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The reflection and absorption of two-layer porous silicon was calculated. Two-layer porous silicon has
less reflection than single-layer porous silicon and single-crystal silicon. The reflectance of two-layer po-
rous silicon decreases to a certain value, and then it increases when the volume fraction of the pores of the
first layer of porous silicon increases. The volume fraction of the pores of the first layer of porous silicon is
greater than the volume fraction of the pores of the second layer of porous silicon. Layers of porous silicon
are considered effective media. The lowest reflection of two-layer macroporous silicon is found by optimiz-
ing the volume fraction of pores of each layer of porous silicon. The decrease in reflection of two-layer po-
rous silicon compared to the reflection of porous silicon with one layer of macropores is explained. The re-
flection of two-layer porous silicon exceeds the reflection of single-layer porous silicon and single-crystal
silicon when the volume fraction of the pores of the first layer of porous silicon is small and that of the sec-
ond layer of porous silicon is large. The absorption of two-layer porous silicon with optimized pore volume
fractions is 0.88.
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1. INTRODUCTION

Porous silicon, nanowires, pyramids and cones on
the surface reduce light reflection. Reducing the reflec-
tion of light increases the absorption of the solar cell.
The optical reflectance, short-circuit current and quan-
tum efficiency of solar cells based on silicon nanowires
are measured. The reflection coefficient of silicon nan-
owires decreases by an order of magnitude compared to
a flat surface [1]. The front and rear structured surfac-
es of the solar cell affect light trapping and its quan-
tum efficiency. The frontal structured surface improves
the light absorption and quantum efficiency of the solar
cell in a wide range of light wavelengths. The back
structured surface increases the quantum efficiency of
the solar cell for wavelengths of light greater than 0.6
pm. A solar cell with a structured surface shows the
best ratio between front surface absorption, light scat-
tering efficiency and losses [2]. The reflection of two-
layer structures with a layer of nanowires and
macropores 1s calculated using a numerical method.
Scattering of light on the surfaces of porous layers is
taken into account. The reflection of two-layer struc-
tures depends on the volume fraction of pores [3].
Graded photonic supercrystals exhibit broadband light
absorption. Light is captured at different angles of in-
cidence and regardless of its polarization. Increased
light absorption is associated with the dispersion of the
refractive index of light in space [4]. Light capture im-
proves with increasing depth of the photonic structure
on the surface of the solar cell. The angular distribu-
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tion of light intensity in photonic structures is smaller
compared to a Lambertian scatterer, but absorption is
improved due to direction-dependent light transmission
[5]. Oscillations in the absorption spectra of
macroporous silicon structures with surface nanocrys-
tals are analyzed. Oscillations are observed in the in-
frared region of the spectrum [6]. The kinetics of porous
silicon charge carriers is calculated using a numerical
method. Porous silicon has two porous layers that are
placed on different sides of a monocrystalline substrate.
The pore depth affects the effective lifetime of charge
carriers [7]. Two-layer macroporous silicon is being
studied. The effective lifetime of charge carriers is
found. Equations for calculating the effective lifetime of
charge carriers are derived. The dependence of the ef-
fective lifetime of charge carriers on the depth of the
macropores of each porous layer is analyzed [8]. The
velocity of volume and surface recombination of single-
crystal silicon nanowires was determined by an optical
method. The speed of surface recombination on the
passivated surface of nanowires, determined using the
dynamics of spatially limited electron-hole matter, is
equal to 0.2 m/s. This rate of surface recombination
indicates very high-quality surface passivation of sin-
gle-crystal silicon nanowires. The bulk recombination
rate of single-crystal silicon nanowires is no different
from that of high-quality single-crystal silicon. Nan-
owires were grown by the vapor-liquid-solid method,
where gold was used as a catalyst [9]. The correlation
between current transport, oxidation quality of porous
silicon and dielectric relaxation show the presence of

https://jnep.sumdu.edu.ua

© 2025 The Author(s). Journal of Nano- and Electronic Physics published by Sumy State University. This article is
distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license.

