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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 diclectric. 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.
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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 1o [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 )
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where 6 - relative air density, which is defined by the formula:
0,386
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where p - barometric pressure, mmHg, 1" —air temperature, °C; § =1 under atmospheric conditions
adopted for the normal (p =760 mm Hg, T =20°C).

The impact of Eo on the value of corona discharge current can be determined by the initial voltage
Uo (1) onvolt-ampere characteristic of corona discharge, Townsend formula is given as an example [8].
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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 Us, Uc and field intensities of corona Es, Ec depending on pressure
and air temperature. All measurements and calculations are referred to negative corona discharge.

The values 6, 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 Uo. While the values Us
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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 E, 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 Eq 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)

o, mmPl T,°C A Uo, V Fo, kV/em gfm‘;\{a/ = fon[fﬁl’lz(l)
100 245 0,133 1000 75,5 72,5 955
80 245 0,266 1400 105 107 1420
300 245 0,399 1750 132 1323 1755
400 245 0,532 2050 155 156 2065
500 245 0,665 2300 173 176 2330
630 245 0,903 2700 204 209 2770
630 40,0 0,852 2520 190 203 2690
630 60,0 0,801 2460 185 196 2600
630 80.0 0,755 2400 181 189 2510
630 100 0.715 2350 177 183 2423
630 120 0.678 2260 170 178 2360
630 140 0.648 2200 166 173 2290
P, =KI @)

Where Pr — 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 = E , g/kWatt/h ®)]
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 Ppe 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 Pgg.

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
Prr, g/h 0,09 025 0,36 045 0,5
Prc, g/h 0,13 0,24 0,33 0,44 0,53
Psg, g/lkWatt/h 45 40 35 32 29
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As can be seen from the data in table 2, the maximum difference between Prs and P does not exceed
8%, and therefore the determination of Prfor 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.
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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, pA 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 3.5 38
Pec,g/h 10-3 2-103 | 3-103 | 4-1073 1073 2-10°3 | 3-103 | 4-10° 1073 2-10°3 | 3-103 | 4-10°3
Ps, g/kWh 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+Ap.+ ... 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.

Section A
J’- = o :“ .
! i )
6 "f ."} - \"
t )
| | }1
\ 7
\\ V)
s W P 25

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 clectrodes 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
.= 0.2 mm, the diameter of the insulating tube 16 mm, the distance from the tips of the needles to the grid
equal to n= 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 arca, for example, in our case, air pressure reduction relatively to atmospheric
(680 mm Hg) was about 100 mm Hg.
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TIXKAI PASPA HEI'T3IHAEI'T O30HATOPJIAP
K¥MBICBIHBIH THIMALIII'TH APTTBIPY KOJAAPBI

AnHOTamus. bepiareH Makamaza 030HATOPIAPAAFBI THKIAIK Pa3psd TOFBIH KYLICHTYMIH OipHEIIE KOIAaphl
KApacTHIPBUIFAH, OAp O30H OHIMIIMITIH OJAH 9pi apTTHIPYFa >KOHE Pa3psil MaHAHBIHIAFBI aya KbICHIMBI TOMCH
0oxFaH Ke3Ie O30HNAYINBI ICMEHTTIH HAKTHI SHEPTHS INBFBIHBIH a3aHTyFa MYMKIHAIK Oepeni. O30HmayImsl 3ie-
MEHTTEP/EC KOJNAAHBUIFAH KE3CT1 OMapAbIH MYMKIHAIKTEP1, APTHIKIIBIIBIKTAPbI MCH KEMINLTIKTEP] CHIIATTANA IBL.

