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YcrbeBbie TeOMOPGOJI0ro-0caouyHble CUCTEM KPYMHBIX PEK, BMATalOIIUX BO BHYTPUKOHTUHEHTAIbHbBIC
MOPSI U 03epa apUIHOM 30HbI, MPOLUIN IJIUTEIbHBIN 3BOJIOLMOHHBIN ITyTh pa3BUTUS, MHOTOKpPATHO Ha-
KaruivMBasi U riepepabaTthiBasi aJUTIOBUAIbHbIC OTJIOKEHUSI B 3aBUCUMOCTH OT MOJIOXKEHUST YPOBHSI IPUEMHO-
ro Bomoema. Cienys 3a KojieOaHUSIMUA YPOBHSI, pEKU IIepeMelliaiy CBOU IeJIbThI, IUIEACTOLEHOBBIE PEIUK-
ThI KOTOPBIX HAXOISIT B MHTEpBaJie a0COMIOTHBIX 0TMETOK oT +50 1o —20 m Ha Oeperax Kacnus, ot +50 no
110 m Apana u ot +370 mo 400 M o3epa banxami.

Apano-Kacnuiickasg apumHasi 30Ha OTJIMYAETCSI HEKOTOPhIMM OCOOCHHOCTSIMU NPUPOMHBIX (haKTOPOB,
BJIMSIIOIIMX Ha IIPOLECCHI AeIbTOOOPA30BaHMSsI: 3aCyIIUIMBOCTHIO KJIMMaTa, (GOPMUPOBAHUEM PEYHOTO CTO-
Ka B BEPXOBbSIX PEK M OTCYTCTBMEM IPUTOYHOCTU B HUKHEM TEUEHMU, MTOBBIIIIEHHO MyTHOCTBIO PEUYHBIX
BOJI I OTPOMHBIM CTOKOM B3BEILIEHHBIX HAHOCOB, a TAKXKe 3HAUMUTEIbHBIM BIIMSTHUEM XO3SIMCTBEHHOM AesI-
TEJIbHOCTH YeJIOBeKa, CBSI3aHHOM ¢ MHTEHCUBHBIM OPOILIEHUEM CEIbCKOX03sMCTBeHHBIX yronuii. Hant6o-
Jiee pacIpoOCTPaHEHHBIM MOP(POreHETUIECKUM TUIIOM PEUYHBIX JEJIET Ha M00epeXbsIX BHYTPUKOHTUHEH-
TaJIbHBIX BOJOEMOB apUIHOI 30HbI SIBJISIIOTCS OTPOMHBIE aJUTIOBUAIbHbIE KOHYChI BBIHOCA B BUJIE AC/IBT BbI-
IBVKEHUS U “CyxXue BHYTPEHHUE IeIbThl” B BUMIE aJJIIOBUAILHBIX KOHYCOB BBIHOCA.

JenbTOBBIM pPyKaBaM M HIDKHEM TeYEeHUU PEeK apUIHOM 30HbI CBOMCTBEHHA 00JIbIlIast MHTEHCUBHOCTh PyC-
JIOBBIX AedopMalnii BCIEACTBYE CIab0il YCTOMUMBOCTU K pa3MbIBY MEJIKOIIECUAHBIX JOJIMHHBIX a/UTIOBU-
aJIbHO-TIPOJIIOBUAJIBHBIX OTJIOXKEHMIA, OOJIBIIIMX CKOPOCTE TeYEHUSI U BHICOKOIM HACBIILIEHHOCTH ITOTOKA
B3BEllIEHHBIMU HaHOcaMU. [lepeHachIIeHHOCTb PEYHOI'0 MOTOKA HAaHOCAMY PUBOAUT OOBIYHO K OOMeIe-
HUIO pycJia B MOJOBOJbE Y MOCTEIIEHHOMY €TI0 MOBBILICHUIO Hall OKpY:Katolleit MecTHOCThIO. [1oBbIIIEHUE
OTMETOK JHA U OOJIBIINE CKOPOCTU YCThEBOIO YIJIMHEHUSI IIPOBOLIMPYIOT YaCThIE IIPOPBIBHI IIPUPYCIOBBIX
BaJIOB, MI3MEHEHME HaIlpaBJeHUSI TEUSHUsI JeIbTOBbIX PYKAaBOB, CO3MaHKUE HOBBIX Y3JIOB Pa3BETBICHUI U
GOPMUPOBAHUE PecUOHANbHBIX NPUYACHEHHBIX 0e1bm NPOPbIeHO20 muna (IeIbTOBBIX JIonacTeil) Ha nepude-
PUM CTapoii NeJabThl (CyOaesbT 10 aMEPUKAHCKON TEPMUHOJIOTUN ). BHYTpU NeIbTOBBIX CUCTEM ITOCJIE IPO-
PBIBOB PYCJIOBBIX BajiOB (MJIM OTPaXIAMOIIMX JaM0) MOTIYT ()OPMUPOBATHCS TAKXKE YACMUUHO HANONCCHHDLE
WIU HAA0NCEHHO-NPUYACHEHHbIE OeAbMbl.

IT10xass cOXpaHHOCTh APEBHUX IEIBT — CJIIEACTBUE NHTEHCUBHOIO XO3SIMCTBEHHOIO OCBOEHMSI 1 BBICOKOI1
IUHAMUYHOCTU MOPCKOTO Kpasi U Tuaporpaduueckoil CeTi peyHbIX AeIbT B YCIOBUSIX OTPOMHOIO CTOKa
B3BEILIEHHBIX HAHOCOB U 3HAYUTEILHOI U3MEHUNBOCTHU YPOBHS IIPUEMHOTO BOZOEMA.

Karoueswie crosa: reoMmopdo10Trust yCTHEBBIX CUCTEM, AENIbTa, YCThEBOI KOHYC BBIHOCA, KOJIeOaHUs YPOBHS
MPUEMHOTO BOJOeMa, U3MEHEHUE YCJIIOBUIl YBIAXXHEHHOCTU KJIMMaTa, UCTOPUSl (POpPMUPOBAHUS HEIBT
apUIHOI 30HbI

DOI: 10.31857/S2949178923030040, EDN: WCWFQU

BBEJEHUWE

YcThs pek Ha MoOepeXbsaX OKPAaWMHHBIX MOpPE
MupoBoro okeaHa U BHYTPUKOHTUHEHTAILHBIX BO-

# Cevuara ons yumuposanus: Koporaes B.H. (2023). ®opmupo-
BaHME PEYHBIX JEJbT BHYTPUKOHTMHEHTAJIbHBIX BOIOEMOB
Apano-Kacnuiickoit apumHoii 30HbI (Ha IMpuMmepe pek Tepeka,
Amynapeu u Wnum) // Teomopdonoruss u naneoreorpadusi.
T. 54. Ne 3. C. 3—13. https://doi.org/10.31857/S2949178923030040;
https://elibrary.ru/WCWFQU

nmoeMoB (Kacrmmiickoro n ApajibCKOro Mopeii 1 o3epa
banxam) mponumm mIMTEeNIbHBIM OyTh pa3sBUTUS Ha
¢oHEe MHOTOKpaTHBIX U3MEHEHMI MOJIOXKEHUS YPOB-
HsI mpueMHBIX BogoeMoB. CoBpeMeHHasl OeperoBast
30HA BCEX OKPAaMHHBIX MOPEM M OTKPBITHIX OKEaHM-
YeCKMX ITO0epeXMii 3eMHOTO Iiapa, B TOM YHCJIE U
JIeNbTOBBIE Oepera, ObLIM CMOACIMPOBAHEI B X0OJIE M0~
cJIeHEM, TToCNIeIeIHUKOBOM, TpaHcrpeccun Mupo-
Boro okeaHa. Hauajio co3nanust 6eperoBbIX U yCTbe-



4 KOPOTAEB

BBIX (pOpPM cileyeT OTHECTH K IISILIMAIbHO-3BCTaTH -
YECKOMY pErpeCcCUBHO-TPAHCTPECCUBHOMY IIUKIY,
KOIJa YPOBEHb OKeaHa CHavajla ITOHU3WICS IpUMep-
HO 10 oTMeTOK —110 M, a 3aTeM OBICTPO TTOTHSIICS 1O
COBPEMEHHOTO MOJIOXeHUsI. UIMEHHO 3TOT Tepuos B
UCTOPUM HOPMUPOBAHUS GeperoBoii 30HLI MUPOBO-
ro oKeaHa 0Ka3ajl HauboJiblllee BIUSHIE Ha 00pa3o-
BaHMEe U pa3BuTHe pedHbix AeiabT (KammuH, 1973;
Kamnuu, CenuBaHos, 1999).

g BHYTPUKOHTHMHEHTAJIbHBIX BOOOEMOB apHII-
HOi1 30HBI XapaKTepHa MHOTOKpaTHasl CMeHa TpaHC-
IPECCUBHO-PETPECCUBHBIX (ha3 3a HeOOJIbIINE Bpe-
MeHHEBIe TTIpoMexXyTKH (1—2 ThIc. JeTt). Ciensl apeB-
HUX JIeJIbT Ha KaCIUMCKOM 1ejibe  ObLUIM
OOHapy>XeHbI B BUJE KIMHOMOP(MHBIX aKKyMYJISITUB-

HBIX Tesl arteiabckoro (Qy ;) M eHoTaesckoro (Q5")
Bo3pacta Ha miyouHax 40—25 M (JloxuH, Maes,
1990). JIocTaTOYHO XOPOIIO COXPAHWINCH HEIBTHI,
CBSI3aHHbIE C MAaKCUMaJIbHBIMU MHUKaMW paHHEXBa-
JblHCKOM (~50 M bBantuiickoii cucTeMbl BBICOT
[BC]), mo3zmuexBanbiHCcKOi (~0 M BC) m HOBOKac-
nuiickoii (—20 m BC) tpancrpeccusimu Kacnuiicko-
ro Mopsi. [IpuHUMNIMaIbHBIE PAa3IUUUs B KoJieOaHU-
SIX YPOBHSI MPUEMHBIX BOJIOEMOB TPEOYIOT pa3ieiib-
HOTO paccMOTpeHus MexaHu3dMa (HOpPMUPOBAHUS
PEUHBIX JAENbT, CTpaTUrpaduu AeIbTOBBIX OTJIOXE-
HU, 3BOJIIOLIMU YCTBEBbIX OOjacTeil U NUHAMUKU
ruaporpaduIeckoii CeTU peK, PachoJOXEHHBIX Ha
nmob6epexbsix MUPOBOTO OKeaHa U BHYTPUKOHTHUHEH -
TanbHBIX BogoeMoB (Koporaes, 2012).

B Apano-Kacnuiickoit apyuaHoOif 30He pacIiono-
KEHbI pa3jInMdHble MOP(MOTreHETUYECKUE TUITHI ped-
HBIX JENbT: BBIABIDKEHHUSI Ha OTKPBITOM B3MOPBE
(Boara, Tepek, Kypa, Ypan, Amynapssi, Ceipoapbs,
Wnmu, Kapatan, Jlenicel) U Tak Ha3bIBaeMble ‘“‘cyxue
BHYTPEHHUE IeJIbThl” — aJUIIOBUAJIbHBIE KOHYCHI BbI-
HOCa TOPHBIX PeK, TePSIONINX CTOK B CpelHea3uar-
ckux neckax (Mypra6, 3epaBuiaH, Yy, Tanac u ap.).
HauGonpimit nHTEpeC BHI3BIBAIOT OIPOMHBIE MHO-
ropykaBHbI€ AeNbThl BBIABUXKEHUST (Hampumep, Te-
pek, AMynapbsi, Unn), Ha mpuMepe KOTOPBIX TOITbI-
TaeMCsl UCCJIEAOBATh CIIeIM(UKY IIPOLECCOB ASTBTO-
o0Opa3oBaHUs U UCTOPUIO (DOPMUPOBAHUSI.

IMpouiecchl nenbTrOoOOpa3oBaHUSI B YCThSIX PEK
MOTYUHSIOTCS 6HYMPEeHHUM TUAPABINYESCKUM U Oa-
JIAHCOBBIM 3aKOHOMEPHOCTSIM, (DU3NUECKIE OCHOBBI
KOTOPBIX YHUBEPCAIbHbBI U B 1IEJIOM CXOIHBI B pa3HbIX
MPUPOIHBIX YCIOBUSIX. B TO XXe BpeMs yCTheBble MPO-
LIECChI IMPOTEKAIOT MO, CUJIbHBIM BIMSIHUEM GHEUHUX
¢dakTOpOB — MPUPOMHBIX YCIOBUIN pEeUHbIX Oacceii-
HOB M MPUEMHBIX BOOOEMOB, U X €CTECTBEHHBIX U
aHTPOIIOTeHHBIX M3MeHeHU . [1pn Bcem MHOTOOOpA-
3UU TIPUPONHBIX (PAaKTOPOB, BIUSIOLIMX Ha Mpollec-
Chbl IeTbTOO0pa3oBaHUs (MCXOOHBINA peiabed B3MO-
pbsl, TEKTOHUKA, MHOTOJIETHSISI MepP3JIoTa, BO3ICH-
CTBUE MODSI, 3aKPEIUISIIONIAsl POJIb PACTUTEILHOCTH,
JIEIOBBIE SIBICHUSI, TUAPOTEXHUYECKUE MEPOIPUsI-
THS U JIp.), BEAYLIYIO POJIb B XapaKTepe U UHTEHCUB-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

HOCTH IeJIbTOO0pa30BaHMs UTPaeT BEIMUYMHA CTOKA
HaHOCOB peku. MMeHHO oHa ompenesieT CKOpOCTh
BBIIBMIKEHUST pycesl B MOpE, MHTEHCUBHOCTh aKTH-
BU3allMM U OTMMpaHUsS OEIbTOBBIX PYKaBOB, IIE€pe-
pacnpenegeHue CToKa MEXI1y HUMU, TUHAMUKY TUI-
porpadHr4ecKoil CeTH U €¢ MOPCKOTO Kpasl B LICJIOM.
Yem OoJIbIlIE CTOK HAHOCOB PEKU U €€ MYTHOCTb, TEM
BBIIIIE 1 MHTEHCUBHOCTb BCEX NEIBTO(MOPMUPYIOIIIX
npoieccoB. CTOK HAHOCOB OIPEIEIIICT U TUII Pa3BUTUS
JIeJTBTHI: MEIJICHHBIIN, SBOTIOIIMOHHBINA MW OBICTPHINM,
CKauKOOOpa3HbBIi, C MpOPLIBAMU pyCJia U MOJIHOI T1e-
pecTpoiikoii ruaporpaduieckoil cetu aeabThl. BTo-
POl TN pa3BUTUS IACJIbThI, KaK IIPAaBUJIO, XapaKTe-
PEH IS PEK ¢ Harpy3koil HaHocoB >1 kr/m3. Jdaxe
YUMCJIO PYKABOB B JIEJIbTE 3aBUCUT OT BEJIMYMHBI CTOKA
HaHOCOB: YeM OHa 0OoJIbIlle, TeM ObICTpEE BOZHUKAIOT
HOBBIE 1 OTMUPAIOT CTapble AeIbTOBBIE pyKaBa, a UX
o0111e€e YMCIIO Y PeK C OOJIBIIINM CTOKOM HAaHOCOB 3a-
METHO MEHBIIIE, UeM Y IPYTUX PEK.

B 3oHax creneii, MOJYMyCTbIHb W MYCTbIHb B
YCThSIX PEK € OOJIBIIMM CTOKOM HAaHOCOB, 4aCcTO Oepy-
IIIMX HavyaJIo B TOPHBIX U MPEATOPHBIX YaCTSIX Oacceii-
HOB, (OPMUPYIOTCS NENbThl C OYEHb M3MEHUYMBOM
ruaporpaduyeckoii cetblo. Pycna pykaBoB OBICTPO
BBIIBUTAIOTCSI B Mope (MakcuMajbHasi CKOPOCTb
YCTbEBOTO YUIMHEHUS B IIPOIIIOM Obljla OTMEYEHA B
Jnenbrax AMyaapbu U XyaHxa — 4 u 10 KkM/roa cooT-
BETCTBEHHO). OAHOBPEMEHHO C 3TUM IPOUCXOAUT
MOBBIIIIEHUE JHA U BOAHOI MOBEPXHOCTU PYKABOB,
BO3pacTalT Mepenagbl OTMETOK MEXAy TpeOHsIMU
MPUPYCJIOBbIX BaJIOB W OKpYyXalolleil AebTOBOM
MONWMOIA, YTO CO3MaeT TMPEANOChUIKM JIs MPOpbIBa
pycna. B pe3yiabraTe TakKuMX NPOPHIBOB MPOUCXOAUT
o0pa3zoBaHUe HAJOXEHHbBIX (BOZHUKAIOLIUX B TOHU-
JKEHHBIX BHYTPEHHUX YaCTIX CTapOi AJIbThI) U TIPU-
YJIeHEeHHBIX ((DOPMUPYIOIIUXCS HAa MOPCKOH Tepu-
¢depuu cTapoii 1eyibThl) YACTHBIX AEJIbT U UX TTOSICOB.
Takue npoliecchl ObUIM TUMMMYHBI (IO 3HAYMUTEbHO-
rO aHTPOMOTEHHOTO COKPAIIIEHUS CTOKA PEK WU €T0
3aperyjJupoBaHusi, KpylmHOMAacIITaOHbIX 0OBaJloBa-
HUS WU KaHaJIM3allMU PyKaBOB) IS IEJIBT XyaHXo,
Amynapeu, Tepeka, Cynaka, Mnu. IIpopsiBel BO
BHYTPEHHUE 4YacCTU JAeJIbTbl HEPEAKO TMPUBOAMIN K
KatacTpo(UYeCKUM HABOTHEHUSIM.

OT yIOMSIHYTBIX BHIIIIE YCThEB PEK CUJILHO OTJIM-
qaeTcs deavma Bosaeu, XOTS OHa M pacIiojiokeHa B
apugHoii 30He. CoBpeMeHHBIE THUIPOJIOTO-MOPGO-
JIOTUYECKME MPOLECChl B AeibTe Boaru HecMOTpst Ha
TO, YTO OHA pacHoJIOXEHa B apUIHOM 30HE, CYIIle-
CTBEHHO OTJIMYAIOTCS OT MHOTMX peK Apano-Kac-
MUHACKOM apUIHOMN 30HBI BCIEACTBUE MAJION MYyTHO-
CTU PEYHBIX BOJI U HE3HAYUTEIbHOIO CTOKA B3BEILIEH-
HBIX HaHOCOB. JlepToo0Opa3yioline MmpolecChl 3eCh
MaJio YeM OTJIMYAIOTCS OT aHAJIOTUYHBIX JIJISI YMEPEH-
HO 30HBHI.

Hwxuss (mpruMopcKasi) 4acTh HOBEUIIIEH TeJTbThI
Boirn mmMmeer oOMUMK Kyamy4Ho-0eabMo8ol ainoeu-
anvHoll pasHuHvl, cChOPpMUPOBAHHON M3 MHOIOYMC-
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JIEHHBIX MOJIOIBIX IEeJIbTOBBIX KOHYCOB BbIHOCA. Mc-
KYCCTBEHHOE yIIyOJieHUue OapoBBIX OOpO3IUH U
orpaxueHue Mx ¢ 00euxX CTOPOH OTBajaMU T'PYHTAa,
KOTOPHIE TTOCTEIIEHHO 3aKPEIUISIIOTCS PACTUTEIBHO-
CThIO, MPUBOIAT K OOOCOOJICHMIO 3THX YYacTKOB
aBaHJIEJILTEl OT OKPY:KAlOIero BOMHOTO HpPOCTpaH-
CTBa U MpPEBpPAIllEHUIO UX B CBOEOOpa3HbIe MPOIOJI-
JKEHMS JETbTOBBIX BOIOTOKOB — OaAHKU, KOHLIEHTPU -
pylouiye 0OJBIIYIO YacTh cToKa Bojirm Ha ycTbeBOM
B3MOpbe. BomHbIe TIpocTpaHCcTBa, pasAelisiolme 6aH-
KU, CTAHOBSITCSI MEJIKOBOIHBIMU 3aJIUBAMU — KYJITY-
KaMM, ITOCTEIIEHHO 3auIMBAaIOLIMMUCS U 3apacTaio-
IIVUMU BOOTHOM paCTUTEIbHOCTHIO.

HaubGoinee xapakTepHBIMU IIpoliecCaMU B IpU-
MOPCKOIi 30He SBJSIIOTCSI: (DOPMUPOBAHUE Pa3BETB-
JIEHHOM CeTU MEeJIKMX BOJOTOKOB BEEPHOU (hOpMBI,
paccpenoTouyeHUe CTOKa MaruCTPaJIbHbIX PYKaBOB I10
epuKaM U IpOTOoKaM, MaccoBasl aKKyMYJIsSILIUs ped-
HBIX HAHOCOB U BbIIBUXXEHNE MOPCKOTO Kpasi AeTbThI
¢ 00pa30BaHMEM BbIIBUTAIOLLUXCSI B MOPE KOC U OCe-
pEIKY YCThEBBIX 0apOB. A TaKKe N30BITOYHAS yBITaXK-
HEHHOCTb, OOYCJIOBJIEHHAas OJIM3KUM 3ajieraHvuem
TPYHTOBBIX BOl. B mpenenax cOBpeMEeHHON AeNbThl
Bonru He npoucxonut hopMUpOBaHUE HATOKEHHbBIX
JIEJIbT.

MATEPUHAJIbI U METO/1bl UCCITEOJOBAHUN

B xauecTBe MHDOPMALIMOHHOIT OCHOBBI UCCIIEI0-
BaHM$ UCMOJIb30BAH MAaCCUB OIyOJIMKOBAHHBIX TW/I-
pOJIOTUYECKUX, TUAPOrpapUIeCcKUX U reosioro-reo-
MOpP(dOIOrMYeCcKUX JAaHHBIX, a TaKXe pe3yJibTaTbl
SKCHEAUIIMOHHBIX pabOT reorpadnuiyeckoro pakyiab-
teta MI'Y B HU30BBSIX pek 6acceitHoB Kacnuiickoro,
Apaiibckoro mMopeii u o3epa banxaiin. Metoabl uccie-
JIOBaHUS 0a3upyloTcsl Ha MPUMEHEHUU arpoOUpOBaH-
HBIX IPUEMOB reoMopOJIOTHYECKOro KapTorpachupo-
BaHUSI ISIbTOBBIX PAaBHUH, & TAKXKE COBPEMEHHBIX I'€0-
UH(pOPMALIMOHHBIX TEXHOJIOTUI C HMCMOIb30BaHUEM
pPa3HOBPEMEHHBIX KapTorpauyecKux U KOocMUue-
CKUX UCTOYHUKOB.

T'eoMopdonorndeckoe CTpoeHWE PEUHBIX IEIBT,
MTOACYETHI MX TIIONIaAeil U COBpeMeHHasl TMHaAMHWKa
U3yJaluCh Ha OCHOBE aHajiu3a, COIOCTABJICHUS U
KapTOMeTpUM TolorpadudecKnx KapT MaciuTada
1 : 100000, kocMuyeckx CHUMKOB Landsat-7wn Google
Earth.

PE3VJIBTATHI UICCJTEJOBAHUN
bacceiin Kacnuiickoeo mops

Heavma Tepexa. Pexa Tepek OepeT Hayaao Ha
ckinoHax I'maBHoro u bokoBoro xpe6ToB boibiioro
KaBkaza y negnuka 3uira-Xox Ha BbicoTe 2713 M.
Kpynneiimue nputokn Manka n bakcaH BeITeKaioT
W3-TIOM JISTHUKOB Dibopyca. JmHa pek — 623 K.
B ropHOIi 30He OT UCTOKOB 10 DIBXOTOBCKUX BOPOT
peka opMUpYET MOPOXKUCTO-BOAOIIAAHbIE pyca, a
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B mipenenax CeBepo-OceTMHCKON paBHUHBI Tepek
MpeBpaIlacTcs B IIMPOKONONMEHHYIO PeKy. YCThe-
BOI Y4aCTOK peKM HaunHaeTcs y ¢. CtermHoe B 165 km
OT MOpS M BKJIIOYAET OEIbTy C MHOTOYMCICHHBIMU
pyKaBaMu, IIpOTOKaMu, 03epaMH, TUIaBHSIMU U KaHa-
JIaMHU.

CpengHuii ToI0BOI pacxol BOIbl B 3aMbIKaIOIIEM
crBope (c. CrenHoe) paBeH 297 m3/c (9.37 km3/ron).
B MHOTOBOIHEBIE TOABI CTOK YBeanuuBacs no 13.6, a
B MaJIOBOIHbIE yMeHbIIaICcs 10 6.4 kM3/ron. Brico-
Kasi ”YHTEHCUBHOCTb 3PO3MOHHBIX ITPOLIECCOB Ha BO-
JIocbopax 00OyCIOBIMBAET OONbINME 3HAYCHUS CPell-
Heil MyTHOCTH Tepckux Boxm ot 0.2 mo 3.19 kr/m>.
CpenHnit MHOTOJIETHUI CTOK B3BEIIEHHBIX HAHOCOB
COCTaBJISIET B BEpILUMHE AeAbTHI 15.4 MIH T/TOd, MaK-
CHMAJTBHBIN TOIOBOM CTOK HAHOCOB — 63.7 MITH T/TO.
BonbIasg MyTHOCTB peK — OIHA M3 PUYHUH, TIPUBO-
ISITAX K HAKOTUICHUWIO OTJIOKEHUIA B pyciiax, MTOBBI-
IIEHWIO OTMETOK JTHA, YMEHBIIEHUIO TPAHCTIOPTH -
pYyIOIIE CITOCOGHOCTH PEeK M CITOCOOCTBYIOIINX
KaTacTpoUIeCKUM HABOTHEHUSIM B HIDKHEM Te-
YeHUH.

®opmupoBanue peabeda Tepcko-Cyrakckoi
pPaBHUHBI TPOMUCXOAMIO Ha (POHE MHOTOKPATHBIX
TUIEACTOLIGHOBBIX W TOJIOLIEHOBBIX TpaHCrpeccuit
Kacmnus, najieko npuHUKaBLIMX B 0071aCTh KpaeBoOro
nporuda u ero perpecCUBHBIX CTaaW, KOraa GOpMHU-
pOBaJICh OOLIMPHBIE AebThI. B mepuoabl perpeccuii
MOPCKOI Kpali JeJIbT CMellalicsl 1ajeKo B CTOPOHY
Mops. Tak, IITy00KOM €eHOTaeBCKOM perpeccuu (OKo-
J10 20 THIC. JI. H.) COOTBETCTBYIOT PEJIMKTHI IPEBHEN
ob0benuHeHHOU AenbThl pek Bonru, Kymsel, Tepeka u
Cynaka ¢ 6eperoBoii TMHUENH Ha OTMETKaX OKOJIO
—64 M BC. Manrbiuiakckoii perpeccuu (10 THIC. 1. H.)
COOTBETCTBYET APEBHSIS Oeperopast TMHUS Ha OTMET-
kax —50 M BC, K KOoTOpoii OBIIU TPUYPOUYEHBI YCThS
pex Tepeka u Cynaka (JleonTseB, 1961).

JlenbTOBBIE HAKOIUICHMS 3allOJHWJIM HEKoraa
TPOMAaIHBIN 3aJIMB U CO3IaJIU MMOCIEA0BATEIbHYIO CHU -
CTEMY Xa3apCKHX, HUXKHC- M BCPXHCXBAJIBIHCKUX U
HOBOKacHUMCKMX paBHUH. PopMUpOBaHUE NEIBTO-
BOIl paBHUHBI B HACTOSIIEE BpeMsl MPOHOIKAETCS
JIVIITH B CEBEPHOM M FOrO-BOCTOUYHOM JacTsax TepcKo-
Cynakckoil NeJIbTOBOW paBHUHBI, B YAaCTHOCTU B
ArpaxaHCKOM 3ajliBe U B YCThsIX AnukasraHa u Cy-
nmaka. IToBepxHocTn Hamboee APEBHUX ACIBTOBBIX
PaBHMH MpETePIIeIn 3HAYUTEIbHbBIC U3MEHEHUS MO
BO3ICUCTBUEM TTO3OHEUIIINX TPAHCTPECCUIA, TIEpepa-
OOTKM 30J0BBIMHM IIpOlleCCAaMM U B COBPEMEHHOE
BpeMsI — B pe3yJIbTaTe MEJIMOPATUBHBIX MEPOIPUSI-
muii. ITo I'. PeraaroBy (1960), Tepcko-Cynakckas
JIeJIbTOBasi paBHUHA c(OpMHUPOBaAIaCh B OCHOBHOM
BO BpEMsI perpeccrui BepXHeXBaJIbIHCKOIro Mopsl. [1o-
cienyloiue, 6onee Moaoable (HOBOKACIIMIICKAST, CO-
BpEMEHHasl) IeJIbThI TTepEeKPbIBAIU CBOUMU OTIOXKE-
HUSIMU OPEBHIOIO AEJIbTOBYIO IIOBEPXHOCTh U YACTUY -
HO ee nepepadaTteiBain (puc. 1).
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Cormacio M.I1. BenseBy (1963) BBIENSIOT nBa
OCHOBHBIX THIA PA3BUTHSI 1€JIbTOBOI paBHUHBI — pe-
IPECCUBHBI M TpaHcrpeccuBHbIii. [lpu pazBuTUM
IETBTHI IO PETPECCUBHOMY TUITY IETBLTOBBIE BOIOTO-
KU CJIEOyIOT 332 OTCTYITAIOIMM MopeM. PeuHoii cTok
KOHIICHTPHUPYETCSI B HEMHOTHMX KPYITHBIX pyKaBax,
MIPUBOISA K OTMUPAHMIO 0oJieeé MaJIbIX BOIOTOKOB.
B 3aBHCHUMOCTH OT TIIyOMHBI PErpecCUi U BETUIUHBI
YKJIOHA OcCylIalolleicsl 4yacTu NpUOpEeXHOI 30HbI
MODsI B IeTbTOBBIX pyKaBax MOTJIY IIpeo61amaTh Ipo-
IIECChl 3PO3UM WIM akkymyasaiuu. Ecnu ykioH
OCYIIKU OB MEHbIlle “YCTOMYMBOro” ykKJoHa (co-
CTOSTHHE TMHAMHWYECKOTO paBHOBECHs pycia, Korma
HE MPOUCXOIUT HAIPaBJICHHBIX PYCJIOBBIX AeopMa-
1I1i1), TO B HUXKHEU YacTU pycia MPOUCXOaUIa aKKy-
MYJISILIVSI, PETPECCUBHO PACTIPOCTPAHSIBIIIASICS BBEPX
no tedyeHuto (ITumponorusi ycrbeB pekK..., 1993).
Ha nenbToBoit paBHUHE Tepeka Takue yCIoBUSI BO3-
HUKAId TIpU TTaJeHUM YPOBHS MOpS OO OTMETOK
—28...—30 m BC, nipenensHOTO YPOBHSI, 10 KOTOPOTO
oIyckaJicst ypoBeHb Kacnusi B HOBOKacIuiickoe Bpe-
Mmsi (Poiuaros, 1977).

ITpu pa3BuTUM 1€ABTHI IO TPAHCTPECCUBHOMY TH -
Iy €€ HUXXHSS YacTh 3aTalIMBaliach, a pyKaBa OKa-
3BIBAIKCH B ofariope. B 3To Bpems ¢opMupoBainch
OOIIIMPHBIE MEJIKOBOIHbIE BOAOEMbI, B KOTOPbIX 3a-
TeM MOTJIU C(pOpMUPOBATHCS TPUUJICHEHHbBIE YacT-
HBIE€ JEJIbThl BBITIOJTHEHUSI, & TAKXKE€ B HEKOTOPBIX
clly4yasix U HaJIO>KEHHbIE YacTHbBIE N1eJbThl. B TeueHue
TPAHCTPECCUBHBIX CTAAUA HOBOKACIIMICKOTO BpeMe-
HU HanboJiee MTHTEHCUBHO YaCTHBIE IEJIbTHl 00pa3o-
BBIBAJINCH B LICHTPAJIILHON YAaCTU NEJIbTOBOU paBHU-
HbI, B cucteMe pykaBoB Kypy-Tepeka. B 3anagHoii u
FOXXHBIX YaCTSIX PaBHUHBI OCTAaBAJIUCh MOHWXEHUS,
KOTOPBIE 3aTAIUIMBAIIMCH BO BpEMSI TPAHCTPECCUNA U
r1e MOTJIU C(DOPMUPOBATHCS MPUUJICHEHHBIE U HAJTO-
JKeHHbIe 4acTHble nefabThl (JIeoHTheB, YekanuHa,
1979).

3a nocnenqnue 500 JieT HACUUTBHIBAETCS CEMb OC-
HOBHBIX IIMKJIOB (DOPMUPOBAHUSI HAIOXEHHBIX U
MPUYJIEHEHHBIX YaCTHBIX AeiabT. CaMoii npeBHeil, B
HacCTos1lee BPEMS TTIOJTHOCTbIO OTMEPIIIEH, SIBISIETCS
cucteMa, oopazoBasiiasi B XV—XVI BB. bpsancko-Cy-
FOMUHCKYH0 JIOTIAaCTh IeNIbThl. BepliiiiHa ee pacrosara-
Jack y Kusnspa, OoCHOBHbIMM BOJOTOKaMU ObLIU
Kuznsapka, Kypy-Tepek, boabiioit bepessik, Auucy,
Ax-Tepek, Unran-bypyn. B XVII B. cdpopmupoBa-
Jlach camas ctapasi U3 HblHe cylecTtByomux Cyay-
Yyoymaunckas v ormepiuast Kypy-4yoymaunckas cu-
CTeMbl, BEpIIMHBI KOTOPbIX HAXOAUIUCh y cT. CTapo-
1aJKOBCKOM. OTIOXEHUSI 3TUX CUCTEM 00pa30BaIn
3aMajgHylo0 U CEBEPHbBIE YaCTU AeIbTOBOI paBHUHBI.

B navane u xoHue XVIII B. MolIHBIE TTIPOPHIBHI
usnyuuH Tepeka B paiioHe cT. CTaporiagKkoBCKOUN U
Boiie I. Kusnsip mpuBeau K TOSBJIEHUIO HOBBIX
NeJIbTOBBIX PYKaBOB, BMOCJEACTBUU MOJYyYUBIIUX
HazBaHue Craporo Tepeka u KopnoHku. DTu pykaBa
chopmupoBanu baxmemupo-Kpaiinoecko-Cmapome-
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peunyio sonacme n1eabThl. B 1812 1. 06pazoBanack bo-
poO3nUHCKas MpopBa, a B 1914 1., BO BpeMs KaTacTpo-
¢uyeckoro HaBOAHEHUSI, BO3HUK KaprajimHckui
MPOPHIB, BO BpeMsI KOTOPOTO ObLJIO 3aTOIJIEHO OKOJIO
700 kM? TEPCKOI paBHUHBL. DTOT MTPOPBIB MOCITYKIT
HauajioM ¢hOpMUPOBaHMST HAaNOOJIee MOIITHOM U3 CyIlle-
CTBYIOIIMX HOBOTEPEYHBIX CUCTEM JICTBTOBBIX BOIOTO-
KOB AnuKkazeauckoil A0nacmuoli 0eabmbl GbINOAHEHUS. B
ArpaxanckoM 3amuBe. K Hagaiy XX Beka B OCHOBHOM
ObUIM 3arloJHEHbl AUTIOBUAIBHO-IEIBTOBBIMUA OTJIO-
JKEHUSIMU TIOHUXKEHUSI B CEBEPHOI YacTu JeIbTOBOM
paBHUHBI Tepeka. CeBepHble pyKaBa JIeJIbThl Tepeka
B €CTECTBEHHOM COCTOSIHUM HE MOTIJIM KOHKYPUPO-
BaTh C HOBbIM MarvucTpajibHbIM PYKaBOM U OTMEPJIN.
CoBpeMeHHas1 aenbTa Tepeka cTajia IMpaKTUUYECKU
onHOpyKaBHOU. B HacTos1ee BpeMsi CTOK B cTapble
NIeJIbTOBbIE pyKaBa TOAACPKUBACTCS MCKYCCTBEH-
HBIM ITyTeM (AJeKceeBCcKuit u ap., 1987).

HoBriit aTamn pa3sutus 1eabThl Tepeka coBmai co
BpeMeHeM coopyXeHUs B 1960-e Tombl MCKYCCTBEH-
HOIt mpope3u yepe3 ArpaxaHCKUI M-0OB IJIsI CIIPSIM-
JieHus pycia KaprajmHckoro npopsiBa v Npeayrpe-
KIIEHUSI HEeTaTUBHBIX IIOCJEACTBUI, CBSI3aHHBIX C
BBIIBMDKCHUEM JelbThl AJIMKa3raHa (yrpo3a HOBBIX
MPOPHIBOB UM 3aTOIJIEHUE CEeIbCKOXO351MCTBEHHBIX
3emMenb). B sHBape 1973 1. B pe3ynbTaTe 3aTOPHbBIX SIB-
JICHUIA U TIOBBILLIEHUSI YPOBHS BOJIbI B pyciie [maBHO-
ro 6aHka OblJa MpoOpBaHa MepeMbluKa B Mpope3n U
BOJIBI PEKM YCTPEMUIIUCH K MOPIO. [ poMaaHbIii CTOK
HAHOCOB ITPUBENI K OBICTpOMY (OPMHUPOBAHUIO “HO-
BOI” nenbThl Tepeka — neabThl BbIABMXKEHUST Ha OT-
KpbITOM B3Mophbe. 3a nnepuoa 1975—1990 rr. riowanb
HOBOIA IENIbTHI yBenuuuaach ¢ 1.4 1o 3.2 km?, a 06bemM
KOHyca BbIHOca — OT 3.75 1o 8.05 mun M® (Baiinun
u np., 1971; Peruaros, 1977; Pexu u o3zepa mmupa,
2012). TIMpomomxaBmwmiica mocie 1990 r. mombem
ypoBH# Kacrmms mpusen B Hauasie XXI B. TTO4TH K OJI-
HOMY 3aTOIUICHMIO W Pa3pyllIeHUIO “HOBOM™ IEIbThI
Tepeka.

CoBpeMeHHbIN TombeM ypoBHsI Kacmnuiickoro
MODSsI BBI3BaJI TTOBCEMECTHOE MOATOITIEHNE HU3MEH-
HBIX Y9aCTKOB Oepera M 9aCTUIHOE 3aTOIUICHUE OCY-
IIeK M TJIMHUCTBIX OeHueil (c. HoBotepeuHoe).
DTO MOCTEIIEHHO TPUBOIUT K YCUJICHUIO pa3pylire-
HUs Gepera M aKTHMBH3allMU paHee OTMEpIINX Gepe-
TOBBIX YCTYIIOB. B HacTosiiee BpeMs HaroHHbIC BOAbI
ITOJTHOCTBIO TIEPEKPBIBAIOT COXPAHUBIITHECS MECTAMU
y4yacTKM MoJjiofgoii Teppachl 1929 r. u Hemocpen-
CTBEHHO IOCTHTAIOT TIONOIIBHI YCTyNa pa3MbIBa,
TMOIpe3aoIero HOBOKACITUMCKYIO paBHIHY.

O6mas mnomank Tepcko-CynakKcKoil OeIbThl C
BepuinHoit y c¢T. KapraamHckas (mo3mHexBajlbIH-
CcKasi, HOBOKACIIMiiCKasi M1 COBpeMeHHas1 06e3 Arpa-
XaHCKOI1 Kochbl) — 10260 KM?, B TOM 4HCJIE COBPEMEH -
Hag genbra — 1890 km?2.
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Puc. 1. 'eomopdoornyeckast KapTa IeIbTOBOM cucTeMbl Tepeka.
1 — 3p0O3UMOHHO-IeHYIalIMOHHKIN pebed cpemHeropuii (mo 1000 m abc¢.); 2 — mo3mHeYeTBepTUYHAsI 90J10Bast OyrpUCTO-TPSII0-

Basi paBHMHA; 3 — XBaJbIHCKas MopcKast paBHuHa (0T 50 mo 0 M abc.); 4 — HOBoKacnMiickasi Mopckasi paBHuHa (—20 M ab6c.);
5 — Mopckasi coBpeMeHHast Teppaca (—26 M a6c.); 6 — XBaJIbIHCKas JebTa; 7 — HOBOKACIMIiCKasl AeJibTa; — COBpeMeHHast
nenbra; 9 — noiitMeHHO-TePPaCOBbIN KOMIJIEKC PEYHBIX NOJIUH; /() — HaJIOXEeHHBIE AeJbThl; /] — HampaBieHUEe TOTOKOB BIOJTb-

OeperoBbIX HAHOCOB; /2 — Tunporpaduyeckas cetb; 13 — Oyrpuctbie iecku; /4 — BOTHbIE OOBEKTHI.

Fig. 1. Geomorphological map of the Terek delta system.
1 — erosion-denudation relief of the Middle mountains (up to 1000 m abs.); 2 — Late Quaternary eolhill-ridge plain; 3 — Khvalyn

sea plain (from 50 to 0 m abs.); 4 — New Caspian sea plain (—20 m abs.); 5 —Modern marine terrace (—26 m abs.); 6 — the Khvalyn
delta; 7 — the New Caspian delta; & — the recent delta; 9 — the floodplain-terrace complex of river valleys; /0 — superimposed

deltas; /1 — the direction of longshore drift sediments; /2 — hydrographic network; /3 — hillock sands; /4 — water objectes.

Bacceiin Apaavckoeo mops IManmxa — 2540 km. OCHOBHAst Macca pe4yHOTO CTOKa
dopmupyercs Ha Bogocbopax Ilsaamka u Baxiia, a

Leavma Amydapsu. Pexa AMynapbsi oOpasyeTcsl oT
cnusaHud Igxmka n Baxia, crekaommx co CKJIoOHOB — TaKXE IIPHUTOKOB Cypxaba, Kapupnuurana u Cyp-
TMamupa. Javna Amynapeu — 1415 kM, ot uctokoB  xaHgapbu. Jo 1960 r. cpennuii pacxon Boasl y . Kep-
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ku coctasisn 2000 m3/c (63 km?/ron). B HacTosinee
BpeMsI pacxol BOIBI CYIIECTBEHHO YMEHBIIWICS
BCJICICTBUE yBeJMUeHUs1 3abopa Boabl B Kapakym-
ckuii 1 AMy-byxapckuii KaHajlbl, 0COOCHHO B HIX-
HEM TeUYeHUU B MeXXEeHHBII nepuon. Pacxomn HaHOCOB
AMynapeu, camblii O0oJblloi cpeau pek CpenHeit
Asum — 6.9 teic. Kr/c ¥ I. Kepku. o 1960 r. cTok
B3BCILICHHBIX HAHOCOB coOCTaBisul 219 MuH T/rom.
MyTHOCTb aMyIapbMHCKUX Box — 3.3 kr/M> (Pexu u
o3epa mupa, 2012).

bonbmias yacte pek 6acceitHa AMynapby pacrio-
JoxeHa B ropax ITamupa u ITamupo-Aiiasi, 4To ornpe-
JIeJISIET MX TOPHBII WJIX ITOJIYTOPHEIM XapaKTep B BUIE
yIlIeJIe00pa3HbIX WM ITOPOXUCTO-BOAOIIAAHBIX PY-
cesl. PaBHUHHBIN 0OJIMK WUMEIOT pycjia peK caMoi
Amynapeu u HuzoBuii IlsHmxka, Baxira, KabupHu-
raHa u CypxaHmapbu.

B TeKTOHMYECKOM OTHOILIEHUWM Ha TePPUTOPHUH,
3aHATON aMyJapbUHCKOW [EIbTOBOW PAaBHUHOW U
BIIOJIb €€ TPaHU1l, PACIIOJ0XEHbI HECKOJIbKO MOPdO-
CTPYKTYP, BbIpa>K€HHBIX B pesibede ImiaTooopa3Hbl-
MU BO3BBIIIEHHOCTSIMU, IJIACTOBBIMU PaBHUHAMU C
D0JIOBBIM peJibe(hOM, IPSIIOBBIMMU OCTAHIIAMU U Oec-
CTOYHBIMM BIlaaMHaMu. Tak, Ha 3aragHOl rpaHule
aMyJIapbUHCKOM JIEJIbTOBOM YCTbEBOW CUCTEMBbI Ha-
XOJIUTCSI HEOT€HOBOE n1amo Ycmiopm ¢ BBICOTaMU OT
160—200 M Ha 1oro-Boctoke g0 200—370 M B LieH-
TpaJIbHOI YacTU, HPUYPOUYEHHOE K KPYITHOMY IPOTH-
0y, OKpPY:KEHHOMY MHPUIIOTHSITBIMU CTPYKTypaMu
KpucTajuindeckoro ¢gpyHmameHta. Hanbonee xapak-
TepHHBI ST pebeda YcTiopTa INUIACTOBBIE MUOILICH-
MJIMOLIEHOBBIE PaBHUHBI, OECCTOYHBIC BOAIWHBLI U
yuHku. IlocienHue TIpeAcTaBISIIOT COOOI TIOYTHU
BEePTUKAIbHBIC MAJIOOOCTYITHbIEC YCTYIIbI BEICOTOI OT
Heckombkux necsaTkoB go 200—300 m (CBapuueB-
ckas, 1965).

DopMupoBaHUE Aparbckoil KOMAOBUHbL, BIIOCTEN-
CTBUHU 3aHATOU ApaIbCKUM MOpEM, CBSI3BIBACTCS C
MpenaKJarbUIbCKMM BpeMeHeM, KOTma B pe3yibTaTe
TEeKTOHUYECKUX IBWXEHUI oOpa3oBajicsi mNporuod
3eMHOM KOpBI. 3aMojIHeHNe KOTIOBUHBI, O9eBUIHO,
HaAJaJIOCh B aIlIEPOHCKOE BpeMsT CIabOCOJICHBIMH
BonamMu Kacrnuiickoro Mopst 1 3a c4eT CToKa Typraii-
cknx pek. OKoHYaTelIbHOE HAIIOJHEHHE O3E€pHOTO
BOJIOEMa ITPOM3OIIIIO B IIO3THETUICICTOIIEHOBOE Bpe-
MsI B CBSI3U C TOBOPOTOM AMYJapbHt Ha CEBEP U Mepe-
cTpoiikoit Hu3oBbeB Chipmapeu (JIbiMapes, 1967).
IIpoucxoxnenune Xopesmckoii n CapbikambluicKoil
énadur oOycJoBJIeHO MporubaHueM 1apHupa FOx-
HOYCTBIOPTCKOM CUHKIIMHAJIBHOM 30HBI M ¢ (POPMHU-
poBaHneM HOXXHOXOPE3MCKOM CUHKIMHAIM, KOTO-
pble TPOU3OIILTU A0 MOBOPOTa AMYAapby Ha CeBeEp.

Ocmanyoswie 6o3ebiuiennocmu benbray, KycHaHa-
Tay 1 KBI3BIIKAp MPEICTaBISIOT COO0M MEPEMBIUKY
13 HEPa3MBITHIX KOPEHHBIX HEOTEHOBBIX ITOPOM, OT-
IEJISTIOMNX ApPaabCKyI0 BIAOUHY OT XOPE3MCKOIA.
KpoMe 3TiX KpYITHBIX BO3BEIIIIEHHOCTEH, Ha MEIbTO-
BOi1 paBHUHE COXPAHWINCHh HEOOIBIIINE TTOTHATUS U
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XOJIMBI, a TaKXe IM-0B TUTPOBEI XBOCT, CIIOXKEHHBIE
MMO3THEMEJIOBBIMM KeJIE3UCTHIMU U TUTICOBBIMU IIEC-
YaHWKAMU, MEJIOIIOJOOHBIMU MepPreisiIMU U 3eJIEHO-
BaTbiIMU TJIMHaMU. [lojlorve CKJIOHBI OCTaHIIOBBIX
BO3BBIIIEHHOCTEN MOKPBITHI IPSAIaMU MOIBHXKHBIX
MECKOB.

Hoauna pexu Amyoapbu B paBHUHHOI 4aCcTU Cpe-
HEeTo U HIKHeTo TedeHus1 (Hke . Kepku) chopmu-
pOBaHa B YCJIOBUSX CBOOOIHOTO pa3BUTHS PYCIOBBIX
nedopMalMii cpeay MeNKOINeCUYaHbIX NPeBHEATIO-
BUIbHBIX OTJIOXEHUU. PeuHasi mosiMHa BIUIOTH 11O
JEeJbThl IEPUOINYECKU CYKAeTCsI BCTPEYAIOIIUMUCS
Ccpelu MYCThIHU HU3KOTOPHBIMU KPSI)KaMM, CJIOXKEH-
HBIMM THelcamMu, MpaMOpaMM U TPaHOJUOPUTAMU.
Ha yyactke Mmexay ropogom Yapmkoy (HbiHe TypK-
MeHaban) u Hac. nyHKToM Tamr-Caka pycio AMyna-
pbU ITyOOKO Bpe3aHO B HEOT€HOBBIE OTJIOXEHUS 3a-
YHry3ckoro M KM3UJIKyMCKOro IIj1aTo, MeCTaMu
BCKpBIBasi TTaJIeOTeHOBBIE U MeJIOBbIe ocanku. Jlonu-
Ha nMeeT Bbicokue (40—50 M) KpyThle OOPBIBHUCTHIE
cKJIOHBI. HiKe mmocnenHeit TeCHUHBI, Tae AMyaapbsi
npope3aeT [TUTHSIKCKY10 BO3BBILLIEHHOCTh B paiioHe
cesieHust Ty3-Auak, 1IMpuHA JOJIMHBI AMYAapbU pe3-
ko yBemmuuBaercsa ¢ 10—20 mo 40—50 kM y roponos
Tamrays (HbiHe Jdammorys) u Taxuaram. OTclona, oue-
BUJHO, HAUMHAETCS JPEBHSIS eJibTa AMynapby, KO-
Topasi BHavase 3amnoiiHsia CapblKaMblIIIICKYlO BIa-
IWHY, a 3aTeM TOBEpHYyJa Ha ceBep U BMajaja B
Apanbckoe mope (Poros, 1957).

Hcropust popmupoBaHUus aMyTapbUHCKUX IEJIbT
HayMHaeTcsl C MOMEHTa TepexBaTa CKBO3HOUN H0JIu-
Hbl AMyIapby pacIioJOXeHHBIM ellle 6ojiee HU3KO
Bpe3aHHBIM PYCJIOM HEOOJIBIION peKU bacceiiHa Xo-
pe3Mmckoro osepa. Onpsixjiesilias OT 3anpyXuBaro-
IIUX €€ HAHOCOB, AMyJapbs paclivpuiia U yriyouia
perpeccuBHbIN Bpe3 U mpoHuKIIa B FOxHoe [Ipuapa-
Jbe. B HacTosIiee Bpems 3Ta TEppUTOPUS UMEET
OYEHb CJIOKHO€ CTPOEHME: 3[AeCh HaXOASTCS TpU
nenbTbl AMynapeu (AK4agapbuHCKas, Ilpucapbika-
Mbilickass u Ilpuapanbckas), a Takke B Accake-
AynmaHCKOM BmaauHe IIorpedeHHast Xope3MmcKasi
nenbra, GopMbl 03epHOI akkymyssiiuu B CapbiKa-
MBIIIICKOI BNagWHe W NOoJIMHA Y3005, cOpackiBalo-
1ast n30bITouHble BoAabl B Kacnuiickoe Mmope (Ero-
poB, 1960; Jlomatun, 1960; CBapuueBckas, 1965).
IIpopBaBmasica B IOxuoe Ilpuapanbe Amymapbs
CHayaja 3aToNujia TIOJTHOCThIO KOTJIOBUHY XO-
pPE3MCKOro o3epa, a 3aTeM MO0 TEKTOHUYECKOMY TTpO-
ruby B paHHEXBaJbIHCKOE BpeMs MPOHUKJIA B ApaJib-
CKYIO KOTJIOBHMHY B BUJE CUCTEMBI JIEIbTOBBIX pyKa-
BOB AKuYajgapbu, JaB HayaJlo BO3HUKHOBEHMUIO
Apanibckoro Mopsi. B Tmo3mHexBaJbIHCKOE BpeMs
aMyJapbMHCKHE BOJIbI YHUYTOXWIN TEPEMBIYKY
Mexay Xope3aMcKoii 1 CapbIKaMbIIICKOM BIalHAMMU 1
CTaJIM MOCTYTaTh B Mpefenabl BepxHey3ooiickoro kopu-
nopa u gainee B Kacnuiickoe mope. OmHOBpEeMEHHO
IIJT0 HaKoIUIeHWe MOIIHOM [IpucapblKaMbIlIICKOM
JIeIbThl B BOCTOYHOM YacTy CapbIKaMbIIICKOM BITaau-
Hbl 1 OTMUpaHue Tuaporpadudeckoit cetm Akyaga-
Ne 3

TOM 54 2023



O®OPMHUPOBAHUE PEUHBIX JEJBT BHYTPUKOHTUHEHTAJIbBHBIX BOOJOEMOB 9
58°00" 59°00/ 60°00" o,
44°00' 47 BC Apanvckoe Mope 44°00
M. Turposbiii
XBoct
aﬁueAW‘”ﬁM
43°20 L > 43°20/
. g o
:‘.- e‘:g;’S
£ e 5
e [(Ma]

[(¥=0] 2
[mor] s
ol /

wra @

[}

6
& & 47
8
w9
i

42°00’ = :l 11

58°00’ 59°00' 60°00

Puc. 2. 'eomopdoornyeckast Kapra IeJIbTOBOI CUCTEMbl AMyIapby.

1 — CTpPYKTYpHO-AeHyIallMOHHOE HeoreHoBoe ru1aTo (10 250 M abc.); 2 — ocTaHIIbI 3pO3MOHHO-ICHYIAlIMOHHBIX HEOTeH-YeT-
BEPTUYHBIX PaBHMH; 3 — MOPCKasi TOJIOLIEHOBAs Teppaca; 4 — capbIKaMBbIIIICKasI AeIbTa (IPEeBHsIsA); 5 — aKIapbUHCKas AeIbTa
(crapast); 6 — coBpeMeHHas aeyibra (Mosiofast); 7 — oOpbIBHI TU1aTO; § — ruaporpaduyeckas cetb; 9 — cyxue pycia; 10 — 6yr-

pucTble Tiecku; I/ — BomHbIe OOBEKTHI.

Fig. 2. Geomorphological map of the Amu Darya delta system.

1 — structural-denudation Neogene plateau (up to 250 m abs.); 2 — Farewell rock of erosion-denudation Neogene-Quaternary
plains; 3 — marine Holocene terrace; 4 — Sarykamysh delta (ancient); 5 — Akdarya delta (old); 6 — recent delta (young); 7 — pla-
teau cliffs; & — hydrographic network; 9 — dry channel rivers; /0 — hillock sands; 7/ — water objectes.

pou. TojoLieHOBasT UCTOPUST aMyJapbUHCKON Heib-
TOBOI paBHUHEI CBsI3aHAa, ITITaBHBEIM 00pa3oM, ¢ (pop-
mupoBaHueM [1puapanbckoil NeIbThI U, YACTUYHO, C
oOHoOBJIeHUEM Tuaporpaduyeckoii cetm Capbika-
MBIILICKO# BMaAWHbBI, KyJa Nepuoandecku (ocobeH-
Ho ¢ XII mo XVI BB.) npoaoKajau MOCTyIaTh BOIbI
AMynapbi, 4TO OTPaXKaJloCh B KOJICOAHUSIX YPOBHS
CapbIKaMBIIIICKOTO 03¢epa (puc. 2).
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bacceiin ozepa barxaw

Heavma Hau. Pexa iy oOpasyeTcst OT CIUSTHUS
pek Tekec u KioHec, Gepylnnx HayajJlo Ha CKJIOHAX
xpeota Tepckeii-Amna-Too u orporax xpeota Hapar B
Taun-1ane. JIanaa Uma — 1001 kM, torommans 6ac-
ceiina — 140 Teic. kKM%, B BepxHeM TeueHuu Unu nme-
€T BUJ TOPHOM pEKH C rajliedHO-BaTyHHBIM PYCJIOM U
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IIPOTEKaeT I10 Y3KUM YIIEIbSIM U IAPOKUM KOTJIOBH-
HaM. B cpenHeM TeueHuu, HuxKe Kamuuraiickoro Bo-
noxpaHunuiua, Mau cienyer mo mycteiHHON [Ipu-
OaJIxaIlCcKoil paBHUHE, a B HIDKHEM — B Iteckax Ca-
poIcuK-ATbIpay U Tayxym B BUle MeCYaHO-MIMUCThIX
pycen, Tepecekasi IpeBHME pyciia peku KaHrtac.
CpenHuii ToI0BOIT pacXo BOIbI B YCTHEBOM CTBOPE —
329 xm3/c (ctok okono 10 km3/rox). CTOK HaHOCOB
Nnu cocraBiasger okojio 3.3 MJH T/ron (MyTHOCTb
okono 300 r/m?) (Pexu u osepa Mwpa..., 2012).
I1pu BnanmeHuu B 3aragHylo, HanboJsiee TITyOOKOBOI -
HyI0 9acTh o3epa bamxam, M chopmupoBana 06-
LIMPHYIO JEIbTY TUIOIIANbIO OKOJIO 12 ThIC. KM?, C py-
kaBamu XKwngemu n Tonap.

Brnianguna, roe HaxoauTcs o3. banxai, nmpeacras-
JISIET co0O0il OOIIMpPHBIE MPEArOpPHLIE W NIEILTOBEIC,
aJUTIOBUAJIbHO-TIPOJIIOBUAIbHBIE PAaBHUHBI U 03€p-
Hble Teppachl. Mcropusi camoro osepa, Mo CBHUe-
TEJILCTBY MHOrux wucciaenonarteneili (CalloXXHUKOB,
1951; CeBacThsiHOB 1 1p., 1991; KpbuioB u ap., 2014),
HauyuMHaeTCsl ¢ paHHEro ToJiolleHa, KOrma BO BpeMs
BJIA>KHOTO KJIMMAaTUY€CKOTIO IIeproaa chopMUpOBaJI-
CsI eIVHBINA JIpeBHEOAIXaICKU BOTOEM B TIpeeaax
akBatopuil o3ep banxam, CacbhlKKojab, AJaKoidb U
H>xanmaHaikoib. [TociemoBaBiire 3aTeM UCCYIIIEHUE
U apuau3alysl KjiyuMmaTta MpUBeId K COKpalleHUIO
pEYHOro CTOKa U pa3BUTUIO IPEeBHEOAIXAIICKON pe-
rpeccuu, CrocoOcTBOBaBIIEeH pa3odineHuIo banxa-
1l1a Ha U30JIMPOBaHHBIE BOAOEMBI, OCOJIOHEHUIO BOI
U OCYIIIEHUIO 3HAYUTEJIbHOM TEPPUTOPUH, TIE MOTY-
YWY IIMPOKOE Pa3BUTUE MPOILECChl D0JI0BOM Iepe-
pabOTKM TIeCYaHBIX APEBHEOATXAIICKIX OTIIOXCHMMN
1 obpaszoBaHus I10H (8.3—5.6 ThIC. 1. H.).

B atimanTuueckoe Bpems (OKOJI0 5 THIC. JI. H.) Oa-
rogapsi KIIMMaTU4eCKUM U3MEHEHUSIM YBIIaXKHEHHO-
CTH Y TEeKTOHUYECKMM ITOIBMXXKAM IIPOMU30IIIa KO-
pEeHHasl TIepecTpoiika ruaporpaduueckoili ceTu B
1oXkHoK yactu banxaimickoit HusmMeHHocTtu. Bcenen-
CTBME YBEJIMYCHUsI BOOTHOCTU peka Wim mpomnuimia
Karmuaraiickoe yuenbe, cnyctuiia Mnmiickoe o3epo
U cTaJla CBOMMHU BOIaMMU 3aIlOJIHATh HanboJiee MoHM -
KeHHbIe yJyacTKu baxaiickoii KoTiaoBuHBI. B cBolo
odepenb peka Jlercel B pe3yibTraTe IOOBMKEK IO
JlemcuHCKOMY cOpocy BepHyJach B CBOE ApEBHEE
pycio M craja Bhnagath B 03. banxai, cmoco0CTBys
OGBICTPOMY MOBBIIICHUIO YPOBHS Y YBEJIMUECHUIO pa3-
MEpPOB 03epa 00JIbIIe COBPEMEHHBIX.

ITocnenoBaBiiee B Hadajae cybbopeaia (OKOJIO
4 ThIC. J1. H.) UCTOIIEHUE TOPHBIX JICMTHUKOB, apUIN-
3alysl KJIMMaTa U yMeHbIIeHe BOTHOCTU peK IMpu-
BeJIM K pa3BUTHIO OAJIXAIIICKOM perpeccrum, KOTopas B
nepuon 2.6—3.5 TbIC. JI. H. CMEHMJIaCh HOBOOAJIXalll-
CKOII TpaHcrpeccueii, ypoBeHb KOTOpPOil Ha 2—3 M
MpeBBIIal cCoBpeMeHHBIII. COBpeMEeHHBIA II€pUOI
(menee 1000 net) B uctopuu banxaina xapakrepusy-
€TCSl MHOTOKPATHBIMM KOJI€0aHUSIMU YPOBHSI B IIpe-
nenax 2—3 M, COIPOBOXIABIIMXCS IIEPUOANIECKUMU
W3MEHEHUSIMU 00beMa U IUIOIIAaM 03epa.

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

Takmm oOpa3oM, B TedeHME TosolieHa 03. baxxam
1 Banxanickasi KOTJIOBUHA MPOUILIU CIOXHBINA MyTh
pa3BUTHsI, BO BpeMsl KOTOPOTO IPOUCXOAMIN 3HAYM -
TeJIbHbIE NU3MEHEHMs YBIIAXKHEHHOCTHY KJIMMaTa 1 BO-
JIOHOCHOCTH PeK, MOABEMbI-CHUKECHMS YPOBHS U KO-
JieGaHMsI COJICHOCTHU 03epHBIX BoA. IIpro3epHas paB-
HUHA, OCOOEHHO €€ IOXHasl 4acTb, IIpuoOpesia BUI
AJUTIOBUAJIBHO-EJIbTOBOM PAaBHUHBI, OCJIOXHEHHOM
MHOT'OYMCJICHHBIMUA BpPE€3aHHBIMU CYXHMM pyCJIaMU
OBIBIIIMX JIEITOBBIX PyKaBOB (0aKaHAacOB) 1 Ha OOJIb-
1IIei yacTu mpeoOpa30BaHHOM 30JIOBEIMU ITpoliecca-
MU B IpsiAoBO-Oyrpucthie necku (puc. 3). JpeBHsis
nenbsTa Mm pacrioniaranace B pailoHe ceieHus baka-
Hac, B 300 KM OT COBpEMEHHOTO YCThsI ¥ 3aHUMaJIa 10
IMOJIOBUHBI TEPPUTOPUU ITyCThIHb CapbiCenK-ATbI-
pay n becrac. Ee menmsroBBIe pykasa Iller-Bakanac,
Opro-bakanac, Hapein n 2KaHacy Briagaim B ceBep-
Hylo, HauboJiee myookywo yacth banxama. CoBpe-
MeHHas aenbra M HaunHaeTcs B paitoHe cell. Apaj-
TOOE M BIIaJaeT HECKOJbKUMU pyKaBamu (Kunenu,
Kwuraine! u 1p.) B 3ammagHyIo 4acThb o3epa.

3AKJIIOYEHHME

1. UccnenoBanue penbeda M OTIOKEHUI HEIBT
KPYIHBIX PEK, BMNAJalolUX BO BHYTPUKOHTUHEH-
TallbHbIe MOpPsI U o3epa Apano-Kacnuiickoit apui-
HOM 30HBI, MOKA3bIBAET, UTO PEKU MPOILLIU IJIATETb-
HBI 9BOJIIOLIMOHHBINA MyTh, MHOTOKPATHO HAKATLIM-
Basl U nepepabaThiBas aJIIOBUAJIbHbIE OTJIOXEHUS B
3aBUCHUMOCTHU OT ITOJIOKCHUSA YPOBHSA IPUEMHOI'O BO-
nmoema. Crnenys 3a KojieOaHUSIMU YPOBHSI, PEKU TIepe-
MEIIAJIM CBOMW IEJbThI, IJIEHCTOLICHOBBIE PEIMKTHI
KOTOPbIX HaXoasT B MHTEPBAJIC aGCOH}OTHbIX OTMCE-
ToK OT +50 mo —20 M Ha 6eperax Kacnus, ot +50 no
110 m Apana u ot +370 mo 400 M o3epa banxar.

2. OcoOeHHOCTSIMU TIPUPOTHBIX (PAKTOPOB Apa-
Jno-Kacnuiickoii apuaHoii 30HbI, BAUSIOLIMX HA IIPO-
LIECCHl NIEIbTOOOPA30BAHUS SIBIISIFOTCSI: 3ACYIILIN-
BOCTb KJMMaTta, (OpMUPOBAHUE PEYHOrO CTOKa B
BEPXOBbSIX PEK U OTCYTCTBUE MPUTOYHOCTU B HUXK-
HEM TEYEHWH, MOBBIIIIEHHASI MyTHOCTb PEYHBIX BOI U
OTPOMHBIN CTOK B3BELLIEHHBIX HAHOCOB, 4 TAKXE 3Ha-
YUTEJIbHOE BJIMSTHUE XO3SUCTBEHHOU NEeSITETbHOCTU
YeJIOBEKA, CBI3aHHOW C MHTEHCUBHBIM OPOIIEHUEM
CEeTbCKOX03MCTBEHHBIX yroauii. Hamnbomnee pacnpo-
CTpaHEHHBI# MOP(MOTreHETUYECKUI TUM YCThEBOU
reoMopdoJI0T0-0CcaioOuYHON CUCTEMbI Ha TOOEPEXKbSIX
BHYTPUKOHTUHEHTAIBHBIX BOIOEMOB apUIHOI 30HBI —
OTPOMHBIE AUTIOBUAJIbHBIE KOHYCHI BBIHOCA B BUE
JIeJIBT BBIOBVDKEHUS M “CyXMX BHYTPEHHUX OEIBT”
(aJUTIOBUAIBHBIX KOHYCOB PEK, TEPSIOIIMX CBOM CTOK
B a3MaTCKUX MYCTBIHSIX).

3. ITioxast CoXpaHHOCTb IPEBHUX ACIET apyUIHOI
30Hbl — CJEACTBUE MHTEHCHUBHOIO XO3SMCTBEHHOTO
OCBOEHHUSI M BBICOKOM HIUMHAMUYHOCTA MOPCKOTO
Kpasi 1 TuaporpapuIecKoil CET COBPEMEHHBIX ped-
HBIX JICJIBT B YCJIOBUSIX OTPOMHOIO CTOKA B3BEIIICH-
Ne 3
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Puc. 3. 'eomopdonornyeckast Kapra IeIbTOBOM cucteMbl Miu.
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1 — CTpPYKTypHO-IeHyIallMOHHAsI HeOoreH-4eTBepTU4Hasi paBHrHA (1o 200 M a6c.); 2 — MO3MHEIUIeCTOLIEHOBAsT aJTTIOBUAIb-
Hasl paBHUHA, IlepepaboTaHHasi 30JI0BBIMU IIpolieccaMu; 3 — APEBHSIS AeIbTa, IepepadoTaHHasI 20J0BbIMM IIpolieccamMu; 4 —
MOpCKasl ToJIOLIeHOBasi Teppaca; 5 — MoMMeHHO-PYCJIOBOM KOMIUIEKC PEYHbIX IOJIMH; 6 — cTapas jJejibTa; 7 — MOJIofast IejibTa;
& — runporpacdudeckas ceThb; 9 — cyxue pycia; 10 — 6yrpuctbie iecku; /1 — BOTHbIE OOBEKTHI.

Fig. 3. Geomorphological map of the Ili delta system.

1 — structural-denudation Neogene-Quaternary plain (up to 200 m abs.); 2 — Late Pleistocene alluvial plain, processed by Aeo-
lian processes; 3 — ancient delta, processed by Aeolian processes; 4 — marine Holocene terrace; 5 — floodplain-channel complex
of river valleys; 6 — old delta; 7 — young delta; § — hydrographic network; 9 — dry channel rivers; /0 — hillock sands; 71 — water

objectes.

HbIX HAHOCOB 1 3HAYUTEJIbHOM N3MEHYUBOCTU YpOB-
Hs IPUEMHOI'O BOOOEMaA.

4. 1en1bTOBBIM pyKaBaM M HUXKHUM TEUSHUSIM PeK
apUIHON 30HBI MPUCYIA OOMbIIAsT UHTEHCUBHOCTD
pycJIOBBIX AedopMaliuii, 9TO OIpenessieTcsl caadboit
YCTOMUYMBOCTBIO K Pa3MbIBY MEJIKONECYaHbIX TOJIMH-
HBIX aJUTIOBUAIbHO-IPOJIOBUAIBHBIX OTJIOXEHWM,
OOJBIINMK CKOPOCTSIMU TEYEHMSI U BBICOKOM HACHI-
IIEHHOCTHIO MOTOKa HaHocaMu. IlepeHachIIeHHOCTh
pPEYHOro TOTOKAa HaHOCAMU MPUBOAUT K OOMEJICHUIO
pycia B TIOJIOBOJbE U MIOCTETIEHHOMY €TI0 TTOBBIIIICHUIO
Hag OKpY»Karoleit MeCTHOCTBIO. IToBBIIIIEHNE OTMETOK
JHa W OOJBIINE CKOPOCTU YCTHbEBOTO YIJMHEHUS
MIPOBOLUPYIOT YacCThI€ MPOPBHIBHI O€PETrOBBIX BaJOB,
W3MEHEHUE HallpaBJIeHMs TEUYSHMS TeTbTOBBIX pyKa-
BOB, CO3[IaHME HOBBIX y3JIOB pa3BeTBICHUS 1 (DOPMU-
POBaHUE PecuOHANbHbIX NPUHACHEHHBIX 0eabm NPOPbLLE-
Hoeo muna (IeNbTOBBIX JionacTeit) Ha mepudepuun
CTapoil AeabThl (CyOdebT 0 aMePUKAHCKO TEpMU -
HoJiorun). BHYTpU AeIbTOBBIX CUCTEM MOCJIE TPOPhI-
BOB TIPUPYCJIOBBIX BaJIOB (MJIU Orpakaalolux 1amo)
MOTYT (DOPMUPOBATHCS TAKKE YACMUUHO HANOICEHHbLE
VUIU HAA0MCEHHO-NPpUYAeHEHHble 0enbMbl.
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FORMATION OF RIVER DELTAS OF INTRA-CONTINENTAL RESERVOIR

OF THE ARAL-CASPIAN ARID ZONE (ON THE EXAMPLE
OF THE TEREK, AMUDARYA AND ILI RIVERS)!

V. N. Korotaev+*

4Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
* E-mail: viaskor@mail.ru

The study of the geomorphological and sedimentary systems forming at mouth of large rivers flowing into the
inland seas and lakes of the arid zone shows that they have passed a long evolutionary path of development,
repeatedly accumulating and reworking alluvial deposits depending on the position of the receiving reservoir
level. Following the level fluctuations, the rivers moved their deltas, Pleistocene relics of which are found in
the range of absolute marks from +50 to —20 m on the shores of the Caspian Sea, from +50 to 110 m of the
Aral Sea and from +370 to 400 m of Lake Balkhash.

The Aral-Caspian arid zone is distinguished by following natural factors affecting the processes of delta for-
mation: aridity of the climate, formation of river flow in the upper reaches and lack of inflow in the lower
reaches, increased water turbidity and a huge runoff of suspended sediments, as well as significant influence
of human economic activity associated with intensive irrigation. The most common morphogenetic type of
river deltas on the coasts of intracontinental reservoirs of the arid zone are huge alluvial outflow cones in the
form of extension deltas and “dry internal deltas” in the form of alluvial outflow cones.

The delta arms and the lower reaches of the rivers of the arid zone are characterized by a high intensity of
channel deformations due to weak resistance to erosion of fine-grained valley alluvial-proluvial deposits, high
flow velocities and high saturation of the flow with suspended sediments. The oversaturation of the river flow
with sediments usually leads to shallowing of the riverbed in high water and its gradual increase over the sur-
rounding terrain. An increase in the bottom elevation and fast delta progradation provoke frequent break-
throughs of the riverbed shafts, a change in the direction of the flow of delta arms, the creation of new branch-
ing nodes and the formation of regional jointed deltas of the breakthrough type (delta blades) on the periphery
of the old delta (subdelta according to American terminology). Partially superimposed or superimposed del-
tas can also form inside delta systems after the breakthroughs of channel shafts (or enclosing dams).

The poor preservation of ancient deltas is noted due to intensive economic development and high dynamics

U For citation: Korotaev V.N. (2023). Formation of river deltas of intra-continental reservoir of the Aral-Caspian arid zone (on the exam-

ple of the Terek, Amudarya and Ili Rivers). Geomorfologiya i Paleogeografiya. Vol. 54. No. 3.

P. 3—13 (in Russian).

https://doi.org/10.31857/52949178923030040; https://elibrary.ru/ WCWFQU
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of the coast and the hydrographic network of river deltas in conditions of huge runoff of suspended sediments
and significant variability of the level of the receiving reservoir.

Keywords: river mouth system geomorphology, deltas, alluvial outflow cone, water level fluctuations of the
receiving reservoir, change in aridity, delta development in the arid region
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IIpoBeneHs! ucciaenoBaHus cejieBoro peabeda IomsipHoro Ypana B noauHe Maioit Ialinmyneixet. 1o pe-
3y/IbTaTaM aHajn3a JaHHBIX IUCTAaHIIMOHHOTO 30HAMPOBAHUS U MOJIEBBIX ChEMOYHBIX pA0OT YCTaHOBJICHO,
YTO Ha pacCMaTpMBaeMOM TePPUTOPUU PACIIONOXeHO 14 ceyeBbIx 6acceitHoB. OOHapyXKeHHBI CAeabl cXoaa
MSITU BOIIOCHEXKHBIX MOTOKOB BecHBI 2021 1. BoineneHbl xapakTepHbie (popMbl pesbeda Iisi pa3HbIX MOP-
bonmHamMUuecKnx 30H celeBbIX OacceifHOB. 30HBI 3apOXKIEHUS MPEUMYIIECTBEHHO PACITOIOXEeHbI Ha
ckiioHax bonbiroro u Masoro IlafinyabiHCKUX XpeOTOB U TpeacTaBiIeHbl BOIOCOOPHBIMYA BOPOHKAMMU.
B 3oHax TpaH3uTa V-00pa3Hble JOHHBIE BPE3bl YEPEAYIOTCS C YYaCTKaMU C SIIMKO- U KOPHITOOOpa3HbIM
00pa3HbIM TOTepeYHbIM TpoduiieM. B ipenenax KOHycOB BBIHOCA OTYETIMBO BBIAEIISIOTCS IBE TeHepalluy
ceJieBbIX 00pa3oBaHuil. MoJionble 30Hbl aKKYMYJISILIMY JIOKAJIM30BaHbI B IPUPYCIOBBIX YUYacTKax U Mpea-
CTaBJIEHBI rajleYHO-BaJTyHHBIMHU TPsiiaMU BbICOTOM 10 0.5 M 16O MOJIHOCTHIO JIMIIEHHBIMU PACTUTEILHO-
CTH, 0O ¢ hparMeHTapHBIM TPABIHUCTBHIM MOKPOBOM. JIpeBHME 30HBI aKKYMYJISILIMU MPEICTABISIOT CO-
00I1 TpeyrojibHblE U BBIMTYKJIbIE B TTONEPEUYHOM Mpoduiie 0Opa3oBaHUsI, COCTOSIINE U3 CUCTEMBI TIPS U
JIOXGUH, OCBOSHHBIX KYCTAPHUYKOBON PacTUTENBHOCTBIO. [LT0Ianp MOTOnBIX 30H He npesbimaet 0.06 km2,
B TO BpeMsI KaK IUTOLIAAb OPEBHUX MOXeT TocTurath 0.4 KM2. CesleBble KOHYCHI HAJOXKEHBI HA THHUIIIE TPO-
roBoii moiauHel Manoii IlaimyabIiHbI, OpeacTaBiisioliee co00i MPeuMyIeCTBEHHO 00J1acTh JeIHUKOBOM
akKKyMyJsisiiimu. BeposiTHo, hopMrpoBaHue 3TUX KOHYCOB BBIHOCA HAYaJIOCh MOCJIE Aerpajalluy TOoCIeqHe -

ro oyieneHeHus. s ceneBbIX OacceiiHOB paccuMTaHbl MOpGhOMeTpUUYECKMe ITapaMeTphI.

Knroueegnie cnroea: celieBble MOTOKU, BOJIOCHEXHBIE ITOTOKM, cejieBoii penbed, [MonsipHblil Ypan

DOI: 10.31857/52949178923030088, EDN: WDKBWN

BBEAJEHUWE

CormacHO 30HUPOBAHUIO CEJIEOITACHBIX TEPPUTO-
puii Poccuiickoit @enepaiuiuu, mpeodiagalonimii TUIT
ceneBbIX sABIeHUN Ha IlojsipHoM VYpaie — Bolo-
CHEXXHBIE TTOTOKU, XapakTepHble misd CybapKTUKU B
nesioM (Perov et al., 2017). Oau dpopMupyioTcss npu
TasiHUM CHeTa BO BpeMsl BECEHHUX OTTerneseit a1bo
JIMBHEBBIX OCAIKOB, cejieBasg Macca IIpelcTaBlieHa
CMEChIO CHETa C BOIOi M 00JIOMOUYHBIM MaTepUATIOM
(rocnemnuit  cocraBisier A0 5—10% oGbeMma).
IMocne TagHUS cHera B 061aCTU aKKyMYJISIuuu (op-
MUpYyeTCcs TiaiieodpasHoe (MomHocThio 10 0.5 M)
KPYMHOSTUEUCTOE CKOIUIEHUE 00JIOMOUYHOTO MaTepu-
ajla pa3Hoii pasMepHOCTU. TeM He MeHee MMEIOTCS
CBUJETEJIBCTBA O MPeOo0JIalaHUU CeJIeBbIX ITPOLIECCOB
WHOTO FreHeTUYECKOIo TUIIA Ha 3Tare JeTsuuaiiu B

# Cepuika wnst mutupoBaHus: Pynunckas A.WU., benses 1O.P.
(2023). CeneBoii penbed B OacceitHe Manoit IlaimyabIiHbI
(Monspueiit Ypan) // Teomopdonoruss u mnaneoreorpacdusi.
T. 54. Ne 3. C. 14—-25. https://doi.org/10.31857/S2949178923030088;
https://elibrary.ru/ WDKBWN
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npyrux paitoHax Cy0apKTUKU — B YaCTHOCTHU, B ropax
Konnbckoro mm-oBa (Garankina et al., 2019). B cBsi3u ¢
STUM MOXHO MpeAIoiarath, 4YTo BO BpeMs Jerpaga-
1111 ropHoro oneaeHeHus Ha [oxsspHom Yparse Tak-
K€ MOTJIM Pa3BUBAThCS JISAHUKOBBIE CEU, CBSI3aH-
HbIE C OITOJI3HEOOpa30BaHUEM B MOPEHHBIX KOM-
TUIeKcax JJMOO CpbIBOM (DMPHOBO-JIENSIHBIX Macc, a
TakXe ceJu, 00yCIOBJIEHHbIE COPOCOM BOMIBI U3 MO-
PEHHO-TIOANPYAHBIX WIN TPWIEAHUKOBBIX 03ep MHpU
MPOPBLIBaX MX TUIOTUH WX BBIMJIECKAMU BOJIBI TIPU
yaapax KpYyIHBIX JJaBUH B akBatopuu o3ep. CocTaB
ceJIeBOM CMECH Jallle BCETO MO3BOJISIET OTHECTH JIeH-
HUKOBBIE CEJIM K BOJOKAMEHHBIM MOTOKaM, pexke — K
rpsi3eKaMeHHbIM WJIM BOMOJICASIHBIM. JIemHUKOBbIE
ceJI CIOCOOHBI K eAMHOBPEMEHHOMY BBIHOCY MaTe-
puajna o6beMOM OT COTEH ThICSY JIO TIEPBBIX MUJLITAO-
HoB km? (ITepos, 2012), 4TO MO3BOJISAET OTHECTH STOT
reHeTUYECKUI TUIM CeJIeBBIX TOTOKOB K HauboJiee
MOIIIHBIM.

B cooTBeTCTBMM C COBpEMEHHBLIMU IIpEICTaBIIC-
HUSIMU, TIOCJIeTHEee OOIIMPHOE MOKPOBHOE OJIeIcHE -
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Hue [ToasspHoro Ypana oTHOCUTCS K YE€TBEPTOiIT MOP-
ckoii u3oromnHoi ctanuu — MUC 4 (Svendsen et al.,
2014). Llentpom oneneHeHust cayxua Kapckuit
menbd, JETHUKOBBLIEC TTOTOKM oOTeKann IlosipHbrit
Vpau, ipoaBurasich ¢ ceBepa Ha 1or. Takum o0pa3oM,
JIOJIMHBI 3anagHoro ckjioHa IlonsipHoro Ypana mom-
BEPraJiich OMTHOBPEMEHHOMY BO3IECTBUIO TOKPOB-
HOTrO JIeAHWKAa, TBUTAIOIIErocsl B 10)KHOM HarpasJiie-
HUM BIOOJb 3allafHOTO MaKpockiioHa IlomsipHoro
Vpana, u KapOBBIX JIETHUKOB, Pa3BUBABIIMXCS B 3TO
K€ BpeMsl B CaMUX TOPHBIX JT0JMHaX. JJOJMHBI BHYT-
peHHeli yactu [lonsipHoro Ypana, oTKphIBaromyecs,
B YaCTHOCTH, K TPAHCYPaJIbCKOM AETIPECCUU TOIM-
Hbl CoOu, HAXOOWINUCh B HECKOJBKO MHBIX ITaJe0-
IS OJI0JIOTMYECKIMX YCIoBUSIX. B ux mpenenax pas-
BUBAJIOCh TOPHO-AOJIMHHOE OJICACHEHNE, W 110 MEpe
ero Jerpamanyu HWXXHUE YacTU IOJUH CTaHOBWJIMCH
apeHol pa3BUTUSI UHBIX IeOMOP(OJIOTMYSCKUX IIPO-
LIECCOB, B YAaCTHOCTH, CEJICBbIX. B CBsSI3U ¢ 3TUM 1151
MMPOBEPKM T'MIOTE3bl O BO3MOXKHOM CMEHE FOCITONCTBY-
IOIIIETO TUIIA CEJIEBBIX ITOTOKOB CO BpEMEHU Jierpana-
LMK TTOCJIEMHETO KPymHoro oyeneHeHus: Ha [loisip-
HOM YpaJie ObIJIO pelIeHO UCCIeI0BaTh CeIeBOI pesibed
B nonvHe p. Mastoii [TaliryipIHbI, pacnOIOXXEHHO B
oceBoii yactu IlomsipHoro VYpama Ha aeBoOepexbe
p. Cobu.

MATEPHAJIBI U METObI

MN3yyenue ceneBoro peabeda IIpou3BOIMIOCH IO
CTaHAAPTHOI METOAMKE W MOAPa3NeiIsjioCh Ha TPU
3Tara: MpeanojieBoi KaMepaabHBIN, MMOJIEBOM 1 00-
paboTKa MOJIyYeHHBIX HaHHBIX. [lepBBIil 3Tanm OBLT
MOCBSIIEH MOKCKY CJIEAOB CEJICii C MOMOIIBIO Je-
mMpOoBOYHBIX KpuTepueB (PyouHckas u op., 2022)
B COOTBETCTBUHU C CYIIECTBYIOIIMMY PEKOMEH AL~
mu (Fomy6es, JlabytuHa, 1966; Canos, 1972; I1epos,
2012). Wcronb3oBainch CUHTE3UPOBAHHEBIE B €CTe-
CTBEHHBIX LIBE€TaX KOCMUYECKNE CHUMKHU CyOMeTpO-
Boro paspelieHus co cnytHukoB GeoEye u World-
View-2, TToaydeHHBIE M3 OTKPBITBIX MCTOYHUKOB C
MOMOIIIBIO TIpOrpaMMHOro Komriuiekca SasPlanet, n
tTororpagpuyeckue Kaptel [eHepaabHOrO 1mrTada Mac-
mraba 1 : 100000. B xome moyieBoro o6cienoBaHuUsI
OblIa YTOUHEHA cxXeMa IIpeaBapUTeIbHOro JaeInmd-
pupoBaHUs, 3a(pUKCUPOBAHBEI MOpPdOJIOrn4YecKue
mapaMeTphl CEIeBOro peibeda, OMmUcaHbl CeIeBbIC
OTJIOXKEHMUSI, BbIAEACHBI I'PaHUIIBI MOphOIHAMUYE-
CKUX 30H CeJieBbIX OacceilHOB. bruin o0ciieoBaHbI
15 GacceitHOB NMPUTOKOB W TJIaBHOE pyciio Manoit
IMaitinyneiael. Cneapl ceseil ObLIM BBISIBJICHBI B €€
BepXHEM Te4eHUU U B 13 GacceifHax ee IPUTOKOB.

J171s1 OLIGHKM CeJIeBOI COCTABJISIONISH B CTPOCHUN
penbeda 6acceitHa Masoii ITalimyabiHbl TpoBeacHA
ChEMKa M COCTaBJICHBI TeOMOP(d oJIoTuYecKasi KapTa 1
KapTa ceyieBbIX 0acceiiHoB. C moMoIbio TU(ppoBoOit
mopaenu peabeda ArcticDEM ¢ mpocTpaHCTBEHHBIM
paspemenueMm 2 M cpenctBamu ' MIC cormacHo pa3s-
paboranHoit metoguke (PymuHckas, benses, 2022)
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OBLTM pacCYMTAHEI (B TOM YHCJIIe 1)1 0acCceifHOB MO/ -
YMHEHHOTO 3HAaYeHUsI, BXOASIINX B COCTaB CJIOXKHBIX
ceJIeBbIX OacceifHOB): IUIoIIaAb OACCEiTHOB 1 30H ce-
JIEBOM aKKyMYJISILIMU, MIEpeTiall BBICOT B UX TMpeeax,
BBICOTA OYAaroB 3apOXIECHMsI CeJIeBbIX MOTOKOB, Ia-
JIeHWUe, YKJIOH Y JUIMHA 30H TpaH3uTa (Tad. 1).

_XAPAKTEPUCTHUKA
PAMOHA NCCIEOOBAHUUN

Honmuua Manoit IlaitmyabIlHBI HAXOOUTCS MEXITY
ManbiMm 1 bonbmum TlalinyaplHCKUMU XpeOTaMu,
BBITSHYTBIMM C CEBEpPO-BOCTOKA Ha IOro-3amai, C
MakcuManbHbIMU BeicoTaMu 900—1000 m. OHu cio-
>KeHbl MeTaMOp(dHU30BaHHBIMU TTO3AHEPUGDENCKUMU
IecYaHUKaMU C IIPOCJIOSIMU aJeBPOCIIAHLIEB U paH-
HEOPIOBUKCKUMM KOHITIOMEpaTaMHu, TpaBeJIMTaMu 1
necyaHukamu (I'ocymapctBeHHas ..., 2013). B repumnH-
CKYIO 310Xy C(OPMUPOBAIIUCH TOPHBIE COOPYKCHUS,
KOTOPbIe K KOHILYy Me3030s1 ObUIM ITeHETUICHU31pPOBa-
Hbl. B ofurolieHe U MuoOLIeHE TEPPUTOPUS MCTIBITANIA
MOTHSTHE, B pe3yJIbTaTe 4ero c(hOpMUPOBAJICS OpOrpa-
¢uyecku BeIpaxkeHHBIN XpebeT (AHaHbeB, 1980).

IMocnenHee mokpoBHOe ojieaeHeHue [lonsspHOTO
VYpana oTHOCUTCS K paHHeBaJgaliCKOMy BpeMeHU
(Svendsen et al., 2014; Svendsen et al.; 2018, Svendsen
et al., 2023). I'pannua Kapckoro nemHMKOBOIo 1mo-
KpoBa IpOXouia B paiioHe JOIUHbBI p. JIOHTOThETaH,
nmpuMepHO B 30 KM K ceBepy OT HoJuHbl Majtoit [1aii-
mynbIHBI (AcTtaxoB, 2017). OmHOBpeMEHHO C TOKPOB-
HBIM Pa3BUBAJIOCh TOPHO-AOJMHHOE OJIeIeHECHUE:
JIOJIMHBI U IMPKU B oceBoii 30He TTossipHOTO Ypana Kk
ceBepy OT JoJuHbI p. CoOb OB LIETUKOM 3aHSTHI
TOPHBIMU JICTHUKAMHU, B TO BpeMsI KaK BEepIIUHHEIE
MOBEPXHOCTH OCTaBaJMCh CBOOOIHBIMU OT Jbja.
MopeHBI BBIIBUHYTHI 32 TIpEIeIbl TOp Ha HECKOILKO
KWJIOMETpOB. MOXHO TakKke IpPearnoJoXUTb, UYTO
JIEMHWKHU, YCTAHOBJICHHBIE JUTS1 cepeaMHBI XX CTOJIETHUS
(Ivanov, 2012), cymectBoBamu u B MUC 4 (puc. 1, (a))
W, BEPOSITHO, OBIJIM HECKOJIBKO OOJIBIIIE.

B MUC 2 na IlongpHoM VYpajsie pa3sBUBaIOCh
TOJIBKO TOPHO-AOJMHHOE ojieneHeHue. Cyns 1o pe-
3yJIbTaTaM KOCMOTEHHOTO matupoBaHwus 1mo 10Be Ko-
HEYHO-MOPEHHBIX TIPS, BO BPEeMs IMOCJIEIHETO Jien-
HUKOBOTO MaKCUMyMa TOPHbIE JIETHUKU 3arnagHOTo
MakpockiioHa [TossipHoro Ypaia ObIIN JIOKaJIM30Ba-
HBI TIaBHBIM 00pa30M B Kapax M IIMpKaxX U He CITyC-
Kajquch no goiauHam Huke 400—500 m (Mangerud,
2008). Ux MopeHa 1pencraBieHa e OHUCTO-APECBSI-
HBIMU CYDIMHKaMM WA CYIIeCSIMM C OO0uMiMeM (1o
80%) mioxo- u cpedHe- OKaTaHHBIX IIBIO, BAJTYHOB,
meOHsT U TalbKU. PasMep OTmeIbHBIX BaJTyHOB IIO-
cruraeT 0.8 m (Iumkwux, 2007). BepositHee Bcero,
TOpHbIC JIEMHUKW, YCTAHOBJICHHbIE IJisI CepearHBbI
XX cronerus, cymiectBoBaiu Takke B MUC 2 n ObUH
JIOKaJIM30BaHbI B Kapax U 1upkax (puc. 1, (6)). B Ha-
yajie To3IHero Apraca JeIHUKM MOCTENEeHHO Jerpa-
IUPOBAJIN, a B TIEPUOI ONITUMYMa ToJIOIIeHa NCIYE3TTH
(CypoBa u ap., 1974, 1975). YcraHoBjieHa aKTUBU3a-
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mmme | panuia Kapckoro
JIeTHUKOBOTO MOKPOBa

" HanGoree KpyIHbIE JICTHIKH
VpanbCKOro MpOMCXOXKIACHUS

Kaposble ietHUKY:
JIOCTOBEPHO CYLLIECTBOBABLINE
npearonaraemble

e ®

% Hynaruku B npeaenax Kapckoro
< JICJIHMKOBOTO MOKPOBA

. JlemnukoBo-noAnpyaHbIe 03epa
0 Bacceiin p. Mas. [MaiimyasiHet
Ludpamu 0603HaueHBI:

1 - maccus r. JIanxa
2 - xp. Hapmertxoii

3 - Man. TaifnyasiHCKuii Xp.
4 - bon. INaiinmyabHCKuMii Xp.
5 - Xapb6eitckuit xp.

Kaposbie e1HUKN:
‘0 J10CTOBEPHO CYIIECTBOBABIINE
@ npeanojaraeMblie

0 Bacceiin p. Man. IMaitryabsisbt
Ludpamu 0603HaYeHBI:

1 - maccus 1. Jlsaaxs
2 - xp. HapMbIHXOii
3 - Man. INaiinyasiHCKuii Xp.
4 - bon. INaiimyabsIHCKHIT Xp.
5 - XapGeitckuit xp.

Puc. 1. PexoHctpykius oneneHenus [lonsipHoro Ypana B MUC 4 (a) u MUC 2 (6) (mo Astakhov, 2017; Ivanov, 2012; Mag-
nerud et al., 2008; Svendsen et al., 2014; Svendsen et al., 2018; Svendsen et al., 2023).

Fig. 1. Reconstruction of the glaciation of the Polar Urals in MIS 4 (a) and MIS 2 (6) (according Astakhov, 2017; Ivanov, 2012;
Magnerud et al., 2008; Svendsen et al., 2014; Svendsen et al., 2018; Svendsen et al., 2023).

1IMsI TOPHBIX JIETHUKOB B MajioM JIEMTHMKOBOM IEpU-
one. CBoero MakCrMMajabHOIO pa3Mepa OHU TOCTUTIU
B XVI-XVII BB. (MBanoB, 2013, Solomina et al.,
2010). CoBpeMeHHBIX JIEOIHUKOB B OoJIMHE Maoi
IMaiinyabiHEl He HaGaOgaeTcsa. Tpu JegHUKa, Cylle-
ctBoBaBIIKe B 1960-X IT. HA BOCTOYHOM CKJIOHE Ma-
sioro IlaiinmyapiHCKOro xpe6ta, K 2016 TI. MOJIHOCTBIO
pactasgiy. OTI0KEHMs TOJIOLIEHOBBIX JICAHUKOB 4Ya-
IIe BCEro IpeacTaBiIeHbl HECOPTUPOBAHHBEIMU Ipe-
CBSIHO-1LIEOHUCTBIMU OTJIOXKEHUSIMM C BajlyHaMHU U
MPUMECHIO CYTJIMHKOB U1 CyTleceid MOLIHOCThIO 10 3—
5 M (YepkacoBa, iBanos, 2020).

DJIIOBUAIBHBII Y4eX0J1, TMTOKPBIBAIOIINIA BOgOpa3-
JIeJIbHBIC TIOBEPXHOCTU W MPUBEPIIMHHBIC CKJIOHBI
XpeOToB, Havyal (hOPMUPOBATHCSI B MO3AHEM IICH-
croueHe. OH IIpencTaBiIeH CMEChIO IJILIO U IIEeOHS
MOIIIHOCTBIO IO 5 M C CyIleCYaHBIM JIMOO CYINIMHM-
CTBIM 3aIoJIHUTeeM. HU>KHME YyacTh OTHOCUTEIbHO
KPYTBIX CKJIOHOB (Ha BeicoTax MeHee 500—600 m) me-
PEKPHITHI TIBI0AMU U IIeOHEM MOIITHOCTBIO 10 30 M.
Ha 6osee monorux ckjioHax, MOABEPXKEHHBIX Kypy-
MOBO-COJIM(JIIOKIIMOHHON MOAECIUPOBKE, IIHUPOKO
pa3BUT YeXOJ, TIpeACTaBIeHHbI TMTPEeNMYIIeCTBEHHO
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00JI0MKaMU TJILIOOBOI pa3MepHOCTH. B ThIJTOBBIX ya-
CTSIX THUI JOJIMH IIMPOKO PacIpOCTpaHEHBI IO~
BUAIbHBIE W TIPOJIOBUAIBHBIC OTJIOXEHUS, TIpeI-
CTaBJICHHbIE CMEChIO BaJlyHOB, TaJlbKU U ILEeOHS
momHocThio 10 10 M (T'ocymapctBeHHas ..., 2013).
Ilmy6okue HONMHBI CIIOKHOTO TEKTOHO-3PO3MOHHO-
5K3apallMOHHOTO TeHe3Uca, pacueHSIoIIe TOPHbIe
coopyxxeHus IlomsipHoro Ypana, Kak MUHUMYM CO
BpEeMeHU Aerpafaliiy MOCIeIHETO OOIINPHOTO OJie-
neHeHust B MU C 4 mornm ciiyXXuTh apeHoOi pa3BUTHS
ceJIeBbIX MPOLIECCOB.

PE3VJIbTATbHI UCCJIEJJOBAHUN

[Tmomans BomocoopHoro 6acceitna Majoii [Tamy-
IBIHBI cocTaBisieT okoso 110 km2. OH BKJTIOYAET B Ce-
051 TPOTOBYIO JOJIMHY JJIMHOMN OKOJIO 16.5 KM U IIpH-
MBbIKaoIIMe K Hell BOCTOYHBIN cKJIOH Majoro u 3a-
naaHbli cKioH boabioro IajinmyablHCKOTo XpeOToB
(puc. 2). llluprHa TPOroBOii NOJMHBI B BEPXOBbSIX IO
o6poBkaM cocTaBisger 0.6 KM, MO OHUIILY — OKOJIO
0.2 kM, B cpenHeM TedeHUU — 3 KM 1o OpoBKaM U
1.7 kM 110 mHUIILY, B IIPNYCTheBO# yacT — 1.3 KM 110

Ne 3 2023
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Puc. 2. l'eomopdosiornueckoe crpoeHue 6acceitHa p. Masoii [TaitnmyabIHbI.

1 — TuUI0CKME, TT0JIOTO BBIMTYKJIbIe M HAKJIOHHbBIE BEPIIMHHBIE TOBEPXHOCTH; 2 — MIOBEPXHOCTH KOMIUIEKCHOM IeHYIallu MOJI0-
TOHAKJIOHHBIE; 3 — 9K3apallMOHHbIE CKJIOHBI; 4 — XOJIMUCTO-3aMaAMHHbIA MOPEHHBbIM pebed; 5 — 9pO3UOHHBIE CKIOHBI; 6 —
3PO3MOHHO-aKKYMYJIITUBHbBIC THUIIA TOJUH MOCTOSIHHBIX U BPEMEHHBIX BOIOTOKOB; 7 — IMPOJIIOBUAIBHO-CEIeBbIE KOHYCHI
BbIHOCA U BHYTPEHHME NEIbThI; § — GPOBKU KApOB, LIMPKOB U TPOTOBBIX TOJIMH; 9 — TEKTOHUYECKUE YILEbsT; /10— celieBble Bpe-
3b1; 1] — KOHTYPBI BOTOCOOPHBIX BOPOHOK; /2 — pycJjia IMTOCTOSTHHBIX BOIOTOKOB; /3 — TaJbBer BpEMEHHBIX BOIOTOKOB; /4 —
M3OTUIICHI; 15 — reoMopdoornuyeckre rpaHuibl. beabIMyu MyHKTUPHBIMU JIMHUSIMA 0003HaYeHbI TPAHMIIBI CeJIEBBIX Oacceii-
HOB.

Fig. 2. Geomorphological structure of the Malaya Paipudyna basin.

1 — flat, gently convex and inclined summit surfaces; 2 — gently sloping surfaces of complex denudation; 3 — exarational slopes;
4 — hummocky moraine relief; 5 — erosional slopes; 6 — erosional and accumulative bottoms of permanent and temporary wa-
tercourses’ valleys; 7 — proluvial and debris flow fans and internal deltas; § — contours of cirques and trough valleys; 9 — tectonic
gorges; /10— debris flows bottom cuts; // — contours of drainage funnels; /2 — beds of permanent watercourses; /3 — thalwegs
of temporary watercourses; /4 — isohypses; /5 — geomorphological boundaries.

TFTEOMOP®OJIOTUA U ITAJIEOTEOTPA®UA  tom 54 Ne 3 2023
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1 — BOmoCOOpPHBIE TUIOIIAIN CEJIEBBIX 0aCCETHOB; 2 — BOOOCOOPHDIE IUIOIIAIN BHYTPEHHUX CEJIEBBIX 0aCCEITHOB IIOMYMHEHHO-
TO 3Ha4YEeHMST; 3 — 30HBI CEJIEBOTO TPAH3UTA; 4 — MOJIOAbIE 30HBI CEJIEBOM aKKyMYJISIIINK; 5 — NIPEBHUE 30HBI CEJIEBOM aKKyMY-
JISILUU; 6 — pyciia NOCTOSIHHBIX BOIOTOKOB, 7 — TaJbBerd BpPEMEHHBIX BOIOTOKOB; & — U30TUIICHI; 9 — 3aMKCHUpOBaHHBIE
cieibl BOMOCHEXHBIX TOTOKOB BecHbI 2021 T. (a, 6) — cyxue pycia B TeJie CHexXKHUKa, 6acceiiH pyd. Tperbero, 6acceitn Ne §;

(B) — xonmMUK-Ky4a B pyciie pyd. [lepBoro, 6acceitH No 6.
Fig. 3. Debris flow basins of the study area.

1 — drainage areas of debris flow basins; 2 — drainage areas of internal debris flow basins; 3 — zones of debris flow transit; 4 —
young zones of debris flow accumulation; 5 — ancient zones of debris flow accumulation; 6 — beds of permanent watercourses;
7 — thalwegs of temporary watercourses; & — isohypses; 9 — recorded traces of slushflows of spring 2021. (a, 6) — dry channels in
the body of a snowfield, the basin of the Tretii Stream, basin No. 8; (B) — slushflow hillock in the channel of the Pervyi Stream,

basin No. 6.

oposBkaM u 0.8 kM 110 mHMIY. Ha BOCTOYHOM CKJIOHE
Manoro IlaiimmymbIHCKOro XxpeOTa pacHoa0oKeHO
CeMb TPOTOBBIX AOJIMH JUTMHOM OKOJIO 4—6 KM U 11~
puHoii 1—2 kM 1o 6poskaM u 0.2—0.8 KM Mo JHUIILY;
oryouHa moyimH 10 300 M. IpeHupyoolie nxX BOIOTO-
K1 UMeIoT 1—2 mopsigoK, OoJibliiasi UX 4acTh (3a UcC-
KimodeHreM pydybeB [Ipsimoro u MenBexbero) Bpe3a-
Ha B nHuIa Ha 40—50 m.

C bogpimoro IlaimmynelHCKOTO XpeOTa CTEKaloT
yeThIpe JeBbIX MpuToka Mastoit [TalimynbiHbl. JIBa 13
HUX UMEIOT MEPBbIi MOPSA0K, ONUH — BTOPOI MOPSsI-
JIOK, U OJWH MpPEACTaBIE€H BPEMEHHBIM BOJOTOKOM.
JoJuHBI ABYX BEPXHUX JIEBBIX MPUTOKOB NMEIOT V-
00pa3HbIil TToNepeuHblii Mpodulb, KIyOMHA JOJIWH
cocrapisgeT B cpengHeM 100—150 M, mmpuHa noawH

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

1o 6poBKaMm cocTtabirsieT okoJio 500 M, mo pHury 30—
40 M. JoamHBI AByX HIDKHUX JIEBBIX IIPUTOKOB B BEP-
XOBBSIX TIPEACTaBIISIIOT CO00i KOJIEeHOOOPa3HO U3TH-
Oaroluecs y3Kue YyIIelbs C KPYTBIMM CKaJIbHBIMU
CTeHKaMH, W, MPEANOJOXUTEIbHO, 3aJ0XEHBI IO
TEKTOHMYECKUM HapylleHusM. B cpemHeM UM HUX-
HEeM TeYeHMHU IJTyOMHAa STUX JOJMH COCTaBJISIET IO
10—15 m.

B 13 3 14 obcnemoBaHHBIX OaCCETHOB IIPUTOKOB
BBISIBJICHBI (OpMBI celieBoro peiibeda (puc. 3).
OH TakKXe NPUCYTCTBYET B BepXHeM TeueHnu Maioit
IMainmyneiael. TakuM 00pa3oM, MOXHO TOBOPHUTH O
Haymuuu 14 cejieBbIX OacceiHOB B Ipeaeiax ooclie-
JoBaHHO TeppuTopuu. leBsaTh u3 Hux (Ne 1—-9) pac-
TTOJIOKEHBI B MIpaBOOEPEXXHONM YacTH TJIaBHOIO Oac-

Ne 3 2023
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Puc. 4. CeneBoii penbed 6acceitna Manoii [laiinmyabiHbel. (a) — ceeBble TPpsiabl B pycie pyd. Tpetbero (6acceitn Ne 8), (6) —
cKaJibHOE pycio pyd. Tpetbero (6acceitH Ne 8) Ha ygacTKe ceJieBOro TpaH3UTa, Ha O0pTax pyciia — CJIeJbl CeJIeBOTO 3aruiecka,
BBIPQXEHHbIE B BUIIE CKOIUIGHUI rajlbki M HEOOJBbIIMX BaJyHOB, (B) — aKKyMYJISITUBHBIE ceJieBble Teppachl B OacceiiHe
pyu. IIpsimoii (6acceitd Ne 1), (r) — pa3HOBO3paCTHbBIE AKKYMYJISITUBHBIE Tesla (OKOHTYPEHbBI XXEIThIM ITYHKTUPOM) B HUKHEM
TeueHUM pyd. Tperbero (OacceitH Ne 8), (1) — rpsiabl (0003HAUYEHBI XKEATHIM ITyHKTUPOM) U pa3aesisioline UX JIOKOWHBI Ha
JIpeBHEM KOHyce BbIHOCa pyd. Broporo (6acceitH Ne 7), (e) — cauBIIMecsT ceJieBble KOHYChI BBIHOCA py4. TpeTbero (b6acceitH
Ne 8) u pyu. lanbHero (6acceitt Ne 9) nmpaBom 60opTy nosvHbl Mastoii [TaiinyabiHbl B ee BEpXHEM TeUeHUN (KEJIThIM IMyHKTH -
pPOM TTOKa3aHbl TPaHUIIbI MOJIOJIBIX KOHYCOB BBIHOCA, OPAHXKEBBIM — JIPEBHMUX).

