Advanced Information Systems. 2017. Vol. 1, No. 2

ISSN 2522-9052

UDC 621.3

doi: 10.20998/2522-9052.2017.2.13

0. Butenkol, S. Gorelik], D. Gusakovz, E. Buravchenko'

' National Aerospace University — Kharkiv Aviation Institute, Kharkiv, Ukraine

2 . .
Ryerson university, Toronto, Canada

AEROGEODESIS MONITORING OF POTENTIAL AREAS
OF SPONTANEOUS COMBUSTION OF THE FOREST

The subject matter of the article is method for detecting potential zones of forest tracts spontaneous combustion using
remote sensing data of the Earth. Aim of the article is to show how to increase the speed of decision-making to prevent
negative consequences caused by spontaneous combustion of forest areas without a source of fire brought in from outside.
The object of the research is a comprehensive analysis of the aerogeodesic monitoring data and contact measurements to
identify and localize on the satellite images areas with high fire potential in the presence of a fire source directly in the
territory of a possible fire. The methods used are the positions of general physics and higher geodesy, the basics of digital
image processing and thematic interpretation. Results of research. The main factors affecting the process of autoignition
of forest tracts are analyzed. A method of aerogeodetic monitoring, which is based on a map of thunderstorm activity, is
presented. Method is based on remote observations of thunderstorms. At the same time, the map reflects the position of
active thunderstorm cells in space and the projection of their coordinates on the geodetic map of the forest and is also a
route for the purposeful search and elimination of local sources of fire. In order to be able to make quick decisions related
to the prevention of negative consequences, an approach is used in which thunder cells are diagnosed for the purpose of
assessing fire hazard by their ability to activate the process of origin of local sources of fire. In this case, we consider such
controlled parameters as - the intensity of the electric field of the thunderstorm cell and the coordinates of its spatial
position with respect to the forest area. Conclusion: to identify the origination of local sources of fire in the localization of
possible autoignition zones, a relationship of thunderstorm clouds with the formation of the CCD was established.
Aerogeodesic monitoring of the CCD is the basis for the operative estimates obtaining of the current object state of
observation and prediction of the fire hazard level. The negative impact of forest fires on climate change, both local and
global, is quite significant. Insufficient knowledge of this aspect requires further collection of material and its analysis,
together with little-known "indirect" factors that cause spontaneous combustion of forest tracts and their individual sites.
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Introduction

It is well known that forest fires covering large
areas of the earth's surface cause significant damage not
only to the economies of various countries, but also to
the environment in General. This problem is dealt with
by various organizations associated with the study of the
nature of forest fires and improvement of measures to
deal with the problem, is a subject of many scientific
works, however, the task of rapid detection of potential
zones of spontaneous combustion of the forest are still
relevant. Opportunities for timely decisions to prevent
negative consequences caused by forest fires, the
proposed method of aerospace monitoring detecting and
locating potential zones of spontaneous combustion of
the forest, based on the main provisions of the General
physics and elements of higher geodesy. It is considered
that a forest fire occurs only in the presence of the fire
source, combustible materials and conditions conducive
to their ignition. In this case, one of the most critical
factors influencing the fire hazard is weather. Namely,
high temperature, often accompanied by low relative
humidity cause rapid drying of combustible materials
and ignite them from the fire source. In terms of the
spread of fires also directly affected by wind and cloud.
Rain occurrence plays a very important role as well. The
combination of all these factors allow the departments
of the hydrometeorological service to compile an
information card with applying them to the different
classes of fire danger.

It is assumed that since the sources of fire in f —
they are always given a priority [1].

In the classical approach, all indicators of fire
hazard are reviewed and evaluated only from the point
of view of the ignitions degree and speed of burning of
forest materials. It is obvious that even with a higher
emergency class, burning, no fire is possible without a
spark or some kind of fire initiation. However, despite
this, all prescribed fire activities will be conducted. This
patrol flights over several days, and a number of other,
less costly events. The advantages of these known
methods include a large enough list of options to
perform assessment of the possible combustion of solid
combustible materials. The only drawback of known
methods is the lack of real information about the source
of fire and its potential presence on site, although this
factor is dominant in the prediction of fire danger of
forests. On this basis, the main emphasis in identifying
areas with high fire hazard potential should be given to
the definition of the conditions constituting the source
of the fire directly on the territory of a potential fire,
assessing their possible effects on climate change, both
locally and in General.

