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H3ioxeHbl pe3yabTaThl 3ydyeHuss MOp(hOIMHAMUKY IeHYTAIIMOHHBIX CKIIOHOB M HAABOIHOM YacTu 6epe-
roBoii 30HbI OyxThl HaraeBa, a Takke pacCTOSIHUI U CKOPOCTE MPOIBUXKEHUSI BOCTOYHOM 6eperoBoii Jin-
HUU B CTOPOHY ¢y B riepron ¢ 1939 mo 2016 1. OcHOBHBIE METOIBI PaOOTHI — MOpdOrpacdrIecKuii 1 MOp-
dbomMeTprUUecKuii ¢ UCITOJIB30BaHUEM a3pO(OTOCHUMKOB Pa3HbIX JIET 3aJIeTa, COBPEMEHHBIX OPOUTATBHBIX
n300paXkeHUI 1 CHUMKOB. YCTaHOBJIEHO, YTO MOP(OCTPYKTYpa I0KHOTO 1 CeBepHOTO Oeperos OyxTel Ha-
raeBa ONnpeaesieTcsi akTUBHBIMM pa3jioMaMM CyOIIIMPOTHOTO MTPOCTUPAHUS, KOTOPBIE 00paMIISIIOT OyXTY.
ITpuMbIKaronye K 6eperaM MoJUTreHeTUIeCKNEe TOPHBIE CKIIOHBI pa3IJaloTCs IMHOM M YIJIOM HaKJIOHA
noBepxHOCTU. CKIIOHBI TTOKPBITHI AKTUBHBIMU KYypYMaMM, KOTOPHIE CIIOJI3aI0T B CTOPOHY OYXThI. B HUsKHei
YacTHU CEBEPHOTO CKJIOHA MPOXOAUT 30Ha HaraeBckoro akTMBHOTO pas3joma, KOTopast 00yCJIOBUIA BBICO-
KYyI0 TMHAMUKY CKJIOHOBBIX MPOLIECCOB C MpeobiafaHueM aKTUBHBIX KYPYMOB M ITOBEPXHOCTHBIX OITOJI3-
Heit. CeBepHBIi CKJIOH MOApe3aH TOPOXXKHBIMUA U CTPOUTEILHBIMU paboTaMU MPU COOPYKEHUU MOPCKOTO
nopra 1 npokiaake IToproBoro mocce. BenencrBre 3Toro 3mech MMPOKO pacpoOCTpaHeHbl TEXHOTEHHO
BO30YXIIEHHBIC TTOBEPXHOCTHBIE OIOJI3HU, TOPHBIE OOBAJIBI M OCHITIM, YACTO HapyIIalolIne ABUKEHHE T10
mocce. TakuM 06pa3oM, TEPPUTOPUSI MOPCKOTO TOProBoro nopra u [lopToBoe 11occe HAXOAATCSI B 30HE
pHCKa BHE3AITHOTO CXOlla C TOPHBIX CKIIOHOB KPYITHOOObEMHBIX Macc 00JIOMOYHOTO MaTtepuasia. Boctou-
Hasi 6eperoBasi 30Ha 00pa3oBaHa 6€pPEroBbIM YCTYIIOM, CJIOKEHHBIM PBIXJIBIMUA OTJI0XEHUSIMM HaraeBCKo
TOJIIM, TUISDKEM HETIOJIHOTO MpOMWIS, JIUTOPaNIblo, IITMPUHA KOTOPOl B MaKCMMYyM OTJIMBa JOCTUTAET
200—250 M. Mopckast TpaHulIa 30HBI ITPOXOAUT Ha paccTossHUM okKoJio 500 M ot 6eperoBoro ycryna. Bo-
CTOYHBII 6eper aKTUBHO ITPOABUTAETCS B CTOPOHY . MaranaHa. 3a nepuon ¢ 1939 o 2016 r. oH cMecTuiICs
Ha 56 M co cpeaHeit ckopocThio 0.73 M/ron. B TeueHue nepBoro stana (1939—1974 rr.) oH NpOABUHYJICS Ha
29.0 M co cpenHeit ckopocThio okoso 0.83 m/ron. B TeueHue Broporo stama (1974—2016 r1T.) HabGmogaeTcs
3aMellJIeHre CMellleHUs Oepera, cocTaBuBIee okoio 27.0 M nipu cpenHeit ckopoctu 0.64 M/ron. B mocnen-
HUeE ToJbl Ha BOCTOYHOM Oepery 6yxThl HaraeBa BeayTcs KpyITHOMAacCIITaGHbIe pabOTHI ITO YKPETUICHUTO O¢-
pera u 3alluTe ero oT abpas3uu IyTeM BO3BEICHUSI BOJTHOOTOOMHOM CTeHBI. B CBSI31 ¢ 3TUM MPOMCXOIUT Ha-
pYIIeHVE CIOXMBIIETOCS TMHAMUYECKOTO PaBHOBECHSI OEpEeroBBIX IPOLIECCOB, YTO B KOHEYHOM CUETE
MPUBEACT K MOJTHOMY MCYE3HOBEHMUIO TIJIsSIKA, a HA OCTABIIMXCSI HE 3allIMIIEHHBIMM yJyacTKax oepera — K
yCUJIeHUIO abpa3nu 1 60Jiee OBICTPOMY TTPOIABIKEHUIO 6€peroBOil IMHUY B CTOPOHY TOpOIIA.
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BBEJEHUWE

HM3ydyeHne mUHAMWKU MOPCKUX OEperoB MMeeT
OoJIbIIOe 3HAYeHNWE KaK B TEOPETHUUECKOM, TaK U B
MpPakTUYECKOM OTHoIleHuru. Mopckas abpasus,
OTOIBUTasT OEPEroByIO0 JIMHUIO B CTOPOHY CYIIH,
MIPEICTABIISIET HEOTBPATUMYIO YTPO3Y IUIST TOPOICKOM
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UHOPACTPYKTYPbl, pa3MeIlleHHON Ha MpuodpexHoi
TeppuTOpur. BBIMOJHEHHBIE MCCIEAOBAaHUS aKTY-
aJIbHBI 71 T. MaranaHa, Tak Kak Ha 10>)KHOM U CEBEp-
HOM Oeperax O0yxTel HaraeBa pacmnoJjioXeHbl TOPro-
Bblii M PBIOHBIM MOPTHI, a K BOCTOUYHOMY Oepery
BIUIOTHYIO MOJCTYNAalOT rOpojcKue 3acTpoilku. o
MOCJIEAHETO BPEMEHMU CIIEIIUATBHBIX PabOT MO u3yde-
HUIO ITMHAMUKU OeperoB OyxTel Haraesa 3a pjiuresb-
HbIiA IEPUOJ BPEMEHU HE MPOBOAMIIOCH. BbinmoaHs-
JIUCh TOJIBKO 3TMU30IMYECKUE BU3yalIbHbIE HAabJI0/1€e-
HUS 3a 00pa3oBaHUEM OOBAJIbHBIX M OMOJI3HEBBIX
¢opM Ha MoBEepXHOCTU OeperoBoro oOpbIBa MOCie
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CUJIBHBIX JOXIEN ¥ IITOPMOBBIX HaroHOB (BaxkeHuH,
2017).

