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Pestome: AKTyanbHOCTb PaboTbl. [€OTEKTOHWYeCKWe, NUTONOrMYecke W naHfwadyTHo-Mmopdonoruye-
CKMe 0COGEHHOCTM TEpPPUTOPURA, PYHKLIMOHUPYIOLLINX TYPUCTCKO-peKpeaLmoHHbIX KOMNIEKCoB LieHTpanbHOoro
KaBkasa, onpefenstoT nnatopMeHHbIR XapakTep pa3suTs CKMGCKORA NNNTbI, FOXKHON OKPAUHO BOBMEYEHHO
COBMECTHO C MpUYNeHeHHbIMU MUKponnuTamu-TeppeiHamn (Mpeakaskasckas, bevacbiHckas, BocTouHo-Kas-
Ka3ckas) B ropoobpa3oBaresibHblii npouecce bonblworo Kaekasa. MIHOI xapakTep reciorMyeckoro passutus npe-
Tepnenn TeppuTopUiN KXXHOIO CKNOHA bonbLLoro KaBkasa, BOBNEYEHHbIE B rOp006pa30BaTebHbIA NPOLLECC KakK
OKeaHW4eckune NauTbl — TeppeiHbl (3akaBkasckas nnuta, KXxHas MUKPONIUTA — CIIOXKEHHbIe TOMLLE Yepeayto-
Lerocs imwa ruHUCTBIX CRaHLEB C NPOCNOAMU NeCYaHNKOB, Meprefen, U3BECTHAKOB). MNpuxxaTtas K XXecTKOl
Ckudhckoir nuTe ¢ tora 3akaBkascKoil nauToi, noanupaemMon Apasuiickon nnatcpopmoint, KxxHas mukponnuTa
NOABeprnach MHTEHCMBHON Aechopmauiie, ryOUHHBIM TEKTOHUYECKUM NPOSBAEHNAM CyOLUMPOTHON OpPUEHTU-
POBKM, SBNSAOLMMCS KaHanamm akTMBHOr0 NPOABMEHNS 3HAOMEHHbIX reouHamMmnu4eckux npoueccos. CosaaHue
TYPUCTCKO-PEKpeaLoHHOro KoMnekca Ha HOxxHoM cknoHe LieHTpanbHoro KaBkasa npeanonaraet nporH03 Tem-
MOB re03KONIOrMYECKOI 3BOMIOLIMI B YCIOBMAX aKTUBHON re0MHAMUKN U UHTEHCWBHOIO NPOSIBIIEHUS ONACHbIX
reonornyecknx npoueccos. Lienb uccnenosanuii - 30HUPOBAHNE WHTEHCUBHOCTEN YPOBHEI re0aKoIormyeckmx
Harpy3oK reofMHaMn4ecknx 1 KNMMaTu4eckux BO3AeMCTBUA Ans AndepeHLMpPoBaHHOM0 LieSIeBOro UCnosib-
30BaHMs COOTBETCTBYIOLLMX NNOLWIAZeA. B npouecce nccnefoBaHuin BbisiBNEHbI Fe0AUHAMUYECKUE W KITUMATU-
yeckue (pakTopbl, XapakTepHble AN TEPPUTOPUM U Peanm30BaHO PaHXXMPOBaHME UHTErPabHbIX BO3AENCTBUIA
Ha uccnegyemoii Tepputopuu. MeToamMKa 3aknioyanach B paséueHn TeppuTopruiA Ha ANeMeHTbI NNOLWAAN pas-
mMepamm 4x4 KB. KM, y4eTe 3Ha4MMbIX (DakTOPOB BO3AENCTBUSA HA 3N1EMEHT Nowanm u CyMMUPOBAHUMN UHTEH-
CWBHOCTEN, ONpefensemMblX 3KCNepTHbIMI OLeHKaMI PaHXUPOBAHUS, 06YCIIOBIIEHHbIX KaXAbIM M3 MPUPOLAHbIX
BO3/EMCTBUIA. B npoLuecce peleHns 3agay 6b111 onpefesieHbl reoAnHaMUYeckue U Knumatudeckne haktopsl,
XapakTepHble AN Tepputopum; anddepeHUNpoBaHbl re0TEKTOHUYECKME U reOMOPONOrMYEeCKIUe YCIoBMa UX
NPOSBMEHNS; NPOBeeHA 3KCNepTHas OLieHKa MHTEHCUBHOCTU BO3AENCTBUSA KXA0r0 (hakTopa no naTnéansibHoi
CWCTEME 1 YCTAHOBJIEH CYMMAPHbI i MakCUMaNibHO BO3MOXXHBIA NOTeHUMaN Bo3aencTeus. PesynbTarbl McCneno-
BaHWIA CTanu 0CHOBOWM COCTaBNIEHNA COOTBETCTBYIOLLEN KapThl — CXeMbl 30HUPOBAHUS UCCNeSyeMOi TeppuTopum
Ha 30HbI C MHTEHCUBHOCTAMU, XapaKTepM3YIOLLMMU Pa3finyHble YPOBHU re03K0I0rMYeCKO Harpy3Ku.

