached to the open part of the tube and is connected to the positive
pole of the power source.

e

777

PSU

Figure 2 — Functional diagram of the ozonator

After the voltage (-U) of sufficient magnitude to the discharge electrodes, there is corona discharge
between them and a grid electrode 2, and formed with a negative space charge, consisting essentially of
oxygen ions and ozone tends to grid electrode 2 at a zero potential, wherein the partially neutralized,
forming a molecule of oxygen and ozone, and most of the ions are accelerated towards the electrode 6
with positive potential.
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Within the certain time (less than 5 seconds) there is set stable electric wind directed into the open
part of the discharge chamber and the ozonator starts operate in the ion pump convection mode. At the
same time, there is a gradual decrease in the air pressure within the discharge chamber and, as might be
expected, it increases the force of the discharge current. This situation cannot last long as at some point
begins the process of suction air through the outer wall region of the discharge chamber 5. To prevent wall
surface in the air suction chamber, discharge electrodes are additionally installed on the edge of the circle
fitting section narrowest part five (section AA). After some time, a stable set of low air pressure
conditions inside the discharge chamber, which means that the prevalence of process air suction of
external air into the process in the chamber.

Ozonated elements, 4 units have the following parameters: the radius of curvature of the needles
ro= 0.2 mm, the diameter of the insulating tube 16 mm, the distance from the tips of the needles to the grid
equal to ri= 6 mm, and supply voltage U of the discharge chamber was changed in the range of 4 to 14 kV.
When you turn on the power supply voltage of 10 kV initially, the average current of the discharge
chamber was equal to 30 mA. Afterwards, when establishing steady mode of electric wind in the open part
of the discharge chamber, the current increases gradually reaching 38 mA. To determine the specific
energy consumption of the device (g/kV/h) in one or the other case, the use of the calibration curve
removed ozonometer type LEK designed by St. Petersburg technical university for ozonated element in
the corona discharge. On average, the specific productivity of ozonated element makes 0.8 grams of ozone
per hour with the power of 4 mA discharge current. On this basis, we calculate the specific power outputs
of the device in different operational modes. In this specific energy output of the device at atmospheric air
pressure of 680 mm Hg (Almaty) and at the initial time is 20 g/kV/h, while at steady mode of electric
wind it was 23,5g/ kV/h. In the second mode, in order to maintain the initial discharge current 8§ mA, it is
necessary to reduce the power supply voltage to 8, 5kV, which ultimately leads to a reduction in specific
energy consumption for the production of ozone in the corona discharge.

The comparison of value of the power supply reduction at a constant discharge current of known
voltage dependence of corona discharge off air pressure [13] allows approximately determine the air
pressure in the discharge area, for example, in our case, air pressure reduction relatively to atmospheric
(680 mm Hg) was about 100 mm Hg.

I'. K. CeigbikoBa!, A. JK. CeiitmypaTos’, A. M. Ber:kan?

"KopxeIT ATa areianars! Kei3euiopaa MeMIIEKETTIK yHUBepeuTeTi, Kpsbpuiopaa, Kazakcran;
20n-Mapabu areiHgarsl Kasak yITTEIK yHHBEPCHTETI, Anmatsl, Kazakcran

TIOKI PA3PSA HEI'IBIHAETT O30HATOPJIAP
KY¥YMbBICBIHBIH TUIMALJIITTH APTTBIPY KOJIJIAPBI

AnHotanus. bepiireH Makangama o30HATOpJapIarbl TOXKIIK pa3psill TOFBIH KYIICHTYAIH OipHEIIe >KOJIaphl
KapacThIPBUIFaH, OJlap O30H OHIMJLUIITIH OJaH opi apTTHIPYFa JKOHE pa3psj MaHAWBIHIAFBl aya KbICBIMBI TOMEH
0OJFaH Ke3/ie 030HAAyIIbl 3JCMEHTTIH HAKThl SHEPTHs MIBIFBIHBIH a3aiiTyra MyMKiHIIK Oepemi. O30HIaymibl 3ie-
MEHTTEp/IE KOJIAHBUIFAH KE3/IET1 OJIAPIbIH MYMKIHIIKTEpi, apTHIKIIBUIBIKTAPHl MEH KEMIILTIKTePi CHITATTaa b,

