ELECTRONICS. RADIO ENGINEERING

TECHNIQUE FOR INCREASING THE ANTENNA
GAIN-TO-NOISE-TEMPERATURE OF SATELLITE
COMMUNICATIONS EARTH STATIONS
WITH AXISYMMETRIC REFLECTORS

DOI: 10.36724/2072-8735-2020-14-2-45-51

Pavel A. Titovets,

Moscow Technical University of Communications Keywords: satellite communication, earth station;
and Informatics, Moscow, Russia, axisymmetric reflector antennas; antenna gain-to-noise-
paveltitovec@mail.ru temperature, signal-to-noise ratio enhancement technique.

Satellite communications for many sparsely populated, inaccessible and
remote areas, especially the Arctic regions and the Far North is the main
form of communication. When organizing communication, it is required to
receive signals with the highest possible signal-to-noise ratio. In satellite
earth stations, axisymmetric reflector antennas are mainly used. In these
areas, the angle of the antennas to the horizon does not exceed 20 degrees.
There are problems in receiving signals at angles of inclination of axisym-
metric reflector antennas to the horizon, not exceeding 20 degrees, by
satellite earth stations. These problems are related to the signal-to-noise
ratio at the output of the antennas. At such angles of inclination of the
reflector antennas to the horizon, thermal radio emission from the Earth's
surface has a significant negative effect on the received signals. This radio
emission increases the noise level and reduces the signal-to-noise ratio at
the output of the antenna. To reduce thermal radio emission received by
reflector antennas from the Earth's surface and increase the signal-to-noise
ratio at the output of the antennas, a technique has been developed to
increase the antenna gain-to-noise-temperature. This technique consists of
three independent methods for increasing the antenna gain-to-noise-tem-
perature, which can be used separately. For the convenience of choosing
from existing methods for increasing the antenna gain-to-noise-tempera-
ture, the methodology takes into account the features of applicability of
these methods for specific antennas. The developed method for calculating
antenna gain-to-noise-temperature is described, which allows one to theo-
retically evaluate changes in antenna gain-to-noise-temperature due to
open screens on the reflector and counter-reflector, as well as through the
use of antenna feeds with an asymmetric radiation pattern.
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Introduction

There are situations when, when receiving signals from satel-
lite transponders of satellite communication systems located in a
geostationary orbit, the signal-to-noise ratio (SNR) is not enough
to demodulate signals with minimal requirements. There are also
situations when the SNR of signals provides a minimum infor-
mation transfer rate, and to increase the information transfer rate,
an increase in the SNR at the antenna output is required. In these
situations, it is necessary to modemize the receiving path with
axisymmetric reflector antennas.

Reception of signals from satellite transponders located in a
geostationary orbit is carried out mainly on axisymmetric reflec-
tor antennas of satellite communications earth stations. These
antennas should receive signals with the highest possible SNR.
For this, an antenna reflector with a diameter of 2 meters with a
hom feed or a feed in the form of the open end of a circular
waveguide is used. Such antennas are mainly constructed accord-
ing to the axisymmetric single-reflector scheme or the axisym-
metric two-reflector Cassegrain scheme. They include a reflector
and a counter-reflector with an antenna feed, a waveguide path
and a low-noise amplifier-converter, and a slewing ring [1].

A characteristic that determines the SNR of signals at the an-
tenna input at various angles of its inclination to the horizon is

the antenna gain-to-noise-temperature (EJ [2]. One of the op-
T

tions for increasing SNR at the output of reflector antennas is the
use of methods to increase the antenna gain-to-noise-temperature
[3; 4; 5]. Each method has features of application and use. In this
article, the developed methods are combined into one technique
that can be used for any axisymmetric reflector antenna of a sat-
ellitt communications earth station.

The technique of increasing the antenna gain-to-noise-
temperature with axisymmetric reflector.

The technique consists of the following sequence of actions:

1. The following are determined from the technical docu-
mentation of the antenna: construction scheme, basic geometric
parameters, attenuation or composition and lengths of the ele-
ments of the waveguide path and the range of received frequen-
cies. The main geometric parameters of the antenna: reflector
diameter (D, ); diameter of the counter-reflector (D, ); reflector

opening angle (2y,); counter-reflector opening angle (2¢, ); the

maximum and minimum angles of inclination of the antenna to
the horizon (¢ and ¢ ) at which signals can be received at

the installationsite of the reflector antenna.

