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JlenoBo-3K3apallMOHHBI peibed qHA I0ro-3amagHoii yactu Kapckoro Mopsi chopMHUpOBaH B pe3yJIbTaTe BO3-
JefcTBUS aiicbeproB 1 MOpcKoro Jibaa. [1o pesyabTataMm CbeMKU JHA MHOTOJTYyYEBbIM 3X0JI0TOM B Xofe 52 peii-
ca HUC “Axanemuk Hukonaiit CtpaxoB” BiepBble cOOpaHa perpe3eHTaTHBHAsI BLIOOPKA 3aMePOB KITIOUEBbIX
rapameTpoB (IIPOCTPAHCTBEHHOE TOJIOXEHNE, OPUEHTUPOBKA, ITyOMHA, IIIMPHHA) JIeI0BO-3K3apallMOHHbIX
60p0o311, YTO TIO3BOJISIET NIEJIaTh BHIBOIBI B perMOHAIbHOM Maciitabe. [ToydeHbl 3aKOHOMEPHOCTH pacIipe-
JeJIeHUsT 00pO3IT B TIPOCTPAHCTBE M 110 IIyOMHAM, oTpe/eieHa UX IIOTHOCTh Ha Pa3IMYHbIX y4acTKax JTHA.
BrisiBiieHO, 4TO MakcHMMaJIbHBIE Pa3Mephl 0OPO31 YMEHBIIAIOTCS TI0 Mepe yAaJIeHHs OT UICTOYHUKOB aiicOep-
roobpazoBanus ¢ C3 Ha IOB. OpueHTrpoBKa 00po31 COOTHOCUTCS C OCHOBHBIMU HaMpaBIeHUsIMU Aperida
aiicbeproB. BobImast 9acTh 60pO31 pacionaraeTcs Ha IryorHax 1o 220 M 1 Moriia c(popMUPOBAThLCS KakK IIPH
COBPEMEHHOM, TaK U IIpH 00jice HU3KOM YPOBHE MOpS (B TOCJIEIICTHIKOBOE BpeMsl). BEIsSIBIIcHA BBICOKAS
crerneHb nepepadoTky qHa KO3 yactu Kapckoro Mopst B xofie Ief0BOTO BhITIAXWBAHUS.

KioueBnie cjioBa: 1e10BO-3K3apallMOHHBIN penbed, JienoBas 6opo3na, IiIyrMapku, peabed mHa, aiicoepr,

Cb€MKa JHa

DOI: 10.31857/50030157424030103, EDN: QCALLG

BBEAEHHUE

JlemoBo-3K3apallMOHHBIN penbed (popMupyeTcst
MpY B3aUMOIEWUCTBUU Npel(yIONIMX JICASIHBIX 00-
pa3oBaHU (COCTOSAIIMX U3 MOPCKOIO, JIETHUKOBOTO
JIBJIA VJTW CMEIIaHHBIX) ¢ MOPCKUM THOM [35, 8]. Eciun
KOHTaKT C THOM HE OCTaHaBJIMBaeT Apelid JeasTHOro
00pa3oBaHMSI, TO B pe3ysbrare (popMUPYIOTCS CIIEl-
ndunyeckre ¢GopMbl — OOPO3abl BEIMAXUBAHUS, TaK-
’K€ M3BECTHBIE KaK JIeMOBO-3K3apallMOHHbIE 00OpO3-
Jbl WM TuryrMapku [4]. TIpu npekpaiueHun apeiica
M TI0CafKe JISASTHOTO 00pa30oBaHMsI Ha Mellb 00pasy-
JOTCSI KOTJIOBUHEI U SIMbI BBITABIMBAHMS (IMBI 3aCTa-
MYIIWBaHUS).

HccnenosaHue 1em0BO-3K3apallMOHHOTO PEJTbe-
¢a apkTuyeckoro 1menbda IpeacTaBIIsIeT MHTEPEC
KaK ¢ Hay4JyHOM, IUISl YIIYYIIEHUST TTOHMMaHUST IIPO-
O1eMbl BO3IEeHCTBUS JeAsTHbIX 00pa30BaHUI HA THO
APKTUYECKMX MOpPEH, TaK U C MPAKTUIECKOM TOUYEK
3peHusI. ADKTUIECKUI peTHOH pacCMaTpUBAETCSI KaK
OIMH M3 OCHOBHBIX MICTOYHUKOB YIJIEBOIOPOIHOTO
CEHIPBSI B OyIyIlIeM U YXKe TaBHO ITOIBEPraeTcs aKTHB-
HOMY XO3SIiICTBEHHOMY OCBOCHMIO. B CBsI3M ¢ aTMM
W3y4YeHHE M JIydiliee ITOHMMAaHUEe ITPOIIECCOB JIEIO-

BOTO BbIMaxWBaHUS AHA, OCOOEHHO Ha (OHE KJIU-
MaTUYECKUX U3MEHEHMI, CTaJIo B HACTOSIIIIee BpeMsl
0COOEHHO akTyalbHBIM [3]. B monsipHBIX 00JacTsIx
HabmomaeTcs: 0ojiee ObICTpOe M3MEHEHUE KIUMara,
YyeM B YMepeHHbIX mupoTax [9, 20]. UMeHHO B 3TuX
MEHSIIONINUXCS YCIOBUSIX OyIeT ITPOIOJIKATHCS aK-
TABHOE OCBOECHHUE CTOJIb TPYIHOIOCTYITHBIX TEPPU-
Topuii. AlicOeproBasi 1 jieoBasi ONaCHOCTD SIBJISIET-
Cs TIPUPOITHBIM PUCKOM OCBOCHUS IIeTb(ha APKTUKH
un CesepHoro Mopckoro 1yt (CMII), Hebmaromnpu-
SITHO CKa3bIBAIOIIMMCS Ha CTPOUTENICTBE U IKCILTY-
arauuu coopyxeHuit Ha bapeHueBo-KapckoM 1ienb-
(e 1 Ha cnenoBaHuu cynoB 1o Tpacce CMII [15].

B Hacrosimeli cratbe paccMaTpuBaeTcs JeI0BO-
9K3apallMOHHBINA penbed, M3ydeHHbI B Xome 52-ro
peiica HayYHO-MCCIIEIOBAaTEIbCKOTO cymHa “Aka-
memuk Huxkomait CrpaxoB” B 2021r. OcHOBHas
YyacTh MaTepuajoB Oblla IOJyYyeHa B IOTO-3amal-
Hoit yvactu Kapckoro Mops (puc. 1). o HacTosie-
ro MOMEHTa penbed AHA 3TOr0 PeruoHa HEOmHO-
KpaTHO uccienosaicsd [1—6, 10—14, 16—19], B Tom
yyciae BCTPEYaloTCs YIMOMUHAHUS JIeIOBO-3K3apa-
LIMOHHOTO pesibeda. Ho mpu 3ToM He Oblia 1eTaJbHO
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HcciIenoBaHa Mop@ooruss 00po3 BBIIIAXWBAHMAL.
HMcxmoueHue cocrapiseT auilb baiigapaiikasi ry-
0a, rme ucciaeaoBaHus IIPOBOAMINCH HEOTHOKPATHO
[2, 5, 17, 18 u ap.], HO 3TO NMILb HEOOJbIIAs YaCTh
paccMaTpUBaeMOIo peroHa, e MpeodiagaloT Bo3-
JEHCTBUSI MOPCKOTO JIbIa Ha JHO, TOTrAa Kak Ha 00JIb-
el yacTu 1oro-3amaga Kapckoro Mopsi, BeposiTHee
BCEro, pacopocTpaHeHbl 00po3abl aiicbeproBoro
BeinaxuBaHus. [locnenHue uccienoBaHUs Bo3pacTta
OIIHO# 13 HauboJjiee KPYIHbIX O0pO3], pacioararo-
1eiics Ha TmyouHe okojio 30 M repen BXoaoM B baii-
Japarkyto ryoy [11], ToBopsST 0 TOM, 4YTO OHa cop-
mupoBaiack B 1810+ 30 r. H. 3. Ha ocHoBaHUM 3TOTO
npedrojiaraercsi, 4To amcoOeproBble 0opo3nbl baii-
Japaukoil ryobl 00pa3oBaJIMCh MPEMMYILECTBEHHO
B XX B. IToCJie OKOHYaHUs Majioro JeMTHMKOBOTO IIe-
puofa, Koraa pa3Mep aiicOeproB yMEHBIIWICS, 1 OHU
CMOIJIA ITPOHUKATh BHYTPb Iyosl [11]. B maHHoOI1 cTa-
The BIIEpBBIE COOpaHa peIpe3eHTaTUBHAs BBEIOOpPKaA
3aMEepOB KIIIOUEBBIX ITAPAMETPOB JIEIOBO-9K3apalik-
OHHBIX 00PO3II, YTO MO3BOJISIET [IeIaTh BHIBOIKI B pe-
ruoHajabHOM Maciutabe. IIpu olieHKe ImapaMeTpoB
0opo31 HanboJIblllee BHUMAHUE YIEISUIOCh UMEHHO
MaKCUMaJIbHbIM pa3MepaM (opM peiabeda. DTo ObI-
JIO CICIaHO 10 CASAYIOIINM MTPUYMHAM:

1. 3amadeii vccnenoBaHus SIBJISIOCH OTIpeNieieHN e
MAaKCHMAaJIbHO BO3MOXKHOM ITTyOMHBI Bpe3a 1 I PUHEL
0OpO3IBI, YTO TTOKA3BIBAET HAMOOJIBIIINE BO3MOKHBIE
pa3Mephl yJaCTBYIOIIMX B IIpoliecce JeITHbIX 00pa3o-
BaHUi1 (TaK Ha3bIBaeMbIil MHXKEHEPHBIN TOIXO).
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Puc. 1. Yyactku paitoHMpoBaHUs pacrpenejaeHus: 60-
pO31 BeIITaxuBaHWs Ha THe Kapckoro Mopst 1o MapIipyTy
52-ro peiica HUC “Axanemuk Huxkonaii CtpaxoB”: 1 —
y4acTKu 6e3 60po3a, 2 — y4acTKM ¢ HU3KOM TJIOTHOCTBIO
06opo3n, 3 — y4acTKU € BBICOKOW IIJIOTHOCTbIO OOpO3,
4 — y9aCTKU MMOJIUTOHAIHOM CheMKH.
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2. OnpenejieHWe CpeaIHMX 3HAYCHUN IIMPUHBI
W DIyOMHBI 3aTPYIHUTEIBHO, TaK KaK TpeOyeT 00-
paboTKu Bcex 60po3a, BKIOYAs caMble MaJeHBKUE.
YcraHOBIEHHUE UX TeHe3uca U caM 3aMep 3aTpyaHU-
TeJIbHBI TIPU UMEIOIIEMCSl Pa3pellieHUn U MacIlTade
HCCIICIOBAHMSL.

[Mony4eHHBIE KOJMYECTBEHHBIE OLIEHKH 3aKOHO-
MEpPHOCTEI IMPOCTPAHCTBEHHOIO PaCIpPOCTPAHECHUS
1 MopdOJIOTUM JIeHOBO-3K3apallMOHHOTO peiabeda
B 3aBUCHMOCTH OT BHEILIHMX YCJIOBUIA MOTYT OBITh
WCIOJIb30BaHbl IIPU IUIAHUPOBAHUU CTPATETUM XO-
3STCTBEHHOTO OCBOCHMS 11Ie/Tb()a U B peKOMEHIALIH -
SIX TIPOCKTUPOBIIMKAM JJIsI YIIy4IIeHUST MHKCHEPHBIX
pelieHuid TpU CTPOUTENBCTBE PAa3IMYHBIX OOBEKTOB
Ha 1esbde (TpyooInpoBOAbl, OYpOBbIe U JOOBIYHEIC
T1aTOPMBI U T. 11.).

