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Ha ocHoBe koMIIeKCHOTO U3yuyeHus KaMeHHoro riietyepa [oponenkoro B 3amnuiickom Asatay (TsiHb-
[Tanp) MeTomamu aseKTpoTOMOTrpaduu 1 reopagiioIOKaIuY, rFe0TEPMIUYECKOTO MOHUTOPUHTA W aHAJIU3A OT-
HOIIEHWMH CTaGUIbHBIX M30TONOB CTOKA YCTAHOBJEHO, YTO €ro HauboJiee aKTHBHbIE TeHepPAIlMH HAXOAATCS B
TAJIOM COCTOSIHUM U IIPAKTUYECKU HE COZIePKAT TPYHTOBBIX JIb/IOB. AKTUBHbIE FeHepallui KAMEHHOTO TJieTyepa
Topozenkoro 06paszoBaHbl cMeChbio rpy6000J10MOYHOT0 MaTepuaa, GJI0KOB MeTaMOP(UYECKHX JbA0B M TUKCO-
TPOITHOTO CYIECYaHO-CYTIIMHUCTOTO 3aMOJHUTEINsE. TOHKOIMCIIEPCHBIN KOMITOHEHT MOCTYIIAET B PE3yJbTaTe
MHOUIBTPAIIMY JIEJIHUKOBOTO CTOKA Y HAKAIJIMBAETCS B TI0PAX U IYCTOTAX KAMEHHOTO IJIETYEPa, IPUBOJIS K
MOCTENIEHHOMY M3MEHEHHIO er0 (GU3MYeCcKuX CBOHCTB (0OBEMHON MIIOTHOCTH, TIACTUYHOCTH). [[MHAMUKA 1O~
JOOHBIX KAMEHHBIX TJIETUEPOB He MOAUMHSIETCS 3aKOHY BS3KOTO HBIOTOHOBCKOTO TeueHust JIx. [eHa, a conep-
JKaHUe TPYHTOBOTO Jib/Ia He OKAa3bIBAET CYIIECTBEHHOTO BJIUSHUS HA TIPOUCXOAIINE B HUX Jedopmalin. Peo-
JIOTHSE 3TUX 00Pa30BaHUil MOKET ObITh OIMCAHA 3AKOHAMU MOBEIEHUS NICEBOIIACTUYECKUX (HEHBIOTOHOBCKIX )
SKUIKOCTEN ¥ TUKCOTPOIHBIX cucTeM. 110 IaHHbIM JIMXEHOMETPUU U TECTA OCTATOYHOM IIPOYHOCTH YCTAHOBJIEHbBI
YeThIPe Pa3HOBO3PACTHBIE TeHEPAIH KaMeHHOTo TiietTdepa ['opozerrkoro. OHM XOPOIIO KOPPEIUPYIOT C 3MU30-
JaMU OCHMILISIIUK TOPHBIX JieAHUKOB CeBepHoro Tsub-Illanst B no3anem roJiorieHe n cBUAETENbCTBYIOT O
JKECTKOM MCTOPUKO-TEHETUYECKOH CBI3U MEXKJLY JIEIHUKAMK M KAMEHHBIMY IJI€TYEPAMU.

Kamennvie enemuepot, snexmpomomozpadus, 20paduoiokayust, TUxXeHoMempus, mecm 0cmamouHot npoy-
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A comprehensive study based on electrical resistivity tomography and GPR methods, geothermal monitor-
ing and the stable isotopes analysis of glacial runoff has found that the most active frontal parts of Gorodetsky
rock glacier in Northern Tien Shan are thawed and substantially free of ground ice. Fast moving frontal parts of
Gorodetsky rock glacier are composed by a mixture of coarsely fragmented debris, cores of metamorphosed ice
and thixotropic sand- and clay-loamy filler. The fine-graded component results from the glacial runoff infiltration
and accumulates in the pores and voids of rock glacier, leading to a gradual change in its physical properties
(volume density, plasticity). Dynamics of such rock glaciers does not obey Glen’s law for viscous flow, while the
presence of ground ice does not exert any significant effect on their inner deformations and velocities. Rheology
of such landforms can probably be modelled according to the behavior of pseudoplastic (non-Newtonian) fluids
and thixotropic systems. The lichenometry and Schmidt Hammer Test data provided a basis for establishing
four different age generations of rock glaciers. These generations correlate well with the Late Holocene oscilla-
tions of mountain glaciers in the Northern Tien Shan, which bears clear evidence of strong historical and ge-
netic relationships between common glaciers and rock glaciers.

Rock glaciers, electrical resistivity tomography, ground penetrating radar, lichenometry, Schmidt Hammer
Test, glacial mudflow, alpine permafrost, Tien-Shan, Central Asia, Glen’s law
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BbICOKO/IMHAMWUYHDBIE KAMEHHDIE IJIETYEPDBI TAHb-IIIAHA

BBEJIEHUE

Kamennsrii raetruep ['opomernikoro — oguH u3
HanboJiee KPYIMHbIX U3Y4eHHBIX TiieT4epoB CeBepHO-
ro Tsup-1Tans (cM. pucyHok Ha 007105kKe). OH pac-
MMOJIOXKEH B UCTOKax p. boJi. AjiMaaTUHKa B OCEBOM
yacTy Xp. Janauiickuii Ajatay B UHTEPBaJie BbICOT
3140-3450 m Hax ypoBHeM MOpst (H.y.M.) 1 UMeeT
IJIMHY 0K0JIo 3.5 kM. B obiactu nuranus riaerdepa
HaXOUTCS HECKOJIbKO MHTEHCUBHO COKPATAIONTIXCS
KapOBBIX JIEHUKOB, B TOM Ylcjie HauboJiee KPYmHbII
OIHOMMEHHBIH JieiHUK [opoenkoro.

PasinuHble acmeKThl CTPOEHMST, MOP(OJTOTUH 1
IUHAMUKHW KaMeHHOTO riietdepa [opozenkoro u a1py-
rux MoJ00HBIX 0Opa3oBAHUI PeroHa 00CYKAAIUCH
Ha [POTsiZKeHre OoJiee MoJyBeKa U MOCIY KU OCHO-
BOM 1719 pa3BUTUA OT€YECTBEHHON HAYYHON IIIKOJIBI O
KaMeHHBIX TieTdepax [Heeponosa, 1950; [lanveos,
1957; I'nasosckuit, 1977; Topbynos, Tumxos, 1989;
Topbynos, Cesepcruit, 2000; Mapuenxo, 2003; Top6y-
noe, 2006, 2008; Gorbunov et al., 1992].

BwMmecTe ¢ TeM 4nCII0 0TeUeCTBEHHBIX UCCIIeI0Ba-
HUIl KaMeHHBIX ryieTyepoB Poccum u Tepputopun
CHT xpaiine HEBEJIMKO TI0 CPABHEHUIO C EBPOIIENICKU-
MU CTpaHaM¥ U AMEPUKAHCKUM KOHTUuHeHTOM [l ana-
nun, 2010; Barsch, 1996; Haeberli et al., 2006], a uH-
cTpyMeHTajIbHas Gaza ocTaercs Ha yposHe 1960—
1970-x rr. [Topbynos, 2006, 2008; Iaranum, 2009].

HoBast BostHa nHTEpeca K KAMEHHBIM TJIETYEPaM
B XXI B. oT4acTH CBsI3aHa C X criennprUecKoil peak-
[[1el Ha TPOMCXOISAIIHE [I00aIbHbIE KJIMMATHIECKITe
uaMeHenus. Ha (pore MHTEHCMBHOTO COKpAIleHUS
JIEMHUKOB MHOTHE KaMeHHBIE TJIeTYePHI BBIPOCTH B
pasMepax M aKTUBHO HaCTymawoT [[1asosckuil, 1977;
Mapuenxo, 2003; Bunecos u 0p., 2006; Taranun, 2009].
MexaHuU3Mbl aKTUBU3AIUY ABUKEHUS] KaMEHHBIX
rJIETYEPOB BO MHOTOM TIPOTUBOPEYAT MIPEICTABIEHH-
sIM 00 WX CTPOEHUU ¥ PEOJIOTHH, CIOKUBIIUMCS B
MIEPBOIA TIOJIOBUHE ITPOIILIIOTO BEKa.

B 1998 r. Mexaynapoauolt acconuaiuei mo
mepaanorosenennio (IPA) ObLia yTBep:KIeHa HayYHast
mporpamma “Permafrost Creep and Rock Glacier
Dynamics” nmon pykosozctsoM B. Xeiibepuu
(W. Haeberli). Ee ocHoBHOII Hebio 66110 060011€-
HUE U TI0IBE/IEeHUE NTOTOB M3y4eHNsT KAMEHHBIX TJIET-
4epoB BO BTOPOI mosioBruHe XX B. B omybinkoBan-
oM oruere B. Xeiibepiiu ¢ KojieraMu IpUILIN K 3a-
KJIIOUEeHHUIO, YTO HECMOTPSI Ha OIPOMHBIA 00beM
HAKOIJIEHHbIX (PaKTUUYECKUX JAHHBIX, “...MbI €llle
BecbMa JIaJIeKU OT CO3/[aHus yHU(DUIIMPOBAHHOU (hu-
3UYeCcKOl MOJIeJid, ONUCHIBaoINlei fedhopMannu u
JIBUCKEHVEe KAMEHHBIX IJIETYEPOB B PA3HbIX TeMIlepa-
Typubix yenosusix” | Haeberli et al., 2006, p. 203].

B 2012-2014 rr. aBTOpaMu GbLI M3y4YeH KaMeH-
uoiit Tietyep [oponerikoro B CeBeprom Tsnb-Illane
[[ananumn u dp., 2015] ¢ ucrnosb3oBaHUEM KOMILIEKCA
COBPEMEHHBIX TEXHOJIOTHI: 30HINPOBAHIE METOIAMM
asnekTporomorpaduu (IT) u reopaguosokanuu
(I'PJI); MOHUTOPUHT TeMIlepaTypbl CTOKA TJieTyepa

ABTOMATUYECKUMHU T€OTEPMUYECKUMHU JIOTTEPAMMU;
aHaJIM3 U30TOIIHOIO COCTaBa CTOKA U MCKOIIAeMbIX
JIBJIOB; MapLIPyTHOE U JIUCTAaHIIMOHHOE KapTorpadu-
poOBaHMe€ C UCITOJIb30OBaHUEM CITYTHUKOBbBIX CHUMKOB
1 G PpOBBIX MoJIeiel pesibeda; n3yvyeHne ecTecTBeH-
HbIX O6Ha}K6HI/IIL/,I B CTE€HKaX TEPMOIPO3MOHHBIX IIPO-
ca/lok U 0OPBIBOB; OIEHKA OTHOCUTEIHHOTO U abco-
JIIOTHOTO BO3pacTa Ha OCHOBE JINXEHOMETPUU U TeCTa
OCTaTOYHOU ITPOYHOCTH.

PE3YJbTATBI MFHCTPYMEHTAJIbHBIX
HCCJIEJIOBAHUIT KAMEHHOTO IJIETUEPA
TOPOJAELIIKOIO B 2013-2014 rr.

CxeMa KaMeHHOTO rieTdyepa ['oposenKkoro, Bbi-
MOJTHEHHAS Ha OCHOBE JIeMn(pUpoBaHUs KOCMHUYEC-
KUX CHUMKOB U TOJIEBOTO 0OCIe/I0BAHUS, TPUBEIEHA
Ha puc. 1.

I'eodusuyeckue ucciegOBaHUA KAMEHHOTO
rieryepa [opoJIeIIKoro BBITOTHSIUCH 110 BCEM TMPO-
ussam metogamu T u I'PJI ogroBpemenno. [Ipodu-
JIM 30HAUPOBAHWII PACIIOJIATATIICH BOJIb U TIOIIEPEK
IMOTOKa KaMeHHOoro rietdepa (cm. puc. 1). I[Ipors-
JKeHHOCTD norepeunoro npoduis (IIpl) cocrasuiia
955 m, mpomosbroro (IIp2) — 1075 M. 3To camble
JUIMHHbBIE TPODUITN 3TEKTPOTOMOTrpachru U3 N3BECT-
HBIX B MUPOBOH MPaKTUKE TeOPU3NIECKUX UCCIIEN0-
BaHWI KaMeHHBIX TJieTuepoB [Francou et al., 1999;
Fabre et al., 2001; Farbrot et al., 2005; Maurer, Hauck,
2007]. Emte ogun ipoduis (I1p3) anunoit 235 M pac-
[OJIATAJICST HAJl €CTECTBEHHBIM OOHAKEHUEM MOTpe-
GeHHOTO MeTaMOP(UUIECKOTO Jibjia. JlaHHbIe 30HIUPO-
Bauwuii o npoduiio I1p3 ucnosnp3oBanmch B KauecTBe
OTIOPHBIX [IPU MHTEPIPETAINU PA3PE30B 110 OCTATIb-
HbIM npoduiisiM. B kadecTBe anmaparypsl IpU U3Me-
penusx MetooM J'T mpuMeHsIach MHOTO2JIEKTPO/I-
Hag cranius “Ckana-48”, paspaborannas B VHc-
TUTyTe He(pTETa30BOU Te0JIOTUN U TeO(PU3UKU UM.
A.A. Tpopumyka CO PAH. IlocienoBaTesibHOCTD
MTOJIKJIIOYEH NS JIEKTPOJIOB COOTBETCTBOBAIA CHMMET-
puunoit yeranoske I LmoMGepike ¢ MaKCUMATBHBIME
pasHocamu mutatomnieilt auaun 117.5 m. [ar uame-
penuii o mpoduIIio cocTasisia 5 M. [lJst yaydienust
KOHTaKTa 3JIEKTPOJIOB CO CPEIOI UCTIOJIB30BAJICS CO-
JIEBOH PacTBOP, YTO MMO3BOJIUJIO CHU3UTH COIIPOTHB-
Jierue 3azemiienust 31ekTpooB co 100-300 mxo 10—
30 kOMm. ObpaboTka ganubix IT mpoBOAUIACH C
nomoIieio mporpamMmbl Res2Dinv [Loke, 2009]. B ka-
YecTBE OCHOBHOTO KPUTEPUS PasfieJIeHHs] MEP3JIBIX U
TaJIBIX TOPOJ IPUHUMAIOCH TO, YTO TIEPBbHIE UMEIOT
AHOMAJIBHO BBICOKOE (B COTHU U THICSYU Pa3) ylesb-
Hoe aniekTpruyeckoe conportusierne (Y IC) mo oTHo-
LIEHKIO KO BTOPBIM [Pexomendayuu..., 1987; @poaos,
1998]. YuurbiBasoch TakxKe, 4YTO 3JI€KTPOCOITPOTUB-
JIeHUEe MeP3JIbIX TOPOJ U JIbJia 3aBUCUT OT TeMIle-
paTypsl, ¥ IpH MMOHW>KeHnn TemmepaTtypsl Y 9C yBe-
JITYUBAETCS.

