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LANDSCAPE FIRE SAFETY MANAGEMENT: THE EXPERIENCE
OF UKRAINE AND THE EU

Abstract. Landscape safety management is an important tool of European spatial planning.The aim of
the work is to assess the effectiveness of managing the risks of environmental disasters and eliminating
the consequences of forest fires using modern geographic information systems and space technologies for
remote sensing of the Earth’s surface.Trends in fire hazard in the past have been analyzed by processing a
series of meteorological indicators that are commonly used to assess fire potential due to climatic conditions.
ESRI’s ArcGis GIS tools were used.It has been substantiated that climate change along with modern specifics
of land use and forestry activities lead to an increase in the fire hazard of landscapes. It is proved that the
situation is especially critical in the areas contaminated by the Chornobyl accident, where the large areas
with dead trees bear a significant risk of catastrophic forest fires. The paper investigates the possibilities of
managing the risks of environmental disasters and liquidation of consequences of forest fires using modern
geoinformation systems and space technologies for remote sensing a surface of the Earth. It is proposed to
introduce a modern information system for decision-making during the detection and elimination of forest
fires and to create a specialised Center for Forest Protection and Safety to coordinate actions in case of fires
and other emergencies in the landscapes of northern regions of Ukraine. Based on the study of the European
experience in landscape fire safety management, it is proposed to use an integrated system of prevention and
elimination of forest fires, which is based on the calculation of factors of fire hazard. When developing a
method for identifying fire-hazardous periods using remote sensing data, it was proposed to additionally take
into account wind characteristics and anthropogenic factors.

Key words: monitoring, remote sensing of the Earth, ecological safety, anthropogenic factors, fires.

Introduction. In April 2020, a wave of forest fires swept across Europe. Ukraine was no exception and
suffered significant environmental, social, and economic losses from forest fires, the largest of which occurred
in the area of radioactive contamination in the northern regions of Ukraine. Although forest fires occurred in
all years and around the world, for Europe, the area of burnout in recent decades has declined over the years
since 1980, with the exception of Portugal [1-6]. However, even during the last 20-year period, there has
been a variation in the areas of landscape burnout in Europe, which in turn is due to seasonal meteorological
conditions. Large areas, for example, were burned in 2017 due to unprecedented forest fires in Portugal,
while the area burned in 2018 was the lowest. At the same time, more European countries were affected by
major forest fires in 2018 and 2020 than ever before, including in Central and Northern Europe [7]. Both fire
seasons coincided with record droughts and heat waves in the spring and summer of those years in the worst-
hit regions. For example, in Sweden, international aid was used to overcome the consequences of forest fires
in 2018 [8], while in Ukraine more areas burned out in 2020. Some authors argue that global warming has
increased the risk of such extreme forest fires in Europe, but the lack of a plausible climate change scenario
forces to view fires as a potential threat to landscape safety worldwide [9].

In 2020, a critical lack of soil moisture caused another wave of forest fires that swept through European
countries, for example, in Poland in April 2020, fires engulfed 6 hectares of Bebzhan National Park [10], but
these areas many times less than the areas affected by fires in Ukraine in 2020, especially in the Chornobyl
Exclusion Zone. Currently, three main types of models are used to successfully predict the occurrence and
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spread of fires: empirical (statistical), semi-empirical, and physical [11-14]. In this study, we compared the
systems of prevention and monitoring of landscape safety in leading European countries and Ukraine and
analysed the main groups of safety management models, as well as substantiated the most appropriate for
use in the northern regions of Ukraine. The need to study the European experience of landscape fire safety
management is due to Ukraine’s declared intentions to integrate into the EU, and therefore the need to agree
on many approaches and mechanisms, participation in cross-border cooperation, joining the European
ecological network [15], ratification and implementation of international conventions. Given all the above,
the purpose of this work was to assess the effectiveness of risk management of environmental disasters and
forest fires using modern geographic information systems and space technologies for remote sensing of the
Earth’s surface.

Materials and methods. Trends in fire hazard in the past have been analysed by processing a series of
meteorological indicators that are commonly used to assess fire potential due to climatic conditions. The
ArcGis GIS tools manufactured by ESRI were used. To solve the problems of applying GIS technologies for
landscape safety using remote sensing data of the Earth’s surface, materials from the Operational Land Imager
(OLI) and Thermal Infrared Sensor (TIRS) toolkits (Table 1) installed on the Landsat-8 satellite (Geological
Survey (U.S.)) were used [13]. The satellite information used in this study was taken from the United States
Geological Survey [16] geoportal, in the Fire Information Resource Management System (FIRMS) [17]. This
method of data processing was already used by O.V. Zhukov, O.M. Kunah, V.O. Taran, M.M. Lebedinska,
T.P. Fedonyuk, O.M. Galushchenko et al. [18] to determine the electrical conductivity of the soil in the
Dniprovsko Orilskyi Nature Reserve and Chornobyl Radiation-Ecological Biosphere Reserve.