MATEPHAJIbI U METObI

OCHOBHBIM 00OPYIOBaHUEM IIJISI ChEMKH pefibeda
nHa B 52 peiice HUC “Akanemuk Hukomnait CtpaxoB”
[16], sBastmach IUTAaTHAs CydoBas TMOPOAKYCTUYE-
cKasl cCCTeMa KapTUPOBAaHUSI MOPCKOTO THa (pUPMBI
RESON (/lanus). laHHag cricTeMa BKITIOYAeT B ceOsI:

* MporpaMMHO-aNIapaTHBI KoMruieke SeaBat,
BKJIIOYAIOIIMIT MHOTOJTy4eBbIe 9X0J0Thl SeaBat 8111
(MenkoBoaHbIN) U SeaBat 7150 (r1y0OKOBOIHBIN);

* GPS, ceHcopsl IBMKEHUS M THPOKOMIIAC, 00b-
eaMHeHHbIe B Iprubope Applanix POS-MV;

* JaTYUK CKOPOCTM 3ByKa y aHTEHH 3XOJIOTOB
SVP-70;

* IIpOTpaMMHBIN ITakeT coopa 1 00pabOTKI JaH-
HEIX — PDS2000;

* BBICOKOYACTOTHEIN mpodumorpad EdgeTech
3300 (CILA).

IIpueMo-niepenaroliue aHTeHHbBI MHOTOJYYEeBBIX
3X0JIOTOB U Tpoduiiorpada yCTaHOBIEHbI B TOHIO-
Jie, TIPUBapeHHOU K JHUIILY CyIHA.

Pe3ynbraThl CheMKI COXPaHSIIOTCS TIPOTPaMMHBIM
KOMILUIEKCOM B (hopMaTe .1og, TTocyIe Yero mporucXoauT
nx oopadboTka. Ha arare nepen HayaJioM CheMKU OTle-
paTopoM HacTpauBalOTCsS IIPOrpaMMHBIE (WIBTPHI
M0 IIyOWHEe M KavyecTBY CMTHasa (B 3aBUCHMOCTU OT
OXHMAaeMbIX Ha y4acTKe ITyOMH), MHOTJIA BBITIOJTHSI-
€TCSl HaCTPOMKa MOIOJTHUTENBHBIX (hUIBTPOB, TaKUX
KaK YIJIOBOM, (PUIBTP C MPpUMEHEHUEM METOAA CKOJIb-
3SIIEr0 CPeNHEro M IPYyrux. 3amaloTcs IapaMeTphl
CKOpPOCTH 3ByKa B BOTHOM cpele, M3MEpPeHHBIE Ha
CTAaHLMSIX B Xome peiica. 3aTeM, IIOCIe COXpaHEHUS
JMAHHBIX HA HOCUTEJIE, IIPOMCXOIUT PydHasI ITocTo0pa-
0oTKa matepuanoB onepatopoM. OTceB U ynajieHue
JIydeil, JaHHbIe KOTOPBIX BBHIVISIAST OIIMOOYHBIMU
WJIA HETOYHBIMM, IPOUCXOAUT SKCITEPTHBIM METOIOM.
B oTmenpHBIX Clly4asix, TIpM HEKOPpPEKTHOI paboTe
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HEKOTOPHIX IIPHOOPOB (HAPYIIIEHHON CTaOMIM3aLI
TMpOKOMIIaca Mpy IITOPMOBOM Torofae u T. I1.) WU
IPYTYIX IIPOrPpaMMHBIX OIIMOKAaX B JAHHBIX, HA CTAIUN
koHBepTauuu LIMP u3 nepsuuHoro copmara B pop-
Mar .asc, IIPUMEHSIIOTCS IIPOrpaMMHEBIE HACTPOKH
JUTS1 UICTIPABJIEHUST UCKPUBJICHUI, HEBSI30K U T. M. [T
noctpoeHus1 pesyabtupytomiein IIMP, mnpuromHoit
J1s1 00paboTKM U e pupoBaHus 00po3ad, U3 UC-
XomHOTo (paiina 3amaloTCsl HACTPOMKU pa3pellIeHUsT
(LIMP B maHHOM clTy4yae CTPOMIIMCH C Pa3MEPOM ITHK-
censt 10 % 10 m), cnocoba ocpeqHeHWs JAaHHBIX U Ha-
CTpOIKM oToOpaxkeHMs1. Takum oOpa3oMm, pe3ysib-
tupytowmasg [IMP (puc. 2) umeet paspelieHue 10 m
B 1utaHe u oT 0.1 7o 1.0 M 110 TIYOMHE, YTO CUJTBHO 3a-
BUCUT OT ITOTOTHBIX YCJIOBUIA.

Bcero B xone paboThI Hall MCXOMHBIMU TaHHBIMU
ObI10 00paboTaHo 0K0J10 4460 KM i 2400 MOpCKUX
MUJIb cbeMKH THa Kapckoro Mmopst Ha riryonHax ot 10
1o 380 m. IIImprHa MoJI0CH CheMKHU 3aBUCUT OT TIIy-
ounbl n coctasnsier ot 50 o 1200 M. ITo xapakTepy
MOJTYYeHHBIX JAHHBIX CheMKa JEJUTCS Ha IUIOIIAMI-
HyI0 (TIOJINTOHBI) Y TPAH3UTHYIO (BIOJIH ONMHOYHOTO
rajca), COeAMHSIONIYIO TTOJIMTOHBI. Bce pe3ynbraTh
ChEMKU B IIpelesiax pailoHa M3ydeHus ObUIM pasie-
JieHbl Ha 30 oTpe3KoB, U3 KOTOPhIX 13 ObUIM TOJU-
roHamu, a 17 — tpanzutamu. IIpoTSKEHHOCTh TPaH-
3UTHOUM CheMKM 0e3 ydeTra pabOThI Ha IOJUTOHAX
cocraBuia okoio 2500 kM (1350 MOpPCKIX MIITB).

IIpu nemmdpupoBanuu B cpeae ArcMap 10.2
HCIIONB30BaJach CIIEOYIONIasl IT0CIeI0BaTEeIbHOCTD
nevictBuil. beut co3man weiin-gaiin (.shp) ¢ arpudy-
TUBHOM TaOJMIIEH CO CTOJIOIIAMM: HOMEp, IIUPHHA,
mIyOuHa, Auana3oH rimyouHsl Mopsi. 1o kaxnomy u3
OTPE3KOB ChEMKU IIPOBOAMIICS IOCIEIOBATEIbHBIN
ocMoTp LIMP Ha npeameT Hanu4us JieT0BO-3K3apa-
LIMOHHBIX opM penbeda. BoineneHHble OpMBI 3a-
HOCWJIUCh B CO3MaHHLIN 1ein-daina. Ilocae sToro
MIPOU3BOAIINCH 3aMePhI IINPUHEI Y TIIyOUHBI KPYII-
HBIX popM. [1pu 3TOM M3HAYATBEHO K KPYITHBIM (pop-
MaM ObLIM OTHECEHHI Bce rimyouHoi 6osee 1.0 M, HO
B mpoliecce aeicprupoBaHus ObUIO BBISIBICHO, YTO
WX KOJIMYECTBO cocTaBisieT 6obie 60% oT Beex 60-
po3n, ¥ KpuTepuii 06T TToBbIIIeH 10 1.5 M. Ilpu 3a-
Mepax IIMPUHBI U TIIyOMHEI MCITOIh30BajIach CIIemy-
foias Texnuka. @opMa BU3yaJlbHO OCMATPUBAIACh
Ha [IMP, BeIOUpaIKCh XapaKTepHbIe MecTa s Mo-
CTpPOSHHUs TOIepeuHbIX Ipoduieil. B 3aBucumoctu
OT JJIMHEI CETMEHTa OOPO3/Ibl, MOMABIIETO B IIpele-
JIBI CBEMKH, CTPOMIIOCH OT 2 10 15—20 momnepeyHbIx
npoduIeii, ¢ LeIbI0 BEISIBICHUS HanboJiee TIyOoKIX
MecT B 6opo3ne. B atpubyTuBHYI0 TaOIUILYy 3aHOCH-
Jlach He CpedHssl, a MakcuMajbHas TiyouHa. [y-
O1Ha ompenelsiach ClIeayomnM odpa3oM. Tak Kak
OCHOBHOI1 1IEJIbIO SIBJISIETCSI BBISIBJICHUE MaKCHUMallb-
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Puc. 2. TIpumep LIMP ¢ BBICOKOI TJIOTHOCTHIO OOpPO3[T
(yyacTok 2, rosioxeHue cM. Ha puc. 1).

HOro Bpe3a OTHOCUTEIbHO (DOHOBOM IMOBEPXHOCTH,
HaJl KOTOPOi1 BO3BBIIIAIOTCS BaJIMKI OOKOBOT'O OTBa-
J1a, obpaMIISIIONIX 00po3abl (OOPTUKU OOBAJIOBKM),
TO CHavajia ONpeAesssIuCh COOTBETCTBYIOIINE YPOB-
HH, a 3aTeM Ipou3Boauics 3amep. Ho B 00JIbIIMHCTBE
ciIyd4aeB OOKOBBIC BaJIUKKM HE BBIPAXKCHBI, 1 OIIpEIIe-
JIeH1E YPOBHS (DOHOBOI ITOBEPXHOCTH IIPENCTABIISIET
TPYAHOCTb M3-3a OTPaHMYECHHON INMMPHWHEI ITOJIOCHI
CBEMKMU, Pa3IMIHBIX (opM pebeda gHa (MOPEHHBIX
XOJIMOB, OCaIOYHBIX TP, TIOIICTHNKOBBIX KAHAJIOB
W Jp.) WIN HEPaBUIHHOU (POPMBI CaMOil OOPO3IHL.
IToBepxHOCTb 3a4acTyI0 00J1a7aeT OONbIINM KOJINYE-
CTBOM HEpPOBHOCTEH (0COOEHHO B ClTydae MHTEHCHUB-
HOU “U300pPOXIEHHOCTH ) WIU UMEET TTOCTOSTHHBIN
VKJIOH. B TakoM ciiydae mis ompeneseHus ITyOMHbBI
BBIOMpPAINCH CaMble HU3KME XapaKTepHbIE ITepeTOb
penbeda — OPOBKM 0OPO3M, WJIM BEPIITUHBI MEX00-
PO3IOBEIX TPpsN. DTO MO3BOJISIET OLICHUTH BUIUMYIO
NIyOUHY JICTOBBIX (POPM B CIIydasiX OTCYTCTBUSI YeT-
KOTr0 ypOBHSI (DOHOBOI1 ITOBEPXHOCTH U BBIPAKEHHBIX
OOKOBBIX BaJIMKOB.

