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The dependence of electrical dc conductivity of KH,PO, (KDP) single crystals on the
dose of y-irradiation is investigated. The conductivity is found to decrease exponentially at
v-irradiation. The temperature dependences of the conductivity are described by the expo-
nential law. The pre-exponential factor and activation energy values of conductivity are
determined for the crystals irradiated with various doses. Analysis of the dose and
temperature dependences shows that the radiation-induced decrease of the conductivity is
associated with the decrease of L-defect concentration in the crystal. The concentration
changes in accordance with the law of first order kinetics at the range of y-irradiation
doses of 3.0-102 + 6.3-10% Gy. Possible mechanisms of the L-defect concentration changes
under y-irradiation of crystals are discussed.

HccnenoBaHa 3aBHUCHMOCTh Y/eJbHON BJIeKTPONPOBOgHOCTH MoHOKpucraaros KH,PO, or
O3Bl Y-00JydeHUs. Y CTAHOBJIEHO, UTO MPU Y-OOJYyUEHWU IIPOUCXOJUT SKCIOHEHIMATBLHOE
YMeHbIIIeHNEe dJIeKTPOIPOBOAHOCTH. TeMieparypHble 3aBUCUMOCTH 2JEKTPOIIPOBOJHOCTH IIOJ-
YUHAIOTCS OKCIOHEHIMAJIbHOMY 3aKoHy. OmpemeseHbl 3HAYEHHUS IIPEIIKCIOHEHIIMAILHOTO
akTOpa M 9HEPruU AKTUBALUU JIEKTPOIPOBOJHOCTH AJIs KPUCTAJJIOB, O0IyYEHHBIX PA3JINY-
HBIMU 103aMHU. AHajau3 JO30BBIX U TEMIIEPATYPHBIX 3aBUCHMOCTEH IIOKa3bIBAET, UTO pajua-
MOHHO-UHIYIIMPOBAHHOE YMEHbIIEHNE BeJIUYUHBI 2JEKTPOIPOBOAHOCTY CBABAHO C yMEHbIIIE-
HUeM KOHIeHTpanuu L-medexToB B Kpucraiiaax. VsMeHeHMe KOHIEHTPAIMKM B HHTEPBaJe
108 y-o6yuenus 3.0-102 = 6.3-103 I'p mPOUCXOZUT B COOTBETCTBUU C BAKOHOM KHHETHKH
nepsoro mopaaka. OGCYKIa0TCs BO3MOJKHBbIE MEXaHM3Mbl M3MEHEHUA KOHIeHTpauuu L-me-
(GexTOB mpu y-00IyYeHUN KPUCTAJLIOB.
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1. Introduction

Potassium dihydrogen phosphate (KDP,
KH,PO,) single crystals have found wide
use in laser facilities as elements of elec-
trooptical switches, modulators and deflec-
tors [1]. The crystals used in electrooptical
devices must have rather high ohmic resis-
tance, therefore dc electrical conductivity is
a significant characteristic of such crystals.
Its value depends on the crystal growth and
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radiation defects [2-5]. The formation of
growth microdefects is caused e. g. by in-
corporation of impurities into the lattice in
the process of crystal growth, or by non-
stoichiometry (violation of the
stoichiometry) of the growth solution. Ra-
diation defects are formed in the crystals
under the action of electromagnetic radia-
tion with high quantum energy. Study of
the influence of different kinds of radiation
on dc electrical conductivity of KDP crystals
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is significant both for improvement of their
electrophysical characteristics and for in-
vestigation of the mechanisms of the forma-
tion of radiation defects.