Aya TemmeparypacsiH 20 °C xamsimtsl gem aneirn, 100 mm.c.0. 6actam 680 MM.c.0. IeiiHTi apaibIKTaFbl KbI-
CBIMMEH OIIIICHTeH Pa3psAATHIK TOKTHIH (1) opTYpili TypaKThl MoHAEpii ymriH kepHeyaiH (U) aya KpIchIMBIHA (P)
TOYETAIIr KeNTipiireH. AJBIHFAH MOTIMETTep OOWBIHINA TOKTHIH MOHIEpPI TYPAKTHI OHE KBICHIM TOMEHIETeH
Karaiaa KepHey/iH KaHIIaJIbIKThl TOMEH/IEreHiMEH SHEPTHsl IIBIFbIHBI COHLIATBIKTBI OCETIHI KOPIHE/I].

Toxneyln MHEAEr! jKoHe TMKICYIII ChIMAapa ©TEeTiH HEri3ri pa3psAThIK mpoiectep TyOereilni epekiieneH-
Ocii/Ti oHEe oJIap JIEKTP OPIiCiHIH KOHPHUTypaIMIChIH/IA )KOHE pa3psATaH 00JaThIH KyaTneH epekiiencHeni. Ocbiran
0aiiIaHBICTBI aya KBICBIMBIHBIH TOKIIK pa3psijl CHUIAaTTaMajapblHA OCEepiH 3ePTTEY VIINIH IKCICPUMEHTAIBI Kapa-
MaABIMIBUIBIKKA U OOJIATHIH KOHE BIHFAMIBI OOJIBIN KEJIETIH AJICKTPOATAP/IbIH KOAKCHAIIBI JKyHeci KOJIIaHbUIIbI,
COHBIMEH KaTap OJ TOKII pa3psiTa 030H alyFa apHAIFaH 030HAYIIbI JJIEMEHT OOJIBIN TaObLIaIbL.

O30HHBIH OHIMIUIINI MEH 3HEPTUSHBIH MCHIIIKTI IIBFBIHAAPBIH, COHAAN-aK KhICHIMHBIH YII TYPJII MOHAEpPL
YIIiH KepHEYJIEp MEH TOKTAPJbIH THICTI MOHJICPiH aHBIKTAHTHIH KECTE JKacalbl, MYH/Ia aya KbICHIMBI TOMCH OOJIFaH
Ke3lle PHEePTUSHBIH MEHIIIKTI IIBIFBIHIAPBIHBIH alTapibIKTail skorapsl mamMaceiH (166 T/kBT-car.) amyra OOnaThIH-
JIBIFBI QaHBIKTAIIBI, MYHBIH 631 CHTIATTaIFaH 030H ajly oMiCiHIH 0acThl apTHIKIIBUIBIFEI OOJBIT TaOBUTAABI. Aya THIFBI3-
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JBIFBIHBIH TOMEHJEYl, €H alIbIMeH, TOKAI pa3psAAThIH OacTankel KepHEYiHIH TOMEHAEYiHe OKeJNeTiHi aHBIKTaJIIbI
’KoHe OyJ1 )Karaiiia BOJbTAMIIEPIIiK CUMaTTaMallapAblH TYPAKTBUIBIFE! AHTApIIbIKTal apTaibl.

Pa3psi TOTBIHBIH KOpLIaraH OPTaHbIH KbICHIMBIHA TOYENIUITIH KOJIJaHy MaKcaThbIHIa pa3ps] MaHabIHIaFbl
KBICBIMHBIH 3JICKTPJIIK K€ OCepIHEH TaOWFH TYpJC TOMEHJICY KYOBUIBICHI 3E€PTTEINi, OChl KE3CHJE HOHIBIK-KOH-
BEKIHSJIBIK COPFBI PeXHMIi OaiiKaibl.

