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KaszakcmaH Pecniybnukacbl ¥nmmebiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonoausi xoHe
MeXxHUKarbIK FbifibiIMOap Cepusicbl” fbinbIMU XypHanbiHbiH Web of Science-miH xaHanaHfaH HyckKachbl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapnaldbl. byn uHdekcmeny
b6apbicbiHOa Clarivate Analytics kommnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke Kabbinday moceneciH
Kapacmebipyda. Webof Science sepmmeywinep, asmopnap, bacnawhbinap MEH MeKeMesiep2e KOHmMeHm
mepeHOiei meH canacblH ycbiHaObl. KP YFA Xabapnapbi. [eonoeusi xoHe mexHUKasblK fblibiMOap
cepusicel Emerging Sources Citation Index-ke eHyi 6i30iH KoramOacmabiK yWiH eH e3ekmi xoHe 6edesndi
2eo0rs102usl XoHe mexHuKarnbIK fblribiMdap 6olbiHWa KOHMeHmke adandblfbiMbi30b! 6ir1dipedi.

HAH PK coobwaem, ymo Hay4HbIl xypHan «3gecmusi HAH PK. Cepusi 2eonoauu u mexHU4eCKUxX
Hayk» bbln npuHsam 0Onsa uHdekcuposaHusi 8 Emerging Sources Citation Index, obHoeneHHoul sepcuu Web
of Science. CodepxaHue 8 amomMm uHOeKkcuposaHuU Haxodumcsi 8 cmaduu paccMompeHuUsi KomnaHueul
Clarivate Analytics Ons OanbHeliweao npuHsamus xypHana e the Science Citation Index Expanded, the
Social Sciences Citation Index u the Arts & Humanities Citation Index. Web of Science npednazaem
Kadecmeo u enybuHy KoHmeHma Ons uccriedosameriel, asmopos, u3damernel U y4dpexoeHud.
BknoyeHue Useecmusi HAH PK. Cepusi eeonoeuu u mexHudeckux Hayk e Emerging Sources Citation
Index demMoHCmMpupyem Halwy NpueepXeHHOCMb K Haubonee akmyasbHOMY U 8/1USIMESIbHOMY KOHMEHMY
10 2e0/102UU U MEXHUYECKUM Haykam Orisi Hawezao coobujecmea.
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MORPHOMETRIC ANALYSIS OF THE RELIEF
OF THE NORTH-EASTERN SLOPE OF THE GREAT CAUCASUS
FOR THE PURPOSE OF TOURISM POTENTIAL
(using GIS technologies)

Abstract. Considering that to date, the scientific, theoretical and methodological basis of the use of GIS
technologies in tourist geomorphology is not sufficiently developed, the article carried out a morphometric study of
the north-eastern slope of the Greater Caucasus in order to develop tourism. The morphometric analysis of the study
area we carry out with using a digital relief model (DEM) using the ArcGIS package. The initial data were the results
of a Shuttle radar topographic mission (SRTM) radar survey, designed to create a high-precision network of global
DEM. Its root-mean-square error is estimated at a height of about 16 m, and the clarity of the position of the nodes of
the three-second grid is about 20 m, while in conditions of mountainous relief these indicators become larger. An
SRTM image with a resolution of approximately 60 m is useful for implementing morphometric analysis and
creating proper maps in a GIS. Image editing related to identification and elimination of minor errors was performed
using the ArcGIS package and its Spatial Analyst module.

To establish the general background of the fragmentation of the modern relief, a 5-point scale for assessing
morphometric tension was developed and adopted, which includes the degree of horizontal and vertical fragmen-
tation of the territory, the decline of the slopes, etc. The results can be used to create investment projects for the
development of tourism on the north-eastern slope of the Greater Caucasus.

Key words: tourism, morphometric analysis, morphometric tension, exogenous processes, ecogeomorpho-
logical region, danger, GIS technologies.

