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MITIGATION OF MUTUAL COUPLING
IN MICROSTRIP ANTENNA ARRAYS

This article demonstrates the alleviation of mutual coupling of a simple and low-cost four-element
microstrip array antenna by loading I-shaped slot-type electromagnetic band gap structure in the ground
plane. FR-4 glass epoxy is used as dielectric substrate. Moreover, the proposed array antenna shows a
better performance in terms of multi-band resonance. The antenna is resonating at four frequencies and a
virtual size reduction of 78.48% is obtained. The designed array antenna possesses directional radiation
properties. Mentor Graphics 1E3D software is used to design and simulate the designed antennas and
the measured results are obtained using vector network analyser.
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Due to increase in the demand to transmit
large amount of data in active and passive com-
munication devices, antenna designers are fight-
ing tooth and nail to design wide-band antennas.
Microstrip patch antennas came into existence in
the year 1971 and have replaced various anten-
nas in variety of applications because of their
advantages and superior performance. Since
then, extensive research has been carried out by
exploiting the various features of these antennas
[1]. Microstrip antennas consist of a sandwich of
radiating patch, dielectric substrate and ground
plane. The radiating patch forms the upper layer,
dielectric substrate the middle layer and ground
plane the lower layer. Microstrip antennas can be
easily fabricated, possess planar structure, have
good compatibility with other electrical devices
and are economical. However, they suffer from a
few limitations like narrow bandwidth and high
mutual coupling between the array elements [2].

The limitations of microstrip antennas and ar-
rays can be overcome to a certain extent by using
periodic structures, defective ground structures
(DGS), metamaterials, etc. Electromagnetic band
gap (EBG) structures fall under the category of
periodic structures. The high value of mutual cou-
pling is due to the emission of surface waves in
the dielectric substrate. Surface waves pose serious
threat to the performance of microstrip antennas
and arrays. These waves restrict the frequency
range of operation of the antennas, reducing the
antenna efficiency, gain, and output power level
and limiting the bandwidth. Moreover, they in-
crease the end-fire radiation and cross-polarization

levels. EBG structures are capable of improving
the performance characteristics of microstrip ar-
ray antennas. EBG structures allow or forbid the
propagation of electromagnetic waves over certain
frequency ranges. These bands of frequencies are
called band gaps [3].

The authors of [4] designed a 2x5 EBG structure
to reduce mutual coupling between patch antennas
of MIMO array by 21 dB. The conventional MIMO
array is fed by coaxial feed and bandwidth is equal
to 3%, producing a gain value of 6.86 dBi. The EBG
structure has reduced antenna current from 8.5 to
3.9 A/m. However, the antenna efficiency has been
reduced from 65 to 53 %. The authors of [5] have
obtained a reduction of 36 dB in mutual coupling
in the first band (1.68—2.65 GHz) and 22.1 dB in
the second band (6.50—8.86 GHz) using a novel
eagle-shaped EBG structure. The bandwidths pro-
duced were equal to 31.5 and 30.4 % respectively
at appreciable gains of 4 and 6.2 dB. The authors
of [6] have presented a novel structure suppressing
the mutual coupling between nearby patches from
—20.95 to —25.6 dB. However, the gain of the
antenna is reduced indicating radiation losses. In
[7], the authors have proposed the design of 2x2
microstrip patch array with a 2x2 EBG substrate
with respect to the rectangular ground plane. The
overall bandwidth of the proposed antenna is 16%.
The gain of the antenna with the EBG is 8.45 dBi.