Kniouesblie cnosa: HOXHbI CKNOH, LieHTpanbHbIi KaBka3, onacHble reoanHamMmn4eckue npoLecchbl, reo3ko-
NOrnYecKas Harpyska, 30H1pOBaHMe.
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Abstract: Relevance. The geotectonic, lithological and landscape-morphological features of the territories
where tourist and recreational complexes are functioning in the Central Caucasus determine the platform nature
of the development of the Scythian plate. The southern margin of this plate is involved, together with the attached
microplate-terranes (Ciscaucasia, Bechasynskaya, East Caucasian), in the mountain-forming process of the
Greater Caucasus. The territories of the southern slope of the Greater Caucasus, involved in the mountain-forming
process as oceanic plates — terranes (Transcaucasian plate, South microplate — folded by a layer of alternating
flysch of clay shales with interlayers of sandstones, marls, limestones) have undergone a different character of
geological development. The Southern microplate is pressed against the rigid Scythian plate from the south by
the Transcaucasian plate, supported by the Arabian platform. It has undergone intense deformation, deep tectonic
manifestations of sublatitudinal orientation, which are channels for the active manifestation of endogenous
geodynamic processes. The creation of a tourist and recreational complex on the southern slope of the Central
Caucasus presupposes a forecast of the geoecological evolution rate in conditions of active geodynamics and
intensive manifestation of dangerous geological processes. The Aim of the study is the zoning of the intensity
levels of the geoecological loads of geodynamic and climatic influences for the differentiated target use of the
corresponding areas. In the course of research, geodynamic and climatic factors characteristic for the territory
were identified and the ranking of integral impacts on the studied territory was implemented. The methods
consisted in dividing the territory into area elements of 4x4 square km., taking into account the significant
factors of influence on the element of the area and summing up the intensities determined by expert estimates of
the ranking caused by each of the natural impacts. In the process of solving the problems, the geodynamic and
climatic factors characteristic for the territory were determined; differentiated geotectonic and geomorphological
conditions of their manifestation; an expert assessment of the intensity of the impact of each factor was carried
out according to a five-point system and the total maximum possible impact potential was established. Results of
the study became the basis for the compilation of the corresponding map — the zoning scheme of the study area
into zones with intensities characterizing different levels of geoecological load.

Keywords: Southern slope, Central Caucasus, dangerous geodynamic processes, geoecological load, zoning.
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BeseapeHre

PaccmarpuBas 3eMHYI0 TOBEPXHOCTHYIO 000JIOYKY HE TOJIBKO KaK Cpely TeHepHpy-
IOIIYIO SHEPTHUIO 3a CYeT OMOJIoruueckoil nestenbHoCcTH [BepHaackuii, 1967], Ho u kak
o0nacTh BO3JEHCTBUSI aKTUBHBIX HEOPTaHWYECKUX areHTOB DHJIOTEHHOW MpPUPOAbI, He-
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TPYAHO OOBSCHUTH MPUPOAY, MACIITAOBl M TEMIIbl BOSHUKHOBEHHSI COBPEMEHHON KOPbI
BBIBETPUBAHUS, IIMPOKOE PA3BUTUE YETBEPTUUHBIX 00pPa30BaHMI, COCTABIIAIOIIUX OCHO-
By OOJIBIIIMHCTBA OMACHBIX [€OJIOIMYECKUX POLECCOB.

JlnuTtenpHOE pa3pyliaoliee BO3ICHCTBIE CTATUYECKUX HANPSHKEHUN U (PU3UKO-XU-
MUYECKHUX TOJIEW HA MOPOJbl ONPEAENISIOT IPUYMHHO-CIEACTBEHHYIO 3aBUCUMOCTD JH-
JOTEHHBIX U SK30T€HHBIX F'€OIMHAMUYECKUX MPOIIECCOB, MOATBEPKICHUEM YET0 CIY>KUT
MTOBCEMECTHAs MPUYPOUYEHHOCTh OYaroB ONACHBIX 3K30T€HHBIX MPOILIECCOB K AKTUBHBIM
TEKTOHMYECKUM HapyIICHUSM U UX JIMHEAMEHTaM. AKTUBHbIE TEKTOHMUYECKHE Hapyllle-
HUS 0071aJ1al0T K TOMY XK€ OMOJIOTMYECKUM JEeHCTBUEM depe3 (PU3NYecKue MoJisi-uHIu-
KaTOpPbl, BIUAIOIINE HE TOJIBKO HAa T€OJKOJIOTHUIO TEPPUTOPUH, HO M HA IKOJOTHYECKYIO
spomonuto [Cesnulevicius, 2005; Gentili et al., 2010; Pope et al., 2010].

NHTEHCHBHOCTD Fr€OIMHAMUYECKOTO BO3JAEHCTBUS 3aBUCUT OT FEOIMHAMUYECKON aK-
TUBHOCTH JINTOC(eps! (3HAOreHHasi TeOAMHAMUKA), JIUTOJIOIMYECKOT0 COCTaBa 0Ca10u-
HOTO 4YeXJjia, YCIOBUW B3aUMOJICHCTBUS T€OJIOTUUECKON cpeibl ¢ aTMOCc(epoi, KIIMMAaTH-
YECKUX M3MEHEHMH (PK30reHHas reojuHamuka). [eonnHaMuyeckue M KIMMaTHYECKUE
MPOIIECCHl OMPEACISIOT TE€OIKOIOTUIECKOE COCTOSIHME CPEAbl OOMTAaHUS M HBOJIOIHIO
3emiu B 1enoM. KputepusiMu Takoi OLIEHKH PaccMaTpUBAIOTCS CEHCMHUYHOCTH (PenKo
¥ TEeKTOHUYECKHE MOBIKKH) U TIOPAXKEHHOCTh TEPPUTOPHH IK30T€HHBIMU MPOIeCCaMu
[Abamakos, 2007; Cnuak, Kumkuna, 2004; SApoukuii, Hotuaes, 2016] kak gakTops! 110-
CTYIIHBIE YEJIOBEKY I uccienoBanus. Ho cBs3p naxe 3TUX AByX MPOSBICHUM 3€MHOMN
HBOJIIOIIMM Ha TOHKOM YPOBHE (KOMIUIEKCa (pr3nyecKux nose — 1eopMalioHHbIX, AUC-
JIOKAIIMOHHBIX, SIEKTPOMATrHUTHBIX, FTEOXUMUYECKHX, TETIJIOBBIX) OCTACTCS HESICHOM.

AHanu3 100010 3K30reHHOr0 MPUPOAHOI0 Fe0JI0rHuYecKoro npouecca, He3aBUCUMO
OT areHTa BO3/CUCTBUS, TOKA3bIBACT, YTO OOBEKT K COOBITHIO ATUTEIHHO MOATOTABINBA-
€TCSl DHJIOTEHHBIM T€OJAMHAMUYECKUM BO3JEHCTBHEM, BHIPAKEHHBIM Pa3IMUHbIMH (ak-
topamu [Persaud, Pfiffner, 2004].