Fig. 4. Debris flow relief of the Malaya Paipudyna basin. (a) — debris flow ridges in the channel of the Tretii Stream (basin No. 8),
(6) — rocky channel of the Tretii Stream (basin No. 8) in the area of debris flow transit, on the sides of the channel there are traces
of debris flow splash, expressed in the form of accumulations of pebbles and small boulders, (B) — accumulative debris flow ter-
races in the basin of the Pryamoi Stream (basin No. 1), (r) — accumulative bodies of different ages in the lower reaches of the
Tretii Stream (basin No. 8) outlined by a yellow dotted line, (ir) — ridges (marked with a yellow dotted line) and hollows separating
them on the ancient debris flow cone of the Vtoroy Stream (basin No. 7), (¢) — merged debris flow cones of the Tretii Stream
(basin No. 8) and the Dalnyi Stream (basin No. 9) on the right side of the Malaya Paipudyna valley in its upper reaches (the yellow

dotted line shows the boundaries of young debris flow fans, the orange dotted line shows the boundaries of ancient ones).

ceiiHa, 4eThipe — B JieBoOepexHoil (No 11—14),
OIWH — B BepXHeM TedeHUU p. Manoit IlaimynbrHbl
(Ne 10).

B matn ponmHax 3aMKCHUPOBAHBI ClIEIbl CXOma
HEOOJIbIIIMX BOJOCHEXHBIX ITOTOKOB, MPOIIECIIINX
BecHoii 2021 r. OTo cyxue pycia B CHEXXHUKaX B THU-
ax JOJINH, TPYHTOBBIE XOJIMUKHU-KY4YH BBICOTOM O
0.5 M (puc. 3) cO CHEXXHBIM SIIPOM, TTOKPBITHIM T1J1a-
IIIOM IPECBIHOTO MaTepuayia MOIIHOCTBIO TIEPBHIC
CaHTHUMETPHI.

K nenymanmoHHBIM (popMaM ceieBoro peabeda
OTHOCSTCSI V-0bpa3Hble JTUO0 SIIUKO- U KOPHITOOO-
pa3Hble Bpe3bl, (hopMUpPYIOIIUECS B 30HAX TPaH3UTA
ceneit. Bpessl umeror myouny ot 0.5 1o 7, B peakux
ciiyqasix o 15 M, mupuHy 1mo 6poBkaM ot 8 10 20 M 1
no gHuiny ot 4 1o 10 M. B 60abIIMHCTBE CllydyaeB OHU
Ipope3aloT JSAHUKOBBIE OTIOXKEHUS B TPOTOBBIX JI0-
JIMHAX, XOTsI MHOTIA Bpe3aHbl U B KOPEHHbIE TTOPO/IbI.
VKIIOH TajbBera B CeJIEBBIX OacceifHaxX IEpBOro I10-
psinka Koseoserca B mpeneiiax 60—400%; Ha BocTod-
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HoM cki1oHe Manoro IaiitnynprHckoro xpe6ra —100—
400%o0; Ha 3artagHoOM cKyioHe bobiioro IMaimynsiH-
ckoro xpebdta — 60—300%o0. B 6acceitHax BTOpOro no-
psinka ykioH cocTaiisieT 110—240%o0. Hanbompimit
paszdpoc 3TOoro IrmapaMmeTpa xapakTtepeH st Majoro
IMaitnynsiHcKOTO XpebTa (OacceitHbl Ne 1, 2, 8), B
€IMHCTBEHHOM OacceiiHe BTOpPOTo IopsiaKa Ha 3a-
nagHoM ckioHe bospimoro IMaitmymerHCKOTO XpebTa
(GacceiiH Ne 11) yKJIOH IJIaBHOTO pycJia COCTaBJIsIET
160%eo.

Ha otnmenbHBIX ydyacTKax IMpope3aroTcss u Oosee
JIpEBHUE CeJIEBbIE OTJIOXKEHUSI B BMUIE TJIOTHOI ra-
JIeUHO-BaJyHHOI Tonmu. B aToM ciydae hopmMupy-
JOTCSI ceJieBble Teppachkl Bpe3aHuss. OHM moJjioro (1o
2—3°) HaKJIOHEHBI BOOIb PycCja, UMEIOT BEIPOBHEH-
HbI€ IUTOIIAIKU ITUPUHOM 10 10 M 1 IJIMHOM B IeCST-
KU METPOB. YCTYIbl 3TUX TEPpPAC UMEIOT BBICOTY MO
1 M (MakcuMyM — 10 1.5—2 M) HaJ1 ype30M COBpeMEH-
Horo pycia (puc. 4).
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AKKYMyJISITUBHbIE (DOPMBI TIPEICTAaBJIEHbI Cefie-
BBIMU I'PSIIAMU U KOHYCaMM BbIHOCA. [ psiabl JIoKaIu-
30BaHbI B pycJiax ceJIeBbIX BOJIOTOKOB Ha y4acTKaX UX
paclIMpeHUsT U YMEHbIIEHUST YKIOHOB MTPOI0JIbHOIO
npoduiisi, BLITAHYTHI MO TEYEHUIO, UMEIOT JUIMHY B
MepBble ASCIATKU METPOB U BbIcOTY 10 1 M. OHU cJi0-
JKEeHBbI 1IeOHUCTO-TaJIeYHO-BaTyHHBIM MaTepUasioM.
KoHychl BbIHOCA MPUYpOYEHBI IPEUMYIIIECTBEHHO K
MPUYCTbEBbIM YacTsIM OacceiiHoB. Bulaensitorcs ra-
JIEUHO-BaJIyHHBIE Ipsilibl BbICOTOM 10 0.5 M B mpuUpyc-
JIOBBIX YYacTKaX KOHYCOB BbIHOCA JIMOO B €T0 BEPILIU-
He. OTU Tpsiibl IMOO MOJHOCTBIO JIMIIEHBI MTOUYBEH-
HO-PacTUTEIBLHOTO TOKPOBa, JUOO OCBOEHBI JHUIIb
TPaBSIHUCTON pacTuTeabHOCTbIO. CymMMapHasi IUIO-
1Iaab TaKUX TIPS B TIpelesiaX OJHOTO CeJeBOro dac-
ceifHa 06b1YHO He rpesbiiiaet 0.06 km2. Breioensior-
Csl TaKXKe TpeyrojibHble JUOO JienecTKooOpa3Hbie B
IilaHe oOpa3oBaHUSl C OTYETIMBBIM IMPOAOJIbHBIM
YKJIOHOM B CTOPOHY pycJia U BHU3 MO JoInHEe Maoii
IMaitnyabiHbI, COCTOSIINE U3 CUCTEMBI TPSII U JIOXK-
ouH BbicoToi 10 0.5—0.7 M (puc. 4), BBITYKJIbIE B IIO-
MepeyHoM Tpoduie U OCBOCHHbIE KYCTApHUYKOBOM
pactutenbHocThio. [Tno1ians aTux 06pa3zoBaHUI MO-
xeT nocturath 0.4 kM2, Cyns 1o pas3jIvudusaM B MOP-
¢donornuyeckoM obIMKE U XapaKTepe pacTUTETbLHOTO
OCBOEHUSI, OTIMCaHHbIE (DOPMBI MOTYT OBITH OTHECE-
HbI K IBYM pa3HbIM BO3PACTHBIM Ir'eHepalusIM: Tajieu-
HO-BaJIyHHbI€ TpPsIIbl MOXHO OTHECTHM K MOJIOABIM
30HaM CeJIeBOM aKKyMYJISILIUK, B TO BpeMsI KaK Tpe-
YroJibHbI€ JTU0O0 JienecTKooOpa3Hbie B IJIaHEe KOHYChI
BbIHOCA, COCTOSIIIIME U3 CUCTEMBI TIPSl U JIOXOUH,
MO-BUAUMOMY, MIPEICTABISIIOT COO0i 6osiee ApeBHUE
GOpMBEI.

KoHychl BbIHOCa NPUTOKOB 3aHUMAIOT 3HAYM-
TEJIbHYIO IJIOIIaab JHUIIA TJITaBHOU JOJIWHEI, a B BEpP-
XOBbSIX — MPaKTUYECKU MOJHOCTBIO MEPEeKpPhIBAIOT
€ro, OCTaBJIsisl IPOCTPAHCTBO JIMIIb JJIs1 TIOUMEHHO-
pycnoBoro Kommiekca. CeaeBble BBIOPOCHI 3ajleTaloT
B OCHOBHOM Ha JIETHUKOBBIX OTJIOXKEHUSIX; MECTaMu
TakXe MMEIOTCSl CIJIaXKeHHbIE CKaJlbHbIE€ OCTaHIIbI
TUMa 6apaHbUX JIOOB.

HaunGonee KpymHBIE ApeBHUE CeleBble KOHYCHI
(MX TUTOIIAAb 33 PEOKUM MCKITIOYEHUEM BapbUpyeT B
npeznenax ot 0.2 1o 0.4 kM%) ¥ MOJIOIBIE 30HBI AKKY-
myssiouu (MoryT gocturars 0.05—0.1 km?) mpuypo-
YeHbI K ITpaBbIM ITpUTOKaM (bacceitnbr Ne 1, 2, 6—9),
y JIEBBIX IPUTOKOB cooTBeTcTBeHHO 0.08 kM2 11 0.01—
0.02 kM?. CymMapHas IDIOLIANb BCEX KOHYCOB CO-
cTaBideT 3.4 KM% U3 HUX MoJIonble (pOpMBI 3aHUMA-
1ot 0.7 km?, npeBHuE — 2.6 kM2, Habmonaemas Momi-
HOCTh CeJIEBBIX OTJIOXKEHMIA, ClIaralolInuX APEBHUE
¢GOpMBI, COCTaBISIET MUHUMYM 1 M, MOJIOJBIX — OKO-
710 0.2 M. Takum oOpa3oM, 0YeHb NPUOIU3UTEIILHBIN
00beM MepeMEIIeHHOTO IPEBHUMH CeJIIMUA MaTepHa-
JIa COCTABIIAIOT 2.6 MiTH M, MostonbiMu — 140 TeIc. M3.

Kpome Toro, B mpenenax n3ydaeMoil TeppUTOPUN
TakKe HaOMI0JAlTCd aKKyMY/ISITUBHBIE TEppachl,
CJIOKEHHBIC TajIeYHO-BAJIyHHBIM MaTepualioM U
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JIOKAIM30BaHHbIE B JTHUIIAX CEJICBBIX BpPE30B
(puc. 4). InuHa 3TUX Teppac 0ObIYHO COCTABJISIET HE
6oisee 10—20 M, oTHOocuTenabHas BbicoTa — A0 0.5—
0.7 m.

CeneBble Bpe3bl U Teppachl (KaK aKKyMYJISITHUB-
HBIE, TaK ¥ TEPPACHI Bpe3aHWsI) OOBITHO PaCITOIoXKe-
HBI B IIpeJieiax 30H TpaH3UTa CeJIeBbIX OacCeiHOB, a
KOHYCHI BBIHOCA OTHOCSITCS K 30HAM aKKyMYJISIIAMN.
CeneBble TPSOBI B pyclax MOTYT HaOIIOMaThCI Kak
Ha TPaH3UTHBIX YYacTKax, TaK U B Ipeleiax 30H aK-

KyMYJISILIUH.

OBCYXIEHMUWE PE3YJILTATOB

YcraHoBIeHO, YTO 0Oo0Jjiee ITOJIOBUHBI CEJIEBBIX
b6acceifHOB MPUYPOUYEHO K BOCTOUYHOMY MaKpPOCKJIIO-
Hy Manoro IaiinmyabIHCKOTO XpeOTa, OHU XK€ UMEIOT
¥ HanOoJiee KPYITHBIC MO IJIOIIaaN aKKyMYJISITUBHBIE
dopmbl. Ha 3amagHom ckiioHe bonbmioro ITaiimy-
JIBIHCKOTO XpeOTa pacIloJIOXKEeHEI JIUlllb 4 OacceifHa.
ITo-BummMoMy, 3TO CBSI3aHO ¢ pa3HoOii reoMopdoJI0-
TMYECKOM MO3MLIMEN MAKPOCKJIOHOB 1M XapaKTepoOM
pa3BUTHSI TOPHO-IOJMHHOIO OJIEICHEHUS B ITO30HEM
ieiictoueHe u roiaoueHe. bacceitner Manoro Ilaii-
nyabiHCKoro xpedta (Ne 1—9) B OCHOBHOM BKJIIOYa-
IOT B ce0sI TPOTOBBIE HOJIMHBI, B BEPXOBbSIX KOTOPHIX
pacnojoXeHbl KPyIIHbIE IETHUKOBBIE 1IUPKU. Bepo-
sITHEe BCEro, JIAHUKOBBIC OTJIOXEHUSI B MOJIMHAX
IIPaBbIX IIPUTOKOB U ITOCIYKMJIM UCTOYHUKOM TBEP-
oM (ba3wl ceJIEBBIX ITOTOKOB, a caMo (hopMUpOBaHUE
ceJIeBbIX TIOTOKOB MOTJIO OBITh CBSI3aHO C ICSITCIbHO-
CTBIO IeMHUKOB. KpoMe Toro, 111 3TUX JOJIMH XapaK-
TepHBI 00JIee BHICOKME YKJIOHBI TAIbBETOB, UTO, BO3-
MOXHO, CBSI3aHO CO CTyMNeHYaTbIM IIPOIOJbHBIM
npodujieM TPOTOBBIX JOJIUH U OOJIBIION KPYTU3HOM
MIPOIOJIBHOTO MPOdUIISI BOCTOYHOIO CKJIOHA XpeOTa B
renoM. CeneBble 0acceiiHbl Ha 3amagHOM CKJIOHE
Bbonbioro IMaiinmynsiHcKoro xpeota (Ne 11—14) xa-
PaKTepHU3YIOTCS CKOPee 3PO3MOHHBIM WJIM TEKTOHO-
BPO3UOHHBIM pelibeOM, TOJIII MOPEHHBIX WJIN BOJI-
HOJIEAHUKOBBIX OTJIOXKEHUI B HUX HE OTMEYEHO; PyC-
JIa Bpe3aHbl B CKaJIbHBIE IOPO/IbI, TAK YTO OCHOBHBIM
MCTOUHUKOM TBep0i1 (ha3bl CEJIEBBIX TOTOKOB B 3TUX
OacceiiHaX CIYXKUT 3JI0BUAJIbHO-CKJIOHOBBIII MaTe-
puai.

Mononbie 30HBI CEJIEBOM aKKyMYJISLIMK JIOKAIV-
30BaHbl B IIPUPYCIOBBIX Y4aCTKaX KOHYCOB BbIHOCA.
DTO 0OCTOSITEILCTBO MOXET YKa3bIlBaTh Ha HampaB-
JIEHHOE CHUKEHUE MOIIHOCTU CEJIEBBbIX MOTOKOB U
o0beMa TPaHCIIOPTUPYEMOTO MMM MaTepuania — B
MIPOTHUBHOM ciIydae 0oJjiee ApeBHME 00pa30BaHUS ObI-
I OBI TIEPEKPHITH 00JIee MOJIOABIMU TGO TTOJTHO-
CThIO PA3MBITHI.

IMapameTpnl popM, 06pa3oBaHHBIX BOTOCHEXKHBI-
MU ToTokamMu BecHOiT 2021 T., CBUAETEIBCTBYIOT O
CPaBHUTEILHO HEIOJTOM CYIIECTBOBAHUM MOH00-
HBIX 00pa3oBaHUl — PYCIIO B CHEXXHHUKE YHUUYTOXKA-
eTcsl B pe3yJibTaTe TasHUs MOCIECAHETO, a XOJIMUKM-
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Ky4H I10CJI€ TagHUSI CHEXHOTO siipa OOBIYHO JIETKO
pa3MbIBalOTCS BOJOTOKOM. KpoMe Toro, cienbl cxoaa
BOJIOCHEXHBIX ITOTOKOB B 2021 T. HabII0OOaIUCh TUIIND
B BEpXHEM TeYyeHUU OaCcCENHOB.

VYKkazaHHbIe paHee 0COOEHHOCTH MOTYT CBUIICTEIIb-
CTBOBATh O CMEHE ITPe00JIafaoIIero TUIA CEJIEBhIX IT0-
TOKOB B OacceitHe Majoii ITaitmyibIHbI B TTOCTIEIeIHM -
KoBbe. OOIIMpPHBIE KOHYCHI BEIHOCA C TPSIIOBO-JIOXK-
OMHHBIM peabeOM, CIIOKECHHBIC ITPEUMYIISCTBEHHO
BaJIyHHBIM MaTepUaJIOM, IO-BUAUMOMY, ObLIM 0Opa-
30BaHbl HE BOJIOCHEXHBIMM IOTOKAMH, a CeJISIMU
WHOTO reHe3uca. 9T KOHYChl BBIHOCA HaJIOXKEHBbI Ha
JIETHUKOBBIE 00pa30BaHMSsI, BBICTUJIAIOIIME THUIIE
nonavHbl Maroii IlaiinmyabiHbel. TakuM oOpa3oM, Be-
poOsITHEE BCEro, OHU Hadaiu (hOPMHUPOBATHCSI YKE
rocjie Jerpagaluu TOPHO-JOJMHHOTO JIEAHUKA.
Haunbonee BeposITHBIM T€eHETUYSCKM TUIIOM, O0pa-
30BaBIIMM JPEBHUE 30HBI AKKyMYJSILIMM, MOXKHO
CUUTATh JIGAHUKOBBIE CEJIM, HA UTO YKa3bIBalOT MOP-
donorust IpeBHUX ceJIEBbIX 00pa30BaHMUI U OTJIOXKE-
HUSI, UX ciaaramplinue. BosHuKHOBeHUE 3TUX (hopMm
MOKHO CBSI3BIBATh JTUOO C 3TANoM Jerpagaiuu mo-
CJIEMHEro OOIIMPHOTO OJIeACHEHUS TEePpPUTOPUU B
MMHC 3, xorma gHUIIE OCHOBHOTO TpoOTa YK€ OBIIIO
CBOOOIHO OTO JibJla, HO MPOAOJIKAIMN CYIIECTBOBATh
KapoOBhIe JISAHWKHM Ha CKJIOHAX XpeOToB, JINOO C Je-
rpaganueil KapoBBIX JIETHMKOB B Hayayie TOJIOLIEHA.
Hao6mtonaemblie B nonrHax rnputokoB Majoii Iaiimy-
IBbIHBI CEJIEBbIe BPE3bl TSITOTEIOT K TUIICOMETpHYE-
ckoMy ypoBHIO 400—600 M, TaKk 4TO, TEOPETUYECKH,
OHU MOTYT COOTBETCTBOBATh IOJIOXEHMIO Kpas
ropHsbix JeqHukoB kak B MUC 4, tak u 8 MUC 2.
OnHako mpeamnojaraeMbiii 00beM IIEPEHECEHHOTO
JIPEBHUMMU CeJIIMU MaTepuajla yKa3blBaeT Ha 3HAUYM-
TEJIbHYI0 MaTepuayoo0eClIeYeHHOCTh O4YaroB ITMTa-
HUS CeJIeil — UTO, BEPOSITHEE BCETO, CBUACTEIHCTBYET
B T10JIb3Y Hayaja (pOpMUPOBAHUS CEJIEBOIO pelibeda
B noimHe Majoit [Naitnynerael B MU C 3, TIOCKOJIBKY
MOpPEHBI MOCJIEIHETO JETHMKOBOTO MaKCHMMyMa Ha
IMonsapHom VYpaiie, Kak IpaBUiOo, UMEIOT HE OYEHb
oompime pa3Mmepsl (Magnerud et al., 2008). B To ke
BpeMsI HeJIb3sT UCKITIOUATh Y MHbIE TPUIUHBI (DOPMU-
pOBaHUSI TaKUX MOIIHBIX CEJIEBBIX MOTOKOB — 3TO
MOIJIM OBITh JUBHEBBIE celr (HapuMep, BO3ZHUK-
III1€ BCIEACTBUE MHOTO PEXKMMa BbIITaIEHUS OCATKOB
BO BpeMsl KJIMMaTUYECKOTO OINTHMMyMa TOJIOLIeHA)
MO0 ceau CHeroTasiHusl, (hOpMUPOBaHNE KOTOPBIX
MOIJIO OBITH CBSI3aHO C MHBIM PEXMMOM BBIITAICHUS
0CaJIKOB B 0oJiee TEIUIbIe BMOXM TMOCIeIeTHUKOBDS,
BOCCTaHOBJICHHBIE mJisi Tepputopumn IlonspHoro
Vpana no pe3syabraTaM M3y4eHMs CIIOPOBO-IIbLIbIIE-
BBIX CIIEKTPOB O3€pPHBIX OTJIOXeHuil (Svensen et al.,
2014) mubo ¢ mepuomaMy BO3MOXKHON MHTEHCU(PU-
Kalyeil CHeToTassHUS B CPEIHEM U MTO3THEM TOJIOIEe-
He, BOCCTAHOBJICHHBIMU Ha OCHOBE aHaJIl3a U30TOTI-
HOTIO COCTaBa OMOT€HHOIO KpeMHe3eMa B O3€PHBIX
neronucsax (Meyer et al., 2022).

HccnenoBarenu, HeENMOCPEACTBEHHO HAOIIONAB-
mue ceneBblie TToToKu IlonsipHoro Ypana (Xomakos,
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1964, Ilo3nanwuH, 1975, XomakoB, WMnbunHa, 1989),
OTHOCST MX K BOJOCHEXHBLIM. TakuM 00pa3oM, Kak
MUHUMYM ¢ XX CTOJIETUsI IPeOoOIaJarolInii TUIT ce-
JIEBBIX SBJIEHUWH B OacceiftHe Majoii IlaimymbIHEI
NnpeacrtaBjJ€H BOJOCHEKHBIMHN ITOTOKaMM. Onpeﬂe—
JINTh, KOTa MPOU3OIIEN ITepeXo OT MPeodIagaHus
JIETHUKOBBIX ceJieil K TOCIOACTBY BOIOCHEKHBIX MO-
TOKOB TIPU HACTOSIIE CTEIIEHU N3YYEHHOCTH CceJie-
Boro pelnbeda [longpHoro Ypaita moka He TIpeacTaB-
JISIETCSI BO3MOXHBIM.

3AKJIIOYEHHME

PesynbraTsl moseBoro oociaemoBaHus 0acceiitHOB
BOJIOTOKOB, JPEHUPYIOLIUX CKJIOHBI bojbiioro u
Majtoro IlaimmygblHCKMX XpeOTOB, ITO3BOJISIIOT CUM-
TaTh CEJIEBOM pejibed OTHUM M3 3HAYMMBbBIX T€HETH -
YeCKMX TUIIOB peJibeda N3ydaeMoil TEppUTOPUN: B €€
Ipeaeiax pacHojoXeHbl 14 celleBbIX 0OacCeitHOB,
CcyMMapHas IJIolaab aKKyMyJISITUBHBIX (hopM cejie-
BOTO pelibeda COCTaBIILET Topsiaka 3.4 kM2, 4To co-
craBisieT okojio 10% ot mromanu goauHbl Maoit
[TaiimyabIHEL.

HenynalimoHHBIE (QOPMEBI  CeIeBOro pelibeda
MIPEICTABIISIIOT COOOI CeJieBbie BPE3bl M CeJIeBbIE
Teppachl Bpe3aHMsI, aKKyMYJISITUBHBIE — CeJIeBbIe
TPSIIBI, aKKYMYJISITUBHEIE CeJieBbIe Teppachl M KOHY-
CHI BBIHOCA. B mpenemax KoHyca BEIHOCA MOXHO BBI-
JEJIUTh IBE BO3PACTHBIE TeHEepallui — MOJIONbIE aK-
KyMYJISITUBHBIE 00pa3oBaHMsI, JOKAJIM30BaHHbBIC Ha
TMIPUPYCIOBBIX y4acTKaX, M OOITMPHBIE TPSIIOBO-TTOX-
OUMHHBIC KOHYCHI BIHOCA.

IMTo-Bunumomy, Hayaao GopMUPOBAHUS CEJIEBOTO
penbeda TeppuTopun B 6acceitne Mautoit [aiinynbi-
HbI OTHOCUTCSI KO BpEMEHU JieTpajalluy MOCAeaHETO
oO0IMpHOro oneaeHeHus: tepputopuun B MUC 3.
Ha sTom s3Tamne aeiicTBOBajyM NMPEUMYIIECTBEHHO
COOCTBEHHO CeJieBble TTOTOKM IO KjaaccuduKauuu
B.®. I1epoBa, cdhopMupoBaBIlIie OOIINPHbBIEC TPSIAO-
BO-JIO(KOMHHBIE KOHYChI BbIHOCAa. Kak MUHUMYM, C
XX cronetus npeobafaroliuii TUTI CeIeBbIX SIBJE-
HU TTpeAcTaBJieH BOJOCHEXHBIMU MOTOKAMMU.
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We studied the debris flow relief of the Malaya Paipudyna basin, the Polar Ural Mountains. Based on the
analysis of remote sensing data and field surveys, we established that 14 debris flow basins are located on the
territory. We found traces of five slushflow occurrence in the streams in the spring of 2021. Typical landforms
for different morphodynamic zones of debris flow basins were identified. The initiation zones of debris flows
are mainly represented by catchment funnels on the slopes of the Bolshoi and Maliy Palpudynskii ranges.
The transit zones V-shaped bottom incisions alternate with box- and trough-shaped transverse profile. With-
in the debris flow fans, two generations of accumulative debris flow relief are clearly distinguished. Young ac-
cumulation zones are represented by pebble-boulder ridges up to 0.5 m high, localized directly in the near-
channel areas of debris flow fans. Usually, they are either devoid of soil and vegetation cover, or are overgrown
only by herbs. Ancient debris flow fans are triangular in shaped with convex transverse profile, consisting of
a system of ridges and hollows, and overgrown with shrubs. The area of young accumulation zones for each
debris flow basin is no more than 0.03 km?, the area of ancient accumulation zones is 0.4 kmZ2. Debris flow
fans are superimposed on the bottom of the trough valley of Malaya Paipudyna, which is mainly the surface
of glacial accumulation. Probably, the formation of these fans began after the degradation of the last extensive

glaciation of the territory. We calculated the morphometric features of the debris flow basins.

Keywords: debris flow, slushflow, debris flow relief, the Polar Ural Mountains
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[Tpu6pexHo-1enbdoBast 30Ha BoctouHo-CruOUPCKOro MOpsl OTHOCUTCSI K OTHOMY M3 HaMeHee U3y4YeH-
HBIX paitoHOB Mopeii Poccuiickoiit ApkTuku. OnHoM 13 BaXKHBIX HEPEIIeHHBIX IIPOOIEM SIBJISICTCS BO3MOXK-
HOE CyIIIECTBOBaHUE MMOKPOBHOTIO JIeAHMKA B paitoHe HoBOCHOUPCKMX OCTPOBOB U CBSI3aHHBIN C HEMl BO-
IPOC O BO3pacTe U reHe3uce MoABOAHBIX Ipsij 1o nepudepuu apxurenara. [1o pe3yipraraMm KOMITJIEKCHOTO
aHaJiM3a reoyioro-reou3nYecKMX MTaHHBIX, TOJYYEHHBIX B XOlle 3KCHEeIUIIMOHHBIX pador PI'BY
“BCET'EM” B 2018 1 2020 1., 1 KOMIUIeKca 1a00OpaTOPHBIX UCCICIOBAHNI BBIICISHBI IBA MPUHIIMIUAIBHO
Pa3JIMYHBIX 110 MOP(MOJIOTMH, COCTaBY, BO3PACTy U TEHE3UCY TUIIA MOABOIHBIX IPsL M BAJIOB. [ psinbl mepBo-
ro TMIIA, Ha nepudepun IIOABONHOI NoJMHEI p. npa-KoabiMbl 1 Bokpyr o-Ba HoBas Cubups, acumMMeT-
PHUYHBI, UMEIOT OTHOCUTEIBHYIO BBICOTY OT 1 10 6 M, mmpuHY oT 1.5 1o 14 kM, (B cpemHeM — 4.5 KM) 1 TIpo-
TSKEHHOCTD OT 6 10 202 kM (B cpeaHeM — 37 KkM). OHM CJI03KEHbI OYEHb IUIOTHBIMU ITIMHAMU Y TJIMHUCThI-
MU ajieBpUTaMu 6e3 IpuMecu Tpyo00610MOYHOro MaTepraia; Bo3pacT oTioxkeHuit 18—13 Thic. KaJ. JI.
B MeXrpsimoBBIX JIOKOMHAX OOHAXKArOTCSI OTJIOXKEHMsSI CPeaHEro M Imo3gHero HeorweiicroueHa. Cocras,
MOPdOJIOTUST U BO3PACT TTO3BOJISIIOT MPEAIOI0XUTh NeHYIAlIMOHHbBII TeHe3UC TPsill, OMHAKO MEXaHU3M UX
¢dopmupoBaHus He oueBUIeH. Ko BTOpOMY TUITYy OTHOCUTCS CUCTeMa MPUOPEXHBIX IPsiJl, PACTIONOXEHHbBIX
Ha pacctosiHuM 110 30 KM ot 0-Ba HoBast Cubupb, KOTOPBIE CJIOKEHBI METKO3ePHUCTHIMU, XOPOIIIO COPTU-
poBaHHbIMU TTeckamu. [llupuHa rpsm BappupyeT oT 1 10 2 KM, BBICOTa — OT 4 10 8 M, IIPOTSKEHHOCTDb —
10—15 kM. OHM UMEIOT ¢JIabo0 aCUMMETPUYHYIO (OPMY, CKIIOH CO CTOPOHBI OCTPOBa 0oJiee MoJIoruii. Dra
cucrema rpsii GopMUpPOBAIIACH 32 CYET MPUOPEXKHO-MOPCKUX aKKYMYJISITUBHBIX TTPOLIECCOB B TOJIOLICHE.
KoHeuHOo-MOpeHHBIe TPsiibl HAa MCCJIeTOBAaHHbBIX yUacTKaXx JHA He BBISIBJIEHBI, UYTO HE MOATBEPKAAET TUITO-
Te3y pacrpoCTpaHeHUs TOKPOBHOTO OJIEAEHEHUsI HEOTUIEHCTOLIeHA B TIpeiesibl 1ebda.

Karoueswbie cnosa: penbed MOPCKOIo qHa, ApKTHKa, 11elb(d, ceiicMoaKycTuieckoe IpodrinpoBaHue, To-

JIOLICH, HEeOIlIeCTOLeH

DOI: 10.31857/5294917892303009X, EDN: WDUFPE

BBEAEHWE

IMTpubpexHsbie paiioHbsl BoctouHo-CrOMpcKoro Mopsi
(Mexny HoBocubupckumu o-Bamu 1 0-BoMm Bpanre-
JIs1) OTHOCATCS K HaMMeHee M3yYeHHBbIM aKBaTOpUsIM
Poccuiickoilt Apktuku. OT00p Mpoo MOBEPXHOCTHBIX
0CaJKOB B Tpelefiax paccMaTpuBaeMoOl ILIOLIAAu
BoeinonHsuIcs akcnenuuusamMun HUUTA—BHUM M Oxke-

# Cevura ons uumuposanus:. Ceprees A.1O., Psouyk J1.B., XKa-
moiina B.A. u np. (2023). Mopdonorust u reHe3ucC TOABOTHBIX
BajoB U rpsa Bocrouno-Cubupckoro mops // I'eomopdosio-
russ u maneoreorpadpusa. T. 54. Ne 3. C. 26-38.
https://doi.org/10.31857/S294917892303009X;  https://eli-
brary.ru/WDUFPE
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anreosiorus ¢ 1934 r. mo xouneir 1980-x rr. (CeMeHOB,
1965; dmwun, 2000 u ap.). MccnenoBaHust MUHEpab-
HOT'O COCTaBa JIOHHBIX OTJIOXKEHU M 3aKOHOMEPHO-
CTeil ocagKoHaKoIUIeHUsl ocylnecTBisuinchk JIBO PAH
(dynapeB u ap., 2007; Hukonaesa u ap., 2013 u np.) u
MO PAH wm. I1L.I1. Hlupmosa (MUpOUITHUKOB U 1Ip.,
2020). B menkoBomgHOIM YacTy akBaTopuu BoctouHo-
Cubupckoro mopst AO “Mopckast apkTuiyeckasi reo-
Jnoropa3BenouyHas skcremunusa’, OAO “HambMop-
HedTereopmsnka” n ['eomormueckoit ciay:xk00it 'epma-
Huu (BGR) npoBoauiock ceficMuueckoe mpoduin-
poBaHUE; B IIpeaeiax UCCIeAyeMOro paiioHa o0Ias
MPOTSLKEHHOCTh Tpodmieit coctaBuna 9590 kM
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(ITetpoBckass, CaBumiukuHa, 2014; Pexant u nmp.,
2020). OnmHako pabOThl METOJOM HEMPEPHIBHOTO
ceiicmoakyctuueckoro npodwinposanus (HCAII),
MO3BOJIAIONIME TIOJyYyaTh AETATU3UPOBAHHYIO WH-
¢dopmalirio o BepxHeli 4YacTu reoIoTMHYecKOro paspe-
3a, Tuaposokaius 6okosoro oo63opa (I'JIBO), a Tak-
Xe KOJOHKOBBIM MPOOOOTOOp M BHMOpOOYypeHME IO
Havaja skcrieaniinoHHbIX padbor BCEI'EU B 2018 T.
ObLIIM BBIMTOJIHEHBI 3[1€Ch B KpaiiHe OrpaHUYEeHHOM
o0beMe — Mpu reojiornueckoit cbeMke KoabiMckoro
3ajBa U Ha ripoduie 5-AP x 3amany ot o-Ba BpaH-
resst (CakynauHa u ap., 2011). letanbHoe n3ydyeHUe u
JlaTUpOBaHUE OTJIOXEHUM Ha UCCleyeMOM IUIoIaan
paHee He OCYIIECTBIISIUCD.

IMonBomHbIN CKIOH, MpuUMBIKaomuii K HoBocu-
oupckuM octpoBaM 1 KoJIbIMCKOM HU3MEHHOCTH, IO
nryouHbI 30 M OCIOXHEH CUCTEMOM Y3KMX ITOABOI-
HBIX TIOJHSITUI OTHOCUTEIbHOW BbICOTON 5—10 M.
OHU ObUIM YCTAaHOBJIEHBI 110 JaHHBIM aHaIM3a 0aTu-
METpUYECKNX KapT KamepaiabHbiM myteM C.JI. Hu-
K1¢OpPOBBIM 1 OIMCAaHbl UM BIHepBbie B 1985 r. Kak
BaonbOeperosbie Gapel (Hukudopos, 1985; 1989).
B HacTos111ee BpeMsi TMITOTE3bl 00 X FTeHe3KMCe U BO3-
pacTe KpaiiHe IpOTHMBOPEUYUBHI. TpaKToBKa IPOMC-
XOXIEeHUS 3TUX (GopM pelibeda B KayeCTBe KOHEYHO-
MOPEHHBIX TIPS SIBJISIETCS OOHUM U3 apryMEHTOB B
MOJIb3Y CYILIECTBOBAHMSI B CPEAHEM HEOILICHCTOLIEHE
IMOKPOBHOTO oJieaeHeHIsI HOBOCMOMPCKIX OCTPOBOB
(bacunsan, Hukonbckmii, 2007). BoepBbie mmomydeH-
HbIE B XOZ€ TaHHOTO UCCIIeIOBAHUSI MaTepHUaIbl pas-
HouacTtotHoro HCAII, I'/IBO, MHOTOJIy4eBOrO 3X0-
notupoBanusa (MD) M KonoHKOBOro mpoboorbopa
(c TIoCIenYIONIUM KOMITJIEKCOM aHATUTHUYECKUX UC-
cJIeIOBaHUi1) ITO3BOJIMIMA CYIIECTBEHHO IIPOABU-
HYTbCSI B HIOHUMAaHUM 3TOI IPOOJIeMBbI.

MATEPHAJIbI U METOAbI MCCITEAOBAHUA

st cozmaHust HanboJiee TOYHOM OaTMMeETpUYe-
ckoit monenu penbeda (BMP) mopckoro nHa ObuIH
onudpoBaHbl MOPCKME HaBUTALlMOHHLIE KapThl
“YrpapiaeHuss HaBUTallMU U OKeaHorpagpuu MuHu-
crepcTBa 000poHbl Poccuiickoit @enepauun’ Mac-
mraba 1:500000 1 1:200000 ¢ ceTbio IPOMEPOB Ty~
OMH Ha BCell HCclemoBaHHOM Iuromamu (puc. 1).
I'MC-ananu3 2T0ii MOAEAU TMO3BOJMJI BBIIEIUTH U
MPOCJIEAUTb CUCTEMBI IIOJIOXUTEIbHBIX JIMHEHMHBIX
dopMm peabeda 1 3AI0KNTH TeoPU3NIecKre Tpodu-
JIU C LEJIbIO UX JETAIIbHOTO U3yUeHUSI.

B 2018 1 2020 r. B8 Boctouno-Cubupckom mope
BCET'EM npoBeleHbI reojioro-reo(u3ndecKue pa-
60THI B pamkax ['ocygapCTBEHHOIO reoJIormuyecKoro
kaptupoBaHusg M-6a 1:1000000 (nmucthl R-57-60;
S-55,56) (Kamoiina u ap., 2020). PaboTsl BLITTOTHSI-
qmuck ¢ cynoB “UMBan Kupees” (2018 r.) u “Kanuran
Boponun” (2020 r.). O0mmuii 06beM pa3HOYACTOT-
Horo npodunmupoBanust HCAII coctaBsui 3400 kM,
I'TTBO 1 MHOTOTYYeBOTO 3X0JIoTUpoBaHusI — 3100 Km.
OTo0OpaHbI TIPOOBI TTOBEPXHOCTHBIX OCAJKOB M BBI-
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MOJIHEHA ITOABOIHAS BUIeochbeMKa Ha 190 craHIusX.
ITostydeHBl KepHBI TOHHBIX OTJOXEHUU ¢ 29 cTaH-
OUii; IUTMHA KOJMOHOK coctaBmiaa oT 30 cM 1o 1.9 m

(puc. 1).

OT160p 00pa3loB NOBEPXHOCTHBIX OCAIKOB OCY-
LIECTBJISIJICS C TIOMOIIIbIO OOKC-KOpepa, KEpHOB IOH-
HBIX OTJOXEHUU — TIPA TOMOIIM TPSIMOTOYHBIX
yAapHbIX TpaBUTALlMOHHBIX TpyOoOK. ITonBomHast Bu-
JIeochbeMKa BeJlaCh TEJIEBU3MOHHOM YCTaHOBKOM
AC-ROV 100 (IHotnanaust). st BceX KEPHOB IIPO-
BeJIEHBI oItrcaHue, poTorpadrupoBaHUe, U3MEPEHUS

COIPOTUBJIEHUS HEIPEHUPOBAHHOMY CIBUTY' (TIpoY-
HOCTb Ha CIBUT) C MOMOIIIbIO TOPTATUBHOTO TIEHEe-
TpOMeTpa, TeOXMMMUYECKUE WCCIAeIOBaHUsI, B TOM
yucie, ornpenejeHue comepxaHust Br misa pacyera
najgeocojieHoctu 1o Merommke A.I. I'puropnena
(I'puropseB u np., 2009) u rpaHyJOMeTpUYECKUM
aHayM3 (Kaxablid 1 cM KepHa); comepkaHue opraHuye-
CKOTO BellleCTBa OIpenesieHO B J1abopaTopuu ATJIaHTU-
yeckoro OtneneHuss MO PAH uwm ILII. Ilupiiosa.
s HECKOIbKUX KEPHOB BBIMOJIHEHBI MUKpOhayHU-
ctudeckuii  (hopaMuHM(pEPOBBIit), MAIMHOJIOTHNYE-
CKMI M TUaTOMOBBIN aHaNMM3kl. BriepBbie 1JIs1 paitoHa
ucciaegosanuii B LIKIT “JlaGopatopusi paguoyrie-
POIHOTO NaTUPOBAHUS U JIEKTPOHHON MMKPOCKO-
nun” UT'PAH n lleHTpe NpMKIagHBIX M30TOITHBIX
ucciaegoBaHuii YHusepcurteta JIxxopmkuu (CILA)
ObLIIO TPOBENEHO PaAUOYIIEPONHOE NaTUPOBAHUE
14 06pa310B YeTBEPTUYHBIX OTJIOKEeHUH. J1j151 Kanno-
POBKM BO3pacTa HcIiojib3oBajiach nmporpamma Calib
REVS8.20 (http://calib.org/calib/calib.html; Reimer
etal., 2020). ITpoBeneHHBIE UCCICIOBAHUS TIO3BOJIU -
JIU BBITIOJIHUTDH pacujieHeHWe BEpXHEeU YyacTy reosio-
TMYECKOTO pa3pe3a C BbIIEJEHUEM CEUCMOTOMI U
roJjiydeHueM MHPOPMalMK O CJAramlInuX UX OTJIO-
xeHusax (ZKamoiina u op., 2020).

B xome uncciaemoBaHMil, B YACTHOCTH, TTOJYyYEHBI
CceliCMOaKyCTUYeCKHEe pa3pe3bl 4epe3 IIOABOAHEIC
IPSIOBI, TIPOBEISH MHTEPIIPETALIMOHHBIM OTOOP TPyH-
TOBBIX KOJIOHOK C BEPIIMH I'pdaa U N3 MEXTPAAOBBIX
JIOXXOUH.

XAPAKTEPUCTHUKA PAUPIOHA
NCCIEOAOBAHUU

OxkpamaHoe 1renbdoBoe Boctouno-Cubdupckoe
MOpe UMEET MaJjible INIYOUHBI M YKJIOH AHa. B paiioHe
octpoBoB 2KoxoBa M BMIBKHUIIKOro pacrojoxkeHa
oOIIMpHasg aKKyMYJISITUBHAsI paBHUHA, n3o06aTta 20 M
npoxoaut Ha pacctostHuu 200—400 KM OT MaTepuka.
Tonbko Ha BocToke y M. boinrbiioit bapaHos, B paito-
He Illemarckoro xpe0ra, a TakKe y 3ariagHOro moode-
pexbst o-Ba BpaHressi, oHa ynajieHa He OoJiee yeM Ha
2 kM. ITomBogHasi paBHMHA pacWJieHeHa IEeIPeCCUsI-
mu 1ipoimBoB CaHHMKOBa, DTepuKaH W JIMuTpms

! MakcumanbHoe KacatenbHoe HaIpsDKEHUE TIPU Harpy>KeHUU
TPYHTA B YCJIOBUSIX OTCYTCTBUS APEHUPOBAHMS.
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Puc. 1. Kapta paiioHa uccienoBaHuii: / — cTaHIIMK KOJIOHKOBOTO Ipo6oobopa 20BCM u ux Homep; 2 — COBMEIICHHBIE TTPO-
bwnu BeicokouactotHoro HCAII, I'NIBO u mHoronyueBoro axonorupoBanust BCET'EUN 2018 u 2020 r.; 3 — rpsifbl; 4 — XOIMU-
CTO-TPSIIOBBIN pesibed; 5 — y4acTKH MOABOAHOTO 6EPETOBOTO CKIIOHA, IS KOTOPBIX ITOKa3aHkl Mpoduiiu Ha puc. 2 (Ipo-
bunu 3 1 4 NOCTPOEHBI TTO TaHHBIM C 6aTUMETPUYECKOI KapThl).

Fig. 1. Map of the investigation area: / — stations of the core sampling (20VSM) and their numbers; 2 — combined profiles of the
side-scan, seismic sub-bottom profiling and multibeam echo-sounder survey executed by VSEGEI in 2018 and 2020 years; 3 —
bars; 4 — hilly ridge relief; 5 — areas of the underwater coastal slope with profiles represented in fig. 2 (sections 3 and 4 were con-

structed according to data from the bathymetric map).

JlamrTeBa, a Takke maseomoaHaMu peK MHmurupku
u KoabiMsl (puc. 1).

Knumatuueckue ycinoBusi Bocrouno-Cubupcko-
ro MOpsl OMNPEAENSIIOTCS TOJOXEHWEM B BBICOKUX
LIUPOTAaX, 6JIU30CTHI0 KOHTUHEHTA U CBOOOIHBIM COO0-
mieHueM ¢ LIeHTpaJlbHbIM apKTUYeCKUM OacCceiiHOM.
Kimmar paitoHa MOpCKO apKTUIeCKUii, C CypOBOM U
MaJIOCHEXKHOI 3MMOI TPOAOIKUTEIbHOCTBIO OKOJIO
9 Mmec. B ce3oH runpoaHaMmnyecKoil aKTUBHOCTHA MO-
peit (aBrycr-ceHTI0pb) OapuYecKuii TpagleHT (Tpa-

JIUEHT aTMOC(hEPHOTO NaBIeHUs)> Hajl aKBaTOpUEii B
1IeJIOM HampasJIeH ¢ ceBepa Ha 1or (Ipuropses u ap.,
2006). BonHeHne OTHOCHUTEIBHO cJIaboe, TTIaBHBIM
0o0pa3oM BCJIEACTBUE 3HAYUTENIbHON JICAOBUTOCTH.
Ha 3anage MakcuMalbHasi BEICOTa BOJTH MOXKET HO-
cTuratb 4 M, Ha BOCTOKE He mpeBblIaeT 1.5—2 M

2 YsmeHeHue atMoc(epHOro naBjieHUsI Ha eIUHUILLY PacCTOsI-
HUSI TI0 HOPMAaJIM K MOBEPXHOCTU PABHOIO IaBjieHUs (M300a-
pUyYecKoit MOBEPXHOCTH) B CTOPOHY YObIBaHUSI AaBJICHUSI.

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

(ITaBmunuc, Jleoutwses, 2000). ITocTostHHBIE TeUYSHMS
WMEIOT €J1ab0 BBIPAKEHHYIO ITUKJIOHUYECKYIO ITUp-
Kynsinuto. OHY 4acTo HapylIaloTCsl BETPOBBIMU, KO-
TOpPBIe HEPEAKO OBIBAIOT CIIbHEE ITOCTOSTHHBIX. Biim-
STHUE TTPWIMBHBIX T€YEHU OTHOCUTETHLHO HEBEJIMKO
(1oopoBonbckuii, 3aoruH, 1982).

JoyeTBepTUUHBIE OOpa30BaHMsS paccMaTpuBac-
Moit yactu BocTtouHo-Cnbupckoro Mops ImpeacTaB-
JICHBI OTJIOXKEHUSIMU PAHHETO U CPEIHEro Iajieo304,
Ie(opMUPOBAHHBIMM B 3JICMUPCKYIO OPOI€HUIO;
TEPPUTCHHBIMM MOPOJaMM MO3OHEro I1aJe03051 —
paHHel I0pbl, MHTEHCUBHO Je(OPMUPOBAHHBIMU Ha
aTane 4YyKOTCKOM (II03MHEKMMMEPUICKOI) opore-
HUM, cnadboneOpMUPOBAHHBIMUA BYJIKAHOTE€HHO-
OCaJOYHBIMU TIOPOJAMU TO3HEH IOpbl — PAHHETO
MeJia ¥ IIOJIOT03aJIeTalolIMMU OCaIOYHBIMU OPOIa-
MU no3aHero Meja u HeoreHa (Pexkant u ap., 2020).
TexToHMYecKast akTUBU3AIUSI B pAHHEMETIOBOE Bpe-
MsI O3HAMEHOBAJIaCh U3JIMSIHUEM JIaB U BHEIPECHUEM
WHTPY3Wii. JloKaiTHO30MCKMI1 3TAIT 3aBEPLINJICS 310~
Neo 3
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Taomuna 1. PesynbraTtel AMS natupoBaHusi AJOHHBIX OTJIOXKeHU BocTouHo-Curbupckoro Mopst

Table 1. AMS dating of the bottom sediments of the East-Siberian Sea

Obpaser JIa6. HoMep WurepBan Marepran Pamnoyrneponnsiii | KanubpoBaHHEBINM BO3pacT,
IGAN Mg KOJIOHKU, CM BO3pACT, JI. H. Kai. 1. H.: (1 0)/cpenHee
18BCM-105 7557 48—49 POB 5360 + 20 5601-5543/5560
20BCM-4 8974 20-30 POB 12780 + 35 15173—15300/15240
20BCM-26 8978 124—126 POB 11610 £ 30 13448—13503/13476
20BCM-32 8979 36—38 POB 12970 £ 35 15438—15617/15521
20BCM-35 8980 10—12 POB 15325 £ 50 18639—18748/18665

XOU MEeHeIUIEHU3allu1, HACTYIMBIIECH, BEPOSITHO, B
Havajie ItajeoreHa, 3a BpeMsl KOTOPOil B YCIIOBMSIX
BJIASKHOTO CYOTPOIIMYECKOIro KJIMMaTa MOIJIM oOpa-
30BaThCsl CJIabOpacyieHEHHBIN XOJIMUCTBINA pebed
u Kopa BeiBeTpuBaHus (baprosa, 2021). JIHo Takske
IMOJTHOCTBIO IIOKPHITO Y€XJIOM PBIXJIBIX ITMOLIEH-YEeT-
BEPTUYHBIX OTJIOKEHU I, MOIITHOCTh KOTOPBIX B ITa-
neonoymHax nocturaer 150 m (2Kamoiina u op., 2020).

PE3VYJIBTATDbI

Ilo pesynpTaTaM aHaM3a 0ATUMETPUIECKON MO-
JIeJIN peibeda B NccieayeMOM paiioHe ObUIY BhIACC-
HBI TPSIIIbI, CTaBIIE OCHOBHBIMU OObeKTaMM TaHHO-
ro WcciemoBaHus. [psmbpl pacmpocTpaHeHBI B He-
CKOJIBKUX paiioHax.

IlepBblit paitoH, NIpencTaBIsIOLIMN MUHTEpEC, pac-
MOJIOXKEeH Ha 0OpaMJIEHUM CYyOLIMPOTHO OPUEHTUPO-
BaHHOW MOABOIHOI NOJAWHEI ITpa- KoabIMBI, IIMpuHa
KOTOpoii coctaBiisieT 16—25 kM. K BOCTOKY OT MbIca
bonbioit bapaHoB nonuHa pasnenisieTcsi Ha He-
CKOJIbKO pyKaBOB. Bblaensiorcss y3kue nernpeccuu,
paziejeHHbIe MOJOTMMU CUMMETPUYHBIMU TPsSiAaMU
OTHOCUTEILHOM BBICOTOM 4—5 M M IIMPUHOM 5—7 KM

(puc. 2, (a)).

Bropoii paiioH ¢ MHOTOYMCAEHHBIMU TpsiiaMu
BBICOTOIT 3—5 M M 1mMpuHoK 6—10 KM pacnosoxeH K
CceBepy M ceBepo-3aranay oT MeaBexXbUuX OCTPOBOB,
IJIe OHY MPOCJIEXUBAIOTCS HA TIyOWHAaX OT 5—7 M 110
20 M (puc. 2, (6)). bmke K 6epery rpsiabl 60jee BbI-
JiepKaHbl MO MMPOCTUPAHUIO, focTUTas B AuHy 100—
200 kM. MopucTee ux MPOTIKEHHOCTb COKpAIlaeTCsl
1o 50—80 xkm.

K 3amamy ot nmajieonoauHsl p. MHAUTUPKY BAOJb
Oepera pa3BUThI aHAJIOTUUHBIE (POPMBI penbeda, 1St
KOTOPBIX YIAJIOCh MOJYYWUTh CEMCMOaKyCTUUYECKUit
pa3pes3 U 1aTUpOBaTh 00pa3libl JTOHHBIX OTIOXKEHUIA
(cranuust 20BCM-4), mpencraBiaeHHBIX TYyroILIa-
CTMYHBIMU MNIUHAMU. [IpOTSXKEHHOCTD TIPSl TOCTHU-
raet 100 KM Tpu MIMPUHE B TIEPBBIE AECITKU KUO-
METPOB U OTHOCUTEJIbHOM TIpEBBIIIEHUU 1—2 M.
ITo pesynmbratam AMS matnpoBaHMS BO3pacT OTJIO-
KEHUM cocTasisieT 15.2 ThIc. Kail. 1. (Tabi. 1).

HanGonee netanbHO ynanoch UCCIeT0BaTh TPSIIO0-
BYIO paBHUHY, 3aHMMAIOIIYI0 OOLIMPHYIO IJIOIIAdb
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no nepudepuun o-sa Hosass Cubups (puc. 2, (B, I)).
CelicMoakycTIeCKOe IPOMIIMPOBaHNE ObLUTO BBITOI-
HEHO Mo NMPoduUISIM BKPECT IPOCTUPAHUS TIPS U 3a-
BEpEeHO JOHHBIM ITPpo60oTO0pOoM (ctaHumu 20BCM-41,
20BCM-32, 20BCM-34, 20BCM-35 Ha puc. 2, (B);
cranuuu 20BCM-42; 20BCM-43, 20BCM-44 Ha
puc. 2, (r)). PaHee mo naHHBIM aHaIM3a pejibeda THa
9TU I'PsiJibl, paCOJIOXEHHbIE CyOIapasieabHo bepe-
ropoit mHuM o-Ba HoBasg Cubupp, paccMaTpuBa-
JIuch Kak earHas cucrema (Hukudopos, 1989; bacu-
nmsiH, Hukonbckuit, 2007), omHako BBIITOJHEHHBIE
HaMU McCclleIOBaHUs MOoKa3aiu, YTo 1o MOp¢hoJIoruun
U COCTaBY OTJIOXKEHMIA BBIACASIIOTCS ABa MPUHLIUIIN-
aJIbHO Pa3JIMYHbIX TUIIA 3TUX 0Opa30BaHUIA.

I'psinbl, pacnojiokeHHble Ha MPUOPEXKHBIX MeJ-
KOBOIbsIX 0-Ba HoBasg Cubups (IimyOMHBI MOpS —
10—20 M; paccTosiHue OT O0epera MeHee 30 KM), UMe-
10T ¢1a00 aCUMMETPUYHYIO (popMy ¢ O0oJiee MOJOTUM
CKJIOHOM CO CTOPOHBI OCTPOBA 1 00Jiee KPYThIM MO-
PUCTBIM CKJIOHOM. ITpOTSIKEHHOCTh TIPSl COCTaB-
nsiet 10—15 kM, mupuHa — 1—2 KM, BeIcoTa — 4—8 M
(puc. 2, (r)). AxycTtndeckasl CTpyKTypa TpaHCHa-
peHTHas (aKyCTUYEeCKU IMpo3padHasi, 0e3 BUIUMBIX
BHYTPEHHUX OTpakeHWuil), CIOMCTOCTb BHYTPU Tpsi-
Bl HE IIpocMaTpHUBaeTcs. [psabl CIIOXEHBI XOPOIIO
coptupoBaHHbIMU (So 1.04—1.10) MeIKO3EepHUCTHI-
MU (Bec MonanbHoU dpakiuu 0.1—0.25 MM cocTas-
asteT 92—93%) 6ypoBateiMu TTecKamu (puc. 3). Ipy-
0000JIOMOYHBIIT MaTepHuaJl OTCYTCTBYET, COAepKaHe
gactui 0.1—0.01 MM coctaBisteT 3—5%, a <0.01 MM —
He nipeBbimaet 0.5%. B ¢cBsI3n ¢ OTCYTCTBUEM IOCTa-
TOYHOTO KOJIMYECTBA OPraHMYECKOIo BelllecTBa pa-
IUOYTJIEPOHOE JaTUPOBAaHUE HE MMPOBOIAUIOCH.
Crpaturpadmdecky TPSIIBI OTHOCSTCS K Hamboiee
MOJIOABIM 00pa30BaHUSIM (TOJIOLIEH).

I'psimel Ha BHEITHEH TTeprdeprur MOPCKOM paBHU-
HbI (T1yOouHbI Mopst — 20—30 M; paccTosiHUE OT Oepe-
ra — 30—85 KM) UMEIOT MHYIO MOP(dOJIOTHUIO U COCTAB.
OHU pe3K0 aCUMMETPUYHBI, IPUIEM TTOJIOTHIT CKITOH
OPUEHTUPOBAH B CTOPOHY MOPSI, a KPYTOM — B CTOPO-
Hy Oepera (puc. 2, (B)). CpenHsisi MPOTSKEHHOCTb
rpsn — 25—30 KM npu mMIMpuHE B cpeagHeM 2—4 KM 1
OTHOCUTEIbHOM BBICOTE — 4—6 M.

ITo naHHBIM CeiiCMOaKyCTUYECKOTO TIPOMUITNPO-
BaHUSI TPSIIBI CJIOXKEHBI CJIOMCTHIMU OTJIOXKEHUSIMU, B
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Puc. 2. [Tpocdunu penveda MOpCKOro aHa IornepeK MOIBOMHBIX IPsif IO TaHHBIM BhicokouyacTtoTHOro HCAITI (mpoduitorpad).
(a, m) — EdgeTech, mogens CHIRP 3300HM; (B, r) — Innomar SES 2000-Light) 1 mo nanHbsiM 6atumeTpui (6). CHHUM LIBETOM
TOKa3aHbl CTAHIIMY JOHHOTO MPo600TOOpa U X HOMepa (TOIbKO Ha mpoduisx (B, T, 1)). [TomoxeHne n KpaTKoe ONrcaHue
npoduiieii: (a) — HarpoTuB M-oBa KbITTHIK, NepeceKkaeT MOoABOAHYIO NMajieofoauHy p. KoJIbIMbI; Ipsiibl MPEeaIoaoXUTETbHO
npencraBieHbl NMHaMu; (60) — BOJIM3M ycThs p. [anbraBaam; (B) — Ha TpaBep3e M. Ton6eii (0-B HoBast Cubupsb); Tpu rpsiibl B
BOCTOYHOM YacTW MPOMUIIST CIOXEHBI TUIOTHBIMM TJAMHUCTBIMM OTJOXEHUSIMH (cTaHIUM mnpoboordbopa 20BCM-32,
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Puc. 3. ®oto ob6pasua (20BCM-43) 1 KpuBbIe pacnpeneaeHUs FpaHyJIOMETPUUECKOTO COCTaBa OTJIOKEHUM TPUOPEXKHBIX TPSII
o nepucdepun o-Ba Hosast Cubups. Homepa o6pasiioB mokazaHbl Hall rpaduKoM.

Fig. 3. Photo of sample (20VSM-43) and grain-size distribution curves of the deposits of near-shore ridges around New Siberia

Island. Number of samples are under the graph.

pse cliydaeB B UX OCHOBAHUU ITPOCIIEXKMNBAETCS aKy-
CTMYECKU BBIpaxkeHHasl TIOBEPXHOCTD HIUKEJIexXalle-
ro komiuiekca. ITo JaHHBIM TPoOOOTOOpPa OHM TIpe-
CTaBJIeHBl IUIOTHBIMU (OT MSTKOIUIACTUYHOM 10
TBEpPIAO KOHCUCTEHIWU) TJIMHAMU U aJeBPOIIMHA-
MU OT TEMHO-CEPOTO 0 YEPHOTO 1IBETa, C HEeSIBHOM
TOPU3OHTAIBHOM CJIOMCTOCTHIO. B Komonke 20BCM-26
(puc. 4, (a)) cogepxaHue NeJUTOBOU 1 aJIeBpPUTOBOM
¢dpakumii BapbupyeT B 3HAUMTEIBHOM Auaria3oHe,
00pa3sys cnoiiku MourHocThio OT 1 1o 10 cm. CpenHee
coIep:KaHUe IeJTUTOBOM pakiuu cocTasirsteT 50.6%
(35.0—80.6%), anespuroBoii — 44.5% (18.2—57.0%),
necyaHoit — 4.8% (0.5—21.8%).

B xononke 20BCM-32 (puc. 2, (B), puc. 4) Ha-
OiomacTcsT YepeloBaHHE IIPOCIIOEB  ITTETMTOBBIX
aJIEBPUTOB M aJICBPUTOBBIX MEJIUTOB (MHTEepBajbl 0—
13, 15—22, 26—31, 37—60 cM (3a60it)) 1 ieauToB (13—
15, 22—26 w 31—36 cm). [1pn 3TOM Bec rpaHyIOMET-
prdeckux Gppakuuii BaApbUpPyeT B JOCTATOYHO IITAPO-
KUX Ipeaenax: nNecok — B cpenHeM 2.4% (0—6.4%),
aneBput — 37.7% (8.0—58.8%), memur — 59.9%
(35.3-92.1%) (puc. 4, (6)). Conepxanue C,, B onu-

—

CbIBAEMBIX OTJIOXEHUSX COCTABISET B CPEOHEM —
1.1% (ot 0.64 no 1.59%). PaccunranHas majieocoJie-
HOCTb He Tnpesbimaet 10%o.

ITo maHHBIM JTaTUPOBAHUS TIPSIbI CIOXKEHBI pa3-
HOBO3PACTHBIMU OTJIOXEHUSIMU ITPEUMYILIECTBEHHO
KOHIIa To3aHero HeoruieiicToleHa — 13.4—15.5 Toic.
kai. J. (o6pasibl 20BCM-26 — IGAN, s 8978 u
20BCM-32 — IGAN s s 8979).

B MexXrpsimoBbIx J0XXKOMHaxX 0OHaXKarTcsi 00pa3o-
BaHUS TTO3IHETO HeorureiicToiieHa — 18.6 THIC. KaJl. JI.
(o6pazen; 20BCM-35 — IGAN 45 8980), kak nipaBu-
JIO, TIpeACTaBeHHbIE TUIOTHBIMU, CJIOUCTHIMU IJIM-
HHUCTBIMM anieBputamu (puc. 4, (8)). B kauecTBe npu-
Mepa MOXHO TIPUBECTU TPYHTOBYIO KOJOHKY
20BCM-35, cloxeHHYI0 MeJIUTOBBIMU ajleBpUTaMU
(untepBanbl 0—5, 6—10 1 14—21 cM) ¢ TIPOCIOSIMU
MeCcYaHbIX aJIEeBPUTOB (MHTEpBajbl 5—6 u 10—14 cm).
B nmenuToBbIX aneBpuUTax CpeaHee colepxKaHue Iec-
yaHoit (pakuun cocrasister 8.0% (2.7—17.8%),
aneBpuToBOi — 59.6% (52.4—66.2%), 1IeIUTOBOI —
32.4% (19.5—43.1%); B mecuaHbIX ajleBpUTaxX COOEP-
XaHne necyaHoit dpakuun — 33.2% (21.9—44.4%),

20BCM-34), rpsiga B 3amagHoOM YacT MPodWIst CI0XeHa METKO-CpeaHEe3eHUCThIMU TTeckaMu (cTaHiust 20BCM-41); () —
BOJIM3M Gepera Ha TpaBep3e M. Tonbeit (0-B HoBast Cubuphb), 110 JaHHBIM IPO600TOOPA IPSIAbI CIOXEHBI ITecKaMU (CTaHIIUU
20BCM-42, 20BCM-43, 20BCM-44); (1) — HanpoTuB 3amuBa AayuM, Tpsiaa 1Mo JaHHBIM IMPOO00TOOpa ClI0XeHA TITMHAMU
(cranumst 1I8BCM-105).

Fig. 2. Sections of the seabed across the submarine ridges and bars according to acoustic (high-frequency sub-bottom profiler).
(a, n) — EdgeTech (monens CHIRP 3300HM); (8, r) — Innomar SES 2000-Light) and bathymetric data (6). Sampling stations
are shown by blue color (only on profiles (B, I, 1)). Location and description of profiles: (a) — near the Kyttyk Peninsula, across
the underwater palaecovalley of the Kolyma River; (06) — near the mouth of the Galgavaam River; (B) — near Cape Tolbey (New
Siberia Island); three submarine ridges in eastern part of the profile composed on dense clay (sampling sites 20VSM-32 and
20VSM-34), ridge in western part of profile — medium to fine grained sand (site 20VSM-41); (r) — near Cape Tolbey (New Si-
beria Island), according to sediment sampling, submarine ridges composed by sandy deposits (20VSM-42, 20VSM-43, 20VSM-44);
(m) — near Aachim bay; submarine ridge according to sediment sampling composed on clay (sampling site 18VSM-105).
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aneBputToBoii — 57.0% (50.1—66.1%), nmeautoBoOit —
9.8% (5.5—13.6%).

Kononka 20BCM-4 Bckpbuia 37 CM TUIOTHBIX Cy-
XWX TYTOIUTACTUYIHBIX TEJIMTOBBIX aieBpUTOoB. Cpen-
Hee colepXaHMe TMecdyaHbIX yactul — 5.4% (2.9—
8%), aneBputoBBIX — 59.8% (57.6—61.8%), nenuto-
BoIX — 34.8% (30.5—39.5%). Conepxanune C,,. Ba-
peupyet ot 0.6 1o 1.16%, pacyeTHast COJIEHOCTb — OT
3.9%o0 1o 7.5%o, yBeIMIUBasICh BBEPX 110 pa3pesy.

Oco0eHHOCTh pelbeda IMPaKTUIeCKH BCEil ILIO-
Iaay MCCIeNOBaHUII — BBICOKAsl CTEeINeHb mepepa-
OOTKM JTHAa JIeToBOI 3K3apanmeii. Ha mpodniagx BeI-
cokovactorHoro HCAII nmoBepxHOCTb OTJIOKeHU1 (B
TOM 4YHCJie, B 30HaX pa3BUTUsS TIPS BTOPOro THUIIA)
uMeeT “urojpuaThlii”’ xapakrep (puc. 2, (a)). IIpo-
¢dunpHbIE UCclienoBaHUs ¢ ucnoiab3oBaHueM [JIBO
¥ MHOTOJIyYE€BOTO 3XOJIOTUPOBAHUS, a TaKXKe IOM-
BOJIHAsl BUIEOChEMKa MOKa3aJu, YTO Ha HEKOTOPBIX
yJacTKax IIPpaKTUYeCKH BCE THO HapyllIeHO 0opo3na-
MU BBIITAXUBaHUS: B cpeagHeM 5—6 6opo3n Ha 1 KM.
InpuHa nx BappupyeT OT HepBBIX MeTpoB 10 100 M 1
6oiee (puc. 5).

I'my6buna 6opo3n mo gaHHBIM MDD U BBEICOKOYA-
crotHoro HCAII mocturaetr 3 M, XOTS OOBIYHO HE
npesbimaer 1.5 M. HekoTtoprele 0Oopo3mbl MMEIOT
“CBEXXM1” 00JIMK C XOPOIIIO BhIpAa’KEHHOU OOBaJIOB-
Koii. MHorma oHu MpakTU4eCcKU 3aHECEHBI TOHHBIMU
ocajJKaMu. DK3apallMOHHbIe 00PO3abl HAOII0JAI0TCS
1o nmyounsl 50 M. Yalie BcTpeyaloTcs OTHOCUTEIBHO
IIIMPOKKUE OOPO3Abl WU JaXKe UX CEPUU, 00pa3yemMble
Mpu nepeMelieHun TopocoB. Kpome Toro, BcTpeya-
IOTCSI MHOXXECTBEHHBIE TOHKHE 00po3abl (“Iapamnu-
HbI”) — pe3yiabTaT BO3ACUCTBUS Ha IHO JeASHOI

mwiotuHbl’. ComacHo naHHeiM C.A. Oroponosa, B
BocTouno-CubnupckoM Mope TpeneiabHas IIyOWMHA
MODSI, IJIe BO3MOXHA COBpPEMEHHAsI 3K3apalys THa
MOPCKUM JIbA0M, gocturaet 40—60 M, a UHTEHCUB-
HOCTB 3TOTO Mmpoliecca SBISIETCSI HAUBBICIIEH cpeaun
Bcex apkTudeckux mopeit Poccuu (Oroponos, 2014).
OaHaKO HeJb3s UCKITIYATh, YTO HEKOTOpPhIe 6OpO3-
JIbI, B YaCTHOCTH, BBISIBJICHHbIE Ha OOJIBIINX TITyOu-
Hax, MMEIOT TOJIOLIEHOBBIN WM daxke IO3THEHEeO-
IUIEACTOLIEHOBLIN BO3pacT. BaxXHO OTMETUTH, UTO
9K3apalMOHHbIe OOpO3dbl CYIIECTBEHHO MEHbIIe
OIMMCAHHBIX BHILIIE TPSII.

3 fensnas rloTMHA — TPOTSDKEHHAsl TPsAa M3 JOCTUTAIOLINX
JTHa TOPOCOB M HaOWBHOTO Jibaa, 0Opasyolnascs Mmoj Harop-
HBIM BO3IECTBUEM JICASTHBIX ITOJIEH Ha KpOMKY Tipumast (Oro-
ponos, 2014).

OBCYXIEHMUE IMOJTYYEHHDBIX PE3VJIBTATOB

Mopdomnorust, cTpaturpagudeckoe U 0aTuMeTpu-
YeCKOe MOJIOKECHUE TIPS Ha IPUOPEXHBIX MEIKOBO-
Ibsx 1o nepudepuu o-Ba Hosast Cubups, a Takke co-
CTaB U TpaHyJIOMETPUYECKIE ITapaMeTPhl CIaraloimx
UX OTJOXEHUI II03BOJISIIOT AOCTAaTOYHO YBEPEHHO
OIpeNIe/IUTh UX BO3pacT U reHe3uc. IlomydeHHbIe 1aH-
Hble ToaTBep:kaaoTr rumnoresy C.JI. Huxkmudopona
(1985, 1989) 06 akKyMyJSITUBHOM TpUOPEXHO-MOP-
CKOM (BOJTHOBOM) IeHe3H1Cce 3TUX 00pa3oBaHUIA, TIpe/I-
CTaBJISIIOIIMX o001 nmoaBoaHbie 6apbl. Criocod obpa-
30BaHMsI IIOOOOHBIX (pOPM OmrcaH B COBPEMEHHBIX
nyonukanusx (benomrankos u np., 2001; JleoHTheB 1
ap., 2011; Jleontbes, 2014).

Borpoc o koyecTBe TpaHCTPECCUBHO-PETrPECCHB-
HBIX LIMKJIOB U aMILUTUTYe U3MEHEHUST YPOBHSI MODSI B
ronoiieHe B BocTtouyHo-CnOMpCKOM MOpe OcCTaeTcs
nucKyccuoHHbIM. CornacHoO HauboJjiee pacmnpocTpa-
HEHHOI Touke 3peHus1, 11 ThIC. JI. H. MOpe HaxXONWIOCh
Ha ypoBHe —50 M; B iepuon ¢ 11 1o 8 TBIC. JI. H. CKO-
pOCTb TpaHCrpeccur Obl1a OYeHb BBICOKOT — JI0
1 em/ron (Keigwin et al., 2006; KimroButkuna, IMonsgko-
Ba, 2021), ypoBeHb MOpsI OBICTpO mogHUMAaICS (IO
—27 M), aK 5 TBIC.JI.H. 1OCTUT coBpeMeHHoro (Bauch et
al., 2001). Psan uccnenoBareneii (Hampumep, AHUCHMOB
u 1p., 2002) npeamnosaraloT HaIM4Ire OBYX TPaHCTpeC-
CUBHO-PETPECCUBHBIX IIUKJIOB Ha TMPOTSDKEHUM TO-
cilegHux 7.5 ThIC. 1. H. beICTpoe pa3BuUTHEe TpaHCIpec-
CHM, aKTWBHBIE IPOIIECCH abpa3sui M TepMoadpa3un
CO31aJIM GJIArONpPUSITHBIE YCIOBUS I (pOPMUPOBAHUS
MOIBOMHBIX OapoB Ha repudepun o-Ba HoBass Cubupsb.

boJtee cnoxxHbIM NpeAacTaBIsIeTCs BOIIPOC 00 odpa-
30BaHMU I'psifI BToporo Tumna. [Ipexe Bcero BaxKHO OT-
METUTb, YTO MOPMOJIOTHS U COCTAB I'Psi/I Ha Tepudepun
o-Ba HoBasg Cubupb UCKIIOYAIOT UX MHTEpPIIpEeTa-
M0 B Ka9eCTBE KOHEUHO-MOPEHHBIX Ipsid. [1pm pas-
BUTUU TTOKPOBHOTIO OJIEACHEHMUSI C LIECHTPOM B pailoHe
o-BoB bennera (bacunsH, Hukonbckuit, 2007) Takue
IPSIObl JOJDKHBI MMETh ITPOTHBOIMOIOXKHYIO aCUMMET-
PMIO CKJIOHOB, TI0 CpaBHEHUIO ¢ HaOJIIogaeMoil B Acii-
cTBUTENIBLHOCTU. KpoMe Toro, obpaliaet Ha ceOsl BHU-
MaH1Ee VCKIIIOYUTEILHO TOHKO3EPHMCTHI COCTaB OT-
JIOKEHUM, TIPpEeACTaBICHHBIX MPaKTUYECKU YMCTHIMU
DIMHAMU, 0e3 BKIIOYECHMS I'pyOOOOIOMOYHOIO MaTte-
pHana, 4To He XapaKTepHO IS KOHEYHO-MOPEHHBIX
obpazoBanmii. UckimouaeT BO3MOXKHOCT MX 00pa3oBa-
HUSI B XOAE IENISILMALM CPEIHEIUICHCTOLICHOBOIO
JIEMHWKA U TTOIYYEHHBINM B XO/€ HAIIMX UCCICIOBAHUIA
BO3pACT OTJIOXKEHU, CIaralolnx Ipsiabl, a TAKKE IO~
CTWJIAIOLIMX OCAIKOB (KOHEII TIO3HEr0 HEOIIECTO-
1IeHa).

Puc. 4. Konouku 20BCM-26, 20BCM-32 u 20BCM-35, oToGpaHHbIe Ha rpsiax BHELIHENH epudeprun MOPCKOM paBHUHBI.

CrneBa HarpaBo: (hOTO KepHa, XapaKTepuCcThKa (PU3NIECKUX CBOMCTB, paCUUTaHHasI MAJIe0COJIEHOCTh, conepxkaHue C

CTOTrPaMMBbI IPaHyJIOMETPUYECKOTO COCTaBa.

opr ¥ TH~

Fig. 4. Cores (20VSM-26, 20VSM-32, 20VSM-35), sampled from the ridges of outer periphery of submarine plain: photos, char-
acteristics of physical properties, calculated paleo-salinity, content of organic carbon and grain-size distribution hystograms.
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Puc. 5. Cnenpl sk3apauuu Ha gHe 1o gaHHbeIM [JIBO (a) u MO (0).
Fig. 5. Traces of ice exaration on the bottom surface according to the side-scan profiling data (a) and multibeam echo-sounder

survey (6).

CocraB OTJIOXEHUI, MOP(OITOTHSI 1 BO3PACT ITO3BO-
JITIOT TIPEIITONIOXUTh, YTO (DOPMUPOBAHUE CHCTEMBI
MOPUCTBIX TPSI, MPOCIeKBaeMbIX gajee 30 KM oT Oe-
pera o-Ba HoBast CuGuphb, a Takke aHAJIOTHMYHBIX T10
MOPGOJIOTUY U COCTABY TIPS, BBIISSIONIMXCS IO Tie-
pudepnu majgeonoauH npa- Kosmel 1 ipa- UHIurp-
KU, CBSI3aHO C JeHYTAIIMOHHBIMU TIpolteccaMu. Breico-
Kasl TUIOTHOCTb CJIArafoIIuX IPsIbl OTIOXKEHUIT MOXKET
CBHIIETEILCTBOBATH B TIOJTb3Y TOTO, YTO B CBOEM pa3BH-
TUW OHY TIPOIIITN CyGaspallbHYIO CTAINIO.

DTO HEe MPOTUBOPEYUT OOIIUM IIPEACTABICHUSIM O
3HaunTenbHou (mo 100—130 M) mpearojiolieHOBOM pe-
rpeccuu (Bauch et al., 2001; Klemann et al., 2015; Cro-
nin et al., 2017; Pitulko et al., 2019; KirroButkuHa, ITo-
JIsikoBa, 2021), Kkorga 6eperoBasi IMHMS B 3aI1aHOI ya-
ctu BoctouHo-Cubupckoro Mopst pacriojiarajach Ha

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

paccrostHuu 6ojiee yem Ha 500 KM K ceBepy OT COBpe-
MmeHHoi (Herrtsapenko m nap., 1982; Klemann et al.,
2015), a cyma npoctupaiach A0 o-Ba ZKoxopa. Takum
00pa3oM, Bce yJaCTKU THA, HA KOTOPBIX YCTAHOBJICHBI
IpsIIbI BTOPOTO TUTIA, B TIEPUOI 0Opa30BaHUSI 3TUX OT-
JioxkeHuit (13.4—15.5 ThIC. KaJl. J1. H.) HAXOAWIKUCH B Cy0-
aspabHBIX YCIIOBUSIX.

MOXHO TIPEIITONIOKUTDb, YTO TAKKE MPOUCXOIMIIO
CEJIKTUBHOE TIpOTaBaHUE OTJIOXKECHUI, CO3IaBIlice
TIPENITOCHUTKH TSI pa3BUTHS Cy0OaspaIbHBIX ACHY AL -
OHHBIX TpolieccoB. [Toxokue (opMBI MOrpeOGEHHOTO
penbeda, THTepIIpEeTUPYyeMbIe KaK pe3yIbTaT pa3pylie-
HUST BEUHOI MeP3JIOThI, YCTAHOBJIEHBI Ha IIe/Tbthe MOpPsT
JlanteBoix (Rekant et al., 2015). DTo cooTBEeTCTBYET
KOHIICTIIINM pPa3BUTHS IIeinbha Mopeit BocrouHoit
APKTHKH B KOHIIE TTIO3HETO HEOTIEHCTOIIEHA U B TOJIO-
Ne 3
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LIEHe, OMHMM 13 Han0oJjIee BaXKHBIX MOJIOXKEHUI KOTO-
poii sIBJISIETCSl TIPU3HAHUE OINEPEXKaIoIIEero pa3BUTHS
TepMoKapcCTa JI0 3aToIuIeHus 1eibga (PomaHOBCKMiA 1
Ip., 1999). MoxXHO npeanonoXuThb, YTO HapsIoy C Tep-
MOKapCTOBBIMM SIBJICHUSIMU U CyOa’pajibHOM JeHyna-
LIEi OIpenesIeHHYIO poyib B (h)OPMUPOBAHUU Tpsid U
00pa3oBaHMU OCTAHIIOBOIO IPSIIOBOIO M XOJMMCTO-
IPSIIOBOTO peibea MOIJIM UTrpaTh HEOTEKTOHUYECKHE
npouecchl. Kongurypalyss akTMBHBIX Pa3JIOMOB U Xa-
pakTep COBPEMEHHBIX I'€OOIMHAMUYECKMX IIPOIIECCOB
(MmaeBa u np., 2018) cozmaioT 6JaronpusiTHbIE YCJIO-
BUSI U151 0Opa3zoBaHus GopM, CyOTTapaiieIbHbIX COBpPE-
MEHHOI1 OeperoBoil JMHUM. MOXHO IIPEHIIOI0XUTh
TaKKe JaJbHEHIIYI0 MOACIUPOBKY Ipsill B pe3yJbTaTe
SPO3MOHHBIX IIPOLIECCOB, IMTPOUCXOINBIINX B XOAE IO-
JIOLIEHOBOI TPaHCTPECCUU.

B 10 ke BpEMs OYEBUIHO, YTO JaTh ONHO3HAYHBIN 1
OKOHYaTEIbHBIN OTBET HA BOITPOC O ICHE3UCE I'PpAd IaH-
HOTI'O TUITA B HACTOAIICE BPEMS HE ITPEACTABJISACTCSA BO3-
MOXHBIM.

BbIBOJbI

1. T'eonoro-reodusnyeckre UCCaeaI0BaHMS TTOABO/I -
HBIX I'psifl 10>KHOM YacTu BocTouno-Crbdupckoro Mopsl,
paccMaTpuBaBIIMXCSl paHee Kak eIuHasi cucTema, mo-
Kazajiv, 4To Mo MOpP(OJOruh U COCTaBy OTIOXEHUIA
BBIICIAIOTCA OBa ITPUMHLUITMAJIBHO pPa3/IMYHbIX THUIIA
3TUX 00pa30BaHUIA.

2. I'psinpl, pacnoioxXeHHbIe Ha TTPUOPEXHBIX MeJl-
KOBOJbSIX M HEMOCPEICTBEHHO IMPUMbBIKAIOIINE K
o-By Hogas Cubups (rmyounbst Mopst 10—20 m; paccTto-
stHUe OoT Oepera — MeHee 30 KM), MMEIOT CJIabO achM-
METpUUHYIO (POpMY € 60JIee MOJIOTUM CKIIOHOM CO CTO-
POHBI OCTPOBA U 60JIee KPYThIM MOPUCTBIM CKJIOHOM U
CJIOXKEHBI XOPOIIO COPTUPOBAHHBIMU MEJIKO3EPHUCTHI-
MU TTeckamMu. Mopdoiiorusi, ctpaTurpadguyeckoe u
6aTUMETPUUYECKOE TTOJIOKEHHE TPSII TTO3BOJISIIOT JOCTA-
TOYHO OJHO3HAYHO MW YBEPECHHO OIIPCICIUTHL UX BO3-
pact u reHesuc, nonreepxkaas runotesy C.J1. Hukudo-
posa (1985, 1989), npennoaoXKUBIIETO aKKyMY/ISITUBHOE
MPUOPEKHO-MOPCKOE (BOJHOBOE) TIPOMCXOXICHUE
STUX 00pa30BaHU, MPEACTABIISIONINX COOOI MTOIBOI-
HBIC Oaphl.

3. I'psiabl, pacIiojloXKeHHBIC Ha TIOABOIHOM IIOKOJIE
o-Ba HoBas Cubupb, Mmopuctee (IimyornHbl Mopst — 20—
30 M; paccrostHue oT Oepera — 30—85 KM), IMEIOT Pe3KO
aCUMMETPUYHYIO (DOPMY C IOJIOTUM CKJIOHOM, OpHEH-
TUPOBAHHBIM B CTOPOHY MOPSI, U KPYThIM — B CTOPOHY
o6epera. Mopdosorusi, cocTaB OTJIOXEHUI (TUIOTHbIE
aJIEBPUTOBHIE IJIMHBI) 1 BO3PACT (KOHEII ITO3THETO HEO-
rieiicTolieHa, 13.4—15.5 ThIc. KaJl. J1.) 3TUX I'psia, a TaK-
Ke aHAJIOTMYHBIX 0 MOPQOJIOTMU U COCTaBy (hOpPM,
BBIIEJISTIONIMXCS 110 nieprudeprH majaeonoanH mpa-Ko-
JIBIMBI 1 ipa-UHIMTUPKHY, UCKITIOUAIOT BO3MOXKHOCTD
WX MHTEpPIpEeTaliyi B Ka4eCTBE KOHEUYHO-MOPEHHBIX
00pa3oBaHMii CPETHEIUICHCTOLIEHOBOIO OJIEACHEHMSI.
IMpennonoxuTenbsHO, TEHE3UC TPsIT 9TOTO TUIIA CBI3aH
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C TEPMOKAPCTOBBIMU TTPOLIECCAMU U CyOaspalibHOM Ae-
Hyfgauveid Ha (oHe HEOTEKTOHUYECKUX JBUKEHWIA.
JaHHEIA BOIIpOC TPpeOyeT aTbHENIINX UCCICIOBAHUIA.
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MORPHOLOGY AND GENESIS OF UNDERWATER BARS AND RIDGES

OF THE EAST SIBERIAN SEA*
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Shelf zone of the East-Siberian Sea is one of the least studied marine areas of the Russian Arctic. One of the
important unsolved problems is the existence of a ice sheet in the area of the New Siberian Islands, and the
debate about the age and genesis of underwater ridges (bars). Based on geological and geophysical field work
condicted by VSEGEI in 2018 and 2020, laboratory research, and data analyses, two types of submarine ridg-
es, principally different in morphology, sediment composition, age, and genesis were identified. Ridges lo-
cated within the submarine plain on the outer periphery of the submerged valley of the Pra-Kolyma river and
around the New Sibir’ Island are asymmetric, have a relative height of 1—2 m to 4—6 m, an average width of
2—4 km (up to a few tens of km) and an average length of 25— 30 km (up to 100 km). According to the sam-
pling data, the ridges of this type are composed of very dense clayey-silt without inclusion of coarse clastic
material. The age of the deposits forming the ridges is Late Pleistocene (18—13 ka BP). Formations of the Up-
per Pleistocene age are exposed in the inter-ridge hollows. The composition, morphology, and age of the
ridge deposits suggest that their genesis is associated with denudation processes, but the mechanism of their
formation is not obvious. The second type of ridges includes a system of coastal bars located at a distance of
up to 30 km from the coast of New Sibir’ Island and composed of fine-grained, well-sorted sands. The width
of the ridges varies from 1 to 2 km, the height is from 4 to 8 m, and the length is 10—15 km. The ramparts have
a slightly asymmetric shape, with a gentler slope from the side of the island. This system of ridges was formed
as a result of accumulative processes in the Holocene. The obtained data do not support the hypothesis of the
extension of the Late Pleistocene ice sheet to the shelf.

Keywords: seabed topography, offshore, Arctic, underwater shafts, sub bottom profiling, Holocene, Pleisto-
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Cpennee TToBOIIKbEe — TEPPUTOPUS PACIIPOCTPAHEHUS TUIACTOBO-SIPYCHBIX M CTYIIEHYATHIX BO3BBIIIIEHHO-
CTeil, B cOCTaBe KOTOPHIX BEpXHEE I1J1aTO SABJIIETCs HanboJjiee IPEBHUM U3 U3BECTHBIX COXPAHMBILIMXCS DJI€-
MEHTOB pebeda 3Toro pernoHa Pycckoii pasuuHbL. IT1aTo pacrpocTpaHeHo B MpeaeiaX CaMBIX BEICOKIX
BOAOpAa3IeJIoB Ha Mpeobiamatommx Beicotax 280—380 M, mpeacTaBiisgs co0oil BEpXHMIA sIpyc peiibeda.
BoNBIIMHCTBO MccenoBaTeneil IpuaepKuBalTCs MHEHIS O JeHYIAlIMOHHOM (TTeIUTUIAHALIMOHHOM) Xa-
pakTepe ero mpoucxoxneHus. Bo3pact oO6pa3oBaHusI MOBEPXHOCTH IIJIATO BCE €Il CIYXKUT MPEIMETOM
IHUCKyccuu. B paboTe, Ha OCHOBE JIMTEPATYPHBIX MCTOYHUKOB, aBTOPCKUX IIPENCTABIEHNIT O pa3BUTHH
HEOreHOBOM HOJIMHEI Najeo-Bojru u ee MPUTOKOB, IIPEACTABIEH aHAIN3 U3MEHEHUsI reoMop@doIornye-
CKUX, TTAJIEOKIIMMATHYECKUX U TaieoJaHamadTHEIX yeiaoBuii CpenHero IToBOKES M COCETHUX PETHOHOB.
CrenaH BBIBOJ, YTO HanOoJIee ONTUMAIBLHBIM IS TTeAUITJIaHALIMU PErMOHA U, CJIefoBaTeaAbHO, (GOpMUPO-
BaHMS ITOBEPXHOCTH BEPXHETO IIATO BPEMEHEM SBIISUICS TIEPUOL C PyOeXKa CPETHETO U TTO3IHETO MAOLIEHA
(capMat?) o cepenvHbl MeoTHca (IMTO3MHUI MUOLIEH), KOTOPBI OTIMYAJICS OTHOCUTEIbHON TEKTOHUYE-
CKO¥f CTaOMIILHOCTBIO Ha (DOHE OOIIIEH apuan3alny KJInMara.

Karouesvie cro6a: MTOBEPXHOCTh BbIPAaBHUBAHMS, IEHYAAIsI, TIeAUTUIaHAIMSI, apUAM3alius KIuMaTa, MUO-
1IeH, TajieonoinHa, Bonra, Pycckast paBHUHaA
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BBEAEHWE

Penved Cpennero IToBoKbs XapakKTepusyeTcs
BBIpaxk€HHOM SIDYCHOCTBIO, CBSI3aHHOI C pachpo-
CTpaHEHUEM pPa3HOBBICOTHBIX W Pa3HOBO3PACTHBIX
MOBEPXHOCTEll BBIpaBHUBaHUS. Buinensirorcst He-
CKOJIBKO BBICOTHBIX YPOBHEi1, cpei KOTOPbIX Hau-
oompine adbc. BeIcOTH (280—380 M) mpuypodeHbI K
MOBEPXHOCTU TaK Ha3bIBa€MOIO BEpPXHEro IuIaTo.
TepmuH “BepxHee 11aTo” 1j1s1 0003HAYEHUST BepXHE-
ro BBICOTHOTO YpPOBHS pefibeda [ToBoIKbS U B 3apy-
oexHoit EBpomne mpociexXuBaeTcsl B JUTepaType C
40—50-x rr. XX Beka (ITmorpoBckuii, 1945; Jahn,
1956; denkos, 1970; 1993).

I'eHe3urc MOBEPXHOCTU BEPXHETO IJIATO paccMar-
pUBAJICSI OMHUMM MCCJIEAOBATEISIMU KaK IOJUTeHE-
tnaeckuii (Meiepsiko, 1960; I'openos, 1974), npy-
r’MMM — KakK AeHymauuoHHBIM (MazapoBuu, 1927,
MunanoBckuit, 1940; ITuorpoBckmii, 1945; Jlenkos,
1970; PoxnectBeHckuii, 1971; HenkoB, 1993). bonee
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000CHOBaHHBIM HaM BUAUTCS MOCHEIHU, TOCKOb-
Ky NeHYIAllMOHHBIN xapakTep oOpa3oBaHUs IMJIATO
OoTpenesieTcsl TEM, YTO €ro TIOBEPXHOCTh B Mpeeaax
CBOETO0 Pa3BUTHUSI Cpe3aeT pa3HOBO3PACTHbIE OTJIOXE-
HUSI OT MEePMCKOM IO MaJIeOreHOBOM (BKJIIOUMTEIIb-
HO) CUCTEM.

IMonaraercst, 4To AeHyNAIIMOHHASI MOBEPXHOCTH
KaK OCHOBHOI1 3JIEMEHT IIaTO c(hOpMUPOBAIaCh IIPU
NeaUIUIaHALIMM B YCJIOBUSIX C€30HHO-BIAXKHOTO Ca-
BaHHOTO KJIMMaTa, KOTOpOii OJiaronpusiTcTBOBaja
TaKkxXKe TeKTOHUYecKast crabmibHOCTh (enkon, 1993),
TOorAa KakK BTOPOM BJIEMEHT IUIaTO — €ro yCTYIl — B
npoliecce neAMMeHTalluu CEMUTYMUIHO-CeMUapUI-
Horo tuma B somieiicroueHe. CornacHo A. SHy
(Jahn, 1956), camas BbIcOKasl JeHYJAllMOHHAS IO-
BepxHOCTh JI1o6auHCKoi Bo3BbilieHHOCTH (ITosb-
II1a) IpeacTaBIsieT coOO00M UMEHHO NeanIUIeH, cpop-
MHUPOBABIIMICSI B YCIOBHUSIX CaBaHHOTO KjMMaTa
MO3HEro MUOlIeHa. MUOLIEHOBbIE MEAUMEHTHI U Te-
JUILICHBI C KPaCHOLBETHBIMM KapOOHATHBIMU KOpPa-
MU BBIBETPUMBAHMS BCTPEYAIOTCS TakKXkKe Ha Ypajie, B
Kazaxcrane, CpenHeropnse I'epmanuu u T.4. (denkoB
u ap., 1977).

BmecTe ¢ aTM Bo3pacT AeHYIalIMOHHONI ITOBEPX-
HOCTHU BEPXHETO IIaTO KaK HanuboJjiee IPEeBHETO BJIe-
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MeHTa peibeda CpenHero IToBoIKbS Bee ele ocTa-
eTCsl TMCKYCCUOHHBIM. BONBIIMHCTBO UCceaoBaTe-
Jieii gatupoBaiu ero MuoleHoM (MuIaHOBCKUIA,
1940; ITuorpoBckmii, 1945; PoxnecrBenckuii, 1971),
TOTHA KaK APYTre aBTOPbI MIPUACPXKUBAUTMCH MHEHUS
0 ero TajieoreHoBoM Bo3pacte (MemepsikoB, 1965;
T'openos u ap., 1970). Beicka3bpiBajach Takke TOYKa
3peHUsI O MUOLIEH-TUIMOLIEHOBOM BO3pacTe MOBEPX-
Hoctu 1ato (MaszapoBud, 1927; MopdocTpyKtypa u
MopdOocKynbnTypa ..., 1986). MHOrojaeTHUE UCCIIEn0-
BaHus1 peabeda CpenHero IToBoKbBS TIPOBOIMIMCH
A.TI. JIenkoBbIM, KOTOPBIM BO3pAaCT 3TOI MMOBEPXHOCTU
TpakToOBaJICSl MO-pa3HOMY. B cBoux paHHMX paboTrax
(enkoB, 1972) oH yKa3bIBaj Ha OJMIOLIEH-MHUOLIEHO-
BbIi (IMOCea01eHOBRII) ee Bo3pacT. [loznHee ([en-
KOB 1 1p., 1977; HenkoB, 1993) oH cumuTail, 4To oOpa-
30BaHMe€ MTOBEPXHOCTU IJIATO MPOUCXOAUIO B KOHIIE
MUOIIEHa U Havalle TiMolieHa. B HanboJiee mo3nHem
cBoeM uccienoBanum A.Il. Ienkos (2003) oTHOCHII
00pa3oBaHUE BEPXHETO IUIATO JIUIIb K MUOLIEHY, HE
YTOYHUB, OMHAKO, KOHKPETHBII BpeMEHHOM OTPe30K
9TOIM BeChbMa MPOMOJLKUTENILHOM (CBBIIIE 18 MIIH.
JIET) 3MOXU KaifHO30s1.

MN3meHeHus B cTpaTurpaduu najeoreHa u Heore-
Ha, a TAaK:3K€ HOBBIE TaHHKIE 110 HEOT€HOBBIM PEYHBIM
nommHaM CpegHero IToBoioKbs 1 IocnemHue OITyo-
JIMKOBAHHbIE HCCJEIOBAHUS B Mpelneiax COCETHUX
peruoHoB Pycckoii paBHUHBI IIO3BOJISIIOT BHECTU
YTOYHEHMsI 110 BO3PACTHBIM pyOexkaM oOpa3oBaHUS
Han0OoJee BBICOKOI (113 MU3BECTHBIX COXPAHUBILIMXCS)
pErMOHaIbLHOM MOBEPXHOCTHU BHIPABHUBAHUSI U OCO-
OEHHOCTSIM €€ pa3BUTHSL.

KPATKAA XAPAKTEPUCTUKA
BEPXHETIO ITJIATO

OT BepxHEro ImjaTo COXpPaHWINCh (parMeHTHI
€IWHON JEHYIAlIMOHHOI ITOBEPXHOCTU, KOTOpasi B
HacToslllee BpeMsl HaXOOUTCS B TIpeieiaX OCHOBHBIX
BOJOpPA3MIEJI0B Ha MMpeodIagaromnx orMeTkax ot 280
1o 380 M Bo BHyTpeHHUX 006aacTsax Pycckoii paBHU-
HbI, 1 10 450—600 M — B OKpaUHHBIX MPEATOPHLIX €€
yactsax (Henkos, 1993). BaxxHbIMU 0COOEHHOCTSIMU
TUIaTO SIBJISIIOTCSI Y€TKO BhIpaskeHHbBI d011IeiicTole-
HOBBII YCTYTI, OTAESIONIMI €ro TOBEPXHOCTh OT 6O~
Jiee HU3KOM TTOBEPXHOCTU BBIPABHUBAHMS, a TAKXKe
cepusl OCTaHIIOB, COXPAaHUBIIMXCS Ha Oojiee HU3KOM
cryneHu peiibeda. FOro-Boctok Pycckoii paBHUHBI —
5TO 00JIACTh PA3BUTUS CTPYKTYPHO-ACHYIALIMOHHBIX
TUIACTOBO-SIPDYCHBIX PaBHUH, BEPXHIOKO CTyINEHb KO-
TOPBIX W MPEACTaBISIOT OCTaTKU IutaTo. bonee ne-
TaJIbHO 3TU U TIPOYre 0COOEHHOCTH TLIATO PACCMOT-
pennl B pabore A.Il. Jdenkosa (1993). B CpegHem
IToBomXbe BepxHee ILIATO COXPAHMUIIOCh, TIABHBIM
obpaszom, B nipenenax [IpuBoimkckoit u byryasmuH-
cKo-benebdeeBckoii Bo3BbIlIeHHOCTEH (puc. 1).

ITpuBoKCKast BO3BBILLIEHHOCTh 3aXOUT Ha JaH-
HYIO TEPPUTOPHUIO CBOCH CEBEPO-BOCTOYHOM YaCTHIO;
HaMOOJIBIITE BBICOTHI TTPUYPOYEHBI K BOCTOKY BO3-
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BBIIIIEHHOCTH. BomopasnenpHble TTpOCTpaHCTBA TIpEe-
CTaBJISIIOT COOOM TIJIOCKO-BBIIMTYKJIbIE XOJIMUCTbIE MO~
BEepPXHOCTU. THBEpCUOHHBIN XapakTep 0Opa3oBaHUs
IIpuBOIKCKOI BO3BBIIIEHHOCTH YETKO ITPOCIEKU-
BaeTCs IO OCOOEHHOCTSIM 3aJIeraHUsI Me3030MCKUX U
aJIeOreHOBBIX OTJIOXKEHUI: HauboJiee BHICOKUE OT-
METKHU TTPUYPOUYEHBI K 00J1aCTH HanOOIBIIETO OIyC-
KaHUSI yKa3aHHBIX OTJoXeHuii. dparMeHThl IIaTO
BCTPEYaAIOTCS TaKXKe B FOXKHOI 4aCTU BO3BBIILIEHHO-
CTU, COBMAaas ¢ 00JacTblO paCOIpOCTpaHEHUS OTJIO-
KEHUH MajieoreHa.

Yepto! penbeda ByrynsMmuHcko-beedeeBckoit Bo3-
BBILLIEHHOCTH B LIeJIOM cXOfHbI ¢ [TpuBoOJIKCKOI BO3-
BBIIIIEHHOCTHIO. JIJTI1 3TOM BO3BEHIIIIEHHOCTH XapaKTep-
HbI OoJIee TOJIOTHE MPUBOAOPA3ICIbHbBIC TIOBEPXHOCTU
U 6oJiee BICOKME abc. oTMeTKH (o 380 m).

BO3PACTHBLIE PYBEXM ®OPMHUPOBAHUA
ITOBEPXHOCTH BEPXHETO ITJIATO

Kak ykasbiBasioch Bbillle, BepxHee 1uiato B Cpe-
HeM [ToBoJKbe (pparMeHTapHO COXPAHUIIOCH JIMIIb B
npenenax IpuBommkckoil u byrynemuHcko-benede-
€BCKOI BO3BbIllIEHHOCTEN. JlaHHbIE MO TEKTOHUKE
peruoHa CBUIETEILCTBYIOT O TOM, YTO 0Opa3oBaHUe
ITpuBOKCKOI BO3BBILLIEHHOCTU Ha MEeCTe YIbSIHOB-
cko-CapaTOBCKOTO TEKTOHMYECKOTO TMporuda mpo-
MCXOIMJIO B KOHIIE TTajieoreHa M B CaMOM HavaJie Heo-
reHa (MopdocTpykTypa 1 MOP(DOCKYIBIITYpA ..., 1986).
Byrynemuncko-benedeeBckast BO3BBHIIIIEHHOCTh CHOp-
MHpOBajlach Ha MECTe YHacJIeMOBAaHHBIX Majie030ii-
CKUX M ME3030MCKUX CTPYKTYp, SBISISICH TPSIMbIM
OTpaXXeHUEM KYyMNoJbHOHN cTpykTyphl FOxHO-TaTap-
CKOTO CBOJa — TIOJIOXUTEIBHOU TEKTOHUYECKOM
CTPYKTYpBI IepBOTo nopsiaka Boaro-Ypanabckoil aH-
TEeKJIU3BI.

JeHynanumoHHasi TIOBEPXHOCTb ILIaTO Cpe3aeT
pa3IUYHbIE TI0 BO3PACTY OTJIOXEHMUS: B IIpeesax ce-
Bepo-BocToKa U BocTtoka CpemHero IToBoOKbs —
BepxHenepMmckue (byryapmuHcko-benedeeBckas
BO3BBIILIEHHOCTh), Ha I0T€ 1 I0ro-3amnaje — Iajaeore-
HoBble (I[IpuBoKCKask BO3BBIIIEHHOCTH) (puc. 1).
CaMbIe MOJIOIBbIE OTIOKEHMSI, ClIaralollne B HACTOSI-
1ee BpeMsl IMMOBEPXHOCTh IUIATO B IOT0O-3aramaHoil 1
IOXKHOI YacTsxX uccienyeMoii TeppuTOpruu, — OTJIO-
KEHUS ChI3PAHCKOTO M KAMBIIIIMHCKOTO TOPU30HTOB
BEPXHETO IajieoleHa, a TAKKe HIDKHEI 4acTu 2011eHa
(KaTMHUHCKasT cBUTa (MPOJEUCKUI TOPU3OHT?)).
DdopMupoBaHUe 3TUX OTIOXKEHUI CBI3aHO C TPaHC-
rpeccueil OKpauHHBIX MOPEM, pa3BUTHIX B TO BpEMSI B
npenenax 10ro-Boctoka Pycckoii paBHUHBI. 3HA4YM-
TeJIbHasl YaCTh TEPPUTOPHUHU ObLIa 3aHSTa TOIIa MOP-
CKMMM aKBaTOPUSIMU, a Ha CYIIle ITpou3pacTajia Tpo-
nuyeckass M CyOTpoIMYecKash pacTUTEIILHOCTb M3
MHOTOJIETHE3€JICHBIX 1 3K€CTKOJIUCTHBIX PACTEHUIA —
MaroOpOTHUKM, TaJbMbl, JIaBPOBbIE U MUPTOBBIE.
DTO CBUACTEILCTBYET O TOM, YTO B paHHEM I1ajieore-
HEe B IIpelesiaX MCCIeayeMOil TEppUTOPUU TOCIIOM-
CTBOBAJI TEIJIbIIA M TYMUIOHBINA KauMat (OpelnKkuHa,
Ne 3
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Puc. 1. PacipoctpaHeHue BEpXHETo IJ1aTo Ha BocToKe Pycckoii paBHUHBI (2), cortacHo A.I1. JenxkoBy (1993) ¢ usMeHeHUsIMU.
1 — BepxHee 1aTO; 2 — rophl; 3 — Ky3CTOBBIE YCTYNHI; 4 — HaIlpaBJIeHUE NaaeHUsI IJIACTOB; 5 — JMHUU HAaUOOJIbIINX BHICOT
TIOBEPXHOCTU BEPXHETO TUIATO (M); 6 — CXeMAaTUYHBIN Teoioro-reoMmopdonorndeckuii mpoduiib (0) (MHIEKCH YKa3bIBAIOT Te0-
JIOTMYECKUiT BO3pacT MOPO; MyHKTUPHAS JIMHUSI — PEKOHCTPYHPOBAHHbIM YPOBEHb MOBEPXHOCTU BEPXHETO I1J1aTO).

Fig. 1. The upper plateau in the east of the Russian Plain (a), according to A.P. Dedkov (1993) with changes. / — the upper pla-
teau; 2 — mountains; 3 — cuesta escarps; 4 — dip direction of geological layers; 5 — lines of the greatest elevations of the surface
of the upper plateau (m); 6 — schematic geological-geomorphological profile (b) (indices indicate the geological age of rocks;
dashed line is the reconstructed surface level of the upper plateau).

Anekcanaposa, 2017), He cITOCOOCTBOBAaBIIMI SN -
MaHaluy peabeda.

ITo3nHee 3TOro BOo3pacTHOTro pydexka TeppuTopust
HbelHelnHero CpenHero IToBomXbs ObIIa yxKe o0Jia-
CTBIO Ipeo0IagaHsI MPolieCcCoB neHynannun. PekoH-
CTPYKLIMSI pa3BUTHUS TESPPUTOPUM Oojiee MO3IHETO
nepruoIa orpaHUdYeHa IepepbiBaMi B OCAJKOHAKOII-
JIEHUH, a TAaK3Ke OTCYTCTBUEM KOPPEJISITHBIX OTJIOXKE-
Huii. OgHaKo HaHHBIE 10 NPUICTAIOIIMM TEPPUTO-
PUSIM TIO3BOJISIIOT MPOCIEANTh TEHACHIINIO U3MEHE-
HUSI MHOTHUX TIPOIIECCOB B MajicOTeHe U HEeOreHe M,
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KakK CcIIeACTBUE, 0003HAYUTh HauboJiee BEpPOSITHHIE
BpEMEHHBIE pyOexkn (OPMHUPOBAHUS MOBEPXHOCTU
BepxHero miato B CpenHem [ToBoirkbe.

Cocennee Huxnee I1oBOKbE B ITajleOreHe — 3TO
0o01acTh pa3BUTUSI MOPCKMX akBaTopuii. CpemHue
TeMIepaTyphl BOJI PAHHE30LIEHOBBIX MOPE, HA OCHOBE
OLIEHKM TeMIepaTypHOro Auana3oHa (payHUCTUIECKIX
KOMITJIEKCOB Y U30TOITHBIX METOIOB, COCTABISIIIA OKO-
J10 30°C, cpemHesoneHoBbIX — 26—28°C. Ha otnenb-
HBIX Y4aCTKaX CYILH TOIIa Ipou3pacTaia MHOTOJIETHE -
3esieHast pacTUTeIbHOCTh. K KOHILy 30lieHa oTMedaeT-

Ne 3 2023
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cd SIBHOE ITOXOJIOJAHUE, IIPONOJIKMBIINEECS U B
OJIUTOLIEHE, YTO (PUKCUPYETCS CHUKEHUEM CpeIHei
TeMITepaTyphbl BOALI B aKBaTOPUSIX U CMEHOM (piaopu-
CTMYECKOIO cOocTaBa Ha Me30(UJIbHBIC BHUIbLI yMe-
peHHo-Terioro kiumara (M3amMeHeHue Kiumara ...,

1999).