AyaHBIH TeMIlepaTypachl MEH KbICBIMBIHBIH OapiIbIK JHana3OHbIHAA TIXKIIK paspsAATHIH CHUIATTaMallapbl TEK
aya KbICHIMBIHBIH (DYHKIMsUIAphl OOJBINT TAOBUIATHIHBIH KOPCETETIH 3epTTEeyNep HOTHXKeIepl KeaTipiireH. Aya
TEMITEPaTyPaChIHbIH TK/IIK pa3psiika acepi aya THIFBI3IBIFBIHBIH OHBIH TEMIIEpaTypachlHa ToyeJIuIiriven Oipaen
CHIIATTaJIabl.

TokIiK pa3psATHIH TOK KYIIiHE TYCETiH ayaHBIH KbICHIMBI HEMECE OHBIH THIFBI3ABIFEI TOKIIK pPa3psa epiciHiH
OacTanKel KepHEYIIIri apKpUIBl 9cep eTeli, 63 Ke3eTiHae o OepiIreH apaiblKTa paspsa naiga OONyBIHBIH KepHEYiH
anbIkTaiabl. U ToxkipuOenik MOHAEpIH THiCcTi (opmynanapra KOWBIN, TOKACYIIl CHIMHBIH OETIHAEr KepHEeyJiK
ecentenred. Uy monzepin xxorapbl nanaikned (0,1%) emnueren ke3ae, KepHEYIiKTI aHbIKTay OapbIChIHIA TOHKICYIL
CBIMHBIH Y3BIH/IBIFbI OOMBIHIIIA OIpKENKI €MeCTIriHe YIKeH KaTellik eHyl MyMKiH OosareiHabiFbl Oaiikanasl. U0 EO
(opmyiacel OoiibiHIIA aHbIKTaraH Ke3ne (1), Y3bIHIBIK OOMBIHIIIA KOPOHA CHIMBIHBIH Oipkenki OonmaybiHa Oaiiia-
HBICTBI YJIKEH KaTe Maiiia 00iybl MyMKiH. TeMEHIEeTIIreH aya KbICHIMBIHAFbl 030HIAYIIbl 3JIEMEHTTIH IIbIFY Tapa-
MeTpJiepi, SFHU 030HHBIH OHIMALIIT (T / CaF.) )KoHEe SHEPTUSHBIH MEHIIIKTIK IBIFBIHEI (T / KBT.CaFr) aHbIKTaIIbI.

ABTOpJap 030HIAYILIBI IEMEHTIHIH XYMBIC KOJIEMIHEH ayaHbI CODBIN aly 9JICIH >Kacajbl, Oy e3 Ke3erinue
030H/IJIFaH ayaHbIH COPY KOHJIBIPFBICHI apKbUIbI OTETiHIH, HOTW)KECIHE 030H alyAblH THIMAUIITIHIH aifTapibKTai
TOMEHICHUTIHIH Oommkaiapl. by Moceme Toxni paspsa MaHaWbIHIA Taliga OOJATHIH AIIEKTPIIK Kel KOMeTiMeH
HICTITUTE ] YKOHE TOKACYII AIEMEHTTIH alHAIACBIHAAFBl KBICBIMHBIH TOMEH/ICYi aHBIKTAJIHL.

Tyiiin ce3aep: TOKII pa3psia, 030H, 030HATOP, TOKAEYII HHE, OHIMAUTIK, SHEPTHS ITHIFBIHEI.
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IIYTHU TOBBIINEHUS D®PEKTUBHOCTHU PABOTBI O30HATOPOB
HA KOPOHHOM PA3PAIE

AHHoTanus. PaccMOTpeHbl HECKOJIBKO IMyTeH Al yCHUIIEHUS TOKa KOPOHHOT'O pa3psia B 030HATOPax, KOTOphIE
MOT'YT MO3BOJIUTH JONOJHHUTEILHO MOBBICUTH MPOU3BOAUTECIILBHOCTDL IO O30HY U CHU3UTH YACIBbHBIC SHEPro3arparhbl
O30HUPYIOIIETO 3JEMEHTAa IpU MOHMKEHHBIX IABICHUSX BO3IyXa B 30HE paspsaa. OmucaHbl UX BO3MOXKHOCTH,
JIOCTOMHCTBA U HEJOCTATKU NPH NPUMEHEHUH UX B O30HUPYIOIIUX JIEMEHTAX.

