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W KARP-AS 52-0047

ELECTRICAL CONDUCTIVITY OF GASES AT HIGH TEMPERATURES AND DENSITIES

A.S5.Karpenko, A.M.Markevich, and Yu.N.Ryabinin

Q

zhurnal experimental 'noi igteoreticheskmi fiziki, Vol. 23, No. 4 (10),

pp. 468-476, 1952,

An investigation has been made of the electrical conductivity
of gases when compressed adiabati%ally to ultrahigh pressures
and thus heated to high temperatures. The electrical conduct-
ivity of air has been investigated as a function of pressure

and

when compressed to values from 900 to 9000 kg/:ii,jiechnical
grade nitrogen -- from 1800 to 6300 kg/cmz,xtec

ical grade argon
-— from 300 to 5600 kg/cmz. The electrical conductivity of
adiabatically compressed air is ohmic in character. During

the compression of argon and air, fluctuations in the electrical
conductivity were observed, associated with pressure fluctuations.
The experimental data have been compared with the theory. It

is shown that the basic cause of the electrical conduction in
these conditions is the ionization of the nitrous oxide formed

as a result of chemical reaction.

Introduction:

The pgbperties of gases at large density and high temperature hax®

not hitherto been investigated in detail. One of the physical character-

2
istics of the state of a substance in these conditions is its electrical

conductivity. It may be supposed that the increase in the density of

a gas will appreciably influence its degree of ionization at high temper-

ature, and therefore, also its electrical conductivity.

To obtain temperatures of thé order of several thousands of degrees

in a gas at high density (at pressures of the order of several thousands

of kg/cmz) by the use of static methods of compression is very difficult.
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However, these conditions may be obtained by a dynamic method du;ing
an adiabatic compression of the gas, giving then a temperature increase
simul taneous with the increase of density of the gas.

The present paper is devoted to the study of the electrical con-
ductivity of gases under strong adiabatic compression.

The Experimental Method:

The investigation was carried out on a special equipment /1/,
allowing adiabatic compression of a gas to pressures of the order of
10000 kg/cmz. A schematic of the equipment is shown in Fig.l. The
test gas, located in the barrel of the equipment, is confined on one
side (right in the Fig.) by a damper with electrical leads, and on
the other side (the left)-- by a piston. At the time of the test a
pressure of several tens of kg/cmzis created behind the piston, by
admitting gas through a vaive from the receiver, causing the piston to
move to the right and compress the test gas ahead of it. Within

limits, the degree of compression is proportional to the original press-

ure in the receiver. The same gas was used in the receiver as in the
barrel, so that the test gas could not be changed by possible leakage
between the barrel wall and the piston.

Two kinds of electrodes were used to measure the electrical conduct-
ivity of the compressed gas. One consisted of a central platinum rod
with glass insulation, the construction of which is clear from Fig.l.

The second had an annular groove in a plexiglass and mica insulator,
a cross section being shown also in Fig.l. This electrical probe
proved to be fully reliable in practice, and the basic measurements

were performed with it.

Fig.l. Schematic of the adiabatic equipment: 1) barrel; 2) piston

with crushable manometer; 3) supply valve and receiver; 4) bogtle

of compressed gas; 5) trigger electromagnet; 6) sealing of the barrel;




-3=

7) and 8) valves for filling the barrel with the test gas; 9) electrical

leads (first variant ) x@}59a) electrical leads (second variant).

The scheme for measurement of the electrical current is shown in
Fig.1l. The circuit of the electrical leads is completed through the
resistances r and R and the constant current battery E, so that an elect-
rical current appears in the circuit when conduction occurs in the gas
during the test, creating a potential difference across the resistances
of amount determined ky¥xkx by the parameters of the circuit. The
potentials were recorded with the aid of a double-beam cathode ray ogrpill
oscope with a driven sweep. The second beam was used to display
oscillations of a 3G-2 sound generator with frequency 10000 ¢c/s as a

time scale.

Fig.2. Oscillogram of the variation of electrical conduction in com-

pressed air, the maximum pressure being 4400 kg/cm2.

One of the oscillograms obtained in shown in Fig. 2, the x axis
being time and the y axis the voltage Vr' The lower photograph is
a sinusoid of frequency 10000 c¢/s. The horizongél lines at the top and
bottom are calibration markers. The curve is the variation of the
electrical conduction of air under adiabatic compression (followed by
expansion) to a maximum pressure of 4400 kg/cmz. The left part of the
curve, up to the maximum, corregponds to the pressure increase, and
records an increase of conductivity, while the right part, after the
maximum, corresponds to the fall in pressure, and shows decreasing con-
duction. The maximum value of the el%ctrical conduction corresponds to
the maximum pressure of the compressed air. From this kind of oscillo-
gram, knowing the parameters of the electrical circuit and the dimensions

A
of the etectrodes, it was not difficult to find the specific resistivity
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of the gas at the maximum pressure of compression. The measurements
were made for various degrees of compression.

It was demonstrated by individual experiments that an electrical
current passes through the gas during the adiabatic compression, and
not along the surface of the electrode insulatﬁ}on, i.e. that the con-
duction is volume conduction.

For air we obtained experimental data in the range from 900 to
9000 kg/cm2 of maximum compressive pressure. The specific resistance
of the gas was then 1.3 x 108 to 1.1 x 105 ohm.cm, with air density
from 0.18 ?o 0.88 g/cm3. The temperature of the compressed gas in
these conditions varied from about 1700 to %800 °x. The results obtained
are shown in Table 1, and also graphically in Fig.3, where the x axis
gives the maximum pressure of compression, and the y axis -- the specifiec
resistivity of the air. In a separate series of tests, the voltage on
the electrode was varied over wide limits -- from 30 to 17800 V/cm.

6 to 3 x 1073 A, and the

The circuit current then varied from 6 x 10~
current density in the compressed air -- from 0.008 to 4.0 mA/cmz.
These tests showed that the resistance of a compressed gas is ohmic in

nature.

Table 13 Specific Resistivity of Adiabatically Compressed Air.

Later tests were performed with nitrogen; the technical grade of
nitrogen used contained 99.5 % nitrogen and 0.5 % oxygen. The exper-
imental technique and all the other conditions of the tests were the
same as in the tests with air. These tests showed that nitrogen also
becomes electrically conducting as the pressure increases; the nature
of the variation of the elgctrical conduction during compression proved

to %h the same as for air. We note that, as in the case ﬁ%@'of air,




5

the curves obtained in the oscillograms are somewharp asymmetrical --
the conductivity chenges more rapidly during the compression than during

the expansion.

Fig.3. Dependence of the specific resistivity RO o: adiabatically com-

pressed air on the pressure: p = 900-9000 kg/cm2; Ro= 133-0.11 Megohm.cm.

Fig.4. Dependence of the specific resistivity RO of adiabatically com- |

pressed technical grade nitrogen on the pressdge: p = 1800-6300 kg/cmg;
Ro= 32.8-0.53 Megohm.cm .

The experiments with nitrogen spanned the pressure range 1800-6300

7 50 9.3 X 105

kg/cmz, the specific resistance then ranging from 3.3 x 10
ohm.cm, at nitrogen gensity from 0.24 to 0.56 g/cm3. The circuit current
varied from 2.3 x 1072 to 1.1 x 1073 A, the current density in the com-
pressed nitrogen being from 0.03 to 15 mA/cm2 . The results obtained

are shown in Taﬂke 2, and graphically in Fig.4, where the maximum com-

pression pressure is shown on the x axis, and the specific resistivity

of nitrogen as the y axis.

Table 2. Specific Resistivity of Adiabatically Compressed Technical

Grade Nitrogen.

The last series of measurements investigated the electrical conduct-
ion of argon, technical argon being used, of composition 87.6 % argon,

12.0 % nitrogen, and 0.4 % oxygen. The technicue was as before.
In contrast with the curves of electrical conductivity of air and
nitrogen, those for argon do not exhibit a%noticeable asymmetry. More-

over, superimposed on the basic curve reflecting the variation of the
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electrical conductivity with variation of pressure of the compressed gas,
there are high frequency oscillations in the argon case. It was found
that the frequency of these oscillations increases with increase of the
gas pressure, being 8 x 104 ¢/s at a pressure of 550 kg/cmz, 13 x 104c/s
at 1300 kg/cmz, and 16 x 104 ¢/s at 3200 kg/cmz. The amplitude of
the oscillations also increases with increase of pressure. One of the
oscillograms obtained in this series of experiments is shown in Fig.5,
where the argon was subjected to B compression to a maximum pressure of

1300 kg/cm2. The x axis shows time, and the y axis -- the voltage Vr‘

Fig.5. Oscillogram showing the variation of the electrical conductivity
in compression of technical grade argon, the maximum pressure being 1300

kg/cmz.

The electrical conductivity of argon was studied in the pressure
range 300 to 5600 kg/cmz; the specific resistance varied in these tests

from 3.2 x 106 to 170 ohm.cm, the circuit current ranging from 2.3 ® 10~

4
to 0.23 A, and the current density in the compressed argon from 0.3 to
300 mA/cmz. The results obtained are shown in Table 3, and presented
graphically in Fig.6, where the maximum compression pressure is the y
axis and the specific resistance of argon -- the x axis. Because the
range of specific resistance values is so great, the test data are shown
in two curves spanning different pressure ranges, the two graphs being
complimentary.

In order to elﬁbidate the nature of the oscillations of electrié%l
conductivity observed to be excited in the argon work, we carried out
additional experiments in which it was establiched that when the compres-

ion time was reduced by roughly a factor of two (achieved by reducing the

weight of the?piston), similar oscillations of about ecual frequency
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were also ekcited with air. Hence it was concluded that these oscill-
ations are not electrical in nature, and that they result from secondary
phenomena excited in the process of compression of the gas during

motion of the piston. This conclusion was 8onfirmed by special tests
in which a study was made of the manner in which the pressure built up
during compression of the gas. The sensor was a high pressure piezo-
electric quartz crystal, mounted in place of the electrical probe.

The tests showed that during the compression process in the gases,
pressure oscillations arise that have the same frequency as the above
oscillations of electrical conductivity, ghe magnitude of the oscillat-
ions depending upon the compression conditions. At low rates of com-
pression the oscillations are small and are noticeable only in the argon.
With increased rate of compression the amplitude increases, and the

pressure oscillations become noticeable also in work with air.

