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IIpoBesen anann3 u3aMeHeHwui, pousoeIUX B upkKe Jeganuka Koska n Kapmanonckoit KoTioBuHe
rocJie TasIua bHoi Katactpodsl 20 centsiopst 2002 1. B Pecrybanke CeBepHast Ocerusi—Ananuist (Poccust). [To
pesysbTatam noJjieBbix Habsmoaenuii 2002—2016 rr., tonorpaduueckux cbemok 2002—-2004, 2009 u 2014 rr.,
aHasm3a g poBbIX Mojieeit pesibeda, Co3/[aHHBIX 110 cTepeonapaM Kocmudecknx cHuMkoB Terra ASTER 2002
1 2004 tr., SPOT-6 2014 r., o1ieHeHbI TEMITBI BOCCTAHOBJIEHUS JieiHUKA KoJTKa 1 TeMITbI pa3pyuieHus JIeJsTHOrO
3aBasia B Kapmajionckoit korsosune. Komiieke u3 yerbipex MeTojioB, npuMeHeHHbIX B 2014 1. 17151 cbeMKHU 110-
BepxHOCTH KOJTKH, TO3BOJISET YTOYHNUTH TEMITBI BOCCTAHOBJICHNS JIGIHNKA B TIPOIIJIOM U IaeT HA/ICKHBII 3a/1eT
Ha Oyjyiiee. YcTaHoBJIeHa XOPOIIas CXOAUMOCTD JAUCTAHIIMOHHBIX 1 HAa3eMHbIX MeToz10B. B 2002-2014 rr. B
nupke Koaxu nakormmnoch okono (40 + 11) mun Mm% jibaa, uto cocrassier nopsiaka 40 % ot oGbeMa JeHnKa
nepez karactpodoii 2002 r. CriporHo3MpoOBaHHOTO paHee COKPAIEHUsT TeMIIOB HaOopa MacChl JIEIHUKA II0Ka He
npoucxoaut, B 2009-2014 rr. B 1ipKe HAKOIMJIOCH CTOJIBKO Ke Jibjia, cKoybko u B 2004—2009 rr. BoccTanos-
nenue Kosku uer Ha dome HeGIaronpusTHbIX /14 osiefieHenns KaBkasa moroaHbix yeJaoBUi U pe3Ko KOHTpa-
CTUPYET C MOBEJIEHUEM JIPYTUX KABKA3CKUX JIEIHUKOB, UCTIBITHIBAIOIINX ObICTPOE coKpatierne. OObeM Jie10B0-
ro 3aBasia B Kapmazonckoii koroune B 2002—-2014 rr. cokparusicst na 75 %. IIporpeccupyioniee yMeHbIleHHe
CKOPOCTHU TasiHUs, OTMEeYaBIeecss aBTopaMu panee, mpoaoskuaoch B 2009—-2014 rr.: 1o cpaBHEHHIO ¢ TIePBbIM
TOJIOM MOCJIe KaTacTPO(bl TEMIIbI TAsTHUS CHUBUIKCH TTouTH B 50 pas. B Gumskaiimue 10 set nosroperue coObi-
THi, cXOAHBIX ¢ KaTacTpodoii 2002 r., MasoBeposTHo, HO K 2025 1. Kosika Mosker nabparb 60—70 % ot npeaka-
tactpoduueckoro oobema. HeoOX0auMO 11po1oJKaTh HAOMIONCHUS 32 BOCCTAHOBJICHUEM JICTHUKA U KaxK/[ble
5—-10 J1eT IPOBOAUTD CHEMKH It U3MEPEHUsT 00beMa HaKOTIUBIIErOCs JIbJIA.
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We have analysed changes in the Kolka glacier cirque and in the Karmadon depression after the glacial
disaster of September 20, 2002 in the Republic of North Ossetia—Alania (Russia). We have estimated the rates
of Kolka glacier regeneration and the rates of the ice dam decay in the Karmadon depression, on the basis of the
field observations of 2002—2016, the topographical surveys of 2002—2004, 2009 and 2014, and analysis of digital
elevation models generated from satellite image stereo pairs (Terra ASTER of 2002 and 2004; and SPOT-6 of
2014). The combination of four methods used in 2014 to survey the surface of Kolka Glacier has helped to
clarify the rate of recovery of the glacier in the past and provides a reliable benchmark for the future. Remote
and terrestrial survey methods have demonstrated good agreement. We established that in 2002—2014 about
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(40 £ 11) million m? of ice accumulated in the Kolka Glacier cirque, which is about 40 % of the volume of this
glacier before the collapse in 2002. The forecasted slowdown of the glacier mass recruitment is not yet happen-
ing: in 2009-2014 as much ice has accumulated in the cirque, as in 2004—-2009. The regeneration of Kolka
Glacier comes amid adverse weather conditions for glaciation of the Caucasus, and in sharp contrast with the
behaviour of other Caucasian glaciers experiencing rapid decline. The volume of the ice dam in the Karmadon
depression decreased by 75 % in 2002—2014. The progressive decrease in the melting rate, which we noted before,
continued in 2009-2014. In comparison with the first year after the disaster, the rate of melting decreased by
almost 50 times. In the following ten years, the repetition of events similar to the disaster in 2002 is unlikely,
but by 2025 Kolka Glacier can accumulate 60—-70 % of its pre-disaster volume. It is necessary to continue
monitoring the recovery of the glacier and to measure the volume of accumulated ice every 5—10 years.

Kolka Glacier, glacial disaster, the Caucasus, glacier regeneration, digital elevation models

BBEJAEHUE

B cenrstope 2002 r. 8 CeBeproii Ocetun pounso-
IJTa IIsinragbHas katactpoda MJIaHeTapHOTo Mac-
mraba. Boxee 100 Mman M° 1b1a, BOAB U KaMHE
ObLTn cOpoIeHbl U3 nupka Jeannka Kosika B Kapma-
JIOHCKYIO KOTJIOBUHY U 1peojioJienu moutu 20 KM co
ckopoctbio 50 M/c [Evans et al., 2009]. Tecanna Cka-
JIMCTOTO XpebTa OCTAaHOBUIIA JIEASTHYIO MACCY, HO T10-
POSKIIEHHBIN €10 AMCTATBHBIN CeJIeBOM MMOTOK TPOIIIeT
ere 17 KM 1 He ZI01IIeJI BCEro 2 KM /10 cejienus [ usesnnp
¢ Haceygenuem 6osee 7000 wen. [I[Tonosuun u op.,
2003]. 310 cobBITHE CTATIO TTOTHONW HEOKMTAHHOCTHIO
IJIg HaceJeHUud W opraHoB BiacTh. [lo mocaennum
oneHKaM, mornban 135 4esoBek, a 9KOHOMUYECKUI
yuiep6 cocrasua 1385 mua py6. | Kopmues u op.,
2009]. 3a roapl, mpomieanine mocje KatacTpodsl,
OBLIO OMYyBJNKOBAHO MHOKECTBO paboT, IOCBSIIEH-
HBIX UCCTIEJOBAHMSM €€ IPUYNH 1 aHAJIU3Y POJIH Pas-
JINYHBIX (DAaKTOPOB B ee (hOPMUPOBAHUU, CPABHEHUIO
C TIPEAIIECTBYIONIEH KaTacTpodoii Ha TOM JKe JIeTHH-
ke B 1902 . u B apyrue roawi [ [anos u op., 2002; bo-

eamuxos, Typbanos, 2003; 3anopoacuenxo, 2003;

