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Background. There are scenarios of wireless sensor networks application, in which the use of terrestrial communication
becomes unacceptable: a considerable distance between the sensor nodes, destruction of land lines during natural disasters and
al. The alternative terrestrial communication to solve the problem to ensure the transmission of information from the sensor
nodes can be the use of satellite communication channels. However, the use of satellite channels makes high demands on
power transceivers, which imposes restrictions on the characteristics of the sensor nodes.

Objective. The aim of the paper is review of existing methods of application of satellite communication channels in
wireless sensor networks.

Methods. Analysis of well-known publications on the use of satellite communication channels in wireless sensor
networks, revealed specific scenarios in which the use of satellite channels can be an effective solution.

Results. It was found that, despite the additional complexity of the use of satellite communication channels in wireless
sensor networks associated with the energy constraints of sensor nodes, satellite channels are able to provide the territorial
flexibility for deployment of wireless sensor networks.

Conclusions. The use of satellite communications in wireless sensor networks has a number of unresolved problems. One
example is problem of multiple access organization in satellite channel for high satellite channel utilization depends on payload
traffic nature. A promising area of application of satellite communication channels in wireless sensor networks is a method of
forming a data channel from a group of spaced sensor nodes with limited energy, which is based on the principles of phased
arrays.

Keywords: wireless sensor networks; satellite channel.

identified as significant [2]:
- monitoring and surveillance of remote areas;
Many of economical, scientific and social spheres - emergency communications;
need instruments of information collection from large - support for supervisory control
surfaces and its processing. There are some acquisition (SCADA) systems;
requirements of fast information transmission from - critical infrastructures (CIs) monitoring;
collection points to data center in such applications. environmental monitoring.
Another type of requirements is related to fast system On the Fig.1 generalized WSN scheme is depicted.
deployment on target territory. Many sensor nodes collect and transmit data via
Fast development of microelectronic wireless channels to one or several gateway (sink)

Introduction

and data

devices,

wireless communications and digital computations
allow manufacturing of cheap, low power consuming
and multifunctional devices. They have small sizes and
can transmit data through radio channel. In common,
each device carries set of sensors, microprocessor and
radio transceiver. Radio interface supports different
network level protocols for interaction with other similar
nodes. Such systems are called Wireless Sensor
Networks (WSN) [1].

In particular, five WSN application scenarios are

nodes. Gateway node aggregates and sends data to data
processing center.

In many cases such systems have critical limitation
of terrestrial communication networks usage or other
infrastructures access. Depends on WSN application
scenario there are several cases when applying of
terrestrial radio connection can be inefficient: huge
distances among sensor nodes, demolishment of
terrestrial communication infrastructure due to natural
disasters.
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Fig. 1. Generalized WSN scheme

One alternative solution for communication problem
between sensors and datacenter can be harnessing of
satellite telecommunication systems (STS). In case of
existing satellite channel it is possible to start system in
shortest time comparing to time of other
communication techniques deployment. The main
drawback of satellite data transmission is high
requirements of transceivers power budget. This issue is
contrary to main features of typical WSN node design.

This article provides survey, which describes
different usage methods of satellite channels in WSN
systems design. We consider most typical examples and
design features of satellite segment application in WSN.
Additional power consumption which is possible with
satellite link usage was taken into a count, so we
propose short review of energy saving technics
appropriate for considered WSNs.

State of the Art technologies of WSN and
Satellite systems

The sensor nodes are the central element in a
wireless sensor network (WSN). Typical node consists
of four main subsystems: sensing, processing,
communication and power supply [3].

Node carries one or several types of sensors. Work
schedule of them and amount of generated data are very
distinct: measuring of physical parameters once a day
or continuous image transmission from camera. Main
requirements for sensors are low power consumption
and small size.

Processing subsystem controls node lifecycle and
performs initial sensor data transformations (filtration,
buffering, compression etc.). In case of hierarchical
WSN structure some nodes are capable to aggregate
raw data from other nodes to reduce total network load.
Commonly this node part is represented as low power
single-core microprocessor with limited memory and
storage capacities.