In [8], the authors have proposed a novel com-
pact mushroom-like EBG configuration with a band
gap centered at 5.8 GHz WLAN. Mutual coupling
was reduced to about 26 dB. The authors of [9]
have demonstrated the effectiveness of mushroom-
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like EBG structure in improving the performance
of microstrip antenna. Lowest back lobe radia-
tion of —10.55 dB is also produced. The authors
of [10] have analyzed the isolation properties of
different EBG structures and compared them in
antenna arrays. With one row of mushroom-like
EBG structure, the mutual coupling is —22.5
dB. An approximately 4 dB reduction in mutual
coupling is observed with fork-shaped EBG struc-
tures. The EBG structure with vias produces the
best isolation of 6 dB. The authors of [11] have
designed dual-band MIMO antenna system with
enhanced isolation. Using a double rectangular
DGS, the antenna resonates at 2.6 and 5.7 GHz
with bandwidths of 5.7 and 4.3 %, respectively.
The proposed antenna has a stable high isolation
around —20 dB over all frequencies. At 2.6 GHz,
gain and radiation efficiency are 2.63 dB and
59%. The corresponding values at 5.7 GHz are 1.6
dB and 39.8%. MIMO antenna with a double-side
EBG structure reduces mutual coupling from —20 to
—40 dB. At 2.6 GHz, the antenna gain and radiation
efficiency are improved to 4.25 dB and 68.7%. At
5.7 GHz, the antenna gain increases to 1.76 dB and
radiation efficiency to 39.8%.

In [12], the authors have reviewed various EBG
structures and the methods involved in improving
the performance of microstrip antenna arrays. One
of the methods is surrounding the antenna with
the EBG structure. Four rows of EBG patches are
used to suppress the surface waves. Lowermost
back lobe radiation of 15 dB lesser than other
EBG structures is produced. After achieving posi-
tive results using single microstrip patch antenna
with EBG structure, four columns of EBG patches
were inserted between the array elements, produc-
ing an 8 dB reduction in mutual coupling. The
authors of [13] have proposed using rectangular
and circular EBG structures to investigate the
performance of the antenna used in a microwave
brain imaging system. The circular EBG is produc-
ing better bandwidth of 291.6 MHz compared to
275.5 MHz of the rectangular EBG. Moreover,
circular and rectangular EBGs allow for gains
of 6.7 and 6.06 dBi, respectively.

The authors of [14] have reported a 5.6 dB
coupling reduction by etching out the proposed
comb-shaped EBG structure from the ground plane
of the microstrip patch MIMO antenna. A metal
line strip between the radiating patches is used to
further reduce the isolation by 16.2 dB at 5.8 GHz.
The authors of [15] have designed a dual band
circular patch MIMO antenna on an EBG surface.
A healthy reduction in mutual coupling equal to
25 dB is generated between the antenna elements.
The —10 dB impedance bandwidth is extended

by 28.9 and 27.8% at the low and high frequency
band. Moreover, the gains are enhanced by 5 and
6.9 dB and the back-lobe radiations are decreased
by 15 and 10.3 dB at the resonant frequencies
of 5.75 and 6.44 GHz respectively. The authors
of [16] have employed fractal and two via edge
located (TVEL) EBG structures near the feed
line to cause triple frequency band notch char-
acteristics over WiMAX (3.3—4 GHz), WLAN
(5.1—5.8 GHz) and satellite downlink communica-
tions (7.2—7.8 GHz), respectively.

The authors of [17] have demonstrated the
filtering characteristics of a compact triple-
band-stop filter based on a complementary
split ring resonator. The dual-band-stop filter
is suppressing bands corresponding to 2.4 and
3.5 GHz (WLAN /WiMax applications), respec-
tively. The single-band-stop filter is suppressing
the 5.2 GHz band (WLAN application). The
authors of [18] have obtained reduction in mu-
tual coupling by inserting meander line resonator
between the patch antennas. With edge-to-edge
distance of 6 mm between the two patches, 8— 10 dB
reduction in mutual coupling is produced through-
out the 10 dB impedance bandwidth without af-
fecting the radiation pattern. The authors of [19]
have proposed a highly miniaturized microstrip
antenna array for small wireless devices. The
resonant frequency of the antenna array is shifted
from 5.8 to 2.45 GHz, thereby achieving minia-
turization of 78.63%. However, the bandwidth of
the proposed array is decreased to 157.5 MHz.
The authors of [20] have presented the design of a
two-element microstrip antenna array using dumb-
bell shaped DGS. The gain and bandwidth of the
proposed antenna array are 1.94 dB and 100 MHz,
respectively. The size reduction obtained is equal
to 79%. The gain and bandwidth are enhanced to
4.14 dB and 120 MHz, respectively.

