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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
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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 Resolution Device

Channel 1 — Shores and

Wave lengths

acrosols 0.433 - 0.453 pm 30 m
Channel 2 — Blue 0.450 - 0.515 um 30 m
Channel 3 — Green 0.525 - 0.600 um 30m
Channel 4 — Red 0.630 - 0.680 um 30m
Channel 5 — Near IR 0.845 - 0.885 um 30m OLI
S;igiigét}: Iihort 1.560- 1.660 pm 30 m
S;igﬂgz}: Iihort 2.100-2300 pm  30m
Channel 8 — Panchromatic ~ 0.500 - 0.680 pm I5m
Channel 9 — Cirri clouds 1.360 - 1.390 pm 30m
Channel 10 - Far IR 10.30 - 11.30 pm 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 § satellite (shooting device
OLI) were made to accurately define the boundaries of the
burnt areas and the calculation of their areas.

71




EKONOTIYHA BE3NMEKA, OXOPOHA NMPALI

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-

July 31, 2015
Smoke trail
detected

Satellites Terra
and Aqua
Imaging device
MODIS

Visible
Spectrum

channels 1-4-3

July 31, 2015 Heat
anomaly detected

Thermal
Spectrum

channels 7-2-1

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

T e
] August 1, 2015

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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Satellites Terra August 2, 2015 B, August 3, 2015
anquua]maging Smoke trail i Smoke trail
device MODIS . detected . " detected

by ‘ -

Visible
Spectrum

channels 1-4-3

August 2, 2015 August 3, 2015

Heal anomaly detected Heal anomaly detected

Thermal
Spectrum

channels 7-2-1

Fig. 2. Continuing forest fire (low resolution operational data)

Satellites August 11, 2015 August 12, 2015
Terra & Aqua Smoke trail \ Smoke trail
Imaging device ' detected ! detected
MODIS e
Visible
spectrum

channels 1-4-3

August 11, 2015

Heal anomaly

detected

Heat band
chan. 7-2-1

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

July 29, 2015

Prior to the fire

Thermal
spectrum

channels 7-2-1

%
August 13, 2015
After the fire
o

"

Fig. 5. State before a forest fire (medium resolution perio-
dical data)

Conclusions. An efficient technology of automated esti-
mate of the area affected by forest fires, using satellite ima-
gery has been suggested. The technology allows realizing all
the processing procedures such as a web service that provide
current and reliable data of the fires aftermath.

74

Fig. 6. State after a forest fire (medium resolution periodi-
cal data)

Further research will be associated with advancing the
proposed technique one step further for more detailed
analysis of individual sections of the burnt areas using sat-
ellite imagery and super resolution methods of object pro-
cessing.
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Determination
of the area

of burnt-out
territories

The area of the burnt-out

forest in the period from
July 30 to August 12
2015 exceeds 41 477
hectares acc.to data

Outcome of
vectorization
(shp-file)

Fig. 7. Satellite image processing results (medium re-
solution periodical data)
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MeTta. Po3pobka TexHOMOTii 0OPOOKH CYIMyTHUKOBUX
3HIMKIB, 10 3a0e3medye MiIBUICHHS JOCTOBIPHOCTI Ta
OIIEpaTHBHOCTI BU3HAYEHHS TIIOLII JTICOBHUX rapei 3a 1aHu-
MH 0araToCIeKTpaIbHOI CYITyTHUKOBOI 3HOMKH HU3BKOTO 1
CEePEeJHBOr0 IIPOCTOPOBOIO PO3PI3HEHHSI.

MeTonuka. BUKOPUCTOBYIOTBCS METOAM OIIHKH CTaHY
POCJIMHHOCTI Ha BUTOPUIUX IUIOIIAX, 3aCTOCOBYIOTHCS B KO-
MIDIEKCI pi3Hi BereTaliliHi iHAEKCH Ta METOM Kiiacuikariii
KOCMIYHHX 300pakeHb. MeToanka nemmdpyBaHHs 3rapuii
BKJTFOYAJIa HACTYITHI OCHOBHI €TaIy: Bif0ip 3HIMKIB 3a mepi-
O] JTO Ta MicIs 3a(piKCOBAHUX TIOXKEXK 1 pO3PaXyHOK BEreTa-
IHUX 1HIEKCIB.