Hamu ripoBeneHBI MCCiIeOBaHMS C LIEIbIO U3y4de-
HUS TIPOMCXOXIEHUS, Mopdonornu, MopdomMeTpun
U IUHAMUKU penbeda O0eperoB M AeHYAAlIMOHHBIX
ckiIoHOB OyxThl HaraeBa. PaGoTHI BEIIOIHSUIMCH HA
OCHOBe JemrdprupoBaHus a3poPOTOCHUMKOB 3aJIe-
ToB 1939 1 1974 1., a Tak:ke OpOUTAIBLHBIX CHUMKOB
u3 untepHer-pecypca ['YTJI “Ilnanera 3emisa” (2016 1.)
M KPYITHOMACIITAOHBIX a3pO(POTOCHUMKOB, IIOJY-
YEHHBIX ¢ MOMOIIbI0 KBaapokonTepa “DJI Phantom 3
Professional”. B MeTonnueckoM cMBICIIE 0COOO€E 3HAa-
YyeHHEe UMEET BBISIBJIEHME Ha BOCTOUYHOM I100EpeXbe
OyxThl HaraeBa o0beKTOB 6€peroBoit UHPpPacTPyKTy-
pBl — IIOPTOBBIX MAKTay30B, KOTOPbIE OTpakeHbI HA
BCEX yKa3aHHBIX BBIIIE MUCTAHIIMOHHBLIX MaTepHa-
nax. MU3BecTHas ninrHa nakray3oB (80 M) mo3Bosniia
HCIOJIb30BaTh UX B KaUyeCTBe “MacIITaOHOIl ITMHeii-
K1 TIpU U3YyYeHU N MOP(POMETPUICCKHX ITapaMeTPOB
Pa3IUYHBIX 00bEKTOB, U300pa’keHHBIX Ha a3p0odOTO-
CHMMKAaX M CIYTHUKOBBIX CHMMKAaX Pa3HBIX JIET, U
oTipeneJIeHUsI C BbICOKOW TOYHOCTBIO PACCTOSTHUIA
MEXIYy pa3TuYHbIMU O0BbEKTaMU OeperoBoii MH(ppa-
CTPYKTYPBI, CYIIIECTBOBABIIIEH B IIPOIILJIOM.

I'EOJIOTO-TEOMOP®OJIOI'NMYECKAA
XAPAKTEPUCTHUKA BYXTbI

byxra HaraeBa ssBnsieTcst 3aTOIICHHOM MOpEeM Ja-
CThIO MaragaHCKOW HEOTEeKTOHWYECKOIl BMaaUHBbI,
BBITIOJTHEHHOM ¢1ab0 mruareHe3npoBaHHBIMU TTecya-
HO-TJICYHBIMM OTJIOKEHUSIMM MMOIICH-TITMOIICHO-
BOTO Bo3pacTa (HaraeBcKasl TOJIa U TOPU3OHT “Hal-
HaraeBckue raneuHuku”) (IpuHeHKO M ap., 1998).
Ee Mopckasl rpaHuIIa onpenesieHa 1o JIMHUT, COSIM -
Hsttoteid mbic YupukoBa u mbic Cepblii. BrmaguHa
Bpe3aHa B MaragaHCKWiT WHTPY3UBHBIII MacCUB,
CJIOXXEHHBI I'paHUTOMAAMH paHHEMEJIOBOTO BO3pac-
Ta, KOTOPbIi pacceyeH HEOTEKTOHUUECKUMMU pa3io-
MaMH CYOIITUPOTHOTO M CEBEPO-BOCTOTHOTO ITPOCTH-
paHus. BmanmHa m orpaHWYMBAIOIIME €€ Pa3JIOMBbI
MpUHAJJIeXaT KpailHEMY I0ro-3anagHoOMy 3BEHY CU-
CTEeMBbI MEXTOPHBIX BITAIMH MUOIIEHOBOTO BO3pacTa,
CBsI3aHHBIX ¢ JIaHKOBO-OMOJIOHCKOI 30HO# KaliHO-
30MCKUX TMPaBOCTOPOHHUX cIBUTOB. (CMUPHOB,
1996, 2011). OHa pacnoylaraeTcst MEXXIy IByMsT aCHM-
METPUIHBIMU HEOTEKTOHUYECKMMHU OJI0KaMH, Y KO-
TOPBIX KOPOTKHE CKJIOHBI I0XKHBIX 9KCMO3UIINi1 0Opa-
30BaHBI IJIOCKOCTSIMUA HOBEUIITNX Pa3JIOMOB, a OTHO-
CHUTEJIbHO TIOJIOTHE CKJIOHBI CEBEPHBIX IKCITO3UIIUI
MPENCTaBISIOT cO00i1 HAKJIIOHHBIE BEPIIMHHBIE MO~
BEPXHOCTH OJIOKOB C PEJIMKTAMU KOP BBIBETPUBAHUSI
iMonieHoBoro Bo3pacta (puc. 1). B IIpumaraganne
IIUPOKO PaCIpOCTpaHEeHbl MHOTrooOpa3Hble (hOpMBbl
penbeda M OTIOXEHMS CKIOHOBOTO psiia, IPOUC-
XOXIIEHWE KOTOPBIX 0OYCIIOBIIEHO TpOollecCaMy Tpa-
BUTALIMOHHOTO paccenanus mexaypeunii (ITaxomos,
Cwmuphos, 2002). Brigenstorest paznudHbie MOpdo-
JIOTUYECKUE TUTTHI YKa3aHHBIX CTPYKTYP: TPEIINHBI U
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DPBBI OTCEaHUs, 00OBaJIbl, OMOJ3HU YeXja, CKaJbHbIE
onoia3Hu. OHU IUPOKO paclpoCTpaHEHBI B MOJIOCE,
NpUMBIKawIIeil K aOpa3rOHHBIM O€pEroBbIM OOpPhI-
BaM Tayiickoii ryosl m OyxTel Haraesa. Bo MmHoTrmx
cliydasix yCTaHOBJIEHA X CBSI3b C aKTUBHBIMU Pa3jio-
MaMM.

CeBepHBIii 1 I0XHbBII Oepera OyXThl TPUYPOUYEHBI
K HEOTEKTOHUYECKMM pasjioMaM CyOILIUPOTHOIO U
CEBEPO-BOCTOYHOI'O MPOCTUPAHUS, KOTOPhIE B BUJE
KYJIMC MPOCIEKMBAIOTCS BIOJb MOPCKOTO IToOepe-
XbsI. DTN Oepera 00abIIIeif 9acThIO OTHOCSITCS K KaTe-
TOPUU TIEPBUYHO-TEKTOHMYECKUX M aOpa3rMOHHO-
neHyaalmoHHbIX (MbicauBen u ap., 2018). Cesepo-
BOCTOYHbBIE YacTU OeperosB MpeoOGpa3soBaHbl TEXHO-
T€HHBLIMU ITpOLeCCaMMU.

BoctouHnrblii Geper oOpa3oBaH Iopd JeiiCTBHUEM
BOJIHO-TIPUOOMHBIX ITPOLIECCOB Ha TOJIIILY CIa00 Clie-
MEHTUPOBAHHBIX IIECYAHO-TAJIEUHBIX OTJIOXEHUIt
MHOILIEH-TIJIMOLIEHOBOTO Bo3pacTa. 31ech chopMu-
poBaliach CJIOXHas Oeperosasi 30Ha, KOTOpast BKIIIO-
yaeT B cebsl aGpasMOHHBIN YCTYII, TUISIK HETIOJTHOTO
npoduis u oo1upHyto Jutopaib (CadbsiHoB, 1978).
Takum obpa3om, 6epera Oyxtel Haraesa nmeror pas-
JINYHOE MOPGOJIOTUYECKOE BhIPasKEHUE.