OTJIOXeHUsI MUOLIeHa IIMPOKO TpeAcTaBiIeHbl B
npeneinax Boaro-/lonckoro m Bosro-Xomnepckoro
Mmexnaypeuuii. K paHHemMy MMOLIEHY B Mpenenax
Hwxnero IMoBomxbsa (EpreHu) oTHeceHa BEpXHSIS
4acTh MAMKOIICKOK cepuM (Tadm. 1). DTo KOMILIEKC
MOPCKHUX OTJIOXEHU, chOpMUPOBABIIMXCS B TIEpU-
Ol TPAHCTPECCUU MOPE, HauaBIlIeics ellle B OJIUTO-
eHe. CHopo-TIbUIbLIEBbIE KOMIUJIEKCHI PaHHETO
MUOIIEHA CBUIETENLCTBYIOT O TOCIOJACTBE Ha 3TOM
TEPPUTOPUU B 3TO BpeMsI Me30(DUIbHOMN PaCTUTEIb-
HOCTHU C OOraThbIM BUIOBBIM COCTaBOM, XapaKTepHO
JUTS. TETJIOTO Y IOCTATOYHO BJIAXKHOTO KJMuMara cyo-
TpOINUKOB. M3 XBOWHBIX Ipeodiianaad ceMeicTBa
Taxodiaceae n Pinaceae, 13 IIMPOKOJMCTBEHHBIX —
m1aBHBIM obpa3om Fagaceae, Juglandaceae, Myrica-
ceae; 3HaUYUTENIbHOM OblJ1a J0JsI U MHOTOJIETHE3e e~
HBIX TIpencraButelieili (?KumoBMHOB, 3acTpOXHOB,
2017).

PexoHCTPYKIIMM pacTUTEIHLHOTO TTOKPOBA B TIpe-
nenax Bonro-Xornepckoro Mexaypeubsl yKa3blBaloOT
Ha TO, YTO KJIMMAaT Ha pyOexe paHHEToO U CpeaHeTo
MMOIIeHAa CTAaHOBUTCS Ooiiee mpoxiamHbiM. Cokpa-
11aeTcsl BUA0BOE pa3HOOOpa3rie MHOTOJIETHE3EIEHBIX
CcyOTpOImMYeCcKNX BUIOB. B cpemHeM MuorneHe (SIi-
KyJIbCKasi U OJBXOBCKasl CEPUM) TOCIOICTBYIOIICH
CTAaHOBUTCSI XBOMHO-IIIMPOKOJUCTBEHHAsI JeCHasl
pPacTUTEILHOCTH C TIpeobiagaHeM ceMmeiicTBa Pinus
(3acTpoxHos, 2009).

Ha mpoTsckeHMM cpemHero MUOIEHA IUTOIIAIb
MOPCKMX aKBaTOPHI1 B ITpeiesiax Ior0-BocToKa Pycckoit
paBHUHBI cOKpalajgach. TeppUTopusi COBPEMEHHOTO
Bouro-Z1oHCKOTro MeXaypeubsi pacWwICHSIACh BPE3ato-
IIAMUCS PEYHBIMU [TOJIMHAMU PaHHEMHOILIEHOBOTO
(6auypoBCKUIi TOPU3OHT, BapeKHUKOBCKasl CBUTA) U
CPEeTHEMHUOIICHOBOTO (SIIIKYJIbCKAsI, OJTbXOBCKasl Ce-
pun) naneo-Hona (Mocudosa u ap., 2004; 3acTpox-
HOB, 2009). YepenoBaHue aJUTIOBUAIbLHBIX 1 AJJTIOBU -
aJTbHO-MOPCKUX OTJIOXEHWI B pa3pe3ax MUOICHO-
BOoit monuHBI maneo-JoHa CBUIOETETLCTBYET O
HEOTHOKpPATHBIX TpaHcrpeccusx Bocrounoro IMapa-
TeTrca. PeKoHCTpyKiust OeperoBbix JuHUi BocTou-
Horo [lapareruca B cpeqHeM MUOILIEHE B PETUOHE XO-
POIIIO MPOCAEKUBAETCS 110 OTIOXKEHUSIM PErMoHalb-
HBIX MOIpa3ie/IeHUii — JOKpPBI, KaparaHa M KOHKH
(ITomoB u ap., 2010).

IMonoxeHre MOPCKUX OTJIOXEHUIT B IIpenesax
EpreHeii ykaspiBaeT Ha TO, YTO C KOHIIA CPEIHErO
MuoleHa Tepputopusi HrxxHero [1oBoIKbsT pa3Bu-
BaeTCs B KOHTHMHEHTAJbHOM pexume. [Ipu sToM
oOpa3oBasiiasics B npeaeiax Boaro-JoHckoro Mmex-
Jypeubsl akKKyMYJIsSTUBHAsi paBHUWHA WCIBITHIBAJIA
nonusatue (bpwutes, Hemosa, 2015). Haubomnee Tek-
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TOoHNYeCKM cTabuiabHbIM B Hizkaem IloBokbe ObI-
JIU KOHEIl CpelHero M Hayajo MO3JHEro MHOlleHa.
B npenenax Ilpukacnuiickoii HU3MEHHOCTU B 3TO
BpeMsI GopMHUpPOBajach OOLIMPHAsE MOpPCKasi paBHU-
Ha. C KoHI1Ia cpenHero MuolieHa Kacrnuii ctaHOBUTCS
BHyTpeHHUM BogoeMoMm (IToros u ap., 2010) u, Kak
CJIe[ICTBUE, TEPPUTOPUS COBPEeMEHHOIro I1oBOJIKbBS
pa3BUBaeTCs KaK 000COOJICHHBINA PETUOH.

C KOHIIa CpeIHero M Hayaja Mo3IHero MuolieHa
HapacTaeT KJmMaTtudeckKuii ontumyMm. HoBble maH-
HbIe 10 TeppuTopun OKCKO-JIOHCKOIO MeXIypeUubs
CBUIETEJIBbCTBYIOT O Jerpagalluu Me30(pUJIbHO cy0-
TPOITMYECKON IIMPOKOJMCTBEHHOM JIECHOM (hJIOPHI
TYpPraicKoro TUIa B KOHIIE CpeIHEeTO MUOLICHA 1 pa3-
BUTHUM Ha JAHHOI TEPPUTOPUU TPABSIHUCTBIX COO0-
mectB (Imyns, 2011). PekoHCTpyKuMs KJIMMAaTO-
JJaHAIAa(THRIX YCIOBUII Ha IOro-BOCTOKe Pycckoit
paBHMHBI, nipeAcTaBieHHass H.f. XKyinoBMHOBBIM U
E.A. AxnecruHoit (M3meHeHUe Kimmara ..., 1999),
MO3BOJISIET TIPOCIEIUTh U3MEHEHHNE DTUX YCIOBUIA OT
capMmara K MeoTtucy. Ha pyoezke cpeqHero u ro3mHero
capMara IIpOMCXOIUT CMEHA JIECHBIX aCCOLMalii Ha
JlecocTenHble. B MeoTnce rocnoacTBYyIOIIMMU CTa-
HOBSITCS CTEITHbIC JJaHAIAMTHI. TOYHBIE TaTUPOBKU
capMara CJIOXKHBI B CBSI3M C T€M, YTO He IO KOHIIA
MpPOSICHEH “00beM” capMaTa B peTMOHaTBHOI IITKaie
tora Poccuu. YcioxHsieT nmpoBeaeHUe MajeoKIruMma-
TUYECKUX W JIAaHAIA(THBIX PEKOHCTPYKIIUI TaKKe
OTCYTCTBHE TOYHO IaTUPYEMBIX OTJIOXEHUI pyOexka
cpeaHero u rnosaHero muolieHa [ToBoKbs 1 mpujie-
ralolInuX TEPPUTOPHUIA.

YcraHoBUBILIMECS KJIMMaTUYeCKUe yClIoBUsl OJa-
TOTNIPUSITCTBOBAJIM TpolieccaM AeHyAaaiuu. CHoc Ma-
Tepuasa, BEpOsITHEE BCETO, OCYIIECTBIISICS B IOJIUHY
JoHa u ero mputokoB. Ha HuxxHeM [loHe B 3TOT me-
puon (hopMupyeTcs aJTIoBUalIbHAS SHOBCKAsl CBUTA,
B mnpenenax EpreHeii — KOHTUHEHTaJbHasi OypyK-
mryHckas Tomma (ta6a. 1) (Hesecckas u op., 2005).

Ha Boctoke Pycckoit paBaunbl (B Ilpuypanbe) u
Ha Ypajie paHHUII U CpeaHU MUOLIEH OBLIA TEKTO-
HUYECKU CTaOWIbHBIMU. KpoMe MaHHBIX IO TEKTO-
HUKE perMoHa, Ha 3TO YKa3bIBaeT, IIPeXKIe BCETo, -
Tonorndeckuit cnekrtp oriaoxeHuit (ITyukos, 2010).
B HOxHowm Ilpenypanbe K HUSKHEMY MUOLIEHY OTHO-
CST KOHTMHEHTAIbHBIE OTJIOXEHUST — TIOJIbIaHCKYIO,
KYIOPTra3snHCKYI0, BOPOIIMJIOBCKYIO CBUTHI. CHopo-
MbUIbLIEBBIE CIIEKTPBI TIOJbFaHCKOM CBUTHI CBUIC-
TEJILCTBYIOT O Pa3BUTHUU B 3TOT IEPHO TypraiicKoii
IIMPOKOJIUCTBEHHO-JIUCTOIATHON (hJIOPHI C IIprUMe-
ChblI0O MHOTOJIETHE3eJIeHbIX pacTeHuii (Tabia. 1). Pac-
TUTEJILHOCTh TYPraiicKoro THUIIa, IIpOMU3pacTaBIIasi B
npenenax fOxunoro Ilpenypaibs, BCIEACTBUE MTOXO-
JIOMAHUS OCTENIEHHO TpaHC(OpMHUPOBaIach;, ec BU-
JIOBOIT cocTaB coKpalaucsa. B KoHlie cpemHero Muo-
IIeHa M Hayajie Io3mHero (yIIKaTJIMHCKAas CBUTA)
peo61agaoniMy B BUOJOBOM COCTaBE CTAHOBSITCS
XBOIHBIE (IIperMYIIeCTBeHHO Pinus) m mcToman-
Hble (Salix sp., Betula sp.) c Bo3pacTaHUEM JOJIU Tpa-
Ne 3
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BSTHUCTBIX BUIOB. OCOOEHHOCTHIO BEPXHETO MUOLIC-
Ha ABJIACTCA BBIACJICHUE B CIIEKTpax BBICOKOM H0JIU
TpanIHI/ICTOﬁ PaCTUTEIbHOCTHU, YTO MOXKET OBITH CBSI-
3aHO HE TOJIbKO C ITOXOJIOAAHUEM, HO 1 apH}IHSaHHCﬁ
KJImMarta B 9TOT II€PUOI.

CoBpeMeHHasl MOBEPXHOCTh BBICOKOTO ILIATO B
MUOILIEHe ObLla TOCITOJACTBYIOIIUM 3JIEMEHTOM pe-
meeda Cpennero IToBomxbs. [TpuBommkcekas n Byryiib-
MUHCKO-beiebeeBcKasi BO3BBIILIEHHOCTU 00pa30BbI-
BaJii €IUHbIN Bomopasnaes. Ha ocHOBe peKOHCTPYK-
IIMM OIIOJI3BHEBBIX Tel B TUIMOLIEHOBBIX JOJIMHAX,
A.II. lenkoBbiM (1970) ycTaHOBJIEHO, UTO BBICOTA
BOJIOpa3esioB B ceBepHOIi yactu [TprBoIKCKOI BO3-
BBILLIEHHOCTU B MUOLIEHE TIPeBblilIajia COBPEMEHHYIO
He MmeHee yeM Ha 100 m. I.I1. byrakosbeim 1 A.I1. Hen-
koBbIM (1971), Ha OCHOBEe MaTeMaTU4YEeCKOro Moje-
JIMPOBaHUSl TIPOJOJbHBIX MNpoduieid moariiepoH-
CKUX TaJleopek, TOo JaHHBIM pacyeToB IJIMH pek, a
TakXe IO CTeNMeHW OKAaTaHHOCTW TpaBUHHO-Tajleu-
HBIX OTJIOXXKEHUM, OlpejaeseHa BbICOTa MajlleoBOJO-
pasznena B paiioHe coBpemeHHoro r. Tetiommu (Pec-
nyosmka TatapcraH) Ha otMeTKe okKoJio 370 M. Ypo-
BEHb 3TOH TMOBEPXHOCTU HE Be3/e ObLI ONMHAKOB,
MpuyeM HauOOJIbIIIME BBICOTHI, KaK M B HaCTOsIIIee
BpeMsi, ObLIU MPUYPOUYEHbI K I0TO-BOCTOKY TEPPUTO-
puu. Eciiu Ha 3amaje BbICOThI TOBEPXHOCTU COCTaB-
s 300—350 M, To Ha BocToke — 360—380 (?) M.
IIpu 3TOM, CKOpee Bcero, MpoOCTpaHCTBa, MPUYPO-
YeHHbIEe K MporudamM ocagoyHoro yexjaa, uMeau 0o-
Jiee HU3KHUE BBICOTHI TOBEPXHOCTH.

HoBriil 3Tan anpnuiickoro oporeHe3a Ha Ypaie
HayaJsics B mo3aHeM muoleHe. [TonHsaTre Ypaibcko-
ro OPOreHHOro Irosica U ¢ HUM BocToKa Pycckoii
m1aTopMbl TIPUBENIO K aKTUBU3ALUU PA3TUYHBIX
TEeKTOHUYECKUX CTPYKTYP Takxke B mpeaenax CpenHe-
ro [ToBomxbs. Bocxoasiiue NBUXXeHUS UCTIBITIBAIN
Cesepnblii 1 FOxHBII Tatapckue cBoabl (BoiiToBuy,
2003). IMpoucxoauia aKTUBU3ALMS IPEBHUX TEKTO-
HUYECKHX pPa3jiOMOB U MPOTMOOB, OKOHYATEIbHO
c(OpMUPOBATIUCH OTPULIATEIBHBIE CTPYKTYPHl —
Menekecckas BraaMHa U 3aBOJDKCKUI TTPOTUO, YTO
ChIrpaeT 3HAYUTEJIBHYIO POJIb B 3aJI0KEHUU Oyayleit
OOILIIMpPHOIi TUApPOCEeTH pernoHa. B To e BpeMst OT-
pulaTeNbHbIE IBUXKEHUS UCTIBITAIM 0oJiee I0XKHbIe
TEPPUTOPUN — MPOUCXOAWJIO TIorpyxeHue Kacnmii-
ckoit cunexknussbl (Kacnuiickoe mope ..., 1987).

Knumataeckne U3MeHEHUSI B TTO3THEM MUOIIe-
He, CBSI3aHHBIC C pe3Koil apmmm3allneil KiImMmara,
npousoieninre B Cpenn3eMHOMOpPbe (TaK Ha3bIBae-
MBI MECCUHCKMI Kpu3uc, 6.0—5.3 MJTH. J1. H.), nMe-
JIM CBOe oTpakeHue u B YepHoMopcKo-KacmmiickoM
pernoHe. Kacnuiickoe Mope CyIlecTBOBaJIO TOTAA B
BUJIC M30JIMPOBAHHBIX BOTOEMOB, U TTyOOKOBOTHBIM
pexuM coxpaHsuica nuinb B HOxHO-Kacnmiickoit
BIAJWHE: YPOBEHB €T0 OITyCKAJICS IO OTPULIATEIbHBIX
otMmeToK —500—700 M (2KunoBuHoB, Kypiaes, 1971).
HaxoxmeHre HeOoTeHOBOM majeomoauHbl Boirm Ha
OJIM3KUX OTMETKAX CBUIETEIIbCTBYET O €€ 3AI0KEHUM
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B IIepuof pe3Koro naaeHus ypoBHsa Kacrmus (Kuno-
BuHOB, Kypnaes, 1971).

B npenenax CpegHero IToBoKbsI, HAIIPOTUB, TTO-
XOJIONAHUE U TYMUAN3AINS KJIMMaTa CIIoCOOCTBOBA-
JI YCTAaHOBJICHWIO B ITO3JHEM MUOIIEHE M pPaHHEM
TUIMOLIEHE YMEPEHHO TEIJIbIX M BJIAXKHBIX KJIMMaTH-
yeckux ycimouit (F'opeuxkwmii, 1964; Ananosa, 1971;
Bnynoposa, Hukomnaesa, 1986; JlunkuHa, Iletposa,
2015). Bo3pacratoiiue repernanbl BEICOT U, KaK CJIe/I-
CTBUE, TTaJicHUe Oa3uca 3po3uu (IeHyJalnn), a TaK-
Ke 3HaUUTeIbHOE YBIaxKHeHue Tepputopun CpenHe-
ro IToBoKbsI CITOCOOCTBOBaJIM MHTEHCUBHOM ITy-
OMHHOI 3pO3MM WM Pa3BUTHUIO IITyOOKOBpE3aHHBIX
peuHBIX monuH naieo-Kambl 1 maneo-Bonrn u mx
nputokoB (Iopeukwnii, 1964). PekoHCTpyKLIMs ped-
HoIi ceTn najieo- Kamel u maneo-Bonru, aHanus cno-
pPO-IBUIBLIEBBIX W ITAJIEOMATHUTHBIX JAHHBIX OIMOP-
HBIX cKBaxXXUH ceBepa CpenHero IToBoJKbS TTO3BOJIS -
IOT TOBOPUTH O TOM, YTO 3aJI0KEHUE JTOJIMHHOM CeTU
najeo-Kamsl 1 nasieo-Boirn nmpousonio Ha pyoeske
MeoTtuca-moHTa(?) wiu B Havyaie noHTa (JIMHKuHAa,
IletpoBa, 2015). DTOT BOIpOC TpedyeT YTOUHEHMUSI.
HaxoxneHue IIeIIMUHCKOIO aJUTIOBUSI B TOJMHAX
pek benoii, Kampl, Boaru 1 nx kak KpynHbIx (CBusI-
ra, lllemma, 3ait, UIK), TaKk 1 MeHee KPYITHBIX IIPUTO-
KOB CBUIETEIBCTBYET O TOM, UTO OCHOBa PUCYHKA
ruapocetu CpenHero IToBoikbst cpopMupoBanach B
MMOHTUYECKOE BpeMsi. Bo3pacTHas nmatupoBKa OTJIO-
KEeHUI JOIUHBI Tajeo-Boaru n nameo-Kamel B mipe-
nenax CpemnHero IToBomkbsl ObIJIa OCyllleCcTBIIEHA Ha
OCHOBE JaHHBIX BOCbMH OMOPHBIX CKBaXXUH CpeHe-
Bomxckoit cepuu nmucroB (JIuakuna, [1etposa, 2015).

BpesaHue pek, yriyoieHue 1 paclliupeHue 10JIuH
naneo-Boinrn 1 mmaneo-KamMpl 1 MX TIPUTOKOB COMPO-
BOXIAUCh (pparMEeHTUPOBaHUEM paHee ChOPMUPO-
BaHHOI TOBEPXHOCTU HBIHEIIHET0 BEPXHEro IuiaTo
(enkoB, 1993). MakcumajibHas ITyOMHA Bpe3aHUS
noniHbl tasieo-Bonru B CpenHem TToBommkbe 3aduk-
cupoBaHa Ha otMeTKe —201.4 M (y c. YyBaiickoe byp-
HaeBo, Pecniybnmka Tarapcran), B Huskraem IToBom-
Xbe — Ha otMeTKe —470 M (y c. CojieHoe 3aiimullie,
AcTpaxaHckasg o6OnacTtb). TakmMm oOpa3om, oOIIue
nepenanabl BbicOT B IloBoskbe MOINIM OOCTUTATh
500—800 M (ITetpoBa, 2008).

Ha mporsckeHHMM TuimolieHa TIPOMCXOAWIO pa3py-
IIIEHE TIOBEPXHOCTH BEPXHETO I1J1aTO (ero (hparMeHTH -
3alMsI M COKpallleHWe TUIOLIAAN), O YeM CBUIETEIb-
CTBYET HaXOXIEHHE B OITOJI3HEBBIX TeJIax IaJIcOdOJIMH
peK, pacwieHsIoIX [1pUBOIKCKYIO BO3BBIIIIEHHOCTD,
¢dparMeHTOB Mopoz MmajeoreHa. Mbl He UCKITIOYaeM,
4yTO U cna6o OKaTaHHbI€ U HEOKaTaHHbIE MECTHBIC
MaTepHabl, BCTpedaeMble Ha TIOBEPXHOCTU HUXKHETO
IUIaTO, — BTO CHOPOCHUPOBAHHBIE HA €ro ITOBEpPX-
HOCTBb 00JIOMKM IMOPO]I, CJIaraBILINX KOIIa-To pejbed
BEPXHETO IIaTO. DTOT BOMPOC TpeOyeT JabHEeNIIero
U3ydeHUSs.

OO6Opa3oBaHUE ITOBEPXHOCTH HIKHETO IUIATO B
npeaenax UCCIeayeMo TEppUTOPUN TIPOUCXOIUIIO B
Ne 3
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YCIIOBUSIX, OJIU3KUX K YCIIOBUSIM Pa3BUTHS BEPXHETO
11ato. ITocjie OKOHYaHUS aKYarblJIbCKOM TpaHCTpec-
CUH B IIpeeliax MajaeoqorH 1 IIPUJIETAIOIINX K HUM
IIPOCTPAHCTB (OPMHUPOBAINUCH AKKYMYJISITUBHEIC
paBHUHEI ¢ BeIcOTaMU OKoJ1o 140—160 M. TakuMm 00-
pa3oM, B paHHeM IuIeiicTolieHe B peiabede CpegHero
IToBoJKbS BEIACISUINCH BOIOPa3AeIbHbBIE IIPOCTPAH-
CTBa, IIPUYPOYCHHBIE K BEPXHEMY ILIaTO, U aKKyMYy-
JIITUBHEIC HU3MEHHOCTU. B s0111eiicTolieHe, B CBSI3U
¢ moHKeHrueM ypoBHs Kacnmiickoro 6acceitHa, Ha-
yaJIcsl HOBBIM 3Tall pa3BUTHUS PEYHOI ceTU (JIauIleB-
cKasl U a3uHCKas CBUTHI). KiimMaT cTaHOBUTCS ele
Oonee 3acynummBbeIM. JlecoctermHble gaHmmadThI
CMEHSIOTCSI CTeNHbIMU. B mo3gHeM soI1uieiicToleHe
B npenenax CpegHero IToBoKbs1 00pa3yeTcsl HOBBII
YPOBeHb pelibedha — HIDKHEe I1aTo, (hopMrupoOBaHUE
KOTOPOTIO IPOUCXOIUIO MyTEM TIeIMMEHTAlIMU B 3a-
CYLIJIMBOM KJIMMaTe TOTo BpeMeHu. O0 3TOM CBUIE-
TEJILCTBYIOT IEIIOBUAJIbHO-IIPOIIOBUAIBHBIE OTJIO-
KeHUs1, cQOpMUPOBaHHBIE TIeped YCTYIIOM HUXXHETO
1aTo. JJaTMpoBKY IIaUMypP3UMHCKOM CBUTHI HA OCHO-
B€ IMAJICOMAarHUTHBIX MTAaHHBIX YKa3bIBAIOT BpeM:I
OKOHYaHMSI 00pa30oBaHMsI HMXKHEIro IJIaTO — pyoex
IO3IHETO D0IUIeMiCTOlIeHAa U HeoreicroueHa (Jen-
KoB, Mo3zxepuH, 2003). OnHOBpeMeHHO ¢ 00pa3oBa-
HUEM HIXKHEN ITOBEpXHOCTU (DOPMUPOBAJICS U YCTYIT
K BbILIEJIeXalleid 1 0ojiee ApeBHEN NeHYTallMOHHOMN
MMOBEPXHOCTU BEIpaBHUBAHMUSI, IIPUBEIS K 000C00Ie-
HUIO B peiabede peruoHa Toil ero OpMbl, YTO MBI
HbIHE Ha3bIBaeM “BepxHee MnjaaTo”. YcioBusi oo6pa3o-
BaHMs TOBEPXHOCTU HIKHETO TIATO MMEJIM HEKOTO-
poe CXOACTBO C TEMU YCIOBUSIMU, KOTOPBIC ObLIN Xa-
pakTepHHI i1 KOHLIA CPEAHETr0o M Hadajla IO3THEro
MUOIIEHA: OKOHYAaHME MOPCKMX TpPaHCTpeCcCUii, 3a-
BepIlIeHUE aKKyMYJISITUBHOTO LIMKJA B IaJeOI0JIU-
Hax YW MOCIENYyIOLINA HOBBIM 3PO3UOHHBIA LMK C
pa3BUTHEM HOBOII peuHoii cetu. Ilpu aTOM IIpocie-
KUBajlach apyuIn3alus KJIiMMaTa B 3TI0XU (POPMUPO-
BaHMS IBYX IUIaTOOOpa3HBIX YpOBHEM peabeda pe-
rMoHa.

SAKJIIOYEHHME

Bce BhILIIEN3IIOKEHHOE TTO3BOJISIET TPEAMNOJIOKUTD,
YTO TIOBEPXHOCTb BepxHero 1aro B CpenHem Ilo-
BOJIXbe 00pa3oBajiach ¢ pydoeska CpeagHero v mo3aHe-
ro MuolieHa (capMat?) 1o cepeauHbl MeoTrca (Mo3/-
HUi1 MUOLIeH). DTO BpeMsl coueTaHusl HarboJiee Oa-
TOTNPUSITHBIX YCIOBUM OOIIUPHOrO AEHYIALIMOHHOTO
BBITIOJIAXKUBAHUS pebeda B peTMOHE — OTHOCUTEIb-
Hasl TeKTOHMYECKasi CTaOWJIBHOCTb W apuUAM3alivs
knuMmara. B panbHeiileM mis yToUHeHUsI BpeMEeHU U
cpeabl 00pa3oBaHUSI TTOBEPXHOCTU BEPXHETO ILIATO B
Cpentem IloBoimkbe HEOOXOOUMEI OoJjiee AeTalbHbIC
re0JIOTMYECKUe UCCIIEAOBAHUST OTJIOKEHUI CPEIHEro U
MO3IHETO MUOLIEHA MOrPaHUYHBIX 00JIACTEl, YTO 103~
BOJIUT MPOBECTU O0Jiee MHPOPMATUBHBIE PEKOHCTPYK-
LMY KIIMMAaTUYECKUX 1 TaHOIa(GTHBIX YCIIOBUI TOTO
BpPEMEHMU.
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BJIIATOJAPHOCTHA

PaGora BhlmosHeHa 3a CUeT CPelCcTB CyOCUIMM, BblIE-
JICHHOM B paMKaX rocylapCTBeHHOM Tomuepxku KazaH-
ckoro (IIpmBomkckoro) demepaabHOro yYHHUBEPCUTETA B
1LIeJISIX TIOBBIIIEHUST €r0 KOHKYPEHTOCTIOCOOHOCTU Cpenu
BEIYIIUX MUPOBBIX HAYYHO-00pa30BaTEIbHbIX LIEHTPOB.
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ON THE ISSUE OF THE AGE OF THE UPPER PLATEAU SURFACE
OF THE MIDDLE VOLGA REGION (EUROPEAN RUSSIA)!
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The Middle Volga region is an area of layer-tiered and stepped uplands, in which the upper plateau is the most
ancient surviving (among the known) element of the relief of this region of the East European Plain. The pla-
teau is located within the highest interfluves at the prevailing elevations of 280—380 m, representing the upper
level of the relief. Most researchers support the denudation (pediplanation) nature of its origin. The age of
formation of the plateau surface is still a matter of debate. In this paper, based on literature sources, the au-
thor’s ideas about the development of the Neogene valleys of the paleo-Volga and its tributaries, an analysis
of changes in the geomorphological, paleoclimatic and paleolandscape conditions of the Middle Volga region
and neighboring regions was presented. It is concluded that the most optimal time for the pediplanation of
the region’s relief and, consequently, the formation of the surface of the upper plateau was the time period
between the time boundary of the Middle and Late Miocene (Sarmatian?) and the middle of the Maeotis

v For citation: Petrova E.V., Gusarov A.V. (2023). On the issue of the age of the upper plateau surface of the Middle Volga region (Euro-
pean Russia). Geomorfologiya i Paleogeografiya. Vol. 54. No. 3. P. 39—48 (in Russian). https://doi.org/10.31857/S2949178923030076;

https://elibrary.ru/WDHMVR

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

TOM 54  Ne 3 2023



K BOITPOCY O BO3PACTE ITOBEPXHOCTH BEPXHETO ITJIATO 47

(Late Miocene), which was distinguished by relative tectonic stability and general increase of climate

aridization.

Keywords: planation surface, denudation, pediplanation, climate aridization, Miocene, paleovalley, Volga

River, East European Plain
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B cratbe mpencraBieHbl pe3ysbTaThl U3ydeHUsI YeThipex pa3pe3oB B HikHem IloBoikbe, comepxkalimx
MHOTOUYMCJIEHHBIE CJIeIbl KPHOTeHe3a B ITO3MHEIUICCTOIICHOBBIX CyOa3pabHEIX OTIOKEHMSIX, IIPEACTaB-
JIEHHbIE TOHKVMMMU BEPTUKAJIbHBIMU KJIMHbSIMU B JIECCAX U ITOYBAX, MHBOJIOLIMSIMUA U KIIMHBbSIMU B QJLTIOBU -
albHBIX OTJIOXeHMsIX. C IeIbI0 YCTAaHOBJICHUS 3TAIIOB pa3BUTUSI KPHUOTeHe3a 1 IPaHUIl pacIpOCTpaHEeHUS
KPUOJUTO30HbBI HAa TEPPUTOPUU I0ro-BocToKa BoctouHo-EBporneiickoii paBHUHBI aBTOpaMU OXapaKTepu-
30BaHa MOPGOJIOTHS KPUOTEHHBIX CTPYKTYP, BEIIOIHEHEI MOP(MOCKOIHS KBapLEBBIX 3¢peH U MUKPOMOP-
donornyeckue ucciiefoBaHusl, pacuyeT KoadduimeHTa KpUore HHOM KOHTPACTHOCTH, a TAKXKe aDCOJIIOTHOE
IaTHpOBaHKE OTJIOXeHUI. Ha maHHOI TeppUTOpHM YyCTAaHOBJICHO YEThIpe 3Tamna pa3BUTUS KpHUOTeHe3a B
MO3IHEeM IUIEMCTOLIeHe, KOTOPbhIe pa3Inyalrch IO TUITY, MacIITa0y pacOpoCTpaHeHMsI U YCIOBUSIM o0Opa-
30BaHMs KPUOTeHHBIX CTPYKTYP. [1poliecchl KproreHHOro Ipeodpa3oBaHms OTIO0KEHUIA B peTHOHE IIPOMC-
XOIWJIM B YCJIOBUSIX KaK CE30HHOTO IIPOMEp3aHMsl, TaK W Pa3BUTUSI MHOTOJIETHEH KPUOJIUTO3OHBI.
OHU oIIpeaeIIa COCTaB, CTPYKTYPY ¥ OCOOEHHOCTH CTPOESHUS JIECCOBO-IIOYBEHHBIX CEPUIA 1 aJLTIOBUAJIb-
HBIX c10eB. [1ojlydeHHbIE pe3yabTaThl CYyIIECTBEHHO YTOUHSIIOT COBpEMEHHbBIE ITPeACTaBIeHUS 00 YCIOBUSIX
dopMupoBaHUs aTtebcKux otiioxXeHnit HiskHero IToBoKbsT 1 MacIITadbl paclipOCTpaHEHUSI KPUOJIUTO-
30HHBI Ha 1ore BoctouHo-EBpormnelickoii paBHUHBI B MO3AHEM IJIeHCTOLICHE.

Knrouesule crosa: néccrl, MajneoKprUoJIUTO30HA, MUHEPAIIOTUUECKUI aHaIN3, KO3(MMUIIMEHT KpUOTeHHOIT

koHTpactHOCcTH, OCJI-matupoBaHue
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BBEJEHUWE

OnHVUM U3 OPUPOIHBIX SIBJICHUIA, TOJYYUBIIUX
IIMPOKOE paclpocTpaHeHue Ha Tepputopuu Boctou-
Ho-EBporieiickoii paBHMHBI B MTO3MHEM ILIEHCTOLIEHE,
SIBJISIETCS TIEpUISILIMAIbHAS KPUOJIUTO30HA. 3AECh BbI-
SIBJIEHbl MHOTOYMCJIEHHbIE CBUIETEILCTBA CYIIECTBO-
BaHMSI MEP3JIbIX TTOPO B BUAEC Pa3HOOOPa3HbBIX KPHO-
TeHHBIX CTPYKTYp, 4acTO (hOPMUPYIOIINX KPUOTeHHbIE
ropu3oHThl. [locnenHue, B CBOIO ouepenb, SBJSIOTCS
BaXXHBIMUA XPOHOCTpATUTpapUUECKMMM pernepamu.
B Hacros1iiee BpeMsi neTaabHasi peKOHCTPYKIIUSI 3Ta-
MOB pa3BUTUSI KpUOTeHe3a, YCJIOBUI TPOSIBICHUS
KPUOTEHHBIX TIPOLIECCOB W BBISIBJICHUE T'PaHUIIbI
MaKCUMaJILHOTO pacIipocTpaHeHus1 00J1acTh MHOTO-
JieTHe#t Mep3J10Thl Ha TeppuTopuu BoctouHo-EBpo-

# Cevuaka ons yumuposearnus: TapatynuHa H.A., PoroB B.B.,
Crpeneuxast MU.J1. u np. (2023). XpoHoJIOTHS U YCIOBUS pa3BU-
THUSI KpUOTeHe3a B JIECCOBO-TIOUBEeHHBIX cepusix HukHero ITo-
Boykbsl // Teomopdonorust u naneoreorpadusi. T. 54. Ne 3.
C. 49—66. https://doi.org/10.31857/S2949178923030118; https://eli-
brary.ru/WEPPLC
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NelcKoM paBHUHBI B O3IHEM IJIEHACTOLIEHE OCTAIOT -
Csl aKTyaJIbHOI MPpOOJIeMOii COBpeMEHHOM Mmajieoreo-
rpadumn.

XAPAKTEPUCTUKA
PAMOHA NCCIEJOBAHUU

OmHuM M3 pailoHOB OMCKYCCHUOHHOTO pPacIIpo-
CTpaHEHMsI MHOTOJIETHEIl MEep3JIOTBI B MO3MHEM
mieiicroueHe Ha BocrouHo-EBponeiickoii paBHUHE
aBisieTcsa Ilpukacnmiickass HU3MeHHOCTh. B Huk-
HeMm IloBoJKbe, Ha 3HAYMTEIBHOM IIPOTSKEHUU
Boaro-AxTtyOuMHCKOI OOJIMHBI, OXapaKTepu30BaHa
cepusi pa3pe3oB, CoepKalluX YHUKAIbHYIO 3aI11Ch O
YeTBEPTUYHON HCTOpUU KojebaHmii ypoBHsT Kac-
MMUIICKOTr0 MOPSI B BUE YEPEAYIOIINXCSI MOPCKUX, aI-
JIIOBUAJIBHBIX U CybaspalibHBIX OTIOXeHUui (Pemo-
poB, 1957; Bacunbes, 1961; CsBurou, Sdnuna, 1997,
Koltringer et al., 2021; Kurbanov et al., 2021). OgHa-
KO B 3HAYMTEJIBHOM II0 00BbeMy ONYyOJIMKOBAaHHOM
MaTepurajie BCTPEUYaIOTCs JUIb KOPOTKHUE U OTPhI-
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BOYHBIE OIMMCAHUS TajieoreorpamiecKnx yCJIOBUiA
perpeccuBHbBIX 3n10x Kacnmiickoro Mopsl.

HenocraTtouHocTh MaTepuaaoB IO PEKOHCTPYK-
1y JaHamadToOB U KJIMMaTa BO BpeMsI IIPOIOJIKI-
TeJlbHOM aTenbckoil perpeccuu (MUC 4 — Havamo
MUC 3) cBsizaHa, BO-NEPBbIX, C MAJbLIM KOJUYE-
CTBOM M3Y4YE€HHBIX Ha COBPEMEHHOM YPOBHE pa3pe-
30B, @ BO-BTOPHIX, C TEM, YTO OCHOBHOE BHHMAaHNE
rccienoBaTeNeil permoHa ObLIO HApaBJICHO Ha Je-
TaJIbHYIO XapaKTEPUCTUKY MOPCKUX OTI0KEHMI pa3-
JIMYHBIX TpaHCIPeCCUBHBLIX 3TaroB Kacnuiickoro
Mopsi. PEKOHCTPYKIIMSI 9BOIIOLIY MEP3TOTHBIX MPO-
LIECCOB B OTJIOKEHUSIX ITO3MHEro IUIEMCTOLeHAa U MX
BIMSIHUS Ha OCOOEHHOCTH CEOUMEHTAIlUd MOTYT
MO3BOJIUTh NIPUOIU3UTHCS K TOHUMAHUIO Majeoreo-
rpauuecKux ycioBuil (popMupoBaHus cydaspajib-
HBIX OTJIOXXEHUI B perpecCuBHbBIC 3moxu Kacrms.

I'pyHTOBBIE CTPYKTYPBI, OOBSICHSIEMBIE KPUOTSH-
HBIM TIPOUCXOXIeHUEeM, oTMedaarch B HuskHeM Io-
BOJIXbe psaaoM ucciienopareiieit (OGemopos, 1957; Ba-
cuibeB, 1961; MockButuH, 1962; IllkaroBa, 1975;
Csurou, SInuHa, 1997). OnHako JaHHBIE O CYLIECTBO-
BaHUM MEP3JIOTHI B MO3IHEM IUICHCTOLIEHEe Ha JaH-
HOW TEPPUTOPUM, A TAKKE MHTEPHPETALUS YCITOBUI
¢dbopMUpOBaHUS U PA3BUTUSI CTPYKTYP, MPAKTUYECKHU
orcyTcTBYI0T. Cpenn 3a(UKCHMPOBAHHBIX CTPYKTYP
BBIACJISIOT TIPEUMYILIECTBEHHO MEP3JIOTHBIE KOTJIbBI,
IETbHUKY U TICEBAOMOP(O3bI 1O BBITASIBIIUM IO/ -
3eMHBIM JibmaM. B cBoeit pabore FO.M. BacuibeB
(1961) onuchIBaeT HaJMYUE CTPYKTYp (IICEBIOMOP-
¢03bl, cKJIaguaThie AeopMalii U KPpUOTYpOaLIiN)
B pa3pe3ax CpenHsist Axryoa, YepHnsrit fp, Paiiro-
pon, KonaHoBka 1 Ap., OTHOCSI UX K MEP3JIOTHBIM.
A.N. MockButuH (1962) Tak Xe OrpaHUYMBAETCS
YIIOMMHAHMEM MEP3JIOTHBIX SIBJICHHWII B pa3pesax
YyeTBepTUYHBIX oOpaszoBaHuii CeBepHoro IIpuka-
cnivsl 6e3 MHTeprnpeTaluy yCIOBUM UX (hopMUpoBa-
Hus. OOmupHEIN 0030p auTepaTyphbl mmo HinkHei
Bonre ¢ xapakTepucTUKOI YCIIOBUI BpeMeHU HAKOIT-
JICHUsI aTeJIbCKUX PETPECCUBHBIX U XBaJIBIHCKUX
TpaHCTpecCUBHBIX (Bropasi rosiosruHa MUC 3 — MUC 2)
OTJIOXKEeHMI (TT0 TaHHBIM (PayHUCTUYECKOTo U (JIo-
PUCTUYECKOTO aHaJIM30B) IMpeIcTaBJeH B paboTe
B.K. IIIkaTtoBoii (1975). Ocoboe BHUMaHUE yAEIEHO
onucaHuio u GoToduKcauy pa3pe3oB YETBEPTUU-
HBIX OTJIOXeHUit Ha Tepputopuu HuxHero IToBoj-
XKbsI, a TaKXKe KpHUOTeHHBIX 00pa3oBaHUil (1eIbHM-
KOB/KJIMHOBUIHBIX CTPYKTYP Y MHBOJIIOLIIA).

Brinenenneie ctpykTypbl B HikHem IloBomkbe
IIPUYPOUYEHEI K aTeIbCKOIl CBUTE, NMpPEACTaBIIECHHON
MIPEUMYIIECTBEHHO JIECCOBBIMU OTJIOXEHUSIMMU. Jlec-
COBbI€ TMOPOMbI, KaK KOHTUHEHTAJbHbIE apXWBbI
MJIeHACTOLIEHOBOU NCTOPUU, TIPEACTABIISIIOT OOJIBIION
MHTEPEC, MOCKOJIbKY MOTYT JAaTh OTBET HAa BOIIPOC O
najeoreorpaMueckux YCJIOBUSIX BpPEMEHM HX Ha-
KOIUIEHWS U TayibHeHero npeoobpazosanusi. JIEcco-
BBI€ OTJIOXKEHUS IIIMPOKO PACIIPOCTPAHEHBI B IIpee-
JIaxX TIEpUTISIIMaIbHOM 30HBI BocTouHo- EBponeiickoit
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paBHUHBI. BMecTe ¢ TTOYBEHHBIMM TOPU30HTAMU OHU
00pasyloT J1E€ccoBO-MoUBeHHbIEe cepun (Bemuko, 1973).
B pesynbrare paboT MeXKIyHapOIHOM! IPYIIIEL MCCIIe-
nmoBaresneit mom pykoBonctBoM P.H. Kypb6anoBa u
T. CtuBeHca B HuxxkHeM TToBoskbe moaApoOHO Omnu-
caHa U IMpoaHaIU3UpOBaHa Cepusl pa3pe3oB, COIEp-
KalUX 3HAYUTENbHBIE IO MOILIIHOCTU JIECCOBO-TOY-
BEHHBIE CEpUU, TIOJIydeHbI TaHHBIE O BO3pacTe U Te-
He3nce 3tux orinoxeHuit (Koltringer et al., 2020,
2022; Taratunina et al., 2021, 2022; Kurbanov et al.,
2022).

UccnenoBaTenn cBI3BIBAOT (GOPMUPOBAHNE KPHO-
TeHHBIX (POPM U 0OPa30BaHUI B PHIXJIBIX OTJIOXEHU-
SIX M, B TOM 4MCJIE€, B JIECCOBO-IIOYBEHHEBIX CEPUSIX, C
MMOHIDKEHHUEM TEMIIEpaTyp B perMOHE, ITI03TOMY U3Y-
YyeHUe KPUOTEHHBIX CTPYKTYP ITOMOTaeT OTBETUTh Ha
BOIIPOC O IayicoreorpadpruiecKux yCIOBUSIX BO BPEMSI
nx ¢opmupoBaHus. Hamboiiee nmeranbHBIC pabOTHI
MO0 W3YYEHUIO WCTOPUU MaJeOKPUOIUTO30HBI BbI-
MOJIHEHEI 11 TeppuTopur EBponbl — Ha paBHUHAaX
Boctounoit EBporbl, rme BctpedaeTcss Bce MHOT000-
pasue UCKOoMaeMbIX MEP3JIOTHBIX 00pa3oBaHuii (Van-
denberghe et al., 2014), B eBponeiickoit yactu Poccuu
(ITonos, 1960; Pozenbaym, 1985; InHaMuKa JIaH[I-
madpTtHbIX..., 2002; CprueBa, 2012; Crpeneuxas,
2017).

JHonuna HuxkHeli Bojru B OTHOLLIEHUU MpeacTa-
BUTEJIbHOCTU Pa3pe30B UETBEPTUUYHBIX OTJIOXKEHMIA,
UX MOJIHOTHI, YCJIOBU 3ajieraHus U OOHAKEHHOCTH,
HACBIIIEHHOCTU MaJICOHTOJIOTUYECKUM MaTepuaioM
SIBJISIETCSI YHUKAJIbHBIM OObEKTOM ISl TIO3HAHUS UC-
Topuu pa3Butus Kacnusi U Koppessiiuu ero TpaHc-
TPECCUii U perpeccuii ¢ JISTHUKOBBIMU U MEXJIETHU-
KOBBIMU COOBITUSIMM Ha BocTouHo-EBponeiickoit
paBHUHe. HM3yuyeHHble pa3pe3bl PaCIOJIOXKEHbI B
HUXXHEM TedyeHuu p. Boaru, mo ee mpaBomy 6epery u
o6eperam BoJiro-AXTyOMHCKOI TOJIMHBI.

MATEPUAJIbI U METO/1bl UCCJIEAOBAHUN

151 TeppUTOPUiL BHE COBPEMEHHOM KPHUOJIUTO30-
HbI KOMIJIEKCHBIE UCCIeIOBAaHNSI KPUOTEHHBIX 00pa-
30BaHUl MeToJaMU MUHEPaJIOTU U MUKPOMOpPdO-
Jjoruu noka enrHuYHbI (Benuuko u ap., 1996; Ma-
keev et al., 2021), 1 BONpoc O BIUSIHUU KPUOTEHHBIX
MPOLIECCOB Ha MpeoOdpa3oBaHUE COCTaBa U CTPOEHUS
OTJIOXKEHU, KaK 1 BOIIPOC O CYIIIECTBOBAHUU U Ma-
paMeTpax Mep3JI0Thl B MEePUISILIMATbHON 30HE T10-
CJIE[THETO OJIEIEHEHUSI, OCTAETCSI OTKPBITHIM.

B ocHoOBy paGoThl TOJOXEHBI Pe3yabTaThbl KOM-
IUIEKCHOTO HM3y4YeHMsI UYEThIpeX OIOPHBIX Pa3pe3oB
Bonro-AxryouHckoii noauHbI (puc. 1): Ha 1eBoM Oe-
pery ucciaenoBanbl CpenHsist Axtyoa, JlennHck u ba-
TaeBKa, Ha mpaBoM — Paiiropos. Bce oHu BCKpbiBatoT
CTpOeHUE HUXXKHEXBaJBIHCKON paBHUHBI CeBEpHOTO
Ipukacnusi: perepHbIi TOPU3OHT ITIOKOJATHBIX
[JIMH XBaJILIHCKOI TPaHCTPECCUH, MoudaluaIbHyIO
TOJIILY aTebCKUX KOHTUHEHTAJIbHBIX OCAAKOB U
Ne 3
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Puc. 1. O6mmii Bua paspe3oB CpenHsiss Axty6a (a), Paiiropon (6), bataeBka (B), JIeHUHCK (T) M MX pacrnoJioXeHue (1) B IIpe-
nenax HuxuHero [ToBomKbs.

Fig. 1. General view of the Srednyaya Akhtuba (a), Raygorod (6), Bataevka (B), Leninsk (T) sections and their location in the

Lower Volga Region (x).

KOMIIJIEKC OTJIOXKEHUM, CBSI3aHHBIX C 2ITOXO0M Xazap-
ckoro (~MMC 5) tpaHcrpeccuBHoro stana Kacrms.
B ceBepHOIT yacTu paitoHa McclieqOBaHWI MO MOIII-
HOCTU pe3KOo TpeobiiafaoT cydaspaibHbIe OTJIOXE-
HHSI, B KOTOPBIX Ha Pa3HBIX YPOBHSIX OTMEYAIOTCS
CTPYKTYPHI TI0 TUITY TICEBAOMOP(d 03 ¥ KPUOTYpOALIHIA.

ITon niceBmomMopdo3amMu B TaHHOI CTaThe TTOHU-
MaloTCsl BTOPUYHbBIE CTPYKTYpPbI, BOZHUKIINE B pe-
3yJIbTaTe 3aMELIeHUsI OMHOM IMOPOIbl APYroit ¢ co-

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

XpaHeHVeM BHEIIHUX (DOPM MCXOOHOTO MaTepuala.
CoryiacHO 3TOMY ONipeeICHUIO K TAKOBBIM OTHOCST-
cd M U3ydaeMble HAMU CTPYKTYpPhI, KOTOpblie cop-
MUPOBAJINCh B pPe3yJbTaTe MPOTaMBaHUs JbIa U 3a-
TIOJTHEHUSI BBIIIIEIEXKAITIM MaTepHUaJIOM.

IToneBbie pabOThl BKIOUAIU PEKOTHOCIIMPOBOY-
HbIE MCCIENOBaHUsI, 3a9MCTKA KPUOTCHHBIX CTPYK-
TYp, UX JeTalbHOE OMUCAaHUE B CTEHKE pa3pes3a, OT-
0op 00pasmoB WIS JTAOOPATOPHBIX MCCIASIOBAHWM,

Ne 3 2023
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reoe3NYeCcKyIo MPUBI3KY I'PaHUL] TOPU30HTOB U TO-
yeK oTOopa 00pas31oB.

KomruiekcHoe nabopaTopHOoe U3yYyeHUe OTJI0XKe-
HUU BBITIOJTHEHO B WHCTUTYTE KpHochepsl 3eMIIn
TiomHII CO PAH (Tiomensb), MHCcTUTYTE Teorpa-
¢uu PAH (Mocksa), B CkaHAMHABCKOM J1abopaTo-
pHUM JIIOMUHECIIEHTHOTO matupoBaHus (Opxycckuit
yHuBepcuteT, Hanus). W3ydyeHbl MuUHepajiorude-
CKMIA COCTaB OTJIOXKEHUIA U OCYIIECTBJIEH pacyeT KO-
a¢ppunuenTa kpuoreHHoi KoHTpacTHocTH (KKK),
MopdocKomnus KBaplieBhIX 3¢peH U MUKPOMOP(d0JI0-
FMYeCcKoe CTPOEHUE, BBIMOJIHEHO aOCOJIOTHOE JIIO-
MUWHECIIEHTHOE JaTHpOBaHUE.

HM3ydeHne MUKPOCTPOEHHUS TPOBOIWIOCH TIPHU
MOMOIIIM PACTPOBOrO 3JEKTPOHHOIO MMKPOCKOMA
TM 3000 (Hitachi) B koMILIeKCE C SHEPro-aucIiep-
CHOHHBIM crieKTpoMeTpoM Swift 3000 B 1Byx acriek-
Tax:

1) u3ydyeHre MUKPOCTPOEHHUSI 0Opa31OoB HEHAPY-
IIIEHHOTO CJIOXEHUS T10 CKOJaM HeOOJIbIIUX 00pa3-
oB (0.5—1.0 cm?). ITonroroBka 06pa3LOB I aHAa-
JIM3a BBITIOJIHSJIACH ITyTEM pacKajlblBaHUsI oOpaslia
Ha IBE YaCTU, KOTOPHIE IMIPUKJICUBAJINCh Ha IIPEIMET-
HBI1 CTOJMK ThUIBHOW CTOPOHOIi; Hajiee, COIJacHO
OOBIYHOI MpolieAype NOArOTOBKM 00pa3loB AJ1s Uc-
CJIeIOBaHUS B 9JICKTPOHHOM MUKPOCKOIIE, TPOU3BO-
IWJIOCHh HaIbUICHWE 30J0TOM JISI CO3MAHMSI TOKO-
npoBojsiiero nokpeitus (Kypuatosa, Poros, 2020);

2) U3ydeHUue MUKPOTEKCTYPHBIX XapaKTepUCTUK
MOBEPXHOCTU KBapIlEeBbIX 3€PEH, KOTOPbIE MOTYT CO-
XpaHSITbCS B TEUEHUE VIMTEIbHOTO BPEMEHU U HECYT
HauOoJIbllIee KOTUYECTBO MH(MOPMAIIY 00 YCIOBUSIX
cenuMmeHTauun oriaoxeHuil (Krinsley, Doornkamp,
1973; Vos et al., 2014; Woronko, Pisarska-Jamrozy,
2015; KypuaroBa, Poros, 2020). MUccnenoBaHue 06-
pa3loB MPOBOAUIOCH B 3JIEKTPOHHOM MUKPOCKOIIE C
aHAJIOTMYHOM IPOOOMOATOTOBKOI (pacmblieHUE Ha
VIJEpOAHBIN MJIACThIph W HAMbUIEHHUE 30JI0TOM).
[1pu n3yyeHUM ocoboe BHUMAaHME YIEISIOCh (hopMe
yacTull, pelibedy NOBEPXHOCTU, HATUYUIO CKOJIOB,
CTPOCHUIO arperaTtoB, OpPraHMYeCKMM U MUHEpajb-
HbIM BKJTIOUEHUSIM.

7151 peKOHCTPYKITMU YCJIOBUIA pa3BUTHSI MHOTOJIET-
Heil Mep3JI0Thl perMoHa B MPOILJIOM ObUT TIPUBJICYEH
ToKa3areNlb, XapaKTepH3YIOIINii CTeleHb yJacTUs B
bopMupoBaHUM OTIIOXKEHUI Tpoliecca KPUOTEHHOTO
BBIBETPUBaHUS — KO3(PPUIIMEHT KPUOTeHHON KOH-
tpactHocTH (KKK). 11151 pacueTa naHHOTO KO3 du-
mueHTa (KonwumeB, Poros, 1994) HeoOXonumo BbI-
MOJIHUTh MUHEPATIOTUYECKU I aHAIU3 IBYX (DpaKIIii:
ToHkoro mecka (0.05—0.1 MM) u KpyIHOIl IbLIA
(0.01—0.05 mM). OnpeneneHrue MUHEPATOTTIYECKOTO
coCTaBa BBIMOJHSJIOCH C MCITOJb30BAHUEM PEHTTe-
HoCcTpyKTypHOro mudpakromerpa D2 PHASER
(Bruker). MuTepnpeTaiusi peHTreHorpamm audpak-
TOMeTpa MPOBOAUIIACH C TIOMOIIbIO TTporpamMM Dif-
fracEva u DiffracTopas. I1o npeacraBiieHII0 OCHOBO-
noioxHuka 3roro merona, B.H. Konumena (Koxnu-
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meB, 1999; Konumes u ap., 2005), 3nauenus KKK
MO3BOJISIIOT TIPOBECTU KOPPEJISILIAIO CO CPEAHETOI0-
BOI TeMITepaTypoil MOBEPXHOCTU IPYHTOB.

st co3maHust Haae>KHOM OCHOBBI XPOHOCTPATH-
rpapuuecKux KOppeasiuii BEINOJIHEHO a0COIIOTHOE
JIaTUPOBAHUE METOAOM OIITMYECKM CTUMYIMPOBAH-
Hoit moMmuHecueHuu (OCJI). IlepBbie pe3yabTaThl
JIaTUPOBAHUS ObLIM OMYOJIMKOBAaHBI B (AHUHA U 1p.,
2017), neTanu 1aTUPOBAHMS U TIOMUHECIIEHTHBIC Xa-
pakTepuCTUKU 00pa3ioB onyoiaukoBaHbl B (Kurba-
nov et al., 2021). Or6op 00Opa3LOB MPOUCXOOUT B
TEMHOE BpeMsI CYTOK B CBETOHEIIPOHUIIAEMbIE Yep-
HbI€ TTaKeThI JIMOO IJIaCTUKOBBIE TPYObI MOCJIE TIPE-
BapuUTEJIbHOM 3a4MCTKU MecTa OTOOpa. XUMUYecKast
IIOATOTOBKA 00pa3lioB BHIMOJHEHA 110 CTaHIAPTHOM
metoauke (Kurbanov et al., 2021).

JlioMuHecueHIIMS BbIIEIEHHBIX (hpaKIuii KBaplia
U TIOJICBBIX IINIATOB M3y4YeHa C MCIOJIb30BaHUEM PHU-
nepa TL/OSL Risg DA20. dns oTjoXeHU# TaHHBIX
pa3pe30B IIPOBEACHEI CTAaHAAPTHBIC TECTHI: IJIsl KBap-
LIEBBIX 3€PEH IIPOBEISH “TeCT YMCTOTHI” I OLIEHKU
YHCTOTHI TaTUPYEMOTO MaTepuaa; IpoBeaeHa ITpeIBa-
pUTelIbHAsT OLICHKA SKBUBAJICHTHOM O3B, BBIIIOJIHEH
TECT BOCCTAHOBJICHMSI AO3bI JISI OLIEHKU JOCTOBEPHO-
CTU u3MepeHust rmpudopom. MaMepeHns 3KBUBAJICHT-
HOIT 103kl KBaplia IIPOBEACHBI IT0 CTAHAAPTHOMY IIPO-
tokomy SAR (Kurbanov et al., 2021), a olieHKa 10361
K-moneBoro mmnara BelnojiHeHa 110 Tpotokoiy IRSL
SAR (Buylaert et al., 2012), 4T0 TTO3BOJISIET IIPOBECTU
CpaBHEHHE UTOTOBBIX BO3PACTOB I10 KBapIly U Kajinue-
BBIM ITIOJIEBBIM IIIIIaTaM U OLIEHUTH CTEIIEHb OOHYJIe-
HUS JIIOMUHECIIEHTHOIO CUTHAajIa 1O MOMEHTA 3aX0-
poHeHus1 Matepuasa. KoHLeHTpalusi paiuOHYKIIUIO0B
OblIa paccuMTaHa ¢ MOMOIIBIO TaMMa-CIIeKTPOMETPOB
BBICOKOTO paspenreHust (Murray et al., 1987).

g paspesa Paiiropon (puc. 2) MCHOJIb30BaHBI
pe3yabTaThl OaiiecoBckoro MonenupoBaHust (Tara-
tunina et al., 2022). bonee neranpHass nHGOPMALIMSI O
JIIOMUHECIEHTHBIX XapaKTEPUCTUKAX OTJIOXEHUI U
pe3yabTaTax JaTUpPOBaHUsSI NPUBEACHA B CIICIMAJIb-
HBIX paborax mo paspes3am Paiiropon (Taratunina
et al., 2022) u Jlenunck (Kurbanov et al., 2022).

PE3VJIBTATBI U OBCYXIEHHWE

Pe3zyavmamut noaesvlx ucciedosanuii. OGHaKeHE
Cpennsia Axty6a pacnosioxeHo B 500 M BocTouHee
HaceJieHHoro nyHKTa CpenHsist Axty6a (puc. 2, H,g,
14.9 M, 48°42°01” N; 44°53’37” E) n OTKpbIBaeTcd B
CTEHKE OJHOI U3 3pO3MOHHBIX 0aJIOK, TPOPE3aOIINX
ITOBEPXHOCTD XBAJILIHCKOM Teppackl. Pa3pe3 MomiHo-
cThio 20 M XapakTepu3yeT CTPOSCHHE OTJIOXKEHMI, Ha-
KOIMBIINUXCS B 3MOXY aTelIbCcKoii perpeccun Kac-
IMUIACKOTO MOPSI, a TAK3Ke MOIITHYIO TOJIIITY IIIOKOIaI-
HBIX TJIMH XBaJIBIHCKON TpaHcrpeccun. OrmmcaHa
nojudauuranbHasl TOJIIAa 0CaaKOB (CBEpXy BHU3): CO-
BpeMeHHas I1ouBa (KalllTaHO3eM, CJIoi 1); MolIHas
TOJIIIA IIOKOJAAHBIX IIUH (CIou 2—5); yepenoBaHue
Ne 3
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Puc. 2. Koppensitust usydeHHbIx Ha Tepputopun HukHero IToBoJIKbsI pa3pe30B 1 3TANOB pa3BUTUSI KpUOTeHe3a B TTO3THEM
TUIEHCTOLIEHE.

1 — muHa; 2 — CyIMHOK; 3 — cyIech; 4 — mecok; 5 — jaécc; 6 — najeornoussl; 7 — ManakodayHa; § — KapOOHATHbIE KOHKPELIMH;
9 — runcoBbie “po3bl”’; 10 — KPOTOBUHBI, /] — 5p0O3uMOHHAs TpaHUIa; /2 — KPUOTEHHBIE CTPYKTYPHI; /3 — KPpUOTEHHBIE TOPU-
30HTHI; /4 — aTanbl KpuoreHesa; /5 — KoadduiMeHT KpUoreHHoi KoHTpactHocTu; 16 — OCJI-Bo3pacr, TbIC. J1.; 17 — Mone-
nupoBaHHbIii OCJI-Bo3pacrt, Thic. J. CieBa OT cTpaTurpaduueckoil KOJOHKM 0003HaYeHbl HOMepa CJI0EB; LIBET OTI0XEHM
oTpaxaeT eCTeCTBEHHBI 1[BET OcalKa.

Fig. 2. Correlation of the studied sections in the Lower Volga Region and stages of cryogenesis in the Late Pleistocene.

1 — clay; 2— loam; 3 — sandy loam; 4 — sand; 5 — loess; 6 — paleosols; 7— malacofauna; § — carbonate concretions; 9 — gypsum
“roses”; 10 — krotovinas; /1 — erosion boundary; /2 — cryogenic structures; /3 — cryogenic horizons; /4 — stages of cryogenesis;
15 — coefficient of cryogenic contrast; /6 — OSL-age, ka; /7 — modeled OSL-age, ka. Layers are marked on the left of the strati-

e ‘fj ‘.mlmlﬂﬁﬂ 17

graphic column; the color of the deposits reflects the natural color of the sediment.

MaJICOITOYB M aJUTIOBUS (CI0M 6—12); TOPU3OHT Jiec-
COBBIX OTJIOKEHU, BEPXHSIS YACTh KOTOPHIX pa3MbI-
Ta (cnoii 13); yepemoBaHMUe JECCOB, B 3HAYUTEIILHOMN
CTETIeHM 3aTPOHYTHIX MIEAOTEHE30M, M PA3BUTHIX T1a-
JieorniouB (ciaou 14—19), o3epHO-TMMaHHbIE OTI0Xe-
Hus (cioit 20). OnucaHue pa3pesa, ero crpaTuduka-
OUsS W Pe3yJbTaThl aOCOMIOTHOM TE€OXPOHOMETPHU
OpHUBEAEHBI coIIacHo pabore (SIlnuHa u ap., 2017).

VHUKaIbHOI 0COGEHHOCTBIO paspe3a CpemHss
AxTy0a IBJISIETCSI BRIPAXKEHHOCTD ITO3IHEILIECTOLIE-
HOBOI'O KpHOI€He3a: B pa3pe3e YCTAHOBJICHBI CJIEIbl

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

MSTH TOPU3OHTOB C KPUOTEHHBIMU CTPYKTYpaMH B
BUAE KpUOTYypOaIuii m rceBIoMopdo3 pa3IMmIHBIX
TunoB (puc. 3, 4).

Ha rimy6une ~6.2 M (OTH.) BBISIBJIEHBI CJIEIbI TIEp-
BOTO (CBepXy BHM3) TOPU30HTA KPUOTEHHBIX CTPYK-
typ (CA-1) B Buge nceBgnomMopdo3, CeKyInx caoi 9.
Bcero B ripenenax pacYMCTKU BCKPHITO IIECTh CTPYK-
TYp, UMEIONINX Pa3HOOOpa3HbIEe BEPTUKAIbLHBIC pa3-
mepol (20—30 cM) 1 hopmy: BOPOHKOOOpA3HYIO C
pacipeHreM Ha KOHIIe, KIIMHOBUIHYIO C 3aKpyT-
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Puc. 3. KproreHHbIe CTpYKTYpbI B pazpese CpenHsist AXTy0a: (a) — KIMHOBHUIHBIE CTPYKTYPBI C TOPU30HTAIbHBIMUA OTPOCTKA~
MU nepBoro kpuoreHHoro ropuzoHTa (CA-1); (0) — KpuoTypOauuu B aJUTIOBUAIBHBIX OTJIOXKEHUSIX, BTOPOil KPUOTEHHBI TO-
pusoHT (CA-2); (B) — IByXypOBHEBasl KpMOTeHHasl CTPYKTYypa TpeTbero kpuoreHHoro ropusonra (CA-3). Homepamu 0603Ha-
YeHBbI CJIOW, BbIACJIIEHHbIE B KOJIOHKAX Ha puc. 2.
Fig. 3. Cryogenic structures in the Srednyaya Akhtuba section: (a) — wedge-shaped structures with horizontal processes of the
first cryogenic horizon (SA-1); (6) — cryoturbations in alluvial deposits, the second cryogenic horizon (SA-2); (B) — two-level
cryogenic structure of the third cryogenic horizon (SA-3). Layers are from fig. 2 and are numbered.

JIEHHBIM KOHIIOM, HEKOTOPbIE MMEIOT TOPU30HTATb-
HBIE IIJIOCKOCTH U 3y04aThie Kpas (puc. 3, (a)).

Ha rnyoune 7.7 M (OTH.) HabJ0gaeTCsl BTOPOid ro-
PU3OHT KPUOTeHHBIX CTPYKTYp (CA-2), mpencTaBis-
IOLIUI COOO psii OKPYTJIBIX KIIyOHEOOpa3HbIX 0Opa-
30BaHuit (puc. 3, (6)), paccekamwIlInx NajeonoyBy 1
BHENPSIONINXCS B HWXXEIEXKAIUN aJUTIOBUAIBHBINA
TOPU3OHT; MaTepuas UX MPENCTaBIEH MEIKO3EPHU-
CTBIM TIECKOM KOPUYHEBOIO M CEPO-3KEITOTO 1IBeTa.
LleHTpanbHbie YacTH OIIMCHIBa€MBIX OOpa30BaHUI
c/1a00 OXEeJIE3HEHBI; YacTb UX, 3aKJIIOYEHHas B Ma-
JIEOTIOUBE, UMEET 3aKpyIJIEHHYIO rpaHully. CTpyKTy-
pbl, BHENPSIOIIMECS B aJJIIOBUAJIbHBI TOPU3OHT
(coii 10), UMeIOT KITMHOOOPa3HbI XBOCT.

Tpetuii KpuoreHHbIit Topu3oHT (CA-3) npuypo-
4eH K KPOBJIE TOPU30HTA JIECCOB. 3[eCh, Ha INIyOMHE
9.1 M (OTH.), CJIOif CpemHE3EPHUCTOTO OMTHOPOIHOIO
necKa ¢ TOpu30OHTaJIbHOM CJIOUCTOCTHIO 110 3PO3UOH-
HOI1 TpaHUIle CMEHSIETCS IJIOTHBIM JIECCOM CBETJIO-
najieBoro mnpera. JI€ccoBas Toia oOIeid MOIIHO-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

cThio 5.0 M B BepxXHeiil YacTH BKITIOYAET Psif KPYITHBIX
nceBnoMopdo3. B pacuucrke BCKpbITa KpUOTeHHAsT
CTpYKTypa, HMeEIlasi IByXypOBHEBOE CTpOEHUE
(puc. 3, (B)): BepxHsis (0ojee MMPOKast) 4acTh Mpe-
CTaBJIsIeT COOOI MEIIKOOOpa3HbIi KapMaH ITTyOUMHOM
70—75 cm, mmpuHoit 1o 40 cM, 3aMOTHEHHBIN HEOI -
HOPOIHBIM PBIXJILIM MECKOM TEMHO-0€XeBOTO 1IBe-
Ta, CO CJIOMCTOCTHIO, KOTOpAsT yKa3bIBaeT Ha ITOCTe-
TIEHHOE 3aroJIHEHNE CTPYKTYPHI OT KpaeB K LEHTPY;
HUXKHSIST 4acThb MceBIoMOp¢03bl MpeAcTaBieHa KIn-
HOOOpPAa3HBIM XBOCTOM IIMpUHOM 10 20 CM, BepTH-
KaJbHOM TIpOTSKeHHOCThIO 35—40 cMm. Ipanuia
rnceBAoMOpP(dO3bl U BMEIIAIOIIETO MaTepraia HEPOB-
Hasi, C MHOTOUMCJIEHHBIMU 3aBUXPEHUSIMU U CKJIANI-
KaM¥, TIOMYepKUBAECTCSI TOHKOIM JIMHHWEN KapOoHa-
TOB.

CTpyKTypbl UETBEPTOTO KPUOTEHHOTO FOPU30HTA
(CA-4, tnyobuHa 14.1 M OTH.), 3adMKCUpPOBaHbI B
cjioe masieornouBsl (cioii 14) B Buae KIMHOBUIHBIX
ncesamomopdo3 (puc. 4, (a)). lllupuHa cTpyKTYyp B
Ne 3
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Puc. 4. KpuorenHsle cTpyKTyphl B pa3pesax HikHero [ToBoiDkbs: (a) — KJIMHOBMIHAS CTpYKTypa B najieonouBe (CA-4), (6) —
MepeMsITHS B CTPOCHUH JIECCA U MAJIEOITOYBHI Ha TpaHulie ciioeB 15 u 16 (CA-5); (B) — Merkoo6pasHas rncesgoMopdo3a B aj-
JIIOBUAJIbHBIX OTJIOXEHUSIX pa3pesa Paiiropon; (r) — KJIMHOBUAHASI CTPYKTYpa B pa3pe3e bataeBka; (1) — ceTyarasi TeKCTypa B
OTJIOKEHMSIX U TOHKUI XBOCT KPUOTEHHOM CTPYKTYpPhI, 3aMOJIHEHHbII JIECCOBBIM MaTepuajioM (YBEIMUYEHHbIN (parMeHT ¢
puc. 4, (r)); (¢) — TOHKHME KJIMHOBUAHBIE (DOPMBI, 3aIOTHEHHBIE BhILIEIEKALIUM JIECCOBBIM MAaTepUaioM U CEKYIIHe Majieo-
MOYBEHHbIE TOPU3OHTHI, padpe3 JleHnHck (3apucoBka). Homepamy 0603HaueHbI CI0U.

Fig. 4. Cryogenic structures in the Lower Volga sections: (a) — wedge-shaped structure in paleosol (SA-4); (6) — deformation in
the structure of loess and paleosol at the boundary between layers 15 and 16 (SA-5); (B) — “bag-like” pseudomorphosis in alluvial
deposits of the Raigorod section; (r) — wedge-shaped structure in the Bataevka section; (1) — reticulate texture in sediments and
a thin cryogenic tail filled with loess material (enlarged fragment from fig. 4, (1)); (e) — thin wedge-shaped forms filled with over-
lying loess material and cutting paleosol horizons, Leninsk section (sketch). Numbers in circles indicate the layer numbers.

BepxHel yactu — 12—20 cMm, BepTUKaIbHAS IIPOTSI-
XKeHHOCThb — oT 0.6 10 1.0 M; pacCTOSIHHE MEXITY KITH-
HbsaMU 40—60 cMm. KiIMHOBUIHBIE CTPYKTYPHI 3aI10JI-
HEHBI BhILIEIEKAIIUM JIECCOBBIM MaTepraioM. Bme-
IIaroIe OTJIOXEHUSI XapaKTepU3ylTCsl ceTdyaToi
TeKCTYpOU, MPEANOJIOXKUTETbHO, KPUOTEHHOTO TTPO-
UCXOXICHUS.

Crenpl risitoro ropuszonTa (CA-5, rmyouna 15.5 m
OTH.) 3a(UKCUpOBaHbI B Majeconouse (ciaoii 16) B
HVDKHEN YacTH pa3pesa 1 BhIpaXKeHbl B BUIE TOHKUX

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

KIIMHOBHUIHBIX TICEBIOMOP(} 03, CEKYIINX HIKEIeKa -
1M TOpU30HT J€cca (caoii 17) U BHeNpsSIIOIIMNXCS B
MOBEPXHOCTh NAJIEOINOUBHI (CJIOH 18) MeIKUMU XBO-
cramMu. KUIMHBST UMEIOT OTHOCHUTENIbHO IIUPOKU
pactpy06 o Bepxy (12—20 cMm), OBICTPO CyXalOTCSI U
MpPOIOJDKAIOTCS B BUIIE XBOCTOB, MHOIA pacliagalo-
muxcsl Ha 2—3 oTAebHBIX. BbICcOTa KIMHOBUIHBIX
ctpykryp ot 0.8 mo 1.5 M; paccTossHUEe MEXIy KIr-
HbaMu 40—60 cMm. 3armojHEHBl CTPYKTYpPhI Gojee
CBETJIBIM JIECCOBBIM MaTtepuaysioM ciios 15. I'panuiia
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cjioeB 15 m 16 HapylleHa HEPOBHBLIMHM 3yO4YaTbIMU
KOHTakTaMmu (puc. 4, (0)).

Paspes Paiiropox (puc. 2, H g, 13.7 M, 48°25'53” N;
44°58’02” E) pacroyioxeH Ha nmpaBoM 6epery p. Boi-
ra, B 1 KM BOCTOYHee OQJHOMMEHHOTO cejia. Pa3pes
SBJSIETCS  CTPATOTUIIOM  aTEIbCKUX OTJIOXEHMIA
Huxuero IloBomxbsi (CButou, SlHuHa, 1997), u
BCKPbIBaeT CTPOEHUE pPaHHEXBaJbIHCKOW Teppachl
Kacrmiickoro mops. Tomma mpencraBieHa pa3HO-
¢daumaabHBIMU OTJOXEHUSIMU MOIIIHOCTBIO OoJee
21 M: HIZKEe COBPEMEHHOM ITOYBHI (C/1oii 1) 3ameraer
TOJIIIA IIIOKOJAIHBIX IJIMH (cJion 2—4), 1101 KOTOPOii
C 9PO3MOHHOI T'paHUlIeii BCKpPbITAa MOIIIHASI JIECCOBO-
nouyBeHHast cepus (ciaou 5—12); HUKHSIS 4acTh —
PYCJI0BBIE U TTIOMIMEHHBIE OTI0KeHUs (citou 13—21) ¢
MpU3HaKaMu MOYBOOOpa30BaHUSI.

B paspese Paiiropon BCKpBITHI ClI€Ibl TPEX KPUO-
TEHHBIX FOPU30HTOB. IlepBbIil KPUOTEHHBIA TOpHU-
30HT (PI'-1, myouHa 7.9 M OTH.) IIpeacTaBiisieT cOO0
MaJeoIoOYBY U CEKYIIUe €€ KJIMHOBUAHbBIC TCEBIO-
Mopd0o3b1 10 25—30 cM 10 BEpTUKAIU, PACIIOJIOXEH -
HbIe Ha pacctogHnr 30—50 cM apyr ot apyra. npu-
Ha IO BEpXy KPUOTEHHBIX CTPYKTYpP COCTaBJIsSIET 2—
3 cM; 110 BepTUKAJIU IIMPUHA KJIUHA COXPaHSIETCS U
cocrtaBisgeT 1—2 cM; XBOCTBI TepsroTcs. CTpYKTyphI
¢J1a00 pa3IUUYUMBI U 3aTTOJTHEHBI BhILIEICXKAIIUM CY-
IecYaHbIM MaTepHajioM I1aJIeBOTO LIBETa.

Bropoii kpuoreHHslit ropu3onT (PI'-2) mpencras-
JIeH B pa3pe3e MelKooOpa3HbIMU MnceBaoMopdo3a-
MM BEPTUKAJIBLHOMN MPOTSKeHHOCThIO 50—60 cM, pac-
MOJIOXKEHHBIMY Ha IyouHe 11.8 M 1 3amoJIHeHHBIMU
BBILIEJIEXAIMM PYCJIOBbIM ajlmtoBUeM. OnpoOoBaH-
Hasl CTPYKTypa 3TOr0 TOPM3OHTA IpeAcTaBleHa Ha
puc. 4, (B), uMeeT “MelIKoOBaThIii” BUI U BIOXEHA B
HECJIOUCTbIE CYTIIMHKU CEPOBAaTO-KOPUYHEBOTO 1IBe-
Ta C PaBHOMEPHO pacrnpeae/IeHHBIMU KPYITHBIMU
M30MeTpUYHEIMU TTopamu (1—3 mMm). Pa3zMep cTpyk-
TYpPBI 110 BepTUKaAJIK 55 cM, mmpuHa oT 20 cM B BEpX-
Helt yactu go 45 cm B HumxXHen. IlceBmoMmopdosa
“MeeT 30HaJIbHOE CTPOCHUE: BHEIITHU I KOHTYD Tpe/l-
CTaBJIEH CYIEChIO CBETJI0-KOPUYHEBOIO 1IBETa TOJI-
muHOM 5—10 cM; BHYTpPEHHSISI 4acThb KPUOT€HHOM
CTPYKTYpbl 3arojHEHa TIeCKOM CBETJIO-ITaJieBOTO
uBera. CTpyKTypa HEOAHOPOJHAasl IO BEePTUKAJIU:
BEPXHSISI €€ YaCThb MPeACTaBIeHa IMH301 KPYITHO3ep-
HUCTOTO MecKa CBETJIO-0eXeBOoro 1[BeTa, HUXe (hUK-
CUpYeTCsl TIOCTENEeHHBbIN Tepexol B LIEHTPaJbHYIO
4acThb CTPYKTYPBI, COCTOSIIIYIO U3 OJHOPOIHOTO Mec-
YaHOTro MaTepuaja ¢ peAKUMU BKIIOUEHUSMU opra-
HUKU. [paHua Mexay BHELIHEW U BHYTpEeHHEel Ja-
CTSIMM 4YeTKasi, HepoBHas, ¢ 3aTekamu. OT BMellIao-
WX OTJIOXKEHUM CTPYyKTypa oTaejeHa ToHKou (0.1—
0.3 cMm) rpaHuieit 6enoro 1BeTa, IpeACcTaBIEHHOMI
KpHCTajylaMy KapOOHATOB U TUTICA.

Tpetuii ropuzont (PI'-3) momiHocThio 10 30 cM
BCKPBIT B HIDKHEI YacTH pa3pesa Ha nryouHe 16.0 M
U TIPEACTaBIeH CYNIMHKAMU, KOTOPbIE MMPOHU3AHBI
TOHKUMMU KIuHbsIMU (10 1.5—2.0 cM B pactpyOe, 10

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

25—30 cM mo BepTUKAIN), 3aII0OTHEHHBIMU BHIIIIEIIC-
KalluM ajuTioBUeM. B 1itaHe KJaWHbSI IPEeACTaBISIIOT
c000ii HETIPaBWJILHYIO PEIIETKY C pa3MepaMU I10JI1-
ToHOB 5—15 cM B monepeuHuke. KIWHbSI UMEIOT 4eT-
Kye TpaHWIIbI, JIOMaHble (pOpMBI, MaTepuaj 3aIloJI-
HUTEJISI — CepO-KOPUYHEBbIE CYIIMHKM C OpraHu-
Koil. [OpM30OHT CHMJIBHO OXEJIE3HEH I10 BCEH TOJIIIIE;
BBICOKOE COAEPKaHUE TUTICOBBIX CTSKEHUI BETMY-
HOM OT 1 10 HECKOJIBKHUX MUJIJIMMETPOB.

Pa3pes Baraeska (puc. 2, H,. 11.7 M; 48°09°51” N;
46°17°14” E) pacrionoxeH B 15 KM IOro-BOCTOYHEE
I. AXTYyOMHCK, Ha JIeBOM Oepery p. Axry0a, u 3ajio-
KEH Ha TpaHULE TMOMMbI U XBaJIbIHCKOU TEppacChl
IMpukacnuiickoit HUBMeHHocTU. B cTpoeHun paspe-
3a MOIITHOCTBIO 19 M BCKpBITa TOJIIIA MOPCKUX U KOH-
TUHEHTaJIbHbIX 0O0pa30BaHUil: B BEpXHE YacTU 3TO
yepenoBaHUe cyOas’paibHbIX MOYBEHHBIX TOPU3OH-
TOB Y TIJIOTHBIX JIECCOBUIHBIX CYIJIMHKOB U CYIIecei,
KOTOPBIE pa3eIsIIoTCs MeCKaMU XBaJbIHCKOI TpaHC-
rpeccuu ¢ MPUCYTCTBUEM KacCTMUCKUX MOJUTIOCKOB
(cmoun 1-8); B cpemHeil yacTu paspe3 IpeacTaBIeH
MOIITHBIM TOPU30HTOM TLJTIOTHOM, KApOOHATHOIM JIECCO-
BUIHOM cyrecu (cJioit 9), KoTopasi onCTWIAeTCs MeA0-
KoMIuieKcoM (cnoit 10) ¢ xapaKTepHBIMU KJIMHOBUII-
HBIMU CTPYKTypaMmu (II0OD0OHO CTPYKTypaMm I1ajieOIoyYB
B HIXHel dyactu paspe3oB CpenHsast Axty6a u Jle-
HMHCK). Huke mpomomkaeTcs yacToe yepegoBaHue
TOPU30HTOB JI€CCOB M majieoriouB (ciaom 11—18), B
MOCJeIHUX TIOSIBJISIIOTCS OCTaTKU yrieil. OcHoBaHUe
paspesa TpeacTaBIeHOo TepeciauBaHueM aJleBPUTOB
U TOHKUX TleckoB (ciou 19-—21). OmiauuurtenbHO
0COOEHHOCTBIO SIBJISIETCSI OTCYTCTBHE TOPU30OHTA XBa-
JIIHCKUX 1I0KOJIAIHBIX TJIVH.

B nanHOM paspese BbISIBIEH OAWH KPUOTeHHBIN
ropu3oHT (cM. puc. 4, (T, 1)), pacloJOXEeHHbI Ha
rnyouHe ~11.0—13.0 M 1 conmepKalnii KIMHOBUIHbBIC
nceBnoMopdo3bl, Oepyllre Hayaao B JECCe U CeKy-
1€ HIDKeJIeXalye ImajaeonoyBbl. [OpUM30HT ITOJIHO-
CTBIO IIPOHU3aH TOHKMMHU KJIUHbIMU BePTUKAJIHbHOM
MPOTSKEeHHOCTHIO 2.0—2.5 M, pacnojioXXeHHBIMM Ha
paccrossauu 40—50 cm apyr ot apyra. KimuHbst umeiot
BOPOHKOOOpa3HbIi pacTpyd (B ceueHumn 12—17 cm),
3aII0JIHEHBI BBIIIEIICKAIIIMM JIECCOBBIM MaTEPUAIOM.
I[IIuprHa OCHOBHOIO TeJia BhIAEpXKaHa B LIEHTpalb-
HOI1 9acTUu 1 cocTaBisieT ~2 cM. B xBocToBOIt yacTu
(Ha TnyouHe ~2.0 M ot pacTpy0a) CTPYKTYpPhI IIOCTE-
MEHHO CYKalOTCsl, MHOTAA IPOITafaloT M CHOBA MOSIB-
JISTIOTCSI B BUJIE KWJIOK ITMPUHOM 1—3 MM, 3aTTOJTHEH-
HBIX 00JIee CBETJIBIM JIECCOBBIM MaTepuaioM. [ paHu-
bl KJIMHBbEB YETKUE, JIOMAaHOH (hOPMBI, BBIICICHBI
II0 IBETY M MaTepually, C MHOTOUYMCICHHLIMU OT-
BETBJICHUSIMHU B XBOCTOBOM 4yacTtu. Ilpm ropusoH-
TaJIbHOM 3aYMCTKE XBOCTOBOM YaCTU BCKPbITA MOJIN-
TrOHaJbHAs CETKa C pa3MepoM HOJUTOHOB A0 20 cM.
Bmelaroniye najgeornouyBeHHbIE OTJIOXEHUS UMEIOT
CeTYaTyIO TEKCTYpPY, BEPOSITHO, KPpMOT€HHOTO IIPONC-
xXoxaeHust (puc. 4, (1)).
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Paspes Jlenunck (puc. 2, H,. 11.5 M, 48°43’17” N;
45°09’33” E) pacrnioyioxkeH B 2 KM 3anaznHee T. Jle-
HUHCK (Bonrorpaackast o6yiacts), B OMHOU 13 6a710K
Ha JeBoM Oepery p. Axtyba. CtpoeHue paspesa Jle-
HUHCK BKJIIOYaeT: 1) COBpeMeHHYIO To4BYy (cJioit 1);
2) TOJIILY MOPCKHUX OCaIKOB — PeNepHbI TOPU30HT
IIOKOJAIHBIX IIUH (ciaou 2—5); 3) moacTuiarolIre
UX cepble IIIUHBI (CJ10#1 6); 4) MOIIHYIO TOJIILY KOHTH-
HEHTaJIbHBIX 0CaaKoOB (ciou 7—13), mpencraBieHHYIO
yepenoBaHUEM JIECCOB M IAJIeOIOYB; ITOCIIEIHUE
BMEIIIAIOT KPUOT€HHBIE CTPYKTYpPhl B BUIE IICEBIO-
Mopd03 KIMHOBUAHOIO OOJIMKA;, 5) B OCHOBaHUM
paspe3a BCKPBIT TOPU30HT 03€PHO-TIMMAHHBIX OTJIO-
KEHUU.

B paspese JIeHmHCK BBIIEICHO TPU TOPM30HTA C
KpuoreHHbIMU cTpykTypamu. [lepsoiit (JIH-1) npen-
CTaBJIEH couyeTaHueM JIECCOB (cIoil 7) U MajeonouBbl
(croii 8): U3 BhIIIENIEXKAIIIEro JIECcca MajJeBOTo LIBEeTa B
HIKEJIeXalllylo MajaeornouBy OTXOASIT MaJOMOIIHbIE
nceBn1oMop¢ho3bl BEPTUKAIBHON MPOTSKEHHOCTHIO
35—40 cm, mmpuHoit 1.5—2.0 cM. CTpyKTypBI UMEIOT
JIOMaHy10 (popMy, XBOCTBI TEPSIIOTCSI.

Btopoii ropu3oHT KpuoreHHbIx cTpykTyp JIH-2
OepeT HayvaJlo Ha TpaHulle JECCOB U MaJeONOUBbI
(cnoii 10). 'opu3oHT IIpencTaBiieH KIMHBbSIMA BEPTU-
KaJIbHOM TPOTSKEHHOCThIO 65—70 ¢cM cyOBepTUKAITb-
HOTO HampaBJieHUs (puc. 4, (e)). KinuHbs ¢ oTBeTBIIe-
HUSIMM, 3aTTOJTHEHBI BbILIEIEXKAIIUM TIJIOTHBIM, HEO-
HOPOIHBIM, HECJIOUCTBIM JIECCOBBIM MaTepHaJiOM,
pacITOJIOXEeHBI Ha pacCTOSTHUN ~60 cM APYT OT ApyTa.
KinuHbsg MEHSIOT CBOIO IIIUPUHY MO BEPTUKAIU OT He-
CKOJIbKMX 10 20 CM 1 COCTaBJISIIOT B CpeIHEM S—7 CM;
UX Kpasl KaKk pOBHbIE, TaK U C OOKOBBIMU OTBETBJIE-
HUSIMU; BCTpeUaloTcs 1 0oJjiee MeJIKWE CTPYKTYpHI.
OnuH U3 KJIMHBEB ObLT TTOAPOOHO OMPOOOBaH.

Tpetuit kpuoreHHblit ropusoHT (JIH-3) Takke
OepeT Havajlo Ha TpaHUIle JIECC—MNaJieonoyBa (CJIiou
11—12). CtpyKTypHhl npeacTaBieHbl TOHKUMM KJIMHO-
BUJIHBIMU TICeBIOMOPG03aMM 10 2—3 CM MO TOIIIN-
He, CEeKYIIMMU TajleonouyBy Ha myouHy 10 30—40 cMm.
OTtmMmeualoTcs JBa TUIA KJIWHLEB — 3allOJHEHHbIE
JIECCOBBIMM OCaJIKaMM 1 00Jiee TEeMHBIM MOYBEHHBIM
MaTepUaIoM.

Pesysvmamut aabopamopuvix uccredoeanuti. Muxpo-
cmpoenue 1eécco8o-noueer ol moawu. s OTIOXEHUIA
pa3pe3oB Hizkraero IToBomkbs M3ydeHBI MUKPOCTPOE-
HUE 00pas3LoB JIECCOB HEHAPYIIEHHOIO COCTOSIHUSI U
Mop(doiorust KBapueBbIX YacTUll (TiecYaHo U MbLjie-
Baroit ¢pakumii) (puc. 5). MukpocTpoeHue mnpen-
CTaBJICHO B OCHOBHOM KPYITHBIMU arperatamu Ao 3 MM,
CJIOKEHHBIMM YaCTULIAMU PAa3HOM KPYITHOCTH U CTe-
MEHU CJIUTHOCTU: OT OCTPOYTOJIbHBIX YaCTULL KBap1la
TOHKOTIECYAHOU pa3MEepHOCTU A0 “MpUMa3oK’ pas-
JIMYHOTO cocTaBa (3kejie30, KpeMHUI, Kalblnii). MH-
TepPECHOIl OCOOEHHOCTBIO SIBISIIOTCS LMIWHIPUYEC-
cKue Mmophsl (cM. puc. 5, (a)), AMaMeTp KOTOPBIX CO-
craBisieT g0 0.6 MM, a Ha CTeHKax HaOJomaeTcs
VIJIOTHEHNE TPYHTOBOI MAacChI C y4aCTUEM TIbLJIeBa-
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THIX YaCTHUI] CUJIMKATOB. B GONBITMHCTBE IPUMEPOB
ceueHMe Mop OJIM3KO K OKPY>KHOCTHU, HO B psiiec CITy-
YaeB OHO MMeEET IIECTUYTONbHYIO (POopMy; TTOMUMO
3TOTO, BOKPYT KaHAJIOB YaCTO 3aMETHBI paaruaabHbIe
TPELIUHBI.

Mopagbonoeus wacmuy necuaroii gppaxyuu. Bee 6omblie
uccaeaoBatesieil B CBOMX paboTax 1Mo reHe3UCy PhIXJIbIX
OTJIOKEHW TTPEACTABIISIIOT MH(GOPMAIIHMIO O XapaKTe-
pe MOBEPXHOCTU YaCTHUI] KBaplia MecuyaHoi pa3Mep-
HocTH, ¢opMe 3epeH M AedeKTax Ha UX MOBEPXHO-
ctr. CyuTaercs, 9YTo 3T MoKa3aTeJIM TTIO3BOJISTIOT Cy-
JIUTh O TEHE3UCEe OTIOXEHWIA, TPU 3TOM HaJNYUe
CBEXMX CKOJIOB Ha MOBEPXHOCTU YaCTUII Mpenmnoa-
raet KpuoreHHoe BozneiictBue (Woronko, Pisarska-
Jamrozy, 2015; KypuaroBa, Poros, 2020).

Mopdonoruss mecdaHBIX KBaplIEBBIX YaCTHII
(puc. 5, (6—r)) B uccaeqoBaHHBIX OOpa3lax BechMa
pa3HooOpa3Ha U OTpaxkaeT ycJaoBUsl (hOPMUPOBAHMS
OTJIOKEHUH B pa3HbIX oOCcTaHOBKax. Bmelmatomme an-
JIIOBUAJIbHBIE OTVIOKEHMST XapaKTEPU3YIOTCSI KaK XOpO-
1110 OKaTaHHBIMU, UBOMETPUUYHBIMU 3€PHAMU C HETITY-
OOKMMM SIMKaMM Ha MOBEPXHOCTHU, TaK U XOPOILIO
OKaTaHHBIMU 3€pHAMM HEIPaBUJIbHONW (DOPMBI;
BCTpEUaloTCsl TakKe YIJIoBaTbhle 3epHa CO CIVIaKeH-
HbIMU TpaHsaMu. KBapiieBble 3epHa JIECCOBBIX TOPU-
30HTOB MMEIOT PaKOBUCTHIE M3JIOMbI U TLJIACTUHYA-
ThIe CKOJIbI (puc. 5, (0)), MHOIIA CIiIaXeHHBIE pac-
TBOPEHUEM U MMOBTOPHBIM OCaXXJeHUEM KpeMHe3ema.
BcTpeueHsbl 3epHa, roaBepriivecsi, BEpOsITHO, 30J10-
BOI1 00paboTKe: Ha TTOBEPXHOCTU XOPOIIIO0 OKATAaHHO-
ro 3epHa HEpaBHOMEPHO paclipeie/ieHbl MHOTOUMC-
JIEHHbIE IMKU (puc. 5, (T)); 3epHA CO CKPYTJIEHHBIMU
rpaHsIMM, UMEIOIIIME YHACTIEAOBAaHHYIO YIJIMHEHHYIO
¢dopmy, MesikMe SIMKU Ha MOBEPXHOCTU. BcTpeueHbl
XOPOIIIO OKaTaHHBIE 3€pHA CO CliefaMy TpaBJIEHUS U
BOITHOI 00pabOTKM — HEPEryJISIpHBIMU V-00pa3HbI-
MU yrayoiaeHusMu (puc. 5, (B)). OToenbHO ucciaeno-
BaHbI KBaplieBble 3epHA M3 MaTepuaja MCceBIOMOp-
¢03 1 BMelamlux OTIOXKEHU pa3pe3oB, KOTOpbIe
MOKa3ajyu MHOTOYMCJIEHHbIE CKOJIbl, BCTPEUEHHbIE
KaK BO BMEIIAIONINUX OTJIOXKEHUSIX, TaK U B 3aIIOJTHU-
TeJie CTPYKTYP, OCOOEHHO B XBOCTOBOM YacTH.

Mopgoaoeus aepecamog nwvireeamoil  gpaxyuu
(0.05—0.005 mm). JIEcCHI COCTOSIT U3 CTPYKTYPHBIX
OTACIBLHOCTEM Pa3IMYHOIO pa3Mepa — OT arperaToB
MUKPOCKOITMYECKUX Pa3MEPOB 0 XOPOIIIO Pa3INIr-
MBIX CTOJIOYATBIX oOTHenbHOocTeit. [lpm wm3ydyeHUM
MUKPOCTPOEHUsSI 0CO00€ BHUMaHUE OBbLIO YAEJIECHO
arperaram IbUieBaToi (ppakiiuu (MUKpoarperatam),
TTOCKOJIBKY PSII MCCIIemoBaTeNieil Ipearnonaraer ux
kpuoreHHsIi reHesuc (ITomos, 1967; Konues, 1981).

B néccax paccmarpuBaeMBIX pa3pe30B BCTpeda-
I0TCSI pa3JIMYHbIE MO pa3Mepy U CTPYKTYpe arperarThbl.
Kpymabie u peixiibie arperatsl (0.5—0.1 MM) 0OBIYHO
CJIOXKEHBI JIECSITKOM MJIM 0oJiee YaCTUIl ITbLIeBaTOM
dpaxkuuu. B arperatax MeHbllIero pa3mepa npeoodJia-
JIal0OT TOHKOILLIEBAaTble WM IJIMHUCTBIE YaCTUIIBI,
BHyTpHAarperaTHble IIOpPbl B HUX MEHbIIIE U UMEIOT
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TAPATYHUWHA u ap.

@ ©
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(m) ©
(x) ®

Puc. 5. OcoO6eHHOCT MUKPOCTPOEHUS OTJIOXEHUM 1 Mopdoorum yactull pa3pe3oB HirkHero IToBoinkbs: (a) — TpyOuaTast
mopa B MUKPOCTpOeHUH JiIEccoB (pa3pe3 baraeBka, cioii 9, mryouna 10.9 m); (0) — yrioBaTtoe 3epHO ¢ MHOTOYMCIIEHHBIMU CKO-
JIaMU Ha MOBEPXHOCTU (pa3pe3 JIEeHMHCK, 3amOJIHUTENIb XBOCTOBOI YacTh NceBIoMopdo3bl, KpUOTeHHbIN ropusoHT JIH-2);
(B) — cnennl TpaBieHUs (1) 1 TpaHCTIOPTUPOBKU B BOTHOI cpefe (2) Ha ITOBepXHOCTU KBapleBOro 3epHa (paspe3 JIeHUHCK, 3a-
TIOJTHUTEJb TICEBIOMOPGO3bI, pacTpyo, mryonHa 13.1 m); (I) — M30METPUYHOE 3€PHO C HEPAaBHOMEPHO paclipeeIeHHbIMU
yI1yOJIeHUSIMU Ha TTOBEPXHOCTH (Oesible CTpeiku) (pa3pe3 JIeHMHCK, 3aI0JHUTEIb XBOCTOBOI YacTH IceBIOMOPGh03bl, KPUO-
reHHbIN ropu3oHT JIH-2); (1) — arperart, ClIoXeHHBII YacTULIaMU pa3Hoii pa3mepHocTH (pa3pe3 CpenHsisi AxTyba, ITyonHa
14.0 m); (e) — urobUaTHIN KaTbIUT (pa3pes Paiiropon, kproreHHbI ropu3oHT PI-3, mry6uHa 16.2 M); (3K) — THTIC BO BMella-
IOLIMX KPUOTEHHbIC CTPYKTYPHI OTJI0XEHMSIX (pa3pe3 JICHMHCK, KpuoreHHbIi ropu3oHT JIH-2, my6buna 13.1 M); (3) — TMTaHO-
XKeJle3uCThle KOHKpeunu (paspe3 CpenHss Axtyba, nryouHa 15.6 m).
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yrmonieHHyo ¢opmy. bombiras gacTe arperatoB 00-
pa3oBaHa MbLJIEBAThIMU U DNIMHUCTBIMU YaCTULIAMU,
COCIMHEHHBIMU 1IEMEHTOM XKeJIe30-KapOOHAaTHOIO
cocrtaBa (puc. 5, (m)). Arperarbl JOCTaTOYHO IPOY-
HbIE, HE pa3pyllalTcs MPU MPOMBIBKE BOAOI M BO3-
JIeMICTBUM yIbTpa3ByKoM. KoHTakT MexXay arperara-
MU TIPOUCXOIUT ITOCPEICTBOM IIIMHUCTHIX “MOCTH-
KOB”, KOTOpble (HOPMUPYIOT BHYTpHUArperaTHbie
mopsi 0.01—0.005 MMm.

Aymueennbie MuHepaavl BO BCeX paspe3ax MpeacTaB-
JIGHBI “IIy0oii” u “MronodykamMu’” KapOoOHATa KaJabLIUs
Ha MOBEPXHOCTU MUHEPATBHBIX YacTull (puc. 5, (e)),
BKJIIOUEHUsIMU rurica (puc. 5, (X)). XKenezo mnpen-
CTaBJIeHO aMOP(MHBIMU TUIEHKAMU Ha TOBEPXHOCTU
YacTUll, KOHKPELUSIMU CUIEpUTAa U PEAKUMU HOBO-
00pa30BaHUSIMU MarHeTMTa U TUTAHO-MarHeTUTa
(puc. 5, (3)). Bctpeuennl kpucrtamibl Butepura. Co-
CTaB ayTUT€HHBIX MMHEPAJIOB CBUJETEJIbCTBYET O
KPUOAPUIIHBIX YCIOBUSIX (DOPMUPOBAHUSI TOPU3OH-
TOB J1€cCcOoB B pa3pe3ax HukHero IToBoKbsI.

Pacuem kosgpgpuyuenma KpuoeeHHoU KOHMPACMHO-
cmu. 111 OLleHKU BIUSIHUSI KpUOTeHe3a Ha U3y4YeH-
Hble OTJIOKEHUST OblIa MpoaHaJIUu3upoOBaHa MUHeEpa-
JIOTUSI OCHOBHBIX TPaHYJIOMETPUIECKUX (PpaKIInid
JIECCOB — TOHKOTO TeCKa M KPYITHOM TIbLIM, U pac-
CcYUTaH KO3 PUIMEHT KPUOTEHHOM KOHTPACTHOCTHU
(KKK).

3uavyenust KKK (puc. 2) mo paspesy Cpennsiss Ax-
Ty0a KOJICOJIIOTCS B JOCTATOYHO IIMPOKOM AMaIria3o-
He: OHU (PUKCUPYIOT KaK TOPU30HTHI, ChOPMUPOBAB-
IIUECST B XOJIOTHBIX KITUMAaTUIECKUX YCITOBUSAX, TaK M
He HecylIre ux BuauMbix ciienoB. Benrmunna KKK B
OTJI0XeHUsIX TojiolieHoBoro atana (MUC 1, ciou 2 u
1) coctaBusieT 0.76, UTO COOTBETCTBYET TETLIBIM YCIIO-
BUSIM. DTal HAKOTUICHUST AJLTIOBUATBHOM TOJIIIN, OT-
Beyvaroluii Bropoit nojosuHe cranui MUC 3 u paH-
Hell (pase paHHEeXBaAJBIHCKOI TpaHcTpeccuu Kacmms
(cou 8—12), xapakTepu3yeTcsi HEBLICOKMMU 3HaUYe-
Husmu KKK (0.79—0.82). Dramn atenbckoii perpec-
CHU XapaKTepu3yeTcs 60jiee BEBICOKMMU 3HAYEHUSIMH
KKK: mns cnost 13 monydyeHo 3HadyeHue 0.87—0.93.
B cepuu ocankoB, oTBeyalolleil Mo3aHexa3apCKOMY
TPaHCTPECCUBHO-perpecCUBHOMY 3Tarry B Kacmmm
(~MMHUC 5), B cocTaBe 1 CTPOSHUHU OTJIOXKEHUI YETKO
MPOCJIEKUBAETCS BIAMSIHUE MOXOJOJaHUSI: COTIIaCHO
pacderam KoahduITmeHTa KpHOTeHHOM KOHTPAaCTHO-
CTH Haubosiee ImpeoOdpa3oBaHHBIMM ITAYKaMU OKa3a-
nuck cion 14 (MUC 5a, KKK 1.07), 16 (MUC 5c,
KKK 1.12) u 17 (MHUC 5d, KKK 1.06). BT1 ropr30H-

«—

ThI, BEPOSTHO, OBLIN IIOABEPXEHbI KPUOTCHHOMY
peoOpa30BaHUIO B TOCTATOYHO XOJOIHBIX YCIIOBHSIX
MHUC 5b m MUC 4 Bo BpeMs CyIIeCTBOBAHUS HA N3Y-
YEHHOM TEPPUTOPUU MHOTOJIETHEN KPUOJUTO3OHBI.
B paspese baraeBka mist HUKHEH 4acTU JE€CCOBOM
toJiu (rpaHuua cjioes 9 u 10) moaydyeHo 3HaUYEHUE
0.93, 4TO rOBOPUT O JOCTATOUYHO CYPOBBIX YCIOBUSIX
Hayaja (popMupoBaHus JiEccoB. Huxe, B rmegoKoM-
TieKce, KoagduiureHT coctanisieT 0.97, u cHUXKaeT-
cs 110 npodutio maneonoys A0 0.90. 3navenuss KKK
pa3pesa Paiiropon paccuuTaHbl OJIsI IECCOBOM U ajl-
JIIOBUAJIBHOM ToJIIIL. B 0601X TUITaX OTJIOXKEHMA 3HA-
yeHuss KKK He npesbimarot 1, xotsa B néccax KKK
Heckosbko Bbile — 0.85—0.93 npotus 0.82—0.87 B
ajunoBuu. 3HadeHus1s KKK B n€ccoBoii Tode pa3pe-
3a JIeHnHCK (ci1oit 9) pa3ImyHbl, HAaXOISITCS B IIpee-
nmax 0.82—0.99, yTo, Ha HaII B3MJIS, OTPaXKaeT MEHsI-
IOIIMECsT YCIIOBUSI YBJIAXHEHUST — IJISI MOHOTOHHOM
JnéccoBoii Tonu 6osee Beicokue 3HayeHUsa KKK ro-
BOpPST O 00Jiee MHTEHCUBHOM II€pUOie KPUOT€HHOM
nepepadboTku. i IajeonoYBEHHBIX TOPU30HTOB
KKK makcuManeH Ha rpaHuile JiEcc—IaJeonoyBa:
1.03 Ha rpanune ciioes 7/8 (JIH-1) 1 1.01 Ha rpanuie
cnoeB 9/10 (JIH-2). B pa3pese JIeHMHCK TaKKe MPO-
BeleHa AetajbHas oleHKa KKK mis oTioxeHuid
BTOPOTO KPUOTEHHOIO TOPM3OHTA: Marepuan s
aHajiM3a ObLUI OTOOpaH M3 Teja IceBIOMOPdO3bl
(5 IT.) ¥ U3 BMELIAIOUX OTJIoXXKeHUH (8 1T.). Paznu-
Yyusi B 3HaUeHUU KOA(h(HULIMEHTA 711 BMEILAIOIIEeTo 1
¢dopMUpyIOIIEro CTPYKTYpy MaTepuajia He BEJIWKH,
OIIHAKO TIPOCJICKUBAECTCSI HEKOTOpasi 3aKOHOMep-
HOCTh — BO BMEIIAIOIINX ITAJICOITOYBEHHBIX OTIOXE-
Husix (cnoit 10) koadduumeHt 6onbiie (0.88—1.05),
II0 CpPaBHEHMIO C BHIIeAexXamuMu (cioil 9), rme
KKK nuxe (0.76—0.90).

lTeoxpounonoeuueckue uccaedosanus. B pamxax jro-
MUHECHEHTHOIO OaTUPOBAaHMS MOJy4eHO 22 HAThI
(puc. 2), XxapaKTepu3ylollye OCHOBHEIE 3Tanbl (pop-
MHUPOBaHMSI OTJIOXEHMI B yCIOBUSIX KPUOTeHE3a, UTO
MO3BOJIMJIO BBIICIUTD YETHIPE 3Tara pa3BUTHS KPUO-
reHe3a B Huzxkxem IToBoskbe B mo3gHEM IUIECTOLIE -
He (puc. 2). 114 BeineeHUs 3TarioB B pa3pese Paiiro-
POl TIPUBJICYEHBI TaHHBIEe 0alieCOBCKOTO MOJEIMPO-
BaHMs, TIpeAcTaBiieHHbIe B (Taratunina et al., 2022).
Hudopmaryg o606111eHa B Tadi. 1, a Ha puc. 6 BbI-
TTOJTHEHA KOpPEJISILUS 3TAIloB ¢ COOBITUSIMU Ha Bo-
crouHo-EBponeiickoit paBHuHe u B Kacrnuiickom
peruoHe.