1. Statement of the problem
and the content of the paper

It is known that for a number of fires the fire
source, usually recorded on the territory of the forest
from the outside (the human factor or natural
phenomenon such as lightning). The process of
occurrence of such fires are well known and researched.
With the proper approach, the cause of the fire and the
fire source accurately set. Therefore, we will not discuss
the issue in the article. The emphasis here is given to the
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investigation of fires on the territory of which the
sources of heat and combustible materials generated
solely by the forces of nature.

1.1. Analysis of local sources of fire

All that is known about fires caused by local heat
sources is that they often occur when changing weather
conditions. Spontaneous combustion usually occurs
spontaneously, is hidden from human eyes, and takes a
long time, and stitches smoldering heat can be
distributed over long distances. And only in the
presence of wind, flames of fire suddenly cover a large
part of the territory of the forest. The thermal energy
sources are negligible, respectively, and the ignition
energy of combustible materials must be of the same
order. This gives grounds to believe that such a source
can be a spark, provoked by the electric field of the
clouds. Thus, in the area of powerful clouds, the electric
field can reach 10* V/m or more. Plants appeared in the
field of such clouds are polarized and acquire an electric
moment. If, when the polarization was a leak of charges
of the same sign, then the excess charge after the
disappearance of the external field determines a loaded
condition of such plants (the conductivity is provided by
the plant tissue, which transport water with mineral salts
from the roots to the leaves).

In these conditions, the vegetation of the forest,
having a pointed form (stems, leaves, and needles of pine
trees, grass, etc.) is characterized by a well-known
phenomenon of "expiration of electricity with "needles
by" (pretreatments). In this case, if the local field near the
tip reaches a value of 3-10° V/m is required for electrical
breakdown of air, it actually happens. Thus, when the
field strength E, acting between the cloud base and the
plant, the size of the power plants and the maximum field
intensity at its tip are respectively equal to [2]:

soEob’ (b/a)* Eg
" le(2b/a)-1 lg(2b/a)-1"

where b is the length of the edge, and « its width (b > a),
&y — electric constant, F/m,

The electric field at the tip can reach breakdown
values when E, very far from this value. Under these
conditions, it can be observed pre-treatments associated
with the illumination of the "punch" of air near the tip.
Then, the ionized air increased the electrical
conductivity is preserved for a relatively long time, in
spite of the recombination of electrons and positive
ions, due to the slowness of recombination of the ions
opposite to each other. lonized air can be considered as
a gaseous conductor, which is a continuation of the
conductive body of the plant and performing the role of
"nozzle" on the edge.

Due to the smaller curvature of the "nozzle", the
field intensity at the surface is less than the breakdown
value and pre-treatments outside stops. However, if E,
increases, the area of the corona somewhat expanded,
i.e., expanded and extended the "cover" formed by a
broken air.

When the elongation of this "case" comes to
oppositely charged plants occurs the electric discharge.
Allocated to spark energy

and E =7

max

Qmax =

W= Qr%nax /2C’

where C = (b* -az)]/ 2 / arch(b/a) — the electrical
capacity of the plant, F [3].

For example, when E=10* V/m, b=5-10" m and
a=5-10" m maximum field strength at the tip of the plant
Ema=10" V/m, the induced charge on the plant
Quax=7-10" KL, spark energy W=2,5-10" J.

Thus, the plant with the apex of a tip can be a
source of spark discharge when you step on it the
electric field of a thundercloud.

1.2. Analysis of combustible materials

Determined in accordance with the formulae that
has been mentioned above, the amount of energy a local
source is clearly insufficient for the ignition of
traditional solid fuels. But it fully covers all four
categories, classifying combustible gas mixture
according to their Flammability energy from electrical
discharges (0,3 — 0,06:10” J) [4]. In this regard one of
the natural phenomena should be noted, typical for a
large part of the vegetation of the forest. It is producing
them in the environment organic compounds, which are
a perfect combustible mixture, as contain carbon,
hydrogen, oxygen, etc [5]. It should be noted that a
feature of conifers is the production of large quantities
of terpene hydrocarbons, which accounted for over 80%
of the number of emitted compounds. On the contrary,
for deciduous trees there is high content of isoprene.
Such trees producing a large number of isoprene include
various species of willow, poplar, aspen and oak.

