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TepmoxanuuHas cTpykrypa JlopoTeHckoro Buxps
HopBeXcKkoro Mmops Ha OCHOBe 3KCHeIMIIMIOHHBIX
JICCIeJOBAaHMIA U 110 JAHHBIM I'MAPOAVHAMUYECKOTO
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BriepBble paccMaTpMUBAaIOTCA MaTepyasbl OKeaHOrpadMIeckKux cbeMok B JIopoTeHCKol KOT-
JIOBUHE, BHITIOJIHEHHBIX B X0fie nccrefoBanuii B Hopsesxcko-Ipennanyckom b6acceiiHe Ha Ha-
y4uHo-uccnepnosarenbckoM cypHe IIMTHPO «®purbod Hancen» B utone 1998 r., 8 2000-2002
n 2005 rr. HabmiofeHus Ha oKeaHOTpadIeCKUX CTAHIVAX BEIUCh B PeXIIMe HEelIPepIBHOTO
30HIMPOBAHUA OT IIOBEPXHOCTU MOPA [0 IIy6uHsl 1000 M ¢ IOC/IERYIOMWM OCpeFHEHIeM
pesynbraToB 4epes 1 M. B pasHble rofibl craHIMM TMAPONOTMYECKMX Pa3pe30B Pacloaraaich
Ha Pas3/MIHBIX PACCTOSIHUAX JPYT OT Apyra — B AuanasoHe 20-30 mub. B pabore ananmsu-
pytorcs garubie [IMHPO mo TemmepaType 1 CONTEHOCTY Ha ABYX IUAPONIOTMYECKUX paspesax,
BBIITOJTHEHHBIX 10 KoopayuHaTaM 69°20° 1 70°00’ c. 1. 3a uronb 1998, 2000-2002 1 2005 rr. It
paspesbl CPaBHMBAIOTCA C MOFOOHBIMIU TUAPOTIOTNYECKUMI paspe3aMit, IOCTPOESHHBIMM 110
TAHHBIM peanu3aluy IUAPOAMHAMMUYECKON MOfien BbIcOKoro paspemennua MITgem. Yera-
HOBJIEHO, YTO HaMOO/IbIIINe TOPU3OHTA/IbHbIE KOHTPACTDI TeMIIEPATyphbl U COMEHOCTY XapaK-
TepHbI A1 JlodoreHcKoro BUxpss — obmactu ¢ pasMepamu 180-200 MuIb IO TOPU3OHTAIN
n 6onee 1000 M 110 BepTUKA/IN, €€ SIAPO PACIONoXKeHO B cioe 200-800 M I7TyOMHBI 1 MMeeT
pamyc 20-60 kM. YCTaHOBJIEHO, YTO Hapsifly C KBa3MIIOCTOSHHBIM JIopOTEHCKUM BUXpeM
B KOT/IOBMHE HaO/IIOAI0TCsI Me30MaCILITabHble BUXPM, PACIIONOKeHHbIe Ha ITy6uHe 50-500 M,
IIPOCTPAHCTBEHHbIE MACIITAOBI Y IPafMeHThbI XapaKTePUCTUK KOTOPBIX CPaBHUMBI C XapaKTe-
pucrukamu JlodoreHcKoro. Pacipenenenns 3Ha4eHIT TepMOXa/IMHHbIX XapaKTePUCTUK, II0-
JIy4eHHBIe TI0 JAHHBIM ruppotorndeckux paspesos IIMTHPO u mo momenu MITgem, B 1iemom
COITIACYIOTCSA, HO B OONIBIIMHCTBE CTy4aeB MOJE/IbHbIC JaHHBIC MMEIOT HECKOIbKO OOJIbline
30HA/IbHbIE TPA/IMEHTBI TEMIIEPATYPbI U ConeHocTH. Ha 0cHOBE PAMOro CpaBHEHMA MOJIE/b-
HBIX TaHHBIX ¥ HATYPHBIX M3MepeHNII IT0Ka3aHo, YTO B yKa3aHHbIe Nepuofbl fanHble MITgem
aJIeKBaTHO OTPaXKAIOT TUPOOTMYecKye MapaMeTpbl aKBaTOPUM M MOTYT MCIIONIb30BaThCsA
UL peTPOCIEKTUBHOIO aHa/IN3a BUXPEBOIl aKTUBHOCTU JIOOTEHCKOIT KOT/IOBVHBI.

Kniouesvie cnosa: Hopsexxckoe mMope, JIopoTeHckast KOTIOBMHA, JIopOTeHCKMIT BUXPb, CU-
HOIITMYECKIe, Me30MacIITaOHble BUXPY, IMAPOTIOTMYECKUe paspessl, TeMIIeparypa, come-
HocTb, MITgem.

" Pa6ota BbInonHeHa IIpy pUHAHCOBOI oAKep>kke Poccuitckoro HayuHoro dpoHpma, rpant Ne 18-17-
00027. ABTops! BeipaxxaroT 6arogapHocts [I. JI. BonkoBy n NASA Advanced Supercomputing (NAS) Divi-
sion 3a JaHHbBIe, MOTydYeHHbIe B Xofie peanusanyy MITgcm.
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BBenmenue

