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AHHOTALIMA: B paboTe nccAeAOBaHBI MPOLIECCH HAAEACO0PA30BAHMS B CEAEBBIX
6acceitnax. Ha Teppuropunu Cpeatero u IOxxHoro CaxaAHa B IPEA€AaX CKAOHOBBIX U
HeOOABIIVIX AOAMHHBIX CEAEBBIX 0ACCEITHOB, HAPSIAY C ONMACHBIMY CKAOHOBBIMY 9K30T€H-
HBIMM IIPOLIeCCaMM, IIMPOKO PaCIpOCTPaHEHBI MaAble IIPUPOAHBIE HaAeAU. MexaHu3M
dbopMupoBaHMsI TAKMX HaAeA€ell 00YCAOBAEH T'MAPOMETEOPOAOTMUECKMMY 0COOEHHOCTSI-
MU TePPUTOPUM, A TAK)Ke HapyIlleH/ieM TeEPMUYECKOTO, TAPOAOTYECKOTO AV THAPOTe0-
AOTMYECKOTO PEXIMa CEAEBOTO bacceitHa.

OCHOBHOI IPUYMHOI GOPMUPOBAHNS IIPUPOAHBIX HAAEAEN AOAMHHBIX CEAEBBIX Oac-
CEHOB SIBASIETCSI HapyllIeHJe ITMAPOAOTMYECKOr0 PEXMMa BOAOCOOPHOro bacceitHa mpu
ceaepopMUpOBaHUM, KOTOPOE BAMSIET Ha TOAOBOJ TBEDABI CTOK BOAOTOKOB. Haaepu
CKAOHOBBIX CEA€BBIX 0aCcCeIHOB (GOPMMPYIOTCS IIPYU HAPYIIEHNM TETAOBOTO PEXMMA I0-
BEPXHOCTU U I'PYHTOB NpPY KAMMATMYECKUX aHOMAAMAX, MOBPEXKAEHNM €CTeCTBEHHBIX
TEIIAOM30AALIMOHHBIX TOKPOBOB. DOpMMpOBaHME CKAOHOBBIX HaAeAell TaKXkKe MOXeT
OBITH PE3YABTATOM HApYIIEHVSI TUAPOTEOAOTMIECKOIO PEeXMMa BOAOCOOpHOro baccerHa
MIPY @aHTPOIIOT€HHOM BO3AEVICTBUY VAV Pa3BUTUY OIACHBIX 9K30T€HHBIX CKAOHOBBIX MPO-
LeccoB. KproreHHble mpoliecchl 00pa3oBaHMsi HAAEAY OKa3bIBAIOT BAUSIHME Ha CEAEBbIE U
PYCAOBBIE TPOLIECCHI.

KAIOYEBBIE CAOBA: cKAOHOBbIE 5K30T€HHbBIE IPOLIECCHI, IIPUPOAHDBIE HAACAM,
CKAOHOBBIE CEAL, CEAEBOI1 HACCENTH, PYCAOBBIE TIPOLIECCHL

CaxaAuH pacllOAOXKeH 32 MPEAeAaMU I0’KHON T'PaHMLIbl KPUOAUTO30HBI, 110-
5TOMY Ha TEPPUTOPUM OCTPOBA, KaK NPABMAO, OTCYTCTBYIOT crieludpuieckue
KpuoreHHble GopMbl peabeda 1 AaHAIIAPTHI (TEPMOKAPCThI, MOPO3HbIE OYIPBI
IIy4YeHMs, HAA€AHbIEe TIOASIHBI U AP.), @ KPMOTE€HHBIE TIPOLIECChI IMEIT AOKAAb-
HO€ pacnpoCTpaHeHMe, CBsI3aHHOE C 0COOEHHOCTSIMY OTAEABHOV TEPPUTOPUM —
KAMMAaTUYECKVMY, TE€OAOTUYECKMMY, TUAPOT€OAOTMYEeCKUMU U T. A. [1]. V3-3a
3HAUMTEABHON MEPUAUAABHON MPOTSKEHHOCTU ocTpoBa (948 kM), a Takxke
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CyllecTBeHHOTo BAMsIHMSI CHUOMPCKOTO aHTUIIMKAOHA, XOAOAHOro BocrouHo-
CaxaAuMHCKOTo TeueHUs U akBaropuy OXOTCKOTO MOpsl, KPMOTeHHbIe IIPOL[eCChl
Haunboaee npucyiy CeBepHomy CaxaAMHy, a TAK)Ke y4acTKaM MEXTOPHBIX KOT-
AOBVH C YMEPEHHO KOHTMHEHTAABHBIM MUKPOKAVMATOM, TA€ 3MMHME TeMIlepa-
TYPBI BO3AyXa MOr'yT omyckarbcs A0 —50 °C, a cpepHeropoBasi TeMIeparypa He
npesbintaer —1,5 °C.

Aas CpepHero n IO>xHoro CaxaAuHa XxapaKTepeH yMepeHHO-MYCOHHbBIN MOp-
CKOJ1 KAMMAT, MHOTOCHE)XHbIE 3MMbI C 3HAYUTEABHOI TOAIIMHON CHEXKHOI'O I10-
KPOB&, KOTOPBIiT OKa3bIBaeT DOABIIIOE OTEMASIIOIIEE ACMICTBYE Ha TOBEPXHOCTD U
TeMIIepaTypPHbIl peXXUM I'PpyHTOB. OAHAKO MMEHHO Ha TEPPUTOPUM MTOOEPEKbS
Cpeanero u FOxxHoro CaxaAuHa MIKXPOKO pacpoCcTpaHeHbl MaAbie (A0 1 ToiC. M®)
HaAeAV TIOBEPXHOCTHBIX U IPYHTOBBIX BOA. OOpa3oBaHue MPUPOAHBIX HaAEAEN
HAa AQHHOU TEPPUTOPUM HAMOOAEE YACTO OTMEYAETCS Ha HEOOABIINX BOAOTOKAX,
SIBASIFOIUXCST AOAMHHBIMU CEAEBBIMU DacceriHaMMU, a TaKXXe B IPeAeAaX CKAO-
HOBBIX CEAEBBIX 0aCCEITHOB, UTO YKa3bIBaeT Ha TECHYIO B3aMIMOCBSI3b KpMOTeHe3a
MIPUPOAHBIX HAAEAEN U CEAEBBIX ITPOLIECCOB.

HecMmoTpss Ha TO 4TO MeXaHM3MBbI HETaTMBHOTO BO3AEVICTBMS HaAeAell Ha
OOBEKTBI, COOPY>KEHUSI U TEPPUTOPUM XOPOIIO MCCAEAOBAHBI, pa3pabOTaHBI
Mepbl 60PbOBI C AQHHBIMU SIBAEHUSAMU [3—5], B3aMOCBsI3b CEAEBBIX 1 KPUOTEH-
HBIX IIPOLIECCOB B PaMKaX PasAMYHBIX CMEXHBIX AUCLUUIAVH IIPAKTUYECKU HE
M3y4eHa, YTO OOYCAOBAMBAET 3BPUCTUYECKUII MHTEPEC K M3YYEeHUIO Ipoliecca
HaAeAe00pa30BaHMS B IIPEAEAAX CEAEBBIX 0aCCEHOB.

Ha mo6epexxbe Cpepnero u IOsxnoro CaxaamHa pacroaokeHa 60AbIIIas 4aCTh
TPAHCIIOPTHBIX MarMCTpPaA€i, MTH>)KEHEPHBIX CeTell, HAaCEAEHHBIX ITYHKTOB 1 00'b-
€KTOB XO3SICTBEHHON AeSITeAPHOCTU. AaHHbIE TEPPUTOPUM HaUDOAEE TTOABEP-
JKEHbI ceAe(pOPMIMPOBAHMIO, YTO 0OYCAOBAVBAET AKTYAaABHOCTb U IIPAKTUYECKOE
3Hau€eHMe MPEACTABAEHHOTO UCCAEAOBAHM .

