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The paper is devoted to the experimental study of electric transport in a

very special substance, namely alkali-earth glasses containing the notice-
able quantity (up to 10%) of dissolved irradiated uranium nuclear fuel and
its fission and daughter products as well. Such a high-radioactive prod-
uct was formed at the active stage of the well-known heavy nuclear ac-
cident which occurred on Chornobyl NPP facility in 1986. The soft matter
behaviour was established by measuring the temperature dependence of
viscosity, where the glassy properties had been identified unambiguous-
ly. Static electric conductivity temperature dependence was measured for
80 K—1000 K temperature interval. The transport processes connected with
thermal activation of electrons, hopping conductivity in the band tails and
variable range hopping (VRH) were identified. The band structure of such
glasses manifests the energy gap of 1.8-2.0 eV width, which formed due
to long-range order and wide band tails connected with horizontal disorder,
which, in its turn, may originate from numerous traps and internal radiation
damages. The latter makes it possible to identify the investigated matter
as devitrified glass. The distinguishing feature of such devitrified glasses
is low ionization energy for electrons, providing a high spatial density of
electron excitations in « -particle tracks, which leads to such a collective
phenomena as the so-called Coulomb explosion.
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The paper is devoted to the experimental study of electric transport in very
special complicated substance. Such a matter has been formed as a product of well-
known heavy nuclear accident, which was occurred on Chornobyl NPP facility in
1986. Its formation occurred at the active stage of the accident by dissolving the
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uranium nuclear fuel and other constructive materials of reactor core in melted ser-
pentine (Mgg(OH)gx[Si4O19] ); the latter had been used in the reactor construction
as a heat-insulating filling. The irradiated fuel heat release served as a heat source
for the melting process. The final product of melting process is known as LFCM —
lava-like fuel-containing material. There are several sorts of such materials, which
vary in colour and in uranium content. The most widespread and typical LFCM sort
is the so-called brown LFCM.

The averaged element composition for brown LFCM [1] is given below in the
table 1.

Table 1. Element composition (significant quantities) of brown LFCM (mass %).

Element | Al Mn Fe Mg Si Ca Zr Na U

Average | 3.5+ | 0.524 | 0.844 | 4+ 30+ 4.7+ | 48+ |4+ 8.4+
Content | 0.7 0.2 0.2 0.9 3.6 0.8 1.1 0.4 0.2
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Figure 1. LFCM dynamic fluidity vs temperature dependences. 1 — the so-called

multicoloured LEFCM, 2 — brown LECM. Vitrification temperature T, corresponds
to conventional viscosity value of 1 TPa-s.

The direct study of LFCM structure by routine X-ray analysis gives ambiguous
results, as far as LFCM themselves are the powerful sources of X-ray radiation, which
provides a strong background for detectors. In order to classify at least a condensed
matter type (crystalline or amorphous), a temperature dependence of fluidity was
measured. Corresponding results are presented in figure 1.
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Electron and ionic transport in high-radioactive silicate alkali-earth glasses

From figure 1 one can easily identify the absence of a certain melting point for
LFCM, but monotonic (and close to exponential) growth of LFCM fluidity with
temperature. Such behaviour is typical of glasses (or glass ceramics). There are a
few theories for viscous flowing of glasses, but all of them are based on the picture
of presence of separate moving particles (called kinetic units), which provide flowing
[2]. Viscosity itself is a statistical parameter, as far as its value is determined by the
whole ensemble behaviour of interacting kinetic particles. Proper calculations for
such ensemble behaviour will lead to the expression describing 7(T) behaviour as

U(T) = Tjo €Xp (Ua/kT) ) (1)

where U, is the activation energy for viscosity. Proper figure 1 data processing
indicates that for the so-called multicoloured LFCM U, ~ 3 eV; this is because we
can find (low temperature) U, ~ 1 eV for brown LFCM. Those initial data enable
us to estimate ion diffusion coefficients for LFCM at a room temperature as well as
high-temperature LEFCM fluidity.

