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ANALYSIS OF THE KNOWN METHODS OF CHANNELS COMMUNICATION
CONTROL WITH THE INTERFERENCE AND SELECTIVE FADING

Abstract. Designing adaptive radio systems, depending on their purpose, solves the problem of optimizing one of the
performance indicators with restrictions on others. In turn, the development and implementation of adaptive information
sharing techniques require the establishment of effective procedures for monitoring and predicting the status of
communication channels and the quality of information transmission. Given the rapid development of electronic warfare
facilities, the expansion of the list of interferences that can be created by these complexes, it is great relevance for further
scientific research on the creation of new methods of monitoring the status of the communication channel. In this research,
the authors analyzed the characteristics of the main methods for assessing the status of communication channels. In the
course of the analysis, the authors used general scientific methods of analysis and synthesis, the basic provisions of
communication theory, data transfer theory, space-time coding theory, noise immunity theory, signal-code theory, etc. The
authors of the article analysis of the known methods of estimating the state of the channel of multi-antenna communication
systems showed that the known scientific articles do not contain the following: parallel estimation of the status of the
channel by several indicators; obtaining a generalized channel status assessment; continuous evaluation of several
characteristics in real-time; at the same time evaluate both the lines down and the lines up; the combination of the impulse
response of the channel state, the frequency response of the channel status, and the bit error probability is not used for the
estimation. It is established that at present there is no universal method of monitoring the status of channels of multi-
antenna radio communication systems, which would give an accurate, fast estimate of the status of the channel in real-time,
which would allow effective adaptation in a channel with non-stationary parameters.

Keywords: signal-to-noise ratio; data rate; bit error probability; space-time processing; MIMO system; parallel channels.

Introduction
MIMO (Multiple Input Multiple Output) has found
practical application in many modern

telecommunications systems. MIMO is used in IEEE
802.11n wireless LANSs, as well as WIMAX and LTE
wireless networks, etc. [1-5].

The essence of MIMO technology is similar to the
method of diversity reception, when several
uncorrelated copies of the signal are created on the
receiving side due to the spacing of the antennas in
space, by polarization, the diversity of the signals in
frequency or in time.

In MIMO radio systems, spatial multiplexing is
implemented: a data stream in the transmission is
splitted into two or more sub-streams, each transmitted
and received by different antennas [1-10].

The noise immunity of multi-antenna radio
systems is affected by deliberate interference and signal
fading that occur during multipath propagation. In order
to ensure stable radio communication under active
electronic suppression and selective fading, the radio
system must have signal and interference information in
the channel.

The development of devices of electronic warfare,
the imperfection of known methods (techniques) for
assessing the status of channels in MIMO systems
necessitates the search for new scientific approaches to
increase the immunity of MIMO systems to the required
level.

In order to reduce the time of adaptation of the
radio communication equipment in the conditions of the
influence of electronic warfare, it is necessary to reduce

the time for the assessment of the condition of the
channel, while maintaining the necessary reliability.
Also, it is necessary to develop new methods for
assessing the status of the channel.

All this confirms the relevance of the chosen
research direction.

While designing adaptive radio systems,
depending on their purpose, solves the problem of
optimizing one of the performance indicators with
restrictions on others. In turn, the development and
implementation of adaptive information sharing
techniques require the establishment of effective
procedures for monitoring and predicting the status of
communication channels and the quality of information
transmission. In order to solve this problem, it is
necessary to involve methods of modern mathematical
statistics, in particular, to test the statistical hypotheses
regarding the parameter (parameter group) that
characterizes the state of the communication channel.

The purpose of this article is to conduct an
analysis of known channel monitoring techniques for
multi-antenna systems for intentional interference and
selective fading.

Presentation of main material research

Different types of control can be classified by
purpose, time of connection of control devices, method
of receiving and source of information, a form of
presentation of initial information, relation to the
process of information transfer, method of
implementation of procedures [9].