The crystal structure of KH,PO, consists
of K* cations and H,PO,~ anions. The phos-
phate ions PO, are connected with each
other by the hydrogen bonds. At T'> T, =
—150°C (123 K) the crystals are in paraelec-
tric phase and have the tetragonal symmetry
142d [6]. The conductivity ¢ in KDP crystals
is defined by migration of the protons H* and
the proton vacancies Vp, (L-defects) [2—4],
and is described by the equation:

E, 1
o =0 - exp(—7m)s )

where o[ is the preexponential factor, E,,
the activation energy of conductivity, &, the
Boltzmann constant, T, the absolute tem-
perature. If there are some conduction
mechanisms, the right-hand side of Eq.(1)

may contain several terms with o, and E,
values corresponding to each mechanism.

As reported in [5], under irradiation of
the crystals with ionizing radiation the
value of dc conductivity changes. However,
the mechanism of the influence of irradia-
tion on the conductivity can be established
on the base of a detailed study of the dose
and temperature dependences, as well as ir-
radiation-induced changes in the concentra-
tion of the defects which influence the con-
ductivity.

The goal of the present work was to in-
vestigate the y-induced changes in the con-
centration of the defects responsible for dc
conductivity in potassium dihydrogen phos-
phate crystals, and to determine the effect
of irradiation on the values of oy and E,,.

The investigated crystal samples were
grown by the method of solvent re-circula-
tion at a rate of 1-3 mm/day. The impurity
composition of the samples was established
by the standard methods of atom-emission
spectrometry (see Table 1). The amount of
As impurity in potassium dihydrogen
phosphate solutions determined in accord-
ance with [12] was 10741073 wt.%.

The radioactive isotope 0Co was used as
a source of y-rays; the irradiation doses var-
ied within 2.8-102-107 Gy range.

2. Experimental

For the investigated unirradiated and irra-
diated KDP samples, the difference in the val-
ues of dec conductivity measured along the
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Table 1. Results of impurity composition
analysis for KDP crystals

Impurity content (wt.%)
Pb Si Fe Al Ca
<5.107° [ 2.7.1073 | 1.8.107¢| 2.1073 | 2.8.1073

axis ¢ and perpendicular to it, did not exceed
20-35 % (100 % |GH -0 |G” ~ 20+35 %). In

this paper we present the results of the
measurements of the axial conductivity
component.

The value of dc conductivity was meas-
ured for the electric field intensities E =
152-556 V/ecm. In this range the voltage-
current characteristic of the crystal is lin-
ear enough [8], so it is possible to compare
the results of de conductivity measurements
obtained at different applied voltage and
different sample’s thickness of the sample.

To obtain the data concerning the con-
duction mechanism, we investigated the
temperature dependences of the conductiv-
ity and determined the values of 65 and E,
from these dependences using the method of
least squares. The said dependences were
measured by "E6-13A" teraohmmeter (the
instrumental error being +4 %) at E = 152
556 V/cm. The measurements were carried
out within 20-146°C interval. To obtain the
required temperature of the crystal sam-
ples, a 2B-151 type thermostat with an elec-
tric heater unit was used. The temperature
was measured by a differential copper-con-
stantan thermocouple. One (cold) end of the
thermocouple was placed in a thermostat
with a temperature of 0°C, the other end
was in contact with the investigated sample.
The conductivity measurements were car-
ried out using the conventional two-probe
technique on the crystal samples shaped as
parallelepipeds with two opposite faces cov-
ered with graphite to provide good ohmic
contacts with the crystal investigated. The
resistance of the samples was measured at a
voltage of 100 V. The conductivity of the
crystals was found from the relation:

t 2)

o==0
R-S

where R is the resistance of the sample, ¢,
the thickness of the sample, S, the area of
the crystal sample faces covered with graph-
ite, S = A x B, with A and B being the di-
mensions of the sample.
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Fig. 1. Two-electrode circuit for measurement
of dc conductivity of the crystals: E — power
supply; Ry — measuring resistor; 1, 2 —
electrodes; 3 — crystal sample.