2. The value of the antenna gain-to-noise-temperature is
measured. If these measurements are not possible, the SNR val-
ues of the signals periodically transmitted with a constant level
are measured (the signals of the radio beacons of satellite trans-
mitters canbe used as such signals).

3. The organizational and technical capabilities of in-
stalling screens on a single-reflector reflector or a two-reflector
antenna counter-reflector are determined, depending on its lay-
out. Ifit is possible to install a screen on a single-reflector anten-
na, points 8-15 of this methodology are not fulfilled; on a two-
reflector antenna, points 4-7 and 12-15 of this methodology are
not fulfilled. Ifit is not possible to install screens, paragraphs 4-
11 of this procedure are not performed.

4. The theoretical dependence of increasing the antenna

gain-to-noise-temperature ((T; (0. B F,. (v))- g(a, 0,F, (y,))\\

on the angle of reflector shielding is determined ().

5. The value of the screening angle of the reflector is de-
termined from the obtained dependence in paragraph 4 by the
criterion of maximum expression (1).

6. The geometric parameters of the screen are determinec
(Figure 3) at the value of the reflector screen angle defined ir

paragraph 5: screen depth (R, ), expression (16); screen opening
angle (t); perimeter length (L,), expression (17). From the de-
pendence of the screen depth on the solution angle [RR (r )], ex-

pression (16), the value of the solution angle is determined af
which the screen depth is minimal. The angle of the screen de-
termines the shape of the screen if 7 =0 the screen has a cylin-
drical shape, and if it 7> 0 is conical.

7. Anopen screen is made (based on the parameters calcu-
lated in paragraph 6 of this method) and is installed along the
lower edge of the reflector.

8. The theoretical dependence of increasing the antenna
gain-to-noise-temperature

(?(a, B.,0.F,, (9))—?(05, 0,0,F,, (9))) on the screen angle of

the counter-reflector (.) is determined.

9. From the obtained dependence in paragraph 8, the value
of the screening angle of the counter-reflector is determined by
the criterion of maximum expression (2).

10. The geometric parameters of an unclosed screen are de-
termined based on the value g. (Figure 4): screen depth (R.).

expression (18); perimeter lengths (L), expression (19). The

angle of the conical surface of the screen is equal to half the
opening angle of the reflector. At this angle of the solution, the
conical surface of the screen provides the maximum screening
angle of the counter-reflector.

11. An open conical screen is made (based on the parame-
ters calculated in paragraph 10 of this method) and installed or
the bottom of the counter-reflector (Figure 4).

12. An antenna feed is selected that provides an asymmetric
radiation pattem and an increase in the antenna gain-to-noise-
temperature according to the criterion of the maximum of ex-
pressions (1) or (2) depending on its construction scheme. Wher
choosing an antenna feed, the shape of the radiation pattern must
be taken into account. If it is impossible to replace the standarc
antenna feed, it is necessary to change the geometric shape of the
feed. Computer simulation tools such as ANSYS HFSS, CST
STUDIO SUITE Antenna Magus or the like are used to deter-
mine the geometric shape of the antenna feed, which provides ar
increase in the antenna gain-to-noise-temperature.

13. The theoretical value of increasing the antenna gain-to-
noise-temperature is determined using an antenna feed with ar

asymmetric radiation pattem (F,,, (y)) and a standard antenna

feed (£, ())- The calculation g(ogQFM(y/)) and g(a,O,FAF(I//)]

is made from expressions (1-15) taking into account the asym-
metry F,,. (v), while the angles, B, =0 p.=0.Ifthe radiation

e e ————————
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1.  pattern of the antenna feed is not known, then it is de-
termined from expression (8).

2. Anantenna feed with an asymmetric radiation pattemn is
selected that provides the maximum value of the theoretical in-
crease in the antenna gain-to-noise-temperature.

3. The regular antenna feed is replaced with an antenna
feed with an asymmetric radiation pattern (or the geometric
shape of the standard antenna antenna feed is changing).

4. The measurement is carried out at the same value as in
paragraph 2 of this methodology.

5. The value of increasing the antenna gain-to-noise-
temperature is determined (as the difference in the values ofthe
antenna gain-to-noise-temperature or SNR signals measured in
paragraphs 7 and 2).