Introduction. One of the fastest developing fields in the world in economy is tourism at the moment.
In the scope of Azerbaijan tourism is considered as one of the most demanded field as a new form of
property for our republic. It is worth to emphasize that having high economic potential, tourism is
promoting development of other mixed fields of economy: transport, trade, communication, production of
goods of wide consumption, agriculture and etc. Expansion of range of fields in this sector has a number
of positive moments, however, the absence of scientific based methodology and corresponding control is
definitely reflected in condition of natural environment. Implementation of tourism activities is obliged to
be in line with the current legislation in the field of protection of natural environment, and it is important
to purse corresponding scientific based evidences taking into account certain territory in order to be in line
with this or other types of tourism and recreation [1]. The given system is consisted of several parts where
among them the formation of system of environmental geomorphological criteria which is discovering the
landscape, tourism zoning of the territory and identification of level of environmental risk [2].

We think that the morphometric analysis of landscape of the territory is the main element of similar
studies which can provide an opportunity to evaluate geomorphological touristic resources of North
Eastern slope of the Greater Caucasus.

Materials and methodology of study. In Geomorphological achievements they have been analyzed
as the main features of the landscape, which can allow us to assess the landscape to which we can include:
morphometrics (morphology), dynamic, genesis and age that is also divided to approximately specific
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features (the absolute and comparative height, angle of slopes, vertical and horizontal distribution,
exposition of slopes and etc.). The above mentioned morphometric condition of accelerated ecogeo-
morphological state can impact on different level [3,4]. Position and hypsometry of slopes are influencing
to ecogeomorphological situation through macro and climate conditions. Horizontal distribution is
characterizing the level of differentiation of ecogeomorphological conditions in the spaces, the repeating
of slopes of frontal exposition, periods of reformation of landscape complexes. In development eco-
geomorphological condition the angles of surface of slopes are defining energy of landscape, activeness
and speed of slope processes, also influence to physical, chemical and mechanical features of soil surface,
development and productivity of plants, to amount of solar radiation, infiltration of atmosphere
precipitations, transformation of energy and elements and other processes which in different levels can
impact to organization of landscape complexes and ecosystems [5,6].

Morphometrics is putting certain objectives which are formulating the group of tasks: 1. Description
of landscape 2. Explanation of landscape 3. Forecast of formation of landscape [7,8].

One of the important problems for north eastern slope of Great Caucasus which is traditionally used
for recreation and tourism is evaluation and appropriate application of tourism resources. Especially
important in this issue is the task of evaluation of psychological esthetic features of landscape, which are
contributing to strengthening moral and physical state and potential of population [9].

To our opinion, it is desirable to use AKS, air photo plans and photographic maps and sometimes
their applications for studying geometry of slopes. The advantage of AKS is that in with them possible to
see in details the boundaries of slopes of mountainous territories than in topographic maps. Having forest
cover AKS is less informative than topographic maps. That’s why it is better to identify the regions where
desirable AKS can be applied and where is better to use topographical map [6].

The morphometric analysis of north eastern slope of Greater Caucuses had been conducted by us with
the help of digital elevation model (DEM) through using their ArcGIS package. Baseline data were used
as a result of radio location shot of shuttle radar topographic mission (SRTM) considered for creation of
high resolution network of global DEM. The average square error of it is evaluated on the height
approximately equal to 16 meters and resolution of state of three second cell is around 20 meters with the
fact that in condition of mountainous landscape the data is becoming higher or larger. SRTM with the
resolution approximately 60 meters is useful for realization of morphometric analysis and development of
corresponding maps in GIS. Editing image related with identification and eradication of insignificant
errors had been conducted with the help of the package ArcGIS and its model Spatial Analyst [10]. The
map of angles of slopes of surface of ground (drastic slopes) had been developed by us using the function
of Spatial Analyst and its option of surface analysis (figure 1).
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Figure 1 — The map of tilt angles Figure 2 — The map of slope exposure

Initially the map was presented in roster format and later it was converted to vector format. In
conclusion there had been developed the polygons of various drastic slopes of vector format maps with
angles of slopes. Initially there had been created a hypsometric map with identified elevation levels, then
there was calculated maximum and minimum sizes of slopes as well as squares of polygons on elevation
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level [7]. At the same place with the same methodology on the bases of digital elevation model there was
developed maps of exposition of slopes (figure 2), maps of horizontal and vertical breakdowns (figure 3,
figure 4). There had been applied to them geometrical layers such as geological (lithology of rocks),
hydrographic network, climate parameters (humidity, atmospheric precipitation, temperature etc.).
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Figure 3 — The Map horizontal partition Figure 4 — The map of vertical partition

There had been used by us LANDSAT 8 ASTER GLOBAL DEM (DEM files) on development of
maps dated to October 17, 2011 and KS. The works had been conducted in
UTM_WGS 1984 UTM Zone 39N coordination system (Universal Transverse Mercator Coordinate
System). There had been conducted analysis using the software ArcGIS 10.5, on the basis of which had
been created corresponding maps. One to another had been applied the maps of vertical and horizontal
distribution with the help of ArcGIS software (tool boxes) and waited overlay functions, map of angles of
slopes, where at the end had been achieve the map of morphometric acceleration (figure 5).