Pe3ynbTaT. 3ampornoHoBaHa €(EeKTHBHA TEXHOJOTISA
ABTOMATH30BAHOTO BU3HAUCHHS IO TEPUTOPIi, TOCTPaXK-
JIATNX BiJ| JICOBHX TOXKEX, 3 BUKOPUCTAHHSIM CYITyTHUKO-
BUX 3HIMKIB. [HekcHe 300paxkeHHst NBR (Normalized Burn
Ratio) no3BONsiE BU3HAYWTH Ha CYMYTHHKOBOMY 3HIMKY
TUIOILY 3rapHIlia MO CIEKTpaJbHUM KaHajaxX OmmkHboro 14
(NIR) i cepemuporo I (SWIR) miama3oHiB 3a (hOpPMYIIORO
NBR=(NIR-SWIR)/(NIR+SWIR). [lara (opmyma BUKOpHCTO-
BYE CYTTEBY BIIMIHHICTH KOE(IIIEHTIB BiIOUTTS (ap0eso)
B CMHEKTpaJIbHUX KaHaiax OnkHboro 14 Ta cepeannoro 4
Jliara3oHiB, BIAMIOBIIHUX 3/J0POBOMY JICY Ta BUTOPLIMM Te-
putopisim. [IpoBeneHo aHaii3 OGaraTocneKTpaibHUX 3HIMKIB
HHM3BKOTO IIPOCTOPOBOTO JIO3BOJY 3 CYIYTHHKIB Terra,
Aqua (nmprtax MODIS) 3 METO0 BU3HAYEHHS! JIUISTHOK 1 T1e-
pioziB aKTUBHOTO TOPiHHS Ha 0OpaHiii Tepuropii (mrar Ka-
midopHist). BukoHaHOo 00pOOKY OaraTocIeKTpaTbHAX 3HIM-
KiB CEepeJHROTO TIPOCTOPOBOTO 03BNy 3 cymyTHrKa Land-
sat 8 (3HIMabHUI mpmitax OLI) 3 METOI0 TOYHOTO BH3HA-
YEeHHA MEX BUTOPUIMX AUITHOK 1 PO3paxyHKy iX IUIOMI.
[Tmomma 3ropinoro Jlicy Ha CIIOCTEPEKyBaHOI TEpUTOPIi B
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niepion 3 30 mumHEA MO 12 cepmHs 2015 p. ckiyana Oibiie
41477 rekrtapiB. TexHosorist JO3BOJISE peaTi3yBaTH BCl MPo-
Lemxypyu oOpoOKH y BUIIISAAL BEO-CEPBICY, 10 HA/AE aKTya-
JIbHI ¥ JIOCTOBIpHI JIaH1 PO HACIIIKH TTOXKEX.

HayxoBa HoBH3HA. Ha BinIMiHY BiJ BiTOMHX METOIIB
BU3HAUYCHHS IUIONI BUTOPUTMX TEPHUTOPIH MO pi3HOYACHUM
CYIyTHHKOBHMM 3HIMKaM 3 BHKOPHCTAHHSM JudepeHmiiio-
BaHOTO HOPMaJIi30BaHOTO iHmeKCy 3rapumia (ANBR), 3ampo-
IIOHOBAaHA TEXHOJOTIA TO3BOJAE OUIBII TOYHO BH3HAYATH
BUTOPII JUISTHKA 3aBIAKN HE3AJISKHOMY BU3HAYECHHIO OTI-
TUMaJbHUX IOPOTiB OiHapu3amii [ KOXHOIro 3HIMKA.
Kpim Toro, TeXHOJIOTIsI HaJJa€ MOKJIMBICTh aHAJI3yBaTH Ya-
COBI 3MIHU Ha MOCTPAXKIAIHIX JUITHKAX JIICY JIT TPUBAIHAX
TIEPIOIIB CHIOCTEPEIKEHHSI, BAKOPUCTOBYIOUH CTBOPEHI BEK-
TOpHI mapu 3 arpuOyTHBHOIO iH(OpMamieto. CyTTeBUMH
TepeBaraMy TEXHOJIOTI] € BICOKUI CTYIiHb aBTOMATH3aIlil
00pOOKH CYIMYTHHKOBHX 3HIMKIB 1 BUKOPHCTAHHS JAHUX
J133, 1110 3HAXOAATHCS Y BUTBHOMY JOCTYTI B Mepeki [HTep-
HET.