Cite this article as: V.F. Onyshchenko et al., /. Nano- Electron. Phys. 17 No 1, 01022 (2025) https://doi.org/10.21272/jnep.17(1).01022


http://jnep.sumdu.edu.ua/index.php?lang=en
http://jnep.sumdu.edu.ua/index.php?lang=uk
https://jnep.sumdu.edu.ua/
https://int.sumdu.edu.ua/en
https://creativecommons.org/licenses/by/4.0
https://doi.org/10.21272/jnep.17(1).01022
https://orcid.org/0000-0002-4241-280X
https://doi.org/10.21272/jnep.17(1).01022
mailto:onyshchenkovf@isp.kiev.ua

V.F. ONYSHCHENKO, L.A. KARACHEVTSEVA

two main current transport pathways. In oxidized po-
rous silicon, another mechanism of interphase polariza-
tion relaxation is observed. It is observed at high tem-
peratures and has a long relaxation time [10]. Meas-
ured thermoelectric properties of layers of nanostruc-
tured porous silicon grown on monocrystalline silicon
substrates. For layers with different volume fraction of
pores and size of nanocrystals: electrical conductivity
and thermal conductivity were measured. A strong de-
pendence of these values on the characteristics of na-
noporous silicon layers was revealed [11].

2. REFLECTION AND TRANSMISSION OF TWO-
LAYER POROUS SILICON

Let there be two-layer porous silicon. Two layers of
porous silicon with different volume fraction of pores are
located on a monocrystalline substrate. The reflection of
the porous silicon plate is expressed by the sum [3]:

R =R,+(1-R,)’ % (RY'RY, exp(-204nhy)) , (2.1)

where Rs1 is the reflection of the boundary between air
and the first layer of porous silicon, Rs is the reflection of
the boundary between the first and second layers of po-
rous silicon, a1 is the effective refractive index of the first
layer of porous silicon, n is the reflection number, A1 is
the pore depth of the first layer of porous silicon. The sum
in expression (2.1) is equal to a fraction, so expression is
written as follows:

R12R51+

(1-R,)*R,, exp(—2a,h,) ©.9)
1-R, R, exp(-2a,h,)

Light passes through the first layer of porous silicon, re-

flects off the second layer of porous silicon, and passes

through the first layer of porous silicon. The reflection

from two layers of porous silicon is written as follows:

R, =R, +(1-R,)*3 (R"'R"" exp(~2a,nh,)) x
n=1
. @23)
x(Ry+(1-Ry,)* Y (R 'R exp(—2a,mh,)))
m=1

where Rs3 — reflection of the boundary between the sec-
ond layers of porous silicon and the monocrystalline sub-
strate, az is the effective index of refraction of the second
layer of porous silicon, m is the reflection number, Az is
the pore depth of the second layer of porous silicon. The
sums in expression (2.3) are equal to fractions, so expres-
sion (2.3) is written as follows:

a- Rs1)2 exp(—2a,h,) N
1-R, R, exp(—2a,h,)

(1-R,,)” exp(-2a,h,)R,, ,
1-R R, exp(—2a,h,)

R,=R, +

(2.4)

x(R, +

Light rays pass through the first and second layers of
porous silicon and the monocrystalline substrate, reflect-
ing many times in the middle of each layer. The resulting
reflection is written as:
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R, =(1-R,)* ( 21 (RY'RY! exp(—Zalnhl))j x

