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B cratbhe npuBeaeHbl pe3yabTaThl UCCAeIO0BaHUM TepMOCY(D(HO3MOHHBIX MPOLECCOB B 00J1aCTU pa3rpy3Ku
MEXKMEP3JI0THEIX BOO B JOJAMHE pyd. YnaxaH-TapbelH B LlenTpanpHoit SIkytun. C moMoIpio reousmde-
CKMX MCCIIEOBAHUIT METOIOM 3JIeKTpOoTOMOrpaduu U TEpMOMETPUHU, a TaKXKe aHaIM3a JaHAmadTHBIX
YCIIOBHUI TEPPUTOPUY YCTAHOBJICHBI (haKTOPHI, CITOCOOCTBYIOIINE 3aTyXaHHUIO TepMOCY(H 031K B ecYaHbIX
omnoxeHusix 1V (Gectsaxckoit) HanmoiiMeHHOI Teppackl p. JleHa. B xone ucciaenoBaHuii mpociexXeHbl CyKliec-
CHUOHHBIE CTaIU1 BOCCTAHOBJIEHUSI PACTUTEITLHOCTH B 30HAX aKKyMYJISILIMM TIECYaHOTO MaTepualia, BBIHECeH-
HOT'O MOA3EMHBIM MOTOKOM. CMeHa CYKIIECCMOHHBIX PSIIOB COIMPOBOXIAETCS UBMEHEHUEM TeOKPUOJIoTnYe-
CKUX YCJIOBUI B 00J1aCTU pa3rpy3Ku MOA3EMHBIX BOM, BIUIOTH 0 TTIOJIHOTO €€ IpoMep3aHusl. M3ydeHa coBpeMeH-
Hasi Mep3JIOTHO-TUAPOTeoiornyeckasi 00CTaHOBKa B MecTax MpeKpalleHusT pasrpy3Ku MOA3eMHBIX BOA, U
MpeUTOKeHa KOHLIETILWS €€ U3MEHEHUS TIPY HapyIIeHWH YCTOMYMBOCTA MHOTOJIETHEMEP3JIBIX TTOPO]I, TIe-
PEKPBIBAIOLINX BONOHOCHBIN TOPU30HT. biiaronpusiTHbIE YCIOBUS 7151 TPOMEp3aHusi BOTOBBIBOSIIIEH 30-
HBI CO3IAIOTCS TIOC)Ie POPMUPOBAHMS TTOA3EMHOM ITOJIOCTU 1 OOPYIIIeHUS ee Mep310it KpoBiin. [Tepekphi-
THUE MyTeil MOA3EMHOTO CTOKA CITOCOOCTBYET BOCCTAHOBIEHUIO MEP3JIOTHl BHYTPY MacCHBa TOPHBIX MOPOJ
1 U30JIMPOBAHUIO 30HBI BEIHOCA ITOPOJ, pPa3pyIlieHHbIX TepMocyddo3ueit. Takum 06pa3oM, COBOKYITHOCTh
BHYTPEHHUX (3aTpyOIHEHUE BOIOOOMEHA) M BHELIHUX (CYKLIECCHSI PACTUTEIbHBIX COOOIIECTB) (paKTOPOB
SIBJIIETCSI IPUUMHOM 3aTyXaHUs TepMocyhdO3MOHHBIX ITPOIIECCOB Ha GecTsaxckoii Teppace p. JIeHa.

KimoueBsble ciioBa: mepmocygghosus, mexcmep3nomuoie 600bl, HAOMEP310MHble 600bl, MAAUK , MHO20AeMHeMeP3-

Jble nopodbl, CyKUeccust, 21eKmpomomocpadusi

DOI: 10.31857/S0869780923040045, EDN: GZMBSP

BBEAJEHUWE

B o0macTit KpOIMTO30HKI HA IUIOIIAASIX PACIIPO-
CTpaHEHMSI TeCUYaHbIX OTJIOXKEHUI OOUH 13 OMaCHBIX
MPOLIECCOB, TMOBBILIAIOIININ PUCK CHUKEHUS YCTOM -
YMBOCTU WHXKEHEPHBIX COOPYKEHMI, — TepMocyd-
¢do3nsg. PazHble aBTOpHI Ha3bIBaJlM 3TOT IPOIIECC
3MMHEN HaIlOpHOM MexaHudecKoi cyddosueii [16],
cybdosmeit [21]. B 3apybexHOil JamMTepaType
T. Czudek, J. Demek, [24], C. Embleton, J. Thornes,
[25] mox repmocyddosueii (thermo-suffosion) mpen-
JlaraeTcsl pacCMaTpUBAaTh IIOCIAEHHION CTagHIO Tep-
MOKapCTOBOTIO Tpoliecca, CBI3aHHYIO C BBIMbIBAHU -
€M MeJIKHX YacTUI] TPyHTa BoJaMU, 00pa3oBaHHBIMU
B pe3yJIbTaTe TasHUS IOA3eMHOro Jbaa. B mpen-
CTaBJICHHOM CTaThe I1OJ 3TUM TEPMUHOM MOHUMA-
eTCcsl OoTTauBaHUE AUCIEPCHBIX MHOTOJIETHEMEP3-
JIeIX ropHbIX mopon (MMII) nmon Bo3melicTBUEM
Terya QUIbTPYIOIIUXCS ITIOA3€MHBIX BOJI, ITOCIEIY-
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I0llee TUAPOMEXaHUUECKOE pa3pylIeHre MOPOIHO-
IO MacCHBa U BBIHOC U3 Hero MaTepuaia [6]. HauGosnee
aKTUBHO TepMocy(h(hO3MOHHBIE ITPOLIECCHI, COIIPOBOXK-
JTafoIIMECs 1eCTPYKTUBHBIMU 00pa30BaHUSIMU (ITIpOBa-
JIaMH1, BOPOHKaMM, OTIOJI3HSIMU ) TIPOMCXOMSIT B KPUO-
JIMTO30HE B 00JaCTU pa3rpy3Kd IIOA3€MHEIX BOI.
M3BecTHEI caydan pa3BUTHS 3TOTO Ipoliecca Ha 3a-
GalfKaJIbCKOM XXeJIe3HOI qopore [ 16] B mpemerax Mac-
crBa 30JI0BBIX Yapckux rmeckoB B 3abaiikanbe. ABTO-
pBI JAaHHOU paboThl HaOIIOTAIN TepMOCcy(PdO3NOH-
HBIC IIPOBAJIbl B HACEJIEHHBIX ITYHKTaX TI. SIKyTCK U1
noc. Hioxkamit bectsax. B 06oux ciiyyassx oHn ObITH
CBsI3aHbI C OTTAaUBAaHUEM I'PYHTOB BOKPYT IOA3EMHBIX
BOOOHECYIINX KOMMYHUKAIWA 1 BBIHOCOM YaCTHIL
rpyHTa TIpu yTeuke Bombl. B LlenTpansHoii Axyrnn
U3y4eHUe TMHAMUKU TepMOCyDPO3MOHHBIX ITPOLiec-
COB IIPOBOAMJIOCH BOIM3M 30HEI TPYIIIIOBOIT pa3rpy3-
KM MEXMEP3JIOTHBIX BOA B YpPOUMINE pyd. YIaxaH-
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Puc. 1. Cxema pacrnoioXeHUsI UCCIIEAYEMOro yyacTKa: 1 — pOTHUK MeXMEP3JIOTHBIX BOI; 2 — Ha3BaHUE TepMOCY(DHO3MOHHO-
IO IIMpPKa, K KOTOPOMY MIPUYPOYEHBI POTHUKH; 3 — CKBAXHMHA U €€ HOMED.

TapeiH [5, 6, 13, 21]. CyuecTBeHHasA aKTUBU3AIINS
npoBajobpa3oBaHMUsI HA 3TOM Y4YacTKe Hayajlach B
2009 r. u ObUIa CIPOBOLIMPOBaHA YBEJIMYCHUEM 00-
BOIHEHHOCTH TAJIMKOB B TIpEIbIAYyIIME TPU Toja.
ITo maHHBIM reoae3nYeCcKUX UCCIeToBaHUit 3a 4 rona
00BeM TepMOCYy(D(hHO3MOHHBIX ITOHMKEHUI 31eCh CO-
craBui 6ogee 260 TeIC. M3 [6].

ITenb HACTOSIILIETO UCCIEAOBAHUS — AETATN3ALIMSI
MeXaHU3Ma 3aTyxaHusl TepMocyh(PO3MOHHOIO Mpo-
ecca 1 OLeHKa BIMSTHUAS TIPUPOIHBIX (DAKTOPOB Ha
€0 PEXKM.

XAPAKTEPUCTUKA
YYACTKA NCCIEOJOBAHUA

YyacTok mccieqoBaHUl pacloIoXeH Ha MpaBO-
oepexne p. JleHa (puc. 1) B mpenenax IV (GecTsix-
CKOIf) HaamoiiMmeHHoOM Teppachl [7, 9]. Penbed Tep-
pachkl MOJOTOBOJIHUCTHIM C 3apociiuMu (popMaMu
50JIOBOM aKKYMYJISIHUM, BEITSHYTBIMU BOTHO-3PO3M~
OHHBIMU MOHWXXEHUSIMU, 3aHATBIMU O03€paMU TIIy-
ouHoit 2—4 M. CKJIOH Teppachl KpyTOil, BHICOTOM
1o 15—30 m.

B nutonornyeckom CTpoeHUU y4acTKa IMpuHUMa-
IOT yY4acTHe YSTBEPTUYHBIE IIECKH, IIPEUMYIIICCTBEH-
HO OIHOPOIHBIC MEIKOI (PpakInu, ¢ TpaBUITHO-Ta-
JICYHUKOBBIM CJIOEM B OCHOBaHUU. B BepxHeit yactu
paspes3a 10 TITyOuHBI 2—7 M IIECKM KOCOCJIOUCTHIE, B
HIDKHEM 4acTM — TOPU30HTAJIbHO- M BOJHMCTOCIOM-
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CThIE, TIepEC/IauBaIOIIMECs C TOHKO3EPHUCTHIM ITECKOM
u aneBputoM [15]. TlecyaHnyro TOMIIy TOACTUIAIOT
CcpeIHeKeMOpHiicKIie BRIBETpEbIe M3BeCTHIKHA |9, 10].