MATEPUNAADI 1 PE3YABTATBI NICCAEAOBAHIA

CeAeBble MPOLECCHI U MPUPOAHDBIE HAAEAV CEAEBBIX 0acCeilHOB
Ha nobepexpe Cpepnero u IOxHoro CaxaAanna

Peabed mobepexxpsi CpepHero u IOxHoro CaxaAMHa IpeUMYyILeCTBEHHO
MpPEACTAaBAEH y4YyaCTKaMM OTMepliero KAuda, a TakKe aKKyMYASTUBHBIMU U
AKKYMYASITUBHO-AEHYAQLIMOHHBIMM MOPCKMMM Teppacamu (BbICOTON He 0o-
Aee 80 M) [6], B CTpOEHUU KOTOPBIX MPEOOAAAAIOT PA3A€ABHO3EPHUCTBIE U
CAA00AUTUDUIIMPOBAHHBIE OCAAOYHbBIE TOPHBIE MOPOABI [7]. AaHHble MOpO-
ABl XapaKTepPU3YIOTCS BbBICOKOI Pa3MOKAEMOCTDBIO, MOPUCTOCTBIO, HU3KUMU
bU3UKO-MeXaHUYECKMMY XapaKTEPUCTUKAMMU Y HE3HAYUTEABHOM CTOVMKOCTHIO
K BBIBETPUBAHMIO, UYTO OIPEAEASIET UX aKTUBHOE BOBAEYEHIE B IPOLIECCHI Ce-
aedpopmupoanus [8]. CeaeBblie bacceitHbl Ha mobepeskbe CaxaAuHa IMPeACTaB-
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A€HBI HE TOABKO KPYITHBIMYU AOAMHHBIMU OacceliHaMy, IIPUYpPOYEHHBIMU K I10-
CTOSTHHBIM BOAOTOKAaM pPeK U Py4YbeB, HO U HEOOABLIMMU OaccellHaMy B BUAE
pacrnapKoB, BPe30B, OBParoB M CyXMX AOTOB, @ TaK)Ke CKAOHOBBIMY CEAEBBIMU
baccellHaMy — IPOMOMHAMU, AEHYAALIMIOHHBIMY BOPOHKaMU 1 Ap. [9-11].

CeaeBoit pexxuM 0. CaxaAVH, B IEPBYIO OUEPEAD, OIIPEAEASIETCS TEOAOTMYE-
CKMMU U reoMopdorornyeckumm paxropamu ceaeobpasoBaHysl, TMAPOMETEO-
poaornyeckue HaKTOpbl BBIIIOAHSIOT BTOPOCTEINEHHYIO POAb U, KaK IPABUAO,
CAY’>XaT AMIIb CITYCKOBBIM MEXaHM3MOM AASI aKTUBU3aLMY CEAEBBIX ITPOLIECCOB
[12]. B cBs13u ¢ 0COOEHHOCTSIMU OCAAKOHAKOIIAEHUSI CEAEBBIE OACCEITHBI XapaK-
TEPUBYIOTCS LIUKAUYHBIM ceAepOPMUPOBaHMEM — pa3 B 3—5 AeT, OAHAKO B 0CO-
00 aKTUBHBIX MAY MOAOABIX OaccelfHaX MOXXeT OTMEeYATbCsl HECKOABKO CAy4aeB
ceAepOpMUPOBAHNSI B TOA.

Ha reppurtopun CaxaauHa B npepeAsax OOABIIMHCTBA CEAEBBIX 0ACCENTHOB
9K30TeHHBI€e ITPOLIeCChI (OCBINN, CEAU, OTIOA3HM, SPO3USI U AP.) Hallie BCEro MUMEIT
napareHeTM4YeCcKuil (COBMECTHBIN) XapakTep TedeHus (puc. 1). DTo 06ycA0OBAEHO
0COOEHHOCTSIMY TeOMOP(OAOTMYECKOTO CTPOEHNSI CEAEBBIX OACCETHOB, Xapak-
TEPUCTVKAMY FOPHBIX TIOPOA PA3AMYHBIX TEHETUYECKMX OTAOXKEHMIT B IIPEAEAAX
CeAeBOro DacceifHa, a TaK)Ke BMELAIOLIVIX TOPHBIX IIOPOA.

e - T e i

Puc. 1. CeaeBoi1 bacceilH ¢ mapareHeTUIeCKMM TeYeHEeM 9K30T€HHbIX IPOL[ECCOB:
B 0OpTax pasBUTBI 3PO3MOHHDIE BPE3bI U OMOA3HH.
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Kpuorenssie mpoieccel, B T. 4. HaA€A€00pa3oBaHMe, B MPEAEAAX CEAEBBIX
0acceifHOB TaK)Ke MMEIOT INMapareHeTUYeCKMil XapaKTep Te4eHMs], IMOCKOABKY
NPVHUMAIOT aKTUBHOE y4acTye B (GOPMMUPOBAHMM MOTEHLMAABHBIX CEAEBBIX
MacCHBOB U MOTYT OKa3blBaTb 3HAaUMTEAbHOE BAMSAHME Ha CEAEBOI PEXUM ce-
A€BOro bacceiiHa.

B 3aBuCuMMOCTM OT KAaCcCUUKALMM CEAEBBIX 0ACCEITHOB CAEAYET Pa3AMYaTh
HaAeAU HOBerHOCTHbIX BOA AOAMHHBIX CE€AEBbIX 6acce17u{013 U HAACAU FPYHTO-
BBIX U CMEIIAHHBIX BOA CKAOHOBBIX 6acceitHOB. BHe 3aBMCUMMOCTU OT KAACCU-
¢dukanuy MexaHu3M 0O0pa30BaHUS HAAEAEN CBsI3aH C HAPYLIEHNEM TEIIAOBOTO,
TUAPOAOTUYECKOTO UAU TUAPOTEOAOTUIECKOTO PEKMMA BOAOCOOPHOTO Hacceit-
Ha [3-5, 13-15].

HaAeAu AOAMHHBIX CeA€BBIX 0aCCeHOB

Hano6epexxbe Cpepnero 1 IOsxHoro CaxaAuHa AOAVHHBIE CeA€BbIe OacCelTHbI
MpEeNMYIIeCTBEHHO NTPEACTABAEHbBI pacriapkaMiu, HeOOoAbLIMY V-00pasHbIMU U
KOPBITOOOPa3HbIMY CUABHO 3aA€CEHHBIMM AOAMHAMMU C KPyTbIMU 6opTamu [11].
MUKpPOKAMMAT AOAVH, 00YCAOBAEHHBIN 3a1MIIEHHOCTBIO X OT BETPa, HEOOAD-
MMM TIOTIEPEYHBIMY pa3MepaMy, 3HAUMTEABHO BAQYKHOCTBIO BO3AyXa U Ilepe-
YBAQ)KHEHHOCTBIO TEPPUTOPUY, IPUBOAUT K CYLIIeCTBEHHOMY ITEPEOXAQXKAEHUIO
BO3AYILIHBIX MacC, TPYHTOB, IOBEPXHOCTHBIX U I'PYHTOBBIX BOA B IIPEAEAAX BO-
AocbopHoro Oacceitha. HecMOTpst Ha 0COOEHHOCTY MUKPOKAMMATA AOAUHHBIX
ceAeBbIX 6aCcCellHOB, MOBCEMECTHOTO GOPMUPOBAHMUS IIPUPOAHBIX HAAEAEI B UX
mpeaeAax He oTMevaeTcs.. Hamboaee moaBepskeHbl Ipolieccy HaAeAeo0pa3oBa-
HUs1 6acceiTHbl BOAOTOKOB C aKTUBHBIM ITPOSIBAEHUEM PYCAOBBIX U CEAEBBIX ITPO-
1LIeCCOB, IPUBOASILVM K 3HAUUTEABHOMY IepeopMUpOBaHMIO pycaa [15, 16].

