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SPATIAL MODELING OF TRANSPORT DEVELOPMENT OF FOREST AREA
AND THEIR POTENTIAL ENVIRONMENTAL RISKS

Permanent attributes of timber harvesting are a number of potential environmental risks, each of which
can cause significant damage to the environment. The intensive development of technology and the impro-
vement of industrial production processes have led to a significant increase in technogenic impact both on
increasing catastrophic natural disasters and on the global climate change formation. The adoption of the
World Environmental Constitution by all the states would be an effective means of regulating and minimi-
zing these negative processes. Timber harvesting is one of the most dangerous types of technogenic impact
on the forest environment, as the forest stand, young growth, natural watercourses and soil are damaged du-
ring logging and transportation. However, the degree of the negative impact of timber harvesting can be re-
duced to an ecologically acceptable level, and technical indicators of the use of timber-hauling machinery
can be brought to economically feasible values by properly assessing the intensity of the environmental risk
of taking a decision on certain technical and technological issues and the implementation of environmental
management of this process. The article presents some approaches to the creation of GIS spatial planning
model of transport development of forest-exploitation area based on the cost estimation of timber skidding
considering technogenic impact of forest machines. The development of the model of forest transportation
planning is a complex task. In order to solve this task, the system under investigation should be divided in-
to separate interconnected modules, each acting as its own model: the models for forest transportation plan-
ning, the database, formulation of the task, the results of modeling, an analysis of transport movement pos-
sibilities, an analysis of environmental damage, the assessment and improvement of the existing forest road
network. Concerning the proposed model and methodology that is based on the analysis of potential envi-
ronmental risks associated with the rutting and cost-assessment of timber skidding, we have obtained the
model map of environmentally-acceptable types of timber-hauling machines for a real forest exploitation
area, the Rozhanka forest district, the Slavsk State Forestry Enterprise in particular. The proposed model
makes it possible to substantiate environmentally safe and economically feasible ways of skidding, estima-
te the ratio of transport development of a forest area using various terrestrial technical means (wheeled and
crawler tractors or cable systems), as well as to outline the possible occurrence, intensity and spread of en-
vironmental hazards associated with timber harvesting.

Keywords: spatial modeling; timber-hauling development; forest-exploitation area; forest machine; en-
vironmental risks.

processes (Tunytsya, 2002). The idea of the WEC was for-
mally presented on behalf of the President of Ukraine at the
63rd session of the General Assembly of the United Nations
in September 2008.

Timber harvesting is one of the most dangerous types of
technogenic impact on the forest environment, as forest
stand, young growth, natural watercourses and soil are da-
maged during logging and transportation. However, the
degree of the negative impact of forest harvesting can be re-
duced to an ecologically acceptable level, and technical in-
dicators of the use of timber transport can be brought to

Introduction

The intensive development
of technology and the improve-
ment of industrial production
processes have led to a signifi-
cant increase in technogenic im-
pact both on increasing the
number of catastrophic natural
disasters and on the global cli-
mate change formation (Braun,
et al., 2000). The adoption of the

World Environmental Constituti-
on by all the states would be an
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and minimizing these negative

economically feasible values by properly assessing the in-
tensity of the environmental risk of taking a decision on
certain technical and technological issues and the imple-
mentation of environmental management of this process.
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Formulation of research problem

The intensive development of technology and the impro-
vement of industrial production technology have led to a
significant increase in technogenic impact both on incre-
asing the number of catastrophic natural disasters and on the
global climate change formation (Braun, et al., 2000). The
adoption of the World Environmental Constitution by all the
states would be an effective means of regulating and mini-
mizing these negative processes (Tunytsya, 2002). The idea
of the WEC was formally presented on behalf of the Presi-
dent of Ukraine at the 63rd session of the General Assembly
of the United Nations in September 2008.