The dependence of de conductivity on the
dose of y-irradiation (the dose dependence)
was measured along the c-axis at the elec-
tric field intensity equal to 218 V/em by
means of the circuit shown in Fig. 1, using
current-conducting rubber electrodes. The
power supply voltage was ¢=50 B, the value
of the standard resistor was Ry = 108 Ohm.
The voltage across the standard resistor was
measured by a direct current electrometric
voltmeter VK2-16. The voltmeter error and
the uncertainty of the current value in the
measurements using potential drop across
the standard resistor were 1.5 % and
+10 %, respectively. A constant-voltage
power supply TES20 was used as a voltage
supply. The measurements were carried out
at the temperature T = 25+0.5°C. The men-
tioned instability of the crystal sample tem-
perature leads to inaccuracy of the resis-
tance measurements of 3.5 + 4.8 % at E, =
0.52 = 0.72 eV.

The resistance of the sample R was deter-
mined from the formula:

R = Ryl(£/U)-1] (3)

where ¢ is the power supply voltage, R, the
resistance of the standard resistor, U, the
voltage drop across the standard resistor.

The conductivity of the crystals was
found from relation (2) in which S is the
area of the crystal faces contacting with the
electrodes.

While measuring dose dependences, the
standard error of dc conductivity measure-
ments, taking into account the uncertainty
of the crystal temperature, the dimensions
of the crystal sample and the instrumental
error did not exceed 11 %.
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Fig. 2. Temperature dependences of electrical
dc conductivity of non-irradiated and y-irra-
diated KDP crystals (the solid lines denote
lgo values calculated based on the parameters
from Table 2).

The samples used in this study had the fol-
lowing dimensions: A =1.0+1.2, B=1.0 + 1.5,
t=0.18 = 0.66 cm.

3. Results and duscussion

In a number of cases the dc conductivity
parameters o, and E, determined by analyz-
ing the temperature dependences give the
information concerning the mechanism of
charge transfer. As shown in [3], for KDP
crystals the wvalue E;;~0.52-0.55 eV
points to the processes of the migration of
proton vacancies (L-defects), whereas E 5 >
E,;, E,» ~0.78-1.00 eV is usually con-
nected with the process of the formation
and migration of intrinsic defects in the
crystal [2—-4]. At the same time, in non-
stoichiometric KDP crystals high E, values
may be also caused by the migration of ex-
cessive protons over the interstitials [4]. In the
opinion of the authors of the mentioned paper,
the crystals with high activation energies are
more perfect, since high E, value testifies to
domination of the intrinsic conduction mecha-
nism characterized by E, > 0.7 eV.

The temperature dependences of dec con-
ductivity of the irradiated crystals obtained
in the present paper (Fig. 2) have the form
of straight line in the Arrhenius coordi-
nates (1/T, lgo,) in the temperature range
of 20 + 100°C. This points to the fact that
the temperature-dependent changes in dec
conductivity of the crystals occur in accord-
ance with Eq.(1).

The values 6, and E, are calculated from
the slope of the conductivity curve towards
the axis X and the intercept of this curve
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Table 2. Electrical dc conductivity parameters for KDP single crystals”

Sample Dose (Gy) E, (eV) lgogy (S/cm) | opp © (S/em) | o4y © (S/cm) T(°C)

number
12 0.520+0.005 | —1.51+0.08 3.6.10711 5.0.10°11 <130
1P 0.796+0.009 2.1+0.1 2.6.10712 4.4-10712 180-145
22 2.8-104 0.570+0.009 | -1.20+0.11 1.0.10711 1.510711 <100
32 4.2.108 0.636+0.005 | —0.07+0.07 9.9.10712 1.5.10711 <100
3a.d 4.2.108 0.540+0.006 | —1.26+0.08 2.9.10711 4.1.10711 <100
42 107 0.720+0.011 | 1.45+0.10 1.2.1011 1.9.10°11 <100

* The results are presented as the calculated parameters #standard error. The main results were
obtained at increasing the temperature of the crystals irradiated 10 (sample 2) and more than 15
years (samples 3, 4) before; E, and 6, values were calculated without weighting;

2, b Jow-temperature (T < 130°C) and high-temperature (T > 130°C) conductivity parameters, respec-

tively;

¢ the values conductivity at room temperature (cz;) and at 25°C were calculated using the parameters

contained in the Ttable;

d Jow-temperature parameters of conductivity were determined at cooling of the crystal from 145°C

down to room temperature.

on the axis Y. The calculated parameters of
the de conductivity of potassium dihydrogen
phosphate crystals are presented in Table 2.