I'eokpuonornyeckue yciuoBus B mpeaeaax 0ecTsix-
CKoM Teppachl p. JIeHa cioxHble. MomHocts MMIT
u3meHsercsa or 200 mo 420 m [9, 13, 14]. Ux Temniepa-
Typa B OCHOBAHMU CJIOSI TOJOBBIX TEILIOOOOPOTOB Ha
BBIPOBHEHHBIX YYaCTKAX B COCHOBOM PEIKOJIEChE CO-
craBisieT —0.2°C, B MEXIPSOOBBLIX IMOHWXKEHUIX U
pEYHBIX JoJIMHaX moHuxkaeTcs 1o —2.5°C [3]. B Ton-
I1I€ PBIXJIBIX YeTBEPTUYHBIX OTJIOKECHM IIIMPOKO pac-
MpPOCTpaHEeHbI BOOIOHOCHbBIE Cy0aspaibHbIe HaAMEP3-
JIOTHBIC U MEXMEP3JIOTHbIC TAJIUKU, HEPEOKO TUI-
paBIMYECKM CBSI3aHHBIE C BoOJaMHU II0IO3€PHEIX
TanukKoB. JIpeHupoBaHUEe HAIMEP3JIOTHO-MEXMEpP3-
JIOTHOTO BOJIOHOCHOTO FOPHU30HTA OCYIIECTBIISIETCS B
JIOJIMHAX PeK U PY4YbeB, IIPOPE3aI0IINX OCCTIXCKYIO
Teppacy. Y4acTKu BBIXOJIOB MOA3EMHBIX BOI Ha II0-
BEPXHOCTh 3UMOM (DUKCUPYIOTCS HajlensiMu. B 30He
pas3rpy3Ky IOA3EMHBIX BOH M3-3a BHICOKOIO 3HAade-
Hus rpagueHTa Haropa (I = 1.1) aktuBuU3UpylOTCS
TepMocyddO3rOHHBIE TIpoLiecCHl [6]. BEIHOC TTecua-
HOIro MaTepuasa, cjlarapliero MaTpuKc BOOOHOCHO-
To TOPU30HTA U €ro OTTasBILIEH Mep3JIOil KPOBJIH,
OCYIIECTBISIETCS B TpenesiaX JOJAWHBI BOAOTOKA, K
KOTOpOI1 mpuypodeH pomHuK (puc. 2a). Ha moBepx-
HOCTH Teppachl 00pa3yloTcs ITPOBaTbHBIC POPMBI pe-
Jabeda (BOpOHKU, TIOHOPHI, OJIOKOBBIE ITPOCAIKH MO-
BEPXHOCTU U JIp.), a B €€ YCTyIle — LIMPKOOOpa3HbIe
noHwxkeHus (puc. 20). Hanbosee BbicoKomeOUTHAS
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Puc. 2. [Tecuanslit koHyc BbiHOCca B Iiipke E (a) u 0630pHbBIi BUI IMPKOB (0) B mojinHe pyd. YiaaxaH-TapeiH (poto JI.A. I'ara-
puUHa).

rpyrnIia pooHUKOB, Tle SIPKO MPOosiBieHa TepMocyd-
do3us1, IpuypodyeHa K HUKHEMY TeUEeHUIO pyd. Yiia-
xaH-TapbIH — mpaBoro ImpuToka p. JleHa (cMm. puc. 1).
B nonuHe aTOr0 pyubs B HacTosIIIee BpeMs IeiiCTBY-
€T 5 rpyImoBHIX BBIXOAO0B IToa3eMHBIX Bom (A, B, C, D
n E) ¢ cyMMapHBIM IeOMTOM, U3MEHSIIOIIMCS B 3a-
BUCHMOCTHA OT BOOHOCTH JieT oT 176 mo 550 1/c.
HN3o00unme B nonmHe pyd. YiaxaH-TapblH IIIPKOOO-
pa3HBIX (popM penbeda, 3apocIInX Oepe3HIKaMU U
JIMCTBEHHUYHUKaMU, CBUIIETEJILCTBYET O CYIIIECTBO-
BaHUU B HeJAJIEKOM IIPOIIJIOM U IPYTUX MECT pas-
IPY3KU MOJA3EMHBIX BOJI.

METOAWKA UCCJIEAOBAHUN

st BIIBJIEHUST 06J1acTeit HEKOTIa CylIeCTBOBAB-
IIUX 30H pa3Tpy3Kd MEKMEP3JTOTHBIX IOA3E€MHBIX
BOI B IOJIMHE PYY. YjiaxaH-TapblH ObLUIM IIPOBEICHBI
JemrpupoBaHre KOCMOCHUMKOB U MaplIpyTHBIC
ONMCAHMsSI MECTHOCTM Ha BbIIEJICHHBIX Y4YacTKaxX.
Onucanue TUIIOB JIAaHOIIA(TOB BBLITIOJHEHO HA OC-
HOBe KJIaccuduKalm, pazpadoranHoii [ 19] 1o ypos-
Hsl ypoumin. B ocHOBY Kitaccu(UKaIMOHHOM CXeMbI
OPUHSATHL CIEAYIOIIUE 3IeMeHThl NaHmmadTa: THUII
pPacTUTENbHOCTU, TUMN peibeda, JTUTOJIOTUIECKUIA
COCTaB T'OPHBIX MOPOJ, INIyOMHA CE30HHOIO IIPOTan-
BaHWUSI TOPHBIX TTOPOII, CPEAHSISI TOIOBAs TEMIIEPaTY-
pa ropHbIX IMOPOJI Ha TIOJOIIBE IesATeIbHOTO cJ1os [2].

MapuipyTHoe 0o0cjienoBaHWE MOJWHBI pyd. Yia-
xaH-TapbelH B 00JIaCTM CyIIECTBYIOILIEMd U paHee
MpearojaraeMoi pa3rpy3Ku IOA3eMHbBIX BOJ, IIPOBe-
neHo B ceHTsiope 2015 r. JlanamadTHbIE MccaeaoBa-
HUSI MECTHOCTU BKJIIOUAJIM OMMCAaHUE PaCTUTEIbHO-
CTHU U 0cOoOeHHOCTeN peabeda. s n3ydeHus JINTO-
JIOTUYECKOTO COCTaBa TOPHBIX IMOPOA B Mpeaeax
NesITeJIbHOTO CJI0sl Ha TUTTMYHBIX JaHamadTax 3aaa-
HBI IypdBI NIyOMHOI 10 3.5 M, 3MepeHa MOIITHOCTD
CJI0s CE30HHOTO OTTarMBaHUsI TTopo. JIaHHbIE O cpeli-
Hel ToJ0BOM TeMIepaType TOPHBIX TOPOI 3aUMCTBO-
BaHBI M3 JUTEPATYPHBIX UICTOUYHMKOB [3] 1 YacTUIHO
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MOJy4YeHbl aBTOPCKUM KOJUJIEKTUBOM B XOJI€ MHOTO-
JIETHUX TeOTepPMHUYECKUX HabmoneHuii. M3aMepeHus
BBITIOJIHSUTMCH C TIOMOIIBIO 4-KaHAJbHBIX JIOTTEPOB
HOBO U12-008, naTYnKy KOTOPBIX YCTAHOBJIEHBI Ha
oryouHax 0; 0.5; 1.2; 3.5; 8 u 14 m. YacTtoTra usmepe-
HUI — Kaxble 3 4.

I OUEHKM MEp3J0THO-TUIPOTeOIOTUYECKUX
YCJIOBUII TEPPUTOPUHN BBITIOJHEHBI B3JIeKTpopa3Be-
JIOYHbIE PabOThl METOAOM 3JIEKTpOTOMOTpaduu 1o
IByM poduiisaM B mae 2016 1. I1pu 30HIMpOBaHUAX
HCIIONB30BaIach amnmapatypa “Ckana-64", pa3pabo-
tanHas B MUHI'T CO PAH. [InnHa ycTaHOBKY 30HIN -
poBaHUs cocTaBJsiia 315 M ¢ IaromM Mexay 3JIEKTPO-
mamu  Swm. IlocienoBaresibHOCTh MOAKIIOUYEHUS
3JIEKTPOIOB COOTBETCTBOBaJa CUMMETPUYHOM ycTa-
HoBke Llnombepxe U AUIOJIbHO-OCEBOM yCTAHOB-
ke. [myObuHHOCTb 30HAMpPOBaHMIT cocTaBuyia 70 M.
Ha npodue 2 (cMm. puc. 4) mpuMeHsII1ach TUIOIBHO-
oceBasl yCTaHOBKAa 30HIWPOBAHWUS, YTO NAJIO0 BO3-
MOXHOCTb U3YyYMTh pa3pe3 1o myouHsl 110 m.

Iewugpuposarue KOCMOCHUMKOB

Tepmocyhdo3MOHHBIE TPOLECCHl ITPOSBIISIIOTCS
BOJIM3U 00JIaCTU Pa3rpy3Ku MEXMEP3JOTHBIX BO,
MpUYPOUYEHHON K HUXKHEMY TEUEHMIO pyd. YJiaxaH-
Tapsia (puc. 3). B npucKIIOHOBOIT YacTH OECTIXCKOM
Teppachl B HACTOSILIEE BPEMSI UMEIOTCS TSITh CKOH-
LEHTPUPOBAHHBIX TPYMIT POTHUKOB MEXMEP3JTOTHBIX
non3eMHBIX Box [6, 8]. Takxke Hampotus rpynmsl E
pacriojioXXeH MCTOYHMK, MMeHyeMbIi “HamemHbrit”
[1]. Ha moBepXHOCTHU T€ppaChI U €€ CKIIOHE BOZHUKA-
IOT ¥ aKTUBHO pa3BUBAIOTCS CY(P(HO3MOHHBIE BOPOH-
KU U MPOBaJbl, YBEJIWUMBAIOLIUE U3 TOJa B TOJ pa3-
Mepbl OBparoB (LIMPKOB).

Kpome popMupyommxcs IMpKOB B IIPUCKIOHO-
BOII 4YacTWm OECTIXCKOW Teppachl pPacIIOI0KEeHO
OrPOMHOE KOJUYECTBO Oasok. OCOOGEHHO UX MHOTO
Ha OTpe3Ke IMPOTSLKEHHOCTBIO OKOJIO 2.5 KM MeEXIy
rpymiamMu ponHukoB B 1 E kak Ha rpaBoM, Tak 1 Ha
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Puc. 3. ®parMeHT KOCMOCHMMKA TIOJIMHBI py4. YiaxaH-TapbiH no naHHbIM AAHnekc Kaptei: 1 — pazBuBaroiuecs: opparu (tep-
MOLIMPKY) ¥ Ha3BaHME TPYIINbI UICTOYHMKOB MOA3EMHBIX BOM; 2 — OaKU.

JIeBOM OopTax »oJMHBI YiaxaH-TapeiHa. banku
MPEICTaBISIIOT COOO0i Bpe3bl B CKJIOH TeppaChl ITUPU-
HOI OT IEePBBIX ASCATKOB METPOB 10 235 M, IIWMHOMN
no 270 m, moJjioro HakJoHHBIe. HekoTopeie 13 HUX
MMCIOT LIMPKOOOpa3HbIE O4YepTaHUSI, HaIlomooue
MECT pasrpy3Ky JeMCTBYIOIINX UCTOUHUKOB (LIUP-
k1 A, B, Cu D). Ha KocMruyecknx cCHUMKax OajaKu,
MOKPHITHIE TYCTOM ApeBECHOMN U KYCTAPHUKOBOM pac-
TUTEILHOCTBIO, BBIICISIIOTCS 60Jiee IPKUMU TOHAMH,
10 CPaBHEHUIO C CEPOBAThIMU OTTEHKAMU COCHOBOTO
penkosechsd ITOBEPXHOCTU OECTSIXCKOM Teppachl U
KOPUYHEBBIMU Y CBETJIO-KOPUYHEBLIMU 1IBETAMU Oe3-
JIECHBIX YYaCTKOB KOHYCOB BBIHOCA, TTOMMBI pyd. YJjia-
xaH-TapplH M 30H pa3rpy3Kud IIOA3EMHBLIX BOI.
OT HEKOTOPHIX 0AJIOK BIITyOb Teppachl MPOCIEKMBa-
IOTCSI TIOHVDKEHUSI B peJibedpe, Kak MpaBUIo, JTUHE -
HO BBITSIHYTHIe. OHM, KaK U OajIKu, MapKUPYIOTCS
SIPKMMMU 3€JIEHBIMHM OTTEHKaMHU JPEBECHOM U KycTap-
HUKOBOI pacTUTEIbHOCTU.

