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Thermal stability of defect clusters in n-Si grown by the
Czochralski technique (Cz) and irradiated with fast reactor
neutrons has been studied. The effective concentration of carriers
(no = 1.2 x 10™ cm™3) obtained in silicon after a number of
isochronal annealings followed by its irradiation to a fluence of fast
reactor neutrons ® = 3.75 x 1013 neutron/cm? has been described
in the framework of the corrected defect cluster model. Three
stages of the annealing of the clusters of defects with the following
activation energies and frequency factors have been identified:
E, =081eV, v =54x100 571 Epo =04eV, vp =151
and F.3 = 1.3 eV, v3 = 6 x 104 s~1. The deformation potential of
defect clusters was demonstrated to reduce the activation energy
of A-center annealing (E, = 1.5 €V) in a conducting matrix. It is
established that the effective radius of the interstitial-type defect
capture by defect clusters is determined by the barrier of defect
capture by divacancies (Up, = 0.41 eV).

1. Introduction

One of the ways to establish a relationship between the
results that have been obtained making use of different
experimental methods, which include an irradiation
procedure and which are difficult to be compared
with one another, is the annealing of radiation-
induced defects. For instance, the authors of work
[1] considered the level of E. — 0.09 eV in silicon
to be associated with a vacancy; this viewpoint was
based on the fact that the annealing temperature for
the defect observed was only 90 K. The activation
energy of the A-center annealing was determined in
the framework of both the IR-absorption and EPR
methods, and became a basis for the EPR spectrum
correction [2|. After holding n-Si specimens at 292 K,
the shift of the energy position of the A-center from
E. — 0.16 eV to E. — 0.175 eV was observed, and
this shift was explained as due to the annealing of
the level E. — 0.15 eV belonging to a di-interstitial
atom [3]. Researches of defect cluster annealing was
carried out with the help of various techniques
[4-8].

This work aimed at studying the isochronous
annealing of clusters and point defects generated by
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fast reactor neutrons in n-Si grown by the Czochralski
method.

2. Experimental Technique

In this work, we studied n-Si specimens grown by the
Czochralski method and characterized by the resistivity
p =~ 40 Q x cm. The specimens were irradiated in
a horizontal channel of a VVR-M reactor at room
temperature. The conductivity and the Hall coefficient
were measured taking advantage of the compensation
method and making use of crosslike specimens; the
measurement accuracy was about 3%. Contacts were
created by depositing an Au-Si eutectic mixture at
a temperature of 420 °C. The n-Si specimens (ny =
1.2 x 10 em™=3) irradiated at a fluence of 3.75 x
10%3 neutron/cm2 were isochronously annealed in the
temperature interval up to 600 K, the specimen being
held for 30 min at each annealing temperature.

3. Measurement Results

The temperature dependences of the effective electron
concentration in the n-Si (Cz) specimens irradiated with
fast neutrons and annealed at different temperatures
are depicted in Fig. 1. In Fig. 2, the dose dependence
of the relative variation of electron mobility measured
at 77 K is shown. Figure 3 exhibits the calculated
dependence of the defect cluster concentration on the
temperature of isochronous annealing. At last, Fig. 4
exposes the dependence of the calculated concentration
of A-centers in a conducting n-Si matrix on the
annealing temperature.

4. Annealing of Radiation-induced Point
Defects

The easiest way to describe the annealing is to use

equations similar to those, which are used in chemical
kinetics. A characteristic feature of the annealing of the
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Fig. 1. Temperature dependences of the effective electron
concentration in n-Si (Cz) specimens (ng = 1.2 x 10 cm™3)

irradiated with fast reactor neutrons at a fluence of 3.75 x
1013 neu‘clron/cm2 and annealed for 30 min at various temperatures
of 303 (1), 475 (2), 523 (3), 578 (4), and 603 K (5)
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Fig. 2. Dependence of the relative variation of electron mobility
Ap/uo in a n-Si (Cz) specimen (ng = 1.2 x 10'* cm~3) on
the fluence of fast reactor neutron irradiation ® measured at a

temperature of 77 K

first order is that either every defect becomes annealed or
its concentration increases irrespective of other defects.
Defects of the vacancy type become annealed at their
annihilation with mobile defects of the interstitial type,
the migration energy of which depends on their charge
state [1]. The diminishing of a certain quantity P,
which is governed by the defect concentration, in the
course of the annealing process of the first order can be

