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ces for intermediate composition crystals were interpolated with the help of ad-
ditivity rule. Sellmeier equations earlier reported for CdSiP2 and CdGeP2 were 
used as a basis for the interpolation. As a result phase matching conditions and 
figure of merit M have been estimated as a function of chemical composition. 
The best applications of attractive solid solution CdSi1-xGexP2, 0¢x¢0.44, are 
the CO laser SHG and OPO/OPG under l=1.5-2 mm pump. Fundamental and 
first overton band (l²2.7 mm) of CO laser can be frequency dobled at nocritical 
I type (preferable in potential efficiency) phase matching conditions with 
Mº240-275 (pm/V)2 and OPO/OPG operating in l=2-5 mm range with 
M=150-230 (pm/V)2. Degeneracy points for I type SHG are 5.74 mm (x=0.441) 
and 5.46 mm (x=0.085) for II type SHG. Other type of frequency converters 
may also be considered.  
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Acentric borate crystals are basic materials of high-power modern nonlinear 
optics (NLO) because of appropriate NLO coefficients, reasonable birefrin-
gence, wide transparency range including UV range and very high optical dam-
age thresholds. The K2Al2B2O7 (KABO), space group P321, a = 8.5657(9), c = 
8.463(2), discovered in ternary system K2O-Al2O3-B2O3 is well-known NLO 
crystal applicable for frequency conversion in visible and UV spectral ranges. 
KABO possesses a good chemical stability, reasonable NLO properties, optical 
transparency in UV range up to ~ 180 nm and the birefringence as high as Dn ~ 
-0.08 providing wide range light-wave phase-matching. As to KABO, a search 
for structural analogs was implemented in the past because the isovalent ele-
ment substitution seems to be possible in potassium or aluminum sublattices. 
As it was found, the Al3+ ions in KABO structure can be substituted by Fe3+ 
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ions with the formation of K2Fe2B2O7, space group P321, showing reasonable 
NLO properties. Regrettably, within the possible parent compounds A2Al2B2O7 
(A = Na, K, Rb) the noncentrosynnetric structure is known only for KABO. 
The structure with a center of inversion was found for Na2Al2B2O7, space group 
P-31c, and, respectively, only a limited homogeneity range was obtained for 
solid solution K2(1-x)Na2xAl2B2O7, 0 ¢ x <0.6. The Rb2Al2B2O7 (RABO), space 
group P21/c, a = 8.901(2), b = 7. 539(1), c = 11.905(2), ɓ = 103.97(1) Ü, V = 
775.3(2)Ȕ3, Z = 4 also possesses a center of inversion. Thus, it may be rea-
sonably supposed that the substitution of Rb for K could result in the limited 
range solid solution K2(1-x)Rb2xAl2B2O7. Phase transition P321ªP21/c is pre-
sumed to be at high rubidium content. So, the crystal chemistry analysis of 
solid solutions on the basis of KABO has been carried out. As a result, a field 
of KABO-type structure on the a-b plane will be defined that yields the rules of 
cation selection for new solid solutions. 

Acknowledgments: This study was partly supported by SB RAS (Grant 28). 

Ga-S BONDING IN COMPLEX THIOGALLATES BY X-RAY 
PHOTOELECTRON SPECTROSCOPY  

 
B.I. Kidyarov1, V.V. Atuchin2 

 
1Laboratory of Nonlinear Resonant Processes and Laser Diagnostics, Institute 

of Semiconductor Physics, SB RAS, Novosibirsk 630090, Russia 
2Laboratory of Optical Materials and Structures, Institute of Semiconductor 

Physics, SB RAS, Novosibirsk 630090, Russia 
 
 

The sulfide crystals are widely used in nonlinear optics for frequency 
conversion and in optoelectronics. The electronic parameters measured by X-
ray photoelectron spectroscopy (XPS) for sulfides are very scarce in literature. 
However, several compounds containing Ga and sulfur as a ligand were earlier 
observed with XPS that opens a possibility for comparative analysis of Ga-S 
bonding parameters. When metal interacts with sulfur, great redistribution of 
electronic density occurs as a shift of valence electrons from metal atom to 
sulfur resulting in noticeable variations of electronic structure of inner shells of 
cation and anion. The equilibrium state of valence electron transfer achieved by 
crystal lattice formation can be effectively described by mean chemical bond 
length L(M-S) between metal M and sulfur ions. This bond-related parameter 
can be calculated from crystal structure data [1-2]. The set of Ga-bearing 
sulfides, for which the element core level binding energies (BE) were earlier 
reported, was collected and plotted. All the compounds, excepting AgCd2GaS4 
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(Pmn21), form a cluster with L(Ga-S) = 227.6-228.8 pm. The value of L(Ga-S) 
is noticeably greater in AgCd2GaS4 and, respectively, ionicity of Ga-S bonds is 
lower in this crystal compared to that in other evaluated thiogallates. As a 
result, the value ȹ2p(S-Ga) = BE(S 2p) ï BE(Ga 3d) = 142.3 eV is highest for 
AgCd2GaS4 confirming lower chemical shift of energy position of Ga 3d core 
level on sulfide bond formation. The example of thiogallates confirms great 
potential of XPS as a sensitive instrument for an observation of bonding 
effects, ionicity in particular, in selected chemical class of NLO complex 
inorganic compounds [1].  

Acknowledgements: The study was partially supported by SB RAS (Grant 
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The extreme optical properties GaSe crystals have been successfully em-

ployed to generate coherent radiation in the mid-IR and down to the terahertz 
frequency range. Many of the unique properties of GaSe are associated with its 
layered structure. On the other hand, the layer structure of GaSe results in huge 
scattered data on physical properties (including damage threshold Id) due to 
stacking defects that are leading to existing of four (e, d, b and g) polytype 
structures or it mixtures, stacking micro defects (dislocations, air gaps) and 
numerous point defects in dependence on state-of-the-art of growth technology.   
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In this work Id of pure and doped GaSe crystals was studied in details 
under the pump by 100 fs Ti:Sapphire laser at 800 nm and 60-90 fs OPA 
TOPAS-C at 1.1-2.9 mm. We found that first damages occur in low quality 
crystals at the location of surface micro defects in the form of Ga precipitates 
and appear as craters. Then small-size sliced off areas appeared at the location 
of internal Ga precipitates and larger size at the location of exiting air gaps. 
Further, extending areas of dissociated GaSe elements are developing around 
them all through the crystal bulk. Then smooth-distributed black (Se sooner) 
areas of dissociated GaSe elements appeared on the both low and high quality 
crystal surfaces that are extending in diameter versus pump intensity. Black 
substance is still transparent at low (100 GW/cm2) pump intensity at wave-
length >800 nm but transparency is reversibly fall down at 800 nm down from 
initial level to 20% with pump intensity variation from 100 GW/cm2 till up to 
500-600 GW/cm2. Two- and multiphoton absorption coefficients were esti-
mated and transient transparency effects were identified. Real surface damages 
appear in high quality crystals at sub-TW/cm2 pump in dependence on dopant 
and doping level when Se is evaporated but Ga transformed in adhered not-
uniform Ga layer. Optimal dopant (S), so as optimal doping levels were found 
for the first time for all dopants that are resulted in maximal damage threshold. 
Field effects are proposed as physical origin in damage processes under fs 
pulse pumping.  

This work is supported by the SB RAS Project No.46 of 2012 and RFBR 
No. 12-08-0042. 
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Ce:LiLuF4 and Ce:LiYF4 crystals are well-known active media and 
more or less successful attempts of obtaining laser action on these crystal have 
been performed over the past three decades [1-2]. Recently we reported on gain 
properties and Yb-coactivation benefits in Ce-doped LiY1-XLuXF4 (x = 0..1) 
crystals [3]. 

Here we report and discuss, for what we believe to be the first time, a 
Ce+Yb: LiY0.3Lu0.7F4 UV laser pumped by UV radiation from Ce:LiCAF laser. 
The 10-Hz pulse repetition frequency free-lasing Ce+Yb: LiY0.3Lu0.7F4 laser 
yielded a maximum output power of 2.5 mW in selective cavity with a maxi-
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mal slope efficiency of 13%, from a pump power of 50 mW. With a single 
prism tunability from 304 to 332 nm was achieved (see fig. 1).  
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Fig. 1. a ï differential gain of LiY0.3Lu0.7F4:Ce3+(1%), Yb3+(1%) laser with 80% output cou-
pler at 311 and 327 nm; b ï tuning curve of LiY0.3Lu0.7F4:Ce3+(1%), Yb3+(1%) laser pumped 

by LiCAF:Ce3+ laser. 
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Here we report on pump-probe studies of CaF2 doped with Ce3+ and Yb3+ 
ions. The crystals CaF2:Ce3+ show advantageous spectral characteristics for 
tunable UV lasers application but have poor photochemical stability [1,2]. 
Their properties under intense UV pumping are affected by excited state ab-
sorption and color centers formation. 

a b
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This work was aimed at dynamic processes investigation induced by laser 
radiation of UV spectral range in CaF2 doped with Ce3+ and Yb3+ ions. 

The pump-probe technique allowed us to observe nonlinear dynamic in 
absorption coefficient vs pumping radiation intensity in CaF2:Ce3++Yb3+ and 
spectral dependence of small signal gain coefficient in CaF2:Ce3++Yb3+. Optical 
gain was observed on CaF2:Ce3++Yb3+ in the range 325-335 nm for the first 
time. It proves Yb3+ coactivation antisolarant effect elaborated by us earlier [3]. 
Nonlinear dynamic was observed in gain coefficient vs probe intensity showing 
ability to control gain coefficient. Interpretation of experimental results was 
based on model of photodynamic processes which included recombination 
transitions at impurity centers of Ce3+ and Yb3+ also.  
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AlN is a wide band semiconductor (Eg = 6.2 eV) widely studied due 
to its uppermost qualities prospective for various practical applications. A 
large number of papers is devoted to its luminescence properties, including 
photoluminescence (PL) and thermoluminescence (TL). In the given work 
the UV light-induced processes - PL and TL - are studied in AlN ceramics 
under irradiation with two different light sources: deuterium lamp and 263 
nm laser.  

The sample under investigation was a tablet of nominally pure AlN 
ceramics sintered with addition of Y2O3 (5 weight %) at 1700 ÁC during 
300 min. The luminescence studies were carried out using as a source of 
UV light either deuterium lamp LDD-400 with a grating monochromator 
MDR-2 for selecting excitation wavelengths or a solid-stated laser DTL-
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389QT (with pulse energy 4,7 mkJ, at 1 kHz, 263 nm). Luminescence sig-
nal was detected with a grating monochromator Andor with a CCD cam-
era. For low temperature measurements the sample was inserted into a 
sample holder of a closed cycle refrigerator Janis, providing temperatures 
in the 8-325 K range. Heating was fulfilled using the refrigeratorôs ther-
mocontroller. 

Photoluminescence. It was found that the PL emission spectrum in-
cludes several bands in the 300-1100 nm range due to the presence of im-
purities in the nominally pure AlN.: 1) a broad complex UV-blue band in 
the 300-500 nm region, consisting of a dominating band around 400 nm 
due to donor-acceptor recombination between different types of oxygen-
related defects, and a minor band at 480 nm, tentatively connected with 
oxygen centres on surface; 2) a red band peaking at 600 nm connected 
with presence of the uncontrolled manganese impurity; 3) an IR band 
around 1000 nm, connected with iron impurity. At low temperatures the 
600 and 1000 nm emission bands reveal fine structure. Besides, there is a 
minor band around 500 nm, which is especially clearly seen at tempera-
tures around 70 K. 

Though PL emission spectra obtained under irradiation with two dif-
ferent light sources in general are similar, they have several important dif-
ferences concerning the UV-blue emission band ï see Fig.1. The laser-
induced emission band is situated at lower wavelengths and its half-width 
is smaller compared to the lamp-induced band (386 nm versus 402 nm and 
0.745 eV versus 0.857 eV at 9 K, correspondingly). Besides, thermal evo-
lution of this band in two cases is absolutely different: rise of temperature 
from 9 to 300 K causes only a small shift of the laser-induced band to the 
low wavelength side (from 386 to 382 nm), and, on the contrary, a larger 
shift of the lamp-induced band to the long wavelength side (from 402 to 
420 nm). Position of 600 and 1000 nm luminescence bands does not de-
pend on excitation type and temperature.  

Difference in the laser-induced and lamp-induced PL features may be 
explained by very large differences in excitation energy density, which de-
termines processes occurring in oxygen-related defects responsible for the 
UV-blue emission band. Besides, lamp emission does not penetrate in the 
bulk of the sample as deep as laser radiation, as a result the surface defects 
play more important role in the emission spectrum.  

Thermoluminescence. Thermoluminescence in AlN ceramics was ob-
served in 9-300 K temperature range after irradiation of the sample with 
both types of UV light sources. In both cases TL emission spectrum con-
tains 400 nm and 600 nm bands. Position of the UV-blue band in TL emis-
sion spectra changes with temperature rise ï in 9-150 K temperature range 
it shifts towards short wavelength side from 425 to 405 nm, than in 150-
300 K temperature interval, oppositely, from 405 to 425 nm. TL curves are 
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identical for both irradiation types; they contain two peaks at 70 and 180 
K. The further growth of TL signal begins at temperatures approaching RT 
and should finish with the main TL peak at around 450 K, as it is known 
from other studies. The features of TL may be explained by complex na-
ture of the UV-blue emission band and pair distribution of trap and recom-
bination centres. 
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Figure 1. Normalised 
photoluminescence 
spectra of AlN ceram-
ics obtained under 
irradiation with 263 
nm laser (1,2) and 
deuterium lamp at 
243 nm (3,4) at tem-
perature 9 K (2,3) and 
300 K (1,4). 

The research and participation in the LLPh-2012 conference was 
supported by European Regional Development Fund grants Nos. 
2010/0253/2DP/2.1.1.1.0/ 
10/APIA/VIAA/079 and 2010/0204/2DP/2.1.1.2.0./10/APIA/VIAA/010, re-
spectively. 

ɸʊʆʄʅɸʗ ʉʊʈʋʂʊʋʈɸ ʀ ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ 
GaSb/GaP ʂɺɸʅʊʆɺʓʍ ʊʆʏɽʂ 

 
ɼ.ʉ. ɸʙʨʘʤʢʠʥ, ʄ.ɸ. ʇʫʪʷʪʦ, ɸ.ʂ. ɻʫʪʘʢʦʚʩʢʠʡ, ɹ.ʈ. ʉʝʤʷʛʠʥ, 

ɺ.ɺ. ʇʨʝʦʙʨʘʞʝʥʩʢʠʡ, ʊ.ʉ. ʐʘʤʠʨʟʘʝʚ 
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʉʆ ʈɸʅ, 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 
ʧʨ. ʃʘʚʨʝʥʪʴʝʚʘ, 13, demid@thermo.isp.nsc.ru 

 
 

ʀʥʪʝʨʝʩ ʢ ʩʘʤʦʦʨʛʘʥʠʟʦʚʘʥʥʳʤ ʢʚʘʥʪʦʚʳʤ ʪʦʯʢʘʤ (ʂʊ) ʦʙʫʩʣʦʚʣʝʥ 
ʠʭ ʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴʶ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʧʨʠʙʦʨʦʚ. ɼʦ ʥʘ-
ʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʩʥʦʚʥʦʝ ʚʥʠʤʘʥʠʝ ʫʜʝʣʷʣʦʩʴ In(Ga)As/GaAs ʠ 
InP/GaAs ʂʊ, ʠʟʣʫʯʘʶʱʠʤ ʚ ʙʣʠʞʥʝʤ ʠʥʬʨʘʢʨʘʩʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʚ ʪʦ ʚʨʝ-
ʤʷ ʢʘʢ ʂʊ, ʠʟʣʫʯʘʶʱʠʝ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ, ʠʟʫʯʝʥʳ ʟʥʘʯʠʪʝʣʴʥʦ ʭʫʞʝ. 
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ɿʘʤʝʥʘ GaAs ʙʦʣʝʝ ʰʠʨʦʢʦʟʦʥʥʳʤ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʤ GaP ʧʦʟʚʦʣʠʪ ʩʤʝ-
ʩʪʠʪʴ ʠʟʣʫʯʝʥʠʝ ʂʊ ʚ ʚʠʜʠʤʫʶ ʦʙʣʘʩʪʴ ʩʧʝʢʪʨʘ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝ-
ʜʫʶʪʩʷ ʘʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʠ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ GaSb/GaP ʂʊ. ʀʩ-
ʩʣʝʜʫʝʤʳʝ ʩʪʨʫʢʪʫʨʳ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ ʣʫʯʝʚʦʡ 
ʵʧʠʪʘʢʩʠʠ. ʈʦʩʪ GaSb/GaP ʂʊ ʧʨʦʭʦʜʠʣ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 4500ʉ. ʄʝʪʦʜʦʤ 
ʜʠʬʨʘʢʮʠʠ ʙʳʩʪʨʳʭ ʵʣʝʢʪʨʦʥʦʚ ʥʘ ʦʪʨʘʞʝʥʠʝ ʙʳʣʦ ʟʘʬʠʢʩʠʨʦʚʘʥʦ, ʯʪʦ 
ʨʦʩʪ ʂʊ ʠʜʸʪ ʧʦ ʤʝʭʘʥʠʟʤʫ ʉʪʨʘʥʩʢʦʛʦ-ʂʨʘʩʪʘʥʦʚʘ. ʊʘʢʞʝ ʙʳʣʘ ʚʳʨʘʱʝ-
ʥʘ ʪʝʩʪʦʚʘʷ GaP/GaP ʩʪʨʫʢʪʫʨʘ ʙʝʟ ʂʊ. 

ɸʪʦʤʥʘʷ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ ʂʊ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩ ʧʦʤʦʱʴʶ 
ʤʝʪʦʜʘ ʧʨʦʩʚʝʯʠʚʘʶʱʝʡ ʵʣʝʢʪʨʦʥʥʦʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʅʘ ʧʦʣʫʯʝʥʥʳʭ 
ʠʟʦʙʨʘʞʝʥʠʷʭ ʚʠʜʝʥ ʤʫʘʨ ʚ ʦʙʣʘʩʪʠ ʂʊ. ɸʥʘʣʠʟ ʤʫʘʨʘ ʧʦʢʘʟʘʣ, ʯʪʦ 
ʫʧʨʫʛʠʝ ʥʘʧʨʷʞʝʥʠʷ ʚ ʂʊ ʧʦʣʥʦʩʪʴʶ ʨʝʣʘʢʩʠʨʦʚʘʣʠ, ʧʨʠ ʵʪʦʤ ʨʝʣʘʢʩʘʮʠʷ 
ʫʧʨʫʛʠʭ ʥʘʧʨʷʞʝʥʠʡ ʧʨʦʰʣʘ ʟʘ ʩʯʸʪ ʚʚʝʜʝʥʠʷ ʩʝʪʢʠ ʣʦʤʝʨʦʚʩʢʠʭ 
ʜʠʩʣʦʢʘʮʠʡ, ʟʘʣʝʛʘʶʱʠʭ ʚ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʤʘʪʝʨʠʘʣʦʚ. ʉʨʘʚʥʝʥʠʝ 
ʩʧʝʢʪʨʦʚ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʪʝʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ 
ʩʪʨʫʢʪʫʨʳ ʩ ʂʊ ʧʦʟʚʦʣʠʣʠ ʚʳʷʚʠʪʴ ʧʦʣʦʩʫ ʌʃ, ʩʚʷʟʘʥʥʫʶ ʩ ʂʊ. ɸʥʘʣʠʟ 
ʠʥʪʝʥʩʠʚʥʦʩʪʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʝʢʪʨʘ ʌʃ ʂʊ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʦʩʠʪʝʣʠ 
ʟʘʨʷʜʘ ʚ ʂʊ ʣʦʢʘʣʠʟʦʚʘʥʳ ʚ ʦʜʥʦʡ ʦʙʣʘʩʪʠ ʧʨʦʩʪʨʘʥʩʪʚʘ [1]. ʂʠʥʝʪʠʢʘ 
ʟʘʪʫʭʘʥʠʷ ʌʃ ʂʊ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʚʨʝʤʝʥʘʤʠ ʧʦʨʷʜʢʘ 100 ʤʢʩ. ʕʪʦ 
ʧʦʟʚʦʣʷʝʪ ʫʪʚʝʨʞʜʘʪʴ, ʯʪʦ ʦʩʥʦʚʥʦʝ ʵʣʝʢʪʨʦʥʥʦʝ ʩʦʩʪʦʷʥʠʝ ʂʊ 
ʧʨʠʥʘʜʣʝʞʠʪ ʥʝʧʨʷʤʦʡ ʜʦʣʠʥʝ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ GaSb.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʛʨʘʥʪ ˉ 10-02-00240 ʠ 
ʬʦʥʜʘ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ çɼʠʥʘʩʪʠʷè. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. N. N. Ledentsov, J. Bohrer, M. Beer, F. Heinrichsdor, M.Grundmann, D. 

Bimberg, S. V. Ivanov, B. Y. Meltser, S. V. Shaposhnikov, I. N. Yassievich, 
N. N. Faleev, P. S. Kopev and Z. I. Alferov, Phys. Rev. B 52, 14058 (1995). 
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ʇʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ ʛʝʪʝʨʦʩʪʨʫʢʪʫʨʳ (ɻʉ) ʷʚʣʷʶʪʩʷ ʧʝʨʩʧʝʢʪʠʚ-
ʥʳʤʠ ʦʙʲʝʢʪʘʤʠ ʜʣʷ ʩʦʟʜʘʥʠʷ ʥʦʚʳʭ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʙʦʨʦʚ, ʯʪʦ 
ʧʨʠʚʣʝʢʘʝʪ ʢ ʥʠʤ ʟʥʘʯʠʪʝʣʴʥʦʝ ʚʥʠʤʘʥʠʝ. ʇʦʚʳʰʝʥʥʳʡ ʠʥʪʝʨʝʩ ʚʳʟʳʚʘ-
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ʶʪ ɻʉ, ʠʟʣʫʯʘʶʱʠʝ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʩʧʝʢʪʨʘ. ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ 
ʙʦʣʴʰʠʥʩʪʚʦ ʨʘʙʦʪ ʧʦʩʚʷʱʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʶ ɻʉ ʩʬʦʨʤʠʨʦʚʘʥʥʳʭ ʚ ʤʘʪ-
ʨʠʮʝ AlGaAs. ʊʝʤ ʥʝ ʤʝʥʝʝ, ʙʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʘʣʶʤʠʥʠʡ ʟʘʭʚʘʪʳʚʘʝʪ 
ʧʨʠʤʝʩʠ ʚ ʧʨʦʮʝʩʩʝ ʨʦʩʪʘ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ, ʯʪʦ ʟʥʘʯʠʪʝʣʴʥʦ ʩʥʠʞʘʝʪ ʵʬ-
ʬʝʢʪʠʚʥʦʩʪʴ ʠʟʣʫʯʘʪʝʣʴʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ [1]. ʇʦʵʪʦʤʫ ʚ ʢʘʯʝʩʪʚʝ ʰʠʨʦ-
ʢʦʟʦʥʥʦʡ ʤʘʪʨʠʮʳ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʥʝ ʩʦʜʝʨʞʘʱʠʡ ʘʣʶ-
ʤʠʥʠʷ GaP. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʫʶʪʩʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ 
GaAs/GaP ɻʉ, ʚʳʨʘʱʝʥʥʳʭ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠʪʘʢʩʠʠ ʥʘ 
GaP ʧʦʜʣʦʞʢʝ ʦʨʠʝʥʪʘʮʠʠ (100). ʉʣʦʡ GaAs ʧʦʤʝʱʘʣʩʷ ʤʝʞʜʫ ʩʣʦʷʤʠ 
GaP ʪʦʣʱʠʥʦʡ ʧʦ 50 ʥʤ. ɼʣʷ ʩʨʘʚʥʝʥʠʷ ʙʳʣʘ ʚʳʨʘʱʝʥʘ ʪʝʩʪʦʚʘʷ ʩʪʨʫʢʪʫ-
ʨʘ ʩ 100 ʥʤ GaP ʩʣʦʝʤ, ʙʝʟ GaAs. 

ɺ ʩʧʝʢʪʨʘʭ ʩʪʘʮʠʦʥʘʨʥʦʡ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʩʪʨʫʢʪʫʨ ʩ 
GaAs/GaP ɻʉ ʧʨʠʩʫʪʩʪʚʫʶʪ 3 ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʦʩʳ. ʉʨʘʚʥʝʥʠʝ ʵʪʠʭ 
ʩʧʝʢʪʨʦʚ ʩʦ ʩʧʝʢʪʨʘʤʠ ʌʃ ʪʝʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʙʝʟ GaAs ʧʦʟʚʦʣʠʣʦ 
ʦʧʨʝʜʝʣʠʪʴ ʧʦʣʦʩʳ, ʩʚʷʟʘʥʥʳʝ ʩ ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʚ GaAs/GaP ɻʉ ʠ ʩ 
ʜʦʥʦʨʥʦ-ʘʢʮʝʧʪʦʨʥʦʡ SP

+-ZnGa
- ʠ OP

+-ZnGa
- ʨʝʢʦʤʙʠʥʘʮʠʝʡ ʚ GaP. ɸʥʘʣʠʟ 

ʠʥʪʝʥʩʠʚʥʦʩʪʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʩʧʝʢʪʨʦʚ ʌʃ ʪʝʩʪʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʠ GaP 
ʧʦʜʣʦʞʢʠ ʚʳʷʚʠʣ, ʯʪʦ (i) OP

+-ZnGa
- ʨʝʢʦʤʙʠʥʘʮʠʷ ʠʜʸʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʚ 

ʧʦʜʣʦʞʢʝ, (ii) ʩ ʨʦʩʪʦʤ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ 
ʜʦʣʷ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʜʠʬʬʫʥʜʠʨʫʶʱʠʭ ʠʟ GaP ʩʣʦʷ ʚ ʧʦʜʣʦʞʢʫ. 
ʆʧʨʝʜʝʣʝʥʳ ʫʩʣʦʚʠʷ ʥʘʙʣʶʜʝʥʠʷ ʩʧʝʢʪʨʦʚ ʌʃ GaAs/GaP ʩʪʨʫʢʪʫʨ, ʧʨʠ 
ʢʦʪʦʨʳʭ ʠʥʪʝʥʩʠʚʥʦʩʪʴ OP

+-ZnGa
- ʧʦʣʦʩʳ ʟʥʘʯʠʪʝʣʴʥʦ ʥʠʞʝ 

ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʦʣʦʩʳ ʌʃ GaAs/GaP ɻʉ.  
ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ ʛʨʘʥʪ ˉ 10-02-00240 ʠ 

ʬʦʥʜʘ ʥʝʢʦʤʤʝʨʯʝʩʢʠʭ ʧʨʦʛʨʘʤʤ çɼʠʥʘʩʪʠʷè. 

ʃʠʪʝʨʘʪʫʨʘ: 
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ʅɽʃʀʅɽʁʅɸʗ ʈɽɿʆʅɸʅʉʅɸʗ ʌʃʋʆʈɽʉʎɽʅʎʀʗ 
ɼɺʋʍɸʊʆʄʅʆʁ ʉʀʉʊɽʄʓ ɺ ʉʀʃʔʅʆʄ ʇʆʃɽ 
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ʅʝʣʠʥʝʡʥʦʩʪʴ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʪʦʤʘ ʩ ʩʠʣʴʥʳʤ ʨʝʟʦʥʘʥʩʥʳʤ ʤʦʥʦ-
ʭʨʦʤʘʪʠʯʝʩʢʠʤ ʧʦʣʝʤ )ɤexp(),( rkErE 00 itit += ʧʨʠʚʦʜʠʪ ʢ ʧʝʨʝʩʪʨʦʡʢʝ 
ʩʪʨʫʢʪʫʨʳ ʘʪʦʤʥʳʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ. ʕʪʦ ʧʨʦʷʚʣʷʝʪʩʷ ʚ ʩʧʝʢʪʨʝ 
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ʨʘʩʩʝʷʥʥʦʛʦ ʘʪʦʤʦʤ ʠʟʣʫʯʝʥʠʷ ʚ ʚʠʜʝ ʪʨʠʧʣʝʪʘ ʄʦʣʣʦʫ , ʪ.ʝ. ʚ ʵʪʦʤ ʩʣʫ-
ʯʘʝ ʠʟʣʫʯʝʥʠʝ ʠʜʝʪ ʥʝ ʪʦʣʴʢʦ ʥʘ ʯʘʩʪʦʪʝ ʩʠʣʴʥʦʛʦ ʧʦʣʷ w  ʥʦ ʠ ʝʱʝ ʥʘ 
ʜʚʫʭ ʩʠʤʤʝʪʨʠʯʥʦ ʨʘʩʧʦʣʦʞʝʥʥʳʭ ʦʪʥʦʩʠʪʝʣʴʥʦ ʥʝʝ ʯʘʩʪʦʪʘʭ D°w , ʛʜʝ  

2
0

2 ||4 V+W=D , ʘ mnw-w=W - ʨʘʩʩʪʨʦʡʢʘ ʯʘʩʪʦʪʳ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʦʪ ʯʘʩʪʦʪʳ 
ʘʪʦʤʥʦʛʦ ʧʝʨʝʭʦʜʘ mnw ,  >/0 0mn ED-=V  ʠ mnD - ʤʘʪʨʠʯʥʳʡ ʵʣʝʤʝʥʪ ʦʧʝʨʘʪʦ-
ʨʘ ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʘʪʦʤʥʦʛʦ ʧʝʨʝʭʦʜʘ nm -  ʤʝʞʜʫ ʢʦʤʙʠʥʠʨʫʶʱʠʤʠ 
ʫʨʦʚʥʷʤʠ. 

(ɸʥʘʣʦʛʠʯʥʘʷ ʩʠʪʫʘʮʠʷ ʩ ʪʨʠʧʣʝʪʦʤ ʚ ʩʧʝʢʪʨʝ ʚʦʟʥʠʢʘʝʪ ʪʘʢʞʝ, 
ʥʘʧʨʠʤʝʨ, ʧʨʠ ʚʳʥʫʞʜʝʥʥʦʤ ʢʦʤʙʠʥʘʮʠʦʥʥʦʤ ʨʘʩʩʝʷʥʠʠ, ʢʦʛʜʘ 
ʠʥʜʫʮʠʨʦʚʘʥʥʳʡ ʜʠʧʦʣʴʥʳʡ ʤʦʤʝʥʪ ʠʟʦʪʨʦʧʥʦʡ ʤʦʣʝʢʫʣʳ ʤʦʜʫʣʠʨʫʝʪʩʷ 
ʚʥʫʪʨʠʤʦʣʝʢʫʣʷʨʥʳʤʠ ʢʦʣʝʙʘʥʠʷʤʠ).  

ʉʧʨʘʰʠʚʘʝʪʩʷ, ʢʘʢ ʯʘʩʪʦʪʥʳʡ ʪʨʠʧʣʝʪ ʚ ʩʧʝʢʪʨʝ ʢʦʣʝʙʘʥʠʡ 
ʜʠʧʦʣʴʥʦʛʦ ʤʦʤʝʥʪʘ ʧʨʦʷʚʠʪʩʷ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤ ʨʘʩʧʨʝʜʝʣʝʥʠʠ 
ʚʝʨʦʷʪʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʩʠʩʪʝʤʦʡ ʠʟ ʜʚʫʭ ʥʝʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 
ʤʝʞʜʫ ʩʦʙʦʡ ʘʪʦʤʦʚ? ʆʪʚʝʪʫ ʥʘ ʵʪʦʪ ʚʦʧʨʦʩ ʠ ʧʦʩʚʷʱʝʥʘ ʥʘʩʪʦʷʱʘʷ 
ʨʘʙʦʪʘ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʚ ʥʘʯʘʣʴʥʳʡ ʤʦʤʝʥʪ ʚʨʝʤʝʥʠ ʘʪʦʤʳ 
ʥʘʭʦʜʷʪʩʷ ʥʘ ʥʠʞʥʝʤ ʠʟ ʢʦʤʙʠʥʠʨʫʶʱʠʭ ʫʨʦʚʥʝʡ ʠ ʧʦʢʠʜʘʶʪ ʩʠʩʪʝʤʫ, 
ʫʭʦʜʷ ʩ ʵʪʦʛʦ ʞʝ ʫʨʦʚʥʷ. 

ɺ ʨʘʙʦʪʝ ʧʦʣʫʯʝʥʦ ʚʳʨʘʞʝʥʠʝ ʜʣʷ ʚʝʨʦʷʪʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ. 
ʆʧʨʝʜʝʣʝʥʘ ʫʛʣʦʚʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʣʫʦʨʝʩʮʝʥʮʠʠ ʦʪ 
ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʯʘʩʪʦʪʥʳʡ ʩʧʝʢʪʨ ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʥʝʟʘʚʠʩʠʤʦ ʦʪ 
ʥʘʧʨʘʚʣʝʥʠʷ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ, 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ ʪʨʠʧʣʝʪ ʄʦʣʣʦʫ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ 
ʚʩʝʭ ʯʘʩʪʦʪʘʭ ʪʨʠʧʣʝʪʘ ʙʫʜʝʪ ʥʘʙʣʶʜʘʪʴʩʷ, ʢʦʛʜʘ ʥʘʧʨʘʚʣʝʥʠʝ 
ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʷ ʩʠʣʴʥʦʛʦ ʧʦʣʷ ʠ ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʘʨʘʣʣʝʣʴʥʳ 
ʜʨʫʛ ʜʨʫʛʫ ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʳ ʣʠʥʠʠ, ʩʦʝʜʠʥʷʶʱʝʡ ʘʪʦʤʳ. 

ʃɸɿɽʈʅʆɽ ʀʅʀʎʀʀʈʆɺɸʅʀɽ ʊʕʅɸ ʀ ʉʄɽʉɽɺʓʍ ʉʆʉʊɸɺʆɺ 
ʅɸ ɽɻʆ ʆʉʅʆɺɽ ʇʈʀ ʇʆɺʓʐɽʅʅʓʍ ʊɽʄʇɽʈɸʊʋʈɸʍ 

 
ɹ.ʇ. ɸʜʫʝʚ, ɼ.ʈ. ʅʫʨʤʫʭʘʤʝʪʦʚ, ʈ.ʀ. ʌʫʨʝʛʘ 

 
ʀʥʩʪʠʪʫʪ ʫʛʣʝʭʠʤʠʠ ʠ ʭʠʤʠʯʝʩʢʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʉʆ ʈɸʅ, 650000, 

ʛ. ʂʝʤʝʨʦʚʦ, ʧʨ. ʉʦʚʝʪʩʢʠʡ, 18, lesinko-iuxm@yandex.ru 
 
 

ʀʟʤʝʨʝʥʳ ʧʦʨʦʛʠ ʚʟʨʳʚʥʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʧʝʥʪʘʵʨʠʪʨʠʪ ʪʝʪʨʘʥʠʪʨʘʪʘ 
(ʪʵʥʘ), ʘ ʪʘʢʞʝ ʩʤʝʩʝʚʳʭ ʩʦʩʪʘʚʦʚ ʥʘ ʝʛʦ ʦʩʥʦʚʝ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʥʘʥʦʯʘ-
ʩʪʠʮ ʨʘʟʤʝʨʦʤ ʚ ʤʘʢʩʠʤʫʤʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ~ 100 ʥʤ Ni-C (0,3 % ʧʦ ʤʘʩʩʝ) 
ʠ Al (0,1% ʧʦ ʤʘʩʩʝ) ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʧʨʠ ʚʦʟ-
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ʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʦʚ ʣʘʟʝʨʘ (1060 ʥʤ, 20 ʥʩ). ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʧʝʨʝʧʣʘʚ-
ʣʝʥʥʳʝ (Ni-C, Al) , ʘ ʪʘʢʞʝ ʧʨʝʩʩʦʚʘʥʥʳʝ ʦʙʨʘʟʮʳ (Al, ɟ = 1,73 ʛ/ʩʤ3).  

ɼʣʷ ʦʙʨʘʙʦʪʢʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʜʘʥʥʳʭ ʨʘʟʨʘʙʦʪʘʥʘ ʤʦʜʝʣʴ, ʩʦ-
ʛʣʘʩʥʦ ʢʦʪʦʨʦʡ ʧʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʥʘ ʩʪʨʫʢ-
ʪʫʨʥʳʭ ʜʝʬʝʢʪʘʭ ʪʵʥʘ ʠ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚʢʣʶʯʝʥʠʡ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʧʦʛʣʦ-
ʱʝʥʠʷ ʩʪʨʫʢʪʫʨʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʧʨʦʠʩʭʦʜʠʪ ʦʙʨʘʟʦʚʘʥʠʝ ʮʝʥʪʨʦʚ ʭʠʤʠ-
ʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ. ʕʪʦʪ ʧʨʦʮʝʩʩ ʪʨʝʙʫʝʪ ʵʥʝʨʛʠʠ ʘʢʪʠʚʘʮʠʠ (~0,45 ʵɺ). 
ʇʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʠʭ ʥʘʛʨʝʚʫ ʜʦ ʚʳʩʦʢʦʡ 
ʪʝʤʧʝʨʘʪʫʨʳ ʠ ʦʙʨʘʟʦʚʘʥʠʶ ʦʯʘʛʦʚ ʭʠʤʠʯʝʩʢʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʚ ʠʭ ʦʢʨʝʩʪ-
ʥʦʩʪʠ, ʧʨʠʯʝʤ ʵʪʦʪ ʧʨʦʮʝʩʩ ʚ ʫʩʣʦʚʠʷʭ ʵʢʩʧʝʨʠʤʝʥʪʘ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʥʘ-
ʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ. ɺ ʨʘʤʢʘʭ ʤʦʜʝʣʠ ʟʘʧʠʩʘʥʳ ʜʠʬʬʝʨʝʥʮʠʘʣʴʥʳʝ 
ʫʨʘʚʥʝʥʠʷ ʠ ʧʦʣʫʯʝʥʳ ʨʝʰʝʥʠʷ, ʢʦʪʦʨʳʝ ʫʜʦʚʣʝʪʚʦʨʠʪʝʣʴʥʦ ʦʧʠʩʳʚʘʶʪ 
ʚʩʝ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ ʚ ʠʩʩʣʝʜʦʚʘʥʥʦʤ ʠʥʪʝʨʚʘʣʝ ʥʘʯʘʣʴʥʳʭ 
ʪʝʤʧʝʨʘʪʫʨ (290 ʂ ï 440 ʂ).  

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʧʨʠ T Ò 300 ʂ ʦʩʥʦʚʥʦʡ ʚʢʣʘʜ ʚ ʥʘʙʣʶʜʘʝʤʳʡ ʧʦʨʦʛ 
ʚʟʨʳʚʯʘʪʦʛʦ ʨʘʟʣʦʞʝʥʠʷ ʩʤʝʩʝʚʳʭ ʩʦʩʪʘʚʦʚ ʜʘʝʪ ʧʦʛʣʦʱʝʥʠʝ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮʘʤʠ. 

ʀʉʉʃɽɼʆɺɸʅʀɽ ʇʈʆʎɽʉʉʆɺ ʈɽʂʆʄɹʀʅɸʎʀʀ ɺ 
ʂɺɸʅʊʆɺʓʍ ʊʆʏʂɸʍ GAN ɺ ʄɸʊʈʀʎɽ ALN. 

 
ʀ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚ, ɺ.ɻ. ʄʘʥʩʫʨʦʚ, ɸ.ʂ. ɻʫʪʘʢʦʚʩʢʠʡ, ʂ.ʉ. ɾʫʨʘʚʣʝʚ 

 
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʉʆ ʈɸʅ, 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, 

ʃʘʚʨʝʥʪʴʝʚʘ 13, aleksandrov@thermo.isp.nsc.ru 
 
 

ʅʘ ʩʚʦʡʩʪʚʘ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʂʊ) ʥʘ GaN/AlN ʩ ʛʝʢʩʘʛʦʥʘʣʴʥʦʡ 
ʩʪʨʫʢʪʫʨʦʡ ʩʠʣʴʥʦ ʚʣʠʷʝʪ ʚʩʪʨʦʝʥʥʦʝ ʵʣʝʢʪʨʠʯʝʩʢʦʝ ʧʦʣʝ, ʚʦʟʥʠʢʘʶʱʝʝ 
ʠʟ-ʟʘ ʧʴʝʟʦʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʠ ʨʘʟʣʠʯʠʷ ʩʧʦʥʪʘʥʥʳʭ ʧʦʣʷʨʠʟʘ-
ʮʠʡ GaN ʠ AlN. ʕʪʦ ʧʦʣʝ ʧʨʠʚʦʜʠʪ ʢ ʩʠʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʠʟʣʫʯʘʪʝʣʴʥʦ-
ʛʦ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʦʪ ʨʘʟʤʝʨʘ ʠ ʬʦʨʤʳ ʂʊ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʣʦʩʴ 
ʚʣʠʷʥʠʝ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʂʊ ʧʦ ʨʘʟʤʝʨʘʤ ʥʘ ʟʘʢʦʥ ʟʘʪʫʭʘʥʠʷ ʬʦʪʦʣʶʤʠ-
ʥʝʩʮʝʥʮʠʠ (ʌʃ) ʘʥʩʘʤʙʣʷ ʂʊ GaN/AlN. 

ʂʊ GaN/AlN ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʤʝʪʦʜʦʤ ʤʦʣʝʢʫʣʷʨʥʦ-ʣʫʯʝʚʦʡ ʵʧʠ-
ʪʘʢʩʠʠ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʘʤʤʠʘʢʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʘʟʦʪʘ. ʉʪʨʫʢʪʫʨʘ 
ʩʦʜʝʨʞʠʪ ʙʫʬʝʨʥʳʡ ʩʣʦʡ AlN ʪʦʣʱʠʥʦʡ 150 ʥʤ, ʚʳʨʘʱʝʥʥʳʡ ʥʘ ʩʘʧʬʠ-
ʨʦʚʦʡ ʧʦʜʣʦʞʢʝ ʚ ʥʘʧʨʘʚʣʝʥʠʠ (0001) ʠ 10 ʩʣʦʝʚ GaN ʂʊ, ʨʘʟʜʝʣʝʥʥʳʭ 
ʩʣʦʷʤʠ AlN ʪʦʣʱʠʥʦʡ 10 ʥʤ. ɺʦʟʙʫʞʜʝʥʠʝ ʌʃ ʧʨʦʚʦʜʠʣʦʩʴ ʘʟʦʪʥʳʤ ʠʤ-
ʧʫʣʴʩʥʳʤ ʣʘʟʝʨʦʤ ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʘ 3.68 ʵɺ, ʤʝʥʴʰʝʡ, ʯʝʤ ʰʠʨʠʥʘ ʟʘ-
ʧʨʝʱʝʥʥʦʡ ʟʦʥʳ AlN ʠ ʩʤʘʯʠʚʘʶʱʝʛʦ ʩʣʦʷ. ʏʘʩʪʦʪʘ ʧʦʚʪʦʨʝʥʠʷ ʠʤʧʫʣʴ-
ʩʦʚ ʣʘʟʝʨʘ ʩʦʩʪʘʚʣʷʣʘ 1 ʢɻʮ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ ï 7 ʥʩ, ʧʣʦʪʥʦʩʪʴ 
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ʵʥʝʨʛʠʠ ʚ ʠʤʧʫʣʴʩʝ ʣʘʟʝʨʘ ʚʘʨʴʠʨʦʚʘʣʘʩʴ ʦʪ 0.9 ʜʦ 300 ʤʢɼʞ/ʩʤ2. ʇʦʣʦ-
ʞʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʌʃ ʠ ʢʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʥʝ ʟʘʚʠʩʷʪ ʦʪ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨ-
ʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʜʦ ~30 ʤʢɼʞ/ʩʤ2, ʯʪʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦʙ ʦʜʥʦʵʢʩʠʪʦʥ-
ʥʦʤ ʨʝʞʠʤʝ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʇʨʠ ʙʦʣʝʝ ʚʳʩʦʢʠʭ ʧʣʦʪʥʦʩʪʷʭ ʵʥʝʨʛʠʠ ʚ ʠʤ-
ʧʫʣʴʩʝ ʚʦʟʙʫʞʜʝʥʠʷ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʌʃ ʩʜʚʠʛʘʝʪʩʷ ʚ ʩʪʦʨʦʥʫ ʚʳʩʦʢʠʭ 
ʵʥʝʨʛʠʡ ʠ ʥʘʢʣʦʥ ʢʨʠʚʦʡ ʟʘʪʫʭʘʥʠʷ ʫʚʝʣʠʯʠʚʘʝʪʩʷ. ɿʘʢʦʥ ʟʘʪʫʭʘʥʠʷ ʌʃ 
ʩʠʣʴʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʛʦ ʧʨʠ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʚ ʠʤ-
ʧʫʣʴʩʝ ʚʦʟʙʫʞʜʝʥʠʷ 0.9 ʤʢɼʞ/ʩʤ2, ʪʦ ʝʩʪʴ ʜʦʩʪʘʪʦʯʥʦ ʥʠʟʢʦʡ ʜʣʷ ʜʦʩʪʠ-
ʞʝʥʠʷ ʨʝʞʠʤʘ ʦʜʥʦʵʢʩʠʪʦʥʥʦʡ ʨʝʢʦʤʙʠʥʘʮʠʠ. 

ʇʨʝʜʧʦʣʘʛʘʷ, ʯʪʦ ʟʘʢʦʥ ʟʘʪʫʭʘʥʠʷ ʌʃ ʦʜʥʦʡ ʂʊ ʵʢʩʧʦʥʝʥʮʠʘʣʝʥ, 
ʤʳ ʨʘʩʩʯʠʪʘʣʠ ʟʘʢʦʥ ʟʘʪʫʭʘʥʠʷ ʘʥʩʘʤʙʣʷ ʂʊ GaN/AlN ʧʫʪʝʤ ʩʫʤʤʠʨʦʚʘ-
ʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʌʃ ʂʊ, ʠʟʣʫʯʘʶʱʠʭ ʥʘ ʦʜʥʦʡ ʵʥʝʨʛʠʠ ʬʦʪʦʥʘ. ʈʘʩ-
ʧʨʝʜʝʣʝʥʠʝ ʂʊ ʧʦ ʚʳʩʦʪʝ ʠ ʜʠʘʤʝʪʨʫ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʣʦʩʴ ʜʚʫʤʝʨʥʳʤ ʛʘ-
ʫʩʩʠʘʥʦʤ. ʕʥʝʨʛʠʷ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʠ ʠʟʣʫʯʘʪʝʣʴʥʦʝ ʚʨʝʤʷ ʞʠʟʥʠ ʂʊ 
ʩ ʨʘʟʣʠʯʥʳʤ ʦʪʥʦʰʝʥʠʝʤ ʚʳʩʦʪʘ/ʜʠʘʤʝʪʨ ʨʘʩʩʯʠʪʳʚʘʣʠʩʴ ʚ ʧʨʠʙʣʠʞʝʥʠʠ 
ʵʬʬʝʢʪʠʚʥʦʡ ʤʘʩʩʳ. ʈʘʩʯʝʪʥʳʝ ʢʨʠʚʳʝ ʟʘʪʫʭʘʥʠʷ ʌʃ ʢʘʯʝʩʪʚʝʥʥʦ ʩʦʛʣʘ-
ʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ, ʯʪʦ ʧʦʜʪʚʝʨʞʜʘʝʪ ʩʠʣʴʥʦʝ ʚʣʠʷʥʠʝ ʬʣʫʢ-
ʪʫʘʮʠʡ ʬʦʨʤʳ ʂʊ ʥʘ ʟʘʢʦʥ ʟʘʪʫʭʘʥʠʷ ʌʃ ʘʥʩʘʤʙʣʷ ʂʊ GaN/AlN. 

ʈʘʙʦʪʘ ʧʦʜʜʝʨʞʘʥʘ ʛʨʘʥʪʘʤʠ ʈʌʌʀ 10-02-00077-ʘ ʠ 12-02-00930-ʘ. 

ʌʆʊʆʃʖʄʀʅɽʉʎɽʅʎʀʗ ʆɼʀʅʆʏʅʓʍ ʂɺɸʅʊʆɺʓʍ ʊʆʏɽʂ 
GAN/ALN ʇʈʀ ʈɸɿʃʀʏʅʓʍ ʄʆʑʅʆʉʊʗʍ ɺʆɿɹʋɾɼɽʅʀʗ 

 
ʀ.ɸ. ɸʣʝʢʩʘʥʜʨʦʚ1, ʂ. ʉ. ɾʫʨʘʚʣʝʚ1, ɺ.ɻ. ʄʘʥʩʫʨʦʚ1, P.O. Holtz2 

 
1 ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʤ. ɸ. ɺ. ʈʞʘʥʦʚʘ,  ʅʦʚʦʩʠʙʠʨʩʢ,  

630090, ʃʘʚʨʝʥʪʴʝʚʘ, 13, aleksandrov@thermo.isp.nsc.ru 
2 Linkoping University, S-581 83 Linkoping, Sweden 

 
 

GaN ʢʚʘʥʪʦʚʳʝ ʪʦʯʢʠ (ʂʊ) ʧʨʠʚʣʝʢʘʪʝʣʴʥʳ ʜʣʷ ʩʦʟʜʘʥʠʷ ʩʚʝʪʦʠʟ-
ʣʫʯʘʶʱʠʭ ʧʨʠʙʦʨʦʚ ʚʠʜʠʤʦʛʦ ʠ ʋʌ ʜʠʘʧʘʟʦʥʦʚ ʠ ʬʦʪʦʜʝʪʝʢʪʦʨʦʚ ʥʘ 
ʤʝʞʧʦʜʟʦʥʥʳʭ ʧʝʨʝʭʦʜʘʭ ʜʣʷ ʙʣʠʞʥʝʛʦ ʀʂ ʜʠʘʧʘʟʦʥʘ. ɻʝʢʩʘʛʦʥʘʣʴʥʳʝ 
GaN ʂʊ ʦʪʣʠʯʘʶʪʩʷ ʛʠʛʘʥʪʩʢʠʤ ʚʩʪʨʦʝʥʥʳʤ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ ʥʘ-
ʧʨʷʞʝʥʥʦʩʪʴʶ ʜʦ 9 ʄɺ/ʩʤ, ʚʳʟʚʘʥʥʳʤ ʨʘʟʣʠʯʠʝʤ ʩʧʦʥʪʘʥʥʦʡ ʠ ʧʴʝʟʦ-
ʵʣʝʢʪʨʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʝʡ ʤʘʪʝʨʠʘʣʘ ʤʘʪʨʠʮʳ ʠ ʂʊ. ʕʪʦ ʧʦʣʝ ʚʳʟʳʚʘʝʪ 
ʢʨʘʩʥʳʡ ʩʜʚʠʛ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʌʃ) ʂʊ ʠ ʫʚʝʣʠʯʠʚʘʝʪ ʚʨʝʤʷ ʞʠʟʥʠ 
ʥʝʨʘʚʥʦʚʝʩʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʂʊ. ʇʨʝʜʧʦʣʘʛʘʝʪʩʷ, ʯʪʦ ʠʤʝʥʥʦ ʵʢʨʘ-
ʥʠʨʦʚʘʥʠʝ ʚʩʪʨʦʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʥʝʨʘʚʥʦʚʝʩʥʳʤʠ ʥʦʩʠʪʝʣʷʤʠ 
ʟʘʨʷʜʘ ʧʨʠʚʦʜʠʪ ʢ ʛʠʛʘʥʪʩʢʦʤʫ (ʜʦ 1 ʵɺ) ʢʨʘʩʥʦʤʫ ʩʜʚʠʛʫ ʌʃ. ʉ ʜʨʫʛʦʡ 
ʩʪʦʨʦʥʳ ʪʘʢʦʡ ʩʜʚʠʛ ʤʦʞʝʪ ʙʳʪʴ ʦʙʫʩʣʦʚʣʝʥ ʟʘʚʠʩʠʤʦʩʪʴʶ ʚʨʝʤʝʥʠ ʞʠʟ-
ʥʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʦʪ ʨʘʟʤʝʨʘ ʂʊ ʠʣʠ ʟʘʧʦʣʥʝʥʠʝʤ ʩʦʩʪʦʷʥʠʡ ʚ ʂʊ. ʅʝ-
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ʦʜʥʦʨʦʜʥʦʩʪʴ ʨʘʟʤʝʨʦʚ ʂʊ ʠ ʨʘʟʙʨʦʩ ʚʝʣʠʯʠʥʳ ʩʪʨʦʝʥʥʦʛʦ ʵʣʝʢʪʨʠʯʝʩʢʦ-
ʛʦ ʧʦʣʷ ʟʘʪʨʫʜʥʷʝʪ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʵʬʬʝʢʪʘ ʵʢʨʘʥʠʨʦ-
ʚʘʥʠʷ ʚ ʘʥʩʘʤʙʣʝ ʂʊ. ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʵʪʦʪ ʵʬʬʝʢʪ ʠʟʫʯʘʣʩʷ ʤʝʪʦʜʦʤ 
ʤʠʢʨʦ-ʌʃ, ʢʦʪʦʨʳʡ ʧʦʟʚʦʣʷʝʪ ʫʤʝʥʴʰʠʪʴ ʢʦʣʠʯʝʩʪʚʦ ʠʩʩʣʝʜʫʝʤʳʭ ʂʊ. 
ʀʟʫʯʘʣʠʩʴ ʩʪʨʫʢʪʫʨʳ ʩ ʦʜʠʥʦʯʥʳʤ ʩʣʦʝʤ ʂʊ GaN ʚ ʤʘʪʨʠʮʝ AlN, ʚʳʨʘ-
ʱʝʥʥʳʝ ʥʘ ʧʦʜʣʦʞʢʘʭ (0001) ʩʘʧʬʠʨʘ ʧʨʠ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʠʟʢʦʡ ʪʝʤʧʝʨʘ-
ʪʫʨʝ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʬʦʨʤʠʨʦʚʘʪʴ ʂʊ ʙʝʟ ʩʤʘʯʠʚʘʶʱʝʛʦ ʩʣʦʷ. ʊʠʧʠʯʥʘʷ 
ʧʣʦʪʥʦʩʪʴ ʂʊ ʨʘʚʥʷʣʘʩʴ 1011 ʩʤ-2. ɺʦʟʙʫʞʜʝʥʠʝ ʤʠʢʨʦ-ʌʃ ʦʩʫʱʝʩʪʚʣʷ-
ʣʦʩʴ ʠʟʣʫʯʝʥʠʝʤ ʣʘʟʝʨʘ ʩ ʵʥʝʨʛʠʝʡ ʬʦʪʦʥʘ >w=4.66 ʵɺ, ʢʦʪʦʨʘʷ ʙʦʣʴʰʝ 
ʰʠʨʠʥʳ ʟʘʧʨʝʱʝʥʥʦʡ ʟʦʥʳ GaN (3,5 ʵɺ) ʠ ʤʝʥʴʰʝ ʪʘʢʦʚʦʡ ʚ AlN (6,2 ʵɺ). 
ɼʠʘʤʝʪʨ ʧʷʪʥʘ ʣʘʟʝʨʘ ʥʘ ʦʙʨʘʟʮʝ ʨʘʚʝʥ 1,5 mʤ. 

ʉʧʝʢʪʨʳ ʌʃ ʩʪʨʫʢʪʫʨ ʩ ʂʊ ʧʨʠ ʊ=5ʂ ʩʦʩʪʦʷʣʠ ʠʟ ʰʠʨʦʢʦʡ (400 
ʤʵɺ) ʧʦʣʦʩʳ, ʥʘ ʜʣʠʥʥʦʚʦʣʥʦʚʦʤ ʢʨʳʣʝ ʢʦʪʦʨʦʡ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʫʟʢʠʝ 
(10 ʤʵɺ) ʣʠʥʠʠ ʌʃ. ʄʳ ʧʦʣʘʛʘʝʤ, ʯʪʦ ʵʪʠ ʣʠʥʠʠ ʌʃ ʦʪʥʦʩʷʪʩʷ ʢ ʦʜʠʥʦʯ-
ʥʳʤ ʂʊ ʙʦʣʴʰʝʛʦ ʨʘʟʤʝʨʘ. ʀʥʪʝʥʩʠʚʥʦʩʪʴ ʣʠʥʠʡ ʌʃ ʣʠʥʝʡʥʦ ʟʘʚʠʩʠʪ ʦʪ 
ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ. ʀʥʪʝʨʝʩʥʦ ʪʦ, ʯʪʦ ʵʥʝʨʛʝʪʠʯʝʩʢʦʝ ʧʦʣʦʞʝʥʠʝ ʣʠ-
ʥʠʡ ʌʃ ʥʝ ʠʟʤʝʥʷʝʪʩʷ ʧʨʠ ʚʘʨʴʠʨʦʚʘʥʠʠ ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʯʝʪʳʨʝ 
ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʳ. ɼʣʷ ʦʮʝʥʢʠ ʚʝʣʠʯʠʥʳ ʦʞʠʜʘʝʤʦʛʦ ʩʜʚʠʛʘ ʤʳ ʦʮʝʥʠʣʠ 
ʧʣʦʪʥʦʩʪʴ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚ ʦʜʠʥʦʯʥʦʡ ʂʊ, ʦʩʥʦʚʳʚʘʷʩʴ ʥʘ ʣʠʪʝʨʘʪʫʨ-
ʥʳʭ ʜʘʥʥʳʭ ʢʦʵʬʬʠʮʠʝʥʪʘ ʧʦʛʣʦʱʝʥʠʷ ʩʚʝʪʘ ʩ >w=4.66 ʵɺ ʚ ʩʣʦʝ ʂʊ - 
0,7% ʠ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʵʢʩʠʪʦʥʦʚ ʚ ʂʊ- 1 ʥʩʝʢ. ʇʨʠ ʵʪʠʭ ʫʩʣʦʚʠʷʭ ʠ ʧʨʠ 
ʤʦʱʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ 10 ʤɺʪ ʚ ʦʜʠʥʦʯʥʦʡ ʂʊ ʤʦʞʝʪ ʥʘʭʦʜʠʪʴʩʷ ʥʝ-
ʩʢʦʣʴʢʦ ʜʝʩʷʪʢʦʚ ʵʣʝʢʪʨʦʥ -ʜʳʨʦʯʥʳʭ ʧʘʨ, ʯʪʦ ʚ ʩʦʦʪʚʝʪʩʪʚʠʠ ʩ ʠʤʝʶʱʠ-
ʤʠʩʷ ʚ ʣʠʪʝʨʘʪʫʨʝ ʨʘʩʯʝʪʘʤʠ ʜʦʣʞʥʦ ʧʨʠʚʦʜʠʪʴ ʢ ʩʜʚʠʛʫ ʣʠʥʠʡ ʌʃ ʥʘ 
ʩʦʪʥʠ ʤʵɺ. ʆʪʩʫʪʩʪʚʠʝ ʩʜʚʠʛʘ ʣʠʥʠʡ ʌʃ ʚ ʥʘʰʠʭ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʤʦʞʝʪ 
ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʩʣʘʙʳʤ ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ ʠʟ-ʟʘ ʦʪʩʫʪʩʪʚʠʷ ʩʤʘʯʠʚʘʶ-
ʱʝʛʦ ʩʣʦʷ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ. 

