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Abstract: The radiative relaxation of exciton-like creations in KCI-Na single crystal was studied by experimental
methods of luminescent spectroscopy. In the X-ray luminescence spectra of KCI-Na crystals, the emission band with a
maximum at 2.8 eV has been detected for the first time at room temperature.

The effect of multiple amplification of the emission intensity with a maximum at 2.8 eV in KCI-Na crystals is
maximum after hardening (400-700°C), a rise in sodium impurity concentration (for example, 10+1000 ppm), and when
exposed to uniaxial elastic deformation along crystallographic directions (<100 >, <110>).

At high concentrations of sodium (1000 ppm) in KCI-Na crystals, intense additional emission has been also
detected with a maximum at 3.1 eV, which is typical for paired sodium ions, surrounded by which emissive relaxation of
electronic excitations occurs.

It has been experimentally established that lowering symmetry of KCI-Na lattice by thermoelastic stress during
hardening, by a light cation (Na) during doping, as well as by elastic compression during uniaxial deformation (<100>,
<110>) leads to an increase in the mean free path of the unrelaxed hole before self-trapping. As a result, the probability
of recombination assembly of electron-hole pairs increases with the formation of an exciton-like creation, the emissive
relaxation of which occurs in the field of thermoelastic, local and uniaxial deformation with intense luminescence.
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Introduction. In the process of studying the fundamental regularities of relaxation of
electronic excitations (EE) in alkali halide crystals (AHCs), the channels for the creation of primary
radiation defects (F, -H- pairs) and the appearance of intrinsic lattice luminescence originate from the
self-trapped state of anionic excitons [1-4]. AHCs are traditionally used as ionizing radiation

dosimeters and scintillation detectors [4-6].
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A series of original researches have been carried out under direct impact on the channels of
emissive relaxation of electronic excitations (EE) in AHC by lowering symmetry of lattice by local
deformation due to various sizes of both homologous cations [7,8] and homologous anions [9,10],
uniaxial [11-17] and comprehensive deformation [18-23].

This paper presents original experimental results on the ignition of intensity of exciton-like
luminescence in KCI matrix during the recombination formation of electron-hole pairs in a sodium
field, stimulated by thermoelastic hardening and uniaxial (<100>, <110>) deformation.

Objects of research and technique of experiment. KCI-Na crystals were grown at the
Institute of Physics of the University of Tartu, Estonia, using the Stockbarger method in an evacuated
quartz ampoule based on zone-purified raw materials with the addition of sodium chloride powders
preliminarily dried in vacuum [24-26]. The concentration of sodium ions in KCI-Na samples, taking
into account the incorporation coefficient of sodium into KCI lattice was 10 ppm, 100 ppm and 1000
ppm.

Local deformation of the lattice was achieved by purposefully doping KCI with a light sodium
cation, the ionic radius (0.98 A) of which is noticeably smaller than the intrinsic cation of the
potassium matrix (1.33 A).

Hardening of KCI-Na crystals was performed by rapid cooling to room temperature on a
quartz substrate of crystals, previously calcined in a quartz ampoule to high temperatures —
400+700°C with exposure for 15 minutes at these temperatures in the «Programix TX 25 electric
muffle furnace.

Uniaxial deformation (e=0.8+0.9%) of crystals was carried out along crystallographic
directions <100> and <110> in a special cryostat at low temperatures (85 K) under conditions of high
technical vacuum (10 Torr) [27].

Scanning of the X-ray luminescence spectra (XRL) of the crystals was held in the range of
1.8+6.0 eV using a high-aperture MSD-2 monochromator and H8259-01 type «Hamamatsuy»
photomultiplier operating in the photon counting mode controlled by the special SpectraScan
program.

For recording the XRL spectra of the crystals, bremsstrahlung from a RUP-120 X-ray machine
with a W-anticathode operating in the 3 mA and 100 kV mode was applied as ionizing radiation.

Experimental results. The experiments were conducted in successive impacts of local (Na),
thermoelastic and uniaxial deformation on the XRL spectra of KCI crystalline matrix.

The essence of the effect of thermoelastic deformation consists in recording the X-ray
luminescence spectra of KCI-Na crystals (50 ppm) depending on the hardening temperature, which
are realized by a sharp cooling of the crystals calcined in a quartz ampoule to various high
temperatures — 170°C, 320°C, 470°C, 520°C and 700°C. The hardening of crystals according to this
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procedure not only regulates the homogeneity of the sodium impurity distribution, but also
simultaneously increases the lattice thermoelasticity, which is an important element for the
recombination assembly of exciton-like luminescence in a sodium field.