lFeopannomnokaioHHOe 30HIUPOBAHIE BBIITOJI-
usisoch reopagapom OKO-2 ¢ inHeliHbIMU HEIKPAHM -
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Puc. 1. IneMeHThI CTPOEHUsT KaMeHHOTO TiieTyepa [opoenkoro, npo@uiM U TOYKH JOKATHHBIX HAGIIOEHHHA,
BBIHECEHHbIE HA KOCMHYECKUI CHUMOK:

1 — neanuku; 2 — 1meOHUCTO-TJIBIO0BAS TIOBEPXHOCTh KAMEHHOTO TJIETYEPa; 3 — KPYThIE OCBIITHbIE YCTYIIb; 4 — BaJyHHO-TaJIeqHO-
CYTJIMHUCTAsI IOHHAsT MOpeHa MO3HEeIIeHCTOI[eHOBOTO OJle/IeHEeHNsT; 5 — BaJTyHHO-TAJTeUYHbIe CyXne AHUIA KPaeBbIX KaHAJIOB
JIEITHUKOBOTO CTOKA; 6 — BAJIlyHHO-TaJIeYHbIe PYCJIO 1 HOIMa IIOCTOSTHHBIX BOZIOTOKOB; 7 — OCYIIIEHHbIE JHHIIA [IPHJIETHUKOBBIX 03ep
C JICHTOUHBIMU OTJIO)KEHUSIMU; 8 — COBPEMeHHbIe TIPIJIeTHUKOBBIE 03ePa; 9 — BOJOTOKH € BBICOKOI MyTHOCTBIO; 10 — BOOTOKH C
HU3KOH MyTHOCTBIO, (PUIBTPYIONNECS U3-TI0J] KAMEHHOTO TJieTuepa; 17 — reopusndeckue mpoduan (aaekTpoTromMorpadus u reo-
paanoioKalyst) U uxX Homepa; 72 — Touku 0T6opa Npob Jb0B U BOAHOTO cToKa Ha 8'80 u §D; 13 — aBTOMaTHYECKUE JIOTTEPhI Ha-
GJTIO/IEHIH 32 TEMITEPATY PO BOJHOTO CTOKA M UX HOMePa; 74 — MIIONIAIki JIMXEHOMETPHYECKOTO IATHPOBAHMUST U TECTA OCTATOUHON

HPOYHOCTH; 15 — OTMETKI aBGCOMOTHBIX BBICOT.

poBanubiMu anTenHamMu ABJIJI-TpuToH ¢ ieHTpash-
Hoit wactoroit 50 MI'1l 1 AByX4acTOTHBIM aHTEHHBIM
6JIOKOM ¢ LieHTpaibHbiMU yacToTamu 150 1 400 M T
[Ipu ucciaenoBanuu KaMeHHbBIX TJIETYEPOB 110
npoduIsiM ¢ GOJBIIUM PACCTOSTHIEM, BBULY TPY/I-
HOIIPOXOIUMOTO peJibeda, TPUMeHJIach METONKA
30HUPOBAHUS KOPOTKUME oTpe3kamu 110 50 M. Brio-
CJIEJICTBUU 9TU OTPE3KU CIIUBAJIUCH B UTOTOBBIN 1TPO-
uitb. TIpu uamMepeHUsIX GbLIN BBICTABJIEHBI CIIELYTO-
1T1e TapaMeTphbl CheMKHU: Pa3BepTKa 110 BPeMeHU TTPH-
xonoB curtasoB 800 Hc, HaKOIJIeHEe CUTHAJIOB B
KasK10i1 Touke HaOmogeHus (T.H.) 32, cpejitee 3Haue-
HUe IU2JIeKTpUYecKoil nponunaemoctu 6. JIus obpa-
GOTKM ¥ MHTEPIPEeTAlMK JaHHbIX HCII0Jb30BaNacCh
nporpamma Geoscan-32. [Ipu narepnperanuu jnax-
ubIx [PJI 0OCHOBHBIM KPUTEPUEM BhLAEICHIA 0OBO-
HEHHbBIX 30H Obl]l MHTEHCUBHBIA HU3KOYACTOTHBII
OTpa’kKEeHHBIN CUTHAJI, TTPOSIBJISIONINUIICS Ha Teopajia-
porpamMmax B BHJIe NIUPOKUX 3aTEMHEHHBIX MOJIOC.
KpoBiist Mep3Jibix TOPOJL 1 KOPEHHOTO JI0JKa Ha reo-
pajaporpaMmMax BbIJIEJISIETCs, KaK MPAaBUJIO, YeTKOU
0Chi0 CUH(AZHOCTU OTPaKEHHON BOJHBI [ Brados,
Cmaposoiimos, 2004, Kneisel et al., 2008)].

60

Omnopusiii reodpusnyeckuii npodunb Ip3 pac-
MI0JIOKEH B TPAH3UTHOI YacTH KaMEHHOTO TJIeTyepa B
6OPTY KPYIHOI TePMOKAPCTOBON JLINIICOBULHON
nerpeccun pazmepom 90-100 m (em. puc. 1, T.1. 71).
B ee nuwuie chopMupoBasicss BOJOEM IHAMETPOM
oko0J10 50 M, Hepera KOTOPOTO 3aBAIEHbI HEYCTONUMBO
JIESKANUMU KPYTHBIMU TJIbI6amMu rpanuToB. Boja B
o3epe MyTHas OT JeJJHUKOBOW Myku. B xauectse
OMOPHOTO pazpesa MOCIYKII0 eCTECTBEHHOEe 0OHa-
JKeHUe Ha JIeBOM Oepery BOJ0eMa, MPeICTaBIeHHOe
MOHOJIUTHO-MEP3JIbIM 0OPBIBOM BBICOTOH /10 20 M 1
JMHOM 0KoJio 70 M (puc. 2, a, 6). B ocnosanuun o6Ha-
JKEHUsT UMEIOTCsI TIyOOKHe TIOCKUe HUIIN, YXOIs-
Iye ToJ JINH3Y Ha YPOBHE ype3a o3epa. Bo Bpems
paboT HaGIIIAIOCH CTEKAHNE “BEPXOBOJIKU”, CICTE-
MaTH4YecKoe CIIoJ3aHue U oOpylieHe HeOONbIINX
HOPHUH 1eOHUCTO-TIBIGOBOTO TIOBEPXHOCTHOTO Y€X-
Ja ¢ 6pPOBKU 0OPBIBA HETIOCPEACTBEHHO B 03€PO.

B nipenenax obHakeHUsT BCKPHIBAETCS JIMH32 Me-
TaMOP(MUYECKOTO JIb/Ia MAKCUMAJIbHON MOIIHOCTHIO
16—17 M, IepeKpbITas PHIXJIbIM IEOHUCTO-TJILIOOBBIM
yexJsioM MoIHocThio 1.0—1.5 M (eMm. puc. 2, a, 6). Jlex
XapaKTePHU3yeTCs XOPOIIIO BbIJIEP:KAHHBIMI TOMYHbI-
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Puc. 2. Teopusuueckuii npoduinb Ip3, 3a1035xeHHBIA BIOIb OPOBKH TEPMOIPO3UOHHOTO 0OPBIBA, OOHANKA-
IOI[ET0 UCKOMAEMbIii OJIOK IpeBHEr0 MeTaMopduueckoro (GpUPHOBOTO) Jiba B CPeTHENH YACTH KAMEHHOTO

riaetyepa l'opoaenxkoro.

a — CTeHKa TePMOIPO3MOHHOI TIPOCAIKY ¥ JIMHUKM KOPPEJIAINK reousnueckux npoduieil (ITpuxoBbie); 6 — KPYIHBI 111aH
[PABOI YaCTU TEPMOIPO3UOHHOTO 0OPBIBA € XOPOIIO BUAMMON CHHTEHETUYECKON CJAOMCTOCTDIO U IVIAMOAUCIOKAIUAMU (CKIaI-
YaTOCTBIO) B UCKOIIAEMOM OJIOKE METaMOP(PUIECKOTO JIb/IA; 6 — TE0dNIEKTPUUECKIH paspes 1o AaHHbiM J'T; 2, 0 — reopagaporpaMMbl
o ganusiM TPJT #a actorax 50 m 300 MTtr; 7 — 30mHbI oTpakenust pagnoBosid Ha gactote 50 MTI'1r, cOOTBeTCTBYIONIIE TTOOTITBE
nenstHoro 6J0Ka; 2 — 30HbI oTpakeHus Ha gactote 300 M T, COOTBETCTBYIONINE KPOBJIE JIEASHOTO GI0KA.

MU CJIOSIMU TOJIIMHON 0T 5 10 20 cm. Ciion cMSTHI B
ACUMMETPUYHYIO CUHKJIMHAJIbHYIO (JIOKKOBUHYIO)
CKJIAJIKY, OChb KOTOPOI HAIpaBJieHa BHU3 TI0 JIOJNHE.
ITO yKa3bIBaeT Ha (DIPHOBOE TIPOMCXOKICHUE JIBIOB
u ux Meramopdu3M B Teje KPYITHOTO JieJHUKA.
B xposiie n1H3bI, coBIaiatoNIell ¢ rpaHuIeil ce3oH-
notajioro cjiost (CTC), moBepxXHOCTH HATLJIACTOBAHUS
JIBJIOB CPE3AIOTCST MO YTIIOM 0K0JI0 45°. Kpast muH3bI
IIJIABHO BBIKJIMHUBAIOTCS, MIOJIOTO TIOTPYKASICh B PhIX-
JIYI0 HECI[EMEHTUPOBAHHYIO EeOHUCTO-TIBIO0BYIO
Maccy. KoHTaKT KpOBJIM ¢ MOBEPXHOCTHBIM IieOHe-
[JIBIGOBBIM YEXJIOM Pe3KHil. B IPUKOHTAKTOBOII 30HE
HMEeTCs CYTecyaHo-CyrJIMHUCTAst OTOPOYKA MOIITHO-
ctbio 10—20 cwm. JleBblii Kpaill IMH3bBI PACCEYEH T10JIOTO
HaKJOHEHHOH CBeKel TPENUHOMH, 3aIT0THEHHOM PhIX-
JIBIM TIIeGHUCTO-TIBIG0BBIM MaTEPHATIOM.

Heckosibko Ipyrux BBIXO/IOB UCKOMAEMbBIX META-
MOPGUUIECKHUX JIBOB MOIIHOCTHIO 10 15 M ycTaHOB-
JIEHBI B BEPXHEl YacTH KaMeHHOTO TJieTdepa. Bee onn
ABJISAIOTCA GJIOKaMK “MepTBBIX” JIbJIOB MeTaMOpdu-
YECKOTO MPOUCXOKIEHUS, OTUJIIEHEHHBIX OT TaJIe0-

JIJIHUKA B XOJIE €r0 OTCTYHAHUS U TTOrPEOEHHBIX TIO/T
MOBEPXHOCTHON 1eOHUCTO-TIIbI00BOI MopeHoi. Bo
BCEX M3YUEHHBIX pa3pesax He ObLII0 00HAPY/KEHO HU-
KaKMX TPU3HAKOB AMUTEHETHYECKOTO JTHI006pa3oBa-
HUSI, 2 UMEHHO, KOHXKEJSIMOHHBIX JIbJIOB, IleMeH-
TUPYIOMIUX 00JIOMOYHYIO MATPUILy KAMEHHOTO TJIEeT-
yepa.

leoanexrpuyecknii pazpes 1o ganabsiM JT B1oIL
npodusis [1p3 npuBenen va puc. 2, 6. MuHuMaabHble
3nauenus ¥ IC (oxkoso 2 kOM-M) XapaKTepHbI JIJIs
PBIXJIOTO 0OJIOMOYHOTO YeXJIa € 3alI0JTHUTENEM, TIepe-
KPBIBAIOIIET0 MeP3JIble OTJIOKEHUS B MPABOl YaCTH
npoduist (175-235 m). OTHOCUTENBHO MOJIO/IbIE OT-
JIOKEHUST 0OJIOMOYHOTO YeXJia ¢ MUHIMAJIbHBIM KO-
JINYECTBOM 3AMOJTHUTEJIST XapaKTEePU3YIOTCS MOBbI-
meHHbM Y IC 8—16 kOm-m. JlensiHoe sa7po Bhijie-
asiercs anomanneit YIC 50-250 kOwm-M, npudem
B KpoBJie JeasgHoi auu3sl Y IC cocrasasier 10—
20 kOM-M, 4TO, BEPOSTHO, CBSI3aHO C TEMIIEPaTypoii,
6smskoil K 0 °C. B mpunoBepxXHOCTHOI YacTH Bbijie-
JsteTcst ce30HHOTauIbIi coil ¢ Y IC 2—8 kOMm-M, MoII-
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uHocthio oT 1.5 o 5—7 m. Ha nukerax 65 u 160 m ot-
YeTJMBO MPOSBIAIOTCS aHOMAJWHU MOHUKEHHOTO
Y IC xapakrepHoil (hopMBbl, CBSI3aHHBIE C KAHATAMU
(punpTpanum, Haz KOTOPBIMU BO BpeMs UCCJIel0Ba-
HUIT CoIbIIasics myM Bosl. Takum o6pas3oM, pesyib-
TaThl 30HAUpoBaHNN J'T Ha OITOpHOM TIpoduIe MoKa-
3BIBAIOT, YTO XapakTep pacmpezaenenus Y IC B pas-
pese OTpaskaeT BHYTPEHHIO CTPYKTYPY KaMEHHOTO
rierdepa (cM. puc. 2). Pe3yibTaTsl 1ByMepHOI NH-
Bepcun faHHBIX DT comep:kaT TpexMepHbIe NCKaKe-
HUS W3-32 BIUSAHUS OOKOBOI MOBEPXHOCTHU pasjiesia
3eMJISI—BO3/YX Ha KPYTOHAAAfollell cTeHKe 0OHaKe-
HUsL. DTO NPUBOAUT K 001ieMy yBeandeHuio Y IC mMo-
nenn. Bmecte ¢ TeM corocTaByieHrue MOJIENTU U Peaib-
HOTO pa3pe3a CBUAETEJbCTBYET O TOM, YTO [1OJIy4YeH-
Hasg kaptuHa pacrpeeaenns Y JC Xopolio oTpaxkaer
BHYTPEHHIOIO CTPYKTYPY KaMEHHOTO TJIeTYePa.