ʂʨʦʤʝ ʪʦʛʦ, ʙʳʣʘ ʦʙʥʘʨʫʞʝʥʘ ʣʠʥʠʷ ʌʃ, ʢʦʪʦʨʘʷ ʩʤʝʱʘʝʪʩʷ ʥʘ 25 
ʤʵɺ ʧʨʠ ʠʟʤʝʥʝʥʠʠ ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ. ʕʪʦ ʩʤʝʱʝʥʠʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-
ʟʚʘʥʦ ʵʣʝʢʪʨʠʯʝʩʢʠʤ ʧʦʣʝʤ, ʚʦʟʥʠʢʘʶʱʝʤ ʧʨʠ ʟʘʭʚʘʪʝ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ 
ʥʘ ʮʝʥʪʨʳ, ʨʘʩʧʦʣʦʞʝʥʥʳʝ ʥʘ ʨʘʩʩʪʦʷʥʠʠ ʥʝʩʢʦʣʴʢʦ ʥʘʥʦʤʝʪʨʦʚ ʦʪ ʂʊ. 
ʆʮʝʥʢʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ ʪʘʢʦʝ ʧʦʣʝ ʤʦʞʝʪ ʠʤʝʪʴ ʥʘʧʨʷʞʝʥʥʦʩʪʴ ʧʦʨʷʜʢʘ 
200 ʢɺ/ʩʤ, ʯʪʦ ʜʦʩʪʘʪʦʯʥʦ ʜʣʷ ʥʘʙʣʶʜʘʝʤʦʛʦ ʩʜʚʠʛʘ ʣʠʥʠʡ ʌʃ. ʈʘʙʦʪʘ 
ʧʦʜʜʝʨʞʘʥʘ ʈʌʌʀ, ʛʨʘʥʪ ˉ 10-02-00077-ʘ. 
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ʆʉʆɹɽʅʅʆʉʊʀ ʃʖʄʀʅɽʉʎɽʅʎʀʀ 
ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ ʅɸʅʆʂʈʀʉʊɸʃʃʆɺ CdS 
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1ʌʘʢʫʣʴʪʝʪ ʥʘʫʢ ʦ ʤʘʪʝʨʠʘʣʘʭ ʄʦʩʢʦʚʩʢʦʛʦ ʛʦʩʫʜʘʨʩʪʚʝʥʥʦʛʦ ʫʥʠʚʝʨ-
ʩʠʪʝʪʘ 
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ʅʘʥʦʢʨʠʩʪʘʣʣʳ ʥʘ ʦʩʥʦʚʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ AIIBVI ʷʚʣʷʶʪʩʷ ʧʝʨ-
ʩʧʝʢʪʠʚʥʳʤʠ ʤʘʪʝʨʠʘʣʘʤʠ ʜʣʷ ʠʟʛʦʪʦʚʣʝʥʠʷ ʠʟʣʫʯʘʶʱʠʭ ʩʣʦʝʚ ʦʨʛʘʥʠ-
ʯʝʩʢʠʭ ʩʚʝʪʦʠʟʣʫʯʘʶʱʠʭ ʜʠʦʜʦʚ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʦʨʛʘʥʠʯʝʩʢʠʭ ʣʶʤʠ-
ʥʦʬʦʨʦʚ ʦʥʠ ʤʝʥʝʝ ʧʦʜʚʝʨʞʝʥʳ ʜʝʛʨʘʜʘʮʠʠ; ʩʧʝʢʪʨʘʣʴʥʦʝ ʧʦʣʦʞʝʥʠʝ ʧʦ-
ʣʦʩ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʤʦʞʝʪ ʙʳʪʴ ʟʘʜʘʥʦ ʣʠʰʴ ʟʘ ʩʯʝʪ ʠʟʤʝʥʝʥʠʷ ʨʘʟʤʝʨʘ 
ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ ʠ ʥʝ ʪʨʝʙʫʝʪ ʤʦʜʠʬʠʢʘʮʠʠ ʭʠʤʠʯʝʩʢʦʛʦ ʩʦʩʪʘʚʘ ʠ ʧʨʦʮʝ-
ʜʫʨʳ ʩʠʥʪʝʟʘ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦ-
ʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʢʦʣʣʦʠʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʢʨʠʩʪʘʣʣʦʚ 
CdS ʩʬʝʨʠʯʝʩʢʦʡ ʛʝʦʤʝʪʨʠʠ ʩ ʜʠʘʤʝʪʨʦʤ 4.5 ʥʤ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ. 
ʇʦʢʘʟʘʥʦ, ʯʪʦ ʩʧʝʢʪʨ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ 
405 ʥʤ ʩʦʩʪʦʠʪ ʠʟ ʥʝʩʢʦʣʴʢʠʭ ʧʝʨʝʤʝʞʘʶʱʠʭʩʷ ʧʦʣʦʩ, ʥʘʙʣʶʜʘʶʱʠʭʩʷ ʚ 
ʜʦʧʦʣʥʝʥʠʝ ʢ ʧʦʣʦʩʝ ʦʩʥʦʚʥʦʛʦ ʧʝʨʝʭʦʜʘ ʚ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ. ʀʟʤʝʥʝʥʠʝ 
ʪʝʤʧʝʨʘʪʫʨʳ ʦʪ 300 K ʜʦ 10 K ʧʨʠʚʦʜʠʪ ʢ ʨʦʩʪʫ ʘʤʧʣʠʪʫʜʳ ʵʪʠʭ ʧʦʣʦʩ, ʘ 
ʪʘʢʞʝ ʧʝʨʝʨʘʩʧʨʝʜʝʣʝʥʠʶ ʠʭ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. 

ʉʧʝʢʪʨʘʣʴʥʦ ʨʘʟʨʝʰʝʥʥʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʢʨʠʚʳʝ ʬʦʪʦʣʶʤʠʥʝʩ-
ʮʝʥʮʠʠ ʧʨʠ ʠʤʧʫʣʴʩʥʦʤ ʣʘʟʝʨʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ (405 ʥʤ, 75 ʧʩ, 100 ʢɻʮ), 
ʠʟʤʝʨʝʥʥʳʝ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ, ʠʤʝʶʪ ʩʫʱʝʩʪʚʝʥʥʦ ʥʝʵʢʩʧʦ-
ʥʝʥʮʠʘʣʴʥʳʡ ʚʠʜ; ʦʥʠ ʙʳʣʠ ʘʧʧʨʦʢʩʠʤʠʨʦʚʘʥʳ ʩʫʤʤʦʡ ʪʨʝʭ ʵʢʩʧʦʥʝʥʪ ʩ 
ʚʨʝʤʝʥʘʤʠ ʧʦʨʷʜʢʘ 10, 100 ʠ 1000 ʥʩ. ʇʨʠ ʧʦʥʠʞʝʥʠʠ ʪʝʤʧʝʨʘʪʫʨʳ ʜʦ 77 
ʂ ʥʘʙʣʶʜʘʣʦʩʴ ʫʚʝʣʠʯʝʥʠʝ ʚʨʝʤʝʥʠ ʚʳʩʚʝʯʠʚʘʥʠʷ. ʇʦ ʧʦʣʫʯʝʥʥʳʤ ʜʘʥ-
ʥʳʤ ʙʳʣʠ ʚʦʩʩʪʘʥʦʚʣʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʚʢʣʘʜʳ ʢʘʞʜʦʡ ʠʟ ʵʢʩʧʦʥʝʥʮʠ-
ʘʣʴʥʳʭ ʢʦʤʧʦʥʝʥʪ ʨʝʣʘʢʩʘʮʠʠ. ʆʙʥʘʨʫʞʝʥʦ ʩʧʝʢʪʨʘʣʴʥʦʝ ʨʘʟʜʝʣʝʥʠʝ 
ʢʦʤʧʦʥʝʥʪ ʨʝʣʘʢʩʘʮʠʠ, ʧʦʟʚʦʣʠʚʰʝʝ ʚʳʜʝʣʠʪʴ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʦʣʦʩʳ ʧʨʠ ʪʝʤʧʝʨʘʪʫʨʝ 77 K. 

ɼʣʷ ʦʧʠʩʘʥʠʷ ʢʠʥʝʪʠʯʝʩʢʠʭ ʢʨʠʚʳʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʘ ʪʘʢʞʝ ʪʝʤʧʝ-
ʨʘʪʫʨʥʳʭ ʟʘʚʠʩʠʤʦʩʪʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚʳʜʝʣʝʥʥʳʭ ʧʦʣʦʩ ʣʶʤʠʥʝʩ-
ʮʝʥʮʠʠ ʧʦʚʝʨʭʥʦʩʪʥʳʭ ʩʦʩʪʦʷʥʠʡ ʙʳʣʘ ʧʨʝʜʣʦʞʝʥʘ ʧʨʦʩʪʘʷ ʯʝʪʳʨʝʭ-
ʫʨʦʚʥʝʚʘʷ ʢʠʥʝʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, ʩ ʧʦʤʦʱʴʶ ʢʦʪʦʨʦʡ ʫʜʘʣʦʩʴ ʨʘʩʩʯʠʪʘʪʴ 
ʢʦʥʩʪʘʥʪʳ ʧʝʨʝʭʦʜʦʚ ʠ ʦʧʨʝʜʝʣʠʪʴ ʵʥʝʨʛʠʶ ʘʢʪʠʚʘʮʠʠ ʧʨʦʮʝʩʩʦʚ ʧʝʨʝʜʘ-
ʯʠ ʵʥʝʨʛʠʠ. 
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ʉʇʆʉʆɹʓ ʋʇʈɸɺʃɽʅʀʗ ʈʆʉʊʆʄ ʂʈʀʉʊɸʃʃɸ ɺ ʄɽʊʆɼɽ 
ɹʈʀɼɾʄɽʅɸ 

 
ʇ.ɺ. ɸʥʪʦʥʦʚ, ɺ.ʉ. ɹʝʨʜʥʠʢʦʚ 

 
ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ɸʢʘʜ. ʃʘʚ-

ʨʝʥʪʴʝʚʘ, 1, berdnikov@itp.nsc.ru 
 
 

ʂʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʩʫʱʝʩʪʚʝʥʥʦ ʚʣʠʷʶʪ ʥʘ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ 
ʨʘʩʧʣʘʚʝ ʥʘ ʚʩʝʭ ʵʪʘʧʘʭ ʚʳʨʘʱʠʚʘʥʠʷ ʩʣʠʪʢʦʚ ʤʝʪʦʜʦʤ ɹʨʠʜʞʤʝʥʘ, ʚ 
ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʦʧʨʝʜʝʣʷʷ ʬʦʨʤʫ ʬʨʦʥʪʘ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʩ ʤʦʤʝʥ-
ʪʘ ʝʛʦ ʧʦʷʚʣʝʥʠʷ ʠ ʪʝʤʧ ʨʦʩʪʘ ʢʨʠʩʪʘʣʣʘ. ʂʦʥʚʝʢʮʠʷ ʩʧʦʩʦʙʩʪʚʫʝʪ ʙʦʣʝʝ 
ʨʘʚʥʦʤʝʨʥʦʤʫ ʨʘʩʧʨʝʜʝʣʝʥʠʶ ʧʨʠʤʝʩʝʡ ʚ ʨʘʩʧʣʘʚʝ, ʚʳʥʦʩʷ ʦʪ ʬʨʦʥʪʘ ʥʘ-
ʩʳʱʝʥʥʳʡ ʧʨʠʤʝʩʷʤʠ ʨʘʩʧʣʘʚ. ʇʦʵʪʦʤʫ ʥʝʦʙʭʦʜʠʤ ʧʦʠʩʢ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʧʨʦʩʪʳʭ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ, ʥʦ ʵʬʬʝʢʪʠʚʥʳʭ ʤʝʪʦʜʦʚ ʫʧʨʘʚʣʝʥʠʷ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴʶ ʢʦʥʚʝʢʮʠʠ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʧʨʦʮʝʩʩʘ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ. 
ʆʜʥʠʤ ʠʟ ʪʘʢʠʭ ʠʥʩʪʨʫʤʝʥʪʦʚ ʷʚʣʷʝʪʩʷ ʚʨʘʱʝʥʠʝ ʪʠʛʣʷ. ʏʠʩʣʝʥʥʦ ʠʩʩʣʝ-
ʜʦʚʘʥʘ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʨʘʩʧʣʘʚʦʚ ʢʨʝʤʥʠʷ ʠ ʬʪʦʨʠʜʘ ʙʘʨʠʷ ʠ ʩʦʧʨʷʞʝʥ-
ʥʳʡ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʩʠʩʪʝʤʝ ʪʠʛʝʣʴ-ʨʘʩʧʣʘʚ-ʛʘʟ ʚ ʧʨʦʮʝʩʩʝ 
ʨʘʚʥʦʤʝʨʥʦʛʦ ʦʧʫʩʢʘʥʠʷ ʪʠʛʣʷ ʩ ʨʘʩʧʣʘʚʦʤ ʠʟ ʠʟʦʪʝʨʤʠʯʝʩʢʦʡ ʧʝʨʝʛʨʝʪʦʡ 
ʚʝʨʭʥʝʡ ʯʘʩʪʠ ʧʝʯʠ ʚ ʥʠʞʥʶʶ ʭʦʣʦʜʥʫʶ ʟʦʥʫ ʩ ʣʠʥʝʡʥʦ ʧʘʜʘʶʱʝʡ ʪʝʤ-
ʧʝʨʘʪʫʨʦʡ. ɿʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʚ ʩʦʧʨʷʞʝʥʥʦʡ ʥʝʩʪʘʮʠʦʥʘʨʥʦʡ ʧʦʩʪʘʥʦʚʢʝ ʩ 
ʫʯʝʪʦʤ ʪʝʧʣʦʪʳ ʬʘʟʦʚʦʛʦ ʧʝʨʝʭʦʜʘ. ʀʩʩʣʝʜʦʚʘʥʘ ʛʠʜʨʦʜʠʥʘʤʠʢʘ ʨʘʩʧʣʘʚʘ 
ʚ ʨʝʞʠʤʘʭ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥʥʦʡ  ʠ ʛʨʘʚʠʪʘʮʠʦʥʥʦ-ʮʝʥʪʨʦʙʝʞʥʦʡ ʢʦʥ-
ʚʝʢʮʠʠ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʦʮʝʥʠʪʴ ʚʣʠʷʥʠʝ ʨʝʞʠʤʘ ʚʨʘʱʝʥʠʷ ʪʠʛʣʷ ʥʘ ʠʩʭʦʜ-
ʥʳʝ ʢʦʥʚʝʢʪʠʚʥʳʝ ʪʝʯʝʥʠʷ ʨʘʟʣʠʯʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ. ʈʘʚʥʦʤʝʨʥʦʝ ʚʨʘ-
ʱʝʥʠʝ ʪʠʛʣʷ ʧʦʟʚʦʣʷʝʪ ʧʝʨʝʚʝʩʪʠ ʩʠʩʪʝʤʫ ʠʟ ʨʝʞʠʤʘ ʪʝʨʤʦʛʨʘʚʠʪʘʮʠʦʥ-
ʥʦʡ ʢʦʥʚʝʢʮʠʠ ʚ ʨʝʞʠʤ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ. ɺ ʨʝʞʠʤʘʭ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
ʟʘʨʦʜʳʰ ʢʨʠʩʪʘʣʣʘ ʙʦʣʝʝ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʧʨʠʦʩʝʚʦʡ ʦʙʣʘʩʪʠ ʪʠʛʣʷ ʠ ʚʦ 
ʚʩʝʤ ʜʠʘʧʘʟʦʥʝ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʥʘʯʘʣʴʥʳʭ ʧʝʨʝʛʨʝʚʦʚ ʨʘʩʧʣʘʚʘ ʬʨʦʥʪ 
ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʦʪ ʟʘʨʦʞʜʝʥʠʷ ʜʦ ʢʦʥʮʘ ʧʨʦʮʝʩʩʘ ʠʤʝʝʪ ʷʨʢʦ ʚʳʨʘʞʝʥ-
ʥʫʶ ʚʳʧʫʢʣʫʶ ʚ ʨʘʩʧʣʘʚ ʬʦʨʤʫ. ʌʨʦʥʪ ʣʠʰʴ ʥʝʟʥʘʯʠʪʝʣʴʥʦ ʩʛʣʘʞʠʚʘʝʪ-
ʩʷ ʩ ʨʦʩʪʦʤ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʨʘʩʧʣʘʚʘ. ʅʘ ʥʘʯʘʣʴʥʦʡ ʩʪʘʜʠʠ ʪʝʭʥʦ-
ʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦʮʝʩʩʘ ʧʦʜʙʦʨ ʦʧʪʠʤʘʣʴʥʦʡ ʩʢʦʨʦʩʪʠ ʚʨʘʱʝʥʠʷ ʤʦʞʝʪ ʧʦ-
ʟʚʦʣʠʪʴ ʫʧʨʘʚʣʷʪʴ ʧʨʦʮʝʩʩʦʤ ʟʘʨʦʞʜʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʚ ʧʣʦʩʢʦʜʦʥʥʳʭ ʪʠʛ-
ʣʷʭ. ʅʘ ʧʨʦʤʝʞʫʪʦʯʥʳʭ ʩʪʘʜʠʷʭ ʤʦʞʥʦ ʫʧʨʘʚʣʷʪʴ ʬʦʨʤʦʡ ʠ ʣʦʢʘʣʴʥʦʡ 
ʢʨʠʚʠʟʥʦʡ ʬʨʦʥʪʦʚ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʀʟʫʯʝʥʦ ʚʣʠʷʥʠʝ ʩʢʦʨʦʩʪʠ ʦʧʫʩʢʘ-
ʥʠʷ ʪʠʛʣʷ - VC, ʧʨʦʜʦʣʴʥʦʛʦ ʛʨʘʜʠʝʥʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʚʥʝʰʥʝʡ ʩʪʦʨʦʥʝ 
ʩʪʝʥʦʢ ʪʠʛʣʷ, ʚʝʣʠʯʠʥʳ ʥʘʯʘʣʴʥʦʛʦ ʧʝʨʝʛʨʝʚʘ ʨʘʩʧʣʘʚʘ ʦʪʥʦʩʠʪʝʣʴʥʦ 
ʪʝʤʧʝʨʘʪʫʨʳ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʠ ʬʦʨʤʳ ʜʥʘ ʪʠʛʣʷ ʥʘ ʢʨʠʚʠʟʥʫ ʬʨʦʥʪʘ ʢʨʠ-
ʩʪʘʣʣʠʟʘʮʠʠ ʠ ʥʘ ʪʝʤʧ ʨʦʩʪʘ ʩʣʠʪʢʦʚ ʢʨʝʤʥʠʷ ʠ ʬʪʦʨʠʜʘ ʙʘʨʠʷ.  
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ʅɽʃʀʅɽʁʅɸʗ ʆʇʊʀʂɸ ɺ ʄɸʊɽʈʀɸʃɸʍ  
ʉ ʆʊʈʀʎɸʊɽʃʔʅʓʄ ʇʆʂɸɿɸʊɽʃɽʄ ʇʈɽʃʆʄʃɽʅʀʗ 
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ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ ʉʆ ʈɸʅ  
660036, ʛ. ʂʨʘʩʥʦʷʨʩʢ, ɸʢʘʜʝʤʛʦʨʦʜʦʢ, 50, ʩʪʨʦʝʥʠʝ ˉ 38,  
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ʈʘʟʚʠʪʠʝ ʥʘʥʦʪʝʭʥʦʣʦʛʠʡ ʧʨʠʚʝʣʦ ʢ ʩʦʟʜʘʥʠʶ ʥʦʚʳʭ ʤʘʪʝʨʠʘʣʦʚ ʩ 
ʥʝʦʙʳʯʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʚʫʶʪ ʫ ʦʙʳʯʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. ɺ 
ʯʘʩʪʥʦʩʪʠ ʙʦʣʴʰʦʝ ʨʘʟʚʠʪʠʝ ʧʦʣʫʯʠʣʠ ʤʘʪʝʨʠʘʣʳ ʩ ʦʪʨʠʮʘʪʝʣʴʥʳʤ ʧʦʢʘ-
ʟʘʪʝʣʝʤ ʧʨʝʣʦʤʣʝʥʠʷ (ʆʇʇ) [1,2]. ʕʪʦ ʢʦʤʧʦʟʠʪʥʳʝ ʠʩʢʫʩʩʪʚʝʥʥʦ ʩʪʨʫʢ-
ʪʫʨʠʨʦʚʘʥʥʳʝ ʤʘʪʝʨʠʘʣʳ (ʤʝʪʘʤʘʪʝʨʠʘʣʳ) ʠʣʠ ʩʨʝʜʳ, ʩʚʦʡʩʪʚʘ ʢʦʪʦʨʳʭ 
ʦʧʨʝʜʝʣʷʶʪʩʷ ʝʛʦ ʩʪʨʫʢʪʫʨʦʡ. ʃʠʥʝʡʥʳʝ ʨʘʟʤʝʨʳ ʩʪʨʫʢʪʫʨʥʳʭ ʵʣʝʤʝʥ-
ʪʦʚ, ʠʟ ʢʦʪʦʨʳʭ ʦʥʠ ʩʦʩʪʦʷʪ, ʘ ʪʘʢʞʝ ʨʘʩʩʪʦʷʥʠʝ ʤʝʞʜʫ ʥʠʤʠ, ʤʥʦʛʦ 
ʤʝʥʴʰʝ ʜʣʠʥʳ ʚʦʣʥʳ. ʇʦʵʪʦʤʫ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʡ ʦʪʢʣʠʢ ʤʘʢʠʭ ʤʘʪʝʨʠʘ-
ʣʦʚ ʦʧʠʩʳʚʘʶʪʩʷ ʚ ʪʝʨʤʠʥʘʭ ʫʩʨʝʜʥʝʥʥʳʭ (ʵʬʬʝʢʪʠʚʥʳʭ) ʤʘʪʝʨʠʘʣʴʥʳʭ 
ʧʘʨʘʤʝʪʨʦʚ: ʜʠʵʣʝʢʪʨʠʯʝʩʢʦʡ ,e  ʤʘʛʥʠʪʥʦʡ m  ʧʨʦʥʠʮʘʝʤʦʩʪʠ ʠ ʧʦʢʘʟʘʪʝ-
ʣʷ ʧʨʝʣʦʤʣʝʥʠʷ n. ʊʘʢʠʝ ʤʘʪʝʨʠʘʣʳ ʪʘʢʞʝ ʥʘʟʳʚʘʶʪ ʜʚʘʞʜʳ ʦʪʨʠʮʘʪʝʣʴ-
ʥʳʤʠ, ʪʘʢ ʢʘʢ ʜʠʵʣʝʢʪʨʠʯʝʩʢʘʷ ʠ ʤʘʛʥʠʪʥʘʷ ʧʨʦʥʠʮʘʝʤʦʩʪʴ ʦʜʥʦʚʨʝʤʝʥʥʦ 
ʦʪʨʠʮʘʪʝʣʴʥʳ. ɺ ʩʨʝʜʘʭ ʩ ʆʇʇ ʚʝʢʪʦʨ ʇʦʡʥʪʠʛʘ ʠ ʚʦʣʥʦʚʦʡ ʚʝʢʪʦʨ (ʠʣʠ 
ʬʘʟʦʚʘʷ ʩʢʦʨʦʩʪʴ) ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʳ. ɻʦʚʦʨʷʪ, ʯʪʦ  ʚ ʥʠʭ ʨʘʩ-
ʧʨʦʩʪʨʘʥʷʶʪʩʷ ʦʙʨʘʪʥʳʝ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʳʝ ʚʦʣʥʳ, ʯʪʦ ʠ ʧʨʠʚʦʜʠʪ ʢ ʦʪ-
ʨʠʮʘʪʝʣʴʥʦʡ ʨʝʬʨʘʢʮʠʠ ʠ ʮʝʣʦʤʫ ʨʷʜʫ ʜʨʫʛʠʭ ʷʚʣʝʥʠʡ. ʉʫʱʝʩʪʚʦʚʘʥʠʝ 
ʦʙʨʘʪʥʳʭ ʚʦʣʥ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʥʝʦʙʳʯʥʳʝ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ 
ʪʘʢʠʭ ʤʘʪʝʨʠʘʣʦʚ [3,4].  

ɺ ʜʘʥʥʦʡ ʣʝʢʮʠʠ ʦʙʩʫʞʜʘʶʪʩʷ ʩʚʦʡʩʪʚʘ ʥʝʣʠʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʭ 
ʧʨʦʮʝʩʩʦʚ ʚ ʤʝʪʘʤʘʪʝʨʠʘʣʘʭ ʩ ʆʇʇ, ʢʦʪʦʨʳʝ ʦʪʩʫʪʩʪʚʫʶʪ ʚ ʦʙʳʯʥʳʭ ʤʘ-
ʪʝʨʠʘʣʘʭ. ɹʫʜʫʪ ʨʘʩʩʤʦʪʨʝʥʳ ʪʘʢʠʝ ʧʨʦʮʝʩʩʳ, ʢʘʢ ʛʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʛʘʨ-
ʤʦʥʠʢʠ, ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʚʦʣʥʦʚʳʝ ʧʨʦʮʝʩʩʳ ʩʤʝʰʝʥʠʷ, ʦʧʪʠʯʝʩʢʦʝ ʧʘʨʘ-
ʤʝʪʨʠʯʝʩʢʦʝ ʫʩʠʣʝʥʠʝ ʠ ʥʝʣʠʥʝʡʥʦʝ ʦʪʨʘʞʝʥʠʝ. ʆʙʩʫʞʜʘʝʪʩʷ  ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʢʦʤʧʝʥʩʘʮʠʠ ʩʠʣʴʥʳʭ ʧʦʪʝʨʴ, ʧʨʠʩʫʱʠʭ ʩʨʝʜʘʤ ʆʇʇ, ʟʘ ʩʯʝʪ ʧʘʨʘ-
ʤʝʪʨʠʯʝʩʢʦʛʦ ʫʩʠʣʝʥʠʷ ʘ ʪʘʢʞʝ ʚʦʟʤʦʞʥʦʩʪʠ ʩʦʟʜʘʥʠʷ ʤʠʥʠʘʪʶʨʥʳʭ ʬʦ-
ʪʦʥʥʳʭ ʧʨʠʙʦʨʦʚ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʦʙʱʘʷ ʧʨʦʙʣʝʤʘ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ ʟʘʥʠʤʘ-

ʝʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʤʝʩʪʦ ʥʘʫʯʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʚ ʨʘʟʣʠʯʥʳʭ ʦʙʣʘʩʪʷʭ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʡ ʠ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʬʠʟʠʢʠ. ʂʦʣʝʙʘʥʠʷ, ʩʚʦʙʦʜʥʦʝ 
ʠ ʟʘʪʦʨʤʦʞʝʥʥʦʝ ʚʨʘʱʝʥʠʷ, ʧʨʦʮʝʩʩʳ ʠʟʣʫʯʝʥʠʷ ʠ ʧʦʛʣʦʱʝʥʠʷ, 
ʵʬʬʝʢʪʳ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ï ʚʩʝ ʵʪʦ, ʪʘʢ  ʠʣʠ ʠʥʘʯʝ, 
ʧʨʦʷʚʣʝʥʠʷ ʘʥʛʘʨʤʦʥʠʯʥʦʩʪʠ. 

ʈʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʨʘʩʯʝʪʫ ʵʥʝʨʛʠʡ ʀʂ-ʧʝʨʝʭʦʜʦʚ, ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʠʭ ʢʦʣʝʙʘʥʠʷʤ ʚʘʣʝʥʪʥʳʭ ʩʚʷʟʝʡ ʠ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ ʚ ʤʦʣʝʢʫ-
ʣʝ ʧʦʣʠʵʪʠʣʝʥʘ. ʈʘʩʯʝʪʳ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʘʣʠʟʤʘ 
ʧʦʣʠʥʦʤʦʚ ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ. 

ɹʳʣʦ ʧʦʢʘʟʘʥʦ, ʯʪʦ ʤʝʪʦʜ ʚʦʟʤʫʱʝʥʠʡ ʚ ʬʦʨʤʝ ʧʦʣʠʥʦʤʦʚ ʦʪ 
ʢʚʘʥʪʦʚʳʭ ʯʠʩʝʣ ʚʝʩʴʤʘ ʫʜʦʙʝʥ ʚ ʨʘʩʯʝʪʥʦʤ ʧʣʘʥʝ ʜʣʷ ʥʘʭʦʞʜʝʥʠʷ 
ʩʦʙʩʪʚʝʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠ ʩʦʙʩʪʚʝʥʥʳʭ ʬʫʥʢʮʠʡ ʘʥʛʘʨʤʦʥʠʯʝʩʢʦʛʦ 
ʛʘʤʠʣʴʪʦʥʠʘʥʘ, ʘ ʪʘʢʞʝ ʜʣʷ ʚʳʯʠʩʣʝʥʠʷ ʤʘʪʨʠʯʥʳʭ ʵʣʝʤʝʥʪʦʚ ʧʨʦ-
ʠʟʚʦʣʴʥʦʡ ʢʦʦʨʜʠʥʘʪʥʦʡ ʬʫʥʢʮʠʠ. 

ɺʧʝʨʚʳʝ ʧʦʣʫʯʝʥʳ ʦʙʱʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʵʥʝʨʛʠʠ ʘʥʛʘʨʤʦʥʠ-
ʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʚʦ ʚʪʦʨʦʤ ʧʦʨʷʜʢʝ ʧʦʣʠʥʦʤʠʘʣʴʥʦʡ ʪʝʦʨʠʠ ʚʦʟ-
ʤʫʱʝʥʠʡ. ɺʳʨʘʞʝʥʠʷ ʵʥʝʨʛʠʠ ʘʥʛʘʨʤʦʥʠʯʝʩʢʠʭ ʢʦʣʝʙʘʥʠʡ ʜʣʷ ʤʦ-
ʣʝʢʫʣʳ ʧʦʣʠʵʪʠʣʝʥʘ ʜʘʶʪ ʨʝʟʫʣʴʪʘʪʳ, ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʱʠʝʩʷ ʩ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʜʘʥʥʳʤʠ. 

ʇʨʠ ʩʠʣʴʥʦʤ ʧʝʨʝʭʦʜʝ ( ,  ï ʢʦʣʝʙʘʪʝʣʴʥʦʝ 
ʢʚʘʥʪʦʚʦʝ ʯʠʩʣʦ) ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʚʘʣʝʥʪʥʳʭ ʧʦʣʫʯʠʣʠ 

 
ʜʣʷ ʢʦʣʝʙʘʥʠʡ ʚʘʣʝʥʪʥʳʭ ʫʛʣʦʚ 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʤʝʪʦʜʦʤ ʚʝʨʦʷʪʥʦʩʪʥʦʛʦ ʢʣʝʪʦʯʥʦʛʦ ʘʚ-
ʪʦʤʘʪʘ IV ʪʠʧʘ ʩʤʦʜʝʣʠʨʦʚʘʥʳ ʧʨʦʮʝʩʩʳ ʦʙʨʘʟʦʚʘʥʠʷ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝ-
ʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʨʘʟʨʫʰʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ ʧʨʦʮʝʩʩʝ 
ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ ʯʘʩʪʠʮ 
ʜʣʷ ʢʠʥʝʪʠʯʝʩʢʠ- ʠ ʜʠʬʬʫʟʠʦʥʥʦ-ʢʦʥʪʨʦʣʠʨʫʝʤʳʭ ʨʝʘʢʮʠʡ. ʕʚʦʣʶʮʠʷ 
ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʵʣʝʢʪʨʦʥʥʦʛʦ ʚʦʟ-
ʙʫʞʜʝʥʠʷ ʚ ʩʨʝʜʘʭ ʩ ʥʝʦʜʥʦʨʦʜʥʳʤ ʨʘʩʧʨʝʜʝʣʝʥʠʝʤ ʨʝʘʛʝʥʪʦʚ ʧʨʠʚʦʜʷʪ ʢ 
ʩʠʥʝʨʛʝʪʠʯʝʩʢʠʤ ʵʬʬʝʢʪʘʤ, ʯʪʦ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʵʚʦʣʶʮʠʶ 
ʩʪʨʫʢʪʫʨʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʯʘʩʪʠʮ ʚ ʩʠʩʪʝʤʝ ʩ ʧʦʟʠʮʠʡ ʤʫʣʴʪʠʬʨʘʢ-
ʪʘʣʴʥʦʛʦ ʬʦʨʤʘʣʠʟʤʘ.  

ʇʨʠ ʤʦʜʝʣʠʨʦʚʘʥʠʠ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʢʨʠʩʪʘʣ-
ʣʝ ʪʠʧʘ NaCl, ʧʦʜʚʝʨʛʥʫʪʦʤ ʜʝʡʩʪʚʠʶ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ, ʙʳʣʦ 
ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʝʣʠʯʠʥʘ ʢʦʥʮʝʥʪʨʘʮʠʠ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʷʚʣʷʝʪ-
ʩʷ ʫʧʨʘʚʣʷʶʱʠʤ ʧʘʨʘʤʝʪʨʦʤ ʧʨʦʮʝʩʩʘ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ, ʚ ʨʝ-
ʟʫʣʴʪʘʪʝ ʢʦʪʦʨʦʛʦ ʧʨʦʠʩʭʦʜʠʪ ʢʣʘʩʪʝʨʠʟʘʮʠʷ ʦʜʥʦʪʠʧʥʳʭ ʨʘʜʠʘʮʠʦʥʥʳʭ 
ʜʝʬʝʢʪʦʚ. ʇʨʠ ʵʪʦʤ, ʧʦʩʣʝ ʜʦʩʪʠʞʝʥʠʷ ʥʘʩʳʱʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʜʝʬʝʢ-
ʪʦʚ ʚ ʜʠʥʘʤʠʯʝʩʢʦʡ ʩʠʩʪʝʤʝ ʥʘʙʣʶʜʘʝʪʩʷ ʫʤʝʥʴʰʝʥʠʝ ʫʜʝʣʴʥʦʛʦ ʟʥʘʯʝ-
ʥʠʷ ʠʥʬʦʨʤʘʮʠʦʥʥʦʡ ʵʥʪʨʦʧʠʠ Sʫʜ., ʯʪʦ ʷʚʣʷʝʪʩʷ ʧʨʠʟʥʘʢʦʤ ʧʨʦʮʝʩʩʘ ʩʘ-
ʤʦʦʨʛʘʥʠʟʘʮʠʠ ʩʠʩʪʝʤʳ.  

ʄʦʜʝʣʠʨʦʚʘʥʠʝ ʧʨʦʮʝʩʩʦʚ ʨʘʟʨʫʰʝʥʠʷ ʛʝʪʝʨʦʛʝʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚ 
ʧʨʦʮʝʩʩʝ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʪʨʠʧʣʝʪʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘ ʬʨʘʢʪʘʣʴʥʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ ʧʦʢʘʟʘʣʦ ʟʘʚʠʩʠʤʦʩʪʴ ʢʠʥʝʪʠʢʠ ʜʝʟʘʢʪʠʚʘʮʠʠ ʵʥʝʨʛʠʠ ʵʣʝʢ-
ʪʨʦʥʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʩʪʝʧʝʥʠ ʥʘʯʘʣʴʥʦʡ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ ʤʘʪʨʠʮʳ. 
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ʇʝʨʝʥʦʩ ʵʥʝʨʛʠʠ ʠ ʘʥʥʠʛʠʣʷʮʠʦʥʥʳʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʧʨʠʚʦʜʷʪ ʢ ʦʙʨʘʟʦ-
ʚʘʥʠʶ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʫʩʪʦʡʯʠʚʳʭ ʬʨʘʢʪʘʣʴʥʳʭ ʢʣʘʩʪʝʨʦʚ ʩ ʦʜʥʦʨʦʜʥʦʡ 
ʧʦʨʠʩʪʦʩʪʴʶ ʠ ʫʚʝʣʠʯʝʥʠʶ ʧʘʨʘʤʝʪʨʘ ʫʧʦʨʷʜʦʯʝʥʥʦʩʪʠ, ʯʪʦ ʧʨʠʚʦʜʠʪ ʢ 
ʠʟʤʝʥʝʥʠʶ ʤʝʭʘʥʠʟʤʘ ʤʝʞʯʘʩʪʠʯʥʦʛʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶ-
ʱʠʭ ʢʠʥʝʪʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ. ɺ ʨʝʟʫʣʴʪʘʪʝ ʵʪʦʛʦ ʛʝʪʝʨʦʛʝʥʥʘʷ ʢʠʥʝʪʠʢʘ 
ʯʘʩʪʠʮ, ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʭ ʧʦ ʧʦʚʝʨʭʥʦʩʪʠ, ʩʣʦʞʥʳʤ ʦʙʨʘʟʦʤ 
ʟʘʚʠʩʠʪ ʦʪ ʩʢʦʨʦʩʪʠ ʦʙʨʘʟʦʚʘʥʠʷ ʠ ʛʝʦʤʝʪʨʠʠ ʪʘʢʠʭ ʢʣʘʩʪʝʨʦʚ, ʘ ʪʘʢʞʝ ʦʪ 
ʪʠʧʘ ʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ.  

ʀʉʉʃɽɼʆɺɸʅʀɽ ɺʃʀʗʅʀʗ ʇɸʊʆʃʆɻʀʀ ʅɸ 
ʄʀʂʈʆɺʗɿʂʆʉʊʔ ʉʇʀʅʅʆʄʆɿɻʆɺʆʁ ɾʀɼʂʆʉʊʀ 

ʏɽʃʆɺɽʂɸ 
 

ɸ.ɺ. ɹʘʨʪʫʣʴ1, ɼ.ɹ. ɹʘʩʢʘʢʦʚ1, ʉ.ɸ. ɿʠʣʦʚ1, ɸ.ʃ. ʈʘʢʝʚʠʯ1, ɺ.ɺ. ʂʦʚʘʣʸʚ2, 
ɸ.ɺ. ʄʘʥʴʢʦʚ2 

 
1ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, ʛ. 

ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, sigruna_nano@bk.ru 
2ʀʨʢʫʪʩʢʘʷ ʦʙʣʘʩʪʥʘʷ ʢʣʠʥʠʯʝʩʢʘʷ ʙʦʣʴʥʠʮʘ, 664049, ʛ. ʀʨʢʫʪʩʢ, 

ʖʙʠʣʝʡʥʳʡ ʤʠʢʨʦʨʘʡʦʥ, 100, 89021762532@mail.ru 
 
 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʨʘʟʣʠʯʥʳʝ ʧʘʪʦʣʦʛʠʠ, ʪʘʢʠʝ ʢʘʢ ʠʰʝʤʠʯʝʩʢʠʝ ʠ 
ʛʝʤʘʨʨʦʛʠʯʝʩʢʠʝ ʠʥʩʫʣʴʪʳ ʠ ʪ. ʜ., ʧʨʠʚʦʜʷʪ ʢ ʠʟʤʝʥʝʥʠʷʤ ʚ ʩʦʩʪʘʚʝ ʩʧʠʥ-
ʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ ʯʝʣʦʚʝʢʘ (ʣʠʢʚʦʨʘ). ɺ ʨʘʙʦʪʝ ʧʨʦʚʝʜʝʥʦ ʠʩʩʣʝʜʦʚʘ-
ʥʠʝ ʤʠʢʨʦʚʷʟʢʦʩʪʠ ʣʠʢʚʦʨʘ ʧʫʪʸʤ ʠʟʤʝʨʝʥʠʷ ʚʨʝʤʝʥʠ ʨʝʣʘʢʩʘʮʠʠ ʘʥʠʟʦ-
ʪʨʦʧʠʠ (ɺʈɸ) [2] ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʙʥʳʭ ʤʦʣʝʢʫʣ ʨʦʜʘʤʠʥʘ 6G ʠ ʧʦʢʘ-
ʟʘʥʦ, ʯʪʦ ʜʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʠʤʝʝʪ ʧʨʷʤʫʶ ʩʚʷʟʴ ʩ ʧʘʪʦʣʦʛʠʝʡ. ʉʣʝʜʫʶʱʠʡ 
ʨʠʩʫʥʦʢ, ʦʪʦʙʨʘʞʘʶʱʠʡ ʟʘʚʠʩʠʤʦʩʪʴ ɺʈɸ ʦʪ ʥʦʤʝʨʘ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʠʣ-
ʣʶʩʪʨʠʨʫʝʪ ʜʘʥʥʦʝ ʫʪʚʝʨʞʜʝʥʠʝ: ʩʠʥʷʷ ʪʦʯʢʘ ð ʵʪʦ ʦʧʦʨʥʳʡ ʵʢʩʧʝʨʠ-
ʤʝʥʪ ʩ ʚʦʜʦʡ, ʟʝʣʸʥʳʝ ʪʦʯʢʠ ð ʣʠʢʚʦʨ ʧʘʮʠʝʥʪʦʚ ʩ ʨʘʜʠʢʫʣʠʪʘʤʠ, ʯʸʨʥʳʝ 
ð ʩ ʠʰʝʤʠʯʝʩʢʠʤʠ ʠʥʩʫʣʴʪʘʤʠ, ʢʨʘʩʥʳʝ ð ʩ ʛʝʤʦʨʨʘʛʠʯʝʩʢʠʤʠ ʠʥʩʫʣʴ-
ʪʘʤʠ, ʩʝʨʘʷ ð ʧʘʮʠʝʥʪʘ ʩ ʘʥʝʚʨʠʟʤʦʡ. 
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ʈʠʩ. 1. ɺʨʝʤʷ ʨʝʣʘʢʩʘʮʠʠ ʘʥʠʟʦʪʨʦʧʠʠ, ʚʳʯʠʩʣʝʥʥʦʝ ʜʣʷ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʦʚ.  

 
ɸʚʪʦʨʳ ʩʯʠʪʘʶʪ, ʯʪʦ ʜʘʥʥʳʡ ʧʦʜʭʦʜ ʤʦʞʝʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥ ʚ 

ʜʘʣʴʥʝʡʰʝʤ ʚ ʢʘʯʝʩʪʚʝ ʥʦʚʦʛʦ ʤʝʪʦʜʘ ʜʠʘʛʥʦʩʪʠʢʠ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʉʝʤʠʙʨʘʪʦʚʘ ɺ.ɸ. ʋʌ ʘʙʩʦʨʙʮʠʦʥʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ 

ʞʠʜʢʦʩʪʠ ʯʝʣʦʚʝʢʘ ʠ ʝʸ ʘʥʘʣʦʛʦʚ. // ɼʠʩʩ. ʥʘ ʩʦʠʩʢʘʥʠʝ ʫʯʸʥʦʡ ʩʪʝʧʝʥʠ 
ʢʘʥʜ. ʬʠʟ.-ʤʘʪ. ʥʘʫʢ. ʀʨʢʫʪʩʢ, ɻʆʋ ɺʇʆ ʀɻʋ, 2010ʛ. 

2. ʃʸʚʰʠʥ ɺ. ʃ., ʌʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʷ ʞʠʜʢʠʭ ʠ ʪʚʝʨʜʳʭ ʚʝʱʝʩʪʚ. / ʄ. ð 
ɻʀʊʊʃ., 1951. 
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ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 

664033, ʀʨʢʫʪʩʢ, ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, E-mail: vibh@rambler.ru 
 
 

ʂʘʨʜʠʥʘʣʴʥʦʝ ʫʚʝʣʠʯʝʥʠʝ ʧʣʦʪʥʦʩʪʠ ʤʦʱʥʦʩʪʠ ʠʩʪʦʯʥʠʢʦʚ  ʨʘʜʠʘ-
ʮʠʦʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, ʦʙʝʩʧʝʯʠʚʘʝʪ ʚʳʩʦʢʠʡ ʪʝʤʧ ʠʦʥʠʟʘʮʠʠ ʠ ʚʦʟʙʫʞʜʝ-
ʥʠʷ ʚʝʱʝʩʪʚʘ, ʧʨʠ ʢʦʪʦʨʦʤ ʥʘ ʚʨʝʤʝʥʥʦʤ  ʠʥʪʝʨʚʘʣʝ 0,1-1 ʥʩ  ʧʨʦʠʩʭʦʜʠʪ 
ʧʝʨʝʜʘʯʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʫʜʘʨʥʦʛʦ ʚʦʟʜʝʡʩʪʚʠʷ ʠ ʚ ʢʦʛʝʨʝʥʪʥʦʤ ʨʝʞʠʤʝ 
ʵʬʬʝʢʪʠʚʥʘʷ ʤʠʛʨʘʮʠʷ ʟʥʘʯʠʪʝʣʴʥʦʡ ʧʣʦʪʥʦʩʪʠ (1019-1021ʩʤī3) ʛʦʨʷʯʠʭ 
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ʵʣʝʢʪʨʦʥʦʚ ʠ ʜʳʨʦʢ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʠʟʠʢʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʪʘʢʦʛʦ ʤʦʱ-
ʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʚʝʱʝʩʪʚʦʤ ʚ ʭʦʜʝ ʠʤʧʫʣʴʩʘ ʦʙʣʫʯʝʥʠʷ ʧʦʟʚʦʣʷʶʪ  ʫʛʣʫ-
ʙʠʪʴ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ ʦʩʥʦʚʳ ʚʳʩʦʢʦʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʪʚʝʨ-
ʜʦʛʦ ʪʝʣʘ ʠ ʥʘ ʵʪʦʡ ʦʩʥʦʚʝ ʫʩʧʝʰʥʦ ʨʘʟʨʘʙʘʪʳʚʘʪʴ ʥʦʚʳʝ ʩʠʩʪʝʤʳ ʵʬʬʝʢ-
ʪʠʚʥʦʡ  ʜʠʘʛʥʦʩʪʠʢʠ  ʜʣʷ ʤʝʜʠʮʠʥʳ ʥʘʫʢʠ ʠ ʪʝʭʥʠʢʠ. 

ɼʣʷ ʨʝʘʣʠʟʘʮʠʠ ʵʪʦʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʨʘʟʨʘʙʦʪʘʥ ʤʘ-
ʣʦʛʘʙʘʨʠʪʥʳʡ ʤʥʦʛʦʢʘʥʘʣʴʥʳʡ ʧʦ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʤʫ ʥʘʙʣʶʜʝʥʠʶ ʦʜʥʦ-
ʠʤʧʫʣʴʩʥʳʡ ʩ ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ ʦʧʪʠʯʝʩʢʠʡ ʩʧʝʢʪʨʦʤʝʪʨ, ʦʙ-
ʣʘʜʘʶʱʠʡ ʚʳʩʦʢʠʤ ʩʧʝʢʪʨʘʣʴʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ. ʆʨʠʛʠʥʘʣʴʥʦʝ ʧʨʦ-
ʛʨʘʤʤʥʦʝ ʦʙʝʩʧʝʯʝʥʠʝ ʜʘʝʪ  ʰʠʨʦʢʠʡ ʥʘʙʦʨ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʚʦʟʤʦʞʥʦ-
ʩʪʝʡ ʠ ʧʦʟʚʦʣʷʝʪ ʟʥʘʯʠʪʝʣʴʥʦ ʧʦʜʥʷʪʴ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴ ʠ ʩʥʠʟʠʪʴ ʰʫʤʳ. 
ɼʘʥʥʳʡ ʩʧʝʢʪʨʦʤʝʪʨ ʨʘʙʦʪʘʝʪ ʚ ʨʝʞʠʤʝ ʦʙʤʝʥʥʦʡ ʠ ʞʝʩʪʢʦʡ ʩʠʥʭʨʦʥʠʟʘ-
ʮʠʠ ʩ ʩʠʣʴʥʦʪʦʯʥʳʤʠ ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʫʩʢʦʨʠʪʝʣʷʤʠ ʵʣʝʢʪʨʦʥʦʚ,  ʥʘʥʦʩʝ-
ʢʫʥʜʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʛʝʥʝʨʘʪʦʨʘʤʠ, ʠʤʧʫʣʴʩʥʳʤʠ ʣʘʟʝʨʘʤʠ, ʛʝʥʝʨʘʪʦ-
ʨʘʤʠ ʧʣʘʟʤʳ ʠ ʜʨʫʛʠʤʠ ʤʦʱʥʳʤʠ ʠʩʪʦʯʥʠʢʘʤʠ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩ-
ʮʝʥʮʠʠ  ʠ ʥʘʢʘʯʢʠ ʣʘʟʝʨʥʳʭ ʩʨʝʜ.  

ʉ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʘʥʥʦʡ ʤʝʪʦʜʦʣʦʛʠʠ ʠʟʫʯʝʥʳ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʝ 
ʦʩʦʙʝʥʥʦʩʪʠ ʤʘʣʦʠʥʝʨʮʠʦʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʧʣʦʪʥʦʤ ʵʣʝʢʪʨʦʥ-
ʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʚʝʱʝʩʪʚʘ. ʀʩʩʣʝʜʦʚʘʥ ʤʦʱʥʳʡ ʩʫʙʥʘʥʦʩʝʢʫʥʜʥʳʡ ʦʙʲ-
ʝʤʥʳʡ ñʯʝʨʥʳʡò ʨʘʟʨʷʜ ʥʘ ʚʦʟʜʫʭʝ c ʩʦʧʫʪʩʪʚʫʶʱʠʤ ʠʥʪʝʥʩʠʚʥʳʤ ʘʢʫ-
ʩʪʠʯʝʩʢʠʤ ʠʤʧʫʣʴʩʦʤ ʠ ʨʘʟʨʘʙʦʪʘʥ ʥʦʚʳʡ ʤʝʪʦʜ ʥʝʢʦʥʪʘʢʪʥʦʡ  ʘʢʫʩʪʦ-
ʦʧʪʠʯʝʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʈʘʟʨʘʙʦʪʘʥʘ ʥʦʚʘʷ ʤʘʣʦʛʘʙʘʨʠʪʥʘʷ ʘʧʧʘʨʘʪʫʨʘ 
ʤʠʢʨʦʜʦʟʦʚʦʡ ʨʝʥʪʛʝʥʦʚʩʢʦʡ ʜʠʘʛʥʦʩʪʠʢʠ. ʇʨʝʜʣʦʞʝʥʳ ʥʦʚʳʝ ʧʦʜʭʦʜʳ 
ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʨʝʜ. ʇʨʠ ʩʠʣʴʥʦʪʦʯʥʦʡ ʥʘʥʦʩʝʢʫʥʜʥʦʡ 
ʵʣʝʢʪʨʦʥʥʦʡ ʥʘʢʘʯʢʝ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ Er:BaY2F8 ʜʦʩʪʠʛʥʫʪʘ ʛʝʥʝʨʘʮʠʷ ʠ 
ʥʝʣʠʥʝʡʥʦʝ ʩʘʤʦʩʣʦʞʝʥʠʝ ʯʘʩʪʦʪ ʣʠʥʠʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʂʆʅʎɽʅʊʈɸʎʀʀ ʎɽʅʊʈʆɺ ʆʂʈɸʉʂʀ 
ɺ ʂʈʀʉʊɸʃʃɸʍ ʀ ʆʎɽʅʂʀ ʂɸʏɽʉʊɺɸ ʆʇʊʀʏɽʉʂʆʁ 

ʇʆɺɽʈʍʅʆʉʊʀ ʇʋʊɪʄ ʂʆʈʈɽʃʗʎʀʆʅʅʆɻʆ ɸʅɸʃʀɿɸ 
ʇʆʃʗʈʀɿɸʎʀʆʅʅʓʍ ʂʆʄʇʆʅɽʅʊ ʃʖʄʀʅɽʉʎɽʅʎʀʀ 

 
ɼ.ɹ. ɹʘʩʢʘʢʦʚ, ʉ.ɸ. ɿʠʣʦʚ, ɸ.ʃ. ʈʘʢʝʚʠʯ 

 
ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, ʛ. 

ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, furax@yandex.ru 
 
 

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʣʶ-
ʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʟʘʚʠʩʠʪ ʦʪ ʚʟʘʠʤʥʦʡ ʦʨʠʝʥʪʘ-
ʮʠʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, ʚʝʢʪʦʨʘ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʩʚʝ-
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ʪʘ ʠ ʧʦʣʷʨʠʟʘʪʦʨʘ. ɽʩʣʠ ʩʦʦʙʱʠʪʴ ʢʨʠʩʪʘʣʣʫ, ʚʦʟʙʫʞʜʘʝʤʦʤʫ ʣʠʥʝʡʥʦ 
ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ, ʚʨʘʱʝʥʠʝ ʚʦʢʨʫʛ ʦʩʠ ʣʫʯʘ, ʠ ʚʝʩʪʠ ʟʘʧʠʩʴ ʢʦʤ-
ʧʦʥʝʥʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʚ ʜʚʫʭ ʚʟʘʠʤʥʦ ʧʝʨʧʝʥʜʠʢʫʣʷʨ-
ʥʳʭ ʧʣʦʩʢʦʩʪʷʭ, ʪʦ ʧʨʠ ʦʨʠʝʥʪʘʮʠʠ ʜʠʧʦʣʴʥʳʭ ʎʆ ʧʦ ʦʩʷʤ C3 ʢʨʠʩʪʘʣʣʘ 
(ʥʘʧʨʠʤʝʨ, F2-ʎʆ ʚ LiF) ʚʠʜ ʘʚʪʦʢʦʨʨʝʣʷʮʠʦʥʥʳʭ ʠ ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʦʡ 
ʬʫʥʢʮʠʡ [2] ʟʘʚʠʩʠʪ ʪʦʣʴʢʦ ʦʪ ʯʘʩʪʦʪʳ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʢʦʥʮʝʥʪʨʘ-
ʮʠʠ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ. 

ɺ ʨʘʙʦʪʝ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʪʝʦʨʝʪʠʯʝʩʢʠʝ ʚʳʨʘʞʝʥʠʷ ʜʣʷ ʜʘʥʥʳʭ ʢʦʨ-
ʨʝʣʷʮʠʦʥʥʳʭ ʬʫʥʢʮʠʡ ʠ ʧʨʦʚʝʜʝʥʘ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʘʧʨʦʙʘʮʠʷ ʧʨʝʜ-
ʣʦʞʝʥʥʦʛʦ ʤʝʪʦʜʘ. ʈʘʟʨʘʙʦʪʘʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʨʘʩʩʤʘʪʨʠʚʘ-
ʝʪ ʧʝʨʝʭʦʜʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʝ ʧʦ ʧʨʦʠʟ-
ʚʦʣʴʥʳʤ ʦʩʷʤ ʩʠʤʤʝʪʨʠʠ, ʠ ʤʦʞʝʪ ʙʳʪʴ ʧʨʠʤʝʥʸʥ ʧʨʠ ʨʘʩʩʤʦʪʨʝʥʠʠ 
ʧʨʘʢʪʠʯʝʩʢʠ ʣʶʙʳʭ ʎʆ. 

ʂʨʦʤʝ ʚʦʟʤʦʞʥʦʩʪʠ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ, 
ʨʘʙʦʪʘ ʩʦʜʝʨʞʠʪ ʝʱʸ ʦʜʠʥ ʚʘʞʥʳʡ ʧʨʘʢʪʠʯʝʩʢʠʡ ʚʳʚʦʜ: ʧʦʩʢʦʣʴʢʫ 
ʢʨʦʩʩʢʦʨʨʝʣʷʮʠʦʥʥʘʷ ʬʫʥʢʮʠʷ (ʂʂʌ) ʥʘ ʧʨʠʤʝʨʝ ʨʘʩʩʤʦʪʨʝʥʥʳʭ F2-ʎʆ 
ʦʪʨʠʮʘʪʝʣʴʥʘ, ʘ ʩʠʥʬʘʟʥʳʝ ʠʟʤʝʥʝʥʠʷ ʚ ʦʙʝʠʭ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʤʧʦ-
ʥʝʥʪʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʚʳʟʚʘʥʥʳʝ, ʥʘʧʨʠʤʝʨ, ʜʝʬʝʢʪʘʤʠ ʦʧʪʠʯʝʩʢʦʡ ʧʦ-
ʚʝʨʭʥʦʩʪʠ, ʜʘʶʪ ʧʦʣʦʞʠʪʝʣʴʥʳʡ ʟʥʘʢ ʂʂʌ, ʂʂʌ ʤʦʞʝʪ ʠʩʧʦʣʴʟʦʚʘʪʴʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʛʦ ʠʥʩʪʨʫʤʝʥʪʘ ʜʣʷ ʢʦʥʪʨʦʣʷ ʟʘ ʢʘʯʝʩʪʚʦʤ ʦʧʪʠ-
ʯʝʩʢʦʡ ʧʦʚʝʨʭʥʦʩʪʠ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺʳʚʦʜʳ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʪʘʢʞʝ ʤʦʛʫʪ ʙʳʪʴ ʦʙʦʙʱʝʥʳ ʥʘ ʣʶʙʳʝ ʩʨʝ-
ʜʳ, ʜʠʧʦʣʴʥʳʝ ʤʦʤʝʥʪʳ ʧʝʨʝʭʦʜʘ ʮʝʥʪʨʦʚ ʩʚʝʯʝʥʠʷ ʚ ʢʦʪʦʨʳʭ ʦʨʠʝʥʪʠ-
ʨʦʚʘʥʳ ʧʦ ʦʩʷʤ, ʥʝʧʦʜʚʠʞʥʳʤ ʦʪʥʦʩʠʪʝʣʴʥʦ ʩʨʝʜʳ ʢʘʢ ʮʝʣʦʛʦ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʌʝʦʬʠʣʦʚ, ʇ.ʇ. ʇʦʣʷʨʠʟʦʚʘʥʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʘʪʦʤʦʚ, ʤʦʣʝʢʫʣ ʠ 

ʢʨʠʩʪʘʣʣʦʚ / ʄ. : ɻʦʩ. ʠʟʜ. ʬʠʟ.-ʤʘʪ. ʣʠʪ-ʨʳ, 1959.ï 288 ʩ. 
2. Petra Schwille, Elke Haustein. Fluorescence Correlation Spectroscopy: An 

Introduction to its Concepts and Applications. //Max-Planck-Institute for 
Biophysical Chemistry, 2004. 



çʃʖʄʀʅɽʉʎɽʅʎʀʗ ʀ ʃɸɿɽʈʅɸʗ ʌʀɿʀʂɸè 33

ʉʇʀʅʆɺʓɽ ʌʆʊʆʊʆʂʀ ɺ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ 
ʅɸʅʆʉʊʈʋʂʊʋʈɸʍ 

 
ɺ.ɺ. ɹʝʣʴʢʦʚ 

 
ʌʊʀ. ʠʤ. ɸ.ʌ. ʀʦʬʬʝ, 194021 ʛ. ʉʘʥʢʪ-ʇʝʪʝʨʙʫʨʛ,  

ʫʣ. ʇʦʣʠʪʝʭʥʠʯʝʩʢʘʷ 26, bel@epi.ioffe.ru  
 
 

ɸʢʪʫʘʣʴʥʦʡ ʟʘʜʘʯʝʡ ʩʦʚʨʝʤʝʥʥʦʡ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝ-
ʜʦʚʘʥʠʝ ʩʧʠʥ-ʟʘʚʠʩʠʤʳʭ ʷʚʣʝʥʠʡ ʚ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ. ʆʩʦʙʳʡ ʠʥʪʝʨʝʩ 
ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʟʫʯʝʥʠʝ ʛʝʥʝʨʘʮʠʠ ʠ ʜʝʪʝʢʪʠʨʦʚʘʥʠʷ ʩʧʠʥʦʚʳʭ ʧʦʪʦʢʦʚ. 
ʕʪʠ ʜʚʘ ʧʨʦʮʝʩʩʘ ʦʧʨʝʜʝʣʷʶʪ ʬʦʨʤʠʨʦʚʘʥʠʝ ʩʧʠʥ-ʟʘʚʠʩʠʤʳʭ ʬʦʪʦʛʘʣʴ-
ʚʘʥʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ (ʌɻʕ), ʧʦʵʪʦʤʫ ʘʥʘʣʠʟ ʌɻʕ ʧʦʟʚʦʣʷʝʪ ʚʳʷʚʣʷʪʴ 
ʦʩʦʙʝʥʥʦʩʪʠ ʮʝʣʦʛʦ ʨʷʜʘ ʧʨʦʮʝʩʩʦʚ ʚ ʩʧʠʥʦʚʦʡ ʩʠʩʪʝʤʝ ʥʘʥʦʩʪʨʫʢʪʫʨ.  

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʩʧʠʥʦʚʦʛʦ 
ʬʦʪʦʪʦʢʘ ʚ ʜʚʫʤʝʨʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʩʪʨʫʢʪʫʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ 
ʚʥʫʪʨʠʟʦʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝ ʠʟʣʫʯʝʥʠʷ ʧʨʠʚʦʜʠʪ ʢ ʚʦʟʥʠʢʥʦʚʝʥʠʶ ʧʨʦʪʠʚʦ-
ʧʦʣʦʞʥʦ ʥʘʧʨʘʚʣʝʥʥʳʭ ʧʦʪʦʢʦʚ ʵʣʝʢʪʨʦʥʦʚ ʩʦ ʩʧʠʥʘʤʠ ñʚʚʝʨʭò ʠ ñʚʥʠʟò. 

ʄʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʧʨʠʨʦʜʘ ʵʬʬʝʢʪʘ ʩʦʩʪʦʠʪ ʚ ʪʦʤ, ʯʪʦ ʚ ʥʠʟʢʦʩʠʤʤʝʪ-
ʨʠʯʥʳʭ ʩʨʝʜʘʭ (ʘ ʙʦʣʴʰʠʥʩʪʚʦ ʥʘʥʦʩʪʨʫʢʪʫʨ ʷʚʣʷʝʪʩʷ ʪʘʢʦʚʳʤʠ) ʤʘʪʨʠʯ-
ʥʳʡ ʵʣʝʤʝʥʪ ʨʘʩʩʝʷʥʠʷ ʥʦʩʠʪʝʣʷ ʥʘ ʧʨʠʤʝʩʠ (ʠʣʠ ʬʦʥʦʥʝ) ʩʦʜʝʨʞʠʪ ʩʣʘ-
ʛʘʝʤʦʝ, ʣʠʥʝʡʥʦʝ ʧʦ ʩʧʠʥʫ ʠ ʢʚʘʟʠʠʤʧʫʣʴʩʫ. ʇʦʵʪʦʤʫ ʥʝʧʨʷʤʳʝ ʦʧʪʠʯʝ-
ʩʢʠʝ ʧʝʨʝʭʦʜʳ ʩʦʧʨʦʚʦʞʜʘʶʪʩʷ ʧʦʷʚʣʝʥʠʝʤ ʩʧʠʥʦʚʦʛʦ ʧʦʪʦʢʘ. ɺ ʤʘʛʥʠʪ-
ʥʦʤ ʧʦʣʝ ʨʘʟʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʥʦʩʠʪʝʣʝʡ ʩ ʧʨʦʪʠʚʦʧʦʣʦʞʥʦ ʦʨʠʝʥʪʠ-
ʨʦʚʘʥʥʳʤʠ ʩʧʠʥʘʤʠ ʧʨʠʚʦʜʠʪ ʢ ʧʦʷʚʣʝʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʪʦʢʘ.  

ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʠʩʴ ʨʘʟʣʠʯʥʳʝ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʄʠʢʨʦ-
ʚʦʣʥʦʚʦʝ ʠʣʠ ʪʝʨʘʛʝʨʮʦʚʦʝ ʠʟʣʫʯʝʥʠʝ ʧʘʜʘʣʦ ʧʦ ʥʦʨʤʘʣʠ ʢ ʧʣʦʩʢʦʩʪʠ ʦʙ-
ʨʘʟʮʘ. ʄʘʛʥʠʪʥʦʝ ʧʦʣʝ ʙʳʣʦ ʥʘʧʨʘʚʣʝʥʦ ʧʘʨʘʣʣʝʣʴʥʦ ʧʣʦʩʢʦʩʪʠ ʩʪʨʫʢʪʫ-
ʨʳ. ʈʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʚʦʟʥʠʢʘʶʱʠʝ ʚ ʦʙʨʘʟʮʝ ʬʦʪʦʪʦʢʠ.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʠ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʟʘʚʠʩʠʤʦ-
ʩʪʝʡ ʬʦʪʦʪʦʢʘ, ʘ ʪʘʢʞʝ ʚʣʠʷʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠ ʧʦʜʚʠʞʥʦʩʪʠ ʵʣʝʢʪʨʦʥʦʚ 
ʥʘ ʚʝʣʠʯʠʥʫ ʬʦʪʦʪʦʢʘ ʩʦʚʧʘʜʘʶʪ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʨʦʚʝʜʝʥʥʦʛʦ ʤʘʢʨʦ- ʠ 
ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʦʛʦ ʘʥʘʣʠʟʘ ʵʬʬʝʢʪʘ.  

ɻʝʥʝʨʘʮʠʷ ʩʧʠʥʦʚʦʛʦ ʬʦʪʦʪʦʢʘ ʜʝʪʘʣʴʥʦ ʠʟʫʯʝʥʘ ʚ ʧʦʣʫʤʘʛʥʠʪʥʳʭ ʥʘ-
ʥʦʩʪʨʫʢʪʫʨʘʭ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʦʙʤʝʥʥʦʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʩʫʱʝʩʪʚʝʥʥʦ ʫʩʠ-
ʣʠʚʘʝʪ ʩʧʠʥʦʚʳʡ ʬʦʪʦʪʦʢ. ʈʘʩʩʤʦʪʨʝʥʳ ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʜʘʥʥʳʭ ʩʪʨʫʢ-
ʪʫʨ ʤʝʭʘʥʠʟʤʳ ʌɻʕ: ʛʠʛʘʥʪʩʢʦʝ ʨʘʩʱʝʧʣʝʥʠʷ ɿʝʝʤʘʥʘ ʠ ʩʧʠʥ-ʟʘʚʠʩʠʤʦʝ 
ʨʘʩʩʝʷʥʠʝ ʥʘ ʧʦʣʷʨʠʟʦʚʘʥʥʳʭ ʠʦʥʘʭ. ʇʨʝʜʣʦʞʝʥʘ ʤʠʢʨʦʩʢʦʧʠʯʝʩʢʘʷ ʤʦ-
ʜʝʣʴ ʛʝʥʝʨʘʮʠʠ ʩʧʠʥʦʚʦʛʦ ʬʦʪʦʪʦʢʘ ʚ ʧʦʣʫʤʘʛʥʠʪ-ʥʳʭ ʩʪʨʫʢʪʫʨʘʭ, ʢʦʪʦ-
ʨʘʷ ʧʦʟʚʦʣʷʝʪ ʦʙʲʷʩʥʠʪʴ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʥʘʙʣʶʜʘʝʤʳʝ ʟʘʢʦʥʦʤʝʨʥʦ-
ʩʪʠ.  
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ʋʇʈɸɺʃɽʅʀɽ ɻʀɼʈʆɼʀʅɸʄʀʂʆʁ, ʊɽʇʃʆʆɹʄɽʅʆʄ ʀ 
ʂɸʏɽʉʊɺʆʄ ʂʈʀʉʊɸʃʃʆɺ ɺ ʄɽʊʆɼɽ ʏʆʍʈɸʃʔʉʂʆɻʆ 

 
ɺ.ʉ. ɹʝʨʜʥʠʢʦʚ, ɺ.ɸ. ɺʠʥʦʢʫʨʦʚ, ɺ.ɺ. ɺʠʥʦʢʫʨʦʚ, 

ɺ.ɸ. ɻʘʧʦʥʦʚ, ʂ.ɸ. ʄʠʪʠʥ 
 

ʀʥʩʪʠʪʫʪ ʪʝʧʣʦʬʠʟʠʢʠ ʉʆ ʈɸʅ, 630090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ɸʢʘʜ. ʃʘʚ-
ʨʝʥʪʴʝʚʘ, 1, berdnikov@itp.nsc.ru 

 
 

ɼʣʷ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ ʚʳʩʦʢʦʛʦ ʢʘʯʝʩʪʚʘ ʥʝʦʙʭʦʜʠʤʦ ʧʦʜ-
ʜʝʨʞʠʚʘʪʴ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʝ, ʧʦʟʚʦʣʷʶʱʠʝ ʚʳʪʷʛʠʚʘʪʴ ʢʨʠ-
ʩʪʘʣʣ ʩ ʟʘʜʘʥʥʦʡ ʬʦʨʤʦʡ ʬʨʦʥʪʘ ʥʘ ʚʩʝʭ ʩʪʘʜʠʷʭ ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʧʨʦ-
ʮʝʩʩʘ. ʇʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʨʘʩʧʣʘʚʝ ʚʟʘʠʤʦʩʚʷʟʘʥʳ ʩ ʛʠʜʨʦʜʠʥʘʤʠʢʦʡ 
ʨʘʩʧʣʘʚʘ ʠ ʟʘʚʠʩʷʪ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʚʳʩʦʪʳ ʩʣʦʷ ʨʘʩʧʣʘʚʘ, ʦʪ ʨʘʜʠʫʩʘ 
ʢʨʠʩʪʘʣʣʘ ʠ ʦʪ ʫʛʣʦʚʳʭ ʩʢʦʨʦʩʪʝʡ ʚʨʘʱʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʠ ʪʠʛʣʷ. ʇʨʦʚʝʜʝ-
ʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʠ ʯʠʩʣʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʢʦʥʚʝʢʪʠʚʥʦʛʦ ʪʝʧʣʦ-
ʦʙʤʝʥʘ ʥʘ ʩʪʘʜʠʠ ʨʘʟʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʦʚ, ʢʦʛʜʘ ʤʝʥʷʝʪʩʷ ʦʪʥʦʩʠʪʝʣʴ-
ʥʳʡ ʨʘʜʠʫʩ RT/RK ʧʨʠ ʧʦʯʪʠ ʥʝʠʟʤʝʥʥʦʤ ʫʨʦʚʥʝ ʨʘʩʧʣʘʚʘ H/Rʊ, ʠ ʧʦʩʣʝ 
ʚʳʭʦʜʘ ʥʘ ʟʘʜʘʥʥʳʡ ʜʠʘʤʝʪʨ ʢʨʠʩʪʘʣʣʘ, ʢʦʛʜʘ ʧʦ ʤʝʨʝ ʝʛʦ ʨʦʩʪʘ ʧʘʜʘʝʪ 
ʫʨʦʚʝʥʴ ʨʘʩʧʣʘʚʘ. ɺ ʨʝʞʠʤʘʭ ʩʤʝʰʘʥʥʦʡ ʢʦʥʚʝʢʮʠʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʦʤ 
ʦʪʥʦʩʠʪʝʣʴʥʦʤ ʨʘʜʠʫʩʝ RT/RK ʠ ʧʨʠ ʧʦʩʪʦʷʥʥʦʤ ʟʥʘʯʝʥʠʠ ɻʨʘʩʛʦʬʘ Grʂ 
ʟʘʚʠʩʠʤʦʩʪʠ ʢʦʵʬʬʠʮʠʝʥʪʘ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ H/Rʊ ʠʤʝʶʪ ʥʝ ʤʦʥʦʪʦʥʥʳʡ 
ʭʘʨʘʢʪʝʨ. ʕʪʦ ʩʚʷʟʘʥʦ ʩ ʠʟʤʝʥʝʥʠʷʤʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʬʦʨʤʳ ʪʝʯʝʥʠʷ, 
ʭʘʨʘʢʪʝʨʥʳʝ ʢʘʯʝʩʪʚʝʥʥʳʝ ʵʪʘʧʳ ʧʝʨʝʩʪʨʦʡʢʠ ʢʦʪʦʨʦʡ ʟʘʚʠʩʷʪ ʥʝ ʪʦʣʴʢʦ 
ʦʪ ʩʦʦʪʥʦʰʝʥʠʡ ʯʠʩʝʣ Grʂ, ʄʘʨʘʥʛʦʥʠ Ma, ʈʝʡʥʦʣʴʜʩʘ ReK, ʥʦ ʠ ʦʪ ʛʝʦ-
ʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ H/Rʊ ʠ RT/RK. ʇʨʠ ʧʘʜʝʥʠʠ ʫʨʦʚʥʷ ʨʘʩʧʣʘʚʘ ʥʠ-
ʞʝ H/Rʊ = 0,7 ʥʝʦʙʭʦʜʠʤʘ ʧʦʜʩʪʨʦʡʢʘ ʠ ʩʦʛʣʘʩʦʚʘʥʠʝ ʜʠʥʘʤʠʯʝʩʢʠʭ ʧʘ-
ʨʘʤʝʪʨʦʚ ʧʦʜʦʙʠʷ ʜʣʷ ʧʦʜʜʝʨʞʢʠ ʨʝʞʠʤʦʚ ʩ ʥʘʠʙʦʣʝʝ ʦʜʥʦʨʦʜʥʳʤʠ ʨʘ-
ʜʠʘʣʴʥʳʤʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷʤʠ ʣʦʢʘʣʴʥʳʭ ʪʝʧʣʦʚʳʭ ʧʦʪʦʢʦʚ ʠ ʩ ʥʘʠʙʦʣʝʝ 
ʧʣʦʩʢʠʤ ʬʨʦʥʪʦʤ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ. ʊʘʢʠʝ ʩʦʦʪʥʦʰʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ ʧʦʣʫ-
ʯʝʥʳ ʚ ʜʠʘʧʘʟʦʥʝ ʯʠʩʝʣ ʇʨʘʥʜʪʣʷ, ʢʦʪʦʨʳʡ ʧʝʨʝʢʨʳʚʘʝʪ ʠʟʚʝʩʪʥʳʝ ʟʥʘʯʝ-
ʥʠʷ Pr ʜʣʷ ʨʘʩʧʣʘʚʦʚ ʥʘʠʙʦʣʝʝ ʚʘʞʥʳʭ ʤʘʪʝʨʠʘʣʦʚ: ʩʦ ʩʚʦʡʩʪʚʘʤʠ ʦʪ 
ʞʠʜʢʦʤʝʪʘʣʣʠʯʝʩʢʠʭ ʜʦ ʩʠʣʴʥʦ ʚʷʟʢʠʭ ʦʢʩʠʜʥʳʭ. ʇʨʦʚʝʨʢʘ ʧʦʣʫʯʝʥʥʳʭ 
ʨʝʟʫʣʴʪʘʪʦʚ ʚ ʨʝʞʠʤʘʭ ʨʝʘʣʴʥʦʡ ʢʨʠʩʪʘʣʣʠʟʘʮʠʠ ʧʨʦʚʝʜʝʥʘ ʥʘ ʧʨʝʜʝʣʴ-
ʥʳʭ ʫʛʣʝʚʦʜʦʨʦʜʘʭ. ʀʩʩʣʝʜʦʚʘʥ ʢʦʥʚʝʢʪʠʚʥʳʡ ʪʝʧʣʦʦʙʤʝʥ ʚ ʨʘʩʧʣʘʚʘʭ ʩ 
ʯʠʩʣʘʤʠ ʇʨʘʥʜʪʣʷ ʚ ʜʠʘʧʘʟʦʥʝ 0,013 Ò Pr Ò 2700, ʚ ʰʠʨʦʢʠʭ ʜʠʘʧʘʟʦʥʘʭ 
ʯʠʩʝʣ ɻʨʘʩʛʦʬʘ ʠ ʯʠʩʝʣ ʈʝʡʥʦʣʴʜʩʘ, ʧʨʠ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʚʳʩʦʪʘʭ 0,1 Ò 
H/Rʊ Ò 2,5 ʠ ʚ ʠʥʪʝʨʚʘʣʝ ʦʪʥʦʩʠʪʝʣʴʥʳʭ ʨʘʜʠʫʩʦʚ 1,29 Ò Rʊ /Rʂ Ò 7. ʀʟʫ-
ʯʝʥʳ ʟʘʢʦʥʦʤʝʨʥʦʩʪʠ ʪʝʧʣʦʦʙʤʝʥʘ ʧʨʠ ʩʚʦʙʦʜʥʦʡ ʠ ʩʤʝʰʘʥʥʦʡ ʢʦʥʚʝʢ-
ʮʠʠ ʧʨʠ ʬʠʢʩʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʷʭ ʯʠʩʝʣ Grʂ ʠ ReK ʧʦ ʤʝʨʝ ʫʙʳʚʘʥʠʷ 
H/Rʊ. ʏʠʩʣʝʥʥʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʢʦʥʚʝʢʪʠʚʥʦʡ ʠ ʨʘʜʠʘʮʠʦʥʥʦ-
ʢʦʥʚʝʢʪʠʚʥʦʡ ʪʝʧʣʦʦʪʜʘʯʠ ʦʪ ʢʨʠʩʪʘʣʣʦʚ ʥʘ ʧʦʣʷ ʪʝʤʧʝʨʘʪʫʨʳ ʚ ʥʠʭ. 
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ʊɽʈʄʆʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ 
LIF:CU ʀ LIF:MG,CU 

 
ʅ.ʉ. ɹʦʙʠʥʘ, ɸ.ʉ. ʇʘʢʣʠʥ, ɸ.ɸ. ʐʘʣʘʝʚ 

 
ʀʥʩʪʠʪʫʪ ɻʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, 664033, ʛ. ʀʨʢʫʪʩʢ, 

ʫʣ. ʌʘʚʦʨʩʢʦʛʦ 1ʘ, bonat@igc.irk.ru 
 
 

ʊʝʨʤʦʣʶʤʠʥʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʩʪʦʛʦ ʣʠʪʠʷ ʰʠʨʦʢʦ ʠʩʧʦʣʴʟʫʶʪ 
ʚ ʢʘʯʝʩʪʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ. ʊʘʢʠʝ ʝʛʦ ʭʘʨʘʢʪʝʨʠ-
ʩʪʠʢʠ ʢʘʢ ʪʢʘʥʝʵʢʚʠʚʘʣʝʥʪʥʦʩʪʴ, ʣʠʥʝʡʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʚʳʭʦʜʘ ʪʝʨʤʦʣʶ-
ʤʠʥʝʩʮʝʥʮʠʠ ʦʪ ʧʦʛʣʦʱʝʥʥʦʡ ʜʦʟʳ ʚ ʜʦʩʪʘʪʦʯʥʦ ʰʠʨʦʢʦʤ ʜʠʘʧʘʟʦʥʝ ʧʦ-
ʟʚʦʣʷʶʪ ʭʦʨʦʰʦ ʦʮʝʥʠʚʘʪʴ ʧʦʛʣʦʱʝʥʥʫʶ ʜʦʟʫ. ʂʨʦʤʝ ʪʦʛʦ, ʪʝʨʤʦʣʶʤʠ-
ʥʦʬʦʨʳ ʥʘ ʦʩʥʦʚʝ ʢʨʠʩʪʘʣʣʦʚ LiF ʭʘʨʘʢʪʝʨʠʟʫʶʪʩʷ ʭʠʤʠʯʝʩʢʦʡ ʠʥʝʨʪʥʦ-
ʩʪʴʶ ʠ ʩʣʘʙʦʡ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ ʢ ʫʣʴʪʨʘʬʠʦʣʝʪʦʚʦʤʫ ʠ ʠʥʬʨʘʢʨʘʩʥʦʤʫ 
ʠʟʣʫʯʝʥʠʶ, ʯʪʦ ʦʙʝʩʧʝʯʠʚʘʝʪ ʜʣʠʪʝʣʴʥʦʝ ʩʦʭʨʘʥʝʥʠʝ ʠʥʬʦʨʤʘʮʠʠ. 

ɼʝʪʝʢʪʦʨʳ ʥʘ ʦʩʥʦʚʝ LiF:Mg,Cu,P ʦʙʣʘʜʘʶʪ ʩʘʤʦʡ ʚʳʩʦʢʦʡ ʯʫʚʩʪʚʠ-
ʪʝʣʴʥʦʩʪʴʶ ʠʟ ʚʩʝʭ ʜʝʪʝʢʪʦʨʦʚ ʥʘ ʦʩʥʦʚʝ LiF. ʆʜʥʘʢʦ ʦʥʠ ʠʤʝʶʪ ʨʷʜ ʥʝ-
ʜʦʩʪʘʪʢʦʚ, ʥʘʧʨʠʤʝʨ, ʪʘʢʠʭ ʢʘʢ ʫʤʝʥʴʰʝʥʠʝ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ ʧʦʩʣʝ ʥʘ-
ʛʨʝʚʘ ʜʦ 240ʦʉ ʠ ʚʳʩʦʢʠʡ ʬʦʥʦʚʳʡ ʩʠʛʥʘʣ, ʦʛʨʘʥʠʯʠʚʘʶʱʠʡ ʠʟʤʝʨʝʥʠʝ 
ʤʘʣʳʭ ʜʦʟ.  

ʅʘʰʝʡ ʟʘʜʘʯʝʡ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʜʝʪʝʢʪʦʨʘ LiF:Mg,Cu,P ʚ ʤʦʥʦ-
ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʤ ʚʠʜʝ. ʕʪʦ ʩʥʠʟʠʪ ʫʨʦʚʝʥʴ ʭʝʤʠʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʩʠʛʥʘ-
ʣʘ, ʢʦʪʦʨʳʡ ʠʤʝʶʪ ʚʩʝ ʠʟʚʝʩʪʥʳʝ ʜʝʪʝʢʪʦʨʳ LiF:Mg,Cu,P, ʧʨʝʜʩʪʘʚʣʷʶ-
ʱʠʝ ʩʦʙʦʡ ʧʨʝʩʩʦʚʘʥʥʫʶ ʠʣʠ ʧʦʣʠʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʪʘʙʣʝʪʢʫ.  

ʅʘʤʠ ʙʳʣʠ ʚʳʨʘʱʝʥʳ ʢʨʠʩʪʘʣʣʳ  LiF:Cu  ʠ LiF:Mg,Cu. ɼʣʷ ʧʦʣʫʯʝ-
ʥʠʷ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ LiF:Cu ʤʳ  ʠʩʧʦʣʴʟʦʚʘʣʠ CuCl, ʘ ʜʣʷ ʧʦʣʫʯʝʥʠʷ 
LiF:Mg,Cu ï CuCl ʠ MgF2. [1]  

ɼʣʷ ʚʩʝʭ ʧʦʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʙʳʣʘ ʠʟʤʝʨʝʥʘ ʪʝʨʤʦʩʪʠʤʫʣʠʨʦʚʘʥ-
ʥʘʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʊʉʃ). ɺ ʢʨʠʚʳʭ ʊʉʃ ʜʣʷ  LiF:Cu  ʥʘʙʣʶʜʘʣʩʷ ʦʜʠʥ 
ʥʠʟʢʦʪʝʤʧʝʨʘʪʫʨʥʳʡ ʧʠʢ ʧʨʠ 150-180 0ʉ, ʯʪʦ ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʝʪʩʷ ʩ ʣʠʪʝ-
ʨʘʪʫʨʥʳʤʠ ʜʘʥʥʳʤʠ. [2] ʆʜʥʘʢʦ, ʜʣʷ ʦʙʨʘʟʮʦʚ LiF:Mg,Cu ʥʘʙʣʶʜʘʣʠʩʴ 
ʥʝʩʪʘʙʠʣʴʥʳʝ ʢʨʠʚʳʝ ʪʝʨʤʦʚʳʩʚʝʯʠʚʘʥʠʷ (ʂʊɺ). ʅʝʩʪʘʙʠʣʴʥʦʩʪʴ ʧʨʦʷʚ-
ʣʷʣʘʩʴ ʠ ʚ ʩʚʝʪʦʚʳʭʦʜʝ ʊʉʃ, ʠ ʚ ʩʪʨʫʢʪʫʨʝ ʂʊɺ.  

ʇʦʩʣʝ ʪʦʛʦ ʢʘʢ ʜʣʷ ʚʳʨʘʱʠʚʘʥʠʷ LiF:Mg,Cu ʤʳ ʩʪʘʣʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ 
ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʘʪʦʨʘ ʩʧʝʮʠʘʣʴʥʦ ʦʯʠʱʝʥʥʳʡ CuCl, ʥʘʤʠ ʙʳʣʠ ʧʦʣʫʯʝʥʳ 
ʦʙʨʘʟʮʳ ʩʦ ʩʪʘʙʠʣʴʥʦʡ ʢʨʠʚʦʡ ʪʝʨʤʦʚʳʩʚʝʯʠʚʘʥʠʷ. ʉʚʝʪʦʚʳʭʦʜ ʊʉʃ ʵʪʠʭ 
ʦʙʨʘʟʮʦʚ ʦʢʘʟʘʣʩʷ ʟʥʘʯʠʪʝʣʴʥʦ ʚʳʰʝ, ʯʝʤ ʫ ʦʙʨʘʟʮʦʚ, ʚʳʨʘʱʝʥʥʳʭ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʥʝʦʯʠʱʝʥʥʦʛʦ CuCl.  
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ɻʀɼʈɸʊɸ ʄɽʊɸʅɸ 

 
ɸ.ʀ. ɹʦʛʜʘʥʦʚ1, ɸ.ʉ. ʄʳʩʦʚʩʢʠʡ1,2 

 
1ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 664074, ʛ. 

ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 83, alex.bogdanov2012@gmail.com 
2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤʝʥʠ ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, 664033, ʀʨʢʫʪʩʢ, 

ʫʣ. ʌʘʚʦʨʩʢʦʛʦ 1ʘ 
 

ɻʠʜʨʘʪ ʤʝʪʘʥʘ ï ʩʫʧʨʘʤʦʣʝʢʫʣʷʨʥʦʝ ʩʦʝʜʠʥʝʥʠʝ, ʦʙʨʘʟʦʚʘʥʥʦʝ 
ʚʢʣʶʯʝʥʠʝʤ ʤʦʣʝʢʫʣ ʤʝʪʘʥʘ ʚ ʧʦʣʦʩʪʠ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʦʙʨʘʟʦ-
ʚʘʥʥʦʡ ʤʦʣʝʢʫʣʘʤʠ ʚʦʜʳ. ɻʠʜʨʘʪ ʤʝʪʘʥʘ ʦʙʨʘʟʫʝʪʩʷ ʪʦʣʴʢʦ ʧʨʠ ʚʳʩʦʢʠʭ 
ʜʘʚʣʝʥʠʷʭ (ʥʘʧʨʠʤʝʨ, ʥʘ ʤʦʨʩʢʦʤ ʜʥʝ) ʠ ʷʚʣʷʝʪʩʷ ʩʘʤʳʤ ʢʨʫʧʥʳʤ ʧʦ ʟʘ-
ʧʘʩʘʤ ʧʦʪʝʥʮʠʘʣʴʥʳʤ ʠʩʪʦʯʥʠʢʦʤ ʫʛʣʝʚʦʜʦʨʦʜʥʦʛʦ ʪʦʧʣʠʚʘ. 

ɼʘʥʥʘʷ ʪʝʦʨʝʪʠʯʝʩʢʘʷ ʨʘʙʦʪʘ ʧʦʩʚʷʱʝʥʘ ʢʚʘʥʪʦʚʦ-ʭʠʤʠʯʝʩʢʦʤʫ ʤʦ-
ʜʝʣʠʨʦʚʘʥʠʶ ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ. ʉʦʛʣʘʩʥʦ ʧʦʣʫʯʝʥʥʳʤ 
ʨʝʟʫʣʴʪʘʪʘʤ, ʢʨʘʡ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʘʪʘ ʤʝʪʘʥʘ ʩʤʝʱʝʥ 
ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝʩʢʫʶ ʦʙʣʘʩʪʴ ʥʘ ~0.8 ʵɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩʦ ʣʴʜʦʤ Ih (ʨʠʩ. 
1). ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʘʪʘ ʟʘʚʠʩʠʪ ʠ ʦʪ ʩʪʝʧʝʥʠ ʟʘʧʦʣʥʝʥʠʷ ʧʦʣʦʩʪʝʡ 
ʤʦʣʝʢʫʣʘʤʠ ʤʝʪʘʥʘ ï ʫ ʥʝʟʘʧʦʣʥʝʥʥʦʛʦ ʦʥ ʩʜʚʠʥʫʪ ʚ ʥʠʟʢʦʵʥʝʨʛʝʪʠʯʝ-
ʩʢʫʶ ʦʙʣʘʩʪʴ ʥʘ ~0.2 ʵɺ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʧʦʣʥʦʩʪʴʶ ʟʘʧʦʣʥʝʥʥʳʤ ʛʠʜʨʘ-
ʪʦʤ. 

 

 

ʈʠʩ. 1 ɿʘʚʠʩʠ-
ʤʦʩʪʴ ʤʥʠʤʦʡ 
ʯʘʩʪʠ ʜʠʵʣʝʢʪʨʠ-
ʯʝʩʢʦʡ ʧʨʦʥʠʮʘʝ-
ʤʦʩʪʠ ʦʪ ʵʥʝʨʛʠʠ 
ʧʝʨʝʭʦʜʘ 
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ʇʨʠʯʠʥʳ ʜʘʥʥʳʭ ʦʩʦʙʝʥʥʦʩʪʝʡ ʦʧʪʠʯʝʩʢʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʛʠʜʨʘʪʦʚ 
ʤʝʪʘʥʘ ʣʝʞʘʪ ʚ ʝʛʦ ʵʣʝʢʪʨʦʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʍʘʨʘʢʪʝʨ ʣʦʢʘʣʠʟʘʮʠʠ ʚʦʟʙʫ-
ʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʠ ʧʨʠʨʦʜʘ ʦʧʪʠʯʝʩʢʠʭ ʧʝʨʝʭʦʜʦʚ ʪʘʢʞʝ ʦʙʩʫʞʜʘʝʪʩʷ 
ʚ ʜʘʥʥʦʡ ʨʘʙʦʪʝ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʌʎʇ "ʀʩʩʣʝʜʦʚʘʥʠʷ ʠ ʨʘʟʨʘʙʦʪʢʠ 
ʧʦ ʧʨʠʦʨʠʪʝʪʥʳʤ ʥʘʧʨʘʚʣʝʥʠʷʤ ʨʘʟʚʠʪʠʷ ʥʘʫʯʥʦ-ʪʝʭʥʦʣʦʛʠʯʝʩʢʦʛʦ ʢʦʤ-
ʧʣʝʢʩʘ ʈʦʩʩʠʠ ʥʘ 2007-2013 ʛʦʜʳ" (ɻʂ ˉ 16.525.11.5013). 

ʂʆʄʇʔʖʊɽʈʅʆɽ ʄʆɼɽʃʀʈʆɺɸʅʀɽ ɺɽʂʊʆʈʅʓʍ 
ɺɿɸʀʄʆɼɽʁʉʊɺʀʁ ʉɺɽʊʆɺʓʍ ɺʆʃʅ ɺ ɼɺʋʆʉʅʓʍ 

ʂʈʀʉʊɸʃʃɸʍ 
 

ɽ.ʄ. ɹʦʛʜʘʥʦʚʘ, ɸ.ʀ. ʀʣʣʘʨʠʦʥʦʚ, ʆ.ɺ. ɻʦʨʝʚʘ 
 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, 664074, ʛ. 
ʀʨʢʫʪʩʢ, ʫʣ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ,15 

 
 
 ʇʨʠ ʧʨʝʦʙʨʘʟʦʚʘʥʠʠ ʠʟʣʫʯʝʥʠʷ ʩʦ ʩʣʦʞʥʳʤ ʚʦʣʥʦʚʳʤ ʬʨʦʥʪʦʤ ʧʦ 
ʯʘʩʪʦʪʝ ʚ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚʦʟʤʦʞʥʘ ʦʜʥʦʚʨʝʤʝʥʥʘʷ ʨʝʘʣʠʟʘʮʠʷ 
ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʠ ʚʝʢʪʦʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ. ʈʘʩʯʝʪ ʥʘʧʨʘʚʣʝʥʠʡ ʚʝʢʪʦʨʥʦ-
ʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʷʚʣʷʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʠ ʛʨʦ-
ʤʦʟʜʢʦʡ ʟʘʜʘʯʝʡ, ʧʦʵʪʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʩʫʱʝʩʪʚʫʝʪ ʤʦʜʝʣʠ ʨʘʩʯʝʪʘ 
ʵʪʠʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʡ ʪʦʣʴʢʦ ʚ ʦʧʨʝʜʝʣʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʬʠʟʠʯʝʩʢʠʭ ʧʣʦʩ-
ʢʦʩʪʷʭ.  

ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʨʘʙʦʪʝ ʨʘʩʩʤʘʪʨʠʚʘʝʪʩʷ ʤʘʪʝʤʘʪʠʯʝʩʢʘʷ ʤʦʜʝʣʴ, 
ʧʦʟʚʦʣʷʶʱʘʷ ʨʘʩʩʯʠʪʳʚʘʪʴ ʫʛʣʳ ʚʝʢʪʦʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ  ʜʚʫʦʩʥʳʭ 
ʢʨʠʩʪʘʣʣʦʚ ʚ ʣʶʙʳʭ ʩʝʯʝʥʠʷʭ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ. 

ʇʨʠ ʚʝʢʪʦʨʥʳʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷʭ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʚ ʥʝʣʠʥʝʡʥʳʭ ʢʨʠ-
ʩʪʘʣʣʘʭ ʣʶʙʦʝ ʠʟʤʝʥʝʥʠʝ ʫʛʣʘ ʤʝʞʜʫ ʜʚʫʤʷ ʣʫʯʘʤʠ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ 
ʧʨʠʚʦʜʠʪ ʢ ʠʟʤʝʥʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʫʯʘ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 
ʚʦʟʥʠʢʰʝʛʦ ʚ ʦʙʣʘʩʪʠ ʧʝʨʝʩʝʯʝʥʠʷ ʧʝʨʚʳʭ ʜʚʫʭ.  ʇʫʩʪʴ ʚʦʣʥʦʚʳʝ ʚʝʢ-
ʪʦʨʳ 1k

C
 ʠ 2k
C

 ʚʦʣʥ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪ, ʩʦʩʪʘʚʣʷʶʱʠʝ ʫʛʦʣ ɣ, ʠ 3k
C

 - ʚʦʣʥʦʚʦʡ 
ʚʝʢʪʦʨ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʙʨʘʟʫʶʪ ʩ ʢʨʠʩʪʘʣʣʦʬʠʟʠʯʝʩʢʦʡ 
ʦʩʴʶ z ʫʛʣʳ ɗ1, ɗ2, ɗ3.  ʇʨʦʝʢʮʠʠ ʵʪʠʭ ʚʝʢʪʦʨʦʚ ʥʘ ʧʣʦʩʢʦʩʪʴ xy ʦʪʥʦʩʠ-
ʪʝʣʴʥʦ ʦʩʠ x ʦʙʨʘʟʫʶʪ ʫʛʣʳ ű1, ű2, ű3 .  ʌʫʥʢʮʠʦʥʘʣʴʥʘʷ ʩʚʷʟʴ ʤʝʞʜʫ ʫʛ-
ʣʘʤʠ ɗ1, ɗ2 ʠ ɗ3  ʧʨʠ ʫʩʣʦʚʠʠ ʚʳʧʦʣʥʝʥʠʷ  ʬʘʟʦʚʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʧʦ ʨʝ-
ʟʫʣʴʪʘʪʘʤ ʧʨʦʚʝʜʝʥʥʳʭ ʨʘʩʯʝʪʦʚ  ʠʤʝʝʪ ʩʣʝʜʫʶʱʠʡ ʚʠʜ: 
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ʛʜʝ 1n , 2n  - ʧʦʢʘʟʘʪʝʣʠ ʧʨʝʣʦʤʣʝʥʠʷ ʢʨʠʩʪʘʣʣʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʫʶʱʠʭ 
ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʦʩʥʦʚʥʳʭ ʯʘʩʪʦʪ, ʢʦʪʦʨʳʝ ʨʘʩʩʯʠʪʳʚʘʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʬʦʨʤʫʣ ʌʨʝʥʝʣʷ ʠ ʉʝʣʤʝʡʝʨʘ ʩ ʫʯʝʪʦʤ ʪʠʧʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ; 1l , 2l  
-  ʜʣʠʥʳ ʩʚʝʪʦʚʳʭ ʚʦʣʥ ʩ ʚʦʣʥʦʚʳʤʠ ʚʝʢʪʦʨʘʤʠ 1k

C
 ʠ 2k
C

. 
 ʅʘ ʦʩʥʦʚʝ ʨʘʟʨʘʙʦʪʘʥʥʦʡ ʤʘʪʝʤʘʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ ʩʦʩʪʘʚʣʝʥʘ  ʢʦʤ-
ʧʴʶʪʝʨʥʘʷ ʧʨʦʛʨʘʤʤʘ ʨʘʩʯʝʪʘ ʫʛʣʦʚ ʚʝʢʪʦʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʚ ʧʨʦʩʪʨʘʥ-
ʩʪʚʝ ʜʚʫʦʩʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ mm2.  

ʌʃʋʆʈɽʉʎɽʅʊʅʓɽ ʀɿʆɹʈɸɾɽʅʀʗ ʇʈʆʀɿɺʆʃʔʅʆ 
ʆʈʀɽʅʊʀʈʆɺɸʅʅʓʍ ʆɼʀʅʆʏʅʓʍ ʄʆʃɽʂʋʃ, 

ʇʆʃʋʏɸɽʄʓɽ ʉ ʇʈʀʄɽʅɽʅʀɽʄ ʇʈʆʉʊʈɸʅʉʊɺɽʅʅʆ-
ʅɽʆɼʅʆʈʆɼʅʓʍ ʕʃʃʀʇʊʀʏɽʉʂʀ-ʇʆʃʗʈʀɿʆɺɸʅʅʓʍ 

ɺɽʂʊʆʈʅʓʍ ʇʋʏʂʆɺ 
 

ʉ.ɺ. ɹʦʡʯʝʥʢʦ, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ 
 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 
ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, ste89@yandex.ru 

 
 

ɿʘʜʘʯʘ ʨʘʙʦʪʳ ʩʦʩʪʦʠʪ ʚ ʧʦʚʳʰʝʥʠʠ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʚʦʟʙʫʞʜʝʥʠʷ 
ʧʨʦʠʟʚʦʣʴʥʦ ʦʨʠʝʥʪʠʨʦʚʘʥʥʳʭ ʦʜʠʥʦʯʥʳʭ ʢʚʘʥʪʦʚʳʭ ʩʠʩʪʝʤ ʩ ʚʦʟʤʦʞʥʦ-
ʩʪʴʶ ʦʧʨʝʜʝʣʝʥʠʷ ʠʭ ʦʨʠʝʥʪʘʮʠʠ ʚ ʤʝʪʦʜʝ ʬʣʫʦʨʝʩʮʝʥʪʥʦʡ ʢʦʥʬʦʢʘʣʴʥʦʡ 
ʩʢʘʥʠʨʫʶʱʝʡ ʤʠʢʨʦʩʢʦʧʠʠ. ʈʝʰʝʥʠʝ ʦʩʥʦʚʘʥʦ ʥʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʤʦ-
ʜʫʣʷʮʠʠ ʧʦʣʷʨʠʟʘʮʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʚ ʩʝʯʝʥʠʠ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʣʘʟʝʨʥʦ-
ʛʦ ʣʫʯʘ, ʚʭʦʜʷʱʝʛʦ ʚ ʦʙʲʝʢʪʠʚ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ. 
ʄʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ ʠ ʫʩʣʦʚʠʷ, ʜʣʷ ʢʦʪʦʨʳʭ ʧʨʦʚʦʜʠʪʩʷ ʨʘʩʯʸʪ, ʪʝ 
ʞʝ, ʯʪʦ ʚ [1]. ɺ ʢʘʯʝʩʪʚʝ ʧʘʨʘʤʝʪʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ e ʧʨʠʥʷʪʦ ʦʪʥʦʰʝʥʠʝ 
ʤʘʢʩʠʤʘʣʴʥʦʛʦ ʟʥʘʯʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʥʘ ʣʶʤʠʥʝʩʮʝʥʪʥʦʤ ʩʢʘʥʠʨʦʚʘʥ-
ʥʦʤ ʠʟʦʙʨʘʞʝʥʠʠ ʤʠʥʠʤʘʣʴʥʦ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʜʠʧʦʣʷ ʢ ʘʥʘʣʦʛʠʯʥʦʤʫ 
ʟʥʘʯʝʥʠʶ ʤʘʢʩʠʤʘʣʴʥʦ ʚʦʟʙʫʞʜʘʝʤʦʛʦ ʜʠʧʦʣʷ.  

ɺ ʤʠʨʦʚʦʡ ʧʨʘʢʪʠʢʝ ʜʘʥʥʘʷ ʟʘʜʘʯʘ ʨʝʰʘʣʘʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʣʠ-
ʥʝʡʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʚʭʦʜʥʦʛʦ ʣʫʯʘ [2] (e<9%), ʨʘʜʠʘʣʴʥʦ-
ʧʦʣʷʨʠʟʦʚʘʥʥʦʛʦ ʣʫʯʘ [3] (e ʜʦʩʪʠʛʘʝʪ 60%), ʦʙʦʙʱʝʥʥʦʛʦ ʮʠʣʠʥʜʨʠʯʝ-
ʩʢʦʛʦ ʚʝʢʪʦʨʥʦʛʦ ʧʫʯʢʘ [4] (e ʜʦʩʪʠʛʘʝʪ 60%) (ʟʥʘʯʝʥʠʷ e ʜʣʷ ʥʘʰʠʭ ʫʩʣʦ-
ʚʠʡ). 
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ʅʝʜʦʩʪʘʪʢʦʤ ʮʠʣʠʥʜʨʠʯʝʩʢʠʭ ʚʝʢʪʦʨʥʳʭ ʧʫʯʢʦʚ ʷʚʣʷʝʪʩʷ ʩʣʦʞ-
ʥʦʩʪʴ ʪʝʭʥʠʯʝʩʢʦʡ ʨʝʘʣʠʟʘʮʠʠ. ʈʘʥʝʝ ʥʘʤʠ ʙʳʣʦ ʧʨʝʜʣʦʞʝʥʦ ʙʦʣʝʝ ʧʨʦ-
ʩʪʦʝ ʚ ʨʝʘʣʠʟʘʮʠʠ ʥʝʦʜʥʦʨʦʜʥʦʝ ʮʠʨʢʫʣʷʨʥʦ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʩʚʝʪʦʚʦʝ 
ʧʦʣʝ ʚʭʦʜʥʦʛʦ ʣʫʯʘ, ʜʣʷ ʢʦʪʦʨʦʛʦ ʨʘʩʩʯʠʪʘʥʥʳʡ ʧʘʨʘʤʝʪʨ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 
ʩʦʩʪʘʚʣʷʝʪ 47% [1]. ɿʜʝʩʴ ʚ ʮʝʣʷʭ ʧʦʚʳʰʝʥʠʷ ʵʬʬʝʢʪʠʚʥʦʩʪʠ ʤʳ ʠʩʩʣʝʜʫ-
ʝʤ ʥʝʦʜʥʦʨʦʜʥʦʝ ʵʣʣʠʧʪʠʯʝʩʢʠ-ʧʦʣʷʨʠʟʦʚʘʥʥʦʝ ʧʦʣʝ (Ex=sgn(cosj)-
Aexp(iF)sgn(sinj), Ey=sgn(sinj)+Aexp(iF)sgn(cosj), j ï ʧʦʣʷʨʥʳʡ  ʫʛʦʣ ʚ 
ʩʝʯʝʥʠʠ ʣʫʯʘ, F ʠ A ï ʚʘʨʴʠʨʫʝʤʳʝ ʧʘʨʘʤʝʪʨʳ). ʇʦʜʙʦʨʦʤ ʧʘʨʘʤʝʪʨʦʚ F 
ʠ A ʫʜʘʣʦʩʴ ʧʦʣʫʯʠʪʴ ʨʘʩʯʸʪʥʦʝ ʟʥʘʯʝʥʠʝ ʧʘʨʘʤʝʪʨʘ ʵʬʬʝʢʪʠʚʥʦʩʪʠ 77%. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʛʨʘʤʤʘʤ ʆʌʅ ʈɸʅ (ʧʨʦʝʢʪ III.9.3) ʠ ʉʆ 
ʈɸʅ - ʅɸʅ ɹʝʣʘʨʫʩʠ (ʧʨʦʝʢʪ ˉ 13). 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʉ.ɺ. ɹʦʡʯʝʥʢʦ, ɽ.ʌ.ʄʘʨʪʳʥʦʚʠʯ, ʇʠʩʴʤʘ ʚ ɾʊʌ, 38, 72ï80, (2012). 
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ʇʨʠ ʣʘʟʝʨʥʦʡ ʀʂ-ʥʘʢʘʯʢʝ (972 ʥʤ) ʢʨʠʩʪʘʣʣʦʚ Er:BaY2F8 ʚ ʦʪʢʨʳ-

ʪʦʤ ʧʦʣʫʢʦʥʬʦʢʘʣʴʥʦʤ ʨʝʟʦʥʘʪʦʨʝ ʛʝʥʝʨʠʨʫʝʪʩʷ ʣʠʥʠʠ ʀʂ-ʠʟʣʫʯʝʥʠʷ 
(2740 ʥʤ ʠ 2900 ʥʤ). ʇʨʠ ʵʪʦʤ ʥʘʙʣʶʜʘʶʪʩʷ ʥʘʙʦʨ ʩʦʧʫʪʩʪʚʫʶʱʠʭ ʣʠʥʠʠ 
ʋʌ (378 ʥʤ, 382 ʥʤ), ʚʠʜʠʤʦʛʦ ï 407 ʥʤ, 414 ʥʤ, 541ʥʤ, 553 ʥʤ ʠ ʀʂ ï 
1230 ʥʤ, 1650 ʥʤ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʃʠʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ  541 ʥʤ,  553 ʥʤ,  1230 ʥʤ,  1650 ʥʤ, 2740 
ʥʤ, 2900 ʥʤ ʩʦʦʪʚʝʪʩʪʚʫʝʪ  ʠʟʚʝʩʪʥʳʤ ʠʟʣʫʯʘʪʝʣʴʥʳʤ ʵʣʝʢʪʨʦʥʥʳʤ ʧʝʨʝ-
ʭʦʜʘʤ ʚ ʠʦʥʘʭ Er3+[1].  ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʳʭʦʜ ʠʟʣʫʯʝʥʠʷ  ʥʘ 541 ʥʤ, 553 
ʥʤ [2] ʠ 1230 ʥʤ, 1650 ʥʤ ʠʤʝʝʪ ʢʚʘʜʨʘʪʠʯʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʠ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ. ʇʨʠ ʣʘʤʧʦʚʦʤ ʚʦʟʙʫʞʜʝʥʠʠ (l=970 ʥʤ) ʪʘʢʦʡ  
ʞʝ   ʤʦʱʥʦʩʪʴʶ ʥʘʙʣʶʜʘʝʪʩʷ ʠʟʣʫʯʝʥʠʝ ʣʠʰʴ ʥʘ 2740 ʥʤ,  2900 ʥʤ.   ʕʪʠ 
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ʨʝʟʫʣʴʪʘʪʳ ʦʪʚʝʨʛʘʶʪ ʢʦʦʧʝʨʘʪʠʚʥʳʡ ʤʝʭʘʥʠʟʤ  ʠ ʧʨʷʤʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ 
ʥʘ ʜʚʫʭʩʪʫʧʝʥʯʘʪʳʡ ʧʨʦʮʝʩʩ ʚʦʟʙʫʞʜʝʥʠʷ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ Er3+ ï 541ʥʤ, 
553 ʥʤ, 1230 ʥʤ, 1650 ʥʤ ʚ ʢʨʠʩʪʘʣʣʘʭ Er:BaY2F8. 

  ɺ ʢʨʠʩʪʘʣʣʘʭ Er:BaY2F8 ʣʠʥʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʚ ʋʌ (378 ʥʤ, 
382 ʥʤ) ʠ  ʚʠʜʠʤʦʡ ï 407 ʥʤ, 414 ʥʤ ʦʙʣʘʩʪʷʭ ʩʧʝʢʪʨʘ ʥʝ ʩʚʷʟʘʥʳ ʩ ʠʟ-
ʚʝʩʪʥʳʤʠ [1] ʠʟʣʫʯʘʪʝʣʴʥʳʤʠ ʧʝʨʝʭʦʜʘʤʠ ʵʣʝʢʪʨʦʥʦʚ  ʚ  ʠʦʥʘʭ Er3+. ʋʩ-
ʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʣʘʟʝʨʥʳʝ ʣʠʥʠʠ  ʧʨʠ 378 ʥʤ, 382 ʥʤ ʠ 407 ʥʤ, 414 ʥʤ ʥʘ-
ʙʣʶʜʘʶʪʩʷ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʠʦʜʥʦʡ ʀʂ-ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ, ʧʨʝʚʳ-
ʰʘʶʱʝʡ ~ 0,8 ʄɺʪ/ʩʤ2.   ʂʨʦʤʝ ʪʦʛʦ, ʧʘʨʘ ʣʠʥʠʡ ʠʟʣʫʯʝʥʠʷ ʧʨʠ 541 ʥʤ ʠ 
553 ʥʤ ʠʤʝʝʪ ʟʥʘʯʠʪʝʣʴʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ. ʕʪʠ ʦʩʦʙʝʥʥʦʩʪʠ ʫʢʘʟʳʚʘʶʪ 
ʥʝʣʠʥʝʡʥʦʝ ʩʘʤʦʧʨʝʦʙʨʘʟʦʚʘʥʠʝ ʯʘʩʪʦʪ ʣʠʥʠʡ ʚʳʥʫʞʜʝʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ 
Er3+ ʧʨʠ 541 ʥʤ, 553 ʥʤ, 1230 ʥʤ, 1650 ʥʤ. ɸʥʘʣʠʟ ʧʦʢʘʟʘʣ, ʯʪʦ ʥʝʣʠʥʝʡ-
ʥʦʝ ʩʣʦʞʝʥʠʝ ʯʘʩʪʦʪ ʣʠʥʠʡ 541 ʥʤ ʠ 553 ʥʤ ʩ ʯʘʩʪʦʪʘʤʠ ʣʠʥʠʠ 1230 ʥʤ ʠ 
1650 ʥʤ ʬʦʨʤʠʨʫʝʪ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ  ʣʠʥʠʠ ʋʌ ï 378 ʥʤ, 382 ʥʤ ʠ  ʚʠʜʠ-
ʤʦʛʦ ï 407 ʥʤ, 414 ʥʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ɼʘʥʥʳʡ ʨʝʟʫʣʴʪʘʪ ʫʢʘʟʳʚʘʝʪ 
ʥʘ ʜʦʩʪʘʪʦʯʥʦ ʚʳʩʦʢʫʶ ʥʝʣʠʥʝʡʥʫʶ ʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʚ ʢʘʥʘʣʝ ʚʳʥʫʞ-
ʜʝʥʥʦʛʦ  ʠʟʣʫʯʝʥʠʷ  ʠʦʥʦʚ Er3+ ʢʨʠʩʪʘʣʣʦʚ Er:BaY2F8
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ʀʟʤʝʨʝʥʠʝ ʩʦʜʝʨʞʘʥʠʷ ʦʢʩʠ (HbO8) ʠ ʜʝʟʦʢʩʠ (HbO0) ʬʦʨʤ ʛʝʤʦ-
ʛʣʦʙʠʥʘ (Hb)  ʚ ʢʦʞʝ ʤʝʪʦʜʦʤ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʠ ʧʦʟʚʦʣʷʝʪ ʨʘʩʩʯʠʪʘʪʴ 
ʥʝ ʪʦʣʴʢʦ ʩʨʝʜʥʶʶ (ʧʦ ʦʙʲʸʤʫ ʪʢʘʥʠ) ʢʦʥʮʝʥʪʨʘʮʠʶ (ʉ) ʛʝʤʦʛʣʦʙʠʥʘ 
(CHb = CHbO0 + CHbO8) ʠ ʩʪʝʧʝʥʴ ʝʛʦ ʦʢʩʠʛʝʥʘʮʠʠ (C%HbO8_= 
100%ĬCHbO8/CHb), ʥʦ ʠ ʦʧʨʝʜʝʣʠʪʴ ʩʦʜʝʨʞʘʥʠʝ ʜʨʫʛʠʭ ʭʨʦʤʦʬʦʨʦʚ, 
ʠʤʝʶʱʠʭ ʧʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 450-800 ʥʤ. ʄʝʪʦʜ 
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ʘʚʪʦʢʘʣʠʙʨʦʚʢʠ ʧʨʠʤʝʥʸʥ ʜʣʷ ʨʘʩʯʝʪʘ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝ-
ʩʢʦʡ ʤʦʜʝʣʠ ʦʙʲʝʢʪʘ ʩ ʥʝʨʘʚʥʦʤʝʨʥʦ ʨʘʩʧʨʝʜʝʣʝʥʥʳʤ ʭʨʦʤʦʬʦʨʦʤ, ʧʨʝʜ-
ʩʪʘʚʣʝʥʥʦʡ ʚ ʨʘʙʦʪʝ (1). ɺ ʢʘʯʝʩʪʚʝ ʦʩʥʦʚʥʦʛʦ (ʜʦʤʠʥʘʥʪʥʦʛʦ) ʭʨʦʤʦʬʦʨʘ 
ʠʩʧʦʣʴʟʫʝʪʩʷ ʛʝʤʦʛʣʦʙʠʥ, ʢʦʪʦʨʳʡ ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʤʝʩʴ ʧʨʦʠʟʚʦʣʴʥʦʡ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʦʢʩʠ ʠ ʜʝʟʦʢcʠ ʬʦʨʤ Hb ʠ, ʪʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʥʘʯʝʥʠʝ ʧʦʢʘʟʘ-
ʪʝʣʷ ʤʦʣʷʨʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ (Ů) ʜʣʷ Hb ʘʧʨʠʦʨʠ ʠʟʚʝʩʪʥʦ ʪʦʣʴʢʦ ʚ ʠʟʦʩʙʝ-
ʩʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ, ʪʦ ʝʩʪʴ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ, ʛʜʝ Ů ʜʣʷ ʦʢʩʠ ʠ ʜʝʟʦʢʩʠ ʬʦʨʤ 
ʦʜʠʥʘʢʦʚ. ʅʘʣʠʯʠʝ ʩʝʤʠ ʪʘʢʠʭ ʪʦʯʝʢ ʚ ʫʢʘʟʘʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ 
ʧʦʟʚʦʣʷʝʪ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʦʧʨʝʜʝʣʠʪʴ  çʬʦʥʦʚʦʝè ʦʩʣʘʙʣʝʥʠʝ ʩʚʝʪʘ, ʥʝ 
ʦʙʫʩʣʦʚʣʝʥʥʦʝ ʧʦʛʣʦʱʝʥʠʝʤ ʦʩʥʦʚʥʳʤ ʭʨʦʤʦʬʦʨʦʤ, ʢʦʪʦʨʦʝ ʜʣʷ ʢʦʞʠ 
ʭʦʨʦʰʦ ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ ʧʦʣʠʥʦʤʦʤ ʥʝ ʚʳʰʝ ʚʪʦʨʦʡ ʩʪʝʧʝʥʠ (2,3). ʈʘʩ-
ʯʝʪ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʧʦʣʠʥʦʤʘ, ʤʦʜʝʣʠʨʫʶʱʝʛʦ ʬʦʥʦʚʦʝ ʦʩʣʘʙʣʝʥʠʝ ʩʚʝʪʘ 
(-LgTʩ), ʘ ʪʘʢʞʝ ʟʥʘʯʝʥʠʝ C%HbO8 ʠ ʧʘʨʘʤʝʪʨʳ (m, k, ʠ Tp) ʤʦʜʝʣʠ (1), 
ʫʯʠʪʳʚʘʶʱʝʡ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʭʨʦʤʦʬʦʨʘ, ʧʦʜʙʠʨʘʶʪʩʷ ʩ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʤʝʪʦʜʘ ʘʚʪʦʢʘʣʠʙʨʦʚʢʠ.  