As per the literature review performed, the
performance of microstrip antenna arrays is not
encouraging in terms of bandwidth. The previous
research work shows low bandwidth values of mi-
crostrip antenna arrays. Hence, the purpose of the
present work is to study the ways to enhance the
bandwidth of microstrip antenna arrays in order
to achieve better values than those obtained in the
previously published research works.

Object of study

The conventional array antenna (CAA) design
consists of four identical rectangular radiating
patches placed adjacent to each other (Fig.1). The
design frequency of the CAA is 6 GHz. Here, the
CAA is fed using the corporate feeding technique
employing three transmission lines of imped-
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Fig. 1. Schematic of the CAA [21]

ances: 50, 70 and 100 Q. FR-4 glass epoxy with
a dielectric constant of 4.2 and a loss tangent of
0.0245 is used as a dielectric substrate. The height
of the dielectric substrate is 1.6 mm. The distance
between the adjacent radiating patches (edge to
edge) of the CAA is equal to A /4, where A is the
wavelength calculated at the design frequency
of 6 GHz. The schematic in Fig. 1 is used to
determine the return loss characteristics of the
CAA. The CAA’s dimensions are summarized in
the Table.

Mutual coupling is a very important parameter
that determines the antenna performance. In order
to measure mutual coupling between the array
elements, the four radiating patches are fed inde-
pendently as shown in Fig. 2, assuming all the
four antennas of the array are equally fed.

Parameter values of conventional four-element array
antenna [21]

Parameter Value,
mm

Length of the patch (L)) 15.73
Width of the patch (W,) 11.76
Length of the quarter wave transformer (L,) | ~ 6.47
Width of the quarter wave transformer (W,) | 0.47
Length of the 50 Q line (L,) 6.52
Width of the 50 Q line (W) 3.05
Length of the coupler 3.05
Width of the coupler 3.05
Length of the 70 Q line (L,) 3.22
Width of the 70 Q line (W,) 1.62
Length of the 100 Q line (L) 6.56
Width of the 100 Q line (W) 0.70
Length of the feed line (L) 6.52
Width of the feed line (W) 3.05

Fig. 2. Schematic of the CAA setup for mutual coupling
measurement [21]

T

|

Fig. 3. Schematic of a unit cell of the EBG structure

The I-shaped slot-type EBG structure is now
incorporated in the ground plane of CAA to design
the modified antenna array. The unit cell of the
used EBG structure is shown in Fig. 3. The dimen-
sions of the unit cell are A = 9 mm, B = 2 mm,
C=2.75mm and D = 1.5 mm.

Fig. 4 depicts the I-shaped slot EBG structure,
consisting of periodically placed I-shape slots ar-
ranged in the form of a matrix of 4 rows and 9
columns. The unit cells are arranged along the X
and Y axes at a distance of s =5 mm from each
other.

Fig. 5 depicts the schematic of the modified
antenna array and is used to determine the return
loss characteristics of the modified antenna array.
The schematic shown in Fig. 6 is used to measure
the mutual coupling of the modified antenna array.

CAA has a solid ground instead of I-shaped
slot EBG structure. Fig. 7 and Fig. 8 depict the
photographs of the fabricated modified antenna
array.
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Fig. 4. Schematic of the EBG structure

Fig. 5. Schematic of the modified antenna array

Fig. 6. Schematic of the modified antenna array setup for mutual coupling measurement

Fig. 7. Frontal (left) and back (right) veiw of the Fig. 8. Frontal (left) and back (right) veiw of the modified
modified antenna array antenna array setup for mutual coupling measurement
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Results and discussion

Fig. 9 depicts the simulated and measured re-
turn loss characteristics versus frequency of the
CAA, where we can see that the CAA is producing
simulated and measured resonant frequencies of 5.7
and 5.53 GHz, respectively. The corresponding re-
turn loss values are equal to —16.2 and —21.23 dB,
respectively.

