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BBEJIEHHE

AKTYaJIbHOCTb TEMBI

[TocTynieHne MIOTHOCTHBIX 3aTOKOB CEBEPOMOPCKHMX BOJA B bantuiickoe mope
UrpaeT BaXXHYIO pOJb B (POPMHPOBAHUU €T0 PA3IUYHBIX XAPAKTEPUCTHUK, BKIIOYAs
OOHOBJIEHHME TJIYOMHHBIX BOJ B pACIOJIOKEHHBIX B IEHTPAJIbHOM dYacTH MOps
IyOOKOBOJHBIX ~ KOTJIOBHHAX W  HACBINIEHWE WX  KHUCIOPOJOM, OOHOBIICHHE
MPOMEXKYTOUHBIX TJIYyOWHHBIX BOJA, (OPMUPOBAHUE BEPTUKAIBHOW IUIOTHOCTHOM
CTpatTu@UKallud BOJ M TMPOTEKAHHWE OCECHHE-3UMHENW KOHBEKIMH, TPACKTOPUIO U
MHTEHCUBHOCTHh IIOTOKOB cOJIM W JApyrue. [lpw IBMKEHMM K LEHTPaJbHOW 4YacTh
bantuiickoro MoOpsi CEBEPOMOPCKHE COJIEHbIE BOJBI MPOXOIAT OTHOCUTEIBHO
MEJIKOBOJIHbIC W HEOOJIbIIINE KOTJIOBHHBIL. [IpM 3TOM MNPOUCXOAUT B3aUMOJICUCTBUE
IJIOTHOCTHBIX CEBEPOMOPCKUX BOJ C MPHUJIOHHOW BOJIOM KOTJIOBHH, B PE3YJILTATE YETO
MPOUCXOIUT 3HAYUTEIILHOE U3MEHEHUE U BO3OOHOBJICHUE UX COJICHOCTH, TEMIIEPATYPHI,
ob0bema u kuciopoza [47, 69, 133]. PacnpocTpaHeHre MIOTHOCTHBIX CEBEPOMOPCKUX
BOJ B LIEHTpaJIbHON yacTu bantuiickoro Mops 3aBUCUT OT CTENIEHU UX TpaHc(opMmaluu,
KOTOpasi MPOUCXOIUT MPHU MPOXOXKICHUH KOTIOBHUH. BOpHXOMBMCKHUI OacCelH sIBIsSETCS
BTOPOM mociie ApPKOHCKOW MEJIKOBOJAHOW KOTJIIOBUHOM, TJE NPOUCXOIUT pe3Kas
TpaHchopMaIys MOCTYAIOIINUX B HETO MJIOTHOCTHBIX CEBEPOMOPCKUX BOJ. Pe3ynbrarhl
NpEeAbIIYIIUX HCCIEA0OBaHUN TMOKa3ajau, 4YTO MOCTymnaromas B ApPKOHCKUN OacceiiH
CEBEPOMOPCKAsi BOJA PACIPOCTPAHSECTCS] B HEM TIOJl BIUSHHEM OapOTPOIHBIX H
OapOoKIMHHBIX TeueHuit [4,7,26]. DTo onpenensieT UHTEpeC K U3yYCHUI0 MEXaHU3MOB U
OCOOCHHOCTEM pacnpoCTpaHEHUsI CEBEPOMOPCKUX BOJI, & TaK¥Ke POJU OapOTPOIHBIX U
OapOoKIMHHBIX TeueHu B bopaxonbMckom Oacceline. He cMOTpst Ha BAXKHOCTh JAaHHOTO
rpolecca, K HacTOSIIIIEMY BPEMEHM MPAKTUUECKU OTCYTCTBYIOT CBEJICHUSI O XapaKTEpe
pacrnpocTpaHeHHus TJIOTHOCTHBIX CEBEPOMOPCKUX BOj B bopHxombMckoMm OacceifHe.
PacnipocTpanenrue B TPHUAOHHOM CJIO€ bBanTHMCKOTO MOpSI COJIEHBIX HaCHIIIEHHBIX
KHCJIOPOJIOM  CEBEPOMOPCKMX BOJ, JOCTUTalOUIMX €ro ILEeHTPAJIbHOM  4YacTH,
MIPOUCXOMIUT B eproa 60ibIHX (TJIaBHBIX) banTuiickux 3aTOKOB, KOTOPHIE IPOUCXOIAT

JIOCTATOYHO peNIKO (C MHTepBaJIoM OKoJio 10 sieT). DTo 3aTpyAHsEeT U3yYEHUE TAHHBIX
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MPOLIECCOB C MOMOIIBI0 HATYPHBIX HCCIenoBaHUN. McTopusi M3ydeHUs] MPUAOHHBIX
IJIOTHOCTHBIX MOTOKOB HAYMHAETCA CO BTOpoW mosnoBuHBI 20-r0 Beka. K HacTosmemy
BpEMEHM HAKOIUIGHBl MaTepuajibl 10 pe3yJbTaTaM HaTypHBIX  HaOJIOJICHUM,
OMyOJUKOBAHBI pPE3yJIbTaThl JTA0OPATOPHBIX AKCIIEPUMEHTOB, TPOBEJACHHBIX Ha
BpaIiaronmxcs OacceiHax, MOJYYCHBI BaKHBIE TEOPETHUYECKHE pe3yibTaThl. Kpome
ATOro, MNPEACTABICHbI MATEMAaTHYECKUE MOJICJIM JaHHBIX IpoueccoB. OmHako,
pa3paboTKa MOJEIN MPUIOHHOTO IUIOTHOCTHOTO IOTOKA JIsi KOHKPETHBIX YCIOBUI
3aTpyJHEHA TE€M, UTO PaCpOCTPAHEHUE COJIEHBIX MPUIOHHBIX BOJ B KOTJIOBHHAX MOpPS
MPOUCXOJIUT B BUJE Y3KOTO U HEOOJBIIOTO IO TOJIIWHE MPHUIOHHOTO TIOTHOCTHOIO
notoka. Ero gmHaMuka OTiIMYaeTcs OT JUHAMHUKU (GOHOBOH xkuakoctu. [loaTomy Ha
HACTOSAIIEE BPEMSI OMNBIT YHUCJIEHHOTO MOJICIIMPOBAHUS IPOILECCOB PACIPOCTPAHCHUSA
MPUJIOHHBIX CEBEPOMOPCKUX BOJ B KOTJIOBHUHAX baJITUICKOTO MOpsS OrpaHUYECH.
OTMEYEHHOE ONpENeNIeT aKTyaIbHOCTh M3YYEHHS C IOMOIIBI0 MAaTEMAaTHYECKOTO
MOJICITUPOBAHUS PACIIPOCTPAHEHHUS CEBEPOMOPCKUX BOJ B bopHxoibMcKkOM Oacceiine.

Heas m 3amauyum padorbl. llenpro auccepranuu sBISETCS HCCIEIOBAHUE C
MIOMOIIBI0O  MAaTEeMaTHYECKOro  MOJICIMPOBAHMS  MEXaHHW3MOB W OCOOCHHOCTEH
PacIpoOCTPaHEHUS CEBEPOMOPCKHUX BOJ B IPUAOHHBIX CI05X BopHX0IBEMCKOTO Oacceiina
B bantuiickoM Mope, MpOUCXOIAIIEr0 B BHJE MNPUIOHHBIX IJIOTHOCTHBIX MOTOKOB.
HccnenoBanne npoBoautcs Ha nmpumepe 3aroka 2003 r.

JIns 1OCTHXKEHUS TOCTaBJIEHHOW I1eid ObLIM CPOPMYTUPOBAHBI CIETYIOLINE
3aJ1auu

1. Beibop Mojzenu IUIOTHOCTHBIX TOTOKOB M €€ ajamnTaluds K HCCIeIyeMOMY
poueccy;

2. VlccnenoBanue ¢ OMOIIBIO MOJETUPOBAHUS OCOOCHHOCTEH pacipoCTpaHCHUS
1 TpaHchopMalMKM MPUIOHHBIX CEBEPOMOPCKUX BOJ B bopHXOJbMCKOM OacceliHe B
MepUO/T TIIABHOTO 3aTOKA Ha mpuMepe 3atoka 2003 r.

IIpeameTom uccjief0BaAHUS SBJISICTCS MPOLECC PACHPOCTPAHEHUSI CEBEPOMOCKHX
BoJl B bopHX0/1BEMCKOM Oacceiine B Mepuo/I TJIaBHBIX 3aTOKOB.

O0bexToM HcciaenoBanus siBiseTcs bopuxonpMckuit 6acceitn



Hcxonnble marepuaybl. B mpouecce uccienoBaHUs  MCHOJIB30BAJIMCh
ONyOJMKOBAaHHBIC JJAHHBIC HATYPHBIX HAOIIOICHUH.

Meton ucciaenoBanusi. [Ipyu nccienoBaHuU HCIOJIB30BAJIOCH MAaTEMAaTHYECKOE
MOJIEJIMPOBAHUE.

Hayuynasi HoBU3HA.

1. IlpoBeneHo yrouHeHue pa3pabOTaHHOM paHee MOJEIM  NPUIOHHBIX
IUIOTHOCTHBIX MOTOKOB ITyTEM Yy4y€Ta BIMSAHUS OapOTPOIHBIX TEUECHUW, TEMIIEPaTypbl
BOJIbI, (JOHOBOTO IOJIL COJIEHOCTH Ha €r0 pacIpOCTPAHEHUE.

2. Ilo pe3ynpTaTaM MOJAEIMPOBAHUS IOJY4YEHBl HOBBIE CBEACHUA O CTPYKTypeE
NPUJOHHBIX IUIOTHOCTHBIX NMOTOKOB B BOpPHXOIBMCKOM OacceilHe B MEpUO] IIaBHBIX
3aTOKOB.

3. [lomydeHbI HOBBIE CBEICHHUS O BIMSHUN PA3IUYHBIX (PaKTOPOB HA 0COOEHHOCTH
pacnpoCTpaHEeHUs] CEBEPOMOPCKUX BOJ, BKJIIOYAsl MPUAOHHBIN MAMIMHT, (POHOBOE MOJIE
COJICHOCTH, 110JI€ TEMIIEPATYPHI, CBSI3aHHBIE C 3aTOKOM 0apOTPOIHBIE TEUECHHUS.

4. BpiiesieHbl 0COOEHHOCTH CBSI3aHHOTO € 3aTOKOM (DOPMUPOBAHMS B IPUIOHHOM
CJIOE T0JIEW TEMITEpaTyphl, KOHIIEHTPALUN KHCIOPOA.

Teopernyeckasi 3HAYUMOCTH JUCCEPTALMOHHOIO HCCJIEI0OBAHUS.

[IpoBeneHO yTOUHEHHE UMEIOIIEICS MOIENU IPUAOHHBIX MNIOTHOCTHBIX TTOTOKOB,
YTO MO3BOJIWIO aJaNTHPOBATh €€ JJI1 ONMCAHUs Ipolecca 3aToka B BOpHXOJIBMCKUI
OaccellH CEBEPOMOPCKHMX BOJ, IPOTEKAIOIIEr0 B IMEpUOJ IVIaBHOrO 3aroka. llpum
YTOYHEHUH MOJIENN YUTEHBI BIMSIHHE (DOHOBOIO MOJISI COJIEHOCTH, CBS3aHHBIX C 3aTOKOM
OapoTponHbix TedeHui. Kpome »TOro, B Mozenb BKJIIOUEHBI OJOKM pacyera
OOYyCIIOBJICHHOM pacnpoOCTPaHEHUEM CEBEPOMOPCKHMX BOJ TpaHC(HOpMaLUU TOJEH
TEMIIEpaTypbl U COAEPIKAHUS KUCIOPOa,

ITo pe3ysibTaTamM MOJIETTMPOBAHUS IPOAaHATM3UPOBAHA CTPYKTypa
pacipoCTpaHEHUs] CEBEPOMOPCKUX BOJA B BOpHXOIBMCKOM OacceliHe M CBSI3aHHBIE C
TUM O0COOEHHOCTHU TpaHC(hHOpMAaLIUK NOJIEH TeMIepaTyphl U COAEPKaHUS KUCIOpoaa

[Ipoananu3upoBaHbl XapaKTEPUCTUKHU paclpe/iesieHUusT BEPTUKAIbHBIX TEYEHHH,

(bOpMI/Ip}IIOI_HI/IXCH B pPE3yJIbTaTC JUBCPICHLOUNU IMMPHAOHHBIX 3SKMAHOBCKUX IIOTOKOB
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(MpUIOHHOTO TAMIIMHTAa) B 00JIaCTU IUIOTHOCTHOIO TOTOKA. BbineneH MexaHusMm H
CTPYKTYpa UX BIIUSIHUS HA IJIOTHOCTHBIN MOTOK.

IIpakTuyeckass 3HaumMocThb. Pa3paGoTaHHass MoJeldb  MOXKET  OBIThH
UCIIOJIb30BaHA JJIS  MCCIEJOBaHUS  OCOOEHHOCTEH  aHAJIOTMYHBIX  MPHUIOHHBIX
MJIOTHOCTHBIX MOTOKOB JJISI APYTUX KOTJIOBUH banTUHCKOTO MOPS U U1 APYTUX MOPEl.
Pe3ynpTaThl  MOJOOHBIX  MCCIENOBAaHUW  MOTYT  YTOYHUTH  CYHIECTBYIOLIUE
IpeCcTaBiICHUsS 00 OCOOCHHOCTSIX W MEXaHM3MaX, OMPEACNAIONINX TOTOKH COJeH,
TeIia, KUCIOPOoJia U XUMUUYECKUX AJIEMEHTOB. DTO MO3BOJIUT JIyUlIe MOHSITH MPOIECCHI
dbopMHUpOBaHUS TPEXMEPHBIX MOJIEH TeMIlepaTypbl U COJEHOCTH, a TaKKe MPOIECCHI
a’pauuu TyOuH, (OPMHPOBAaHUA CTPYKTYphl MOJEH XUMHUYECKUX (B TOM 4YHUCIE
OMOT€HHBIX ) JIEMEHTOB.

JluccepTallMOHHOE  HCCIEJOBAaHUE  BBINOJHSAIOCH B pamkax  Hayuno
uccnenoBarenbckux HUP « Pa3paboTka KOMIUIEKCHOW MaTeMaTHYeCKOW MOJACIH
TEPMOTUIPOIUHAMUYECKUX U JIEOBBIX MPOIECCOB B MIETH(HOBBIX MOPSX», «Pa3paboTka
MaTeMaTUYECKOU MOJIETT MTPUJOHHBIX JIOTHOCTHBIX MOTOKOB B MIEIb(OBBIX MOPIX)».

Hayunasi 000CHOBAaHHOCTb H JOCTOBEPHOCTH Pe3yabTaTOB. OOOCHOBAaHHOCTh
MPE/ICTABIICHHBIX PE3YJIbTATOB OMPENESETCS TEM, YTO 0a30BbI€ MOCTYIATHl MOJICITH
ONMMPAIOTCSI Ha TIOJYyYEHHbIE paHee pe3yJbTaThl MCCIECIOBAaHUNW OCOOEHHOCTEN
pacripefielieHuss BO3MYIUEHHS JABIICHHSI B OKPECTHOCTH IUIOTHOCTHOM JIMH3BI.
Hcnonb3zyemass Mojellb TECTUPOBANIACH C MOMOIIBIO MPOBEACHHSI CEPUM YUCIEHHBIX
AKCIEPUMEHTOB, BKIIFOYAIOIIUX PACUEThl PACpPOCTPAHEHUS TPUJOHHOTO MIOTHOCTHOTO
MOoTOKa B 00JacTsIX, MMEIONUX YIpolieHHyto dopmy penbtha ana. Ilomydennsie
pe3yNbTaThl YHMCIEHHOTO MOJEIMPOBAHUS COMOCTABISIMCH C JIAHHBIMU HATYpPHBIX
HAOMIONICHUM, pe3yibTaTaMu  JaOOpaTOPHBIX  HUCCIENOBAaHUNA MW pe3yjibTaTaMu
YUCJICHHOTO MOJICJTUPOBAHUS, TOJTYUYSHHBIMH APYTUMHU aBTOPAMHU.

Ilos10:xeHMe, BBIHOCMMOE HA 3alIUTY

1. YTouHeHHass TpexMepHas MOJeNb NPUAOHHBIX IUIOTHOCTHBIX IIOTOKOB B
bopuxonbMckoM OacceiiHe, YYUTHIBAIOLIAsl BIMSHUE JUBEPTCHLMH TUIOTHOCTHBIX
NPUJOHHBIX SKMAHOBCKHUX IIOTOKOB (NIPUJOHHOTO TMAaMIMWHIra) Ha CTPYKTypy U

JTUHAMUKY TJIOTHOCTHOTO TIOTOKA, a TAaK)Ke Ha OApOTPOITHYIO IUPKYJISIIIUIO B MOPE.
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2. CTpykTypa U OCOOEHHOCTH pacCIpOCTPAHEHUS MPHUAOHHBIX TMJIOTHOCTHBIX
NOTOKOB B bopHX0IBEMCKOM OacceiiHe.

3. OcOOEHHOCTH  B3aUMOJECHCTBUS MPUIOHHOIO IIJIOTHOCTHOTO TIOTOKA C
BBILIEJIEKAIIUM CIIOEM.

4. OcoO6eHHOCTH TpaHCPOPMAIIUH TOJIeH COJICHOCTH, TEMIIEPATYPbl, COACPKAHUS
KHCIIOPOJIa, CKOPOCTEH TeueHUM NPUAOHHBIX BoJ bopHxombMckoro OacceitHa Mo
BJIMSIHUEM PACIPOCTPaHEHUS IPHUIOHHBIX B HEM IJIOTHOCTHBIX ITOTOKOB.

CooTBeTrcTBHE QM CCEPTALUM MACTIOPTY CHENNATIBHOCTH

[IpencraBienHass paboTa COOTBETCTBYET NacmopTy crernuaibHoctd 25.00.28
«OKeaHOoNOTHs» MO CIEAYIOIUM TyHKTaM:

1. JlunamMuyeckue mpouecchl (BOJHBI, BUXPH, TEUEHHUs, MOTPAaHUYHBIE CIIOH) B
OKEaHe.

2. [Iponeccyl popMupoBaHUS BOAHBIX MacC, UX MPOCTPAHCTBEHHO — BPEMEHHOMU
CTPYKTYpBIL, THUipodu3ndeckue noust MupoBoro okeaHa.

3. 3aKOHOMEPHOCTH TMEPEHOCA BEIIECTBA U SHEPTUHU B OKEaHE.

4. Metonbl Uccie10BaHUM, MOJIETUPOBAHUS U IPOTHO3a MPOLIECCOB U ABJICHUHN B
OKE€aHax M MOpsX.

AnpobGanus padorbl. Pe3ynbTaThl pabOThl JOKJIAABIBAIUCH U OOCYKIATUCh HA
UTOTOBBIX ceccusix YueHoro Copeta okeanosorudeckoro axkynsrera PITMY (Cankr-
[TerepOypr, 2014 — 2017rr.), IV HaydHO-TexHUYECKass KOH(EPEHIIUS MOJOABIX YUEHBIX
u cnenuanuctoB «lIpukianHble TEXHOJOTMH THUIPOAKYCTUKH U THIAPOPUIUKN»
(Yuebno-metoquueckuii 11eHTp AO «Konmepn «Oxeannpubop», Cankt-IlerepOypr,
okTs0pb 2015r.), MonoaexHnass HaydyHast koH(pepeHuus «KoMIiekcHble nccaea0BaHus
mopeit Poccun: OmnepatuBHas okeaHorpagusi M SKCIEIUIIMOHHBIE HCCIEAOBAHUS,
(®I'bYH MI'U PAH, CeBactonons, anpenb 2016r.), II Beepoccuiickas koHbepeHIUs
Mosonbix yueHblX «KomrekcHeie HccnenoBanuss MupoBoro Oxeanay», (IO PAH,
Mockaa, anpens 2017r.).

Myoamkanuu. OCHOBHBIE PE3YJIbTATHI 0 TEME AUCCEPTALUU TIPEJICTABICHBI B §

paboTrax, U3 HUX 2 CTaThbU OMYOJMKOBAaHBI B PEICH3UPYEMBIX JKypHAJIAX U3 MEPEUHS
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BAK MunuctepcTBa o6pazoBanust u Hayku PD, 6 craTeli B Tpyaax MeXIyHapOIHBIX U
POCCUNCKUX KOH(EPEHIUH.

Crpykrypa n o0beM padorsl. [lucceprannst COCTOUMT U3 BBEACHUS, TPEX IJIAB U
3aKJIFOYCHHS.

[lenbro quccepTallMOHHONW paOOThI IBUJIOCH U3YYEHUE MEXAHU3MOB, CTPYKTYPHI U
OCOOEHHOCTEM pacHpoCTpaHEHUsI CEBEPOMOPCKHX BOJ B MPUIOHHBIX  CIIOSX
bopuxonbMckoro OacceifHa ¢ Y4YeTOM HX B3aUMOJICHCTBUS C OapOTPOIHBIMU
POLIECCaMU MPUCTIOCOOTICHUS

C y4yeTom 3TOi LIENH CTaBUIIUCH CIICAYIOLINE 3a0a4l

- BBIOOp MOJENM IUIOTHOCTHBIX MOTOKOB W €€ ajanTalus K HCCIeTyeMOMY
Iporeccey,

- HCCIIEIOBAaHWE C TIOMOILIBIO MOJEIUM OCOOCHHOCTEH pacupoCTpaHEHUs
O0OYCJIOBJIEHHOTO 3aTOKOM IUIOTHOCTHBIX CEBEPOMOPCKUX BOJA B bBopHXoibMCKOM
Oacceiine Ha npumepe 3aToka 2003 roaa;

- HCCIIeJOBaHUE OCOOEHHOCTEH mpouecca TpaHchopmanuu TIIyOMHHBIX BOJ B
BopuxonasMckoM Gacceiine pu 3aToke ceBepoMopckux Boa B 2003 rony.

B mepBoii TiaBe naercs aHaTUTHYECKUUA 0030p OCHOBHBIX OCOOEHHOCTEM
pacIpoCTpaHEHUs CEBEPOMOPCKUX BOJ M WX Oosbiiux 3aTokoB B 1993 u 2003 ropax,
MPEICTABIICHHBIX B MyOJIMKAIIUAX PE3yJIbTaTax YUCICHHOTO MOACIUPOBAHUS.

Bo BTOpoii rnase popmynupyeTcs UCXO0HAsS CUCTEMA ypaBHEeHUM Moaenu. B
TPEThE IJaBe C IMOMOIIBIO MPEACTAaBICHHOW MoJenu Ha mnpumepe 3atoka 2003r.
UCCIENYIOTCS 0COOEHHOCTH (OPMHUPOBAHUS M PACIPOCTPAHEHHs] B BOpHXOIBMCKOM
OacceilHe TMJIOTHOCTHBIX CEBEPOMOPCKHX BOJA. PaccMarpuBaloTcsi OCOOEHHOCTH
mporecca TpaHcopManuu TIIYOMHHBIX BoJ B bopHXombMckoMm OacceliHe mIpH

PacpoCTpaHCHUHU 3aTOKA IMIIOTHOCTHBIX CCBCPOMOPCKHUX BO/I.
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1. OCHOBHBIE OCOBEHHOCTU 3ATOKOB 1 PACITPOCTPAHEHUA
CEBEPOMOPCKUX BOJI B BAJITUMICKOM MOPE

1.1 OcHoBHBIE 0COOEHHOCTH BOJI00OMeHa bantuiickoro Mmops dyepe3 JlaTckue

IIPOJINBBI

B pesynbrare mosiokKUTENBHOTO MPECHOro OajaHca 3a CYET PEYHOro CTOKa, a
TaK)K€ MPEBBIIICHUS OCAJIKOB HaJ UCMapeHueM B bantuiickom Mope MmoajiepKUBaeTCs
OoJjiee HU3Kas COJEHOCTh MO CPAaBHEHHUIO C COJEHOCTHIO BOJbI B TpaHUYAIIUM C
bantuiickum mopem 3anuBom Karrerar. M3-3a paznuuus IIIOTHOCTH BOJ, CBSI3AHHOU C
Pa3HOCTBIO B COJIEHOCTH, B 00OnacTH JaTCKMX MpOJIMBOB (POPMHUPYETCS MIOTHOCTHOM
TpagveHT JaBJjeHUs, OJ1arofapss KOTOPOMY MPAKTUYECKU IMOCTOSHHO Yepe3 MPOJIUBHI B
HUOKHEM CJIO€ MPOUCXOJIUT 3aTOK COJIEHBIX BOZ. OOBIYHO COJIEHOCTHh MOCTyHAarouiei
BOJIbI JISKUT B mipefenax 12 — 16%o. B cBoto ouepenb mojaoKuTeIbHbIN MpecHbIi OanaHc
Mopst  (OpMHUpYET HaNpaBJICHHBIH B CTOPOHY MIPOJUBOB OapOTPOMHBIA MOTOK,
MOJJIEP>KMBAEMbIIl HAKJIOHOM BO3MYILEHUS YPOBHS CBOOOAHOM MoBepXHOCTHU. [Tpu 3TOM
B IIPUTIOBEPXHOCTHOM CJIO€ MpeodagacT HAPABICHHBINA U3 MOPs 0apOTPOMHBIN MOTOK,
a HUYKE HaIpaBJIEHHBIM B TPOTUBOIOJIOKHYIO CTOPOHY MOTOK COJIEHBIX BOJ. B BepxHem
CJIO€ OTMEUYAETCs OTHOCUTEIBHO HEBBICOKAsI COJIEHOCTh (OKOJIO 8%0), @ B HUKHEM CIIOE
COJICHOCTh MOKET MpeBblaTh 20%o. C paccTosIHUEM OT MPOJUBOB COJIEHOCTH BOJbI
IJIyOMHHOTO CJIOSl yMEHBIIAETCS B  pPE3yJbTaTe IEPEMEIIMBAHMS C BEpXHEU
pactipecHeHHOW Bojo# (puc.l.1-1.2). JlaHHBIA TUND LUPKYJISIUUM U paclpeeseHUs
COJICHOCTH BOJIbI XapaKTEPHBI ISl 3CTyapueB, Mo3ToMy banTuiickoe Mope CpaBHUBAIOT
C OOJIBIIIUM ICTYyapUeM, a OTMEUYEHHBIN TUI HUPKYJISINU B MOPE HA3bIBAIOT ICTYapPHBIM.
[log BAWsTHUEM JAHHOTO TIpollecca YCTaHABIMBAeTCs cpenHss ¢GoHOBas KapTHUHA

pacrpeneneHus COJICHOCTH BOAbI U TCUEHHUM.



GullfolFinland

Pucynoxk 1.1— BepTukansHoe pacnpeiesieHUue COJICHOCTH B banTuiickoM MOpe B pa3HbIX

ce30Hax (a — geBpaib, 0 — maid) [87]

Pucynok 1.2 — Cxema me3omacitabHOM BHyTpeHHEH MUpKysiiun B bantuiickom Mmope

(3esIeHbIE CTPEIIKK: TOBEPXHOCTHOE T€UEHHUE, KpaCHBIE: IITyOOKOBOIHOE TeucHHe) [46]

3aTOK OOBIYHO MPOUCXOJUT B HEMPEPHIBHOM PEXKUME C YMEPEHHOM COJIEHOCTHIO.
B nepuon MHTEHCUBHBIX BETPOBBIX HATOHOB, B I0KHOM dacTu npoJyinBa Karrerar nz—3a
3HAYUTEJIIBHOTO MOAbEMA YPOBHS MOpPS MPOUCXOJAT WHTECHCUBHBIM 3aTOK COJIEHOMU

BOJIbI. JIByXCloiliHasi KapTWHA TEYEHUM B NPOJIMBAX MEHSETCS Ha MPAKTUYECKHU
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OIHOPOJHYIO OT IOBEPXHOCTH 0 AHA. 3a MEPUOJ 3aTOKa, MPOJOJIKAIOIIETOCS OKOJIO
necsaTy u 0omnee cyTok B bantmiickoe Mope moctymnaeT cojieHas Bojga oosemMom g0 300
kM°. TaKkde 3aTOKH HA3BIBAIOTCS «IVIABHBIMU bBanTHilCKMMM 3aTOKaMmm». I IaBHBIC
3aTOKM MMEIOT Ba)XXKHOE 3HAYCHHE JJI 3KOJIOTMYECKOTO COCTOsIHUS bantuiickoro mops,
TaK Kak TOJIbBKO OHU MOTYT MPUBOJUTH K OOHOBJICHUIO MPUJIOHHBIX BOJ B Mope. Bpems
MEXK]ly Pa3HbIMHU TJIaBHBIMH 3aTOKaMH Ha3bIBAETCS «IIEPUOJ] CTarHAUW», T.K. B 3TO
BpeMs KOHIICHTpAIUsl KUCIOpO/ia B MPUOHHOM CJIO€ MHOTHUX KOTJIOBUH bantuiickoro
MODSI CHAYKAETCS.

I'maBuble bantuiickue 3aToku ObUIM HCCIENOBAaHBI MHOTMMH aBTOPAMH C
UCIOJB30BaHUEM JIaHHBIX HAONMIONCHWHM, a TakXke pe3yJbTaTOB YHUCIECHHOIO
moaenupoBanus [40, 47, 59, 64, 75, 88, 92, 93, 94, 95, 96, 97, 98, 110, 117, 121]. B
TEUEHUE TOCIEAHUX NECATWICTUMN TJIaBHbIE OAITUIMCKUE 3aTOKU CTaJIM MPOUCXOJUTH
OUYCHb peaKo. B Hay4yHOU nuTepaType 00CYKIal0TCs pa3uyHbIe BO3MOXHBIE MPUUUHbI
storo siBieHus [54, 75, 98, 99, 106, 125, 127, 129, 137, 142]. B kadecTtBe ogHON W3
[JIaBHBIX TPUYUH YBEJIMYECHUS JUIMTEIILHOCTH TIEpUOJAa CTarHallMM Ha3bIBACTCA
W3MEHUYMBOCTh peuHoOro crtoka B banruiickoe wMope (puc.1.26). Ilo maHHBIM
HAOJIOZICHUI OTMEYaeTCsl CBSI3b MEXKIY TMPUIAOHHON COJEHOCThIO B KOTJIOBUHAX
bajituiickoro Mopst 1 MaKCUMaJIbHbIM PEYHBIM CTOKOM CO CIBUTOM BO BPEMEHH 6 JieT
[17, 98]. Ilpenmonaraercs, 4YTO MpPU YBEJIUYEHUU PEUYHOTO CTOKA MPOUCXOAUT
paclpeCHEHHUE TOCTYIAOIIEH CEBEPOMOPCKOM BOBI, YTO CHUIKAET €€ IUIOTHOCTh U
YMEHBIIAET €€ CITOCOOHOCTh OOHOBJICHUSI CTApOi MPUIOHHON BOJBI. Takke cuutaercs,
YTO YBEJIWYEHHUE IPECHOr0 CTOKa B banrtuiickoe Mope NPUBOIUT K YCHICHUIO
BBIHOCHBIX CTOKOBBIX T€YEHUM, UTO OCIA0JISIET CKOPOCTh 3aTOKA CEBEPOMOPCKUX BOJ. B
KaueCTBE OJHOM W3 NMPUYMH TaKKE€ Ha3bIBAETCA 3aperyJMpOBAaHHOCTh CTOKa PEK, B
pe3yJibTaTe 4Yero 3WMOW COXPaHSAETCS OTHOCUTEIBLHO OOJIbIIasl BEJIMYMHA PEUYHOTO
CTOKa, MPEMATCTBYIONIAs 3UMHEMY 3aTOKY CEBEPOMOPCKHX BOJA. CHUXKEHHUS YacTOThI
[JIABHBIX  3aTOKOB TakKXE CBA3BIBAIOT C HU3MEHEHUSIMU  METEOPOJIOTUYECKHUX
3akoHOMepHocTen [96, 106, 150].

B nepuoa rnaBHBIX 3aTOKOB pa3HUIA B YPOBHE MOPS BO3HHMKAET MOJI BIUSHUEM

3oHasIbHOTO BeTpa Haj CeBepHbIM MopeM. Ilpu omnpeneneHHbIX YCIOBUSAX B MPOJIUBE



13

Karrerar ¢opmupyercs 3HauuTeNbHOE NpeEBbINIEHHE (10 1M) ypOBHS Haja ypOBHEM
banTuiickoro Mops, B pe3ylbTaTe Yero pe3Ko YCHUIUBAeTCs OapOTpONMHBIA 3aTOK
CEBEPOMOPCKUX BOJ. BO3HUKHOBEHHME HEOOXOAMMBIX Uil (POPMHPOBAHUS TAKUX
3aTOKOB  METEOPOJOTHYECKHX  YCIOBUHW  IPOMCXOAMT  JOCTAaTOYHO  PEIKO.
HeperyisapHOCTh M IOATOBPEMEHHBIM WHTEPBAJ MEXKAY MOCIECIYIOIIUMHU TJIaBHBIMU
OanTUIICKUMHU 3aTOKAMM SIBJIIIOTCA TJIABHOM MPUYMHOM CTarHallud BOJ, YacTo
ormeyvaromericss B bantuiickom mope. Ilpy 3TOM B NpHUIOHHOM CIO€ KOTJIOBUH
OTMEYAeTCsl yBEJIIMYEHUE KOHUEHTpauuu QocdaroB, a KOHLEHTpAIUs KHUCIOpOaa
cHmkaercs. MHorma  ormedaercs  IOSIBJICHHE — 3HAQYMTEIBHOM  KOHLEHTpaLUu

CEpOBOJIOPO/IA B MPUIOHHBIX TOPHU30HTAX KOTIOBHH [53, 97].
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PucyHok 1.3 — OcHOBHBIE 3Tallbl KPYITHOTO 3aTOKA: HAYAJIbHBIN [TEPUOJ, IEPUOT

IJIaBHOI'O 3aTOKa M IICPUOA IMOCIIC 3aTOKA, 4 TAKIKC B3aMMOCBA3b C USMCHCHHUEM YPOBH:A

Mops [96].

Boinenensl omnpeieieHHbIe METEOPOJOTUYECKUE YCIOBHUS, HEOOXOIUMBIC IS
dbopMHUpOBaHUS TJIABHBIX OaNnTUUCKMX 3aTOKOB. CUuWTaeTcsi, YTO Hayaldy TJIABHBIX
OQITHICKUX 3aTOKOB, KaK IPaBWJIO, JOHKEH MPEAIISCTBOBATh IMEPHUOJ, B TEUCHHUE
KoToporo Haj CeBepHBIM MOPEM JIOJDKEH MpeodiiagaTh BOCTOUHBIN BETEP. DTOT BETEP
MPUBOJAUT K TOHWKEHUIO YpOBHS banTuiickoro Mopss 10 MHUHUMaJIbHOTO. Takoe

MMOHM)KEHUE MOXET COCTaBiATH IM. [loHmkeHnue ypoBHs banTuiickoro mopsi co3maer
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OJIaronpuATHBIE YCIOBUS JUIsl MOCIEAYIOIIET0 pPa3BUTHUSl TJIABHOTO 3aTOKa. [ 'JlaBHbIE
OaNTHIICKHE 3aTOKH COCTOAT U3 TPEX IIaBHBIX MEPHUOJIOB: HAYAIBbHBIA MEPUOJ], TIEPUOT
TJIABHOTO 3aTOKa W Mepro nmociie 3aToka (puc.1.3) [96].

HavanpHblli mepuon OXBaThIBa€T BpEMs, B TEYEHHUE KOTOPOTrO YPOBEHb B
bantuiickoM Mope coxpaHseTcsi MUHUMAIbHBIM JI0 Haydalla Mepuojia TJIaBHOTO 3aTOKa.
MeTeoposIorn4ecKre yCa0BUs B TEUYEHUE MTOCIEAHUX ABYX HENIENb HAYAJIBHOTO MIEPHO/IA
UTPAIOT BAXKHYIO POJIh B (POPMHUPOBAHUH OJIATOTIPUSTHBIX YCIOBUH JIJIS TJIABHOTO 3aTOKA
(Tak Ha3pIBaEMBIM TEPHUOJ MpEaIIecCTBYIOMMM 3aToky). [locie HawanbHOro mepuoja,
KOTJja BETEp MEHSETCA Ha 3alaJHbld U BBI3BIBAET HAroH BOJbl CeBEpHOrO MOpsS K
Jlarckum mponvBaM, HAYMHAETCA NMEPUOJ TIIaBHOTO 3aTOKA. YPOBEeHb B banTuiickom
MOPE B MEPUO/I TJIABHBIX 3aTOKOB MOKET MOJHUMATHCS O OJJHOIO METPA OTHOCHUTEIIBHO
HYJICBOM OTMETKH. BOJHBIE MacChl ¢ BBICOKOM COJICHOCTBIO (M IJIOTHOCTHIO), MPOXOIs
noporn Jlapc wm JlporaeH, pacHpoOCTpaHSIOTCS B MNPHUIOHHOM CJI0€ APKOHCKOTO
Oacceitna. st Toro, yToObl BojiHbIE Macchl CeBEpHOTO MOpS JOCTUTIIH, MO KpalHeu
Mepe, rpaHullbl ¢ BOpHXO0IBMCKUM OacceiHOM, BETEp JIOKEH COXPAHATHCS CBOIO CUITY
noctatoyHo Aoiro (mopsiaka 10 cyrok). B HEKOTOpBIX ciiydasiX COJIEHbIE BOJbI B
Mepro ] 3aToka MOTYT NpPOHUKAaTh bopHxombMmckuii OacceitH. Ilepmon mociie 3aToka
HAYHETCsI, KOTJa 3amajJHblii BeTep ociabeBaeT, U ypoBeHb y JlaTCKuX MPOJMBOB CO
cTOpoHbl CeBEpHOTO MOPS TOHUKAETCS.

IIpr 3TOM ypOBEHB CO CTOPOHBI bBaNTHIICKOrO MOpPSI CTAHOBUTCS BBIIIE, YTO
MPOBOAUT K OTTOKY BOJIbI U3 banTuiickoro Mopsi, BbI3bIBasi IOHUKEHUE YPOBHS B MOpE.
[Ipy 3TOM TPOUCXOAUT BBIHOC HEKOTOPOM YAaCTH COJICHBIX BOJ M3 APKOHCKOIO
OacceifHa. ['aBHBIE 3aTOKM 4allle BCEro HaOmroJarTcs B ceHTsaOpe—amnperne. B 60%
CIy4yaeB OHHM IPOUCXOJHWIIM B MEPHOJ ¢ HOSOps mo ssHBaph [96]. OOBIYHO B TeUeHHE
HECKOJIbKUX HeJleJlb, BO BpPEMsS HAuyaJbHOTO TEPHOJIa OTMEUYAETCS IOCTEICHHOE
yBEJIMYEHUE MUHTECHCUBHOCTH TJaBHBIX 3aTOKOB (puc.l.4). Conensie Boabl (S > 17%o)
HAYMHAIOT paclpocTpaHsiTbes uepe3 Jlapc mpuMepHO uepe3 AE€Hb MOciie TOro, Kak
CKOpPOCTh  3allaJHOrO BeTpa JIOCTUTHET HauOoJbllero 3HadyeHus. V3meHeHue
HaIpaBJeHUs] TeoCTPOPUUECKOTO BETpa C 3amaJHO—IOr0—3amagHOrO Ha 3amajgHO—

CeBepO—3aHaI[HBIﬁ IMponuCxXoauT B TCUCHHUC IIOCIICIHUX JIBYX ,[[Heﬁ nepeca HadaloM
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NepuoJia TJIABHOTO 3aTOKA. JTO OTpa)kaeT M3MEHEHUE HAIpaBJIEHUS MOBEPXHOCTHOTO
BETpa C IOro—3amnaja Ha 3anaj. MakcumanabHas CKOPOCTh MOXET JOCTUTaTh BEIUYUHBI
15 m/c. Cpenusis CKOPOCTh M IIUTEIBHOCTh CUJIBHOTO BETPa BIUSIOT HA MHTEHCUBHOCTD

3atoka [75, 96, 97].

30
60 S50 40 30 20 W 9O W 20 O 40 N &
oW °E “w °E

Pucynox 1.4 — Cpenaue 3Ha4YeHHSI TaBIICHUS HAa YPOBHE MOPS (MIJITHOAPHI) B TCUCHUE
TUTIAYHOTO COOBITHS «[ ' JTaBHBIN OanTHIICKUi 3aTOK». (A) HaYaIbHBINA 1epuoa 1—ii 1eHb,
(B) nauanensbrit nepuoy 11—t nenn, (C) Havanbubiit nepuoy 15—t news, (D) nepuon
rJ1aBHOTO 3aToKa 1—it neHs, (E) nepuos rmaBHoro 3atoka S—ii nenb, (F) mepuos mocie

3aTtoka 1-ii nens [96]

3aTOKHU 3HAYUTEIHLHO OTpaHUYCHLI Y3KUMHU KaHaJIaMH B I[aTCKI/IX IIpoJuBax
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(Mansrit benbt, bonbioit benbT 1 3yH1) 1 MEIKOBOJAHBIMH TTOPOTAMHM, HAXOISIIIMMUCS
MeXI1y HUMH U ApKOHCKHM OacceitHoM. [lapc nMeeT momnepeuHoe ceuenue Toibko 0,8
KM, U ero riybuna cocraBisier 18M. [t J[pOrieH COOTBETCTBYIOIIHIE XapaKTEPHCTHKHA
uMeroT 3HadeHus B 0,1kM” u 7M. B IepHox IIaBHBIX 3aTOKOB TOCTYIUICHHE COJICHBIX
BOJ Impoucxoaut yepes noporu lapc u poren. IIpu atom uepes [poreH 3atok uaie
HAYMHAETCSl paHbIlle HAa HECKOJBKO JTHEW M XapaKTepu3yeTcs OOoJbIlIel COJEHOCTHIO.
OOBIYHO COJIEHOCTH MOCTYTAIONIEH BOJBI B 3aBUCHMOCTH OT MHTEHCHBHOCTH 3aTOKOB
MOXET COCTaBIATh OT 12%o0 10 16%o0. Bo BpeMsi MakCHMAaJIbHBIX 3aTOKOB OHA MOKET
nocturath 22-25%o. [locTynaromas ceBepoMopcKasi BOAa B MEPUOJ] 3aTOKOB 3aOJIHSIET
BHaJaJie MPUIOHHYIO 00JacTh APKOHCKOHN BHaauHbL. M3-3a 4acTUYHOTO CMENICHUS C
OKpY’Karollel BOJIOM MPOUCXOAUT YBEIMUEHUE €€ 00beMa U YMEHBIIEHHE COJIEHOCTH.
Pacnpoctpanenue ceBEepOMOCKHUX BOJ B APKOHCKOM BIAJUHE MPOUCXOIUT MO
BIUSHAEM OapOTPOIHBIX W OapOKIMHHBIX (akTopoB. WX oOTHOCHTENbHAs pPOJb B
pPacIpoCTpaHEHUN CEBEPOMOPCKUX BOJ JI0 HACTOAIIEIO BPEMEHU OCTAETCA HAa CTAIUU
uccienoBanus. CyuTaeTcsi, 4YTO NPOJOJDKUTEIBHOCTh 3allOJIHEHHS ApPKOHCKOTO

Oaccelina CCBCPOMOPCKHMHU BOAAMHU 3aBHCHUT OT HMHTCHCHBHOCTH 34TOKda W MOZKCT

COCTaBIIATH nopsjka 10 cyTok.