Fig.6. Dependence of the specific resistance R, of adiabatically com-

0
pressed technical grade argon on the pressure. a) pressure is 300-960
kg/cm2; Ry= 3200-20 kilohm.cm; b) pressure is 1080-5600 kg/cmz;

Ro= 27500-170 ohm.cm .

Table 3. Specific Rgsistance of Adiabatically Compressed Technical

Grade Argon.

Discussion:

It has been established experimentally that under strong compression
of both air and technical grade argon, electrical conduction arises,
undoubtedly resulting from thermal ionization of these gases. One
naturally asks which gas molecul8s are ionized in the main under these
conditions. It is our opinion that in the given conditions the gas

ionized is not oxygen}nor nitrogen, but nitrous oxide, which is formed

e R R e L Rty SR
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in the mixture of oxygen and nitrogen at high temperatures. 0f course,

ionization of molecules of oxygen and of nitrogen also occurs in mixtures

like these, but, because the ionization potential of nitrous oxide (9.5 eV)

is consi&ﬂgably less that that of nitrogen (15.8 eV) and of oxygen (12.5
ég), it is nitrous oxide that will be mainly ionized. For these reasons

the concentration of electrons formed from molecules of nitrous oxide

will be appreciably greater than that from molecules of oxygen or nitrogen,

even in spite of the fact that the concentration of nitrous oxide in

the nitrogen-oxygen mixture may itself be quite small. We note that in
the tests with teé?ical grade nitregen, the latter contains 0.5 % of
oxygen as an impurity, which must lead to the formation of a certain
amount of nitrous oxide at a high temperature.

The asymmetry noted above in the variation of conductivity with
time, observed in the process of compression and expansion of both air
and technical grade nitrogen, evidently occurs because the conductivity
of the gas under the given conditions depends to a considerable extent
on the concentration of nitrous oxide in the compressed gas. Becauce
the formation (and decomposition) of nitrous oxide from oxygen and nitr-

occurs at a rate
ogen j?;determined by the temperature and the kinetics of the given chem-
ical reaction, the concentration of the nitrous oxide formed does not
always, and does not immediately attain an equilibrium value. It is
known from kinetics relationships that the lower the temperature of B the
gas, the slower is the formation of nitrous oxide. Thereforeﬁg% the
start of the compression the concentration of nitrogen must dep;rt from
the equilibrium concentration corresponding to the current temperature
of the compressed gas. This deviation must decrease with further com-

pression, and at high temperature, when close to maximum compression,

the concentration may approximate to equilibrium. During the expansion

the process will go the other way. At first the concentration of
then
oxides of nitrogen will be close to equilibrium, andhwill even exceed
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it, when freezing of the reaction products sets in. In this event the
reduction of the gas conduction during the expansion will be determined
only by the temperature drop in the gas and byc%ﬁ£j8898ﬁi%§tion. This
circumstance is apparently the cause of the asymmetry of the conductivity
during the compression and expansion of air and nitrogen.

It was of‘interest to compare our experimentally measured values
of specific resistance of thermally ionized gases at high temperatures
aﬁhipressures with the values calculated from the theory of thermal ion-
ization of gases /2/. Using the latter, we may write the following
expression for the electron concentration:

(1)
where T is the temperature, Pg the pressure, V the ﬁﬁg ionization pot-
ential of the gas, € the degree of compression of the gas, and ¢ -- the
percentage concentration of the ionized gas.

Using the theory of the mobility of electrons in a gas, we may
write an expression for the dependence of the specific resistance RO
(in ohm.cm) on the electron concentration Ne, the temperature T, and
the degree of compression € :

(2)

The results of calculation of electron concentration and specific
resistance of thermally ionized gases according to (1) and (2) showed
how strongly the specific resistance of 4 gas varies, under the same
conditions of compression and of temperature, depending on which gas
is mainly ionized. For example, the presgence of a small number of
molecules of nitrous oxide in nitrogen is sufficient to reduce the

4 .6

t
resistance in a given pressure range by a factor of 10'-10". Hence i€

follows also that it was exactly because of the presence of oxides of

nitrogen in the nﬁ%rogen and air investigated that we were able to

observe and study the conduction. If it were otherwise, the electrical

conductivity due to thermally ionized molecules of nitrogen and oxygen
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would be so small that it would be very difficult to measure it in the
conditions of our experiments.

Using the experimentally measured values of specific resistance
and degree of compression, we calculated the concentrations of free
electrons in the gas. The temperature was calculated under the assump-
tion that the gas was ideal, which does not correspond to reality for
air and nitrogen, but, taking into account that the deviation from the
ideal state in these conditions is not too large, and that the temper-
ature stands under a square root, the error in this assumption may not
be especially large.

Calculations carried out using the data obtained in the tests with
air showed thatﬁin the limits of the pressure applied,the concentration
of free electrons in the gas kaxx¥xXwEx ranges from 9 x lO8 to 1013 per

3 calculated dependence of the :
cm” . The graphs of Fig.7 show the rxEzmXizxsfxEakXrrxiaiimgxikexspecific
resistance of adiabatically compressed air on the pressure, assuming
that the nitrous oxide formed during the compression is ionized.
Curve 1 is calculated on the assumption that the ionization potential of
the gas is 9.5 V, and Curve 2 -- 7.0 V. The experimental values are
shown by circles, and are less than those calculated (for air with
nitrous oxide) with an ionization potential of 9.5 V. This confirms
the above-mentioned supposition that it is mainly the nitrous oxide,
formed in the air during the compression,that is ionized, and not the
nitrogen,nor the oxygen, since then the specific resistance of the gas
would be several orders greater than that found experimentally. It also
follows from the calculation that the ionization potential @f the gas,
in the conditions prevailing in the tests proved to&%ven less than 9.5 V.
The experimental curve for pressures of 1000-2000 kg/cm2 lies close to

the theoretical curve for an ionization potential of 7.0 V. For larger

pressures the experimental curve lies between Curves 1 and 2. It
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should be noted that Curves 1 and 2 were computed on the assumption that
the compressed air behaves like an ideal gas. However, in reality this
is not so -- the higher is the pressure (density) of the air, the more
the gas deviates from the ideal state, and so the lower will its temper-
ature be, relatively, in an adiabatic compression. Therefore, the
values of specific resistance calculated for real air must be larger
than for the corresponding ideal gas, the deviation increasing with
increase of the compression pressure. Thus, the curve of dependence £
of specific resistance on pressure must lie above that for an ideal gas.
Because the equation of state for air in these conditions is not known,
it is not possible to calculate the influence of the departure from the
ideal state. It follows, however, from gualitative considerations, that
the curve, calculated, for example, for 9.5 V, must rige like the dotted
Curve 3 in Fig.7 (drawn arbitrarily).

Thus the experimentally measured values of specific resistance lie
closquz the cur%e calculated for an ionization potential of 7.0 V, than
to that for 9.5 V. From this it may be concluded that the ionization
potential decreases in a gas at high g density.

From the experimental data obtained in the tests with technical
grade nitrogen, it was calculated that in the compression pressure range
used, the concentration of free electrons in the gas ranged from 7 x 109

12 3 values
to 10 per cm-. Comparison of the experimentally measured,of the

A
specific resistance of technical grade nitrogen with those calculated
showed that in these experiments, as in the case of air, a fall in pzk*
ErRXInXx®f ionization potential of the gas took pdace.
What is the reason for the drop in ionization potential in the
strongly compressed gas (air and nitrogen)?’ The action of the electric

£i¥1d on the atom being ionized may lead to a drop in ionization potential.

ﬁ strong electric field proves to have an influence on the bond of the
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electron on an atom, resulting in the ionization potential becoming
less than in the insulated atom. In that case the electron must be
removed, for ionization, not to an infinite distance, but only to such
e equalled

a distanc e that the figld of the ion will be xzmpErsziedxfasxr by the
external electric field. Therefore, the work that must be done in
separating the electyon from the atomg will be less in the presence of
the surrounéing field. It is as if the external field cuts off the
higher electronic levels, thus lowering the ionization potential.
What kind of electric fields may have an influence on the atom‘z In
an ionized gas the electrons and the ions constitute micro-poles,
which may reach considerable values when the concentration of the latter
is large. In a neutral gas, the electric fields of molecules of the
gas may act on the atom being ionized.

From the tentative calculations carried out, it follows that the
micro-poles existing in the air under our conditions of compression
are created mainly by the electric fields of neutral molecules. Under
large compression of the gas, these micro-poles have values so large
that they may cause very substantial decgease in the ionization pot-
ential of atoms in the molecule. It is very difficult to make an
accurate calculation of the influence of electric fields in a dense
ionized gas on the ioni%ation potential. A very crude estimate of this
may be made by calculating the increase in the dielectric constant of

of this kind,

a gas with increase of its density. A cac uationhcarried out for air
containing nitrous oxidey compressed adiabatically to a2 pressure of
9000 kg/cm2, shows that the ionization potential may be lowered by 2.9 V.

The foregoing considerations, while not claiming to be either
complete or accurate, dog give an idea of the causes and the magnitude

of the possible decrease in ionization potential in a dense ionized gas.

From the experimental data obtained in the tests with technical grade

argon, the concentration of free electrons in the gas was calculated.
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In our range of compression pressure, it varied from 10

per cm3. The dependence of the specific resistance of the gas on the

to” 3 xJ0

pressure during the adiabatic compression is shown graphically in PFig.8,
the experimental points being shown as circles. Aﬁ%o shown are the
values calculated from formulas (1) and (2). Curve 1 was calculated
for technical grade argon for which the ionization potential is 15.7 V,

while Curve 2 related to the same gas, under the assumption that during

the compression nitrous oxide is formed, and the ionization potential
18 9.5 ¥ It is clear from the figure that Curve 2 coincides with the
experimental curve at the low pressures, but deviates 32 the high res-

istance side with increasing pressure. Curve 1 lies above the exper-

imental curve, and draws closer to it as the pressure increases. Hence
the conclusion may be drawn that in this gas it is mainly the nitrous

the impurities
oxide, apparently, formed from oxygen and nitrogenAéuring the compression
of the technical grade argon, that is ionized. No drop in ionization
potential is observed here; it is evident that a drop of the above kind
cannot occur, since the concentration of electrons in the gas is not
especially great, the gas density is small?i%he argonx atoms have the
inert gas filled electronic shell, and so the micro-poles cannot be

particularly large in this gas.

r
Fig.8. Specific Resistance of thermally ionized technical grade argon

during the ddiabatic compression.