Heob6x0AMMO OTMETUTB, UTO CPeAHSISI MYTHOCTDb peuHbIX Boa CaxaAMHa He
npesbiiraer 100-300 r/m? [17, 18], oAHAKO CpeAHME MHOTOAETHVE MOAYAY CTO-
Ka B3BEIIEHHBIX HAHOCOB AocTuraiot 50—60 T/kM> AAsl CpaBHEHUs, Ha peKax
ceBepo-3anapa Poccuy npy paBHBIX CPeAHVX 3HAUEHUSX MYTHOCTY PEUHBIX BOA
CpeAHMEe MHOTOAETHME MOAYAM CTOKA B3BEIIEHHBIX YaCTUL] He IpeBblanT 10—
20 1/xm? [19]. Taxoke poast CaxaavHa XapaKTePHO ¥ HAMOOABIIIEE AASI TEPPUTOPUN
Poccuy noHmKeHMe 3eMHON OBEPXHOCTU [6]. AaHHBbIe HaKTbl CBUAETEABCTBY-
I0T O TOM, YTO OTAEAbHbIE AMCKPETHbIE COObITHS Ha BopoToKax CaxaAmHa (ma-
BOAKM U CEAM) BHOCSIT CYLECTBEHHBIIT BKAAA B 0OBEMBI X TOAOBOTO TBEPAOTO
CTOKQ, TUAPOAOTMYECKUI PEXXUM U 1TepeOpMUpOBaHyEe PYCAQ BOAOTOKA.

CeaeBoil peXXM BOAOTOKOB CaxaAuHa 00YCAOBAEH OCOOEHHOCTSIMU T€0AO-
TMYeCKOTO CTPOEHM S U OCAAKOHAKOIIAEHH I, @ TAK)Ke aKTUBHOM LIMKAOHUYECKOI
A€SITEABHOCTBIO B pervioHe. O0MABHbIE 0CAAKM AMBHEBOTO XapakTepa popmMupy-
I0T MaKCYMaAbHbIE PACXOABI C MMHMMAABHBIM BpeMeHEM AOOeraHus, YTo Mpu-
BOAUT K YaCTOMY O0Opa30OBaHUIO CEAEBBIX MABOAKOB, HQHOCOBOAHBIX IIOTOKOB,
IPsI3€BBIX U I'Psi3eKaMEHHBIX CEA€Vl, KAPUEXOAOB, a TaKXXe K aKTMBHOMY Ilepe-
MeILeHWIO Y TIEPEOTAOKEHIO AOHHBIX HAHOCOB.
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OCHOBHBIM MCTOYHMKOM TBEPAOTO NMUTAHUS CEAEBBIX IIOTOKOB, GOpMU-
PYIOLIMXCS B HEOOABILIVIX AOAMHHBIX CEAEBBIX OaccelHaXx, IBASIIOTCS pa3Any-
Hbl€ TUIIbI TeHETUYECKMX OTAOXKEHUI, IlepeMeljaeMble B PyCAa BOAOTOKOB C
OOpPTOB AOAMHBI IIPY Pa3BUTUM NapareHeTUYeCKNX CKAOHOBBIX 3K30T€HHBIX
IIPOLIECCOB, 2 AASI KPYIIHBIX CEAEBBIX 0ACCETHOB — aAAIOBMAABHbIE OTAOXeE-
HVs1 6€peroB ¥ OTMOCTKU pycAa. 3aBaAMBaHMe U HUBEAVPOBAHME PYCeA, 3a-
OuBaHME OTBEPCTUIT BOAOIIPOITYCKHBIX COOPY>KEHUI OTAOKEHUSIMU U Kapya-
MM, 2 TAaK)Xe 00pa3oBaHue 0CEPEAKOB BAUSIOT HA TMAPOAOTMYECKUI PEXUM
BOAOTOKA, YTO MOXKET IIPMBOAUTD K YBEAMYEHUIO IIVPUHBL U paclAaCcTbIBa-
HIIO PyCAQ C YMEHbIIEHVEM IAyOMHBI TIOTOKA, 00Pa30BaHMI0 MHOIOPYKaBHO-
cTi, GOPMUPOBAHUIO 3AIIPYA, B XOAOAHBIN IIEPUOA TOAQ — 3a’KOPOB, 3aTOPOB
VI AeASTHBIX IIPOOOK 13 BHYTPUBOAHOTO AbAQ. YMEHbBIIEHVE TAYOMHBI TOTOKA,
3aTpyAHEHMeE ero ABVKEHM S, B T. U. IIOAIIPY’KMBaHMeE, B IEPUOA MEXXEHU IIpU-
BOASIT K 3HaUMTEABHOMY IIEPEOXAAKAEHUIO BOABI 1 POPMUPOBAHUIO HAAEAEN
IIOBEPXHOCTHBIX BOA.

Takum 06pa3oMm, AAST MaABIX BOAOTOKOB CaXxaAlHa, SBASIOLIMXCS AOAVHHBI-
MU CeAeBBIMU OacceltHaMM, pellaloljee 3Ha4eH e B U3MEHEHUY TMAPOAOTMYECKO-
IO PEXMMa UTPAIOT CEAEBBIE ITPOLIECCHI, IIOCKOABKY B CPAaBHEHMM C HEOOABLIVMMU
o0beMaMy BAEKOMBIX AOHHBIX HaHOCOB, 0OYCAOBAEHHBIMY MAAON TPAHCIIOPTU-
pYIoliel CHOCOOHOCTBI0 BOAOTOKOB ITEPBBIX NOPSIAKOB, 00bEMBI IIPOAIOBMAABHBIX
OTAOXXEHUIT MOT'YT AOCTUTaTh HECKOABKMX TBICSTY KyOOMeTpoB. MecTa OTAOXKeH S
CeAEeBBIX MACC M Kapuell IpUypoY€eHbI K yUaCTKaM MeaHAPUPOBAHVSI, YMEHbIIEH VS
IIPOAOABHOTO YKAOHQ, PacIIAQCTBIBAHMS AV MHOTOPYKaBHOCTY PYCAQ, UTO B 3Ha-
YUTEABHON Mepe aKTUBM3MPYeT KPMOTeHHbIE ITPOLIECCHI Ha TOTEHLIAABHO 0AAro-
IPUSITHBIX AASI Pa3BUTUS HAAEAEIT yUaCTKaX BOAOTOKOB (puc. 2).