Timber harvesting is one of the most dangerous types of
technogenic impact on the forest environment, as forest
stand, young growth, natural watercourses and soil are da-
maged during logging and transportation. However, the
degree of the negative impact of forest harvesting can be re-
duced to an ecologically acceptable level, and technical in-
dicators of the use of timber-hauling transportcan be
brought to economically feasible values by properly asses-
sing the intensity of the environmental risk of taking a
decision on certain technical and technological decisions
and the implementation of environmental management of
this process.

Analysis of recent research and publications

A number of works by both Ukrainian and foreign sci-
entists is devoted to the modeling of the forest harvesting
process considering environmental risks. In particular, there
are many well-known models for analyzing the profile
maneuverability of timber-hauling vehicles (Suvinen, 2004;
Borys, 2010), their impact on the environment (Adams,
Visser Rien & Prisley, 2003), the efficiency of the road
(skidding) network (Yoshimura, 2005), cost estimation of
technological operations (Dykstra, 2003), or scenario plan-
ning of timber harvesting (Lutni, 1998). The disadvantage
of most of them is that they relate to the operation of only
certain parts of the forestry resource such as forest machi-
nes or transport network. There is also a lack of a compre-
hensive approach to substantiation of environmentally ac-
ceptable and at the same time economically feasible harves-
ting technology. But the most important thing is that none
of the known models has been adapted to the forest explo-
itation conditions of Ukraine.

Purpose of work is to develop a GIS model that can be
used as a tool for strategic (long-term) and tactical (short
and medium-term) solutions in spatial planning of timber
harvesting.

Main results of the study

The development of the model of forest transportation
planning is a complex task. In order to solve this task, the
investigated system should be divided into separate inter-
connected modules, each acting as its own model (Fig. 1).

The structure of the model for timber transportation
planning. Timber transportation, especially in mountainous
terrain, is one of the most expensive and environmentally
hazardous technological operations in the production pro-
cess of timber harvesting. There are three known funda-
mentally different ways of timber transporting technologies
of mountain logging (Styranivsky & Styranivsky, 2010).
They are as follows: terrestrial (skidding trails), cable ways
and aerial (aircraft).

Figure 1. The conceptual model of timber transportation planning

A decision on the choice of a terrestrial type of forest
machine can be taken only for a specific harvesting stra-
tegy, taking into account the maneuverability of the forest
machine, the degree of its negative impact on the environ-
ment, the cost of road construction, operating costs, etc.

The main task of forest transportation planning is to de-
cide on the possibility of using terrestrial, cable or air
transportation technology for timber. We can solve this task
by simulating alternative variants of transportation develop-
ment of the forest area and finding an optimal concept pro-
vided that the quantitative indicators of environmental da-
mage and the cost of timber harvesting are minimized
(Bybluk, et al., 2000; Skoupy, 2000).

The Database includes digital models of items such as
terrain, a forest roads network, soil conditions, as well as
information on engineering structures, industrial facilities,
tourist and recreational attractions, forest management data,
main technical and operational parameters of forest machi-
nes, structural and technological limitations of their use,
and also some options for timber harvesting strategies.

The interface of the "Formulation of the Task" module
should include a set of pages where the user will be able to
specify the types and parameters of existing forest vehicles,
identify the forest-exploitation area, select a logging stra-
tegy and types of assessible environmental risks.

The results of modeling can be presented as a model
map of environmentally acceptable and economically fe-
asible types of forest vehicles for a given forest-exploitation
area, or in the form of graphical or tabular information.

Analysis of movement possibilities. The ability of a fo-
rest machine to move off-road is determined by its
maneuverability. It is one of the most important operational
characteristic of a forest machine, which can be supporting
and geometric. The supporting maneuverability is characte-
rized by the strength of tractive resistance and the total trac-
tion force, which determine the ability of the machine to
move in the certain road conditions. Geometric
maneuverability is related to the geometric parameters of a
forest machine and characterizes its ability to overcome va-
rious obstacles in the form of stumps, moans, debris, as
well as the ability to maneuver among trees or pits, etc.