Fig. 5. Microstructure of sediments and particle morphology: (a) — tubular pore in loess microstructure (Bataevka section, layer 9,
depth 10.9 m); (6) — angular grain with numerous chips on the surface (Leninsk section, filler of the “tail part” of ice wedge cast,
cryogenic horizon LN-2); (B) — traces of etching (1) and water treatment (2) the on the quartz grain surface (Leninsk section,
filler of the ice wedge cast mouth, depth 13.1 m); (r) — isometric grain with irregularly distributed pits on the surface (white ar-
rows) (Leninsk section, filler of the “tail part” of ice wedge cast, cryogenic horizon LN-2); (1) — an aggregate composed of par-
ticles of different size (Srednyaya Akhtuba section, depth 14.0 m); (e) — needle-shaped calcite (Raygorod section, cryogenic hori-
zon RG-3, depth 16.2 m); (k) — gypsum in sediments containing cryogenic structures (Leninsk section, cryogenic horizon
LN-2, depth 13.1 m); (3) — titanium-ferruginous nodules (Srednyaya Akhtuba section, depth 15.6 m).
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Tabomuna 1. KproreHHbie 3Tanbl M TUTTBI KPUOTEHHBIX CTPYKTYP B M3y4eHHBIX pa3pe3ax HukHero [ToBomkbs
Table 1. Stages of cryogenesis and types of cryogenic forms in the studied sections of Lower Volga valley

YcnoBust bopMupoBaHUs
Pa3pe3 (0603HaueHNE Tun KproreHHbIX Abc. Bospacr, bopmup
Oran CTPYKTYP B pa3jIMyHbIX
TOpU30HTA) CTPYKTYP BBICOTa, M | TBIC. JI. H.
OTJIOXKEHUSIX
1 CpenHsist Axtyba ToHKMe KITMHOBUIHBIE —0.64 ~95—-90 | CybGaspanbHbIe OTJIOXKEHUS;
MMUMC 5b | (CA-5) CTPYKTYPHI 10 1.5 M cyxue, XOJIOTHBIEe
Jlenunck (JIH-3) —1.73 ~95
Paiiropon (PT-3) Manomornsie (mo 30 —2.35 ~90 [NoitMeHHBIE OTJIOXKEHUSI:
CM) TOHKUE CTPYKTYPbI BJI&XXHBIE, XOJIOMHBIC YCITO-
BUSI; CE30HHOE TIpOMep3aHe
1I Jlenunck (JIH-2) ToHkue KTMHOBUAHBIE —2.10 ~75 Cy06aspalibHbI€ OTIOXECHMUS;
MMUC 5a/ CTPYKTYpHI 10 1.0 M Cyxue, XOJIOAHBIE YCIOBUS;
MUC 4 cMBaloLIasics Mep3aoTa
Paiiropon (PI'-2) MenikooOpa3HbIe TICEB- 1.87 ~75 AnmoBHUabHbIE OTIOXEHUS;
IOMOP(O3HI C TTOCIOM- BJIaXXHBIE; TJTyOOKOE ITpoTan-
HBIM 3aIOJIHEHUEM BaHUE
Cpennsiss Axtyba ToHKkMe KITMHOBUIHEIS 0.74 ~70 Cyb6aspalibHbIe OTI0XKCHUST;
(CA-4) CTPYKTYpEI 10 1.0 M cyxue, XOJIOTHBIEC YCIOBUS,
CIIBAlOIIIAsICS MeP3JI0Ta
bartaeBka (BT-1) ToHkMe KITMHOBUAHBIE 0.72 ~70 Cy06aspalibHbIE€ OTIOXEHMUSI;
CTPYKTYpHI 110 2.5 M CyXue, XOJIOAHbBIC YCIIOBUS;
clvBaloIasicsl Mep3JioTa
111 Paiiropon (PI-1) ToHkue KIMHOBUIHEBIE 6.12 ~52—-50 | Cy0GaspanbHble OTIIOXEHNS;
MMHAC 3b/c CTpYKTYpHI 10 30 cM CyXue, XOJIOIHBIEC YCIOBUS
Cpennsisgs Axtyba JIByXypOBHEBEIC TICEB- 5.74 ~45 AJmoBHaIbHBIE OTIOXCHUS,
(CA-3) momMopdo3s1 1o 1.5 M ¢ BJIAXXKHBIE; TIOIBEM YPOBHSI
TMOCITOMHBIM 3aITOJTHe- Boaru, nrybokoe ipoTanBa-
HUEeM HUe
v Jlenunck (JIH-1) ToHkMe KIMHOBUAHBIE 4.32 ~37—-35 | CybaspayibHbl€ YCIOBUSI;
MMUC 3a CTpyKTYpHI 10 30 cM CyXHUe, XOJIOOHBIE; MHOTOJICT-
HSIsl Mep3JioTa
CpenHss Axtyba Kpuotyp6anuu 7.16 ~37 PazBuTre noiiMeHHBIX TTOUB
(CA-2) 110 aJUTIOBUIO; BIaXKHEIE
YCIIOBUSI; BO3MOXHO CyIIIe-
CTBOBaHWE MHOTOJICTHEM
MEP3JIOThI
CpenHsist Axtyba KinvHoBuaHBIE ICEBOO- 8.36 ~35 PazButue noliMeHHBIX TTOYB
(CA-1) Mopdo3bl 10 25 cMm MO aJUTIOBUIO; BIAXXHBIE;
Ce30HHOEe TTpoMep3aHue

IMoHsgTusa “KpuoreHHbIil TOpU30HT” U “KPUOTeH-
HEBII 3Tan” B JaHHOII pabOTe MOHMMAIOTCS MO-pa3-
HOMY: KPMOT€HHBII TOPU3OHT — TEOJIOTMYECKOE TEJIO,
KOTOpOE HeceT B cebe ciieibl KpMOoreHesa, T.€. 9TO CIIoM
C KPUOTEHHBIMU CTPYKTYpPaMu; KPUOTCHHBI 3Tam —
BpeMsI (b OpMUPOBAHUS KPUOTEHHBIX CTPYKTYP.

Hauaso I atana coorBercTByeT KOoHIty MUC 5¢ —
nepBoit nmososuHe MUC 5b (95—90 Tbic. a. H.).
st faHHOTO TIepuoJa BbIAEIEHBI Pa3HOOOpa3HbIe
CTPYKTYPBI, DOPMHUPOBAHNE KOTOPBIX CBSI3aHO C Cy0-

aspayibHBIMU yCJIOBUSIMHU (pa3pesbl CpenHsiss AxTy0a,
JIeHnHcK). 30ech, B YCIOBUSIX MEXIypeubsi, cop-
MUPOBAJIMCH KPYITHbIE MCeBIOMOPGhO3bl KIMHOBUI-
Holt (bopMbI MpOTsKEHHOCThIO 10 1.5 M. ITomumo
9TOro, B MOMMEHHBIX OTJIOXEeHUsX (pazpe3 Paiiro-
pon), rae mpoMep3aHue MPOMCXOAUIO Ha HebOoJb-
1IIyl0 DIyOWHY, CchOpMUPOBAINCH MaJOMOIIIHbIE
rnceBroMopdo3bl B BUJE TOHKUX BEPTUKAJIbHBIX KW~
HbeB (KpuoreHHbI ropu3oHT PI'-3) mo 30 cMm. B 1ie-
JIOM KpUOTE€HHBI aTar | xapakTepusyeTcs HaTu4YueM
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HopmanusosanHasi kpusas 50 ‘:’ Crparurpadpudeckue Kpuorenusie Co6bITUSI Sramss
(%o vs. VPDB) =8 |0 noznpasieneHus aranst Bocrouro- Kacriickoro KpHUOreHe3a
TeIC. 1€T (Railsback et al., 2015) = § Bocrouno-EBponeiickoii EBponeiickoit Mops (Mex- HinkHero
= A a
3 PaBHUHBI PaBHUHbBI peruoHabHasl. ..,
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Puc. 6. Koppesitinsg KprporeHHbIX co0bITHi BocTouno-EBponeiickoit paBHuHbI 1 HuskHero [ToBOIXKbsI.
Fug. 6. Correlation of cryogenic events in the East European Plain and the Lower Volga Region.

MHOTOJIETHENT MEP3JIOTHI (MAaKCUMAJIBHBIE 3HAYEHUS
KKK 1.12).

II sran kpuoreHesza Ha TeppuTopum HirkHETO
IToBoxbs ycTaHoBjeH ~75—70 ThIC. JI. H. U COOTBET-
CTByeT nepexogHoMy BpeMeHu or MUC 5ak MUC 4.
st aTOTO BpeMeHU 31ech 3aUKCUPOBaHbI pa3iny-
HbI€ MO0 OOJIMKY CTPYKTYPbI B Pa3HbIX TUIIaX OTJIOXE-
Huii: 1) B paspesax Jlenunck (JIH-2), CpenHsist AXTy-
0a (CA-4) u baraeBka (bT-1) B cybaspajibHbIX JEC-
COBO-TIOYBEHHBIX OTJIOXEHUSIX 3a(hUKCUPOBAHBI
nceBn1oMopdho3bl KIMHOBUAHON (hOPMbI BEpTUKAJIb-
HOM IPOTsKeHHOCThIO ~0.6—2.0 M; 2) pa3pes Paiiro-
pon (PI'-2) ¢ukcupyer CTpyKTyphbl APYroro CTpoe-
HUSI, 3aKJII0OYCHHbIE B TOHKOAUCIIEPCHBIX (hallusIX ajl-
JIIOBHST — MEIIKOOOpa3Hble TMceBIOMOpdo3nl 55—60
cMm o Beptukanu, 20—50 ¢cM B IIMPUHY, C MOCIIOM-
HBIM 3aI0JIHEHUEM BbIIIIEIeXallluM aJUTIOBUATIbHBIM
MaTepUaIoM.

KpuoreHHble CTpyKTYpBI 3Taria, BCKPHITHIE B pa3-
pe3ax CpenHsist Axty0a, JleHnHck u bartaeBka, 3a-
KJIIOUEHBI B Cy0aspaibHBIX JIECCOBO-TIOUBEHHBIX OT-
JIOXKEHHUSIX, U, XOTSI PACIIOJIOXKEHBI HA Pa3HbIX IIIUPO-
TaX, WMEIOT CXOXee CTPOeHMEe U IapaMeTphl.
CrpykTyphsl B paspese Paiiropon, pacroyioc(keHHOM
Ha ogHoM mupote co CpenHeil AXTy0o0i, 3aKII0UEeHBI
B aJ/UIIOBUAJILHBIX OTJIOXEHUSIX Y MMCIOT IpYyroe
CTpoeHue. DTO CBUACTEIBCTBYET O TOM, UYTO XapaKTep
CTPYKTYp 3aBUCUT B OOJIBIIICH CTEIIEHU OT reHe3uca
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OTJIOXKEHUIA, YeM OT TEPPUTOPUATHLHOTO TOJOXKECHUS
(B mpenaenax OqHOro peruoHa).

Hauano 3rana III coorBeTctByer MUC 3¢ — Hava-
ay MUC 3b (~52—45 ThIC. 1. H.). DTall OTMEYEH B
paspese Paiiropon (PI-1) Ha miyouHe ~7.7 M B Buze
MaJIOMOIIHBIX KIMHOBUAHBIX MIceBAOMOPGhO3, TIpe/-
CTaBJIEHHBIX TOHKUMU CTpYKTYypamu 10 30 cM 1o Bep-
TUKaJIW; LIUPUHA CTPYKTYP BbIAEpXkKaHa MO BepTUKa-
. OHU CeKyT ca1abopa3BUTYIO TIOYBY, U 3aII0JIHEHBI
BBILIENIeXKAIIUM  JIECCOBBIM ~ MaTepuajioM; XBOCT
CTPYKTYp TepsieTcsi. CTpyKTyphI pa3BUTHI B JIECCOBO-
MOYBEHHBIX Cy0a’pajibHBIX OTJIOXEHUSIX, cHOopMu-
POBAaBIIUXCS B BOIOPA3AeJbHbBIX YCJIOBUSIX C HEBBICO-
KUM yBiaxHeHueM. B paspese CpenHsist AXTyoOa BhI-
JieJieHbI IceBAOMOPdO3bI 10 1.5 M ¢ IBYXypOBHEBBIM
crpoerHneM (CA-3): mmpoKast BepXHsISI 4acTh IIpel-
CTaBJISIET COO0I MEIIKOOOpa3HbIi KapMaH ITTyOMHOMN
70—75 cm, mmpuHoit 1o 40 cM, 3aTIOJTHEHHBIA HEOI-
HOPOIHBIM DPBIXJIbIM MECKOM; HUXHSISI YacTh Mpe-
CTaBJleHa KJIIMHOOOPAa3HbIM XBOCTOM IIMPUHON 10
20 cM, BepTUKAJIbHOI MPOTSKEHHOCTbIO 35—40 cMm.
I'panunbl nceBgoMopdo3 U BMEIIAIONIEro MaTepua-
Jla HEPOBHbIE, C MHOTOUYMCJIEHHBIMU 3aBUXPEHUSIMU
U CKJIQJKaMMU.

Otan IV coorBerctByeT MM C 3a (37—35 ThIC. 1. H.).
B Hixaem IToBoJKbe 3TOT 3TAIl BEIpaXkKeH B pa3pes3e
JIEeHMHCK, a Take B BUJIE IBYX YPOBHEI B pa3pese
Cpennsis Axty6a: 1) HUKHMI YpOBEHb B pa3spese
Cpennssa Axryoa (CA-2) npencrasieH KiyOHeoOpas-
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HBIMU KPUOTYpOAlMsIMU, KOTOPblE HApyIIalOT OIHO-
POIHOCTb OTJIOXKEHUIN IOMMEHHBIX [TOYB U AJUTIOBUATb-
Hoit Tou; 2) BepxHuit ropu3oHT (CA-1) nipencras-
JIeH TticeBnoMopdo3aMu  pasIMYHOTO CTPOEHUS —
KJIMHOBUAHBIMU CTPYKTypamu, (hopMaMu C TOPU30H-
TaJTbHBIMU OTPOCTKAaMM, KOTOpbIe OOpasyloTcsl B
YCJIOBUSIX KaK TOCTOSIHHO CYIIECTBYIOILIEro, Tak U
nepuoanyvecku popmupytolerocs: 6acceitHa, a Tak-
JKe TIpU HaJIMYMU MHOTOJIETHE MEp3JI0ThI; ISl BCEX
CTPYKTYp 3TOTrO TOPU30HTa XapakTepHa HeboJiblast
MOIIIHOCTH (710 25 cM) B ITpeeliax IIOYBEHHOTO Topy-
30HTa 1 YeTKHE IPaHUlIbl C BMEIIAIOIIUMU OTJIOXE-
Husmu; 3) B pazpese Jlennnck (JIH-1) ms atoro sTa-
na 3a(pUKCUPOBaHbI KIMHOBUIHBIE TICEBAOMOP(O3HI
Masioro pasmepa (1o 30 cM Mo BepTUKaIM), BbIpa-
JKEHHbIE Ha BCIO MOIIIHOCTb CJ1aOOPa3BUTON Tajieo-
MOYBBI U 3aIOJIHEHHBIE BBILIEIEXKAIIUM JIECCOBBIM
MaTepuajioM. DTU CTPYKTYpbl CHOPMUPOBAIUCH B
cybaspaIbHbIX BOJIOPA3IEIbHBIX YCIOBUSIX.

Oobcyncoenue pezyasmamos. [1pu usydenum paspe-
30B PBIXJIbIX BEPXHEIUIEHCTOLIEHOBBIX OTJIOXEHUN
Hwuxnero IToBoiokbs nccneqoBaren HEOOTHOKPATHO
HaOJIIOOAJIM pa3jIMYHbIe CTPYKTYPHI, I KOTOPBIX
MpEarnosaraiocb MX KPUOTEHHOE ITPOUCXOXIESHUE
(Bacuines, 1961; MocksutuH, 1962; lllkatoBa, 1975).
Ha usydeHHOIT TeppUTOpUM ONKUCAHHBIE CTPYKTYPHI
BCTPEYAIOTCS B TPEX I'EHETUYECKUX TUIAX OTJIOXKE-
HUIi: aJUTIOBUAJIbHBIX, B TOPU30HTAaX I1aJIeOITOUB JIeC-
COBO-TIIOYBEHHBIX cepuii, 1€ccax. B kaxkmaoM 13 3Tux
TUIIOB TIPOSIBJICHUE KpUOIeHe3a pas3jinyaeTcsl Kak
Maciitabamu, Tak u popmamu ctpykryp. IIposisie-
Hue kpuoreHe3a B Hiokxem IloBomkbe mMMeeT psim
0COOEHHOCTe (apuaHbIe YCJIOBHS, IO’KHOE PaCcIoJio-
XKEHUE TEPPUTOPUU, BIMSHUE TPAHCTPECCUBHO-PE-
rpeccuBHOil Mctopum Kacmmiickoro Mopsi, 3BOJIIO-
uus p. Boirm).

KpuoreHHoe rnmpoucxoxieHne BCKPbIThIX B pa3pe-
3aX CTPYKTYp MOATBEPKAAETCS KaK MOJIEBBIMU, TaK U
JTabopaTOPHBIMU MCCIIeNOBaHUSIMU. Mopdosorus
CTPYKTYpP, OCOOEHHOCTH COOTHOIIIEHUS BMEIIAIOIINX
OTJIOXKEHUI W 3amoJHUTENs (YeTKUe TPaHWIIbI, 3a-
MMOJIHEHWE BHILIEIeXAIIUM MaTepuajaoM, Hapylle-
HUSI IO BEpXHEi rpaHuIIe CTPYKTYp, OoJiee IMpoKast
BEPXHSISI YaCTh CTPYKTYP, M3THOBLI BMEILAIOIIUX OT-
JIOXKEHWI HA TPaHULIe CTPYKTYP M BMEIIAIOIINUX OT-
JIOXXEHUIT 1 cerperallmioOHHBIe OTPOCTKM) YKa3bIBalOT
Ha KpUOTEeHHBIN XapakTep ux (popMmupoBaHus. Bme-
IIAIOIIMMUA KPUOTEHHbBIE CTPYKTYPHI OTIOXEHUSIMU
SIBJISIIOTCSI TIPEMMYIIECTBEHHO MaJIEONOYBbI, KOTO-
pbIe XapaKTepU3yloTcd 6ojiee TITMHUCTBIM COCTaBOM,
a ciemoBaTeNnbHO, Oosiee BIaroeMku. B “cyxux” jec-
cax MposIBJIEHUE KPHOreHe3a OTpaxXkaeTcsl B BepTU-
KaJIbHOM OTOEIBLHOCTU JECCOB U MX OJIOYHOI CTPYK-
type (Feng et al., 2021).

IlpoBeneHHBIE JabOpaTOPHBLIC MCCIIECIOBAHUS
TaKXXe MOATBEPKIAIT KPUOTEHHOE MPOUCXOXKIACHIE
BBIIEIEHHBIX CTPYKTYp. ST OTJIOXEHUIT KPUOTEHHBIX
TOPU30HTOB U OTIETbHBIX CTPYKTYP B HUX ITIPOBEIEH Je-
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TaJbHBIM pacueT KoadduilMeHTa KPUOTEHHON KOH-
TPAaCTHOCTU, KOTOPBII MOKa3ajl, 4YTO BMeIIaoIre ma-
JIEOTIOUBBI XapaKTepU3yIOTcsl 0oJiee BHICOKMMU 3HAYe-
HusvMu KKK (1.07, 1.13), xKoTtopble yOBIBAIOT IIO
MpodUIIIo C TyOMHONU. DTO 3aKOHOMEPHO, ITOCKOIb-
Ky BMeEIIAIoIIMe OTJOXEHUST TTPOXOIsT yepe3 00Jb-
11Iee KOJUYECTBO IIUKJIOB MPOMEpP3aHUsI-NIpOTanuBa-
HUSI, 2 3HAUUT WCIILITHIBAIOT 0OoJiee MHTCHCUBHOE
KpUOTeHHOe Tipeobpa3zoBaHue. HecMoTpst Ha TO UTO
JIECCOBBIE TOPU3OHTHI C(HOPMUPOBAIMCH B XOJIONHbIE
OTJIOXKEHUSI, XapaKTepU3yITCs MHOTOUUCICHHBIMU
KBaplieBLIMU 3€pHAMU CO CKOJaMHu, PaKOBUCTHIMU
U3JIOMaMU1 KPMOTEHHOTO XapakTepa; BCTpEUYEHbI 3ep-
Ha, COBMelIamllue B cebe mepBoHavYaaIbHbIe MPU3HAa-
KU 20J710BOIi 06pabOTKM, BIIOCJIEACTBUU TTOABEPTHY-
Thle KPUOTEHHOMY IpoOieHUu0. ormomTHUTEeIbHBIM
apryMeHTOM B T10JIb3y KPUOTEHHOT'O TeHEe3KCa CTPYK-
Typ B najieornouBax MUC 5 saBisieTcss X MUKPOCTPO-
eHure B nundax, n3ydeHHoe B ooHaxkeHnn CpegHsis
Axtyb6a (Makeeyv et al., 2021). MukpoTpeluHbI B Ta-
JIeoroYBax Tpex IegoreHeTuYeCcKuX ypoBHei (PL 5 —
MMUC 5a, PL6 — MUC 5¢c u PL7 — MUC 5e), 3amon-
HEHHBbIC MbLJIEBAThIM BCKUMAIOIIUM MaTEpHUaIOM U3
BBILIEJIEXAIUX JIECCOB, OCOOEHHO XOPOIIO BUIHBI
Ha (poHE TYMyCOBOTO FOPM30HTA B UBYYEHHBIX T1E€10-
KOMILIEKCaX.

ITlaneoeceoepaguueckue ycrosus pazeumusi Kpuo2eH-
Hoix amanoe Huocneeo Tloeonnces

I aran: B KacrniuiickoMm pernoHe B 3TOT ePUOI pe-
KOHCTPYUpPYETCs 3aBepllaroliasl CTamus I103IHeXa-
3apCcKOi TpaHcrpeccum (TUpKaHCKas  CTamaus).
ITo coBpeMeHHbIM mpencTaBieHusIM (AHuHa, 2012),
TpaHCTpeCCUsl pa3BUBajach BO BIIAXXHYIO 3MOXY C
OOMJIBHBIM CTOKOM peK. YPOBEHBb MOPSI HECKOJIBKO
MpeBBIIIaJl COBPEMEHHBINM, BOALI THPKAHCKOTO Oac-
ceiiHa mpoHMKanu 1o nojiuHe Boiru, dopmupys
mupokuii actyapuii. Ha reppuropum Boctouno-EB-
porneiickoit paBHUHBI A1 BTopoii mojoBuHbel MUC 5
OTMEYAalOT Hadajao BaJdaliCKOro OJCASHEHUS: B
MHUC 5b 3nmecy BweigenstioT Il a3y cmoireHcKoro
KpuoreHHoro stana (JuHamuka JaHAIapTHHIX...,
2002).

II aran: naneoreorpacduyeckue ycJloBUSI pa3BU-
TUSI 3TOTO 3Talla XapaKTepu3OoBaJIWCh Pa3BUTHUEM
Bajgaiickoro oneaeHeHuss Ha BocTtouHo-EBpomneii-
ckoil paBHuHe. B HuzkHem I1oBomkbe 3TOT mepuon
TaKKe 3HAMEHYETCS CyllIeCTBEHHBIMU U3BMEHEHUSIMU —
HavaJloM ITyOoKoii artenbcKoit perpeccumn Kacnuii-
CKOro bacceiiHa, CMEHOM KJIMMaTU4YeCKUX MapaMeT-
POB C BJIaXXHBIX MU OTHOCUTEIBHO TEIUIbIX (3aBepliie-
Hue opmupoBaHus mousbl MUC 5a) Ha XoyonHbIE,
Cyxuve U BeTpeHHbIe (Hauyajio (popMupoBaHUs JIECCO-
BeIX omioxeHuit MUC 4) (Bennuko, 1973). B ato
BpeMsI 3HAUUTEIbHbBIC TUIOIAAU AOJUHBI PEKU OKa-
3aJlUCh MOMA BO3AEHCTBUEM KpUOTE€HEe3a U 30JI0BOit
nedITSIIINN.

III sTan: Ha BoctouHo-EBponeiickoii paBHUHE B
3TO BpeMs HauMHaeTcsl OpsIHCKUIA Mera-uHTepCcTaan-
Ne 3
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ajl — TeIUIbIN Tepuoa BHYTPU BaJlIaiicKoro ojieeHe-
Hus (JluHaMuKa naHamadTHbIX..., 2002). B Kacnuii-
CKOM Mope B KpuoreHHsblit atan 111, mo-sunumomy,
OTMEYaeTCsl HEKOTOPOE TMOBBIIIEHWE YPOBHS, UTO
CIOCOOCTBOBAJIO MPOHUKHOBEHWIO BOI B MOJUHY
Bousiru v mpoTtanBaHUIO MEP3IBIX OTIOKEHUA.

IVatan: nnst nepuoga MUC 3 ¢ Koporkumu dasza-
MU TOTEIJIEHUSI U YBJIaXXHEHUs BCJIEICTBUE TOMTHS-
tus ypoBHs Kacnius (AHuna u np., 2017) xapaktepHO
YBEJIMUEHUE BIAarOCOIeP>KaHUSI B TOJIIIE OTIOXKEHUIA.
Pycno Bosiru HeomHOKpaTHO MEHSJIO CBOE TTOJIOXKe-
HUE, YTO OTPa3WIOCh Ha TOSIBICHUM I1aJIeONOYBEH-
HBIX TOPU3OHTOB B ToJjie aumoBus. Ha BoctouHo-
EBporneiickoii paBHMHE B 3TO BpeMs (uKcupyeTcs
3aBepuIarouii aTan GOpMUPOBAHUS OPSTHCKOM Ma-
JIEOTIOUBHI.

SAKJIIOYEHHME

BrinosHeHHbBIE HMCCAEeIOBAaHUS ITO3BOJSIOT COE-
JIaTb CJICAYIOIIME BbIBOIDI:

1) CtpoeHue 1 MOpGOJIOTHS CTPYKTYP, pacIipeie-
JieHre Ko3(pGpuIreHTa KpUOre HHOM KOHTPACTHOCTH,
MOP(MOCKOMNUS KBaplLEBBIX 3€peH, MUKPOCTPOCHUE
OTJIOXXEHU TTOATBEPXKAAIOT KPUOTEHHOE TTPOUCXOXK-
JICHUE CTPYKTYP B BbIICJICHHBIX KPUOTE€HHBIX TOPU-
30HTaX.

2) PesynbraTtel OCJI-maTupoBaHMs M KOPPEIISILIS
KPUOTEHHBIX TOPU30HTOB II0 BPEMEHM I103BOJIMIIN
BBIACIUTh YETHIpE 3Talla pa3BUTHUsSI KpUOreHe3a Ha
tepputopun HikHero IToBOJIKBSI B TTO3IHEM IS -
croueHe: MUC 5b, npu nepexone or MUC 5a k
MUC 4, MUC 3b/c u MUC 3a.

3) B nepuon popMuUpoBaHMs JIECCOB YCIOBUS OBI-
JIN CYPOBBIMM 1 XOJIOMHBIMU, CJIEIOBATEIbHO, KPUO-
reHe3 oTpasujics B 60jee NIMHUCTBIX, O0jIee BIaro-
eMKUX OTJIOXKEeHUsIX, T.e. B majeorrouBax. Hambonee
cypoBbie ycinoBus B Huzkaem I[MoBoikbe (MHOTONET-
HSIST KPUOJUTO30HA) CYIIECTBOBAJM Ha TpaHUIIE
MMUC 5au MUC 4 (11 xproreHHHI 3Tall), U HAILIA
OTpaXkeHHe BO BCEX M3YUYCHHBIX pa3pe3ax B BUIE pe-
TMOHAJIbHO PACcpPOCTPAHEHHBIX TOHKUX BEPTUKAb-
HO IIPOTSKeHHEIX iceBanoMopdo3 (CpenHsst Axry0a,
JlenuHck, baraeBka), a Takke B BUAE MEIIKOOOpas3-
HBIX CTPYKTYp B ajuttoBuu (Paiiropomn).

4) TlocKoJbKYy KIMMAaTU4eCKUEe IapaMeTphbl MC-
CJIeAyeMOro perMoHa AOCTATOYHO OTHOPOIHEBI, MPU
PEKOHCTPYKIUIMHY YIUTHIBAIMCh MECTHBIC KITMMAaTHYe-
CKue 0COOEHHOCTH, COCTAaB OTJIOXEHUM, BIIAXKHOCTb
U UCTOpUYecKoe Tpolrioe. PopMupoBaHUe KIMHO-
BUIHBIX KPUOTEHHBIX OOpa3oBaHUil B M3YyYEHHBIX
pa3pe3ax MOXXHO OOBSICHUTh HE MOPO300OMHBIM pac-
TPEeCKUBAaHUEM, a TIPOMEP3aHUEM OTJIOKEHMUIA, HACHI-
ILIIEHHBIX BJIArOid, YTO MOATBEPXKIACTCS OIpeAcsIeHUs -
MM 3HAYeHUI KO3 GUIIMEHTa KPUOTEHHOM KOHTPaCT-
HOCTM B 3aTPOHYTBbIX KPUOIEHE30M TIOPU30HTAX,
YKa3bIBaIOLIMX HAa Pa3BUTHE MAJIOMOIITHOM MEp3JIOThHI.
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I[IpoBeneHHBIE uCCAEeOOBAaHMS MOKa3aaW IIep-
CIIEKTUBHOCTb INIPUMEHCHUA MCETOIUKN KPHUOJIIMHUTO-
JIOTMYECKOI'0 aHa/IM3a MUHEPAJILHOIO BeIlleCTBA OIS
OLIEHKM MajieoreorpaueCcKux yCIOBUI BpEeMEHU UX
obpazoBanusa. Ha mpuMmepe n3ydyeHus1 pa3pe3oB I10-
Ka3aHo, YTO, KaK B IIpeieiaX MHOTOJIETHEM IICPUTIISI-
aIbHOM KPUOJMUTO30HbI, TAK U B YCIOBUSIX CE30H-
HOTO MpoMep3aHUs B IMTO3IHEM IUIEMCTOLIEHE TPOKC-
XOOWJIM TPOLEeCChl KPUOTeHHOro MHpeoOpa3oBaHUS
OTJIOKEHMI1, BO MHOTOM IIPEAOIIPEaS/IMBILINE COCTaB
U CTPOEHUE OTJIOXKEHUI aTeIbCKUX CBUTHI HikHero
IToBOKbSI.
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CHRONOLOGY AND DEVELOPMENT OF CRYOGENESIS
IN LOESS-PALEOSOL SEQUENCE IN THE LOWER VOLGA REGION!
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The article presents the results of studying four sediment sections in the Lower Volga region that containing
numerous traces of cryogenesis in Late Pleistocene subaerial deposits, represented by thin vertical wedges in
loess and soils, involutions and wedges in alluvial deposits. In order to establish the stages of development and
the boundaries of permafrost in the southeast of the East European Plain, morphology of cryogenic struc-
tures, morphoscopy and micromorphology of quartz grains were established, the coefficient of cryogenic
contrast were calculated, and also absolute dating of deposits was performed. Five stages of cryogenesis de-
velopment in the Late Pleistocene, which differed in type, scale of distribution, and conditions for the forma-
tion of cryogenic structures were established on the studied territory. The processes of cryogenic transforma-
tion of sediments occurred due to both seasonal freezing and the long-term development of a perennial per-
mafrost zone. This determined the composition, structure and properties of loess-paleosol sequences and
alluvial layers. The results obtained significantly refine the current understanding of the conditions for the
formation of the Atelian deposits in the Lower Volga Region and the distribution of permafrost zone in the
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south of the East European Plain in the Late Pleistocene.

Keywords: loess, paleo-permafrost, mineralogical analysis, coefficient of cryogenic contrast, OSL dating
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Baer knolls (BK) are elongated ridges often close to the sub-latitudinal orientation sometimes spatially iso-
metric that are widespread in the entire Northern Caspian Region up to 0 m a.s.1. (the upper limit of the Late
Khvalynian sea transgression). The goal of this study was to establish the genesis of BK based on interpreta-
tion of textural and lithologic characteristics of sediments and dating the material composing these land-
forms. Research has led to the following conclusions that BK have been formed during the transition of Late
Khvalynian and Early Holocene time. Sediments of BK consists of three lithofacies (LF1, LF2, LF3). Choc-
olate clay (CC) and Volga alluvium were significant sources of material for knolls formation. Nonetheless, for
lithofacies 1, it was also sandy material lying below the CC. The BK material cannot be attributed to the ae-
olian genesis because of its lithological, faunal and geochemical characteristics. The knolls formed in brack-
ish subaquatic conditions of the lagoon floor, where a low-energy currents occurred due to the descent of Late
Khvalynian basin waters through the Manych Strait. Thus, BK are analogues of river bedforms appearing as
the result of turbulent flow, like ripples and river dunes, where, in concordance with the accumulation of san-
dy material and detritus of redeposited shells, clay particles were deposited under the mixing of the brackish
water of the lagoon and the fresh water of the rivers flowing into it.

Keywords: Late Pleistocene, the Caspian Sea, underwater bedform accumulation, Khvalynian time, Stratig-

raphy, the Volga Delta
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INTRODUCTION

Baer knolls (BK) are landforms named after a
member of the Russian Geographical Society, Carl
von Baer, who described its morphometrical charac-
teristics and origin for the first time (Baer, 1856). The
study of these landforms dates back to more than
150 years (Pravoslavlev, 1929; Yakubov, 1952; Svitoch,
Klyuvitkina, 2006; Badyukova, 2018; Lavrushin et al.
2019). Researchers interpret the material composing a
particular landform, the features of its spatial distribu-
tion and orientation very differently. The aeolian ori-
gin is the most popular among the scientific commu-
nity (Fedorovich, 1941; Volkov, 1960; Leontyev and
Foteeva, 1965; Belevich, 1979; Kroonenberg et al.,
1997). There are also fluvial, deltaic, (Pravoslavlev,
1929; Zhukov, 1935; Doskach, 1949; Yakubov, 1952),
marine, including interference of longshore currents,
surges-drives phenomena (Berg, 1908; Britzina, 1955;
Nikolaev, 1955; Zhindarev et al., 2001; Svitoch and
Klyuvitkina, 2006; Rychagov, 2009), tectonic (Aris-

# For citation: Lobacheva D.M., Badyukova E.N., Makshaev R.R.
(2023). Sedimentary characteristics of Baer knolls deposits in
the Volga River Delta. Geomorfologiya i Paleogeografiya. Vol. 54.
No. 3. P. 67—80. https://doi.org/10.31857/S2949178923030052;
https://elibrary.ru/ WDAEYY
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tarkhova, 1980; Leonov and Lavrushin, 1995;
Lavrushin et al., 2019) and permafrost hypothesis
(Ryabukha, 2018). The article summarizes all the cur-
rent views that are complemented by an extensive bib-
liography and presents scrupulous results of various
analyzes, mainly based on the research of the Lower
Volga Region and its delta.

The relevance of this research is in studying Baer
knolls as landforms dated back to the Late Khvalynian
stage of the Caspian Sea transgression as a key to re-
constructing the history of the Caspian Region, and
environmental features that existed on its shores
during the Late Pleistocene — Holocene transition.
BK are a natural heritage of the landscape that existed
close to the Caspian Sea.

The Caspian Lowland was chosen as a study area
because of a large volume of published material, cov-
ering several key sections along the Volga River Region
and peripheral territory. Baer knolls are relict land-
forms but are remarkably well-preserved in the studied
landscape. The research objective is a detailed study of
the internal structure of the Baer knolls and their lith-
ological features for a more reliable interpretation of
their genesis. It will help to clarify the history of the
Caspian Sea fluctuations during the Late Pleistocene
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and Early Holocene. The main problem of this re-
search is incomplete and often ambiguous data.
The article aims to revise the previous interpretations
presented by various researchers on the proposed gen-
esis by receiving new data based on modern methods
as a supplement to an earlier publication (Badyukova,
2018). For the first time, result of X-ray fluorescence
analysis of sediments from several Baer knolls at the
Volga Delta is presented.

SITE INFORMATION

Caspian Sea setting and palaeogeography. The Cas-
pian Sea is the largest inland water basin on Earth,
which occupies 378400 km? and contain more than
78000 km? of water (Svitoch, 2014). The water catch-
ment area is up to 3.6 million km?. The present surface
elevation of the Caspian Sea is — 27 m below sea level
and the average depth is 180 m. The average salinity of
the Caspian Sea is 12.7%o, that varies between 1—3%o
near the Volga River Delta to 20.3%o in the Balkhan
Gulf. The basin is subdivided into three sections,
North, Middle and South. The area of the North Cas-
pian basin is 95000 km? with an average depth of 5 m
and contain only 1% of the total water volume of the
basin. River discharge into the North Caspian basin
contributes 88% of total inflow to the basin (Svitoch,
2014).

During the Pleistocene, several transgressions (Ak-
chagylian, Apsheronian, Bakunian, Urundzhikian,
Early Khazarian, Late Khazarian, Hyrcanian, Early
Khvalynian, Late Khvalynian and Novocaspian) and
regressions (Tyurkyanian, Chelekenian, Singilian,
Chernoyarian, Atelian, Enoetaevkian and Mangysh-
lakian) of the Caspian Sea occurred (Svitoch, 2014;
Krijgsman et al., 2019). The Caspian Sea and the
Black Sea were connected through the Manych pas-
sage during large transgression events (Fedorov, 1957;
Svitoch, Yanina, 1997).

Geographical and geological setting. The Baer knolls
area is located in the southeast part of the Northern
Caspian Lowland occupying a south part of the Lower
Volga River region, its Delta, the south-part of the
Ural River Delta and a small area in north-west Cas-
pian Lowland (fig. 1). The Baer knolls area covers ap-
proximately 55.5 km? and is limited by 0 m asl contour
line. They are elongated ridges often close to the sub-
latitudinal orientation, sometimes spatially isometric.
Ridges 3—10 m in height are spread throughout the
Caspian lowland from the Emba River mouth on
the eastern coast to the mouth of the Kuma River on the
western coast of the Caspian Sea. Baer knolls have not
been identified anywhere above the upper limit of the
Late Khvalynian transgression (0 m asl).

In the Northern Caspian Region, the stratigraphy
of Quaternary deposits in the study area is represented
by the Bakunian, Khazarian, Atelian, Khvalynian and
Novocaspian regional horizons (Fedorov, 1957; Svi-
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toch, Yanina, 1997; Svitoch, 2014; Zastrozhnov et al.,
2018). The marine deposits are predominated with an
exception of Atelian sediments, which are represented
by loess (Fedorov, 1957). The Baer knolls deposits are
presented by Khvalynian sediments. The Khvalynian
horizon corresponds to one of the largest transgression
events in the Caspian Sea during the Pleistocene,
when the sea level of the Khvalynian basin reached
+45—50 m asl and occupied an area of 872000 km?
(Fedorov, 1957; Aladin, Plotnikov, 2006; Svitoch,
2014).

The Khvalynian horizon is presented by the Lower
Khvalynian and Upper Khvalynian sub horizons di-
vided by Enotaevkian continental layer that corre-
spond to eponymous regression event of the Caspian
Sea (Svitoch, 2014).

MATERIAL AND METHODS

Field investigation. This study is based on interpre-
tation of remote sensing data (satellite imagery and
DEM SRTM arc-second global 1) and field investiga-
tions of the Baer knolls carried out in 2017—2019 in the
Lower Volga River Region. We selected the group of
knolls, where artificial and natural outcrops were
identified (tabl. 1). Textural and lithological features
of the Baer knolls were described during the detailed
geomorphological investigations, based on a compre-
hensive interpretation of BKs position and landform
configuration.

Sedimentological and geochemical analysis. Three
lithofacies (LF) based on sedimentary structures and
visual characteristics were identified during the inves-
tigations of the Baer knolls deposits in the Volga River
Delta. Fifty samples for sedimentological analysis
were collected from Yaksatovo (18), Mirnii (14), Nar-
tovo (8), and Troitsky (10) knolls using a mini shovel.
Seven samples for lithofacies 3, seventeen for lithofa-
cies 2 and twenty-six for lithofacies 1. That BK possess
three lithological formations (lower lithological for-
mation (lithofacies 1), upper lithological formation
(lithofacies 2), and chocolate clays (CC, lithofacies 3).
However, in some BK there are only lithofacies 2, due
to erosion of the lithofacies 1. All samples were dried
at 50°C for 3 hours and then pretreated with 10% hy-
drochloric acid (HCIl) and hydrogen peroxide (H,0O,)
to remove carbonates and organic particles. To avoid
coagulation, sodium pyrophosphate 5% (Na,O,P,)
was added into samples as a dispersion agent. Grain-
size analysis for prepared samples (<1 mm) was con-
ducted using Laser Diffraction Particle Size Analyzer
Fritsch Analysette 22. The measurements were carried
out with two lasers in the range from 0.8 to 2000 um
three times for 4 minutes each. Grain-size classes were
presented according to Kachinskiy classification with
limits by <1 um, 1-5 pm, 5—10 pm, 10—50 um, 50—
250 um, and 250—1000 um (Kachinskiy, 1965). The
sample analysis with using of sieves set (1000—
Ne 3
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Fig. 1. Geological sketch and geographical setting of the Volga Delta: / — Holocene alluvial-marine deposits (Qg,,); 2 — Late
Pleistocene alluvial-marine outliers (Q3,,,,); 3 — Volga floodplain (Qg4,); 4 — Settlements; 5 — Ilmeni and broad river deltaic chan-
nels; 6 — Rivers and channels; 7 — Coastline; &§ — New Caspian marine boundary (Qg4,,); 9 — work area.

Puc. 1. Teonornyeckast cxema neabThl Bosrn: 7 — rofoneHoBbIe aJUTIOBUATBHO-MOPCKUE OTI0XKEHUS (Qqypy); 2 — TO3AHETLIEH -
CTOLICHOBBIE OCTaHLbI 63POBCKUX OYIpoOB (Q3,y,); 3 — noiima Boaru (Qg4,); 4 — HaceJleHHbIE IYHKTbBL; 5 — WIbMEHU U IIPOTOKHU
JETbThl; 6 — PeKU U KaHAJIbI; 7 — COBPEeMEHHasi 6eperoBast JIMHUS MOpsT; § — TPaHMIIa HOBOKAcTIMiicKoit TpaHcrpeccuu (Qyy,);

9 — yyacTku paborT.

2000 um) showed the absence of fraction larger
1000 um. Textures were determined using high-reso-
lution photographs. Sedimentary bedding and deposi-
tional environments were defined according to
L.N. Botvinkina (1962) and Reinek and Singh (1981).
Major elements (TiO,, CaO, Al,0;, SiO,, Fe,0;,
K,0, MgO) were identified in 20 samples using induc-
tion-coupled plasma atomic emission spectrometry
(ICP-AES).

Macrofaunal analysis. Twenty-five sediment sam-
ples containing mollusk shells were collected from in-
vestigated knolls (Yaksatovo, Mirnii, Nartovo, and
Troitsky). Mollusk shells were extracted, measured,
and then photographed. Sediment samples (1 kg) con-
taining detritus were rinsed and then sieved using
1 mm mesh. Mollusk shells were selected for radiocar-
bon dating.

Radiocarbon dating. Mollusks shell samples of Di-
dacna protracta, D. parallella, D. praetrigonoides,
Monodacna caspia, Dreissena polymorpha were dated
in a Radiocarbon dating laboratory at the Saint Peters-
burg State University (Russia, lab. index LU) accord-
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ing to scintillation technique (Arslanov, 1987). Radio-
carbon ages were calibrated using CALIB 8.1. software
(http://calib.org/calib/) and IntCal20 calibration
curve (Reimeret al., 2020) with standard deviation 26.
In table 2 below, in addition to the authors' own re-
sults, the calibrated dates obtained earlier are given
(Svitoch and Klyuvitkina, 2006). In order to clearly
display the available dates for the strata composing the
knolls.

RESULTS

Lithofacies. Three main lithofacies (fig. 2, (a—e))
were identified basis on sedimentary structures, visual
characteristics, colours, lamination type, grain-size
(and geochemical composition (WD-XRF) in the
studied Baer Knolls.

Lithofacies 1 (LF1). Cross-laminated sand is com-
posed of 1 to 3 m thick light-pale brown to yellow-
grey, very fine to medium quartz sand, with thin (2—
5 mm) lenses of coarse sand. Silt lenses 1—4 mm thick
sporadically alternate with 10—15 cm beds of very fine
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Table 1. Studied Baer Knolls in the Volga River Region

Taomuna 1. M3yyennsle 6yrpol bapa B aenbre Boaru

No. Section name Year of investigation Latitude Longitude Lithofacies
1 | Troitsky 2018 45°59’58.49” N 47°38’34.93” E LF1, LF2, LF3
2 | Basy 2019 46°08'29.54” N 47°02°19.01” E LF2
3 | Yaksatovo 2018 46°14’44.25” N 48°01'26.37” E LFI1, LF2, LF3
4 | Nartovo 2018 46°14’02.79” N 48°02'15.34” E LFI1, LF2
5 | Funtovo-1 2019 46°14'03.62” N 48°06"22.39” E LF1, LF2
6 | Funtovo-2 2019 46°1326.00” N 48°08'06.83” E LF1, LF2
7 | Kirpichnyy zavod 2019 46°16"21.64” N 48°04’12.62” E LFI1, LF2, LF3
8 | Mirnii (Dolgii) 2018 46°22°14.76” N 47°55’30.14” E LFI1, LF2, LF3

sands. Coarse sand lenses usually contain detritus and
rounded shell fragments of brackishwater mollusks.
Sediments also contain rare mollusk species Didacna
protracta and Monodacna caspia. Bird burrows (Ri-
paria riparia) are typical in these sediments. High-an-
gle crossbedding stratification is presented in this stra-
tum. Often it correlates well with an angle of the slopes

(fig. 3).

Lithofacies 2 (LF2). Criss-cross-laminated sand
consists of approximately from 2 to 6 m thick brown-
yellow and grey very fine to medium sand with hori-
zontal planar lamination along the ridge of yellow-
grey silt clay 1—-3 cm thick (fig. 2, (b)). Low to high-
angle cross lamination of sand and clay is presented in
these sediments, especially along the knoll margins. In
the upper part of deposits, rare large mollusk shells Di-
dacna protracta are presented. In that lithofacies,
Ophiomorpha burrows are presented too (fig. 2, (d)).

Lithofacies 3 (LF3). Chocolate clay is 1 to 2 m thick
and dominated by brown to dark brown clay with thin
(1—3 cm) lenses of yellow-grey very fine to fine sand.
Low-angle cross lamination of sand and clay with
thickness 50—80 cm are presented in the upper part of
sediments. Sand layers usually contain shell fragments
and whole shells species Didacna protracta, D. paral-
lella, Dreissena rostriformis (fig. 2, (¢)). These lithofa-
cies present the chocolate clay stratum (CC) of Baer
knolls.

Granulometric composition. Average grain-size
composition of studied Baer knolls sediments is repre-
sented by <1 um (13%), 1-5 um (42.4%), 5—10 um
(13.7%), 10—50 um (21.7%), 50—250 um (8.7%) and
250—1000 um (0.3%) The ternary diagram on fig. 4.
reveals the distribution of granulometric composition
of fifty BK sediments samples. LF2 is a mixture of
sand, clay, and silt particles. In CC clay and silt frac-
tions prevail. A few LF1 samples from the lower part
demonstrate a composition similar to CC and LF2.
The upper part of LF2 is enriched by sand and is sim-
ilar to LF1.

Geochemistry. The bulk geochemical composition
(wt %) of Baer knolls sediments are presented in table 3.
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The concentration of SiO, in CC, LF2, and LF1 rang-
es between 67—82%. SiO, content is higher in LF1.
Meanwhile, concentrations of TiO,, Fe,0;, Al,O;,
K,O are lower, because of decreasing of clay fraction
in LF1. Otherwise, samples from LF2 and LF3 are
characterized by a relatively higher concentration of
TiO,, Fe,0;, Al,O; that are confined to clay fraction.

Malacological examination. Seven mollusks’ spe-
cies Didacna protracta, D. ebersini, D. parallella,
D. parallella borealis, D. praetrigonoides, Dreissena ros-
triformis, Dr. polymorpha represent freshwater, and
brackish water environments were identified in inves-
tigated knoll sediments. The upper part of LF3 is pre-
sented by brackish water assemblages with Didacna
protracta, D. parallella, D. parallella borealis, D. prae-
trigonoides. Large and thick shells of Didacna protrac-
ta, D. parallella indicate long-term optimal living con-
ditions with 8—13%o paleo salinity (Yanina, 2012).
However, the abundance of shells Dreissena rostri-
formis in the sand interlayers could indicate a regular
supply of fresh water and a decrease in paleo salinity to
3—8%o. At contact between LF3 and LF2 the presence
of a rich detritus layers and rare small shells Didacna
protracta, Dreissena polymorpha could indicate an in-
crease of current flows with suspended load water and
slow stream environment conditions. Sand layers in
LF2 and more often in LF1 are affluent in detritus of
redeposited mollusk shells Didacna catillus, D. prae-
trigonoides, Dreissena rostriformis, Hypanis plicatus,
etc. (fig. 5).

Radiocarbon dating. Five radiocarbon dates from
Yaksatovo, Mirnii (Dolgii), and Sarai-Batu knolls
ranges from 16.4 to 13.8 ka cal B.P. Results demon-
strate that deposition of LF3, and LF2 correspond to
the period from Oldest Dryas cold event to Bolling-
Allerod warm stage. Two radiocarbon dates from the
contact between LF3—LF2 suggest that deposition of
LF1 corresponds to Bglling-Allerod warm stage. All
dates with previous results for BK sediments are sub-
mitted in table 2.
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Lithofacies-1

Lithofacies-2
(LF2)

Shell fragments (LF2)

Ophiomorpha (LF2)

o NS e

Lithofacies-2 (LF2)

. Cllocolate clay and sand cross-bedding (LF3)

vt Chocolate clay (LF3)
R

Fig. 2. Sedimentary architectures and lithofacies of Baer knolls: (a) — Yaksatovo knolls erosional contact between LF1 and LF2;
(b) — cross-lamination sand and compacted coarse sand layer with shell detritus (LF1); (c) — mollusk shells Didacna protracta,
Dreissena rostriformis in sand lenses (LF3); (d) — Ophiomorpha burrows presented in LF2 in Nartovo knoll; (¢) — Mirnii knolls
cross-lamination of sand and chocolate clay and erosional contact between LF2 and LF3.

Puc. 2. JIutodalmanbHoe CTpOeHUE OYTPOBBIX OTJIIOXEHUIA: (a) — 3p03UOHHBII KOHTAKT Mexay JID 1 u JID2, 6yrop SIkcatoBo;
(b) — pocyioun neTpuTa u Kocas ciouctoctb B JID2, 6yrop SAxcaroBo; (¢c) — pakoBuHbl Didacna protracta, Dreissena rostriformis
B recyaHbIx ripocnosx JID3, 6yrop Mupnbrit; (d) — xonbt Ophiomorpha B JID2, 6yrop HaptoBo; (¢) — muTodanmaibHOe CTpO-
eHHe OCHOBaHMs O0yrpa MUpHBI, KOHTAKT Mexay JIMD2 v 11oKoIamHBIMK TJIMHAMU.

DISCUSSION 1965; Belevich, 1979; Kroonenberg et al., 1997).

It contradicts several statements: high cementation of

Sedimentary environments. The aeolian BK origin  the knoll strata, variety of lamination types, interlayers

is prevalent among the scientific community (Fedor-  and lenses rich in shell detritus (fig. 6), erosional con-
ovich, 1941; Volkov, 1960; Leontyev and Foteeva, tacts between LF2 and LF1 (fig. 2, (f)), clay and silt
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Fig. 3. Sedimentary architectures and LF1 and LF2 contact of west outcrop in Yaksatovo knoll.
Puc. 3. Crpoenue Tom JID1 u JID2 Ha 3anmagHoit OKOHEYHOCTH Oyrpa SIKcaToBo.

prevail, ripple marks in silty clay of LF2. If the Aeolian
origin was relevant and the wind carried the clay parti-
cles, the question arises as to where such an amount of
deposit would come from. O.K. Leontiev (1965) ar-
gues that fragments and whole shells could be trans-
ported over some distances by strong winds. However,
we are not aware of the simultaneous aeolian transport
of clay, silt, and sand mixture with shell fragments and
detritus. Aeolian transport from the surface of the
takyr is low because of the very gritty texture due to the
high density and cementation. If it occurs, elementary
dunes will be forming, approximately 1—1.5 m high
(Makeev, 1933; Bowler, 1986). According to geo-
chemistry and micromorphology of quarts grains, ae-
olian processes of sedimentation are mostly presented
in the upper part (app. 60—80 cm) of BK deposits (Svi-
toch, Kluivitkina, 2006; Shaldybin et al., 2015).

Saltation or rolling, both causing frequent colli-
sions of transported particles, would round the grains.
However, the clay component of the knoll strata con-
sists of flakes and clay pellets, often wholly unrolled.
Thus, BK deposits cannot be attributed to aeolian or-
igin (Badyukova, Lobacheva, 2020). Flakes and clay
pellets often appear in brackish water due to particle
coagulation (Botvinkina, 1962). According to malaco-
faunal analysis, the knolls are rich in organogenic con-
tent, particularly of shell detritus. We consider that
such aeolian transport of whole shells and debris is im-
possible in the formation of detritus layers in BK.
Based on fabric analysis, the most common lamina-
tion types of BK are oblique cross, multidirectional
criss-cross (appeared by changing the direction of wa-
ter jets), wavy with ripples, diagonal, horizontal. Such
a variety of lamination is most likely reflecting the del-
taic, estuarine, or lagoon type of aquatic sedimenta-
tion (Botvinkina, 1962). For the knolls on the north-
eastern part of the Pre-Caspian lowland subhorizontal
and gentle criss-cross fabrics are characteristic. In LF1
and LF2, the presence of sand and silt is noted togeth-
er which is a feature of deltaic sediments (Badyukova,
2018). The presence of several modes in the grain-size
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distribution in LF2 is the same as in CC, which means
that LF2 is inherited from the underlying CC. Oblique
lamination is associated with the flowing reservoir,
where currents occurred. They were slow and unsta-
ble, because of the existence of horizontal, weakly ex-
pressed lamination in sediments and the presence of
ripple marks.

We assume that the deposition of the knoll strata
occurred in water where was a mixture of river and sea
waters (lagoonal environments). The absence of in situ
shells or their extremely rare presence in the knoll’s
strata is on the one hand associated with increased tur-
bidity of the reservoir and on the other with a low tem-
perature of the water. Salt instigates the coagulation of

0_100 + Chocolate clay

¢ LF2
OLF1

100

Fig. 4. Ternary diagram of sand, silt, and clay concentra-
tion in Baer knolls sediments (Yaksatovo, Troitsky, Mirnii,
and Nartovo knolls).

Puc. 4. TpeyrosibHast guarpaMma rpaHyJIOMETPUYECKOTO
cocTaBa (MEeCOK, aJeBPUT, TJIMHA) OYTPOBBIX OTIIOXEHUA
u3 6yrpos fkcatoBo, MupHbIii, HaproBo n Tpourikuii.
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Table 3. The geochemical composition of Baer knoll deposits
Taomuna 3. leoxumMuyeckuii coctaB OyTpOBBIX TOJIILL

LOBACHEVA et al.

MgO Al,)O4 K,O CaO TiO, Fe, 04 SiO,
Lab. No. Site Lithofacies
(%)

L 16-1 Yaksatovo LF1 1.38 8.09 1.72 3.53 0.35 3.25 80.43
L 16-2 Yaksatovo LF1 1.26 7.68 1.67 2.86 0.33 2.95 81.98
L 16-3 Yaksatovo LF1 1.25 7.78 1.74 3.03 0.32 2.93 81.81
L 16-4 Yaksatovo LF1 1.40 8.46 1.78 3.70 0.38 3.41 79.77
L 16-5 Yaksatovo LF1 1.24 8.24 1.78 3.51 0.38 3.08 80.79
L 16-6 Yaksatovo LF1 1.17 8.37 1.84 3.36 0.35 3.06 80.90
L 16-7 Yaksatovo LF1 1.23 8.19 1.78 3.62 0.35 2.97 80.87
L 16-8 Yaksatovo LF2 2.09 11.70 2.20 5.43 0.57 5.14 70.92
L 15-1 Troitsky LF2 1.98 13.30 2.57 3.79 0.61 5.66 70.65
L 15-2 Troitsky LF2 1.99 13.60 2.58 3.80 0.65 5.79 70.21
L 15-3 Troitsky LF2 1.99 13.10 2.63 3.23 0.64 5.63 71.12
L 13-1 Troitsky LF1 1.55 9.83 1.89 2.80 0.46 4.03 78.02
L13-2 Troitsky LF1 1.59 10.40 2.09 2.88 0.48 4.24 76.89
L 13-3 Troitsky LF1 1.29 7.99 1.70 2.65 0.33 3.20 81.42
L 13-4 Troitsky LF1 1.77 9.25 1.89 3.66 0.44 4.12 76.59
L 13-5 Troitsky LF1 1.49 7.62 1.63 5.67 0.38 3.35 78.22
L 13-8 Troitsky LF1 1.85 9.32 1.77 3.79 0.42 5.02 76.71
CC-40 Yaksatovo LF3 3.12 11.80 2.42 4.82 0.58 6.74 69.37
CC-70 Yaksatovo LF3 2.25 12.80 2.38 4.41 0.58 6.04 70.12
CC-150 Yaksatovo LF3 2.18 15.70 2.92 3.56 0.64 6.52 66.85

the particles, rolling up and falling out in the form of
flakes simultaneously with coarse silt and sand frac-
tions. Sand accumulation co-occurred with shell rede-
position on the background of deposition of clay par-
ticles. The mechanism of BK formation is described
more narrowly by Badyukova (2018). We consider that
the Baer knolls are analogues of river bedforms like
ripples and large dunes, which were formed as a result
of a slow stream.

Chronology. We used mollusk shells to determine
the radiocarbon age of the Baer knoll (tabl. 2). The ob-
tained dates show the age of the strata contacts.
It makes it possible to verify the upper age of BK for-
mation that correlates with the main events of the Late
Pleistocene and Early Holocene.

The dates obtained for LF3 correspond to the in-
terval 16.3—15.2 cal ka B.P. They correlate with the
onset of the Oldest Dryas cold stage (Stefensen et al.,
2008). Dates for LF2 are varying between 14.2 and
13.8 cal ka B.P. Dates of 13.4—11 cal ka B.P. derived
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from LF2 and LF1 were reported for BK sediments in
the Volga Delta (Svitoch, Kluivitkina, 2006). It cor-
relates with the beginning of the Younger Dryas cold
event. That means that Baer knoll’s lithofacies are not
younger than 11 cal ka B.P.

Radiocarbon ages for BK deposits correspond well
to OSL dates obtained for the Kosika section Lower
Volga: 14.8 ka for LF1 and 18—16.7 ka for LF2 (Zas-
trozhnov et al., 2020). Thus, deposits of BK refer to an
interval from 18 to 11 cal ka B.P. These dates refer to
the redeposited shells, not to the age of knolls forma-
tion. The LF2 is dated younger than LF1, meaning
that the strata accumulated successively due to erosion
of underlying sediments. Chocolate clays and Volga
alluvium were the significant sources of material for
LF1 and LF2, as the bottom of the Late Khvalynian
lagoon was eroding. Nonetheless, for LF1, it was also
sandy material lying below the CC. We propose that
Baer knolls could have been formed during the Late
Khvalynian and Early Holocene transition.
Ne 3
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Didacna protracta
(b)

Didacna parallella

Didacna praetrigonoides

Didacna cf. parallella borealis

Didacna praetrigonoides

Didacna parallella

Didacna praetrigonoides

Didacna parallella

Fig. 5. Mollusk shells: (a) — from the contact between chocolate clay and lithofacies 2 from Yaksatovo knoll, (b) — from the con-

tact between lithofacies 1 and lithofacies 2 from Mirnii knoll.

Puc. 5. O6pa3ibl pakoBUH: (a) — ¢ KOHTaKTa MEXMIy IIOKOJIaaHbIMU IiuHaMu u JID2 Gyrpa SkcartoBo, (b) — ¢ 3p03MOHHOTO

koHTakTa Mexay JID2 u JIP1 6yrpa MupHBIii.

The possible analogues of Baer knolls in the World.
Similar to BK landforms are widely distributed around
the World. The closest analogues of BK are the so-
called “grivy” in the south of Western Siberia (Vel’mi-
na, 1964; Pil’nevich, 1974). This territory has a hilly-
ridge landscape, where the ridges are more representa-
tive near the shores of Lake Chany. “Grivy” vary in
spatial shape and length. There is a regular decrease in
the absolute height of the ridges closer to the Turgai
trough (Lavrov, 1948; Gorodetskaya, 1966). The ridg-
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es gradually decrease, spread out and disappear to-
wards the edges of the lowland (Petrov, 1948). They
compose mainly of loess-like loams; fine sandy, silty,
and clayey fractions. As well as for BK, ridges of the
south of Western Siberia (Barabinskaya lowland) have
several hypotheses of their origin: aeolian (Volkov,
1961), fluvial (Pil’nevich, 1974; Lavrov, 1948, Velmi-
na, 1964), erosional (Gorodetskaya, 1996), deltaic
(Petrov, 1948).
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Shell detritus layers
SR SR

S

Ripple marks

Ripple marks -

Fig. 6. Sedimentary features of Baer knoll’s lithofacies 2 (LF2): (a) — Nartovo knoll’s a lower formation with thin shell layers;
(b) — Thin shell layers and congestion of shells in Nartovo knoll; (¢) — Small ripple marks in Trotisky knoll; (d) — The same in
another part of Troitsky knoll.

Puc. 6. Ocobernnoctu 3aneranusi JIP2. byrop HapTtoBo: (a) — TOHKME HAKJIIOHHbIE TIPOCJION ASTPUTA MEXKIY IMauKaMu Iecka 1
IJIMHBI C KOCOM CIOMCTOCTBHIO; (b) — CKOTUIEHWE PAKOBUHHOTO JETPUTa B BUIE JMH3bI MOIIHOCTBIO 4 cM. Byrop Tpouikwuii:
(c) — HebGonbIIMe 3HAKU psior BbIcOTOM 3—4 cM; (d) — 3HaKU psiOU 10 5 CM BBICOTOM € TTPOCIIOSIMU CBETJIOTO TTecKa 1 III0KOJIaI -
HBIX [JIVH.
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There are different opinions about the input of wa-
ter from the lakes of Western Siberia to the Aral Sea
and then to the Caspian Sea through the Turgai
trough. There were two periods when the flow to the
south took place (Mangerud et al., 2004; Panin et al.,
2020). The ridges could have formed at the bottom of
this stream (Middendorf, 1877; Lavrov, 1948; Badyu-
kova, 2018). By now the Turgai trough is filled with a
thick stratum of alluvial-lacustrine, slope and aeolian
deposits.

We consider limnokames as the next example of
possible analogues of BK. The type of formation draws
an analogy. Both BK and limnokames were formed at
the bottom of streams during the discharge of lakes.
Kames are formed in the cracks of dead ice, and due to
the massive meltwater influx to its margins; as a result,
the ridge-hilly landscape appears. The morphology
and internal structure differ. It depends on the incom-
ing material and flow’s hydrodynamics (Basalikas,
1969; Badyukova, 2007).

Other possible analogues of the BK are giant gravel
dunes on the terrace of the Katun’ River in the foot-
hills of Altai mountains near the village of Platovo.
The Platovo dunes are the result of the breakthrough
of glacial dams during the Neopleistocene period and
catastrophic discharge of vast masses of water from
glacial dammed lakes (Rudoy, 1993; Baryshnikov,
Panin, 2013). Other controversial geomorphological
objects are the fields of giant ripples, distributed with-
in the Kurai depression, south-eastern Russian Altai
mountains. Most researchers interpret these forms as
giant ripples in the current, formed during the break-
through of glacial dams and the descent of dammed
lakes (Carling, 1996; Rudoy, 2005; Herget, 2005;
Bricheva et al., 2022). Similar dune fields are noted in
the area of the city of Kyzyl, mainly along the right
bank of the river Small Yenisei (Shpansky et al., 2020).
These “giant current ripples”, or “gravel dunes”
(Carling, 1996), or “diluvial dunes and antidunes” by
(Rudoy, 1993) are composed mainly of gravel and
pebbles, sometimes boulders. They are distinguished
by researchers as indicators of catastrophic floods
(Komatsu et al., 2009).

The Channeled Scabland landscapes are located in
the eastern part of Washington State (USA) (Baker,
1973; Benito, 2003), and the so-called “giant current
ripples” or GCR are part of a complex scabland land-
scape (Pardee, 1942; Bretz et al., 1956; Baker, 1973).
They were formed at a stream bottom like BK. The gi-
ant ripples have a different orientation in space, as well
as different heights, like the BK. Stream parameters of
scablands incommensurable with those that formed
BK. Gravel, pebbles and boulders represent the inter-
nal structure of the dunes. Analysis of the literature re-
vealed that GCR are a type of large-scale asymmetric
dunes (Allen, 1963). The Froude numbers associated
with these shapes were less than 1, but other hydraulic
parameters such as speed and depth were more signif-
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icant than those for shallow ripples (Allen, 1963). Ac-
cording to the authors’ observations, it tends to de-
crease with distance from the region of high-velocity
water flow (Harms and Fahnestock, 1960).

CONCLUSIONS

On the base of general sedimentological analysis
and several dating methods, we may confirm the fol-
lowing statements about Baer knolls in the Caspian
lowland.

The nature of layering in the knolls is most com-
mon for the underwater deltaic or lacustrine facies.
In general, each stratum was inherited from the un-
derlying one due to the successive redeposition. Choc-
olate clays (LF3) and Volga alluvium were the main
sources of material for LF1 and LF2, as the bottom of
the Late Khvalynian lagoon was eroding.

Baer knolls cannot be attributed to aeolian land-
forms based on bedding types, granulometric and geo-
chemical content. We consider that the Baer knolls
analogues are river bedforms that appear as the result
of turbulent flow, like ripples and large dunes.

Knolls were formed in brackish water in a shallow
lagoon-marine environment during the transition of
Late Khvalynian and Early Holocene time (from the
second half of MIS-2 to the beginning of MIS-1) that
correlates with the Younger Dryas cold event. In our
opinion, this event occurred due to the decline of la-
goon water level during the water flow through the
Manych strait to the Black Sea.
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bapoBckue Oyrpbl — 3TO, KaK IMPaBUJIO, BBITSIHYThHIE IPsiibl, ODUEHTUPOBAHHBIE Yallle BCero 0JIM3KO0 K Cy0-
IIMPOTHOMY HamlpaBJIeHMIO, IOJYyYMBIINE IIUPOKOE pacipocTpaHeHue Ha Teppuropun CeBepHoro [1pu-
Kacnus Hike oTMeTKH 0 M abc. MexaHu3M oOpa3oBaHus 3TUX GopM pelibeda TUCKYTUPYETCSI BOT yXKe 0~
4ytH crojieTue. JlaHHass paboTa CTaBUT CBOEM 1IeJIbIO OIIpeAcIeHNe TeHe31ca 03POBCKMX OYyTpOB HA OCHOBE
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BpeMeHHM — Hadajie rojoneHa. OTI0XeHUsT 03pOBCKMX OYIPOB COCTOST M3 TPEX YCIOBHO BBIAEISIEMBIX JIN-
todanuii. OCHOBHBIMY UCTOYHUKAMU MaTepuraia, U3 KOTOpOoro GopMUPOBaINCh OyTPHI, SIBISUIMCH IITOKO-
JaJHbIC ITIMHBI, MOACTUIAIOIIE UX MOPCKHME OTJIOXEHMSI perpeCCUBHOM Teppachl U aJUTIOBUIL peK, BIlagaB-
IIMX B XBaJILIHCKUIT O0acceiiH. JlaHHbIe IMTOJOrNIeCKUX, (hayHUCTUIECKUX U TEOXUMMUYECKUX UCCIeI0Ba-
HUI He MO3BOJISTIOT CYUTATh ONUCHIBaeMble (POPMBI Pe3yJIbTATOM 30JI0BOro mpoiecca. bapoBckue 6yrpel
OBLIM 0Opa30oBaHbI HA JHE JIATYHBI, TIe CYIIECTBOBAJIM TeUSHMSI, OOYCIOBICHHBIE CITYCKOM BOJ ITO3IHEXBa -
JIBIHCKOTO 0acceiiHa yepe3 MaHbIUCKMA TPOJUB. [Psiabl SIBJASIFOTCS aHAJIOTaMU PEYHBIX JI0OH, 00pa3yeMBbIX
Ha IHe TypOyJeHTHOIO IIOTOKA, IlIe MapauIeIbHO C HAKOIUICHWEM MeCYaHOTo MaTepuaja 1 AeTpuTa 110
ocaXXJAeHMe INIMHUCTBIX YACTULL B YCJIOBUSIX CMELLIEHUSI COJIOHOBATBIX BO, JIATYHBI U ITPECHBIX BOJ PEK, BIa-
AIOIINX B Hee.

Karoueswie cnosa: o3aHuii 1uieiictoluieH, Kacnuiickoe Mope, MopcKash CEAMMEHTOJIOTUS, XBaJbIHCKUMI
aTar, ctpaturpadus, aeyibTa Bonrn

U Cevara onn yumuposanus: Jlobauena [1.M., bamtokosa E.H., Maxkimaes P.P. (2023). JIlutodanuaibHOe CTpOSHNE U YCIIOBUS HAKOII-
JIEHUST OTJIOXeHU 63poBckux 6yrpoB CesepHoro Ilpukacnus // Teomopdonorus u maigeoreorpadust. T. 54. Ne 3. C. 67—80.
(Ha aHDI. 513.). https://doi.org/10.31857/52949178923030052; https://elibrary.ru/WDAEYY
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HM3MeHeHMe cTOKAa HAHOCOB — BaXKHBIN ITOKAa3aTelb TMHAMUKY Pa3BUTHUS IPUPOIHON cpeabl, 3aBUCI NI
OT KOMOMHALMM JaHAIa(GTHBIX, CEMCMOTEKTOHMYECKUX U TUIPOJIOTO-KIMMATUYEeCKUX YCiaoBUiA. st
OLIEHKN CTOKA HAHOCOB YacTO MCITOJNIb3YIOT pe3yabTaThl U3YUYCHUsI TOHHBIX OTJIOKEHHMI TOPHBIX 03€p CO
CPaBHUTEJBHO KOMITAKTHBIMU BogocOopamMu. OaHAKO 111 KOPPEKTHBIX PEKOHCTPYKIIMIA, TOMUMO aHaJM-
3a 03epHBIX OCATKOB, HEOOXOIMMO M3yUeHUE MPUINH U MEXaHN3MOB (DOPMUPOBAHUS CTOKAa HAHOCOB Ha UX
BomocOopax, BbISIBJICHUS ITyTeil JOCTaBKM HAHOCOB B BOJIOEM M MX BO3MOXHBIX MI3BMEHEHU 32 pa3IMYHbIC
MHTEpBaJIbl BpeMeHH. beccTouHoe 03. Xopiaakesb, paciiooXeHHoe Ha BeicoTe 2045 M Han y. M. Ha ceBep-
HoM MakpockiioHe bosbioro Kaskaza Hefgajaeko oT Dib0Opyca, sIBJISIETCS yIa4YHbIM TTOJIUTOHOM IS KOM-
TUTEKCHBIX MCCIIEIOBAHUIA: C OMHOM CTOPOHBI, PEJTUKTOBBINM BOIOEM SIBJISIETCS UACATHHONM CeMMMEHTAIIMOH-
HOI4 JIOBYIIIKOI4, a C APYTOi1, OH PaCITOJIOXKEH B pailoHe C MHTEHCUBHBIMU 3K30T€HHBIMHU ITPOLIECCaMU U TEK-
TOHMYECKOII akTWBHOCThIO. B 2017 r. B Hamboiiee mryOookoii (=8 M) 4acTum o3epa OBUIO IIPOOYpPEHO
2 CKBaXKMHBI 1 U3 KEPHOB O0TOOpaHo 17 00pa3lioB Ha pagroymIepOIHOE JaTUPOBaHUE, TO3BOJIUBIIME T10-
CTPOUTH BO3pacTHYIO Moeib 11 mHTepBaia ot 8000 mo 500 i. H. st mHTEpIpeTaliny ITOJIyIYeHHBIX JaH-
HbIX B 2021 1. mpoBeneHbl KOMIUIEKCHbBIE Te0J10r0-reoMopdoIornyeckue MccieIoBaHsl U YCTAHOBJICHO,
YTO OCAIKOHAKOIUIEHHWE B O3epe CBs3aHO ¢ (hOPMHUPOBAHMEM CTOKA BOIBI M HAaHOCOB Ha BomOCOOpE
py4. Onvbamm. Ha npoTsokeHur =8 ThIC. JI. HA BOJOCOOPE pyubsl MPOCIEKUBACTCS PsiI SITU3010B TIPOJIIO-
BUAJIBLHOM aKTMBU3AIMKM C (HOPMUPOBAHMEM KOHYCa BBIHOCA, CMEHSIBIIIMXCS O3€PHON aKKyMYJISIIUEH.
B urtore B mociegHue =1 ThIC. J1. H. U3-3a MIEPECTPOMKHU PYCIOBOIi CETH CBSI3b MEXIY BOIOCOOPOM PYUbs U
03. XopJiakesib ObL1a TToTepsiHa. BeigensieTcst 2 aTana ocagkoHaKoOIUIeHUs B 03epe ¢ pyOoexxoM =3 ThIC. JI. H.
u 10 3n13000B ¢ pa3IUYHON N0Jeii MUHEPAJIbHOM U OPraHUYECKO COCTABJISIONIMX B TOHHBIX OCaIKaXx.
YacTtb IUTOCTpaTUTpadUIECKUX pyOeskeil KOppeIupyeT ¢ CMUTbHBIMU 3eMJIETPSICEHUSIMU, TIPOMCXOIUBIIIH -
MU B paiioHe Dpbpyca, a YaCcTh — C KIIMMAaTUYECKUMU COOBITUSIMU.

Kuiouesbie crosa: nposioBUaIbHBIN KOHYC BBIHOCA, 6ECCTOYHOE TOPHOE 03€PO, U3MEHEHMUSI CTOKA, aKTUB-
Hasi TEKTOHUKA, 3K30T€HHBIE POLIECCH, KIIMMAaTUIeCKIEe KOIeOaHusI, TOJIOLEeH

DOI: 10.31857/S2949178923020081, EDN: FOFEPG

1. BBEAEHHUE

®dopMupoBaHHe CTOKAa HAHOCOB Ha MAaJIbIX BOJIO-
cObopax B ropax — MHOro(akTOpPHBIN IIpo1ecc, 3aBU-
CAIINIA OT KOMOMHALIMY JTaHAIA(THBIX, CECMOTEK-
TOHUYECKUX U TUAPOJIOrO-KIMMATUIECKUX YCIOBUIA

# Cevuara dns uumuposanus: l1IBapes C.B., Anekcanapux M.1O.,
HWBanos M.M., Tomoco B.H. (2023). PexoHcTpykuus
ocoOeHHocTell (opMUPOBaHUSI CTOKA HAHOCOB Ha Bogocbope
03. Xopnakenb (ceBepHbli KaBka3s) 3a mocienHue 8 ThIC. JieT
(o reoMopdOJIOTMYECKUM U JIUTO-CTpATUrpaddueCKUM JaH-
HeiM) // Teomopdonorust u naneoreorpadus. T. 54. Ne 3.
C. 81-107. https://doi.org/10.31857/S2949178923020081;
https://elibrary.ru/FOFEPG
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(Aalto et al., 2006; Syvitski, Milliman, 2007). Y4uTbI-
Basi, YTO HauOoJiee 3HAUYMMBIN BKJIaJ B JACHYIALIUIO
BHOCSIT 3KCTpEeMaJIbHbIE 3PO3MOHHbBIE COOBITHUS PEI-
KOI ITOBTOPSIEMOCTHM, KOPPEKTHAsI OILIEHKA OCOOEH-
HocTeil popMUPOBaHUSI CTOKA HAHOCOB MOXKET ObITh
BBITIOJIHEHA TOJBKO IJIsl IJIMTEIbHBEIX MHTEPBAJIOB
BpeMeHHU. B 3T0if cBSI3M 171 peleHs ITOg00HbBIX 3a-
J1a4 4acTO HCHOJb3YIOT pe3ybTaTbl U3YyYEeHUST JOH-
HBIX OTJIOXXKEHUII TOPHBIX O3€p CO CPaBHUTEIBHO
KOMITaKTHBIMM BOJOCOOpaMM, TaK KaK MX COCTaB U
MOIIIHOCTh OTIEbHBIX ITAYEK HapsAy ¢ UX JaTUPOB-
KaMM ITO03BOJISIIOT pEKOHCTPYUPOBATh 3TAIbl aKTUBHU -
3allMy 1 3aTyXaHWs JeHYJAllMOHHBIX IIPOLIECCOB Ha
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nx Bogocoopax (Einsele, & Hinderer, 1998; Howarth
et al., 2012; I'paueB, T'onocos, 2020). Tem He MeHee
MOoAOOHBIE OLIEHKW HE B IOJIHOM Mepe OTpakaioT
dakTUYeCcKre TEeMIIbl 3PO3MM Ha MX BOomocOGopax
M3-3a TOTO, YTO B OTIEJILHBIX CIydasx IMPOUCXOISAT
MePEeCTPOMKY (PIIOBUATIBHOI CETH, CKAa3bIBAIOIINECS
Ha M3MEHEHUSIX TUIONIAIN Bogocoopa BogoeMa. B aToit
CBSI3M HEOOXOIMMO ITOMUMO OLIEHKN 00BEeMOB HAHO-
COB, HAKOIMBIIMXCSI B 03€pe, PEKOHCTPYUPOBATh
0COOEHHOCTH (POPMUPOBAHUS CTOKA HAHOCOB Ha UX
BOAOCOOpax C LEJbIO BBLISBJIEHUS IyTeil TOCTaBKU
HAHOCOB B BOJOEM U UX BO3MOXHBIX U3MEHEHUN 3a
pa3IndHble MHTEPBaJIbl BDEMEHMU.

Pe3ynbTaThl OLIECHOK TEMITOB ACHYAALIM 32 TOJIO-
LICH, BBIIIOJHEHHbBIE IJIsl Pa3IUYHbIX TOPHBIX CTpaH
MMpa, YKa3bIBalOT Ha TO, YTO TEKTOHUYECKAsI aKTUB-
HOCTb SIBJISICTCSI OOHUM M3 KIIIOYEBBIX (DaKTOPOB,
OMpeNeISTIONINX O0OBEMBI TIEpeMeIIaeMOTro MaTepua-
Jla B mpeaesiax KOHKpEeTHBIX Tepputopuii (Milliman,
Syvitski, 1992; Vanmaercke et al., 2004). Torma kak
CJIOil BBIMAAAIOLIMX OCAIKOB, KOTOPBI, Ka3aJloCh
OBbl, TOJDKEH OTIpeNessiTh TPAHCIOPTUPYIOIIYIO CIO-
COOHOCTh BPEMEHHBIX M ITOCTOSHHBIX BOIOTOKOB,
¢akTMUeCKU He BJIMsIeT HAa MHTEHCUBHOCTD IIepepac-
npeneneHusi HaHocoB (Einsele, Hinderer, 1998;
Breuer et al., 2013). Onpenensoliee BIUSHUE celi-
CMOTEKTOHMYECKOM aKTUBHOCTU Ha (hopMUpOBaHME
CTOKa HAaHOCOB BBISIBJIEHO U JIJISI I0)KHOTO METacKJjio-
Ha boabmoro KaBkasa Ha 0CHOBe KOMILIEKCA METO-
JIOB, BKJIIOYasl OLIEHKM TEMITOB IeHyIAllM1 Ha OCHOBE
JAaTUPOBOK ¢ wmcnojbn3oBaHueM “Be (Forte et al.,
2021), a Takke 011 Bcero KaBkaza Ha oCHOBe TIpUMe-
HeHust pakTopHoro aHanu3za (Golosov, Tsyplenkov,
2021).

Mexny TeM, IpakTUUEeCKU OTCYTCTBYIOT MpUMe-
pBI JeTalIbHBIX WCCIEIOBAHUI MO PEKOHCTPYKIMU
MPOCTPAHCTBEHHO-BPEMEHHBIX UBMEHEHUI (pOpMU-
pOBaHMSsI CTOKA HAHOCOB Ha MAJIbIX BOIOCOOPax B IrO-
pax, KOTOpbIe OTpaXkaloT 0COOEHHOCTH TIepepacIipe-
JeJIeHUsI MPOAYKTOB JCHYIAallU B BEPXHUX 3BEHBSIX
GI0BHATEHOM CETU 32 CPABHUTENBHO IJIUTENbHBIE,
COCTAaBJISIIOLINE THICSYU JIET, BpeMEHHbIC MHTEPBAJIbI.

OcHOBHag 1e/Ib JAHHOTO MCCIeN0BAHUS COCTOUT
B PEKOHCTPYKLIMM OCOOEHHOCTEeN (hopMUpOBaHUSI
CTOKa HaHOCOB B Ipezesiax Majoro Bogocbopa, pac-
MOJIOXKEHHOIO B IpHoceBoii yactu bonbioro Kas-
Kas3a, 3a TOJIOLUEH M BBISIBIIEHUU OCHOBHBIX (haKTO-
pOB, OIpPENEISIBIINX 3TAllbl YCUJICHUS M CHUKCHUS
TEMIIOB JCHYIALINH.

2. IPUPOAHBIE YCIIOBU I
2. 1. Pusuko-eeoepaguueckoe nosoxcerue

O3epo Xopliakellb PacIOIOXEHO B LIEHTPAIbHOM
cektope bonpioro Kaskasza Ha ero ceBepHOM
MakpockKjioHe. beccTouHast KOTJI0BMHA 03epa pacIio-
JIOXKeHa Ha CyOropu30HTAJIBHOM CTYIIEHU C pa3Mepa-
MU =2 X 2.5 KM ¢ BbicOoTOl OpoBKU =1900 M, a ThLIO-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

poro mBa ~2200 M. CtyrieHb HaXOOUTCI Ha TpaHULIe
JIECHOTO M cyOajbluiickoro mosica. PacTurenbHbIi
IIOKPOB HMXE CTYINEHMW IIPEACTaBIIEH COMKHYTBHIM
MMOKPOBOM IIPEUMYIIECTBEHHO XBOMHBIX JIECOB Ha
TOPHO-JIECHBIX ITOYBAaX, BbIIIE CTYIIEHU — aJIbIUii-
CKVMM JIyTaMU Ha TOPHO-JIYTOBEIX MOYBax, IIepemMe-
2KAIOLIMMUCS C OCHIIISIMU 1 CKaJbHBIMM BBIXOJAMU, a
Ha caMoli CTYIIeHU — JIYTOBOI U, OTYaCTU, OOJTOTHOI
PaCTUTEILHOCTBIO C XBOMHBIM peakoaecheM. MHTEp-
MOJIMPYsI JaHHBIE TOPHBIX MeTeocTaHImit “Kiryxop-
ckuit miepeBann” u “Illamxarmasz” 3a nepuon 1972—
2016 rr. (OHuuieHko u ap., 2019), pacIiooKeHHBIX
Ha OJIM3KMX K 03. Xopiakesb BeicoTax (2000 M) 1 Ha
paBHoM ynaieHuu (=40 kM) K KO3 u CB ot 03. Xop-
JIaKeJIb, MOXHO IPUHSATH CPEIHETOAOBYIO TeMIlepa-
Typy =+3°C, a cpeaqHerogoBoe KOoJn4ecTBO OCaIKOB
~1200—1300 mm.

2.2. leonoeo-eeomopghonroeuneckoe cmpoenue
U MeKmoHuKa

®ecronyaras popma CTyNeHU B TUTAaHE COOTBET-
CTBYyeT (poHTabHOI yacTu CeBepHOTO B30pOCO-Ha-
JIBUTa, YTO CBUIAETEILCTBYET O €€ CTPYKTYPHOM Xa-
pakTepe. CKIIOHBI CTYTIEHU IPEHUPYIOTCSI BEPXOBbSI-
MU TIPUTOKOB pyubeB DibMe3Tede u Xynaec (puc. 1).
KotnoBuHa o3epa BeipaboTaHa B OTJI0XKEHUSIX BYJIKa-
HOT€HHO-0CAI0OYHOU KBI3BUIKOJIBCKOI CBUTHI (D ,k7),
coCToslIIeid U3 JaB pa3HOTO COCTaBa, MepeMexaro-
LIUXCS ¢ MUPOKIACTUYECKUMU U OCATOYHBIMU, Mpe-
UMYIIECTBEHHO TePPUTeHHbIMU (KOHIJIOOpEeKUUH,
aJIeBpOJIUTHI, ciaHlbl) nopomamu (ITvcbMeHHEBI U
ap., 2004) (puc. 2). OTI0XEeHHUST KbI3BLIKOJIbCKOM
CBUTHBI BXOHST B cocTaB KbI3bUIKOJIBCKOTO TEKTOHU-
YECKOTO TIOKpOBa, cjaras y3KWe W30JMPOBAHHBIE
TEKTOHUYECKUE KIIMHbSI CYyOLIMPOTHOIO MpOCTUpa-
Hus. IlogomBa CBUTHI TeKTOHUYecKasi. B paiioHe
pAcCIoOJIOXKEeHUsI KOTJIOBUHBI 03epa MOPOAbl CBUTHI,
KaK ¥ MOJAOIIBa, KPYyTO HAKJIOHEHBI K Oro-3amamy
(A3,,220—230°.70°). KbI3bUIKOIBCKUIA TEKTOHUYE-
CKUIi TIOKPOB HaJjleraeT Ha HXKHEIOPCKUE OCa0uHbIe
00pa3oBaHUsI XyMapUHCKOU cBUTHI (J,/im), 3aeraio-
1IEH C pa3MbIBOM Ha MPOTEPO3OMCKUX U MAICO30M-
CKuX o0pa3oBaHUsIX. TEKTOHUYECKU KOHTAKT Kbl-
3bUTKOJILCKOTO MMOKPOBA U OTJIOXEHUI XyMapUHCKOM
CBUTBI HAXOAUTCSI B HEMOCPEACTBEHHOI OJIM30CTU OT
KOTJIOBUHBI 03epa (0T 650—750 M K 3amany 1 BOCTOKY
1mo 1.2—1.4 kM K ceBepy), 06pa3ys PeCcTOHYATHII BBI-
CTYIl B CEBEPHOM HampaBJ€HUM OT OCHOBHOTIO CyO-
IMUPOTHOTO (ppoHTa mMokpoBa. OcagouHbie (Teppu-
reHHBIC) U BYJIKAHOTEHHO-0CaI0YHbIE TIOPOIbI XyMa-
PMHCKOI CBUTHI MOJIOTO IMaAaloT B IOXKHBIX pymMOax
(A3,,180—190°.5°) nox TeKTOHUYECKU A TTOKPOB.

B TekTOHMYEeCKOM OTHOIIEHUHU (II0 CTPYKTypam
KMMMEPUICKO-aJIbIIMIICKOTO0 IIMKJIa) KOTJIOBUHA
o3epa pacrnojioXeHa Ha TpaHulle MogHATUsI bokoBo-
ro (ITepemoBoro) xpedTta, pacIioJIOXXEHHOIO K 10Ty, 1
JI>KanaHKOMbCKOTO BhICTYNa MaJKMHCKOTO ITOIHSI-
Ne 3
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Puc. 1. Pacnonoxenue paitoHa pabort. (a) — o630opHas cxema KaBkasa m okpectHoOcTeit; (0) — ceBepo-3anagHoe [Ipuanb-

Opyche; (B) — pailoH UCCIeTIOBaHMIA.

Fig. 1. Location of the studied area. (a)— overview scheme of the Caucasus and its surroundings; (6) — north-western Elbrus re-

gion; (B) — research area.

THS K ceBepy, Bxoasgmux B coctaB CeBepo-KaBkas-
cKoro KpaeBoro Maccuba. [lepenoBoii xpebeT, Ha ce-
BepHOM (DJTaHTe KOTOPOTO JIEKUT KOTIOBMHA 03. XOp-
JIaKeJIb, TIPEACTaBISICT CO00I KIIMHOBUIHBIN TOPCT,
OrpaHUUYEHHBI Ha ceBepe KyJIucooOpasHbIMU
B30pocoBbIMU cerMeHTamMu CeBepHOro pasjioma. JIlo-
MaHble ouepraHuss CeBepHOTO pa3ioMa B TLIaHEe CBSI-
3aHbl C BJIMSIHMEM JWaroHaJbHbBIX CKJIaIyaTo-pas-
PBIBHBIX 30H M pasliomoB. [lepemanm BBICOT MexXIy
TlepenoBbIM XpeOTOM, MPEICTABISIOLINM COO0I Cy0-
IIIUPOTHBIN BBICTYT, TMOAHATHIN 10 3700 M Han y. M.,
M CTPYKTYypaMu MaJIKUHCKOTO ITOAHSITUSI COCTABIISIET
300—400 m (ITuceMeHHbIH U 1p., 2004).

qCTBCpTI/I‘IHLIC OTJIOKCHUA ITPEACTABICHDBI I'OJIO-
IIECHOBBIMU U HEPACYJIICHCHHBIMU MO30HEe-HEOTUICH -

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

CTOLIEHOBBIMU-TOJIOLICHOBBIMU OTJIOXEHUSIMU, MIPe-
WMYIIECTBEHHO CKJIOHOBOTO (KOJUIIOBUATBHBIMH,
JIeTIOBUATTBHBIMU, COMUMPIIOKIMOHHBIMU), OTYACTU
¢mroBUaIBHOTO (AJUTIOBUAJIBHBIMM) U JIGAHUKOBOTO
(MOpPEHHBIMH ) IPOUCXOXKIESHUS MOIITHOCTBIO OT Mep-
BBIX METPOB 10 MakcuMaibHO 100 M B MOpeHax. 3Ha-
YUTEIbHAS YacTh TEPPUTOPUU, B IPUOCEBBIX YUACT-
Kax XpeOTOB C BEICOTAMU CBHILIE 2.5 THIC. M JIMIIIEHA
CIUIOITHOTO MOKPOBA PHIXJIBIX OTJIO0XKCHUIA.

Penbed TeppuTopun npenMyIIeCTBEHHO JeHYIAa-
HMOHHBIN (CKJIOHBI KOMIUIEKCHOM IeHydallun, 3pO-
3WUOHHbIE, TPaBUTALIMOHHbBIE, 3K3apallMOHHbIE) C He-
0oJblIOl moJieit aKKyMYJISITUBHBIX (DOPM B HUKHMX
YacTsIX CKJIOHOB Y THUIIIAX TOJIVH.

Ne 3 2023
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Puc. 2. Cxema nouetBepTUUHBIX 06pasoBanuii (ITncemennslii u ap., 2004). 1 — nayrckas ceura (D;_ydt), 3 dy3uBel 6a3ans-
TOBOTO M OCHOBHOTO COCTaBa; 2 — KbI3bIIKOIbCKast cBUTA (D ;_,kz), 1aBbl OCHOBHOTO U CPEIHETO COCTaBa C TOPU3OHTAMU CITU -
JIUTOB U MPOCJIOSIMU SI1LIM, KOHIJIOOPEKYUiA, alleBPOJIUTOB, CIAHLEB; 3 — 3]IbMe3TIOOMHCKas cBUTA (D,el), KDeMHUCTBIE Cl1aH-
LIbI, aJIEBPOJIUTHI, ApTWIIIUTEL, TYOGUTD, Ty(HoOpeKInm, NeCYaHnKN; 4 — KapTIKIopcKasi cBuTa (D,_ 3kr), TECUaHNKU € TIPO-
CJIOSIMU apTUJUTATOB, aJIEBPOJIUTOB Y KOHITIOMEPATOB; XYMAPUHCKAA ceuma: 5 — HVDKHSIS MoncTBUTA (J ;im ;), KOHIIOMepaTo-
OpeKYny, NIMHUCTO-AJIEBPUTOBBIE CIAHIIbI, TIECYAHUKH, 6 — CPeHsIsI ToAcBUTa (J ;im ) IepecianBaHue apruUIMTOB, Iiecya-
HMKOB M YIUIel, 7 — BepxHss nmoncsura (J jimz), necuaHukn; § — moaHckas csuta (J $n), Tydoopekunu, Tydsl, TyGOUTEI, J1a-
BB, JJABOOpeKUYMH; 9 — IKUruarckasi cButa (J;_,dz), apruuInThl, TECUAaHUKH, aJIEBPOIUTEL; 10— 13 — UIHTPY3UBHBIE 0Opa3oBa-
HUSsI; paspuiehvle Hapyuienus: 14 — rnaBHble (HaaBUTKM), 15 — BTOPOCTENIEHHBIE (C HEYCTAHOBJICHHONH KUHEMAaTUKOI).

Fig. 2. Sketch-map of pre-quaternary formations (Pis’mennyi et al., 2004). / — Daut formation (D, _,dt), effusions of basalt and
basic composition; 2 — Kyzylkol formation (D;_,kz), lavas of the main and of medium composition with horizons of spilites and
interlayers of jasper, conglobreccia, siltstone, shale; 3 — Elmeztyubinsk formation (D,el), siliceous shales, siltstone, mudstone,
tuffite, tufobreccia, sandstones; 4 — Kartdzhyur formation (D,_skr), sandstones with interlayers of mudstone, siltstone and con-
glomerates; Khumara formation: 5 — lower sub-formation (J1hml), conglomerate-breccias, clay—siltstone shales, sand-
stones, 6 — middle sub-formation (J;hm?2) interlayer of mudstones, sandstones and coals, 7 — upper sub-formation (J;hm3),
sandstones; § — Shoan formation (J;shn), tuff breccias, tuffs, tuffites, lavas, lavobreccias; 9 — the Dzhigiat formation (J;_,dZ),
mudstones, sandstones, siltstones; /0— 13 — intrusive formations; faults: 14 — main (thrusts), /5 — secondary (with unidentified
kinematics).

2.3. Hoeseiliwas mexmonuka u ceiicMu4Hocms casura u pactsixenus (Paciseraes, 1987). BDTo npo-

B HeoTeKToHMYeCKOM oTHomeHnn Cepepo-Kap- — ABACTCA B GOPMUPOBAHMH CYOLIMPOTHBIX 30H CXKa-

Ka3CKUil KpaeBoii MacCuB, B Ipejeiax KoToporo pac-  THA WM AMAaroHaJabHBIX CABUTOBLIX nebopmanuit, co-
MOJIOKEHO 03. XOpJIaKellb, XapaKTepu3yeTcs pa3Bu-  IIPOBOXIAEMbIX 30HaMu pacTsokeHus. Hoselilnee
THEM 30H KOHIIEHTpalMy AedopMamuii cXaTus, I0Jie HalpsDKeHWIH pean3yeTcsl B aKTUBU3AIH I -
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Taomuna 1. CunbHble 3emyeTpsiceHus B paiioHe [1pusnbOpyces (1o nanHbIM Poroxxuna u np. (2014)), c yrouHeHUuEM BO3-
pacTa Ha OCHOBE IIPMMEHEHMUsI KaJTMOPOBOYHOI KpUBOM paguoyriepoaHbix AaT (Reimer et al., 2020)

Table 1. Strong earthquakes in the Elbrus region (according to Rogozhin et al. (2014)), with age clarification based on the
application of the calibration curve of radiocarbon dates (Reimer et al., 2020)

Bospacr, xai. . H.
CobbITHE Bospacr “C, 1. H. MaKCUMaJIbHBII MUHUMAJTbHBII HaubGoJiee BeposTHDIIA
lo 20 lo 20 (Mona)
I 6390 £ 60 7339 7425 7259 7245 7325
11 5560 + 60 6395 6455 6300 6276 6390
I11 3850 = 60 4301 4418 4224 4137 4240
v 2900 + 90 3167 3256 2928 2844 3050
A% 2290 + 100 2369 2517 2146 2046 2340
VI 1650 £ 50 1589 1622 1512 1405 1530
VII 370 &+ 200 553 571 266 1 410

POTHBIX U AMArOHAJbHBIX Pa3JIOMOB C B30pOCO-Ha-
JIIBUTOBOM U IPaBO- U JIEBOCABUTOBON KMHEMATUKOMN
COOTBETCTBEHHO.

BoisiBieHMe KpyNMHEHIIMX aKTMBHBIX Pa3JIOMOB,
OTpeAesIoONInX CECMUYHOCTb, U, KaK CJEACTBUE,
aKTUBU3AlMIO 2K30T€HHBIX IPOIIECCOB, B paiioHe
pacrnoyioxXeHus 03. XopJakKeab IMCKYCCUOHHO. B mH-
teprperauun B.I. Tpudonosa u np. (basa man-
HBIX..., 2018; baumanoB u ap., 2018) (puc. 3) raBHas
pOJib TIPUHAJIEXXUT aKTUBHBIM pazyiomMaM C3 mpo-
crupanus (1—3). B Tom uncie pasiiomM mpaBo-cIaBU-
roBoii kuHeMaTuku (1) pacmosioxeH B 3.5 kM K CB ot
03. XopJakejb. Ero KyanmcooOpa3HO pacIoOXeH-
HbIE CEIMEHTBI OMPEAESIOT OPUEHTUPOBKY TOJIWH
pp. Xynec 1 Yyukup. ITo nanueim E.A. Poroxuna n
coanT. (2014) K rmaBHENIIMM aKTUBHBEIM CTPYKTYypaM
OTHOCSTCSI CyOLIIMPOTHBIE Pa3JIOMBbI U, IPEXJIE BCETO,
TeipHblay3-TTrexkuinckasi moBHasE 30HA, PacIiojio-
KEHHas B 5 KM K 10Ty OT 03. Xopiakeib (4), 1 conpsi-
JKEHHbIe ¢ Heil pa3yioMbl (6). JlnaroHajabHbIe pa3io-
Mbl C3 mpoctupanusi (5, 7) UTpaloT BTOPOCTENIEHHYIO
ponb. TosolieHOBasi aKTUBHOCTb  BbIAEIEHHBIX
CTPYKTYp TIPOSIBISIETCSI B CUJIBHOM CECMMUYHOCTH,
BbIpak€eHHEM KOTOpOUl B pesibede SIBISIETCS KOM-
Tiekc nedopMalimnii, COYeTarolIuX CUCTEMY celficMo-
pa3pbIBOB (pUC. 3) ¥ KOMIUIEKC BTOPUYHBIX ceiicMO-
rpaBUTALIMOHHBIX (0OOBaJIbHO-OTOJ3HEBBIX) U Cceii-
cMOBUOpalIMOHHBIX oOpa3oBaHuii (Rogozhin et al.,
2002, PoroxuH u ap., 2008). BospacTt, BeiuyrHa u
KOJIMYECTBO ceficMOreHHbIX nmposiBieHuii B [Tpuaib-
Opyche CBUACTEILCTBYIOT O HE MEHee 4yeM 7 3eMJie-
TPSCEHUSAX C MarHuTynoir M = 6.5—7, mpousorien-
X 3a nocienHue 7 Toic. J1. (Poroxun u op., 2008).
YTouHeHHe X BO3pacTa C UCMHOJIb30BaHUEM Paano-
yIIepomnHoii KaimbpoBouHoli kpuBoii IntCal20 (Re-
imer et al., 2020) mo3BoJIsIET OIpenaeanuTh HauboIee
BEPOSITHbIE BpeMEHHBIC AUAIa30Hbl CEHCMMUYECKUX
coObITHit (TAbMI. 1).
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bmrxaiimue K paiiloHy McCaeIOBaHUM aKTUBHbBIC
paslioMbl pacrnoyjioxeHel B 6—7 kM kK IOIOB or
03. Xopmakenb (puc. 3). CeiicMopa3pbsiBEl UeMapT-
KOJIBCKOTO pa3joMa BbhIpaxkKeHbI B pejibede yCTyImaMu
BeICOTOII nm0 1—1.2 M, oOmeil OpOTSKEHHOCTHIO
=5 kM (Poroxun u np., 2014). Onu HecyT ciensl 11 u
IV coObiTuii (Taba. 1), aMIUIMTYObl CMEIIEHUId BO
BpeMs1 KOTopbIX (50 1 30 cM COOTBETCTBEHHO) oMpe-
nearoT M = 6.6—6.3. CelicMOTeHHBIE CMEIIEHUI
KrokropTianHcKoro pasziaoma, oTHocsecs K VI co-
OBITHIO, TOCTUTAIOT 2 M, YTO COOTBeTCTBYeT M = 7.0—7.5
(Wells, Coppersmith, 1994). OueBUIHO, UTO COOBITHUS
TaKOM CUJIbI, OYaru KOTOPBIX paclojiarajiuch B HEIIO-
CpEeIOCTBEHHOI OJIM30CTU OT pailoHa MCCJIeNOBaHUIA,
JIOJDKHBI OBLIM IIOPOOUTH 30eCh COTPSICEHMS 8—
10 6annoB. Caensrl 1, I11, V u VII cobpITHIT OOHapyXKe-
HbI K BOCTOKY OT I. DJb0pyc, Ha pacctosiHuu 30—
50 kM, 1103TOMY 3P (hEKT OT I3TUX 3EMIICTPSICEHUIT B
paiioHe ucciaeI0BaHUN MOXET OBITh MEHEE BhIPAXKEH.

3. MATEPUAJIBI U METO/1bI

3. 1. Teonoeo-eeomopgponocuueckue obcredosarnus
bacceiina 03. Xopaakxens

AHanm3 reosaoro-reoMop@oIornieckKoil CUTyalmu
OIMUpaJICsl HA MPUMEHEeHNUE METOA0B IUCTAHIITUOHHO-
I'0 30HAUPOBAHUS JJIs1 yCTAaHOBJIEHWS TPU3HAKOB 9H-
JI0- Y 9K30[IMHAMWYECKOU aKTUBHOCTU TEPPUTOPUN
(MOp(MOTEKTOHUYECKUI U DK30AMHAMUYECKUIT aHa-
JIN3) 1 TI0JIEBBIX MccaenoBanmii. st nemmdpupoBa-
HUS UCIOJIb30BAIMCh KOCMUYECKUE CHUMKU Cpell-
Hero u BbIcokoro paspeumreHust (Landsat ETM+,
GeoEye), nioirydeHHBIE C TIOMOIIBIO OTKPBITOIO CEp-
Buca SAS.Planet (http://www.sasgis.org/sasplaneta/),
a Takke JaHHbIe LIU(MPOBOIl MOAEIN MECTHOCTU Ha
6a3e manHbiX SRTM (https://srtm.csi.cgiar.org/srtm-
data/). TToneBble pa®OTHI BKJIIOYAIN: MapIIPYTHBIC
obcnegoBanus, IypdoBKY, OypeHHUe pyYHbIM OypoM
Eijkelkamp c ornmrcanneM pa3pe30B PHIXJIBIX OTJIOXKe-
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Puc. 3. CTpyKTypHO-TeKTOHWYECKas cxeMa paiioHa ucciaenoBanuii. [iaeusie pazromot (ITuceMenHsbiit u np., 2004): 1 — HanBu-
T4, 2 — C HEeOMpeIeIeHHON KUHEMATUKOU; akmusHble pazromsl: 3 — tnaBHble 1o (baumanoB u ap., 2018), 4 — rmaBHble 1o (Po-
TOXWH U Ap., 2014), 5 — BTopocrenenHbie 1o (Poroxux u ap., 2014), 6 — pa3pbiBbl ceiicMoTekToHnueckue (Rogozhin et al.,
2002; PoroxuH u ap., 2014); npouue o603nauenus: 7 — rpeOHU TOPHBIX XpeOTOB; & — peKu U py4bH; 9 — 03. Xopiaakenb; 10 —

JISIHUKU T. DJIOpYC.

Fig. 3. Structural and tectonic scheme of the research area. Main faults (Pis’mennyi et al., 2004): / — thrusts, 2 — with uncertain
kinematics; active faults: 3 — main by (Bachmanov et al., 2018), 4 — main by (Rogozhin et al., 2014), 5 — secondary by (Rogozhin
et al., 2014), 6 — seismotectonic ruptures (Rogozhin et al., 2004; Rogozhin et al., 2014); other symbols: 7 — crests of mountain
ranges; & — rivers and streams; 9 — Lake Khorlakel; /0 — glaciers of Elbrus.

HUI 1 OoTOOpPOM 00pPa3LOB MJis PaaAMOYIIIEPOIHOIO
JIaTUPOBaHUS, TUCTAHIIUOHHYIO ChEMKY OECIUJIOT-
HBIM JieTaTelbHbIM anmnapatoM DJI Mavic Pro B Ha-
oup ¢ mepekpoeitueM 60% niasa mocrpoenust LIMP.
B pesynbraTe 6bU1a co3mana LIMP teppuropuu ¢ uc-
MOJb30BaHMEM IIPOTPAMMHOTO TIpoaykTa Agisoft
Photoscan Standart Edition 1 cocTaBiieHbI TeOMOp-
dosiornyeckue KapThl 1 CXeMbl HA OCHOBE MCITOJIb30-
BaHus nporpamMm Maplnfo n Global Mapper. O6pa3iibl
OTJIOKEHUU ObLUIM MpoaHalu3upoBaHbl B HaydHoii
JlabopaTtopuu reomopdhoJIoOrTMIYeCcKUX U rajieoreorpa-
¢dudecknx HccaeqOBaHUM TOJSPHBIX PETMOHOB U
MmwupoBoro okeana Muactntyra Hayk o 3emire CIToI'Y
(5 obpaszuos “C) u LIKII JlabopaTopusi panuoyrie-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

POIHOTO NaTUPOBAHUS U JIEKTPOHHON MMKPOCKO-
nuu HMucturyra reorpadum PAH u LlenTpa mpu-
KJIaJIHbIX U30TOIHBIX UCCJIEIOBAHUN YHUBEpPCUTETA
Jxopmxuu (CIIA) (2 o6pasua “C AMS).

3.2. Ombop u ananu3 OOHHbIX OMAOHCEHULL
03. Xoprakeno

OT60Op MOHHOTO OcCaaKa TPOBEAEH C ITOMOIIBIO
MOPIIHEBOro Oypa yaapHOTro TuIla (KOHCTPYKIINS AT-
e Hecwe, HopBerus; Nesje, 1992) ¢ minatdopmsl,
YCTaHOBJIEHHOI Ha HaayBHOM KaTamapase. [lo co-
crostHuio Ha yieto 2017 T. cpenHsist TIIyOrHA o3epa co-
craBuia 3.8 M. Bypenue nmpoBoamiock B IEHTPAITb-
Ne 3
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HOIT 1 HanboJiee TIyOOKOM YacTH o3epa Ha IITyOouHe
8 M. TlosyyeHbl mepeKkpbIBalOIIMEcs KEpHbI OOIei
nnuHoit okoiio 4 M: HOR1 — Ha MakcMMaJIbHYIO TUTy-
omny 3a00s1, HOR2 — oT rpaHuIIbl BOoma-ocamox.

st keppuoB HOR1 1 HOR?2 B JIabopaTtopuu mna-
JIEOApXUBOB MPUPOIHOI cpeabl MHCcTUTYTA reorpa-
¢ PAH Onun mipoBeneH psn ceTMMEHTAIIMOHHBIX
aHam30B. OOpa3ubl AJIs1 ONpeaesieHUs] MarHUTHOM
BOCIIPMMMYMBOCTA OcCaiKa, COIepXKaHus BJaru,
MAacCCOBBIX ITOTepb Ipu TpoKaauBaHuu (550 n 950°C)
U TPpaHYJIOMETPUYECKOTO COCTaBa ObLIM OTOOpPaHBI
HENpPEepPBLIBHO C IIIaroM 2 CM.