Ha puc. 2, 2 mpuBesieHa reopajaporpaMmma 1o
nparabiM T'PJI Ha Huskoii yacrore (50 MT'r). Hccire-
JIOBaHUSI HA TAKOW YaCTOTE BBIIOJIHEHBI HA TJIyOMHAX
30—40 M 1pu cpesiHelt AMBIEKTPUUECKOI TTPOHUTIAE-
MoctH cpeabt € = 6. Ilo marupim I'PJI onpenesnena
riyOuHa 3a/Ieranust JI0XKa KAMEHHOTO TJIeT4epa, KoTo-
poe BbIIesIIeTCs Ha pajlaporpaMMe YeTKOH OTpaxalo-
1iell rpaHulieil Ha ycJ0BHOM (/151 3aJaHHOI €) ryOu-
He 20 M. Ha Boicoknx wactorax (300 MI'1) meton
I'PJI gaet nHdOPMALIUIO O MOIIHOCTH PBIXJIOr0 0610~
MOYHOIO 4yexJia 1 rirybute 3ajeranust kposiau MMII
(cM. puc. 2, 0). Ha pagaporpamme sl 4acTOTbI
300 MTI'11 oTs10:KeHUST PBIXJIOTO YeXJIa BRIAESIOTCS 10
XapaKTePHBIM IIePEOTPAKEHUAM, CO3/JAI0IIUM BbICO-
KOYaCTOTHBII IIyM Ha pa3pese 10 yCAOBHOMN ITyOUuHbI
1.5—2 m. KpoBJist Jibj1a BBIIETSIETCS TIO TIPOTSIKEHHON
ocH cHDA3HOCTH OTPasKEeHHOU BOJIHBI, Ty 0sKe KOTO-
Ppoii BOTHOBOE I10JI€ 3aTyXaeT.

[IpononbHbIN reoaieKTpUYeCKU pa3pe3 KaMmeH-
HoTO Tietdepa no npoduaio [Ip2 npuBenen Ha
puc. 3, 6. IIpoduib ObLI 3a/105K€H BAOIb OCU KaMeH-
HOTO rJieTdepa oT 6POBKH (PPOHTATBHOTO OTKOCA (CM.
puc. 1). Uurepnperainusa pesynabratoB T Benach ¢
Y4eTOM JAHHBIX 110 onopHomy 1poduio IIp3 u pe-
3yJIbTATOB BEPTUKAIBHOTO 2JIEKTPHUYECKOTO 30HIUPO-
BaHus (BI3) kxamennbix rietuepoB bosmBuiickux
Awnji. 371ech yCTAaHOBJIEHO, YTO COMPOTUBJIEHUST HIKE
44 xOM-M COOTBETCTBYIOT TaJIbIM 30HAM KaMeHHBIX
rJeT4epoB ¢ TeMiepaTypoit okoso 0 °C. O6BoHEH-
HbIE TAJIbie 30HbI UMEIOT HoJiee HU3KHUE YeTbHbIE CO-
npotusienus 0.5—-15 kOm-m. Ha yuyacTkax kameH-
HBIX IJIETYEPOB, B KOTOPBIX JIE/I-IIEMEHT COCTABJSET
6osiee 30 % ot obbema, YIC 6osee 80 kOm-M [Fran-
cou et al., 1999; Fabre et al., 2001].

Ha ocuoBe 9T ycraHoBJieHo, 4TO cpe/iHEE IIEKT-
pUYeCcKOe CONTPOTUBJIEHNE BBICOKOOMHBIX TIOPOJT Ka-
MeHHOTO TyreTyepa ['opoeikoro Bo3pacraer ot 6poB-
KU ero (ppoHTATbHOTIO OTKOCA BBEPX II0 J0JHHE OT
MEPBBIX JIECATKOB /10 IEPBBIX COTEH KUJIOOM HA METP.
TeoasieKTpruecKuil paspes KpaeBoil HanboJiee BbICO-
KOMHAMWYHON YacTH KaMEHHOTO IJIeTyepa XapakTe-
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pU3yeTcsl KOHTPACTHBIM Yepe/loBaHNEM HU3KO- U Bbl-
COKOOMHBIX YYacTKOB. BBepX 10 /10JIHE BO3pacTaeT
CILJIONTHOCTD BBICOKOOMHBIX YYaCTKOB U YBEJIMUNBA-
ercs ux Y IC. JIOoTUUHO MPENION0KNUTH, UTO ITOBBI-
nrenre Y C pa3pesa BBEPX T10 JI0JHNHE CBSI3aHO KaK C
YBEJTMYEHNEM JIBANCTOCTH OTJIOXKEHUH, TaK U C TIOHU-
JKEHUEM TeMITepaTyPhI JIb/a.

CkaukooOpasHble M3MEHEHUSI YEJIbHOIO COIIPO-
TUBJIEHUS W CTPYKTYPBI TE03JEKTPUIECKOTO pa3pesa
no mpoduiio [Ip2 xopoiro kKoppesanpyioT ¢ rpaHu-
I[aMU Pa3HOBO3PACTHBIX TeHEPAIINIT KAMEHHOTO TJIET-
yepa. OTjiokenus 1mepBoii, HanboJiee ApeBHeil, re-
Hepauuu (cM. puc. 3, 6) XxapakTepHu3yIoTcs KpaiiHe
HuskuMu comnporusiaeHusmu (0.5—15 kOm-M), 3a
HCKIIOYeHueM Hebospinux anoMauuii ¢ YIC no
100 kOM-M, IpeaCTaBIAIOINX, BEPOSITHO, HEOOIb-
e JIMH3bI MeTaMophuuecKoro Jbaa. Jloxe riaerye-
pa B IIpeziesiax 9TON reHepaly MOJHOCTBIO TaJloe |
BOJIOHACBIIIEHHOE, YTO XapaKTEPU3yeTCs] HUZKUM
YOC nopon (menee 5 KOM-M) U HHTEHCUBHBIM OTPa-
JKEHHBIM CUTHAJIOM B 3TOM HMHTepBajie Npoduis
(TemHast 06J1aCTh Ha TeOPaaporpaMMe, CM. PUC. 3, 8).

leoanexrpuyecknii pazpes 2-ii reHepaIuy TAKKE
BeCcbMa HEOJHOPOeH. Tasble 1 MaIOIbIUCThIE 30HBI
¢ conporubyienrieM Huxe 80 kKOM-M 3/1eCh COCTaBJISI-
10T 0K0J10 60 % o6bema paspesa. Ocrasbhbie 40 % 06-
Pa30BaHbl KPYIHBIMU OTHOCUTENBHO MOHOJTUTHBIMU
Mep3JIbIMK OJIOKAMU C yIeJIbHBIM COIPOTHBJIEHIEM
100 kOm-Mm u Boite. [Tonmxennoe Y IC mopon B oc-
HOBaHWU, a Takxke panHble I'PJI ToBopsT 0 TOM, 4TO
JIO’KEe KAaMEHHOTO TJIeTUepa 3/1eCh TaKKe MpeuMylie-
CTBEHHO TaJIoe ¥ MeCTaM1 MHTEHCUBHO 0OBOIHEHHOE.
TpeTbs, a TakKe PACIOIOKEeHHbIE BBEPX 110 JI0JIMHE
npyrue, 6oJiee MOJIOZIble TeHepaliy KaMEHHOTO TJIeT-
yepa XapaKTepusyloTcs B cpeineM 3HaueHusIMu Y 9C
ot 100 kKOM-M U Bbl1IIE.

ITo panubim DT otuernuBo Boijenasercsa CTC,
MOIIIHOCTH KOTOPOTO 3aKOHOMEPHO YMEHBIIAETCS OT
(¢ ponTaNBHOTO OTKOCA BBEPX 110 fosinHe, a Y IC yBe-
auuyuBaerca ¢ 0.5—1 go 3—7 kOMm-M. YMeublenue
moiaoctu CTC ¢ BbICOTOI, BEPOSITHO, CBSA3AHO KaK C
BBICOTHOM KJIMMaTUYECKOI TIOSICHOCTBIO, TaK U C yBe-
JIMYEHNEM KOJMYECTBA MACCUBHBIX OJIOKOB METaMOP-
(brueckux JIHIOB OT APEBHEN K MOJIOBIM TeHEPAIIUSIM
kameHHoro rierdyepa. Pazimuung Y IC nopox CTC
00BSICHSIETCSI TEM, UTO B HUJKHUX, HanboJiee IPEBHUX
YacTsIX KaMEHHOTO IJIeTY€ePa, B 3aII0JTHUTEIE KPYITHO-
00JI0MOYHOIO MaTepHaja IPUCYTCTBYET MHOIO MeJI-
KOIi BOJIOHACHITIIEHHON (hpaKiiny, rmoHuxKaiorieir Y 9C
yexJsa. B BepxHe#l yacTu KaMeHHOTO TJieTyepa Kpy-
HOOGJIOMOYHBII YeX0JI IPAKTUYECKH HE UMEET TOHKO-
JIUCIIEPCHOTO 3aTIOJHUTEST, YTO TPUBOIUT K TTOBbI-
meanio Y IC.

Heobxoa1mo orMeruTsb, uto Meros, DT He Beeraa
MO3BOJISIET HAZIEKHO OTPENENUTh MOITHOCTh KPYII-
HBIX GJIOKOB JIbJIa, €CJIM UX PA3MEPHI IPEBHIILIAIOT Pa3-
MEPBI 3IEKTPOPA3BEAOUHON ycTaHOBKY (235 M),
BBIJIEJIUTD 110/ HUMU 00BOZHEHHOE JIOXKe. DTO CBSA3a-
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Puc. 3. Conmocrasiienue BO3pacTHOro JuxeHoMeTpuyeckoro unaekca RHS (a), reoanextpuyeckoro (6) u

reopanoJoKanuoHHOro (6) pazpesoB no npodmwmo IIp2, 3am10:KeHHOMY BI0JIb OCH KAMEHHOTO IJIeTyepa

Topozenkoro or 6poBKH (HPOHTATHHOTO OTKOCA:

a — nuaexe RHS v inHus TpeHia; 6 — paspes yIelbHbIX 9JIEKTPUYECKIX conpoTusiernii (OT); 6 — KapTHHA OTPasKeHUs PAMOBOJIH
(I'PJI). Ha reoasiekTpriueckoM paspese BblIeJIeHbl Pa3HOBO3PACTHBIE TeHePAIIN KaMEHHOTO TJieTyepa: 1 — HUKHAs (paHHIs) Tanas
u HanboJiee BBICOKOMHAMUYHAST; 2 — YaCTUYHO Tajlasl ¢ MACCUBHBIME OJIOKAMU METAMOP(MUUECKOTO JIb/a; 3 — MacCUBHAS TTO3/HSS,
06pa3oBaHHast KPYIHBIME GJIOKaMi METaMOP(MUUECKOTO JIbJIa; 4 — HeaKTUBHast, 00PAa30BaHHast TTOJSIMU MeTaMOP(hUUYECKOTO JIbjia
C TaJbIM JIOKEM. 5 — YYACTKH TOTJIONEHNs PAIMOBOJH, COOTBETCTBYIONINE 30HAM MHTEHCHMBHOTO OOBOIHEHUS HA YPOBHE JIOKA
KaMeHHOTO rieTdepa.
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HO C 3(1)(1)6KTOM 9KpaHHUpPOBaHUA, KOT/Ta OCHOBHAA HOW JIBAMCTOCTU KAMEHHOTO rjaeTdyepa U MOHMKEHU N

JI0JIS1 TOKA pacTeKaeTcs M0 OTHOCUTEIbHO IIPOBO/IS-
memy CTC u He mpoHUKaeT B cyoi-usomnsatop. OaHa-
KO ITPU COBMECTHOW MHTEPIPETAITNH Pe3yabTaToB JT
u TPJI ipob6siemMa CHUMaeTCsI.

B ob61iem Bujie aHam3 pesyabTaToB reousnye-
CKOTO 30HJIMPOBAHUS TTO3BOJISIET YCTAHOBUTD CIIEY-
I0IMNe 3aKOHOMEPHOCTH CTPOEHUS KaMEHHOTO TJIeT-
yepa ['opozerikoro.

1. OT 6pOBKY OTKOCA BBEPX BIIOJIb OCH KAMEHHO-
ro rierdyepa HabJIOAETCS YBEJIUUEHUE CPEHETO
YIC, cBuneTebCTBYIONEE O BO3PACTAHUN CyMMap-

temieparypsbl. C BBICOTOH TaKKe YMEHBIIAETCST MOTII-
HOCTb CE30HHOTAJIOrO CJIOSI U YBEJUUUBAETCS €T0
Y OC u3-3a yMEHBIIEHIS KOJUYECTBA 3AMOJTHUTEIIS B
KPYTITHOOOJIOMOYHOM YexJIe.

2. BeprukasbHas U TOPH30HTATbHAST HEOHOPO/I-
HOCTB TE03JIEKTPUIECKOTO Pa3pe3a CBUIETENbCTBYET
O JAYENCTOM CTPOCHUUN HUIKHUX /IBYX reHepauHﬁ, B
KOTOPBIX MCKOTaeMble OJOKH MeTaMOPGhUIECKUX
JIBJIOB C BBICOKHM COITPOTUBJIEHUEM 3aKJTIOUEHbI B Ta-
JIYIO BBICOKOOOBOIHEHHYIO TIeOHe-IPECBAHO-CYTIIN-
HUCTYIO MaTPUILY.
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3. MoIHOCTh PBIXJIOTO TPYOO0OIOMOYHOTO YeX-
JIa C BBICOKUM COTIPOTUBJIEHNEM 3aKOHOMEPHO YMEHbB-
IIAeTCs OT KPast IJIeTUYePa K €r0 UCTOKAM.

4. Ha npotsizkennu Bcero npodus [Ip2 kamen-
HBIH TJIeTYEP UMEET TAI0€ BBICOKOOOBOIHEHHOE JIOKE,
XapaKkTepu3yioleecss ”HTEHCUBHON (DUIbTPaIIAen.