On target features distinguish the control:

warning, which is performed to determine the
characteristics of various disturbing factors (channel
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error rate, failure rate of equipment), necessary for the
development of efficient algorithms for exchange and
resource management, is characterized by the presence
of a large number of control equipment and is available
on free channels allocated for research on long hours
(hundreds and thousands of hours);
functional, which is performed to determine the
degree of compliance of the partial parameters of the
channels and all equipment to the set standards and to
regulate the equipment in case of non-compliance.
Functionally monitored channels are not used to
transmit information during the entire control period,
which lasts from ten minutes to several hours;
operational, which is organized to accurately
assess the current status and interference situation in
channels and paths engaged in the transmission, as well
as to evaluate the quality of transmission over time,
compared to the duration of the exchange cycle. The
control is necessary for the prompt check of the
readiness of the equipment and organization of the
operational management of system resources for the
purpose of adaptation to changes of the operating
conditions, differs in the variety of forms of gathering
and submission of information, depending on the type
of controlled equipment (quality indicator) and the
criterion on the basis of which the choice is made.
Connection time distinguishes the control:
continuous, at which the control devices are
constantly connected to the controlled equipment;
periodic, which is used when a single control
device is used to determine the status of several

functional devices. The most characteristic of
preventive and functional control.
The following types of controls can be

distinguished by the method of obtaining and the source
of information:

test is a certain sequence of characters is fed to the
input of the equipment (channel, track) and the internal
condition and interference situation are evaluated by
their acceptance (usually used to check the performance
of the whole system of transmitting discrete information
at the beginning of its operation and when there are
"pauses" in information exchange) ;

indirect is a source of information is a distortion of
signal parameters, streams of decisions of all kinds of
quality detectors, the first decisive scheme for
acceptance with erasures;

code is a source of information is the sequence of
decisions of the decoder of the second decisive circuit;

direct measurement is an individual equipment
parameters, noise levels, signal-to-noise ratios, etc. can
be directly measured by special devices; It is widely
used in functional control and in radio systems with
frequency adaptation.

Indirect and code-based methods are used mainly
in operational control.

The main forms of output for radio communication
systems (RCS) are an evaluation of system function;
values of the quality criterion, estimation of parameters
of the distribution of errors, interferences; evaluation of
noise distribution functions; a conclusion on working
capacity; The ,,coordinates” of the failing elements and

devices. The necessary form of initial information is
determined by the purpose of control and provided by
the selected mathematical apparatus.

Dynamic quality control of radio channels is
required to implement the adaptive principle of RCS
parameters and resources management [5, 10, 12].
Operational control is organized to improve the
reliability of the assessment of the current status and
interference situation in the channels and transmission
paths, as well as to evaluate the quality of transmission
over time comparable to the duration of the information
exchange cycle.

There are two main ways to control the status of a
radio channel at this time. The first involves estimating
the channel status based on control of the primary signal
and interference parameters: amplitude, smoothed
amplitude (level), duration, a ratio of amplitudes or
signal and interference levels, and the like. The second
method is based on obtaining an estimate by analyzing
the secondary parameters: the frequency of errors in the
reception of the message symbols, the number of
requests in systems with decisive feedback, different
code features, etc. The classification of the statistical
characteristics of the communication channels is shown
in Fig. 1.

Because the secondary parameters are less
informative, some time spending are required to obtain
sufficient estimation accuracy, which cannot be taken
into account only if the channel state is slow enough to
change the message rate. Primary characteristics mainly
reflect the causes of signal distortion, instability of
carrier generators, phase jumping and jitter, fading and
changes of residual attenuation, fluctuation noises,
impulse and harmonic interference, interruptions and
nonlinear distortions. The non-ideality of the frequency
and amplitude characteristics arises due to the regular
distortion of only regular signals. While transmitting
random (information) sequences, distortions are
stochastic because their magnitude depends on the type
(shape) of the signal.

The characteristics of the signal at the output of the
decoder are called secondary. They reflect the degree of
distortion of single elements and include boundary
distortions, crushes, and mass distortions. The most
complete characteristic of the quality of a discrete
channel is the statistics of errors that occur while
transmitting information.

For modern military radio systems, the first way to
control the status of radio channels is definitely more
effective.

The main requirements for such control are the
high accuracy and efficiency of the analysis, as well as a
fairly simple implementation of computing processes on
electronic computers.