ITocTpoeHs! 3aBUCMMOCTH HANpsDKEHUN OT AaBIEHUS BO3AyXa AJIS Pa3INYHBIX MOCTOSHHBIX 3HAUEHUI TOKa
paspsina, I3MEPEHHBIX MPH JaBJICHUIX, HaduHas oT 100 MM pT. CT. BIUIOTH 10 HaBieHHs 680 MM pT. CT., cumTas
TemnepaTypy Bo3zxyxa HopmanbHOH 20 °C. [Tomy4ueHHbIE JaHHBIEC TTOKAa3BIBAIOT, YTO IPU TIOCTOSHCTBE 3HAYCHUH TOKa
U B CJIydae CHIDKCHHUS JIaBIICHHS OKa3bIBAaeTCs, YTO HA CKOJIBKO CHIDKACTCSl BEIWYMHA HANpPsDKCHHS, HA CTOJBKO
MOBBIIIAETCS YHEPIETUUECKHIE 3aTPATHL.

OcHOBHBIE pa3psiAHbIE TPOLIECCH IPU KOPOHUPYIOLIEH UTTIe U IPU KOPOHUPYIOLIEH MPOBOJIOKE NPUHIUITHAIIb-
HO HE OTJIMYAIOTCA U PA3HATCA OHU I10 KOH(l)I/lepaLlI/ll/I QJICKTPHUUCCKOI'O IMOJIA U MO MOLIHOCTH paspsiaa. B cBs3u ¢
9TUM I UCCJICAOBAHUA BJIWAHUA NAaBJICHUA BO34AyXa Ha XapaKTECPHUCTUKU KOPOHHOI'O paspsaia 6]31.]'18. HCIIOJIb30BaHa
KOaKCHaJIbHasl CHCTeMa DJIEKTPOJOB KOTOpas o0JiafaeT HKCICPHUMEHTAJIbHOI IPOCTOTOH M yJOOCTBOM M TaKKe
SIBIIICTCS] O30HUPYIOIIUM 3JIEMEHTOM JJIS IOJIyYEHHs 030Ha B KOPOHHOM pa3psje.

Cocrasnena tabnuna, GuKCHpyroImas NpOU3BOAUTEIBHOCTD 110 030HY U Y/AEIbHBIE SJHEPreTHUECKHE 3aTpaThl, a
TAKXKe COOTBETCTBYIOLINE 3HAUEHMs HANpPsDKEHUHM M TOKOB Ul TPEX JAaBJICHUM, IJie MOXHO yCTaHOBUTh, 4TO IpU
MOHIDKCHHBIX JIaBJICHUSAX BO3JyXa MOXHO IIOJyYHTh IOBOJBHO BBICOKHE 3HAUYEHHs YAEIBbHBIX JHEpPro3arpar
(166 r/xBt-u), 9TO ABNSAETCSA OCHOBHBIM IPEHMYIIECTBOM OMMCAHHOIO CIIOCO0a TONYyYEHHUS 030HA. YCTaHOBICHO,
YTO YMEHBIICHNE TUIOTHOCTH BO3/yXa, B IIEPBYIO OUepeb, BEAET K CHIKEHHIO 3HAUCHUS HAYAJILHOTO HANpPsDKCHUS
KOPOHHOT'0 pa3psijia, IpU4eM KPYTH3HA BOJIbTAMIIEPHBIX XapaKTEPUCTUK IIPHU 3TOM 3aMETHO YBEITUUUBAETCH.