Onucanue ranowagpmos

B xome MapuIpyTHBIX MCCIeIOBaHUI OBLIO BbI-
MOJIHEHO oIrcaHue JaHmadToB B 17 Toukax (Tadi. 1).
Br1i0bop ToOuek o0OycIOBIEeH CTpeMJICHHMEM oOxBaTa
HauOOoJIbIIIero pa3HOOOpa3usl TUIMOB YPOUUII U Bbl-
SIBJICHUS Pa3IMYHBIX CTAOUIl CYKLIECCUU PACTUTEIb-
HOCTM Ha ydJacTKax, MOABEPTIINXCS TepMocyddo-

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

3uu. [ToBepxHOCTb uccienyeMoil TeppUTOpUM Cia-
OopacuyieHeHHas, oOpallleHHasi B CTOpOHY p. JleHa.
ComtacHo kiaccudukauuu gangmadrtos [19], aTa
TEPPUTOPUS OTHOCUTCS K MECYAHO-TPSIAOBOMY TUITY
MECTHOCTU. B ero mpenenax pacnpocTpaHeHbI Mpe-
MMYILIECTBEHHO PEIKOCTOWHbIE JUIIAWHUKOBO-
TOJIOKHSIHKOBBIE COCHSIKU, O€pe30BO-JIMCTBEHHUY-
HUKU, JIYTOBble M 3a00JI0YeHHbIe 3amaauHbl. [lo-
cliefHUE TPU TUIIA PACTUTEIbHBIX aCCOLMALIMIA TTPU-
YPOUYEHBI K MOHUKEHHBIM ydacTKaM pesbeda.

HonvHa pyd. YinaxaH-TapblH OTHOCUTCSI K MEJTKO-
IOJTMHHOMY TUITY MeCTHOCTU. B mpenenax aToro tak-
COHa BBIIEJIEHBI TIPEMMYIIIECTBEHHO €JIbHUKU 3eJie-
HOMOIIIHbIE, TaJTbHUKU O€pe30BbIe Pa3HOTPABHBIE,
OCOKOBBIE JIyTra, He3aKpeTJIeHHbIe KOHYChI BBIHOCA.

CKJIOHOBBIU TUIT MECTHOCTU MPUYPOUYEH K CKIIOHY
OecTsIXCKOI Teppachl, OOHaXKawlleMycsl B JOJUHE
pyy. YinaxaH-TapbiH. BeicoTa 3p03MOHHOTO Bpe3a Ha
y4dacTke oT pefepalibHOM JOPOTH K YCThIO PYUbsl YBE-
JuuuBaetcs oT 16 1o 30 M. [ToBepXHOCTH CKJIOHA TEP-
pachl HaJ BbIXOJAAaMU MOA3€MHBIX BOJ, KaK MPaBUJo,
npeacTaBieHa OTOJEHHBIMU NTECKaMMU.

leoghuzuueckue uccaedosarnus

B xonie mag 2016 1. oy U3ydeHusI reoja0ro-reo-
KPUMOJIOTMYECKUX YCIOBUI B paiioHe To4yek 14 u 16
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kBaxxmHa Nel—16

Puc. 4. Cxema pacrosioxkeHus1 reodusndecKux npodueil B ToJnHe pyd. YiaxaH-TapbiH.

(cM. Tab1. 1) ObUTM BBIMIOJHEHBI UCCIEIOBaHUS METO-
JIOM 3JIEKTpOTOMOTpadmu 110 AByM IIpouisiMm (puc. 4).

PE3YJIbTATbHI UCCJIEJJOBAHUN

IMpoduns 1 mmmnHo 315 M pacrionarajics B U3ro-
JIOBbE OaJIKM U MPOTATUBAJICI MEPIEHIUKYSIPHO €€
npoctupanuto. IIpodbuns 2 qauHoit 475 M ObLIT pas3-
MeYyeH BIOJIb TajibBera OajKyd M JOCTUTald TOWMBI
py4. Ynaxan-TaperH. 11 mHTepIpeTalliy OIS KaXKy-
IIUXCS DJIEKTPUUYECKUX COIMPOTUBJICHUN B KauyeCTBe
STaJIOHA VICTIONB30BaH pa3pe3 CKBaxXUHbI 1—16 (puc. 5),
KOoTopylo Tiepecekan npodunb 1. CkBaxuHa 1—16
1yOrHOI 25 M pobypeHa B anpesie 2016 r. [Tox cio-
€M MHOTOJIETHEMEP3JIbIX MEJKO- W CpedHEe3epHU-
CTBHIX TIECKOB MOIITHOCTBIO 16 M OBIITM BCKPBHITHI 00-
BOJIHEHHbIE MOPObI (TUIBIBYH) OO0 320051 CKBa>KMHBI.
B paspese neckoB ¢ IIyOuHbI 9 M OTMEYEHbI POCIOn
cynecu TomuuHoM 1—2 M, a ¢ mryouHs! 13 M — 10 0.5 M.

CormnacHo [5, 13], moporosoe 3HaYe€HUE yAEIBHO-
ro anekTpuyeckoro conpotusieHus: (YOC), pasne-
Jisiolee Mep3Jible U Tajible MecKu 6ecTIXCKoi Teppa-

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTUA  Ne 5

cbl p. Jlena, coorBerctByeT 1000 OM M. CooTBeT-
CTBEHHO 00Jjiee BBICOKME €Tr0 BEIMYMHBI OTPaKAIOT
Mep3JI0e COCTOSIHUE TIOPOoJ, HIKe — Tajioe. O6i1actu
noHmkeHHoro (200—600 OM M) m Hm3Koro (35—
150 OM M) YOC uHTepIIPETUPYIOTCS KaK Tajlble Iec-
KW C pa3HOH CTEMEeHBIO BJIAXHOCTU Y KOJIMYECTBOM
cymnecuyaHbIX MPOCJIOEB.

Pacnpenenenue YOC Ha puc. 5 oTpaxkaeT Kak JIi-
TOJIOTMYECKHUIA COCTAB IIOPOJ, TAK U TEOKPHOJIOTYEC-
CKHUe ycJIOBMs ydacTkKa. IIpucyrcTBue B mecke mpo-
cJIoeB cyriecu ¢ m1youHbsl 9 M ymeHbiiaetr YOC c
3500—5500 mo 2000 OmM M. C mnyGuHBI 16 M, TOe
BCKPBITHI BOTOHACHIIIIEHHBIE TTECKM, 3HaueHe YOC
TMOPOJI TIOHMXKAETCSI ¢ BBICOKMM TpagueHToM ¢ 1400
1o 70—120 OM M.

Pa3pe3s YOC nopon no mpodpuao 1 oTpaxkaer
MEP3JIOTHO-TUAPOTeOJIOTUYECKOE CTPOSHME B IIpeie-
Jlax 0aJIKi, B KOTOpOIi IIpeKpalleHa pa3rpy3Ka I1o/-
3eMHBIX Bof, (puc. 6). ITo pacnpenenenuio YOC xo-
PpOILIO 3aMETHO, YTO HYXXHsS rpaHua MMII umeer
CJIOXXHYI0 KOH(purypaiuwo. B ocHoBaHuu 6anku (MH-

2023



O MPUYNHAX 3ATYXAHHWA TEPMOCYDODPO3MOHHDLIX ITPOLIECCOB 33

Taomuna 1. Onucanue naHamadToB B JoJIMHE pyd. YiaaxaH-TapblH

No KoopnuHatst
Onucanue nanmmadTa
TOYKM| CepepHag mumpora | BocrouyHas monrora
1 61°33°02.1”7 129°35°30.4” Ilecuanast rpsima. BeipyOKa, Ipon3pacTaoT COCHSIK
U TOJJIOKHSTHKOBO-JIMIIIAHUKOBBIE
2 61°33’17.4” 129°34°46.9” MexXrpsimoBoe IMOHXKeHNe. bepe3oBo-e10BO-INCTBEHHUYHUK
pPa3sHOTPABHO-apKTOYCOBBII 3€JIEHOMOILIHBII
3 61°33’17.17 129°35°48.8” JlokanbHOe ToHMxeHKe, 60510T0. KoukapHUK
apKTOYCOBO-0COKOBBIi1 3e1eHoMolHbIi. [71. CTC 1.20 m*
4 61°33’10.0” 129°3547.7" Ioiima pyu. Ynaxan-TapsiH. [Ipor3spacTtaeT e10BO-0epe30BbIit
MBHSK OCOKOBBII 3€JIEHOMOIIHbIN, PEIKUIA KOUKAPHUK.
I'n. CTC 0.84—1.20 m
5 61°33'13.5” 129°35’37.2” IMoitma pyu. Yinaxan-Tapsix. [IponspacraeT eTbHUK
0CcoKOBO-uBOBBI 3esieHoMotIHbIH. [71. CTC 1.30—1.40 m
6 61°34'18.2” 129°33°52.8” [ToiiMa pyd. Ynaxan-TapbIH, cTapblii KOHYC BBIHOCA HAIIPOTUB
nupka B. IIpouspacraer eioBo-0epe3HSIK pa3HOTpPaBHbBIN
3eseHoMolHbIi. [, CTC 2.00 m
7 61°34’13.7” 129°33’47.0” Ioiima pyu. Yinaxan-TapsiH, HarpotuB mupka C. ITpouspacraer
€PHUYHMK OCOKOBBII 3€JICHOMOIIHBIN, KOUKAPHUK.
I'n. CTC 1.10—1.34 m
8 61°33'07.0” 129°35’51.1” IMoiima pyd. YiaaxaH-TapblH, IleCYaHbIil KOHYC BEBIHOCA HAIIPOTUB
mupka E. ITponspacTtaer penkuii UBHSIK OCOKOBBIH (BBICOTOI 10 0.5 M).
I'n. CTC >2.46 m. ITonzemHble Boabl BCKPHITH ¢ 0.96 M. B pycite pyubs,
BoeITeKaomero u3 upka E m1. CTC cokpamaercs mo 0.80—1.25 m
9 61°33726.2” 129°36’17.0” 3a60JI04EHHOE TOHIKEHKE, IIOKPLITOE KOYKapHUKOM. ITponspacraior
apKTOyCcO-0COKOBBIE Jiyra 3ejieHoMolHkbie. 1. CTC 0.45—0.60 M
10 61°33"25.6” 129°36’16.8” CKJIOH 03epHOI KOTJIOBUHEI. [Ipon3pacraeT COCHOBO-6epe30BO
JIMCTBEHHUYHUK GaryJbHUKOBO-OPYCHUYHUKOBBIN 3€JIEHOMOILII -
Hbii. [71. CTC 1.30 M. C 0.55 M BCKPBIT BOIOHOCHBI CJIOi
11 61°33'13.4” 129°35’54.6” Banka. I[Ipouspacraer 6epe30BO-COCHOBO-JIMCTBEHHUYHUK Oaryiib-
HUKOBO-TOJTyOM4YHBIN 3eeHoMoIrHbiA. [71. CTC 1.30 m
12 61°33'14.4” 129°3552.6” basika, mmpuHoii 30 M. [TpouspacraeT TUCTBEHHUYHO-ETBHUK 0CO-
KOBO-TOJIyOMYHUKOBBII 3€JIEHOMOLIHBI ¢ )parMeHTaM1 KOYKap-
Huka. [1. CTC 0.50 m
13 61°33'45.2” 129° 5°13.3” Ilecuanas rpsiga 613 CKIOHA pyd. YiaxaH-TapbeiH. OTMEYeHbI
caenbl moxapoB. COCHSIK TOJTOKHSTHKOBBII
14 61°33'52.1” 129°34730.7” Bbanka. [IpouspacraeT 6epe30B0O-eJ10BO-TUCTBEHHUYHUK apKTO-
ycoBo-ToJlyouuHbIi1 3eieHoMolHbIi. [71. CTC 0.55 m
15 61°33722.9” 129°35725.5” banka mmpuHoii 10—15 m. [Tpouspacraer 6epe30BO-JIMCTBEHHINY -
HUK TOJOKHSHKOBBIN. [11. CTC 1.65 M
16 61°33'53.0” 129°34745.1” IMecuanast rpsina. COCHSIKM TOJIOKHSIHKOBO-JIUIIAHHUKOBBIE.
I'n. CTC 3.55m
17 61°33"23.0” 129°35’39.0” MexrpsinoBoe noHuxeHue. CocCHOBO-0epe30B0O-€10BO-JIUCTBEH-