IMpakTnyna 3naunMicTb. Po3pobiieHa TexHoorist Ha-
JIa€ MOYKJIMBICTb CTBOPEHHS Ha il OCHOBI BeO-CITy»K0U pery-
JSIPHOTO KOCMIYHOTO MOHITOPHMHTY HACIIJIKIB JIICOBHX IO-
sex. KopuceryBauamu Takoi ciry:kOu MOXKyTh OyTH Jepika-
BHI KOHTPOJIIOIOYI CTPYKTYpPH, CTPaXOBi KOMIIaHii, eHepre-
TUYHI Ta HaTOIepepoOHi KOMITaHii, MyHIIIUIIATbHI CITyX-
0w, MpuBaTHI KOMIaHii, pepMepH, TenepaTioKOMITaHii Ta iH.
3aco0u MacoBoi iH(popMalIIii, HACENICHHSI, SKE MPOYKHIBAE TI0-
OM3y TEpHUTOPIid, TOCTPAKAAIUX BiJ] JTICOBUX MOXKEK.

KuarouoBi cioBa: oucmanyiiine 30n0yeanus, cynym-
HUKOBUL MOHIMOPUHZ, OA2amoCHeKmpanbii 3HIMKU, JiCO8I
nooicedci, cnekmpanvii inoexcu, NBR, 06pobka 306padicev

Heapb. Pazpabotka TexHOMOTHN 00paOOTKH CITyTHHKO-
BBIX CHUMKOB, KOTOpasi 0OECIICUNBACT TOBBIIICHUE JTOCTO-
BEPHOCTH M OINEPATUBHOCTH OIPENETICHNS TUIOMAIN JIec-
HBIX rapei 1o JaHHBIM MHOI'OCIIEKTPAJILHOM CITyTHHKOBOM
CbEMKH HU3KOTO U CPEIHEro IPOCTPAHCTBEHHOTO paspe-
LICHUSL.

MeTtoauka. Vcnonb3yroTest MEeTO bl OEHKH COCTOSTHHS
PacTUTENBHOCTH HA BBITOPEBIINX ILIOIMIAJISX, TPUMEHSIFOTCS
B KOMIUIEKCE Pa3JIMYHbIE BEreTalliOHHbIE HHEKCHI U METO-
JIbl KJIacCH(pUKAMK KOCMUYECKHX M300pakeHniH. Metoau-
Ka Jem(pUpoBaHus Tapeil BKIIOYAIa CIIEIyIOIHe OCHOB-
HBIC 3TaIbl: 0TOOP CHUMKOB 3a MEPHOJ 10 U Tociie 3a(uk-
CHPOBAHHBIX IOKAPOB M PACUET BETECTALMOHHBIX MHJEK-
COB.

PesyabTartsl. [Ipemmoxena 3ddexTrBHAS TEXHOIOTHSA
ABTOMATH3UPOBAHHOTO OIIpeiesIeH)s] TUIOLIa/Ied TeppUTo-
PHi, TIOCTPa/IaBIINX OT JIECHBIX MOKapPOB, C UCIIOIb30BaHH-
€M CITyTHUKOBBIX CHUMKOB. [H7ekcHoe m306paxkeHre NBR
(Normalized Burn Ratio) mo3BossieT onpenenmTs Ha CITyT-
HUKOBOM CHHMKE TapH 10 CIIEKTPAJIbHBIM KaHaJIaM OJIK-
Hero UK (NIR) u cpeanero MK (SWIR) auara3oHoB 1o ¢op-
Mmyste NBR=(NIR-SWIR)/(NIR+SWIR). [TanHas hopmyiia uc-
TIOJIB3YET CYIIECTBEHHOE pasinydie Kod(p(HUIMEHTOB OTpa-
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JKeHus (ap0e/10) B CIIEKTpaIbHBIX KaHatax OmmkHero UK i
cpeanero MK nuana3’oHOB, COOTBETCTBYIOLIUX 310POBOMY
JIECY U BBITOPCBUIMM TECPPUTOPUAM. Texnonorus mo3BossieT
peain3oBaTh BCE MPOICAYyphl 00paOOTKH B BUjE Beb-cep-
BHICA, NIPEJJOCTABIISIIOLIEIO aKTyaIbHbIC U JIOCTOBEPHBIE Jla-
HHBIC O TOCIIE/ICTBHSX IMOXkapoB. [IpoBeneH aHaimm3 MHO-
TOCIHIEKTPAIBGHBIX CHUMKOB HH3KOTO IIPOCTPaHCTBEHHOTO
pasperieHns co ciyTHUKOB Terra, Aqua (mpudop MODIS) ¢
LETBI0 OTIPENIENICHIUs YYaCTKOB U IIEPHOIOB aKTHBHOTO TO-
peHust Ha BbIOpaHHON Teppuropuu (mraT Kamudopans).
Brimonxena 06padoTka MHOTOCTIEKTPATbHBIX CHUMKOB Cpe-
JTHETO MPOCTPAHCTBEHHOTO paspelieHus co criytHuka Land-
sat 8 (ceeMouHbIH pubdop OLI) ¢ Lenblo TOYHOTo orpesie-
JICHWS! TPAHUI] BHITOPEBILHMX YYacTKOB M pacyeTa MX IUIO-
mrazeit. [Inomane cropeiiero jgeca Ha HaOMIOZaEeMOM Tep-
puropuu B iepuox ¢ 30 uroit 1o 12 asrycra 2015 r. cocra-
Bua Oonee 41 477 rekrapoB. TeXHONOTHS TTO3BOJIIET pea-
JIM30BaTh BCE TPOIEAYPHI 00padOTKH B BHIE BeO-CEpBHUCA,
MPEJIOCTABIISIFOIIETO aKTyaJIbHbIE M JOCTOBEPHBIC JIAHHBIC O
TIOCJIE/ICTBHSIX MT0KAPOB.