TrySaxa 8 merpax

0 2 S0 | 200 raybxe

— T

AMAL, Cpeanan rpanKUS AATS 8 NOPNOL
Nanonbinere pacapecTpaNOHNA

Pucynok 1.5 — Penbed aua bantuiickoro mops [151]
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N3—3a cnoxHoro penbeda nHa banTuiickoro Mops, MpeACTaBISAIONIEro COO0OH IeMb
KOTJIOBUH, Pa3JCIICHHBIX MEXKJY COOOW OTHOCUTEIBHO MEJIKOBOAHBIMU MOPOTaMU
(puc.1.5), pacnpocTpaHeHue MOCTYIUBIIEH CEBEPOMOPCKOIN BOJIbI BIUIyOb bantuiickoro
MOPsI PEJCTABISIET COOOM CIOXKHBIN MPOIECC MOCIEAOBATEIBHOIO 3aTOKA COJIEHBIX BOJT
M3 OJHOW KOTJIOBHHBI B COCEIHIOI), PACIIOJOXKEHHYIO JAJIbIIE IO HAMPABICHHUIO OT
JIaTCKUX MpOJIUBOB.

Tak, 3 ApkoHCKOro OacceilHa cojieHas BojAa 4yepe3 BOpHXONbMCKHNA MPOJIUB
npoHUKaeT B bopHXONIbMCKHUI OacceiH, T/ie OHa, pacpoOCTPaHSACh B MPUJOHHOM CJIOE,
3aMoJaHsAeT rIIy00KyI0 4acTh KOTIOBUHEI (puc.l.6). HecMoTps Ha 3HAYMTENBbHBIA 00BEM
COOpaHHBIX HATYPHBIX JAHHBIX, @ TAKXKE PE3YyJbTATOB YUCJICHHOTO MOJICIUPOBAHUS, K
HACTOSIILIEMY BPEMEHU HET SICHOTO MPEACTABICHUS O TPACKTOPUU PACIPOCTPAHEHUS
COJIEHBIX BOJ B bopHXonbMCKOM OacceitHe, ee TpaHC(hOpMalMH, JeTalsX MEXaHu3Ma
dbopmupoBaHus ee NBWXXEHUA. B nuteparype oTMeuaercsi, 4TO 3arfoJIHEHHE COJICHOM
BOJIOM TJIyOOKOBOJIHOM YacTW KOTJIOBHHBI BOpHXOIBMCKOrOo OacceiiHa NPUBOIUT K
BBITECHCHHIO CTApOW MPHUJIOHHBIX BOJBI M €€ BBIHOCY 4Y€pe3 MEJIKOBOAHBIM MOPOT B
Cnynickuii sxeno6 [77, 88]. BeitecHennas u3 bopaxonbMmckoro 6acceiiHa coyieHast Boja
3aMoHsAeT TIIYOOKOBOJHYIO YacTh CIyNCKOTO kenoOa, BRITECHSIST HaXOSIIYIOCS Tam
MPUJOHHYIO, HO 00JIaJaI0IIy0 MEHbIIEH coleHoCcThIo Boay [107, 119, 137, 145, 147].

[Tocne nmpoxoxaerus: CIymnckoro xenoda CoJIeHbIEe BOJBI PACIPOCTPAHSIOTCS Ha
CEBEPO—BOCTOK K ['oTiaHACKON BHaauHe, a 4acTh K [ manbckoit BnaguHe. OOHOBIICHHE
MPUIOHHBIX BOJ B 3THUX KOTJIOBUHAX MPOUCXOAUT TOJBKO MPU MHTEHCUBHBIX 3aTOKAX
[43, 46]. Cuuraercsa, yTo Hanboyiee MHTEHCHBHAs TpaHCHOpPMAIHs COJIEHBIX BOJHBIX
MAacC TPOMCXOAUT MPHU MPOXOKICHUU TMOPOTOB, PA3NCISAIONINX KOTJIOBUHBI MOps. B
Nepuoj TIJaBHBIX 3aTOKOB COJICHbIE BOJIBI PACIPOCTPAHSIOTCS 10 [ OTIaHCKOTrO
Oacceiina (puc.1.7). PacnpocTpaHeHne COJIGHBIX BOJ COMPOBOXKIAETCS O0Opa3oBaHUEM

BHYTPEHHUX (POHTOB C MEJIKOMACIITAOHOW MHTpy3ueu u 3aBuxpenueM [57, 97, 99,

119].
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Pucynok 1.6 — CxeMa 3aToka B banTuiickoe Mope U olpeieicHue mporeccoB [64]
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Pucynox 1.7 — I'naBHbIN MapupyT, 32 KOTOPBIM CJEAYIOT TJIaBHbIE OaNTHIICKUE 3aTOKH,

OCHOBHBIC ITOPOTH ¥ KaHaibl [94]

I'maBHBIN OanTHMCKHM 3aTOK, HaOMromaBmmicd B 1993r.

B sHBape 1993 roaa riaBHBIM 3aTOK MPOMCXOAMI mocie 17 jer crarHanuu. B
pe3yJibTaTe 3aToKa COJICHBIC BOJIbI MPOHUKIIM B ITyOOKOBOIHBIN ['oTiIaHACKUI OacceiiH.
OO0BeM MOCTYNUBIIIEH B MEPUOJ] 3aTOKA CEBEPOMOPCKHUX BOJI COCTaBUI 0k0Jio 310 KM, B
TOM urcae 135 KM® BBICOKOCONECHBIX BOX (60mee 17%o) M ¢ BBICOKOI KOHIIGHTpALMei

KHCIOpoaa. BBICOKOCOJICHBIE BOJBI, TOCTyMaromme dyepe3 [lapc, MMenu CpemaHIor
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COJIEHOCTh OKOJIO 19%o, cpemHioro Temmeparypy 3,5°C, a CpeaHIOI KOHIIEHTPALIUKO
KHCIOPO/a B 8,2 MILI .

OTOT CWIbHBIN TJIaBHBIN 3aTOK UMEJ HECKOJIBKO CHEU(PUUECKUX 0COOCHHOCTEH.
Ero mnpomomkurenbHOCTh OblIa OYEHb KOPOTKOM (TPOJOIIKHUTEIBHOCTh TJIABHOTO
3aToKa cocTaBuia 22 CyTok). YpoBeHb bantuiickoro mops noassuics Ha 70 cM Bblilie

cpeaunero 3nauenus [88, 97].

~
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Pucynox 1.8 — IIpogonbHbIil pa3pe3 coleHOCTH B paiioHe J[apc BO Bpemsi TJIaBHOTO
Oantuiickoro 3aToka B siHBape 1993 roxa. (a) rmaBHbIi 3aTOK B TeueHue 2021 ssHBapsi;

(0) rmaBHBIN 3aTOK B 26 stHBaps; (B) 3aToK B 27 siuBaps 1993 rona [84].

3aTOK CeBEpOMOPCKUX BOJ uepe3 [pornen, Havancs B S5 suBaps 1993 rona. [lpu
TOM B APKOHCKOM OacceilHe oTMedaach aJIBEKIIUs COJIEHBIX BOJI. 3aTOK COJIEHBIX BOJI
yepe3 Jlapc Havancs Ha 1-2 Hemenm mozxe. ConeHocTh 3atoka B [lapce 18 siHBaps
npeBbicuia 17%o 1 JOCTUTIA CBOETO MaKCUMAJIbHOTO 3HaueHus B 26 siHBaps (puc.l.8,
puc.1.9). N3—3a 0GoNBIIOr0 KOJIMYECTBA BBICOKOCOJICHBIX BOJI, KOTOPBIC IMOCTYHAJIH
yepe3 Jlapc B ApKOHCKHUI OacceiiH, rajokiuH noaHsuics ¢ 38m g0 10M u M3oxanuHa

20%o0 cmectunachk ¢ 42m 10 32m. B pacnonoskeHuu rajiokinHa OTMEUalics HAKJIOH OT
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neHTpa ApkoHckoro OacceliHa k bopuxonbMckoMy kanany. M3—3a Toro, 4yto mepuon
TJIABHOTO 3aTOKa OBbLIT KOPOTKUM, OOJIBIIIOE KOJIUYECTBO COJICHBIX BOJI BHITEKIO 0OpaTHO
yepe3 M. benbT [99]. Bbpuio mojacunTaHO, YTO MOJOBMHA COJIEH, TMOCTYNUBIIUX B
APpKOHCKHII OacceliH B MepHuoJl 3aTOKa ObUIM BbIHECEHBI M3 APKOHBI B MOCIEAYIOLIUN

nepuon [97].

depth [m]
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Pucynox 1.9 — IlonepeuyHoe ceuenue cosieHOCTH oT nosica @emapu 10 Cynckoro
xenoba uepe3 ApkoHckui 6acceiiH u bopuxonbMckuil 6acceiin, Mexay 14 u 17
deBpans 1993 rona: HabmroAeHUS (BEPXHSS MMaHENb) U pe3yIbTaThl MOJEIH Y IIEHTpa

okeaHoJorndeckoro Poccou (Huxusis nanens) [106]

OcraBmiasica ceBEpOMOpCKasi BOJA PacHpoOCTpaHWIIACh 4Yepe3 BOpHXOJIbMCKHIA
kaHal B bopHxoJbMcKkuil OacceiiH M OOHOBWJA €ro MpUAOHHBIE BOJbI. COJEHOCTH
MPUJIOHHBIX BOJ yBenuumiach ¢ 15%o 10 20%o0 1 KOHIIEHTpalMsl KUCJIOpOAa BO3pocia
npumMepHo ot 1 go 7,5 MILIT ', CTarHaIMOHHbBIE MPUJIOHHBIE BOJBI B BOpHXOIBMCKOM
Oacceitne cMmectunuch B Caynckuil xeno6. J[lanee 3TM Boabl pacrnpoCTPaHUIINCH B
BocTOuHbIN ['oTnmanackuit 6acceitd. [lepBpie mpu3HaKy OOHOBJICHUS MPHUIOHHBIX BOJ B
BocToyHOM ['oTnaHackom OacceliHe HaOmoAannch B Havane ampens 1993 ropa.
OOHOBIIEHHE PUIOHHOTO CJI0SI MPOU30LLUIO TOJBKO B cepeanHe mas. Crnadbie 3ppexTh

o oTMeueHbl B CeBepHoM ['otimanckom 6acceiine u B @uHckoMm 3anuse [28].
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I'maBueIi OanTuiickuii 3atok 2003 roma

3arok 2003 roma ObUT M3yYeH HeCKOJBKUMHU aBTopamu [47, 121]. B mepwon
3aToka Koo 200 KM® CONEHBIX BOJ MOCTYIIIO B I0TO—3aagHyi0 4acTh banTuiickoro
Mopsi. OToT cuibHbI 3aTOK (Qgs = 20,3 — wmHAekcHbI cuerT cTokoB Yy Jlapca u
Jlporiena) ObUT OUYEHb MHTEPECHBIM 10 MHOTHM TMpUYHHAM. 3-3a TEIIbIX 3aTOKOB B
aBrycte 2002 rona u B Hoss0pe 2002 roma, mpuI0HHAs BOJHAs Macca B IOKHOM 4acTu
bantuiickoro mopst u OblIa Ype3BbIUaiiHO Teruion B fnekadpe 2002 roma. TemmepaTypa
HOBEPXHOCTH MOps cocrasisia okoio 7°C u B rirybokoBogHoM pocturana 11-12°C, B
TO BpeMs KakK pacrpe/ie]IeHUEe COJICHOCTH ObLIO TUITMYHBIM I TAaHHOTO TIEpHUOoa rojia.
Bo Bpems mnocrymienuss B sHBape 2003 roga, MCKIIOYUTEIBHO XOJIOJHAs BOAA
3aMeHWJIa Terurylo TIiIyOokoBojgHyro [121]. 3arok sHBaps comnpoBOXKAaIcs Ooiee
clabbiM 3aTOKOM B Mapte W Mae [47]. 3aTok Havancs depe3 10 jer, ¢ MoMeHTa
nocienHero «rimaBHoro» 3aroka [99]. Ilepen Hauanom 3aToka B Hadayie SHBaps HaT
CkananHaBuel yCTaHOBHWJIACh O0JIACTh BBICOKOTO aTMOC(HEpPHOTO MJaBJICHHS, YTO
chopmupoBano Haj banTukoil BeTep ceBEpOo—BOCTOUHOIO HampaBieHus. B pesynbTare
YpOBEHb MOPsi cHU3WICA Ha 80 CM HUXKE €ro cpeAaHero 3HadyeHus. 11-ro sHBaps, BeTep
HaJ| 3aMaJHOM YacThi0 balTHUICKOTO MOpPS M3MEHWJI HAMpaBJICHWE Ha 3amagHbid. Ero
CKOpOCTh nocturia 15 MC , 4TO MpuBeEJIO K (POPMUPOBAHUIO 3aTOKA. 3aTOK B 00JIaCTH
nopora [poranen otrmeuancs 11 ssHBaps. 16 sHBaps 3aTOK yke HaOIr0gaICs B 00J1acTH
nopora Jlapc. Ilon BnusitHuem 3atoka ypoBeHb banTuiickoro Mopsi BBIpOC 0 25CM BbIIIIE
cpeanero. B mepuoa 3aToka B mposiviBe 3yH]I OTMEYanach OUY€Hb BBICOKAsi COJICHOCTh U
HM3Kas Temreparypa Bobl (15 susaps 26,6%o u 2,5°C, a 18 suBaps 26,4%o0 u 2,2°C). B
parione nopora Jlapc, conenoctes gocturiaa A0 21%o0 B mpuaoHHOM cinoe U 18%o y
noBepxHocTr. OLEHOUHEIH TTepeHoc coueil uepes Jape cocrasmn 1,18.10 kr (58% ot
o61ero oGbeMa neperoca coiu) 1 depes 3yuy 0,85.10™ kr (42%) [47].

Brekaromasgs Boja mnepemenianach HCKIIOUUTENBbHO OBICTPO B APKOHCKOM
Oacceitae. OrieHOYHAs CKOPOCTh TTOTOKA cocTapiisia B 30cm/c 3a 12—CyTOUHBIN MTEPHO/I.
UYepe3 BOpHXOIBMCKHMI MPOJIUB COJIEHAs BOJA PAaCHPOCTPaHUIACh B BOPHXOIBMCKOM
Oacceiine. B npumorHoM ciioe BopHX0JIBMCKOM KOTIIOBHHBI ITPOUCXOJIAIIO BHITECHEHUE

cTapoii OoJyiee TEIJIOW W MEHEe COJICHONM BOJbI K BBIMIEICKAINIUM TOPH3OHTAM.
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OnDHOBPEMEHHO MPOUCXOIMIIO CMELIEHHUE XOJIOJIHBIX COJIEHBIX BOJ 3aTOKAa C MECTHOU
Teriol Bojoi. CmemiaHHas BOJa W3 MPOMEXKYTOUHBIX CJIOEB B bBOpPHXOIBMCKON
BIIaJIMHE TOJHUMAJACh BBIIIE TOpPOTa, pasiaelsomero bopHXonbMckuil OacceliH co
Cnynckum ~ xenobom. B pesymbratre  3TOTO  MNPOUCXOIUT  MEpeTeKaHUe
TpaHC(hOPMHUPOBAHHON CTapoi Boabl bopHxombMckoro Oaccelina B Caynckuid Kenoo u
nanbiie K ['manbckoi Braguue. I[locnenoBaBmire 3a TiIaBHBIM 3aTOKOM Oosiee ciadbie
3aToku B Mapte U Mae 2003 roja ycHIvIA IPOsBIICHUE TIaBHOTO 3aToka [99, 121].

ITo nanneiM HaOmogeHuit B sHBape 2003 roga uyepe3 ceBepHbIC MPOJUBHI B
bantuiickoe mope noctynuio 200 KM® COJICHOM XOJIOIHOM (MeHee IOC) CEBEPOMOPCKOMN
BOJIbI [121]. HeoOBIUHBIM 0OCTOSTEIICTBOM OBLIO TO, YTO 3aTOK MPOMCXOJNI Ha (OHE
BBICOKOW TeMIlepaTypbl MPUJIOHHONW BOJ B IOKHOW bantuke, BKiIoyas AKOHY,

BbopuxonpMmckuii 0acceiiH u Ciynckuii »xemno0.

(10 BEpTUKAJIA — IIUPOTA, [10 TOPU3OHTAIH — JJOJITOTA)

Pucynok 1.10 Cxema pacnosiokeHusi pa3pe3oB B Iepuo HabI0AeHU B iekadpe

2002r.(a) , B suBape 2003r.(6), B dheBpane 2003r. [120]
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C moMoIpbio AKCIETUIMOHHBIX HAOMIOACHUI OBLIM MOJIYYEHBl JAHHBIE O Pa3TUYHBIX
TUAPOMETEOPOIOTMYECKUX XAPAKTEPUCTUKAX B MPEAIIECTBYIOMIMI NEPUOL, B NEPHOL
3aToka W B Tnocienyrommii nepuona. Ha pucynkax 1.10-1.14 npexacrtaBiieHsbl
pacnoIoKEHUs Pa3pe30B, Ha KOTOPBIX MTPOBOIUIUCH CY/I0BbIE HAOIOICHNUS.

[lo maHHBIM SKCIEAUIIMOHHBIX HAOIIOJEHUM, MPOBOAUMBIX B Iepuoja ¢ 3 mo 4
nekadpst 2002 r. B 6acceiiHax roxHOM bantuku Obutn 0TME4YeHbl HEOOBIYHBIE YCIIOBUS,
3aKJIIOYAIOIIUECS B MPUCYTCTBUU BBICOKOW TEMIEPATypbl BOABI, JOCTUTAOIIECH 7°C B

BepxHeM 40—50 MeTpoBoM cioe 1 okoio 11-12°C B Hmkenexariem cioe (puc.1.11).

100\|\||||\|||\||||||\||||\|||
0 20 40 60 80 100 120 140

T
160 180 200 220

Pucynox 1.11 — Pacnipenenenue remneparypbl BOAbl HA OCHOBHOM CEYEHUU B I0’KHOM

banTtuke o qaHHbpIM HaOmOaeHUH B epuos 3 — 4 aexadps 2002 . [120]

3aTtok Hax nogHaTveM J[poraeH npoucxonui B nepuoa ¢ 11 mo 18 siuBaps , a Hax
noporom Jlapc ¢ 16 mo 25 sauBapa. CuuTaercs, 4YTO OTMEYEHHBIC BEIUYHUHBI
TEeMIIepaTypbl BOJbI ObUIM OJHUMHU W3 HauWOoJiee BBICOKUX IJIsi JAeKaOps 3a TEPHO/T
HaOmoneHnii. Takast BeICOKasi TemrepaTypa Bojbl chopMupoBasiach Oyiarogapsi 3aTOKy
TEIUTBIX BOJI, MPOMCXOoauBIIeMy B aBrycre [121]. B To ke Bpems pacmpeieiieHue
COJIGHOCTH OBbUIO THUMHYHBIM i AeKa0psi. COJIEHOCTh BEPXHErO MEePEMEIIaHHOTO CIIOSI
tonumHon 40—60M, coctasisiia 7,5%o0, Hurke pacnosiaraicsi raJoOKJIMH, HUKE KOTOPOTO
KO JIHY COJIeHOCTh B bopHxombMckom Oacceiine moBbImanack A0 17%o. Y nHa B

Cnyrickom xenobe coieHocTh paBHsuiach 13,5%o (puc.1.12).
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Pucynox 1.12 — Pacnipenienenrie coJIeHOCTH BOJbI HA OCHOBHOM CEUEHUHU B FOXKHOU

Bbantuke o nanHpIM HaOoeHMH B epuot 3—4 nekabps 2002 r. [120]

Pacnipenienienrie  KOHIIEHTpAIlMM KHUCJIOPOJa HAa OCHOBHOM CEYEHHMH B KOHIIE
HOs10pst 2002 1. (12 — 26.11.2002) umeno IBYyXCIOWHBIN TUIl. B BepxHEM OJHOPOIHOM
cioe TomumHoi 40—50 M cozeprkaHue Kuciopona ommsko k 7 i - (puc.1.13). Hinke
KOHIICHTpAIMsl KHUCIOpOoAa 3aMETHO YMEHbIIajdach. B ApkoHE B TPHIOHHOM CIIO€
TommuHON okoio 10 M OHa [mocTurasia BEIWYHUH 56 ML - B bopuxosnbmckom
OacceitHe OT HUKHEH IPaHUIIBI BEPXHETO OJIHOPOHOTO CJIOSI KO JHY OHA YMEHbIIIAIach
mo O MILIT (puc.1.13). B Chaynckom xenobe y JHA KOHIICHTpAIUS KHCIOpOoJa

1
JOCTUTaJIa BEJIUYUH 2—3 MILJT .

20 30 40 50 60 70 80 90 100 110 120 130 140 150 160 170

Pucynok 1.13 — Pacnipenenenue temnepatypsl (M30IMHUN)U KOHIIEHTPAIH
comepkaHus Kucuopoga (M1 ©) (MaInTpa) Ha OCHOBHOM CEUCHHH B 3aIIaHOI

banruke B koHie HostOpst 2002 1. (12-26.11.2002) [108]
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4. o
120 . . 160 17.0

Pucynok 1.14 — PacnipeiesieHue B IPUJOHHOM CJI0€ KOHIIEHTPAIIUU COAEP KaHUs

kucaopona (ML 1) B KoHIe Hosiops 2002 . (12 — 26.11.2002) [108]

PacnipenienieHrie KOHIIEHTpAIIMU KUCIOPOJa B MPUIOHHOM CJIO€ B KOHIIE HOSIOpS
2002r. xapakTepuszyercs MPUCYTCTBUEM B IICHTPAJbHOM M BOCTOYHOM 4YacTH
BopuxonsMckoro 6acceiiHa 007acTH ¢ HU3KUM COJEPKAaHHEM KHCIOPOJa, OJU3KUM K
O * (puc.1.14). B 3amagHoi YacTH B OTHOCUTEIBLHO MEJIKOBOJIHON 00JacTH B
OKPECTHOCTH OCTpOoBa BOPHXOJIBM MpPHU3HAKUA TUIIOKCHH OTCYTCTBYIOT. DTO, BEPOSTHO,
CBSI3aHO C BJIIMSTHHEM 3aTOKa U3 APKOHBI BOJI C BEICOKUM COJIEpKaHUEM KHUCIIOpOa.

B suBape 2003 roxa (23.01.2003) ceBepoMopckre BOJbI ObIIIO OOHApPY)KEHBI B
Apxone, B bopHX0IbMCKOM MpOJIMBE U B CeBEepHOI yacTu bopHxompMmckoro OacceiiHa
(puc.1.15, 1.16, 1.17). B Apxone TemmiepaTrypa BOJbI yraja 10 2°C, a comenocts y JIHa

noBbicuiach 10 20%o (cm.puc.1.15 a—0).
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Pucynox 1.15 — Temmnieparypa u cosieHOCTh B Apkone 25-26 nexadps 2003 r. [120]

B BOpHXOJ’IBMCKOM IIpOJIMBC B IIPHUAOHHOM CJIOC FIOXKHOI'O (npaBoro) CKJIOHAa

MPUCYTCTBOBAJIA MOCTYIUBIIIAs MIPU 3aTOKE CEBEPOMOPCKasi BOJla ¢ TEMIIEpaTypoOl HUKE

1°C u conmenoctsio 10 24%0 (puc.1.16a—6).

CTOPOHY CCBCPHOI'O CKJIOHA. Yy CCBCPHOI'O

HN3oxanuHbl 1 HN30TCPMbI HAKJIOHCHBEI B

CKJIOHA y JHa OTMCYHACTCA IMPUCYTCTBUC

crapoii 6osiee Teron Boasl. [Ipu 3TOM U30TEpMBI 371€Ch HAKIIOHEHBI B CTOPOHY F0YKHOTO

CKJIOHA.
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Pucynok 1.16 — Pacnipeaenenue temmneparypsl (rpan.) (a), coneroctu (%o) (0),

) o -1 9
CKOpOCTel TeueHuit (cM.c ~)(B) Ha CEUeHUH Yepe3 BOpHXOIBMCKHI IPOJIUB B KOHIIC

stuBaps 2003 1. (23.01.2003) [120]
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Ha pacnpenenenun HarpaBiIeHHBIX BJIOJIb IIPOJIMBA COCTABJISIOIUX CKOPOCTEN TeUEHUN
y IOKHOTO CKJIOHA BBIJICNIAETCA MPUIOHHAsA 00JacTh TONIIMHOW okojo 10 m, rme
OTMEUaIOTCSl BBICOKHE CKOPOCTH T€UEHUH, HAMPaBIIEHHBIX B CTOpOHY BopHX0JIbMCKOTO
OacceitHa. CKOpOCTH T€UEHUH 1O TOJIIMHE BBIICIEHHOTO CJI0S BO3PACTAIOT KO AHY OT 5
10 40cM.c* (puc.1.168). Hax ceBepHBIM CKIOHOM HpeobIagaroT ciabbie (1o 2CM.c )
HaIlpaBJIeHHbIE B CTOPOHY APKOHBI CKOPOCTU TEYEHUH.

B bBopuxomeMckoMm Oacceline B koHie siHBaps (26—27.01.2003) mpoucxomut
HapylIeHUe OIHOPOJHOCTH B TOPU3OHTAIBHOM PACIPEEICHUN TeMIIepaTyphbl BOJbI
(puc.1.17a). B mentpe ceueHus, mnpoxojnsmiero depe3 bopHxonbMmMckuii 0OacceiiH
(puc.1.1006) B npunonHo#t ob61actr oT 40 M 710 THA OOHAPYIKUBACTCS MIPUCYTCTBHUE SApa
XOJIOMHOM  BOJABL.  BBICOKHME  TOPU3OHTAIbHBIE  TPATUEHTHI  TEMIIEPATypPbI
CBUACTEIHCTBYIOT O TOM, YTO 3aTOK XOJIOJTHOM BOJIBI MPOU3OIIIEN HE3aI0JITO IO ChEMKH,
YTO HE MO3BOJIMJIO TOPU3OHTAIFHOMY IEPEMEUIMBAHUIO CTIAJAWTh  pacHpeesieHne
temriepaTypbl. [1lo naHHBIM HaOMIOACHUN Ha APYTrUX pa3pe3ax MNpPeJCTaBICHHOE Ha
pucyske 1.17a sapo X0J01HOM BOJBI HE cpa3y JOCTUIIIO LIEHTPaIbHOM YacTu OacceliHa,
MUHOBaB TMPOJIMB, a TMPEIBAPUTEIHHO TIEPEeMEeNIaIoch BAOJIL 3aMaJHOTO CKJIOHA
OacceitHa B okpecTHocTH octpoBa bopuxomem [47, 93, 121]. B npumonHoM cioe
BopHX0IBbMCKON KOTJIOBUHBI (POPMUPYETCS CIOW C MOHMKEHHOW TeMIepaTypoi 6-7°C,
KOTOPBIA BBITECHAET K BBIIIEIEKAIIUM TOPU30HTAM CJIOWM C MaKCHMaJlbHOMU
TeMmnepaTypoil Boabl. B o0nactu momHsTus, pazaesstomnero bopuxonsMckuit 0acceitn
co Cnynckum xenoboMm, GopmMupyercs TeEpeldB TOHKOTO CJIOS TEIUIOW BOJbI
(puc.1.17a). B pacnpenenennn COJICHOCTH HAa CEYCHUHU OOJIACTH PACIIONIONKEHUS sapa
XOJIOMHOW BOJBI COOTBETCTBYET pACIOJIOKEHHWE OO0JacTH sapa COJCHOW BOJBI
cosieHOCThi0 OT 10 g0 16%o. Iloa BIusiHMEM 3TON BOJbI MPOUCXOIUT BBITECHEHUE
CTapOM IPUIOHHOW BOJBI, KOTOpPAas HAYMHAET MEPEIUBATHCA YEpe3 pPa3AeIIUTEIbHbIN

xpebet B Ciynickutit xenoo (puc.1.176).
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Pucynox 1.17 — Pacnipenenenue temmnepartypsl (a) u coneHocTd (6) Ha OCHOBHOM
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ceueHuu B koHile ssuBaps 2003 1. [120]

Pucynok 1.18 — Pacripe/ieiieHne KOHIGHTPALIHH COASPKAHMS KICIOPoaa (MILI ©) B
IPHUIOHHOM clioe B bopHxoabMckoM Oacceitne B koHiie ssuBaps 2003 r.(26-28.01.2003)

[108]
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K koHIy siHBapsi mpOH30ILIO 3aMETHOE CMEIICHHE MPUIOHHBIX BOJHBIX MAacc C
MajbIM COJEPKAHHEM KHUCJIOpOJa K 3amaJHoMy CKJIOHY. Ilo mpenacraBieHHbIM Ha
pucynke 1.18 pgaHHBIM HAOMIOACHUI pacHpOCTpaHEHUE CEBEPOMOPCKOM  BOJIbI,
oborarmarone NpuaoHHBIA cloil OacceiiHa KUCIOPOAOM IOCHE BBIXOJA WX TPOJIMBa
IPOUCXOJWJIO BJOJb 3aNaJHOTO CKJIOHA KOTJIOBHHBI B OKPECTHOCTHM OCTpPOBa
bopuxombMm.

[To pesynbraram ADCP cwhemku ckopoctu TedeHuid Ha ropuzoHTax 50 u 60m
COOTBETCTBYIOT IMPHUCYTCTBUIO B BEPXHEM CJIO€ B OacceiiHe IIMKIOHUYECKOTO BUXPS

(puc.1.19a—0) pasmepom nopsiaka 80 kM. Huke oOHapykuBaeTCsi aHTUIIMKIOHUYECKUI

BHUXPb.

50 m 60 m
(e T j=
a3
56°00" = i - S
] [~ = [
= Po—— e
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L csoa M
3 55°40"
55°30"
55201
14°40"  15°00' 13°20' 15°40' 14°40'  15°00' 15°20"  15°%40'
(a) (0)

Pucynox 1.19.Pacnpenenenus ckopocteii TeueHuii Ha ropu3onTax 50 (a) u 60 (0) B

koH1ie ssHBaps 2003 r. mo ganabiM ADCP chemku. [120]

[TocTymaromas Boja TMOAHsUIA TOJIOXKeHUE TajmokiauHa Ha 10-20 M, BBITECHUB
TEIUIYI0 CTapylo MepeMEelIaHHyI0 BOAY K BOCTOUHOMY ckioHy. B Crymnckom xeno0e
MOKA €Ie OTCYTCTBYIOT MPHU3HAKU MOCTYIUICHHS] CEBEPOMOPCKOM Bonbl. TemmepaTypa
BOJBI 3JI€ECh €II€ BEINIE 10°C. Ho MPUJIOHHBIM CJIOKM cTan ToHblle. Ha MoOMEHT

HAOJIOICHUI TIOJIOKEHHUE TAIOKJIMHA COOTBETCTBYET TiyOoune okosio 60 m. B mexabpe
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oH Haxoauicsa Ha TiyouHe 40 m. CosieHOCTh NMPUAOHHON BOABI B CIIYIICKOM XKeno0e
nmoHm3mwiiach Ha 1%o. Takue wW3MEHEHHWS HE MOIVIM OBITh BBI3BAaHBI JIMIIH
nepeMemBanueM. CieayeT MpeanooKuTh, YTO B 3TUX U3MEHEHHSIX ChITpajia BaXKHYIO
pPOJIb aIBEKITHSI.
B nauane despans (4-7.02.2003) B ApkoHCKOM OacceliHe n3—3a MOBEPXHOCTHOTO
BBIXOJIKUBAHUS ~ (OPMHUPYETCS  OJHOPOJIHOE  BEPTHKAJIBLHOE  paclpejiesieHue
0 .
Temneparypel B oOkpectHoctH 2°C. B Teuenuwe mnpeamectByromux 10-12 guei

npuaoHHaA COJICHOCTDb ITIOHU3HJIACh Ha 2—4%o.
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Pucynox 1.20 — Pacnipenenenue temmnepatypsl (a) U cosieHOCTH (0) Ha TIPO0JILHOM

paspese B bopaxonpmckoMm niposuse 4—7 despains 2003 r. [120]
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Ha mnpoponbHOM ceueHMM BAOJIb bBOPHXOJIBMCKOrO MpOJMBAa BHAHO, YTO
IPOUCXOJUT TOCTyIUIeHME B bopHXonbMckuil OacceiiH XonoaHbix (puc.1.20a) u
cosieHblx (puc.1.200) Boxg wu3 Apxonbl [48, 93, 121]. Iloctymaromass Bojma He
pacmpocTpaHsieTcss 0 MaKCUMAallbHbIX TIyOWH. Ee mnpojaBMkeHHe OrpaHuyuMBaeTCs
ropu3oHTOM 70M. TonmmHa pacnpoOCTPaHSAIOIIETOCS MNPUIAOHHOIO CJOSI COCTaBISET
okono 10 m. Ilpu mocrymiennn B bopHXONbMCKHN OacceiiH XOJoOJiHAas, COJICHAs U
oTOMY 00Jiee TUIOTHASI BOJIa OTKJIOHSIETCSI BIPABO U ABUIKETCSI B OKPECTHOCTH OCTPOBA
MPEUMYIIIECTBEHHO BJI0JIb H300aT.

Pacnpenenenne temneparypsl Ha pa3pese, paCIpOCTPAHSIOIIUMCS OT CEPEIUHbI
npoJsinBa 10 Caymnckoro »enoda Mmoka3blBaeT, 4YTO K Havany (peBpajisi MpUJIOHHBIN CIOU
TONIIMHON mopsiaka 20 M, pacHoJIOKEHHbIH B LEHTPE M K BOCTOYHOMY CKJIOHY
KOTJIOBHHBI 3aITOJTHEH MOCTYIAIOIICH dyepe3 MpOoauB X010 1H0H Bojoi (puc.l.21a). [lpu
ATOM YaCTh 3allaJHOM KOTJIOBHHBI 3alOJIHEHA CTApOM TEIUIOW BOJOM IO JHA. JTa BOJA
pasziensieT pacloyoKEHHYIO OJIMKE K MPOJIUBY OOJACTh XOJIOJHOW BOJBI U MPUTOHHBIN
CJIOM XO0JIOJHOM BOJBI B LICHTPE KOTJIOBUHBI OacceliHa. TakuM oOpa3zoM, mocTynaromas
XOJIOJIHA BOJIa, TOCTYIMaeT B IIEHTPaJbHYI0 dYacTh bopHXonbMCKOro OacceiiHa,
pacnpocTpaHssiCh HE HETIOCPEICTBEHHO 10 HAKJIOHY, a JBUTAsICh BIIPABO BJIOJIb U300aT.
[ToctynuBmiass XoJioAHAs COJIEHash BOJA, 3aIlOJHUB NPUIAOHHBIA CJIOM, BBITECHUJIA
CTapylo TEIUTYI0 BOJy K BbIIIENEXaUM Tropu3oHTamM. Ha pucynke 1.21a BugHa
MpOCJIONKa TEIJIoN BOJbl Ha ropu3oHTe 60 M. Kpome 3Toro oOHapyxuBaeTcs o0JacThb
CTapoil TEIJI0i BOJBI HA BOCTOYHOM CKJIOHE BOpHXOJIBbMCKON KOTJIOBUHBI y CIIyIICKOTO
xenoba. BugHo, 4To "acth 3T0M BonbI meperekaer B Ciynckuil keno0. Ha pucynke
1.216 Taxke BUAHO, YTO TPUIOHHBIN CIOH BOPHXOIBMCKOW KOTJIOBHMHBI 3aIlOJIHEH
0oJee CONEHOM BOJION COJIEHOCTBIO JocTuraromen y aHa 18%o. DTOT coil OTAeNneH oT
pACIIOJIOKEHHOM Yy MPOJIMBAa COJICHOM BOAbBL. B oTimMuMM OT pacupenesieHus
TeMIepaTypbl Ha paclpelejieHUd COJIEHOCTH TPYAHO BBIICIUT CTApyl MNPHUIOHHYIO

BOAY.



T T T T T T T T T T T T T T T T T 0
100 120 140 160 180 200 220 240 260 280 300

W3RS W2RS WIRS

0 I 20 I 40 I 60 I 80 I l(;O I IZIO I l4IyO ‘ 1(;0 ' ISIO l 2I00 I 2.I'20 I 240 I 2;’70 I 28I0 I 3(I]0 ‘ 320 '
(0)
Pucynox 1.21 — Pacnipenenenue remneparypsl (a) u coieHoctd (0) Ha cCeUeHHH,

pacnosioxkeHHOM oT bopHxonsmckoro mposusa 10 Ciyrickoro kenoba 4—7.02.2003

[120]

PesynbraThl 0Oojice JACTANBHOH CBEMKH pACTpeleiCHUS TeMIepaTypbl H
COJICHOCTH BOJIbI HAa CEYCHHH B BOpHXOIBMCKOM OacceifHe MOKa3bIBaIOT, YTO CTapas
Oonee Terias Boja, pacrosioxenHas B cioe 40—70 M ¢parMeHTHpOBaHA Ha OTACIIbHbBIC
JUH3Bl C TOPU3OHTAJIBHBIMH pa3MepaMH OT HECKOJbKHX KHJIOMETPOB JO JECITKOB
KWJIOMETPOB U TOJIIMHON TMopsiaka gecatd MeTtpoB (puc.l.22a). Pacnpenenenue
COJIGHOCTH sIBJII€TCS OoJiee ogHOpoAHbIM (puc.1.226). D10 0O0BSCHAETCS TEM, YTO B
JAaHHOM CJIy4ae IUIOTHOCTh BOJBI OIpenemsieTcsl CoJeHOCThIo. [loaTomy mocTymnaromias
BOJIa, paCIIpeIeIIsAsACh Ha TOPU30HTE CBOCH MJIOTHOCTH, OKA3bIBACTCS B OKPYKEHUU BOJIBI
OJIM3KOM COJIGHOCTH. BaXHON OCOOEHHOCTBIO pacHpeneNieHUus TMOoJsl COJIEHOCTH
SBJISICTCSI YBEIIMUEHUE TOJIIUHBI HIDKHETO COJICHOTO CJIOS B LIEHTpe BopHXOIbMCKOMN

KOTJIOBHHBI ¥ TIOTbEM €TI0 BEpXHEH TpaHuIlbl K Topu3oHTam 26—28 M (puc.1.2206).
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Pucynok 1.22 — Pacnipenenenue Temmnepatypsl (a) u cosieHocTH (0) B KOTJIOBUHE

BbopuxonbMckoro 6acceiina 4—7.02.2003. [120]

Uepes nBe nenenu (16—18.02.2003) B ApkoHckoM Oacceline B B bopHXoiabpMckomM
MPOJIMBE 3HAUUTETLHBIX U3MEHEHUHN THIPOJIOTUUECKUX XapaKTEPUCTUK HE OOHAPYKEHO.
B BopHxombpMCKOM mponuBe obHapyxuBaercs xoxomuas (2°C) Boma (puc.l.23a).
X0JI0JTHAs BOJIa KOHLICHTPUPYETCA B MPOJIMBE Y F0°KHOTO CKJIOHA B cjioe oT 30M a0 S0mM,
KOTOpasi MpeACTaBIseT co00il BoMy ApPKOHCKOro OacceiiHa. Y CEBEpPHOro CKJIOHA B
IPHUIOHHOM CJI0e C TOIMHON MeHee 10M pacronaraercs Gosee temast (o 4°C) Boja,
KOTOpasi, BEpOSATHO, ocTynaeT u3 bopuxonbMmckoro 6acceitna. bonee conenas Boaa (10

20%o) TakKke pacroJiaraeTcsl y F0KHOTO CKJIoHa mposmBa (puc.1.236). Hakion nzoxanvux
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B CTOPOHY CEBEPHOIO CKJIOHA CBHUJIETEIBCTBYET O TOM, 4YTO Yy FOKHOIO CKJIOHA

MIPOUCXOANT 3aTOK B CTOPOHY bopHX0IBpMCKOTO OacceiiHa.
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Pucynox 1.23 — Pacnipenenenne temmneparypsl (a), coieHocTH (0) ¥ IpOA0IbHBIX

COCTaBJIISIOLIUX CKOpocTell TeueHuil B bopuxonasmckom nponuse 16—18 gespans 2003r.

[120]
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Hanuume Takoro 3atoka IOATBEPKAACTCS PE3YNbTATAMM IPSIMBIX HM3MEPEHUS
CKOPOCTEHN MPOJO0JIbHBIX COCTABJISIONIMX T€YEHUU Ha JaHHOM ceueHuu (puc.l.23B). B
LIEHTPaJbHOW 4YacTH TMpOJMBAa M HaJ CEBEPHbIM CKIOHOM OOHapy>KMBaeTCs
IIPOTHUBOIIOJIOKHO HAIPABIICHHBIN MOTOK.

B bopuxonbMmckoMm OacceifHe MpoaoinKaeTcsl MepeMelInBaHue CTapod BOJBIL.
JInH3BI cTapol TEIION BOJBI CTAHOBATCS MHOTOYMCIIEHHEW, HO MEHBIIUMHU I10 pa3Mepy
(puc.l.24a). Jlume y rpanunbl co CIyICKUM >KEI000M OTMEYaeTcsl KpymHas JHH3a
BOJIBI ¢ TeMiepaTypoii 5-6°C. B cpe/iHeM 0TMEUaeTcs MOHIKEHHE TeMIIEPAaTyPhl BOIbI
B HIWKHEM cioe. IIpm 3TOM COXpaHSeTCs HEOAHOPOJHOCTh B BEPTHUKAIBHOM
pacrnpezesieHuy TeMIiepaTypbl Bosibl B bopHxoiasMckoM Oacceline. B nmpugoHHOM cioe

10 TIIyouHbsl 60 M OTMeUaeTcss HU3Kasi TeMIlepaTypa BOIbI (2—30C).
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Pucynox 1.24 — Pacnipenenenue temnepartypsl (a) U coieHOCTH (0) Ha IIEHTPATIbHOM

ceuennu (16-18.02.2003) [120]
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Bellie 10 HUKHEH TpaHUIlbl TOBEPXHOCTHOTO OJJHOPOAHOTO CJIOSI, PACHOI0KEHHOTO Ha
rmyOuHax  30-50 M, Temmeparypa moBbimaercs g0 5-6°C. Temmeparypa
MOBEPXHOCTHOTO OIHOPOXHOTO closi cHOBa yMmeHburaercs o 2°C. XapakTepHOi
0COOEHHOCTBIO paclpe/iesICHUs: U TeMIIepaTyphl U COJIEHOCTU BOJbI B BOpHXOJIBMCKOM
Oacceline sBIAETCS MOABEM H30XAJIMH M M30TEPM B LIEHTpabHOM yacTu OacceiliHa. B
pe3yibTaTe HIDKHSIS TPAHUIA BEPXHETO OJTHOPOIHOTO cJiosi mogHuMaercs Ha 20-30m.