2
x((l—RSQ)Z > (RE'RE! exp(—2a2mh2))j x ,(2.5)
m=1
x(1-R,)? S (R%'R", exp(-2akh,))
k=1

where Rss is the reflection of the boundary between the
monocrystalline substrate and air, a is the refractive in-
dex of monocrystalline silicon, % is the reflection number,
hs is the thickness of the monocrystalline substrate.
Light passes through two layers of porous silicon and a
monocrystalline substrate, is reflected from the boundary
of the monocrystalline substrate with air, and again
passes through the monocrystalline substrate and two
layers of porous silicon, is reflected again, and so on. The
resulting reflection is written as:

n-1
R32=R312[(z RYR) exp(—ZaIkhl») x

n=1{ (k=1

n-1
x[(l ~-R,)*Y (R'R., exp(—2azlh2))] x ,(2.6)
I=1
n-1
x[(l -R,)* Y (RE'RY exp(—2amh3))j J

where [ is the reflection number. The sums in expressions
(2.5) and (2.6) are equal to fractions, so expression (2.6) is
written as follows:

_(-R))’A-R,)"exp(-20})
(1- R, R, exp(-2a,h,))”
N (1-R;)*R, exp(—2ah,)R,, 5

32

, @27
1-R,R,, exp(—2ah,)
N exp(—2a,h,)
(1-R,R,, exp(—2a,h,)’ Ry,
where:
1 a- Rs2)2 exp(—2o,h))R, N
33 (1-R,R,, exp(-2a,h,))
2
N (1-R,;)" exp(—2ahy)R,, 5 @2.8)

(1-R,R,, exp(—2ah,))
N exp(—2ay,h,)
(1- R,R,, exp(—2a,h,)”

Taking into account the reflection of the first and second
layers of porous silicon ((2.2) and (2.4)) and the reflection
from expression (2.7), the reflection of two-layer porous
silicon (on a monocrystalline substrate) is written as:

— 2 —
R =R+ 1-R,)" exp(—2a4h,) y
1-R R, exp(—2a,h,)
y 1- Rsz)2 exp(—2a,h,)
1-R,R,, exp(-2a,h,)

2.9

+ R,

The transmission of light that passed through two layers
of porous silicon and a monocrystalline substrate is writ-
ten as:
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T, =(1-R,)exp(—20,h,)(1 - R,) x

. (2.10)
xexp(—2a,h,)(1 - R_,) exp(—2ah,)1-R,,)

Part of the light will be reflected in each layer many

times, so its reflections will be written as a product of

sums as follows:

_ 1-R,;)1-R,)exp(—2a,h,) N
" (1-RyR,exp(-2a.h))
5 (1-R,;)A-R,)exp(—2ah,) N
(1-R,R,, exp(—2ah,)
N exp(—2a,h,)
(1-R, R, exp(—2a,h,)
Light passes through two layers of porous silicon and a
monocrystalline substrate, is reflected from the interface
of the monocrystalline substrate with air, and again
passes through the monocrystalline substrate and two

layers of porous silicon, is reflected again, and so on.
Light transmission is recorded as:

, (2.11)

n-1
T, =T, zl[[ kZ::1 (R'RY exp(—2a1kh1))] x

n-1
x( > (RE'R exp(—2amh3))j x .(2.12)
m=1

n-1
x( zﬂ (R'RY: exp(—2a2mh2))] J

The sums in expressions (2.11) and (2.12) are equal to
fractions. From expressions (2.11) and (2.12), the
transmission of two-layer porous silicon (on a mono-
crystalline substrate) is written as follows:

_ 1-R,)A-R,)(1-R,)(1-R,) 5
2 a- R, R, exp(-2a,h,))(1- R R, , exp(—2ah,)
exp(—2(ayhy + ayhy + ahy))
(1-R,R,, exp(-2a,h,)* Ryy

(2.13)

