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Purpose. To develop the automated processing technology of the low and medium spatial resolution multispectral satellite
images, which provides increasing reliability and efficiency of determining the area of forest burnt.

Methodology. We used the methods of assessment of the state of vegetation on the burnt area, a complex of different
vegetation indices and satellite image classification methods. The method of fire-sites decoding included the following main
steps: selection of the image showing the area before and after a fire and calculation of vegetation indices.

Findings. The efficient technology of automated estimation of the area affected by forest fires, using satellite imagery, has
been suggested. The technique allows us to fulfill all the processing procedure by means of the web-service that provides cur-
rent and reliable data about the fire effects. Using the developed method we analyzed the multispectral images with low spa-
tial resolution from Terra and Aqua satellites (instrument MODIS) in order to identify areas and periods of active burning in
the selected area (California). Then we processed the multispectral images with medium spatial resolution from Landsat 8 sat-
ellite (shooting device OLI) to define accurately the boundaries of the burnt areas and to calculate their size. The area of the
forest burnt during the period from July 30 to August 12 in 2015 exceeds 41 477 ha.

Originality. In contrast to the existing methods of determining the burned areas by means of satellite images and using the
Differential Normalized Burn Index (dNBR), the proposed technology allows determining the areas burnt more accurately
through independent determination of optimal binarization thresholds for each image. In addition, it is possible to analyze the
temporal changes in the affected forest areas for long periods of observation, by using vector layers with attribute information.
The essential advantage of the technique is the high degree of automation of the satellite images processing and the use of re-
mote sensing data, which are freely available on the Internet.

Practical value. The developed technology allows creating a web service for regular space monitoring of the
consequences of forest fires. The users of such a service may be state monitoring bodies, state and private insurance com-
panies, energy and oil refining companies, municipal services, private companies, farmers, TV and radio companies and other
mass media, as well as population living close to the territories affected by forest fires.

Keywords: remote sensing, satellite monitoring, multispectral imagery, forest fires, spectral indexes, NBR, image pro-

cessing

Introduction. Every year around 400 thousand forest fi-
res occur in the world. They cause huge damage to the fores-
try destroying millions of hectares of forests, up to 0.5-1% of
all forests on the Earth. Besides the direct damage, they pol-
lute the atmosphere with large amounts of carbon dioxide
and combustion products. Forest fires are responsible for aro-
und 60% of all forest stand destroyed annually by all anthro-
pogenic and natural factors. Annually, from 10 to 20% of the
area taken by fire gets into the category of burnt-out terri-
tories, and regarding the remaining part of this area, different
levels of damage of forest stand are registered. Of all the fac-
tors killing forests, the most negative consequences for the
biosphere are caused by forest fires. They do not only des-
troy the forest, but also, as a result of burning of huge mass

© Hnatushenko V.V., Hnatushenko Vik.V., Mozgovyi D.K.,
Vasiliev V.V, 2016

70

of organic substances, emit large quantities of carbon dioxide
into the atmosphere, increasing the greenhouse effect. Forest
fires also destroy stocked lumber, structures built in the fore-
sts, forest floor and undergrowth as well as stocks of hay and
peat. Fires scare away or kill animals inhabiting forests, dec-
rease crops of berries and mushrooms, disrupt the water ba-
lance of territories and stipulate shoaling of rivers and ero-
sion of banks, decrease humus in soils.

Statement of the research problem. Many papers have
discussed the assessment of post-fire forest areas by using
NBR (Normalized Burn Ratio) and difference NBR (dNBR)
[1-6]. The main problem of fighting forest fires is related to
difficulty of their early detection on huge territories (espe-
cially in low populated places). To solve this problem, satel-
lite imaging has come into use recently, which, in compa-
rison with observations from the surface and patrolling, pro-
vides full coverage of the territory of forests. And the pos-
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sibility of frequent observations of the same territory from
satellites makes this method more advantageous than any ot-
her, especially away from populated regions. For the remote
detection and monitoring of active forest fires around the
world there are special services which use data from the sa-
tellites Terra, Aqua (device MODIS) and NOAA (device
AVHRR) providing every day multiple coverage of the whole
land with low resolution images. Open access to these ima-
ges makes it possible to carry out up to date monitoring at
much lower cost in comparison with patrolling and statio-
nary methods of detection.