OnHUM U3 TIIaBHBIX (PAKTOPOB IIMPOKOTO PA3BUTHS YETBEPTUUHBIX OTIOKEHUN SBIISI-
€TCsI JUINTENIbHOE BO3/ICHCTBHIE YHIOTCHHBIX IPOIIECCOB HA KOPEHHBIE MOPOABI B (hOpMU-
pOBaHNE COBPEMEHHOM KOPbI BEIBETPUBAHHUS. [[ariee HaYMHAeTCs IK30T€HHBIN IPOLIECC €€
paspymienus u nepeotnoxkenus [Dill, 1994; [Txapoe, EBgokumos, 2020].

VYpoBeHb BO3/1€HCTBUS Ha TE0IKOIOTMUECKYIO CPEy IHIOT€HHBIX U 9K30I'€HHBIX T€0-
JUHAMHYECKHUX MPOLIECCOB XapaKTEPU3YIOT LIMPOKO Pa3BUTHIE 110 IUIOLIAN PA3IUYHbIE
TEHETHUYECKHUEe THUIIbl YETBEPTUUHBIX OOpa30BaHMU, (OPMHUPYIOIIME MHOTIOYHCICHHbIE
ouard OINacHbBIX 3K30T€HHBIX mporeccoB [Guzzetti et al., 1999].

DHJOTeHHAas] aKTUBHOCTH SIBIIIETCA MPUYMHHBIM (PAaKTOPOM aKTHUBHU3ALUU SK30TCH-
HBIX MPOLECCOB U OJHUM M3 IMPU3HAKOB ITOTO SIBJISETCS YCTOMUYMBAs MPUYPOUEHHOCTh
MOCJIEAHUX K TEKTOHUYECKUM HapyIICHUSM U y3JIaM pa3HOPAHTOBBIX Pa3pbIBHBIX CTPYK-
TYp, O4aroBbIM 30HAM CEHCMHUYECKOW U BYJIKAHOIUIyTOHHYECKOW akTuBHOCTH [lllemme-
neB, 2007; [lemnenes u ap., 2015], ormeuaemast Ha BCeM IPOCTPAHCTBE pa3BUTHsI AJlb-
IMANCKON CKJIaq4aTOCTH.

BnusiHueM SHIOTEHHBIX MPOLIECCOB MOXXHO OOBACHUTH HE TOJBKO AKTHUBU3ALUIO
9K30I'€HHBIX T€0JIOTHYECKUX MIPOLIECCOB, HO U MHOTHE KJIMMaTHYECKHE U3MEHEHUs (J10-
KaJIbHbIE MapHUKOBBIE 3((EKThl, anbOe0, SKCIO3MIHKSA, MOMIOIIEHHE, PACCEeUBaHUE U
MHoroe apyroe) [Folguera et al., 2004]. Kornenius KTuMaTHYeCKUX U3MEHEHHH 3a CUeT
030HOBBIX JIbIP, BO3HUKAIOIIUX M3-3a BbIOpOCca B aTMochepy Xiop- u pTopcoaepKaiinx
(peoHOB, BHIIISAUT YK€ HE CTOJNb JOTMAaTHYHO, U MApajlIeIbHO pacCMaTPHUBAIOTCS T€0-
JMHaMu4eckue (hakTopbl KIMMaTHYeCKol 3aBUcUMOCTH [be3epxuuii, 2019].

OOBeKThI, MPEACTABISAIONINE OYark OMACHBIX T€0JIOTUYECKUX MPOLIECCOB, CBSI3aHHBIC
C JIEIHWKAaMHU U JIEOBOKAMEHHBIMH IJIeTYEepPaMH THUIMYHBI JJI1 BBICOKOTOPHBIX PaiioHOB
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COBpEMEHHBIX anblul. OHU B T€0IKOJIOTMYECKUX PE0OPa30OBAHUSIX UTPAIOT 3HAYUTEIb-
HYIO POJIb TMHAMUYECKUM BO3JEHCTBUEM PAa3pyIIUTEIHHOTO Xapakrepa (TTyOoKue phiT-
BUHBI, OTOJICHHBIE CKJIOHBI, CKYYHBaHHE KPYITHOOOJIOMOYHOTO Marepuaa).

[TocTine1HUKOBBIH 3TaN aKTUBHOTO T€OAMHAMUYECKOTO BO3/IEUCTBHS OTYETIMBO MPO-
SIBIISIETCS HA y4acTKax a0y JIETHUKOB, T/Ie OOHAXKAIOTCS aKTHUBHBIC TTyOMHHBIC pa3-
JoMbl. B ux mpezgenax, B BUJe KOPOTKUX Pa3pbIBOB TPEIIMHHOIO TUIA, BO3ZHUKAIOT Ha-
PYLICHHSI, KYIHCOOOPa3HO PACHOJIOKEHHbIE K IITyOMHHOMY pas3lioMy, M COCTaBISIOILIUE
C HUMHM €/IMHbIC JINHEAMEHTbI, OPUEHTUPOBAHHBIE COITIACHO OPOTEHY. DTH HapyLICHUs
BO3HUKAIOT HE 32 CYET 3eMJICTPSICEHUM, a KaK OCTaTOYHbIE e(hopMaIliu B IEPUOJIBI Celic-
Mudeckoro 3atuiibsi. Habmonenus B LlBeiiniapckux Anbnax mokasaid, 4T0 MaKCUMallb-
HOM CKOpOCTU MoabEMA MoBepXHOCTH (1,6 MM/TOIT), TOJBEP>KEHBI YYACTKHU MOCIETHUMHI
cOpocuBIme neasHol nanmups [Newsome et al., 2013].