Ilocne ompeneneHuss IMUMPUHBI MO TOMNEpeY-
HBIM TIPOQMISIM IIPOBOAWIACH BepU(HMKAIIMS IIH-
punbl o LIMP. B HekoTOphIX ciydasx LIMPHHA,
omnpeneneHHas no IIMP, oriauuanacek ot ompene-
JIEHHOI ITO TIOIEPeYHbIM TTPOGMUIISIM 13-3a TOTO, YTO
0opo31a MOXET ObITh BJIOXEHa B 00Jiee KPYITHYIO OT-
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punarenbHyio GopMmy penbeda, 1 NX COOTHOIISHHUE
JIydllle BUAHO B I1aHe. B arpubyTtuBHYIO TabauIly
3aHOCWINCH IIIMPUHA U TJIyOMHA C OOHOTO CEYCHUS
(ompeneneHHbIE TeM WM WHBIM CIOCOOOM), a He
MaKCUMAaJIbHbIC, OIpeIeIeHHbIE Ha pPa3HBIX cede-
HUSX. DTO HeNajioch IJISI TOTO, YTOOBI OIPENeIUThb
COOTHOIIIEHNE TIIYOMHBI K IIMPpUHE 0e3 MCKaXKEHUIA.
ITpuopurter umena rayouHa gopm. Ilocie moctpo-
€HMSI TIOTNEepEeYHbIX Mpoduield MPoOBOAMIACH KOp-
PEKTHMpPOBKa: HEKOTOphble OOpO3dbl OKa3bIBaIUCh
HEBBIPAXKCHHBIMM WJIM TPU3HABAIUCH OILIMOOYHO
BBIIEJIEHHBIMU, OPYTME NEMOHCTPUPOBAIM HEIK3a-
PALIMOHHBIN T€HE3UC U UCKIIOYAINCh 13 BHIOOPKU.
IIpu peranbHOM npocmoTpe LIMP B HEKOTOPHBIX Ci1y-
Yasx Ha 3TOM CTaIVU BBIACIISUIMCH TOIIOIHUTEIbHBIC
0OpOo3Ibl, YIyIIEHHEIE Ha MIPEIbITYIIEH CTaIu.

BriocneactBum  mpoBoAwIach IIOMHTEPBAIbHAS
K1accupuKanys TIyOMH BOOJIL MapIIpyTa ChEMKMH,
Ha KOTOPBIX pPacrojarajrch 00po3abl BEITAXUBAHUSI.
IIMP Obl1u niocsiegoBaTeIbHO pa3ouTsl Ha 20-MeTpo-
BbI€ AWAIa30HbBI, 3HAYEHUsI KOTOPHIX OBUIM IIPHUCBOE-
HbI TTOTTAAAIOIIMM B HIX O0PO3IaM 1 3aHECEHBI B aTPU-
OyTMBHYIO Ta0/M1y. 3aTeM MPU MOMOIIM CIIELUAIBHO
HaIMCcaHHOTO CKpUIITa Uil KoHcoau Python B cpene
QGIS3.6 6bUM OmpenesieHbl HaIlpaBieHUs (OpUeH-
TUPOBKA) OOPO3J1, BHIYMCISIEMbIC KaK HallpaBJieHUE
JIMHUY, COSAMHSIONIE Hayalo U KOHell AeInbpupy-
MO yacTu 60pO3/bl, COCTOSILIEH 13 HECKOIbKUX CET-
MEHTOB, WIX KaK HaIpaBJieHe OOPO3IbI, COCTOSIIIEH
M3 OTHOTO CErMEHTA. DTO COOTBETCTBYET PE3YJIETUPY-
IOIIeMYy BEKTOPY IOBIKCHMUS JISASTHOIO OOpa30BaHMSL.
3HaueHWs MpUBeNeHBI K cerMeHTy oT 0° 1o 180° 1 no-
OaBJieHbI B aTpUOYTUBHYIO Tabauily. JUtrHa 60po3m He
OMpeeNsiach, TaK KakK 00Jiblas 4acTb 00pPO3/1 He Mo~
Majiaja UeJIMKOM B CheMOUYHYIO TI0JI0CYy.

Ha nocnenHem stane ObUIO BBIMOJHEHO palioOHU-
pOBaHME BCETO MapIIpyTa IO IIJIOTHOCTH 00PO3II, BbI-
JieJieH psil ydacTkoB. CBeeHUs O TIPUHAIIEXKHOCTH
00pO31 K TOMY WJIM MHOMY YYacCTKy ObLIN 3aHECEHBI
B aTpMOYTHUBHYIO Ta0IMILy. 3aTeM JaHHbIE U3 aTpUOY-
TUBHOM TaOJMIIbI ObLIM BBITPY:KEHBI U CTaTUCTUYE-
cku oopadotansl B MS Excel. beina momydeHa obmias
oIrcaTreIbHasl CTaTUCTUKA KaK IJIsI BCell BHIOOPKM Jie-
JIOBO-3K3apallMOHHBIX 00PO3I, TaK M CTaTUCTUKA TIO
KaXIOMY BBIIEJICHHOMY paiioHY (YYacTKy) OTIEILHO.

PE3VYJIbTATBI U ObCYXKIAEHUE

Ilo pesyabTaTam aemmcppupoBaHUsS MaTepUATIOB
creMku gHa Kapckoro mopst B 52-m peiice HUC “Aka-
nemuk Hukomnait CtpaxoB” ooHapy:keHo 1319 6oposn
BbIMaxuBaHUs. 546 13 HUX OTHOCSITCSI K KPYITHBIM 00-
po3naM (riryounoit 6omee 1.0—1.5 M), mo JaHHBIM 3a-
MEpPOB IUTyOMHEI ¥ IIMPUHBI KOTOPBIX IIPOBEIECHA CTa-
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TUCTHUYECKasl o0paboTka. TakuM o0pa3oM, KpYITHbIE
©0pOo3Ibl COCTaBIISTIOT OKOJIO 41% OT Beex mermdpu-
poBaHHBIX 60po3n Kapckoro mopst. C ydyeToM cheM-
KU TIOJIMTOHOB TJIOTHOCTb OOpO3II COCTaBMIa OKOJIO
1 6oposnsl Ha 3.3 kM cwemku (0.3 mr./kM). OgHAKO,
Takasl OLIEHKA MOXKET ObITh HE COBCEM OOBEKTUBHOIA,
TaK KaK IOJIMTOHBI BEIOMPAJIMCH TSI CBEMKHU OITpee-
JICHHBIX OOBEKTOB, HAIIPUMED, OABOIHBIX KAHHOHOB,
e AK3apalMOHHbIX 00po31 He ObL10. B TO e Bpemsl,
Ha HEKOTOPHIX IOJIMTOHAX OKa3bIBaJOCh HOBOJILHO
MHOI0 0OpO3M, KOTOphle He ObIIM Obl OTCHSITHI MpU
OOBIYHOM TpaH3UTHOI cheMKe. be3 yuera moJMroHoB
TUIOTHOCTb ©60p031 cocTaBwia OKoyio 1 6opo3abl Ha
1.5 kM Tpan3uTHOM cheMkU (0.67 wt./KkM). [To-Bumn-
MOMY, peajbHasl INIOTHOCTh 0OPO31 HAXOMUTCS TIe-TO
MEXITy 3TUMU 3HAYEHMSIMU 1 COCTaBJISIET 0K0J10 1 60-
posnel Ha 2.1 kM cwemku (0.5 1mT./KM). TLmoTHOCTB
00opo311 HEpaBHOMEPHA 1 OYE€Hb CWJIBHO pa3jidyaeTcs
B 3aBHUCHMOCTM OT KOHKpeTHOro ydactka. CBomHast
TaOMIIa MpPEACTaBIIsIeT CTaTUCTUYECKUE IMapaMeTphl
0opo3n Mo ydJacTkam cheMKu AaHa Kapckoro mopsi.
CpenHue 3HauYeHMST BBIYMCIIEHBI TOJIbKO IT0 JaHHBIM
W3MEPEHHBIX 3HAUEHMIT KPYITHBIX O0pO3M, a He BCex
JempUpoOBaHHBIX 00po3. 3HAYeHUS] MAaKCUMAaTh-
HBIX IJTYOMHBI U IIMPUHBI 00pO3/1 B TA0IMLIE MOTYT OT-
HOCHTBCS K pa3HbIM 00po31aM y4acTKa.

ITo BBIAEIEHHBIM y9acTKaM OOpPO3IbI BHITAXMBA-
HUs paclipeaesieHbl CIeIYIOIM 00pa3oM:

1. Ha yuacmke 1 (puc. 1) BOOAb 10XHOW 4YacTu
IOxHoro octposa Hosoit 3emim Ha riyouHax 125—
200 M 6opo31 HeT.

2. Ha crenyromemM 3a HUM yuacmke 2, pacIoyo-
>KEHHOM BHOJIb cpenHeil yactTu HOxXHOro ocrposa
HoBoit 3emim, HaOmomaeTcs BBICOKAs IUIOTHOCTh
0opo3a — okojio 1 6opo3asl Ha Kaxabie 310 M cheM-
ku (3.2 mT./kM). [TyOrMHaA Ha yd9acTKe COCTaBJISIET
B cpeaHeM okoJsio 120 M (ot 60 mo 220 m). Ha yuact-
K€ HacuuThIBaeTcs 297 KpPYITHBIX 00PO3I, T. €. OKOJIO
1 6opoznbl Ha 0.7 kM (1.4 T./KMm). T1py 3TOM Ha ABYX
oTpe3kax ¢ rimyomHamu 150—200 M oHM He BCcTpeya-
1oTcs. MakcruMainbHasl TJIOTHOCTh 0Opo3I B CeBep-
HOI1 YaCT! yJacTKa JOCTUTAeT 5.2 IIT./KM.

3. Ha yuacmke 3 ¢ rmyounamu 200—350 M 60opo3n
HET.

4. Yuacmok 4 npuypodyeH K OTHOCUTEILHO 0OJIb-
M rnyouHam (240—320 M), TeM He MeHee OTHOCUT-
cs K y4acTKaM C ITOBBIILIEHHOH IIJIOTHOCTbIO OOPO3II.
B cpennem 1 Goposma BcTpedaeTcsl yepe3 KaxKible
150 M (6.4 1T./KM), IPY 3TOM TIOYTH TTOJIOBMHA 00-
PO3I OTHOCUTCS K KPYITHBIM, B cpeHeM 1 KpymHast
6opo3sna Bcrpeuaercs Kaxapie 330 M (3.0 mT./Km).

