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Relaxation of the excess minority carrier distribution in macroporous silicon structure was calculated using the
finite difference method. The initial distribution of the excess minority carriers has two maxima after carrier
generation by electromagnetic wavelength 0.95 um with small absorption depth. The first maximum of the initial
distribution function is in macroporous layer, the second one is in monocrystalline substrate. Surface recombination
leads to the diffusion of excess charge carriers to recombination centers and creates the non-homogeneity of the
excess charge carrier distribution. A rapid maximum decrease of the excess carrier distribution function in a
macroporous layer and near the boundary of a macroporous layer and monocrystalline substrate is found. The slow
decrease of the distribution function in a monocrystalline substrate is evaluated. We observed one maximum of the
excess minority carrier distribution after homogeneous carrier generation by electromagnetic wavelength 1.05 um
with big absorption depth. The rate of change in the concentration of excess minority carriers decreases in time in
macroporous silicon layer due to high recombination and increases due to diffusion to the surface of silicon
substrate after generation by the electromagnetic wave 0.95 um with small absorption depth. The rate of change in
the concentration of excess minority carriers decreases in time in the entire structure after gemeration by the
electromagnetic wave 1.05 um with big absorption depth and small non-homogeneity.
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INTRODUCTION space charge region (SCR) at small macropore
diameters [11]. An analytical model for the
effective carrier lifetimes of surface-passivated
macroporous silicon [12, 13] and black silicon
nano-textured by cones and pyramids [6]
allowed determining the effective minority
carrier lifetime as a function of bulk lifetime,
surface passivation and morphology. The
numerical calculation of the distribution of
excess minority carrier concentration in
macroporous silicon in case of the spatially
homogeneous generation of charge-carriers is
made in [14]. The excess minority carrier
concentration both between pores and in
monocrystalline layer sharply decreases with
increased depth macropores to 10 microns. The
concentration of excess carriers between
macropores does not change when the depth of
macropores is from 100 to 200 microns in case
of the spatially homogeneous generation of
charge-carriers [14]. The calculation [15] has
been performed for macroporous silicon with
different depth of macropores and different
thickness of the monocrystalline substrate. The
influence of mechanisms of the charge carrier
transport through the macropore surface barrier

Macroporous silicon has found application in
sensors, receivers, in integrated microchips [1].
Gas [2,3] and biological sensors [1] are
developed on the basis of porous silicon with
CMOS-compatible manufacturing. Macroporous
silicon [4, 5] and black silicon nano-textured by
cones and pyramids [6] are used as a solar cell.
A layer of macroporous silicon is used as a
broad-band antireflective coating for silicon
solar cells [7, 8]. The penetration of light into the
pores and its multiple reflections from the pore
walls increase the absorption of light. The
scattering of light leads to an increase in the
optical path, and so, to an increase in the light
absorption [9]. If the pores are etched on the two
silicon surfaces then we obtain a multiple
reflection of light between these surfaces due to
the fact that a part of the rays scattered by one
surface falls onto another surface at the angles
greater than the critical angle of the total internal
reflection and will be completely reflected [10].

Effective conductivity and photoconductivity
in macroporous silicon decrease with increasing
of concentration and volume fraction of
macropores and reduction in the thickness of the
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on the kinetics of photoconductivity at various
temperatures is examined [16].

The aim of this work is to study the
peculiarities of relaxation of the excess minority
carrier distribution in macroporous silicon
structures using numerical calculations by the
finite difference method [17]. Carrier generation
was implemented by the electromagnetic waves
0.95 and 1.05um; in this case absorption
coefficients and absorption depths differ almost
10 times for comparable wavelengths of
electromagnetic radiation. Two maxima of the
initial excess minority carrier distribution, the
rapid and slow maxima decrease, non-
exponential carrier relaxation, the rate of change
in the concentration of excess minority carriers
have been studied.