As follows from the Table, the conductiv-
ity parameters of the irradiated crystals vary
within rather wide interval: E, = 0.52 + 0.72 eV,
lgog = —1.51 + 1.45 S/cm.

Analysis of the results obtained in the
present study show that for KDP-type crys-
tals the value of dec conductivity is defined
by the expression [2]:

_ En Ego 4
G =0p1 * eXp(_k—T) + Opg - eXp(_k—T)’ 4)

where Gy, Gy are the preexponential fac-
tors, E,;, E,5, the activation energies corre-
sponding to different mechanisms of de¢ con-
duction. The first term in Eq.(4) is the
structure-dependent component of the con-
ductivity (defined by the lattice imperfec-
tions and connected with the migration of
L-defects). The second term describes the
conductivity caused the processes of forma-
tion and migration of the intrinsic and,
probably, some types of impurity defects.
For the unirradiated potassium dihydro-
gen phosphate crystals studied in the pre-
sent work E,; ~ 0.52 eV. This testifies that
in the vicinity of room temperature the
mechanism of de conduction caused the mi-
gration of L-defects is dominating. In the
crystals irradiated with high doses
(D =107 Gy) E,» =0.72 eV. In this case
the intrinsic conduction mechanism and the

Functional materials, 18, 2, 2011

5,10 "'xS/cm

5|

4L

3

2

1

1
or 2
L L L L L L

1
0 1 2 3 4 D,10°xGy

Fig. 3. Electrical dc conductivity of KDP sin-
gle crystals versus y-irradiation dose (1) and
dose-independent component of conductivity
G, = const (2). The conductivity was meas-
ured along c-axis at 25°C (the solid lines de-
note lgo values calculated from formula (5)).

mechanism caused the proton migration
over the interstitials, may be realized.

Fig. 3 shows the dependence of the dc
conductivity of KDP single crystals | meas-
ured along the crystal axis ¢ on the dose of
y-irradiation. One can see that even at com-
paratively low doses (D <6.3:103 Gy) the
conductivity value essentially changes.
After y-irradiation with D > 3-10% Gy the
room temperature conductivity diminishes
by an order.

The observed essential change of the con-
ductivity occurs in the vicinity of room
temperature where the values oy and E, are
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sensitive to defects formed in crystals, as
well as in the range of y-irradiation doses
where KDP crystal lattice is radiation-resis-
tant [9]. This allows to assume that the
observed effects are mainly defined by
modification of the structure of the growth
defects present in the crystal.

As seen from Fig. 3, there are two con-
ductivity components c; an 65, one of them
essentially depends on the irradiation dose.
The dose dependences of dc conductivity
may be presented as:

o(D) =c{(D)+09=01¢" 'eX{DAO] + 0y, (%)

where 6; and o, ~ const are the two conduc-
tivity components with low (E, ~ 0.5 eV)
and high (E, > 0.7 eV) value of activation
energy, respectively; cyg, the constant factor
corresponding to the value of the dc conductiv-
ity oy of the unirradiated crystal, D, the dose
of y-irradiation, Dy, the constant value meas-
ured in Gy and numerically equal to the dose of
y-irradiation at which the conductivity compo-
nent o; diminishes by e times. For the investi-
gated crystal oy = (4.140.4)-10711 S/cm, Gop =
(0.73£0.12y10711 S/em, Dy = (1.5+£0.4)-10% Gy.