The bandwidth parameter is obtained by subtract-
ing the lower frequency from the upper frequency
where the return loss is =10 dB on either side of the
resonant frequency. The simulated and measured
bandwidths are equal to 250 and 270 MHz, respec-
tively. Bandwidth is calculated by using equation

(bandwidth /resonant frequency)x100%. (1)

Hence, the simulated and measured bandwidths
are equal to 4.39 and 4.89% respectively.

Fig. 10 shows the graphs of simulated and
measured mutual coupling characteristics versus
frequency of the CAA. As can be seen from this
figure, the simulated values of mutual coupling
(S,;, S5, and S,;) of the CAA at the resonant
frequency of 5.7 GHz are —17.75, —12.71 and
—15.77 dB respectively. The corresponding mea-
sured values of mutual coupling at the resonant fre-
quency of 5.53 GHz are equal to —16.95, —14.22 and
—17.30 dB, respectively. The values of mutual
coupling of the CAA are very high. Moreover, as
can be seen from Fig. 10, the graphs of the mea-
sured return loss and mutual coupling of the CAA
are overlapping with each other at the resonant
frequency of 5.53 GHz. This overlapping implies
that there is an interference of signals between the
transmitting element 7 and the receiving elements
2, 3 and 4. Hence there is no proper transmission
and reception of electromagnetic waves in the
CAA.

Fig. 11 shows the simulated and measured
return loss characteristics versus frequency of the
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Fig. 9. Simulated (7) and measured (2) return loss S,
versus frequency of CAA

S-parameters, dB

modified antenna array. Here one can see that
the simulated values of resonant frequencies
of the modified antenna array are 1.31, 2.29,
5.7 and 6.42 GHz. The corresponding values of
measured resonant frequencies are 1.19, 2.15,
5.53 and 6.57 GHz, respectively. The simulated
bandwidths measured at the respective resonant
frequencies are 300, 560, 700 and 500 MHz. The
measured bandwidths calculated at the respec-
tive resonant frequencies are 260, 520, 680 and
520 MHz. Thus, the modified antenna array is
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Fig. 10. Simulated (/) and measured (2) mutual
coupling versus frequency of the CAA:
a— Sy; b —S5;¢— 8,
(plot 3 in the figures is given for the measured S,; for
comparison)
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Fig. 11. Simulated (7) and measured (2) return loss S,
versus frequency of the modified antenna array

producing multi-bands. Additionally, the modified
antenna array is producing increased simulated and
measured bandwidths of 700 and 680 MHz at 5.7
and 5.53 GHz compared to 250 and 273 MHz of
the CAA at the same resonant frequencies.

Fig. 12 presents the graphs of simulated and
measured return loss and mutual coupling charac-
teristics versus frequency of the modified antenna
array. The simulated values of mutual coupling
at the resonant frequency of 5.7 GHz are —26.53,
—31.55 and —29.43 dB. The corresponding values
of the measured mutual coupling at the resonant
frequency of 5.53 GHz are equal to —25.93, —27.93
and —31.89 dB, respectively. The mutual coupling
values are reduced considerably by integrating
the I-shaped EBG structure with the CAA. The
measured return loss and coupling plots are not
overlapping at the resonant frequency of 5.53 GHz,
which implies a reduced interference between the
transmitting and receiving antennas. In this case,
therefore, the information transfer is better in
comparison to the CAA. Hence, in terms of band-
width and mutual coupling, the modified antenna
array has better characteristics than the CAA does.

