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ANALYSIS OF IMPROVEMENT METHODS OF NOISE IMMUNITY
OF MULTI-ANTENNA SYSTEMS OF MILITARY RADIOCOMMUNICATION

The experience of carrying out an antiterrorist operation on the territory of Donetsk and Lugansk oblasts
shows, that the current level of noise immunity of multi-antenna systems of military radio communication does not
meet the modern requirements put forward for their functioning. Most of the available publications describe only
separate direction for increasing the noise immunity of multi-antenna systems of military radio communication, but
this information is not systematized and does not create a generalized view on possible options for increasing the
noise immunity of these systems. As a result of the research, the main methods of increasing the noise immunity of
multi-antenna systems of military radio communication have been determined. It is established, that most of the
theoretical achievements of known authors are aimed at developing optimal methods of space-time coding,
frequency adaptation and creation (selection) of highly effective signal-code structures. This article uses the basic
provisions of the theory of noise immunity, the theory of antennas, noise immunity coding, signal-code structures,
and others. According to the results of the study, it is possible to say, that multi-antenna systems of military radio
communication are multi-level spatial-frequency-time signal-code designs. Taking into account, that the devices of
electronic warfare increase the level of their own technological perfection from multi-antennas of military radio
communication, complex use mechanisms to increase the noise immunity at each level is required and significant
improvement of existing models and methods of increasing the noise immunity of multi-antenna systems of military

radio communication is required.

Keywords: MIMO, system of radiocommunication, radioelectronic suppression, radio resource, pre-coding,

signal-code designs, noise immunity.

Introduction

Conducting an antiterrorist operation on the terri-
tory of Donetsk and Luhansk oblasts showed the imper-
fection of the existing system of control and communi-
cation, the basis of which are radiocommunication sys-
tems (RCS).

The main drawback of the existing system of
communication of all units of the Armed Forces of
Ukraine are [1-3]:

low mobility of communication nodes manage-
ment points;

low productivity, reliability, dilution and noise
protection;

low automation of installation, maintenance and
maintenance of radio communication.

Therefore, aim of this work is an analysis of
methods for increasing the noise immunity of multi-
antenna systems of military radiocommunication.

Exposition of the main material
of the research

In general, the noise immunity of multi-antenna
systems (MIMO — Multiple-Input Multiple-Output),
which are provided with impedance and secrecy from
all classical systems of communication.

Concealment makes it difficult to detect the fact of
the functioning of this communication system and to de-
termine the characteristics of the signals emitted by it in

order to create effective intentional interference or the de-
struction of the system. The noise immunity provides the
normal functioning of the system under the influence of a
certain set of unintentional and deliberate interference.

The analysis of known literature sources [1-6] al-
lows us to determine the main ways to increase the
noise immunity of multi-antenna communication sys-
tems, namely:

1. Selecting range of waves in which the effect of
interference is minimal (range of decimetre or shorter
waves).

2. Improving the energy of radio lines, that is, in-
creasing the signal/noise ratio by increasing the power
energy of the signal (increasing the power of the trans-
mitter), which requires significant energy or material
costs, and also complicates the electromagnetic com-
patibility of their radio equipment.

3. Application of noise-proof principles of space-
time signal processing:

choosing of modulation type and principles of de-
modulation of the signal;

using of interference-free (corrective) codes;

using of several physically diverse communication
channels (3—5 channels) transmitting the same informa-
tion, or on a multiple transmission (3—5 times) of the
same information from one communication channel. In
the first case, essential material costs are required, while
in the second, the bandwidth of the communication
channel is significantly reduced (in 3-5 times). For
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these reasons, using of these methods in military radio-
communication systems is not always feasible;

using of channels with a different kind of feed-
back. The latter may be informational — some analogue
of the majoritarian method with multiple information
transmission and the decision on the correct transmis-
sion of the transmitter, or decisive feedback — by re-
peated transmission with the decision on the correct
transmission on the part of the receiver.

As the analysis shows, in practice the following
basic methods of increasing the energy and structural
secrecy of the transmission system are used:

working with the minimum required power of ra-
diation, sufficient to provide a given quality of commu-
nication. Using of radio systems adapted to the power of
radiation;

application of optimal methods of reception of sig-
nals and devices of protection against certain types of
interference;

application of broadband complex signals with a
large base;

application of frequency-adaptive communication
lines.

Let's consider more basic methods of increasing
the noise immunity of multi-antenna systems of military
radio communication.