Komasxos, Pomomaesa, 2003; Ocunosa, I[eemxos,
2003; Bacvkos, 2004; T'ypbanos u dp., 2004, Jlecunos,
2004; 3aanuwsunu u dp., 2004; llempaxos u dp., 2004,
2013; Mypasves, 2005; Tymybaruna u dp., 2005; Bo-
7108 u 0p., 2006; Bepzep, 2007; Huxumumn u op., 2007;
Hosnanun, 2009; JApobvuues, 2012; Haeberli et al.,
2004; Huggel et al., 2005; Lindsey et al., 2005; Cherno-
morets et al., 2007; Petrakov et al., 2008], monenupo-
BaHUIO JIEOBO-BOIOKAMEHHOTO TIOTOKA | bocunckui,
2005; Yepnomopeu, Muxaiiros, 2012; Evans et al.,
2009]. 3naunTesnbHas YacTh MHMOOPMAITUHU CHCTEMATH -
supoBata B MoHorpadusx [Komaskos u dp., 2014;
Jeonux Koaxa..., 2014]. B pesysibraTe ycTaHOBJIEHA
KOMILIEKCHAST TPUPO/Ia KaTacTPOQBbI, OIPEIeJeHHYIO
POJIb B 3apOKIEHNN KOTOPOH ChITpATU KaK 9H/IOTEH-
HBIE, TaK U 9K30TeHHbIE PaKTOPHI; PEATUCTUYHO OXa-
paKkTepu30oBaHa AMHAMUKA JIeJOBO-KaMEHHOI'O [I0TOKA.

[lo cux mop akTyajeH BOIPOC O BO3MOKHOCTH,
CPOKax IOBTOPEHU U MaciTabe COObITUI, CXOKUX C
katactpodamu Ha jepuuke Konka B 2002 1 1902 rr.
BeposTHOCTD peaji3aliiy TAKOro ClieHapUst 3aBUCUT
OT BOCCTaHOBJeHUA neannka Koaka 10 o6beMa,
6s1M3KO0TO K TpeakaracTpobudeckomy [Komaskos u
op., 2004; [osnanun, 2009; llempaxos u op., 2013].

HecMmoTps Ha To 4TO psijioM mcciepoBareieil 6bLio
CIPOTHO3UPOBAHO MeJlJIeHHOe BoccTaHoBreHne KoJ-
KM 13-32 M3MEHUBIIETOCS TEIIOBOTO OajlaHca B IUp-
ke [Uepnos, Pomomaesa, 2010; Komasixos u op.,
2014], 8 2004—2009 rr. 1eaHuK 6pICTPO HaOMpaI Mac-
CY, IPUTOM TIPE/IIIOJIATAJIOCH, YTO B OYIAYIIEM TEMIIBI
HaGopa Macchl JOJUKHBI yMEHbIIUThC [ [Tempakos u
0p., 2013]. Llesblo HacTOsALIEl CTaThU CTajia OLIEHKA
U3MeHeHU, IPOU30IIEeIINUX B IUPKe JenHnka Koska
u KapMmasoHCKoU KOTJIOBUHE TTOCTE KaTacTPOQHbI.
[lns atoro B aBrycte 2014 1. aBTOpHI TPOBEJIN OUYEpeI-
HYIO, TPETBIO 110 CYETY, TOMOrPaPUIECKYIO CHEMKY
1upka jenanuka Koska, HOBTOPHYIO ChbeMKY JIeZI0BOTO
tesa B KapMasoHCKOI KOTJI0BUHE 110 TpeM 1podu-
JISIM, TTIOCTPOUJIN 1T POBBIE MOJIETH Peibeha Ha 30HY
KatacTpodsl 1o cTepeonapaM KOCMIYECKIX CHUIMKOB
SPOT-6 (2014 r.) u Terra ASTER (2002 u 2004 rr.),
MPOAHATU3UPOBATH ¥ 060OIIMIIN PE3YIbTAThI €Ke-
TOJHBIX HA3E€MHBIX ¥ AMCTAHIIMOHHBIX HaOJII0ICHMIA,
MTPOBOIUMBIX B BepX0Bbsx p. ['enanmon nocie 2002 r.
OcHoBHOIl yIIop [esajicsd Ha U3MeHEeHUs I10CJe
2009 r., mockoabKy OoJiee paHHKME U3MEHEHUS TIPO-
aHAJIM3UPOBaHbI B padote [I[lempaxos u dp., 2013].

METOJIKA UCCJIETOBAHUIA
1. Tonorpaduyeckue cbeMKu

Hupx neonuxa Konxa. [Ins OlleHKU TEMIIOB
BOCCTaHOBJIeHUs JeqHnka Koka B ero mupke moce
karacTpodbr 2002 1. OBLIM IPOBEIEHBI TPU TOIIOIPA-
(uueckue coemru B macintabe 1:5 000 [ITempaxos u
op., 2013; Kosarenxo u dp., 2015]. Bce cheMKH TIPOBO-
JIAJINCH OZIMHAKOBBIM 000PYA0BAHUEM — TEOA0JUTOM
4T1511 u GesoTpakaTeIbHbIM JA3€PHBIM AaIbHOME-
powm JIII-1. OmopHbie TOUYKU TIITAHOBO-BBICOTHOTO
000CHOBAHUST PACTIOJIATAIUCH HAa OPOrpahUIecKu Jie-
Boii Geperosoii Mopere yiegHuka Koska (puc. 1). 1x
KoopauHaThl ObLK onpenenersl B 2004 1. MeTog0M
TPUAHTYJISIIIAN C TIPUBSI3KON K TPEM IMYHKTaM TOCY-
JTAapCTBEHHOU Teoie3andeckoi cetu: Ymkut-xox, Maii-
s-par u PekoM-par [[lempakos u dp., 2013], a B 2009
u 2014 rr. yTOUYHEHBI C TOMOIIBIO JIBYXYACTOTHBIX
GPS/TJTIOHACC-npuemnnkos JAVAD. B xoze pa-
60t 2004 . ompestesieHbr KoopauHaThl OoJee 1000
ChEMOYHBIX TOYEK B UpKe Jieganka Koska. [Tpu nipo-
Beslennu tonorpadguueckux cbemok 2009 u 2014 rr.
KOJINYECTBO CheMOYHBIX TOUEK ObLIO 3aKOHOMEPHO
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J.A. IIETPAKOB 1 JIP.
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Puc. 1. IlosnoxeHue cbeMOYHBIX TOYEK B Iupke Koiku B 2014 1.

1 — TOYKM TIAHOBO-BbICOTHOTO 0OocHOBaHust (ITIBO), Toukn HazeMHOiT Toorpabuyeckoii cheMKi; 2 — OMO3HAKHU IS ChEMKH C
6opra BILJIA; 3 — HanpaB/eHus ChbeMKU ¢ ToYeK oBTopHoro gororpaduposanus; 4 — rpanuna jgeannka Koska B 2016 1.; 5 — 301a
cpemiu ¢ 6opra BIIJIA B 2014 r. @on — cuumox SPOT-6 ot 29.10.2014 1.

COKpAIEHO, TOCKOJIbKY U3MEPEHUS /ITIs1 OTHOCUTETh-
HO CTaOMJIbHBIX CKaJbHBIX TIOBEPXHOCTEH HE TIOBTO-
psuck. llorpemHocTh ompeneseHns TIAHOBBIX U
BEPTUKAIBHBIX KOOPIUHAT X, ¥/, Z IPU CheMKe He TIpe-
Boimaza 5 M. [lo pesyabraram Tomorpadudeckux
cremok 2004, 2009, 2014 rr. B.H. [Ipo6biiieBbiM B
mporpamme Surfer cocTaBIeHBI KapThl pesbeda -
HUKOBOW MOBEPXHOCTH U CKAIBHOTO 0OPaMIIeHUsI
macmraba 1:10 000 B exuHoOl cuctemMe KOOpAUHAT U
BBICOT, HA OCHOBE TPUTOHOMETPUUECKOU MHTEPIIOJISI-
1Y TOCTPOEHBI 1 poBbie Mojiesn penbeda (IIMP)
MECTHOCTH U IPOBelleHo ux nanoxenue. [lorperr-
HOCTb WHTEPIOJAINHA X, Y, Z TAKKE HE TTPEBbIIIACT
SM.