CoBMeleHIE TBYX KEPHOB IJISI CO3MAaHMS SIUHOMN
XPOHOJIOTUM Ha OCHOBE BU3YaJbHOTO aHAJIM3a JIUTO-
cTpaturpaUecKux OCOOCHHOCTEIl 0Ka3ajloCh He-
BO3MOXHBIM, ITOCKONBKY KepH HOR2 m BepxHsasa
yacth KepHa HORI1 ciioxxeHbl OMHOPOIHBIM CaIpo-
neiaeMm. s coBMelleHUSI OBYX KEPHOB OBUIM MC-
MOJIb30BaHbI Pe3yIbTaThl aHAJIM3a Ha MaCCOBBIE IO~
Tepu rpu nmpokanuBaHuu (550°C), 9To MO3BOJIMIIO HA
OCHOBE BBIJEJICHUSI XapaKTePHBLIX IMMKOB B 00EHX
KPUBBIX YCTAHOBUTH TIpeBhIlieHNe KepHa HOR?2 or-
HocutesbHO KepHa HORI B 95 cM.

B utore Obl1a co3maHa yTOYHEHHas eIWHAs BO3-
pacTHast MOIIEIb OCATIKOHAKOTUICHHS B 03epe, XapaK-
tepusytomias nepuomd ot 8000 oo 500 . H.

JatupoBaHue ocanka 0bu10 mpoBeneHo B LIKII
JlaGopaTopusa paguoOyIIepOOHOIO NATUPOBAHUS U
3JIEKTPOHHOI MUKpocKonuu MHcTuTyTa reorpaduun
PAH u lleHTpa npuKiIagHbIX U30TOITHBIX MCCIIEA0BA-
Huii YauBepcurera xopmkxun (CILA). dis xkepHa
HORI1 6p11n mosydyeHbl 12 maTUpPOBOK paguoyTiie-
pomHbIM MeTonoM, mist KepHa HOR2 — 5. Martepuan
IUIST JaTUPOBAHUSI OTOMpayicss paBHOMEPHO M3 TOPH-
30HTOB campoIiess U IUH. I maTupoBaHUS UC-
MIOIB30BAIICh MACCOBBIE 00Opa31Ibl AJ1sI OIIPEaeIICHUS
o61iero opranuyeckoro yriepona (TOC).

ITocTpoeHue Bo3pacTHOI MOJIe v OBLIO TPOU3BE-
JIEHO ¢ moMolIbio ajroput™ma Bacon (Blaauw et al.,
2011) mns mporpammMHoii cpenbl R. JIns moctpoenust
BO3pPacTHOM Moaenu ¢ IoMolnbio Bacon Obina mc-
nonb3oBaHa KanubpoBouyHas kKpuBas IntCal20 (Re-
imer et al., 2020).

4. PESYJIBTATDI

4. 1. Mopdomexmonuia u pazsumue 2pasumMayuOHHbIX
ghopm peavegha

OcHoBHBIE MOP(OTOTUIYECKIE Y€ PTHI TEKTOHUYE-
CKOM CTYIIEHU, Ha KOTOPOIi pacmooXkeHo 03. XopJia-
KeJIb, BKJIIo4alT: A. BHelrHue yacTu: 1) CKJIOHBI OT-
poOroB Xp. DJpbdaliy Mo 10XKHOMY (CYyOIIMPOTHBIN) U
3armagHoMy (CyOMepuIMOHAaJIbHBIN) 00paMJICHUIO
CTYNEHHU; 2) CKJIOHKI TOJIUH pp. DibMe3Tede 1 Xyaec
10 BOCTOYHOMY M CEBepHOMY oOpamieHunio; b. BHyT-
peHHMe yacTH: 3) 103KHasl 4YaCcTh CTYMEHU — XOJIMHU-
CTO-3alaguHHasl 30Ha, CyOIIMPOTHO OOpaMIISIIONIAS
IOXXHBIN OTPOT Xp. Dbbamiu; 4) cpemHsIs 4acThb CTy-
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IIEHU — IUIOCKO-HAKJIIOHHAs paBHUHA, 3aHSATasl IIPO-
JIIOBUAJIbHBIM KOHYCOM I10 BOCTOYHOI nepudepun u
KOTJIOBMHOI 03¢epa Mo 3aIagHoil repudepuu; 5) Xoi-
MUCTO-CEIJIOBUHHASI Ipsida CEBEPO-BOCTOYHOIO
MPOCTUPAHUS TI0 CEBEPHOMY OOpaMJIeHUIO bacceiiHa
py4dbst; 6) ceBepHasl 4aCTh CTYIIEHU — ITOJIOTO-Ha-
KJIOHHAS TEPPaCOBUIHAS IIOBEPXHOCTD, PE3KO OOPHBI-
BaroIasicsl K JoJimHe p. Xyzaec.

AHam3 MaTepuajioB IMCTAaHIIMOHHOTO 30HIMPO-
BaHUs (KOCMUUYECKUX CHUMKOB CPEIHETO 1 BHICOKO-
ro paspelieHusI U cpegHeMaciuradoHoirt LIMP, co-
3MaHHOK Ha ocHOBe HJaHHBIX SRTM) mo3BoJniI BbI-
IEeJINTb  CeTb  MOP(OJOrMYecKrd  BBIPAXKEHHBIX
JIMHEaMEHTOB U COIIOCTABUTh UX C OCHOBHEIMU Yep-
TaMu peibeda, TEKTOHMIYECKOTO CTPOSHUS 1 IPOSIB-
JICHUSIMU 3K3o0reHe3a (puc. 4). bonee pacrnpocrtpa-
HEHHBIMU, BBIpa3UTCIBHBIMM M, OYEBUOIHO, Oojce
TEKTOHMYECK aKTUBHBIMU, SIBJISIIOTCSI CTPYKTYPBI
C3 npoctupanusi. Cepusi nmapajuieTbHbIX MOPGhOI-
HEeaMEHTOB OIIPEIeIISIIOT CTYIIEHUYAThINA O0JIMK CeBep-
HOTO MakpockiioHa IlepemoBoro xpebOTa, oTmess
BO3BBLIIIEHHYIO 4YacTh XxpebTta Oandamm (2800—
3100 M Hag y. M.) OT OBYX HIDKeJIEXAIlX, PacIIoao-
KeHHbIX K CB crymneneii, ¢ Beicotamu 2600—2700 M
Hany. M. 1 2000—2200 M (c 03. Xopaakenab). Mopdo-
JIMHEaMEHTHl 3TOr0 HampaBJeHUs, KYJIMCHO IIOI-
CTaBJLIIOINMMU APYT Apyra CerMEeHTaMU IO JOJVHaM
BepxHero TeueHus pyd. Yyukyp u p. Xynec, coBnaaa-
IOT C 30HOM aKTMBHOIO pa3jioMa IIPaBOCIBUIOBOI
KMHEMaTHKH, IIpociiexuBaloierocs K FOB mo ceBep-
HOT'0 OrpaHUYCHUSI MAaCCUBa ByJIKaHa Dibopyc (puc. 3)
(baumaHnoB u np., 2018). I'enepanpHoe 3C3 HanpaB-
JIEHHE aKTUBHBIX TEKTOHUYECKMX CTPYKTYP KOHTPO-
JIMPYET THIJIOBOM IIOB CYyOTOPU3OHTAILHOM CTYIIEHU,
Ha KOTOPOIi pacIojoxkeHa KOTJIOBUHA 03. XOpJiaKelb
M, COOTBETCTBEHHO, ITOOHOXbe CKJIOHA IlepemoBoro
xpebta. MopdoarnHeaMeHTbl, HECKOJbKUMU COJIU-
KEHHBIMU TTapajlIeJIbHBIMU BETBSIMU pPacCeKarollue
ceBepHbIe oTporu Xp. CanbIpisip, IPOSIBISIIOTCS 30ECh
MaKCUMAaJIbHBbIM IIJISI BCEil TEPPUTOPUU, PA3BUTUEM
rpaBUTALIMOHHEIX IPOILECCOB, KOTOPBIE ITPOCIIEXKU-
BAIOTCS K BOCTOKY OT pyd. OMe3Teoe 1o pyd. Kmbsaa-
cy (puc. 4). BropoctenneHHoe CB HanpaBieHue Ipo-
SIBJISIETCSI, INIABHBIM 00pa3oM, B OPUEHTHUPOBAHHBIX
¢parMeHTax 3pO3HMOHHBIX (POPM — YUACTKOB PYCeIl
PYYbeB U PeK M CKJIOHOB MoJiMH. C 1pyroil CTOPOHHI,
JIOCTaTOYHO BBIPaxkeH Y KOHTPOJIb TPaBUTALIMOHHBIX
oOpa3oBaHUil — JIMHEWHON (OPMBI CTEHOK CpBIBa,
1IeTTI0Y€eK OIOJI3HEeH, “HaHU3aHHBIX HA MOpPdOMHE-
AMCHTHI.

PacnionoxeHure KpyIHbIX FPaBUTALlMOHHBIX 00pa-
30BaHMI Ha TEPPUTOPUM MCCIIENOBAaHUI 00YCIIOBIIE-
HO B MOAABJISIONIEH CTEIIEH! CTPYKTYPHO-TEKTOHU-
yeckKuMU pakTopamu (puc. 4): a) IpUypoOUYeHHOCTHIO
0JIOKOBBIX OITOJI3HEN K poHTYy CeBepHOTO B30POCO-
HaaBura; 0) Jokaau3alueil B TMHEHON 30He, KOH-
Tponaupyemoit KpynHeIM 3C3 MopdoimHeaMeHTOM
BIOJIb THUJIOBOIO IIIBA XOPJAKeJIbCKOW CTYIEHU;
B) JTOKaJIbHBIMM OTPAaHUYCHUSIMHU U (POPMOI OTIEITb-
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Puc. 4. ®parMeHT cxembl AeIMDPUPOBAHUST KOCMUUYECKMX CHUMKOB C XapaKTepHbIMU (hopMaMu pesibeda, OTpaxKaroluuMu
CTPYKTYPHBIE U IMHAMUYECKe IPU3HaKU. Bodopasdenst pastoix nopsokos, epebnu. Cummempuynote: 1 — pe3kue, 2 — OKpYIJbie;
acummempuunvle: 3 — pe3Kue, 4 — OKPYIJIbIe; 5 — OTKPHITHIC TPEIIUHBL; AUHelHble JneMeHmbl peavedha: 6 — OPOBKU Teppac, BbI-
MyKJIble TIeperuObl CKJIOHOB, 7 — ThUIOBBIE LIBHI T€ppac, MOIHOXbSI U BOTHYTbIE MEPEruObl CKJIIOHOB; & — CKaJlbHbIE TPsSIIbI
CTPYKTYPHO-TEKTOHUYECKHUE; 9 — MPOJIOBUAIBHO-CeNeBbIe Bpe3bl; /() — MpoJiloBUabHO-ceNieBast Teppaca; // — OGJIoOKOBbIe
OIOJI3HU; /2 — aKKyMYJIATUBHBIE OOpa30BaHMS HESICHOTO TeHe3HUca, MOTEHIIUATBLHO OTIOI3HEBbIe; /3 — OMOJI3HU GJIOKOBBIE
NIe3UHTErPUPOBaHHbBIE; /4 — OTNOJ3HU-CIUIBIBBI;, /5 — KPYIHbI HEPACWIEHEHHbI TPaBUTAIIMOHHBII aKKYMYJISITUBHbBII Mac-
cuB (0OBaJILHO-OIOI3HEBOM); 16 — JIEAHUKOBBIE OTVIOKEHUST (MOPEHHbBIE TPSIIbI M XOJIMbBI B IHUILAX A0JIWH); 17 — CeBepHbIi
B30poco-HaaBUT — orpaHnyeHue cTpykryp [lepenoBoro (bokoBoro) xpe6Ta; /8 — 30Ha akTuBHOrO pasioma (baumaHoB u 1p.,
2018); mopgoruneamenmuot, mapKupyroujue NOMEHYUAAbHO celicMoeHHble 30Hbl: 19 — TnaBHBIE, 20 — BTOPOCTETIEHHBIE; 8000CO0p-
Hble naowadu: 21 — rpaHuIia COBPEMEHHOI'0 BOA0COopa pyubs, 22 — rpaHMlIa COBPEMEHHOIO BOAOCOOpa 03epa; s 1emMeHmbt 2uo-
poepaghuueckoil cemu: 23 — BONOTOKU, 24 — 03. Xopaakenb; 25 — uzoruricsl (1o nanHbiM SRTM). B pamke — yyacTok qucraH-
nuonHoit (BITJIA) chemku G6acceitHa 03. Xopiakelb.

Fig. 4. Fragment of the scheme of satellite images interpretation with characteristic relief forms reflecting structural and dynamic
features. Watersheds of different orders, ridges. Symmetrical: 1 — sharp, 2 — rounded; asymmetrical: 3 — sharp, 4 — rounded; 5 —
open cracks; linear topographic elements: 6 — edges of terraces, convex bends of slopes, 7 — linear rear seams of terraces, foothills
and concave bends of slopes; § — structural-tectonic rock ridges; 9 — proluvial-mudflow incisions; /0 — proluvial-mudflow ter-
race; 11— block landslides; /2 — accumulative formations of unclear genesis, potentially landslide; /3 — disintegrated block land-
slides; /4 — landslides-splashes; /5 — large undifferentiated gravitational accumulative array (landslide); /6 — glacial deposits
(moraine ridges and hills in the bottoms of valleys); /7 — Northern thrust — border of the structures of the Peredovoi (Bokovoi)
ridge; 18 — active fault zone (Bachmanov et al., 2018); morpholineaments, marking potentially seismogenic zones: 19 — main, 20 —
secondary; catchment areas: 21 — border of the modern catchment of the stream, 22 — the border of the modern lake catchment
area; elements of the hydrographic network: 23 — watercourses, 24 — Lake Khorlakel; 25 — isohypses (according to SRTM). Framed
is a section of remote (UAV) survey of the Lake Khorlakel basin.
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Puc. 5. Bun ¢ 3anana Ha TEKTOHUYECKYIO CTYIIEHb M KOTJIOBMHY 03. XOpJiaKelib (a) ¥ C ceBepa Ha ThLIOBYIO YaCTh TEKTOHUYE-
CKOM CTYIIEHU 1 OTpOTrU Xp. Dapbain (0). KpacHast myHKTUpHAs TMHUST — 30HAa MOpPMOJIMHEaMeHTa, MPEIIOJIOKUTETBHO aK-

TUBU3UPOBAHHOIO Pa3pbIBHOTO HAPYIIIEHMSI.

Fig. 5. View from the west of the tectonic step and the basin of the Lake Khorlakel (a) and view from the north to the rear part of
the tectonic step and the branches of the Elbashi ridge (6). The red dotted line is the lineament, presumably active fault.

HBIX IpaBUTAaLlMOHHbIX HpOfIB)’[eHI/Iﬁ WIN WX T'pynIl
IIOIIEPCYHBIMU U INAaroHaJbHBIMU pa3pbIBaMU.

ITpuypoyeHHOCTh 10CTaTOUHO KPYITHBIX (0T 300 M
mo 1—1.5 kM B monepeyHrKe) OIIOJI3HE K (PPOHTY
CeBepHOTo B30pOCco-HaaBUTa, TO-BUIUMOMY, CBsI3a-
HO C COBMECTHBIM JI€ICTBUEM TEKTOHUYECKOTO U JIU-
TOJOTHYECKOTO (haKTOPOB — OCIIAOJIEHHOM ITpHUpas-
JIOMHOM 30HBI W 3aJIeTaHUST IEBOHCKUX, TTPEUMYIIIE-
CTBEHHO BYJIKAHOT€HHO-OCAIOYHbIX MAaCCUBHbBIX
o0pa3oBaHMif, Ha IOPCKUX OCAIOYHBIX ITOpOmaX CO
3HAYUTEIbHOW TIIMHUCTOM COCTaBJSIONLIEH, B COBO-
KYITHOCTU 00ecrneyrBalolmx MEXaHUIEeCKYI0 U TUIl-
pPOTEOIOTUYECKYIO HEYCTOMIYMBOCTD MAacCHBaA.

JIuneiinass 3C3 jnokanuzalus pa3HOOOpPa3HBIX
MPOSIBIIEHNIT DK30T€HHBIX MpolieccoB (puc. 4, 5, 6):
o0BayioB (1) , TTOBEPXHOCTHHIX BSI3KO-IIJIACTUYHBIX
ornoJizHei (2), O6J0koBbIX Tyookux (>20—30 ™)
onois3Heir (3), 0), cpriBOB uexia (4); KPYITHOIO
OITOJI3HEBOTO MaccuBa (6) ¢ COMPSIKEHHOM IPOJII0-
BUaJIbHO-cesieBoit Teppacoii (7) B BepxoBbsix p. Ku-
JIBSTHCY CBsI3aHa ¢ HamboJiee BBIIEPXKaHHOM 110 MPO-
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CTUPAHUIO, Pa3BUTOM 1o mmpuHe (1o 600—700 M) u
MPEICTaBICHHONM HECKOJBKUMM  TapalIeTbHBIMU
CerMeHTaMM CTPYKTypoii. Takas nuHeiiHas1 TpynIi-
poBKa pasHOOOpa3HBIX 3K30T€HHBIX IMPOSBICHUIA
BIOJIb OMHOM TEKTOHUYECKOM CTPYKTYPHI MTO3BOJISIET
TpenroiiaraTb €¢ COBpeMeHHYIO aKTuBuU3aruio. OT-
CYTCTBUE MPSIMBIX TIPU3HAKOB aKTMBHOTO pa3jioMa He
MO3BOJISIET C JOCTATOUHBIM OCHOBAHUEM OTHECTHU €€
K CeliCMOTeHEPUPYIOITM, OTHAKO, TI0 COBOKYITHO-
CTU KOCBEHHBIX JaHHBIX €€ MOXHO KJIaCcCUPUIIUPO-
BaTh KaK MAaCCUBHYIO, HO JIOKAJIbHO YCHJIMBAIOIIYIO
ceiicMuueckue coTpsiceHust cTpykrypy (HecmesiHOB,
2004), urpaiolylo CeiCMOIIPOBOASIIYI0O WIM 0Oa-
pbepHYI0 posib. ISl OlLIeHKM BO3pacTa BO3MOXKHOM
CEMCMOT€HHOM aKTMBU3alMU STOU CTPYKTYpbl Ha
rpedHe BOA0opa3aeIbHOTO OTpoTa ObLiIa 3aJI0KeHa Ka-
HaBa IOIepeK CTYMEHU B CKIIOHOBOM uexJie (puc. 6).

B kanaBe, nepecekaroleil yCTyIl, BCKPbIThI OTJIO0-
KEHMsSI CKJIOHOBOTO 4eXJjia, BKIIIOYAKOLINE TPU CIOS
(puc. 7): A — MOYBEHHO-PACTUTEJILHBLIM TOPU3OHT,
CYDIMHUCTO-IEOHUCTLIN; B — CKJIOHOBBII 4YeXxoll,
CYINIMHOK C OOJIBIIIMM KOJIMYECTBOM JIPECBHI, IICOHS,
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YCTYII B CTEHKE CpbIBa

Puc. 6. biiokoBble ONOJI3HU U IMHEHHBIE CPBIBbI CKIIOHOBOTO YyexJia. (a) — KOCMUUECKUil CHUMOK; (0) — BU Ha OTOJI3HEBYIO
HULY; (B) — BUJ BIOJIb CPBIBA CKJIOHOBOTO YexJia; (I) — BUJ BKpecT GPOHTAIBHOI YacTU CpbIBa CKJIOHOBOTI'O YexJia, Ha 3alHEM
TUIAaHE — CTEHKA CPhIBA OMOJI3HS B BEPXOBBSIX JOMUHBI p. KUIbsSHCY.

Fig. 6. Block landslides and linear breakdowns of the slope cover. (a) — satellite image; (6) — view of the landslide niche; (B) —
view along the break of the slope cover; (r) — view of the cross of the frontal part of the break of the slope cover, in the back-
ground — the wall of the collapse of the landslide in the upper reaches of the valley of the Kilyansu river.
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280 £ 70 #C n.1. (LU-10352)
280 + 120 kan. 1. H

Puc. 7. KanaBa BKpecT mpoCTHpaHWS IMHEIHOM 30HBI CPhIBa CKJIOHOBOTO UexJia. (a) — oOIuii BUI KaHaBhl; (0) — y9aCcTOK OT-
6opa oOpa3ua nmouBbl; (B) — MPUHLMIIMAIbHASL CXeMa pa3pe3a C JaTUPOBKOI oOpasla, OTOOpaHHOIO Ha rpaHUlLIe TOYBbI U
CKJIOHOBOTO 4exJja (A — MOYBEHHO-PACTUTENIbHBII CJ10ii, b — CKI10HOBBII uexoj1, B — pa36opHast ckaia).

Fig. 7. A trench across the stretch of the linear zone of failure in the slope cover. (a) — a general view of the ditch; (6) — a site for
sampling soil; (B) — a schematic diagram of the section with dating of the sample taken at the boundary of soil and slope cover
(A — soil and vegetation layer; b — slope cover; B — collapsible rock).

MeJKux IpI0; B — pasbopHas ckana, OpecBSTHO-
IIEeOHUCTBIN TOPU3OHT C MEIKUMHU IbloaMu. B mou-
BEHHOM KapMaHe Ha rimyomHe 20—25 ¢cM otobpaH 00-
paszell 3aXOPOHEHHOM MOYBHI ((pparMeHThbI TyMyCOBO-
ro TOPU30HTA C OCTaTKaMU PACTUTEIBHOCTH, TIepe-
KpBITBIE CYIJIMHKOM CO IeOHEeM), IIOKa3aBIIMWA
Bospact “C 280 %+ 70 J1. H. WK B K&IMOPOBAHHOM HC-
gyucneHuun 320 = 120 kan. 1. 1. (LU-10352). Boinep-
>KaHHasl TIPSIMOJIMHEMHOCTh 1 OPUEHTUPOBKA 30HBI
OTCYTCTBUSI TOYBEHHO-PACTUTEIBHOTO IIOKPOBa U
NeIIOKITMOHHOTO TOPU30HTA COOTBETCTBYIOT IMPO-
CTUPAHUIO CTEHKM OTPhIBA OJIOKOBOTO OMOJI3HS, pac-
nosioxeHHoro B 50 M HUXKe T10 CKJIOHY (puc. 5, (a)) u
NPOCTUPAHUIO JTUHEMHON 30HbI HAPYLLIEHUIA, CBUIE-
TEJILCTBYSI 00 MX T€HETUYECKOW CBSI3UM. MeXxaHM3M
¢dbopMUpoBaHUsI CpbIBa CKJIOHOBOTO YexJia U 3aX0Po-
HEHMsI 4aCTU ITOYBEHHOTO T'OPU30HTA, MO-BUANMO-
My, CBSI3aH C CEMICMOT€HHBIM BCTPSIXMBAHUEM U I10-
BEPXHOCTHBIM OITOJI3aHUEM B 30HE JIUHEWHOTO yCHU-
JIeHusI coTpsiceHuii. Bo3MoxHO, 3TO coObITHE
SIBJISIETCSI OTPaXXEHUEM CUJIbHOTO 3eMJICTPSICEHUSI,
MPOMU3OIIEAIIETO B 3TO XK€ BpeMs K BOCTOKY OT DJIb-
opyca (PoroxuH u ap., 2014) (coositue VII, Tad. 1).
OnHaKO Heb3sl CBI3bIBATh CEPUIO OJIOKOBBIX OTIOJI3-
Heil, pacIlOJIOXKEHHBIX HIDKE MO CKJIOHY OT JIMHEM-
HBIX CPBIBOB UeXxJia U TpaBUTAllMOHHBIE 0Opa30BaHUS
B noimmHe p. KmiabssHey ¢ 3TiM coositneM. Cyns 1o
pa3BUTOMY MHOYBEHHO-PACTUTEIBHOMY IOKPOBY Ha

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

UX TIPUOPOBOYHBIX YACTSAX M, OTYACTH, HA CTEHKAaX
CPBIBOB, OHU 3HAYUTEIBLHO ApPEBHEE MOCIEIHETO CO-
oeiTuss. Ho nuHeiliHbIe BajooOpa3HbBIC OITOJI3HU B
LIEHTpaJIbHOM YaCTU TEPPUTOPUH BITOJIHE MOTYT OBIThH
CUHXPOHHBLIMU C 3TUM 3eMJIETPSICEHUEM: MEXaHU3M
ux o0pa3oBaHUs (CPBHIBBI CKJIOHOBOTO 4Yexjia) U He-
BBICOKast MHTeHCUBHOCTL (VI+ 0amioB), TpebyeMast
IJIsl X aKTUBU3ALIMK, TIPEACTaBISIOTCS BECbMa CXO-
xnmu. TakuMm oOpa3oM, B COBpEMEHHOM peiibede
TEPPUTOPUU TIPOSIBISIIOTCS CAEAbl aKTUBU3ALNU K-
30Te€HHBIX TTPOIIECCOB, 0OYCIOBIEHHOM MOCICAHUMU
M3 U3BECTHBIX 36MJICTPSICEHUIA.

4.2. Cmpoenue 6odocoopos 03. Xopaakenn
u py4. Iavbawiu u pazgumue Garo8UaIbHO20 peaveda

CoBpeMeHHbBIII BogocOop 03. Xopjakelib Oec-
CTOYHBIH, rowanplo =0.6 kM2, BeITAHYT B CB Ha-
npasjieHuu Ha =0.9 KM IIpy MaKCUMaJILHOM IIIUPHUHE
~().6 kM. OCHOBHBIE TUTAIOIINE CKJIOHBI PACIIOJIOXE-
HbI o 3anagHoii nepudepuu (FOKO3 — 3C3), a K Bo-
CTOKY 03epHasi KOTJIOBMHA OTAeIeHa HEBBICOKOI TTe-
PEMBIUKOI OT JIOXKOMHBI, 00OpallleHHO K BOCTOKY
B CTOPOHY pydy. Dme3rebde. beccrouHblii Bogocbop
03. XopJakeslb ¢ 3allamHOi CTOPOHBI IMMPUMBIKAeT K
bacceliHy 6e3bIMSIHHOTO pyubsl (najee — Dabdalin).
Pyueii Dnbbalu siBasieTCs OCHOBHOM apTepueii, ape-
HUPYIOIIE TEeKTOHUYECKYIO CTYIIeHb, a CTpOEHHE
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Puc. 8. ['eoMopdonornueckas cxema Bomocbopa o3. Xopiakelslb M IIpuieratolieii Tepputopuu. I — 6poBKa BHEIITHETO YCTyra
TEKTOHUYECKOM CTYNEHMU; epaHuybl 6000c60pog: 2 — pyubsi (a — yCTaHOBJIEHHBIE 0 AeTanbHOU LIMP, 6 — ycioBHbIe, onpene-
nenHbie 1o Tonokapte 1: 100 000), 3 — o3. Xopirakenb (@ — ycTaHOBJICHHBIE 110 AeTanbHOI IIMP, 6 — ycnoBHEIE, oIlpeneacH-
Hble 110 Tortokapre 1: 100 000); 4 — 03. XopJakeb; eparuybl NpoAEUaIbHo2o wiaeiga: 5 — praHroBble OrpaHUYECHUST, 6 — TU-
CTaJIbHbIC OTpaHNYeHUs, 7 — (PpoHTaIbHAS rpaHMLIA LIUIelda MocIenHel TeHEPaLUW; 30Hbl HPOAIOBUAAbHO20 Wineliga: § — TpaH-
3UTHO-aKKYMYJISITUBHAsI Teppaca, 9 — akKyMyJISITUBHBIN KOHYC BbIHOCA, /10 — 3pO3MOHHO-aKKyMYJISITUBHbBIE TEPPACHI; hopMbl
u snemenmol popm peavegha: 11 — OCHOBHOE PYyCJIO pyubsi, /2 — BpeMeHHbIe pyciia; /3 — MOTSKUHBI CTOKA; 3P03UOHHbLE YCIYNbL:
14 — xopo11o BbIpaxkeHHbIe, 15 — c1abo BbIpakeHHbIe, /6 — OPOBKU HEAKTUBHBIX 9PO3UOHHBIX YCTYNOB, /7 — 3pO3MOHHO-
TIPOJTIOBUATIBHBIE YCTYIThI, /& — OTIOJI3HEBBIE YCTYMHI; /9 — TpaHUIIBI HEAKTUBHBIX JIOKOWH cTOKa; 20 — 3a00JI0YEHHBIE yIacT-
KW; auneamenmol: 21 — TUHEHBIE 3JIEMEHTBI TMAPOCETH Ha KOHYCE BbIHOCA, 22 — MYTOBbIE JIOXKOUHBI HA CKJIOHE BHEIITHEH TPsi-
IIbl; 23 — TOYKU HAOIIONeHU; 24 — CKBaXKUHBI.
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Ta6muna 2. [TapameTpbl y4acTKOB BomocOopa pyd. Diaboaiim

Table 2. Parameters of the different reaches of the Elbashi creek catchment

MopdomeTpudeckre mapaMeTphbl

VYuacrok 1 (BepxHMii)

[IpoTsikeHHOCTh, KM 2.7
Iromane, KM2 3.77
HlupunHa (MakcuManbHasT), KM 2.2
[myGuHa pacuwieHeHUs, M 700
CpenHuii yKI0H pycia, M/KM (%o) 344

Yyacrok 2 (cpenHuii) YuacTtok 3 (HIDKHMI)
1.1 2.6
0.75 1.2
0.8 0.6
100 60
126 165

ero BomocOopa — KJII0YOM K IIOHMMAaHUIO Pa3BUTUSI
penbeda Tepputopun. Bomocbop pydbsT mMeeT 00-
LIYIO TUIoAnb ~5.7 KM? 1 4€TKO NOAPA3AEIsIeTCs Ha
TPpU MOP(OJIOTUYECKHU Pa3INYHBIX ydacTKa (Taou. 2).

ITo coBOKynmHOCTU TIPU3HAKOB BEPXHUI y4acTOK
MOXHO OXapakKTepU30BaTb KakK JI€HYIAlMOHHbIA
(PPO3UOHHBII), CpeNHUIT KaK TPAH3UTHO-aKKyMYJIsi-
TUBHBINM, a HIDKHUM — TPaH3UTHBIN. XapaKTepHOM
OCOOEHHOCTbIO, KaK CpEeIHero, Tak U HUXHETo
YYaCTKOB, SIBJISIETCSI OTCYTCTBHE TIPUTOKOB, UTO CITy-
JKUT MoKazaTejeM WX OTHOCUTEIbHOI Mojionoctu. B
TIOJIb3Y BTOTO TIPEANOIOXKEHUSI CBUIETENILCTBYIOT MOP-
donornyeckre MpU3HAKKA OMU3IeXaluX JOJIUH pPYy-
YbeB: 3aMaHOE U 103KHOE 0OpaMJIeHUsI TEKTOHUYECKOI
CTYIIEHU IIPOpadOTaHbl BEPXOBBSIMH 3HAUMTEIIHHO 00-
Jiee pa3BUTHIX, ITTyOOKO Bpe3aHHBIX U pa3BeTBIEHHBIX
JIOJIVH IIPUTOKOB p. Xyznec u p. Ome3rede (puc. 4). do-
CTaTOYHO aHOMAaJbHBIM TPEACTABISIETCI U CyOIIu-
POTHBI OTPE30K JOJUHBI pyd. DAbdAIIN HA yYaCTKe
rnepeceyeHuss TeKToHWYeckoil cryneHu. Ecnu no-
MOJIHUTh 3TU OCOOEHHOCTU HAIMYMEM HECKOJbKUX,
B HacTosilllee BpeMsl HEaKTUBHBIX DPO3UOHHbBIX Bpe-
30B U JIOXXOWH CTOKa, HAIPaBJIEHHbIX KaK Ha BOCTOK,
Tak 1 Ha ceBep (puc. 7), TO IPEeaCTaBISIETCSI OUYCBUI-
HbIM, YTO Ha TEPPUTOPUN UMEIOTCS SIBHbIE MPU3HAKU
MepecTpoeK PeYHOI CeTH.

LleHTpanbHYO YaCTh TEKTOHUYECKOM CTYTIEHU 3a-
HUMaeT KOHYC BBIHOCA, C(DOPMUPOBAHHEINM HaHOCA-
MU, KOTOpPbIE BEIHECEHBI ¢ BOIOCOOpa pyd. Dapdamm
(puc. 8,9). ITo LIMP, mocTpoeHHOiT1 Ha OCHOBE CheM-
ku ¢ BITJIA, koHyC UMeeT CMMMETPUYHYIO B IJIaHE
dopmy, TIpSIMOI TIPOTOJBLHBIN TIPOMIIL U BBHITYK-
JIbIi moriepevHbiii (puc. 9, (6)). [nomanb KoHyca S =
=~ (0.3 kM, TIipoTsKeHHOCTD L = 1.1 KM, a MaKCMaIb-
Hag mupuHa B, = 0.7 kM. [Ipaktuyecku no Bcemy

«—

nepuMeTpy, 3a UCKIIOUeHUEM BOCTOUHOM YacTu, 00-
palleHHOl K KOTJIOBUHE 03. XOpJiaKesb, pa3BUTHE
KOHYCa OrpaHMY€HO BHEITHUMMU CKJIIOHAMU: C 3aIajaa
M BOCTOKa — KOPEHHBIMU, C CeBepa U Iora akKyMyJisi-
TUBHBIMU. BeposiTHO, C 3TUM JIOKaJbHBIM YIIOPOM
CBsI3aHA HEKOTOpast aCUMMETPHSI TIONEPEeYHOTro Mpo-
dunst (puc. 9, (6)), B KOTOpOii MpOsIBJIsIETCS] Hajlera-
HUE KOHYCa B €r0 BEpXHEW U HUKHEN YacTsx Ha BO-
CTOYHBIE CKJIOHBI U TIEPEKOC MOBEPXHOCTH K 3aray.
B 1ueHTpaJibHOIl 4acTu aKKyMYJSITUBHBINA 1Ieiid
CBOOOIHO PACIPOCTPAHSIETCS T10 MOBEPXHOCTH TEK-
TOHUYECKOW CTyNEHU, YTO MO3BOJISIET OLIEHUTh MOIII-
HOCTb OTJIOXKEeHM I KoHyca B 7—8 M (puc. 9, (0)). Cyns
0 TIPSIMOJIMHEMHOMY MPOJOJIbHOMY TNpoduto, 6J1u3-
KH€ BEJIMYMHBI MOXHO OXUIATh Ha BCEM IPOTSIKE-
HUU KOHYyCa BbIHOCA.

ITo ceBepHOIT M cCeBEepO-BOCTOUHON Tiepudeprun
KoHyca BbiHOca (puc. 10) cdhopMupoBaHbl 3pO3UOH-
Hasi U BPO3UMOHHO-aKKyMYJISITUBHasI Teppachbl, BO3-
HUKIIIME B pe3yJbTaTe MepeMbiBa MOBEPXHOCTU KO-
Hyca U TIepeOTIOXEHUs] MPOAYKTOB pa3MbiBa HUXeE
¢dpoHTaNIbHOM YacTu. DPO3UOHHAs Teppaca Hepas-
HoMepHoU mupuHbI (0T 10 1o 120 M) TSHETCS BAOJIb
CEBEPHOI0 CKJIOHA KOTJIOBUHBI (pUC. 8) U B BOCTOU-
HOM 3aMbIKaHU U TPOPE3aETCS PYCIOM Pyy. DIbOaliun
Ha myonmHy =1 M (puc. 10). Dpo3noHHasT Teppaca
CKJIOHAMU pycjia Py4bsl COMPSTaeTcsl ¢ HUXKeaexka-
IIEeA 3PO3MOHHO-aKKYMYJISITUBHON Teppacoi, pac-
MOJIOXKEHHOM Ha =2—3 M HuXe (puc. 9). Dpo3ruoHHO-
aKKyMYJISITUBHASI Teppaca K BOCTOKY BBIKJIMHUBAET-
csl, a 1oJIMHA pyd. DyibOallIu CTAaHOBUTCS B MONepey-
HOM cedeHHMH V-00pa3Hoii co cadoii acmMMeTpuei
60pTOB KpyTU3HOM 35—40° (eBblil, CeBEepHBI) U
40—50° (mmpaBblii, 1OKHBIIT) U y3kuM (1—2 M) nHU-
meM. JHule Ha BCIO IIIMPUHY 3aHSTO CTYIIEHYATbIM,

Fig. 8. Geomorphological scheme of the Lake Khorlakel catchment area and the adjacent territory. / — the edge of the outer edge
of the tectonic step; the boundaries of catchments: 2 — streams (a — determined by a detailed DEM, 6 — conditional, defined by a
topography map 1: 100000); 3 — of the Lake Khorlakel (a — established by a detailed DEM, 6 — conditional, defined by a topog-
raphy map 1 : 100000); 4 — the Lake Khorlakel; boundaries of the proluvial fan: 5 — flanking limitations, 6 — distal limitations,
7 — frontal boundary of the last generation fan; zones of the proluvial fan: 8§ — transit-accumulative terrace, 9 — accumulative out-
flow cone, 10— erosive-accumulative terraces; forms and elements of relief forms: 11 — the main streambed, /2 — temporary chan-
nels, 13 — runoff streams; erosive scarps: 14 — well-defined, 15 — weakly expressed, /6 — edges of inactive erosive scarps,
17 — erosive-proluvial scarps, /8 — landslide scarps, /9 — boundaries of inactive runoff hollows; 20 — swampy areas; /ineaments:
21 — linear elements of the hydrography network on the cone, 22 — arc hollows on the slope of the outer ridge; 23 — observation

points; 24 — boreholes.
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Puc. 9. lludpoas Mmonens penbeda TeppuUTOpUM MO pe3ynbTaTaM cheMKU BITJIA (TonbKo TSl He3aJleCeHHBIX YIacTKOB): (a) —
cxeMma c cedyeHreM ropusoHTaneit 1 m, (6) — rornepeyHble U MPOJOJIbHBIN Mpodhuiu Yepe3 KOHYC BbIHOCA.

Fig. 9. Digital elevation model of the territory based on the results of the UAV survey (only for areas without forest): (a) — sketch-
map with contour interval of 1 m, (6) — transverse and longitudinal profiles through the proluvial cone.

MOPOXHUCTBIM, MECTaM1 BomoIlagHLIM (mo 1—1.2 M)
PYCJIOM CO CKaJIbHBIMHU pa3apo0JeHHBIMU BbIXOAAMU
B ITOJHOXBSIX CKJIOHOB, TMTOTHUMAIOLINXCS 10 BBICO-
Tl 5—7 M Had ype30M.

WUcxons n3 mopdonoru ucTaaibHOM 4acTHU KO-
HyCa, COOTHOIIEHUIO YPOBHE TeppacOBUIHBIX ITO-
BEPXHOCTEl U COUJICHSIOIIUX UX CKIIOHOB, MOXHO
cAeaaTh HECKOJIBKO BBIBOIOB:

1) mpooBHAJIBHBINM KOHYC IO CeBEPHOI ITepude-
puU TIpUYJICHSIETC K OocTaTKaM OoJiee IpeBHEi mo-
BEPXHOCTHU, BBICOTA KOTOPOI OblJ1a Ha =1 M BbIIIE U
OHAa YaCTh KOTOPOIi (3amamHasi) HeIHE IpecTaBIeHa
B BUE 9PO3UOHHOI Teppachl C COBPEMEHHOI mepe-
paboTKOii pyd. Dapbdall 1 BpeMEHHBIMM BOIOTOKA-
MU, a Apyrast (BOCTOYHAasI) COXpaHWIACh B BUIE 3PO-
3MOHHO-JIEHYIAalIMOHHOIO CErMEHTAa;

2) yxe 1iocyie (hopMUPOBaHUSI MPOTIOBUATBHOTO
KOHYCa IMPOX30I11I0 Bpe3aHue pyd. Dib0alliv Ha Iy~
OuHy 2—4 M ¢ GOpMUPOBAHUEM IPO3UOHHO-AKKYyMY-
JISTUBHOM MOBEPXHOCTHU (Teppachl);

3) nonuHa pyd. Dapballi Ha BBIXOAE M3 IPaHMUIL
TEKTOHUYECKOU CTYMEeH!, Ha KOTOPOI pacMoIoXeHO
03. XopJiakesib, UMEET IPO3UOHHO-TEKTOHUYECKU
XapakTep 1 00pa3oBaHa 3a cueT MHTEHCUBHOTO Bpe-
3aHMS B pa3npoOIeHHbII CKaJIbHBIN CyOCTpaT.

Bypenue B mucTanbHOII YacTH TIPOTIOBUATBHOTO
KOHYCa U B JIOXXOMHE CTOKA K BOCTOKY OT 03. XopJja-
Kenb (puc. 8, ckBaxxuHbl 1139 u 1132 cooTBeTCTBEH-
HO) TIOKAa3aji0 3HAYUTENBHYI0 HEOTHOPOTHOCTH

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

CTPOEHMSI IIPOJIOBHAILHOIO Inieiida, CBUIETEIb-
CTBYIOIIYIO O PE€3KMX M3MEHEHMSIX PEXMMa OCaIKO-
HakoruieHus (puc. 11).

JIBe CKBaXXMHBI ObLIM MPOOYpEHBbI B OIUCTAJILHOI
YacTu MPOJIIOBUAJIBHOTO KOHyca BblHOca. OnHa U3
Hux (1138) pacrnoyioxkeHa Ha ceBEpHOM OOpaMJIEHUU
KOHyca B TIpefeiaX 3pO3MOHHON Teppachl, BTOpas
(1139) pacmnonoxeHa TUTICOMETPUIECKH HIDKe Ha 6—
7 m u Ha =300 m ommxe K CB 3aMbIKaHMIO KOHYyCa

(puc. 8).

CorocTaBieHMEe 3TUX ABYX KOJOHOK MO3BOJISIET,
C YYETOM TMOJYYECHHBIX WHCTPYMEHTAIbHBIX JaHHBIX
0 Bo3pacTe oTioxeHuii (puc. 11, Tada. 3), BoccTaHO-
BUTh IIOCJIEIOBATEJIBHOCTh OCAaJKOHAKOIUICHUS B
npeaenaax IMCTAIbHON YacTU TMPOJIIOBUAJIBHOTO KO-
Hyca BBIHOCA:

1) oTnoxxeHue
~5.5 TBIC. J1. H.;

IIPpOJIOBHUAJTBbHBIX 0CaagKoB

2) o3epHOE OcagKOHaKOIUJIEHUEe, B MepBoil (aze
MEJKOBOAHOE C HEYCTAHOBUBIIMMCS PEXVUMOM U
TIPUBHOCOM TpyOOro Matepuaiia, BO BTOpoii dase —
B CITOKOITHOM, OTHOCUTEJIbHO IITyOOKOM OacceiiHe;

3) oTji0XeHue TIPOJIIOBUAIBHBIX OCAaAKOB B Tep-
BoI1 (pa3e rpy0000JIOMOUYHBIX, BO BTOPOI (HaYMHAs C
930—730 J1. H.) — IJIMHUCTBIX, MepEMEIIaHHBIX C Op-
TaHUKOM;

4) 3abonaynBaHUE ITOBEPXHOCTH,
topda (HaunHas ¢ 650—570 1. H.).

HaKOIVICHHEC

TOM 54  Ne 3 2023
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Puc. 10. JucranbHast 4acTh KOHYCa BBIHOCA. Demenmbl eudpoepaghuueckoii cemu: I — pyclio pydbsi, 2 — pycljia BpeMEeHHBIX BO-
IIOTOKOB; 0pogKu ycmynos: 3 — 3pO3MOHHBIX OCHOBHBIX, 4 — BTOPOCTENIEHHBIX, 5 — 3PO3MOHHO-ACHYIAllMOHHBIX, 6 — 3PO3U-
OHHO-TEKTOHUYECKUX; Meppacosudnble nogepxHocmu: 7 — MPOJIOBUATLHOTO KOHYCa BIHOCA, 8§ — CETMEHT C PEJIMKTOBOM 3p0-
3MOHHO-AeHYIAllMOHHOI nepepaboTKoii, 9 — 3p0o3MOoHHas Teppaca ¢ COBpeMEHHOI repepaboTkoit, /0 — 3pO3MOHHO-aKKyMy-
JISITUBHAS Teppaca; cka0oHbl: 11 — BHELIIHUE KOPEHHBbIE, /2 — COBpEMEHHbBIE 3PO3UOHHBIE, /3 — 3PO3MOHHO-IEHYIALIMOHHBIE,
14 — 3p03MOHHO-TEKTOHUYECKUE; 2panuybl: 15— KoHyca BbIHOCA, /6 — 3pO3UMOHHOIM Teppachl, /7 — 3p03MOHHO-aKKYMYJISITUB-
HoI Teppachl; uzoeunco: 18 —yepe3 0.2 M, 19 — yepes 1 M; 20 — yCTbe CKBaXKUHBI.

Fig. 10. The distal part of the alluvial fan: elements of the hydrographic network. Elements of the hydrographic network: 1 — stream
bed, 2 — beds of temporary streams; edges of ledges: 3 — erosive main ones, 4 — secondary, 5 — erosion-denudation, 6 — erosion-
tectonic; terraced surfaces: 7 — proluvial alluvial fan, & — segment with relic erosion-denudation processing, 9 — erosional terrace
with modern processing, /10— erosion-accumulative terrace; slopes: 11— external indigenous, /2— modern erosion, /3 — erosion-
denudation, /4 — erosion-tectonic; boundaries: 15 — alluvial fans, /6 — erosion terrace, /7 — erosion-accumulative terrace; iso-

hypses: 18 — after 0.2 m, 19 — after 1 m; 20 — boreholes.

TpeTbst ckBaxkuHa (1132) HaxoAUTCS B OCEBOIi Ya-
CTU TUJIOCKOJOHHOM, MOJIOroit, 3a00JI04eHHOI J10X-
OMHBI CTOKA, PACITOJIOXEHHOI K BOCTOKY OT 03. XOp-
JTakeab (puc. 8) U OTHEJIEHHOI OT o3epa IepeMblu-
KOI, OTHOCHUTE/IbHAsl BbICOTa KOTOPOI HaJll 03€pOM
OKO0JI0 4—5 M, a HaJl yCThbeM CKBaXXUHBI ~6—7 M.

B 3T0i1 yacTi Bogoc6opa MOKHO peKOHCTPYHUPO-
BaThb 5 3TAIOB OCATKOHAKOTIJICHUS:

1) oTII0XeHME MPOIIOBUAIBHBIX OCAIKOB, BEPOSIT-
HO, IEPEMBITHIX OTJIOXEHUI APEBHETO 03epa;

2) GacceifHOBOE HEOPTaHMYECKOE OCAJKOHAKOII-
JneHue, HaunHas ¢ 8409—8340 kan. 1. H.;

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

3) OacceifHOBOE OpPraHOr€HHOE OCaJIKOHAKOILIe-
HUe, HaurHag ¢ 2970—2650 kair. 1. H.;

4) OTII0XEeHUE TPOJTIOBHAITBHBIX OCAIKOB C OCTaT-
KaMM opraHuku HauuHas ¢ 930—730 kain. 1. H.;

5) 3aboJjlayMBaHME IIOBEPXHOCTH, HaKOIUICHUE
Topda HaunHas ¢ 650—570 kain. 1. H.

ITocnenoBaTebHOCTL OTJIOXKEHMII BO BCEX TpeX
KOJIOHKAaX BKJIIOYAaeT HECKOJLKO IIPOIIOBUAILHBIX
BIIM300B, pa3aelisieMbIX IIEPUOIaMU 03€pHOTro (bac-
CE{HOBOTO) OCAIKOHAKOIUIEHUSI U 3aBeplIacMbIX
cybaspanbHBEIM TOopdoHakoruieHueM (puc. 11). On-
HAaKoO, €CJIM B IIEPBBIX ABYX CIIy4YasxX 3aMKHYTasi KOT-
JIOBUHA, B KOTOPO¥ PaCHOJIOKEH MPOJIOBUATBHBIMN

Ne 3 2023
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Puc. 11. Kononku ckBaxuH. I — Topd; 2 — cymMHOK oTopdOBaHHBII; 3 — rUTTUS; 4 — INIMHA; 5 — MecoK; 6 — apecBa; 7 —

TJIMHBI, OTIeCYaHEHHBIE C IPECBOI; § — TIIMHBI C IPECBOil; 9 — CYyITIMHKM, OlleCYaHEeHHBIE ¢ ApecBoii; /0 — oOpas3mbl 14C;

11 — obpasubr AMS.

Fig. 11. Boreholes sections. I — peat; 2 — loam detached; 3 — gittia; 4 — clay; 5 — sand; 6 — soil; 7 — clay desalinated with soil;
& — clay with soil; 9 — loam desalinated with soil; /0 — samples 14C; 11 — samples AMS.

1uieiid, MO3BOJSET PACIIOJOXUTh NIPEBHUI BOJOEM,
TO B CJIydyae IOJIOTOM INIOCKOTOHHOM JIOXKOWHBI s
pacnojoXeHusl BogoeMa HET MOAXOSIIINX YCIOBUIA:
JIOXKOMHA OTKpBITAa Ha BOCTOK, II€ OHA MOCTEIIEHHO
MEPEXOAUT B JOJUHY OTHOIO U3 MPUTOKOB Pyd. DJib-
me3tebe. C Opyroii CTOpOHBI, B 3TOM JIOXKOUHE HET U
CJIEIOB 3PO3UM, OHA TIPEACTaBIsSIeT coboil 3a00JI0-
YEeHHBII pacraliok ¢ BecbMa MJI0X0 BbIpaKeHHbIMU
6opTamMu KPYTU3HOM 3—5° U IIOCKO-BOJTHUCTO-CTY-
MEeHYAThIM B MPOAOJbHOM CEUeHU U THUIIEM C YETKO-
BUIHOI B IuIaHe (DOPMOIi 1 B paCIIUPEHUSIX JOCTUTA-
oM 30 M, ¢ BBIXOAAMU TTOJA3EMHbBIX BOJ.

IMTo-BuaMMOMY, MOXXHO TOBOPUTH O “TICEBI003EP-
HOM” OCaIIKOHAKOIUICHWU B pe3yibTrate CU(OHHOTO
TepeinBa yepes3 MepeMbIuKy, OTIEIISIONIYIO 03. X0p-
JIakeJib OT JIOXKOMHBI cToKa. HaHoCkl, mocTymnatoiiue
B BOJIOEM, aHAJIOTMYHEIE IO COCTaBY TOHHBIM OTJIO-
KEHUSM 03. XOopJakesib, IPY MOBBIILIEHUN YPOBHS B
03epe MepeTuBaIriCh CO CTOKOM BOIBI B JIOKOWHY U
MePeOTKIIAIbIBAIMCH B HEil Ha y4acTKax BBITIOJIaXU-
BaHWsI, MPEICTABIISIONINX COO0I HECKOIbKUX TTOJIO-
X CTyIeHeit — “BaHH”.

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

4.3. Ocadkonaxonnenue 6 03. Xopaaxensb

KepHbl BCKpBITH B JIabopaTtopuu IajieoapxmBOB
npupoaHoii cpenbl MHctutyta reorpadum PAH.
Ocanok kepHna HORI1 mnmHO# 252 ¢cM mpeacTaBieH
rnepecjiauBaHUEM TEMHO-KOPHUYHEBOIO Carporess ¢
MPU3HAKaMU CJIOUCTOCTU U CEPbIX TOHKOCIOUCTBIX
mIMH. B BepxHel 4JacTu, COOTBETCTBYIONIEH Iiepe-
KpbITHIO ¢ KepHoM HOR2, n B 6a3anpHOM yacTu — ca-
nporneyb. Kepp HOR2 momiHocthio 118 ¢M mosiHO-
CThIO MPENCTABIIEH TEMHO-KOPUYHEBBIM Xejleo0pas3-
HBIM CarporneseM.

PacnpeneneHue Bo3pacrta ¢ IITyOMHOM Ha BO3-
pactHoil Moaenu st KepHa HORI1, yuurtbiBatoiieii
Bce natupoBKu (puc. 12, (a), Tabi. 4), HEOTHO3HAY-
Hoe. st matupoBok 8312 1 7254 u s aTUPOBOK
7256 w 7257 nHabaomaeTcss HeE3HAUYUTEIbHAsSI UHBEP-
cus. [1o Bceil BeposiITHOCTH, HanboJiee IPEeBHSIS Oa-
tupoBka (IGAN 7264) Ha myoune 336—337 cMm, co-
oTBeTCTByIoas Bodpacty “C 9450 ner, aBnsgercs uc-
KYCCTBEHHO YIPEBHEHHOIi, MOCKOJBKY €€ BO3pacT
MPEBBIIIaeT BO3PAaCT TaTUPOBKM 7265 Ha 3500 pagno-
YIJIEpOOHBIX JIET IIPU pa3HUIIE BCero B 6 CM, 3Ta 1aTU -
Ne 3
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Ta6muna 3. BOSpaCT OTJIOXKE€HUIT B CKBaXKMHAX Ha KOHYCE€ BbIHOCA U B JIOXKOWHE CTOKA IT0 JaHHBIM HMHCTPYMEHTAJIbHOTO

JaTUpoBaHUsA

Table 3. Age of deposits in boreholes on the proluvial cone and in the runoff hollow according to instrumental dating

Howmep J1a6. Homep Oncanue obpasia 1C, ner KaJ1M6pOBaHHbII/I*B03paCT,
TOYKU KaJj. JI. H.
1130 |LU-10352 IlomomBa mmouBkl (KapMaH), 1. 20—25 cMm 280 = 70 320 £ 120
1132-2 | LU-10353 Turtus, 1. 0.5—0.77 m 2690 + 120 2810 + 160
1138 | LU-10355 Topd (momorisa), ri. 0.35—0.45 m 650 = 60 610 =40
1139-2| LU-10356 CymHok ¢ Topdom (nonpoisa), 1. 0.7—0.8 m | 910 £ 110 830 = 100
68.3 (1 6) cal BP 8356—8390 1.000
1132-1| IGAN M5 — 9573| Inuna, 1. 1.55 M 7555 +25195.4 (2 ) cal BP 8340—8409 1.000
Median Probability: 8375
68.3 (1 ©) cal BP 5477—5487 0.123
5504—-5539 0.486
1139-1| IGAN p s —9574 | Imuna, m1. 1.85 M 4770 £ 25 5549—-5579 0.391
95.4 (2 6) cal BP 5469—5584 1.000
Median Probability: 5528

Ilpumeuanue. * — odpasnpl LU KanmuOpoBaHBI C UCITOJIb30BaHUEM KaTuOpoBoYHOM mporpammbl “OxCal 4.4.4” (kanmbpoBoYHast Kpr-
Bas “IntCal 207, “Bomb13NH1”). Christopher Bronk Ramsey (https://c14.arch.ox.ac.uk); o6pasisr IGAN 4\g KaIMOpOBaHEI € UC-
nosb3oBanreM rmporpammbl CALIB REV7.1.0 Copyright 1986—2020 M Stuiver and PJ Reimer.

Taomuua 4. PeaynbTaThl painoynIepoaIHOro aHaaM3a Cy0aKBalbHBIX OTJIOKEHU 03. XOopiaKeilb
Table 4. Results of radiocarbon analysis of subaqueous deposits of the Lake Khorlakel

Ne | Uuneke IGAN s | Keph, miy6una oM |[yGruHa cBOIHAS, CM Marepuan Bospacrt “C, BP (106)
1 8309 HOR 2, 1-2 1-2 Maccospsrii oopasen (TOC) 560 %+ 30
2 8310 HOR 2, 30-31 30-31 TOC 560 £ 30
3 8311 HOR 2, 60—61 60—61 TOC 1160 £ 30
4 8312 HOR 2, 90-91 90-91 TOC 1510 £ 30
5 8313 HOR 2, 117—118 117118 TOC 1890 + 20
6 7254 HOR 1, 10—11 10—11 TOC 1490 = 20
7 7255 HOR 1, 49-50 144—145 TOC 3005 + 20
8 7256 HOR 1, 70—71 165—166 TOC 4330 + 20
9 7257 HOR 1, 90-91 185—186 TOC 4215 £ 20
10 7258 HOR 1, 113—114 208—209 TOC 4620 + 20
11 7259 HOR 1, 140—141 235-240 TOC 5120 £+ 20
12 7260 HOR 1, 165—166 260—261 TOC 4070 £ 30
13 7261 HOR 1, 191-192 286—287 TOC 4510 £ 20
14 7262 HOR 1, 213214 308—309 TOC 5255+ 20
15 7263 HOR 1, 222-223 317-318 TOC 6700 £ 25
16 7264 HOR 1, 241-242 336—337 TOC 9450 % 30
17 7265 HOR 1, 247-248 342343 TOC 5925 + 25

pOBKa BO3paCTHOII MOJIEIbIO TaKXKe OTOpachIBaeTCsl.
HU1s1 AByX HMDKHUX JaTMPOBOK HAOIIOAAETCSI MHBEP-
cus Bo3pacTa. X uckiioyeHre obecrneynBaeT 6oJjee
alleKBaTHOE pacIlipelelieHrne Bo3pacTa, OIHAKO B
9TOM ciIyyae TpU JAaTUPOBKU B HUXKHEHM 4aCTU TaKxKe
BBINAIAIOT U3 MOACIN. BepXHSIsI U3 HOCTYITHBIX TaTH-
poBoK (rmyounHa 10—11 ¢cM) COOTBETCTBYET BO3pacTy

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

14C 1490 ner. TakuM 06pa3oM, OKOJIO TIOJYTOPA Thi-
csau yieT B xpoHosiorun KepHa HORI oTCyTCTBYIOT.
Jlng nmccnemoBaHMsS HaubOoJiee COBPEMEHHOM YacTH
ocalIKa M CO3IaHUs MacTeP-XpOHOJIOTUHN UCITOIb30-
BaH kepH HOR2.

ITo npeobnamaroieMy COCTaBy OCAIKOB MOXKHO BbI-
JIeJIUTh IBA OCHOBHBIX Neproaa: A (8 Kal. ThIC. JI. H. —

Ne 3 2023
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Puc. 12. CornocTaBiieHre TUTO-CTPAaTUTPAUIECKIX U TCOMMHAMUIECKNX JaHHBIX: aHAIN3 KOJIOHOK JIOHHBIX OTJIOXeHui (A—B).
(a) — pe3yJbpTaThl aHAN3a Ha TToTepu npy npokKaymBanuu (550°C); (6) — Bo3pacTHast MOJIEIb, CO3MaHHast HA OCHOBE palfo-
YIJIEPOIHBIX IAT U3 ABYX KEPHOB; (B) — OCHOBHBIE 3TAIlbl 1 3MM30/1bl 0CAAKOHAKOILUICHUS 110 TaHHBIM KOJIOHOK TOHHBIX OTJIO-
JKeHui 03. XopJiakesb; (I) — OCHOBHBIE 3ITU30/Ibl OCAIKOHAKOTUICHUSI 110 TaHHBIM aHAJIN3a KOJIOHOK OTJIOXEHU I, OTOOpaHHBIX
BHE aKBaTOpUU 03. XOpJiaKeJib; (1) — 3Tarbl 0CaIKOHAKOIUIEHMSI TT0 CyMMe TaHHBIX; (€) — CUJIbHBIE 3eMiteTpsiceHus B [1puaib-

6pychbe (1o (PoroxwuH u ap., 2014) ¢ koppekiiueii gaT).

Fig. 12. Comparison of lithostratigraphic and geodynamic data: analysis of columns of bottom sediments (A—B). (a) — results of
analysis for calcination losses (550°C); (6) — an age model based on radiocarbon dates from two cores; (B) — the main stages and
episodes of sedimentation from the data of sediment cores of the Lake Khorlakel; (r) — the main episodes of sedimentation ac-
cording to the analysis of sediment cores outside the Lake Khorlakel; (i) — episodes of sedimentation by summary data; (e) —
strong earthquakes in the Elbrus region (by a (Rogozhin et al., 2014) with date correction).

3 KaJl. ThIC. JI. H.) — C HAKOIUICHUEM ITPEUMYIIIECTBEHHO
HeopraHudeckux uioB (mmH); b (3 xai. TeIC. 1. H. —
HACT. BP.) — ¢ HAKOTUICHUEM TTPENMYIIIECTBEHHO Op-
raHUYECKUX OCAJIKOB (TUTTUU), BHYTPU KOTOPHIX BbI-
JEeJsoTes 9 3MU3010B:

1. 2 — 8420—7720 xan. n. H. — rurtusa (53—57%
III1I1-550);

2. 8420—7720/7590—7330 xai. J1. H. — IJIAHBI (5—
7% T1I1I1-550);

3. 7590—-7330/6690—6100 xay;. JI. H. — TUTTUSI
(C pe3kUMU  KoJIEOAHUSIMU  COAEPXKAHMUSI OpPraHUKU
MPEUMYILIECTBEHHO B nuamnaszoHe 25—50% I1I1I1-550);

4. 6690—6100/3350—2940 xaun. 1. H. — IMHBI (7—
25% TIIII1-550);

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

5. 3350—2940/1950—1490 kan. 1. H. — TUTTUS
(43—53% I1I1I1-550);

6.1950—1490/1350—1060 xaur. 1. H. — TUTTHS (63—
67% T1I1I1-550);

7. 1350—1060/1000—700 xan. n. H. — rurtus (55—
60% IIITI1-550);

8. 1000—700/(400) xam. 1. H. — TUTTUA (C TEHOCH-
IIMENX K CHMXKEHUIO OPraHUYECKOU COCTABJISIOLICH
61—51% I1I1I1-550);

9. (400)/HacT. Bp. — TUTTUSA (C TEHIECHIME K CHU-
XKEHUIO OpraHudYecKoil cocraBismomein 56—42%
III1I1-550).
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4.4. Conocmasnernue 0anHbIX

ITo COBOKYIMMHOCTH JaHHbBIX aHAJIU3a O3€PHBIX OT-
JIOKEHU B TIpefesax aKBaTOpUU 03. XOpJlaKedb U
03E€PHBIX, OOJIOTHBIX, CKIIOHOBBIX 1 ITPOTIOBHATTEHBIX
Ha COMpene/ibHON TeppuTOpUn, Bhinesitorcs 10 Bpe-
MEHHBIX pyOexkeil CMeHBI peXXUMa OCaTKOHAKOILIEe-
HUS TI0 TeM WJIM WHBIM Tipu3HakaMm: 1) 8409—
8340 kain. s1. H.; 2) 7415—7330 xai. J. H.; 3) 6690—
6100 xai. . H.; 4) 5584—5459 kan. 1. H.; 5) 3350—
2940 xai. . H.; 6) 1950—1490 xain. m. H.; 7) 1350—
1060 xan. n. H.; 8) 930—730 kan. 1. H.; 9) 650—570;
10) 440—200 kau. 1. H. (Taba. 5, puc. 12, (e)).

CpaBHeHUE CeNMMEHTAlIMOHHBIX pyOexeil ¢ reo-
JIUHAMWYECKUMU cOOBITUSIMHU (pHcC. 12, (€)) moKa3bl-
BaeT, 4YTO 5 U3 7 3eMJICTPSICEHM, TIPON3OIIECAIINX B
paitoHe Dabbpyca B royoleHe (cM. tadja. 1) (Poro-
XKUH U 1p., 2014), coBnamaioT mo BpeMeHU ¢ pyoexa-
MU CMEHBI pexXXrmMa OocaaKOHaKoIUIeHus B o3epe. Ec-
JIM YYECTh, UTO JIBa ocTaBInuxcs 3emieTrpsicenus (111
1 V) OTHOCSTCS K yOAJIEHHBIM OT HUCCIESIYEMOM Tep-
PUTOPUHU oyaraM, To, Io-BUANMOMY, MOXHO CUUTATh
9TU COBNAJCHUS He ciydailHbIMU. B MeHblleil cTe-
IIEHU 3€MJICTPSICEHUSI COOTBETCTBYIOT pyOexkaM
OCAIKOHAKOIUIEHMSI B OTJOXEHHUSIX 3a IpelaesaMu
o3epa (3 u3 7). Uro, Kak U B cliydyae CpaBHEHUS C
03epPHBIMM OCaIKaMM1, MOXXHO OOBSICHUTH HEIIOJHBI-
MU cTpaTurpadudeckumu nanaeiMu. Ho, 9yTo xapak-
TepHO, 2 3emierpsicenus (I11 u V), He moayduBIImx
OTpakeHMsI B JOHHBIX OTJIOXKEHUSIX, HE MPOSIBUINCH
U B OKpy>XeHuu o3epa. M, ¢ apyroii cTopoHbI, Hanb0-
Jiee BbIpa3UTEIbHBIN pyoexk (MeXTy OCHOBHBIMHU 3Ta-
namMu A u b), BojiHe oIpenesieHHO COOTBETCTBYET
zemuieTpsiceHuio 1V (o01mit BeposSITHBIN BO3pacTHOM
uHTepBa 2.97—2.94 Kaj. ThIC. J1. H.), OTHOCSIILLIEMYCSI
K OMHOMY M3 CWJIbHEHIINX 1 OIMKANIINX K palioHy
uccienoBaHuii. Ilo-BuauMomy, BTopoe 13 3aredar-
JICHHBIX KaK B 03€pHBIX OCaJKaX, TakK 1 B pesibe000-
pa3yloIlIMX Mpolleccax BHE O3€pPHOM KOTJIIOBHHHEI,
cericMuueckux coosituii (VII), pukcupyercs nmeH-
HO M3-3a CBOEi “MOJIONOCTU”, TOCKOJBKY CJIEABI CO-
OBITHSI TAKOM K€ MHTEHCUBHOCTH, IPOSIBUBIIEIICS B
CpBhIBax CKJIOHOBOTO 4YexJia, Ha 3HAYMTEJILHOM Bpe-
MEHHOM WHTEpBaJie 3aTylIeBbIBAIOTCS MHTEHCUBHOM
9K30TreHHOM ITepepabOoTKOIA.

4.5. PekoHcmpyKuyus usmeHeHuil Cmoka

HecMmoTps Ha HENMOMHOTY (PaKTUISCKUX JAaHHBIX,
MOXHO B IIEPBOM IIPUOJIMZKEHUN PEKOHCTPYUPOBATh
OCHOBHBIE 3TaIllbl U3MEHEHUSI CTOKA BOABI py4d. DJIb-
Oalu, CBSI3aHHBbIE ¢ HEPAaBHOMEPHOCTHIO CTOKA Ha-
HocoB. OHM HallUTA CBOE OTPaXKeHUE B 3aJIIIOBBIX BbI-
Opocax IIpodoBHUs, (POPMUPOBABIINX I'MTAHTCKUMA
KOHYC Ha TEKTOHWUYECKOW CTYIE€HM, 3aHSATOM Ipa-
03epoM XopJakelib, CQOPMUPOBABIIEMCSI, TI0-BUAM-
MOMY, B BUIIE IOOIIPYIHOTO BOJOEMa B IEPHOHd OT-
CTyNaHMUsI JICTHUKOB.

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

IMTonyyeHHbIE HAMM JAaHHBIE MO3BOJISIOT PEKOH-
CTPYyMPOBATh CTOK BOAbI U HAHOCOB 3a MEPUOJT, HAU -
Hasi ¢ 0opeanbHO (ha3kl royoleHa (8.4—8.3 KaJl. ThIC.
a1. H.). K 3Tromy BpeMeHHU mpa-o3epo XopJjakelb
(GYHKIIMOHUPOBAJIO B pexXUMe OECCTOYHOTO PEIUK-
toBoro Bogoema. C 8.4—8.3 kaJl. ThIC. JI. H. (puc. 13, (a))
03ep0 Hayvajo M3JIMBaThCd B JIOXOMHY cToka. IIpo-
JIIOBUAJIBHBIN BBITIECK M3 KOTJIOBUHBI 03€pa HE MOT
OBITb M30JIMPOBAaHHBIM OT OCHOBHOIO KMCTOYHMKA
KJIaCTMYECKOTO MaTepuaja — 3PO3MOHHOM BEpXHEi
yacTu BogocOopa pyd. Dabballiu, U 30HbI aKKyMYJIsi-
1M, IIe chOpMUPOBAJICS ITePBUYHEBII IIPOJIIOBUAIb-
HBII meiid. Beimieck u mocieayioiiee coxpaHeHue
peXuma nepejarBa B TCUCHUE AJITUTCIIBHOIO BPEMECHU
MPEAIoaaraloT MOBHILIEHNE YPOBHS 03. XOpJaKellb
OTHOCHTEJBHO COBPEMEHHOTO HA ~4—5 M (M y o =
= 2048—-2049 M). YcioBueM 111 o6ecrieyeHUsI TaKO-
ro YPOBHS SIBJISIETCS Mepepacnpene/ieHrue CToKa 13
py4bsi, IpUYEM IepedpocKa CTOKA ObLIa HEIIOJHOM,
MOCKOJIBKY Torma copMupoBaiach ObI IOJTHOIIEH-
Hasl pO3MOHHasl JOJIMHA Ha MeCTe o3epa U JJOXKOMHBI
CTOKa K BOCTOKY OT Hero. B KauecTBe MexaHu3Ma Ta-
KOTO YaCTUYHOIO COpoca MOXKHO TPEIIOXKUTL Pop-
MUpOBaHME MOATNIPYIHOTO 03epa Ha BBIXOJE PYUbsl U3
IIpeaesIoB CTYIIEH! M3-3a OJIOKUPOBKHU pycia (OIIoJI-
3eHb?). [TonbeM BOIbI B 03epe 10 YPOBHS IIePEMBIUKH
(Bomopasznelia) MeXIy pydbeM U 03€pOM BIOJIb BO-
CTOYHOTO OOpamMJIeHHs THMIIA cTyneHHu (puc. 13, (a))
1 obecrneu Takoil IIpuToK. B To ke BpeMsT OCHOB-
HOI CTOK py4bsl TIPOJOJIKA OCYIIECTBISIThCS B Ha-
MpaBJICHUN CTaporo pyciia (UIbBTPYSCh/IIepenBa-
sicb yepe3 noanpyny. IlonnpynHoe o3epo Ha 3TOM
atane uMelio 1omans ~0.06 KM, MaKCUMaJIbHYIO
DIyOUHY =9 M 1 00beM (MCXOsI U3 CpeaHeit TTTyOMHBI
4—5 M 1 OTHOCHUTEIBHO IIPSIMOro Ipoduiss aHA)
=0.00025—0.0003 xm>.

O pealbHOCTHU CYILIECTBOBaHUS TTOATIPYIHOTO BO-
JloeMa MOXHO CyIuTb Kak IO cjedaM IepearBa U3
03. XopJiakeJib, TaK U 110 O3€PHBIM OTJIOXEHUSIM, 00-
Hapy>XeHHbIM Ha KOHYC€ BbIHOCA, KOTOpbIe Hayalu
¢dbopmuUpoBaTbhCs MOCIE OUEPEAHOTO dTAlla MPOJIIOBU-
aJbHOI akTMBM3aUMu 5.58—5.46 Kai. Teic. 1. H. Uc-
XOJIsl U3 MOIITHOCTHU TMePEKPhIBAIOIIMX MTPOJIFOBUM OT-
JoxeHuit (1.5—2 M) IOBEpPXHOCTb KOHyCa BBIHOCA
OblJ1a HUXKE COBPEMEHHOM MPUMEPHO Ha 3Ty BEJINY M-
HY ¥ IS TIepeiiBa Yyepes MepeMbIuKY MEXIy pydybeM
1 03. XopJakeab OblJla He0O0X0arMa BBICOTA YPOBHS
noarpyaHoro o3epa =2052 M, omHakKo akTU4ecKast
BhIcoTa ObLIa =2054 M, cyds 110 HaJIUYUIO O3€PHBIX
IJIMH Ha 3TOo# BhicoTe B CKB. 1138 (puc. 11) Ha rmyou-
He =(0.5 M oT moBepxHOCTHU. IIpupalilieHue KoHyca
BbIHOCA Ha 3TOM 3Tarle MoYTU He OTpa3uioch Ha pe-
JKMME 03€pHOr0 OCaJKOHAKOIUIEHUS, TIe MPOoaoIKa-
Jlach aKKyMyJsiiusi TiuH (puc. 12), U pexume cu-
¢oHHOrO mnepesiuBa, BILUIOTh 10 JIOXOWHBI CTOKa K
BOCTOKY OT 03€pa, Ilie TaKXe OCeIalu IJINHbI.

[NoBEIIIIEHHEIN YPOBEHb 03. XOpJIaKelb, IIEpeIuB
B JIOXXOMHY CTOKa M, OYEBUIHO, MOANPYIHBIN Oac-
Ne 3
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Puc. 13. PekoHCTpyKLIMS UBMEHEHMI CTOKA. (a) — cobbiThe 1 (8.41—8.34 Kas. ThIC. J1. H.); (0) — cobObIThe 4 (5.58—5.46 KaJl. ThIC. JI.
H.); (B) — cooniTue 8 (0.93—0.73 Kas. ThIC. J1. H.). [ — COBpeMEeHHOE HallpaBJieHNE CTOKA; 2 — PEKOHCTPYyUpYeMbIe HATIpaBJICHUS
“cudonHOro” croka; 3 — npekpauieHue (YaCTUYHOE WIM TOJIHOE) CTOKA; 4 — MEePBUYHBIN NpoIIoBUabHbI 1uteiid (1 cra-
ust); 5 — BTOPUYHBINA 1uteiid (4 cranust); 6 — coBpeMeHHbIi 1uieiid (rmocr-8-g crtaaus); 7 — y4acTKU COBPEMEHHOI1 Iepepa-
0oTKU nuIeida; eunomemuueckue ozepa, obpazosaguiuecs Ha cmadusx: 8§ — TMepBoii, 9 — 4eTBepTOIl; npouue obo3navenus: 10 —
uzoruncsl (100, 20, 10 m); /7 — coBpeMeHHbI€ BOIOTOKM; /2 — 03. XOpJiaKeb.

Fig. 13. Reconstruction of runoff changes.(a) — event 1 (8.41—8.34 cal. kyr. BP); (6) — event 4 (5.58—5.46 cal. kyr. BP); (B) —
event 8 (0.93—0.73 cal. kyr. BP). I — current flow direction; 2 — reconstructed directions of “siphon” runoff; 3 — termination
(partial or complete) of runoff; 4 — primary proluvial plume (stage 1); 5 — secondary plume (stage 4); 6 — modern plume (post-
8th stage); 7 — areas of modern processing of the plume; hypothetical lakes formed at stages: 8§ — 1st, 9 — 4th; other designations:
10 — isohypses (100, 20, 10 m); /7 — modern watercourses; /2 — Lake Khorlakel.

CEUMH B AUCTAJIbHOM YaCTU KOHYCA BBIHOCA COXPaH LI -
cs1 1o pyoexa 0.93—0.73 kaj. Teic. 1. H. (Ne 8, Tabu1. 5,
puc. 13, (8)). B mpenmemax BpeMeHHOIO MHTEpBaja
Mexay 4 u 8§ BpeMeHHbIMU pyOexkamu (TadJ1. 5) Hau-
0oJiee BacKHBIM 3TarioM SIBJISIETCS CMeHa aKKyMYJIsi-
LIMU C IMH Ha ruTTuio (3.35—2.94 xan. ThIC. J. H.),
IpOosIBUBIIEECs KaK B KOTJIOBMHE 03epa, TaK 1 JIOX-
ouHe cToka. Ha KoHyce BBIHOCA CJIeIbl TAKOTO TIepe-
X0Jla OTCYTCTBYIOT, OTHAKO 3TO MOXET OBITh CBSI3aHO
C Pa3MbIBOM aHAJIOTUYHOTO CJIOSI TUTTUM U BepXHei
YaCTH IJIMH U 3aMellleHeM UX 00Jiee MO3THUMU TPy-
OBIMM TIPOJIOBUAILHBIMUA OCaJKaMHU, CBUIETEIb-
CTBYIOIIIUMHU 00 aKTMBHOM MOTOKE, 1 BbIIIIEIeKAIII~
MU 0OoJiee TOHKMMHU MPOJAYyKTaMUu MepeMblBa INIMH C
OpPraHMKOM CO 3HAYMTEJIBHO 00JIe€ MOJIOOBIM BO3-
pactoMm (0.93—0.73 xan. Teic. 1. H.). [Tocne aToro Bpe-
MEHHU B pa3pe3ax BHE KOTJIOBUHBI COBPEMEHHOTO
03. XopJiakeab MCYE3aloT CJIEABl 036 PHOI0 OCaaKOHA-
KoruieHus (IJIMHBI, TUTTUX) 1, TIOCJIE HEeIIPOMdOJIKIU-
TEJTBHOTO “IIPOMBIBHOTO” 3Tara, MapKNpyeMOro MUK-
IIMPOBAaHHBIMU CYIJIMHKAMHU C (pparMeHTaMu OpraHu-
KM U THe3JaMU TecKa, CMEHSIIOTCS cyOaspajbHbIM
Topdom (0.64—0.57 Ka. ThIC. JI. H.), CBUIETEIbLCTBYS
0 BOCCTAaHOBJIEHUMU HOPMAJIILHOTO peXMMa CTOKa II0
JOJIUHE pyd. DabpOaIu.
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5. ObCYXJIEHUE

DJIeMEHTbl  TMPEMIOXEHHONW  PEeKOHCTPYKUMU
000CHOBaHbI C Pa3HOM CTEMEHbIO TOCTOBEPHOCTU.
B ee ocHoBe nexar (pakTudecKure TaHHbIE: a) CTpaTh-
rpadus OTJIOXKESHUI B 03. XOpJiaKeab, CBUIECTEILCTBYET
O HECKOJIbKUX CMEHax peXuma OCaJKOHAKOIUIeHUS;
0) crpaturpadusi OTJIOKEHUIT B OKPECTHOCTSIX 03€pa,
CBUIETEJILCTBYET O HAJIMYUM Majieoo3epa; B) HaIU-
Yyue MpOoJIOBUAJIbHOIO KOHYCA BbIHOCA, MEepEeKphIBa-
IOLIEro CTYNEeHb, HA KOTOPOI pacIoioxkeHo 03. Xop-
JIaKeJlb, 1 UMEIOILIETO HECKOILKO TeHepaliuid.

C npyroii CTOpOHBI, OTCYTCTBYET ITOATBEPXKACHUE
CyIIECTBOBaHUS TMOAMPYAHON IJIOTUHBI B pycie
py4. Dapbamu. OpgHako 0e3 3TOro AOMNyIIeHUS
MPENCTABIISIETCS HEBO3MOXHBIM OOBSICHUTD HAJTUUUE
03EPHBIX OTJIOKEHU B AMCTaIbHOI YacTH MTPOJIIOBU -
aJIbHOTO KOHYCa, CBUIETENIbCTBYIOIIUX O IJIUTEIb-
HOM CYILIECTBOBaHUU 3[IeCh BogoeMa. Takske TpyIHO-
OOBSICHUMBIM  TIPENCTABIISIETCSI  CaMOCTOSITEIbHOE
HAKOIUIEHME O3€PHBIX OTJIOXEHUI B OTKPBITOM IS
CTOKa JIOXKOMHEe 0e3 HOMyIIeHUs TepejiuBa o3epa u
MEPEOTIIOKEHUSI COOCTBEHHO O3€PHBIX OCAIKOB 3a
npeaeaaMu ero KOTJIOBUHEL.

Hpyroit cTOpoHOM HEOMHO3HAYHOCTH WHTEPIIpEe-
TalliM WMEIOIINUXCS (PAKTOB SIBISIETCS HEIOJHOTA
MPUYUHHO-CJIENCTBEHHBIX CBsI3eil. YacThb cTparurpa-

Ne 3 2023
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Puc. 14. CpaBHUTE/IbHBINM aHAIN3 KIMMAaTUYECKUX U3MECHEHMI, ByJIKAHUYECKUX COOBITUI U cTpaTUrpaduyecKux pyoexeit Ha
BOIOCOOpE M B TOHHBIX OCANIKax 03. XopJakenb. Kosrebanus kaumama va Llenmpanvnom Kasxaze no dannsim: 1 — o (Kvavadze,
Efremov, 1996), 11 — o (Cepebpstablii v np., 1984), 111 — no (Kusi3eB u ap., 1992); cuHsis KpyuBasi — I06abHbBIC TEMITEpaTyp-
Hble aHoManuu 1o (Marcott et al., 2013); nepuodet éyaxanuueckoii akmusrnocmu no dannvim: A — 1o (boratukos u np., 2001),
b — o (MasneBa u np., 2021); pybexxu ocagKoOHAKOTIIIEHUs [IJIs1 6acceifHa 03. Xopyiakesb 1 OKPECTHOCTEN — KpaCHbBIE TUHUUN
(BepOSITHBIIT BpeMEHHOM MHTEPBal — PO30BBIiA (POH).

Fig. 14. Comparative analysis of climatic changes, volcanic events and stratigraphic boundaries in the catchment and bottom sed-
iments of the Lake Khorlakel. Significant climate fluctuations in the Central Caucasus according to: 1 — by a (Kvavadze, Efremov,
1996), I1 — by a (Serebryany et al., 1984), 111 — by a (Knyazev et al., 1992); blue curve — global temperature anomalies by a (Mar-
cott et al., 2013); periods of volcanic activity according to: A — by a (Bogatikov et al., 2001), b — by a (Mazneva et al., 2021);
sedimentation boundaries for the Lake Khorlakel catchment and the surrounding area — red lines (probable time interval — pink

background).

duyeckux pybexkeit coBragaeT 1o BpeMeHU C TEKTO-
HUYECKOM aKTUBM3aLMel (3eMIieTpsiceHusIMU) (puc. 12).
st Apyrux, B TOM YMCJIe TAKMX KaK BBITIJIECKU TIPO-
JIIOBUSI Ha KOHYCE BBIHOCA U OKOHYATEIbHBIN CITyCK
MOAMNPYAHOTO O3epa, cleayeT UCKaTh Apyrue mexa-
HU3MBI U, TIPEX/E BCEro, CBI3aHHbIE C KJIMMaTHue-
CKUMMU KosiebaHUsIMU. Bo3HMKaeT BOITpOC 0 COOTHO-
IIEHUU TIOJIYUYEHHBIX JAHHBIX C KJIMMATUYECKUMU
KOJIe0aHUSIMU B TOJIOLIEHE, KOTOPbIE MOTIJIM OKa3bl-
BaTh BO3/I€MiCTBUE Ha OcaJKOHaKoIieHue. Ha HacTo-
SIIUUIA MOMEHT, B CUJIy TIOYTHU TOJTHOTO OTCYTCTBUSI
BbICOKOpa3pellalluX JaHHbIX, BOCCO3IAETCs TOIb-
KO 00I1asi KapTUHa rojiolleHOBbIX n3MeHeHuit (Co-
JIOMWHa " ap., 2013). Tem He MeHee MOXHO COIToCcTa-
BUTb UMetolrecs naHHble 1o Kaskasy (KHsizeB u ap.,
1992 Kvavadze, Efremov, 1996 CepeOpsiHbIil U Op.,
1984) Ha ¢doHe mIodaIbHBIX TeEMITEpaTypHbIX aHOMa-
qmit (Marcott et al., 2013) ¢ TorydeHHBIMU pe3yibTa-
tamu (puc. 14).

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

ComnocTaBieHUe KJIMMAaTUYEeCKUX JaHHBIX B 3HaA-
YUTEJIbHOIM CTENEHU HEOJHO3HAUYHO: pErMoHaJIbHbBIC
JIaHHbIE HE BCErla CMHXPOHU3UPYIOTCS M, OTYACTH,
MIPOTUBOPEYAT APYT APYTy U HE HAXOIAT YETKOIO CO-
OTBETCTBUS TJIOOAJILHBIM TpeHIaM. TeM He MeHee
00HAapPYKMBAIOTCSI JOCTATOYHO YBEPEHHbIE COBMAJIEC-
HHSI MEXIY BBIIEIIEHHBIMI HAMU pyOexKaMU 1 KOJIe-
OaHusgMU Kiumata. B Tom uyucne coobitust 2, 5, 7u 9
(Tabia. 5) HaxoAsSIT BpEMEHHOE U JIOTUYECKOE COOT-
BETCTBHE MECTHBIM KIMMATUYECKUM H3MEHCHUSIM
(MOBBIILLIEHNE TEMIIEPATyphl — YBEJIMYEHNE OpTaHU-
YeCKOI'0 CTOKa, MOHMXEHUE TeMIlepaTypbl — YBeIU-
YyeHMe CTOKA HAaHOCOB Ha (poHEe YMEHBIIIEHUSI BOTHO-
CTH U YCTOMYMBOE OCYIIECHHUE KOHYCa M JIOXKOMHBI
cToka). HemaBHO moiaydyeHHbIE JaTUPOBKU OTJIOXKE-
HUit 1egHuKa A3ay, pacnojoxeHHoro B 30—40 kM ot
HUCCIIEAyeMOTO BOIOCOOpa, YKa3bIBAalOT Ha SITU30IbI
MMOXOJIOMAHMS, COIPOBOXIAEMbIE ITPOIBUKEHUSIMU
neaHuka 3.1—2.8 kan. Teic. 1. H. 1 1.4—1.1 KaJI. ThIC. JI. H.
(Solomina et al., 2022), Xxopolll0 COMIaCYIOIIUMUCS
C BBIAEJICHHBIMM HaMM 5 u 7 pyOexXaMu OcaaKOHa-
Ne 3
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KOILIEHUSI B 03. XOpjaKeidb U Ha MPUMBIKAIOIINX K
HeMy TeppuTtopusix. C Ipyroii CTOpOHbI, HEKOTOPbIE
PE3KO BhIpaXKeHHbIC U3MEHEHUS TeMIIePaTyphl He OT-
paXkaloTcsl Ha BBIIEJIEHHBIX CTpaTUrpado-BpeMeH-
HBIX pyOeskax.

Ewte onuH hakTop NOTEHIUATIBHOTO BO3AEHCTBUS
Ha CTOK HAaHOCOB — aKTHMBHOCTH ByJIKaHa DJILOpYC,
pacmionoxeHHoTo B 20—30 KM OT 03. XOpJaKeb.
B skcmio3uBHO-3(¢y3MBHOM aKTUBHOCTH DJIbOpyca

M3BECTHO CEMb OCHOBHBIX 3mu30m0B': 1) (7.3—7.2)/
8.17-7.97; 2) (6.0—-5.8)/6.96—6.49; 3) (5.3-5.2)/
6.12-5.92; 4) (4.0)/4.59—4.35; 5) (2.9)/3.17-2.88;
6) (2.6)/2.79-2.69; 7) 1.9—1.8/1.88—1.69 THIC. 1. H.
(boratukoB u np., 2001). CpaBHeHUE C BBIICICHHbI-
MU HaMU 31U30AaMU 0CaJKOHAKOTIJIEH!S TOKa3bIBa-
€T COOTBETCTBHE TOJIBKO ABYX COOBITUI M3 7 (5 1 7).

ITo maHHBIM aHaIM3a BYJIKAHWYECKUX YACTUIL U3
KepHOB 03. Xopiakenb (Ma3neBa u ap., 2021) makcu-
MaJibHbI€ KOHIIEHTpALUU Te(Phl IIPUYPOUYCHBI K MH-
TepBasiaM 1) 6.51—-5.92; 2) 5.88—5.11; 3) 3.52—-2.97,;
4) 2.32—1.41 xaJ. THIC. JI. H., IIPX 3TOM IIEPBOMY 31 -
30/ly CBOMCTBEHHa MaKCHMaJlbHas KPYITHOCTh 4Ya-
CTUL. DTOT MHTEPBAJI COBHANAET CO CMEHOM TMTTUU
Ha DIMHBI Ha pybOexe 3 (Taba. 5) U COOTBETCTBYET
ceiicMuueckomy coobiTuio 11 (ta6. 1). TouHoe coB-
nageHue W TPeThero MHTepBajia C pybdexoM 5
(Tabm. 5), u ceiicMuiyeckum coobitueM IV (Tadn. 1),
HO ¢ 0O0paTHBIM 3(HEKTOM CMEHHBI TJIMH Ha TUTTUU.
CrenyeT OTMETUTh, YTO BTOPOI U3 BIACICHHBIX MH-
tepBanoB (MasHeBa u ap., 2021) HE COOTBETCTBYET
OCHOBHBIM II€pUOJaM BYJIKAaHMYECKON aKTUBHOCTU
(boratukos u np., 2001), HO coBIIagaeT ¢ BhIACICH-
HBIM HaMU Y€TBEPTHIM 3MM3040M (Ta0J1. 5) — mpoJtio-
BUAJILHBIM BBIIIJIECKOM Ha KOHYCE BbIHOCA U, IIO-BM-
JIMMOMY, CBSI3aH C IIEPEOTIOXKEHUEM Te(Pbl, CMBITOM
¢ Bomocbopa.

J1J1s1 TOJIOLIEHOBOIT BYJIKAHMYECKOM M ceiicMuue-
CKOM akTUBHOCTU B IIpusnbOpyche BBISIBJICHO He-
CKOJBbKO 3akoHOMepHocTtei (I'ypbaHoB u np., 2021):
1) nHTEepBaT MEXIy U3BEPXKEHUSIMU B HayaJie rojo-
neHa ~10.7—7.1 xain. Tteic. JI. H. cocTaBisga 1500 JeT;
B riepuoy 7.3—6.8 xai. Teic. 1. H. #1000 JeT; B riepuoxn
4.6—1.5 kan. TeiC. JI. H. =2310 netr; B nepuon 1.5—
0.58 kxan. TeIc. 1. H. ®200—400 1eT; 2) TOBTOPSIEMOCTh
3eMJIETPSICEHUI B MHTEpBaje 7.3—6.8 KaJl. ThIC. J1. H.
~1000 set; 6.4—4.1 xan. Teic. a. H. 1700 ner; 4.4—
2.8 xan. Teic. J1. H. #1100 jeT; 3.1—2.5 KaJ. THIC. JI. H.
~200—300 neT; 2.1—1.4 xan. TeIC. 1. H. ~650 neT; 1.4—
0.5 kan. teic. 1. H. 1100 jeT; 0.5—0.3 Kaii. THIC. JI. H.
=30—90 net; 3) coBnaieHue BpEMEHU MPOSIBICHUS
celicMrUYecKoil U ByJIKAHUYECKOI aKTMBHOCTH (C Orle-
pexXeHreM TIepBoit) B Teproabl 7.3—6.3 Kall. ThIC. JI. H.
(moBTOopsiemocTh ~1100 sret) u 1.7—0.6 Kan. ThIC. JI. H.
(=180—400 ner). DTU maHHBIE CBUACTEIBCTBYIOT O
PE3KOM yBEJIMYEHUM YaCTOThl CEMCMUUYECKUX U BYJI-

'B TMEPBOUCTOYHUKE TPUBEACHBI pPaIMOYIJIepONHble HaThl (B
CKOOKax), pacyeT KaJruOpOBaHHBIX 1aT BBHIIOJIHEH C UCIIOJIb30-
BaHueM IntCal20.
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KaHNYECKHNX COOBITUI K KOHILY TOJIOLICHA MOoce Te-
pHoIa OTHOCUTEIBHOTO 3aTUIIIbSI B CEPEANHE MEPUO-
JIa. AHaJIOrM4YHAasI TEHACHIMSI IPOCIEKUBAETCSI U B
BBIACICHHBIX HAMM COOBITHUSX (pHC. 14): B MHTEpBaje
8.5—5.5 kan. TeIC. 1. H. Mexxny HuMHu =1000 eT, mo-
cite 2.0 XaJI. ThIC. JI. H. IepUOd MEXKIy COOBITUSIMU CO-
kpamaercs 1o 100—200 meT, a B IpOMEXyTKE MEKIY
5.5 m 2.0 xaJ. TeIC. 1. H. — oT 1100 mo 2500 JyeT.

Ha ypoBHe coBpeMeHHBIX 3HAHWII MOJyYEeHHBIE
JaHHBIE YKa3bIBAlOT Ha 3HAYUTEIBLHOES BIIMSHUE
MECTHBIX TeOMOP(OIOrMYECKMX YCIIOBUIA Y Te0IMHA -
MUYECKOTO pexkrMa Ha (popMUPOBaHME CTOKA HAHO-
COB Ha Bogocbope nmpa-o3epa Xopaakenab. Kimamatn-
YyeCcKMe U3MEHEHUSI TaKxKe ONpeIeIsIM NPUHIIUIIN-
aJlbHO BaXHbIE CMEHBLI 3TallOB AaKTUBU3ALUKU U
3aTyXaHUsI TEMIIOB OEHYJAIlMM Ha MCCIeOOBaHHO
tepputopuu. Ilo-BuamMoOMy, TeoguHAMUYECKHE U
KJIMMaTU4YeCK1e U3MEHEHUS ObUTN TECHO CBI3aHEBI, O
YyeM CBUACTEIbCTBYET covyeTaHMe TpexX (hakTopoB
(MoHMXKEHWE TeMIlepaTyphbl, CHIbHOE 3eMJIeTpsiCe-
HUE U BYJKaHUYECKOE U3BEPXKEHHE) BO BPEMSI OC-
HOBHOTO M3 BBIIEJIEHHBIX JUTOCTPATUTpa(PUIECKUX
pyOexxeil, pa3fessolIero ABa 3Tana U COOTBETCTBY-
folero =3 Kai. THIC. JI. H.

6. SAKJITFOYEHUE

B pesynbraTe MpoBeneHHbIX UCCIIeNOBaHUI yCTa-
HOBJIEHO, YTO OCAJKOHAaKOIUIEHUE B 03. XOpJaKesb
Ha MPOTSDKEHUM TIOCHENHUX =8.5 ThIC. JI. MoApas3ae-
JisieTcs Ha 2 aTaria ¢ pyoexoM =3 ThIC. JI. H. C aKKyMY-
Jis1yeit IpeuMyIieCTBEHHO HEOPraHUYEeCKOro MaTe-
puaja Ha TEepBOM U OPraHUYECKOro Ha BTOPOM U
10 3130708 € pa3aWYHON MoJieil BhbIlIeyKa3aHHBIX
COCTaBJISIONIUX W XapaKTepoOM OTJIOXEHUM. YcTa-
HOBJIEHO, UTO OCaJIKOHAKOIUIEHHUE B 03€pe CBI3aHO C
rnepecTpoiikaMM pyCJIOBOM CETHU Ha Bomocbope
pyd. Dpbaim, T1Ie MPOCIEeKMBAECTCI HECKOJIBKO
BMU30/I0B MPOIIOBUATBHON aKTUBU3ALIUU ¢ (DOPMU-
pOBaHMEM KOHYCa BBIHOCA, CMEHSIBIIIMXCS O3€pHOM
aKKyMYJISILIMEN B TTOATNIPYIHOM BOJOEME, TTpa-03epe Xop-
nakenb. IlognpymHbI BOgoOeM, CYLISCTBOBABIIMIA,
KaK MUHUMYM, B AMCTaJIbHOI YaCTU KOHYCa BbIHOCA,
SBJISIICSL €IMHBIM ITPpa-03epoM, nepudepudeckoii ya-
CTBIO KOTOPOTO SIBJISNIOCh COBPEMEHHOE 03. XopJja-
kesb. [lepuoauyeckuii mogbeM YpOBHS BOABI B TaH-
HOM BOJIOEME, BEPOSITHO CBSI3aHHBIN ¢ (hopMUpOBa-
HUeM BHe3alHbIX MaBOIKOB, MPUBOAMWI K cOpocy
(repeauBy) BOJAbl M HAHOCOB Uepe3 rmopor ctoka. [1o-
CTEeTNIEHHOE 3aroJIHeHUE Tipa-o3epa XopJakeab Kia-
CTUYECKUM MaTepuajioM, BBIHOCUMBIM C BoIocOopa
pyd. Dibballu, NpuBesio B UTOTe K TTOJTHON U30JIsI-
1IMM COBPEMEHHON KOTJIOBUHBI 03. XOpJiaKesb OT BO-
Jlocoopa pyubsi, KOTOPOE MPOU3OILIO B MOCIECAHNE
=~] ThIC. JI. H. YacTb JImTOCTpaTUrpapMIecKuX pyoe-
2Keli, BBISIBJIEHHBIX B IOHHBIX OTJIOXEHUSIX 03. XOp-
JIaKeJib, MOJHOCTBIO KOPpEIUpYyeT C H3BECTHBIMU
CWJIbHBIMM 3eMJICTPSICEHUSIMU B paiioHe Dindpyca,
4acTh — C KIMMAaTUYECKUMU U3MEHEHUSIMU, a TJ1aB-
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HbI pyOex =3 ThIC. JI. H — C CHHXPOHHBIMU KJIMMa-
TUYECKUMU U T€OAUHAMUYECKUMU COOBITUSIMU Ha
IlentpaneHoMm KaBkasze.
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RECONSTRUCTION OF SEDIMENT RUNOFF FORMATION FEATURES
IN THE LAKE KHORLAKEL (NORTH CAUCASUS) CATCHMENT
FOR THE LAST 8 THOUSAND YEARS (ACCORDING
TO GEOMORPHOLOGICAL AND LITHOSTRATIGRAPHIC DATA)?

S. V. Shvarev+*#*, M. Yu. Alexandrin®, M. M. Ivanov®¢, and V. N. Golosov*¢
¢ Institute of Geography RAS, Moscow, Russia
b Schmidt institute of physics of the Earth RAS, Moscow, Russia
¢ Lomonosov Moscow State University, Faculty of Geography, Moscow, Russia
# E-mail: shvarev@igras.ru

The change in sediment yield is an important indicator of the natural environment dynamics, depending on
the combination of landscape, tectonic and climatic conditions. Assessment of sediment yield often based on
the results of studying the bottom sediments of mountain lakes with relatively compact catchments. However,
for correct reconstructions, in addition to analyzing lake sediments, it is necessary to study the causes and
mechanizm of sediment redistribution in their catchments, to identify sediment delivery pathways to the res-
ervoir and their possible changes over different time windows. The drainless Lake Khorlakel, located at the
altitude of 2045.0 m above sea level on the northern macroslope of the Greater Caucasus. It is a suitable test-
ing ground for complex research: on the one hand, the relict reservoir is an ideal sedimentation trap, and on
the other, it is located with in an area of intensive exogenous processes and tectonic activity. The two bore-
holes were drilled in 2017 in the deepest (=8 m) part of the lake and 17 samples collected taken from the cores
for radiocarbon dating, which made it possible to build an age model for the range from 8000 to 500 yr. BP.
Complex geological and geomorphological studies were carried out in 2021 to interpret the obtained data.
It was found that sedimentation in the lake is associated with runoff and sediment redistribution in the El-
bashi creek catchment. A number of episodes of proluvial activation with the formation of an outflow cone,
followed by lake accumulation, have been traced for the last 8 kyr. The connection between lake and catch-
ment ceased only in the last 1 kyr. BP. Two main stages of lake sedimentation with a boundary of 3 kyr. BP
and 10 episodes, that are characterized by different proportions of mineral and organic components in bottom
sediments were established. Some of the lithostratigraphic boundaries correlate with strong earthquakes that
occurred in the Elbrus region, and some — with climatic events.

Keywords: proluvial fan, drainless mountain lake, flow changes, active tectonics, exogenous processes, cli-
matic fluctuations, the Holocene

2 For citation: Shvarev S.V., Alexandrin M.Yu., Ivanov M.M., Golosov V.N. (2023). Reconstruction of sediment run-off formation fea-
tures in the Lake Khorlakel (North Caucasus) catchment for the last 8 thousand years (according to geomorphological and lithostrati-
graphic data). Geomorfologiya i Paleogeografiya. Vol. 54. No. 3. P. 81—107 (in Russian). https://doi.org/10.31857/52949178923020081;
https://elibrary.ru/FOFEPG
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IMosyuyeHa HeTpepbIBHAs 3aMMCh MajieoreorpacdriecKuX COOBITHM I0ro-BocTouHOro IIpuMophs Mo gaH-
HBIM OTJIOXXEHUIt o3epa [HMI0€E, pacIIoIoKEeHHOTO Ha CeBEpHOM Tobepexbe 3aimBa Haxonka, HaUMHast ¢
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Ha ocHOBaHUM pe3ybTaTOB TMATOMOBOIO aHAJIM3a BbIACICHO 7 cTaauii pa3BuTHs ozepa [Huioe. OKojo
3240 xaJr. J1. H. CyliecTBOBaJIa MEJIKOBOIHAs ITOJIYOTKPBITas JIaTyHa ITIPU YPOBHE MOPSI BBIIIIE COBPEMEHHOTO
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3000 xau. 1. H. ¥ AByX IiyHaMmu okouto 2000 u 1560 xain. 1. H.
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BBEAEHWE

BrisicHeHMe xo1a pa3BUTHs JaHAIIa(TOB Mobdepe-
XKbsl IOr0-BOCTOUHOTO IIpuMOpbs B TOJIOLIEHE U UX
peakiui Ha KOPOTKONEPUOAUYHBIE Pa3HOHAIIPaB-
JIEHHbIE M3MEHEHUS KJIMMara TPEOYIOT TOJyYEHUS
BBICOKOPA3pEUIAIOIINX 3alTUCEN C TOYHOU BO3PACT-
HOI MPUBSI3KOU najeosaHAIIa(pTHBIX CMEH Ha OCHO-
BE PaIMOyTJIEPOIHOTO JaTUpoBaHus1. M3ydyeHne oco-
OeHHocTeil cTpaturpadur O3epHbIX OTJIOXEHUM

# Ceviaka 0nsn yumuposanus: Jlsimesckast M.C., baszaposa B.B.,
Maxkaposa T.P. (2023). Pa3Butue npupoaHoii cpenbl U 3BOJIO-
s o3epa [Huoe (roro-BoctoyHoe [IpuMopbe) 3a rociaenHue
3300 ner // Teomopdoiorust u naieoreorpacdusi. T. 54. Ne 3.
C. 108—123. https://doi.org/10.31857/S2949178923030064;
https://elibrary.ru/ WDCBGO
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MO3BOJISIET BOCCTAHOBUTL HanboJiee AETAJbHYIO Jie-
TOITMCH TTajieoreorpauIecKnX COOBITHI TOIOICHA.
OcaakoHaKOIUIEHHE BO MHOTHX 03epax IIPOUCXOIUT
HETMPEPBIBHO, TO3TOMY MX OTJIOXKEHMUS CIIYKAT XOPO-
IIUMU apXrUBaMH, HEOOXOIUMBIMU JJIsI TAJICOPEKOH -
cTpykuuii. M3MeHeHus1 KJIMMara, KaTacTpoduye-
CKHUe TIpUPOIHBIC SIBJICHUS, BIIMSHUE 4YeoBeKa Ha
OKpyXalollylo cpeny (GUKCUPYIOTCI B KOJOHKAaX
03EPHBIX OCAIKOB.

Hauunas ¢ 70-X IT. ponjIoro CToJETUsI Ha TIpU-
OpeXHOI TeppUTOpUHU OTO-BOCTOUHOTO [IpumMopbs
MPOBOIWIKCH TTajieoreorpaduyeckre UccaeaoBaHus
C JaJIbHEHIIE PEKOHCTPYKLIMENA pa3BUTUS TIPUPOLI-
HoIi cpeabl. bbliM U3ydeHbl pazHodalMalbHbIe TO-
JIOLICHOBBIE OTIOXEeHUs B Oyxtax: HempmmerHas,
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Puc. 1. PaiioH ucciienoBaHust 1 pacriojioxkeHue o3epa [Hunoe Ha nmobepexbe 3anuBa Haxonka. [TojtoxkeHne M3ydeHHOM KO-

JIOHKM OTMEUYEHO KpaCHOI TOUKOMA.

Fig. 1. Study area and location of Gniloe Lake on the coast of Nakhodka Bay. The position of the studied core is marked with

ared dot.

Yepuopyube (Kopotkuii u ap., 1980), Tpuosepbe
(JIssimeBckast u ap., 2017), Kut (Pa3zxuraeBa u ap.,
2016), B o3epe JlaTBusI, pacmojOXEHHOTO B OyXTe
MenkoBonHoii (Koporkuit u ap., 2004). Ha ocHoBe
U3y4YeHUsl CTpaTurpaduu u pagoyrIepOaHOIO TaTH -
pOBaHMSI pa3pe3oB pasHOMAIIUATbLHBIX OTJIOXEHMIA
OBLIM YCTAHOBJICHBI MACIIITA0 U BO3PACT SKCTpeMalb-
HBIX TUIPOJOTMYECKMX COOBITHII (LlyHaMu, KaTa-
CcTpo(UUYECKUX HATOHOB) BO BTOPOI ITOJIOBUHE TOJIO-
uena (lanzeit u gp., 2015, 2016, 2018; Pasxuracsa
u 1ap., 2020a).

B Hacrosieit padboTe mpencraBieHbl pe3yabTaThl
HCCIIeIOBaHUSI KOJTOHKY JOHHBIX OTJIOXEHUI 03¢-
pa 'Hunoe (mobGepexne 3anuBa Haxonka, 1oro-o-
crouHoe I[IpuMopbe), MPEeAnpPUHITOTO C LIEIbIO Je-
TaJIbHOI PEKOHCTPYKIIMY 3BOJIIOLIMU 03epa U PEeruo-
HaJIbHBIX MPUPOJHO-KJIMMATUUYECKUX M3MEHEHUI B
foro-poctourHoM ITpnmopne 3a ociemume 3300 ner.