B cepenune mapra (15-17.03.2003) B Apkone u B bopHXonbMCKOM TposHBeE
TeMIeparypa BOJbl HOAHAIACH JI0 2—30C, a COJICHOCTh YMEHbIIUIACh 10 15—16%0. ITO
TOBOPUT O TOM, 4YTO K JTOMY BpPEMEHHM BIUSHHE SIHBAPCKOTO 3aTOKa IMPOILIO.
Pacnpenenenue temnepaTypbl U COJIEHOCTH BOJIbl BEPHYJIOCH K OOBIYHOMY COCTOSIHUIO.
B BbopuxonsmckoM OacceiiHe pacrpesieieHHe TeMIepaTypbl U COJICHOCTH B IIEJIOM
COXpaHsIET OCHOBHBIE YEPThI, OTMEUCHHBIC JJIs1 cepeAuHbl heBpasisi. OCHOBHOE OTIMYME
3aKJII0YaeTCs B 0CIa0JICHUHM TOPU30HTAIBHON U BEPTUKAIHLHOW HEOJHOPOIHOCTH MOJEH

(puc.1.25a-0).
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Pucynox 1.25 — Pacnipenenenue remnepartypsl (a) v cosieHOCTH (0) Ha TIEHTPATILHOM

paspese 15-17.03.2003. [120]
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3aToKM cpellHe MHTEHCHUBHOCTH, BO3HUKAIOIIME B 3UMHHUN MEPUOJ, SBISIIOTCA
OYCHb BAXHBIMH I BEHTWISAIUU MPOMEKYTOYHOTO TaJIOKIMHA B IICHTPAIBLHOMN
bantuke [39, 77, 79, 108, 130]. XoTs KOHLEHTpaLMs KUCIOpOAA MPHU JIETHEM TEIUIOM
3aTOKe OBbIBA€T OTHOCUTEIHLHO HU3KOM (B OTJIMYKE OT 3UMHETO), OHU TaK>Ke MOBBIIIAIOT
conmepkanue kuciopoga B bopHxombMckoMm OacceiiHe W BOCTOYHOM [ OTiIaHACKOM
OacceliHe MmyTeM 3axBaTa MECTHBIX BOJ ¢ OoJiee BBICOKHM ypoBHeM kuciopona [108].
Taxum o6pa3om, mpu c1ab0M U CPEAHESMHTCHCUBHOM 3aTOKE, KOHIICHTPAIIS KUCIOPO1a
B ApKOHCKOM OacceiiHe SIBJISIeTCS BaXHBIM (DaKTOPOM IS BEHTUJISIUU MPUTOHHBIX
BOJI.

Tak, nerom 2002r. m 2003r. HaOIIOIANMCh WCKIIOYUTEIBHBIC TCEIUIBIC 3aTOKH
cinaboit maTeHCUBHOCTH [48, 49, 51, 108]. B pe3ynbrare nepeMeninBanus BTEKAIOIINX
BOJ C OKpYXKalIIUMH OOraTbIMU KHUCJIOpPOJAOM BOJaMU B ApPKOHCKOM OacceiiHe
coJiep KaHNe KHUCIOpoJa B CEBEPOMOPCKUX BOJIAX TAKKE YBEIMYIIIOCh. BrocmeacTBuu
JTaHHAsl BOJIHAs Macca pacrpocTpaHUJIach B TallOKIMHE bopHxoibMckoro OGacceiiHa u,

BO3MOYKHO, paclipocTpaHsiach Aajblie B ['0TIaHACKYIO BIIaJUHY.

1.2 UncneHawlie MOACIUPOBAHUA IPUIOHHBIX IINIOTHOCTHBIX IIOTOKOB

Ha wnayampHOM »JTame pa3BUTHS MOJCITMPOBAHUS TPHUAOHHBIX IUIOTHOCTHBIX
MOTOKOB MPHU3HABAIOCH, YTO OCHOBHBIM (DAKTOPOM JIBMXKCHHS JKUIKOCTU TOBBIIICHHON
IUIOTHOCTH y HAKJIOHHOTO JIHA SIBJSUIOCH TMPEBBIINICHUE CHJIBI  THKECTH  HaT
BEPTUKAJILHBIM TPAJAMNCHTOM JAaBJICHHS, TO ©CTh JIOKAJILHOE HAPYIICHHE YpaBHCHUS
THAPOCTAaTHKU. JIaHHYIO CWJIy HWHOT/IAa HAa3bIBAIOT OTPUIIATENILHON IJIaBYYECThHIO.
JlelicTBUTENFHO, TIPU COXPAHEHUU YCIOBUSA THIPOCTATHKU IUIOTHAS >KUJIKOCTh
poJI0JDKajga Obl HAXOJUTHCS B CBOEM TOPH30HTE M HE CTPEMHUJIACH OIYCTUTHCS BHU3.
beutn mpensoxkeHbl crocoObl yuera 3toro dddexra HerumapoctaTuaHocTd. Hambomee
IIMPOKO HCTOJB30BAIOCH JOMYyIIEHWe, YTO B O0JAacTH TIUJIOTHOCTHOW JIMH3BI
BEPTUKAJIbHBIN TPAIUCHT JABJICHUS PaBEH CHJIC TsDKECTH (DOHOBOM XUAKOCTH. OTHUMU

N3 IICPBBIX BO3HHUKIIM HHTCTPAJIBHBIC MOACIM INIOTHOCTHBIX IIOTOKOB, B KOTOPBIX
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pacrpeieneHre IIOTHOCTH B MIPEeAEnax NPUAOHHOW BOJbI MMOBBIIEHHON TUIOTHOCTBIO U
B OKPYKaIOUIEH BOJE CUUTAIUCHh MOCTOSHHBIM. B KauecTBE OCHOBHOM BBIHYXIAIOIIEH
CWJIbl paccMaTpUBajach HaNpaBlI€HHAas BJOJb HAKJIOHA [JHA COCTaBIISIOLIAS
MPEBBIMICHNUS CUJIBI TSKECTU. B paMkax Takoro mojaxojaa pa3padbaTblBaIMCh MOJETH
JIBUKEHHUS JIMH3bI TJIOTHOM BOJIBI M TPUJOHHBIX TNIOTHOCTHBIX MMOTOKOB. B wactHOCTH, €
MOMOIIBIO MOJIeNIM OBLIO MOKa3aHO, YTO MPHU OMYCKaHUHU MOTOKAa MO HAKJIOHHOMY JTHY
o/ BiIstHUEM cwiibl Kopuonuca mpoucxoauT N3MEHEHNE HAIPABIICHUS €r0 JIBUKCHUS
BIIPABO, B pe3ysbTare 4ero (GopMHUpyeTcsl MEPEeHOC MPUIOHHOrO0 00beMa BIPABO OT
HaKJIOHA JHa BIOJIb M300aT. [loydeHa CBsA3b CKOPOCTH ATOTO MEPEHOCA C Pa3HOCTHIO
IUIOTHOCTEN MPUAOHHOIO 00BbEMA U OKpYXkAIOLIEH cpelbl U HAKJIIOHOM JHa. Bmecte ¢
TE€M, NPUMEHEHUE TEOPETUYECKUX MOJEIEH Il OMUCAHMUS IUIOTHOCTHBIX IIOTOKOB B
pEAbHBIX MOPSAX 3aTPYJHUTEIBHO W3—3a HCIOJIB3YEMBIX B HHUX OIPAHUMYEHUN HA
pacripeiejieHue TUIOTHOCTU OKpPY’Karollel KUAKOCTH, popMy penbeda nHA U T.J. IDTO
CTUMYJIMPOBAJIO pa3BUTHE AU (HEepEeHIINATBHBIX MAaTEMATHYECKUX MOJIeNIel MPUJOHHBIX
IJIOTHOCTHBIX TTOTOKOB [ 34, 88]. B kauecTBe MCXOTHBIX YPABHEHHI B HUX UCIIOIB3YETCS
JIBYXMEPHBIE WIIK TPEXMEPHBIC HETMAPOCTATUUECKUE YPAaBHEHUS JBUKECHUSI, YPABHEHUE

HCPA3PBIBHOCTHU, YPABHCHHC IICPCHOCA COJIK U TCILIA, YPABHCHUC COCTOAHUA.

g_‘tl_ fv=—%%—|;+k% (1.1)
%-i— fu:—%%:+k% (1.2)
%u+%+g—vzv=0 (1.4)
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p=1(T,5,P) (17)

st MmonenupoBaHMsl 3aTOKOB (B TOM YHMCIE TJABHBIX 3aTOKOB) B bantuiickoe
MOpe, OOJIBIIIOE KOJMYECTBO UCCIIEIOBaHUM ObLIN clieianbl ¢ Hadana 1990—x romos [32,
56, 68, 71, 81, 82, 83, 84, 85, 100, 102, 128]. IlocnenHue TemIble MOTOKUA OBLIN
cmonenupoBanbsl Meliepom u nip. B paborax [101, 104] u JlemanHoMm u nip. B pabore
[86]. O630pHI MOETMpPOBaHHMS 3aTOKa MOKHO HaiTh B padoTax [99, 106].

OpnHa U3 MEepBBIX MHTETPAIBHBIX MOJIEIeH TUHAMUKHM 3aTOoKa Oblia MpoBeAcHa B
Havasie 1990—x romaoB [71]. ABTOpBI YyTBEPIKAAIH, YTO CHIIbHBIC 3allaHbIe BETPhI HAJI
3amaJHOM 4acThi0 banThiicKoro Mops Aar0T HAKIOH YpPOBHS Mops oT Ckareppak no
ApKOHCKOTO 0OacceiiHa, W CHUJIbHBIA 3aTOK COJICHOM W OOraTtoil KHCIOPOJOM BOJIBI
MPOHUKAET B 3amaJHyI0 yacTh bantuiickoro Mops 1o bopuxonbMmckoro 6acceitHa. Tem
HE MEHEe, pe3yJbTaT MOJEIUPOBAHHUS IOKAa3all, YTO CEBEPHBIE U BOCTOYHBIE BETPHI
TaK)X€ HEOOXOJUMBI NI TPAHCTIOPTUPOBKHU ATUX BOJ M3 bopHxoibMcKOro 6acceitHa K
['oTnanackomy mMoptro.

['maBubIii 3aT0Kk B 1993 romy ObLI OOBEKTOM UHCIEHHOTO MOJICTUPOBAHUS Y
MHorux ucciegonatesned. Jlemann (1995) ucnonw3oBan Mozelb C TOPU3OHTAIBHBIM
paspemieHueM 5 KM W 21 ypOBHSMHM IO BEpPTHUKAIW, BKIIOYAs pEalbHbIC BETPOBBIC
ycioBust (puc.1.27) [85]. Moaens BOCHpOM3BOAMIA PEAUTUCTUYHOE PACHpPEICIICHHUE
COJICHOCTH, HO TJIyOMHA TEpPEMENIaHHOIO CJIosl OblIa 3aHWKEHA M, CJIeJI0BaTEIbHO,
BEPTUKAJIbHBIN TPATUEHT COJICHOCTH IO TAJIOKIWHY OBLI CIUIIKOM ciabbiM. Xoporee
corjacue MEXIype3yJabTaTaMUd MOJICTUPOBAHUS W JIaHHBIMU HAOMIONEHUN TMOTYYnIT
Meiiep (1996) [100] mpu MoaeIupoBaHUHU MEPEHOCA COJIeH B IJIaBHOM 3aToke 1993—oro

roja. Im Obiia oTMeueHa BakHas 3aToka uepe3 [[poryieH B riiaBHOM 3aToke. Meiiep u



41

Jp. TIOKa3ayu, 4To npu (opMupoBaHUM riaBHOro 3aroka 1993—oro roma B mporecce
dbopMHUpOBaHUS 3aTOKA BAXKXHYIO POJIb UTPAIOT PEYHOM CTOK U YPOBEHBH MOPSI B TPOJIMBE
Karrerar [101]. B paGore [147] XKypbac um nap. mokazaau Mo pe3yjibTaram
MOJICIMPOBAHUS, 4YTO JIOHHAs cojieHas Boja Ha Beixoae u3 Ciynckoro xenoda
pa30uBaeTcs Ha JBE BETBH, OJIHA M3 KOTOPHIX HAMpPaBIsieTCs B CTOpoHy ['oTnanacko, a

npyras I maHbCKOM BHAJIMH.
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Pucynox 1.27 — Pactipenenenus coleHOCTH Ha pa3pese uepes benbt, ApkoHCKHit

Oacceitn 1 bopuxonbeMckuii 6acceita B Mapte 1993 r., (a) HabromeHue, (6) Moaens [85]

JlonrocpouHoe MOJEIMPOBaHUE NPOBOAWIOCH s mnepuoaa 1902—-1998 rr.
[Toka3aHo, YTO YBEIWYEHHWE PEYHOTO CTOKA W OCAJKOB CHIDKAeT WHTECHCHUBHOCTH
TJIABHBIX 3aTOKOB, HO HE MOYKET OOBSICHUTH TIEPHOIbI CTAaTHAIIUU TTyOOKOBOJAHBIX BOJ B
I'otmanackom Gacceiine [103]. B mepuobl crarHanuy, aHoMajibHbIC CUIBLHBIC 3araHbIe
BETPHI BHI3BIBAIOT TIOBBIIICHUE YPOBHS MOPS M IMIPUBOISIT K CHHYKCHHUIO COJICTIEpeHOca B
banTtuiickoe Mope. YBEIWUE€HUE CTOKA U OCAJKOB M3MEHSET IPAJAUECHT HABJICHUS IS
OonpIIOro MacmrTaba BpeMEHHM, W OcaabiseT mepeHoc coieit. B pabdorax [54, 104]

MIPEACTABIICHBI PE3YIbTAThl MOJCIMPOBAHUS YMEPEHHBIX 3aTOKOB B 2002—-2003 rr.
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2. MOJEJIb PACITIPOCTPAHEHN A [TPMIOHHOI'O INIOTHOCTHOI'O
ITIOTOKA B BOPHXOJIbMCKOM FACCEWHE B ITEPUO/] TJTABHOI'O
3ATOKA 2003 I'OJA

2.1 YpaBHeHUS NBWXEHUS, HEPA3pbIBHOCTH U MEpEeHOCa

ITpormecc 3aToka cCoJieHOM CEeBEpOMOpPCKOM BOabl B bopHXonabMckuii GacceiiH B
MEPUOJT TJIABHBIX 3aTOKOB COCTOMT M3 COBOKYIHOCTH B3aWMOCBS3aHHBIX IPOLIECCOB.
OCHOBHBIM TPOLIECCOM SIBIISIETCSL PACIHpPOCTPAHEHUE B MPUIOHHOM CJIO€ BOJBI
MOBBILIEHHON IUIOTHOCTH, KOTOPOE€ IPOUCXOAUT B BUJE NPUIOHHOIO IUIOTHOCTHOTO
notoka. ClenyomuM  MOpoleccoM  SBIsSETCS  OapOTPOINHBIA  TMOTOK  BOJHI,
OOYCJIOBJICHHBIII HMHTEHCUBHBIM TMOCTYIUIEHHEM BOAbl uepe3 JlaTckue mpoJuBHIL.
dopMupyrOIKEcs MPU ITOM OApOTPOMHBIE TEYEHHS MOTYT OKa3blBaTh BIUSHHUE Ha
pacpoCTpaHEHUE MPHUIOHHBIX COJEHBIX BOJ. PacmpocTpaHeHHE NOCTYNUBIIMX IPH
[JIABHOM 3aTOKE€ MPUIAOHHBIX BOJ IPOUCXOJUT B Cpele C HEOAHOPOIAHBIM
BEPTUKAJIBLHBIM M TOPU30OHTAIBHBIM pacrhpefeseHieM (OHOBBIX TeMIepaTypbl H
cosieHocTH. M3-3a HEOTHOPOIHOCTH (DOHOBBIX TOJICH TEMIEPATyphl U COJEHOCTH TPHU
MOTPYKEHUU Ha OOJIbIINE TTyOUHBI MPUIOHHBINA MJIOTHOCTHOM MOTOK IMOMAaeT B CPEAY
OOJIbIIIeH MJIOTHOCTU. DTO MPUBOJIUT K YMEHBIICHUIO MPEBBIIMICHUSI TJIOTHOCTH BOJBI
IIOTOKA HaJ IUIOTHOCTBIO OKPY’KAIOIIEW BOJABI M BBI3BIBAET YMEHBUICHUE CKOPOCTHU
IIOTOKa. B CBOIO ouepenp, NPUIOHHBIA IUIOTHOCTHOM TIOTOK, BBITECHSS CTapyro
MPUJIOHHYIO BOAY, (hOpMUpYET BEepTUKAIbHBIC TEUCHUS, 32 CUET KOTOPBIX MPOUCXOIUT
TpaHchopmaiysi (OHOBOTO pacHpe/iesiCHUsT TeMIepaTypbl U COJEHOCTH. YUYUThIBAs
yKa3aHHbIE OCOOCHHOCTH HCCIIEIYyEMOro IMpolecca, pPacHpoCTpaHEHUE MPHUIOHHOTO
TJIOTHOCTHOTO TOTOKA, TpaHChopMaInio (DOHOBBIX MOJEH TeMITepaTUyphl U COJICHOCTH,
a Takke OOYyCJIOBJIICHHBIC 3aTOKOM OapOTpOIHbIE TeueHUsl OyJeM paccMaTpuBaTh
pazaenbHOo. OCHOBHOE€ BHHMMaHuWE OBUIO  YACIEHO  OMUCAHUIO  TMPOIIECCOB,
ONPEAECIAOIMX NPUAOHHBIN IUIOTHOCTHOM MNOTOK. IIpm 3TOM paccumTeiBaeMoe mose

COJICHOCTH IPCACTABIAIIOCHE KaK CYMMY q)OHOBOFO IIOJIA U ITIOJIA aHOMAJIMKM COJICHOCTH,
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CBSA3aHHOTO C TMPUIAOHHBIM IUIOTHOCTHBIM IIOTOKOM. PeaslbHOE 1OJIE COJIEHOCTH
HAXOJMJIOCh KaK CyMMa OTMEUEHHBIX Mojiei. BiusHue poHOBOro Iuiosi COJICHOCTH Ha
IJIOTHOCTHOM MOTOK YYHUTHIBAIOCH YEPE3 BKIIOUYECHUE B AIBEKTUBHBIE COCTABJISIONINE B
YpaBHEHUU TEPEHOCA COJU MPOU3BOAHBIX OT (POHOBOIO MOJS COJEHOCTU. I'PaJIMEHTa
($hoHOBOTO MOJISA. DTO MPUBOIUIO K YMEHBIICHUIO aHOMAJIMU COJICHOCTU MPHU ABUKCHUU
IUIOTHOCTHOTO TMOTOKAa B HANpaBJICHUU YBEJIUYEHUS (POHOBOM COJIEHOCTH. YUeT
BIUSIHUSA OApOTPONHBIX TEUEHUU MPOBOAMWIICA MYTEM BKIIOUEHHS MX B COCTABJISIOLINE
CKOPOCTH TE€YEHU B YPAaBHEHUU IE€peHOca coiu. i1 pacueToB CBSI3aHHBIX C 3aTOKOM
0ApOTPOIMHBIX COCTABJISIONIMX TEUEHUN W Tpoliecca TpaHchopMauu (POHOBOTO MOJIS
COJIEHOCTH BBINOJHSINCH B BUJE OTJAEIBHBIX OJIOKOB.

[Ipu BbIOOpE Os0KAa MOAENW ISl OMMCAHUS HMPUJOHHBIX IUIOTHOCTHBIX MOTOKOB
YUUTBIBAJIOCh, YTO OCHOBHBIMHM ONPEICISIONMMUA JIMHAMHYECKUMHU (haKkTOopaMu
ABJIAIOTCSL OOYCJIOBJIEHHBIN TPAAUEHTOM IJIOTHOCTU U HAKJIOHOM JHA TOPU30HTAIbHBIN
rpaJiieHT JaBjcHUs, yckopenne Kopunca, BepTUKaIbHAs COCTaBISIONIas TpeHus [5].
Kpome 3Toro, BaKHBIM SIBIIICTCS YY€T BIMSHHS MpuaoHHOTO mammuHTa [19]. YTOoOHB!
NOJIYYUTh BO3MOXKHOCTH JIyYIIErO BEPTUKAJIBHOIO pa3pelieHHs B IPHUIOHHOM CIIOE,
pacyeTHyI0 00JacTh pa300beM Ha JBE MO01001aCTH: MPUIOHHYIO ToamuHon AH=20 M u
Ha pacrnojiokeHHyro Bbimie H; tommmuont H-AH. Jlnga yka3aHHbIX oOnacrei
UCIIOJIB3YEM ClIeAYIOLME CIOCOObI MpeoOpa3oBaHus KOOPAUHAT.

Z

o, = o JUTS BBILIENEKamero cios (Z<H1).
1

z-H
0, =——1, nus npuaorHoro cios (z>H1),
H-H,
[Tpy MCIIONE30BAHNM YKAa3aHHBIX IIPEOOPAa30BAHUS UCXOIHAS CUCTEMA YPABHEHUI
JBMKEHHUS, yDABHEHHE HEPA3PHIBHOCTU M YPABHEHHME IIEPEHOCA IS IPUILOHHOTO CIIOS,

pacmnoJio)keHHoro ot Hy 1o H, npuHuMaroT BU

- _ fV:_g — o, + : (21)
ot ox  pyy\dx (H-H,)) x o, (H-H,) do,\ (H-H,) do,

au ﬁ_gj-ﬁ_p 1 _oH, &), 1 o K, au
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ﬂ+fu:_g§_g(§_p_ 1 aHlapjdalJr 1 a( K, ﬁvj(Z.Z)
ot 3y pa\dy (H-H) dy do, (H-H,) do,\ (H-H,) do,

A 1 H, a & 1 M, & 1 A

X (H-H) & 60 & (H-H) & do. (H-H) o0 " (2:3)

oS S S oS, (u+u,) oH &5

s,
E+(u+ud)&+(u+ud)W+(v+vd)@+(v+vd)ay H-H) 3y 20
(u+u,) oH &s 1 08 10 [ 68) 0’S  8°S
- +W = K +K + 2.4
(H-H,)oy 0 "(H-H,)0c (H-H,fdoc\ oo Lox? oy (2:4)
ar ar \OT _ (U+u,) 8H 8T (v+v,) oH aT w  oT _
ot U o V) o T ok 90 (H—H.) dy do T (H—HJo0
1 0 oT o°T 0T
K +K + 2.5
(H _Hl)z 80[ z aGJ '[axz asz ( )
ac ac 0C _ (u+u,) HaC (v+v,)HAC w  oC
ot U V) S T T Jox a0 (H=H,) &y 90 (H=H,)Jo0
2 2
1 0 (Kz 8Cj+KI 8C+8C (2.6)
H-HYdol “ac)" o oy

Jlns obnactu BBINIE MPUIOHHOTO CJIOsA, Jexanied B mpenenax or 0 mo Hj

AHaJIOTU4YHas CUCTEMa ypaBHeHI/Iﬁ 3aIIUChIBACTCA B BUAC

Ao 9 oM D) . 1 oK), 27)
ot oX p,u\dx H, Ix do H, do\ H, do
Ny 9 oM 1o (K ), 8)
ot oy p,\2y H, dy do H, do\ H, do
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u_o oMo N oMV Low 29)

ox H, ox co Jy H, dy do Hﬁa

§+(u+ud)§+(u+ud)@+(v+vd)§+(v+vd)%—(u+ud)£%§—
ot OX OX oy oy H, oy oo 210
A1
o OH 0S 105 _ 1 0([K,35 0’S 0°S ( )
—(v+ vd)——— +W-— — [+K|| —5+—
H, oy oo H, oo H oo H, 0o %) oy
oT or or o oH oT
—+(U+uy)—+(V+Vy ) ——(U+Uy)———-
ox dy H, ay oo i
coHoT 14T 1 0(K,aT o°T T (11)
—(VHVy ) —— W +K | —+—
H, & 60 H,o0 HaaHaa ox¢ oy
oC oC oC o oH oC
—+(U+uy)—+(V+Vvy)——(u+Uy)———-
at ox oy H, oy oo .
coHoC 16C 1 0(K,oC 0°C o°C (2.02)
—(VAHVy )W +K|| —+—
H, oy oo H, oo H oo H oo ox~ oy
I[JIH pacducTa IJI0THOCTHU YYUTBIBACTCA YPABHCHUC COCTOSHUSA
p=p,+aS+oT (2.13)

rae U,V,W — COCTaBJISIOIINE CKOPOCTH TEUEHUW TO X, Y W Z COOTBETCTBEHHO; Ug,Vgq —
0apOTPOIHBIE COCTABJISIONIME CKOPOCTH TEUEHUH, OOYCIOBJICHBIE PACXOJOM BOJIbI
yepe3 JlaTckue TpaHUIBI; S — COJICHOCTH, Sg — (DOHOBAsI COJICHOCTh B Oacceitne; T —
Temriepatypa Boabl; C — KOHIIEHTpaIusi colepkaHusi kuciopoaa, H— rimyOuna mops;
H,— tommmHa BepxHero cios; p— IUIoTHOCTH, f— mapamerp Kopuomwuca; os , op —
K02 (PHUIMEHTHI XaTMHHOTO CKATUS U TEPMUYECKOTO PACITUPECHHUS.

Kpome ropu3oHTaIILHOTO TpajueHTa IaBlieHUs, YyckopeHus Kopwonuca u

BA3KOCTHU TAKIKC YYUTBIBACTCA BJIMUSHUC WHCPIUA. VYuer 3Toro (baKTopa CBiA3aH C TCM,
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4qTO IO €ro BJIUAHHUEM IIPOHUCXOAWT HAPYHICHHC FCOCTpO(i)PI‘I@CKOFO OajaHca MCXKIY
T'paauCHTOM OAaBJICHHA U YCKOPCHUCM KOpI/IOJII/Ica IIpHU ABUKCHUUN HpI/II[OHHOﬁ BOJBI B
YCIOBUAX M3MCHCHHA HAKJIOHA OIHA. B MOACIN IIPUAOHHOTO IINIOTHOCTHOI'O IIOTOKaA

(1)OHOBOC pacinpcaciaCcHus IJIIOTHOCTU IPUHUMAJIOCH PaABHBIMHU HYJIHO.

2.2 TlapameTrpu3anus NpUAOHHOTO TAMITUHTA

CornacHO AaHHBIM HcchemoBanuii [4, 7, 19, 26], muBepreHuus IPHIOHHBIX
HDKMAHOBCKHX IIOTOKOB TPUBOIUTE K (POPMUPOBAHUIO BEPTUKAIBHBIX TEUCHUI
(IpUIOHHBIN MMAMIIMHT), YTO OKa3bIBAaeT 3aMETHOE BJIMSHUE HAa JTUHAMHUKY MPUIOHHOTO
IUIOTHOCTHOTO TOTOKa. /[ ero ydera BOCHOJB3yeMCS NpeacTaBiIeHHbIMH B [18]
ypaBHeHUSIMHA. CKOpPOCTH BO3HHUKAMOIMIMX I10J BIUSHUEM TMPHUIOHHOTO ITAMITMHTA

BCPTHUKAJIbHBIX TCUCHUH HaXOOATCA U3 YPABHCHUA

oM, oM
W, = O (2.14)
OX oy
rac Mex, Mey — COCTaBLIIOIIME IIPUAOHHBIX DOJKMAHOBCKHX IIOTOKOB II0O X H Y
COOTBETCTBEHHO.

[IpunoHHBIE SKMAHOBCKUE MOTOKH BBIPAXKAIOTCA YEPE3 KacaTeIbHOE HAMPSHKEHUE
TPEHUsl y JTHA, KOTOPOE B CBOIO OYEpeIh MPEeoOpPa3yrTCs C MOMOIIBI0 COOTHOIIEHUS

AxepOnoma. B urore monydatorcst ypaBHenus [18]

0%k 0 oH, 0 7 oH,
W, =— 2af[ 68+ §j g 1—de01 Ipdal

x> oy’ ) 2ap,f| ox ox oy dy
g 0% ¢ &% | 0% ¢ 0% |
2 Hlaxszd01+H v jpd01+AH a—Ipd02+AHay !,oda2 +

20p,f\ ox  ox oy oy 2ap, T\ Ox X ay

g 0°H, 0°H 82H 82
0
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rie o= %, k, — mpumoHHBIN KO3 GUIMEHT TypOyseHTHOU Bsizkoctu; p(H), p(H:)

z
TJIOTHOCTH BOJIBI Y JTHA ¥ HA HIDKHEW TPaHMIIE BEPXHETO CII0SI COOTBETCTBEHHO.

B ypaBHenun (2.15) mnepBoe ciaraemoe xapaktepusyeT GOpPMUPOBAHHE B
NPUIOHHOM SKMaHOBCKOM CJIO€ BEPTHKAJIBHON COCTaBISIONICH TEUEHWH 3a CUeT
OapOTPOMHBIX HSKMAHOBCKUX TIOTOKOB. TpeThe cllaraéMoe ONHUCHIBACT BKJIA] B
JamiacuaH TPUIOHHOTO JaBJIEHUS M 32 CUET 3TOT0 B BEPTUKAIBHYIO CKOPOCTH
JamnyiacuaHa OT Cpe/Hel IMIIOTHOCTH B BEPXHEM M B HIDKHEM cllosix. Bropoe crmaraemoe
YUUTBHIBACT BIIMSHHUE HEOJHOPOAHOCTH pACIpENCTICHHsI TOJIIUHB BEPXHETO CIIOS.
UeTBepToe omuchiBaeT (HOpMUPOBAHUE TUBEPIEHIIMU DKMAHOBCKOTO IMOTOKA 3a CYUET
HEOJHOPOJIHOCTH pacHpeNeieHUus TMPUIOHHOW TUIOTHOCTH BOABI B HaIPaBICHUU
HakioHa nHa. [Ipu 3TOM BTOpOE cilaraeMoe B CKOOKaxX XapaKTepu3yeT BIIHSHUE
IUIOTHOCTA BOJABI B BepxHeM cioe. [lociennee cmaraemoe OMpenenseT BIUSHUC
KPUBH3HBI MOPCKOTO JTHA HAa TUBEPTEHITUIO TIPUIOHHBIX SKMaHOBCKHX MTOTOKOB. BTopoe
cllaraeMoe B CKOOKaX TakKe XapaKTEepU3yeT BIHMSHUE BbIIIeNnexamero cios. s
ynoOcTBa 0003HAUYMM pa3jU4YHbIC CcllaraeMble, BXOJAIMEe B YypaBHeHue (2.15)

CJIEIYIOIUMHU OyKBaMH

_ g (&H,3p(H) aH,9p(H)) g (oH, 3 | Hy 0
' Zapof(ﬁx x oy oy ) 2apfl ox axlpd" ayl o] (216)
g 2 1 82 1 82 1 82 1
W, = H, do, + H, do, + AH —| pdo, + AH — | pd —
= a0t | M7 Ip ] 7] pdo AR jp oy +AH !p o,
g (oH, 0
il B 1 [pdo 2.17
ot ax o j jp 1 (2.17)
o’H, o°H O®H, 0°H, \;
W, = J L+t p(H)-| S5+t | [ pdo, (2.18)
ap, f{{ ox oy OX )y
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w, =9 [“f+aﬁ] (2.19)
2af { Ox° oy

C yuerom (2.16)—(2.19) ypaBHenue (2.15) MoKeT OBITh 3aIIICAHO B BUJIC

W, =W, +W, +W, +W, (2.20)

I[JDI ClIy4dasd, Korjia IUIOTHOCTHBIN MOTOK JIOKAJIM3YCTCA B MPCACIax INPUIOHHOTO

cinos ypaBHeHue (2.20) npuHUMaeT BU]

0% 62 AH [ & &%
w, =9 ( 68+ gj— 9 L 2J.,odO'2+ijd0'2}+
0

" 2afl\ o oyr ) 2ap,floxPd
2 2
200, OX oy 20p,f \ Ox  OX oy oy

[Ipu sTom Bxoxsmue B ypaBHeHHEe (2.15) cmaraemble omuChIBarOTCs Oosiee

IMPOCTBIMHU COOTHOIICHUAMUA

20p,f \ ox  OX oy oy
w, =—_94H (a—zj.pda +a—2jpda} (2.23)
P 2ap,flo®lt P oyt '
w9 [OH O, p(H) (2.24)
* 2ap,fl X oy? '

2 2
__ g (¥ &%

R [ax2 ayzj (2.29)
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Cocrapnstomme Wy, W,, W3 00yCTIOBIEHBI BIMSIHUEM OapOKIMHHBIX (PaKTOpOB, a
W, dopMupyeTcs Mo BIUsHUEM 0apoTponHoro Qgaxropa (HakJIOHA YPOBHS CBOOOIHOM
IOBEPXHOCTH), TIOITOMY TIEpBbIe TpPU COCTABISIONIMX MBI OyJaeM Ha3bIBaTh

6apOKJII/IHHBIMI/I COCTaBJIAIOIIINMH, a HOCJ'IGI[HI/Iﬁ - 6apOTp0HHI)IM.

2.3 bnok pacdera 6apOTPOITHBIX MIPOIIECCOB MIPUCITOCOOICHUS

BivsiHue NpuUAOHHOTO INAaMIIMHIA MPOSABIAETCA TAKXKE B BO3MYIICHUU YPOBHSA
CBOOOJHON TMOBEPXHOCTU U B (POPMUPOBAHUM CBSI3aHHBIX C BO3MYLIEHUEM YPOBHS
0apoTponHbIX TeueHUH. /[yl TaHHBIX MPOLECCOB B MOJIEIb BKIIIOUAETCs OJIOK pacueTa

0apOTPOIHBIX MIPOLECCOB, BKIFOYAIOIIUHI CIEAYIOINE YPaBHEHUS

ag/ltx + M, =—gH Z—i—er+k,Vfo (2.26)
oM
LM, =—gH%§—rMy+k,V,2My (2:27)

oM
%Tyv :_%_WH (2.28)

rae — Ko3(G(GUIMEHT NPUIOHHOTO TpeHus, K| — KO3(pPHUIMEHT TOPU30HTATBHOM
maddysun, My, My — cocTasiisronye moJHOro NoToKa 1o X M 'y COOTBETCTBEHHO,
Wy =W;+W,+W3 — cymMMapHasi OapOKJIMHHAsl COCTAaBJISIONIAsl CKOPOCTU MPHAOHHBIX
BEPTHKAIBHBIX TCUCHHIA.

Bxonsmue B mpaByto 4acTh ypaBHEHHUSI HEPA3pPBIBHOCTH CKOPOCTH BEPTHUKATHHBIX
TEUEHUI COJAepKaT ONMUCaHHbIE paHee OapOKIMHHBIE COCTABIAIONINE MPUIOHHBIX
BEPTHKAIBHBIX CKOPOCTEH TeueHui, OOYCIOBICHHBIE IUBEPTEHINECH MPUIOHHBIX

9KMaHOBCKHX ITOTOKOB.



50

B ypaBHenus pasmwkenus (2.26)—(2.27) s COCTaBISIOIIMX ITOJIHOTO ITOTOKA
BXOJIUT KOX(PQGUIMEHT NpUAOHHOTO TpeHus I. OOBbIUHO M OMpEeNeieHHUs 3TOM

BCJIMYUHBI UCITIOJBb3YCTCA COOTHOIICHUC

[ =CypyafUS + V7 (2.29)

rze Co— KOHCTaHTa, Uy, Vo — CpelIHKE O TIyOMHE CKOPOCTHU TeUEHUH.

Tak kak OCHOBHOM 3ajauell JaHHOTO OJIOKa MOJEINN SBIIIETCS BOCIIPOU3BEICHUE
MPOIIECCOB BSI3KOTO MPUCIOCOOJICHUSI, PE3YJbTATOM OIMUCAHUS KOTOPHIX JOJIKHBI OBITH
BEJIMYMHBI KOMITEHCAIIUOHHBIX BEPTUKAJIBHBIX TEUYEHHM, TO Ba)KHO, YTOOBI TPEHUE B
YpPaBHEHUSX JIBIJKCHHUS OMHUCHIBAJIOCH TAKUM K€ O00pa3oM Kak NpH ONpPEAcTICHUN
BEPTUKAJIbHBIX T€UEHUH, GOPMUPYIONIUXCS B MPUIOHHOM CJIO€ TNIOTHOCTHOTO MOTOKA.
[Ipu ux pacuerax MbI HCHOJB30BAIM COOTHOIIeHUE AkepOioma. I[losTtomy u B
ypaBHEeHUAX (2.26)—(2.27) Takke 1e1ecoo0pa3Ho OnpeaeanTh KO3 OUIUEHT I, HCXOIs1
U3 COOTHOIICHU AkepOsioma. /{15 6apOTpONHBIX yCIOBUN COOTHOIIeHHE AkepOiioma

IIPUHUMACT BU/I

r = 9[% % (2.30)
20\ OX oy

r = 9[% % (2.31)
200\ OX oy

CootHorienuns (2.30)—(2.31) MOXKHO 3amKcaTh, HCIOJIb3YsI BMECTO MPOU3BOIHBIX
OT BO3MYIIEHUS YPOBHS CpeAHUE MO TIyOWMHE CKOpOCTH TeueHuiu. [l 3Toro

BOCITIOJIB3YEMCs COOTHOIICHUAMHA

_99¢
Uy =2 5 (2.32)
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R (2.33)

e Ug, Vo — CPETHHE B CJIOE CKOPOCTH TCYCHHH.

[ToxcraBuB ux B ypaBHenus (2.30)—(2.31), moryunm

f
f

Wcnonw3ys  cootHomienus  (2.34)—(2.35), mnoayyum  BBIpaXCHHE IS

ko3 uieHTa npuI0OHHOTO TPpEHUs I

f

r=_——
2aH

(2.36)

I'panuuHble ycinoBHs Ha OOKOBOM TpaHMIE BKJIIOYAIM 3aJaHHE YCIOBHS
PAaBEHCTBA HYJIO IIOTOKOB, HANPABJICHHBIX [0 HOPMAJIM K TBEPABIM IpaHunam. Ha
KUJKUX TpaHuWLaxXx y €€ JIEBOro Kpas 3aJaBajioCh YCIOBUE PABEHCTBA HYJIO
BO3MYIUEHUSI YpOBHSA. JUJIsI OCTAJIbHOM 4YacTH KMAKOW TPAHULBI 33aBajloCh YCIIOBUE
PAaBEHCTBA HYJIIO IPOM3BOAHOM OT BO3MYLICHHsS YPOBHSA MO HOPMaIM K JKHUJIKOU

IpaHMUIIE.

2.4 bnok pacuera Tpanchopmaiuu (OHOBOTO MOJISI COIEHOCTH

BnusHue njaoTHOCTHOIO NOTOKA Ha (bOHOBOC ITIOJIC COJICHOCTH IIPOABIIACTCA 4CPEC3
BCPTHKAJIBHLIC TCUCHHS, BOSHUKAIOIIHNEC IIPWU BBITCCHCHHUMU B IMPHUIOHHOM CJIOC CTapOﬁ

MPUJIOHHOW BOABI. DOpPMHUPYIOIIMECS BEPTUKAIBHBIE TEYEHUS PACCUUTHIBAIUCH IO

BCIIMYHUHC ITPHUPAIICHUS TOJIIWHBI IIPUJIOHHOI'O INIOTHOCTHOI'O IIOTOKA.
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oh,
LY

rac Wy — CKOpOCTb BEPTHUKAJIBHBIX TC‘IGHI’Iﬁ, O6YCHOBH€HHBIX pacinpoCTpaHCHUEM

(2.37)

MNPUAOHHOIO IINIOTHOCTHOI'O IIOTOKA Yy AHA, hb.- TOJIIOMHA HNPUJAOHHOI'O IINIOTHOCTHOTO

IIOTOKA.

TonmmHa DPUAOHHOTO IUIOTHOCTHOTO TMOTOKAa HAXOAWIACh IO BEJIWYWHE
VHTETPAIBHON B INPUJOHHOM CJIO€ aHOMAJIMU COJICHOCTH, MOJEIICHHOM Ha BEIUYUHY
IPUJIOHHOW  COJICHOCTH. PaccuuTaHHass BepTUKaJIbHA CKOPOCTb OTHOCUJIACh K
MPUJIOHHOMY TOpHU30HTY. Kak W3BECTHO, MpUIOHHAS BEPTUKAIIbHAS CKOPOCTh MIPUBOIUAT
K BO3MYLICHUK) YPOBHsS, 4YTO BbI3bIBAET KOMIICHCALIMOHHBIE HWHEPLMOHHBIC
0apOoTpONHBbIE TOPU3OHTANIbHBIE T€UeHUsl. B pe3ynbTaTe quBEpreHuu (KOHBEPTEHIINM)
ATUX T€UEHUH, GOPMUPYIOMIASICA B MPUIOHHOM CJIO€ BEPTUKAIbHBIC TCUCHHS JIMHEWHO
YMEHBIIAKTCA A0 HYJIsl. YYUThIBasg 3TO, BEPTUKAIBHOE pPACHPEACICHUE BEIMYUHBI

CKOPOCTH BEPTUKAJIIBHBIX TEYECHUN ONUCHIBAJIOCH COOTHOLICHUEM
— * .
W, =W, *(z/ H); (2.38)

OO6pa3zyromiascss 3a cueT YKa3aHHBIX BEPTUKAIBHBIX TEUCHHN TOpPU3OHTAIbHAsS
HEOJHOPOJIHOCTh B PacCHpele]ICHUU IJIOTHOCTA MPUBOJUT K 00pa3oBaHUIO (DOHOBBIX
TOPU30HTAJIBHBIX OAPOKIMHHBIX TEUCHUN, paciipocTpaHstomuxcs 10 naa. [Ipu stom us-
32 HEOJHOPOJHOCTH penbeda JTHA B MPUIOHHOM CJIO€ MOLYT BO3HUKATh
JIOITOJTHUTEIIbHBIE COCTAaBJISIFOLIME BEPTUKAIBHBIX  TEYECHUU, ONMCHIBAEMBbI

COOTHOIICHUEM

H H
W, =U, E;—X—FVH % (2.39)



53

rie Wy — CKOPOCTh BEPTHKAJIbHBIX TEYEHWH Yy JHA, BO3HUKAIOIIAs 3a CYET
BIIUSTHUSL HEOTHOPOIHOCTH perbeda THA Ha MPHUIOHHBIC OApOKIMHHBIE TCUCHUS; Uy, Vy
— IPUJIOHHBIE CKOPOCTH (POHOBBIX OAPOKIMHHBIX TeueHU, H — rmyObuHa Mopckoro gHa.
Jist pacyeta (POHOBBIX TOPU3OHTAIBHBIX COCTABIIAIONIMX CKOPOCTEW TECUEHHH B

OO0IIeM cy4yae MOTYT OBITh HCIIOIb30BaHbl yPABHEHUS ABMKCHUS

z 2 2 2
@—wz—ga—?—iﬁjpdzwkza—%k, gu, ou (2.40)
ot OX P, OX3 0z ox~ oy

z 2 2 2
%—fu——g%—ggjpdz’+kza—\2/+k, %+% (2.41)

X
0 0

Ecnu mpuHATP BO BHMMaHHE OCOOEHHOCTHM pacCMaTpUBAaEMOIo IMpoOLEcca IaHHbBIE
ypaBHEHUsI MOTYT OBIThb MpPUBEAEHBI K Oojiee mpocToMy BHAy. PaccMarpuBaemblil
MpoIleCC  TPEACTaBiIsgeT CcoO0OHM  OapOKIMHHBIA  IPOIIECC  IPHUCIIOCOOJICHHS K
BO3MYUIEHUSIM TOJIA TJIOTHOCTH, CO3/1aBAEMbIX BEPTHKAIbHBIMU JBUKEHUAMH. Tak Kak
OApOKIMHHBIN paauyc naedopmalii B pacCMaTpUBaeMOW O0JACTH MMEET BEIUYUHY
NOpsZIKa HECKOJbKMX KHJIOMETPOB, TO MOXHO MpearnoJjiararb, 4TO BO3MYILIEHUS
(OHOBOI MIIOTHOCTH, OOYCIOBJICHHbIE BEPTUKAIbHBIMUA TEUEHUSMH HE OYAYyT 3aMETHO
TpaHcOpMHUpOBaTbCS B  Tpolecce mpucnocodnaeHus. Pe3yiapTraToM MpoLeccos
npucnocodnenuss Oyner (GOpMHpPOBAHHE KBA3UTE€OCTPOPUUECKUX  OapOKIMHHBIX
TOPU30HTAJBHBIX TEUYEHHUU. DTO MO3BOJISIET NpeHeOpedb B YPaBHEHMSX JBUKCHHS
BKJIAJIOM HMHEpLUH, TO €CTh MEpBbIM cjaraeMeiM. baporpomHas cocrasistomnias,
rpaJueHTa JaBJIEHUs, ONUChIBa€Masl MEPBbIM CJIAra€MbIM B MPABOM YAaCTU YpaBHEHUH,
OOBIYHO TPOTHUBOIIOJIIOKHA TIO 3HAKYy OapOKIMHHON cocrtaBisromnieil. Kak mpasuio,
MEHbIIIE, HO CONOCTaBUM C BKJIAJOM OapOKIMHHOW cocTaBistomed. OpgHako B
IPUJOHHOM CJIO€ BKJIaJ OAPOKIMHHON coCTaBistomeld B opMUpoBaHUE OAPOKIMHHBIX
TOPU30OHTAJBHBIX TEUEHHUM sBiAeTcs npeodnamaromuM. [l ee pacdera MOXKHO
UCIIOJIb30BaTh CHCTEMY YPABHEHMU, ONMCHIBAIOIIYIO 0apOTPOMHBIE MPOLECCHI

MPUCTIOCOOJICHHs. DTO JieNlaeT JOMYCTUMBIM B KadyeCTBE IEPBOIO Iara mpeHeOpeyb
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0apOTPOIHOI COCTaBJIAIONIEH TpagueHTa JaBiieHus. Bkiiaa ciaraemMpiX, OMUCHIBAIOIINX
TOPU30HTAIBHYI0O U BEPTUKAIBHYIO COCTABISAIONIUME TYpOYJICHTHOM BSI3KOCTH TaKKe
SBJIIETCSI BTOPOCTETIEHHBIM M UMM TaK)ke€ MOXKHO MpeHeOpeub. B urore, mns pacuera
(hOHOBOM TOPU3OHTATILHON IUPKYJIALMH, (POPMUPYIONICHCS B Pe3yJIbTaTe BO3MYILICHHUS
(hOHOBOTO TMOJIS TUIOTHOCTH IO/ BIUSIHHEM MPHUIOHHOTO MJIOTHOCTHOTO TIOTOKAa MOYKHO

HCIIOJIB30BaTh B CJIICAYIOIICM BHUC.

