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MynerraexagHas U3MEHUYHBOCTh COBPEMEHHOro kiammara (xomebanus 50-70 mer) — oxHa
13 HambOollee aKTyaJbHBIX TEKyIIHX mpolieM B Haykax o 3emiie. CoOCTBEHHO KoiebaHue
COCTOMT U3 JIBYX (a3, KakKaas M3 KOTOPhIX COCTaBisieT 25-35 neT: (as3nl, Koraa BepXHUIl
nesitenbHbIi ctoit (BJIC) MupoBoro okeaHa, 0TaaBast sBHOE M CKPBITOE TEIUIO B aTMOC(epy,
COBEpIIaeT CBOCOOPA3HYIO €T0 TEIJIOBYIO PA3TPY3KYy, a TakkKe (a3bl 00Jee KOHTHHEHTAILHOTO
kimmMarta, korna BJIC okeana akkyMyaHpyeT TETI0, CTPEMSICh BOCCTAHOBUTH CBOE HadaIbHOE
cocrosgHue. EcTh OcHOBaHWE Mojararh, 4TO paccMaTpuBaeMas H3MEHUYHBOCTH OTpPakaeT
BHYTPEHHIOIO  JIMHAMUKY KIMMAaTHYECKOW CHUCTEMbl OKeaH—aTMOC(epa—KOHTHHEHT.
IlpucyrcTBUe TUIaHETApPHBIX CTPYKTYp B armocdepe 'AO (m1obampHON arMocdepHOi
ocimusiui) U B okeaHe MOCTOK (MynbTHUACKATHONH OCHMIUIALNN TETIOCOACPKAHHMS
OKEaHa) TO03BOJIICT MOHATh BOCIPOW3BEICHHE HAOIIOMACMON PUTMHKH KIMMATHYECKOI
cuctemsl. Hanbosee 4yBCTBUTEIBHBIMH U KIMMATHUYECKONH CHCTEMBI SBISIOTCS CMEHBI
(a3 xmMMara, B pe3yasTaTe KOTOPBIX B HEll MPOUCXOIAT Kak Obl BHE3aITHbIE Ka4eCTBEHHBIC
CIIBUTH, COIPOBOXKJIAEMBIC OIPENEICHHON MEePECTPOHKON OOIIer IMUPKYIAINA OKeaHa |
armocdepsl. Tak B okeaHe mpu cMeHe (ha3bl KiauMara JTH00 HHTCHCU(DUIUPYETCS TTyOoKast
KOHBEKIUs (mpu TeroBod pasrpyske BJIC oxeana), mmbo oHa ociabeBaeT, a BO3MOXKHO
u mpekpamraercs (mpu akkymyssimuua temia BJIC). B armocdepe cmensr (a3 kiammara
OTPaXAIOTCSI HAa MYCCOHHOW IMPKYTAUWU: Oojee KOHTHHEHTAJIbHOH (ase Kimmara
COOTBETCTBYET YCHJICHHE MYCCOHHOW IHUPKYJSIHUHA CO BCEMH COIPOBOKIAIOIIUMH ITOT
mporecc ocobeHHOCTsIMH. [IporHO3 cMeH (a3 kiuMmara TpUOOPETAaeT B CBA3M C OTHM
BO)XKHOE 3HAYEHHUE I SKOHOMHYECKOHM, COIHAIFHOW M MOJUTUYECCKON KU3HH OOIIecTBa.
B cBoro ouepemp KadecTBO IMPOTHO3a CBA3aHO C MOHUMAaHHWEM TNPHPOIBI HAOIIOmaeMOn
M3MEHUYMBOCTU W TIPEICTABICHHEM MEXaHH3Ma 3TOrO SBICHHS. B paboTe i OTASIBHBIX
paiioHOB MUpPOBOTO OKeaHa COIMOCTAaBJICHBI 3BONIOIHS TepMHUYECKOH CTpykTypsl BJIC
C JMHAMHUKOH CTEpHYECKOW MOJBI KOJMCOAaHUIl YPOBHS, OMpPENCNIEHHON IO CITyTHHKOBBIM
AITBTUMCTPUICCKUM Ha6J'IIO)]eHI/I$[M. YCTaHOBHeHO, YTO NOBBINICHHUEC YPOBHA OKCaHa MEXIY
BpeMeHHbIMH (azamu 1993-1999 rr. u 2000-2015 rr. cocraBmiio 4—6 cM 1 COOTBETCTBOBAJIO
TOMY POCTY YPOBHSI, KOTOPBII JOJDKCH OBLT ObI TPOMU30UTH MTPH HAOIIOMACMBIX YBEITHUCHISIX
tertoconepxxanus BJIC okeana. CrenaH BBIBOJ O TOM, YTO Ha MEXJIEKAIHBIX BPEMEHHBIX
MacmTabax Hapsay ¢ JaHHBIMU TeMIeparypsl moBepxHoctd okeana (TIIO) B mepcrexktuse
MOI'yT OBITH MCITOIB30BAHEI AITBTUMECTPUIYCCKUE CITYTHUKOBBIC Ha6J'[IO}IeHI/I$I JUISI BBISIBJICHUST
PETUOHAJIBHBIX UCTOYHHUKOB U CTOKOB TCILJIA B OKCAHEC.

KiioueBble ciioBa: okeaH, COBPEMEHHBIN KJIMMAT, ITyOOKasi KOHBEKIIMsI, aHOMa-
MY, TeMIeparypa, KIMMaThuYecKass U3MEHUYUBOCTb, CLICHAPUN KIIMMATa, CTEPUYECKUU
YPOBEHb, MYJIBTUICKATHAS N3MECHYMBOCTh



B.U. beimes, U.B. Cepoix u ap.

BBenenue

MupoBoii okeaH SIBISIETCS CaMbIM 3HAUUTENBHBIM aKKyMYJISTOPOM M HUCTOYHHKOM
TEIUIa B KJIMMAaTUYECKON CUCTEME, KOTOpasi B COBPEMEHHYIO 3110XY B IIPUITOBEPXHOCTHOM
cioe (IPCC, 2013) xapakrepusyeTcs MOJI0KUTEIbHBIM TPEHIOM I100aIbHON TeMIepary-
pel Bo3ayxa. Ha ¢pone nHabironaemoro TpeHia uAeHTU(GUIUPYIOTCS 3HAUUTEIbHbBIE MYJIb-
TUAEKAJHbIE OCLUIUIALNN KaK B OKEAHOJOTUYECKUX, TAK U B METEOPOJIOTMUECKUX MOJISAX
(Chu, 2011; ArucumoB u 11p., 2012; de Viron et al., 2013; Steinman et al., 2015).

B pesynbrare uccnenoBanuii Ob1a ycTaHOBJIEHA HEOTHO3HAYHOCTh CYLIECTBYOLIE-
'O MPEACTABIEHUS O HAJIMYUU HEIIPEPHIBHOTO IIOJI0KUTEIBHOIO BHYTPUBEKOBOTO TPEHA
terocoaepxkanust Muposoro okeana (beime u ap., 2009; Levitus et al., 2009; Liman
et al., 2010). B mepuoa coBpeMEHHOTO TOTEIJIEHUsI HA KOHTUHEHTax B 1975-1999 rT. B
AtnantnaeckoM u TUXxoM OkeaHaX, HalPOTUB, OBLIIM OOHAPYKEHBI 00IACTH, B KOTOPBIX
B 9TO K€ BpeMs IPOMCXOMIIO BhIXonaxkuBaHue Boa. B cepeaune 70-x rr. XX (Minobe,
1997; Tsonis et al., 2007) u B Havasie XXI ctoneruit (Lee, McPhaden, 2008; brimieB u
ap., 2011; TlonomapeB u ap., 2018) nabmronanuce kmumatudeckue casuru (shifts), mpu
KOTOPBIX MEHSUINCh 3HAKU TEHJIEHIIUI N3MEHEHNUS IIPUITOBEPXHOCTHOM TEMIIEpaTyphl, aT-
MoC(hEpHOro JaBJI€HUs HA YPOBHE MOPS, OCAJKOB, BIaKHOCTH, OOJIAUHOCTH U JPYTUX
XapaKTEepPUCTUK HaJl OKEAaHaMU U KOHTUHEHTaMH.

B ykazannblii Beile nepuos B TuxoM u ATIIaHTHUECKOM OKeaHax, I7ie HabIo1anoch
BbIxonaxkusanue BJ[C, 6bu11 ipoBeieHbI KpyMHOMAacIITaOHble TUAPOPU3NYECKUE IKCTIe-
pumentsl METAITIOJIMI'OH n ATJIAHTEKC-90 (bsimes, 2003), koTopble MO3BOIMIN
BBISIBUTH aHOMAJIbHO BHICOKHE ITOTOKH SIBHOTO U CKPBITOTO TEIUIA U3 OKeaHa B aTMocdepy,
3aCBHJIETEIHCTBOBAB TEM CaMbIM MHTEHCHUBHYIO TEILIOBYIO Pa3rpy3Ky B psije IHEproak-
TUBHBIX 30H MHUpOBOIro OKeaHa, IPOUCXOJUBIIYIO B ITOCIEHEN YeTBepTH XX CTOJIETHS
(bpieB, CHomkoB, 1990; beimes u np. 1993). O6HapyxeHue KIMMAaTHUYECKUX CABHIOB
(puc. 1), npouszomenmux B cepenune 1970-x ronos u Ha pyoexe XX u XXI Bexo B Tu-
xookeaHcko-AmepukanckoM (Bond et al., 2003), CeBepo-Amnantudeckom (beimes u ap.,
2011) u B Tuxookeancko-Mumnookeanckom (ITornomapes u ap., 2018) pernonax sBHIOCH
OJTHUM M3 Ba)KHBIX PE3YJIBTATOB M3Y4YEHUS MYJIBTHIEKaJHOM M3MEHUHMBOCTH AMHAMHMKHU
100aIbHON KIMMaTHUeCKol cucTeMsl. Llenb nanHo# paboThl CBOAUTCS K MOMCKY OJJHO-
3HAYHBIX TPU3HAKOB MYJIBTUCKAAHBIX KIIMMATUYECKUX MPOLIECCOB, BIUSIHUIO KOTOPHIX B
TOM WJIM MHOM MEpE MOABEP/KEHBI BCE KOHTUHEHTHI U MOPCKHUE aKBAaTOPUHU HaIEH TUIaHe-
Thl. B kauecTBe Hanbosee MOKa3aTeNbHOr0 (pakTopa CiaelyeT CYUTATh MOTOKH MPSIMOIo
U CKpBITOTO TEIUIa B CUCTEME B3aWMOJICHCTBUSI OKeaHa U aTMocdepbl. B pamkax KoH-
LENIUU KOPOTKONIEPUOIHON KIMMATHYECKON U3MEHYMBOCTH, OCHOBAaHHOM Ha pe3yJbTa-
Tax YUCJICHHOTO MOJIETUpOoBaHus (AHUCUMOB U 11p., 2012; Byshev et al., 2017), ananuza
MOJTyBEKOBOTO MaccHBa rujipoiorudyeckux usmepenuit (boimes, ®urypkus, AHUCHMOB,
2017) m marepuaioB KpymHOMAacmTaOHbIX THapodu3ndeckux sxcrnepuMeHToB (MEIA-
[TOJIMI'OH u ATJIAHTEKC-90) 651710 BBICKa3aHO TTPEANIONIOKEHHUE, YTO TETUIO, JIA0IIee
HayaJbHBIA UMITYJbC JUIsl BOSHUKHOBEHHSI Ha MYJIBTUICKAJHOM BPEMEHHOM Macuitade
(azoBoro nepexoaa Mexay ABYMs MOCIEAOBATEIbHBIMH CHEHAPUSAMH KIMMaTa Ha KOH-
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Puc. 1. ®a3oBast TpaekTopusi TepMoOapuyecKoro napamerpa cocrosiaus Cesepo-
ATnaHTHYeCcKOro KosebaHus (pa3HbIMH IBETaMU BBIJEJIEHBI (Da30BbIe MOJMHOKECTBA,
COOTBETCTBYIOIIME Pa3IUIHBIM clieHapusaM kiaumara): 1) 1905-1935 rr, I1) 1940-
1971 rr., 1II) 1980-1999 1. AP u AT — pa3zHocT aTMOC(EepHOTo JaBlIeHHS Ha YPOBHE MOPS
Y TIPUTIOBEPXHOCTHON TeMIiepaTypbl Mexay A30pcKuM 1 VICiIaHICKuM IIeHTpaMu JeHCTBHS
atmocdeps! (bermres u mp. 2011).

TUHEHTaX, allpuoOpy NEepexoAuT B arMochepy U3 OKeaHa B IpoLEecce ero HabaogaeMoin
TEIUI0BOM pa3rpy3ku. [Ipu Takom moaxoae KOHTPOJIb HaJl COCTOSIHUEM TEIIOCOAEPKAHUS
BJIC okeana nmpeacTasiisieT BO3SMOKHOCTB OTCIIEKUBAHMS M IPOTrHO3MPOBAHMSI D BOIIOLUN
COBPEMEHHOM KIIMMaTHYECKOW CUTyanuu B ruapocdepe u armocdepe miaHeTsl. Onepa-
TUBHOCTb U HAJEKHOCTb ITOI0 KOHTPOJIS, O-BUIUMOMY, MOXHO CYIIECTBEHHO IOBBI-
CHUTb IIyTEM HUCIOIb30BAHUS CITyTHUKOBBIX TEXHOJIOTUH HAOMIOECHHS 3eMJIH U3 KOCMOCa.
[Ipu3Haky HaMU4Ks KIMMAaTU4YECKOTO0 UCTOYHMKA TEIUIa B OK€aHE MOT'YT ObITh MJECHTU-
(GuIMpoBaHkl, HATPUMED, TI0 HAOTIONAEMBIM MEXIEKaIHBIM OTPHUIIATEIIEHBIM aHOMAJIH-
am TIIO, dopmupytronmmes npu TemaoBoil pasrpyske (beimes u ap., 2009). Oxnako,
€CJIM TeIJIO U3 OKeaHa B arMoc(epy MOCTyNaeT He U3 MOBEPXHOCTHOIO, a U3 TEIUIOTO
MIPOMEKYTOYHOT'O CJIOS, TO HA MTOBEPXHOCTU OKEaHa, HAIlPOTUB, MOTYT OOHAPYKHBATHCS
ciabble nonoxkurenbHble anoManuu TI1O, skpaHupyomuye TeM camMbIM TEIUIOBYIO pa3-
rpy3Ky okeaHa. B ouarax Beixonakusanus (nporpesa) BJIC okeana Ha MyJnbTHI€KaHBIX
BPEMEHHBIX MAacIITa0ax CleAyeT OKUAATh CKaThs (PacIIMPEHNs) €ro BOJ U MOHIKEHHS
(moBeimenust) ero yposHs (Gill, Niiler, 1973). MoHUTOpHUHT TeMIepaTypsl MOBEPXHO-
CTH U YpOBHS OK€aHa, KOTOpbIE, KaK MPaBUIIO, B3AUMHO JOIOJIHAIOT JIPYT APYTra, MOXKET
CH0cOo0CTBOBATH OOHAPYKEHHIO JIOKAJTBHBIX OKEAHNYECKUX UCTOYHUKOB U CTOKOB TeIlIa.
B cBsi3u ¢ 3TUM IIpUBIEUEHHE MaTE€PUAJIOB AIbTUMETPUUECKUX HAOIIOeHUH 32 YPOBHEM
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MupoBoro okeaHa, B CIIeKTpe M3MEHYMBOCTH KOTOPOTO COJCPKHUTCS CTEpUIecKas MOJa,
CBsI3aHHAasl C U3MEHEHHEM TEIJIOBOTO COCTOSIHUS OKeaHnueckoi BogHoi Maccsl B/IC, sB-
JsIeTCs IepCTIeKTUBHBIM. OCHOBBI TEOPUU U3MEHYMBOCTH CTEPHUECKOTO YPOBHS OKeaHa
paccmotpensl B padote (Gill, Niiler, 1973). Mynsrunekaaabie U3MEHEHUs ypoBHS Mupo-
BOTO OK€aHa U BHYTPEHHHX MOPEH ¢ pa3IMuHON CTENEeHBIO JeTaIH3alii PACCMOTPEHBI,
Hanpumep, B padorax (Pyxc, 2005; Lee, McPhaden, 2008; benonenko u ap., 2009; Chen
et al., 2017; 3Bepesa, 2017).

MeToauka uccjae10BaHus

Tepmuueckue xapaxrepuctuku BJIC B MupoBoM oxeane s mepuoma 1948-
2007 rT. OBUTH pacCMOTPEHBI HA OCHOBE YMCJIEHHBIX pacyeToB Mo Moxenu MHcTHTyTa
Brruucnaurensnoit maremaruku PAH (Momonkun u ap., 2004; I'yces, Juanckuii, 2014)
C IpOCTpaHCTBEHHBbIM paspemeHueM 0.5° mmpotsl x 1° gonrotel. BpemenHoe paspe-
HIEHUE MPHU 3TOM cocTaBwio 1 vac. [l oTaenbHbIX palioHOB ATIIaHTHYECKOTO, Tuxoro
u FOxHOTO OKEeaHOB ObUIM JETAIBHO MCCIIEA0BAHbI 3BOIIOLMS TEPMUUECKON CTPYKTYPBHI,
BEPTUKAIIbHBIE PACIPe/IeICHHs MTOTEHIINAIBHON TeMIepaTypbl, COIEHOCTH U TIOTHOCTH
(Byshev et al., 2017).

OTMeTuM, 4TO MPU YUCICHHOM MOJICTUPOBAHUM B KAYECTBE TPAHUYHBIX yCIIOBUM
Ha TIOBEPXHOCTH OKEaHa 3a/1aBajiCh MOTOKH TEIUIA, COJEHOCTH U UMITYJIbCA, UCTOYHU-
koM kotopbix ciyxwin nanasie CORE (Large, Yager, 2004). /Iluarao3 MyabTHACKaTHOM
n3MeHUYnBOCTH Terutocoaep:kanust BJIC okeana OblT BBIMIOIHEH B OT/IEIBHBIX TECTOBBIX
paifonax Atmantuueckoro (55-75%.ur., 55°3.1.-40°8.4.), Tuxoro (30-50°c.u1., 150°B.1.—
140°3.1.) u KOxxHoro okeanoB (55-50°w0.m1., 145-150°8.1.). Cornacuo (beimeB u ap.,
2009) BeiOpaHHBIC paliOHBI B ATJIAHTUYECKOM U THXOM OKeaHaX XapaKTEepHU30BaJIUCh B
neproa 1975-1999 rr. hopmupoBaHreM KpymHOMACIITA0OHBIX OTPUIIATETILHBIX AaHOMAITUI
TIIO. KoHTpomab pe3ynbTaToB YHUCICHHOTO MOJAEIMPOBAHUS OCYIIECTBISUICA MyTEM UX
COITOCTABJICHHS C MaTepHaJlaMH TaKUX THAPOPU3NIECKUX IKCIIEPUMEHTOB B OKEaHE KaK
[TOJIMTOH-70, ITOJIMMOIE, METAITOJIMT'OH u ATJIAHTEKC-90 (bsites, 2003).
[TpuHuManoch BO BHUMaHHME TO, YTO HA MYJBTUJEKATHOM BPEMEHHOM MacluTale BbI-
OpaHHBIC HAMH TECTOBBIE PAHOHBI JOKHBI OTIHYATHCS MOBBIIIEHHBIM IIUKJIOT€HE30M B
riaHeTapHou arMocdepe (puc. 2) B COOTBETCTBUHU ¢ TEPMOOAPUUECKON CTPYKTYPOH 00-
HapyXeHHO paHee [o6anbHON atMochepHoit ociusiuuu (beies u np., 2012).

