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TTpuBenena xapakrepuctuka peibeda yuacTka o6pasoBanust BOpoHku Ha [lenTpanbroM Smaiie 1o pesysib-
TaTaM aHAJIM3a JAHHbIX AUCTAHIIMOHHOTO 30H/INPOBAHMS, BKJIIOUAs JAHHBIC KOCMITYECKOH CTEPEOChEMKH CBEPX-
BBICOKOTO Pa3pelentst,  MATEPHAIOB 0JIeBOro obcrenosanst. OTpeaeseH BpeMEHHON HHTePBAT 06pa30BaHIist
BOPOHKHU no3aHel ocenbto 2013 1. Tlosyuennpl ceenns 0 MOPGOIOTHI U3YYaeMOTO yYacTKa /10 1 1ocJe oOpa-
30BaHMsI BOPOHKH, B YaCTHOCTH, IOKYMEHTATLHO MOATBEPIKIEHO CYIECTBOBaHMe Gyrpa IMaMeTPOM OCHOBAHHS
45-58 M u BbICOTOI 0KOJT0 5—6 M Ha MecTe BOPOHKHU. B pesysibrare amasmnsa pazHoBpeMeHHbIX IIIH(PPOBLIX MO-
neneil pesbedba paccurTan 06bEM BOPOHKU U OTJIOKEHHOTO Ha GpycrBepe MaTepuana. O6beM BBIHECEHHOTO
MaTepHaJia TTOYTH B IIeCTDh pa3 6oJbie oObeMa MaTepraia, 0GHapyKeHHOTO B OpycTBepe. Pasmuiia onpeness-
€TCA 3HAYUTEJIbHBIM KOJWYECTBOM Jib/la, COCTABJISABIIETO OCHOBHYIO 4aCTbhb MaTepuajia 6yrpa 1 OTTasaABIIETO
nocsie BeiGpoca. [1o pesyssraTaM MOJIeBBIX HAOMIOMEHUT 9TOT Jiell BCKPHIBAETCS B CTEHKAX TIHJIHHAPITIECKOTT
vyacTu BOPoHKH. OTIpe/iesIeHbl TEMITbI POCTA ANaMeTPa BHYTPEHHel YacTH BOPOHKY BCJIE/ICTBUE TASTHIS ee Jiefls-
HBIX CTEHOK U TEMII ee 3aTOIIEHUsI BO/IOM 3a JIETHUIT IIePUOL.

Boponka 2a306020 6vibpoca, nodsemmviii 1ed, OUCIMANUUONIbLE OaHIbLe, CMEPeOCseMKA, UUPPOBaAs MO0
penvepa

GEOMORPHOLOGICAL CONDITIONS OF THE GAS-EMISSION CRATER
AND ITS DYNAMICS IN CENTRAL YAMAL

AL.IL Kizyakov!, A.V. Sonyushkin?, M.O. Leibman3*, M.V. Zimin2, A.V. Khomutov?

! Lomonosov Moscow State University, Department of Geography,
119991, Moscow, Leninskie Gory, 1, Russia; akizyakoo@mail.ru
2 ScanEx Research and Development Center, 119021, Moscow, Berezhkovskaya embank., 20,10, Russia
3 Earth Cryosphere Institute, SB RAS, 625000, Tyumen, P/O box 1230, Russia
4 Tyumen State Oil and Gas University, 625000, Tyumen, Volodarskogo str., 38, Russia

This paper presents the characteristics of the relief within the area of crater formation in Central Yamal,
based on the analysis of remote sensing data, including stereo-pair very high resolution data as well as field
observations. Time interval of the crater formation was defined as late fall 2013. Data on the morphology of the
studied area before and after the crater formation were obtained. The existence of the bulge with the base diameter
45-58 m and height of about 5-6 m in place of the crater was documented. Analysis of multi-temporal digital
elevation models allowed calculating the volume of the crater and the parapet formed around it. The volume of
discharged material is almost 6 times larger than the volume of material found in the parapet. The difference is
due to a significant amount of ice that, according to the results of field observations, is exposed in the walls of
the cylindrical portion of the crater, and, apparently, comprised a major part of bulge material that thawed after
ejection. The rate of the crater increase in diameter due to melting of its ice walls and the rate of its filling with
water over the summer period were determined.

Gas-emission crater, ground ice, remote-sensing data, satellite stereo pair, digital elevation model

BBEJIEHUE

O6napyskeHHast B EHTPaIbHOI YaCTH I10JIyOCT-
posa SImai Boporka (puc. 1) cpasy craia 0ObeKTOM,
KOTOPBIN IPUBJIEK K cebe IpUcTaibHOe BHUMAHNE
CIIEI[UATUCTOB-MEP3JI0TOBE0B, U3YUYAIOIINX 0COOECH-
HOCTH CTPOEHWUSI TOJIII MHOTOJIETHEMEP3JIBIX MTOPOJT 1
pa3BHUTHE KPUOTEHHBIX IIPOIIECCOB, a TaKXKe CIelna-
JINCTOB, obeclieynBamoInX 6e30MaCHOCTh X034 M-
CTBEHHBIX 00BEKTOB B KPUOJUTO30HE.

Ty6epraTopom Smasio-HeHelkoro aBToHOMHOTO
OKPYyTa C I[eJIbI0 IEPBUYHOTO 00C/IeI0BaH st OBLIO Op-
raHM30BaHO IOCeleHre 00beKTa IPYIIION clenna-
JIUCTOB, B cocTaB Kotopoil Bomia M.O. Jleiibman.
B x0/1€ pEKOrHOCIIPOBOYHOIO 0OCIEA0BAHNS BOPOH-
ku B uiosie 2014 . 6bLIO COCTABJIEHO IIEPBOE OIUCa-
HUE 9TOr0 YHUKAIBHOTO IPUPOAHOTO 06pa3oBaHusl,
MOJTyY€eHbI (DaKTUIEeCKHe JaHHble TI0 MOP(GOMETPUH 1

© A.N. Kuzsxkos, A.B. Contomkun, M.O. Jleii6man, M.B. 3umun, A.B. XomyTos, 2015

15



AU KU3AKOB 1 /IP.

Puc. 1. BHemnuii BUi BOPOHKH rasoBOro BbIOpOCa:
a — 25.08.2014 (dporo M.O. Jleiibman); 6 — 08.11.2014 (dporo A.J.

Kusskona).

cocraBy mopojt. ITo pesysbsraTam o6cae0BaHusT GBI
MOJITOTOBJICH OTYET, MPEJCTABICHHBIN B TIPABUTEIh-
ctBO Amano-Henernkoro aBToHoMHOTO OKpyTa. s
0603HAYCHUST HTOTO HEOOBIYHOTO TIPUPOIHOTO 0Opa-
30BaHUS MCCIIEN0BATESIMU ObLI TIPEJJIOKEH TEPMIH
“BopoHKa TazoBoro Beiopoca” [Jeubman, Iliexanos,
2014].

B paiione BOpOHKHN pacripocTpaHeHbl ()parMeHThI
yeTBepTO# Teppack BbicoTol 40—60 M, cioxeHHON
BEPXHEUETBEPTUIHBIMU OTJIOKEHUSMHU Ka3aHI[ECBCKOM
CBUTHI (M, le}H), chopMUPOBAHHOI B MOPCKUX U
npuOpPeKHO-MOPCKUX yCa0BUAX [Ananvesa, 1997].
Cama BOpOHKa HAXOIUTCS HA TPAHUIlE Xachipesd U
CKJIOHA TEPPACOBUIHON MOBEPXHOCTH, PACUTIEHEHHO
9PO3MOHHO-TEPMOKAPCTOBBIMHU TIpoIlieccamMu. B 4 km
3arajiHee MPOXOAUT MATUCTPATbHBIN Ta30TPOBOJI
“boBanenkoBo—Yyxta”.

B xojte BTOPOTO KPaTKOBPEMEHHOTO 00C/I€e/10Ba-
HUST BOPOHKW B aBrycTe 2014 1. OBLIN BHITOTHEHDI
“3MepeHns OCHOBHBIX ITapaMeTPOB BOPOHKH, JOKY-
MEHTUPOBaHUE Pa3pe3a, BCKPBIBAIOIIETOCS B CTEHKAX.
B cenTsiope 2014 1. reosioro-reopusnuecKie u reoxu-
MUYecKue uccienoBanus (¢ orbopom mpobd mous,
BOJIBI M3 03epa) MPoBeieHbl akeeuieir MacTuTyTa
HedTerazoBoii reosorun u reopusuku um. A.A. Tpo-
umyka CO PAH npu yyactun OOO “laznpom
BHUWTA3” [9no6 u dp., 2014].