Jloporenckas koTmoBrHa HOPBEXXCKOTO MOPST — OJVIH U3 CaMBbIX JUHAMIYIECKN aK-
TUBHBIX PailoHOB MIpPOBOTr0O OKeaHa, KOTOPBIil XapaKTepU3yeTCs IOKa/IbHbIMYI MaKCUMY-
MaMM KMHETUIECKOI SHEPIUM CMHONTUYECKNX (Me3oMacuiTabHbIx) Buxpeit (puc. 1 u 2).
B pabore (Volkov et al., 2013) JloporeHcKass KOTIOBMHA Ha3BaHA «TOpsIYell TOUKOI» ce-
BEpPHBIX MOpEIJi, TaK KaK CITy THIUKOBbIE a/IbTUMeTPIYeCcKIie HaOMIoIeH s TOKA3bIBAIOT Ha-
XOXJIeHIe 3]IeChb JIOKaJIbHOTO MaKCUMyMa IUCIePCUM YPOBHSA Mops. Byayun TpaH3uTHOI
30HOVI J/Is1 TETUIBIX Vi CO/IEHBIX aT/IAHTIYECKMX BOIHBIX Macc Ha ux mytu K CeBepHoMmy Jle-
IoBUTOMY OKeaHY, J/IooTeHCKas KOTTIOBMHA UTPaeT BXXKHYIO POJIb B MOJfIep>KaHUY I710-
6a/IbHOI MEpPUAMOHATIBHON LIVPKY/LLNA B 00/1aCTH, Ile aT/IAHTIYeCKIe BOHbIE MAaCChI
OT/AIOT TEIUIO B aTMOC]epy, epeMeIINBAIOTCS C OKPYXKAIOLIVMMY BOIAMI 1 TIpeTepIieBa-
10T TpaHCcHOPMALVIO, HeOOXOAMMYIO 11 00pa3oBaHus ITTyOMHHBIX BOJ, KOTOPas IIPOYC-
xonuT B coceiHeM Ipennannckom mope (bromknza n VBanos, 2016; Kohl, 2007; Rossby et
al., 2009a; Rossby et al., 2009b; Seiland et al., 2016; Volkov et al., 2013; Volkov et al., 2015).
JuHaMM4eckass aKTMBHOCTb IO OOJIblIell 4acTy OOYC/IOB/IEHA CMHONTUYECKUMM BUX-
psiMu, obpasyromumucs B HOpBEeXKCKOM TedeHN, MepeHoCs I eM aT/IaHTNIeCKue BOJIbI
K ceBepy. VI3-3a 6apoTponHoil 1 6apOKIMHHOI HeycToiunBocTy HopBexcKoro TedeHns
B €r0 CTpye TeHEePUPYeTCsl MHOXKECTBO BMXpell (B OCHOBHOM aHTUIIVIK/IOHWYIECKNX), KO-
TOpBbIe NOC/Ie GOPMMPOBAHNSA OTPBIBAIOTCS OT TeUEHVS U B JJa/IbHEIIIIeM ITepeMellaloTcs
BJIO/Ib CIIVIPAJ/IEBU/IHON L{MIK/IOHIYECKOIT TPAEKTOPUY, OCTENIeHHO IPUOIVDKAsCh K L{eH-
Tpy Jloporenckoit kornosunsl (Volkov et al., 2015).
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Puc. 1. Tonorpadudeckas kapra JIohoTeHCKOI KOTIOBUHBI

CrnpaBa jjaHa IKaja IIyOuH, M; CIUIOLIHBIE IMHNUYU CO CTpeKaMu — BeTBY HOPBEXXCKOTro TedeHns;
IyHKTUP — rpaHuisl Jlodorenckoit KoTnoBuHbL JIB — JlodoTeHcKuit BUXpb
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Puc. 2. TIoBTOpsieMOCTb aHTULMKIOHNYecKuX Buxpeii (Faghmous et al., 2015)

[TapannenbHBIE OTPe3KM — PACIIONIOKEHIEe THAPONOTMYECKIX paspe3oB BJOIb
69°20" 1 70°00" c. m.

JIooTeHCcKasi KOTIOBMHA, PacONOXKeHHas Mexy 68-72° c. mr. u 2° 3. 1.-10° B. 1.,
npepcTaB/seT co60il MOHVDKeHNe B penbede fHa HOpPBEXKCKOro MOps ¢ MaKCHMAallb-
HOVI IyOuHoI 3250 M U siBiIsAeTcss 000CO0IEeHHBIM TonorpaduieckuM o6pa3oBaHyeM,
OTpaHMYeHHBIM Xpe6ToM MoHa Ha ceBepo-3anafie, CKaHAMHABCKMM II-BOM Ha BOCTOKE
u ato BopuHr ¢ rora. OCHOBHOI 97IeMeHT UUpPKY/ALuy Bofi HopBexxckoro Mopst — Tel-
noe HopBexckoe TeyeHue, orubarliee ¢ 3amaja 1 Boctoka JIoQOTEHCKYI0 KOTIOBUHY
U IepeHocsIee aTIanTndeckye Boppl B CeBepHblil JlemoBuTHII okeaH (cM. puc. 1). Bax-
Helie 0co0eHHOCTY UMPKY/ALyM JIopOoTeHCKOI KOTIOBMHBI — IIVK/IOHIYECKWIT Kpy-
TOBOPOT, PaCIPOCTPAHAIOINUIICA BIOb 1306aT BO BCeil TOMIIIE BOI, @ TAKXKe KBa3UIIO-
CTOSIHHBII aHTUIMK/TOHNYecKuit Jlodporerckuit Buxpsb (/IB), pacriono)keHHBIil B LIeHTpe
Jlodorenckoit koTmoBuHbL. OH ObIT OTKPBIT COBETCKMMM OKeaHonoramu B 1970-1980-
X IT. B XOfie ruaporpaduaecknx uccaenoBannit, mpoBopumeix AAHU (cm. 6ubnmorpa-
¢uro B pabore (bemonenko u fp., 2014)), XOTs KOCBEHHbIE CBUMIETENbCTBA O CYLIECTBO-
BaHMM ITyOMHHOJ aHOMa/IUYU B 9TOM palloHe BCTpedaloTcs yxe B myOnmkanusax 1940-
X IT. ¥ Ja)Ke B OTYeTaX SKCIEeNUIIMOHHBIX MCCIenoBaunit Hadana XX Beka (cM. (Anekcees
u fip., 2016)). Haubomnee BeposiTHOE TIOMOXeHMe eHTpa Buxpst — 70° . mr. 3,5° 3. 1. (Sei-
land et al., 2016). B pa6ore (benonenxo u fp., 2014) ykasaHo ompefeneHHOE [0 JaHHBIM
TU/IPOAMHAMIYECKOTO MOJI/IMPOBAHNS TOYHOE Io10XKeH e JIopOTeHCKOro KBasuIIoCTo-
SIHHOTO BUXpPsA B paiioHe, orpaHndyeHHoM 69-70° c. mr. n 3-5° B. . Ha puc. 2 nokasaHa
MOBTOPAEMOCTb aHTULMKIOHMYECKMX BUXpell Ha OCHOBE MX aBTOMAaTM4YeCKOl MIEeHTH-
¢uxanyy no ganusM (Faghmous et al., 2015), rae paiion J/IB xapakrepusyeTcss MaKCK-
MaJIbHbIMM 3HaYeHUAMHU ITIOBTOPSAEMOCTH.