HUYHMK pa3HOTPaABHbIN JUILIAHUKOBBINA 3€JI€HOMOLIHBIA.
I'n. CTC 0.80—1.00 m

*I'n. CTC — m1yG1Ha Ce30HHOTAJIOTO CJIOS

tepBai npopuiasa 120—180 m) MomHocTh Mepanoii  C rmyOuHBI 95 M B pa3pe3e MpOosSIBISIOTCS TTIOPOIbI C
oM cocTapiisteT 20 M. MOIITHOCTD e MEKMEP3JIOT-  BbICOKOOMHEIM COIIPOTUBIICHUEM, MHTEPIPETUPYE-
HOI'0 BOAOHOCHOTO TaJlMKa OolieHUBaeTcs: B 65—70 M.  Mble KaK IMOPOAbI KOpeHHOTO 110KoI4 [5, 13]. [ToTeH-

TEOBKOJIOIuAa. MHXXEHEPHAS T'EOJIOTUA. TMAPOTEOJIOTUSA. TEOKPUOJOTUA  Ne 5 2023
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Puc. 5. TeoanekTpuyeckuii pa3pe3 1 reoJOTMYECKUIA pa3pes 1Mo ckBakuHe 1—16: 1 — mecok; 2 — Mecok ¢ MpOoCIOsSIMU CYTIeCH
MOIITHOCTBIO 1—2 MM; 3 — TTeCOK C TIPOCTIOSAMHU CyTieCH MOIITHOCTBIO 110 0.5 M; 4 — momomrBa MMIT.
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Puc. 6. ['coanexkTpuueckuii paspes 1o npodumo 1. 1 — nmoreHuunaabHble y4acTK1 00pa3oBaHus TepMocyhdO3MOHHBIX BOPO-
HOK; 2 — BHYTPUMEP3JOTHBIN TAIMK. / — TTIOA0IIBAa MEP3JIBIX TIOPOI.

UaIbHBIE YYACTKU Pa3BUTUS TepMOCYDDO3MOHHBIX
BOPOHOK Ha npodmite 1 oTMEeYeHEBI IT0 XapaKTepHBIM
anomManusaM YOC B umHTepBaiax Ipodmisa 3555,
75—90 1 210—220 M, B mpeneaax KOTOPhIX MOIITHOCTh
MEP3JIOi TOJIIIM HAll MEXMEP3JTOTHBIM TAJIMKOM CO-
Kpaiaercs 10 8—16 M. B unrepsane npoduisa 230—
300 M Ha miyouHe 10—20 M aHOMaIUsI MOHUXKEHHOTO
VBC HaMu MHTepHpPETUPYeTCs KaK BHYTPHUMEP3JIOT-
HBII TaJIMK CIOXHON KOH(UTYpaLIUU.

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTUA  Ne 5

CtpoeHre Mep3JIOTHO-TUAPOTeOIOTMUYECKOTro pas-
pe3a 8doab TabBera 6aaKu OTPaXKEHO Ha TeO3JIEKTPU-
YeCcKOM paspeae no npoduio 2 (puc. 7).

Ha paspese mo rpaHuie mopom HU3KOTo (MeHee
600 OM-M) 1 BbICOKOTO YOC UHTEPIIPETUPYETCS CO-
BpeMeHHas rpanunia MMII, pacnomararomasicss Ha
rryouHe B cpeaHeM 20 M. CTOUT OTMETUTD, UTO MOM-
MeHHas yacTh pa3pesa (3HaueHusa YOC >3500 Om M)
MPOMOPOKEHA Ha BCIO DIYOMHY 30HIMPOBaHUS (IO
80 M), a MEXXMEP3JIOTHBII BOJOHOCHBIN TaJUK IIpaK-
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Puc. 7. I'eoanexTpuyeckuii paspes mno npodwio 2. 1 — TepMoLMpPK; 2 — MpearoaracMasl IpOMOPOXEHHAsT 30Ha pa3rpy3Ku
TOA3eMHBIX BOI; 3 — ocTaHel. / — coBpeMeHHas1 mogoirBa MMII 1o maHHBIM 3JIeKTpoToMoTpadum; /1 — rmpenmnoaraemasi rpa-
HUIIa MHOTOJIETHE 1 MEP3JIOTHI B TIEPUOJ aKTUBHOM pa3rpy3Ku MON3EMHBIX BOJI.
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Puc. 8. Orubaroniue TeMnepaTypHble KpUBbIe MO TaHHBIM CKBaXKUHBI 2—10 32 2010—2013 rr. (a) 1 3a 2014—2020 rT. (0), pacmo-
JIOXXEeHHOI B paiioHe uupka E ncrounuka Yinaxan-Tapeid. Temnepatypa: | — MUHUMabHas, 2 — cpeiHsisl, 3 — MaKCUMaJIbHasl.

TUYECKU CYOBEpPTUKAJIbHO (MHTEpBaJIbl MPOGUIs
210—230 M Ha puc. 7) BBIKJIMHUBAETCSI B HaIIpaBJjie-
HUMU K ToiiMe pyd. YinaxaH-TapbiH. OmHaKo pacrpe-
neneHne YOC cBUAETENBbCTBYET, YTO B TIEPUO CYIIIe-
CTBOBaHUS pa3rpy3ku MOA3€MHBIX BOJ Ha MECTE MC-
clieayemMoit 6aiky KoHMUTypamusi rpaHULbl MEP3JIbIX
rnmopon owuia nHoi. Tak, B uHTepBaje npoduis 140—
150 M Ha mryoune 7—10 M 110 aHOMAJTMH TTOHKEHHO -
ro YOC (mo 1800 Ha ¢onHe 4500 OM M) BblaessieTcst
XapakTepHasi 00JacTb, UHTEpIpeTUpyemMasi Kak BO-
JIOBBIBOJISIIIIASI 30HA. Y3Kasl BbITSHYTasi 00J1acTh MO-
HIDKeHHOTO YOC BHYTPU MEP3JIOM TOIIIM Ipocie-
JKMBAETCsl MOYTU AO COBPEMEHHON MOWMBI p. Yia-
xaH-TapplH. MBI cuyuTaeM, 4TO TaKUM OOpa3zoM
BBIIIEJISIETCSI IPOMOPOXEHHBIM B HACTOSIIIEE BpeMsi
KaHayi GUIbTpalMu, I0 KOTOPOMY MPOMCXOINII
TPaH3UT MOA3EMHBIX BOJ K 30HAaM pa3rpy3KH B Hella-
JIEKOM TIPOIIIOM.

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

B paiioHe yuyacTka pas3rpy3Ku MOA3EMHBIX BOI B
mupke E (cMm. puc. 3), ooHapyxeHHoro B 2009 r., ¢
9TOTO XK€ rojJia Ha MecYyaHO-TPSiA0BOM TUIIE MECTHO-
CTHU BellyTCsl HelpepbIBHbIE TEPMOMETPUUYECKUE Ha-
OJIIOACHUST B CJIO€ TOOOBBIX TErI0000poTOB (12 M).
ITo manubM ckBaxkuHbl 2—10 (cMm. puc. 1) mryouHa
CE30HHOTO MPOTarBaHUSI TOPHBIX TTOPOI COCTABJISIET
B cpeaHeM 3.5 M, a TeMIlepaTypa Ha MOAOIIBE HyJe-
BbIX TOJAOBBLIX aMIiuTyd paBHa —0.2°C (puc. 8).
B 2014 r. mo pesyabraTamM 3aMepoB TeMIlepaTypbl
ynajioch 3auUKCUpoBaTh Hadyajio (QOPMUPOBAHUS
cybaspaibHOTro HaagMep3aoTHoro taiauka [4]. C 2014
nmo 2020 r. rybmHaA 3ajleraHns BepXHEW TpaHUIIbI
MMII cmecTunack ¢ 3.5 mo 6.0 M (cm. puc. 8). Oc-
HOBHOI MpUYMHOI (hopMUpPOBAHUS TalMKa, MO Ha-
1IeMy MHEHUIO, SIBUJIMCh aHOMAJIbHO OOJIbIIIOE KO-
YECTBO U MHTEHCUBHBIN PEKUM BBITTAACHUS KUIKUX
aTMoc(epHBIX 0CaIKoB B HayvaJsie jeTta [4]. B pe3yib-
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TaTe 3TOTO OBUTM 3HAYMTEIIFHO TTOBHIIIIEHBI BJIaro3a-
Machl B JeATEJIbHOM CJIO€, YTO MPUBEIO K COXpaHe-
HUIO 3UMOI BOIOHOCHOTO “OydhepHoro ciosi”, mpe-
IISITCTBOBABIIIETO TIPOMEP3aHUIO TOPHBIX TIOPOLI.

OBCYXIEHHWE PE3VILTATOB

Buewnue ¢paxmoput, cnocobcmeayroujue
3amyxanuro mepmocypgosuu

B pesynabraTe MHOIOJETHUX HCCJEIOBAHUI MC-
TOYHMKA TIOA3€MHBIX BOHA YiaxaH-TapblH yCTaHOB-
JIEHO, YTO 00JIaCTh IMUTAHUS IOA3EMHBIX BOI MEXK-
MEp3JIOTHOTO BOIOHOCHOro ropuszoHta (MMBI)
MpUypoUYeHa YaCTUYHO K aJJaCHOMY W MeXaJlJaCHOMY
TUIIAM MECTHOCTU U IPEUMYIIECTBEHHO K II€CYaHO-
rpsigoBoMy. B mepBbIX IByX THIIaX MECTHOCTHM THI-
paBiaMyecKasi CBSI3b MOBEPXHOCTHBLIX Boxg ¢ MMBT
OCYIIECTBISIETCS 4Yepe3 CeTb BOOOMOIIOMIAIOIINX
TTOJIO3ePHBIX TATNKOB [1, 2, 8, 21, 22].

B mecuano-rpsimoBOM THIIE MECTHOCTU MH(UIb-
TpaluoHHoe nutanue MMBI' npoucxoaut Kak 4e-
pe3 cybakBalibHEIE (ITO03€PHEIE), TaK U CyOaspalib-
Hbl€ HAAMEP3JIOTHbIE TAIMKU. 3[AECh XK€ PACIIOJIOXE-
Ha U o0O0JacTh TpaH3uUTa MOA3eMHBLIX Bod. B ee
npeaeaax MexXMep3JIOTHbIM BOJOHOCHBIN TaJIUK He-
OIHOKPATHO ObLI BCKPHIT pa3BeIOYHBIMU CKBaXKMHA-
MM Ha niryouHax 24—36 m non rosieit MMII. Mou-
HOCTb TaJIMKA He BblAepXkKaHa U U3MEHSIeTCs OT 8 1o
25 n bonee M. Hammume nepeKphIBaIOIIETO U ITOICTH -
JIAIOIIETO KPMOTEHHOTO BOAOYIIOpa OMNpeaeisieT Ha-
MOPHBIA pexXuM (UIBTPALIMU MEXMEP3TOTHBIX BOI,
YPOBEHb KOTOPHIX YCTAHABJIMBAETCS B CKBAXKMHAX Ha
24—34 M BbIllIe KPOBJIU BOJIOHOCHOIO TOPU30HTA.
BOan3u 30HBI pa3rpy3Kud HOA3€MHBIX BOA INIyOWMHA
s3asieranust MMBI cocraBnsier 16—27 M, MOILIIHOCTh
€ro yBeJMYMBaeTcs 10 32—56 M, a Harmop MexXMep3-
JIOTHBIX BOI HE MpeBbIIaeT 7—12 M.