One can identify from the above that LEFCM vitrifiability is based mainly on SiO,
and partially on AlyO3 oxides (see table 1). LFCM belongs to a class of alkali silicate
glasses regarding the noticeable Na™ quantity, which, as it is known [2], enlarges the
ion transport in glasses to a great extent. On the other hand, alkali-earth Ca™" and
Mg** ions are capable of blocking the ion mobility by way of saturating broken
valence bounds [2].

Thus, the LFCM are alkali-earth silicate glasses, in which electric transport mech-
anisms are unclear. The latter, however, is important regarding high radioactivity of
LFCM and simultaneous action of high internal electric fields and radiation damages
on their behaviour.

As one can see, LFCM contain about 8% of uranium irradiated fuel, and, hence,
its fission and transuranium daughter products. The internal radioactivity of glasses
is provided by the fission products (Cs'¥7, Sr%) and daughter products of irradiated
uranium (Pu?? Am?!!). The specific a-activity of such glasses is 10MBq/cm? (the
typical value); B-activity can achieve 1GBq/cm?® value.

The electric transport properties of such a matter present a scientific interest as
far as it is a multi-phase heterogeneous non-equilibrium system, where a continuous
generation of extra electrons ([-particles) occurs. There is, however, the practical
aspect: internal self-sustained currents cause a high inner electric field, especially
just beneath the surface of material; those electric fields can indirectly stimulate
the action of various factors leading to such a material self-destruction. The items,
connected with the matter durable stability are of a crucial practical importance,
regarding the large quantity (about 1000 tons) of such high-radioactive material,
which now cannot be isolated from the environment in a sufficiently reliable way.

2. Self-sustained currents and internal electric fields in LFCM

It is quite clear that a certain part of [-electrons will escape an LFCM volume
trough the surface and will provide an electric current density J = e - ¢, where ®
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is the surface density of electron flow. One may expect a relatively large current
value, taking into account a large quantity of secondary electrons, which are to be
originated by each (-electron having typical initial energy of 200-1000 keV. Actually,
the volume concentration of moving particles N will provide their flow density (in
[3] it was calculated for a-particles)

A

d=N 1 (2)
where \ is a whole path of particles in condensed media. The N quantity should
exceed the one calculated from specific radioactivity and hence the current density
J by two-three orders, as far as J does not depend on the energy of electrons
escaping the surface. There was provided a special workbench experiment devoted
to direct measurement of electric current provided by electrons escaping LFCM
surface. At the same time the possibility was provided to quantitatively identify
the low-energy electron spectrum by applying a stopping potential to the anode
(the LFCM specimen surface served as a cathode). The corresponding volt-ampere
characteristic is indicated in figure 2.
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Figure 2. Density of current emitted by LFCM surface in vacuum (0.001 Pa) on
the stopping potential dependence.

One can see in figure 2 that there are no expected low-energy electrons input
in total electric current as far as the curve indicates a weak J(U) dependence only.
Moreover, a thorough qualitative analysis of this curve behaviour for U < 0 region
(stopping external field) indicates that there are no electrons of £ < 50 eV energy
and the input of electrons belonging to 300 eV < E < 50 eV energy interval (at
U ~ 300 V there is a full stopping for low-energy electrons since the curve derivative
is close to zero) does not exceed 3-4%. The current density value corresponds to the
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one estimated from (2) if N corresponds to the known (mentioned in Introducti-
on) specific [f-activity and there is no need to take a large quantity of secondary
electrons into account. Observable picture seems contradicting at first glance. The
phenomenon under observation, however, has a simple physical explanation based
on the consideration that A parameter in (2) itself depends on E to a great extent.
Such a situation was analysed in detail in [4], where based on the tabulated data [5]
it was identified that A(F) function sharply decays with the electron energy decreas-
ing. The latter is the main reason for a negligibly small input of low-energy electrons
in the total ® value, despite their doubtlessly high concentration just beneath the
surface. The energy spectrum of the emitted electrons was experimentally estimated
in [4], where it was found that it mainly corresponds to a f-spectrum of Cs-137 and
Sr-90 [6], which provide a main [-activity in LFCM volume. Thus, one may con-
clude that, on the one hand, there is a certain surface Coulomb barrier located just
beneath the surface, which is non-transparent for low-energy electrons. On the other
hand, there is an electron-lacking region, which formed at the depth A (0.1-0.2 mm
for majority of -electrons) under the surface. The above resulted in the stationary
(in a long-time scale) under-surface electron flow directed from LFCM surface within
its volume up to the a depth of the order of A\. As it will be clear hereinafter, such a
stationary picture can exist only at a room (and lower) temperature, when there are
no free electrons, but electric conductivity can be realized through localized states
by hopping mechanisms.
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Figure 3. Temperature dependence of self-sustained electric field generated by
brown LFCM specimen.