characterized in terms of a rate constant K;:
— = —K;P". 1
- K (1)
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Fig. 3. Dependence of the cluster concentration N¢ in the n-
Si (Cz) specimens (ng = 1.2 x 10 cm—3) irradiated with fast
reactor neutrons at a fluence of 3.75 x 103 neutron/cm? and
annealed for 30 min on the annealing temperature Tann. Triangles
correspond to experimental data, the solid curve exhibites the

results of calculations
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Fig. 4. The same as in Fig. 3 but for the concentration of A-
centers Ng in the conducting n-Si (Cz) matrix. Squares correspond
to experimental data, the solid curve exhibites the results of

calculations

At the same time, the growth of a quantity P7, also
governed by the defect concentration, to its maximal
value can be characterized in terms of a rate constant
Kjl

dP7J . )
= T (PPl =0. (2)

Usually, the rate constants are equal to K;; =
AbJexp(—ELI /kT), where A% are the frequency
factors, E%J the process activation energies, k is the
Boltzmann constant, T is the absolute temperature, and
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i and j are the numbers of annealing and accumulation
channels, respectively.

Radiation-induced defects of the VO and V5 types
are stable at room temperature, whereas those of the I
and I, ones are mobile. At higher temperatures, VO and
Va defects start to move towards drains (O;, Cs).

By integrating Egs. (1) and (2) and by summing
up over various channels of isothermal annealing or
accumulation of a quantity, which is depends of the
defect concentration, we obtain the following equation
describing the variation of this quantity in the course of
annealing:

k
P(t) = ZP& exp [~A't exp (—EL/kT)]+
=1

+> Pl [1—exp (~A t exp (—E}/kT))] = > _ Pl
j=1 =1
(3)

Here, P{ is the fraction of the quantity that is annealed
in the i-th channel, PJ, the fraction of the quantity that
is accumulated in the j-th channel, and t the time of
annealing. The appearance of the last term P}, on the
right-hand side of Eq. (3) is associated with the fact
that the annealing process does not go to the end. Such
an accumulation of defects is possible, e.g., due to the
dissociation of another defect with a lower annealing
temperature. The annealing of defects occurs in different
ways through their annihilation with interstitial atoms
or di-interstitial sites, their capture by drains, the defect
dissociation, or owing to the change of the energy and
the frequency factor of the defect annealing stimulated
by the defect reorientation.

Let us suppose that the annealing of a defect includes
only its diffusion to drains. As such, there can be C,-
centers, interstitial oxygens, and defect clusters. Then,
according to the diffusion-limited reaction theory [9], the
rate constant can be written down in the form K¢, =
47 Rc D, where R is the radius of interaction between a
defect — for instance, a C;-center — and O; or C; drains;
and D is the defect diffusion coefficient. Let the drains
occupy an atomic volume of the radius R, in a specimen
with the volume V & 1. Then, R, = (3/(47Nem))™?,
where N¢y,, is the concentration of drains (Cg, O;) in
the specimen.

The average distance between O; or C, atoms is
equal to d = v/2R,, and the mean distance, which the
carbon C; atoms have to cover in order to attain drains
(Cs, 0;), is equal to L = d/+/2. Hence, one can suppose
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the mean path length of C; diffusion to a drain to be
equal to the atomic radius of the drain. Then, provided
that the process is Markovian, L = v/ Dt and

1 3 2/3
D=-{—— 4
t (47T Ncm> ’ )

where t is the annealing time.

A consistent theory of diffusion-controlled reactions
in solids was elaborated by Waite [10]. As a variant, he
considered the case where the quasichemical interaction
occurred between atoms that were characterized by
different coefficients of diffusion in a solid. In our case,
only one of the components of interacting pairs is mobile.

Provided that the frequency of the mobile defect
hopping v is known, the frequency factor Dy can be
evaluated by the formula Dy = 2a%v/(37). Here, a =
5.43 A is the silicon lattice constant. If the hopping
frequency of a mobile defect cannot be determined,
but the drain concentration is known, the frequency
factor Dy can be found making use of Eq. (4), because
D = Dy exp(—E,/kT) either, in the case of isochronous
annealing, at a temperature equal to half the defect
annealing one or, in the case of isothermal annealing,
at the time moment equal to half the annealing time
interval. The annealing activation energy was taken
equal to the activation energy of mobile defect diffusion.
In so doing, the defect was supposed to cover an average
distance R,, provided that the rate of its disappearance
is maximal.