3UMOI1 MPAKTUYECKU CyXUe TECKU CE30HHOTAJIO-
ro ciost (BecoBast BJIaXKHOCTb He 6oJiee 5%) B mecua-
HO-TPSIIOBOM THUIIE MECTHOCTU O0ecneunBaloT HU3-
KYIO TETLUIONPOBOIHOCTL MEP3JIbIX TOPHLIX IOPOI, a B
TeTUIbIN TTepuro rofa ObIcTpast THOUIBTPALIMS TaJbIX
CHETOBBIX BOA M aTMOC(hEpHBIX OCATKOB, COITPOBOXK-
Jatolasicsl yBeJIWYEeHUEM TEIJTIONPOBOIHOCTU Tiec-
KOB, CITOCOOCTBYET INIYOOKOMY WX ITPOTaUBaHUIO —
no 4—5 M [2, 20]. MMBI' — no cyiecTBy KpyHHBI
WCTOYHUK Temja, TakXe BHOCHUT 3HAYMTEIbHBIN
BKJad B (popMUpOBaHME TEMIIEPATYPHOTO peXuma
ropon. O6 3TOM CBUAETEIbCTBYIOT BBICOKUE 3HAUYCHUS
cpenHeronoBoii temnepatypbsl MMII (mo —0.2°C), ne-
pekpuiBatomnx MMBI, u coxkpaiieHne MOITHOCTH
CJI0SI TOJIOBBIX TEIJI00OOPOTOB BIUIOTH IO COBMAje-
HUSI €T0 C MOIIIHOCTBIO CJIOS CE30HHOIO IIpOoTauBa-
Hug opon [17].

Oo6macts apeHaxka MMBI mipuypodyena K Menko-
JIOJIMHHOMY TUITY MECTHOCTH. Pa3rpy3ka 1moa3eMHBIX
BOI TPOUCXOAUT B ILIMPKOOOPA3HBIX ITOHMXKEHUIX
(oBparax), Bpe3aHHBIX B OOPT OECTSIXCKOI Teppachl,

TEOBKOJIOTUA. MHXEHEPHAA T'EOJIOTUA. TUAPOTEOJIOI'MA. TEOKPUOJTIOTUA  Ne 5

OCJIOXKHSTIOIIMX CTPOSCHUE IOJUHBI pyd. YiaxaH-Ta-
pbIH. B 1eTHMIT nepuoa — 3TO HUCXOASIIME U BOCXO-
JISIIIAE CTPYU U IJIACTOBBIE BHIXOIBI IIOI3¢MHBIX BO/I,
3UMOM — BOCXOASIIME POTHUKU, KakK IIPaBUIIO,
CKpbIThIE Hajienablo. Pasrpyska mom3eMHBIX BOI CO-
IIPOBOKIAETCS BEIHOCOM II€CKa, KOTOPbIiA OTKJIaIbI-
BaeTcs B HOJIMHE pyd. YiiaxaH-TapbIH.

Hanuume B monvHe pyd. YiaaxaH-TapblH MHOro-
YHMCJICHHBIX OBparoB U 0ajlOK, Bpe3aHHBIX B OECTSIX-
cKyto Teppacy p. JIeHa (cM. puc. 4), a TaKxKe MOJIOABIX
U OTHOCUTEILHO JPEeBHUX KOHYCOB BbIHOCA CBUJE-
TEIBbCTBYET O CTaAUMHOCTHU TIpoliecca TepMocydpdo-
3uu. [leproasl ero akTUBALMU CJACAYIOT 3a Tepuoaa-
MU U30BITOYHOIO YBJAXXHEHUS TePPUTOPUU, KOTrIa
Ha NPOTSKEHWUM psfa JIET HaOI0JaeTcsl coueTaHue
MPEBBIIIEHUST CYMMBI JISTHUX aTMOC(EPHBIX OCATKOB
U BJIaro3araca B CHEXXHOM MOKPOBE OTHOCHUTEIbHO
CpeIHUX MHOIOJIETHUX 3HaYeHuii [6, 11]. Takue run-
POKJIMMAaTUYECKHUE COOBITHUSI, COMPOBOXIAIOIINECS
MOBBIIIIEHWEM YPOBHS BOJbI B 03€pax, yBeJIMYeHeM
BOIOOOUJIBHOCTU TaJWKOB U POCTOM TUApaBiIMYe-
CKUX TpaguleHTOB (QUIbTPALIMOHHOTO IOA3€MHOIO
IIOTOKA, BEICTYIAIOT B POJIM “ITyCKOBOIO MeXaHu3Ma”
JUIsT TepMOCy(P(PO3MOHHEBIX ITPOIIECCOB.

Tepmocyddo3monHoe pas3ynJIoTHEHNE TOPHBIX
1opo, NpuBo/siiee K oopylieHuo kposnu MMBI
¥ (hopMUPOBAHUIO IIPOBAJIOB HAa THEBHOM ITOBEPXHO-
CTH, 3HAYNTEIILHO TPaHC(HOPMHUPYET OOJIHK pebeda.
IMosiBieHne U yBeMYEHUE CO BpeMEeHEeM IuaMeTpa u
DIyOMHBI TepMOCY(h(HO3MOHHBIX BOPOHOK, MX O0B-
eOIUHEHNE, IIPUBOIST K Pa3BUTHIO OBPAaroB, B IIpee-
JIaX KOTOPBIX TeMIIepaTypPHO-BIaXKHOCTHBIN PEXX1UM
TOPHBIX IIOPOM 3HAYUTEIBHO OTIMYACTCS OT COIpe-
nelbHOl Tepputopur. OO0 3TOM CBHUAECTEIBCTBYIOT
OoNnMcaHHble HAMU JIaHIIIAMTHl Ha KJIIOYEBBIX y4acT-
Kax, IpsMO 1 KOCBEHHO YyKa3bIBaIOIINEe Ha M3MEHe-
HUE MEP3JIOTHO-TUIPOTe0JI0rMIeCKO 00CTaHOBKHU.

OO6pa3oBaHue TpELIMH B IECYaHOM MacCHUBe, Ha-
pyllleHre PaCTUTEJIbHOTO MOKPOBA, MOSBJICHUE JIO-
KaJIbHBIX JETNPECCUii MOBEPXHOCTU 3€MJIU CIHOCO0-
CTBYIOT TIOBBILLIEHUIO CpelaHell roloBOi TeMIiepaTy-
pbl TOopHBIX Topoda. K mipumepy, IO JaHHBIM
cKBaxXuHbI 2—10, pacroioxXeHHol Biajiu oT cyddo-
3MOHHBIX BOPOHOK B Mpejesiax MmecyaHo-TpsiioBOTo
tumna mectHoctu, ryomHa CTC mocturaer 3.5M, a
TOJIOBBIX TEIJIO000POTOB — 12 M, MPU CpeAaHeli roao-
BOIi TeMIlepaType Ha nopoiiuse nociegHero —0.2°C.
ITo pesynbraTaM TepMOMeTpuU B ckBaxuHe 1—09,
pacMoJIOXKEHHOM B TAKOM € TUIIe MECTHOCTH, HO B
3—5 M OT aKTUBHOTIO oBpara B nupke E, yBenmmunBa-
JOIIIErocs 3a cueT o0benuHEHUS CyP(HO3MOHHBIX BO-
poHok, rmyouHa CTC coBrnanaet ¢ ryOouMHOI rono-
BBIX TEIJIOOOOPOTOB U COOTBETCTBYET 3.5 M Mpu
CpelHeil TogoBOi TeMmepaType Mopod Ha MOAOILUBE
atux cioeB ~0°C.

MN3meHeHus penbeda NpUBOASAT K Iepepacripeae-
JICHUIO BJIarUu B IESITEJIbHOM CJIO€, a TaKKe YCIIOBUSIM
TEIUIOOOMEHA TOPHBIX Topod ¢ arMocdepoil.
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Puc. 9. Cxema cykiieccuii pacTUTEILHOCTH Ha ydyacTKax pa3BUTUs TepMocyh(O3MOHHBIX MPOLIECCOB B pailoHe pyd. YiaxaH-
TapbiH. 1 — recyaHblii KOHYC BEIHOCA; 2 — MOXOBOI1 ITOKPOB; 3 — JIyroBasi paCTUTEIbHOCTD; 4 — KyCTapHUKU, 5 — Gepesa; 6 —
eJb; 7 — TUCTBEHHUIIA; 8 — COCHAa; 9 — MCTOYHUMK Mon3eMHBIX Bof; 10 — TepMocyddo3nonHast BopoHka; 11 — rpanuiia MMII.

B niepBy1o ouepenp Ha 3TH U3MEHEHMsI JaHaadTa pe-
arupyeT COCTaB PaCTUTENILHBIX cooOIIecTB. CyKileccr-
OHHBIE PSIIbI PACTUTEILHOCTH SIBJISTIOTCSI OO bEKTUBHBI-
MU TTOKa3aTeIsIMU TpaHC(HOpPMALM T'eOKPUOJIOTHYC-
CKMX YCIIOBUIA. Pe3ynbTaThl Mep3IoTHO-IaH A THBIX
KCCJIeIOBaHU, MOTyYeHHbIe Ha HapyIlIeHHbIX IUIOIIA-
nsx B LleHTpanbHOl SKyTUM paccMOTpeHBbI B paboTax
[12, 18, 23]. Hampumep, Ha BBIpYyOKax M MUPOTEHHBIX
TEPPUTOPUSIX HA HAYaJIbHOI CTagUM BOCCTAHOBJICHMS
PaCTUTEIBLHOCTU OTOJIeHHAs! MOBEPXHOCTh TOPHBIX MO~
PO IMOCTENeHHO 3apacTaeT TPaBIHUCTOM, TPaBIHUCTO-
KYyCTapHUKOBOM pacTUTEIBLHOCTBIO. 3aTeM Ha yBJIaX-
HEHHBIX TOYBaX MOSBIISTIOTCS Oepe3a, TaabHUK. Jn-
TEeJIbHOCTh MEPBBIX ABYX CTaAUM COCTaBISIET OKOJIO
20 neT. Bepe3oBo-TajlbHUKOBASI TPYNIIUPOBKA 3peJIo-
ro BO3pacTa BBITECHSIECTCS €JIbI0 W JIMCTBEHHUIICH.
Ha sToit ctamum pa3BUTHUSI 00Opa3yeTcs MOXOBOM
TETUIOU3O0JIMPYIOIINI TOKPOB, CITOCOOCTBYIOIINI
YMEHbIIEHUIO MOILIIHOCTU AESITETbHOTO CJIOSI U TIOHU -
KEHUIO TeMITepaTyphbl TOPHBIX IIOPO Ha €ro ITOIO0III-
Be. Ha 3aBepmaroneii ¢aze (50 jeT) cykiieccuu pac-

TEOBKOJIOTHA. UHXEHEPHA{A I'EOJIOTUA. TUAPOT'EOJIOIMA. TEOKPHUOJIOTIUA

TUTCJIBbHOCTL IIp€acTraBjicHa JIMCTBEHHWYHHUKOM C
TAJIbHUKOBBIM ITOAJICCKOM.

3aKOHOMEPHOCTh BOCCTAHOBJIEHUSI MEP3JIOTHBIX
JIaHAIIA(TOB MBI ITOIILITAJINCH IPOCIEIUTD B JOTMHE
pyy. Ynaxan-TapbelH, 1 TeM CaMbIM OIICHUTbH BHEIII-
HUe aKTopbl 3aTyXaHUs TepMocy(hdDO3NMOHHBIX
npoueccoB. [Tocie mmosiBneHust oyara pasrpy3kKu MexX-
MEP3JIOTHBIX MOA3EMHBIX BOJ Y TMOIHOXHUS CKJIOHA
OecTsaxckoil Teppachl p. JIeHa B JoJMHE pydbsl HAUM -
HAaIOTCSI aKTUBHBIN Cy(p(O3MOHHBINM BHIHOC IIecya-
HBIX YaCTUIl U3 BOJOBMEIIAIONIEH TOMIIMN U aKKyMy-
JISILIMSI MX B BUZIE KOHYyca BbIHOCca (puc. 9a).