Kapmaoonckasn xomaosuna. J{s BoIBIEHUS
TEMITOB TasIHUS JIefIoBOTO TeJsia B KapMazoHckoit KoT-
JIOBUHE MCIIOJIB30BAINCDH JaHHBIE TIIIOMAHON TOTIO-
rpadudeckoii chemku, nposegentoi B.H. [Ipo0Obiine-
BeIM 1 B.B. Maksmkossim 28.09.2002 1., 1. €. yepes
8 mueit mocJsie kKaracTpodbl, a TAKKe JAAHHbIE TECTH
Pa3HOBPEMEHHBIX CHEMOK TIO TIOTIEPEYHBIM MTPOdu-
JisiM. DTH paboThI BBITIOJHSINCH HA TOM Ke 000py-
JOBAHWH, YTO M CheMKa IpKa Jexnnka Komka. Ha
ocnoBe cbemku 2002 . cocraBiena I[IMP nosepx-
HOCTH JiefioBoro 3aBaja Macinraba 1:10 000 u onpese-
JieH o6beM oTsioskeHuit B KapMagoHCKoil KOTIoBHHE

60

[ Drobysheov, 2006]. Cvemku 2003 1. (Tpu cbeMKH),
2004 1 2009 rr. npoBOAUIKNCH TIO TPEM MTOMIEPEUHBIM
npocdussim [ Ilempaxos u dp., 2013], cbemxa 2014 . —
10 JIBYM TIOTIEPEYHBIM TTPOGDUIISIM, TOCKOTIBKY B 00-
JIACTU BEPXHEro MpoduIis JiefoBbIil 3aBaJ PACTASLIL.
[TonyueHHbIe TaHHBIE HKCTPATIOTUPOBATMCH HA BCIO
ILIOMA/b Je/I0BOTO TeJia. [lorpemuocTs orjeHKy 3Ha-
yeHuit o6beMa Je0BOTO TeJa COCTABJSET OKOJIO

+5 MJIH M°,

2. KocMuyeckuii MOHUTOPHHT

Iupx neonuxa Konxa. JJucraniinoOHHbIIE MOHU-
TOpUHT TTpKa Jenunka Komka n Kapmagouckoii KoT-
JIOBUHBI TPAIUIIMOHHO TTPOBOIMIICS JIJIsI OTIEHKU 13-
MeHEeHUsT TIOMIA/IN BOCCTAHABIMBAIONIErOCs JIeTHUKA
[ITempaxos u dp., 2013]. [liist 5TOTO UCIIOJIB30BAIUCH
€KEeTo/IHble ChbeMKHU PA3JUYHBIMU CUCTEMAMM, BbI-
[OJIHEHHbBIE B MaJIOCHEKHbII 1epuo (cM. Tabauiy).
Yactp paboT MPOBOAMUIACH MO 3aKa3y aBTOPCKOTO
KOJITTEeKTHBA. Bce CHUMKH TIPOTIITN OPTOKOPPEKITHIO
¢ UCHoJb30BaHMeM 0asucHOU MUGPOBON Moge U
peaveha SRTM-90, ocHoBanHO# Ha unTepdepome-
TPUYECKOil 00paboTKe KOCMHYECKUX CheMOK (heBpa-
a1 2000 T

BsauMHuas KoopauHaTHAs TPUBI3KA CHUMKOB
Boinosinena B mporpamMmmax ESRI ArcGIS u ScanEx
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KocMuueckue CHUMKH, UCIIOIb30BaHHBIE [IJIS IMCTAHIIMOHHBIX OLIEHOK H3MeHeHHH B iupke Jeannka Komka
nocie Kapmagouckoii karacrpodni 20 centsiops 2002 r.

Twmn cencopa Jlara cbeMKn IIpocTpancrsemHoe Hammawe crepeonapsr
paspeleHme, M/ THKCeTb

Quick Bird 25.09.2002 0.7 Her
Terra ASTER 06.10.2002 15/30* [la
Terra ASTER 25.09.2004 15/30* la
IRS 1D 30.09.2004 5.8 Her
IRS 1D 24.08.2005 5.8 Her
IRS 1C 16.08.2006 5.8 Her
SPOT 4 02.09.2007 10 Her
SPOT 2 17.08.2008 10 Her
SPOT 4 25.08.2009 10 Her
Tkonos 29.08.2010 0.8 Her
SPOT 5 15.10.2012 2.7 Her
SPOT 5 23.08.2013 5.5 Her
SPOT 6 29.10.2014 1.9 Ha
EROS B 10.08.2015 0.7 Her
SPOT 6 14.07.2016 2.2 Her

* [lokazaHo paspeleHue caMoro CHUMKa 1 creiepuposannoii [IIMP.

Image Processor. [To kocMuyeckuM CHUMKaM ITpOBe-
JleHo JietndpupoBanme rpaHull BOCCTaHABINBAIOIIIe-
rocst sepaanka Koska B 2004—2016 rr. [Torpemuocts
oTIpe/ie/IeHIs] KOHTYPOB ITPUHUMAJIACh paBHOM 1 1THK-
cesib 1 u3Mensisach ot 0.7 1o 10 M B pa3Hbie TO/BI B
3aBUCUMOCTH OT pa3perieHns CHUMKOB.
Crepeornapbl KocMUYecKux cHUMKOB Terra AS-
TER 2002 u 2004 rr., a Tak:ke cTepeornapa KoCMuJe-
ckux cHUMKOB SPOT-6 2014 r. 6b1I1 KCITIOJIB30BAHBI
st moctpoenuss [IMP mectHocTu. [lsis cosnanug
I[IMP B aGCOMOTHBIX 3HAYEHUAX BBICOT TaKKe UC-
roJib3oBasiach rudposas moaeab SRTMI0. Chauasa
6bL1a TIocTpoeHa pPOBAST MOJIETTb MECTHOCTH TI0
crepeontape caumMkoB SPOT-6. [Toctpoenne IIMP
mpoBo/IuIoch B mporpamme ScanEx ImageProcessor
1 BKJIIOYAJIO CJIEIYIONINE TATK: dMTUTIOJSIPHOE TPAHC-
¢dopmupoBanme, co3mnanne anaranduyeckoro 3D-
usobpaxkenust, nocrpoerrie [IIMP u ee pegakruposa-
Hue. B Xozie pelakTMpOBaHMS BBITIOJIHAIACH (DUITHT-
paius, CriakiBaHue, KOPPEKTUPOBKA “OMmnO0YHbIX”
3Hauenuii. Oproxkoppekius noaydenuoil [IMP u
CHUMKA CTEepPeoIIapbl, CHATOTO MO/[ HANMEHBIITUM YT-
JIOM OTKJIOHEHMS OT HaJIUpa, IPOBOJIUIIACE 110 CTPOrOi
MOJIEJIH, T. €. C BOCCTAHOBJICHUEM 2JIEMEHTOB BHYT-
PEHHETO ¥ BHEIITHETO OPUEHTUPOBAHMS CTPOK CHUMKA.
B kauecTBe OMOPHBIX TOYEK BHIGUPATUCH OOBEKTHI,
MOJIO’KEHNE KOTOPBIX 32 TIOCETHIE TO/IbI He M3MEHH-
JIOCH: OT/IeJIbHBbIE KPYITHbIE KAMHU, Ha4aJla CKAJbHBIX
BBIXO/I0B, BBIITYKJIbIe (hOpMbI pesibeda, paciosoxeH-
HbIe 32 npejiesaMu JeJHUKoB Kosika u Maitim.
3arem crpounuch nudpossie mojsenn 2002 u
2004 rr. 1o ciumkam ASTER. YTo6s1 opToTpancdop-
MupoBaTh 9t IIMP, B kauecTBe 6azucHON Mojen
MCIIOJb30Ba CHUMKHU 3N, T. €. CHUMKM U3 HaINpa
crepeorriap ASTER. /It tpancgopmupoBanust mud-

posbix Mozeneit ASTER 6bLI0 MCIOIB30BAHO 75 KOH-
TPOJBHBIX ToUeK. CpeHsist oMmmubKa rOPU30HTATLHOT
npuBsasdku cocraBuia 1.8 m. ITo aTum ke TouKam 10-
JiydeHHbIe (P POBbIE MOIE/IN B3AUMHO YBI3bIBATICh
KaK B TJIAHOBBIX KOOP/IMHATAX, TaK U M0 abCOMOTHOI
BBICOTE.