DIFFUSION AND EFFECTIVE
RELAXATION TIME OF EXCESS
MINORITY CARRIERS IN SILICON PLATE
AND IN MACROPOROUS SILICON

Diffusion equation and effective relaxation
time of excess minority carriers. The minority
carrier diffusion equation for the one-
dimensional case under non-steady state
conditions for macroporous zn-silicon (Fig. 1 a) is:

(1
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Here op(x, t) is the distribution function of
the excess minority carrier concentration in the
x-direction, D, is the diffusion coefficient of
minority carriers, 7, is the bulk minority carrier
recombination lifetime. The boundary conditions
are:

8, (x0:0) =5, 0p(x0,1) =€ j, (x0,1) 2

Here: e — an elementary charge, dp(xo, ) —
the concentration of excess minority carriers on a
surface, g,(xo, £) — the rate of surface generation
of excess minority carriers on the surface,
Jp(xo, t) — the current density of excess minority
carriers near the surface, and s, — the rate of
surface recombination of excess minority
carriers on the surface. Recombination
predominates the generation in equation (2) if
the diffusion current of the excess minority
carriers j, flows to the surface (the diffusion
current j, must be taken with a minus sign).
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The general solution of the diffusion
equation (1) for the periodic system is sought in
the form of a Fourier series:

Pp(x,t)= i A (t)exp(ina,x) , (3)

where a; is a parameter dependent on the cell
size, A (t)=A4, exp(-t/zr,) are the time-
dependent coefficients which should be defined
by substituting terms A4 (¢)exp(ina,x) into
equation (1) and solving a simple differential
equation, 7, A; are coefficients. If we assume

that p(x, ¢) is an even function, since the unit cell
of the macroporous silicon structure is
symmetric, then this function can be represented
as a trigonometric Fourier series containing only
the cosine p(x, t)=Z;An exptt/,)cosmax),
where A, is the coefficient. We substitute this
Fourier series expansion in equation (1) and find
the relation between 7, and a, which will be
written so:
1 1

— =—+Dpafn2-
T, T,

n

“

If t >> 71 in (3), we leave the first term for
n =1 only, the other terms of the series can be
neglected. Then equation (4) determines the

effective lifetime 7, of minority carrier
recombination:

1 1

1 _1.pa, 5)
T T ’

eff b

where Dpars2 =1/ty, (zz is the surface

recombination lifetime).

Let us consider a single-crystal sample of
thickness H in the form of a rectangular plate
(Fig. 1 ) and macroporous silicon structure
(Fig. 1 ¢). Electromagnetic radiation falls on the
surface of the plate, as shown in Fig. 1 b, ¢. The
thickness of Si plate is much smaller than its
length and width. We choose the direction of the
x axis parallel to the propagation of the
electromagnetic wave. Let us consider three
sections perpendicular to the x axis: two cross
sections are at the boundaries of the plate, and
the third section passes through the maximum
point of the distribution function of the excess
minority carrier concentration. The beginning of
coordinates is chosen at this maximum point (see
Fig. 1 ¢). Using the boundary condition (2) and



L.A. Karachevtseva, V.F. Onyshchenko

the general solution (3), we define the equation
for the boundary conditions in each of the above
planes. In the plane passing through the
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Fig. 1 a. Microphoto of macro-
porous silicon structure

The boundary conditions on two surfaces of
the rectangular plate are:

(7
(®)

astan(a,x,)=s,1/D,,
astan(ax,)=s,,/D,,

where s, and s, are the rate of surface
recombination on surfaces with coordinates x;
and x,. Assuming that s,,x,/D,<<1, 5,,x,/D,<<1
and s,,=5,0=s, from the equations (7) and (8), we
have:

1 s, +s, 2s

2 _ __r _""p
Dal=—="2_12-""r,
T X, +x, H

©)

Initial distribution of excess minority
carriers. The minority carrier diffusion equation
for the one-dimensional case under steady state
conditions for macroporous #z-silicon in the x-
direction (parallel to the pores) is

P(x)

1

2
D, 250 - P s g @expta)=0 - (10)

Here a is the absorption coefficient of
silicon, go,(a) is the generation rate of excess
minority carriers at the illuminated surface, and
7y is taken from [14, 15].