Why is it that, as the compression increases, Curve 1 draws closer,
and Curve 2 further away, from the curve constructed from the experim-
ental data ? It may be presumed that the cause of this is thermal dis-

sociation of the nitrous oxide molecules. The latter are formed in fhe

gas from chemical reaction between the molecules of nitrogen and oxygen

in the initial stages of the compression, at temperatures that are
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relatively low. With further compression -- above 1000 kg/cmz, when

the gas temperature starts to exceed 4000 oK, a noticeable dissociation

of the nitrous oxide molecules into nétrogen and oxygen atoms commenges-
When the compression reaches pressures of the order of 5000 kg/cmz, when
the temperature of the given gas reaches 6000-8000 0K, the degree of dis-
sociation of the nitrous oxide becomes very great, leading to a2 consid-
erable reduction of the number of molecules of nitrous oxide in the com-
pressed gas. Thus the dissociation of the nitrous oxide XEzE=Exim results
in there being mainly ionization, not of molecules with ionization pot-
ential 9.5 V, but of molecules with considerably smaller ionization pot-
ential. This explains why the experimental curve draws closer to Curve 1
as the pressure increases. We note that Curve 2 was computed without
allowance for dissociation of nitrous oxide at high temperatures. % 4
this dissociation is allowed for, then, starting at pressures of 1000

2, the calculated curve must lie above Curve 2, and the amount that

kg/cm

it is above must increase with increasing pressure; at some pressure

this curve must run into Curve 1. !
Finally, we note that the calculations presented here are tentative,

serving only to estimate the gquantities concerned, and we cannot there-

fore claim that they are rigorous nor exact.

The Institute of Chemical Physics Received 29 April 1952.
of the Academy of Sciences of the USSR.
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' S JJEKTPOIPOBOJAHOCTb I'A30B IIPU BHICOKUX TEMIIEPATYPAX !
i | N MJIOTHOCTSAX ,
. A. C. Kapnenrxo, A. M. Mapresuw u [O. H. Pabunun 3
l!v
HccrenoBana SneKTPONMPOBOAHOCTH Ias30B, CHATHIX aAHabaTHUECKH KO CBEPXBBICOKHX
JaBJEHWH W HarpeTbiX NMPH STOM A0 BHICOKHX TEMMepaTyp. DJIEKTPONPOBOHOCTH BO3AyXa
HCC/E/0BAHA B 3aBHCHMOCTH OT AaBieHua MpH cxaiuax ot 900 go 900C kr/cm?, Texuuye-.
<ckoro asota ot 18,0 no 6300 xr/cm? Texumueckoro aprowa ot 300 xo 5600 kr/cm®. Diex-
TPONPOBOAHOCTL aiHabaTHYECKH CHATOTO BO3AYXa MMEET OMHYECKWi XapakTep. [lpu cia-
‘ H THH aproHa W BO3AyXa oOHAPYKEHb KoJeGaHHR SACKTPONPOBOAHOCTH, CBASAHHBIE € KoJe-
GannsMH NaBJeHHs. DKCIEPHMEHTAIbHbIE - JAHHBIE COMOCTABAEHbI C pacueTHbiMH. [TOKa3saHo
YTO OCHOBHOH ﬂpH‘IHHOﬁ SJIEKTPONPOBONHOCTH B STHX YCJHOBHUSX SIBASETCHA MOHHU3ANUS OKHCH .
asoTa, 06pasyxomeﬁcn B pesyabTare XHMHYECKOH pe€aKnuu,
Beenenue
I
€ 2 Riiong CaojicTBa ra3os npa GosbhiMX MJIOTHOCTAX M BHICOKHX TeMIepaTypax
: EAE - JleTaqbHO eule He uccaenoBaHbl. OaHOM M3 (HU3HYECKHX XapaKTe|'MCTHK
: § i I L COCTOSIHMA BEUIECTBA B MOAOOHBLIX YCJAOBHAX HABJIAETCHA 3JEKTPONPOBOL- | G
. 2R A HOCTb. MoXHO mnpeamosaraTs, YTO yBeNWYEHWE NJIOTHOCTH rasa Oymer | 9JIEK
‘ ShiL B bl CYUIECTBEHHO BJHAThL Ha CTENEHb €ro HOHM3ALMH NPH BHICOKONH TeMIepa- TOKa
A § ikl ‘Type, a C/eA0BaTE/NbHO, U HAa 3JIEKTPONPOBOAHOCTD. B 1€]
¢ h [Tonyuuts Temneparypn mopsixa HECKONbKHX THICAY FPALyCOB B Trase : BKJII(
LRSI GO/IbIION MIOTHOCTH (NPH AABACHHAX TOPAAKA HECKOJbKHX THICAY Kr[cm?), 4 HOCT]
¢ i HO/b3yACh CTATHYECKMMH METOAaMH CHXKATHA rasos, o4yeHb TpyaHo. Ocy- |- napa
4 5h UIEeCTBUTb TAKHE YCJ/O0BHS BO3MOXHO JIMHAMHYECKMM METOLOM NpH aaunaba- CHIBA
‘ 4T R ; THYECKOM CXaTW rasa. B atom ciyuyae nosbliieHne TeMmepaTypsl ocyule- JIor P
4 et CTBJIACTCA OLAHOBPEMEHHO C YBEJHYEHHEeM MJOTHOCTH rasa. J10TP
8 S i kg Hacrosimas pa6ora mocssiiena H3y4yeHHIO SJEKTPONPOBOAHOCTH IasoB paro
k. d? ‘ TIDH CHJIbHBIX afHabaTHYECKHX CXKATHAX. mac
i i ‘
; dKcnepuveHTaJ bHas YacTh , ! Phcs
1 M : M1
: ; Hccaenosanne mposomuiock Ha creunanbHOi ycranoske [!], xoTopas BHJUH
i : { & ' 103801712 NPOM3BOAUTH aAHabaTHYECKOE C)KAaTHE rasa A0 AaBJIEHHH IO- HbIE
1 panka 10000 xr/cm®. Cxema 3To#l yCTaHOBKH NpeACTaBJeHa Ha pHuc. I. ABJI
Hccnenyemsiit ras, nomeue bl B CTBOJIE YCTAHOBKH, OrpPaHHYeH C OAHOH ‘ ~ 13M
CTOPOHbI (Ha PHCYHKE CNpaBa)3arJymiKoii C 3JeKTPOBBOAOM, C APYroii j ‘yec
CTOPOHEI (Ha pUCyHKe CJeBa) — nopumHeM. B MOMEHT onbiTa yepes K.JamaH UM
pecuBepa Ha O06paTHYI0 CTOPOHY IOPIIHA OCYUIECTBAAJIOCH JaBJCHHE BO#,
i i e B HECKOJbKO xecaTKOB kr/cM®. IIpu 3TOM mopumieHs aBurajcs BOPaBO H JIeH
I} | CXKUMAT HAaXONAUIHIACA MNEepel HWM MCHbiTyemblifi ras. CreneHs CixKatHa | [Tpa
i B ONpEeAEJCHHbIX mpejesax Obia MPONOPLUHOHAJIbHA HCXOAHOMY AaBJEHHIO HUC
| B pecusepe. [l CO3RaHHA MCXOZHOTO HaBJEHHS B PECHBEPE NPHMEHAICH npo
TOT K€ ras, KOTOPbId HAXOAWJCH M B crsose. [losTomMy cocras mcmbitye- | HOC
MOro rasa BHYTpU CTBOJIA HE MOT H3MEHATbCH 33 CYET BO3MOMCHOTLO MPO- 3ys
CauHBaHHs rasa 4epes HemJOTHOCTH MEXIAY CTEHKOH CTBOJIA M MOPUIHS. cxe
Lnsi n3mMepenus 34eKTPONPOBOAHOCTH aAWAGATHYECKH CXKATOTO rasa npo
OblaK paspaboTaHbl ABa THNA 31eKTPOBBOLOB. [lepBriit cocTosti W3 UEHT- npo
j 8 x
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€H C OXHOK
[, C Apyro#
epe3 KJanaH
b 1aBJIEHHE
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PaJsbHOrO IJIATHHOBOTr'O CTEPXKEHbKA, H30JHPOBaHHOTO CTEKJIOM. yCTpOﬂCTBO

ero sCHO u3 puc. 1. Bropoit umMen Ko/AbLEBYIO KaHABKY B IJIEKCHIJaco-

BOW M CJIOAAHON Hsoaauuu. Paspes ero Taxie mpeacTaBieH Ha puc. l.

STOT 3JIEKTPOBBOX OKA3aJICH BNOJHE HaJeXHHM B paboTe, H C HAM, GHJIH

POBEACHBI OCHOBHBIE H3MEpEeHHH.
zoV

) fidk =
A
72227777777,

D=256amL =35y R,

7 777

e

th nm
y

Puc. 1. Cxema amna6aTHyeckoii: yCTaHOBKH; [ — CTBON, 2— NOpIUeHb

C KpeWepHbIM MaHOMETPOM; 3—KJanaH NOAAYH C pecuBepoM; 4—O6aaIoH
CO CXHATbIM Ia30M; 5 — MYCKOBOIi 9JIEKTPOMArHuT; 6 — YMIOTHEHHE CTBOJA;

7 ¥’ 8 — BEHTHAH 1S 3aNOJHEHHS CTBOJA HCIIBITYEMBIM Fa30M; 9 — 9J€KT-

{ poBBOA (mepBH Bapuant); 9 a — 9NEKTPOBBOX (BTOPOIi , BapHAHT)

Cxema U3MEPEHHs 3JEKTPHYECKOrOo TOKa IIOKazaHa Ha puc. 1. B umenms
9/eKTPOBBOJA BKJIOYaJHCh CONPOTHBJAEHHS r U R M 6GaTapes MOCTOSHHOIO
Toka E. Ilpu BOSHUKHOBEHHH NPOBOJAHMOCTH B rase BO BPEMs ONbITA

B IleNH MOABJAAJICA 3JeKTpHueckuit Tok. I[Ipu arom Ha
BK/IOYEHHBIX B Ll€Nb CONDPOTHBJCHHAX BO3HHUKAJa pas-
HOCTb MNOTEHIIWANOB, BEJHYHWHA KOTODOI Ompeae/siach
napaMeTpaMH CXeMbl. DTa PasHOCTh MOTEHIHAJOB 3amH-
ChiBaJIaCh NPH MOMOIIH ABYXJYYEBOrO KaTOLHOTO OCIHJ-
gorpada co xayuiei paspeprkoii. Ha BTopoit syy ocuuia-
sorpada nomaBasHCh KoJeGaHHS OT 3BYKOBOTO reHe-
paropa 3I'-2 ¢ wacroroit 10000 ru, xoTopeie 3aaBanu

. Macmitab BpEMeHV.