Thus, a feature of the distribution of organic
compounds is that they are composed of cuticular wax,
a protective layer covering the leaves and stems of
plants. Spraying cuticular wax is most active in the
coniferous forests. For example, the static charge
creates a strong electric field around the tip of the
needles, causes dispersion of the wax with the formation
of aerosol particles of submicron size. The scale of the
territory of emission of hydrocarbon compounds in
vegetation of forests is huge. For example, for day 1 ha
coniferous forest in the South of Crimea allocates an
average of 4 kg of organic substances, and 1 ha of
deciduous forest about 2 kg. It is obvious that under
favorable weather conditions, especially during the
growing season, the forest may have areas rich
flammable mixture of hydrocarbon compounds.

1.3. A potential area of spontaneous
combustion of the forest (CCD)

It is considered that the CCD is forest areas where
ignition sources are created exclusively by forces of nature.
In contrast to the case where spontaneous combustion
comes from lightning, which is stored on the territory of
the future of the fire from the outside, the local source of
fire arises directly on it. Location lightning well visually
monitored in contrast to the cases where the ignition of
combustible materials arises from the flames of the hidden
nature of the development process, which is virtually
impossible to control. Therefore, their monitoring should
be based on the presence of a combination of natural
factors that generate these sources.
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The first factor — producing vegetation, woods
gaseous combustible mixture of hydrocarbon compounds.
This factor is continuous and present throughout the
vegetation period, which is characterized by the highest
intensity fires. The second factor is directly linked to the
passage of storm clouds that generate abnormally high
tension of the electric field at the tip tops of the plants,
leading to spark discharge. Basically, CCD is a forest
"lighter", in which a gaseous combustible mixture of
organic compounds being produced by forest vegetation.
The source of the fire is a spark from the tip of the tops of
the plants, provoking a storm cloud. Thus, local places of
accumulation of the gaseous combustible mixture plus
the passage over them of the cumulonimbus clouds are
the two most important factors that form the CCD with
the fire source, is sufficient to cause reaction of
hydrocarbon compounds with subsequent ignition of the
solid (traditional) combustible materials.

2. Method of aerogeodesis monitoring
potential areas of spontaneous
combustion of the forest

For operational decision-making related to the
prevention of negative consequences caused by fires, the
proposed method aerogeodesis monitoring, which
primarily analyzes the "potentially dangerous" areas,
selected on the basis of the dynamics of changes of
meteorological parameters. This approach differs from
the known fact: assess fire danger diagnose of the storm
cell by their ability to activate the process of emergence
of local sources of fire. Focuses on such control
parameters as the electric field intensity of the storm cell
and the coordinates of its spatial position with respect to
the territory of the forest. The ability to activate the
process is determined by the critical value of the electric
field at the earth's surface according to the condition

EppRh

Eog=——BRT >
R amn? +12)2

where Epp the electric field intensity of the storm cell,
and E > 10" V/m (selectable calculation or empirically),
h is the cell height relative to the surface of the Earth; R
is the radius of the storm cell, / is the shortest distance
of the cell to the perimeter of the controlled area of the
forest.

It should be noted that the method is based on the
map of storm activity, constructed according to remote
sensing observations of thunderstorms. The map reflects
the position of the active storm cells in space and the
projection of their coordinates on the geodetic survey
map of the forest.

For example, when Epr=2-10° V/m, R=2:10’ m,
h=1,5- 10° m, /=10° m, the critical field strength at the
carth's surface Ecg=3-10" V/m. This cell is able to
activate the process of emergence (Ecg>E) of local
sources of fire. Therefore, the projection of its
coordinates is plotted on a geodetic map of the forest as
a CCD. Basically, this map is a route targeted search
and eliminate local sources of fire. Currently, the storm
cell is controlled by known electronic systems. It should
be noted that many countries, e.g., Australia, England,

Japan, Argentina, India, Pakistan, Russia, USA, France,
etc. have a permanent system of observation of
thunderstorms. Their number in each country is
determined by the size of the areas occupied by these
services and the tasks that are set before them.
Typically, the system consists of 4-5 paragraphs of
observations. When placing them at the vertices of the
angles of equilateral polygons at distances of about
1000 km, the radius of such a system reaches 2500-3000
km, and the area of its overview, respectively
20-28 million sq. km [6].