Table 1.The main characteristics of the spectral ranges of OLI and TIRS sensors

Spectral channel Wavelength, | Resolution, | Spectral Wavelength, | Resolution,
pm m channel pm m

Landsat-8 Sentinel-2

Operational Land Imager (OLI) MultiSpectral Instrument (MSI)

Band 1 (coastal /aerosol) 0.43-0.45 30 B1 (blue) 0.43-0.45 60

Band 2 (blue) 0.45-0.52 30 B2 (blue) 0.46-0.52 |10

Band 3 (green) 0.52-0.60 30 B3 (green) 0.54-0.58 10

Band 4 (red) 0.63-0.68 30 B4 (red) 0.65-0.68 10

B5 (red edge) 0.70-0.71 20
B6 (red edge) 0.73-0.75 20
B7 (red edge) 0.77-0.79 20

B8 (NIR) 0.78-0.90 10
Band 5 (near infrared, NIR) 0.84-0.87 30 B8a (NIR) 0.86-0.88 20
B9 (water vapor) |0.93-0.95 60
Band 6 (near infrared, SWIR1) | 1.56-1.66 30 B11 (SWIRI) 1.57-1.66 20
Band 7 (near infrared, SWIR2) 2.10-2.30 30 B12 (SWRIR2) [2.10-2.28 |20
Band 8 (panchromatic, PAN) |0.50-0.68 15
Band 9 (cirrus clouds, cirrus) |1.36-1.38 30 B10 (cirrus) 1.37-1.39 60
Thermal Infrared Sensor (TIRS)
10 (far infrared, TIR1) 10.3-11.3 100
11 (far infrared, TIR2) 11.5-12.5 100

To monitor the safety of landscapes, the following indices were used, which are derived from the spectral
channels of sensors installed on Landsat-8 or Sentinel-2 satellites (ratio of spectral bands) [19]. In general,
the resolution of the Sentinel-2 spectral channels is higher than that of Landsat-8. But it should be noted
that the Sentinel-2 satellite has been in orbit since June 23, 2015. Therefore, if it is necessary to obtain
retrospective information about ecosystems, it is possible to use information from the Landsat-8 satellite
(or earlier Landsat satellites). Information from the Sentinel-2 satellite is preferred for ongoing monitoring.
In addition, combining information from both sources can produce data with higher time resolution, or it is
possible to obtain scenes without a high level of cloudiness.
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For Sentinel-2 (Eq. 1): (D)
Normalised Difference Tillage Index (NDTTI) also known as the Vegetation Index (VI), takes into account
the variation of biomass and the peculiarities of vegetation types (true for both satellites, STI is calculated by

the equation for the corresponding satellite) [20; 21] (Eq. 2): 2)

Normalised Difference Vegetation Index (NDVI) for Landsat-8 [19] (Eq. 3): 3)

For Sentinel-2 (Eq. 4): 4)

Modified Normalised Difference Water index (MNDW) — sensitive to water content in green biomass for
Landsat-8 (Eq. 5) [22]: ®)]

For Sentinel-2 (Eq. 6): (6)

Land Surface Water Index, Normalised Difference Infrared Index (LSWI)

for Landsat-8 (Eq. 7) [16]: @)

For Sentinel-2 (Eq. 8): ()

Normalised Burn Ratio (NBR) for Landsat-8 (Eq. 9) [17]: )

Depending on applied research tasks, time series based on one of the indices of interest can be studied.
Analysis of the temporal dynamics of the normalised fire index can be the basis for establishing the areas of
ecosystems affected by the pyrogenic factor and monitor the dynamics of ecosystem restoration after fires.
Of particular importance is the multidimensional statistical analysis of a set of indices on a single date. For
example, an analysis of the main components of the set of presented indices for the date corresponding to the
highest vegetation activity will provide information on the diversity of habitats and on the state of the biotic
potential. Ultimately, tensor analysis of the dynamics of a set of indices over time is a tool for understanding
the complex dynamics of ecological and landscape systems.