OpHa u3 MOJYYEHHBIX OCHUHJJIOTDAMM IPHBEAEHA HA
puc. 2, Ha KOTOPOM IO OCH abGCIHCC HAaHECEHO BpeMst
H 1O OCH OpAMHAT — HanpsakeHue V, BHu3y cHuMKa
BuaHa cuHycounaa c¢ yactoroir 10000 ru. IopusonTann-
Hble TOJIOCHI B HHXKHEH W BepXHEell 4YaCTH CHHMKa
SIBJSAIOTCH TpPaayupoBouHbIMH. KpuBasa npexcrasisier
1I3MEHEHHE 3JEKTPONIPOBOJLHOCTH BO3AyXa npH angnabaTu-

YeCKOM CXaTHH (M MOCJAenyIOleM pacll¥ipeHHH) 10 MaK-

cumanpHoro nasaenus 4400 kr/cm® Jleas wacTh Kpu-
BOil, IO MAaKCHMYMa, COOTBETCTBYET YBEJHYEHHIO JaB-
JICHUS Ta3a M PETHCTPHPYET POCT 3JEKTPONPOBOLHOCTH.
[IpaBass BeTBH KPHBOM, IOCJAE M3KCHMYMa, OTBEYaeT TIIO-
HWKEHHIO IaBJAeHHSA H PETHCTPHPYET NOHHMKEHHE 3JIEKTPO-
NPOBOAHOCTH. MakCHMaJbHOE 3Ha4YeHHE 3JeKTPONPOBOIA~

A

T

—
NN N

i

Puc, 2. Ocmuano-
rpaMma H3MeHe-
HHUS  SJIEKTPONpo-
BOJXHOCTH NPH C¥Xa-
THH BO3Ayxa. Mak-
CHMaibHOE JaBie-
uue 4400 xr/cm?

HOCTH OTBEYAET MAKCHMA/JIbHOMY NABJEHMIO CHHUMaeMOro Bosayxa. [losb-
3ysChb INOAOGOHOH OCUM/IOrPAMMOR ¥ 3HAA NAPAMETPHl 3AEKTPHYECKOIT
CXeMBI M Pa3MepHl 3JEKTPOBBOJZ, HETPYAHO OLLIO HaliTH YHeJbHOE CO-
NPOTHBJAEHHE rasa NMPH MAKCHMaJbHOM CKaTuM. Takhe HaMepeHHs ObLIH

NpPOBEAEHbl [/ PAa3JHYHBIX CTENEHEeH CKATHA.
8 3T, N 4(10) '

2L To os@
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: OTaesbHBIMH ONLITAMH GBIIO JOKAa3aHO, YTO NPH aaHabaTHyeckoM Cxka- | K]
THH SJEKTPHYECKHI TOK IPOXOJMT Yepes ras, a He IO IOBEPXHOCTH ‘ M
H30JIANAN 3JEKTPOJa, T. €., YTO NPOBOAHMOCTh HMeeT OOBEMHBIA Xa- |
' pakTep. ! : <
Jlnia BO3AyXa INOJYYeHbl SKCIHEPUMEHTAJbHbIe JaHHbie B HHTEpBaJje 3,
' MakcHMaJbHbIX gaBieHuit cxarus oT 900 mo 9000 kr/cm? [Ilpu 3tom < T
yAeJbHOE CONPOTHBJEHHE rasa COCTaB- 1q
Ta6anma 1 asxo ot 1,3+10% mo 1,1 -10%Q-cm npu 0,
- niotHocTd  Bosayxa or 0,18 no 3y
Yaenpnoe compornbienue annaba- ()88 r/cm3 TemmepaTypa CXKAaTOro rasa nj
: SRTREENSNETON BooAYAe B 3THX YCJOBHAX MeHsJach IPHMEPHO. rl
: ot 1700 mo 2800°K. Ilonyyenuere pe- | Mi
/ 2 Ly Re 3yJIbTaThl IPUBEAEHE B TabJ. 1 W mpea- | o]
h&/cv“ e i 7 Proe cTaBleHbl rpaduueckH Ha pHC. 3, rae | aa

: MO OCH abCUHCC HAHECEHO MaKCHManb- |
; 900 1,3.1C8 HOE JaBJieHHe CXKaTH#, a MO OCH OpAH- | hil
' 1100 2,4.107 HaT — Y/A€JbHOE CONPOTHBJEHHE BO3Ay- B
: 1230 e ~Xa. B oTaesbHOM CepHH ONBITOB HANPH- . af
: 1950 3’5.100 JKEHHE Ha 3JIEKTPOBBOJAE MEHSJOCH B. a3
2250 1,7.106 IIMPOKHX npexnenax:ot 30 go 17 800V /cm. o«

l 3000 7,810 IIpy sTOM TOK B ueNH MeHAACH

f 2888 3’32%82 or 6-10% 10 3:10~3 A, W IIOTHOCTS B
: 4600 7'1.10s- =~ TOKa B CXAaTOM BO3AYXE COCTaBJsiJa af
i " 5600 5.4.108 or 0,008 1o 4,0 mA/cm?. DTH onBITH MO~ | ac
: : 6400 5,0-108 KasaJi, YTO CONPOTHBJEHHE CXaToro .~ | K|
| Fom 7000 1,7-408 anuabaTHYeCKH rasa HMeeT OMHUYECKHiL | 3J
;i 7600 1,2.108 ' 4
g ey 9000 1.1.108 . XapaxkTtep. i pit]
; ‘ 3 Hanee Obvim mpoBefeHBl ONBITHI ¢ | K(

agotoM. IlpumensBumniics B pabore Tex- |
4 : HHYECKHH asoT coxepxan 99,5% asora |
% e u 0,5% xucropona. Meronuka IPOBEAEHHS SKCIEPHMEHTOB M BCE OCTAJb-

2N T

J b HblE YCJIOBHA ONBITA ObITM T€ XK€, YTO W NPH paGoTe C BO3AYXOM. ITH . 1
£ Ry M2-cn) : Ry(MRcur)
Qi B . s : 75 t
;.» ’ q : 50 . : 0
g e R 25 ‘ 2
Foll e : 2 2 i
fEagy ; 75 , j 5 el
{54y : 0 : 0
- g h P
g 2000 %900 6000 80 /) v 0 2000%0006000.8000 ‘
VR ey DT Jog )
Puc. 3.  3aBucuMoCTb Puc. 4. 3asucuMocth T
YAEAbHOTO CONMpPOTHBIECHHS YA€AbHOrO CONPOTHBAE- | i M
Ry anuabatHuecku C:xKaToro : HHA R, anuaGaTtnuecku “
BO3AYyXa OT JaBJEHHS: CIATOrO0 TEXHHYECKOIro .
p =900 — 9000 xr/cm?% a30Ta  OT  JaBJEHHS: e
Ry=133—0,11 MQ-.cm p = 1800—6300 xr/cm2; 1
i Ry =32,8—0,53 MQ-cM : ¢
Tf
| | ‘
' ! y OIBITHI IIOKa3aJii, 4YTO a30T TaKKe IPpU NOBBLIMIEHHH MAABJIEHHS CTAHOBUTCS H(
: NPOBOAHHUKOM 3JEKTPUYECTBA; XapakTep H3MEHEHUA 3JIEKTPONMPOBOAHOCTH T€
B X04€ CXaTud OKasaJjCid TAaKHM XK€, KaKk H Y BoO3ayxa. Omemm, YTO KakK ; B[

B C/ayyae BO3AYyXa, - TaKk H B CJy4yae asora NONy4Y€HHBIC Ha OCUHJAJNOTpaMMeE ¢
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' B HMHTepBaJe
m% Tlpu 3ToMm
€ rasa cocras-
- 10°Q-cm npu
or 0,18 no
| CXKATOTO rasa
‘aCb MPHMEPHO-
JIyYEHHBIE pe-
101. 1 B .npea-
fa pHuC. 3, rae
10 MaKCHMaJb-
10 -OCH OpAu-
BJICHHE BO31Yy-
JIBITOB Hamps-
MEHAJNOCh B.
10 17 800V /cm.
MH  MEHsAACH
M IJIOTHOCTb.
& COCTaBJsJa
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KPABBIE HECKOJLKO HECHMMETPHYHBI, — B NPOLECCE CXKATHA NPOBOLHMOCTD
MeHAeTCs OBbICTPEe, YeM NPH paClIHPEeHHH.