JIB B HacToOsAIIee BpeMsA — OIVH U3 CaMbIX M3Y4Y€HHBIX OKEAHCKVIX BUXPEIl I AB/IAET-
sl IPUPOJHOIL TabopaTopuelt AjIs McCaefoBanms ux guHaMyuku. OH IpeacTaByeH JIMH-
3011 TEIUIOi COMeHOI BoAbI Ha MHTepBase ryouH 300-1000 M ¢ rOpM3OHTAIBHBIM pa3Me-
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pom okono 100 xm (bammaunukos u fip., 2017; benonenko u fip., 2017; Bashmachnikov
et al., 2017). Hanmnune JIB oTMeuaeTcsi Ha BCeX TOPU3OHTAX OT IOBEPXHOCTU [O HHA,
HO Hambosee BCero oH MposiBsieTcss B cmoe 300-800 M, Tjje pacionoXKeHo ero sapo.
Ilo pesynbTaTaM ILIecTy MOCIEHOBATEIbHBIX IMAPOIOIMUECKUX CHEMOK, BBIITOTHEHHBIX
B 1987-1988 rr., BosiBNeHo (VBaHOB U Kopabnes, 1995) mepemernnenue sAmpa aHTUIIN-
KJIOHMYECKOTO BUXPs IO TPAeKTOPUY, TIOXOXKell Ha IMKIOHNYeCKy10. PaccTosiHMe Mexy
Hanboslee yIaJTeHHBIMM TOYKaMI 3TOJ TPAeKTOPUY COCTABIIANIO OKOIo 130 KM, 4TO, OT-
METHUM, CYLIeCTBEHHO MeHbllle pa3Mepa KOTIOBMHBI (ZOCTUTAOLIEN MPUOIU3UTENbHO
500 kM B mipenenax n3o6atsr 2000 m).

JIB — yHMKa/IbHBII IPUPOSHBII (PeHOMeH, /I KOTOPOTO 3MMHsIsI KOHBEKIIVS CO3-
HaeT OaronpusATHBIE YC/IOBUS ero exeropHou pereHeparuy (Kohl, 2007; Bromkuna
u ViBaHoB, 2016; Bashmachnikov u gp., 2017). Ipyroit MexaHu3M, ITO3BOJISIOLINIL ITOJ-
Iep>KMBaTh B IJeHTpe KOTJIOBMHBI BLICOKYIO aHTUIIVKIOHMYECKYIO 3aBUXPEHHOCTb, —
3axBaT JIOQOTEHCKMM BUXpeM SHEpTUMU Me30MACUITAOHBIX BUXPEN, OTPBIBAIOIIUXCS OT
Hopgexckoro Teuenns (Kohl, 2007; Volkov et al., 2015).

1. MCHOHBSYCMI)IC JAaHHDbIC

B pabote BrepBble aHANM3UPYIOTCSI MaTepyanbl OKeaHOrpapuIecKux CbeMoOK, I10-
JIy4eHHBIX ¢ 60pTa Hay4HO-VCCIeoBaTeIbckoro cyaHa «dpurtbod Hancen», mpunapie-
xaigero ITVTHPO (ITonsapubiit HVM Mopckoro pplOHOTO X03sIiCTBa 1 OKeaHorpadun),
B mioHe-mione 1998-2005 rr. Ilpu HaTypHBIX MccnemoBaHuAX okeaHonoramu ITIVIHPO
611y Mcnionb3oBansl cepytomye CTD-npodunorpadsr:

— B 1998 1 2000 rr. — MARK-IIT ¢upmer Neil Brown Instruments Systems, Inc.

(pvanasoH u3MepeHus TeMmieparypsl: oT —1 go 32°C, IOrpelHoCTh U3Mepe-
Hust: 0,005 °C, guana3oH usMepeHus 31eKTPpUYecKoil TPOBOAUMOCTU: OT 1 [0
65 MmCwm/cm, iorpentHocTh ndmepenusi: 0,005 mCm/cm);

— B2001-2005 rr. — FSI 3” ¢pupmsr Falmouth Scientific, Inc. (znamaszon namepenns
TeMIeparypsl: oT —2 mo 32°C, morpemHocTs n3Mepenns: +0,003°C, auamna3ox
U3MepeHNs 3MeKTpUIecKoil mpoBoguMocty: oT 0 go 65 MCM/cM, IOTPeIIHOCTD
usmepenust: +0,002 MmCm/cm).

OxeaHorpaduyeckyie CTaHLUMY BBIIOHANNCH B PEeXKMMe HEIIPEPHIBHOTO 30HUPO-
BaHMA OT IOBEPXHOCTHU JO r}IyGMHbI 1000 M ¢ mocnenyromuM OCpeHeHeM Yepes 1 M.
CraHuuy Ha paspes3ax B pasHble TOAbl PacIIONaraaich Ha PasMYHbIX PACCTOSHUAX OT
20 mo 30 mub. ITpy nocTpoenun BepTUKAIbHBIX Pa3spe3oB IPUMEHAIOCH IPOIPAMMHOE
obecrieuenne Surfer (merop crmaxusuusa — Kriging), Opimu 3aganbl 1miar Mo BepTUKa-
mn — 10 M, o ropusonTtamu — 0,5° o gonrote (oxono 10 munb). B HacTosAmIelt cTaThe
aQHaJIVBUPYIOTCS JAHHBIE IBYX IUAPONIOTMYECKNX pa3pe3oB B paitoHe JIopoTeHCKOI KOT-
NOBUHBL: 110 69°20” 1 70°00” c. 111. 3a uronb 1998, 2000-2002 1 2005 rr. (cM. puc. 2).