2. PAVOH UCCJIEAOBAHU S

O3epo [HUII0E pacnosoXeHO B ceBepOo-3anaaHoit
yactu 3anuBa Haxonka (fImoHckoe Mope), B HeIo-
CpelnCcTBeHHOI Oym3octu oT I. Haxonka (puc. 1).
Ero xoopauHatel: 42°85°56” c.au. u 132°92°45” B.1.
O3epo HaXOOMTCS Ha BBICOTE 3 M Hall y. M. M OTaejIe-
HO OT 3aJIMBa HU3KOU MOpCKO Teppacoil. Ero okpy-
JKaloT HEOOJIbIIIE XOJIMBI U YBaJIbl, BICOTA KOTOPBIX
YBEJIUYMBAETCS K ceBepy (MakKcuMajbHasi abCOJIIOT-
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Hasl BbICOTa BOAOPAa3Ie/IbHOIO XpeOTa B CEBEPHOM Ya-
cTi Bogocbopa 225.5 m). CoBpeMeHHOE 03epO BO3-
HMKJIO Ha MECTe JIATYHBI IIOCJIE €€ OTWIEHEHUS OT MO-
ps. B Hero BnanmaioT 1Ba 0€3bIMSIHHBIX PyYbsl, 4 CTOK
BOIBl OCYIIECTBJISICTCS Yepe3 BBLIBOTHYIO IIPOTOKY.
ITnowans o3epa okoo 7200 M2, m1ybuHa HOCTUrAET
1.5 M. O3epo nipencrasisieT 3QTPOPHBINA BOJIOEM, Ha-
xomuTcs B pa3e 3apacTaHMs U, CKOpee BCero, CO Bpe-
MeHeM IIocTelleHHO ucue3HeT. B 60-x rogax mpo-
IIJIOTO CTOJISTUSI TUJIOIIaAb oO3epa Oblla OKOJIO
52270 M2. OuepTaHUsl KOHTYPOB IPEXHUX Oeperos
3aMeTHBI Ha puc. 1. Ha kaprax 60-x IT. Ipouioro
cronerus Macitada 1 : 25000 oguH U3 ABYX IIPUTO-
KOB 000O3HA4YeH NMYyHKTUPHOM JUHUEH (Iepecoxiiiee
PYCJIO), YTO CBUJIETEIBCTBYET 00 YMEHbBIIEHUU CTOKA
B 03epo. B HacTosiee BpeMst 0OHaXKUBIASICST JIMTO-
paib 3abosoueHa. Ha Heit pacripocTpaHeHBI OCOKO-
BO-TPOCTHUKOBBIE accolMaliMi. B BereTalimoHHBIN
CE30H 03epO0 3apacTaeT BO3IYIIHO-BOOAHBIMU M IIJia-
BalOIINMM pacTeHUSIMH (POTo3, TPOCTHUK, POTYJIb-
HUK, psicka). HabmomaeTcs: ocTpbiii AeUIIAT KUC-
JIopoJia B 03epe — CJIECACTBHE OTHOCUTEILHOTO 3aCTOS
BomHOM Maccel. Ha mHO ocemaeT MHOro opraHude-
CKOTO BeIlleCTBa, 3HAUYMUTEIbHAS YacTh €ro HaKaIlIr-
BaeTcs B BUe canporielisi. YacTHbIe XXUJTble 3aCTPOii-
KM Ha OKPYXaIOIIUX 03€PO BO3BBIIIEHHBIX y4acTKax
nostBuiMch B 70—80-X romax MpoOIIOrO CTOJIETHS.
O4yeBUAHO, YTO UX HEMOCPEIACTBEHHAasl OJIM30CTh K
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BOJIIOEMY BHOCHUT CYIICCTBEHHBIN aHTPOIIOTEHHBIMN
BKJIaJ B 3(pTpodukanuio BojoemMa.

Kimmar paiioHa ncciienoBaHUsI — YyMEPEHHO MYC-
COHHBII. B Temioe BpeMsi roma Ha MaTepUK yCTpeM-
JISTIOTCSI BJIaXKHBIE MACChl MOPCKOI'O BO3AyXa, IPUHO-
csIIe TYMaHbI 1 JOXXaU. B niojie-ceHTa0pe HepeaKo
oOpymmMBaroTcsl TalipyHbI. 3UMOM TOCIIONCTBYET CYy-
XOH oxJIaXXAeHHBIN Bo3ayX CHOMPCKOro aHTUILIMKIIO-
Ha. CpenHssg Temiepartypa sHBaps — okoyo —10°C,
aBrycra — okojio +21°C, cpenHerogoBasi TeMIiepaTy-
pa — +7°C, cpemHeromoBoe KOJUYECTBO OCATKOB —
okos10 860 MM (HayyHo-npukitamHoii..., 1988). 3Ha-
YUTEIBLHOE BJIMSHUE Ha KJIMMAT MOOEPeXbsl OKa3bl-
BaeT [IpuMopckoe TedeHue, HeCyIlee XOI0MHbIE BO-
eI OXOTCKOTO MOps yepe3 TaTapcKuii mpoanB.

PactutebHOCTE — TUIMYHAS JAaTLHEBOCTOYHAS
HeMopayibHast (Jjiopa B YCIOBUSIX BBIPaXKEHHOM aH-
TPOIIOTEHHOM Harpy3ku. Ha sjleMeHTax MeIKoco-
TTOYHOTO W XOJIMUCTO-YBAJIMCTOTO perbeda rocmomn-
CTBYIOT Jieca ¢ IyOOM MOHTOJbCKUM (Quercus mongol-
ica). Ha nureiidpax yBajoB BCTpeYaroTCs HEOOJIbIINE
YYIaCTKU CYXOIOJIBHBIX JTYTOB, B COCTaB KOTOPBIX BXO-
ST KYCTapHUKU, MPEUMYILIECTBEHHO OJIbXa SITTOH-
ckas (Alnus japonica). B HU>XKHEM TeUeHUU PyUbEeB Ha
ToiiMe pa3BUTBHI CHIpbIe W 3a00JIOYEHHEBIE JIyTa.
ITo 6eperam o3epa mpouspacracT NpUOPEKHO-BOI-
Hasl paCTUTEIbHOCTb, BOAHAsI pACTUTEJILHOCTD TIpe/l-
craBieHa yiopoii mpecHbix BogoeMoB (IIpoxkomeH-
Ko, 2014).

3. MATEPUAJIBI 1 METO/IbI

OT160p 00pa31oB 0caaKoB 03. [HUI0€ MpOBOAMII-
cs B peBpajie 2021 r. ¢ TOMOIIbIO PyYHOTO TOPGhSTHO-
ro oypa I'eanepa (mmmHa mpoboordbopHUKa 50 cM,
nuameTp S cm). M3 cKBaXKMHBI B LIEHTPAIbHOM YaCTU
o3epa (cToa0 Boabl 1.24 M) B3siTa KOJIOHKA OTJIOXE-
HUI MOILITHOCTBIO 1.7 M, M3 KOTOPOI1 ObLIN OTOOPAHBI
o0pa3lbl Ha CITOPOBO-MBUILIEBOM, TUATOMOBBI M
paauoyriepoaHblid aHanu3sbl (T. 1—29).

ITanuHoMOTMUECKKE TIPOOBI, OTOOPAaHHEIE C IIa-
roM 2 cM, 00pabaTbIBaJIUCh 110 CelTapallMOHHOMY Me-
tony B.I1. I'puuyka (ITeuiblieBoii..., 1950). B o6pas-
1ax 6bpu10 NToacuruTaHo He MeHee 200 NMbUIbLIEBBIX 3€-
peH u crnop. Ilpu nmomcuere mpoueHToB 3a 100%
MIPUHMMAJIACh CyMMa TbUIbLILI IPEBOBUIHBIX U Tpa-
BSIHUCTBIX PacTeHUI, a colepKaHue CIIOPOBBIX pac-
CUMTBIBAJIOCH OT OOILLE CYMMBI.

JIluaTOMOBBINM aHaIU3 00pa3loB, TAKXKE OTOOpaH-
HBIX C IIAarOM 2 CM, BBITIOJIHEH ITO0 CTAaHAAPTHOI Me-
tonuke (umaromoBbie Bomopocau CCCP, 1974).
B xaxxmoM oGpasue mnoacyuTheiBaau okojo 200—
400 cTBOPOK IMAaTOMOBBIX BOJOPOCIIC, OIpeaeie-
HUE KOTOPBIX TIPOBOIUIIOCH C UCIIOJIb30BAHMEM aT-
JIACOB-OIIPEACIIUTEIICN 1 JIUTePATYPHBIX UCTOUHM -
koB (Krammer, Lange-Bertalot, 1986; Krammer,
Lange-Bertalot, 1991; Krammer, 2000). Onpenene-
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HUE 3KOJIOTO-TreorparuiIecKoil XxapaKTepUCTUKK IIPO-
BezeHo no (bapunosa u ap., 2006; XaputoHos, 2010).

HJ1st TIOCTpOEeHUST COPOBO-MBIIBLIEBON U AUATO-
MOBOIi IMarpaMM MCHOJb30BaHO IIPOrPaMMHOE
ob6ecneuenue Tilia v. 2-0-41 (Grimm, 2004). ITanu-
HOKOMIUIEKChHl U KOMIIJIEKCHl TUAaTOMEN BblIeIeHbI
Ha OCHOBE M3MEHEHHI TaKCOHOMMYECKOI'O COCTaBa
CIIEKTPOB U C YYETOM UX KJIaCTepu3alluu Py ITOMO-
mu iporpammbl CONISS.

PanuoyrneponHoe marnpoBaHue oOpa3loB MPOBO-
JIMJIOCH Ha YCKOPUTEJIBHOM Macc-crieKrpometpe B [1o-
3HAaHBCKOM paguoyIiepoqHol JadbopaTopuu YHUBEP-
cuteta Anama MunkeBuya (r. I[lo3nansb, Ilomblima).
st onipenesieHust XpOHOJIOT MM COOBITUI UCTIOB30-
BaHa Bo3pacTHas1 Mojeb (puc. 2) 1mo nporpamme Ba-
con 2 ¢ mporpaMmMHoii o6osoukoit R (Blaauw, Chris-
ten, 2011), onuparomiasics Ha cepuro U3 5 AMS matu-
poBok (Ta6na. 1). ITo maHHBIM BO3pPACTHOU MOAEIU
IIPOM3BEAEH pacyeT CKOPOCTU OCAAKOHAKOIICHMS.

4. PEBYJIBTATHEI MCCIIEJOBAHUA
Jlumonoeuueckoe onucanue xKoaoHku (CBepXy BHU3).

Wurepsan, cm

Camnporielib ¢ paCTUTEIbHBIMU OCTAT- 0-9
KaMU, KOPUYIHEBBIM C PHKUM OTTEHKOM,

clieTKa YIUIOTHEHHBIN, MTKuii (cinoii IV)

Camnporienb ¢ paCTUTEIBHBIMUA OCTaTKAMH, 9-39
KOPUYHEBHIH, mory>kunkuii (cioit I1I)

Camnporiesib KOpUYHEBBIH, YIIJIOTHEHHBI 39-50
(cnoii IT)

Carnporiesb KOpUYHEBBIN, MOTYXKUIKWIA, 50—120
C PEIKUM BKIIIOUEHUEM MEJIKO3epHU-

croro necka (cioii I)

AJeBpUT TEMHO-CEPHIA, OYCHB TUIACTUY - 120—170

HI)II7[, C p€AKMNMU BKIIIOYCHUAMU MEJIKO-
3€PHUCTOTO IIECKA

IMepexon oT ajleBpuTa K CarpoIleIio YeTKUA, rpa-
HU1A pe3Kas. [IpucyTcTBre MeJIKO3epHUCTOTO TTeCKa
(0.1—0.25 mm) B oTinoxeHusix (marepnai 50—170 cm)
MPEAIIONIOXKUTEIBHO MMEET 30JIOBOE IIPOMCXOXKIC-
HUE.

Bospacmuas modeav u ckopocmu 0cadKkoHakonje-
Hus. Bo3pacT caMbIX IpeBHUX OTJIOXEHUI B 03¢ pHOI
KOJIOHKE cOCTaBisieT okoyo 3240 xan. JI. H. (puc. 2).
OTHOCUTEIBHO HU3KHE CKOPOCTU OCAIKOHAKOILIe-
HUs Ha HadajabHOM aTtarne (0.27 MM/rom), BO3MOXHO,
OBUIM CBSI3aHBI C OTKPBITOCTBIO JIaryHEL. (OKOJIO
1560 xkan. J1. H. OHM YBEJIUYWINCHh MPAKTUYECKU
BTpoe — 110 0.9 MM/Tof, 4YTO BbI3BAHO MEPEKPHITHEM
MIPOTOKU, BEAYIIeil U3 JIaTYHBI B MOpE, 1 €€ 0OMeie-
HHEeM. DTO COBNAJIO IO BPEMEHM CO CpeaHecyOaTIaH-
TUYECKUM MOXOJIONaHUEM, IoaydyuBIIuM B EBporie
Ha3BaHue [1oxononanue TeMHBIX BekoB 1.7—1.2 TEIC.
Kau. 1. H. (Helama et al., 2017). YpoBeHsb AnoHcKOro
Ne 3
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Puc. 2. Bo3pacTHast Moe/Ib HAKOILICHUS OTJI0XEeHUI B 03epe [Huoe.

Fig. 2. Age model of sediment accumulation in Gniloe Lake.

mopst 6bu1 Ha 0.8—1.2 M HXe coBpemeHHOro (Ko-
potkuii u ap., 2004). ITocie ¢hopmMupoBaHUs CUIBHO
pacTipecCHEHHOM JIaryHbl HayajJoCh HaKOTUIEHUE Ca-
MIpoTesst 0 Mepe pacIpoCTpaHeHUs] MPUOPEKHO-
BOJHOI pacTUTENbHOCTU. MaKCUMaJIbHbIE CKOPOCTHU
ocagkoHakoruieHus (mo 1.25 MM/rom) OTMEYeHBI
okosio 1000 kan. j. H. ¢ HavyaJioM (hOPMUPOBAHUS
MPECHOTO 03epa, YTO COBMAJIO C HAMOOJIee TETIHIMU
¥ BJIAXXHBIMHY YCIIOBHUSIMU CPETHEBEKOBOTO KIIMMATH -
YeCKOro onTuMyma. B 3To BpeMs1 yBeIuuuBacs ped-
HOIT CTOK, HECYIITiT B3BEIIEHHbIE MIHEPAJIbHEIE Ja-

CTUILIBI. 3aMeIJIEHNe CKOPOCTH OCaIKOHAKOIUICHUS
MPOM30IILIO OKOJIo 560 Kaj. JI. H. (Hayajao Majoro
JIETHUKOBOIO IIEpUMOAA) U COCTABWJIO B CpEIHEM
0.63 MmM/Ton. B 5T0 BpeMst yMeHbIIAJICS PEYHOT CTOK
1 NIpOoJoIKaJIoCh OOMeJIeHUue o3epa, HaKarlJIMBajCs
¢71a00 Pa3IOKUBILUICS CAIPOIIEb.

Cnopoeo-nbinvyesoii anaaus. I1lo pesynbraTam aHa-
JM3a ocagkoB 03. I'Humoro BeIIEIEHBI 12 CITOpoOBO-
nbUTbLEBbIX KoMILIekcoB [CIIK], KoTopblie omuchi-
BalOTCs OT HauboJiee APEBHETO K COBPEMEHHOMY

(puc. 3).

Ta6auua 1. PagvoyriepoaHble JaTUPOBKY OCaaKoB o3epa [Hutoe

Table 1. Radiocarbon dating of sediments from Gniloe Lake

ny6una, oM JlaGopaTopHbIid 14C pospacr, 1. i. KanubpoBaHHbBI! Martepuan
MHIEKC BO3pAcCT, JI. H. JUIS1 AAaTUPOBaHUS

37 Poz-140070 660 * 30 672—556 Carmnponenb
75 Poz-139325 1080 + 30 1058—-928 CeMmst BOIHOTO pacTeHUS
91 Poz-140072 1190 £ 30 1242-998 Canpornenb

119 Poz-139326 1525 £+ 30 1516—1345 CeMs1 BOIHOIO pPacTEHUS

169 Poz-139327 3120 £ 35 3443-3232 HpeBecuHa
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Fig. 3. Pollen diagram of the sediments of Gniloe Lake. / — sapropel, 2 — aleurite (see the text for a detailed lithological descrip-

tion of the column).

CIIK 1 (uaTepBan 150—170 cMm, 3240—2500 kas. 1. H.)

XapakTepusyeTrcs: JOMUHUPOBAHUEM IbUILLILI JIpe-
BeCHBIX (10 65%), mpeobiagaeT MbLUIbLA IIUPOKO-
JIMCTBEHHBIX (10 43%), 0COGEHHO 1y6a MOHTOJIBLCKO-
ro (10 34%). ConepskaHWe TTBLIIBIBI IPYTHX IIMPOKO-
JIMCTBEHHBIX COCTAaBIISIET: WJIbMa sImOHcKoro Ulmus
Jjaponica 0o 5%, rpaba cepauenuctHoro Carpinus cor-
data n nemyHbl pazHonuctHou Corylus heterophylla
1o 4%, opexa MaHbWXypcKoro Juglans mandshurica n
sICeHs MaHbUWXKypcKoro Fraxinus mandshurica no 3%.
Cpeny MENKOJUCTBEHHBLIX MOPOA AOMUHUPYET
MbLUIbLA Gepe3bl Jaypckoit Betula davurica (o 10%),
HECKOJIbKO MEHBbIIIE TIbUIbLLI OJbxU Alnus sp. (Io
7%), 6epesbl TIOCKOIMCTHOM B. platyphylla (no 6%)
¥ MBOBBIX Salicaceae (110 2%). XBOIHEBIE ITpeICTaBIIC-
HBI TIBLIBLIONM COCHBI Kopeilickoit Pinus koraiensis (10
8%), emut astHCKOM Picea jezoensis (>1%), eMMHUIHO —
NUXTHI LEJIBbHOMUCTHOU Abies holophylla, xBoitHMKa
ogHoceMsiHHoro Ephedra monosperma v Tca ocTpo-
KoHeuyHoro 7axus cuspidata. B rpyririe TpaB U KycTap-
HMYKOB ITpeobnanaeT mbuibna ocok Cyperaceae (mo
13%), B MeHbIIEM KOJUYECTBE MPUCYTCTBYET ITO-
JIBIHB Artemisia sp. v paect Potamogeton sp. (110 8%),
31akoB Poaceae m motukoBbix Ranunculaceae (1o
7%), HOpYHUKOBBIX Scrophulariaceae u porosa Ty-
pha sp. (o 5%) w np. Jonast cnop B CIEKTpax — IO
16% , TOMUHUPYIOT TanOpoTHUKY (10 14%), mpucyT-
CTBYET YMCTOYCTHMK a3zuaTcKkuit Osmundastrum asiat-
icum (10 5%). B uaTepBane 150—152 cMm HalimeHBI ce-
MeHa paecTa.

CIIK 2 (untepBan 134—150 cM, 2500—1865 kait. 1. H.).
IIpeobnamaer mBIIBLIA TpaB M KYCTApHUYKOB (IO
54%), TOMUHUPYIOT OocOKU (10 15%), MeHbllle 371a-
KOB 1 poro3za (mo 10%), nonsran (10 9%), TIOTUKO-
BbIX (10 7%), paecta (10 6%), HOpUYHUKOBBIX (10 4% ),
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na6asnuka Filipendula sp., rpeduiiabix Polygonace-
ae, ypytu Myriophyllum sp. 1 exerojoBHUKa Sparga-
nium sp. (o 2%). B rpyrmmne ApeBeCHBIX CHUXKAETCS
CyMMa TBLIbLBI ITUPOKOIUCTBEHHBIX (10 20%), 0co-
6eHHO ny6a (mo 13%). M3 MeIKOJIMCTBEHHBIX TOPOT
npeo0bagaeT MbUIblla O0epe3bl gaypckoil (mo 11%),
HE3HAUUTEIbHO YBEJIUYMBACTCS COMEPXKAHUE MbLIb-
bl MBOBBIX (10 3%). Cpenn XBOMHBIX TOMUHUPYET
NblIblIA COCHBI KOPEMCKOI, KOIMYECTBO KOTOPOIi
MOCTENEHHO YMEHBIIIAeTCsl CHU3Y BBEPX IO paspesy
(o1 11 1o 3%). Cpenu crIOpOBBIX MPe0OIIagaroT IMaro-
potHuku (mo 15%), mons yucToycTHUKA — 10 4%.
B unrepBasie 146—150 cM DpPUCYTCTBYIOT CeMeHa
poecra.

CIIK 3 (128—134 cMm, 1865—1650 kau. 1. H.). YBe-
JIMYMBAETCS KOJUYECTBO MbUIbLLI IpEeBECHBIX (IO
67%), 0cOGeHHO IMHUPOKOIUCTBEHHBIX (10 37%), mo-
MuHUpYyeT ny6 (mo 26%). Bo3pacraeTt yyacTrie COCHBI
Kopewickoit (no 11%) n enn (1o 2%). J1oas1 NBUIBLIBI
MEJIKOJIUCTBEHHBIX COCTaBJISIeT: Oepe3bl NaypCKOM —
o 9%, onbxu — o 5%, 6epe3nl TIIOCKOJIMCTHON U
MBOBBIX — 10 2%. B rpymie TpaB U KyCTapHUYKOB
npeo0biagaer mbliblia 0coK — A0 11%, npucyTcTByeT
MTBITBIIA TTOJIBIHEH (110 9% ), 3makoB (10 6% ), TIOTUKO-
BBIX 1 poro3sa (1o 4%), paecra (1o 3%). Cpenu cro-
POBBIX TOMUHUPYIOT MTAOPOTHUKM (10 9% ), 4rucTO-
YCTHUK — 110 4%.

CIIK 4 (120—128 cm, 1650—1480 kan. 1. H.). Ko-
JINYECTBO MBLIbLIBLI TPAB U KYCTAPHUYKOB BO3pacTaeT
10 53%, yMeHblIlasich CHU3Y BBepx 10 41%. OTtmeua-
eTcs MWK TBUIbLBI JuieiHbix Liliaceae (mo 20%).
YBenumuuBaeTcs OOJIS MbLUTBIBI 0COK (1m0 13%). Cym-
Ma IpPYTUX COCTaBIIseT: MOJabHU 1o 10%, 351aKoB 10
9%, porosa 1o 6%, motukoBbIX 10 4%, paecta 1o 3%
Ne3d 2023
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u ypytu 1o 2%. B npeBecHoii rpymiie mpeobGiaagaet
MbLJIbLIA 1y0a, KOJIMYECTBO KOTOPOU MO CPaBHEHUIO C
CIIK 3 cHuxaerca no 12%. YMmeHblIaeTcs IO
MBUTBLIBLI Tpaba 1o 2%, siceHs yBeauuuBaeTcs 10 2%.
ConepxxaHue TbIIbLLI TUNbl Tilia sp., opexa MaHb-
YKYPCKOTO U MiibMa — 110 2% . Cpeay MEJTKOJIUCTBEH-
HBIX JOMHWHUPYET IIbLIblIa Oepe3bl HaypcKoil (mo
11%), mo 7% BO3pacTaeT y4acTHe OJIbXH, JOJISI Gepe3bl
IUIOCKOJIMCTHOM ¥ UBOBBIX — 110 2% . CyMMa MBIIbLBI
COCHBI KOPEMCKOIi cokpalaetcs 1o 6%, enu yBelIu-
yuBaeTcs 10 5%. B rpyrine ciopoBbIX mpeobianaioT
nanmopoTHUKHU (10 12%), KOIM4eCTBO YUCTOYCTHIUKA —
10 4%.

CIIK 5 (108—120 cm, 1479—1330 kau. 1. H.). YBe-
JINYUBAETCSI KOJIMYECTBO IIBLIBLIBI JAPEBECHBIX 10
77%, 0COGEHHO COCHBI Kopeiickoit (1o 34%). Bos-
pacTaeT cymMMa TIBUIBIBI e (M0 6%) W MUXTH (IO
3%). VI3 IIMPOKOJUCTBEHHBIX JOMUHUPYET MbLIbLIA
ny6a — 1o 25%, nemHbl U uiabMa — 10 3%, rpaba u
JuTel — 110 2%. VI3 MeTKOIMCTBEHHBIX TIpeobiamaeT
nmbLIbLa Gepesbl gaypckoit (mo 10%), ymeHbIaeTcs
KOJIMIeCTBO OJIbXxU (10 1%). B rpymire TpaB u Kycrap-
HUYKOB JOMMHUpPYET TbLIblIA 0coK (mo 13%), mipu-
CYTCTBYET ITbUIbLIA JUJIEHHBIX (10 8%), MTIOTUKOBBIX
(mo 6%), rpeuninHbIX (M0 4%), cHmXaeTcst 10 3%
y4acTue MOJIbIHM, 3JIaKOB, poro3a, 10 2% — ypyTu.
INosiBnsteTcs MbLUIbLA POTYJIbHUKA JIOXKHOBBIEMYATO -
ymmctHoro Trapa pseudoincisa (mo 2%). V13 ciopoBBIX
npeo6aagaT nanopoTHUkKu (10 10%), yyactue 4u-
CTOYCTHHMKA — 110 5%.

CIIK 6 (82—108 cMm, 1330—1060 kaut. 1. H.). YBe-
JIMIUBAETCST CyMMa TTBIIBIIBI TPAaB ¥ KYCTAPHUIKOB JI0
65%, noMmuHMUpYeET MbLIbLA JTrIeiHbIX (10 34%). Co-
JepXaHue MbUIbLIBI OCOK yMeHbInaeTcsa oT 13% no
2%. Jons monblHM Bo3pactaeT a0 8%, 371aKoB —
1o 7%, masens WIMHHOIMCTHOTO Rumex longifolius —
10 5%, HOpUYHUKOBBIX U paecta — 1o 4%. Ilpucyr-
CTBYIOT JIIOTUKOBBIE — 110 6%, poro3 — no 5%, ypyTh —
10 3%, poryiabHUK — 10 2%. Cpeau 1peBeCHBIX Mpe-
obnagaer meuiblia ayba — g0 20%. YBeanuuBaeTcs
conepKaHWe TBUTBIIBI Tpaba (mo 4%), siceHs U opexa
(o 2%), nons nemwnHbl — 10 3%, wibMma — 10 2%.
CyMMa TIbUTBIBI XBOMHBIX COKpalaercs 1o 5%. U3
MEJTKOJIMCTBEHHBIX TOMUHUPYET Oepesa maypcKast
(mo 15%). YBenmmumBaeTcst KOJTUIECTBO ITBIIBITHI OTh-
xu (10 7%), nBoBbIX (10 3%), Tonions Populus sp. (1o
2%). dons criopoBbIX Bo3pacTaet 1o 17%, peobia-
MAfOT MAITOPOTHUKH.

CIIK 7 (60—82 cM, 1060—840 xair. 1. H.). YBenu-
YUBAETCS KOJIWYECTBO ITbUIBLBI IPEBECHBIX IMOPOI
(mo 70%), B 4aCTHOCTH,, IIMMPOKOJMCTBEHHBIX (10 36% ).
JomMuHupyeT nbliblia 1yoa (1o 28%), Bo3pacTaeT 40~
s rpaba (1o 5%), unbma u sicens (1o 3%). Conepxa-
HUe€ MbUTBLIBI JISIUHBI — 10 3%, opexa — 1o 2%. Ilo-
SIBJISIETCS TIBLJIbIIA BUHOTpaga aMypckoro Vitis amu-
rensis, KjieHa Acer Sp., JUMOHHUKA KHTACKOIO
Schisandra chinensis. 13 MeJIKOJINCTBEHHBIX IIOCTE-
MEHHO YBEJIMYMBACTCS KOJIUUECTBO ITbLIbLIBI Oepe3bl
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Jaypckoit (mo 15%), mons onbxu — 10 6%, Gepesnl
IUIOCKOJIMCTHOMN — 110 3%, nBoBbIX — 10 2%. Cpenu
XBOMHBIX COAECP>KAHUE TbLIbLIBI COCHbI KOPEMCKOM —
1o 11%, enut — 1o 7%, COCHBI TYCTOLIBETKOBOIA P. den-
siflora— no 3%, BCTpeyeHO TBLIBIIEBOE 3€PHO THUCA.
B rpynne tpaB B HmkHeili yactu CIIK mpeo6Giamaer
MTBITBIIA TUJIEWHBIX (10 27 %), a B BepXHE — 371aKOB 1
JIOTUKOBBIX (10 14%). I1bUTBLIEI TONBIHU — 10 12%,
ocok — 1o 10%, masensa — no 7%, poecra — 0o 3%.
M3 criopoBBIX JOMUHUPYIOT MANOPOTHUKY (10 22%).

CIIK 8 (50—60 cm, 840—730 kaj. a1. H.). YMcHb-
LIAETCs KOJIMYECTBO APEBECHON MbUILLLI (10 29%),
0COOEHHO IIMPOKOMUCTBEHHBIX (m0 13%). Yuactue
nyb6a cokpainaercs 10 9%, rpaba no 3%. CHukaercst
JoJis Oepesnl JaypcKoit 10 5%, NbUIbLBI OJbXU — N0
3%, nBOBBIX — 11O 2%. COKpaTWJIOCH YIaCTHE TTBLTh-
LIl COCHBI KOpecKoii (1o 6%). B rpyniie TpaB moMu-
HUpPYeT TbUIbla JwieiiHbIX (1o 23%). KonudecTtBo
MbUTBLIBI 3J1AKOB yBenmuuBaeTcs 10 20%, TOJBIHU 10
12%, ocoxk nmo 11%, pnecta no 9%; cHUXaeTcs TOJISt
JIIOTUKOBBIX 10 6%, masens 10 5%. W3 criopoBbIx
npeo6iangaoT manopotHuku (1o 20%). B unTepBaie
56—58 ¢cM IIPUCYTCTBYIOT CEMEHA pAECTa.

CIIK 9 (40—50 cMm, 730—625 kaut. 1. H.). YBeIn4u-
BaeTCsI KOJIMYECTBO MBI IpeBeCHBIX 10 56%. 1o-
MUHUPYET IbLUIbLIA ITUPOKOIMCTBEHHBIX — 10 29%,
MbUIBLLI Ay0a — mo 17%, nemuubl — no 10%, opexa
MaHBYXKYPCKOTO, UIbMa, rpada, TuIbl — 10 2%. Yua-
CTUEe MEJIKOJIUCTBEHHBIX — 10 24%, Bo3pacTaeT 10
19% cymMa IIbLIBILBI Oepe3hl JaypCKOii, 10 5% ONbXMU.
VYBeaIn4rBaeTcsl KOJIUYECTBO MbUIbLIBI XBOWHBIX MO
14%, cocHBI Kopeiickoit 1o 9%. B rpymrie TpaB 1 Ky-
CTApHUYKOB BO3pacTaeT A0 28% ydacTve MbLIbLBI
OCOK, 10 2% cokpalllaeTcs IOJs 3J1aKOB U TTOJIBIHMU.
CopepxaHUe JTIOTUKOBBIX — 00 6%, BaCUJIMCTHUKA
Thalictrum sp., TpeYUIITHBIX, HOPUUHUKOBBIX, YPYTU —
o 2% xaxmgoro. [losBisieTcst mbuTblIa PO30BBIX Ro-
saceae (10 3%) M pOrOJIMCTHHUKA TTOTpyKeHHoro Cer-
atophyllum demersum (n0 2%). CriopoBbie TIpeaACcTaB-
JIEHBI maropoTHUKamu (o 17%).

CIIK 10 (22—40 cm, 625—320 xaur. 1. H.). Konmae-
CTBO MBLIBIEI IpeBeCHBIX cocTaBisieT 47—63%. [pe-
o0jajaer NbLIblia IIMPOKOJIUCTBEHHBIX (10 28%),
MbUILLLL Oy6a — 1o 23%, wibMa — 10 3%, opexa u
rpaba — no 2%. ConepXaHue XBOMHBIX yMEHBIIIAETCS
¢ 19 no 8%. JoMuHUpPYET NblLJIblia COCHbI KOPENCKOM
(no 14%), comepxaHue COCHBI T'YCTOLIBETKOBOII 10
7%, e no 3%, muxtel 10 2%. Jlo 20% Bo3pacTaer
JIOJISI MEJIKOJIMCTBEHHBIX, IpeobJiafiaeT Ibuiblia Oe-
pessl gaypckoit (mo 11%). 1o 5% yBenuuuBaeTcsl KO-
JINYECTBO OJIbXU U 10 4% WBOBBIX. B rpymre Tpas u
KYCTapHUYKOB JOMUHUPYET MbLIbLa 0COK (10 34%).
IMpucyTcTBYeT MbLIBLA MOJBIHYU (10 12% ), TUITeMHBIX
(mo0 9%), moTHKOBBIX (10 5%), po30BHIX (10 4%), HO-
PUYHMUKOBBIX, YpyTU U paecta (1o 3%), 30HTUYHBIX
Apiaceae u porynbHuKa (1o 2%), no 5% Bo3pacrtaer
CyMMa IBLIbLEI 37TaKOB. [10sIBIIsSIETCS MBLIbLA IPYTUX
rUrpoGMILHBIX BOAHO-00JIOTHBIX PACTEHUIT: BaXThl
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Puc. 4. PacripeneneHue nuaToMeil B KOJJOHKE OTJIOKeHU o3epa [Hutoe (yCIIOBHBIE 0003HAYEHUs CM. Ha puc. 3).
Fig. 4. Diatom distribution in the sediment core of Gniloe Lake (Look symbols at fig. 3).

TpexJIMcTHOIT Menyanthes trifoliata, Topiia 36 MHOBO/I -
Horo Polygonum amphibium v ny3sipuatku Utricu-
laria sp. 1ot cIOpOBBIX yBeauauBaeTcst 0o 13%, mo-
MUHUPYIOT NManopoTHUKU. B mHTepBame 36—38 cm
oOHapy:KeH (pparMeHT CKOPJIYIbI opeXxa COCHBbI KO-
PENCKOIA.

CIIK 11 (8—22 cm, 320—60 kan. 1. H.). Bo3pacTaer
ydacTHe MbLIbLBI IPEeBECHBIX 10 64%, npeobaagaet
MTBITBIIA ITMPOKOJIMCTBEHHBIX (10 33%). YBenmanBa-
eTcs MPUCYTCTBUE mybda mo 26%, uinbMa no 4%, rpabda
u jgemuHbl o 2%. INosBnsiercs nbutbla KieHa. Cpe-
A XBOMHBIX JOMUHHUPYET MBLIbIIa COCHBI KOPEHCKOM
(mo 12%). J1oJ1st MBUTBIIBI €7TH, ITAXTHI 1 COCHBI TYCTO-
IIBETKOBOM CHIKAeTcs. YBEJIWYMBACTCS ydacThe
MTBUTBIIBI MEJTKOJIMCTBEHHBIX (0 21%), ocobeHHO Ge-
pe3bl maypckoit (mo 18%). B rpymiie TpaB m KycTap-
HUYKOB IIpeo0jajaer IbUIbIAa OCOK (1m0 26%).
Ho 14% Bo3pacTaeT KOJUIECTBO ITBLUIBIIBI TUJICIHHBIX.
IMpucyrcrByeT mbuTblia TTOABIHU (D0 11%), moTukKo-
BBIX (10 6%), ypyTy 1 BacuaucTHUKA (110 2%), 10 6%
BO3pacTaeT 0Jisl 31akoB. TlosiBasieTcst Mbliablia Yac-
tyxu Alisma sp. KomndecTBO CIIOPOBBIX TOCTHUTAET
14% , ipeo6agaloT ManopOTHUKHU.

CIIK 12 (0—8 cm, mocneagnue 130 jet). YMeHblla-
eTCsl yYaCTHeE TTbLUIBLLI ApeBeCHBIX ¢ 60 1m0 47%. Ho-
MUHUPYET TbLUIbLIA ITUPOKOJIUCTBEHHBIX (10 28%):
ny6a (mo 21%), nemunsl (no 3%), rpaba, wiabMa U
opexa (1o 2% ), TuTIel M apanueBbIxX Araliaceae (<1%).
CoKpaTHJIOCh y4acTHe MBUILLBI SICEHSI, OpeXxa MaHb-
YXKYPCKOTO M JIPYrMX IIMPOKOIUMCTBEHHBIX. Cpenun
MEJIKOJIMCTBEHHBIX IIPE00IIaIaeT MblIbla Oepe3nl 1a-
ypcKoit (mo 16%). CHmxaeTcsl KOJTUYECTBO TTBUTBIIBI
0716x1 10 3%, 107151 UBOBBIX — 110 2% . Cpean XBOMHBIX
JOMHWHUMPYET TIbUIbLIA COCHBI Kopeickoit (mo 10%),
BO3pacTaeT colepKaHUe ITbUIBIIBL €J11 10 6%. B rpyii-
e TpaB ¥ KyCTapHUYKOB MpeobianaeT MbUIblla OCOK
(mo 20%). OTMeueH MUK IbUILLBI IaBeias 10 8%.
Yyactue mbUIbLBI TOJBIHU — 10 8%, TAIIEMHBIX — 10
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7%, 3nakoB — no 5%, MOTUKOBLIX — 1m0 4%, Bacu-
JINCTHUKA U paecta — 1o 2%. I[losBiseTcs mbuiblia
poroyimctTHrKa. KojmyecTBo criop NanopoTHUKOB —
1o 15%.

Huamomoentit anasuz. CIIMCOK TUATOMEN COCTaB-
qsteT 113 TakcoHoB, n3 Hux 101 BuA mpeCHOBOTHBINA 1
12 cOJIOHOBAaTOBOMHBIX M MOpcKux. M3 mpecHoBOI-
HBIX HanboJjiee pa3HOOOpPa3HBI BUIABI OOpacTaHUST —
51, moHHBIX BUIOB — 40, mnaHKTOHHBIX — 10. JloMu-
HUPYIOT KOCMOIIOJIMTBI — 77 TAKCOHOB, MEHEe IIpelI-
cTaBJieHbl apkToOopeanbHbie (5) 1 6opeanbHble (11)
Bunkbl. 1o otHoweHWIO K pH BomHOI cpenbl IIpeos-
JTamarouieil Tpynoii SIBJISIOTCS aaKaTuuiIbl — 36 u
HUpKYMHeHTpanbHble — 34, anmaoduibl — 22 BUAA;
II0 OTHOIIEHMIO K COJEHOCTU: MHIU(GEPEpeHTh —
63 Buga, ramodunbl — 10 u raaodoOsl — 18 BUIOB.
Ha ocHoBe 3KOJIOTMYECKUX XapaKTePUCTUK ITOMM-
HAHTHBIX M CyONOMUHAHTHEIX BUIOB BEIAEICHO 7 A1~
aToMOBBIX KoMILieKcoB [K], oTpaxamoliux cTaauu
pa3BuTus BomoeMa (puc. 4).

B JIK 1 (152—168 cMm, 3240—2560 xa. 1. H.) co-
JIepXaHnue MOPCKUX U COJTOHOBATOBOIHBIX TUATOMEM
KosebaeTes B peaenax 37—21%, 4To TOBOPUT O XO-
potliieii cBsa3u ¢ MopeM. B unrtepBaie 162—164 cMm ux
comepxXaHue nocturaet 62%, 4To MOKET CBUACTEITb-
CTBOBAaTh O MOIITHOM IIITOPME WJIM liyHaMu. Benyiiee
MOJIOXKEHUE 3aHUMAIOT OCHTOCHBIE BUIbI, LIUPOKO
pacrpocTpaHeHHbBIe B OyxTax, 3aJliBaxX U 3CTyapusixX
peK, JOMUHUPYET COJIOHOBATOBOIHO-MOPCKOI Pin-
nunavis yarrensis, CyOHIOMUHAHT — COJIOHOBATOBO/ -
He1i1 Campylodiscus echeneis. B coctaBe mpecHOBOI-
HBIX TUaTOMeil OTMeUYeHBl IUIAaHKTOHHBIEe Aulacoseira
subarctica (10 16%), npeamnoYUTaIOUil OJIUTO-ME30-
TpodHbBIe BOabI, U A. distans (10 10%), npeamnouynra-
o1t onurorpodHsie Boasl (Krammer, Lange-Ber-
talot, 1991). Cpenu obGpacraresieit BoLACASIOTCS Stau-
rosira construens, S. subsalina, S. venter, S. binodis,
OOBIYHBIE IJISI MEJIKOBOIHBIX 3apOCIINX BOAHO pac-
Ne 3
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TUTEIBHOCTHIO O3€p M MAacCOBO Pa3BUBAIOLIMXCS B
naryHax (ITonsikoBa, 1979), a Takke TOHHBIN allUaO-
dun Pinnularia hemiptera, IpeaNOYUTAIOINI OJUTO-
tpodHbIe Boabl (Van Dam, 1994). 1o otHOmEHMIO K
COJICHOCTH TIpeo0OiagaroT HANGOEPEHTHI, ITO OTHO-
eHuIo K pH rpymnnel fuatoMeit npuMepHO paBHBbI.

JAK 2 (138—152 cm, 2560—2015 kait. 1. H.) Xapak-
TepU3yeTcsd CHIKEHUEM COAEPXKAHUS COJIOHOBATO-
BOIHBIX U MOPCKUX auaToMeil oT 23 mo 8%, cocTaB
JTOMWHAHTHBIX BUAOB He MeHsieTcs. Cpeln MpecHO-
BOIHBIX JUATOMEIl YBETMYMUBAETCSI COAEpKaHUEe 00-
pactateneit (1o 69%), noMuHUPYIOT Staurosira con-
struens, Pseudostaurosira elliptica, Epithemia adnata,
Encyonema silesiacum. KolndyecTBO INTAHKTOHHBIX
cHmxaetcsd 00 24%, coctaB ux He MeHsiercs. [1o oT-
HOIIIEHUIO K COJICHOCTH YBEJIMIMBACTCSI KOJMIECTBO
raiodmioB (10 25%), mo oTHoIIeHUIO K pH moMuHNI-
PYIOT anKaauduiIbl, TOASI auuao(@uiIoB CHUXKaETCS
1o 13%.

B K 3 (118—138 cm, 2015—1450 kan. 1. H.) conep-
KaHWEe MOPCKUX M COJIOHOBATOBOMHBIX THATOME
noHwkaercs 10 5%. B unTtepBanax 136—138 u 124—
126 cMm ux ponsa gocturaet 17.5%, 4To MOXET CBUIE-
TEJIbCTBOBATh 00 YCUJIEHUH ITPUTOKA MOPCKOIT BOIBI
B JIaTyHY (B pe3yIbTaTe CUIBHBIX IITOPMOB I ITy-
Hamu). K noMmuHupytomuM Bugam Pinnunavis yarren-
sis 1 Campylodiscus echeneis 1006aBIsSIETCSI MOPCKOM
oenrocHblit Tryblionella granulata. Cpenn mpecHO-
BOJIHBIX OUATOMEll colaep:KaHue TMJIAaHKTOHHBIX BU-
IIOB CHIDKaeTcs 10 17 %, TOMUHUPYIOT BUIBI OOpacTa-
Hug (mo 81%) — Staurosira construens (mo 35%),
Pseudostaurosira elliptica (no 17%), Fragilariforma
nitzschioides (o 12%). I1o otHommeHuto K pH nomu-
HUPYIOITUMHU OCTaIOTCSI alKadu(WIbI, ComepKaHre
anuaIoGuiIoB yMeHbIIaeTcs 10 9%. B aTom nHTEpBa-
JIe BO3pacTaeT KOJIMYECTBO apKTO-00pealbHBIX BU-
108 10 12%.

B K 4 (84—118 cm, 1450—1080 kaJr. 1. H.) KOJIH-
YEeCTBO MOPCKMX U COJIOHOBAaTOBOAHBIX AuWaTOMeEi
rmoHmxaetrcss 1m0 0.6%, coBceM MCUE3al0T MOPCKUE
BUJbI, TpeobiiaiaeT 3BpUTATUHHBIN Me30ranod Na-
vicula peregrina, xapakTepHblii 1Jis1 actyapues. Cpeau
MPECHOBOJIHBIX HAa (POHE TOMUHUPOBAHMS BUIOB 00-
pactanwmii (mo 77%) TIOBBIIIAeTCS comep KaHue TIaHK-
TOHHBIX 10 29%, npeoGnanawoT Aulacoseira subarcti-
ca, A. distans. T1o OTHOILIIEHUIO K COJIEHOCTU MPe00-
JnagaoT uHAUMGEepeHThl, 0 OTHOIIeHuIo K pH —
aTKaIMUIBI, NpU yBEJIWYEHUU alugodUIOB [0
20%. ConepkaHue apKTO-00peaIbHBIX BUAOB COKpa-
maercs 1o 4.7%. YBenmuuBaeTcs MPUCYTCTBUE Xa-
PaKTepHBIX IJIST 00JIOT BpEMEHHO MJIaHKTOHHOTO Ta-
bellaria flocculosa (10 8.5%) n nnaromeit pona Eunotia
(m0 3.7%).

OK 5 (58—84 cMm, 1080—820 kau. 1. H.) XapaKTepH-
3YyeTCsI TOJTHBIM MCYE3HOBEHNEM COJIOHOBATOBOIHBIX
U MOPCKUX AraToMmeit. Cpeay MpecHOBOAHBIX 1UATO-
Meil B ITOIOIIBE CJIOS TpeobIanaloT BUIBI oOpacTa-
HUS, K KPOBJIE BO3pacTaeT colepKaHne TUTAaHKTOH-
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HBIX BUIOB 10 58%. JloMUHAHTHBIE BUIBI OCTAIOTCS
npexxHuMu. Joss aungodmioB gocturaeT 28 %, 4to
TOBOPUT O 3aKUCIICHUH 03epa, 3a60JauYNBaHNN MEI-
koBomuit. ComepkaHue apKTO-O00peaTbHBIX BUIOB
cokparuaercs 10 2%.

B 1K 6 (16—58 cm, 820—210 kaJ. 1. H.) comepxKa-
HUE BUAOB oOpacTaHusl yBeJIU4YnBaercs 10 86%, no-
MUHAHTOM SBJIsIeTCs Staurosira construens, CyOIoOMU-
HaHTamMu S. binodis, Pseudostaurosira elliptica n
IUIAaHKTOHHBII Aulacoseira subarctica. I1o oTHoOIIE-
HUIO K COJICHOCTH npeodnamaioT nHInGdepeHTHI, 110
oTHolIeHUo K pH — ankanmnduiabl, KOIU4eCTBO allu-
JoduiaoB ymeHbInaercs 10 13%, cogepskaHue apKTo-
GopealbHbIX BUIOB — 10 2%. B unTepBaine 52—54 cm
eAUHUYHO BCTpeueH Pinnunavis yarrensis, B MUHTEpBa-
max 16—18, 34-36, 38—42, 44—50 cM egUHUYHO
BCTpeYaeTCsl COJIOHOBATOBOMHLIN Navicula peregrina.

B AK 7 (0—16 cM, mociieqaue 280 J1eT) TOMUHUPY-
10T BUbl oopacranus (mo 71%): Staurosira construens
(mo 35%), Pseudostaurosira elliptica (no 15%), Stauro-
sira binodis (mo 11%). ComepXaHue TUIAHKTOHHBIX
yBenmuuBaetTcsa 10 30%, npeobnanarot Aulacoseira
subarctica, A. distans. B uarepBaie 0—4 cM eTMHUYHO
BCTpeYaeTCs COJIOHOBATOBOAHLIN Navicula peregrina.

5. ObCYXKAEHWE PE3YJIbTATOB

M3ydenue otrnoxeHuii 03. [HuI0oro maet BO3MoxK-
HOCTb BOCCTAaHOBUTH Pa3BUTHE IPUPOIHOMN CpEIbl
10ro-BocTOYHOTO [IprMOpBSI CO BTOPOI1 TTOJOBUHBI
cy000opeabHOTO nepuroaa rojioueHa (puc. 5). Oxkojo
4100 kai. 1. H. HaYaJoCh cyOOOpeaspbHOE MOTEIIe-
HUeE, C KOTOPbIM CBSI3aHAa MaJIOaMILIUTYAHAsI TPaHC-
rpeccus SImoHCKOro Mopsi, MAaKCUMYM KOTOPOM IIpU-
1iesacd npuMepHo Ha 3600 kaj. JI. H.; ypOBEHb MOPS
MpeBbIILIaI COBpeMeHHbIN Ha 1.5—2 M (Xep1uoepr U ap.,
2013). Paiion ucciemoBaHusl okoio 3240 xaj. 1. H.
TTOKPBIBAJIA AyOOBO-IITMPOKOJIMCTBEHHBIE Jieca ¢ 0OITb-
UM ydyacTHeM, YeM B HacTosilee Bpemsi, rpada
CepILIeIMCTHOTO, OpeXa MaHbYXYpPCKOTO, SICEeHS
MaHBYXYPCKOTO, GapxaTa amypckoro Phellodendron
amurense, CUpeHu oemnoit Ligustrina amurensis. T1oii-
MEHHBIE Jieca OOpa30BHIBAJIM OJIbXa BOJIOCHCTAs
Alnus hirsuta, "BOBBIE, JIbM SITTOHCKWIA, ICEHh MaHb-
YKYpCKUI, opex MaHbuXypckuil. Ha Menkoropbe
OBUIM pa3BUTHI KEIPOBO-IIMPOKOJIMCTBEHHEIC Jieca,
B BBICOKOTOPhE — €JI0BbI€, TPaHUIIa KOTOPHIX PacIio-
Jlarajach BbIllle COBpeMeHHOI. B 510 Bpemst 03. [Hu-
JIoe MPEICTaB/ISUIO COOOM MEJIKOBOOHYIO IIOJYOT-
KPBITYIO JIaTYHY, 3apOCIIyI0 BOTHOM pPacTUTEIbHO-
CThIO U CYIIECTBYIOIIYIO B YCJIOBUSIX BbICOKOI
TUIPOAMHAMMNYECKOM aKTUBHOCTU MOpsi. BeposiTHo,
okosio 3000 xait. 1. H. B pe3yabTare KatacTpodude-
CKOTO IITOpMa MPOU3OIIIEN 3aIJIECK MOPCKOU BOJIBI B
JIaTyHY, O YeM CBUIETEJILCTBYET Pe3KOe IBYKPaTHOE
YBEIUYEHUE MOPCKMX JUATOMEMN B OTIOKEHUSIX 03€-
pa (uHTepBai 162—164 cM). B 3T0 Bpemst 1aryHa Ha-
xonujack Ha 1—1.5 M BbIIIe ypoBHS Mops. Pactu-
TEJILHOCTh BOAOeMa ObLja IIpencTaBieHa CTPEIOJIM-
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CTOM TPEeXJIMCTHBIM Sagittaria trifolia, ypyTbIO,
€XEeroJIOBHUKOM, POTOJIMCTHUKOM, prectoM. Ha 3a-
0O0JIOUEHHBIX Oeperax pacopoCTPaHSJICh OCOKOBEIC
accolManuy ¢ BaxToil TpexincTHoii. Ha 6oiee Bo3-
BBIIIEHHBIX Y4YacTKax Ipeo06iaaaao MOJIbIHHO-3J1a-
KOBOE pa3HoOTpaBbe. KimuMat Obu1 TeTuiee CoBpeMeH-
HOTO.

Oxoio 2500 kan. 1. H. HAYUMHAETCSI paHHecyOaT-
JIJAHTUYECKOE TIOXO0JIOJaHUE, SIPKO IPOSIBUBIIIEECS B
ITpumopbe (JIstmueBckas u np., 2017; Razjhigaeva et al.,
2018; Razjhigaeva et al., 2019; Pasxwuraesa m np.,
20200). MenkoBoaHasI MOJYOTKpPbITasl JaryHa CTaHO-
BUTCH 6oJiee U30IMPOBAHHOM OT MOpS U IIpeBpalla-
€TCsI B IIOJIY3aKPhIThIi CJIA00COJICHbBII BomoeM (puc. 5).
B pacTurenbHOM ITOKpOBE MPOUCXOAUT COKpallleHUE
IUTOIIAAN JIECOB, YMEHBIIAETCS IOJs LIMPOKOJIUCT-
BEHHBIX, OCOOEHHO Oy0a U sICeHsI, YBEIUUMBAECTCS
y4yacTue 0epesbl Jaypckoii. B moiiMeHHBIX iecax BO3-
pacTaeT poJib UBOBBIX U COKpaIllaeTcs WiibMa. Pa3Bu-
BAIOTCSI CYXOHOJIbHBIC OTKPBITHIE MOJIBIHHO-3J1aKO-
BbIe cooO1ecTBa. OOpa3oBaBIIMECS MEJIKOBOIbS 3a-
pacTarT POro30M.

Oxouo 2000 Kan. 1. H. Ha4ajaach perpeccus Mopsi
(Ha 0.8—1.2 M), KOTOpasi COIMPOBOXAAIACh OCYILIEHU-
€M MEJIKOBOAHBIX OYXT M OOJIOT, BIOJb MOOEPEKbs
mpoucxoauiia akTuBHas akkymyssiiust (Koporkuii u
np., 2004). B aTo Bpems CBSI3b JJaryHbl C MOPEM OCJa-
Oenla, 0 YeM CBMJIETEILCTBYET Pe3KOe COKpallleHUe
MOpPCKHUX AuUaTOMei. YMeHbIIeHHe KOJIMYeCTBa
IUIAaHKTOHHBIX BUJOB TOBOPUT 00 €€ OOMeJICHUM.
Okosio 2000 kazn. a. H. (uHTepBan 136—138 cMm) u
1560 xan. 1. H. (uHTepBan 124—126 cMm) 3adukcupo-
BaHBI IBA MOIIHBIX 3aIJIECKa MOPCKOI BOAbI B JIary-
HY, KOTOpPbIE MOTIJIM OBLITh BbI3BaHbI ILlyHaMu. Mop-
CKH€ OCalKu, CBSI3aHHBIC C IlyHaMM, ObUIA OOHapy-
XEeHBl B pas3pe3ax TopdpsgHUKOB B Oyxte Kur
(BocTtouHoe ITpumopne). Mx Bo3pact okojio 1870 +
+ 70 kau. 1. 1. 1 2090 £ 70 xai. 1. H. B 3TOT Ke BO3-
pacTtHoli mHTepBaa nonanaeT nara 2090 + 110 xair.
JI.H., TIOJIydeHHasl TOJA TIPOCIOeM IIyHAMUTEHHOTO
rnecka, oOHapy>KEHHOTO B OTJIOXEHMUSIX ITajieoo3epa
oyxtel Jlanroy I (BoctouHoe IlpumMopne) (I'aH3eit u
ap., 2018).

KpaTkoBpeMeHHOE paHHeCyOaTIaHTUYECKOE I10-
TerjieHue, 3a(UKCUPOBAHHOE IJIsI I0TO-BOCTOYHOIO
IIpuMmopes B nepuon 1865—1653 xai. . H., B €BpO-
MEeCKOoI YacTu Tony4dmiao Ha3BaHue Pumckoe Ilo-
teruieHue (2.0—1.7 Teic. Kan. 1. H.; HoBenko, 2020).
B 1oro-Boctounom IlpuMopbe yBeTUIUBAIOTCS TIJTIO-
Iagd JIECHOM pacTUTEJIbHOCTHU: €JIOBBLIX JIECOB B
BEpPXHEM ITOSICE TOP, B MEJIKOTOphe — KEeAPOBO-IIIH-
POKOJIMCTBEHHBIX U TyOOBO-IIMPOKOJIUCTBEHHbBIX Ha
CKJIOHaX yBajJioB. B cocraBe mOIIMEHHEIX JIECOB
YMEHBIIIAETCSI yJacTUE OJIbXM M BO3pacTaeT MO
WBOBBIX. B TpaBSIHUCTOM IIOKpPOBE COKpAaIlaeTcst
ponb renuoduToB. Ha Mecte MenkoBomuii o6pasy-
JOTCSI BJIAXKHBIE JIyra C OCOKOBLIMU COOOIIECTBAMU U
TUrpo(UTHBIM pa3HOTpPaBbeM. DTO XKe ITOTeIIeHUe
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OBUIO OOHAPY:KEHO NpPHM M3YYEeHWHM TOp(SIHUKA Ha
0. Pycckuii. B pactTutenbHOCTH yBeIMYUBaIACh POJIb
LI POKOJUCTBEHHBIX JIECOB C IIpeobiagaHeM 1yoa u
OosrblIeit BCTpeyaeMOCThIO Tpaba. KnmMaTtudeckue
YCJIOBUSI OBLIM HEMHOTO TeTljiee U BJIaXKHEE COBpe-
MeHHBIX (MuxkuimuH, ['Bo3nesa, 2014).

3a moTeruieHHueM OKOoJIO 1653 Kajl. J1. H. mocieno-
BaJIo cpegHecyOariianTudeckoe moxoionanue (Ilo-
xononaHue TemHbIx BekoB; Helama et al., 2017), Ko-
TOpPOE Ha TEPPUTOPUM IOTO-BOCTOUYHOTO [IpmMopbs
nposiBUIOoCh nByMs dazamu. IlepBast daza 1653—
1479 xan. n. H. ObLIA TIPOXJATHONM U OoJiee CyXOid.
Ha cxi1oHax MenKoropbs yMEHBIIMJINCH ILIOIIAIN
JIECHBIX MAaCCHBOB C HE3HAYUTEIILHBIM CHIDKEHUEM
y4yacTusl IIMPOKOJMCTBEHHbIX. Ha moiiMe pacmpo-
CTPAaHWIUCH OJIbXOBHUKU C HEOOJBIINM y4acTUEM
WBOBBIX U MOJIBIHHO-3JTAKOBBIMH COOOIIIECTBAMMU.

Oxkogio 1560 xan. J1. H. IPOU3OIIIO TTEPEKPBITHE
MMPOTOKM, CBSI3BIBAIOIIIEH JIATYHY C MOpEM, ee ooMe-
JIeHUe U aKTUBHOE pa3BUTHE BOTHON U TIPUOPEKHO-
BOITHOM pacTuTeIbHOCTA. Havamock HaKkorieHme ca-
mpornensa. B aTo Bpemsa ypoBeHb SAMoHCKOTO MOps
obuT Ha 0.8—1.2 M H1Xe coBpemeHHoro (KopoTkuii
u 1ap., 2004).

Bo BTopyto ¢azy 1479—1330 kai. j1. H. moxojoaa-
HHE€ YCUJIMJIOCH, a BJIaXXHOCTb MoBbicuiachk. Lupo-
KOe pa3BUTHE MOJYYWIM KeApoBO-IyOOBHIE Jieca.
I'paHua XBOMHO-IIMPOKOJUCTBEHHbIX JIECOB MOHU-
3UJIach, /b U MUXTa YMEPEHHO TMPUCYTCTBOBAJIU B
COCTaBe pPaCTUTENbHOCTH Ha BbIcoTax MeHee 200 M.
AHaJIOrTMYHbIe JaHHbIE TTOJYYEHBI 1O OTJIOXKEHUSIM B
ycrbe peku KueBku u 0yxre Mait. Tasroy (KopoTtkmit
u ap., 2004). Bo3pociiasi pojib KeApOBO-IIHNPOKO-
JIMCTBEHHOI accollalluy BO BpeMsl 3TOTO MOX0J10/1a-
HUS oTMedaeTcs U Ha o. Pycckmiit (MukummnH, [Bo3-
neBa, 2014). B oTimoxeHUusIx mobdepexkbss 03. XaHKa,
matupyeMbiXx VI B. H. 3., 0OHapy>keHO BBICOKOE CO-
Jiep>KaHue TIbUIbIbI €U, TIMXThl U, 0OCOOEHHO, Keapa
(MuxuiuH u np., 2007; baszaposa u ap., 2018). VBe-
JIMYeHVEe BJAXXHOCTU MPUBEJIO K COKPAIIEHUIO TMO-
JIBIHHO-3JIaKOBBIX co0011ecTB. KiumaT OblT X010/ -
Hee, YeM B paHHecyOaTJIaHTUYEeCKOoe ITOXOJIOJaHUeE.
MakcuMyM MOXoJ0AaHUsI TIPUILLIESICS Ha MIEPBYIO MO-
noBuHy VI B. B EBporie KyabMuHAIIMSI 3TOTO KJIMMa-
THUYECKOTO COOBITUSI TaKXKe MpuILiach Ha VI B. H. 3.
(Helama et al., 2017). B naryHHBIX OTJIOXEHUSIX YBe-
JIMYMBAETCSl CoAepKaHUe apKToOOpealbHbIX BUIOB
nuatomeii. B 3To BpeMs Ha (poHe MpomoKalolIeics
perpeccun mops (Koporkuit u np., 2004) maryHa
OKOHYATEJIbHO OTWIEHSIETCS OT MOpS, MPOUCXOAUT
€¢ CUJIbHOE OIPECHEHUE.

IToxonomanue cmeHwnaoch ToterieHueM (1330—
840 kaj. 1. H.), B KOTOPOM BbIIEJISIIOTCS 1Be (Pasbl.
IMepBag (1330—1060 xaz. 1. H.) OblJTa MeHee TETLION 1
OTHOCHUTENBHO Ccyxoii. B ropax rpaHuiia XBOMHO-IIIN -
POKOJIMCTBEHHBIX JiIecOB MoBbicusiach. Ha moGepe-
XKb€ MTOMUHUPOBAIU JTyOOBO-IIMPOKOJIMCTBEHHbIE
Jieca ¢ 6epe30ii maypckoii 1 rpadboM. B cocraBe moii-
Ne 3
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Puc. 5. Pa3zsutue npupoaHoii cpenbl oro-soctouHoro [pumopsbs 3a nocnenHue 3240 Kait. j1. H., IeprUoaM3aLus ToyoleHa o
H.A. Xotunckomy (1977). I—2 — cM. ycIoBHbIe 0003HaYeHMsI Ha pUC. 3; 3 — MOTeIIeHUe; 4 — IMOX0JI0AaHKe; 5 — BJIaKHO; 6 — CyXO.
Fig. 5. Development of the environment of southeastern Primorye during last 3240 cal. BP, periodization of the Holocene ac-
cording to N.A. Khotinsky (1977). 1—2 — look symbols at fig. 3; 3 — warming; 4 — cooling; 5 — humid; 6 — dry.
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MEHHBIX JIECOB BO3pacTajia pojib UJbMa, SICEHS, OSIBU-
Jiuch uBoBbIe. [To GeperamM o3epa Ha BIaXKHBIX ydacTKax
B TPaBSHOM TTOKPOBE PAaCIpPOCTPAHWUIUCH JWJICIHbIC.
ITonbIHHO-371TaKOBO-pa3HOTPaBHbIE TPYIIIIMPOBKU Obl-
JI pa3BUTHI HA OCYIIIEHHBIX yyacTKax. JIaryHa TpaHc-
¢dopMUpoBaIack B IpeCHOE 03€po0. YCUIWIACh 3a00-
JIOUEHHOCTh 0€peroBoii 30HbI, O YEM CBUIETEILCTBY-
eT yBeaudeHue coaepxaHusi Tabellaria flocculosa n
mratomeir poma Eunotia. Bo Bropyo dasy (1060—
840 kay. . H.) KIMMaT CTajld TeIUulee U BJIaXKHEE.
Ha noGepexne 3anmmBa Haxonka yBenmumiach IUio-
1Ia7b TyOOBO-IIMPOKOJUCTBEHHBIX JIECOB, B KOTOPBIX
BO3pacTajio yyacTue rpada, siceHsi, WjibMa, JICIIUHBI.
B TpaBsiHOM MNOKpOBE HE3HAUYUTEIBHO COKPATUIOCH
MPUCYTCTBUE TOJIbIHEM M 3J71aKOB. DTO MOTEILICHUE
COBMAJIaeT M0 BPpEeMEHHU C HavyaJloM CPelHEBEKOBO-
ro kaumatudeckoro omntumyma (VIII—-XIII BB.).
Ha tepputopuu IlpuMopbsi cpenHeromoBasi TeMre-
patypa nmoBbiciiiack Ha 1—1.3°C, B OCHOBHOM 3a CYET
0osnee TeruibiXx 3uM. [IpennojaoXuTesbHO MOBBICU-
JIOCh U TOIOBOE KOJIMYECTBO aTMOC(HEPHBIX OCATKOB
(Kopotkuii u ap., 1999), a Takske pedHOIi CTOK. Ypo-
BE€Hb MOpPS MogHUMaJIcs npuMepHo Ha 0.5 M o or-
HOLIEHUIO K COBPEMEHHOMY, U TOIBEM MPOIOJIKAII-
ca He meHee 400 mer (Koporkmit m np., 2004).
Ha ocTpoBHOM M KOHTMHEHTAJbHOM TOOEPEXbSIX
tora [laibHero BocToka noreruieHue MposiBUIOCH BO
Bcex JanmmadTHeIX 30Hax (Razjigaeva et al., 2019).
Ha repputopuu Kurast oHo Hayanoch B VIII B. (Duan
et al., 1981), a B SlmoHuu Teruas (asza gaTupyercs
732—1296 1T. H. 3. (Sakaguchi, 1983; 1989). CornacHo
JIEHAPOXPOHOJIOTUUECKUM JaHHbIM 1isi CeBEepHOro
nosyuapus B riepuos ¢ 750 o ~850 . H. 3. mpoucxo-
JINJI0O YMEPEHHOE TMOBbIIIEHUE TeMIepaTypbl, 32 KO-
TOPBIM MOCJIEAOBAI MPOAOJDKUATEBHBIA TEIUIbIN e~
puon (Wilson et al., 2016). Kommiekc auatomeit co-
OTBETCTBYET CYIIIECTBOBaHUIO 0OoJiee MIyOOKOTo
IIPECHOBOIHOTO OJIUTOTPO(HOTO 03epa ¢ 3a00JI0YCH-
HBIMU O€eperamu.

B nepuon 840—730 kair. JI. H. KJIMMAaT CTAaHOBUTCS
xononHee u cyimre. Ha mobGepexne 3anmBa Haxomka
3HAUYUTEJbHO COKpAalllaeTCcsl TEeppUTOPHSI, 3aHsITas
JIECHOM pacCTUTEJIbHOCTBIO U IIMPOKOJIMCTBEHHBIMU
nopoaamu. Hekotopslie Bubl (BUHOTPAA aMypPCKHIA,
JIMMOHHUK KMTalicKuil) ucuesaroT. B TpaBssHOM T10-
KpPOBE HOMUHMPYIOT 3JIaKOBO-IIOJIBIHHO-Pa3HOTPAB-
HbIe TpYNNUpPOBKU. B oOKpykeHuum o3epa Ha mepe-
YBJIAXKHEHHBIX YUaCcTKax pacpoCTPaHSIFOTCSI OCOKOBbBIC
coob1ecTBa. B cocrtaBe BogHOI pacTUTEIBHOCTUA aK-
TUBHO Pa3BUBAJICS PAECT, MOSIBUJINCH YPYThb 1 YaCTy-
xa. OfHa U3 MOCIENHUX perpecCUuBHBIX (a3 03. XaH-
Ka OTHOCUTCS K XOJIOOHOMY U cyxoMy nepuony XII—
XIV BekoB (MuxkwninuH u ap., 2007). B o6mem cocra-
BE CITOPOBO-MBLIBLIEBBIX CIIEKTPOB KaK B OTJIOXEHU-
X 03. [HUIIoe, TaKk U B OTJIOXKEHUSIX 03. XaHKa Ha-
OI01aeTCsI MUHUMAJIbHOE COMNEPKaHUE TTbLUIBLIBI 1e-
pE€BbEB W KYCTApHUKOB, 4YTO CBUAETEIbCTBYET O
3HAYUTEJILHO 00Jiee CypOBOM KJIMMAaTe, HEXKEJIN BO
BpeMs roxoJionanus B VI B. Bo3aMoxHO, 3T0 OBIT ca-
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MBIl XOnMomHBIN mepuon 3a Tociaennue 3300 ner.
KpaTkoBpeMeHHOE CUJIbLHOE TT0X0JI0AaHUe ObLIO BbI-
SIBJICHO B OTJIOXKeHMsIX OyxThl Kut Bo3pactom 790 +
+ 70 kan. . H. (Pasxkxuraesa u ap., 2016). JanHble
JIEHIPOXPOHOJIOrMYeckux uccienoBanuii B CeBep-
HOM TTojiyuiapuu 3acdukcupoBanu 50-JeTHUT mpo-
XJaaHbIN TIepuon B repBoii mojoBuHe XII B. (Wilson
et al., 2016). XoJomHBII 3IMM301, UMEBIIUI MECTO
okos10 1100 r., pukcupyercst 60JbIINM KOTUUYECTBOM
JIaHHBIX, B TOM 4ucJIie MHOOpMAIIME O MOABIIKKE
JIEMHUKOB, a TakKXe€ €BPONEHCKMMU U KUTAUCKUMU
xponukamu (Chu, 1973; Duan et al., 1981; Ogilvie,
1991). JInaToMOBBIII KOMILIEKC IaJIEOBOAOEMA CBU-
JIETEIbCTBYET 00 YMEHbIIEHMU BOIHOCTHU, 3apacTa-
HUU 1 OOMEJICHUU.

B nepuon 730—625 kait. J1. H. IPOUCXOAUT KPATKO-
BpPEMEHHOE YIy4YlIeHHEe KIUMATUYECKUX YCIOBUIA U
yBeJIMUeHNE JIECHOM pacTuTeapbHocTH. Ha 1mobGepe-
Kbe JOMUHUPYIOT T1yOOBO-IIMPOKOJIUCTBEHHBIE Jieca
¢ 6epesoit maypckoii. Bo3aMoXHO, B pe3yibTare yBe-
JINYCHUS YBJIAXXHEHUST TIPOUCXOIUT 3a00lauMBaHe
Y4aCTKOB BOJIM3U 0O3€pa, Ha KOTOPbIX Pa3BUBAIUCh
OCOKOBBIE accolann. B kutaiickux JieTonucsx Ha
npotskeHnn XIII B. oTMewaeTcss TeIUIbIii Kimmar
(Duan et al., 1981).

B nepuon 625—320 xaJt. J1. H. Ha TEPPUTOPUHU IOTO-
BocTouHOTro IIpuMOpbsI HacTymaeT ITOXOJIOJAHUE.
Ha mo6epexne 3ammBa Haxonka ymeHbIIaeTcs miio-
1Iaab JISCHOM PacTUTEIbHOCTU, PACIIPOCTPAHSIIOTCS
KeIpPOBO-AyOOBEIe jeca ¢ 6epe30il IMITOCKOIUCTHOM,
LIIMPOKO Pa3BUBAIOTCSI OCOKOBBIE accoLmaluu. Bon-
Hasl PaCTUTEIBbHOCTh ObLIa IIpeICTaBJIeHa PAECCTOM,
BOISIHBIM OPEXOM, YPYThIO, POTOJIMCTHUKOM. YBEIU-
qymrachk 3a00JI0YeHHOCTh Mo0epexbs o3epa. [TosBu-
JIUCh COOOIECTBA TUTPOPIIBHBIX BOOTHO-00I0THBIX
pacTeHUIi: BaXThl, TOplia 36 MHOBOIHOTO U My3bIpYaT-
Ku. B 370 BpeMsl yMEHBIIWICS PEYHOIl CTOK, U MPO-
JIOJDKMJIOCH 0OMeJIeHEe 03epa.

DTO MOXOJ0JAHUE COBIAAAET C MAaJIbIM JISTHUKO-
BbIM nepuoaoM (cepenrHa XIV B. — nepBasi HOJ0OBUHA
XIX B.). B mepuon XIV—XVII BB. B 10ro-BOCTOYHOM
ITpumopbe 3uMHUE TeMrepaTypbl ObLIM 3HAYUTEIHLHO
HIDKe, YeM B mocienytoniue 250 met. st 6acceiiHa
HYKHEro AMypa NOHUXKEHUE CPETHETOI0BOI TeMIIe-
paTypbl O CPaBHEHUIO C COBPEMEHHOM OLICHMBAETCS
B 1-1.2°C (bazapoBa u nap., 2014). B mexnypeube
Amypa 1 3er caMbIMHM XOJOOHBIMU OBLIM SITHA30IbI
okoJio 1400 u 1600 rr. H. 3.; cpeaIHErOAOBLIE TEMITE-
paTypbl ObLJIM HUXKE COBPEMEHHBIX TPUOIU3UTEIHHO
Ha 2°C (Knmmumenko u ap., 2000). ITo naHHBIM neH-
poxpoHosioruu 1jist CeBepHOTro TOJyIIapusi aHO-
MaJIbHO XOJOMHBLIM ObUI MHTepBal 1452—1471 rT. co
CHIXEHHMEM CpEeIHEr0I0BOoM TeMmepaTypbl Ha 0.96°C
(Wilson et al., 2016). B ddnonuu xononHas ¢dasa npu-
xoautcs Ha 1611—1650 rr. (Maejimi, Tagami, 1983).

Hauunas ¢ 320 xan. a1. H. KJIMMaTUYECKUE yCJIO-
BUSI IIOCTEIIEHHOE yiydlinaloTcs. B ropax yBennuuBa-
€TCs TJIONIab JIECHBIX MAaCCUBOB, B KOTOPBIX 0OJIb-
Ne 3
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lee ydyacThue NPUHUMAIOT IIMPOKOJUCTBEHHBIE U
XBOMHBIe mopoabl. Ha mobepexxbe mpeodagaroT ay-
0OBO-IIMPOKOJIUCTBEHHBIE Jieca ¢ 6bepe3amu. [1o Ge-
peram osepa yMeHblaeTcsl 3a00J104€HHOCTb, U CO-
KpalamTcd TUIOIAAU BJIaXHbIX JyroB. Okojo
210 xaJ1. JI. H. HaUMHAETCsI TIOBbIILIEHVE YPOBHSI 03epa.

B 1864 r. Ha moGepexne 3amuBa Haxomka (mo
1972 r. 3a1uB AMepuKa) ObLJI OCHOBaH ruaporpadu-
yeckuii moct. B 1907 . 3mech 3aponnnachk aepeBHS
AmepukaHka, a B 1930 1. e1ie HECKOJIbKO ITOCEIKOB.
AKTHBHOE OCBOeHUe odepexbs 3aiuBa Haxonka Ha-
yajioch B 1939 1. co cTpourenbcTBoM nopTa B Oyxte Ha-
xonka (Bmacos, 2008). B 1950 r. moc. Haxonka cra-
HOBUTCS ropogoM. Ha ypbaHU3npoBaHHOI TEpPUTO-
puM BO3pacTaeT CTENeHb peKpeallMOHHOM Harpy3Ku.
YMeHblImMIach ionaab J€COB U X BUOBOI COCTaB.
CoKpaTujoch y4acTue SICeHSI, Opexa MaHbYKyPCKOTO
U IpYyTUX LIUPOKOIUCTBEHHBIX. Ha MecTe cBeieHHBIX
JIyOHSIKOB OOIIIMPHBIE TTPOCTPAHCTBA 3aHUMAIOT IO-
pOCJIEBO-KYCTapHUKOBBIE M KYCTApHMKOBEIE 3apOC-
JIM ¢ TeINO(hUIBHBIM Pa3HOTPAaBbEM.

SAKJIIOYEHHME

Ha teppuropnu 1oxHoro ITpyuMopbsi BBIIENIEHO
5SmepuonoB noteruieHmii: 3240—2500, 1865—1650,
1330—840, 730—625 KaJ1. J1. H. U CO BTOPOi ITOJIOBUHBI
XVII B. mo HacTosi1Iee BpeMs; 4 riepuojia moxoaoaa-
Huii: 2500—1865, 1650—1330, 840—730 1 625—320 an.
JI. H.; 6 BIaxXHbIX tepuonos: 3240—2500, 1865—1650,
1480—1330, 1060—840, 730—625 xaJ1. JI. H. U ITOCJIEI-
Hue 280 jeT; 5 cyxux nepuogon: 2500—1865, 1650—
1480, 1330—1060, 840—730 1 625—210 KaJ. 1. H.

HauGonee termible KiImMMaTWdecKude YCJIOBUS 3a-
dukcuponanbl 3240—2500 xa. J1. H., HAMOOJIee XOI0/I-
Hble — 840—730 kat. J1. H. DKCnaHCus Kenpa KopeicKko-
ro U TEeMHOXBOWHBIX IOPOA MPOM3O0IIa BO BpeM:I
BTOpPO# (pa3bl cpemHecyOaTIaHTUIESCKOTO MTOX0JI0Ia-
Hus 1480—1330 kaJt. 1. H. 3HaYUTEJILHOE YBEJIMUEHUE
BJIASKHOCTH OTMEUYEHO B KOHIIE CPEIHEBEKOBOTO KII1-
MaTudeckoro onrumyma 1060—840 kan. . H. B mo-
ciaennue 150 et Haubojiee 3HAYMMBIE W3MEHEHMUS
JIaHAIIAa(TOB CBSI3aHBI C aHTPOIOTeHHOM TpaHCPOp-
Manueil B pe3yjbTare ypoaHu3aluu. YMEHBIIWINCH
TUIOIIAb JIECOB M UX BUIOBOIi COCTaB, HA MECTE CBE-
JIIEHHBIX TyOHSIKOB B HACTOSIIEe BpeMsl OOILIMpPHBIE
MIPOCTPAHCTBA 3aHMMAIOT ITOPOCIEBO-KYyCTapHUKO-
BbI€ U KYCTapPHUKOBBIC 3aPOCIIH.

O3epo I'nuoe nponwio 7 craguii pa3sutus. OKo-
Jio 3240 KaJ1. JI. H. cylIecTBOBajia MEJIKOBOIHAsI IOJTy-
OTKpHBITasl JIaTyHa IPU YPOBHE MOpS BBIIIE COBpeE-
MeHHoro Ha 1—1.5 m. IToxonoganue u yMeHbIIIEHUE
BJIAXKHOCTH oKoJjio 2500 KaJi. JI. H. mMpuBeJiu K 00pa3o-
BaHUIO CIa0OCOJICHOM ITOy3aKphITOi aryHbl. O6-
MeJieHue jaryHbl okojio 2000 xai. j. H. ObI10 00y-
CJIOBJIEHO MOHMWXXEHWEM YpPOBHSI MOpsi, a OKOHYa-
TEeJIbHO JIaryHa OTYWIEHWJIACh OT MOpPS OKOJIO
1450 xan. 1. H. Ilepexon naryHbel B MpecHOE 03epo
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npou3omena okojio 1080 ka. 1. H. B mepmon mmoxoiro-
manus 840—730 kai. 1. H. HaUMHaeTCsI oOMeJIeHUE
03epa, KOTopoe MPOI0IKAJIOCh U B MAJIBIN JISAHUKO-
Bl mepuon. Haumnas ¢ 210 kan. . H. oTMeJaeTcs
MOBBILIIEHUE YPOBHS 03€pa, CBIA3aHHOE C YMEPEHHBIM
MOTETUIEHUEM U TTOBBIIIEHUEM BIAXKHOCTH.

B otnoxenusix o3epa I'Huioe 3aukcupoBaHBI
cJIeIbl TPEX KaTacTpO(UUIECKUX COOBITUIT — BHICOKO-
OannpHOTO MmITOopMa okojo 3000 xaJr. JI. H. ¥ IABYX IIy-
Hamu okouto 2000 u 1560 kau. 1. H.

BJIIATOOJAPHOCTHA

ABTOpPBI BBIPAXAIOT NIYOOKYIO MPU3HATEIbHOCTh pe-
LIEH3eHTaM 3a MOoJIe3HbIE U TTPOAYKTUBHBIE KOMMEHTAPUH,
KOTOpbIE CMOCOOCTBOBAIM 3HAYUTEIBHOMY YIYYIIEHUIO
pykonucu, a takxe [1.E. TapacoBy (MHCTUTYT reosiornue-
CKMX HayK, CEKLMsI TTasieoHTooruu, CBOOOMHBIN YHUBEP-
cutet bepnuna, I'epmaHus) 3a MoMoIlb B MOJYYEeHUU
panuoymJIepONHBbIX JaT W 3a penakUuuilo pPYKOITUCH,
E.A. CeprymeBoit (MHCTUTYT HCTOpUH, apXEOJIOTUH U IT-
Horpadum HaponoB danbHero Boctoka [IBO PAH, Bna-
IMBOCTOK, Poccust) 3a kKaprogornyeckue onpeneaeHus.
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ENVIRONMENT DEVELOPMENT AND THE EVOLUTION
OF GNILOE LAKE (SOUTH-EASTERN PRIMORYE)
DURING THE LAST 3300 YEARS!

M. S. Lyashchevskaya“#, V. B. Bazarova®**, and T. R. Makarova*#*#
?Pacific Geographical Institute of the Far Eastern Branch of RAS, Viadivostok, Russia
#E-mail: lyshevskay @mail.ru
#* E_mail: bazarova@tigdvo.ru
##% E_mail: mctatiana@mail.ru

A continuous record of paleogeographic events in south-eastern Primorye has been reconstructed based on
the deposits of Gniloe Lake. The lake is located on the northern coast of Nakhodka Bay. Starting from
3240 cal. BP. 5 warming periods were identified: 3240—2500, 1865—1653, 1330—838, 733—624 cal. BP and
from the second half of the 17th century to the present; 4 periods of cooling: 2500—1865, 1653—1330, 838—
733 and 624—322 cal. BP; 6 wet periods: 3240—2500, 1865—1653, 1479—1330, 1056—838, 733—624 cal. BP
and last 280 years; 5 dry periods: 2500—1865, 1653—1479, 1330—1056, 838—733 and 624—210 cal. BP. Ac-
cording to palynological analysis, the expansion of Pinus koraiensis and dark coniferous species occurred
during the second phase of the Mid-Subatlantic cooling of 1479—1330 cal. BP. In the last 150 years, the most
significant changes have been associated with the anthropogenic transformation of landscapes as a result of
urbanization. The area of forests and their species composition have decreased. At present, shrubs have oc-
cupied areas of the deforested oak forests. Based on the results of diatom analysis, 7 stages of the development
of Gniloe Lake were identified. There was a shallow semi-open lagoon at a sea level 1—1.5 m higher than the
present day about 3240 cal. BP. Cooling and decrease in humidity about 2500 cal. BP led to the formation of
a slightly saline semi-enclosed lagoon. Shallowing of the lagoon about 2000 cal. BP was due to a decrease in
sea level. Finally, the lagoon separated from the sea about 1450 cal. BP. The transformation of the lagoon into
a fresh lake occurred around 1080 cal. BP. During the period of cooling 840—733 cal. BP the shallowing of
the lake began, which continued in the Little Ice Age. The increase of the lake level associated with moderate
warming and an increase in humidity began at 210 cal. BP. Traces of three catastrophic events were recorded
in the sediments of Gniloe Lake — a high-intensity storm about 3000 cal. BP and 2 tsunamis around 2000 and
1560 cal. BP.

Keywords: lacustrine deposits, diatoms, pollen, radiocarbon dating, natural and climatic changes, south-east-
ern Primorye
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Omnosi3HEBBIE TTPOLIECChl OEPETOB KPUOJIUTO30HBI 3aHUMAIOT 0CO00€ MECTO B U3YYEHUU U MOHUTOPUHIE
MPOIIECCOB B YCJIIOBUSIX BEYHOM MEp3JI0THI MO BAUSIHUEM U3MEHEHMs KirMMaTa, OMHaKO MOPdOJIOruu 1
KOJIMYECTBEHHBIM XapaKTEpPHUCTUKAM OTIOJI3HEH ylesieHO He TaK MHOTO BHUMaHus. Llenbio paboThl sSiBU-
JIOCh M3yYeHHe KOJUYECTBEHHBIX 3aKOHOMEPHOCTEell abpa3MOHHBIX OeperoB ¢ pa3BUTHEM OIMOJ3HEBBIX
MPOLIECCOB MOGEPEXKbS KPUOJUTO30HbI, MIPEXKIE BCETO, HA KOHTAKTe C MPUJIETaolleil Bomopa3neIbHOM o~
BEepXHOCTBI0. MI3ydueHue MpoBeaeHO Ha OCHOBE AeIMMPUPOBAHNS MATEPUATIOB KOCMUYECKOM CheMKH BBICO-
KOTO pa3pelleHUs] Ha TpUMepe TATU YIaCTKOB 6eperoBoii TuHUM 1moiayoctpoBoB Kanun u Aman. Mccneno-
BaHUE OBLIO COCPENOTOUYEHO Ha MOP(MOIIOrMUECKX OCOOSHHOCTSIX BEpXHE YaCTH OMOJ3HEN, Ha rpaHuUlIe C
Mnpuieralleil BomopasneibHOI TToBEepXHOCThIO. [paHuIia TipencTasisier coboil coueTaHue MTyrooOpasHbIX
9JIEMEHTOB, TaKKe MECTaMU Ha CKJIOHEe HaOII0aIoTCs Iyroo0pa3Hble OCTAaTOYHbIE YYaCTKU BOJOPa3aeib-
HOIi TTOBEPXHOCTH, OTBEYAIOIIIME PA3JINUYHbBIM CTanusIM ortozaHus. [1o cHuMKaM aHanu3upoBaiach 6epe-
roBast JIMHUS U OTpeNessIICh TaKre XapaKTePUCTUKM OTOJI3HEN, CBSI3aHHbIE, MPEXIe BCero, ¢ Gu3nKo-
MeXaHMYEeCKMMM XapaKTepUCTUKAMM OTJIOKEHUI, KaK IJIMHA AT, (DOPMUPYIOIIUX TPAHUILY, IJTUHA XOPI
IIyT, CTPEJIKU YT, CPEIHUE PATNYChl KPUBU3HBI, LIEHTPAIbHbIE YIJIbI AYT, YTl OPUEHTUPOBKM XOPII 1O OT-
HOUIEHUIO K BEKTOPY OOIIEro MPOCTUPAHMsI COOTBETCTBYIOIIETO yyacTKa 6eperoBoii mHuu. YacTh Xxapak-
TEPUCTUK ObLJIa TTOIy4YeHa MPU IeIMOPUPOBAHNM MIPSIMBIM U3MEPEHNEM, APYyras YacThb — BbIYHCIECHUEM.
Ananus oxBatui 30 BBIOOpoK 06beMoM 103—183 snemeHTa. Ctaructudeckasi oopaboTKa ¢ UCIIOJIb30BaHU-
eM KpuTepus cortacus I[TupcoHa nmoxkasaja, 4To Ha MOAABIISIONIEM OOJIBITMHCTBE YYaCTKOB pacripeaese-
HY€ pa3MepOB IIyT BEpXHEl rpaHUIIbI OIOJI3HE, XOpI, CTPEJIOK IYT U PAIMyCOB KPUBU3HBI, a TAKXKE LIEH-
TPaJIbHBIX YTJIOB OTBEYAET IOTHOPMAILHOMY pacrpeaeieHno. OprMeHTUPOBKa XOPJ, IO OTHOIIEHMIO K TTPO-
CTMpPaHUIO yYacTKa MOAUYMHSIETCSI HOpMaJIbHOMY pacrpeeeHU0. 3HaYeHUs TapaMeTpoB paclipenesieHUi
HCCIIENOBAHHBIX KOJMYECTBEHHBIX XapaKTEPUCTUK MOPDOIIOrMIECKIX OCOOEHHOCTE OMOJI3HE OTInYa-
IOTCSI M 3aBUCST OT (pU3MKO-reorpauuecKux u MHKEHEPHO-TEOKPUOJOTUUECKUX YCIOBUI KOHKPETHBIX
yyacTKoB. OTHUM 13 HaMpaBJIeHUI NCTIOJIb30BaHMS ITOJYYEHHBIX PE3YJbTaTOB MOXKET OBITh O0Jiee COBep-
LIEHHOE MOJEJIMPOBaHKeE Mpoliecca OTCTyNaHusl Oeperos.

Karoueswie crosa: mateMatuueckasi MOpGOJIOrusi, MHOIOJIETHEMEP3JIble TTOPOIbI, OMOJI3HEBbIC IIPOLIECCHI,
nemprupoBaHue KOCMUYECKUX CHUMKOB
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MoJjiydyeHa 3aKOHOMEPHOCTb, YTO OTCTYyIalolue Oe-
pera pacIioJIoKeHBI Ha 3allaiHbIX T00ePeKbsIX, a Ha-
pacraroliue — Ha BOCTOYHBIX. B psine uccienoBaHmii
MOKa3aHo, YTO MPOCIEXKUBAETCS CBSI3b aKTUBU3AIIUU
IPOLIECCOB C MOTeIUIeHMEeM KinuMmaTa (XoMyTOB U 1Ip.,
2015), Tak, mmocyie aHOMaJbHO TEIUIOTO BECEHHE-JICT-
Hero ce3oHa 2012 1. Ha LIEHTpaJIbHOM S Majie IIpounso0-
IIJIO OTTaMBaHUE BEPXHEU 4YacTu CUJIbHOJIBAWUCTBIX
MHOTOJIETHEMEP3JIBIX TTOPO/I U TIACTOBBIX JIBAOB, UTO
CITPOBOLIMPOBAJIO CXOJ, KPUOTEHHBIX OMOJI3HEN Teye-
HUS U JajibHeiilee pa3BuTue TepMoLIMpKOB. [Toyye-
Hbl KQUeCTBEHHbIC U KOJIMUYECTBEHHbIC XapaKTepUCTU-
KW M3MEHUYMBOCTY TMHAMUKU O6eperoB Mof BIAUSIHUEM
U3MEHEHMS] KJIMMaTa M TEXHOIeHHbIX HapylIeHUN
(AnekcrotuHa u ap., 2020). bbuiu onpeaeaeHbl KOJIu-
YEeCTBEHHBbIE TapaMeTpbl OoTcTynaHusi 6eperos JIsi-
XOBCKHX 0-BOB 3a 50 JieT, IIpoBeicHA TUITU3allus pa3-
pyurenuii 6eperos (ITmxankosa, Jo6peiHuHa 2010;
ITmxankoBa 2011), aBTopamMu OBLIO YCTAHOBJIEHO, YTO
CKOPOCTU OTCTYIIAHUSI MOTYT OOCTUTAThb 2.5 M/Tof.
A.B. HoBukoBoii (2022) 6bL1M yCTaHOBIEHBI MaKCH-
MaJIbHbIE CPEIHEMHOIOJIETHHUE CKOPOCTU OTCTyMa-
HUs1 6eperoB Ha o-Be benwrit (1.9 M/ron) u 6eperos
Baitnapanukoii ryosl (1.2 M/roa) v BbisIBJeHA TEHICH -
1IMS K YCWIEHUIO TepMOaOpa3sMOHHbBIX MPOILIECCOB C
2000-x rr. MakcumalibHble CKOPOCTU OTCTYyIaHUs
HaOI0JaJIMCh Ha OEPeroBbIX ydyacTKax, CJOXKEHHBIX
BBICOKOJILAUCTBIMU CYTJIMHUCTBIMU OTJIOXEHUSIMU C
BBIXOJIAMU TIOA3EMHBIX JIbIOB M IIOJABEPraloIIXCs
WHTEHCUBHOMY Bo3neiicTBUIo Tepmoadpasuu (bemno-
Ba u ap., 2017). A.A. MacnakoBbiM (2019) BhIsIBIIEH
POCT CKOpOCTeii OTCTyInaHust 6eperos 10 4.2 M/roj 3a
rnocjiefHee NecsiTuieTue B permoHax bepuHrora u
Yykorckoro mopeii. Ha o-Be YiiakoBa cKOpoCTh OT-
CTyIaHus 6eperoB Bo3pocJa 1o 27.8 M/rom, Tuioiaab
octpoBa yMeHblniach Ha 230 ra/ron (PomaHeHko
u ap., 2021). M3yuanucek pacnpenencHUsI TEPMOLIMP-
KOB MO 3KCIMO3UIIMU CKJIOHOB Ha IT-oBax Aman u ['bl-
nmanckuii (HecrepoBa u ap., 2021); ObLIO ITOKAa3aHO C
OIIHOI CTOPOHBI HeCyYaiiHOE pacripeaeeHue MoJjio-
>K€HUSI TEPMOLIMPKOB MO CKJIOHAM Pa3HOM 3KCIO3M-
LIMU, HO TIPU 3TOM OTCYTCTBUE OITHOM SIBHO TOMUHU-
pyIollIeil SKCMO3ULIMU. YCTAaHOBJIEHbI CKOPOCTU OT-
crynaHus TepMounpkoB FOropckoro m-oa (JIeitoman
u ap., 2021) u cBSI3b MX OTCTYHAHUS C KIIMMATOM
(Leibman et al., 2021). B Tom 4yuncie Obl1a BEISIBICHA
HU3Kasi KOPPEeJSILUS MEXIY CKOPOCTBIO OTCTYITaHUS
KaXXJI0TO TepMOLIMpPKa C JIETHEel TeMIlepaTypoit BO3-
Jlyxa, ocajKaMy 1 BOJIHOBOI aKTMBHOCTBIO. B 11e710M
171st FOropckoro 1m-oBa akTUBHOCTb TEPMOICHYAALIUU
YMEHBIIIAETCS] BO BpEMEHU C TIPENbIAYIIETro AecsTHIe-
s (2001—2010 rr.) k cnenyromemy (2010—2020 rr.) u
ot 2010 x 2020 1., XOTSI TpEHI JICTHETO Teljla PE3KO
BO3pacTaeT B TOM Xe HalpaBJIeHUU.

®. ToHTep u coast. (Giinther, 2013) npoBeny Mo-
HUTOPUHT HECKOJIBKUX KIIIOYEBBIX YIACTKOB Oepera
nnuHoit 70—90 kM B mope JlanteBbix. CpaBHUBAJIUCH
pa3sHOBpeMeHHBIe HAG0PHI OPTOTpaHC(HOPMUPOBAH-
HBIX CITyTHUKOBBIX CHUMKOB ¢ 1965 1o 2011 1., 1 ObI-
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JIa IpoaHaIM3MpOBaHa TePMOIEHYIAIIMS BIOJIb BEp-
IIMHBI OOpbIBa U TepMOadpa3usl BAOJb THA OOpbIBa.
HopMmanu3oBaHHBINM pa3HOCTHBIA TEPMO3PO3MOH-
Hb1ii uaaekc (NDTI) ucnonp3oBancs B KauecTBe IMO-
Kaszaresisl JJIsI KaueCTBEHHOro OIMCAHUSI OTHOCU-
TEJILHBIX IOJIC TepMOIACHyAallUM U TepMoadpa3uu.
DTOT mapaMeTp MO3BOJSIET YIUTHIBAaTh PaBHOBECHE
MEXIy TepMOaOpa3sOHHBIMU U TePMOACHYIAIIMOH -
HBIMU IIPOLIECCAMM, HO OH UMEET OIpeae/ICHHbIC He-
JIOCTaTKH, KOTOpbIE OTMeYaeT aBTop. bbuTo mokasa-
HO, YTO CpEIHETroJ0Basi CKOPOCTb OTCTYITaHUsS Ha
BCEX TpeX y4acTKaxX B MOCJEeIHNE TOIbl ObLia OOJIbIIIe
5.3 M/rom, 3TO CyIIeCTBEHHO BBIIIIE, YEM B CPEIHEM
3a MHOTOJIeTHMI Tiepuon 2.2 M/Ton. CXOMHBIM METO-
JIOM OBLIM U3MEPEHBI CKOPOCTH OTCTYNaHMs Oepera
Ha o-Be KonryeB (Kusskos u ap., 2013). Beutu mory-
YeHbI OJIM3KHE CKOPOCTU OTCTYMaHust — 2—3 M/Tof B
cpemHeM M 10 14 M/Ton MaKCHUMAaJIbHO.

IIpu uccnenoBanuu 6eperoBoit 3o0Hbl Kapckoro
MODSI BblIEJIEHbl OCHOBHbBIE MOP(OTreHETUUECKUE TH -
bl 6eperoB, IMpeoOJIATAIOIIUMU SBIISTIOTCSI TEPMO-
aOpa3uoHHbIe, JaliIoBble, JaryHHbIE U aKKyMYyJIsi-
tuBHble (HoBukoBa, Oropomos, 2021). M3ydyenue
BJIUSIHUSI MOPCKUX JIBIOB HA TUHAMUKY peibeda Oe-
peroBoii 30HEI (Oroponos, 2011) moka3pIBacT, 4TO B
apKTUUYEeCKNX OacceitHaXx Hambojiee WHTEHCHUBHBIC
BO3JCUCTBUSI MOPCKUX JIbAOB (DMKCUPYIOTCS B MPU-
OpeXHO-111eTb(hOBOM 30HE MOPENA, MOABEPTAOLINXCS
HAITOpOM MHOTOJIETHUX Ipendyomux abpaoB. Pe-
3y/JIbTaThl MHOTOJIETHUX HAOIIOAEHUI TUHAMUKY 3a-
nagHoro oepera SImana (Bacunbses u ap., 2001) ycra-
HOBWJIM, YTO ISl Mpoliecca pa3pyllieHUus MOPCKUX
OeperoB xapaKTepHa BHYTPUBEKOBas IUKJINYHOCTD C
MPOAOJKUTENBHOCTbIO OAHOTO IuKiaa B 20 JerT,
MPENNOI0XUTEIbHO CBSI3aHHAsI C OCOOEHHOCTSIMU
aTMochepHON HUPKYISILINY 1 OKeaHUUEeCKOI TUAPO-
nuHaMuku. C.A. OroponoB M rpyrmna ucciaeaoBaTe-
neii (Oroponos u np., 2014) na npumepe I[ledopckoro
u Kapckoro mopeit BBISIBUJIM HETraTUBHBIC TMOCHE-
CTBUSI TEXHOTEHHOTO BJIMSIHUS Ha abpa3uio 6eperos,
CKOpPOCTb OTCTyNaHusl OEperoB Mol BO3JAEUCTBHEM
JIOKQJIbHBIX HApYIIEeHW T MOXET yBEeJIMUMBAThCS B 1BA
WJIW TPpU pasa.

BoirmonrHeH 1enblii  psAn IMMPOKOMACIITAOHBIX
obo6maomux ucciaegoBanuii. AWM. KussgkoB u
M.O. Jleitobman (2016) mpoBenu 0030p UCcaeAOBa-
HUII KpHOreHHBIX IpoieccoB 3a 2010—2015 rr. Co-
3gaHa 0a3a JIMTepaTypHBIX M apXWBHBIX TaHHBIX 00
orctynanuu 6eperos B XX 1 XXI BB. (borarosa u np.,
2021). I'pynmoii aBTOpOB pa3paboTaH “DIIEKTPOH-
HBII aTiIac aOpa3srmoHHON U JIeIOBO-3K3apallMOHHOMN
OIaCHOCTU MpUOpekHO-1IeIbdOBOI 30HK Poccuii-
ckoit Apktuku” (Oropomos u ap., 2020), B KOTopoM
JIaeTcsd Kak obmrasg mHpopMaus o MexaHU3Max OT-
CTyIaHUsI 6eperoB, TakK U pe3yJibTaTbl perMOHATbHBIX
U3MEPEHUIA.

B uenom PasiiMdYHbIMM HCCJIEOOBATCIIAAMUN [93mi
BBITIOJTHEHBI 3HAYUTCJIbHbBIC LHHUKIIbI U3YYECHUSA MOP-
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Puc. 1. Kapra pacrosioxeHust KIIOUEeBbIX y4aCTKOB.
Fig. 1. Location map of key sites.

CKMX OeperoB KPUOJUTO30HBI, PA3BUTHIX HA HUX TEP-
MOLIMPKOB 1 KOMIUIEKCOB JI€HYJAIIMOHHBIX ITPOLEC-
coB. OmHaKO OONBIIMHCTBO PabOT CBSI3aHO JIMOO C
MOHHWTOPHWHTOM IIpoIlecca OTCTyIaHus O0epera, 1Moo
C U3MEpeHMEeM CKOPOCTE OTCTyaHus 6epera, 0o
C U3y4ECHUEM MEXaHU3MOB OTCTYIIAaHUS U UX CBSI3€ C
TCOKPHOJOTUISCKUMH WIN KINMAaTUIeCKUMHU (ak-
TopaMu. TakuMm oOpa3oM, MoaaBJsitoniee 00IbIINH-
CTBO MCCJIEOOBAHMUI IIOCBSIIIIEHO OIIOJI3HEBBIM IIPO-
1eccaM U pa3BUTHUIO TEPMOLIMPKOB B KOHTEKCTE U3Y-
YeHUsI CKOPOCTU M (POPM OTCTyIaHusl OeperoB, u,
COOTBETCTBEHHO, B paboTax M3y4aJIMCh IIPOTSKEH-
HOCTB OITOJI3HEH 1 TEPMOIIMPKOB M €€ M3MCHEHUS B
HamnpaBJICHMU, NEPIICHIUKYISIPHOM OeperoBoil JIv-
Huu. I[1py 5ToM HemoCTaTOYHO BHUMAHUS YIEISLIOCh
JIPYTUM OCOOEHHOCTSIM MOP(hOJIOTMIEeCKOro CTpOe-
HUSI OIIOJI3HEH, IIpeXIe BCEro KOJIUYECTBEHHBIM
OCOOEHHOCTSIM, U IIPUCYIIM UM 3aKOHOMEPHOCTSIM.

Kpome Toro, Hago0 OTMETUTh, YTO YaCTh UCCIIENO-
BaTeJsieil Mo 0ObEKTUBHBIM MPUUYMHAM UCITOJb30BAIU
IIJIST MOHUTOPUHTA TTPOLIECCOB OTCTYIaHUSI KOCMUYE-
CKMe CHHMMKHU HU3KOTO MPOCTPAHCTBEHHOIO pa3pe-
meHus (10—30 M/MuKC), KOTOpbIe TTO3BOJISIIOT yCTa-
HOBUTH BETUWINHBI U3MEHEHMsI O€peToBOM JIMHUN Ha
IUTATEIbHOM UHTEPBaJIe, HO HE TTIO3BOJISIIOT CyIUTh O
TUIAHOBOM M BBICOTHOM MOP(MOJOTUU CaMUX TePMO-
TN PKOB.

Ilenpio HacTrosileil paboOThl SIBUWIOCH U3yYEeHUE
KOJIMYECTBEHHBIX 3aKOHOMEPHOCTE CTpoeHMs ab-
Pa3sMOHHBIX OEperoB KPHMOJMTO30HBI C Pa3BUTHEM
OTTOJI3HEBBIX MPOLIECCOB, MPEXIE BCETO, HA KOHTaKTe
¢ TpuiIeraromieii BomopasmelbHON MOBEPXHOCTHIO,
T.€. Ha OpPOBKe OEPEroBOTO YCTYIIA.
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HccrenoBanue GbIIO TIPOBEIEHO Ha TIpUMeEpe He-
CKOJIbKMX YYaCTKOB aOpa3sMOHHBIX O€peroB KpUOJIUTO-
30HBI C pa3BUTHEM OITOJI3HEBBIX ITPOLIECCOB Ha Mobepe-
Xbs1x 11-oBoB KanuH u SIman (puc. 1). AOpa3noHHBIE
Oepera ¢ pa3BUTHEM OITOJI3HEBBIX MPOIIECCOB TPem-
CTaBJISIIOT cOOO0it coueTaHue (hParMeHTOB OIMOI3HEBbBIX
TEJI pa3HOTO BO3pacTa C HaJIMIMEeM OOPBIBUCTOTO
yJacTKa ¢ MpoTeKaHWeM MHTEHCUBHBIX TepMoabpa-
3UOHHBIX U TEPMOJEHYIAIIMOHHBIX MPOILIECCOB, KaK
paBwiIoO, ¢ POPMUPOBAHUEM TEPMOITMPKOB TOM MIITH
nHOI Mopdosiornu. MectaMu Ha CKJIOHE HabJroaa-
I0TCSI IyTOOOpa3Hble OCTATOUHbIE YYaCTKU BOAOpa3-
IEeTLHON TTOBEPXHOCTH, OTBEYAIOIINe pPa3IMIHBIM
cTamusM oroyi3aHus. TUIIUYHBINA BUJ TpeacTaBieH
Ha puc. 2.

MeToauka McclienoBaHUiA BKIIOYana ciaeayolye
OCHOBHBIE DJIEMEHTHI:

° BI:I60p KITIOYEBbIX YHaCTKOB U ITOJIYYCHHUE MaTEC-
puajioB KOCMHUYECKOM ChEMKHU BTUX Y4aCTKOB,;

* nemmprupoBaHNUE U U3MEPEHUE MUCXOTHBIX Xa-
pPaKTepUCTUK MOP(OIIOTUIECKOIO CTPOCHUSI OMO3-
Hel 1o MatepuajaM KOCMUYECKOM ChEMKU BbICOKO-
ro pa3pelleHNs;

* ompelecHUE pacueTHBIX XapaKTepUCTUK MOP-
(OIOTMYECKOrO CTPOSHUSI OITOJI3HEIA;

* cTaTHUCTHYECKasT oOpaboTKa MOJYYCHHBIX Xa-
PaKTepUCTUK MOP(OIOrMYEeCKOro CTPOSCHUS OMOJI3-
Helt;

* aHaJIM3 ITOJIyYCHHBIX PE3YIbTaTOB.

Bribop KimoueBBIX y4acTKOB OBbLI BBIIIOJHEH Ha
OCHOBeE TpeOOBaHMIT OTHOCUTEIBbHO Mopdoornye-
Ne 3
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Puc. 2. ®parMeHTbl M300pakeHU KITIOYEBbIX YYaCTKOB MO MaTepraiaM KocMuiyeckux cbeMok: (a) — KNS -1, (6) — KNS -2,

(B) — KNS -3, (r) — KNS-4, (1) — YML-1.

Fig. 2. Fragments of images of key sites on space imagery materials: (a) — KNS-1 site, (6) — KNS-2 site, (B) — KNS-3 site, (r) —

KNS-4site, (1) — YML-1 site.

CKOM OIHOPOAHOCTU y4acTKa U OTHOPOTHOCTU (DU~
3UKO-TeorpaduiecKux, Mpexiae BCero, reojaoro-reo-
Mopdoorudeckux ycjaosuii. Mopdonoruueckas
OIHOPOTHOCTh AHAJIM3UPOBAIACH HA OCHOBE MaTepHa-
JIOB KOCMUYECKOI CheMKH BBICOKOTO pa3pellIeHUs], 1
OHa oIpeesisiach HA OCHOBAaHUM OTHOTUITHOCTH CO-
YeTaHUI BJIEMEHTOB U300paKeHMSI, OTPAXKAIOIIUX OfI-
HOTUIMTHOCTh MOP(OJIOTUYECKOTO CTPOCHUSI pac-
cMaTpuBaeMoro ydyactka. OIHOPOAHOCTb TIe0JI0ro-
reoMop@OIOrnIecKMX YCIOBUM aHAM3UPOBaiach
Ha 0a3e MaTepuajoB rocyJapCTBEHHOI reojioruye-
CKOI CheMKH, a TAKXKE C UCIIOJIb30BaHMEM KOCMUYE-
CKUX CHUMKOB. B nTOre 6bLIO BEIOPAHO MSATh yUacT-
KOB OOIIEH MPOTSKEHHOCTHIO 42.5 KM, UMCIOIINX B
LeJIoM IIpSIMOJIMHEiHOe npoctupaHue (puc. 1); 6o-
Jiee IeTaJbHas XapaKTepUCTUKA yIaCTKOB ITpUBeIeHA
B Taod. 1.

Ha xaxxap1ii yaacTOK ObUIM ITOTyYeHbI MaTepUaibl
KOCMUYECKOM ChEMKM BBICOKOTO pa3pelleHUs, J0-
CTyIIHBIC Uepe3 KapTorpadguueckue cepBucel Google,
Esri. bosiee monpo0OHast xapakTepruCTUKa MaTepUaJIOB
MpuBencHa B Ta0I. 2.

DdparMeHThl N300paKEHUI KIIIOYEBBIX yYaCTKOB
Ha MaTepuajgax KOCMUUEeCKUX CheMOK MPUBEASHBI Ha
puc. 2.