The y-induced decrease of the dc conduc-
tivity of KDP single ecrystals observed after
y-irradiation is stable enough. Heating of
the irradiated sample up to 100°C did not
increase the conductivity value. The conduc-
tivity of the samples irradiated with
D~ 310* Gy remained by 8+ 8.6 times
lower in comparison with the one of the
unirradiated samples at storage of the irra-
diated crystals during 10 + 15 years at
25+5°C (Table 2).

It is known that the doses of y-irradia-
tion D ~ 10%4 Gy lead to transformation of
the defects [10], but do not have essential
influence on KDP crystal structure perfec-
tion [9]. So, y-irradiation can be used for
decreasing the dc conductivity of the crys-
tals.

However, heating of the crystals up to
temperatures higher than 130°C essentially
increased their de¢ conductivity (Fig. 2). As
seen from the figure, at highest tempera-
tures the value of dc¢ conductivity of the
irradiated crystals became close to that of
the unirradiated crystals. In this case there
occured irreversible changes in the conduc-
tivity parameters: E, and lgo, diminish,

a
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Fig. 4. Dependence of L-defect concentration
in KDP crystals on y-irradiation dose (the

solid lines denote lgo values calculated from
formula (7)).

whereas the de¢ conductivity at room tem-
perature increases (Table 2).

The concentration of L-defects in KDP
crystals can be estimated using the results
[2], which show that this concentration var-
ies in proportion to the concentration of the
introduced HSO,~ impurity ions. This is
connected with the fact that one sulfate
ion HSO,~ which substitutes the phosphate
ion H,PO,~ produces one protonic vacancy
(L-defect) in KDP-type crystals. Therefore,
the mobility of L-defects can be determined
from the known concentration of the sulfate
ions introduced in the crystal:

oL =Nr-q-up (6)

where oy, is the conductivity caused by the
presence of L-defects, N, the quantity of
the defects per cm3, ¢, the value of the
charge of a proton, y;, the mobility of L-de-
fects.

Using the known value of protonic va-
cancy mobility and Eq.(6) one can find the
concentration of L-defects in the crystals.
At 25°C the mobility of L-defects
Mg = 610710 em2.v-1.571 [2].

For the studied unirradiated crystals
with ©7(0) > o9 the activation energy E, =
0.52 eV. This points to the fact that the
conductivity c;(D) in expression (5) is con-
nected with the migration of L-defects.
Therefore, the dependence of the concentra-
tion of L-defects on the dose of y-irradiation
Ni(D) taking into account Oy ~ O3, may be
written as:

Ny(D) =Ny, - exp(—Dﬂo), (7)

Functional materials, 18, 2, 2011



A.N.Levchenko et al. /| Gamma-ray-induced decrease of ...

where Np, is the concentration of L-defects
in the unirradiated crystals, D, the dose of
y-irradiation, D, the constant value numeri-
cally equal to the dose of y-irradiation at
which N;(D) diminishes by e times. For the
investigated Ny, = (4.2 0.4)-1017 ecm3, Dy =
(1.5+0.3)-103 Gy. The dependence of concen-
tration of L-defects on y-irradiation dose
N;(D) is presented in Fig. 4.

The concentration of L-defects Ny, may
be also determined as follows [11]:

__h -1 ®
Po= 2 52 NT0»
where py = 1/06y, Gy, the preexponential fac-
tor in Eq.(1), h, the Planck’s constant, g,

the charge value, 3, the distance between
two steady positions of charge carrier,
8~ 4.6:1078 cm [11].

The concentration N = 3.8:1017 em™3 in
the unirradiated crystals determined from
relation (8) (lgoy = —1.51 S/cm; G149 >> Oy)
is in rather good agreement with the con-
centration N, obtained from relation (6).

As follows from (7), the dependence of
the concentration on the dose of y-irradia-
tion N;(D) is monoexponential which corre-
sponds to the first-order kinetics law. This
is explained by the fact that one of the
components participating in the radiation-
chemical reaction is present in excess, i.e.
its concentration is higher than Npg.