The modified array antenna is resonating at a
lower fundamental resonant frequency compared
to its counterpart, the CAA. The simulated fun-
damental resonant frequencies of the CAA and the
modified antenna array are 5.7 and 1.3 GHz. The
measured fundamental resonant frequencies of the
CAA and the modified antenna array are 5.53 and
1.19 GHz. The lower value of the fundamental
resonant frequency of the modified antenna array
compared to that of the CAA leads to a virtual
size reduction. The virtual size reduction parameter
(%) is calculated thus:

(f, £ / f, x 100%, (2)

where £, and f, are the fundamental resonant frequen-
cies of the CAA and the modified antenna array.
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Fig. 12. Simulated (/) and measured (2) mutual
coupling versus frequency of the modified antenna
array:
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(plot 3 in the figures is given for the measured S,, for
comparison)
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Therefore, the simulated and measured values
of virtual size reduction produced by modified
antenna array are 77.19 and 78.48%.

In order to study the radiation characteristics
of the array antenna, its radiation patterns are
studied without and with the I-shaped slot-type
EBG structure. The radiation plot provides infor-
mation about the amount of power radiated by the
antenna in free space from 0° to 360°.
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Fig. 13 presents the radiation plot of the an-
tenna array without and with the I-shaped slot-
type EBG structure. The radiation patterns of the
CAA and the modified antenna array are plotted at
the resonant frequency of 5.53 GHz. The radiation
patterns are E-plane power radiation patterns and
have been obtained experimentally.

As can be seen in Fig. 13, at the angle of 90° the
amount of the radiated forward power is greater
with the EBG than without one. The respective
powers in the presence and absence of the EBG
structure are 0 and —2 dB. Thus, the modified
antenna array is radiating more forward power
compared to its opponent, i.e., the CAA. At the
angle of 270°, the amount of the backward radiated
power is decreased with the introduction of the
EBG structure. The amount of backward power
radiated in the absence of EBG structure is =5 dB.
The corresponding power after the introduction of
EBG structure is reduced to —11.5 dB. Thus, the
modified antenna array is performing better than
its counterpart, the CAA, in terms of the forward
and backward power.

The front-to-back ratio parameter is determined
by subtracting the backward power from the for-
ward power and is measured in dB. Therefore,
the front-to-back ratios of antennas with and
without the EBG structure are equal to 11.5 and
3 dB, respectively. As the front-to-back ratio of
the modified antenna array is greater than that of
the CAA, in terms of this parameter, the former
makes for a better antenna than the CAA does.

Thus, the modified antenna array is a bet-
ter candidate than the CAA due to its improved
performance in terms of bandwidth, reduction of

270

Fig. 13. Radiation patterns of the CAA (7) and the
modified antenna array (2)

mutual coupling, radiation properties, i.e. forward
power, backward power, and miniaturization.

Conclusion

In this paper the authors have demonstrated the
enhanced performance of the four-element array
antenna with the EBG structure. The simulated
and experimental results agree to a good extent.
The study has shown that with the introduction
of two-dimensional I-shaped EBG structure in the
ground plane, the four-element array antenna has
shown good improvement in the performance char-
acteristics. The modified array antenna is resonat-
ing at four different frequencies. Miniaturization
of array antenna of 78.48 % has been produced
with appreciable reduction in mutual coupling.
The radiation characteristics of the array antenna
have also been improved. The modified antenna
array finds application in the C band of the mi-
crowave frequency spectrum.
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Po6omy npucesueno 00CHIOKEHHIO MOKAUGOCNT NIOGUWEHHS ePeKMUGHOCNT  MIKDOCMYKKOGUX —dAHMEH-
HUX pewimox, sKi po3paxosani na pobomy y 6y3vkil cmysi uwacmom. [is eupiwenns uyici npobiemu
NPONOHYEMBCA BUKOPUCINOGYGAMU CMPYKMYPU, AKL Ymeopioomy axmueni esexmpomazuimui sonu (AE3)
6 NAOWUHI MIKPOCMYKKOGOL anmennoi pewimku. I[i 30Hu MOXYmb Cpusmu nowuperuro abo npudyuleHHio
ENEKMPOMAZHITNHUX X8ULD, WO NPUIEO0UMb 00 MIHIMIZAUTT BNAUSY NOBEPIXHESUX XEULb, 3MEHULEHHI) 83AEMHOZ0
BNAUBY MIXK CACMEHMAMU AHMEHHUX PewimoK, d MAKOXK CYMMEBOMY 3IHUKEHHIO PiGHs 3A0OHLOT NelIoCmKu
diazpamu cnpsamMo8anocmi adHmeHu.