Most models for estimating the possibility of vehicles
movement are based on the traction balance equation. As a
result of the calculation, the value of the deviation, in which
the process of motion reaches the boundary state, is deter-
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mined based on the equality of the moving forces and
tractive resistance forces.

The conclusion about the possibility of movement ac-
cording to the indicators of geometric maneuverability is
made on the basis of comparison of the clearance %, the ba-
se B and the width W of the forest machine and the parame-
ters of the unevenness of the supporting surface (the height
of the obstacle / and the distance between them /).

The process of modeling and evaluation of movement
possibility of the forest machine in the given conditions of
operation is described in detail in the paper (Styranivsky &
Polovyj, 2008). The module "Analysis of movement possi-
bilities" (Fig. 1) applies only to terrestrial forest machines.

Analysis of environmental damage. Geomechanical
disruptions can cause the most dangerous damage to the en-
vironment as a result of mechanical timber harvesting. They
can be classified into five main categories (Styranivsky,
2004) such as soil erosion, rutting, soil consolidation, slope
land sliding processes, and surface damage as well.

The intensity of these damages depends to a great extent
on the soil-hydrological (bearing capacity and soil surface
moisture), topographical features of the terrain, the presen-
ce of surface decks (forest litter, grass cover, snow) and
even the temperature of the atmospheric air. However, all
these types of environmental damage indirectly depend on
the ability of the soil surface to withstand external stresses
from the forest engine drive without breaking or deforming,
that is, counteracting the potential process of rutting
formation

As the characteristic of the forest soil surface deformity,
we recommend to take an equivalent £, module of defor-
mation and calculate the depth of the tracking rut for the
multiple passage of a forest machine by using the following
dependences (Borys, 2009; Styranivsky, 2014):
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where p,q, is the maximum pressure on the soil surface; £,
is the module of soil deformation; k; is an empirical coeffi-
cient that characterizes the strengthening of the soil surface
by surface decking; E, and #, are respectively, the deforma-
tion module and the thickness of the surface layer.

When analyzing and assessing the potential for rutting
formation, it is necessary to take the size of the road
clearance (the limit of the technical mobility of a forest
machine) as the permissible limit in terms of economic ex-
pediency, and from the point of view of environmental sa-
fety - the depth of the damage, which corresponds to the
possibility of restoring the forest environment to an envi-
ronmentally sustainable state (Fig. 2).

Assessment and improvement of the existing forest road
network. The level of technogenic impact on the forest en-
vironment and the cost of timber harvesting operations de-
pend on the excellence and technical state of the forest
transport network. On the one hand, a forest road, as an en-
gineering structure, has certain ecological risks for the envi-
ronment that need to be minimized in the course of its
construction. On the other hand, timber transportation by
forest roads with the help of forwarders will always have
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Figure 2. Dependence of the rut depth of the forwarder PONSSE
ELK on the number of single trace passages in areas with different
soil categories
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In order to assess the existing forest road network, we
have developed a special method (Styranivsky, 2005),
which consists of a series of sequentially performed actions
and operations aimed at identifying qualitative and quanti-
tative indicators as well as defects of the existing infrastruc-
ture. As an assessment criterium, we have taken the indica-
tor of the relative transport accessibility D (table), which is
determined by the ratio of the accessible area to the total
area of the forest-exploitation site. An example of as-
sessment of transport accessibility to forest-exploitation
area is shown in Fig. 3. In case of poor transport
accessibility D < 65 %, you need to plan the expansion of
the forest road network, using the procedure of automatic
tracing of the forest road on a digital terrain model (Styra-
nivsky, 2006).