Jlis mpoBEepKU CBs3M KojeOaHWN CTEPHUECKOTO0 YPOBHS OKeaHa C W3MEHEHH-
em Tteroconepxxkanus ero BJIC ucnonb3oBanach 0aza CIyTHUKOBBIX albTUMETpHUYeE-
ckux naHHbIx YHuBepcurera B Komopano (CILHA), kotopas Obula 10CTyNHA Ha caiTe
www.sealevel.colorado.edu. B 0aze conepskanuck pe3yabTaTbl U3MEPEHUI YPOBHS 3a Iie-
puox ¢ 1993 . mo 2016 1. DTu HAOMIOACHUS OBLIN MOABEPTHYTHI MPOCTPAHCTBEHHO-BPE-
MEHHOMY OCPEAHEHHUIO JJISl UCKIIIOUEHUSI KOPOTKONEPUOIHOM, BKIIOYasi CE30HHYIO, U3-
MEHYHBOCTH BBICOTHI YPOBEHHOMH MOBEPXHOCTU OKkeaHa. [lomyueHHbIe pe3ynbTaTsl ObLIN
3areM IOJIOKEHBI B OCHOBY OLIEHKH KOJIe€0aHUI CTEPUUYECKOro YPOBHS B IpeJesiax IBYX
HaOMoMaBIINXCs (PParMEeHTOB IMOCIIeN0BaTeNbHbBIX (a3 knumara (puc. 1): B konie XX
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(1993-1999 rr.) u B Hauane XXI (2000-2016 rr.) croseTuii. ABTOpBI UCIIOJIB30BAIN Me-
TOIMYECKUE MOAXObl U MPUHUMAIH BO BHUMAaHUE OLEHKH TOYHOCTH CITyTHUKOBBIX Ha-
omofeHuit ypoBHs (2 cM) juist oTkpbeiToro okeana (®yke, 2005; Lee, McPhaden, 2008;
Tpounkast u ap., 2012; 3BepeBa, 2017; Mao et al., 2017).

Puc. 2. Knumarnueckre n3MeHEeHHs TII00aIbHOTO MOJIst aTMOC(EPHOT0 TaBJIeHHS Ha YPOBHE
Mops mexy nepronamu 11 u II1: 1980-1999 rr. u II: 1940-1970 rr.

OneHKH COOTBETCTBYIOIIMX U3MEHEHHH cTepuyeckoro ypoBHs AH npu TemioBoii
pasrpy3ke okeana B 1975-1999 rr. B ATnantudeckom u TUXoM okeaHax ObUIH IPOU3BE-
JIeHbI HaMU 110 (opMmyJIe:

AH (g, A1) = iC(Tn, P)AT (g, ANt)H,,

rae ¢, A — KoOOpAuHATHl (IIHpoTa, A0NIroTa), t — Bpems, C — koappuuueHT TepMUIECKOro
paclIupeHusi, 3aBUCILUI OT Temmeparypsl T, laBieHus P U COJIEHOCTH S, OJHAKO OT
IIOCJICIHEH B 3HAYUTEIBbHO MEHBIICH CTENEHU 110 CPABHEHUIO C TEMIIEPATYPO U J1aBlIe-
HHEM, N — KOJIMYECTBO MPUHATHIX B 00pabOTKY CII0EB.

Pacuetsl nmokazanu, yto nameHenue temioconepxkanug BJIIC B 1975-1999 rr. co-
IIPOBOXKJ1AJI0Ch U3MEHEHUEM CTEPUUYECKOTO YpOBHS Ha 6 ¢M Kak B ATJIaHTUKE, TaK U B
Tuxom okease.

Jduckyceust

BrisiBneno, uyto myneTHaeKkagHas (a3oBas H3MEHUUBOCTh kinMarta (beimes u jap.,
2011) xapakrepuzoBaiack Bapuanusmu Terioconepkanus BIC okeana (AHUCUMOB U
ap., 2012; Byshev et al., 2017). Pe3ynbsrars! uncinennoro moaenauposanus (Byshev et al.,
2017) n ananu3 nanubix HaOmoneHui (beimes, ®urypkux, Aaucumos, 2017) mokasanu,
9TO0 710 cepenuHbl 70-X TOOB B TECTOBBIX pailoHaX MHPOBOTO OKeaHa TEIUIOCOAEPIKaHue
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B/IC Obu10 oTHOCHUTENBHO BhICOKUM. O4eBuIHO, uTO 110 cepenunbl 70-x rr. BAC okeana
B paccMaTpHUBaeMbIX HaMU paiioHax (puc. 3) aKKyMyJIHpOBall TEIUIO, MOCTyMAaBIIee, MO0
BCEH BeposATHOCTH, U3 atMocdepsl. [lanee, B mepuos ¢ cepeaunnl 70-x u 10 koHna 90-x
IT., B 9TUX XK€ palloHaX MMEJI0 MECTO 3aMETHOE cokpaiienue temtoconepxkanus BJIC.
B nauvanme XXI Beka Temreparypa BOJbI B CJIO€ BHOBb CTaJla IMOBBIIIATHCA. XapakTep
MYJIBTHICKAIHOM 3BOJIIOIMH Tertoconepxanns BJIC nHaxonuiicst B mpsiMO 3aBUCUMOCTH
OT COOTBETCTBYIOIIUX U3MEHEHUI MOIIHOCTH CJIOsI, KOTOPasi, B CBOIO Ouepeslb, Ompeie-
Js1ach TTyOWHOM MPOHUKHOBEHHS TUIOTHOCTHOM KOHBEKIMH. YKa3aHHash 0COOCHHOCTh
IJIaHeTapHOTO TepMoanHaMmuueckoro pexuma BJIC, o koTtopoii uaer peus (puc. 3), Obuia
kBanmuduuupoBaHa Hamu kak Mexaekannas OCrwuranus Termoconepskanust OKeana —
MOCTOK (Byshev et al., 2017).

Puc. 3. Cxema pacnonoxeHus ”HPOPMATUBHBIX pallOHOB MUPOBOTO OKeaHa, /I KOTOPBIX
poBeeHo MozenupoBanue 3Boronuu (1950-2015 rr.) Tepmudeckoii ctpykrypst BIAC,
PE3YIBTaThl KOTOPOTO MOKa3aHbl HA BPE3Kax.

TecroBelii paiion CeBepHON ATIIAHTUKYU ITPUMEYaTEIeH BOSHUKHOBEHUEM YCIIOBUH,
OJaronpusATCTBYIOMUX (POPMHUPOBAHHUIO XOJIOAHBIX MOBEPXHOCTHBIX BOJ MOBBIIMICHHOMN
I0THOCTHU (puC. 4). 31eCh B X0/1€ SBOJIIOIUH TOJIEH TeMIepaTrypbl U YCIOBHOM MIOTHO-
cTH ¢ cepennHbl 70-x 1 10 koHIAa 90-X IT. Oblj1a UHTEHCU(DUITUPOBaHA IITyOOKask KOHBEK-
LM OKEaH B 3TO BpeMs OT/iaBaJj Teruio armocdepe. Jlo u mocine atoro nepuoja riyooxas
KOHBEKIIMS B 3TOM paiioHe Oblila 3aMeTHO ocyiabieHa. 3a myOOKy0 HaMH IPUHUMAETCS
KOHBEKIUSI, MOLTHOCTh KOTOPO 3HAYUTENIBHO (Ha COTHU METPOB) IPEBBIILIAET CE30HHYO.
[Ipouecc m1y6okoil KOHBEKIIMU MTPUYPOUYEH K pailoHaM MUpOBOIro oKeaHa, XapaKTepHu3y-
IOLIUXCSI CIIOCOOHOCTHIO (Da30BOM aKKyMYNSALMU U PAa3Tpy3KH TEIUIa HA MEKICKaIHBIX
BPEMEHHBIX MacIlITadax.

10
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Puc. 4. DBomtonus repmuueckoit ctpykTypsl BJIC B CeBepnoit Atnantuke (55-65°c.mr.,
40-30°3.1.) B X0JOIHYTO TIOJIOBUHY rofa B mepuon 1958-2006 rt. (Byshev et al., 2017):

(a) M30IUIETHI TEMIIEPATYPHI B IIEHTPE TECTOBOTO paiioHa, (b) BepTHKaNIbHOE pacpeieieHue
CpemHel Ui pailoHa TeMIeparypsl o TpeM (azaM Kiumara, (¢) i3MEHEHHE TETLIOCOACPIKAHMS
BepxHero 800-MeTpPOBOTO CJI0S (TOPU30HTATBHBIC TUHUU COOTBETCTBYIOT 3HAYCHUSAM CpeIHEH
BennunHbI Terocoaepxkanus BJIC B mpenenax Tpex a3 kimmara).

Puc. 5. To ke, uto u Ha puc. 4, HO I TepMudeckoit cTpykTypsl BIC B Tuxom okeane (40—
45°.m1., 152-157°B.1.) B X0JOAHYIO TIOJIOBUHY roza B iepuos 1948-2007 rr.

Jiis nenrpanpHOi yactu Tuxoro (puc. 5) u KOxHOro (puc. 6) okeaHoB ObLTH TO-
Jy4YeHBbI pe3yNbTarhl, MoA00HbIe pe3ynbraraM A CeBepHolt ATnaHTHKU. Jl0 cepearHbl
70—x rr. BJIC B 3TuX permoHax Takxke MpOrpeBaJICs, 3aTEM MPOUCXOIUIIO €r0 BBIXOJIA-
YKMBaHUE, NpoaoKasieecs A0 Hayana X XI CToyeTHs, Mociie 4ero BHOBb UMEJIO MECTO
MOBBILIEHUE TeMmrepaTypsl Boa ciost. [logoOHbIN (a3oBbIil XapakTep MYyIbTUIACKATHON
ABOJTIOIIUU TEPMHUUECKONU CTPYKTYPBI OKeaHa MPHUCYI] KaXXI0My 0€3 HCKIIFOUEHUS PUHS-
TOMY B 00paboTKy TeCcTOBOMY noyurony. Ha puc. 4-6 mokasaHbel CpeHUE 3a OT/EIbHbBIE

11
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(ha3bl KIIMMaTa BEPTUKAIBHBIC pACTIPE/ICICHUS TEMIIepaTyphl M 3HAUSHHSI TETIIOCOIEpIKa-
Hus B/IC B BeiOpanHbIX paiioHax Tuxoro, Atnantudyeckoro u FOkHOTo OKeaHoOB.

Puc. 6. To ke, uto u Ha puc. 4, Ho 1t Tepmudeckon cTpykrypsl BJIC B FOxxHOM OKeane
(55-50%0.11., 145-150°B.11.) B XOJIOAHYIO TIOJIOBHHY Toz1a B iepuoy 1948-2007 rr.

[IpuBenennsie Ha puc. 4-6 TepMmuyeckue xapakrepuctuku B/IC B TecToBbIX paiio-
HaX TPEeX OKEaHOB OKA3aJIUCh, KAK yXKe OTMEUEHBI BbILIE, B OOIMX YepTax KayeCTBEHHO
Y KOJIMYECTBEHHO NIO0OHBIMH, BKITFOUAsI CTPYKTYPY CPEIHUX 32 OTAENbHBIE (ha3bl KIMMa-
Ta 3HAYEHUH TETIOCOAEPKAHUS.

BbIsiBIeHHbIE 110 pe3ysnbTaraM MOJEIMPOBAHUS M3MEHEHHs TEeIUIOCOAEP KaHUsS
B/IC Bo 2-ii monoBuHe XX — B Hadasie XXI BB. XapakTepU30BAIUCH COBIATAIONIUMHU 110
BpeMeHHU (pa3aMu TEIUIOHAKOIJICHUS M TEIIOBOM pasrpysku. IlpumeuarensHbM pakToM
SIBIIIETCS TO, YTO CPOKH Havasia M KoH1a ¢azbl TeroBoit pasrpy3ku BJIC (1975-1999 )
B ATnantudeckoM, B Tuxom u FOkHOM OkeaHax OKa3aluch MPAKTUYECKU OJUHAKOBBIMU
C TOYHOCTBIO JI0 T0fla, CBUJETEIBCTBYSI O KBa3UCMHXPOHHOCTH paccMaTpuBaeMoro Io-
6anpHOTO TIporiecca (Byshev et al., 2017). B nanHOM ciiydae pedb UACT O TUTAaHETAPHOM
MYJIbTUAEKAAHOM MepepaclpeieseHUH TeIla B KIMMaTHUYEeCKON crucTeMe 3eMIld, C KOTO-
PBIM COBIIA/IAIOT 110 BpeMeHHU Havajo 1 pa3sutue ussectHoro (IPCC, 2013) mobansHoro
MOTEIJICHUS! KJIIMMaTa B rocieiHel yeTBepTH XX CTOJIEeTHS.

B cBs31 ¢ 3TUM HEOE3BIHTEPECHO OTMETUTh, UTO CIPABEAJIUBOCTD TMIIOTE3BI O TIe-
pexozie KIMMaTuieckoi cucteMsl B Havasie X XI cronerus k ¢aze 60siee KOHTUHEHTANb-
Horo knumara (Byshev et al., 2017) noarsepxnaercs uccienosanueM (Mao et al., 2017),
B koTopoM ¢ 2003 1o 2012 rr. 0603HaYCHBI TEHICHIIMH COKPAILICHUS COAEPIKaHUs BOJSTHO-
ro napa B arMmocepe npakTH4ecKy IOBCEMECTHO HaJ/l OKeaHaMU U KOHTUHEHTAMHU.

Hapsny ¢ mnanerapasim xapakrepom MOCTOK obparator Ha ce0st BHUMaHHE pe-
THOHAJIbHBIE 0COOCHHOCTH M3MEHYMBOCTH TeMIIEpaTypbl BOAbl. B uacTHOCTH, Ha mpo-
TSOKEHUM BTOPOUM MOJOBUHBI Tponwioro crojetust TIIO B TecTOBBIX paliOHAaX M3MEHS-
nack Oojee cymecTBeHHO B THXOM OKeaHe, a TEIUIOCoAep)KaHue — B ATIAHTHKE. DTO
pasyinyue, O4eBUIHO, CBA3aHO C TeM, 4TO B CeBepHOM ATIIaHTHKE UMEET MECTO IITyOOKast
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xkoHBek1us 10 1000-1200 M, a B Tuxom okeaHne 6osee 3HaUUTEIbHAS IIJIOTHOCTHASI CTpa-
TUUKALMA PEMSITCTBYET Pa3BUTHIO KOHBEKIMU 1yOxke 500-600 m. U3 atoro cienyer,
YTO 00 MHTEHCUBHOCTH TEIUIOOTAaYu OKeaHa B aTMOC(hepy MOXKHO CYIUTh HE CTOJIBKO 110
n3meneHuto anomamii TI1O, ckosbko 1o cokpaieHuto tertoconepxkanus BJIC.

Amnanu3 marepuanoB HaOmoneHuil mo mporpamme METAIIOJIMI'OH (1987 r)
B peruoHe sHeproakTuBHOM 30HBI (DA30) Kypocuo u Kypunbckoro teuenus (puc. 5)
nokazan (beimes, CHomkoB, 1990), 4To GIOMKET TeIIa MOBEPXHOCTH OKEaHa B IEPUO]]
paboT Ha MOJMUTOHE ObUT OTPHUIIATENBHBIM: TypOYJIEHTHBIC MOTOKU SIBHOTO U CKPBITOTO
Teryia U3 okeaHa B arMocdepy, a Takxke 3pPEeKTUBHOE TEIITIOBOE M3TyUYECHUE MPEBIIAIN
MIPUTOK TEIUIA K MOBEPXHOCTH OKEaHa 3a CUET KOPOTKOBOJIIHOBOW COJTHEUHOM pajHallly.

B 1990 r. skciepument ATIIAHTOKC-90 (beimes u mp., 1993) Obln1 HanpariieH
Ha n3ydenne ocodennocrert Herodaynmnenackoit 9A30. MI3MeHYUBOCTh XapaKTEPUCTHK
Cpelbl B CEBEpO-3alagHON yacTu ATIAHTHYECKOrO okeaHa (puc. 4) CBHIETEIbCTBOBA-
Ja O CYIIECTBEHHOM BBIXONAXXMBaHUU 3Ha4UTEeNbHOTO 1o MourHoctu BJIC oxeana, T.e.
0 €ro TeruioBoM pasrpyske. B coBokynHocTu ¢ nanHbiMU 3kcniepumenta MEIATIOJIN-
I'OH »T0T BBIBOA JAET MOJIHOE OCHOBAHUE MCIIOJIB30BAaTh UX B KAUE€CTBE MTOATBEPKICHUS
(hakTa TErIoBO# pasrpy3ku MHUpPOBOTO OKeaHa B MEepUOJ TIIOOATIBHOTO MOTETICHUS KITU-
Mara Ha KOHTHHEHTax B 1975-1999 rr., mpu3HakoM KOTOPOH SBWIOCH (hOPMHPOBAHHE
orpuniareabHbix aHoManuid TIIO Ha 3HAYUTENBHBIX MO TUIOIIAAN aKBATOPHUSX ATIAHTHU-
yeckoro 1 Tuxoro oxeanoB (bermies u ap., 2009).

BrisiBiieHHas 110 TaHHBIM MOJICTTUPOBAHUS M HETIOCPE/ICTBEHHBIX HATYPHBIX HKCIIe-
PUMEHTOB KJIMMAaTHUUECKH 3HAUYMMas IBOJIONMS TepMudeckux xapakrepuctuk BJIC oxe-
aHa JIOJDKHA OTpe/IeTICHHBIM 00pa3oM OTpaXkaThCsl HA XO/I€ CTEPHUECKON (IIJIOTHOCTHOM)
MOJIbI KosieOaHuil ypoBHs okeaHa. Hamu Obliia mocTaBiieHa Liedb MOMBITAaTbCS UCIIOJNb-
30BaTh BO3MOXXKHOCTb KOHTPOJISL 3TOIO YPOBHS C MOMOILBIO CTAHJAPTHOM CITyTHUKOBOM
ATBTUMETPUH TSI PEeUICHHUs] OOpaTHOM 3aa4M — TUArHOCTUYECKOTO OTCIICKUBAHUS W3-
MeHeHui Tepmudeckoro coctosinusa BJIC. Ha mepBoM sTare npeamnoiaraiochk o0OpaTuThb-
sl K JIAaHHBIM aJITUMETPUIECKOTO MOHUTOPUHTA YPOBHS ISl PETPOCIIEKTUBHBIX OI[EHOK
C Te€M, YTOOBI C UX MOMOIIIHIO0 HAWNTH MPHUEMIIEMbIE MTOAXO/IbI K MOCIEAYIOIMEMY CO3TaHUIO
OCHOB ITPOTHOCTUYECKOM METOIMKH.