In this case, the calculation of the corresponding
estimated values can occur either by devices of special
measuring signals or directly in the process of
transmitting operational information [10, 12].

All estimation methods, which are used today in
radio communication systems can be divided into 4 groups
according to the following scheme shown in Fig. 2.

Let's look at these methods in more details.
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Fig. 1. Communication channel statistics
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Fig. 2. Classification of channel quality assessment methods

1. One of the least critical to the computational
complexity of algorithms is a method based on the

periodic transmission of test signals of a known
structure or probing pulses. The essence of the method

47



Advanced Information Systems. 2019. Vol. 3, No. 4

ISSN 2522-9052

is that at the same intervals, the transmitter generates at
its output special test signals (pseudorandom sequence
(PRS)), which, passing through the communication
channel, arrive at the input of the receiving equipment
and then to the evaluation scheme, which by implication
comparison of the parameters of the received test signal
with the parameters of the reference signal produced by
its own generator, estimates the state of the channel as a
whole. The distortion and interference occurring in the
communication channel change the level of the test
signal, which allows to determine the signal/interference
ratio in the channel, and the measurement of the offset
of the boundaries of the bit intervals PRS allows to
conclude the magnitude of the time delay of the signal.

The disadvantage of this method is that at the time
of transmission of the test sequence, the transfer of
useful information, which reduces the speed of
information transmission. The transmission time of the
test sequence is also increased by performing the
procedure of synchronization of the receiving and
transmitting paths. In addition, the evaluation of the test
signal provides information only at the time of its
passage through the communication channel, which is
reflected in the timeliness of the received evaluation,
because during the assessment of the condition of the
channel propagation conditions in a multipath radio
channel can change dramatically and a good quality
channel may be completely unsuitable for transmitting
information .

2. The use of a transmitted message in pilots
located at strictly defined time positions and with some
fixed parameters, allows the receiving equipment to
distinguish them from the composition of the received
message against the background of noise and to analyze
the parameters of the pilot tones communication
channel as a whole. Fixing and evaluating the reception
of the one after the other as part of the pilot's signal
allows us to characterize the frequency and time delays
in the channel by analyzing the offset of the clock
limits, which ultimately gives information about the
quality of the communication channel.

While changing the parameters of the pilot signals
(position in the structure of the signal, the type of
modulation, its multiplicity, the signal level) allows to
obtain information about the status of the channel in the
conditions of concentrated noise interference by moving
the pilot tones to temporal positions free from the
influence of interfering noise. At the same time, the
frequency of receipt of pilots and the fixation of their
time positions serves to perform the synchronization
procedure.

In addition, the transmission of pilot signals allows
timely determination of the conditions of propagation of
changing signals, on the basis of which the adaptation
scheme can adjust the transmission parameters in order
to achieve the desired level of confidence. However,
since the pilot tones are contained in each frame of the
transmitted message, together with their useful
properties, they reduce the bandwidth of the
communication system. Due to the ease of isolation and
estimation of the parameters of the pilot tones, this
method has a rather low computational complexity, and

their transmission in the composition of the information
signal provides the efficiency of estimation of the
quality of the channel.

3. While using the methods of estimating the
quality of the channel on the working signal to assess
the status of the channel at the reception implement the
input information signal, adopted in the conditions of
action of various interferences and prone to distortion.

This type of evaluation requires a priori knowledge
of the recipient of some information about the
transmitted signal, such as the type and frequency of
modulation, the value of the length of the loop prefix,
etc.

The type and multiplicity of modulation
determines the type of signal constellation used to
represent the signal, which at the reception makes it
possible to measure the dispersion of the points of the
phase plane corresponding to the transmitted
information symbols, and, given some critical values of
this scattering, we can conclude the quality of the
communication channel .

Knowledge of the length of the cyclic prefix
allows you to determine the offset of the boundaries of
the characters of the protective interval, which allows
you to estimate the time and frequency delay signal. The
algorithm for doing signal estimation allows to receive a
timely and prompt estimation of channel quality. One of
the main advantages of this method of assessment is that
it does not affect the transmission capacity of the
transmission system in a timely and prompt receipt of
the assessment, which in today's conditions of
development of high-speed services becomes very
relevant.