TeMmnepaTypHblii pesKUM BOJHOTO CTOKA AKTHB-
HBIX, HEAKTUBHBIX ¥ OTMEPIINUX KAMEHHBIX [JIETYEPOB
pasmyaeTcst KapJAuHAJIbHBIM 0OPa30M U 3aBUCHT OT
conmepxaHus BHyTpeHHero nabna [Krainer, 2002;
Krainer et al., 2007]. TemnepaTypa BOIHOIO CTOKA aK-
TUBHBIX [VIETYEPOB € GOJMBIIMM KOJMUYECTBOM JIbJIa HE
npesbimaeT 1 °C, B TO BpeMsi Kak TEMIIEPATYPbI CTO-
KOB OTMEPIIHUX ITIETYEPOB, B KOTOPHIX Jie/l TIPAKTH-
YeCcKH MOJHOCTHIO BbITasw, Boime 1.7 °C [Krainer et
al., 2007]. Kpome Toro, TeMiiepaTypbl CTOKa BbICO-
KOJIBIUCTHIX TJIETYEPOB OUeHb CTAGUIIBHBI, 2 Y OTMEP-
[IUX UCIBITHIBAIOT CHJIbHbBIE KOJIeOaHUS B CBSI3U C U3-
MEHEHUSIMU TEMIIEPATYPHI BO3[yXa M OCAIKOB.

BBuny BbllllecKa3aHHOTO BEChMA HEOKUIAHHBI-
MU OKa3aJUCh Pe3yJabTaTbhl MOHUTOPUHTA TeMIIepa-
TYPBI BOJIHOTO CTOKa KaMeHHOTO rieTyepa [opoer-
KOTO, BbIIIOJHABIIErocst B teduenue 2013—-2014 rr.
[Tananun u op., 2015; Galanin, Olenchenko, 2015].
ABTOpamu GBLIO YCTAHOBJIEHO TPU JBYKAHAIbHBIX
aBTOMATHYeCKUX jiorrepa Mapku Hobo B Tpu 0CcHOB-
HBIX UCTOYHMKA, BBITEKAONIUX U3-110/I KAMEHHOTO
rieryepa (cM. puc. 1). ¥ xaxmoro jiorrepa o/iuH jat-
YUK C TIOMOII[BIO TPY3a PacIoyiarajics Ha [He pycia Ha
paccTogHUM 2—3 M OT TTOJIONTIBHI (PPOHTAIBHOTO OT-
KOCa, BTOPOIT JATYMK MPUKPETLISLICS K KPYITHBIM TJIbI-
6am Ha paccroauuu 50—60 cM ot ypesa Bogsl. Bce
JaTIuKy ObLIU 3aIIPOrPAMMIPOBAHBI HA 3AIMCh TEM-
MEePaTypbl ¢ THTEPBAJIOM 3 U.

B asrycre 2014 1. 3anucy JaTYMKOB ObLIN CHATHI
u npoaHanusupoBanbl. OKa3anaock, 4YTO Ba JOTTepa
BBIIILJI U3 CTPOS B Pe3yJibTaTe Pa3repMeTU3aIy Py
3aMeP3aHUU BOJOTOKOB, a OJIMH JAATYNK BBITTOTHSLT
HEIMPEPLIBHYIO 3aMUCh 32 BECh MEPHO/] HAGTIONEHIH.
WNureprperaiius reoTepMUYeCKUX JAHHBIX TI0KA3aJ1a
CIIemyIoIIee.

AKTUBHBIN CTOK KaMeHHOTO TJieTuepa I'opozerr-
KOTO HAUYMHAETCsI B [IEPBOII JieKaie Masi ¥ 3aKaHYNBa-
€TCsI B KOHIIEe OKTAOPSL, IPOL0JIKasCh GoJiee 5.5 mecs-
1ieB (puc. 4, a). CTOk HaumHaeTcst pe3Ko (3a 5—6 aHeit)
MIPU YCTAaHOBJIEHUU TIOJOXKUTENBHOM CPeIHECYTOU-
HOUI TeMIlepaTypbl Bo3ayxa. B mepmos akTUBHOTO CTO-
ka ¢ 10 masg o 10 okTsa6pst cpelHsiss TeMieparypa
BOIHOTO cTOKa ¢ aBrycta 2013 mo asryct 2014 1. co-
crasuia 1.7 °C. TemnepaTypsl CTOKa TIJIABHO POCJIH
Ha TIPOTSKEHMH JIETHETO TIePHOJIA U IOCTUTJIN MaKCH-
MaJbHbIX 3HaueHui (2.5 °C) k Koty uioss [ [aranun
u dp., 2015]. B redenue gByx HanboJiee TEILIbIX MEC-
11eB (MI0JIb, aBTYCT) TEMIIEPATypPa CTOKA He OIMycKa-
sace Huxke 2.3 °C.

[lnaBuble, HO Goabiue Mo aMiauTyAe (10
0.5 °C), HepuTMUYHBIE KOJIEOAHUST TEMIIEPATYPHI Ha-
GJIIOIAIOTCS B TIEPBOM MOJIOBKHE Heproja ctoka. Ha-
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YIHAS ¢ aBTYCTa TEMIIEPATypa CTOKA CTabUIU3UPYeT-
cd, ee aMriaTy bt He ripesbimaioT 0.1 °C.

OTMe4yeHO 3HAUUTEJIbHOE YBeJUYEeHUE MAKCU-
MaJIbHOU cpefHeMeCsYHON TeMIlepaTyphl CTOKa OT
2.3 °C (asryct 2013 r.) mo 2.5 °C (aBryct 2014 1.).
[Ipu 5TOM CyMMa MOJIOKUTETHHBIX TEMITEPATYP BO3-
nyxa B 2014 r. Gbl1a CyLIeCTBEHHO HIKe, YeM B
2013 r. (cM. puc. 4, a).

[lanHble 0 TeMIIePaTypHOM pekuMe CTOKa Ka-
MeHHBIX rietuepoB Aunbil [Krainer et al., 2007 cBune-
TEJNbCTBYIOT O cjenyiomemM (cM. puc. 4, 6). Y akTus-
HbIX TI1eTYepoB (71e1 6osee 80 % ob6bema) TeMepary-
pa usmensiercs ot 0 go 1 °C, y HeakTuBHbIX (Jiej
Mmenee 50 % o6bema) He npesbimiaer 1.7 °C, y orMep-
mux (sieq oTcyTeTByeT) Temneparypa Boimie 1.7 °C. C
Y4eTOM 3TUX JJAHHBIX KaMeHHbIH rietuep 'oponenko-
ro cjeJlyeT OTHOCUTDH K Pas3psAny oTMepmux (cM.
puc. 4, 6), IOCKOJIBKY ero TemIiepaTypa cToka (2.3—
2.5 °C) cymiecTBeHHO TIPEBLIIIAET TEMIIEPATYPY, 3a-
(pukcupoBaHHyio y oT™MepIIuX riaetuyepoB Asbil. Kpo-
Me TOTO, TeMIlepaTypa CTOKa KaMEHHOTO TyeTyepa
Topojierrkoro Xopo1io Koppeaupyer ¢ pe3yJibTaTaMiu
reoU3NUeCKUX UCCIEJOBAHUI, CBUAETEIbCTBYS O
TAJIOM COCTOSTHUY er0 (DPOHTAIbHOI TeHePAIUH U He-
3HAYUTELHOM COZIEPKAHUU TPYHTOBOTO JIBJIA.

OnHaKo 1O pe3yJbTaTaM WHCTPYMEHTAJIbHBIX
HaOIOIeHUH U MHOTHM JIPYTUM MTPU3HAKAM KaMeH-
HbII TyieTyep ['opojenikoro aBiasieTcss OJHUM U3 Hau-
6oJjiee akTUBHBIX B peruone [Mapuenxo, 2003; Gor-
bunov et al., 1992].

Boapact kamennoro riaetuepa I'opoaenkoro.
PesyibraThl re0(U3MYECKUX UCCAeOBAHII 1 HabJII0-
JIEHUST €CTECTBEHHBIX OOHAKEHUH CBUIETENBCTBYIOT,
YTO BEpXHUE, Haubojiee MOJIObIE U OJHOBPEMEHHO
HanboJiee MACCUBHBIE TeHEPAIINH KAMEHHOTO TJIeT4epa
TopoeIkoro copepskaT MHOKECTBO KPYITHBIX OJI0KOB
MeTaMOP(UYECKHX JIBIOB, YHACTEIOBAHHBIX OT GoJiee
JIPEBHETO JIe[IHUKA B XOJI€ ero gerpanaruu. /s tou-
HOTO 0GOCHOBAHUS CBSI3W MESK/LY TIO3/[HETOJIOIEHOBBI-
MU OCIUJIISIUSIMU JIEAHUKOB U (hOPMUPOBAHIEM OYe-
peIHBIX TeHepaIuli KaMEHHBIX IJIeTYePOB PErmoHa
HEO0OXONMO OIEHUTh BO3PACT U TEX, U JAPYTHUX.

TosotieHOBasT XPOHOJIOTHS JIETHUKOBBIX COOBI-
tuii CeBepunoro Taub-Illang pekonctpyupoBana
O.H. Comomuroit u O.C. CaBockya [ 1997]. Ha ocHo-
Be JINXEHOMETPUYECKUX U PAUOYTJIEPOIHBIX TAHHBIX
ABTOPAMU yCTAHOBJIEHBI CIIEAYIOIIE TIEPUO/BI HACTY -
mwiennii tegankoB B Cesepuom Tsub-1lane: 1500—
2000, 500-900, 200-400 u menee 100 ner Hasazx
(n.1.). IlpuueMm KpaeBble MOPEHBI MTEPBOM (ha3bl
Mauoro nepaukoBoro nepuoga (MJIIT) naxongarcsa
Ha 300—350 M HUIKe COBPEMEHHOTO Kpasi JIETHUKOB.
B cepemnte MJITI (400—150 /1.1H.) TeAHUKE COKPATH-
JIUCh, HO OBLIN HUKE COBPEMEHHOTO TIOJIOKEHUS Ha
200-250 m [ Conomuna, Casockyn, 1997].

JlJis1 OTIleHKYU OTHOCUTEJIHHOTO 1 abCOMIOTHOTO
BO3pacTa MOBEPXHOCTH KaMeHHOTo rieTdepa ['opo-
JIETTKOTO aBTOPAMHU UCIIOJTb30BAHbBI IIPUEMBI JTUXEHO-
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Hata
Puc. 4. CpaBHeHHEe TeMIepaTypHOro pesKUMa CTOKa KaMeHHOro rieryepa ['oponenkoro (@) U KaMeHHBIX
rJeT4ePOB Pa3Hoii cTeneHu aKkTHBHOCTH B 3anaaubix Aubnax (6 ) no xauubiM [Krainer, 2002].
a — N3MeHEeHNe TeMIlepaTypbl BofHOTO cToka (1) u mpuseMHOro Bodzyxa (2) kamennoro riaeryepa [opozernkoro ¢ 10.08.2013 no
20.08.2014; 6 — cpaBHeHIe TeMIIEPATYPBI BOIHOTO CTOKA KaMeHHOTo riieTdepa Fopogernkoro (7 — 2013 1., 2 — 2014 1.) u reTyepos

3anaaubix Aubit: 3 — Peiixenkap (aktuBHblit); 4 — Kaiisepbepr (aktuBHas reHepanust), 5 — Cynbkap (HeaktusHbiil), 6 — Kaiizep-
Gepr (OTMepIITast TeHepaIlist); 7 — MePUOIbI CHIIBHDIX 0KIeH BO BpeMsT HAOIIOIEHIH B AJTbIIax.

METPUH U TECTA OCTATOYHON TIPOYHOCTH, IMEHYEMOTO  MCIIOJIb30BAJIOCh CpejiHee 3HaUeHue TITH HanboJiee
B 3apybexnoil mureparype Schmidt Hammer Test.  kpymHbIx ocobeit mumaitnuka Rhizocarpon cexiun
Meroauueckue acIeKkThl JaHHOTO ToaxoAa Xopoino  Rhizocarpon ¢ skenrbiM 11BeToM ciioeBwun (gaiee —
M3BECTHBI ¥ IETAIbHO paccMoTpenbl panee [[aranun, ungexc RHS5, mm). [lus onpenencans nngekca RHS
ITaxomos, 2010; Taranun u dp., 2013]. UCCITEIOBAICH 0COOM JIOKATIBHBIX MOMYJISTIN Ha JIn-

HamomuuM, 94TO B KauecTBe TMXEHOMETPUUECKO-  XEHOMETPUUYECKUX TIIOMAKAX, Pa3MePhl KOTOPDIX
ro ungekca Bospacra (RHS), sesen 3a P.A. [eiikec-  cocrasisiim He 6otee 40 x 40 M. Tmormaaku 3akiaibl-
6ait, [Ix.A. Metbioc, C. Bunknep [Matthews, Sha-  Bamich Ha MOP(HOJTOTHYECKU OAHOPOIHBIX yU4acTKaX
kesby, 1984; Shakesby et al., 2004, 2006], aBTopamMmu  KaMeHHOTO TJIeTYEPA.
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O1reHKa 0CTaTOYHON MTPOYHOCTU dKCIIOHUPYe-
MbIX [OBepXHOCTell (amee — uujgexc Q, %) BbIITOIHSI-
Jlach ¢ momoripio mudposoro mosotka [muara map-
ku Silver Schmidt Hammer tun N mpoussoacrsa
kommanuu Proceq (IlIBeiiniapus) ogHOBpeEMEHHO C
JIMXEHOMETPUYECKUMI U3MEePEHNSIMU Ha TeX JKe TLJI0-
masikax. OcHoBaHUEM IpUMeHeHUsT nHeKca Q sBJis-
eTcs JIONYIIeHne O TOM, UTO OCTATOYHAST TTPOYHOCTD,
usMepseMas B IIPOLEHTaX 0T BeJIMUUHbBI 00PATHOTO

77.033° B.A.

orckoka (rebound value), ymeHbiaercst o Mmepe Bbi-
BETPUBAHUSA OOJOMKOB ¥ CBSI3aHa CO BPEMEHEM UX
skcrnionuposanus [ Goudie, 2006]. Ilpu TecTupoBaHUU
moJiotkom IlIMuzra ciiegyer uMeTh B BULY, YTO 9KC-
MOHUPYeMble KAMEHHbIE TIOBEPXHOCTH MOTYT (hpar-
MEHTApHO OMOJIA’KUBATHCS B PE3YJIbTaTe MOPO3HOTO
pacTpeckuBaHus U Imenyienus. [loaTomy ycranos-
JileHHble Haubojiee HU3KUE BBIOOPOUYHBIE OIEHKU
MPOYHOCTH GOJIEE TOCTOBEPHBI, 4eM BBICOKHE.
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|

A
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Puc. 5. Pacnpesesnenue BO3pacTHbIX HHAEKCOB OCTATOYHOI MPOYHOCTH (@) U CPEIHEro TUaMeTPa MATH Hau-
Gousee kpymHbIX 0cobeii Rhizocarpon sp. (0) Ha moBepXHOCTH KaMeHHOTO riaeryepa Fopoaeuxoro.