B Hos16pe 2014 r. Poccuiickum 1eHTPOM 0CBOe-
Hug ApkTuky 1 JlemmapTaMeHToM 1o HayKe M MHHOBA-
1usaM AHAO 6b110 0OprannsoBaHo HOBOe 06CIen0Ba-
HIE C T[eJIBI0 YTOUHEHUS CTPOEHS BOPOHKH 1 0TOOpa
006pas3IoB JIbIA 1 BMETIAIONINX OTIOKEHUTT 113 CTEHOK
BoponKH. Tor/a e aBTOPaMU CTaThi GBI TPOBEIEH
aHATM3 KOCMUYECKNX CHUMKOB JIJISI ONpe/e/ieH s
BpeMeHU 06pa3oBaHUs BOPOHKH.

Clienyommm aTanoM UCCaelOBAaHUN CTaJl MOJI-
60p ¥ aHAJN3 KOCMUYECKUX CHUMKOB OTITHYECKOTO
JIFana3oHa 171t TeoMOP@OIOTTIecKoil XapaKTepuCTH-
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KM MECTHOCTHU 10 00pasoBaHUsI BOPOHKH, TIOCJIE €€
BO3HMKHOBEHUSI U TIPH €€ JlaJibHeHIIeM pasBUTHH.

Ilesbio HacTOSIIIEN CTAaTHU SIBJISIETCS BBISIBJIEHUE
MPOM3OIIEANINX U3MEHEHUH pesibeda yaacTka oOpa-
30BaHUsl BODOHKH U OTIpe/ieieHne ee MOphoMeTpu-
YeCKUX XapakTepucTuk. st 5Toro ObLIN IpuBIICYe-
HbI MaTepI/IaJIbI I10JIEBBIX O6CJICZIOB8,HI/II>1 1 TaHHbIC
JANUCTAHIITMOHHOTO SOHZ[I/IpOBaHI/IH.

ONNPEAEJNEHMWUE BPEMEHHOTI'O MHTEPBAJIA
OBPA3OBAHNA BOPOHRKU

Jlnst onpejesienus BpeMeHn 06pa3oBaus BO-
POHKHU OBLJIN MPOAHATU3UPOBAHBl KOCMUYECKUE
CHUMKH CIYTHUKOBBIX cucteM Landsat 8 w SPOT 3.
Wcnonb3oBanuble IJs1 PellleHUs TaHHOM 3aaadyn
cHUMKH co criyTHuka Landsat 8 umeror psiz Heocmo-
PUMBIX JIOCTOUHCTB: 1) 10CTaTOYHOE TPOCTPAHCTBEH-
HOe paspeleHne CHUMKOB (15 M B manxpomatmdec-
KOM KaHaje) AJas gemudpupoBanns GopM Me30-
peabeda pasMepHOCThIO Gosee 15 M; 2) mocTaTOYHO
BBICOKAS JI7IT HEKOMMEPYECKUX AHHBIX MTePUOINY-
HOCTb CHEMKH OJTHOTO M TOTO JKe yJacTKa 3eMHOI T0-
BePXHOCTH; 3) GecIIaTHbII U YA0OHBII JOCTYII K ap-
XMBaM CHUMKOB.

Kocmuueckue caumin Landsat 8 mosrydensr u3
6aspr ganabix USGS uepes cepsuc EarthExplorer
(http://earthexplorer.usgs.gov). Caumox SPOT 5 ot
01.10.2013 r. nosryuen u3 apxua UTII “Ckandkc” B
pamkax poekTta “Teoropran MI'Y”. Ha aTom cHuMKe
C BBICOKHM TIPOCTPAHCTBEHHBIM pa3perneHueM (2,5 M
Ha MeCTHOCTH ) 3aUKCUPOBAHO HAMOOIEE TIO3/IHEE 13
OTCHATHIX COCTOSHME MOBEPXHOCTH “I0 0OPa3oBaHILL
Bopouku” (puc. 2). [TosHblii nepedenb NCIOTH30BaH-
HBIX MaTepHaIoB AUCTAHIIMOHHOTO 30HAUPOBAHUS
npejcrasieH B Tabr. 1.

JlJ1s1 IpOCTPaHCTBEHHOTO COBMEIIEHUST KOCMU-
YEeCKMX CHUMKOB B KauecTBe Ga30BOTO UCTIOJIH30BAI-
cst cauMok SPOT 5 ¢ Hanbostee BBICOKMM paspelire-
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01.11.2013 - Landsat

01.10.2013 - SPOT 5 09.10.2013 - Landsat 8

©Airbus DS, © RDC "SCANEX", 2007-2014

21.02.2014 - Landsat 8 | ] 22.07.2014 - Landsat 8

Puc. 2. IlocaenoBaTenbHOE COCTOSTHHE HU3ydYaeMoro yyaCTka Ha JaHHbIX JUCTAHITUOHHOTO 30HAUPOBAHUA.

IIaTHO ¢ HU3KOH OTpaKATEILHOMN CIIOCOOHOCTBIO TTOSBJIIETCs Ha CHUMKaX (T10Ka3aHo cTpekoi ), Haunnast ¢ 01.11.2013. Kpacnoit
JIMHKEH OKOHTYPEH OPYCTBEP BOPOHKH, JKEJATOI — 30Ha 0OGHAPYIKEHUs BBIOPOIIEHHOTO U3 BOPOHKU MaTepHAJIa.
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AU KU3AKOB 1 /IP.

Ta6auna 1. KocMmuyeckue CHUMKH, HCIIOJIb30BaHHbIE
1S oNpe/ieieHHs] BPEMEHHOTr0 HHTepBaia 00pa3oBaHusi BOPOHKH
Jlata CpemMoyHag cucreMa ID crennt 22?&;%1?:5;?gf;?frgi’;?sgjlglﬁe
22.07.2014 Landsat 8 1L.C81670112014203LGNO00 15
03.04.2014 Landsat 8 LC81650112014093LGNO0 15
16.03.2014 Landsat 8 LC81670112014075LGNO0 15
21.02.2014 Landsat 8 LC81660112014052LGNO0 15
01.11.2013 Landsat 8 L.C81660112013305LGN00 15
09.10.2013 Landsat 8 LC81650112013282L.GN00 15
01.10.2013 SPOT 5 142204 1310010650116 1A 2,5
03.07.2013 Landsat 8 LC81670112013184LGNO0 15

HueM. Ha cHuMKM HasoxkeH KOHTYp “OpycrBepa”,
OKPY’KaIOIIero Kparep, olu@poBaHHbIN IO CHUMKaM
cBepxBbicOKOro pazpetienus 2014 r. Buenrnnii qua-
MeTp GpycTBepa okosio 70 M. Ha cHuMKy takske Hame-
ceHa rpaHuifa 00IaCTH, B TPpeieJiax KOTOPOii BO BPeMsI
ob6canenosanust 16.07.2014 r. Ob1tu 06HAPYIKEHBI
(bparMeHTHI BBIOPOIIEHHBIX TOPO/L.