It is quite clear from the above that noticeable hopping conductivity can exist
when there is a large density of localized states (traps for electrons) only, which can
be provided by initial structure defects or by radiation damages. As far as hopping
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parameters (and possible free electron concentration) do depend on temperature
to a large extent, the temperature increase will lead to a redistribution of internal
electric fields and currents. The results of some pertinent experiments are presented
below.

One of the experiments was devoted to the measuring of spontaneously generated
electric field. There was used the plane specimen, the thickness of which (1 mm)
was taken larger than A. The potential difference was measured with high-impedance
voltmeter. Corresponding temperature dependence is presented in figure 3.

One can see in figure 3 that spontaneous electric field strength exceeds 1 kV /cm
and decays exponentially (with activation energy about 0.43 eV) while temperature
increases. The given electric field strength should be understood as an average inte-
gral value for the whole thickness, but the possible local value for the near-surface
spatial region is still unclear. Sharp decay may be connected with the following two
processes: (a) the release of the localized electron from the existing traps and (b)
sharp increase of volume conductivity due to free electron generation by way of their
thermal activation on the mobility edge. Both processes will lead to the elimination
of the above mentioned surface Coulomb barrier and to the increase of self-sustained
current. There was provided a special experiment on self-sustained current in short-
circuit regime measurement. Current versus temperature dependences are reflected
in figure 4.
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Figure 4. Measured short-circuit regime self-sustained electric current on temper-
ature dependences. Zero level is a conventional quantity. Lower curve corresponds
to a very slow heating. Upper curve was measured three days later and corre-
sponds to the heating velocity of 0.025 K/s.

One can observe in figure 4 (the lower curve) the sharp increase of current at
T > 400 K, though it is clear that current originates from nuclear processes, which
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cannot depend on temperature. Possible physical explanation for the observed phe-
nomenon is the appearance of thermally activated electrons, which break the sur-
face Coulomb barrier and in this way make possible a large quantity of secondary
electrons into the electric transport involvement. Data analysis indicates that ther-
mal activation energy for such a process is about 1 eV, which, as it will be clear
hereinafter, corresponds to the energy for electric conductivity in high-temperature
region. The LFCM specimen was kept at a room temperature for a few days in order
to fill in high-energy traps, if any. Here, a method was used accepted for semicon-
ductors having high concentration of deep impurities, where relatively quick heating
leads to liberation of electrons from traps and, hence, to the appearance of thermal-
stimulated current [7]. The result of such an experiment is reflected by the upper
curve in figure 4. It is not difficult to identify the thermal peak at 355 K vicinity.
Data processing in a manner described in [7] indicates the presence of the traps of
0.4 ~ eV depths. The nature of the trap is unclear yet. The current lowering just
after 370 K indicates that the traps are already exhausted at that temperature.

3. Electric transport in LFCM volume

It is clear from the above that to identify the physical mechanisms, responsible
for electric transport in LFCM, is a difficult task. Self-sustained currents and spon-
taneous electric fields will not permit to provide the conductivity measurements in
a standard way. The correct way in this situation is to measure volt-ampere char-
acteristic at every temperature point and then to find its derivative, when electric
field is close to zero. A heap of such a derivative values will provide a temperature
dependence of low-field (ohmic) electric conductivity. There was provided the spe-
cial investigation for LFCM specific resistance on temperature dependence, where
a 80 K < T < 1000 K temperature region has been covered. The temperature
dependence of LFCM specific resistance (high temperature region) is indicated in
figure 5.