Method for calculating the antenna

gain-to-noise-temperature

A method has been developed for calculating the antenna
gain-to-noise-temperature taking into account the effect of
screens on the reflector and counter-reflector. Using this method,
one can determine the change in the gain to the noise tempera-
ture of reflector antennas depending on the shape of the asym-
metric radiation pattern of the antenna feed.

Expressions for calculating the antenna gain-to-noise-
temperature of a single-reflector antenna

T 277 wlsTY DR2 s ( 1)
AT, (4 B e 1))

and two-reflector antennas

g _ n:zerr,S (ﬁc )T[RT[CVDRZ , 2
T(a9ﬁC’FAF (9))_101g[ Z,ZT(OC,ﬁC,FAF (9)) ] ( )

where 7 (B¢ ); Mg ne; 1y 1S the power transmission coefficients

%(a’ Br Fir ('//))z 1018{

of the signal, taking into account the shadowing of the reflector
by the antenna design elements, from the antenna feed for a sin-
gle-reflector or antenna feed and the counter-reflector for a two-
reflector antenna to the reflector, from the antenna feed to the
counter-reflector of the antenna, waveguide, respectively; v ?
coefficient of use of the reflector surface; A ? wavelength;
Tons (00, B, Fry (w)) ? moise temperature of a single-reflector an-

tenna; 7, (o, B .F,, (6)) ? noise temperature of a single-

reflector antenna.

The power transmission coefficient taking into account the
shadowing by the reflector design elements is determined from
the expression

Ns (ﬁc)z 1_(

where §; is the area of shading of the reflector by the elements

(S5 +Ssc (Bc)) } (3)

SV

of the antenna structures; S, =0,257D, ? reflector area;
Ssc (Bc) ? the area of shading of the reflector aperture with an
open screen is determined by the expression:
sin (B, )sin (v,
e el
D_.*sin (B, )sin (y, )arccos (ctg (o, )te (e, ))
2sin(p, )sin (B + ¢, + v,

—
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For single-reflector antennas s, (8, )=0.

In figures 1 and 2, the following designations are introduced
for single-reflector and two-reflector antennas:

w ? the angle between the maximum of the bottom of the ax-
isymmetric feed and the direction in which the bottom of the
feed is determined from the focus of the reflector;

0, ¢ ? spherical angular coordinates (zenith and azimuthal
angles);

B.» B.? the screening angle of the thermal noise of the
Earth’s antenna feed outside the reflector and the antenna feed
outside the counter-reflector;

R ? coordinate of the aperture of the reflector.

The power transmission coefficient of the signal from the an-
tenna feed to the reflector is determined by the expression:

l”IO(FAF () sin(y)dy T (i () sin(y)dy

0 0 5

M=% =
2 (0 ) snw e 27, () sin)

where F . (w) is the radiation pattern of the antenna feed or an-
tenna feed and antenna counter-reflector.

Atmosphere

Antenna
reflector

Earth 's’surface

Figure 1. Reporting system of a single-reflector antenna

Atmosphere

TS 6

Reflector

Eanh\ 's surface

Figure 2. Reporting system of a two-reflector antenna

The power transmission coefficient of the signal from the an-
tenna feed to the counter-reflector is determined by the expres-
sion:
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[ (. 0)) sin (6)a0

) !(FAF (6)) sin(0)d6 . ©

2](F,,F (0)) sin (6)d0 2_'[” (F,. (0)) sin(0)do

Ne

where F,,.(0) is the radiation patterns of the two-reflector

antenna feed.

The transmission coefficient for the power of the waveguide
is given in the technical documentation for the antenna or is de-
termined from the expression

pRY

my =10 © (6)
where X, is the attenuation in the path of the element with index i;

n - the number of elements of the waveguide.
The coefficient of use of the surface of the reflector is deter-
mined by the expression:

( f F, (R’)R’arR’]2 (leR (R)RdR T
0 + 0 .