In the framework of the notions developed above and
making use of Eq. (3), as well as the experimental data
obtained in works [11-16], we estimated the radii of
capture of mobile radiation-induced defects onto such
drains as an interstitial oxygen and an on-site carbon
at relevant temperatures. The results of calculations are
presented in Table 1.

The radii of capture of radiation-induced defects
(vacancies, divacancies, A-centers, and so on) by an
interstitial oxygen and an on-site carbon fall within the
limits of 3 to 4 times the lattice constant of silicon.
Table 1 also gives the calculated values for the activation
energy of Vo, VO, C;, PV, I, and I> annealing, which
are well-known from a plenty of works of other authors.

5. Annealing of Defect Clusters

The calculated temperature dependences of the effective
conduction electron concentration after the specimen
annealing at various temperatures are depicted in Fig. 1.
The calculation parameters are quoted in Table 2. It is
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T a b 1 e 1. Diffusion-limited annealing of intrinsic radiation-induced defects in silicon

Reaction Capture Capture center Do, cm? /s Eq, eV R x 108, cm Tonn, K Source
center concentration, cm ™3

Vo+0; — V20 0; 1018 4.19 x 10~4 1.3 16 500 + 570 [11]
V4+0; — VO 0; 8 x 1017 1.5 x 1073 0.8 15 300 =+ 350 [12]
VO+0; — VOqy 0; 8 x 1017 4.16 x 102 1.86 15 500 -+ 550 [12]
C;+0; —»CO 0, 6 x 1017 1.17 x 1073 0.87 17 320 < 380 [13]
C;+Cs —C;Cs Cs 2.9 x 1017 2.53 x 1073 0.87 23 320 + 380 [13]
V- +Pt PV P 5x 1014 8.6 x 1072 0.8 180 300 + 350 [14]
PV°40; —-PVO 0; 9 x 107 3.82 x 10~1 0.94 15 333 [15]
PV°+0; =PVO 0; 7 x 1017 1.06 x 1074 0.94 16 350 + 450 [12]
I+V0—0; VO 2.81 x 107 3.9 x 107° 0.91 22 400 + 450 [16]
Iy +VO—0; + 1 VO 3.5 x 1017 1.67 x 1074 0.74 20.3 290 + 360 [16]
O2; + VO; — VO3, VO 2.24 x 1017 1.5 1.7 23.7 530 + 570 [16]
I+V0O —0; VO 2.57x10%7 6.93x1073 1.3 22.5 470 = 530 [16]

T a b 1 e 2. Parameters used for calculations of the
temperature dependences of the effective charge carrier
concentration in n-Si (Cz) specimens (ng = 1.2 X
10'% cm—3) irradiated at a fluence of fast reactor neutrons
& = 3.75 X 103 neutron/cm? and annealed for 30 min at
various temperatures

Tery | Tann,| Ea, | Np, cm™3 | Ng, cm™3 [2(Te)| R |Z(Ap/p0)
K| K | eV

157 292 0.16 6.55 x 1013 5.54 x 103 0.15 70  0.150
147 303* 0.162 7.95 x 1013 6.4 x 1013 0.135 69  0.131
74 475 0.158 1.11 x 10* 6.6 x 103 0.071 72  0.074
66.5 523 0.171 1.15 x 10'* 6.15 x 1013 0.064 80  0.065
54 578 0.178 1.16 x 10'* 4.7 x 1013 0.052 117  0.050
46.6 603 0.17 1.165 x 10 2.4 x 1013 0.045 127 0.042

* — 6-year annealing; F, is the energy of

Notations:
the A-center level; N, is the concentration of A-centers; N is
the concentration of screening centers; X(7Tcr) is the cross-section
of cluster formation calculated on the basis of the Tc,-value;
3(Ap/po) is the cross-section of cluster formation calculated on
the basis of the relative variation of electron mobility; R is the

radius of defect cluster

evident that, after annealing, only the product N,R;
of the concentration and the average radius of defect
clusters can be determined (see works [17,18]). Every
scattered fast neutron is supposed to generate a defect
cluster (3o = 0.15 cm™! is the efficiency of the defect
cluster generation in silicon irradiated with fast reactor
neutrons). Then, the average radius of the clusters of
defects can be determined.