Communication subsystem provides data transfer

facilities from one node to others or/and base station.
Depends on system requirements (max. throughput,
power limitations, network topology) can be used one
of wide adopted wireless technologies such as IEEE
802.15.4 (ZigBee, 6LoWPAN), IEEE 802.11 (Wi-Fi),
IEEE 802.15.1 (Bluetooth). When these standards are
not applicable system specific solutions or alternative
radio link equipment (e.g. satellite communication) can
be used. Main challenges of data transmission part are
performance, low overhead and network integrity
achieved simultaneously with limited resources of
platforms.

Power supply in most cases is represented as small
energy element with one charge cycle. Possibility of
battery recharging or change in most cases is not
achievable due to high number of nodes and their
spatial distribution. Special technics such as duty cycles
and power saving modes can be used for node lifetime
extension.

Satellite technologies application in WSN scope in
general can be divided into two groups. First one uses
satellite link as a backhaul (or backbone) facility and
adopts high performance standards with VSAT
equipment and wideband signal and low latency
network access. This use case is described in the
following section. Another possibility is to use satellite
radio link for immediate data transfer from sensor
nodes. It requires usage of L-band frequencies and
lower and applicable for low intensity traffic (random
medium access or sensor node polling).

Satellite link usage between gateway node and
datacenter

Most frequent method of STS application in WSN is
data transmission from gateway sensor node to
datacenter. Fig.2a shows such architecture [2]. Satellite
channel doesn’t take part in data transmission among
sensor nodes. Satellite is used as connection section
between sensors deploying territory and point, where
high speed terrestrial communications exist. In work [4]
it is in details described successful design of WSN
network for data collection during ecological
researches.

Such approach in WSN design can be effective in
situations, when terrestrial communications (both cable
and wireless):

- don’t exist on sensor network deployment

territory;

- can’t be used due to administrative or other

reasons;

- don’t guaranty required throughput, service

quality or robustness;

- are not acceptable due to security reasons;
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- can be affected or totally destroyed during

natural or industrial disasters.

In general case, satellite communication channel
should be considered as a primary solution, when
territory of sensor location and its state can’t be defined
on system design stage, but characteristics of future
system surrounding infrastructure vary dramatically.
Satellite technologies can guaranty lowest time of WSN
launch, if it is possible to ship satellite terminal in target
area. Fig.2b illustrates possible construction of satellite
terminal for gateway sensor node.

Remote
Datacenter

[
]
]
]

(b)
Fig. 2. WSN with satellite link between gateway node and
data center (a); possible construction of satellite terminal for
gateway node (b)

Such terminals respectively can have fixed location
or be mounted on moveable platform for different
applications.

Depends on system properties (such as satellite
channel load pattern), efficient technologies of satellite
segment can vary drastically. If we have requirements
of real time data transfer with defined rate and low
latency, dedicated fixed rate will be simple and efficient
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solution. When channel utilization and terminal power
consumption have larger priority than low latency,
satellite systems with periodical station polling can be
used. For WSNs without continuous data transmission
(e.g. sensor detects threshold crossing of measuring
parameter and triggers data transmission), which
generate low amount of data with long silent terms,
most efficient can be channel with random access.

Another example with similar architecture is shown
in [5] where satellite link is used for connection body
sensor network (BSN) to telemedicine center. Such
solution allows providing continuous health monitoring
of ill patients without ground communication
dependencies.

In [6] Ku- or Ka-band satellite links are considered
for data transmission on top level of nodes hierarchy in
environment monitoring systems with high traffic
generation (image sensors and/or smart cameras).

Sensors with satellite interface

In some cases it is possible to consider group of
radio nodes, which do not communicate each other with
any wireless technology. Satellite link is only one
possibility of signal transmission for nodes. Example of
such system is search and rescue services. They are best
known as the systems that detect and locate emergency
beacons activated by aircraft, ships and backcountry
hikers in disasters [7]. Personal radio signal transmitter
can be considered as node in highly distributed sparse
sensor networks.

In most of such systems Low Earth Orbit (LEO)
satellites are used. They can scan whole Earth surface
even without simultaneous global coverage and detect
emergency signal in limited time period. LEO satellites
and narrow signal band allow keeping personal beacons
compact and energy efficient.

Energy and dimension limitations of sensor nodes
restrict possibility to transfer high speed traffic (video,
high resolution pictures) directly via satellite. Example
of satellite incorporation in such systems is represented
in [8] where satellites are used for backbone
construction in hybrid sensor network. Sensor nodes
only inform system about emergency situation when
satellite requests information updates. After emergency
message received uninhabited aerial vehicles (UAVs)
are launched for territory investigation and pictures
capturing. These UAVs with higher energy resources
can use the same satellite for multimedia data transfer
to central station.