Ionizing irradiation of KDP crystals
gives rise to high concentrations of secon-
dary electrons e~, HO atoms (~1018 ¢m™3) as
well as [H2PO4]O and [HPO4l- radicals
(~1018 ¢m=3 [12]. The authors of ref. [13]
suppose that the formation of the radical
[HPO,] is accompanied with hydrogen bond
breakdown. Thereat, the capture of proton
H* results in the formation of D-defect
which influences the value of dec conductiv-
ity.

As is known [14], y-irradiation leads to
the following two processes:

[HoPOul~ — [HoPOL° + ¢, 9)

[HPO4I- — [HPO,I + HO. (10)

In the pure KDP crystals, free electron
e, the atom HO and the radicals [H2PO4]O,
[HPO,]~ are unstable at room temperature.
However, in the presence of impurity ions
they may participate in the formation of
stable radiation defects.
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Below we consider possible radiation-
chemical processes which diminish the con-
centration of L-defects and, consequently,
de conductivity of the crystals.

As mentioned earlier, chemical analysis
testifies to the presence of Fe, Al, Cr, As
and other impurities in the investigated
crystals. The ions of the said impurities
enter into the structure of KDP-type crys-
tals substituting the ions K* and P%* [15,
16]. Thereat, protonic vacancies are formed.
For instance, if in the process of crystal
growth the ions Fe3* and Cr3* occupy the K*
position, there are formed two protonic va-
cancies Vp, which are necessary for local
compensation of the impurity ion charge. If
the ions As®* enter into the P®* position,
protonic vacancies near arsenic ions are not
formed.

Under y-irradiation of the crystals the
growth defects undergo transformations
[10, 15] accompanied with changes in their
charge state. In particular, due to electron
capture the arsenate ion AsO43~ which iso-
morphically substitutes the phosphate ion
PO,3- in the crystal lattice of KDP, trans-
forms into the paramagnetic center ASO44‘
as a result of electron capture, whereas the
ion Cr8* transforms into Cro*,

The protonic vacancy Vpy, (L-defect)
which compensates the excessive electric
charge +1 of the impurity ion in the anionic
sublattice of the crystal may disappear in the
process of y-irradiation at the interaction of
the defect with the atom of hydrogen:

[XOF Vi, 2 + HO — [XCFHTZ, (1)
or at successive electron and proton capture:

[XOF Vy 2 + e - XV, P, (2

[XOFVy,I¥ + Hf - [XGF HT>,  (13)

where HO is hydrogen atom, [XO42‘VD+]2‘,
the impurity molecular ion, e.g. FeO42‘,
SO0,%~ [2], CrO4%~ [5] associated with the
protonic vacancy Vy,, which substitutes the
phosphate ion PO43‘ in KDP crystal lattice.
The assumption concerning the existence of
a protonic vacancy near CrO42‘ follows from
Ref. [17] where it is reported that the intro-
duction of the molecular ion in the crystal
lattice of KDP increases its conductivity.

If the protonic vacancies compensate the
excessive charge of the trivalent impurity
metal ion Me3* in the cationic position K*,
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the following processes can explain the
change of their concentration:

Vi Me3V,p, 1 + HO > [V, Me2tH']H, (14)
or:

Vi Me3V B + e — [V, Me2V. ]2+, (15)

Vi MeZtVp 12+ + HY — [V, Me2tH*13+, (16)

where [V, Me3*V,,]3* is the crystal struc-
ture defect consisting of an impurity ion Me
(Me = Fe3*, Cr3*) with the charge +3 lo-
cated in the position of the crystal lattice
cation K*, and two protonic vacancies VH*
which compensate its excessive (+2) positive
charge.

Some radiation defects formed by elec-
tron capture or loss in the process of irra-
diation (e.g. the radical ASO44‘) are stabi-
lized at room temperature without local
charge compensation. The processes of their
formation may also influence the conductiv-
ity because the capture or loss of an elec-
tron by an impurity ion changes the charge
state of other ions of the crystal.