AHanu3 CIyTHUKOBBIX albTUMeTpudeckux HaOmonenuit 1993-2016 rr. mo3Bommi
MOJYYUTh OIIEHKHU HBOJIOLUU MYJIbTUICKATHBIX KoJeOaHU ypOBHS OKeaHa, pacroaras
nBymsi hparmerTamu (a3 kaumarta: Teriooi pasrpy3ku BJIC (1993-1999 rr.) u Tero-
nakorieHus: BJIC (2000-2016 rr.). HaGmioneHHbIE U CITIaKEHHBIC (CKOJB3SIIINE TISITH-
JICTHHE) aHOMAJIUU YPOBHS OKEaHa B aTJIAHTUYECKOM, TUXOOKEAHCKOM U FOXKHOOKEaH-
CKOM TECTOBBIX paliOHaX MPEACTAaBICHBI Ha puc. 7a,0,B. MOXKHO ToyaraTh, 4TO MPUHATOE
B pa0oTe BpeMEHHOE OCpPEJHEHHUE MO3BOJISET HAOMIONATh T€ U3MEHEHUS! YPOBHS, KOTO-
pble, IPEXK/IE BCETO, CBSI3aHbI C MYJIBTUACKAIHBIMH MPOIIECCAMU U3MEHEHUS TETIIOCOIeP-
xanus B/IC okeana.

BrinonHeHHOE CKOJNB3sIIIEe CINIAKMBAHUE CIYTHUKOBBIX H3MEPEHUN MO3BOJIAIIO
3¢ (heKTHBHO MOAABUTH CE30HHBIE U KOPOTKOMIEPUOAHbIE (MEHee 5 JIeT) KoleOaHus ypoB-
Hs OKeaHa. Masnas AjiMHa psija MoKa He MO3BOJISeT ONTUMAJIbHO BBIJCINUTh U3 CyMMap-
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HOTO CUTHAJIa MEXJIeKaIHbIE TAPMOHUKH, KOTOPBIE SIBHO MPOCIICKUBAIOTCS B Mareprasiax
Hamero ananusa. [lo ammmuTyne Takue BO3MyIEHHS YPOBHS, Kak cleayeT u3 puc. 7a,0,B,
MOTYT COCTaBJISITh BEJIIUYUHY TOpsiaka 4-6 cM, YTO CpaBHUMO C BEJIMYMHOW Mepenaja
BBICOTBI CTEPUYECKOTO YPOBHS I palOHOB ATIIAHTHYECKOrO U THXOro OKeaHOB, pac-
CUMTaHHBIX HAMU 10 U3MEeHEeHUsM Terocoaepxkanus BJIC (puc. 4-5), npousornieammm
B iepuoz ¢ 1975 mo 1999 rr. OueBuiHO, 4TO HAOTIOAAEMBIC BEJIMUMHBI CPETHUX aHOMAJTANA
YPOBHSI, CBSI3aHBI C KJIIMMATUUYE€CKUA 3HAYMMON M3MEHUYUBOCTHIO TEPMOIMHAMUYECKOTO CO-
crosaust BogHou Maccel BJIC. JlaHHas CBA3b SIBHO MTPOCIIEKUBAETCS JJaXkKe BU3YalIbHO MPU
cpaBHEHUU puc. 4-6 u puc. 7a, 6, B, Ha KOTOPBIX CPEAHUE BETUIMHBI TETUIOCOICPKAHUS
B OKEaHE U BBICOTHI YPOBHS B OIIPE/ICIICHHBIX palioHaX 00JIaat0T I0CTATOYHBIM (ha30BbIM
nojo0ueM. DTOT (akT MO3BOJIAET PACCUUTHIBATH HA TMEPCHEKTUBHOCTH JaTbHEUIIETO
MPUMEHEHHUS CITyTHUKOBBIX aJIbTUMETPUYECKUX HAOIIONEHUI B KIIMMAaTHYECKUX LIESX.

Puc. 7. (a) xox aHoManwmii ypoBHs (5-TIeTHEE CKONB3SIIee OCPETHEHNE) B ATIaHTHYECKOM
okeane (60°c.1i1., 35°3.11.) 110 TaHHBIM (Ha BCTABKE) CITy THUKOBBIX M3MEPCHHUIA
www.sealevel.colorado.edu. ['opu3oHTaNBHBIE THHUHT — CPEHIE AHOMAITUH OXKHIAEMOTO
CTEpPUUYECKOro YpoBHs 3a nepuoasl ¢ 1993 . mo 1999 . u ¢ 2000 . mo 2016 1.

(6) B TecroBOM paitone Tuxoro okeana (42°c.m1., 156°8.1.)
(B) B TecToBOM paifoHe FOxxHOTO OKeaHa (55%0.11., 150°B.1.).

3aKiaoueHue

C nmomo1pto aHanM3a JaHHBIX HAOTIOICHUN U YUCIICHHOTO MOAETHMPOBAHNUS SBOITIO-
UK TepMudeckoi cTpykrypsl Bog BJIC B TecToBBIX paiioHax MHUpPOBOro okeaHa uccieno-
BaHa BHYTPUBEKOBAasi MyJIbTHI€KaIHasl OCIIMILIAIMS ero Terutoconepxkanus (MOCTOK).
OO0Hapy»KeHbI Onpe/ielIeHHbIC MPU3HAKK KiuMaTtuieckoi ponu BJIC okeana, mposBisito-
11ero ce0st B KaueCTBE «3apsyKaeMOro akKyMyJIsiTOpa» ¢ 00paTHOM CBSI3bIO B CUCTEME €T0
KpyITHOMACIITaOHOTO B3auMOJIeUCTBHs ¢ atMoc(epoii. B paboTe mokaszaHno, 4To BO Bpe-
Ms pazelt MOCTOK (1975-1999 rr.) BJIC okeaHa B pacCMOTPEHHBIX pailOHAX BBIXOJIA-
HKHUBAJICSI, BCJIEICTBUE YET0 IepexoaAuBIIee B aTMOCc(epy OKeaHCKOe TEIJIo U Bjara Cro-
coOcTBOBaJIM HAOIIOIAEMOMY POCTY MPUIIOBEPXHOCTHOM TeMIepaTypbl HAa KOHTUHEHTAaX.

AnpobupoBaHHBIN B paboTe METOJ JUarHOCTUYECKOTO JETEKTHPOBAHUS DBOJIO-
1 Tepmuyeckoro cocrosiuus BJIC ¢ momomibio CyTHUKOBBIX JaHHBIX HaOIOIEHUM
3a YPOBHEM OKEaHa Jiajl BIIOJIHE OOHaJeXHBaroIue pe3yiaprarbl. COBMECTHBIN aHAIU3
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JOCTYIIHBIX MaTE€PUAJIOB aJITUMETPUUECKUX U3MEPEHHUN U TAHHBIX YMCIEHHOIO MOJEIIH-
pOBaHUA COOTBETCTBYIOLIMX XapaKTEPUCTUK OKCAHCKUX BOJHBIX MAacC ITOATBEPAMII IIEP-
CHEKTUBHOCTb MCIIOJIb30BAHUS COOTBETCTBYIOLIEH CITyTHUKOBOM MH(OpMALMY B KJIUMa-
TUYECKUX UCCIIECAOBAHMSIX.

PaGora BrimonHeHa B paMmkax roc3ananus Mucrtutyra okeanonoruu um. [LIT. [up-
moBa PAH, Tema Ne 0149-2018-0001.

Jlureparypa

Anucumos M.B., bviwes B.U., 3anecusiii B.b., Mowonxun C.H. MynbsTuaekagHas i3MEHIHUBOCTh
TePMUYECKON CTPYKTYphI BoJl CeBepHOI ATIAHTHUKH U €€ KIMMaTH4ecKas 3HaYuMOCTh //
Hoxmagst PAH. 2012. T. 443. Ne 3. C. 372-376.

benonenko T.B., Konoynoe B.B., Cmapuyun JI. K., @ykc B.P., [[lunos U.O. I3MEHYUBOCTb YPOBHS
ceBepo-3ananHoit yactu Tuxoro okeana. CII6.: M3a-Bo «CMUO IIpeccy, 2009. 309 c.

bovuues B.U., Konposa JLH., Haspoykas C.E., [lozousxosa T.I., Pomanos I0.A. AHoManbHOE
cocrosiure HprodayHnminenacko sueproaktuBHoi 30861 B 1990 1. // Hoknaasrt AH CCCP.
1993. T. 331. Ne 6. C. 735-738.

bviwes B.M. CuHonTryeckast M KpylnHoMacITaOHass U3MEHYMBOCTh OKeaHa U arMocdepsl. M.:
Hayxa, 2003. 343 c.

bovuues B.U., Hetiman B.I7, Pomanog FO.A., Cepvix U.B. O }pa3oBoii m3MEHINBOCTH HEKOTOPHIX
XapaKTEPUCTUK COBpPEMEHHOro kiumara B perunoHe CeBepHol Ammantuku // Jlokmanst
Axanemun Hayk. 2011. T. 438. Ne 6. C. 817-822.

bovuues B.U., Hetiman B.I., Pomanos I0.A., Cepoix HU.B. 3np-Hunabo kak cneacteue [ modaapHOM
arMoc(epHOH OCIMIUISIIIMA B AMHAMUKE KIUMaTW4YecKod cuctembl 3emiu // Jlokmambl
Axanemun Hayk. 2012. T. 446. Ne 1. C. 89-94.

boiuwes B.U., Cuonkos B.IT O dhopMHUpOBaHUH TIOJS TEMIIEPATyphl BOIBI TOBEPXHOCTH OKEaHa
B DHEPrOAaKTUBHOW 30HE CEBEPO-3alla{HON 4acTh THXOro OKeaHa Ha MpHMEpe TOJIHMIoHa
«METAIIOJIMT'OH» // Meteoposnorus u ruapoiorus. 1990. Ne 11. C. 70-77.

bvues B.U., Dueypkun A.JI., Anucumos H.M. MexnexkagHasi U3MEHYUBOCTh TEPMHUUYECKOM
CTPYKTYPBI BOJI BEPXHETO JCSITEILHOTO CII0sl Ha ceBepo-3arnajie Tuxoro okeana // Jlokmaabt
Axanemun Hayk. 2017. T. 477. Ne 2. C. 240-244.

bvuues B.H., Hetiman B.I, Pomanog FO.A., Cepvix H.B. O npoCTpaHCTBEHHON HEOAHOPOIHOCTH
HEKOTOPBIX MapaMeTPOB II00ATBHON N3MEHYMBOCTH COBPEMEHHOTO Kimmara // Jlokiaabt
Axanemun Hayk. 2009. T. 426. Ne 4. C. 543-548.

Iycee A.B., Huancxkuu H.A. BocnpousBeaeHue UUPKYyIsiiu MuUpoBoro okeaHa H €€
KJIMMaTH4eCKON n3MeHYnuBOCTH B 19482007 rT. ¢ momolibso Monenu INMOM // 1ss. PAH
Ousnka armocdepsl 1 okeana. 2014. T. 50. Ne 1. C. 3—15.

3eepesa A.E. Hu3KouacTOTHBIE BOJIHOBBIE IBHKEHUS B SImoHCKOM Mope: [{ucc. Ha couck. yd. CT.
KaH. reorp. Hayk: 25.00.28. CII6., 2017. 310 c.

Jlebeoes C.A., Kocmsanoii A.I” CniyTaukoBas ansrumetpust Kacrnimiickoro Mopsi. M.: Uznarensckuit
ueHTp «Mope» MexxayHapoIHOro MHCTUTYTa okeaHa, 2005. 366 c.

Mowonxun C.H., uancxkuu H.A., Diiounoe J{.A., bacno A.B. Monens mupkynsinun CeBepHOH
Arnantuku u CeepHoro Jlemosutoro okeana // Oxeanomorus. 2004. T. 44. Ne 6. C. 811—
825.

Honomapes B.U., [Imumpuesa E.B., [lIxopoa C.11., Kapnayxos A.A. VI3MeHeHue MIaHETapHOTO
KITUMaTH4YecKoro pexknma Ha pyoderke XX—XXI Bexos // Bectnuk MI'TVY. 2018. T. 21. Ne 1.
C. 160-169. DOI: 10.21443/1560-9278-2018-21-1-160-169.

15



B.U. beimes, U.B. Cepoix u ap.

Tpouyras FO.U., Puioywxuna I'B., Coycmosa U.A., baranouna I'H., Jlebeoes C.A., Kocmsnoii
AL, Hantomun A.A., @ununa JI.B. CriyTHUKOBas albTUMETPHUS BHYTPEHHUX BOTOEMOB //
Bonnsie pecypest. 2012. T. 39. Ne 2. C. 169-185.

@ykc B.P. Yposenb MUpPOBOTO OKeaHa KaKk WHAWKATOP TIo0abHOTO noteruieHus // [eorpadus u
coBpemeHHocTh: CO. CIIOIY. 2005. Bemm. 10. C. 73-93.

Bond N.A., Overland J.E., Spillane M., Stabeno P. Recent shifts in the state of the
North Pacific // Geophysical Research. Letters. 2003. Vol. 30. No. 23. P. 21-83.
DOI:10.1029/2003GL018597.

Byshev V.I., Neiman V.G., Anisimov M.V., Gusev A.V., Serykh L.V., Sidorova A.N., Figurkin A.L.,
Anisimov 1. M. Multi-decadal oscillations of the ocean active upper-layer heat content //
Pure and Applied Geophysics. 2017. Vol. 174. No. 7. P. 2863-2878. DOI: 10.1007/s00024-
017-1557-3.

Chen J.L., Pekker, T., Wilson C.R., Tarley B.D., Kostianoy A.G., Cretaux J.-F., Safarov E.S. Long-
term Caspian Sea level change // Geophys. Res. Lett. 2017. Vol. 44. P. 6993-7001. DOI:
10.1002/2017GL073958.

Chu P.C. Global upper ocean heat content and climate variability // Ocean Dynamics. 2011. DOI:
10.1007/s10236-011-0411-x.

De Viron O., Dickey J.O., Ghil M. Global modes of climate variability // Geophyscal Research
Letters. 2013. Vol. 40. P. 1832—-1837. DOI:10.1002/grl.50386.

Gill A.E., Niiler PP. The theory of the seasonal variability in the ocean // Deep-Sea Reseach.
1973. Vol. 20. P. 141-177.

IPCC, 2013, Climate Change: The Physical Science Basis. Contribution of Working Group I to the
Fifth Assessment Report of the Intergovernmental Panel on Climate Change (ed. Stocker,
T.F. et al.). Cambridge University Press. Cambridge. UK and New York. NY. USA.

Large W.G., Yager S.G. Diurnal to decadal global forcing for ocean and sea-ice models: the data
sets and flux climatologies // Climate and Global Dynamics Division. National Center for
Atmospheric Research. Boulder. Colorado. 2004. 105 p.

Lee T, McPhaden M.J. Decadal phase change in large-scale sea level and winds in the Indo-
Pacific region at the end of the 20-th Century // Geophysical Research Letters. 2008. Vol.
35. L01605. DOI: 10.1029/2007 GL032419;.

Levitus S., Antonov J.1., Boyer TP, Locamini R.A., Garcia H.E. Global ocean heat content
19552008 in light of recently revealed instrumentation problems // Geophyscal Research
Letters. 2009. Vol. 36. L07608. DOI: 10.1029/2008 GL037155.

Liman J.M., Good S.A., Gouretski V.V. Robust warming of the global upper ocean // Nature. 2010.
Vol. 465. DOI: 10.1038/nature09043.

Mao K., Chen J., LI. Z., Ma Y., Song Y., Tan X., Yang K. Global Water Vapor Content Decreases
from 2003 to 2012: An Analysis Based on MODIS Data // Chin.Geogra. Sci. 2017. Vol. 27.
No. 1. P. 1-7. DOI: 10.1007/s11769-017-0841-6.

Minobe S.A. 50-70-year climatic oscillation over the North Pacific and North America //
Geophyscal Research Letters. 1997. Vol. 24. P. 683-686.

Steinman B.A., Mann M.E., Miller S.K. Atlantic and Pacific multidecadal oscillations and
Northern Hemisphere temperature // Science. 2013. Vol. 347. P. 988-991. DOI: 10.1126/
science.1257856.

Tsonis A.A., Swanson K., Kravtsov S. A. New dynamical mechanism for major climate shifts //
Geophysical Research Letters. 2007. Vol. 34. L13705. DOI:10.1029/2007 GL030288.

16



Oxkeanonornyeckue ucciemoBanugd. 2018. Tom 46. Ne 3. C. 5-19

OCEANIC FACTOR OF MULTI-DECADAL VARIABILITY OF
MODERN CLIMATE AND PROSPECTS
OF ITS MONITORING
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Multi-decadal variability of the modern climate (fluctuations of 50-70 years) is one of
the most urgent current problems in the earth Sciences. The actual oscillation consists of
two phases, each of which is 25-35 years: the phase when the upper active layer (UAL)
of the world ocean, giving sensitive and latent heat to the atmosphere, makes a kind of its
thermal discharge, and the phase of a continental climate, when the ocean UAL accumulates
heat, seeking to restore its initial state. There is reason to believe that the variability under
consideration reflects the internal dynamics of the ocean-atmosphere-continent climate
system. The presence of planetary structures in the GAO atmosphere (global atmospheric
oscillation) and in the MOSTOK ocean (multi-decadal oscillation of ocean heat content)
allows us to understand the reproduction of the observed rhythm of the climate system.
The most sensitive to the climate system are changes in the phases of climate, as a result
of which there are sudden qualitative shifts, accompanied by a certain restructuring of the
General circulation of the ocean and the atmosphere. So in the ocean, when the climate
phase changes, either deep convection intensifies (with the thermal unloading of the ocean
UAL), or it weakens, and possibly stops (with the accumulation of heat of the UAL). In
the atmosphere of the changing phases of a climate impact on monsoon circulation: a more
continental climate phase corresponds to a strengthening of the monsoon circulation with
all accompanying this process features. The forecast of climate phase changes is therefore
important for the economic, social and political life of society. In turn, the quality of the
forecast is associated with an understanding of the nature of the observed variability and the
representation of the mechanism of this phenomenon. In the work for some areas of the world
ocean the evolution of the thermal structure of the UAL with the dynamics of the steric mode
of oscillations of the level determined by satellite altimetric observations is compared. It was
found that the sea level rise between the time phases of 1993—-1999 and 2000-2015 it was 4-6
cm and corresponded to the increase in the level that would occur with the observed increases
in the heat content of the ocean UAL. It is concluded that on inter-decadal time scales, along
with ocean surface temperature (SST) data, altimetric satellite observations can be used in the
future to identify regional sources and heat sinks in the ocean.

Keywords: ocean, atmosphere, modern climate, circulation, deep convection,
anomalies, temperature, atmospheric pressure, climate variability, climate scenario, steric
level
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Monthly-mean high-resolution satellite sea surface temperature (SST) measurements
(PATHFINDER dataset) for the period of 1982-2009 along with the selected satellite
infrared and visible images have been used to update and extend the knowledge of the
structure, mesoscale features, seasonal and interannual variability of the fronts in the Yellow
and East China Seas. The patterns of the general circulation, frontogenesis processes and
phenomenology of the fronts are outlined. Seasonal variability of the selected most prominent
local fronts has been documented. The major result is that when the climatological averaging
is applied, the fronts at the boundary of East China Sea (Taiwan front, Kuroshio frontal zone
and Tsushima front) appear as unified dominating frontal structure. This structure is about
1200 km length, spreads along the continental shelf from Taiwan to Tsushima and separates
productive sea waters from the oligotrophic oceanic waters. This frontal structure appears as
a persistent coherent feature throughout the year. However, it reveals seasonal variability of
the SST gradient intensity. Maximum intensity is observed during the cold season (January-
April), when the SST contrasts between the warm waters of Kuroshio and cooling waters of
East China Sea are the highest. To study the long-term variability of this frontal system, the
maximum meridional gradient of SST in the area of Kuroshio frontal zone in February have
been calculated. The results reveal an existence of the pronounced interannual variability of
SST gradient with the periods consistent with the ENSO (4-5 years). Statistically significant
positive correlation (R = 0.57, p<0.01) between the SST gradient and Multivariate ENSO
Index (MEI) was found.