B pesyubrare s Kaskoii u3 crepeorap ObLIn
10JIy4€eHbl OPTOTPAHCHOPMUPOBAHHBIN KOCMUYECKU
canmok u IIMP MecTHOCTH, yBsI3aHHBIE MEXIY CO-
60ii. Beprukanbhas norpemsocts IIMP o SPOT-6
coctasiisiet 5 M, 110 Terra ASTER — 12 m. B pesyibra-
Te Hamoxkenus [IMP G TOTyIeHbl BETHYMHDT Ha-
KOIJIeHNs MaTepuasia B iiupke KoJsiku B mHTepBaax
2002-2004 n 2004—2014 rr. TO MO3BOJMUIIO TTPOBE-
CTU HE3aBUCHUMBI KOHTPOJIb Ha3eMHOW CheMKH. [
BU3yaJu3alluy u3MeHeHUH B 1upKe jegHuka Koska
ObL1n mocTpoerbl 3D-Mozpesm MectHocTH (puc. 2).

Kapmaodoncras xomnoguna. TIocKoIbKy TOCTE
2004 r. Tonorpacdrueckuii MOHUTOPUHT JIJIS YTOUHE-
HUS TEMIIOB TagHU4 JIeJIOBOTO 3aBajla B KOTJIOBUHE
TIPOBOJIMJIICS TOTBKO IO CUCTeMe TIpod e, 6110 pe-
mmeHo conoctaBuTh [IMP, mostyyennyio mo cHuMKam
SPOT-6, ¢ kapramu nmoBepxHocTu 3aBana 2002 n
2004 rr. 3aj1aua OCIOKHSIACH TEM, UTO TOMOTpadu-
YyecKue KapThl 3aBajioB ObLI 0(hOPMIIEHbI B Tpaduye-
ckoM BekTopHOM penakTope CorelDraw B ycioBHOM
CUCTeMe KOOPAMHAT U BBICOT, TIOATOMY TIepeJl COTIO-
CTaBJIEHUEM MOjiesiell TpeOOBATIOCH BBITTOJHUTD TIPO-
CTPAHCTBEHHYIO IIPUBS3KY BEKTOPHBIX JJAHHBIX U CO-
CTaBUTD TUApoJOrHIecKkr KoppekTHyio IIMP Ha oc-
HOBE TOPU30HTAJIEH, TPAaHUI] BOJJOEMOB 1 BOJIOTOKOB,
a 3aTeM J06aBUTH K JTAHHBIM MOJTYYUBIICHCST MOJIEITH
MIOCTOSTHHYIO BeJIMUNHY, XapaKTePU3YIOINLYI0 PAa3HOCTH
MeRIy aamuiconsianbabiMu Beicotamu (WGS-84), B
kotopbix cocrabyiena [IMP o SPOT-6, u ycinoBHbI-

61



J.A. IIETPAKOB 1 JIP.

2. Iancumapaii-xox
JNepHuk CyaTtncn

Puc. 2. 3D-mopnenb nupka sennuka Koska, cocraBieHHas o crepeonape kocMuyeckux cHumkoB SPOT-6

o1 29.10.2014 r.

7,8, 9 — HOMepa JIeAHUKOB, CTaBIINX He3aBUCUMbIMU 110csie Kapmaznonckoiil katactpodst 2002 r. (x 2014 r. oHU COeIUHIIINCD).

Mu BbicoTamu. [IpocTparncTBennas mpuBsizka rpadu-
YECKUX JAHHBIX OCYIIECTBJISIACH 10 OTIOPHBIM TOY-
KaM CheMKH, 0003Ha4eHHBIM Ha KapTaX, KOOPAUHATbI
KOTOPBIX OBLIN MOJYYeHBI IIPH II0JIEeBBIX paboTax B
2014 r., a TaKIKe IO CXOAHBIM TOUKaM MeCTHOCTH. I1o-
IPEITHOCTD MIPUBS3KHU TOMOTPADUIECKUX KapT COCTa-
Busia ot 10 1o 50 M. [Is axenopra gannbix us Corel-
Draw B ArcGIS ucnombsoBajicst popmar AutoCAD
DWG, kotopblil 1103BoJIsI€T COXPAHUTL UCXOLHYIO
nH(OPMAIIHIO O CJIOLAX, UTO 3HAUNUTETHHO 00JIeryaer
paboThI 110 pase]eHII0 06BEKTOB KapThl 10 THIIAM
(ropusoHTaU, BOAOTOKHU 1 T. 11.). CocTaByieHne Mojie-
Jieii ¥ BbIYmcIeHne 00beMOB BbIIIOIHAIOCh B MOJYJIe
ArcGIS Spatial Analyst.

3. CpeMKa ¢ 60pra 6eCnuIOTHOrO
JIETAaTENbHOTO anmnapara

KonmuecTBo uccienoBanuii, B KOTOPBIX MIPUMe-
HSTIOTCSI CHEMKU ¢ OECITMJIOTHBIX JIETATEIbHBIX ATllia-
paros (BILJIA), B mocjieHue ToIbI PACTET OICTPHIMU
temriamu [ Bhardwaj et al., 2016]. HecoMHeHHBIM TIpe-
UMYIIECTBOM 3TOTO METO/IA SIBJISIETCS BO3MOKHOCTD
cosnanust [IMP Bbicokoro pasperieHust Ha TePPUTO-
PUU TIJIOMIA/IBIO JI0 HECKOJIBKUX KBAJIPATHBIX KUJIOME-
TPOB, UTO OUEHb BAKHO /IJIS MCCAEIOBAaHUN TPYAHO-
HNOCTYIIHBIX JIeAHUKOB [Immerzeel et al., 2014], x xo-
TopbiM otHOcUTCsT Kosika. B aBrycre 2014 r. aBropamu
Oblya poBe/IeHa IKCIIEPUMEHTAIbHASA CheMKa HIK-
Heit yvactu sepnuka Koska ¢ ucnonbzosanuem BITJTA
(cm. puc. 1). M3-3a TexHnueckux mpobiem, BhI3BaH-
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HbIX HeyauHbiM npudemaenuem BITLJIA noce onmHo-
ro M3 3aX0/[0B, BEPXHIOIO YACTh IIUPKA OTCHITD He
yaanoch. /letaibHoe onuncaHre METOJIUKNA ChEMKH
npuseneHo B [Kosarenxo u dp., 2015]. Ormernm, uto
MPOCTPAHCTBEHHOE paspeleHre CTePEOCHUMKOB CO-
cTaBUIIO 3.5 CM/TIMKCEIIb, 4TO GoJiee YeM Ha TIOPAI0K
BBITIE 110 CPABHEHUIO C BBICOKO/IETAILHBIMU KOCMH-
yecKMMM CHUMKamu. [lorpenmHocTs mosrydyeHHoii
[IMP 1o BBICOTE OTHOCUTETBHO OTIO3HAKOB M TOYEK
I[IBO (cM. puc. 1) coctaBuia 0.22 M, MIaHOBbIE TT0-
rperrHocTy ObLIN elle HusKe., TakuMm 00pas3oM, JJist
HUJKHEl, HarboJtee ObICTPO MEHSOIIEICsT YacTh Jieji-
nuka Kosika noryyena Beicokorounas [IMP, koTopas
B Oy/IyIIIeM TTO3BOJIUT CYIECTBEHHO YMEHBITUTDH MO-
TPEITHOCTH OT[CHKU TEMTIOB BOCCTAHOBJICHUS JICTHI-
ka Kouxka.