The radiation paramagnetic center HPO,
in (10) is unstable at room temperature.
Therefore, the change in the conductivity
observed in the present study cannot be con-
nected with this center. However, in the
presence of impurities its disappearance
may be bound up with the formation of ra-
diation defects stable at room temperature
[18], which may influence the de¢ conductiv-
ity of the crystal.

4. Conclusions

The temperature dependences of the de
conductivity of y-irradiated potassium dihy-
drogen phosphate crystals are exponential.
At 8.0-102 + 1.0-107 Gy irradiation doses the
activation energy of de conductivity activation
rises from E, = 0.52 eV to E, > 0.72 eV, the
logarithm of preexponential factor increases
from lgoy = —1.51 to lgoy > 1.45.

As a result of the irradiation, the change
of dominating mechanism of dc conductivity
occurs. In the unirradiated crystals and in
those irradiated with low doses (up to
3.0-103 Gy) the extrinsic mechanism con-
nected with migration of protonic vacancies,
is dominating. At high doses there may be
realized the intrinsic mechanism which in-
cludes thermally activated processes of the
formation and migration of crystal defects, as
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well as the mechanism connected with the
migration of protons over the interstitials.

Irradiation of KDP crystals with y-rays
leads to exponential decrease of their dec
conductivity. It is established that the ra-
diation-induced change of the concentration
of L-defects corresponds to the law of first-
order kinetics. Proposed are possible mecha-
nisms explaining the change of the concen-
tration of L-defects and the conductivity of
the crystals.

The changes in the conductivity induced
by y-irradiation are stable in time. In this
connection the treatment of the crystals
with y-radiation can be used for raising
their ohmic resistivity.
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InnykoBaHe raMMa-BUNIPOMiHEHHAM 3MEHIICHHS
KoOHIleHTpanii L-nedexrtiB y kpucramax KDP

O.M.Jleéuwenko, I.M.Ilpumyna, B.B.Tiomionnuk,
O.I1.'aspuk, O.T .Hixonoe

Hocrimxeno sanexuicrs muToMoi enexrponposignocti monokpucranis KH,PO, (KDP) Bix
03K Y-OonpoMiHeHHsi. BcTaHOBJIEHO, IO IPU OIPOMiHEHHI BimOyBaeTbCs EKCIOHEHIIiliHe
3MEHIIIeHHs eJieKTpornpoBigHocTi. TemmeparypHi 3aeKHOCTI eJeKTPOIpPOoBigHOCTI mmixmopsiyg-
KOBYIOTbCsS EKCIIOHEHI[ITHOMY B3aKOHY. Bu3HaueHO 3HAYEHHS eKCIOHEeHIliiiHoro dgaxropa i
emepril axkTuBaimii eJEeKTPOHPOBIiZHOCTI misd KpHCTANIiIB, AKi ompomMiHEHO PIBHMMHU [103aMMH.
AmHanis 1030BHUX i TeMmepaTypHHUX 3aJIeKHOCTEH MOKa3ye, I0 pagialifiHo-iHIyKOBaHe 3MEHIIIeH-
HA BEJMUYMHHI €JIeKTPOIIPOBIAHOCTI 0B’ s13aHO 31 3MEHIIEHHAM KOHIeHTpaIil L-gqedeKTiB y Kpuc-
rasax. SMiHeHHA KoHUeHTpamii B inTepBani x08 y-ounpomimenus 3.0-10% + 6.3-103 I'p BinGy-
BaeThbCAd BiATOBIAHO M0 3aKOHY KiHETUKHU Iepmioro mopAAaky. OOGroBOpIOIOTHCSA MOIKJIUBI Me-
XaHisMu 3MiHeHHA KOHIeHTpalil L-medeKTiB IpM Y-OIpOMiHEeHHI KpUCTaJIiB.
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