Keywords: Sea fronts; Mesoscale variations; Seasonal variability; Long-term
changes; Atmospheric forcing; Yellow and East China Seas

Introduction

Yellow and East China Seas are typical marginal seas, opened for interaction with
the ocean and experiencing a direct impact of the oceanic processes. Accordingly, fronts of
various nature and scales (from local small-scale tidal fronts to large-scale oceanic frontal
zone of Kuroshio) formed by a wide range of physical processes coexist within a relatively
small basin. It makes this area an exceptionally interesting object for the frontal study.

Frontal research in Yellow and East China Seas are of both scientific and practical
interest, since the frontal dynamics influences process of productivity and pollution
transport, which is extremely important for the countries of this region. Fragmentary
information on the major features of hydrology and fronts of the Yellow and East China
Seas have been presented in (Zheng, Klemas, 1982; Beardsley et al., 1983; Mao Hanil et
al., 1983; Hu Dunxin, 1984; Milliman et al., 1984; Pan et al., 1987; Byun, Chang, 1988;
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Kuroda et al., 1988; Sha, Xu, 1988; Xu, Sha, 1988; Lie, 1989; Kazmin, 1993; Belkin,
Cornillon, 2003; Belkin et al., 2009). However, most of the above-cited studies were
based on low-resolution in situ data (except for a few works, based on satellite data, e.g.,
Kazmin, 1993; Hickox, 2000; Belkin, Cornillon, 2003; Belkin et al., 2009) and provide
only basic insight on the frontal patterns. Also, an information on temporal variability
(especially, the seasonal and long-term ones) of the fronts in Yellow and East China Seas
is limited (seasonal variability was mentioned in Hickox et al., 2000; Belkin et al., 2009;
Chen, 2009; Kazmin, 2016).

Forthe first time, scheme of the general circulation and conditions of the frontogenesis
in the Yellow and East China Seas, compiled from some of the above-cited studies and
interpretation of satellite infrared (IR) and visible images, was presented by (Kazmin,
1993). The first elaborated scheme of SST fronts in the Yellow and East China Seas,
based on the regular satellite SST measurements has been published by (Hickox et al.,
2000). It was the first paper, in which a new rigorous method (which used along-frontal
envelopes of frontal spatial variability) was proposed and implemented for evaluating
the cross-frontal ranges of any oceanographic parameters. In addition, they mentioned
seasonal variability of cross-frontal differences of the SST (but not the SST gradient,
which is the major characteristic of the fronts). Later (Belkin et al., 2009) composed a
simplified scheme of the fronts in Yellow and East China Seas which was, in general,
consistent with that one presented earlier by (Kazmin, 1993, Hickox et al., 2000). Chen,
2009 prepared the maps of temperature, salinity and nutrient distribution and, for the first
time, systematically identified the nutrients fronts in Bohai, Yellow and East China Seas.

Previous studies, based on the ship measurements along with a few satellite IR and
visible images, mainly demonstrated the patterns of synoptical spatio-temporal variability
of the fronts in Yellow and East China Seas. Regular high-resolution satellite SST
measurements are now available since 1982, which provides an opportunity to investigate
the fronts in this area in more details and on a longer time scale. The goals of this study
are: (1) to update and complement the scheme of the general circulation and conditions
of the frontogenesis in Yellow and East China Seas; (2) to investigate the patterns of
synoptical and seasonal variability of the most prominent local fronts in Yellow and East
China Seas and to summarize their parameters; (3) to reveal an existence of the unified
frontal structure at the oceanic border of East China Sea and explore its seasonal and
interannual variability.

Data and processing

In this paper, the high-resolution (9 km by 9 km) satellite SST measurements obtained
by AVHRR (Advanced Very High Resolution Radiometer) sensor from NOAA satellites
(PATHFINDER dataset; Casey et al., 2010) along with the satellite IR and visible images
have been used. Monthly climatology (1982—-2008) and monthly-mean SST for the period of
1982-2009 for the Yellow and East China Seas basins were obtained from NOAA National
Oceanographic Data Center (NODC; URL: http://data.nodc.noaa.gov/las/getUl.do). As an
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estimate of the fronts intensity in analyzed area we used the magnitude of maximum
zonal or meridional (depending on the spatial orientation of the fronts) SST gradient
(G = |0(SST)/0x|, or G = |0(SST)/dy|). It is appropriate when fronts have almost zonal or
meridional orientation, which was observed in our cases (e.g., replacement of the gradient
magnitude by its component in case of inclination of the front line by 20° from meridian/
parallel leads to negligible error of 5%; in our cases this inclination was significantly less).

Multivariate ENSO Index (MEI) was obtained from NOAA Earth System Research
Laboratory (URL: http://www.esrl.noaa.gov/psd/enso/mei).

Monthly-mean concentration of chlorophyll from NASA Sea-viewing Wide
Field-of-view Sensor (SeaWiFS) Project was obtained at NOAA NODC site (URL:
http://data.nodc.noaa.gov/las/getUI.do).

Correlation analysis (similar to that one applied by Kazmin, 2017 for assessment of
atmospheric forcing upon the long-term variability of climatic oceanic frontal zones) was
used to identify relation between G and MEI. Statistical significance of the results was
estimated using check of null hypothesis with the Student’s t-test. Because of the short
data set (N = 28) and applied smoothing, obtained correlation was additionally tested by
calculation of correlation coefficient for series with the reduced degrees of freedom and
Spearman’s rank correlation coefficient. For the data with a reduced number of degrees
of freedom, the correlation remained significant up to N — 8 = 20 with a probability
level p of less than 0.05. Spearman’s rank correlation coefficient was lower than Pearson’s
coefficient, but remained statistically significant with less than a 0.05 probability level. In
general, the positive result of additional analysis provides a confidence in the conclusions
based on correlation analysis.

Local fronts in the Yellow and East China Seas

Scheme of the general circulation and conditions of the frontogenesis in the Yellow
and East China seas, based on compilation of above-cited studies and satellite data
interpretation is presented in Fig. 1.

The most prominent feature of hydrological regime in the region is an interaction
of warm and saline oceanic waters, advected northward by Kuroshio branches, with cold,
less saline waters, locally formed in the shallow marginal seas. Hydrological regime is
also influenced by strong seasonal variability of the atmospheric forcing, significant river
discharge and intensive tidal mixing. As a result, fronts of various nature and scales (from
local small-scale tidal fronts to large-scale oceanic frontal zone of Kuroshio) formed by
a wide range of physical processes coexist within a relatively small basin of the Yellow
and East China seas.

Warm and saline oceanic waters are advected in the area by three main northward
branches of the Kuroshio: warm Taiwan Current (WTC), Yellow Sea warm current
(YSWC) and Tsushima current (TSC). Compensatory circulation of the cold, freshened
waters of Yellow and East China Seas is provided by southward coastal currents.
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Fig. 1. The scheme of the general circulation and conditions of frontogenesis in the Yellow
and East China Seas. Legend in the right bottom corner: 1 — warm and saline currents; 2 — cold
and desalinated currents; 3 — frontal zones. Fine dashed lines — isobaths. WTC — warm Taiwan

current. TSC — Tsushima current. YSWC — Yellow Sea warm current. Numbers in the boxes:
(1) — Kuroshio frontal zone (KFZ); (2) — front between the WTC and cold coastal current

(Taiwan front — TF); (3) — front between the south-western boundary of YSWC and coastal

current of Yellow Sea; (4) — front between the north-eastern boundary of YSWC and south-

western branch of cold coastal current along the western coast of Korea; (5) — front between
the TSC and cold coastal current along the southern part of Korea peninsula (Tsushima front —
TSF); (6) — Shandong coastal front; (7) Yangtze River estuarine front; (8) coastal tidal fronts.

Thermohaline characteristics of the Kuroshio waters are stable throughout the
year (20-26°C and 34-34.5%o in the surface layer). On the contrary, surface layer of
Yellow and East China Seas is experiencing strong seasonal fluctuations of temperature
(from 2-3°C in winter to 20-29°C in summer). Salinity here may vary within 30-33.5%o,
decreasing considerably near the Huang He River mouth.

Northward propagation of the Kuroshio branches is significantly affected by the
seasonal variability of the winds: south-western winds, prevailing in summer contribute
to warm currents intensification and the penetration of YSWC as far north as to the Bohai
Bay; in winter, the north-western winds contribute to the weakening of the northward
currents. The main fronts are formed in the areas of convergence of warm and cold
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currents. Phenomenology of fronts in the Yellow and East China Seas is described below.
Numbering used below corresponds to the Fig.1 caption:

(1) Kuroshio frontal zone (KFZ) is typical large-scale climatic oceanic frontal zone,
located along the continental slope of the East China Sea in the 0—-600 m layer (Beardsley
at al., 1983; Kuroda et al., 1988). Seasonal and interannual variability of this frontal zone
is described below in the section 4.

(2) front between WTC and cold coastal current, extended along the Chinese coast
from Taiwan to Yangtze River estuary (Taiwan front — TF). This front is the boundary
between the coastal water mass, freshened by the Yangtze River discharge, and the warm
and more saline water mass of WTC, and is persistent throughout the year. SST contrast
reaches a maximum value (up to 8°C) in winter. However, in summer it is also sufficient
for visualization of the front on the IR images. Seasonal variability of the SST gradient
(G) of the TF is shown in Fig. 2 (black line). Coastal current is also apparent on the
images in visible part of the spectrum in the form of a strip of waters of high turbidity (due
to the spreading of the suspended matter from the Yangtze River estuary), contrasting
with clear waters of the WTC.

Fig. 2. Seasonal variability of the selected local fronts in the Yellow and East China Seas. Black

line — Taiwan front (TF; section along the 28°N). Gray line — Shandong front (section along the

36.5°N). Dotted gray line — Tsushima front (TSF; section along the 128°E). Left y-axis is for TF.
Right y-axis is for TSF and Shandong front.

Local seasonal subsurface upwelling associated with the summer strengthening of
TWC took place at the coastal side of the front. Upwelling is manifested in the rise of
pycnocline which separates in summer surface and deep-water masses of TWC (not to be
confused with the seasonal thermocline, located much closer to the surface). Normally,
this upwelling does not reach the surface (Pan et al., 1987). However, cold deep water can
reach the surface occasionally, in the dynamic situation contributing to the intensification
of upwelling (e.g., when strengthening of the upwelling favorable southern wind took
place). Such a situation was observed in the last decade of July 1986. On July 20, there
was a sharp increase of meridional (southern) component of the wind (Fig. 3) that
contributed to emergence of cold deep water at the surface and formation of band of coastal
upwelling with a width of about 40-50 km. This band was apparent on the IR image for
July 20 (Fig. 4, left). Later wind weakened, however, from July 23 a new upsurge began
(Fig. 3) that led to further strengthening of the upwelling. Image for July 25 (Fig. 4, right)
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Fig. 3. Variability of the meridional component of
wind speed (V, m/s) at 1000 mb in the period of July
19-27, 1986 (NCEP-NCAR re-analysis data).

shows coastal band of cold water extended to 60-80 km offshore. A prominent feature
of the upwelling front, not reported earlier for this specific location, is the development
of instability in the form of cold transverse jets extending from shore towards open sea
(such jets in the other areas of coastal upwelling is fairly well known, e.g., Kostianoy and
Zatsepin, 1996). Sequential images demonstrate formation (Fig. 4, left) and spreading of
jets in normal to coast direction toward the open sea (Fig. 4, right). Propagation velocity

of heads of the jets off shore was about 40 km/day, and maximum propagation was up to
250 km.

Fig. 4. SST at the east coast of China near Taiwan on July 22 (left panel) and July 25 (right
panel) of 1986 (IR images from AVHRR at NOAA-9 satellite). White arrows indicate the
direction of propagation of the cold lateral jets in the coastal upwelling.

(3) front between south-western boundary of YSWC and coastal current of the
Yellow Sea. Its orientation, position, spatial extent and intensity is unstable and depends
on season and specific hydro-meteorological situation.

(4) front on north-eastern border of YSWC, originating from convergence of YSWC
and South-Western branches of flow of cold coastal waters along the western coast of
Korea peninsula. This front is oriented nearly zonally, may extend to the central part of
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the East China Sea and often shows signs of intensive cross-frontal exchange in the form
of interpenetration of warm and cold jets and eddies with a spatial scale of 20—50 km.

(5) front in Tsushima Strait between TSC and cold coastal current along the southern
coast of Korea (Tsushima front — TSF). It is well expressed in SST field, demonstrates
active meandering and eddy formation, and is persistent throughout the year. Seasonal
variability of TSF is shown in Fig. 2 (dotted line).

(6) Shandong coastal front — a semicircle structure front at the eastern tip of
the Shandong Peninsula. It separates the warm and saline water of YSWC and cold,
desalinated water of the coastal current directed from Bohai Bay into the Yellow sea.
This front is well identifiable on both the IR and visible images (due to the high turbidity
of coastal waters containing a Huang He River discharge). It is most pronounced at the
northeastern tip of Shandong Peninsula. Seasonal variability of Shandong coastal front is
presented at Fig. 2 (gray line).

(7) discharge front of the Yangtze River, which separates freshened by river
discharge coastal waters and more saline open sea waters. Easily recognizable in the
fields of SST and suspended solids matter concentration (visible images).

(8) coastal fronts of tidal origin. This type of fronts exists in summer and represent
boundary between well mixed (and, therefore, colder due to tidal friction) coastal waters
and stratified waters of the open part of the sea (Fearnhead, 1975). The latter have a
higher temperature due to intense heating of the upper homogeneous layer bounded
from below by seasonal thermocline. Main areas of formation of tidal fronts are located
at the western coast of Korea Peninsula (Beardsley et al., 1983; Lie, 1989). Fronts of
this type are well expressed on both IR and visible images, since intensive tidal mixing
contributes to resuspension of bottom sediments. Tidal mixing also causes formation of
sharp temperature contrasts of frontal type on the border of shoal (depths less than 10 m)
off the east coast of China between 32°N and 34°N, formed by sediments of Huang He
River (the old mouth of which was located in this area). However, in summer distribution
of SST observed here is opposite to situation at Korean coast. Thickness of the layer of
water on shoal is less than thickness of upper homogeneous layer in the open sea waters
and, accordingly, in summer the coastal waters warm up much stronger. Reverse situation
is observed in winter: shallow water cools much stronger than the neighboring deep water.

This generalized scheme provides a base for interpretation of satellite data in the
Yellow and East China Seas basins. Elements of hydrological structure outlined above
consistently appear on the IR data during cold period of the year and are confidently
identifiable, though the specific characteristics of these structures vary significantly. In
summer, observed patterns are less clear due to the fact that surface waters of both seas are
strongly heated and contrasts between them and waters of the Kuroshio current branches
diminish. Table summarizes phenomenological and some quantitative characteristics of
the above-mentioned local fronts.
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Frontal system at the boundary of East China Sea

Fig. 5. Monthly climatology (1982-2008) of SST
(PATHFINDER data) for the Yellow and East
China Seas basins for January—April (a), May—
August (b) and September—December (c); after
Kazmin, 2016 (modified). Numbers in the upper
left corners indicate the months.

Fig. 5 demonstrates monthly climatology of SST for the Yellow and East China
Seas basins, modified in such a way as to highlight the dominant fronts and their seasonal
variability. Narrow stripes of different shades of grey on these maps correspond to the
areas of isotherms concentration, marking the position of frontal zones (lighter color
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corresponds to higher intensity of the fronts). Our analysis show that when climatological
averaging is applied, the major fronts at the boundary of East China Sea (i.e., Taiwan
front, Kuroshio frontal zone and Tsushima front) appear as unified dominating frontal
structure. This structure is about 1200 km length, spreads along the continental shelf from
Taiwan to Tsushima and separates productive sea waters from oligotrophic oceanic waters.
Frontal structure exists as a persistent coherent feature during the whole year but reveals
seasonal variability of the SST gradient intensity. Maximum intensity is observed during
the cold period (January—April), when SST contrasts between the warm waters of Kuroshio
and cooling waters of East China Sea are the highest. Seasonal variability of the above-
mentioned frontal structure in the area of its major segment (i.e., KFZ) is shown in Fig. 6.

Fig. 6. Seasonal variability of the maximum value of G
(°C/100 km) along the 125°E in the area of the KFZ.

In warm period (July—November) the temperature contrasts decrease and intensity
of the frontal zone is reduced. Also, the surface manifestations of Taiwan front disappear.
However, in general, examined frontal structure in the climatological terms maintains its
coherence and stable position throughout the year and dominates in this area.

Iimportance of this frontal structure and its long-term variability from the point
of view of its impact on ecosystem of the region is that it is a natural border between
the highly productive waters of Yellow and East China Seas and oligotrophic waters
of the open Pacific Ocean (Fig. 7). In this illustration, the concentration of chlorophyll
in a highly productive marine water is indicated by gradations of colors from green

Fig. 7. Chlorophyll concentration in the
Yellow and East China Seas in April 2004
(SeaWiFS data). Dotted line — seasonally-

averaged location of unified frontal
structure for spring 2004 (March-May).
TF — Taiwan front, KFZ — Kuroshio
frontal zone, TSF — Tsushima front. White
vertical line — meridional section along
the 125°E where the maximum value of G
for February was calculated.
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(1.5 mg/m®) to burgundy (15 mg/m?), and oligotrophic oceanic waters corresponds to
variations from blue to purple (less than 0.4 mg/m?®). Cross-frontal exchange that is
associated with the intensity of the front, can affect the lateral flow of nutrients as well
as pollutants.

To study the long-term variability of the frontal system, we calculated magnitude of
maximum meridional SST gradient (G = |0(SST)/dy|) along 125°E (see Fig. 7) in the area
of Kuroshio frontal zone (27°-29°N) in February (the maximum intensity of the frontal
zone) for the period of 19822009 from satellite data. An example of SST profile along
125°E for February 2005 is shown in Fig. 8. In this illustration, the temperatures in the
range of 14.5-15.5°C corresponds to warm oceanic waters of Kuroshio, 10-11°C interval
corresponds to the cold East China Sea waters and sharp temperature drop between them
indicates the Kuroshio frontal zone.

Fig. 8. SST profile along the 125°E in the area of KFZ in
February 2005 (PATHFINDER data).

Time series of G presented in Fig. 9 (black line), confirms the presence of well-
pronounced interannual variability with a period of 4-5 years, consistent with the period
of oscillation of the El Nifio — Southern oscillation (ENSO) system. One of the most
representative indicators of ENSO is the MEI (Multivariate ENSO Index) index. The
MEI index is based on a combination of first six principal components of measured
parameters (atmospheric pressure, zonal and meridional components of the wind, SST,
air temperature and total cloudiness). Compared to indices based on anomalies of single
parameter, such as the SOI (atmospheric pressure) or ONI (SST), the MEI index provides
a more comprehensive and flexible description of the ENSO phenomenon (Wolter and
Timlin 2011).

Fig. 9. Variability of the maximum
meridional gradient of SST along the 125°E
in the area of KFZ (G, °C/100 km; black
line) and MEI index (grey line) in February
(after Kazmin, 2016; modified).