PE3VJIbTATBI UCCJIEJIOBAHUIT
N OBCY/KRIAEHUE

Iupx reonuxa Koaxa. Kak u nporiosuposna-
Jioch panee [ ITempaxos u dp., 2013], B UpKe JeHUKA
Koska mpomomskuioch 6BICTPOE HAKOTIIEHWE JTh/IA.
Cyzis 110 pe3yJibTaTaM HaJIOKEHWS COCTABIEHHBIX aB-
topamu tornorpaduueckux kapt 2009 u 2014 rr.
(puc. 3), oobem senarka Koska 3a atot nmepuojt yBe-
muunica #Ha (17 £ 7) Man M. DTo IpaKTHYeCKH
CTOJIBKO K€, CKOJIbKO HAKOMUJIOCH 32 ITPE/IIIECTBYIO-
myio msaruaerky (2004—-2009 rr.) [[lempaxos u dp.,
2013]. Cienyer OTMETUTD, YTO 110JI€ U3MEHEHST BbI-
coTHl TOBepxXHOCTN n3MeHunaock. B 2004—-2009 rr.
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Puc. 3. U3menenue BoicoThl moBepxHOCcTH (AH) B upke Kok mo JaHHBIM Ha3eMHBIX TONOrpaduyeckux

CbEMOK:
A —2004-2009 rr.; b - 2009-2014 rr; B — 2004-2014 TT.
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HauOOIBIIII POCT BBICOTHI MOBEPXHOCTH J[OCTUTAJ
55 M U OTMeUaJIcs B CpeiHel 4acT! BOCCTAHABINBAIO-
merocst jgeanuka (cm. puc. 3, A). B 2009-2014 rr.
30Ha MaKCUMaJIbHOTO MOBBIIMIEHUS TTOBEPXHOCTH
Oblyia TIPUYPOUYEHA K Y3KOMY YUACTKY MEXK/Y JICIHU-
koM Ne 7 u cimBminmucst gegaukamu Ne 8 m 9, a tak-
JKe K yJacTKy B/10Jib hponTa Jeganka Ne 7 (em. puc. 1,
3, b). YBenuuenue BbICOTHI TOBEPXHOCTHU JIOCTUTAIIO
65 M. B otsinune ot nepuoma 2004—2009 rr. Ha 1M0-
BepxHocTu Kosiku oTMevaioTest HeGoJIbIime yqacTKu

MMOHUIKEHUST TIOBEPXHOCTU, BbI3BAHHbBIE, [10-BUIMMO-
MY, ITUHAMUKON BOCCTAHABINBAIOMIETOCS JICAHUKA.
B nenom 3a 20042014 rr. B nupke jeannka Kosika
Hakomuaoch (33 + 7) mun M3, MakcuMmaabHoe yBesn-
YeHUE BBICOTHI MOBEPXHOCTH COCTABUJIO UyTh OoJjiee
80 M, 0/IMH TaKOIl y9aCcTOK PACIIOJNIOKEH y TIOTHOKUS
CTeHbI B ThIJIOBOH yacTtu KoJsiku, BTOpoii — B 30He
KoHTaKTa JeqHuKoB Ne 7 u 8 (cm. puc. 3, B).
Heckonbko nnble pe3ysibTarhl IaeT COMOCTaBIIEe-
nue nudpoBbIX Mojesiell pesibeda, COCTaBIEHHbBIX HA

Puc. 4. U3menenue BbicoTbl moBepxHocTH (AH) B iupke Koiku Ha ocHoBe Hasmoxkenusi [IMP, nomyyeHHbIX
o crepeonapam kocmuyeckux chuMkoB Terra ASTER (2002, 2004 rr.) u SPOT-6 (2014 r.).

A —2002-2014 rr.; b — 2004-2014 rr. ®ou — cuumoxk SPOT-6 ot 29.10.2014 r.
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6ase crepeomnap KocMuueckux cHUMKOB. Cyjst 110
aTuM gAaHHBIM, B 2004—-2014 rr. B upKe JeAHUKA
Koska nakonumnoch (27 + 11) mun m? 1pga. Makcu-
MaJIbHOE yBeJIM4eHe BhICOTHI [IOBEPXHOCTH COCTABU-
J10 okoJio 70 M (puc. 4), a oJIoKEHUE ITUX YIACTKOB
coBTajaeT ¢ MakcuMymamu Ha puc. 3. B 2002-
2014 rr. B upke Komnkn naxkomuaocs (40 + 11) min m3
JIbJIa, MAKCUMAJIbHOE YBeJINYeHUE BbICOTHI TIOBEPXHO-
ctu coctaBuiio okoso 100 m (em. puc. 4). Cienyer oT-
METHTb, UTO BCE IAHHBIE XOPOIIIO COTJIACYIOTCS MEKLY
co6OM € yIeTOM BEJIMYUHBI TOTPEITHOCTH.

B monorpadun [ Komasxoe u op., 2014 o6bem
BOCCTaHaBJMBawIerocs agegunka Komka B 2014 1.
OIEHMBAICA MEHUMYM B 21 MJIH M?, 4TO CylIecTBeH-
HO HUJKE OIIeHKHU aBTOPAMHU MOCTKATACTPODUIECKOTO
naxomenus — (40 £ 11) mun M3 abaa. [Ipu csoeii
ortenke B.M. Kotisgakos ¢ coasr. [2074] ncxoaniu u3s
AKCTPAIOJISINHT CPETHUX 3HAYEHU N TOJITUHBI JIb/IA,
MOJIYYeHHBIX NPU PAAUO30HIMPOBAHUY B UIOHE
2014 r., Ha Bcio 1omaAb JegHuka. K coxkanenuio,
PaMOIOKAIMOHHBIE TAHHbIE OBLIN TTOTyYEHbI JIUIIh
Ha HeOOJIBIIIOM y4yacTKe B HUKHeH yactu Kosku
[Komasikos u dp., 2014, puc. 97], u 9KCTPATIONSIIHSI
ATUX JAHHBIX HA BCIO TLJIONIA/b JIETHUKA MOKET [IPH-
BECTHU K OOJIBIINM HETOYHOCTSIM (II0ITOMY JaHHAS
BesImurHA ObljIa 03BYY€Ha KaK MIHUMAJIbHO BO3MOJK-
Hast). MakcuMasbHast TOJIIUHA Jb/A, 110 JAHHBIM pa-
nuozouauposanust (50 M), oTMeueHa B IEHTPATbHOM
4acTU MOTOKA OT JiefiHrKa Ne 7. ITo 3HaUeHune Xopo-
110 COTJIACYETCS C aBTOPCKUMM OIleHKaMU yBeJnJe-

P

~

.y
LR ¥

HUS BBICOTHI TOBepxHOCTH Jennnka B 2002—2014 rr.
B 9TOM K€ MeCTe, TPAKTUIECKH C HyJIsT (AHCTOE JIOJKE)
10 50—60 M (cM. puc. 4). CpesHsist TOMIINHA Jibla Ha
YUYaCTKe PALUOJIOKAIUOHHOIO IIPOGMUIIS 0 JaHHBIM
PaAMO30HANPOBAHIS IPUMEPHO Ha 25 % MeHblile,
4yeM 10 JJAaHHBIM aBTOPOB. C y4eTOM MOTrpPentHoCTel
reousnyecKye JaHHbIE O TOJIIITHE Jb/a TOITBEPIK-
[IAI0T OI[eHKU HAKOILIeHUs BelecTBa B 1upke Kosku
B 2002—2014 rr., ciesiantble aBTOPAMU IIyTEM COIIO-
craByieHnst paznoBpeMeHHbIX [[MP.