5. Yuacmok 5 xapaktepusyeTcsi HU3KOM KOHLIEH-
Tpauuel 6oposn, 1 6opo3ma B cpemHeM Ha 3.8 KM
(0.26 wr./xkMm). TIIOTHOCTH KPYHHBIX OOPO3[ TaKKe
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Ta6mmma 1. XapakTeprcTrKa y9acTKOB ChéMKHU THa Kapckoro mMopst

Cpemuss / Cpenusist / | ITlpeobmna- | Ilnor- Hons
Ne TeorpacduecKoe MONOKeHIe [myounHa | MakcUMab- | MaKCHMaJlb- | JTAIOIIast HOCTh |KPYITHBIX
MODpSI, M | Has IIyOMHa | Hasl IIMpUHA | OpUeHTU- | 6opo3m, | 6opo3,
60po3I, M 60po3I, M pPOBKa LIT/KM %
3arnamgHbIi CKIIOH LIEHTPAJIbHOIO
NonHATH, K B OT 10XHOI1 yacTu
1 IOxHoro octposa Hosoit 3emin, k CB 125-200 - - - 0 -
ot mposmBa Kapckue Bopora
3anagHbIi CKJIOH LIEHTPAJIBHOIO
2 |momHaATH, K B oT cpenHeit n ceBepHoit | 60—220 % TT65 [%%]_3 32 42
yacreii FOxxHoro octpoBa HoBoit 3emmu )
BocTtouHslii 60pT
3 | Boctouno-HoBo3zeMmenbckoro xenoba, |200—350 — — — 0 —
K B ot nmponuBa Maroukun [Hap
BocTtouHsblii 60pT
4 BOCTquo—H(3B03eMenLCKOr0 xenoba 240—320 2.2 54.3 C-10 6.4 47
K B ot 10:xxHoi1 yact CeBepHOTO 4.6 102
octpoBa HoBoit 3emnu
Ot Bocrouno-HoBo3zeMenbckoro 2.9 70.1 CC3-
> xenoba 1o otMenu K C ot o. benblii 15-280 7.0 171.0 IOIOB 0.26 43
6 |K 3 oro. benbrit 50—60 — — — 0 —
7 CeBepHblii ckiloH [TyxyuyaHcKoi 60—110 2.2 74.5 C-10 15 31
BIaJuHBI, K 3 OT ceBepHOro Amana 5.9 148.0
8 | K 3 or ceBepHoro fImana 40-70 — — — 0 —
3ananHblit cki1oH [TyxydaHckoii 23 64.3
9 BIIAAWHLI, K 3 OT cpenHero SIMana 60140 4.6 130.0 BCB-3103 39 49
10 | K 3 ot 0-BoB IllapamoBsr Komiku 35—-100 — — — 0 —
1 BaﬁﬂapauKuaH ry0a U Ipuieraionme 10—40 2.0 40.8 C3-I0B 0.5 6
JOXKHBIE paiiOHbI 2.5 55.0
12 | Booabs FOropckoro mmonyoctposa 25-200 — — C3-10B 0.05 0
13 | Boosb o. Baitrau 75—200 — — 3-B <0.01 0

HIKE U COCTaBJIsIeT 0K0J10 1 60po3mbl Ha 9 km (0. 1 111T. /
kM). Ha yyacTke BcTpeuaroTcsl camble pa3Hble TITyOu-
HEI (ot 15 10 280 M), HO HanbOIIBIIAS TNIOTHOCTH 00-
po3a npuypoudeHa K riryorHam 30—40 m.

6. Yuacmox 6 ¢ rnyomnamu 50—60 M K 3amany ot
0. benoro xapakrepusyeTcst OTCyTCTBUEM OOPO3.

7. 3aTeM Ha HeOOJBILIOM yuacmke 7 ITUHOU 55 KM
¢ rmyonHamu 60—110 M HabTI0Ma€TCS BRICOKAS TUIOT-
HOCTh 00p031 — okoJio 1 60po3asl Ha 650 M CheMKH
(1.5 mt./xkM). KpyriHbie 60po3abl BCTPEYaloTCsl KaxK-
nbie 2 kM (0.5 mT./Km).

8. Hayuacmie 8 c rmyonnamu 40—70 M 60po3[ HeT.

9. Ha yuacmke 9 ¢ tnyonnamu 60—140 M memmmd-
PUPOBAHO MHOXECTBO 60p031, MPUIEM MaKCUMalb-
Has TUIOTHOCTB HabmogaeTcs Ha myomnHax 80—110 m
B cepelrHe yyacTKa 1 nocturaer 1 6opo3abl Ha 250 M
cheMku (3.9 mr./kM). B Havane u KoHile y4yacTka
TUIOTHOCTB COCTaBJIsIeT 0KoJio 1 6opo3asl Ha 1.4 Km
(0.7 wrt./km). MakcumaibHasi TUIOTHOCTb KPYITHBIX
00opo311 Ha yJacTKe COCTaBJIsSIeT OKOJIOo 1 6Opo3abl Ha
450 M (2.2 iT./KM).

10. Yuacmoxk 10 c rmyoumHamu 35—100 M xapakTe-
pu3yeTCcst OTCYTCTBUEM OOPO3I.

11. B baiimapauxoii ryde (yuacmox 11) 60po3nbl
pacripefiesieHbl HepaBHOMEPHO, €CTh YJ4aCTKHU C TIy-
ounamu 20—25 M coBceM 0e3 6oposa. Ha Bxoje B ry0y
0opo3npl 0OHapYKeHBI Ha TIyonHax 25—32 M, TIoT-
HOCTB COCTaBJIsIeT 0KOJI0 1 60po3abl Ha 3 kM (0.3 mmT./
KM). MakcuMalibHas TIJIOTHOCTh HaOJTI0IaeTes B IIeH-
TpaJIbHOM YacTU I'yObl M1 COCTaBJISIET OKOJIO 1 00p0o3abl
Ha 2 kM cweMmku (0.5 mr./km). B baiimapaiikoii ryoe
3a(pMKCUPOBAHO BCEro 4 KPYITHBIX OOPO3/bI.

12. Yuacmox 12 Bmonw ceBepHoro o6epera FOrop-
CKOTO TIOJIyOCTpOBa XapaKTepu3yeTcsl KpailHe HU3-
KOl KOHLIeHTpalueid 60po3/ BbITaXUBaHUS — OKOJIO
1 Ha 21.5 xMm (0.05 wt./xkm). [1yOuHBI 3mech mocTe-
MEHHO YBEJIMUMBAIOTCS C IOTO-BOCTOKA Ha CEBEPO-3a-
nan ¢ 25 no 200 m.

13. Ha yuacmke 13 Boons o. Baiirau ¢ riryonHaMu
75—200 M 3acdukcupoBaHa ogHa 6opo3aa. OHa pac-
rnosaraeTcsl B KOHIIe yyacTka, K B ot nipoj. Kapckue
Bopota. TeM He MeHee y4acTOK Ha cXeMe OTMEYeH

OKEAHOJIOTHSA Ttom64 Ne3 2024
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KaK C OTCYTICTBHEM 0OOpO3I, TaK KaK IPaKTUIECKU
Ha BCEM €ro IpOTSKEHUM OOpO3dbl OTCYTCTBYIOT,
a eMMHCTBEHHAsI 00p0o3/1a He OTHOCUTCS K KPYITHBIM.
KpymnHbie 60po3nbl Ha MOCIEIHUX yd4acTKax BOOOIIe
He 0OHapyKEeHHI.

Kak yxe roBopuiaoch, KpymHbIE OOPO3AbI CO-
cTaBIsIOT 0K0JI0 41% ot Becex 60po3a. B neHTpasb-
HOM 1 CEBEPHOM YaCTSIX pacCMaTpuBacMOro pailoHa
(yyactku 2, 4, 5, 7, 9) KpyIHble 00pPO31bI COCTABIISIIOT
42—49%, TONBKO Ha y4acTKe 7 KOHIEHTpALIUSI HU-
xe — 31%. A B 10XHOI1 yacTu (yyacTku 11—13) kpyr-
Hble 00pO3Mbl MPAKTUYECKU OTCYTCTBYIOT, UX BCETO
4 Ha TpU yyacTKa, 4YTO COCTaBJISIET Bcero 6%.

Takum obOpazom, eciu paccMaTpuBaTh UCCIE-
JMIOBAaHHYIO IOTO-3amagHylo 4yacTb Kapckoro mops,
HauOOoJIbllIasl IIOTHOCTh O00pOo3d IpUypoYeHa K ee
LIEHTpaJbHOI yacThu. Mbl cuMTaeM HCCleIOBaHHbIE
0opo3dbI cliemaMy BO3ISUCTBUS Ha JHO aiicOepros,
a HE TOPOCHUCTBIX JIEASIHBIX 0Opa30BaHUM, COCTOSI-
WX M3 MOpPCKOro jbaa. OCHOBHOM MPUIMHON SIB-
JIgeTcsd TayOuMHa, Ha KOTOPOW OHM OOHApYyXKEHBI.
MakcumanbHasl TJyOMHA BO3OEUCTBUSI COBPEMEH-
HBIX JIEASHBIX TOPOCUCTBIX 00Opa30oBaHUIA Ha THO HE
npeBbIlIaeT 26 M [18], TakuM obpaszoMm, gaxe ¢ yde-
TOM M3MEHEHUs YPOBHS Mops [7], Ha OOJIBIIMHCTBE
YYacTKOB B3aMMOIEMCTBOBATb C JTHOM MOTYT JIWIIb
aiicoepru [12]. ITouTu Bce M3ydeHHbIE Y4aCTKM HAXO-
IATCS B OTHAJICHUU OT O€peroBOi 30HbI, T TOPOCHI
BCTpeyvaroTcs pexe. VICKIoYeHreM SBISIIOTCS JIUIIb
06opo3nbl B baiigapaiikoii ryde, HO 110 psiay Mopdo-
JIOTUYECKUX ITPU3HAKOB (IJIOCKOE THO, OPUEHTUPOB-
Ka 1 IIp.) KPYITHbIE 00PO3IBI 31eCh TAKKE MOXHO OT-
HECTU CKOpee K aiicOeproBbIM.

Yuyactku ¢ OoNblION KOHLEHTpalueir 0opo3n
MepeMexarTcsl yJacTKaMu, Ha KOTOPbIX MX COBCEM
HET. DTO MOXeT OBbITh CBSI3aHO KaK C HaIlpaBJICHM-
sIMM Jpeficha aiicOeproB, KOTOphIE PEIKO MOMNanaT
B IOXKHYIO 9aCcTh paifOHa MCCIICAOBAHUS M IIPOXOISIT
HaJll CeBEPHOI YacThlO, HE 3a7eBasi THO Ha OOJIbIINX
nIyOMHAX, TaK W C JIOKAJbHBIMU yCIOBUSIMU. B 3a-
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MagHOM YacTW MapllpyTra OOpo3nbl IMPaKTUIECKU
HE BCTpeyaloTcs Ha DiyomHax Oojiblie 125 M, mpu
3TOM HauOOJIbIlIasl IJIOTHOCTDb IPUXOAUTCS Ha LIIy-
ounbl 90—120 M. B BocTouHO# yacTu 60pO3abI HE
BcTpeyaroTcs Ha rimyomHax 40—70 M, mpu 3TOM Ha
ryouHsl 70—125 M npuxoauTcsl HAMOObIIAs TI0T-
HocTh. B Balimapaiikoiit rybe mcciemoBaHHbEIE O0PO3-
Ibl TIpUypouYeHbl K rayouHam 10—40 m. Pacnipenene-
HUe 60po3a nmo 20-MeTpoBBIM IMAaIla30HaM TITyOUH
B M3y4eHHOM palioHe mpelacraBieHo Ha puc. 3. He-
OosbIION MUK HabmogaeTcd Ha rryoumHax 20—40 m
M OTHOCHUTCS K I0TO-BOCTOYHOM YacTH M3Y4EHHOTO
paitona (baiimapankas ryba u mpuieraiomuie 9acTi
Kapckoro Mops). bonbiiiasg yacte 60po3a pacroJa-
raercg Ha nyonHax 60—160 M — 310 93% KpymHHBIX
6opo3n u 87% ot Becex 6opo3a. [1pu 3ToM B MHTEpBa
ryouH 80—100 M nonanaroT 45% KpynHbIX U 39%
Bcex Ooposn. Ilpu pacdere OTHOCHTEIBHOU ILIOT-
HOCTH 00pO31I Ha KM CheMKU OCHOBHOM MK TaKXKe
npuypodeH K uHtepBaiy 80—100 m (puc. 3). Jomon-
HUTENBbHBIN MUK Ha ryonHax 260—300 M oObsICHS-
€TCSI MaJIoi TMPOTSLKEHHOCTBIO YYaCTKOB C TaKUMM
nIyOMHAMM, Ha KOTOPBIE IIPUILIOCH 3HAYUTEIHLHOE
KoJ4yecTBOo 0opo3n. CpenHsisi TiyOMHA, HAa KOTO-
poii obHapyxXeHBI 60opo3asl — 108 M. Pacmpenene-
HUe 00pOo3[ MO TITyouHe 0JM3KO0 K JOTHOPMAaTbHOMY
(puc. 4). 3aBUCUMOCTY MEXIy IIIyOMHOI, Ha KOTO-
poit oOHapyXeHbl 00pO3abl, U UX MOpgdOMeTpUIe-
CKVIMM MTapaMeTpaMM CJIOXHBI 1 TTOAPOOHO OICAHBI
B [10]. B oO1iem ciyyae ux MOXHO oXapaKTepu3o-
BaTh KaK yBEJIMUYCHNE pa3MepoB 00po31 ¢ IIyOMHOM
MPY UCTOPUIECKOM M3MEHEHUH YPOBHS MOPSI.