1 o @)
J‘F}gz(R,)R,ﬁ, JF};Z(R,)RIdR,
0 0

V=

In expression (7),

ol
el

2

is the normalized field distribution in the aperture of the reflec-
tor, taking into account spatial attenuation on the way from the

focus to the reflector; g’ = 2R 9 i the normalized coordinate of
P
the point of the aperture of the reflector.
The radiation pattem of a singlereflector antenna feed is cal-
culated fromthe expression

Fuy)=""0W),

2J, (kR sin(l//))+ 8/, (kR . sin(y)) |
KResin@) (kR sin(y))

where J, (kR sin(y)), J, (kR sin(y)) are the Bessel func-

®

2r

tions of the first and second order; k = is the wave number;

RAF
pattem of the antenna feed of a two-reflector antenna in expres-
sion (8), a change is made  to 6.

is the radius of the antenna feed. To calculate the radiation

The noise temperature of singlereflector antennas is deter-
mined fromthe expression

Topq (0‘, Br> Fra (W )) =

= [TR (Ot, B Fry (W))+77R]:4 (a)]nw +- ©
+To (=11 )+ T

For two-reflector antennas expression

TTRA (a’ﬂC’FFA (0))=

:[TC (05, Bes Frea (9))+77ch (asOaFFA (‘/’))"’”RTICTA (a)]rlw +(10)
+]:) (1 _nW)+TLNB

The following notation is used in expressions (9-10):
T, (... F,, (v)) ? noise temperature due to the reception by

the antenna feed of the antenna or the antenna feed of the anten-
na and the counter-reflector of thermal radio emission outside the
antenna reflector;

T (ot Be. Fr4 (6)) ? noise temperature due to the reception by

the antenna feed of thermal radio emission outside the antenna’s
counter-reflector;
T, () ? noise temperature of the antenna, due to the recep-

tion of thermal radio emission by the radiation pattern formed by
the reflector and antenna elements;
7, ? absolute physical temperature of the environment;

T, ? noise temperature low-noise block downconverter.

In [4, 5], the need for increasing the accuracy of calculating
noise temperature due to the antenna feed receiving thermal ra-
dio emission from the surrounding space by the method of frag-
mentation of the surrounding space developed by Professor
Somov A.M. was shown. The expressions for the calculation are
obtained taking into account the physical picture of receiving
thermal radio emission and the method of fragmentation of the
surrounding space:

T (0w ) (Er () sin(y )y
TR (as.BRsFAF(W))z% b ) +
[(Fir @) sin@y)dy

. an
| T @y)(Fu (w)) sin(y)dy

+f(w‘,+/3k>

T(FAF W) sin(y)dy

[7.(0.0)(F, (8)) sin (6)do
TC (a’ ﬁc ’F/‘U" (6))= . n +
@, @)oo

I @, @) ey
+*‘Po+ﬁc)

(7, ©) sin(©)a0

The following notation is used in expressions (11) and (12):

Ts(o,y) and 7, (a,0) 1s the effective noise temperature of
the atmosphere;

Ty (o,y) and T, (o, 6) is the effective noise temperature of
the Earth. The effective noise temperature of the Earth can be
different and depends on the state of the earth's surface. The
analysis of the antenna installation sites showed that the earth's
surface in its noise characteristics is close to the "absolutely
black" surface. Therefore, the effective noise temperature of the
Earth is determined by the expression

—
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T, arccos M

Tys(,6)= ”tg((po) Jdfo<@) - (13)

T, if a>q,

The effective noise temperature of the atmosphere is deter-
mined for dry, clear weather by the expression
T;LS‘ (a’ 9 ) =
Deni [ do

- if0<f <o
T 0(s1n(9A (6,(p))+p)

(14)

arcoos(—tg()ctg(9))
Zenth J( .d—(p,ifOCSGSﬂ—OC
i1 o (sm 6.(6,9))+ p)
where 9, (6,¢)=arcsin (sin e )[sin (or)ctg(6)+cos(ax)cos (go)]) ;
T,.... is the brightness noise temperature of the atmosphere in

the zenith direction; p is the coeficient of the relationship be-
tween the brightness noise temperatures of the atmosphere in the
zenith direction and the horizon. The values 7., and p ofand
are constants for different frequencies and are given in table 1

[6].
Table 1

Values of the brightness noise temperature of the atmosphere
in the zenith direction and the coefficient of the relationship
of the brightness noise temperatures of the atmosphere
in the zenith direction and the horizon

Frequency, GHz Tt » °K P
4 2,9 0,028
8 3,7 0,031
12 45 0,032
20 19 0,07

For the calculation 75 (a,y) and T (cr,y ), the variables are
replaced ¢, by y, and =7 -y in the expressions (13-14).