Results and discussion. Climate change, frequent outbreaks of forest diseases and pests, together
with limited forestry activities, increase the fire hazard in forest landscapes and surrounding areas. Rising
temperatures during the fire season, prolonged droughts, heavy rainfall, and frequent gusts of wind contribute
to the formation of high fire hazard classes. The combination of these factors with high reserves of combustible
materials, forest clutter in the northern regions of Ukraine, in particular areas contaminated by the Chornobyl
accident with large areas with dead trees, increases the risk of catastrophic forest fires. In particular, these
were recorded in 1992, 2015, when fires covered 16 and 17 thousand hectares of forests, respectively, and in
2020, when the total area of forests covered by fire was about 67 thousand hectares. Large forest fires have
significant environmental consequences, which are manifested in the transport of radionuclides with smoke,
secondary pollution of adjacent areas, and the loss of barrier function due to deforestation and burning of
living soil. Moreover, weather conditions and the accumulation of combustible materials in forest contribute
to large fires. Burned areas that occur after fires require the study of their restoration, including changes in
biodiversity, natural and artificial reforestation in order to determine the duration of restoration of barrier
functions and other properties of forest areas [23-30].

In Ukraine and other post-Soviet countries, GOST R 22.1.09-99 «Safety in emergencies. Monitoring and
forecasting forest fires. General requirements» [31] was introduced to determine the fire hazard factors, which
provides for the use of V. Nesterov’s fire hazard factors (FHF). FHF is defined as the sum of the product
of air temperature and the difference between air temperature and the dew point, which is calculated for a
particular point and a specific time. This indicator is calculated exclusively on the basis of meteorological
data registered at a specific weather station (Eq.10).

FHF = FHF | * K+ [t(t-t))], (10)

FHF — the value of the fire hazard factor calculated for the current day, °C;

FHF — Nesterov fire hazard factor

FHF _,— the value of the fire hazard factor calculated for the next day, °C;

K, - precipitation correction factor (equal to one if the amount of precipitation is less than 3 mm, and
zero — if more than or equal to 3 mm).

¢t — air temperature at the time from 12 to 15 hours or at a time close to synchronous meteorological
observations, z,— ew point at the same time, (7-¢ ) — dew point deficit.

An example of actual data on fire danger in forests in the northern regions of Ukraine as of April 5, 2020
is presented in Figure 7. Thus, as of April 5, according to the FHF, the level of fire danger in Polesia was low
and medium, so the informativeness of this factor raises doubts.
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Forecast of fire-hazardous zones for April 2020
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Figure 7. Forecast of fire-hazardous zones on the territory

of Ukraine using the Nesterov fire hazard factor.

The main disadvantage of the Nesterov fire hazard factor should be considered a rather gross error in
precipitation. Untimely operation of this factor was established in 2020. Such shortcomings in the reflection
of fire hazard were once fixed by various scientists, and an amendment to precipitation was added to the
general formula — K. (Eq.11):

FHF =FHF | * K +[t(t-t)], * (K ), (11)

However, the inflow of water in the form of precipitation is not always an appropriate indicator for an
adequate assessment of the fire hazard of the landscape. Certain moisture content is characteristic of healthy
vegetation, which grows faster and is more resistant to fires. For example, many plant materials can accumulate
moisture and retain it for a long time, for example, mosses and lichens have a certain hygroscopicity, so when
calculating fire factors, a hygroscopicity correction should be added. Such a modified assessment system is
currently used by the Portuguese Meteorological Institute as the main indicator of forest fire risk [32; 33].
In the US National Rating System, which is a model of combining two groups of parameters (basic and
intermediate), this is also taken into account. This model introduces intermediate moisture indices of living
and dead forest combustible materials, which are the basis for further calculations. In addition, the main
parameters include the speed of fire and the amount of heat released during a fire. The main initial parameters
are combined into a single combustion index.

The importance of using remote sensing data increases, as well as the need for urgent changes in existing
methods of detecting fire-hazardous periods, by combining drought and moisture indices with their traditional
definition according to the V.G. Nesterov method. Considering the dynamics of one of the forest fires in
Zhytomyr region, it can be concluded that if such a system worked, 26 thousand hectares of forest would be
preserved, as the time between the initial stage of forest fire to the active stage was 10 hours.