3. RESULTS AND DISCUSSION

Fig. 1 shows a diagram of two-layer porous silicon
with different volume fraction of pores for the first and
second layers of porous silicon. The volume fraction of
the pores of the first layer is smaller than the volume
fraction of the pores of the second layer of porous silicon
(see Fig. 1a). The volume fraction of the pores of the first
layer is greater than the volume fraction of the pores of
the second layer of porous silicon (see Fig. 1b). The first
and second layers of porous silicon have pore depths A1,
h2, respectively. The thickness of two-layer porous silicon
(on a monocrystalline substrate) is equal to h. Light falls
on the first layer of porous silicon and penetrates
through the pores and monocrystalline silicon between
the pores into the second layer of porous silicon and the
monocrystalline substrate. Light is reflected many times
at the boundaries of the porous silicon layers and the
monocrystalline substrate. These boundaries partially
transmit light at each reflection. Arrows near each po-
rous layer and monocrystalline substrate show multiple
reflection and transmission of light at the boundaries of
the porous silicon layer and monocrystalline substrate.

J. NANO- ELECTRON. PHYS. 17, 01022 (2025)

Fig. 2 shows the dependence of the reflection of two-
layer porous silicon on the volume fraction of pores in
each porous layer. The wavelength incident on two-
layer porous silicon is 0.95 um. The volume fraction of
the pores of each porous layer changes with an interval
of 0.1. Fig. 2 shows that the dependence of the
reflection of two-layer porous silicon on the volume
fraction of the pores of the first layer of porous silicon
has a minimum when the volume fraction of the pores of
the second layer of porous silicon is less than 1. The re-
flection of two-layer porous silicon depending on the vol-
ume fraction of the pores of the second layer of porous
silicon has a minimum when the volume fraction of
pores of the first layer of porous silicon is greater than

0.6. In the P1P2 plane, the projection of the dependence of
t hv N hv

Fig. 1 - Schemes of two-layer porous silicon with different
volume fractions of the pores of the first and second layers of
porous silicon

Fig. 2 — Dependence of the reflectance of two-layer porous
silicon on the volume fraction of pores in each porous layer.
The wavelength of light incident on two-layer porous silicon is
0.95 pm

the reflectance of two-layer porous silicon on the volume
fraction of the pores of each porous layer is shown. The
projection of the reflectance dependence is shown by
curves with the same reflectance of two-layer porous
silicon for different volume fractions of the pores of the
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first and second layers of porous silicon. The curves of
the same reflection converge in a small circle, where the
minimum reflection is located. The minimum depend-
ence of the reflection of two-layer porous silicon on the
volume fraction of the pores of each porous layer is ob-
served when the volume fractions of the pores of the first
and second layers of porous silicon are equal to 0.8, 0.5,
respectively (see Fig. 2, projection).

0.6

<
~
L

Reflectance

0.2+

0.0 T T T T T T T
0.4 0.6 0.8 1.0 1.2

Wavelength, um

Fig. 3 — Spectral dependence of the reflection of two-layer
porous silicon, when the volume fraction of the pores of the
second layer of porous silicon: 1 —0.1; 2 - 0.3; 3 - 0.5; 4 — 0.7;
5—0.9; 6 — 0 (P2=0). The volume fraction of the pores of the
first layer of porous silicon is 0.8. Curve 7 shows the reflection
dependence of single-layer porous silicon with a volume frac-
tion of pores of 0.655