4. Blind evaluation refers to the evaluation of
unknown signals that have passed a linear channel
with unknown characteristics against the background
of interference [9]. In this case, the estimation of the
signal parameters is conducted only on the available
implementations of the input signal of the receiving
device.

There is a huge variety of channel blind
estimation methods, the use of which is based on the
application of statistical blind identification methods
and various mathematical methods, which requires a
large computational cost to accumulate and process a
statistically significant number of implementations.
Due to the need for prior accumulation of data to
analyze the quality of the channel, this algorithm has
rather low efficiency and timeliness of the evaluation.
In the general case, in the case of a blind evaluation,
only an approximate solution of the best in terms of
some quality criterion can be obtained. The undoubted
advantage of the blind estimation algorithm is that the
channel estimation is conducted without the use of
methods that reduce the transmission capacity of the
transmission system.

While using different methods of signal quality
assessment in adaptive communication systems, it is
possible to transmit the received information about the
status of the communication channel on the dedicated
service channel to the transmitter, which on the basis of
these data can change the parameters of the transmitted
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signal, thereby providing the optimum for specific
conditions spreading noise immunity. However,
organizing a counter feedback channel requires a
transmission system bandwidth, which is a negative
factor.

The advantages and disadvantages of these
methods are summarized in Table 1.

Thus, the following conclusions can be drawn
from known methods of assessing the status of a
communication channel.

Table 1 — Comparative characteristics of channel status estimation methods

Characteristic Test Pilot By working Blind
of the method sequence signals signal evaluation
Computational )
complexity low low cepenHs high
Effectiveness low high high medium
of assessment
Timeliness low high high medium
of evaluation g g
Impact . . . .
on bandwidth break in transmission decrease a slight decrease no impact

1. While designing adaptive radio systems, the
channel signal quality estimation method should be used
because it does not reduce the bandwidth of the radio
system and provides prompt and timely acquisition of
channel status information at acceptable computational
costs.

2. While establishing a link or restoring it after a
forced break, when the transmission of useful
information with given reliability is not possible in
principle, the method of using a test sequence
implemented on the basis of a simple but low-speed
implementation scheme should be used to evaluate the
quality of the channel.

3. After establishing communication or improving
channel quality in the course of transmitting operational
information to obtain timely and operational estimates
of acceptable quality due to some system bandwidth
costs and using a simple and high-speed estimation
scheme, a pilot method may be used, the number of
which may be reduced as the channel quality improves.

4.In the high-quality channel conditions, it is
possible to switch to blind channel quality estimation
using a  sophisticated and  non-operational
implementation scheme.

However, in these circumstances, due to the
complete rejection of the bandwidth consumption of the
system to study the channel characteristics, the system
performance on the bandwidth indicator will be the
highest. It is also possible to share methods using the
RTSE, such as working and pilot signal estimation
methods. In this case, several pilot signals are
introduced into the signal structure, which does not
significantly influence the bandwidth, but allow to
clarify the estimates obtained by the working signal
estimation method, and, in addition, to reduce the
impact of the pilots in the signal structure focused
channel quality interference. It is also possible to use
combined channel quality estimation methods while
using the working signal estimation method as a
reference, a test signal is transmitted in the absence of
useful information to the communication channel to

clarify the characteristics of the signal propagation
environment.

A feature of a multipath channel is its non-
stationarity due to the presence in the channel of
constant changes in the conditions of signal
propagation, which leads to distortions of the
transmitted signal. In addition to distortions due to the
special nature of the propagation of radio waves, the
transmitted signal may be affected by deliberate and
accidental interference.

One of the most important prerequisites for
designing adaptive systems is the need for real-time
channel estimation (RTCE) quality. The data obtained
during the RTCE procedure can be used to perform
adaptation procedures, so a process related to the
automatic change of operating parameters and/or system
configuration in response to changes in the timing of
signal propagation in the channel and the intensity of
external noise and interference. Performing the
adaptation procedure ensures the best quality of the
received radio signal under the specified propagation
conditions. Timely and accurate assessment of the
quality of the channel allows us to adapt the signals to
the changing conditions of distribution and interference
with the channel and, accordingly, to maintain the
quality of service at the proper level.