ITo Bcelt uccnemoBaHHOl akBaTopuu Kapckoro
MOpsI TJIyOMHA KPYIHBIX 00pO31, [/ KOTOPBIX IIPO-
BelleHbI 3aMephbl, focTuraeT 9.4 M. I1pu aToM cpenHsist
rIyouHa cocrtaBisieT 2.4 M (MeguaHHOe 3HaUYeHUe —
2.2 M); rmyouHa 97 % 6oposn He TipeBbIaeT 5 M, 50%
0opo3n nmeroT TyonHy no 2 M. I'myouHy Oosee 5 M
uMeloT vk 11 6oposa. IlpennoaoxXuTenbHo, He-
KOTOphIE M3 HUX MMEIOT HEe YMCTO 2K3apallliOHHOE
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Puc. 3. Pacripenenenue (cieBa) U OTHOCHUTEIbHAS TDIOTHOCTh (CITpaBa) 60po3/ BhIMaxuBaHUs 110 20-MeTpOBBIM IMara3oHaM
r1youH. YepHbIM — Bce 00p0o3/1bl, OeJIBIM — KPYITHbIE O0PO3/bI.
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Pacnipenenenue riayOuHBI Pacnipenenenue 1mmpuHbI
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Puc. 4. PacnipeaeneHue 3Ha4eHUI TyOMHBI M LIUPUHBI 00PO3]1 BbINaXUBAHUS

MPOMCXOXACHUE, a TOAPadbOTaHbl TMOCIEAYIOIIUMU
3PO3MOHHBIMM TIPOLIECCAMU, YTO MOIVIO YBEIUYUTH
WX W3HavYalbHylO TyouHy. Camble TiyOooKue 00-
po3mbl TIPUYpPOYEHBI K parioHy oim3 HoBoit 3emin
(yyacTok 2), HO TakxKe riyookue (1o 7.4 M) 60po3abl
BCTPEYAIOTCS M B CEBEPHOM YacTU MCCIEIO0BAHHOIO
paifoHa (yyactok 5). Ha mocnenHeMm ydyacTke HaOJt0-
JlaeTCsl HauOOoJIblllasi CpeaHsIsl TIIyOuHA Cpeaur BCeX —
2.9 M. HanmeHee rimy0okue OOpo3mbl MTPUYpPOYECHBI
K baiipapaiikoii ryde u ripuieraroiieii 1o>)kHOi 4acTu
Kapckoro Mopsi, Hau0OoJibIIas rTyorHa 31eCh JOCTU-
raet 2.5 M, cpemassa — 2.0 M. Takoe pacrpenencHue
MOXHO OOBSICHUTD OJIM30CTHIO YYAaCTKOB 2 1 5 K paii-
OHaM aiicOeprooOpa3oBaHUs M MX PaCHOIOXECHUEM
Ha nyTy apeiida [12] u ynaieHHOCTbIO OT HuX bari-
JlapalKoii Tyobl.

IIIupuxa Goposn konebnercs oT 23 no 476 M
M B CPEIHEM COCTaBIISIeT 74 M (MeIMaHHOE 3HAYECHHE
68 M). 98% 6opo3n MMeroT UpuHY MeHee 160 M,

=75.0 m

3

=715 ™

—80.0 Mm—

—82.5 M

87% — menee 100 M. B mprHOBO3eMeILCKOM paiio-
He 60pO3IbI HEe TOJILKO CaMble IIIyOOKKe, HO U CaMbIe
mpokue. CpeaHsis IupuHa cocTaBiisieT 81.5 M, Tor-
Jla KaK Ha IPYTMX y4acTKaX OHA B CpeIHEM MUHUMYM
Ha 7 M MeHbIIe. Ha oTHOCUTETEHO TTyOOKOBOJHOM
ydacTke 4 60po3abl UMEIOT HEOOJbIIYIO IIUPUHY —
1o 102 M (B cpenHeMm — 54 m). B 1oxxHo# yacTi mc-
CJeMOBAaHHOTO paiioHa OOpPO3IBl HAaUMeHee IIMMpPO-
Kkue — 10 55 M (B cpenHeM — 41 m). Pacripenenenue
BEJIMYMH OJIM3KO K JJOTHOpMaabHOMY (puc. 4). OTHO-
IIeHNe TITyOUHBI 6OPO3/LI K €€ IMNPUHE He MOKa3hbI-
BaeT KaKOM-JIM0O0 3aBUCMMOCTU MEXIY STUMU BeJU-
ypHaMmu. OHo Koseonercs ot 1:8 o 1:207. B cpeqaem
n1youHa 00p03abl OTHOCUTCH K €€ IIUpPUHE Kak 1:33,
97% yxnaabiBaioTcs B oTHomeHue 1:10—1:70.
®dopma momepeyHoro Tpoduid  6OpoO3n
U-o6pasHas (puc. 5) unu V-obpasHas (puc. 6), pe-
Ke — 1mKoodpaszHas (puc. 7) unu W-obpaszHasi. [1pe-
001a1a10T eAUHUYHBIE OOPO3/bl, PEIKO BCTPEUarOTCS

—85.0 M—

—87.5m

=90.0 m

125 m

625 M

375 M

Puc. 5. [TnaHoBbIii BUI M ToniepevHbIi mpoduiib yepe3 U-ob6pa3Hylo 60po3my K BOCTOKY OT cpemHero fMana (yJacToxk 9,

MOJIOXEeHUE CM. Ha puc. 1).
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Puc. 7. [1naHoBebIi Bua rpedeHKr U3 1Byx 00po3n B batinapaiikoii ryoe (yyactox 11, rosoxeHue cM. Ha puc. 1), oaHa U3 KOTo-
phIX (Ha Ipouiie — cieBa) NUMeeT AIMKOOOPa3HbIA MOMePeYHbIN TPOMPIIIb.

rpedeHKN mapajuieJIbHbIX 00po3d. bokoBble BaTuku
yarie BCero He BhIPaXKEHbI, HO €CTh OOPO3IbI C BaJv-
Kamu BbIcoTOI Oosiee 1 M (puc. 7).

OCHOBHBIM HampaBjieHWeM O00po31 BbIMaXUBa-
HMS B 1oro-3arnamHoii yactu Kapckoro mopsi sIBjsi-
eTcsd CyOMepUAMOHAIBbHOE, OCOOEHHO CWJIBHO 3TO
BBIpAKEHO IJIT KPYITHBIX O0opo3n (puc. 8). [pyroit
BBIPAXKEHHBIN MUK HaMpaBIeHU OOpo3d — CyOIm-
potHbIiA. OgHAKO, 3TU HAIpaBJICHUS HE SIBIISIIOTCS
TOABJISIONIMMI, MHOXECTBO 00PO3/1 MMEIOT MpoMe-
>KYTOYHbIC a3UMYTHI, U, B LIEJIOM, B 3TOM KOMITOHEHTE
pacrpenesieHbl J0BOJbHO PAaBHOMEPHO. 3aBUCHMOCTH
MEXIy HamnpapIeHHueM 6Opo3I U UX CTaTUCTUYECCKU-
MU napameTpamu (TIyOUHOMR, INIMPUHON U IITyOUHOI
Ne3 2024
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MopsI) He BeIsIBIeHO. Kak 1mpaBmiio, 60po3asl UMEIOT
HECKOJIbKO CETMEHTOB C Pa3IMYHBIMM HaPaBIeHUS -
MM, pexXe IIaBHO u3rubarorcs. CyllecTBeHHAs 4acTh
00opo3n npsMoJiMHeliHast. bopo3abl MEHSIOT Harpas-
JICHHE Ha YToJI OT HECKOJILKMX TpamycoB ao 150—160°.

OnHako, Ha pa3HBIX yYacTKax (B pa3HbIX pailoHaXx)
HaImpaBJIieHHsI 00pO3[ 3aMETHO OTIMJaroTCs (puc. 9).
Tak, Ha yyacTke 2 6113 HoBoii 3eMiri OHU UMEIOT ITpe-
nmytiectBeHHylo CC3—IOKOB opmenTupoBky. Ha
cocenHeM 4 yyactke C—HO opueHTHMpOBKa AOMOJIHSI-
€TCSI CYILIECTBEHHBIM 110 KoymmdecTBy 6opo3n C3—1HOB
HarpasieHueM, Toraa Kak CC3—HK OB 3nauntensHo
MeHbIlle. Bce 3TH HampapieHUSI IPUMEPHO COOTBET-
CTBYIOT a3UMYTaM YYaCTKOB ITO OTHOIICHUIO K OCHOB-
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HBIM UICTOUHMKaM 00pa3oBaHuUs aiicoeproB. Ha yuact-
Ke 5 K BHIIIIeYKa3aHHBIM HaIIpaBICHUSIM J00aBIISICTCS
CCB-IOIO3. bopo3abl ¢ TaKUM HarpaBJIeHUEM MO-
TYT OBITb OCTaBJIEHBI alicOepraMu, MOAXBaTbIBAEMbIMU
SAManbCKUM TeYEHUEM, KOTOPOE B 3TOM pailoHe hMe-
€T TIPYMEPHO TaKyl0 OpHMEHTUPOBKY. OpHUEeHTUPOBKA
0opo3a Ha yyacTKe 7 cyOMepUAMOHAaIbHAs, ¢ HeOOJIb-
M ykiioHoM Ha CC3—IOKOB, uTo cxoxe ¢ ydact-
KoM 2. Ha maHHOM yJacTke 60po3/bl HAauOoJIee YETKO
COPUEHTUPOBAHbBI B OJHOM HarpaBIeHUM. YUUTHIBast
reorpapuyeckoe IOJOXEHWE YJyacTKa U OPUEHTH-
POBKY 00pO3I1 Ha COCEIHUX yJacTKaX, Takas KapTUHa
BBIIJISIIUT HE COBCEM OXHIAAeMO. YJacToK 9 nemMoH-
CTPUPYET IBa OCHOBHBIX HarpasieHus boposn: CC3—
I0I0B n BCB—-3103. BepogTHo, Ha JaHHOM ydJacT-
Ke TIPOMCXOAMI0 M3MEeHEeHNe HampaBlIeHU apetiida
aiicoeproB, CBsSI3aHHOE CO BCTpedell 31ech MEHSIO-
mero HampapiaeHne Bocrouno-HoBo3eMeasckoro
u SImanbckoro TedueHuit. Ha yuactkax B bailimapaiikoi
ryoe u Boojb O6epera FOropckoro monyocTpoBa Ha-
TpaBieHrsT 60PO31 COOTBETCTBYIOT OCHOBHOMY TpPO-
CTYpaHUIO TYObI U JIMHUM Oepera.