Aya TemmeparypacsiH 20 °C kamsmtst aem aneim, 100 mm.c.0. factam 680 MM.C.0. ACHIHTI apaibIKTaFsl KbI-
CBIMMCH OJIIICHTCH PA3pSIATHIK TOKTHIH (/) SPTYpIi TYpPakThl MOHZICPIl yImiH kepHeyxaiH (U) aya KpIChIMbIHA (P)
TOVEJIIITI KENTIpiIreH. AIBIHFAH MOJIMETTEp OOWBIHIIA TOKTHIH MOHICPI TYPAKTHI >KOHE KBICBIM TOMCHICTCH
JKaFIaliia KepHEYAiH KAHIIAIBIKTHI TOMEHICTCHIMEH HEPT U IIBIFBIHBI COHIIAIBIKTHI OCCTIHI KOPIHET.

TokaeyIm WHEACTI KOHC TOXIACYIN CBIMIAAPAA OTCTIH HETITI PA3pAATHIK MPOLCCTEP TYOCTCHIN CpPCKIICICH-
OCH/Ii MKOHE 0JIap IICKTP OPICIHIH KOH(PHUTYPALHIACHHIA KOHS PAa3pAATAaH OOTATHIH KyaTHcH epekmeacaeai. OCbran
0alIaHBICTHl aya KBICBIMBIHBIH TOKIIK pa3psaa CHIIATTAMANIAPBIHA OCCPIH 3¢PTTCY VINIH IKCICPHMCHTAIABI Kapa-
MAHBIMABUTBIKKA He OOJIATHIH KOHE BIHFAMIBI OOJBIN KEJIETIH 3ICKTPOATAPABIH KOAKCHAIABI )KYHECI KOJJAHBLIIEL
COHBIMCH KaTap OJ T pa3psaATa 030H ajlyFa apHAIFAH O30HAAYIIBI 3ICMCHT OO0JTBIT TAOBLIABL.

O30HHBIH OHIMAITTI MCH SHCPTHAHBIH MCHINIKTI MIBIFBIHAAPHIH, COHAAW-aK KBICBIMHBIH YIO TYPIi MOHACPI
YIIiH KepHEYJIep MCH TOKTAPABIH THICTI MOHICPIH AHBIKTAWTBIH KECTE KACAIIbI, MYH/IA aya KbICBIMBI TOMECH OOIFaH
KE3/IC SHEPTHSHBIH MCHIIIKTI IIBIFBIHAAPBIHBIH aHTapIbIKTal >KOFaphl mamachH (166 1/kBr-car.) anyra 0601aThIH-
JIBIFBI QHBIKTAJIIBI, MYHBIH 631 CHIIATTAJFaH 030H Ay dAiCiHIH OACTHI APTHIKIIBLUIBFEI OO TAOBUIAABL. AYa THIFBI3-
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JBIFBIHBIH TOMCHACY1, CH AIIBIMEH, TOKAI Pa3PSATHIH OACTANKbl KCPHEYiHIH TOMCHACYIHE OKEJICTIHI AHBIKTAIIbI
JKOHE OYJI ’KaFiaiiia BOITAMIICPIIIK CUIIATTAMATIAP/IBIH, TYPAKTHLUIBIFBI AHTAPIIBIKTAN apTaIbL.

Paspsin TOTBIHBIH KOPIIAFAH OPTAHBIH KBICBIMBIHA TOYCITIMITIH KOJJAHY MAKCATHIHZAA Pa3psax MAaHAWBIHAAFHI
KbICHIMHBIH 3JICKTPIIK >KEII 9CCPIHCH TaOWFH TYPAC TOMEHICY KYOBUIBICHI 3EpPTTENIl, OChI KE3CHIEC HOHIBIK-KOH-
BEKIISUIBIK COPFBI PEKIMI OaHKAIIbL.