Symbols

less? 2 3 4 5 6 7 mOr <

Figure 5 — The map of morphometric tension

With the aim to identify the general background of division of existing landscape there had been
developed and accepted 5 scale assessment gradation of morphometric tension (table 1).
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Table 1 — Morphometric tension rating scale

Vertical partition (m) Tilt angles (°) Horizontal partition (km/m?) Scoring in points
>1000 >40 >2.5 \Y%
500-1000 30-40 1,5-2,5 v
200-500 20-30 1-1,5 I
100-200 10-20 0,5-1 I
0-100 <10 <0,5 1

The calculation of slope is required for evaluation of group of slope processes and it has to be taken
in to account in engineering geomorphological studies and etc. Exposition of slope is expressing its
relation to processes oriented trough space in equal schedule (insolation, circulation, gravitation): in
analysis of interaction directed to lithological, hydrological, geochemical, and aerodynamic flows to
landscape differentiation (direct and indirect impact to exogenic processes, sand formulation, plant cover
and etc.). The orientation of slopes to influences of erosion denudation activities is characterizing the
morphological features of land cover [7].

The results of studies. Mountain geo-system of North eastern slope of Great Caucasus is charac-
terized with intensive breakdown of landscape and they are different on their height, energetic capacity of
formation of dangerous fluvioglacial, gravitation, erosion and other landscape forming processes. In given
zone it is possible to mention horizontal movement through active disjunctive dislocation of rocks with
different genesis and ages. The north eastern slope is characterized with high seismological activeness
(7,8 points). Seismological dislocation had enormous impact to development of modern landscape.
General tension of horizontal processes in Alpine period of formation of mountains in Great Caucasus in
general and in studied region particularly identified in current period with intensive differentiated
movements of geodynamic tensions. Multi — character and multi — vectoral alinements conditioned the
space distribution and defined the boundaries of morphologically clearly identified steps morpho -
structure of given territory. Through these alinement active dynamic zones (Main Caucasus, Siyazan
Samur, Valvalichay, Garabulag etc.) is possible to characterize the intensive developing and exogenic
landscape formulating processes with high differentiation [11].

The studied territory is divided into following ecogeomorphological regions taken into account the
above mentioned data:

Main differentiated massive, Shahdag - Gizil Gaya massive, Tengi - Besh Barmagh massive, Gonag-
kend - Khaldan series of inter mountain lowlands, Gusar lowland and Samur Davachi lowland. Each of
those emphasized ecogeomorphological regions is in line with specific package of tourism resources.

The main Threshold massive is in line with Tufan anticlinoleum where it is consisted of Jurassic clay
rocks, sand, limestone which is easily influenced with intensive freeze and physical impact of winds.
Landslides and other processes are actively developed in Jurassic slopes of mountains. Also there can be
observed soly-fluctuation and defluctuation processes. Main Threshold massive has a perspective on
having different category and complexity (Bazarduzu, Tufandag and other mountains).

Shahdag Gizilgaya massive is characterized with the scope of density and depth of disfraction of
surface which pre-identified by the intensity modern tectonic movements in line of formation of Samur
and Western Caspian transfer zones as well as in a line of their crossing with active Threshold (Siyazan,
southern and northern Shahdag, Main Caucasus etc.). Accordingly it is also developed the forms of
exervation and modern forms of nivation as well as snow erosion. It has been also distributed the various
modern and other types of movements. In drastic slopes it is also distributed mudflows also it is developed
deflection and sloifluctuation processes as well as several spaces are occupied with amount flood sources
where the areal of them are increased under the influence of technogen factors. Dominating gravitation
processes are of different types of land slides and etc. Shahdag-Gizilgaya massive also has a perspective
of being included to different category of complexity, and used for skiing sport types (Shahdag mountains,
Gizilgaya and others).