Fig. 9 confirms the presence of covariations between G (black line) and MEI index
(grey line). We found suf ficiently high, statistically significant positive correlation
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(R=0.57,p<0.01) between G and the MEI index (Fig. 10). Since the positive values of MEI
index correspond to El Nifio events, a positive correlation means that increase in Kuroshio

frontal zone intensity at the border of East China Sea coincides with the El Nifio events.

Fig. 10. Scatter diagram between MEI index (abscissa) and
G (°C/100 km; ordinate) in February. Solid line indicates the
linear regression curve between the two quantities with the

correlation coefficient R = 0.57.

Table. Comparative parameters of the local fronts in the Yellow and East China Seas

Spatial scales SST SST gradient Features
- . contrast, G; max syn-

Front (according to the Fig. 1 gldth’ liansmn’ oC (()ptical val}llle,

caption and text) m m °C/100km)

(2) Front between the WTC and 10-50 450-500 2-8 1040 Stable orientation,

cold coastal current (TF) position and exten-
sion during the year.
Pronounced seasonal
variability.

(3) Front between the 5-30 150-230 2-3 10-50 Orientation, position and

south-western boundary of extension are extremely

YSWC and coastal current of variable and depend on

Yellow Sea the hydro-meteorological
conditions.

(4) Front between the 2540 120-250 2-3 10-20 The same

north-eastern boundary of

YSWC and south-western

branch of cold coastal current

along the western coast of

Korea

(5) Front between the TSC and 20-60 180-220 2-3 5-10 Stable orientation,

cold coastal current along the position and exten-

southern part of Korea peninsula sion during the year.

(TSF) Pronounced seasonal
variability.

(6) Shandong coastal front 7-15 100-140 2-3 20-60 Orientation and position
are relatively stable;
existence and extension
depend on hydro-mete-
orological conditions.
Pronounced seasonal
variability.

(7) Yangtze River estuarine Up to 90 200-300 upto 9 10 Parameters are strongly

front dependent on the season
and hydro-meteorologi-
cal conditions.

(8) Coastal tidal fronts 15-25 50-250 4-5 10-30 Fronts occur in the
permanent locations,
have strong spatial and
temporal variability and
consist of separate small-
scale fronts.
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Conclusions

An amplitude of the seasonal variability of major local fronts in Yellow and East
China Seas depends on their location. In summer, the mean SST gradient (G) has almost
the same magnitude (1-2°C/100 km) for Taiwan front, Tsushima front and Shandong
front due to the seasonal warming of the sea waters and subsequent weakening of the SST
gradients (Fig. 2). However, in winter the magnitude of SST gradient for Taiwan front
exceeds the corresponding values for Tsushima and Shandong fronts for a few (up to 5)
times (Fig. 2). The reason is that warm Kuroshio waters first meet the very cold coastal
current waters in Taiwan area. During the further propagation to the north-east, Kuroshio
waters are cooling and temperature contrasts decrease. An amplitude of the seasonal
variability of SST gradient in the Kuroshio frontal zone is much less (0.6—2.1°C/100 km;
Fig. 6) than that one in the local fronts dew to its nature (large-scale climatological frontal
zone).

Our results show that when climatological averaging is applied, the major fronts at
the boundary of East China Sea (i.e., Taiwan front, Kuroshio frontal zone and Tsushima
front) appear as unified dominating frontal structure. This structure is about 1200 km length,
spreads along the continental shelf from Taiwan to Tsushima and separates productive sea
waters from oligotrophic oceanic waters. Frontal structure exists as a persistent coherent
feature during the whole year, but it reveals seasonal variability of the SST gradient
intensity. Maximum intensity occurs during the cold period (October—March), when the
SST contrasts between the warm waters of Kuroshio and cooling waters of East China
Sea are the highest. In the warm period (May—August) temperature contrasts decrease
and intensity of the frontal zone is reduced and surface manifestations of the Taiwan
front disappear. However, in general, examined frontal structure in climatological terms
maintains its coherence and stable position throughout the year and dominates in this area.
Kuroshio frontal zone, being a part of this structure, reveals both seasonal (Fig. 6) and
interannual (Fig. 9) variability with the periods consistent with the periods of oscillation
of the ENSO system (4-5 years). Maximum intensity of the frontal zone coincides with
the El Nifio events.
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®POHTHI B )KEJITOM U BOCTOYHO-KUTAHCKOM MOPSIX:
TEMATHYECKOE UCCJIEJOBAHUE
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st OOHOBIICHMSI M PACIIUPEHUS] 3HAHUH O CTPYKTYpe, Me30MaclITaOHBIX 0COOEHHOCTSX,
CE30HHOI 1 MEXXTro10BOH N3MeHYNBOCTH (poHTOB B JKentom u Bocrouno-Kuraiickom Mopsix
HCHOJb30BaHbl CPEIHEMECSUHBIE CIyTHUKOBBIE H3MEPEHMs TEMIEpaTypbl MOBEPXHOCTU
mopst (TTIM) ¢ Beicokum paszpenienueM (nanasie PATHFINDER) 3a nepron 1982-2009 rr.,
a TaKKe OT/EJIbHBIC CITyTHUKOBBIE HH(PAaKpacHbIE U BUANMBIE H300paxeHus. [IpencraBieHst
0COOCHHOCTH 00MIeH UPKYIISIMHI, TIPOLIECCOB ()POHTOTCHE3A U U3JIOKEHA ()EHOMEHOJIOTHS
¢ponToB. JIOKyMEHTHpPOBAaHA CE30HHAsh M3MEHYMBOCTH OTJIEIBHBIX HauOoJee 3HaYMMBbIX
JOKaIBHBIX (PpoHTOB. OCHOBHOM pe3ynbrarT 3akiIo4aeTcsi B TOM, YTO IPH IPHUMCEHEHUH
KIIMMaTOJIOTMYECKOr0 OCpeaHeHHss (poHTHl Ha TpanHune BocrouHo-Kuraiickoro mops
(TaiiBanbckuit QpoHT, ¢poHTanbHas 30Ha Kypocmo u Llycumckuii) o0OpasyloT eanHyIo
JOMHMHUPYIOHIYI0 (POHTAIBHYIO CTPYKTYpY. OTa CTPYKTypa IpPOTSHKEHHOCTBIO OKOJIO
1200 kM mpocTHpaeTcsi BIOJIb KOHTHHEHTaNbHOro menbda or o. TaiiBanb mo o. Llycuma
W OTIEISIET NMPOIYKTHBHBIE MOPCKHE BOJIBI OT OJMIOTPO(HBIX OKEAHMYECKHX BOJ. OTa
(poHTaNBHAS CTPYKTYpa MPOSBISIETCS KAK yCTOWYNBAst KOTEPEHTHAs 0COOCHHOCTh B TEUEHHE
Bcero rofga. OAHAaKoO OHA MPOSIBISAET CE30HHYI M3MEHUYMBOCTh MHTEHCHUBHOCTH IPAaJUEHTA
TIIM. MaxkcumalnbHass WHTEHCHBHOCTh HaOJIIOIaeTCsl B XOJIOIHOE BpeMs roja (sSHBapb—
arpenb), korga koHtpacT TIIM Mexay TemiubiMu Bojamu Kypocnmo M OXJaIaroluMu
Bonamu Bocrouno-Kutaiickoro Mopss MakcumaneH. J[lng u3ydeHus [ONrOBpeMEHHOMH
M3MEHYMBOCTHU 3TOH (PPOHTAIBHONW CHCTEMBI PACCUMTAH MaKCUMaJbHBIH MEPUIMOHAIBHBIA
rpaauent TIIM B paiione ¢pponTansHO# 301 Kypocno B dheBpase. [TomydeHHble pe3yabTarsl
CBUJIECTENICTBYIOT O HAJIMYUU BBIPAXKEHHOW MEXKIOIOBOM M3MEHUYMBOCTH IpajUeHTa
TIIM c¢ nepuomamu, conocraBumbiMu ¢ ENSO (4-5 ner). Haiinena crarucruuecku
3HauMMas osioxkuTenbHas koppemsinus (R = 0.57, p < 0.01) mexxay rpaguenrom TIIM u
MynbTHBapuaTiuBHEIM HHAEKcoM ENSO (MEI).

KuroueBble cioBa: Mopckue (pOHTHI; Me30MacIITaOHbIE BapHalllW; CE30HHAast
W3MEHYUBOCTb; JOJITONEPUOAHBIE U3MEHEHUs; aTMocepHoe Bo3zaeiicTBue; XKenroe u
Bocrouno-KuTtaiickoe mopst
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Ce3oHHbIe KOJIeOaHMsl, BRIPAKEHHBIE TOI0BOH H MOJYTOAOBOM COCTABISIIOIIMMU, — OJHMH U3
OCHOBHBIX THIIOB JOJTONEPUOTHON HM3MEHUYMBOCTH YPOBEHHOW MOBEPXHOCTH MUPOBOTo
okeana. Ce30HHbIE KoyeOaHUsl YpoBHsI banTuiickoro MoOps NpeTepreBaroT CyIeCTBEHHbIC
ME)KI'0/IOBBIE BapHalui. B paMKax HaCTOSIIEro UCCIe0BaHMsI Ha OCHOBE ATUTEIbHBIX PSIIOB
OeperoBbIX HAOIONCHHUI ObBUIM M3YYCHbI OCOOCHHOCTH M3MEHCHHI CC30HHBIX KOJICOAHUi
ypoBHst bantuiickoro mopst B TeueHnn XX—XXI BB. [[jist BbiZie/ICHHS CE30HHBIX KOJeOaHU
ypoBHs banTuiickoro Mops HCIoJIb30BasIach PoLeypa ce30HHOH Koppekiyu X-12-ARIMA.
Pe3ynbTaThl HACTOAIIETO MCCIIENOBAHUS MTOKA3aJIM, YTO aMIUTUTYAa 1 MOMEHT HACTYIUICHUS
MaKCHMyMa B CE30HHOM XOJI€ YPOBHI MOPsI CYIIIECTBEHHO MEHSIOTCS OT Tofia K roxy. B mepuoz
¢ 1990 o 2005 rr. HaOIIOAATIOCH CYLIECTBEHHOE CMEIlleHHE MaKCUMyMa roJJOBOI0 LIMKJIA Ha
HECKOJIBKO MECSILICB C OKTSAOps—nekadpsi K stHBapro—(heBpaliro, KOTOpOe ObUIO OTMEYCHO U
0 JIAHHBIM TIOOEPEIKbS FOr0-BOCTOUHON yacT banTuiickoro mops 1 @uHCKOTO 3amuBa. ITH
0COOEHHOCTH TOJIOBBIX KOJI€OAHUIT YPOBHS JODKHBI ObUIM (POPMHUPOBATHCS I10J] BIMSHUEM
KpyIHOMAacITaOHbIX (haKTOPOB, BO3ICHCTBYIOIIMX HA aKBATOPHIO BCero bantuiickoro mops,
HarpuMmep, U3MEHEHUH BeTpa W arMocdepHoro jaaieHus. [loiyueHHbIE psijibl CE30HHBIX
KosieOaHi ypOBHSI MOpsI TIO3BOJIMJIM OLIGHUTh UX CPEIHHE U MaKCUMaJbHbIE aMILIUTY/IbI
B TeueHue BTopoii nmosoBuHbl XX—XXI BB. CpenHsisi MHOTONETHSISI BbICOTA (20) CE30HHBIX
KosieO0aHuii ypOBHSI MOpsI B BOCTOUHOI yactn PHHCKOro 3ajimBa cocrasisier 25-27 cwm, a
MaKCHUMaJIbHAas BLICOTa MOXKET JIOCTUTaTh 5659 cm.

KiroueBble ciaoBa: banrmiickoe mope, ce30HHBIE KoJjeOaHHs, YPOBEHb MODSI,
X-12-ARIMA

BBenenue

Ce3oHHBIC KOJICOAHWS, BBIPAKCHHBIC TOIOBOM M TIONYTOMOBOM COCTABIISIOIIUMH, —
OTMH W3 OCHOBHBIX THWIIOB JBFIKEHHUS JOJTONEPHOAHON H3MEHUYHMBOCTH YPOBEHHOM
MOBEPXHOCTH MHUpPOBOTO OKeaHa. OJTH KojleOaHHWsS YpPOBHS MOpS  CO3MAIOTCH,
MpEeMMYyIICCTBCHHO, NepuoaANICCKN MOBTOPAIOIIUMHUCH HapylmceHHUAMU MCKIAY
MPUXOJHON U PaCcXOTHOM YacTIMU BOAHOTO OanaHca MOpS M CE30HHBIMU M3MEHEHHUSIMU
aTMOC(EpHOTO IaBJICHUS U BeTpa. XapaKTep CE30HHBIX KoJIeOaHMid YPOBHS Y pa3IMIHbIX
y4acTKOB OEperoBOi JIMHUU MOPS CYIIECTBEHHO 3aBUCHT OT JIOKAJIbHBIX (DaKTOPOB.

BanTmiickoe Mope — TOYTH TIOJMHOCTHIO 3aMKHYTBHIH BHYTPHUMATCPHUKOBBIN
menb(GOBBIN OacceiiH, COOOIAIOIIMNIACS C OTKPHITHIM OKEAHOM Yepe3 y3KHe METKOBOIHBIC
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N.I1. MenseneB

Harckue nponuBbl. Ce30HHAsE U3MEHYMBOCTh YPOBHsI banTuiickoro Mops ornpenensiercs
MPEUMYIIECTBEHHO aTMOC(EpPHBIMU YCIOBUSMH, B IEPBYIO OY€peb, HAIPABICHUEM
peobagarouX BETPOB, BIUAIOMINX Ha BOI00OMEH ¢ CeBepHBIM MOPEM, U U3MEHEHUSIMU
aTMoc(EepHOTO IaBJICHUS MOCPEACTBOM 00paTHOro 6bapomerpuyeckoro orkiauka (Ekman,
1998; Andersson, 2002; Barbosa, Donner, 2016). IlpoctpaHcTBeHHas CTpPyKTypa
CE30HHBIX TapMOHUK B banaTuiickoM MoOpe OO0CTAaTOYHO XOPOIIO HccienaoBaHa. Tak,
B pabore (Mensenes, 2014) OblTM pacCUMTaHBI CPETHUE KIMMATHUECKUE aMIUTUTYIbI U
(ha3bl rOI0BOI1 M OJTYTOI0BO CE30HHBIX COCTABIAIONINX KoJIeOaHUN ypoBHS banTuiickoro
Mops M0 74 OeperoBbIM CTaHLUSAM U ObUIO BBISIBJICHO, YTO aMIUIUTYAA TOJOBBIX Kojeba-
HUU yBeIU4MUBAeTCs OT JlaTCKUX NpOoiauBOB K BepirHam PuHCKoro u borHugeckoro 3a-
JIUBOB, T7I€ ¥ HAOIIOMAIOTCS MX MaKCUMaJIbHbIC aMILTUTYAbI — 12—13 cm.

B uccnenoanusax (Ekman, Stigebrandt, 1990; Plag, Tsimplis, 1999; Hunicke, Zorita,
2008; Mensenes, 2014; Barbosa, Donner, 2016; Cheng et al., 2018) 0b10 MOKa3aHo,
YTO CE30HHBbIE KoueOaHUs ypoBHS BanTuiCKOro Mopsi MpeTepreBaloT CYIIeCTBEHHbBIE
MexrofoBbie Bapuanuu. B pabote (Ekman, Stigebrandt, 1990) no pesynsraram ananmnza
JUTUTeIhHOTO psina HaOmoneHuid B Crokronbme (160 meT) oOHapyXWIU yBEIHMUEHUE
aMIUIUTYABI TogoBoM rapMoHukH oT 8 cM B XIX B. 10 10 cm XX B. B (Plag, Tsimplis,
1999) Ha ocHOBE B3aMMHOTO CIIEKTPAJIBHOTO aHaju3a OblIa BBISBICHA KOTEpPEHTHAs
BpEMEHHasi U3MEHYMBOCTH I'OI0BOTO M MOJYTO0BOr0 Kojebanuil ypoBHs CeBepHOTro H
bantuiickoro Mopeil U yBeIMYEHHE aMILIUTYAbl B MOCIEIHUE AecATUIETUss XX BeEKa.
B paGore (MenseneB, 2014) ObUIO TOKa3aHO, YTO aMIUIATyda W (a3a CE30HHBIX
Kosie0aHuii ypoBHs banTuiickoro Mopst MOTyT CyIIECTBEHHO MEHSTHCS OT r0/1a K TOAY, 4TO
BBI3BAHO COOTBETCTBYIOIIMMHU U3MEHEHUSMU HHTEHCUBHOCTH BBIHYXAAIOIINUX (aKTOPOB
(x TpuMmepy, 30HATBHOTO BETpa, arMocgepHOro AapiueHHs U Ap.). usd u3ydeHHs
MEKT'0/I0BOM M3MEHYMBOCTH CE30HHBIX KosiebaHuii ypoBHs bantuiickoro mops B (Barbosa,
Donner, 2016) Obut HWCTOJIB30BaHBI PA3IMYHBIE METOJbI aHAJIM3a HECTAIIMOHAPHBIX
BPEMEHHBIX PSIJIOB, BKJIIOYasi HENPEPBIBHBIA U JIUCKPETHBIM BEMBIIET-aHAIN3bI, aHAJIN3
CUHTYJSIDHOTO CIIEKTpAa M METOJ SMIIMPHUYECKOM MOIOBOW JAECKOMIIO3MIIMM CUTHAJIOB.
[To pesymbratam »THX aHanu3oB B (Barbosa, Donner, 2016) Opl1o mokazaHo, 4YTO
U3MEHUYMBOCTb CE30HHOTO IUKJIAa YpOBHS banTuiickoro Mopsi NpeacTaBisieT co0oid
Yyepeayromuecs Nepruoibl BHICOKMX M HU3KUX aMIUIUTYA 0e3 KaKuX-I1u00 3HAYMMBIX
JOTOCPOYHBIX TCHICHIINN B yBEITMUEHUH/YMEHbIIICHNN aMIUTUTyabl. Takke B (Barbosa,
Donner, 2016) 6b110 oOHapyxeHo, uTo Oonee 40% BapHalUi aMIUTUTYAbl CE30HHBIX
kojiebanuit ypoBHs bantuiickoro Mmopst opMHUPYIOTCs O] BIUSHUEM 30HAJILHOTO BETpa.

B pamkax HacTosIIIETO MCCIEI0BAaHUs HA OCHOBE JUIMTENIbHBIX PSII0B OEPEroBbIX
HaOMtoeHu ObUIM  W3y4YeHbl OCOOCHHOCTHM M3MEHEHUH CEe30HHBIX KoJieOaHHH
ypoBHs bantuiickoro mopsi B TedueHun XX—XXI BB. Ce30HHBIC KOJIeOaHHS YPOBHS
MOpsI  NPEACTABISAIOT COOONM  NEPUOAUYECKH  KOPPEIUPOBAHHBIM  CIy4YalHBII
IIPOLIECC, BCIEJACTBUE YETO0 IPUMEHEHHE KIACCHUYECKUX METOIOB CIEKTPAJIbHOIO
U TapMOHUYECKOT0 aHATIN30B [M03BOJISAIOT MOTYYUTh JTUIIb OCPETHEHHbIE XapaKTEPUCTUKHI
nporeccoB. s BBISBICHHUS SKCTPEMAIBHBIX XapaKTEPUCTHK CE30HHBIX KOJICOaHHA
TpeOyeTcss NpPUMEHEHUE METO/AOB, YUYWTHIBAIOIIMX HECTAI[MOHAPHOCTh IMpoliecca.
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B HacTosmeM rcciieoBaHUY JTS BBIICIICHHSI CE30HHBIX KoJieOaHUH ypoBHS banTuiickoro
MOpsl UCIIOJIB30BaNack npoueaypa ce3oHnon koppekuun X-12-ARIMA. Ilonyuennsie
PAIBl CE30HHBIX KOJIe€OAHUN YpOBHS MOPS MO3BOJMIM HCCIEA0BATh UX MEKIOI0BYIO
W3MEHUYMBOCTh U OLIEHUTHh CPEIHUE U MAKCUMAJIbHBIE aMILUIMTYIbl B TEYEHUE BTOPOU
nonoBuHbl X X—XXI BB.