Evaluation of economic and environmental consequen-
ces of forest fires requires timely obtaining of unbiased data
about the state of the damaged forestry, including informa-
tion about drying out and dry trees on those territories. This
kind of data is currently obtained, as a rule, with the use of
on the ground periodical inspections of pathology of trees.
Because of high labour intensity and limited accessibility of
remote areas, such inspections cover only an insignificant
part of the forest area damaged by fires. This encourages de-
velopment of alternative methods for evaluation of the state
of the forests damaged by fires with the use of satellite imag-
ing. For evaluation of aftermath of forest fires, data from the
Landsat, SPOT, IRS and RapidEye providing periodical global
or regional coverage with medium and high resolution imag-
es are used. But the use of high spatial resolution images re-
quires the use of complex processing methods [7].

Objectives. The main objective is to develop an automa-
ted processing technology of the low and medium spatial
resolution multispectral satellite images, which provides in-
creasing reliability and efficiency of determining the area of
forest burnt.

The input data. Below are the results of monitoring of
the consequences of forest fires which occurred in July-Au-
gust, 2015 on a selected territory of California based on pub-
licly available low and medium resolution satellite images.
To determine locations of seats of fire and dynamics of mo-
tion of the flame front, images from satellites Terra and Aqua
were used (imagine device MODIS), which have the field of
view of the optical system 110° wide and provide survey im-
aging of the whole surface of the Earth twice a day (the
width of the strip of the imaging is 2330 km).

The spectroradiometer MODIS has 36 spectral channels
of visible and infrared bands which are tuned to the windows
of transparency of the Earth atmosphere. The radiometric re-

solution of the source images is 12 bits, which makes it pos-
sible to observe different natural objects and solve a wide
range of scientific and applied problems. For more detailed
analysis of the consequences of the fire images from the sa-
tellite Landsat 8 were used (imaging devices OLI and TIRS);
it has 11 spectral channels of visible and infrared bands in the
windows of transparency of the Earth atmosphere (table 1).

Methodology. We use the methods of assessing the state
of vegetation on the burnt area, applied in a complex differ-
rent form vegetation indices and satellite image classification
methods. The method of decoding burnt included the follo-
wing main steps: the image selection for the period before
and after the fighting fixed and the calculation of vegetation
indices. The burned area classification is a technology using
remotely sensed data to assess the severity of fire damage to
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vegetated areas developed by the US Forest Service and US
Geological Survey. It is premised on the contrast in near in-
frared (NIR) and mid infrared (MIR) reflectance between pre-
fire vegetated surfaces and post-fire denuded surfaces. Inde-
xed image NBR (Normalized Burn Ratio) makes it possible
to determine a burnt-out place in a satellite image with the
use of spectral channels of the near IR (NIR) and short wave-
length IR (SWIR) bands according to the formula NBR = (NIR
— SWIR) / (NIR + SWIR). This formula uses the significant dif-
ference in reflection coefficients (albedo) in spectral channels
of NIR and SWIR bands, corresponding to the healthy forest
and to burnt-out territories:

- in the NIR band the healthy forest has a higher albedo;

- in the SWIR band the burnt-out forest has a higher albe-
do.