Vicrionb3ytorcst maHHble TuppopmHammdeckoir momenu MITgem (Massachusetts
Institute of Technology general circulation model) B kon¢urypanyun ECCO2 (Estimating
the Circulation and Climate of the Ocean, Phase II; http://ecco2.jpl.nasa.gov). OcHoBHas
nenp npoekra ECCO2 (Nguyen et al., 2011) — xoMOMHMUpOBaHMe MOAEIN I7I06aIbHOI
LUPKY/LILUY C PasINIHbIMY HaOMIOEHNSMHI IS TOTO, YTOOBI KOTIMYECTBEHHO OLIEHUTD
U3MeHsIoIeecs] BO BPeMEHM COCTOsIHME OKeaHa. I7o6abHast KOHQUIypaIys MOJenu
paccUMTBIBAETCS Ha CeTKe, MPEACTAaBIIAIONIel cO00IT TaK Ha3bIBAEMYIO KyOuueckyio cde-
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Py, KOIZIa IIOBEPXHOCTh 3eM/u pasfesieTcsl Ha MecTh 00/1acTeil, COCTAB/ISIONX TPaHK
Ky6a. Takoit mogxoy HO3BO/sET IIOMYIUTh CPABHUTETBHO PABHOMEPHOE IIPOCTPAHCTBEH-
HOe paspelleHNe BO BCeX MOJI/IbHBIX 00/1aCTsX, a TAKXKe U306eXaTh po6y1eM, CBA3aHHBIX
CO CTyIeHMeM CeTKY Ha ITOTI0Cax.

ITo Beprukam mopenbs MITgem nmeer 50 ypoBHei (cycTeMa z-KOOPAVHAT) € TOJI-
LIMHOM, n3MeHaAoeinca or 10 M y moBepxHocTu o 450 M B paiioHe MaKCUMAajbHO
MofiebHOI ITyOuHbI (0k0710 6000 M). BaTMeTpus monydeHa nyTeM MHTEPIOJALNN HA
MOJIETIbHYI0 CeTKY COBMEIIEHHBIX HaHHBbIX OaTmMerpudeckux kapr GEBCO (General
Bathymetric Charts of the Oceans) u Global sea floor topography from satellite altimetry
and ship depth soundings (Smith and Sandwell, 1997) ¢ npocTpaHcTBeHHBIM pa3pelie-
HueM B 1’ B kauecTBe ypaBHEHMS COCTOSIHVS VCIIO/IBb3YeTCS €rO HeJIVHelHas BepCus,
npepioxeHHas B pabore (Jackett and McDougal, 1995). BeptnkanbHoe nepemernnBanme
B MOJIe/IV PaCCUMTHIBAETCS COITIACHO peKoMeHanusaM pabors! (Large et al., 1994). B ka-
YecTBe a[jBeKTUBHOI CXeMBI UCIIONb3YeTCs BapUaHT Oe3 SIBHOJ TOPU3OHTANbHOM HuUd-
¢ysun (Daru and Tenaud, 2004). TopnsoHTanbHas BA3KOCTD IIPELCTABICHA COITIACHO
pab6ore (Leith, 1996) ¢ mogudukanueit cormacHo pabore (Fox-Kemper and Menemenlis,
2008).

[71s1 pasroHa MoZenu MCIO/Ib30BaTNCh JaHHbIe peaHanusa JRA25 (Japanese 25-year
Reanalysis Project)! ¢ 1992 no 2001 r. HauanbHble ycmoBus 6pannch u3 6asbl faHHbBIX
World Ocean Atlas 2009 (Locarnini et al., 2010; Antonov et al., 2010). B xayecTtBe at-
MOCGepHBIX TPAHUYHBIX YCIOBUI B MOJIETIM TaK)XKe VICIIONb30BA/IVICh JaHHbIE peaHalnsa
JRA25. Kaxxgple 6 4 mpobera Mofen 3Ha4eHVsI IPUITOBEPXHOCTHOTO BeTPa, TEMIIepary-
PBI, BIAXKHOCTY, HUCXOMSAIIE KOPOTKO- V1 JJIMHHOBOTHOBO pajiialiyii, a TAKk>Ke OCA/IKI
MepeBOJVINCH B IIOTOKM TeIlIa, IIPECHON BOABI M BETPOBOTO HAIPSKEHMS B COOTBET-
crBun ¢ paboroit (Large and Yeager, 2004). ExxemecsuHble KIMMaTOIOTMYECKIE 3HAUE-
HIsI PEYHOTO CTOKa B3ATHI 13 6asbl maHHbix ARDB (Arctic Runoff Database?). Pacuer
Mofie HaunHaeTcA ¢ 1992 1., TOCKONbKY TOMbKO HAYMHas C TOTO BPEMEHU JOCTYIIHBI
OKeaHM4ecKMe rpaHn4Hble ycnoBuA nmpoekra ECCO2.

Cornacuo (Marshall et al., 1997), MITgcm — onHa 13 Ty4IInX COBpeMEHHBIX MOJie-
el TSI UICCTIEROBAHMsI BUXPEBOIT IVHAMMKY, TaK KaK ee Havyanay pa3pabareiBaTh CpaB-
HUTE/IbHO HENABHO, ¢ cepefnHbl 1990-X IT., YTO TO3BOMUIIO 3a/I0KUTh B HE€ HEKOTOPbIE
HOBbIE TEXHOJIOTTYeCKIie BO3MOXKHOCTY U UAeN CIenMaancToB MaccaqyceTcKoro TeXHo-
nornveckoro uHcTUTyTa (CIIA) B 067aCTH BBIYMCINTENBHOI THpoaHaMuky. Ommca-
HIle 9TOJ MOJIeNM MO>KHO TaKke HailTu B pabote (KongyHoB u mp., 2015). [In1s1 ganbHeii-
IIeTO aHa/IM3a MBI VICIIO/Ib30BA/IN JAHHBIE YVC/ICHHOI'O MOZIE/IPOBaHMs (IIPOroH) C IIpo-
CTPaHCTBEHHBIM paspelleHreM 4 KM ¥ BPEMEHHOI JVICKPETHOCTBIO 7 CYT 3a uionb 1998,
2000-2002 1 2005 rr.

2. MeToppl 1 pe3y/IbTaThI

Impponornueckue paspesnl IIMTHPO 1o 69°20° n 70°00°" c. m. B parione JIB cpas-
HUBAIOTCA C AaHAJIOTMYHBIMM pa3pe3aMit, IOCTPOEHHBIMM 110 laHHbIM Mogenyt MITgem.
Tak Kak HefenbHass JYICKPETHOCTDb MOJE/IN HE IIO3BOJIAET IIOTYYNTD IOTHOCTDIO CUH-

! Cwm. http://jra.kishou.go.jp/JRA-25/index_en.html (gaTa o6pamenns: 03.12.2018).
2 Cm.  https://www.bafg.de/ GRDC/EN/04_spcldtbss/41_ARDB/ardb.html  (gata  o6pawenus:
03.12.2018).
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XPOHHBIE JAaHHbIE, MbI BBIOpanu AaThl, Hanbosee 67M3KNe K faTaM CbeMOK in situ. B Ta-
O1mlie IpUBeeHBl JaThl BHIIIOTHEHNUA IMAponorndeckux paspesos IIMTHPO, a taxxe
[aThbl, 71 KOTOPbIX BbI6paHbI JaHHbIE YVMICJIEHHOTO MOJE/IMPOBAHNA NIJIA TEX K€ pas3-
pesos.