In the process of data transmission by radio
channels, the main sources of error in the received
messages are signal distortions caused by the influence
of the conditions of propagation of radio waves, such as
fading and multipath, as well as the effect on this
background of narrow-band or spectrum-focused
interference.

Solving the problem of detecting and estimating
intentional interference in the channel requires strict
determination of the use of detection methods and
simultaneous estimation of the signal with unknown
parameters. For adaptation purposes, it is the first and
foremost necessary to identify strong interferences and
evaluate their impact on the accuracy of the received
information.
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In the work [10] it is shown that in the channels
with slow fading, abrupt changes in the levels of the
received signal at the output of the frequency channel of
the demodulator affected by the spectrum-focused
interference is a sign of identification of this frequency
channel as affected by the amplitude-modulated
interference.

The method of statistical estimation, which uses
the threshold of the control channel voltage to make
decisions about the presence of a demodulator error,
ensures the adequacy of the generated estimates in the
interference environment. The control channel voltage
threshold corresponds to the calculated error
probability.

Simultaneously obtaining estimates of the quality
of the channel and the concentrated interference during
a single computing procedure, which is performed while
demodulating the received signal, saves the total
computational resource of the processor.

Conclusions

The authors analyzed the methods of monitoring
the status of channels of multi-antenna communication
systems.

Therefore, an analysis of known methods of
assessing the condition of the channel of the MIMO
system showed that in these works there is no:

— parallel evaluation of the status of the channel on
several indicators;

— getting a generalized channel status estimate;

— continuous evaluation of several characteristics
in real-time;

— at the same time evaluate the lines down and the
lines up;

— the combination of the impulse response of the
channel state, the frequency response of the channel
status, and the bit error probability is not used for the
estimation [1-14].

It is established that at present there is no universal
method of monitoring the status of channels of multi-
antenna radio communication systems, which would
give an accurate, fast estimate of the status of the
channel in real-time, which would allow effective
adaptation in a channel with non-stationary parameters.

The direction of further research should be the
development of a method for estimating the status of a
multi-antenna radio communication channel in the
conditions of electronic counteraction.
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AHaJIi3 BiTOMHX METOIB KOHTPOJIIO CTAaHy KAHAJIB CHCTEM 3B’ 3Ky
3 HABMHCHHMH 32BaJIaMH Ta CeJIeKTHBHUMH 3aBMHPAHHSIMH