Y cmammi npodemoHcmposano 3meHwenns, NOPIGHAHO 3i 36UUAUHUM AHMEHHUM MACUGOM, 83AEMHO20 GNJIU-
8Y UOMUPLOX enemenmie 6d3068020 (ppazmenma MIKPOCMYKK060T anmenu, expanyioua (3asemiena) nogepxus
axoi micmumv AE3-cmpyxmypu [-nodi6noi gopmu wyirunnozo muny. Enoxcuone ckno FR-4 3acmocosano sk
diesexmpuuny nioKAAOUHKY.

Ans npoexmyeanms ma mo0eiiosanis anmen UKOpucmane cneyianiizosane npozpamue 3abesneuenmus Mentor
Graphics IE3D, a suMipani excnepumenmaivii pe3yavmamu ompuMano 3a 00noM0zZ0H0 6eKMOPHOZ0 AHANI3aAMOPa
EACKMPUUHUX KL,

Pesynvmamu 0ocaidxenv noKasaiu, w0 nOPieHIHO 3i 36UYATIHON 3ANPONOHOBAHA AHMEHA OeMOHCMPYE SUULY
eexmusnicmv 6 ymosax 6azamoodianazonnozo pesounancy. Bowa pesonye na womupvox uwacmomax, a il
sipmyarvrutl po3mip menwuil va 78,48 % . Anmena xapaxmepuszyemocs 0iazpamor cnpsamMosanocmi y nompioHoMy
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HANPAMKY, AKd 3a0e3neuye Kpawi xapakxmepucmuxu sunpominiosanns. Heob6xiono eiomimumu xomnaxmuicmo
danoi anmennoi pewimxu. Taxox caid 3asnauumu, wo y MoOUDIKOSaAnil MIKPOCMYKKOGIU anmennitl pewimuyi
HAUHO IMEHWYEMNDLCS 63AEMHUT BNIAUG eNeMEHMIE, 30IAbUYEMbCS PIGeHb OAKANOZ0 CUZHANLY M ZMEHULYEMBCSL
pisens nebaxanozo cuznaiy na yacmomi 5,53 I'Ty, momy maxa anmenna pewimxa nioxooums 01s 3aCMOCYEaAH-
ns y C-0ianasoni Mikpoxeuib06020 CneKmpd.

Kmouosi  cnosa: Odienexmpuuna nioxaadumxa, cmpykmypa 3 aKmusHow eaeKmpoMazHimHOW 30HOI0,
MIKPOCMYKKOBA AHMEHHA PEUWIMKA, 63AEMHUL 6NIUS, PE3OHAHCHA YACTIOMA.
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YUET BSBAUMHOTO BJIMAHNWA OTJAEJIBHBIX MUKPOITOJIOCKOBBIX 9JIEMEHTOB
HA ITEPAMETPbBI AHTEHHBIX PEIIETOK