The Tengi Besh Barmag massive is consisted of a number of strongly pressured structures among
which it is situated similar synclinal zones. The massive is consisted of limestone, clay, sands of various
periods and ages. The slopes are drastic and intensively disfracted. The territory has mid mountain and
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lowland erosion - denudation landscape. Under the active influence of exomorphodynamic processes the
massive is divided through threshold where different forms of landscape are formulated and also there are
few waterfalls where is a high land slide risk here which is creating eco geomorphological thred in using
the geo-system of given region. Also different types of landslides most developed as well in stone see.
Tengi Besh Barmaq massive has a perspective on the point of view of establishment of ecological paths
(Velvelechay valley, Laza and Kuzun waterfall and etc.) (figure 6, 7).

Figure 6 — Gorge Velvelichay river Figure 7 — Laza Waterfall

Gonagkend Khaltan series of inner mountain depression is situated in all high levels and tied different
squares of land. High mountainous parts are developed Shahnabat and Khinalig (figure 8) mid mountain
and particular low mountain parts Efrin Jimin Gonagkend Altiagaj Khaltan Vostaf Dildilchay Vegver
depressions. In depressions of high mountains all the fluvioglacial erosion denudation and gravitation
exodynamic processes are taking place. Also it is widely distributed the landslides and other processes
[12]. Gonagkend Khaltan series of inner mountain depressions has a perspective on the point of view
ecological paths, agricultural and balneological tourism (Altiagaj, Gonagkend and etc.).

Figure 8 — The road to the Khinalig village

In the Gusar lowland from morphotectonical point of view is in line with the developed deflection
which had deflection in the recent stages and since late pleosen it was involved to the general process of
escalation of Great Caucasus. Here it is highly distributed landslides which can be consisted of different
rocks of scopes of values. Their formation is related with the neogen clay rocks in the basin of rivers
Velvelchay, Agchay, Garachay, Gudyalchay.

The landslides also developed in the valleys of the rivers Velvelechay and Gilgilchay. The colorful
lithological content of rocks, intensive cut of forests are leading to active formation of the network of
sloppy mountains and formation of sources of mudflow and floods. In certain places it is possible to meet
clay. The Gusar lowland has a perspective in developing agricultural tourism, horse sport and also
gastronomy tourism (Gachres, Chilegir etc.).

Samur-Davachi lowland is consisted of alluvial and alluvial delluvial deposits, it is disfracted with
ravines, beans, river values and river beds. It is also developed intensive abrasion processes, abrasion and
accumulation processes (cost line sands). Samur-Davachi lowland has a perspective in development of
seaside beach tourism, fishery and etc. (Nabran, Yalama, Gilazi, Zarat etc.).
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Conclusions. From the above mentioned facts it is possible to conclude that morphometric analyses
of landscape of north eastern slope of Greater Caucasus through application of GIS is giving an
opportunity to conduct quantity assessment of parameters of landscape, e.g. giving appraisal to the level of
erosion disfraction, identification of position of slopes, measuring the angles of slopes on earth surface.
Besides analysis of multilateral quantity factors of landscape and the developed map of morphometric
tension is allowing to reveal the likelihood of opening of conditional type intensity and direction of
formation of modern dangerous exogenic processes with the equal scopes and characters of disfraction of
landscape, high indicators of which can save the morphometric data. The complex morphometric analysis
of the territory through application of GIS are giving opportunity efficiently and in fast way evaluate
features of landscape negative features of landscape also for the purposes of forecasting landscape
planning. The achieved data can be used and applied not only in several fields of landscape planning
(agriculture, land use, construction, environmental activity) as well as in forecasting and functional zoning
of territories. The package of morphometric features are allowing to give the assessment to tourism
potential of north eastern slope of Greater Caucasus e.g. identifying opportunities of perspective use of
various territories for feature development of recreational tourism.

The results of studies are going to provide an opportunity for developing the maps of attractiveness of
landscape on conducting zoning for tourism activity. Within the above mentioned research the application
of specialized programs which are releasing us from hard, more connected works is giving an opportunity
to develop complex morphometric maps of various complexity of space scale and content.