Bwmecre ¢ 6pIcTPBIM HAGOPOM MACCHI TTPOUCXOTH-
JIO HApacTaHue IIona iy jeannka. OHaKo TeMITbI Ha-
pacranus miaoniagau B 2004—-2009 u 2009-2016 rr.
pazanuatorces: ecan k 2009 r. niomanb JefHUKA B
noxe Konku cocrasuna 0.60 km? [I[lempaxos u op.,
2013], a c y4eTOM CKJIIOHOBBIX Y4aCTKOB OI[CHUBAJIAChH
B (0.80 £ 0.02) km?, To kK 2014 r. oHa goCTHIIA
(1.08 + 0.02) km?, a x 2016 1. cocTaBUIa OKOJO
(1.12 £ 0.02) km? (puc. 5). ABTOpCKHUE OLIEHKH T1LI0IA-
1 Koustku B 2014 1. coBiagaor ¢ ortenkamu B.M. Kot-
J5IKOBa ¢ coasT. [2074] ¢ TounocTsio 10 0.01 kvm2.

Ecuiu Ha GoJiee paHHUX dTalax yBeJInYeHue T10-
IIaau JIeJHUKA TPOMCXOIUIIO 32 CUET KaK MPOJBH-
Keuust GPOHTA, TAK M AKTUBU3ANMY HETIOABUMKHBIX
MAaCCHUBOB JIbJIa, TO B IMIOCTEHUAE TOBI BIUSHUE BTO-
poro daxropa orcyrcrByeT. CKOPOCTH MPOABUIKE-
Hus GpoHTa ObiBLIEro JegHrka Ne 7, crasiuiero ¢hppoH-
Tom coberBenno Kosku, B 20112016 rr. 6bi1a cy-
MIECTBEHHO HUKE, YeM B MPEAIeCTBY IO TTePUOJ
(puc. 6). Ecau 8 2004—-2011 rT. B oT/I€TbHBIE TO/IBI

| — 25.09.2002
— 30.09.2004

02.09.2007
— 30.08.2010
— 14.07.2016

Puc. 5. IaMenenue rpaHull BoccTaHaBauBalomerocs Jeanuka Kosaka B 2002—2016 rr.

KocMmuyeckue CHUMKY, UCIIO/Ib30BAHHbIE 1151 AeinnPUPOBAHI TPAHKLL JICAHUKA, 1 JaThl CheMKU CM. B Tabjiuiie. Bepxusia rpamu-
11 JieTHUKA ToKasana mo nadopmarmn Ha 2002 r. @ow — camvok SPOT-6 ot 14.07.2016 1.
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Puc. 6. BoccranoBiaenue seaunka Koaka B 2004—
2016 rr. Cepus dororpaduii ¢ JeBoi GeperoBoi
MopeHnsbl JeiHuka Kosika B pa3ubie rozpi ¢ Touku Ne 3
MOBTOPHO# (poTocbeMku (cMm. puc. 1).

a — asrycr 2004 r.; 6 — asrycr 2006 r.; 6 — asrycr 2009 r.; 2 —

asryct 2014 r. (a—2z — doro I.A. Tlerpakosa); 0 — ceHTsIOPD
2016 r. (poro A.A. Koumna).
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(bpoHT JeHIKA TIPOABUTAJICS BIiepe 6ojiee ueM Ha
100 ™ [ITempakos u dp., 2013], To B 2011-2016 .
CKOPOCTbH MPOJIBIIKEHST (DPOHTA He TIPEBBINIAIA He-
CKOJIBKHX JIECSITKOB METPOB B o/, a B 2015-2016 rr.
COCTABUJIA 5 M/TO[I, T. €. HAXOAWJIACH B IIPEJIeJIax 110~
rpenrHocTy Aemudpuposanust. [Ipu aTom mocie ka-
tacTpodbl GPOHT JegHuKa Ne 7 TIPOIBUHYJICS BIle-
pexn ra 900 M. ITo craso equHCTBEHHBIM i1 KaBka-
3a caydaeM 3HAYUTEJNbHOTO HACTYMAHUS JIEHUKA B
XXI B.

Bompoc o mpuanHax cTosb GbICTPOTO BOCCTAHOB-
sienust Kok, npoucxoisiiero Ha (hoHne cokpareHust
nepnukos Kaskasa |Shahgedanova et al., 2014] no
CHIX TIOD He peliieH. PasurenbHbII KOHTpacT B GataHce
Mmaccbl Kosku m omopHoro ans KaBkasa jgemgHuka
[lxxankyat ormevasncsa u panbiie. B 1970-2002 rr.
cpenHee 3HaueHue Oasanca KOJKH COCTABIISAIO
+1000 MM /Tox, uim +2.5 MutH T/Toz [ [lempakos u dp.,
2013], cpennee 3navenue 6ananca /[kaHkyara 3a TOT
ke niepuoj; pasusioch —120 mm/rox [Ilonosnumn,
ITempaxos, 2005]. B 2002—-2014 rr. cpeanuii 6a-
nanc Koaku omnenuBazica B +2.9 mun T/TOA, NN
+2600 mMm/Ton (miepecyer mo niomaan Kosaku Ha
2014 1.), a 6ananc [Ixxankyara 3a TOT e IepuojL ObLI
pasen 560 mm/Ton (ycmuoe coobuenue B.B. ITonosHu-
na) |[WGMS, 2013; WGMS, 2015]. B 2009-2014 rr.
KoHTpacT Mexay bamancamu Koaku u Jxkankyara
BbIpoc 110 cpaBHenuio ¢ 2002—-2009 rr.: na gpone oxu-
HAKOBBIX CPeHNX 3HaueHwuit Gamatnca Koiku Gananc
[xxankyata B 2009-2014 rr. cran va —400 Mmm/Ton
6oJiee HEraTHBEH.

ITpuunasl 6icTPOrO BoccTaHoBaeHUst Kosiku
ocJjie BEIOPOCOB Jibjla aHAJIN3UPOBAJIUCH B Psijie pa-
60T, Hanpumep [ Pomomaes u op., 1983; [lempaxos u
op., 2013; Komusixos u dp., 2014]. K.I1. Pororaes ¢ co-
aBT. [ 1983] oTMeuasy 3HAYUTEJNbHYIO POJIb METEJIEBO-
ro nepetoca c¢ jgeaauka CyaTucu B JTaBUHOCOOPBI,
nuTatonue Koiky, 1 olleHuBaIn 0J10 JaBUHHOTO
nutanus Kosxu 8 85 %. Cyus 1o mosieBbiM HabJ110/1e-
HusM rocsie karactpodst 2002 1., posth JJaBUH B U Ta-
Hun KoJsiku Bo3pociia 3a cueT yBeJnvyeHus 101 CHe-
ra, cOpachlBaEMOTO CO CKJIOHOB. B mepBbie rojp mo-
cJie KaTacTpodbl CHET He COXPAHSJICS HA [HE IIIPKa
Kosaku. BeposiTHo, 3T0 MPOMCXOAMIO M3-32 TOBBI-
MIEHHON TeMIEePaTypbl BO3/IyXa, CBA3aHHOM C OTCYT-
CTBYEM JIbJIa U MIOHUKEHNEM BBICOTHI TOBEPXHOCTH
[Yepros, Pomomaesa, 2010]. B nocnennue rojbl B
ThII0BOI yacTu Kosku coxpausinuch JaBUHHBIE
CHEKHUKH, TTPUBE/IININE K TIOSBJICHUIO HA JIETHUKE He-
60111011 (hrpHOBOIL 061acTH (M. prc. 6). ITO MOLIIO
[IPOUBONTH BCJIEICTBUE KaK TIOHMKEHUST TeMIIepary-
PBI BO3/1yXa MO/l BJAUSHUEM OXJIakaomero agdexra
JIeIHUKA U YBEJTUYEHUS BBICOTBI TIOBEPXHOCTU HA
50 M (cM. puc. 3, 4), Tak 1 pocta 00bEMOB JIABKH.