HogelitmimMu nposiBIEHUSAMH TITYOMHHBIX T€OJUHAMUYECKUX MPOIIECCOB SBISIOTCS U
CEHCMOTEKTOHUUYECKUE Pa3pPbIBbl, KOTOPBIE, KaK MTPABUJIO, TATOTEIOT K KPYIHEHIIIUM TEKTO-
HUYECKUM pa3pbiBaM. MakcuMalbHas UX KOHIIeHTpaius ¢pukcupyercs o Tudckomy u Hap-
ckomy paznoMam. [lo npoTsikeHHOCTH M mIMpUHE NoJ0Ckl pa3BuTUa Hapckas 30Ha HOBeM-
IIUX CEHCMOTEKTOHMYECKHX Pa3phIBOB HE NMeeT ceOe paBHBIX Ha BceM CeBepHoM KaBkase.

OCHOBHblE reoAMHaOMMYECKME GAKTOPbI M MHTEHCMBHOCTb
X BANSHNSG HO TEOSKOAOTNYHECKYIKO CUTYALUUIO

JIJi KOMMYEeCTBEHHON OIIEHKH T'€03KOJIOITMUYECKOTO BO3JAEHCTBHUS T€OINHAMUYECKUX
(akTopoB caenaHa BHIOOpKA BCEX MPOSBISIFOIIMXCS T€OJUHAMHYECKUX U KIMMaThye-
ckux (hakTopoB [Masek et al., 1994; Sobel, Strecker, 2003; Hilley, Coutand, 2010; Varga
et al., 2011; Yang, Eitel, 2016], UHTEeHCUBHOCTH BO3JEHCTBUS KaXJIOT0 M3 KOTOPBIX Ha
OKPY’KaIOIIyI0 Cpedy OlleHeHa Mo NATHOaubHOM cucteMe. [Ipu 3ToM B 0CHOBE Oab-
HOCTH paccMaTpHUBAeTCs HE CUJla COTPSCEHHs, a CIOCOOHOCTh Te0IMHAMUYECKOTO (ak-
TOpa K YCKOPEHHIO IEHYAAIUU TIOPO, OCIIa0IEHUIO NX HH)KEHEPHBIX CBOMCTB, Pa3BUTHIO
YETBEPTUYHBIX OTIOKEHUMN, OMACHBIX T€OJIOTHYECKUX MPOIECCOB U, B KOHEUHOM CHUETE,
YCKOPEHHOMY M3MEHEHUIO T€0IKOJIOTHUECKON CUTYaIlHH.

MaxkcumanbHbIN paHr BO3IEHCTBUS OTIEIBHOTO (PaKTOpa yCTaHABIUBAJICS HA OCHOBE
METOAO0JOTHH IKCIEPTHHIX O1leHOK [[onbiiman, 1976, 1980] B Buae yuera MacconepeHo-
ca (0OBaJIBI-OCHITH, CEJTH, OTOI3HHU U T.11.) JaHAMA(PTHO-TEOMOPPOTOTHISCKUX U3MEHE-
HUM (OABMXKYU JIETHUKOB, CXOJ] JTJABUH) OXKHJIA€MbIX JTUTENbHBIX WU KPAaTKOCPOUHBIX
MOCIIEACTBUM (TEKTOHMYECKHE, BYJIKAHO-ILTyTOHUYECKUE TPOSBICHUS, 3eMIIETPSCEHUS,
ceficmaucnokanuu). [IpuHATO, 4TO BO3IEHCTBHE HA T€OAKOJIOTHUECKYI0 CHTyaluio N
(hakTOpOB KakJasi MHTEHCUBHOCTBIO B OJIMH PAHT WJIH €IMHUYHBIA PAHT COOTBETCTBYET
HauMEHbBIIIEMY BIHUSHUIO TaHHOTO (PAKTOpa Ha T€0IKOJIOTHYECKOE COCTOSIHHE, & YPOBEHB
5 panra — HauOOIbIIEMY.

Heo0xomumo 0TMETHUTD, YTO IPU paHXKUPOBAHUH T€OJMHAMHUECKHUX (DAKTOPOB MpH-
CYTCTBYET JIEMEHT CYObEKTUBU3MA, HO C YBEIMUEHUEM UX YHCIIa, CyMMapHasi olnoKa 3a
CyOBbEKTUBH3M MPUOIUKAECTCS K MUHUMYMY.

Jlna pacueta pucka R peanuzanuu Bo3aecTBHsI HCIIONB30BAIOCH CIEAYIOIIEE COOT-
HOILICHUE:

R=WxD (1)

rae: W — cyMMapHO€, MaKCUMallbHO BO3MOXKHOE BO3/ICHCTBUE BCEX YUTEHHBIX (hak-
TopoB W=2X W_ ... paHr;
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D — y43BUMOCTbh WJIM I€03KOJOIMUYECKOE COCTOSIHME KOHKPETHOW JIOKAaJbHOM ILIO-
IaJIKH, PaHT.

Ri — puck nposiBiaeHus: Bo31eHCTBUA OTAeIbHOTrO Gakropa Wi 1 peakuus JOKaIbHOM
IUTOIIAJIKU Ha BO3/IeHCTBHE AaHHOTO (akTopa Di, COOTBETCTBEHHO,

Ri= Wi x Di, panr.

R=ZXRi 2)

Heo6xonumMo OTMETUTh, YTO MPU PAHKUPOBAHUU TE€OIMHAMHYECKOTO (haKTopa Ipu-
CYTCTBYET JIEMEHT CyOBEKTHBH3Ma, HO C yBETMUEHUEM HX YHCIa, CyMMapHast olIroKa 3a
CYOBEKTHBH3M MPHOINKAETCS K MUHUMYMY.