It should be specially emphasized that all X-ray luminescence spectra of hardened crystals
were recorded at room temperature under the same conditions under the action of isodose X-ray
emission.

The main indicator as a reference signal is the XRL spectra of unhardened KCI-Na crystal,
shown in Figure 1 (curve 1"), which has a maximum at 2.8 eV. In KCI-Na crystals, a weak emission
band was registered with a maximum at 2.8 eV, the intensity of which remains unchanged despite a
significant increase in the sodium concentration in KCI matrix from 10 to 1000 ppm.

It is known that during long-term operation of scintillation detectors developed on the basis
of AHC by doping with cationic impurities (Nal-Tl, CsI-TI and Csl-Na), their high luminescence
quantum vyield constantly decreases with time. This effect is associated with the accumulation of
impurities and with the transformation of stable aggregates, which reduces the concentration in the
lattice of dispersedly distributed single impurity cations, which are centers of luminescence [28].
Because of the creation of aggregates in KCI-Na crystal, the concentrations of single sodium ions
located in the cationic lattice site sharply decrease, which is the main reason for the extinguishing of
the luminescence intensity of KCI-Na crystal, regardless of the sodium concentration.

To maintain a uniform (homogeneous) distribution of sodium impurity in KCI-Na lattice, a
method was developed for calcining samples in a wide temperature range (170°C + 700°C) in order
to obtain a stable intense signal characterizing the placement of single sodium ions in the cationic
lattice sites.

Figure 1 presents the X-ray luminescence spectra at room temperature of KCI-Na crystals (50
ppm), hardened by calcination to high temperatures (curve 1 - at 400°C, curve 2 - at 520°C, curve 3
- at 620°C, curve 4 - at 700°C) followed by cooling on a quartz substrate in air up to room temperature.

It follows from Figure 1 that the intensity of the luminescence band with a maximum at 2.8
eV begins to grow with an increase in the hardening temperature: at 400°C 44.8 times than before
hardening (compare curves 1 and 1'), at 520°C 296.6 times than before hardening (compare curves 2
and 1'), at 620°C by 430.5 times than before hardening (compare curves 4 and 1), and at 700°C by
511.5 times than before hardening (compare curves 4 and 1'). At high hardening temperatures of KCI-
Na crystals (50 ppm), in addition to an intense band with a maximum at 2.8 eV, an emission band
appears with a maximum at 3.1 eV (curve 4), as the emission of exciton-like creation in the field of

paired sodium ions.
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Thus, two intense luminescence bands with maxima at 2.8 eV and 3.1 eV were recorded in
hardened KCI-Na crystals (50 ppm) in terms of spectral composition as a result of emissive relaxation
of the exciton-like creation in the field of single and paired sodium ions, respectively.

The inset in Figure 1 shows the complete contour of the dependence of the intensity of the
luminescence band with a maximum at 2.8 eV on the hardening temperature - I~f(t), constructed on
the basis of direct experimental data on the registration of X-ray luminescence spectra (curves 1-4 of
Figure 1) of hardened KCI-Na crystals. Points (1-8) correspond to the maximum intensity of the

luminescence band at 2.8 eV of hardened KCI-Na crystals (50 ppm).
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Figure 1 - X-ray luminescence spectra of KCI-Na crystals (50 ppm) measured at room
temperature before (curve 1') and after hardening at 400°C (curve 1), at 520°C (curve 2), at 620°C
(curve 3), and at 700°C (curve 4).

Inset: Dependence of the intensity of the luminescence band with a maximum at 2.8 eV on

the hardening temperature — I~f(t) of KCI-Na crystals (50 ppm) after hardening at 320°C (point 1),

at 400°C (point 2), at 470°C (point 3), at 520°C (point 4), at 570°C (point 5), at 620°C (point 6), at
650°C (point 7) and at 700°C (point 8).

It can be seen from the full contour of the dependence I~f(t) that, starting from 400°C of
hardening (point 2), the luminescence intensity at 2.8 eV noticeably increases, and in the temperature
range from 470°C (point 3) to 570°C (point 5) a sharp (almost linear) increase in intensity, after which
saturation occurs (point 7, 8). At high hardening temperatures (600+700°C), apparently, the
deformation in the crystal lattice increases due to an increase in the thermoelasticity of the material,
and the creation of vacancy defects as a result of the interaction of various types of dislocation is not

excluded.
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The effect of high-temperature ignition of the intensity of exciton-like formation in the sodium
field with a maximum at 2.8 eV in the hardening temperature range of 500-700°C occurs due to an
increase in the thermoelasticity of crystals, as a result of which the probability of successive
recombination of electrons located in the field of a relaxed hole near sodium increases under the
action of X-ray radiation.