Table 1
Spectral channels of Landsat 8

Spectral channels Wave lengths ~ Resolution Device
Channel 1 — Shores and 0.433 - 0.453 pm 30m
aerosols
Channel 2 — Blue 0.450 - 0.515 pm 30 m
Channel 3 — Green 0.525 - 0.600 pm 30 m
Channel 4 — Red 0.630 - 0.680 um 30m
Channel 5 — Near IR 0.845 - 0.885 um 30m OLI
Channel 6 — Short
wavelength TR 1.560 - 1.660 um 30m
Channel 7 — Short
wavelength TR 2.100 - 2.300 pm 30m
Channel 8 — Panchromatic ~ 0.500 - 0.680 pm 15m
Channel 9 — Cirri clouds 1.360 - 1.390 um 30 m
Channel 10 - Far IR 10.30 - 11.30 um 100 m TIRS
Channel 11 - Far IR 11.50 - 12.50 pm 100 m

For the quantitative evaluation of the consequences of the
forest fire on a selected territory in July-August, 2015, pro-
cessing of images from the satellite Landsat 8 was perfor-
med, which included the following stages:

- preliminary operations (selection of the area of interest,
search for an image by date, check of its quality);

- spectral synthesis in natural colours and artificial co-
lours of heat channels;

- creation of the indexed NBR image;

- threshold binarization of the indexed image;

- morphological filtering of the binary image;

- vectorization of the binary image and calculation of
characteristics (the area of burnt-out patches);

- visualization of the changes on the map and export of
the vector layer into a kml-file.

For satellite images processing our own software modu-
les in the language IDL were used.

Research results. Using the developed technology mul-
tispectral images with low spatial resolution from Terra and
Aqua satellites (instrument MODIS) were analyzed in order
to identify areas and periods of active burning in the selected
area (California). Then multispectral images with medium
spatial resolution from Landsat 8 satellite (shooting device
OLI) were made to accurately define the boundaries of the
burnt areas and the calculation of their areas.
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Fig. 1-4 show the dynamics of development of the forest
fire on the selected territory in July-August, 2015, according
to the data of the satellites Terra and Aqua (imaging device
MODIS). Fig. 5, 6 show aftermath of the forest fire on the se-
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Thermal
Spectrum
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lected territory in July-August 2015 according to the data
from the satellite Landsat 8 (imaging device OLI). Fig. 7, 8
show the results of the main stages of processing of an image
taken by the satellite Landsat 8 on 19 August 2015.

August 1, 2015
Smoke trail
detected

August 1, 2015
Heat anomaly detected

a
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Fig. 1. The start of a forest fire (low resolution operational data)

The area of the burnt-out forest in the period from July
30 to August 12 exceeds 41 477 hectares acc. to data from
Landsat 8.

The distinguishing feature of this technology is to split
the search and processing into the stages:

- a more precise definition of the burning period of the
low resolution operational data;

- a more precise definition of determining the area of
burned areas on a periodic medium resolution data;

- formation of vector layers burnt with attribute informa-
tion for each image ;

- analysis of the temporal changes in the affected are-
as by using only vector layers with attribute information
(i.e. without the need for processing raster data).

In contrast to the known methods for determining
the area of burned areas on satellite images at different
times using the Differential Normalized Burn Index
(dNBR), the pro-posed technology allows determining
more accurately the areas burnt through independent de-
termination of optimal binarization thresholds for each
image. In addition, it is possible to analyze the temporal
changes in the affected forest areas for long periods of
observation, by using vector layers with attribute infor-
mation.
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The essential advantage of the technique is the high de-
gree of automation of the satellite images processing and the
use of remote sensing data which are freely available on the
Internet.

Practical significance. The developed technology allows
you to create a web service for regular space monitoring of
consequences of forest fires on its basis. The users of such a
service may be:

- state monitoring bodies (fire-fighting, forestry, environ-
mental services etc.);

- state and private insurance companies (unbiased evalu-
ation of the scale and heaviness of the consequences, as well
as evaluation of the real loss);

- energy and oil refining companies (evaluation of the
possible influence of forest fires on electric power lines, gas
and oil pipelines, etc.);

- municipal services, private companies, farmers (mea-
sures to restore the infrastructure objects);

- TV and radio companies and other mass media (propa-
ganda of prevention of fires);

- population living close to the territories affected by for-
est fires (obtaining objective and trustworthy information as
for the scales and seriousness of the consequences of the for-
est fires).
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Fig. 2. Continuing forest fire (low resolution operational data)
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Fig. 3. Completion of a forest fire (low resolution operational data)
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Satellites Terra
and Aqua Imaging
device MODIS