One of the factors for the renewal of fires in April 2020 was wind. During the day from 3 to 4 April 2020, a
south-westerly wind with gusts up to 13 m/s was observed, which caused a rapid spread of fire in the northern
direction. During the day there was a very low humidity, not typical for this time of year (21-24% during
the day, up to 69% at night). It contributed to the intensive burning of forests and fallows in the northern
regions of Ukraine and made it difficult to supress the fire. Until April 13, the fires continued to move north.
The fire in the south-western part of the Chornobyl Reserve due to the wind of 3-5 m/s with gusts up to
11-13 m/s, continued the rapid spread to the north. There is a threat of fires in areas with high conservation
status. In particular, the ecosystems of the Ilyinsky Hydrological Nature Reserve of national importance were
damaged. The fire in the central part of the exclusion zone approached the Chornobyl industrial site, where
it was stopped. A third large fire broke out in the southern part of the Reserve near the villages of Rozsokha
and llovnytsia.
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On April 16, the wind with a speed of 5-7 m/s and gusts up to 18 m/s, led to the burning of decaying foci
and the resumption of fires in the exclusion zone. There was a big fire in the eastern part of the Reserve near
Kyiva Hora village. The fire in the central part of the exclusion zone spread to the territory of the Reserve near
the Korogod and Rozyizhdzhe villages (Figure 8).

o

it

Figure 8. Coverage of the reserve territory by fire as of April 4 and 16, 2020 [17]

Unfortunately, the forest fire prevention systems existing in Ukraine do not include wind characteristics,
but they are provided by forest fire prevention systems in many countries, such as Australia. This country
uses the Forest Fire Danger Meter (FFDM) proposed by McArthur. It takes into account relative humidity,
maximum air temperature, average wind speed and humidity. On this basis, a system for assessing the fire
hazard of landscapes was built [34; 35]. The SiroFire computer system is now operating on the basis of
FFDM - an application that provides decision-making for ensuring fire safety of landscapes.

FFDM = 2e(-0‘45+0‘987'1n(FMC)-0,0345'AH+0,0338'tn+040234-WS) (12)
n

FFDM — indicator calculated for the current day; FMC — Forest fuel moisture content, AH — Daily
minimum relative air humidity, %, °C; WS — Daily average wind speed, km/h.

It is the Australian system adopted as a basis for assessing the fire hazard of landscapes in European
countries. Despite the optimal set of key parameters that are decisive for the spread of fires in the northern
regions of Ukraine, the fire hazard monitoring system should be rebuilt similarly to the systems for assessing
the fire hazard of landscapes in most European countries.

Conclusions. The main causes of forest fires in the northern regions of Ukraine and European countries
were abnormal weather conditions in 2019 and early 2020, including a warm snowless winter, which provoked
a decrease in the water content of rivers and other bodies of water. An additional factor in the deterioration
of the situation can be considered anthropogenic, because a significant proportion of fires occur due to the
burning of dry grass by the inhabitants of settlements. Deterioration of the fire elimination situation is also
caused by the imperfection of the system of fire-fighting measures in Ukraine. In order to reduce the risk of
recurrence of fires that occurred in April 2020, it is necessary to introduce a modern information system for
decision-making in the detection and elimination of forest fires and create a specialized Center for Forest
Protection and Safety to perform a number of functions to coordinate fires and other emergencies in the
landscapes of the northern regions of Ukraine, a significant proportion of which are in the zone of radioactive
contamination.

In accordance with European practice, a modern integrated system of forest fire prevention and
elimination should be introduced, which will be based on the use of Forest Fire Danger Meter (FFDM). It is
also necessary to develop a new method of using Earth remote sensing data to detect fire-hazardous periods.
This technique should provide a combination of the use of drought and moisture content indices, along with
their traditional definition of fire risk indices according to the method of V.G. Nesterova; taking into account
wind characteristics and anthropogenic factors. International cooperation in the field of landscape fire safety
management is relevant for Ukraine in the future. International organisations and national governments of
active countries actively cooperate in the direction of coordination of actions in case of emergency fires,
sign agreements on mutual assistance. One of the most influential and active international organisations in
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the field of forest fire protection is the Global Fire Monitoring Center (GFMC), based in Freiburg, Germany,
which is mandated by the UN to coordinate the implementation of the UN International Strategy for Disaster
Reduction (UN ISDR). forest protection from fires.
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JAHAITA®THI OPT KAYIIICI3AII'TH BACKAPY: YKPAUHA MEH EO TO9/KIPUBECI