Fig. 3 shows the spectral dependence of the reflec-
tance of two-layer porous silicon at different volume frac-
tions of the pores of the second layer of porous silicon.
The volume fraction of the pores of the first layer of po-
rous silicon is 0.8. The reflectance spectra of single-
crystal silicon (curve 6) and single-layer porous silicon
with an optimal pore volume fraction (curve 7) are
shown for comparison with the absorption of two-layer
porous silicon. Curve 1 from Fig. 3 shows the reflection
dependence of single-layer porous silicon with a volume
fraction of pores of 0.8. The reflection dependence of the
two-layer porous silicon decreases by 0.05 when a second
layer of porous silicon with a pore volume fraction of 0.1
appears. An increase in the volume fraction of the pores
of the second layer of porous silicon to 0.3 and 0.5 leads
to a decrease in the reflection of the two-layer porous
silicon (see curves 2, 3). Dependence of the reflection
spectrum of single-layer porous silicon with an optimal
volume fraction of pores of 0.655 (curve 7) and the reflec-
tion spectrum of two-layer porous silicon with volume
fractions of pores of the first and second layers of porous
silicon of 0.8 and 0.1, respectively (curve 1) almost coin-
cide for light with wavelengths from 0.45 um to 1.2 pum.
The smallest reflection spectrum of two-layer porous
silicon is observed when the volume fractions of the
pores of the first and second layers of porous silicon are
0.8 and 0.5, respectively (see Fig. 3, curve 3). The differ-
ence between the smallest reflectance spectra of two-
layer porous silicon and single-layer porous silicon is
0.07 for light with wavelengths from 0.45 um to 1.1 pm.
Curve 4 from Fig. 2 shows that the reflectance of two-
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layer porous silicon can increase when the volume frac-
tion of the pores of the second layer of porous silicon is
less than the volume fraction of the pores of the first
layer of porous silicon. The reflectance of the two-layer
porous silicon initially decreases when the volume frac-
tion of the pores of the second layer of porous silicon in-
creases from zero to 0.5, and then the reflectance in-
creases again. The transmittance of bilayer porous sili-
con has the opposite location of the curves for light with
wavelengths between 1.1 um and 1.2 um due to the fact
that light with these wavelengths is weakly absorbed.

Fig. 4 shows the spectral dependence of the absorp-
tion of two-layer porous silicon at different volume frac-
tions of the pores of the second layer of porous silicon.
The volume fraction of the pores of the first layer of po-
rous silicon is 0.8. The absorption spectra of single-
crystal silicon (curve 6) and single-layer porous silicon
with an optimized pore volume fraction of 0.655 (curve 7)
are shown for comparison with the absorption of two-
layer porous silicon. Two-layer porous silicon absorbs
light better than single-crystal silicon in the range of
light wavelengths from 0.3 pm to 1.2 pm.

1.0

0.8 1 AU

0.6

0.4

0.2 4

0.0 ‘ \ \
0.4 0.6 0.8 1.0 1.2

Wavelength, pm

Fig. 4 — Spectral dependence of the absorption of two-layer
porous silicon, when the volume fraction of the pores of the
second layer of porous silicon is: 1 — 0.1; 2 — 0.3; 3 — 0.5; 4 —
0.7; 5—-0.9; 6 — 0 (P2 = 0). The volume fraction of the pores of
the first layer of porous silicon is 0.8. Curve 7 shows the ab-
sorption dependence of single-layer porous silicon with a vol-
ume fraction of pores of 0.655

The reflection of two-layer porous silicon light with
wavelengths from 0.3 ym to 1 um determines its absorp-
tion, due to the complete absorption of light with these
wavelengths. Two-layer porous silicon with different vol-
ume fractions of the pores of the second layer of porous
silicon has the same light reflection with wavelengths
from 0.3 to 0.4 (see Fig. 4 curves 1-5). The spectral de-
pendence of absorption of two-layer porous silicon with a
volume fraction of pores of the second layer of porous sili-
con from 0.1 to 0.7 exceeds the spectral dependence of
absorption of single-layer porous silicon with an optimized
volume fraction of pores of 0.655. The absorption of two-
layer porous silicon with a volume fraction of pores of the
second layer of porous silicon of 0.9 is significantly re-
duced due to the increase in reflection from the interface
between the second layer of porous silicon and the mono-
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crystalline substrate. The reflection from this limit in-
creased due to the high contrast between the effective
refractive index of the second layer of porous silicon and
the refractive index of the monocrystalline substrate.