[TosieBbie HaboeHus uods 2014 r. mo3Boanan
MPEJIIOJIOKUTD, YTO BOPOHKA 00pa3oBaiach He paHb-
e ocennt 2013 r. ITo caemxoBanIo U3 XapakTepa pac-
TUTETHHOCTHU B 30He BHIGPOCA (CBEKUE JUCThSI UBbI
IpOOUBATIUCH YepPe3 KOMbS CYIIECH, TOKPhIBABIIEH
BETBU), COCTOSTHUST TOPOL OpycTBepa (0CTPOYTOJIb-
Hble “00JIOMKK” CYTJIMHKA U TJIMHBI He OBLINA PasMbIThI
MOXKISIMU) U CTEHOK BOPOHKU (3aMETHBI 3aKOJBI 1
TPEIUHBI, ellle He CTIa)keHHble TOTOKAMH, KO3BIPEK
13 JIePHUHBLI BOKPYT BOPOHKHU B 3HAYUTEJIBHOMH CTe-
MEHU COXPAHWJICS W HaBUCAT HAJl OTBEPCTHEM ). ITO
MTO3BOJIUJIO CY3UTD JAMATIA30H JIaT [IJIs OTCJACKUBAHUS
BpeMeHHU 06pa30BaHst BOPOHKH JI0 OCEHHE-3MMHET0
nepuozia 2013-2014 rr. Ha kocMu4ecKiX CHUMKaX /10
09.10.2013 r. Ha MecTe HbIHEINTHEH BOPOHKU HAXO-
auicst 6yrop InaMeTpoM OCHOBAaHUS 45—58 M, 4TO
OBLITO MOTBEPIKIECHO Pe3yabraTamMu e pupoBa-
HUS MaTepPUAIOB CBEPXBBICOKOAECTAIBLHON CHEMKH OT
09.06.2013 r. Ha cHuMKax aToro yyacTka, HaumHas ¢
01.11.2013 r.,, HagexxkHO AemUDPUPYETCS TSATHO C
HU3KOI OTpakaTeJbHOM crocobHOCThIO. PazMepsr
aroro msiTHA yBesnunBaiorces 10 03.04.2013 r. [Tpex-
MOJIOKUTENLHO MSTHO HAa CHUMKE 3aXBaThiBaeT 06pa-
30BaBINYIOCSI BOPOHKY ¥ BBIGPOIIECHHBIN Ha GpycTBEp
MUHEPaIbHBINH CUIbHOOOBOAHEHHDIN MaTepuall. Jle-
TOM MTOBEPXHOCTh OPYCTBEPA YACTHUHO UCCYIITUIACD,

U OTOJIEHHBIN MUHEPATIbHBIN IPYHT (TJIMHBI, CYTJIUH-
KW ) TI0 IEPUMETPY BOPOHKH JAeT BBICOKOE OTpaske-
HITe — OTOOPAKAETCS Ha CHIMKAX CBETIIBIM KOJTBIIOM,
OKPY>KaIOIUM IIeHTPAJIbHYIO, BHYTPEHHIOIO YacTh BO-
POHKH.

Taxum 06pa3oM, TT0 pe3y IbTaTaM aHAIN3a KOC-
MUYECKUX CHUMKOB YCTAaHOBJIEHO, YTO BOPOHKA 00-
pasoBaJsiach B maTepBase Mexay 09.10.2013 . u
01.11.2013 r.

OIIPEJAEJEHUE MOP®OJIOTHU YYACTKA
OBPA3OBAHUS BOPOHKH

BBujy orcyTcTBUSI Kak OGHOBJISIEMbBIX KPYITHO-
MAacIITaOHBIX TOTIOTPAhUIECKUX KAPT, JIAHOB, TaK U
WHCTPYMEHTAJIbHBIX MMOJIEBBIX U3MEPEHUI €ITUHCT-
BEHHBIM BapUaHTOM PEKOHCTPYKIIUU pesibeda s
orpeieieHrsl TIPOU3OIIE/INX U3MEHEHUH SIBJISIeTCsT
UCIIOJIb30BAHIE CTEPEOPEKIMA KOCMUYECKO ChEMKH
CBEPXBBICOKOTO TTPOCTPAHCTBEHHOTO pa3pelneHus.
[l HaxoKIeHUST MOP(OTOTHYECKUX XaPaKTEPUCTHK
pesbedba uceeryeMoro yyactka JIo u rnocae o6paszo-
BaHUsI BOPOHKHU HEOOXOAUMO IOCTPOEHUE COOTBET-
cTByIOIMUX NUMPOBLIX Mozesneit perabeda (LIMP).
C 3T0ii 11eJThI0 TIPOBE/IEH aHAJIN3 TJIOGATBHBIX KaTaI0-
rOB KOCMHYECKUX CHUMKOB BBICOKOTO U CBEPXBBICO-
KOTO TIPOCTPAHCTBEHHOTO pa3pelienust. B pesymibrare
MOUCKA BEIOPAHbI 1 IPHOOPETEHBI JIBE Pa3HOBPEMEH-
HBIE CTE€PEOTIapbl KOCMIUYECKIX CHIMKOB CO CITy THHKA
WorldView-1, nau6oiee 61usKie K BpeMEHHOMY HH-
TepBasly 06paszoBaHusi BOPOHKHU (TabJr. 2).

®Dororpammerpudeckast 00paboTKa KOCMUYec-
KX CHIMKOB ITPOBO/IUJIACH B CIIEIINATU3NPOBAHHOM
nporpammuoMm maketre ScanEx IMAGE Processor.

Tabnauma 2. KocMuueckrne CHUIMKH, HCIIOJIb30BaHHbIE
111 onpesiesieHust MopdoJioruu peibeda H3y4aeMoro y4acrka
[lara CbeMoyHas cucremMa ID cnumka Ipocrpanictsentoe paspererue Crepeonapa
Ha MECTHOCTH, M
15.06.2014 WorldView-1 102001002FA53E00 0,5 N
15.06.2014 WorldView-1 102001002FE69600 0,5
09.06.2013 WorldView-1 102001002255D700 0,5 .
09.06.2013 WorldView-1 1020010023D37800 0,5
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Omna BRJTIOYATA cyieyIonye aTambl: 1) B3anMHoe opu-
€HTUPOBAHMUE JIEBBIX U MTPABBIX CHUMKOB JIJISI KayKI0M
cTepeotapsl; 2) TpancGopMUPOBaHUE JEBBIX U MTpa-
BBIX CHUMKOB B Ga3uCHYIO (3MUIOISPHYIO) MIOC-
KOCTH; 3) aBTOMAaTHYECKOE U3MEPEHNE CBSA3YIOMINX
TOUYEK; 4) aBTOMAaTHYECKOE CTEPEOOTOXRAECCTBICHUE
O/THOMMEHHBIX TOUYEK C MCIOJb30BAHUEM METO/a
rano6GanbHoii ontumusanuu (simulated annealing);
5) mepecuet KapThl mapajuiakcos B [IIMP u mocto6pa-
60TKa (criakuBaHue, MHTEPIOJSIINS TyCcToT); 6) op-
ToTpaHcGopMUpPOBAHUE JIEBBIX W TIPABBIX CHUMKOB
IpU TIOMOTIH KO3 DUIUEHTOB APOOHO-PAIMOHAb-
ot pyukmmu (RPC) o nosyuernrsim [IIMP. B pe-
3yJbrate 00paboTKU crepeomnap ObLIN MOJYIEHBI OP-
TO(OTOITAHBI C TIPOEKITHEN TTHKCEST HA MECTHOCTH
0,5 M u IIMP uccrenyemoro yuactka ¢ mioTHOCTHIO
y350B 1 M 110 coctostamio Ha 09.06.2013 1 15.06.2014 1.
B YHUBEPCATBHOI MOTIePEUHO-IIUINHAPUIECKOI TIPO-
exniuun Mepxatopa (UTM) u BeicoTamMu OTHOCH-
tesbHO amnunconna WGS84. 3arem, s yaobersa
HUHTEPIPETANNH, 3JIITUIICOU/IATbHBIE BHICOTHI OBLIN
MpUBEZIEHBI K BhicoTaM kBasureouza EGM96. [la-
Jiee abCOMOTHDBIE BBICOTHI TIPUBEIEHBI TT0 MOJEITH
EGMO96, xoropas otiimuaercs ot bantuiickoii cucre-
MBI BBICOT.

ITo maTepuasaM BBICOKOAETANBHON (2,5 M) U
CBEPXBBICOKOIETATBHOH (0,5 M) KOCMIUYECKON CheM-
KU HAJeXHO AemupUpyoTcs 371eMeHThl (hOPMBI
peabeda, COOTBETCTBYIONNE COCTOSHUIO KIIOYEBOTO
yuyacTKa 10 U mocjie 06pasoBaHust BOPOHKH.

OO0uias xapakTepucTiKa pejbeda
HCClIeyeMoil TeppUTOpPUn

[l ananusa usmeHenus pesbeda nccaenryemo-
IO y4acTKa MCII0Jb30BaHbl KOCMUYECKNE CHUMKHU Ce-
peannbl uionsg 2013 u 2014 rr. B 06a cezona nouu-
JKEHHBIE 3JIEMEHTBI pesbeda, MOTHOKNSA CKJIOHOB
[TOKPBITHI HEPACTASIBIIIUM CHETOM, a B 03e€pax coxXpa-
HUJICST JIETOBBIN TIOKPOB.