Annoranus. JlaHmmadTTRIK Kayirci3aikTi Oackapy eyporajiblK KEHICTIKTI KocmapiayablH MaHBI3IbI
Kypaibl Oojbin Tadbu1aabl. KyYMBICTBIH MakcaTbl — >kep O€TiH KalIbIKTBIKTAH 30HIATAy YIIiH 3aMaHayd
reorpausUIbIK aKIapaTThIK JKyHeaep MEH FapbIIUTHIK TEXHOJOTHsIIap/AbI MaiiianaHa OThIPHII, SKOJIOT UsIIBIK
amarTapJblH TOyeKeJIepiH 0ackapy JKoHe OpMaH ©PTTEPiHiH 3apJanTapblH KOKJIBIH THIMIUIITIH Oaramay.
BypeinFbl ©pT KayinTi TeHACHUMsUIAphl KIMMATTBHIK >Karaiiaapra OalyIaHBICTBI ©PTTIH BIKTUMAJABIFbIH
Oaranmay YIUIH 9JeTTE KOJNJAHBUIATBIH OipKaTap METCOPOJIOTHSUIBIK KOPCETKIITEpAl OHICY apKbLIbl
tangaaael. Onap ESRI ArcGis GIS kypannap skuHarbiH naigananasl. KnuMmarTelH e3repyi xkeplii maiganany
MEH OpMaH MIapyallbUTbIFBIHBIH Ka3ipri epeKIeTikTepiMeH Karap JaHamaqTapably epT KaymiHiH apTyblHa
okenetini nanengenni. JXKarnait ocipece YopHOOBUTE anaThIMEH JIACTAHFAH ayJaH/apAa eTe MaHbI3Ibl €KEH1
TPINeNACH1, OHJIA aFallTaphbl KyparaH YJIKEH ayMakTap/Ja OpMaH epTiHiH anarTel Kaymi 0ap. Makanana sxep
OeTiH KalBbIKTBIKTaH 30HATAYBIH 3aMaHayd I€OaKNapaTThIK >KYHenepi MEH FapbIIUTHIK TEXHOJIOTHSIIAPIbI
KOJIZIaHA OTBIPBII, SKOJOTHSUIBIK alaTrTap MEH OpMaH epTTEPiHiH cajiapblH KOOIl 0acKapy MyMKIHAIKTEpi
3eprTelniesi. YKpauHaHbIH COJITYCTIK OONbICTapbIHbIH JIaHAIIA(TTapbIHAaFEl OPTTEP MEH 0acKa Ja TOTEHIIE
KaFJainap Ke3iHJIeri opeKeTTeplli YUIeCTipy YIIiH OpMaH OpTTepiH aHBIKTay MEH JKOK Ke3iHJe IIenM
KaObUIIayFa apHAJFaH 3aMaHayd aKIapaTThIK JKYHEHI eHTi3y JKOHE OpMaH[bl KOpray MEH KayilCi3miKTiH
MaMaH/IaHBIPBUIFAaH OPTAJIBIFBIH KYPY YChIHBUIAABL. JlaHmmadTel epT Kayinci3miriH OacKapyJarsl
eypONaNbIK TOXKIPUOCHI 3epJeney HeTi3iHJe OpMaH OpTiHIH aJJbIH ally MEH >KOIOJbIH MHTETpallVsIaHFaH
KYHECIH KOJIaHy YChIHBLIA/IbI, OJ1 6pT Kaymi (haKTOpIapblH ecenteyre Herizaenred. KamblKThIKTan 30HATay
JIepeKTEePiH KOJIJaHa OTBIPBIIL, OPT KayilTi Ke3eHIePAl aHBIKTAY 9/IiCiH 93ipiey Ke3iH/Ie JKeJIiH CHITaTTaMachl
MEH aHTPOIOreH K (haKTOpIapAbl KOCHIMILA €CKEPY YCHIHBUIIBI.

Tyiiinai ce3aep: KaTTbl OMOOTHIH, OHACY TEXHOJIOTHSIIAPHL, SKOJOTHIIBIK KayinTep, HHKXECHEPIIIK KoHE
9KOJIOTHSUIBIK KPUTEPHUIAJIEP, TEXHOJIOTUSI.
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YINPABJEHUE IOXAPHOM BE3OINACHOCTBIO JIAHJAIIA®TOB:
OIIbIT YKPAUHBI 1 EC