H :g%_FLE pdz’ (242)
fox p,foxy

R (2.43)

TpancpopManys 3a CYET yKa3aHHBIX BEPTUKAJIBHBIX TEUECHUW PpPACIIPEACIICHUS

(bOHOBOﬁ COJICHOCTH PACCUUTBIBAJIACH N3 YPABHCHUA IICPCHOCA COJIN

%+u0%+v0%+(wb+w)aso =k, —
ot OX oy 0z 0z

2 2 2
680+kl 852 +8SZO
OX oy

rne So — (oHOBas coleHOCTH; W, — BEPTUKAIbHAs COCTABJISIONIAS CKOPOCTH

(2.44)

TEUEHUM, CBSI3aHHAsl C PACIPOCTPAHEHUEM B MPHUIOHHOM CJIO€ IJIOTHOCTHOTO IMOTOKA;
Ug,Vo — TOPU3OHTAIbHBIE (DOHOBBIE COCTABJISIONINE CKOPOCTH TEUCHUM, O0YCIIOBIECHHBIC
TOPU30HTAIBHON HEOJHOPOJHOCTHIO (DOHOBOM COJIGHOCTH; Wy — BEpTHKaJIbHAs
COCTaBIISIIONIAsl CKOPOCTH TEUYEHWW, BO3HHMKAIOIIAs IMOJl BIUSHUEM HEOJHOPOIHOCTH

penbeda 1Ha Ha CKOPOCTh (POHOBBIX TEUECHHH Ug,Vo.
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3. OCOBEHHOCTH PACITPOCTPAHEHM A CEBEPOMOPCKHNX
BOJ] B BOPHXOJIbMCKOM FACCEWHE I10 PE3YJIbTATAM
MO/JEJIMPOBAHN A

3.1 Pacuer ckopocTeii 00yCIIOBICHHBIX 3aTOKOM OAPOTPOIHBIX TEUCHUN

B bopHxonsMckom Gacceitne B mepuo/I IJ1aBHOTO 3aToka B ssHBape 2003 r.

dopMmupyromrecss B pe3yibTaTe BoJI00OOMEHA 4Yepe3 MPOJIMBBI B MEPHOJI 3aTOKa
0apOTpOIHbIE TEYEHUSI MOTYT OKa3bIBATh OMNPE/EICHHOE BIUSHUE HA PacCpOCTpaHEHHUE
COJICHBIX TPUAOHHBIX BOJ. [loaTOMy 1enecooOpa3HO yuyecTh MX BIUSIHUE, BKIIOYUB
0OYyCJIOBJIEHHbIE MU CKOPOCTU T€UEHUH B aJIBEKTUBHBIC COCTABJISIONINE B YpaBHECHUU
IepeHoca cojid. B CBs3M C 3TUM BO3HUKAET 3aJada pacuera B DBOpHXOIbMCKOM
OacceliHe OapOTPOIMHBIX TEUEHUM, OOYCIIOBICHHBIX BOJAOOOMEHHOM uepe3 JlaTckue
MPOJIMBBI B TEPUOJ 3aTOKa. Tak Kak pacnpocTpaHEHHE 3aToka B banrtuiickoe mope
MPOMCXOAUT B BHUJE HAJIOXKECHUS MPAMOM M OTPAKEHHOW HHU3KOYACTOTHBIX BOJH,
dopmupyomux crosuyo BoiHy KenbBuHa [9], TO 3aTpyIHUTEIBHO OMUCATh 3TOT
mpoliecc, OTPaHUYUBIIUCE 00JacThi0 bopHxonbMckoro OacceitHa. Iloatomy manHbIe
TEUEHUsI PACCUMTHIBAIOTCS MPU MOJCIUPOBAHUM OAPOTPONHON IUPKYJISLHUA C yYETOM
obnmactu Bcero banrtuiickoro mopsi. IlomydeHHble pe3yiabTaThl UCHOJB3YIOTCS IS
BBIJICJICHUS PACUETHBIX JIaHHBIX O OApOTPOMHBIX TEUYEHHUSX B TMpenesiax o0JacTu
bopuxonbpMckoro 0OacceiliHa, COBHAIAIOIIEH C 00JacTbIO TPEXMEPHOM MOJCIH
MPUJIOHHBIX TUIOTHOCTHBIX TOTOKOB. [l MopjenupoBaHus OapOTPONMHBIX TEUEHUH,
dbopmupyronmxcs npu 3aTokax B banTuiickoe Mope HCmoJib30oBajach OapoTporHas

TUJIPOCTAaTHYECKasA MOJENb, BKIIFOUAIOIIAs CIEAYIONYI0 CUCTEMY YPABHEHHUI:

ou o0 C.p, > o’u_ ou
-0 fy =-g—=-20Ju *+v ’u_+k m 4 —m 3.1
ot m g ox H m m “'m | axz aj,z ( )
ov 0f ¢ p, 3 ov_ 0%V
My fu, =—g—=—220 Ju ?+v °v_+k m D 3.2
ot m g 5 H m m 'm | 8X2 a,z ( )



56

o(u,H) , o(vaH) __0¢ (3.3)

ox oy ot

rae Um,Vm — COCTABJIIONINE CPEIHEH MO TIIyOMHE CKOPOCTH TEYEHUH MO OCAM X | Y
COOTBETCTBEHHO; & — BO3MYIICHHE YPOBHsSI CBOOOJHON MOBEpXHOCTH Mops; H —
riryouna; f — mapamerp Kopuwonmca; C, — k03QPHIMEHT TPHIOHHOTO TPEHHS, § —
YCKOpPEHHE CHIIBI TsDKecTH; K — KO3((UIMEHT TOpU30HTAIBHOW TYypOyJeHTHOM
BS3KOCTH; T —Bpems.

[locnennue cnaraembie B ipaBoit yactu ypaBHeHu# (3.1) u (3.2) ucnonap3oBanuch
JUISL CTJIAKUBAHUS PACCUMTHIBAEMBIX XAPAKTEPUCTUK Y UCKIIFOYEHUS BOZHUKAIOLIEH IIpU
YHCIIEHHBIX pacueTax BbICOKOYACTOTHOW COCTABIAIOLICH. PaccunThIBaIuCh CpeTHUE MO
rIIyOMHE CKOPOCTH TEUEHUW U BO3MYIICHHE YPOBHS, O0YCIOBJICHHBIC NMEPUOIUUECCKIM
MEHSIFOIIMMCSL  pacXxoloM Bonbl 4epe3 Jlarckue mponuBbl. ['paHuWYHBIE YCIOBUA
3aaBaiuch B mposinBax mepen moporamu Jlapcc u Jporen (puc.3.4). Ilpu 3amanuu
IPAaHUYHBIX YCJIOBHM HCHOJIB30BAIUCH (PAKTUYECKUE JTAHHBIE O BEJIIMYMHE U3MEHEHUS
00beMOB BOJIbI B banTuiickom Mope B MEpHOJ] TJIABHOTO 3aToKa B sHBape—(deBpaie

2003r. [86].

d ly of vol flux Darss-Sound (km?)

Volume flux furf )

Pucynok 3.1— BpeMeHHOM X0/ OTKJIOHEHUSI 00beMa BOJIbI (KM3) B banTtuiickom Mope ot

CPEIHErO 3HAYCHMS.
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Pucynok 3.2 — I'paduk nu3mMeHeHus: OTKIOHEHHs 00bemMa Bo/bl B banTuiickom Mope oT

CpeIlHero 3Ha4eHUs B IIEPHUO/] TeHEepaIbHOro0 HaroHa B sinBape—denpaie 2003 r.

Benuunna oTkioHeHuss oObema Boabl B bantuiickom Mope Oblia

anmpOKCUMUPOBaHA (PYHKITUSIMU
. (27
\Y =Vosm(T(t+to)j (3.4)

rae V— oTkinoHeHue o0bema BoJbl B bantuiickom Mope OT HEBO3MYIIIEHHOTO COCTOSIHUS
(kM°) B IepHOJ TIAaBHOTO 3aToka B sHBape—despane 2003 r.; Vo, to, T — KOHCTAHTBI
annpokcumanuu; t — Bpemst (CyTKH).

a) JIJIsl IEpUOJia HAaroHa JJIsi KOHCTAHT MPUHUMAJIUCH CIIETYIONINE 3HAUCHHUS

Vo =150 km®, T =30 cyToK, ty = —15 cyTOK.

0) Ay mepuoa CroHa MEPEYUCIICHHbIE KOHCTAHThI TPUHUMANCH PABHBIMU

Vo =150 kM, T=60 CYTOK, ty = 0 cyTOK.

Pe3ynbpTaThl annpokcUMalMK MPeACTaBICHbl HA pUCYHKE 3.3
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150 —

100 —

- [

50 —

-100 —

Pucynox 3.3 — Anmpokcumariiss BpeMEHHOW H3MEHYUBOCTH OTKJIIOHEHHUS 00beMa BOIBI

B banTuiickom MOpe OT €ro CpeIHEro 3HaUYCHUS (KMB) B niepuo/1 siuBapb—denpainb 2003r.

Benuuuna pacxoaa BOJBI HA XKUJAKHX I'PaHHUIAX B IICPHOJ] 3aTOKa ObLIa IIOJIy4CHa
KaK IIPpOU3BOAHAA IIO BPCMCHH OT OTKJIIOHCHHA o0Bema BOJBI (Q) B bantuiickom MOpC

JUTS TIeproja ssHBapb—heBpab (puc.3.3)

350 - 350

300 - 300
250 I 250
200 I 200
100

100

50 ~ 50

T T T T T T T T T T T
50 100 150 200 250 300 50 100 150 200 250 300

(a) (6)

Pucynok 3.4 —PacrosnoxxeHue cedeHui, sl KOTOPHIX BHIBOJIUINCH PACUETHBIC TaHHBIC

BPEMEHHOT0 X0/1a pacxoja (a) u baTumerpuueckas kapta bantutickoro mops (0)
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Pacxoapl uepes Jlarckue mponuBbl 3aaaBanuck B niepuoa ¢ 11.01.03 mo 17.01.03
yepe3 Jlapc u mponuB 3yHA pacnpenensiiuch B cooTHouieHuu 6:4. Ha TBepabix
OOKOBBIX TpaHUIAX 3a7aBajoCch YCJIOBHE HENpOoTeKkaHus. B KauecTBe HayalbHBIX
YCJIOBUH 3aJJaBAIMCh HYJIEBOE 3HAUYCHHE BO3MYIIECHUSI YPOBHS MOpS M T€UCHUU. 3a1aya
peliangach Ha MPSIMOYTOJIBHON CETOYHOM 001acTu pazmepoM 1o ropusontanu 340x375

pPaCUYeTHBIX Y3JIOB C IIaroM 10 TOpu3oHTaIu 3,6 kM (puc.3.4).

600000 —

400000 —

200000 —

-200000 —

-400000 ‘ ‘ ‘

0 10 20 30 40

['padviku ipecTaBIEHBI AJ TOUCK:
1 — kpacHbIi, 2 — PUOTETOBBIHN, 3— KOPUYHEBHIN U 4 — YEPHBIH.
ITo ocu X — BpeMsI B CyTKax.

Pucynok 3.5 — BpemenHnast ”3MeHYHBOCTh pacxojia yepes JlaTrckue mpoauBbI

ITo pacueram BpeMEHHOMW X0 BO3MYIICHUSI YPOBHS, POPMUPYIOMIMNXCS IO
BIIMSIHUEM PAcXO0J0B BOJbI B J[aTCKUX MpoiMBax, OJIM3KO COOTBETCTBYET BPEMEHHOMY
Xonly pacxoja B mposmBax. OIHAKO aMIUIUTY/a KoJieOaHUsI PacXOJI0B YMEHBIIAETCS C
yAaJIeHueM OT TMpoJIMBOB (puc.3.5). DTO COOTBETCTBYeT Teopuu. Kak H3BECTHO

pacrpocTpaHeHue 3aTyXarleil TPOrpecCUBHOMN BOJHBI OMMCHIBACTCSl YPABHEHUEM:

U =u,Cos G—n(x—gt) exp(—%xj (3.5)
C n C
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rac

(3.6)

(3.7)

VYpaBuenue (3.5) onuchIBacT BOJIHOBOW XapaKkTep pacnpOCTPAHEHUS CBSI3aHHBIX C
MEPUOANYECKA MEHSIONIUMCS Ha TpaHUIle 3aTOKOM BO3MYIIEHHM CKOPOCTH TEUEHUM.
Bennuuna N xapakTepu3yeT yMEHbIIEHHE (Pa30BOil CKOPOCTH, a y, ONPEEISIET CKOPOCTh
3aTyXaHUsl C PACCTOSHMEM OT TpaHUIlbl BOJHOBBIX BO3MylleHH. Onpenenum

COOTBETCTBEHHO 3HAYEHHE ATHX BEJIIMYMH, YYHTHIBAas YTO IO OIeHKaM I, =10"°c™, a
o =2710°c™. IIpx 3TOM YacTOTa G OKa3bIBaeTCs 0O0JbLIE K0P UIUEHTa TPUIOHHOIO

TpeHus Iy(npu riyoune 6acceitna 100m) B 27 pas.

2 2 2
n= IO W O OOV P ST )
20 4o 8o
2 2
WLCH U Sy L R (3.9)
o \/E 20 20

[lomyueHHoe 3HadeHWe I N TOKa3blBaeT, 4YTO JJS HU3KOYACTOTHBIX
BO3MYULIEHUM (a3oBas CKOPOCTh CHWXaeTcs He3HauutenbHo (B 1.003  pa3).
YMeHbIleHHe 4acTOThl Ha MOPSIOK TakKe HE MPUBEIET K 3aMETHOMY H3MEHEHMIO
BenMunHbl (Pa3oBoii ckopocTu. [lodydeHHOe 3Ha4YeHWe ISl  TIO3BOJISIET OILIEHUTH

XapakTep 3aTyXaHWsl BOJHOBOTO BO3MYIICHHS C PACCTOSIHUEM, KOTOpBIM Oyner
ox

OIPECNIATHCS MOKa3aTeIeM YKCIIOHEHTHI B ypaBHeHHH (3.5) —= X . MOKHO Onpe/Ie/uTh
c

pacCcTossHuEC Xp, IPpHU MNPOXOXKIACHHUHU KOTOPOTO AaMIUIMTyJAa BOJHOBOI'O BO3MYLICHUS

YMCHBIIHUTCS B € pa3s
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x =S (3.10)

IToncraBuB B cooTHomeHue (3.9) coorHomenue (3.10) m coOOTBETCTBYIOIIME
3HAYCHUS BXOJSIIUX B MPEJCTABICHHOE COOTHOIICHUE BEIWYWH, HAWIEM Xg, KOTOPOE

OKa3bIBACTCA paBHbIM

X =— =—""="2=-2%30%10° =6*10’ =6*10* 3.11
oy or r (a0) (1) (311)

[Tomy4yeHHBIE OIIEHKM TOKAa3bIBAIOT, YTO AMIUIMTYZA BOJIHOBBIX BO3MYIICHHI
yObIBaeT cnabo. OHAKO HAJI0 YYUTHIBATh, UTO OLIEHKA JJI1 KO3 PUIIMEHTa TPUIOHHOTO
TpeHus noxydeHa s rayounsl 100 M u ckopoctu Teuenus 0.1 mc . C YMEHBILIEHUEM
[IyOMHBI OJTHOBPEMEHHO MPOUCXOJUT BO3PACTAHHE CKOPOCTH TEUYEHHM, YTO BENET K
YBEIMYECHHIO KOdh(DUIIMEHTa MPUJOHHOTO TPEHUS U K YMEHBIIIEHUIO Xo.

[Ipy nprMeHEHUM MOJIYYEHHBIX PE3YJbTATOB K banTuilckoMy MOpPIO MOKHO
IIPEIIOIOXKUTh, 4YTO BBI3BAaHHBIE 3aTOKOM uepe3 Jlarckue IpOoJMBBI BO3MYILECHUS
YPOBHS M TEUYEHUW PACIPOCTPAHSIOTCS B BHJE IPOIPECCUBHOM BOJIHBI, KOTOpas
OTpaXaeTcsi y MPOTUBOMNOJIOXHOW OOKOBOM TBepaod rpanune. Ilpu croxenun
pacnpocTpaHsomencs ot JaTrcKux MpOIMBOB BOJIHBI C OTPaXXCHHOW OT TBEPAOHU
O0KkOBOUM rpaHulle GopMuUpyeTcs cTosuyas BojHAa. B o0mactu OOKOBOW TpaHHUIIbI
CKOpPOCTb NPOJOJIBHBIX TEYEHUW CTOSYEHM BOJIHBI CTAHOBUTCS PABHOM HYJIIO B CHILY
YCIIOBUSI HETMPOTEKaHUsA. 3JeCh K€ OyIeT MNPOUCXOAUTh YABOCHUE AaAMILIATYIbI
BO3MYIIECHUS YPOBHS. YPaBHEHHUE, OMMUCHIBAIOIIECE PACTIPENEIICHUE CKOPOCTEN TEYEHUM
JUTSL PE3YJIbTUPYIONIEH CTOSYEH BOIHBI B OKPECTHOCTU TBEP/IOM MTPaBOM TpaHUIIbI Oy1eT

NUMETHh BU

u = 2u, cos(ot)sin (kx) (3.12)
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27
rae K =7 — BOJIHOBOE YHCJIO; HA4yaJlo OCed KOOpAMHAT PACIIOJIOKEHO Ha TBEPIOM

IPAHMUIIE.
Tak Kkak JJMHA HU3KOYAaCTOTHOM BOJIHBI CYIIIECTBEHHO OOJbIIEe pa3Mepa

bantuiickoro Mops, To CHHYC MOKHO 3aMEHUTB €ro apryMeHTOM. Toraa nmoiayymum
2w
u=2u, cos(at)jx (3.13)

U3 IMOJIYYCHHOI'0 COOTHOHICHUA MOKHO HaWUTU BBIPA)KCHUC, OIIMCBIBAIOIICC
KOJICOaHMST YPOBHA B MOPC. I/ICHOJILS}’}I YPAaBHCHUC HCPA3PBIBHOCTH, I1IOJIYYHUM

%:—ié—u:—z%z—ﬁcos(ot): 4u"”cos(at) (3.14)
ot Hox AH

Nuterpupys no t , Haxoqum

4u,

£ =27 in (ot) (3.15)

Ho

Kak crmegyer W3 mMOMy4eHHBIX COOTHOLICHUH, MOAYJIh KOJEOaHUN CKOPOCTH
TEUEHUN JIMHEHHO PAacTeT C pacCTOSIHUEM OT TBepAol OokoBoil TpaHuubl. Ero
MaKCUMaJbHOE 3HadeHue OyneT oTMeyaThCsd Ha JKHAKOW TpaHuie (B oOJacTu
nposuBOB). Tak Kak JJIMHA BOJIHBI CYIIECTBEHHO OOJIbIIIE TOPU3OHTAIBHBIX Pa3MEpOB
MOPpsi, TO aMIUIUTY/1a KOJeOaHusl CKOPOCTU TEUCHHUM Ha KUIKON rpaHulle OyJeT MEHbIIIEe
2Ug. AMIudTyga KojieOaHWM BO3MYIIEHHUS YPOBHS Mops OyAeT OJHOPOIHO
pacnpeneneHa B nmpeaenaax o0iacTy.

ITo pacueram pacnpeneneHre BO3MYIICHUS YpOBHS B 0OOJaCTU HAa MOMEHT
BpeMEHH 6,25 CyTOK, COOTBETCTBYIOIIMM MOMEHTY MaKCUMAaJlbHOTO 3aToka (puc.3.6a),
XapakTepU3yeTcsl JTOCTATOYHO OJHOPOJHBIM PpACHPENEIICHHEM II0 OCH Y HakKJIoOHa

YPOBHSI B HAIPABIICHUU BJIOJIb 3TOU OCH.
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Pucynok 3.6 — Pacnipeniesienue Bo3MyIeH s ypoBHS (a) U 6apOTPOIHBIX CKOPOCTEH

TeyeHu# (0) Ha MOMEHT MaKCUMaJIbHOM CKOPOCTH 3aToKa yepe3 J(arckue npoauBel

B npenenax nentpanbHoil yactu bantuiickoro Mops HauOousbllee H3MEHEHHE
BEJIMUMHBI BO3MYILEHUSI YPOBHS OTMEYAIOTCS TI0 MMPHHE 00JIaCTH U UMEIOT OPSA0K 4
cM. Takxe oTMedaeTcsi yMEHbIIEHHE BEJIMYMHbBI BO3MYIIEHUS YPOBHS, JOCTUTAIOIIEE 8
cM B bOTHHYECKOM 3ajMBE TO CPaBHEHHUIO C IICHTPAIBHON YacThiO MOpS, UYTO
OOyCIIOBJIECHO C MEJIKOBOAHOCTBIO IIPOJMBA COEOUHSIOUNIETO 3aJMB C MOPEM.
Haubonbiias He0THOPOAHOCTh B paCHpEeeIEHUH BO3MYILEHUSI YPOBHS UMEET MECTO B
o0nacTu ApPKOHCKOTO M B MEHblIEH creneHu B bopHxoibMckoM OacceitHax. ITo
OOBSICHSIETCSI C MEJIKOBOAHOCTBIO 0acceiiHOB M HEOAHOPOJHOCTHIO pacHpeeIeHUs
penbeda mHA. PaccunmTaHHBIE CKOPOCTH OapOTPONHBIX TEUEHWH B 3HAYUTEIHHON
CTETICHU SBIIAIOTCS TE€OCTPOPHUECKMMH, TaK KaK WX HAMpaBiICHHE B 3HAYUTEIHHOU
CTEIIEHH COOTBETCTBYIO HaNpaBlICHUSM H30JIMHUN BO3MYILEHUs ypoBHA. B mpenemax
00J1aCTH, COBMA/IAIOIIECH C paCUETHONW 00JIACTHIO TPEXMEPHOU MOJENH, ObLITM BHIOPAHbI
MOJy4YE€HHBIE HA MOMEHT MaKCUMAJIBHOTO 3aTOKa Pe3yJIbTaThl PACUE€TOB COCTABIISIOIINX
OapoTponHbiX TeueHud. OHU ObUIM MHTEPHOJIUPOBAHBI B PACUETHBIEC Y3JIbl TPEXMEPHOU

00J1acTH, UMEIOIIEH MPOCTpaHCTBEHHBIH 1mIar 1.8 kM (puc.3.7).
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MakcuManibHasi CKOPOCTh TEYEHUN

Pucynok 3.7 — Pacnipenenenue B bopaxonbmckoM O6acceitHe 6apoTpOIHbIX

COCTABJISIFOLIUX CKOPOCTEHN TeUeHU, 00YCIOBIEHHBIX 3aTOKOM HA MOMEHT

MaKCHUMAJIBHBIX PaCXOJd0B B HaTCKI/IX IIpOoJInBax

F-Tf ;,q—E/L_/
it f e e L LT
ol 1 e e e E e R R
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S DTy N

=
g 17 O
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51 ﬂﬁﬂ/fﬁ/”/’/’;ﬂ%\‘\f&\&& v
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s s 1 7 77 A A e o
- TR EET LY

(a) (6)

o -1
(MakcumanbHasi CKOpocTh TeueHui —30 cM.c ~, IJIMHA BEKTOpa MPONOPIHOHAIbEHA

KBaJ[paTHOMY KOPHIO OT MOAYJIS CKOPOCTH T€UEHU )

Pucynok 3.8 — Pacrnipenenenue 6apoTpOIHBIX COCTABISIONIMX CKOPOCTEN TEUEHU Ha

MOMEHTBI MAKCHMAJIBHOTO 3aTOKa (a) U BhIHOCA (0) Yepe3 MPOJIMBHI.
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[IpuHMManoch, 4TO BEPTUKAIBLHOE pacmpesesieHue OapOTPOIHBIX CKOpPOCTEH
TedeHuii oAHOpoaHO. COIOCTaBI€HHE pPE3yJIbTaTOB PACUYETOB, TIOTYYCHHBIX JIJIs
Pa3TUYHBIX BPEMEHHBIX IIAroB IMOKAa3ajio, YTO MPH HM3MEHEHHH PacXOJ0B CKOPOCTh
0apOTPOIHBIX TCUCHUH MPAKTUYECKHA CHHXPOHHO M3MEHsIach. [Ipu 3TOM n3MeHsach B
OCHOBHOM BEJIMYMHA CKOPOCTEH TEUCHUI IPU COXPAHEHUH UX HampasieHus (puc.3.8).

DTO TO3BOJMIIO PACCUUTHIBATH OapOTPOIHBIE CKOPOCTU TEUYEHUM, YMHOXKas
aHAJIOTUYHBIC CKOPOCTH TEUCHWMN, TMOJYyYCHHBIE 11 MaKCHMAaJbHOTO pacxoja, Ha
OTHOIIICHHE COOTBETCTBYIOIIETO BPEMEHHOMY IIIary pacxoja K  BeJIHMYHHE

MAaKCHMAJIBHOT'O pacxo/Ja.

3.2 OcobeHHOCTH pacpOCTpPaHEHUs] CEBEPOMOPCKUX BOJ B BOpHXOJIBMCKOM

OacceiiHe 1Mo pe3ybTaTaM pacuyeToB

JUis uccnegoBaHus OCOOEHHOCTEM paclpOCTpaHEHUsS CEBEPOMOPCKHUX BOJ B
bopHX0oJIBMCKOM OacceiiHEe HCII0JIb30BaaCh NMPEACTABICHHAs B TJIaBe 2 TpeXMepHas

HCCTaIMOHApHasA THAPOJUHAMHWYCCKAsA MOACIIb.

350

300+

250

200

100

50+

(a) (0)
Pucynox 3.9 — Pacuernast 06:macth ¢ pacnpenesieHueM NIyOuHbI Mops (M) (a) u ee

pacrionoxkerue B banruiickom mope (0)
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bokoBas neBas kujakasi TpaHHIla PAaCYETHOUW 00JIaCTU MPOXOAUIIA JIEBee OCTPOBA
BopHxosibM, a mpaBas KHJKas TpaHHIa Opoxoauia mo cepenuHe CIynckoro xeiaoda
(puc.3.9). Pacuernas o0nacTh NOKphIBajgach ceTkoi pasmepoMm 80x110 y310B Mo
ropusoHTai u u 40 y3510B 10 BepTUKaIU. [ OpU30HTANIBHBIN IIAT CETKU COCTaBUI 1.8 KM.
[To BepTukanu nepsbiid 21 y3en pacnonaraicsa B ciaoe 20 METpOB OT JHA C IIarom 1 m.
Belmie paccrosinue Mexay y3aMu MO BEPTUKAIM COCTaBJISIO BETWYUHY, paBHYyI0 1/H,
rae H;=H-20m, H — rnyOuna mopsl.

I'maBuebiit 3aTok B 2003 Havancs 11 suBaps. JlaHHbIe HATYpHBIX HAOJIOJICHHM, a
TaK)K€ pe3yibTaTbl pPacyeToB JAIOT OCHOBAHUS Mpearosaratb, 4YTO BpeMms
pacrnpocTpaHEHHUsI COJIEHBIX BOJ J0 3amagHOW TrpaHUllbl BOPHXOIBMCKOTO MpOJiMBa
coctapisieT nopsiaka S cytok [120,121, 134]. C yyerom 3TOTO 32 AaTy Haydajia pacyeToOB

npunsaTo 15.01.03.

10 20 30 40 50 60 70

Pucynok 3.10 — Pacnpenenenne npumoHHO#N coneHocTH (%o) Ha Ha4ajIo pacyeToB

B kayectBe HayanbHBIX YCIOBHM 33aJaBajuCh OJHOPOAHOE IO TOPU3OHTAIU
pacnpenaeneHue cosieHocTd. Ilo BepTukanum cojieHocTh BepxHuUX 40 M 3ajaBanach
paBHast 7%o. Hmxe 40 M coneHocth yBennuuBanach 10 10%o m namee Bo3pacTtana K
riyoune 100 m 10 17%o. Temneparypa B BEpXHEM COPOKAMETPOBOM CJIO€ MPUHUMAJIACh

o ~0 0
paBHOU 7 C, HUXKE OHa CKaykoM yBennuuBanach 710 14°C, u manee coxpaHsjia CBOE
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3HaueHue. HauanpHoe conep:kaHUE KHCIOPOJa B BEPXHEM COPOKAMETPOBOM CIIOE
IIPUHAMAJIOCH PABHOM § MiLI . Hivke oHO IIPpUHAMAIIO 3HadeHue () MILI " 1 COXpaHAIOo
CBOE 3HaueHHE C TIyonHou. HadanbHble 3HaUY€HUS CKOPOCTU TEUEHUU M BO3MYIICHUE
YPOBHSI CBOOOJHOM TMOBEPXHOCTH NPUHUMAIIMCh paBHBIMU Hymo. B kadecTBe
TPAHUYHBIX YCJIOBMI B OOJIACTH 3aMajJHOM TIpaHULbl BOPHXOIBMCKOIO MpOJIMBA Y
rpaHullbl ¢ APKOHOM 3aJaBajoCh PacCHOJIOKEHUE MPUIOHHOTO CJIOS BOJBI TONIIMHON
15M ¢ coseHocThIO 25%o0.

ITo pesyapTaTam TeopeTHueckux padbor [26], JaHHBIX J1aOOpPATOPHBIX
uccienoBanuii [7, 141] u HarypHbIX HaOmrogeHui [69, 121] nBmKeHHE MPUIOHHOTO
IJIOTHOCTHOTO TIOTOKA MPOMCXOJUT MPEUMYIIECTBEHHO BJIOJb M300aT BMOPABO OT
HaKJIOHA JIHA. YBEJIUYEHUE €ro IIUPUHBI MPOUCXOAUT 3a CUET HAIpPaBJICHHBIX IO
HAKJIOHY JHa MPUJIOHHBIX AKMAHOBCKMX MOTOKOB, KOTOphIE ciabee MOTOKOB BIOJb
n3o0ar. CKOpoCTh ABMKEHMS MPUJIOHHOTO TJIOTHOCTHOTO TMOTOKA MPOMOPLUOHAIbHA
HAKJIOHY JHA U MPEBBIIIEHUIO €T0 IJIOTHOCTH HaJl INIOTHOCTHIO OKPY’KAIOIIEH BOJBI.

Oco0eHHOCThIO OaTUMETpUH BOpHXOJIBMCKOTO OacceiiHa sIBIIA€TCS MPUCYTCTBUE
PacCIoJIOKEHHOTO BJIOJL OEperoBol 4YepThl OCTPOBA Y3KOTO ydacTKa C OOJBIIUM
HakJIOHOM nHA. C paccTossHUEM OT OCTpPOBAa HAKJIOH JHA yMEHbBIIAeTCs M H300aThl
pacxonsarcs. PacnpocTtpaHeHue COJeHOM BOAbI U3 APKOHBI MPOUCXOAUT B BHUJIE
OTHOCHUTEJIBHO Y3KOTO MNPHUAOHHOTO IUIOTHOCTHOTO MOTOKA, PAaCIpOCTPAHSIOIIETOCs
BHauaJie B OOJACTU KOKHOTO CkjoHa bopHxonsMckoro mposmBa (puc.3.11a). Yepes
HECKOJIbKO CYTOK MOTOK jgocturaeT bopuxomsMmckuii 6acceitn (puc.3.116). B obnactu
bopuxonepMmckoro  OacceiiHa  MIOTHOCTHOM  TMOTOK  OTKJIOHSIETCST  BIPaBO U
pacnpocTpaHsieTcsi B OKPECTHOCTM CKJIOHAa JHa y ocTtpoBa bopHxonbM B BHIE
OTHOCHUTEJIBHO Y3KOTO INIOTHOCTHOTO MOTOKa. [1o Mepe pacnpocTpaHeHUs] TPOUCXOIUT
YBEJIMYEHHE €ro IIHUPUHBI U 3ariyOlieHue ero JjieBoro kpasg. Crenys uzobatam B
00JJaCTM MAaKCHMMaJbHOTO HAKJIOHA JHA, IOTOK OOXOAMT OCTPOB, JOXOAS JO
PaCIIOJIOKEHHOT0 K IOTy OT OCTpPOBa MENKOBOJIbs. Jlamee OH JBWXKETCS BIOJIb
MEJKOBOAbS. B 00macTu 105KHON TpaHUIBI MEIKOBOJbS HMCUYE3AE€T PACIOJOKEHHAS Y
OOKOBBIX TPAHHI] OCTPOBA M MEIKOBOJbS OTHOCHUTEIHHO y3Kas 00JAcCTh C OOJBIITUM

HAKJIOHOM JHaAa. HOBTOMy Inpu COXpAaHCHHUM [IBH)KCHHA IIOTOKAa BOOJIb n300ar
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OTMEYAEeTCA 3HAYUTENIbHOE YBEJIMYEHHE ero mupuHbl. [lo mepe pacnpocTpanHeHus
IJIOTHOCTHOTO MOTOKAa OTMEYAETCS YBEIWYCHUE €r0 IIMPUHBI U OTJCIICHUE 4YacTeu
MOTOKa, OOpa3yIolMX HOBBIE €r0 BETBH, IMEpPEeMENIAroNIMecsl BAOJIb HU300aT BOKPYT
obnactu HanOoNbIIKUX TITyOUH KOTJIOBUHEI. [lepBasi BeTBb 00pasyercs yxe B cTBope 50
pPac4YeTHOTO y3Jia TI0 OCH Y. 37eCh JICBBIM Kpail MOTOKA CITyCKAaeTCsl Ha TIyOUHY OKOJIO
80M, K y4acTKy JHa, XapaKTE€PU3YIOMIEMYCSI MEHBIIIUM HAKJIOHOM JIHA U 3HAYUTEIbHBIM
pacxoxaeHueM wuzobat (puc.3.11B). DTa BeTBh OBWKETCA HA TIyOmHE OKOJIO 80M,
cienyss um3o0ataMm, BHAyale Ha CEBEpO—BOCTOK, a 3areM K ceBepy. Jlamee 1o
HaIpaBJICHUIO JABM)XEHHUS MOTOKa B oOnactu riyouH 60—70m oOpasyercs eme ojHa
BETBb, KOTOpasi BHAYajie JABUKETCA K IOrOo—BOCTOKY. [lpu nBukeHUU BAOJb HM300aT
MIPOUCXOJUT U3MEHEHUE €€ HAIIPaBJICHUsS JBUKECHUS BHAYalle HA BOCTOYHOE, a 3aTEM Ha
ceBepo—BocTOYHOE. CO BpPEMEHEM BTOpas BETBb BKIIOYACTCS B MEPBYIO, HO OHA
nepeMenaeTcsl Bblllle MEepBOM BeTBUM Ha TiyomHax 60—70M. DTa BETBb YaCTUYHO
3axoauT B Cyrickuil xeno6. Tperbio BeTBb (HOpMHUPYET CIAEAYIOMMMA BIOJIb M300aT
OTKJIOHSIFOIIUICA OT MEJIKOBOJbS OCHOBHOM MOTOK. M3—3a pacxoxkaeHuss u3odar
MIPOUCXOJUT YBEJIMYEHUSI €ro mupuHbl. ['opu3oHT ero pacnpoctpaneHus 30-50m. C
TEYEHUEM BPEMEHM OH CMENIaeTcs BJOJb M300aT B HAMPABICHUM MPOTHB YacOBOU

ctpeiku (puc.3.11r).




Pucynox 3.11- Pacnpenenenue npuioHHoM coneHocTd (%o), paccCunTaHHbIE Ha

25.01.03(a), 30.01.03 (6), 05.02.03 (8), 15.02.03 (1)

Ha pucynke 3.12a, npeacraBisitoieM pacipeielieHue COJICHOCTH Ha MOTepeYyHOM
ceuenun BI', mo obGeuMm cTOpoHaM OT OCTpOBa OTMEYAIOTCSI OOJACTU TMOBBIIICHHON
COJICHOCTH pAacIOJIO)KEHHasi cjieBa 00J1acTh COOTBETCTBYET YYAaCTKY IUIOTHOCTHOTO
notoka B bopuxosibMckoM miposiue. O01acTh, paclosioKeHHasi cripaBa OT OCTpoBa (J10
30-ro y3ma), XxapakTepusyeT pacrnpe/eieHre MTOTHOCTHOTO OToKa B bopHX0IBEMCKOM
OacceifHe Ha y4acTKe ero JBWKEHHS BJO0Jb BOCTOUYHOTO OEpEeroBoro KOHTypa OCTpPOBaA.
PacnosioxkeHHBI TpaBee y4yacTOK IUIOTHOCTHOTO TIOTOKAa COOTBETCTBYET TOTOKY,
newkymemycs B bopuxombMckom OacceitHe. B bopHxonbMckom 0OacceiiHe TMOTOK
pacnomaraetcss Ha Tiayomrax 20-60m. C ygameHwWeM OT OCTpOBa OTMEYaeTCs
YBEJIMYEHUE TOJIIUMHBI TOTOKa 0 20M, YTO CBSI3aHO C BJIMSIHUEM HAIPaBJICHHBIX IO
HAKJIOHY JHA NPUJOHHBIX YKMAHOBCKHX IMOTOKOB. Y MPaBOW I'PaHUIbl MIOTHOCTHOIO
noToka (OpMUPYETCS X JUBEPreHIIUs, a Y JIEBbIX — KOHBepreHuus. Jlamee oT ocTpoBa
(mpaBee 30 y3ma) oOHApPYKWBAETCS CIIOM TOBBIIICHHONW COJICHOCTH C MEHbBIIEH
ToMIUHOMN (0K0J0 10M), KOTOPBIA PacHpOCTPaHSIETCS A0 MaKCUMAIbHBIX JJIS TAHHOTO
ceueHusi TIyOWH. DTOT CJOM MpelncTaBisieT COOOM TEPBYIO BBIJACIUBIIYIOCS OT

OCHOBHOTI'O IIPUJOHHOI'O INIOTHOCTHOI'O ITIOTOKA BCTBb.
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Pucynok 3.12 — Pacnipenenenne coneroctu (%o) Ha momnepedHom ceuennun Bl Ha

25.01.03(a), 30.01.03 (6), 5.02.03(8) 1 15.02.03(r).

YMeHblIlIeHHEe TOJIIMHBI 3TOTO CJIOS OOYCIIOBIEHO IUBEPIrEeHIMEN MOTOKa, YTO
00YyCJIOBJIEHO PACXOAMMOCTBIO N300aT MO HANIPABJICHHUIO JBU)KEHUS IMEPBOM BETBU. Y Ke
yepe3 IsITh CYTOK OOHApY>KMBAeTCsl MPUCYTCTBHE AHAJIOTMYHOTO CJIOS  Ha
MIPOTUBOIIOJIIOKHOM CKJIOHE KOTIOBUHBEI (puc.3.120). Ilpu 3TOM 3mech TonmuHA U
COJIEHOCTh MPUJIOHHOTO COJIEHOTO CJIOSl y MPABOro CKJIOHA KOTJIOBHUHBI BBILIE, YEM Yy
JIEBOT0. YBEJIWYEHUE TOJIIUHBI MO0 CPAaBHEHUIO C TOJIIMHOW MPUAOHHOTO CIOS Ha

JIEBOM CKJIOHE KOTJOBHMHBEI OOBICHSCTCS TEM, 4YTO ABWXKCHUH HpPII[OHHOﬁ BOAbI B



71

BOCTOYHOM YacCTH KOTJOBUHBI TMPOUCXOAUT B YCIOBHUSX CXOXKACHHS H300aT, 4TO
BBI3BIBAET KOHBEPIEHIMIO NOTOKAa M YBEJIMYEHHE €ro TOJIIMHBL. B nanpHeimem
M3MEHEHHUE KapTUHBI PACMPEICIICHNS COJIEHOCTH Ha IornepeyHoM ceueHun Bl cBsizaHO
C IOJIbEMOM COJICHOM BOJIbI K 00Jiee BBICOKUM TOpu30HTaM (puc.3.12B-T). ITO BbI3BAHO
TEM, YTO JBUKEHUE MPUAOHHBIX 3KMAaHOBCKHUX MOTOKOB K HEHTPY KOTJIOBUHBI IPUBOIAT
K (OpPMHUPOBAHUIO 3/1€Ch BOCXOJMSIIUX IMOTOKOB, YTO M NPHUBOJUT K BEPTUKAIBLHON
aJIBEeKIIUM COJIEHBIX BOJl. OTMedeHHbIE 0COOCHHOCTH (OPMHUPOBAHUS BEPTUKAIHLHOU
CTPYKTYpBl pAacHpEICNICHUs] COJIEHOCTU MPOSBISIOTCS W Ha NPOJOJbHBIX CEUYEHUSX,

MOCTPOCHHBIX BJ10JIb 40—T0 y351a B0k ocu Y (puc.3.13a-T).