IOXKHbIM U CEBEPHBIM CKJIOHBI U BEPETA

K roxucnomy 6epeey OyXTbl NPUMBIKAET ITWMHHBINA
(10 3.9 KM) U OTHOCUTEJILHO TOJIOTUI TOPHBIA CKJIOH
n-oBa Crapunkoro. OH MMeeT CEBEPHYIO DKCIIO3M-
IO 1 00pa30BaH HAKJIIOHHOM BEPIIMHHOM IMMOBEPX-
HOCTBIO HEOTEKTOHUYECKOTO 0J10Ka, Ha KOTOPOIi OT-
JIeJIbHBIMU MSITHAMU OTMEYaloTCsI KYpyMblI (puc. 2).
B BepxHeit yacTu CKIJIOHA 3TO MaJIOAKTUBHEIE ITOTO-
KOBbI€ (haliuu, B CpeaHel YacTu CKJIOHA Ha MOBEpX-
HOCTU TEKTOHMYECKOU CTYIEeHU, 3aKaToil MexXIy
KyJancaMu MapdeKaHCKOro pas3joMa, OTMEJaeTCs
KYPYMOBBII TTOKpOB “pacmydeHHoi ckanbl” (Kypy-
MBbI..., 1989). TToBepXHOCTb ApeHUPYETCS] TOPHBIMU
PYYBSIMU IJIWMHOM OO0 HECKOJBKUX KM, IT0 KOTOPHIM
CTeKaeT MPOJIOBUAIbHBIN MaTepuan. IHorna B BUIe
MaJIOMOIIIHBIX BOAOKAMEHHbBIX TOTOKOB OH BBITIJIEC-
KMBAaeTCs TaJieKoO B OepeToByIO 30HY, 00pa3ysl Xapak-
TepHBIE ITPOJIOBUAIbLHBIE KOHYCHI. FOXXHBII Oeper Ha
BCeM IPOTSLKeHUM OT Mbica YmpukoBa go Mapue-
KaHCKOTO PBIOHOTIO ITOpPTa OTHOCUTCS K KaTeropuu
MEPBUYHO-TEKTOHUYECKUX 1 abpa3srOHHO-IeHYIa-
IUOHHBIX OeperoB. CTpoeHME IIpUJIeTaloniero K He-
My CKJIOHA ompenesieTcss MapyeKaHCKUM aKTHUB-
HBIM pa3jIoOMOM, KOTOPBII MPEICTaBISIET COOOI 30HY
MaJIOAMILJIMTYIHBIX COpPOCO-CABUIOB B BHUIE He-
CKOJIbKMX KYJINC, I CEpHeil COPOCOB, OKOHTYPUBAIO-
uXx 1m-oB CTapuKoro. OTUMU pa3pbIBHBIMU CTPYK-
TypaMu OOYCJIOBJICHBI BEIpaXkeHHasI B pejibede CTy-
IIEHYATOCTh TOPHOTIO CKJIOHA M OOPHIBUCTHIII Oeper
OyxThl (puc. 2). Ha BceM MpOTsSKeHUU I0KHBIN Oeper
MpeACTaBJICH JUHUEl KOHTAaKTa BOOHOM ITOBEPXHO-
CTH ¢ aOpa3MOHHBIMHU YCTYIIAMM WJIN C KPYTBIMH 00-
BaJIbHO-OCBIITHBIMU TOPHBIMU CKJIOHAMU. DTOT y4a-
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CMMUPHOB u np.

Mbic OcTpoBHOI
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Puc. 1. 'eomopdomnorus 6yxTtel Haraesa. (a) — o61uit Bun 6yxThl (CHUMOK M3 MHTepHeT-pecypca Google earth): / — Mmopckast
TpaHuIa OYXThI; MUnbl MOPCKUX bepee0g: 2 — TIEPBUYHO-TEKTOHUYECKUI 1 aOpa3MOHHO-IEeHYIAIMOHHbBI, 3 — aOpa3suOHHbIIT
(a) 1 abpa3MOHHO-OMONI3HEBO (6); 4 — rpaHUIIA INTOPAY (2) U MOpPCKasi rpaHUIa 6eperoBoit 30HbI (6); 5 — n3obarta 20 M; 6 —
aKTHUBHbIE Pa3JIOMbl; 7 — 30Ha IpoOsieHUst HaraeBCKoro akTMBHOIO paszjioma; & — JIMHUSI reoMopdOI0rnYecKoro npoduis.
bykeennvie o603nauenus: MTII — Marananckuit Toproseiit mopt, MPI1 — Marananckuii peiOHbIi nopT, Har — Haraesckuii
aKTUBHBII paznoMm, Map — MapuekaHCKUii akTUBHBII pa3ioM. (0) — rnornepeyHslii npoduiab yepes Oyxty: / — MOpcKasi akBa-
TOpUSl; 2 — MUOLIEH-TIMOLIEHOBBIE OCaAKM; 3 — rpaHUTOMIbI MaragaHcKoro MHTPY3MBHOIO MaccuBa; 4 — akTUBHbIE pa3-
JIoMBI (a) ¥ 30Ha ApobeHnss HaraeBckoro akTMBHOTO pasjioma (0); 5 — BeplIMHHAas TOBEPXHOCTh HEOTEKTOHUYECKUX OJIOKOB.

Fig. 1. Geomorphology of Nagaev Bay. (a) — General view of the bay (image from the Google Earth Internet resource): / — sea
boundary of the bay; types of seashores: 2 — primary tectonic and abrasion-denudation, 3 — abrasion (a) and abrasion-landslide
(6); 4 — littoral boundary (a) and sea boundary of the coastal zone (6); 5 — 20 m isobath; 6 — active faults; 7 — crushing zone of
the Nagaev active fault; & — line of geomorphological profile. Letter designations: MTI1 — Magadan commercial port, MPIT —
Magadan fishing port, Har — Nagaev active fault, Map — Marchekan active fault. (6) — transverse profile through the bay: 7 —
marine area; 2 — Miocene-Pliocene sediments; 3 — granitoids of the Magadan intrusive massif; 4 — active faults (a) and crushing
zone of the Nagaev active fault (6); 5 — summit surface of neotectonic blocks.

CTOK MOPCKOTO IT00epeXbsI C1a00 3aTPOHYT TEXHO-
TeHHBIM BO3ICUCTBUEM M B LIEJIOM IPEICTABISECTCS
OTHOCHUTEILHO CTaOMJIbHBIM B CpaBHEHUM C CeBEp-
HBIM U BOCTOUYHBIM OeperaMu.

CesepHulil bepee OYXTHI TaKKe MMEET TEKTOHUYE-
ckoe npoucxoxaeHne. OH npuypodeH K HaraeBcko-
MY aKTMBHOMY Pa3jioMy, KOTOPbIif UMEET LIUPOTHOE
MpOCTUpPAHNE M MPOTIATUBaeTcd Ha 45 KM OT MbIca

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

OcTpoBHOro Ha 3amanae 10 p. Oga — Ha BOCTOKe
(CmupHOB 1 Ap., 2000). AKTUBHOCTb pa3jioMa OT4ET-
JIUBO MPOSIBJIeHA B 3aIaIHOM YaCTU CeBEPHOTO Mode-
PEXbs1 OyXThI, HE HAPYIIIEHHOT'O TEXHOTE€HHBIM BO3/Ieii-
CTBUEM. 31IECh C pa3JIOMOM CBSI3aH BBICOKMIT OeperoBoit
00pBIB, paCCEYEHHBII MHOXKECTBOM 9PO3MOHHBIX PHIT-
BUH, 110 KOTOPHIM KOJIJTIOBHAIbHBIE MAaCChHI CTEKAIOT B
OeperoBylo 30HY. B KopeHHBIX TTOpomax pa3jioM BbI-
Ne 2
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Puc. 2. FOxnbr1ii 6eper 6yxtel Haraesa (Buj ¢ ceBepa, co cTopoHbI [1opTOBOTO 1110CCE). K — KYpYMOBBIE MOTOKM, Map — Map-
YyeKaHCKUI pa3jioM, 04 — OMOJI3eHb yexiaa, M — ropoackoit kBaptaa Mapuekan, MPI1 — MaranaHckuii peIOHBIN OPT.