AHHOTanus. YipasieHue 0e30MacHOCTbIO JaHAA(PTOB SBISETCS BAXKHBIM HHCTPYMEHTOM €BPOIIEHCKOTO
MPOCTPAHCTBEHHOTO IUTaHUpoBaHusl. L{esibio paboTsl siBisieTcs oueHKa 3 (HEeKTUBHOCTH YIIPABICHUS PUCKAMU
9KOJIOTHUECKUX KaTacTpod 1 IMKBUIALNH OCIEACTBUHN JIECHBIX IT0KAPOB C UCIIOIb30BAHUEM COBPEMEHHBIX
reoMH()OPMALMOHHBIX CUCTEM M KOCMUYECKHX TEXHOJIOTUH JUCTAaHIIMOHHOTO 30HAMPOBAHMS MOBEPXHOCTH
3emin. TenneHUMM MOXKApHOW OMACHOCTH B MPOLUIOM OBLIM MPOAHAIM3MPOBAHBI MyTeM 00pabOTKH
CepUM METEOPOJIOTHYECKHUX IIOKa3areiel, OOBIYHO HCIONb3YeMbIX JUIS OLEHKH IOTEHIMajla IoXKapa
BCJIEACTBUE KIMMaTHYecKuX yciouid. [Ipu stom ncnonb3oBanmu ['MC-uncrpymenrapuit ArcGis KoMIaHuu
ESRI. O60ocHOBaHO, 4TO M3MEHEHUE KIMMara Hapsay C COBPEMEHHOH crelu(uKol 3eMIIeNoIb30BaHUs U
JIECOXO3MCTBEHHON JACATEIbHOCTH IPUBOAUT K YBEIMUYCHHUIO NOXKapHOH onacHOCTH JlanAmadToB. JlokaszaHo,
YTO CUTyauusi OCOOCHHO KpPUTHYECKas Ha TEPPUTOPHAX, 3arps3HEHHBIX B pe3yibrate YepHOOBLIbCKON
aBapuH, rae OOJIbIIME IUIOIAAN C MEPTBBIMU JICPEBBSIMH HECYT 3HAYMTEJIBHBIA PUCK KaTacTPOPHUUECKUX
JIECHBIX MOKapoB. B crarbe ncciienyoTcs BOSMOXKHOCTH YIIPABJICHUS! PUCKAMH KOJIOTHUECKUX KaTtacTpod
U JIMKBUJALMH TOCJICACTBUH JIECHBIX MOXKAPOB C HCIONb30BAHUEM COBPEMEHHBIX I€OMH(OPMAIMOHHBIX
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CHCTEM M KOCMUYECKHMX TEXHOJOTHH AMCTAaHIMOHHOTO 30HAMPOBaHHUs MoBepxHocTU 3emin. Ilpennaraercs
BHEJIPUTH COBPEMEHHYIO HMH(GOPMAIMOHHYIO CHCTEMY Ul NPUHITUS PEIICHUH NpH OOHApyKEHUU H
JMKBUJIALMH JICCHBIX MOXKapOB M CO3JaTh CIICHHMAIM3UPOBAaHHBIN LIeHTp oxpaHbl M 0€30MacHOCTH JIECOB
JUIs1 KOOPIMHALIMY IeHCTBUH NPH MoXKapax U APYTUX Ype3BbIUANHBIX CUTYalMsIX Ha JaHAmadTax CeBEPHbIX
peruoHoB YkpauHbel. Ha oCHOBe H3ydeHHsI €BPOIICHCKOrO OIbITA YIpPABICHUS JAaHAMA()THOH MOKapHON
0€30MacHOCTRIO TpeAIaracTcsl MCIOIb30BaTh KOMIUIEKCHYIO CHCTEMY MNPEIyNpexACHUs W JIMKBUIALNUU
JIECHBIX TIOXKapoB, KOTOpasi OCHOBaHa Ha pacuere (pakTopoB noxapHoil onacHoctu. [Ipu pa3paborke merona
OIIpEIeNICHNs TTO’KapPOONACHBIX MIEPHUOJOB 10 JaHHBIM AUCTAHIMOHHOTO 30HANPOBAHHUS OBLIO TPEIIOKEHO
JIOTIOJTHUTENFHO YYUTHIBATh BETPOBBIC XaPAKTEPUCTHKH U aHTPOIIOTeHHBIC (PaKTOPBHI.

KitroueBble ciioBa: TBepaoe OHOTOIUIMBO, TEXHOJOTMH MEPEepadOTKH, SKOJIOTHYECKHE OIACHOCTH,
WH)KECHEPHBIE U 3KOJIOTMYECKHE KPUTEPUH, TEXHOIOTHH.
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