BbIBO/JIbI

ITo pesynabTaTam MCClIeqOBaHUSI MOXHO CHeNaTh
caeayolre BeIBoAbl. MakcruMasbHbIE pa3Mephl 00-
pO31 YMEHBIIAIOTCS 10 Mepe yAaJleHUsI OT UCTOY-
HUKOB aticoeproodpazoBanus ¢ C3 Ha HOB. 3a uc-
KJII0YEeHMEeM yJacTKa HaIIpOTUB ceBepHoro SImarna,
OPUEHTHUPOBKA OOPO3 B LIEJIOM COOTHOCHUTCS C OC-
HOBHBIMM HampaBJIecHUSIMM Jnpeiida aiicoepros.
CpenHue BeIMIMHBI TJTyOMHBI 00PO31I BRIITAXUBAHUS
10 y4JacTKaM MCCJIemoBaHHOIO paitoHa Kapckoro
MOps pa3IndaeTcs He3HaunTeIbHO — oT 2.0 1o 2.9 M
(xoadpdumenT Bapuaumu 0.40), Kak W CpemHsIsI
muprHa — ot 41 1o 82 M (ko3 ULIMEHT BapUallun
0.44). Tonst KpymHbIX 00pPO31 TaKKe He3HAYWTE/b-
HO BapbUpYeT, U B CEBEPHOI YaCTH HEMHOI'O MEHb-
e, yeM B LeHTpaiabHoi (31% mnportus 42—49%),
Y 3HAYMTEJIBHO MEHBIIIE B 103KHOM (6%). Ecn oTcyT-
cTBUE 00po3n Ha rryorHax 125—350 M (yuactku 1, 3
U 13) u3-3a CIUIIKOM OONBIINX TJIYOUH U Ha TIyOu-
Hax 35—125 M B 1oxxHoM yactu (ygactku 10, 13) n3-3a
yIAJIEHHOCTU OXUIAEMO, TO OTCYTCTBME OOpo31d Ha
rnyouHax 40—70 M B LIeHTpaJIbHOM YaCTU U3y4eHHO-
ro paitoHa (y4acTok 8) MOXXHO CYMTATh HEOXUIAH-
HbeIM. TakKe He 10 KOHIIa OOBSICHUMO TO, YTO TaKUe
YYaCTKH COCEICTBYIOT C y9aCTKAMU C BBICOKOI ILTOT-
HOCTBIO 0€3 KAaKMX-TO BBIPAXKECHHBIX IMEPEXOTHBIX
YYacTKOB CO CpeIHEe! ILUTOTHOCTBIO. BeposTHO, 3TO
MOXeT OBITh CBSI3aHO C 3aTPYOIHEHHBIMHU YCIOBHSI-
MM IIPOHUKHOBEHHMS alicoeproB ¢ KuisiMu 40—70 m
u 6osee B [lyxydaHCKyI0 BHAIMHY IIPY COBPEMEHHOM
YPOBHE MOpPsI (M30JIMPOBAHHBIN H6acceitH, BOCTOUHAsI

OKEAHOJIOTHUA Ttom64 Ne3 2024

AKCIo3uLys THa). bopo3nbl Ha yaacTke 4 oOHapyxKe-
HBI Ha 6onbInmx riryonHax (240—320 M), 4TO TOBOPUT
00 UX PEeJMKTOBOM XapakTepe. OcTajibHble 0OPO3-
Jbl pacroJjiaralorcd Ha riayormHax a0 220 M U MOIJu
chopMupoBaThCS KaK IIPM COBPEMEHHOM YpPOBHE
Mops (0—5000 1. H.), Tak ¥ TIpu OoJiee HU3KOM YPOB-
He Mop# (B MociiesefHuKoBoe BpeMsi) [12]. B ciyyae,
ecau B akBatopuio IlyxydaHcKoii BIIaguHbI IIpU CO-
BPEMEHHOM YPOBHE MOpPSI NEMCTBUTENBHO 3aTPyIHE-
HO TIPOHMKHOBEHHUE aiicoeproB ¢ kuassmu 40—70 M
U 0ojee, To Ha r1youHe 6osee 70 M 3mech (Y4acTKHU
7 1 9) pacronaralorcsi TOJIbKO pEIMKTOBBIE OOPO3IHI,
chopMuUpoBaBILIMECS IPU YPOBHE MOPST HIXE COBpE-
MEHHOro He Gojiee yeM Ha 60 M. Bricokass Makcu-
MaJlbHasI TIyorHa 60po3n (o 9.4 M) SIBIsSeTCS HEOo-
XUJaHHBIM pe3ynbTaToM. OHAKO He BCeraa MpocTo
CYOUTh O TIPOMCXOXICHUM OTpULATeNIbHON (op-
MBI pelibeda TOJIBKO II0 IOIABIIEH B Y3KYIO IIOJIOCY
ChEMKH YacTH, U, KaK YK€ rOBOPUIOCh, OHU MOTYT
MMETh CMEIIaHHBINA TeHe3uc. 3a PeIKUM MCKITIoYe-
HUEM, TIPaKTUISCKU BCe OOPO3IBl eAMHUYIHEIE, TPe-
OeHKU 00pO31 BCTPEYaroTCs KpaiiHe peako. DTo ro-
BOPUT O MpeodiagaHuM OJHOKWJIEBBIX aiicOeproB
B peruoHe. [lpemcraBieHHBIE Pe3yabTaTbl TOBOPSIT
O BBICOKOI AaKTMBHOCTH JIEAOBO-3K3apalliOHHBIX
TPOLIECCOB B 10ro-3amnamHoil yactu Kapckoro mops
Tocjie OKOHYAHUS TTO3AHEIIeICTOLIEHOBOTO OJiee-
HEHHUSI, OMHAKO pestbeoo0pas3yIoIyio pojIb UMEHHO
COBPEMEHHBIX aiicOeproB ellle MPeICTOUT OLIEHUTb.

BbaaronapuocTi. ABTOpBI BbIpaXaroT Ojaromap-
HOCTB PYKOBOJICTBY 1 ydacTHMKaM 52-ro peiica HUC
“AkanemMuk Huxomait CtpaxoB” 3a BO3MOXHOCTb
MPOBEACHUS UCCIIETOBAHUIA.

Ncrounnku punancupoBanusi. PaboTa BBIIIOIHE-
Ha 3a cyeT rpaHTa Poccuiickoro HaydyHoro (onna
(mmpoexT Ne 21-77-20038, 'MH PAH, https://rscf.ru/
project/21-77-20038/).
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THE MORPHOMETRY OF ICE SCOURS
IN THE SOUTH-WESTERN PART OF THE KARA SEA

S. V. Maznev®P *, O. V. Kokin®P, V. V. Arkhipov*", E. A. Moroz?, A. P. Denisova®",
R. A. Ananiev®, S. L. Nikiforov®, N. O. Sorokhtin®, S. V. Godetskiy?
@ Geological Institute, Russian Academy of Sciences, Moscow, Russia
b Lomonosov Moscow State University, Moscow, Russia
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*e-mail: symaznev@gmail.com

The ice-gouging topography of the southwestern part of the Kara Sea bed is a result of the impact of icebergs
and sea ice. During 52 cruise of the R/V Akademik Nikolaj Strakhov using a multibeam echo sounder we
collected a representative data of key parameters of ice scours (location, orientation, depth, width) for the first
time, which allows us to draw conclusions on a regional scale. We revealed regularities in the distribution of
the ice scours both in space and in depth and their density in different parts of the seabed. It was revealed that
the maximum dimensions of the ice scours decrease with the distance from the sources of iceberg calving from
NW to SE. The orientation of the ice scours correlates with the main drift directions of the icebergs. Most of
the ice scours are located at depths up to 220 m and could have formed both at modern and at lower sea level
(in post-glacial time). We identified a high degree of the seabed transformation by ice-gouging processes in

the southwestern part of the Kara Sea.

Keywords: ice-gouging topography, ice gouge, ploughmark, bottom topography, iceberg, seabed survey
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Abstract—The ice-gouging topography of bed of the southwestern Kara Sea is the result of the impact of ice-
bergs and sea ice. During cruise 52 of the R/V Akademik Nikolaj Strakhov using a multibeam echo sounder,
we collected representative data on the key parameters of ice scours (location, orientation, depth, width) for
the first time, which allows us to draw conclusions on a regional scale. We revealed regularities in the spatial
and temporal distribution of ice scours and their density in different parts of the seabed. It was revealed that
the maximum dimensions of the ice scours decrease with distance from the sources of iceberg calving from
NW to SE. The orientation of the ice scours correlates with the main drift directions of icebergs. Most of the
ice scours are located at depths up to 220 m and could have formed both at the modern and lower sea levels
(in postglacial time). We identified a high degree of seabed transformation by ice-gouging processes in the

southwestern Kara Sea.

Keywords: ice-gouging topography, ice gouges, ploughmarks, bottom topography, icebergs, seabed survey
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INTRODUCTION

Ice-gouging topography is formed via the interac-
tion of drifting ice formations (consisting of sea ice,
glacial ice, or a mix thereof) with the seabed [5, 8]. If
contact with the seabed does not stop the drift of anice
formation, then specific shapes are formed as a result:
scours, also known as ice gouges or plow marks [4].
When drift stops and the ice formation runs aground,
depressions and pressure-ridge pits (stamukhi pits) are
formed.

The study of the ice-gouging topography of the
Arctic shelfis of interest both scientifically, to improve
understanding of the impact of ice formations on the
beds of Arctic seas, and practically. The Arctic region
is considered one of the main future sources of hydro-
carbons and has long been subjected to active eco-
nomic development. Therefore, the study and better
understanding of seabed ice gouging processes, espe-
cially against the backdrop of climate change, has
now become particularly relevant [3]. Polar regions
experience faster climate change than temperate lati-
tudes [9, 20]. It is in these changing conditions that
the active development of such inaccessible territories
will continue. Iceberg and ice hazards are a natural risk
in development of the Arctic shelf and Northern Sea
Route (NSR), which adversely impacts the construc-
tion and operation of structures on the Barents—Kara
shelf and maritime navigation along the NSR [15].
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This article examines the ice-gouging topography
studied during cruise 52 of the R/V Akademik Nikolaj
Strakhov in 2021. The bulk of the materials were
obtained in the southwestern Kara Sea (Fig. 1). Until
now, the bottom topography of this region has been
studied many times [1—6, 10—14, 16—19], which also
mention the ice-gouging topography. However, the
morphology of scours has not been studied in detail. The
only exception is Baydaratskaya Bay, where studies have
been carried out repeatedly (e.g., [2, 5, 17, 18] etc.), but
this is only a small part of the considered region, where
impact of sea ice on the bottom predominate, while in
most of the southwestern Kara Sea, iceberg scours are
widespread. Recent studies on the age of one of the larg-
est gouges, at a depth of about 30 m in front of the inlet
to Baydaratskaya Bay [11], indicate that it formed in
1810 = 30 CE. Thus, it is suggested that the iceberg
gouges in Baydaratskaya Bay were formed mainly in the
20th century, after the end of the Little Ice Age, when the
size of icebergs decreased and they were able to penetrate
the bay [11]. This article is the first to acquire a represen-
tative sample of measurements of the key parameters of
ice gouges, which allows us to draw conclusions on a
regional scale. When estimating the parameters of
gouges, the most attention was paid to the maximum
dimensions of the landforms, for the following reasons:

— The objective of the study was to determine the
maximum possible incision depth and width of the
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Fig. 1. Sectors for zoning distribution of scours on Kara Sea bed along route of cruise 52 of R/V Akademik Nikolaj Strakhov:
(1) sectors without gouges; (2) sectors with low gouge density, (3) sectors with high gouge density; (4) polygon survey sectors.

gouge, which shows the largest possible dimensions of
the ice formations involved in the process (the so-
called engineering approach).