ʂʨʠʪʝʨʠʝʤ ʠʩʪʠʥʥʦʩʪʠ ʧʦʜʦʙʨʘʥʥʳʭ ʧʘʨʘʤʝʪʨʦʚ ʷʚʣʷʝʪʩʷ ʣʠʥʝʡʥʦʩʪʴ 
ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ, ʚ ʢʦʪʦʨʦʡ ʧʦ ʦʩʠ ʘʙʩʮʠʩʩ ʦʪʣʦʞʝʥʦ ʨʘʚ-
ʥʦʤʝʨʥʦ ʚʦʟʨʘʩʪʘʶʱʝʝ ʟʥʘʯʝʥʠʝ Ů ʜʣʷ Hb, ʘ ʧʦ ʦʩʠ ʦʨʜʠʥʘʪ ʵʪʠʤ ʪʦʯʢʘʤ 
ʩʦʧʦʩʪʘʚʣʝʥʦ ʟʥʘʯʝʥʠʝ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ D = -Lg T, ʠʟʤʝʨʝʥʥʦʝ ʧʨʠ 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʝʡ ʜʣʠʥʝ ʚʦʣʥʳ. ʇʦʥʷʪʥʦ, ʯʪʦ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʣʠʥʝʡʥʦʡ ʘʚ-
ʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʧʨʠ ʧʦʜʙʦʨʝ ʟʥʘʯʝʥʠʷ C%HbO8 ʪʨʝʙʫʝʪʩʷ 
ʟʥʘʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʡ ʤʦʜʝʣʠ, ʜʣʷ ʨʘʩʯʝʪʘ ʢʦʪʦ-
ʨʳʭ, ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ, ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʚʝʩʪʥʦ ʟʥʘʯʝʥʠʝ Ů ʛʝʤʦʛʣʦʙʠʥʘ ʚʦ 
ʚʩʝʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦʥʝ, ʘ ʥʝ ʪʦʣʴʢʦ ʚ ʠʟʦʩʙʝʩʪʠʯʝʩʢʠʭ ʪʦʯʢʘʭ (ʪʦ 
ʝʩʪʴ ʜʦʣʞʥʦ ʙʳʪʴ ʠʟʚʝʩʪʥʦ C%HbO8). ʈʝʰʠʪʴ ʵʪʫ ʟʘʜʘʯʫ ʫʜʘʣʦʩʴ ʙʣʘʛʦʜʘ-
ʨʷ ʪʦʤʫ, ʯʪʦ ʦʪʢʣʦʥʝʥʠʝ ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʡ ʚ 
ʪʦʤ ʩʣʫʯʘʝ, ʝʩʣʠ ʦʥʦ ʚʳʟʚʘʥʦ ʪʦʣʴʢʦ ʥʝʚʝʨʥʳʤʠ ʟʥʘʯʝʥʠʷʤʠ ʧʘʨʘʤʝʪʨʦʚ 
m, n ʠ Tp ʩʧʝʢʪʨʘʣʴʥʦʡ ʤʦʜʝʣʠ, ʦʪʦʙʨʘʞʘʶʱʠʭ ʥʝʨʘʚʥʦʤʝʨʥʦʝ ʨʘʩʧʨʝʜʝ-
ʣʝʥʠʝ ʭʨʦʤʦʬʦʨʘ ʚ ʪʦʣʱʝ ʦʙʨʘʟʮʘ, ʙʫʜʝʪ ʠʤʝʪʴ ʚʠʜ ʤʦʥʦʪʦʥʥʦʡ ʟʘʚʠʩʠ-
ʤʦʩʪʠ, ʢʦʪʦʨʘʷ ʜʦʩʪʘʪʦʯʥʦ ʪʦʯʥʦ ʠʥʪʝʨʧʦʣʠʨʫʝʪʩʷ  ʤʥʦʛʦʯʣʝʥʦʤ ʪʨʝʪʴʝʡ 
ʩʪʝʧʝʥʠ. ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʟʘʜʘʯʘ ʥʘʭʦʞʜʝʥʠʷ ʧʘʨʘʤʝʪʨʦʚ m, n ʠ Tp ʤʦʜʝʣʠ 
ʤʦʞʝʪ ʧʨʦʚʦʜʠʪʴʩʷ ʧʦʩʣʝ ʪʦʛʦ, ʢʘʢ ʨʘʩʩʯʠʪʘʥʦ ʬʦʥʦʚʦʝ ʦʩʣʘʙʣʝʥʠʝ ʠ ʧʦ-
ʜʦʙʨʘʥʦ ʟʥʘʯʝʥʠʝ C%HbO8. ʂʨʠʪʝʨʠʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 
ʟʘʚʠʩʠʤʦʩʪʠ -Lgʊʩ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʠ ʟʥʘʯʝʥʠʷ C%HbO8 ʷʚʣʷʝʪʩʷ ʩʪʨʝʤ-
ʣʝʥʠʝ ʢ 1 ʜʦʩʪʦʚʝʨʥʦʩʪʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ (R2) ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʧʦʣʠʥʦʤʦʤ (ʜʣʷ ʧʦʩʪʨʦʝʥʠʷ ʤʥʦʛʦʯʣʝʥʘ ʠʩʧʦʣʴʟʦʚʘʥʘ ʧʨʦʛʨʘʤʤʘ 
EXCEL). ʅʝʚʝʨʥʳʝ ʧʘʨʘʤʝʪʨʳ ʬʦʥʦʚʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠʣʠ ʥʝʪʦʯʥʦʝ ʟʥʘʯʝ-
ʥʠʝ C%HbO8 ʠʩʢʣʶʯʘʶʪ ʪʦʯʥʫʶ ʘʧʧʨʦʢʩʠʤʘʮʠʶ ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘ-
ʚʠʩʠʤʦʩʪʠ, ʪʘʢ ʢʘʢ ʚ ʵʪʠʭ ʩʣʫʯʘʷʭ ʦʪʢʣʦʥʝʥʠʝ ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʟʘʚʠ-
ʩʠʤʦʩʪʠ ʦʪ ʣʠʥʝʡʥʦʡ ʥʦʩʠʪ ʥʝʤʦʥʦʪʦʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʇʦʩʣʝ ʧʦʜʙʦʨʘ ʧʘ-
ʨʘʤʝʪʨʦʚ ʬʦʥʦʚʦʛʦ ʦʩʣʘʙʣʝʥʠʷ ʠ ʥʘʭʦʞʜʝʥʠʷ ʩʪʝʧʝʥʠ ʦʢʩʠʛʝʥʘʮʠʠ Hb, 
ʩʣʝʜʫʝʪ  ʥʘʡʪʠ ʧʘʨʘʤʝʪʨʳ Tp, m ʠ k ʤʦʜʝʣʠ. ʂʨʠʪʝʨʠʝʤ ʧʨʘʚʠʣʴʥʦʩʪʠ 
ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ ʚ ʵʪʦʤ ʩʣʫʯʘʝ ʷʚʣʷʝʪʩʷ ʩʪʨʝʤʣʝʥʠʝ ʘʚʪʦʢʘʣʠʙʨʦʚʦʯ-
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ʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʢ ʣʠʥʝʡʥʦʤʫ ʚʠʜʫ. ɺʳʯʠʩʣʝʥʠʝ ʧʘʨʘʤʝʪʨʦʚ ʤʦʜʝʣʠ ʧʦ-
ʟʚʦʣʷʝʪ ʚʳʜʝʣʠʪʴ ʦʩʣʘʙʣʝʥʠʝ ʩʚʝʪʘ, ʢʦʪʦʨʦʝ ʦʙʫʩʣʦʚʣʝʥʦ ʠʤʝʥʥʦ ʧʦʛʣʦ-
ʱʝʥʠʝʤ Hb, ʠ ʨʘʩʩʯʠʪʘʪʴ CHb. ʆʩʪʘʚʰʠʝʩʷ ʧʦʩʣʝ ʧʦʜʙʦʨʘ ʧʘʨʘʤʝʪʨʦʚ 
çʚʳʙʨʦʩʳè ʥʘ ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʥʝ ʦʙʫʩʣʦʚʣʝʥʳ ʧʦʛʣʦʱʝʥʠʝʤ 
ʛʝʤʦʛʣʦʙʠʥʘ ʠʣʠ (ʤʦʥʦʪʦʥʥʦ ʤʝʥʷʶʱʠʤʩʷ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ) çʬʦʥʦʚʳʤè 
ʦʩʣʘʙʣʝʥʠʝʤ  ʩʚʝʪʘ ʠ ʤʦʛʫʪ ʙʳʪʴ ʩʚʷʟʘʥʳ ʩ ʧʦʛʣʦʱʝʥʠʝʤ ʩʚʝʪʘ ʭʨʦʤʦʬʦ-
ʨʘʤʠ, ʠʤʝʶʱʠʤʠ ʧʠʢʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʚʳʙʨʘʥʥʦʤ ʩʧʝʢʪʨʘʣʴʥʦʤ ʜʠʘʧʘʟʦ-
ʥʝ. ʊʨʘʥʩʬʦʨʤʘʮʠʷ ʘʚʪʦʢʘʣʠʙʨʦʚʦʯʥʦʡ ʢʨʠʚʦʡ ʢ ʟʘʚʠʩʠʤʦʩʪʠ ʨʘʩʩʯʠʪʘʥ-
ʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʦʪ ʜʣʠʥʳ ʚʦʣʥʳ ʧʦʟʚʦʣʠʪ ʚʳʷʚʠʪʴ ʠ ʠʟʤʝʨʠʪʴ ʧʦʛʣʦʱʝ-
ʥʠʝ ʩʚʝʪʘ ʵʪʠʤʠ ʭʨʦʤʦʬʦʨʘʤʠ ʠ ʨʘʩʩʯʠʪʘʪʴ ʠʭ (ʩʨʝʜʥʶʶ ʧʦ ʦʙʲʝʤʫ) ʢʦʥ-
ʮʝʥʪʨʘʮʠʶ ʠʣʠ ʧʦʚʝʨʭʥʦʩʪʥʫʶ ʧʣʦʪʥʦʩʪʴ.  
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1. ɹʦʥʜʳʨʝʚ ʖ.ɸ., ʉʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʘʷ ʤʦʜʝʣʴ ʜʣʷ ʨʘʩʯʝʪʘ ʧʦ-
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ʛ.,ʇʦʩʝʣʦʢ ʍʫʞʠʨ, ʈʦʩʩʠʷ 
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ɺʃʀʗʅʀɽ ʀʆʅʆɺ ɻʀɼʈʆʂʉʀʃɸ, ʀʍ 
ʊɽʈʄʆʇʈɽʆɹʈɸɿʆɺɸʅʀʗ ʅɸ Eu3+ ʎɽʅʊʈʓ ɺʆ ʌʊʆʈʀɼɽ 

ʂɸʃʔʎʀʗ 
 

ʃ.ʀ. ɹʨʶʢʚʠʥʘ 
 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 
ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, baikal@ilph.irk.ru 

 
 

 ɺʦ ʬʪʦʨʠʜʘʭ ʱʝʣʦʯʥʦ-ʟʝʤʝʣʴʥʳʭ ʤʝʪʘʣʣʦʚ ʤʝʞʜʦʫʟʝʣʴʥʳʝ ʠʦʥʳ 
Fľ, ʠʦʥʳ OHľ ʠ O2ľ, ʦʩʫʱʝʩʪʚʣʷʷ ʢʦʤʧʝʥʩʘʮʠʶ  ʠʟʙʳʪʦʯʥʦʛʦ ʧʦʣʦʞʠ-
ʪʝʣʴʥʦʛʦ ʟʘʨʷʜʘ ʪʨʝʭʚʘʣʝʥʪʥʦʛʦ ʧʨʠʤʝʩʥʦʛʦ ʢʘʪʠʦʥʘ, ʩʦʟʜʘʶʪ ʙʦʣʴʰʦʝ 
ʨʘʟʥʦʦʙʨʘʟʠʝ Eu3+ʮʝʥʪʨʦʚ.  
 ɺ ʀʂ ʩʧʝʢʪʨʝ ʠʟʫʯʘʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ CaF2:Eu, OH, O ʚ ʦʙʣʘʩʪʠ ʦʪ 
2500 ʜʦ 3300 ʩʤ-1 ʥʘʤʠ ʟʘʬʠʢʩʠʨʦʚʘʥʳ, ʢʨʦʤʝ ʠʟʚʝʩʪʥʳʭ, ʨʷʜ ʥʦʚʳʭ ʧʦ-
ʣʦʩ ʧʦʛʣʦʱʝʥʠʷ (ʨʠʩ.1). ʆʥʠ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʧʦ ʥʘʰʝʤʫ ʤʥʝʥʠʶ, çʚʦʟʤʫ-
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ʱʝʥʥʳʤè ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʜʝʬʝʢʪʘʤʠ Eu3+ ʮʝʥʪʨʘʤ ʙʦʣʝʝ ʥʠʟʢʦʡ 
ʩʠʤʤʝʪʨʠʠ (ʪʨʠʛʦʥʘʣʴʥʦʡ ʠ ʦʨʪʦʨʦʤʙʠʯʝʩʢʦʡ).  
 

 
ʈʠʩ.1. ʀʂ ʩʧʝʢʪʨ CaF2:Eu (2 ʚʝʩ%), OHľ, O2ľ. ʅʦʚʳʝ ʧʦʣʦʩʳ ʦʪʤʝʯʝʥʳ. 

 
 ʅʘʤʠ ʦʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʦʜʦʣʞʠʪʝʣʴʥʳʡ ʦʪʞʠʛ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠ-
ʩʪʘʣʣʘ ʧʨʠ 873 K ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪ ʢʦʥʮʝʥʪʨʘʮʠʶ ʩʪʨʫʢʪʫʨʥʳʭ ʠʦ-
ʥʦʚ OHľ, ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʚʳʨʘʱʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ. ʈʘʥʝʝ ʙʳʣʦ 
ʠʟʚʝʩʪʥʦ, ʯʪʦ ʚ ʧʨʦʮʝʩʩʝ ʦʪʞʠʛʘ ʨʘʟʨʫʰʘʶʪʩʷ ʠʦʥʳ OHľ, ʚʦʰʝʜʰʠʝ ʚ 
ʢʨʠʩʪʘʣʣ ʧʨʠ ʪʝʨʤʠʯʝʩʢʦʤ ʦʪʞʠʛʝ, ʥʦ ʥʝ ʚʩʣʝʜʩʪʚʠʝ ʚʳʨʘʱʠʚʘʥʠʷ. ʇʦʢʘ-
ʟʘʥʦ, ʯʪʦ ʧʨʦʜʫʢʪʳ ʨʘʟʨʫʰʝʥʠʷ ʠʦʥʦʚ ʛʠʜʨʦʢʩʠʣʘ ʦʙʨʘʟʫʶʪ H-ʩʚʷʟʴ ʪʠʧʘ 
OHéO ʩ ʢʠʩʣʦʨʦʜʩʦʜʝʨʞʘʱʠʤʠ ʜʝʬʝʢʪʘʤʠ, ʯʪʦ ʜʦʢʘʟʳʚʘʝʪʩʷ ʩʦʦʪʚʝʪʩʪ-
ʚʫʶʱʠʤʠ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʚ ʀʂ ʩʧʝʢʪʨʝ ʢʨʠʩʪʘʣʣʘ. 

ʃʖʄʀʅɽʉʎɽʅʎʀʗ ʀ ʇʆɻʃʆʑɽʅʀɽ ʅʆɺʓʍ ʎɽʅʊʈʆɺ 
ʆʂʈɸʉʂʀ ɺ ɔ-ʆɹʃʋʏɽʅʅʆʄ ʌʊʆʈʀɼɽ ʄɸɻʅʀʗ  

 
ʃ.ʀ. ɹʨʶʢʚʠʥʘ, ɸ.ʃ. ʈʘʢʝʚʠʯ, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ 

 
ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 

ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, baikal@ilph.irk.ru 
 
 

 ɺ ʣʠʪʝʨʘʪʫʨʝ ʩʯʠʪʘʝʪʩʷ, ʯʪʦ ʬʪʦʨʠʜ ʤʘʛʥʠʷ ʨʘʜʠʘʮʠʦʥʥʦ-
ʫʩʪʦʡʯʠʚʳʡ ʠʦʥʥʳʡ ʢʨʠʩʪʘʣʣ, ʥʘʩʪʦʣʴʢʦ, ʯʪʦ ʚ ʥʝʤ ʥʝ ʦʙʨʘʟʫʶʪʩʷ ʟʘʨʷ-
ʞʝʥʥʳʝ ʠ ʥʝʡʪʨʘʣʴʥʳʝ ʘʛʨʝʛʘʪʥʳʝ ʮʝʥʪʨʳ ʦʢʨʘʩʢʠ (ʎʆ), ʪʘʢʠʝ ʢʘʢ F2

+, 
F2ľ, F3

+, F3.  ʎʝʣʴʶ ʥʘʰʝʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʙʳʣʦ ʧʨʦʚʝʨʠʪʴ ʵʬʬʝʢʪʠʚʥʦʩʪʴ 
ʩʦʟʜʘʥʠʷ ʘʛʨʝʛʘʪʥʳʭ ʎʆ ʚ MgF2 ʧʨʠ ʫʚʝʣʠʯʝʥʠʠ ʜʦʟʳ ɔ-ʦʙʣʫʯʝʥʠʷ.  
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 ʀʟʫʯʝʥʠʝ ʩʧʝʢʪʨʦʚ ʧʦʛʣʦʱʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʘ 
Perkin Elmer UV/VIS Lambda 950, ʩʚʝʯʝʥʠʷ ʩ ʧʦʤʦʱʴʶ ʚʳʩʦʢʦʨʘʟʨʝʰʘʶ-
ʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ MT-200 ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʧʠʢʦʩʝʢʫʥʜ-
ʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ɔ-ʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ MgF2 ʧʦʢʘʟʘʣʠ 
ʦʙʨʘʟʦʚʘʥʠʝ ʥʦʚʳʭ ʮʝʥʪʨʦʚ. ʅʘ ʨʠʩ. 1 ʧʨʝʜʩʪʘʚʣʝʥʳ ʩʧʝʢʪʨʳ ʩʚʝʯʝʥʠʷ. 
 
 

 
 

ʘ 

 

 
ʙ 

ʈʠʩ.1.ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ  ɔ-ʦʙʣʫʯʝʥʥʦʛʦ MgF2: ʘ - ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤʠ 
ʠʤʧʫʣʴʩʘʤʠ ʩ ɚʤʘʢʩ.=470 ʥʤ (ʬʠʣʴʪʨ 500 ʥʤ), ʙ ï ʩ ɚʤʘʢʩ.=532 ʥʤ (ʬʠʣʴʪʨ 550 ʥʤ) 

 
 ɺ ʨʝʟʫʣʴʪʘʪʝ ʚʳʧʦʣʥʝʥʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʚʦ ʬʪʦ-
ʨʠʜʝ ʤʘʛʥʠʷ, ʚʦ-ʧʝʨʚʳʭ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʠ ʦʙʨʘʟʦʚʘʥʠʷ F, F2 ʠ, 
ʚʝʨʦʷʪʥʦ, ʙʦʣʝʝ ʩʣʦʞʥʳʭ ʘʛʨʝʛʘʪʥʳʭ ʎʆ ʟʥʘʯʠʪʝʣʴʥʦ ʚʦʟʨʘʩʪʘʝʪ ʩ ʫʚʝʣʠ-
ʯʝʥʠʝʤ ʜʦʟʳ ɔ-ʦʙʣʫʯʝʥʠʷ. ɺʦ-ʚʪʦʨʳʭ, ʚ ʢʨʠʩʪʘʣʣʝ MgF2, ʦʙʣʫʯʝʥʥʦʤ ʜʦ 
ʜʦʟʳ 5*108ʈ, ʦʙʨʘʟʫʶʪʩʷ ʥʦʚʳʝ ʮʝʥʪʨʳ ʦʢʨʘʩʢʠ ʩ ʧʦʣʦʩʘʤʠ ʧʦʛʣʦʱʝʥʠʷ 
ʦʢʦʣʦ 445 ʠ 610 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʀʤʠ ʤʦʛʫʪ ʙʳʪʴ ʘʛʨʝʛʘʪʥʳʝ ʎʆ, ʩʦ-
ʩʪʦʷʱʠʝ ʠʟ ʙʦʣʝʝ ʜʚʫʭ ʘʥʠʦʥʥʳʭ ʚʘʢʘʥʩʠʡ. ɺ-ʪʨʝʪʴʠʭ, ʚ ʢʨʠʩʪʘʣʣʝ MgF2, 
ʦʙʣʫʯʝʥʥʦʤ ʜʦ ʜʦʟʳ 5*108ʈ, ʥʘʙʣʶʜʘʝʪʩʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʦʚʳʭ ʎʆ ʧʨʠ 
ʟʥʘʯʠʪʝʣʴʥʦ ʙʦʣʝʝ ʜʣʠʥʥʳʭ ʚʦʣʥʘʭ, ʯʝʤ ʣʶʤʠʥʝʩʮʠʨʫʶʪ F2 ʮʝʥʪʨʳ (ʧʨʠ 
ɚ1max=665 ʥʤ ʠ ɚ2 ʚ ʠʥʪʝʨʚʘʣʝ 750õ950 ʥʤ). ʆʧʨʝʜʝʣʝʥʳ ʚʨʝʤʝʥʘ ʟʘʪʫʭʘ-
ʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʪʠʭ ʎʆ. ʆʥʠ ʛʦʨʘʟʜʦ ʙʦʣʝʝ ʜʣʠʪʝʣʴʥʳ, ʯʝʤ ʭʘʨʘʢ-
ʪʝʨʥʳʝ ʜʣʷ F2 ʎʆ: Ű1=18,0Ñ0,5 ʥʩ (ʜʣʷ ʮʝʥʪʨʦʚ, ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʧʨʠ 
665 ʥʤ); Ű2=23,0Ñ0,5 ʥʩ (ʜʣʷ ʮʝʥʪʨʦʚ, ʣʶʤʠʥʝʩʮʠʨʫʶʱʠʭ ʚ ʦʙʣʘʩʪʠ 750-
950 ʥʤ).  
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ʊɽʈʄʆʉʊʀʄʋʃʀʈʆɺɸʅʅʆɽ ʈʆɾɼɽʅʀɽ ʀ ɸʅʅʀɻʀʃʗʎʀʗ 
ʄɽʊɸʃʃʀʏɽʉʂʀʍ ʅɸʅʆʏɸʉʊʀʎ ɺ ʈɸɼʀɸʎʀʆʅʅʆ-

ʆɹʈɸɹʆʊɸʅʅʓʍ ʌʊʆʈʀɼɸʍ ʑɽʃʆʏʅʓʍ ʄɽʊɸʃʃʆɺ 
 

ʃ.ʀ. ɹʨʶʢʚʠʥʘ, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ 
 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 
ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, baikal@ilph.irk.ru 

 
 

 ɼʣʷ ʩʦʟʜʘʥʠʷ ʦʧʪʠʯʝʩʢʠʭ ʟʘʧʦʤʠʥʘʶʱʠʭ ʩʨʝʜ ʠ  ʜʨʫʛʠʭ ʤʠʢʨʦ-
ʫʩʪʨʦʡʩʪʚ ʥʘ ʦʩʥʦʚʝ ʑɻʂ ʩ ʮʝʥʪʨʘʤʠ ʦʢʨʘʩʢʠ (ʎʆ) ʥʝʦʙʭʦʜʠʤʦ ʫʯʠʪʳ-
ʚʘʪʴ ʬʘʢʪʦʨʳ, ʢʦʪʦʨʳʝ ʫʭʫʜʰʘʶʪ ʦʧʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʩʨʝʜʳ, ʩʦʟʜʘʶʪ 
ʥʝʢʦʥʪʨʦʣʠʨʫʝʤʫʶ ʥʝʦʜʥʦʨʦʜʥʦʩʪʴ ʚ ʨʘʩʧʨʝʜʝʣʝʥʠʠ ʎʆ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʆʜʥʠʤ ʠʟ ʪʘ-
ʢʠʭ ʬʘʢʪʦʨʦʚ ʷʚʣʷʝʪʩʷ ʥʝʠʟʙʝʞʥʦʝ ʦʙʨʘʟʦʚʘʥʠʝ ʢʦʣʣʦʠʜʦʚ ʱʝʣʦʯʥʦʛʦ ʤʝ-
ʪʘʣʣʘ.   
 ɺʧʝʨʚʳʝ ʧʨʷʤʳʤʠ ʘʪʦʤʥʦ-ʩʠʣʦʚʳʤʠ ʥʘʙʣʶʜʝʥʠʷʤʠ ʧʦʢʘʟʘʥʦ ʦʙʨʘ-
ʟʦʚʘʥʠʝ ʤʝʪʘʣʣʠʯʝʩʢʠʭ ʥʘʥʦʯʘʩʪʠʮ (ʩʫʪʴ ʢʦʣʣʦʠʜʦʚ) ʨʘʟʥʳʭ ʨʘʟʤʝʨʦʚ ʠ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʩʧʦʣʦʞʝʥʠʷ, ʠ ʠʭ ʪʝʨʤʠʯʝʩʢʦʝ ʫʥʠʯʪʦʞʝʥʠʝ ʚ ɔ-
ʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ LiF ʠ NaF. ʅʘʟʚʘʥʥʳʡ ʥʘʤʠ çʧʣʘʥʝʪʘʨʥʳʡè ʭʘ-
ʨʘʢʪʝʨ ʨʘʩʧʦʣʦʞʝʥʠʷ ʥʘʥʦʯʘʩʪʠʮ ʥʘʪʨʠʷ ʧʦʢʘʟʘʥ ʥʘ ʨʠʩ.1 ʘ.  

   
ʘ ʙ ʚ 

ʈʠʩ.1. ʉʥʠʤʢʠ ʉʄʄ-2000 ʩʚʝʞʠʭ ʩʢʦʣʦʚ ɔ-ʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ NaF:OH, Mg: 
a ï ʠʩʭʦʜʥʳʡ ɔ-ʦʙʣʫʯʝʥʥʳʡ 5*108 ʈ ʠ ʚʳʩʚʝʯʝʥʥʳʡ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ; ʙ, ʚ  ï

ʦʙʝʩʮʚʝʯʝʥʥʳʡ ʢʩʝʥʦʥʦʚʦʡ ʣʘʤʧʦʡ ʠ ʦʪʦʞʞʝʥʥʳʡ ʧʨʠ 800-850 K ʚ ʪʝʯʝʥʠʝ ʯʘʩʘ 
 
 ɺ ʨʝʟʫʣʴʪʘʪʝ ʦʪʞʠʛʘ ʧʨʠ 800-850 K ʦʙʝʩʮʚʝʯʝʥʥʦʛʦ ʩʚʝʪʦʤ ʢʩʝʥʦ-
ʥʦʚʦʡ ʣʘʤʧʳ ɔ-ʦʙʣʫʯʝʥʥʦʛʦ ʢʨʠʩʪʘʣʣʘ NaF ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʩʚʝʞʝʛʦ ʩʢʦʣʘ 
ʧʦʷʚʠʣʠʩʴ ʢʘʨʪʠʥʳ, ʭʘʨʘʢʪʝʨʥʳʝ ʜʣʷ ʚʦʩʩʪʘʥʦʚʣʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ 
ʨʝʰʝʪʢʠ (ʨʠʩ.1 ʙ, ʚ). ʅʘʨʷʜʫ ʩ ʢʨʘʪʝʨʘʤʠ ʦʢʨʫʛʣʦʡ ʠ ʦʚʘʣʴʥʦʡ ʬʦʨʤʳ ʩ 
ʢʨʦʤʢʦʡ ʦʢʠʩʣʝʥʥʦʛʦ ʤʝʪʘʣʣʘ ʚʠʜʥʳ ʩʢʦʧʣʝʥʠʷ ʤʝʪʘʣʣʘ ʧʨʦʠʟʚʦʣʴʥʳʭ 
ʨʘʟʤʝʨʦʚ. ʎʆ ʥʘ ʵʪʦʡ ʩʪʘʜʠʠ ʦʪʞʠʛʘ ʦʪʩʫʪʩʪʚʫʶʪ. 
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ʆʇʊʀʏɽʉʂʀ ʉʊʀʄʋʃʀʈʆɺɸʅʅɸʗ ʃʖʄʀʅɽʉʎɽʅʎʀʗ 
ɺ ʐʀʈʆʂʆɿʆʅʅʓʍ ʅʀʊʈʀɼʅʓʍ ʄɸʊɽʈʀɸʃɸʍ 

 
ʀ.ɸ. ɺʘʡʥʰʪʝʡʥ, ɸ.ʉ. ɺʦʭʤʠʥʮʝʚ 

 
ʅʆʎ çʅʘʥʦʤʘʪʝʨʠʘʣʳ ʠ ʥʘʥʦʪʝʭʥʦʣʦʛʠʠè, 

ʋʨʌʋ ʠʤʝʥʠ ʧʝʨʚʦʛʦ ʇʨʝʟʠʜʝʥʪʘ ʈʦʩʩʠʠ ɹ.ʅ.ɽʣʴʮʠʥʘ 
620002, ʈʦʩʩʠʷ, ɽʢʘʪʝʨʠʥʙʫʨʛ, ʫʣ. ʄʠʨʘ, 19, i.a.weinstein@ustu.ru  

 
 

ʄʝʪʦʜ ʦʧʪʠʯʝʩʢʠ ʩʪʠʤʫʣʠʨʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʆʉʃ) ʘʢʪʠʚʥʦ 
ʨʘʟʚʠʚʘʝʪʩʷ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʢʘʢ ʵʬʬʝʢʪʠʚʥʳʡ ʠʥʩʪʨʫʤʝʥʪ ʜʣʷ ʨʝʰʝʥʠʷ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠ ʧʨʠʢʣʘʜʥʳʭ ʟʘʜʘʯ ʬʠʟʠʢʠ ʪʚʝʨʜʦʛʦ ʪʝʣʘ. ʈʘʟʣʠʯʥʳʝ 
ʤʝʪʦʜʠʢʠ ʆʉʃ ʥʘʭʦʜʷʪ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ, ʧʨʝʞʜʝ ʚʩʝʛʦ, ʧʨʠ ʠʟʫʯʝʥʠʠ 
ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʤʘʪʝʨʠʘʣʦʚ ʠ ʧʨʠ ʛʝʦʣʦʛʠʯʝʩʢʦʤ ʜʘʪʠʨʦʚʘʥʠʠ. 

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʨʘʩʩʤʦʪʨʝʥʳ ʠʟʚʝʩʪʥʳʝ ʨʝʞʠʤʳ ʨʝʛʠʩʪʨʘʮʠʠ 
ʆʉʃ (ʥʝʧʨʝʨʳʚʥʘʷ ʚʦʣʥʘ, ʠʤʧʫʣʴʩʥʘʷ ʠ ʣʠʥʝʡʥʘʷ ʤʦʜʫʣʷʮʠʠ), ʠʩʧʦʣʴ-
ʟʫʝʤʳʝ ʜʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʨʘʜʠʘʮʠʦʥʥʦ-ʯʫʚʩʪʚʠʪʝʣʴʥʳʭ ʤʘʪʨʠʮ. ɼʘʥʦ ʦʙ-
ʩʫʞʜʝʥʠʝ ʨʘʩʧʨʦʩʪʨʘʥʝʥʥʳʭ ʩʭʝʤ ʠʟʤʝʨʠʪʝʣʴʥʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʢʘʥʘ-
ʣʦʚ ʥʘ ʧʨʠʤʝʨʝ ʦʨʠʛʠʥʘʣʴʥʳʭ ʠ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ. ʇʨʝʜʩʪʘʚʣʝʥʳ ʙʘ-
ʟʦʚʳʝ ʢʠʥʝʪʠʯʝʩʢʠʝ ʤʦʜʝʣʠ, ʪʝʦʨʝʪʠʯʝʩʢʠ ʦʙʦʩʥʦʚʘʥʳ ʘʣʛʦʨʠʪʤʳ ʧʨʝʦʙ-
ʨʘʟʦʚʘʥʠʷ ʧʦʣʫʯʝʥʥʳʭ ʢʨʠʚʳʭ ʆʉʃ ʚ ʧʩʝʚʜʦ-ʤʦʜʫʣʠʨʦʚʘʥʥʫʶ ʬʦʨʤʫ ʜʣʷ 
ʦʮʝʥʢʠ ʤʠʢʨʦʧʘʨʘʤʝʪʨʦʚ ʣʶʤʠʥʝʩʮʝʥʪʥʦ-ʘʢʪʠʚʥʳʭ ʮʝʥʪʨʦʚ. 

ɺ ʢʘʯʝʩʪʚʝ ʦʙʲʝʢʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚ ʨʘʙʦʪʝ ʠʟʫʯʝʥʳ AlN ʠ BN ʚ 
ʦʙʲʝʤʥʳʭ ʠ ʥʘʥʦʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʳʭ ʩʦʩʪʦʷʥʠʷʭ. ʋʢʘʟʘʥʥʳʝ ʥʠʪʨʠʜʳ ʦʙ-
ʣʘʜʘʶʪ ʢʦʤʧʣʝʢʩʦʤ ʫʥʠʢʘʣʴʥʳʭ ʵʣʝʢʪʨʦʬʠʟʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ, ʯʪʦ ʚʝʜʝʪ ʢ 
ʠʭ ʠʥʪʝʥʩʠʚʥʦʤʫ ʠʩʧʦʣʴʟʦʚʘʥʠʶ ʚ ʤʠʢʨʦ- ʠ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʧʨʠʣʦʞʝ-
ʥʠʷʭ. ɺ ʧʦʩʣʝʜʥʝʝ ʚʨʝʤʷ ʥʠʪʨʠʜʳ ʘʣʶʤʠʥʠʷ ʠ ʙʦʨʘ ʘʢʪʠʚʥʦ ʠʩʩʣʝʜʫʶʪʩʷ 
ʪʘʢʞʝ ʢʘʢ ʧʝʨʩʧʝʢʪʠʚʥʳʝ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʩʨʝʜʳ.  

ʇʨʦʘʥʘʣʠʟʠʨʦʚʘʥʳ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʩʚʦʡʩʪʚʘ ʤʦʥʦʢʨʠʩʪʘʣʣʦʚ ʠ 
ʧʦʨʦʰʢʦʚ AlN ʠ BN ʧʦʩʣʝ ʚʦʟʜʝʡʩʪʚʠʷ ʢʦʨʧʫʩʢʫʣʷʨʥʦ-ʬʦʪʦʥʥʳʤ ʠʟʣʫʯʝ-
ʥʠʝʤ. ʆʧʠʩʘʥʳ ʤʝʭʘʥʠʟʤʳ ʩʚʝʯʝʥʠʷ ʦʙʣʫʯʝʥʥʳʭ ʥʠʪʨʠʜʥʳʭ ʤʘʪʝʨʠʘʣʦʚ 
ʧʨʠ ʦʧʪʠʯʝʩʢʦʡ ʠ ʪʝʨʤʠʯʝʩʢʦʡ ʩʪʠʤʫʣʷʮʠʠ. ʇʦʢʘʟʘʥʘ ʨʦʣʴ ʜʝʬʝʢʪʥʳʭ 
ʢʦʤʧʣʝʢʩʦʚ ʥʘ ʦʩʥʦʚʝ ʢʠʩʣʦʨʦʜ-ʚʘʢʘʥʩʠʦʥʥʳʭ ʮʝʥʪʨʦʚ, ʜʣʷ ʢʦʪʦʨʳʭ ʚʳ-
ʧʦʣʥʝʥʘ ʦʮʝʥʢʘ ʩʝʯʝʥʠʡ ʬʦʪʦʠʦʥʠʟʘʮʠʠʠ ʠ ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ. ʆʙʩʫʞʜʝ-
ʥʳ ʧʝʨʩʧʝʢʪʠʚʳ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʠʩʩʣʝʜʫʝʤʳʭ ʤʘʪʝʨʠʘʣʦʚ ʜʣʷ ʪʚʝʨʜʦʪʝʣʴ-
ʥʦʡ ʜʦʟʠʤʝʪʨʠʠ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ.  

ʃʠʪʝʨʘʪʫʨʘ: 
1. ɸ.ʉ. ɺʦʭʤʠʥʮʝʚ, ʀ.ɸ. ɺʘʡʥʰʪʝʡʥ, ɼ.ʄ. ʉʧʠʨʠʜʦʥʦʚ, ɼ.ɸ. ɹʝʢʝʪʦʚ, 

ɸ.ʈ. ɹʝʢʝʪʦʚ, ʇʠʩʴʤʘ ʚ ɾʊʌ, ʊ.38. ɺʳʧ.2, 10 ï 17 (2012). 
2. I.A. Weinstein, A.S. Vokhmintsev, D.M. Spiridonov,  Diamond & Related 

Materials, 25, 59 ï 62 (2012). 
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*ʀʥʩʪʠʪʫʪ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ʋʢʨʘʠʥʳ, ʛ. ʍʘʨʴʢʦʚ 
 
 

ʎʝʣʴʶ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʭ ʭʘ-
ʨʘʢʪʝʨʠʩʪʠʢ ʠʤʧʫʣʴʩʥʦʡ ʨʝʥʪʛʝʥʦʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʀʈʃ) ʣʝʛʠʨʦʚʘʥʥʳʭ 
ʠʟʦʚʘʣʝʥʪʥʳʤʠ ʧʨʠʤʝʩʷʤʠ (ʀɺʇ) ʢʨʠʩʪʘʣʣʦʚ ZnSe, ʢʦʪʦʨʳʝ ʚ ʩʦʩʪʘʚʝ ʜʝ-
ʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ ʧʨʝʜʣʘʛʘʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʵʣʝʢ-
ʪʨʦʥʥʦʤ ʠ ʷʜʝʨʥʦʤ ʧʨʠʙʦʨʦʩʪʨʦʝʥʠʠ. 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʝʯʝʥʠʷ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ZnSe ʠʩ-
ʧʦʣʴʟʦʚʘʣʘʩʴ ʤʝʪʦʜʠʢʘ ʠʤʧʫʣʴʩʥʦʡ ʣʶʤʠʥʝʩʮʝʥʪʥʦʡ ʩʧʝʢʪʨʦʤʝʪʨʠʠ ʩ 
ʥʘʥʦʩʝʢʫʥʜʥʳʤ ʚʨʝʤʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ [1]. ʀʩʪʦʯʥʠʢʦʤ ʥʘʥʦʩʝʢʫʥʜʥʦ-
ʛʦ ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʩʣʫʞʠʣ ʠʤʧʫʣʴʩʥʳʡ ʫʩʢʦʨʠʪʝʣʴ ʵʣʝʢʪʨʦʥʦʚ ʩ ʧʘ-
ʨʘʤʝʪʨʘʤʠ: ʩʨʝʜʥʷʷ ʵʥʝʨʛʠʷ ʵʣʝʢʪʨʦʥʦʚ 0,3 ʄʵɺ, ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 
~ 10 ʥʩ. ʈʝʥʪʛʝʥʦʚʩʢʦʝ ʠʟʣʫʯʝʥʠʝ ʬʦʨʤʠʨʦʚʘʣʦʩʴ ʧʫʪʝʤ ʪʦʨʤʦʞʝʥʠʷ 
ʵʣʝʢʪʨʦʥʥʦʛʦ ʧʫʯʢʘ ʚ ʤʝʜʥʦʤ ʘʥʦʜʝ ʪʦʣʱʠʥʦʡ 100 ʤʢʤ. ʇʣʦʪʥʦʩʪʴ ʵʥʝʨ-
ʛʠʠ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʠʟʣʫʯʝʥʠʷ ʜʦʩʪʠʛʘʣʘ ~10-4 ɼʞ/ʩʤ2. ʉʚʝʯʝʥʠʝ ʦʙʨʘʟʮʘ 
ʨʝʛʠʩʪʨʠʨʦʚʘʣʦʩʴ ʌʕʋ-84 ʠ ʦʩʮʠʣʣʦʛʨʘʬʦʤ Tektronix TDS 2022.  

ɺ ʢʘʯʝʩʪʚʝ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʠʩʧʦʣʴʟʦʚʘʣʠʩʴ ʩʧʝʮʠʘʣʴʥʦ ʥʝ ʣʝ-
ʛʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ZnSe ʠ ʣʝʛʠʨʦʚʘʥʥʳʝ ʨʘʟʣʠʯʥʳʤʠ ʀɺʇ. ʉ ʮʝʣʴʶ 
ʫʣʫʯʰʠʪʴ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʤʘʪʝʨʠʘʣʘ (ʫʚʝʣʠʯʠʪʴ ʩʚʝ-
ʪʦʚʦʡ ʚʳʭʦʜ, ʫʚʝʣʠʯʠʪʴ ʙʳʩʪʨʦʜʝʡʩʪʚʠʝ) ʚ ʀʥʩʪʠʪʫʪʝ ʩʮʠʥʪʠʣʣʷʮʠʦʥʥʳʭ 
ʤʘʪʝʨʠʘʣʦʚ ʅɸʅ ʋʢʨʘʠʥʳ [2] ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʥʦʚʳʝ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʝ 
ʤʘʪʝʨʠʘʣʳ ʥʘ ʦʩʥʦʚʝ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ ʩ ʘʢʪʠʚʠʨʫʶʱʠʤʠ ʜʦʙʘʚʢʘʤʠ ʙʘʨʠʷ, 
ʮʝʨʠʷ, ʛʘʣʣʠʷ, ʩʘʤʘʨʠʷ, ʝʚʨʦʧʠʷ. ʃʝʛʠʨʦʚʘʥʥʳʝ ʢʨʠʩʪʘʣʣʳ ZnSe ʙʳʣʠ ʚʳ-
ʨʘʱʝʥʳ ʠʟ ʨʘʩʧʣʘʚʘ. ʋʨʦʚʝʥʴ ʣʝʛʠʨʦʚʘʥʠʷ ʀɺʇ ʩʦʩʪʘʚʣʷʣ ~1020 ʩʤ-3.  

ʀʟʫʯʝʥʠʝ ʀʈʃ ʠʩʩʣʝʜʫʝʤʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʨʠ 300 ʂ ʚʳʷʚʠʣʦ ʩʣʝʜʫʶ-
ʱʠʝ ʦʩʦʙʝʥʥʦʩʪʠ. ʉʧʝʢʪʨʳ ʀʈʃ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʝʜʩʪʘʚʣʷ-
ʶʪ ʩʦʙʦʡ ʰʠʨʦʢʫʶ çʦʨʘʥʞʝʚʫʶè ʧʦʣʦʩʫ ʩ ʤʘʢʩʠʤʫʤʦʤ ʚ ʦʙʣʘʩʪʠ 600 ʥʤ 
ʠ ʧʦʣʫʰʠʨʠʥʦʡ ȹɽ ~ 350 ʤʵɺ. ʉʧʝʢʪʨʳ ʨʘʟʣʠʯʥʳʭ ʦʙʨʘʟʮʦʚ ʦʪʣʠʯʘʶʪʩʷ 
ʣʠʰʴ ʟʥʘʯʝʥʠʝʤ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʀʈʃ (ʪʘʙʣ.1). 

ʈʘʥʝʝ ʩʦʦʙʱʘʣʦʩʴ, ʯʪʦ ʧʦʷʚʣʝʥʠʝ ʩʧʝʢʪʨʘʣʴʥʦʡ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫ-
ʤʦʤ 600 ʥʤ ʧʨʠ 300 ʂ ʚʳʟʚʘʥʦ ʧʝʨʝʭʦʜʦʤ, ʩʚʷʟʘʥʥʳʤ ʩ (VZn, AlZn). ʊʘʢʞʝ 
ʧʨʝʜʧʦʣʘʛʘʣʦʩʴ, ʯʪʦ ʦʥʘ ʦʙʫʩʣʦʚʣʝʥʘ ʠʟʙʳʪʦʯʥʳʤ Zn. ɼʘʥʥʳʝ, ʧʨʠʚʝʜʝʥ-
ʥʳʝ ʚ ʪʘʙʣ. 1, ʜʝʤʦʥʩʪʨʠʨʫʶʪ, ʯʪʦ ʧʦʣʦʩʘ ʚ ʦʙʣʘʩʪʠ 600 ʥʤ ʧʦʷʚʣʷʝʪʩʷ ʥʝ-
ʟʘʚʠʩʠʤʦ ʦʪ ʪʠʧʘ ʚʚʝʜʝʥʥʦʡ ʀɺʇ. ʆʥʘ ʧʨʠʩʫʪʩʪʚʫʝʪ ʜʘʞʝ ʚ ʯʠʩʪʳʭ ʢʨʠ-
ʩʪʘʣʣʘʭ, ʥʦ ʝʝ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʥʘ 1-2 ʧʦʨʷʜʢʘ ʤʝʥʴʰʝ, ʯʝʤ ʫ ZnSe(ʀɺʇ). 
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ʊʘʙʣʠʮʘ 1 
ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʀʈʃ (ɚmax = 600ʥʤ) ʯʠʩʪʳʭ ʠ ʘʢʪʠʚʠʨʦʚʘʥʥʳʭ 

ʢʨʠʩʪʘʣʣʦʚ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ. 
ʂʨʠʩʪʘʣʣ Imax 

(ʦʪʥ. 
ʝʜ) 

Ű1  
(ʤʢʩ) 

Ű2 
(ʤʢʩ) 

ZnSe(Ba) 128 17 - 
ZnSe(Ce) 63 17 2 
ZnSe(Ga) 57 11 2 
ZnSe(Sm) 20 - 5 
ZnSe  8 7 2 
ZnSe(Eu) 0,6 26 3 
ZnSe(Te) 45 17 5 

 
ɺʝʣʠʯʠʥʘ ʫʨʦʚʥʷ ʧʦʩʣʝʩʚʝʯʝʥʠʷ ʩʮʠʥʪʠʣʣʷʪʦʨʘ ʦʧʨʝʜʝʣʷʝʪ ʜʠʥʘʤʠ-

ʯʝʩʢʠʡ ʜʠʘʧʘʟʦʥ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ, ʢʘʢ ʜʝʪʝʢʪʦʨʘ, ʪʘʢ ʠ ʠʥʪʨʦʩʢʦʧʠʯʝ-
ʩʢʦʡ ʩʠʩʪʝʤʳ ʚ ʮʝʣʦʤ. ʇʦʵʪʦʤʫ ʜʣʠʪʝʣʴʥʦʝ ʧʦʩʣʝʩʚʝʯʝʥʠʝ (ʩʦʪʥʠ ʤʠʢʨʦ-
ʩʝʢʫʥʜ ʠ ʙʦʣʝʝ) ʷʚʣʷʝʪʩʷ ʥʝʞʝʣʘʪʝʣʴʥʦʡ ʭʘʨʘʢʪʝʨʠʩʪʠʢʦʡ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. 
ʂʠʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʀʈʃ ʚʩʝʭ ʠʩʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ɚ=600 ʥʤ ʦʧʠ-
ʩʳʚʘʝʪʩʷ ʩʫʤʤʦʡ ʜʚʫʭ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʭ ʬʫʥʢʮʠʡ ʩ ʚʨʝʤʝʥʘʤʠ ʨʝʣʘʢʩʘ-
ʮʠʠ Ű1 ʠ Ű2 ʧʨʠʚʝʜʝʥʥʳʤʠ ʚ ʪʘʙʣʠʮʝ 1. ɺʩʝ ʦʙʨʘʟʮʳ ʦʪʣʠʯʘʶʪʩʷ ʨʘʟʣʠʯ-
ʥʳʤ ʚʢʣʘʜʦʤ ʢʦʤʧʦʥʝʥʪʦʚ ʩ Ű1 ʠ Ű2. 

ʆʜʥʦʡ ʠʟ ʦʩʥʦʚʥʳʭ ʟʘʜʘʯ ʧʦʣʫʯʝʥʠʷ ʚʳʩʦʢʦʵʬʬʝʢʪʠʚʥʳʭ ʩʮʠʥʪʠʣ-
ʣʷʮʠʦʥʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʷʚʣʷʝʪʩʷ ʧʦʜʘʚʣʝʥʠʝ ʚʩʝʭ ʧʦʣʦʩ ʠʟʣʫʯʝʥʠʷ, ʢʨʦʤʝ 
çʨʘʙʦʯʠʭè ʜʣʷ ʢʦʥʢʨʝʪʥʦʛʦ ʩʮʠʥʪʠʣʣʷʪʦʨʘ. ʋʩʪʨʘʥʝʥʠʷ çʥʝʞʝʣʘʪʝʣʴʥʳʭè 
ʧʦʣʦʩ ʤʦʞʥʦ ʜʦʙʠʪʴʩʷ ʚʘʨʴʠʨʦʚʘʥʠʝʤ ʫʨʦʚʥʷ ʚʦʟʙʫʞʜʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥ-
ʮʠʠ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʚʦʟʙʫʞ-
ʜʝʥʠʷ ʦʙʨʘʟʮʦʚ ʩʝʣʝʥʠʜʘ ʮʠʥʢʘ. ʊʘʢʠʝ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʫʶʪʩʷ ʧʨʠ ʚʦʟʙʫʞ-
ʜʝʥʠʠ ʢʨʠʩʪʘʣʣʦʚ ʠʤʧʫʣʴʩʥʳʤ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʣʫʯʝʥʠʝʤ (ʫʨʦʚʝʥʴ ʚʦʟ-
ʙʫʞʜʝʥʠʷ G = 1020 - 1022 ʧʘʨ/ʩʤ3ʩ. ʅʘʠʙʦʣʝʝ ʠʥʪʝʥʩʠʚʥʦʝ ʩʚʝʯʝʥʠʝ (ʪʘʙʣ. 
1) ʥʘʙʣʶʜʘʝʪʩʷ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ ZnSe(Ba), ZnSe(Ce), ZnSe(Ga), ʢʦʪʦʨʳʝ 
ʤʦʛʫʪ ʩʦʩʪʘʚʠʪʴ ʢʦʥʢʫʨʝʥʮʠʶ ZnSe(Te), ʧʨʠʤʝʥʷʝʤʦʤʫ ʚ ʥʘʩʪʦʷʱʝʝ ʚʨʝ-
ʤʷ ʚ ʩʦʩʪʘʚʝ ʜʝʪʝʢʪʦʨʦʚ ʠʦʥʠʟʠʨʫʶʱʠʭ ʠʟʣʫʯʝʥʠʡ. ZnSe(Eu) ʥʝ ʨʝʢʦʤʝʥ-
ʜʫʝʪʩʷ ʠʩʧʦʣʴʟʦʚʘʪʴ ʚ ʢʘʯʝʩʪʚʝ ʩʮʠʥʪʠʣʣʷʪʦʨʘ, ʚ ʩʚʷʟʠ ʩ ʥʠʟʢʦʡ ʠʥʪʝʥ-
ʩʠʚʥʦʩʪʴʶ ʀʈʃ ʠ ʜʣʠʪʝʣʴʥʳʤ ʚʨʝʤʝʥʝʤ ʧʦʩʣʝʩʚʝʯʝʥʠʷ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʅ.ɻ. ʉʪʘʨʞʠʥʩʢʠʡ ʠ ʜʨ., ʉʮʠʥʪʠʣʣʷʪʦʨʳ ʥʘ ʦʩʥʦʚʝ ʩʦʝʜʠʥʝʥʠʡ AIIBVI. 

ʇʦʣʫʯʝʥʠʝ, ʩʚʦʡʩʪʚʘ ʠ ʦʩʦʙʝʥʥʦʩʪʠ ʧʨʠʤʝʥʝʥʠʷ, ʍʘʨʴʢʦʚ: çʀʥʩʪʠʪʫʪ 
ʤʦʥʦʢʨʠʩʪʘʣʣʦʚè, 296, (2007).   

2. ɺ.ʄ. ʃʠʩʠʮʳʥ, ɺ.ʀ. ʂʦʨʝʧʘʥʦʚ, ʉʧʝʢʪʨʘʣʴʥʳʝ ʠʟʤʝʨʝʥʠʷ ʩ ʚʨʝʤʝʥʥʳʤ 
ʨʘʟʨʝʰʝʥʠʝʤ. ʋʯʝʙʥʦʝ ʧʦʩʦʙʠʝ, ʊʦʤʩʢ: ʀʟʜʘʪʝʣʴʩʪʚʦ ʊʇʋ, 94, (2007). 
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ɼʀʌʌʋɿʀʗ,  ɸɻʈɽɻɸʎʀʗ ʀ ʀɿʆʄɽʈʀɿɸʎʀʗ ʉʆɹʉʊɺɽʅʅʓʍ 
ʈɸɼʀɸʎʀʆʅʅʓʍ ɼɽʌɽʂʊʆɺ ɺ ʂʈʀʉʊɸʃʃɸʍ, 

ʅɸʅʆʂʈʀʉʊɸʃʃɸʍ ʀ ʆʇʊʀʏɽʉʂʆʁ ʂɽʈɸʄʀʂɽ 
 

ɸ.ʇ. ɺʦʡʪʦʚʠʯ 
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʅɸʅ ɹʝʣʘʨʫʩʠ, ɹʝʣʘʨʫʩʴ, 220072, ʛ. ʄʠʥʩʢ, 
ʧʨ. ʅʝʟʘʚʠʩʠʤʦʩʪʠ, 68, voitovich@imaph.bas-net.by  

 
 

ɼʠʵʣʝʢʪʨʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ, ʤʠʢʨʦ- ʠ ʥʘʥʦʢʨʠʩʪʘʣʣʳ, ʦʧʪʠʯʝʩʢʠʝ 
ʢʝʨʘʤʠʢʠ (ʧʦʣʠʢʨʠʩʪʘʣʣʳ) ʩ ʨʘʜʠʘʮʠʦʥʥʳʤʠ ʜʝʬʝʢʪʘʤʠ ʠʩʧʦʣʴʟʫʶʪʩʷ ʚ 
ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʳʭ ʠ ʧʘʩʩʠʚʥʳʭ ʣʘʟʝʨʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʚ ʜʦʟʠʤʝʪʨʘʭ ʠʦʥʠ-
ʟʠʨʫʶʱʝʡ ʨʘʜʠʘʮʠʠ. ɺʦʟʤʦʞʥʳ ʤʥʦʛʠʝ ʜʨʫʛʠʝ ʧʨʠʤʝʥʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝ-
ʨʠʘʣʦʚ. 

ɺ ʜʦʢʣʘʜʝ ʧʨʠʚʝʜʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʦʚ ʘʛʨʝʛʘ-
ʮʠʠ, ʠʟʦʤʝʨʠʟʘʮʠʠ ʜʝʬʝʢʪʦʚ; ʨʝʟʫʣʴʪʘʪʳ ʦʧʨʝʜʝʣʝʥʠʷ ʩʨʝʜʥʠʭ ʚʨʝʤʝʥ ʨʝ-
ʘʢʮʠʡ ʘʛʨʝʛʘʮʠʠ, ʵʥʝʨʛʠʡ ʘʢʪʠʚʘʮʠʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ ʤʦʙʠʣʴ-
ʥʳʭ ʜʝʬʝʢʪʦʚ, ʘ ʪʘʢʞʝ ʚʳʩʦʪʳ ʙʘʨʴʝʨʘ, ʨʘʟʜʝʣʷʶʱʝʛʦ ʨʘʚʥʦʚʝʩʥʳʝ ʩʦ-
ʩʪʦʷʥʠʷ ʠʟʦʤʝʨʦʚ. ɺʘʢʘʥʩʠʷ, ʚʭʦʜʷʱʘʷ ʚ ʩʦʩʪʘʚ ʜʝʬʝʢʪʘ, ʤʦʞʝʪ ʧʝʨʝʭʦ-
ʜʠʪʴ ʚ ʩʦʩʝʜʥʠʡ ʫʟʝʣ ʨʝʰʝʪʢʠ, ʠʟʤʝʥʷʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʫʶ ʢʦʥʬʠʛʫʨʘʮʠʶ 
ʜʝʬʝʢʪʘ ʠ ʩʦʦʪʥʦʰʝʥʠʝ ʝʛʦ ʠʟʦʤʝʨʦʚ, ʥʦ ʩʘʤ ʜʝʬʝʢʪ ʧʨʠ ʵʪʦʤ ʥʝ ʤʠʛʨʠ-
ʨʫʝʪ ʧʦ ʢʨʠʩʪʘʣʣʫ. 

ʇʨʝʜʩʪʘʚʣʝʥʦ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʢʨʠʩʪʘʣʣʝ ʧʦ ʨʘʩʩʪʦʷʥʠʷʤ 
ʤʝʞʜʫ ʥʠʤʠ, ʥʘʡʜʝʥʥʦʝ ʥʘ ʦʩʥʦʚʝ ʫʩʪʘʥʦʚʣʝʥʥʳʭ ʟʘʢʦʥʦʤʝʨʥʦʩʪʝʡ ʜʠʬ-
ʬʫʟʠʠ. ʈʘʩʧʨʝʜʝʣʝʥʠʝ ʠʩʧʦʣʴʟʦʚʘʥʦ ʜʣʷ ʦʮʝʥʢʠ ʢʦʥʮʝʥʪʨʘʮʠʠ ʘʥʠʦʥʥʳʭ 
ʚʘʢʘʥʩʠʡ ʚ ʧʦʩʪʨʘʜʠʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ ʢʦ-
ʵʬʬʠʮʠʝʥʪʦʚ ʜʠʬʬʫʟʠʠ. 

ʇʦʢʘʟʳʚʘʝʪʩʷ, ʯʪʦ ʧʘʨʘʤʝʪʨʳ ʜʠʬʬʫʟʠʠ ʜʝʬʝʢʪʦʚ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, 
ʩʨʝʜʥʠʝ ʚʨʝʤʝʥʘ ʨʝʘʢʮʠʡ ʠ ʧʨʦʮʝʩʩʳ ʘʛʨʝʛʘʮʠʠ ʚ ʢʨʠʩʪʘʣʣʘʭ ʠ ʥʘʥʦʢʨʠ-
ʩʪʘʣʣʘʭ ʨʘʜʠʢʘʣʴʥʳʤ ʦʙʨʘʟʦʤ ʨʘʟʣʠʯʘʶʪʩʷ. ɺ ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ, ʦʧʪʠʯʝ-
ʩʢʦʡ ʢʝʨʘʤʠʢʝ ʬʦʨʤʠʨʫʝʪʩʷ ʪʠʧ ʜʝʬʝʢʪʦʚ, ʦʪʩʫʪʩʪʚʫʶʱʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, 
ʠ ʩʪʘʥʦʚʷʪʩʷ ʩʪʘʙʠʣʴʥʳʤʠ ʜʝʬʝʢʪʳ, ʨʘʩʧʘʜʘʶʱʠʝʩʷ ʚ ʢʨʠʩʪʘʣʣʘʭ. ʉʨʘʚ-
ʥʠʚʘʶʪʩʷ ʠʟʤʝʨʝʥʥʳʝ ʚʨʝʤʝʥʘ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʜʝʬʝʢʪʦʚ 
ʦʜʥʦʛʦ ʠ ʪʦʛʦ ʞʝ ʪʠʧʘ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ ʠ ʦʧʪʠʯʝʩʢʦʡ ʢʝʨʘ-
ʤʠʢʝ. 

ɼʣʷ ʥʝʢʦʪʦʨʳʭ ʪʠʧʦʚ ʜʝʬʝʢʪʦʚ ʧʨʠʚʦʜʷʪʩʷ ʩʨʘʚʥʝʥʠʷ ʢʠʥʝʪʠʢʠ ʠʟ-
ʤʝʥʝʥʠʷ ʠʭ ʢʦʥʮʝʥʪʨʘʮʠʡ ʚ ʢʨʠʩʪʘʣʣʘʭ, ʧʨʠʧʦʚʝʨʭʥʦʩʪʥʦʤ ʩʣʦʝ ʢʨʠʩʪʘʣ-
ʣʦʚ, ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ, ʦʧʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ ʚʦ ʚʨʝʤʷ ʠʭ ʦʪʞʠʛʘ ʧʨʠ ʨʘʟ-
ʣʠʯʥʳʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚ ʧʦʩʪʨʘʜʠʘʮʠʦʥʥʳʡ ʧʝʨʠʦʜ ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʦʜʠ-
ʥʘʢʦʚʦʡ ʜʦʟʦʡ ʛʘʤʤʘ ʢʚʘʥʪʦʚ. 

ɼʝʣʘʶʪʩʷ ʚʳʚʦʜʳ ʦ ʧʨʠʯʠʥʘʭ ʨʘʟʣʠʯʠʡ ʚ ʦʙʨʘʟʦʚʘʥʠʠ ʜʝʬʝʢʪʦʚ ʚ 
ʢʨʠʩʪʘʣʣʘʭ, ʥʘʥʦʢʨʠʩʪʘʣʣʘʭ ʠ ʦʧʪʠʯʝʩʢʦʡ ʢʝʨʘʤʠʢʝ. 
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ʃ.ʀ. ɺʦʩʪʨʠʢʦʚʘ, ɺ.ɸ. ʉʤʠʨʥʦʚ 

 
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʤ. ɸ.ɺ. ʈʞʘʥʦʚʘ ʉʆ ʈɸʅ, 630090,  

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ-ʪ ɸʢʘʜ. ʃʘʚʨʝʥʪʴʝʚʘ, 13, vostrik@isp.nsc.ru  
 
 

ʆʩʚʝʱʝʥʠʝ ʩʪʝʢʣʘ ʚʟʘʠʤʥʦ-ʢʦʛʝʨʝʥʪʥʳʤ ʜʚʫʭʯʘʩʪʦʪʥʳʤ ʠʟʣʫʯʝʥʠ-
ʝʤ ʧʝʨʚʦʡ ʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢ ʣʘʟʝʨʘ ʧʨʠʚʦʜʠʪ ʢ ʥʘʢʦʧʣʝʥʠʶ ʚ ʥʝʤ ʦʙʨʘ-
ʪʠʤʦʡ ʜʦʣʛʦʞʠʚʫʱʝʡ ʩʪʘʪʠʯʝʩʢʦʡ ʧʦʣʷʨʠʟʘʮʠʠ [1]. ʕʪʦʪ ʵʬʬʝʢʪ ʩʚʷʟʳ-
ʚʘʶʪ ʩ ʦʙʨʘʟʦʚʘʥʠʝʤ ʚ ʩʨʝʜʝ ʧʦʜ ʚʦʟʜʝʡʩʪʚʠʝʤ ʤʥʦʛʦʯʘʩʪʦʪʥʦʛʦ ʢʦʛʝ-
ʨʝʥʪʥʦʛʦ ʩʚʝʪʘ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ ʧʦʣʷ, ʧʨʠʚʦʜʷ-
ʱʝʡ ʢ ʠʟʤʝʥʝʥʠʶ ʧʦʣʷʨʠʟʘʮʠʠ ʩʨʝʜʳ. ʂʘʢ ʩʣʝʜʩʪʚʠʝ ʧʨʦʷʚʣʝʥʠʷ ʜʘʥʥʦʛʦ 
ʵʬʬʝʢʪʘ, ʩʪʝʢʣʦ ʪʝʨʷʝʪ ʩʚʦʶ ʩʠʤʤʝʪʨʠʶ ʠ ʧʨʠʦʙʨʝʪʘʝʪ ʩʚʦʡʩʪʚʘ ʦʜʥʦʦʩ-
ʥʦʛʦ ʢʨʠʩʪʘʣʣʘ. ɺ ʦʙʣʘʩʪʠ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʠʟʣʫʯʝʥʠʡ ʚʦʟʥʠʢʘʝʪ ʭʘʨʘʢ-
ʪʝʨʥʘʷ ʤʦʜʫʣʷʮʠʷ ʧʦʢʘʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ (ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʘʷ ʘʥʠʟʦ-
ʪʨʦʧʥʘʷ ʨʝʰʸʪʢʘ nD ) [2], ʥʘ ʢʦʪʦʨʦʡ ʩʪʘʥʦʚʠʪʩʷ ʚʦʟʤʦʞʥʦʡ ʜʠʬʨʘʢʮʠʷ 
ɹʨʝʛʛʘ, ʧʦʜʦʙʥʦ ʢʣʘʩʩʠʯʝʩʢʠʤ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʤ ʩʨʝʜʘʤ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦ-
ʨʝʬʨʘʢʪʠʚʥʦʛʦ ʵʬʬʝʢʪʘ ʚ ʥʝʢʦʪʦʨʳʭ ʩʪʝʢʣʷʥʥʳʭ ʩʨʝʜʘʭ, ʚʦʟʥʠʢʘʶʱʝʛʦ 
ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʤʦʱʥʦʛʦ ʜʚʫʭʯʘʩʪʦʪʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ɸʀɻ:Nd ʣʘʟʝʨʘ. ʇʦ-
ʢʘʟʘʥʦ, ʯʪʦ ʚ ʦʙʲʸʤʝ ʠʟʦʪʨʦʧʥʳʭ ʩʠʣʠʢʘʪʥʳʭ ʩʪʸʢʦʣ ʤʦʞʝʪ ʩʫʱʝʩʪʚʦʚʘʪʴ 
ʩʚʝʪʦʠʥʜʫʮʠʨʦʚʘʥʥʘʷ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʘʷ ʨʝʰʸʪʢʘ, ʥʘ ʢʦʪʦʨʦʡ ʥʘʙʣʶʜʘʝʪ-
ʩʷ ʜʦʩʪʘʪʦʯʥʦ ʵʬʬʝʢʪʠʚʥʘʷ ʜʠʬʨʘʢʮʠʷ ʠʟʣʫʯʝʥʠʷ. ʇʨʠʚʝʜʝʥʳ ʵʢʩʧʝʨʠ-
ʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʚʦʡʩʪʚ ʜʠʬʨʘʢʮʠʠ ʩʚʝʪʘ ʥʘ ʥʘʚʦ-
ʜʠʤʳʭ ʚ ʦʙʨʘʟʮʘʭ ʬʦʪʦʨʝʬʨʘʢʪʠʚʥʳʭ ʨʝʰʸʪʢʘʭ ʠ ʘʥʘʣʠʟʠʨʫʶʪʩʷ ʭʘʨʘʢ-
ʪʝʨʥʳʝ ʦʩʦʙʝʥʥʦʩʪʠ.  

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʨʠ ʧʦʜʜʝʨʞʢʝ ʈʌʌʀ (ʛʨʘʥʪ 11-08-00669). 

ʃʠʪʝʨʘʪʫʨʘ: 
1. M.K. Balakirev, L.I. Vostrikova, V.A. Smirnov, I.V. Kityk, J. Ebothe, Phys. 