IToMMMO BAMSIHYSI pYCAOBBIX IIPOLIECCOB Ha pOpMUPOBaHMe HaAeAe00pa3oBa-
HV Ha ceAeBbIX BoAOTOKax CpepHero u IOkHOoro CaxaauHa, CAeAyeT OTMETUTD
obparHbI 3pPeKT BAUSHUS NPUPOAHBIX HaA€AEN Ha PYCAOBBIE pedopmaim.
C pasBUTHMEM HaAeAell Ha MaAbIX BOAOTOKaX CBsI3aHO ABa Buaa Aebopmaniuin
pyceA: B 3MHUI IIEPUOA B PE3YAbTATe AESITEABHOCTY HAaIIOPHOI'O ITIOTOKA MOAO
ABAOM, @ TaK)Xe BO BpeMs IIOAOBOAbSI (pasMbIBbI OeperoB Ipyu 00TeKaHUU Ae-
ASIHBIX MaccuBoB) [13]. YMeHblleHMe >KMBOTO CeYeHVsT BOAOTOKA IMPUBOAUT K
YBEAMUYEHUIO CKOPOCTM MOTOKA U, KaK CAEACTBUE, Pa3MbIBY AHa B MeCTax 00-
pa3oBaHMs 3KOPOB, 3aTOPOB, HaAeAel U Ap. AebopMaLy pycAa 1o IpUYMHe
o0TeKaHMsI TOTOKOM HaAeAM o0OpasyloT pykaBa oOTekaHus MAUM Iporoku. Ha
tepputopuu Cpepnero u lO>xHoro CaxaAuHa B CBSI3U C HEOOABLIMMY 0O'beMa-
MU HaAepeil AedopMaly pycAa B IIEPUOA BECEHHETO MOAOBOADsI, BbI3BaHHBIE
o0TeKaHVEM TeA HaAeA€ell, MMEIOT AOKAaAbHOE PaCIpOCTpaHeHME Y HECOU3MePU-
MBI C PyCAOBBIMU AePOpMALIVISIMU B TIEPHOA TABOAKOB VAV CEAETIPOXOXKAEHNS B
AEeTHe-OCEHHUI ITEPYIOA,

HayuHo-npaktuueckmin xxypHan N2 1, 2021 r.



Ipupoouvie Haredu cereBbix baccetinos Cpeonezo u FOmnozo Caxaruna 29

Puc. 2. AOAMHHBII CEA€BOIT DACCEITH, 3aBAA€HHBII IIPOAIOBUAABHBIMU
OTAOXXEHUSIMU U Kapuamu, uioAb 2018 I. — a; 6 — HaAeAb IOBEPXHOCTHBIX BOA,
4acTUYHO NlepexBadyeHHas B KIoBeTe, AsHBapb 2019 1.

HaAeaAM rpyHTOBBIX U CMEIIAHHBIX BOA CKAOHOBBIX CEAEBBIX 0acCEelHOB

Ha nobepexxbe CaxaAnHa CKAOHOBble CeAeBble 0acCeilHbl MPEeACTABAEHBI
9AE€MEeHTapHBIMM (pOpMaMU 3PO3MIOHHOTO U AEHYAQLIMOHHOTO MUKpopeAbeda —
IIPOMOMHAMY, Bpe3aMy, MOAOABIMY OBICTPOPACTYIIMMY OBparaMu, A€HyAaLu-
OHHBIMU BOPOHKaMU U AP. AASI BCEX CKAOHOBBIX CEAEBBIX 0acCeilHOB Xapak-
TEPHO OTCYTCTBME SIPKO BBIPA)XEHHOI'O TaAbBera MAU CAa00 Bpe3aHHOE PYCAO,
He AOCTUTIIee MeCTHOro 06a3uca spo3uy, a TakKe MpeBbIleHNe TPOAOABHOTO
YKAOHA TaAbBera Hap YTAOM BHYTPEHHETO TPEHMs TOPHBIX NOPOA INOTEHILIU-
AABHBIX CEAEBBIX MAaCCHBOB ¥ BMELIAIOLIVX TOPHBIX IIOPOA, YTO O0YCAOBAMBAET
nmpeobAaapaHMe B CKAOHOBBIX CeAEBBIX OacceitHaX CABUTOBOTO MAU 3PO3MOHHO-
CABUTOBOTO CEAEBOTO mpoiecca [9].

Kak 1 B AOAMHHBIX CeAeBbIX OacceiHaX B MpeAeAaX CKAOHOBBIX OacceitHOB
TaK>Ke aKTUBHO IIPOTEKAIOT MapareHeTn4YecKe 3K30reHHble mpoueccsl. OCHOB-
HBIM MICTOUHMKOM TBEPAOTO NMUTAHMSA CKAOHOBBIX CEAell SIBASIOTCSI pa3AMYHbIe
reHeTUYeCKe TUIIbI OTAOXKEHUI, aKKYMYAMpyeMble B TaAbBere OacceiiHa, a Tak-
’Ke SAIOBUI BepXHell 4acTU KOpbl BbIBEeTpMBaHMUA. B oTAMuUME OT NMPUPOAHBIX
HaAeAell AOAMHHBIX CEAEeBBIX 0aCCETHOB HaA€AU CKAOHOBBIX 0acCeHOB, B T. Y.
BHYTPUI'PYHTOBBIE, GOPMUPYIOTCS 13 TPYHTOBBIX U CMeLIaHHBIX BOA. OCHOBHOM
HNPUYMHON (POPMUPOBAHMS CKAOHOBBIX HaA€A€ll SBASIETCS HapylIeHue TeMIle-
PaTypHOTO ¥ TMAPOTE0AOTMYECKOTO PEXXMIMOB BOAOCOOPHOTO OacceiiHa Io ecTe-
CTBEHHBIM MAY QHTPOIIOT€HHbIM IIPUYMHAM.

HapyieHne TemmnepaTypHOro pe>xuMa IOBEPXHOCTU U TPYHTOB CKAOHOBOTO
CeAeBOro OacceifHa MPOUCXOAUT IO NMPUYMHE MTOBPEXKAEHUS], AerpapaLiuiy AU
MMOAHOTO OTCYTCTBUSA €CTECTBEHHBIX TEeMAOM3OAUPYIOIMUX IMOKPOBOB — CHETo-
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BOTO ¥ IOYBEHHO-PACTUTEABHOTO. [Ipy HACTYIIAEHUY YCTOMYMBBIX OTPULIATEAD-
HBIX TEMIIEPATYp IO I'MAPOMETEOPOAOTMYECKUM YCAOBUSIM CHEXXHBIN ITOKPOB
MOXXeT He ycIieTb cpOopMUPOBaThCS MAY MUMETb HEAOCTATOYHYIO TOAIMHY, YTO
HeM3MEHHO MPUBOAUT K ITEPEOXAAXKAEHNMIO IOBEPXHOCTU U IPYHTOB CKAOHOBO-
ro ceAeBoro 6acceiiHa M GOPMUPOBAHUIO CKAOHOBBIX HaA€AEN TPYHTOBBIX AU
CMeLIaHHBIX BOA.

CpeAM TMAPOMETEOPOAOTMYECKUX OocobeHHocTel TeppuTopuy CpeAHero u
IO>xHoro CaxaAayHa HEOOXOAMMO OTMETUTDH OOABIIYI0O BEPOSITHOCTb BBINAaAe-
HUS )KMAKUX OCAaAKOB B XOAOAHBIN TepuoA (paHHeil 3MIMOV MAM BECHOI) Mpu
KPaTKOBPEMEHHBIX OTTEIEASIX U TOCAEAYIOIMX CYLIeCTBEHHBIX TIOXOAOAQHMSX.
@opMUPOBAHNIO CKAOHOBBIX HaA€A€ll TAKXKE CIIOCOOCTBYET MPEALIECTBYIOLEe
OCEHHee TepeyBAaKHEHMEe I'PDYHTOB. [IoMMMO OCAaAKOB CHEXKHBIN TIOKPOB Ha
CKAOHAX U B TaAbBerax IOBPEXXAQETCs IIPU CXOAE AABUH, SIBASIIOLIVIXCS TTOBCe-
MECTHBIM SIBAEHVEM AASL AAHHON TEPPUTOPUMNL.