Tabnuya. CpoKM BBIIOTHEHI IUAPOIOrMdecKux paspe3os IINTHPO 1 faHHBIX MOeTMPOBAHNS

Tupponornyeckuii paspes Mopenbubie JaHHbIE

Tox paspesos
1o 70°00" c. ur. mo 69°20" c. . mo 70°00 " 11 69°20° c. mI.
1998 19-21 uronsa 21-23 urona 22 nions
2000 23-25 uronsa 25-26 utons 26 urons
2001 13-15 urons 15-18 utons 11 urons
2002 11-13 uronsa 5-8 urons 10 urons
2005 3-5 utonsa 5-8 utonsa 6 W07t

YcTaHOBJIEHO, YTO Ha TMAPOJIOTMYECKUX paspesax, mepecekaomux JloporeHckyo
KoToBMHY 10 70°00" 1 69° 20° c. 1., B pacupene/ieHNy TeMIepaTypbl M COMEHOCTH
B paitoHe JIB o6Hapy»eHbI TMH3000pa3Hble CTPYKTYPBI, IPOSB/IAIOIINecs B 3arTyoe-
HIAX M30TepM U n30xanyH 10 800-1000 M. YkazaHHbBIE 0COOEHHOCTH TPOABIAIOTCA 1O
pesy/nbraTaM HabIofeHNiT Ha ruaponorndecknx paspesax IIMMHPO, a Takxe Ha paspe-
3aX, IOCTPOEHHBIX 10 MOJI€/IbHBIM JJAHHBIM.

[Tpoananusupyem 6ojee IOAPOOHO 3TN paspesdl (puc. 3-6).

B 1998 r. /IB oT4eT/IMBO BBIpa)KeH Ha rpadykax TeMIIepaTypbl ¥ COTIEHOCTH C SIPOM
B paiione mpumMepHo 70°00" c. 11., 3°30" B. 1. DTO AAPO BbIAENAETCA M30TEepMoIt 4°C, 1 Ha-
yyHasa ¢ 250 M 3arny6nsercs fo 800 m (puc. 3). Ha rpadukax conenoctu (puc. 4) uso-
tepMe 4°C B sAape BUXPs COOTBETCTBYeT M30XaIMHa 35,1, 3armyOnsmomascsa TakxKe Ha
800 M. OueBUAHO, €0 0Ch HAXOAMIACh B HEIIOCPEACTBEHHOI Om3ocTu ot 70° ¢. 1L, TaK
Kak Io)KHee, Ha pazpese 69°20 c. 111., HaOIIOa/INCh 3arTy6/IeHNsI COOTBETCTBYIOIVX U30-
mHMI 1o 400 M, 04eBUIHO, XapakTepusyouye nepudepuio JIB.

K coxarnennio, paspes mo 69°20° c. 111. ObIT BHITIOMTHEH He 1IeTMKOM, a 0 4°30° B. 1.,
MIO9TOMY Ha HeM OTCYTCTBYeT BUXpeBoe oOpa3oBaHye B pajioHe 7-8° B. II., XapaKTepu-
3ylolleecs 3arayonenneM n3oauHuit 1o 1000 M, KOTOpoe eCTb Ha MOJIETIbHBIX JaHHBIX
(puc.5n6).

B 2000 r. muu3a JIB ¢ ssgpom B paiioHe 3° B. . XOPOIIO IIPOCMATPUBALTCS Ha TUPO-
JIOTMYecKoM paspese 1o 70° c. mr. (puc. 3 u 4). Msorepma 4 °C yrnybnsercs 6onee yeM
Ha 800 M, orpaHN4MBas 06/1aCTh MaKCUMAJIbHBIX IPa/IIeHTOB TeMIIepaTypslL. [TonoxeHne
M30XaNMHbI 35,1 MOUTU COBNAZAET C MONIOXKEHNMEM 3TOI M30TepMbl. MOXHO Ipefmona-
rath, yTo B 2000 T. r/maBHasA och JIB pacnonaranace B patione 70° c. 1., 3° B. . OT™MeTuM,
YTO B MOJI€/IbHBIX IAHHBIX JIMH3A C SAAPOM B paito”e 70° c. 11., 3° B. II. TOpPa3fio MeHee Bbl-
paxeHa (puc. 4 u 5). 3armry6neHye u3onuHMIT Ha 3° B. JI. TaKXKe IIPUCYTCTBYET, HO He TaK
BBIP@)KEHHO, KaK 3TO XapaKTepPHO [/I BUXPAL.

Ha paspese 69°20° c. m. x BocToKy ot JIB Ha rupponormieckoMm paspese (puc. 3
1 4) B parioHe 9° B. [. XOPOILIO BUJIeH ellje OfMH BUXPb C SPOM, PACIONTOXKEHHBIM O/IM3KO
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K TIOBEPXHOCT OKeaHa U 3army0/eHHbIM IpuMepHo 1o 700 M. OfHako Ha paspesax, Io-
CTPOEHHBIX 110 MOJIE/IbHBIM JJAHHBIM, 3TOT BUXPb OTCYTCTBYeT (puc. 5 1 6).

B 2001 r. Ha paspese 70° c. II. BBITAHyTasdA TOPU3OHTaAbHO NMH3a JIB, Anpo Ko-
TOPOI1, 04EBUJHO, PACIIONIOKEHO B paiioHe 4-5° B. [I., OIHAKOBO XOPOILO BbIJIEAETCS
U II0 HaTYPHBIM IaHHBIM, 1 10 MOIEIbHBIM (CM. pyc. 3—6). VI30mMHIM IpaKTUIeCKy I0-
BTOPAIOT ApyT Apyra. Vsorepma 4°C 3arny6nsaerca go 800 M, n3oxanuHa 35,1 gocturaer
r1y6unst 700 M.