The distribution functions of the steady-state
excess minority carrier concentration in
macroporous silicon and for the single crystal
substrate are

Fig. 1 b. Monocrystalline silicon
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maximum point, the surface recombination rate
is zero (s = 0), therefore:

sin(a,x)=0. (6)

H

Fig. 1 ¢. Unit cell of macroporous
silicon structure

P (x) =G coshlX,) -G, sinhX,) — p, (%), (11
P,(¥) = coshly;) —C, sinhlX,) =P, (v). (12)
Here
o =SBl Pyexptean) + Pexptatx—h,)|
“ (o)’ -1

_ 8027, exp(— ax) _* . o, C
@gl( ) (aL) 1 Lp’ 1s 25 3
and C; the unknown coefficients, X, :Li,

=2, L=D,r,, L,=\[D,7,, hyo is the
2

macropore depth and P = nDporz/(4a2) is the pore
volume fraction, D, is the pore diameter.

The unknown coefficients C;, C,, C; and C4
can be found from the system that can be written
more compactly as

91 (0) = 5,6p,(0). (13)
dx

DV (1) = .00, 14
dx

(1—P)Dd‘3”l (h,,,) = Dd@z (h,,)~Ps,, s(h,)-
(15)

ISSN 2079-1704. X®TI12018. T. 9. Ne 2



Relaxation of excess minority carrier distribution in macroporous silicon

pi(h,,) = p,(h,,) (16)

where dpi(x, t) is the distribution function of the
excess minority carriers in the macroporous
layer, dpa(x, ) is in a monocrystalline substrate.
The relaxation of the distribution of excess
minority carriers in macroporous silicon. The
minority carrier time-dependent diffusion
equation (1) for the one-dimensional case for

macroporous n-silicon in the x-direction (parallel
to the pores) is

2

0 0 op(x,t)
—op(x,t) =D —p(x,t) —————= .
o p(x,1) e p(x,1)

7

(17)

The boundary conditions for macroporous
silicon are written in equations (13)—(15) but
op = dp(x, £). Solving numerically the system of
equations (10)—(17) by the finite difference
method, we find the distribution of excess
minority carriers in macroporous silicon after the
certain time interval.

RESULTS AND DISCUSSION

The excess minority carrier distribution in
macroporous silicon structure. We calculated the

relaxation of the distribution of excess minority
carriers in macroporous silicon structure [17] with
boundary conditions (10)(16) after the excess
minority carrier generation by the electromagnetic
waves 0.95 and 1.05 um. The parameters of
macroporous silicon are: the thickness of silicon
substrate H =500 um; depth of macropores
h, =100 um; the average diameter of macropores —
2 um, the average distance between pore centers —
4 um. The bulk lifetime 7, in monocrystalline
silicon is equal to 10 ps.

Wavelength  0.95um  corresponds  to
absorption coefficient of electromagnetic radiation
156 cm™ in silicon [18] and absorption depth
64 um > 4,. Absorption coefficient is 16 cm ' and
absorption depth 614 um>H for wavelength
1.05 um in silicon structure. Thus, absorption
coefficients and absorption depths differ almost
10 times for comparable wavelengths of

electromagnetic radiation (0.95 and 1.05 um).

Fig. 2 shows relaxation of the distribution
of the normalized concentration of excess
minority carriers with time in macroporous
silicon after the generation of excess charge
carriers by an electromagnetic wave of 0.95 (a)
and 1.05 um (b).

Fig. 2.