Ha ocHoBe reoprHamMuueckux (pakTopoB, pacCpOCTPAHEHHBIX HAa UCCIEAYEMOH Tep-
PUTOpPUH, COCTABJICHBI 1B TaOMuUIbl. B Tabnuie 1 nmpuBeneHbl KOTMYECTBEHHBIE Xapak-
TEPUCTUKH BO3AEUCTBUN N€0JUHAMHYECKHUX MPOLIECCOB HA FE€0IKOIOTMUECKOE COCTOSHUE
TUTOIIAIKH, 00YCIOBICHHBIX JTUTOJIOTHYECKUMHU, TeOMOP(OIOTHYECKUMHE, SHAOT€HHBIMH,
HK30T€HHBIMH T'€0JIOTHUECKUMU U IPUPOJHO-KIMMAaTHYeCKUMHE (akTopamu. B Tabnure 2
MIPUBEICHBI Pe3yJbTaThl PacueToB pucka Ri mposiBieHus: BO3ACHCTBUS OTAEIHHOTO (hak-
TOpa ¢ moTeHantoM Wi Ha IUIOIIAAKY U €€ Te0IKOJIOTHYECKON ya3BUMOCThI0 Di Ha co-
OTBETCTBYIOIIUH (PaKTop.

Tabnuya 1/ Table 1

dakTopbl BO3EHCTBUS NeOAUHAMUYECKUX H KJIMMATHYECKHX NPOLIECCOB
HA re03K0JI0THYeCKoe COCTOSIHIE BLICOKOTOPHBIX TeppuTtopuii / Factors of
geodynamic and climatic processes influence on the geoecological state
of high-mountainous territories

Ne VYpogrenb Bo3aelicTus / Influence level

Buap! Bo3neiictust / Types of influence Perpec-

Cna6writ / | Cpenauit | Beicokuit

No. Weak / Mean / High CHBHHP.I/
Regressive
1 2 3 4 5 6
1 |3emrerpsicenns B OmmkHer 30He (R=50KM), ceiic-
MHUYecKass HHTCHCHBHOCTP B Oaiiax / Earthquakes in <6 6-7 7-8 8-9

the near zone (R = 50 km), seismic intensity in points

2 |30Ha aKTMBHOTO HapylIeHUs (IUIOTHOCTh Hapy-
weHuii B kM/kM%) / Active rupture zone (density of| 0,01 0,02 0,03 0,04
ruptures in km/km?)

3 |3oHa mepecedeHUs CyOIIMPOTHBIX M CyOMepHIu-
OHAJIBHBIX HAPYIICHWH OT OJHOTO JI0 YETHIpeX H
BhIIe (mepecedenue) / Zone of intersection of sub- 1 2 3 4
latitudinal and sub-meridional ruptures from one to
four and above (intersection)

4 |3o0Ha pa3BUTHA TPEIIMHHON TEKTOHUKH Pa3INYHOM
IUIOTHOCTH B KM/KM? / Zone of fractural tectonics of| 0,03 0,05 0,07 0,09
different density propagation in km/km?

5 |30HBI, MOABEP>KEHHBIC BO3ICHCTBHIO CTATHYECKHX
reopu3N4IecKnx, T€OXUMHUYECKHX IOJed B pajau-
yce medcTBHUs coObITHIA MO0 S0KM, paccTosHHE B
km:10-20; 20-30; 30-40; 40-50 / Zones exposed to 3 4 5 6
static geophysical, geochemical fields within the
range of events up to 50 km, distance in km: 10-20;
20-30; 30-40; 40-50
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6 | 30HBI IIPOSIBIICHMS OT OTHOTO JI0 TPEX 1 O0s1ee COOBITHS
CEeCMO/IMCIIOKAIMH B TIPE/ieNiax CTPYKTYpHOTO OJIoKa 1 ) 3 3
/ Zones of one to three or more seismic dislocation
events manifestation within a structural block
7 |PacnpocTpaHeHue YETBEPTUYHBIX OOpa30BaHUI
Ha wuHTepBanax BbicoT: 1700-2000; 2000-2300;
2300-2600; 2600 1 Boitue / Distribution of Quaternary 122%%' 22%%%' 2236%%' >2600
formations at the altitude intervals: 1700-2000;
2000-2300; 2300-2600; 2600 and higher
8 | Kopennsie nmopoas! msrkue (1o 50 MIla), oOHaxeH-
HOCTE 40%); 50%; 60%; 70% u 601ee / Soft bedrock
(up to 50 MPa) with the exposure 40%; 50%; 60%; 40% S0% 60% 70%m>
70% and more
9 |Bbasuc apo3un 1000M u Oonee, Ha BbicoTax oT 2000
U BbILIE, C yueToM oJeeHenus / Baselevel is 1000 m|  2000- 2500- 3300- 3500-
and more, at an altitude of 2000 and higher, taking| 2500 3000 3500 4000
glaciation into account
10 |Basuc spo3uu 500M Ha BeicoTax OT 1500 m BBIIE /|  1500- 1700- 1800- 1900-
Baselevel is 500 m at an altitude of 1500 and higher 1700 1800 1900 2000
11 |basuc sposun mo 500m Ha BeicoTax or 1500M wu 1300- 1100- 1000-
ke / Baselevel is 500 m at an altitude of 1500 and 1500 1300 1100 >1000
lower
12 | Penbed ¢ yrmaMu HakJIOHA MOBEPXHOCTH 10 15° mo| oOBajib- | MOpeH-
) ] OTIOJI3HE-
reHetndeckuM trnam rpyHToB / Relief with surface | Ho-ocwIn- | HBIE OTJIO- | cerneBbIe /
slope angles up to 15 ° according to genetic soil types| Hble / JKEHHMs / BhIc/
13 |Penped ¢ yramu HaxkJIOHa TOBEpXHOCTH 15-20°mo | oOBamb- | oOBaib-
) . OIIOJI3HE-
reHeTudeckuM Tunam rpyHToB / Relief with surface | Ho-ockIn- | HO-OCHIII- | ceneBbIe /
slope angles of 15-20° according to genetic soil types| HbIe / HEBIE / BhIC /
14 |Penbed c yrmiamu HakioHa moBepxHocTH >20° mo| oOBajb- | 0OBasb-
. . OIIOJI3HE-
reneTnyeckuM tumam rpyHrtoB / Relief with surface | Ho-ockin- | HO-0CHIII- | ceneBble /
slope angles > 20° according to genetic types of soils| Hbie / HbIC / BhIC /
15 |MomHOoCTs YeTBEPTUYHBIX OTIOKEHHH 0-5M, mpu
pa3nuyHBIX yriax HakioHa, rpan. / Thickness of
Quaternary sediments 0-5 m at different slope angles, 12-15 15-20 20-25 25m>
degrees
16 | MoImHOCTh 4eTBEPTUUHBIX OTIOKEHHH 5-12M mpu
pa3uyHBIX yriax HakioHa, rpan. / Thickness of
the Quaternary sediments 5-12 m at different slope 12-15 15-20 20-25 25m>
angles, degrees
17 |MomHOCTh YeTBEPTUYHBIX OTIIOKEHHN Oomee 12 M,
MIPHU pa3iIMYHBIX yIIax HakioHa, rpad. / Thickness
of the Quaternary sediments more than 12 m, at 12-15 15-20 20-25 25m>
different slope angles, degrees
18 | Cenwn, OT OAHOTO 10 5 U BBIIIE 34 CE30H, 00HEMOM OT
10 thIc. M 1 Gonee / Mudflows, from one to 5 and ) 3 4 5
more per season, with a volume of 10 thousand m?
and more
19 | Onon3uu B 061em o6beme 3a rox ot 10 Teic. M3 10 2
muH M/ Landslides in total volume for the year from 50 75 100 150
10 thousand m? to 2 million m?
20 | O6Banbl — ocwimu 10 5000 M3 Teic. M* / Landslides —
debris streams up to 5000 thousand m? 75 100 150 200
21 |IInockocTHOM cMbIB, omaabio ot 0,05 1o 0,10 km?
u BbIIIe HAa kM2 mioniany / Sheet wash, with an area 0,05 0,06 0,07 >0,1