JdanHble
B wuccrnenoBanun ObUTM HCIONB30BaHBI CHHXPOHHBIE PSIIBI CPEeIHEMECIYHBIX

3HaYeHUi ypoBHs bantuiickoro mops Ha 18 poccuilckux NpUOpPEKHBIX CTAHLUAX
(puc. 1). B Ounckom 3anuBe banrtuiickoro Mopss umenoch 13 wmapeorpados.

Puc. 1. Pacmonoxenne cTaHInid, JaHHBIC KOTOPBIX OB UCIIOJIE30BAHBI B HACTOSIIIEM
HUCCIIEIOBAHUM.
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N.I1. MenseneB

[1sTh MpUOpPEKHBIX CTAHIMIA pacmojaraiock Ha moodepexxbe KannuuHrpaackoi obmactu.
Cranuusa [luoHepckuii pacroyiokeHa Ha OTKPBITOM MOpPCKOM MoOepexbe, OTKpbI-
toe — B Kypmickom 3anmuBe, Kpacnoduorckoe n Kanununrpan — B Buciamackom 3anuse,
bantuiick — B banTuiickom NpoJiMBe, COSANHSIOMEM BUCIMHCKUI 3alIUB C OTKPBITOU
banruxoii. BpemeHHbIe psisibl B OCHOBHOM MOKpbIBau iepuof ¢ 1946 no 2015 rr. [TonpoGuas
uHpOpMaIKs 0 Tieproae HAOMIOMEHUH Al KaKAO0M CTaHIMU MpeAcTaBieHa B Tadmuue 1.
Psiipl manHbIX ObLTH c(hOPMUPOBAHBI HA OCHOBE apxuBa EMHOI rocy1apcTBEHHOM CHCTEMBI
unpopmatun 06 odbctanoske B MuporoMm okeane (ECHMO, http://portal.esimo.ru/).

Tabmuma 1. JlanabIe, KOTOPBIE OBLUTH UCTIOIB30BAHEI B HACTOSIIICM HCCIICAOBAHUN

Hazparue m:IL)L?.Ta I[O};I.JF:L(.)Ta Ha6nlf_loeg)eyil(1)/llll71, IT.
Banruiick 19,9 54,6 1977-2015
Bri6opr 28,7 60,7 1947-2015
I'o10BKHHO 21,3 55,0 1977-1984
3eeHoropcK 29,4 60,1 1958-1992
Kanununrpan 20,5 54,7 1977-2007
KpacHodaorckoe 19,9 54,5 1977-2015
Kponmranr 29,8 60,0 1946-2015
Jlucuit Hoc 30,0 60,0 1946-2015
JIomoHOCOB 29,8 59,9 1946-2015
MoIHbI#i 27,8 60,0 1947-1992
Hesckasg YcrheBas 30,3 59,9 1946-2015
0. 'ornaun 27,0 60,1 1945-1994
Ozepku 29,0 60,2 1954-2015
OTKpBITOE 211 54,9 1977-2015
[Muonepckuit 20,2 55,0 1977-2015
IIpumopck 28,4 60,2 1948-1987
Crapoe 'apkosioBo 28,7 59,8 1957-1988
VYerp-Jlyra 28,3 59,7 1946-1984
IleneneBo 29,3 59,9 1989-2015

Metoauka

Ce3oHHBIC KOJICOAHHMS YPOBHS MOpSI TPEIACTABISIIOT COOOM MEepHOAHYECKH
KOPPENMPOBAaHHBIN CIydalHbIN mporecc. [ u3yueHus Ce30HHBIX KOoJIeOaHWH YpPOBHS
MOpsl CIEAYyeT HCIOJIb30BaThb METOJbl aHAINW3a, YUYUTHIBAIOLIME HECTALMOHAPHOCTH
BpeMeHHOro psga. Tak, B (Barbosa, Donner, 2016) mis 3Toro ObUIM MCIOIB30BaHbBI
HenpepbiBHBI (CWT) u muckpernsiii (DWT) BeiiBrner-ananusel, a B (Cheng et al.,
2018) mnpuMeHsICS METOJ [MKJIOCTAMOHAPHBIX OSMIUPUYECKUX OPTOTOHATIBHBIX
¢yukuuit (CSEOF). B HacroseM ucclieOBaHUM JUIS BBIIEICHUS U TOCIEIYIONIETO
aHanM3a CE30HHBIX KONeOaHWH ypOBHS MOpS HCIOJIb30Balach MPOLEAypa CE30HHOM
koppekuun X-12-ARIMA (Findley et al., 1998). Dtor MeTox mIMPOKO pacnpoCTpaHEH
IpU aHaJU3€ CE30HHOM M3MEHUYMBOCTH Pa3IMYHBIX SKOHOMHUYECKHX MoKa3atenel. B mo-
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CJICIHUE JICCSATUIIETHS MTOSBUIIMCH paOOTHI, YCIIEIITHO MPUMEHSOIIIE STOT METOI 115l aHa-
JM3a Ce30HHOM M3MEHYMBOCTH TeMIIepaTyphl OBepXHOCTH Muposoro okeana (Pezzulli
et al., 2005), ontudeckux cBoiicTB oTAenbHbIX Mopeit (Colella, 2016), a Takxke koneba-
Huil ypoBHs Mops (Dangendorf et al., 2013).

Merton X-12-ARIMA  103BONS€T pa3ieanTh MCXOAHBIA BPEMEHHOM pax X
(HanpuMep, U3MEHEHWsT YPOBHS MOPsI) Ha TPU KOMITOHEHTBI: TPEH/ T, (B IaHHOM Cllyyae
MEKTOJIOBBIE KOJIEOAHHS YPOBHSI), CE30HHBIN IIMKI S, M HEPETYIISPHYIO KOMIOHEHTY | :

X =T+S+, (1)

e ¢ — JyTiHa psijia (KOJTUYECTBO 3HAYCHHMH ).
Ha nepBoM sTane npouenypsl s pacueTa TPEHA0BOI KOMIOHEHTHI T BpPEMEHHOM
pan X criuaxkuBaercs 12-MecauHbIM HEHTPUPOBAHHBIM CKOJIB3AIIMM cpennum MA_ -

MA, ,(X.) = Xt—6+2Xt—5+-"+2xt+---+2Xt+5+xt+e_ (2)
24
ﬂaﬂee N3 UCXOAHOT'O BpEMEHHOI'O psijia BBIYUTACTCA TPCHA0Bass KOMIIOHCHTA
Z=X-T, )

YTO MO3BOJISIET MOJYYUTh BPEMEHHOM psili, MPEACTABIAIOMNN cO00 CyMMy CE30HHOM
KOMITOHEHTBI U KOPOTKOINEepHOoAHOro mryma. [locie dero x mosydeHHOMY BPEMEHHOMY

pany Z, npumensercs Guiastp SMA, ., KOTOpOe NpENCTaBISIONIMI CO00H CKOMb3AIIEe

2x2°
cpennee MA

(4)

KOTOpPOC IMPUMCHACTCA K BPCMCHHBIM CCPUAM IS KaKAOTI'O OTACJIBHOI'O MCECALaA.

() = K0T 2K K

[TomydeHHbI (CE30HHBIN) BpEMEHHOM psAJ KOPPEKTUPYETCS IyTeM BBIYUTAHUS

ckonp3simiero cpeaHero MA KOTOPBIH MPEICTABISAET COOO0N CPEIHUI CE30HHBIN ITHUKIL.

2x127
Ha BTOpOM OTalI€ CITIa)KUBAHUC 12-MecSTYHBIM HOCHTPHUPOBAHHBIM CKOJIB3AIIHUM

cpenauM MA, | mpuMeHsieTcs K BPEMEHHOMY psIy, MOJYyYEHHOMY IOCJE€ BBIYUTAHUS

2x12
CE€30HHOU KOMIIOHEHTBI:

Y =X-S,, 6))

4TO TO3BOJIAET YAyYIIMTh OLUEHKY TpeHa0Bor Kommonentsl T = MA,  (Y)). ITocre sto-

2x12
IO U3 UCXOJHOIO BPEMEHHOIO psAJia BBIYMTAETCS YIy4YIlIEHHAs TPEH/I0Bas KOMIIOHEHTa
Z =X —T,. Ilocne 4ero K BPEMEHHOMY psily Z, CHOBA TIPUMEHSETCS CE30HHBIA QUIBTP
SMA

> HO3BOJISFOIMH YIyHYIINTh OLEHKY CE€30HHON KOMIIOHEHTBI S,

Tpertuil war — 370 nNpuMeHeHue 12-MecsSYHOro LEHTPUPOBAHHOIO CKOJIB3SIIETO
CPEIHETO YK€ K CKOPPEKTUPOBAaHHOMY BpeMeHHOMY psafy Y,. Ilocie uero nmpoussoaurcs
pacyeT OCTaTOYHOM (HEpEerynsapHo#) KomMmoHeHThl | = X — T, — S. Ilpuuem ce3onHas
cepusl, OJIy4eHHas Ha BTOPOM JTarle MpoLeyphl, 0CTaeTCsl HEM3MEHHOM. B pesynbrare
BBIIICOMICAHHBIX PEe0Opa30BaHUIl MBI TIOJTYYaeM OTIENIbHBIE PSI/Ibl, COOTBETCTBYIOLIUE
TpeHa0Bol T, ce3oHHOM S n HeperynspHoi | kommnonenrtam. IToxpoGHoe usnoxkenue
MeTtona ce3oHHoW koppekmuu X-12-ARIMA mnpencrasieno B pabdorax (Dagum, 1980;

Findley et al., 1998; Pezzulli et al., 2005).
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Ha puc. 2 mpencraBieHbl pe3yinbTaThl MPUMEHEHHS 3TOTO METo/a (DHUIBTpAIiuu
JUISL CPETHEMECSIYHBIX IaHHBIX U3MEHEHUW YPOBHS MOpsl Ha cTaHuuu HeBckast ycTheBas,
koTopasi pacmnonaraetcss B Cankt-lIletepOypre. Ha puc. 2a mokazana TpeHmoBas
KOMITOHEHTa, KOTOpas MpPEIACTaBIsieT COOO0N HHU3KOYACTOTHBIE KOJIEOAHUS YPOBHS
Mopsi. OTOUNBTPOBaHHBIE CE30HHBIE KOIeOaHUS YPOBHS MOps TMOKa3aHbl Ha puc. 20.
Heperymsipaasi komrnoHeHTa (puc. 2B) MpeACTaBIseT cOO0W KoneOaHWsl YPOBHS MOPS
C MepUoJaMH MPEUMYIIECTBEHHO MEHbINE T'0J/la, OCTABIIMMUCS TMOCIE€ HCKIIOYCHUS
MEKTOJIOBBIX M CE30HHBIX KOJICOaHH YPOBHS MOPs. DTH KOJIeOaHUs YPOBHS (OPMHUPYIOTCS
MO/ BIUSTHUEM HEMEPUOIUICCKUX KOPOTKOMEPHOIHBIX M3MEHEHHMI BKJIa/la KOMITOHEHT
BOJHOTO OayiaHca, a TaKke U3MEHEHWH Mmoyieil aTMOC(EepHOTo TaBICHHUS U BETpa Hal
akBatopueil bantuiickoro mops. Takxke BkiIag B pOPMHUPOBAHHE OTICIBHBIX MECIYHBIX
3HAQYEHUW YPOBHSI MOpsSI MOTYT BHOCHTH CTOHHO-HArOHHbBIE SIBJICHHUS C TE€PUOJIAMU
HECKOJIBKO CYTOK.

Puc. 2. Pe3ynbrarer ce30HHON (GUIBTpaIny KoJIeOaHMH YPOBHS MOpPs Ha CTaHITNH HeBckas
ycTbeBast. YepHbIM [IBETOM MOKa3aH UCXOIHBIN Psi/i CPEAHEMECSYHBIX KOIeOaHni ypoBHS
Mop# (a), KpaCHBIM — MEKT0JIOBBIE KOJIeOaHusI ypOBHS (TpeH10Bast KOMIoHeHTa). Ce30HHbIe
KoJIeOaHUsT YPOBHS MOPSI TTOKa3aHbI CHHUM IIBETOM (0), HEpeTrysIpHbIe KOJIcOaHUs
YPOBHS — 3€JICHBIM (B).
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Pe3yabTarsl

[Ipouenypa ce3onHor koppekuuu X-12-ARIMA Obuta mpumeHeHa K psjam
CpEeIHEMECSYHBIX HAOMIOACHUN AJIs KaX/I0M paccMarpuBaeMoil ctaHuuu. B pesynsrare
ObUIM TOJYYEHbI PAIbl CE30HHBIX KOJCOAHUI YPOBHS MOps Ul KaXJO0H CTaHLUU.
B nenom ns Bcero GUHCKOrO 3a1MBa XapaKTEPHbI C€30HHbIE KojeOaHMs yPOBHS MOps
C MAKCUMYMOM B OKTS0pe—/1ekadpe 1 MUHUMYMOM B MapTe—Mae. Ha puc. 3 mpeicraBieHsl
CE30HHBIC M3MEHEHUsl YPOBHS Mops Ha cTaHuMsx HeBckas yctheBas (a) u Bridopr (0)
¢ 1946 mo 2015 rr. Cranuus HeBckas ycTbeBas HaxonuTcs B BepminHe OHUHCKOTO
3anuBa, B Cankr-llerepOypre, a cranuus BwiOopr pacrnonaraercs B OJHOMMEHHOM
3ajMBe Ha paccTostHuu okoso 170 kM ot Cankr-IlerepOypra. HecMoTpst Ha 3HauMTENIBHOE
paccTosHUE MEXIy pacCMaTpPUBAaEMbIMU CTAHIMAMHU, MEXKIOI0Basi H3MEHYUBOCTH
CE30HHBIX KONEOAaHWH ypOBHS MOpS Ha OOEMX CTaHIMAX IPAKTUUECKH HICHTHYHA:
HOBTOPSIETCS KaK OOLIMI XapakTep U3MEHUYMBOCTH, TaK M JIOKAJIbHbIE YCHJICHUS CUTHAJA,

Puc. 3. Ce3onnsie xonebanus ypoBus banruiickoro mopst Ha craHuusx HeBckast ycteeBast (a) u
Bri6opr (6) ¢ 1946 no 2015 rr.

XapaKTepHbIE IS OTIEIBHBIX TOAOB. OJTO CBHUACTEIBCTBYET OO0 OJHOPOAHOCTH
MPOCTPAHCTBEHHONW CTPYKTYphl CE30HHBIX KOJeOaHWN ypOBHS B BOCTOYHOM YACTH
®unckoro 3anuBa. Cienyer oOpaTUTh BHUMaHHUE, YTO MUHUMAJIbHbIE CE30HHBIC 3HAYCHUS
ypoBHsT DUHCKOTO 3aJIMBa YCTOWMYMBO HAOIIONAIOTCS B TIEPHOJ C MapTa 1Mo Mai u ciabo
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MEHSIOTCS TOJl OT rojga. B mepuoa ¢ mas mo ceHTIOpb—OKTAOph IMPOUCXOAUT MOIBEM
ypOBHsI MOpsi. MakcuMallbHbIE CE30HHBIEC 3HAYEHUs! YpOBHS DUHCKOTO 3a/11Ba, B OTIIMYHE
OT MUHUMAJbHBIX, MPETEPIEBAIOT CYLIECTBEHHBIE MEXKIOJOBbIE U3MEHEHMs, KOTOpPbIE
BBIPQKEHbl KaK B M3MEHEHUU MECsIa HACTYIUIEHHS MaKCUMyMa, TaK U B €r0 BBICOTE.
B nienom, makcumanbHbie 3HaYeHUS ypOBHS DUHCKOTO 3aMBa HAOMIONAIOTCS B OKTSIOpe
niu aexadpe. B nepuon ¢ 1970 mo 1985 rr. MakcuMyM B C€30HHBIX KOJI€OaHUSAX YPOBHS
Mops JocTuraics B Aekabpe, a ¢ 1985 mo 1995 rr. mozxe — B ssHBape. MakcuMaIbHBIX
BBICOT CE30HHBIC KOJIeOaHHsS YpOBHS MOps IOCTHranu B nekadbpe 1973-1974 rr.: mo
32 cm Ha HeBckoii yctheBoit u 10 35 cm B Bribopre (puc. 36). C 1996 mo 1998 rr. Ha-
OroaNIMCch aHOMAaJIbHBIE CE30HHBIE KoteOaHus ypoBHS OHHCKOTO 3a7IUBa, KOT/1a YPOBEHb
MOPsI B CEHTSIOpe cocTaBisii —19 cm.

Ha puc. 4 npezacraBieHbl CE30HHBIE M3MEHEHUS YPOBHSI MOpsS Ha CTaHLUAX
Kpacunodnorckoe (a), Otkpeiroe (0), bantmiick (B) u Ilmonepckuit (r) ¢ 1977 mo
2015 rr. PaccmarpuBaeMble CTaHIIMM UMEIOT PA3IMYHbIe 0COOCHHOCTHU reorpaguueckoro
pacnonoxenus. KpacHodnorckoe u OTKpeITOE pacnonaraiorcss B BucnuHckoMm u
Kypuickom 3anmBax 1oro-soctouyHoro nooepexns bantuiickoro mops. Cranuus bantuiick
HAXOJUTCSI B OMHOMMEHHOM NPOJIMBE, COSAUHSIONIEM BUCIMHCKUI 3aJIUB C OTKPBITON
akBaropueil bantuiickoro Mops. [Inonepckuii ke pacnonaraeTcsi Ha OTKPBITOM MOPCKOM

Puc. 4. Ce3zonnbie konebanus ypoBHs bantuiickoro mops Ha cranimax Kpacnodmorckoe (a),
Ortkpeitoe (0), banruiick (B) u [Tnonepckwuii (1) ¢ 1977 mo 2015 rr.
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nobepexxbe K BOCTOKY oOT banrumiicka. HecMoTpst Ha pas3ianmyHOE MECTONOIOKEHHE
cranimii Kpacnodunorckoe, bantuiick u I[Inonepckuii, ce30HHbIE KOneOaHUS Ha ITUX
CTaHLHMAX UMEIOT CXOKUU Xapakrep. MUHUMaIbHbIE 3HAYEHUSI CE30HHOTO XOJa YPOBHS
MOps Ha 3THX CTaHIMAX HAOJIOAAI0TCSl B OCHOBHOM B IIEPHOJ C MapTa I10 HIOHb (puC.
4a, B, ). MakcuManbHble 3HAYCHHsI YPOBHSI MOpPS JOCTUTAIOTCS B OCEHHHUI MEpHUOII.
MaxkcumanbHble CE30HHbIE 3HAYEHUS YPOBHS MOpS Ha 3THUX CTAaHLUAX IOJIBEPIKEHBI
CYLLECTBEHHBIM MEXXIOZI0BbIM U3MEeHEHHEM. Tak, B nepuoa ¢ 1977 no 1987 rr. MmakcumMym
YpOBHS oCTHTrajcs B ceHTa0pe—okTs0pe. B mepuon ¢ 1994 mo 2002 rr. B ceHTsiOpe—
OKTsIOpe cTan (OopMHUpPOBAaTbCS BTOPUYHBIM MHHHMYM CE30HHOTO XO/a YPOBHS MODS.
Bpemennasi nuarpaMma M3MEHEHHUS! CE30HHBIX KoJjeOaHMH ypoBHS Mopsi B Kypuickom
3anuBe (puc. 40) UMeeT UHYIO CTPYKTYpy. Tak, MUHUMAaJIbHbIE 3HAYEHUS YPOBHS MOPS
B Kypuckom 3anuse (puc. 40) HabI0Aa0TCS yCTOMUMBO € Mast IO MI0JIb. MaKcHMaIbHBIX
3HaueHUN ypoBeHb MOps B KypilickoMm 3aiuBe 10CTUraeT B 3UMHUN MEPHUO/, B STHBaApe—
(espaine. Taxxe B Kypiickom 3anuBe B TeueHHE HECKOJIBKUX JIET B alipesie MPUCyTCTBOBAJ
JIOKaJIbHBIM MaKCUMYM CE30HHOTO X0/1a YPOBHsI, OTCYTCTBYIOLIHI B BucinHckom 3anuse.