Signal-code construction (SCC).

To increase the speed of information transmission
without extending the occupied bandwidth (increasing
the bandwidth of the communication system), using
multi-positional M-signals. M-signals can be formed by
multi-positional manipulation of carrier oscillation in
amplitude, frequency or phase.

Using of SCC, which allow simultaneously to in-
crease the reliability and speed of the transmission of
information in the constraints on energy and the width of
the band of operating frequencies and solve most of the
contradictions, that arise. Combination of various ensem-
bles of M-signals, noise immunity and manipulation
codes generate many designs. However, only agreed
variants of these designs provide an increasing in the fre-
quency-energy efficiency of multi-antenna systems.

The SCC can be classified into three main features:

by type of noise immunity code,

by type of ensemble of signals,

by the way of agreeing modulation and encoding.

By type of jamming codes, all SCC can be divided
into two major classes: on the basis of block codes and
on the basis of continuous codes. In addition, a separate
class includes SCC based on cascading codes, that use
both block and continuous codes.

By type of ensemble of signals, the SCC is divided
into designs with one-dimensional, two-dimensional and
multi-dimensional signals.

Multi-dimensional signals consist of simpler (one-
dimensional, two-dimensional) signals. When using

two-dimensional signals, the number of positions M,
corresponding to each N-dimensional signal is
determined by the expression

M =mV/2 ,
where m — position of two-dimensional signal.
In tabl.1 were wused following marking

1 T —t2/2 .
Qx) = —j e dt — integral of errors, M — number
X
of positions for multi-position modulation types,
k =logy M, m —modulation index, Kg .~ —number of

states with a minimum euclidean distance,
sin ¢ (x)=sin(x)/x, E, — the energy, which is necessary to
transmit one bit of information; Ny — spectral density of
white noise power in the channel.

Using of pre-coding methods.

Spatial multiplexing and spacing are contradictory
to the geometry and probabilistic characteristics of the
channel matrix. Theoretically proved [6—15], that if the
channel information is available only to the receiver,
then there is a fundamental trade-off between multiplex-
ing and spacing, in which one can not increase one and
not reduce another. The situation changes, if we assume,
that some parameters of the communication channel are
known on the transmitting side and can be used to con-
struct the corresponding spatial signal-code structure.

In fact, such systems assume the presence of a re-
verse link, and the procedure for the formation of an
optimal signal-code structure in these conditions is
called spatial pre-coding.

In the authors' publications [1-13] it was noted,
that using of information on the state of the communica-
tion channels on the transmitting side can significantly
increase the power and frequency efficiency of multi-
antenna radio-communication systems of a special pur-
pose, to improve the coverage area and reduce the com-
plexity of the implementation of the receiver of the sys-
tem from using MIMO technology [9—-13].

In the general case, the previous coding can be
considered as one of the methods of spatial-temporal
coding and as one of the types of signal-code structures.

It should be considered, that for the previous cod-
ing, the presence of feedback is mandatory, since the
matrix of the previous coding is selected based on the
status of the channel [9—13]. Physical nature of the pre-
coding in MIMO radio systems is that the pre-coding
allows you to reconcile the transmitted signal with the
characteristics of the communication channel. This re-
sult in improved performance compared to the system
without such an agreement.

In the case, where the complex matrix of channel
H is accurately known on the transmitting side, one can
make an optimal pre-coding, which is to transform the
vector of symbols transmitted, using the unitary matrix
V, which depends on the matrix N.
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Table 1

Error probability for bit for different modulation types

Type of modulation

Bit error rate (BER)

BPSK (binary phase shift
keying) (M=2)

BER = Q( 2E%\10]

DBPSK
shift

Incoherent
(differential
keying) (M=2)

phase

BER = %exp(— E,/Ny)

Coherent DBPSK (M=2)

QPSK (Quadrature Phase
Shift Keying) (M=4)