Fig. 2. Southern coast of the Nagaev Bay (view from the north, from the side of the Portovoye Highway). k — stone stream, Map —
Marchekan fault, ou — cover landslide, M — Marchekan city quarter, MPI1 — Magadan fishing port.

paxkeH MOIIIHOM 30HOM KaTaKJjia3a B BUAE paccllaHle-
BaHUSI 1 OyAMHa)Ka rpaHOAUMOPUTOB MaraiaHCKOTo
UHTPY3UBHOTO MaccuBa (puc. 3). TeKTOHUTBI Mpen-
CTaBJIeHbl KPYTJbIMU, 3JIUIICOUAATBHBIMU, JTUH30-
BUIHBIMM “BaJlyHaMM”’, 3aKJIIOYEHHBIMH B pacClIaH-
HOBAaHHOM U pa3npoOJIEcHHOM cyOCTpaTe TpaHOmIO0-
pUTOBOTO cocTaBa. B 30He TEKTOHUTOB, UMEIOLIIENA
IIUPUHY B JIECSATKUM METPOB, YacCTO HaOII0Jar0TCs
TUIOCKOCTU Pa3pbIBOB TAKXKE CYyOLIIMPOTHOTO MTPOCTH -
paHusl, UMEIoIIMe TT0JIoroe TaicHe Ha 10T 1 MapKHu-
pyloluecss OOUIMPHBIMU 3epKajdaMu CKOJIbXEHUs
(puc. 3, (a)). MU3ydyeHue NCKyCCTBEHHOTO OOHAXKEHUSI
(KaMeHHBII Kapbep) Ha ceBepHOM Oepery 0yxThl Ha-
raeBa Iokasajo, yTo HaraeBckuii pa3jiiom mpeacras-
JisieT co00i MPaBOCTOPOHHUI COPOCO-CABUT C MOJIO-
ruM (okoJjio 30°) mameHreM Ha IoT, IT0 KOTOPOMY OITy-
meHa BoaguHa Oyxtel. C  pa3noMoM CBSI3aHBI
JIMHEMHO OPUEHTUPOBAHHbIE TEKTOHUYECKUE Tpe-
LIUHBI U YCTYITbI, O€peroBbie OOPBIBHI, a TAKXKE MHO-
TOUMCJIEHHbIE CTPYKTYPhl I'PaBUTALIMOHHOTO pacce-
JIaHUSI CKJIOHOB.

BocTouHas yacTh ceBepHOTo Oepera Ha poTsiKe-
Huu 3.5 KM oOpa3oBaHa JIMHUEW KOHTAKTa BOMTHON
TMOBEPXHOCTU C TEXHOTeHHOI 30HOI, Ha KOTOPOM
pasmelieHa Bcd WH@pacTpykTypa MaramaHckoro
TOproBoro Topta. Hag Hero BO3BBIIIAIOTCS KPYTHIC
KOJUTIOBUAJIbHBIE U KYPYMOBBIE€ CKJIOHBI, MOApPe3aH-
HBIE TEppPUTOpPUEH mopTa W I0JOTHOM IlopToBoro
mocce (puc. 3, (0)). 3mech IPOUCXOIUT HAaNOOJIee aK-
TUBHOE O0O0Opa30oBaHUE ITOBEPXHOCTHBIX OIIOJI3HEM,
KOTOpPHIE PETyJISIPHO BBIXOIST Ha TOPOXKHOE IOJIOT-
Ho. [ToBepXHOCTM OTMOJ3HE YacTO MPEACTaBISIOT
coboil mepeMellieHHble BHU3 (DparMeHThbl CKJIOHOB,
Ha KOTOPBIX 4YacTO ObIBAeT COXpaHeHa ApeBecHas
pPacTUTENBLHOCTh. B CBSI3M ¢ TeM, 4TO MacChl 00JIO-
MOYHOTO MaTepualia, KOTOpbIe PEryasspHO OOpyIIN-
BatoTcs Ha [TopToBoe 110cce, yaanasioTcs 3a mpeaesbl
MOPTOBOI MH(PPACTPYKTYphl, OCHOBaHHE CKJIOHA
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Imoape3acTCd CHOBa U CHOBA, 4YE€EM CO30aI0TCA Omaro-
IIPUATHBIC YCIIOBUA IJIA CXO4a OYEPECAHOTIO OITOJI3HA.

Ha Bcem ropHOM CKIIOHE, IIPMMBIKAIOIIEM K OyXTe
HaraeBa ¢ ceBepa, BBIIEASIOTCS pa3iaudHbIe daluu
KypyMooOpa3oBaHUs: B BEpXHE 4acTU — IOKPOB
KPYITHOOOJIOMOYHOIO 1 IJIBIOOBOTO Marepuaja pas-
PYLIEHHBIX KOPEHHBIX Iopona (rpaHOIMOPUTOB), B
CpelHell — MOTOKOBbIE (haluu ¢ pa3IMYHON cTere-
HBIO 3aKyPyMJICHHOCTU, B HIDKHEH — nuieidoBUI-
HbI€ TOKpOoBHBIE KypyMbI (KypyMmbi..., 1989). Han6o-
Jiee 3HAUUTEJIbHbIC U3 HUX — 3TO PacloJOXeHHbIE B
CceBEepO-BOCTOYHOM oOpamiieHnu O0yxThl HaraeBa ky-
PyMbI, 00Opa3yiollie B HUXKHE 4acTU CKJIIOHA Kypy-
MO-OMOJI3HEeBbIE NIIEH(DBI, a TAKXKe MOBEPXHOCTHBIE
onoia3Hu. OII0JI3HM BhIpaXkKeHbI Ha KPYTHIX CKJIOHAX B
BUjae OoJiee TIOJOTUX CTYIEHEH ¢ XapaKTepHOI Oyr-
PUCTOI TTOBEPXHOCTHIO, OTPAHUYEHHBIX C ThUIbHO
CTOPOHBI CTEHKAaMM OTpBIBA, KOTOPHIE OTUYETIMBO
BBIACJISIIOTCS YBEJIMUYEHUEM KPYTU3HBI CKJIOHA Ha KO-
poTkoM paccTosiHuU. Crnelunduka pa3BUTHUS OTOJ3-
HEBBIX ¥ KYPYMO-OMOJI3HEBBIX CTPYKTYP 3aKII09aeT-
Cs1 B TOM, UTO OHU (h)OPMUPYIOTCSI HA TOPHOM CKJIOHE,
CJIOKEHHOM CHWJILHO JI€3WHTEerpUPOBAaHHBIMU B 30HE
paziaoMa KOpPEeHHBIMM mopomaMu (rpaHOIMOpUTA-
MH), a pa3rpyxaroTcsi Ha MOBEPXHOCTh, OOpa3oBaH-
HYyIO c/1ab0 TMareHe3MpoBaHHBIMU, B U3BECTHOM Me-
pe “ITUIaCTUYHBIMU~ OTI0KEHUSIMU HAaraeBCKOM TO-
1. B CBSI3W ¢ 3TUM HUXKHSST YaCTh CKJIOHA CUJIBHO
OCJIOXKHEHA Pa3fIMYHbIMU OTIOJI3HEBBIMU TTpollecca-
MU, 3aXBaThIBAIOIIMMU U BhIIIEJIEXAIIE KYPYMOBEIS
HaKOTLJICHUS.

OIuH M3 TaKMX CJIOXKHBIX KypPYMO-OITOJI3HEBBIX
nTeiioB BBITIHYT € 3amaga Ha BOCTOK Ha 650 M,
MaKcuMayibHas mmpuHa ero mocturaer 250 m. Ilo-
BEPXHOCTH LIk (a B HUKHEN YACTH CHJIBHO TEXHO-
FeHHO M3MEHEeHa: Ha Heil HaXomsTCs XWJIbIEe IoMa,
BIOJIb €70 ITOTHOXKbSI IIPOJIOKEHO IIOCCE, a B BEpXHEI
yacty — 1noaku mist JISTT v rormmBonpoBoaa. A6co-
JIIOTHAsI BEICOTA BepXHEU rpaHuIIbI IiTeiipa U3MeHsI -
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Puc. 3. CeBepHblii ckiioH OyxThl Haraesa. / — 30Ha npo6sieHus HaraeBckoro pasioma; 2 — u3ydeHHbIe OOBEKTHI. (a) — 3epKajio
CKOJIBXEHMSI TIJIOCKOCTU cMecTuTest HaraeBckoro pasiioMa; (6) — KypyMOBO-OTOJI3HEBOM CKJIOH ropbl [TopToBoOii (K — Kypy-
MOBBI€ [TOTOKH, OY — OTOJI3EHb YeXJia, KO — OOBaJIbHO-OCKINTHbIE (DOPMBI); (B) — CTpOEHUE KYPYMOBOIO OMOJI3Hs (/ — rpaHy-
JIOMETPUYECKUE U JINTOJIOTMYECKHUE IPaHULIbl (@ — HabogaemMble, 6 — MPEAToIaraeMble); epaHy10Memputeckull u Aumonocuye-
ckuil cocmag: 2 — necok (a) v apecsa (6), 3 — mebeHb (a) U IbIObI TPaHOAUOPUTOB (0), 4 — TOphSIHUCTBIE OcanKu (a) v ape-
BECHBIN AeTpUT (0), 5 — ByJIKAHUYECKHIA TIETTesT MePEOTI0XKEHHBII; 6 — OTBaJ; 7 — TOYKU OTGOpa Mpod Ha paanuoyriepoaHbIi
aHaJIM3 U X HOMepa).