HapyuieHne mouBeHHO-pacTUTEABHOTO IIOKPOBA IPOMCXOAUT IIPU aKTUBU3A-
LIV CKAOHOBBIX 9K30T'€HHBIX IIPOLIECCOB: CEAEV, OTTIOA3HEI, OIIABIBMH, 3PO3UU U
AP- B0o3MO>KHO IIOBpe>XXA€HVe TOYBEHHO-PACTUTEABHOTO TOKPOBA B TAAbBETE Ce-
A€BOTro baccerHa IIpy CXOA€ AOTKOBBIX AaBUH. ECcTecTBEeHHbIE TETAOM3O0ASILIVIOH-
HbI€ TIOKPOBBI TAK)KE MOTI'YT YHUYTOXXAThCSI, AETPAAVPOBATb MAY IOBPEXAATHCS
NP QHTPOIIOTEHHOM BO3AEVICTBUM: XO3SICTBEHHOM AESITEABHOCTY, TAQHMPOB-
K€ Y pacuMCTKe TEPPUTOPUM, CTPOUTEABCTBE, 3aTPsIBHEHUM CHETOBOT'O IIOKPOBA,
TEMAOBOM 3arpsi3HeHun, cOpoce Boa Ha peabed u Ap. (puc. 3a).

HapyuieHne rupAporeoAOrnyeckoro pexxuiMa CKAOHOBBIX CEAEBBIX 0ACCETHOB
CBSI3aHO C BCKPBITMEM BOAOHOCHBIX TOPM3OHTOB, IIEPEKPBITVEM MAU IEpeHa-
IIpaBAEHVEM ABVDKEHMSI TPYHTOBBIX BOA, MI3MEHEHVEM MECT Pasrpy3Ky IOA3€EM-
HBIX BOA. HapylueHue ruaporeoAornueckoro peskumMa MoKeT IIPOMCXOAUTD KaK
IIPY AHTPOIIOT€HHOM BO3AEVICTBUM, TaK U BCAEACTBME €CTECTBEHHBIX IPUYMH —
aKTVMBU3ALMY CKAOHOBBIX 9K30T€HHBIX ITPOLIECCOB C AOCTATOYHOI TAYOMHOM 3a-
XBaTa MOPOA VAU SPOAUPYIOLLEN CITIOCOOHOCTBIO (puc. 30).

CaeAyeT OTMETUTD YTO, HECMOTPSI HA BO3MOXKHOE BAVISTHYIE CEAEBBIX TOTOKOB
Ha TEMIIEPATYPHBIN U TMAPOTE€OAOTMYECKIIT PEXXMMBI CKAOHOBBIX CEAEBBIX Oac-
celtHOB, Ha Tepputopuu CpeaHero 1 IO>xHoro CaxaArHa MUMEHHO I'MAPOMETEO-
POAOTMYECKYE YCAOBUS OKa3bIBAIOT PELIAIOIIYI0O POAb B POPMUPOBAHUY CKAO-
HOBBIX HaA€Ae€ll.

Ha tepputopun CpepHero u IOxnoro CaxaAmMHa OTMeYeHO: KpUTHUUeCKas
TOAIIVMHA MOTEHLMAAPHOTO CEAEBOTO MAacCHBa, HEOOX0AMMas AAsI ceaepOpMU-
pPOBaHUs, COOTBETCTBYET TAYOMHE CE30HHOTO IPOMEP3aHUsl, YTO CBUAETEAb-
CTBYET O pellalolell pOAY KPUOTEHHBIX IIPOLIECCOB I MOPO3HOT'O BbIBETPUBAHMS
B pOpMUPOBaHNY TOTEHLIAABHBIX CEAEBBIX MaCCUBOB B CKAOHOBBIX OaccelTHaXx.
KpuorenHsie npoweccs! IpUBOAST K Pa3pyLIEHMIO )XECTKUX CTPYKTYPHBIX CBsI-
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Puc. 3. CKAOHOBast HaA€ADb Ha TEXHOI€HHOM OTKOCE (HapylueHue
TEMIIEPATYPHOTO PEXUMA) — d; 6 — CKAOHOBAsI HAA€ADb Ha OMIOA3HEBOM CKAOHE
(Hapy1LIeHVe IMAPOAOTMYECKOTO PEXIMA).

3ell IOTEeHLIMa AbHBIX CEA€BbIX MaCCHMBOB, CHIDKEHMIO K09 PULMeHTA CLieNAeHUs
1 Hecyllell CHOCOOHOCTM, U, KaK CAEACTBME, K aKTMBHOMY BOBAEUEHUIO VX B Ce-
AeBoii mpouecc [20]. OHM Tax>ke 00YCAOBAMBAIOT OCOOEHHOCTY CEAEBOTO PEXKMU-
Ma CKAOHOBBIX CEA€BBIX 0ACCeTHOB, B T. Y. IUKAUYHOCTb ceAepOpMUPOBaAHUS
U HaAUYMeE TTIEPUOAOB aKTUBHOTO CceAepOPMUPOBAHMS — BECEHHETO 1 OCEHHETO
[12, 20].

B BeceHHMII eproA B CKAOHOBBIX CEAEBBIX OaccelriHax pOpMUPYIOTCS BSI3KO-
MAACTUYHBIE OMTOA3HU, & TAKKE CBSI3aHHbIE TPsI3eBble U TPsi3eKaMeHHbIe CeAU He-
60AbIINX 00beMOB. He3HaunTeAbHasI TOAI[MHA CHE)XHOTO MOKPOBa Ha CKAOHAX
Yl UHTEHCUBHOE BO3AEICTBYE BETPA, & TAK)KE OCEHHee NepeyBAaKHEHVE TPYHTOB
HNPUBOAST K X OBICTPOMY IIPOMEP3aHMIO Ha OOABIIYIO TAYyOMHY B CDaBHEHUY C
paBHMHHBIMY y4acTKaMmu. [Ipy MOHVOKeHMM TeMIlepaTyphl I HEYCTaHOBYBILEM-
Cs1 CHE>KHOM ITOKPOBE MPOUCXOAUT 3aMep3aHue TIOPOBOIT BOABI 1 0Opas3oBaHUe
CerperalioHHOTO AbAa B PBIXAOOOAOMOYHBIX TOPHBIX ITOPOAAX MOTEHIIMAABHO-
rO CEAEBOr0 MaccuBa. B mepnoa MaAOCHEXHBIX 3MM IMPU 3aMOPO3KaX cerpera-
LIVIOHHBIE AbABI TIOABEPralOTCS CYOAMMALMM M BO3TOHKe C 0Opa3oBaHueM Kpu-
CTAaAAOB A€TIECTKOBOTO AbAQ, TAK)Ke GOPMUPYIOTCSI MOPO300OJIHbIE TPELIVIHBI C
MOBTOPHO XMABHBIM ABAOM [4, 21].

KpuorenHsle mpoueccel, B T. 4. 00pa3oBaHMe CKAOHOBBIX U I'PYHTOBBIX Ha-
AeAell, TIOA3EMHBIX AbAOB, IPUBOASIT K Pa3pbIXAEHUIO BepXHell YaCTU MOTEH-
LIVAABHBIX CEAEBBIX MACCUBOB U ITIEPEXOAY UX B MIPEAEABHO PBIXAOE COCTOSIHUE
[22, 23]. B BeceHHUIT MEpPUOA MPU MOCTENEHHOM PAaAMALIMOHHOM OTTaMBAaHUU
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paspbIXA€HHBbIE U IEPEYBAQKHEHHbIE IPYHTBI CMEIAITCS [0 I[TOBEPXHOCTU
MEP3ABIX MMOACTUAQIOLIVX TOPHBIX MOPOA. B 3aBucumocTu ot ocobeHHocTei
TEPPUTOPUU AAHHBIN IIPOLIECC MOXKET IIPOUCXOAUTD B BUAE COAUDAIOKLINY, BSI3-
KOITAQCTUYHBIX ONOA3HEN MAU CBSI3aHHBIX CeAell. BBUAY cBoell KOHCUCTEHLUU
I HEBBICOKMX AMHAMMYECKUX XapaKTEPUCTUK BeCEHHME CeAU He 00AAAAIOT Cy-
1[eCTBEHHOT 3POAMPYIOLLEl CIIOCOOHOCTBIO ¥ HUBEAUPYIOT peAbed CKAOHOBOTO
OacceitHa. [AyOMHa 3axBaTa IOPOA COBIIAAAET C TAYOMHONM PaAMALMOHHOTO OT-
TaMBaHMsI HA MOMEHT ceAeDOPMUPOBAHMS U COCTABASIET HECKOABKO AECSITKOB
CaHTUMETPOB. [IPOAOAKUTEABHOCTb LIMKAA BeCEHHEro ceAepOopMUpPOBAHUS,
KaK IpaBuAo, 1-2 ropa.