One can see in this figure that (at 77 > 350 K) such a dependence can be
satisfactoryly described in a form of a simple activation law, namely as

p(T) = poexp(Ey/kT), (3)

where E; is the corresponding activation energy and pg is the pre-exponent coeffi-
cient. As it was mentioned earlier, there are two possible mechanisms for electric
transport. In principle, the first one may be connected with ionic hopping conduc-
tivity, where an ion hopping is thermally activated. A simple evidence in favour of
such a mechanism may be an observable additional hopping stimulated by electric
field; those can be identified as the rise of hopping conductivity with external electric
field increasing even at moderate electric field values. In order to testify the above,
the volt-ampere characteristic of LFCM specimen at T = 550 K is performed in
figure 6.

One can see in this figure the high linearity of the characteristic up to exter-
nal electric field strength ~ 1.5 kV /cm, which permits to identify the non-hopping
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Figure 5. Dependence of brown LFCM specific resistance on reciprocal temper-
ature. Both F7 and E»s activation energies can be found from the slope.
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Figure 6. LFCM volt-ampere characteristic at T' =~ 550 K. Specific conductivity
can be found from its slope.
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mechanism of electric transport at this temperature range. One cannot exclude,
however, a certain input of ionic hopping in high-temperature conductivity; it is
known that in homology (composition) raw of complicated silicate glasses where
ionic hopping mechanism changes by thermal-activated electron conductivity, no-
body can identify for sure the noticeable activation energy changes [2]. Besides this,
the high volt-ampere characteristic linearity in principle may be connected with the
small hopping range for ions and, therefore, non-linearity can be manifested at ex-
tremely high electric fields only. Another possible mechanism is a thermal activation
of electrons from a Fermi level into the states lying beyond a mobility edge [2,8].
Such a mechanism is typical of semiconductor glasses, where alkali ions (such as K,
Na™ or Li*) are absent, or ionic hopping mechanism is suppressed by two-valence
alkali-earth ions, such as Cat™, Mg** or Ba™™. As it was mentioned in Introduction,
in our system such a suppression is doubtlessly connected with noticeable Ca and
Mg content (see also table 1). The additional argument in favour of non-hopping
mechanism of electric transport (in a given temperature range) is the absence of
noticeable frequency dispersion of conductivity up to 1 kHz frequency. Determined
from (3) activation energy F; ~ 0.74 eV value corresponds to the energy distance
between the Fermi level and the mobility threshold, which, in its turn, corresponds
to a percolation level in a conduction band. The conduction band existence, as it
is known, is possible due to short-range order and valence bounds between neigh-
bouring atoms coordination. As far as usually (in glasses) a Fermi level is fixed in
the middle of mobility gap [2,8], one can estimate the (thermal) energy gap width as
~ 1.5 eV. Real (traditionally determined as an optical) mobility gap width at a room
temperature can be estimated taking into account a real LFCM elastic constants [9]
and thermal expansion coefficient, as 1.8 + 2 eV.

There is an additional question, connected with an origination of noticeable
electron conductivity. In accordance with a conventional point of view [2], in oxide
glasses having electron conductivity there are conditions for weakened manifestation
of the tendencies typical of transient metal oxides. As far as pure transient metal
oxides have no tendency to vitrification, the usual way to obtain noticeable electron
conductivity is to add them into a glassy composition. The electron conductivity
does depend on concentration of cations having uncompleted d-shells. There are
well-known oxide glassy compositions, containing Ti** and V4*; noticeable electron
conductivity has in fact been observed for glasses containing Fe, Co and Mn oxides.
In our case, at the first glance, one can suggest that Fe and U ions (see table 1),
having uncompleted d-shells, can provide a domination of free electrons in high-
temperature conductivity regarding simultaneous blocking of ion hopping transport
by Catt and Mg** ions.

Let us estimate an order of electron conductivity value. As far as electron trans-
port is provided through extended states of conduction band, which are not far from
a mobility edge, the extreme disorder of electron scattering takes place, where be-
tween any two acts of scattering the phase coherence of electron wave turned out
to be lost. In this case, according to Mott [8, 10] one may expect that pre-exponent
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coefficient pg will correspond to the minimum metallic conductivity quantity

Ae?