The Cassegrain classical scheme for constructing axisymmet-
ric two-reflector antennas is the most common. The angle shown

in Figure 2 for the classical Cassegrain scheme is determined
from the expression

Dite(e)te,)

(DR _Dc )tg((po )_ Dctg ('//0 )
Dite(9,)teW,)

(DC —-Dy )tg(% )+ D.tg (‘/’o)

T .
E’lf (DR _Dc)tg((po):Dctg(‘//o)

n—ardg[ :|’if(DP -D; )tg(e)> Dete ()

5= amg[ ],if(p,, ~D, Yiel9,)< Dy e ()

The noise temperature of the antenna is determined by the meth-
od of fragmentation from the expression

T(E(G))Z T,s(o,0)sin (6)de

7, (a)=" +

T

[ (£ (@)Y sin (8)de ,

0

(15)

(.)[(E("))z Ty (0,68 )sin (6)d6
e 0 oo

+
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where E(9) is the radiation patterns of the field strength formec

by the reflector and antenna elements.

Calculation of the antenna pattern by field strength can be
carried out by various methods (aperture, current, etc.). Howev-
er, the study of Professor Somov A.M. showed that the accuracy
of the calculation of noise temperature does not depend on the
choice of method for calculating the antenna pattem [6]. There-
fore, to calculate the antenna pattern, the aperture method witk
ten members of the approximation polynomial was chosen.

aA, (9)+%‘A2(9 )+%A3 (e)+&4A4 (0)+L15—"A5 )

EO.F, W))= +

LA @)+ LN (0) T A (0)+ 2 A, (8)+2 A, (6)
" 6 7 8 9 1

B e s N X
2 3 4 5 6 7 8 9 10

where A, (0),A,(0), ..., A,(6) are the lambda function of the

first, second, ..., tenth order. The lambda function of order n is
determined by the well-known expression:

2"n!l],1[k%sin(9)]

[kD;sin(G))”

where J, (0.5kD,sin(0)) is the Bessel function of order n. The

A, (0)=

b

coefficients a,,q,,.

od. The system of equations obtained by the author and the solu-

tion of the resulting system of equations is not given because of
the bulkiness.

The depth of the open conical screen on the reflector (Figure

3) is determined from the expression

D,sin(p .

R, (T )= : R : ( R ) ;

2sin(y, )sin(y, + B, +7)

..,a, were determined by the iterative meth-

(16

the length of the perimeter of the screen along the edge of the
reflector

Dol gt 2aresin[ B ) ir <o <y,
L=y 2 tg(¥o) ’

a7

”DR’if Ol 21”0

R; Earth 's surface
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The depth of the open conical screen on the counter-reflector
(Figure 4) is determined from the expression

D.sin(f.)

= : , (18)
2sin ((p0 )sm (ﬁc + @+ 1//0)
the length of the screen perimeter on the counter-reflector
Lo =D, arccos(ctg((po)tg (O )) (19)

Atmosphere

Earth 's surface

Figure 4. Two-mirror antenna with an open conical screen
on the counter-reflector at a zero angle to the horizon, side view

This technique has been tested on two single-reflector
antennas, with reflector diameters of 2 and 5 meters, and five
two-reflector antennas. The results of theoretical calculations and
measurements of increasing the antenna gain-to-noise-
temperature (AG/T') of the antennas are shown in table 2.

Table 2

The calculated and measured values of increasing
the antenna gain-to-noise-temperature (AG /T')

Diameter reflector, m Estimated value Measured value,
(AG/T), nb/K (AG/T)mb/K

2 1 1

5 0.6 0.5
7 0.8 0.9
7 0.9 0.8
9 1 1

12 0.8 0.8
16 0.6 0.5

When developing the methodology, patents and computer
programs registered in the Russian Federation were used [7; 8; 9;
10; 11].

Conclusion

The developed technique is universal for axisymmetric
reflector antennas of satellite communications earth stations.
Using the presented methodology in practice, it is possible to
increase the SNR of the received signals to 1.5 dB from the
satellites of the repeaters located in the geostationary orbit at the
antenna output. Parts of this technique have been successfully

used in practice to increase the SNR of received signals. The usc
of open screens on the antenna reflector allows you to increase
the SNR of the received signals by 1.5 dB. The use of oper
screens on the reflector of reflector antennas allows you tc
increase the SNR of the received signals by 1 dB. The use of
antenna feeds with an asymmetric radiation pattern foi
axisymmetric reflector antennas can increase the SNR of the
received signals by 0.8 dB.
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METOAMKA MNMOBbILLEHNA LLYMOBOW JJOEPOTHOCTU OCECUMMETPUYHbIX 3EPKAJIbHbIX
AHTEHH 3EMHbIX CTAHLIMUN CNYTHUKOBOW CBA3U