Ocennnit iepuop ceaepopMUpOBaHMS CBSI3aH C BOBACUEHMEM B CEAEBOI IIPO-
11eCC BCEro MOTEHLIMAABHOTO CEAEBOTO MACCHBA, CAOXKEHHOTO aKKYMYAMPYEMbIM
B TaAbBere 6acceltHa pbIXAOOOAOMOYHBIM MATEPUAAOM, B T. Y. JAIOBUEM BepX-
Hell YaCTU KOPbI BhIBETPUBAHMS. TOAIIMHA TIOTEHMAABHOTO CEAEBOTO MACCHBa
COOTBETCTBYET TAyOMHE CE30HHOTO MPOMEP3aHUsI-OTTAUBAHUS (AESITEABHOMY
CAOI0) M MOXET AOCTUIATh OT OAHOTO AO HECKOABKMX MeTpoB. OCeHHUe CeAur
Y HAHOCOBOAHbBIE TOTOKM, ODAAAQIOIIME BBHICOKUMU AUHAMUYECKUMMU Xapak-
TEPUCTUKAMU U DPOAUPYIOLLEN CIIOCOOHOCTBIO, OTOASIIOT HIKEAEXallle CAOU
TOPHBIX IIOPOA, YTO IIPU AAABHENIIIEM MOPO3HOM BbIBETPUBAHUM 1 OCAAKOHAKO-
naeHuy GOpMUPYET OUEPEAHOI LKA OCEHHEro ceaepopMupoBaHus (IPOAOA-
XKUTEABHOCTb 3—5 AeT 1 60A€e): MOPO3HOE BHIBETPUBAHYE U OCAAKOHAKOIIACHYE
— popMMUpOBaHME KPUTUIECKOI MACChI TIOTEHLIMAABHOTO CEAEBOTO MaCcCUBA B
CeAeBOM Ovare — AMBHEBbIE OCAAKM (TPUITEpP) — CeAelpPOXOXKAeHMe. B oTanune
OT AOAVIHHBIX CEAEBBIX OACCETHOB, KPUOTEHHBIE MTPOLIECChl B CKAOHOBBIX CeAe-
BBIX 0OacceifHaX UTPAIOT OTPOMHYIO POAD B CeAepOPMUPOBAHUML.

BBIBOADI

Ha teppuropun Cpepnero u lOxHoro CaxaAuHa IpUpOAHbIE HAAEAU HAU-
60Aee 4acTo GpOpMUPYIOTCS B IIpeAeAaX HEOOABIINX AOAMHHBIX, & TAKXXe CKAO-
HOBBIX CEAEeBBIX 0ACCENHOB C aKTUBHBIM CeAeHOPMMPOBAHMEM U PA3BUTUEM
APYTMIX CKAOHOBBIX 9K30T€HHBIX IIPOLIECCOB, BbI3BIBAIOLINX HapYyIllIEeHVe TeMIIe-
pPaTypHOTO, TUAPOAOTMYECKOTO VAV TAPOTE0AOTMYECKOTO PeXyMa BOAOCOOD-
HOrO OacceiiHa.

[ToMUMO BAMSIHUS CEAEBBIX IIPOLIECCOB Ha HaAeA€00pa30BaHMe B IpeAeAax
CeAeBbIX 0aCCEHOB, CYlIeCTBYeT 00paTHbI 3PdeKT BO3AENCTBUS KpUOTEHe-
3a HaAepeoOpa3oBaHus Ha ceaepopMupoBaHue. B mpeaesax AOAMHHBIX ceAe-
BBIX 0acCETHOB HaA€AY IIPUBOAST K HE3BHAaUMTEABHBIM AOKAABHBIM PYCAOBBIM
aedbopMaluusIM B BECEHHUI MEPUOA TIOAOBOAbS. B CKAOHOBBIX ceAeBbIX Oac-
CelfHaX KpUoreHe3 HaAeAe00pa30BaHMsI BHOCUT 3HAYUTEABHBIN BKAAA B Gop-
MUPOBaHNe MOTEHL[MAABHBIX CEAEBBIX MAaCCUBOB U ONPEAEASIET MEXAHU3M L[U-
KAOB ceAepopmupoBaHus. boaee poeTaAbHOE M3yuyeHVE IPUPOAHDBIX HAAEAEN B
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ceAeBOM OacceilHe MOXKET AOIIOAHUTb MHPOPMALIVMIO O €T0 PEXKMME, YaCTOTE U
LMKAUYHOCTY ceAeOPMUPOBAHMSL.

B HacTos1ee BpeMs IIpoLieCChl HAA€A€00pa30BaHMs B CEAEBBIX OacceitHax
cAab0 M3yyeHBI U 3a4aCTYI0O He PacCMAaTPUBAIOTCS KaK YCAOBME VAU CAEACTBUE
Pa3BUTHMSI CEAEBBIX IIPOLIECCOB, COOTBETCTBEHHO KpMOTeHe3 MPUPOAHBIX HaAe-
A€Vl He YYUTBIBAETCS IIPY PEKOTHOCLIMPOBOYHOM OOCAEAOBAHUM TEPPUTOPUH,
OLIEHKe CEAEBOTO pPeXMMa DacceilHa, IPOrHo3e ceaepOpMUPOBaHMS, CO3AAHUY
BapMaHTOB VMH>KEHEPHON 3alLUThbl, CTPOUTEABCTBE U 3KCIIAyaTalyi OObEKTOB,
PacIiOAOXKEHHBIX B HETIOCPEACTBEHHOI OAM30CTY OT ceAeBOro bacceitna. Ilportu-
BOHAA€AHbBIE MEPOTIPUSATUS B AAHHOM CAyYae CBOASITCS K O0pbOe ¢ caMoit HaAe-
ABIO (TIepHOAMYECKas paCUMCTKa, YCTPOJMCTBO IIEPEeXBAThIBAIOIINX COOPY>KEHMI,
IPOTUBOHAAEAHBIX OTPAYKAEHUIT M AD.), @ HE C IPUYMHOM ee POPMUPOBAHMSL.
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Abstract: The article deals with the ice mounds formation processes in the mudflow
basins. Small natural frosts are widespread on the territory of Middle and Southern Sakhalin
within the slope and small valley debris flow basins, along with dangerous slope exogenous
processes (debris flows, landslides, erosion, etc.), often having a paragenetic nature of the
current. The mechanism of ice data formation is due to the hydro/meteorological features of
the territory, as well as disturbance of the thermal, hydrological or hydrogeological regime
of the debris flow basin.

The main reason for the formation of natural ice mounds in the valley debris flow basins is
disturbance of the hydrological regime of the catchment basin during debris flow formation,
which mainly contributes to the annual solid runoff of first order watercourses. Scum of slope
debris flow basins are formed in case of violation of the thermal regime of the surface and soil
of the debris flow basin due to climatic anomalies, as well as damage to natural heat-insulating
coverings: snow and soil-vegetable. It is also possible to form sloping ice as a result of a violation
of the hydrogeological regime of the catchment basin under anthropogenic impact or the
development of dangerous exogenous slope processes with a sufficient depth of rock capture.
Cryogenic processes of ice formation affect debris flow and channel processes.