(B) (r)
Pucynok 3.13 — PacnipesiesnieHue coJICHOCTH Ha MPOJ0JIbHOM cedeHnr Ab Ha

25.01.03(a), 30.01.03 (6), 5.02.03(8) 1 15.02.03(r).
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Tak nnst pacnpeneneHus: cojieHoctu paccuntanHoro Ha 25.01.03 B mpuagoHHOM
CJI0€ B OKPECTHOCTH MAKCUMAJIbHBIX TTyOMH OTMEYAETCsl PACOI0KEHNE OTHOCUTEIHHO
TOHKOTO (0K0J1010M) C0S TIOBBIIIIEHHOM COJIEHOCTU, KOTOPBIN SIBISIETCS MPOSIBICHUEM
pacrpocTpaHsoIIeiics Ha OoNbIIMX TIIyOMHaxX BoJbl O0KOBOM BeTBU (puc.3.13a). Uepes
5 cyrok (30.01.03) ma ceuenunm k tory Ha riayomHax 50-70M JOMOTHUTEIBHO
MOSIBJIICTCSL HOBBIM CJIOM COJIeHOM BOJBI TOMIIMHON 10 20—Tu M (puc.3.130). JlaHHbIi
cJIoH siBisieTcs mposiBjieHueM BTopoit BeTBu. C teuenuem Bpemenu 05.02.03 u 15.02.03
(puc.3.13B—T) NpuUOHHBINA CIION COJICHOW BOJIBI PACHPOCTPAHSIETCS K I0KHOW TpaHHIle
o0nacTu. DTO SBISETCS NPOSABICHUEM OO0pa3yrolleicss Mo3kKe TPEeThbel BETBU Ha
ropu3onTax 2040 M. Kpome 3TOro, nmpuaoHHBIA CIOW C BBICOKOW COJEHOCTBIO
o0Opa3yeTcsi 1 Ha CEBEPHOM CKJIOHE KOTJIOBUHHI (puc.3.21B—T), 4TO, B MEPBYIO OYEPE/h
ABJIIETCS MPOSIBIIEHUEM CaMOW IIyOOKOWl mepBoi BeTBU. HampaBieHue NpHUIOHHBIX

TEUEHUM OJIM3KO COOTBETCTBYIOT HalpaBieHUI0 n300at (puc.3.14a—0).

(a) (6)

CTpeNKa B PaBOM HIDKHEM yrity Ha puc. (a) — 100 cm.c ', Ha prc. (6) — 50 emc™

Pucynox 3.14 — Pacnipenenenue npuaIoHHBIX CKOPOCTEH TEUCHHM, pACCUNTAHHBIX Ha

25.01.03(a) n 15.02.03(6).

MakcumanbHble CKOPOCTH TPUIOHHBIX TEUCHUN JIOKAIM3YIOTCS B 00JacTu

PAaCIOIOKEHUST MPUJOHHOTO IJIOTHOCTHOTO TOTOKa. Hanbomblme cKkopocTU TeUeHUI
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OTMEUaIOTCsl B 00JIACTU MPUOPEKHON 30HBI Y OCTpoBa bOpHX0JIBM, YTO OOYCIIOBIEHO
MPUCYTCTBUEM 3]1€Ch 3HAUUTEIbHBIX BEJIMYUH HAKJIOHA JHA U OOJBIIMMH BEITUYUHAMU
COJIGHOCTH MPHUIOHHBIX BOJ. MOIyJb CKOPOCTH MPHUAOHHBIX TE€UEHHH B 3TOM 00JIacTu

npessiuraer 100cm.c * (puc.3.15a—6)

" 1
Pucynox 3.15 — Pacnipeenerre MOy sl CKOPOCTH MPHUIOHHBIX TEUSHHA (CM.C ~),

paccuntanabix Ha 25.01.03 (a) u 15.02.03 (6)

PacnpocTpaHenre  TPUAOHHOTO  IJIOTHOCTHOTO  IMOTOKAa  COMPOBOXKIAETCS
dbopMupoBaHUEeM B TPUIOHHOM CJO€ JKMAHOBCKHMX TIOTOKOB  JMBEPTCHIIMS
(KOHBEpreHiys) KOTOPhIX MPUBOAUT K 00pa30BaHUIO HA BEPXHEU I'paHUIIE MPUIOHHOTO
HKMAHOBCKOTO CJIOSI OApOKJIMHHBIX BEpTUKAIBHBIX TeueHuil. [lo pacueram Ha 25.01.03
BJIOJIb CEBEPO-BOCTOYHOM 4YacTH OEperoBoro KOHTypa ocTpoBa bopHxoiapM
pacnonaraeTcsi 00JacTh €  HauWOOJBIIMMU  OTPULIATETBLHBIMH  (BOCXOJSIIMMH)
GAPOK/IMHHBIME BEPTHKAIBHBIME TEUCHHSIMH C BedmduHamu Oomee 3.107cm.c’
(puc.3.16a-1). Y BHewHel rpaHulieil 00JacTU pacpOCTpaHEHUs INIOTHOCTHOTO MOTOKA
pacmnoJiararoTcs CJIEIyIONIUe IPYT 3a APYroM 00JACTH MOJOKUTEIHHBIX (HUCXOSIINX ),
a Jaimee  OTPUUATEIbHBIX  BEPTUKAJIbHBIX TEYECHUM. BemnunmHa  ckopocreun
TTOJIOXKHUTEIBHBIX BEPTHKAIBHBIX TedeHmil mocrturaer mo momymo 3.107% cmct. C
TEYECHUEM BpPEMEHH OJHOBPEMEHHO C paclIpOCTpPaHEHHEM B 00JaCTH TPHUIOHHOTO

INIOTHOCTHOI'O IIOTOKa IMPOUCXOJUT IICPEMCIICHUC obiacTer ¢ YCPpCAYIOIUMUCA
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MOJIOKHUTEIbHBIMH U OTPULATEIbHBIMU  BEPTUKAJIBHBIMU  CKOPOCTSIMH  TEUEHUI
(puc.3.166-r). B wurore crTpykrypa pacnpeieleHuss BepTHUKAIbHBIX TEUCHH,
cOpMHPOBABIIUXCA TOJ  BIMSAHUEM TNPUAOHHOTO  OAPOKIMHHOTO  TaMIIMHTA
npeacTaBisier co0oil pacnpeneneHne B IEHTPAIbHOM 4YacTH 00JacTh KOTJIOBHHBI U
cripaBa OT OCTpOBa O0JIaCTM OTPMLIATENIbHBIX TEUYEHUHM, a Ha mnepudepun obIacTu

PaACIIOJIOKCHU IINIOTHOCTHOI'O IIOTOKaA pPacriojiaracrcs 001aCTh TOJIOKUTEIBHBIX

BCPTHKAJIBbHBIX TCUCHUH.
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Pucynok 3.16 — Pacnipeenenue 6apoKIMHHON BEPTUKAIBHON CKOPOCTH,
chOPMUPOBAHHOI 3a CUET IPHAOHHOrO mammuHra (em.c ) Ha 25.01.03 (a),30.01.03 (6),

5.02.03(8) u 15.02.03(r)
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Mexanusm  GOpMHUpPOBaHUS ~ OTMEUYEHHOM  CTPYKTYpbl  paclpeiesieHus
OapOKJIMHHBIX BEPTUKAIBHBIX TEUCHU MOXHO MPOAHAIU3UPOBATH U3 COMOCTABJICHUS
AHAJIOTUYHBIX PACHPEACIICHUN COCTaBIAIOIIMX Wi, W, W3, mocTtpoeHHbIXx Ha 05.02.03
(puc.3.17a—B). 13 comocTaBieHus MPEACTABICHHBIX PE3yJIbTATOB PACYCTOB BUIHO, YTO
JIOKAJIM30BaHHAs y TOOEpPEeXbsi OCTpoBa OOJACTh OTPUIIATEIBHBIX (BOCXOISAIINX )
BEPTUKAJIbHBIX TEYEHHI CBsI3aHa B MEPBYIO OuUepe/lb C BIMSHUEM W3, 00YCIOBJICHHOU
BIIMSIHUEM HEOJHOPOJHOCTH pACHPENICIICHUS] HAKJIOHA JIHA U XapaKTepU3YIOIIEHCs
BTOPBIMU MTPOCTPAHCTBEHHBIMU MPOU3BOJHBIMU OT TITyOWHBI MOpPCKOro JHA. Tak Kak B
npeoOajaoniel yacTu pacueTHOM 00JIacTU pacrpesiesieHne TyOuHbl UMeeT GopMy
KOTJIOBUHBI, TO BEPTUKAIbHBIC TE€UCHUS, O0YCIOBIICHHBIE pacCMaTpuBaeMbIM (haKTOPOB
ABJISIFOTCSL  BOCXOISAIIMMH. [IpOTHMBOMONOXKHBIA XapakTep KPUBU3HBI MOPCKOrO JHA
OTMEYaeTCs JIUIIb K I0r0—3amajay OT OCTpOBa B OKPECTHOCTH MEIKOBOIbs. Ho 31ech Het
IJIOTHOCTHOTO MOTOKa. [lo3TOMy 37eCh OTCYTCTBYIOT HUCXOJMSIIME BEPTUKAIbHBIC
TeueHUsl. BrnusHHe BTOpPOW COCTaBISIIOIIEH W, OIPENENseTCS PACXOTUMOCTHIO
MPUJOHHBIX PKMAaHOBCKUX MOTOKOB, HAMPABJICHHBIX OT IIEHTpa K OOKOBBIM IpaHUIIAM
IJIOTHOCTHOTO MOTOKA. B pe3ynpTaTe uero B OKpeCTHOCTH OOKOBBIX I'PAaHMII TOTOKA CO
CTOPOHBI MMOTOKA (POPMUPYIOTCS HUCXOSIINE BEPTUKAIHHBIC TCUCHHUS, a 32 TPAHUTIEH —
BocxosmMe. Tak Kak MIOTHOCTHOM MOTOK PaclpOCTPaHSETCS B HAMPaBJICHUM MPOTHUB
YaCOBOW CTPENKU O CKIIOHY KOTJIOBUHBI BOKPYT TOYKH HAaWOOJBIINX TIIyOWH, TO CJIeBa
OT TOTOKa K LIEHTPY KOTJIOBUHBI, a TAKXKE CIpaBa OT MOTOKa (POpMHUPYIOTCS 00JacTu
OTpHUIIATEIBHBIX BEPTUKAJIBHBIX TeueHUW. BIonb cpemHelt NUHUM MOTOKa oOpasyeTcs
00JIaCTh TOJIOKUTENBHBIX BEPTUKAIBHBIX TeueHuil. CocTaBistomias W; GopMHupyeTcs
NpU  JBUKEHUU TPUIOHHOTO HSKMAHOBCKOTO TIOTOKAa B TMpelesiax MNPUJOHHOTO
MJIOTHOCTHOTO TOTOKAa OT €ro MpaBoil OOKOBOM TpaHUIBI K JIEBOW, B HAINpaBIIEHUU
HakJIoHa JHa. B pesynprare y mnpaBod TpaHMIbl (DOPMUPYIOTCS HUCXOJSIINE
BEpTUKAJIbHBIE TEUEHUs, a y JIeBoi — Bocxosmue. Ha (puc.3.17B) BUgHO, UTO TIpaBas
TPaHUIIA TJIOTHOCTHOTO TIOTOKA XapakTepu3yeTcss OONBIIMMH TOPU30HTAIBHBIMU
rpaue€HTaMu COJICHOCTH MO CPaBHEHUHU C JIEBOW. B pe3ynbTare 3TOro pacmnosiokeHHas
BJIOJIb TPABOM TPAHUIIBI 00JACTh TOJOXKHUTEIBHBIX CKOPOCTEHN 3aMETHO O0Jiee BhIpayKeHa

II0 CpaBHCHHUU C npaBoﬁ 00J1aCTBIO OTPHUOATCIIBHBIX BCPTHKAJIIBHBIX TEYCHUM
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(puc.3.17a). Ilpm comocTaBiICHUM TMpeACTaBICHHOW Ha pucyHke 3.170 maHHOM
COCTaBJIOLIEN CKOPOCTEW BEPTHUKAJIBHBIX TEUYEHHHW C PACCMOTPEHHBIMHM PaHEe BUIHO,
YTO JJaHHOM CJIy4ae €€ poJib 3aMETHO MEHBIIE, YEM MPEABIIYIINX JIBYX COCTABIIIOLIMUX.
TakuMm 00pa3oM, MOXKHO CUMTaTh, UTO B pacCMaTpUBAEMOM IIpolecce (popMHpoBaHUE
BEPTHUKAIBbHBIX OapOKIMHHBIX TEUEHH B OCHOBHOM OMPEICNACTCS MEPBBIMU JABYMSI

COCTAaBJIAOIIUMMH.

Pucynox 3.17 — bapokiuHHBIE COCTaBISAIONINE MPUIOHHOTO MaMIuHTa Wi (a), W, (0),

Ws (B), Wi (T) (cm.c™) Ha 05.02.03

HOI[ BIIMSIHUCM ~ PACCMOTPCHHBIX BCPTHKAJIBbHBIX TCUCHUM IMPOUCXOJUT

BO3MYUIEHUE YPOBHS CBOOOHOM MOBEPXHOCTH, UTO IPUBOJUT K 3aIyCKYy 0apOTPOMHBIX
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HPOIIECCOB MPHUCIIOCOOICHUS. Pe3ynbTaToM 3THX MPOLECCOB ABJSIFOTCS (pOpMUpOBaHHE
YCTAaHOBUBIIETOCS BO3MYIICHUS YpoBHA Mops (puc.3.18), 6apoTpomHbIX TedeHU
(3.19), a Takke OapOTPONMHBIX BepTUKAIbHBIX TeueHud (3.21), BO3HHKAIONIUX B

PE3YIbTATC TUBCPICHINHU 6apOTp0HHI>IX IMPUAOHHBIX 3KMAdHOBCKHUX IIOTOKOB.

2.6E-1
2.4E-1
2.2E-1
2.0E-1
1.8E-1
1.6E-1
1.4E-1
1.2E-1
1.0E-1
8.0E-2
6.0E-2
4.0E-2
2.0E-2
0.0E+0
-2.0E-2
-4.0E-2
-6.0E-2

(B)
Pucynox 3.18 — Pacnipeaenenne Bo3mMyIieHNs YPOBHsI CBOOOTHOM MTOBEPXHOCTH (CM) Ha

25.01.03 (a), 30.01.03 (6), 5.02.03 () 1 15.02.03 (r)

30

50 60 70

ITo pacyeTam, 1o BIUSHUEM OapOKIMHHBIX BEPTHKAJIBHBIX TCUCHHH B CEPEIUHE
obnactu hopmMupyercs MOJOKUTEIbHOE BO3MYyIlleHne ypoBHs Mops (puc.3.18a-r). Ha
HAYaJIbHOM JTare MOJOKUTEIFHOE BO3MYIIICHHUE JIOKAIH3YETCS K CEBEpPY OT OCTPOBa, a

K Ioro—3amnajay — orpuiareiastoe (puc.3.18a).
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CTpeJiKa B MPaBOM HIKHUM YTy — CKOPOCTh 5 CM.C
Pucynox 3.19 — Pacnipenenenue ckopocTeit 6apoTpOIHBIX TEUEHUH Y TOBEPXHOCTH

(em.c ) Ha 25.01.03 (a), 30.01.03 (6), 5.02.03 (8) 1 15.02.03 (r)

C TeyeHueM BpEMEHHU BMECTE C pacpOCTPAHEHUEM IJIOTHOCTHOTO MOTOKA MTPOUCXOUT
paciidpeHue 00JacTH TOJIOKUTEIBHOTO BO3MYIIEHUS YPOBHA. Takke yBEIMYMBACTCS
BEJIMUMHA BO3MYylIeHUs. OTpHUIlaTEIbHOE BO3MYILIEHUE YPOBHS JIOKAIU3YETCA K IOro—
3amany ot octposa. [Ipu »ToM B 001aCTH MIIOTHOCTHBIX MOTOKOB M3—3a HAKJIOHA YPOBHS
bopmMupyrOTCS 0apOTPOITHBIEC TPATUCHTHI AaBJIEHHUS, KOTOPBIE BBI3BIBAIOT 0APOTPOITHBIC

TEUEHHUSI, HAIIPaBJIECHHbIE TPOTUBOMOJIONKHO MIOTHOCTHOMY MOTOKY (puc.3.19a-r).



79

] T T
50 60 70 80

T T T T T T T -100 T T T T
10 20 30 40 50 60 70 80 10 20 30 40

PI/ICYHOK 3.20 - PacnpeneneHI/Ie MCPpHUANOHAJIBHBIX COCTABJIAIOIINX CKOPOCTHU TCUCHUU

(cM.c ) Ha ceuennu BI uepes 25.01.03 (a), 30.01.03 (6), 5.02.03 (8) u 15.02.03 (1)

[Ipu cnoxxeHun GapOTPONMHBIX TEYCHHM C TUIOTHOCTHBIM MOTOKOM IMPOMCXOIUT
YMEHBIIIEHUE CYMMapHOW CKOPOCTH TEUYEHUS MOTOKa, TaKkke MPOUCXOAUT 00pa3oBaHUE
JIBYXCJIOWHOM CTPYKTYypbl moToka. Ha pucynke 3.20a—T BUIHO, UTO B IPUIOHHOM CJIO€
CJieBa OT OCTPOBA PACHOJIararoTCs MOJOKUTEIbHbIE MEPUIUOHAIBHBIE TeueHHs. CripaBa
OT OCTpPOBa B MPHUJOHHOM CJIO€ B 00JIACTU PACHOJIOKEHHSI IUIOTHOCTHOTO MOTOKA
JOKaNM3yeTcs  00JacTh  OTPHIATENIbHBIX  MEPUIUMOHAIBHBIX  TEeUeHUW. Beiie

pacrnonaraercsi 00JacTb IPOTHUBOMOJIOXKHO HAMPABIECHHBIX OapOTPOIHBIX TEUYEHUH,
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CKOPOCTBL KOTOPLIX CYIICCTBEHHO MCHBIIIC CKOPOCTHU TEUYCHHI B 00JIACTH INIOTHOCTHOT'O

IIOTOKA.

4E-6
3E-6
3E-6
2E-6
—2E-6
—11E-6
—1E-6
—5E-7

—-5E-7
—1-1E-6
—1-2E-6
—1-2E-6
—1-3E-6
—1-3E-6
—-4E-6
—-4E-6
—1-5E-6
——-5E-6

Pucynok 3.21- Pacnipenenenue 6apoTponHON TPUIOHHON BEPTUKAIBHON CKOPOCTH Ha
. -1
BEpXHEH I'paHUIle IPUIOHHOTO SKMaHOBCKOT'O CJIOS (CM.C ) 3a CUET MPUIOHHOTO

nammuara (eM.c ) 25.01.03 (a),30.01.03 (6), 5.02.03(8) u 15.02.03(r)

[lon BIUsIHMEM BO3HUKAIOMIMX M3—3a HAKJIOHA YPOBHSI MPUOHHBIX 0apOKIMHHBIX
I'PaJMEHTOB JABJIEHUS B MPHUIOHHOM SKMAaHOBCKOM Cjio€ (POPMUPYIOTCS 0apOTPOIHbIE
HPKMAHOBCKHME MOTOKHU. [[uBepreHius (KOHBEpreHus) SKMaHOBCKHUX ITOTOKOB IPUBOJUT

K 00pa30BaHUIO BEPTUKAIBHBIX TeueHH. [1o pacueram pacnpesnenenrne oOpa3yromuxcs
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OapOTPOMHBIX BEPTUKAJIbHBIX TeueHuil (puc.3.21a—T) CUMMETPUYHBI AHAIOTHUYHBIM

pacpeaciICHUsAM 6apOKJ'II/IHHBIX BCPTHUKAJIBbHBIX TC‘-I@HPIfI, HO MCHBIIC HUX I10 BCJINYHUHEC.

3.3 OcobenHocTu TpanchopMalyu MmoJist TEMIEpaTypbl BOAbI

[Ipu wucciaenoBanum ocoOeHHOCTEH TpaHCchOpMalUKM TONS TEMIepaTyphl B
KayecTBE TPAHMYHOTO YCIOBHS Ha TpaHuIile ¢ ApkoHoil B oOmactu bopxombmckoro
npojBa B HW)KHEM IIATHAANATUMETPOBOM CIIO€ 3ajaBajach TeMIlEparypa HOJIb
TpagycoB, YTO COOTBETCTBOBAJIO JAHHBIM DKCIEAUIIMOHHBIX HAOMIONCHUHN 7S Teproaa
3aToka B bopHxosibMckuii OacceiH, nmpoucxoasmuii B saBape 2003r.[120,121]. Tlpwu
pacueTax TeEIIoOOMeH ¢ arMocdepoll He yuyuThIBaJica. AJBEKIUS  Teria
¢dbopMupoBanach He TOJBKO TMOJ BIMUSHHUEM MPHIOHHOTO IJIOTHOCTHOTO MOTOKAa, HO
TaK)K€ BO3HUKAIOIIMMU B pe3yJIbTaTe 3aToka 0apoTpomHbIMU TeueHUsMU. [lo pacueram
Ha TIEPBOM 3Tarie M3MEHEHHUE MPHUIOHHOW TEMIIepaTyphl MPOUCXOIMIO B OCHOBHOM 3a
CUeT aJBEKLMU XOJIOJHON BOJBI MJIOTHOCTHBIM IMOTOKOM H3 ApkoHbl. Kpome 3toro,
OTMEUYAeTCA BIMSHUE AJBEKIIMU XOJOJHBIX BOJ OApOTPOIHBIMU TECUCHUSIMU HOKHEE
octpoBa. K 25.01.03 moTOK XOJIOAHOW BOJBI PacHpOCTpaHsICS B NPUOPEKHON 30HE
OCTpOBa, COXpaHsis B LEHTpe Temrepatypy ommskyo 1°C (puc.3.22a). IIpu IBIKCHHH
NoToKa B bBOpHXOIBMCKOM OacceliHe OTMeYaeTcs YBEIMYEHUE IIMPUHBI TOTOKA,
compoBoXkaaronieecs: oopazoBanriemM oTaenbHbIX ero BeTBeid. K 30.01.03, k 3amamy ot
OCTpPOBa OT IOTOKAa BBIACNAETCS OTHENbHasg BETBb, KOTOpas IepeMeniaeTrcs BJOJIb
n300aT B HampaBlIeHWHW TIPOTUB dYacoBoil cTpenku (puc.3.226). B mpenenax
LEHTPANLHOI OCH IOTOKA TeMIIepaTypa Bojbl coxpansercs 6mmskoit k 3°C. C Tedennem
BPEMEHU TIOJI BIIMSHMEM TEIIO0OOMEHA IPOUCXOJUT BBIPABHUBAHHUE TEMIIEPATYPhI

NpUIOHHBIX BOA (puc.3.22B-T).
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Pucynox 3.22 — Pacnipenenenue npuagoHHON TeMIIEpaTyphbl BOJIbI (°C) na 25.01.03 (a),

30.01.03 (6), 5.02.03 (8) n 15.02.03 (r)

Ha monepeunom ceuennu BI' xomomnas mpuaoHHas BoJAa MPEACTABISIET COOOM
OTHOCUTENBHO TOHKUM TPUAOHHBIA CIJIOM, CITyCKAOLIMICSA MO CKJIOHY OT OCTpOBa K
neHTpy Oacceitna (puc.3.23a). 3anoyiHssl MPUAOHHBIE TOPU3OHTHI IIOTHOCTHOM MOTOK
BBITECHSIET TEIUTyI0 BOAY OJmke K MmoBepXHOCTU. C TeueHWEeM BpPEMEHU NPUIOHHAsS

XOJIOJHAsT BoAa OOHApYKHMBAeTCS Yy TIPABOTO CKIIOHA KOTJIOBUHBI (puc.3.230).
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OIHOBPEMEHHO TPOUCXOIUT YBEIUYEHHE TOJIIUHBI MPUIOHHOTO XOJIOIHOTO CIIOS
(puc.3.23-1). XosomHast BOAA y MPABOTO CKIOHA KOTJIIOBUHBI ITOJHUMACTCS 110 YPOBHS

nopora, pasaeistoiero bopaxonasMmckuii 0accelin co CayncKuM Keno00oM.
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10.5
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Pucynok 3.23 — Pacnipenernenne temmeparypst Bozbl (°C) Ha momepedHoM cedennn BI

Ha 25.01.03 (a), 30.01.03 (6), 5.02.03 (8) u 15.02.03 (1)

Ha npoponbHOM ceuenun uepe3 15 cyTrok y nHa Ha riyouHe 70M Ha FOKHOM
CKJIOHE OOHapy>KuBaeTcsi 00JacTh ¢ MOHMKEHHOW Temneparypoid Boibl (puc.3.24a), 4To
npeacTaBisieT co00il MEpBYIO BETBb, OTOPBABLIYIOCS OT OCHOBHOI'O IMOTOKA HA IMIMPOTE

cepenunbl octpoBa. K 30.01.03 mpumoHHBIN cloil BOJbI 0OHAPYKUBAETCSI HA CEBEPHOM
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CKJIOHE KOTJoBHHBI (puc.3.24B). DTa BoAa MpEICTaBiIsIeT Co0OW OOKOBYI BETBb,
pacmpoCTpaHUBIIYIOCS BAOJL M300aT K ceBepy oOsactu Hamboapmmx riayouH. [lozxke
(15.02.03) y ceBepHOro CKJIOHA KOTJOBHHBI MPOHMCXOIUT IMOABEM IMPUIAOHHOTO CIIOS
XOJIOTHOW BOJBI OJFKE K MOPCKOW IMOBEPXHOCTH, YTO CBSI3aHO C MPHUXOJOM BTOpPOM

BETBH, PACIPOCTPAHSIIONICHCS B 00J1aCTH MEHbIUX TiyouH (puc. 3.24r).

(&

(&)

(&)

o »

SANNRWARONODNNO®OO
(4] S

Pucynok 3.24 — Pacnipenernerue temmepatypst Bozbl (°C) Ha mpogoisHOM cedcHun AB

25.01.03 (a), 30.01.03 (6), 5.02.03 (8) u 15.02.03 (r)
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3.4 OcoOenHocTH TpaHchopMaIuu pacipeacsieHus: KUCIopoaa

[Ipu wmonenupoBanuu TpaHchopMalMu Mojds Kuciopoia B bopHxoiMckom
Oacceitne npu 3atoke 2003r. Ha rpaHune ¢ ApkoHOW B oOnacth BOpHXOJIBMCKOro
MPOJIMBA B MPUAOHHOM CJI0€ TOJIIMHOM 10 M B COOTBETCTBUU C JIaHHBIMU HAOJIOICHUMN
3aaBAJIOCHh COJIEpKAHUE KUCIOpoaa, paBHoe 10 MILI . [ToctymieHne HaCHIIEHHBIX
KHCJIOPOJOM BOJl IPOUCXOJUT C MPUIOHHBIM IJIOTHOCTHBIM MOTOKOM, a TaK)Xe 3a CUET
00yCJIOBJICHHBIX 3aTOKOM OapoTpomHbix TeueHui. Ilo pacueram k 25.01.03 OGoraras
KHCJIOPOJIOM BOJIa B COCTaB€ IUIOTHOCTHOIO IOTOKA 3allOJHHWIJIA TPHUIOHHBINA CIION
BOKpYyr ocTpoBa bopuxonbm (puc.3.25a). OQHOBPEMEHHO MO BIUSHUEM aJBEKIIUU
KHCIIOpOJ, OapOTPONHBIMH TEYEHHUSIMU TMPOUCXOJWIO TOBBIIIEHUE COJEPKAHMS
KHCIIOpOJa B IOoro-3anafgHoil yactu OacceitHa. [Ipm moctymiennn B BOpHXOJIBMCKUN
OaccellH TMNPUAOHHBIA IUIOTHOCTHOM IOTOK IIOBOpauMBaeT BIpPaBO U  Jaiee
pacnpocTpaHsieTcss BAoJb ocTpoBa. M3—3a TOro, 4to NpUAOHHBIN INIOTHOCTHOM MOTOK
pa30uBaeTCs Ha HECKOJIBKO BETBEH, KaXkJ1ash U3 KOTOPBIX PacIpOCTpaHsIEeTCs B Ipeaenax
CBOETO TOPU30HTA, BEHTWIALMS HPUIOHHBIX BOJ Ha pa3HbIX IIyOMHAX MPOUCXOJIUT
HeoanHakoBo. IlepBas BeTBb, 00pa3yromascs K BOCTOKY OT OCTpOBA OT JIEBOM 4YacTH
NOTOKa, pacroararouiasicss Ha riayOuHax Oosiee 70M, pacmpocTpaHsieTcsl Ha CaMbIX
riyOOKMX ropusoHTax. Ee mposiBlieHHe BHIHO YK€ Ha pucyHkax 3.25a u 3.250.
bnaronmapss 3Toi BETBM MNPOMCXOAUT BEHTWISALMS NPUIOHHOTO CJOSI HAa YYacCTKe,
JIOKQJIN30BaHHOM OKOJIO TOYKM MakCUMalbHbIX TiyOuH. Ilo3xe oOpasyrorcs BTopas u
TPEThsl BETBU, KOTOPBIE PACHPOCTPAHSIOTCS B CJOSX, PACIOJIOXKEHHBIX HAa MEHBIIHNX
riyOMHaxX M HAChILAIOT UX KUCIopoAoM. Ilpu 3ToM oHM mepemeriaroTcsl Aajbllie OT
LEHTPa U TOTOMY MPOXOJAT OOJIbLINE pacCTOSTHUSA. B pe3ynbpTaTe BEHTHIIALUS 32 CUET
ATUX BETBEM MPOUCXOAUT OoJiee MEIJIEHHO, 4eM 3a cyeT mepBoi. Kak m B ciyyae ¢
TEMIEPATypoil Ha TIONEPEYHOM CEUEHUHM paclpeesieHnss KUcaopoja B 00JIacTH
3aMalHOTO CKJIOHA BBIACNAIOTCS 00JIaCTh IUIOTHOCTHOTO IIOTOKA, a HIXKE CIIOW,
CBSI3aHHBIM C pachpocTpaHeHueM TmepBoi BeTBU. C TeueHHeM BpeMeHH 00JacTb,

npcacTaBJAOIIas IUIOTHOCTHOM IIOTOK, MCHACTCA HC3HAYHUTCIIBHO. B oOmactu
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BOCTOYHOTO CKJIOHA TIOSIBJISIETCS  OOraThlii  KHUCIOPOJOM  TPUIOHHBIN  CIIOH,
MPEACTABISIONINN  cO00 BTOpyr0 BeTBb. C TEUGHHEM BPEMEHH MPOUCXOIUT
YBEJIMYEHHE TOJIIIMHBI TPUAOHHOTO OOraToro KUcaopoaoMm ciios (puc.3.26a—T), a Takxke

IHoaABEM €T0 BAOJIb CKJIOHA.

40 50 60 70

(r)
. -1
Pucynoxk 3.25 — PacnipeieneHue npuIoHHON KOHIICHTpAIK KUciiopoaa (ML ) Ha

25.01.03 (a), 30.01.03 (6), 5.02.03 (8) u 15.02.03 (r)




87

100 L 100 L

(8) (r)
PucyHok 3.26 — Pacmipe/ieieHne KOHIEHTPALHH KHCIOPoAa (MILI 1) Ha IIOMEPEIHOM

ceuenuu bI" Ha 25.01.03 (a), 30.01.03 (6), 5.02.03 (B) 1 15.02.03 (1)

Ha npononbHOM ceueHun ADB Ha FO)KHOM CKIIOHE JHA KOTJIOBHUHBI XOpPOLIO
BbIIETsieTCSl 00JacTh, HACBHIIIEHHAs KHUCIOPOAOM, KOTOpas MpEeAcTaBisieT co0oil
MPOJIOJIKEHUE TIEPBOM BETBU IJIOTHOCTHOTO moToka (puc.3.27a). C TeueHreM BpeMEHU
Ha 2TOM K€ CKJIOHE OJIMKe K MOBEPXHOCTH MOpsi OOHAPYKUBACTCS HOBAsl HACHIIIICHHAS

KHCJIOPOJOM 00J1aCTh, SIBJISIONIASCS MPOIOJDKEHUEM cleAyromiel BeTBu (puc.3.278-T).



Pucynoxk 3.27 — PacnipeneneHue KOHIIEHTPAIIMKA KUCIOPO/Ia (MILJT ') Ha IPOIOIBHOM

ceuernn AB Ha 25.01.03 (a), 30.01.03 (6), 5.02.03 (8) u 15.02.03 (r)

3.5. Bimusiaue 00yClIOBICHHBIX 3aTOKOM OapOTPOIHBIX TEYCHUN

Jlns  yuera CTeNEHU BIUSHHUS OOYCJIOBJICHHONW 3aTOKOM  OapOTPOITHOM
COCTABJISIONIEH TEYEHWUN ObUIM TPOBEJACHBI pPacyueThl, B KOTOPHIX yKa3aHHAsS
COCTaBIIAIONIAsl TeYeHUM ObLIa 3ajJaHa paBHOW Hymwo. [lo pesynbraram pacueroB
npeHeOpexxeHne OO0YCITOBICHHOW HAroHOM OapOTPOMHOW COCTABJISIFOIICH TEYCHUI
NPUBEJIO K 3aMENJICHUIO CKOPOCTH PacHpoCTpaHEHUsl cojleHbIX BoA. llpu cpaBHeHUM

KapTUH pachpenencHus npuaoHHo coneHoctd Ha 25.01.03 BuaHO, 4TO MpU yueTe
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0apOTPOIHOI COCTABIIAIONICH 3aTOKa cojieHas Bojaa ycmesna o0oiTu o. bopHxonsMm u
chopmupoBaa JEBYIO BETBb, PACIPOCTPAHSIONIYIOCS BOKPYT KOTIOBUHEI (puc.3.28).
[Ipu 5TOM B cilydyae nmpeHeOpeKeHUsl 3TON COCTABISIONIECH COJIeHas: BOJia MPOIILIa JIUIIh
MOJIOBUHY ITYTH BIIOJb O€peroBoro KoHTypa octpoBa. Ha momenTtsl BpeMenu 30.01.03
u 05.02.03 coxpansieTcss 3aMeTHOE pas3IMdue B PaCIpOCTPAaHEHUHU B MPHUIOHHOM CIIOE€
npuaoHHON BOAbI (puc.3.28 a—B). D10 00BsACHSICTCS TeM, yTo ¢ 10.01.03 o 25.01.03
IIPOJIOJIKAJICS. MHTEHCUBHBIM 3aTOK CEBEPOMOPCKOM BOXBI 4epe3 [laTckue IpoJIMBHI.
NHTeHCUBHOCTH 3aTOKa gocturaiga makcumyma 18.01.03 u ymeHwmanach g0 Hylsl K
25.01.03. Takum 06pa3om, 3aTOK CEBEPOMOPCKON BOABI IIPOIOHKAICS OKOJIO 15 CyTOK.
[Tozxke mnpoucxoamn OapOTPONMHBIA BBIHOC BOJA, MNPOJOJDKAIOIIUMNACS B TEUEHUE
TPUAUATACYTOYHOTO TIEPUOJIA, HO XAPAKTEPU3YIOIIMICA MEHBIIUMU CKOPOCTSIMH
oOpaTHBIX TedeHUH. MakcUMallbHbIX 3HaYeHUM ATH TeueHust aocturanu 10.02.03.
[Tepron BeIHOCA BOABI cocTaBiisLl 0KoyIO 30 cyTok. KpoMe 3TOro, ciienyer y4uThiBaTh,
YTO B OKPECTHOCTH BOpHXOJIBMCKOro mposjuBa (OPMUPYIOTCS TOCTATOYHO OOJIBIINE
CKOPOCTH BO3HHUKAIOUIMX HM3-3a2 BOJI0OOMEHa dyepe3 JlaTckue mpoiauBbl 0apOTPOMHBIX
ckopocteit Teuenuit. Jlo 25.01.03 yka3zaHHbIE TEYEHHUS] MNPUBOIAT K YCKOPEHUIO
npolecca pacpoCTpaHEHUs! COJEHBIX BOJ uepe3 bopHxonbMmckuil mposvB U K Oonee
paHHeMy JOCTHXXEHUIO bopHxonpuckoro OacceiiHa. OTO OOBSICHSET TO, YTO IO
pe3ysbTaTaM pacyeToB B Cliydae, KOT/la YUUTHIBAIUCH OAPOTPONHBIC TEUEHUS, COJICHAs
BOJIa 3aMETHO paHblIe MOCTynaia B BbopHXOonpMCKkHil bacceliH M, Kak pe3yibpTar, K
25.01.03 3anumana OOJBIIIYIO YaCTh MOPCKOTO JIHA, YEM B Ciyyae, KOTrjaa 3TH TEUCHUS
He yuutbiBaMCh. l[locme 25.01.03 TeueHuwss MeHSIOT HamnpaBieHue. BHauane oHu
COXpaHSIOT HEOOJNbIINE 3HAYEHHUS U HE OKa3bIBAIOT 3aMETHOTO BIMSHUS Ha MPOILECC
pacnpoCTpaHeHusl MPUAOHHBIX cojieHbIXx BoA. I[loatomy k 30.01.03 coxpansercs
3aMETHOE pasfiuyue B O0JACTH PACHpPOCTPAHEHHS NPHUIOHHBIX COJIEHBIX BoA. M3-3a
OCJIa0JICHUs] CKOPOCTU TMOCTYIUICHHSI COJIEHBIX BOJI, CBSI3AHHOTO C W3MEHEHHEM
HarpaBjieHUsT OapOTPONHBIX TEUYCHHM B oOmactu bBOPHXOJBMCKOTO TpOJHMBa
OTMEUYAeTCSd YMEHBIICHUH COJICHOCTH MocTynaroumux B bopHxonbMckuii OacceitH
COJICHBIX BOJ. ODTO MPOSBISIETCS B MOHUXKEHHHM COJEHOCTU PACHPOCTPAHSIOIIUXCS B

Oacceitae coneHsix Boa (puc.3.28 6-1).
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(1 (1)

Pucynok 3.28 — Pacnipenenenue npuaoHHOU coieHOCTH (%o), pacCUUTaHHBIE C

HCKJTFOYEHHEM CBSI3aHHOM C 3aTOKOM OapOTPOIMHOM COCTABJIAIONICH CKOPOCTEH TeUeHUI

(I) ¢ ee yuerom (11) Ha 25.01.03 (a), 30.01.03 (6), 5.02.03 (8) u 15.02.03 (r)

MakcumanbHBIX 3HAYEHHM CKOpOCTH 00patHbX TeueHui mocturaoT 10.02.03. Ilozxe
25.02.03 onum wucuezaroT. B caywae, koraa BaMsSHUE OapOTPONMHBIX TEYEHUH HE
YUYUTHIBAJIOCh, COJICHOCTh TMOCTyMAroIMX 4Yepe3 bBopHXOMbMCKHII TIPOJIUB  BOJ
coxpaHsiia 0ojiee BBHICOKHME 3HAYEHHUS. DTO CIIOCOOCTBOBANIO TOMY, YTO CKOPOCTh HX
pacipoCTpaHeHUs] CTAHOBHJIACH OOJIBIIEH MO CPAaBHEHHUIO CO CIy4yaeM, KOTJa BIIHSHHE
OApOTPOIMHBIX TEYEHWH YYUTBIBAIOCh. [lpu »TOM 005acTh WX pacnpoCTpaHEHUSs
npuoIKanach K pasmepaM o0JacTU paclpOCTPAHEHUS COJIEHBIX BOJI, MOJYyYECHHBIM B
ciydae ydeTa 6apoTpornHbIX TeueHu (puc.3.281).