Visible
Spectrum

channels 1-4-3

3
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Prior to the fire g0 VRAL . After the fire

L

Thermal
spectrum
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Fig. 5. State before a forest fire (medium resolution perio- Fig. 6. State after a forest fire (medium resolution periodi-
dical data) cal data)

Conclusions. An efficient technology of automated esti- Further research will be associated with advancing the
mate of the area affected by forest fires, using satellite ima- proposed technique one step further for more detailed
gery has been suggested. The technology allows realizing all analysis of individual sections of the burnt areas using sat-
the processing procedures such as a web service that provide ellite imagery and super resolution methods of object pro-
current and reliable data of the fires aftermath. cessing.
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Fig. 7. Satellite image processing results (medium re-
solution periodical data)
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Meta. Po3pobka TexHOMmOTii 0OpOOKH CYITYyTHHKOBHX
3HIMKIB, IO 3a0e3nedye IABUIICHHS IOCTOBIPHOCTI Ta
OTIePaTHBHOCTI BU3HAYCHHS TUIOLII JTICOBUX rapei 3a JaHu-
MU 0araToCeKTpaIbHOI CYIyTHHKOBOI 3HOMKI HU3BKOTO i
CEPEeIIHBOTO IIPOCTOPOBOIO PO3PI3HEHHSI.

MeToanka. BUKOPHCTOBYIOTBECS METOJM OIIIHKU CTaHY
POCIMHHOCTI HAa BUTOPUIUX TLIOIIAX, 3aCTOCOBYIOTHCS B KO-
MILICKCI Pi3HI BereTalliiiHi iIHICKCH Ta METOIM Kilacu(ikarii
KOCMIYHHX 300paxkeHb. MeTomka nemudpyBaHHst 3rapuii
BKJIIOYAJIa HACTYITHI OCHOBHI eTarnu: BiiOip 3HIMKIB 3a 1epi-
071 110 Ta micyst 3adikCOBaHMX TOXKEXK 1 pO3paxyHOK Berera-
LIHUX iH/ICKCIB.

PesyabTaTn. 3anpornoHoBaHa e(eKTHBHA TEXHOJOTIs
aBTOMATH30BAaHOTO BU3HAYCHHSI TIJIOI TEPUTOPIH, OCTpaK-
JTATTAX BiJ] JIICOBUX TOXKEXK, 3 BUKOPUCTAHHSAM CYITyTHHUKO-
BUX 3HIMKIB. [HIeKCHE 300paxeHHs NBR (Normalized Burn
Ratio) mo3Bonsic BU3HAYMTH Ha CYIMyTHUKOBOMY 3HIMKY
TUIOIILY 3rapHIla Mo CHEKTPaJbHUM KaHaiax OJvmkHboro 14
(NIR) 1 cepemnporo 4 (SWIR) miama3oHiB 3a (hOpMYIIOHO
NBR=(NIR-SWIR)/(NIR+SWIR). Jlara (opmyia BUKOPUCTO-
BY€ CYTTEBY BIIMIHHICTH KOS(]IIIEHTIB BITONUTTS (ay1b0E10)
B CIIEKTPaJIbHHUX KaHatax OmmkHboro 1Y Ta cepenHboro Y
Jliarta3oHiB, BIIMOBIAHKUX 3/I0POBOMY JIICY Ta BUTOPLIMM Te-
putopisim. [IpoBeeHo aHami3 OaraToCIeKTPaIbHIX 3HIMKIB
HHU3BKOTO IIPOCTOPOBOrO JI03BOJy 3 CymyTHHKIB Terra,
Aqua (mpmrag MODIS) 3 METOIO BH3HAYCHHS TUISTHOK 1 T1e-
pioIiB aKTHBHOT'O TOPiHHS Ha 0OpaHiii Tepuropii (mrar Ka-
miopHist). Bukonano 00poOKy 0ararocreKTpaabHUX 3HIM-
KiB CEpeIHbOr0 IIPOCTOPOBOrO O3BOJTY 3 CymyTHHKa Land-
sat 8 (3HIManbHHI TprIan OLI) 3 METOX TOYHOTO BU3HA-
YCHHS MEX BUTOPUIMX JULTHOK 1 PO3PaXyHKy iX IUIOIIL.
[Tnoma 3ropiyioro Jicy Ha CHOCTEPEKYBaHOI TepHUTOpii B
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niepion 3 30 yumHSA 1m0 12 cepmHs 2015 p. ckiana OuTbie
41477 rexrtapiB. TexHOIOTIS JO3BOIISE peati3yBaTH BCi Mpo-
nemypu oOpoOKH y BUTIIAI BeO-CepBiCy, IO HA/IA€ aKTya-
JIBHI W TOCTOBIPHI JTaH1 PO HACIITKHI TIOXKEIK.