B ceBepHoil vacTu n3y4aeMoTO yuacTKa pacipo-
CTpaHeHbl y3KHe BbITSHYTbIe OCTAHIIbI IPUBOIOPA3-
JIeJTbHOM TOBEPXHOCTH BBICOTOM 42—48 M (110 Mojien
EGM96), pacusieneHHOI 9PO3UOHHO-TEPMOKAPCTO-
BbIMU TIpotieccamu (puc. 3). BeposdTHo, 210 noBepx-
HOCTh UEeTBEPTON Ka3aHIIeBCKOW paBHWHBI. Ha oT-
JIeJIBHBIX YyYacTKaX TEPPACOBUIHON TTOBEPXHOCTH
pacIrpocTpaHeHbl MOJUroHadbHble (POPMBI MUKPO-
pesbeda, 00yCIOBIEHHOTO MOPO300OIHBIM pacTpec-
KUBaHUEM.

B BepxHeil yacTy HEKOTOPBIX JOJNH, C PA3any-
HBIX CTOPOH MOJIPE3AIONNX BOAOPA3IEIbHYIO ITOBEPX-
HOCTB, PACIIOJIOKEHDBI HEOOJIBIINE 03€Pa TUAMETPOM
80—-230 m. Hannuuewm o3ep ¥ CIIyNIEHHBIX 03EPHBIX
KOTJIOBUH 00YyCJIOBJICHA OKPYyTIJasi B IjIane ¢popma
pacimpeHuil 9pO3NOHHBIX JIOJTUH, BPE3AONNXCS B
NPUBOJIOPa3e/bHbIe TToBepxHOCTH. Ha ckonax u 6e-
perax o3ep NIMPOKO PaCIPOCTPAHEHBI KPUOTEHHbBIE
OTIOJI3HU.

Puc. 3. O630pnas mudposas Mozeb peabeda paiio-
HA PACIIOJIOKEHHUsT BOPOHKH.

IIMP nocrpoena 1o crepeonape WorldView-1 or 15.06.2014;
1 — BHemHsist rpaHuia OpycTBepa BOPOHKH; 2 — MOBEPXHOCTD
OCTAHIIOB YeTBEPTOI Ka3aHIIEBCKOI TePPACHL.

Uccememyemblii 06BEKT PACOTIOKEH 0KHEE OC-
TaHI[A YeTBEPTON Ka3aHIIEBCKON PAaBHUHBI HA TOBEPX-
HOCTH BBICOTOH 19—-22 M. DTa MOBEpPXHOCTD TIpe-
cTaBiseT co60it HeGOTBINOi, OTHOCUTETHHO BBIPOB-
HEHHBIN Y4aCTOK B BEPXOBbE 9PO3MOHHOIO Bpe3a —
cyOMepUANOHAIbHON AoMUHbI uprHO 500—700 M,
nepexo/sAlieil wxkHee B 60Jee KPYIMHYIO JOJUHY C
BeicoToil auuiia 10—12 M, yepes cucremy o3ep co-
eJIMHSIONLYIOCS € IONUHO# p. MsapoHrbsaxa (bacceiin
p. Mopasi-Axa). B npenenax nepoBHOI, paccedeHHOM
OBparaMu paciiupeHHON YacTH B BEPXOBHE JTOTUHBI
MOZKHO BBIJIEJIUTH (G0Jiee HIU3KYH0, OTHOCUTEIBHO BbI-
POBHEHHYIO TIOBEPXHOCTD XachIpesi pa3MepoOM TIpH-
mepro 160 x 240 M. B 75 M k ceBepo-3amaay ot BO-
POHKH B IIpeJiesiax Xachlpesl PacIoIoKeHO 0CTaToq-
Hoe 03epo pazmepom 95 x 115 m (puc. 4).

B nuumie xacoipes pasBuTa TYHJpOBas pasHo-
TpaBHas JIyroBad PacTUTENbHOCTb. CKIOHDI ITPUBO-
J0pa3/leIbHO IOBEPXHOCTH U YACTUYHO IIOBEPX-
HOCTD JTHUIIIA JIOJUHBI TTOKPBITHI KYCTAaPHUKOBOM pac-
TUTEJTHHOCTBIO.

Muxkpopenbed yyacTka
10 00pa30BaHKs BOPOHKH

Pesbed uccremyeMoro yyacTia 10 0OpazoBaHst
BOPOHKU OBLT BOCCTAHOBJIEH TTO MN(MPOBOIT MO
pesibeda, IMOCTPOEHHON 11O cTepeollape CHUMKOB
WorldView-1 ot 09.06.2013 r. B utosie 2013 r. Ha mec-
T€ BOPOHKH CYIIECTBOBAJ OYTOp — MOJIOKUTEIbHAS
dopma perbeda, IMaMeTpoM B OCHOBaHUM 45—58 M,
OTHOCHUTEJIbHOU BbicoTOM 5—6 M (puc. 5; 6, a, 6). -
comeTpuyeckue npoduiu, nepecexamiinme aTy Gop-
My, Ipe/ICTaBIeHbI Ha puc. 7. Bepinaa Oyrpa mokpsi-
Ta KOYKaMU € TPABAHUCTON PacTUTEIbHOCTDIO, Y €ro
MTO/THOKUS POCJIN KYCTBI UBBIL.
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Puc. 4. Teomopdonornyeckas cxeMa H3y4yaeMoro y4yacrka.

1 — mpuBOAOpasebHAS TTOBEPXHOCTD; 2 — KOHTYP IUJIMHAPUYECKON YacTH BOPOHKY; 3 — OPOBKA BOPOHKU; 4 — KOHTYP OpycTBepa
BOPOHKHM; 5 — IpaHuIla Xachipes; 6 — 03epa; 7 — TpaHuIbl KPHOTEHHbBIX OIOJI3HEI; 8 — rpaHulibl pasjiera 0J10KOB AePHIHDI U IOPO;
9 — BOJIOTOKH.

© DigitalGlobe 2014,© RDC SCANEX 2014

Puc. 5. 0T06pa?KCHI/Ie n3ydyaeMoro yyaCtka Ha KOCMHYE€CKUX CHUMKaX CBEPXBbICOKOIO pa3peuiCHus.

a — coCTostHUe y4yacTka /10 oOpasoBaust BopoHkH (cHuMok WorldView-1 ot 09.06.2013); 6 — cymecTByomast BOpOHKa (CHIMOK
WorldView-1 ot 15.06.2014); 7 — BHelHss rpanuia 6pycTBepa BOPOHKK; 2 — rPpaHuIla 30HbI pazbpoca Matepraia U3 BOPOHKH.
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Puc. 6. ®parmentst udpoBbIix Mozeieil peiabeda UccieayeMoro y4acTka, OCTPOEHHBIX B pe3yJabraTe

00paboTKHU cTepeonap KOCMHYECKHX CHUMKOB.

a — IIMP 1o cocrostnmio Ha 09.06.2013; 6 — IIMP 1o cocrosinmio Ha 15.06.2014; ¢ — u3MeHeHne TUIICOMETPUYECKUX OTMETOK PEJib-
eda mocsie 06pasoBaHusi BOPOHKHU; 7 — BHEIIHsIsSI TpaHuIia GpycTBepa BOPOHKH; 2 — ruricomerpudeckue podum I-1' u [I-1T".
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Puc. 7. Tuncomerpuyeckue npoduin, nocrpoeHnsie no mudpossiM Mozesm peibeda 2013 u 2014 rr.

a — no suaun 1-1'; 6 — no muuun II-1T" (em. puc. 6). 7 — npoduin o cocrostuuio xa 09.06.2013; 2 — npoduiu na 15.06.2014.

Muxkpopeabed yyacTka
nocJjie 00pa3oBaHus BOPOHKH

MopdomeTpuyeckie XapakTepUuCcTUKU 06paszo-
BaBLIelcs GOPMBI OIIPee/IeHbl B X0O/€ II0JIEBhIX 00-
cJIeIOBaHMI 1 B pe3yabTaTe JAeinbprupoBaHus KOC-
MU4ecKoro cuuMKa ot 15.06.2014 r.