Energy limits restrict throughput of physical layer
which causes higher requirements of low overhead in
medium access control protocol. Multiple access issues
are faced in work [9], which results propose estimation



16 INFORMATION AND TELECOMMUNICATION SCIENCES VOLUME 7 NUMBER 1 JANUARY — JUNE 2016

of tradeoff between throughput and latency for satellite-
routed disaster detection WSN.

Collaborative beamforming in WSN

Beamforming is a technique that is used for
directional signal transmission or reception and it relies
on the artificial creation of multipath fading by
equipping the transmitter with multiple antennas and by
sending the same signal from each antenna.
Nevertheless, battery-limited devices in WSNs are
likely to be equipped with a single antenna and so they
cannot use beamforming. A solution to this is to let
nearby nodes to cooperate with each other by sharing
their transmission data and then synchronously transmit
the compound data to the destination. In essence, a set
of distributed wireless nodes organizes itself as a virtual
antenna array and produces a desired beam pattern.
Such a beamforming is referred to as collaborative
beamforming (CB).

In work [10] it is proposed to use CB for data
transmission between two remote groups of sensor
nodes. Hybrid MESH-network structure can be
achieved in such way. In other works [2] CB is
described for satellite or high altitude platform channels
establishing (Fig.3).

Satellite platform /
high altitude platform

/.3/

|

q

® WSN node
Fig. 3. Collaborative beamforming for low power nodes [2]

CB may be adopted in modern WSNs for different
purposes such as to minimize the networks’ black-out
spots by balancing the node’s transmission energy as
well as to improve data security by eliminating signals
to undesired directions.

CB can be achieved by properly manipulating the

initial phase of the transmitted signal of each node
which are phase synchronized and have identical
messages. Two possible scenarios can be used: closed-
loop and open-loop scenario. In the first one, each node
independently synchronizes itself to a beacon sent from
the destination adjusting its initial phase, while in the
second one, all nodes within a group acquire their
relative locations from a beacon of a nearby reference
point (master node or cluster head).

Satellite sensor networks

Traditional satellite missions are extremely
expensive to design, build, launch and operate. Because
of the high cost, the aerospace industry have started
directing its attention to missions consisting of many,
distributed, small and inexpensive satellites. Distributed
space missions consist of multiple satellites working in
a coordinated fashion to execute the mission’s common
goal. Earth Observation (EO) is one of the main focuses
of both the industry and the research community. EO
missions consist of a group of nano-satellites, small
satellites with a mass of a few kilograms, or pico-
satellites, with a mass of less than one kilogram, flying
in formation or forming a constellation [11].

Applying of small satellite platforms as sensor
network nodes is not very common example of WSN,
but such design follows definition of these systems.
Satellite sensor nodes can perform measurements of
environment in space orbit (e.g. electromagnetic
radiation) or on Earth surface (with optical device). It is
not necessary for each satellite to establish direct
transmission link to Earth stations. In such systems
intersatellite links are frequently used, which can be
organized in radio or optical band [12].

Research work [13] presents possibility to apply
commonly used communication technologies and
standards of terrestrial WSN for intersatellite
communication (with link range up to 15 km). IEEE
802.15.4 ZigBee communication channel was
implemented in nano-satellite project. This example
proves concept of low-cost radio equipment usage for
communication of high density low-orbit satellite
groups.

WSN nodes localization

The importance of localization information arises
from several factors, many of which are related only to
WSNs. These factors include the identification and
correlation of gathered data, node addressing,
management and query of nodes localized in a
determined region, evaluation of nodes’ density and
coverage, energy map generation, geographic routing,
object tracking, and other geographic algorithms.
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Unfortunately, for a large number of sensor nodes,
straightforward solution of adding GPS to all nodes in
the network is not always feasible.

There are a lot of methods for sensors localization
which use different physical phenomena to compute
relative positions among WSN nodes. [14]. However,
for terrain binding some sensor nodes may be equipped
with GPS receiver to act as beacons for other nodes to
infer their location [15].

In general, satellite-based positioning systems such
as GPS or GLONASS provide capabilities for precise
nodes localization, but a lot of WSN equipment
limitations require hybrid schemas of node localization.