Table. Assessment of Transport Assessibility
to the Forest Exploitation Area

Indicators ' Transport availability
poor fair average good | excellent
Relative
assessibility, | <55 [>55...65|>65...75 [>75...85 > 85
%
Rating 1 2 3 4 5

Figure 3. An example of the assessment of transport accessibility to
forest-exploitation area
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The main reason for the expediency of expanding the
forest transport network is achieving certain economic be-
nefits:

BP = BB > (3)
where By and Bp are the cost of timber skidding, respecti-
vely, in the basic (existing) and the project (extended) fo-
rest road network.

When determining the total cost of timber skidding un-
der the project variant of the Bp, along with the cost of tim-
ber skidding B we also take into account the cost of expan-
ding the forest road network:

B, =B+I1-(G,-Gy)-S+1,-1,,, 4
where I is costs for construction and operation of 1 m of the
forest road, UAH/m; Gpand Gy are density of the road net-
work according to the project and basic variants, m/ha; S is
the forest area, ha; Iy is capital costs for laying 1 m of skid-
road, UAH/m; [y is the length of skidroad, m.

Concerning the proposed model and methodology that
is based on the analysis of potential environmental risks as-
sociated with the rutting formation and assessment of tim-
ber skidding, we have obtained the model map of environ-
mentally acceptable types of timber-hauling machines (Fig.
4) for a real forest-exploitation area, the Rozhanka forest
district, the Slavsk State Forestry Enterprise, in particular.

Figure 4. Model map of environmentally acceptable and
economically feasible types of timber-hauling machines of the test
forest-exploitation area

Conclusions

The proposed model enables substantiating environmen-
tally safe and economically feasible ways of skidding, esti-
mating the ratio of transport development of a forest area
using various terrestrial technical means (wheeled and
crawler tractors or cable systems), as well as outlining the
possible occurrence, intensity and spread of environmental
hazards associated with timber harvesting.
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M. T". Adamoecwkuii, 0. A. Cmupaniecvkuii, M. M. Bopuc

Hayionanenuii nicomexuiunuii ynisepcumem Yxpainu, m. Jlveie, Ykpaina

MPOCTOPOBE MOJIEJTIOBAHHA TPAHCIIOPTHOI'O OCBOEHHA JIICOEKCIIJIYATALIHHOT O
MACHBY 3 YPAXYBAHHAM IOTEHIIMHUX EKOJIOTTYHUX PU3HUKIB