HMccnenoBaHue, Kak yXe YNOMUWHAJIOCh BBIIIIE,
ObLIIO COCPENOTOYEHO Ha MOPMOIOrMYECKUX OCO-
OEHHOCTSIX BEpXHEM 4acTU OITOJI3HEI Ha T'paHMIIC C
npujeramplleid BOJOpa3aedbHON ITOBEPXHOCTbHIO —

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

OpoBKe 0eperoBoro ycryma. 9To ObLIO CASIaHO B CH-
JIy MEHbIIIell UCCIeNOBAHHOCTU JTaHHBIX OCOOEHHO-
cTeit B Oojiee paHHUX HCCAeAOBaHUSIX (B HMX, KakK
BUIHO M3 BBIMOJHEHHOM XapaKTePHCTUKH COBpE-
MEHHOTO COCTOSIHUSI MCCJIeNOBAaHUI, W3YyYEHMUIO,
pexe BCero, moiBeprajuch nornepeyHblie K 0epero-
BOI JIMHUY 1 MAICHUIO CKJIOHA pa3MephI OTIOI3HEN 1
CKJIOHA B 11€JIOM), a TAK3KE B CBSI3U C OOJIBIIIEH YeTKO-
CTbIO U KOHTPACTHOCTBIO UMEHHO 3TUX OCOOEHHO-
cTeil Ha MaTepuragaX KOCMUYECKOM CheMKH, UYTO TT03-
BOJIWJIO OOECIIEYUTh JOCTATOYHYIO TOUYHOCTH Jie-
muGpUpoOBaHUSL.

CrhenyomuyM 1IaroM ObLIO JeludprupoBaHUe
TPaHULBI OIOJI3HEN ¢ IpUIIETaloNleii Bomopasaelib-
HOI TTOBEpPXHOCTBIO, OoTAeHIn(pprupoBaHHas OpoBKa
0eperoBoOro ycTymna rnpeacTaBisijia codoit cuctemy ay-
rooOpa3HbBIX 3JeMeHTOB. Jlajee IUISI BBHIIIOJTHEHUS
aHajn3a OBLIM IMPOBEIECHbI XOPAbl AYT U BbIIEICHBI
CETMEHTHI, 3aKJIIOYCHHbBIE MEXKIY AyTaMU U XOpHAaAMU,
a TakKe TMMOCTPOEHBI BEKTOPhI OOIIEro MPOCTUPAHUS
y4yacTKa, COeIUHSIONIE HAYAJIO TIEPBOil IyTU U KO-
Hell TIoCJIeAHE TSl KaXKaoro yyacTka. Takum oopa-
30M, UICXOTHBIMU U3MEPSIEMBIMU XapaKTePUCTUKAMU
OBLTU TIPUHSITHI:

* IJTWHBI XOPI;

* OPUEHTUPOBKA XOP/I;
* MJIOLIAAN CETMEHTOB;
* IJIAHBI AYT.
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Taomuna 1. Kparkasi xapakTeprucTHUKa YCJIOBUI KIIFOYEBBIX YUaCTKOB
Table 1. Description of the conditions of key sites

YyacTok

MecTormonoxeHue

CpenHerogoBast
TeMmrl. ropoxn, °C

MoutHocTh
MMII, m

XapakTepucTrKa y9acTKOB

KNS-1

KNS-2

KNS-3

KNS-4

Kanun MbIC

KaHuH MbIC

KaHuH MbICc

Kanun MbICc

0.5...-2

0.5...—2

0-50

0—100

0—100

0-50

VY4acToK cJI0KeH IPUMEPHO B PABHBIX JOJISIX MOPCKUMHU 1
JIEAHUKOBBIMU OTJIOXKEHUSIMU. MOpCKIE OTI0XEHUSI BTO-
poii Teppachl: MECKU C IPOCIOSIMHU AJIEBPUTOB, IIUH (10
4.8 M). JleTHUKOBBIE OTJIOXKEHUS: TUaMUKTOHHI (0 20 M),
TMECKU, aJIeBPUTHI C IPECBOI U 1IeOHEeM / AJUTIOBHAIbHBIE
OTJIOXKEHUS TIEPBBIX HAAMOMMEHHBIX TEpPAC U ITONM: Iep-
BbIE Teppachl — raJIedHUKU, ITECKU; TIOMMBI — MIECKH,
aJIeBPUTHI, TJIMHEI (10 2 M).

IIpepbIBUCTOE paCIONOXEHNE MEP3IBIX ITOPOJ, ITOJIyIIe-
PEXOMHBIN TUIT CE30HHOTO IMPOMEP3aHUs U OTTAUBAHUS
(—1...=2).

OxoJ10 70% y4yacTKa CJIOXEHO HepacyleHEHHBIMU MOp-
CKUMU oTyioKeHUsiMU. OHU TIpeacTaBIeHbI KaK MPUOpexk-
HBIMU TIeCKaMU, TPaBUITHO-TaJIEUHBIMU OTJIOKEHUSIMU,
BaJIlyHHO-TaJIeUHBIMU OTJIOXKEHUSIMU, TaK 1 OoJiee riiybo-
KOBOJIHBIMU TTMHAMU. MOIITHOCTD TOJIINA OOBIYHO HE
npeBbiaet 15 M. [TepekpbITbl 03€pHO-JIETHUKOBBIMU
OTJIOXKEHUSIMU BTOpO#i ctyreHu. [loncTunatoTcs JenHu-
KOBBIMU 00pa30BaHUSIMU CpeHero 3BeHa. OTIOXeHUS
coJiepKaT XapakKTepHYIO IS 00pealbHbIX OTI0XEHU I
dayny — Helcion pellucidum, Gibbula tumida, Rissoa
membranacea, Spisula elliptica u Panomya arctica.
JlenHUKOBBIE OTJIOXEHUSI 00PA3YIOT MPEPHIBUCTHI MajIo-
MOIIHBII YeXO0J cyleceil, CyINIMHKOB C BAJIyHAMU, TaJlb-
Koii. YacTMYHO MepeKpbIThl HEpacuJeHEHHbIMU
BEPXHEHEOIJICCTOLICH-TOJIOLIEHOBBIMY U TOJIOLICHOBBIMU
OTJIOXKEHUSIMU, TTOJICTUIAIOTCS OTJIOKEHUSIMUA BTOPO
CTYIIEHM, B pailoHe Kpsizka — TOYETBEPTUUYHBIMU 00pa3o-
BaHUsIMU. MomTHOCTB 110 50 M.

MaccuBHO-OCTPOBHOE PACITOJIOXKEHNE MEP3JTBIX TIOPO]I,
TMePEXOMHBIN TUI CE30HHOTO ITPOMep3aHUsI K OTTauBaHUST
(—1...—1).

Y4acToK CJIOXEH JISTHUKOBBIMU OTJIOXKEHUSIMU, KOTOPBIE
00pas3yloT NPepbIBUCTBIN MaJIOMOIIHBIN YeXO0JI cyneceid,
CYIJIMHKOB C BaJIyHaMM, TaJIbKOil. YaCTUYHO TepeKPHITHI
HepacwIEHEHHBIMU BEepXHEHEOIUIEHCTOLEH-TOJI0LIEHO-
BBIMU U1 TOJIOLIEHOBBIMU OTJIOKEHUSIMU, ITOICTUIIAIOTCS
OTJIOKEHUSIMU BTOPOM CTYIIEHM, B paliOHE KpsiKa —
JIOYEeTBEPTUYHBIMU 00pa3oBaHUSIMU. MolIHOCTB 10 50 M.
MaccuBHO-OCTPOBHOE PACITOJIOKEHUE MEP3JIbIX TOPO]I,
ﬂepeXOﬂHblﬁ THUIT CE30OHHOTI'O INTPpOMEP3aHUA U OTTaBaHUA
(—1...—1).

Ha 90% cnokeH aJuTtoBUaTbHO-MOPCKUMM OTIIOXEHW -
SIMM: TIECKH, WIIBI (10 5 M).

AJLTIOBHATBbHBIC OTJIOKEHUS TIEPBhIX HAATIOMMEHHBIX TEP-
pac 1 MoiiMm: nepBbie Teppachl — rajleYHUKHU, ITECKU;
MOMMBI — MECKU, aJIeBPUTHI, IJIMHEI (10 2 M).
IIpepbIBUCTOE PACIONOXEHNE MEP3JIbIX ITOPO, TTOJIyIIe-
PEXOIHBIN TUIT CE30HHOTO ITPOMEpP3aHUs U OTTAUBAHUS
(—=1...=2).

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA
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CpenHeronoBasi | MomniHoOCTb
VYyactok |MecromnosioxeHue o XapakTepuCcTHUKa Y4aCTKOB
temr. ropoxn, °C | MMII, m
YML1 |n-oB fman —7..=9 200—-300 | YyacTok pacmosoxXeH Ha IepBOii Teppace, CJI0XKEH MOP-

CKMMU 1 03€PHO-aJTIOBUAJIBHBIMU OTJIOKEeHUSIMU. J1J1s1
03€pHO-AJUTIOBUAJIBHBIX OTJIOXKEHUI XapaKTepeH ajleBpU-
TOBO-MEJIKO-TOHKOIECYaHbIi COCTaB, MECTAMU C Tay-
KaMU TOHKOCJIOUCTBIX aJIEBPOTJIVH.

Mopckue otnoxeHus nepsoii reppacst (m;I11-1V) Bepx-
HEHEOTUIEeCTOLIEH-TOJIOLIEHOBOTO BO3pacTa MpeacTaB-
JIEHBI XeJITO-OYypbIMU TTECKaMU, MEJIKO- U
CPEIHE3EPHUCTBIMU C IPUMECHIO TPABUSI U TATBKU C ITPO-
CJIOSIMU CYTJIMHKOB U TJIMH.

CrnyomrHoe pacnpoctpaHeHrne MMIT, ycToituynBbIil TUIT
CE30HHOTI0 MpoMep3aHus 1 orTauBaHusd (—5...—10).

Tabauna 2. XapakTepuCcTHKAa UCITOJIb30BAaHHOM CITYyTHUKOBOI CheMKU

Table 2. Characteristics of the used satellite imagery

XapakTepuCcTUKa CheMKU
Yuacrok [IpoTsKeHHOCTD, KM
CIYTHUK nara paspeleHue, M/TMKC

KNS-1 10.4 WorldView 3 18 uronst 2020 . 0.3
KNS-2 11.8 GeoEye 1 10 mons 2013 1. 0.5
KNS-3 5.4 GeoEye 1 10 wronst 2013 1. 0.5
KNS-4 11.9 WorldView 2 29 utons 2017 1. 0.5
YML-1 2.9 WorldView 3 20 aBrycra 2019 1. 0.3

CrenyomuyM 3TarioM OBLIO ITOJIydYeHHE pacueT- _h
HbIM IIYTEM MPOU3BOIHBIX XapaKTEPUCTUK, U3MEPE- r= > sin® >

sin =

HHNE KOTOPLIX MNPAMBIM METOAOM 3aTpyaAHUTECIIBLHO.
HpOI/I3BOZ[HbIC XapaKTCPUCTUKHN BKIIOYAJIN CICOYIO-
e BEJIMYUHDbI:

* CTPEJIKU AYT;
* CpemHMe paanuyChl KpUBU3HBI YT,
* LEHTpaJIbHbIE YTJIbI;

* YIrojJl OpPUEHTUPOBKMU XOPAbI IO OTHOLICHUIO K
BEKTOpY OOIIEro MpOCTUPAHUS COOTBETCTBYIOIIETO
yJacTKa 6eperoBoii JIMHUM.

B utore cxema aHalIM3UPyEeMbIX XapaKTEPUCTUK
npuBeaeHa Ha puc. 3, (a, 0).

Kak BeITeKaeT U3 pelieHus CTaHIapTHOM reoMeT-
puyeckoii 3amauu (cM. puc. 3), HEeHTpaIbHbBIN YroJ o
MOXET OBbITh TOJIy4YEeH KakK pelleHue (HauMEHBIINMi
MOJIOXKUTEbHBII KOPEHb) YPaBHEHUSI

28

a_28_1g ?cosoc,

> =~sino —
2 h 2

rae S — IIomanb cerMeHTa, A — ajirmHa Xopasl. Omnpe-

JIelleHWe paauyca KPUBU3HBI TIOCIIE 3TOTO MTPOU3BO-

IMJIOCH Ha OCHOBE COOTHOILLIEHUS

1)
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a oNnpeacJICHNUEC CTPECJIKN OYTY ITPOU3BOAMNIOCH Ha
OCHOBE€ COOTHOIICHUA

L(1 — cosg).
2

2sing
2

b=

VpaBHeHue (1) mommaeTcsd TOJBKO YMCICHHOMY
pELIEHUIO, IS OCYIIECTBICHMUS KOTOPOTO ObLI CO-
30aH CHEIMAJBHBINA IIPOrpaMMHBII MoOIynb ArcS
(paspabotuuk I1.B. bepe3un). B urore mist Kaxxmoro
y4acTKa M XapaKTepUCTUKU ObUIN MOJyYEHEI BHIOOP-
k1 oobemoM 108—183 snmemeHTa, Bcero 25 BEIOOPOK.

CrenyolyuM 3TaroM SIBUIAaCh CTAaTUCTUYECKAS
00paboTKa ITOTY4EeHHBIX XapaKTepPUCTUK MOp(POoJIo-
TMYECKOTo CTpOeHUs1 onoyisHei. OHa BKJIIoYaja co-
MOCTaBJIEHUE TTOJy4eHHBIX BBIOOPOK C Pa3INnUHBIMU
TEOPETUUECKUMHU paclipelesieHUIMU (HOpMallbHOE,
JIOTHOpMaJIbHOE, raMMa-pacrpeaejaeHe, 3KCITOHEH-
LIMaJIbHOE); IJIsS1 BEIOOPOK YIJIOB XOPH COIOCTaBIIe-
HHE BeJIOCh TOJIBKO ¢ HOPMAaJIbHBIM pacIpeacacH-
€M, TaK KaK B BBIOOpPKE IIPUCYTCTBOBAaJIM OTPHUIIA-
TeJibHBIe 3HaUYeHUsI. COImoCTaBlIEeHUE BBIMIOIHSIJIOCH C
WCIIOJIb30BAaHUEM KPUTEPUsSI COTIAcHUsI XU-KBaapar

Ne 3 2023
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Puc. 3. CxemMa aHaJIM3UPYEMBbIX XapaKTEPUCTHK (a) U X OTOOpaXkeHHe Ha CHUMKe (0): a — ayra, & — xopaa, b — cTpejka IyTu,

0L — LEHTPaJIbHbIN YO, ¥ — panuyC KPUBU3HBI AyTH.

Fig. 3. Scheme of the analyzed characteristics (a) and the example on the satellite image (6): a — arc, # — chord, b — arrow of the

arc, o, — central angle, » — radius of curvature of the arc.

(kputepus Ilupcona) B mporpamme Statistica. I1pu
5TOM BBIIOJIHSUIMCH TPeOOBAaHMS METOIUKI — 00beM
BBIOOPOK COCTaBJIslI He MeHee 50 3JIeMeHTOB, U ITPO-
W3BOJIWIOCH YKPYITHEHUE WHTEPBAJIOB pa30oMeHUIA
JIJIS1 TOTO, UTOOBI B K&XKIOM ObLIIO HE MEHEE S 3JIeMEHTOB.

AHaiM3 JaHHBIX BKIJIIOYAJ COMOCTAaBJIEHUE pe-
3yJITATOB, MOJYYEHHBIX IJIST AaHAJIOTUYHBIX XapaKTe-
PUCTUK ISl pa3HBIX YYaCTKOB, a TAKXKE aHAJIU3 B3an-
MOCBSI3EMl MEXIY XapaKTEPUCTUKAMU I KaXKIOTO
y4acTKa.

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

PE3VJIBTATBI U OBCYXIEHHWE

PesynbraThl cTaTMcTHUECKOM 00pabOTKM (3HAUYe-
HUs TTapaMeTPOB U OIIEHKAa COOTBETCTBUS pazivy-
HbIM TEOpPEeTUYECKUM paclipeleieHUsIM) T0 BCeM
yJacTKaM IIpHUBeIeHEI B Ta0I. 3.

OCHOBHBIM 3JIEMEHTOM 00PaOOTKN TAHHBIX SIBJISI-
JIOCh COIIOCTaBJIEHUE IIOJIyYEHHBIX BHIOOPOK 3Haue-
HMI KCCIIENyeMBIX IIapaMeTPOB OIIOJI3HEBBIX TEJl C
pPa3IUYHLIMU PACHPOCTPAHEHHBIMU TEOPETUUYECKU-
Ne 3
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Tabomuna 3. PesynbTaThl CTAaTUCTUUYECKOUM 00pabOTKN MOP(MOIOTUUYECKUX XapaKTePUCTUK OTOJI3HEMN
Table 3. Results of statistical processing of morphological characteristics of landslides

HopManbHoe pacripeseneHue JlorHopMmasbHOE pacnpeneieHue lamma-pacnpeneneHue™
R R e Il Pvrot ol I IS B S B
Xopna, M
KNS-1 50.3 43.2 0.000 3.675 0.666 0.288 22.66 2.22 0.015
KNS-2 59.6 43.0 0.000 3.881 0.639 0.241 23.18 2.57 0.010
KNS-3 22.8 15.1 0.000 2.951 0.586 0.782 7.63 2.99 0.131
KNS-4 45.6 27.1 0.000 3.678 0.529 0.339 12.40 3.68 0.153
YML-1 18.0 11.3 0.000 2.751 0.504 0.574 4.71 3.81 0.314
Crpenka, M
KNS-1 17.2 16.2 0.000 1.839 0.783 0.518 4.96 1.74 0.109
KNS-2 24.4 27.4 0.000 2.097 0.872 0.159 8.83 1.38 0.069
KNS-3 12.1 10.6 0.000 1.505 0.784 0.144 3.28 1.85 0.351
KNS-4 32.9 16.4 0.000 2.683 0.498 0.484 3.74 4.40 0.248
YML-1 13.4 10.5 0.000 1.710 0.599 0.125 2.44 2.75 0.261
Panuyc xpu-
BU3HBI IyTH, M
KNS-1 87.6 94.4 0.000 3.449 0.770 0.350 26.34 1.66 0.015
KNS-2 130.5 132.3 0.000 3.839 0.806 0.226 40.19 1.62 0.006
KNS-3 51.6 108.1 0.000 2.698 0.871 0.003 24.81 1.04 0.000
KNS-4 53.4 45.9 0.000 3.084 0.592 0.041 10.10 2.65 0.005
YML-1 16.4 11.7 0.000 1.904 0.618 0.329 3.08 2.66 0.031
Hyra, m
KNS-1 56.5 47.6 0.000 3.794 0.665 0.029 25.16 2.24 0.000
KNS-2 71.4 57.1 0.000 4.033 0.671 0.953 31.28 2.28 0.134
KNS-3 58.0 40.3 0.000 3.178 0.606 0.253 10.35 2.80 0.025
KNS-4 124.4 65.0 0.000 4.011 0.488 0.402 14.27 4.36 0.095
YML-1 50.2 33.8 0.000 3.076 0.517 0.362 6.99 3.59 0.115
Vroi xopnsl,
pan
KNS-1 —0.10 0.37 0.024 - — — — - —
KNS-2 —0.02 0.43 0.233 — — — — - —
KNS-3 0.01 0.70 0.017 — — — — - -
KNS-4 0.04 0.43 0.402 — — — — - —
YML-1 0.08 0.52 0.121 - — — — - -
LleHnTpanbHbIit
YTOJI OTTOJI3HS,
pan
KNS-1 1.31 0.58 0.002 —0.521 0.463 0.628 0.13 5.15 0.713
KNS-2 1.38 0.69 0.002 —0.500 0.531 0.317 0.17 4.04 0.491
KNS-3 2.08 1.18 0.008 —0.164 0.718 0.019 0.39 2.63 0.321
KNS-4 2.52 0.58 0.009 0.199 0.259 0.001 0.08 16.69 0.002
YML-1 2.43 0.67 0.461 0.154 0.295 0.134 0.10 12.50 0.310

Tlpumeuarue. * — A — MaciTabHbIil mapamerp, § — napamerp GopMsl; ** — p — mapameTp, XapakTepU3YIOLIHii CXOICTBO pacIpeiesie-
HUI (pa3HULIA DMITMPUYECKOTO Y TEOPETUUYECKOTO pacIipeesieHnii CTaTUCTUIeCKH 3HaunuMa Ha ypoBHe 0.99 B ciiyuae p < 0.01).
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MU pacrpeneaeHusIMu. CoOIOCTaBJIEHUE pacIpele-
JIEHUS JJIAH XOpJ MOKAa3bIBAET, YTO HA BCEX yYACTKAX
Ha ypoBHe 3HauumocTtu 0.99 HabGaomaercst OOuH U
TOT XK€ TUII pacIIpeneseHIs — JOrHOPMaJIbHOE pac-
npeaeaeHue. DTO BBITOIHSIETCS IIPU CYLIECTBEHHOI
g depeHINALY 3HAYEHU MapaMeTpoB pacripe-
IeJieHns Ul pasHBIX ydacTkoB. HopmasbHoe pac-
npeaeaeHue He COIIAcyeTCsI C SMITMPUYECKUMMU JTaH-
HBIMM HU Ha OMHOM y4yacTKe. [aMMa-pacripenesieHue
TaKXKe COOTBETCTBYET SMIIMPUYECKUM ITAHHBIM, HO
HECKOJIBKO XYXKe.

AHAJIOTUYHOE COOTBETCTBUE JIOTHOPMAJIbHOMY
pacnpeaeaeHuo (pUuKcUpyeTces U 1151 pacipeaeaeHUs
CTpEJIOK, TakKxke, KaK U TraMMa-paclpenesieHHIo.
HopmMmanbHoe pacripeneaeHne He coriacyeTcsl ¢ SMITU -
pUYECKUMU JaHHBIMU TaKKe HU HAa OHOM Y4acTKe.

PacripeneneHre pangnycoB KpMBHM3HBI TaKXKe JIe-
MOHCTPUpPYET Ha BCEX y4acTKaX COOTBETCTBUE JIOT-
HOPMAaJILHOMY pacTipeneieHnto. OTHaKO B 3TOM CITy-
yae BBIOOPKM HE COTIIACYIOTCSI HM ¢ TaMMa-pacIipee-
JICHUEM, HU C HOPMAaJIbHBIM pacripeae/eHUeM.

Pacrnipenenenue opueHTUPOBKY XOpH, (YIJIBI XOPH)
corjlacyeTrcsl ¢ HOpPMalIbHbIM pachpeieieHueM Ha
BCEX yJacTKax. B oTiMyue OT 3TOro HeHTpalbHbIe
YTJIBI OTIOJI3HEI HE OTBEUYAlOT HOPMAJIbHOMY pacIipe-
JIeJICHUI0O HU Ha OJHOM Y4YacTKe, HO HalbJtomaeTcs
3HAYUTENIbHOE CXOACTBO C JJOTHOPMAaJbHBIM pacIiipe-
JIeJIeHUEeM U TaMMa-pacripeelIeHUeM Ha BCeX y4acT-
kax, kpome KNS-4.

Ha puc. 4 moka3aHbl mMpyuMephl COOTBETCTBUS M-
MUPUYECKUX U TEOPETUUECKUX (JIOTHOPMAaJIbHBIX, a
IJIsl YIJIOB XOpA — HOPMAaJbHBIX) paclpenesieHuid
Pa3IMYHBIX KOJIMYESCTBEHHBIX XapaKTEPUCTUK.

TakuMm o6pa3oM, MPOBEIEHHBIN aHAJIU3 TO3BOJISI-
eT cIeslaTh BBIBOM, YTO MEXIy MOP(POIOTUIECCKUMU
OCOOEHHOCTSIMM Pa3INYHBIX Y4aCTKOB a0pa3MOHHBIX
GeperoB ¢ pa3BUTHEM OITOJI3HEBBIX MPOLIECCOB CyIIe-
CTBYET oIpeaeaeHHast OOITHOCTD, TTOATBEPXKAAI0IIA-
sIcsl MAHHBIMU T10 MSITU ydacTKaM H-oBoB KaHWH u
SIman. Ha Bcex yyacTkax, HAXOOSIIMXCS B PA3IMUHbBIX
¢usnKo-reorpadUIecKNX U MHXEHEPHO-TE€OKPUOIO-
TMYECKUX YCIIOBUSIX, pacIpeAccHe pa3MepOB XOPI
OTBEUYaeT JIOTHOPMAJIbHOMY pacrpenesieHuo. biau-
30CTh K TaMMa-paclpee/IeHA0, o-BUAUMOMY, 00b-
SICHSIETCST OJTM30CThIO CaMUX pacrpefesicHUii B orpe-
JIeJICHHOM MHTepBaJjie 3Ha4eHUIT ITapaMeTpoB, 3TO OT-
MeJyayioch M B OoJiee paHHux padorax (ITyzaueHko,
2014).

BbuT Takske BBITIOTHEH MOITOJTHUTETBHBIN aHATIN3
CpeIHMX 3HAYCHUI MCCIeTOBaHHBIX ITApaMETPOB IO
MTOJTy4eHHBIM BBIOOpKAM. AHAJIM3 TaHHBIX IO XOpAe
OTTOJI3HEBBIX YT MOKA3BIBAET JOBOJILHO CYIIIECTBEH-
Hy10 TrddepeHIINAIINIO CPETHNX 3HAYCHWI Ha pa3-
JIMIHBIX KITIOUEBBIX y4acTKax oT 18 1o 60 M, TIpy 3TOM
HavMeHbIllee 3HaUeHNE MPUXOAUTCS Ha SAMaibCcKuit
Y4acTOK, Ha HETO IMIPUXOIUTCS TaKKe M HaMEHBIIIee
3HaYCHWE CPEMHETO KBAIPAaTUISCKOTO OTKIOHEHUS.
CTpenku IyT UMEIOT MEHBIIINE CPeTHUE 3HAUCHUS OT
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12 1o 24 M, MUHUMaJIbHOE 3HAYEHNE CPETHEN ITMHBI
cTpenaku Tnpuxoautcs Ha ydacTok KNS-3 (12 M) u
0IM3KO K HEMY 3HadyeHHUE Mo AManbcKOMy y4acTKy
(13 M); Takke Ha SIManbCKMiI y9aCTOK HPUXOAUTCS
HavMeHblllee 3HaYeHHE CPETHEro KBaapaTU4YecKoro
otkioHeHust (10 M). AHanu3 pagnycoB KPHBHU3HBI
MMOKAa3bIBaeT OUYE€Hb 3HAUUTEIbHBII pa3opoC CpeaHUX
JUIS pa3HBIX Y4acTKOB oT 16 mo 130 M, mpu 3TOM MH-
HUMAaJbHBIE BEJINYUHBI IIPUXOMSATCSI TakXke Ha
SMabCKUI y9aCTOK.

ITo cpenHuM 3HAYEHUSIM LIEHTPAJIBLHOTO YIJa
OIOJI3HSI BBIIEIISIOTCSI AIBE TPYIIIEI YI4aCTKOB SMalib-
ckuii 1 KNS-4, ¢ omHoit croponsr, m KNS-1 11 KNS-2 —
¢ apyroit; yaactok KNS-3 3aHrMMaeT mpoMeKyTouHOe
nonoxeHne. Kak HOKa3bIBalOT BEIMYMHBI CPETHUX
KBagpaTUYeCKNX OTKJIIOHEHUI, pa3HMIAa CpPETHUX
MEXIY 3TUMU ABYMSI TPyMHIIaMU HAaJeKO BBIXOAUT 3a
npedeiabl ciiydalHbix omimumnii. Ilo BeanmyuHe pas-
opoca BoimessieTcst yuactok KINS-3; pasHuia ocranb-
HBIX YYaCTKOB HEBeJIMKA.

AHaJIN3 CpeTHNX 3HAYCHU YTII0B OPUEHTUPOBKH
XOpII TTOKa3bIBaeT, YTO OHU UMEIOT He3HAUYNTEIIbHBIS
oTInuYusl. 3HaueHMs1 pas3dbpoca YriaoB TakKxke Majo
pas3IJaroTCcs; HECKOJTbKO OTrdaeTcst yaacTok KINS-3.

Ananus ITOJIYYECHHBIX JAHHBIX ITO3BOJIACT ITPEATIO-
XKHNTb IIPEeABAPUTCIIBHOC 0oOBsICHEHUE IOJIYYEHHbIM
3aKOHOMECPHOCTAM.

OnHoi1 U3 TJ1aBHBIX 0COOEHHOCTE paccMaTpuBa-
€MOM CUTyalluM, KaK MoKa3blBaeT aHAIU3, SIBJISIETCS
IMOCTOSTHHOE CTHUPaHUE B MPOILECCe Pa3BUTUSI HOBBI-
MU TIOSIBJISIIOIIMMCS OIIOJI3HSIMU KaKHUX-TO 4dacTeid
yXKe CYILIECTBYIOIIMX OMOJ3HEN (1 COOTBETCTBYIOIIUX
TEPMOILIMPKOB), WU MUX LIEIUKOM. TakuM oOpa3om,
MOAABISIONIASI YacTh CYIISCTBYIOIIMX OITOJI3HEN
(TouHee ux (pparMeHTOB) 0Opa3oBajach U3-3a HEOM -
HOKPaTHOTO COKpAaIllEH!S X UCXOMHBIX Pa3MepoB 3a
CUET BHOBb OOpPa3yIOIIMXCS OIOJI3HEN. DTO MOXKHO
MpPEICTaBUTh CICAYIOIIE cXxeMoi — pa3Mmep (IJIMHa
XOpI) TMocje k IMKIJIOB YaCTUYHBIX CTUPAHUIT MOXKET
OBITH 3aITMCaHa Kak

& =& M MM

rne &, — HavYaIbHbBII pa3Mep XOpbl MPU BO3HUKHO-

BEHUW OIIOJI3HS, T)|; — HOJISI JUTMHBI XOPABI, KOTOpast
COXpaHsIeTCsl TIOCNIeé YAaCTUYHOTO CTHpPaHUS Cyliie-
CTBYIOIIIEH XOPIbI HA i-M IIMKJIE CTUPAHUS 00pasylo-
IIIAMCST HOBBIM OTIOJI3HEM.

B aTOM Citydae HETpyIHO BUIETH, UTO CITPABENIIU -
BO COOTHOIIIEHUE

In§, =In&, +Inm, +... +Inn,.

ITockoNbKy cTMpaHUe B TIpeleiiaX pa3HBbIX Bpe-
MEHHBIX THTEPBAJIOB IIPOMCXOIUT HE3aBUCHMO, TO 1
caM¥ BEJIMYMHBHI 1);, U UX JIorapudMBbI SIBJISIOTCS He-
3aBUCUMbIMU. M3 3TOTO MOXHO caenaTh BBIBO/, YTO

HoJlydeHHasl BeIndyruHa In &k , KaK cyMMa OOJIbIIIOro
4urcJia HE3aBUCUMBIX CIy4aliHbIX BEJIMYWH, COTJIACHO
IIMPOKO U3BECTHOMY B TEOPUU BEPOSITHOCTU PE3YIIb-
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Puc. 4. [TpuMepbl COOTBETCTBUSI SMITUPUYESCKUX U TEOPETUUYECKUX (JIOTHOPMAJIbHBIX, a JIJIs1 YIJIOB XOpI — HOPMAaJIbHbBIX) pac-
npeneneHuii, (a, 6, B) — xopm, (T, I, €) — CTpeNoK, (K, 3, 1) — paaAuyCcoB KPUBU3HHI, (K, JI, M) — YIJIOB XOP; IJIs y4aCTKOB
KNS-1 (a, 1, Xk, x), KNS-3 (6, 1, 3, 1), YML-1 (B, €, 1, M); KpacHasi IHHUSI — TEOPETUIECKOE pacrpencicHNE.

Fig. 4. Examples of the correspondence between empirical and theoretical (lognormal, and for the angles of chords — normal)
distributions, (a, 6, B) — chords, (T, 11, €) — arrows, (K, 3, 1) — curvature radii, (K, 1, M) — angles of chords; for sites KNS-1 (a, r, X, K),
KNS-3 (6, 1, 3, 1), YML-1 (B, €, u, M); the red line is the theoretical distribution.

taty (Hanpumep, (Kopomtok, IToprenko, Ckopoxon
u 1p., 1985)), Oynet umeTh pacrnpeneieHue, 611u3Koe
K HOpMaJbHOMY. DTO O3HayaeT, 4TO caM pa3Mep
XOpbl &, TOJKEH OTBEYaTh JIOTHOPMATbHOMY pac-
npeneneHuo. [IpenjoxeHHoOe TpenBapuTEIbHOE
0OBSICHEHIE OTBEYAeT OMHOMY M3 M3BECTHBIX Ba-
pUaHTOB BO3HUKHOBEHMSI JJOTHOPMAJIBHOTO 3aKOHA

pacripenesieHus, MOJIyYMBIIEMY Ha3BaHHE ‘‘cxeMa
nejieHus”.
TEOMOP®OJIOTHUA U TTAJIEOTEOTPA®USA  Tom 54

HopmMmanbHoe pacripenmeiieHue yIjIoB MeXIy Ha-
MpaBJIeHEeM XOpI M OOIIMM HallpaBJIecHHEeM Oepera
MOXeT OBITh OOBSICHEHO OTHOBPEMEHHBIM TeMCTBU-
eM OOJIBIIOTO 4YMciia (pakTopoB 0e3 IpeoOdiamaHus
KaKOTO-TO OIHOTO; B (pU3NYECKOM OTHOIICHUMN 3TU
¢dakTOphl OTBEYAIOT KOJEOAHUSIM SHEPIUM TEPMO-
abpa3uMOHHOTO BO3IECTBUSI, MPOCTPAHCTBEHHOMY
BapbUPOBAHUIO COCTABA OTJIOKEHU, UX IBAUCTOCTH,
W IPYTUX XapaKTepUCTUK. B ocHOBe 00BbsICHEHUS Jie-
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Ta6mma 4. OueHKa KOPPEISIIMOHHBIX B3aMMOCBSI3el MEXIy XapaKTepUCTUKaMU MOPGhOJIOTUUECKUX OCOOEHHOCTEM

OTIOJI3HEM

Table 4. Assessment of correlation relationships between the characteristics of the morphological features of landslides

XapakTepUCTUKU
Yyactok MecTormonoxeHune
Xopaa-cTpelika XopIa-pagnyc XopIa-myra
KNS-1 Kanun Hoc 0.73 0.87 0.99
KNS-2 Kannn Hoc 0.71 0.72 0.96
KNS-3 Kannn Hoc 0.66 0.46 0.97
KNS-4 Kanunx Hoc 0.74 0.90 0.96
YML-1 SAman 0.84 0.84 0.95

SKUT YK€ VIIOMSTHYTOE BBILIE ITOJIOXKEHUE TEOPUU BE-
POSITHOCTH, OOBSCHSIOIIEE BO3HUKHOBEHHE HOP-
MaJIbHOTO 3aKOHA pacIipeaesIeHus IIPY OMTHOBPEMEH-
HOM BO3IEMCTBUM OOJIBIIOrO YyKciia haKTopOB.

JlorHOpMaJIbHOCTh pacHpeaeeHU JIMH VT,
CTPEJIOK, PaINyCOB KPUBU3HBI MOXET OBITh OOBSICHE-
Ha TECHOM KOppesluneil ux BeIUYMH C pa3MepaMu
xopapl (Taba. 4). AHanu3 KoadduimeHTa Koppes-
LM TI0KA3bIBAET, YTO HAa BCEX YUACTKAX MEKIY XOp-
JIOM M CTPENIKOI OTMeYaeTCsI CUIIbHAsI KOPPEJISILIMOH-
Hasl 3aBUCMMOCTb. MeXIy XOpIIoil U paguyCcoM KpH-
BU3HBI CWJIbHAs 3aBUCUMOCTb OTMEUaeTCs Ha
yeThIpex yuyacTkax 1 Ha omHoM (KINS-3) — cpemHsis.
HaubGomnpimasg BennunHa Ko3(ddUIIMEHTa KOppesi-
LIMU XapaKTepHa IJIs1 CBI3U IJIMHBI XOopa U Ayr. Ta-
KUM 00pa3oM, ecIu pacipeaesieHre Xop, HOTUNHSI-
€TCsl JIOTHOPMaJILHOMY pacIpeAcIeHUIO, TO CIAeAyeT
OXMAATh aHAJIOTMYHOIO BUAA pacIIpeAe/ieHUs 1 IS
CTpEJIKU, U IJIsI pagnyca KpUBU3HBI, W IS IYT, 4YTO U
HaOJIrogaeTcsl.

AHanM3 cpemqHUX 3HAYeHWI HCCIemyeMbIX Iapa-
METPOB MOKa3bIBACT, YTO MO OOJIBIIMHCTBY MapaMeT-
pOB oTIMYaeTcs SAMaabCKUil y4acTOK; A1 HETO YacTo
XapaKTepHbl HAMMEHBIIINE CPeaHUEe 3HAYeHUs (XOpII,
CTpEeJIOK, OYyT, paguycoB KpWBHU3HBI). IIpu aTOM Ha
paccMaTpMBaeMOM YYacTKe HE OTMEUaeTCs PEe3KUX
OTJIMYUIA IO COCTaBY OTJOXEHHUM OT APYTUX y4acT-
KOB. AHaJIU3 re0JIOTMYECKUX U FeOKPUOJIOTUYECKUX
YCJIOBUI IMO3BOJISIET CHEIATh IPEANOJIOXEHUE, 4TO
MOAOOHBIE OTAMYUS CPEIHUX 3HAYCHMU MCCIIemye-
MbIX [IapaMeTPOB MOTYT ObITh CBSI3aHbI C XapaKTepoOM
pa3BUTUsI MHOTOJICTHEMEP3JIbIX MOPOI U UX TeMIIE-
patypoii. Insa fSmManbCKoro ydacTka B OTJIMUME OT
BCEX OCTaJIbHBIX XapaKTEepPHBI CILJIOIIHOE Pa3BUTHUE
MHOTOJIETHEMEP3JIBIX IIOpOd 1 HaWMEHbIIas Cpeau
BCEX YYacTKOB TeMIiepatypa mnopoxa (—5...—10°).
IMpencrasisercss BepOSITHBIM, YTO IOJOOHBIE T€O-
KPUOJIOTUYECKHE OCOOCHHOCTH MOBIMSIJIM Ha MPOY-
HOCTHBIE U Jpyrue Hu3nKo-MexaHU4eCcKue XxapakTe-
PUCTUKU TIOPOJ, a TaKXKe Ha XapakTep OTTauBaHUsI
TaKMM O0pa3oM, YTO IpPUBEIN K (HOPMUPOBAHUIO
OMOJI3HEW OTHOCUTEIBHO MEHLIIErOo padMepa; 4To

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

MPOSIBUJIOCH B CPEIHMX pa3Mepax 1 XOpH, U CTPEJIOK,
U YT, U PaguyCOB KPUBU3HbBI. DTO KOCBEHHO COIJIa-
cyeTcsl ¢ JaHHBIMM, MOJIYYSHHBIMHM B PaHee BBITION-
HEHHBbIX NCCJIEA0OBAHUAX, O TOM, UTO Ha napaMeTphbl
Mpoliecca OTCTyITaHusI Gepera BIMseT MHAEKC OTTau-
BaHus (Leibman et al., 2021).

SAKJIIOYEHHME

Mexmy MopdOTOrnIYecKMMU OCOOEHHOCTSIMM pa3-
JIMIHBIX YYACTKOB a0pa3MOHHbBIX OEPETOB KPUOIUTO-
30HBI C Pa3sBUTUEM OITOJI3HEBBIX ITPOIIECCOB CYIIe-
CTBYET OIpeaesieHHast OOLIHOCTh — HA OOJILITNMHCTBE
Y4aCTKOB, BHYTPEHHE OJTHOPOMHBLIX ITO YCIIOBUSIM U
MOP(dOIOTNIECKUM OCOOEHHOCTSIM, HO HAXOIIIIINX~
cs B pa3INYHBIX (pU3NKO-reorpapuuecKmx 1 MHxKe-
HEPHO-TEOKPUOJOTNYECKUX YCIOBUSIX, pacnpeaese-
HUE pa3sMEpPOB XOpI BEpXHEN TpaHUIbI OITOJ3HEM,
CTpEJIOK, AYT ¥ paInuyCoOB KPMBU3HBI, a TAKXKe 1LIEH-
TpaJbHbBIX YTJIOB OTBEYAET JIOTHOPMAJILHOMY pacIipe-
JIeJIEHUIO.

XapaxkTtep 3aKOHa pacIpeieecHUs MOXHO TIpen-
MTOJIOXKUTETbHO OOBSICHUTh HEOMHOKPATHBIM YaCTUY-
HbIM CTUPAHUEM CYIIECTBYIOIIMX OIOJI3HEN BHOBb 00-
Pa3yIOITUMUCS OTIOI3HSIMU.

OpueHTUPOBKA XOPH MO OTHOIIEHUIO K MPOCTHU-
paHMUIO ydyacTKa ITOAYMHSETCS HOPMaJIbHOMY pac-
MpeaeaeHuIo.

3HayeHUs1 MapaMeTPOB pacCIIpeleeHII HMCCIeI0-
BaHHBIX KOJIMYECTBEHHBIX XapaKTepUCTUK MOpGOI0-
TMYECKNX OCOOCHHOCTEH omnon3Heln muddepeHImpo-
BaHbI 110 yJ4aCTKAM 1 3aBUCSIT OT (hM3UKO-reorpappuie-
CKUX W WHXEHEPHO-TEOKPUOIOTMUECKIX YCIOBUIA
KOHKPETHBIX y4aCTKOB.

OuepTaHust OPOBKM OEpPEroBOro ycTyria mpu Mo-
JIeIMPOBAaHUU OTCTYIIAHUSI, BUAUMO, MOXHO pac-
cMaTpUBaTh KaK JIOMaHYIO CO CIIy9aliHbIM HOpPMaJlb-
HO pacIipefe/ieHHbIM HallpaBJIeHUEM 3BEHbEB (XOpa)
¥ JIOTHOPMAJIbHBIM pacrpenecHUEM JJINH XOp/I, Ha
KOTOPBIX C(OPMHUPOBAHBI AYTd, OrpaHUYMBAIOIINE
CBepXy OIOJI3HEBBIE TeJIa.
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QUANTITATIVE LAWS OF A MORPOLOGICAL PATTERN FOR ABRASION
SLOPES WITN A LANDSLIDE PROCESS WITHIN THE CRYOLITHOZONE
(THE COASTS OF THE KANIN AND YAMAL PENINSULAS AS EXAMPLES)!

A. S. Victorov**, T. V. Orlov*, M. V. Arkhipova?, V. N. Kapralova®, and V. V. Bondar®

“Sergeev Institute of Environmental Geoscience RAS, Moscow, Russia
#E-mail: dist@geoenv.ru

Coast landslide processes take a special place in the study and monitoring of processes in permafrost under
the climate change, however, not much attention has been paid to the morphology and quantitative charac-
teristics of the landslides. The aim of the work is to reveal quantitative relationships between the abrasion
slopes and a landslide process for coasts within the cryolithozone, mainly in contact with the adjacent inter-
fluves. The research is based on the interpretation of high-resolution space imagery at five costal sites of the
Kanin and Yamal peninsulas. The study was focused on the morphological features of the upper part of the
landslides at the border with the adjacent interfluve. This border is a combination of arc elements. Besides,
there are arcuate residual sections of the interfluve surface, corresponding to different stages of landslide pro-
cess, in some places on the slope. Analysis of the coastline from images gave us such characteristics of land-
slides as the length of the arcs forming the boundary, the length of the chords of the arcs, the arrows of the
arcs, the average radii of curvature, the central angles of the arc, the angles of orientation of the chords with
respect to the vector of the general strike of the corresponding section of the coastline. Some of these char-
acteristics were obtained by direct measurement from satellite images, the others by calculation. The analysis
included 30 samples with a volume of 103—183 elements. Statistical processing using Pearson’s goodness-of-
fit test showed that in the vast majority of the sites, the distributions of the landslide upper boundary arc sizes,
chords, arc arrows, and curvature radii, as well as central angles, correspond to a lognormal one. The chord
orientations with respect to the strike of the site are normally distributed. The values of the distribution pa-
rameters of the studied quantitative characteristics of the landslide morphological features differ and depend

on the physical-geographical and engineering-geocryological conditions of specific areas.

Keywords: mathematical morphology, permafrost, landslide processes, space imagery interpretation
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TeppuTOpHs NCCIEIOBAHUS PACTIONOXEHA Ha ceBepe BheTHaMa B mpoBrHIMK MeH6ail 1 mpencTasisier co-
6ot KpynHbIit (14.5 X 6.5 X 0.8 KM) CTpyKTYpHO-IE€HYIALIMOHHLII OCTaHell Ha Iepudepr CUILHOTO pac-
yjeHeHHOro Hu3koropbsi Kox Boii, a Tak:ke CKJIOHBI M JHUILA TIPUJIeTaloIX PeYHbIX JOJUH. [J1s1 Teppu-
TOPUU U3BECTHBI IIPOSIBJIEHUSI KAMHECAMOLIBETHOM MUHEPAIU3allY B BUIE XKMJIBHBIX 00pa30BaHUIA B TOJI-
1ax MpamMopoB. PailoH OTHOCUTEIBHO TPYIHOAOCTYNEH IJIsI TOJIEBBIX M3bICKAHUWI, ITO3TOMY IUISI
MpeIBapUTEILHON ONITUMM3ALIMK IIPOBEACHMS T'€0JIOTO-IIOUCKOBBIX paboT CTOsIIa 3aJa4ya Ha OCHOBE aHa-
JIM3a UMeIolIeiicsl reooro-reoMmopdoaoruyeckoi nHGopMaluy NoayduTh JaHHbIE O BO3MOXHOI JIOKa-
JIM3ALMU YYACTKOB IT0JIE3HOM MUHepaau3auuu. [Jist 3Toro MeTogoM JUCKPETHOro npeobpaszoBanus Oypne
ObLT pacCUMTaH aMIUIUTYAHbIN CIIEKTP pacujieHeHUs peJibeda 1151 y9aCTKOB, CBSI3aHHBIX C XKMJIBHBIMU T€0-
JIOTUYECKUMU 00pa30BaHUSIMU B IIPUITOBEPXHOCTHOM YaCTH MpPaMOPHBIX Tojil. buHapHasg kinaccuguka-
118 (Ha ITOTeHLIMAIbHBIE YYaCTKHU C TTOJIe3HOI MUHepaiu3alyeit u 6e3 Hee) TOJy4YeHHBIX YMCIOBBIX TTOKa-
3arejiel aMIUIUTY[ BBICOT, OTBEYAIOIIUX FAPMOHUYECKUM KOJIEOAHUSIM pa3HBIX MPOCTPAHCTBEHHBIX Ya-
CTOT, OCYILIECTBJIEHA C TTOMOIIbIO ITPOCTOM HEHPOHHOI CeTU — ABYXCJIONHHOro nepcenTpoHa. PacueTHblit
aJITOPUTM OBbLI pealin3oBaH Ha s13bike Python. [IpuMeHeHMe JaHHOI METOOMKU MO3BOJIMIO BBLIIIOJHUTH
MMPOTrHO3 Ha pyOMHOBO-LINUHEIbHYI0 MUHEPAIM3ALIMI0 B KOPEHHOM 3aJIeraHUX Ha U3y4aeMYyIO TLIOLIAIbIO
6oiee 200 km?2. TToneBbIMU HccaenoBaHUSIMU B 2019 T. BBINIOJHEHA 3aBepKa ITPOTHO3HBIX JAHHBIX, 3aKJII0-
YalIasicss B MUHEPAJIOTUYECKOM U T€OXMMUUYECKOM OMPOOOBAHUM JOCTYITHOM YaCTU CIIPOTHO3MPOBAH-
HbIX ToueK. [ToayyeHa OlleHKa MPOTrHO3HOM CUJIBI MCIIOIb30BAHHOM METOOUKU: KaX bl TpeTuit (~35%)
CHPOrHO3UPOBAHHBI HEPOHHO CEThIO yUaCTOK (haKTUUSCKU COAEPKUT KOPEHHbIE UICTOUHUKU PYOMHOB

U LIITMHEeJIe Ha paCCMOTPEHHOM TEPPUTOPHM.

Karoueswie crosa: nByMepHoOE CrieKTpajibHOE ITpeobpa3oBaHue pefibeda, moruckonas reoMmopdosorus, Mop-
domeTpuueckre MeTolbl, MaliMHHOE ooyueHue, [MC, LIMP

DOI: 10.31857/S2949178923030106, EDN: WDVKDT

BBEIAEHME

KoMmrutekc reolormyecknux METOHOB IOKWCKAa U
pa3BeAKU MECTOPOXIECHUI ITIOJIE3HBIX MCKOMAeMBbIX
HCIIOJIB3YET, KpOMe TIpouero, reoMopooruyecKue
3HaHUS O KOHPOPMHOCTU (OIUCKOH(MOPMHOCTH) pe-
Jabeda reoyjorudeckomy cyocrpary (JlomatuH u ap.,
2012). 310 MO3BOJISIET pellaTh OOpaTHYIO 3aga4y — IO
XapakTepy pelibeda U ero KOHKPETHBIM WHIUKATO-
pam (B mepBylIo ouepenb, MOP(OIOTMIESCKUM MJIN Ja-
K€ MCKJIIOYUTEbHO MOP(POMETPUUYECKUM) CYAUTh O

# Ceviaka dnn yumuposanus: CepreeB U.C., Kykca K.A., [lme6o-
Ba A.B. (2023). CnekTpanbHblii aHAIU3 pejibeda ¢ HOCTPOSHU -
eM HEePOHHOI CeTH TSI PellleHMs TIOMCKOBBIX 3a/lad Ha TIPH-
mepe ropHoro maccuBa JIyk-TwheHn (CeBepHblii BbeTHam) //
T'eomopdonorust u naneoreorpadus. T. 54. Ne 3. C. 138—149.
https://doi.org/10.31857/S2949178923030106;  https://eli-
brary.ru/WDVKDT

138

BEPOSITHOM JIOKaIU3alu MecTopoxaeHuid. Oobmas
cxeMa TakKoro Ioaxoia — T.H. “IIPeIUKTHUBHOIO MO-
JIeTUPOBaHNs” — OOBIYHO BKIJTIOYAET B COST STAITHI:

1) coop nHpopmauu o Mmopdoaoruu pejibeda B
BUJEe Habopa MHAMKATOPOB — Pa3IMYHBIX MOpdo-
METPUUECKUX TIEPEMEHHBIX, B TOM YKCJIE IPOU3BO/I-
HBIX OT aOCOJIIOTHOI BHICOTHI U €€ MPOCTPAHCTBEH-
Horo pacrpenejeHusi. Bce MHorooopasue popM 3eM-
HOI TTOBEPXHOCTU BBIPAXKAETCSI B OTPOMHOM YHCJIIE
KOMOWHAIMI 3HAaYeHW pa3sHbIX MoOpdoMeTpude-
CKUX MHAWKATOPOB, IPOTHO3HAas CUJIa KOTOPBIX Ha
STOM 3Talle ellle He OIpeaesicHa;

2) kjnaccuduKalus y4acTKOB 36MHOI TTOBEPXHO-
CTHU Ha OCHOBE 9KCITEPTHBIX TaHHBIX O TIPOSBICHUSX
MOJIE3HOM MUHepanu3aluu ((pakTuyecku, MHBEHTA-
pH3aIHM U3BECTHBIX MECTOPOXKIECHII) M BCETO Ha0O-
pa ee MoTeHIUaIbHbIX MOP(HOMETPUUYECKUX TTPEAUK-
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TOpPOB. 31eCh, BO-MIEPBLIX, OLICHUBAETCSI, KaKHe TIe-
pEMEHHBIE U UX KOHKPETHBIE YKNCIOBbIC AUaIa30HbI
SIBJISIIOTCS HanbOoJjiee XapaKTEPHBIMU IS MCKOMBIX
YYaCTKOB 3€MHOI TTOBEPXHOCTH, a BO-BTOPBIX, TIPO-
U3BOAUTCSI OKCTPAMOJSLMS BBISIBICHHBIX 3aKOHO-
MEPHOCTEM Ha BCHO MHTEPECYIONIYIO Iuiomanb. Ta-
KNM 00pa3oM, TPeBEHTUBHO BBISIBJISIIOTCSI HOBBIE TTO-
TeHLMAIbHbIE YYAaCTKU JJISI TTOJIEBOM pa3BenKu, 3a
CUEeT 3aBeIOMO OeCIepCIIEKTUBHLIX (10 reoMopdo-
JIOTUYECKUM KPUTEPUSIM) YYACTKOB COKPAIAIOTCS
BpeMeHHBIe 1 (DMHAHCOBBIEC 3aTPaTHI.

Tak KaK UICTOYHUKOM MH(pOpMaLIIY O MOP(OJIOTUHN
3eMHOI1 TTOBEPXHOCTH Yallle BCETO CIIy>KaT LU(PPOBbIC
Monenu penbeda (LIMP) cpenHero 1 BEICOKOro paspe-
IIEHWSI, TO JAaHHBINA TTOIXO0N K IMIPOrHO3Y MECTOPOXKIC-
HUIi peanu3yeTcsl, KakK IpaBUIO, UHCTpPYMEHTapueM
KOMITBIOTEPHBIX TH(OOPMAIITMOHHBIX CUCTEM.

CoBpeMeHHbIe MTHPOPMAIIMOHHBIE CUCTEMBI CO-
JiepXXaT camMble pa3JIMYHbIC aJIrOPUTMbl MAIIMHHOTO
OOy4YeHUsI: OT MPOCThIX CTAaTUCTUYECKUX OaitecoB-
CKUX KJIaCCU(PUKATOPOB OO CIOXKHBIX PECYPCOEMKUX
aropuT™MoB HelipoHHBIX ceteit (ITnac, 2018; Mioi-
nep, I'suno, 2018). Bce 310 1O3BOISIET TIEPEHECTU B
chepy HCKYCCTBEHHOTO WHTEIUIEKTa IIEPBUYHBIA
aHaJIM3 TaHHBIX O pelibede, a pe3yIbTaThl II0J00HOTO
aHaJM3a KOHTPOJUPYET SKCIEePT KaK Ha CTaauu o0y-
YyeHU s HeIIpOHHOII CETH, TaK 1 HAa CTaauM BepuduKa-
1K pe3yabTaToB. McXomHble JaHHBIE JIST OCYIIEeCTB-
JIEHUSI TTIONOOHBIX McclienoBaHUit — oO0bryHO, [IMP
Aster GDEM, SRTM u nip. ¢ 1aroM peryJisipHoii ceT-
k1 BeicOoT OT 30 mo 90 M. Takoe mpocTpaHCTBEHHOE
paspeleHre MCXOAHBIX JAHHBIX TTO3BOJISIET CO31a-
BaTh IMPOTHO3HEIC MOJACIU C TOYHOCTBHIO JIOKAJIM3a-
L1 OOBEKTOB 0 IIEPBBIX COTEH METPOB, a B HEKOTO-
PBIX CIIydasiX 1 10 AECSITKOB METPOB.

BTopbhiM HEOOXOAUMBIM UCTOYHUKOM TaHHBIX JJIsT
pElIeHUSI TPOTHO3HBIX PEKOTHOCIIMPOBOYHLIX 33124
SABJIsIeTCsT nHGopMals 00 yxKe N3BECTHBIX 00bEeKTaxX
KaK BTOPUYHOIi, TaK U MIEPBUYHOM MUHEpAJIM3alliu.
IlepBuyHBIe UICTOYHUKHU MPEACTABICHEI Ie0JIOTUYe-
CKVMM TeJIaMHU, BHIXOISIIMMU Ha THEBHYIO IIOBEPX-
HOCTbh U “TITOTEIOIIMMU” K OIpeneeHHbIM (popMam
penbeda ¢ pe3KMMU rpaHUIAMU U BBICOKUMU Tpaau-
eHTaM1 Mop(oMeTpUIeCKIX napaMeTpoB. B To ke
BpeMsi BTOPUYHbBIE UICTOYHUKM, 00pa30BaHHbIE 9K30-
JIWHAMWYECKUMMU IIpoLeccaMu, IIpUypOYEHBI K Oojiee
CIIOKOITHOMY peJibedy PeUHBIX JOJIUMH U MEXTOPHBIX
KOTJIOBUH, B TOM YMCJIe K OCHOBAHUIO ITOJIOTUX CKJIO-
HOB, K PEYHBIM U MOpPCKUM TeppacaMm (JIocKyToB,

1999).

BripaxkeHue 3KCIIOHMPOBAHHBLIX IIOBEPXHOCTE
Tr€0JIOTUYECKUX TEJ C MOJEe3HOM MUHEpaIU3alueii B
BUJI€ KOHKPETHBIX (hOPM U 2JIEMEHTOB pelibeda (Ha-
IIpUMeEpP, CTPYKTYPHO-ASHYIAlIMOHHBIX YCTYIIOB IT1O-
BEPXHOCTEIl OTIpenapMpOBaHHBIX IaeK), a TaKXkKe
MPUYPOUYEHHOCTh OYaroB BTOPUYHONM MUHepamn3a-
LIMM K OpyroM Habopy ¢opm (pasanyHoOro pojaa To-
norpaduyeckue JOBYIIKUA B JOJIUHHON CETH) — 3TO

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

OCHOBaHUeE JIJII Pa3pabOoTKN METOIUKH MCITOJIb30Ba-
HUSI MOP(POMETPUUECKUX KPUTEPUEB JJISI TTPOTHO3a
pa3MeIIeHUsI MECTOPOXKICHW. BXomHbIMIY ITpHU3HA-
KaMU JJISI TTOOOOHBIX aITOPUTMOB MOTYT OBITh, Ha-
MMPUMEP, aMILUIUTYIbI AByMEPHOIO CIIeKTpa peibeda.
CrekTpaJibHbIi (TapMOHUYECKUiT) aHaIu3a peabeda
MpUMeHsIeTcsT B TeoMopdoiornut ¢ 60-X IT. ITPOILIOro
Beka (XpomueHko, 1967; Pike, Rozema, 1975), HecMmoT-
psl Ha oOIIpelecHHBIC TPYTHOCTH TeoMopdoiorude-
CKOIl MHTEepIIpeTallui PE3yIbTaTOB CIEKTPATBLHOTO
pasnoxenus: (Xapuenko, 2017; XapueHko, Kazakos,
2018). JlocToMHCTBa TapMOHWYECKOTO Pa3I0XKEHUS
penbeda CBA3aHbI C TEM, YTO IBYXMEPHBIA aMITIN-
TYIHO-YaCTOTHBIN CIIEKTP pelibeda Mo3BOJISIET aBTO-
MaTU3UPOBATh BHISIBJICHUE YYaCTKOB C OJTHOPOIHBIM
PUCYHKOM TOHOTrpaUIecKOro pacwieHEeHUs, 3a4a-
CTYIO OTBEYAIOIIUM CXOXHUM CTPYKTypaM 36MHOM KO-
pbI, — 3TOT METO/, O3BOJISIET C BBICOKOM MHGpOpMa-
TUBHOCTBIO XapaKTepU30BaTh IBYXMEPHEI “curHai’”
(B HameM ciaydyae — IIMP) He CTOJIBKO B TOUKeE,
CKOJIbKO B BBIOpaHHOI ee oKpecTHocTu (d3BuC,
1990; Cepruenko, 2002).

B Hacrosiieit paboTe mpencTaBieHa MeTOAWKA
IMOMCKA YYaCTKOB TEPPUTOPUU C 3aJaHHBIMU MOP(dO-
METPUYECKUMM XapaKTepUCTUKAMMU pesibeda IS 3a-
J1a4 MpeacKa3aHusl BbIXOIOB XXMUJIbHBIX 00pa3oBaHU
KaMHeCaMOLIBETHOII MMHepanuzauuu (pyOuMHBI U
LITIMHEb), OCHOBAaHHAS HAa IByMEPHOM TapMOHUYE-
ckoM paznoxeHun [IMP. IlokazaHbl pe3yabTaThl
anpodanyy METOAMKHW [JIsI IIPOTrHO3a ITOJOXEHMUS
NOTEHUMAJIbHBIX TIPOSIBJAEHUI TOJIE3HO MUHEpAJIU-
3allM B KOPEHHOM 3aJIeTAHWY B MIpeieiaX OMHOTO U3
paitoHoB m-oBa MHIoKUTAlA.

OBBEKTbI MCCIIEAOBAHUA

M3yuaemblii pailoH pacnojioxeH B mpeaenax ce-
BepHOro BreTHama (KoopauHATHI LICHTPA UCCIEaye-
MOTO mojurona — 22°2°18.6” B.o. 104°48°7.2” c.u1.).
Teppuropus nipencrasisieT co6oit Hu3koropbe (Ko
Bou miu CnoHoOBbU ropbl) ¢ MaKCMMaJbHBIMHU OT-
MeTKaMU, eaBa npesbitnaommmu 1000 M, a GoHOBbBI-
MU 3HAYEHUSIMU BBICOT BEPIIMHHBIX TOBEPXHOCTEN —
400—700 M, oHa pa3buTa cepueit KpyImHBIX pa3jiOMOB,
OpPUEHTUPOBaHHBIX B HampasieHuu C3-I0B, stu
pazJioMbl, OyAyYd OCBOEHBI PEYHOI CEThIO, OIpee-
JISIIOT OOIIMI XapakTep puCyHKa pejbeda ydacTka
(Geological and mineral..., 2000). Kpynneimuii u3
pa3JIOMOB B pervoHe — IiaHetapHbiii paznom Kpac-
HoIi pexu (1u p. XoHTXa) — npoTtsaruBaercs Ha 1500 km
OT IOTO-BOCTOYHOI OKpauHbl Tubera 1o ToOHKWH-
CKOTO 3aJIMBa M 3aJaeT Mpeoobianaplilee Hanpasie-
HY€ TOPHBIX KPSIKEU U pa3iensitolimx ux 1ojauH. Pac-
CMaTpUBaeMbIii y4aCTOK PACMOJIOXEH OT 3TOr0 pa3-
Jioma B ~50 KM K ceBepO-BOCTOKY, U OUePUUBAETCS C
JIByX CTOPOH Pa3jOMHbIMU 30HaMu 0oJjiee HU3KOIo
Hepapxuueckoro ypoBHsi. OOBLEKT Halllero MHTepeca —
OTHENbHBIN KpsK (puc. 1), pasmepamu 14.5 X 6.5 km
U OTHOCUTEJbHBIM TIPEBBIIIEHUEM BbICIIEH TOUKHU
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MMOBEPXHOCTH Had MTHUIIAMU OKPYXAIOIIMX TOJUH
nopsiaka 800 M, B IyOaMKalMsIX HOCUT Ha3BaHUE
Large Rock (Pham et al., 2017) wiau Bonbimas Ckana,
pacIiojioxkeH HEeIMoCPeACTBEHHO K ceBepy OT 03. Txak-
ba. MakcumasnbHast abCOIOTHASI BBICOTA B IIpeaeaax
Kpsika ~860 M (puc. 2, (a)). Okpyxaloliue ero JoJau-
HBI HaXomsATCsI B MHTepBajie BBICOT 50—150 M, mpu
IIMPUHE 110 OPOBKaM 10 2 KM.

Teppuropust cnoxeHa mMpaMopamMu I'padUTU3U-
poBaHHBIMU (IIpeo0IagaroT), THeicaMu, TpaHUTaMU
BO3pAacTOM TMO3AHUI NPOTEPO30M — paHHUK KeM-
oOpuii (puc. 2, (0)), a pastoMHas ceThb (K 3JIEeMEHTaM
KOTOPOM U IIPUYyPOUYECHBI MECTOPOXICHUS CaMOLIBE-
TOB) 00YCJIOBJIeHA HOBEMIIIMMMU paHHEHEOTeHOBBIMU
TEKTOHMYECKUMM ABIDKCHUSIMU, CIIPOBOLIMPOBAH-
HBIMU IIPUWICHEHUEM MHIOCTAHCKOIO 0JI0KA K I0XK-
HO-KHMTaiiCKOMYy M COBPEMEHHBLIM Pa3BUTHEM IOTO-
BOCTOYHOTO CeTMeHTa AJIbITMiicKoro-Immanaiickoro
OpPOTeHHOTO IosIca.

IToBepxHOCTh paccMaTpUBAEMOTO KpsiKa pa3ouTa
CUCTEMaMU MaJIbIX TOJWH ¢ XxapakTepHbiM C3-10B u
C-10 npoctupaHueM M aMmILUIMTYyIaMHU BBICOT B He-
CKOJIbKO AeCSITKOB MeTpOB. KpyTuzHa 60pTOB Kpsixka
3HaYUTENbHA U cocTaBiageT 10°—29° — midg oro-3a-
MagHbIX, U 8°—19° — I ceBepO-BOCTOYHBIX CKJIIO-
HoB. Ha BeicoTax 400—500 M HaGr01a10TCSI TTOJIOTHE,
OTHOCHUTEJILHO HEKPYITHbIE PACYIEHEHHbIE OCTATOU-
HbI€ TTOBEPXHOCTU BhIpaBHUBaHUS. [1JIst TeppuTopun
XapaKTepHbl KapCTOBbIE MPOLIECCH U sIBJIeHUs. Tep-
puTOpHUS TOJIydaeT 3HAuUTEIbHOE yBJIaKHEHUE —
~2000 MM/Tom, 4YTO B COBOKYITHOCTH C BBEIXOIOM K
MOBEPXHOCTH KAPCTYIOILIUXCS MOPOA 00YyCIOBINBAET
MPOSIBJIEHUS] KaK MOKPBITOTO, TaK U MOBEPXHOCTHOTO
kapcTa. CKJIIOHOBBIE TTPOIIECCHI 3aMEMJIEHbl COMKHY-
TBIM PACTUTEIBLHBLIM ITIOKPOBOM M HaOJIOMAIOTCS
TOJIBKO Ha PEIKUX OTKPBITHIX y4acTKaX ¢ KPyTU3HOI
6onee 35°, mubOO OKa3bIBaIOTCS aKTUBUPOBAHbI aH-
TPOTIOTEHHOM NesiTeIbHOCThI0. HaHOCHI CO CKITIOHOB
MaJIbIX JOJUH TIOCTYNAalOT B PYCJIOBYIO CE€Th Ha MO-
BEPXHOCTHU KPSKa U 3aTeM BBIHOCSTCS B 6oJiee KpyIi-
Hble JoauHbBl C3-FOB mnpocTtupanus, npeHupyeMbie
pexkamu bovetx, TioHr, Tsii u ap.

XapakTepHble OCOOEHHOCTU pefibeda, Mmepedyuc-
JICHHBIC paHee, MO0 Bceil BUIMMOCTH OMpPEeNessItoTCs
HaJIMYMEM MPaMOPOB Ha UCCIIETyEMOM TEPPUTOPUH C
MHOT'OYMCJICHHBIMY UHTPY3USIMU OCHOBHOTI'O M KMC-
JIOTO CcOCTaBa M TEKTOHMYECKUMH pas3ioOMaMUu
(Khoi et al., 2016). YyacTKu TeppUTOPUH, TTOACTUIA-
eMble MpaMOpaMH, B 3HAYUTEJIbHOM CTEIEHU IOMI-
BEP>KEHBI TIPOIIECCaM PACTBOPEHMUSI, TIO3TOMY ITPe00-
JIagaoT pa3zHoMacluTaOHbIe (POPMBI KAPCTOBOIO pe-
nbeda. [Ipu 3TOM KapcToBbIe NEMPEecCUr 3a4acTylo
3aIl0JIHEHbl HEPACTBOPUMEBIM PBIXJIBLIM BBICBOOOXK-
JeHHBIM MaTepuanoM. Ho JokalbHbIE MOIIHOCTU
PBIXJIBIX OTJIOKEHWUI 3aech HeBenuku — oT 0.5 mo
1.5 M (Long et al., 2013).

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

METO/bI

ITpu nmoaroroBKe MOJEBBIX TEOJOTUYECKUX TTOUC-
KOBBIX paboT Oblla cOCTaBieHa cepusi BCIoMora-
TeNbHBIX KapT-cxeM paiioHa B [MMC mo gaHHBIM 11-
CTAaHIIMOHHOTO 30HIMpOBaHUs. MopdomeTpuue-
CKMIi aHau3 pelibeda OCyIIECTBISIICS 10 JaHHBIM
rodaibHOM Mognenu pelibeda Aster pazpelieHuem
30 m. [TocTpoeHue TMHMI TOKA C UCTIOIb30BaHUEM MO-
nyiist tuaposornu [10O ArcGIS mo3Bonmiio mpociaenuTb
OCHOBHBIE HallpaBJIeHUsI BEIHOCA PHIXJIOTO BEIlleCTBa U,
Kak pe3yJibTaT, apeasibl pa3BUTHS aJUTFOBUAIBHBIX TOJIIIL
C MPOSIBJIEHUSIMU MOJIE3HON MUHepan3aiuu. Takxke
BBIJICJICHBl YYaCTKU MHTEHCHUBHOIO KapcTa I0 aHO-
MavsiM mpodWIbHOM KpUBU3HBI pelibeda. [TocTpo-
€HHbIe KapTbl ObLIM MCMHOJB30BaHbI IJIs aHajiu3a
MopdOJIOTMYECKUX 0COOEHHOCTEl TeppuTopuun. bblia
MPEANpPUHSTA TIONbITKA MTPUMEHEHUST CTIEKTPaIbHOTO
aHaiiM3a pefibeda IS BbISIBICHUS TEPCIEeKTUBHBIX
YYaCTKOB T€O0JIOTMYECKOTO MaplIpyTHOIO OIpodoBa-
Hus. B pabore, KkpoMme mpodero, ObLia MCOOJAb30BaHA
nHGbOPMAIIKS O CYIIECTBYIOIINX MECTOHAXOXKIEHUSIX
pyounos u mmnuHenu 1o (Long et al, 2013). Cnenyer
OTMETHUTh, YTO U3BECTHBIE pa3pabOTKU POCCHITIeit py-
OWHOB M IITIMHENIU TIPUYPOUYEHBbI K JOJUHAM PEK B
CpeIHEM U HUXXHEM TeUeHMHU M K 30HaM CTyIICHUS
MPOSIBJIEHU I KapCTOBBIX MPOLIECCOB. YYET 3TUX NaH-
HBIX U UMEIOIIMIACS ONBIT B TIPUMEHEHUH CIIEKTpaib-
HOTO aHajii3a peibeda Mo3BOJUI CO30aTh METOAUKY
JUJIsl TPOTHO3a KAMHECAaMOLIBETHOI MUHepaau3alun
Ha paccMaTprMBaeMOI TEPPUTOPUU KaK YacTh reosio-
ro-reoMop@oJI0rM4eCcKrX MIOUCKOBBIX MEPOITPUSITUIA.

OnuceiBaeMasi METOIMKA BKJIIOUMJIA B ceOs1 pac-
YyeT TapMOHUYECKMX COCTaBJISIIONINX peibeda 3eM-
HOIi TOBEPXHOCTU U CO3[1aHUS HEUPOHHOM CeTu, rae
B KaUeCTBE BXOJIHBIX ITPU3HAKOB ObLIM MCIOJIb30Ba-
HBI aMIUIMTYAbI IBYMEPHOTIO CcIIeKTpa penbeda. B ka-
YeCTBE BXOIHBIX TaHHBIX HEPOHOB ObLJIO UCHOIb30-
BaHO 40 creKTpaJibHbIX MPU3HAKOB (aMIUIATYI OT-
JIeJIbHBIX TapMOHMK B CHEKTpe MOJs BBICOT),
MOJIYYeHHBIX CKOJB3SMIei majeTkoit 240 X 240 m
(1.e. 8 X 8 ssueexk IIMP) 1o oO111eit miomanay yyactka
272 km?2. UcxonHble JaHHbIE O peibede MpencTaBie-
HbI peryisipHoit ceTkoii ¢ 302088 BBICOTHBIX 3HaUYe-
Huii ¢ marom 30 M.

OCHOBY TMpencTaB/isieMOld METOAWMKU COCTaBUJIU
JIBa XOPOIIIO MPpOpadOTaHHBIX HAYYHBIX MeToAa 00Opa-
OOTKM JaHHBIX: |- — 3TO NIUCKPETHOE pasyioKeHUe
dypre n 2-if — MamMHHOE OOyYeHUE C yUUTEJIeM
HelipoHHOM ceTu. KpaTkoe onucaHue 3TuX METOIOB,
00beAMHEHHBIX HAaMU B OOIlleli METOAMKE MOouCKa
Y4aCTKOB MOBEPXHOCTHU, HanboJiee CXOXKHUX IO CIeK-
TpaJbHbIM XapaKTepUCTUKAM peJibeda ¢ 00yJaroleit
BbIOOpKOIT (Bkmouatomieil dparmentel LIMP mis
YYaCTKOB C JOCTOBEPHO YCTAHOBIIEHHBIMU PaHEE Me-
CTOPOXIECHUSIMU ), TIPUBEICHO HUKE.

MeTon crieKTpaJIbHOIO aHaJIM3a OCHOBBIBAETCS Ha
cJIenyloInuX IToJoxXeHMsX. JI000i curHaja MOXKHO
Pa3IOXUTh Ha psif TapMOHWYECKUX (DYHKIUA (s
Ne 3
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Puc. 1. BBepxy — nojoxeHue paiioHa pabot B npenenax FOro-BocTouHoii A3uu moka3aHo KpacHOM TOYKOM, BHM3Y — TMIICO-

MeTpHuYecKasi cxeMa paiioHa paGoT.
Fig. 1. Up — interest region location on the map of South-East Asia is shown with the red point, down — hypsometric scheme of

the interest region.
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Puc. 2. Penbved, reosornueckoe cTpoeHue paifoHa UCCIEIOBAHUSI U MHBEHTApU3aLIUsI MECTOPOXISHUI PyOMHA U IIITTUHEIIN:
(a) — penbed palioHa ¥ MO3ULIMHU MPOSIBICHUM caMOLIBETOB; (0) — cxeMaTuyecKas reojloruyeckast kapra. [lposesenus kamme-
camoysemuoil munepasusayuu: 1 — B Mpamopax, 2 — B rHelicax; 3 — pasioMbl. leonoeuneckoe cmpoenue: 4 — 4eTBEPTUYHbIE OT-
JIoXeHusi, 5 — HeoreHoBast hopMarius PanHr-JIyonr, 6 — komruieke TaH XyoHT (FpaHUTHI, IPAHOCUEHUTBI, TIErMaTUThI), 7 —
komruiekc Hyu Uya (ra66po, rabopoaropuThl, IMOPUTHI), & — KomItieke Pua Bruok (GMOTUTOBBIE U TErMAaTUTOBBIE TPAHUTHI),
9 — xomrutekc AH Dy (rpaduTnsnpoBaHHbIE MpaMOpbI, ctofbl), 10 — komruieke Txak ba (kBapiieBble CJIObI, MUI0T-010-
TUTOBBIE CJIAHIIBI, MpaMoOphl), /1 — komrmuiekc Hrou Tum (KBapi-OMOTUT-CUJUTMMAHUTOBBIE CIIAHIIBI, aM(UOOINTHI, KBAPIIU-
TBI, MpaMophl), 12 — koMruiekc Hpio Bou (TutarnorHeiicsl, rHeiichl, aM®UOOIUTHI, MpaMOPBI, CITaHIIbI).

Fig. 2. Topography, geological settings and inventory of ruby and spinel deposits: (a) — interest region terrain and positions of
gems signs, (0) — schematic geological map. The signs of the gems: 1 — in the marbles, 2 — in the gneisses; 3 — the faults. Geological
division: 4 — quaternary deposits, 5 — Neogene Fang-Luong formation, 6 — Tan Huong formation (granite, granosyenite, peg-
matite), 7— Nui Chua formation (gabbro, gabbro-diorite, diorite), § — Phia Biok formation (biotite and pegmatite granite), 9 —
An Phue formation (graphitized marble, mica), /0 — Tkhak Ba (quartz mica, epidote-biotite shale, marble) 7/ — Ngoi Tchi for-
mation (quartz-biotite-sillimanite shale, amphibolite, quartzite, marble), /2 — Niu Voi formation (plagiogneiss, gneiss, amphi-

bolite, marble, shale).

dypbe) TakMM 06pa3oM, YTO MPU CYMMHPOBAHUU
byHKIIMIT 5TOTO psima MoIyJIaeTCsT NICXOMHBIN CUTHAT
(Davis, Choinacki, 2017). Ha ocHOBe 3TOTO MMeeTcs
BO3MOXHOCTh aHAJIU3UPOBaTh Pa3HOUYACTOTHBIE CO-
CTaBJISIIONIME CUTHAJA, KOTOPhIE TPEACTaBIeHbl Ha-
OOpoM TapMOHWYECKMX (YHKIMN — CIEKTPOM.
B npaktuke ob6paborku LIMP ucrnons3yercst Bapu-
aHT AUCKpeTHOro mpeobpazoBaHust Pypre (Cepru-
eHKo, 2002).

CriekTp HeceT UHGpOpPMALUIO O pacnpeaeieHUun
“sHeprun” (B HaIlIEeM CIy4yae — aMILJIUTYAbI BHICOT) B
CUTHaJIe MEXIy ero pa3HOYaCTOTHBIMU TepUoIuYe-
CKMMHU COCTABJISTIONIUMU — TapMOHMKAaMHM, TIpHMe-
HHUTEJIBHO K peiabedy BO3MOXHO OLIEHUTH IIpeodiia-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

Jalollre JUHENHbIE pa3Mephbl MEPUOIOB pacuicHe-
HUST U3y9aeMOTO Y4acTKa 3¢MHOM TTOBEPXHOCTH.

JBymMepHOe TUCKpeTHOE ITpeobpa3oBanue Dyprbe,
BBITIOJIHSIEMOE OTHOBPEMEHHO MO OCSIM X U Y, TT03BO-
JISIET BBISIBUTH TTapaMeTPhl BCeX BO3MOXKHBIX TTEPHO-
IUYECKUX COCTaBJISIONIE He MPOodUIIsI, a TOBEPXHO-
CTH B IIpeesax 3afaHHON TOYHOCTU (AUCKPETHOCTH )
LIMP (daBuc, 1990). OCHOBHBIM pe3yJIbTATOM IIpe-
00pa30BaHUs B CIIEKTP MCXOMHOIO y4acTKa MTOBEPX-
HOCTH SIBJISIETCSI HAOOp rapMOHUYECKUX COCTaBJISIIO-
X, KaXaast U3 KOTOPBIX MMEeT Pa3IMIHYI0 aMTIITH -
Tyay ¥ (pa3oBoe cMellleHe OTHOCUTEIBHO HYJIEBOTO
orcuera. OIHUM U3 OrpaHUYECHUM pPa3JIOKEHUS B
CIIEKTp SIBJISIETCS TO, YTO B CIIEKTPE OTCYTCTBYET WH-
dopMaLust 0 KoopAMHATAX KOHKPETHOMN TOYKU UCXOM-
Ne 3
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HOTO y4yacTKa, Tak KakK CIIEKTP — 3TO HaOOp BOJTHOBBIX
W3MEHEHU, 3aTparuBamollMX BCE paccMaTpuBaeMoe
MPOCTPAHCTBO (T.H. TOOATBHOE CITEKTPATBHOE TIPe00-
pazoBaHue). 1ist mpeoaoaeHrs 3TOro HeynoocTBa Ha
OOJIBIIMX TIIOLIAASX U TIPpU U30BITOYHON MHGPOpPMa-
LIMU O pefibede clieayeT MPUMEHSTb CKOJIb3SIIIIYI0 Tla-
JIETKY CMEKTPaJIbHOTO aHa1M3a HeOOJIbIIIOro pa3Mepa.

OO0b19yHO B mpakTuke padotsl ¢ [IIMP (Hampumep,
MIPpU BBIYMCJICHUHY KPYTU3HBI WJIN BUIOB KPUBU3HBI)
WCHOJb3YETCSl CKOJb3sIlasl IMajeTka ¢ MUHMMallb-
HBIM pa3MepoM — 3 X 3 gueiikm, T.e. paccMaTpuBa-
I0OTCSI TOJILKO OJMKalIIMe cocenu LeHTPaJbHOM
sueiiku. 11 cneKTpajabHOM IajieTKU ObLT BBIOpaH
KBaJpar CO CTOPOHOI 1 = § Ag4eek, T.e. Ipeodpa3oBa-
Hu1o Pypbe IMOABEPTaIMCh ITOCIEI0BATEILHO (ppar-
MeHTHI ncxogHoit LIMP 1o 8 X 8 gueexk mim 240 X
X 240 M, 4TO MIPUMEPHO OTBEYAET CpeIHEMY pa3Mepy
ydJacTKa CO cJjielaMi CaMOIIBETHON MUHepaJIn3alnu
JUJISTI U3BECTHBIX MECTOPOXAeHWM. ONITUMU3AIUS Pe-
3yJbTaTa BBIYMCICHUS CIIEKTPAJIbHOI MajJeTKU B
nporpaMmmHoii cpene Python Owl1a mocTurHyra umc-
noJjib3oBaHueM GyHKIUU “rfft2”, KoTopas BEIYUCIISI -
eT AByMepHOe AUCKpeTHoe npeodpazoBaHue Dypbe
WCXOMHBIX JAaHHBIX, MPEACTABICHHBIX ACUCTBUTEb-
HBIMHY 4YHMCcIaMU (B HaIlIeM cliydae — abC. BBLICOTaMM).
B pesysnbraTe BHIYMCIEHUS 1% 3HAYEHUN BBICOT MC-
XOIHOM najeTku noayvyaem n(n/2 + 1) — Bcero 40 am-
IUIUTY[ COEKTPa WIN CHEKTPaJbHBIX IIPU3HAKOB, KO-
TOpBIE 3aMMCHIBAIOTCS KAK BJIOXKEHHBIII MAaCCUB B OJI-
Hy sueiiky. [Tpu crenyroiieM 1are CKOJbXEHUs Ha
ONHY STYCIKY BXOMHBbIC TaHHbIe (PYHKIIUU OOHOBIISI-
FOTCsI, BBITIOJTHSIETCSI pacyeT CIIeKTpaIbHbIX MTpU3HA-
KOB — pe3y/ibTaT 3allCHIBA€TCS B COOTBETCTBYIOIIYIO
SIYEMKY pe3yJIbTUPYIONIETO MAacCHBa CIIEKTPaIbHBIX
npu3HakoB. TakuM 06pa3oM, BEIXOMHBIE JaHHBIE I10-
cJie TIPOXOJa BBIYMCIMTEILHOM IajeTKON BCEX MC-
XOIHBIX 3HAYEHUI BBICOT pa3MepoM Y u X mpencraB-
JISTIOT co001t MmaccuB maHHBIX B I UC ¢ pa3MepHOCTHIO:
((Y=8) - (X=8)) X (n(n/2 + 1)) mmm (293304) % (40). Ta-
KO€ MpencTaBjJeHue yI0OHO IS JalbHelinieil oopa-
0OTKM pesyabTaTa cpeacTBaMyd OMOIUOTEK Ipo-
rpaMMHoro koga Scikit-learn miist Python npu co3na-
HUM aJropUuTMa MalllMHHOTO oOyuyeHusi (Mrosuiep,
I'suno, 2018).

TepMuH “mammHHOE OOydyeHHE” IIMPOKO MpPHU-
MEHSIEeTCSI B MTH(POPMALIMOHHBIX CETSIX U CUCTEMaX B
MPUKIAJHBIX acHeKTax pelleHus HaydHbIX 3amay.
OHO HalleJIcHO Ha M3BJIeUYeHUEe MOJIe3HOM MHPOpMa-
oMY 13 JAaHHBIX, KaK IIPaBUJIO, IIYOOKMX 3aKOHO-
MEPHOCTEN, IMTOATBEePXKAAeMbIX SMITMPUIECKU, HO HE
HaOII0JaeMBIX B MacCHUBe MHGOPMAIIMKA “HEBOOPY-
XKEHHBIM B3DIsIIOM”. B cBOEi1 0OCHOBe permaeMasi Ha-
MU B TaHHON CTaThe 3ajada — KjaccuuKalys, oHa
YCIIEITHO peIIaeTcss Ha OCHOBE KOHTPOJUPYEMOIO
00y4YeHUsT MOJEaU UK “o0ydyeHus ¢ yuuteaem”. Co-
3MaHHas B paboTe MareMaTuuyeckast MoJiesIb Obljia Mo-
CTpOEHA Ha OCHOBE O0ydYalolIMX JTaHHBIX aMILJIUTY/I
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JBYMEPHOTO CIIEKTpa Y4acTKOB pejibeda, MMEIOIINX
JKUJIbHBIC TIPOSIBJIEHUS TI0JIE3HON MUHEpau3aliuu,
M Y4acTKOB, HE MMEIIIMX TaKOBOI. DTO o3Hayaer
cenylolliee: Ha OCHOBE M3BEeCTHbIX maHHbIX (Long
et al., 2013) ObUIM 3amaHbBI ABa KjIacca OOBEKTOB pac-
MO3HaBaHMsI: MEPBBIM KJIaCcC — 3TO YYaCTKU MOBEPX-
HOCTH, CcoOJiepXKalllueé KOPEHHbIE MECTOPOXKICHUS
IITTUHEJIM ¥ pyOMHOB — 7 0OBEKTOB; BTOPOI KJIacc —
YYaCTKM MOBEPXHOCTU HYJIEBOTO KJlacca, He cofepxKa-
1€ MPOSIBJICHUI KOPEHHBIX NCTOYHUKOB B KOJIUYE-
ctBe 25 00bekToB. Ilpy 3TOM KaXIblii OOBEKT ObLI
MPEACTABICH YEeThIPbMSI JECSITKaMU CIeKTpalbHbIX
MPU3HAKOB (POPMBI €ro MoBepxHOCTU. Bce 310 ObuL1o
0OpMJICHO B BUJIE MATPULIBbI pa3MepHOCTHIO (32) X (40).
JlaHHBIN MaccuB 00padaThIBaICs NPOrPaMMHBIM KO-
nmom ombomoreku Scikit-learn (Miosiep, I'Buno, 2018).
ITporpaMmMHBIit MOAY/Ib pa30MBaeT BXOJHOKW MacCUB
Ha iBa: Ha OJHOM — MPOUCXOJUT OOyYeHUEe HEMPOH-
HOIi CEeTH, HA BTOPOI YaCTU MaccuBa AEJaeTCs IMpo-
FHO3 U TOJIyYeHHBIA pe3yJbTaT Kilaccuduxkanuu
CPaBHUBAETCS C U3BECTHOM MPUHAIJIE)KHOCTBIO YJacT-
Ka K onmHomy u3 kjiaccoB. CaM aJropuTM OOy4YeHMsI
CTPOMTCSI HA OCHOBE M3BECTHOTO MPEIACTaBICHUST MC-
KYCCTBEHHOTO HEeMpoHa — MepcernTpoHa, Kak MHOXe-
CTBEHHOM JINHEWHOU PErpECCUM.

CyIIHOCTb €ro COCTOUT B UTEPATUBHOI TTOATOHKE
K02 dUIIMEeHTOB YypaBHEHUSI TUHEMHO perpeccuun
MPY HE3aBUCUMBIX ITEpEMEHHBIX (aMIUIMTyIax rap-
MOHUWYECKUX KOJeOaHU BBICOT, OTBEUAKOLIUX pa3-
HBIM TMPOCTPAHCTBEHHBIM YacTOTaM) TakKUM oOOpa-
30M, 4YTOOBI 3aBHCHMAasl MepeMeHHasl Obllla JIMHEM-
HBIM OTpaXXeHUeM Mephl (HalpuMep, BEPOSTHOCTU
WIN Op.) OTHECEHUS KJIacCU(PUIIMPYEMBIX OOBEKTOB
K OJHOMY M3 JIBYX KJIACCOB — CKaXXeM, MEPCIEKTUB-
HOMY Ha CaMOLIBEThI YUaCTKY U He TTePCIIEKTUBHOMY.
MHBIMU CclIOBaMU, AJITOPUTM MBITAETCSI OIPEACIUT,
Kakue MopdomeTpruueckrie (a UMEHHO CIeKTpasib-
HbIC) XapaKTepUCTUKU pelibedha HAWIydIIUM obOpa-
30M COOTBETCTBYIOT B IIPOCTPAHCTBE y4acTKaM 000UX
KJIACCOB, KaKWe XapaKTepUCTHUKU Oojice 3HAYMMBI
(061a7al0T OOJBIIUM TIpeacKa3aTeIbHBIM MOTECHIIN -
aJioM 1 00oabImrM K03 OUIINEHTOM B YypaBHEHHUH ), a
Kakue — MeHee. Mcrmonb30BaHue IByXCIOMHOM Hell-
POHHOI CETU TTIO3BOJISIET IIPOCJIEANTH HE TOJIBKO IS~
MYIO KOPPEJISIIMIO B IIPOCTPAHCTBE KAXIOM OTHACb-
HOI CIEKTpaJIbHOM XapaKTepUCTUKU peibeda (aM-
TJIUTYbl TADMOHUKM) U MOJIE3HON MUHEpaIru3alnu,
HO U JUHEWHBIX KOMOMHALIMI aMITJINTYI, COOTBET-
CTBYIOIIUX pa3HBIM YacTOTaM Ha MECTHOCTHU. B reo-
MOP(}OJIOrMIeCcKOM CMBICIIE 3TO 3HAUUT, YTO MOTEH-
LUATbHBIMU MIPU3HAKAMU JIJIS IPOrHO3a ObLIU, Ha-
IpUMeEp, COOTHOIIEHUS IMHEMHBIX Pa3MePOB TOJINH
pa3Horo MopsiaKa U APYrux pa3HOMACIITAOHbBIX, Ha-
JIOXXEHHBIX IPYT Ha Apyra (popM pesbeda.

AHaJIUTUYECKN HEWpPOHHAsI CeTh MpeAcTaBleHa
clIeqyIoImnM HabopoM BeIpaxkeHuit (Miomnep, I'su-
1o, 2018):
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I1epBEIit CKPBITHIN CITO¥:
h1[0] = w[0.0] x[0] + w[1.0] x[1] +
+w[2.0]x[2] +... + w[k.0] x[k]

h1[0] = w[0.0] x[0] + w[1.0] x[1] +
+w([2.0]x[2] + ... + w[k.0] x[k]

hl[1] = w[0.1]x[0] + w[1.1] x[1] +
+w[2.1]x[2] + ... + w[k.1] x k]

h1[2] = w[0.2] x[0] + w[1.2] x[1] +
+w[2.2]x[2] +... + w[k.2] x[k]

h[N]=w[0.N]x[0]+ w[1.2]x[1] +
+w[2.2]x[2] +... + w[k.N] x[k]
BTopoii CKpBITHIi C10I:
h2[0] = u[0.0]A1[0] + u[1.0]A1[1] +
+u[2.0]A[2] + ... + u[N.OJAI[N]

m2[1] = u[0.1]A1[0] + u[1L.1] A1 [1] +
+u[2.1]A[2] + ...+  N1JAI[N ]

h2[2] = u[0.2]A[0] + u[1.2] A1 [1] +
+ul2.2] A 2] + ... + u[N.2] [ N]

h2[N] =u[0.N]A1[0] + u[l.N]AL[1] +
+u[2.N]AL[2] + ...+ u[N.N]AL[N]
Brixon:
y =v[0]m2[0] + v[1]n2[1] +
+v[2)h2[2] + ...+ v[N]h2[N],

TIe w, U, v — BeCoBbIe KOA(MULIMEHTHI, A1, h2 — nep-
CEIITPOHEI MEPBOr0 M BTOPOIO CJIOSI; X — BXOOHEIC
3HAYCHUS aMIUIUTYI MPU3HAKOB; N — KOJIUYECTBO
MEePCEINTPOHOB MEPBOTO U BTOPOTO CJI0S TIEPCEITPO-
HOB, paBHOe 200; kK — KOJIMYECTBO BXOIHBIX 3HAYEC-
HUIA.

JaHHBIN aITOPUTM Ha BBIXOAE NAaeT 3HAYEHUE Y ,
KOTOPOE SIBJISIETCS KOHTPOJMPYIOLINM, — IIPU BBITIOJI-
HEHMU MHOXECTBa MTepalidii BeCOBble KO3(d Ui~
€HTBI, BXOASIIINE B ypaBHEeHMs cioeB Al(...), h2(...) u
BbIXOAa y (...), MEHSIFOTCS 11 JOCTUXKEHUSI MUHUMY-
Ma y . Ilocne Toro kak (pyHKIMSI ¥y TpUHSIIa MUHU-
MYM, CETh BECOBBIX KO3(DIUIIMEHTOB (DUKCUPYETCS,
o0Oy4yeHMe MOAEIN 3aKaHIYMBAETCS, a BBIXOMHOE 3Ha-
YyeHWe TMPUHUMAETCSI COOTBETCTBYIOIIMM KJaccy
BXOQHOTO O0OBEKTa U CUMTAETCS, YTO HEMPOHHAsI CETh
obydeHa. OgHUM U3 pe3yJILTATOB PaOOTHI aJITOPUTMA
SIBJISIETCSI CTaTUCTUYECKasl OlleHKa TOYHOCTH ITIpO-
rHosa (accuracy) — Mepa YCHEIIHOCTH OOy4eHUS
HEWPOHHOI CEeTHU.
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Ha caenyiomem sTane mojiydeHHBIC perpeCcCrUOH-
HbIe ypaBHEeHUS (COOCTBEHHO, IIEPCENTPOH) MpUMe-
HWIM K pacCYUTAHHBIM IJIsI BCEM IUIOLIAAU CHEK-
TpaJbHBIM NpHU3HAKaM peibeda, B pe3yabTaTe IOJIy-
yui MaccuB 13 293304 cTpoK U ABYX KOJOHOK, TJe
B IEpBOI KOJIOHKE 3allicaH IPOTHO3UPYEeMBbIid
KJIacc, a BO BTOPOI 3aIlMCaHa BEPOSITHOCTb IPOTHO-
3UpyeMoOro kjacca. TakuMm oOpa3oMm, MOXKHO HE
TOJILKO TOBOPUTH O HauboJjIee BEpOSITHOM KJjlacce OJIs
J1000To0 yJyacTKa Ha TEpPUTOPHUHU, HO 1 O HAIEXKHOCTU
OTHECEHUsI ero K BBIOpaHHOMY KJjaccy (Harpumep,
MOXHO OTCESITh CIIOPHBIEC YYaCTKM U BHIOPATh JIUIIb
HamOoJiee HamexXHbIe IIPOrHO3bI). Kaxmoit cTpoke
MacCHBa COOTBETCTBYIOT reorpaduieckue Koopau-
HaThl X1 Y, 4TO TaeT BO3MOXKXHOCTb PE3YJIbTAThI IIPO-
rHo3a nepeHecty B  UC u mpencTaBUTh B BUIE Kap-
Tl (puc. 3). B pe3ynabrare a1 U3ydyaeMoro paiioHa
Moy4YeHO 87 MPOTrHO3HBLIX y4acTKoB. JIjis1 aHammu3a
NPOTHO3HOM CWJIBI TpeajlaraeMoii METOOWKM WC-
MOJIb30BaHbI TOJBKO T€ pPE3yJabTaThbl ONMPOOOBaHMUS,
KOTOPBIC TTOJIyYEHBI B XOIE II0JIEBBIX UCCIICIOBAHUIA.

PE3VJIBTATHI 1 OBCYXIAEHUWE

B03MOXHOCTB yCIIEIIIHOTO IIPOrHO3a PaCIIOIoXKe-
HMSI YYaCTKOB ITOBEPXHOCTH, COAepKallleii KOpeH-
Hble MCTOUYHUKN KaMHeCcaMOIIBETHOII MUHepaiun3a-
11, OCHOBaHA HAa TOM (paKTe, YTO 4aCcTO BCTpevae-
MbI€ TIPOSIBJICHUSI KUJIBHBIX I'€OJIOTMYECKUX Tel B
penbede 3eMHOM TTOBEPXHOCTU 00Pa3yIoT BBITYKJIbIE
¢OpMBI C OTHOCUTEILHO pe3kuMu rpanunamu (Jloc-
KyTOB, 1999). D10 CBsI3aHO ¢ U30MpaTEIbHOM AeHY A~
1IMei BMelIalouX IMopo, Kak IMpaBuio, OHU MEHee
CTOIiKME K 3K30reHHBIM IIpolieccaMmM. B mpememax
U3ydyaeMoil TeppUTOPUM MOPOJAMM, BMEIIAIOIIUMU
MOJIE3HYI0 MUHEepaIu3alMIo, SIBISIIOTCS MpPamMOphl
MMO3IHEIIPOTEPO30MCKOr0 U paHHEKeMOPUIICKOTO
BO3pacTa, KOTOPbie HEYCTOMYMBBI K XUMHUYECKOMY
BBIBETPUMBAHUIO B YCJIOBUSIX TYMUIHOIO KJuUMarTa.
B otimune oT MarHe3ManbHBIX 1 aJTIOMOCUJIMKATHBIX
MUHEPaJIoB, (OpMUPYIOIINE XWIBI U THE31a C pyou-
HaMU U IIMuHe 0. Ha MOMEHT mpoBeaeHus moJie-
BBIX MCCJIEOOBaHUI Ha TeppuTopur MaccuBa JIyk-
TrheH OBLIO M3BECTHO IO JIMTEPATYPHBIM MCTOUYHM-
Kam 32 mposiBJIEeHUsI MOJIE3HON MUHepaau3alluu, 13
KOTOpHBIX 7 sBJsIt0TCst KopeHHBIMU (Long et al., 2013).
DTU DaHHBIC IBUJIMCH OCHOBOM OOydYeHUsT HEHpOH-
Hoii cetu. IIpu 3ToM B KauecTBe MPEIUKTOPOB MPU-
MeHeHbl 40 npu3HAaKOB (aMIUIMTYH JIBYMEPHOTIO
CIIeKTpa) MOBEPXHOCTU IS XapaKTEPUMCTUKU MOpP-
donoruu penbeda, oTBevarolleil OMHapHOI KJIacCU-
¢UKaLMKM TECTOBBIX YYACTKOB — COIepXKaHUE Tejla C
MOJIE3HBIM KOMIIOHEHTOM WJIM K€ HE COoaepKalllue.
CpenHsist olieHKa KauyecTBa 00y4eHUsT UM TOYHOCTU
mporHo3a (accuracy) mo pesyabTaTaM HeCKOJIbKUX
LUKJIOB OOY4YEHMSI TECTOBOM BBIOOPKM COCTaBHWJIA
0.7—0.75 npu MakcuMajabHO BO3MOXHOI1, paBHOIA 1.
ITocne Oonee TIIATEIBHOTO ITOIOOpA PEeKOMEHIIye-
MBIX ITapaMeTPOB OIMCAHHOIO BHIIIE KiIaccUduKa-
Ne 3
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Puc. 3. Pe3ynbraThl TporHo3a KOpeHHBIX UICTOYHUKOB KaAMHECAaMOIIBETHON MUHepan3alnu: / — MepCeKTUBHBIC YIaCTKU,
CIIPOTrHO3MPOBAaHHbIC HEIIPOHHOI ceThio (87 1IT.), 2 — y4acTKU, MMOATBEPKIACHHBIC MPSIMBIMU MPpU3HaKaMH (3 1IT.), 3 — y4acT-
KU, TOATBEPXKIEHHbIE KOCBEHHBIMU MPpU3HAKaMu (8 1IT.), 4 — TOYKM OpOoOOBaHUS C TIPU3HAKAMU MOJIE3HON MUHEPATU3aLUN
(31 wrt.). A — paiioH pa6ot, b — BogHble 00beKTbl, B — HanpaBieHNsI TOTOKOB HAHOCOB.

Fig. 3. The results of the prediction of primary sources of gemstone mineralization: / — promising areas predicted by a neural
network (87 units), 2 — areas confirmed by direct signs (3 units), 3 — areas confirmed by indirect evidences (8 units), 4 — sampling
points with signs of useful mineralization (31 units). A — interest area, b — water surface, B — sediment flows ways.

TOpa Ha OCHOBE MHOIOCJIOMHOW HEUPOHHOUN ceTu
(Mrwomnep, I'eugo, 2018) omeHka oOydeHUsT ObuIa
ynyunieHa 10 0.83. ITomyyeHHbIe JaHHBIE ObLIN BBI-
HeCeHBI Ha KapTy-cxeMy (Ha puc. 3 — 0003HaYeHbI
nox HoMepoM 1) u TpedoBaIu IIPOBEPKM, KOTOpast U
ObLIa BhIoOJIHEHa B HOs10pe 2019 r. B xone mpoBee-
HUSI TTOJIEBBIX UCCICTOBAHUIA.

B mpoliecce mmpoBeaeHUs MTOJIEBBIX PAGOT MBI CO-
OTHECJIM U3BECTHBIE M BHOBb OOHApY:KEHHbIE HAMU
MPOSIBJICHUS OJIE3HON MUHEPaIU3alluU, KaK B IPsI-
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MBIX IIPM3HAKaX, TaK 1 BO BTOPUYHBIX (B IPUCKIIOHO-
BBIX OCBITTHBIX OpeOoJiax paccessHUsl, B MOABUKHBIX
KOJITIOBUAJIBHO-ICTIOBUATIBHBIX TOMIIAX, B cydpdo3u-
OHHBIX OTJIOXKEHUSX) C IPOTHO3HBIMM YYaCTKaMU, pac-
MOJIOXKEHHBIMU B TOM 3Ke JIoKanuzauuu. [1pu atom 1mo-
JIy4eHO ITOATBEPKACHUE I TPeX IUIOIIANOK MO Mpsi-
MBIM TIpU3HaKaM — IIOJIE3HAasT MUWHEepaIu3amus
HEIOCPEACTBEHHO BhIIe/IeHa U3 KOPEHHOTO 3ajiera-
HMS U3 XKW B MpaMopax (Ha puc. 3 — rmom HoMepoM 2).
KocBeHHBIE MPU3HAKK TTO3BOJMJIN BBIAEIUTH OJIM-
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Puc. 4. AMIUIMTYIbI CIIEKTPaIbHBIX MPU3HAKOB pefibeda BbIAeIEHHbBIX KIacCOB (CIpaBa BBEPXY) U MOJEJIM COOTBETCTBYIOIIETO
006006111eHHOTO penbeda: Kiaacc 1 — reHepaM30BaHHbINM 0OJIMK YYaCTKOB, COAePKAILIUX KOPEHHbIE UCTOYHUKY TOJIE3HOI MU~
Hepam3aluu (cieBa BBepxy); kiacc 0 — reHepaiu30BaHHbI OOJIMK yYaCTKOB, HE COiepKallliX KOPEHHbIX UCTOYHUKOB (CIpa-

Ba BHU3Y).

Fig. 4. Magnitudes of the spectral features of the land surface for selected classes (top right) and models of their generalized terrain
image: class 1 — terrain of areas containing primary sources of gems (top left); class 0 — terrain of areas that do not contain primary

gems sources (bottom right).

Kalile TPOTHO3HbIE YYAaCTKU KaK BbICOKOBEPOSIT-
Hble OOBEKTHI TEPBUYHON MUHEpaJU3allii U OHU,
makoice, BBIHECEHBI Ha TIPOTHO3HYIO KapTy (Ha puc. 3 —
non HoMmepoM 3). [lyrem rcronb3oBaHUsI TTOKa3aH-
HO1 BBIIIIE METOOUKM OBIIIO CITPOTHO3MPOBAHO 87 10~
IIAJ0K, MOTEHIMAIbHO COIepXKalllX KOPEHHbIC HC-
TOYHUKM TI0JIE3HOW MMHepanusaluuu. B mpolecce
paboT ObLI B3AT psI reojiorndeckux mmpo6. 1o maH-
HBIM IUIMXOBOTO U T€OXUMMYECKOIO OMpOOOBaHUS
MOJIOXKUTEbHBIE PE3YJIbTaThl HA MOJE3HYI0O MUHEpa-
JIM3aluio ToaydyeHbsl B 31 Touke HaOmomeHus (Ha
puc. 3 — mog HomepoM 4). M3 Hux 11 Todek pacIioio-
JKeHBbl B TOW Xe JIOKaJIu3alluy, YTO U MPOTHO3HbIE
yyacTku. OcraBmuecs 20 Todyek oInpoOOBaHMUS TaK
K€ UMEIOT MOJIOXKUTEbHbIE pe3yJibTaThbl Ha T0Jie3-
HYI0 MUHepaJiu3alliio, HO MPOTHO3HAs MOIEib He
npeackKasajia 3Ty ydacTku (puc. 3). DTo 1aeT OCHOBa-
HUg cuuTaTh 20 OOBEKTOB HE MOATBEPKICHHBIMH.
B cratucruyeckux TepMrUHaX 3TO Ha3bIBaeTCsl JIOKHO
OTpULIATEJIbHBII MPOrHo3. Torma Kak JIOXXHO TOJIo-
JKUTEJbHBIX PE3yJbTaTOB He BbIABIEHO — B 11 Toukax
IporHo3a mojiydeHo 11 monoxkutenbHbIX Mpo6. Ta-
KUM 00pa3oM, MPOTrHO3Hast cuia (KauecTBO MOACH,
win recall) paccMOTpeHHO METOAMKM COCTaBuUJa
(11)/(11 + 20) wom 0.35. K coxajeHuo, He ObLUIA
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OXBa4yeHBI HAOTIONEHUSIMU OCTaBIIKECS 76 CIIPOTHO-
3UPOBAHHBIX YYACTKOB B CHJIy TPYAHOOOCTYITHOCTH.
IToaToMy MBI HE MOXEM cKa3aTh C KaKoi-1ubo 10-
JIell yBEpEHHOCTH O HaJIMYMM B MX JIOKAJIM3ALNH KO-
PEHHBIX MCTOYHUKOB. TeM He MeHee IOJy4eHHBIN
pe3yabTaT NOATBEPKACHHOM YacTU IMPOTHO3a, paB-
HbIl 35%, yKa3blBaeT, 4YTO MIPUMEPHO KaXIbIil Tpe-
TUI COPOTHO3UPOBAHHBIN Y4aCTOK I10 BhILIETPUBE-
JICHHOI METOAUKE COASP>KUT IMOJIE3HYI0 MUHEpaJIr-
3allMI0 B KOPEHHOM 3ayioXeHnu. Takum oOpa3oM, B
Ipo1ecce MOJeBbIX HAOIIONEHUI yIaloch ITOATBEP-
JUTH 11 CrpOrHo3MpoOBaHHBLIX OOBEKTOB KOPEHHOTO
3ajieraHUsI IOJIC3HON MUHEpaIu3aluu.