BER = Q({2E, /Ny

62

min

Coherent DQPSK BER = 2Q /2 E. /N
at By /No >>1 ( o/ 0)
M-PSK
2Ey logo, M
BER= — 2 q| [AEploeaM g o (lj
FSK (frequency shift . ] E
keying) BER = Q \/[I—M}—b
2r-m [N,
MSK  (minimum  shift E,
keying) BER = Q( AO )
M-MSK _
BER = MQ log, M&
M 10g2 M NO
M-QAM (quadrature For k =logy, M, k-pair;
amplitude modulation) 5
2Py, - Py
BER = ————, where
log, M
2dM -1 _( [3log, M E,,
PO = Q
M M-1 N,
For odd k:
2
logo, M E
BER < ! 1-]1-2Q 3logy M Ey
10g2 M M-1 NO
CPFSK  (Continuous-Phase P E
Frequency-Shift Keying) BER = ?S,Ps >Ks . Q N_bSme ,
0

min
1<isM-1

{21((1 - sinc(2nim))}

The matrix V is a part of the singular expansion of
the matrix H [1-4]:

H=UAV/, (1)
where U, V —unitary dimension matrices MxM and
NxN A =diag {Aj,Ap,. )} —

diagonal matrix with size M x N, on the main diagonal

in accordance;

of which has its own numbers A;,i=1,...,r matrix H;
r=min{N,M} .

With optimal pre-coding, the best characteristics of
the MIMO radio system are achieved due to the fact,

that the system in this case is decomposed into a plural-
ity of parallel systems SISO (Single Input Single Out-

put), the minimal complexity of the demodulation algo-
rithm at the receiving side [1-18].

Unfortunately, in practice, the implementation of
optimal pre-coding is quite problematic, since the matrix
of the channel H is always evaluated with some error,
especially in a situation, where channel parameters
change rapidly, due to the high mobility of subscribers.
Therefore, in modern radio systems in practice, various
quasi-optimal algorithms of pre-coding are used [1-18].
In the quasi-optimal algorithms indicated on the transmit-
ting side, instead of full information about the state of the
channel contained in the matrix H, only partial informa-
tion about the status of the communication channel is
used. The indicated partial information may be in the
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form of one or more parameters, that characterize the
current state of the communication channel or only its
statistics (the law of fading, the distribution of power
between the direct and reflected beam in the channel).

To date, there are three main ways to get informa-
tion about the state of the communication channel:

—using of the mutual linearity of the communica-
tion channel;

— using of the feedback line between the transmit-
ter and the receiver;

— combination of the first and second methods.

The pre-coding procedure, based on the using of
the communication channel status information available
on the transmitting side, provides two functions:

— splitting the transmitted signal into independent
spatial flows (rays);

— distribution of the power of emitted signals be-
tween these spatial flows (beams).

If spatial flows (rays) exactly correspond to the
own (singular) vectors of the matrix H of the channel,
then there are no interferences between these flows. The
transmission of information through a communication
channel in this case is carried out in parallel in several
independent spatial channels, and for realization of such
an ideal data transfer it is necessary that accurate infor-
mation about the current state of the communication
channel is available on the transmitting side.

If the transmission side information is only par-
tially known, then the pre-coding spatial flows (rays)
are formed in such a way as to minimize the level of
interference between them.

Selection of demodulation method.

Improving the efficiency of the operation of multi-
antenna radio communications is achieved through the
using of Space-Time Processing (STC) techniques, that
provide the transmission and reception of parallel
streams of information. In theory, the bandwidth of the
MIMO system with STC can be increased in proportion
to the number of antennas on the transmitting side (pro-
vided, that the number of receiving antennas is not less,
than the number of transmitting antennae) compared to
traditional radio systems with one SISO transmission
antenna. The analysis of the known systems of STC [25;
2-14] shows, that increasing the spectral efficiency of
the MIMO system is usually due to the complication of
the STC demodulator and the reduction of system im-
pedance. Therefore, an important task is to choose a
method of processing signals on the receiving side,
which provides a given quality of information transmis-
sion and is characterized by moderate computational
complexity.

We will conduct a comparative analysis of the de-
modulation of signals in the MIMO system with STC in
terms of their efficiency and computational complexity.

Transmitted signals after the influence of the relay
idle and white gaussian noise in the radio channel, come
in M; receiving tracks.