OnbiThl € a30TOM OXBAaTHBAIOT WHTepBAJ xaBaeHu#i oT 1800 - 1o
6300 xr/cM% YnaeabHOe conpoTHBJEHHE OpH 3TOM HMEJO 3HAueHHe OoT
3,3+ 107 no 53 -10°Q-cm npu muiornocTH asora or 0,24 mo 0,56 r/cmd.
Tox B menu mpu sTom Memnsics ot 2,3+ 10— xo 1,1 10-3A. IlroTHOCTH
TOKA B CKATOM a30Te COCTaBJAsJa OT
0,03 mo 15 mA/cm® [loayuyennsie pe-
3y/IbTaThl NPHBEAEHH B Tabum 2 ¥
npeACTaBNeHbl rpapuyeckH Ha pHC. 4,
rjae mo oCH abCUHCC HAaHECeHO MaKCH-
MaJbHOE JaBJEHHE CKATHA, a IO OCH
OpPAHHAT — YAEJbHOE  CONPOTHBJEHHE

Ta6bauna 2

YanenasHoe CONPOTHBJIEHHE
annabaTHYeCKH CKaToro
TEXHHYECKOro asora

asora. ‘ b‘%‘*"’ L el
B mocaexnneit cepuu onbiToB HCCae-
10BaJaCh 3JIEKTPONPOBOAHOCTH aProHa.
B paGore uCnONb30OBAJNCH TeXHHYECKHit o {ak
apron cocrasa: 87,6% apromna, 12,0% 2750 8'9.108
asora u 0,4% kucaopoma. Xoa onwiTa 3600 2:2.100
OCTABAJCA NPEKHUM.. 4350 1,3.10¢
B oraHyHe OT KPUBHIX 3MEKTPONpPO- o 1'518:
BOAHOCTH BO3AyXa H a30Ta KpHBbHIE 5000 16.10¢
aproHa He 06HapyXXHBAIOT 3aMETHOM 5400 7.7.1(
acummeTpuu. Kpome Toro, Ha ocHosHyIo 6300 5,3-108
KPUBYIO,  OTPakalOllyl0  H3MEHeHHE

3JIEKTPONPOBOAHOCTH C  H3MEHEHHEM
JAaBJE€HHsT CXKHMAEMOro rasa, B CJyyae aproHa  HakJaAbIBAlOTCS
K0/e6aHHsi BBHICOKOH 4acTOTHl. Dhio HajiieHo, YTO YacTOTa 3THX KoJeGaHHi
: BO3pacTaeT MO Mepe YBeJHYEHHA NaBJEHHS rasa
n coctapasier 8 - 10* ru npu  naBienun 550 kr/cm?,

e 13 - 10* ru npu napaenun 1300 kr/cm2n 16 -104 ri
npu napsenun 3200 kr/cM®. AMnauTtyna xoseba-

l : HHH TakK)Ke BO3pacTaeT C YBEAHYEHHEM JIaBJEHHS.

I OaHa W3 MOJYYeHHBIX B 3TOM CEPHH ONBITOB OCIMJI-

- JIoTpaMM NpejCTaBJeHa Ha PHC. 5, Tle aproH 6bia

NONBEPrHYT CXKATHIO 10 MaKCHMaJbHOTO AaBJeHHS

I 1300 xr/cm® Tlo ocu abCuHCC HAHECEHO BPeEMs,
{=ies IO OCH OpAMHAT — HanpsukeHue V.

ONIeKTPONPOBONHOCTh apProHa OblIa H3y4yeHa B

uHTepBase nasaennii or 300 mo 5600 kr/cme.

Y pesbHOe CONPOTHBJIEHHE aPrOHA MEHSJOCHh B 3THX

OnbITaX COOTBETCTBEHHO OT 3,2 - 108 mo 170 Q - cm,

=" nphyeM TOK B LeNH JOCTHTAA SHAYEHWH OT

=t 2,3+ 10% no 0,23 A, ¥ NJOTHOC1b TOKA B CIKATOM

“—

Puc. 5. Ocmuagaorpamma

H3MEHEHHS  SJEKTPOnpo-

BOJHOCTH  TIpH  CKATHH

TeXHHYECKOTO aprosa,

MakcuManbHOe naBieHue
1300 xr/cm2

aprore cocrassssa or 0,3 xo 300 mA/cm2 TIloay-
YEHHbIE PE3y/bTaThl NPHBEAEHBI B TabJs. 3 U npej-
CTaBJeHbl rpauyeckd Ha puc. 6, rae mo ocu
abCuHCC HaHeCEHO MaKCHMaJbHOE JaBJEHHE CiKa-
THS, @ IO OCH OPAHHAT — yJeJbHOE CONPOTHBJECHHE

. aprona. BcaeacTBue CcaMIIKOM 60JBIIOTO  ANa-
1a30Ha BEJHYHH YJEJbHOrO CONPOTHBJEHHS, ONBITHbIE JaHHBIE HAHECEeHbI
Ha ABYX rpaukax, OXBaTHIBAIOLIHX PA3AMYHBIE WHTEPBAJbl NABJAEHHH. DTH
rpaguku AONOJHAIOT APYT ApYTra. v

a1 BBIACHEHHS UPHPOAbI HaGJIOJEHHHX KOJeGaHHH 5JEeKTPONPOBOI-
HOCTH, BO3HHKAIOUIHX NpPH paboTe ¢ aproHoM, ObIIH NMPOBEAEHBI AONOJHH-
TeJbHBIE OMBITE, B KOTOPHIX OblIO YCTAHOBJNEHO, YTO NPH yMEHbUIEHHH
BPEMEHM CXATHSi UPHMEPHO BTPOE (3TO AOCTHUTaJOCh YMEHBIIEHHEM Beca
nopumHs) noao6nbie kose6anus ONH3KON YaCTOThI BOSHHKAJAH TAKKE NP
83-

}
8
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e e
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'pa6o1'e C BO3AYyXOM. Orcioza OBVIO CHEJNAHO 3aKJIOYEeHHEe, YTO NPHpoaa

' . 3THX KoJieGaHHIl HOCHT HE 3JIEKTPHYECKHH XapaKTep, H YTO OHH SABJAIOTCH ; BC

: CJeACTBHEM NOOOYHKLIX SBJIEHUH, BO3HHUKAIOUIHX B NpOIECCe CXKaTHA rasa Te
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Puc. 6. 32BHCHMOCTb VE€ABHOTO CONpPOTHBIEHHS R, anna- . ; x

GaTHYECKH CXAaTOrO TEXHHYECKOro aproHa OT JAaBJAEHHS. 0l

a — nasaenue 300 — 960 kr/cm?;, R, =3200—20 kQ-cm; K¢

6 — nasaenne 1080 — 5600 kr/cm?, R, = 27500 —170Q.cm re

) : Hi(

& . (

¢ IpH ABHIKEHHH NOPIIHA. DTO 3aKJIIOYEHHE OBLJIO NMOATBEPMKAEHO CIIEIHANb- : °‘

: °  HBIMH ONBITAMH, B KOTOPHIX H3YYaJsICs'XapaKTep HapaCTaHUA AaBJE€HHS NPH g'

C)KaTHH rasa. B kayecTse HATYHKa CJYXHJA TNbe30KBapUEBHi MaHOMETP

¥

g BLICOKOTO JaBJIEHHs, IOMEIUEHHBI Ha :'

< 5 PRt MECTO 3JeKTPOBBOJA. DTH OMNBITHl MOKa- 3

5 . 133 : . 3aJM, 4YTO B IpPolLECCe CXaTHsAd B rasax . |

gt YienbHO® COMPOTHBAeHWe anuaGa- BO3HHKAIOT KOJeOAaHWA MaBAEHHA TOH | ﬁ

; (;' H ; - THYECKH CKaToro TeXHHYeCKoro xe YacCTOThl, KaK BBILICYKA3aHHBIE KO-

f‘a ! aprosa ae6aHus  JIEKTPONPOBOAHOCTH. Beun- g

§ i : YyHHa 3TUX KoJeGaHUH 3aBHCHT OT

: g % Pl . Ro pexxuma cxatus: [Ipu maJbix ckopocTsX | P
Bk o g/m ol S CKAaTHA 3TH KOJeOaHHS Majbl H 3aMeT- %
§ i : Hbl TOJbKO y aproHa. [Ipu yBeaunyenun 3
% 510 " 300 3,2.106 CKOPOCTH CXaTHs aMIJIHMTY/Ja KoJebaHuit
T 430 8,3.108 BO3pacTaeT, M KOJeOGaHHs  JaBIEHHSA ‘
£ ; 430 2,1-108 CTAHOBSITCA 3aMETHBI TaK)Ke NpHu paboTe - .
e : B+ 960 il 140 C BO3JYXOM. o |
\ 1l 560 ' 6,9.104 4|
i | ' 700 © 4,8.104 H

| T : i : g:g'}gi OGCyK/IeHHE PE3yJbTATOB P

3 i 4 .

Pj . }%88 f_;?:}g. DKCIePHMEHTAIbHO ObIJIO YCTaHOB-

3 ¢ ; 1700 2,3.108 JIEHO, YTO TPH CHJIBHOM afxHabaTHYECKOM

: [t i 1700 1,3-108 CKaTHU KaK BO3JAyXa, TaK H TeXHHYe- el

: : %2(5)8 1':;’9'010’ CKOTO a30Ta, Y HAX BG3HHUKAET HJEKTPO- €

; ‘ 2900 260 NPOBOLHOCTD, ABJAAIONIAACSH, HECOMHEHHO, il

, %000 400 pesyJbTaATOM TEPMHYECKOH HOHH3aUuH |

§ .5600 170 JaHHBIX TrasoB. EcTecTBEHHO MOCTaBHTH c

A ‘ . BONPOC O TOM, MOJIEKYJIBI KAKOT'0 Ia3a Ho- C

‘ HU3YIOTCA B OCHOBHOM IIPH 3THX YCJIOBH- T
: ax? [1o HameMy MHEHHIO, B ZaHHBIX YCJIOBHSX HOHH3YETCS B OCHOBHOM He ;

KHCJOPOJA M HE a30T, a OKHCh a30Ta, KOTOpas 00pasyercs B CMeCH asoTa

C KHCJOPOZOM NPH BHICOKHX TeMmepaTypax. KoHneuno, B moZoOGHBIX CMe-

; , CAX NPOHCXOAMT TaKKe HOHH3aUMA MOJEKYyJ as0oTa M KHCJAOpOAa, HO a

I : H

Pha e ) Ao + il " 2 " i P——" " s ' - Ty TITTRES T
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4YT@ npupoxa
OHH SBJAAIOTCH
CKATHA Tasa

10 CHelHa b-
aBJICHHA NPH
it MaHOMETp
2IleHHBIK Ha
DIBITH OKa-
‘Ul B rasax
IBJICHUST TOM
13aHHBIE KO-
)CTH, Beuan-
3aBHCHT OT
X CKOPOCTAX
Thl H 3aMerT-
YBEJHYEHHUH
1 KOJNeOaHuit