HayxoBa HoBM3Ha. Ha BinMiHy Bin BiTOMHX METOIB
BHU3HAUEHHS TUION] BUTOPUINX TEPUTOPIK MO PI3HOYACHUM
CYIIyTHUKOBUM 3HIMKaM 3 BHKOPHCTaHHSIM Au(epeHIiiio-
BaHOTO HOPMAJIi30BaHOrO iHzAeKCy 3rapuiia (ANBR), 3ampo-
TIOHOBaHa TEXHOJIOTIsI JIO3BOJISIE OLIBII TOYHO BU3HAYATH
BUTOPUT JIJISTHKK 3aBISKH HE3AJISKHOMY BHU3HAUECHHIO OII-
TUMaJIGHUX TIOPOTiB OiHAapW3amii 11 KOXXHOTO 3HIMKA.
Kpim Toro, TeXHOOTIsSI Ha/la€ MOXKJIMBICTD aHAITI3yBaTH Ya-
COBI 3MIHM Ha TTOCTPAKIAIHIX JUTTHKAX JIICY I TPUBAJIAX
TIePiO/IiB CIIOCTEPEIKCHHSI, BHKOPHCTOBYFOUH CTBOPEHI BEK-
TOpHI IIapu 3 aTpuOyTHBHOIO iH(popMaricto. CyTTeBIMHU
TepeBaraMy TEXHOJIOTI1 € BUCOKUI CTYIIHb aBTOMATH3aIli
00pOOKH CYIMyTHHKOBHX 3HIMKIB 1 BHKOPHCTAHHS JaHHX
J133, 1110 3HAXOJAIThCSL Y BUIBHOMY JIOCTYIII B Mepexi [HTep-
HET.

IMpakTnuna 3naunMicTb. Po3pobiiena TexHoOTis Ha-
JIa€ MOXKJIMBICTh CTBOPEHHS Ha Tl OCHOBI Be0-CITykOU pery-
JSIPHOTO KOCMIYHOTO MOHITOPHMHTY HACIIiJIKIB JICOBHX IIO-
xex. KoprcryBauamu Takoi ciryOn MOXyTb OyTH aepka-
BHI KOHTPOJIIOIOYI CTPYKTYPH, CTPaxOBi KOMIIaHii, eHepre-
TUYHI Ta HapTOIepepoOHi KOMITaHii, MyHIIUIIATIBHI CITyXK-
0w, pUBATHI KOMITaHii, hepmepH, TeaepaTioKOMITaHil Ta iH.
3aco0M MacoBoi iH(OpMaIlii, HACENICHHS, SKE MPOKHIBAE TI0-
O3y TEPHUTOPIii, MOCTPaXKIATMX BiJT JIICOBUX TTOKEXK.

KirouoBi cnoBa: oucmanyiiine 30HOV8amHA, cynym-
HUKOBULI MOHIMOPUHE, 6a2amoCcneKmpanbHi 3HIMKU, J1iCO8I
nooicedxci, cnekmpanvii inoexcu, NBR, 00pobka 300pasicerv

Hens. PazpaboTtka TexHomornu oOpabOTKU CITyTHUKO-
BBIX CHUMKOB, KOTOpasi 00€CIIeYnBaeT MOBBIIICHHE J0CTO-
BEPHOCTU M ONEPATUBHOCTH OINpPEAECNICHUS ILUIOMAIH JIec-
HBIX rapeil 1o JaHHBIM MHOT'OCIEKTPAILHOM CITyTHHUKOBOM
CBhEMKH HH3KOTO M CPEIHETO IPOCTPAHCTBEHHOTO pazpe-
LICHHSL.