He3sminHnMu aTpuOyTaMu 3aroTiBIli JEPEeBUHU € HU3KA ITOTEHIIHHNX €KOJIOTIYHUX PHU3UKIB, KOXKEH 3 SIKHX MOXXE IPH3BECTH JI0
ICTOTHHX IIOIIKOJDKEHb JOBKULIS. [HTEHCHBHMI PO3BUTOK TEXHIKM Ta BJOCKOHAJICHHS TEXHOJIOTiI MaTepialbHUX BUPOOHULTB CIIPU-
YUHWJIM iCTOTHE 3pOCTaHHS TEXHOI'€HHOI'O BILUIUBY SIK HA 301JIbIICHHS KaTacTpO(iYHUX CTUXIMHUX SBHIL, TaK i Ha GOpMYyBaHHS IJIO-
OaJbHUX 3MiH KIiMaTy. J[ieBUM 3acO00M peryioBaHHS Ta MiHIMi3alii UX HETaTUBHUX IIPOLECIB OYyII0 6 MPUHHATTS yciMa JiepikaBa-
mu cBity Exonoriunoi Koncrurymii 3emii. Jlico3aroriBenbpHa TisUTbHICTE € OJHUAM 13 €KOJIOTIYHO HaWHEOEe3MEeUHIMMX BHIIB TEXHO-
TeHHOT'O BIUIMBY Ha JIICOBE CEpPEJOBHIIE, OCKIJIBKH ITiJ] 4Yac 3BATIOBAHHS 1 TPAHCIIOPTYBAHHS AEPEBHHH MOIIKOPKYIOTHCS JIePEBOCTaH,
HiapicT, NPUPOAHI BOJOTOKH Ta IPyHT. OJHAK CTYNiHb HEraTMBHOTO BIUIMBY JIICO3arOTiBJII MOXXHA 3BECTU IO €KOJIOTIYHO IPHIHAT-
HOTO PIiBHS, a TEXHIYHI TOKA3HUKN BUKOPHCTAHHS JIICOTPAHCIIOPTHUX 3ac00IB — 10 eKOHOMIYHO JOLITFHHUX 3HAUSHb IIUISIXOM HAJIEXK-
HOT'O OLIiHIOBaHHS IHTEHCUBHOCTI €KOJIOT1YHOTO PU3HUKY NPUIHATTS NEBHUX TEXHIYHHX 1 TEXHOJOTIYHHUX PIilICHb Ta 3/IHCHEHHS €KO-
JIOTIYHOTO YIPaBIIHHS UM IporecoM. ¥ poOoTi HaBeneHO mixxoxu 1o crBopeHHs ['IC-mMozeni mpocTOpoBOro IUIAaHYBAaHHS TPaH-
CIIOPTHOT'O OCBOEHHS JIICOEKCIUTYaTallifHOro MacUBY Ha OCHOBI BapTiCHOTO OLIHIOBAHHS TPEIIOBAHHS JEPEBUHHU Ta 3 ypaxXyBaHHIM
TEXHOT€HHOT'O BIUIMBY JIICOBHX MamIvH. Po3po0ieHHs: Mozeni JIiCOTPaHCIIOPTHOTO ITAHYBAHHS € KOMIUIEKCHUM 3aBIAHHSM, JUIS BH-
PILIEHHS SIKOTO JOCHiIKYBaHy CUCTEMY MOLITBHO PO3OUTH HA OKPEMi B3a€MOIIOB’s13aHI MOMYJIi, KOXKEH 13 SIKHX BHCTYIIA€ BJIACHOIO
MOZEIIIIO: MOJIeNIi JUIsl JIICOTPAHCIIOPTHOrO IUIAHYBaHHS, 0a3a JaHMX, (OpMYBaHHS 3aBJaHHS, PE3yJIbTaTH MOJEIIOBAHHS, aHANi3
MOXIIUBOCTI PyXy, aHaJi3 MOUIKOKCHHS JOBKIJUIS, OL[IHFOBAHHS Ta BIOCKOHAICHHS HAasBHOI Mepexi JicoBux nopir. Ha mincrasi
3aIpONOHOBAHOI MOJIENI Ta METOJMKH, OCHOBAHOI Ha aHaJIi3l MOTEHIIHHUX €KOJIOTIYHUX PU3HUKIB, IIOB’S3aHUX 3 KONI€YTBOPEHHSM i
BapTICHUM OIIHIOBAaHHSM TPEJIOBAHHS ICPEBHHH, OTPUMAHO MOJIEIbHY KapTy €KOJIOTI4HO NMPUITHATHUX BUJIB JIICOTPAHCIOPTHHX 3a-
co0iB JUIsl peasIbHOT O JlicoeKcIutyaTaniitnoro macuBy (Poxanceke micaunrso JI1 "CnaBcbke sicoBe rocrogapcrso'). 3amnpornoHoBa-
Ha MOJIEJb Ja€ 3MOTy OOIPYHTYBATH €KOJIOTIYHO O€3MEYHI Ta €KOHOMIYHO JIOIIBHI CIIOCOOU TPENIOBAHHS, OL[IHUTH CITiBBiHOIICHHS
TPAHCHOPTHOI'O OCBOEHHS JIICOBOI'O MAaCHUBY Pi3HUMH Ha3eMHHMH TEXHIYHUMHM 3aC00aMH (KONICHUMH i 'YCEHHYHUMH TPEIIOBAIBHH-
MH TPakTOpaMH 4M KaHATHUMH CHCTEMaMH), & TaKOXX OKPECIHTH MOXJINBE BUHHKHEHHS, IHTEHCHBHICTB 1 MOMIMPEHHS €KOJIOTTYHOI
HeOe3MeKH, OB’ A3aHO] 13 3arOTIBIICIO ACPEBUHH.