Rev. A., 67, 023806-8, (2003). 
2. ʄ.ʂ. ɹʘʣʘʢʠʨʝʚ, ɺ.ɸ. ʉʤʠʨʥʦʚ, ʇʠʩʴʤʘ ʚ ɾʕʊʌ, 61, 544-546, (1995). 
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ɸ.ʉ. ɸʣʝʢʩʘʥʜʨʦʚʩʢʠʡ, ɸ.ʄ. ɺʴʶʥʳʰʝʚ, ɸ.ʀ. ɿʘʡʮʝʚ, ɻ.ʀ. ʇʦʩʧʝʣʦʚ, 
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ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 660041, ʛ. ʂʨʘʩʥʦʷʨʩʢ, 

ʧʨ. ʉʚʦʙʦʜʥʳʡ, 79. 
 
 

ʀʟʫʯʝʥ ʧʨʦʮʝʩʩ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ (ɻɺɻ) ʬʝʤʪʦʩʝʢʫʥʜʥʦ-
ʛʦ ʣʘʟʝʨʘ ʥʘ ʪʠʪʘʥ-ʩʘʧʬʠʨʝ ʚ ʩʭʝʤʘʭ ʩʣʫʯʘʡʥʦʛʦ ʬʘʟʦʚʦʛʦ ʢʚʘʟʠʩʠʥʭʨʦ-
ʥʠʟʤʘ ʠ ʥʝʣʠʥʝʡʥʦʡ ʜʠʬʨʘʢʮʠʠ ʚ ʨʘʥʜʦʤʠʟʠʨʦʚʘʥʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʬʦ-
ʪʦʥʥʳʭ ʢʨʠʩʪʘʣʣʘʭ (ʅʌʂ) ʪʝʪʨʘʙʦʨʘʪʘ ʩʪʨʦʥʮʠʷ. ʇʦʣʫʯʝʥʘ ʧʝʨʝʩʪʨʘʠ-
ʚʘʝʤʘʷ ʧʦ ʩʧʝʢʪʨʫ ɻɺɻ ʚ ʫʩʣʦʚʠʷʭ ʩʣʫʯʘʡʥʦʛʦ ʬʘʟʦʚʦʛʦ ʢʚʘʟʠʩʠʥʭʨʦʥʠʟ-
ʤʘ ʚ ʜʠʘʧʘʟʦʥʝ ʜʣʠʥ ʚʦʣʥ 355-470 ʥʤ. ʉʧʝʢʪʨʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ 
ʥʘʭʦʜʷʪʩʷ ʚ ʭʦʨʦʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʨʘʩʯʝʪʥʳʤʠ, ʧʦʣʫʯʝʥʥʳʤʠ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʜʘʥʥʳʭ ʦ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ. ʀʟʤʝʨʝʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʩʧʝʢʪʨʘ ʛʝ-
ʥʝʨʠʨʫʝʤʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʪ ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʅʌʂ ʪʘʢʞʝ ʥʘʭʦʜʠʪʩʷ ʚ ʭʦʨʦ-
ʰʝʤ ʩʦʛʣʘʩʠʠ ʩ ʨʘʩʯʝʪʦʤ. ʄʘʢʩʠʤʘʣʴʥʘʷ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻɺɻ, ʜʦʩʪʠʛʥʫ-
ʪʘʷ ʚ ʵʢʩʧʝʨʠʤʝʥʪʘʭ, ʩʦʩʪʘʚʠʣʘ 10-4. ʅʘʧʨʦʪʠʚ, ʵʬʬʝʢʪʠʚʥʦʩʪʴ ɻɺɻ ʚ ʫʩ-
ʣʦʚʠʷʭ ʥʝʣʠʥʝʡʥʦʡ ʜʠʬʨʘʢʮʠʠ ʜʦʩʪʠʛʘʣʘ 10-2 ʧʨʠ ʪʦʤ ʞʝ ʫʨʦʚʥʝ ʥʘʢʘʯʢʠ. 
ʋʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʦʪʜʝʣʴʥʳʝ ʩʧʝʢʪʨʘʣʴʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʛʝʥʝʨʠʨʫʝʤʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʳ ʥʝʦʜʥʦʨʦʜʥʦ ʚ ʧʨʝʜʝʣʘʭ ʧʫʯʢʘ, ʪʦ ʝʩʪʴ ʠʤʝʝʪʩʷ 
ʫʛʣʦʚʦʡ ʯʠʨʧ. ɺʝʣʠʯʠʥʘ ʫʛʣʦʚʦʛʦ ʯʠʨʧʘ ʚ ʢʦʨʦʪʢʦʚʦʣʥʦʚʦʡ ʦʙʣʘʩʪʠ ʧʨʝ-
ʚʳʰʘʝʪ ʥʘ ʜʚʘ ʧʦʨʷʜʢʘ ʚʝʣʠʯʠʥʫ ʫʛʣʦʚʦʛʦ ʦʪʢʣʦʥʝʥʠʷ ʦʙʳʯʥʦʡ ʧʨʠʟʤʳ 
ʠʟ ʪʦʛʦ ʞʝ ʤʘʪʝʨʠʘʣʘ. ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʜʪʚʝʨʞʜʘʶʪʩʷ 
ʨʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʪʝʦʨʝʪʠʯʝʩʢʦʡ ʤʦʜʝʣʠ [1]. 

ʈʘʩʩʤʦʪʨʝʥ ʧʨʦʮʝʩʩ ʩʧʦʥʪʘʥʥʦʛʦ ʧʘʨʘʤʝʪʨʠʯʝʩʢʦʛʦ ʨʘʩʧʘʜʘ ʠʟʣʫʯʝ-
ʥʠʷ ʚ ʨʝʘʣʴʥʦʡ ʜʦʤʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʅʌʂ. ʈʘʩʯʝʪʥʳʤ ʧʫʪʝʤ ʧʦʣʫʯʝʥʳ 
ʩʧʝʢʪʨʳ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ ʧʨʠ ʥʘʢʘʯʢʝ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 532 ʠ 
800 ʥʤ. ʎʝʥʪʨʘʣʴʥʳʝ ʦʙʣʘʩʪʠ ʚ ʩʧʝʢʪʨʝ ʩʠʛʥʘʣʴʥʦʡ ʚʦʣʥʳ ʠʤʝʶʪ ʰʠʨʠʥʳ 
0,7 ʠ 0,2 ʝʜʠʥʠʮ ʥʦʨʤʠʨʦʚʘʥʥʦʡ ʰʢʘʣʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʯʪʦ ʤʦʞʝʪ ʦʢʘ-
ʟʘʪʴʩʷ ʚʦʩʪʨʝʙʦʚʘʥʥʳʤ ʧʨʠ ʛʝʥʝʨʘʮʠʠ ʙʠʬʦʪʦʥʦʚ ʚ ʰʠʨʦʢʦʤ ʩʧʝʢʪʨʘʣʴ-
ʥʦʤ ʜʠʘʧʘʟʦʥʝ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʀ.ɺ. ʐʫʪʦʚ, ʀ.ɸ. ʆʞʝʨʝʜʦʚ, ɸ.ɺ. ʐʫʤʠʮʢʠʡ, ɸ.ʉ. ʏʠʨʢʠʥ, ʆʧʪ. ʠ ʩʧʝʢʪʨ., 105, 

ˉ1, 89-94 (2008). 
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ʕʂʉʇɽʈʀʄɽʅʊɸʃʔʅɸʗ ʇʈʆɺɽʈʂɸ ʄʆɼɽʃʀ ɸʁ ʍɸʅ ʂɸʆ ʅɸ 
ʇʈʀʄɽʈɽ ʅʀʂɽʃʗ 

 
ɸ. ɽ. ɻʘʡʜʫʢ1,2 ʊ. ʍʘʩʘʥʦʚ 2  

 
1ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʤ. ɸ.ɺ. ʈʞʘʥʦʚʘ ʉʆ ʈɸʅ, 

ʧʨ. ʃʘʚʨʝʥʪʴʝʚʘ 13,  630090, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ 
2ʅʦʚʦʩʠʙʠʨʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʋʥʠʚʝʨʩʠʪʝʪ, ʫʣ. ʇʠʨʦʛʦʚʘ 2, 

630090, ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩʩʠʷ, agff2008@ya.ru 
 
 

ɼʣʠʪʝʣʴʥʦʝ ʚʨʝʤʷ ʠʩʩʣʝʜʦʚʘʥʠʷ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʙʳʣʠ ʥʘʧʨʘʚ-
ʣʝʥʳ ʥʘ ʠʟʫʯʝʥʠʝ ʠʭ ʚʣʠʷʥʠʷ ʥʘ ʧʨʦʚʦʜʠʤʦʩʪʴ ʠ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʴ. ʀʥ-
ʪʝʨʝʩ ʢ ʦʧʪʠʯʝʩʢʠʤ ʨʘʟʤʝʨʥʳʤ ʵʬʬʝʢʪʘʤ ʚʦʟʥʠʢ ʩʨʘʚʥʠʪʝʣʴʥʦ ʥʝʜʘʚʥʦ, ʠ 
ʜʦ ʩʠʭ ʧʦʨ ʚ ʥʝʢʦʪʦʨʳʭ ʨʘʙʦʪʘʭ ʦʙʲʷʩʥʝʥʠʝ ʧʨʠʨʦʜʳ ʜʘʥʥʳʭ ʷʚʣʝʥʠʡ ʥʦ-
ʩʠʪ ʣʠʰʴ ʢʘʯʝʩʪʚʝʥʥʳʡ ʭʘʨʘʢʪʝʨ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ ʦʧʠʩʘʥʠʷ ʢʦʣʠʯʝʩʪ-
ʚʝʥʥʦʛʦ ʧʨʦʷʚʣʝʥʠʷ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ ʥʘ ʦʧʪʠʯʝʩʢʠʝ ʢʦʥʩʪʘʥʪʳ ʤʝ-
ʪʘʣʣʠʯʝʩʢʠʭ ʧʣʝʥʦʢ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʴ, ʧʨʝʜʣʦʞʝʥʥʘʷ ɸʡ ʍʘʥ ʂʘʦ [1] ʚ ʩʦ-
ʯʝʪʘʥʠʠ ʩ ʪʝʦʨʠʝʡ ɼʨʫʜʝ-ʃʦʨʝʥʮʘ [2]. ʇʦʵʪʦʤʫ ʧʨʝʜʤʝʪʦʤ ʜʘʥʥʦʛʦ ʩʦʦʙ-
ʱʝʥʠʷ ʷʚʣʷʝʪʩʷ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʧʨʦʚʝʨʢʘ ʫʧʦʤʷʥʫʪʦʡ ʤʦʜʝʣʠ. ʅʝ 
ʫʤʘʣʷʷ ʦʙʱʥʦʩʪʠ, ʤʦʞʥʦ ʧʨʦʚʝʩʪʠ ʨʘʩʩʤʦʪʨʝʥʠʝ ʥʘ ʪʠʧʠʯʥʦʤ ʧʨʝʜʩʪʘʚʠ-
ʪʝʣʝ ʢʣʘʩʩʘ ʧʝʨʝʭʦʜʥʳʭ ʤʝʪʘʣʣʦʚ ï ʥʠʢʝʣʝ. ʀʟʤʝʨʝʥʠʷ ʥʘ ʥʠʢʝʣʝʚʳʭ 
ʧʣʝʥʢʘʭ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʵʣʣʠʧʩʦʤʝʪʨʝ ʃʕʌ-2 ʩ  ʜʣʠʥʦʡ ʚʦʣʥʳ 632.8 ʥʤ 
(ʨʠʩ. 1). 

 

 
ʈʠʩ.1. ʊʝʦʨʝʪʠʯʝʩʢʠʡ   ʨʘʩʯʝʪ ʚʣʠʷʥʠʷ ʨʘʟʤʝʨʥʳʭ ʵʬʬʝʢʪʦʚ (ʠʟʤʝʥʝʥʠʷ ʧʦʢʘ-

ʟʘʪʝʣʷ ʧʨʝʣʦʤʣʝʥʠʷ ʦʪ ʪʦʣʱʠʥʳ), ʧʦʣʫʯʝʥʥʳʭ ʥʘ ʦʩʥʦʚʝ ʣʠʪʝʨʘʪʫʨʥʳʭ ʜʘʥʥʳʭ [2]  ʠ 
ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʜʣʷ ɚ= 632.8 ʥʤ. 

ʃʠʪʝʨʘʪʫʨʘ 
1. Physical rewiew/ 1966, Vol. 144, No 2, pp. 405-410. 
2. Applied optics/ 1998, Vol. 37, No 22, pp. 5271- 5283. 
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ʌʆʉʌʆʈɽʉʎɽʅʎʀʗ ʇʈʀ ʂʆʄʅɸʊʅʆʁ ʊɽʄʇɽʈɸʊʋʈɽ ʂɸʂ 
ʄɽʊʆɼ ʀʉʉʃɽɼʆɺɸʅʀʗ ʉɺʗɿʓɺɸʅʀʗ ʃʖʄʀʅɽʉʎɽʅʊʅʓʍ 

ɿʆʅɼʆɺ ʉ ʅɸʅʆʏɸʉʊʀʎɸʄʀ ʍʀʊʆɿɸʅɸ 
 

ʄ.ɸ. ɻʝʨʘʩʠʤʦʚʘ, ʅ.ʄ. ʇʣʦʪʥʠʢʦʚʘ, ɽ.ɸ. ʉʣʶʩʘʨʝʚʘ, ɸ.ɻ. ʉʠʟʳʭ 
 

ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 660041, ʛ. ʂʨʘʩʥʦʷʨʩʢ, 
ʧʨ. ʉʚʦʙʦʜʥʳʡ, 79, marina_2506@mail.com 

 
 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʚʥʫʪʨʝʥʥʠʭ ʠʣʠ ʚʥʝʰʥʠʭ ʣʶʤʠ-
ʥʝʩʮʝʥʪʥʳʭ ʟʦʥʜʦʚ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ ʦʢʘʟʘʣʘʩʴ ʠʥʬʦʨʤʘʪʠʚ-
ʥʳʤ ʤʝʪʦʜʦʤ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʪʨʫʢʪʫʨʥʳʭ ʠʟʤʝʥʝʥʠʡ ʚ ʤʘʢʨʦʤʦʣʝʢʫʣʘʭ 
ʙʠʦʧʦʣʠʤʝʨʦʚ ʠ ʙʝʣʢʦʚ. ɺ ʨʘʙʦʪʝ ʙʳʣʦ ʚʳʧʦʣʥʝʥʦ ʩʧʝʢʪʨʘʣʴʥʦʝ ʠ ʢʠʥʝ-
ʪʠʯʝʩʢʦʝ ʟʦʥʜʠʨʦʚʘʥʠʝ T1 ʠ S1 ʩʦʩʪʦʷʥʠʡ ʵʨʠʪʨʦʟʠʥʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʥʘʥʦ-
ʩʪʨʫʢʪʫʨʠʨʦʚʘʥʥʦʛʦ ʠ ʤʦʣʝʢʫʣʷʨʥʦʛʦ ʭʠʪʦʟʘʥʘ. 

ʇʨʠ ʜʦʙʘʚʣʝʥʠʠ ʥʘʥʦʯʘʩʪʠʮ ʭʠʪʦ-
ʟʘʥʘ ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʙʫʬʝʨʦʤ (ʨʠʩ. 1, 
ʢʨ. 1) ʧʦʷʚʣʷʝʪʩʷ ʚʪʦʨʦʡ ʧʠʢ ʥʘ 696 ʥʤ, 
ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʡ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʵʨʠ-
ʪʨʦʟʠʥʘ. ɺ ʦʪʣʠʯʠʝ ʦʪ ʟʘʤʝʜʣʝʥʥʦʡ 
ʬʣʫʦʨʝʩʮʝʥʮʠʝʡ (ɿʌ) ʧʦʣʦʞʝʥʠʝ ʤʘʢʩʠ-
ʤʫʤʘ ʠ ʬʦʨʤʘ ʢʦʥʪʫʨʘ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 
ʢʨʘʩʠʪʝʣʷ ʥʝ ʤʝʥʷʶʪʩʷ ʩ ʨʦʩʪʦʤ ʢʦʥ-
ʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ, ʧʨʠ ʵʪʦʤ ʨʝʟʢʦ 
ʫʚʝʣʠʯʠʚʘʝʪʩʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʠʛʥʘʣʘ 
(ʨʠʩ. 1, ʢʨ. 2ʘ-4ʘ). ɼʣʷ ʵʨʠʪʨʦʟʠʥʘ, ʩʚʷ-
ʟʘʥʥʦʛʦ ʩ ʤʦʣʝʢʫʣʷʨʥʳʤ ʭʠʪʦʟʘʥʦʤ, ʥʘ-
ʙʣʶʜʘʣʘʩʴ (ʨʠʩ. 1, ʢʨ. 3ʙ) ʪʦʣʴʢʦ ɿʌ. ʕʪʦ ʛʦʚʦʨʠʪ ʦ ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʠ 
ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʢ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʡ ʩʪʨʫʢʪʫʨʝ ʭʠʪʦʟʘʥʘ. ʉʚʷʟʳʚʘʥʠʝ 
ʢʨʘʩʠʪʝʣʷ ʩ ʨʘʟʥʳʤʠ ʢʦʥʬʦʨʤʘʮʠʷʤʠ ʙʠʦʧʦʣʠʤʝʨʘ ʦʪʣʠʯʘʝʪʩʷ ʧʦ ʩʪʝʧʝʥʠ 
ʜʦʩʪʫʧʥʦʩʪʠ ʪʨʠʧʣʝʪʦʚ ʢ ʪʫʰʝʥʠʶ ʢʠʩʣʦʨʦʜʦʤ. ʅʘ ʦʩʥʦʚʝ ʪʝʤʧʝʨʘʪʫʨʥʦʡ 
ʟʘʚʠʩʠʤʦʩʪʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʠ ɿʌ ʩʚʷʟʘʥʥʦʛʦ ʵʨʠʪʨʦʟʠʥʘ ʚ ʠʥʪʝʨʚʘʣʝ 
5-70¯C ʙʳʣ ʨʘʩʩʯʠʪʘʥ S1-T1 ʟʘʟʦʨ, ʨʘʚʥʳʡ 2690 Ñ 60 ʩʤ-1, ʯʪʦ ʙʣʠʟʢʦ ʢ 
ʟʥʘʯʝʥʠʶ ʚ ʚʦʜʝ. ʉ ʨʦʩʪʦʤ ʪʝʤʧʝʨʘʪʫʨʳ ʚʨʝʤʷ ʞʠʟʥʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ 
ʨʝʟʢʦ ʧʘʜʘʝʪ ʩ 135 ʜʦ 35 ʤʢʩ ʠ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʘʥʦʯʘʩʪʠʮ. 
ʕʬʬʝʢʪʳ ʩʚʷʟʳʚʘʥʠʷ ʦʪʨʘʞʘʶʪʩʷ ʪʘʢʞʝ ʚ ʠʟʤʝʥʝʥʠʠ ʢʚʘʥʪʦʚʦʛʦ ʚʳʭʦʜʘ 
ʬʣʫʦʨʝʩʮʝʥʮʠʠ, ʫʤʝʥʴʰʝʥʠʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʡ ʱʝʣʠ S1-T1 ʥʘ 400 ʩʤ-1, 
ʫʤʝʥʴʰʝʥʠʶ ʩʦʦʪʥʦʰʝʥʠʷ ʚʳʭʦʜʦʚ ɿʌ ʢ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ. ʋʚʝʣʠʯʝʥʠʝ 
ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʦʪʠʚʦʠʦʥʦʚ ʚ ʨʘʩʪʚʦʨʝ ʧʨʠʚʝʣʦ ʢ ʩʫʱʝʩʪʚʝʥʥʦʤʫ ʫʤʝʥʴ-
ʰʝʥʠʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʦʩʬʦʨʝʩʮʝʥʮʠʠ ʵʨʠʪʨʦʟʠʥʘ, ʯʪʦ ʧʦʟʚʦʣʠʣʦ ʦʧʨʝ-
ʜʝʣʠʪʴ ʭʘʨʘʢʪʝʨ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʘʥʠʦʥʥʦʛʦ ʢʨʘʩʠʪʝʣʷ ʩ ʢʘʪʠʦʥʥʳʤʠ ʘʤʠ-
ʥʦʛʨʫʧʧʘʤʠ ʥʘʥʦʯʘʩʪʠʮ ʭʠʪʦʟʘʥʘ ʢʘʢ ʵʣʝʢʪʨʦʩʪʘʪʠʯʝʩʢʠʡ. 
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ʈʠʩ. 1. ʉʧʝʢʪʨ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʵʨʠʪ-

ʨʦʟʠʥʘ ʧʨʠ ʚʚʝʜʝʥʠʠ ʭʠʪʦʟʘʥʘ 
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ʈʆʃʔ ʇʆʃʗʈʀɿɸʎʀʀ ʃɸɿɽʈʅʆɻʆ ʀɿʃʋʏɽʅʀʗ ʇʈʀ ɸʅɸʃʀɿɽ 
ʂʀʅɽʊʀʂʀ ʌʆʊʆʆɹɽʉʎɺɽʏʀɺɸʅʀʗ ʂʈɸʉʀʊɽʃɽʁ 

 
ɸ.ɸ. ɻʣʫʰʢʦʚ1, ɽ.ɸ.ʉʣʶʩʘʨʝʚʘ1, ɸ.ɻ. ʉʠʟʳʭ1 

 
1ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʧʨ. ʉʚʦʙʦʜʥʳʡ 79, 660041, ʂʨʘʩ-

ʥʦʷʨʩʢ, ʈʦʩʩʠʷ, KrasAttache@mail.ru 
 
 

ʌʦʪʦʭʠʤʠʯʝʩʢʠʝ ʨʝʘʢʮʠʠ ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʠʩʧʦʣʴʟʫʶʪʩʷ ʜʣʷ ʦʧʪʠ-
ʯʝʩʢʦʡ ʟʘʧʠʩʠ ʠʥʬʦʨʤʘʮʠʠ [1], ʘ ʪʘʢʞʝ ʚ ʘʢʪʠʥʦʤʝʪʨʠʠ [2]. ɼʣʷ ʢʦʨʨʝʢʪ-
ʥʦʛʦ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʦʚ ʧʦ ʬʦʪʦʦʙʝʩʮʚʝʯʠʚʘʥʠʶ ʥʝʦʙʭʦʜʠʤʦ 
ʩʦʙʣʶʜʘʪʴ ʫʩʣʦʚʠʝ ʠʟʦʪʨʦʧʥʦʛʦ ʦʩʚʝʱʝʥʠʷ ʦʙʨʘʟʮʘ. ɺ ʩʣʫʯʘʝ ʧʨʠʤʝʥʝ-
ʥʠʷ ʣʘʟʝʨʘ ʚ ʢʘʯʝʩʪʚʝ ʠʩʪʦʯʥʠʢʘ ʩʚʝʪʘ, ʵʪʦ ʫʩʣʦʚʠʝ ʥʝ ʤʦʞʝʪ ʙʳʪʴ ʚʳ-
ʧʦʣʥʝʥʦ ʠʟ-ʟʘ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ.  

ʆʩʫʱʝʩʪʚʣʝʥʦ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʢʠʥʝʪʠʢʠ ʣʘʟʝʨʦʠʥʜʫʮʠʨʦʚʘʥʥʦʛʦ 
ʦʙʝʩʮʚʝʯʠʚʘʥʠʷ ʵʦʟʠʥʘ ʚ ʙʠʦʧʦʣʠʤʝʨʝ ʚ ʨʘʤʢʘʭ ʯʝʪʳʨʝʭʫʨʦʚʥʝʚʦʡ ʩʭʝ-
ʤʳ (S0, S1, T1, Tn) ʩ ʫʯʝʪʦʤ ʥʘʧʨʘʚʣʝʥʥʦʩʪʠ ʠ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟʙʫʞʜʘʶʱʝ-
ʛʦ ʠʟʣʫʯʝʥʠʷ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʚ ʩʣʫʯʘʝ ʢʨʫʛʦʚʦʡ ʧʦʣʷʨʠʟʘʮʠʠ ʣʘʟʝʨʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʟʘʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ ʦʙʣʫ-
ʯʝʥʠʷ ʷʚʣʷʝʪʩʷ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠʝʡ. ɺʳʩʦʢʠʡ ʢʦʵʬʬʠʮʠʝʥʪ 
ʢʦʨʝʣʣʷʮʠʠ (0,999) ʧʨʠ ʘʧʧʨʦʢʩʠʤʘʮʠʠ ʤʦʥʦʵʢʩʧʦʥʝʥʮʠʘʣʴʥʦʡ ʬʫʥʢʮʠ-
ʝʡ ʩʦʭʨʘʥʷʝʪʩʷ ʜʦ ʟʥʘʯʝʥʠʷ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʨʘʚʥʦʛʦ 0,2, ʧʨʠ ʵʪʦʤ 
ʚʝʣʠʯʠʥʘ ʧʦʢʘʟʘʪʝʣʷ ʵʢʩʧʦʥʝʥʪʳ ʙʦʣʝʝ ʯʝʤ ʥʘ 30% ʦʪʢʣʦʥʷʝʪʩʷ ʦʪ ʝʝ 
ʟʥʘʯʝʥʠʷ ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʝʩʪʝʩʪʚʝʥʥʦ ʧʦʣʷʨʠʟʦʚʘʥʥʳʤ ʩʚʝʪʦʤ. ʇʨʠ ʜʘʣʴ-
ʥʝʡʰʝʤ ʫʚʝʣʠʯʝʥʠʠ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʧʨʦʠʩʭʦʜʠʪ ʟʥʘʯʠʪʝʣʴʥʦʝ ʦʪ-
ʢʣʦʥʝʥʠʝ ʚʨʝʤʝʥʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʦʧʪʠʯʝʩʢʦʡ ʧʣʦʪʥʦʩʪʠ ʦʪ ʵʢʩʧʦʥʝʥʪʳ, 
ʭʘʨʘʢʪʝʨʥʦʡ ʜʣʷ ʠʩʩʣʝʜʫʝʤʦʛʦ ʪʠʧʘ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʝʨʚʦʛʦ 
ʧʦʨʷʜʢʘ.  

ʉʬʦʨʤʫʣʠʨʦʚʘʥʳ ʨʝʢʦʤʝʥʜʘʮʠʠ ʜʣʷ ʧʨʦʚʝʜʝʥʠʷ ʵʢʩʧʝʨʠʤʝʥʪʘ, ʧʦ-
ʟʚʦʣʷʶʱʝʛʦ ʢʦʨʨʝʢʪʥʦ ʦʧʨʝʜʝʣʷʪʴ ʢʠʥʝʪʠʯʝʩʢʠʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʬʦʪʦ-
ʨʝʘʢʮʠʠ ʚ ʩʠʩʪʝʤʝ. 
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1. ɸ.ɻ.ʉʠʟʳʭ, ɽ.ɸ.ʊʘʨʘʢʘʥʦʚʘ, ʃ.ʃ. ʊʘʨʠʥʦʚʘ, ʢʚʘʥʪʦʚʘʷ ʵʣʝʢʪʨʦʥʠʢʘ., 

ˉ1, 40-44(2000). 
2. ʂ.ʗ. ʂʦʥʜʨʘʪʴʝʚ, ɸʢʪʠʥʦʤʝʪʨʠʷ ʃ., ɻʠʜʨʦʤʝʪʝʦʨʦʣʦʛʠʯʝʩʢʦʝ ʠʟʜʘ-

ʪʝʣʴʩʪʚʦ (1965)  



çʃʖʄʀʅɽʉʎɽʅʎʀʗ ʀ ʃɸɿɽʈʅɸʗ ʌʀɿʀʂɸè 55

ʇʆʃʋʏɽʅʀɽ ʀ ʀʉʉʃɽɼʆɺɸʅʀɽ ʊʈɽʍʂʆʄʇʆʅɽʅʊʅʓʍ 
ʌʆʊʆɸʂʊʀɺʅʓʍ ɻʀɹʈʀɼʅʓʍ ʅɸʅʆʉʊʈʋʂʊʋʈ  

 
ʇ.ʉ. ʐʤʝʣʠʥ, ɻ.ɽ. ɸʜʘʤʦʚ, ʃ.ʅ. ɻʥʘʪʶʢ, ʂ.ʉ. ʃʝʚʯʝʥʢʦ, 

ɽ.ʇ. ɻʨʝʙʝʥʥʠʢʦʚ  
 

ʆɸʆ çʎʝʥʪʨʘʣʴʥʳʡ ʥʘʫʯʥʦ-ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʪʝʭʥʦʣʦʛʠʯʝʩʢʠʡ 
ʠʥʩʪʠʪʫʪ çʊʝʭʥʦʤʘʰè, 121108, ʛ.ʄʦʩʢʚʘ, ʫʣ. ʀʚʘʥʘ ʌʨʘʥʢʦ, ʜ.4, mail: 

ntc_technology@socket.ru 
 
 

ʆʜʥʦʡ ʠʟ ʘʢʪʫʘʣʴʥʳʭ ʟʘʜʘʯ ʩʦʚʨʝʤʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʦʚʝʜʝʥʠʷ ʷʚʣʷ-
ʝʪʩʷ ʩʦʟʜʘʥʠʝ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʬʦʪʦʘʢʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʛʠʙ-
ʨʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʧʨʝʜʩʪʘʚʣʷʶʱʠʭ ʩʦʙʦʡ ʪʨʝʭʢʦʤʧʦʥʝʥʪʥʳʝ ʩʠʩʪʝ-
ʤʳ ʥʘ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʘʣʴʥʳʭ ʬʦʪʦʭʨʦʤʥʳʭ ʠ ʬʣʫʦʨʦʬʦʨʥʳʭ ʤʦʣʝʢʫʣ ʠ 
ʥʘʥʦʯʘʩʪʠʮ, ʩʚʷʟʘʥʥʳʭ ʜʨʫʛ ʩ ʜʨʫʛʦʤ ʧʦʩʨʝʜʩʪʚʦʤ ʩʰʠʚʘʶʱʠʭ ʤʦʣʝʢʫʣ - 
ʩʧʝʡʩʝʨʦʚ ʩ ʨʘʟʣʠʯʥʳʤʠ ʣʠʥʝʡʥʳʤʠ ʨʘʟʤʝʨʘʤʠ ʠ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ 
ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ ʛʨʫʧʧʘʤʠ. ʉ ʦʩʥʦʚʫ ʤʝʪʦʜʦʚ ʧʦʣʫʯʝʥʠʷ ʪʘʢʠʭ ʤʘʪʝ-
ʨʠʘʣʦʚ ʣʝʞʘʪ ʤʝʭʘʥʠʟʤʳ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ. ʆʩʥʦʚʦʡ ʤʝʭʘʥʠʟʤʘ ʫʧʨʘʚʣʝ-
ʥʠʷ ʦʧʪʠʯʝʩʢʠʤ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʤʠ ʤʦʞʝʪ ʙʳʪʴ ʚʣʠʷʥʠʝ ʥʘʥʦʯʘʩʪʠʮ ʥʘ 
ʚʨʝʤʷ ʞʠʟʥʠ ʚʦʟʙʫʞʜʝʥʥʳʭ ʩʦʩʪʦʷʥʠʡ ʬʦʪʦʘʢʪʠʚʥʳʭ  ʤʦʣʝʢʫʣ ʚ ʩʦʩʪʘʚʝ 
ʛʠʙʨʠʜʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. ʕʪʦ ʤʦʞʝʪ ʧʨʠʚʝʩʪʠ ʢ ʠʟʤʝʥʝʥʠʶ ʧʘʨʘʤʝʪʨʦʚ 
ʧʨʦʮʝʩʩʦʚ ʧʦʛʣʦʱʝʥʠʷ ʠ ʩʧʦʥʪʘʥʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩʚʝʪʘ, ʘ ʪʘʢʞʝ ʢ ʟʥʘʯʠ-
ʪʝʣʴʥʦʤʫ ʫʩʠʣʝʥʠʶ ʨʘʟʣʠʯʥʳʭ ʥʝʣʠʥʝʡʥʳʭ ʦʧʪʠʯʝʩʢʠʭ ʵʬʬʝʢʪʦʚ.  

ɺ ʨʘʤʢʘʭ ʨʘʙʦʪʳ ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʝ ʫʩʠʣʝʥʠʝ ʠʣʠ ʧʦʜʘʚʣʝʥʠʷ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʚʝʱʝʩʪʚ ʢʣʘʩʩʘ ʬʝʥʘʣʝʥʦʥʦʚ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʩʦʩʪʘʚʘ ʠ 
ʩʦʦʪʥʦʰʝʥʠʷ ʢʦʤʧʦʥʝʥʪʦʚ ʛʠʙʨʠʜʥʦʡ ʥʘʥʦʩʪʨʫʢʪʫʨʳ. 
ʇʨʝʜʩʪʘʚʣʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦ ʬʦʨʤʠʨʦʚʘʥʠʶ ʛʠʙʨʠʜ-
ʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ, ʠʩʩʣʝʜʦʚʘʥʠʶ ʩʧʝʢʪʨʘʣʴʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʠ ʪʘʢʞʝ 
ʨʘʩʩʤʦʪʨʝʥ ʨʷʜ ʤʝʭʘʥʠʟʤʦʚ ʫʧʨʘʚʣʝʥʠʷ ʩʧʝʢʪʨʘʣʴʥʳʤʠ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘ-
ʤʠ ʧʦʣʫʯʝʥʥʳʭ ʩʪʨʫʢʪʫʨ ʟʘ ʩʯʝʪ ʚʥʝʰʥʠʭ ʚʦʟʜʝʡʩʪʚʠʡ (ʦʧʪʠʯʝʩʢʦʛʦ ʠʟ-
ʣʫʯʝʥʠʷ ʠ ʪ.ʜ.). ʇʨʝʜʣʦʞʝʥʳ ʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʦʙʦʩʥʦʚʘʥʳ ʪʝʭʥʦʣʦʛʠ-
ʯʝʩʢʠʝ ʤʝʪʦʜʳ ʩʠʥʪʝʟʘ ʠ ʩʪʘʙʠʣʠʟʘʮʠʠ ʛʠʙʨʠʜʥʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨ ʥʘ ʦʩʥʦ-
ʚʝ ʤʝʭʘʥʠʟʤʦʚ ʩʧʝʮʠʬʠʯʝʩʢʦʛʦ ʩʚʷʟʳʚʘʥʠʷ ʠ ʩʘʤʦʦʨʛʘʥʠʟʘʮʠʠ, ʦʙʝʩʧʝʯʠ-
ʚʘʝʤʳʭ ʧʦʜʙʦʨʦʤ ʩʧʝʡʩʝʨʦʚ ʩ ʩʦʦʪʚʝʪʩʪʚʫʶʱʠʤʠ ʬʫʥʢʮʠʦʥʘʣʴʥʳʤʠ 
ʛʨʫʧʧʘʤʠ. ʀʩʩʣʝʜʦʚʘʥʳ ʥʘʥʦʩʪʨʫʢʪʫʨʳ ʨʘʟʣʠʯʥʦʛʦ ʩʦʩʪʘʚʘ ʥʘ ʙʘʟʝ ʩʠʥʪʝ-
ʪʠʯʝʩʢʠʭ ʬʣʫʦʨʦʬʦʨʦʚ ʢʣʘʩʩʘ ʬʝʥʘʣʝʥʦʥʦʚ, ʢʦʣʣʦʠʜʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠ-
ʢʦʚʳʭ (CdSe/ZnS - ʷʜʨʦ/ʦʙʦʣʦʯʢʘ) ʠ ʤʘʛʥʠʪʥʳʭ (Fe3O4) ʥʘʥʦʯʘʩʪʠʮ ʩ ʠʩ-
ʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʩʰʠʚʘʶʱʠʭ ʤʦʣʝʢʫʣ ʨʷʜʘ ʬʦʪʦʫʧʨʘʚʣʷʝʤʳʭ 
ʩʧʝʡʩʝʨʦʚ ʢʣʘʩʩʦʚ ʜʠʛʝʪʘʨʠʣʵʪʝʥʦʚ ʠ ʜʠʘʟʦʙʝʥʟʦʣʦʚ. ʇʦʢʘʟʘʥʘ ʧʝʨʩʧʝʢ-
ʪʠʚʥʦʩʪʴ ʨʘʟʨʘʙʘʪʳʚʘʝʤʦʛʦ ʥʘʧʨʘʚʣʝʥʠʷ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʥʦʚʳʭ ʬʦʪʦʘʢ-
ʪʠʚʥʳʭ ʤʘʪʝʨʠʘʣʦʚ. 
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ʂʆʈʈɽʃʗʎʀʗ ʋɻʃʆɺ ʅɽʂʈʀʊʀʏʅʆɻʆ ʂʆʃʃʀʅɽɸʈʅʆɻʆ 
ʉʀʅʍʈʆʅʀɿʄɸ ʉʆ ʉʊʈʋʂʊʋʈʅʓʄʀ ʉɺʆʁʉʊɺɸʄʀ 

ʆɼʅʆʆʉʅʓʍ ʀʆʅʅʓʍ ʂʈʀʉʊɸʃʃʆɺ 
 

ɼ.ɺ. ɻʦʨʝʚ1, ɽ.ʄ. ɹʝʣʦʨʫʩʦʚʘ2, ʆ.ɺ. ɻʦʨʝʚʘ1, ɸ.ʀ. ʀʣʣʘʨʠʦʥʦʚ1 

 
1ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, 

664074, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʏʝʨʥʳʰʝʚʩʢʦʛʦ,15 
2ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 664003, ʛ. ʀʨʢʫʪʩʢ, ʙʫʣʴʚʘʨ 
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ɻʝʥʝʨʘʮʠʷ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʦʜʥʦʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ ʚ 
ʥʘʧʨʘʚʣʝʥʠʠ 90-ʛʨʘʜʫʩʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʧʨʝʜʩʪʘʚʣʷʝʪ ʦʩʦʙʳʡ ʠʥʪʝʨʝʩ. ɺ 
ʵʪʦʤ ʩʣʫʯʘʝ ʵʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʠʟʣʫʯʝʥʠʷ ʙʫʜʝʪ ʤʝʥʝʝ ʟʘʚʠ-
ʩʠʤʳʤ ʦʪ ʫʛʣʦʚʳʭ ʨʘʩʩʪʨʦʝʢ ʢʨʠʩʪʘʣʣʘ, ʩʥʦʩ ʠʟʣʫʯʝʥʠʷ ʚʪʦʨʦʡ ʛʘʨʤʦʥʠ-
ʢʠ ʦʪʥʦʩʠʪʝʣʴʥʦ ʠʟʣʫʯʝʥʠʷ ʦʩʥʦʚʥʦʡ ʯʘʩʪʦʪʳ ʤʠʥʠʤʘʣʝʥ [1].  ʉʫʱʝʩʪʚʦ-
ʚʘʥʠʝ 90-ʛʨʘʜʫʩʥʦʛʦ ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʦʧʨʝʜʝʣʷʝʪʩʷ ʧʘʨʘʤʝʪ-
ʨʘʤʠ ʵʣʣʠʧʩʦʠʜʦʚ ʧʦʢʘʟʘʪʝʣʝʡ ʧʨʝʣʦʤʣʝʥʠʷ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ, ʢʦʪʦ-
ʨʳʝ ʟʘʚʠʩʷʪ ʦʪ ʝʛʦ ʚʥʫʪʨʝʥʥʝʡ ʩʪʨʫʢʪʫʨʳ. 

 ɺ ʨʘʙʦʪʝ ʦʧʨʝʜʝʣʝʥʳ ʢʦʨʨʝʣʷʮʠʠ ʯʘʩʪʦʪʳ ʦʩʥʦʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ, 
ʧʨʠ ʢʦʪʦʨʦʡ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ 90-ʛʨʘʜʫʩʥʦʛʦ ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʩʠʥʭʨʦ-
ʥʠʟʤʘ ʩ ʫʯʝʪʦʤ ʜʠʘʧʘʟʦʥʘ ʧʨʦʟʨʘʯʥʦʩʪʠ ʢʨʠʩʪʘʣʣʘ, ʩ ʧʘʨʘʤʝʪʨʘʤʠ ʢʨʠ-
ʩʪʘʣʣʠʯʝʩʢʦʡ ʷʯʝʡʢʠ, ʚʝʣʠʯʠʥʦʡ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠʦʥʦʚ 
ʩʦʩʪʘʚʣʷʶʱʠʭ ʢʨʠʩʪʘʣʣ. ʈʘʩʯʝʪʳ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʜʠʩʧʝʨ-
ʩʠʦʥʥʳʭ ʬʦʨʤʫʣ ʉʝʣʤʝʡʝʨʘ ʜʣʷ ʰʠʨʦʢʦ ʠʟʚʝʩʪʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʪʦʯʝʯʥʦʡ 
ʛʨʫʧʧʳ ʩʠʤʤʝʪʨʠʠ m24  ʠ m3 . ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʨʝʘʣʠʟʘʮʠʷ 90-
ʛʨʘʜʫʩʥʦʛʦ ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʟʘʚʠʩʠʪ ʦʪ ʠʦʥʥʳʭ ʨʘʜʠʫʩʦʚ ʭʠ-
ʤʠʯʝʩʢʠʭ ʵʣʝʤʝʥʪʦʚ, ʩʦʩʪʘʚʣʷʶʱʠʭ ʵʪʦʪ ʢʨʠʩʪʘʣʣ, ʠ ʧʦʣʫʯʝʥʥʘʷ ʢʦʨʨʝ-
ʣʷʮʠʷ ʜʣʷ ʦʧʨʝʜʝʣʝʥʥʦʛʦ ʢʣʘʩʩʘ ʩʠʤʤʝʪʨʠʠ ʠʤʝʝʪ ʨʝʛʫʣʷʨʥʳʡ ʚʠʜ. 

ɺ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʩʧʝʨʩʠʦʥʥʘʷ ʟʘʚʠʩʠʤʦʩʪʴ ʫʛʣʦʚ ʢʦʣʣʠʥʝ-
ʘʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʜʣʷ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʝʦʦ ­   ʧʦʧʘʨʥʦ ʜʣʷ ʢʨʠʩʪʘʣʣʦʚ: 
KDP ʠ KDA, RDP ʠ RDA, 33 AsSAg  ʠ 33SbSAg . ʆʙʥʘʨʫʞʝʥʦ, ʯʪʦ ʧʨʠ ʦʜ-
ʥʦʤ ʫʛʣʝ ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʚʦʟʤʦʞʥʘ ʨʝʘʣʠʟʘʮʠʷ ʛʝʥʝʨʘʮʠʠ 
ʚʪʦʨʦʡ ʛʘʨʤʦʥʠʢʠ ʥʘ ʜʚʫʭ ʜʣʠʥʘʭ ʚʦʣʥ ʦʩʥʦʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʦʜʥʦʚʨʝʤʝʥ-
ʥʦ. 

ɼʠʩʧʝʨʩʠʷ ʫʛʣʘ ʢʦʣʣʠʥʝʘʨʥʦʛʦ ʩʠʥʭʨʦʥʠʟʤʘ ʥʝʣʠʥʝʡʥʘ ʠ ʚʝʣʠʯʠʥʘ 
ʵʪʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠʟʤʝʥʷʝʪʩʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʧʘʨʘʤʝʪʨʦʚ ʢʨʠʩʪʘʣʣʠʯʝ-
ʩʢʦʡ ʨʝʰʝʪʢʠ ʠ ʵʥʝʨʛʠʠ ʩʚʷʟʠ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʝ.  

ʃʠʪʝʨʘʪʫʨʘ: 
1. ɺ.ɻ. ɼʤʠʪʨʠʝʚ, ʃ.ɺ. ʊʘʨʘʩʦʚ. ʇʨʠʢʣʘʜʥʘʷ ʥʝʣʠʥʝʡʥʘʷ ʦʧʪʠʢʘ, 

ʄ.:ʌʠʟʤʘʪʣʠʪ, 512 ʩ. (2004) 
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ʉɽʅʉʀɹʀʃʀɿɸʎʀʗ 5d-4f ʃʖʄʀʅɽʉʎɽʅʎʀʀ ʀʆʅʆɺ Ce3+ ɺ 
ʄʆʅʆʂʈʀʉʊɸʃʃɸʍ LiY0.3Lu0.7F4:Ce3+,Pr3+ 

 
ɺ.ɻ.ɻʦʨʠʝʚʘ, ɺ.ɺ.ʉʝʤʘʰʢʦ, ʉ.ʃ.ʂʦʨʘʙʣʝʚʘ, ʄ.ɸ.ʄʘʨʠʩʦʚ 

 
˗́̈́̎̒̋̉̊ ɉ˜̑̉̃̏̌̇̒̋̉̊Ɋ ˡ̝̜̆̅̆̑́̌̎̊ ˠ̎̉̃̆̑̒̉̓̆̓ȟ ψφτττόȟ ̄Ȣ ˗́Ȥ

̝̈́̎ȟ ̔̌Ȣ ˗̠̑̆̍̌̆̃̒̋́ ̅Ȣ υόȟ ÅËÏÒÒÅ;ÖΆÍÁÉÌȢÒÕ 
 
 

ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʝ ʧʦ ʯʘʩʪʦʪʝ ʪʚʝʨʜʦʪʝʣʴʥʳʝ ʦʧʪʠ-
ʯʝʩʢʠʝ ʢʚʘʥʪʦʚʳʝ ʛʝʥʝʨʘʪʦʨʳ (ʆʂɻ, ʣʘʟʝʨʳ) ʋʌ ʜʠʘʧʘʟʦʥʘ  ʥʘʠʙʦʣʝʝ 
ʧʨʦʩʪʦ ʨʝʘʣʠʟʫʶʪʩʷ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʚ ʢʘʯʝʩʪʚʝ ʨʘʙʦʯʠʭ ʣʘʟʝʨʥʳʭ ʧʝʨʝ-
ʭʦʜʦʚ ʤʝʞʢʦʥʬʠʛʫʨʘʮʠʦʥʥʳʝ 4fn-15d - 4fn ʧʝʨʝʭʦʜʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦ-
ʥʦʚ. ʇʨʠ ʵʪʦʤ ʥʘʢʘʯʢʘ ʪʘʢʠʭ ʆʂɻ ʚ ʩʚʦʶ ʦʯʝʨʝʜʴ ʦʩʫʱʝʩʪʚʣʷʝʪʩʷ ʋʌ ʠʟ-
ʣʫʯʝʥʠʝʤ ʛʘʨʤʦʥʠʢ ʩʝʨʠʡʥʳʭ ʣʘʟʝʨʦʚ, ʨʘʙʦʪʘʶʱʠʭ ʚ ʚʠʜʠʤʦʤ ʠ ʀʂ ʜʠʘ-
ʧʘʟʦʥʝ, ʣʠʙʦ ʠʟʣʫʯʝʥʠʝʤ ʤʦʱʥʳʭ ʵʢʩʠʤʝʨʥʳʭ ʣʘʟʝʨʦʚ. ʆʜʥʘʢʦ ʠʩʧʦʣʴʟʦ-
ʚʘʥʠʝ ʋʌ ʥʘʢʘʯʢʠ ʠʥʜʫʮʠʨʫʝʪ ʚ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʘʢʪʠʚʥʳʭ ʵʣʝʤʝʥʪʘʭ ʬʦ-
ʪʦʜʠʥʘʤʠʯʝʩʢʠʝ ʧʨʦʮʝʩʩʳ (ʌɼʇ), ʢʦʪʦʨʳʝ ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʜʝʛʨʘʜʘʮʠʶ 
ʦʧʪʠʯʝʩʢʠʭ ʩʚʦʡʩʪʚ ʘʢʪʠʚʥʳʭ ʩʨʝʜ. ʆʜʥʠʤ ʠʟ ʩʧʦʩʦʙʦʚ, ʧʦʟʚʦʣʷʶʱʠʭ ʠʟ-
ʙʝʞʘʪʴ ʠʣʠ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʠʪʴ ʚʨʝʜʥʦʝ ʧʨʦʷʚʣʝʥʠʝ ʌɼʇ, ʷʚʣʷʝʪʩʷ 
ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʥʘʢʘʯʢʠ [1]. ʇʦʠʩʢ ʧʫʪʝʡ ʪʘʢʦʡ ʥʘʢʘʯʢʠ 
ʪʘʢʞʝ ʘʢʪʫʘʣʝʥ ʠ ʩ ʪʦʯʢʠ ʟʨʝʥʠʷ ʨʝʘʣʠʟʘʮʠʠ ʚ ʙʫʜʫʱʝʤ ʵʬʬʝʢʪʠʚʥʦʡ ʥʘ-
ʢʘʯʢʠ ʪʚʝʨʜʦʪʝʣʴʥʳʭ ʋʌ ʘʢʪʠʚʥʳʭ ʩʨʝʜ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʠʟʣʫʯʝʥʠʷ ʧʦ-
ʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʣʘʟʝʨʦʚ ʠ ʩʦʟʜʘʥʠʷ ʢʦʤʧʘʢʪʥʳʭ ʮʝʣʴʥʦʪʚʝʨʜʦʪʝʣʴʥʳʭ 
ʫʩʪʨʦʡʩʪʚ ʢʚʘʥʪʦʚʦʡ ʵʣʝʢʪʨʦʥʠʢʠ ʋʌ ʜʠʘʧʘʟʦʥʘ.  

ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ  ʠʩʩʣʝʜʫʝʪʩʷ ʚʦʟʤʦʞʥʦʩʪʴ ʥʘʩʝʣʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 
5d-ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʦʥʘ Ce3+ ʧʫʪʝʤ ʩʪʫʧʝʥʯʘʪʦʛʦ ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʛʦ ʚʦʟʙʫ-
ʞʜʝʥʠʷ ʩʦʩʪʦʷʥʠʡ 4f5d-ʢʦʥʬʠʛʫʨʘʮʠʠ ʠʦʥʦʚ Pr3+ ʩ ʧʦʩʣʝʜʫʶʱʝʡ ʧʝʨʝʜʘ-
ʯʝʡ ʵʥʝʨʛʠʠ ʚʦʟʙʫʞʜʝʥʠʷ ʦʪ ʠʦʥʘ  Pr3+ ʢ ʠʦʥʫ Ce3+. ʆʙʩʫʞʜʘʝʪʩʷ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʧʦʚʳʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ ʚ ʢʨʠʩʪʘʣʣʘʭ ʜʚʦʡʥʳʭ 
ʬʪʦʨʠʜʦʚ ʩʦ ʩʪʨʫʢʪʫʨʦʡ ʰʝʝʣʠʪʘ. ʇʨʠʚʦʜʷʪʩʷ ʩʧʝʢʪʨʘʣʴʥʦ-ʢʠʥʝʪʠʯʝʩʢʠʝ 
ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʢʨʠʩʪʘʣʣʘ  LiY0.3Lu0.7F4: Ce3+, Pr3+. ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘ-
ʥʠʷ ʩʚʠʜʝʪʝʣʴʩʪʚʫʶʪ ʦ ʧʝʨʩʧʝʢʪʠʚʝ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ 
LiY0.3Lu0.7F4:Ce3+, Pr3+ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝʜʳ ʪʚʝʨʜʦʪʝʣʴʥʦʛʦ ʣʘʟʝʨʘ ʩ 
ʘʧʢʦʥʚʝʨʩʠʦʥʥʦʡ ʥʘʢʘʯʢʦʡ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. S. Nicolas, E. Descroix, M.F. Joubert, Y. Guyot, M. Laroche, R. Moncorge, 

R.Y. Abdulsabirov, A.K. Naumov, V.V. Semashko, A.M. Tkachuk, M. Ma-
linowski, Opt.Mat., 22, ˉ2, 139-146, (2003). 
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ʂʆʃɽɹɸʊɽʃʔʅʓɽ ʇɽʈɽʍʆɼʓ ɼɺʋʍɸʊʆʄʅʓʍ 
ʄʆʃɽʂʋʃʗʈʅʓʍ ɸʉʉʆʎʀɸʎʀʁ ɺ ʀʆʅʅʓʍ ʂʈʀʉʊɸʃʃɸʍ 

 
ʆ.ɺ. ɻʦʨʦʭʦʚʘ, ʂ.ɺ. ʂʘʟʘʢʦʚ 

 
ʀʨʢʫʪʩʢʠʡ ɻʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʊʝʭʥʠʯʝʩʢʠʡ ʋʥʠʚʝʨʩʠʪʝʪ, 664074, ʛ. 

ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 83, ovgorohova@mail.ru 
 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʚʳʧʦʣʥʝʥʦ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʢʦʣʝʙʘ-
ʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʧʨʠʤʝʩʥʳʭ ʜʚʫʭʘʪʦʤʥʳʭ ʠʦʥʦʚ ʠ ʠʭ ʦʙʝʨʪʦʥʦʚ ʚ ʱʝʣʦʯ-
ʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʘʭ, ʦʧʨʝʜʝʣʝʥʳ ʚʝʣʠʯʠʥʳ ʵʥʝʨʛʠʠ ʧʝʨʝʭʦʜʦʚ ʠ ʠʭ 
ʠʥʪʝʥʩʠʚʥʦʩʪʝʡ ʚ ʩʣʫʯʘʷʭ ʪʦʯʥʦʛʦ ʠ ʢʚʘʟʠʪʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ.  

ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʨʘʩʩʯʠʪʘʥʳʭ ʯʘʩʪʦʪ ʧʝʨʚʦʛʦ ʠ ʚʪʦʨʦʛʦ ʦʙʝʨʪʦʥʦʚ ʜʣʷ 
ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ, ʧʦʣʫʯʝʥʥʳʭ ʤʝʪʦʜʦʤ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʡ ʜʠʘʛʦʥʘ-
ʣʠʟʘʮʠʠ ʠ ʩ ʧʦʤʦʱʴʶ ʬʦʨʤʫʣ ʜʣʷ ʪʦʯʥʦʛʦ ʨʝʟʦʥʘʥʩʘ ʜʠʤʝʨʦʚ 34SHï32SH ʠ 
80SeHï78SeH  ʚ ʢʨʠʩʪʘʣʣʝ KCl ʚʠʜʥʦ, ʯʪʦ ʠʭ ʟʥʘʯʝʥʠʷ ʜʦʩʪʘʪʦʯʥʦ ʙʣʠʟʢʠ.  

ɺʧʝʨʚʳʝ ʨʘʩʩʤʦʪʨʝʥ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʡ ʧʝʨʝʭʦʜ ʜʣʷ N-ʤʝʨʦʚ, ʚ ʯʘʩʪ-
ʥʦʩʪʠ, ʧʨʠʚʝʜʝʥ ʚʳʚʦʜ ʬʦʨʤʫʣʳ ʜʣʷ ʪʨʠʤʝʨʦʚ ʥʘ ʧʨʠʤʝʨʝ 32SHï32SHï32SH ʠ 
80SeHï80SeHï80SeH, ʚʥʝʜʨʝʥʥʳʭ ʚ ʨʝʰʝʪʢʫ KCl. ɺ ʪʘʙʣʠʮʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʳ 
ʨʘʩʩʯʠʪʘʥʥʳʝ ʯʘʩʪʦʪʳ ʠ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʢʦʣʝʙʘʪʝʣʴʥʳʭ ʧʝʨʝʭʦʜʦʚ ʜʣʷ ʪʨʠ-
ʤʝʨʘ 32SHï32SHï32SH. 

ʊʘʙʣʠʮʘ 1. 
ʏʘʩʪʦʪʳ ʠ ʦʪʥʦʩʠʪʝʣʴʥʳʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʬʫʥʜʘʤʝʥʪʘʣʴʥʦʛʦ ʧʝʨʝʭʦʜʘ 

ʪʨʠʤʝʨʘ 32SHï32SHï32SH 
 ,   

 2580,7103 0 

 2576,7299 1 

 2580,7103 0 

ʋɼɸʈʅʓʁ ʊʈɸʅʉʇʆʈʊ ʕʂʉʀʊʆʅʆɺ ɺ ʇʈʆɼʆʃʔʅʆʄ 
ʕʃɽʂʊʈʀʏɽʉʂʆʄ ʇʆʃɽ ʇʆɺɽʈʍʅʆʉʊʅʆʁ ɸʂʋʉʊʀʏɽʉʂʆʁ 

ɺʆʃʅʓ 
ɼ.ɺ. ɻʫʣʷʝʚ, ʂ.ʉ. ɾʫʨʘʚʣʝʚ 

 
ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʠʤ. ɸ.ɺ. ʈʞʘʥʦʚʘ ʉʆ ʈɸʅ, 630090, 

ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʧʨ. ʘʢ. ʃʘʚʨʝʥʪʴʝʚʘ, 13, mailto:gulyaev@isp.nsc.ru 
 
 

ʇʨʠ ʥʠʟʢʠʭ ʪʝʤʧʝʨʘʪʫʨʘʭ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ 
ʚ ʥʠʟʢʦʨʘʟʤʝʨʥʳʭ ʩʪʨʫʢʪʫʨʘʭ ʤʘʣʦ ʠʟ-ʟʘ ʪʦʛʦ, ʯʪʦ ʙʦʣʴʰʠʥʩʪʚʦ ʥʦʩʠʪʝ-
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ʣʝʡ ʟʘʨʷʜʘ ʠʣʠ ʣʦʢʘʣʠʟʦʚʘʥʳ ʠʣʠ ʦʙʨʘʟʫʶʪ ʵʢʩʠʪʦʥʳ. ɺ ʵʣʝʢʪʨʠʯʝʩʢʦʤ 
ʧʦʣʝ ʧʦʚʝʨʭʥʦʩʪʥʦʡ ʘʢʫʩʪʠʯʝʩʢʦʡ ʚʦʣʥʳ (ʇɸɺ) ʢʦʥʮʝʥʪʨʘʮʠʷ ʩʚʦʙʦʜʥʳʭ 
ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʧʦʚʳʰʘʝʪʩʷ ʠʟ-ʟʘ ʫʚʝʣʠʯʝʥʠʷ ʚʨʝʤʝʥʠ ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ 
ʟʘʨʷʜʘ ʟʘʭʚʘʯʝʥʥʳʭ ʚ ʧʫʯʥʦʩʪʠ ʇɸɺ. ʉʣʝʜʦʚʘʪʝʣʴʥʦ, ʧʦʚʳʰʘʝʪʩʷ ʚʟʘʠ-
ʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʠʤʠ ʠ/ʠʣʠ ʵʢʩʠʪʦʥʘʤʠ. ɺ ʧʨʷʤʦʟʦʥʥʳʭ ʩʪʨʫʢʪʫʨʘʭ 
ʵʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʦʙʳʯʥʦ ʤʘʩʢʠʨʫʝʪʩʷ ʜʨʫʛʠʤʠ ʵʬʬʝʢʪʘʤʠ. ɺ 
GaAs/AlAs ʩʚʝʨʭʨʝʰʝʪʢʘʭ (ʉʈ) 2 ʨʦʜʘ ʩ ʠʟʥʘʯʘʣʴʥʦ ʙʦʣʴʰʠʤ ʚʨʝʤʝʥʝʤ 
ʞʠʟʥʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʤʝʞʜʫ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʠ ʵʢ-
ʩʠʪʦʥʘʤʠ ʚ ʵʣʝʢʪʨʠʯʝʩʢʦʤ ʧʦʣʝ ʇɸɺ ʫʩʢʦʨʷʝʪ ʢʠʥʝʪʠʢʫ ʬʦʪʦʣʶʤʠʥʝʩ-
ʮʝʥʮʠʠ (ʌʃ) ʵʢʩʠʪʦʥʦʚ. ɺ ʥʘʩʪʦʷʱʝʡ ʨʘʙʦʪʝ ʵʪʦʪ ʵʬʬʝʢʪ ʙʳʣ ʠʩʩʣʝʜʦʚʘʥ 
ʧʨʠ ʨʘʟʣʠʯʥʳʭ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʭ ʫʩʣʦʚʠʷʭ ʚ ʉʈ ʩ ʨʘʟʣʠʯʥʳʤ ʥʠʞʥʠʤ 
ʵʣʝʢʪʨʦʥʥʳʤ ʩʦʩʪʦʷʥʠʝʤ, Xz ʠʣʠ Xxy. 