Pamnee cunranoch, uro 6ananc Komku mocie ka-
tactpodbl 2002 r. onpeessgercs “MOYTH UCKJIIOUN-
TeJIbHO YCJIOBUSIMU X0J10iHOr0 niepuoja” [ Ilempakos
u op., 2013, c. 44] nnu “3aBUCKT MTOYTH UCKITIOUNTEb-

HO OT KOJIM4ecTBa JaBunuoro cuera” [Komasxos u
op., 2014, c¢. 122]. JleTHee TasiHUE 9KPAHUPOBAJIOCH
TOJICTBIM CJIOeM OOJIOMOYHOTO MaTepuaja Ha Io-
BEpPXHOCTH JieHuKa. [1yomanb yuacTKOB OTKPBITOTO
Jbjia ¥ (hUpHA TIOKA HEBEJIMKA, HO Pa3pacTaHme 3TUX
Y4acTKOB OyeT Croco6CTBOBATD YBEJIHUEHITIO JIET-
HEro TasiHus U YMEHBIIEHUIO TEMIIOB HAKOIJIEHUS
JIbJIA.

[To curyaruu va 2014 1. B nupke Kosiku HaKkOTM-
nock (40 £ 11) mun M3 1bJ1a, T. €. 0koJ1o 40 % ot 11pe-
karactpoduueckoro obbeMa JeHnKa. Panee aBropsl
MIPOrHO3UPOBAIN BO3MOKHOCTD BOCCTAHOBJIEHUST JTH -
ueiinbix pasmepos Kousku k 2025 r. Cyas o 3ame-
JIEHUTO TeMTIOB TpoaBmkenus ¢ppounra ¢ 2011 r.,
BEPOSITHOCTH TAKOI'O PasBUTHUsI cOOBITHII HU3Ka. Be-
POSITHOCTH peaiu3aliy IMPOTHO3a 0 HAKOIJIEHUH
60-70 man M 1baa x 2025 T., HAIIPOTUB, 0CTATOYHO
BBICOKA.

Kapmaodoncxas xomnoeuna. 3HaueHus TeMIIOB
taguug jexosoro tesaa B 2002—2009 rr. v ananus ux
U3MEHEHHUH 32 3TOT MEPUO/| IIPUBEAEHBI B paboTe
[[Tempaxos u dp., 2013]. Tlo parHbIM TOoOTpadUye-
CKUX CheMOK, B 2014 1. 00beM JIe[0BOro TeJia cocTa-
Bua (29 £ 5) mun M3 (puc. 7), uto Ha 5 Mun M3 (uau
na 15 %) menbine, gem B 2009 r. /[7151 ipoBepku TOY-
HOCTH OIIEHOK 00'hbeMa JIe[OBOTO TeJia U er0 U3MeHe-
HU, TOJYYEHHBIX TIyTeM IKCTPATIOJISIIUN JAHHBIX C
MOTIEPEYHBIX TTPOMUITENt, AaBTOPHI COMOCTABUJIN KAPTHI
3aBasia 2002 r. ¢ IIMP, nnocTpoennoii 1o crepeonape
cauMKoB SPOT-6 3a 2014 r. Ilo aTUM JaHHBIM, B
2002—2014 rr. 00beM J1€I0BOTO TeJla COKPATUIICS Ha
(84 £ 5) M M3, a B 2014 r. coctaBu (26 + 5) mun M3
(cm. puc. 7), uTo Ha 3 MJIH M® MeHbIIIe 110 CPaBHEHUIO
C OIleHKaMU, OCHOBaHHBIMU Ha sKcTpamnoJsiiuu. [1o-
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Puc. 7. 3menenue o0beMa JeoBoro sasajia B Kap-
MaaoHCKoil korioBuHe B 2002—-2009 rr. no maHubIM
MOBTOPHBIX TAX€OMETPHYECKUX U3MEePEHHUI BHICOTHI
MOBEPXHOCTH JIEIOBOTO TeJia (1) U 10 TaHHBIM COTIO-
craBjieHHs Tonorpaduyeckoii kaptoi 3aBana 2002 r.
macmra6a 1:10 000 ¢ IIMP, nocTpoenHoii 1o crepeo-
nape caumMkoB SPOT-6 3a 2014 1. (2).

67



J.A. IIETPAKOB 1 JIP.

JilydeHHble HA3€MHBIM U JUCTAHIIUOHHBIM IMYyTEM
OTIEHKHU MOKa3aJu XOPOIIYI0 CXOAUMOCTh. Makcu-
MaJIbHOE 3HAYEHUE MTOHUKEHUS BBICOTHI TIOBEPXHO-
ctu nipesbicuiio 100 m (puc. 8). B ocesoii uactu KoT-
JIOBUHBI TIPOTSTUBAETCS 110J10Ca, B KOTOPOU 1TOBEPX-
HOCTD 3aBaJIa TOHU3UIach Oosree ueM Ha 80 M.
DakTuuecku U3MeHeHHs 00beMa yKe HaXOAATCS
B IpejieJiax MOTPENIHOCTH OlleHOK. Besnunna nonu-
JKeHus noBepxHocTH 3aBajia B 2009-2014 rr. He mpe-
BhIaia 15 M, a B cpeiHeM Obliia CyIIeCTBEHHO HITKE.
Kak u nporrosuposajoch patee [[Tempaxos u op.,
2013], Temibl cokpaiieHus o6beMa JeI0BOro Teja
acumnToTndecku cumkaorcsa. Ecam B 2002—2003 rr.
CKOPOCTh YMEHbIIeHHs 00beMa 3aBajia COCTaBJIsLIa
44 vuH M3 B oz, B 2003-2004 1. — 15 MotH M2 B TOT,
t0 B 2004—2009 IT. OHA TOHU3WIACDH 70 3.5 MJIH M° B
rox, a B 2009-2014 tr. — no 1 mum M3 B roj. Takum
0o6pasoM, 3a NPOLIeAIINe MOCIe KaTacTPOMbl TO/LbI

AH, m

I <100
I -100..-50
B s0..—20
[ ] -20.-10
500 m [ ]-10-0
Puc. 8. I3menenue BbIcOTHI MoBepxHOCTU (AH)
nenoBoro 3aBajia B KapmagoHckoii KOTIOBUHE 3a
nepuox 2002—-2014 rr., oreHeHHOE IO pPe3yJIbTaTaM
HazeMHO# Tonorpaduveckuii crbemku B.H. [Ipo-
opimesa u B.B. Makiukosa 28.09.2002 r. u ITMP,

NOJIyYEHHOM 110 cTepeonape KOCMUYECKUX CHUMKOB
SPOT-6 ot 29.10.2014 r.
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TEMIIbI YMEHbIIeHUs1 00 beMa JIeJ0BOrO 3aBajia CHU3M-
smch moutn B 50 pas.