Kniouosi cnoga: mpocTopoBe MOZAEIIOBAHHS; JTICOTPAHCIIOPTHE OCBOEHHS; JIiCOSKCIUTyaTalliHHNI MacHB; JiCOBAa MallINHA; €KOJIO-
TiYHI PU3HKH.

H. TI. Adamoeckuii, 0. A. Cmsipanueckuii, H. M. Bopuc

Hayuonanvhwiii necomexnuueckuti ynusepcumem Ykpaunul, 2. JIveos, Ykpauna

INPOCTPAHCTBEHHOE MOJAE/IMPOBAHUE TPAHCIIOPTHOT'O OCBOEHMUA JIECO3KCIILY-
ATAIIMOHHOI'O MACCHUBA C YYETOM IOTEHIIHUAJIBHBIX 3KOJIOTHYECKUX PUCKOB

HeusMmeHHBIME aTpHOYyTaMU 3arOTOBKH JIPEBECHHBI SIBISICTCS P/ MOTCHIIHMATBHBIX 3KOJMIOTHYECKUX PUCKOB, KQXKIBIH M3 KOTOPBIX
MOJKET MPUBECTH K CYLIECTBEHHBIM IOBPEXKICHUSAM OKpYKarollel cpeapl. IHTEeHCHBHOE pa3BUTHE TEXHUKH U COBEPILEHCTBOBAHUE
TEXHOJIOT'MI MaTepHaibHBIX MPOU3BOCTB IMPUBENIO K CYIIECTBEHHOMY POCTY TEXHOI€HHOTO BO3/IEUCTBUS KaK Ha yBeJIMUEHHE KaTac-
TPOPHUUECKUX CTHXUUHBIX SBICHHUN, TAK U HA ()OPMUPOBAHUE TI00ATBHBIX U3MEHEHHI KiMMara. JIeHiCTBEHHBIM CPEICTBOM peryJIu-
POBaHUs 1 MUHUMHU3ALUH STHX HEraTHBHBIX MPOIIECCOB OBLIO ObI MPUHSITHE BCEMU rOCyJapcTBaMu Mupa DKronorumieckoit Koncrury-
muu 3eMin. Jleco3aroroBUTEIbHAS A€ITEIBHOCTD SIBIISETCS OMHUM M3 DKOJOTHYECKH ONACHBIX BHAOB TEXHOT'CHHOT'O BO3ICHCTBHS Ha
JIECHYIO Cpely, ITOCKOJIbKY BO BpeMsl BAJIKU U TPAHCIIOPTHUPOBKH JPEBECHHBI OBPEXKIAIOTCS JPEBOCTON, OAPOCT, MPUPOJHBIE BOJO-
TOKHU ¥ nouBa. OJJHaKO CTENEeHb HEraTUBHOIO BO3JEHCTBUS JIECO3ar0OTOBKU MOYKHO CBECTH K DKOJIOIMUECKU IPUEMIIEMOMY YPOBHIO, a
TEXHUYECKHE IMOKA3aTEeNH UCIIOIb30BaHUS JIECOTPAHCIIOPTHBIX CPEJICTB — K SKOHOMHUYECKH LIE1eCO00pa3HbIM 3HAYCHHSM MTyTEeM HaJl-
JIeKALEro OLIEHUBAHUSI HHTEHCUBHOCTH HKOJIOTMYECKOIO PUCKA MPUHATHUS ONPEAESIEHHbIX TEXHUUYECKUX U TEXHOJIOIMYECKHX pellie-
HUI U OCYLIECTBIICHHS dKOJOIHYECKOTO YIPABICHUS 3THM IpoleccoM. B pabore mpuBeneHsl moaxoasl k co3nanuto ['MC-monenu