In this regard, all samples were preliminarily hardened before experiments to study the
concentration dependence of the sodium impurity and the directional effect of uniaxial deformation.

Very weak non-clementary emission bands with maxima at 3.05+3.2 eV and 2.6+2.8 ¢V in
the X-ray luminescence spectrum of the zone-purified KCI crystal were registered by us (curve 1 in
Figure 2). The latter seem to be associated with uncontrolled defects or impurities. Also the emissive
relaxation of anionic excitons localized in the field of anionic vacancies and divacancies is known
[29-31], having maximaat 2.7 eV and 3.1+3.4 eV, respectively. It is possible that traces of homologue
cations (Li, Na) remain in the zone-purified KCI crystals, which manifest themselves with a
maximum at 2.8 eV during emissive relaxation of excitons in their environment.

From the comparison of curves 1 and 2 in Figure 2, it can be seen that in the XRL spectrum
of KCI-Na crystal (10 ppm), an emission band appears with a maximum at 2.8 eV, which is 15 times
more intense than the X-ray luminescence spectrum of KCI crystal. With a rise in sodium impurity
concentration in KCI-Na crystal to a level of 100 ppm, the intensity of the emission band at 2.8 eV
continues to grow (curve 3 in Figure 2). Now, the ratio with the XRL spectrum of KCI crystal is 25
times. Curve 3 in Figure 2 shows that with increasing sodium concentration, in addition to emission
with a maximum at 2.8 eV, an additional emission band appears with a maximum at 3.1 eV, which
will become dominant at a sodium concentration of 1000 ppm in KCI-Na (curve 4 Figure 2).

In conclusion, we note that in KCI-Na crystal (1000 ppm), the emission bands at 3.1 eV and
2.8 eV (curve 4 in Figure 2) are more intense than in KCI crystal (curve 1 in Figure 1) by more than

55 times and 35 times, respectively.
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Figure 2 — X-ray luminescence spectra of crystals at 300K:
1- KCI, 2 — KCI-Na (10 ppm), 3 — KCI-Na (100 ppm), 4 — KCI-Na (1000 ppm).

The emission bands in KCI-Na crystals are decomposed into their constituent components, as
a result of which the maxima at 3.1 eV and 2.8 eV are clearly established, and the emission band half-
widths are 0.37 eV and 0.4 eV, respectively.

These experimental results unambiguously show that the emission bands with maxima at 2.8
eV and 3.1 eV, which correlate with an increase in the sodium concentration in KCI-Na crystal, can
be attributed with a high probability to the emission of a self-trapped exciton in the field of single and
paired sodium ions, respectively.

Taking into account the decomposed bands into constituent emission components with
maxima at 3.1 eV and 2.8 eV, the dependences of their intensity on the sodium concentration in KCI-
Na were plotted (Figure 3). It follows from the figure that in KCI-Na crystal, the emission intensity
with a maximum at 2.8 eV (curve 1), which is absent in a pure KCI crystal, increases linearly with
increasing sodium concentration, which is typical for single cationic impurities located in the cationic
lattice site.

It also follows from Figure 3 that in KCI-Na crystal, the emission intensity with a maximum
at 3.1 eV (curve 2) increases superlinearly, close to quadratic, with increasing sodium concentration,
which is typical for paired impurity centers, in the environment of which the emissive annihilation of
the exciton-like creation.

It is known that the accumulation of impurities in the form of aggregates is thermally
dissociated by hardening crystals by calcination to high temperatures, at least not lower than half of
the AHC melting point [32]. However, the radiation with a maximum at 3.1 eV, which is interpreted

by the emissive relaxation of an exciton-like creation in the field of paired sodium ions, after
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hardening KCI-Na crystal increases in intensity even more, which is not typical for the classical
understanding of the behavior of aggregates in AHC matrix. The thermal stability of sodium
aggregates in KCI matrix seems to be associated with the creation of NaCl phase, the melting point
being higher (801°C) than the main KCI lattice (770°C).

From these experimental data, the main effect stands out - a multiple increase in the emission
intensity with maxima at 2.8 eV and 3.1 eV in KCI-Na crystals depending on the sodium
concentration, compared with a pure KCI crystal at 300 K.