ɺ ʦʪʩʫʪʩʪʚʠʝ ʇɸɺ ʢʠʥʝʪʠʢʘ ʵʢʩʠʪʦʥʥʦʡ ʌʃ ʦʙʨʘʟʮʦʚ ʦʧʠʩʳʚʘʝʪʩʷ 
ʤʝʜʣʝʥʥʳʤ ʥʝʵʢʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. ʇʨʠʣʦʞʝʥʠʝ ʇɸɺ ʧʨʠʚʦʜʠʪ 
ʩʥʘʯʘʣʘ ʢ ʫʚʝʣʠʯʝʥʠʶ ʌʃ ʩʚʦʙʦʜʥʳʭ ʵʢʩʠʪʦʥʦʚ, ʘ ʟʘʪʝʤ ʢ ʫʩʢʦʨʝʥʠʶ ʢʠ-
ʥʝʪʠʢʠ ʌʃ ʵʢʩʠʪʦʥʦʚ, ʫʚʝʣʠʯʠʚʘʶʱʝʡʩʷ ʩ ʨʦʩʪʦʤ ʘʤʧʣʠʪʫʜʳ ʧʦʣʷ. ʂʨʠ-
ʚʳʝ ʟʘʪʫʭʘʥʠʷ ʌʃ ʉʈ ʜʝʤʦʥʩʪʨʠʨʫʶʪ ʧʦʣʥʫʶ ʥʝʚʦʩʧʨʠʠʤʯʠʚʦʩʪʴ ʢ 
ʚʣʠʷʥʠʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇɸɺ ʚ ʫʩʣʦʚʠʷʭ ʭʘʨʘʢʪʝʨʠʟʫʶʱʠʭʩʷ ʦʪ-
ʩʫʪʩʪʚʠʝʤ ʩʚʦʙʦʜʥʳʭ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ʀʟʤʝʥʝʥʠʷ ʚ ʢʨʠʚʳʭ ʟʘʪʫʭʘʥʠʷ 
ʌʃ ʉʈ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇɸɺ ʟʘʚʠʩʷʪ ʦʪ ʤʦʱʥʦʩʪʠ ʣʘ-
ʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʠ, ʩʣʝʜʦʚʘʪʝʣʴʥʦ, ʦʪ ʢʦʥʮʝʥʪʨʘʮʠʠ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷ-
ʜʘ. ʇʨʠ ʙʦʣʴʰʝʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʘʟʝʨʥʦʡ ʥʘʢʘʯʢʠ ʢʠʥʝʪʠʢʘ ʌʃ ʉʈ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʦʧʠʩʳʚʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠʘʣʴʥʳʤ ʟʘʢʦʥʦʤ. 
ʇʦʩʪʦʷʥʥʘʷ ʚʨʝʤʝʥʠ ʵʪʦʛʦ ʤʝʭʘʥʠʟʤʘ ʜʣʷ Xz ʠ Xxy ʵʢʩʠʪʦʥʦʚ ʦʧʠʩʳʚʘʝʪ-
ʩʷ ʟʘʢʦʥʦʤ ʊʘʫʥʩʝʥʜʘ-ʐʦʢʣʠ W(F)=W(0)*exp(-Ea/eFl). 

ʇʦʢʘʟʘʥʦ, ʯʪʦ ʫʩʢʦʨʝʥʠʝ ʢʠʥʝʪʠʢʠ ʌʃ ʵʢʩʠʪʦʥʦʚ ʚ GaAs/AlAs ʉʈ 2 
ʨʦʜʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʇɸɺ ʚʳʟʚʘʥʦ ʫʚʝʣʠʯʝʥʠʝʤ ʚʝ-
ʨʦʷʪʥʦʩʪʠ ʨʝʢʦʤʙʠʥʘʮʠʠ ʥʝʧʨʷʤʦʛʦ ʵʢʩʠʪʦʥʘ ʚʩʣʝʜʩʪʚʠʝ ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ 
ʤʝʞʜʫ ʥʦʩʠʪʝʣʷʤʠ ʟʘʨʷʜʘ ʠ ʵʢʩʠʪʦʥʘʤʠ. ɺʟʘʠʤʦʜʝʡʩʪʚʠʝ ʧʨʠʚʦʜʠʪ ʢ ʜʝ-
ʣʦʢʘʣʠʟʘʮʠʠ ʵʢʩʠʪʦʥʦʚ ʩ ʠʭ ʧʦʩʣʝʜʫʶʱʠʤ ʟʘʭʚʘʪʦʤ ʥʘ ʨʝʢʦʤʙʠʥʘʮʠʦʥ-
ʥʳʝ ʮʝʥʪʨʳ ʠ/ʠʣʠ ʨʘʩʩʝʷʥʠʝʤ ʢʚʘʟʠʠʤʧʫʣʴʩʘ ʥʝʧʨʷʤʳʭ ʵʢʩʠʪʦʥʦʚ ʥʘ ʰʝ-
ʨʦʭʦʚʘʪʦʩʪʷʭ ʛʝʪʝʨʦʛʨʘʥʠʮʳ. 
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ʆɹ ʀʉʉʃɽɼʆɺɸʅʀʀ ʗɺʃɽʅʀʗ ʃʖʄʀʅɽʉʎɽʅʎʀʀ ɺ 
ʉʆɽɼʀʅɽʅʀʁ ʉʊʈʋʂʊʋʈʅʆɻʆ ʊʀʇɸ ɹɽʈʀʃʃɸ  

 
ʆ.ʀ. ɼʸʤʠʥʘ, ɸ.ɺ. ɽʛʨʘʥʦʚ, ʊ.ɺ. ɼʸʤʠʥʘ  

ʀɻʍ ʉʆ ʈɸʅ, ʛ.ʀʨʢʫʪʩʢ, ʫʣ. ʌʘʚʦʨʩʢʦʛʦ 1ʘ, d-0lka@yandex.ru 
 
ʉʦʝʜʠʥʝʥʠʷ ʩʪʨʫʢʪʫʨʥʦʛʦ ʪʠʧʘ ʙʝʨʠʣʣʘ ï 
ʢʦʨʜʠʝʨʠʪ (ʂ, Mg2Al4Si5O18), ʙʝʨʠʣʣʠʝʚʳʡ 
ʠʥʜʠʘʣʠʪ (ɹʀ, Mg2BeAl2Si6O18) ʠ ʙʝʨʠʣʣ 
(ɹ, Al2Be3Si6O18) - ʧʦʣʫʯʝʥʳ ʚ ʨʘʩʪʚʦʨ-
ʨʘʩʧʣʘʚʥʳʭ ʩʨʝʜʘʭ ʤʝʪʦʜʦʤ ʤʝʜʣʝʥʥʦʛʦ 
ʦʭʣʘʞʜʝʥʠʷ [1]. ʇʨʦʙʳ 199 (Cr-ʂ); 327, 330 
(ɹʀ), 402 (ɹ) ʩʬʦʨʤʠʨʦʚʘʣʠʩʴ ʠʟ ʰʠʭʪ ʩ 
Cr2O3 (2%), ʘ 198 (ʂ) ʙʝʟ ʭʨʦʤʘ.  ʀʟʚʝʩʪʥʦ, 
ʯʪʦ ʂ ʦʪʥʦʩʠʪʩʷ ʢ ʧʨ.ʛʨ Cccm, ɹ ï ʢ 
P6/mcc, ʘ ɹʀ ʠʟʦʩʪʨʫʢʪʫʨʝʥ ʩ ɹ [2]. ʍʨʦʤ 
ʧʦ ʜʘʥʥʳʤ ʕʇʈ ʦʪʤʝʯʝʥ ʚ ʂ ʚ ʜʚʫʭʚʘʣʝʥʪ-
ʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʘ ʚ ɹʀ ʠ ɹ ʚ ʪʨʝʭʚʘʣʝʥʪʥʦʤ 
ʚ ʦʢʪʘʵʜʨʠʯʝʩʢʠʭ ʧʦʟʠʮʠʷʭ Mg ʠʣʠ Al [3]. 
ɺ ʠʩʩʣʝʜʫʝʤʳʝ ʬʘʟʳ ʦʥ ʚʦʰʝʣ - 0,76 (Cr-
ʂ); 0,5; 0,53 (ɹʀ); 7,3 (ɹ) ʤʘʩʩ.%. ʀʩʩʣʝʜʦ-
ʚʘʥʥʳʝ ʩʪʝʢʣʘ, ʧʦʣʫʯʝʥʥʳ ʚ ʦʢʠʩʣʠʪʝʣʴʥʦʡ 
ʘʪʤʦʩʬʝʨʝ: (1) ʙʝʩʮʚʝʪʥʦʝ ɹʀʩʪ1-11 ʠ (2) 
ʙʦʣʦʪʥʦ-ʟʝʣʝʥʦʝ ɹʀʩʪ3-17ʘ. ʀʩʭʦʜʥʳʡ ʤʘ-
ʪʝʨʠʘʣ ï ʜʣʷ (1) ʩʠʥʪʝʟʠʨʦʚʘʥʥʳʡ ɹʀ ʩʪʝ-
ʭʠʦʤʝʪʨʠʯʥʦʛʦ ʩʦʩʪʘʚʘ, ʜʣʷ (2) ï ʩʪʝʭʠʦʩ-
ʤʝʩʴ ʦʢʠʩʣʦʚ ʩʦʩʪʘʚʘ ɹʀ ʩ ʜʦʙʘʚʣʝʥʠʝʤ 
0,5%Cr2O3. ʀʟʤʝʨʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶ-
ʤʠʥʝʩʮʝʥʮʠʠ ʧʨʦʚʦʜʠʣʦʩʴ ʬʣʶʦʨʠʤʝʪʨʦʤ 
Perkin-Elmer LS55. ʇʨʠ ʩʨʘʚʥʝʥʠʠ ʦʧʪʠʯʝ-

ʩʢʠʭ ʩʧʝʢʪʨʦʚ ʦʙʨʘʟʮʦʚ 198 ʠ 199 ʦʙʥʘʨʫʞʝʥʦ ʫʚʝʣʠʯʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ 
ʩʚʝʯʝʥʠʷ ʚ ʨʘʡʦʥʝ 400 ʥʤ, ʯʪʦ ʚʦʟʤʦʞʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʚʣʠʷʥʠʠ ʚʚʝ-
ʜʝʥʥʦʛʦ ʭʨʦʤʘ ʚ ʵʪʦ ʩʦʝʜʠʥʝʥʠʝ. ʉʦʧʦʩʪʘʚʣʝʥʠʝ ʣʠʥʠʡ ʩʧʝʢʪʨʦʚ 199, 
ɹʀʩʪ3-17, 330 ʠ 402 ʧʦʢʘʟʘʣʦ, ʚʦʟʤʦʞʥʦʝ ʩʭʦʜʩʪʚʦ ʧʠʢʦʚ ʚ ʦʙʣʘʩʪʷʭ 380, 
400 ʠ 630 ʥʤ (ʨʠʩ.1).  

ʃʠʪʝʨʘʪʫʨʘ:  
1. ɼʝʤʠʥʘ ʊ.ɺ. , ʄʠʭʘʡʣʦʚ ʄ.ɸ., ʕʢʩʧʝʨʠʤʝʥʪ ʚ ʤʠʥʝʨʘʣʦʛʠʠ. ʊ. II, ʄ. : 

ʀʕʄ ʈɸʅ,1993. 
2. ʉʤʦʣʠʥ ʖ.ʀ., ʐʝʧʝʣʝʚ ʖ.ʌ., ʄʠʭʘʡʣʦʚ ʄ.ɸ., ɼʝʤʠʥʘ ʊ.ɺ., ɹʦʛʜʘʥʦ-

ʚʘ ʃ.ɸ. ʂʨʠʩʪʘʣʣʦʛʨʘʬʠʷ, 1999. ʊ. 44, ˉ3. 
3. ʉʦʣʥʮʝʚ ɺ.ʇ., ɼʝʤʠʥʘ ʊ.ɺ., ʄʠʭʘʡʣʦʚ ʄ.ɸ. ʈʝʥʪʛʝʥʦʛʨʘʬʠʷ ʠ ʤʦʣʝʢʫ-

ʣʷʨʥʘʷ ʩʧʝʢʪʨʦʩʢʦʧʠʷ ʤʠʥʝʨʘʣʦʚ. ʅʦʚʦʩʠʙʠʨʩʢ çʅʘʫʢʘè, 1985. 
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ʈʠʩ. 1.ʉʧʝʢʪʨʳ ʩʚʝʯʝʥʠʷ ʠʩ-
ʩʣʝʜʫʝʤʳʭ ʦʙʨʘʟʮʦʚ 
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ʂ ɺʆʇʈʆʉʋ ʆ ʊʀʇɽ ʂʀʅɽʊʀʂʀ  
ʉʇʆʅʊɸʅʅʆʁ ʃʖʄʀʅɽʉʎɽʅʎʀʀ ɺʆɼʓ ʆɿɽʈɸ ɹɸʁʂɸʃ 

 

ɺ.ʀ. ɼʦʙʨʳʥʠʥ 
 

ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ  
ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, 664074, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 83 

dvi12345@yandex.ru 
 
 

ʅʘ ʦʩʥʦʚʝ ʤʝʪʦʜʘ, ʠʟʣʦʞʝʥʥʦʛʦ ʚ ʨʘʙʦʪʝ ʀ.ɸ. ʇʘʨʬʠʘʥʦʚʠʯʘ ʠ ɺ.ʅ. 
ʉʘʣʦʤʘʪʦʚʘ [1] ʧʨʦʚʝʜʝʥ ʘʥʘʣʠʟ ʪʝʤʧʝʨʘʪʫʨʥʦʡ ʟʘʚʠʩʠʤʦʩʪʠ ʩʧʦʥʪʘʥʥʦʡ 
ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʘʡʢʘʣʴʩʢʦʡ ʚʦʜʳ ʧʦʣʫʯʝʥʥʦʡ ʨʘʥʝʝ ʚ [2]. ɺʠʜ ʪʝʤʧʝʨʘ-
ʪʫʨʥʦʡ ʢʨʠʚʦʡ a ʩʦʦʪʚʝʪʩʪʚʫʝʪ ʢʠʥʝʪʠʢʝ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ ï b1 (ʩʤ. ʨʠʩ.1).  
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ʈʠʩ. 1. ʂʨʠʚʳʝ ʪʝʨʤʦʚʳʩʚʝʯʠʚʘʥʠʷ ʙʘʡʢʘʣʴʩʢʦʡ ʚʦʜʳ 

 

a) ɿʘʚʠʩʠʤʦʩʪʴ ʥʦʨʤʠʨʦʚʘʥʥʳʭ ʟʥʘʯʝʥʠʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʪ  
ʪʝʤʧʝʨʘʪʫʨʳ, ʨʘʚʥʦʤʝʨʥʳʡ ʥʘʛʨʝʚ, ʛʣʫʙʠʥʘ 40 ʤ, 200 ʤ ʦʪ ʙʝʨʝʛʘ,  
106 ʢʤ ʂɹʋ ɺʉɾɼ (ʖʞʥʳʡ ɹʘʡʢʘʣ), 23.04.1988 ʛ. [2]. 

b) 1 ï ʨʘʩʯʝʪ ʜʣʷ ʢʠʥʝʪʠʢʠ ʧʝʨʚʦʛʦ ʧʦʨʷʜʢʘ; 2 ï ʜʣʷ ʢʠʥʝʪʠʢʠ 2-ʛʦ ʧʦʨʷʜʢʘ. 
 

ʕʥʝʨʛʠʷ ʪʝʨʤʠʯʝʩʢʦʡ ʘʢʪʠʚʘʮʠʠ, ʦʧʨʝʜʝʣʝʥʥʘʷ ʧʦ ʥʘʢʣʦʥʫ ʧʨʷʤʦʡ 
b1, ʨʘʚʥʘ E1 = (1,15 Ñ 0,06) eV. ʊʦ ʞʝ, ʧʦ ʤʘʢʩʠʤʫʤʫ Jm ʠ ʧʣʦʱʘʜʠ ʧʦʜ 
ʢʨʠʚʦʡ a ʚʳʰʝ Tm ï E1 = (1,2 Ñ 0,1) eV. ʆʙʦʟʥʘʯʝʥʠʷ ʜʘʥʳ ʧʦ [1]. ɺ ʨʷʜʝ 
ʩʣʫʯʘʝʚ ʵʣʝʤʝʥʪʘʨʥʳʡ ʭʘʨʘʢʪʝʨ ʢʠʥʝʪʠʢʠ ʧʦʜʪʚʝʨʞʜʘʝʪʩʷ ʵʢʩʧʦʥʝʥʮʠ-
ʘʣʴʥʦʡ ʟʘʚʠʩʠʤʦʩʪʴʶ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʚʝʯʝʥʠʷ ʙʘʡʢʘʣʴʩʢʦʡ ʚʦʜʳ ʦʪ ʚʨʝ-
ʤʝʥʠ [2]. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʚʝʱʝʩʪʚ / ʀ.ɸ. ʇʘʨʬʠʘʥʦʚʠʯ, 

ɺ.ʅ. ʉʘʣʦʤʘʪʦʚ.- ʀʨʢʫʪʩʢ: ʀʟʜ-ʚʦ ʀʨʢʫʪʩʢʦʛʦ ʛʦʩ. ʫʥ-ʪʘ, 1977.- 110 ʩ. 

 

a) b) 
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2. ɼʦʙʨʳʥʠʥ ɺ.ʀ. ʉʚʝʯʝʥʠʝ ʚʦʜʥʦʡ ʩʨʝʜʳ ʢʘʢ ʠʩʪʦʯʥʠʢ ʬʦʥʘ ʜʣʷ ʥʝʡ-
ʪʨʠʥʥʳʭ ʪʝʣʝʩʢʦʧʦʚ ʥʘ ʦʟʝʨʝ ɹʘʡʢʘʣ: ʜʠʩ. é ʢʘʥʜ. ʬʠʟ-ʤʘʪ. ʥʘʫʢ: 
01.04.16. (ʬʠʟʠʢʘ ʷʜʨʘ ʠ ʵʣʝʤʝʥʪ. ʯʘʩʪʠʮ).ï ʄ.: ʀʗʀ ʈɸʅ, 1993.- 215 ʩ. 

ʃʖʄʀʅɽʉʎɽʅʎʀʗ ʎɽʅʊʈʆɺ ʆʂʈɸʉʂʀ ɺʆ ʌʊʆʈʀɼʅʆ-
ʃʀʊʀɽɺʆʁ ʂɽʈɸʄʀʂɽ 

 
ɺ.ʇ. ɼʨʝʩʚʷʥʩʢʠʡ, ɸ.ʃ. ʈʘʢʝʚʠʯ, ʉ.ʅ. ʄʘʣʦʚ, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ 

 
ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 

ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, nadvp@list.ru 
 
 

ɺ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʳ ʦʙʨʘʟʮʳ ʬʪʦʨʠʜʥʦ-ʣʠʪʠʝʚʦʡ ʢʝʨʘʤʠʢʠ, ʧʦʣʫ-
ʯʝʥʥʳʝ ʤʝʪʦʜʦʤ ʛʦʨʷʯʝʛʦ ʧʨʝʩʩʦʚʘʥʠʷ ʥʘ ʦʪʢʨʳʪʦʤ ʚʦʟʜʫʭʝ. ʄʝʪʦʜʘʤʠ 
ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘʣʠʟʘ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʨʫʢʪʫʨʘ ʧʦʣʫʯʝʥʥʳʭ 
ʦʙʨʘʟʮʦʚ. ʉ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ Mi-
croTime 200 ʜʦʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Ocean Optics 65000 ʙʳ-
ʣʠ ʠʩʩʣʝʜʦʚʘʥʳ ʩʧʝʢʪʨʳ ʠ ʢʠʥʝʪʠʢʘ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʦʚ, ʥʘʚʝʜʝʥʥʳʭ 
ʨʘʜʠʘʮʠʝʡ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʦʙʣʫʯʝʥʥʳʭ ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʫʯʝʥʠʝʤ ʦʙʨʘʟ-
ʮʦʚ ʢʝʨʘʤʠʢʠ (ʚ ʪʝʯʝʥʠʝ 60 ʤʠʥʫʪ, I = 15ʤɸ, U=15 ʢɺ). ʉʧʝʢʪʨʳ ʣʶʤʠ-
ʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠ-
ʥʘʤʠ ʚʦʣʥ 375 ʥʤ, 470 ʥʤ ʠ 532 ʥʤ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʦʙ-
ʨʘʟʮʘʭ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʯʝ-
ʨʝʟ ʬʠʣʴʪʨʳ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʩʨʝʟʘ 400 ʥʤ, 500 ʥʤ ʠ 550 ʥʤ ʩʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ. 

ʇʦʣʫʯʝʥʥʳʝ ʦʙʨʘʟʮʳ ʬʪʦʨʠʜʥʦ-ʣʠʪʠʝʚʦʡ ʢʝʨʘʤʠʢʠ ʧʨʝʜʩʪʘʚʣʷʶʪ 
ʩʦʙʦʡ ʦʧʪʠʯʝʩʢʠ ʧʨʦʟʨʘʯʥʳʝ ʚ ʚʠʜʠʤʦʤ ʜʠʘʧʘʟʦʥʝ ʪʘʙʣʝʪʢʠ ʜʠʘʤʝʪʨʦʤ ʦʪ 
7 ʜʦ 20 ʤʤ ʠ ʪʦʣʱʠʥʦʡ ʦʢʦʣʦ 5 ʤʤ. ʄʝʪʦʜʦʤ ʨʝʥʪʛʝʥʦʩʪʨʫʢʪʫʨʥʦʛʦ ʘʥʘ-
ʣʠʟʘ ʫʩʪʘʥʦʚʣʝʥʦ, ʯʪʦ ʫʢʘʟʘʥʥʳʝ ʦʙʨʘʟʮʳ ʧʨʝʜʩʪʘʚʣʷʶʪ ʩʦʙʦʡ ʩʧʨʝʩʩʦ-
ʚʘʥʥʫʶ ʤʝʣʢʦʟʝʨʥʠʩʪʫʶ ʢʨʠʩʪʘʣʣʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʨʘʟʤʝʨʦʤ ʟʝʨʥʘ ʥʝ 
ʧʨʝʚʳʰʘʶʱʠʤ 100 ʤʢʤ. 

ɺ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʦʚ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 
ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 375 ʥʤ, 470 ʥʤ ʥʘʙʣʶʜʘʶʪʩʷ ʜʚʝ 
ʷʨʢʦ ʚʳʨʘʞʝʥʥʳʝ ʧʦʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 540 ʥʤ ʠ 650 ʥʤ, ʢʦʪʦʨʳʝ ʤʦʞ-
ʥʦ ʘʩʩʦʮʠʠʨʦʚʘʪʴ ʩ F2 ʠ F3

+ ʮʝʥʪʨʘʤʠ. ʆʜʥʘʢʦ ʚʳʨʘʞʝʥʥʳʝ ʤʘʢʩʠʤʫʤʳ 
ʵʪʠʭ ʧʦʣʦʩ ʩʚʝʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 540 ʥʤ ʠ 650 ʥʤ ʚ ʦʪʣʠʯʠʝ ʦʪ 
ʤʦʥʦʢʨʠʩʪʘʣʣʘ 550 ʠ 680 ʥʤ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ʂʨʦʤʝ ʵʪʦʛʦ, ʧʦ ʤʝʨʝ ʧʨʦ-
ʜʚʠʞʝʥʠʷ ʚʛʣʫʙʴ (300 ʤʢʤ) ʠʩʩʣʝʜʫʝʤʦʛʦ ʦʙʨʘʟʮʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘ-
ʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ ʧʦʷʚʣʷʶʪʩʷ çʦʩʪʨʦʚʢʠ ʩʚʝʯʝ-
ʥʠʷè ʩ ʤʘʢʩʠʤʫʤʦʤ ʧʦʣʦʩʳ 580 ʥʤ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝ-
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ʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ ʥʘʙʣʶʜʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 10 ʠ 
3,5 ʥʩ, ʘ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 470 ʥʤ 
ʨʝʛʠʩʪʨʠʨʫʶʪʩʷ ʜʚʝ ʢʦʤʧʦʥʝʥʪʳ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 14 ʥʩ ʠ 6 ʥʩ. 

ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 532 ʥʤ ʥʘ-
ʙʣʶʜʘʝʪʩʷ ʧʦʣʦʩʘ ʩ ʤʘʢʩʠʤʫʤʦʤ 650 ʥʤ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʦʩʳ ʜʦ 
800 ʥʤ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʟʘʨʝʛʠʩʪʨʠʨʦʚʘʥʳ ʜʚʝ ʦʩʥʦʚʥʳʝ ʚʨʝʤʝʥʥʳʝ ʢʦʤ-
ʧʦʥʝʥʪʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 16 ʥʩ ʠ 3 ʥʩ. ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʦ ʚʨʝʤʝʥʘʤ ʟʘ-
ʪʫʭʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʤ ʢ F2 ï ʮʝʥʪʨʘʤ ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪ ʩ ʧʦʩʪʦʷʥʥʦʡ 
ʚʨʝʤʝʥʠ 16 ʥʩ. ʆʜʥʘʢʦ ʚʳʨʘʞʝʥʥʳʡ ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʩʚʝʯʝʥʠʷ ʥʘʭʦʜʠʪ-
ʩʷ ʚ ʦʙʣʘʩʪʠ 650 ʥʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ - 680 ʥʤ. 

ʊ. ʦ. ʠʩʩʣʝʜʦʚʘʥʥʳʝ ʥʘʤʠ ʦʙʨʘʟʮʳ ʢʝʨʘʤʠʢʠ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʜʘ ʣʠ-
ʪʠʷ ʧʦ ʩʚʦʠʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʠʤʝʶʪ ʨʷʜ ʩʫʱʝʩʪʚʝʥʥʳʭ ʦʪ-
ʣʠʯʠʡ ʦʪ ʤʦʥʦʢʨʠʩʪʘʣʣʘ, ʯʪʦ ʪʨʝʙʫʝʪ ʧʨʦʚʝʜʝʥʠʷ ʜʦʧʦʣʥʠʪʝʣʴʥʳʭ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʫ ʈʌʌʀ ˉ 12-02-90054-ɹʝʣ_ʘ ʠ ʧʨʦ-
ʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ II.8.1.6). 

ʃʖʄʀʅɽʉʎɽʅʊʅʓɽ ʉɺʆʁʉʊɺɸ ʅɸʅʆʉʊʈʋʂʊʋʈʅʓʍ 
ʇʃɽʅʆʂ ʅɸ ʆʉʅʆɺɽ ʌʊʆʈʀɼɸ ʃʀʊʀʗ, ʇʆʃʋʏɽʅʅʓɽ 

ʄɽʊʆɼɸʄʀ ʃɸɿɽʈʅʓʍ ʊɽʍʅʆʃʆɻʀʁ 
 

ɺ.ʇ. ɼʨʝʩʚʷʥʩʢʠʡ1, ɸ.ʃ. ʈʘʢʝʚʠʯ1, ʉ.ʅ. ʄʘʣʦʚ1, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ1, 
ɸ.ɸ. ʐʘʣʘʝʚ2 

 
1ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ 
664033, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, filial@ilph.irk.ru 

2ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, 664033, ʛ. ʀʨʢʫʪʩʢ, 
ʈʦʩʩʠʷ 

 
 

ɼʣʷ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʨʠʛʦʪʦʚʣʝʥʳ ʦʙʨʘʟʮʳ ʥʘʥʦʩʪʨʫʢʪʫʨʥʳʭ ʧʣʝʥʦʢ 
ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʜʘ ʣʠʪʠʷ ʪʦʣʱʠʥʦʡ 2-20 ʤʢʤ ʥʘ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦ ʠʩʩʣʝʜʦʚʘʣʘʩʴ ʩʪʨʫʢʪʫʨʘ ʧʣʝʥʦʢ, ʩʧʝʢʪʨʳ ʠ ʢʠʥʝʪʠʢʘ 
ʠʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ 
MicroTime 200, ʜʦʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦʛʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Ocean Optics 65000. 
ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟ-
ʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʘʤʠ ʚʦʣʥ 375 ʥʤ, 405 ʥʤ, 470 ʥʤ ʠ 532 ʥʤ. ɼʣʷ ʧʦʜʘʚʣʝ-
ʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ ʥʘ ʦʙʨʘʟʮʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 
ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ ʯʝʨʝʟ ʬʠʣʴʪʨʳ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʩʨʝʟʘ 400 ʥʤ, 430 ʥʤ, 
500 ʥʤ ʠ 550 ʥʤ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ. ɿʘʪʝʤ ʜʘʥʥʳʝ ʦʙʨʘʟʮʳ ʙʳʣʠ ʦʙʣʫʯʝʥʳ 
ʨʝʥʪʛʝʥʦʚʩʢʠʤ ʠʟʫʯʝʥʠʝʤ ʚ ʪʝʯʝʥʠʠ 45 ʤʠʥʫʪ (I = 15ʤɸ, U=15 ʢɺ), ʧʦʩʣʝ 
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ʯʝʛʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʮʝʥʪʨʦʚ, ʥʘʚʝʜʝʥʥʳʭ 
ʨʘʜʠʘʮʠʝʡ. 

ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʧʦʣʫʯʝʥʥʳʝ ʧʣʝʥʢʠ ʩʦʜʝʨʞʘʪ ʣʶʤʠ-
ʥʝʩʮʠʨʫʶʱʠʝ ʟʝʨʥʘ ʨʘʟʤʝʨʦʤ 200-300 ʥʤ, ʥʘʙʣʶʜʘʝʤʳʝ ʥʘ ʧʨʝʜʝʣʝ ʧʨʦ-
ʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ. ʇʨʠ ʚʦʟʙʫʞʜʝʥʠʠ ʢʘʞʜʳʤ ʠʟ ʧʝ-
ʨʝʯʠʩʣʝʥʥʳʭ ʣʘʟʝʨʦʚ ʚ ʥʝʦʙʣʫʯʝʥʥʳʭ ʦʙʨʘʟʮʘʭ ʥʘʙʣʶʜʘʣʠʩʴ ʩʣʘʙʳʝ ʥʝ-
ʵʣʝʤʝʥʪʘʨʥʳʝ ʧʦʣʦʩʳ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 400 ʥʤ, 470 ʥʤ, 560 ʥʤ, 
580 ʥʤ ʠ ʧʝʨʝʢʨʳʚʘʶʱʠʝʩʷ ʧʦʣʦʩʳ ʜʦ 800 ʥʤ. ʇʨʠ ʵʪʦʤ ʙʳʣʠ ʟʘʨʝʛʠʩʪ-
ʨʠʨʦʚʘʥʳ ʪʨʠ ʦʩʥʦʚʥʳʝ ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 0,8 ʥʩ, 
2,8 ʥʩ ʠ 8,5 ʥʩ. 

ʇʦʩʣʝ ʨʝʥʪʛʝʥʦʚʩʢʦʛʦ ʦʙʣʫʯʝʥʠʷ ʦʙʱʘʷ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʩʚʝʯʝʥʠʷ 
ʫʚʝʣʠʯʠʣʘʩʴ ʥʘ ʧʦʨʷʜʦʢ. ɺ ʩʧʝʢʪʨʘʭ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʝʦʙʣʘʜʘʶʪ ʜʚʝ ʧʦ-
ʣʦʩʳ ʩ ʤʘʢʩʠʤʫʤʘʤʠ 470 ʥʤ ʠ 650 ʥʤ. ʆʜʥʘʢʦ ʚʨʝʤʝʥʥʦʡ ʩʦʩʪʘʚ ʙʦʣʝʝ 
ʩʣʦʞʝʥ. ʅʘʙʣʶʜʘʶʪʩʷ ʚʨʝʤʝʥʥʳʝ ʢʦʤʧʦʥʝʥʪʳ 220, 35, 16, 4 ʠ 0,8 ʥʩ. 
ʅʘʠʙʦʣʝʝ ʙʣʠʟʢʠʤ ʧʦ ʚʨʝʤʝʥʘʤ ʟʘʪʫʭʘʥʠʷ ʢʦʤʧʦʥʝʥʪʦʤ ʢ F2 ï ʮʝʥʪʨʘʤ 
ʷʚʣʷʝʪʩʷ ʢʦʤʧʦʥʝʥʪ ʩ ʧʦʩʪʦʷʥʥʦʡ ʚʨʝʤʝʥʠ 16 ʥʩ. ʆʜʥʘʢʦ ʚʳʨʘʞʝʥʥʳʡ 
ʤʘʢʩʠʤʫʤ ʧʦʣʦʩʳ ʩʚʝʯʝʥʠʷ ʥʘʭʦʜʠʪʩʷ ʚ ʦʙʣʘʩʪʠ 650 ʥʤ ʚ ʦʪʣʠʯʠʝ ʦʪ ʤʦ-
ʥʦʢʨʠʩʪʘʣʣʘ (680 ʥʤ). 

ʊ. ʦ. ʠʩʩʣʝʜʦʚʘʥʥʳʡ ʥʘʤʠ ʥʦʚʳʡ ʤʘʪʝʨʠʘʣ ʥʘ ʦʩʥʦʚʝ ʬʪʦʨʠʜʘ ʣʠʪʠʷ 
ʧʦ ʩʚʦʠʤ ʣʶʤʠʥʝʩʮʝʥʪʥʳʤ ʩʚʦʡʩʪʚʘʤ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʝʪʩʷ ʦʪ ʤʦʥʦ-
ʢʨʠʩʪʘʣʣʘ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʫ ʈʌʌʀ ˉ 12-02-90054-ɹʝʣ_ʘ ʠ ʧʨʦ-
ʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ II.8.1.6). 

ʄɽʊʆɼ ʆʇʈɽɼɽʃɽʅʀʗ ʈɸɿʄɽʈɸ ʂʃɸʉʊɽʈɸ ɺ ʂɽʈɸʄʀʂɽ 
ʌʊʆʈʀɼɸ ʃʀʊʀʗ ʅɸ ʆʉʅʆɺɽ ʂʆʈʈɽʃʗʎʀʆʅʅʆɻʆ ɸʅɸʃʀɿɸ 

ʇʆʃʗʈʀɿɸʎʀʆʅʅʓʍ ʂʆʄʇʆʅɽʅʊ ʃʖʄʀʅɽʉʎɽʅʎʀʀ 
 

ɺ.ʇ. ɼʨʝʩʚʷʥʩʢʠʡ, ɼ.ɹ. ɹʘʩʢʘʢʦʚ, ʉ.ɸ. ɿʠʣʦʚ, ɸ.ʃ. ʈʘʢʝʚʠʯ 
 

ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 
ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, nadvp@list.ru 

 
 

ɼʣʷ ʠʟʚʣʝʯʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ ʠʟ ʥʘʙʣʶʜʝʥʠʷ ʧʦʣʷʨʠʟʦʚʘʥʥʦʡ ʣʶʤʠʥʝʩ-
ʮʝʥʮʠʠ ʢʫʙʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʥʝʦʙʭʦʜʠʤʦ ʠʤʝʪ  ɹ ʚʦʟʤʦʞʥʦʩʪ  ɹ ʠʩʩʣʝʜʦʚʘʪʴ 
ʩʪʝʧʝʥʴ ʧʦʣʷʨʠʟʘʮʠʠ ʠʟʣʫʯʝʥʠʷ ʚ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʦʪʥʦʩʠʪʝʣʴʥʦʡ ʦʨʠʝʥʪʘʮʠʠ 
ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʚʝʢʪʦʨʘ ʚʦʟʙʫʞʜʘʶʱʝʡ ʩʚʝʪʦʚʦʡ ʚʦʣʥʳ, ʦʩʝʡ ʢʨʠʩʪʘʣʣʘ ʠ ʥʘ-
ʧʨʘʚʣʝʥʠʷ ʥʘʙʣʶʜʝʥʠʷ. ʕʪʦ ʤʦʞʝʪ ʙʳʪʴ ʦʩʫʱʝʩʪʚʣʝʥʦ, ʥʘʧʨʠʤʝʨ, ʧʨʠ ʥʘ-
ʙʣʶʜʝʥʠʠ ʧʦ ʩʭʝʤʘʤ, ʧʦʟʚʦʣʷʶʱʠʤ ʠʩʩʣʝʜʦʚʘʪʴ ʪʘʢ ʥʘʟʳʚʘʝʤʳʝ ʘʟʠʤʫ-
ʪʘʣʴʥʳʝ ʟʘʚʠʩʠʤʦʩʪʠ ʧʦʣʷʨʠʟʘʮʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ, ʪ. ʝ. ʢʨʠʚʳʝ, ʚʳʨʘʞʘʶ-
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ʱʠʝ ʠʟʤʝʥʝʥʠʝ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ )/()( ^^ +-= IIIIP IIII  ʧʨʠ ʠʟʤʝʥʝʥʠʠ 
ʫʛʣʘ ʧʦʚʦʨʦʪʘ ʠʩʩʣʝʜʫʝʤʦʛʦ ʢʨʠʩʪʘʣʣʘ. ʇʦʩʢʦʣʴʢʫ ʦʨʠʝʥʪʘʮʠʷ ʮʝʥʪʨʦʚ ʚ 
ʦʪʜʝʣʴʥʦ ʚʟʷʪʦʤ ʢʣʘʩʪʝʨʝ ʥʝ ʠʟʤʝʥʷʝʪʩʷ, ʘ ʩʘʤʠ ʢʣʘʩʪʝʨʳ ʚ ʢʝʨʘʤʠʢʝ 
ʠʤʝʶʪ ʭʘʦʪʠʯʝʩʢʦʝ ʨʘʩʧʨʝʜʝʣʝʥʠʝ, ʤʦʞʥʦ ʧʨʝʜʧʦʣʦʞʠʪʴ, ʯʪʦ ʨʝʟʢʦʝ ʠʟ-
ʤʝʥʝʥʠʝ ʚʝʣʠʯʠʥʳ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘʮʠʠ ʙʫʜʝʪ ʧʨʦʠʩʭʦʜʠʪʴ ʥʘ ʛʨʘʥʠʮʝ ʟʝ-
ʨʝʥ. ʊ.ʦ. ʟʥʘʷ ʰʘʛ ʩʢʘʥʠʨʦʚʘʥʠʷ ʤʦʞʥʦ ʩ ʦʧʨʝʜʝʣʝʥʥʦʡ ʜʦʣʝʡ ʚʝʨʦʷʪʥʦʩʪʠ 
ʦʧʨʝʜʝʣʠʪʴ ʨʘʟʤʝʨ ʦʜʥʦʛʦ ʢʣʘʩʪʝʨʘ. 

ʋʯʠʪʳʚʘʷ, ʯʪʦ ʧʨʝʜʣʘʛʘʝʤʳʡ ʤʝʪʦʜ ʥʦʚʳʡ, ʜʣʷ ʦʮʝʥʢʠ ʘʜʝʢʚʘʪʥʦʩʪʠ 
ʝʛʦ ʩʣʝʜʫʝʪ ʘʧʨʦʙʠʨʦʚʘʪʴ ʥʘ ʮʝʥʪʨʘʭ ʩ ʠʟʚʝʩʪʥʳʤʠ ʩʚʦʡʩʪʚʘʤʠ. ʄʳ ʧʨʦ-
ʚʦʜʠʣʠ ʵʢʩʧʝʨʠʤʝʥʪʳ ʩ F2 ʠ F3

+ ʮʝʥʪʨʘʤʠ ʚ ʢʝʨʘʤʠʢʝ ʬʪʦʨʠʩʪʦʛʦ ʣʠʪʠʷ. 
ʀʟʚʝʩʪʥʦ, ʯʪʦ ʵʪʠ ʮʝʥʪʨʳ ʦʨʠʝʥʪʠʨʦʚʘʥʳ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʧʦ ʜʠʘʛʦʥʘʣʷʤ 
ʛʨʘʥʝʡ ʢʫʙʘ (ʉ2) ʠ ʛʣʘʚʥʳʤ ʜʠʘʛʦʥʘʣʷʤ ʢʫʙʘ (ʉ3). ʕʢʩʧʝʨʠʤʝʥʪʳ ʧʨʦʚʦ-
ʜʠʣʠʩʴ ʥʘ ʢʦʥʬʦʢʘʣʴʥʦʤ ʩʢʘʥʠʨʫʶʱʝʤ ʤʠʢʨʦʩʢʦʧʝ MicroTime 200, ʚ ʢʦ-
ʪʦʨʦʤ ʙʳʣʘ ʨʝʘʣʠʟʦʚʘʥʘ ʜʚʫʭʢʘʥʘʣʴʥʘʷ ʩʭʝʤʘ ʨʝʛʠʩʪʨʘʮʠʠ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʝʡ ʣʶʤʠʥʝʩʮʝʥʮʠʠ III  ʠ ^I , ʧʦʣʷʨʠʟʦʚʘʥʥʳʝ, ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ, ʚ ʪʦʡ ʞʝ 
ʧʣʦʩʢʦʩʪʠ, ʯʪʦ ʠ ʚʦʟʙʫʞʜʘʶʱʠʡ ʣʫʯ, ʠ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʢ ʥʝʡ. ʈʘʟʨʘʙʦ-
ʪʘʥʥʳʡ ʤʘʪʝʤʘʪʠʯʝʩʢʠʡ ʘʧʧʘʨʘʪ, ʦʩʥʦʚʘʥʥʳʡ ʥʘ ʘʥʘʣʠʟʝ ʘʚʪʦʢʦʨʨʝʣʷʮʠ-
ʦʥʥʳʭ ʬʫʥʢʮʠʡ ʧʦʣʷʨʠʟʘʮʠʦʥʥʳʭ ʢʦʤʧʦʥʝʥʪ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʟʚʦʣʷʝʪ 
ʨʘʩʩʤʘʪʨʠʚʘʪʴ ʧʝʨʝʭʦʜʳ ʧʨʦʠʟʚʦʣʴʥʦʡ ʤʫʣʴʪʠʧʦʣʴʥʦʩʪʠ, ʦʨʠʝʥʪʠʨʦʚʘʥ-
ʥʳʝ ʧʦ ʧʨʦʠʟʚʦʣʴʥʳʤ ʦʩʷʤ ʩʠʤʤʝʪʨʠʠ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʠʟʤʝʨʝʥʠʡ ʙʳʣʘ ʧʦʩʪʨʦʝʥʘ ʢʘʨʪʘ ʩʪʝʧʝʥʠ ʧʦʣʷʨʠʟʘ-
ʮʠʠ, ʥʘ ʢʦʪʦʨʦʡ ʨʘʟʣʠʯʥʳʤ ʟʥʘʯʝʥʠʷʤ )/()( ^^ +-= IIIIP IIII ʩʦʦʪʚʝʪʩʪʚʫʶʪ 
ʦʧʨʝʜʝʣʝʥʥʳʝ ʮʚʝʪʘ: ʪʘʤ, ʛʜʝ ʵʪʘ ʚʝʣʠʯʠʥʘ ʧʦʣʦʞʠʪʝʣʴʥʘ, ʢʘʨʪʘ ʢʨʘʩʥʘʷ, 
ʪʘʤ, ʛʜʝ ʦʪʨʠʮʘʪʝʣʴʥʘ ð ʢʘʨʪʘ ʟʝʣʸʥʘʷ, ʛʜʝ ʨʘʚʥʘ ʥʫʣʶ - ʢʘʨʪʘ ʩʝʨʘʷ. ʗʨ-
ʢʦʩʪʴ ʦʪʨʘʞʘʝʪ ʩʫʤʤʘʨʥʫʶ ʠʥʪʝʥʩʠʚʥʦʩʪʴ ʧʦ ʦʙʦʠʤ ʢʘʥʘʣʘʤ. ʉʦʦʪʚʝʪʩʪ-
ʚʝʥʥʦ, ʢʨʘʩʥʳʝ ʫʯʘʩʪʢʠ ð ʵʪʦ ʦʙʣʘʩʪʠ, ʛʜʝ ʚʦʟʙʫʞʜʘʶʪʩʷ ʧʨʝʠʤʫʱʝʩʪ-
ʚʝʥʥʦ ʛʦʨʠʟʦʥʪʘʣʴʥʳʝ ʦʩʮʠʣʣʷʪʦʨʳ (ʧʦ ʦʪʥʦʰʝʥʠʶ ʢ ʧʦʣʷʨʠʟʘʮʠʠ ʚʦʟ-
ʙʫʞʜʘʶʱʝʛʦ ʣʫʯʘ). ɿʝʣʸʥʳʝ - ʛʜʝ ʧʨʝʠʤʫʱʝʩʪʚʝʥʥʦ ʚʝʨʪʠʢʘʣʴʥʳʝ. ɼʘʣʴ-
ʥʝʡʰʠʡ ʘʥʘʣʠʟ ʩʚʦʜʠʪʩʷ ʢ ʪʦʤʫ, ʯʪʦʙʳ ʦʧʨʝʜʝʣʠʪʴ ʛʨʘʥʠʮʳ ʠ ʨʘʟʤʝʨ ʢʣʘ-
ʩʪʝʨʦʚ, ʦʪʦʙʨʘʞʝʥʥʳʭ ʥʘ ʧʦʣʫʯʝʥʥʦʡ ʢʘʨʪʝ ʩ ʫʯʝʪʦʤ ʰʘʛʘ ʩʢʘʥʠʨʦʚʘʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʘʤ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʅɸʅ ɹʝʣʘʨʫʩʠ ʠ ʉʆ ʈɸʅ ˉ 13, ʈʌʌʀ ˉ 12-02-90054-ɹʝʣ_ʘ ʠ ʧʨʦʛʨʘʤʤʝ 
ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ II.8.1.6). 
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ʄʆɼɽʃʀʈʆɺɸʅʀɽ ʇʈʆʎɽʉʉɸ ʃɸɿɽʈʅʆɻʆ ʀʉʇɸʈɽʅʀʗ 
ɼʀʕʃɽʂʊʈʀʏɽʉʂʀʍ ʂʈʀʉʊɸʃʃʆɺ 

  
ɺ.ʇ. ɼʨʝʩʚʷʥʩʢʠʡ1, ʉ.ʅ. ʄʘʣʦʚ1, ɽ.ʄ. ʇʦʧʦʚ2, ʇ.ʄ. ʍʣʝʙʦʚ2 

 
1ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 

ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, nadvp@list.ru 
2ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 664003, ʛ. ʀʨʢʫʪʩʢ, 

ʙʫʣʴʚʘʨ ɻʘʛʘʨʠʥʘ, 20 
 
 

ʇʦ ʩʚʦʝʤʫ ʭʘʨʘʢʪʝʨʫ ʧʨʦʮʝʩʩ ʣʘʟʝʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʦʯʝʥʴ ʩʭʦʞ ʩ 
ʧʨʦʮʝʩʩʦʤ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ - ʤʝʪʦʜʦʤ ʫʜʘʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʩ ʧʦʚʝʨʭʥʦʩʪʠ 
ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʤʧʫʣʴʩʘ. ʇʨʠ ʥʠʟʢʦʡ ʤʦʱʥʦʩʪʠ ʣʘʟʝʨʘ ʚʝʱʝʩʪ-
ʚʦ ʠʩʧʘʨʷʝʪʩʷ ʠʣʠ ʩʫʙʣʠʤʠʨʫʝʪʩʷ ʚ ʚʠʜʝ ʩʚʦʙʦʜʥʳʭ ʤʦʣʝʢʫʣ, ʘʪʦʤʦʚ ʠ 
ʠʦʥʦʚ, ʪ.ʝ. ʥʘʜ ʦʙʣʫʯʘʝʤʦʡ ʧʦʚʝʨʭʥʦʩʪʴʶ ʦʙʨʘʟʫʝʪʩʷ ʩʣʘʙʘʷ ʧʣʘʟʤʘ. ɿʘ 
ʩʯʝʪ ʧʦʛʣʦʱʝʥʠʷ ʵʥʝʨʛʠʠ ʣʘʟʝʨʘ ʚʝʱʝʩʪʚʦ ʤʝʜʣʝʥʥʦ ʨʘʟʦʛʨʝʚʘʝʪʩʷ ʠ ʤʦ-
ʞʝʪ ʠʩʧʘʨʷʪʴʩʷ, ʦʙʨʘʟʫʷ ʧʘʨ ʠʟ ʥʝʡʪʨʘʣʴʥʳʭ ʤʦʣʝʢʫʣ. ʉʣʝʜʫʝʪ ʟʘʤʝʪʠʪʴ, 
ʯʪʦ, ʥʝʩʤʦʪʨʷ ʥʘ ʰʠʨʦʢʦʝ ʠʩʧʦʣʴʟʦʚʘʥʠʝ ʤʝʪʦʜʘ ʣʘʟʝʨʥʦʛʦ ʥʘʧʳʣʝʥʠʷ 
ʤʘʪʝʨʠʘʣʦʚ ʚ ʨʘʟʣʠʯʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʣʠʰʴ ʚ ʥʝʤʥʦʛʠʭ ʨʘʙʦʪʘʭ ʧʨʝʜʧʨʠ-
ʥʠʤʘʣʠʩʴ ʧʦʧʳʪʢʠ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʣʘʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʜʣʷ ʜʠ-
ʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘʪʳ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ 
ʣʘʟʝʨʥʦʛʦ ʠʩʧʘʨʝʥʠʷ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʠʭ ʩ 
ʨʝʟʫʣʴʪʘʪʘʤʠ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʦʛʦ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʮʝʩʩʘ ʥʘʧʳʣʝʥʠʷ 
ʪʦʥʢʠʭ ʧʣʸʥʦʢ ʥʝʢʦʪʦʨʳʭ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʧʦʜ ʜʝʡʩʪʚʠʝʤ 
ʥʝʧʨʝʨʳʚʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʉʆ2 ʣʘʟʝʨʘ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 10,6 ʤʢʤ. 

ɿʘ ʦʩʥʦʚʫ ʥʘʤʠ ʙʳʣʘ ʧʨʠʥʷʪʘ ʤʦʜʝʣʴ ʪʝʧʣʦʚʦʛʦ ʤʝʭʘʥʠʟʤʘ ʣʘʟʝʨʥʦʡ 
ʘʙʣʷʮʠʠ, ʦʧʠʩʳʚʘʝʤʘʷ ʚ ʨʘʤʢʘʭ ʦʜʥʦʤʝʨʥʦʛʦ ʥʝʩʪʘʮʠʦʥʘʨʥʦʛʦ ʫʨʘʚʥʝʥʠʷ 
ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ ʚ ʩʠʩʪʝʤʝ ʢʦʦʨʜʠʥʘʪ, ʩʚʷʟʘʥʥʦʡ ʩ ʜʚʠʞʫʱʠʤʩʷ ʬʨʦʥ-
ʪʦʤ ʠʩʧʘʨʝʥʠʷ [1]:  
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ɺ ʧʨʝʜʩʪʘʚʣʝʥʥʦʡ ʤʦʜʝʣʠ ʢʦʣʠʯʝʩʪʚʦ ʠʩʧʘʨʝʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ ʭʘ-
ʨʘʢʪʝʨʠʟʫʝʪʩʷ ʛʣʫʙʠʥʦʡ ʠʩʧʘʨʝʥʠʷ Zabl, ʨʘʩʩʯʠʪʳʚʘʝʤʦʡ ʨʘʟʥʦʩʪʥʳʤ ʠʥ-
ʪʝʛʨʠʨʦʚʘʥʠʝʤ ʩʢʦʨʦʩʪʠ ʠʩʧʘʨʝʥʠʷ ʧʦ ʚʨʝʤʝʥʠ: 

ñ= ,)( dttUZabl  
ʛʜʝ dt ï ʰʘʛ ʠʥʪʝʛʨʠʨʦʚʘʥʠʷ ʧʦ ʚʨʝʤʝʥʠ. 

ʏʠʩʣʝʥʥʦʝ ʨʝʰʝʥʠʝ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚʳʰʝ ʫʨʘʚʥʝʥʠʡ ʩ ʛʨʘʥʠʯʥʳʤʠ 
ʫʩʣʦʚʠʷʤʠ ʧʦʟʚʦʣʷʝʪ ʠʩʩʣʝʜʦʚʘʪʴ ʜʠʥʘʤʠʢʫ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʪʝʤʧʝʨʘʪʫʨʳ 
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ʚʛʣʫʙʴ ʦʙʣʫʯʘʝʤʦʛʦ ʦʙʨʘʟʮʘ, ʧʦʚʝʨʭʥʦʩʪʴ ʢʦʪʦʨʦʛʦ ʜʚʠʞʝʪʩʷ ʩʦ ʩʢʦʨʦ-
ʩʪʴʶ ʬʨʦʥʪʘ ʠʩʧʘʨʝʥʠʷ U(t): 

)/exp()( 0 sgasacts TRETU -=n , 
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ʛʜʝ Eact ï ʵʥʝʨʛʠʷ ʨʘʟʨʫʰʝʥʠʷ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʸʪʢʠ, Ts ï ʪʝʤʧʝʨʘʪʫʨʘ 
ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ. 

ʇʦ ʨʝʟʫʣʴʪʘʪʘʤ ʤʦʜʝʣʠʨʦʚʘʥʠʷ ʙʳʣʠ ʧʦʣʫʯʝʥʳ ʚʨʝʤʝʥʥʳʝ ʟʘʚʠʩʠ-
ʤʦʩʪʠ ʨʦʩʪʘ ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʠ ʢʦʣʠʯʝʩʪʚʘ ʠʩʧʘʨʝʥ-
ʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʨʘʩʩʯʠʪʘʥʘ ʟʘʚʠʩʠʤʦʩʪʴ ʩʢʦʨʦʩʪʠ ʬʨʦʥʪʘ ʠʩʧʘʨʝʥʠʷ ʦʪ 
ʪʝʤʧʝʨʘʪʫʨʳ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʦʙʨʘʟʮʘ ʦʪ ʚʨʝʤʝʥʠ. ʇʦʣʫʯʝʥʥʳʝ ʜʘʥʥʳʝ 
ʭʦʨʦʰʦ ʩʦʛʣʘʩʫʶʪʩʷ ʩ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʤʠ ʨʝʟʫʣʴʪʘʪʘʤʠ ʧʦ ʣʘʟʝʨʥʦʤʫ 
ʠʩʧʘʨʝʥʠʶ ʥʝʢʦʪʦʨʳʭ ʜʠʵʣʝʢʪʨʠʯʝʩʢʠʭ ʢʨʠʩʪʘʣʣʦʚ, ʚ ʯʘʩʪʥʦʩʪʠ ʬʪʦʨʠʜʘ 
ʣʠʪʠʷ ʠ ʬʪʦʨʠʜʘ ʥʘʪʨʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʫ ʈʌʌʀ ˉ 12-02-90054-ɹʝʣ_ʘ ʠ ʧʨʦ-
ʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ II.8.1.6) 
 
ʃʠʪʝʨʘʪʫʨʘ: 

1. ʃ. ɸ. ɿʘʭʘʨʦʚ, ʅ. ʄ. ɹʫʣʛʘʢʦʚʘ. ʏʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʣʘ-
ʟʝʨʥʦʡ ʘʙʣʷʮʠʠ ʤʝʪʘʣʣʦʚ ʠ ʧʦʣʠʤʝʨʦʚ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʠʤʧʫʣʴʩʘʤʠ ʠʥ-
ʬʨʘʢʨʘʩʥʦʛʦ ʠʟʣʫʯʝʥʠʷ: ʚʣʠʷʥʠʝ ʥʘʯʘʣʴʥʦʡ ʪʝʤʧʝʨʘʪʫʨʳ ʦʙʨʘʟʮʘ. ɺʝʩʪ-
ʥʠʢ ʅɻʋ. ʉʝʨʠʷ: ʌʠʟʠʢʘ. 2010. ʊʦʤ 5, ʚʳʧʫʩʢ 1, 37-45, (2010). 

ʊɽʈʄʆʉʊʀʄʋʃʀʈʆɺɸʅʅɸʗ ʃʖʄʀʅɽʉʎɽʅʎʀʗ 
ʂʈʀʉʊɸʃʃʆɺ LiF:Mg,Ti, ʆɹʃʋʏɽʅʅʓʍ ʌɽʄʊʆʉɽʂʋʅɼʅʓʄʀ 

ʃɸɿɽʈʅʓʄʀ ʀʄʇʋʃʔʉɸʄʀ ɺ ʈɽɾʀʄɽ ʌʀʃɸʄɽʅʊɸʎʀʀ 
 

ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ1, ʅ.ʉ ɹʦʙʠʥʘ3, ɼ.ʉ. ɻʣʘʟʫʥʦʚ1, ɺ.ʇ. ɼʨʝʩʚʷʥʩʢʠʡ1, 
ɺ.ʌ. ʀʚʘʰʝʯʢʠʥ3, ɸ.ɺ. ʂʠʨʧʠʯʥʠʢʦʚ2, ɸ.ɺ. ʂʫʟʥʝʮʦʚ1, ɸ.ʀ. ʅʝʧʦʤʥʷ-

ʱʠʭ3, ɽ.ɺ. ʇʝʩʪʨʷʢʦʚ2 

 

1ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ,  
664033, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, ʈʦʩʩʠʷ 

2ʀʥʩʪʠʪʫʪ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664090, ʛ. ʅʦʚʦʩʠʙʠʨʩʢ, ʈʦʩ-
ʩʠʷ 

3 ʀʥʩʪʠʪʫʪ ʛʝʦʭʠʤʠʠ ʠʤ. ɸ.ʇ. ɺʠʥʦʛʨʘʜʦʚʘ ʉʆ ʈɸʅ, 664033, 
ʛ. ʀʨʢʫʪʩʢ, ʈʦʩʩʠʷ, filial@ilph.irk.ru 

 
 

ʆʙʲʝʢʪʦʤ ʥʘʰʠʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʷʚʣʷʣʠʩʴ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʝ ʤʦʥʦ-
ʢʨʠʩʪʘʣʣʳ LiF:Mg (100 ppm), Ti (10 ppm) ʰʠʨʦʢʦ ʧʨʠʤʝʥʷʝʤʳʝ ʚ ɔ-
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ʜʦʟʠʤʝʪʨʠʠ. ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʣʦʩʴ ʠʩʩʣʝʜʦʚʘʥʠʝ ʤʝʭʘʥʠʟʤʘ ʟʘ-
ʧʘʩʘʥʠʷ ʩʚʝʪʦʩʫʤʤʳ ʢʨʠʩʪʘʣʣʘʤʠ LiF:Mg,Ti ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ 
ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʪʠʪʘʥ-ʩʘʧʬʠʨʦʚʦʛʦ ʣʘʟʝʨʘ ʚ ʙʣʠʞʥʝʡ ʀʂ-
ʦʙʣʘʩʪʠ ~800 nm, ʘ ʪʘʢʞʝ ʠʩʩʣʝʜʦʚʘʥʠʝ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʣʫʯʝʥʥʳʭ 
ʦʙʨʘʟʮʦʚ ʠ ʩʦʧʦʩʪʘʚʣʝʥʠʝ ʧʦʣʫʯʝʥʥʳʭ ʨʝʟʫʣʴʪʘʪʦʚ ʩ ʨʝʟʫʣʴʪʘʪʘʤʠ ʠʩʩʣʝ-
ʜʦʚʘʥʠʡ ʊʉʃ ʵʪʠʭ ʞʝ ʢʨʠʩʪʘʣʣʦʚ, ʦʙʣʫʯʝʥʥʳʭ ʙʝʪʘ-ʠʟʣʫʯʝʥʠʝʤ ʠ ʜʨʫʛʠ-
ʤʠ ʚʠʜʘʤʠ ʨʘʜʠʘʮʠʠ. 
ʕʢʩʧʝʨʠʤʝʥʪʘʣʴʥʘʷ ʫʩʪʘʥʦʚʢʘ ʧʦ ʦʙʣʫʯʝʥʠʶ ʢʨʠʩʪʘʣʣʦʚ LiF:Mg,Ti ʬʝʤ-
ʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ ʚʢʣʶʯʘʣʘ ʪʠʪʘʥ-ʩʘʧʬʠʨʦʚʳʡ ʣʘʟʝʨ, 
ʛʝʥʝʨʠʨʫʶʱʠʡ ʠʤʧʫʣʴʩʳ ʜʣʠʪʝʣʴʥʦʩʪʴʶ 30 fs ʩ ʵʥʝʨʛʠʝʡ ʦʢʦʣʦ 0,55 mJ ʠ 
ʯʘʩʪʦʪʦʡ ʩʣʝʜʦʚʘʥʠʷ 1-1000 Hz. ʀʩʩʣʝʜʦʚʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʣʫ-
ʯʝʥʥʳʭ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʦʙʨʘʟʮʦʚ ʧʨʦʚʦʜʠʣʦʩʴ ʩ ʧʦʤʦʱʴʶ ʩʢʘʥʠ-
ʨʫʶʱʝʛʦ ʢʦʥʬʦʢʘʣʴʥʦʛʦ ʣʶʤʠʥʝʩʮʝʥʪʥʦʛʦ ʤʠʢʨʦʩʢʦʧʘ ʩ ʚʨʝʤʝʥʥʳʤ ʨʘʟ-
ʨʝʰʝʥʠʝʤ MicroTime 200. ʉʧʝʢʪʨʳ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʨʠ ʚʦʟʙʫʞʜʝ-
ʥʠʠ ʣʘʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 470 nm ʟʘʧʠʩʳʚʘʣʠʩʴ ʩʧʝʢʪʨʦ-
ʤʝʪʨʦʤ Ocean Optics 6500. ʀʩʩʣʝʜʦʚʘʥʠʷ ʊʉʃ ʧʨʦʚʦʜʠʣʠʩʴ ʥʘ ʩʧʝʮʠʘʣʠ-
ʟʠʨʦʚʘʥʥʦʡ ʫʩʪʘʥʦʚʢʝ ʚ ʪʝʤʧʝʨʘʪʫʨʥʦʤ ʜʠʘʧʘʟʦʥʝ ʦʪ 295 K ʜʦ 673 ʂ ʩ ʧʦ-
ʩʪʦʷʥʥʦʡ ʩʢʦʨʦʩʪʴʶ ʥʘʛʨʝʚʘ 1 ʂs-1. ʇʦʩʣʝ ʠʟʤʝʨʝʥʠʷ ʢʨʠʚʳʭ ʪʝʨʤʦʚʳʩʚʝ-
ʯʠʚʘʥʠʷ ʢʨʠʩʪʘʣʣʘ, ʦʙʣʫʯʝʥʥʦʛʦ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʜʦʧʦʣʥʠ-
ʪʝʣʴʥʦ ʙʳʣʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʊʉʃ ʵʪʦʛʦ ʞʝ ʦʙʨʘʟʮʘ, ʦʙʣʫʯʝʥʥʦʛʦ 
ɓ -ʠʟʣʫʯʝʥʠʝʤ ʠʟʦʪʦʧʥʦʛʦ ʠʩʪʦʯʥʠʢʘ 90Sr-90It ʩ ʤʦʱʥʦʩʪʴʶ ʜʦʟʳ 0,6 
Gy/min. ɺʨʝʤʷ ʦʙʣʫʯʝʥʠʷ ʦʙʨʘʟʮʘ ʙʝʪʘ ʯʘʩʪʠʮʘʤʠ ʩʦʩʪʘʚʣʷʣʦ 30 ʩʝʢ. 