OTunbTpOBaHHBIC PSABI CE30HHBIX KOJIEOAHHH YPOBHS MOPS TIO3BOJIWIIHA OIICHUTH
UX CPEIHME U SKCTPEMAJIbHBIE CTATUCTUYECKUE XapaKTEPUCTUKHU I Bcex 18 cTaHUUM.
JUis ka0l cTaHIUM ObUIM pacCYMTaHbl CPEJHEKBAJPATUUECKUE OTKIOHEHHUS (O), KO-
TOpBIE MPEACTABISAIOT COOO0M CPEIHIO aMIUTUTYLY CE30HHBIX KOJeOaHUH ypOBHS MOps
3a paccMaTpuBaeMblil nepuon HaOmoaeHui. CpeaHss aMILTUTYIa CE30HHBIX KoeOaHuit
B BOCTOYHOM yacTH (DUHCKOro 3a1MBa YBEIMUMBAIOTCA MPHU NEPEMELICHUH K BEPILUHE
3anuBa (puc. 5a). MakcuManbHble 3HaYeHUs1 O qocturatorcs B [Ipumopcke — 14.4 cm.
Taxoke 1151 CTaHIMI ceBEpHOT0 IT0Oepeskbs 3a11Ba HAOII01aeTCsl HEOOIbIIIOE TPEBBILICHUE
3HaYEHUW O MO0 CPAaBHEHHIO C IOKHBIM (puc. 5a). B akBaropum mops, mpuieraroei
k Kanunaunrpaackoit o6mactu, 3HaueHus: O He MpeBbImatoT 9.6 cM, a B KypiickoM 3anuBe
COCTABJISIFOT eI1ie MeHbIIe — 7.5 cM (puc. 50).

3Ha4YeHUs CPEHEKBAIPATUUECKOrO OTKIOHEHUS (O) CE30HHBIX KOJIeOaHUH ypPOBHS
Mops (puc. 5a-0), paccuuTaHHbIE IO OT(PUIBTPOBAHHBIM (CE30HHBIM) psiiaM, OU3KH K
aMILTUTY/IaM CE30HHBIX KoJieOaHUN YpOBHs, KOTOPBIC OBLIM MOJMy4eHBI B padbore (Men-
BezieB, 2014) npu noMomy rapMOHUYECKOTO aHaIu3a NpuianBoB. CorIacHO pe3yibraTram
pabotsl (Mensenes, 2014) ammuntyaa romoBeiX kojebanuii B KpoHiraare coctapisiia
11.0 cm, B Bribopre — 11.9 cm, a B Kanuaunrpane — 9.9 cm.

[TomyuenHnsie B Xoz€ npoueaypsl ce3oHHoU punsrpannu X-12-ARIMA BpeMeHHbIE
psAAbl JAlOT BO3MOXKHOCTH OLIEHUTH JKCTpEeMajbHble CE30HHbIE KOIeOaHUs ypOBHS
bantuiickoro Mops. s 3Toro Ha KaxaoW CTAHIMKM Obla OLICHEHa MaKCHMalbHas

BeJMYMHA (pa3Max) CE30HHBIX KoleOaHwil ypoBHS R . KOTOpas pacCUMTHIBajIach Kak

max’
pa3HHIAa MEXy MAKCUMAJIbHBIM U MUHUMAJIbHBIM 3HAYEHHUSIM YPOBHSI MOPSI B TEUCHUE
onHOTO rojoBoro 1ukiaa (12 mecsues). Haunbomnbimas BelMYnHA CE30HHBIX KOJIeOaHUM
ypoBus R~ wHabmomaercs Ha ctaniuuu Beibopr — mo 59.5 cm (puc. 5B). B Bepiuunne
®unckoro 3amuBa R jocturaer 56-58 cM. Haumenbiuve 3Hauenus R B BOCTOYHOM
yactu DUHCKOTrO 3ajauBa MOJIY4YEHbI I CTaHUM 0. MowmHblii — 52 cM, Ycrb-Jlyra

u [lleneneso — 51 cm.
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Puc. 5. CrannaptHoe oTKIIOHEHHE (a—0) M MaKCHMaJIbHBIN pa3Max (B—T) CE30HHBIX KOJICOaHM
YPOBHSI MOPSI (CM) Ha POCCUIMCKOM MoOepexkbe DUHCKOTO 3anBa (a, B) U Ha TOOEPEKbE
Kamunuarpanackoit oomacta (0, T).

Pa3max ce30HHBIX KoyieOaHHMI YpOBHS Ha paccMaTpPUBAEMbIX CTAHIUSAX CHIIBHO
MEHsIeTCs. OT Trofa K rofy. HamOonblneld BeTWYMHBI CE30HHBIE KOJICOAHUS YPOBHS B
BOCTOYHOM "acTu PUHCKOTO 3anuBa nocturatot B 1973-1974 rr. (puc. 6). B Bribopre
MHUHHMaJIBHBIA CE30HHBIA YPOBEHb MOPS HabOo1acs B MapTe (—24 ¢M), MaKCUMaJbHBIX
3HAUYEHUH YpOBEHb JAOCTHraeT B aekadpe (+35.6 cm). MexronoBbie M3MEHEHHUS pa3Maxa
CE30HHBIX KOJICOaHHM yPOBHS MPOUCXOMIAT MPAKTUYECKA CHHXPOHHO HA BCEX CTAHIIUAX
BOCTOYHOTI0 nodepexbs GUHCKOro 3a/1MBa.

B BucnuHckoM 3aimMBe MaKCHMalIbHBIN pa3Max CE30HHBIX KOJIeOaHWil ypOBHs
HaOmonancs B nepuon ¢ 1977 mo 1985 rr. mocturas 41 cm (puc. 7). Ha oTkpbiTOM
no0epexbe Mops, B [IMOHEpCKOM, MakCUMAaIIbHBIN pa3Max YPOBHS MOpsl COCTaBHI 42 cM.
Ha cranumu OTKpbITOE MakCHUMalIbHBIN pa3Max CE30HHBIX KojeOaHuil ypoBHs HaOIo-
nancs B 1988—1989 rr.,, 32 cM. Pa3zmax ce30HHBIX KoJicOaHHUN ypOBHS Ha BCEX CTAHITHSIX
POCCHICKON 4YacTu IOro-BOCTOYHOIO MoOepexbsi bantuiickoro Mopsi CylIeCTBEHHO
MEHSIETCSI OT To/1a K Tof1y. Tak, B OT/IENIbHBIE TO/IbI, pa3MaxX CE30HHBIX KOJIEOaHU COCTABIISIT
10-11 cm B IInonepckom u KpacHodnorckom B 1995-1997 rr. B nienom it Bcex msTH
paccMarpuBaeMbIX CTAHLMN XapaKTepHbl TEHICHUIMU YMEHBIICHHUsS pa3Maxa CE30HHBIX
KoJyiebanuii co ckopocThio oT —0.36 cM/rox muis bantuiicka u —0.42 cm/ron Ayt OTKPBITOTO
no —0.53-0.55 cm/rog mns cranmmii Kammuaunrpan, Kpacnodmorckoe m [Inonepckwmii
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Puc. 6. M3meHnenus pa3maxa Ce30HHBIX KoJIeOaHWH YpOBHS MOpS Ha CTaHIMIX Brioopr,
JIucuit Hoc, Kponurraar, JlomonocoB, HeBckas yctbeBas.

Puc. 7. I3smenenus pa3maxa Ce30HHBIX KOJICOaHUH YPOBHS MOps Ha CTaHIUAX [IMoHepCKHiA,
Banruiick, Kpacnognorckoe, Kanununrpazn, OTkpsitoe.
(puc. 7). Ha cranmusix, pactionoxeHHbIX B DUHCKOM 3aMBe, pa3Max CEe30HHBIX KoJeOaHui

YPOBHSI MOPSI B 3TOT IEPUO]T HAOTFOICHUI YMEHBIIAJICS CO CKOPOCTHIO 0K0JIO — 0.42 cm/Tox

(puc. 6).

Ob6cyxnenne

B nepuon ¢ 1990 no 2005 rr. Ha cTaHIMAX B IOT0O-BOCTOYHOM yacTu bantuiickoro
MOpsI TIPOM3OIIIIO CYHIECTBEHHOE CMEIICHHE TOIOBOTO IIMKIJIA: B CEHTIOpe—OKTsIOpe
HaOIIOIATUCH BTOPUYIHBIE TOJIOBBIE MUHIMYMBI CE30HHOTO X07[a YPOBHS MOPSI, 2 OCHOBHOM
MakcuMyM focturaics B ¢eBpane. B dunckom 3anuBe (puc. 3) B 3TOT MEpUOJ TaKKe
MIPOU3OIILTIO CMEIICHUE MaKCUMYyMa TOJIOBOTO ITUKJIA HA HECKOJIBKO MECSIIEB C OKTSIOpS—
nekabps k ssHBapro—deBpano. Cxoxee CMENIEHHME MOMEHTA HACTYIUICHUS MaKCHMyMa
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CE30HHOT0 X0/1a YpOoBHs Mopsi nocie 1990-x o ganHbiM cTanuid B boTHUYeckoM 3aiuBe
U B lIeHTpasibHOU banTtuke 6bu10 060HapyxeHo B paborte (Barbosa and Donner, 2016). Ot
0COOEGHHOCTH TOJIOBBIX KOJIEOAHUN YPOBHS JOHKHBI ObUTH (JOPMUPOBATHCS TIO]] BIUSHU-
€M KpyImHoMacmTaOHBIX (haKTOPOB, BO3ACHUCTBYIOIIMX HA aKBaTOPHIO Bcero bantuiickoro
MOpsi, HapuUMep, U3MEHEHUH BeTpa U aTMOC(EepHOTO AaBICHUSI.

B mpenpiaymemM pasaene ObLIO OTMEYEHO, YTO Ha auarpamMmax misi Kypmickoro
3anuBa (puc. 40) B anpesie HaOIIOIANICS JTOKAIBHBIM MAKCUMYM CE30HHOTO X0/a YPOBHS,
KOTOPBIM OTCYTCTBOBaN B BuciuHckoMm 3anvBe. BeposiTHO, 3TOT TOKAJIbHBIN MaKCUMyM
dbopmupyetcs mon BiausiHueM ctoka p. Heman B akBaropurto Kypmickoro 3amua. Ero
MaKCHMAaJIbHbIN 00beM HaOMI0NaeTCsl Kak pas3 B arpesie ¥ BbI3BaH nojoBoaseM (Dailidiené,
Davuliené, 2008). T'omoBoit o6bem ctoka p. Heman B akBaropuro Kypiickoro 3amuBa
cocraBisieT B cpeaHeM 22.2 KM®, 4To B TpH pasa Ooublie, ueM 00beM Bcero Kypiickoro
3amuBa (Dailidiené et al., 2011). B pabore (Dailidiené et al., 2006) 6bu1 paccuntan
CpEIHUIl Ce30HHBIN X0 ypOBHS MOpst st OeperoBbix cTanimii Huasl n Knaiineast mis
IByX repuonoB HaOmoneHui: 1961-1981 rr. u 1982-2002 rr. JIokampHBIN BTOPUIHBINA
MaKCHMYyM CE30HHOTO XOJa B ampese HabIroqaics Juis 00enX CTaHI|HA TS TIEPBOTO Tie-
puona HaOMIONEHUM U MPaKTUUECKU OTCYTCTBOBaN [yl BToporo. Ilpuuem B (Dailidiené
et al., 2006) Op1I0 TTOKa3aHO, YTO U3MEHHWJICS OOLTUH XapaKTep CE30HHOTO XOJa YPOBHS
MOpsl Ha JTUTOBCKOM noOepexxbe bantuku. Tak, mms Hunel, pacnonararomnieiicss BHyTpH
Kypuickoro 3anuBa, MaKCUMaJIbHBIM YPOBEHb B CE30HHOM Xozi€ B niepuon 1961-1981 rr.
OBLT TOCTUTHYT B HOsIOpe—aekaope, a B nepuon 1982-2002 rr.— B ssuBape—deBpae, 4to
XOPOILIO COINIACYeTCs C Pe3yabTaTaMHt, NMPEACTABICHHBIMH B HACTOSIIEM HCCIIEIOBAHUH.
B (Dailidien¢ et al., 2006) ObL10 BbICKa3aHO MPEANONOKEHUE, YTO TOAOOHBIE U3MEHE-
HUSI CE30HHOTO XOJia YPOBHSI Mopsi B KypIickoM 3aiimBe MOTYT OBITh BBI3BaHBI YMEHbB-
nieHreM oémero ctoka p. Heman B akBaroputo 3amuBa (Dailidiené, Davuliene, 2008),
a Tak)K€ M3MEHEHUSMHU KJIMMaTa, IPUBOAAIIUM K Oojiee TeIIbIM U KOPOTKUM 3UMHHUM
CE30HaM, W YBEJIMYEHUIO cpeaHero ypoBHsa bantuiickoro mopsi. B pabore (Stonevicius
et al., 2014) Takxe OBLIO MOKA3aHO, YTO MEKIOJOBEIE U3MEHEHUsI oObeMa cToka p. He-
MaH UMEIOT CIIOKHBIN XapakTep. B mocnennue aecsatuneTus: HabI0IaeTcs yMEHbIIIEHUE
CpeIHeromoBoro oobeMa cToka p. HemaH, KOTOpoe BBI3BAaHO YMEHBIIICHHEM CTOKa B
Hepuoj TMOJIOBOAbS, KOTOpOE HAOMIONAeTCsl MPEeUMMYIIECTBEHHO B ampese. B sHBape—
mapre cTtok p. Heman B mociennue necsTUiIeTHs, HapOTHB, yBenuuywica. Buaumo,
9TH OCOOCHHOCTH KJIMMATWYECKUX M3MEHEHHUH CTOKA TaK)Ke MOBIUSUIA HAa M3MEHEHUS
CE30HHOTO X0/1a YpoBHs Mops B KypIlickoM 3aimBe, KOTOPbIH 0TOOpaskeH Ha puc. 40.

[Toxokass cutyarus Habmromaercss u it Bucnuuckoro 3anmBa (cMm. Hasporikas,
Uyoapenko, 2017). Cpenuuit ypoBeHsb Boabl B p. [Iperons (Kamuaunrpaackuii 3amuB)
MOBBIIIAETCSI CO CKOPOCTHIO 6.4 MM/TO/T, TPUYEM CKOPOCTH MOBBILICHHS YPOBHS B 3UMHUIL
CE30H B JIBa pa3a 0oJbllle, 4eM B OCTalibHbIe ce30HbI roga: 10.7 mm/ron u 4.8-5.0 mm/
TO/I, 9YTO OOBSICHSCTCS YYACTHUBIIMMHUCS CIyYasMU TEIUIBIX M BIAXKHBIX 3UM B PETHOHE
(HaBpomxas, YUybapenko, 2017).

MaxkcuMasbHble 3HAueHHsl CE30HHOTO XOAa YPOBHS MOpSi B BOCTOYHOHM YacTh
DUHCKOTO 3aI1Ba HAOIIONAETCS OOBIYHO B HOsIOpe—ieKkabpe. BeposTHOCTh BOBHUKHOBEHUS
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OKCTPEMAIbHBIX ~ IITOPMOBBIX ~HAroHOB W3-32 MHTCHCH(HKAIMHA  ITUKIOHUYECKOH
aKTHBHOCTH B aTMoc(epe TakKe BO3pacTaeT B OCEHHEe-3UMHMI nepuoa. Kak u3BecTHO,
HaBOHEHUsIMU B HeBCKoii ry0e MPUHSTO CUNTATh MOABEMBI YPOBHS MOPS Bhiie 160 cM Hax
Hynem Kponmranrckoro ¢ytmroka (0 K®). Takum o6pa3om, 3KCTpeMasbHbIE CE30HHbIE
Kosie0aHus YPOBHS MOPs, pa3MaxX KOTOPBIX B OTAENbHBIE oAbl MpeBbimaeT 50 cM, MOTYT
CTaTh JIOMOJHUTENbHBIM (AaKTOPOM, YBEIMUYUBAIOIIMM BBICOTY HAaBOJAHEHUH B BEPILMHE
@DUHCKOTO 3aJIMBa BO BPEMS CUJIbHBIX IITOPMOBBIX HATOHOB.

3akjouyenune

B HacrosmeM wuccrnenoBaHMM OBUTM TPEACTABICHBI Pe3yJbTaTbl MPUMEHEHUs
nporeaypbl ce3oHHoi koppekiuu X-12-ARIMA K cpeaHeMecsiuHbIM psiiaMm HaOiro-
JICHUI 32 U3MEHEHUsAMH YPOBHsI Mops. B pesynprare aHanusa yaajloch BBIICIUTH U3
WCXOJTHOM 3aIlliCU CE30HHbIE KOJeOaHUN YPOBHSI MOPS, UCCIIENOBATh MX MEXIOJOBYIO
W3MEHYUBOCTb U OLIEHUTh UX CPEIHHE U MAKCUMAaJIbHbIE BEJTMUYKUHBI BO BTOPO MOJIOBUHE
XX — nauane XXI BB. B xoze uccnenoBanusi Ob110 MOKa3aHO, YTO aMIUIUTY/Ia CE30HHBIX
KOJIEOAHUN YPOBHS MOPSI U MECSLIbI HACTYIUIEHUSI CE30HHBIX MAKCUMYMOB 1 MUHUMYMOB
CYLIECTBEHHO M3MEHSIOTCA OT rofa K roxy. CpeaHsas MHOTOJNETHAS BbIcOTa (20) CE30H-
HBIX KOJIeOaHUIl ypOBHSI MOpSl B BOCTOYHOHN yacTu (PUHCKOTO 3aliiBa COCTaBIseT 25—
28 cM, a Ha I0TO0-BOCTOYHOM modepexbe banTuiickoro Mmopst — 16—-19 cm. MakcumanbHas
BEJIMYMHA CE30HHBIX Kojebanud R B BOCTOUHON 9acTh (DHHCKOrO 3ajMBa MOXKET
nocturarb 56—59 cm, a B akBaropuu KanuHuHrpaackoi odnactu — 110 42 cM.