Relaxation of distribution of the normalized excess minority carrier concentration dp in macroporous silicon

structure after the excess minority carrier generation by the electromagnetic wave: a — 0.95, b — 1.05 pm.
The upper curve is 0 ps, the other curves are shown with an interval of 1 ps

ISSN 2079-1704. X®TI12018. T. 9. Ne 2

161



L.A. Karachevtseva, V.F. Onyshchenko

The upper curves on Fig. 2 a—b correspond
to the initial distribution of the concentration of
excess minority carriers. Other curves show the
carrier distribution with a time interval of 1 ps.
Electromagnetic radiation propagated in the
direction parallel to the pores and fell on the
surface of macroporous silicon and on the
bottom of pores. Generation of excess charge
carriers was non-homogeneous (Fig. 2 @) due to
the strong absorption electromagnetic radiation
at wavelength 0.95pum with absorption
coefficient 156 cm™'. The electromagnetic wave
of 1.05 pm is absorbed weakly by silicon with
absorption coefficient 16 cm ', so the generation
of excess charge carriers by this electromagnetic

wave is  homogeneous. In  addition,
electromagnetic radiation created additional
generation of excess charge carriers in

macroporous silicon, since it fell on the surface
of the bottom of the pores.

Surface recombination leads to the diffusion
of excess charge -carriers to recombination
centers, creates the inhomogeneity of the
distribution of excess charge carriers. In
addition, the non-homogeneity of the generation
of excess charge carriers creates a non-
homogeneity of their distribution. Diffusion and
recombination  processes  transform  the
distribution of excess minority carriers under
non-homogeneous generation in their
distribution without generating. Recombination
occurs much faster in the bulk between pores
than in a monocrystalline substrate, due to
recombination on the pore surface. As a result,
we see rapid decrease in the concentration of
excess minority carriers: 500 times on the
macropore surface and 7—8 times on the opposite
side of silicon plate (Fig. 2 b), 12—15 times on
the macropore surface and 2—4 times on the
opposite side of Si plate (Fig. 2 ¢).

In addition, at the beginning of relaxation we
have no exponential law of the relaxation of the
distribution of the concentration of excess
minority carriers. But with increasing time, the
terms of the series with smaller coefficients in
equation (3) of the relaxation time become very
small. When time exceeds the effective
relaxation time, then one exponent remains only
and determines the effective relaxation time of
the distribution of excess minority -carriers,
equation (5). The non-exponential part of the
relaxation of the distribution of excess minority
carriers, modeled by the sum of exponents, hides
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due to rapid recombination of excess charge
carriers in the macroporous layer.

Two maxima in the distribution of excess
minority carriers in macroporous silicon. 1t is
evident from Fig. 2 a that at the beginning there
are two maxima of distribution. With time, the
first maximum decreases and after relaxation
during 10 us becomes the minimum. This
minimum is due to the superficial recombination
of excess charge carriers, which occurs both on
the surface of the pores and on the surface of the
sample. When the generation of excess charge
carriers is switching off, the relaxation of the
distribution of excess minority carriers in
macroporous silicon is due to diffusion
processes, bulk and surface recombination of
excess charge carriers. The bulk recombination
is homogeneous therefore it has little effect on
the non-homogeneous of the distribution of
excess minority carriers in macroporous silicon
during generation and after switching off the
generation of excess charge carriers. Surface
recombination leads to the diffusion of excess
charge carriers into recombination centers,
creates the non-homogeneity of the distribution
of excess charge carriers. In addition, the non-
homogeneity of generation of excess charge
carriers creates non-homogeneity of their
distribution too. Diffusion and recombination
processes transform the distribution of excess
minority carriers under non-homogeneous
generation in their initial distribution.

In macroporous layer, there is a strong
recombination of excess charge carriers due to
the large area of recombination on the surface of
macropores. Thus, we observe a significant
decrease in excess minority carriers after the
termination of their generation (Fig. 2 a) near the
boundary of a macroporous layer and a
monocrystalline substrate. And we observe a
small decrease in the concentration of excess
minority carriers on the opposite side of
substrate because the surface area of the
substrate is an order of magnitude smaller than
that of the macropores.

The second maximum is due to the
generation of excess charge carriers by
electromagnetic radiation which falls to the
bottom of the macropores, as well as diffusion
and recombination on the surface. And the
generation of excess charge carriers shifts this
distribution maximum toward of the bottom of
the pores.
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We observe one maximum of the excess
minority carrier distribution of (Fig. 2 b),
because homogeneous generation does not affect
the distribution of excess minority carriers.
Really, the electromagnetic wave of 1.05 um is
absorbed weakly by silicon and generation of
excess charge carriers by this electromagnetic
wave is homogeneous.