P. M. XKusoroBcekuii, O. C. Mowmir, f. O. Ou0incekui, I'. T. JIsnienko

AnoTanis. [Ipy npoexTyBaHHI aJalTUBHUX CUCTEM Pajio3B’ 3Ky 3aJI€)KHO BiJl IX MPU3HAUCHHS BUPILIYETHCS 3aBIAHHA
ONTHMIi3allii OJHOro 3 IMOKa3HWKIB €(EeKTHBHOCTI IPH BCTAHOBICHMX OOMEXKEHHsSX Ha iHmI. B cBoroo yepry, po3poOka i
BIIPOB/DKEHHS aJalNTUBHUX METOMIB iH(pOpMamifHOr0o OOMiHY BHMAararoTb CTBOPEHHs €(pEKTUBHUX MpOLEIYp KOHTPOIIO Ta
IIPOTHO3YBAaHHS CTaHy KaHaJliB 3B’A3Ky 1 sAKkocTi nepenadi iHdopmaiii. BpaxoBytounm OypxiMBHH pPO3BUTOK 3aco0iB
panioesieKTpOHHOI 6OPOTHOH, PO3LIMPEHHS MEPENTiKy 3aBajl, 110 MOKXYTh OyTH CTBOPEHI 3a3HaY€HHMH KOMIUIEKCaMH, Ha0yBalOTh
BEJIMKOI aKTyaJIbHOCTI MOJaJIbIli HAYKOBI JOCII/DKCHHS 3 MUTAHHSA CTBOPCHHS HOBUX METOJIB KOHTPOJIIO CTaHy KaHally 3B’s3KY.
B 3a3naueHoMy pmociiJpkeHHI aBTopaMu OyB TPOBEIECHWI aHajli3 XapaKTEPHUCTUK OCHOBHHMX METOIB OLIHKHM CTaHy KaHAIIB
3B’s13Ky. B Xomi 3a3HadyeHOro anamizy aBTOpaMH Oyl BHKOPHCTaHI 3arallbHOHAyKOBI METOJAW: aHali3 Ta CHHTE3, OCHOBHI
TOJIOJKEHHS Teopii 3B’s13Ky, Teopii mepenadi JaHUX, TEOpil IPOCTOPOBO-4aCOBOr0 KOAYBaHHs, TEOpil 3aBafoCTiHKOCTi, Teopil
CHTI'HaJIbHO-KOZIOBUX KOHCTPYKILIiH Ta iHumi. IIpoBeneHuni aBTopaMu CTaTTi aHall3 BiIOMHX METOIB OLIHIOBAaHHS CTaHy KaHAIy
6araToaHTEHHUX CHUCTEM 3B’SI3Ky I10Ka3aB, 1[0 B BiJIOMHX HAyKOBHMX IpAIlIX BiJICYTHE HACTYIIHE: IapajelibHa OLHKA CTaHy
KaHaJly 3a JEKiIbKOMa IOKa3HMKaMH; OTPHMAHHS Y3arajbHEHOI OLIHKM CTaHy KaHally, IIOCTiiHE OLIHIOBAHHS JEKUIBKOX
XapaKTepUCTHK B PEXUMi peaJbHOr0 dacy; OJHOYACHE OLIHIOBAHHS SK JIiHII BHM3, TaK 1 JIHII Bropy; Ul OLIHKH HE
BUKOPHUCTOBYETBCS IOEAHAHHA IMITYJIbCHOI XapaKTEPUCTHKM CTaHy KaHally, YaCTOTHOI XapaKTePUCTHKH CTaHy KaHaly Ta
HMoBipHOCTI OiToBOi moMmiku. BceraHoBieHO Te, 0 Ha JaHWH MOMEHT HE ICHYE YHIBEpPCAIBHOTO METOIY KOHTPOIIO CTaHy
KaHaJIiB 0araToaHTEHHUX CUCTEM PaJio3B’s3Ky, KOTpHii O laBaB TOUHY, IIBUAKY OLIHKY CTaHY KaHaJly B peaJIbHOMY 4aci, MaB Ou
MOXKJIMBICTh €(pEeKTHBHOI afanTari B KaHaJIl 3 HeCTalllOHAPHUMH TTapaMeTpaMu.

Knaro4doBi cjoBa: BiJHONIEHHA CUTHaJ/IIyM; MIBUAKICTH mepenadi iHdopmanii; HMOBIpHICTH OITOBOI NOMMIKY;
MIPOCTOpPOBO-YacoBa 00podka; cucrema MIMO); mapaiesbHi KaHaI.

AHaJIU3 U3BECTHBIX METOJA0B KOHTPOJISI COCTOSIHUA KaHAJIOB CHCTEM CBATH
¢ MpeAHAMEPCHHBIMHA MOMEXAaMHU U CCJICKTUBHBIMHA 3aMUPAHUSIMHA