[To-BuprMOMY, 9T0 00bSICHSIETCS IIPOTPECCUPY -
IONIMM YBeJUMUeHNEeM TOJIIUHBI YeXJia TPYHTOBO-Ka-
MEHHOI0 MaTepuajia Ha IOBEPXHOCTHU JIeJIOBOTO 3aBa-
ja. KpuBast ymeHblIeHust o6beMa JIeJJOBOTO TeJia
BIIOJTHE CXO/IHA C KPUBBIMU TTOHUKEHUST TEMIIOB Tasl-
HUSI B 3aBUCMOCTH OT TOJIIIIMHBI MOPEHHOTO MTOKPOBA
Ha jeanukax [Nicholson, Benn, 2006]. OcHoBHyI0
Maccy 3aBajia COCTABJISIET yKe He Jie/l, a TPUHeCeH-
HbII BO BpeMs coObiTuii 2002 1. 0610MOYHBII MaTe-
pHuaJi, a TakyKe aJJIOBUAIbHbBIE OTJIOKeHUs. Taxk, mo
ounenkam B.H. [Ipo6biiiesa, 8 2002—2004 rr. Bbiiie
JIEJIOBOTO 3aBaJia HAKOIIMJIACh JIECITUMETPOBAS TOJI-
Ia peYHbIX HAaHOCOB. TaKoii ke rnmpoiecc MOT IpoTe-
KaTh BHYTPU U TIOJI JIEIOBBIM 3aBAJIOM, N3-32 YMEHb-
IIeHUsT HAKJIOHA PycJia U CKopocTH Teuenus p. [enas-
JIOH.

Poutb Tastnust JiefisiHOro 3aBasia B UTaHuu p. [e-
nasion B 2002—-2003 rr. orleHnBanach aBTopaMu B
50 %, B 2003-2004 rr. — 12 %, B 2004-2009 1. — 4 %
[[Tempaxos u dp., 2013], a 8 2009—-2014 rr. — TOJIBKO
B 1 %. MoHO cuynTaTh, 4YTO HA CETOAHAIIHUN LEeHD
TastTHUE JIEJIOBOTO TeJia He UTPAeT THAPOJIOrHYeCKOi
POJIH.

3AKJIOYEHUE

B negnukosom mupke Koska npogosmkaercs Obi-
cTpoe HakorieHue Jbaa. B 2014 . MmakcumaibpHas
TOJIIUHA BO3POKIAEHHOTO JieAHuKa gocturia 90 m.
3a 2002-2014 rr. B nupkKe HaAKONMUJOCHh OKOJIO
(40 + 11) mun M3 1218, uTO cocTasJgeT opsaka 40 %
ot obbema Kosku nepen karacrpodoit 2002 r. Tan-
Hble AaBTOPOB O TOJINWHE BOCCTAHABJIMBAIOIIETOCS
JIEJIHVKA TIOATBEPIKAAIOTCS Pe3yIbTaTaMHU PaJO30H-
nupoBanus yaactka Koaku B 2014 r. Cokpamenns
TEeMIIOB Habopa Macchl JieJHUKA He IIPOU3O0IILI0: B
2009-2014 rr. HAKOIIMJIOCH CTOJIBKO JKe JIb/la, CKOJIb-
ko u B 2004—2009 rr. [TosoxuTenbHblil Gananc Mac-
CBI TIPUBEJT K POCTY TLIOIAN JieanKa Korka u mpo-
JBYKEHUTO ero (DPOHTA, YTO CTAJIO eIMHCTBEHHBIM
st KaBkasa ciyyaeM 3HAYUTEIbHOTO HACTYTTAHUS
gexaanka B XXI B. Temmsl nHactynanug ¢ponrta Koa-
KU 3aMeJIJINJINCh B TIOcJeiHue rojibl. BoccTanosiie-
Hue Kosku mpoucxoauT Ha GpoHe HeOIaronpusTHbIX
N5t ostefienenust KaBkasa MorofiHbIX yCJIOBUI U Pe3-
KO KOHTPACTUPYET C MOBEIEHNEM JPYTUX KaBKA3CKUX
JIeIHUKOB. bajlanc Macchl BOCCTaHABJINBAIOIIETOCS
gennuka KoJika, mepekpbiTOro 3HaUUTEJTbHOM TOJI-
et 0610MOYHOr0 MaTepuaa, 3aBUCUT IJIABHBIM 00-
pa3oM OT JJaBUHHOTO NMUTaHUs. Paspacranue ydact-
KOB OTKPBITOTO JibJla U (pupHA MOJKET IIPUBECTH K
YBEJIUYEHNIO POJIK abJIsiuu U 3aMeJJIEHUI0 TEMIIOB
BOCCTAHOBJIEHUS JIETHUKA.

O06beM JiegoBoro 3aBasa B KapMasoHCcKoil KOT-
sgosune B 2002—2014 rr. cokpatuics Ha 75 %. IIpo-
JIOJIKUJIOCH TIPOTPecCcUpyioliee yMeHbIeHe TEMIIOB
TasgHust, oTMeueHHoe Hamu paHee. B 2009-2014 rr. o



BBICTPOE BOCCTAHOBJIEHUE JIE/JHUKA KOJIKA (KABKA3) ITIOCJIE TJIALIMAJIBHOM KATACTPO®BI 2002 I'OJIA

CPaBHEHWIO C TIEPBBIM T'O/IOM TOCJIE KaTaCTPOdBI TeM-
Il TAsIHUST yMeHbInIuch moutn B 50 pas. Jlea B kot-
JIOBIHE MOJKET COXPAHSThCS €llle JOCTATOUHO J0JITO,
a BOCCTAHOBJIEHUS IIPEIKATACTPOPUUECKOI TTOBEPX-
HOCTH He POU30N/IET M3-3a AaKKYMYJISAIIUN B KOTJIO-
BUHE GOJIBIIIOTO KOJUYECTBA 06JOMOYHOTO MaTepra-
Jla 1 HaHocoB p. I'enanzon. I'maposnormueckast posb
JIeJIOBOTO TeJsia B CTOKe p. ['eHason B mocJenmnune
TOJIBI TPEHEOPEKUMO MaJia.

B Gauskaiimume 10 jet moBTopeHue coOBITHI,
cxoqHbIX ¢ Katactpodoii 2002 1., masoBepositHo. He
caenyer 3a0bIBaTh, 4yTo K 2025 1. sieannk Koska mMo-
skeT HabpaTh 60—70 % or npeakaTacTpopUIECKOro
00beMa, UTO [IPU OTIPEIeJIEHHOM COUYETaHUU TPUTTEP-
HBIX MEXaHU3MOB MOKeT IIPUBECTU K IIOBTOPEHUIO
cobObITrii 2002 r. Heo6XoauMo popoJKaTh MOHIUTO-
PUHT BOCCTAHOBJIEHUS JIeIHUKA U Kaskabie 5—10 et
[IPOBOIUTH MOBTOPHYIO ChEMKY [/ H3MePeHUsT 00b-
eMa HakomwuBImerocs Jbaa. Kpome Toro, yske ceituac
HAJIO PACIHIMPSITH NCCJIEIOBAHIS JHIOT€HHBIX IIPOIIeC-
COB, IpoTeKamux B Hegpax Kasbekcko-/[sxumapaii-
CKOTO MacCHBa U TIOTEHITUATHHO BIUSIONINX HA BEPO-
STHOCTb TIOBTOPEHUS TJISTIIMAIBHON KaTaCTPOQBI.

Aemoput svipascarom 61az00apHocms OUupexmopy
3A0 “CesKasTHCH3” H.A. Mameeesy 3a npedo-
cmasaenue 060pydosanus 0L CoeMOUHbIX Pabom,

K. Ilapaxosy|, B.I. Adueesy, B.A. Heanosy, O.H. Po.-

dcanosy 3a ozucmudeckyio noddepicky, M.P. Mup3zo-
esy, I1.C. Illmanuuesy, E.A. Casepniox, K.C. Bucxao-
acuesoil, E.A. Benoycosoil 3a nomougb npu nposedenuu
nozneevix pabom, U.1. laspenmuesy 3a zeousuueckue
dannwvie o monugune iwoa na Kouxe.

Paboma evinonnena npu unancosoii nodoepicke
PODU (npoexmovr Ne 15-05-08694, 14-05-00768).
Cmepeonapa xocmuueckux chumrog SPOT-6 nonyuena
npu nomousu I'eonopmana MI'Y umenu M.B. Jlomono-
coea.
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