Fig. 5 shows the spectral dependence of the reflection
of two-layer porous silicon with different volume fraction
of pores of the first layer of porous silicon. The volume
fraction of the pores of the second layer of porous silicon is
0.6. Curve 1 from Fig. 5 shows the spectral dependence of
the reflectance of single-crystal silicon for comparison
with the reflectance of two-layer porous silicon. The
dependence of the reflectance of two-layer porous silicon
with a volume fraction of the pores of the first layer of
porous silicon of 0.1 is greater than the reflectance of
single-crystal silicon for light with wavelengths

0.6

0.2+

Reflectance
S
~
Il
m m [N ~

0.0 \ \ \
0.4 0.6 0.8 1.0 1.2

Wavelength, um

Fig. 5 — Spectral dependence of the reflection of two-layer
porous silicon, when the volume fraction of the pores of the
first layer of porous silicon: 1 — 0 (P2 = 0); 2 — 0.1; 3 — 0.3;
4-0.5;5-0.7; 6 —0.9. The volume fraction of the pores of the
second layer of porous silicon is 0.6

from 0.55 um to 1.2 um. Two-layer porous silicon has a
higher reflectance than monocrystalline silicon, due to the
high difference between the refractive index of air and the
effective refractive index of the first layer of porous silicon
at the interface between air and the first layer of porous
silicon. Reflectance from the boundaries of the second
layer of porous silicon with the first layer of porous silicon
and the monocrystalline substrate further increase the
reflection of the two-layer porous silicon. The spectral
dependence of the reflectance of two-layer porous silicon
decreases uniformly when the volume fraction of the pores
of the first layer of porous silicon decreases to 0.7 for
wavelengths of light from 0.3 ym to 1.2 um (see Fig. 5,
curves 2-5). The reflectance of two-layer porous silicon
with pore volume fractions of 0.8 and 0.9 has not much
difference because the first layer of porous silicon disap-
pears and only the second layer of porous silicon remains
Fig. 6 shows the spectral dependence of the reflec-
tance of two-layer porous silicon at different volume frac-
tions of the pores of the second layer of porous silicon.
The volume fraction of the pores of the first layer of po-
rous silicon is 0.1. Curve 1 from Fig. 5 shows that the
spectral dependence of the reflection of two-layer porous
silicon with volume fractions of the pores of the porous
silicon layers of 0.6 and 0.1, respectively, exceeds the

J. NANO- ELECTRON. PHYS. 17, 01022 (2025)
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Fig. 6 — Spectral dependence of the reflection of two-layer
porous silicon, when the volume fraction of the pores of the
second layer of porous silicon: 1 — 0 (P2=0); 2 — 0.1; 3 — 0.3;
4-0.5;5-0.7; 6 —0.9. The volume fraction of the pores of the
first layer of porous silicon is 0.1

reflection of single-crystal silicon, so the volume fraction
of the pores of the first layer of porous silicon should be
reduced. Curve 1 from Fig. 6 shows the spectral depend-
ence of the reflectance of single-crystal silicon. Spectral
dependences of reflectance of two-layer porous silicon
with volume fractions of pores of the second layer of po-
rous silicon of 0.1 and 0.3 are less than the spectral de-
pendence of reflection of single-crystal silicon for light
with wavelengths from 0.48 um to 1.2 pm. The reflection
spectrum of two-layer porous silicon with a volume frac-
tion of the pores of the first layer of porous silicon of 0.1
does not depend on the volume fraction of pores of the
second layer of porous silicon in the range of wave-
lengths of light from 0.3 um to 0.48 um. This reflection
spectrum is smaller than the reflection spectrum of a
silicon single crystal. A sharp increase in the reflection
spectra is observed for two-layer porous silicon with vol-
ume fractions of pores of the second layer of porous sili-
con from 0.5 to 0.9 (see Fig. 6, curves 4-6). The reflec-
tance of two-layer porous silicon with a volume fraction
of the pores of the second layer of porous silicon of 0.9
exceeds the reflectance of single-crystal silicon by an
average of 0.15 for light with a wavelength of 1 um and
by 0.1 for the interval of light lengths from 1 um to
1.2 um (see Fig. 6, curve 6).