C. A. Tapuxa3zep
I'eorpadust macTHTYTH O¥TA, Baky, O3ipOaiixan

COJITYCTIK-IIBIFbIC JIHIHIH MOP®OMETPUKAJIBIK TAJIIAY
TYPU3M NIOTEHTAJIJIBIK MAKCATBI YIIIH YJIbl KAYKA3JIbIH ASICBI
(A TeXHOTOTHACHIH KOJIAHY)

C. A. Tapuxa3zep
Wucruryr I'eorpadun HAHA, Baky, Azep0Oaitkan

MOP®OMETPUYECKHUI AHAJIN3 PEJIbE®A CEBEPO-BOCTOYHOI'O
CKJIOHA BOJIBIIOI'O KABKA3A C IEJIBIO TYPUCTHUYECKOI'O IOTEHIUAJIA
(c ucnonb3zopanneM 'MC-TexHonoruii)

AnHoTanusi. Pa3paboTka KOHLENIUK, a BCIIEA 32 3TUM U ['0CyJapcTBEHHOW MPOrpaMMbl pEOpraHu3allvd U
pasBuTHsl Typu3Ma B AsepOalkaHE NOCIYXWIM TONIKOM K CO3JaHHMIO PErMOHAIBHBIX IPOrpaMM pa3BUTHSA
Typu3Ma. C TOUKH 3peHHs Pa3BUTHS TypU3Ma CEBEpO-BOCTOUHBIN CKIIOH bonbioro KaBkasa n3BecTeH CBOMM BBITOJ-
HBIM reorpaduyecKkuM mojoxeHneM Ha 6epery Kacrmiickoro Mopst ¥ TyprCTHYECKOH NMPHUBIEKATEIbHOCTHIO (TOPHO-
JBDKHBIM CIIOPT, AJIBIMHU3M, SKOJOTMYECKHE TPOINbI W Jp.). YUHUTHIBAs TO, YTO JIO CETOJHSLIHErOo JHS Hay4yHO-
TeopeTHueckass M MeTojoyiornueckas ocHoBa npuMeHeHus ['VIC-texHonoruii B TypHCTHYECKOH TreoMopdosioriu
paspaboTaHa HEJOCTATOYHO, B CTarbe OBUIO MPOBENEHO MOP(OMETPUUECKOE HCCIEeOBaHHE CEBEPO-BOCTOYHOTO
ckiona bospmoro KaBkasza B Lensix pasBuTus Typuzma. MophoMeTpuyeckuii aHali3 HCCIelyeMON TepPUTOPHU
HaMH IMIPOBEICH C moMoIlpio nugpoBoit Mmonenu peibeda (LIMP) ¢ ncnonp3oBannem makera ArcGIS. McxomasiMu
MAHHBIMH SIBWJIMICH Pe3yJbTAaThl paanoiioKannoHHOW chemku Shuttle radar topographic mission (SRTM),
pacCYMTaHHOW ISl CO3/aHUs BBICOKOTOYHOW cetw miobanpHO L[[MP. Ee cpenHekBampaTthdeckas MOTPEIIHOCTh
OILIEHUBAETCA 10 BBICOTE MPUMEPHO 16 M, a UETKOCTh MOJO0XKEHHUS y3/I0B TPEXCEKYHIHOW CETKU COCTaBIAET IIPUMeEp-
HO 20 M, IpY TOM YTO B YCIJIOBUSIX TOPHOTO penbeda JaHHbIE MMoKa3arenu craHoBsiTcs Oonbiie. CHumok SRTM ¢
paspemeHreM npuMepHO 60 M Tose3eH Ul peann3anuyd MOp(pOMETPUUECKOTO aHaIM3a U CO3JAHUS HaIJISKaIuX
kapT B C. PenaktupoBaHue CHUMKa, CBI3aHHOE C WIACHTU(HUKAINEH W yCTpaHEHHEM HE3HAYHMTENBHBIX MOTpeI-
HOCTeH, BBHIMONHEHO C MmoMoImblo cpencts makera ArcGIS m ero momyms Spatial Analyst. Kapra yrmo HakimoHa
3eMHOI NMOBEPXHOCTH (KPYTH3HBI CKJIOHOB) HaMH COCTaBJI€Ha C HCroyib3oBaHueM QyHkumu Special Analyst u ee
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ormuuu Surface analysis. [Ipy co3ganum KapTbl BEPTHKAIBHOTO PACHWJICHEHHs ITOBEPXHOCTH W3OJMHUH IPOBEICHBI
yepe3 100 m. [Ipumensis BoiOpanHyto rpagaumuio 0-20 m, 20-50 M, 50-100 m... 1300-1400 M, 1400 m u Oomee,
IMMPOBCACH aHAJIN3 KapThl U BbIABJICHO, YTO 3HAYCHUA FJ'Iy6I/IHbI paCuJICHCHUA MCHAIOTCA B IMPOKUX MpEACIax OT 0 a0
1900 M. MOXHO 3aKITIOYUTh, YTO MaKCHUMajbHbBIC ITOKA3aTENN BEPTUKAIBHOW PACUWIEHEHHOCTH COOTBETCTBYIOT
THIICOMETPHYECKN CaMbIM BBICOKHMM TeppuTopusM. Ha ocHOBe aHain3a MOP(OMETPHUECKHX KapT CEBEPO-BOCTOU-
Horo ckJoHa bombiroro KaBkasza BBISBICHO, UTO IIyOWHA pacwICHEHHs HaOII0JaeTCs B IIpeIesax BEICOT OT -28 M 10
4466 M, T.e. c yBelnH4YeHHUEM a0COIIOTHOM BBICOTHI, YBEIIMUMBACTCS U IITyOHMHA pacUJICHEHUSL.