1 — paHHeroJIoleHoBas Tajasi MOpeHa; 2—5 — pa3HOBO3pacTHBIE TeHepali kKamennoro riaerdepa: 2 — I ¢paza MJIIL, 690 + 80 s.u.;
3 — 11 pasza MJIIL, 340 + 65 sr.1.; 4 — 11 chasza MJIII, 180 + 60 sr.1.; 5 — IV asa (abaucras mopera XX B. ¢ 60IBIIUM KOJTHICCTBOM
MeTaMOP(UUECKIX JBI0B); 6 — BOIOTOKH; 7 — CTOK KAMEHHOTO IJieT4epa; 8 — OTMETKH BBICOT.
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Bcero B mpenenax kamennoro raetdepa [opo-
JIEIIKOTO OBLIO 3a105%keH0 Oosee 100 IIOma oK, 9acTh
M3 KOTOPBIX PACIIOJIOKEHA BIOJb TeO(pUu3nuecKux
npoduiei (eMm. puc. 1, 5). Ha kaxmoii miromnaake BbI-
MOJIHSIIOCHh 00caeioBanue u usMepenue 30—50 Hau-
6oJstee KPyIHBIX TaJnoMoB Rhizocarpon sp. Ha mio-
MIaJKax ¢ HU3KON YMCAEHHOCThIO Rhizocarpon sp. us-
MepsIINCh BCe BeTpedeHHble ocobu. s pacuera
Besmunabl RHS omnpezensiiocs cpepnee 3navenne
AT HanboJsiee KPYIHBIX ocobeit. Ha xaxmoi mio-
aJIKe ¢ MOMOIIbio MosoTKa I1IMu/ITa BHITOTHSIIOCH
ot 70 10 200 eZIMHUYHBIX TECTOB OCTATOYHON MPOY-
HOCTH ¥ BBIUHCJSIOCH UX CPe/iHee 3HaueHue (Besu-
ynHa (). TectupoBanuio noasepranauch 6-10 ciy-
4aiiHo BBIOpaHHBIX HauboJjiee KPYIHBIX 006JOMKOB
IPaHUTOMIHOTO COCTaBa AUaMeTpoM He MeHee 0.5 M.

[Tosyuennble pe3yJibTaThl OlleHKU BeJinurH Q 1
RHS npusenenst na puc. 5. Jlasee Mbl IpOBEIN rPyTI-
MUPOBKY ¥ ocpenrenue sHadennit RHS u Q B npese-
JlaX KaXXJI0W IIpe/IBapUTeIbHO BbIIeIEHHOU reHepa-
1M KAMEHHOTO TJIeTYePa, a TaKKe MPUJIETafoNnuX K
HeMy GoJiee ApeBHIX MOpeH (Tabir. 1).

HauboJjee spko Bo3pacTHas HEOAHOPOLHOCTh
MTOBEPXHOCTH KAMEHHOTO TJIeTYepa MPOSIBJSIETCS B
CTETIeHN Pa3BUTHS TIOYBEHHO-PACTUTEIBHOTO TIOKPO-
Ba U SMUJIUTHBIX JUITalHUKOB. OCcOOEHHO KOHTpa-
ctupyior Beanunabl RH5 u Q Mexay KpaeBoii rete-
pauueii u 6oJjiee ApeBHEN MOPEHOM, Ha KOTOPYIO Ha-
MoJI3aeT KAMEHHBIH TJIeTYep. DTU MOPEHBI YCIOBHO
[IPUHSITHI 32 HYJIEBYIO TeHepatuio (cM. tabur. 1). 3xech
MPOEKTUBHOE MOKPHITHE SMUIUTHBIX JTUITAHHUKOB
nocruraer 80—90 %, HabJI0AaI0TCSA BTOPUYHbIE CYK-
neccuu. [loaToMy TMXeHOMETPUYECKUI METO]T 1aeT

JIMIIb MUHUMAJIbHYIO OLIEHKY Bo3pacTa (cMm. Tabir. 1).
3uavenne RH5 = (59.33 £ 2.5) MM 6J1M3KO Ha BCex
MODEHAaX, OCTATOYHAs IIPOYHOCTh () BapbUpPYET OT
(30 = 4) % na nauboJjiee npeBHeil MOpeHe [0
(45 £ 6) % Ha MmopeHe, GuimKaiiie K Kpato riieTdepa.

HawuboJiee npeBHsist 1-51 reHepanus KaMeHHOTO
ryleTyepa XapakTepu3yeTcs IPOeKTUBHBIM ITOKPOBOM
AMUINTHBIX JumaitHukoB 40—70 %. 3mech BcTpeya-
IOTCS KYPTUHBI 3€JIEHBIX MXOB, TPABSIHUCTBIX 3JIaKOB
U KpaiiHe peKo HeOOIbIIIe eIl BhICOTON 10 0.5 M.
3uavenust nugexcoB RHS5 = (47.52 = 2.56) MM u
Q= (62.8 £6.0) % cyuiecTBEHHO OTJINYAIOTCS OT 6O-
Jiee IPEBHUX MOPEH.

Bropast reHepainus xapakrepusyercst 6oJiee Bbi-
COKMMHU 3HAUEHUSIMH OCTATOYHOI NPOYHOCTH IO
cpaBuenuio ¢ nepsoii (Q = (67.6 = 6) %), xors nose-
puTeJbHbIe UHTEPBAJIBI OI[EHOK CJIETKA MePEeKPhIBaA-
forcs. Pazmmane B Bo3pacre 1-if u 2-1 reHepanmii xo-
POIIIO 3aMETHO B Pa3Mepax aIIJIUTHBIX JIUIIAHUKOB.
Ha noBepxHocTu 2-ii renepanuy pasmepbl Hauboiee
KPYIHBIX ocobell Rhizocarpon sp. B ABa C JUIIHIM
pasa menbmie (RHS = (21.7 £ 1.7) mMm).

Ha nosepxHocTr ycI0BHOU 3-ii reHepaIuu cTa-
tuctuka RH5 = (10.47 = 1.23) MM, a IPOEKTUBHOE
MOKPBITHE IMUIUTHBIX JTUITANHUKOB HE TPEBbIIIAET
10 %. Ocrarounas npounocts Q = (69.10 = 6.53) %
MIPAKTUYECKU HE OTIMYAETCS OT IIPEAbIAYIell reHepa-
nuu. B mpenenax ycsoBHO BbIZIEIEHHBIX 4-11 1 5-1i Te-
HEpAIuii, IPeICTaBAAIONINX COO0H MepPeKPBIThIE 06-
JIOMOYHBIM Y€XJIOM TI0JI “MepPTBBIX JIbJ0B”, JHUIIAN-
HUKYM Rhizocarpon sp. BooOIIE He OBLIN YCTaHOBJIEHBI
(RHS5 = 0), a octaTo4Hast MIPOYHOCTD TOCTUTAET MaK-
CUMaIbHBIX 3HaueHuil Q = 74-76 % (cM. puc. 5).

Tab6auna 1. Pacnpenenenue cpennux 3HaueHuii ocrarounoii npounoctu (Q),
CpeIHero IATH MAaKCHUMAJIbHBIX 0co0eii umaitnuka Rhizocarpon sp. (RH5)
U OIleHKA BO3pAacTa 3JIeMEHTOB KOMILIEKCHOTO KaMeHHOro rietyepa 'opoxenkoro
OtHocurenbhblii| Kos-Bo ¢ ;
Komrmonenr Bo3pact (HoMep | u3Mepe- Q *err. RH5 “RH5 o
rerepali) Tt Q JIeT Ha3al | JIeT Ha3ajl
Jednux u 6uxncativiue K Hemy JbOUCTbIE MOPEHDL
Kpaii sieauuka (06710MOYHBII 4€X0JT) 5 195 74.83 £2.33 | Jlumainuku <43
Kpaesas abancras Mopena (0610M04- 4 75 76.20 +1.30 |H€ oOHApyKeHBI| <43
HBIH 4exo.1)
Kamennwuii znemuep
3-s rerepanyst (1O3/1HIST) 3 252 69.10 £ 6.53 10.47 +1.23 | 180 =60
2-s1 TeHepalus (CpemHsis) 2 430 67.59 £ 5.24 2174+ 1.69 | 340 £ 65
1-g renepanus (panuss) 1 1963 62.80 + 6.00 47.52+2.56 | 690+ 80
ITopomrBa porTaTBEHOTO yeTyIA 1 235 53.30 + 3.50 4740195 | 690+70
Pannezonoyernosvie mopennl (npedbopeanvrulii nepuod)
Ionnast Mopena nepe/i (hpOHTATbHBIM 0 474 45.31 £6.43 59.33+2.50 | 860+ 75 |10 600—11 700
YCTYIIOM TJIeT4epa (3pparndecKue
BAJIyHBbI )
I'pebenb KpaeBoil MOPEHbBI Ha PAacCTO- 0 2223 43.64 + 4.48 Bropuunsle cykneccun
stann 200—250 M ot Kpast rieTdepa
To xxe na paccrostanu 400 M oT Kpast 0 445 30.06 + 3.76
riaerdepa
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[li1g olleHKM MUHUMAaJIBHOTO BPEMEHU ¢ 9KCII0-
HUPOBAHUS MOBEPXHOCTH KAMEHHOTO TJIeTYepa Heob-
xoanMa Kaanbposka seanund RHS u Q. YpasueHue
pocta Rhizocarpon sp. B upuienankoBoii sone Cesep-
noro Taup-Illana 6bl10 obocHoBaHo B pabore
O.H. Conomunoit u O.C. CaBockyt [ 1997] Ha ocHOBe
HU3MepeHns JUIalHUKOB Rhizocarpon sp. Ha Mope-
HaX, BO3PACT KOTOPBIX OBLT OTIPe/ieieH HE3aBUCUMO
PaUOYTIEPOAHBIM METOJIOM. Y DABHEHIIE IMEET BUJT

trus = 43.2 + 13.2RH5 + 0.01RH5%, (1)

7€ {Ry5 — BPEMsI 9KCIIOHIPOBAHUS IIOBEPXHOCTH, JIET;
RH5 — guamerp Hanbosiee KpyiHoii ocobu Rhizocarpon
Sp., MM.

Ha ocnose ypaBraernus (1) Mbl mepecunTaim Be-
smunbbl RH5 B abcommorHbie gaTsl (M. Tabu. 1), ko-
TOPBIE B IIEJIOM XOPOIIO KOPPEJUPYIOT C XPOHOJIO-
ruei JeqHIKOBBIX coObITiii MJITI, ycTaHOBIEHHON
HAIMMHY TIpeiiecTBeHHKaMu. Tak, HauboJee Apes-
HASA TeHepalnusa (KpaeBas 4acTb) MMeeT BO3pacT
690 = 80 m1.1. Ee dpponTanbublii oTkoc (3150 M H.y.M.)
Haxoautcs Ha 350—400 M HUKe KpaeB JIETHUKOB B
MCTOKAX KAMEHHOTO TJyieTdepa. ITO XOPOIIO COTIacy-
ercs ¢ ganaeivu O.H. Cosnomunoii u O.C. CaBockyt
[7997], ¢ yaerom TorO, 4TO DPOHTATIBHBIN OTKOC HE-
CKOJIBKO CHU3WJI CBOE TMOJIOJKEHUE 32 MOCTeTHUE
80 JieT, MpoABUTASICH BHU3 110 IOJITHE CO CKOPOCTHIO
1-2 m/Togm.

Bropas renepaiusi KaMeHHOTO TJIeTYepa MMeeT
BospacT 340 + 65 m.H. OHa pacmoyiokeHa B TIpefieiax
abcosmoTHBIX BhIcOT 3250—3300 M H.y.M. U KOppeJiu-
pyer co BTopoii ¢dasoii MJIIL. Tperbs, Haubosee
MO3/IHSA4 U caMasl IIacCUBHAs reHepalus riaeryepa Ja-
tupoBana 180 = 60 s.u. Ee runicomerpuueckuii nu-
tepBai (3300—-3350 M H.y.M.) COOTBETCTBYET I10JIO-
JKEHWIO Kpasi MmajieoJie[HUKA BO BpeMs MOCJeIHEeH
dazsr MJITIL.

UYeTBepTasd ¥ MmsATAsA TeHEPAIUH, SBJISIOMIIECS
HMCTOKaMU KaMEHHOTO TJIeT4epa, MPeACTaBISIOT CO-
601t 3a0pPOHUPOBAaHHbBIE MIEOHUCTBIM YEXJIOM ITOJIS
“MepTBBIX JTHAOB”, He MMetone MOP(HOTOTHIECKIX
[IPU3HAKOB /BIKeHN. OHU OAIPYKUBAIOT IPUJIE-
HUKOBbIE 03epa U ABJISAIOTCS HOCJAeIHeN KpaeBoi Mo-
peHoit, chopMUPOBAHHON B pe3yJibTaTe OTCTYMAHUS
JIeTHUKOB Ha ITPOTSI>KEHUU BTOPOH 1M0JI0BUHBI XX B.
JIMiaiiHMKOB MCII0JIB30BAHHOTO HAMK TakcoHa Rhi-
zocarpon sp. 37ieCb He OOHAPYKEHO.

MuHUMaNbHBIN JUXEHOMETPUUYECKUN BO3PaCT
MOPEHBI, Hd KOTOPYIO HA0JI3aeT KAMEHHBIH rieTyep,
860 + 75 ner. /lanHad olleHKa CUJIbHO 3aHUKEHA, 10~
CKOJIBKY 3/1€Ch SIPKO BBIPQsKEHbBI BTOPUYHBIE CYKIIEC-
CUW STUJIUTHBIX JUMTAWHUKOB, 3HAYNTEIHHOE BBI-
BeTpUBaHUe MOBEPXHOCTU. Bosee Apsaxiblii 061K
[IPUMBIKAIOIIUX K KAMEHHOMY TJIeT4Yepy MOPEH OT-
paxkaeTcs TakKe B BeJIMYMHE OCTaTOYHON IPOYHOC-
™ Q (30—45 %), KoTOpast CyIeCTBEHHO MeHbIIEe
OPOYHOCTU 0OGJIOMKOB Ha TIOBEPXHOCTH TJETYepa
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((62.8 £ 6.0) % B kpaesoit vactu u (74.8 £ 2.3) % B
00J1aCTH €ro IUTaHus).