— Determining the average width and depth is dif-
ficult, because it requires processing of all gouges,
including the smallest. Establishing their genesis and
measurement itself are difficult given the available res-
olution and scale of study.

The obtained quantitative estimates of the spatial
distribution patterns and morphology of the ice-goug-
ing topography, depending on the external conditions,
can be used when planning an economic development
strategy for the shelf and recommendations to design-
ers on improving engineering solutions for the con-
struction of various infrastructure on the shelf (pipe-
lines, drilling and production platforms, etc.).

MATERIALS AND METHODS

The main equipment for surveying the bottom topog-
raphy on the cruise 52 of the R/V Akademik Nikolaj Stra-
khov [16] was the ship’s RESON standard hydroacoustic
seabed mapping system (Denmark), which includes:

— the SeaBat software and hardware complex, with
SeaBat 8111 (shallow-water) and SeaBat 7150 (deep-
water) multibeam echo sounders;

— GPS, motion sensors, and a gyrocompass com-
bined in the Applanix POS-MYV device;

— an SVP-70 sound speed sensor on the echo
sounder arrays;

— the PDS2000 software package for data acquisi-
tion and processing;

— an EdgeTech 3300 high-frequency profiler (USA).
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The transmitting and receiving arrays of the multi-
beam echo sounders and the profiler were installed in
a gondola welded to the keel of the vessel.

The survey results were saved by the software in .log
format, followed by processing. Prior to the survey, the
operator configured the software filters for depth and
signal quality (depending on the expected depths in
the sector); sometimes additional filters were config-
ured, such as an angular filter, a filter that applies
moving average, etc. The sound speed parameters in
the aquatic environment, measured at stations during
the voyage, were set. Then, after the data were saved
on media, the materials were manually postprocessed
by the operator. Rays whose data looked erroneous or
inaccurate were screened and eliminated by an expert
method. In some cases, for incorrect operation of
some devices (disrupted stabilization of the gyrocom-
pass in stormy weather, etc.) or other software errors in
the data, at the stage of converting the DEM from the
primary format to the .asc format, software settings
were used to correct curvatures, residuals, etc. To
compile the resulting DEM, suitable for processing
and deciphering gouges, the resolution settings
(DEMs in this case were compiled with a pixel size of
10 X 10 m), the data averaging method, and display
settings were set from the source file. Thus, the result-
ing DEM (Fig. 2) had a resolution of 10 m in plan view
and 0.1—1.0 m in depth, which is highly dependent on
weather conditions.

In total, during the work on the initial data, about
4460 km or 2400 nautical miles of Kara Sea bed survey
at depths from 10 to 380 m were processed. The width of
the survey band depended on depth, from 50 to 1200 m.
Based on the nature of the data, the survey was divided
into areal (polygons) and transit (along a single leg),
connecting the polygons. All survey results within the
study area were divided into 30 segments, of which
13 were polygons and 17 were transits. The length of
the transit survey, except for work at the polygons, was
about 2500 km (1350 nautical miles).

For interpretation in the ArcMap 10.2 environ-
ment, the following sequence of actions was used.
A shapefile (.shp) was created with an attribute Table 1
with columns: number, width, depth, and sea depth
range. For each of the survey segments, sequential
inspection of the DEM was carried out for the pres-
ence of ice-gouge landforms. The selected shapes were
entered into the created shapefile. After this, the
widths and depths of large forms were measured. Ini-
tially, all forms with a depth greater than 1.0 m were
classified as large, but during the interpretation pro-
cess, it was revealed that they made up more than 60%
of all gouges, and the criterion was raised to 1.5 m. In
measuring the width and depth, the following tech-
nique was used. The shape was visually inspected on
the DEM, and characteristic locations were selected
for constructing transverse profiles. Depending on the
length of the gouge segment within the survey, from 2
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Fig. 2. Example of DEM with high gouge density (sector 2;
for position, see Fig. 1).

to 15—20 transverse profiles were constructed in order
to identify the deepest spots in the gouge. Not the
average, but the maximum depth was entered into the
attribute table. The depth was determined as follows.
Since the main goal was to identify the maximum inci-
sion relative to the background surface, above which
the ridges of the gouge heaps rise, framing the gouges
(embankment sides), the corresponding levels were first
determined, then measurements were taken. In most
cases, though, the side ridges are not pronounced, and
determining the level of the background surface is diffi-
cult due to the limited width of the survey band, various
forms of bottom topography (moraine hills, sedimen-
tary ridges, subglacial channels, etc.) or the irregular
shape of the gouge itself. The surface often has a large
number of irregularities (especially in the case of intense
“gouging”) or it has a constant slope. In this case, to
determine the depth, the lowest characteristic inflec-
tions of the topography were selected: the edges of
gouges or the tops of intergouge ridges. This makes it
possible to estimate the apparent depth of ice forms in
cases where there is no clear level of the background
surface and pronounced side ridges.

After determining the width from the transverse
profiles, the width was verified using the DEM. In
some cases, the width determined from the DEM dif-
fered from that determined from the transverse pro-
files, because the gouge may be embedded in a larger
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Table 1. Characteristics of survey sectors of Kara Sea bed

Geographical Sea Ave'rage/ Ave.rage/ Predominant Gou'ge Percentage
No. . maximum maximum . . density, of large
location depth, m . orientation
gouge depth, m| gouge width, m gouges/km | gouges, %
Western slope of central
uplift, east of southern part
1 | of Yuzhny Island 125—200 — — — 0 —
of Novaya Zemlya,
northeast of Kara Strait
Western slope of central
, |Uplift, east of middle 60—220 2.5 81.5 NNW-SSE| 32 42
and northern parts of Yuzhny 9.4 476
Island of Novaya Zemlya
Eastern wall of East Novaya
3 | Zemlya Trench, east 200—-350 — — — 0 —
of Matochkin Shar Strait
Eastern side of East Novaya
Zemlya Trench east 22 54.3
4 240—-320 == —= N-S 6.4 47
of southern part of Severny 4.6 102
Island of Novaya Zemlya
From East Novaya Zemlya
5 |Trench to shallows to north | 15-280 29 70.1 NNW-SSE|  0.26 43
of Bely Island 7.0 171.0
6 | West from Bely Island 50—60 — — — 0 —
Northern slope
7 | of Pukhuchan depression, 60—110 2.2 745 N-S 1.5 31
west of northern Yamal 5.9 148.0
8 | West of northern Yamal 40-70 — — - 0 —
Western slope
9 | of Pukhuchan depression, 60—140 2.3 64.3 NE—SW 3.9 49
west of middle Yamal 4.6 130.0
West of Sharapovy
10 Koshki Islands 35-100 B N N 0 B
j] |Bavdaratskaya Bay 10-40 20 40.8 NW-SE 0.5 6
and adjacent southern areas 2.5 55.0
12 | Along Yugorsky Peninsula 25-200 — — NW-SE 0.05 0
13 | Along Vaygach Island 75—-200 — - W—-E <0.01 0

negative landform, and their relationship is better
observed in plan view. The attribute table included the
width and depth from one section (determined in
some way), and not the maximum, determined on dif-
ferent sections. This was done in order to determine
the depth to width ratio without distortion. The depth
of the forms took priority. After constructing the
transverse profiles, corrections were made: some
gouges were unpronounced or were recognized as
erroneously identified, while others demonstrated a
nongouge genesis and were discarded from the sam-
ple. When viewing the DEM in detail, in some cases,
at this stage, additional gouges were identified that
were missed at the previous stage.

As a result, an interval classification of the depths
along the survey route where the scours were located
was compiled. The DEMs were sequentially divided
into 20-m intervals, the values of which were assigned
to gouges falling within them, then entered into the
attribute table. Using a specially written script for the
Python console in the QGIS 3.6 environment, the
directions (orientation) of the gouges were deter-
mined, calculated as the direction of the line connect-
ing the beginning and end of the interpreted part of the
gouge, consisting of several segments, or as the direc-
tion of the gouge consisting of one segment. This cor-
responds to the resulting motion vector of the ice for-
mation. The values are adjusted to the segment from
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0° to 180° and added to the attribute table. The lengths
of the gouges were not determined, since most did not
fall entirely within the survey band.

At the last stage, the entire route was zoned by
gouge density, and a number of sector were identified.
Information about gouges belonging to a particular
sector was entered into the attribute table. Then, the
data from the attribute table were downloaded and sta-
tistically processed in MS Excel. General descriptive
statistics were obtained both for the entire sample of
ice gouges, as well as statistics for each selected area
(sector) individually.

RESULTS AND DISCUSSION

Based on the results of interpreting the materials
from Kara Sea bed surveys on cruise 52 of the
R/V Akademik Nikolaj Strakhov, 1319 gouges were
revealed, 546 of which are attributed to large gouges
(more than 1.0—1.5 m deep); statistical processing was
based on their depth and width measurements. Thus,
large gouges make up about 41% of all interpreted
gouges in the Kara Sea. Taking into account the poly-
gon surveys, the gouge density was about 1 gouge per
3.3 km of survey (0.3 gouges/km). However, such an
assessment may not be entirely objective, since the
polygons were chosen to survey certain objects, e.g.,
underwater canyons, where there were no gouges. At
the same time, in some polygons, there were quite a lot
of gouges that would not have been captured during
normal transit surveying. Ignoring polygons, the gouge
density was about 1 gouge per 1.5 km of transit survey
(0.67 gouges/km). Apparently, the actual gouge density
is somewhere between these values, about 1 gouge per
2.1 km of survey (0.5 gouges/km). The density of
gouges is uneven and varies greatly depending on the
specific sector. The summary table presents the statis-
tical parameters of the gouges for the Kara Sea bed
survey sectors. Average values were calculated only
from the measured values of large gouges, not from all
interpreted gouges. The maximum gouge depths and
widths in the table can be attributed to different gouges
in the sector.

The scours are distributed across the selected sec-
tors as follows:

— Insector 1 (Fig. 1) along the southern part of the
Southern Island of Novaya Zemlya at depths of 125—
200 m there are no gouges.

— In the next, sector 2, located along the middle
part of Yuzhny Island of Novaya Zemlya, a high gouge
density is observed: about 1 gouge for every 310 m of
survey (3.2 gouges/km). The depth in the sector aver-
ages about 120 m (from 60 to 220 m). There are
297 large gouges in the sector, i.e., about 1 gouge per
0.7 km (1.4 gouges/km). However, they are not found
on two segments with depths of 150—200 m. The max-
imum gouge density in the northern part of the sector
reaches 5.2 gouges/km.
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— In sector 3 at depths of 200—350 m, there are no
gouges.

— Sector 4 is confined to relatively large depths
(240—320 m); however, it is attributed to sectors with
an increased gouge density. On average, 1 gouge
occurs every 150 m (6.4 gouges/km), while almost half
the gouges are large; on average, 1 large gouge occurs
every 330 m (3.0 gouges/km).

— Sector 5 has a low concentration of gouges,
1 gouge on average per 3.8 km (0.26 gouges/km). The
density of large gouges is also lower, about 1 gouge per
9 km (0.1 gouges/km). The sector contains a wide
variety of depths (from 15 to 280 m), but the greatest
gouge density is confined to depths of 30—40 m.

— Sector 6 with depths of 50—60 m west of Bely
Island has no gouges.

— Then, in small sector 7, 55 km long with depths
of 60—110 m, a high gouge density is observed, about
1 gouge per 650 m of survey (1.5 gouges/km). Large
gouges occur every 2 km (0.5 gouges/km).