3. The Negative impact
of forest fires on climate change

As a result of burning forests in the atmosphere
produces a significant amount of heat and combustion
products. Allocated quantity of energy in a forest fire
can be estimated by the thermal power of W [7]:

W =gmjt,

where ¢ is the average heat of combustion, MJ/kg; m —
mass of burnt substance, kg; ¢ — time of burning.

For example, as a result of forest and peat fires in
the exclusion zone of the Chernobyl nuclear power plant
on an area of 130 hectares (summer 2015) stood out the
thermal energy equivalent of 60,000 MW [7].

There are more than a thousand forest fires [8] in
Ukraine annually, the energy from which briefly heats the
atmosphere and causes local climate change. Thus, in the
process of forest fire stands out greenhouse gases (carbon
dioxide, nitrogen oxides) that cause climate change.
According to [9], the combustion of 1 ha of forest is
allocated to the atmosphere 1,875 tons of carbon dioxide
(CO,). According to the MOE of Ukraine [8] in 2014, a
15.4 sq.km of burned forest, resulting in the atmosphere
stood at about 28.9 million tons of CO,. This amount of
carbon dioxide from fires corresponds to emissions from
all road transport for the year [10].

It should be noted that the analytical review of the
scientific literature showed that the assessment of the
impact of forest fires on climate change are still poorly
understood and requires further research.

Conclusion

In conclusion, I would like to mention that the
installed logical connection of the clouds with the
formation processes of the CCD allows to effectively
control the fact of generating local sources of heat and,
consequently, to promptly forestall or eliminate them.

Aerogeodesis presents a method of monitoring the
CCD may be of interest to organizations concerned with
fire danger forecast and liquidation of forest fires, for
example, state emergency services and forest protection
services.

The negative impact of forest fires on climate
change, both local and global, is quite significant since
it is comparable to the carbon dioxide emissions from
road transport near the highways. Insufficient
knowledge of this aspect requires further gathering of
material and its analysis together with the poorly known
"indirect" factors causing spontaneous combustion of
plots of woodland and their individual sections.
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Aeporeone3u4HHII MOHITOPDHHT MOTEHUIHHNUX PaliOHIB CIIOHTAHHOIO 3aTOPSIHHSA JIicy
O. C. byrenko, C. L. I'openuk, /1. C. I'ycakos, €. A. BypaBuenko