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʢʨʠʩʪʘʣʣʦʚ ʦʙʣʫʯʝʥʥʳʭ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʥʘʙʣʶʜʘʶʪʩʷ ʭʘ-
ʨʘʢʪʝʨʥʳʝ ʜʣʷ ʦʙʣʫʯʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ ʬʪʦʨʠʜʘ ʣʠʪʠʷ ʧʦʣʦʩʳ ʩʚʝʯʝʥʠʷ 
F2-ʮʝʥʪʨʦʚ ʩ ʤʘʢʩʠʤʫʤʦʤ ʜʣʠʥʳ ʚʦʣʥʳ ʠʟʣʫʯʝʥʠʷ ɚ=680 nm ʠ F3

+-ʮʝʥʪʨʦʚ 
ʩ ʤʘʢʩʠʤʫʤʦʤ ɚ=540 nm.  

ʈʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʡ ʪʝʨʤʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʧʦʢʘʟʳʚʘʶʪ, ʯʪʦ 
ʧʨʠ ʬʝʤʪʦʩʝʢʫʥʜʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʦʩʥʦʚʥʳʤ ʧʠʢʦʤ ʊʉʃ ʷʚʣʷʝʪʩʷ ʦʙʳʯ-
ʥʳʡ ʜʦʟʠʤʝʪʨʠʯʝʩʢʠʡ ʧʠʢ ʩ ʤʘʢʩʠʤʫʤʦʤ 485 ʂ. ʇʦ ʩʨʘʚʥʝʥʠʶ ʩ ʨʝʥʪʛʝ-
ʥʦʚʩʢʠʤ ʠ ɓ-ʦʙʣʫʯʝʥʠʝʤ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦ ʟʘʧʠʩʳʚʘʶʪʩʷ ʚʳʩʦʢʦʪʝʤʧʝ-
ʨʘʪʫʨʥʳʝ ʧʠʢʠ. ʕʪʦʪ ʬʘʢʪ ʩʚʷʟʘʥ ʩ ʚʳʩʦʢʦʡ ʧʣʦʪʥʦʩʪʴʶ ʚʦʟʙʫʞʜʝʥʠʷ ʚʝ-
ʱʝʩʪʚʘ. ʉʧʝʮʠʘʣʴʥʦ ʧʨʦʚʝʜʝʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʚʩʣʝʜʩʪʚʠʝ 
ʤʘʣʦʛʦ ʦʙʲʝʤʘ ʦʙʨʘʟʦʚʘʥʥʳʭ ʚ ʨʝʟʫʣʴʪʘʪʝ ʩʘʤʦʬʦʢʫʩʠʨʦʚʢʠ ʬʠʣʘʤʝʥʪʦʚ, 
ʨʘʟʤʝʨʳ, ʢʦʪʦʨʳʭ ʚ ʩʨʝʜʥʝʤ ʩʦʩʪʘʚʣʷʶʪ 1,3Ĭ35 Õm, ʧʣʦʪʥʦʩʪʴ ʬʝʤʪʦʩʝ-
ʢʫʥʜʥʦʛʦ ʦʙʣʫʯʝʥʠʷ ʚ ʰʧʫʨʘʭ (ʤʝʩʪʘʭ ʬʠʣʘʤʝʥʪʘʮʠʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝ-
ʥʠʷ) ʥʘ ʥʝʩʢʦʣʴʢʦ ʧʦʨʷʜʢʦʚ ʧʨʝʚʳʰʘʝʪ ʧʣʦʪʥʦʩʪʴ ʙʝʪʘ-ʦʙʣʫʯʝʥʠʷ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʝʢʪʫ ʈʌʌʀ ˉ 12-02-90054-ɹʝʣ_ʘ ʠ ʧʨʦ-
ʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ ʉʆ ʈɸʅ (ʧʨʦʝʢʪ II.8.1.6). 
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ʌʆʊʆʍʀʄʀʏɽʉʂʀɽ ʈɽɸʂʎʀʀ ɺ ʅɸʅʆʏɸʉʊʀʎɸʍ 
ʁʆɼʀʉʊʆɻʆ ʂɸɼʄʀʗ 

 
ɺ.ʇ. ɼʨʝʩʚʷʥʩʢʠʡ1, ɸ.ʃ. ʈʘʢʝʚʠʯ1, ʄ.ɸ.ʄʦʠʩʝʝʚʘ2, ɸ.C.ʍʘʞʝʣʘʝʚ2 

 
ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, ʛ. 

ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, nadvp@list.ru 
ʅʘʮʠʦʥʘʣʴʥʳʡ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʠʡ ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ 

ʪʝʭʥʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 83 
 
 

ʆʧʪʠʯʝʩʢʠʝ, ʵʣʝʢʪʨʦʥʥʳʝ ʠ ʢʘʪʘʣʠʪʠʯʝʩʢʠʝ ʩʚʦʡʩʪʚʘ ʥʘʥʦʢʨʠʩʪʘʣ-
ʣʦʚ ʰʠʨʦʢʦʟʦʥʥʳʭ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚ ʩʫʱʝʩʪʚʝʥʥʦ ʦʪʣʠʯʘʶʪʩʷ ʦʪ ʪʘʢʦʚʳʭ 
ʜʣʷ ʤʘʢʨʦʢʨʠʩʪʘʣʣʠʯʝʩʢʦʛʦ ʚʝʱʝʩʪʚʘ ʠ ʟʘʚʠʩʷʪ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮʳ, ʚ ʩʚʷ-
ʟʠ ʩ ʵʪʠʤ ʚʦʟʥʠʢʘʝʪ ʥʝʦʙʭʦʜʠʤʦʩʪʴ ʠʟʫʯʝʥʠʷ ʠʭ ʩʚʦʡʩʪʚ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʤʝʪʦʜʦʤ ʚʳʨʘʱʠʚʘʥʠʷ ʠʟ ʨʘʩʪʚʦʨʘ ʘʚʪʦʨʘʤʠ ʙʳʣʠ 
ʧʦʣʫʯʝʥʳ ʥʘʥʦʯʘʩʪʠʮʳ ʢʨʠʩʪʘʣʣʘ ʡʦʜʠʩʪʦʛʦ ʢʘʜʤʠʷ ʩ ʧʨʠʤʝʩʷʤʠ ʩʚʠʥʮʘ 
ʥʘ ʠʟʦʣʠʨʦʚʘʥʥʳʭ ʩʪʝʢʣʷʥʥʳʭ ʧʦʜʣʦʞʢʘʭ ʠ ʧʨʦʚʝʜʝʥʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʠʭ 
ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʩʚʦʡʩʪʚ. ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦʤʦʱʴʶ ʢʦʥʬʦ-
ʢʘʣʴʥʦʛʦ ʩʢʘʥʠʨʫʶʱʝʛʦ ʤʠʢʨʦʩʢʦʧʘ MicroTime 200, ʜʦʫʢʦʤʧʣʝʢʪʦʚʘʥʥʦ-
ʛʦ ʩʧʝʢʪʨʦʤʝʪʨʦʤ Ocean Optics 65000. ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʙʳʣʠ ʠʟ-
ʤʝʨʝʥʳ ʧʨʠ ʠʥʪʝʥʩʠʚʥʦʤ ʚʦʟʙʫʞʜʝʥʠʠ ʧʠʢʦʩʝʢʫʥʜʥʳʤ ʠʤʧʫʣʴʩʥʳʤ ʣʘ-
ʟʝʨʥʳʤ ʠʟʣʫʯʝʥʠʝʤ ʩ ʜʣʠʥʦʡ ʚʦʣʥʳ 375 ʥʤ. ɼʣʷ ʧʦʜʘʚʣʝʥʠʷ ʨʘʩʩʝʷʥʥʦʛʦ 
ʥʘ ʦʙʨʘʟʮʝ ʚʦʟʙʫʞʜʘʶʱʝʛʦ ʠʟʣʫʯʝʥʠʷ ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʨʝʛʠʩʪʨʠʨʦʚʘʣʘʩʴ 
ʯʝʨʝʟ ʬʠʣʴʪʨ ʩ ʜʣʠʥʥʦʡ ʚʦʣʥʳ ʩʨʝʟʘ 400 ʥʤ. 

 

 
ʈʠʩ.1 ʉʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʥʦʯʘʩʪʠʮ CdI2:Pb. 

 
ʀʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʘʣʠ, ʯʪʦ ʨʘʟʤʝʨ ʧʦʣʫʯʝʥʥʳʭ ʥʘʥʦʯʘʩʪʠʮ, ʥʘ-

ʙʣʶʜʘʝʤʳʭ ʥʘ ʧʨʝʜʝʣʝ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦʛʦ ʨʘʟʨʝʰʝʥʠʷ ʤʠʢʨʦʩʢʦʧʘ, ʩʦ-
ʩʪʘʚʣʷʝʪ 200-300 ʥʤ. ɺ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʥʘʙʣʶʜʘʝʪʩʷ ʭʘʨʘʢʪʝʨʥʘʷ 
ʜʣʷ ʜʘʥʥʦʛʦ ʪʠʧʘ ʢʨʠʩʪʘʣʣʦʚ ʩʦʙʩʪʚʝʥʥʘʷ ʧʦʣʦʩʘ ʩʚʝʯʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 
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510 ʥʤ. ʇʨʠ ʵʪʦʤ ʚ ʩʧʝʢʪʨʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʩʥʷʪʦʤ ʯʝʨʝʟ 3 ʤʠʥ ʧʦʩʣʝ ʥʘ-
ʯʘʣʘ ʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʚʦʟʙʫʞʜʝʥʠʷ ʥʘʙʣʶʜʘʝʪʩʷ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠ-
ʤʫʤʘ ʩʚʝʯʝʥʠʷ ʥʘ 30 ʥʤ ʚ ʩʪʦʨʦʥʫ ʙʦʣʴʰʠʭ ʜʣʠʥ ʚʦʣʥ (ʨʠʩ.1), ʦʙʫʩʣʦʚ-
ʣʝʥʥʦʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʝʡ. 

ʌʦʪʦʭʠʤʠʯʝʩʢʦʝ ʧʨʝʦʙʨʘʟʦʚʘʥʠʝ, ʢʘʢ ʧʨʘʚʠʣʦ, ʧʨʝʜʩʪʘʚʣʷʝʪ ʩʦʙʦʡ 
ʨʝʟʫʣʴʪʘʪ ʩʦʟʜʘʥʠʷ ʠʣʠ ʠʩʯʝʟʥʦʚʝʥʠʷ ʮʝʥʪʨʦʚ ʨʝʢʦʤʙʠʥʘʮʠʠ. ʆʜʥʘʢʦ, ʠʟ-
ʚʝʩʪʥʦ, ʯʪʦ ʩʣʦʠʩʪʳʝ ʢʨʠʩʪʘʣʣʳ ʡʦʜʠʩʪʦʛʦ ʢʘʜʤʠʷ ʠʤʝʶʪ ʜʦ 200 ʧʦʣʠʪʠ-
ʧʦʚ, ʦʪʣʠʯʘʶʱʠʭʩʷ ʧʦʩʣʝʜʦʚʘʪʝʣʴʥʦʩʪʴʶ ʨʘʩʧʦʣʦʞʝʥʠʷ ʩʣʦʝʚ ʩ ʛʝʢʩʘʛʦ-
ʥʘʣʴʥʦʡ ʠ ʢʫʙʠʯʝʩʢʦʡ ʧʣʦʪʥʝʡʰʝʡ ʫʧʘʢʦʚʢʦʡ. 

ɸʚʪʦʨʳ ʧʦʣʘʛʘʶʪ, ʯʪʦ ʚ ʨʝʟʫʣʴʪʘʪʝ ʬʦʪʦʭʠʤʠʯʝʩʢʦʡ ʨʝʘʢʮʠʠ ʧʦʜ 
ʜʝʡʩʪʚʠʝʤ ʠʥʪʝʥʩʠʚʥʦʛʦ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʧʨʦʠʩʭʦʜʠʪ ʠʟʤʝʥʝʥʠʝ ʧʦ-
ʣʠʪʠʧʘ ʢʨʠʩʪʘʣʣʠʯʝʩʢʦʡ ʨʝʰʝʪʢʠ, ʯʪʦ ʩʦʦʪʚʝʪʩʪʚʝʥʥʦ ʧʨʠʚʦʜʠʪ ʢ ʩʤʝʱʝ-
ʥʠʶ, ʢʘʢ ʠʦʥʦʚ ʩʘʤʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʫʟʣʘʭ ʨʝʰʝʪʢʠ, ʪʘʢ ʠ ʧʨʠʤʝʩʥʳʭ ʠʦʥʦʚ, 
ʯʪʦ ʠ ʦʧʨʝʜʝʣʷʝʪ ʥʘʙʣʶʜʘʝʤʦʝ ʩʤʝʱʝʥʠʝ ʤʘʢʩʠʤʫʤʘ ʧʦʣʦʩʳ ʣʶʤʠʥʝʩ-
ʮʝʥʮʠʠ. 

ʈʘʙʦʪʘ ʚʳʧʦʣʥʝʥʘ ʧʦ ʧʨʦʛʨʘʤʤʝ ʬʫʥʜʘʤʝʥʪʘʣʴʥʳʭ ʠʩʩʣʝʜʦʚʘʥʠʡ 
ʉʆ ʈɸʅ (ʧʨʦʝʢʪ II.8.1.6). 

ʂʆʅʌʀɻʋʈɸʎʀʆʅʅɸʗ ʅɽʋʉʊʆʁʏʀɺʆʉʊʔ ʆʂʆʃʆ 
ʅɽʂʆʊʆʈʓʍ ʇʈʀʄɽʉʅʓʍ ʀʆʅʆɺ ɺ ɺʆɿɹʋɾɼɽʅʅʆʄ 
ʉʆʉʊʆʗʅʀʀ ɺ ʂʈʀʉʊɸʃʃɸʍ ʑɽʃʆʏʅʆɿɽʄɽʃʔʅʓʍ 

ʌʊʆʈʀɼʆɺ 
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ɼʦ ʥʘʩʪʦʷʱʝʛʦ ʚʨʝʤʝʥʠ ʦʙʨʘʟʦʚʘʥʠʝ ʩʦʙʩʪʚʝʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʥʠ-
ʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ ʚ ʥʝʢʦʪʦʨʳʭ ʠʦʥʥʳʭ 
ʢʨʠʩʪʘʣʣʘʭ ʩʚʷʟʳʚʘʶʪ ʠʩʢʣʶʯʠʪʝʣʴʥʦ ʩ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʘʚʪʦʣʦʢʘʣʠʟʦ-
ʚʘʥʥʦʛʦ ʨʝʣʘʢʩʠʨʦʚʘʥʥʦʛʦ ʵʢʩʠʪʦʥʘ. ʕʪʦʪ ʤʝʭʘʥʠʟʤ ʭʦʨʦʰʦ ʦʧʠʩʳʚʘʝʪ 
ʧʨʦʮʝʩʩʳ ʨʘʜʠʘʮʠʦʥʥʦʛʦ ʜʝʬʝʢʪʦʦʙʨʘʟʦʚʘʥʠʷ ʚ ʱʝʣʦʯʥʦ-ʛʘʣʦʠʜʥʳʭ ʢʨʠ-
ʩʪʘʣʣʘʭ. ʆʜʥʘʢʦ ʧʨʠ ʨʘʜʠʘʮʠʦʥʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ 
ʬʪʦʨʠʜʦʚ ʧʦʣʫʯʝʥʳ ʵʢʩʧʝʨʠʤʝʥʪʘʣʴʥʳʝ ʜʘʥʥʳʝ, ʢʦʪʦʨʳʝ ʥʝ ʫʢʣʘʜʳʚʘʶʪ-
ʩʷ ʚ ʵʪʫ ʩʭʝʤʫ. ɺ ʢʨʠʩʪʘʣʣʘʭ ʱʝʣʦʯʥʦʟʝʤʝʣʴʥʳʭ ʬʪʦʨʠʜʦʚ, ʘʢʪʠʚʠʨʦʚʘʥ-
ʥʳʭ ʥʝʢʦʪʦʨʳʤʠ ʪʨʝʭʚʘʣʝʥʪʥʳʤʠ ʨʝʜʢʦʟʝʤʝʣʴʥʳʤʠ ʠʦʥʘʤʠ  (La3+, Ce3+, 
Gd3+, Tb3+ ʠ Lu3+) ʠ  ʠʪʪʨʠʝʤ ʨʘʜʠʘʮʠʦʥʥʦʝ ʦʢʨʘʰʠʚʘʥʠʝ ʧʨʠ 77 ʂ ʧʨʠʚʦ-
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ʜʠʪ ʢ ʦʙʨʘʟʦʚʘʥʠʶ ʈʉ+ ʮʝʥʪʨʦʚ [1], ʩʦʩʪʦʷʱʠʭ ʠʟ F- ʮʝʥʪʨʘ ʦʢʦʣʦ ʪʨʝʭʚʘ-
ʣʝʥʪʥʦʛʦ ʨʝʜʢʦʟʝʤʝʣʴʥʦʛʦ ʠʦʥʘ, ʧʨʠ ʵʪʦʤ ʚ ʥʝʘʢʪʠʚʠʨʦʚʘʥʥʳʭ ʢʨʠʩʪʘʣ-
ʣʘʭ F- ʮʝʥʪʨʳ ʧʨʠ ʘʥʘʣʦʛʠʯʥʦʤ ʦʢʨʘʰʠʚʘʥʠʠ ʥʝ ʦʙʨʘʟʫʶʪʩʷ. ʉʣʝʜʦʚʘ-
ʪʝʣʴʥʦ, ʦʙʨʘʟʦʚʘʥʠʝ ʜʝʬʝʢʪʦʚ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ ʩʚʷʟʘʥʦ ʩ ʧʨʠʩʫʪ-
ʩʪʚʠʝʤ ʢʘʪʠʦʥʥʦʡ ʧʨʠʤʝʩʠ. ɺ ʨʘʙʦʪʝ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ [2] ʦʙʨʘʟʦʚʘ-
ʥʠʷ ʪʘʢʠʭ ʨʘʜʠʘʮʠʦʥʥʳʭ ʜʝʬʝʢʪʦʚ ʚ ʘʥʠʦʥʥʦʡ ʧʦʜʨʝʰʝʪʢʝ, ʩʚʷʟʘʥʥʳʡ ʩ 
ʗʥ-ʊʝʣʣʝʨʦʚʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴʶ ʦʢʦʣʦ ʜʚʫʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʚ ʚʦʟʙʫ-
ʞʜʝʥʥʦʤ ʩʦʩʪʦʷʥʠʠ, ʦʙʨʘʟʫʶʱʠʭʩʷ ʧʨʠ ʟʘʭʚʘʪʝ ʵʣʝʢʪʨʦʥʘ ʪʨʝʭʚʘʣʝʥʪʥʳʤ 
ʠʦʥʦʤ. ʊʘʢʘʷ ʥʝʫʩʪʦʡʯʠʚʦʩʪʴ ʚʦʟʥʠʢʘʝʪ, ʢʦʛʜʘ ʚʳʨʦʞʜʝʥʥʳʡ ʚʦʟʙʫʞʜʝʥ-
ʥʳʡ ʫʨʦʚʝʥʴ ʵʪʠʭ ʠʦʥʦʚ ʣʦʢʘʣʠʟʦʚʘʥ ʚ ʟʦʥʝ ʧʨʦʚʦʜʠʤʦʩʪʠ. ʄʳ ʧʦʣʘʛʘʝʤ, 
ʯʪʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝ ʜʠʩʢʨʝʪʥʦʛʦ ʧʨʠʤʝʩʥʦʛʦ ʩʦʩʪʦʷʥʠʷ ʩ ʵʥʝʨʛʝʪʠʯʝʩʢʠʤ 
ʢʦʥʪʠʥʫʫʤʦʤ ʟʦʥʳ ʧʨʦʚʦʜʠʤʦʩʪʠ (ʵʬʬʝʢʪ ʌʘʥʦ) ʠʛʨʘʝʪ ʚʘʞʥʫʶ ʨʦʣʴ ʚ 
ʵʪʦʤ ʧʨʦʮʝʩʩʝ ʗʥ-ʊʝʣʣʝʨʦʚʩʢʦʡ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ, ʧʨʠʚʦʜʷʱʝʤ ʢ ʦʙʨʘʟʦ-
ʚʘʥʠʶ ʘʥʠʦʥʥʦʡ ʚʘʢʘʥʩʠʠ ʦʢʦʣʦ ʧʨʠʤʝʩʥʦʛʦ ʠʦʥʘ. 
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ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥʘ ʩʪʘʮʠʦʥʘʨʥʘʷ ʠ ʥʝʩʪʘʮʠʦʥʘʨʥʘʷ ʬʦʪʦ-
ʣʶʤʠʥʝʩʮʝʥʮʠʷ (ʌʃ) ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ CdS ʥʘ ʧʦʜʣʦʞʢʝ ʢʨʝʤʥʠʷ ʠ ʥʘ ʫʛ-
ʣʝʨʦʜʥʳʭ ʥʘʥʦʪʨʫʙʢʘʭ (ʋʅʊ). ɺ ʩʧʝʢʪʨʝ ʌʃ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ (ʂʊ) ʥʘ 
ʧʦʜʣʦʞʢʝ ʢʨʝʤʥʠʷ ʜʦʤʠʥʠʨʫʝʪ ʧʦʣʦʩʘ, ʦʙʫʩʣʦʚʣʝʥʥʘʷ ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʝ-
ʨʝʭʦʜʘʤʠ ʤʝʞʜʫ ʫʨʦʚʥʷʤʠ ʨʘʟʤʝʨʥʦʛʦ ʢʚʘʥʪʦʚʘʥʠʷ ʚ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ. 
ʇʨʠ ʥʘʥʝʩʝʥʠʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʝʢ ʥʘ ʫʛʣʝʨʦʜʥʳʝ ʥʘʥʦʪʨʫʙʢʠ ʠʥʪʝʥʩʠʚ-
ʥʦʩʪʴ ʵʪʦʡ ʧʦʣʦʩʳ ʌʃ ʟʥʘʯʠʪʝʣʴʥʦ ʫʤʝʥʴʰʘʝʪʩʷ (ʨʠʩ.1), ʢʨʦʤʝ ʪʦʛʦ, ʢʠ-
ʥʝʪʠʢʘ ʟʘʪʫʭʘʥʠʷ ʬʦʪʦʣʶʤʠʥʝʩʮʝʥʮʠʠ ʫʩʢʦʨʷʝʪʩʷ (ʨʠʩ.2), ʯʪʦ ʩʚʠʜʝʪʝʣʴ-
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ʩʪʚʫʝʪ ʦ ʜʦʧʦʣʥʠʪʝʣʴʥʦʤ ʢʘʥʘʣʝ ʫʭʦʜʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʠʟ ʢʚʘʥʪʦʚʳʭ ʪʦ-
ʯʝʢ.  
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ʈʠʩ. 1. ʉʧʝʢʪʨʳ ʌʃ ʦʙʨʘʟʮʦʚ ʂʊ CdS ʥʘ Si 
ʠ ʂʊ CdS ʥʘ ʋʅʊ, ʦʪʦʞʞʝʥʥʳʝ ʧʨʠ 200 0ʉ 
ʚ ʘʪʤʦʩʬʝʨʝ NH3. ʊʝʤʧʝʨʘʪʫʨʘ ʠʟʤʝʨʝʥʠʷ 
5 ʂ. 

ʈʠʩ. 2. ʂʠʥʝʪʠʢʘ ʌʃ ʦʙʨʘʟʮʦʚ ʂʊ CdS ʥʘ 
Si (1) ʠ ʂʊ CdS ʥʘ ʋʅʊ (2) ʧʨʠ ʪʝʤʧʝʨʘʪʫ-
ʨʝ 5ʂ, ʠʟʤʝʨʝʥʥʳʝ ʥʘ ʜʣʠʥʝ ʚʦʣʥʳ 480 ʥʤ. 

 
ʄʝʭʘʥʠʟʤʦʚ ʫʭʦʜʘ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ ʤʦʞʝʪ ʙʳʪʴ ʜʚʘ: ʪʫʥʥʝʣʠʨʦʚʘ-

ʥʠʝ ʠ ʬʣʫʦʨʝʩʮʝʥʪʥʳʡ ʨʝʟʦʥʘʥʩʥʳʡ ʧʝʨʝʥʦʩ ʵʥʝʨʛʠʠ (ʌʈʇʕ). ɸʥʘʣʠʟ ʧʦ-
ʢʘʟʳʚʘʝʪ, ʯʪʦ ʪʫʥʥʝʣʠʨʦʚʘʥʠʝ ʤʘʣʦʚʝʨʦʷʪʥʦ, ʩ ʜʨʫʛʦʡ ʩʪʦʨʦʥʳ ʚʳʧʦʣʥʷ-
ʶʪʩʷ ʚʩʝ ʫʩʣʦʚʠʷ ʨʝʘʣʠʟʘʮʠʠ ʌʈʇʕ. ʕʬʬʝʢʪʠʚʥʦʩʪʴ ʧʨʦʮʝʩʩʘ ʌʈʇʕ, 
ʦʮʝʥʝʥʥʘʷ ʧʦ ʜʘʥʥʳʤ ʢʠʥʝʪʠʢʠ ʌʃ, ʧʨʝʚʳʰʘʝʪ 60%. 

ɺʃʀʗʅʀɽ ʊɽʍʅʆʃʆɻʀʏɽʉʂʀʍ ʇɸʈɸʄɽʊʈʆɺ ʈʆʉʊɸ ʅɸ 
ʂʆʅʎɽʅʊʈɸʎʀʖ ʆʇʊʀʏɽʉʂʀ-ɸʂʊʀɺʅʓʍ ʎɽʅʊʈʆɺ 

ʄʆʅʆʂʈʀʉʊɸʃʃʆɺ Mg2SiO4:Cr 
 

ʆ.ʅ. ɿʘʡʮʝʚʘ*, ɺ.ʌ. ʊʘʨʘʩʦʚ**, ɺ.ɹ. ɼʫʜʥʠʢʦʚʘ*, ɽ.ɺ. ɾʘʨʠʢʦʚ*, ɼ.ɸ. ʃʠʩ* 
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ʄʦʥʦʢʨʠʩʪʘʣʣʳ Mg2SiO4:Cr ʧʨʠʤʝʥʷʶʪʩʷ ʚ ʢʘʯʝʩʪʚʝ ʘʢʪʠʚʥʦʡ ʩʨʝ-
ʜʳ ʧʝʨʝʩʪʨʘʠʚʘʝʤʳʭ ʣʘʟʝʨʦʚ ʙʣʠʞʥʝʛʦ ʀʂ-ʜʠʘʧʘʟʦʥʘ. ʀʟʤʝʥʝʥʠʝ ʩʦʦʪ-
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ʥʦʰʝʥʠʷ ʢʦʥʮʝʥʪʨʘʮʠʠ ʠʦʥʦʚ Cr4+/Cr3+, ʩʢʘʟʳʚʘʶʱʝʝʩʷ ʥʘ ʩʧʝʢʪʨʘʣʴʥʦ-
ʣʶʤʠʥʝʩʮʝʥʪʥʳʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢʘʭ ʜʘʥʥʦʛʦ ʤʘʪʝʨʠʘʣʘ, ʧʦʟʚʦʣʷʝʪ ʨʝʘʣʠʟʦ-
ʚʳʚʘʪʴ ʨʘʟʣʠʯʥʳʝ ʜʠʘʧʘʟʦʥʳ ʧʝʨʝʩʪʨʦʡʢʠ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʥʘ ʬʦʨ-
ʩʪʝʨʠʪʝ [1]. ɺʘʨʴʠʨʦʚʘʪʴ ʩʦʦʪʥʦʰʝʥʠʝ ʢʦʥʮʝʥʪʨʘʮʠʡ ʠʦʥʦʚ ʘʢʪʠʚʘʪʦʨʦʚ ʩ 
ʨʘʟʣʠʯʥʦʡ ʩʪʝʧʝʥʴʶ ʦʢʠʩʣʝʥʠʷ ʚʦʟʤʦʞʥʦ ʧʦʩʨʝʜʩʪʚʦʤ ʠʟʤʝʥʝʥʠʷ ʦʢʠʩ-
ʣʠʪʝʣʴʥʦ-ʚʦʩʩʪʘʥʦʚʠʪʝʣʴʥʳʭ ʫʩʣʦʚʠʡ ʨʦʩʪʘ ʠ ʦʪʞʠʛʘ [2,3]. ɺ ʨʘʙʦʪʝ ʦʮʝ-
ʥʠʚʘʝʪʩʷ ʚʣʠʷʥʠʝ ʧʘʨʮʠʘʣʴʥʦʛʦ ʜʘʚʣʝʥʠʷ ʢʠʩʣʦʨʦʜʘ ʥʘ ʢʦʥʮʝʥʪʨʘʮʠʶ 
ʜʚʫʭ-, ʪʨʝʭ- ʠ ʯʝʪʳʨʝʭʚʘʣʝʥʪʥʳʭ ʠʦʥʦʚ ʭʨʦʤʘ ʚ ʬʦʨʩʪʝʨʠʪʝ ʥʘ ʦʩʥʦʚʘʥʠʠ 
ʨʝʟʫʣʴʪʘʪʦʚ ʠʩʩʣʝʜʦʚʘʥʠʡ ʤʦʥʦʢʨʠʩʪʘʣʣʠʯʝʩʢʠʭ ʦʙʨʘʟʮʦʚ Mg2SiO4:Cr ʠ 
Mg2SiO4:53Cr ʤʝʪʦʜʘʤʠ ʨʝʥʪʛʝʥʦʩʧʝʢʪʨʘʣʴʥʦʛʦ ʤʠʢʨʦʘʥʘʣʠʟʘ ʠ ʤʥʦʛʦʯʘʩ-
ʪʦʪʥʦʡ ʕʇʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ. ʂʨʠʩʪʘʣʣʳ ʚʳʨʘʱʠʚʘʣʠ ʤʝʪʦʜʦʤ ʏʦʭʨʘʣʴ-
ʩʢʦʛʦ ʥʘ ʫʩʪʘʥʦʚʢʝ çʂʨʠʩʪʘʣʣ-2è ʠʟ ʠʨʠʜʠʝʚʳʭ ʪʠʛʣʝʡ ʥʘ ʟʘʪʨʘʚʢʫ, ʦʨʠ-
ʝʥʪʠʨʦʚʘʥʥʫʶ ʚʜʦʣʴ ʦʩʠ a (ʫʩʪʘʥʦʚʢʘ Pbnm). ʉʦʜʝʨʞʘʥʠʝ ʭʨʦʤʘ ʚ ʨʘʩʧʣʘ-
ʚʝ ʩʦʩʪʘʚʣʷʣʦ 0,14 ʚʝʩ.%. ʉʢʦʨʦʩʪʴ ʚʳʪʷʛʠʚʘʥʠʷ 1 ʤʤ/ʯʘʩ, ʚʨʘʱʝʥʠʷ 
12 ʦʙ./ʤʠʥ. ɺ ʢʘʯʝʩʪʚʝ ʨʦʩʪʦʚʦʡ ʘʪʤʦʩʬʝʨʳ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʘʨʛʦʥ ʩ ʜʦʙʘʚ-
ʣʝʥʠʝʤ ʢʠʩʣʦʨʦʜʘ. ʇʘʨʮʠʘʣʴʥʦʝ ʜʘʚʣʝʥʠʝ ʢʠʩʣʦʨʦʜʘ ʠʟʤʝʥʷʣʦʩʴ ʚ ʜʠʘʧʘ-
ʟʦʥʝ ʦʪ 0.03 ʜʦ 0.78 ʢʇʘ ʠ ʢʦʥʪʨʦʣʠʨʦʚʘʣʦʩʴ ʚ ʨʝʞʠʤʝ ʨʝʘʣʴʥʦʛʦ ʚʨʝʤʝʥʠ 
ʘʥʘʣʠʟʘʪʦʨʦʤ ʢʠʩʣʦʨʦʜʘ ɸʂʇʄ-01. 
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ʀʟʚʝʩʪʥʦ, ʯʪʦ ʧʨʠ ʚʦʟʜʝʡʩʪʚʠʠ ʩʚʝʪʦʚʦʛʦ ʧʦʣʷ ʥʘ ʜʠʩʧʝʨʩʥʫʶ ʩʨʝʜʫ 
ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ ʚʦʟʥʠʢʘʶʪ ʪʝʧʣʦʚʳʝ ʠ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʝ ʧʦʪʦʢʠ, ʢʦʪʦ-
ʨʳʝ, ʚ ʯʘʩʪʥʦʩʪʠ, ʦʙʫʩʣʘʚʣʠʚʘʶʪ ʥʘʣʠʯʠʝ ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʦʛʦ ʤʝʭʘʥʠʟʤʘ 
ʢʫʙʠʯʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʩʨʝʜʳ [1-3]. ɺ ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʟʥʘʢʘ 
ʧʦʣʷʨʠʟʫʝʤʦʩʪʠ ʤʠʢʨʦʯʘʩʪʠʮʳ ʤʦʛʫʪ ʚʪʷʛʠʚʘʪʴʩʷ (ʝʩʣʠ ʧʦʢʘʟʘʪʝʣʴ ʧʨʝ-
ʣʦʤʣʝʥʠʷ ʚʝʱʝʩʪʚʘ ʜʠʩʧʝʨʩʥʦʡ ʬʘʟʳ ʙʦʣʴʰʝ, ʯʝʤ ʜʠʩʧʝʨʩʠʦʥʥʦʡ ʩʨʝʜʳ) 
ʠʣʠ ʚʳʪʘʣʢʠʚʘʪʴʩʷ (ʚ ʦʙʨʘʪʥʦʤ ʩʣʫʯʘʝ) ʠʟ ʦʙʣʘʩʪʝʡ ʩ ʙʦʣʴʰʝʡ ʥʘʧʨʷʞʝʥ-
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ʥʦʩʪʴʶ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ ʵʣʝʢʪʨʦʤʘʛʥʠʪʥʦʡ ʚʦʣʥʳ. ɼʘʥʥʳʡ ʪʠʧ ʢʦʥ-
ʮʝʥʪʨʘʮʠʦʥʥʦʡ ʥʝʣʠʥʝʡʥʦʩʪʠ ʠʩʧʦʣʴʟʦʚʘʣʩʷ ʜʣʷ ʟʘʧʠʩʠ ʜʠʥʘʤʠʯʝʩʢʠʭ 
ʛʦʣʦʛʨʘʤʤ, ʘ ʪʘʢʞʝ ʜʣʷ ʨʝʘʣʠʟʘʮʠʠ ʦʧʪʠʯʝʩʢʦʡ ʙʠʩʪʘʙʠʣʴʥʦʩʪʠ [1].  

ʎʝʣʴʶ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʷʚʣʷʝʪʩʷ ʤʦʜʝʣʠʨʦʚʘʥʠʝ ʪʝʧʣʦʚʳʭ ʠ 
ʢʦʥʮʝʥʪʨʘʮʠʦʥʥʳʭ ʧʦʪʦʢʦʚ ʚ ʜʠʩʧʝʨʩʥʦʡ ʩʨʝʜʝ, ʦʙʫʩʣʦʚʣʝʥʥʳʭ ʵʬ-
ʬʝʢʪʦʤ ɼʶʬʫʨʘ, ʪʝʨʤʦʜʠʬʬʫʟʠʠ ʠ ʵʣʝʢʪʨʦʩʪʨʠʢʮʠʠ. 

ɺ ʢʘʯʝʩʪʚʝ ʜʠʩʧʝʨʩʥʦʡ ʩʠʩʪʝʤʳ ʨʘʩʩʤʘʪʨʠʚʘʣʘʩʴ ʞʠʜʢʦʬʘʟʥʘʷ 
ʩʨʝʜʘ ʩ ʥʘʥʦʯʘʩʪʠʮʘʤʠ (ʜʠʩʧʝʨʩʥʘʷ ʬʘʟʘ), ʥʘʭʦʜʷʱʘʷʩʷ ʧʦʜ ʚʦʟʜʝʡ-
ʩʪʚʠʝʤ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʈʝʰʘʣʠʩʴ ʫʨʘʚʥʝʥʠʝ ʪʝʧʣʦʧʨʦʚʦʜʥʦʩʪʠ 
ʠ ʜʠʬʬʫʟʠʠ ʯʘʩʪʠʮ ʩ ʫʯʝʪʦʤ ʧʝʨʝʢʨʝʩʪʥʳʭ ʧʦʪʦʢʦʚ. ɼʣʷ ʪʦʯʥʦ ʨʝ-
ʰʘʝʤʳʭ ʟʘʜʘʯ ʧʨʠʚʝʜʝʥʳ ʘʥʘʣʠʪʠʯʝʩʢʠʝ ʨʝʰʝʥʠʷ, ʜʣʷ ʨʷʜʘ ʟʘʜʘʯ 
ʧʨʦʚʦʜʠʣʦʩʴ ʯʠʩʣʝʥʥʦʝ ʤʦʜʝʣʠʨʦʚʘʥʠʝ (ʧʘʢʝʪ Comsol Femlab). 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʧʦʟʚʦʣʷʶʪ ʨʘʩʩʯʠʪʘʪʴ ʪʝʧʣʦʚʦʝ ʜʝʡʩʪ-
ʚʠʝ ʠʟʣʫʯʝʥʠʷ ʧʨʠ ʝʛʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʠʠ ʚ ʧʨʦʟʨʘʯʥʦʡ ʜʠʩʧʝʨʩʥʦʡ 
ʩʨʝʜʝ, ʚʝʣʠʯʠʥʘ ʢʦʪʦʨʦʛʦ ʤʦʞʝʪ ʙʳʪʴ ʟʘʤʝʪʥʦʡ ʜʣʷ ʤʦʱʥʳʭ ʣʘʟʝʨ-
ʥʳʭ ʧʫʯʢʦʚ, ʯʪʦ ʧʨʝʜʩʪʘʚʣʷʝʪ ʠʥʪʝʨʝʩ ʜʣʷ ʨʷʜʘ ʧʨʘʢʪʠʯʝʩʢʠʭ ʟʘʜʘʯ 
ʚʟʘʠʤʦʜʝʡʩʪʚʠʷ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ ʩ ʜʠʩʧʝʨʩʥʳʤʠ ʩʨʝʜʘʤʠ, ʘ ʪʘʢ-
ʞʝ ʜʣʷ ʨʘʟʨʘʙʦʪʢʠ ʥʦʚʳʭ ʦʧʪʠʯʝʩʢʠʭ ʤʝʪʦʜʦʚ ʜʠʘʛʥʦʩʪʠʢʠ ʜʠʩʧʝʨʩ-
ʥʳʭ ʩʨʝʜ. 
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ɹʃʆʂ ʋʇʈɸɺʃɽʅʀʗ ʋʉʊɸʅʆɺʂʆʁ ɼʃʗ ʇʆʃʋʏɽʅʀʗ 
ʈɸʉʇʈɽɼɽʃɽʅʅʆɻʆ ʂɺɸʅʊʆɺʆɻʆ ʂʃʖʏɸ ʉ ʌɸɿʆɺʓʄ 

ʂʆɼʀʈʆɺɸʅʀɽʄ 
 

ɸ.ɺ. ɿʚʝʨʝʚ, ɺ.ʃ. ʂʫʨʦʯʢʠʥ 
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 ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʝʜʩʪʘʚʣʝʥʘ ʩʪʨʫʢʪʫʨʘ ʫʥʠʬʠʮʠʨʦʚʘʥʥʦʛʦ ʙʣʦʢʘ 
ʫʧʨʘʚʣʝʥʠʷ ʠʩʩʣʝʜʦʚʘʪʝʣʴʩʢʦʡ ʫʩʪʘʥʦʚʢʦʡ ʜʣʷ ʧʦʣʫʯʝʥʠʷ ʨʘʩʧʨʝʜʝʣʝʥʥʦ-
ʛʦ ʢʚʘʥʪʦʚʦʛʦ ʢʣʶʯʘ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʧʨʦʪʦʢʦʣʘ ʩ ʬʘʟʦʚʳʤ ʢʦʜʠʨʦʚʘʥʠ-
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ʝʤ [1]. ɼʘʥʥʳʡ ʙʣʦʢ ʙʳʣ ʨʘʟʨʘʙʦʪʘʥ ʪʘʢ, ʯʪʦʙʳ ʝʛʦ ʤʦʞʥʦ ʙʳʣʦ ʙʝʟ ʠʟʤʝ-
ʥʝʥʠʡ ʢʦʥʩʪʨʫʢʮʠʠ ʠʩʧʦʣʴʟʦʚʘʪʴ ʢʘʢ ʜʣʷ ʫʧʨʘʚʣʝʥʠʷ ʤʦʜʫʣʝʤ ñAliceò, ʪʘʢ 
ʠ ʤʦʜʫʣʝʤ ñBobò. 
  ʅʘ ʨʠʩʫʥʢʝ 1 ʧʨʝʜʩʪʘʚʣʝʥʘ ʜʠʘʛʨʘʤʤʘ ʚʥʫʪʨʝʥʥʝʛʦ ʫʩʪʨʦʡʩʪʚʘ ʪʘʢʦ-
ʛʦ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. ɺ ʨʦʣʠ ʮʝʥʪʨʘʣʴʥʦʛʦ ʩʧʝʮʠʘʣʠʟʠʨʦʚʘʥʥʦʛʦ ʧʨʦʮʝʩ-
ʩʦʨʘ, ʫʧʨʘʚʣʷʶʱʝʛʦ ʨʘʙʦʪʦʡ ʙʣʦʢʘ ʠ ʫʩʪʨʦʡʩʪʚ, ʧʦʜʢʣʶʯʝʥʥʳʭ ʢ ʥʝʤʫ, 
ʠʩʧʦʣʴʟʫʝʪʩʷ FPGA ʩʝʨʠʠ XC2VP ʬʠʨʤʳ Xilinx, ʧʨʠʯʝʤ ʢʦʥʬʠʛʫʨʘʮʠʷ 
ʜʘʥʥʦʡ ʤʠʢʨʦʩʭʝʤʳ ʥʝ ʟʘʚʠʩʠʪ ʦʪ ʪʦʛʦ, ʚ ʢʘʢʦʡ ʨʦʣʠ ï ñAliceò ʠʣʠ ñBobò 
ï  ʚʳʩʪʫʧʘʝʪ ʢʦʥʢʨʝʪʥʳʡ ʵʢʟʝʤʧʣʷʨ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. ɼʘʥʥʳʡ ʙʣʦʢ ʧʦ-
ʟʚʦʣʷʝʪ ʫʧʨʘʚʣʷʪʴ ʚʩʝʤʠ ʯʘʩʪʷʤʠ ʢʚʘʥʪʦʚʦʢʨʠʧʪʦʛʨʘʬʠʯʝʩʢʦʡ ʫʩʪʘʥʦʚʢʠ 
ʩ ʧʦʤʦʱʴʶ ʧʨʦʛʨʘʤʤʥʦʛʦ ʦʙʝʩʧʝʯʝʥʠʷ, ʫʩʪʘʥʦʚʣʝʥʥʦʛʦ ʥʘ ʧʝʨʩʦʥʘʣʴʥʳʭ 
ʢʦʤʧʴʶʪʝʨʘʭ, ʩʦʝʜʠʥʝʥʥʳʭ ʩ ʜʘʥʥʳʤʠ ʙʣʦʢʘʤʠ ʯʝʨʝʟ ʠʥʪʝʨʬʝʡʩ ñUSB-
2.0 High Speedò. 
 

 
ʈʠʩʫʥʦʢ 1 ï ɼʠʘʛʨʘʤʤʘ ʫʩʪʨʦʡʩʪʚʘ ʙʣʦʢʘ ʫʧʨʘʚʣʝʥʠʷ. 

 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ɺ.ʃ. ʂʫʨʦʯʢʠʥ, ɸ.ɺ. ɿʚʝʨʝʚ, ʖ.ɺ. ʂʫʨʦʯʢʠʥ, ʀ.ʀ. ʈʷʙʮʝʚ, ʀ.ɻ. ʅʝʠʟʚʝʩʪʥʳʡ, 

ɸʚʪʦʤʝʪʨʠʷ, 45, 110-119 (2009). 
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ʊɽʇʃʆɺʆɽ ʀʅʀʎʀʀʈʆɺɸʅʀɽ ɺɿʈʓɺʏɸʊʓʍ ɺɽʑɽʉʊɺ 
ʀʄʇʋʃʔʉʅʓʄ ʃɸɿɽʈʅʓʄ ʀɿʃʋʏɽʅʀɽʄ 

 
ɸ.ʉ.ɿʚʝʨʝʚ, ʕ. ɼ. ɸʣʫʢʝʨ, ɸ. ʖ. ʄʠʪʨʦʬʘʥʦʚ, ɸ.ɻ. ʂʨʝʯʝʪʦʚ 

 
ʂʝʤʝʨʦʚʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 650043, ʂʝʤʝʨʦʚʦ, ʫʣ. 
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ɸʥʘʣʠʟʠʨʫʶʪʩʷ ʫʩʣʦʚʠʷ, ʧʨʠ ʢʦʪʦʨʳʭ ʤʦʞʝʪ ʙʳʪʴ ʨʝʘʣʠʟʦʚʘʥ ʪʝʧ-
ʣʦʚʦʡ ʤʝʭʘʥʠʟʤ. ʈʘʩʩʤʘʪʨʠʚʘʶʪʩʷ ʜʚʘ ʩʣʫʯʘʷ: ʦʜʥʦʨʦʜʥʳʡ ʥʘʛʨʝʚ ʩʣʘʙʦ 
ʧʦʛʣʦʱʘʶʱʝʛʦ ʣʘʟʝʨʥʦʝ ʠʟʣʫʯʝʥʠʝ ɺɺ ʠ ʥʘʛʨʝʚ ʩʧʝʮʠʘʣʴʥʦ ʚʚʝʜʝʥʥʳʭ ʚ 
ɺɺ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʠʭ ʯʘʩʪʠʮ (çʛʦʨʷʯʠʭ ʪʦʯʝʢè), ʥʘʛʨʝʚʘʝʤʳʭ ʣʘʟʝʨʥʳʤ 
ʠʟʣʫʯʝʥʠʝʤ. 

ʇʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘʛʨʝʚʝ 
ɺɺ, ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ, ʧʨʝʜʧʦʣʘʛʘʝʪʩʷ ʘʜʠʘʙʘʪʠʯʝʩʢʠʡ ʨʝʞʠʤ 
ʥʘʛʨʝʚʘ. 

ɼʣʷ ʩʣʫʯʘʷ ʦʜʥʦʨʦʜʥʦʛʦ ʥʘʛʨʝʚʘ ʦʙʨʘʟʮʘ ʧʨʠ ʦʙʳʯʥʳʭ ʜʣʷ ʙʦʣʴ-
ʰʠʥʩʪʚʘ ʚʪʦʨʠʯʥʳʭ ɺɺ ʟʥʘʯʝʥʠʷʭ ʧʣʦʪʥʦʩʪʠ, ʪʝʧʣʦʝʤʢʦʩʪʠ, ʪʝʤʧʝʨʘʪʫʨʳ 
ʚʩʧʳʰʢʠ ʠ ʢʦʵʬʬʠʮʠʝʥʪʝ ʧʦʛʣʦʱʝʥʠʷ, ʧʦʣʫʯʘʝʪʩʷ ʨʘʩʯʝʪʥʦʝ ʧʦʨʦʛʦʚʦʝ 
ʟʥʘʯʝʥʠʝ, ʧʦ ʢʨʘʡʥʝʡ ʤʝʨʝ, ʥʘ 1 õ 2 ʧʦʨʷʜʢʘ ʚʳʰʝ ʬʘʢʪʠʯʝʩʢʦʛʦ, ʯʪʦ ʦʜ-
ʥʦʟʥʘʯʥʦ ʩʚʠʜʝʪʝʣʴʩʪʚʫʝʪ ʦ ʥʝʪʝʧʣʦʚʦʤ ʤʝʭʘʥʠʟʤʝ ʠʥʠʮʠʠʨʦʚʘʥʠʷ. 

ɼʣʷ ʩʣʫʯʘʷ ʩʬʝʨʠʯʝʩʢʠʭ ʧʦʛʣʦʱʘʶʱʠʭ ʯʘʩʪʠʮ ʨʘʜʠʫʩʦʤ r ʚ ʧʨʦ-
ʟʨʘʯʥʦʤ ɺɺ ʧʨʠʥʠʤʘʝʪʩʷ, ʯʪʦ ʠʥʠʮʠʠʨʦʚʘʥʠʝ ʚʟʨʳʚʘ ʧʨʦʠʩʭʦʜʠʪ ʧʨʠ ʥʘ-
ʛʨʝʚʝ ʢʨʠʪʠʯʝʩʢʦʡ ʪʦʣʱʠʥʳ ʩʣʦʷ ɺɺ (a), ʦʢʨʫʞʘʶʱʝʛʦ ʧʦʛʣʦʱʘʶʱʝʝ 
ʚʢʣʶʯʝʥʠʝ ʚʳʰʝ ʪʝʤʧʝʨʘʪʫʨʳ ʚʩʧʳʰʢʠ ʚ ʘʜʠʘʙʘʪʠʯʝʩʢʦʤ ʨʝʞʠʤ ʥʘʛʨʝʚʘ. 
ɿʘʚʠʩʠʤʦʩʪʴ ʧʦʨʦʛʦʚʦʡ ʧʣʦʪʥʦʩʪʠ ʵʥʝʨʛʠʠ ʦʪ ʨʘʟʤʝʨʘ ʯʘʩʪʠʮ ʧʨʝʜʩʪʘʚʣʷ-
ʝʪ ʠʟ ʩʝʙʷ ʢʨʠʚʫʶ, ʧʨʦʭʦʜʷʱʫʶ ʯʝʨʝʟ ʤʠʥʠʤʫʤ, ʢʦʪʦʨʳʡ ʥʘʭʦʜʠʪʩʷ ʧʨʠ r 
~ a. ʇʨʠ r << a, ʧʦʨʦʛʦʚʘʷ ʧʣʦʪʥʦʩʪʴ ʵʥʝʨʛʠʠ Hc ~ a3 / r2 , ʘ ʧʨʠ r >> a, 
Hc ~ r. ʊʘʢʦʡ ʭʘʨʘʢʪʝʨ ʟʘʚʠʩʠʤʦʩʪʠ ʦʙʫʩʣʘʚʣʠʚʘʝʪ ʙʝʩʧʝʨʩʧʝʢʪʠʚʥʦʩʪʴ 
ʧʦʧʳʪʦʢ ʩʦʟʜʘʥʠʷ çʛʦʨʷʯʠʭ ʪʦʯʝʢè ʧʫʪʝʤ ʚʚʝʜʝʥʠʷ ʚ ʤʘʪʨʠʮʫ ɺɺ ʥʘʥʦ-
ʨʘʟʤʝʨʥʳʭ ʯʘʩʪʠʮ ʩʚʝʪʦʧʦʛʣʦʱʘʶʱʝʛʦ ʚʝʱʝʩʪʚʘ.  

ɺ ʩʣʫʯʘʝ, ʝʩʣʠ ʛʝʦʤʝʪʨʠʷ ʚʚʦʜʠʤʳʭ ʯʘʩʪʠʮ ï ʵʪʦ ʧʣʘʩʪʠʥʘ, ʦʨʠʝʥ-
ʪʠʨʦʚʘʥʥʘʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʣʫʯʫ ʣʘʟʝʨʘ, ʧʦʣʫʯʘʝʤ ʣʠʥʝʡʥʫʶ ʟʘʚʠʩʠ-
ʤʦʩʪʴ ʧʦʨʦʛʘ ʦʪ ʪʦʣʱʠʥʳ ʧʦʢʨʳʪʠʷ ʩ ʥʘʠʙʦʣʴʰʝʡ ʵʬʬʝʢʪʠʚʥʦʩʪʴʶ ʧʨʠ 
ʤʠʥʠʤʘʣʴʥʳʭ ʪʦʣʱʠʥʘʭ. ɼʘʥʥʘʷ ʛʝʦʤʝʪʨʠʷ ʷʚʣʷʝʪʩʷ ʵʥʝʨʛʝʪʠʯʝʩʢʠ ʙʦʣʝʝ 
ʚʳʛʦʜʥʦʡ, ʧʦ ʩʨʘʚʥʝʥʠʶ ʩ ʛʝʦʤʝʪʨʠʝʡ çʛʦʨʷʯʠʭ ʪʦʯʝʢè. 
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ɸʂʉʀɸʃʔʅʆ-ʇɽʈʀʆɼʀʏɽʉʂʆɽ ʈɸʉʇʈɽɼɽʃɽʅʀɽ 
ʂʆʅʎɽʅʊʈɸʎʀʀ ʎɽʅʊʈʆɺ ʆʂʈɸʉʂʀ ɺ ʂʈʀʉʊɸʃʃɸʍ MgF2, 

ʆɹʈɸɿʆɺɸʅʅʓʍ ʌɽʄʊʆʉɽʂʋʅɼʅʓʄ ʃɸɿɽʈʅʓʄ 
ʀɿʃʋʏɽʅʀɽʄ 

 
ʉ.ɸ. ɿʠʣʦʚ, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ, ʃ.ʀ. ɹʨʶʢʚʠʥʘ, ɸ.ɸ. ʉʪʘʨʯʝʥʢʦ 

 
ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ, 664033, 

ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, zilov@ilph.irk.ru 
 
 

ʂʘʢ ʠʟʚʝʩʪʥʦ ʠʟ ʙʦʣʝʝ ʨʘʥʥʠʭ ʨʘʙʦʪ, ʧʨʠ ʦʙʣʫʯʝʥʠʠ ʨʷʜʘ ʰʠʨʦʢʦ-
ʟʦʥʥʳʭ ʜʠʵʣʝʢʪʨʠʢʦʚ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴʩʘʤʠ, ʦʙʨʘ-
ʟʫʶʪʩʷ ʥʠʪʝʚʠʜʥʳʝ ʢʘʥʘʣʳ (ʬʠʣʘʤʝʥʪʳ) ʦʢʨʘʰʝʥʥʳʝ ʮʝʥʪʨʘʤʠ ʩʚʝʯʝʥʠʷ. 
ʂʘʢ ʧʨʠʤʝʨ ʤʦʞʥʦ ʧʨʠʚʝʩʪʠ ʦʙʨʘʟʦʚʘʥʠʝ ʘʛʨʝʛʘʪʥʳʭ F2 ʠ F3

+ ʮʝʥʪʨʦʚ ʚ 
ʢʨʠʩʪʘʣʣʘʭ LiF ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʣʘʟʝʨʥʳʤʠ ʠʤʧʫʣʴ-
ʩʘʤʠ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʦʙʨʘʟʮʳ ʢʨʠʩʪʘʣʣʘ MgF2, ʩ ʧʨʝʜʚʘʨʠʪʝʣʴʥʦ ʥʘʚʝ-
ʜʝʥʥʳʤʠ ʮʝʥʪʨʘʤʠ ʦʢʨʘʩʢʠ (ʎʆ), ʦʙʣʫʯʘʣʠʩʴ ʬʝʤʪʦʩʝʢʫʥʜʥʳʤʠ ʠʤʧʫʣʴ-
ʩʘʤʠ ʠʟʣʫʯʝʥʠʷ ʪʠʪʘʥ ʩʘʧʬʠʨʦʚʦʛʦ ʣʘʟʝʨʘ (ʜʣʠʪʝʣʴʥʦʩʪʴ ʠʤʧʫʣʴʩʘ 30 ʬʩ, 
ʯʘʩʪʦʪʘ ʜʦ 1 ʢɻʮ, ʵʥʝʨʛʠʷ ʜʦ 0,5 ʤɼʞ). ʅʘ ʨʠʩʫʥʢʝ ʧʨʠʚʝʜʝʥʳ ʬʦʪʦʛʨʘ-
ʬʠʠ ʣʶʤʠʥʝʩʮʝʥʮʠʠ ʦʙʨʘʟʮʘ MgF2 ʧʦʩʣʝ ʦʙʣʫʯʝʥʠʷ ʧʨʠ ʚʦʟʙʫʞʜʝʥʠʠ 
ʩʚʝʪʦʤ ʩ ʥʤʚ 405=l  

 
ʈʠʩ. ʌʦʪʦʛʣʘʬʠʠ ʣʶʤʠʥʝʩʮʝʮʠʠ ʎʆ ʚ ʦʙʨʘʟʮʝ MgF2. ʀʟʣʫʯʝʥʠʝ ʬʝʤʪʦʩʝʢʫʥʜʥʦʛʦ 
ʣʘʟʝʨʘ ʧʘʜʘʣʦ ʧʦ ʥʦʨʤʘʣʠ ʢ ʪʦʨʮʫ ʦʙʨʘʟʮʘ ʠ ʠʤʝʣʦ ʛʦʨʠʟʦʥʪʘʣʴʥʫʶ ʧʦʣʷʨʠʟʘʮʠʶ E 
ʩʦʩʪʘʚʣʷʶʱʫʶ 45ʦ ʩ ʦʧʪʠʯʝʩʢʦʡ ʦʩʴʶ ʢʨʠʩʪʘʣʣʘ c (ʩʣʝʚʘ). ʉʧʨʘʚʘ ʣʶʤʠʥʝʩʮʝʥʮʠʷ 
ʦʙʨʘʟʦʚʘʚʰʠʭʩʷ ʬʠʣʘʤʝʥʪʦʚ, ʥʘʧʨʘʚʣʝʥʠʝ ʥʘʙʣʶʜʝʥʠʷ ʧʝʨʧʝʥʜʠʢʫʣʷʨʥʦ ʙʦʢʦʚʦʡ 
ʛʨʘʥʠ ʦʙʨʘʟʮʘ. 
 