Ha rupponorunaeckom paspese 69°20° ¢. 1. HAO/MIOZAIOTCA ABA IPYTUX BUXPS: B paiio-
He 0-1° B. . 1 4-6° B. [I., KOTOpbIE €Ba ITOKa3aHbl HA MOJE/IbHBIX IAHHBIX 13-32 MEHb-
IIIX 30HA/IbHBIX TPAIVeHTOB TePMOXa/TIMHHbIX XapaKTEePUCTHK, XOTA HEKOTOpOe 3arayo-
JleHue M30MMHUI 1o 500 M MOXeT CBUJETETbCTBOBATD B IOIb3y OOHAPY)KEHUS 3[eCh
BUXPeBbIX 00pasoBanuit (puc. 5 u 6).

B 2002 r. Ha paspese o 70° c. II. 10 BEPTUKAIbHOMY paclpefle/IeHNI0 TeMIIepaTy-
PbI ¥ CONMeHOCTH in situ (puc. 3 u 4) Mbl MO>KeM BBIIEIUTD [IBA BUXPEBbIX 00pa3oBaHmsA
¢ HeHtpamu Ha 3-4° B. 1. u Ha 8° B. 1. Ha rpadwmkax, mocTpoeHHBIX 110 MOJieNN, BUXPb
c eHTpoM 3-4° B. I. TaKXKe IPUCYTCTBYeT, HO HET BUXPA Ha 8° B. /. ITOT BUXPb BKIIIO-
JaeT B ceOs1 paclpecHEHHYI0 BOAY C HOBBIIIEHHBIMI 3HAYeHUSIMMI TeMIieparypsl. JIB Ha
TUAPOIOTMYECKOM paspese 1o 70° c. II. He BUJEH, TaK KaK OCTaJICA He OXBadeHHbIM Ha-
ontonennsmu. ITo MomebHBIM JaHHBIM, sApo JIB npoxoaut B paitone 0-1° B. 1., 3arny-
6mss1Ch 10 600 M.

Ha runponorndeckom paspese mo 69°20° c. ur. B paitone 3° B. 1. Hab/mogaeTcs 3a-
rry6eHne u30TepM, B 4acTHOCTU mn3oTepmbl 4°C o 650 M (puc. 3), mpu 3TOM Ha rpa-
(uKe COMEHOCTH BMUXPY IIPAKTUYeCKU He onpepenstorcs (puc. 4). Ha MonenbHbBIX fjaH-
HBIX BBIJIE/IAETCS 3HAUUTEIbHOE 10 IIOLIA/IN BUXPpeBOoe 00pa3oBaHiue, 3armyblIeHHOe 0
400-500 m.

B 2005 r. Ha ruziponorndeckoM paspese mmo 70° c. u1. JIB xopo1o BbifienisIeTCA B paiio-
He 3-4° B. f1. SInpo Buxps 3arny6nsercs nmoutu Ha 1000 m (puc. 2 u 3). Ha paspese, mmo-
CTPOEHHOM II0 MOJIeIbHbIM JaHHBIM, JIB pacronoxxen sanajnee, Ha 3-4° B. 1., a AfpoO,
xapakTepusyemoe nzorepmoit 4°C u nsoxannHoit 35,1, pacrono>keHo Ha MeHblIel ITTy-
6mHe — 500-600 M. Ha Mopie/IbHBIX JaHHBIX Ha y4acTKe 1-2° 3. [I. BIJIeH ellje OfVH BUXPb,
KOTOPBIIi1, K COXKaJIeHIIO, He OXBayeH HATyPHBIMIU HAO/TIOfIeHUAMIL.

Ha paspese 69°20° c. ur. JIB mpucyTcTByeT Tarxxe B paitoHe 3-4° B. JI., 3arTyO/IACh
1o 700-800 m (puc. 3 u 4). Ho Ha MoJieNbHBIX IaHHBIX, ITie pefcTasieH JIB, oH pacmoro-
JKeH Ha 1° K BOCTOKY: Ha 4-5° B. i. (puc. 5 u 6).

Ha puc. 7 noxasaHbl rpaduKy TeMIepaTypsl U COTIEHOCTH 10 paspesy 70° ¢. 1. s
2001 r. BugHo, utro MITgcm 3aMedarenbHO MOfIeTMPYET TEPMOXAIUHHYIO CTPYKTYPY
paccMmaTpuBaeMoro 6acceriHa: JIB mpakTudyecku OAMHAKOBO NpeNCTaBlIeH 1 110 U3Me-
PpEeHMAM in Situ, ¥ 10 MOJIENTbHBIM BaHHBIM. [0 pyruM paspesam CXOACTBO in situ M MO-
Ie/TbHBIX JaHHBIX CYLIeCTBEHHO Xy>Ke, OHAKO B LIe/IOM TaKXXe HaO/lIofjaeTcs HellJIoXxoe
COOTBETCTBME pacpeeneHnii TepMOXaTMHHbBIX XapaKTepucTukK. [Ipy aToM, Kak BUJHO
u3 puc. 3—6, BO MHOTUX C/y4YasX MOJ€/IbHbIE JaHHbIE B Pa3pe3ax MMEIT HECKONbKO
OonplIMe 30HaNTbHBIE TPAJMEHTHl U «bojee OCTpble» HAK/IOHBI M3onuHuit. Hame nc-
crefoBaHMe MOATBepP)KaaeT BBIBOL aBTOpoB pabor (Kohl, 2007; Volkov et al., 2013;
Volkov et al., 2015) o ToMm, 4To Mozienb MITgcm nmo3BosseT B Ije/IOM OIMUCATh CTPYKTY-
py /IB 1 Mo>XXeT OBIT UCIIONIb30BAHA /ISl MCCTIE{OBAHNS BUXPEBOIl JMHAMIKY B KOT/IO-
BIHE.
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Jlonrota Jonrota
Puc. 7. 3nauenus remneparypsl (°C; a, 8) u coneHoctu (6, 2) Ha paspese
1o 70°00" c. mI. Mo HaTypHBIM (M3MepeHHbIM 13-15 miona 2001 I.) 1 Mopjenb-
HBIM (paccumTaHHbIM 1715t 11 urors 2001 1.) JaHHBIM