IIpeamerom mocaimKeHb B JaHiil CTaTTi € METOJM BHSIBJICHHS MOTEHLIMHUX 30H camo3aliMaHHS AUISTHOK JIICOBUX MAacHBIB 3
BUKOPHUCTAHHSAM JIAHMX JUCTaHLIHHOrO 30HIyBaHHs 3emii. O0'€KT AoC/iIKeHb — KOMIUICKCHUI aHalli3 JAHMX aeporeose3M4HOro
MOHITOPHHTY Ta KOHTAQKTHHMX BHMIPIOBAaHb JUISl BUSBIICHHS 1 JIOKQJIi3alii HA KOCMIYHHMX 3HIMKaX IUITHOK MICLEBOCTI 3 BHCOKHM
TOXKeXKOHEOe3IeYHUM TTOTEHIIaJIOM B YMOBaX HAsBHOCTI JUKEpesa BOTHIO Oe3locepesHbO Ha TepuTopii HMoBipHOro noxesxi. Mera
JOCTIKeHDb TIOJIATac B MiJBUIICHHI OIEPaTHBHOCTI NMPHIHSATTS pillleHb, ITOB'I3aHMX 13 3ar00iraHHsSM HETaTUBHHUX HACHIJKIB, IO
BHUKJIMKaHI caMO3aiiMaHHsAM JIICOBMX IUIOII O€3 HAsBHOCTI 30BHIIIHBOrO DKEpENia BOTHIO. BHKOPHCTOBYBaHMMU METOJAMH € TaKi:
TIOJIOKEHHSI 3araibHol (hi3uku i BUIIOT reozesii, ocHOBU LudpoBoi 00podku 300paxeHsb 1 TemarnuHoro AemmdpysanHs. OTpumani
Taki pe3yJIbTATH: NPOAHATI30BaHI OCHOBHI (DaKTOpH, IO BIUIMBAIOTH HA IPOLEC CaMO3aiiMaHHS [UITHOK JIICOBUX MAacCHBIB.
INpencraBnenuii MeTo aeporeosIe3MIHOr0 MOHITOPUHTY, SIKMH 0a3yeTbcss Ha Mari IPO30BOI AIsUIBHOCTI, 110 OyIyeTbCs 32 JaHUMU
KOOpJMHAT Ha TeOIe3UYHOI KapTi JIiCy, a TAKOX € MapIIPYTOM LIJIECHPSAMOBAHOrO TOLIYKY Ta JiKBIAALi JOKAIBHUX JUKEpPEN BOTHIO.
JI1s. MOXUIMBOCTI ONEPaTHBHOIO NPUHHATTS DIllleHb, sKi MOB'I3aHi 3 IONEPEUKEHHAM HEraTMBHMX HACHiJKiB, OyB BHKOPUCTaHWiH
MJIXiJ, B SKOMY 3 METOIO OIIHKM MOKEKHOI HEeOEe3MeKu JiarHOCTYIOTh I'PO30BI OCEpEeAKH II0 X 3JaTHOCTI aKTHUBYBAaTH IIPOLIEC
3apOIDKEHHS JIOKAJIBHUX Jpkepelt BorHio (3JI/1B). BucHoBKH: U1 BUSBICHHS AUISHOK 3apO/PKEHHS JIOKAJIBHUX JDKEpEN BOTHIO MPU
JIOKaTi3alil 30H MOXJIMBOrO caMo3aiiMaHHS Oy/I0 BCTAHOBJICHO B3a€MO3B'SI30K I'DO30OBHX XMap 3 mpouecamu (opmysanHs 3JI/IB.
Aeporeonesnunuii MoHiTOpuHT 3J1/IB € 0CHOBOIO /ULl ONIEPAaTHBHOIO OTPUMAHHS OLIHOK ITOTOYHOI'O CTaHy 00'€KTa CIIOCTEPEKEHHS Ta
IIPOrHO3YBAHHsI PIBHS NOXKEKHOI HeOesneky. HeraTnBHMIA BIUIUB SIK JIOKAJIBHUX, TAK 1 ITI00aIbHUX JTICOBHX MOXKEXK HA 3MiHY KIIIMAary, €
JIOCUTh icTOTHUM. HenocraTHs BHMBYEHICTH JI@HOrO acleKTy BHMAarae IMOJAIIbIIOro 300py Marepiany i1 ioro anaiisy CHUIBHO 3
MAJIOBUBYCHUMH «HEHPAMHUMI» YMHHUKAMH, 1110 BUKJIMKAIOTh CaMO3aliMaHHsl AUISTHOK JIICOBUX MACHBIB 1 iX OKpeMUX JIUISHOK.

KawouoBi cioBa: cucreMa; reofe3ndHa KapTa; HOJIIPU3aLlisl; iCKpH; OpraHivHi CHOIYKH; TPO30BUI OCEPEIOK.

Asporeoe3nyecKnii MOHUTOPHHT NOTEHIMAILHBIX PaiOHOB CIIOHTAHHOIO BO3TOPAHHS Jieca
O. C. byrenko, C. 1. I'openuk, /1. C. I'ycaxos, E. A. bypaBuenko