AaBJICHUS
npu pabore

faToB

)  yCTaHOB-
daTHYeCKOM
H TeXHHYe-
ST 3JeKTPO-
ECOMHEHHO,
HOHHM3aU KUK
) IOCTaBUTE
OT'0 rasa uo-
IX yCJA0BH-
HOBHOM He
MECH a30Ta
OHBIX  CMe-
0poja, HO
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BCAEACTBHE TOrO, 4TO NOTEHLHAJ HOHH3AUMHM OKHCH asora (9,5 eV) aHauu-
TeIbHO HHJ(E/ YeM IOTeHUHMa/bl HOHH3ALUWH asora (15,8eV) u KHCJIOpoza
(12,5 eV), B ocuoaﬂom/ﬁyne'r HOHH30BaTbCs1 MMEHHO OKHChb a3oTa. B cuiy
YKa3aHHBIX IDHYHH KOHUEHTPALHs /5/€KTPOHOB, 06PAa3yIOU[HXCH H3 MOJe-
KyJ OKHCH a30Ta, GyJeT 3HaYHTEJbHO 6OJbIIe KOHLEHTPALHH '5JIeKTPOHOB,
00pasyiolMXcsa W3 MOJIEKYJI a30Ta H KHCJI0pOAa, - HeCMOTPs1 Hzaxe Halto,

4TO KOHUEHTPAaLHsi OKHCH a30Ta B a30TO-KHCJOPOJXHOH CMECH caMafio cebe

MOXET ObITb AOCTaTOYHO Mana. OTMETHM, YTO B OmbiTax ‘c TEXHHYECKUM
a30TOM IOCJEAHHH coaepxan B Bune npumecu 0,5% KHCJI0POAa,’ YTO HPHU-
BBICOKOM TEMIepaType . JOKHO OblIO’ IPHBECTH K 00pa3oBaHuI0 B ‘TaKoii
CMECH HEKOTOPHIX KOJIMYECTB OKHCH a30Ta.

OTMeyenHas BHIIE HEKOTOpas HECHMMETPHYHOCTL” H3MEHEHHs TIPOBO-
AMMOCTH BO BPEMEeHH, HabJiofaeMas.B TPoLECCe CHKATHA H pacuHpenus /
KaK 'BO3JyXa, TaK M TEXHHYECKOTO as30Ta, NPOHCXOLHT, HOOBHAHMOMY,
UMEHHO NOTOMY,/YTO NpPOBOAKMOCTH Tasa B AAHHBIX YCJIOBHSIX B 8HauH-
Te/NbHOH CTENEHH B3aBHCHT/OT KOHLEHTPAaUHH OKHCH 830Ta B CIKHMAEMOM
rase. [locaennss uamensercs c’usMenennem Temneya'rypu.raaa B Ipouecce
annabaTHYecKoro CxaTua. BcaexcTsue TOro uTo o6pasoBanue (4 pasio-
JKEHWE) OKHMCH a30Ta M3 KHCJIOPOZA U a30Ta IPOHCXOMHT ‘CO CKOPOCTHIO,
ONPENE/NSEMOU TEMIEPAaTyPOii M KHHETHKOH NaHHOH XUMHYECKON peakuuH,
KOHIEHTpanus 06pagyiomeiics OKHCH a3oTa He BCerza H He Cpasy HIOCTH-
FaeT pPaBHOBECHOro” sHaueHHs. HMa KuHETHUECKHX 3aKOHOMEPHOCTEl . u3BeCT-
HO, YTO YeM HHXKe TeMmmepaTypa rasa,” Tem MEJIeRHee . MACT peaKuns
00pasoBanks OKHCH a30Ta. [1o3TOMy B Hauase npouecca CXaTHs KOHIEHT-
paurs. asorg N0JOKHA OTCTABATh OT PAaBHOBECHOH KOHUEHTPALHH, COOTBET-
CTBYIOLIEH " TeKYLIEMY 3HAYEHHIO TEMIEpaTyphl CXKATOrO rasa. TO OTCTa-
BAaHWE NO/DKHO yMEHbLIATHCH NO'Mepe JasbHeHuero ) CHATHS, H NPH BHICO-
KHX TEMHepaTypax, BOJM3H MAKCHMAJbHOTO CIKATHS, KOHIEHTPALHSI MOXET
OPHOAUBNTECS K DAaBHOBECHOI. B Xoxe pacmmpennsi npouecc 6yzer uatu
HHBIM ' 06pasom. CHayana KOHUEHTPALHsS OKUCJAOB a30Ta Oyner 6Guauska
K "DaBHOBECHOH, a 3aT€M Jaxe NPEBHICHT ee, KOrja HACTYNHT 3aKaJiKa
npoayxtos f peakunn, B atom Clyyae yMeHbLUIEHHE NPOBOAHMOCTH rasa
B. X0A€ pacmupenusi/ 6yaer OHpC}IEJIﬂT?CH YXKe TOJbKO NaJeHHEM TeMile-
PaTyphbl rasa ¥ CONMyTCTBYIOLUEH 3TOMY'IpouecCy meHOHH3auHed. YkasaH-
HOE 06CTOATENbCTBO W ABJAETCS, OYEBHAHO, NPHYHHON HECHMMETDHH H3Me-
HEHUA! IPOBOXMMOCTH BO BPeMs NPOIIECCA CXKATHA U PaCIIHPeHHs BO31yXa
u asora./ ; :

Ilpencrasasno untepec cpaBHUTH SKCINEPHMEHTaJbHO M3MEPEHHbIE HaMH
SHa4YCHHs yHEJNbHOrO CONPOTHBJIEHHS TEPMHYECKH /HOHHM30BAHHBIX Ta30B
IIp¥ BHICOKHX TEMNEPATypaX H AaBIEHHAX C HX 3HAYEHHWAMH/ PaCCYHTaH-
HEIMH 110 TEODHH TePMHYECKOH HOHM3auHH rasos [2]. [Tons3yscs mocaen-
Hei, MOXHO HamucaTh’Cleayioutee BHIPAXKEHHE AJS KOHUEHTPALHH SJAEKT-:
POHOB: :

N.=1,5.10 (V?/VP—O) eT*/sg~5800V/T, y (1)

rae T— TeMIepaTypa, p, — Aasaenne; V — notenmuan’ MOHH3ALMH rasa,

¢ —CTENEHb CXKATHA Ia3a, ¢ — KOHIEHTPalus HOHMBYIOWEroCs rasa/B mpo- .
LeHTaX. ,

ITonbsysach TeopWell NOABMNHOCTH SMEKTPOHOB B Ta3e, MOXKHO HANH-
caTh/ BHIPaXKEHHE 3aBHCHMOCTH Y IEMbHOIO conpoma}renna R, (B Q-cm)
OT KOHIEHTPAUHH S/MEKTPOHOB N, TemmepaTypnl 7/u CTemeHH CikaTus
rasa s: M

Ry = 3'1018(1/7‘/ WAL 2)

PeayaibTaTsl noxcueTa KOHIUEHTPAUMH SJCKTPOHOB n@nenbnoro CONPOTHB-
JIEHUs TEPMUYECKH HOHH30BAHHHIX ra3oB no (1) u (2) nokasanu, HackoMbKO/CHIIB-
HO H3MEHACTCH YACNbHOE COUDOTHBJIEHHE Ia3a IIPH OXHHAKOBHIX YC/IOBHSX
(oK
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CXATHs M TEMOEepaTypbl B 3aBUCHMOCTH OT TOrO, KaKOid ras B ? ocHoBHOM
HOHU3yeTcs. Hanpumep, ZAOCTaTOYHO NPHCYTCTBHA B as0Te HeGOJbLIOro
KOJIUYECTBA MOJIEKyJ/ OKHCH a30T4, YTOGbI CONPOTHBJICHHE B AAHHOM HH-
TepBasie jaapaeHuit ymeHbmuaoch B'10* —10% pasa. Ortcionma Takxke cuae-
AyeT, 4TO MMEHHO 6.aroAapsi MPHCYTCTBHIO OKHCJIOB 830Ta B MCCJEA0BAB-
UIHXCSl a30Te W BO3JAyX€ HaM YJHaJoCh OGHapyXHThb H’U3Yy4YHTh UX NPOBO-

JHEMOCTb. B HHOM caydae 3JEKTPONPOBOAHOCTb 3a CHET -'repMﬂqecxn/

MOHM30BaHHBIX MOJIEKYJ a30Ta M KHCJA0pPoAa Obla Obl HAaCTOJIBKO MaJa,
‘lTO/HSMe;)HTb ee B HAaIIHX YCJOBHSAX ONbITa NPEACTaBHJIO OBl BeCbMa
6oJbine ' TPy AHOCTH. ;

[Tosb3ysich 5KCHEPUMEHTANLHO H3MEPEHHBIMH 3HAYEHHAMH YAEJbHOrO

- CONPDOTHBJIEHUSA H CTENEHH cxarus / OBIM  TOJNCUHUTAHBI KOHIECHTpa-

LA CBOGOAHBIX 9/EKTPOHOB B rase. Temmeparypa 6bla NOACYHMTaHA “B

NPEANONOXKEHHH, YTO ra3 sBJAETCA HNeanbHbiM. J[lis Boszyxa u asora”

5TO HE COOTBETCTBYeT HEHCTBHTENbHOCTH, HO YYHTBIBASl, YTO OTKJOHEHUS
oT H}leaanOCTH,B 3THX yCJIOBHHX HE CJIUIIKOM BE€JIHKH, a8 IrJiaBHOE, 4TO
TeMIepartypa ‘CTOuT, oL KOpHeM KBAaAPaTHbHIM, OWHOKAa HPH 3TOM JOmy-
LIIEHUH HE MOXeT ‘ObITh 0COOEHHO BEJIHKA. /
Pacuers, nposeieHHBIE C HCTIO/IB30BAHUEM IAHHBIX, IOy Y€HHBIX B ONBITAX

* C BO3JYXOM, IOKa3aJH, 4TO BIpeAesaX NPUMEHABIIHXCS JaBJEHUH KOHIIEH- P
Tpalus /CBOGOAHBIX S/EKTPOHOB B rade HMMeeT 3Hayenue or 9-10% 101-10%