—

o

arb. u.

dp/dt,
S

Fig. 3.

The relaxation of the distribution of the rate
of change excess minority carriers in
macroporous silicon. Fig. 3 shows the relaxation
of the distribution of the normalized rate of
change in the concentration of excess minority
carriers in macroporous silicon structure at
different time moment after the termination of the
generation of excess charge carriers by an
electromagnetic wave of 0.95 (a) and 1.05 um (b).

The relaxation of the distribution of the normalized rate of change in the concentration of excess minority

carriers dop/dt in macroporous silicon after the termination of the generation of excess charge carriers by the
electromagnetic wave a — 0.95, b — 1.05 um. The upper curve is 0 ps, the other curves are shown with an

interval of 1 ps. The pore depth is 100 pm

The rate of change in the excess minority
carrier concentration ddp/dt is determined by the
recombination of excess charge carriers in a
structure volume and diffusion into or out of this
volume. Fig.3 a, b is constructed on a semi-
logarithmic scale. As can be seen from Fig. 3 q,
the rate of change in the concentration of excess
minority carriers decreases with time in
macroporous silicon layer (the left half of the
sample) and increases in silicon substrate (in the
right half of the sample) after generation by the
electromagnetic waves 0.95 um. The rate of
change in the concentration of excess minority
carriers decreases with time in macroporous
silicon layer and increases in silicon substrate
after generation by the electromagnetic waves
0.95 pm. Excess charge carriers move from the
middle of the sample to the recombination
surfaces. The recombination of excess charge
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carriers on the surface of the macropores is high, so
all the excess charge carriers that are diffusing
from the monocrystalline substrate to the surface of
the macropores are recombined, their concentration
decrease. Reduced concentration of excess
minority carriers (Fig.2 a) decreases the rate of
change in the concentration of excess minority
carriers. The rate of change in the concentration of
excess minority carriers grows on silicon substrate
surface due to generation by electromagnetic
wavelength 0.95 um with small absorption depth
and diffusion to the surface of a monocrystalline
substrate. Not all photocarriers recombine, their
concentration varies very slowly. Thus, the rate of
change in the concentration of excess minority
carriers increases.

The rate of change in the concentration of
excess minority carriers decreases in time in the
entire structure after generation by the
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electromagnetic waves of 1.05um (Fig.3 )
with big absorption depth and small non-
homogeneity.

CONCLUSIONS

We calculated by the finite difference
method the relaxation of the distribution of
excess minority carrier concentration in
macroporous silicon layer and silicon substrate
after generation by the electromagnetic waves of
0.95 and 1.05pum. In this case absorption
coefficients and absorption depths differ almost
10 times for comparable wavelengths of
electromagnetic radiation.

The function of the initial excess minority
carrier distribution has two maxima after
generation by electromagnetic wavelength 0.95 um
with small absorption depth 64 ym. The first
maximum is in the macroporous layer, the second
one is in the monocrystalline substrate. Surface
recombination leads to the diffusion of excess
charge carriers to recombination centers and
creates a non-homogeneity of the excess charge
carrier distribution. A rapid maximum decrease of
the excess carrier distribution function in a
macroporous layer and near the boundary of a
macroporous layer and monocrystalline substrate
are found. We observed a small decrease in the
concentration of excess minority carriers on the
opposite side of substrate due to the surface area of
the substrate an order of magnitude smaller than
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the surface area of the macropores. In addition, the
non-exponential part of the relaxation of the excess
minority carrier distribution in macroporous silicon
hides by the rapid recombination of excess charge
carriers in a macroporous layer. After generation
by electromagnetic wavelength 1.05 um with big
absorption depth 614 um we observed one
maximum of the excess minority carrier
distribution, because homogeneous generation does
not affect the distribution of excess minority
carriers.