MIPOCTPAHCTBEHHOT'O IUIAHUPOBAHUS TPAHCIIOPTHOI'O OCBOEHMS JIECOAKCILTYaTALlMOHHOTO MAacCHBa Ha OCHOBE CTOMMOCTHOI'O OLICHH-
BaHUS TPEJICBKH JPEBECHUHBI M C YIETOM TEXHOT'CHHOT'O BO3JCHCTBUS JIECHBIX MalliH. Pa3paboTka MOJeNn JIeCOTPAaHCIIOPTHOTO Ihia-
HUPOBAHUS SIBIICTCS KOMIUICKCHOW 3aJaueii, Ui pelieHuss KOTOPOH HCCIIEAYEMYI0 CUCTEMY LeIeco00pa3Ho pa30OuTh Ha OTIEBHEBIE
B3aMMOCBSI3aHHBIC MOJYJIH, K&l U3 KOTOPBIX BBICTYMAET COOCTBEHHON MOJEINBIO: MOJIENH IS JIECOTPAHCIIOPTHOTO TUIAHHUPOBa-
HUs, 0a3a AaHHBIX, QOpMUpPOBaHHE 3a/IaHMs, PE3yTbTAaThl MOJICIUPOBAHUS, aHATH3 BO3MOXXHOCTH JIBIKCHHUS, aHATIH3 IMOBPEKIACHUS
OKpY)Karollel cpesibl, OLeHKa U COBEPLUICHCTBOBAHME UMEIOLIEICs CeTH JIECHBIX Jtopor. Ha ocHOBaHMM IpeIOKEHHOM MOJENU U Me-
TOIUKH, OCHOBAaHHOUN Ha aHAIN3¢ MOTCHIMAIBHBIX YKOJIOTUYECKIX PUCKOB, CBSI3aHHBIX C KOJIEEOOpa30BaHHEM M CTOMMOCTHOI OIICH-
KOI TpeneBKH JPEeBECUHBI, MOJIY4eHa MOJEIbHAs KapTa IKOJIOrMYECKU MIPUEMIIEMBIX BUOB JIECOTPAHCIIOPTHBIX CPEJCTB AJISl peallb-
HOT0 JIeCOdKCIUTyaTalMoHHoro maccuBa (Poxxanckoe necuuuectso I'TI "CnaBckoe necHoe xo3siicTBo"). [IpeanoxeHHas Moaemnb 103-
BOJIsIET 00OCHOBATH SKOJOTMYECKU 0€30MaCHBIC U IKOHOMHUYECKH 1eJ1ecO00pa3HbIe CIOCOOBI TPEIECBKH, OLCHUTh COOTHOIIICHHUE TPaH-
CHOPTHOI'O OCBOEHHUS JIECHOI'O MacCHBa Pa3IMYHBIMU HA3€MHBIMU TE€XHHUYECKUMU CPEJCTBAMU (KOJIECHBIMU U T'YCEHHUYHBIMU Tpelie-
BOYHBIMH TPAKTOPAMHU WJIA KAHATHBIMH CUCTEMAaMH), & TAKKE OUYEPTHTh BO3MOXKHOE BOSHUKHOBEHHUE, HHTCHCUBHOCTh M PacpoCTpa-
HEHUE DKOJIOrMYECKON OMAaCHOCTH, CBSI3aHHOM € 3ar0TOBKOW JJPEBECHHBI.

Knroueswvie cnosa: npocTpaHCTBEHHOE MOJICIMPOBAHNUE; JIECOTPAHCIIOPTHOE OCBOEHHE; JIECOIKCILUTYaTallUOHHBI MacCUB; JIeCHAs
MalIMHa; Y9KOJIOTHYECKHE PUCKH.
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