Fig. 3. Northslop of the Nagaev Bay1 — crushing zone of the Nagaevsky fault; 2 — studied objects.(a) — sliding mirror in the plane
of the Nagaevsky fault displacer; (6) — stone stream-landslide Slope of the Portovaya Mountain (K — stone stream, o4 — cover
landslide, ko — landslide-talus forms); (B) — the structure of the stone stream landslide (/ — granulometric and lithological
boundaries observed (a) and assumed (6); granulometric and lithological composition: 2 — sand (a) and gruss (6), 3 — crushed stone
(a) and lumps of granodiorites (6), 4 — peaty sediments (a) and woody detritus (6), 5 — volcanic re-deposited ash; 6 — blade; 7—
points of sampling for radiocarbon analysis and their numbers).

TFTEOMOP®OJIOTUA U ITAJIEOTEOTPA®UA  tom 54 Ne 2 2023
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eTcd ¢ 3armaga Ha BocTok oT 40 1o 90 M. O6BbEMEI OT-
JIeJIbHBIX €r0 YacTeil pa3jIndHbl: HauOoJIblINe Ha 3a-
naae, rae MMU 3alloIHEH yToJl MEXOY CKIIOHOM U
G6eperoM, 3aHATBIM [1OPTOBBIM IIOCCE U MOPCKUM
IMOPTOM, U HaMeHbIIIMe — Ha BOCTOKe. B HIMKHeit
JacTH luieiipa Ha MOKPHITOM KPYITHOOOIOMOYHEIM
MaTepuaaoM KpyToM (o 35°) ckiIoHe HaGIomaTCs
TeppacoBUIHBIC CTYNIeHH! IIMPUHOM oT 10—20 mo 35—
40 M ¢ XapaKTepHBIM XOJMUCTO-TPSI0OBO-3alaaH-
HBIM MUKPOPEIbe(OM MOBEPXHOCTH.

Ha BocTtounoM ¢umanTe 1nnieiipa Ha adbc. BBICOTE
okoJjio 90 M HabGmomaeTcs ¢jlabo HaKJIOHHAsI Teppa-
COBMIHAS IUIOIIAAKA, COWICHSIONIASICS C BAIOOOpa3-
HBIM KpaeM KypyMa M IoApe3aHHask UICKYCCTBEHHBIM
oOHaxeHUeM B Buae Kpyroro (60—70°) ycryma, B KO-
TOPOM BCKPBIBAETCs TOJIIIA KYPYMOBOTIO ITOTOKa, CO-
CTOSIIIETO U3 IIBIO pa3mMepoM 10 S0—70 cMm u pa3HO-
pa3MepHBIX 00JIOMKOB B IT€CYaHO-IPECBSIHOM 3aI10J1-
Hutesie (puc. 3, (B)). B xypymoBylo Tojily Bpe3aH
ONOJI3eHb C 00pa30BaHUEM HEOOJIBIION TEPPaCOBUI-
HOI MJIoIaaKv, Ha KOTOPOI HaKomnujachk Oypo-Ko-
pUYHEBas CYIeCh C PACTUTEJIbHLIM IETPUTOM, JIMH-
3aMM TOP(MSTHUCTOrO MaTepuaia U CIIPEeCCOBAaHHOTIO
JIMCTOBOTO omnanaa oyporo npeta. [opu30HT moacTu-
JIaeTCsI KYpyMOM U IIPOCTHPAETCS BAOJb CKJIOHA Ha
paccrossHue 6onee 15 M. OH UMeeT HaKJIOH BHU3 I10
CKJIOHY oKkoJjio 102 u mepekpbiBaeTcs 00jee MO3THU-
MU TIOJIBMXXKAaMM KypyMOBOIo Ioroka. M3 cios cy-
rnecu ObUIM OTOOPAaHBI 00Pa31bl 00JIOMKOB IPEBECH-
HBI ¥ Topda Ha paguoyriaepoaHblit aHanus. [omyye-
HBl ciaeayomue patel: 875 X+ 10 MATI-1536
(apeBecHBIN meTpuT); 565 = 10 MATI-1537 (apeBec-
HbI 1eTpuT); 295 + 10 MAT-1535 (topd) (CMupHOB
u np., 2000). YuurtbiBas crieun@uKy CKIIOHOBBIX 00-
pa3oBaHMii, U3 KOTOPBIX B3STHI IIPOOBI IS pamgvo-
VIJIEPOAHOTO JaTUPOBAHMSI, MOXHO ITOJlaraTh, 4TO
oOpa3oBaHUe OIOJ3HS Mpou3sonuio okojo 300 J. H.
Bonee npeBHMe maThl, MOJy4eHHBIE IO APEBECHOMY
JIIETPUTY, CKOpee BCEro, OOBSICHSIOTCS TMOIaTaHueM
Ha IMOBEPXHOCTb IOUBEHHOI'O TOPU30HTa OoJiee IpeB-
HUX APEeBECHBIX 00JIOMKOB 13 MOABUKHBIX TOPU30H-
TOB KYpyMOB, B KOTOpbIE€ Bpe3aH M3y4YeHHBII OMoJ-
3€Hb.

N3noxeHHble JaHHBIS ITOKa3bIBalOT, YTO TECPpPU-
TOPpHUA MOPCKOTO ImopTa 1 HOpTOBOC 1OCCC HaAXOoOAT-
Cd B 30HC pUCKa, CBA3aHHOTIO C BHE3aITHbIM CXOJO0M
OTIOJIBHEM CO CKJIOHA T. HOpTOBafI.

BOCTOYHAA BEPEI'OBAA 30HA

C BocToka 0yxta Haraesa orpaHnuyeHa abpa3roH-
HBIM YCTYIIOM, BEIpaOOTAaHHBIM B CJTa00 CIIEMEHTH-
POBaHHBIX TIECYAHO-TAJICYHBIX W TIeCYaHO-TJIMHU-
CTBIX OTJIOXKEHUSIX HaraeBCKOM TOJIII MUOLIEHOBOTO
BO3pacTa M YaCTUYHO B TOPM3OHTE HaTHAraeBCKHX
raJIEYHUKOB IUIMOIIEHOBOTO Bo3pacTa (IpuHeHko u ap.,
1998). BocTtouHasi 6eperoBasi 30Ha oKa3bIBaeT 0OJIb-
1oe BIMSTHHE Ha (hOpMUpPOBaHME TOPOACKOI MHMppa-
CTPYKTYpBI. B HekoTOpBIX MecTax OeperoBast yepra
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BIUJIOTHYIO NTPpUOJIM3KIIACh K TOPOJCKUM KBapTajiaM,
B CBSI3U C YEM B HEKOTOPBIX MECTaxX MOTpedoBaioCh
YKperuieHue Oepera Uist 3aiuThl oT abpa3uu. Ho Bce
MPEeANpPUHSITbIE paHee MONbITKU MPeI0TBPATUTh pa3-
MBIB O€peroBoro ycryra ObUid Oe3ycrnelHbl, B OT-
JIEJIbHBIX CITy4dasX MPUIILUIOCh OTCTYIIUTh OT OPOBKU
aKTUBHO Pa3MbIBa€MOIo OEperoBOro ycTymna, 4ToObl
n30exaThb pa3pylIeHusl BO3BEICHHBIX CTPOSHUIA.