Hay4unasi HoBu3HA. B oTiinune OT M3BECTHBIX METOOB
OIIpe/IeIICHHsI TUIOMIA/ICH BHITOPEBIINX TEPPUTOPHIA N0 pa3-
HOBPEMEHHBIM CITyTHUKOBBIM CHHUMKaM C MCIOJIb30BaHUEM
T hepeHIIMPOBAaHHOTO HOPMAJIM30BAaHHOTO MHJIEKCA TapH
(dNBR), nipesioxkeHHast TEXHOIOTHS TI03BOJISIET OoJtee Tod-
HO OTIPEJIETISITh BEITOPEBIIHE YIACTKH OJlaroiapsi He3aBUCH-
MOMY ONpPEETICHHIO ONTUMATBHBIX TIOPOTOB OMHAPU3AIINH
JUISL KXKIIOro cHUMKA. Kpome Toro, TeXHOJIOTrrsl Pe0CTaB-
JSIET BO3MOYKHOCTh aHAIM3UPOBATh BPEMEHHbIE M3MEHEHHS
Ha MOoCTpaJaBUIMX YYaCTKax Jieca I JJIUTCIIbHBIX IIEPUO-
JIOB HaOJIFOJICHMS, MCTIOJIB3Ysl CO3JJaHHBIE BEKTOPHBIE CJIOU
¢ arpubyTHBHOMN MH(popManren. CyllecTBEHHBIMU MPEUMY-
IIECTBAMH TEXHOJIOTHH SIBJITIOTCS BBICOKAs CTCIICHb aBTO-
MaTu3aud 0O0pabOTKU CITyTHHKOBBIX CHUMKOB M HCIIONb-
30BaHME JAaHHBIX [[33, HAXOIAIINXCS B CBOOOTHOM JIOCTYTIC
B cetu MHTEpHeT.

IpakTnyeckass 3HaUMMocTh. PaspaboTaHHas TEXHO-
JIOTHUSI TIPEIOCTABIISIET BO3MOYKHOCTD CO3/IaHUSI Ha €€ OCHO-
BE BEO-CITy>KOBI PEryJIsipHOr0 KOCMHYECKOTO MOHUTOPUHIA
TIOCJIE/ICTBUH JIECHBIX TOXKapoB. [lonb3oBarersiMi Takon
CIIY’)KObI MOTYT SIBJISITBCS TOCY/IapCTBEHHBIE KOHTPOJIMPY-
IOIINE CTPYKTYPHI, CTPAXOBbIC KOMITAHUH, SHEPTCTHICCKUC
1 HeTerepepadaThBAONIIE KOMIIAHUH, MyHHUIIUTIATEHBIC
CITy»OBI, YaCTHbIC KOMITAHUH, ()epMepBI, TeIepaIioOKOMITA-
HAM ¥ Jp. CPEICTBA MAccoBOW HMH(MOpMAIWH, HAcEICHHE,
MPOXXMBAIONIEE BOMM3M TEPPUTOPHUIL, MOCTPANABIINX OT
JICCHBIX TTOXKAPOB.

KuroueBble cioBa: oucmanyuonHoe 30HOUpoOSaHue,
CHYMHUKOBbII MOHUMOPUHZ, MHO20CNEKMPANbHble CHUMKU,
JlecHbvle nodicapbl, cnekmpanvhvle unoexcol, NBR, obpabom-
Ka u3006padicenull
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