Energy aspects

As was mentioned few times above, WSN nodes in
most cases have restrictions of power supply capacity.
This fact requires energy efficiency optimizations of all
nodes’ subsystems. One of the main sources of energy
consumption in sensor nodes is communication
function which includes listening to the wireless
channel and transceiving packets.

For WSN nodes equipped with satellite or UAV
links energy consumption of communication subsystem
can be significantly (orders of magnitude) larger. In
most cases described in previous chapters (except
satellite link as a bridge between sink and datacenter)
power efficiency becomes primary issue.

In state of the art WSN systems power saving
measures are applied on different levels implicitly or
explicitly.

Optimizations of nodes interaction on application
level are implemented with different data aggregation
technics [16]. Amount of data samples transferred from
sensors can be reduced both in time dimension (only
average/maximum value in measurement period is sent)
and spatial dimension (aggregate nodes combine data
from subordinate sensor nodes). In any case the goal of
data aggregation is to reduce amount of transmitted
information via wireless link. However, data processing
on aggregation stage causes additional power
consumption by processor unit. This fact requires
tradeoft solution. In context of satellite communication
links (high power cost of data transfer) data aggregation
is more efficient than for typical WSN.

For sensor nodes with satellite link network routing
problem is trivial: nodes either are connected to one
GEO satellite or to one of LEOs which is determined by
schedule. Nevertheless medium access problem has
additional issues in consequence of link delay and
impossibility for nodes to listen common satellite
channel. Terrestrial WSNs use power saving technics of
MAC layer such as node duty cycles, deterministic
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medium access protocols (signal transmission by
schedule), etc. [17] which can be effectively reused for
satellite connection of separate nodes.

Another approach for WSN node lifetime extension
is energy harvesting [17]. This technic introduces
converting ambient energy to electrical energy which
can be used for node supply. This approach is not
commonly adopted in WSN nodes design because of
small size and low cost requirements of such devices.
However for specific sensor networks with more
complex nodes (large number of sensors) which can be
equipped with satellite communication module
additional energy harvesting subsystem (e. g. solar
panels) can provide efficient solution of power problem
without extreme node price increase compared to initial
hardware cost.

The last large group of energy efficiency
improvements we consider for satellite linked WSN
nodes is physical layer upgrade. Except different
straightforward technics such as increased power
supply capacity or energy efficient power amplifier
more sophisticated solutions exist. Sensor network
paradigm adopts use of low-directional (in many
assumptions omni-directional) antennas. Application of
directional (“smart”) antennas for WSN nodes is a
current research area which goal is to extend
communication capabilities of nodes without power
overconsumption or energy saving with constant
transmission range. Application of antenna system with
controlled narrow beam provides possibility of satellite
connection for cases where transmitter power is too
low.

Conclusions

Survey demonstrates example of systems and
services, where satellite technologies are adopted as
effective solution for WSN communication problems.
Despite of additional complexities in satellite channels
caused by sensor node signal power requirements,
satellite systems can provide desirable territorial
deployment flexibility for WSN.

Traditional use of satellite technologies as
connecting chain between terrestrial WSN and
datacenter still has open topics for research. One
example is problem of multiple access organization in
satellite channel for high satellite channel utilization
depends on payload traffic nature.

Some modern ideas as collaborative beamforming
have not been widely adopted in production systems
yet. But it can be considered as a perspective for WSN
technologies evolving.

Additional energy consumption which can appear
with satellite communication is taken into a count, so
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we propose short survey of power saving technics
suitable for WSN networks.
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O.1. Jlucenxo, C.B. Kawyéa, B.1. Hogikos, T.0. Ilpuwena.