I1pu oOyyeHMM HEMPOHHOM CeTU, ITyTeM CpaBHE-
HUSI 0000IIIEHHBIX CIIEKTPOB, OTBEYAIOLIMX KjlaccaMm 1
(mone3HbI KOMITOHEHT) 1 0 (eTo OTCYTCTBUE), OBLIN
BBISIBJIEHBI XapaKTepHbIE YEPTHI pebeda, Ipucylime
y4acTKaM KOPEHHBIX WCTOYHUKOB PYOMHO-IIIH-
HEJIbHOI MUWHepanu3anuu. Pasmmume aMIUIUTYyO
CIeKTpa JJIsI 9TUX KJIAaCCOB II0Ka3aHO Ha puc. 4 cripa-
Ba BBepxy Ha rpacduke. ITo ropu3oHTaIbHOM OCU OT-
JIOXXEHBI IOPSIAKOBEIE HOMEpa rapMOHUK ABYMEPHO-
ro crieKTpa (CIeKTpaIbHbIX IIPU3HAKOB), a IO BEPTU-
KaJIbHOM ocu — aMIiuTyna. Kak BuaHo Ha rpaduke,
KJIaCChl YBEPEHHO pa3IMIMMEI 110 amruiuTyae. Oco-
Ne 3
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OEHHO 3TO 3aMETHO 11 TapMOHUK I101 HoMepaMmu 0—
5, 16—19, 24—-25, 28—30, 33—35. Cnenyer y4ecTh, 4TO
JIBYMEPHBII TapMOHUYECKUIA Psii OOBIYHO IIPEICTAB-
JISIETCS KaK TabjuIa, HO B MTAaHHOM ciiydae, IJIsl OTO0-
paxkeHMsI Ha TJIOCKOM IpacduKe CIIeKTpajabHasl MaT-
pulia pa3BepHyTa Mo ogHOM ocu. [Jaxke HeOonbIIMe
OTHOCHUTENIbHBIC Pa3Indrs aMIUIUTYI CTAaHIAPTHOTO
Habopa rapMoOHUK (OCOOEHHO IJIsI HU3KOYAaCTOTHBIX
COCTaBJISIONINX) OT YY4aCcTKa K y9aCTKY YKa3bIBalOT Ha
pa3Hblil peabed 3TUX MIOLAA0K. DTO TaKKe BUIHO
0 BOCCTaHOBJICHHOMY pejbedy IIyTeM oOpaTHOro
npeodpa3zoBaHuss PDypbe U3 00OOIIEHHBIX CHEK-
TpaJbHBIX IPU3HAKOB (pHC. 4): BBEPXY CJI€Ba y9aCTKU
penbeda ¢ KpyThIMHM CKJIOHAMHU B TIPUTPEOHEBHIX Ya-
CTgx Bomopasaenos Ha Beicotax 500—600 M ¢ CUIBHO
TPELUIMHOBATOM ITOBEPXHOCTHIO  ITOJOXHUTEIHLHOM
KPUBH3HEI ¢ pacujieHeHreM 0KoJ10 200 M COOTBETCTBY-
IOT BBIXOAaM IOJIE3HOI MMHEpPaIM3alii B KOPEHHOM
3aslerann. I Hao0opoT, penbed OCHOBAHMI PEIHBIX
JIOJIMH B MEXKTOPHBIX BITAAMHAX C IUIABHBIMM XapaKTe-
PUCTUKAMU OTPULIATEILHON KPMBU3HBI Ha BBICOTAX
300—350 M ¢ pacuieHeHeM He bonee 150 M He TBIISI-
€TCsI TIPSIMBIM TTPU3HAKOM MEePBUYHOM MUHEpan3a-
LM — XapaKTePHEBI 00JIMK pefibeda TAaKUX yIaCTKOB
MoKa3aH Ha puc. 4 BHU3Y clipaBa. Takum obpa3om, ¢
IpYMEHEeHMEM MaIllMHHOTO O0Oy4YeHUsI yaanoch (pop-
MaJIn30BaTh IIPOLICAYPY IIOMCKA MO OOBEKTHUBHBLIM
CIIEKTPaJIbHBIM KpUTEpUSIM pelibeda sl TEPPUTO-
PUU UCCIIENOBAHU TUIoWAaAbo 6osee 200 kM.

SAKJIIOYEHHME

B xome moaroToBku u ImpoBeaeHUs T€0JI0ro-Teo-
MOP(ONTOTUIECKUX ITOMCKOBBIX padOT B CEBEPHOM
BrerHaMe Oblta anmpoOupoBaHa METOIMKA MTPOTrHO3a
Y4acCTKOB C PYOMHOBO-IIINMHEIBHON MMHEpain3a-
el Ha ocHOBe MOp(MOMETpUUECKIX TJaHHBIX. Me-
TOJ OCHOBAH Ha pasjioxkeHuu LIMP yyacTtka Ha rap-
MOHMYECKHE COCTaBJISIOIINE C YCOBEPIICHCTBOBA-
HHMEM aJITOPUTMOB, IpemIokeHHBIX paHee (CepreeB
u ap., 2020). beutn mpoaHaTM3UPOBAHBI CIIEKTPATb-
HBIE XapaKTepUCTUKU pelibeda yIacTKOB, CoaepKa-
IIMX MPOSIBJICHUS MEPBUYHONM U BTOPUYHOMI T0OJIE3-
HOIf MUHEpaJIu3alliu, U3BECTHBIC IO JIUTEPATYPHBIM
ucTtouHnkaM. B kadecTBe MeToma mjisd OMHApHOM
Ki1accuUKaIlMy TEPPUTOPUM OBIIM BBEIOpaHa Hel-
pOHHasl CeTb, a UMEHHO JBYXCJIOMHBIN MEPCEeNTPOH,
JIOCTUTHYTasI TOYHOCTh CO3MaHHOII MOAEIHN TOBOJIb-
Ho BbIcoka — (.83, omHaKo 3Ta OlleHKa MMoIydYeHa Ipu
MPUJIOKEHU W MOJIECIN K TEM Xe TaHHBIM, Ha KOTOPBIX
oHa ObL1a oOyyeHa. HezaBucumas Bepudukalus 1mo
pe3yabTaTaM I0JIEBBIX padoT, IIMXOBOTO U IE€OXHU-
MUYECKOTOo ONpoOOBaHMsI IToKa3aja IMIPOTHO3HYIO CU-
a1y mogenu 0.35, 4To, OMHAKO, TAKXKE MOKET CYUTATh-
Cs1 BBICOKMM I1OKa3aTesieM, C y4eTOM IIpelcKa3aHus
penkoro (T.e. IPOSIBJISIIOLIETOCS. Ha MaJIOH 10Jie TLIO0-
aay TEPPUTOPUHN) SIBJICHMUSI.

Bricokast mporHo3Has cuia, OgHaKO, HajaraeT u
HEKOTOpBIC OrpaHUYEeHUS B BUIIE MIEPEeOOYyICHUST MO-
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JelIn — IUISE IPpYyTOii TEppUTOPUM JTaHHAs OO0y4YeHHAsT
HEWpPOHHAs CeThb He JACT CTOJIb XK€ BBICOKOIO U IIpU
3TOM JOCTOBEPHOIO pe3ynbTraTa. TeM He MeHee Hame-
YalOTCS U TYyTU PELIeHUs 3TOM TTPOOJIEMBbI: IUIS HOBOIA
TePPUTOPUN HEOOXOOUMBI (paKTHUEeCKHEe HaHHBIE O
MPUHALICSSKHOCTH XOTSI Obl HECKOJBKMX YYaCTKOB K
0601M (IPOTHO3UPYEMBII KJIaCC — MECTOPOKICHUS,
¢OHOBBIN KJacCc — OCTaJIbHasl TEPPUTOPHSI) Kilaccam,
BKJIFOUCHME 3TUX YYACTKOB B BBIOOPKY IJISI OOY4EHMS
Mozaenn. bojee Toro, KomMuecTBO HE3aBUCHUMBIX Iepe-
MEHHBIX B MOJIEJIU 3KeJIATeIbHO PACIIIMPUTh KATerOpy-
aJIbHBIMY JAHHBIM: BO3pacTOM M COCTaBOM TOPHBIX
nopon, nHgopMmalmeit 00 NxX TPEeIIMHOBATOCTH, TEK-
TOHUYECKMX HapymeHusx. OmHako eciau JaHHBIe
CBOICTBa CyOCTpaTa HAXOIAT XOTsI Obl YACTUYHOE BbI-
paxeHne B MOp(MOJIOTUM penbeda — OHU MOTYT OBITh
YUTeHbI B KauyecTBe MPEAUKTOPOB KOCBEHHO, Yepes
MopdoMeTpUIECKIIe MHANKATOPEL. TeM He MeHee B
cilydyae BKJIIOUEHUSI HOBBIX IIEPEMEHHBIX B MOECIb:
HEWpOHHAsI cCeTh 3aHOBO 00Yy4aeTCsl M CTPOUTCS MPO-
CHO3 Ha HOBYIO TEPPUTOPUIO.

bonee Toro, ecm Kakoii-mmbo aIpyroii paioH sIB-
JIIETCS CXOXUM C UCXOJHOM TEPPUTOPUEI C TEOJIOTO-
reoMop@OI0rMIYeCcKUX MO3ULINI, TO MOAEIb MOXKET C
BBICOKOI1 m0Jieii yBEpEHHOCTH 3KCTPanoJIMpOBaThCS
1 Ha HOBbIE TEPPUTOPUU-aHATOTU O0€3 TOTIOJITHUTEIb-
HOM KOppeKTUPOBKHU. [IpenMyiiecTBa TaKOTo MOgX0-
Ia OYEBUIHBI. IIEPBUYHBII TPYOIOEMKHWII aHaJIU3
OOJIBIIIMX MAaCCHUBOB MCXOMHBIX JaHHBIX CBOIMUTCS B
MAaIlIMHHYI0 00J1acTh, a CTAaTUCTUYECKU 3HAYMMBEIC
pe3yabTaThl 3TOr0 aHAIM3a MePeaaloTCs IKCIIepTaM U
MIPOBEPSIIOTCS MOJIEBBIMU HAOMIOAeHUSIMU. Takum
o0pa3oM, METOOUKA ITOMCKa YIaCTKOB C 3aJaHHBIMU
0COOEHHOCTSIMHU pejibeda Ha OCHOBE CIEKTPAJIbHOTO
aHaJiM3a MOXET ObITh UCITOJIb30BaHa KaK B CAMOCTO-
SITEJIBHOM CTPYKTYPHO-T€OMOP(OJIOTUYECKOM aHa-
JIM3e, TaKk W IJis 3adad IIPOTHO3MPOBAHUS B KOM-
TUIGKCHBIX TIOMCKOBBIX TI€0JI0ro-reoMop@ojioruye-
CKUX UCCIEIOBaHUSIX.
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SPECTRAL ANALYSIS OF LAND SURFACE WITH THE CONSTRUCTION
OF A NEURAL NETWORK FOR GEMS SEARCH ON THE EXAMPLE
OF THE LUK TIEN MOUNTAIN RANGE (NORTHERN VIETNAM)!
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The study area is located in the north of Vietnam in the province of Yen Bai and it is a large (14.5 X 6.5 X
% 0.8 km) structural and denudational butte on the periphery of high-dissected low mountains Con Voi, and
they are also slopes and bottoms of the neighbor rivers valleys. There are a lot of gemstone outcrops on the
territory related with the vein formations in the strata of marbles. The area is relatively difficult to access for
geological fieldworks. Therefore, in order to organize and conduct field geological prospecting work, the task
was to obtain preliminary data on the possible localization of useful mineralization areas based on the analysis
of available geological and geomorphological information. For the task, the spectral regularities of the land
surface dissection spatially associated with veined geological formations in the near-surface part of the marble
strata were studied, we used the discrete Fourier transform for this. The binary classification (for classes of
potentially useful and useless areas) of the elevation amplitudes according with different spatial frequency of
topographic dissection was provided with the simple neural network — two-layer perceptron. This algorithm
is implemented on the basis of the scientific analysis libraries of the Python. The application of this technique
made it possible to carry out a prediction for ruby-spinel mineralization in bedrock over a study area of more
than 200 km?. Fieldworks in 2019 verified the predicted data by the ways of mineralogical and geochemical
testing of the accessible part of the predicted points. An average estimate of the predictive strength of the
method used was obtained as 35% — every third site predicted by the neural network actually contains the pri-
mary sources of rubies and spinels in the territory under consideration.

U For citation: Sergeev 1.S., Kuksa K.A., Glebova A.B. (2023). Spectral analysis of land surface with the construction of a neural network
for gems search on the example of the Luk Tien mountain range (Northern Vietnam). Geomorfologiya i Paleogeografiya. Vol. 54. No. 3.
P. 138—149 (in Russian). https://doi.org/10.31857/S2949178923030106; https://elibrary.ru/ WDVKDT
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IIpu cozmanuu HMGPOBBIX MOAEIEH BBICOT IO TaHHBIM a3podotocheMKu ¢ BITJIA a1 ux npuMeHeHus
B UMCJIEHHOM MOJEINPOBaHUY (TUIPOJOTHYECKOM, SPO3MOHHOM U IP.) BO3HUKAET ITpobJieMa KOperucrpa-
1IMY TAaHHBIX OTAEJIbHBIX ChbeMOK, KOTOPBIE MOTYT ObITh TPOU3BENIEHBI B pa3HOE BPEMsI CYyTOK, CE30HbI WU
JIaXKe TOJbI, UYTO 3aTPYIHSIET MPOCTPAHCTBEHHYIO MPUBS3KY AaHHbBIX. CylIeCTBYIOIIME aITOPUTMbI KOPETH-
CTpalMy OOBIYHO OCYNIECTBIISIIOT CTATUCTUYECKYIO TIOATOHKY 00JIaKOB TOYEK MJIM PACTPOBBIX MOMIEEIA.
Takoii rmoaxon HapyliaeT TUAPOJIOTUYECKYI0 KOPPEKTHOCTh UTOTOBBIX JAHHBIX — BO3ZHUKAIOT apTeaKThbl
BpoOIe pa3InYHbIX YCTYIOB U 1BOB. Ilpennaraemplit moaxon 6a3upyeTcss Ha IMIOUCKE U30JIMHUU “HYJIEeBOM
OLIMOKN” BBICOT, IO KOTOPOI M TIPOUCXOIUT CITUBKA OTIAEIbHBIX CLIEH CheMKU. [Touck 3Toit TMHUM ocy-
LIECTBJISIETCS KaK 110 HeMOAU(DUILIMPOBAaHHBIM MOIE/ISIM BBICOT, TaK U IIPU pa3ae/IeHMM UX Ha “Bedyliylo”
U “Benomble’; TIOCJIeAHUE TTOABEPralTCcsl reoMeTpruueckoil Koppekuuu. Kak Kputepruu KauecTBa CIUSTHUS
MoJeJIei BBICOT UCIIOJb30BaHbI: 1) CTaTUCTUUECKUE pacIpeaeaeHus KpyTU3Hbl (KoadpUIIMeHT paHTOBOM
KOPPpEJISIIINKY Ha BeAyIleil 1 BeTOMOI MOIEsIX), T.€. TTapaMeTpa, BIUSIONIEro Ha pe3yIbTaThl MOJEIMpPOBa-
HUS CTOKA BOJbI, HAHOCOB, YCTOMYMBOCTU CKJIOHOB U T.n., 2) Mepa MOCTOSTHCTBA T€eOMETPUUYECKOM CTPYK-
TYpbl MUKPOBOAOCOOPOB. AJITOPUTM aIripoOMPOBaH Ha TpeX ydyacTKax, pPacCIlOJIOKEHHBIX B PAaBHUHHBIX,
HU3KOTOPHBIX 1 CPEAHETOPHBIX YCIOBUsIX. Bo Bcex mpruMepax rmokasaHa Bbeicokast 3((HeKTUBHOCTh METO-
UKW — 110 JIMHUSIM IIIBOB IMOJIHOCTBIO OTCYTCTBYIOT apTedakThl Kopeructpauuu. [1pu aToM MeTonuka mo-
CTpOeHa TaKMM 00pa3oM, YTO reoMeTpruueckast MoauMUKaIvs BEAOMbIX MOJeieil BHICOT He MPUBOIUT
K CYIIIECTBEHHOMY UCKaXKEHUIO UX MOPMOJIOTUN — CpeaHsIsl KPYTU3HA B MOAABJISIIONIEM YKCIE CIyYaeB He
OTKJIOHSIeTCS OoJiee yeM Ha 1° B cpaBHEHUU C MCXOAHBIMM JaHHBIMM, PAHTOBasi KOPPEISILUs KPYTU3HbI
(oTBevalolas MOCTOSTHCTBY €€ MPOCTPAHCTBEHHOTO pacrpeesieHUs) MEHSIETCS B Pa3HBIX ClIydasiX B UH-
tepBase 0.9—0.99 (rpu cpeaHem 3HaueHUH 0.96), KO3 GUIIMEHTH TEOMETPUYECKOTO CXOACTBA CETOK MUK~
POBOIOCOOPOB Ha OOBEIMHEHHBIX MOJIEJISIX BHICOT TTOKA3bIBAIOT BO BCEX CIIyYasiX 1axke OOJIbIINE 3HAYSHUS
(1.09), Hexen Ha UCXOHBIX TAaHHBIX 0€3 KaKoit-11u60 kKoppekuuu (0.98) B 06acTsix ux B3aMMHOTO Mnepe-

KPBITHUA.

Karouesbie crosa: 6eCIIMIIOTHBIE JIeTaTeIbHBIC aliapaThl, HU(pPoOBas MOAEIb BBICOT, MOP(pOMETpUIECKUI
aHaiu3 pesnbeda, Bonocoop, KpyTU3HA MOBEPXHOCTU

DOI: 10.31857/S2949178923030039, EDN: VSPGKZ

BBEJEHUWE

HMcnonab3oBaHue OeCIMUIOTHBIX JeTAaTeIbHBIX all-
napatoB (BITJIA) nis monmyyeHnsT nudpoBBIX MOJIE-
JIEii BBICOT M TPOBEICHUS II0 HUM ITOCJIEAYIOLIMX
MOP(HOMETPUUECKOTO aHAIN3a pelbeda U THAPOreo-
MOP(dOIOTUIECKOTO MOACIUPOBAHUS — OOUH U3 HO-

# Cevura ons yumuposanus: XapyeHko C.B. (2023). Crioco6 ko-
peructpanuu mubpOBLIX MOMEJICH BBICOT JIJIST TTOTyYSHUS TUII-
POJIOTUYECKN KOPPEKTHOTO TPENCTaBICHUsI 3€MHOM TOBEepX-
Hoctu // Teomopdonorust u naneoreorpacdust. T. 54. Ne 3.
C. 150—154. https://doi.org/10.31857/S2949178923030039;
https://elibrary.ru/VSPGKZ

150

BBIX CTaHIAPTOB TeOMOP(HOJOTUYECKUX HMCCIIEN0BA-
Huit (Hackney, Clayton, 2015; Gafurov, 2021; Sledz
etal., 2021). B 1o Xe BpeMsi HepelleHHbIMU (110
KpaifHeit Mepe, 6e3 rapaHTUPOBaHHO paboyero pe-
IIEHWSI) OCTAIOTCSI MHOTOYMCIJICHHBIE TEXHUYECKHE
CJIO)KHOCTU MCITOJIb30BaHMSI PA3HOBPEMEHHBIX daH-
Hbix ¢ BITJIA (Kaiser et al., 2018; James et al., 2019),
B YHCJIE KOTOPBIX HETOYHOCTh MPUBSI3KU B TUIaHE U
10 BBICOTE TTOTYYaeMBIX JaHHBIX, PAa3INIUs B OCBE-
meHHoct nopepxHoctH (Leitdo et al., 2016; Revuel-
to et al., 2021), IJIOTHOCTH KPOH IEPEBbEB U TPaBsI-
HUCTOU PaCTUTETLHOCTH B pa3HbIe CE30HBI TOa, N3~
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MEHEHMsI IIBETOBOM MaJMTphl IToBepxHOCcTU. Ecnu
ChEMKa MHTEPECYIOLIEH MOBEPXHOCTU ITIPOBOAUTCS B
pa3Hoe BpeMs CYTOK, rofa Wi, TeM OoJjiee, B pa3-
HBI€ TOoAbl, KOPPEeKTHasA CTHIKOBKA ITaHHBIX B TPeX-
MEPHOM MPOCTPAHCTBE CTAHOBUTCS 3aTPyIHMUTEIb-
HOI. DTa Xe IpobIeMa BOZHUKACT JaXe B YCIOBUSIX
00paboOTKM MO YacTsIM OOJILIIOro mMaccuBa (poTo-
U300pakeHU i, MOJYYEHHBIX B OMMHAKOBBIX YCIOBHU-
sax. TouHast KoperucTpalysl JaHHBIX HE Bcerna BO3-
MOXHa JaXke IpU aOCONIOTHOI IPUBSI3KE CHEMKH C
KUCMOJIb30BAaHNEM Ha3eMHBIX I€Ole3MYEeCKUX H3Me-
peHUii ¢ cyOCaHTMMETPOBOII MOrPEIIHOCThIO. Peub
WUIET, pa3yMeeTcsi, 00 00JacTu MHepecedyeHusT IBYX
MOJEJIieil BBICOT B IIpeaesaX BBIITYKJIBIX 000JI04eK
pa3MelIeHUsT “TBepAbIX TOYEK’, MCIIOJb30BAaHHBIX
st ux nipuBsizku. [1pu oOpe3ke coBMeniaeMbIX ApyT
¢ apyroM nudpoBbix Moaeneil peabeda (IIMP) mo
KOHTYpPY TOYEK MX IMPOCTPAHCTBEHHOI MPUBSI3KU —
TOYHOE COOTBETCTBUE BHICOT (B IIpeAesiax IIOrPEIIHO -
CTHU METO/1a MPUBSI3KM ) BO3MOXKHO JIMIIIb B HEOCPE -
CTBEHHOI OKPECTHOCTU MapKepa — TBEpIOM TOUKU
(“ground control point”). B To ke Bpems Ha rpaHu-
11ax yJacTkKa, Ha JIMHUSIX, COSOUHSIONINX OJmKaii-
III1e MapKephbl, — BOZHUKAIOT JIOXHEIC YCTYIIHI, TIEpe-
magbl BBICOT M3-3a HEAOCTATOYHON TYCTOTBI 3THUX
MapkepoB. Takue yCcTyIbl, BHICOTOIM YacTO B IECITKU
CM, IIPOTSTUBAIOTCS BAOJb II0JIOCHI COYICHECHMS IBYX
MOJEJIeil BEICOT U B HEYIAYHBIX CIy4asiX MOTYT I1OJI-
HOCTbIO MCKaXaTh Pe3yJIbTaThl MOJIEJIMPOBAHUS CTO-
Ka BOIbI 1 HAHOCOB, OYE€Hb YYBCTBUTEIBHBIX K MUK~
poMop(doJIoTMKY HEe3aMKHYTBIX JTUHEWHBIX TTOHIDKE-
Huii Ha LIMP.

Ha Ttexymuii MOMEHT B MyOJMKaLMSIX, TOCBSI-
LIEHHBIX IU(POBOMY MPEACTABIEHHUIO pesbeda 3eM-
HOIi MOBEPXHOCTU, CYLIECTBYET HEKOTOPOE TEPMMU-
HOJIOTUYECKOE HECOOTBETCTBUE. TaK, B aHIIOSI3bIU-
HOIi JiuTepaType TMPUHATO pa3fesTh TOHSATUS
“digital terrain model” / DTM u “digital surface
model” / DSM, noHuMasi 1o, HUMU, COOTBETCTBEH-
HO, IM(POBYIO MOJIEIb COOCTBEHHO pejibeda — rpa-
HULBI pa3aelia TuTocgepsl ¢ aTMO- U TUIpocdepoit
WIN € MOJIeNib pesibepa MHTETPaIbHOUM TTOBEPXHO-
CTM 3€MHOI1 TBEpAY U OOBEKTOB Ha Hell (pacTuTesb-
HOCTH, CTPOCHUM U T.1.). B 9TOM cMbICTIe TIpeniarae-
MbIii B HACTOsIIIE paboTe ajJropuTM MOXET ObITb
npuMeHeH Kak K DTM, tak u k DSM (T1oiryyaeMbiM
0e3 creurajbHONM OYMCTKHU IPU 00padOTKe JaHHBIX
BITJIA). B psine myGauKaliuii oTeuecTBEHHBIX aBTO-
POB 4YacTO BCTpPEUYAETCSl MCIIOJIb30BaHME “KajleK”’ C
AHIJIOSI3bIYHBIX TEPMUHOB, YTO HE OOILIETPUHSTO
(XOTsI UHTYUTUBHO TOHSITHO) — T.€. KOTJa BeAeTCs
peub O MOJENU BBICOT, U3BJIEKaeMOUl aBTOMaTHue-
CKUM MyTeM U3 cepuur a3podhOTOCHUMKOB, 3a4acTylO
TOBOPSIT O “IIU(PPOBOI MOAECIN MECTHOCTU KaK aHa-
snore DSM. B To Xe BpeMsI B pyCCKOSI3BIYHOI1 KapTo-
rpacuyeckoii TepmuHojioruu (cormacHo 'OCT 28441-
99 “Kaprorpadus uubdponasi. TepMUHbI U onpeaese-
HUS1”) €CTh TPY CAMOCTOSITEJIbHBIX IIOHSTHUS: UMD PO-
Bast MOZEJIb MECTHOCTH, IU(PpoBast MOALTb OOBESKTOB
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MECTHOCTH U LI poBasi MOAEIb penabeda, comepxka-
TeJIbHO BKJIIOYalolias aHmmosa3syHeie DTM 1 DSM.
I1epBbie ABE — TaKOM TUIT HU(PPOBBIX MOALIIEH, KOTO-
pbie comepxXaT MH(opMalunio 00 00beKTaX MECTHO-
cTH (MpEenMYIIECTBEHHO, “Tormorpadmuaeckoi cuTya-
1MKu”), TIpUYeM BTOPOl — KaTeropuyecku 0e3 WUH-
dopMmanuu o peibede. He KpUTUKyss HM OguH U3
TEPMUHOJIOTMYECKUX MOAXOAOB, B JAaHHOII paboTte
MBI ucIionb3yeM TepMuH LIMP B ompenenennm 1o
I'OCT, B 3HaueHuu kak DTM, tak u DSM.

TepmuH “kopeructpauusi” B oTHouueHuu LIMP
onpenensiercs Kak (Li et al., 2017) mpoiecc TpaHc-
dopmarmum BxogHoit IIMP TtakmMm oOpa3zoM, 4TOOBI
obOecreuynTh Haujydinee (B COOTBETCTBUM C BRIOpaH-
HBIM KpUTEpUEM KadecTBa) IPOCTPAHCTBEHHOE ce
COOTBETCTBHE C pedepeHCHOM MOMIEIbI0 BBICOT BO
BCeX MUKCeJIaX UX 00JIacTu 1rmepecedeHus. B crporom
CMBICJIe, TIpeajiaraeMblii HaMU aJITOPUTM oOecIieum-
BaeT HaWJIy4lllee COBMEILIEHME IBYX MOJEJICil BEICOT
10 JIMHUM MX CTBhIKAa X YaCTUYHO HE ITOAIAMACT IT0I
dopmanbHOE omnpeneyieHrue Koperucrpauun. OmHa-
KO, KaK MpeICTaBIsIeTCsI, HEOOXOAUMOCTh MaKCH-
MajbHOTO coBMenleHust IIMP no miomanu (¢ Bo3-
HUKHOBEHMEM apTedaKToOB B BHUIE CTYIEHEN II0
1IBaM) UJIU XK€, HAalIpOTHUB, TOYHOTO COBMEILIEHUS 1O
JIMHUU 11IBa — OoNpeaessieTcs 3ajaueit uccaeaoBaHusl,
1 00a Imoaxoaa SIBJISIIOTCS. pa3HbBIMU BUIaMU KOPETrv-
CTpanuu.

CymiecTByeT psI alropyuTMOB, HAallEJeHHBIX Ha
pellieHre MOAOOHBIX 3a/1a4, HO 0e3 aKkIlleHTa Ha TU-
POJIOTUYECKYI0 KOPPEKTHOCTb uTorosoii ILIMP.
IMon runponornyecku KoppektHoit LIMP, Bcien 3a
psimoMm apyrux asropoB (Woodrow et al., 2016), mo-
HUMaeM TaKuM o0pa3oM o0paboTaHHYIO MOJEIIb pe-
Jbeda, 9To HalIpaBJICHMS JJMHUM TOKA, BOCCTAHABIIM -
BaeMbI€ 110 HEi, OTBEYaIOT OObEKTUBHOMY, MMEIOIIIE -
MyCsI Ha MECTHOCTM, WX pHCyHKy. B pabotax
(Debella-Gilo M. and Kiab, 2011; Nuth C. and Kaib,
2011) paccMmaTpuBaeTCss OPUTIMHAIILHEIN aJrOPUTM
BBICOKOTOYHOM KOPErMCTpaldy MOZENEil BBICOT IS
1ieJIei OLIEHKU JUHAMUKM JIETHUKOB B paliOHaX TOPHBIX
¥ IOKPOBHEIX oneaeHeHnii. OH OCHOBaH Ha TpeX3Tar-
HOM COBMEILICHMM MOIeJeid BBICOT: 1) ycTpaHeHue
IUTAHOBOTO CIBUTA, 2) TOYHOE YCTPaHEHNE CUCTEMATH -
YEeCKOM pa3HOCTHU BBICOT, KaK IMPaBUJIO, CBI3aHHOM C
WCTOYHMKOM AaHHEIX st LIMP (paguonokaysi, ori-
TUYECKasI CheMKa) M XapaKTepPUCTUKOM CheMKH (YyT-
JIbl 00630pa, HarpaBJIeHUE MpoJieTa, INIOTHOCTh TPacc
U T.0.), 3) yCTpaHEHME 10 BO3MOXXHOCTU BbICOKOYA-
CTOTHOTO IIIyMa, CBSI3aHHOTO C “IpoXaHWEM CEHCO-
pa”. ABTopamMm 3agBIISIeTCS, UTO aJITOPUTM 3P deK-
TUBHO pellaeT 3a7adyy KOperucTpaluu JIjisi TeppUTo-
pUii CWJIIBHO pac4wieHEeHHOro pejbeda 1, HampoOTUB,
IJIST YCJIOBUI “cIOKOiHOro” peibeda. B xoHeuHOM
cueTe, IS KOPPEeTUCTPALMM BBIYMCIISIIOTCSI CIBUTHU
1o TpeM ocsiM ogHoi LIMP oTHOCHTEJIbHO APYTOii IO
TpeM OcCsIM, 0€3 UCKaXXeHUI IUIMH 1 HallpaBJICHUIA B
WCXOMHBIX TaHHBIX.

Ne 3 2023
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CymectBytoT noaxonsl (Niitsuma and Maruyama,
2010), roe aHaIOTMYHbIE MMOITPABKU PACCUMUTHIBAIOTCS
10 KPUTEPUIO MOUCKA JIOKAJTLHOTO MUHUMYyMa IS
CYMMBI MOIIYJIsI pa3HOCTH BEICOT (sum of absolute dif-
ferences) B obsacTu riepecedeHus IBYX MOIEJICH BhI-
cor. Tak KaK MONUKCEIbHBINA CIBUT OTHOM M3 HUX
OTHOCHUTENILHO APYTroil — IIPU YCIOBUM ITOBTOPEHUSI
MPOLIeIypPbl OTPOMHOE YUCJIO Pa3 — MOXET TpeOOBaTh
3HAYUTEJIbHOTO BBIYMCIIMTEILHOIO BpEMEHU, OOBIY-
HO KCIIOJB3YeTCSd WTEePAaTMBHOE COBMEIIEHHUE, BCE
0oJiee TOYHOE U C MEHBIIIUM JOMYCTUMBIM CIBUIOM
10 BCEM OCSIM Ha KaxXKI0M UTepalyu.

B pa6orte (Psarakis and Evangelidis, 2005) peanu-
30BaH OTYACTU ITOXOXUI MOAXO/, OJHAKO B KAYECTBE
MEpBI CXOXECTH “TIPOCTPaHCTBEHHOTO pHCYHKa”
pacnpeneaeHsT BBICOT HCIIOJb3YIOTCS KOPPEIsiu-
OHHBIe KO3(MUIIMEHTHI IJIsl pacHpeaeeHuiA BEI0OO-
pok u3 IIMP. TlociemHue nBa momxona Takxke Y4IM-
THIBAIOT TOJILKO B3aMMHBII CABUT IBYX MojeJieit, 6e3
MOTIBITKY 1e(OPMUPOBATH OAHY M3 HUX.

bonee cinoxHast Meroauka npemioxeHa B (Beyer,
Alexandrov, Moratto, 2014), toe aaropurM Koperu-
CTpallid OCHOBaH Ha “UTEpaTUBHOM aJITOPUTME
omxaiimmx Touek” (Zhengyou, 1994), npenmnonara-
fo11asi MpyU COBMEIIEHUU BO3MOXHOCTh U3MEHEHUS
reHepaJIbHbIX 4epT (OpMbl MOBEPXHOCTU (CXKaTue,
pacTsikeHue), BpallleHue U caBur. Kputepuii olieH-
KM KayecTBa COBMEIIEHWSI — HauWMEHbIlas cyMma
KBaJApaTOB pACCTOSIHUIT MeEXAy IBYyMsI Habopamu
MUKCEJIOB.

HeckoabKo 13 yKa3aHHBIX aJITOPUTMOB peaan30-
BaHbI Ha 6a3e eAMHOMN YTUJINTHI 1J1s1 cluMBKU LIMM mn
LIMP — demcoreg (Shean et al., 2016), 6ubanoTexe
sa3bika Python.

HoBuzHa mnpennmaraeMoro HaMu ajJropuTMma co-
CTOUT B: 1) rMApOIOrnIecKoiit KOppeKTHOCTUA UTOTO-
BEIX LIMP B KOHTEKCTE OTCYTCTBUS JIOKHBIX YCTYIIOB
IO 1IIBaM MOJEJIeil, Yero He JaloT BhILIeTepeYrclieH-
HBIE METOIFBI, 2) UCIIOJIb30BAHUN HECTATUCTUYECKO-
ro moaxoda K KOperucTrpalru MoJeneid BHICOT (T.e.
HE OCHOBAaHHOTO Ha MMHUMU3allM METPUKU OLINO-
KU B 1I€JIOM IIO IUIOIIAAM 1 BBIOOPE B KAXKIOM ITHUKCEe-
Jie obJracTy nepeceyeHus 1Byx uiam 6oiee LIMP ka-
KOTO-TO HanboJsiee BEPOSITHOTO 3HAYEHUST BBICOTHI),
3) peammzaunmu anroputma Ha sa3bike R (R Core
Team, 2021), HanboJiee IPOCTOM U IIMPOKO pacIpo-
CTpaHEHHOM B 3ajayax aHaJiu3a JaHHbIX, B TOM YUC-
Jie mpocTpaHcTBeHHBIX. [lomMuMo mpoyero, Bpems
BBITIOJTHEHHUSI PacuyeTOB MpU pabOTe CO3MAHHOTIO aJl-
ropuTMa M IEPEUYMCIICHHBIX BHILIE aJbTepPHATUB Ha
onHMX U Tex ke IIMP cuibHO OTIMYaeTcs; 111 METO-
nmoB Niitsuma mn Psarakis mpogoKUTeIbHOCTE pacye-
TOB KpaTHO OOJIbllIe, MHOTIA AaXe MPUXOIUTCS MPU-
BoauTh LIMP K MeHblIeMy pa3pelleHnuIo IJIs1 MOJIy-
YyeHHUsl pe3ybTraTa B JOIIyCTUMOE BpeMs. DTHU XKe
METO/bI, a Takke MeToa Nuth, Tpu OTCYTCTBUM B pe-
JIbede BBIPAXXEHHOTO PHUCYHKa pacwieHeHMs (Ha-
MPUMEDP, MEXAYpeubsl CO CIa00 BBIPAXXEHHBIM pU-
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CYHKOM JIOXKOMHHOTO pacwIeHEHUsI, KaK B OacceiiHe
p. IIpoTBBI, — CM. HIXKE B JaHHOI paboTe) MOTYT HE
HaXOOUTh KOPPEKTHHIC 3HAYECHUS OITUMAJIbLHOIO
casura omHoi LIMP oTtHOcuTenpHO OpyTOii. DTa CH-
Tyalusi BO3HUKAET, KOrJaa JUCIIepCusl BBICOT, OTBEYa-
follasl JIOKAJIbHOM Tormorpagpuyeckoii ImepoxoBaTo-
CTH, COIIOCTaBMMa C OOIIMM HEeOOIbIINM IIepeIagoM
BBICOT Ha y4acTKe.

3avacryro TpedyeTcs ucronb3oBath LIMP u3 nByx
i 6oJiee hparMeHTOB TSI IPOBEICHUS TUIPOIOTH -
YECKOTO WJIM 3PO3MOHHOTO MOJAEIMPOBAHUSI HAa BO-
nocbopax, KOTOpble HEBO3MOXHO MPUHLIMIUAIBHO
WJIM HE yIaJIOCh IMTOKPBITh OAHOI cheMKOo. ITpu aTom
HE CTOJIb BaXkHa abCOJIIOTHAsE TOYHOCTb BBICOTHBIX
oTMeTOK B urtorooii IIMP, ckonb KoppekTHOE T10-
JIOXKeHWE BOJIOpA3[EJOB W TajbBEeroB, OTCYTCTBUE
JIOKHBIX YCTYNOB, 3aMKHYTBIX TTOHWUXEHUN U T.O. —
KOHKPETHO Ha pelieHue MoJoOHbIX 3a/1a4, B OTJINYUE
OT aHAJIOTUYHBIX METOMOB, HAIlpaBJIeH IIpeajiarae-
MbIii B TaHHOM pabdoTe crioco6. Takum oOpa3om, naH-
Hasl CTaThsl COJAEPKUT ONKMCaHWe U PE3yJIbTaThl allpo-
0aluu aJropuTMa B3aMMHOU KOpEeTHCTpaluu IBYX
(a uTepaTUBHO — U OOJIBIIETO YKCJIa) HUMPPOBBIX MO-
Jeneit BBICOT ¢ COXpaHeHNEM KOPPEKTHOM KOHDUTY-
paluu CTPYKTYPHBIX TUHU MUKPOBOJIOCOOPOB.

METOANKA

bazosas uaes, 1exainas B OCHOBE aIlTOPUTMAa, CO-
CTOUT B TOM, UTO MEXY JIIOOOI ITapoil HepeKphIBaIO-
mmxcd 1o miomaau IIMP MoxXHO onpeaeuTh BeIu-
YMHY Pa3HOCTU BBICOTHI (He KOHCTAHTHYIO 110 ILIO-
11K, B IPOTMBHOM CJIy4dae BCS KOPETrMCTpalus IBYX
LIMP cBoauiach Obl K BBEICHUIO OOHOM MMOMPaBKM).
Ha pacTpoBoii Mozeu NpoCTpaHCTBEHHOTO pacpe-
JIeJICHUST OIIMOKM MOXHO NPOBECTH OECKOHEYHOE
YUCJIO M30JIMHUI paBHbBIX 3HAYEHU Pa3HOCTHU BbI-
cot. Ecnu obpesars kaxnyo u3 LIMP 1o Toit nin
WHOW W30JMHUM, 3aTeM B ogHy n3 LIMP BBecTH 110-
MpaBKYy T10 BBICOTE, pABHYIO 3HAYE€HUIO PA3HOCTU BbI-
COT MO 3TOM U30JIMHUU, TO 00€ MTOBEPXHOCTU yAACTCS
CILIUTh APYT C APYroM 0e3 MasIeHIIUX JJOXKHbBIX YCTY-
OB T10 BCel njuHe JuHuu. [1pu monsITKe peanunsa-
LM 3TOTO BO3HUKAIOT 2 OCHOBHBIEC OIIMOKM: 1) n30-
JIMHYS TOW WJM WHOTO 3HAYE€HUS OIIMOKM BBICOT
IIMP MoxeT cBOM KpailHWE TOYKU UMETh B ILIEH-
TpanbHOI YacTtu oqHoU u3 LIMP, a He B Toukax nepe-
Ce4YeHUs TpaHMI] 00EnX MOJIENIEii, 3TO He TTO3BOJISICT
YCTPAHUTD JIOXKHBIE YCTYNBI 110 BCE JJTMHE TPAHULIBI
MOJEJIeii BBICOT; 2) M30JMHUM BEJIWYMH OILIMOOK,
MMEIOIINE CJIIOXKHYIO (pOpMy, MOTYT HE ITOJTHOCTBIO
OKa3bIBaThCs B 00JIACTU TEPEKPBITUST IBYX MOJEJei
BBICOT, pa30MBaTbCsl HA (PparMeHThI, UTO 3aTPYIdHSIET
KOPPEKTHYIO CIIIMBKY TaHHBIX.

HyxHo mog4epKHyTh, UTO aJITOPUTM HalleJIeH Ha
CO3MaHUE THUAPOJOTUYECKN KOPPEKTHO CIIUTOM
LIMP, yto mpou3BOAUTCS OTYACTU B ylepO abco-
JIIOTHOII ee TOYHOCTU. B CcBSI3M ¢ 3TUM B KadecTBe
KpUTEPHUS KOPPEKTHOCTHU MTOCTPOECHUS UTOTOBOM MO-
Ne 3
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JIeJIM B3SIThl OOHOPOIHOCTDH pacIipeaesieHIsI KPyTu3-
HBI TIOBEPXHOCTU U CTEINEeHb OJM30CTU KOH(pUrypa-
UM CETKM MUKPO-BOIZOCOOPOB, BBIICISIEMBIX IIO
cumToit LIMP 1 mo MCXOmHBIM JaHHBIM WJIH KAKOMY -
TO Opyromy aTajioHy. Eciau ¢ pacrpeneneHuemM Kpy-
TU3HBI BCE€ OOHO3HAYHO (IpUOIVKECHUE 3HAYCHMIA
KpyTu3HBl Ha moaydeHHou ILIMP x HekoTtopomy
“3Ta]IoHy” — KOHTPOJIBHOI MOAEIN BEICOT WIN Peallb-
HBIM WX 3HAYCHUSIM Ha MECTHOCTU — OOECIIeUuMBaeT
BOCITPOM3BOAVMMOCTD PE3YJIbTATOB MOACIMPOBAHMS
CTOKa BOIBI M HAHOCOB, 0e3 coOmoneHus (GopMBl U
3HAYEHMI pacIipeeIcHUsI KPYTU3HbI IIOJIydeHUE KOp-
PEKTHOIO pe3yibTaTa IIPpU UCIIOJIb30BAaHUU 3TUX ME-
TOJIOB HEBO3MOXHO), TO CTaHIAPTHOM METPUKU
CXOJICTBA JABYX IOJIUTOHAILHEIX CETOK B OOIIEM BUIE
He cymecTtByeT. CymectByeT meronuka (Hargrove,
2006), HampaBJeHHas Ha YCTaHOBJICHUE CTEIICHU
CXOJICTBA ABYX HAOOPOB IUIOIIAMHBIX KaTEropuajlb-
HBIX JaHHBIX, OOHAKO €€ OCOOEHHOCTH 3aKII0Yal0T-
Csl, BO-IIEPBBIX, B TOM, YTO BXOMHBIMHU ITaHHBIMU
MIPUHUMAIOTCSI BEKTOPHI TOYCUHBIX 3HAUYCHUIT KaTe-
ropuii (HampuMmep, MHAEKCHl BOJIOCOOPOB), a HE MO-
JIMTOHAJIbHBIE BOJOCOOPHI HAMIPSIMYIO, & BO-BTOPBIX,
OHAa HE YYUTBIBACT pa30pOC CTEIIEHU OJIM30CTHU IO~
TOHOB B IBYyX CeTKaX (T.€. CJIy4Jail C IOJIHBIM COBHIAIE-
HMEM YacTU MOJUTOHOB U MOJHBLIM HECOBIIAIEHUSIM
JIPYroii 4acTu OyIeT XapaKTepu30BaTbCSI TaKUM XKE
3HAYCHUEM MEphbl OJIM30CTH, KaK ¥ YaCTUIYHOE COB-
najeHue Bcero Habopa AaHHbIX). ITo 3TUM MpUYM-
HaM ObLj1a peajiM30BaHa COOCTBEHHAsI METPUKa, TaK-
2Ke OoIMCcaHHasl B HACTOSIIIIE padore.

AJTOPUTM TIOATOHKW B TIEPBOM TPUOIIKEHUH
obpabatkiBaeT 2 nepekpoiBatoiuxcst LIMP, Ho B ciiy-
yae Tpex uiu 6oJiee (pparMeHTOB — BO3MOXKHA UTepa-
TUBHAas Kopeructpauusi. U3 mapbl Mojeseil BbICOT Ta,
KOTOpasi OCTaeTcsl HeM3MEHHa, Mo TeKCTY CTaTbU Ha-
3BaHa “Beaylleii”, a KOppeKTHUpyeMast MOIEIb BHICOT —
Ha3BaHa “BeJOMOI”.

TexHUYeCKN aJTOPUTM BKIIIOYAET ClEAyIOlIne
3Tallbl.

CosMmetneHne 2 LIMP o nx mmoioxkeHuIo B TIIaHe.
Ocy1ecTBIIsIeTcs IIyTeM IIPOCTOro caBura 1mo X u Y
MpU YCJIOBUM MMHUMM3AILIMU CTaHAAPTHOTO OTKJIO-
HEHMS pa3HOCTH BBICOT. Takoiif KpuTepuii ITO3BOJISIET
COIIOCTABUTh MEXIY 000 MOP(OJIOTMYECKU CXO-
K€ TUIOIIAAKY BHE 3aBUCUMOCTHU OT UX PA3IUUMA ITO
abcoJroTHOM BeIcoTe. Ha puc. 1 moka3zaHo cMelneHue
OOHOM IIOBEPXHOCTU OTHOCHUTEIBLHO IPYroil IIpu
YCJIOBMM MWHUMMU3ALUN CPEIHEKBAAPAaTUUECKOIO
(cTaHmapPTHOIO) OTKJIOHEHMS BHICOTHI. [JIs1 ocyIlecTB-
JIEHUSI JaHHOTO 3Talla B 00JacTU IIePEeKPHLITUSI IBYX
LIMP BpIOMpaeTcst yaacTOK ¢ OTCTyIIoM W M BHYTPb
JMaHHOW o6nacTu (BHYTpeHHUil Oydep), 4ToObl MU-
HUMU3UPOBaTh 3((PEKT OIMMOOK, BO3HUKAIOIINX B
KpaeBbIX 30HaX OTAEIbHBIX CHEMOYHBIX CII€H, IS
KOTOPBIX CTPOUTCSI MOJENIb BHICOT. Takue oIIMOKu
BO3HUKAIOT 110 MPUYMHE HU3KOM IUIOTHOCTH a’po-
(GOTOCHUMKOB Ha Kpasix ClLI€Hbl. 3aTEM JIB€ MOMEIU
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BBICOT B IpaHUIIaX BEIOpaHHOTO Oydepa IBUTAIOTCS
JIPYT OTHOCUTEINIBHO APYra BAOJB oceil X 1 Y Ha BeJIU-
YUHBI, KpaTHbIE BEINYMHE STYeHKU UcXOOHBIX [ITMP,
Y PACCUMTHIBAETCS CTAaHIAPTHOE OTKJIOHEHME Pa3HO-
CTH BBICOT. BeTMuMHBI ciBuTra, MU KOTOPBIX TOCTHU-
raeTcss MUHMMYM 3TOIO ITapaMeTpa, — IIPU3HAIOTCS
ONTUMAaIbHBIMU. B pambHelineM padboTa MpoOMU3BO-
IIUTCI C yX€ CKOPPEKTUPOBAHHOW Ha IUIAHOBBIN
CIOBUT MOJEJIbIO BHICOT.

HaxoxneHue KpaeBbIX TOUEK IepeceyeHMs Ipa-
HuL AByX LIMP mpousBoauTCS MOCTPOEHHEM BEK-
TOPHBIX TPaHUI KaXXAOW MOIEIM 1 M3BJICYCHUS U3
Hux ob1ux Touek (Touku P1 u P2 Ha puc. 1, (1), uc-
XOJIHBIE Pa3HULILI BEICOT B HUX Ha ABYyX LIMP — 2.7 n
3.2 M). OTH TOYKM U IMHUS MEXITY HUMM CO3IaI0T 0a-
3UC, OTHOCUTEIBHO KoTOporo Beaomast IIMP oOyner
KOPPEKTUPOBATHCS IJIsl TOYHOM CIIMBKU C BemylIei
Moneabio. B IByX KpaeBhIX TOYKax OIIMOKAa BHICOT
MEXTy IByMSI MOJIEJISIMU Bcerna OyaeT HeoaMHaKOBa.
J1s1 TocTpoeHMs Ha CHICAYIOMIMX ATanax U30JIMHUN
HYJIEBOI OLIMOKU, 3aMbIKaIOIIelicsl Ha KPaeBbIX TOU-
KU, TpeOyeTcs mpeodpa3zoBaTh BenoMyto LIMP takum
0o0pa3oM, YTO pa3sHUIBLI BEICOTHI B KPaeBbIX TOUKaX
coBnajau. JIJIs1 3TOTO PacCUMTHIBAETCS OBYXMEPHBIA
JIMHEeWHBIN TpeH I OINMOKM, HapacTaloIUi MU yObI-
BaOIIUii O IMHUM MEXIY KpacBbIMU TOYKAMU, 1O~
cJie yero ungpoBasi MOIeJIb 3TOr0 TPEHAA BHIYMTAET -
cs1 u3 BegoMmoii LIMP. Tlocie aToro npussizka Moje-
JIel BBICOT B IByX TOYKaX 3aBEpIIICHA.

B oGnactu nnepekpbITUs MoJiejieit BBICOT OT OOHOI
KpaeBoOil TOUKM A0 APYroil MOXKHO MPOBECTU U30JIM-
HUIO HYJIEBOH OLIMOKHU, B Clyyae ecjv TakoBas Jiv-
HUSI HUTIE HE BBIXOAUT 3a Mpeaesibl 3TO 0byacTu.
3avyacTyro U30JUHUS HYJIEBOM OLIIMOKM OKa3bIBAETCS
¢dparMeHTHpOBaHa, TaK KaK BBIXOAUT 3a IPaHULbI
y4JacTKa IepeKpbITHSI, 3aTEM CHOBA B HE MOSIBIISIETCS U
T.a. B 3TOM ciyyae TpebyeTcsi UICKYCCTBEHHO CO31aTh
0oJsiee MHTEHCUBHBIM TPaAMEHT Pa3HOCTU BBICOT Ha
nByx IIMP, HaKJTOHMB OHY U3 HUX, UCITOJIb3YS B Kaue-
CTBE OCU BpallleHUs JIMHUIO MEXTY KpaeBbIMU TOUYKA-
Mu. B pesynbraTe yBeJIMYeHUs rpagdeHTa OlMOKU B
o0e CTOpPOHBI OT 3TOU JMHUM, U30JMHUS HYJEeBOM
OIIMOKM Mpubamxaercs K Heil. TpebdyeTcs BbIOpaTh
TaKo# TpaiMeHT, YTOObI U3OJIMHUS HYJIEBOI OLIMOKHA
TMMOMECTUJIaCh TMOJTHOCTBHIO WM TIOYTU ITOJHOCTHIO
BHYTpU obnactu mepekpbitusl LIMP. B pesynabrate
o0pasyeTcss HakJIOHEHHasi Mofesib, MopdomMerpuye-
CKME XapaKTepUCTUKM KOTOPOIi, B YaCTHOCTU, KPYTH3-
Ha TIOBEPXHOCTU, OKa3bIBAKOTCSI CWJIBHO MCKaXKeHHBI-
mu. s 6amaHcupoBKHM 3Toro 3¢deKkTa HeOOXOTMMO
TTIOBTOPUTH TIPOLIEAYPY C OOpaTHHLIM HAaKJIOHOM BEHO-
moii LIMP Ha Takyro e BeJIMUMHY, a pe3yJIbTUPYIO-
myo IIMP nonyuuts ycpenHeHMeM oOeux (WiIn
OOJIBIIIETO YMCJIa, €CJU HCIO0Jb30BaTh HECKOIbKO
CUMMETPUYHBIX UX Iap).

Ha puc. 1, (1) Benomass IIMP (BocTouHast) 1o Jiu-
HUY Mexay Toukamu P1 u P2 coBmenieHa ¢ Bemylei
LIMP (3zanmamnoit). 1o 3T0it TMHMY yCTpaHEeH JIMHE-
HBIIl TPEH]I OIIMOKM, HapacTalolI1il C ceBepa Ha Ior
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Puc. 1. (a, 6) — dparMeHTHI pa3HBIX TU(POBBIX MOIENICI BBICOT OMHOI TeppUTOpUM cO B3auMHbIM caurom (dX, dY) B cury
HeToyHoro GPS-nosuumonuposanust BITJIA; (B) — Monenb olnOKY NMpU pa3HbIX ciBUrax rno X u 'Y, MUHUMaJbHasl OlIMOKa
(rmoka3aHa MeTKoli) nocturaercs npu casure dX =0 M u dY = 3 M; (I) — CKOPpPEKTUPOBAHHASI MOJIE/Ib BBICOT C M300pakeHUS
1(6); (1) — cTpyKTypHBIE TOYKYU U TUHUU TTpeodpazoBaHus Beagomoii LIMP, nuaus P1-P2 — niist ycrpaHeHUsI TMHEIWHOTO TpeH-
I1a pa3HULIbl BBICOT, IUHUS p3-p4 — 1151 BpallleHUsI BEIOMOM MOJIEu.

Fig. 1. (a, 6) — Parts of the different digital terrain models at the same area with a shift (dX, dY) related with inaccurate GPS-
positioning of a UAV; (B) — vertical error model at the different shifts by X and Y axes, the minimum value (white circle) estimated
with the shift dX =0 m and dY = 3 m; (1) — rectified terrain model from the 1(6) figure; (1) — the structural points and lines of
slaved DEM processing, line P1-P2 for linear detrending of slaved DEM, the line p3-p4 for rotation of slaved DEM.

ot 2.8 1o 3.2 M. [NapamienbHBIM IIEPEHOCOM ITOTIPaB-
Ka Ha BEJIMYMHY Pa3HOCTU BBICOT IPUMEHSIETCS IS
BCeli BeIOMOII Moaean (BEKTOpP ITapaJUIeIbHOIO IIe-
peHoca OIIMOKM MoKa3aH TouyKaMu p3 u p4, IMHUSI
MeXIy HUMHU — IJIe4yo BpaiueHus1 Benomoit LIMP ot-
HOCHUTENILHO BeAylllel Ha clieaytolieM 3Tane). B Tou-
Kax P1 u P2 pa3HOCTb BBICOT HyJIeBasi, MEXIY HUMU
MOXHO TPOBECTU JUHMUIO C TaKMM K€ 3HauyeHUeM
pazHocTu. Ecau aTa TuHUS “HyJIeBOI OLIMOKU” WU
TOYHEE HYJEeBOUW Pa3HOCTU BBIXOAMT 3a MPEEbl
obnactu nepeceueHus nsyx LIMP — BpamaeMm mo
BepTuKanu Begomyto LIMP, nucnonp3ys miedo Bpa-
IIeHUs Ha yroj * a Tak, YTOOBbI JUHUS HYJIEBOM
OIIIMOKM MOMECTHJIACh BHYTPh O0JIACTH MepecedeHMsI.

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

Ha puc. 1, (1) Takux nuHuil ABe (KEJITBIA 1 OEJIbIit
MYHKTUPBI TIPY HAKJIOHE MOZEJIei BBICOT Ha T5 M Ipu
e toreda 200 M, T.e. TIpu HakitoHe +2.5%), oTBeda-
OIIUX CUMMETPUYHBIM HAIpPaBJICHUSIM BpallleHUs.
J11s1 o6oux rnpeodpa3zoBaHuii (a Tydilie — 1151 00JIbIIETO
YuCJia BpallleHUi Ha pa3Hble YIJIbI J1s TTOJTydeHUs 60-
Jiee TIagKoro pedyiabraTta) ciiuBaeMm Bemylnyio IIMP
U BellOMble, a 3aTeM BBIYUCIISIEM CpelHee 3HaYeHUe
U3 BCEX pacTpoOB — 3TO U OyIeT UTOroBasi Momeb
BBICOT.

[Ipouienypa npeamnosiaraeT ydacTre MOJIb30BaTEN IS
Ha 3Tarax BbeIOOpa paboueil nupekTopuu 1 (ailjaoB
MofeJieil BBICOT, IIPOCTPAHCTBEHHOIO pa3pelieHUs
WTOTOBOM MOJIEJIM, BBOJA IPaJlM€HTAa HAaKJIOHA BEIOMO
Ne 3

TOM 54 2023



CITOCOB KOPETUCTPALIMU LIM®POBBIX MOJEJIEN BBICOT 155

LMP. Ilpoune pemakTHpyeMble ITapaMeTphbl WMEIOT
3HAYEHUSI 110 YMOJTYaHUIO (HaIllpuMep, IITyOruHbI Oyde-
pa B obmactu HanoxeHust [IMP, ncrons3yeMoro kKak
BBIOODKA JIJ1s1 TTOATOHKH TAHHBIX B TUIAHE, U AP.).

OLIEHKA KAYECTBA

MeTtpukamMu KadecTBa Kopeructpauuu ILIMP u
MM TpaguliMOHHO SIBASIOTCS BEeJIUYMHBI OLIMOOK
MIPUBSI3KM, HAIIpUMEpP, CPEOHEKBAIPATUIECKOE OT-
KJIOHEHHWE BBICOT ITIPUBSI3aHHON MOJEIM OTHOCH-
TEJILHO 3TajloHa (Bemylleil Moaesi, Ha3eMHEBIX I'e0-
JIe3NYeCKNX U3MepeHuii 1im ap.). I1pu aToMm Ha 1Ipo-
LHeaypy IIpUBSI3KM He HaKJIaabIBacTcsl TpeOboBaHUE
JIAAKOCTU ITOBEPXHOCTU M COXPAaHEHUSI MCXOMHOM
CTPYKTYPBI MOTOKOB (TaJbBETOB) M BOIOPA3IECIIOB.
KadecTBO moOCTpoeHMSI TMAPOJOTUISCKU KOPPEKT-
HOM MOBEPXHOCTHU B 3TOM pabOTe OLICHUM CJICAYIO-
LM 00pa3oM.

Bo-niepBbIX, JOJIKHO COXPAHATHCS UCXOTHOE CTa-
TUCTUYECKOE pacrpeaesieHre KPYTU3HbI ITOBEPXHO-
ctu. [IpoBeaeHNe pa3auYHbIX MAHUITYJISILIUMA C BEIO-
MOIT (BEIOMBIMU) MOJEISIMUA BBICOT MOXET HPUBO-
JIWUTH K 3aBBIIIEHUIO VIV 3aHIDKEHUIO KPYTU3HbI, UTO
COOTBETCTBYIOLIM OOpa3oM CKaXXeTCsl Ha MOJIEIu-
pOBaHUU TapaMETPOB CTOKA BOAbLI WJIM HAHOCOB.
3HaYyeHUsT KPYTU3HBI IOBEPXHOCTU B Pa3HBIX CTPYK-
TYPHBIX YacTSX M Ha Pa3HBIX BBICOTHBLIX YPOBHSX B
npezaeaax BoOmOcOOpa OKAa3BIBAIOT pelIalollee BO3-
JIeificTBUE Ha pe3yIbTaThl 3P0O3UOHHOIO MOIEIUPOBa-
HYSI C TIOMOIIBIO IIMPOKO pacIipOCTpaHEHHOM Moje-
mm USLE (1 ee MoguduKaimii), pacuyeThl CBSI3HOCTU
IIOTOKOB HAHOCOB (pa3jiu4yHble MHACKCH sediment
connectivity) u T.n.

Bo-BTophIxX, TIpeobpa3zoBaHNe BEIOMBIX MOJIeIeH
IJIs OECIIIOBHOTO COENMHEHUSI ee C Beaylleil He
JIOJDKHO TIPUHIOUITMAIBHBIM 00pa3oM MEHSTh IIPO-
CTPaHCTBEHHYIO CTPYKTYpy BomocbopoB. Hamu pa3s-
paboTaHa COOCTBEHHasl MeTpUKa KauyecTBa, OCHO-
BaHHAsI Ha aHAJIM3€ IIOCTOSIHCTBA CTPYKTYPHI BOIO-
cOOpOB Ha OOBEIMHEHHOW MOJIEJIN BBICOT M €¢
OTIEJIbHBIX YaCTSX, IOJYYEHHBIX HEMOCPEACTBEHHO
¢doTorpaMMeTpUYECKUM ITIyTEM U3 CHUMKOB C O€CIIr-
JIOTHBIX JIeTaTeAbHBIX allllapaTtoB. Pazymeercs, omm-
OOYHO YTBEPKIaTh, YTO OTACIbHbIE YACTU UCXOMHOM
LIMP mMoXHO paccMaTpuBaTh B Ka4eCTBE HEKOTOPOTO
3TaJIOHA, C KOTOPBIM 3aT€M CPaBHUBAETCS pe3y/IbTaT —
eIrHasi Ha BECh MHTEPECYIOIINI Yy4aCTOK MOJECIIb BhI-
coT. K coxaneHnuto, IoIHOLeHHOrO OT00HOTO 3Tajo-
Ha — MOJIEJIU BBICOT, TI0 KOTOPOI BOCCTaHABIMBAETCS
KOppEKTHasl, OObEKTMBHAsI CETKa BOOOCOOpPOB — B
HaJIM4ny OOBIYHO HE OKa3bIBaeTcs. B To Xe Bpems,
€CJIM CpaBHUBAThb CETKHA BOAOCOOPOB, PEKOHCTPYH-
pOBaHHBIE M3 MCXOOHBIX JAaHHBLIX B O0JIaCTU Hepe-
KpBITUSI ABYX CLIEH, — B HJeaJbHOM Cjydae OHU
JIOJDKHBI COBIIaaTh, HO HUKOIJA HE COBMNAIaloT B
TouHocTu. Eciiu mo ennHoit LIMP cetka BogocoopoB
BOCCTaHABJIMBAETCs C OOJBIICH CTEIIEHBIO IT0I00MSI
KaXXIOM OTIEJIbHOM MOJEJIN, HEXKEJIN OTIEIbHBIE MO-
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JIeJ I MEXIY CO00ii — MOKHO MPU3HATh, YTO PE3YiIb-
TUpYIOIlee TMOJIe BBICOT, €€ KapKac rnepeaaHbl Kop-
pekTHo. Tak uiu nHaue, moaxon K cpaBHeHuio LIMP
n IIMM, ocHOBaHHBII Ha pa3TAINSIX THAPO-MOPPO-
JIOTUYECKUX PACUETHBIX BEJUYUH, MCIOJIb30BaJICS
pa3HbEIMU aBTOpaMu paHee (Hanpumep, Walker and
Willgoose, 1999; Kenward et al., 2000). B otneabHBIX
paboTrax naxe cama KOH(puUrypaius CeTu cToka (B
YaCTHOCTHU, LIECHTPOUIBI BOJOCOOPOB, UCIIOJIb30BaHbI
st kopeructpauuu LIMP (Li, Deng, Wang, 2017).
Ho o6b1YHO MCOIB3YIOTCS CPAaBHEHUST CTATUYECKUX
pacmpeneiaeHUid (HaIlpuMep, paclpeiaesieHUil IUIo-
Iaaeii MUKpOBOIOCOOPOB), a HE METPUKM JIJIST OLIEH-
KA TEOMETPUYECKOIo MOA0OUsSI KapKacHBIX JIMHUIA
peabeda.

MeToarKa pacyeTa Mepbl CXOACTBA COCTOUT B
cienytoireM. I1pyu omMHAKOBEIX ITapaMeTpax pacdyeTa
(paspelieHre, MakCUMaJibHasl TJIyOMHA 3amoJjiHsie-
MBIX JIOKAJIbHBIX IMOHMKEHUI, MUHUMAaJIbHAS IIJIO-
magb Bogocbopa) peKOHCTPYUPYIOTCSI CETKU BOIO-
cObopoB Ha oTaenbHBIX cueHax [IMP u Ha cmmmroit
monenu. ITonapHo ceTKM BOgOCOOpPOB HaKJiaablBa-
I0TCSI APYT Ha Apyra, W BBIYJICHSIETCSI PE3yIbTaT UX
nepeceuenusa. Ecim mapa HabopoB maHHBIX ¢ M 00b-
eKTaMu B mepBoM U N 00beKTaMM BO BTOPOM abCoO-
JIIOTHO MACHTUYHA — TO KaXAoMY 1, ..., i-My 0OBEKTY
13 TIEpBOTO Habopa OyIeT CTPOro COOTBETCTBOBATH
M0 TUIOIIAAU OOUH U TOJBKO OJUH 1, ..., j-i1 OOBEKT U3
BToporo. Ho Tak Kak peajbHbIE CETKI BOOOCOOPOB,
MoyYyaeMble U3 TaHHBIX 3P0 OTOChEMKHU Ha OIHY 1
TY Xe TeppUTOPHUIO, BCErla HEMHOTO OTJIMYAIOTCS —
KaXX7oMy BogocOopy B IIepBOM Habope JaHHBIX OyAyT
COOTBETCTBOBATh OTAEIbHBIE (hparMEeHTHI WU HaXKe
LieJIble BOJIOCOOPHI MEHBIIEN TUIONIAAW U3 JAPYroro
Habopa maHHbIX. BepHO 1 00paTHOE — OTOEIHLHO B35I-
TOMY KOHTYpPY M3 BTOPOTo Habopa JaHHBIX OyIAyT CO-
OTBETCTBOBATh (PparMeHThbl KOHTYPOB U3 IIEPBOIO Ha-
6opa. [1pu HEOOIBIINX PA3TMUMIX MEKIY ABYMS Ha-
OoopaMM — OTHEIBbHO B3ATHIN IMoanroH Mi OymeT B
OCHOBHOM IIE€pEKPBIBATHCS MOJIUTOHOM Nj M JIUIIb
HE3HAYUTEJIbHO IPYTMMHU ITOJIUTOHAMMU.

B pesynbraTe mepecedeHUsT AByX CETOK BOIOCOO-
poB 13 M 1 N 00BbE€KTOB KaxKaasi — Iojy4aeM TabJim-
1y TUIolLanaeil U3 repeceyeHmnii ¢ pasMepHocTbio M
ctpok U N ctoi60B. Ilociie yero paccuuTbiBaeM OT-
HOCUTEJIbHbIE 3HAYCHUS IUIOIIAACH B KaXI0M CTPO-
Kke. OTHoIIeHWEe H0u TuTomaay Mi moJIuroHa, repe-
KpbiBaeMoro Nj moauroHom (T.e. HAaUOOJBIIAM B
rpaHunax Mi mojgmurona), K ooieii rmomanya Mi mo-
JIMTOHA — €CTh Mepa CXOACTBa (POPMBEI IByX BOTOCOO-
pos. IToTeHLIMAIBLHO 3TOT ITapaMeTp 3aKIIOUYEH O
Kaxaoro Mi momurona B uHTepBasie oT 0 mo 1, Ha
MpakTUKe OH Yallle BCEro IMpPMHUMAET 3HAYCHUS OT
0.3—0.5 mo 1. Tak Kak BO3MOXHA CUTyall1sI, YTO BCe
KOHTYPHI BOJOCOOPOB B ceTke Ne 1 ImormanyT B eauH-
CTBEHHbLIIA KOHTYp B ceTke Ne 2, HeoOxoauma Iepe-
KpeCTHas IpoBepKa Ha IIpeAMET TOro, 4TO BOIOCOO-
pel B ceTke No 2 Takke HNpUYpPOYECHBI IIPEUMYIIE-
CTBEHHO K KOHKPETHBIM KOHTYpaM B ceTKe No 1, a He

Ne 3 2023



156 XAPYEHKO

pacrpeneaeHbl Cayd4aiHo no Iuiomanu. To ecTh misd
IEPEKPECTHOM IIPOBEPKM PAaCCUMTHIBAEM OTHOCH-
TEJbHBIE 3HAYEHUS IUIOIIANEN €lle WM B KaXIOM
cronone. MUtoropoe 3HaueHMe Mephl OJIM30CTH OIS
Kax10ro oobekTa B ceTke Ne 1 rojiyyaeM Kak eBKJIM-
JIOBY IMCTAHILIMIO MEXIY KaXIOol Imapoil HamboJjiee
IIOJIHO ITePEKPHIBAIOILIMXCS KOHTYPOB B IBYX CETKAX.

®dopmanbHBIM 00pa3oM aJTOPUTM IIPENCTABUM B

caenyomeM Buzae. ITyreM IpocTpaHCTBEHHOIO Halo-
JKEHMSI IBYX CETOK IToJIydaeM MaTpully ruioianeii (1).

1 2 ... N

LS, S S Sy

2 85, S S S (1
S8 28 Sw

e SM,N

JleuM BeJTMUYMHY TIJTOIIAAY B KaXKIIOM sUeiike Ha
CyMMY ILUIOLIaAeH B KaXa0ii CTpoke (T.e. Ha TUIoLaau
IIEPBOT0, BTOPOTO, ..., M-T0 00beKTOB B ceTke No 1),
3aTeM IIOBTOPSIEM IIPOLIEAYPY MJISI CYMM IJIOIIAAei B
cToabuax (T.e. AeJIMM IUIOLIAAb KaXXJIoro Iepecede-
HUS Ha IUIOIIAAY IIEPBOTO, BTOPOTO, ..., N-TO 00BbEK-
TOB B ceTke Ne 2). [Tonyyaem nBe Matpuubl MX1 u
MX2 pazmepHocTbio M X N Kaxnasi, HaJl KOTOPbIMU
3aTeM MPOBOIUM MATPUUYHYIO ONEPALIMIO BBIUMCIIC-
HUST JUCTAaHILIMM MEXIY COOTBETCTBYIOIIMMY MapaMu
sueex (2):

02 o2 0.5
MX g = (MX17 + MX2°?) )

ITomuepkHeM, 4TO peyb MAET O IO03JEMEHTHOM
BO3BEACHMHU B KBaApaT KaxXKAO0i U3 MaTPUIl U 3aTeM
MO3JIEMEHTHOM K€ CYMMHPOBAaHMU W M3BJIEYCHUU
KOpH$I, @ HE O CTaHJAPTHON Mpouenype yMHOXEHUS
MaTpull, TpeOyollleil MX COMIacCOBAHHOCTU (paBeH-
CTBE 4KCJIa CTOJIOLOB IePBOIl MAaTPUIIBI YHUCIY CTPOK
BTOpoii). Takue omepalyu (a UMEHHO MO3JEMEHT-
HOE BO3BelIECHUE MaTpHll B CTENECHb U U3BJICUYCHUE
KOpHsI) Ha3bIBAIOTCs omepauusMu Amamapa (CooT-
BETCTBECHHO, ITPOU3BCACHUEM Anamapa N KOpHEM
AnaMapa) 1, KaK OI1H 13 BApUaHTOB, 0003HAYAIOTCSI
CUMBOJIOM “°”.

IIpy abGconaOTHOM COBIIAACHUU IBYX CETOK, B
KasXKIOM CTPOKE U KaxKJIOM CTOJIOLIE UTOTOBOM MaTpH-
1Bl OyIeT JUIb MO OAHOMY HEHYJIeBOMY 3HAaYEeHUIO
(HampuMep, Ha IIaBHOI AuaroHaaud, HO He 00s13a-
TEJIbHO). 3aTeM JJIsl KaXK/10il CTPOKMU UTOrOBOM Mart-
pMLIBI HAXOAWUTCSI MaKCUMaJlbHOE 3HayeHUe, a s
BCeil MaTpuIbl — CpemHee U3 CTPOKOBBIX MaKCUMY-
MoOB. DTa Mepa (3) u OyneT cTeneHb CXOACTBA PUCYH-
Ka noauroHoB — MaxOL. B To e BpeMs1 HEKOTOpbIe
IMOJIUTOHBI MOTYT COBITAAATh B TOUHOCTHU, a IPYyTUe —
JIMIITb HEe3HAauuTeJbHO. I1oaToMy B KaXXmoil CTpoOKe
WTOrOBOI MaTpUIIbl BHIYMCISECTCS ellle U Mepa pas-
Opoca coBnaaeHus ITOJIUTOHOB (4).

M
MaxOL = Zmax (MX _result; ) 3)

i=l1

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

M

SAOL = ) sd (MX _result; ) 4)
i=l

HToropast Mepa 6;11M30CTH MOXKET MEHSITBCS B TIpe-

nenax (0; \/5), KpaliHWil MpaBbIii CITydail HOCTUTAETCS
MPU TTOJITHOM MOP(MOIOrNIEeCKOM CXOICTBE ABYX KOH-
TypoB. Ciy4aiiHbIe TIepecedeHUsI KOHTYPOB 0¢e3 SIBHO
BBIpaxkeHHOI MTPOCTPaHCTBEHHOI KOPPENsILINY 1al0T
3HavyeHus okojo 0.5—0.7.

B kauecTBe npuMepoOB MPUBENECHBI PACUEThl MEP
OJIM30CTU ABYX CETOK IMOJUTOHOB — 1) 3TajloHa U €To
Ke, TOBepHYTOTO Ha 45° 110 HampaBJIeHUIO X01a CTpe-
JIOK 4acoB, U 2) 3TajloOHA U €TI0 K€, ITIOBEePHYTOro Ha
10° B ToM ke HarpasjieHuu (puc. 2). OueBUIHO, BO
BTOPOM cllydyae CTeNeHb CXOICTBa KOHTYPOB JIBYX C€-
TOK OoJpine. [IpomMeXyTouHBIE 3HAYEHUSI OTHOCH-
TEJbHBIX IUIOLIA/IC KOHTYPOB OOHOM U3 CETOK BHYT-
PM KOHTYPOB ApYroii mpuBeaeHbI B Ta0I. 1.

PE3VYJIBTATDI

AJITOpUTM OBbUT IPOTECTUPOBAH HA TPEX pa3ind-
HBIX yJacTKaxX, OIMCaHMe WX MPUBEICHO B TaOi. 2.
Bce oHU pacroyioeHbl B pa3IMYHbIX reoMopdoI0-
TUYECKUX YCIOBUSX, XapaKTEePU3YIOTCSI MTPUHLIAIIN-
aJIbHO pa3HBIMU MOP(OMETPUUECKUMHU TTapaMeTpa-
mu. IlepBbIii pacIiojioXXeH B paBHUHHBIX YCIOBUSIX B
npenenax ueHtpa Bocrouno-EBporneiickoii paBHU-
HBI, ABa ApPYyrie — B NPEArOpPbSIX-HU3KOTOPBIX U
cpenHeropbsx LlenTpanbHoro Kaska3a.

Yuacmox No 1. Mexnypeube pp. [IpoTBel u Mch-
mbl. [Inomanka HaxonuTcs B ceBepHoit yactu Ka-
JIyXXCKOM obylacti (LIeHTp y4yacTka — 55.218° c.ui.,
36.3484° B.n.), HermmogajaeKy OT IpaHULLI ¢ MOCKOB-
CKOM 00J1aCThlO, YACTUYHO Ha JIEBOM OOPTY JOJMHBI
p. [IpoTBHI U JeKalleM ceBepHee (pparMeHTe MeXITy-
peubs, B 1—1.5 KM K ceBepo-3anany oT y4eOHO-Hay4-
Hoit 6a3p1 MI'Y “Catuno”. bonbiias yacts Iioiagu
y4acTKa — ITIOJIOTOBOJIHUCTAsI TIOBEPXHOCTb BTOPUY-
HOMU MOPEHHOM paBHUHbI, CEBEPHBINA Kpail — CKJIOH
IOJMHBI p. VICBMBI (IIOKPBIT JIECOM), IOrO-BOCTOY-
HBII Kpali — CKJIOH TOJWHBI p. ITpOTBBI. Y4acTOK BbI-
TIHYT npuMepHo Ha 800 M ¢ 3araga Ha BOCTOK M Ha
1150 M ¢ ceBepa Ha 10T, 00IIIas TUIOIIAIb HE ITPEBhIIIAcT
1 kM2, 3a BBIYETOM KPOH [IEPEBLEB, OTPAXKAEMBIX Ha
LIMP, aGcomoTHBIE BBICOTHI Ha yJ4acTKe COCTABJISIIOT
nmpumepHo 160—187 M. B xauecTtBe Bemymeit LIMP m3-
OpaH ceBepHbI (hparMeHT TeppUTOPUN, BEIOMON —
I0KHBINA (puc. 3). B mpuHLuIie, Npu CBSI3KE IBYX
¢parMeHTOB MojeJieii BbICOT, U30paHHbIE POJIU IS
KaXJ0M U3 HUX — HE MpUHIUTNIUAIbHbI. CpenHsis Ha-
yajbHasl OIIMOKa BBICOT B 00J1aCTH ITEPEKPBITUS CO-
crasisieT —0.24 + 4.3 M, TIpU 3TOM MOJOXUTEbHbBIC U
OoTpUlIaTe/IbHbIE OLIMOKM MO TJIOLIAIU pacnpenese-
HbI MIOYTU PABHOMEPHO. BBICOTHI JIOXKHBIX YCTYIOB
Ha cthikax LIMP nocturaior 6—7 M.

B xauecTBe KpuTepusi TOYHOCTU KOPETruCTpalnu
MOJIEJIE BBICOT MCIIOJIb30BaHa MeEpa TeoOMeTpUuYe-
Ne 3

TOM 54 2023



CITOCOB KOPETUCTPALIMU LIU®POBLIX MOAEJIEN BBICOT 157

T

1.0

0.4

Max OL = 0.84, Sd OL = 0.23
2 @

1.2
0.8
0.4

Max OL = 1.22, Sd OL = 0.08

Puc. 2. Crioco6 ouieHKH Mepbl 6JIM30CTH BYX CETOK BOJIOPA3IEIIOB. (a) — LBETHAas 3aJIuBKa — ceTKa Ne 1, LIBETHbIE KOHTYPbI —
nBa BapuaHTa ceTku Ne 2. (6) — Max OL (Overlay) — cpenHue 3Ha4YeHUS MAKCMMaJIbHBIX OTHOCUTEIbHBIX TUIOLIAACH 1T KaX-
ITOTO U3 TIOJIUTOHOB 3TajioHa (1BeTHas 3anuBka), Sd OL — pa3dpoc MakKCUMaTbHBIX OTHOCUTEIBLHBIX TUIOMIANEH IS HUX XKe.
Fig. 2. The way to estimate of the similarity value for two watershed networks. (a) — colour filling — network No. 1, colour con-
tours — two versions of the network No. 2. (6) — Max Overlay — average values of maximum relative areas for each polygon in the
network No. 1. Sd Overlay — variance of these maximum relative areas.

CKOM OJIM30CTH CETOK JIOKAJIBHBIX BOTJOCOOPOB Ha MC-
XOJHBIX U MPeo0pa3oBaHHbIX JaHHBIX (OMKUCaHa BbI-
me), a Takke Ko3(pOUINEHT paHIOBOI KOPPEISIIN
CrnupMaHa 111 KpyTU3HbI TIOBEPXHOCTU B 3TUX CIY-
yasx. [lepBbiit KpuTepuii 0OycaoBJieH caMoii mocTa-
HOBKOW 3alayul — TIpemliaraeMblii CIIoco0 KOperu-

CTpaly He COXPaHsIET B TOYHOCTA OTMETKH BBICOT
npuBsasbiBaeMbIXx [IMP, HO mommkeH MO3BOMSATH KOp-
PEKTHO BOCCTaHABJIMBATH TEOMETPUUIECKYIO CTPYKTYPY
CETH TPaH3WTAa BOIbI M HAHOCOB. BTropoit kpurepuii —
TpebOBaHME K MTOCTOSTHCTBY ITPOCTPAHCTBEHHOTO pac-
npeneeHus] OTHOCUTEbHBIX 3HAUCHUM KpPYyTU3HBI

Ta6omuuna 1. OTHOCUTEIbHbBIC TUIOIIAAN MOJIUTOHOB ceTKU Ne 1 (LiBeToBast 3aJIMBKa, 110 CTPOKaM) 1 ceTKU Ne 2 (LIBeTHhIe

KOHTYPBI, IO CTOJIOLIaM)

Table 1. Relative areas for networks No. 1 (colour filling, by rows) and No. 2 (colour contour, by columns)

1 (rosn.) 2 (cun.) | 3 (¢wmon.) Cymma 1 (ron.) 2 (cuH.) 3 (¢uon.)
1 (xp.) 0.68 0.28 0.04 1 1 (xp.) 0.56 0.35 0.03
2 (op.) 0.35 0.28 0.37 1 2 (op.) 0.44 0.52 0.41
3 (3en.) 0 0.12 0.88 1 3 (zem.) 0 0.12 0.56
Cymma 1 1 1
1 (ron.) 2 (cun.) | 3 (¢pwmon.) CymMma 1 2 3
1 (xp.) 0.94 0.06 0 1 1 0.72 0.04 0
2 (op.) 0.19 0.7 0.1 1 2 0.28 0.94 0.12
3 (3en.) 0 0.02 0.98 1 3 0 0.02 0.88
CymMmma 1 1 1

Hpumeltanue. )KI/IpH])IM BbIJICJICHBI ITOJIMTOHbI, KOTOPLIC pa361/IBa}()TCH TIOJIMTOHaMM IPYyroro CJjios. To ecTb 1eBBIE TAOIUIIBI — pa36I/IB—

Ka ceTkm Ne 1 ceTkoii Ne 2, ripaBble TaOIUIIBI — HA0OOPOT.
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Tabmuna 2. XapakTepucTHKa y4acTKOB arpobdanuu ajroputMma kopeructpauuu LIMP
Table 2. Characteristics of test sites used for DTM co-registration algorithms testing

VYuacTtok ILtomanb, KM?2 Kon-Bo cuen Bricora, m* Kpytusna, rpam.**
Mexaypeube pp. [1poTrBbl 1 UcbMBI 0.78 2 160—187 34+1.2
(Kamyxckast 00J1acTh)
BepxoBbst Bogocbopa mnpyna Ilec- 4.05 3 588—731 622
KoBckuit (CTaBpOIOIbCKUA Kpait)
Bonoc6op npyna [utue-Ivxrur 1.92 2 1183—1843 26.7 £ 6.5
(Kabapnuno-bankapust)

Ipumeuanue. * — 95% aMIUIMTYIBI BLICOT (IJIS1 yCTPAHEHUsI JIOKAJIbHBIX BHIOPOCOB); ** — cpenHee 3HaYeHUE T MOJOBMHA MEXKBap-
TubHOTO pasMaxa (0.5 X IQR), T.e. Mepbl pa3época YHMCIOBOM BETUYMHBI MEXITY KBApTHIIMU — 25% 1 75%.

(6GosblIe-MeHblIIe) — 0OYCIOBJIEH TeEM, UTO IO MOy~
qyaemoii ciimtoit LIMP mipu mpoBeneHMM THIPOITOTH -
YeCKOTO WJIM 3PO3MOHHOTIO MOJACINPOBAHUS pacipe-
JIeJIcHUEe KpPYTU3HBI OyIeT OTBeYaTb pe3yiabTary.
MupiMu ciioBaMm, eciv IIsd TOYHOM CIIMBKM 0Oe3
JIOXKHBIX YCTYNIOB TPeOyeTCsl 3HAUUTEIbHO 3aBbICUTh
WIA 3aHU3UTH YKJIOHBI — 3TO CBOJAMT HA HET BCIO
dopMaTBbHYIO  “THUIPOJOTUYECKYI0 KOPPEKTHOCTH”
MOJEJIU BBICOT.

KoadduumeHT nuHeitHON KOppeasuu KpyTu3-
HBI Ha UcxomHbIX LIMP 1 ntorooit — 0.97, 4To roBo-
PUT O TTOYTU MOJHOKM HEM3MEHHOCTH PaCIIpeacICHUS
HaKJIOHA MOBEPXHOCTU. Mepa CXOnCTBa CETOK BOIO-
cOOpPOB, ITOJTyYaeMbIX 13 IBYX UCXOOHBIX Mozeneii (Be-
nyiieii u Begomoii), —0.89 £ 0.21. B To ke Bpems Mepa
cxonctBa urorosoii LIMP ¢ Beaymieit — 0.99 £ 0.26, ac
Begomoii — 1.08 + 0.2. MHBIMU cioBaMU, Jaxke He-
CMOTpPS Ha TO, YTO KpaeBbI€ YaCTH 0OOMX MCXOTHBIX
LIMP niocTpoeHHI 110 OMHUM U TEM Xe CHUMKAaM, MO-
JI001e CETOK B UTOTOBOI MOAEIN 1 B UICXOOHBIX OKa-
3bIBAE€TCS BBIIIE, HEXKEIU B ABYX MCXOIHBIX MEXIY
co0oii (puc. 4).

Yuacmox Ne 2. Bomoc6op mnpyna IleckoBckuii.
Tepputopus pacrnosioxxeHa B CTaBpOMNOJIbCKOM Kpae
(ueHTp ydactka — 43.965° c.u1., 43.035° B.1.), npu-
MepHO B 3 KM K Iory ot I. Ilaturopck. Bomoc6op
OrpaHWYeH BEpLUIMHAMMW OIWHOYHBIX TOp-JIaKKOJIU-
TOB, B YaCTHOCTH, TI. JIxxyua 1-g (FOua) u r. 3ojoToit
KypraHn. B ceBepo-3anamHoii YyacTu BogocOopa rnpyaa
IMTeckoBckuii, BEpXHUE YACTU KOTOPOTO pacIiojioxe-
HBI Ha ckjioHaxX FO1bI, OTCHSIT y4acTOK OOIEi MJjIo-
11610 OKOJI0 4 KM? (puc. 5). MakcuManbHas IpoTs-
KEHHOCTbH C 3araja Ha BOCTOK — 3 KM, C ceBepa Ha
or — 2.6 kM. B xauecrBe Benyuieit LIMP B3sTa 1ieH-
TpasibHast — ckJOHBI FO11bl, B KauecTBe BEIOMBIX —
MpUMBIKAIOIIME K Heil ¢ 1ora M BOCTOKa CIIEHBI.
st iepBOit o1IMOKA BHICOTHOM TTPUBSI3KU COCTaBU-
Ja —1.63 £ 1.82 M, Ha NATOM YacTH IJIOLIAIM Tepe-
KpBITUSI OTpUIlaTe/ibHAasE oOIIMOKa (T.e. Beayluas
LIMP oxka3bsiBaeTCsI MHMMO BBIIIIE BEOIOMOIi), Ha 4ye-
TBHIpEX MSATBHIX YaCTSAX IUIOLIAAU — TMOJOXUTEbHAs
ommubka (Bemymias LIMP oka3biBaeTcsl HUXKE BEIO-
moit). Takum o6pa3zoM, Bo3HUKAET 3(PEKT JTOXKHOM
CTyneHU (BO3BBIIIAIOLICHCS IMperpaabl) IIpU IBUKE-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

HUY BHU3 IO CKJIOHAM TOpPHI K €€ MOTHOXUIO U 00¢
YacTH BOHocOOpa ruIpOIOrnIecK OKa3blBalOTCS HE
cBsi3aHbl. CpelHUe BBICOTHI JOKAIbHBIX “YCTYNOB”,
oOycIoBJIEHHBIE HETOUYHOU TipuBsizkoii [IMP u3-3a
norpemrtHocti  GPS BITJIA, cocraBasgor 2—3 M.
J11s1 TIpUMBIKAIOIIEit BOCTOYHOM CLIEHBI OLIIMOKY BbI-
COTHOII MPUBSI3KM HE MEHbIIIE, OHU COCTAaBJISIOT 110
Bcell muomanu Iepekpbitus cueH —2.17 £ 1.92 m.
M3 HUX oTpuLIaTeIbHbIE OIIMOKM — Ha CeIbMOIT ya-
CTH 00JIaCTU MNEPEKPBITUS, IMOIOXKMUTEIbHbIE — Ha
IIeCTU ceAbMBbIX. TakuM 00pa3om, u 31eCh HabJIroaa-
€TCsI MHMMas1 BO3BBIIIAIONIASICS Mperpaaa JIsl CTOKa.

PesynbTaThl OLIEHKM KadecTBa KOPErucTpalvuu
Tpex UM@POBBLIX MOJAEIell MECTHOCTU IIPUBEICHLI B
Tab1. 3. PacxoxXaeHUs cpeTHero 3HaueHUsI KPYTU3HbI
ITOBEPXHOCTU B 00JIACTSIX IepeceyeHUs] pa3audHbIX
Mopeineit MeHstiotrcs ot 0 mo 0.8°, mpu 3TOM BO BCex
CJTy4dasix BEJIMUYMHBI KPYTU3HbBI Ha UICXOIHBIX MOJEIISIX
BBICOT PaBHBI UJIM HECKOJILKO BbIIIE, YEM Ha UTOrO-
BOii. MakcuMalibHOEe 3HA4YeHUE Pa3sHOCTU CpemHeil
KPYTU3HBI TIPU 3TOM XapaKTEPHO IJisl LIEHTPaIbHO
CLIEHBbI — CKJIOHOB T. IO11a, 4TO MOXET MoKa3aThbCs
CTpaHHBIM, C Y4ETOM TOTO, YTO 3Ta MOJIE]Ib BBICOT MC-
MOJIb30BaJIaCch B Ka4eCTBE BeOyllei M, TaKUM obOpa-

Taomua 3. CpenHue 3HaYeHUs KPYTU3HBI U CXOICTBO PU-
CYHKa MUKPOBOIOCOOPOB B 0O0JIACTSIX MEpecedyeHUsT UC-
XOOHBIX U pe3yJAbTUPYIOLLIEN MOAEIE BbICOT

Table 3. Average slope gradient values and the measure of
microcachments spatial patterns in the overlapping areas of
original and final DTMs

“HeHTp” “IOF” “BOCTOK”
Kpyrusna, rpan.
WUcxonubie LIMP 10.47 8.5 9.55
Pesynbrar 9.63 8.52 8.92
CxoncTBO BOgocOOpOB, KOdd.

Pesynbrar 1.04£0.25 |1.03£0.22|1.17£0.22
“kOr” 0.99+0.18 *
“BocTok” 0.98 £0.21 **

IIpumeuanue. * — obaacTb 5 Ha puc. 5; ** — oGnacth 6 Ha puc. 5.
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Puc. 3. Penbed yuactka Ne 1 “Mexnypeube pp. [IpotBel 1 UcbMbl” 1 061aCTU MOKPBITUS McXoaHbIMU LIMP. /—2 — nonoxe-
HUE KOHTPOJIbHBIX Tonorpacdmiyeckux npodureii, 3 — 001acTh MePEKPHITUS ABYX CIICH.

Fig. 3. Topography of site No. 1 “Interfluve of Protva and Is’ma rivers” and original DTMs coverages. /—2 — the control topo-

graphic profiles position, 3 — area of overlapping for two DTMs.

30M, He TpaHcdopMupoBajiachk. IIpoBepka npuynH
JAaHHOTO SIBJICHUSI IIOKa3bIBaeT, YTO HaUOOIbIINE
Pa3HOCTU KPYTU3HBI B 00JIACTU LIEHTPAJIbHOM CLIEHBI
XapakTepHbl s KpaeBoil 30HbI Beayuueild IIMP ¢
OPUCYTCTBUEM apTe(akToB, B pe3ylabTaTe HaJIUYUS
KOTOPBIX KPyTHU3HA 3aBbIIIAeTCSI IMpUMEpPHO Ha 35°.
Ha Bceii ocTanbHOI IUI0OLIaAM PAHTOBask KOPP SIS
KPYTU3HBI Ha MMapax MojeJieid 3HAYUTEIbHO BBIIIIE: Y
UTOTOBO ¢ Beayuieit cueHoit — 0.902, ¢ 1oxXHOI Be-
nomoit — 0.972, a c BocTouHoii Begomoit — 0.969. Me-
PBI CXOICTBA CETOK BOIOCOOPOB, PEKOHCTPYHUPYEMBIX
o utoroBoii IIMP m oTmenbHBIM MCXOIHBIM MOJE-
JISIM, BBIIIIE €AWHUIIBI BO BCEX TPEX CIIydasix, B TO Bpe-
MsI KaK IToKa3aTeJIM MePhI CXOACTBA IJIST 001acTel T1e-
peceuenus: Beaymiein (“LleHTp”) M ABYX BEOOMBIX
IIMP (“IOr” u “BocTok”) — Heckoabko Huxe. Ta-

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

KUM 00pa3oM, KOpPErucTpalusi BeIOMbIX MOJeIei ¢
BeAyIllel He YXYAIlaeT KOPPEKTHOCTh TPACCUPOBKU
BOIOPA3IEIOB OTHOCUTEITBHO UCXOMHBIX TAHHBIX.

Yuacmox No 3. Bomocoop nipyma ITmrye-IvKrur.
Pacnonoxen B Pecnnyonuke KabapauHo-bankapus
(tteHTp yyactka — 43.469° c.m1., 43.0° B.1.) Ha p. [u-
XTUT — JeBoM Iiputoke p. bakcan. Ha aToit Mmanoit
PeKe pacIojIoXeHO IBa Mpyda-OTCTOMHMKA OTXOIOB
JIesTeIbHOCTU ThIPHBIAY3CKOTO TOPHO-METaJLIypru-
geckoro komomHata. B oporpaduueckom oTHOIIE-
HUU y4aCTOK TIPUYPOUEH K I0XKHOMY CKIOHY CKau-
croro xpebta bonbioro Kaskaza. Y4acTok BBITSIHYT
CyOMepUAVOHAIIBHO, €T0 MaKCHUMaJIbHas MPOTSIKEH-
HOCTBb C ceBepa Ha for 2.2 KM, C 3amajga Ha BOCTOK
1.3 kM, ob6u1as ruromans 1.9 km?. Penbed cuibHOpac-
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Puc. 4. Cetku Bogoc6opos (S = 10000 M2), noJiydeHHbIe 1o uToropoit LIMP (4epHast) 1 AByM MCXOIHBIM — BEAOMOM (CUHSISI)
u Benylei (buonetonasi).

Fig. 4. Watersheds networks (S = 10000 m2) obtained from the final DTM (black) and two original DTMs — the slave (blue) and
the master (purple).
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Puc. 5. Penibed yuactka Ne 2. Bonoc6op nipyna IleckoBckuii. /—4 — moyioxkeHre KOHTPOJIbHBIX Tonorpaduyeckux npodueit,
5—6 — 061aCTH MEPEKPHITUST COCETHUX CLIEH.
Fig. 5. Topography of site No. 2. The catchment of the Peskovskiy pond. /—4 — the control topographic profiles position, 5—6 —
the overlapping areas of the neighbour DTMs.
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Puc. 6. Penbed yuactka Ne 3. Bomoc6op nipyaa Imtue-T'ukrut. /—2 — noJjioxkeHue KOHTPOJIbHBIX Tonorpaduyeckux npodu-

Jieit, 3 — o06JIacTh MEPEKPHITHS COCEMTHUX CIIEH.

Fig. 6. Topography of site No. 3. The catchment of the Gitche-Gizhgit pond. /I—2 — the control topographic profiles position,

3 — the overlapping areas of the neighbour DTMs.

YWIEHEHHBIN, 00IIMe 4epThl MOP(OJIOTUH 00YCIOBIIE-
HBbI COYETaHUEM acCTPYKTYPHBIX (Yallle) U CTPYKTYp-
HBIX MOBEPXHOCTEN B YCIOBUSIX MOHOKJIMHAJIBbHOIO
3aJleTaHUs TOPOH C IaJeHueM IUIACTOB K CeBepy.
CamMm BomocOop oOpallieH NpenuMyIIeCTBEHHO Ha IoT
(puc. 6), amrunTyaa ero BeicoT 1175—2033 M.

ITokazaTenb CXOACTBA CETKU MUKPOBOIOCOOPOB
Ha UTOTOBOM MOJIeJIM B CPaBHEHUU C Beayllei (60Jib-
masi mo rioianan) cocrapuset 1.25 + 0.18, a ¢ Bemo-
Moii (MeHbIIIasl Mo TIJIOIIAAM, ITpUJeramplas K mpy-
ny) — 1.1 £0.19; npu 3TOM B 00J1aCTH MEPEKPHITUS IBYX
ucxonHbeix LIMP stoT mokaszarens pasen 1.05 = 0.14.
Paznuyuii o kpytusHe utorooit [IMP u Bemyieit —
HEeT, B TO BpeMsl KaK BeJIMUMHA 3TOTO pa3jnius C Be-
momoii LIMP cocrasisger moutu 2° (cpenHee 3Hade-
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HUE IS UTOrOBOM MoIean BEICOT — 30.6°, It Bemo-
Moii 32.5°). KoahumeHThl paHTOBOI KOPPEISIIUT
CnupMeHa 1jisi KpyTU3HbI MeHstoTcst oT 0.932 (mist
BeaoMoit monenn) no 0.985 (mns Beayueit). Hau6o-
Jiee 3HaYMMble OTJIMYUS TT0 KPYTU3HE JIOKATTN30BaHbI
B LICHTPaJbHOM JOJIMHE HEMOCPEICTBEHHO BBEPX 10
TEUEHMIO OT Mpyda, U, Cylsl MO aHAIU3y OTAEIbHBIX
LIMP, oGycioBiIeHbI pa3IM4MsIMU B INIOTHOCTb KPOH
nepeBbeB Ha cheMKax uwonst 2020 1. (IpeBecHO-KY-
CTapHUKOBBI IIOKPOB XOpo1ro paznmuyuM Ha [IMP u
¢ororutane) u mas 2021 1. (KpOHBI JE€pEBLEB HE CO-
MKHYTBI, W3-3a 9€TO Ha MOZIEJT BBICOT IIOYTH HE Pa3iiu-
yumMmbl). Ha 0osee paHHUX HaHHBIX (MCIIOIb3YyEMbIX B
KayecTBe BEIOMBIX) BO3HUKAET MCKYCCTBEHHAs! MUK-
POIIIEpPOXOBAaTOCTh, CYIIECTBEHHO 3aBbIIIAIONIAsT 3HA-
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YeHUSI KPYTU3HBI Ha IUIOIIAAKE pasMepaMu JIUIIb
okou1o 100 X 150 M. Tem He MeHee 3TOTro OKa3bIBaeTCsI
JIOCTaTOYHO, YTOObI BHECTU OTKJIOHEHME IIPUMEPHO
B 2° B IOKa3aTelb CPEIHETO 3HAYEHUS] KPYTU3HBI
3eMHOII MOBEPXHOCTU Ha y4yacTKe. Kak 1 B ipuMepe
BomocOopa mipyaa IleckoBckuii, TOKaJIbHBIE OTKJIO-
HEHUS KPYTU3HBI IPU 3TOM HE PacHpOCTPaHSIIOTCS
Ha ocTaJIbHYIO miomagb Begomoii LIMP, roe oTkiio-
HEHMsI KPYTU3HBI, BO-IIEPBBIX, pa3HOHAIIPaBJICHHBI
(T.e. TpaHcoOpMAaLIMsST MOJIEJIM BHICOT HE BHOCUT CH-
CTeMaTUYECKOM OIIMOKM), a BO-BTOPHIX — HE MPEBbI-
maror 1°.

M TOroBbIi1 aIrOpuTM JOCTYIIEH JJIsI CKaUMBaHUS
Ha cepBuce GitHub (Sergeikharchenko/rhydrodem-
coreg: The R tool ..., 2022). PemakTupyembie NOJIb-
30BaTeJIbCKUE MapaMeTpbl OTAEIbHO OTMEYEHBbl B
CKpUTITE.

BBIBO/IbI

Co3IaHHBIN aITOPUTM MO3BOJISIET OCYLIECTBISTh
ciuuBKy AByx LIMP (a urepatuBHO — 1 OOJBIIETO UX
yucsiaa) MpU YCJIOBUM MUHUMM3ALMU apTedakToB,
HapylalluX T’MIPOJOr1uecKylo KOPPEKTHOCTb MO-
neneii BbicoT. To ecTh B CO3MaHHOM MOJIEIN COXPaHsI-
I0TCSI OJIM3KUE K UCXOTHBIM 3HAUeHUsI KPYTHU3HBI TTO-
BEPXHOCTEM (M MX OTHOCUTEIbHOE paclipeliesieHue
10 TUIOIIAIM), a TAKXKEe OTCYTCTBYIOT JIOKHBIE YCTY-
Ibl, MpepbIBaOIINE peajibHble HapaBJIeHUs CTOKa,
WJIM K€ cOo3aalolre 1o 9TUM HallpaBJIeHUSIM pe3Kue
“IpoBaJjibl”’ BHICOThI IOBEPXHOCTH.

BenuuuHbl mogoOHBIX MCKYCCTBEHHBIX CIBUTOB
IMOBEPXHOCTH, BO3HMKAIOIINE M3-3a ITOTPEIIHOCTU
MPUBSI3KH VICXOIHBIX CHUMKOB, TToTydaeMbIx ¢ BITJIA,
JocTUraloT 5—6 M, nHoraa u 6oiiee. Takoit nepenan,
Jaxe IIpU YCIOBHUM aBTOMATHUYECKOM KOPPEKIINU
LIMP (B yacTHOCTH, 3aIIOJIHEHUSI JIOKAJIbHBIX ITOH1-
KEHUIT), MOXET KapAUHAJILHO MEHSTh CTPYKTYPY JIO-
KaJIbHBIX BOIOCOOPOB M, TAaKMM OOpa3oM, CHJIBHO
BJIVSITH Ha Pe3yJIbTaThl JIIOOBIX BUAOB MOIEINPOBa-
HUSA (3pO3UOHHOTO, TUAPOJOTUYECKOr0 M APYTUX),
0a3upPyIOIINXCS Ha TEOMETPUM 3TOI CTPYKTYPHL.

Arnpo0anust airopuT™Ma Ha IpuMepe 3 pa3IndHbIX
YY4aCTKOB IIPU aHAIM3€ MONEePEeYHBIX ITpoduieit mo-
KaszaJyia BBICOKYIO 3(h(EKTUBHOCTh YCTPAHEHMUSI JIOXK-
HBIX COBUTOB NOBepXHOCTHU. [Ipn 3TOM abCOIIOTHEIE
BBICOTHI TIOBEPXHOCTU Ha PE3YJIbTUPYIONIEH MOIEIn
BBICOT MOTYT CYILIECTBEHHBIM 0Opa3oM (Ha TepBble
METpbI) OTKJIOHSITBCS OT 3HAUEHMI Ha BEIOMOI
LIMP. B 10 XXe BpeMsI Ha UTOTOBBIX MOJCIISIX BHICOT
MPaKTUYECKN HE MEHSIETCSl paclpeae/ieHUue KpyTr3-
HEI (3a cyeT 0aJaHCUPOBKHU pe3ysibTaTa IMyTeM 3ep-
KaJIbHO HarpaBJICHHBbIX U3MeHeHU i BenoMbix IIMP).
Btopoit nunaukatop 3¢h(hEKTUBHOCTU: BO BCEX TPEX
mpuMepax, IIyCTh U B pa3HOM CTEIIeHM, CTPYKTypa
CTOKa — PHMCYHOK CE€TKH MUKPOBOJIOCOOPOB — Ha
HUTOTOBBIX MOJIEJISIX BBICOT OKa3bIBAETCS FTeOMETpUYe-
CKU 00Jiee CxX0Xa C aHAJIOTMYHBIMM PUCYHKAMM, U3~
BI€KaeMBbIMU M3 KaxXIoi n3 ncxongHerx LIMP, Hexe-
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JIN caMM 3TH CETH MEXIy coboii. Bce 310 B COBOKYTI-
HOCTH TTO3BOJISIET 3aKJIIOUUTh, YTO MPENCTaBICHHBIMA
aJITOPUTM MOXET OBITb 3(P(HEKTUBHBIM CPEICTBOM
KOPETHCTPAIIMU MOeNIeit BEICOT, €CIIM 3a/mada uccle-
JIoBaTeNsT — CO3[aTh TUAPOJIOTUYECKU KOPPEKTHOE
@ poBoe MPeaCTaBICHIE 36MHOM MOBEPXHOCTH.
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THE METHOD FOR CO-REGISTRATION OF DIGITAL TERRAIN DATA
TO OBTAIN HYDROLOGICALLY CORRECT MODEL
OF THE EARTH’S SURFACE!
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There are problems with the co-registration of digital terrain models which were created by drones to obtain
useful data for a numerical hydrological or erosional modeling. The different surveys can be produced at dif-
ferent time of a day, in various seasons or even years, making it difficult spatially reference the data. Many co-
registration algorithms usually perform the statistical fitting of point clouds or raster models. Such approach
violates the hydrological correctness of the final data, it makes artifacts appearing, such as various escarps and
visible joints. The search for the contour of “zero error” on the raster of elevations difference is the bases of
presented algorithm. This contour is used for the stitching of original elevation models together. As criteria
for the quality assessment of the final elevation models are used: 1) the statistical distributions of slope gradi-
ent, i.e. parameter that affects the results of modeling the water and sediment flows, slope stability, etc., 2) the
constancy of the microcatchments geometric structure. The algorithm was tested on three sites located in
plain, low-mountain and mid-mountain zones. In all examples, the high efficiency of the method was shown.
At the same time, the technique was constructed for keeping the significant features of terrain morphology in
data. The average slope does not deviate by more than 1° in comparison with the original data. The Spearman
rank correlation of the slope varies in different cases at 0.9—0.99 (with an average value of 0.96). The coeffi-
cients of geometric similarity of microcatchment patterns on the final models in all cases show even larger
values (1.09) than on the original data without any correction (0.98) in the areas their overlap.

U For citation: Kharchenko S.V. (2023). The method for co-registration of digital terrain data to obtain hydrologically correct model of
the earth’s surface. Geomorfologiya i Paleogeografiya. Vol. 54. No. 3. P. 150—164 (in Russian). https://doi.org/10.31857/52949178923030039;
https://elibrary.ru/10.31857/52949178923030039
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