Paboma nocesuena ucciedo08anuio 603M0KHOCINU NOSHIUEHUS IPEKMUSHOCTIU MUKPONOIOCKOGHIX AHINEHHDIX Pe-
wemox, Komopbvle paccuumanvt Ha pabomy 6 y3xot noaoce yacmom. [Aas pewenus smou npobiemvl npedidedaem-
CS1 UCNOL308AMb CIMPYKMYPLL, KOMOPble 06pa3yiom akmugnvie srexmpomnaznummsie 3onv. (A93) 6 naockocmu
MUKPONOJIOCKOBOU AHMEHHOU peulemKu. Imu 30HbL MOZYM CROCOOCMBOGAN® PACTIPOCMPAHEHUIO ULU NOOABLEHUIO
INEKMPOMAZHUMHBLY BOIH, UMO NPUSOOUM K MUHUMUSAUUU 8AUAHUSL NOBEPXHOCIIHBLY BOIH, YMEHOULEHUIO B3AUM-
HOZ0 GAUAHUSL SNEMEHINOE AHMEHHBLX PEeuwemoK, d MaxKKe K CYwecmeenHoMy CHUKEHUIO YPOBHA 3a0Hez0 Jlenecm-
Ka 0uazpammo. HANPaeACHHOCMU AHMEHHDL.

B cmamuve npodemoncmpuposano yMeHvueHue, no CPAGHEHUI ¢ 00bIUHBIM AHINEHHIM MACCUBOM, 63AUMHOZO 8U-
AHUSA UeMBIPEX INEMEHMO8 6d306020 (hpdzmenma MUKPONOIOCKO8OU anmennvl, Ikpanupyiowas (3asemaennas)
nosepxmnocms Komopoti cooepxum AD3-cmpyxmypor I-o6pasnoi popmor wenresozo muna. B xauecmse dusiex-
mpuueckol noOA0XKKYU npumeneHo Inokcudnoe cmexao FR-4.

st npoexmuposanus u MOOCAUPOSAHUS. AHMEHH UCNOTBIOBAHO CREYUAIUSUPOSAHHOE NPOZPAMMHOE 0becneyeHue
Mentor Graphics 1E3D, a uamepenivle sKChepuMenmaivible pe3yrvmamot NOLYyuens. ¢ NOMOUbLIO 8eKMOPHO2Z0
AHAIUIAMOPA INEKMPUUECKUX tenell.

Pesyavmamor uccredosanuii noKa3aiu, 4mo no CPAGHeHuIo ¢ 00bIUHOU NpedaoKennds anmennd obaadaem 6o-
Jiee 8bICOKOU IPheKmuUsHOCmbIO 8 YCA0BUAX MHO200UANA301HH020 pe3onancd. Ona pe3onupyem Ha Uemvipex ud-
cmomax, a ee sUPMYAnvHbLll pasmep menvue na 78,48% . Anmenna xapaxmepusyemcs 0uazpammol Hanpasien-
HOCIU 8 HYXNHOM HANPAGIEeHUU, KOMOpds obecheuugdem Ayuwue xapaxmepucmuxu usiyuenus. Heobxodumo
OMMEMUMb KOMNAKMHOCMY 0annoli anmennou pewemxu. Taxxe caedyem ommemumo, umo ¢ MOOUPUUUPOSAH-
HOU MUKPONOJLOCKOBOU AHMENHOU peulemKe SHAUUMENLHO YMEHLULAeMC 63AUMHOE GAUAHUE IJIeMEeHMOos, yee-
JUNUBACTNCS YPOBEHD JKEAAMEAbHO20 CUZHANA U YMEHLULAEMCS YPOBEHD HeKelamesbHoz0 CUzHAAd HA 4dcmome
5,53 I'T'y, nosmomy maxas anmennas pewemxa nodxodum 0as npumenenus ¢ C-0uanasone MuKpoeoano60zo ou-
anasoud.

Kanroueswvie cnosa: 8u3/lefcmpuuecxaﬂ noé)ﬂom%a, cmpyrkmypa c aAKmMuBHoU afleKmpOMdZHumHOﬁ 30HOZ2, MUKPONO-
JIOCKOBbLX AHMEHHAS peulemKd, 63duUMHoe 6AUIHUe, Pe3OHAHCHAS YdCmomd.
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