Key words: slope exogenous processes, natural ice mounds, slope mudflows, debris flow
basin, riverbed processes.

The Sakhalin is located beyond the cryolite zone southern boundary, therefore specific
cryogenous forms of the relief and landscape (thermokarsts, freeze blowup mounds, frazil
glades, etc.) as a rule are not presented on the territory of the island while cryogenic pro-
cesses are distributed locally in association with the particular features of the given terri-
tory (climatic, geological, hydrogeological, and so on) [1]. Due to the considerable meridian
extension of the island (948 km), as well as significant impact of the Siberian anticyclone,
cold Eastern-Sakhalin Flow and the Sea of Okhotsk water area, the cryogenic processes are
mostly typical for the Northern Sakhalin, as well as for plots of intermontane hollows with
moderately continental microclimate where winter air temperatures can be as low as =50 °C
while average annual temperature does not exceed —1.5 °C.

Temperate/monsoon sea climate, high-snow winters with significant thickness of snow
cover, which has a great warming effect for the soils surface and temperature regime. How-
ever, it is exactly on the coast territory of the Middle and Southern Sakhalin where small (up
to 1 thousand m?®) ice mounds of surface water and groundwater are widely spread. Forma-
tion of natural ice mounds on this territory is mostly often registered at small watercourses
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that are valley mudflow basins and within the limits of slope mudflow basins, this indicates
close interdependence of the natural ice mounds cryogenesis and mudflow processes.

In spite of the fact that the mechanisms of the ice mounds adverse impact on objects,
facilities and territories are well studied and known, and measures of struggle with these
phenomena have been developed [3-5], correlation of mudflow and cryogenic processes is
practically not studies and this causes an heuristic interest to studying the ice mounds for-
mation process within the mudflow basin boundaries.

The most part of transport thoroughfares, engineering networks, inhabited locations,
and economic units are located on the coast of the Middle and Southern Sakhalin. These
territories are mostly subjected to mudflow forming and this causes urgent significance and
practical value of the presented research.

MATERIALS AND RESULTS OF THE RESEARCH
Mudflow processes and natural ice mounds of the mudflow basins on the coast
of the Middle and Southern Sakhalin

The Middle and Southern Sakhalin coast reliefis predominantly represented with the sites
of dead hoe, as well as with accumulative and accumulative/denudation sea terraces (their
height does not exceed 80 m) [6], in their structure split-grained and low-lithied sedimentary
rocks predominate [7]. These rocks are characterized by high defrosting capacity, porosity,
low physical/mechanical characteristics and insignificant resistance to weathering and
this determines their active involvement to the mudflow formation processes [8]. Mudflow
basins on the Sakhalin coast are presented not only by major valley basins associated with
permanent watercourses of rivers and brooks but also by small basins in the form of splits,
breakouts, ravines, and dry gullies, as well as by slope mudflow basins such as scours,
denudation funnels, etc. [9-11].

The island of Sakhalin mudflow regime primarily is determined by geological and geo/
morphological factors of mudflow formation while hydro/meteorological factors play
secondary roles and, as a rule, serve only triggers for the mudflow processes activation [12].
In connection with specific features of sediments accumulation, the mudflow basins are
characterized by cyclic mudflow formation: once in 3-5 years, however, in the particularly
active or young basins several cases of mudflow formation a year can be registered.

On the Sakhalin territory within the most mudflow basins’ boundaries exogenous
processes (screes, mudflows, landslides, erosion, etc.) most often has paragenous (joint)
character of flow. This is determined by particular features of the mudflow basins’ geo/
morphological structure, characteristics of rocks of various genetic sediments within the
mudflow basin boundaries, as well as accommodating rocks.

Cryogenic processes including ice mounds formation within mudflow basins also have
paragenous character of flow as they actively participate in formation of potential mudflow
massifs and can considerably impact the mudflow basin mudflow regime.

Depending on the mudflow basins classification one should differentiate between the
valley mudflow basins’ surface waters ice mounds and slope basins groundwater or mixed
waters ice mounds. Irrespective of the classification the ice mounds formation mechanism
is connected with disturbances of thermal, hydrological or hydro/geological regime of the
catchment basin [3-5, 13-15].

The valley mudflow basins’ ice mounds
On the Middle and Southern Sakhalin coast the valley mudflow basins are mostly
presented by splits, small V-shaped and trough-shaped heavily forested valleys with step sides
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[11]. The valleys’ microclimate determined by their protection against winds, small transverse
dimensions, considerable air humidity and over/wetting of the territory leads to considerable
supercooling of air masses, grounds, surface waters and groundwater within the catchment
boundaries. In spite of the specific features of the valley mudflow basins microclimate no
general formation of natural ice mounds is indicated within these boundaries. Basins of
watercourses with active manifestation of bed and mudflow processes are the most liable to
the ice mound formation processes that cause considerable modification of the bed [15, 16].

It is noteworthy that the Sakhalin river waters average turbidity does not exceed 100—
300 g/m?[17, 18], however, average many-year modules of the suspended sediments runoff
reach 50-60 t/km?. To be compared: at the rivers of the North-Western part of Russia in
case of the equal average values of the river waters turbidity, the average many-year modules
of the suspended particles runoft do not exceed 10-20 t/km? [19]. In addition, the maximal
for the territory of Russia depression of the terrestrial surface is typical for the Sakhalin [6].
These facts are evidences of the significant contribution of separate discrete events at the
Sakhalin watercourses (floods and mudflows) to the volumes of their annual solid runoff,
hydrological regime and modification of a watercourse bed.

The mudflow regime of the Sakhalin watercourses is determined by the specific features
of the geological structure and sediments accumulation, as well as active cyclonic activities in
the region. Plentiful precipitations of the rain-storm character form maximal flow rate with
minimal lag time and this causes often formation of mudflow floods, sediment/water flows,
mud and mud/stone flows, karch-travels, as well as active replacement and re-sedimentation
of bottom sediments.

The main source of solid supply of the mudflows forming in small valley mudflow basins
is the various types of genetic sedimentations replacing in the watercourses beds from the
valley sides in case of development of paragenetic slope exogenous processes, while such
source for large mudflow basins is the bank alluvial sediments and the bed blind area. The
beds charging and leveling, filling of the water-passage facilities with sediments and karches,
as well as formation of middle sandbanks impact the watercourse hydrological regime and
this can cause the bed width increase and its spreading with subsequent decrease of the flow
depth, formation of many bed horns, mil-ponds, and hanging dams, jams and ice blockades
of inter-water ice during the cold season. The flow depth decrease, hindering of its movement
including ponding during the low-water periods lead to water considerable super/cooling
and formation of surface water ice mounds formation.

Thus, the mudflow processes play the decisive role in the hydrological regime changes
for the Sakhalin small watercourses that are valley mudflow basins, because the proaluvial
deposits volumes can reach several thousand cubic meters in comparison with small volumes
of the transported bottom sediments that are caused by low transporting ability of the first
order watercourses. The places of the mudflow masses and karches deposition are confined
with the sites of meandering, decrease of longitudinal slope, the bed spreading or branching,
that considerably activates cryogenic processes at potentially favorable for ice mounds
development watercourses ranges.

Beside the channel processes impact to ice mounds formation at the Middle and Southern
Sakhalin mudflow watercourses, it should be noted that the reverse effect of natural ice mounds
impact on the bed deformation also takes place. Two kinds of the bed deformations are connected
with the ice mounds development at small watercourses: during winter period as a result of
pressure flow under ice, as well as during floods (the banks washing away in case of flow over ice
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massifs) [13]. Decrease of the watercourse effective cross-section leads to the flow rate increase
and, as a consequence, to washing out of the bed at spots of hanging dams, jams, ice mounds,
etc. The bed deformation because of ice mound flow forms flow branches and channels. On the
territory of the Middle and Southern Sakhalin due to small volumes of the bed deformation, ice
mounds during the spring flood caused by ic mounds flow are spread locally and are incomparable
with bed deformations during floods or mudflow passages during summer/fall period.