As a working hypothesis, it can be assumed that the detected effect of high-temperature (300
K) ignition of the intensity of exciton-like creation with maxima at 2.8 eV and 3.1 eV in KCI-Na
crystals occurs through the mechanism of successive recombination of electrons located in the field
of a «relaxing holey close to cations.

The structure of such an exciton-like creation can be considered as the structure of a self-
trapped exciton, formed by recombination of electron-hole pairs, the probability of which is sharply
increased by the local deformation created by cationic impurities (Na).

For KCI crystal, the hole component of the exciton-like creation is located at two anionic
nodes of the lattice, which has the structure X5 of a molecule oriented along <110> crystallographic
direction [1,3,4].

This circumstance creates a unique opportunity for a targeted impact on the core of an exciton-
like creation by forming an external elastic deformation of crystals (for example, KCI-Na) along the
<100> and <110> crystallographic directions.

Experiments show that there is a further increase in the emission intensity at 3.1 eV and 2.8
eV in KCI-Na crystals (curves 2, 3 of Figure 3) in the X-ray luminescence spectra recorded under two
directions of uniaxial deformation (¢ = 0.9% ). It should be noted that with uniaxial deformation in
the <100> direction, a further increase in the emission intensity is 2 times (curve 2 in Figure 3), and
with <110> - 3.5 times.

These differences are logically compatible with the AHC deformation theory [32] based on
the sliding of anions by the <110> direction due to their elastic shell. Even with deformation <100>,
sliding occurs along <110>.

Therefore, the maximum emission intensity at 3.1 eV and 2.8 eV in KCI-Na crystals was
registered in the case when the direction of the external elastic deformation (<110>) coincides with
the orientation of the X5 molecule (<110>), which is the core-relaxed component of the exciton-like

creation.
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Figure 3. X-ray luminescence spectra of KCI-Na crystals (100 ppm) at 300 K in the absence
of deformation (1), with deformation (e = 0.9%) along crystallographic directions <100> (2) and
<110> (3).

Thus, internal local (Li, Na, Sr) and external elastic deformations enhance the luminescence
intensity of an exciton-like creation formed by recombination from electron-hole pairs.

Figure 3 (curve 2, 3) shows that an identical increase in the emission intensity is observed at
3.1eVand 2.8 eV, as evidenced by an increase in the mean free path of an unrelaxed hole.

As a result, the probability of localization near single (Na) and paired (Na, Na) sodium ions
have the same character, which is controlled by the emission intensity at 2.8 eV and 3.1 eV,
respectively.

It is also possible that the lowering lattice symmetry of local (Na), thermoelastic and uniaxial
deformation (<100> and <110>) affects the mean free path of unrelaxed holes up to the formation of
spatially separated electron-hole pairs with the transformation of an exciton-like creation.

A comparative analysis of the mean free paths of an unrelaxed hole and a free exciton in KCI
crystals shows that at 80 K the mean free path of an unrelaxed hole before self-trapping is up to 30—
90 a [2, 4], i.e., it significantly exceeds the free path of an exciton (2a) in a crystal KCI [2, 4]. Where
a is the lattice constant of crystal. Moreover, with increasing temperature, the mean free path of
excitons decreases and the unrelaxed hole apparently increases, as evidenced by the increase in the
emission intensity with maxima at 2.8 eV and 3.1 eV at room temperature (Figures 2, 3, 5). Recall
once again that emissions with maxima at 2.8 eV and 3.1 eV, which correlate with an increase in the
sodium concentration in KCI-Na crystal, are the result of emissive relaxation of an exciton-like

creation in the field of single and paired sodium ions, respectively.
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The concentrations of sodium, taking into account the coefficient of incorporation into KCI
matrix, as the estimate shows, are - 10 ppm, 100 ppm and 1000 ppm, which correspond to the distance
between single sodium ions located in the cationic lattice site - 16+20a, 8+10a and 5+7a. Obviously,
the distances of paired sodium ions are significantly greater than the distances of single ions in KCI-
Na crystal. However, the X-ray luminescence spectrum of KCI-Na crystals deformed in different
directions (<100>, <110>) shows that the emission intensities with maxima at 2.8 eV and 3.1 eV
increase at the same rate (curves 2 and 3 of Figure 3). This suggests that the mean free path of an
unrelaxed hole stimulated by thermoelastic, local and uniaxial deformation reaches the distance
between paired sodium ions, as well as single sodium ions in KCI-Na lattice.