In work [19], it was shown that, for n-Si specimens
irradiated with fast neutrons, the temperature value, at
which electrons demonstrate maximal mobility, depends
on the applied fluence ®. Such a temperature T,
was called “critical”. It became linearly shifted towards
room temperatures as the fluence increased, obeying
the following empirical law: T, = @(Ang/ %), where
A is the coefficient of proportionality, and ng is the
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conduction electron concentration in the specimen before
irradiation.

The amplitude of the coefficient A grows with
the enhancement of the silicon radiation stability. For
n-Si (Cz) specimens, A =~ 0.44 [20]. In work [21],
the parameter T, was demonstrated to determine the
volume fraction f occupied by defect clusters. As the
exposure dose increases, the value of f linearly grows
with the fluence ® — as a result of the point defect
generation in the conduction matrix of the specimen
— according to the relation f = XV®. Then, f =
TchVAng/G. Hence, by analyzing the variation of the
quantity Ter(ditmax/dT = 0) which depends on the
irradiation fluence, one can evaluate the change of the
volume fraction occupied by clusters, which occurs due
to their annealing, and, in such a way, determine the
concentration of charge carriers removed by clusters:
na = nof. However, if the annealing temperature is
equal to or higher than 523 K, the measurements of
the effective electron mobility have to be carried out
at temperatures lower than the temperature of liquid
nitrogen.

It can be shown that the product NgR; is
proportional to the quantity Ap/pg (®), so that the
latter determines the dependence of the former on
the irradiation exposure dose; in the same way, the
dependence Ap/ g (Tann) determines the dependence
of NqR; on the annealing temperature. Then,
S(Tamn) = Zo® (Ap/po) @', where &), = 3.75 x
10'3 neutron/cm” is the irradiation fluence for specimens
annealed at different temperatures. Similarly, X(Tan,) =
So® (Ter) @'

The dependence of the quantity Ap/pe on the
irradiation dose measured at 77 K is shown in Fig. 2.
The variations of the defect cluster concentration in
a specimen, which has been stored for 6 years at
room temperature, after the 30-min annealing at various
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temperatures are presented in Fig. 3. The cluster
concentration was determined both from the variation
of T, and from the dependence Apu/pg (P).

The change of the cluster concentration N, depends
on the temperature of isochronous annealing (see Fig. 3)
and, according to Eq. (1), is described by the equation

3
Nu(T) = ZNé exp ( —v;t exp ( —Eé/k‘T)), (5)

i=1

where Ny = 2?21 N¢ is the total concentration of
clusters before annealing; N{ is the concentration of
annealed clusters in the i-th channel; T and t are the
temperature and the time of annealing, respectively; and
v; is the frequency factor of annealing in the i-th channel.

Defect cluster annealing was described by Eq. (5)
with the following parameters: E,; = 0.81 eV, v =
54 x10% s7! B = 04 eV, vy = 1571 and E,3 =
1.3 eV, v3 = 6 x 10* s7'. The first stage of the
defect cluster annealing includes the mutual annihilation
between defects of the vacancy type in clusters and
interstitial silicon atoms [8]. The third annealing stage
is connected with the migration of divacancies from
clusters to drains. Divacancies in silicon are known to
be already mobile at temperatures of 450-520 K. We
may suppose that the second stage of the defect cluster
annealing is connected with the clustering of divacancies,
according to the reaction V5 + V5 — Vj. Therefore, the
annealing activation energy decreases by the value of
the bond energy of divacancies in the Vj-defect (E, =
0.9 eV).

The data in Table 2 demonstrate that the increase of
the annealing temperature brought about the growth of
the experimentally determined dimensions for remaining
clusters. This fact is confirmed by the results of work
[4], the authors of which observed disordered regions in
silicon with dimensions of about 50 A.

The dependence of the concentration of A-centers
in the conducting n-Si (Cz) matrix on the annealing
temperature is presented in Fig. 4. The results of
calculations by Eq. (4) testified that A-centers in the
conducting n-Si (Cz) matrix are annealed with the
activation energy E, = 1.5 eV and the frequency factor
v = 1.9 x 10 s~!. At the electron irradiation, the A-
center annealing stage with E, = 1.5 eV is not observed,
and the annealing stage with F, = 1.86 eV is connected
with the migration of A-centers to drains (O; atoms).
We may suggest that the reduction of the activation
energy of A-center annealing is due to the action of a
strain field emerging around defect clusters, which are
the main drains for A-centers.
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In work [22], it was found experimentally that a
phosphorus atom is characterized by the probability of
vacancy capture, the value of which is yyp /yvo = (1.8+
0.9) x 102 times higher than that inherent to an oxygen
atom. According to the values obtained by us (Table 1)
for the vacancy capture radii of a phosphorus atom
(180 A) and an oxygen atom (15 A), those probabilities
differ by a factor of (180/15)? = 144. Therefore, our
assumption that the average path length of a mobile
defect at its movement to a drain is equal to the atomic
radius of the drain (L = R,), provided that the defect
annealing rate is maximal, obtained the experimental
confirmation.