C 1enpI0 UCTIONIB30BAHUS CYLIECTBYIOIIEH 3aBUCHMMOCTH 3HA4YEHHs TOKa paspsja OT IABJICHUS OKPY’KaroLIETO
BO31yXa ObLT ompoOoBaH 3(Q(EKT ecTECTBEHHOIO MOHMKEHHS NABJICHUS B 30HE pa3psiga M3-3a SJIEKTPHYECKOTo
BETpa, KOIr/la HaOJII01aeTCsl PEKUM HOHHO-KOHBEKIIMOHHOTO HAcoca.

[IpuBeneHs! pe3ynbTaThl MCCIEIOBAHUS, NTOKA3bIBAIOIINE, YTO BO BCEM [HANa3oHe TeMIepaTyp M JaBICHUMN
BO3/[yXa XapaKTCPUCTUKU KOPOHHOTO Pa3psaa SBJISIOTCS (PYHKIMSIMH TOJIBKO IIOTHOCTH BO31yXa. BiusHue Temie-
paTypbl BO3[yXa Ha KOPOHHBII pa3psa] ONHCHIBAETCS TOH K€ 3aKOHOMEPHOCTBIO, YTO U 3aBUCHUMOCTb ILUIOTHOCTHU
BO3yXa OT €ro TeMmIeparypsl. /laBieHue BO3AyXa WIM IJIOTHOCTh €r0 Ha BEJIIMYMHY CHIIBI TOKA pa3psiia BIUSET
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Yyepe3 HayalbHYI0 HaNPsHKEHHOCTH I0JI1 KOPOHHOT'O paspsiga, KOTOpas B CBOIO O4epelb, ONPENeNseT HallpshHKeHUe
BO3HUKHOBEHHMS pa3psa B JaHHOM IPOMEXYTKE.

HUcnone3ys skcriepumenTanbabie 3HaueHus: Uy, o ¢popmyiie (1) BbIUMCIEHA HANPSHKEHHOCTh Ha MOBEPXHOCTH
KOpPOHHUpYOIIEro npososaa. OOHapyxeHo, 4To Toraa kak 3HaueHHus Up M3MepsIoTCS JTOCTaTOYHO C BBICOKOH TOY-
Hocthio (0,1%), npu onpenenenun Eog no ¢opmyie (1) MoxeT BHOCHTBCSI OoOJibllasi MOTPEIIHOCTh WU3-32 HEPAaBHO-
MEpPHOCTH JHMaMeTpa KOPOHUPYIOUIETo NpoBoja No uHe. OrpereneHsl BBHIXOIHBIE MapaMeTphl 030HUPYIOLIEro
9JIEMEHTA TIPH MOHIDKEHHBIX JABJICHUSX BO31yXa, K KOTOPHIM OTHOCSTCS IPOU3BOJHUTENIFHOCTH 10 030HY (I/4) M
yZleNnbHbIe SHepreTnieckue 3aTpatsl (1/kBr.a).

ABTopamu pa3paboTaH CHOco0 OTCachIBaHHS BO3IyXa M3 pabouero oObeMa O30HUPYIOIIETO AIIEMEHTa, YTO B
CBOIO OYepelp NPEIIojaraeT IPOXOXICHHE O30HMPOBAHHOIO BO3AyXa 4Yepe3 OTCACBHIBAIOLIEE YCTPOMCTBO, HPH
KOTOPOM B KOHEYHOM HTOT'€, B 3HAYUTEIBHOMN CTEHECHH CHIKaeTcs 3)(HEeKTUBHOCTD TOJIYYCHHUS 030HA.

JaHHas 3ajada pelleHa ¢ MOMOIIBIO HJIEKTPUYECKOTO BETPa, BOSHUKAIOIIETO0 B 30HE KOPOHHOTO paspsaa,
YCTaHOBJICHO MOHIKEHHE JaBJIEHHs BOKPYT KOPOHUPYIOIIETO 3JIeMEHTA.

KnroueBble c10Ba: KOPOHHBIN pa3psi, 030H, 030HATOP, KOPOHUPYIOLIAsl UIJa, IPOU3BOAUTENEHOCTh, SHEPro-
3aTpaTsl.
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