Banskme nmama3oHbl 3HAUEHWW OCTATOYHON
mpounoct Q = (41.6 = 1.4) % ycTaHOBJIEHDI [IJIST CJIO-
JKEHHBIX IpaHuTOMAaMu MopeH IIpexbopeabHOTO
noxosoganus (11 700-10 640 n.1.) B CeBepHoii
Hopseruu [Shakesby et al., 2004, 2006], a Takxe B
npeiesiax MJIeliCcTOIeH-TOJIOIIEHOBBIX JEeTHUKOBBIX
koMmriekcoB xp. Cynrap-Xasita (44.5 = 6.1) u
(46.1 £ 6.5) % [Taranun u dp., 2013]. TectupoBanue
GoJiee paHHUX MOPEH HUKe 1o gosuHe p. Boa. Amva-
ATUHKA [0KA3aJI0, YTO UX OCTATOYHAS IIPOYHOCTD He
nazaert Huxe 30—35 % BHe 3aBUCHMOCTH OT OTHO-
CUTEBHOTO Bo3pacTa. [lo-BuANMOMY, 3TH BEeTMYNHBI
Q ABJISAIOTCS TPEAETbHBIMHA JIJISI KAMEHHBIX MOPGO-
CKYJIBIITYP palioHa, CJI0KEHHBIX TPAHUTOM/IAMU.

OueBUIHO, YTO METOJT OIIEHKH BO3PACTa HA OCHO-
BE OCTaTOYHON TPOYHOCTH 06IaaeT GoJiee IMUPOKUM
BPEMEHHBIM JMANIa30HOM (TBICSYU JIET) B OTJINYHE OT
suxeHoMmeTpuu (coTHu JieT). B To ke BpeMs ero pas-
pellleHre Ha TIOPSIIOK HUsKe. VI3 OJTyYeHHBIX pe3yJib-
TATOB CJIEZYET, YTO B KIUMATHYECKUX YCIOBHIX MIPH-
sgennukoBoit 3oubI CeBepHoro Taup-Ilang npumene-
HUe JIMXeHOMeTpuU orpanndeno Bogpactom 700—-800
JIET, 4TO dIKBUBAJIEHTHO Jiaiinukam Rhizocarpon sp.
auametpom 50—60 MmM. B manrOM uHTEpBase BpeMe-
HU Bapualis OCTAaTOYHOU MPOYHOCTH (Q, BEPOSITHO,
He cToJIb 3HaunTebHA | Goudie, 20006].

[MonyderHbie pe3yabTaThl TTOKA3bIBAIOT, YTO B
naTepBase MJIII (0-2000 ser) Benuumua Q mo3-
BOJISIET CTATUCTUYECKH JIOCTOBEPHO OTIETUTH HANOO-
Jsiee ipeBuue redepaiuu (Q = 55-65 %) ot coBpemen-
HbIX (Q = 70—80 %). Betuunna Q 1mMo3BOJISIET YETKO
muddepeHIpoBaTh PAHHET OO EHOBBIE COOBITHS
(Q << 50 %) or MJIII (Q >> 50 %). [laHHBIE OLEHKK
[IPABOMOYHBI JIJisI KAMEHHBIX MOP(MOCKYIBIITYP, CJIO-
JKEHHBIX KPYITHO3E€PHUCTHIMY IPAHUTOMIAMU.

[Ipeamonaras, 9T0 MOPEHBI B TPUMPOHTATHHOM
YacTH KaMEeHHOTO ryieTyepa ['opoerkoro uMeroT Bo3-
pact He Menee 10—11 TbIc. JeT, u fonyckas JuHei-
HBII XapaKTep CBSI3HM OCTATOYHOM MPOYHOCTH U Bpe-
MeHU aKcIoHupoBanus [ Shakesby et al., 2004, 2006;
Winkler, 2005; Goudie, 2006], MbI IpOaHATU3UPOBAIU
perpeccuio Q/t, KOTOPas aNpPOKCUMIPYETCs YpaBHe-
HUEeM

Q= -6.7721n (tg) + 103.48,

rjie to — abcomoTHbIl Bo3pacr, JeT. ITO ypaBHeHuUe
TpebyeT momosHuTEbHON Bepubukarmn. OIHAKO ¢
YYETOM OTMEUYEHHBIX BBIIIE OTPAHMICHUN €r0 MOKHO
MPUMEHSIT JIJIs1 TPY0O0ii OTIeHKH abCOMIOTHOTO BpeMe-
HY 9KCIIOHNPOBAHMS KAMEHHDBIX TOBEPXHOCTEN TPaHU-
TOMIHOTO COCTABA B JAHHOM PErHOHE.
HccnenoBanue U30TOMHOTO COCTaBa HCKOTAae-
MBbIX JIbIOB ¥ BOJHOTO CTOKa. B nocsiennue aecsatu-
JIETHS M3YYeHUE COOTHOUIEHHSI CTaOUIbHBIX U30TO-
OB BO JIbjlaX KAMEHHbIX [JIETYEPOB CTAJIO HEOTHEM-
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Ta6auma 2. H30TONHBINA COCTaB CTOKA M HCKONAEMBIX JIb/[0B KaMeHHOTo riietuepa Fopoaenkoro,
3awnmiickmii Anatay

Tun o6pasios Tny6buna,m| N 3180 3D dexe 3D/ 8180
CTOK u3-110]1 KaMeHHOTO TJieT4yepa (T.H. 33, 34) 20 2 -12.54+0.01 | -85.78 £ 1.86 14.51 6.84
Jlunza metamopduyeckoro jpaa MJIII (1.1, 71) 5 2 -13.75+0.01 | -93.10£0.05 16.91 6.77
Jlen n3 kpas nequuka (T.H. 83) 2 1 -12.99 —87.45 16.47 6.73
Jlen ¢ moBepxHOCTH JiefiHuKa (T.H. 85) 0 1 -13.14 -95.19 9.93 7.24
Cpentee -13+1 -90+4 15£3 69=0.2

II puMedaHue. N — KosuuecTBO uccjae10BaHHbIX 06pa3u03.

JIEMOY 4ACThI0 METOANYECKOIO apceHaia 3apyOesKHbIX
uccaenosanuii [Stauffer, Wagenbach, 1990; Cecil et
al., 1998; Steig et al., 1998; Krainer et al., 2007]. K co-
KaJleHHIo, Kakue-1u00 CBeJeHUs O COOTHOIIEHUU
CTabMIIBHBIX U30TOIOB B KAMEHHBIX TJieTuepax Poc-
cun 1 CHI orcyterBytot (1tut. mo: [ Bacuavuyx 10.K.,
Bacunvuyx A.K., 2011]).

B asrycre 2013 r. aBropamu 66110 0TOGPAHO IBa
00pasiia BOJHOTO CTOKa KaMeHHOTro riierdepa opo-
JIEITKOTO B TOYKAX YCTAHOBKU re0TEPMUYECKHUX JIOTTE-
pos (cm. puc. 1, T.H. 33, 34), 1Ba 0Opasia U3 UCKOIIae-
MOro 6J10Ka MeTaMOP(UIECKOTO JIb/Ia B CPEIHE yac-
TH KaMeHHOTo rierdepa (T.H. 71) u aBa oOpasia
(upHOBOTO JTH/IA B KpaeBoii yacTu JiefiHuKa ['oposert-
koro (1.H. 83, 85). Touku orb6opa 06pasioOB IpUBEe-
HBI Ha pUc. 1, a Pe3yJIbTaThl UX M30TOITHOTO aHAIN3a —
B TabJI. 2.

CoorHolieHre cTaOUIbHBIX H30TOTIOB BO BCEX
HCCIeNOBAaHHBIX 06paslaX 0Ka3aaoCh IPAKTHYECKU
uaeHTUYHBIM. Bapuanuu no §'80 cocraBunu
—10...—14 %o, 10 8D paBHbI —85...—95 %0. CooTHOIIIE-
HUS CTaOMIBbHBIX U30TOIIOB U BHICOKHIA ITOJIOKHUTEIb-
HbIT fefitepuessiil akcuece (do. = 10-16) nemon-
cTpuUpyoT atMochepHOoe TPOUCXOKIEHNE COCTaBa
HCCIIe0OBAaHHBIX 00Pa3L0B, UX BBICOKOE CXOICTBO C
paciiaBaMu METaMOP(MOUUIECKUX JIHIOB COBPEMEHHBIX
JieTHUKOB pervona (puc. 6).

CX0/ICTBO M30TOITHOTO COCTaBa CTOKA KAMEHHOTO
rierdyepa U MeTaMOP(PUIECKIX JIHIOB B €0 UCTOKAX
MOJKET CBHU/IETEIbCTBOBATH 00 OTCYTCTBUU UHBIX HC-
TOYHUKOB BOJHOTO IIUTAHUS BO BPeMsI OIIPOOOBAHNS,
KpoMe Taronux MeTamoppudeckux aba0B. C ogHOU
CTOPOHBI, 3TO KOCBEHHO MOATBEPKAAET GOJBIIOE KO-
JIN4ecTBO GI0KOB MeTaMOPGhUIECKUX JIbIOB, yCTa-
HOBJIEHHOE Te0O(PU3NIECKNMU METOJAMU 1 B XOJI€ BU-
3yaJIbHBIX HAOJIOJEHU, ¥ TOBOPUT O HE3HAUUTEb-
HBIX 00beMaX MHBIX JIbJOB. B IpoTUBHOM ciyuae B
pe3yJbTaTte CMENIEeHUsT PACIIAaBOB JIEMHUKOBOTO M
IPYHTOBOTO JIBJIOB ITPOUCXOAMIIO ObI pa3baBiieHIe U
CyllecTBeHHOE U3MeHeHue 00Iero n30TOMHOro COo-
CTaBa CTOKA KAMEHHOTO TJIeTyepa.

C apyroii CTOPOHBI, BeCbMa 00JIerYeHHbI 130-
TOTHBIN COCTaB CTOKA MOKET CBUIETEICTBOBATH O
oKa elre ¢j1abo U3y4eHHBIX MPOoIeccaX H30TOMHOTO
(bpakuMOHMPOBAHUS, TPOUCXOASINIUX TPU HUIHT-
palum CTOKa, 4Yepe3 TOJIIY TJIeTuepa, OXJIaKIeHHYIO

J10 HyJIeBbIX TemuepaTyp. Tskesnas Boja 1Ipu 3TOM
MOJKeT HAaYMHATh BBIMEP3aTh IMPU TeMIlEpaTypax
+1..42 °C (Touka 3amep3aHus JleliTepUeEBOIl BOJIbI
+3.4 °C), HakarMBasich B IOPax M HA TOBEPXHOCTAX
00JIOMKOB B BHUjle MHPUIbTPAIMOHHOTO Jibaa. IIpu
5TOM MPOUCXOUT 0OOTAIEHNE CTEKAMIIETO OCTATKA
JIerkuMu u30ToNmaMu. K mogo6HbIM BBIBOIAM TTPUTITET
FO.K. Bacuiibuyk ¢ KoJlJieraMu Ha OCHOBe JlabopaTop-
HBIX 3KCTIEPUMEHTOB C YACTUYHBIM 3aMOPAKUBAHIEM
U oTTanBaHueM oO6pasioB BoAbl [Bacurvuyx u op.,
2006].

Ony6yiMKOBaHHBIE IO KAMEHHBIM TJIETYEPAM Pe-
3yJIbTaThl 3apyOEKHBIX UCCIENO0BAHWI CBUIETEb-
CTBYIOT O TOM, YTO H30TOTTHBII COCTAB CIATAIONIUX UX
JIBJIOB AHAJIOTUYEH COBPEMEHHBIM JieJHUKaM. Tax,
KepH U3 MeTaMOP(UYECKOTo A/1pa KaMEHHOTO TJieTye-
pa Peiixenkap (2300-2700 m H.y.M.) B Anbmax xa-
paKTepusyeTcs HajauuueM 3MMHUX (00JIer4YeHHbIX) 1
JIeTHUX (TSKebIX) IPOCI0EB Jbja, 3HayeHue 5180 B
KOTOPBIX BapbupyeT oT —12 10 —17 %o [Krainer et al.,

880, %o

-20 -18 -16 -14

-90 41

=110 A

4D, %o

-130 1

-150 -

Puc. 6. MI3oTonusiii cocTaB BOJHOTO CTOKA U MCKO-
NMaeMoro Jib/Ja KaMeHHoro rietyepa I'opoaenkoro B
CPaBHEHHNH C COCTaBaMU HEKOTOPBIX /JPYTHUX THUIIOB
JBJIOB.

1 — BOJHBII CTOK U MeTamMopdudeckuii e/ rierdepa ['opozeir-
koro (aBryct 2013 1.); 2, 3 — BOAHBII CTOK KAMEHHBIX IJIETYEPOB
Topnoro Anrasa B gosune Coduiickoro segHuka B aBrycre
2014 r. (2) n B miosie 2015 r. (3); 4 — MmetamopduyecKuii e n3
Pa3HOBO3PACTHBIX MOPEH U C OBePXHOCTH JiefiHuKa Boit. Asay
(KaBkas) [Bacunvuyx u dp., 2006]; 5 — nuHus PaBHOBECHS Me-
Teopubix Bog Kpeiira (8D = 8.135'80 + 10.8).
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2007]. B atux xe ropax snauenue 530 B meramop-
(puyecknx apaax gexanka Yau Tutianc nameHsercs B
untepsaie —13..—16 %o [Lorrain, Haeberli, 1990].
Cxo/Hble aHHbIe MOJYYEHbI JIsl KEPHOB, 0TOOpaH-
HBIX U3 JIEJSTHBIX S7Iep KaMeHHOTO TyieTyepa [asena
Kpuk (2700 m 1.y.M.) B Kopanmsepax. Conepskanne
8180 snech coctapisier ot —15 %o (J1€THME CJI0K) 10
—19 %o (3uMHME CIIOM).

Cpennee snauenue 8'80 B kepHe JegHuka
WubLtbuexk (campriit kpynHbii B [leaTpaspaom TsHb-
[[Tane) B muTepBase BoicoT 4100-4400 M H.y.M. co-
craBysieT —15 %o, a B IETHUX OcaiKax (CHET ¥ JT0K/Ib )
oK0710 —7 %o [Aizen V., Aizen E., 1996]. IlockoabKy ¢
BBICOTON TMPOUCXOAUT 3aKOHOMEPHOE 0bJIerueHne
M30TOMHOIO COCTaBa, MOKHO IPEAIO0JAaraTh, 4YTO
cpennee cogepxkanue 880 B Gosee HU3KO pacoo-
JKeHHBIX Jenankax Tsaub-1llans pasao —12...—14 %o.