B cTpoennn o6pasoBasiieiicss pOPMbI BbIIEIACT-
cs1 BepXHsId YacTh (pacTpy0d), IpeACTaBIAIoNas co-
60l HAKJIOHHYIO BOPOHKOOOPA3HYIO IIOBEPXHOCTD,
MEPEXOIAIIYIO Yepe3 J0CTATOUHO Pe3KUil reperud B
BEPTUKAJbHbIE CTEHKH HUKHEH 4acTU BOPOHKH
(puc. 8). ITo pe3yJsibTaTam u3MepeHui, BbITIOJHEHHbBIX
B HOs16pe 2014 r., teperu6 B BepTUKAIBLHOM PO e
CTEHOK BOPOHKH HAXOJIMTCSI HA TJTyOMHE OKOJIO 8 M OT
ee GpoBKU. BepxHsist HAKJIOHHASI YaCTh BOPOHKH CJIO-
JKeHa BBICOKOJIBANCTON TOJIIIEH, TPEJCTABIEHHOM
cyOBEPTHKAIBHO OPUEHTHUPOBAHHBIMU HPOCIOSIMHU
sbjia u cyrauaka (puc. 9). Huke mepern6a, B BepTH-

KQJIbHBIX ¥ MECTAMU HABWCAIOMINX CTEHKAX IHJIMH/I-
PHIUIECKOl HIKHEH YacTH, BCKPBIBAETCST 3a€Kb JIb/Ia
C PEIKUME BEPTUKATBHO OPUEHTHPOBAHHBIMHE, 00J1e-
KaIONMMHU CTeHKH BOPOHKHU MTPOCJIOSIMUI MUHEPATTh-
HBIX BRJIOYEHWH aJleBPUTOBOTO cocTaBa. B nione—
utosie 2014 r. B HUXKHEN 4aCTH CEeBEPO-BOCTOUHOM
CTEHKU BOPOHKH BBIIIIE YPOBHST BOJ[bI HAXOMJICS IPOT,
YXOAAMUH B T/IyOb CTEHKY TIPUMEPHO Ha 5—8 M.
Bopotika okpyskena 6pycTBEpOM — HAOPOCAHHBDI-
MU GJIOKAMHU CYTIECH, CYTJIMHKA W TIWHBI, CJTaratomin-
MH BEPXHIOIO 9acTh pa3pesa, M KyCKaMU JIePHUHBI C
KyCTaMu UBBHL. BbicoTa OpycTBepa M3MEHIeTCsI TIO Tie-
pUMeTpy BOPOHKH HEpaBHOMEPHO, (hOPMUPYS XOJ-
MUKH pazandnoit Beicotsl — ot 0,5 mo 4,0 m (cM.
puc. 5, 6). OrmesnbHble GparMeHThI TIOPO/bI U JICPHU-
HbI OOHApPYsKeHbI Ha yaajeHun 10 120 m. Pasmep 06-
HapY/KEeHHBIX GJI0KOB 06PATHO MPOMOPITHOHATIEH Pac-
CTOSTHWIO OT BOPOHKW. BOJIM3W BOPOHKHU pasMephl
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! — — —
S POHKH.

Puc. 8. IlpunnunuanbHas cxemMa CTPOEHUS BO-
POHKH.

1—Boma 03€pa Ha /IHEe BOPOHKU.

Puc. 10. IlocienoBaTenbHble U3MEHEHHS TPOTA B
CeBEPO-BOCTOYHOMN CTEHKE BOPOHKH:

a — cocrosinue na 25.07.2014 (B.A. Iymikapes, poTo 13 BepTo-
nera); 6 — 25.08.2014 (M.O. Jleiibman, ¢hboto ¢ GPOBKK BOPOH-
xn); 6 — 08.11.2014 (B.A. Ilymkapes, oTo co b/a 03epa Ha jiHe
BOPOHKN).
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6s10k0B oT 1 M 1 Gostee, Ha paccrostaum 120 m — 10—
20 cM B mIoTIepeuHIKe. JHAUUTETbHBIE KYCKU JIEPHU-
Hbl pazmMepoM 50 x 100 ¢cM o6GHapysKEHbI HA YIAJICHUN
60 M [Jetioman, Ilnexanos, 2014].

Ha xocmuueckux caumkax WorldView-1 ot
15.06.2014 1. HUKHSIA MUIMHAPUIECKAS YaCTh BOPOH-
KU 0TOOPasKaeTCsT KaK TEMHBIN TIEHTPATbHBIH yIacTOK
C HU3KOHU OTpPaskaTesbHOM CIIOCOOHOCTHIO U3-32 TEHN
Ha BHYTPEHHUX cTeHKax (cM. puc. 5). /luamerp aroii
MUJTWHAPUIECKON YaCTU BOPOHKH, TIO Pe3yabraTam
nemnprUpoBaHnus KOCMUYECKUX CHIIMKOB, COCTaB-
sstn 15-16 m. /ITmamerp BepxHei yactu pactpyba Bo-
POHKHU 110 OGPOBKAM C PaCTUTEIHHOCTHIO 25—29 M.
Huametp 6pyctBepa (10 BHEITHEH rpaHuUIe BHIOPO-
MIEHHOTO MaTepraia BOKPYT pactpyba BOPOHKH) CO-
craiisia 70—72 M, Kak 110 IaHHBIM JIeNTUOPUPOBAHUS
cunMioB WorldView-1 or 15.06.2014 1., Tak u noJe-
Boro obcienoBanus 16.07.2014 r.

N3-3a HEGOBITIOTO pazMepa BOPOHKH 1 0COGEH-
HOCTell CTepeoChbeMKHU, BBITIOJTHEHHON € yTrIaMy, 3Ha-
YUTEIBHO OTIUYAONIMMEICS OT HaMpa, HEBO3MOKHO
MTOCTPOUTH JIOCTOBEPHBIN pesibed BHYTPEHHEH YacTh
BOpPOHKU. B yacTHOCTH, B 3aTEHEHHOU T[€HTPAJIBHON
Y4aCcTH BOPOHKH HEBO3MOKHO OTIPEIEIUTD ee TIyOuHYy.
B cBsi3U ¢ 9TUM BO3HUKJIA HEOOXOIUMOCTH KOPPEK-
tupoBku nosyyennoit IIMP. B uione 2014 r. unct-
PYMEHTANBHBIX U3MEPEHUN TIyOUHBI BOPOHKY He
MIPOBOJIUJIOCH, YUaCTHUKAMHU 00CIel0BaHus r1yOu-
Ha OIleHeHa Kak mpeBbimaomas 50 M. ITo 3Hade-
HIEe UCTOJb30BaHO TTPU KoppekTupoBke IIMP ma
15.06.2014 r., B mpezeax KOHTypa BHyTPEeHHEH 11~
JINH/IPUYECKON YacTH BOPOHKU (yBEPeHHO fermudpu-
pPYeMOro Ha KOCMOCHUMKAX ) Ha3HAUeHA BBICOTA M-
Hyc 8 M. CTeHKHU TTUJINHIPUIECKON YaCTH BOPOHKU
TIPUHATH BEPTHKATHHBIMIL.

B pesyabrate Boruntanusg [IMP 2014 u 2013 rr.
(cMm. puc. 5) paccuutad 06beM BBIHECEHHOTO Ma-
Tepuaia (00beMbl YACTUYHO CHECEHHOTO Oyrpa u
MOPOJI, BBIOPOIIEHHBIX U3 BOPOHKH ), COCTABUBIIHIA
11 200 M3, 1 06beM MaTepuasia, OTI0KUBIIETOCH T10
nepudepun B Bue 6pycrsepa, — 1940 M. O6bem oT-
JIOKUBIIETOCS MaTepuaja mouTu B 6 pa3 MeHbIIe
obbema obpasosasiueiics Gopmbl. [Tomyunsinascs
pasnuna (9260 m3) npeacrasiser coboil 06beM b/a,
BBIOPOTIIEHHOTO M3 BOPOHKM Ha JIHEBHYIO MOBEPX-
HOCTDH U pacTasBIIero BecHoii—aetom 2014 1.