Metoauka. VIcrionb3yroTcst METO/IbI OLIEHKH COCTOSTHHMS
PaCTUTENBHOCTH HA BBITOPEBILNX IUIOMIAISIX, IPUMEHSIOTCS
B KOMIUIEKCE PA3/IMYHbIE BETeTallHOHHbIE HHIEKCHI 1 METO-
Jbl KITACCU(PHKAIIMN KOCMUYCCKHUX M300pakeHuit. Mertou-
Ka Aerr(pupoBaHus Tapell BKIIFoUasa ClIeyIOIINe OCHOB-
HbIE JTaIbl: 0TOOP CHUMKOB 3a MEPHOJ JI0 U TIocie 3aduK-
CHPOBAHHBIX MOXKAPOB U PACUeT BETeTALMOHHBIX MHJEK-
COB.

Pesyabrarsl. [Ipemioxkena s QexTuBHas TEXHOJIOTHS
ABTOMATH3UPOBAHHOTO OIIPE/IETICHNS IO TeppHUTO-
P, TIOCTPaABIINX OT JIECHBIX MOXKAPOB, C UCIIOJIb30BAHH-
€M CITyTHUKOBBIX CHUMKOB. MHziekcHOE n300paskeHne NBR
(Normalized Burn Ratio) mo3Bossier onpeniennTs Ha CIyT-
HMKOBOM CHHMMKE TapH TI0 CIIEKTPAIbHBIM KaHaJIaM OJIHIK-
Hero UK (NIR) u cperero UK (SWIR) quara3oHOB 110 Gop-
Mysie NBR=(NIR-SWIR)/(NIR+SWIR). Jlannas (opmyma wc-
TIOJIB3YET CYIIECTBEHHOE pazinuue KOd(D(PHUIMEHTOB OTpa-
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»eHus (anp0es10) B CrIeKTpasIbHbIX KaHasiax Ommkaero MK u
cpemHero MK muama3oHOB, COOTBETCTBYIOIIUX 3I0POBOMY
JIECY ¥ BBITOPEBIIAM TEPPUTOPUSAM. TEXHOIOTHS MO3BOJISIET
peanm3oBaTh Bce TPOIEAYPHI 00pabOTKH B BHIE BeO-cep-
BHCa, IPEIOCTABIISIONIECTO aKTyalbHBIC M TOCTOBEPHBIC JIa-
HHBIC O TIOCTIEACTBHAX TOkapoB. [IpoBeneH aHamm3 MHO-
TOCTICKTPATHHBIX CHUMKOB HH3KOTO MPOCTPAHCTBEHHOTO
paspetenusi co ciytHukoB Terra, Aqua (prdop MODIS) ¢
EJIbI0 OTpPEJIeNICHUsI YYaCTKOB U MEPHOIOB aKTUBHOTO I'O-
peHust Ha BbIOpaHHOW Tepputopun (mrtat Kaimdophus).
BeimonHena 00paboTka MHOTOCHIEKTPAILHBIX CHUMKOB Cpe-
JTHETO MPOCTPAHCTBEHHOTO pa3pelieHus co ciyTHuka Land-
sat 8 (creMOuHBIN TPrOOp OLI) ¢ TEeNBI0 TOYHOTO OTIpee-
JICHUS TPAHWI] BBHITOPEBIIMX yYaCTKOB M pacyera WX IUIO-
mazneit. [Inomans cropesmero geca Ha HaOMIOZaeMON Tep-
puropun B niepuon ¢ 30 urois 1mo 12 aBrycra 2015 r. cocra-
Bria Oonee 41 477 rektapoB. TeXHOIOTHS TIO3BOJIIET pea-
JIM30BaTh BCE TMPOLIETYPhI 00pabOTKH B BHIE BeO-CEpBHUCA,
TIPEIOCTABIISIOIIETO aKTyalbHbIE U IOCTOBEPHBIE JAHHBIE O
TIOCJIC/ICTBUSIX TIO>KApOB.