The rate of change in the concentration of
excess minority carriers decreases in time in
macroporous silicon layer and increases in
silicon substrate after generation by the
electromagnetic waves 0.95 um with small
absorption depth. The recombination of excess
charge carriers on the surface of the macropores
is high, it is concentration decrease. The rate of
change in the concentration of excess minority
carriers grows on the silicon substrate surface
due to diffusion to the surface of a
monocrystalline substrate. Not all photocarriers
recombine, the rate of change in the excess
minority carrier concentration increases. The rate
of change in the concentration of excess minority
carriers decreases in time in all structure after
generation by the electromagnetic waves
1.05 um with big absorption depth and small
non-homogeneity.
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Penakcanis po3noainy HaAJIHIIKOBHX HEOCHOBHHUX HOCIIB 3apsiny
B MaKpPONOPUCTOMY KPeMHil0

JI.A. KapayeBueBa, B.®. OuuieHko

Inemumym ¢hizuxu nanienposionuxie im. B.€. Jlawkapvosa Hayionanonoi Akademii Hayx Yrpainu
np. Hayku, 41, Kuis, 03680, Ykpaina, lakar@isp.kiev.ua

Penaxcayis po3nodiny HaAOIUWKOBUX HEOCHOBHUX HOCII8 3apsAdy 6 CMpPYKmypi MaKpoOnopucmozo KpemHuiro oyna
PO3paxosana mMemooom KiHyesux pizHuys. [lovamkosuii po3nooinl HAOTUWKOBUX HEOCHOBHUX HOCII8 3apady Ma€e 08d
Maxkcumymu, nicis eeHepayii Hociie 3apsa0y erekmpomacuimuoi xeunero 0.95 MKM 3 MAn00 2AUOUHON NOSTUHAHHS.
Hepwwuii maxcumym @yHKYii nOYAMKOB020 PO3NOOILY 3HAXOOUMBCS 6 MAKPONOpUCmomy wapi, opyeutl - 8
MOHOKpucmaniyniu nioknaoyi. Ilosepxueea pexombinayis npu3eo0ums 00 Ou@ys3ii HAOIUWKOBUX HOCII8 3apsidy 00
yenmpie pekombiHayii i cmeoproe HeOOHOPIOHICMb iX pO3n0Oiny. Buseneno weuoke sMeHuenHs MaKkcumymy Qyukyii
PO3NOOLNY HAOTUUWKOBO20 HOCIIG 3apsi0y 8 MAKPONOPUCIMOMY Wapi i NOOAUZY MENCI MIdC MAKPONOPUCIUM WAPOM §
MOHOKPUCMANIYHOI0 NIOKIAOKO. Busieneno noginohe 3uudicentst YyHKYil po3noodiny 8 MOHOKPUCMALIYHIT NIOKIAOYI.
Uleuoxicmv 3Minu KOHYeHMpAyii HAOMUWKOBUX HEOCHOBHUX HOCII6 3apsidy 3 4YACOM 3MEHUYEMbCs 6 uwapi
MAKpONOpUcmoz20 KpemHilo uepe3 GUCOKY PeKOMOIHayilo I 30ibUtyembcsi 3a paxyHoK Ou@ysii HoOciig 3apsidy 00
nosepxti Kpemnicgoi nioknaoxu. Ilicis eenepayii pomonociie enexmpomacnimuoro xeuneio 0.95 mxm 3 manorw
2NUOUHOI) NOTUHAHHSA, WEUOKICMb 3MIHU KOHYEHMpAayii HAOIUWKOBUX HEeOCHOBHUX HOCI8 3apsidy 3 4acom
SMEHULYEMBC 8 WAPI MAKPONOPUCIO20 KPEMHII0 4epe3 UCOKY DeKOMOIHAYito i 30i1buyemvcsa 3a pPAxyHOK ix
oughysii’ 0o nosepxwi kpemuiesoi nioknaoxu. Ilicia oOHopionoil eenepayii HOCII8 3apA0y eeKmMPOMASHIMHONW X8Uer0
1.05 mxm 3 8eauKor 2AUOUHOK NOTUHAHHA (POPMYEMBCA OOUH MAKCUMYM PO3NOOINY HAOIUUIKOBUX HEOCHOBHUX
Hociig 3apsady. Boowouac wieuokicms 3MiHU KOHYeHMpayii HAOTUWKOBUX HEOCHOBHUX HOCII8 3apady 3 4acom
SMEHULYEMBCA Y 8CIti CIMPYKMYPI.