Ha puc. 6, 6 mpencraBiena cxema mepepacrpee-
JICHVSI BBICOTHBIX OTMETOK B Pe3yJibrare 00pasoBaHuist
BOpoHKH. OTpHIIaTebHbIC 3HAYCHIS COOTBETCTBYIOT
00/1acTH ¢ BBIHOCOM MaTepuasia U3 BOPOHKH U Paspy-
menreM 6yrpa. [TooRUTETbHbIE apeabl COOTBET-
CTBYIOT 00JIACTSIM HAKOIJIEHUsI MaTepUasia B BUJIE
GpycTBepa 110 TIePUMETPY BOPOHKH. DTa CXeMa MoJIy-
yeHa B peaysbrate Berantanus [IMP 2014 u 2013 rr.
Tounoctu nmonyuennsix [IIMP naxongrcst B quarnaso-
ne 0,5-1,0 M. B cBsI31 ¢ 9TMM 3HaYEHMS Pa3HOCTU BbI-
coT B uara3one ot mwmoc 1 1o munyc 1 M HaxoasTcs
B ITpejiesiaX MOrPENIHOCTH MOJIe/Iel 1 0TOOpaskeHbI Ha

cxeMe GEeJTbIM I[BETOM KaK 00J1acTh MUHUMAJIbHBIX U3-
MEHEHU B ypOBHE MOBEPXHOCTHU. /1151 MuLTiocTpanum
CTPYKTYPHI BBISIBJIEHHBIX U3MEHEHWIT 11BETOBAS IITKA-
JIa CO3/IaHa C HEMTOCTOSIHHBIM IIIATOM T10 BBICOTE JIJIsT
MOJIOKUTETbHBIX U OTPUIIATEIHHBIX 3HAUYECHUH, T0-
CKOJIBKY OTPHUIIaTeJbHbIC 3HAUCHUS UMEIOT OoJiee
IIUPOKUH INAMA30H.

W3 puc. 6, 6 cienyet, 4To MaTepua, OTIOXKUB-
muiicst B Buze OpycTBepa, HEPAaBHOMEPHO paciiperie-
JICH BOKDPYT BOPOHKH TI0 OKpyskHOCTH. HanbobIiyto
TTOTIA/Ih UMEIOT OTJIOKEHMs OPYCTBEPaA C CeBEPHOIT
CTOPOHBI BOPOHKH, 3/IECh YK€ OTMEYAETCSI MAaKCHMAJIb-
Hasl MOIIHOCTD OpycTBepa 3,2 M. B 105kHOIT 1 3amaji-
HOW yacTsax GpycTBepa OTJI0KeH!s (hparMeHTapHBI,
Ha GOJBINEH TIOMAAN OHM HAXOMSITCS B TIpeeax
MOTPENTHOCTH MOJIEJH, T. €. He TIPEBBINIAIOT 1 M 110 OT-
HomeHnio kK mosepxuoctu 2013 . BeposTHo, BbIsAB-
JIEHHAsT HePAaBHOMEPHOCTD PacIIpe/ieIeHNsT OTI0Ke-
HUIT 6pyCTBEpa CBA3aHa CO CMEIIEHNEM OCH BBIOPOCca
OTHOCHUTEJILHO BEPUIMHBI 6yTpa TG0 ¢ HAKJIOHOM OCH
BhIOpOCA.

B xo/1e m0s1eBBIX 06CAEI0BAHNI, TIPOBEICHHBIX
aeroMm 2014 r., oTMedanoch UHTEHCHBHOE TasHUE
MEP3JIBIX MOPOJl B CTEHKAX BOPOHKH, 0OpyIIeHUe
6J10K0B 1I0poJ| ¢ OPOBKU. B HIKHEN YacT BOPOHKH
06pa3oBaoch 03epo. CKOPOCTH 3aTIOTHEH ST BOPOHKIH
BOJIOI oTIpefiesieHa HA OCHOBE IMOJIEBBIX U3MEPEHMI
YPOBHSI BOJIBI, & TAKIKE B PE3YJIbTaTe COTIOCTABIEHUS
¢oTorpacduii rpoTa B HUKHEN YaCTU CEBEPO-BOCTOY-
HOW CTEHKW BOPOHKM.

[yGokuii rpoT B HUZKHEH 4acTH BOPOHKH, (DUK-
cupyeMblil Ha poTorpadusx HIOHI—UION, OBLT 3a-
TOIJIEH K KOHIly aBrycta 2014 r., mogbeM ypoBHSA
o3epa ¢ 16 uroJisi 110 25 aBrycTa COCTaBUJI OKOJIO 15 M
(puc. 10). B aBrycTe B cTeHKaX BOPOHKH OTMEYaJICs
3HAYUTETHHO MEHee TIIYOOKHUET TPOT, KOTOPbIiT K HOSIO-
PIO TaK)Ke OKA3aJICSI YAaCTUIHO 3aTOTLICH.

B xoe mosieBbix pador 08.11.2014 1. ynamocs us-
MEPUTH PYJIETKON TEPETajl BBICOT OT OPOBKU BOPOHKH
JI0 JIbJIa 03epa, KOTOPbIii cocTaBu 25,5—26,0 M. Ypo-
BeHb 03€epa ¢ 25 aBrycra 1o 8 HoSIOPst OAHSJICS TTPU-
MEPHO Ha 9 M. DTOT TOBEM TaKkKe (PUKCUPYETCS MO
M3MEHEHWIO BBICOTHI OT TIOBEPXHOCTHU 03€pa 10 CBOJA
rpora. OIHOBPEMEHHO C MOABEMOM YPOBHSI BOJIbI
MIPOMCXOIAJIO Pa3pacTaHue TPOTa — OTCTyTaHUe eTo
TBLIOBOI CTEHKH W TIOJTHEM CBOJIA 32 CUET OTTAUBAHUS
JIbZIa, B KOTOPOM OH cOPMUPOBAH, MPUMEPHO HA
3—4 M 3a Tembii ceson. Takum o6pasoM, 3a 2014 1.
YPOBEHDb 03€pa B BOPOHKE MOIHAJICS MPUMEPHO Ha
24 M.

Omnebit 3uMHUX paboT Ha IlenTpanbHoM Smane
MMOKa3bIBaeT, uTO 3a 3uMHM niepuoa 2014,/15 r. Bo-
POHKA MOJKET MOJHOCTBIO 3aMOJTHUTHCSA CHETOM 32
cdeT MeTesieBoro neperoca. B 2015 r. Becennee Tas-
HUe CHera, HAaKOTJIEHHOTO 32 3UMY, IPUBEIET K TTO/Ib-
eMy ypoBHs o3epa MunuMyM Ha 10 M (okosi0 25 M
cHera co cpeineit maoTHocTbio 0,4 r/M%). OTpbIiB 1
najieHre 0JIOKOB MOPOJL ¢ OPOBKU BOPOHKY U TastHUE
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MEP3JIBIX TIOPOJL B pacTpyOe TaKsKe BHOCSIT CBOU BKJIA]
B TIOBBITIIEHYE YPOBHS 03€epa.

Boponka 6yzieT oHOCTBIO 3aTOTIIIEHA TPUMEP-
Ho uepe3 1,5—2 rozia B yCJIOBUSIX CHETOHAKOILJIEHUS B
3UMHWI TTePUOJL TIPU COXPAHEHUN TEMIIOB OTTanBa-
HUST BBICOKOJIB/IUCTBIX MEP3JIBIX MTOPO/I, BCKPHIBATO-
IIUXCS B CTEHKAX.

B pesysibraTe comocTaBieHusl BHYTPEHHETO a-
MeTpPa BOPOHKH, U3BMEPEHHOTO HA KOCMOCHUMKAX U B
XO0/JI€ TIOJIEBBIX 00C/IeI0BAaHIT, BBISBJICHO OMPEIEICH-
HOE yBeJMYeHIe Pa3MepoB 3a Mepro/] ¢ UIOH 110 HO-
s16pb 2014 1.

JnameTp MUINHAPUYECKOH YacT BOPOHKH OTI-
peziesieH B xoze 1oseBoro oocaenosanus 16.07.2014 r.
MyTeM U3MEPEHU PYJIETKOW MUPUHBI OPyCcTBEpa I
BBIUMTAHUS ATOI BEJIUYUHBI M3 JAMAMETpPA BHe-
Helt yactu OpycTBepa, norydeHHoro GPS-cheMKoil.
B ¢Bs31 ¢ HECOBEPIIEHCTBOM METO/IA IMAMETP OTIpe-
JeJieH B anarasone 25—30 M B BepXHel 4acTy pacTpy-
6a 10 20—25 M B IMJIMHAPUYECKON JaCTH.