ITono6GHoOe sABIeHNE HAOMI0AAIOCh ABTOpAMU MPU
oOHapyxeHnu pogHuka B 1upke E B 2009 . Momnonpie
recyaHble KOHYChI BbIHOCA JIMIIIEHbI PACTUTEIBHOCTU.
IMocne mpekpallieHUsI OCaIKOHAKOTUIEHUSI B TeUeHUe
HECKOJIbKHMX JIET Ha HUX TMOSIBJsIETCS JIyroBasi pacTu-
TeapHOCTh. [myorHa CTC Ha Takux ydacTKax JOCTUTa-
eT 2.5 M. Ha cMeXHBIX y9acTKax ITOMMEL pyd. YjaxaH-
TapbeIH nesTeTbHBIN 0 He TIpeBhIIIacT 1 M.
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Puc. 10. O61umit Bun neuiepsl, oOHapyxkeHHoii B impke E ncrounuka Yiaxan-TapbiH, (a) u jen B ee cteHke (0), 20.09.2011 1.

(cboto JI.A. Tarapuna).

IMosiBIeHMe pacTUTEILHOTO MOKPOBA Ha KOHYcaX
BbIHOCA M B TIPUYCThEBOM 4YacTU Pa3BUBAIOLIETOCS
OoBpara U3MeHsIET TeINIOOOMEH MeXX Iy aTMocdepoii u
TOPHBIMU MOPOJAMU, KaK IIPaBUJIO, B CTOPOHY OXJIa-
XKIeHus1 nociaenHux. Kak pesynbraT, cokpaliaercs
MOIITHOCTh JesATenbHOro cios. IloBepxHOCTh TaKux
YYaCTKOB HAYMHAET NOKPBIBATHCS BJIATOIIOOMBOIA
PacTUTEIbHOCTBIO: pa3HOTPpaBbeM, MBOBBIMU U Oepe-
30BBIMM KycTapHuKamu, a MomHocTs CTC cokpa-
maercs 10 2.0 M (puc. 96). B ctpoeHunu 60see npeB-
HUX KOHYCOB BBIHOCA, TIOMUMO MEeCKOB, Y4aCTBYIOT U
OPOOYKTHl WX BBIBETPUBAHUSI — ajeBpUTHL. Takue
OOBEKTHI MOKPBITHI €JI0BO-MTBOBO-0€PE30BEIMH OCO-
KOBBIMU accouuanusMu pacteHuii. Inmyouna CTC B
npenenax IpeBHUX KOHYCOB BLIHOCA COKPAIAETCsI 10
0.8—2.0 M (puc. 96). Ha ycTbe cTapbix 0aI0K pacTyT
0epe30BO-eJIbHUKN  3€JICHOMOIIIHbIe. MOIIIHOCTD
CTC 3necw 1.2—1.5 M (puc. 9B). Ha nocnenHeit cra-
IUU CYKIIECCUOHHOTO psiga Oepe3HSIKM U eJbHUKU
3aMelIaloTCs TMCTBEHHUYHUKAMU 3€JICHOMOIITHBIMU
C KOUKapHUKOM. [TomoGHEIe pacTUTENbLHEBIE aCCOLI-
Ay XapaKTepHBI IJIS THUIIA JOIWHBI pyd. YiaxaH-
TapbiH (MEIKOIOJIMHHBIN TUIT MeCTHOCTH). [71yOMHa
CTC 3nech coctasnuset 0.5—0.8 M (puc. 9r).

Takum oOpa3oM, M3MEHEHMS JaHAIIA(PTHBIX U
MEP3JIOTHO-TUAPOTe0J0TMIECKUX YCIOBU B JOJIMHE
py4. YnaxaH-TapbIH 3aTpyIHSIIOT YCIIOBUS PA3rpy3KU
MOO3€MHBIX BOI BIUIOTH IO MOJHOTO MPOMEP3aHUSI
BOHOBBIBOMSIIEI 30HBI 1 SIBJISIIOTCS OTHOI U3 IIpU-
YUH 3aTyXaHus1 TepMocyhHO3MOHHBIX ITPOLIECCOB Ha
oOecTaxckoit Teppace p. JIeHHI.

Brympennue gpaxmopuoi, cnocobcmeyroujue
3amyxanuiro mepmocypgosuu

B pesynbraTe pa3yrioTHEHMSI TOPHBIX IIOPOJ, IIpU
TepMOoCcy(d(OO3MOHHBIX IIPOIeccaX B CKIOHE OECTsIX-
CKoIi Teppachl p. JIeHa o0pa3yloTcst HOJa0CTH (TIele-

FEOBKOJIOIrvsd. UHXEHEPHAA T'EOJIOTUA. THAPOTEOJIOTUA. TEOKPUOJIOTUA  Ne 5

pbl) TIIyOMHOM B HECKOJBKO METPOB MNpH IIUPUHE
cBoza 1o 5 M [5, 6, 13]. Ouyaru pasrpy3Ku IIOI3eMHBIX
BOI MOTYT CMENIAaThCsS OT THEBHOU ITOBEPXHOCTU Y
MOTHOXMUSI CKJIOHA Teppachl BIJIyOb YITOMSIHYTBIX I1€-
mep [1, 13]. TlogoOHBIE SIBJIEHUST aBTOPHI HEOIHO-
KpaTHO HaOJI0Aalu B MOJOCTSIX, PACTIOJOXEHHbBIX B
ckinoHax nupkoB B m E. PomHuK B Temepe Takxke,
KaK 4 Ha IPYTMX y4acTKax pa3rpy3Ku MoA3€MHBIX BOJ
B JOJIMHE pyd. YiaxaH-TapblH, TIpeACTaBiIslI coOO0i
rpu¢oH (IceBIOBYIKAaH), U3 KOTOPOIO BOIHBIM I10-
TOKOM BBIHOCWJIMChH TT€CUaHble YacTUIIbl. Pyueit, nmu-
Tae€MbIil 3TUM POIHUKOM, pacTeKascs I10 Bceit Tio-
Laau Teepsl U BeITeKan u3 Hee (puc. 10). JHuiie
neuep ObUIO CJIOXEHO MEp3JIbIM IECKOM, OTTasiB-
IIUM CBepXy Ha NIYOUHY MEPBBIX CAHTUMETPOB TPU
B3aMMOAEHCTBUHU ¢ Bonoii. BOKOBbIE CTEHKU U KPOB-
JISl TOJIOCTEM HaXOIUJINUCh B MEP3JIOM COCTOSTHUU.
ITo dopme mycTOTHI HamoMuHaiu TPyObl [9, 22].
B mupke E B omHOI M3 Takux Tieuiep B 3aHEN ee
CTEHKE OBIII0O OOHApYKEHO JielssHOe Teyno (cM. puc. 10)
[6]. TTo ero mepuMeTpy MPUCYTCTBOBAIM OTAEIbHBIE
BKJIIOUEHMS Jiba B BUIIE KOPOK, Ha oOlIeM (oHe
MAaCCHBHOI KPHMOI€HHOM TeKCTyphl. IlosiBieHue B
CTEHKAaX IIellep MOHOJIUTHBIX JIEISTHBIX BKIIOYSHUIA
¥ KOPKOBOI1 KpUOT€HHOM TEKCTYPHI B MEP3JIOM ITecua-
HOM MAacCHBE€ MOXHO OOBSICHUTH CIICOYIOIINM OOpa-
3oM. Ilpu pacimmpeHMr MOJIOCTE HO KPUTUUYECKUX
pa3MepoB, KOIja CBOI HE BBIICPKMBAET BHIIIEIEKA-
e Harpy3kyd, HPOUCXOOUT OOpyIIEHUE MEpP3Ioi
kpoBmu MMBI. Ilpu npoBanooOpa3zoBaHUM Hapy-
IIAIOTCSI TUAPOAMHAMMUYECKME yCIOBUS (HaIpaBlie-
HHE M CKOPOCTbH IIOTOKA, €r0 Harop). 3aIloJTHUBIIHNIA
MOJIOCTh MEP3Jblil MeCYaHblii MACCHUB BBICTYNAET B
KadecTBe Oappaxa, IPeIsITCTBYIOIIETO CTOKY POIHU -
KOBBIX Bon. Bo Bpemsi oO0pyiieHMsI cBoIa B HEM o0pa-
3YIOTCS CEpIO0Opa3HOM (hOPMBI TOKAIBLHBIE ITyCTOTHI
U TPEIIUHbI, KOTOPhIE I10J HAalIOPOM MEKMEpP3JIOT-
HBIX BOJI 3aIIOJIHSIOTCS U 3aMep3alorT [6, 14].
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VXynueHue yCIoBUiA pas3rpy3Kud MPUBOIUT K JIO-
KaJIM3allM1 KaHaJIOB CTOKA 1 YMEHbBIICHUIO pacxoaa
py4Ybsl Ha BEIXOJIe U3 neniepbl. [10m00HEbIe IIPOLIECCHI,
0COOEHHO B XOJIOMHBIE U MAJIOCHEXKHBIE 3UMBbI, CIIO-
COOCTBYIOT IEpEeMeP3aHUIO 30HbI PAa3rPy3KHU MOA3EM-
HBIX BOJI 4, KaK CJICACTBUE, U30JIMPOBAHUIO 00/1aCTU
BBIHOCA MECYAHOTO MaTepraia U 3aTyXaHUIO TepPMO-
cydbdo3un. YeyryoaseT mogoOHbIN X0 COOBITHI 00-
pa3oBaHue HajJeau HaJl pOAJHUKOM 1 B THUIIIEC IUPKA.
OHa BBICTYIIAeT B POJIM JTOMOJTHUTEIBHOIO Gapbepa,
MPEISITCTBYIOLIETO TTOBEPXHOCTHOMY CTOKY. CTOUT
OTMETUTh, YTO 3TO JIMIIb NPEAIOI0KECHUS BO3MOXK-
HBIX TIPUYWH 3aTyXaHUS Ipoliecca TepMocyhPo3nn.