Cl0XEeHHBI! PBIXJILIMU, JIETKO pa3MbiBaeMbIMU
nopodaMU BOCTOYHBII 6eper OyxThl HaraeBa, numero-
Ui IIWHY OKOJio 2.5 KM, onmpaercs (JIaHTaM#
(I0XHBIM U CEBEPHBIM) Ha Oepera, KOTopble 00pa3o-
BaHbI B TPOYHBIX KOPEHHBIX MOPOJAaX — TpaHUTOUIAX
MaranaHCKOro MHTPY3MBHOTO MaccuBa. beperoBoit
YCTYIT UM€eEeT AyrooOpa3HyIo B IiaHe (hopMy, BBIMTYK-
JIYIO K BOCTOKY C MAaKCUMaJIbHOI BEJTMUMHOM TIPOTU-
0a o 150 M B cpemHeii 9acTu.

CeBepHas 1 10XKHasI TpaHULIBI BOCTOYHOM Gepero-
BOI 30HBI OYXThI OIIPENEISIOTCS IO TOYKAM PE3KOTo
M3MEHEHUS IIPOCTUPAHUS OeperoBOil JUHUM C Ce-
Bep-ceBepO-3aragHoro Ha cyommporHoe y ITopto-
BOTO IIIOCCE U Ha BOCTOK-CeBepo-BocTouHOE (70°) —
y Mapuekanckoro mocce. K ycrymy npucioHeH
IUISIK HETIoJIHOTO Ipodus (cM. puc. 1, (a)), K KOTo-
poMmy TIpUMBbIKaeT nojoca ocyiiku. Ee muvpuHa B ¢a-
3¢ moiHoro otrimBa gocturaeT 200—250 M. IToBepx-
HOCTb JIMTOPAJIM MJIaBHO CMBIKAETCSI C MPUOPEXKHOM
otMenblo nryouHoit 0.4—1.0 M, HUXXKHMIA Kpaii KOTO-
PO SIBIISIETCSI MOPCKOM TpaHUlIeid 0eperoBoii 30HEI.
Ha paccrosgann okoso 0.5 KM oT 6eperoBoro oopeiBa
nIyOuHa pe3Ko yBeauduBaeTcs 1o 7—12 M. U3Bunu-
crasg u3obara 20 M IIPOXOIUT Ha PACCTOSIHUN OKOJIO
2.5 KM OT BOCTOUYHOI'O OE€peroBoro oopeiBa U IMOYTHU
BILJIOTHYIO TIOAXOAUT IOKHOMY U CEBEpHOMY Oepe-
raMm. Ha Brixoge n3 OyxThl, Ha TpaBep3ax MbICOB Yu-
pukoBa u Ceporo (0koJjio 18 KM OT BOCTOUHOTO Gepe-
TOBOTO yCTyIla) TiIyOuWHa OyXThl paBHsETCS 34 M.
31ech THO OYXTHI IUIABHO CMBIKAETCS C IIOBEPXHO-
cthio IlpuMaramanckoro niejibga, KOTOPBIM Ha pac-
ctostHUM 50 KM K 10ro-3amaay oT BOCTOUHOIo 6epera
OyxThl MeeT ryouny 50 M (CMupHOB u Ap., 2019).

C BocTOKa K 0epery mpruMbIKaeT BCXOJIMJIEHHAs
MOBEPXHOCTh MaragaHCKoOi MEXTOpHOI BMAIWHBI.
HaubGomnbinas BeIcOTa TOBEpXHOCTU — 115 M Hamy. M.
3achuKCcUpoBaHa MMPUMEPHO Ha paBHOM PACCTOSIHUM
(1160—1200 M) OT ceBepHOTrO U 103KHOTO hJIaHTOB Oe-
peroBoro yctyna. OT 3TOi TOUYKM, Haxofsieiics: B
550 M K ceBepO-BOCTOKY OT OpOBKM 0€pEroBOro yCTy-
ra, NOBEPXHOCTh MEXKTOPHOU BITaJIMHBI IOCTENIEHHO
CHMXXaEeTCs Ha 1or K MapuekaHCKOMY II0CCe U Ha ce-
Bep — K [lopToBoMy. B 11eHTpanibHOI U 10KHOI 4ya-
CTSIX TIOBEPXHOCTh CHIXKAETCSI B CTOPOHY Oepera, 00-
pasys KpyToi CKJIOH, KOTOPbIH B HUXKHEM YaCTU TIO/I-
pe3aH aOpa3svOHHBIM YCTYIOM BBICOTON 10 20 M.
DTOT cKJIOH Ha TnpoTtskeHuu 1000 M Hanbosiee Cuiib-
HO MOpaXXeH 3PO3MOHHBIMU MpPOLIECCaMM, CO3IaB-
IIUMU OOJIbIIIOE YMCIIO PHITBMH, TPOMOWH, OBPAros,
KOTOpBbIE€ 3aXBaThIBAIOT BAOJIbOEPETOBYIO IOJIOCY CYy-
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Puc. 4. Boctounslii 6eper 0yxtel Haraea (cHuUMOK u3 uHtepHeT-pecypca Google Earth). (a) — / — TuIibl 6eperoB: TEXHOIeH-
HBI (a), abpa3noHHbIH (0), abpa3sMOHHO-0TION3HEBOM (8). bykeentnuvie 0603nauenus: 111 — [MoptoBoe mocce, M — Masik, I1 —
nakray3s, O — pUMBbIKAIOUIMIi K Oepery y4acToK, OCJIOXHEHHbBIN 9pO3MOHHBIMU (hOPMaMU C UHTEHCUBHBIM BHIHOCOM MPOJTIO-
BUAJIbHOT'O MaTepuasia B 6eperoByio 30Hy. (6) — abpa3snoHHO-0M0J3HeBbie (hopMbl (1, 2) 1 mosioca ocyliKu (3) B I0XKHOI 4acTH

Oepera.

Fig. 4. Eastern shore of Nagaev Bay (image from Google Earth). (a) — 1 — types of coasts: technogenic (@), abrasion (6), abrasion-
landslide (8). Letter designations: 11 — Highway Portovoe, M — Lighthouse, I1 — warehouse, ® — adjacent to the shore area, com-
plicated by erosional forms with intensive removal of proluvial material to the coastal zone. (6) — abrasion-landslide forms (1, 2)

and a drying strip (3) in the southern part of the coast.

1y mupuHoit 1o 150 M (puc. 4, (a)). ITo mepe mmoape-
3aHMSI CKJIOHA abpa3ueil B BOJIHO-TIPUOOMHYIO 30HY
CXOIST OIOJI3HU YeXJIa BMECTE C PACTUTENIbHBIM IO~
KpoBoM. OHU 00pa3yroT LIeid, KOTOPHI B TeUEHUE
HEKOTOPOro BpeMeHU MPeaoXpaHsieT CKJIOH OT abpa-
3uu (puc. 4, (6)).

C 1uenblo onpeaeaeHUsT AMHAMUKY MTPOABYKEHUS
BOCTOUYHOTIO Oepera B cTOpoHy MarajnaHa 3a JIJIMTeb-
HBIi1 TIEpUOJ BPpEMEHN HAMM BBIITOJIHEHO MOP(dOJIO-
ruaeckoe u MopdomeTpuieckoe n3ydeHue aspodo-
TOCHUMKOB 1 OpOUTATIbHBIX CHUMKOB Pa3HOTO Bpe-
MeHM 3aieta — ¢ 1939 mo 2016 1.