AyaHbIH TeMIepaTypachl MCH KbICBIMBIHBIH OapIIbIK JUANAZ0HBIHAA TIKIIK PA3PAATHIH CHIIATTAMATAPHI TEK
aya KbICHIMBIHBIH (DYHKOWSUTIAPBI OOMBIT TAOBUIATBIHBIH KOPCETCTIH 3EPTTEYJCP HOTIDKENEpl KearipiareH. Aya
TEMIIEPATY PACHIHBIH TOXIIK Pa3psIka dcepi aya THIFbI3ABIFBIHBIH OHBIH TEMIIEPATyPACchIHA TOYEIAUITIMEH Oipach
CHIIATTANATbL.

Tokmik pa3psiATHIH TOK KYIIIHE TYCETiH ayaHBIH KbICHIMbI HEMECE OHBIH THIFBI3ABIFBI TOKAIK PA3psiI epPICiHIH
GacTanKpl KEPHEYJIr apKBUIBI 9CEpP €TeAl, 63 KE3eTriHae 0JI OCPLITeH apanbIkTa Pas3psx maina OOy BIHBIH KEPHEYIH
anbIkTadapl. Uy TOKIpHOETIK MOHACPIH THICTI (opMynamapra KOWBIN, THKACYINI CHIMHBIH OCTIHIACTI KEPHEYIIK
ecenrenreH. Uy MoHAEPIH skoFapsl mommikneH (0,1%) emmereH ke3ae, KEPHEYIIKTI aHBIKTAy OapbICBIHAA TOXIACY I
CBIMHBIH Y3bIHIBIFBI OOMBIHIIA OipKEJIKI €MECTITIHE YJIKEH KAaTeIiK €Hyl MYMKiH OomaTsIHABFHI Oatikamapl. U0 EO
(opMymacel OOWBIHINA aHBIKTaraH Ke3ae (1), y3bIHABIK OOMBIHIIA KOPOHA CHIMBIHBIH OipKenKi OomMaybIHA Oaiia-
HBICTHI YJKCH KaTe Maiaa 001ysl MyMKiH. TOMEHICTINTCH aya KBICBIMBIHAAFBI O30HIAYIIbI 3JICMEHTTIH IIBIFY I1apa-
MCTPIICPi, AFHU O30HHBIH OHIMALTITI (T / CaF.) 'KOHC HCPTHAHBIH MCHINIKTIK INBIFRIHEI (T / KBT.CaF) aHBIKTAJIIBL

ABTOpIap 030HJAYINBI 3ICMEHTIHIH KYMBIC KOJEMIHCH ayaHbI COPBIN aly OMICiH >kacambl, OYJ1 63 Ke3erinae
O30HIAJFAH aYaHBIH COPY KOHIBIPFHICH APKBLIBI OTCTIHIH, HOTI)KCCIHAC O30H AIyIbIH THIMILTITIHIH adTapapIKTai
TOMCHACHTIHIH Oo/pKaiasl. Bya Mocene Toxmi paspsa MaHAWBIHAA Haiaa OONMATHIH 3JICKTPIIK KEJT KOMCTiMCH
IICTHTCAL JKOHE TOKACY I JIICMCHTTIH AHHATACHHIAFH KBICBIMHBIH TOMCH/ICY1 AHBIKTAJITBL.

Tyiiin co3aep: TOXIL pa3psaa, 030H, 030HATOP, TOKACYINI HHE, OHIMALTIK, JHCPTHS IIBIFBIHBL
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IIYTH NOBBIIIEHUA 3OPEKTUBHOCTH PABOTHI O30HATOPOB
HA KOPOHHOM PA3PAJE

AnHOTAmms1. PaccMOTPEHBI HECKOJIBKO MyTeH I YCHICHH TOKA KOPOHHOTO Pa3psia B 030HATOPAX, KOTOPHIC
MOTYT TO3BOJUTH JOTIOTHUTEIGHO ITOBBICHT MPOU3BOAUTEIFHOCTD MO 030HY M CHH3HTH yACIBHBIC SHEPTO3aTpaThl
O30HHPYIOIIETO 3JCMEHTA MPH MOHIPKCHHBIX JABJICHHAX BO3AyXa B 30HE pa3paga. OmmcaHbl WX BO3MOKHOCTH,
JOCTOMHCTBA W HETOCTATKY IIPH IIPUMCHCHUH MX B 030HUPYIOMINX JIICMEHTAX.