B kauecTBe KOCBEHHOro n0Ka3aTelbCTBa TOTO,
4YTO 3aTyXaHue TepmMocyPdo3mu CBI3aHO C U3MEHUM -
BOCTbIO TUIPOAMHAMUYECKUX U TeOTEPMUUYECKUX
ycioBuit B MMBI 1 ero KpoBJie ciyxXaT MHTepIIpe-
TUPYEMbIE MEP3JIOTHO-TUAPOre0J0rMYecKue paspe-
3bl, IOCTPOEHHBIE HA OCHOBE T€03JIEKTPUYECKUX MO~
JIEH U 3aBepeHHbIEC NTaHHBIMU OYPOBBIX padoT. [ 1you-
Ha 3ameranus kpoBan MMBI B paiione crapoit
OaJIK1 He BhIAEpKaHa 1o pa3pe3y U u3ameHsiercs ot 10
110 30 M (cM. puc. 5). DTO CBUIETEILCTBYET 00 M3MEH-
YUBOCTH MEP3JIOTHO-TUAPOTeOJOTUYECKUX YCIOBUIA
B OTHOCUTEJIBHO HeIaBHEM IPOIIIoM [6, 14]. Beine-
JIeHHbIE Ha pa3pe3e ydyacTKu ¢ Haubojiee TOHKUM
ciioeM MMII (cm. puc. 6) XxapaKTepHu3yIOT 30HBI MO-
TEHLUAJILHOTO pa3BUTUS  TepMocy(dPdO31MOHHOTrO
pa3yIuIoTHEeHUsI TOpHBLIX mopox [5, 13]. Jlokanuso-
BaHHasl aHaJIOTWUYHasi 00JIaCTh Ha y4acTKe NMpoduist
230—300 M, BEepOsITHO, CBUICTEIBCTBYET O COBpE-
MEHHOM TMepeMep3aHuu paHee CKOHIIEHTPUPOBaH-
HBIX 30H OI3eMHOTO cToKa. [To reosnekTpruyeckoMy
pas3pe3sy, 3aJaHHOMY BIOJIb OCU Oajiku (cM. puc. 7),
TaK>e HalpalluBaeTCcsl BBIBOI O COBPEMEHHOM Tepe-
Mep3aHMU HEeKOr/a CyIIeCTBOBAaBIIMX 0bJiacTeld Mo -
TMMOBEPXHOCTHOTIO CTOKA. [1o aHaJIorum ¢ 3TalHOCThHIO
pa3BuTusa TepMocybddo3umn [6], Mo Mepe BBIHOCA
MEXMEP3JTOTHBIMU MOA3€MHBIMU BOJAMU TTeCUaHbIX
YacTHUIL, COMTPOBOXIAIOIIETOCS 00pa30BaHUEM U pas3-
BUTHUEM TIPOBAJIbHBIX (hOopM penbeda, obaacTb pas-
IPY3KM CMelllaeTcs B M3rojioBbe oBpara. O6 sTom
CBUIETEJIBCTBYET 30HA ITOCTENIEHHO YMEHbBIIAIOIINX~
cst 3HaveHnt YOC Ha npodwuiie 2 (CM. puc. 7) Ha 11~
kerax oT 370 go 160 M Ha miyouHe ot 20 1o 30 Mm.
MpbI npennosaraeM, 4To Ha 3TOM Yy4acTKe B HACTOSIIIIEe
BpeMsI IPOUCXOIUT MPOMEP3aHe paHee CyIIeCTBOBAB-
1LIETO MEXMEP3JIOTHOTO BOIOHOCHOTO TATMKA.

Ha yBenmueHue CypoOBOCTHM MEP3JIOTHBIX YCJIO-
BUI, IO CPAaBHEHUIO C OKPYXalollleil TeppuTOpurei,
YKa3bIBAIOT U JaHAamadTHbIe NpU3HAKKU (JIMCTBEH-
HUYHUK 3eJICHOMOIIHEIN ¢ KOUKapHUKOM). [1penmno-
JlaraeTcsi, 4YTO B MEPUOJ, CYLIECTBOBAHUS POOHUKA B
3TOM MeCTe, KOIla IUI0O pa3BUTUE TepMOLMpPKa
(oBpara), MexXMeP3JIOTHBI BOOZOHOCHBII TAJIMK pac-
MPOCTPAHSJICI B HAIlpaBJIeHUU IIOMMBbI OO TIHMKETa
240—370 M ipodus (cM. puc. 7). JJOomOJTHUTEIbHBIM
MOATBEPKACHUEM 3TOMY SBJISIETCSI TIECYAHBIA XOIM-
OCTaHell Ha JHEe 0aJIK1, PacIlOJIOXKEHHBIN B HECKOIb-
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KMX JeCSTKax METPOB OT ITOMMBI pyd. YiIaxaH-TapbIH
(BbIcOTa 10 2 M, tuameTp ~ 10 m). Ha BepinHe xoima
M €T0 CKJIOHAX IIPOU3PACTAIOT COCHOBBIE ICPEBbSI BbI-
coToM 10 12 M. DTO KOCBEHHO CBUIETEIBCTBYET O 00-
Jiee IIyOOKOM CE30HHOM €ro IMpoTauBaHUU B OTJIM-
yye OT OKPYKalollleil TeppUTOPUM, Ilie IIpou3pacra-
IOT peoKue JMCTBEHHUIIBI, a IIOBEPXHOCTH CILUIOIIb
MOKpHITa KoUuKapHUKOM. ITomoOGHOTO ponga ocTaHIIbI
BCTPEYAIOTCSI B 30HAX COBPEMEHHOI pa3rpy3Ku MO -
3eMHBIX Boa B nupkax. [1o reHe3ncy oHu SBIISIIOTCS
OTIOJIZHSIMM, KOTOpBbIe (POPMUPYIOTCS Ha CKIIOHE Oec-
TSIXCKOU Teppachl p. JleHa m3-3a cy(do3mOHHOIrO
pa3yIUIOTHEHMSI TOPHBIX IIOPOI.

Takum 006pa3oM, ITpeKkpallleHue pa3rpy3Ku Moa3eM-
HBIX BOI B pe3ysibTate oopyiieHus kpomu MMBI B
TEPMOLIMPKE MPUBOIUT K 3aTPYIHEHUIO (DMIIBTpALIUU
MOA3EMHBIX BOJI, YMEHBIIICHUIO 1eOUTa POIHUKA U CTIO-
COOCTBYET MPOMEP3AHUIO BOJOBBIBOISILICH 30HbBI MO~
poI B TanbBere oBpara. M3ommpoBaHue 001acT BhI-
Hoca MecYyaHOro maTrepuajga Mep3jibIMU MOopoaaMu
MPUBOAUT K 3aTyXaHUIO TepMOCyH(HO3ZMOHHBIX IPO-
neccoB. IIpm 3TOM He HMCKIIOJYaeTcsl oOpa3oBaHUE
HOBBIX BBIXOIOB MOA3€MHBIX BOM Ha yIaJeHUU OT
MMPOMeP3IIIEii 30HHI.

BbIBO/1bI

PasymiorHeHrEe TOPHBIX IIOPO B pe3yJIbTaTe Tep-
Mocyddo3umn 3HAUMTEIBHO M3MEHSIET peibed 3eM-
HOIi MOBEPXHOCTU U, KaK CJIENCTBUE, TpaHC(HOPMU-
pyer obnuk nanamagTa. OO6pa3oBaHUE TPEIIUH B
IIeCYaHOM MAaCCUBE, HapyllIeHUEe PaCTUTEJILHOIO I10-
KpOBa, MOSIBJICHUE JIOKAIbHBIX JCMpecCcCUil oBepX-
HOCTHU CIIOCOOCTBYIOT YBEJIMYCHUIO TTyOMHBI CE30H-
HOTIO IIPOTauMBaHUS, ITOBBIIICHUIO CPEIHErOI0BOM
TeMIIepaTypbl TOPHBIX MOPOJI, YBEJINYESHUIO BJIaro3a-
I1aCOB B AeSITEJIbHOM CJIO€. 3HAYMTEIbHAsI YaCTh COC-
HOBOTO PEAKOJIEChs, M3-3a IPOCaI0K peabeda, Iorm-
OaeT. YBeiuueHue AuaMeTpa U TITyOUHBI TepMoCyd-
(bO3MOHHBIX BOPOHOK IIPMUBOIUT K Pa3BUTHUIO OBpara,
B Ipelienax KOTOPOro TeMrepaTypHO-BIaXKHOCTHBIN
PEXUM TOPHBIX TTOPOJ, CYILIECTBEHHO OTJIUYAETCS OT
coIlpenenbHON TeppuTopun. Pasrpy3ka mom3eMHBIX
BOJI C TOCTOSIHHOI TeMIlepaTypoii, B TeueHHue roga
6m3koii K 0°C, Ha gHe oBpara co3gaeT U30bLITOYHOE
YBJIaXKHEHME M HU3KYIO aMIUIMTYAYy KOJIeOaHWil TeM-
repaTypbl TOPHBIX IMMOPOI AESITEILHOIO cios. B xome
9BOJIIOLIMM OBpara, Mpu IMpeKpalleHUu OcaaKOoHa-
KOIUIEHMSI, HAYMHACTCSI CYKIIECCHSI paCTUTEILHOCTH.
OroJjieHHas1 TOBEPXHOCTh TOPHBIX ITIOPOJ CHAaYaja 3a-
pacTtaeT TpaBSIHUCTOI, TPaBIHUCTO-KYCTapHUKOBOIA
pacTUTeIbHOCThIO. IlocTerleHHO Ha YBIIAXKHEHHBIX
MOYBax ITOSIBNISTIOTCST Oepe3HsIKU, UBHIKU. [Ipu mo-
CTUXXEHUU Oepe30BO-TaJbHUKOBOI TI'PYIIUPOBKU
3peJoro BO3pacTa OHa BBITECHSICTCS EJILHUKOM U
JucTBeHHMYHUKOM. Ha »2Toif cramgum pa3BUTUS
JaHamadTa odpa3yeTcsi MOXOBOU MOKPOB, CITOCO0-
CTBYIOIIUIA YMEHBIIEHUIO MOIIHOCTH OESITEILHOIO
CJIOSI M TIOHUXKEHUIO TEMIIEpATyphbl TOPHBIX ITIOPO HA
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ero mopoliBe. 3aBepiaiomnias ¢a3a CyKIIECCUM Xa-
pakTepu3yeTcs yBeJIUYCHHUEM KOJMYEeCTBa JIMCTBEH-
HMYHOTO Jieca C TAJIbHUKOBBIM IOAJIeCKOM. B 1enom
Takoe pa3BUTHE JaHAmadTa CONPOBOXIAETCS II0-
CTEIIEHHBIM M3MEHEHMEM T€OKPMOJOTUYEeCKOil 00-
CTAaHOBKHU BIUIOTh OO arpagalyyd MEp3JIOThl B BOIO-
BBIBOJISIIIEI 30HE.

Tem He MeHee JIMIIb BHENIHEro paKTopa MOXKET
OBITH HEJIOCTATOYHO JJIST IPOMEp3aHUsI 00JIacTH pa3-
I'PY3KHU NMOA3eMHbBIX BoA. [IpiMepoM ToMYy cityzKaT co-
BpeMEHHBIe KPYIIHEIE TPYMNIIEI ICTOYHUKOB B TEPMO-
cy(hDO3MOHHBIX TUPKaX. biaarompusTHele yCIOBHS
JIJIS IpOMep3aHUsl BOTOBBIBOISIIEH 30HBI CO3IAI0OTCS
nocje GOpMUPOBaHUS ITOA3EMHOI ITOJIOCTU U 00pY-
meHus ee mepanoit Kpowiam. IlepexpreiTie myTeit
MOJA3EMHOT0 CTOKAa CITOCOOCTBYET BOCCTAHOBJICHUIO
MEP3JI0Thl BHYTPU MAaCCHBa TOPHBIX IIOPO, U U301~
POBAHMIO 30HBI BBIHOCA MOPOMI, Pa3pyIlIeHHBIX TeP-
Mocyddosueii [13]. B cBolo ouepenb, COBOKYITHOCTh
BHYTPEHHUX (3aTpyOHEHNE BOJOOOMEHA) M BHEIITHUX
(CyKliecCUM PacTUTEIbHBIX COOOIIECTB) (pakKTOPOB
SIBJISIETCSI IPUUMHON 3aTyxaHUsI TepMocy(pdO3MOH-
HEBIX IIPOIIECCOB Ha OeCTSIXCKOI Teppace p. JIeHHI.

Ilonegvie ceomepmuueckue, eeogpusuueckue u AaHo-
wagmmuvie uccaedosaHus 8bINOAHEHbL 8 PAMKaAxX 6a3080-
2o npoekma HUOKTP Ne122012400106-7. lewugppu-
poganue a’popomocHUMKO8, u3yueHue CyKueccui u
KOMWACKCHbBLI AQHAAU3 PE3YAbIMAMO8 NOAEBbIX UCCAe)0-
BaHULl 6bINOAHEHbl npu noddepircke epanma PH®D u
Sxymckoeo nayunoeo ghonda No 22-17-20040. Unmep-
npemayus 2eo0pu3U4ecKuUxX OAHHbIX 8bINOAHEHA NPU NOO0-
depocke npoexma Ilpoepammol hyHoamenmanvhbvlX Ha-
VuHbix uccredosanuii FWZZ- 2022-0024.