Ha xpynmHomacmtabnbix (1 : 8000) aspodoro-
CHUMKax 3aieta 1939 TI. DOCTAaTOYHO OTYETIUBO
n300pakeHoO BOCTOYHOE modepexbe OyxThl Haraena.
Ha nHem pemmdpupyercs uHpacTpyKTypa IIpU-
OpexXHBIX KBapTajoB MaragaHa, IlopToBoe mocce
mupuHoit 1o 19.7 M, a Tak:Ke aBTOMOOMIBbHBII MIPO-

TEOMOP®OJIOTNA U IMAJTTEOTEOI'PA®UA

€3]I INMPUHOM oT 13 10 27 M K 6eperoBbIM CKJIaJCKUM
noMelleHUsIM (TTakray3aM) BIOJIb OpOBKM OGEperoBo-
ro ycrymna. B 1939 r. B 6eperoBoit 30He MOJHOCTHIO
OTCYTCTBOBAJ IUISLK. B cBsI3U ¢ 3TUM MoOpcKas abpa-
31 ObIJIa 0OCOOEHHO MHTEHCUBHOI M, BBUIY MHTEH-
CUBHOTO TEXHOT€HHOTO BO3IACUCTBUSI — ABUXKEHUS
TSIKEJIOTO aBTOTPAHCIIOpTa K TOPTOBBIM CKJIaJaM,
OHa COMPOBOXIAIACH KPYITHBIMU OITOJI3HIMHU Gepe-
roporo yctyma (puc. 5, (a)). Ha cHuMmkax Takxe ycra-
HOBJIEHO, UTO Ha Oepery CTOST TOJIBKO YTO OCTPOEH-
HbIe U TIPOJOJIKAIOLINE CTPOUTHCS MaKray3bl MOp-
CKOTo TiopTa. OTU TaKray3bl OTpaxkeHbl U Ha OoJee
no3aHux aspodortocHuMkax 1974 r. (puc. 5, (0)).
OnvH 13 HUX COXPAHWJICS IO HACTOSIIETO BpeMEHM!,
OH 1300pakeH Ha OPOUTAIBLHBIX CHUMKAX, CAe/IaH-
HbIX B 2016 T., 1 Ha a3pOPOTOCHUMKE C KBaJAPOKO-
ntepa (puc. 5, (B)). UMerolirecss CHUMKHU MO3BOJM-
JIV C OTTIOPO#t Ha N3BECTHYIO IJTMHY TIaKTay3a, paBHYIO
No 2
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Puc. 5. lunamrika BocTouHoro 6epera 6yxtbl Haraesa B iepuon ¢ 1939 o 2016 1. (a) — BocTouHbI 6eper OyxThl B 1939 1.: 1 —
OeperoBasi IMHUS, 2 — KOHTYPbI TEXHOT€HHOTO OMOJ3HSI, 3 — pacCTOSTHUE OT OeperoBoii JMHUU OO0 KOHbKA ITaKray3a B MeTpax
(mtst Bcex pucyHKOB). Cmpeaxamu nokazansi: 1 — [lopToBoe 1m1occe, 2 — Mpoe3 K Imakray3am; 3 — rmakrays3; abpa3sMoHHBIN YCTYIT
(4 — ckJIOH, 5 — MOOHOXbE, 6 — GPOBKA); 7 — TEJIO TEXHOTEHHOTO OIMOJ3Hs. (6) — Geper OyxThl B 1974 1.; (B) — Geper OyXThI B
2016 1. (CHUMOK cIesiaH ¢ KBaapokormnrepa). [T — rmakrays u ero [JUInHa.

Fig. 5. Dynamics of the eastern coast of Nagaeva Bay in the period from 1939 to 2016. (a) — Eastern shore of the bay in 1939: 7 —
coastline, 2 — contours of man-caused landslide, 3 — distance from the coastline to the warehouse ridge in meters (for all figures).
Arrows show: 1 — Portovoe highway, 2 — entrance to warehouses; 3 — warehouse; abrasion ledge (4 — slope, 5 — foot, 6 — edge);
7 — body of technogtnic landslide). (6) — coast of the bay in 1974; (B) — Coast of Bay in 2016 (picture taken from a quadcopter).

IT — warehouse and its length.

80 M, ¢ BBICOKOII TOYHOCTBIO OIIPEIECIUTh METpUYE-
CKUe NTaHHBIe OCSperoBoil 30HBI, a TaKXKe IPUOPEX-
HOI roponckoil nH¢ppacTpykTypsl B 1939 u 1974 1.
(CmupHOB u 1p., 2019).

B 1939 r. paccTossHue oT OeperoBoOil JUHUM 10
KOHBKa ITaKray3a cocTasjisuio 82 M, a B 1974 1. oHO
cokpaTtuiioch 10 53 M. Ha caumke 2016 1. paccTostHUE
OT KOHBbKa ITakray3a IO TOTHOXbsI abpa3srMoOHHOTO
ycTyrma paBHO 26 M. TakuM 06pa3oM, 3a BECh TOCTYI -
HBII n3ydeHuto nepuoxn ¢ 1939 mo 2016 r. 6eperosas
JIMHUST TIPOABUHYJIACH B CTOPOHY CYIIIM Ha 56 M co
cpenHeit ckopoctbio 0.73 M/ron. B TeueHue nepBoro
aTana, OrpaHMYEeHHOTO BpeMeHeM a3pOo(POTOChEMKI
B 1939 u 1974 r., ona cMectunach Ha 29.0 M co cpen-
Hel ckopocTbio okoJjio 0.83 M/roa. B TeueHue BTopo-
ro atarma ¢ 1974 o 2016 1. HaGIIOAAETCS 3aMeIJIcHUE
CMeIleHUsI 6eperoBOi TIMHUU: OHO COCTaBUIO 27.0 M
rpu cpeaHeit ckopoctu 0.64 M/rox.

Ha ocHoBe nmoy4yeHHBIX TaHHBIX cAeIaH MPOTHO3
cMmelnneHus 6eperopoii tuHuu ¢ 2016 no 2040 r., ko-
TOPOE COCTABUT OKOJIO 12 M Mpu cpeaHeit CKOPOCTH
okoJo 0.5 m/rog.
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SAKJIIOYEHHUE

bepera oyxtel Haraesa m mpuMBIKamOIue K HUM
CKJIOHBl MMEIOT CYIlIeCTBeHHble MOp(hOoIuHaAMUYe-
CKUe€ pas3nnuusi, 00yCIOBICHHBIE 0COOEHHOCTSIMU MX
HOBEHMIIEH CTPYKTYpbl U COCTAaBOM TOPHBIX MOPO/I.
IOxHbIIT 1 ceBepHBI Oepera Ha BCEM TPOTSKEHUU,
3a HCKJIIOYEHHEM TEXHOTeHHO NpeoO0pa3oBaHHBIX
Y4aCTKOB, OTHOCSITCSI K KATeTOPUU MEPBUYHO-TEKTO-
HUYECKUX U aOpa3srMOHHO-ACHYIAlIMOHHBIX O€peros.
151 }oXXKHOTO OeHYTAlIMOHHOTO CKJIOHA XapaKTepPHbI
CPaBHUTEILHO HEOONbIION HAKJIOH IOBEPXHOCTU U
Majiasi akTUBHOCTbh CKJIOHOBBIX TpoleccoB. CeBep-
HBII1 CKJIOH OyXTBI IIPUYPOYEH K 30HE paccilaHIeBa-
HUs 1 apobieHust Haraesckoro pasioma, yeM o0y-
CJIOBJIEHA BBICOKASI aKTUBHOCTb CKJIOHOBBIX MTPOLIEC-
COB C TmpeobjamaHMeM aKTUBHBIX KypyMOB U
MOBEPXHOCTHBIX oroyizHel. K ToMy Xke oH nmonpes3aH
JNIOPOXKHBIMU U CTPOUTEJIbHBIMU paboTaMUu MpPU CO-
OpyXeHU MOPCKOTro ImopTa 1 rpokianke [ToproBoro
1110CCe, BCIEACTBUE YETO 3[eCh IIMPOKO pacipocTpa-
HEHbl TEXHOT€HHO BO30YXXIEHHbIE MOBEPXHOCTHBIC
OMOJI3HU, TOPHBIE 00BaJIBI M OCHIINM, YaCTO HapyIlla-
IollMe ABUXKEHUE TI0 11occe. B ¢BsI3U ¢ 3TUM Teppu-
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TOPHA MOPCKOTO TOPIroBOIO ImopTa n HOpTOBOC mocce
HaxogsdaTCd B 30HE pMCKa BHE3aITHOT'O €XoJda C TOPHbIX
CKJIOHOB KPYITHBIX MacCC 00JIOMOYHOTO MaTte€puaja.