of 0.05 to 0.10 km? and more per km? of area
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22 | Opo3uOHHasl IESTENBHOCTh peK oT 1 10 5M/4 Ooko-
Boit apo3un / Erosivity of rivers from 1 to 5 m/h of 1,0 2,5 4,0 5,0
lateral erosion
23 | ConuuioKiys Mpy MOIIHOCTH 3aXBaTa MpOLeccoM
Mo BepTukaiu ot 1-ro mo 4-x merpos / Solifluction 1,0 2,0 3,0 4,0
with a vertical capture thickness from 1 to 4 meters
24 CprHHaﬂ spo3us Ha ckiioHax 20° n 6oxee / Channel 20 25 30 35>
erosion on the slopes of 20° or more
25 |KapcrooOpa3oBaHHe, OT OXHOTO IO TPEX M BBIIIC
nposieieHni Ha km? mromanu / Karstification from 1 2 3 >3
one to three and more events per km? area
26 |JlaBuHbBl, O 4-X W Ooyee CXOIOB 3a CE30H /
1 2 3 4
Avalanches, up to 4 and more falls per season
27 |JlegHUKH W TJIETYEPHI JO TPEeX W BBIIIE COOBITHI
MaBOAKOBOTO ThMa Ha Tepputopuio / Glaciers and | ) 3 -3
gletchers up to three and more flood-type events per
territory
Tabnuya 2 / Table 2
PaH)KI/IPOBaHI/Ie BO3I[eﬁCTBHﬁ reoIMHAMHUYCCKHUX KIIMMATUYECCKHUX IPOIEeCcCoB
HA re0IK0J10TnYecKoe COCTOSTHHE BbICOKOTOPHBbIX TeppuTopuii / Ranking the
influences of geodynamic climatic processes on the geoecological state
of high-mountainous areas
Becosoii Yposens BozaeticTust / Influence level
pelTHHr
Ne coObITHA, . . . Perpec-
n/n Bunsl Bo3neiictsus / Wi/ | Ca0bIL, | Cpenunit, | Betcokuit, | o
/ Types of influence Weight | WixDi/ | WixDi/ | WixDi/ | g .7
No. rating of Weak, .W1 Mean, 'W1 High, Wl Regressive
an event, x Di x Di x Di Wix Di ’
Wmaxi
1 2 3 4 5 6 7
I ®akropel 3na0reHHoro Bo3aeiicteus / Factors of the endogenous influence
1 3emuteTpsiceHus B ONKHEH 30HE
(R=50km), ceificMmuueckast HHTE€H-
cuBHOCTH B Oayutax / Earthquakes 5 1 2 3,5 5
in the near zone (R = 50 km),
seismic intensity in points
2 30Ha aKTUBHOTO HAPYLICHUS
(IUIOTHOCTD HAPYIIEHUH B KM/KM?)
. . 3 1 1,5 1 3
/ Active rupture zone (density of
ruptures in km/km?)
3 30Ha nepecedeHus CyOIMPOTHBIX
U CyOMepHANOHAIBHBIX Hapy-
IICHUI OT OJJHOTO 10 YETHIPEX U
BhIIIE (IepecedeHue) / Zone of 4 1 2 3 4
intersection of sub-latitudinal and
sub-meridional ruptures from one
to four and above (intersection)
4 30Ha pa3BUTHSI TPELUIMHHON TEK-
tonuku 0,03 g0 0,10 km/kM? u
Boliie / Zone of fractural tectonics 5 1 2 3,5 5
of different density propagation in
km/km?
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30HBI, IOJIBEP)KEHHBIE BO3EH-
CTBUIO CTaTHYCCKUX TeO(H3IUe-
CKHX, TEOXUMHUYECKHUX TTOJIeH B
pannyce AeUCTBUS COOBITHI IO
50 kM, pacctosiHue B kM: 10-20;
20-30; 30-40; 40-50 / Zones
exposed to static geophysical,
geochemical fields within the
range of events up to 50 km,
distance in km: 10-20; 20-30;
30-40; 40-50

30HBI IPOSIBIICHHUS OT OAHOTO 0
Tpex u 6oree COOBITHS ceficMo-
JIUCTIOKAIIMY B TIPEMIENIaX CTPYK-
TypHoro onoka / Zones of one to
three or more seismic dislocation
events manifestation within a
structural block