OTnuuue B paclpOCTPAHEHUU COJICHBIX BOJ, PACCUYMTAHHBIX C y4yeToM u 0e3
ydeTa BIUSHUS OapOTPOITHBIX TEYCHHH XOPOIIO 3aMETHO M Ha IOIEPEYHBIX pa3pesax
(puc.3.29). Tak, k 25.01.03 coneHble BOJAbI OTCYTCTBYIOT Ha ceueHun BI' B ciyuae,
Kor/1a 0apOTPOITHBIE TEUCHUS HE YUYUTHIBAIUCH. JIJIsI TPOTUBOIIOIOKHOTO CITydasi 4aCTh
NPUIOHHBIX BOJ JOCTHTJIA TIyOWH, OJNM3KWX K MaKCUMAaJbHOW TIIyOWHE KOTJIOBHHBI
(puc.3.29a). Jnsa 30.01.03 1 05.05.03 orMeuaercs npeodaagaHue CKOPOCTH 3alI0THECHUS

COJIEHOM BOJOMW NPHUIOHHOIO CJOS [JIA Cliy4as, KOrJa YYUTHIBAIOCH BIIUSIHUE
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OaporponHbIX TedeHur (puc.3.296-B). Ilo3zke KapTHHBI PacHpPOCTPAHEHHUS COJICHOM
BOABI BbIpaBHUBAIOTCS (puc.3.29r1). OTMEUEHHBIE OCOOCHHOCTH BIIMSHHS ydeTa
0apOTPOIHBIX TEUEHUN HA pACIIPOCTPAHEHUE MPUIOHHBIX COJIEHBIX BOJI ONPEACIUIN UX
BIUsSIHUE W Ha (QopMUpOBaHME TIONsA Temmeparypsl Bonbl. [lo pacueram, mnpu
UCKIIIOUCHUH BIUSHUSA OapOTPOMHBIX TEUYCHHWM TIpolece TpaHCcPopManuu IO
TeMIlepaTypbl MNPUIOHHOW BOJABI Tpoucxoaut Oosiee MemiaeHHo (puc.3.30). Oto
o0BsICHAETCST O0JIee MEJICHHBIM PacIpOCTpaHEHUEM MPHUAOHHBIX COJEHBIX BOJ. [lpu
CpPaBHEHUU pE3yJbTATOB pacuera pachpeieieHus NPUIOHHOM TeMIepaTypbl Ha
30.01.03 BuaHO, yTO /IS clTydasi, KOTJa OTCYTCTBYET BIUSHHE OApPOTPOIHBIX TEUEHUH,
o0nacte TpaHchOpMaIlMU TOJII TEMIIEPaTypbl B MPUIOHHOM CJO€ JIOKAJIW30BaHO B
OKPECTHOCTH CEBEPO-BOCTOUHOM YacTu OeperoBoil jJuHUU ocTpoBa bopuxonsm. Bo
BTOPOM Cllyyae pasmep oO0jacTu TpaHcpopmaiiud 3aMETHO OOJibIlle, YTO BBI3BAHO
OoJiblliel 00JIACTHIO PACIPOCTPAHEHUS MPUIOHHBIX COJICHBIX BOA. OaHAKO, MpU STOM
OTMEUYAeTCs TMOBBIIICHUE MPUIOHHONW TEMIEpaTypbl U BHE OOJACTH PACTIPOCTPAHECHHUS
MIPUIOHHBIX BOJI. DTO MOKHO OOBSICHUTH BIMSHUEM CUETHOU M Py3uu, BOSHUKAIOMIEH
Ipy YUCJIEHHOW amnmpokcumaiuu ansekiuu tera. K 15.02.03 pasmepsl obnacteit
3aHATHIX NOCTYIAOUIECH COJIEHOW BOJIOM CpaBHUBArOTCA. lIpu 3TOM, TEMIIEpaTypa BOJbI
B 00JacCTH pacIpOCTpaHCHHWs] TPHIOHHBIX BOJ B CiIydae, KOTJa YYTCHO BIIMSHUE
0apOTPOIHBIX TEUEHUH, OKa3bIBaeTCs Oojee OIM3KoN K (OHOBOM, YeM B ciiydae, Koja
OTH TCYCHWH HE YUYUTHIBAIOTCSI. DTO MOKHO OOBSICHHTH TaKXKe€ BIWUSHUEM CUCTHOMN
mubdysueit. Bausaue cuetHor auddys3uu Bo3pacTaeT NMpU BKIIOYEHUH aJIBEKIIUU
OApOTPOMHBIMU TEUCHUSMH, OXBATBHIBAIOIIMMHU BCIO pacyeTHyro oOmactb. I[lpu
OMMHMCAHWKM PACIPOCTPAHEHUS TPHUIOHHBIX BOJ CKOPOCTH TEUEHUN JIOKAIM3YIOTCS B
OCHOBHOM B MpeJieNiax MIOTHOCTHOTO MoToKa. OTCYTCTBUE TEYEHHM BHE TUIOTHOCTHOTO
MOTOKa CIOCOOCTBYET ociabiieHnio cueTHOM nud@y3uu. BrioueHne oxBaThIBAIOIIUX
BCIO 0071aCTh OAPOTPOIHBIX TEYCHUH MPUBOIUT K YCHUIICHHUIO BIIUSHUAS TOPU30HTAIILHOTO
oOMeHa 3a cuer cueTHOM auddy3ud TMTPUAOHHOTO IIJIOTHOCTHOTO TIOTOKA C

OKPYKArOIIEH BOJOM.
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Pucynoxk 3.29 — Pacnipenenenus coineHocTH (%o) Ha ceuenun BI', paccuntannbie ¢
HCKJTFOYEHHEM CBSI3aHHOM C 3aTOKOM OapOTPOITHOM COCTABIISAIONICH CKOPOCTEH TCUCHHI

(I) 1 ¢ ee yuetom (I1) na 25.01.03 (a), 30.01.03 (6), 5.02.03 () u 15.02.03 (r)




(1 (1)

Pucynok 3.30 — Pacnpenenenust npyuJOHHON TEMIIEPaTyphl o), paCCUUTaHHBIE C

HCKJTFOYEHHEM CBSI3aHHOM C 3aTOKOM OapOTPOITHOM COCTABJISAIONICH CKOPOCTEH TCUCHUI

() u ¢ ee yuetom (1) Ha 30.01.03 (a) u 15.02.03 (6)

Oco0eHHOCTH M3MEHEHMsI TeMIlepaTypbl BOJbI Ha cedeHun BI' ompenenstorcs
pacrpocTpaHeHreM 0oJjiee XOJOJHOM MO CpaBHEHMHM C (DPOHOBOM MOCTymaromieil yepes
BopHxoapMckHii mposuB colieHo# Bobl. bosiee ObICTpoe pacpoCcTpaHeHUE TPUOHHBIX
COJICHBIX BOJ] B ClTyyae y4yeTa BIHMSHUS 0apOTPOMHBIX TEUCHUN TaK)Ke MPOSBISAECTCS U B
pesyJiibTarax pacuera TpaHchopMaiuu TemnepaTypsl Bojsl (puc.3.31).

Tak, k 30.01.03 mug cioydasi, KOrja Y4YWUTHIBAJICS BKJIAJ CTOKOBBIX TEUYEHUHU,
OTMEUAETCA TOHIKEHUE TEeMIIepaTyphl BOJBl B MPUJIOHHOM CJIO€ HE TOJBKO Ha
3alalHOM, HO M Ha BOCTOYHOM YaCTH CKJIOHA KOTJIOBHHBI. B TO Bpems, Kak Iipu
pacyeTax 0e3 yuera BIUSHHS OApOTPOIHBIX TCYCHHUM MOHKEHUE TEMIEPATyPhl BOJBI Y
JTHa OTMEYaeTcs JHIIb y 3amaaHoro ckioHa no riayoud 80 m. K 15.02.03 obGmactu
paclpoCTpaHEHUs  XOJOJHBIX MPUJOHHBIX BOJ CTAHOBSTCA  COMNOCTABUMBIMU
(puc.3.310).

Bwmecre ¢ TeM, MO)XHO OTMETUTB 3aMETHYIO TpaHC(POpMAITUIO TIOJISI TeMIIepaTyphl
BOJBI U B 00JIACTH, y/IaJ€HHOW OT MOCTYMAIONIUX MPUIOHHBIX BOJ, OTMEUAIOIIYIOCS B

ciydae, KOT/la YYTEeHO BJIMsIHUE 0apOTpoIHbIX TeueHui. [Ipu 3ToM Takke oTMedaeTcs U
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MOBBIIIEHHAs TpaHcopMalys TeMreparypbl MOCTYMAIONIMX MPUJOHHBIX  BOJI.
OTMEUEeHHOE HM3MEHEHUE TeMIepaTypbl BOJbl TAKXKE MOXHO CBS3aTh C BIIHMSHUEM

cueTHOU nuddy3un.

00 i RO - i 100

(6) (0)
) (1

Pucynok 3.31 — Pacnipenenenns temmepatypst Boast (*C) Ha ceuennu BT,

pacCUMTaHHBIEC C UCKIIOUEHHEM CBSI3aHHOMU C 3aTOKOM 0apOTPOIMHOM COCTaBISIONICH

ckopocreit Teuennii (1) u ¢ ee yuerom (1) Ha 30.01.03 (a) u 15.02.03 (0)

BnusHue O0apOoTpONHBIX TEYEHUH Ha COJAEpkKaHUE KHUCIOpOJa MpOsBIAETCS

AHAJIOTHYHO WX BIMSHHUIO Ha TemmepaTypy (puc.3.32). CopmepikaHue KHCIOpOJa HE
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OKa3bIBACT BJIIMAHHUC HAa JHUHAMHUKY IPHIOHHOI'O INNIOTHOCTHOI'O IIOTOKA, IIO3TOMY €€

TpaHcopMaIys MPOUCXOIUT MO THUITY TACCUBHOU MPUMECH.

40 50 60 70

(6)
0 (1)

Pucynox 3.32 — Pacnipenenenusi KOHIEHTPAIIMH KUCIOPO1a (MILJT ') B IPHJOHHOM CI10€

BOJIbI, PACCUUTAHHBIE C UCKIIOUYEHUEM CBSI3aHHOM C 3aTOKOM 0apOTPOITHOM

cocrabsttomieit ckopocreit Teuenui (1) u ¢ ee yuerom (I1) Ha 30.01.03 (a) u 15.02.03 (6)

[Toctynatomass uepe3 bopHXoJbMCKHMII TpoNMB Bojaa 00JaaeT BBICOKUM
cozepkaHneM Kuciopoga (0xkono 10Mi.1™), 3HaYHTeIBHO IPEBBIMAIINM CONSPIKAHNE

. -1
KHCIIOpoJa B MPUAOHHOM cjoe bopuxombpMckoro 6acceitHa (okoigo 0 MILJI ™) HIDKE
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rnyounsl 30 M. PacnpocTpaHsisich B MPUJOHHOM CJIO€ KOTJIOBUHBI, 3Ta BOJAA SIBISETCS
OCHOBHBIM (DAKTOpPOM TIOBBIIICHUS COACPKAHUS KHCIOPOJa B TPHUIOHHOM CIIOE
Oacceitna. I[loatoMy dopmupyromascss B OPUIOHHOM cJoe€ OO0JacTh C BBICOKUM
COEP/KAHUEM KHCIIOPOJa PACIIUPAETCS B COOTBETCTBUE C 3AMOJHEHHEM KOTJIOBUHBI

IMPUAOHHBIM IINIOTHOCTHBIM IIOTOKOM

() (1)

PucyHOK 3.33— PacrpenenceHus KOHIIGHTpALMK KHCIopoaa (MILI ) Ha cederun (BID),

pPaCcCUMTAaHHBIC C UCKIIOUEHHEM CBSI3aHHOMU C 3aTOKOM 0apOTPOIMTHOM COCTaBISAIONICH

ckopocteit Teuenwuit (1) u ¢ ee yaerom (1) va 30.01.03 (a) u 15.02.03 (0)
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B 1o ke BpeMs Ha MOBBIIICHUE COICPKAHUS KHUCIOPOJa B IOT0-3alaJHON YacTu
bopuxonbMckoro ©OacceiiHa oOka3blBaeT BIUsSHUE Ooraras KHUCJIOPOJIOM BOJa,
nocTynaromiasi u3 ApKOHCKOTO OacceifHa depe3 Topor 3a CYeT OapOTPOIHBIX TCUCHHM.
B pesynbrare 3TOro B IOTrO-3amagHoOl 4acTH BopHXOIBMCKOTO OacceifHa oTMedaeTcCs
MOBBIIICHUE COACPKAHUS KUCIOPOJa PaHbIIIE, YEM Ty/a JOXOAUT IUIOTHOCTHOU MOTOK
(puc.3.336-1l). Ilpu wuCkKIOUEHHMHM W3 PACUETOB BIUSHHUE OAPOTPONHBIX TEUECHUU
BJIMSIHUE aJBEKTHBHOTO IOTOKA KHUCIOpOAAa Ha pacmpeleieHHe KUCIopoJa B IOro-

3aragHoN YacTu Oaccelina He nposiBisiercs (puc 3.330-1).

3.6. Biinsinue BepTUKAIBbHOM cTpaTH(HUKAIMU (POHOBOTO MO COJICHOCTH Ha

pPacIpoCTPAHCHUC ITOCTYIIAIOIINUX COJICHBIX BOJI

[Ipy Hanuuuu YCTOMYMBON BEPTUKAIBLHON cTpaTUduKanuu B OacceliHe
PacHpOCTPaHSIOUIUICS NPUIOHHBIM IJIOTHOCTHOM THOTOK, OMYCKasCh C TJIyOMHOH,
JIOCTUIaeT TOPU30HTOB, TZI€ OKpyXKaroujas BoJa HMMeeT OOJbIIyI0 IUIOTHOCTh. B
pe3yibTaTe YMEHBIIAETCS BEJIMYMHA MPEBBIIIEHUS IUIOTHOCTH BOJBI IUIOTHOCTHOIO
IIOTOKa HaJ IUIOTHOCTBIO OKPYXKAKOUIEH BOABI. OTO IPUBOAUT K YMEHBIICHHUIO
BBI3BIBAIOIINX ABMKEHUE MPUIOHHOTO TNIOTHOCTHOTO MOTOKA I'paueHTa AaBieHus. [
OLIEHKH CTETIEHU BIUSHUS JaHHOTO (pakTopa Ha AMHAMMKY IJIOTHOCTHOI'O MOTOKa ObUIH
MPOBENECHBl PACUEThl, B KOTOPHIX M3MEHEHHE MPEBBIIIEHUS TJIOTHOCTH MPHUIOHHOTO
IUIOTHOCTHOT'O MOTOKA HAJl TUIOTHOCTBIO OKPYKAOLIEH )KUIKOCTU HE YUUTHIBAIOCH. 10
pe3ysnbTaTaM pacdyeToB 3TO NMPHUBEIO K YBEJIMYEHUIO BEJIMYMHBI aHOMAJIUHU IUIOTHOCTH
BOJIbI B IUJIOTHOCTHOM TmoTOoKe (puc.3.34). B pesynbTaTe cymMmapHas COJICHOCTb

MIPUOHHBIX BOJI OKa3ajgach 00Jiee BHICOKOM.
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(I
4-P %
Pucynok 3.3 actpeiesieHus1 CoeHOCTH (%o) HAa TPUAOHHOM CJIO€, PACCUYUTAHHBIE C

HCKITFOYEHHEM CBSI3aHHOM C 3aTOKOM OapOTPOITHOM COCTABIISAIONICH CKOPOCTEH TCUCHHI

() u ¢ ee yuetom (1) Ha 30.01.03 (a) u 15.02.03 (6)
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Pucynok 3.35 — Pacnipenenenust coneHocTH (%o) Ha ceuenuu BI', paccuntanHbie ¢
WCKIIFOUCHHUEM CBSI3aHHOM C 3aTOKOM OapOTPOITHOM COCTaBIIAIONIEH CKOPOCTEN TeUCHUM

() u ¢ ee yuetom (I1) Ha 30.01.03 (a) u 15.02.03 (6)

[Ipy cpaBHEHHUM pacHpeACTCHUA NPUIOHHOM COJICHOCTH, PACCUUTAHHBIX C
y4eToOM U 0e3 ydeTa paccMaTpuBaeMoro (pakrtopa MOKHO OTMETHUTh, UYTO. pa3juvHe B
MAaKCHUMAJIbHBIX BEJIMYMHAX COJICHOCTH B MPHUIOHHOM CJIO€ COCTABUIIO OKOJIO 2%o. [Tpu
ATOM HE TPOM30IUIO 3aMETHOTO H3MEHEHHSI B XapakKTepe TOPU3OHTAIBHOTO U
BEPTUKAJILHOTO PACTPENICNICHUs] COJICHOCTH. DTO JaeT OCHOBAaHWE CUMTATh, YTO Yy4eT

BJIUSIHUASI BEPTUKAIBHOW IUIOTHOCTHOM CTPYKTYPBl OKPYKAIOLIEW BOJABI CKa3ajcs,
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NpexJe BCEro, Ha TMOJydeHHH Oojiee TOYHBIX pE3yJIbTaTOB pacyeTa CYMMAapHOUN
IPUIOHHOM coJieHOCTH Bobl. [Ipu 3TOM y4eT B Mozenu paccMaTpuBaeMoro (paktopa He
CKazaJjicsl 3aMETHO Ha pe3yJbTaTaX pacyeTOB OCHOBHBIX 3aKOHOMEPHOCTEU TPEXMEPHOTO
noJist cojieHocTH. Tak kak B mporecce (pOpMUPOBAHHS TPEXMEPHOTO pacHpeeIeHUs
TEeMIIepaTypa BOJLI U COJACP’KAaHUE KHUCIOPOJa, T XapaKTEPUCTUKU BEIyT ceOs Kak
MACCHMBHAsI MPUMECH, OLIEHKY MHTErPaIbHOTO BIUSHUS paccMaTpuBaeMoro (axkropa Ha
JTUHAMUKY PacIpoCTpaHEHUs IIOTHOCTHOTO TIOTOKAa MOJKHO TIOJIYYHTh, CpPaBHHUB
CBSI3aHHBIE C €r0 Y4eTOM HU3MEHEHHsS B TOJie COJEp)KaHHUs TeMIlepaTyphl BOJbI U

coJiepKaHus KHCIIOPO/Ia.

(1) (1)

Pucynox 3.36 — Pacnipenenenus Temmneparypsl (BEpXHHI) U KOHIIEHTPAIIUU KUCIOpOa

(amxHM) Ha cedenuu BI', paccuntanHbie ¢ MCKIIIOUEHUEM BIHSHUS (HOHOBOM

BepTHUKAIbHOM TIOTHOCTHOU cTpatudukammu (1) u ¢ ee yuerom (1) a 15.02.03.
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[lo pacueram H3MEHEHHUE JMHAMHUKHU MOTOKA, OOYCIOBJIEHHOE HCKIIOUYEHUEM
BIUSHUS  (POHOBOM TUJIOTHOCTHOM  CTpaTH(HUKAIMK, TPUBEIO K MOBBIIICHUIO
TeMITepaTyphl BOABI B CII0¢ HIDKE 50M ¢ MaKCHMAIbHON BenmmuuHOi m3menenust 2.5°C.
HauGonbiine u3MeHeHUs OTMEUalOTCsl B 3amajJHOM 4YacTu OacceiiHa, Tlie BIUSHUE
IUIOTHOCTHOTO TIOTOKa TMpOfABIsAETCS Hambojee 3ameTHo. [lns pacmpeneneHus
COIEpKaHUS KHCIOpoaa Ha pa3pe3e Bl oTMedaroTCs W3MEHEHHUs, aHAIOTMYHbIC

OTMEYEHHBIM JJIS1 TEMIIEPATYPBHI.

3.7 OueHka BIMSHHUS y4e€Ta TEMIIEpaTypbl B YpPaBHEHUM COCTOSIHUSI Ha

AWHAMUKY IIPUJOHHBIX COJICHBIX BOJ

B HCHOJ’IIB}’CMOﬁ MOJICJIM IIPU pacCuCTax INIOTHOCTH BOJblI YYHUTBIBAJIOCH BJIIMAHHC
COJICHOCTH MW TCMIICPATYPHI. C OCJIBIO  IIOJIYUCHHA OLCHKH CTCIICHH BJIMAHUA
TEMIICPATypbl BOJIbI Ha IIOJIC IIJIOTHOCTHM M, KaK pe3ysibTaT, Ha JIWHAMHKY
MOACIUPYCMOI'O INIOTHOCTHOI'O ITIOTOKA ObLIH IMIPOBCACHEI PACUCThI, B KOTOPLIX BJINAHUC

TCMIICPATYPHI HA IINIOTHOCTD MOpCKOﬁ BOJbI HC YUUTBIBAJIOCH.

(6)

Pucynox 3.37 — Pacnipenenenus npunoHHOM coieHOCTH (%0), pacCUUTAHHBIE C

UCKJIFOUCHUEM BIIUSTHHS TEMIIEpaTypbl MOPCKOHM BOJIBI IIPU pacdeTax ee IoTHOCTH (a) u

¢ ee yuerom (0) Ha 15.02.03
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bbutn  comocTaBieHbl pe3ynbTaThl PACcYE€TOB MPHUIOHHON coneHoctH (puc.3.37),
cosieHocTH Ha ceueHun BI' (puc.3.38), temneparypsl Ha ceuenun BI' (puc. 3.39) u

pacrpenenieHus cojiepKanus kucioposa Ha ceuenun BIT (puc.3.40).

100 HRNRRRI i _- - i HRNHERIS 100 AR OO ERNRRRICH

(2) (6)

Pucynok 3.38 — Pacnipenenenust conenoctu (%o) Ha ceuennn BI', paccuntanHbie ¢

UCKJIFOUCHUEM BIIUSHHS TEMIIEpaTypbl MOPCKOM BOJIBI TIPU pacyueTe €€ IIOTHOCTH (a) U

¢ ee yuerom (0) ma 15.02.03
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Pucynok 3.38 — PacnipeniesnieHust Temrepatypbl BOAbI (BEpXHUIT) U KOHIICHTPAITUH
coJIepKaHus Kucaopo/ia (HUKHUM) Ha ceueHnu BT, paccunTanHble ¢ UCKITIOYEHUEM

BJIMSTHUS TEMITEpaTyphl BOJIBI Ha €€ TUIOTHOCTH (a) U ¢ ee yuerom (0) Ha 15.02.03.

[Ipn comocraBieHUU pe3yibTATOB PACUETOB MOMXKHO OTMETUTh, YTO HCKIIOUYEHUE
TEMIEpaTypbl TpPU pacyeTe IUIOTHOCTH BOJBI MPAKTUYECKH HE CKa3aloch Ha
pesylbraTax pacyeToB cojeHocTd. Ha pacnpeneneHusix TemmepaTypbl BOJIbI U
COJIEpKaHusl KHCIIOpO/ia OTMEUEHbI HE3HAUNTEIbHbBIE MTOBBIILIEHUE TEMIIEPATYPhl (OKOJIO
1°C) u moHWKEHHE KOHIIEHTpAalMH coiepxkanus kucaopoxa (mo 1 mma’). Tak kak
nocTtynaroniasi Boja HMeeT 0ojiee HHU3KYI0 TeMmIeparypy IO CpaBHEHUIO C
OKpY)KaIoIIeH, TO €€ y4eT YBEIMYMBaj MPEBBINICHUE IJIOTHOCTH BOIBI MPHIOHHOTO
MOTOKA, YTO MPUBEJIO K YBEJIUUYEHUIO €ro ckopocTH. OaHaKo M3-3a 0OJIbLION Pa3HOCTU
MEXJly COJEHOCThIO NOCTyMaroIled BOAbI M BOJBI OacceilHa BKJIaJ TemIepaTypbl B
¢dopmupoBaHue mepenaga MIOTHOCTH U B JUHAMUKY IJIOTHOCTHOTO TOTOKA OKa3aJics

HC3HAYUTCIIbHBIM.
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3AKJIIOYEHUE

B npencraBneHHol quccepTaliMOHHON paboTe MOAENb MPUIOHHBIX MJIOTHOCTHBIX
MOTOKOB aJalTUPOBaHA JIJIsl MOJACIIMPOBAHUSI PACIIPOCTPAHEHUSI CEBEPOMOPCKUX BOJI B
BopuxonbMckoM OacceiiHe B MepHoJ TJaBHBIX 3aTOKOB. Ilpu sTom B Onoke pacuera
pacmpocTpaHEHUsi  IUIOTHOCTHOIO  TOTOKA  BKJIIOYEHO  BIUsiHUE  (DOHOBOIO
pacnpesiesieHus] COJICHOCTH Ha JIMHAMHKY IUIOTHOCTHOI'O MOTOKA, TEMIIEPaTypbl BOJbI
Ha €€ IUIOTHOCTb, OapOTPOINMHBIX TEeUeHUU, (DOPMUPYIOIIMUXCA NpPU 3aTOKE dYepe3
MPOJIUBBI, HA paclpocTpaHeHue noroka. [lomydyeHsl ypaBHeHUs: GOpMUPYIOMUXCS TIPU
pacupoCTpaHEHUU MPUAOHHOIO IUIOTHOCTHOTO IIOTOKAa CKOPOCTEM BEPTHKAJIbHBIX
TEYEHUN U YYTEHO UX BIUSHUE Ha (POHOBOE M0JIE COJIEHOCTH.

B Mopenp BKIIIOUYEHBI OJOKM pacdera TpaHC(pOpMalUHM NOJIEH TeMmmepaTrypbl H
KOHLIEHTpaluu Kuciopojga B bopHxonbMckoM OacceliHe, 00YCIOBJIEHHOW 3aTOKOM
IPUJIOHHBIX COJIEHBIX BOJ.

[lo pe3ynbratam pacuyeToB BbIIEJIEHBI OCHOBHBIE OCOOEHHOCTH PAaCIPOCTPAHEHUS
IPUJIOHHOTO IUJIOTHOCTHOTO MOTOKa B bopHxoibmckom OacceiiHe. OTMeu€HO, YTO
IUIOTHOCTHOM MOTOK Ha HAayaJbHOM 3Tall€ PacIpOCTPAHSAETCS B OKPECTHOCTU CKIIOHA
JHAa y ocTpoBa BOpHXOJIBM B BHJI€ OTHOCUTEIBHO Y3KOrO MJIOTHOCTHOTO moToka. Ilo
Mepe pacipoCTPaHEHHUsl Y BOCTOYHOW I'PaHHUIbl 00JACTU MPOUCXOTUT YBEIUUYEHHUE €T0
HIMPHUHBI U 3ariyOJieHHe ero jeBoro kpas. IIpu goctukeHuuu neBbIM Kpaem 00JacTh
pacxokJIeHUsT  M300aT  MPOUCXOOUT  oOpa3oBaHME HOBBIX  BETBEM  MOTOKa,
nepeMEeNIaroIXcs BI0JIb 1300aT BOKPYT 00J1acTh HauOOJIBIINUX TITyOUH KOTJIOBUHBI.

Boigenena cTpykTypa pacnpeneieHuss NPUIOHHBIX BEPTUKAIBHBIX TEUYEHHH,
(bopMupYyIOLIUXCS 3a CUET AUBEPreHIINU MTPUIOHHBIX 3KMaHOBCKHUX NMOTOKOB. [lokazaHo,
g0 Yyxke uepe3 20 cyTok o00JacTh TOJIOKUTEIbHBIX BEPTUKAJIBHBIX TEUCHUM
BBITATHUBAETCS B BUJIC JICHTHI OT OCTPOBA BJIOJb M300aT 60—70 M, mepexo/isi Ha MPaByIo
4acTh CKJIOHA JHa KOTJI0BHHBI. Yepe3 30 cyTok oHa ormbaer BCIO KOTJIOBUHY. B utore
CTPYKTypa paclpelesieHUs] BEPTUKAJIbHBIX TEYEHUHM, C(HOPMHUPOBABIIUXCA IO
BJIMSTHUEM MPHUIOHHOTO OapOKIMHHOTO MaMIUHIa MPEJCTaBIAeT cOOON pacmpeiereHne

B IICHTPAJIbHOW 00JaCTH KOTJIOBHHBI M CIpaBa OT OCTPOBa O0JIACTH OTPHUIATEIHHBIX
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TEYeHU, a Ha nepudepuu pacdeTHOM oOsacTu  pacnosiaraercs  00JacTb
MOJIOKUTENIbHBIX BEPTHKAIbHBIX TEUECHHM.

[IpoananusupoBan MexaHu3M  (OPMUPOBAHHUA  OTMEUYEHHOH  CTPYKTYpBI
pacnpenenenus OapOKJIMHHBIX BEPTUKAJIbHBIX TEUEHUM B PE3yJIbTaTe€ CONOCTABIICHUS
pacnpeneneHui BEPTUKAJIbHBIX TE€YEHUH, 00yCIIOBJIEHHBIX pa3IMYHBIMH
COCTaBISIIOLMMU. B pesynbrare uero moka3aHo, 4YTO (OPMHUPOBAHUE 3a CYET
JUBEPreHIIMM MPUAOHHBIX HSKMAHOBCKMX IIOTOKOB NPHUIOHHBIX BEPTHKAJIbHBIX
OAapOKJIIMHHBIX TEYEHWH, B OCHOBHOM OIIpENENsieTcs] TakuMu (pakTopamu, Kak
HEOJHOPOJIHOCTh PACIIPEACIICHHs HAaKJIOHA JIHA, U PACXOJUMOCTh 3KMaHOBCHX IIOTOKOB
OT CEepEeANHBI TOTOKA K €ro OOKOBBIM IPaHULAM.

[loka3aHo, 4YTO MOJ BIHMSAHUEM PACCMOTPEHHBIX BEPTUKAIBHBIX TECUYCHHM
IPOUCXOUT BO3MYILEHHE YPOBHS CBOOOJHOI MOBEPXHOCTH, YTO MPHUBOJUT K 3aITyCKY
0ApOTPOIHBIX MPOLIECCOB MPUCTIOCOOEeHUsA. Pe3yabTaTtoM 3THX MPOIECCOB SBISIOTCS
(bopMHUpOBaHKE YCTAaHOBUBLIETOCS BO3MYIIEHHUSI YPOBHSI MOPsi, 0apOTPOIIHbIE TEUECHMUS,
0apOTPOIHbIE BEPTUKAIbHBIE TEUYEHHUs, BO3HUKAIOIIME B pe3yJibTaTe IUBEPreHIUU
0apOTPOINHBIX MPUAOHHBIX SJKMaHOBCKUX NOTOKOB. [1o/1 BIMsiHMEM BO3HUKAIOMIKUX U3-3a
HAKJIOHAa YPOBHS NPUIOHHBIX OapOTPONMHBIX TPAJAMEHTOB [IABJICHHUS B TNPUAOHHOM
HPKMAHOBCKOM cJI0€ (POPMHUPYIOTCS OAPOTPOIHBIE SKMAaHOBCKHUE MOTOKH, TUBEPTEHIIUS
(KOHBEpTeHIMsI) KOTOPHIX MPUBOJUT K OOpa30BaHHUIO OApOTPOIHBIX BEPTUKAIBHBIX
teueHuil. [lo pacueram pacnpeneneHue oOpa3yrouxcsi 0apoTPONHBIX BEPTHUKAIbHBIX
TEUEHUH CUMMETPUYHBI AHAJIOTUYHBIM pacHpeesIeHUsIM OapOKIMHHBIX BEPTUKAJIbHBIX
TE€YEHUH, HO ITPOTUBOIIOJIOKHBI 110 3HAKY U MEHBIIIE UX IO BEJINYMHE.

[Ipu cnoxxeHurn OapOTPOMHBIX TEYEHHH C IUIOTHOCTHBIM MOTOKOM MPOHUCXOAMUT
YMEHbILIEHNE CYMMapHON CKOPOCTH T€UEHUs MOTOKa, TakykKe MPOUCXOIUT 00pa3oBaHUE
JIBYXCIJIOWHOW CTPYKTYPBI IIOTOKA.

Ilo pe3ynbTaram MOJIETTUPOBAHUS MIPOAHATIM3UPOBAHA CTPYKTypa
TpaHcopMalMu TMOJIA TEMIEpaTypbl BOJAbI B MPUJOHHOM CJIO€ B IEPHOJ
pacnpocTpaHeHUs: CEBEPOMOPCKON BOJIBI.

[Ipoananu3upoBaH nporecc 3aMEILEeHHUS IIPUIOHHBIX TOPU30HTOB

BopHxonbpMckoro 6acceitia BoJioi ¢ BHICOKUM COJISpKaHUEM KHUCIOPO/a.
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IToka3zaHo, 4TO MOJ BIMSHUEM CBSI3aHHBIX C 3aTOKOM OapOTPOIHBIX TEYEHUU
MPOUCXOAUT OoJiee OBICTpOE 3alOTHEHHWE KOTJIOBUHBI BOpHXOMBMCKOTO OacceiiHa
COJICHOM MPUJOHHOW BOJIOM, YTO MPUBOJAUT K MOHM>KEHUIO TPUIOHHON TEMIEpaTyphl U
BEHTHWJISIIMY TIPUOHHBIX BOJI OaccelHa.

[TonydeHbl OLICHKU BIUSHHS BKJIAJa BEPTHKAJIbHOW HEOJIHOPOAHOCTH (DOHOBOTO
TI0JIs1 COJICHOCTH B JMHAMUKY PACIPOCTPAHECHUS MMPUIOHHOTO TJIOTHOCTHOTO TTOTOKA.

[Toka3zaHo, 4TO y4deT BIMSHUS TEMIEPATypbl BOJABI IPU pACUETaX IUIOTHOCTH HE
OKa3bIBAET 3aMETHOTO BIJIMSHMUS Ha XapaKTEPUCTUKU PACIPOCTPAHCHUS NPUIOHHOH
COJIEHOU BOJIBI B OacceliHe.

ComnocraBiieHME PE3yJAbTATOB PACYETOB C COOTBETCTBYIOUIMMH JIaHHBIMU
HAOJIIOJICHUM  TMO3BOJIMJIO  OTMETHUTh, YTO MOJIeb BOCIPOU3BOJUT OCHOBHBIC

0COOCHHOCTH MOJICIUPYEMBIX TPOLIECCOB.
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INTRODUCTION

The relevance of the topic

The North Sea dense waters inflow into the Baltic Sea plays an important role in
formation of its various characteristics, including the renewal of deep waters in the
deep-sea basins located in the central part of the sea and their saturation with oxygen
(prevention of hypoxia), the renewal of intermediate deep waters, the formation of
vertical density stratification of waters and the flow of autumn-winter convection,
trajectory and intensity of salt flows and others. When moving to the central part of the
Baltic Sea, the North Sea saline waters pass relatively shallow and small basins. In this
case, the interaction of the North Sea waters with the water of the basins occurs, as a
result of which there is a significant change and renew of their salinity, temperature,
volume and oxygen concentration [47, 69, 133]. The propagation of dense North Sea
water in the central part of the Baltic Sea depends on the degree of their transformation,
which occurs to the passage of the basins. The Bornholm Basin is the second shallow
basin after the Arkona Basin, where there is a sharp transformation of the dense waters
of the North Sea. The result of previous researches have shown that the North Sea water
entering the Arkona Basin is propagating in it under the influence of barotropic and
baroclinic currents [4, 7, 26]. This determines the interest in studying the mechanisms
and features of the propagation of the North Sea waters, as well as the role of barotropic
and baroclinic currents in the water spreading in the Bornholm Basin. Despite the
importance of this process, by now there is practically no information about character of
propagation of dense North Sea waters in the Bornholm Basin. Propagate in the bottom
layer of the Baltic Sea of saline oxygen-saturated North Sea waters reaching its central
part occurs during the period of Major Baltic Inflows, which occur quite infrequently
(with an interval of about 10 years). This makes it difficult to study these processes with
the help of field researches. History of studying bottom dense flows begins in the

second half of the 20th century. Until now it has been collected information about that
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process obtained by the results of field observations, from laboratory experiments
carried out on rotating pools, and from theoretical investigations. In addition,
mathematical models of these processes are presented. However, the development of a
bottom dense flow model for specific conditions is complicated by the fact that the
propagation of saline bottom waters in the sea basins occurs in the form of a narrow and
small thickness of bottom dense flow. Its dynamics are different from the dynamics of
the background fluid. Therefore, at present, the experience of numerical simulation of
the propagation of bottom North Sea waters in the basins of the Baltic Sea is limited.
The noted determines the relevance of study via mathematical modeling on the
propagation of the North Sea waters in the deepest part of the Baltic Sea, which occurs
in the form of bottom dense inflows.

The purpose and objectives of work. The aim of the thesis is to study via
mathematical modeling the mechanisms and features of propagation of North Sea
waters in the bottom layers of the Bornholm Basin in the Baltic Sea, occurring in the
form of bottom dense flows. The study is conducted on the example of the year 2003
inflow.

To achieve this goal, the following tasks were formulated:

1. Selection of the dense flows model and its adaptation to the investigated
process;

2. Research using the simulation features of the propagation and transformation
of the bottom North Sea waters in the Bornholm Basin during the main inflow with the
example of the 2003 year.

The subject of study is the process of propagation of the North Sea waters in the
Bornholm Basin during the period of the main inflows.

The object of study is the Bornholm Basin

Raw materials. In the process of study, it is used published data of field
observations.

Research method. The study used mathematical modeling.

Scientific innovation.
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1. Improvement of the previously developed model of bottom dense flows by
taking into account the influence of barotropic currents, water temperature, and the
background salinity fields on its propagation.

2. Based on the results of the simulation, new information has been obtained on
the structure of the bottom dense flows in the Bornholm Basin during the period of
major flows.

3. New information has been obtained on the influence of various factors on
propagation characteristics of North Sea waters, including bottom pumping, the
background salinity field, the temperature field, associated with the barotropic currents.

4. The features of the formation of temperature, oxygen concentration in the
bottom layer associated with the inflow.

The theoretical significance of the dissertation research.

Improving the existing model of bottom dense flows, which allowed to adapt it to
describe the process of inflow of North Sea waters in the Bornholm Basin during the
main inflow period. In the improvement of the model, the influence of the background
salinity field, barotropic currents associated with the inflow, is taken into account. In
addition, the model includes blocks of calculating the transformation of the temperature
and oxygen content fields due to the propagation of North Sea waters.

Based on the simulation results, was analyzed the structure propagation of North
Sea waters in the Bornholm Basin and related features of the transformation of the
temperature and oxygen content fields.

The distribution characteristics of vertical currents formed as a result of the
divergence of bottom Ekman flows (bottom pumping) in the area of dense flow are
analyzed. The mechanism and structure of their influence on the dense flow is singled
out.

Practical significance. The developed model can be used to study the features of
similar bottom dense flows for other basins and seas. The results of such studies can
clarify the existing ideas about the features and mechanisms that determine the flow of
salts and heat, oxygen and chemical elements. This will allow to better understand the
processes of formation of three-dimensional temperature and salinity fields, as well as
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the processes of aeration in depths, the formation of the structure of fields of chemical
(including biogenic) elements.

The dissertation research was carried out within the framework of the research
project "Development of a complex mathematical model of thermo-hydrodynamic and
ice processes in the shelf seas", "Development of a mathematical model of bottom dense
flows in the shelf seas".

The scientific validity and reliability of results. The validity of the presented
results is the fact that the basic postulates of the model are based on previously obtained
results of a study of features of distribution of the pressure disturbance in the vicinity of
a dense lens. The model used was tested using a series of numerical experiments,
including calculation of the propagation of bottom dense flow in area, which having a
simplified form of bottom relief. The obtained results of numerical simulation were
compared with the data in-situ, laboratory results and results of numerical simulations
obtained by other authors.

The position to be defended

1. Improved three-dimensional model of bottom dense flows in the Bornholm
Basin, taking into account the influence of the divergence of dense bottom Ekman flows
(bottom pumping) on the structure and dynamics of the dense flow, and also on
barotropic circulation in the sea.

2. Structure and features of propagation of bottom dense flows in the Bornholm
basin.

3. Features of the interaction of the bottom dense flow with the overlying layer.

4. Peculiarities of the transformation fields of salinity, temperature and oxygen
content, velocities of the bottom waters of the Bornholm Basin under the influence of
the propagation of the dense flows in it.

The accordance of the dissertation to the passport of the specialty

The presented work corresponds to the passport of specialty 25.00.28
"Oceanography" on the following items:

1. Dynamic processes (waves, eddies, currents, boundary layers) in the ocean.
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2. Processes of formation of water masses, their spartial-temporal structure,
hydro-physical fields of the World Ocean.

3. Patterns of transfer of matter and energy in the ocean.

4. Methods of research, modeling and forecasting processes and phenomena in
the oceans and seas.

Approbation of the work. The results were presented and discussed at the final
sessions of the Academic Council of the RSHU “Oceanological Faculty” (St.Petersburg,
2014-2017), the 4th Scientific and Technical Conference of Young Scientists and
Specialists "Applied Hydro—acoustic and Hydro—physics Technologies” (Training
Center of JSC “Concern Okeanpribor”, St. Petersburg, October 2015), Young Scientific
Conference" Integrated Studies of the Seas of Russia: Operational Oceanography and
Expeditionary Research ", (FGBUN MGI RAS, Sevastopol, April 2016), 2nd All-
Russian Confederation young scientists "Integrated Studies of the World Ocean" (10
RAS, Moscow, April 2017.).

Publication. The main results of the dissertation is presented in 8 papers,
including 2 articles are published in peer-reviewed journals approved by VAK of the
Ministry of Education and Science of the Russian Federation, 6 articles in the
proceedings of international and Russian conferences.

The structure and scope of work. The dissertation consists of an introduction,
three chapters and a conclusion.

The aim of the dissertation was to study the mechanisms, structure and features of
the propagation of North Sea waters in the bottom layers of Bornholm Basin, taking into
account their interaction with barotropic adaptation processes

In view of this goal, the following tasks were set

- select of model of the dense flow and its adaptation to the investigated process.

- study using the model features of the propagation of dense flow by inflows of
North Sea waters into the Bornholm Basin based the example of 2003year inflow,
presented in the publications of the results of numerical simulation;

- study the features of the transformation process of deep waters in the Bornholm
Basin during the inflowing of the North Sea waters in 2003.
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The first chapter contains an analytical overview of the main features of the
propagation of North Sea waters and their major inflows in 1993 and 2003, studies of
numerical simulation.

In the second chapter it’s formulated the main system equations of model. In the
third chapter using the presented model on the example of the inflow in 2003 are
investigated the features of the formation and propagation of dense North Sea waters
into the Bornholm Basin. The third chapter discusses the features of the transformation
process of deep waters in the Bornholm Basin during the propagation of the inflow of

dense North Sea waters.
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1. MAIN FEATURES OF INFLOW AND PROPAGATION OF
NORTH SEA WATER IN THE BALTIC SEA

1.1 Main features of water exchange of the Baltic Sea through the
Danish Straits

As a result of a positive freshwater balance due to river runoff, as well as the
excess of precipitation over evaporation in the Baltic Sea, a lower salinity is maintained
in comparison to water salinity in the area bordering by Kattegat. Due to the difference
in water density associated with the difference in salinity, a density gradient pressure is
formed in the Danish Straits, thanks to which a saline flow occurs in the lower layer
through the straits practically constantly. Typically, the salinity of the incoming water
can be lied from 12%o to 16%e.. In turn, the positive freshwater balance of the sea forms
a barotropic current directed toward the straits, which is supported by the inclination of
the disturbance level of the free sea—surface. At the same time, a barotropic current
directed from the sea predominates in the near—surface layer, and a flow of salt water,
which has an opposite direction, in the lower layer. In the upper layer, a relatively low
salinity (about 8%o) is noted, and in the lower layer in the Arkona Basin salinity may
exceed 20%o0. With the distance from the straits, the salinity of the deep water decreases
as a result of mixing with the upper freshened water (Fig.1.1-1.2). This type of
circulation and distribution of water salinity is characteristic of estuaries, so the Baltic
Sea is compared to a large estuary, and the marked type of circulation in the sea is
called estuary. Under the influence of this process, an average background picture of the

distribution of salinity in the Baltic Sea and currents is established.
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Figure 1.1 — Vertical distribution of salinity in the Baltic Sea in different seasons
(a—February, b—May) [87]

Figure 1.2 — Schematic of the large—scale internal water cycle in the Baltic Sea (Green

and red arrows show the surface and bottom layer circulations, respectively) [46]

The inflow regularly occurs in a continuous regime with moderate salinity. In the
period of intense windy surges, in the southern part of the Kattegat Strait, there is an

intense inflow of salt water occurs due to the significant rise in sea level. The two—layer
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picture of the currents in the Straits is changing to a practically homogeneous from the
surface to the bottom.

During the period of inflow, which lasts about ten or more days, in the Baltic Sea
receives saline water reaches to a volume of 300 km®. At volumes of water supply, the
inflows are called "Major Baltic Inflows". These major inflows are very important for
the ecological state of the Baltic Sea, because only they can lead to the renewal of
bottom waters in the sea. The time between the different major inflows is called the
"stagnation period", because at this time, the oxygen concentration in the deepest basin
decreases.