BoctouHrlit 6eper 0yxTthl Haraesa oTHoOCHTCSI K
TUIy aO0pa3sMOHHBIX 1 a0pa3MOHHO-OMNOJI3HEBBIX.
OH akTUBHO cMelaeTcsl B ctopoHy ropoga. C 1939
nmo 2016 r. oH MPOABHUHYJCS K BOCTOKY Ha 56 M.
J1o 2040 1. mporHo3upyeTcsl mepeMellieHne 6epero-
BOM JIMHUU e1lie Ha 12 M.

ITocie 2016 r. Ha BocToYHOM Oepery 6yxTel Hara-
€Ba IMPOMU3BOJUTCS YKpeTieHUe Oepera IMyTeM BO3Be-
JIeHUsI BOJTHOOTOOHOM cTeHbI. B CBSI3M € 3TUM Tpo-
HUCXOAWUT HapylI€HUE CI0XUBILIETOCS JUHAMUYECKO-
ro paBHOBecUsI OeperoBbIX IMPOLIECCOB, UYTO B
KOHEYHOM CYeTe MpUBEIET K MOJTHOMY HCUYE3HOBE-
HUIO MJIsIKa, yCUJIEHWI0 a0pa3uy Ha He 3alIMIIEeHHBIX
yyacTkax 6epera u 6osiee ObICTPOMY MPOIBUKEHUIO
0eperoBoii TUHUU B CTOPOHY TOpOJa.
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SLOPES AND SHORE MORPHODYNAMICS OF THE NAGAEV BAY
(SEA OF OKHOTSK)!

V. N. Smirnov%*, N. A. Goryachev?, O. Yu. Glushkova?, and A. Yu. Pakhomov*

@ North-Eastern Interdisciplinary Scientific Research Institute, Far Eastern Branch RAS, Magadan, Russia
# E-mail: smirnovvn @yandex.ru

The results of the morphodynamics analysis of denudation slopes and the coastal zone of Nagaev Bay, as well
as estimated distances and rate of the eastern coastline retreat for the period from 1939 to 2016 are presented.
The main methods of the work are morphographic and morphometric using aerial photographs of different
years of flight, modern satellite images and snapshots. It is established that the morphostructure of the south-
ern and northern shores of Nagaev Bay is determined by active faults striking in sub-latitudinal direction and
framing the bay. The polygenetic mountain slopes adjacent to the coastline differ in length and angle of in-
clination. The slopes are covered with active kurums (stone runs) that slide towards the bay. In the lower part
of the northern slope there is a zone of the Nagaevsky active fault, which causes a high dynamics of slope pro-
cesses with a predominance of active kurums and landslides. The northern slope has been cut by a road built

U For citation: Smirnov V.N., Goryachev N.A., Glushkova O.Yu., Pakhomov A.Yu. (2023). Slopes and shore morphodynamics of the
Nagaev Bay (Sea of Okhotsk). Geomorfologiya i Paleogeografiya. Vol. 54. No. 2. P. 26—35 (in Russian). https://doi.org/10.31857/

S$2949178923020093; https://elibrary.ru/FOIDSD
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during the construction of the seaport and the Port Highway. As a result, widespread technogenically trig-
gered landslides, rock falls and scree are often disrupting traffic on the highway. Thus, the territory of the
commercial seaport and the Port Highway are at a risk of a sudden movement of large-volume of detrital ma-
terial down the mountain slope. The eastern coastal zone is formed by a coastal ledge composed of uncon-
solidated deposits of the Nagaevskaya strata, an incomplete profile beach, and a littoral, the width of which
reaches 200—250 m at low tide. The marine boundary of the zone runs at a distance of about 500 m from the
coastal ledge. The eastern shore is actively moving towards the city of Magadan. During the period from 1939
to 2016, it shifted by 56 m with an average speed of 0.73 m/year. During the first stage (1939—1974), it ad-
vanced 29.0 m with an average speed of about 0.83 m/year. During the second stage (1974—2016), the coast
moved for about 27.0 m with an average speed of 0.64 m/year. In recent years, large-scale work has been car-
ried out on the eastern shore of Nagayev Bay in order to reinforce the shore and protect it from abrasion by
erecting a breakwater wall. The engineering structure results in breaking of the established dynamic balance
of coastal processes, which will eventually lead to the complete disappearance of the beach, and on the re-
maining unprotected sections of the coast — to increased abrasion and faster movement of the coastline to-

35

wards the city.

Keywords: abrasion, beach, coastal ledge, types of seashores, erosion, denudation, fault, surface landslide

ACKNOWLEDGEMENTS

The work was carried out on the topic of the state task
AAAA-A17-117022850034-3 “Evolution of the natural en-
vironment of the Arctic and the North Pacific in the Ceno-
zoic”.

The studies were performed in accordance with sections
1.510.2. Geomorphology and 1.5.10.6. Risk Assessment of
Natural Hazards and Extreme Natural Events of the Basic
Research Program RAS.

REFERENCES

Grinenko O.V., Sergeenko A.I., Belolyubsky I.N. (1998).
Paleogene and Neogene of the North-East of Russia.
Part 1. Regional stratigraphic diagram of Paleogene and
Neogene deposits of the North-East of Russia and an
explanatory note to it. Yakutsk: Izd-vo YANC SO RAN
(Publ.), 68 p. (in Russ.)

Myslivets V.1., Bredikhin A.V., Saf’yanov G.A. et al. (2018).
Problems of forecasting the development of the sea
coasts of European Russia (Article 2. Morphodynamics
of coasts and principles of forecasting their develop-
ment). Geomorfologiya. No. 1. P. 54—65. (in Russ.)

Pakhomov A.Yu., Smirnov V.N. (2002). Rock landslides in
the mountains of Primagadanya. Geomorphologiya.
No. 3. P. 95—109. (in Russ.)

Safyanov G.A. (1978). Coastal zone of the ocean in the
XX century. M.: MysI’ (Publ.), 264 p. (in Russ.)

TEOMOP®OJIOTUA U MMAJIEOTEOTPA®UA  tom 54

Smirnov V.N. (2011). Cenozoic structures and active faults
of Northern Priokhot’e. Sovremennoe sostoyanie nauk o
Zemle. Materialy mezhdunarodnoi  conferentsii,
posvyashchennoi pamyati V.E. Khaina. M.: Geologich-
eskii facul'tet MGU (Publ.), P. 1740—1743. (in Russ.)

Smirnov V.N. (1996). Lankovo-Omolon neotectonic fault
zone. Geofizicheskie modeli geologicheskikh protsessov
na Severo-Vostoke Rossii. Magadan: SVKNII DVO
RAN (Publ.), P. 135—147. (in Russ.)

Smirnov V.N., Glushkova O.Yu., Pakhomov A.Yu. (2000).
Landslide processes in the zone of the Nagaev active
fault (area of the city of Magadan). Geomorfologiya na
rubezhe XXI veka. IV Shchukinskie Chteniia. M.:
Moskovskii  gosudarstvennyi  Universitet (Publ.),
S. 88—92. (in Russ.)

Smirnov V.N., Goryachev N.A., Glushkova O.Yu. (2019).
New data on the morphology and dynamics of the
coastal zone of the Nagaev Bay (Sea of Okhotsk). Vest-
nik Severo-Vostochnogo nauchnogo Tsentra Rossiiskoi
akademii nauk. No. 4. P. 47—54. (in Russ.)

The stone-fields of golets mountain Belts. (1989). Roma-
novsky N.N., Tyurin A.L., Sergeev D.O. et al. (Eds.).
A.P. Gorbunov (Managing Ed.). Novosibirsk: Nauka
(Publ.), 147 p. (in Russ.)

Vazhenin B.P. (2017). Activation of landslide and landslide
activity in Magadan and its environs at the beginning of
the XXI century. Chteniya pamiati akademika K.V. Si-
makova. Materialy dokladov Vserossiiskoi konferentsii
(Magadan, noyabr’ 22—24, 2017). Magadan: IP
Zharikova T.V. (Publ.), P. 23—26. (in Russ.)

Ne2 2023