In the case of the diffusion-limited recombination
of particles and long-range forces between them, the
reaction rate is determined by a certain effective
radius Reg dependent on the interaction potential [23],
Ry = f:’o exp (Uy/kT) dr/r?. Then, provided that
strongly correlated Frenkel pairs are absent, Reg =
Ry exp (=Uy/kT), where Uy, is the barrier of interaction
between a mobile defect and a drain, so that Ry = Reg
if Uy, = 0.

The analysis of the isothermal defect -cluster
annealing in n-Si(Ge) irradiated with fast reactor
neutrons [8] showed that the effective capture radius
of interstitial silicon atoms (I and I3) into clusters is
equal to Reg = 0.726 exp (—%) in centimeter units,
where Uy, = 0.41 eV [24]. The preexponential factors in
the expressions for the diffusion coefficient of interstitial
and di-interstitial silicon atoms in n-Si(Ge) were also
evaluated to be Df = 4.17 x 1072 cm?/s and D{? =
2.09 x 1079 cm? /s, respectively.

Hence, the energy needed to activate the motion of
a di-interstitial atom in silicon is El*? = 0.33 eV; for
an interstitial atom, it is B! = 0.5 eV (U, = 0.41 eV).
One may assert that Iy’s are in a neutral charge state,
whereas interstitial silicon atoms, which participated
in the annealing of vacancy defects of the cluster, are
mainly in a negative charge state.

6. Conclusions

The main results of the work are as follows. The mean
path length of the defect diffusion to drains is equal
to the atomic radius of drains, and this estimate is
valid for 50% of the defects annealed. The radius of the
mobile radiation-induced defect (V, C;, Va, A-center)
capture by an interstitial oxygen has been calculated
to lie within 3 to 4 silicon lattice constants. The
temperature dependences of the effective conduction
electron concentration in n-Si specimens grown by
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the Czochralski method and isochronously annealed at
different temperatures have been described. The strain
fields of defect clusters were supposed to reduce the
annealing energy of A-centers in the conducting n-Si
matrix irradiated with fast reactor neutrons.

1. L.C. Kimerling, P. Blood, and W.M. Gibson, in Proceedings
of the Conference on Defects and Radiation Effects in
Semiconductors, 1978, Ser. No. 46 (Institute of Physics
Publishing House, Bristol-London, 1979), p. 273.

2. JW. Corbett, G.D. Watkins, R.M. Chrenko,
R.S. McDonald, Phys. Rev. 121, 1015 (1961).

3. A. Dolgolenko, M. Varentsov, and G. Gaidar, Phys. Status
Solidi B 241, 2914 (2004).

4. J.M. Pankratz, J.A. Sprague, and M.L. Rudee, J. Appl. Phys.
39, 101 (1968).

5. L.J. Cheng and J. Lori, Phys. Rev. 171, 856 (1968).

6. B.N. Mukashev and M.F. Tamendarov, in Proceedings
of the International Conference on Radiation Physics
of Semiconductors and Related Materials, Tbilisi, 13-19
September 1979 (Thilisi University Publishing House, Thilisi,
1980), p. 341.

7. H.J. Stein, in Proceedings of the 2nd International
Conference on  Neutron  Transmutation Doping in
Semiconductors, edited by J. Meese (Plenum Press, New
York, 1979), p. 229.

8. M. Varentsov, G.P. Gaidar, O.P. Dolgolenko,
P.G. Litovchenko, Ukr. J. Phys. 52, 372 (2007).

9. I I Yaskovets, Ph.D. thesis, Kyiv, 1972 (in Russian).
10. T.R. Waite, Phys. Rev. 107, 463 (1957).
11. Y.H. Lee and J.W. Corbett, Phys. Rev. B 13, 2653 (1976).