IIpeameroM wmccieToBaHMIl B JAHHOW CTaThe SIBISTIOTCS METObI OOHApPY)KEHHs MMOTEHIMAIBHBIX 30H CaMOBO3TOpaHUs
YYaCTKOB JIECHBIX MacCHBOB C HCIIOJIb30BAaHHUEM JAHHBIX TUCTAHIMOHHOrO 30HAMpoBaHMS 3eMid. OObEeKT HccaeoBaHmii —
KOMIUIEKCHBIN aHaJI3 JaHHBIX a9pOreoe3n4eckoro MOHUTOPHHTa M KOHTAKTHBIX H3MEPEHUH JJIs BBISIBIICHUS M JIOKIN3aluH Ha
KOCMHYECKUX CHUMKAX y4aCTKOB MECTHOCTH C BBICOKHM IT0KapOONACHBIM ITIOTEHIMATIOM B YCIOBHSX HAJIWYUS MCTOUYHHUKA OTHS
HEIOCPEICTBEHHO Ha TEPPUTOPUM BEpOATHOro noxapa. ILleap mccienoBaHMil 3akiroyaeTcsi B IOBBILICHUM ONEPAaTUBHOCTH
NIPUHATHS PEIICHUH, CBS3aHHBIX C IMPEAOTBPAIICHHEM HEraTHBHBIX IIOCIIEJICTBUH, BBI3BAHHBIX CaMOBO3TOPAaHHMEM JIECHBIX
omanei 0e3 HaJM4Ms BHEIIHETO HCTOYHHMKA OrHs. Memosib3yeMbIMH MeTOAAMH MCCJIeIOBAHUMN SIBISIFOTCS TOJIOXKEHHS
obmeil Gu3MKM M BBICIICH Ieoie3ud, OCHOBBI LM(POBOH 00pabOTKM H300pa’keHHH M TEeMAaTHYeCKOro emu(ppUpoBaHUSL.
IMomy4densl ciaeqyroniue pe3yabTaThl: IPOAHATM3UPOBAHBI OCHOBHBIE (haKTOPBI, BIUSIONINE Ha MPOLECC CaMOBOCILUIAMEHEHUS
Y4YaCTKOB JIECHBIX MacCUBOB. IIpesicTaBlieH METO a9pOreoe3nIeCKOro MOHIUTOPHHTA, KOTOPBIN 0a3upyeTcst Ha KapTe TPO30BOi
JIeSITEIIFHOCTH, CTPOSIILEHCS 110 TaHHBIM JMCTAHIMOHHBIX HaOJIoNeHui rpo3. [Ipu 5ToM KapTa oTpakaeT MOJ0KEHUE aKTUBHBIX
IPO30BBIX SYEEK B NPOCTPAHCTBE M IPOEKIMH MX KOOPIMHAT Ha I'eole3MYecKO KapTe Jieca, a TaKKe SIBISIETCS MapLIpyToM
LIeJICHAIIPABJICHHOI'0 IIOMCKAa ¥ JIMKBUJAIMU JIOKAJBHBIX HCTOYHHKOB OTHS. J7I1 BO3MOXXHOCTH OIEPATHUBHOI'O IPUHSTHS
pELICHNH, CBS3aHHBIX C MPEAYNPEKACHHEM HEraTHBHBIX IOCIEICTBUM, HMCIOIb30BAaH IOAXOMA, B KOTOPOM C LEIBbIO OLCHKH
MOKAPHOI OMaCHOCTH JIMAarHOCTUPYIOT IPO30BBIE STUEHKH 110 UX CIIOCOOHOCTH aKTUBHPOBATH MPOIECC 3aPOXKICHUS JTOKAIBHBIX
ncrogHukoB oras (3JIMO). BeIBoABI: ISt BBISBICHUS YYaCTKOB 3apOXKACHHS JIOKAIBHBIX HCTOYHUKOB OTHS IIPU JIOKAIN3AIUHI
30H BO3MO)KHOTO CaMOBOCIUIAMEHEHMsI YCTaHOBJIEHAa B3aMMOCBS3b TPO30BBIX 00J1aKoB ¢ mpoueccamu (opmupoBanus 3JI1O.
Asporeonesndeckuil MoHutopuHr 3JIMO sBiseTcs OCHOBOHW Ul ONEPAaTUBHOIO IOJYYEHUS OLEHOK TEKYIEro COCTOSHUS
00BeKTa HAOIIOICHNS ¥ IPOTHO3MPOBAHUSI YPOBHS II0XKaPHOW oracHOCTH. HeratuBHOE BIMSHHE JIECHBIX IT0KAapOB HA H3MEHEHHUE
KJIMMaTa, Kak JIOKaJbHBIE, TaK M TJI00albHBIE, SIBISETCS JIOBOJBHO CYIIECTBEHHBIM. HemocTarowHas M3y4eHHOCTH NaHHOTO
acriekTa TpeOyeT HajpHeiIero coopa Mareprualia U ero aHajln3a COBMECTHO C MaJIOM3yYeHHBIMH «KOCBEHHBIMI (aKTOpaMH,
BBI3BIBAIOIIMMH CAMOBO3TOpPAaHIE YIaCTKOB JIECHBIX MaCCHBOB M UX OTJEIBHBIX yIaCTKOB.

Kao4deBble ciI0Ba: CUCT €Ma; reoIe3nHCCKas KapTa; MoJrsipu3aius; NCKpa; OpraHnIeCKUC COCIMHEHUS; I'PO30Bas srYeHKa.
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