11 JIntosiormueckue ¢paxkro

poi / Lithological factors

Kopennsie mopoast Msarkue (10 50
MIla), ooraxxeaHOCTH 40 %); 50 %);
60%:; 70% u 6oiee / Soft bedrock
(up to 50 MPa) with the exposure
40%; 50%; 60%; 70% and more

1,5

bazuc spo3un 1000 ™M u Gosee,

Ha BeicoTax oT 2000 u BEIIIIE, C
yuetoM onezneHenus / Baselevel is
1000 m and more, at an altitude of
2000 and higher, taking glaciation
into account

1,5

111 T'eomopdosiornueckne pakto

bl / Geomorphological factors

Bazwuc spo3mn 1o 500 M Ha BEICO-
Tax oT 1500 M u Hmke / Baselevel
is 500 m at an altitude of 1500 and
lower

1,5

10

Penbed ¢ yrmamu HakJIoHA 110-
BEPXHOCTH 110 15° o reneruye-
ckuM THnam rpyHToB / Relief with
surface slope angles up to 15 °
according to genetic soil types

1,5

11

Penped ¢ yrmamu HaxiIoHA TIO-
BepxHOCTH 15-20° o reHeTHYe-
ckuM TrmaM rpyHToB / Relief with
surface slope angles of 15-20°
according to genetic soil types

1,5

12

Penbed ¢ yrmamu HakiioHa mo-
BepxHOCTH >20° 110 TreHeTnye-
ckuM TunaMm rpyHros / Relief
with surface slope angles > 20°
according to genetic types of
soils

13

Penbed ¢ yrmamu Hakmona mo-
BepxHOCTH >20° 10 TeHeTHIe-
ckuM TrmaM rpyaTos / Relief
with surface slope angles > 20°
according to genetic types of soils

1,5

2,5
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14

30Ha aKTHBHOTO HapyIICHHS
(MUIOTHOCTD HAPYIIEHUH B KM/KM?)
/ Active rupture zone (density of
ruptures in km/km?)

4 2 2,5 3 4

v

DaKTopbl IK3I0TeHHOT0 U MPHUPOTHO-KJIUMATHYECKOr0 xapakTepa / Factors of exogenous and
natural-climatic character

15

MOHIHOCTI) YCTBEPTUUYHBIX OTJIO-
skeHuit 0-5 M, Ipu yIiax HakJIoOHa
12-25°u 6onee / Thickness of
Quaternary sediments 0-5 m at
slope angles of 12-25° and more

16

MoIHOCTh YETBEPTHYHBIX OTIIO-
JkeHul 5-12 M, npH yIiiax HaKJIOHa
12-25°u 6onee / Thickness of
Quaternary sediments 5-12 m at
slope angles of 12-25° and more

17

MOHIHOCTI) YCTBEPTUUHBIX OTJIO-
JKeHui Oosee 12 M, Tipu yriiax Ha-
kioHa 12-25° u 6omnee / Thickness
of Quaternary sediments over 12
m at slope angles of 12-25° and
more

18

Cenu, OT OJHOTO 0 5 M BBIIIE 3a
ce30H, oobeMaMm ot 10 TeIC. M3

u 0onee / Mudflows, from one

to 5 and more per season, with

a volume of 10 thousand m? and
more

19

Ormon3au B 0011eM 00beME 3a
rog ot 10 Teic. M? 10 2 MIIH. M
/ Landslides in total volume for
the year from 10 thousand m? to 2
million m?

3

20

O6Babl — ockinu 10 5000 M3
thic. M° / Landslides — debris
streams up to 5000 thousand m?

21

I[10CKOCTHOM CMBIB, TIIOIIAIBIO
ot 0,05 o 0,10 km? 1 BBIIIE HA
km? mtomany / Sheet wash, with
an area of 0.05 to 0.10 km? and
more per km? of area

22

DpO3UOHHAS IESTETBHOCT PEK OT
1 o 5M /gac 60koBO¥1 dpo3nu /

23

ConudurroKnus Mpu MOIIHOCTH
3axBara MPOoIECCOM IO BEPTH-
Kaju oT 1-1o 110 4-X MeTpOB /
Solifluction with a vertical capture
thickness from 1 to 4 meters

24

CrpyiiHas 5po3us Ha ckioHax 20°
n 6onee / Channel erosion on the
slopes of 20° or more

25

Kapcroo6pa3oBaHue, OT OHOTO
J10 TPEX U BBIIIEC HpOﬂBJ’[eHI/Iﬁ Ha
xkm? wiomanu / Karstification from
one to three and more events per
km? area
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26 |JIaBuHBI, 10 4-X U OoJee CXOI0B
3a ce30H / Avalanches, up to 4 and 5 2 3 4 5
more falls per season

27 |JlegHWKYM ¥ TIETYEPHI O TPEX
U BBIIIIE COOBITHI ITaBOJAKOBOTO
Tuna Ha Tepputoputo / Glaciers 4 1,5 2,5 3 4
and gletchers up to three and more
flood-type events per territory
CyMMa MaKCHMANBHBIX —BO3JCHCTBUI
¢daktopoB W=XW .. W CyMMBI PHCKOB
R=XRi, panr / The sum of the maximum 95 34,5 48,0 64,0 91,5
impacts of factors W=XW_ . and the
sum of the risks R = ZRi, rank
Vs3Bumocte D = R/W wmnmu reosko-
JIOTHYECKOE COCTOSIHUE IUIOLIAJKH /
Vulnerability D = R/W or geoecological
state of the site

1 0,363 0,505 0,674 0,964

30HHMPOBaHKE T€0IKOIOTHUECKOM Harpy3ku (puc. 1) mpoBeaeHO Ha OCHOBE BECOBOTO
BKJIaJia KaXKI0ro U3 (hakTOpOB, KOTOPHIE COCTABUIN 4 LEHTPOUAHBIC TPYMIbI: HATPY3-
ka cnabas, 30-40%; narpyska cpenuss, 40-55%; narpyska Boicokas, 55-70%; Harpyska
perpeccuBHas, Bbitie 70%. Pacuers! Boimonusmuce st 105 takconoB (4x4km) B TUC-
texHojorusx [Zaalishvili, 2020a, 2020b].