Omin = h5 ) (4)
where A is the numerical coefficient being 0.026, if coordination number is 6 and
vertical disorder dominates; d is the average distance between impurity centres being
~ 0.5539N /3 in a case of their random spatial distribution. Here N is their con-
centration. One can find from figure 5 data that py' = oy ~ 20Q~'m~'. This value,
however, is smaller, than a typical one for both glasses having electron conductivity
[2] and amorphous semiconductors [8]. If one compares that value with (4) relation,
it will give N ~ 10'® cm™2, which is a very small value. Such a small N value can
be explained by self-compensation phenomena, which are frequently observable in
semiconductors having deep captures (for example, vacancies and interstitial atoms)
[14]. Another approach based on the consideration that the typical drift mobility
value u for glasses, when extended states transport occurs (near a mobility edge),
is of the order of 1 cm?/V - s. Then, taking into account that oy = Nepu, one can

obtain N ~ 10'® cm~3, which is more reasonable and provide the density of states
(T =550 K) about 210! cm—3eV~L.
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Figure 7. LFCM volt-ampere characteristic at T = 294 K. One can identify
non-ohmic regime connected with hopping conductivity in the band tails.

As one can identify from figure 5, at T' < 350 K we do have another conductivity
mechanism. In the temperature interval 350 K < T < 270 K it can be described by
the activation law

p(T) = pyexp(Ey/kT), ()
where the corresponding activation energy is 0,47 eV. The pre-exponent coefficient
for conductivity is three-orders smaller than oy value, which points indirectly to the

838



Electron and ionic transport in high-radioactive silicate alkali-earth glasses

conductivity mechanism through localized states. It is a well-known mechanism for
numerous glasses and amorphous semiconductors, when activation occurs from the
Fermi level to the localized states belonging to a conduction (and valence) band
tails. A conventional convincing proof for such conductivity mechanism is a notice-
able conductivity increase even in moderate electric fields. There was measured the
volt-ampere characteristic at T" = 294 K, which belongs to the above temperature
interval. Results are presented in figure 7.

One can see in figure 7 a noticeable deviation of the presented characteristic
from linear law since &~ 500 V /cm. The deviation corresponds to non-ohmic hopping
conductivity regime on localized states belonging to the conduction band tail and
become sufficient when eER ~ k'T', where R is the hopping range. Rough estimation
from figure 7 data provides R ~ 250 nm. In order to identify the physical sense of
such R value, one should estimate the density of localized states in the band tail
located in the energy interval between 0.47 eV and 0.74 eV. Considering that the
band tail width is AEF ~ FE; — Fy =~ 0.27 eV, which is connected with Coulomb
interaction between neighbouring localized states, one can use the known relation,
which is commonly used for impurity band in semiconductors [11], namely

1
2N/3
AEze

47 Eo€ ’ (6)
where N is the localised state concentration, €y and ¢ are the dielectric constant
and LFCM dielectric permeability, correspondingly. Taking into account ¢ ~ 10 for
LFCM [12], one can establish from (6) the N ~ 2-10?> cm ™ and the corresponding
density of states will be about 8 - 1022cm—3eV 1. These are the upper-limit estima-
tions as far AE may be increased due to compensation processes [11], but no doubt
the order of values is correct. The average distance between neighbouring localized
states will be 6 ~ 3 nm at the above concentration. One can conclude hear that the
above mentioned hopping range of 250 nm corresponds to the variable range hop-
ping regime in the band tail transport, but proper temperature dependence cannot
be observed while Es activation mechanism prevails.

At T < 270 K the Ey — conductivity mechanism is exhausted and activation
energy decays with temperature lowering. Data processing for 270 K < 7" < 80 K
temperature region shows that p(7") dependence obeys the well-known Mott law

o(T) = pr exp [(?)/] , )

where T is the parameter, which depends on localized states overlapping. The results
are presented in figure 8.