Ha 1 cm® PesyabraThl pacueTa 3aBu-

"4k CHMOCTH yHeJbHOTO CONPOTHBJCHN
N~/ anuabaTHYeCKH CXKaToro BO3AYXa“oT

g \\_-1’ —+ JaBJeHUsI B NPEANOJOMEHHH, 4TO
¢ oy o L MOHH3YeTCH OKHCha30Ta, 06pasyiouas-
E 2 S e ) Csl B IIPOIIE CCECIATHSI, TPEACTABJIEHE!
AT rpapuyecku Ha puc. 7. Kpusas / pac-

2r CYHTaHa B NIPEeANOJIOXKEHHH,” .4TO
NOTEHNHAa, HOHH3AIWM rasa paBeH

0 7000 2000 30004000 5000 6000 7900 8000 9007 10900
Dl kefen?) 9,5 V,/a xpuBas 2 — npu 7,0 V. Kpyx-
KaMu‘0003HaYeHB! 3HAYEHHs YAeJb-

HOrO CONPOTHBJEHHS BO3AyXa, MOJY-
YeHHBle 3KCmepUMeHTaabHo. [locresn-
. HUe HMEIOT 3Ha4yeHHsl, MEHbIIHE, 4eM
BRIYHC/IEHHEIE (111 BO3LYXa C OKHCHIO a30Ta) NPH MOTEHHAJE’HOHHIALUH
9,5V. 910 moATBEpkKAAET BHICKA3AHHOE BbHILIE NPeANoJIOKEHNEe, YTO HO-
HH3YETCs B'IaHHOM CJlyYyae B OCHOBHOM OKHCh a30Ta, 06pa3¥IOlU,aﬂCﬂ B BO3/Y-
X€ IPH'CXKATHH, 3 HE a30T HJIH KHCJIOPOJ, TaK KAK IIPH 3TOM’ yAeJbHOE CONpo-
THBJICHHE Trasa Ha HECKOJBKO NOPSAKOB IPEBLINIAI0 Obl HaiiIeHHOE Ha OmbiTe.
Hs pacyera crenyer rakxe, 4To noTeHNMAN HOHWBALKK Iasa B YCJIOBHSX IIPO-

Puc.7. Y nenbnoe conpotupnenne Tepmuye-
CKH HOHH30BAHHOTO BO3lyXa IIPH ajnaba-
THYECKOM CaTHH

‘BEACHHBIX SKCNEPHMEHTOB, OKashiBaeTCsi jAaxe MeHbme 9,5 V. Dkcmepn-

MEHTaJIbHAA KPUBAas IPH JaBiaeHHsX 1000—2000 kr/cM? JEXHT OKOJO
PACUETHOM KPHBOH, MOACYMTAHHOH AJs’moTeHuHasna Homusaunu 7,0 V. [1pu
GOJIbIIHX JNABJIEHHUAX SKCIEPHMeHTaMbHAS KpuBas JIEXKHT MEeMXAY’ KpPHBBHI-
M / u 2. HeoGX0ZMMO OTMETHTB, 4YTO NOACYET KpuBbIX / U 2 BeJjcs /B

IPEANIONIOKEHNY, YTO CXKaThlif BO3AYX BeAeT cebs Kak HAeaJbHBIA ras.

Onnako B AE€HCTBHTEJIbHOCTH 3TO He TaK — YeM BhIIIe gaBjeHue (mJIoT-
HOCTb) BO3IyXa, TeM GOJbIIE ras OTKIOHAETCSH OT HZEaNbHOrO COCTOSHHUS,
H, CJI€NOBATeJbHO, TeM OTHOCHTENLHO HHME Oyzer ero temmepaTypa IpH
aﬂﬁaﬁaTH‘leCKOM CXKaTHH. HOBTOMy ’3Haqemm YAEJIBHOTO 'COHPOTHBJIEHHH,
UOACYHUTAHHBIC MOJIs pP€aJgbHOrO BO34yXa, HOOJ/XHBI HMETh GOJIEC/BI:ICOKHB
SHAYCHHA, YeM IJs COOTBETCTBYIOLIETO HAEAJbHOrO ras3a, IpHYEM 3T0
PaCXO0XICHHE  NO/UKHO YBEJNHYHTHCA IO MEPe NOBBINICHWS AABJEHHs CKa-
Ths. Takum 06pasoM kpuBas ‘3aBHCHMOCTH YAEAbHOTO COOPOTHBJEHHST OT
A4BICHHA I/ PEAaNbHOrO BO3AYXa [OJIKHA JieXaTs” BbIE KPHBOR -LJist
HACAJILHOTO rasa. BBHAY TOro uTO ypaBHEHHE COCTOAHHA  BO3AyXa B Ta-

KHX yCJ/IOBHAX HE€ H3BECTHO, IOACYHUTATh YKas3aHHOE BJIHSIHHE OTKJIOHEHHH
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} B OCHOBHOM
> HeboJibmOro
B NAHHOM HH-
a TaKxe CJe-
B HCCJIEN0BAB-
HTh UX NIPOBO-
*  TePMHYECKH
CTOJBKO Mauia,
o OB BecbMa

1 YAEJbHOTrO

KOHLIEHTpPa-
IOJCYHTAHA B
JlyXa W a3ora
0 OTKJOHEHHS
rJaBHOE, YTO
[ 3TOM Jomy-

IHBIX B OTBITAX
'HUR KOHIIEH-
)+108 o 11013
pacyera 3aBu-
ONPOTHBJIEHHSA
) BO3AyXa OT
KeHUH, 4TO
obpasyrouias-
1PeACTaBJIEHb!
-puBaa I pac-
JKeHHH, .4TO
- rasa paseH
7,0 V. Kpyx-
CHHA yle/ib-
)31 yXa, noJay-
'HO. [locnen-
EHbIIHE, 4YeM
16 HOHH3aUKH
HHE, YTO HO-
1C5 B BO3AY~
1bHOE CONpo-
‘o€ Ha onbiTe.
CJIOBHAX NPO-
V. Oxcnepu-
€XKHT OKOJIO
17,0 V. Ilpu
KLY KDPHBBI-
H 2 BeJCsT B
‘aNIbHBIR r'as.
>Hue  (na10T-
) COCTOSIHMUS,
'paTypa mpH
DOTHUBJIEHHS,
€€ BBICOKHE
IDHYEM 3TO
JEHHS CiKa-
HUBJIGHHSA OT
{PHUBOMH -JJIsI
31yXa B Ta-
OTKJIOHEHH it
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«OT HAEAJBbHOCTH HE npeucmqmercn BO3MOXHBIM; OJIHAaKO H3 Ka4yeCTBEH-

HBIX COOOpaXKeHHi CjeayeT, YTO KpHBas, BLIYHCJEHHAs, HANPHUMEp, AJs
9,5V, HOMKHAa NOAHATHLCS, MOAOOHO TOMY, KaK 3TO IOKa3aHO NYHKTHPHOM

uHuell 3 Ha puc. 7 (npoBeeHHOH YCJIOBHO).

Takum 06pasoM 3HaueHWss YJAEJbHOTO CONPOTHBJEHHS, H3MEPEHHbIE
IKCNEePUMEHTAJIbHO, JieXaT OJHXKE K/KPHBOH, NOACYHUTAHHOH JJs TOTEH-
nuasa woHusamuu 7,0V, uwem mas 9,5 V./H3 aToro MoxHO chenaTh Bbl-

BOJ, 4TO B rase OO0JIbLIOH /h.no*mocm NOTEHIHaJ HOHHUBAI MM YMEHbIIAETCs.

[To 9KCNEPHMEHTAJbHbBIM NaHHBIM, NOJYYEeHHbIM B OMNbITaX /C TE€XHHYeEC-

.KUM a30TOM, 6BIIO NOACYHTAHO, YTO B Ipenesax INPUMEHABIIUXCS JAaBJe-

HUi/ CKATHA KOHUEHTPAUHa CBOOOIHBIX 3JEKTPOHOB B rase MMeeT 3Haue-

uue ot 7-10% mo 1-10" ma 1 cm®% CpaBHEeHHE 3KCHEPHMEHTANbHO H3Me-

PeHHBIX 3HAYEHHH YNEJLHOrO;/ CONPOTHBJIECHHS TEXHHYECKOrO asoTa C

pacCYHTaHHBIMH TOKa3aJio, YTO B JAHHBIX ONbITAX,y TAK Y€ KaK H B CJIy-

yae BO3AyXa, MPOHCXOMMIO NMOHMMKEHHE NOTEHIHAIa MOHH3AUMH Tasa.
[louemy e B CHAbHO amnmabaTHYECKH C)KaToM rase (Boaayxe/u asore)

JIPOMCXOAHUT TMOHHIKEHUEe NOTEeHIHaNa uoHusauuu? K NOHHMKEHHIO NOTEH-
1lMa/Jia /WOHUBAIlHH MOXKeT NPHBECTH BO3JAEHCTBHE 3JIEKTPUYECKOro MOJsi Ha

noHuaymomuica atoM. CR/IbHOE/3/EKTPUYECKOE II0J€ .OKa3biBaeT BJHSIHHE
Ha CBsi3b 3JIEKTPOHAa B aTOME, B/ Pe3yJbTaTeé Yero IOTeHIHaJ ero HOHH3a-

1MH CTAaHOBUTCA MEHbIIE, YeM Y H30JHPOBaHHOro /atoma. B sTom cayuae

A MOHW3ALMU 3JIEKTPOHY HYXKHO YJaJuThCs OT/aTOMa He. Ha GecKoHeuy-
HOE PAacCTOSIHKE, a HA TaKOe, NPH KOTOPOM /moJjie”’ noHa OyneT KOMIeHCH-

- poBaThCs BHEWIHHM 3JjekTpuyeckum mnosem. [lostomy. pabora, kortopyio /

HAZO 3aTPATUTh AJSA OTPHIBAHHA SJEKTPOHA OT aroMa, OyAeT MeHblle NpH /
HaJHYHH OKpYKawoulero . nojs. BHemHee -3JeKTPHYECKOE NOJE- KaKk OBl -
Cpesaer. BLICIINE /3/IEKTPOHHbBIE ypo?\u M 3THM IOHHXAeT MOTEHUHaJ HO-

wun3annd, Kakue e snexTpuyeckue/mosisi MOTyT BO3A€HCTBOBAaTh Ha ATOM?