Major Baltic Inflows have been investigated by a number of authors who have
analyzed the measurements, and the results of numerical simulation as well [40, 47, 59,
64, 75, 88, 92, 93, 94, 95, 96, 97, 98, 110, 117, 121]. During recent decades Major Baltic
Inflows have occurred very infrequently. In references the main reasons are discussed.
The reader may like to consult the works, based on observations of [54, 75, 98, 99, 106,
125, 127, 129, 137, 142]. One of the main reasons behind long stagnation periods may
be variability in river runoff to the Baltic Sea. According to observations, is noted a link
between minimum deepwater salinity in the Baltic Sea and maximum river runoff with
a time shift of 6 years [17, 98]. It is assumed that when water flow increases, the salinity
of the inflowing North Sea water is reduced, following that is a reduction of its density
and ability to renew the old bottom water. It is also believed that the increase in
freshwater flow in Baltic Sea leads to an increase in outflows, which reduces the
velocity of inflow North Sea waters. One of the reasons is also called the overregulation
of river runoff. As a result of listed reasons, there’s a relatively large amount of river
runoff remained in winter, which prevents the winter inflow North Sea waters. An
explanation for the decreasing frequency of major inflows can also be related to changes
in meteorological patterns [96, 106, 150]

In the period of Major Inflows, the difference in sea level emerges under the
influence of the zonal wind over the North Sea. During certain conditions in the
Kattegat Strait, a significant excess level (up to 1m) above level of the Baltic Sea is
formed, this leads to a sharply increase of the barotropic flow of the North Sea waters.
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Occurrence of necessary meteorological conditions for the formation of such inflows
occurs rarely. The irregularity and long time intervals between subsequent Major Baltic
Inflows are the reason stagnation conditions are present very often in the Baltic Sea. In
such a situation, phosphate concentration increases and salinity and oxygen
concentration decrease in deepwater. Sometimes considerable hydrogen sulfide

concentrations are formed in the deep basins [53, 97].
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Figure 1.3 — Main phases of a major inflow: precursory period, main inflow period and

post— inflow period, and the relate changes in sea—level [96]

Some determined meteorological conditions, which are necessary for the
formation of the Major Baltic Inflows, are identified. It is believed that the beginning of
the Major Baltic Inflows, as a rule, should be preceded by a period, during which the
east wind should predominate over the North Sea. This wind reduces the level of the
Baltic Sea to a minimum. This decrease can be 1 m. Decrease the level of the Baltic Sea
creates favorable conditions for the subsequent development of the major inflow. A
Major Baltic Inflow consists of three main periods: precursory period, main inflow
period, and post—inflow period (Fig.1.3) [96]

The precursory period covers the time the Baltic sea—level is at a minimum until
the start of the main inflow period. Meteorological conditions during the last two weeks

of the precursory period play an important role in forming favorable conditions for the
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major inflow event (so called pre—inflow period). After an initial period, when the wind
changes to the west and causes the water surges of the North Sea towards the Danish
Straits, the period of the main inflow has begun. The sea—level in the Baltic Sea during
the period of main inflows can rise as much as one meter. Water masses with high
salinity (and density), flow over the Darcy and Drogden Sill and sink to the bottom
layer of the Arkona Basin. In this case, in order for the water masses of the North Sea to
reach, at least, the borders with the Bornholm Basin, the wind need to persist long
enough (about 10 days). In some cases, saline waters can move during inflow period to
the Bornholm Basin. The post—inflow period starts when wester wind weaken and the
level of North Sea water at the Danish Straits decreases.

At the same time, the Baltic sea—level has considerably increased, which leads to
outflow from the Baltic Sea, causing a decrease in sea level. Some part of salty water is
flows out from the Arkona Basin. The major inflows are most often observed in
September—April. In 60% of cases, they occurred in the period from November to
January [96]. In a usual major inflow case a gradual increase in wind speed takes place
for several weeks during the precursory period (Fig.1.4). Saline waters (S >17%o) start
to flow across the Darss about one day after the wind speed has reached its largest
value. The geostrophic wind direction changes from west—southwest to west— northwest
during the last two days before the main inflow period starts. This reflects the change in
surface wind direction from southwest to west. The time variation of wind speed is
determined by the east component, and the highest speed is about 15m/s. The rule of
thumb commonly used is that the higher the mean wind speed and the duration of high

wind speed, the stronger the inflow [75, 96, 97].
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Figure 1.4 — Mean sea—level pressure patterns (millibars) during a typical Major Baltic

Inflow event. (A) pre—inflow period 1st day, (B) pre—inflow period 11st day, (C) pre—

inflow period 15th day, (D) main inflow period 1st day, (E) main inflow period 5st day,
(F) post— inflow period 1st day [96]

Inflows are restricted very much by the narrowness of the channels in the Danish
Straits (Little Belt, Great Belt, and Oresund) and by the shallow sills between them and
the Arkona Basin. The Darss Sill has a cross—section of only 0.8km? and the sill depth is
18m. For the Drogden Sill the corresponding numbers are 0.1km? and 7m. The salinity
of incoming water, depending on the intensity inflow, can be from 12%o to 16%o and it

can reach 22-25%o during maximum current. The incoming North Sea water in the
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inflows period fills first the bottom area of the Arkona Basin. Due to partial mixing with
the ambient water, its volume increases and the salinity decreases. The propagation of
the North Sea waters in the Arkona Basin occurs under the influence of barotropic and
baroclinic factors. Their relative role in the propagation of the North Sea waters to
recent time remains at the research stage. It is believed that the duration of filling the
Arkona Basin by North Sea waters depends on the inflow intensity and it can be about
10 days. Because of the complicated relief at the Baltic Sea bottom, which is a chain of
basins separated by relatively shallow sills (Fig.1.5), the propagation of the inflow
North Sea waters into the Baltic Sea is a complicated process of consecutive inflow of

saline waters from one basin to the next, farther in the direction from the Danish Straits.

Figure 1.5 — The bottom topography of the Baltic Sea [151]

From the Arkona Basin the saline water through the Bornholm Strait penetrates
into the Bornholm Basin, where it propagates in the bottom layer and fills in the deep
part of the hollow. Despite the considerable volume of collected natural data, as well as
the results of numerical modeling, there is no clear idea of the trajectory of saline water

propagation in the Bornholm Basin, its transformation, details of the mechanism of its
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movement formation currently. In the literature, it is noted that the saline water filling
the deep—water part of the Bornholm Basin has led to the displacement of the old
bottom water and its removal through the shallow sills to the Slupsk Furrow [77, 88].
The saline water displaced from the Bornholm Basin fills the deep—water part of the
Slupsk Furrow, displacing the bottom water located there, which has less salinity [107,
119, 137, 145, 147].
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Figure 1.6 — A scheme of the inflow into the Baltic Sea and determining processes [64]

After passing the Stolpe Channel, the saline water flows northeast in the Gotland
Basin, some of the water flows in to the Gdansk Deep. Here, bottom water can be
renewed only when major inflow was intensive [43, 46]. It is believed that the most
intensive transformation of saline water mass occurs during the passage of sills,
separating the sea basins. During the main inflow period, saline waters propagate to the
Gotland Basin (Fig.1.7). The propagation of saline waters is accompanied by the

formation of internal fronts with fine— scale intrusions and eddies [57, 97, 99, 119].
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Figure 1.7 — Main router followed by Major Baltic Inflows, main sills, and channels
[94]

Major Baltic Inflows in 1993 and 2003 years

In January 1993 a major inflow of highly saline water took place after 17 years of
stagnation during which hardly any North Sea water penetrated Gotland Basin
deepwater. During the inflow a total of about 310 km® of water, 135 km® of it highly
saline (more than 17%o) with a high oxygen content entered the Baltic Sea. The highly
saline water crossing the Darss Sill was characterized by a mean salinity of about 19%o,
a mean temperature of 3.5°C, and a mean oxygen concentration of 8.2 ml/I.

This very strong inflow had several specific features. Its duration was very short
(total main inflow period 22 days). The average level of the Baltic Sea increased by
70cm above the mean [88, 97].

The inflow North Sea water through the Drogden Sill started on January 5, 1993.
Saline water was further advected in the Arkona Basin. It is note that the inflow of
saline water through the Darss Sill toke place 1-2 weeks later. The salinity at Darss Sill
exceeded 17%o0 on January 18. The inflow was at its highest on January 26 (Fig.1.8—
1.9). Owing to the large amounts of highly saline water that crossed the Darss Sill into
the Arkona Basin, the halocline was lifted from 38m to 10m and the 20%. isohaline was
displaced from 42m to 32m. The halocline was inclined from the central Arkona Basin

to Bornholm Channel. Even if the main inflow period was short, a large amount of salty
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water flowed back into the Belt Sea that half the salt that entered the Arkona Basin
returned [97,99].

26 Jsnuary 1993

Figure 1.8 — Longitudinal transect of salinity in the Darss Sill area during the Major
Baltic inflow in January 1993. (A) major inflow during 20-21 January; (B) major
inflow on 26 January; (C) inflow on 27 January 1993 [84]

The remaining North Sea water propagating through the Bornholm Channel into
the Bornholm Basin and replaced the old bottom water. Salinity in the bottom water
increased from 15%o to 20%o0 and the oxygen concentration from about 1 ml/l to 7.5ml/I.
The stagnant bottom water of the Bornholm Basin was lifted above the sill depth of the
Slupsk Furrow and flowed due to gravity into the Eastern Gotland Basin. The first sign
of the renewal of bottom water in the Eastern Gotland Basin was observed in early
April, 1993 and was renewed by the middle of May. Weaker effects were also identified
in the Northern Gotland Basin and most probably in the Gulf of Finland as well [28].
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Figure 1.9 Cross section of salinity from the Fehmarn Belt to the Slupsk Furrow through
the Arkona Basin and Bornholm Sea, cast between Feb. 14 and 17, 1993; observations

(upper panel) and results of the Rossby centre ocean model, RCO (lower panel) [106]

The 2003 inflow has been studied by several authors [47, 121]. About 200 km*® of
saline water flowed into the southwestern Baltic Sea. This strong inflow (Qgs = 20.3)
was very interesting for many reasons. Due to a warm inflow in August 2002 and by
another in November 2002, watermasses were already ventilated in the Southern Baltic
and were extremely warm in December 2002. The surface temperature was about 7°C
and the deep—water temperature was as high as 11°C —12°C, whereas the salinity
distribution was typical for the given period of the year. During the inflow in January
2003 (actually a series of inflows), exceptionally cold water replaced the exceptionally
warm deepwater [121]. The January inflow was followed by weaker inflows in March
and May [47]. The inflow started 10 years after the previous very strong inflow [99].
Prior to the event in the beginning of January, an atmospheric high—pressure area over
Scandinavia was associated with northeasterly winds. The sea—level fell to 80 cm below
the mean. On January 11 the wind over the western Baltic Sea increased to 15 m/s,
turned to the west, and triggered the inflow. The inflow continued until January 18 in
the Drogden Sill and until January 22 in the Darss Sill, and the Baltic Sea level rose to

25 c¢m above the mean. In the Oresund very high salinities and low temperatures were
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reported on January 15 (26.6%o, 2.5°C) and January 18 (26.4%o, 2.2°C). In the Darss
Sill, salinity was up to 21%o at the bottom and 18%o at the surface. Estimated salt
transport across the Darss Sill was 1.18 x 10'? kg (58% of total transport) and through
the Oresund 0.85 x 10 kg (42%) [47].

Inflowing water moved exceptionally fast into the Arkona Basin. The estimated
speed of the flow was 30 cm/s over a 12—-day period. Through the Bornholm Strait,
saline water has propagated to the Bornholm Basin. In the bottom layer of the Bornholm
Basin, the old warmer and less salty water was lifted to the overlying horizons. At the
same time there was a mixing of cold inflow water with local warm water took place.
As a consequence of the inflow, colder and more saline, mixed water from the
intermediate layers of the Bornholm Deep flowed into the Stolpe Channel over the
Stolpe Sill and farther to the Gdansk Deep (Figure 1.8, see color section). It should be
mentioned that both post—inflow periods in March and May 2003 enhanced this Major
Baltic Inflow [99, 121].

According to observations in January 2003, 200 km® of saline cold North Sea
water (less than 1°C) flowed through the northern straits to the Baltic Sea [101]. An
unusual circumstance was that the shade occurred against the background of the high
temperature of the bottom water in the southern Baltic, including Arkona, the Bornholm
Basin and the Slupsk Furrow. With the help of expeditionary observations, data on
various hydrometeorological characteristics were obtained in the preceding period,
during the inflow period and in the subsequent period. Figures 1.10-1.14 show the

locations of the sections on which ship observations were conducted.




(Vertical — latitude, horizontally — longitude)
Figure 1.10 — Schematic of the location of the sections during the observation period in
December 2002 (a), January 2003 (b), February 2003 [120]

According to the data of expedition observations conducted during the period
from 3 to 4 December 2002 in the basins of the southern Baltic, unusual conditions were
noted, consisting of the presence of a high water temperature reaching 7°C in the upper
layer (about 40-50 m) and up to 11-12°C in the deep layer (Fig.1.11).
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Figure 1.11 — Distribution of water temperature at the main section in the

southern Baltic according to observation data during 3—4 December 2002 [120].

An overflow above the Drogden Sill took place from January 11 to January 18,
and over the Darss Sill from January 16 to 25. It is considered that the marked values of
water temperature were among the highest for December in the observation period. This
high water temperature was formed due to the inflowing of warm waters, which took
place in August [121]. At the same time, the salinity distribution was quite normal in

December. The salinity in the mixed upper layer of 40-60m thick was 7.5%o. Below it
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located a halocline, and the salinity near the bottom of the Bornholm Deep increased to
17%o. At the bottom of the Slupsk Furrow the salinity was 13.5%o (Fig.1.12).

0 20 40 60 80 100 120 140 160 180 200 220

Figure 1.12 — Distribution of water salinity at the main section in the southern Baltic

Sea according to observation data during 3—4 December 2002. [120]

The distribution of oxygen concentration at the main section in the end of
November 2002 (12-26/11/2002) was a two—layer type. In the upper homogeneous
layer of 40-50m thick, the oxygen content is closed to 7ml/l (Fig.1.13). The oxygen
concentration decreased markedly in the lower layer. In the Arkona in the bottom layer
about 10m thick, it reached to values of 5-6ml/I. In the Bornholm Basin, from the lower
boundary of the upper homogeneous layer to the bottom, it decreased to 0 ml/l (see
Fig.1.13). In the Slupsk Furrow near the bottom, the oxygen concentration reached to
values of 2-3ml/l.
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Figure 1.13 — Temperature distribution (isolines) and concentration of oxygen content
(ml/1) (palette) at the main section in western Baltic Sea at the end of November 2002
(12—26 November 2002) [108]
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Figure 1.14 — Distribution of the concentration of oxygen in the bottom layer (ml/l) at
the end of November 2002 (12—-26 November 2002) [108]

The distribution of oxygen concentration in the bottom layer at the end of
November 2002 is characterized by the presence in the central and eastern part of the
Bornholm Basin in region with low oxygen content closing to 0 ml/l (Fig.1.14). In the
western part of a relatively shallow region in the vicinity of the Bornholm island, there
are no signs of hypoxia. This is probably due to the influence of inflow from the Arkona

waters with a high oxygen content.
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(b)
Figure 1.15 — Temperature and salinity in the Arkona Basin 25-26 December
2003 [120]

In January 2003 (January 23), North Sea waters were noted already in the Arkona
Basin, the Bornholm Strait and the northern part of the Bornholm Basin
(Fig.1.15,1.16,1.17). In Arkona, the water temperature dropped to below 2°C, and the
salinity at the bottom rose to 20%o (see Fig.1.15a—b).

In the Bornholm Strait, in the bottom layer of the southern (right) slope, the North
Sea water with a temperature lower 1°C and salinity reaching to 24%o was represented
(Fig.1.16a-b). Isohalines and isotherms are inclined towards the northern slope. At the
northern slope near the bottom, there is an attendance of old warmer water. The
isotherms here are inclined towards the southern slope. On the distribution of flow
velocity components along the strait, near the southern slope, a bottom region with a
thickness of about 10m is distinguished, where high velocities of currents directed
towards the Bornholm Basin are noted. The flow velocities along the thickness of the
selected layer increase to the bottom from 5 to 40cm/s (Fig.1.16c). Above the northern

slope, (up to 2 cm/s), these velocities obtained a weak direction towards the Arkona.
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Figure 1.16 — Temperature distribution (degrees) (a), salinity (%o) (b), flow velocities
(cml/s) (c) at cross—section through the Bornholm Strait at the end of January 2003 [120]

In the Bornholm Basin at the end of January (26-27 January 2003), there is a
disruption of uniformity in the horizontal distribution of the water temperature
(Fig.1.17a). In the center of the section passing through the Bornholm Basin (see
Fig.1.10b), the presence of a cold water core is detected in the bottom region from 40m

to the bottom. High horizontal temperature gradients indicate that the cold water flow
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occurred shortly before the survey, which did not allow horizontal mixing to smooth out
the temperature distribution. According to observations in other sections, the core of
cold water presented in Fig. 1.17a did not immediately reach the central part of the
basin passing the strait, yet it moved preliminarily along the western slope of the basin
in the vicinity of Bornholm [47, 93, 121]. In the bottom layer of the Bornholm Basin, a
layer with a lower temperature of 6-7°C is formed, which displaces the layer with the
maximum temperature of water to the upper horizons. In the region of the uplift,
dividing the Bornholm Basin with the Slupsk Furrow, a thin layer of warm water is
formed (see Fig.1.17a). In the distribution of salinity at the cross—section of the local
region of the cold water’s core, the location region at the core of the salt water
corresponds to a salinity of 10 to 16%o.. Under the influence of this type of water, the old
bottom water is displaced, which begins to pour through the separation ridge into the
Slupsk Furrow (Fig. 1.17b).
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(b)
Figure 1.17 — Distribution of temperature (a) and salinity (b) at the main section at the
end of January 2003. [120]
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By the end of January, there was a noticeable displacement of bottom water
masses with low oxygen content towards the western slope. In relation to the
observation data presented in Fig.1.18, the distribution of the northwestern water
enriched in the bottom layer of the basin by oxygen after the outlet of their strait
occurred along the western slope of the basin in the vicinity of Bornholm Island.

Figure 1.18 — Distribution of oxygen content (ml/l) in the bottom layer in the Bornholm
Basin at the end of January 2003 (2628 January 2003) [108]

According to the results of ADCP, the velocities of currents at 50 and 60m
horizons correspond to the presence of a cyclonic eddies in the upper layer in the basin
(Fig.1.19a-Db) of the order of 80km. In a lower layer, we can find an anticyclonic eddies.
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Figure 1.19 — The distribution of current velocities at horizons 50 (a) and 60 (b) at the
end of January 2003 according to ADCP survey data. [120]

The incoming water, raised to the position of the halocline 10—-20m, displaces the
warm old mixed water to the eastern slope. In the Slupsk Furrows, there are no signs of
the arrival of the North Sea water at this time. The water temperature is even higher
than 10°C. But the bottom layer became thinner. At the time of observation, the position
of the halocline corresponds to a depth of about 60m. In December, its depth was 40m.
The salinity of bottom water in the Slupsk Furrows decreased by 1%o. Such changes
could not be caused only by mixing. That’s why it should be assumed that the advection
has played an important role in these changes.

In early February (4-7 February 2003) in the Arkona Basin surface cooling and
the low temperature of the inflow rendered the whole layer thermally homogeneous
with a temperature of about 2°C. During the previous 10-12 days, the salinity in the
bottom layer had decreased by 2—4%e.

At the longitudinal section along the Bornholm Strait, it is obviously that there is
an entrance of cold (Fig.1.20a) and saline (Fig.1.20b) waters to the Bornholm Basin

from Arkona [48, 93, 121]. The incoming water does not extend to maximum depths. Its
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advance is limited to the horizon of 70m. The thickness of the spreading bottom layer is
about 10m. When entering into the Bornholm Basin, cold, saline and therefore, more
density waters deviate to the right and move in the vicinity of the island, mainly along

the isobaths.
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Figure 1.20 — Temperature distribution (a) and salinity (b) in the longitudinal section in
the Bornholm Strait on 4-7 February 2003. [120]

The distribution of temperature on the section extending from the middle of the
strait to the Slupsk Furrow shows that by the beginning of February the bottom layer,
about 20m of thickness, located in the center and towards the eastern slope of the basin
is filled with cold water entering through the strait (Fig.1.21a). At the same time, part of
the western basin is filled in by old warm water until the bottom. This water divides the
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area of cold water located next to the strait and the bottom layer of cold water in the
center of the basin. Thus, the incoming cold water enters the central part of the
Bornholm Basin, spreading not directly along the slope, but moving to the right along
the isobaths. Received cold salted water, filling the bottom layer, displaced the old
warm water to the overlying horizons. In figure 1.21a, a layer of warm water is visible
on the horizon of 60m. In addition, an area of old warm water is found on the eastern
slope of the Bornholm Basin near the Slupsk Furrow. It is evident that a part of this
water flows into Slupsk Furrow. Figure 1.21b also illustrates that the bottom layer of the
Bornholm Basin is filled in by more saline water obtaining a salinity reaching to18%. at
the bottom. This layer is separated from the salt water located at the strait. In contrast to
the distribution of temperature on the distribution of salinity, it is difficult to isolate old

bottom water.
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(b)
Figure 1.21 — Temperature distribution (a) and salinity (b) at the section located from
the Bornholm Strait to the Slupsk Furrow 4—7 February 2003 [120]
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The results of a more detailed survey of temperature and water salinity
distribution at a section in the Bornholm Basin show that the old warmer water located
in the 40-70m layer is fragmented into individual lenses with horizontal dimensions
from several kilometers to tens of kilometers and thickness of approximately ten meters
(Fig.1.22a). The distribution of salinity is more homogeneous (Fig. 1.22b). This is
explained by the fact that in this case, the density of water is determined by the salinity.
Therefore, the incoming water, distributed at the horizon of its density, is surrounded by
water of close salinity. An important feature of salinity field distribution is an increase
in the thickness of the lower salt layer in the Bornholm Basin center and the rise of its

upper boundary to the horizons of 26-28m (Fig. 1.22b).
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Figure 1.22 — Distribution of temperature (a) and salinity (b) in the hollow of the
Bornholm Basin 4-7 February 2003. [120]
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After two weeks (16-18 February 2003), there are no significant changes in
hydrological characteristics were found in the Arkona Basin and the Bornholm Strait. In
the Bornholm Channel, cold water (2°C) is detected (Fig.1.23a). Cold water is
concentrated in the strait on the southern slope in a layer from 30 to 50m, which
presents itself as water of the Arkona Basin. At the northern slope, in the bottom layer,
where obtained a thickness of 10m, located a warmer water (up to 4°C), which probably
comes from the Bornholm Basin. There’s more salty water (up to 20%o) located at the
southern slope of the strait (Fig.1.23b). The isohalines slope towards the northern slope
indicates that there’s an inflow directed to the Bornholm Basin at the southern slope.
The presence of this type of flow is confirmed by the results of direct velocities
measurements of the longitudinal components’ currents at a given section (Fig.1.23c).
In the central part of the strait and above the northern slope, there is an oppositely

directed flow.
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Figure 1.23 — Temperature distribution (a), salinity (b) and longitudinal velocity
components (c) in the Bornholm Strait, 16-18 February 2003 [120]

The mixing of old water continues in the Bornholm Basin. Lenses of old warm
water become more numerous, but smaller in size (Fig.1.24a). Only at the border with
the Slupsk Furrow, there is a large lens of water with a temperature of 5-6°C. On an
average, the water temperature goes down in the lower layer. In this case, heterogeneity
in the vertical distribution of water temperature in the Bornholm Basin is preserved. In
the bottom layer to a depth of 60m, a low water temperature (2—3°C) is noted. Above to
the lower boundary of the surface homogeneous layer, located at depths of 30-50m, the
temperature rises to 5-6°C. The temperature of the surface homogeneous layer again
decreases to 2°C. A characteristic feature of distribution, temperature and salinity water
in the Bornholm Basin is the elevation of isohalines and isotherms in the central part of
the basin. As a result, the lower boundary of the upper homogeneous layer rises by 20—
30m.
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Figure 1.24 — Distribution of temperature (a) and salinity (b) at the central section
(1618 February 2003) [120]
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Figure 1.25 — Distribution of temperature (a) and salinity (b) at the central section
15-17 Mar 2003. [120]

In the middle of March (15-17 Mar 2003) in Arkona and the Bornholm Strait the
temperature of near-bottom layer increased slightly to 2—-3°C, and salinity decreased to
15-16%e.. It is safe to say that there were now no further signs of the January inflow in

this area and that the situation had returned to “normal”. In the Bornholm Basin, the
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distribution of temperature and salinity, in general, retains the main features marked for
mid February. The main difference is the weakening of the horizontal and vertical
heterogeneity of the fields (Fig. 1.25a—b).

Inflow events of medium strength occurring several times per winter season are
important since they have a density signature sufficient for ventilating intermediate
layers of the Baltic proper halocline [39, 77, 79, 108, 130]. Although the oxygen content
of the inflowing warm water was relatively low (in contrast to gale—forced barotropic
inflows), the inflows in summer 2002 and 2003 improved the oxygen conditions in the
Bornholm Basin and in the eastern Gotland Basin following the entrainment of ambient
water with a higher oxygen level [108]. Thus, during small and medium—intensity
inflow events the oxygen concentration in the Arkona Sea is an important factor for the
ventilation of the deep water.

In summer 2002 and 2003 exceptional weak intensity warm inflow events were
observed [48, 49, 51, 108]. As a result of inflowing waters movement with the ambient
oxygen-rich waters in the Arkona Basin, the oxygen content North Sea waters
increased. Subsequently, the represented water masses were spread to the halocline of

the Bornholm Basin and could be spread even into the Gotland Deep.

1.2 Numerical simulation of dense bottom flows

At the initial stage of the development of modelling bottom dense flows, it was
recognized that the main factor in the motion of higher density fluid in an inclined
bottom was the excess of gravity over a vertical pressure gradient, i.e. the local violation
of the hydrostatic equation. This force is sometimes called negative buoyancy. Indeed,
during the conversation of the hydrostatic conditions, the density fluid would continue
to lie in its horizon and did not approach to sink. Some methods of accounting have
been proposed for this effect of non—hydrostatic. The most widely used assumption was
that in the region of the density lens, the vertical pressure gradient is equal to the gravity
of the background fluid. One of the first to arise integral models of dense flows, in
which the distribution of density within the bottom water higher density and in the
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ambient water was assumed to be constant. As the main driving force, the negative
component of elevation gravity, which has direction along the bottom of the slope, was
considered. In this approach frames, models for the motion of lens density waters and
bottom dense flows were developed. In particular, by means of using the model, while
dropping the flow along the inclined bottom, and similarly, being influenced by the
Coriolis force, the direction of its movement would change to the right, which results in
the transport of the bottom volume to the right from the bottom inclination along the
isobaths. Afterwards, there’s a connection between the velocity of this transport with the
difference in density of the bottom volume, the ambient fluid and the bottom
inclination. At the same time, the usage of theoretical models for describing dense flows
in real seas is so difficult due to the restrictions on the distribution of the ambient fluid
density, the shape of the bottom topography, etc. This stimulated the development of
differential mathematical models of density bottom flows [34, 88]. As the initial
equations, two—dimensional or three—dimensional non—-hydrostatic equations of motion
were used, the equation of continuity, the convection—diffusion equations of salt and
heat, and the equation of state:

u_ g __10P 0o

a Voo atker -
%+ fu :—%%3+k% (1.2)
%_\f[\’:g%—%%—s+k% (1.3)
%u+%+g—vz\/=0 (1.4)
ARy e K )
%+ug—§+v%+wg—§=kg§ (1.6)
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1.7)

A large number of Baltic Sea inflow modeling studies have been made since early
1990s [32, 56, 68, 71, 81, 82, 83, 84, 85, 100, 102, 128]. Recent warm inflows have
been modeled by Meier et al. [101, 104] and Lehmann et al. [86]. Reviews of inflow

modeling can be found in [99, 106].

One of the firsts model integrations of inflow-related dynamics was carried out in

the early 1990s [71]. The authors stated that strong westerly winds over the western

Baltic Sea yield an inclination in sea—level from the Skagerrak to the Arkona Basin and

a strong inflow of saline and oxygen-rich water takes place into the western Baltic Sea

penetrating as far as the Bornholm Basin. However, model runs indicated that northerly

and easterly winds are necessary to transport these waters from the Bornholm Basin to

the Gotland Sea.
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Figure 1.27 — Section of salinity (%o) through the Belt Sea, Arkona Sea, and Bornholm
Sea, March 1993, (a) observation, (b) model [85]
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The 1993 major inflow has been the subject of numerous modeling studies.
Lehmann (1995) employed a model with a horizontal resolution of 5 km and 21 vertical
levels using realistic wind forcing (Fig.1.27) [85]. The model reproduced a realistic
salinity distribution but the depth of the mixed layer was underestimated and thus the
vertical gradient of salinity across the halocline was too weak. Good agreement between
modeled and observed volume and salt transport for the 1993 inflow was obtained, and
the importance of the Drogden Sill in major inflows was shown by Meier (1996) [100].
Meier et al. (2003) showed, while studying the 1993 inflow, that river runoff and sea—
level in the Kattegat play a major role in the inflow process [101]. The phenomenon of
splitting bottom intrusions of saline waters into two branches when entering the Eastern
Gotland Basin from the Stolpe Channel was indicated by Zhurbas et al. [147]. One
branch went northeast towards the Gotland Deep, and the other moved southeast
towards the Gdansk Deep.

A long-term hindcast simulation was carried out for the period 1902—1998
showing that increased runoff and precipitation reduce the intensity of major inflows but
cannot explain the stagnation periods in Gotland Basin deepwater [103]. During
stagnation periods anomalous strong westerly winds cause increased sea—levels and
reduced salt transport into the Baltic Sea. Increased runoff and precipitation changed the
baroclinic pressure gradient on a slower timescale and so salt transport was further
reduced. The series of inflows in 2002—2003 was also recently confirmed successfully

by numerical models [54, 104].



162

2. MODEL OF PROPAGATION OF THE BOTTOM DENSE FLOW
IN THE BORNHOLM BASIN IN PERIOD OF MAJOR INFLOW 2003 YEAR

2.1 Equations of motion, continuity and transfer

The process inflowing of the saline North Sea water in the Bornholm Basin
during the period of the main inflows consists of a set of interrelated processes. The
main process is the propagation at the bottom layer of high density water, which occurs
in the form of a bottom dense flow. The next process is the barotropic current, caused
by the intensive inflow through the Danish Straits. Forming thus, barotropic currents
can influence on propagation of the bottom salty waters. The propagation of bottom
waters during the main inflows occurs in a medium with an inhomogeneous vertical and
horizontal distribution of background temperatures and salinity. Because of the
inhomogeneity of background temperature and salinity fields when dipping to a great
depth, the bottom dense flow enters a medium of higher density. This leads to a
decrease in the excess between density of water—inflow with ambient water and causes a
decrease in inflow velocity. In turn, the bottom dense flow, displacing the old bottom
water, forms vertical currents, due to which there is a transformation of the background
distribution of temperature and salinity. Taking into account these specified features of
the process under study, the propagation of the bottom dense flow, the transformation of
the background temperature and salinity, as well as the barotropic currents due to the
inflow, will be considered separately. The main attention was paid to the description of
the processes determining the bottom dense flow. In this case, the calculated salinity
field was represented as the sum of the background and the anomaly salinity field,
which associated with the bottom dense flow. The real salinity field was the sum of the
marked fields. The effect of the background salinity on the dense flow was taken into
account through the inclusion of the advective components in the equation of salt
transfer derivatives from the background salinity field of the background gradient field.
This led to a decrease of salinity anomaly during the movement of dense flow in the
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direction of increasing background salinity. The influence of barotropic currents was
taken into account by including them into the flow velocity components in the salt
transfer equation. The calculation of barotropic currents components associated with the
inflow and the process of transformation of the background salinity field was performed
in the form of separate blocks.

When choosing a block model for describing bottom dense flows, it was
considered that the main determining dynamic factors are the horizontal gradient of
pressure caused by density gradient and bottom slope, the acceleration Coriolis, the
vertical component of friction [5]. In addition, it is important to take into consideration
the influence of bottom pumping [19]. To obtain a better vertical resolution in the
bottom layer, we divide the calculated region into two sub-regions: a bottom layer with
a thickness AH = 20m and a H-AH higher than H; For the specified areas we use the
following methods of coordinate transformation.

o, :Hi' for the overlying layer (z< H,).

1
z—-H,

o, = , for the bottom layer (z> H,),

1
When using these specified transformations, the initial system of equations of

motion, the continuity equation and the salt transfer equation for the bottom layer, that
are located from H; to H, take the form

M g% 9 1 M) 1 o KA oy
ot ox  pyy\dx (H-H,)) x o, (H-H,) do,\ (H—H,) do,
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For a region lying above the bottom layer in the range from 0 to H,, an analogous

system of equations is written down in the form
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To calculate the density, there has the equation of state
p=p,+aS+ogT (2.13)

where u, v, w are the components of the flow velocity in X, y, and z, respectively; S —
salinity; H — sea depth; H; is the thickness of the upper layer; p —density; f —Coriolis
parameter; o, — salinity compression factor.

Except the horizontal pressure gradient, acceleration Coriolis and viscosity as
well, take into account the effect of inertia. This factor is related to the fact that under its
influence there is a disruption of the geostrophic balance in the movement of the bottom
water between the pressure gradient and the Coriolis acceleration in conditions of
changing of bottom slope. In a model of bottom dense flow background density

distribution was taken to be equal to zero.

2.2  Parameterization of the bottom pumping

According to research data [4, 7, 19, 26], the bottom pumping has a noticeable
effect on the dynamics of the bottom dense flow. To take this into account, we use the
equations presented in [7, 19, 26]. The velocities of vertical currents arising under the
influence of the divergence of the bottom Ekman flows in the area of the bottom dense

flow are found from equation

oM
w, = Me | Moy (2.14)
OX oy
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Where My, M, —components of the bottom Ekman flows in x and y, respectively, wy —
vertical currents velocity above bottom Ekman layer.

The bottom Ekman flows are expressed in terms of the tangential frictional stress
at the bottom with the help of the following relations of Akeblom. As a result, we got

the next equation

0%E 8 OH, 0 |
Wy = - 5 g: : I Ipd
2af ox? 8y 20p,f | Ox OXy
g o & & o
200 H, 152 jpd0'1+H oy _[pd0'1+AH P _[pd0'2+AHay Z[pdaz

g (8H,8p(H)  oH, ap(H))_ g 8H1£degl o, jpd
20p,f\ ox ox oy &y ) 2ap,fl ox ox

g ((&H, &H, O°H, | O*H,
H)- d 215
2ap, f (ax2 vl U vy Ip % (2.15)

where a = /% , k, — bottom coefficient of turbulent viscosity; p(H), p(H,) — the water

densities at the bottom and at the lower boundary of the upper layer, respectively.

In equation (2.15), the first term characterizes the formation in the bottom Ekman
layer of the vertical component of the currents due to barotropic Ekman flows. The third
term describes the contribution to the Laplacian of the bottom pressure and, due to this,
the vertical velocity of the Laplacian from the average density in the upper and lower
layers. The second term takes into account the influence of the inhomogeneity of the
distribution of the upper layer thickness. The fourth term describes the formation of the
divergence of the Ekman flow due to the heterogeneity of the distribution of the bottom
water density in the direction of the bottom incline. The second term in parentheses
characterizes the effect of water density in the upper layer. The last term determines the
influence of the curvature of the seabed on the divergence of the bottom Ekman flows.

The second term in parentheses also characterizes the effect of the overlying layer. For
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convenience, we denote the different terms appearing in (2.15) with the following

letters.
g (0H,0p(H) oH, dp(H)) g (oH, &} oH, o
= + - —
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In view of (2.16)—(2.19), the equation (2.15) can be written as:
W, =W, +W, +W, +W, (2.20)

For the case when the dense flow is localized within the bottom layer, equation
(2.20) takes the form
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In this case, the terms appearing in (2.15) are described by simpler relations

1
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g (0°H, 0°H,
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The components wy, w,, wsare caused by the influence of baroclinic factors, .a w4
is formed under the influence of the barotropic factor (the slope of the free surface
level), therefore, the first three components will be called baroclinic components, and

the last ones — barotropic.

2.3 Block for calculating the barotropic adaptation processes

The influence of bottom pumping is manifested in the level disturbance of free
sea—surface and in the formation of barotropic currents that’s associated with the level
disturbance as well. For these processes, a calculation block of barotropic process,

which includes the following equations, is included in the model.

a(';/'tx + fM, = —gH g—g—rMXJrk,Vfo (2.26)
X

oM
Ly foz—gHa—‘f—rMﬁk,VEMy (2.27)
ot oy

oM
%Tyv =_%f_wH (2.28)

where r— the coefficient of bottom friction, k; — the coefficient of horizontal
diffusion, My, M, — the components of the total flow in x and y, respectively, wy

=w,+W,+ws— the total baroclinic vertical velocity component of the bottom currents.
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The right-hand sides of the equation of continuity velocity of vertical currents
contain the previously described baroclinic components of the bottom vertical flow
velocities due to the divergence of the bottom Ekman flows.

The equations of motion (2.26)—(2.27) for the total flow components include the

coefficient of bottom friction r. Usually to determine this value using the relation

[ =Cy /U2 + V7 (2.29)

Where c0 — const, u0, vO — the average depth of current velocity.

Being that, the reproduction of viscous adaptation processes is the main task of
this model block, the result of which should be the magnitude of compensating vertical
currents, it is important that friction in equations (2.26)—(2.27) was described in the
same way as in determining the vertical currents forming in the bottom Layer of the
dense flow. In their calculations, we used the Akerblom relation. Therefore, in the
equations (2.26)—(2.27), it is also expedient to determine the coefficient r, starting from

the relations of Akerblom. For barotropic conditions, the Akerblom ratio takes the form

:i(ﬁ_fﬁ_f}
" 2al ox oy (2.30)
:i(%+%j
" 2al ox oy (2.31)

The relations (2.30)—(2.31) can be written down using the average velocity in the
velocity of the flows instead of the derivatives from the level disturbance. For this we

use the relations

(2.32)

f ox (2.33)
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where u0, vO — the averages flow velocity in the layer.

Substituting them into equations (2.30)—(2.31), we obtain

T =——=—(Uy —V,
e G (2.34)

Thy = —L(vo +Up)
b 2a (2.35)
Comparing the relations (2.34)—(2.35), we obtain an expression for the coefficient

of bottom friction r

f

r=——
2aH (2.36)

The boundary conditions at the lateral boundary included the equality of zero
flows directed along the normal to the solid boundaries. On the liquid boundaries, the
condition of equality is given to zero of the disturbance level at its left edge. For the rest
of the liquid boundary, the condition is set that the derivative of the level disturbance

along the normal to the liquid boundary vanishes.

2.4  Block for calculating the transformation of the background field

salinity

The effect of the dense flow on the background salinity field is manifested
through vertical currents, which is formed when the old bottom water is displaced in the
bottom layer. The vertical currents were calculated from the value of the thickness

increment of the bottom dense flow.

_oh
ot

(2.37)

b
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where wy, —vertical currents velocity, caused by propagation of a bottom dense flow at
the seabed, hy. — thickness of the bottom dense flow.

The thickness of the bottom dense flow was found as integral from salinity
anomaly value in the bottom layer divided by its bottom value. The calculated vertical
velocity was referred to the bottom horizon. As is known, bottom vertical velocity leads
to level disturbance, which causes compensatory inertial barotropic horizontal currents.
As a result of the divergence (convergence) of these currents, the vertical currents which
are formed in the bottom layer linearly decreases to zero to the sea level. Taking this
into account, the vertical distribution of the vertical currents velocity was described by

the relation

W, =W, *(z/H); (2.38)

Formed by these vertical movements, horizontal inhomogeneity in the density
distribution leads to the formation of background horizontal baroclinic currents
propagating to the bottom. Because of the inhomogeneity of bottom depth it can occur

additional components of vertical currents described by the relation

oH ., oM

=y (2.39)

where wy —Vvertical currents velocity at the seabed, which is due to the influence of the
inhomogeneity of the bottom relief on the bottom baroclinic currents; uy, vy — bottom
velocities of background baroclinic currents, H - depth of the seabed.

To calculate the background horizontal components of the currents velocities, in

the general case can be used the equations of motion

ou of go¢ ,, . ou o'u o
——fv=—g—2->—"|pdz +k, — +k | — +— 2.40
J o) PO Tk '[ax2 oy’ (240)
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N fu:—ga—g—igj'pdz’+kza—2\2/+k,(a—2\2/+a—2\2/j (2.41)
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If to take into account the features of the considered process, these equations can
be reduced to a simpler form. The considered process is a baroclinic process of
adaptation to disturbances of the density field generated by vertical motions. Because
the baroclinic deformation radius in the considered area is of the order of several
kilometers, it can be assumed that the disturbances of the background density caused by
vertical currents will not be appreciably transformed during the adaptation process. The
result of the adaptation processes will be the establishment of quasi-geostrophic
baroclinic horizontal currents. This allows us to neglect the contribution of inertia in the
equations of motion, that is, the first term. The barotropic component of the pressure
gradient, described by the first term on the right side of the equations, is usually
opposite in sign to the baroclinic component. As a rule, it is less, but comparable with
the contribution of the baroclinic component. However, in the bottom layer, the
contribution of the baroclinic component in the formation of baroclinic horizontal
currents is predominant. For its calculation, we can use a system of equations describing
barotropic adaptation processes. This makes it acceptable, as a first step, to neglect the
barotropic component of the pressure gradient. The contribution of the terms describing
the horizontal and vertical components of the turbulent viscosity is also of secondary
importance and can also be neglected. As a result, to calculate the background
horizontal circulation formed as a result of disturbance of the background density field

under the influence of the bottom dense flow following equations can be used

v, =99, .9 91 g (2.42)

-_99%_ 9 9o (2.43)
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The transformation of background salinity distribution by these vertical currents

was calculated from the salt transfer equation

2 2 2
%+u0%+v0%+(wb+w)asozkza82°+k| 852 +882° (2.44)
ot OX oy 0z 0z OX oy

where S, —the background salinity; wy, — vertical component of currents velocity
associated with propagation of the dense flow in the bottom layer; uy, Vo - horizontal
background components of current velocity, caused by horizontal inhomogeneity of
background salinity; wy — vertical component of currents velocity that arises under the
influence of the inhomogeneity of the bottom relief on the velocity of the background

currents ugp, Vo.
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3. FEATURES OF NORTH SEA WATERS PROPAGATION IN THE
BORNHOLM BASIN BY SIMULATION RESULTS

3.1  Calculation of the velocities of the barotropic currents due to inflow

in the Bornholm Basin in period of the main inflow in January 2003

Barotropic currents formed as a result of water exchange through the straits
during the period of inflow can have a certain influence on the propagation of saline
bottom waters. Therefore, it is advisable to account their influence including the flow
velocities in the advective components in the convection—diffusion equations of salt. In
this connection, there is a calculating task of barotropic currents in the Bornholm Basin,
which is caused by water exchange through the Danish Straits during the inflow period.
Since the propagation of inflow into the Baltic Sea occurs as a superimposition of direct
and reflected low—frequency waves, a standing wave Kelvin is formed, so that it is
difficult to describe this process limiting the area of the Bornholm Basin. Therefore,
these currents are calculated in the simulation of barotropic circulation taking into
account the area of the entire Baltic Sea. The obtained results are used to isolate the
calculated data on barotropic currents within the Bornholm Basin region, which
coincides with the area of the three—dimensional model of bottom dense flows. For the
simulation of barotropic currents during the inflows into the Baltic Sea, a barotropic

hydrostatic model was used, including the following system of equations:

ou o0& ¢.p, R o°u_ o

m_ fy =—g—=—200 Jy 24v 2u_+k my_—_—m 3.1
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where up,, Vi, — the components of the average flows velocity along the depths of the x
and y axes, respectively; &£ — the disturbance level of the free sea surface; H — depth; f —
parameter Coriolis; ¢, — the coefficient of bottom friction; g — the acceleration of
gravity; ; k, — the coefficient of horizontal turbulent exchange; t — time.