1 | 2| | 3l

Puc. 1. Cxema 30HUpo8anus UHMeHCUBHOCIU 2e09KON0SUYECKOU HAZPY3KU HA BbICOKO2OPHOU
meppumopuu.
Ypoesnu eceoaxonozuneckoii naspysxku om ceoounamuueckux eosoevicmeuii: 1 — cnabuiii, 2— cpeonui; 3 —
svicokuil, 4 — pecpeccugnulii /
Fig. 1. Zoning scheme of the intensity of the geoecological load in the high-mountainous territories.
Levels of geoecological load from geodynamic influences: 1 — weak; 2 — mean; 3 — high, 4 — regressive
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IIpu 30HMpPOBaHUM TEPPUTOPUHU IO CTEMEHH I'€OIKOJIOTMUECKOW HArpy3KH MCIONb-
30BaHbl JIaHHbIE OJI0KOBOM U depeHIaluy TEPPUTOPUH U PA3BUTUS aKTUBHBIX TEKTO-
Hu4eckux Hapyuenuit [Hecmesnos, 2003] Kaz6ekckoro cermenTa meracBojia bosnbloro
KaBkaza u coBpeMeHHasi HEOTEKTOHMKA, BBISIBIICHHAS I10]l [IOKPOBOM YETBEPTUYHBIX OT-
JOXKEHUH reopusnyeckuMu uccienoBanusmu [Yoruaes, 2020].

BbiBOADI

1. YcroliunBas npuypOYEHHOCTb IPOSBICHUI OMACHBIX AK30T€HHBIX F€OJIOrMYECKUX
MPOIIECCOB K aKTUBHBIM NITyOWHHBIM TEKTOHHYECKHM HAPYIICHUSIM U CBSI3aHHOW ¢ HUMU
TPEIMHHON TEKTOHHUKE MOCTICAHUKOBOTO MPOSBICHUS HEOTEKTOHUYECKOW aKTUBHOCTH
MOJATBEPKIAET ONPEACISAIONIYI0 POJIb SHJOTEHHBIX MTPOLIECCOB B aKTUBU3AIMM IK30T€H-
HBIX MPOLIECCOB U B HHTEHCH(PHUKALIMHU T€0IKOTIOTUIECKOM IBOIIOIIH.

2. 30HBI aKTUBHBIX PA3JIOMOB TEPPUTOPUHU MIPEACTABIISIIOT COOO0 OCNabIeHHbIE 30HbBI
13-32 TMOBBIIICHHON Pa3IpOoOICeHHOCTH, TPEIIMHOBATOCTH, (IIFOUOTIPOHUIIAEMOCTH, pa3-
YIUIOTHEHHS TOPHBIX IOPOJ] 3@ CYET MACCONEPEHOCA ABMKYILIMMKCS BOIaMU, BBILIEJIaun-
BaHUS, B IpeJeax KOTOPBIX aKTUBHO Pa3BUBAIOTCS MPOLECCHl 3PO3MOHHOIO paspylie-
Husl. TpeluHbl 1 0COOEHHO 30HBI OBBIILIEHHOW UX KOHIIEHTPALMH, KaK U pa3JIoMbl, CHU-
KaIOT IPOYHOCTHBIE CBOMCTBA M MOBBILIAIOT IPOHUILIAEMOCTh PACCEKAEMBIX UMU MTOPOJ U
10 ATOM MpUYKHE ONIATONPHUATCTBYIOT Pa3BUTHIO BOJIb HUX IEJIOTO TEHETHUECKOTO psia
9K30T'€HHBIX MTPOLIECCOB U, KAK CIEACTBHE, 3HAUUTEIbHBIX I€03KOJIOTUYECKUX HATPY30K.

3. B tabniuHOM popmare pazpaboTaH KOMIUIEKC TUITHYHBIX JUIS TEPPUTOPUHN TeOINHA-
MHUUYECKHUX (PAaKTOPOB IHIOTEHHOTO, YK30I'€HHOTO TUTIOB F€0JIOTMYECKOM MPUPO/IBI U KITUMa-
THYECKOTO XapaKTepa, KIaCCU(HUIMPOBAHHBIX 10 MX MaKCUMAaJIbHBIM pacdeTHBIM BO3/ICH-
CTBHSIM Ha T€0IKOJIOTMUECKYIO CUTYALIMIO B ITHOAJIIBHOM cHCTEME, CyMMa KOTOPBIX Mpe/I-
CTaBJISIET OTEHIIMAJ BO3MOXKHON T€03KOIOTMYECKON Harpy3Ky Ha ONpeIesICHHbII TaKCOH.

4. Ins xaxnoro u3 105 TakcoHoB (4%4 KB. KM) TEPPUTOPUU HA OCHOBE 3KCIIEPTHBIX
OLICHOK pacCYMTaHa CyMMapHasi NHTEHCUBHOCTb M€03KOJOTUYECKON HArpy3KH IO BO3-
JeCTBUEM IreOIMHAMHYECKUX MIPOIIECCOB C YUYETOM I'€0JIOTHIECKUX U TeoMOopdoorinye-
CKUX yCIOBHH pa3Butusi. OObeTMHEHNE TAKCOHOB C OJM3KUMU BEJIMYMHAMU MTO3BOJIHIIO
MIOCTPOUTH KapTy — CXEMY, BKIIIOUAIOILYI0 YETHIPE 30HBI C PA3IMYHON MHTEHCUBHOCTBIO
T€0KOJIOTHYECKO Harpy3ku. Oco00 BBIIENSETCS 30Ha C PETPECCHBHBIM MPOSBICHUEM
BO3/ICUCTBUS, I7I€ YPOBEHb I'€03KOJIOIMUECKON Harpy3Ku 3HAUYUTENIbHO BO3pacTaeT B pe-
3yJbTaTe OIHOBPEMEHHOT'O BO3/1€HCTBUS I€0JOTUUECKUX (PaKTOPOB PAIUYHON PUPOABI.
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