Orusg 3acTocyBaHHS CYMyTHUKOBHX TE€XHOJIOTii B 0€3MPOBOI0OBUX CEHCOPHHUX MepeKax

IIpo6aemaTuka. IcHyroTh cueHapii 3acTocyBaHHSI O€3IPOBOJIOBUX CEHCOPHUX MEPEX, B SIKUX BUKOPHCTaHHS HAa3€MHOTO
3B'A3KYy CTa€ HENPUHHATHUM: 3HAYHA BIJICTaHb MK CEHCOPHMMHM BY3JIaMM, PYHHYBaHHS Ha3eMHHUX JIiHIH 3B'A3Ky Mix vac
CTUXIHHHX JIMX Ta iH. AJIbTEPHATHBOIO Ha3eMHOTO 3B'SI3KY IPH BHUPIIICHHI 3aBJaHHs 3a0e3redeHHs nepenadi iHpopmarii Bifg
CCHCOPHHX BY3JIIB MOXe OyTH BUKOPHCTAaHHS CYIyTHHKOBUX KaHaJiB 3B'S3Ky. OIHAK BHKOPHCTAaHHS CYIyTHUKOBOTO KaHAITY
npen'siBisie BUCOKI BHMOTH JO CHEPreTHKH INpHAMAIBbHO-TIEpeIaBalbHUX NPHCTPOIB, M0 HakiIagae OOMEKEHHS Ha
XapaKTePUCTUKH CCHCOPHHX BY3IIiB.

Meta pocaigxenb. Orisi iCHyIOUHX METOMIB 3aCTOCYBaHHS CYITyTHHKOBHX KaHAJiB 3B'A3Ky B O€3MIPOBOIOBHX CEHCOPHHX
Mepexax.

MeTtoauka peanizanmii. AHamiz BiZoMuX myOJiKarlif, MPUCBAYCHUX 3aCTOCYBAaHHIO CYIyTHUKOBHX KaHAJIB 3B'A3Ky B
0e3MPOBOOBIX CEHCOPHUX MEPEeXkax, J03BOJIMB BUSBUTH XapaKTEPHi CUEHapii, B IKMX 3aCTOCYBaHHS CYNYTHHKOBHX KaHAaJiB
MOXke OyTH eDeKTHBHUM PILLICHHSM.

PesyabraTu gociimkens. BeranosneHo, o, He3BaXal0yy Ha J0/IaTKOBI CKIIAHOCTI 3aCTOCYBaHHS CYIYTHUKOBHX KaHAIIB
3B'AI3Ky B OE3NPOBOJOBUX CEHCOPHHX MeEpekax, fKi IOB'SI3aHi 3 EHEPreTHYHMMH OOMEXEHHSIMHU CEHCOPHHUX BY3IIB,
CYIIyTHUKOBI KaHaJIM 31aTHI 3a0€3NeYnTH HEOOXIIHY TepUTOpialbHy THYYKICTh IPU PO3rOpTaHHI OE3MPOBOJOBUX CEHCOPHHUX
MEpEexX.

BucHoBKkH. BUKOpUCTaHHS CYINYTHHKOBHX KaHANIB 3B'SI3Ky B O€3MPOBOJOBHX CEHCOPHUX Mepexkax Mae psili HEBHPILICHHX
npobneM. Hampukiax, BiACYTHS MeToAWKa BHOOPY HPOTOKOJTY MHOXKMHHOTO JOCTYIy 1O CYIIYTHHKOBOTO KaHaly, sKa
HeoOXimHa I e(peKTHBHOTO BHKOPHCTaHHS PECYpCiB KaHAIy INpH Tepenadi pisHMX TumiB Tpadika. IlepcrekTnBHUM
HAIPSIMKOM 3aCTOCYBaHHS CYIlyTHHKOBHX KaHAJIB 3B'3Ky B O€3IIPOBOJOBHX CEHCOPHUX MEpekax € METOJl YTBOPEHH: KaHaTy
nepenadi JaHUX Biff TPYIH PO3HECEHWX CEHCOPHUX BY3JIB 3 €HEPreTHIHUMH OOMEXEHHAMH, KU 0a3yeThcs Ha MPHHLUIAX
(ha30BaHMX aHTEHHUX PELIITOK.

KirouoBsi ciioBa: 06e3mpoBOIOBI CEHCOPHI MEPEXi, CyITyTHUKOBUI KaHAI.

A.U. JIvicenko, C.B. Kawyéoa, B.U. Hosuxos, T.A. IIpuwena.