P. H. XKuBotoBckuii, A. C. Momur, S1. A. OnOunckuii, A. T. JIsmenko

AnHoTanusda. [Ipn NpoeKTHPOBaHMH aJaNTHUBHBIX CHUCTEM DPAJUOCBA3M B 3aBUCUMOCTH OT MX HAa3HAYEHHUs PEIIAEeTCs
3a/1a4a ONTHUMHU3ALMU OJJHOTO U3 MoKa3aTeneil 3(p(heKTUBHOCTH IIpU YCTaHOBJICHHBIX OIPaHMYCHUSX Ha apyrue. B cBoto ouepenp,
pa3paboTka M BHEAPEHUE aJaNTHBHBIX METOIOB HMH(OPMAILMOHHOro oOMeHa Tpebyer co3jaHust 3QQEeKTUBHBIX IpOLERYp
KOHTPOJI M IPOrHO3UPOBAHUSA COCTOSHMS KAaHAJIOB CBSI3M M KadecTBa Iepenauyd MHpOpMaluu. YuurbiBas OypHOE pa3BHUTHE
CPEJICTB PaJHO3IEKTPOHHOH OOpbObI, PACIIMPEHHUs NEPEUHs IOMEX, KOTOPbIe MOT'YT ObITh CO3JaHbI YKa3aHHBIMU KOMIUICKCAMH,
proOpeTaroT OOJBIIYIO aKTyallbHOCTh JalIbHEHINNE HaydHbIe MUCCIIEOBAaHUS B BOIPOCE CO3JAHMS HOBBIX METOIOB KOHTPOIS
COCTOSIHUSI KaHaJla CBA3M. B yka3aHHOM McClie[[JOBaHHM aBTOpaMH ObLI IPOBEICH aHAIN3 XapaKTEPUCTHK OCHOBHBIX METOJIOB
OLICHKH COCTOSIHHS KaHAJIOB CBSI3U. B Xo71e yka3aHHOro aHaiIM3a aBTOpaMM ObLIM MCIIONB30BAHBI OOIICHAYYHbIE METO/IBI: AHAIN3
U CHHTE3, OCHOBHBIC TIIOJIOKEHUS TEOPHUHM CBA3M, TEOPUM IIEpelayd JaHHBIX, TEOPHUH MPOCTPAHCTBEHHO-BPEMEHHOIO
KOJMPOBaHUs, TEOPUH ITOMEXOYCTONYNBOCTH, TEOPUU CUTHAIIBHO-KOIOBBIX KOHCTPYKIMIA U 1p. IIpoBeieHHBIN aBTOpaMu CTaThH
aHAJIM3 U3BECTHBIX METOJOB OLEHKH COCTOSIHMS KaHalla MHOTOAHTEHHBIX CHCTEM CBSI3H IIOKAa3all, YTO B MU3BECTHBIX HAay4HBIX
TpyJax OTCYICTBYET CJEAYyIOIIEE: NapajulelbHas OLEHKAa COCTOSHMA KaHajla II0 HECKOJNBKMM IIOKa3aTeNsiM; IOIy4eHHe
0000IIEHHOM OLIEHKU COCTOSIHMS KaHaJla; IOCTOSHHOE OLICHUBAaHUE HECKOIBKHX XapaKTEPUCTHK B PEXKUME PEaJIbHOIO BPEMEHH;
OJJHOBPEMEHHAsI OLEHKA KakK JIMHMM BHH3, TaK W JIMHUU BBEPX; AJs OLEHKH HE MHCIONB3YETCA COYETAaHHE HMITYJILCHOM
XapaKTePUCTUKH COCTOSHHMS KaHalld, YaCTOTHOM XapaKTepPUCTHKH COCTOSHUS KaHala M BEPOSATHOCTU OMTOBOH OLIMOKH.
Y cTaHOBIIEHO, YTO HA JaHHBIA MOMEHT HE CYIIECTBYET YHUBEPCAIBHOIO METOJA KOHTPOJISI COCTOSIHUS KaHAJIOB MHOIOAHTEHHBIX
CHCTEM DaJMOCBSI3U, KOTOPBII Obl JaBal TOYHYIO, OBICTPYIO OLIEHKY COCTOSHMS KaHajla B PEaJbHOM BPEMEHH, MMeN Obl
BO3MOJKHOCTB 3()()eKTHBHON aJaNTalliy B KaHAJIE C HECTALMOHAPHBIMU TAPAMETPAMH.

KnaoudeBble ca0Ba: OTHOLICHHE CUTHAI/IIYM; CKOPOCTh Iepefaud MH(OpMAaLM; BEPOATHOCTb OMTOBOH OMIMOKH;
MIPOCTPaHCTBEHHO-BpeMeHHas o0paboTka; cucrema MIMO; napasenbHble KaHabI.
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