Conclusion. The effect of a multiple increase in the emission intensity with maxima at 2.8 eV
and 3.1 eV in KCI-Na crystals, compared with a pure KCI crystal, after hardening (500-600°C), an
increase in the concentration of Na ions (for example, 1000 ppm), as well as under the influence of
uniaxial deformation along crystallographic directions (<100> and <110>).

Lowering lattice symmetry of KCI matrix by light cations (Na), thermoelastic and uniaxial
deformation (<100>, <110>) leads to an increase in the mean free path of an unrelaxed hole to self-
trapping.

As a result, the probability of recombination assembly of electron-hole pairs with the
formation of an exciton-like creation increases, the emissive relaxation of which occurs in the field
of local, thermoelastic and uniaxial deformation with intense luminescence.
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TOP CUMMETPUSICBIHBIH TOMEHJIEYIMEH KCI-Na
KPUCTAJJAPBIHIATFBI DKCUTOH TOPI3AI JIOMUHECHEHIUAHBIH
PEKOMBUHAIIASJIBIK )KUBIHBIH KYIIEUTY 9CEPI
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! K Ky6anoB aTeiHIarsl AKTe6e oHipiik yHuBepcuTeTi, AKTobe, Kazakcran
2 TapTy yHuBepcuteTiHiH ®u3uka HHCTHTYTHI, TapTy, DCTOHMS

*e-mail: aizhan261197@gmail.com

Anmarna: KCI-Na MOHOKpHCTanbIHIAFbl SKCHUTOH TOPI3Al TY3UIYNEpAiH pagualisuiblK PeTaKCaIUsChl
JIOMUHECUCHTTIK  CIIEKTPOCKOMUSHBIH  Taxipubemik  omicrepimen  3eprrenai. KCI-Na  kpucranmgapbiHbiH
PEHTTEHIIIOMUHECLICHIINS CIEKTPIIEpiHIe anFam peT OenMe TeMmmeparypacklHaa 2,8 3B MakcuMyMsl O6ap coyseneHy
HKOJIAFbI aHBIKTAJIIBI.

KCI-Na kpucrangapeingarsl 2,8 3B kesiHme coyneneHy KapKbIHABUIBIFBIHBIH KON PETTIK KYIICHTy ocepi
Kb3abIpyaaH keidid (400-700°C), Na noHaapbl KOHIEHTPALMACHIHBIH apTyblHaH KeiiH (Mbicaisl, 1000 ppm), conpaii-aK
KpucTauorpadusibikK 6arpiTTap 6oibiHma (<100> xone <110>) 6ip ochTi neopmanus scep eTKeHAe OapbIHIIa )KOFaphl
Gomnampl.

Conpaii-ak, HaTpuiinig sxorapbl koHHeHTpanusaceiHma (1000 ppm) KCI-Na xpucrtanmapsiama 3,1 3B-ma
MakCHUMyMBbl 0ap KapKbIHABI KOCBIMINIA COyJENeHY aHBIKTAIAbI, Oy KOpIIaraH OpTaja 3JIEKTPOHIBI KO3YJApIbIH
SMHCCHSIIBIK PENaKCaIMACHI )KYPETiH JKYIITaCKaH HATPUH MOHIapbIHA TOH.

KCI-Na Top cHMMETpHsACHIHBIH TEPMOCEPIiMII KEPHEYMEH KBI3JBIPbIIFAH Ke3iHje, xeHn kaTtnonmern (Na)
Kocranay KesiHze, coHpaii-ak Oip ockTi nedopmarust kesinge (<100> sxoHe <110>) cpiFyMeH TeMeHIeyi ©3[iriHeH
KapMairaHra AeliH OocaHChIMaraH KEMTIKTIH €pKIH JKYPY JKOJBIHBIH apTyblHa OKENIeTiHI AKCIIEPUMEHTTIK TypAe
aHpIKTaJIbl. HOTWXKECIHAE OSKCUTOH Topi3Al Ty3uIyAiH Tnaiaa OOJNybIMEH AJIEKTPOH-KEMTIK IKYNTapbIHBIH
PEKOMOMHALMSIIBIK KHBIH BIKTUMAJLABIFBI aPTa/Ibl, OHBIH PaIUallMsUIBIK PeJlaKCAUSIChl KAPKbIH/bI JIIOMHUHECIICHIINFA He
TEepPMOCEPIIiMIi, HYKTEIIK XoHe 0ip OChTi JeopManus epiciHae Kypei.