bein MMPOBECIACH " CONOCTAaBUTEIILHBIN aHaIu3 KapTbl OCPEAHCHHBLIX YKJIIOHOB IMOBEPXHOCTHU, I'IC U30JIMHUU
mpoBeneHsl yepe3 5°. M3 KapThl OCpPEeTHEHHBIX YKJIOHOB IOBEPXHOCTH BHIHO, UYTO KOJIMYECTBEHHBIE MOKA3aTeNN
OCpEIHEHHBIX YKJIOHOB IOBEPXHOCTH MEHSIOTCS B mpenenax ot 0°-1° (B mpenenax Camyp-ZleBednHCKON HU3MEH-
HoOcTH) 10 42°-43° (B BEICOKOTOpHOH Tostoce ['maBHOTO BomopasaensHOTo XpedTa).

Ha kapTe TOpHM3OHTAIBLHOTO pACUIEHEHWs TNOBEPXHOCTH HW30JMHMM NpoBeneHbl 4vepes 0,5 km/km?, re
KOJIMYECTBEHHBIE TTOKazaTenu Menstores o 0,1 10 4,0 kM/kM2. SICHO BBIP@XKEHHOTO OMPEIENEHHOTO MPOCTHPAHHMS
H30JIMHUH HEC UMCIOT, OJHAKO JOMHUHHUPYET MONCPCUHOEC HAIlpaBJICHUE, T.C. TYCTOTA PAaCWICHCHUA NOAYMHEHA I10IIC-
PeYHOMY MOP(OJIOrHYECKOMY PAacHJIEHEHHIO TEPPUTOPUH. MakcuMalbHOe pacuieHenue 3-4,5 kM/km? BCTpeyaercs B
BBICOKOTOPHOW TIPHBO0OPA3IEIbHON 30HE CEBEPO-BOCTOUHOTO CckiIoHa bombmoro Kaskaza. Hanpasnenue nzonuamin
COBITAJIa€T C HAIPABJIECHHEM TJaBHBIX JOJIHMH peK. MaKCHMalbHbIE 3HAYECHHUs NPHYpPOUYEHBI K CPEAHETOPBSIM M
MECTAMHM KOHYCaM BBIHOCA PEYHBIX JoNMH — 4,5 KM/kM? n Gosnee. MUHUMANbHBIE BEJMYUHBI TOPU30HTATBHOTO
pacuneHenus cBoiicTeennsl 1y Camyp-JleBeunnckoii HusmMenHocTH — 0-0,5 KM/KM?,

Jns ycraHoBieHust oOmiero ¢oHa pa3apoOIEHHOCTH COBPEMEHHOTo penbeda pa3paboTaHa M NMpUHSITA S5-TH
OayutbHAsl IIKaJIAa OLIGHKHM MOP(OMETPUYECKON HANpPsDKEHHOCTH, KyJa BKJIIOYEHBI CTENEHb TOPU3OHTAILHON M
BEPTHUKAIBbHOM PactICHEHHOCTH TEPPUTOPHH, YKIIOH CKJIOHOB U zp. [lomdydeHHbIe pe3yabTaThl MOXKHO UCIIOJIB30BATh
JUISL CO31aHMsI MHBECTHIIMOHHBIX IPOEKTOB 110 PAa3BUTHIO TYpU3Ma Ha CEBEPO-BOCTOUHOM cKiIoHe bonbmioro Kaskasa.