Turosey NaBen AnekcaHpapoBu4, Mockosckuli mexHuueckuli yHusepcumem ceaszu u uHgpopmamuku, Mockea, Poccus,
paveltitovec@mail.ru

AHHOTaUuA

CnyTHVKOBaA CBA3b AJIA MHOTMX Maro3aceneHHbIX, TPYAHOAOCTYMHbIX W YAANEHHbIX TEPPUTOPUI, OCOBEHHO APKTUYECKUX PalioHOB U
KpaiiHero ceBepa sBnfeTcA OCHOBHbIM BMAOM cBA3un. [1pn opraHusaumm ceasn TpebyeTca NpUHUMATh CUrHasIbl C MAaKCUMAsIbHO BO3MOXHbIM
OTHOLLEHNEM CUTHa/LLyM. B 3eMHbIX CTaHUMAX CMYTHUKOBOM CBA3W, B OCHOBHOM, NMPUMEHAIOTCA OCECUMMETPUYHbIE 3€PKasibHbIE aHTEHHbI. Ha
YKa3aHHbIX TEPPUTOPUAX YrON HaKJTIOHA aHTEHH K rOpU3oHTY He npeBbiwwaet 20 rpagycos. CyuecTBytoT NnpobneMbl Npy NpueMe CUrHasios npu
Yrfiax HakioHa OCECMMMETPUYHBIX 3epKasibHbIX aHTEHH K FOPU3OHTY, He npeBbilatoLyx 20 rpagycoB, 3eMHbIMU CTaHLMAMU CMyTHUKOBOM CBA-
31. DT1 NpobneMbl CBA3aHbI C OTHOLLEHWEM CUTHAM/LLIYM Ha BbIXOAE aHTeHH. [1py Takux yrnax HakfoHa 3epKaibHbIX aHTEHH K FOPU3OHTY Ten-
NOBOE paJiMoun3IyHeHne NOBEPXHOCTU 3eM/IM OKa3bIBaeT CyLUECTBEHHOE HEraTUBHOE BAMAHWE Ha NMPUHUMAEMble CUTHaMbl. DTO paauoussyye-
HWe MOBbILLAET YPOBEHb LUYMOB U CHWKAET OTHOLLIEHUE CUrHas/LUYM Ha BbIXOAE aHTEHHbI. [InA CHWXXeHUA TEMIOBOro paAnounsiyyeHus, npu-
HMMaeMOro 3epKasibHbIMW aHTEHHAMU OT MOBEPXHOCTU 3EMJU, U MOBbILIEHWUA OTHOLLUEHWA CUrHaI/LLIYM Ha BbIXOAE aHTEHH pa3paboTaHa Me-
TOAMKA MOBbILLEHUA LLIYMOBOM AOOPOTHOCTU. DTa METOAMKA COCTOUT U3 TPEX CAMOCTOATENbHBLIX METOAOB MOBbILLIEHUA LLYMOBOW AOOPOTHO-
CTW, KOTOpble MOTYT UCMOJb30BaTbCA OTAeNbHO. [nsA yao6cTea BbIGOpa U3 CyLLECTBYIOLUMX METOAOB MOBbILLEHWA LLYMOBOW A406POTHOCTH B
METOAMKE YHTeHbl OCOGEHHOCTM MPUMEHUMOCTU 3TUX METOAOB AJIA KOHKPETHbIX aHTEeHH. OnncaH pa3paboTaHHbIM METOZ, pacyeTa LLyMOBOM
AOBPOTHOCTH, MO3BONAIOLLMIA TEOPETUHECKU OLIEHUTb U3MEHEHMA LLYMOBOM J4OGPOTHOCTM 3a CHET HE3aMKHYTbIX S3KPaHOB Ha pedrnekTope u
KOHTppeeKTope, a TakKe 3a CYET NpUMeHeHUA obnyyaTenei ¢ HECMMMETPUYHOM ANarpaMMON HamnpaBieHHOCTU.

Knioyeeble cnoea: cnymHukoeas ceasb, 3eMHble CMAHUUU, 0CECUMMEMPUYHBIE 3€PKAsTbHbIE AHMEHHBI, WyMoeas 006pomHocme,
MemodUKAa NOBbILUEHUA OMHOWEHUS CU2HA WYM.
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