O030p NpUMeHeHHUsl CIIYTHUKOBBIX TeXHOJIOTHIi B 0eCIIPOBOIHBIX CEHCOPHBIX CeTAX

IIpo6aemaTuka. CyniecTBYIOT CLEHAPHM NPUMEHEHHS OECHpPOBOAHBIX CEHCOPHBIX CeTeH, B KOTOPBIX HCIIOJIb30BAHHUC
Ha36MHOW CBS3M CTAaHOBHUTCS HENPHEMJIEMBIM: 3HAYUTEIBHOE PACCTOSHHE MEXIY CEHCOPHBIMH Y3JaMH, pa3pylleHHE
HA3eMHBIX JIMHUH CBS3W BO BPeMs CTUXHHHBIX OCICTBHHA M Ap. AJBTEPHATHBOW HA3EMHOW CBS3M IIPH DPEIICHWH 3a1add
obecrieueHns Inepegayd MHPOPMALMH OT CEHCOPHBIX Y3JIO0B MOXKET OBITh HCIONB30BAHHE CITyTHHKOBBIX KaHAIOB CBS3H.
OnHako HMCIONIB30BAaHHE CITyTHMKOBOIO KaHala NPENbABISIET BBICOKHE TPEOOBAaHMSA K JHEPreTHKE IPHUEMO-IIEPENArOIINX
YCTPOMCTB, YTO HAKJIA/IbIBACT OTPAHUYIEHHS Ha XapaKTEPUCTUKI CEHCOPHBIX Y37IOB.

Heas unccnenoBanmii. O030p CyIMISCTBYIOIIMX METOJOB MPUMEHCHUsS CIYTHUKOBBIX KaHAJIOB CBSI3U B OECIPOBOIHBIX
CEHCOPHBIX CETSIX.

MeTOHﬂKa peaaun3anuu. AHanu3 MU3BECTHBIX ny6n1/11<au1/1171, MOCBAIICHHBIX NPHUMCHCHWIO CITYTHHKOBBLIX KaHaJIOB CBSA3U B
0ecrpOBOJHBIX CEHCOPHBIX CETSAX, MO3BOJMI BBIIBUTH XapaKTEPHBIE CIIEHApHH, B KOTOPHIX HPUMEHEHHE CITyTHHUKOBBIX
KaHaJIOB MOXKET OBITh AP (PEKTUBHBIM PEIICHUEM.

Pe3yabTaThl McceaoBaHUN. Y CTaHOBIEHO, YTO, HECMOTPS HA JIONIOJIHUTEIbHBIE CIOKHOCTH NMPUMEHEHHS CITyTHHKOBBIX
KaHaJIOB CBSI3M B OECIIPOBOAHBIX CEHCOPHBIX CETAX, CBS3aHHBIE C JHEPreTUYECKMMH OTPAHHUYCHHSMH CEHCOPHBIX Y3IIOB,
CIIyTHUKOBBIE KaHaJbl CIIOCOOHBI 00ECHeYnTh HEOOXOMUMYIO TEPPUTOPHAIBHYI0 THOKOCTh TIPU  pa3BEepTHIBAaHUHU
0eCrpOBOIHBIX CEHCOPHBIX CETEH.

BreiBoabl. Mcronb30BaHWE CITyTHHKOBBIX KaHAIOB CBSI3H B OCCIIPOBOAHBIX CEHCOPHBIX CETAX HMECT PsiJi HE PEIICHHBIX
npobnem. Hampumep, OTCyTCTByeT MeTOAMKa BbIOOpa IMPOTOKOTA MHOXECTBEHHOTO AOCTyNa K CIYTHHKOBOMY KaHaly,
HeoOxoaumass uis 3((EKTHBHOTO HCIIOJIb30BaHMS PECypCOB KaHala @pU Iiepeadye pa3jiMyHbIX THUIOB TpaduKa.
HepCHeKTMBHbIM HalpaBJICHUEM TMPUMCHCHUA CIIYTHUKOBBIX KaHAaJIOB CBA3U B 6ECHpOBO[lH])IX CCHCOPHBIX CECTAX SABJIACTCA
MCTO 06pa3OBaHl/Iﬂ KaHajla TMepcaadyu JaHHbIX OT TIPYHIbl Pa3sHECCHHBIX CCEHCOPHBIX Y3JI0B C OJSHEPreTUUYCCKUMU
OTpaHUYEHUSIMHU, KOTOPBIN Oa3upyeTcs Ha NPUHIUIIAX (Pa3UPOBAHHBIX AHTEHHBIX PEIICTOK.

KaioueBsie c1oBa: GecripoBOHbIE CEHCOPHBIE CETH, CITyTHUKOBBII KaHaJl.