Juamerp 6611 uzmeper 25.08.2014 r. ¢ momoribo
PYJIETKH, HATSIHYTOH MeK Iy OpoBkaMu. B usmepeH-
HOW Besimunie (25 M) 3a105K€HBI HEKOTOPBIE MOTPETI-
HOCTH, CBSI3AHHBIE C BU3YATHHBIM ITPOEIIMPOBAHUEM
TPaHUI] BHYTPEHHEN BOPOHKU HA PYJIETKY, HATSHYTYIO
B BepxHeil yacTut pactpyba. B ¢Bsi3m co sHaUUTEIbHON
HETOYHOCTBHIO JJTAaHHBIE TIPUBEICHHBIX BBIIIE U3Mepe-
HUIl He UCI0Jb30BANNCH IPU pacyeTe AMHAMUKH
pasMepoB BOPOHKM. bim3koe 3HaueHue amaMerpa
BHYTpPEHHE 9acTh BOPOHKH (28 M) TIOIydeHO B XO71e
pabor B centsabpe 2014 r. [Onos u dp., 2014]. Bepost-
HO, 6JIMsKe K KOHILY TETJIOTO ce30Ha Hojiee MHTEHCHB-
HO OTCTYTIAJIN BEPXHIE YACTH BOPOHKH M 9aCTh HABH-
CaIOINUX CTEHOK Tpruobpesa HeOGObIION MOIOKHI-
TeJTbHBIN YKJIOH.

[uamerp MUAMHAPUYECKOI YacTH BOPOHKU C
cyOBEPTUKATIBHBIMU CTEHKaMU ObLI U3MEPEH C BBICO-
KOU TOYHOCTBIO JIa3€PHBIM JATHHOMEPOM BO BpeMs
HoBoro ob6cienoBanust 08.11.2014 r. ismepeHust Bbi-
MOJIHEHBI HA YPOBHE MTOBEPXHOCTHU 3aMeEP3IIETO 03epa
(tpumepHO 24—26 M HIKe OPOBKY BOPOHKH). B aTOM
cedeHnu (hopMa BOPOHKH OJM3KA K MPaBUIBHOMY
KpyTy. /lnameTpsl, u3MepeHHbIE B HATIPABJIECHUSX Ce-
BEpP—IOT U 3aIa/I—BOCTOK, ObLIM MPAKTUYECKU O/[MHA-
KkoBbI 22,3-22,6 M. B rpore cTernka BOPOHKU Obljia
yruybjieHa NPUMEPHO Ha 2 M, AMaMETP COCTABUJI
24,2 M.

[l7s1 OlleHKYM CKOPOCTH OTCTYMAaHUsS B pacyeT
MPUHATHI TOJIBKO TOUHBIE TPAMBIC U3MEPECHUS Iha-
MeTpa IMUJINHPUIECKON YacTh BOPOHKH, COCTABUB-
mve 15—16 M B BepxHell YacTy IUJINHAPA 10 KOCMO-
cauMkam ot 15.06.2014 1., u 22—23 M, uaMepeHHbIe
08.11.2014 r. na ry6ute 24—26 M HUKe OPOBKHU BO-
pouku. [1o 3TUM JaHHBIM pa3Mep MUITHHAPUYECKOI
YaCTH BOPOHKH YBEJIUYUIICS Ha 7 M C HIOHS MO HOSIOPH
2014 r. Poct quamerpa, o-BUIUMOMY, CBSI3aH C Tasi-
HUEM JIEIIHBIX CTEHOK 32 CUET MPAMOU COMHECIHOU
paraIii, TermIooOMeHa ¢ BO3ayxXoM (repeMerBa-
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HUE BO3/yXa MPONUCXO/IUT M3-32 BETPA, YTO OTMEUEHO
BO BpeMst paboT BHYTPH BOPOHKH B HostOpe 2014 1.) u
CTEKaHWs TaJ0l BOIBI BHU3 MO MEP3JIBIM CTEHKAM.
CKOpOCTh OTCTYNAHUS JIeNTHBIX CTEHOK C UIOHS 110
HOSIOPD (T. €. NPaKTUYECKH 3a BECh TEILIblil Ce30H
2014 r.) cocraBuia 3,5 M.

JlaHHbIE IO CKOPOCTSIM TEPMOJIEHYIAITIH CTEHOK,
CJIOXKEHHBIX MHOTOJIETHEMEP3JIBIMU TIOPOJAMHU C 3a-
JIesKaM¥ TTO/I3EMHBIX JIBZIOB Ha TI-0Be SMaut, npuse-
newst B Mmonorpadpuax TI.U. Ily6ukosa [2002] u
JL.H. Kpuuyx [2070]. Tak, na Gepery o3. Heiito B
MeCTaxX BCKPBITU TJIACTOBBIX JIbJIOB CKOPOCTH OT-
crynanus Gepera cocrtasasia 1,5-3,5 M/roz, a Ha
npaBoM Oepery p. Cesixa B npejiesiax BoBaHEeHKOB-
CKOTO TIO/THSATHS CKOPOCTB OTCTYTIAHUST CTEHKH TLIac-
TOBOTO JIb/IA HA CKJIOHE TePPAChl UBMEHSLIIACH OT 7 /10
11 m/rox [ Aybuxos, 2002]. B paiiote mosipHoi cTa-
1 Mappe-CaJe cpefiHsisi MHOTOJIETHSISI CKOPOCTh
OTCTYTIAHUS CTEHKH JIbJOTPYHTOBO TOJIIN COCTAB-
nsina oxogio 3 M/rox [Kpuuyx, 2010]. Ha noGepesxbe
IOropckoro noanyoctposa B 2001-2003 rr. cpennue
CKOPOCTH POCTa TEPMOIMPKOB U3MeHsIUCH OT 1,6 10
4,2 M/Toj1, MakcuMasbHbIe — oT 3,3 110 5,8 M/Tox | Ku-
3axo0e, 2005]. CpeHuie CKOPOCTH POCTa TEPMOIIMPKOB
Ha 3anazHoM nobepesxbe octposa Kosryes B 2002—
2012 rr. cocrasasiu 1,3-3,2 m/Ton [Kussixos u op.,
2013].

Paccunrtammble HAMU TEMITbI OTCTYIAHUS CTEHOK
BOPOHKH OJIM3KU K HUKHUM 3HAUYEHUSIM CKOPOCTEN
TEPMOJIEHY AN, XapaKTEPHBIX JIJIST 9TOTO paiioHa.
[To-BugumMomy, 3To 00bsACHsIeTCS (HOPMOIT OOHAKe-
HUSI, U3-32 KOTOPOI CTEHKH, CTOKEHHBIE JIbIOM, OKa-
3BIBAIOTCS 3aT€HEHbl. B HUKHel yacT BOPOHKH BCe-
TaKd BO3MOKHO 3acTalBaHWe XOJOIHOTO BO3/yXa,
CHIKAIOIIee TEMIT OTTANBAHUST CTEHOK.

[Tonydemnmble aBTOpaMu aHHbIe 110 MOPHOIOTHN
U IHaMuKe pesbeda obpasosasiueiics Ha [lenTpaiib-
HOM SIMasie BOPOHKH OYIyT UCTIONb30BaHbI B IOCJIE-
IYIOIIUX MCCIETOBAHISIX [T BBISIBJICHUS CTPYKTYPBI
o6pasoBasiiieiicst (pOPMBI, €€ CBSI3U € KPHOJUTONOTH-
YECKUM CTPOCHUEM BMETIAIONINX TOJII. B KoHEUHOM
cJeTe COBMECTHBIN aHATTN3 ATUX MATEPUAJIOB TT03BO-
JUT (haKTHYECKUMU TAHHBIMI 000CHOBATH THIIOTE3Y
obpasoBanus ganHoro oobekTa. B Host6pe 2014 1. ¢
I[EBI0 YTOUHEHUST KPUOJTUTOJOTUIECKOTO CTPOCHUS
BBITTOJTHEHO OTIPOOOBAHNE CTEHOK BOPOHKIL.