— In sector 8 at depths of 40—70 m, there are no
gouges.

— In sector 9 with depths of 60—140 m, many
gouges have been interpreted, and the maximum
density is observed at depths of 80—110 m in the mid-
dle of the sector, reaching 1 gouge per 250 m of sur-
vey (3.9 gouges/km). At the beginning and end of the
sector, the density is about 1 gouge per 1.4 km
(0.7 gouges/km). The maximum density of large
gouges in the sector is about 1 gouge per 450 m
(2.2 gouges/km).

— Sector 10 with depths of 35—100 m has no
gouges.

— In Baydaratskaya Bay (sector 11), the gouges are
distributed unevenly; there are sectors with depths of
20—25 m without any gouges at all. At the inlet to the
bay, gouges were found at depths of 25—32 m; the den-
sity isabout 1 per 3 km (0.3 gouges/km). The maximum
density is observed in the central part of the bay, about
1 gouge per 2 km of survey (0.5 gouges/km). Only four
large gouges were recorded in Baydaratskaya Bay.

— Sector 12 along the northern coast of the Yugorsky
Peninsula has an extremely low concentration of
gouge gouges, about 1 per 21.5 km (0.05 gouges/km).
The depths here gradually increase from southeast to
northwest, from 25 to 200 m.

— In sector 13 along the Vaygach Island with
depths of 75—200 m, one gouge was recorded, located
at the end of the sector, east of the Kara Strait. How-
ever, the sector in the diagram is marked as having no
gouges, since there are none along almost its entire
length; the only gouge is not large. Large gouges in the
last sectors were not found at all.

As already mentioned, large gouges make up about
41% of all gouges. In the central and northern parts of
the studied area (sectors 2, 4, 5, 7, 9), large gouges
account for 42—49%; only in sector 7 is the concentra-
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Fig. 3. Distribution (left) and relative density (right) of scours across 20 m depth intervals. Black, all gouges; white, large gouges.

tion lower, 31%. In the southern part (sectors 11—13),
there are practically no large gouges—only four per
three sectors, or 6%.

Thus, if we consider the studied southwestern Kara
Sea, the highest gouge density is confined to its central
part. We consider the studied gouges as traces of the
impact of icebergs on the bottom, not of hummocky
formations consisting of sea ice. The main reason is
the depth at which they are found. The maximum
depth of influence of modern ice hummock forma-
tions on the bottom does not exceed 26 m [18]; thus,
even taking into account changes in sea level [7], in
most sectors, only icebergs can interact with the bot-
tom [12]. Almost all of the studied sectors are located
far from the coastal zone, where hummocks are less
common. The only exceptions are the gouges in Bay-
daratskaya Bay, but based on a number of morpholog-
ical characteristics (flat seabed, orientation, etc.),
large gouges here can also be more likely attributed to
iceberg gouges.

Sectors with a high concentration of gouges are
interspersed with sectors with none at all. This may be
due to the directions of iceberg drift, which rarely fall
into the southern part of the study area and pass over
the northern part without touching the bottom at great
depths, as well as to local conditions. In the western
part of the route, almost no gouges are found at depths
greater than 125 m, with the highest density occurring
at depths of 90—120 m. In the eastern part, gouges are
not found at depths of 40—70 m, with the highest den-
sity occurring at depths of 70—125 m. In Baydarats-
kaya Bay, the studied gouges are confined to depths of
10—40 m. The distribution of gouges over 20-m depth
intervals in the studied area is shown in Fig. 3. A small
peak is observed at depths of 20—40 m and belongs to
the southeastern part of the studied area (Baydarats-
kaya Bay and adjacent parts of the Kara Sea). Most of
the gouges are located at depths of 60—160 m; this is
93% of large gouges and 87% of all gouges. At the
same time, 45% of large and 39% of all gouges fall into
the depth interval 80—100 m. When calculating the rel-

ative gouges density of per km of survey, the main peak
is also confined to the interval of 80—100 m (Fig. 3).
The additional peak at depths of 260—300 m is
explained by the short extent of sectors with such
depths, which accounted for a significant number of
gouges. The average depth at which the gouges were
found is 108 m. The depth distribution of the gouges is
close to lognormal (Fig. 4). The relationships between
the depth at which the gouges are found and their
morphometric parameters are complex and are
described in detail in [10]. In general, they can be
characterized as an increase in the size of gouges with
depth during historical changes in sea level.

Across the entire studied water area of the Kara
Sea, the depth of large gouges for which measurements
were taken reaches 9.4 m. At the same time, the aver-
age depth is 2.4 m (median value 2.2 m); the depths of
97% of the gouges do not exceed 5 m, and 50% of
gouges have depths of up to 2 m. Only 11 gouges have
depths greater than 5 m. Presumably, some of them do
not have a purely gouge-related origin, but were
carved out by subsequent erosion processes, which
could have increased their original depth. The deepest
gouges are confined to the area near Novaya Zemlya
(sector 2), but deep (up to 7.4 m) gouges are also found
in the northern part of the studied area (sector 5). In
the last sector, the greatest average depth among all is
observed, 2.9 m. The least deep gouges are confined to
Baydaratskaya Bay and the adjacent southern Kara
Sea, with the greatest depth here reaching 2.5 m, 2.0 m
on average. This distribution can be explained by the
proximity of sectors 2 and 5 to iceberg formation
regions, their location along the drift path [12], and
the distance from them to Baydaratskaya Bay.

The width of the gouges ranges from 23 to 476 m
and averages 74 m (median 68 m). Ninety-eight per-
cent of the gouges are less than 160 m wide, and 87%
are less than 100 m wide. In the area near Novaya
Zemlya, the gouges are not only the deepest, but also
the widest. The average width is 81.5 m, while in the
other sectors, it is at least 7 m less. In the relatively
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Fig. 5. Plan view and cross-section through U-shaped gouge east of middle Yamal (sector 9; for position, see Fig. 1).

deep-water sector, four gouges have a small width, up
to 102 m (on average 54 m). In the southern part of the
studied area, the gouges are the least wide, up to 55 m
(on average 41 m). The distribution of values is close to
lognormal (Fig. 4). The ratio of gouge depth to width
does not show any relationship between these quanti-
ties. It ranges from 1 : 8 to 1 : 207. On average, the
gouge depth is related to its width as 1 : 33; 97% fits
into a ratio of 1 : 10—1 : 70.

The cross-sections of gouges are U- (Fig. 5) or
V-shaped (Fig. 6), and less frequently, box- (Fig. 7) or
W-shaped. Single gouges predominate; combs of par-
No. 3
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allel scours (or gouge multiplets) are rare. The lateral
ridges are most often not pronounced, but there are
gouges with ridges more than 1 m high (Fig. 7).

The main direction of scours in the southwestern
Kara Sea is submeridional, and this is especially pro-
nounced for large gouges (Fig. 8). Another pro-
nounced peak in the directions of gouges is sublatitu-
dinal. However, these directions are not the over-
whelming majority; many gouges have intermediate
azimuths, and, in general, are distributed fairly evenly
in this component. No relationship was found between
the direction of the gouges and their statistical param-



442 MAZNEV et al.
—80.0
m B
—82.5
—85.0
—87.5
—90.0 T T T T T T T
25 50 75 100 125 150 175 m
—-92.5
—85.0
—97.5
—100.0
m 125
Fig. 6. Plan view and cross-section through V-shaped gouge east of middle Yamal (sector 9; for position, see Fig. 1).
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Fig. 7. Plan view of double-scoured comb in Baydaratskaya Bay (sector 11; for position, see Fig. 1), one of which (left on profile)

has box-shaped transverse profile.

eters (depth, width, and sea depth). As a rule, the
gouges have several segments with different directions;
less frequently, they bend gradually. A significant num-
ber of the gouges are rectilinear. The gouges change
direction at an angle from several to 150°—160°.

However, in different sectors (different areas) the
directions of gouges differ markedly (Fig. 9). Thus, in
sector 2 near Novaya Zemlya, they have a predomi-
nant NNW-—SSE orientation. In neighboring sector 4,
the N—S orientation is complemented by a significant
NW-SE direction in terms of the number of gouges,
while the NNW-SSE direction, significantly less so.

All these directions approximately correspond to the
azimuths of the sectors with respect to the main
sources of iceberg formation. In sector 5, there is also
the NNE—SSW directions. Gouges with this direction
can be left by icebergs entrained by the Yamal Current,
which in this area has approximately the same orienta-
tion. The orientation of the gouges in sector 7 is sub-
meridional, with a slight slope to the NNW-SSE,
similar to sector 2. In this sector, the gouges are most
clearly oriented in one direction. Given the geograph-
ical location of the sector and the orientation of the
gouges in neighboring sectors, this pattern does not
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Fig. 9. Direction of gouges by sector.
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seem entirely expected. Sector 9 shows two main
directions of gouges: NNW—-SE and WNW-SW. In
this sector there was a probably change in the direc-
tions of iceberg drift, associated with the changing
direction of the East Novaya Zemlya and Yamal cur-
rents that meet here. In the sectors in Baydaratskaya
Bay and along the coast of the Yugorsky Peninsula, the
directions of gouges correspond to the main orienta-
tion of the bay and the coastline.

CONCLUSIONS

Based on the results of the study, the following
conclusions can be drawn. The maximum dimensions
of the gouges decrease with distance from the sources
of iceberg formation from NW to SE. Except for the
sector opposite northern Yamal, the orientation of
gouges generally correlates with the main directions of
iceberg drift. The average depth of scours across the
sectors of the studied area of the Kara Sea varies insig-
nificantly, from 2.0 to 2.9 m (variation coefficient 0.40),
just like the average width, from 41 to 82 m (variation
coefficient 0.44). The percentage of large gouges also
varies insignificantly and is slightly less in the northern
than in the central part (31% versus 42—49%), and sig-
nificantly less in the southern part (6%). If the absence
of gouges at depths of 125—350 m (sectors 1, 3 and 13)
due to too great depths and at depths of 35—125 m in the
southern part (sectors 10, 13) due to remoteness is
expected, then the absence of gouges at depths 40—70 m
in the central part of the studied area (sector 8) can be
considered unexpected. It has also not been fully
explained that such sectors are adjacent to high-den-
sity sectors without any pronounced transition sectors
of medium density. This may likely be due to the diffi-
cult conditions for icebergs with keels of 40—70 m or
more to penetrate the Pukhachan depression at the
modern sea level (isolated basin, eastern exposure of
the seabed). The gouges in sector 4 were found at great
depths (240—320 m), which indicates their relict
nature. The remaining gouges are located at depths of
up to 220 m and could have formed both at the modern
sea level (0—5000 BP) and at a lower sea level (in the
postglacial time) [12]. If the penetration of icebergs
with keels of 40—70 m or more into the waters of the
Pukhuchan depression at the current sea level is
indeed hindered, then at a depth of more than 70 m
here (sectors 7 and 9), there are only relict gouges
that formed at a sea level below the modern, more
than 60 m. The high maximum gouge depth (up to
9.4 m) is an unexpected result. However, it is not
always easy to judge the origin of a negative landform
only by the part that falls within a narrow survey band,
and, as already mentioned, they can have a mixed gen-
esis. With rare exceptions, almost all gouges are single;
scour combs are extremely rare. This indicates the pre-
dominance of single-keeled icebergs in the region.
The results indicate a high activity of ice-gouging pro-
cesses in the southwestern Kara Sea after the end of

MAZNEV et al.

the Late Pleistocene glaciation; however, the topogra-
phy-forming role of modern icebergs remains to be
assessed.
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