B vOHH30BaHHOM rase 3/eKTPOHBI H MOHBI CO3A4I0T MHKPOIOJS, KOTOPHIE

MOTYT JOCTHTaTh 3HAYHTE/JbHBIX BEJIHYHH NPH GOJNBIIOH /KOHUEHTPALHH
‘mocseAHUX. B HefiTpasbHOM rase Ha HOHH3yeMBlii aTOM ~'MOTYT BO3Jeki-
‘CTBOBATD /3JIEKTPHYECKHE IO/ MOJIEKYJ AAHHOrO rasa.

M3 npoBe/ieHHBIX OPHEHTHPOBOYHBIX IIOACYETOB CJEAYET, MTO MUKPOTOIS,
HMEILHeCcs B BO3AYyXe B HAIIUX YCJOBHAX CXKATHfA, CO3MAIOTCHA/B OCHOB-
HOM 3JIEKTPHYECKHMH NQJAMH HEHTPaJbHBIX MOJEKYJ. ITH MHKPONOJA
npu GOJIbIIHX cmamax}aaa HMeIOT 3H3UeHHs] HACTOJbKO . BBICOKHE, 4YTO
MOTYT BBI3bIBaTh BeCbMa CYLIECTBEHHOE/IOHHXKEHWE MNOTeHIHaJa HOHH3a-
LMK aTOMOB M MoJiekyJ. [IpoussecTn TOuHBIA mMOACYET BJUAHHS /BO3AEN-
‘CTBUSA 3JEKTPHYECKHX IOJIEH B IJIOTHOM HOHHM30BAaHHOM Trase Ha IOHHXMKe-
HHEe MOTEeHIHaJa /MOHH3AIHH MOJIEKYJ NPEICTaBJSET OOJbIIHE TPYIHOCTH.
Becbma rpyGyio, mpUMEpPHYIO OUEHKY 3TOrO/MOJXHO NPOU3BECTH, Y4HTHI-

Bas yBeJNWYEHHE NWSJIEKTPHYECKON MOCTOSHHON rasa MPU BO3PACTaHHH €ro /

naorHoctH. Ilomcuer, mponsBeneHHBIH TakuM 06PasoM AJsi BO3AYXa, conep-’
JKaIero OKHCh aaon:/cxca'roro aguabaruyecku mo aasaenus 9000 kr/cm?,
IIOKasblBaeT, 4YTO I Tenunan/norméaunn MOXKET NOHU3UTHCA IIpH 3TOM
Ha 2,9 V. )

Hanoxennple coobpakeHHs, He/NPETEHAYsS Ha MOJHOTY H. TOYHOCTb, '
Jal0T MPEeACTAaBJCHHE O TNPHYHHAX M /BeJHYHHE BO3MOXKHOIO NMOHHKEHHSA
NOTEHNHAaJa WOHH3AaUWH B IJIOTHOM HOHHM30BaHHOM rase. [lo/skcmepHMeH-
‘TaJIbHBIM JaHHBIM, TOJIYYEHHBIM B ONBITaX C TEeXHHYECKUM aproHOM, IOJ-
‘CYHTAHA KOHHEHTanHﬂg:BO6OJIHbIX 9JIEKTPOHOB B rase. B mpenesax npu-
MEHABIUUXCS [HNaBJEHHUHM CKaTUf OHa/(:OCTaBnﬂeTJOT 1:101° n03-10' na
1 cm® 3aBUCHMOCTb YZAENBHOTO con‘poms.neﬂnﬁ/rasa OT HaBJIEHHS HpPH,
aAuabaTHYeCKOM CXAaTHH NpeicTaBieHa rpapuyecku Ha puc. 8/ Kpyxxamu
‘OTMEYEHBI SKCNEPHMEHTANbHEIE NAaHHbIE. TaM K€ mnpuBeAeHH pacCUHTaH-
Hble 3HayeHus 1o /Gopmyaam (1) u (2). Kpusas / moacyuraHa Ajas TEXHH-
YeCKOro aprosa, y /KOTOporo NoTeHI(MaJ HOHu3auuu paseH 157 V, a kpu-
Basg 2 — ]2 TOro HKe/rasa B IPEANOJIONEHHH, YTO B HEM INPH CXKATHH
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obpasyeTcsi OKHChb a30Ta W NOTEHIHMan HOHusauuu cocrapaser 95V. Hs
PHCYHKa CJAelyeT, YTO KpHBag 2 NPH HUBKHX MABJEHHAX COBHajaer C
SKCNepHMEHTaJbHONH KPHBOH, HO TO Mepe YBEJNHYECHHs HaBJEHHA OTKJIO-
HAETCA B CTOPOHY 6o0Jjiee HM3KHX CompoTHBJeHHH. Kpusas / JeXHT Bbilue
SKCIePHMEHTaJAbHOH KPHBOJ M IO Mepe BO3PACTaHHsi MAABJAEHWA K HEH
npubanxaercs. OTCI0la MOXKHO Cle/saTh BHIBOJ,

€94 YTO B AAHHOM ra3e MOHU3YETCA B OCHOBHOM,
NOBHAMMOMY, OKHCb a30Ta, o6pasylomascsa B
T\ npouecce CKaTHi TeXHHYECKOro aproHa Hus
a30Ta M KHCJOPOJA, HAXOMAUMKXCA B aprose

3

S \

P/ 5 B Buae npumecedi. IlomuxeHHs noTeHlHana
% e HOHM3ALlMK 81€Ch HEe HaOJMI0faeTCsi; B JaHHOM
2

!

4 ciayyae, OYE€BHAHO, NOAOOHOE INOHHKEHHE H He
NOJXKHO NPOUCXOAHTb, TaK KaK KOHIEHTPalus
SJEKTPOHOB B rase He OCOGEHHO BEJHKa, IJIOT-
HOCTh rasa He0oJblas, aTOMbl aproHa MMeiT
0 1000 2000 3aNOJHEHHYI0 3JEKTPOHHYIO 060J04Ky 6.1aro-
POJAHOrO rasa, H NO3TOMY B TaKkOM rase He
e conporass JIOJIXKHO OBITH OCOOGEHHO GOJIBIINX MHKPOIOJENH.
JieHHe TepMHUECKH HOHA30- [Touemy ke mo Mepe yBeJWYEHHA CIKATHS -
BaHHOI'O TeXHWyeckoro apro- KpHBas / IIPHGJIH)K&ETCH, a KpuBas 2 OTKJIOHS-
Ha TpH aiHabaTHUECKOM CXa- eTCs OT KPHBOH, NOCTPOEHHOH N0 3KCUEPU-

L MEHTaJbHBIM  JAaHHBIM?  MOXHO DpeamoJo-
WHUTb, UYTO NPHYHHOH STOTO SABJAAETCA TEPMH-

yeckasi AHCCOIHMAIlMs MOJIeKYJ OKHCH a30Ta. [Tocaennue 06pasyioTcs B rase B

. pesy/ibTaTe XHMHYECKOH PEaKIHH MOJEKYJ 830Ta M KHCJIOPOJZa B Hayasb-

HOH CTaiHH CXKATHH, IPH OTHOCHTEJbHO He CJIHUIKOM BBHICOKHX TeMIepaTy-
pax. [Tpu nanbueiimenm cxxatui — Buiire 1000 kr/cM?, Koraa TemMnepatypa rasa
HauypHaeT npepbimath 4000° K, HaYHHAETCs TPOUECC 3aMETHOH TepMuuec-
KOl IMCCONHAIME MOJEKYJ OKHCH asoTa Ha aTOMbl a30Ta M KHCJIOPOAa.
Ilpn cxxatnm mo aasienuit mopsaka 5000 kr/cM? IpH KOTOPBIX TeMnepa-

. Typa HaHHOTO rasa ZOXOAWT A0 3Hauenuit 6000—8000° K, cremeHs mucco-

IHAllAE OKHCH a30Ta CTAHOBHTCA OYeHb OOJbINOH, YTO NPHUBOAHT K 3Ha-
"YHTENbLHOMY YMEHBIIEHHIO KOJMYECTBA MOJIEKYJ OKHCH as30Ta B CHaTOM
raze. Takum 0o6pasoM Ipouecc AHCCOUMALMH OKHCH a30Ta NPHBOAKT K
TOMY, 4TO B OCHOBHOM OyJyT MOHH30BAThCs yXKe HE MOJIeKYJbl C IOTEH-
uuazoM 9,5V, a MOJEKyJbi CO 3HAYHTEJbHO 00Jiee BHICOKHM NMOTEHLHAaNOM
HOHH3aUuH. HM3/10KeHHoe 00BsACHAET, NOYEMY IO Mep€e NMOBBHILIEHHS IaBJe-
HHUSL SKCIEPHMEeHTaNbHasg KpuBas npuOnMiaercs K Kpusoi /. OTMETHM,
yTo KpuBas 2 Oblya BHIYHC/JeHa 0e3 yueTa AMCCOLHALHH OKHCH a30Ta NpH
BHICOKMX Temmepartypax. Ecam 3Ty AuCCOLMAUHIO YYHTHIBaTh, TO pacyer- .
Has KpWBas, HaunHas oT masjeHnii 1000 kr/cM?, AOMXKHa JieXaTh BHIIE
KPHBOM, 2, IpHYeM IOBBIUIEHHE AOJXHO YCHJHBATHCH C INOBHIIEHHEM AaB-
JIeHHs; TIPH HEKOTOPOM J4BJEHWH 3Ta KPHBAas JOJDKHA COMTHCH C KPHBOK /.

B 3akaioueHHe OTMETHM, YTO IPHUBEIAEHHBIE 3A€Ch pacyeTbl HMEJH
OPHEHTHPOBOYHBI/ XapaKTep, CJAYXHJH AJs OLUEHKH BEeJHYHH H BCJAEH-

"CTBHE 3TOro He IpeTeHAYeT Ha CTPOroCTb H TOYHOCTb.

Buipaxxaem OGaarozapHocts M. K. Tamm 3a nomoiws B pa6ore.
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