ʂʘʢ ʚʠʜʥʦ ʥʘ ʨʠʩʫʥʢʝ, ʣʶʤʠʥʝʩʮʝʥʮʠʷ ʥʝʢʦʪʦʨʳʭ ʠʟ ʬʠʣʘʤʝʥʪʦʚ 
ʠʤʝʝʪ ʘʢʩʠʘʣʴʥʦ-ʧʝʨʠʦʜʠʯʝʩʢʫʶ ʩʪʨʫʢʪʫʨʫ ʩ ʧʝʨʠʦʜʦʤ ʤʢʤ38ºL . 

ɸʚʪʦʨʘʤʠ ʧʨʝʜʣʦʞʝʥ ʤʝʭʘʥʠʟʤ ʦʙʨʘʟʦʚʘʥʠʷ ʮʝʥʪʨʦʚ ʦʢʨʘʩʢʠ ʦʙʲ-
ʷʩʥʷʶʱʠʡ ʧʦʷʚʣʝʥʠʝ ʪʘʢʠʭ ʩʪʨʫʢʪʫʨ. ʇʦʢʘʟʘʥʦ, ʯʪʦ ʜʘʥʥʘʷ ʩʪʨʫʢʪʫʨʘ 
ʧʦʷʚʣʷʝʪʩʷ ʚʩʣʝʜʩʪʚʠʝ ʜʚʫʭʬʦʪʦʥʥʦʛʦ ʧʦʛʣʦʱʝʥʠʷ ʠʟʣʫʯʝʥʠʷ ʬʝʤʪʦʩʝ-
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ʢʫʥʜʥʦʛʦ ʣʘʟʝʨʘ M (C1) ʮʝʥʪʨʘʤʠ ʠ ʠʭ ʧʦʩʣʝʜʫʶʱʝʡ ʠʦʥʠʟʘʮʠʠ. ʈʘʩʩʯʠ-
ʪʘʥʥʳʡ ʠʟ ʪʝʦʨʠʠ ʧʝʨʠʦʜ ʤʢʤ40ºL  ʙʣʠʟʦʢ ʢ ʥʘʙʣʶʜʘʝʤʦʤʫ. 

ʃʖʄʀʅɽʉʎɽʅʎʀʗ ʊʈɪʍɺɸʃɽʅʊʅʓʍ ʈɽɼʂʆɿɽʄɽʃʔʅʓʍ 
ʀʆʅʆɺ ɺ ʉʃʆɾʅʓʍ ʄʆʃʀɹɼɸʊɸʍ 

 
ʄ.ɼ. ɿʠʤʠʥ, ɽ.ɺ. ʄʠʣʶʪʠʥʘ, ʅ.ʄ. ʂʦʞʝʚʥʠʢʦʚʘ, ɽ.ʌ. ʄʘʨʪʳʥʦʚʠʯ 

 
ʀʨʢʫʪʩʢʠʡ ʬʠʣʠʘʣ ʀʥʩʪʠʪʫʪʘ ʣʘʟʝʨʥʦʡ ʬʠʟʠʢʠ ʉʆ ʈɸʅ,  
664033, ʛ. ʀʨʢʫʪʩʢ, ʫʣ. ʃʝʨʤʦʥʪʦʚʘ, 130ʘ, filial@ilph.irk.ru 

ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ,  
664003, ʛ. ʀʨʢʫʪʩʢ, ʙʫʣʴʚʘʨ   ɻʘʛʘʨʠʥʘ, 20. 

ɹʘʡʢʘʣʴʩʢʠʡ ʠʥʩʪʠʪʫʪ ʧʨʠʨʦʜʦʧʦʣʴʟʦʚʘʥʠʷ ʉʆ ʈɸʅ,  
670047, ʛ. ʋʣʘʥ-ʋʜʵ, ʫʣʠʮʘ ʉʘʭʴʷʥʦʚʦʡ 6. 

 
 

ʀʟʚʝʩʪʥʦ, ʯʪʦ ʠʦʥʳ ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʠ ʦʩʦʙʝʥʥʦ ʪʨʝʭʚʘ-
ʣʝʥʪʥʳʡ ʠʦʥ ʥʝʦʜʠʤʘ, ʦʙʣʘʜʘʶʪ ʯʨʝʟʚʳʯʘʡʥʦ ʧʦʜʭʦʜʷʱʝʡ ʜʣʷ ʣʘʟʝʨʦʚ 
ʩʪʨʫʢʪʫʨʦʡ ʦʧʪʠʯʝʩʢʠʭ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ.  

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʘʚʪʦʨʘʤʠ ʙʳʣʠ ʠʟʤʝʨʝʥʳ ʩʧʝʢʪʨʳ ʣʶʤʠʥʝʩʮʝʥʮʠʠ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʠʦʥʦʚ ʚ ʥʦʚʳʭ ʦʙʨʘʟʮʘʭ. ʀʟʤʝʨʝʥʠʷ ʧʨʦʚʦʜʠʣʠʩʴ ʩ ʧʦ-
ʤʦʱʴʶ ʩʧʝʢʪʨʦʤʝʪʨʘ Ocean Optics QE65000 (ʦʙʣʘʩʪʴ ʠʟʤʝʨʝʥʠʡ 200-1000 
ʥʤ). ʃʶʤʠʥʝʩʮʝʥʮʠʷ ʚʦʟʙʫʞʜʘʣʘʩʴ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʤʠ ʣʘʟʝʨʘʤʠ ʩ ʜʣʠ-
ʥʘʤʠ ʚʦʣʥʳ 405 ʠ 660 ʥʤ. 

ʇʨʠʤʝʨʳ ʩʦʩʪʘʚʘ ʦʙʨʘʟʮʦʚ: 
 
 
 
 

ʆʙʨʘʟʝʮ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠʦʥʘʤʠ Er3+ ʠ Yb3+  ʆʙʨʘʟʝʮ, ʘʢʪʠʚʠʨʦʚʘʥʥʳʡ ʠʦʥʘʤʠ Nd3+ 

 

 

ʈʠʩ. 1. ʉʧʝʢʪʨ 
ʦʙʨʘʟʮʘ, ʚ ʢʦ-
ʪʦʨʦʤ ʥʘʙʣʶ-
ʜʘʝʪʩʷ ʣʶʤʠ-
ʥʝʩʮʝʥʮʠʷ, ʢʘʢ 
Er3+, ʪʘʢ ʠ Nd3+. 
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ʆʙʨʘʟʮʳ ʩʠʥʪʝʟʠʨʦʚʘʥʳ ʚ ɹʘʡʢʘʣʴʩʢʦʤ ʠʥʩʪʠʪʫʪʝ ʧʨʠʨʦʜʦʧʦʣʴʟʦ-
ʚʘʥʠʷ ʉʆ ʈɸʅ. ʊʘʢʞʝ ʥʘ ʦʩʥʦʚʝ ʩʧʝʢʪʨʦʚ ʙʳʣʠ ʦʧʨʝʜʝʣʝʥʳ ʠʟʣʫʯʘʪʝʣʴ-
ʥʳʝ ʧʝʨʝʭʦʜʳ ʠʦʥʦʚ Nd3+, Er3+ ʠ Yb3+ ʚ ʠʩʩʣʝʜʦʚʘʥʥʳʭ ʤʘʪʨʠʮʘʭ. 

ʅʘ ʛʨʘʬʠʢʝ (ʨʠʩ. 1) ʠʟʦʙʨʘʞʸʥ ʦʜʠʥ ʠʟ ʧʦʣʫʯʝʥʥʳʭ ʩʧʝʢʪʨʦʚ. 
ɺ ʭʦʜʝ ʨʘʙʦʪʳ ʙʳʣʦ ʦʙʥʘʨʫʞʝʥʦ ʩʚʝʯʝʥʠʝ ʠʦʥʦʚ, ʢʦʪʦʨʳʝ ʥʝ ʚʭʦʜʷʪ 

ʚ ʩʦʩʪʘʚ ʤʘʪʨʠʮʳ ʠʣʠ ʘʢʪʠʚʠʨʫʶʱʝʡ ʜʦʙʘʚʢʠ ʠ ʨʘʩʩʤʘʪʨʠʚʘʣʠʩʴ ʢʘʢ ʥʝ-
ʢʦʥʪʨʦʣʠʨʫʝʤʘʷ ʧʨʠʤʝʩʴ ʧʨʠ ʩʠʥʪʝʟʝ ʩʦʝʜʠʥʝʥʠʡ. ʉʧʝʢʪʨʳ ʧʦʨʦʰʢʦʚ ʩ 
ʧʦʭʦʞʠʤ ʩʦʩʪʘʚʦʤ ʟʘʤʝʪʥʦ ʦʪʣʠʯʘʶʪʩʷ ʜʨʫʛ ʦʪ ʜʨʫʛʘ. ʕʪʦ ʷʚʣʝʥʠʝ ʤʦʞʝʪ 
ʙʳʪʴ ʦʙʲʷʩʥʝʥʦ ʚʟʘʠʤʦʜʝʡʩʪʚʠʝʤ ʵʥʝʨʛʝʪʠʯʝʩʢʠʭ ʫʨʦʚʥʝʡ ʨʘʟʣʠʯʥʳʭ 
ʨʝʜʢʦʟʝʤʝʣʴʥʳʭ ʵʣʝʤʝʥʪʦʚ, ʯʪʦ ʛʦʚʦʨʠʪ ʦʙ ʠʥʪʝʨʝʩʥʳʭ ʩʚʦʡʩʪʚʘʭ, ʧʦʣʝʟ-
ʥʳʭ ʧʨʠ ʩʦʟʜʘʥʠʠ ʣʘʟʝʨʥʳʭ ʩʨʝʜ, ʩ ʫʯʝʪʦʤ ʪʦʛʦ, ʯʪʦ ʵʪʠ ʵʣʝʤʝʥʪʳ ʩʧʦ-
ʩʦʙʥʳ ʚʭʦʜʠʪʴ ʚ ʩʦʩʪʘʚ ʤʘʪʨʠʮʳ. 

ʃʠʪʝʨʘʪʫʨʘ: 
1. ɹʘʙʫʰʢʠʥ ɸ.ɸ. ʠ ʜʨ. ʄʝʪʦʜʳ ʩʧʝʢʪʨʘʣʴʥʦʛʦ ʘʥʘʣʠʟʘ. ʄ.: ʀʟʜ-ʚʦ ʄɻʋ. - 
1962. ï510 ʩ. 
2. ʂʘʯʤʘʨʝʢ ʌ. ɺʚʝʜʝʥʠʝ ʚ ʬʠʟʠʢʫ ʣʘʟʝʨʦʚ. ʄ.: ʄʠʨ. - 1981. ï 540 c. 
3. ʂʦʞʝʚʥʠʢʦʚʘ ʅ.ʄ., ʄʦʭʦʩʦʝʚ ʄ.ɺ. ʊʨʦʡʥʳʝ ʤʦʣʠʙʜʘʪʳ. ʋʣʘʥ-ʋʜʵ: 
ʀʟʜ-ʚʦ ɹʫʨʷʪʩʢʦʛʦ ʛʦʩ. ʫʥ-ʪʘ, 2000. ï 298 ʩ. 

ʕʃɽʂʊʈʆʆʇʊʀʏɽʉʂʀɽ ʋʉʊʈʆʁʉʊɺɸ ʅɸ ʆʉʅʆɺɽ ɾʀɼʂʀʍ 
ʂʈʀʉʊɸʃʃʆɺ ʉ ʀʆʅʅʆ-ʉʋʈʌɸʂʊɸʅʊʅʓʄ ʋʇʈɸɺʃɽʅʀɽʄ 

 
ɺ.ʗ. ɿʳʨʷʥʦʚ, ʄ.ʅ. ʂʨʘʭʘʣʝʚ, ɸ.ɺ. ʐʘʙʘʥʦʚ, ɸ.ʇ. ɻʘʨʜʳʤʦʚʘ, 

ʆ.ʆ. ʇʨʠʱʝʧʘ, ɺ.ʉ. ʉʫʪʦʨʤʠʥ 
 

ʀʥʩʪʠʪʫʪ ʬʠʟʠʢʠ ʠʤ. ʃ.ɺ. ʂʠʨʝʥʩʢʦʛʦ, ʂʨʘʩʥʦʷʨʩʢʠʡ ʥʘʫʯʥʳʡ ʮʝʥʪʨ, 
ʉʆ ʈɸʅ, 660036, ʛ. ʂʨʘʩʥʦʷʨʩʢ, ɸʢʘʜʝʤʛʦʨʦʜʦʢ, 50, ʩʪʨ. 38, 

zyr@iph.krasn.ru 
ʉʠʙʠʨʩʢʠʡ ʬʝʜʝʨʘʣʴʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ, 660074, ʂʨʘʩʥʦʷʨʩʢ, 

ʫʣ. ʂʠʨʝʥʩʢʦʛʦ, 28, gard@iph.krasn.ru 
 
 

ʀʩʪʦʯʥʠʢʠ ʩʚʝʪʘ, ʦʩʥʦʚʘʥʥʳʝ ʥʘ ʵʬʬʝʢʪʝ ʣʶʤʠʥʝʩʮʝʥʮʠʠ (ʛʘʟʦʨʘʟ-
ʨʷʜʥʳʝ ʪʨʫʙʢʠ, ʩʚʝʪʦʜʠʦʜʥʳʝ ʧʘʥʝʣʠ), ʥʘʰʣʠ ʰʠʨʦʢʦʝ ʧʨʠʤʝʥʝʥʠʝ ʚ ʩʦ-
ʚʨʝʤʝʥʥʳʭ ʫʩʪʨʦʡʩʪʚʘʭ ʦʪʦʙʨʘʞʝʥʠʷ ʠʥʬʦʨʤʘʮʠʠ (ʜʠʩʧʣʝʷʭ). ʇʨʠ ʵʪʦʤ 
ʦʢʦʣʦ 90% ʤʠʨʦʚʦʛʦ ʨʳʥʢʘ ʜʠʩʧʣʝʝʚ ʟʘʥʠʤʘʶʪ ʫʩʪʨʦʡʩʪʚʘ ʩ ʠʩʧʦʣʴʟʦʚʘ-
ʥʠʝʤ ʞʠʜʢʠʭ ʢʨʠʩʪʘʣʣʦʚ (ɾʂ), ʚ ʢʦʪʦʨʳʭ ʣʶʤʠʥʝʩʮʝʥʪʥʳʝ ʠʩʪʦʯʥʠʢʠ 
ʚʳʧʦʣʥʷʶʪ ʬʫʥʢʮʠʶ ʟʘʜʥʝʡ ʧʦʜʩʚʝʪʢʠ ʵʢʨʘʥʘ, ʘ ʠʟʦʙʨʘʞʝʥʠʝ ʬʦʨʤʠʨʫ-
ʝʪʩʷ ʟʘ ʩʯʝʪ ʤʘʪʨʠʮʳ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ɾʂ ʵʣʝʤʝʥʪʦʚ, ʫʧʨʘʚʣʷʶʱʠʭ 
ʩʚʝʪʦʚʳʤ ʧʦʪʦʢʦʤ. 
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ʅʘ ʩʝʛʦʜʥʷʰʥʠʡ ʜʝʥʴ ʚ ʦʩʥʦʚʝ ʬʫʥʢʮʠʦʥʠʨʦʚʘʥʠʷ ʚʩʝʭ ɾʂ ʫʩʪ-
ʨʦʡʩʪʚ ʣʝʞʠʪ ʢʣʘʩʩʠʯʝʩʢʠʡ ʵʬʬʝʢʪ ʌʨʝʜʝʨʠʢʩʘ [1] ï ʠʟʤʝʥʝʥʠʝ ʦʨʠʝʥʪʘ-
ʮʠʠ ʞʠʜʢʦʛʦ ʢʨʠʩʪʘʣʣʘ ʧʦʜ ʜʝʡʩʪʚʠʝʤ ʵʣʝʢʪʨʠʯʝʩʢʦʛʦ ʧʦʣʷ, ʧʨʠ ʢʦʪʦʨʦʤ 
ʛʨʘʥʠʯʥʳʝ ʫʩʣʦʚʠʷ (ʦʩʦʙʝʥʥʦʩʪʠ ʧʦʚʝʨʭʥʦʩʪʥʦʛʦ ʩʮʝʧʣʝʥʠʷ ɾʂ ʩ ʧʦʜ-
ʣʦʞʢʦʡ) ʦʩʪʘʶʪʩʷ ʥʝʠʟʤʝʥʥʳʤʠ. ʂʦʥʮʝʧʪʫʘʣʴʥʦ ʠʥʦʡ ʧʦʜʭʦʜ [2], ʧʦʢʘ 
ʯʪʦ ʥʝʨʝʘʣʠʟʦʚʘʥʥʳʡ ʚ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʪʝʭʥʦʣʦʛʠʷʭ, ʙʘʟʠʨʫʝʪʩʷ ʥʘ ʚʦʟ-
ʤʦʞʥʦʩʪʠ ʧʝʨʝʦʨʠʝʥʪʠʨʦʚʘʪʴ ʞʠʜʢʠʝ ʢʨʠʩʪʘʣʣʳ ʧʦʩʨʝʜʩʪʚʦʤ ʤʦʜʠʬʠʢʘ-
ʮʠʠ ʛʨʘʥʠʯʥʳʭ ʫʩʣʦʚʠʡ. 

ɺ ʜʘʥʥʦʤ ʜʦʢʣʘʜʝ ʧʨʝʜʩʪʘʚʣʝʥ ʢʨʘʪʢʠʡ ʦʙʟʦʨ ʨʘʙʦʪ ʘʚʪʦʨʦʚ ʧʦ ʨʘʟ-
ʚʠʪʠʶ ʦʨʠʛʠʥʘʣʴʥʦʛʦ ʤʝʪʦʜʘ ʫʧʨʘʚʣʝʥʠʷ ʞʠʜʢʠʤʠ ʢʨʠʩʪʘʣʣʘʤʠ ʟʘ ʩʯʝʪ 
ʵʣʝʢʪʨʠʯʝʩʢʠ ʢʦʥʪʨʦʣʠʨʫʝʤʦʛʦ ʬʦʨʤʠʨʦʚʘʥʠʷ ʥʘʥʦʨʘʟʤʝʨʥʳʭ ʩʣʦʝʚ ʠʦʥ-
ʥʳʭ ʩʫʨʬʘʢʪʘʥʪʦʚ ʥʘ ʧʦʚʝʨʭʥʦʩʪʠ ʧʦʜʣʦʞʝʢ, ʣʠʙʦ ʥʘ ʛʨʘʥʠʮʝ ʨʘʟʜʝʣʘ ʩ 
ʧʦʣʠʤʝʨʥʦʡ ʤʘʪʨʠʮʝʡ [3]. ɼʘʥʥʳʝ ʠʩʩʣʝʜʦʚʘʥʠʷ ʧʦʢʘʟʳʚʘʶʪ ʚʦʟʤʦʞ-
ʥʦʩʪʴ ʩʦʟʜʘʥʠʷ ʵʣʝʢʪʨʦʦʧʪʠʯʝʩʢʠʭ ʤʘʪʝʨʠʘʣʦʚ ʥʘ ʦʩʥʦʚʝ ʞʠʜʢʠʭ ʢʨʠ-
ʩʪʘʣʣʦʚ ʩ ʠʦʥʥʦ-ʩʫʨʬʘʢʪʘʥʪʥʳʤ ʫʧʨʘʚʣʝʥʠʝʤ, ʧʝʨʩʧʝʢʪʠʚʥʳʭ ʜʣʷ ʨʘʟʨʘ-
ʙʦʪʢʠ ʥʦʚʦʛʦ ʧʦʢʦʣʝʥʠʷ ʦʧʪʦʵʣʝʢʪʨʦʥʥʳʭ ʵʣʝʤʝʥʪʦʚ ʠ ʫʩʪʨʦʡʩʪʚ.  
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ɺ ʥʘʩʪʦʷʱʝʝ ʚʨʝʤʷ ʚ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ ʦʜʥʦʡ ʠʟ ʥʝʠʟʫʯʝʥʥʳʭ ʩʪʦ-

ʨʦʥ ʠʩʩʣʝʜʦʚʘʥʠʷ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʷʚʣʷʝʪʩʷ ʚʦ-
ʧʨʦʩ ʦ ʚʣʠʷʥʠʠ ʬʦʨʤʳ ʨʝʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ, ʬʦʢʫʩʠʨʫʶʱʝʡ 
ʢʦʣʣʠʤʠʨʦʚʘʥʥʳʡ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ ʚ ʥʝʣʠʥʝʡʥʳʡ ʢʨʠʩʪʘʣʣ, ʥʘ ʧʘʨʘʤʝʪʨʳ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ. 
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ɺ ʨʘʙʦʪʝ [1] ʘʚʪʦʨʘʤʠ ʙʳʣʦ ʠʩʩʣʝʜʦʚʘʥʦ ʚʣʠʷʥʠʝ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ 
ʧʘʨʘʤʝʪʨʦʚ ʬʦʢʫʩʠʨʫʶʱʝʡ ʣʠʥʟʳ ʧʣʦʩʢʦ-ʚʳʧʫʢʣʦʡ ʬʦʨʤʳ ʥʘ ʩʪʨʫʢʪʫʨʫ 
ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ. ʇʦʢʘʟʘʥʦ [1], ʯʪʦ ʘʙʝʨʨʘʮʠʦʥʥʳʝ ʢʨʠʚʳʝ 
ʩʪʨʫʢʪʫʨʳ ʩʠʣʴʥʦ ʟʘʚʠʩʷʪ ʦʪ ʨʘʜʠʫʩʘ ʢʨʠʚʠʟʥʳ R, ʜʠʘʤʝʪʨʘ D ʠ ʪʦʣʱʠʥʳ 
l ʣʠʥʟʳ ʥʘ ʛʣʘʚʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʦʩʠ. ʇʦ ʧʘʨʘʤʝʪʨʘʤ ʫʛʣʦʚʦʛʦ ʨʘʩʧʨʝʜʝʣʝ-
ʥʠʷ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʦʧʨʝʜʝʣʷʣʘʩʴ ʚʝʣʠʯʠʥʘ ʩʬʝʨʠʯʝʩʢʦʡ 
ʘʙʝʨʨʘʮʠʠ ʧʣʦʩʢʦ-ʚʳʧʫʢʣʦʡ ʣʠʥʟʳ ʧʨʠ ʠʩʧʦʣʴʟʦʚʘʥʠʠ ʚ ʢʘʯʝʩʪʚʝ ʧʨʝʦʙ-
ʨʘʟʦʚʘʪʝʣʷ ʦʜʥʦʦʩʥʦʛʦ ʢʨʠʩʪʘʣʣʘ ʠʦʜʘʪʘ ʣʠʪʠʷ ʧʨʠ oo e­  ʚʟʘʠʤʦʜʝʡʩʪ-
ʚʠʠ ʩʚʝʪʦʚʳʭ ʚʦʣʥ. 

ɸʢʪʫʘʣʴʥʳʤ ʷʚʣʷʝʪʩʷ ʠʩʩʣʝʜʦʚʘʥʠʝ ʚʣʠʷʥʠʷ ʠ ʜʨʫʛʠʭ ʬʦʨʤ (ʚʳʧʫʢ-
ʣʦ-ʧʣʦʩʢʠʭ, ʜʚʦʷʢʦʚʳʧʫʢʣʳʭ) ʬʦʢʫʩʠʨʫʶʱʠʭ ʣʠʥʟ ʥʘ ʘʙʝʨʨʘʮʠʦʥʥʳʝ ʧʘ-
ʨʘʤʝʪʨʳ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʛʣʦʚʦʡ ʩʪʨʫʢʪʫʨʳ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦ-
ʥʠʢʠ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʚʣʠʷʥʠʷ ʚʠʜʘ  
ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʬʦʢʫʩʠʨʫʶʱʠʭ ʩʠʩʪʝʤ ʥʘ ʧʨʦʩʪʨʘʥʩʪ-
ʚʝʥʥʦ-ʫʛʣʦʚʳʝ ʧʘʨʘʤʝʪʨʳ ʘʙʝʨʨʘʮʠʦʥʥʦʡ ʩʪʨʫʢʪʫʨʳ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ 
ʛʘʨʤʦʥʠʢʠ. ʄʝʪʦʜʘʤʠ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠʨʦʚʘʥʠʷ   ʦʧʨʝʜʝʣʝʥʘ ʚʝʣʠ-
ʯʠʥʘ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʧʨʝʜʩʪʘʚʣʝʥʥʳʭ ʚ ʨʘʙʦʪʝ ʬʦʢʫʩʠʨʫʶʱʠʭ 
ʣʠʥʟ. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʛʫʪ ʙʳʪʴ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʦʧʨʝʜʝʣʝʥʠʷ 
ʥʘʠʙʦʣʝʝ ʦʧʪʠʤʘʣʴʥʦʡ ʬʦʨʤʳ ʨʝʘʣʴʥʦʡ ʬʦʢʫʩʠʨʫʶʱʝʡ ʩʠʩʪʝʤʳ ʜʣʷ ʵʬ-
ʬʝʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʚ ʥʝʣʠʥʝʡʥʳʭ ʦʜʥʦ-
ʦʩʥʳʭ ʢʨʠʩʪʘʣʣʘʭ. 
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ɺ ʙʦʣʴʰʠʥʩʪʚʝ ʧʨʘʢʪʠʯʝʩʢʠʭ ʩʣʫʯʘʝʚ ʧʘʨʘʤʝʪʨʳ ʩʬʦʨʤʠʨʦʚʘʥʥʦʛʦ 

ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʥʝ ʩʦʦʪʚʝʪʩʪʚʫʶʪ ʪʨʝʙʫʝʤʳʤ ʜʣʷ ʨʝʰʝʥʠʷ ʢʦʥʢʨʝʪʥʦʡ 



çʃʖʄʀʅɽʉʎɽʅʎʀʗ ʀ ʃɸɿɽʈʅɸʗ ʌʀɿʀʂɸè 82

ʟʘʜʘʯʠ, ʧʦʵʪʦʤʫ ʧʨʠʭʦʜʠʪʩʷ ʧʨʝʦʙʨʘʟʦʚʳʚʘʪʴ ʣʘʟʝʨʥʳʡ ʧʫʯʦʢ ʩ ʧʦʤʦʱʴʶ 
ʦʧʪʠʯʝʩʢʦʡ ʩʠʩʪʝʤʳ. 

ɺ ʧʨʠʢʣʘʜʥʦʡ ʥʝʣʠʥʝʡʥʦʡ ʦʧʪʠʢʝ ʯʘʩʪʦ ʮʝʣʴʶ ʬʦʢʫʩʠʨʦʚʢʠ ʣʘʟʝʨ-
ʥʦʛʦ ʧʫʯʢʘ ʷʚʣʷʝʪʩʷ ʧʦʣʫʯʝʥʠʝ ʟʘʜʘʥʥʦʡ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʚ ʦʧʨʝʜʝʣʝʥʥʦʡ 
ʧʣʦʩʢʦʩʪʠ ʜʣʷ ʙʦʣʝʝ ʵʬʬʝʢʪʠʚʥʦʡ ʛʝʥʝʨʘʮʠʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦ-
ʥʠʢʠ. ʈʝʰʝʥʠʝ ʟʘʜʘʯʠ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʩʬʦʢʫʩʠʨʦʚʘʥʥʦʛʦ 
ʠʟʣʫʯʝʥʠʷ ʠʜʝʘʣʴʥʦʡ ʦʧʪʠʯʝʩʢʦʡ ʣʠʥʟʦʡ (ʙʝʟ ʫʯʸʪʘ ʘʙʝʨʨʘʮʠʡ), ʢʘʢ ʜʣʷ 
ʛʘʫʩʩʦʚʘ, ʪʘʢ ʠ ʜʣʷ ʢʦʣʣʠʤʠʨʦʚʘʥʥʦʛʦ ʧʫʯʢʘ, ʠʤʝʶʱʝʛʦ ʛʘʫʩʩʦʚ ʧʣʦ-
ʩʢʠʡ ʧʨʦʬʠʣʴ, ʙʳʣʦ ʧʨʝʜʩʪʘʚʣʝʥʦ ʚ ʨʘʙʦʪʘʭ [1,2].  

ʀʟʚʝʩʪʥʦ [1], ʯʪʦ ʣʶʙʘʷ ʨʝʘʣʴʥʘʷ ʦʧʪʠʯʝʩʢʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ 
ʘʙʝʨʨʘʮʠʷʤʠ ʨʘʟʣʠʯʥʦʛʦ ʪʠʧʘ, ʥʦ ʦʪʮʝʥʪʨʠʨʦʚʘʥʥʘʷ ʩʠʩʪʝʤʘ ʦʙʣʘʜʘʝʪ, 
ʚ ʦʩʥʦʚʥʦʤ, ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʝʡ, ʠʟʙʘʚʠʪʴʩʷ ʦʪ ʢʦʪʦʨʦʡ ʜʦʚʦʣʴʥʦ 
ʩʣʦʞʥʦ. 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʧʨʠʚʦʜʷʪʩʷ ʨʝʟʫʣʴʪʘʪʳ ʢʦʤʧʴʶʪʝʨʥʦʛʦ ʤʦʜʝʣʠ-
ʨʦʚʘʥʠʷ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʛʣʦʚʦʛʦ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ 
ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʦʩʥʦʚʥʦʛʦ ʠʟʫʯʝʥʠʷ ʠ ʚʪʦʨʦʡ ʦʧʪʠʯʝʩʢʦʡ ʛʘʨʤʦʥʠʢʠ ʚ 
ʟʘʚʠʩʠʤʦʩʪʠ ʦʪ ʬʦʨʤʳ ʠ ʛʝʦʤʝʪʨʠʯʝʩʢʠʭ ʧʘʨʘʤʝʪʨʦʚ ʬʦʢʫʩʠʨʫʶʱʝʡ 
ʣʠʥʟʳ, ʦʙʣʘʜʘʶʱʝʡ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʝʡ. ʉʪʝʧʝʥʴ ʚʣʠʷʥʠʷ ʚʝʣʠ-
ʯʠʥʳ ʩʬʝʨʠʯʝʩʢʦʡ ʘʙʝʨʨʘʮʠʠ ʥʘ ʨʘʩʧʨʝʜʝʣʝʥʠʝ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʜʣʷ 
ʨʘʟʣʠʯʥʳʭ ʬʦʢʫʩʠʨʫʶʱʠʭ ʣʠʥʟ ʦʮʝʥʠʚʘʣʘʩʴ ʩ ʧʦʤʦʱʴʶ  ʜʠʬʨʘʢʮʠʦʥ-
ʥʦʛʦ ʠʥʪʝʛʨʘʣʘ [1]. 

ʇʦʣʫʯʝʥʥʳʝ ʨʝʟʫʣʴʪʘʪʳ ʤʦʞʥʦ ʠʩʧʦʣʴʟʦʚʘʪʴ ʜʣʷ ʫʯʝʪʘ ʚʣʠʷʥʠʷ 
ʬʦʨʤʳ ʬʦʢʫʩʠʨʫʶʱʝʡ ʣʠʥʟʳ, ʠʤʝʶʱʝʡ ʩʬʝʨʠʯʝʩʢʫʶ ʘʙʝʨʨʘʮʠʶ, ʥʘ 
ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʫʛʣʦʚʳʝ ʠ ʵʥʝʨʛʝʪʠʯʝʩʢʠʝ ʧʘʨʘʤʝʪʨʳ ʩʬʦʢʫʩʠʨʦʚʘʥ-
ʥʦʛʦ ʛʘʫʩʩʦʚʘ ʧʫʯʢʘ ʦʩʥʦʚʥʦʛʦ ʠ ʧʨʝʦʙʨʘʟʦʚʘʥʥʦʛʦ ʧʦ ʯʘʩʪʦʪʝ ʚ ʥʝʣʠ-
ʥʝʡʥʦʤ ʢʨʠʩʪʘʣʣʝ ʠʟʣʫʯʝʥʠʷ, ʯʪʦ ʚ ʟʥʘʯʠʪʝʣʴʥʦʡ ʩʪʝʧʝʥʠ ʧʦʚʳʩʠʪ ʜʦʩ-
ʪʦʚʝʨʥʦʩʪʴ ʧʝʨʝʜʘʚʘʝʤʦʡ ʦʧʪʠʯʝʩʢʠʤʠ ʤʝʪʦʜʘʤʠ ʠʥʬʦʨʤʘʮʠʠ. 

 
ʃʠʪʝʨʘʪʫʨʘ: 

1. ʄ. ɹʦʨʥ, ʕ. ɺʦʣʴʬ, ʆʩʥʦʚʳ ʦʧʪʠʢʠ. ʄ.: ʅʘʫʢʘ, 720, (1973). 
2. ʀ.ʀ. ʇʘʭʦʤʦʚ, ʈʘʩʯʸʪ ʧʨʝʦʙʨʘʟʦʚʘʥʠʷ ʣʘʟʝʨʥʦʛʦ ʧʫʯʢʘ ʚ ʦʧʪʠʯʝʩʢʠʭ 

ʩʠʩʪʝʤʘʭ. ʄ.: ʄɺʊʋ, 54, (1984). 
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ʆɼʄʈ ʉʇɽʂʊʈʆʉʂʆʇʀʗ ʇʆʃʋʇʈʆɺʆɼʅʀʂʆɺʓʍ 
ʅɸʅʆʉʊʈʋʂʊʋʈ 

 
ɺ.ʖ.ʀʚʘʥʦʚ, ʄ.ɻʦʜʣʝʚʩʢʠʡ 

 
ʀʥʩʪʠʪʫʪ ʌʠʟʠʢʠ ʇɸʅ, Al. Lotnik·w 32/46 02-668, Warsaw, POLAND, 

ivanov@ifpan.edu.pl 
ʂʘʪʦʣʠʯʝʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʠʤʝʥʠ ʢʘʨʜʠʥʘʣʘ ʉʪʝʬʘʥʘ ɺʳʰʠʥʩʢʦʛʦ  

 
 

ʉʧʝʢʪʨʦʩʢʦʧʠʷ ʦʧʪʠʯʝʩʢʠ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʤʘʛʥʠʪʥʦʛʦ ʨʝʟʦʥʘʥʩʘ 
(ʆɼʄʈ) ʦʙʲʝʜʠʥʷʝʪ ʦʩʥʦʚʥʳʝ ʜʦʩʪʦʠʥʩʪʚʘ ʤʠʢʪʨʦʚʦʣʥʦʚʦʡ ʠ ʦʧʪʠʯʝʩʢʦʡ 
ʩʧʝʢʪʨʦʩʢʦʧʠʠ ï ʚʦʟʤʦʞʥʦʩʪʴ ʠʩʩʣʝʜʦʚʘʥʠʷ ʤʠʢʨʦʩʦʩʪʦʷʥʠʡ ʢʚʘʥʪʦʚʳʭ 
ʩʠʩʪʝʤ ʚ ʥʘʥʦ-ʦʙʲʝʤʝ ʚʝʱʝʩʪʚʘ (ʥʘ ʛʨʘʥʠʮʝ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ ʧʨʝʜʝʣʘ). ɺ 
ʥʘʩʪʦʷʱʝʡ ʣʝʢʮʠʠ ʤʳ ʜʝʤʦʥʩʪʨʠʨʫʝʤ ʚʦʟʤʦʞʥʦʩʪʠ ʆɼʄʈ ʩʧʝʢʪʨʦʩʢʦʧʠʠ 
(ʩ ʚʨʝʤʝʥʥʳʤ ʠ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʳʤ ʨʘʟʨʝʰʝʥʠʝʤ) ʜʣʷ ʠʟʫʯʝʥʠʷ ʩʧʠʥ- ʟʘ-
ʚʠʩʠʤʳʭ ʷʚʣʝʥʠʡ ʚ ʧʦʣʫʧʨʦʚʦʜʥʠʢʦʚʳʭ ʥʘʥʦʩʪʨʫʢʪʫʨʘʭ (ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ 
ʠ ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ) ʩʦʝʜʠʥʝʥʠʡ II-IV ʠ III-V ʚ ʪʦʤ ʯʠʩʣʝ ʚ ʩʠʩʪʝʤʘʭ ʩ 
ʚʳʩʦʢʦʡ ʧʦʜʚʠʞʥʦʩʪʴʶ ʥʦʩʠʪʝʣʝʡ ʟʘʨʷʜʘ. ɹʫʜʫʪ ʧʨʝʜʩʪʘʚʣʝʥʳ ʨʝʟʫʣʴʪʘ-
ʪʳ ʠʩʩʣʝʜʦʚʘʥʠʷ ʩʧʠʥ-ʟʘʚʠʩʠʤʦʛʦ ʧʝʨʝʥʦʩʘ ʵʥʝʨʛʠʠ ʚ ʢʚʘʥʪʦʚʳʭ ʷʤʘʭ 
ZnMnSe/ZnBeSe, ʦʧʪʠʯʝʩʢʠ ʜʝʪʝʢʪʠʨʫʝʤʦʛʦ ʕʇʈ ʠ ʮʠʢʣʦʪʨʦʥʥʦʛʦ ʨʝʟʦ-
ʥʘʥʩʘ ʝʣʝʢʪʨʦʥʦʚ ʧʨʦʚʦʜʠʤʦʩʪʠ ʚ HEM CdTe/CdMgTe GaAs/AlGaAs, ʠ 
ʆɼʄʈ ʣʦʢʘʣʠʟʦʚʘʥʥʳʭ ʚ  ʢʚʘʥʪʦʚʳʭ ʪʦʯʢʘʭ CdSe/ZnSe InAs/AlAs ʥʦʩʠ-
ʪʝʣʝʡ ʟʘʨʷʜʘ. ɹʫʜʫʪ ʧʦʢʘʟʘʥʳ ʚʦʟʤʦʞʥʦʩʪʠ ʧʨʝʦʜʦʣʝʥʠʷ ʜʠʬʨʘʢʮʠʦʥʥʦʛʦ 
ʧʨʝʜʝʣʘ ʚ ʆɼʄʈ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʧʦ ʤʘʥʠʧʫʣʷʮʠʠ ʝʜʝʥʠʯʥʳʤʠ ʩʧʠʥʘʤʠ ʚ 
ʢʚʘʥʪʦʚʦ ï ʨʘʟʤʝʨʥʳʭ ʩʠʩʪʝʤʘʭ.   

ʉʇɽʂʊʈʆʌʆʊʆʄɽʊʈʀʏɽʉʂʆɽ ʆʇʈɽɼɽʃɽʅʀɽ 
ʇʈʆʀɿɺʆɼʅʆɻʆ ɹɽʅɿʀʄʀɼɸɿʆʃɸ ʉ ʇʈʀʄɽʅɽʅʀɽʄ 

ʆʇʊʀʏɽʉʂʆɻʆ ʆɹʈɸɿʎɸ ʉʈɸɺʅɽʅʀʗ 
 

ʇ.ʆ. ʀʥʦʟʝʤʮʝʚ, ɽ. ɸ. ʀʣʣʘʨʠʦʥʦʚʘ 
 

 ʀʨʢʫʪʩʢʠʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʤʝʜʠʮʠʥʩʢʠʡ ʫʥʠʚʝʨʩʠʪʝʪ ʛ. ʀʨʢʫʪʩʢ, ʫʣ. 
ʂʨʘʩʥʦʛʦ ɺʦʩʩʪʘʥʠʷ, 1, Illelena@rambler.ru 

 
 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ʦʧʪʠʤʠʟʠʨʦʚʘʪʴ ʤʝʪʦʜʠʢʫ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠ-
ʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʧʨʦʠʟʚʦʜʥʦʛʦ ʙʝʥʟʠʤʠʜʘʟʦʣʘ- ʤʦʪʠʣʠʫʤʘ ʚ ʩʫʙʩʪʘʥ-
ʮʠʠ ʠ ʪʘʙʣʝʪʢʘʭ ʩ ʠʩʧʦʣʴʟʦʚʘʥʠʝʤ ʦʧʪʠʯʝʩʢʠʭ   ʦʙʨʘʟʮʦʚ ʩʨʘʚʥʝʥʠʷ. 
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ʄʦʪʠʣʠʫʤ ʦʙʣʘʜʘʝʪ ʩʧʦʩʦʙʥʦʩʪʴʶ ʧʦʛʣʦʱʘʪʴ ʵʥʝʨʛʠʶ ʚ ʫʣʴʪʨʘ-
ʬʠʦʣʝʪʦʚʦʡ ʦʙʣʘʩʪʠ ʩʧʝʢʪʨʘ, ʯʪʦ ʦʙʫʩʣʦʚʣʝʥʦ ʧ>ˊ*-ʵʣʝʢʪʨʦʥʥʳʤʠ ʧʝʨʝ-
ʭʦʜʘʤʠ. ʇʦʵʪʦʤʫ ʥʘʤʠ ʙʳʣʠ ʠʟʫʯʝʥʳ ʩʧʝʢʪʨʘʣʴʥʳʝ ʭʘʨʘʢʪʝʨʠʩʪʠʢʠ ʠʟʫ-
ʯʘʝʤʦʛʦ ʣʝʢʘʨʩʪʚʝʥʥʦʛʦ ʚʝʱʝʩʪʚʘ ʚ ʦʙʣʘʩʪʠ ʦʪ 220 ʜʦ 400 ʥʤ ʚ ʠʥʪʝʨʚʘʣʝ 
ʨʅ 1,1-12,5. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʤʦʪʠʣʠʫʤʘ ʧʨʠ ʨʅ 12,5 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ 
ʜʚʫʤʷ ʤʘʢʩʠʤʫʤʘʤʠ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ ʜʣʠʥʘʭ ʚʦʣʥ 248Ñ1ʥʤ ʠ 290Ñ1 ʠ ʤʠ-
ʥʠʤʫʤʦʤ ʧʦʛʣʦʱʝʥʠʷ ʧʨʠ 266Ñ1 ʥʤ.  ʇʨʠ ʨʅ 1,1- 5,2 ʥʘʙʣʶʜʘʝʪʩʷ ʜʚʘ 
ʤʘʢʩʠʤʫʤʘ ʧʨʠ 231Ñ2 ʥʤ ʠ ʧʨʠ 285Ñ2 ʥʤ. ɸʚʪʦʨʘʤʠ ʙʳʣʘ ʠʩʩʣʝʜʦʚʘʥʦ ʟʘ-
ʚʠʩʠʤʦʩʪʴ ʦʧʪʠʯʝʩʢʠʭ ʭʘʨʘʢʪʝʨʠʩʪʠʢ ʤʦʪʠʣʠʫʤʘ ʚ ʨʘʟʣʠʯʥʳʭ ʨʘʩʪʚʦʨʠ-
ʪʝʣʷʭ ʦʪ ʚʨʝʤʝʥʠ ʭʨʘʥʝʥʠʷ. ʂʘʢ ʧʦʢʘʟʘʣʠ ʠʩʩʣʝʜʦʚʘʥʠʷ, ʨʘʩʪʚʦʨʳ ʤʦʪʠ-
ʣʠʫʤʘ ʩʪʘʙʠʣʴʥʳ ʚ ʪʝʯʝʥʠʝ ʜʣʠʪʝʣʴʥʦʛʦ ʚʨʝʤʝʥʠ.  

ɺ ʢʘʯʝʩʪʚʝ ʦʧʪʠʯʝʩʢʦʛʦ ʦʙʨʘʟʮʘ ʩʨʘʚʥʝʥʠʷ ʜʣʷ ʘʥʘʣʠʟʘ ʤʦʪʠʣʠʫʤʘ 
ʚʳʙʨʘʥ ʥʠʪʨʠʪ ʥʘʪʨʠʷ. ʉʧʝʢʪʨ ʧʦʛʣʦʱʝʥʠʷ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ʚ ʠʥʪʝʨʚʘʣʝ  
ʨʅ 7,25-13,0 ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʦʜʥʦʡ ʧʦʣʦʩʦʡ ʧʦʛʣʦʱʝʥʠʷ ʩ ʤʘʢʩʠʤʫʤʦʤ 
ʧʨʠ 357Ñ1ʥʤ. ɺ ʠʥʪʝʨʚʘʣʝ 285-300 ʥʤ ʚ ʩʧʝʢʪʨʝ ʧʦʛʣʦʱʝʥʠʷ ʥʠʪʨʠʪʘ ʥʘ-
ʪʨʠʷ ʩʫʱʝʩʪʚʫʝʪ çʧʣʝʯʦè. ʀʟʫʯʝʥʠʝ ʩʪʘʙʠʣʴʥʦʩʪʠ ʨʘʩʪʚʦʨʘ ʥʠʪʨʠʪʘ ʥʘ-
ʪʨʠʷ ʚ ʪʝʯʝʥʠʝ 24 ʯʘʩʦʚ ʧʦʢʘʟʘʣʘ, ʯʪʦ ʚ ʪʝʯʝʥʠʝ ʩʫʪʦʢ ʨʘʩʪʚʦʨ ʥʠʪʨʠʪʘ ʥʘ-
ʪʨʠʷ ʙʦʣʝʝ ʩʪʘʙʠʣʝʥ ʧʨʠ ʨʅ 13,0. ʉʪʘʙʠʣʴʥʦʩʪʴ ʨʘʩʪʚʦʨʘ ʚ ʤʘʢʩʠʤʫʤʝ ʧʦ-
ʛʣʦʱʝʥʠʷ ʧʨʠ ɚ=357 ʥʤ ʠ ʚ ʠʥʪʝʨʚʘʣʝ ʜʣʠʥ ʚʦʣʥ 285-300 ʥʤ ʧʨʘʢʪʠʯʝʩʢʠ 
ʥʝ ʦʪʣʠʯʘʶʪʩʷ.  

ɸʥʘʣʠʪʠʯʝʩʢʘʷ ʜʣʠʥʘ ʚʦʣʥʳ ʤʦʪʠʣʠʫʤʘ (290 ʥʤ) ʚʭʦʜʠʪ ʚ ʠʥʪʝʨʚʘʣ, 
ʦʧʪʠʤʘʣʴʥʳʡ ʜʣʷ ʥʠʪʨʠʪʘ ʥʘʪʨʠʷ ï 285 ï 300 ʥʤ. 

ʈʘʟʨʘʙʦʪʘʥʥʳʝ ʦʧʪʠʤʘʣʴʥʳʝ ʫʩʣʦʚʠʷ ʩʧʝʢʪʨʦʬʦʪʦʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧ-
ʨʝʜʝʣʝʥʠʷ ʤʦʪʠʣʠʫʤʘ ʙʳʣʠ ʠʩʧʦʣʴʟʦʚʘʥʳ ʜʣʷ ʢʦʣʠʯʝʩʪʚʝʥʥʦʛʦ ʦʧʨʝʜʝʣʝ-
ʥʠʷ ʝʛʦ ʚ ʩʫʙʩʪʘʥʮʠʠ ʠ ʪʘʙʣʝʪʢʘʭ. ʆʪʥʦʩʠʪʝʣʴʥʘʷ ʦʰʠʙʢʘ ʩʧʝʢʪʨʦʬʦʪʦ-
ʤʝʪʨʠʯʝʩʢʦʛʦ ʦʧʨʝʜʝʣʝʥʠʷ ʤʦʪʠʣʠʫʤʘ  ʚ ʩʫʙʩʪʘʥʮʠʠ ʥʝ ʧʨʝʚʳʰʘʝʪ  0,5%, 
ʘ ʚ ʪʘʙʣʝʪʢʘʭ - 1,6%.  

ʈʘʟʨʘʙʦʪʘʥʘʷ ʤʝʪʦʜʠʢʘ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʙʳʩʪʨʦʪʦʡ, ʭʦʨʦʰʝʡ ʚʦʩ-
ʧʨʦʠʟʚʦʜʠʤʦʩʪʴʶ, ʯʫʚʩʪʚʠʪʝʣʴʥʦʩʪʴʶ. 

ʆʇʊʀʏɽʉʂɸʗ ʃʆɺʋʐʂɸ ʅɸ ʆʉʅʆɺɽ ʊɽʈʄʆʂɸʇʀʃʃʗʈʅʓʍ 
ʉʀʃ 

 
ɺ.ʀ. ʀʚʘʥʦʚ, ɸ.ʉ. ɼʨʠʚʦʣʴʩʢʠʡ, ɸ.ʉ. ʂʘʥʠʣʦʚʘ  

 
ɼʘʣʴʥʝʚʦʩʪʦʯʥʳʡ ʛʦʩʫʜʘʨʩʪʚʝʥʥʳʡ ʫʥʠʚʝʨʩʠʪʝʪ ʧʫʪʝʡ ʩʦʦʙʱʝʥʠʷ, 

680021, ʍʘʙʘʨʦʚʩʢ, ʫʣ. ʉʝʨʳʰʝʚʘ, 47, ivanov@festu.khv.ru 
 
 

ɺ ʜʘʥʥʦʡ ʨʘʙʦʪʝ ʠʩʩʣʝʜʦʚʘʥ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʡ ʤʝʭʘʥʠʟʤ ʣʝʚʠʪʘ-
ʮʠʠ ʯʘʩʪʠʮʳ ʚ ʞʠʜʢʦʬʘʟʥʦʡ ʩʨʝʜʝ. ɺ ʵʢʩʧʝʨʠʤʝʥʪʘʭ ʩ ʝʜʠʥʩʪʚʝʥʥʳʤ ʧʫ-
ʟʳʨʴʢʦʤ ʙʳʣʠ ʦʙʥʘʨʫʞʝʥʳ ʝʛʦ ʥʝʟʘʪʫʭʘʶʱʠʝ ʢʦʣʝʙʘʥʠʷ ʧʦ ʦʜʥʦʡ ʢʦʦʨ-
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ʜʠʥʘʪʝ ʧʨʠ ʦʩʚʝʱʝʥʠʠ ʢʶʚʝʪʳ ʧʫʯʢʦʤ ʣʘʟʝʨʘ, ʠʤʝʶʱʠʤ ʚʳʪʷʥʫʪʫʶ 
ʚʜʦʣʴ ʪʦʡ ʞʝ ʢʦʦʨʜʠʥʘʪʳ ʬʦʨʤʫ ʧʦʧʝʨʝʯʥʦʛʦ ʨʘʩʧʨʝʜʝʣʝʥʠʷ ʠʥʪʝʥʩʠʚʥʦ-
ʩʪʠ [1]. 

ʎʝʣʴ ʜʘʥʥʦʡ ʨʘʙʦʪʳ ï ʠʩʩʣʝʜʦʚʘʪʴ ʧʘʨʘʤʝʪʨʳ ʚʦʟʥʠʢʘʶʱʠʭ ʢʦʣʝ-
ʙʘʥʠʡ,  ʚʳʷʩʥʠʪʴ ʧʨʠʨʦʜʫ ʜʘʥʥʦʛʦ ʷʚʣʝʥʠʷ. 

ʂʦʣʝʙʘʥʠʷ ʧʫʟʳʨʴʢʘ ʛʘʟʘ ʚ ʪʦʥʢʦʡ ʢʶʚʝʪʝ ʩ ʧʦʛʣʦʱʘʶʱʝʡ ʞʠʜʢʦ-
ʩʪʴʶ ʥʘʙʣʶʜʘʶʪʩʷ ʚʠʟʫʘʣʴʥʦ, ʯʘʩʪʦʪʘ ʢʦʣʝʙʘʥʠʡ 1-5 ɻʮ, ʘʤʧʣʠʪʫʜʘ ʢʦʣʝ-
ʙʘʥʠʡ ʩʦʩʪʘʚʣʷʝʪ 0,1-0,5 ʨʘʜʠʫʩʘ ʧʫʟʳʨʴʢʘ. ʂʦʣʝʙʘʥʠʷ ʧʫʟʳʨʴʢʘ ʧʨʦʠʩʭʦ-
ʜʠʣʠ ʚ ʧʣʦʩʢʦʩʪʠ ʢʶʚʝʪʳ ʠ ʨʝʛʠʩʪʨʠʨʦʚʘʣʠʩʴ ʧʦ ʟʘʚʠʩʠʤʦʩʪʠ ʤʦʱʥʦʩʪʠ 
ʠʟʣʫʯʝʥʠʷ, ʧʨʦʰʝʜʰʝʛʦ ʯʝʨʝʟ ʢʶʚʝʪʫ, ʦʪ ʚʨʝʤʝʥʠ. ɺʦʟʥʠʢʘʶʱʠʝ ʢʦʣʝʙʘ-
ʥʠʷ ʦʙʲʷʩʥʷʶʪʩʷ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʳʤ ʤʝʭʘʥʠʟʤʦʤ ʥʝʫʩʪʦʡʯʠʚʦʩʪʠ ʧʦʣʦ-
ʞʝʥʠʷ ʨʘʚʥʦʚʝʩʠʷ ʯʘʩʪʠʮʳ ʚ ʥʝʦʜʥʦʨʦʜʥʦʤ ʪʝʧʣʦʚʦʤ ʧʦʣʝ. ʆʧʠʩʘʥʥʳʡ 
ʤʝʭʘʥʠʟʤ ʧʦʣʦʞʠʪʝʣʴʥʦʡ ʦʙʨʘʪʥʦʡ ʩʚʷʟʠ ʥʦʩʠʪ ʧʦʨʦʛʦʚʳʡ ʭʘʨʘʢʪʝʨ ʠʟ-ʟʘ 
ʥʘʣʠʯʠʷ ʜʠʩʩʠʧʘʪʠʚʥʳʭ ʧʦʪʝʨʴ ʠ ʨʝʘʣʠʟʫʝʪʩʷ ʧʨʠ ʜʦʩʪʘʪʦʯʥʦ ʙʦʣʴʰʠʭ 
ʛʨʘʜʠʝʥʪʘʭ ʪʝʤʧʝʨʘʪʫʨ ʠ ʨʘʟʤʝʨʘʭ ʯʘʩʪʠʮ.  

ɿʘʚʠʩʠʤʦʩʪʠ ʧʝʨʠʦʜʘ ʢʦʣʝʙʘʥʠʡ ʦʪ ʠʥʪʝʥʩʠʚʥʦʩʪʠ ʧʘʜʘʶʱʝʛʦ ʠʟ-
ʣʫʯʝʥʠʷ ʠ ʨʘʟʤʝʨʘ ʧʫʟʳʨʴʢʘ ʥʘʭʦʜʷʪʩʷ ʚ ʩʦʛʣʘʩʠʠ ʩ ʨʘʩʩʤʦʪʨʝʥʥʦʡ ʤʦ-
ʜʝʣʴʥʦʡ ʟʘʜʘʯʝʡ. 

ʊʘʢʠʤ ʦʙʨʘʟʦʤ, ʦʧʪʠʯʝʩʢʠʡ ʟʘʭʚʘʪ ʯʘʩʪʠʮʳ ʚ ʪʝʨʤʦʢʘʧʠʣʣʷʨʥʦʡ ʣʦ-
ʚʫʰʢʝ ʚ ʥʝʢʦʪʦʨʦʤ ʜʠʘʧʘʟʦʥʝ ʧʘʨʘʤʝʪʨʦʚ ʭʘʨʘʢʪʝʨʠʟʫʝʪʩʷ ʥʝʫʩʪʦʡʯʠʚʦ-
ʩʪʴʶ ʠ ʘʚʪʦʢʦʣʝʙʘʥʠʷʤʠ ʯʘʩʪʠʮʳ ʚ ʧʨʦʩʪʨʘʥʩʪʚʝʥʥʦ-ʥʝʦʜʥʦʨʦʜʥʦʤ  ʩʚʝ-
ʪʦʚʦʤ ʧʦʣʝ. 
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ʈʦʤʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʥʠʪʨʘʪʘ ʢʘʣʠʷ (KNO3, mmm, D2h) ʷʚʣʷʶʪʩʷ 
ʦʩʥʦʚʥʦʡ ʧʦʣʠʤʦʨʬʥʦʡ ʤʦʜʠʬʠʢʘʮʠʝʡ ʧʨʠʨʦʜʥʦʛʦ ʤʠʥʝʨʘʣʘ (ʩʝʣʠʪʨʳ), 
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ʦʜʥʘʢʦ ʠʟʚʝʩʪʥʳ ʠ ʜʨʫʛʠʝ ʤʦʜʠʬʠʢʘʮʠʠ KNO3, ʠʟ ʢʦʪʦʨʳʭ ʘʮʝʥʪʨʠʯʥʘʷ 
ʪʨʠʛʦʥʘʣʴʥʘʷ ʬʘʟʘ ʩʦ ʩʪʨʫʢʪʫʨʦʡ C3v (R3m) ʫʩʪʦʡʯʠʚʘ ʚ ʫʟʢʦʤ ʠʥʪʝʨʚʘʣʝ 
ʪʝʤʧʝʨʘʪʫʨ 115-123 ʦC [1]. ʂʨʠʩʪʘʣʣʳ ʵʪʦʡ ʤʦʜʠʬʠʢʘʮʠʠ ʷʚʣʷʶʪʩʷ ʥʝʣʠ-
ʥʝʡʥʦ-ʦʧʪʠʯʝʩʢʠʤʠ, ʦʜʥʘʢʦ ʜʣʷ ʧʨʘʢʪʠʯʝʩʢʦʛʦ ʠʩʧʦʣʴʟʦʚʘʥʠʷ ʥʝʦʙʭʦʜʠ-
ʤʦ ʙʳʣʦ ʠʟʫʯʠʪʴ ʚʦʟʤʦʞʥʦʩʪʴ ʠʭ ʧʦʣʫʯʝʥʠʷ ʧʨʠ ʢʦʤʥʘʪʥʦʡ ʪʝʤʧʝʨʘʪʫʨʝ. 
ʇʨʠ ʚʳʨʘʱʠʚʘʥʠʠ ʠʟ ʯʠʩʪʳʭ ʚʦʜʥʳʭ ʨʘʩʪʚʦʨʦʚ ʵʣʝʢʪʨʦʣʠʪʦʚ ʦʙʨʘʟʫʝʪʩʷ 
ʨʦʤʙʠʯʝʩʢʘʷ ʤʦʜʠʬʠʢʘʮʠʷ D2h. ʆʜʥʘʢʦ ʧʨʠ ʚʚʝʜʝʥʠʠ ʚ  ʨʘʩʪʚʦʨ 0.1 ï 0.3 
ʤʘʩ.% ɺʘ(NO3)2 ʦʙʨʘʟʫʝʪʩʷ ʪʨʠʛʦʥʘʣʴʥʘʷ ʤʦʜʠʬʠʢʘʮʠʷ, D3d, ʘ ʟʘʪʝʤ ʠ 
ʘʮʝʥʪʨʠʯʥʘʷ ʬʘʟʘ C3v ʈʠʩ. 1. ʇʨʠ ʙʦʣʴʰʝʤ ʩʦʜʝʨʞʘʥʠʠ ʜʦʙʘʚʢʠ ʦʙʨʘʟʫ-
ʶʪʩʷ ʪʘʢʞʝ ʘʮʝʥʪʨʠʯʥʳʝ ʧʩʝʚʜʦʢʫʙʠʯʝʩʢʠʝ ʢʨʠʩʪʘʣʣʳ ʜʚʦʡʥʦʡ ʩʦʣʠ 
2KNO3Āɺʘ(NO3)2, ʧʨʝʜʩʪʘʚʣʷʶʱʠʝ ʠʥʪʝʨʝʩ ʜʣʷ ʩʦʟʜʘʥʠʷ ɺʂʈ- ʧʨʝʦʙʨʘʟʦ-
ʚʘʪʝʣʝʡ ʣʘʟʝʨʥʦʛʦ ʠʟʣʫʯʝʥʠʷ. ʂʨʠʩʪʘʣʣʳ ʵʪʠʭ ʥʠʪʨʘʪʦʚ ʧʨʦʟʨʘʯʥʳ ʚ ʦʙ-
ʣʘʩʪʠ 0.26-2.25 ʤʢʤ, ʈʠʩ.2, ʦʜʥʘʢʦ ʧʦʣʫʯʝʥʠʝ ʠʭ ʩʦʚʝʨʰʝʥʥʳʭ ʢʨʠʩʪʘʣʣʦʚ 
ʪʨʝʙʫʝʪ ʜʘʣʴʥʝʡʰʝʛʦ ʨʘʟʚʠʪʠʷ ʪʝʭʥʦʣʦʛʠʠ   ʨʦʩʪʘ ʠʟ ʤʥʦʛʦʢʦʤʧʦʥʝʥʪʥʳʭ 
ʚʦʜʥʦ-ʩʦʣʝʚʳʭ ʩʠʩʪʝʤ. 

 

 
1000 1500 2000 2500

10

20

30

40

50

60

70

ɼʣʠʥʘ ʚʦʣʥʳ, ʥʤ

ʇ
ʨʦ

ʧʫ
ʩʢ

ʘʥ
ʠʝ

, %
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