Counts of complex by-pass output M, recievers on
one interval can be described by a vector-matrix
equation [5; 11]:

7 =HA + B, 2)
where Z - vector, each component of which z,
i=1LM

on i-th demodulator input STC; A — vector, each com-

¢ » 18 a countdown of a comprehensive by-pass

ponent of which a;, j=1,M; - transmitted complex

informational symbol belonging to a plurality {a", ...,
a®Y, K — multiplicity of quadrature amplitude modula-
tion (QAM); H — matrix, each component of which h;; —
complex transmission coefficient of the propagation
path of the signal, that is emitted by j-th antenna and
accepted by i-th antenna; B — vector, each component of
which b; — countdown of complex gaussian noise on i-th
demodulator input STC, which has zero average and
variance 267,

On the transmission side, information symbols a;
split into blocks with L characters are appropriately
processed and radiated through M; transmitting antennas
for a given number of time intervals K,;,. The spatial-
temporal code can be presented as a generating matrix,
in which the rows correspond to the transmit antennas,

and the columns—the time intervals for the
transmission of symbols:
Sll 812 SlK:;azl
$21 S22 S2K
3a] , (3)
SM,1  SM,2 SM(K 3oz

where sj, j=LM;,k=1Kg.e, function from

complex information symbols a; , i = 1, 2, ..., which is
emitted by j-th antenna on k-th time interval.

The symbolic speed of the MIMO system is
defined as the ratio of the length of the information
symbol block L to the amount of time needed to
transmit this block of time intervals Kgiy: Rgre = L/Kgiy.
The higher symbolic speed Rsrc spatial-temporal code,
the higher the efficiency of the frequency resources
using of the wireless communication channel.

Spatial-time codes are divided into two classes: or-
thogonal and non-orthogonal. Among the orthogonal
codes, it is necessary to allocate the code of Alamouti,
whose generating matrix has the form [23]:

a; —ah

G= 4)

ay 3

The symbolic speed of the Alamouti code is
Rgrc = 1. In the matrix (4), the rows are orthogonal to
each other, the same is valid for its columns. Due to this
property on the receiving side, it is possible to calculate
the estimates of maximum likelihood (ML) of the
transmitted symbols using the algorithm of weighting
the received signals. The energy gain from the using of
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the Alamouti circuit with two transmitting and one re-
ceiving antennas compared to the usual SISO system is
7 dB for the probability of false reception Puyo = 107
when using four-phase phase modulation (QPSK).

Unfortunately, for systems with more, than two
transmit antennas, QAM has no orthogonal codes at
speeds Rgrc = 1. When switching to more transmit an-
tennas, for example, 3 and 4, the symbolic speed of the
corresponding orthogonal codes does not exceed 3/4.
The symbol speed of the codes for five or more trans-
mitting antennas does not exceed 1/2.

Increasing the bandwidth of communication channels
can be done using non-orthogonal spatial-temporal codes.
The symbolic velocity for non-orthogonal coding can reach
values corresponding to the number of transmitting anten-
nas M, that is, behind the time intervals K,;, you can trans-
fer unit with L = K,,M; of information symbols. This con-
dition satisfies Vertical Bell Labs Layered Space Time (V-
BLAST) code [23; 25]. Another example of a non-
orthogonal code is the double code of Alamouti.

The demodulation process of STC reduces to solve
the equation (2) with respect to the unknown, but since
there is a random component in Gaussian noise B, the
traditional methods for solving linear equations do not
provide the required precision. Different methods can be
used to calculate the ratings of transmitted symbols: ZF —
Zero Forcing, RMS, Successive Interference Cancella-
tion (SIC), Maximum Likelihood Method (ML), spheri-
cal decoding method (SD), etc. [15].

Estimates of transmitted symbols by the ZF
method are calculated as follows:

6=HH) 'HY. (5)
The expression for computing the estimation of
MAQD has the form:

0=HH+25’1)'HY. (6)

The MAQD method allows for noise to consider

the availability reduction and higher noise immunity

compared to ZF. The computational complexity of both
methods is proportional M% .

Significantly better characteristics, than the ZF and
MAQD methods have an SIC algorithm, which reduces
to the sequential exclusion of demodulated components
from the received signal. For each iteration of this algo-

rithm by the MAQD method, a rigorous evaluation of one
of the components transferred to the i-th antenna is calcu-
lated, the replica of which is then subtracted from the
received signal. The SIC method has a significant draw-
back — the effect of "multiplying errors". The number of

arithmetic operations in this method is proportional Mf .

The best practice among known demodulation
methods is the MP method. The evaluation of informa-
tion symbols by the MP method is carried out by check-
ing all combinations of the vector 6 from the set of pos-

sible values of the QAM symbol vector
M¢
0= e(l),...,e(nge“)
6= arg min"Y - H9||2 . @)
0

In this way, the best noise immunity among known
demodulation methods has the maximum likelihood
method. A promising direction for further research to
increase the spectral and energy efficiency of MIMO
systems is the development of efficient algorithms for
demodulating signals with characteristics approaching
the characteristics of the maximum probabilistic method
with acceptable computational complexity.