12. A.V. Zastavnoy and V.M. Korol, Phys. Status Solidi A 113,
277 (1989).

13. L.I. Khirunenko, O.A. Kobzar, Yu.V. Pomozov, M.G. Sosnin,
and N.A. Tripachko, Fiz. Tekh. Poluprovodn. 37, 304 (2003).

14. ILF. Medvedeva, L.I. Murin, and V.P. Markevich, in
Proceedings of the 4th International Conference on
Interaction of Radiation with Solids (IRS-2001), Minsk, 3—
5 October 2001 (Minsk, 2001), p. 183.

15. M. Moll, E. Fretwurst, M. Kuhnke, and G. Lindstrom, Nucl.
Instrum. Methods Phys. Res. B 186, 100 (2002).

16. R.E. Whan, J. Appl. Phys. 37, 3378 (1966).

17. A.P. Dolgolenko and I.I. Fishchuk, Phys. Status Solidi A 50,
751 (1978).

and

and

ISSN 0503-1265. Ukr. J. Phys. 2008. V. 53, N 7

18. A.P. Dolgolenko, Phys. Status Solidi A 179, 179 (2000).

19. A.P. Dolgolenko and A.P. Galushka, in Eztended Abstracts of
the All-Union Symposium on Radiation-Induced Defects in
Semiconductors, Minsk, 20-22 September 1972 (Belorussia
State University Publishing House, Minsk, 1972), p. 45 (in
Russian).

20. A.P. Dolgolenko and A.P. Galushka, in Eztended Abstracts of
the All-Union Symposium on Radiation-Induced Defects in
Semiconductors, Minsk, 20-22 September 1972 (Belorussia
State University Publishing House, Minsk, 1972), p. 23 (in
Russian).

21. A.P. Dolgolenko and A.P. Galushka, Fiz. Tekh. Poluprovodn.
5, 2396 (1971).

22. V.L. Vinetskii, G.N. Eritsyan, I[.D. Konozenko,
M.I. Starchik, Fiz. Tekh. Poluprovodn. 2, 1236 (1968).

and

23. P.I. Pekar, Studies on the Electron Theory of Crystals
(Gostekhizdat, Moscow—Leningrad, 1951) (in Russian).

24. V.L. Vinetskii and G.A. Kholodar’, Radiation Physics of
Semiconductors (Naukova Dumka, Kyiv, 1979) (in Russian).

Received 15.11.07.
Translated from Ukrainian by O.I. Voitenko

TEPMIYHUI BIAIIAJI PAOIAIIIMHUX JEPEKTIB B n-Si,
OIMMPOMIHEHOMY INIBUAKUMU HEUTPOHAMU
PEAKTOPA

I.11. T'atidap, O.11. Jlonazonenxo, I1.I. Jlumosuerkxo
PeszowMme

Tepmiuny crabisbHicTh KiacTepiB jgedekTiB B n-Si, BUPOIIEHO-
My MeroxoMm Hoxpanbcbkoro (Cz), mociijzkeHo micis onpowmi-
HEHHs [IBUJKUMU HEATPOHAMH peakTopa. KMEKTUBHY KOHIIEH-
Tpalilo HOCIIB micssl psjly i30XpOHHHMX Biamasuis Kpemuio (ng =
1,2 x 10 cm—3), onpomizernoro dioeHcoM MBUAKAX HEHATPOHIB
® = 3,75- 1013 HeI‘x’ITp./CM’Q, OIMCAHO B pPaMKaxX yTOYHEHOI MO-
neni kJacrepiB jgedekriB. Busnadeno Taki cragil Bimmasy Kiia-
crepiB edeKTiB 3 eHeprisiMu aKTUBAIlil Ta YACTOTHUMU (paKkTOpa-
Mmir: Ea1 =0,81eB,v1 =5,4-106 ¢ Eyo =0,4eB,vo =1c¢7 1
E.,3 = 1,3 eB, v3 = 6-10* ¢~ 1. INokasano, mo medopmariiiai
oJIs1 KJ1acTepiB JedeKTiB 3MEHIIYIOTh €HePTrilo akTuBalil Bignasy
A-uentpis (E, = 1,5 eB) y nposianiiit marpuni. Oxepxkano, 1mo
eEeKTUBHUI PaJiiyC 3aXOIJIEHHs] B KJIACTEPU J1e(DEKTIB MiXKBY3J10-
BUHHOI'O THUILY BU3HAYAETHCHA O6ap’€poM TX 3axXOIIeHHS [TMBAKAHCIsI-

Mmu (Ug = 0,41 eB).

693