B mpomuecce ocBOeHHS TEPPUTOPHH CEBEPO-BOCTOYHOTO CKJIOHA B IIEISIX Pa3BUTUS TypH3Ma HEMAJIOBAXKHOE
3HAUYEHHE MMEEeT W TpobiieMa HM3Y4eHHs, OLUEHKH W INPOTHO3MPOBAaHUS (OPMHPOBAHMS COBPEMEHHBIX OITACHBIX
MIPUPOTHO-PA3PYLIUTENBHBIX IPOIECCOB. ['eoqMHaMHYecKu akTHBHOE, auddepeHurpoBaHHOE pa3BHTHE Habopa
SHJIOTEHHO M 9K30T€HHO OO0YCJIOBJIEHHBIX IPOLECCOB peibehooOpa3oBaHusl HEU3MEHHO MEHSET MOP(OIOrHUECKUI
(MopdomeTpruueckuii) BUa penbeda, YTO OUYCHb BaKHO YYUTHIBATH NPH OCBOGHHH KpaiHe HEYCTOWYMBBIX TOPHBIX
TEOCHCTEM B IIESIX pekpeannu. Hapsmy ¢ 3TUM OTpOMHYIO OMAacHOCTh 0Opa3yloT HEOKHIAHHO 3apOXKICHHBIE W
AKTHBHO TIPOSBIIIONINECS YIPOXKAIOUIME WIM KaTracTpoHUecKue »SHIOJWMHAMHYECKHE M OK30JMHAMHUYECKHE
npouecchl. B cTaTthe KpaTko OTpa’keHbl 3aKOHOMEPHOCTH IPOSIBIICHHST COBPEMEHHBIX ONACHBIX 3K30AMHAMUYECKUX
MPOLIECCOB B Pa3HbIX HKOreoMOP(OJOrHUEeCKUX apeaaX CeBepO-BOCTOYHOrO ckjoHa bonpmioro Kaskasza. Ananu3
COBPEMEHHBIX OIACHBIX Pebeoo0pasyOIUX POLECCOB UCCIEAYEMOM TEPPUTOPHUH, TOPHBIE CHCTEMBI KOTOPOTO B
HACTOAIIEe BPeMs MHTCHCUBHO OCBAWBAIOTCS C IIEBbIO PAa3BUTHA TOPHOTO, @ UMEHHO 3UMHETO TypuU3Ma U JIp., JaeT
BO3MOXKHOCTh CZAEJaTh BBIBOJ, YTO B JAHHOM pErHoHe A3epOaiijkaHa CaMbIMH OTACHBIMH MPOLECCAMH SIBIISIFOTCS
3eMJICTPSICEHHsI, OOBaJIbI, OTOJI3HH, CENM, PEeYHast M IUIOCKOCTHas 3po3ust U Ap. Bee atu mpomeccsl popMHUpyIOT
00IIIyI0 3KOIMHAMUYECKYIO HANPsDKEHHOCTD. J{iis meneil CHIKEHUs! OITaCHOCTH JKU3HEIESITeIEHOCTH JIF0/IeH, TypHc-
THUYECKMM OOBEKTaM M Jp. HEOOXOIUMO BBIIOJIHATH MPEABAPUTENBHYIO KPYITHOMACIITAOHYIO SKCIIEPTHYIO OLIEHKY
9KOreoMop(OJIOTUIECKONH OOCTAHOBKM B MpEAENax BbIICICHHBIX SKOreoMOp(OJOrn4ecKux paiioHax 0 Hayaia
OCBOCHUSI B IIETISIX PEKPEALIMOHHO-TYPHCTHYECKOTO OCBOCHHUSL.

KiroueBble cioBa: TypusMm, MOpGOMETPHIECKUH aHaIN3, MOPHOMETPUIECKasl HANPSDKEHHOCTh, SK30TCHHBIE
TIPOIIECCHI, IKOTeOMOP(OIOTHUECKHUI paifoH, omacHOCTh, [ IC-TexHOMOTHH
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