CIIMCOK JIMTEPATYPbI

1. Anucumosa H.II. dopmupoBaHue XUMHUYECKOIO CO-
CcTaBa IOA3EMHBIX BOJI TaJIMKOB (Ha mpumepe lLleH-
TpanbHoit Axkyrum). M.: Hayka, 1971. 196 c.

2. boiiyos A. B. 'eokpuroiorus 1 Ioa3eMHBIEC BOIIBI KPHO-
nuTto30Hbl. Tromenb: TioMI'HI'Y, 2011. 178 c.

3. Bapaamos C.I1., Cxaukoe IO.b., Ckpsoun I1. H. Temne-
paTypHBII PEXXUM IPYHTOB MEP3JIOTHBIX JJaHIIIA(hTOB
LentpanbHoii SIkytuu. SAxyrck: UM CO PAH, 2002.
218 c.

4. laeapun J1.A. OeHKa COBpeMEHHBIX YCIIOBUM (hOpMU-
poBaHUsSl cy0aspajbHBLIX TadukoB B lleHTpaibHOI
Sxytum // Matep. Becepoc. coB. 110 mog3eMHbIM Boiam
Bocroka Poccuu. Axyrck: UM3 CO PAH, 2015.
C. 76—80.

5. laecapun J1.A., baxcun K.II., Onenuenxo B.B., Ozone-
poe B.B., By I[unbaii. BeisiBIeHUE y94aCTKOB IIOTEHLIM -
aJTbHOTO  TepMOCy(h(dO3MOHHOTO  Pa3yIIOTHEHUS
TPYHTOB BIOJIb (benepaibHoit aBTomoporu A-360 “Jle-
Ha” B lenTtpanbHoii Axkytuu // Kpuochepa 3emin.
2019. Ne 3 (23). C. 61—68.

6. lTacapun JI.A., Cemepna A.A., Jlebedesa JI.C. OueHka
TepMocyddO3MOHHBIX IIpolieccoB B lleHTpambHOI
SIkyTun Ha mpuMepe ydacTka YiaxaH-TapeiH // [eo-
skosorus. 2016. Ne 3. C. 252—-262.

TEOBKOJIOTUA. MHXEHEPHAA T'EOJIOTUA. TUAPOTEOJIOI'MA. TEOKPUOJTIOTUA  Ne 5

7.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

lananun A.A., Ilaerosa M.P., Illanownukoe I' Y., JToim-
xun B.M. TykynaHbl: iecyaHble MyCThIHU SIKyTuu //
IMpupoma. 2016. Ne 11. C. 44—55.

. Epumos A.U. Hezamep3aarolliuii IpecHbIi UCTOYHUK

Vnaxan-Tapsin B LlenTpansHoit Axytuu // Uccneno-
BaHME BEYHOI Mep3J0Thl B SIKyTCKON pecmyOyuKe.
1952. Ne 3. C. 60—105.

Heanoe M.C. KpruoreHHO€ CTpOCHHE YETBEPTUUHBIX
oTioxeHuil JleHo-AnmaHckoil BnaguHbl. HoBocu-
oupck: Hayka, 1984. 126 c.

Kamanemournoe B.A. Penbed 110KOJISI U CTPOSHUE YET-
BEpPTUYHOTO TOKpoBa JIeHO-AMIMHCKOTO MeEXIype-
ybs // Teonorust Kaitnozos Axyrtuu. Axyrck: AP CO
AH CCCP, 1982. C. 94—103.

Konecnukos A.b. BiusiHue coBpeMeHHBIX ITapaMeTpPOB
KJIMMaTa Ha YCJIOBUS MHGMWIBTPALIMOHHOTO MUTAHUS
BOJOHOCHBIX TaJMKOB LleHTpanbHoil SAkyTtuun // Ma-
Tep. Bcepoc. coB. mo mom3eMHBIM BomgaM Bocrtoka
Poccuu. SAxkyrck: UM3 CO PAH, 2015. C. 114—117.

Jovmkuna JI1.11., Muponosa C. H. TlocnenoxapHasi CyK-
eccusl B Jiecax KpHOJIUTO30HBI (Ha mpumepe LleH-
TpanbHoOM AkyTnn) // Dkomorus. 2009. Ne 3. C. 168—
173.

Onenuenxo B.B., Taeapun JI.A., Xpucmogopos H.HU.,
Konecnukos A.b., Eppemos B.C. CTtpoeHme ydacTkKa
pa3BuTus TepMocydOPO3MOHHBIX TTPOLIECCOB B Mpee-
nmax bectsaxckoit Teppacel peku JIeHbI o reopusnde-
ckuM naHHbIM // Kpuocdepa 3emun. 2017. Ne 5 (21).
C. 16-26.

ITasnosa H.A., Konrechuxoe A.B., E¢ppemos B.C., Illene-
neé B.B. XumMudeckuili cocTaB ITOA3E€MHEIX BOI MEX-
MEp3JIOTHBIX TaJukoB B LleHtpanbHoit Skytnu //
Bonnsbie pecypcnl. 2016. Ne 2 (43). C. 216—227.

Ilpaskun C.A., boavwusanos /1. 1O., Ilomopyes O.A., Ca-
geavesa JI.A. u dp. Penbed, ctpoeHne U BO3pacT 4eT-
BEPTUYHBIX OTJIOXKEHU I NOIUHBI p. JIeHbl B SIKyTCKO#
nanyunHe // BectHuk CII6IY. 2018. No 2 (63).
C. 209-229.

Pymsnuyes E.A. HanenHblit mpoliecc U siBJIeHUE 3UM-
Heli HattopHoii cyddo3un // Tp. XabapoBCKOro nH-Ta
WHXEHEPOB XX/ TpaHcmopTa. 1966. (21). C. 4—15.

Cemepusa A.A., lacapun J1.A., baxcun K. U. Tunporeo-
JIOTMYECKHE OCOOEHHOCTH y4acTKa pacrpoCTpaHeHUsI
MEXMEP3JIOTHOTO BOJOHOCHOTO KOMITJIEKCa B paiioHe
ucrounuka Eproto (LenrpanbHast Skytus) // Kpuo-
cdepa 3emun. 2018. Ne 2 (XXII). C. 29—38.

Tumoghees II.A., Hcaee A.Il., Illepbaxos H.Il. Jleca
cpenHeTaexxHoi mon3oHb! SAkyTun. Skyrck: AHIL CO
PAH, 1994. 140 c.

Dedopos A. H. Meps3notHbie nanamadTsl AKyTuu: me-
TOIMKA BBIICICHUS U BOIIPOCHI KapTorpabupoBaHus.
Axyrck: UM3 CO PAH, 1991. 140 c.

Ilendep H.U., boiiyos A.B., Temeavoaym A.C. Dopmu-
pPOBaHUE TAIMKOB U BBICOKOTEMIIEPATYPHBIX MEP3JIBIX
IOpoI B YCIOBUSX LIeHTpajabHOU SAKkyrun // Matep.
nepBoil KoHdepeHuu reokpuosioroB Poccun. M.:
W3zn-Bo MTI'Y, 1996. K#. 1. Y. 3. C. 525—-537.

Illenenee B.B. OueHka 3po3UMOHHO-CYy(HHO3MOHHOMN
nesTeIbHOCTU UCTOYHUKOB LleHTpanbHoit SAkyTuu //
M3Bectust By3os: Ieosorust u passenka. 1972. (9).
C. 88—92.

2023



O MPUYNHAX 3ATYXAHHWA TEPMOCYDODPO3MOHHDLIX ITPOLIECCOB 41

22. Illenenes B.B., boiiyoe A.B., Obepman H.I., [lemuen-

23.

k0o M.D. u dp. MOHUTOPUHT MOJA3EMHbBIX BOI KPUOJIU -
to30HHI. AAkyTck: M3 CO PAH, 2002. 172 c.

Illlecmaxosa A.A. KaprorpadpupoBanue Mep3JIOTHBIX
JIaHAA(TOB C YYETOM CYKLECCHUil pacTUTEIbHOCTH
(Ha mpumepe JleHo-AngaHcKoro wmexaypeubsi) //
CepreeBckue ureHUs1. Pojib MHXXEHEpHOM Te0JIOTUU U
W3BICKAaHUM Ha TIPEANMPOCKTHBIX 3Talax CTPOUTEIb-

24.

25.

HOTO oOcBoeHus Ttepputopuii. M.: PYIOH, 2012.
C. 153—158.

Czudek T., Demek J. Thermokarst in Siberia and Its In-
fluence on the Development of Lowland Relief // Qua-
ternary Research. 1970. Ne 1 (1). C. 103—120.

Embleton C., Thornes J.B. Process in geomorphology.
New York: Wiley, 1979. 436 c.

CAUSES OF THERMAL SUFFOSION ATTENUATION ON THE BESTYAKH

TERRACE OF THE LENA RIVER, CENTRAL YAKUTIA
L. A. Gagarin“*, V. V. Olenchenko®#*, and N. A. Pavlova“

“Melnikov Permafrost Institute, Siberian Branch, Russian Academy of Sciences,
Merzlotnaya ul., 36, Yakutsk, 677010 Russia

bTrofimuk Institute of Petroleum Geology and Geophysics, Siberian Branch, Russian Academy of Sciences,
pr. akad. Koptyuga 3, Novosibirsk, 630090 Russia

*# E-mail: gagarinla@gmail.com
#* E_mail: olenchenkovv@yandex.ru

This paper presents the results of thermal suffosion study in the Ulakhan-Taryn Creek valley, Central Yakutia,
where intrapermafrost groundwater is discharged. Interpretation of satellite images and analysis of field data
from landscape surveys, electrical resistivity tomography studies and ground temperature observations were
used to determine the factors contributing to the attenuation of thermal suffosion in sandy deposits of the IV
(Bestyakh) terrace of the Lena River. Successional stages of revegetation in the accumulation zones of sands
washed off by subsurface flow were examined. Vegetation succession was found to modify geocryological
conditions in the groundwater discharge area, sometimes leading to its complete freezing. Conditions favor-
able both for permafrost aggradation and degradation may develop, depending on the landscape type.
Ground temperature data indicate that the active layer thickness in sands at a thermal suffosion site covered
by sparse pine forest is 3.5 m, while the mean annual permafrost temperature at the depth of zero annual am-
plitude is —0.2°C. In 2014, a subaerial talik began to form at this site, the bottom of which lowered from 3.5 m
down to 6.0 m. At a larch site with tussocks, the active layer thickness is within 0.5—0.8 m and the mean an-
nual permafrost temperature is about —2.0°C. An ERT survey provided information on the current perma-
frost and groundwater conditions, where groundwater discharge has ceased. A scenario is proposed describing
the changes in the discharge area caused by permafrost disturbance above an aquifer. Formation of an under-
ground cavity and collapse of the overlying permafrost layer resulting in characteristic depressions and sink-
holes at the surface promote ground freezing in the discharge zone. Mechanical blocking the flow paths re-
duces the flow velocity promoting the restoration of permafrost and cutting off the area of soil removal by
thermal suffosion. Further on, this attenuates the thermal suffosion. Its active phase can shift spatially due to
thawing the pore ice in the permafrost in contact with the confined aquifer, widening soil voids and forming
new flow pathways. Thus, attenuation of thermal suffosion on the Bestyakh Terrace of the Lena River results
from the combination of internal (impeded flow) and external (vegetation succession) factors.

Keywords: thermal suffosion, intrapermafrost groundwater, suprapermafiost groundwater, talik, permafrost, suc-
cession, electrical resistivity tomography
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