Tyiiin ce3aep: CUITLI TalOMATH KPUCTAIAap, PEHTTCHIIOMUHECICHIHS, KYIICI0, HYKTEIK XoHe Oip OChTi
nedopmanus, e34iriHeH KapMaJFaH 3KCUTOH, SKCHUTOH TOpi3/l JIIOMHUHECIEHINS, 3JIEKTPOH-KEMTIK peKOMONHAIMSICEHL,

9KCHUTOH Tapi3/i Ty31y.
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3®PEKT YCUWIEHUS PEKOMBUHAIIMOHHOM CBOPKH
3KCUTOHOMNOJOBHOM JIIOMUHECIHEHIINA B KPUCTAJLJIAX KCI-Na ITPH
HNOHWXEHUU CUMMETPUU PEHIETKH

K. IIYHKEEB!, A. TUIEITY", A. JIYIIIUK?, IlI. CATUMBAEBA'!,
K. YBAEB!, A. KAJIJUPOB!
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AHHOTauMsl. OKCHEPUMEHTAIBHBIMH  METOJaMM  JIIOMUHECLIEHTHOHl  CHEKTPOCKONHMHM  HCCIIe0BaHa
n3IyyaTeibHas —peNaKcalys OKCHTOHOMOJNOOHBIX oOpasoBanuii B MoHokpucraiuie KCI-Na. B cmekrpax
pentreHomomuHectieHmu kpucramuioB KCI-Na Brepebie 00Hapy:KeHa monoca U3Iy4eHHs ¢ MaKCUMyMoM Tipu 2,8 5B
IIpyu KOMHATHOM TeMIlepaType.

D¢ dexT MHOrOKpaTHOTO YCHIICHHS! HHTCHCUBHOCTH H3JTyYeHUs ¢ MakcuMyMoM Iipu 2,8 3B B kpuctamtax KCI-
Na makcumanen nocne saxanku (400-700°C), yBenuuenus koHuenTpamuu uonos Na (manpumep, 1000 ppm), a Takxe
TIpH BO3ACHUCTBUH OJTHOOCHOH JedopManuy mo kpucramtorpadguaeckuM HampapieHuaM (<100> u <110>).

Ipu Gonpuinx koHueHTpanusx natpust (1000 ppm) B kpucrannax KCI-Na obHapykeHO Takke HHTCHCHBHOE
JIOTIONTHUTENbHOE U3IYYeHHE ¢ MaKCUMyMOM Iipu 3,1 3B, 4TO CBOMCTBEHHO /I MAapHBIX MOHOB HATPUS, B OKPYKCHUU
KOTOPBIX IPOUCXOINUT U3IydaTeNbHas peslakcaliys AIeKTPOHHbBIX BO30YKICHHUIA.

DKCIepUMEHTATbHO ~ YCTaHOBICHO, uTO moHmkeHne cummerpun pemerkd  KCI-Na  tepmoympyrum
HaIpsDKeHUEeM TIPH 3aKalke, JerkuM katnoHoM (Na) npu JoNMpOoBaHUH, a TAKXKe CKATHEM IPH OJHOOCHOM JieopMarivuu
(<100> m <110>) mpUBOOMUT K BO3PACTAHHIO JMJIUHBI CBOOOJHOTO TIpoOera HEpEeITaKCHPOBAHHON IBIPKH [0
aBTOJIOKATIM3ALMH. B pe3ynpraTe yBeIMuMBaeTCst BEPOSITHOCTH PEKOMOMHAIIMOHHON COOPKH 3JI€KTPOHHO-BIPOYHBIX Map
¢ (opMHpoBaHHEM SKCHTOHOIIOJOOHOTO 00pa30BaHMs, M3JIydaTelbHAs pelakcalys KOTOPOTrO IPOHMCXOIUT B IIOJE
TEPMOYIPYTOM, JIOKAILHON M OJJHOOCHOH AehOopMay ¢ ”HTEHCHBHOM JTFOMUHECLIECHIIUCH.

KiroueBble c10Ba: IIEIOYHOTANOHIHBIE KPUCTAUIBI, PEHTTEHONIOMMHECICHIUS, TYILICHHE, JOKalbHas U
0IHOOCHAs AedopMaIiys, aBTOIOKAITU30BaHHBIN SKCUTOH, SKCUTOHOIIOI00HAS TFOMHHECIICHIINS, 3JIeKTPOHHO-IBIPOYHAs

peKOMOMHAIIHS, SKCUTOHOIIO100HOE 00pa3oBaHME.
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