3. O6¢cyxpenne

B xope mnccnemoBanmii, mpoopuBixcs okeanonoramu [IMTHPO B Hopsexcko-
Ipennannckom OacceitHe B uioHe-mione 1998-2005 rr. (Cenrs60B, 2000; CeHTa00B,
2009; Cents1608, 2010; Prokopchuk and Sentyabov, 2006) u BkI0YaBIIVX peryaspHoe
BbINIONIHEHME B Mioie 1998, 2000-2002 n 2005 IT. ABYX TMAPONOTMYECKUX PAa3pPE3OB: 110
69°20’ 11 70°00’ ¢. 111. B CeBEPHOII YacTu MOpsI B paitoHe JIB, ObI/10 ycTaHOBJIEHO, YTO HaM-
OonblINe TOPU3OHTA/IbHbIE KOHTPACTBI TEMIEPATYPhl M COTEHOCTU XapaKTepHBI /LA
cnosa 600-800 M. AHanM3 JaHHBIX Tupgponornyeckux paspesos ITMTHPO, nposenenHbix
B ntorie 1998, 2000-2002 1 2005 rT., T0OKa3bIBaeT, 4TO B JIoHhOTEeHCKOI KOT/IOBIHE HAPALY
C KBa3UIIOCTOSIHHBIM JIB Tak)Ke IPUCYTCTBYIOT U JpyTryie BUXpU. VIMEHHO MHTEHCHBHAs
BUXpeBas aKTMBHOCTD BBIfIEJISIET 9TY KOTIOBUHY CPeiU COCeHNUX OacceitHoB. Mopucree
JIopoTeHCKMX 0-BOB, Ifie KOHTMHEHTA/IbHBIN CKJIOH VICKJIIOYMTEIbBHO KPYTOJ, BOCTOY-
Hast BeTBb HopBesxckoro Teuennsi — HopBesxckoe ATaHTHYECKOe CKTIOHOBOE TedeHe
(Mork and Skagseth, 2010; Volkov et al., 2015) cTaHOBUTCS HEyCTONYMBLIM ¥ IIOPOXKAA-
et antunuknonndeckue Buxpu (Ikeda et al., 1989; Johannessen et al., 1989; Kohl, 2007;
Rossby et al., 2009b), koTopble OTPBIBAIOTCS OT OCHOBHOTO TeYeHMs U ApeiidpyoT BROIb
LVIKJIOHMYECKOII TPaeKTOPUM 10 HaIllpaBjIeHMIo K LeHTpy OacceitHa (Volkov et al., 2013,
2015; Raj et al., 2016). Takxum o6pazom Buxpu JIopOTEHCKOIT KOTTIOBMHBI M3B/IEKAOT Tell-
JIyI0 M COJIEHYIO aT/IAHTUYeCKYI0 BoAy 13 HOpBeXXCKOro TedeHMs U paclpoCTPaHAIOT ee
110 BceMy bacceitny. HenpepsiBHbIe mporiecchl popmupoBanys 1 apeiia BUXpeit IpuBoO-
IAT K 001eMy YITyO/IeHIIO 30TepM B KOT/IOBUHE, B YACTHOCTY B CAMOJI ITy0 OKOBOJHOI!
ee 4acTy, Ifie IPUXONSIYe M CIMBAIOLIECs IPYT C JPYTOM BUXPU POPMUPYIOT U IIOJ-
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TEep>KMBAIOT KBAa3UIIOCTOSHHBIN aHTULMKIOHNYECKUIT KPyTOBOPOT, U3BECTHDII Kak Jlo-
(bOTeHCKMIT BUXPB.

Xopomo u3BecTHO, 4To JIopoTeHCKas KOTIOBIMHA — OCHOBHOJ pe3epByap TeIlla
(Rossby et al., 2009a) n Hanbomee AMHAMMYECKM aKTUBHAs 00IaCTh CeBepHON ATIaH-
tuku (Volkov et al., 2013). Byayun TpaH3UTHOI 30HOJ /IS TEIIBIX M CONEHBIX aT/IaH-
TUYeCKUX BOJHBIX Macc Ha ux nytu k CeBepHoMy JlefoBUTOMY OKeaHy, OHa UIpaeT
BO)XHYI0 POJIb B IOJfiep>KaHNN I7100aTIbHON MEPUAMOHATBHON LUPKYAALUN B 06/1a-
CTH, T/ie AT/IAHTUYeCKye BOJHbIe MAacChl OT/JAIOT TEIIO B aTMOC(depy, TepeMeInBalTCsa
C OKPY>KaIOIVIMY BOIaMU M IIpeTepIleBaT TpaHchopMaluo, IpuobpeTast CBOICTBA
r1y6uHHBIX Bof. He Mckm04eHo, 4To Me3oMacuTabHble BUXPU, KOTOPbIe MBI IIpOaHa-
NMU3UpPOBaMY Hapsny ¢ JIB 1o JaHHBIM TUAPOTIOINYECKNX Pa3pes3oB, ApeiidyIoT K 3ama-
Ay 110 HanpasaeHuio K JIB, mornomarorca B HeM JIB 1 HOAIINTHIBAIOT €70 KMHETUYECKOM
SHeprueil. TV BUXPU INEPEHOCAT TelIble U coleHble Bogbl HopBeXXcKoro TedeHMs
B 1leHTp JIopoTeHCKOI KOTIOBMHBL XOTSA BaKHas POJIb CMHONITUYECKON M3MEHYMBO-
CTU B KOTJIOBMHE IIMPOKO NPU3HAHA, B HACTOAIlEEe BPEMS IOTHOCTbIO OTCYTCTBYIOT
KO/MYEeCTBEHHbBIE OLIEHKY TeIl/Ia U CON, COlePIKalIUXCA B BUXPEBBIX CTPYKTYPaXx, IpH-
TOM 4YTO CaM PEeTMOH Oarofjapst CBOMM CIIeIVI(PUYECKUM TepMOAMHAMUYECKUM CBOII-
CTBaM IIpUBJIEKaeT IPUCTAaIbHOE BHUMaHMe uccaefobareneil. OMMH 13 OCHOBHBIX He-
VICCIIE[lOBAHHBIX BOIIPOCOB — B KAKOJ CTENEHM CMHONTUYECKNE BUXPU BO3JIE€MICTBYIOT
Ha MepU/IMOHa/IbHbIN NepeHoc Tema. Hamte nccnenosanue, IpoBefeHHOE Ha OCHOBE
[aHHBIX HAOJIIOfIEHNII Ha YHUKAIbHBIX TUIPOIOTNYECKMX pa3pesax, a TaKXKe X CpaB-
HEeHNA C NTO/IAMY TeMIIepaTyphl ¥ COTTEHOCTH IO MOZ€TTbHBIM JJaHHBIM, ITI0Ka3bIBAET, YTO
IPOCTPAaHCTBEHHbIE MACIITAOBl BUXpeil, OTpbIBAIOIIMXCS 0T HOpPBEXXCKOTO TeueHms,
COIIOCTAaBMMBI ¢ MacmTabamu camoro JIB. CregoBaTe/ibHO, OLleHKM KOMMYECTBA IIepe-
HOCUMBIX 3TUMM BUXPAMM TEIJIa U CONM, KaK U BO3JEICTBIE NX HA MEPUIMOHAIbHbIE
nepeHochI Temna n comu k CeBepHoMy JIeTOBUTOMY OKeaHy, MOTYT OBITb BecbMa 3Ha-
YU TETbHBIMI.