Conclusion

As a result of the research, the main methods of
increasing the noise immunity of multi-antenna systems
of military radiocommunication have been deterniined.

According to the results of the research, it is possi-
ble to say, that multi-antenna systems of military radio
communication are multi-level spatial-frequency-time
signal-code construction.

Increasing of technological perfection of the de-
vices of electronic warfare requires the comprehensive
using of mechanisms for increasing noise immunity at
each level and requires significant improvement of ex-
isting models, methods and techniques for increasing
the noise immunity of multi-antenna systems of military
radio communication.

Further research by the author will be aimed at de-
veloping effective methods of spatial-temporal coding
and effective signal-code designs.
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AHANI3 METOAIB NIABULLEHHA 3ABAJO3AXULLEHOCTI
BArATOAHTEHHUX CUCTEM BIMCbKOBOI'O PALIO3B’A3KY

C.B. KanaHnraeBchka

Loceio nposedenns anmumepopucmuynoi onepayii na mepumopii /[oneyvkoi ma Jlyeancwvroi obnracmeii cgiouums, wo ic-
HYI0UULl PiBeHb 3a8a003aXUWEHOCT 0A2amMOAHMEHHUX CUCEM BIICbKO8020 Padio3s 3Ky He 3A0080bHAE CYUACHUM BUMO2AM,
Wo eucysaiomucs 00 ix Qynkyionysanns. binbwicmo nasenux nyonikayii onucyioms auuie OKpemull HanpsaMoK nio8uLeHHs 3a-
8a003axuweHocmi 6a2amoanmeHHUX CUCHeM GiliCbK08020 paodioss’si3Ky, npome 3a3Havena ingopmayis ne cucmemamu3o8and
ma He CMEOPIOE Y3a2aNbHEHO20 VABIEHH W00 MOJICTUBUX 8aAPIaHMI6 NIOGUWEHHS 3A8a003AXUWEHOCMI 3a3HaYeHux cucmem. B
pe3ynomami npogeodeH020 OOCTIONCEHH 8USHAYEHO OCHOSHI MemoOU NIOBUWEHHS 3a6aA003aXUWEHOCI 6a2amOanmMenHUxX Cuc-
mem GilicbK08020 padio3e sa3Ky. Bcmanosneno, wo Oinbuicms meopemuiHux HabymKie 6i00Mux agmopis CnpAMo8aHi Ha po3poo-
KY ONMUMANbHUX MEMOo9ié NPOCMOPOB0-14aCO8020 KOOYBANH, YACMOMHOT adanmayii ma cmeopenHs (6ubip) ucokoeghekmueHux
CUSHATILHO-KOO0BUX KOHCIMPYKYi. B 3a3naueniii cmammi 6ukopucmani 0CHOBHI NOJOX*CEHHA Meopii 3a8a003axunjeHocmi, meopii
anmen, 3a8a00CMILIKO20 KOOYBAHHS, CUSHATLHO-KOOOBUX KOHCMPYKYIL ma iHw. 3a pe3yiomamamu npo8edeH020 00CIONHCeHHs
MOdCHA cKazamu, wo 6a2amoaHmeHHi cucmemu iticbk08020 padio3e 3Ky npedCmasiaioms coboiw bazamopieHesi npoCmoposo-
YACMOMHO-4ACO8] CUSHATTbHO-K0008i KOHCcmpyKyii. bepyuu oo ysazu me, wo 3acobu padioenekmpouHoi 6opomvdu nioguuyioms
pisens 61acHOi MexXHON02TUHOT OOCKOHANOCMI 810 6a2amoanmenHux 3aco0ig SIlCbKO8020 PAdio3s 3Ky 6UMALAEMbCSA KOMNIEKCHE
BUKOPUCMAHHS MEeXAHI3MIE NIOGUYEHHS 30680003AXUUIEHOCTI HA KOJICHOMY 3 DI6HI8 Ma HeoOXiOHe icmomue YOOCKOHANEeHHSA ic-
HYIOUUX MOOenell, Memooie ma MemoouK ni0SUWeH s 3a8a003aXuujeHocmi 6a2amoaHmeHHUX CUCeM BIICbKO8020 padio3s a3KY.