The last terms on the right-hand side of equations (3.1) and (3.2) are used
to smooth out the calculated characteristics and to eliminate the occurrence of high—
frequency component in numerical calculations. The average of the current velocity
depth and the level disturbances in the Baltic Sea caused by periodic varying water
discharge through the Danish Straits was calculated. The boundary conditions were set
in the straits before the Darss Sill and Drogden Sill (Fig.3.1). When setting the
boundary conditions, the actual data on the magnitude of water volume changes in the

Baltic Sea during the main inflow in January—February 2003 were used [86].

accumulated anomaly of volume flux Darss-Sound (km?)
— 512 pou
120 | — :17pw

Volume fux furf )
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Figure 3.1 — Time variation in deviation of the water volume (km®) in the Baltic Sea

from the mean value.



176

150 —

100 —

50 —

-100 —

B L A I B

0 5 10 15 20 25

Figure 3.2 — Graph of the variation in deviation of the water volume in the Baltic Sea

from the mean value during the general pileup in January—February 2003

The inclination value of the water volume in the Baltic Sea was approximated by

the functions

Vv :Vosin(z_l_—ﬂ(tﬂo)j (3.4)

where V — the inclination of the water volume in the Baltic Sea from the undisturbed
state (km®) during the main inflow in January—February 2003; V,, t,, T — approximation
constants; t — time (day).
a) for the period of set—down, the constants were given the following values:
Vo = 150 km®, T = 30 days, t, = —15 days.
b) for the period of the set—down, the listed constants were assumed to be equal
Vo = 150 km®, T = 60 days, t, = 0 days.
The results of the approximation are shown in figure 3.3
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Figure 3.3 — Approximation of the temporal variability in deviation of the water
volume in the Baltic Sea from its average value (km®) in the period January—February
2003

The water discharge value at the fluid boundaries during the inflow period was
obtained as the time derivative of deviation of the water volume (Q) in the Baltic Sea

for the period January—February (Fig.3.3)

(a) (b)
Figure 3.4 — Calculation area and location of points for which the computed data of the

temporal course of hydrological characteristics (a) and the bathymetric map of the
Baltic Sea (b)
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The water discharges through the Danish Straits were set in period from
11.01.2003 to 17.01.2003 through the Darcy and Oresund Strait were distributed in a
ratio of 6:4. On the solid lateral boundaries, the non—flow condition was used. As initial
conditions, a zero value of the sea—level disturbance and current was specified. The
problem was solved on a rectangular grid area with a horizontal dimension of 340x375
computed nodes with a horizontal step of 3.6 km (Fig.3.4).

According to calculations, the time course of the level disturbance, which is
formed under the influence of water flow in the Danish Straits, closely corresponds to
the temporary water discharge in the straits. However, the fluctuation amplitude of the
water discharge decreases with distance from the straits (Fig.3.5). This corresponds to
the theory. It’s known that the propagation of an attenuated progressive wave is

described by the equation:

u=u, cos{a—n(x—gtﬂexpﬁ—%xJ (3.5)
C n C

where
2
n:% 1+%+1 (3.6)
1 r,?

1+-0 —1 (3.7)
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The x—axis represents the time in days.

Figure 3.5 — Temporary variability of water discharge through the Danish Straits

Equation (3.5) describes the wave character of the propagation of flow velocity
disturbances that is connected with periodically of varying inflow on the boundary. The
value of n characterizes the decrease in the phase velocity, and y determines the
attenuation rate with distance from the wave disturbance boundary. We define
accordingly the value of these variables when the estimated r=10°s", and
o =2710"°s™ are given. In this case, it turns out that the frequency o is greater than the

coefficient of bottom friction r, (at a pool depth of 100m) in 27 times.

2 2 2 2
n =% */1+i2 +1=%\/{1+%%]+1:\/{1+%%] =1+%i251+3*10-3 (3.8)
(o2 O O (o

1 r,’ 1 1’ 1r
==y {1+ 5 -1=—"= [ 1+ 225 |-1=22=0.08 3.9
TRWT S ﬁJ[ j =
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The obtained value for n shows that for lower—frequency disturbances the phase
velocity decreases insignificantly (by 1.003 times). A decrease in frequency also does
not lead to a noticeable change in the value of the phase velocity. The resulting value

for y makes it possible to estimate the nature of attenuation of the wave disturbance
with the distance, which will be determined by the exponent in equation (3.5) %x . The

distance X, can be determined, the amplitude of the wave disturbance decreases by e

times
Xg=— (3.10)

Put the relation (3.9) in (3.10) and the corresponding values of the quantities

entering into the presented relation, we find x,
Xy =—=——=—=2%30*10° =6*10"(m)=6*10*(km) (3.11)

The obtained estimates show that the amplitude of the wave disturbances
decreases weakly. However, we must include that the estimate for the coefficient of
bottom friction is obtained for a depth of 100m and a flow velocity of 0.1 m/s. With
decreasing depth, the flow velocity simultaneously increases, which lead to an increase
the coefficient of bottom friction and to a decrease in Xo.

When applying the obtained results to the Baltic Sea, it can be assumed that due
to inflows through the Danish Straits disturbances level and currents propagate as a
progressive wave, which is reflected at the opposite lateral solid boundary. By means of
propagating wave summation from the Danish Straits with a reflected wave from a solid
lateral boundary, a standing wave is formed. In the area of the lateral boundary, the
velocity of the longitudinal flows of the standing wave becomes zero because of the

non—flowing condition. Here, there will be a doubling of the level disturbance
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amplitude. The equation describing the distribution of flow velocities for the resulting

standing wave in the vicinity of the solid right boundary will have the form

u = 2u, cos(ot)sin(kx) (3.12)

2 . : :
Where k = 77[ — wave number; the beginning of the coordinate axes is located on

the solid boundary.
Since the length of the low—frequency wave is much larger than the size of the

Baltic Sea, the sine can be replaced by its argument. Then we get
27
u=2u, cos(ot)jx (3.13)

From the obtained relation, an expression describing the level oscillation in the

sea can be found. Using the continuity equation, we obtain the following result

%:—ié—u:—z%z—ﬂcos(ot): 4uOﬁcos(at) (3.14)
ot H ox AH AH

Integrating by t, we find

£ =— 2% gin(ot) (3.15)

As a result from the obtained relations, the module of flow velocity oscillations
increases linearly with the distance from the solid lateral boundary. Its maximum value
will be noted at the fluid boundary (in the area of straits). Since the wavelength is

substantially larger than the horizontal dimensions of the sea, the amplitude of the flow
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velocity oscillation at the fluid boundary will be less than 2u,. The amplitude
oscillations of the sea level disturbance will be distributed uniformly within the region.
By calculations, the distribution of the level disturbance in the area at the time
6.25 days, corresponding to the moment of maximum inflow (Fig.3.6a), is characterized
by a sufficiently homogeneous distribution along the y—axis of the level slope in the

direction along this axis.
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Figure 3.6 — Calculation area and location of points for which the computed data of the

temporal course of hydrological characteristics (a) and the bathymetric map of the
Baltic Sea (b)

Within the central part of the Baltic Sea, the greatest change in the quantity of the
level disturbance through the width of the region, which takes an order of 4cm, is
observed. It’s also noted that there is a decrease in the level disturbance amounting to
8cm in the Gulf of Bothnia compared to the central part of the sea due to the shallow
strait connecting the bay with the sea. The greatest inhomogeneity in the distribution of
level disturbance takes place in the area of the Arkona and with a less extent in the
Bornholm Basins. It can be explained by shallow basins and the inhomogeneity

distribution of the bottom relief. The calculated velocities of barotropic currents are
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significantly geostrophic, since their direction largely corresponds to the isolines
directions of level disturbance. In range of the specified region coinciding with the
calculated region of the three—dimensional model, the calculation results of components
of barotropic currents obtained at the moment of maximum inflow are selected. They
were interpolated into computational nodes of a three—dimensional region with spatial
step of 1.8 km (Fig.3.7).

Maximum current velocity

Figure 3.7 — Distribution of barotropic components of the flow velocities in the
Bornholm Basin, caused by the inflow at the time of maximum water discharge in the
Danish Straits.

It was assumed that the vertical distribution of barotropic currents velocities is
homogeneous. A comparison of calculation results obtained for various time steps
showed that, with a change in water discharge, the barotropic current velocity
practically changed synchronously. At that time, the magnitude of velocities also

changed substantially while keeping their direction (Fig.3.8).
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(The maximum flows velocity is 30 cm/s, the length of the vector is proportional

to the square root of the flows velocity modulus)
Figure 3.8 — Distribution of components velocities of barotropic currents for moments

of maximum inflow (a) and outflow (b) through straits.

This allowed to calculate the barotropic currents velocities by multiplying the
analogous flow velocities by results of the maximum water discharge, after that,
multiply them by the ratio of corresponding time step of the discharge to the maximum

discharge.

3.2  Features of North Sea water propagation into the Bornholm Basin

by results of simulation

To study the propagation of the North Sea waters in the Bornholm Basin, the
three—dimensional unsteady hydrodynamic model presented in Chapter 2 was used. The
lateral left liquid boundary of the calculated region passed to the left of the Bornholm
Island, and the right liquid boundary passed along the middle of the Slupsk Furrow
(Fig.3.17). The calculation area was covered with a grid of 80x110 knots horizontally

and 40 knots vertically. The horizontal step of grid was 1.8km and vertically the first 21
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knots located in the layer of 20m from the bottom with a step of 1m. Above them, the
distance between ties vertical accounted for an amount equal to 1/H; , where H;=H-
20Mm, H is the depth of the sea.

(a) (b)
Figure 3.9 — Calculation area with the distribution of the depth of the sea (m) (a) and its

location (b)

The main inflow in 2003 began on 11" January. The observation data and the
calculation results suggest that the time for the propagation of saline waters to the
western boundary of the Bornholm Strait is about 5 days [120, 121, 134]. Taking this
into account, the date for the beginning of the calculations was adopted on 15" January
2003. As a starting condition, a uniform distribution of salinity along the horizon was
specified. Vertically, the salinity of the upper 40m was set equal to 7%o. Below 40m, the
salinity increased to 10%o. and further increased to 100m depth up to 17%o. The
temperature in the upper forty—meter layer was taken equal to 7°C, below it abruptly
increased to 14°C, and then kept its value. The initial oxygen content in the upper forty—
meter layer was taken equal to 8 ml/l. Below it assumed the value of 0 ml/l and then
kept its value with depth. The initial values of the flow velocity and the level

disturbance of the free surface were assumed to be zero. As a boundary conditions, in
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the southern slope area of the Bornholm Strait at the border with Arkona Basin the

location of the bottom layer of water with thickness 15m and salinity 25%eo.

Figure 3.10 — Distribution of bottom salinity (%o) at the beginning of calculations

According to the results of theoretical studies [26], laboratory data [7, 141] and
observations [69, 121], the movement of the bottom dense flow occurs in preference
along the isobaths to the right of the bottom incline. The increase in its width is due to
the bottom-directed Ekman flows, which are weaker than the ones along the isobaths.
The velocity of the bottom dense flow is proportional to the bottom incline and the
excess of its density over the density of the surrounding water.

A feature of the bathymetry of the Bornholm Basin is the presence of a narrow
section along the island with a large incline of the bottom. With the distance from the
island, the inclination of the bottom decreases and the isobaths diverge. The propagation
of dense salt water from Arkona Basin occurs as a relatively narrow bottom dense flow,
which initially propagates in the southern slope of the Bornholm Strait. After 10 days,
the flow reaches the Bornholm Basin (Fig.3.11a). In the area of the Bornholm Basin, the
dense flow deflects to the right and propagates in the vicinity of the bottom slope near
Bornholm Island in the form of a relatively narrow dense flow. With the propagation, it
increases its width and deepens its left edge. Following the isobaths in the area of the

maximum incline of the bottom, the current bypass the island, reaching the shallow
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water south of the island. Further it moves along shallow water. In the area of the
southern boundary of shallow water, the relatively narrow region with a large incline of
the bottom disappears near the lateral boundaries of the island and shallow water.
Therefore, while maintaining the flow along isobaths showed a significant increase in
its width. As the propagation of the dense flow, there is increase of its width and the
separation of parts of the inflow, forming new flow branches moving along the isobaths
around the deepest area of the basin. The first branch is formed already in transect of 50
knot of y—axis. Here the left edge of the inflow descends to a depth of about 80m, the
bottom area, characterized by a smaller bottom slope and a significant divergence of the
isobaths (Fig.3.11c). This branch is moving at a depth of about 80m, following the
isobaths at first to the northeast, and then to the north. Further, according to the
direction of flow in depths of 60—70m formed another branch, which at first moves to
the southeast. When moving along the isobaths, the direction of its movement changes
at first to the east, and then to the northeast. Over time, the second branch is included in
the first, but it moves above the first branch at depths of 60—70m. This branch partially
enters the Slupsk Furrow. The third branch forms along the isobaths deviating from the
shallow waters of the main flow. Because of the divergence of the isobaths, its width
increases. The horizon of its propagation is 30-50m. Over time it moved along the

isobaths in a counterclockwise direction.
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Figure 3.11 — Distribution of bottom salinity (%) calculated on 25" January (a), 30"
January (b), 5" February (c), 15" February (d)

In figure 3.12a, the distribution of salinity is representing on the cross—section
VG on both sides of the island highlights areas of high salinity located on the left area
corresponds to area dense inflow in the Bornholm Strait. The area to the right of the
island (up to the 30th knots) characterizes the distribution of the dense inflow in the
Bornholm Basin in the area of its movement along the eastern coastal contour of the
island. The flow, moving in the Bornholm Basin, is located correspondingly on the right
portion of the dense inflow. Being located on the right portion of the dense inflow
corresponds to the flow moving in the Bornholm Basin. In the Bornholm Basin, the
inflow is located at the depth of 20-60m. With the removal from the island, an increase
in the thickness of the inflow to 20m is noted, which is associated with the effect of
bottom Ekman flows and directed to the slope of bottom. At the right boundary of the
dense inflow there is a form of divergence, and on the left — convergence. With the
removal from the island (further 30 knots), a layer of increased salinity with a smaller
thickness (about 10m) is detected, which propagates to the maximum depth for a given
section. This layer represents the first branch emitted from the main bottom dense

inflow.
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Figure 3.12 — Distribution of salinity (%o) at the cross section calculated on 25" January

(a), 30" January (b), 5" February (c), 15" February (d)

The thickness of this layer decreases due to the divergence of the flow and the
isobaths in the direction of the first branch move. The decrease in the thickness of this
layer is due to the divergence of the flow, which is due to the divergence of the isobaths
in the direction of motion of the first branch. In five days (on 20 days) the presence of a
similar layer on the opposite slope of a basin was detected the presence of a similar
layer on the opposite slope of the basin (Fig.3.12b). Here, the thickness and salinity at
the bottom salt layer on the right slope of the basin is higher than that on the left one.
The difference between the increase of the thickness and the thickness of the bottom

layer on the left slope of the basin is explained by the fact that the movement of the
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bottom water in the eastern part of the basin occurs in the conditions of convergence of
the isobaths, which causes convergence of flow and its thickness increase. The increase
of thickness in comparison with the thickness of the bottom layer on the left slope of the
basin is explained by the fact that the movement of the bottom water in the eastern part
of the basin occurs in the conditions of convergence of the isobaths, which causes
convergence of flow and increasing its thickness. In a further change in the structure of
salinity distribution at VG cross—section there is an association with the ascent of saline
water to higher horizons (Fig.3.12c—d). This is due to the fact that the movement of the
bottom Ekman flows to the center of the basin leads to the formation of upflows here,

which leads to vertical advection of saline waters.
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Figure 3.13 — Distribution of salinity (%o)at the longitudinal section AB calculated on
25" January (a), 30" January (b), 5" February (c), 15" February (d)
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The noted features of the vertical structure’s formation of the salinity distribution
also appear on the longitudinal sections constructed along the 40th knots (Fig.3.13a—d).
Thus, for the distribution of salinity calculated at 25" January 2003 in the bottom layer
in the vicinity of maximum depths, the location of a relatively thin (about 10m) layer of
increased salinity is noted, which is a manifestation of the first branch propagating at
great depths of water (Fig.3.13a). In 5 days (at 30" January 2003), on the section to the
south at depths of 50-70m additionally there is a new layer of saline water with a
thickness of up to 20m (Fig.3.13b). This layer is the manifestation of the second branch.
With the passage of time at 05™ and 15" January 2003 (Fig.3.13c—d), the bottom layer
of salt water propagating to the southern boundary of the region. This is a manifestation
of the third branch on the horizons of 20—40m, which formed later first-two branches.
In addition, the bottom layer with high salinity is also formed on the northern slope of
the basin (Fig.3.13c—d), which, first of all, is the manifestation of the deepest first

branch.

() (b)

Arrow in the lower right corner (a) — 100 cm/s; (b) — 50 cm/s

Figure 3.14 — Distribution of velocity of bottom currents (cm/s) calculated on 25"

January (a), 15™ February (b)
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The direction of the bottom currents closely corresponds to the direction of the
isobaths (Fig.3.14 a—b). The maximum velocities of the bottom currents are localized in
the region of the location of the bottom dense flows. The highest current velocities are
observed in the area of the coastal zone near Bornholm Island, which is due to the
presence here of significant values of the inclination of the bottom and high salinity of
the bottom waters.

The module of velocities of the bottom currents in this region exceeds 100 cm/s
(Fig.3.15 a-h)

(@) (b)

Figure 3.15 — Distribution of the module of velocities of the bottom currents (cm/s)

calculated on 25" January (a), 15" February (b)

The propagation of the bottom dense flow is accompanied by the formation in the
bottom layer of Ekman flows, the divergence (convergence) of which leads to the
formation of baroclinic vertical currents on the upper boundary of the bottom Ekman
layer. According to the calculations at 25" January 2003 along the coastal boundary of
the island Bornholm, the area with the largest negative (upward) vertical baroclinic
currents is located (Fig.3.16 a—d) with value more than 3.10 “cm/s. At the external
boundary of the propagation area of the dense flow, there are successive areas of

positive (downward) and then negative vertical currents. The velocity of positive
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vertical currents reaches 3.10 *cm/s. With time simultaneously with the distribution in
the region of the bottom dense flow, there’s a movement of the regions with alternating
positive and negative currents vertical velocities (Fig.3.16b—d).
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Figure 3.16 — Distribution of the baroclinic vertical velocity formed by bottom pumping
(cm/s) calculated on 25™ January (a), 30" January (b), 5" February (c), 15" February (d)

As a result, the distribution structure of vertical currents formed under the
influence of bottom baroclinic pumping is a distribution in the central region of the
Basin, and to the right of the island of the region of negative currents, and on the

periphery of the calculated region there is a region of positive vertical currents.
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The mechanical formation of the noted structure of the distribution of baroclinic
vertical currents can be analyzed by comparing the analogous distributions of vertical
currents due to different components wy, W, Ws, built for the calculation at 5 February
2003 (Fig.3.17a—c). From the comparison of the presented calculation results shows that
the area of negative (upward) vertical currents localized off the coast of the island is
primarily associated with the influence of ws, due to the influence of the non—uniformity
of the bottom inclination distribution and characterized by the second spatial derivatives
from the depths of the seabed. Since in the prevailing part of the calculation area the
depth distribution has the form of a hollow, the vertical currents due to the considered
factors are upward. The opposite nature of the curvature of the seabed observed only
southwest of the island in the vicinity of shallow water. But there are no dense flows.
Therefore, there are no downward vertical currents. The influence of the second
component w, is determined by the divergence of the bottom Ekman flows directed
from the center to the lateral boundaries of the dense flows. As a result, downward
vertical currents form in the center of the inflow, and in the vicinity of its lateral
boundaries there are upward currents. The movement of the bottom Ekman flows is
associated with baroclinic pressure gradients directed from the center of the inflow from
its periphery. According to calculations in the local area of the dense flows under the
influence of this factors, formation of downward vertical currents occurs in the area of
the dense flows (Fig.3.17b). On the right and left of the dense flows the area of upward
vertical currents are formed. The effect of w; is manifested in the movement of the
bottom Ekman flows within the limits of the bottom dense flows from its right lateral
boundary to the left due to the bottom inclination. As a result, the right boundary forms
the downward vertical currents, and left — upward. On (Fig. 3.17c) shows that the right
boundary of the dense flow is characterized by large horizontal salinity gradients
compared to the left one. As a result, the region of positive velocities located along the
right boundary is markedly more pronounced in comparison with the right-hand region
of negative vertical currents (Fig. 3.17a). Comparing the component of the velocities of
vertical currents presented in figure 3.17b with those considered earlier, it is clear that in

this case its role is much less than the previous two components. Thus, we can assume
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that in the process under consideration the formation of vertical baroclinic currents is

mainly determined by the first two factors.

Fig. 3.17 — Baroclinic components of the bottom pumping wy(a), w, (b), ws (c),

Wi (d) (cm/s) on 5™ February

Under the influence of the considered vertical currents, is occur disturbance of
level of the free surface, which leads to the launch of barotropic processes. The result of
these processes are the formation of ascertain disturbance sea level (see Fig. 3.18),
barotropic flow (Fig. 3.19), barotropic vertical flow (Fig. 3.21), resulting by divergence

barotropic Ekman bottom currents.
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Figure 3.18 — Distribution of the disturbance of the level of the free surface (cm)
calculated on 25" January (a), 30" January (b), 5" February (c), 15" February (d)

According to calculations, under the influence of baroclinic vertical currents in
the middle of the area a positive disturbance of the sea level is formed (Fig.3.18a-d). At
the initial stage, a positive disturbance is localized to the north of the island and to the
south—west — negative (Fig.3.18a). Over time with the propagation of the dense flows,
the area of the positive disturbance of level expands. The magnitude of the disturbance
also increases. A negative disturbance of level is localized to the south—west of the
island. In the area of dense flows due to the inclination of the level is formed barotropic
pressure gradients that cause barotropic currents directed opposite to the dense flow
(Fig. 3.19a-d).
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Arrow in the lower right corner — speed 5 cm/s

Figure 3.19 — Distribution of currents velocities at the surface (cm/s) calculated on 25"
January (a), 30" January (b), 5" February (c), 15" February (d)

Addition of the barotropic currents with the dense flows, occur decreases the total
flow velocity; also occur formation two—layer currents structure. In figure 3.20a—d
shows that in the bottom layer to the left of the island there are positive meridional
currents. To the right of the island in the bottom layer in the region of the dense flows is
localized area of negative meridional currents. Above is a region of oppositely directed

barotropic currents whose velocity is much less than the velocity in the region of dense
flow.
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Figure 3.20 — Distribution of components velocity of meridional currents (cm/s)
calculated on 25" January (a), 30" January (b), 5" February (c), 15" February (d)

Under the influence due to the bottom inclination of level of baroclinic pressure
gradients in bottom Ekman layer, formed barotropic Ekman flows. Divergence
(convergence) of Ekman flows leads to the formation of vertical currents. According to
the calculations, the distribution of the barotropic vertical currents (Fig.3.21a—d) is
symmetric to the similar distributions of baroclinic vertical currents, but less than their

magnitude.
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Fig. 3.21 The distribution of the bottom barotropic vertical velocity at the upper
boundary of the bottom Ekman layer (cm/s) due to bottom pumping (cm/s) calculated
on 25" January (a), 30" January (b), 5" February (c), 15" February (d)

3.3 Features of the transformation of the field of water temperature

In the study of features’ transformation of the temperature field, as boundary
conditions on the border with the Arkona and the Bornholm Strait, was set to the
temperature as 0°C in the bottom ten—meter layer, which corresponded to the data of the
expedition observations for the period of inflows in the Bornholm Basin, which took
place in January 2003 [120,121]. In the calculations, heat exchange with the atmosphere

was not considered. Advection of heat was formed not only under the influence of



200

bottom dense flow, but also arose as a result of inflow caused by barotropic currents.
According to calculations at the first stage, the change in the bottom temperature
occurred mainly due to the advection of cold water from the Arkona. In addition, the
influence of advection of cold waters caused by barotropic currents south of the island is
noted. By 25" January 2003 , the inflow of cold water propagates to the coastal zone of
the island and keeps the temperature in the center of inflows less than 1°C (Fig.3.22a).
During the flow in the Bornholm Basin, an increase in the width of the flow is noted,
accompanied by the formation of its individual branches. By 30" January 2003 to west
of the island, from the inflows is allocated a separate branch, which moves along the
isobaths in a counterclockwise direction (Fig.3.22b). Within the central axis of the
inflow, the water temperature is keeping close to 3°C. Over time under the influence of

heat exchange, the temperature of the near-bottom waters is smoothed (Fig. 3.22c-d).
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Figure 3.22 — Distribution of the bottom water temperature (°C) at 25" January (a), 30"
January (b), 5™ February (c), 15" February (d)

On the cross section VG, cold bottom water is a relatively thin bottom layer,
descending the slope from the island to the center of the basin (Fig.3.23a). Filling the
bottom horizons, the dense flow displaces warm water closer to the surface. Over time,
bottom cold water is found at the right slope of the basin (Fig.3.23b). At the same time,
the thickness of the bottom cold layer increases (Fig.3.23c). The cold water near the
right slope of the basin rises to the level of the threshold dividing the Bornholm Basin

with the Slupsk Furrow.
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Figure 3.23 — Distribution of the water temperature (°C) at the cross section VG at 25"
January (a), 30" January (b), 5" February (c), 15" February (d)

At a longitudinal section at 25" January, at a depth of 70m of the southern slope,
a area with a lowered water temperature is detected (Fig.3.24a). This feature represents
the first branch, detached from the main inflow at the latitude of the middle island. By
30" January 2003, the bottom layer is detected on the northern slope of the basin (Fig.
3.24c¢). This water represents a lateral branch that has propagated along the isobaths to
the north of the greatest depth in region. Then at 15" January 2003, on the northern
slope of the basin, the bottom layer of cold water is rising closer to the sea surface,
which is connected with the arrival of the second branch, which propagates in the area
of smaller depths (Fig. 3.24d).
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Figure 3.24 — Distribution of the water temperature (°C) at the longitudinal section AB
at 25" January (a), 30" January (b), 5™ February (c), 15" February (d)

3.4 Features of transformation of oxygen distribution

In modeling the transformation of the oxygen field in the Bornholm Basin during
inflows in 2003, at the border with Arkona and Bornholm Strait area in the bottom layer
with a thickness 10m, in accordance with the data of observations, oxygen content was
equal to 10ml/l. The admission of oxygenated waters occurs with bottom dense flow,
and also due to barotropic currents caused by inflow. According to calculations by 25"
January 2003, the oxygen-rich water of the dense flows filled the bottom layer around
Bornholm Island (Fig.3.25a). Simultaneously, under the influence of advection of
oxygen caused by barotropic currents, an increase in the oxygen content occurred in the

southwestern part of the basin.
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Figure 3.25 — Distribution of the bottom oxygen concentration (ml/l) at 25" January (a),
30" January (b), 5™ February (c), 15" February (d)

When bottom dense flow entering the Bornholm Basin, it turns to the right and
then spreads along the island. Due to the fact that the bottom dense inflow is divided
into several branches, each of which extends within its horizon, the ventilation of the
bottom waters at different depths occurs unequally. The first branch, which is formed to
the east of the island from the left part of the inflow, located at depths of more than
70m, spreads on the deepest horizons. Its manifestation is already visible in Fig.3.25a—

b. Due to this branch, the bottom layer ventilates at a site localized near the maximum
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depth point. Later, the second and third branches are formed, which propagate in layers
located at shallower depths and saturate them with oxygen. Whereby, they are farther
from the center and therefore longer distances. As a result, ventilation due to these
branches occurs more slowly than at the expense of the first. As in the case of the
temperature at the cross section of the oxygen distribution in the area of the western
slope, the area of dense inflow is distinguished, and below is the thinner layer associated
with the propagation of the first branch. Over time, the area representing the dense
inflow changes slightly. In the area of the eastern slope appears a oxygen-rich bottom
layer, which is the second branch. With time, the thickness of the near-bottom oxygen-

rich layer and its rise along the slope increases (Fig. 3.26).
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Figure 3.26 — Distribution of oxygen concentration (ml/l) at the cross—section VG at 25"
January (a), 30" January (b), 5" February (c), 15" February (d)
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At the longitudinal section AB on the southern slope of the hollow, a area
saturated with oxygen is well distinguished, which represents the continuation of the
first branch of the dense inflow (Fig.3.27a). With time on the same slope near the sea
surface, a new oxygenated (oxygen-saturated) region is detected, which is an extension
of the next branch (Fig. 3.27c—d).
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Figure 3.27 — Distribution of the oxygen concentration (ml/l) at the longitudinal section
AB at 25" January (a), 30" January (b), 5" February (c), 15" February (d)

3.5 Influence caused by inflows of barotropic currents

In order to account the power influence caused by inflows of barotropic

component currents calculations were carried out, wherein the indicated component of
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the currents was set equal to zero. Based on the results of calculations, the neglect of the
barotropic component currents due to the surge led to a slow velocity of saline water
propagation. When comparing the distribution patterns of bottom salinity to the time of
25" ] anuary 2003, it’s shown that when accounting the barotropic component of inflow,
the saline water managed to bypass the Bornholm Island and formed the left branch,
that’s extending around the basin (Fig. 3.28). However, in the case of disregarding this
component, the saline water passed barely a half of the way along the coastal contour of
the island. At the time of 30" January 2003 and 5" February 2003, a noticeable
difference in the spread at the bottom layer of the bottom water is continued (Fig.
3.28 a—c). This is explained by the fact that from 10" January 2003 to 25" January
2003, an intensive inflow of North Sea water continued through the Danish Straits. The
intensity of inflow reached a maximum on 18" January 2003 and decreased to zero on
25" January 2003. Thus, the inflow of the North Sea water lasted about 15 days.
Afterward, there was a barotropic outflow water continuing for a period of 30 days, it’s
characterized by lesser velocities comparing to the reverse currents. The maximum
values of these currents reached on 10th February 2003. The period of water outflow
was about 30 days. In addition, it should be noted that in the vicinity of the Bornholm
Strait, high velocities of barotropic current arising due to water exchange through the
Danish Straits were formed. Until 25" January 2003, these specified currents lead to an
acceleration of the process propagation of saline water through Bornholm Strait and to
an earlier achievement of Bornholm Basin. It explains the results of calculations in the
case when the barotropic currents were taken into consideration, the saline water
entered much earlier in the Bornholm Basin and, as a result, until 25" January 2003,

occupied most of the seabed than in the case when these currents were not considered.
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Figure 3.28 — Distribution bottom salinity calculated excluding barotropic velocity

60 70 0

component of currents related with inflow (1) and subject to (11) at 25" January (a), 30"
January (b), 5" February (c), 15" February (d)

After 25th January 2003, the currents change direction, but firstly, they retain
small values and do not have a noticeable effect on the propagation of bottom saline
water. Therefore, by 30th January 2003, there would be a noticeable difference in the
propagation of bottom saline waters. However, due the velocity attenuation of supplying
saline water, which is associated with the change in direction of barotropic current in
Bornholm Strait, this marked a decrease in salinity of saline water entering in
the Bornholm Basin. This manifested in the lower salinity of the propagating saline
water in the basin (Fig. 3.28 b—d). The maximum values of the velocity of the reverse
currents reach by February 10th. After that (on 25th February 2003), they disappear. In
the case when the influence of barotropic currents was not considered, salinity of
entering water through Bornholm Strait maintained higher values. This contributed to
the fact that the rate of their propagation became higher in comparison with the incident
that the influence of barotropic currents was taken into account. In this case, their
propagation area approximated the size of the saline water propagation area, which was

obtained while accounting barotropic currents (Fig. 3.28d).
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Figure 3.29 — Distribution of salinity at the cross section, calculated excluding
barotropic velocity component of currents related with inflow (1) and subject to (I1) at

25" January (a), 30™ January (b), 5" February (c), 15" February (d)

The difference in the propagation of saline waters calculated, including and
excluding the influence of barotropic currents, clearly visible on cross sections (Fig.
3.29). Thus, by 25th February 2003, saline waters are absent on the cross section when
barotropic currents were not considered. In an opposite case, a part of the bottom waters
reached depths closing to the maximum depth of the basin (Fig. 3.29a). For January
30th and February 5th, the prevalence of the filling rate of the saline water at bottom
layer was noted when the influence of barotropic currents was considered. Later, the
patterns of the propagation of saline water are smoothing (Fig. 3.29d).

The noted features of barotropic currents influence, including on the propagation
of bottom saline water, have determined their influence on the formation of the water
temperature field. By calculations, when the effect of barotropic currents is excluded,
the process of transformation of the bottom water temperature field occurs more slowly
(Fig. 3.30). This is explained by a slower propagation of bottom saline waters. When
comparing the results of calculating the distribution of temperature at the bottom layer
on January 30th, it’s evident that for the case where there is no influence of barotropic
currents, the transformation area of the temperature field in the bottom layer is localized

in the vicinity of the North-eastern part of the coastline of Bornholm Island. In the
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second case, the size of the transformation area is considerably larger, which is due to
the greater area of propagation of bottom saline waters. However, hereby, there is an
increase of the bottom temperature and outside the area of the bottom water
propagation. This can be explained by the counting diffusion arising in numerical
approximation heat advection. By 15th February 2003, there’s a comparison between
sizes of the areas occupied by the incoming saline water. In this case, the water
temperature in the area propagation of the bottom water, where the influence of
barotropic flows is considered, is closer to the background than when this influence is
not considered. This can also be explained by the effect of countable diffusion. The
effect of counting diffusion increases with the inclusion advection of barotropic currents
covering the entire calculated area. When describing the propagation of bottom waters,
current velocities are localized mainly within the dense flow. The absence of currents
outside the dense flow contributes to the decrease of counted diffusion. The inclusion of
covering the entire area of the barotropic currents leads to an increase of the horizontal
exchange caused by countably diffusing of the bottom dense flow with the ambient

water.
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Figure 3.30 — Distribution of bottom temperature, calculated excluding barotropic

velocity component of currents related with inflow (1) and subject to (2) at 30" January
(a), 15" February (b).

Features of the water temperature change on cross section were determined by the
propagation of colder saline water in comparison with the background entering water
through the Bornholm Strait. There’s more rapid propagation of the bottom saline water
when the influence of the barotropic currents is considered, as well as while accounting

the results of the calculation of water temperature transformation (Fig.3.31).
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Figure 3.31 — Distribution of water temperature at the cross section, calculated

excluding barotropic velocity component of currents related with inflow (I) and subject

to (11) at 30" January (a), 15" February (b).

Thus, by 30th January 2003, when the contribution of runoff currents was taken
into account, the water temperature in the bottom layer was lowered not only on the
western, but also on the eastern part of the slope basin. At that time, as the calculations
without influence of barotropic currents, the water temperature at the bottom became
lower only on the western slope to a depth of 80 m. By February 15th, the propagation
areas of cold bottom waters become comparable (Figure 3.31Db).

In that time, it is possible to note a significant transformation of the water
temperature field and in the area removing from entering bottom waters, which is noted
in the case when the influence of barotropic currents is taken into account. At the same
time, an increased temperature transformation of the incoming bottom water is also
noted. The noted change in the water temperature can also be linked to the effect of

counting diffusion.
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Figure 3.32 — Distribution of the oxygen concentration in the bottom layer, calculated
excluding barotropic velocity component of currents related with inflow (1) and subject

to (11) at 30" January (a), 15™ February (b).

The influence of barotropic currents on the oxygen content is similar to their
influence on temperature (Fig.3.32). The oxygen content does not affect the dynamics
of the bottom dense flow, therefore, its transformation occurs as a passive impurity.

The entering water through Bornholm Strait has a high oxygen content (about 10
ml/l), it is significantly greater than the oxygen content in the bottom layer Bornholm
Basin (about 0 ml/l) below the depth of 30 m. Spreading in the bottom layer of hollow,
this water is a major factor in increasing the oxygen content in the bottom layer of the
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basin. Therefore, the area with high oxygen content is formed in the bottom layer
expanding in relation to the filling of the basin by the bottom dense flow.

At the same time, the increase the oxygen content in the southwestern part of
Bornholm Basin is affected by the oxygen-rich water, which is entering from the
Arkona basin through sill due to the barotropic currents. As a result, an increase in
oxygen content before there dense flow is marked in the south-western part of the
Bornholm Basin (Fig.3.33b—11). When excluding the influence barotropic currents from
calculations, the influence of advective flow of oxygen to the oxygen distribution in the

southwestern part of the basin is not shown (Fig. 3.33b-1).
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Figure 3.33 — Distribution of the oxygen concentration on the cross section, calculated

excluding barotropic velocity component of currents related with inflow (1) and subject
to (11) at 30" January (a), 15" February (b)
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3.6 The influence of vertical stratification of background field salinity on

the propagation of entering saline waters

In the presence of a stable vertical stratification in the basin, the spreading bottom
dense flow sinking with depth reaches horizons, where the ambient water has a high
density. As a result, the amount of excess density water of the dense flow over the
density of the ambient water decreases. This leads to a reduction caused by the
movement of the bottom dense flow of a pressure gradient. To assess the degree of this
factor influence on the dynamics of the dense flow, there were calculations, in which a
change in excess density of the bottom dense flow over the density of the ambient fluid
was not considered. Based on calculation results, there’s an increase in the water density
anomaly in the dense flow (Fig.3.34). As a result, the total salinity of the bottom waters

was higher.
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Figure 3.34 — Distribution of the salinity in the bottom layer, calculated with the

0

exception of the influence of background vertical dense stratification (1) and subject
to (11) at 30" January (a), 15™ February (b).
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Figure 3.35 — Distribution of the salinity on cross section, calculated with the exception

of the influence of background vertical dense stratification (1) and subject to (11) at 30"

January (a), 15™ February (b).

As in the process of forming the three-dimensional distribution, the water
temperature and the oxygen content behave as a passive impurity, and an estimate of the
integral effect of the factor under consideration on the dynamics of the dense flow
propagation can be obtained by comparing the associated with its account of changes to

field of water temperature and oxygen content.
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Figure 3.36 - Distribution of temperature water (upper panel) and oxygen concentration
(lower panel) on cross section, calculated with the exception of the influence of

background vertical dense stratification (1) and subject to (I1) at 15" February (b).

According to calculations of change in flow dynamics caused by excluding the
influence of the background density stratification, there’s an increase in water
temperature in the layer below 50 m with a maximum value of change of 2.5°C. The
greatest changes occur in the western part of the basin, where the influence of the dense
flow is most noticeable. For the distribution of the oxygen content on cross section,

changes are marked, similarly to those noted temperature.
3.7 Influence of temperature in the equation of state

In the model, the influence of salinity and temperature was taken into account in
the calculations for water density. In order to access the effect of water temperature on
the density field and as a result from the dynamics of simulated dense flow, the
calculations were made, in which the effect of temperature on the density of sea water
was not taken into account. The results of calculations of bottom salinity (Fig. 3.37),
salinity (Fig. 3.38), temperature (Fig. 3.39), and the distribution of the oxygen content at

the cross section (Fig. 3.40) were compared.
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Figure 3.37 - Distribution of bottom salinity of water, calculated with the exception of
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the influence of sea water temperature in calculating its density (a) and subject to (b) at
15™ February 2003.
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Figure 3.38 - Distribution bottom salinity of water at the cross section, calculated with
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the exception of the influence of sea water temperature in calculating its density (a) and
subject to (b) at 15" February 2003.



Figure 3.39 - Distribution of water temperature (upper panel) and oxygen concentration
(lower panel) at the cross section, calculated with the exception of the influence of sea

water temperature in calculating its density (1) and subject to (11) at 15™ February 2003.

According to the results of the comparison, it can be noted that the excluding of
temperature in calculating the water density practically did not affect on the results of
calculations of salinity. On the distribution of water temperature and oxygen content
marked slight temperature increase (about 1°C) and the reduction of oxygen content (1
ml/l). Because the entering water has a lower temperature than the ambient, its
accounting increased density excess water of bottom flow that increases its

velocity. However, due to the large difference between the salinity of the entering water
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and the basin water, the contribution of the temperature to the formation of the density

drop and the dynamics of the dense flow were insignificant.
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CONCLUSION

In this dissertation, the model of bottom dense flows was adapted for simulations
of the propagation of North Sea waters in the Bornholm Basin during the period of
major flows. In the calculation of the propagation of the dense flow, influences of the
background salinity distribution on the dynamics of the dense flow, the water’s
temperature and its density, barotropic currents are formed during inflow through the
straits. Equations of vertical currents velocities are obtained during the propagation of
the bottom dense flow and their influence on the background salinity field.

The model includes blocks for calculating the transformation of the temperature
and oxygen concentration fields in the Bornholm Basin, caused by the inflow of bottom
saline water.

Based on the results of calculations, the main features of the propagation bottom
dense flow in the Bornholm Basin are identified. Taking note that the dense flow
initially propagates in the vicinity of the bottom slope Bornholm Island in the form of a
relatively narrow dense flow. With the propagation along the Eastern border area there
Is width an increases and depth of its left edge. When the left edge of the divergence
region of the isobaths, new flow branches is formed, which move along the isobaths
around the region of the greatest depths of the basin.

A structure of distribution of bottom vertical currents was formed due to the
divergence of bottom Ekman flows. It is shown that after 20 days the area of positive
vertical currents drawn in the form of a tape from the island along the 60-70m depth
contours, moving to the right side bottom slope of the basin. After 30 days it goes
around the whole hollow. As a result, the structure of the distribution of vertical
currents, formed under the influence of the bottom baroclinic pumping is a distribution
in the central basin and to the right from island region of negative current, and on the
periphery of the computational areas is a region of positive vertical current.

The mechanism of formation of the noted structure distribution of baroclinic

vertical currents is analyzed as a result of comparison of analogous distributions of
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vertical currents due to different components. The result shown that the formation due
to the divergence of bottom Ekman flows of bottom vertical baroclinic flows mainly
determined by such factors as inhomogeneity of distribution of bottom slope and
divergence Ekman flows from the center flow to its lateral boundaries.

It is shown that the influence of the vertical currents be going on level disturbance
of the free surface, which leads to the start of barotropic adaptation processes. The result
of these processes is the formation of steady sea-level disturbance, barotropic current,
barotropic vertical current, resulting from the divergence barotropic Ekman bottom
flows. Under the influence arising from the inclination of the bottom level baroclinic
pressure gradients in the bottom Ekman layer formed barotropic Ekman flows,
divergence (convergence) which leads to the formation barotropic vertical currents.
According to calculations, the distribution of the generated barotropic vertical currents
Is symmetric to the analogous distributions of baroclinic vertical currents, but less than
their magnitude.

The addition of the barotropic currents with the dense flow decreases the total
flow velocity Also occurs formation a two-layer flow structure.

Based on the results of modeling, the structure of the transformation of the water
temperature field in the bottom layer during the propagation of North Sea waters is
analyzed.

Analyzed the process of replacement of the bottom horizons of the Bornholm
Basin by water with high-oxygen content.

It is shown that under the influence of barotropic currents related with the inflow
is a more rapid filling of the Bornholm basin by salline bottom water, which leads to a
decrease of bottom temperature and ventilation of the bottom waters of the basin.

The influence of the contribution of the vertical inhomogeneity of the background
field salinity to the dynamics of the propagation of the bottom dense flow is estimated.

It is shown that considering the effect of water temperature in density calculations
does not have a significant effect on the propagation characteristics of bottom saline

water in the basin.
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Comparison of calculation results with the corresponding observational data made
it possible to note that the model reproduces all the main features of the simulated

processes.
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