Hayunas HoBH3HA. B oTyinume oT U3BECTHBIX METOJIOB
OIIpe/IeNICHNs] IUIOMA el BBITOPEBIINX TEPPUTOPHIL IO pas-
HOBPEMEHHBIM CITyTHUKOBBIM CHUMKaM C UCIIOJIb30BaHUEM
T hepeHIMPOBAaHHOTO HOPMAIN30BAHHOTO MHJEKCA Tapy
(dNBR), nipeiiiokeHHasT TEXHOJIOTHS TIO3BOJISIET OoJIee TOU-
HO OTIPEIIeIISITh BEITOPEBIITHE YIACTKH OJlaro/iapsi He3aBHUCH-
MOMY OTIPEJIETICHIIO ONTUMAIBGHBIX TIOPOTOB OMHAPH3AIINH
JUTSL K&KJI0TO0 CHUMKA. KpoMme Toro, TeXHOIOrHs IpeiocTaB-
JISIeT BO3MO)KHOCTh QHAIM3UPOBATh BPEMEHHBIC N3MEHECHUS
Ha TIOCTPAJIaBIIMX yJYacTKax Jieca ISl JIUTEIbHBIX ITepHO-
JIOB HAOJIIOJICHNS, WCTIOJIB3Ysl CO3JJaHHBIE BEKTOPHBIE CIJIOU
¢ atpuOyTHBHON HHbopMalpeii. CyleCTBEHHBIMU MPEUMY-
LIECTBAMU TEXHOJIOTUH SIBISIOTCSI BBICOKAsl CTENEHb aBTO-
MaTu3anue 00pabOTKU CITyTHHKOBBIX CHUMKOB W WCIIOJNb-
30BaHME JAaHHBIX /133, HAXOJLIIINXCS B CBOOOJHOM JIOCTYTIE
B cetu VIHTepHeT.

IpakTuyeckass 3HaUNMOCTh. Pa3zpabotaHHas TexHO-
JIOTHSI TIPEIOCTABIISIET BO3MOYKHOCTD CO3/IAHUS Ha €€ OCHO-
Be BEO-CITY>KOBI PETYIISIPHOTO KOCMHUYECKOTO MOHUTOPUHTA
MOCTIE/ICTBUM JiecHBbIX TokapoB. llonbp3oBarensmu Takoit
CITY’)KObI MOTYT SIBJISITBCSI TOCY/APCTBEHHBIC KOHTPOIMPY-
IOIIHE CTPYKTYPBI, CTPAXOBbIE KOMITAHUH, SHEPreTUUECKUE
n HedrenepepadaThIBAIONINE KOMITAHHY, MyHHULUIIAIbHBIC
CITy>KOBI, YaCTHBIC KOMIIaHUH, ()epPMEpBI, TEJIEPaAUOKOMITa-
HUM M JIp. CPEeJCTBAa MAcCOBOW MH(OpPMAIWH, HaceJeHHE,
MIPOKMBAIOIIEE BOJNW3M TEPPUTOPHH, MOCTPAIaBIIMX OT
JIECHBIX TIOXKAPOB.

KaroueBble cioBa: oucmanyuonHoe 30HOUpOSAHUE,
CHYMHUKOBBIL MOHUMOPUHE, MHO20CNEKMPAIbHbIE CHUMKLU,
JIeCHble noxcapul, CheKmpasibhvle uHoexkcel, NBR, obpabom-
Ka u300pascenull

Pexomendosano 0o nyonikayii O0okm. mexH. HAYK

B.M. Kopuuncokum. — Jlama  HaOxoOdiceHHs — pYKORUCy
14.02.15.
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