Knrwuosi cnosa: MIMO, cucmemu padioss’s3xky, padioerekmponne nooasients, padiopecypc, Nonepeore KOOY8aHHsl, cue-
HANbHO-KOO08I KOHCMPYKYIL, 3a86a003aXUlyyeHicmb.

AHAINX3 METOAOB NOBbIWEHUAA MOMEXO3ALLIULLEHHOCTHU
MHOIOAHTEHHbIX CUCTEM BOEHHOM PAOVOCBA3N

C.B. KananraeBckas

Onvim npogedenus anmumeppopucmuieckol onepayuu na meppumopuu Joneyxou u Jlyzanckoil obnacmeii ceudemens-
cmeyem, 4mo Cyuwecmeyiowuil yposeHs NoMexo3auujeHHOCIMU MHO2OAHIMEHHBIX CUCTEM 0€HHOU PAOUOCEA3U He YOO8IemBOpsi-
em CospemMeHHbIM MPedOBaAHUAM, NPEObABTAEMbIM K UX QYHKYUoHuposanuio. bonvuuncmeo umerowuxca nyonukayui onucyléa-
10m UMb 0moenbHble HanpasieHue NoGbIUEHUs NOMeXO3aUUUeHHOCU MHO20AHMEHHBIX CUCIEM GOEHHOU pAOUOCEA3U, OOHAKO
VKA3aHHAA UHDOPMAYUA He CUCeMAMUZUPOBAHA U He co30aem 0D0OWEHH020 NPedCMABIeHUs O 803MONCHbIX 8APUAHMAX NO-
BbILUCHUSA NOMEXO3AUUWeHHOCU YKA3AHHbIX cucmeM. B pesynomame nposedentozo ucciedosanus onpeoeneHvl 0OCHO8Hble Me-
MOoObl NOBbIUUEHUS NOMEXO3AUWUUEHHOCIU MHO20AHMEHHBIX CUCTNeM 80EHHOU paduocesasu. Ycmanoeneno, 4mo OOIbUUHCINEO
meopemuyeckux OOCMUNICeHUL U3BECMHbIX A8MOPO8 HANPABIEHbl HA PA3PAOOMKY ONMUMATLHBIX MEeMO008 NPOCMPAHCIBEHHO-
BPEMEHH020 KOOUPOBAHUSA, YACMOMHOU a0anmayuu u co30anus (6b160p) 8blCOKOIPHEKMUBHBIX CUSHATLHO-KOOOBbIX KOHCHPYK-
yuii. B ykazaunmnoti cmamve ucnonv3068anbl OCHOBHbIE NONOJICEHUS MEOPUU NOMEXO3AUUUEHHOCIU, Meopull aHMeHH, HOMexo-
YCMOUWYUB020 KOOUPOBAHUS, CUSHANLHO-KOOOBbIX KOHCMpYKyull u Op. Tlo pe3ynomamam npoeeoenHoz2o uccied08anus MOXCHO
CKa3amov, 4MO MHO20AHMEHHble CUCHEMbl GOCHHOU PAaoUoCceasu Npeocmagisiom cobol MHO20YposHesble NPOCMPAHCIMBEHHO-
4aACMOMHO-8PeMeHHble CUSHANLHO-K0008ble KOHCcmpYkyuu. Ilpunumas 6o enumanue mo, 4mo cpeocmea paouodieKmpoHHOU
60pbObI NOBBLIUAIOM YPOBEHL 8020 TMEXHOIO2UYECKO20 COBEPUIEHCNEA, NOIMOMY OM MHO20AHMEHHBIX CPeOCM8 80eHHOU pa-
ouoceasu mpebyemcs KOMIIEKCHOe UCNONb308AHUE MEXAHUZMOB NOBLIULEHUS NOMEX03AWULWEHHOCIU HA KAXCOOM U3 YPOosHell U
HEeoOX00UMO CYUuecmaeHHoe YCOBePUIeHCMBOBAHUE CYWECMBYIOWUX Mooenell, Memoo08 U MemoouK NOBbIUEHUS NOMEeX03aujU-
WeHHOCIMU MHO2OAHMEHHBIX CUCHIEM 80€HHOU PAOUOCBSA3U.

Knroueswie cnosa: MIMO, cucmemvr paouoceasu, paouodieKmporHHoe nooasienue, paouopecype, npeosapumensHoe Ko-
Ouposane, CUSHAbHO-KOO08ble KOHCIMPYKYUU, NOMEXO3AUULEHHOCITD.
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