Ice mounds of groundwater and mixed waters of slope mudflow basins

On the Sakhalin coast slope mudflow basins are represented by elementary forms of
erosion and denudation micro/relief: scours, breakouts, young quickly growing ravines,
denudation craters, etc. All slope mudflow basins are characterized by the absence of vividly
emphasized thalweg or by a poorly cut bed, which does not reach the local erosion basis, as
well as by excess of the thalweg longitudinal slope over the angle of the potential mudflow
massifs and enclosing rock strata internal friction, and this determines predomination of
shift or erosion/shift mudflow process in slope mudflow basins [9].

Paragenetic exogenous processes equally actively occur in valley mudflow basins within the
boundaries of slope basins. Various genetic types of deposits accumulated in the basin thalweg,
as well as eluvium of the residual soil upper part are the main sources of the slope mudflows
solid supply. In contrast with the natural ice mounds of the valley mudflow basins the slope
basins ice mounds including inter-ground ones are formed of groundwater and mixed waters.
The main cause of the slope ice mounds formation is the disturbance of the catchment basin
temperature and hydro/geological regimes because of natural or anthropogenic reasons.

Disturbances of the surface temperature regime and the slope mudflow basin soils happen
because of damage, degradation or complete absence of natural thermal/isolation covers, both
snow and soil/plant. In case of stable negative temperatures because of hydro/meteorological
conditions the snow cover can fail to be formed or can have insufficient thickness, and
this invariably leads to super/cooling of the slope mudflow basin surface and soils and, as a
consequence, to formation of slope ice mounds of groundwater or mixed waters.

Among hydro/meteorological features of the Middle and Southern Sakhalin territory
the big probability of liquid precipitation during the cold period (early winter or spring)
accompanied by short-term thaws and subsequent considerable fall of temperature is
noteworthy. Preceding autumn over/wetting of ground also facilitates formation of slope ice
mounds. Snow cover on the slopes and in thalwegs is damaged not only by precipitation but
also by avalanching that is wide-spread phenomenon for this territory.

Disturbance of soli/plant cover is usually caused by activation of the slope exogenous
processes such as mudflows, landslides, dulling, erosion, etc. Disturbance of soil/plant cover
in the mudflow basin thalweg is possible in case of flume avalanching. Natural thermal/
insulation covers can also be destroyed, degraded or damaged due to anthropogenic impact
such as economic activities, arrangement and cleaning of territories, construction, snow
cover pollution, thermal pollution, water discharge, etc.

Disturbances of the slope mudflow basins’ hydro/geological regime are connected with
the aquifers opening, damming or re-direction of the groundwater movement or changing of
the groundwater discharge places. The hydro/geological regime disturbances can be caused
either by anthropogenic impact or due to natural causes such as activation of the slope
exogenous processes with sufficient depth of the rocks capture or eroding ability.

It should be noted that in spite of possible effect of mudflow streams on the slope
mudflow basins temperature and hydrological regimes, it is namely hydro/meteorological
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conditions play decisive role in the slope ice mounds formation on the territory of the
Middle and Southern Sakhalin.

It has been noted on the territory of the Middle and Southern Sakhalin that critical
thickness of a potential mudflow massif necessary for ice mudflow formation corresponds to
the depth of the seasonal frost penetration and this is the evidence of the cryogenic processes
and congelifraction critical role in formation of potential mudflow massifs at slope basins.
Cryogenic processes lead to destruction of rigid structural ties of potential mudflow massifs,
decrease of the traction coefficient and carrying ability decrease and, as a consequence,
to their active involvement in the mudflow process [20]. They also determine the specific
features of the slope mudflow basins mudflow regime including cyclic recurrence of mudflow
formation and periods of active mudflow formation (spring and autumn) [12, 20].

Visco/plastic landslides and well as connected mud and mud/stone flows of small volumes
are formed at the slope mudflow basins during spring periods. The snow cover insignificant
thickness at the slopes and intense wind impact, as well as autumn excessive humidity of soils
lead to the rapid frost penetration to the greater depth in comparison with plain plots. In case
of the temperature drop and unstable snow cover the pore water freezing and segregation ice
formation in the potential mudflow massif loose/fragmental debris occur. During low-snow
winters in case of frost segregation ice is subjected to sublimation with formation of petalled
ice crystals, at the same time frost-shattered cracks with repeatedly vein ice are formed [4, 21].

Cryogenic processes including slope and ground ice mounds, as well as underground
ices formation cause the potential mudflow massifs upper part loosening and transition to
ultimately loose state [22, 23]. During spring periods and gradual radiation thaw, the loose
and over-wetted grounds are replaced along the surface of frozen substrate rocks. Depending
on peculiarities of the territory, this process can occur as solifluction, visco/plastic landslides
or bound mudflows. Due to their consistence and low dynamic characteristics, the spring
mudflows do not possess significant erosion ability and they level the slope basin relief. The
depth of the rocks capture coincides with the depth of radiation thawing by the moment of
mudflow formation and is some dozens of centimeters. The spring mudflow formation cycle
is, as arule, 1-2 years.

The autumn mudflow period is connected with the entire potential mudflow massif
composed of the loose/fragmental debris including eluvium of the residual soil involvement
into the mudflow process. The potential mudflow massif thickness corresponds to the depth
of seasonal frost penetration/thawing (active layer) and can be from one to several meters.
Autumn mudflows and deposit/water flows that possess high dynamic characteristics and
erosion ability strip lower layers of rocks and this in the process of further congelifraction
and deposits accumulation form the next cycle of autumn mudflow formation (of 3-5 years
or more long): congelifraction and deposits accumulation — formation of the potential
mudflow massif critical mass in the mudflow center — rain-storm precipitation (trigger)
— mudflowing. In contrast with the valley mudflow basins cryogenic processes in slope
mudflow basins play significant role in mudflow formation.

CONCLUSIONS

On the Middle and Southern Sakhalin territory natural ice mound are most often formed
within the limits of small valley mudflow basins, as well as slope mudflow basins with active
mudflow formation and development of other slope exogenous processes that cause disturbances
of the temperature, hydrological or hydro/geological regimes of the catchment basins.
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Beside the mudflow processes impact on ice mound formation within the boundaries
of mudflow basins there is a reverse effect of the ice mounds formation cryogenesis on
mudflow formation. Within valley mudflow basins ice mounds cause insignificant local
bed deformations during the spring flood period. In slope mudflow basins the ice mounds
formation cryogenesis considerably contributes to formation of potential mudflow massifs
and determines the mudflow formation cycles mechanism. A more detailed investigation of
natural ice mounds in a mudflow basin can add information about the regime, frequency and
cyclic recurrence of mudflow formation.

Nowadays the ice mounds formation processes in mudflow basins are poorly studied
and often are not considered as a condition or consequence of the mudflow processes
development; accordingly, the natural ice mounds formation cryogenesis is not taken into
account in reconnaissance survey of territories, assessment of the basin mudflow regime,
mudflow formation forecast, creation of options of engineering protection, construction and
use of installations located in the direct vicinity of the mudflow basin. In this case all anti-
ice mound measures are limited by the struggle against the ice mound per se (periodical
cleaning, arrangement of intercepting facilities, anti-ice mound fences, etc.) while the cause
of its formation is not cared about.

For citation: Rybalchenko S.V., Verkhovov K.V. Natural Ice Mounds of the Middle and
Southern Sakhalin Mudflow Basins // Water Sector of Russia. 2021. No. 1. P. 24—41.
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