[TocTpoeHBI 3aBUCHMOCTH HANPSDKCHUH OT JABJICHHA BO3AyXa AMS PA3IHYHBIX MOCTOSHHBIX 3HAYCHUHA TOKA
paspsaa, U3MEPEHHBIX NPU JABACHUAX, HAuWHAA OT 100 MM PT. CT. BIUIOTh JO AaBJcHHUS 680 MM PT. CT., CUMTas
TeMmepaTypy Bo3ayxa HopMaapHOH 20 °C. [ToMyueHHBIC JAHHBIC TOKA3BIBAIOT, YTO MPH MOCTOSHCTBE 3HAUCHHH TOKA
W B CIy4Yac CHIDKCHHS JABJICHHSA OKA3bIBACTCSA, YTO HA CKOJBKO CHIDKACTCS! BEIMYHMHA HANPSDKCHHS, HA CTOJBKO
TIOBBIIIACTCS YHEPTETHICCKHIE 3aTPATHL

OCHOBHBIC pa3psSAHBIC MPOLECCHI PH KOPOHHUPYIOIICH HIJIC M IPH KOPOHUPYIOMCH MPOBOJIOKE MPHHIUITHAITb-
HO HE OTJIHMYAIOTCS M PA3HATCS OHH MO KOH(PHTYPAIHH 3ICKTPHUCCKOTO MO M IO MOIIHOCTH pa3psiza. B cessu
STHM I MCCIICTOBAHUS BIFSHUS JABICHHS BO3IyXa HA XapaKTCPUCTUKH KOPOHHOTO pa3psiga ObLia WCIOJIb30BAHA
KOAKCHATGHAS CHCTCMA 3JICKTPOJOB KOTOPAad 007aJacT SKCICPHMCHTANBHOH MPOCTOTOH W YAOOCTBOM H TAKKS
SIBILICTCSI O30HUPYIOIIAM 3JIEMEHTOM IS ITOJIyYCHUS 030HA B KOPOHHOM Pa3psiae.

CocrasneHa Tabmmna, PUKCHPYIOMAs MPOU3BOAUTEIBHOCTD IO O30HY H VCIbHBIC YJHEPIETHUCCKIE 3aTPATHI, a
TaKXe COOTBETCTBYIOIIWEC 3HAUCHMS HANPSLKCHWH M TOKOB JUIL TPEX JABJICHHH, TAC MOKHO YCTAHOBHTH, YTO TIPH
TIOHIDKCHHBIX JTABJICHHUAX BO3AYyXa MOYKHO IIOJIYYUTH JOBOJBHO BBICOKHE 3HAUCHUS YACTBHBIX 3HEPro3arpar
(166 1/xBT'4), 4TO ABIACTCA OCHOBHBIM NMPCHMYINCCTBOM OIHCAHHOTO CHMOCO0A MOIYUCHHS O30HA. YCTAHOBICHO,
YTO YMCHBIICHHE IUIOTHOCTH BO3AYXa, B IIEPBYIO OUEpPEb, BEICT K CHIDKCHHIO 3HAUCHUSA HAYATbHOTO HAIPSLKEHUS
KOPOHHOTO Pa3psaa, MPHIEM KPYTH3HA BOJBTAMIICPHBIX XaPAKTEPUCTHK IIPH 3TOM 3aMETHO Y BETMUHBACTCSL.

C 1enpr0 MCTIOTB30BAHMS CYIIECCTBYIOICH 3aBUCHMOCTH 3HAYCHUS TOKA Pa3psiga OT JABICHUS OKPYSKAFOIIETO
BO31yXa ObLT OmpoOOBaH 3(P(EKT eCTECTBEHHOTO IOHIDKCHHS JABJICHHS B 30HE pa3psga M3-3a 3JICKTPHYECKOTO
BETPA, KOT1a HAOIFOIACTCS PEKUM HOHHO-KOHBEKIIHOHHOTO HACOCA.