HVcemenoBaHHbIN 0GBEKT SIBISETCS YHUKATHHBIM
o6pa3oBaHMeM JIJIst KPUOJUTO30HBI. Briepsbie Hero-
CPEICTBEHHO B XO/IE TOJIEBBIX 00CIe0BaHNI HabJII0-
JlaeTcs TUHAMUKA BOPOHKHU B 3aKJIIOUNTENBbHON (hase
CBOETO Pa3BUTHS. B CBSA3M ¢ 9TUM TIPEICTABISETCS
HEOOXOJMMBIM OPTaHU30BaTh MOJHOMACIITAGHOE
U3ydeHUe BOPOHKHU 1 OCOOEHHOCTEN CTPOEHUS TIPU-
jgeraioneil reppuropun. leodpusndeckue paboThl
TOJIKHBI OBITH IOTIOHEHDBI GyPEHEM Ha TIIyOUHY 10
50—100 M ¢ onpoboBaHMEM MEP3JbIX MOHOJIHUTOB.
OpranusoBaHHast ¥ CIVIAHUPOBAHHAS CHCTEMa PadoT
MO3BOJIUT OTIPEIEJUTh TEHE3UC U YCJI0BUs 00pa3oBa-
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HUsI BODOHKH, & TAKKE BBISIBUTD YCJIOBUsI, CIIOCOG-
cTBOBaBIIHE ee 0OpazoBaHio. TolbKO Ha OCHOBE ATHX
PE3YJIBTaTOB MOKHO Oy/IeT MPUOJIU3UTHCS K TIPOTHO-
3MPOBAHWIO BOSHUKHOBEHUSI MOJOOHBIX (hOPM, BbIJIe-
JIEHUIO YYaCTKOB IOTEHIIMAJIbHO BO3MOKHOIO pac-
MIPOCTPAHEHUS, B TOM YHCJIE C TPUMEHEHUEM JIAHHBIX
JIMCTAHITMOHHOTO 30HANPOBAHUS.

Bopomxka razosoro Bei6poca Ha Smaine 6bL1a 06-
Hapy’KeHa B U3BECTHON CTeleHu ciydaiiHo ¢ 6Gopra
mpoJieTaBIero Beprosera. HeeMoTps Ha nMerommuecs
06beKTHI He(TETa30BOTO OCBOEHMUS, OTPOMHBIE TIPO-
cTpaHcTBa ceBepa 3anagHoit Cubupu (u dmaina, B
YACTHOCTU) SIBJISIIOTCSI MAJIOOOKUTHIME, KOPUIOPBI
[0JIeTa BEPTOJIETOB BecbMa y3Ku. Ha aTux Teppuro-
PUSIX HE MTPOBOIUTCS TIEPUOANIECKUX HaOJMIOIEHH,
moaToMy 06pa3oBaHiie OLOOHBIX BOPOHOK MOKET
[POITH He3aMeUYeHHBIM. B aTUX yCIOBUSAX KOCMHU-
YyecKast CheMKa BBICOKOTO M CBEPXBBICOKOTO paspelire-
HUST IPEJICTABIISIET COOON T0CTATOUHO 3((HEKTUBHBIN
WHCTPYMEHT JIJISA TOUCKA U PAHHEro 0OHAPYIKEHUSI
BO3HUKIIUX BOPOHOK. I10100HbIII MOHUTOPHHT T1eJIe-
c000pPa3HO MPUMEHSTH Ha YYaCTKaX, B IPeIeax Ko-
TOPBIX UMEETCsI OTEHINAIbHAsT BO3MOKHOCTD 06pa-
30BaHUsT MOJOOHBIX (DOPM U T/i€ UX BOSHUKHOBEHME
MpeACTaBIAgeT OMACHOCTD MIJIS XO3IUCTBEHHON MH-
dbpacTpykTypbl (IIOCETKOB, IPOMBINIEHHBIX 00bEK-
TOB, TUHWUH Ta30- 1 He(TETTPOBOIOB).

B xo/1e masbHEHIIX uccae[0BaHNN HeOOXOAUMO
nposesenne nquddepenruaibioin GPS-chemiu oc-
HOBHBIX CTPYKTYPHBIX JIMHUI 00pasoBaBIieiics Bo-
POHKH ¥ OKPY:KAIONTUX (POPM /111 yTOUHEHUS TTOCTPO-
ennbix [IMP u onpesiesienust nuHaMuKy n3MeHeHUST
MOP(OJIOTUN BOPOHKH.

BbIBO/IbI

CoBMeCTHBII aHaIlM3 MaTePUAJIOB II0JIEBBIX 00-
CJIeJIOBAHUI U cepUU KOCMUYECKUX CHUMKOB C TI0-
cTpoeHneM UM POBBIX Mofieset peabeda “mo” n “roc-
s1e” 06pa3oBaHKsa BOPOHKU ITO3BOJILI CHENATh CJIe-
JLYTOIIIE BBIBOJIBL.

1. BopoHka razosoro BbiOpoca Ha IleHTpaibHOM
Amasne obpaszosayach B nepuoxa ¢ 09.10.2013 mo
01.11.2013 r.

2. Iaygaemast BOpOHKA ITPOCTPAHCTBEHHO COBIIA-
naer ¢ 6yrpom (I0JI0KUTENbHOM GopMoil pebeda),
cymlecTBoBaBmMM Ha aToM Mecte 0 09.10.2013 1.
Pasmepsl Oyrpa cOCTABJISIN: TUAMETP OCHOBAHUSI
45-58 M, oTHOCHUTEIBHAS BBICOTA 5—6 M.

4. BepxHsist 4acTh BOPOHKH, TIPEACTABJISIONIAS
coboil pacTpy0, pacroyioKeHa B Ipejiesiax CyuecT-
BOBaBLIEro panee Oyrpa. [panuna MeKIy MINHIPU-
4eCKOIi 4aCThi0 BOPOHKHU U PACTPyOOM COBNALAET 110
BBICOTE C YPOBHEM MOBEPXHOCTH, Ha KOTOPOU OBLI
pactionosxken 6yrop. Takum o6pasom, pactpyb chop-
MUPOBaH B IIpe/ieJiaX OTJI0KEH I, caraBIiux Oyrop.

5. Pazmepsl BOPOHKM Ha HAYaJIO TEIJIOTO CE30HA
2014 r. cocTaBJislin: [UaMeTp UJTHHAPUYECKON vac-
1 15—16 M, fuameTp 1o 6poskam pactpyba 25—29 M,
maMeTp O6pyctBepa 0koso 70 M, riyOuHa 0T OpOBOK
10 TIOBEPXHOCTHU 03epa Ha AHe mpeBbimaga 50 M.
K xonty 2014 r. nuameTp MUAMHAPUIECKON JaCTH
yBeunica 10 22—23 M, ray6uHa coKpaTuiiach 10
26 M.

6. 3a 2014 rox ypoBeHb 03epa Ha JHE BOPOHKH
TTO/THSIJICS TIPUMEPHO Ha 24 M.

7. OO6beM BBIHECEHHOTO MaTepuaJia (BbIOpOIIeH-
HOTO U3 BOPOHKU ¥ YaCTUYHO Pa3pylieHHoro 6yrpa)
cocrasasier 11 200 M3. D70 OuTH B 6 pas Goablre
o0beMa MaTepuasa, OTIOKUBIIETOCS M0 Tepubepun
soponku (1940 m?). Bosbias yacTh BEIGPONIEHHOTO
matepuana (9260 m3) npezncrapisana co6oii e, KOTo-
PBII 110 pe3yJibTaTaM TOJIEBBIX HAOJMIOIEHIIT BCKPBI-
BaeTCs B CTEHKAX IMJIWHIPUYECKON YaCTH BOPOHKU.

[TosieBoe obeseioBaHMe YHUKATLHOTO MTPUPOJI-
HOTO 00pa30BaHKs — BOPOHKU Ia30BOIr0 BHIOpOCa Ha
[lenTpanmbroM dmane — 6b110 opranusoBano HIT
“Poccuiickuii [lentp ocBoenust Apktukn” (aupex-
top B.A. Ilymkapes), /lenapramMmenTom MeskayHa-
POZIHBIX U BHelHeaKoHOMUYecknux cBszeit AHAO
(mupexrop, 3amectuTesp rybepuaropa AHAO
A.B. Maxapos) u /lerrapraMeHTOM 110 HayKe U HHHO-
Barusim AAHAO (nupexrop A.JL. TutoBckwmit).
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