Taxum o6pasom, cogepxkanue 5180 B aupax ka-
MEHHBIX TJIETYEPOB UIEHTHYHO KPAEBBIM YACTSIM CO-
BpPEMEHHBIX JIEITHUKOB TeX K€ TOPHBIX PAllOHOB. JTO
CIIY>KUT OJIHUM W3 JIOKA3aTeJbCTB TECHON TeHeTnye-
CKOM cBsA3U Mexxy HuMH | Bacunvuyx FO.K., Bacuno-
uyk A.K., 2011]. Bosee o6cTOSATEIBHBIE BHIBOABL O
CTPOEHUU U reHe3¥ce KAMEHHbIX TJIeTYePOB, BEPOSIT-
HO, MOTYT OBITh C/I€TAHBI HA OCHOBE M3YYEHHUSI X CTO-
Ka, I30TOMHBII COCTaB KOTOPOTO CYIIECTBEHHO U3Me-
HsIeTCs Ha TIPOTS)KEHUU JieTHero nepuona [ Krainer et
al., 2007]. Tak, B naTH OJHOBPEMEHHO HAOIIOLAB-
IIMXCs KaMEHHBIX IieTyepax Asbll copepskanue 380
0Ka3aJI0Ch OUEHb OJU3KUM, IPUYEM C Mast [0 OKTSIOPb
OHO IIJIAaBHO Bo3pacTano ¢ —18 o —13 %o [Krainer et
al., 2007]. YrsxkeneHnue cocTaBa TajJblX BOJ Ha IIPO-
TSSKEHUU TIEPUO/Ia CTOKA JIOBOJIBHO XOPOTIO YKJIA/IbI-
BaeTcs B TIPe/CTaBJeHUs O (PAKIMOHUPOBAHUN B
XO0/le MEJIJIEHHOTO TasTHUS MeTaMOP(MUYECKUX JIBIOB,
(upHa u cHera, 4YTO yCTAHOBJIEHO TAK)KE DKCIIEPHMEH-
tasibHbIM 1ryTeM | Taylor et al., 2002]. B uesnom cieny-
€T IPU3HATH, YTO MEXAHU3MBI €CTECTBEHHOTO (hpakK-
[MOHUPOBAHUS U30TOMTHOTO COCTABA JIBJOB ¥ BOJIbI
BHYTPU KaMeHHBIX TJIETYEPOB MOKA OCTAIOTCS CJ1abo-
M3yYEHHBIMU U SABJSIOTCS Ba)KHBIM IIPEIMETOM HC-
crefoBanuil 6avKaiiero 6yayiero.

AUCKYCCHUA

[TosryyeHHBIE PE3YIBTATHI KOMILJIEKCHOTO M3yde-
HUsI KAMEHHOTO TJieTyepa ['opomeIrkoro nioxo ykJia-
JIBIBAIOTCST B PAMKHU COBPEMEHHBIX ITPEACTABIEHUI O
CTPOEHWH, TPOUCXOKIEHUH U PEOJOTTU KaMEHHbIX
ryeT4epoB B 1esoM. CorlacHO 3TUM TIpe/iCTaBIeHH-
sIM, KAMEHHBIE TJIeTYEPbl SIBJISIOTCS MOHOJUTHO-
MeP3JIbIMK TeJIAMU, COCTOAIIUMU U3 rpy600610M0OY-
HOI MaTPHIIBI, CIIEMEHTHPOBAHHON MTPENMYIIeCTBeH-
HO IPpyHTOBbIMY Jblamu [[opbynos, Tumxos, 1989;
Tananun, 2009; Barsch, 1996] v ABUXKyIIUMICS B pe-
3yJibTaTe BA3KoIIacTnyeckux aecdopmaruii [Ix. Lie-
Ha [ Glen, 1952; Haeberli, 1985; Barsch, 1996].

B nmeficTBUTETBHOCTH MEETCS COBCEM HEMHOTO
(bakTHUeCKUX AHHBIX O BHYTPEHHEM CTPOEHUU Ka-
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MEHHBIX ryieTyepoB. HauboJiee n3yuyeHHBIM B JAHHOM
OTHOIIIEHUH STBJISIETCST KAMEHHBIN reTuep Myprens 1
(Murtel 1) B Asbriax, e mo gauabiM B. Xeiibepom ¢
coasrt. [Haeberli, 1985; Haeberli et al., 2006] npoby-
penbl Tpu rayGokue ckBaskuHbl (Gosee 50 m). 31ech
TaKKe MPOOYPEHO HECKOJIBKO MEJIKUX CKBAXKITH TJIy-
6unoit ot 5 10 10 m [Barsch, 1996]. Tnybokas cka-
xuHa B. Xeitbepau ¢ komneramu [Haeberli, 1985],
npoGypeHHas 7Sl IOKA3aTebCTBA JIEAHUKOBOTO TPO-
HUCXOXKIEHNUST KaMEHHOTO TJIeT4epa, MO/l PhIXJIBIM
MEeOHUCTO-TIIBIOOBBIM TOBEPXHOCTHBIM CJIOEM BCKPBI-
JIa TIJIACTBI YUCTBIX METaMOP(PUIECKUX JTHI0B MOIITHO-
ctbio 10 12 M. OcrajibHas yacTh paspesa ObLia o6pa-
30BaHa CTPATU(UITMPOBAHHON MTAYKON OTJIOKEHWH,
MIPeICTAaBJIEHHOI YepeIOBAaHUEM CYIIeCYaHbIX, CYTIIH-
HUCTBIX U CYIECYaHO-TIIeOHUCTO-CYTJIMHUCTHIX TOPHU-
30HTOB ¢ HEGOJBIITUM KOJUYECTBOM Jibja. Temiepa-
Typa JIoXKa TJIeTUYepa OKa3anach OJIM3KOU K HYJIEBOIL.

CxkBaskutsl, mpobypennbie /. Bapiem [Barsch,
1996], oTcTanBaOIUM TUTIOTE3Y UCKIIOUUTEIBHO
MEP3JI0THOTO TIPOUCXOKIECHUS KAMEHHBIX TJIETYEPOB,
BCKPBLIY IPUHIUITNAJIBHO UHbIE pa3pe3bl. VM He
OBLJIO YCTAHOBJEHO HUKAKUX METaMOPOUUIECKUX
JIBZIOB, CBUJIETEJbCTBYIOIIUX O CBSI3U C JIETHIUKAMU.
Mot peIXJIBIM TIEOHUCTO-TIIBIOOBBIM YEXJIOM BBISIBJIE-
HO UepeZioBaHUe MeP3JIbIX CyIeceil, CyrJIMHKOB, IPO-
CJI0€B TAJIBKU ¥ XOPOIIIO OKATAHHOTO TPaBus, Jie/s-
HBIX [IPOCJIOEB MOIIHOCTBIO He Gosiee 1—-2 M. 3Hauu-
TeJIbHOE PACXOKEHUE PE3yIbTaTOB OYPEeHUs, 10
muenuio /1. Bapmra [ Barsch, 1996], cBsizano ¢ TeM, 4TO
UCXOJHAS CTPYKTYpa KepHa Ipu OypeHrr KAMEHHBIX
TJIETYEPOB, KaK MTPaBUJIO, OKA3bIBAETCS HAPYIIIEHHOM.
Jlen-11eMeHT YaCTUYHO WJIM TOJHOCTHIO BHITAMBAET
[PU TIPOXOKAEHUH JIE€A0BO-IIEOHUCTBIX CI0EB, TEM-
nepaTypa KOTOPBIX 6JIM3Ka K HyJIeBOM. JlaHHBIN Te3uc
Mpe/NCTABISAETCS TOBOJIBHO CHEKYJISITUBHBIM, T10-
CKOJIbKY BbinojiHeHHbIi B. Xeiibepau [Haeberli,
1985] xommiekc reopuU3NIECKUX UCCIETOBAHUIM,
BKJTIOYAIOTUH MIOTHOCTHOH raMMa-KapoTasK, OIHO-
3HAYHO CBUIETEJNBCTBYET O ABYUYJIEHHOM CTPOEHUU
rieTyepa U HAJIMYNUU B €T0 BepXHEH YacTh KPYITHBIX
3aiesKell MCKOMAeMbIX METAMOP(MUUYECKHUX JIBIOB.

Taxum 06pasoM, UMEIOIITHECS TIPSIMbIE JaHHbBIE O
CTPOEHUN KaMEeHHBIX TJIETUYEPOB TIOKA HE TTOATBEPK-
JIATOT HATWYHMeE B UX pa3pe3ax TOJIIN MOHOJIUTHO clie-
MEHTHPOBAHHBIX JIBJIOM TEOHUCTO-TIIBIGOBBIX OTJIO-
xxeruit. Ho, corsiacHo omnpeneneHnIo u mpecTaBie-
HUSIM 0 MEXaHU3MaX JBIKEHHS KAMEHHBIX IJIETYEPOB,
MMEHHO OHM TIPEXEe BCETO JOJIKHBI CJaraTh BepX-
HIOTO YacTh X Pa3pe3oB.

Pe3ynbTaThl 37IeKTPUYECKOTO U T€OPAIN0JIOKA-
IMOHHOTO 30HANPOBAHNI U BBICOKHE TEMIIEPATYPHI
BOJIHOTO CTOKA KaMeHHOro rietdyepa [opomenkoro
CBUJIETEIBCTBYIOT 06 OTCYTCTBUU 3/1€Ch KOHCOJNUIN-
POBAHHOI Mep3JIoi cTpyKTypsl. Hanboree akTuBHbBIE
KpaeBble TeHepaIlui KaMeHHOTO TJleTYepa HaXOsATCS
MPEUMYIIECTBEHHO B TAJIOM COCTOSTHUM Ha BCIO CBOIO
mortraocts (30—40 m). TTosanue (MoJozbie) rerepa-
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UM KaMEHHOTO TJieTyepa, He Hecyline SpKuX IIpH-
3HAKOB IJIACTHYECKUX lehopMatinii, coep:kaT KpyT-
Hble GJIOKH MCKOMTAEMOTO METaMOP(MUUECKOTO JIb/IA,
¢1ab0 CBSI3aHHbIE MEKLY COOOM YaCTUIHO MEP3JIBIMU
eGHUCTO-TABIOOBBIMY yuacTKaMu. KpyTiHbie 6JI0KH
JIbJIa BO3HUKJIM He BHYTPHU KaMEHHOTO TJIeTuepa, a
yHACJIeZIOBaHbI OT JpeBHETO Jeanuka. O6 3ToM TOBO-
PAT UX U30TOIHBIH COCTaB, CTpaTUrpadudecKe mpu-
3HAKU U XapaKTep IJIACTHYECKUX NedOopMaIiHii.

[Tosryuyennble olleHKI BO3PACTa KAMEHHOTO [JIET-
gyepa [opozerikoro Takske yKa3bIiBaloT Ha €r0 UCTOPH-
KO-TEHETUYECKYIO CBSI3b C MATE0JETHUKOM, B PE3YJib-
TaTe COKpaIleHus KOTOPOro (hOPMHUPOBAIUCH OU€EPE/I-
Hble TeHepallud KaMeHHOTO TyieTyepa. VI3HavambHO
9TU IeHepaliy PEACTaBJIAIN COO0M oSt “MePTBhIX
JibIOB”, pasjieieHHble HeOOIIMMU TTPIIEIHIKOBbI-
MU 03€PHBIMHU KOTJIOBUHAMU, B KOTOPBIX HAKaTINBa-
JINCh JIEHTOUHBIE CYyTTMHKN. OTHOBPEMEHHO 3TH Te-
HePaIH UTPAJIU POJIb IIJIOTUH, TOATPY>KUBAST JIETHU-
KOBBIH CTOK.

ABTOpaMU JIOCTATOYHO HAJIEKHO YCTAHOBJIEHO,
4TO KOJIMYECTBO JIbJIa B KAMEHHOM rJietdepe ['opozerr-
KOTO PE3KO0 COKPAIIAETCST OT MOJIO/IBIX BEPXHUX reme-
paruii K 1peBHUM KpaeBbiM. OIHAKO eCJIU CIeI0BATH
OOIIETPUHSATON TEOPUH O TOM, YTO JIeJl B KAMEHHBIX
rJIeTYepax SIBJSIETCST HanboJiee MIaCTUIHBIM 3JIeMEH-
TOM, OTIPEJIETIAIONINM WX IBUKEHIE, TO (PPOHTATBHBIE
reseparuu [opomenKkoro A0JKHBI OBITh HauboIee
MTACCUBHBIML.

CyMMUupoBaHUe pe3yJIbTaTOB HHCTPYMEHTAb-
HBIX HabJIIOIeHNH 32 KaMeHHBIM TiieTyepoM [oposerr-
koro, Hauateix B 1923 r. H.H. ITasproseim u ipoo-
skenubix B 1990-2000 rr. B.A. 3enxosoii, A.I1. T'op-
6ynosbiM, C.H. TutkoseiM [ Gorbunov et al., 1992], a
3atem C.C. Mapuenxo [2003], mokasbIBaeT ciaemnyio-
mtee (puc. 7). 3a 77 set ero GpoHTAIBHBIN OTKOC CMe-
CTHJICS BHU3 TI0 JIOJIIHE HAa 72 M. Pa3Hble jomactu ero
(poHTa ABUTANNCH C PA3IUYHON CKOPOCTHIO, TIEPUO-
IUYECKU oTiepeskasi U IOTOHsS APyT ApyTa. Cpennss
MHOTOJIeTHSIST cKopocTh ¢ 1940 mo 2000 r. Bo3pocsia
npumepHo B 3 paza — ¢ 0.9 10 2.6 m/Tox. 3a ToT xe
MepPUOI Kpast JIGAHUKOB B 0OIACTH TIUTAHUS TJIeTYepa
orcrynuan Ha 200—250 M, cyIIecTBEHHO BO3pocia
TeMIIepaTypa ¥ MOBBICUJIACH HIZKHSI TPAHUIIA MTOSICA
MHOTOJIETHEMEP3JIBIX TIOPO/I.

AKTHBHOE HACTYILJIEHUE YCTAHOBJIEHO TAKKE JIJIST
MOPGOTIOTUYECKH CXOMHOTO rieTyepa MopeHHOTOo
[Inasosckuii, 1977; Yepracos, 1989], pactionoxeHHO-
ro B 3 kM ot riieryepa Lopogerkoro, a Takxke 60Jib-
MTMHCTBA [PYTUX TJIETYEPOB PalioHa, TPUYPOYEHHBIX
K Pa3HbIM TUTICOMETPUYECKUM WHTepBayiaM. [Ipudem
AaKTUBU3AIUS UX JBUKEHUST He MOKET OBITh CBSI3aHA
C HAIlOPOM BBINIEPACIIONOKEHHBIX JIEHUKOB, TI0-
CKOJIBKY TIOCJIeTHYIE 32 YKAa3aHHBII MepHo] Hellpe-
PBIBHO coKparnaiucs [Inasosckuii, 1977].