[TpuBeacHBI pe3yabTaThl MCCICIOBAHMS, IMOKA3BIBAIOINKEC, YTO BO BCEM JMANA30HE TEMIICPATYP W JABJICHUH
BO3/IyXa XapaKTCPUCTUKH KOPOHHOTO pa3psaa ABILIOTCS ()YHKIMSIMH TOJBKO IUIOTHOCTH BO3ayXa. BimsiHue Temie-
patypsl BO3AyXa HA KOPOHHBIN Pa3ps OMMCHIBACTCSA TOH K€ 3aKOHOMEPHOCTBIO, YTO M 3aBHCHMOCTH IUIOTHOCTH
BO3/IyXa OT €r0 TeMmIeparypsl JlaBieHwe BO3myXa WM IUIOTHOCTh €TO HA BEIMYHHY CHIBI TOKA Pa3paaa BIWSCT
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yepe3 HAaYaIbHYI0 HAIPSHKEHHOCTH IOJIST KOPOHHOTO Paspsaa, KOTOPas B CBOKO OYEPEdb, ONMPEACIIICT HANPSDKCHHUC
BO3HHKHOBEHHS Pa3psiga B JAHHOM MPOMEKYTKE.

Hcnonn3ys sxcnepumenTtanbHbie 3HaUeHH Uo, o opmyne (1) BeMMCICHa HANPSHKCHHOCTh HA MOBEPXHOCTH
KOPOHHUPYIOIIEro mposoaa. OOHApY;KEHO, UTO TOTAA Kak 3HaueHHsS Uo H3MEPSIFOTCSA JOCTATOYHO C BBICOKOH TOY-
HOCTEIO (0,1%), mpu onpeaencuun Eo mo dopmyne (1) MOKET BHOCHTHCS OO0IBINAA MOTPCITHOCTh M3-32 HCPABHO-
MEPHOCTH JHAMETPAa KOPOHHPYIOWIECTO MpoBoaa mo jymmHe. OnpenenacHbl BBHIXOAHBIC MApaMETPhI 030HUPYIOMIECTO
3EMEHTA TIPU NMOHWKCHHBIX JABICHUAX BO3MyXa, K KOTOPBHIM OTHOCSTCSI MPOM3BOAMTEIBHOCTD IO O30HY (I/4) M
VACTBHBIC JHCPTCTHUCCKHE 3aTPaThI (T/KBT. ).

ABropamu pa3padoTaH CHOCO0 OTCACBIBAHHS BO3AyXa W3 PadOUero 00beMa O30HHPYIOMICTO JICMCHTA, YTO B
CBOIO OYEpe]b IMPEATIONATACT MPOXOKACHHC O30HHPOBAHHOTO BO3AYXa UEPE3 OTCACHIBAIOMICE YCTPOWCTBO, TPH
KOTOPOM B KOHCUHOM HTOTE, B 3HAUMTCILHOMN CTEIICHH CHIDKACTCS 3(P(EKTHBHOCTD MOy YCHHS 030HA.

JlaHHas 337a4Ua PEmICHA C MOMOINBEO JNICKTPHYUECKOTO BETPA, BOZHHKAIOUICTO B 30HE KOPOHHOTO paspsaa, u
VCTAHOBJICHO MOHIDKCHUC JABICHUS BOKPYT KOPOHHPYFOIIETO JIICMCHTA.

KimoueBbie c10Ba: KOPOHHBIN Pa3psiz, 030H, O30HATOP, KOPOHHUPYOIIAS UIJA, MPOM3BOAUTECILHOCTD, JHEPTO-
3aTpPaThL.
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