One can detect from this figure that (7) dependence covers more than three orders
of p(T) value. From the straight line slope it is possible to determine Ty ~ 4 - 107 K
value. No doubt, this is a variable range hopping process, which occurs in a narrow
band of the order of kT width in the Fermi level vicinity. There were provided special
calculations for Tj value [8,11,13] based on percolation approach. Those calculations
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Figure 8. Dependence of low-temperature LFCM specific resistance on tempera-
ture. VRH-regime indicated by the straight line.

give the similar result, which is

3

Ty~ (16.9 = 17.5)N(7EF), (8)

where 77! is the localization radii for screened Coulomb potential of exp(—~r) type,
N(EF) is the density of localized states on the Fermi level and numerical coefficient
in the round brackets originates from percolation considerations. Then, if we suggest
~v~! & 0.5 nm as a reasonable value for numerous amorphous semiconductors and
oxide glasses [13], one can establish from (8) relation, taking into account the ex-
perimental T value, that N(Ep) ~ 2-10" cm™3eV~!. At last, let us give the rough
lower-value estimation for possible energy width for the stripe of localized states on
the Fermi level. Thorough calculation of proper percolation problem [11], we can
estimate an upper temperature edge; below that edge the conductivity mechanism
(7) should dominate. That estimation gives

kT, ~ 0.3 - AE;, (9)

where AE; is the energy width and 7. is the corresponding temperature edge. One
can easily identify from figure 8 data that T;. &~ 260 K, so one can obtain from (9) the
AFE¢ > 0.07 eV. In the case of classical gapless glasses, where the mobility edges exist
only, one should expect (at T' > T,) the hopping process with low activation energy
(of the order of 0.1 eV) observation, connected with nearest-neighbour hopping
(usual e3-conductivity [11]). We can observe, however, the Fy value only, which is
not in coincidence with expected hypothetic 3 one. There is one distinct physical
explanation for such divergence — the localized states having E > F, energy and
the ones situated just near the Fermi level simply belong to the different bands of
localized states. It means, that the density of states between E, and the Fermi level
(except AEx) is close to zero, i.e. that the real energy gap does exist between them.
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Finally, the lowest estimation for localized states on the Fermi level concentration
will be (one may consider N(Eg) to be practically constant regarding the good
obeying of figure 8 experimental data to the (7) law) the N(Fr)-AE; ~ 1.5-10'® cm ™

value.

4. Conclusions

The heap of the above described experimental results makes it possible to deter-
mine preliminaryly the LFCM energy structure and, hence, to classify it as a con-
densed matter sort. The suggested LFCM energy structure is presented in figure 9.
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Figure 9. Suggested LFCM energy structure. Localized states are identified by
the dashed area.

The main outcomes are as follows:

1. LFCM are the alkali-earth silicate glasses, whose vitrification temperature be-
longs to 1000 K + 1100 K temperature interval.

2. LFCM is an disordered semiconductor having an energy gap which formed
due to a short-range order and a wide band tails connected, as it is common
for glasses, with horizontal disordering (see figure 9), which, in its turn, may
be connected with numerous traps and radiation damages. Estimated thermal
energy gap is 1.5 eV, possible optical energy gap at a room temperature is
1.8 = 2.0 eV. There is a noticeable concentration of localized states just on a

Fermi level.

3. There are no evidences for ionic transport, which can be explained by its
blocking by alkali-earth ions, such as Ca™ and Mg**. At 1000 K < T <
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350 K the main mechanism responsible for electric transport is a thermal
activation of electrons on the mobility edge E;. Such type of conductivity
(pre-exponent coefficient o value) is anomalously low, which can be explained
by self-compensation processes. Another possible factor for it might be a non-
equilibrium energy spectrum for free electrons in a conduction band originated
from fast [-electrons and a great amount of secondary electrons, which leads to
chaotization of free electrons movement and prevents their directed movement
along the external electric field. At 350 K < T' < 270 K an electric transport
is provided by hopping conductivity in the band tails, whose energy threshold
is Fy. The high localized states density can be provided by U*t and Fe3*
ions, having changeable valence, whose concentration is about 1% (atomic).
At T < 260 K the variable range hopping in a stripe of order kT around a
Fermi level was identified as the dominating mechanism.

An internal irradiation process leads to the appearance of self-sustained cur-
rents; observable external current corresponds to internal radioactivity, as far
as a surface Coulomb barrier for secondary electrons exists. Such a barrier can
be destroyed by heating due to electric conductivity enlarging, which results
in the involvement of secondary electrons in electric transport. The thermal-
stimulated current, connected with traps liberation can be also observed at
a fast heating. Spontaneous electric fields, connected with internal currents,
can also be observed. Their strength achieves 1 kV/cm and more at a room
temperature.