4. CONCLUSIONS

The smallest reflection spectrum of two-layer po-
rous silicon is observed when the volume fractions of
the pores of the first and second layers of porous silicon
are 0.8 and 0.5, respectively. The difference between
the smallest reflectance spectra of two-layer porous
silicon and single-layer porous silicon is 0.07 for light
with wavelengths from 0.45 pm to 1.1 um. The reflec-
tance of two-layer porous silicon first decreases when
the volume fraction of the pores of the second layer of
porous silicon increases from zero to 0.5 (the volume
fraction of the pores of the first layer of porous silicon is
0.8), and then the reflectance increases again.

The spectral dependence of the absorption of two-
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layer porous silicon with a volume fraction of the pores
of the second layer of porous silicon from 0.1 to 0.7 (the
volume fraction of the pores of the first layer of porous
silicon is 0.8) exceed the spectral dependence of the
absorption of single-layer porous silicon with an opti-
mized volume with a proportion of pores of 0.655. The
absorption of two-layer porous silicon with a volume
fraction of pores of the second layer of porous silicon of
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BigOurra Ta morJMHaHHA JBOIMIAPOBOrO IMIOPHCTOr0 KPEMHII0

B.®. Ouumenxo, JI.A. Kapamesiesa

Tnemumym gizurku Hanienposionukie imeni B.€. Jlawkapvosa HAH YVipainu, 03028 Kuis, Yrpaina

PospaxoBano BinOUTTsS Ta MOTJIMHAHHS JBOIIAPOBOTO IIOPHUCTOro KpeMHio. J[BomapoBuil mopucTuii Kpe-
MHI¥ Mae BIIOUTTSI MEHIIE 3a OJHOIIAPOBUM IOPUCTHI KPEeMHIN Ta MOHOKPHCTAJI KpeMHio. Binburrs mso-
IIaPOBOr0 IIOPUCTOr0 KPEMHII0 3MEHIILYEThCS JI0 IIEBHOI BEJIMUMHMY, ajle IIOTIM 3pocTae, Koiu 06’ eMHa JacTKa
[Op MEPIIOro IIapy MOPUCTOro KpeMHi 3pocrae. OGeMHA YacTKa IOp IMEPIIOro MIapy IOPUCTOTO0 KPEeMHI
GistpIra 3a 00’ €MHY YacTKY II0p JPYTroro mapy moprcroro kpemuio. [llapu mopreroro kpeMHI0 Po3TIIsiIanTh-
ca Ax epeKTUBHI cepenoBuina. HalimeHie BiIOUTTS JBONTAPOBOT0 MAKPOIIOPUCTOTO KPEMHI0 3HAXOIUTHCS
ONTUMI3allien 00’ €MHUX YaCTOK HOP KOMKHOTO IIapy HOPHCTOT0 KpeMHio. I[ToscHIOeThCA 3MEeHIIIeHHS BIIOUTT
IBOIIAPOBOrO MOPUCTOT0 KPEMHII0 B IIOPIBHAHHI 3 BIIOUTTAM IIOPUCTOTO KPEMHII 3 OJHUM IIApOM MAaKpO-
mop. Binburrst 1BOMIApOBOro MOPHUCTOr0 KPEMHI0 IIEPEBHUIIY€E BIJOUTTS OJHOIIIAPOBOTO IIOPUCTHHM KPEMHIH Ta
MOHOKPHCTAJIYy KPEMHII0, KOJIM 00’ €MHA YacTKA II0p IEepIIoro mapy MOPHCTOr0 KPeMHI Maiia, a JPyroro
mapy IMOPUCTOTO KPeMHI Beiuka. [loryiMHAHHS BOIIAPOBOIO MOPHUCTOI0 KPEMHII 3 ONTHMI30BAHUMU

00’'eMHAMH 4acTKaMU II0p gopiBHioe 0,88.

Kmiouosi cnosa: Bigourrs, [Iponyckanns, J[BomapoBuit HOPUCTHI KPEMHIHN.
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