BriBonap1

BriepBble mpoaHanM3MpOBaHbl U BBEAEHbI B HAyYHBII 000POT MaTepuasbl IUAPO-
JIOTMYeCKMX CbeMOK B JIOOTEHCKON KOTIOBVMHE, BBINOJTHEHHBIX MCCIE[OBATeIAMM
u3 IIMHPO B utore 1998, 2000-2002 u 2005 rr. [laHHbIE 9TUX HAOMIOTEHUIT CPABHIBA-
I0TCA C aHAJIOTMYHBIMU JaHHBIMM TMPOAMHAMMIYECKOI MOZE/NN BHICOKOTO paspelleH s
MITgcm. YcTaHOBIEHO, YTO HaMOOIBbIIIEe TOPU3OHTANIbHBIE KOHTPACTBI TeMIIEPaTyphl
U COJIEHOCTM XapaKTepHsI A1 ob6macti JIB ¢ pasmepamu 180-200 MMIb 110 TOPU3OHTAIN
u 60rmee 1000 M 110 BepTUKAIN, PO KOTOPOTO PACIIONIOKEHO B crnoe ryouH 200-800 M
u umeet paguyc ot 20 1o 60 Kkm.

ITo nsmepenuam in situ ¥ MOJI€/IBHBIM JAaHHBIM ITOKa3aHO, YTO HapANY C KBAa3UIIO-
CTOAHHBIM JIB B KOT/IOBMHe HAabITIONAIOTCA Me30MACIITAOHbIe BUXPY, PACIIONOXKEHHbIE
Ha r1y6uHe 50-500 M, B KOTOPBIX IIPOCTPAHCTBEHHbIE MACIITAObI 11 TPAJJEeHThI TEPMO-
Xa/IMHHBIX XapaKTEePUCTUK CPAaBHMMBI C XapaKTepucTukamu g JIB.

Pacnipepienenns sHaueHUi TEpMOXa/TVHHBIX XapaKTEPUCTUK IO NAHHBIM T'MJPOJIO-
riudeckux paspesos IIMTHPO u mo mogem MITgcm B 1e/1oM cornmacyroTcs, XOTs B 607Ib-
IIHCTBE C/Iy4aeB MOJie/IbHbIE JaHHbIe IMEIOT HeCKOIBKO OOJIbIINie 30Ha/IbHbIE TPa/IMeH-
TBI TEMIIEPATYPBI ¥ COMEHOCTH.
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Ha ocnoBe IIpsAMOTO CpaBHEHVA MOJETbHDIX JAHHDBIX I HATYPHBIX ]/I3MCp€HI/[I7[ II0Ka-
3aHO, 9TO B II€PpMNOJ OIIMCAaHHBIX I/[CCHCJIOBaHI/I]?I OaHHDbIE MITgCIIl A1€KBAaTHO OTpa’XalT
IMIAPOIOrN4YeCKye mapaMeTpbl aKBaTOPUN I MOTYT OBITH VICIIO/Ib3OBaHbI [J1A pETPOCIIEK-
TUBHOT'O aHa/In3a B]/[XpeBO]?I AKTMBHOCTU HO(I)OTGHCKO];[ KOT/IOBMHBI.
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Thermohaline structure of the Lofoten vortex in the Norwegian Sea
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ture of the Lofoten vortex in the Norwegian Sea based on in-situ and model data. Vestnik of Saint
Petersburg University. Earth Sciences, 2018, vol. 63, issue 4, pp. 502-519. https://doi.org/10.21638/
spbu07.2018.406 (In Russian)

For the first time, the materials of oceanographic measurements in the Lofoten basin, made
by oceanographers from the Knipovich Polar Research Institute of Marine Fisheries and
Oceanography (PINRO, Murmansk, Russia) from the “Fridtjof Nansen” research ship in July
1998, 2000-2002 and 2005 during the investigations in the Norwegian and Greenland seas.
We compare these materials with thermohaline sections for the same periods deriving from
the MITgem simulation. We found that the greatest horizontal contrasts of temperature and
salinity are characteristic of a region with dimensions of 180-200 miles horizontally and more
than 1000 m vertically, and the core of the Lofoten vortex is located in a layer at the depth
of 200-800 m and has a radius varying from 20 to 60 km. It is established that apart from
the quasi-permanent Lofoten vortex, many mesoscale vortices located at a depth between
50-500 m are observed in the basin, spatial scales and characteristic gradients of which can
be compared to the characteristics of the Lofoten vortex. The distribution of thermohaline
characteristic values according to the PINRO hydrological sections and the MITgcm model
generally correspond to each other, but in the most considered cases the model data are
slightly larger in zonal gradients of temperature and salinity. Based on a direct comparison of
model data and field measurements, it is shown that in the considered periods the MITgcm
data adequately reflect the hydrological parameters of the water area and can be used for
retrospective analysis of the vortex activity in the Lofoten basin.

Keywords: Norwegian Sea, Lofoten basin, Lofoten vortex, synoptic, mesoscale eddies, hydro-
logical sections, temperature, salinity, MITgcm.
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