Kniouosi cnosa: peraxcayis, po3nooin Hociig 3apsaody, MaKponopucmull KpemHii

Pesnakcanusi pacnpeneieHust M30bITOYHBIX HEOCHOBHBIX HOCHTEJIEH 3apsiia B
MAaKpPOMOPHCTOM KPeMHHH

JI.A. KapauyeBueBa, B.®. OuuiieHnko

Hnemumym ¢usuxu nonynposoonuxos um. B.E. Jlawkapésa Hayuonanvroti Axademuu Hayx Yrpaunol
np. Hayxu, 41, Kues, 03680, Yxpauna, lakar@isp.kiev.ua

Penaxcayus pacnpedenenusi uz0blmounvblx HEOCHOBHbIX HOCUMENel 3apsiod 6 CHMPYKmype MAaKpOnopucmozo
KpeMHUsL Oblla paccuumana memooomM KOHeuHblx pasHocmell. Ilepeonauanvhoe pacnpedenenue uU30bIMOYHbIX
HEeOCHOBHbIX HOCUmeNel 3apsaoa umeem 08a MAKCUMYMA NOCIe 2eHepayuu Hocumenel 3apsaoa 3J1eKmpoMAeHUMHOU
eonnou 0.95 mxkm ¢ manou enyburou noenowenus. Ilepeviil MakcumMym @QYHKYUU HAYAIbHO2O PACnpedeeHUs
HAXo0umesi 8 MAKpPOROPUCMOM — Cloe, 6MOpPOU — 8 MOHOKPUCMAIIUYecKou noonodcke. Ilogepxnocmuas
peKomMOuHayust npueooum K ougysuu u30blmoyHbIX HoCumenelu 3apsaoa K YeHmpam pekoMOUHayuu u co3odem
HEOOHOPOOHOCMb  pacnpedenieHusi U30blmoyHbIX Hocumenel 3apsoa. OOuapysiceno Ovicmpoe YMeHblUleHUe
Makcumyma yHkyuu pacnpeoeienus u3oblmoyHblx Hocumenel 3apsod 6 MAKPONOPUCOM Cloe U 6OIU3U SPAHUYbL
MAKPOROPUCMO20 CHOL U  MOHOKPUCIATIUYECKOU NOONOJCKU. Bblsigieno meldnennoe CHudicenue OyHKyuu
pacnpeoeienuss 8 MOHOKPUCMALIUYecKkol noonodicke. Ilocne zenepayuu gomonocumeneti 1eKmpomMacHUMHOU
goaHou 0.95 Mkm ¢ manou enyOuHol no2nowjeHusi CKOpocms UMEeHeHUs KOHYeHMpayuu us0blmounslx HeoCHOBHLIX
Hocumeinell 3apsiod Co 8peMeHeM YMEHbULACMCSL 8 CILOE MAKPONOPUCTIOZ0 KPEMHUS U3-30 BbICOKOU PEKOMOUHAYUYU U
Yeenuuueaemcs 3a cuem ux Ou@@ysuu K noeepxXHOCmu Kpemuuesol noonodicku. Ilocie 00HOpoOHOU 2enepayuu
Hocumenel 3apsioa 1eKmpoMacHuUmHoU 60nou 1.05 mxm ¢ 60160l 21yOUHOU NO2IOWEeHUs GOPMUPYEemcst 0OUH
MAKCUMyM pacnpeoeneruss Uu30blmoyHbIX HEOCHOBHbIX Hocumenel 3apsoa. Ilpu smom cxopocms u3meHeHus.
KOHYEeHMpayuu u30bImMo4HbIX HEOCHOBHLIX HOCUMeNell 3apada cO 6peMeHeM YMEeHbUIAeMCst 60 8Cell CMPYKMype.
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