ITo ganubiM C.C. Mapuenko [2003], HauGonee
AKTUBHBIM B PACCMATPHBAEMOM paliOHe SIBJISIETCS Ka-
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Puc. 7. MakcumajbHble CPeHEMHOTOJIETHHE CKO-
POCTHU IBUKEHHS (PPOHTAIBHOTO OTKOCA KAMEHHOTO
raetyepa ['opoaenkoro Ha OCHOBe penepHBIX Ha-
6JII0/1eHHUIA.

1 — nanuste H.H. ITansrosa, B.A. 3enkosoii, A.Il. Top6yHosa,

C.H. Tutkosa [Gorbunov et al., 1992]; 2 — nauusie C.C. Map-
yenko [2003].

MeHHBIU raetuyep BypKyTThl, MakcuMaibHasi CKO-
pocThb aBuKeHUs Kotoporo ¢ 1979 o 1984 r. Bo3-
pocia ot 5 10 14 m/Tox. B To ke BpeMs JIeIHUK B
ncrokax ¢ 1969 mo 1984 r. orctynua va 100 m. B ce-
nytotee necatuierue (1987-1997) ckopocts Hacty-
naHug GPOHTAIBLHOTO OTKOCA IJIeTYepa CHOBA YMEHb-
HIMJIach 10 5 M/Tof | Mapuenxo, 2003).

KomiuekcupoBanue 1mojgydyeHHbIX JaHHBIX 1103-
BOJISIET B OOTIMX YePTaX OXapaKTePU30BaTh BO3MOJK-
HBII MEXaHU3M ABMKEHU IOLOOHBIX 00pa3oBaHMii,
peasusyonuiicst Ha (hoHe COBPEMEHHBIX KIMMaTHye-
CKUX U3MEHEHUN U JIeTPa/lalliyl TOPHOTO OJIe/IEHEHMS.

WN3anavanbHO ouepeHas reHepalus KaMeHHOTO
rietdepa (popmupyetcs Ha (hoHE PE3KUX KIMMaTHUe-
CKUX U3MEHEHUH, OBICTPOTO MOBBIIEHMS (PUPHOBOI
TPaHUIIBI IPU TIEPEXO0jie JIeMHUKA K OTPUIIATETbHOMY
6amarcy mMacchl. IIpr 9TOM TPOUCXOAUT CMETIEHNUE
30HBI abJATUY BBEPX TO JETHUKY, a €r0 KpaeBast
YacTh IPUOOPETAET BOTHY THI MOTIEPEYHBIN TIPODIITE.
[Tepepacmipenesienue IOBEPXHOCTHOTO JIEAHUKOBOIO
CTOKAa B CTOPOHY TaJIbBera MPUBOAUT K OBICTPOMY
BPE€3aHUIO HOBBIX TEPMO3PO3UOHHBIX KAHBOHOB U OT-
YJIeHEHUIO B KPAeBO YacTU HOBOIO TOJISI “IIACCUB-
HBIX JIbJIOB. DTU TOJISI MEJIJIEHHO JIETPAJAUPYIOT, TI0-
KPbIBasICh IEeOHUCTO-TIBIOOBBIM UeXJIOM abJIAIMOH-
HOI MOPEHBI.

OIHOBPEMEHHO B TIpejiesiaxX CJIOS TOOBBIX Te-
J10060POTOB AaKTUBU3UPYETCS MUPOKUI CIIEKTP
KPUOT€HHBIX [IPOLIECCOB: IIOJIUTOHAJIBHOE PACTPECKU-
BaHue 6JTOKOB METaMOP(hUUECKOTO JbIa, MOPO3HAsT
COPTUPOBKA 00JIOMOYHOTO YeXJia, TePMOIPO3USA U
cyddosusa. 3a cuer 60JABIIOrO KOJIUYECTBA BEPTU-
KaJIbHBIX TPEITUH Ha/IMEP3JIOTHBIE BO/IBI (DUIILTPYIOT-
51 K OCHOBAHUIO KOPeHHOTO J03ka. DuiIbTparioHHble
IIPOLIECCHI IPUBOJAT K MHTEHCUBHOM OOKOBOII U 1101
MOBEPXHOCTHOM TEPMO3IPO3UU JIEATHBIX OJIOKOB.
[Tonsg “maccuBHBIX” JIBMOB HAUMHAIOT MOCTETICHHO
mproGpeTaTh XaOTUIECKHT Oy rPUCTO-IMYATHIA WH-
BEPCUOHHBIN Me3opesbed, B Tpeziesiax KOTOPOTO TPo-
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HUCXOJUT YaCTUUHOE TlepepaciipejiejieHne moBepX-
HOCTHOI MOPEHBI B TEDMOKAPCTOBbIE ITOHUIKEHUS B
pe3yJibTare OChIIaHUs, JeCEPIIIUY U COMUMITIOKITUMN.
[Ipu onpenenennoit KoHpuUrypamuu J0JIUHbI
(hopMUPYIOTCS YCIOBUSI, KOT/Ia CTOK BbIIIIEJIEKAIIETO
JIe[IHUKA YaCTUYHO UJIU TOJTHOCThIO GJOKUPYETCS U
HAaYMHAET JPEHUPOBATHCS Yepe3 MopeHy. B pesyibTa-
Te 9TOro Jerpajanus MorpebeHHbIX OI0KOB METAMOD-
(urueckux JbaoB yeunusaercs. OcBoOOIUBILIEECS 110~
POBOE MIPOCTPAHCTBO 3AITOJHSIETCS TOHKOAMCIIEPC-
HBIM MaTepuajioM (“JIeIHUKOBOI MyKOi”), 0OUIBHO
MTOCTYIIAIONIUM BMECTE C JIEJHUKOBBIM CTOKOM. AK-
TUBHOE OCaXK/leHue “JIelHUKOBOI MyKu~ B TejlaX He-
KOTOPBIX KaMEHHBIX TJIETYEPOB MOATBEPIKIAETCS
CpaBHEHMEM CTeNeHW MYTHOCTU UX CTOKA C JIeJIHUKA-
Mu. CTOK JIe/IHMKOB MHTEHCUBHO HACBITIIEH B3BEIIEH-
HBIMU YaCTHUIIAMU, €r0 BUIUMasi MyTHOCTb JJOCTUTAET
800—-1000 NTU (medenomeTpuyecKux eJUHUIL) U
6osiee. CTOK KaMEHHBIX [JIETYEPOB XapaKTePU3yeTcst
BBICOKOU TTPO3PAYHOCTbHIO, MyTHOCTb HE ITPEBBIIIAET
40-60 NTU. Ecsin yuecTb, 4TO BeCh JIeIHUKOBbI
CTOK (PUIBTPYETCS Yepe3 KaMeHHbIH TJIeTyep, TO CTa-
HOBUTCST OUE€BUIHBIM, YTO OCHOBHAS YaCTh B3BEIIEH-
HBIX CYIJIMHKOB HAKaIlJIMBAETCSI BHYTPH €ro oObeMa.
[lanHbIN TTpoIllecc, 09YEeBUAHO, Pa3BUBAETCSA BO
MHOTHUX JIeAHUKOBBIX patioHax EBpomnsr u A3um Ha
done yckopenus abasunu. MTHTEHCUBHO MOCTyHAO-
U C JIETHUKOBLIM CTOKOM TOHKO/IUCIIEPCHBIN MaTe-
pHUaJl CTAaHOBUTCSI OCHOBHBIM UCTOYHUKOM TEPPUTeH-
HOT'O MUTaHUsI MHOTMX TIPUJIEIHUKOBBIX IJIETYEPOB.
B pesysnbrare ykazaHHBIX IIPOIECCOB TTPOUCXO-
JIUT KapJiMHAJIbHOE U3MEHEeHUEe CTPOeHus u pusu-
YeCKUX CBOWCTB KaMEHHBIX TJieTdepoB. [1aBHBIMU
[JIACTUYECKUMU DJIEMEHTAMU UX JBUKEHUS CTAHO-
BATCS He GJIOKM MCKOIAEMBIX JIBJIOB U JIe/I-LEMEHT, a
TaJIbII BBICOKOOOBOAHEHHBIN CYIJIMHUCTBIA MaTepu-
aJI, 3aIIOJIHAIOII M IOPBI U IIYCTOTHI ¥ 00110 NIMii
HMCKJIIOYUTETbHBIMU TUKCOTPOITHBIMU CBOMCTBAMH.
Kpome Toro, 0HOBpEMEHHO YBEJIMIMBAIOTC 001Iast
Macca KaMeHHOTO TJIeTdyepa U 00beMHasl [IJIOTHOCTb,
YTO IPUBOJIUT K BO3PACTAHUIO €70 HATPY3KU HA JIOJKE.
JIBIKeHMe TaKUX IJIETYEPOB He O [UMHSIETCSI 3a-
KOHY BSI3KOTO HBIOTOHOBCKOTO TeueHust [[xk. T'nena.
Paszinyne HbIOTOHOBCKUX U HEHBIOTOHOBCKUX “YKU/I-
KOCTel” COCTOUT B TOM, UTO Y ME€PBBIX BA3KOCTD IO-
CTOSTHHA U He 3aBUCHUT OT CKOPOCTH JBUKEHUS, & Y
BTOPBIX C YBEJIUYEHUEM CKOPOCTHU J[BUKEHUS BSI3-
KOCTb MOJKET 3HAYMTEJbHO CHUKAThCS UJIH, Ha060-
poT, BO3pacTaTh.
[ToBenenre THKCOTPOITHBIX JKUAKOCTEN SIBJISIET-
Cs HEHBIOTOHOBCKUM, TTPU YCKOPEHUY CBOETO JIBYKe-
HUs OHH elle GOJblIe Pa3KUKAIOTCs, YTO, B CBOIO
ouepejib, ellle CUJibHee yCKopsieT uX aBuskenue, Cpe-
JIi U3BECTHBIX HEHBIOTOHOBCKUX JKUJIKOCTEH — He3a-
CTBIBIIME [IeMEHT, OeTOH 1 MHorue apyrue. Henpioro-
HOBCKHE KUJKOCTU HE SIBJISIOTCSI MOHOMOJIEKYJISIP-
HBIMU, OHU COCTOSIT U3 CMECH PA3JIMYHBIX TOHKO/U-
CIIEPCHBIX YACTHIL.
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3AKJIIOYEHUE

B pesysbraTe KOMILJIEKCHOTO N3y4YeHUs] KaMeH-
HOTO TJieTdepa [OpoenKoro GbII0 YCTAaHOBJIEHO CJie-
ayloliee.

1. KaMeHHBIIT T7IeTYEp HA BCEM CBOEM TPOTSIKe-
HUU He UMeeT KOHCOJIUIMPOBAHHON MeP3JI0i CTPYK-
TYPBI U He CITOCOOEH K JBWKEHUIO 32 CUET BSA3KOILIA-
CTUYECKUX JiehopMaItuii TpyHTOBOTO JIbJIa TIO U3BECT-
HoMmy 3akoHy [I:k. ['neHa. OcHOBHOI 06beM KaMeH-
HOTO TJieTYepa 06pa3oBaH UCKOMAEMbBIMU OIOKAMU
MeTaMOP(hUYECKUX JIbJIOB, YHACIEJOBAHHBIX OT TIa-
JICOJIETHIKA.

2. KaMeHHBI! TJIeTYep COCTOUT U3 TPEX PA3HOBO-
3pPaCTHBIX TeHepaluii, XOPoIIo KOPPEJUPYIONUX C
3MU30/IaMU OCIUJIJISIIY TOPHBIX JeAHUKOB CeBep-
Horo Tsiap-1llams B mo3aHEM rosioreHe.

3. CocTaB cTaGUIBbHBIX H30TOMOB BOJIHOTO CTOKA
KaMEHHOTO TJIeTYepa, HCKOTIAeMbIX GJIOKOB METaMOp-
(uueckoro nbaa uMeet GOIBIIOE CXOACTBO € COCTa-
BOM (PUPHOBOTO JIbJIa COBPEMEHHBIX JIETHUKOB.

4. HamboJiee akTUBHAST HYIKHSISI TeHePaIust Ka-
MEHHOTO TJIeTUepa HAXOAUTCS B TAJIOM U BBICOKOOO-
BOZIHEHHOM COCTOSIHUM W TTPAKTUYECKU HE COMEPIKUT
TPYHTOBBIX JIBJIOB.

5. Ctpoenne KaMeHHOTO TJIETYEPa HE COOTBET-
CTBYET KJIACCHYECKUM OTIPEIEJIEHUSIM JIAHHBIX 00pa-
30BaHU, 2 3aKOHOMEPHOCTH €T0 ABUKEHUS He oI
YUHSIOTCS 3aKOHAM BSI3KOTIJIACTUYECKOTO TeUEHUS
MOHOJIMTHBIM TEJIOM 3a cueT JiehopMaliuy IPyHTOBO-
TO JIbJIA.

6. [TosryuenHble JaHHDBIE YKA3BIBAIOT HA TO, YTO
KaMeHHBIN TJieTdep I'opomeIkoro u, BeposITHO, MHO-
rye Jpyrue cylepakTUBHbIe KaMeHHbIe IJIeTYepbl pe-
TUOHA TIPEJICTABIISIOT COOOI YACTUYHO TAJIbIE JIENOBO-
KaMEeHHO-CYTJIMHUCTbIe 00PA30BaHUS, IBUKYIIHECS
[0 IPUHIUIY TUKCOTPOIHBIX JKUAKOCTEH. ITO 00b-
SCHSIET BHe3allHble YCKOPEHUs UX JABUKEHMS, ClIelu-
(pmyeckuii TOBEPXHOCTHBIN pesibed, HATTOMUHAIOTIU A
nedopmaiuu Tekyero 6eToHa, TuAPOANHAMUYECKIE
PasphIBBI ¥ (POPMUPOBAHIE BHE3ATHBIX OBICTPOIBHU-
KYIIUXCA JIeIOBO-IPA3€BO-KaMEHHDBIX CeJleid.

Mamepuanv, nacmosiwei cmamvy NOLYUeHsl 8 pe-
syavmame axcneduuonnvix padom ¢ 2013 u 2014 ze.,
BuINOAHEHHBIX NPU noddepacke Mncmumyma zeoepa-
¢uu Kasaxcmana 6 muye oupexmopa npogh. A. Meoey,
compyonuxoe u 3asedyrouezo Kasaxcmanckoi avico-
K020pHotl Mep3nomuoi rabopamopuu HM3 CO PAH
xano. c.-x. nayx 3.B. Cesepcrozo.

Paboma svinonnena npu Qunancosoi noooepicke
POOU (npoexmor Ne 11-05-00318-a, 14-05-
0043514).
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