. The distinguishing feature of LFCM is low activation energy for electron ion-
ization, which can provide a high spatial density of electron excitations in
a-particles tracks and can lead to the group of phenomena, connected with
the so-called Coulomb explosion. The latter item is a subject of a special in-
terest [14,15].
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EneKkTpoHHMA Ta iOHHUM TPaAHCNOPT B
BUCOKOPaAioaKTUBHUX CUANIKATHUX NTY)KHO3EMEJIbHUX
cTeknax

0.B.Xngkos
IHCTUTYT Mpobnem beanekn AEC HAH YkpaiHn

OtpumaHo 16 cepnHsa 2004 p., B OCTaTOYHOMY BUMMAA| —
20 cepnHga 2004 p.

PoboTa npucesiyeHa ekcnepuMEHTaNbHOMY BMBYEHHIO enekTponepe-
HEeCeHHs1 B OyXe 0cOoOnMBIN PEYOBUHI, a camMe B JIY>)KHO3eMeJlbHUX
cTeknax, Wo MICTATb MOMITHY KinbkicTb (00 10%) po34YMHEHOro onpo-
MiHEHOIr0 4EPHOro NanvBa Ta NPOAYKTIB MOro NoAiny i HanpawuboBaHNX
NpPoAykTiB. Taknii BUCOKOPAAi0aKTUBHUI MaTtepian 6yB chopmMOBaHUI
B nepebiry akTuBHOi $as3n 3aranbHOBIAOMOI TSXKOi sSaepHoi aBa-
pii, wo Bigbynaca Ha YopHobunbcbkin AEC 1986 poky. NoBepniHky
Takoi PeYOBUHU SIK eNekTposiiTy 6yn0o BUBYEHO LUISXOM BUMIPOBAHHS
TemMnepaTypHOi 3a5exHOCTi B'A3KOCTi, Npu LbOMY HeABO3HA4yHO 6yno
ineHTMdIKOBAHO BNACTUBOCTI, XapakTepHi Anga crekon. byno BUMIipaHO
TeMnepaTtypHy 3anexHiCTb CTaTUYHOT €NeKTPONPOBIAHOCTI B iHTEpBai
Temnepartyp 80 K-1000 K. Byno ineHTngikoBaHo npouecu nepeHeceHHs
LUNSXOM TepMIiYHOI akTuBaljii enekTPOoHiB, CTPUOKOBY MPOBIAHICTb B
XBOCTaX 30H Ta CTPUOKOBY NPOBIAHICTb 3i 3MIHHOIO AOBXWHOIO CTPUOKA.
30HHa CTPYKTypa Takux CTEKOJ BUSIBNSE HASIBHICTb 32aO0OPOHEHOT 30HU
wupuHoto 1.8-2.0 eB, cpopmoBaHOi Yepe3 HasABHICTb AasibHLOrO Mo-
PAOKY, Ta LUMPOKMX XBOCTIB 30H Yepe3 ropmu3oHTanbHUin 6e3nag, akuii, B
CBOIO 4epry, Moxe OyTWn 3yMOBJIEHWNIA YACIEHHMMW NacTkamMu Ta pagia-
uinHumn pedpekramu. OCTaHHE O03BOISE IAEHTURIKYBATU OOCIAXKEHUN
mMaTtepian sk cutan. BuaHayHOO O0COBNUBICTIO TakKuUX CUTaNiB € HU3bKa
eHepria ioHi3auji ong enekTpoHiB, WO 3abe3rnedyye 3Ha4YHy NPOCTOPOBY
rYCTUHY €NMEeKTPOHHUX 30yOKEHb B TPEKAX o-4ACTOK i CMPUYMHSIE NPOSIB
Takoro KOJIEKTUBHOIO SIBULLA, SIK KYJTOHIBCbKUIA BUOYX.

Knio4oBi cnoBa: kepamika, paaioakTmeHi ctekna, CTpubkoBsa
rNpoBIAHICTb

PACS: 72.20.Ee, 71.20.Dg
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