B nacTosiem ucciaenoBanuu ObUIO OKa3aHo, 4To B nepuos ¢ 1990 mo 2005 rr. Ha
CTAaHLUAX B FOr0O-BOCTOYHOM 4acTu baiTuiickoro Mopst 1 B BOCTOYHOM yacTu DUHCKOrO
3aJIMBa IIPOU3O0ILIO CYIIECTBEHHOE CMEILEHUE T'OI0BOIO LIMKJIAa HA HECKOJIBKO MECSLEB
C OKTA0ps—aexabpsi Kk sHBapro—(deBpamto. B pamkax HacTOAILIEr0 HCCIETOBAHHS MBI
OTPAaHUYMIIMCH JIUIIH AHATU30M JTAHHBIX 00 U3MEHEHUSIX YpOBHS Mops. JlJisi BbIBICHUS
MPUYMH, MPUBEAIINX K MOAU(UKALMU CE30HHOIO LMKIA YPOBHS MOps, TpedyeTcs
aHaJM3 OCHOBHBIX (OPMHPYIOMMX (DAaKTOPOB, TAaKWX KaK M3MEHEHHE TOJEH BeTpa H
aTMOC(EepHOro JaBJIEHUSA, CTOKa PEK, OCAZKOB M TeMIepaTypbl BOJAbl U BO3IyXa, YTO
IUTAHUPYETCS CAeNaTh B OyayIIUX UCCIeTIOBAHUSIX.

Pe3ynbraTel HACTOAIIETO UCCIEI0BAHUS MIPOJIEMOHCTPUPOBAIA YHUBEPCAIBHOCTD
NpoUEaypbl C€30HHON KoppeKnu X-12-ARIMA, koTopas 03BOJISIET aHATU3UPOBATh HE
TOJIbKO SKOHOMHMUYECKHE XapaKTEPUCTUKH, HO U OKEAHOJIOTUYECKUE BPEMEHHBIE PAIbI.

PaGora BbImonHeHa B pamkax rocyaapctBeHHoro 3amanusi PAHO Poccum
(rema Ne 0149-2018-0015) u npu ¢unancoBoii noxnepxke rpanra POOU Ne 16-35-
60071.
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Seasonal oscillations, expressed by the annual and semi-annual components, is one of the
main types of long-period sea level variability of the World Ocean. Seasonal sea level
oscillations of the Baltic Sea have significant interannual variations. In this study, the features
of changes in seasonal sea level oscillations in the Baltic Sea during the XX-XXI centuries
were studied on the basis of long-term coastal observations. To distinguish seasonal sea level
oscillations in the Baltic Sea, the present study used the seasonal correction procedure X-12-
ARIMA. The results of this study have shown that the amplitude and the moment of the
maximum in the seasonal sea level significantly vary from year to year. In the period from
1990 to 2005, there was a significant shift in the maximum of the annual cycle for several
months from October-December to January-February, which was noted also from the data of
the coast of the southeastern part of the Baltic Sea and in the Gulf of Finland. These features
of annual sea level oscillations are formed under the influence of large-scale factors affecting
the entire Baltic Sea, for example, changes in wind and atmospheric pressure. The series of
seasonal sea level oscillations to estimate their average and maximum amplitudes during the
second half of the XX—XXI centuries. The average long-term height (20) of seasonal sea
level variations in the eastern part of the Gulf of Finland is 25-27 cm. The maximum range
of seasonal sea level variations in this sea area can reach 5659 cm.

Keywords: Baltic Sea, seasonal oscillations, sea level, X-12-ARIMA
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IMPOBJIEMA C BEPEI'AMU ITPU ACCUMNWJIALINN
OKEAHOTI'PAONUYECKHUX JAHHBIX

Coneuxun JI.M.

HUncmumym oxeanonoeuu um. 1111 Hlupwosa PAH
117997, Mockea, Haxumoeckuii npocnexm, 0. 36, e-mail: dsonech@ocean.ru
Cratbs moctymnmna B pegakiuio 10.10.2018, ogobpena  mewarn 01.11.2018

PaccmarpuBaeTcst BOpoc 00 YCBOCHHH JAaHHBIX HAOTHOACHUN, HCOOXOMUMBIX IS 3a1aHHsI
HavyaJbHBIX YCIOBUI IpPH HWHTEIPUPOBAHUU Mojelieil oOIieil HUPKYISIIUE OKeaHa.
Vka3pIBaeTcs MMPUHIUIIUATIBHOC OTJIMYMUE TAKOI'0 YCBOCHUA IO CPABHCHUIO C aHAJIOTUYHBIM
YCBOCHHEM JAHHBIX O COCTOSIHUM armocdepbl. OHO MpOMCTEKAaeT W3 CYyIECTBEHHOM
MPOCTPAHCTBEHHONW HEOIHOPOAHOCTH OKEAHWYECKHX IPOLECCOB B MPUOPEKHBIX 30HAX U
OKPECTHOCTAX OCHOBHBIX OKCAHUYCCKUX TEUEHUH MO CpaBHCHHIO C OTKPBITBIM OKEAHOM.

KiroueBble c10Ba: acCUMUIANMS OKeaHOTpapUUeCKUX HaOMIOIEHHUH, MPOCTpaH-
CTBEHHAasi HEOJHOPOAHOCTh OKEaHa, ONTUMaJIbHAS WHTEPIIONALNS, KaJIMaHOBCKas (pUiihb-
Tpauus

BBenenune

Bompoc 0 HEoO6xonuMoCTH 00BEKTUBHOTO (4ucieHHOro) aHanu3a (OA) maHHBIX
WHCTPYMEHTAILHBIX HAOIONEHUI O COCTOSSHUM CHCTEMBI aTMoc(hepa—oKeaH BO3HHK
B HavaJie 2-i mojgoBUHBI XX B. B CBSI3U C MOSABJICHUEM TEPBBIX YUCIECHHBIX CXEM KpPaTKO-
CPOYHOI'0 IPOTHO3a MOroJbl, OCHOBAaHHBIX Ha peleHuu 3agaun Komm juis ypaBHEHMH
THIIPOTEPMOANHAMUKH aTMOchepbl. HadabHbIe YCIIOBUS IS 3TOTO JTOJKHBI OBIITH OBITH
3aJaHbl HAa HEKOTOPOH peryisipHOi ceTke TOYeK, MOKpBIBAIoLIel 061aacTh arMochepsl,
Ui KOTopoil pemaercs 3amada Komm. [t ompeneneHuss Takux HadajbHbBIX YCIOBUH
MOTJIH CITYXKHTH TOJBKO HAOIIONEHHS Ha HEPETYISPHO PACTIONOKEHHBIX Ha3eMHBIX Me-
TEOCTaHIMAX U CTAHLUAX PAJHMO30HIMPOBaHU ToH atMocdepsl. ITostomy 3amaua OA
CBOAMJIACH TOTZA K MHTEPIOALUY JIaHHBIX HAOJIIONEHUI CO CTAaHIMNA Ha y3Jbl PEryJsp-
HOW ceTku. MHTepnonanus obneryanach T€M, 4TO pacCMaTpPUBABIINECS METEOPOJIOTH-
YyecKHue IoJisi B MaciTabax COTeH KWIOMETPOB IO TOPU30HTAIN MOXHO ObUIO CUMTATh
OHOPOIHBIMHU U H30TPOITHBIMH, €CJTH aHAJTU3UPOBATh HE CAMHU IO, @ UX OTKJIOHEHHUS OT
MoJIeH KIIMMAaTHIeCKUX HOpM. BaskHO OBLITIO TaKKe TO, YTO OLTUOKHU pa3HbIX HAOTIOMECHUI
MOHO OBIJIO CUUTATh HEKOPPEIUPOBAHHBIMU C COCTOSTHMEM aTMOC(Ephl U HE3aBUCSIH-
MU JIpYT OT ApyTa.

B 1961 r. JI.C. I'apaun (1963) chopmynupoBan cpeiHEKBaIpaTUYECKU KpUTe-
puii kauectBa OA MeTEOpOJIOrMYeCKUX MOJIeH M Ha €ro OCHOBE pa3paboTas OoNnTUMallb-
HYI0, T.€. HAWJIy4YIIyI0 C TOYKU 3peHHsI 3Toro kpurepus, uatepnonsuuto (ON). Unes OU
ype3BblUaiiHO IpocTa. OHa HUCIONIB3YET JUHEHHYI0O MHOKECTBEHHYIO perpeccuto. Ko-
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s PUIHEHTAMH PETPECCUU SBIISIOTCS «BECa» aHOMAIMI METEOPOIIOTHYECKOTO TN Ha
CTaHIMAX, KOTOPBIE OKPYKAlOT pacCMaTpUBAEMbIN y3€J1 PETYISIPHOM CETKU. DTH «BECa»
OTIPE/IECTISIOTCS pa3 U HaBCerAa JUIsl BCEX y3JI0B M0 MPOCTPAHCTBEHHON KOPPEISIIUOHHOM
¢bynkuuu ananuzupyemoro nons. Cama sta GyHKIUS MPEIBAPUTEILHO OLEHUBACTCS O
JTaHHBIM BCEX HAOMIOMEHUI ATOrO MoJsl (CYMTAEMOTO, KaK CKa3aHO BHIIIE, OHOPOIHBIM
Y U30TPOITHBIM) M3 METeopojiorndeckoro apxusa. Kcratu, «KpUrHHT», UCHOIb3yEeMBbIi
10 YMOJIYAHUIO JUIsl TIOCTPOEHMSI M30JMHUI BO BceM u3BecTHOU mporpamme SURFER
(https://support.goldensoftware.com/hc/en-us/sections/204151518-Surfer), sBnsercs Ba-
puanTom OU. 3a nosne HOpM B HEM NPUHUMAETCSI CPEIHEE 3HAUEHHE BCEX UHTEPIIOIUPY-
€MBIX JJAaHHBIX, a IPOCTPAHCTBEHHAS! KOPPEISLUOHHAS (QYHKIUS OLIEHUBACTCS 110 OTKJIO-
HEHUSIM JIaHHBIX OT 3TOTO CPEIHETO.

bricTpo BeisicHIIIOCH, 4TO OA MeTogoM OU naet cymecTBeHHO JTydlue pe3yibra-
Thl, €CJIM AHAJIU3UPOBATh HE AaHOMAJIMU PACCMATPUBAEMOIO METEOPOJIOTUUYECKOTO IO
OTHOCHUTEIILHO KJIUMaTa, a OTKJIOHEHUS HAOII0IEHUH 3TOT0 MOJISl OT €T0 MPOTrHO3a Ha MO-
MEHT aHaJln3a. DTU MOCJIEIHHE OTKIOHEHUS, MPU JOCTATOYHO XOPOILEM IMPOrHO3€, CY-
LIECTBEHHO MEHBIIE, YeM KJIMMATUYECKUE aHOMAJHUM M, CJIEOBATENIbHO, UX JIMHEHHAs
TpakToOBKa OoJiee ompapaHa.

[TorryTHO yKa)keM, 4TO 3Ta 3aMEHa MOPOMIIa MPobdIemMy, KoTopasi He Obljia 0CO3Ha-
HAa BIUIOTH 10 HEIABHETO BPEMEHU. A HIMEHHO: IPOTHOCTUUYECKHE T10JIs COJIEPKaT MHOTO
MEJIKOMACIITaOHBIX OCOOEHHOCTEH, KOTOPhIE HE MOTYT OBITh CXBau€HBI CYIIECTBYIOLICH
CUCTEMOM MEeTEeOHAOI0IeHUH (KpOME CITyTHUKOBBIX). DTH (paKTUUECKU HEHA0II01aeMble
ocobenHocTu nepexoaaT B OA B cBoeM HUCXOAHOM BHje. HeyTuBUTENHHO O3TOMY, YTO
BO3HUKAET JIO)KHOE BIIEYaTIICHHUE MOBBIIICHHOM IPEICKa3yeMOCTH TaKKX MEJIKOMAcCIITao-
HBIX 0COOCHHOCTEH METEOPOIOTHIECKHX IOJIeH 0 CPABHEHUIO C MPENICKa3yeMOCThIO 00-
Jee KpyHHbBIX, peanbHo HabmonaemMbix ocobennocteit (Sonechkin, 2010).

Bneperie B Mupe OU Obuta peanmszoBana B ['mapomernentpe CCCP B cepenune
1960-x rr. (YerBepuxos, 1962). Ee npomonKkatoT UCIONIB30BaTh 1O HACTOSIIETO BpeMe-
HU B TOM BHJIE, KaK OHa ObL1a onucaHa B pabote barposa, benoycosa, ApraHoBoii u ap.
B 1978 1. Tonbko 6mmke k koHIy XX B. OU Oblna peanuzoBana B EBpomneiickoM meHTpe
CPEIHECPOUHBIX MPOTHO30B MOTOABI, @ 3aTEM U BO MHOTHX APYTUX 3apyOEKHBIX KJIMMa-
TUYECKUX LIEHTPaXx.

[Tocne nosiBeHUs: CMyTHUKOBBIX JaHHBIX KOHIENIHs OA MEeTeopoOrnYecKuXx mo-
aei morpeboBajga KpUTHYECKOTO MEepecMoTpa U3-3a TOro, YTO HAOIIOAEHHS Ha CITyTHU-
Kax MPOU3BOIATCS HE B IUCKPETHbIE CHHONTUYECKUE CPOKH, a HenpepbIBHO. [Ipu aTom
OLIMOKU CIYTHUKOBBIX JIaHHBIX KOPPEIUPYIOT APYT C JIPYIOM M 3aBUCAT OT COCTOSTHUS
camoit armocgeps! (I'anaun, 1971). DT0 NpUBOIUT K MIIOXOH 00YCIOBIEHHOCTH MaTpH-
1l B3aWMHBIX KOppENIALUi HaO0AaeMoro mojis Ha COCeHUX TOYKaX HaOMIONEeHUH u,
B MITOTE, JieNaeT pacueT «BecoB» OU HeHanexHbIM. B memnsx 60pb0sI ¢ 3THM ObL1a Chop-
MyJIMpOBaHa HOBasl KOHLIENLUS HENPEPBIBHOIO 4-MEPHOIO YCBOEHUS Pa3HOPOAHBIX Ha-
omonenuit npu OA mereoponorudeckux nonei (Bengtsson, 1975).

Brepsrie nogxon k OA KpymHOMAcCIITaOHBIX 0COOEHHOCTEH METEOPOIOTHYECKIX
MoJIeH, YIOBIETBOPSIONIMIA 3TOM KOHIIETINH, OBbLIT MPeIIokKeH B paboTe aBTOpa HACTOS-
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mieit ctarbu (ConeukuH, 1973). DTOT MoaX0 UCIIONB30BAI pa3padOTKU METOAOB OLIEHKH
COCTOSIHUIM CHCTEM aBTOMAaTHYECKOTO YIPABJICHMS, MOSBUBIIMECS BO BTOPOH TOJIOBUHE
XX B., MIUPOKO U3BECTHBIC ceiuac kak ¢unpTpanus P.O. Kanmana. Onucanue oCHOB u
JanpHelIee pa3BUTHE 3TOTO MOJX0AA OBLIO MO3/IHEEe OMYOIMKOBAHO B LIEJIOH Cepuu pa-
60t1. Ha ocHoBe 311X padot B koHue 1970-x rr. B I'uapomeruenrpe CCCP Oblna peanuzo-
BaHa CXeMa CIEKTPaIbHOTO (17151 KO3 (HUIIMEHTOB Pa3IOKEHUSI METECOPOJIOTHUECKUX TI0-
neii o cpepuueckum QyHkusM) OA (Coneukun, 1976; Kazanmxan, Coneukun, 1978;
Kazanmxan, Coneukun, 1982; Coneukun, Kazanmkan, 1982). 9ta cxema npu odunmaib-
HBIX MCTIBITAaHUSIX MpeB3o1uia no kadectBy OA, ocHoBaHHbIN Ha OU, ncnonb30BaBLIMiiCs
B I'mapomeruentpe CCCP B TO Bpems.

3amagHbple METEOpPOSIOTH 03HAKOMUJIMCH C METOJIaMU KaJIMaHOBCKOH (UIBTpaiuu
mumib aecsatuiaetuem nozxe (Ghil, Cohn, Tavantzis et al,. 1981, Le Dimet, Talagrand,
1986, Lorenc, 1986). DT MeTOABI OBICTPO CTAJIM TaM CTOJNb MOMYISAPHBIMH, YTO TOYTH
BCE pa3pabOTaHHbIE K HACTOSIIEMY BPEMEHM Ha 3amaje Mpaktudeckue cxeMbl OA me-
TEOPOJIOTUYECKUX TOJIEH (32 HUMU 3aKpENnuiIoch Ha3BaHUE «BAPUALMOHHBIE METOJbI»)
MIPOBO3MIIAIIAIOTCS POUCXOSIIMMH OT KaJIMAHOBCKOH (pUiIbTpanuu.

B cBsa3u ¢ pa3paboTkoi JeTaqn30BaHHBIX Mojele muHaMuku okeaHa OA crai
aKTyaJIbHBIM JUIsl OKeaHoJIoroB. [10100HO CIIyTHUKOBBIM HAOIIOIEHUSIM 332 COCTOSTHUEM
arMocdepbl, HAOIIOICHNSI COCTOSIHUS OKeaHa MPOU3BOAATCS HEPETYISPHO, @ UX OLIUOKH
KOPPETUPOBAHHBI B IPOCTPAHCTBE U BO BPEMEHHU. ITO 3aCTaBUIIO OKeaHOTpadOB UCKATh
cnioco0br OA, poficTBeHHBIE BapuallMOHHBIM MeTonaM. Hekoropsie Takue OA ruapodu-
3MYECKHUX TOJIeH OKeaHa yKe JaBHO ObUIM aHOHCHPOBaHbI 3a pybeskoMm (Derber and Ro-
sati, 1989). bonee HenaBHME NPEIOKEHUS IOBOJIBHO MHOTOYUCIICHHBI (CM., HAIIPUMEP,
Mogensen, Baldasena, Weaver et. al., 2009).

OpnHako B 3TuUX paboTax HE YUMTHIBAETCS ClEeUU(pUUIECKOEe CBOMCTBO IHMIpOpU3U-
YEeCKUX TOJIeH OKeaHa, COCTOosIee B UX NI00aTbHON HEOJHOPOJHOCTH U HEM30TPOIIHH.
Oco0OeHHO BenMKa MPOCTPAHCTBEHHAs HEOJHOPOJHOCTh 3TUX IOJIel BOIU3M OEperos.
[Ipu 3TOM OHa BeJMKa HE TOJIBKO B OTHOCHUTEJILHO MaJIbIX IPOCTPAHCTBEHHBIX MacCIITa-
0ax, 4To 0C000 CBOMCTBEHHO MPUOPEKHBIM THAPOPU3NIECKUM TTpolieccaM, HO M B Mac-
mradax CoOTeH KUJIOMETPOB, CYIIECTBEHHBIX JUIsI MOZIETIeH 00Iel IUPKYIISIIMA MUPOBOTO
OKeaHa.

Hanpumep, ctok pek FOxkHoI AMEpUKH BHOCHUT CYIIECTBEHHYIO HEOJHOPOIHOCTh
MPAKTUYECKH BCEH aKBaTOPUH NPUIKBATOPUATBHON ATnaHTUKH. HeoqHOPOIHOCTh TakKe
BEJIMKA B OKPECTHOCTSAX OCHOBHBIX TeUeHH, TakuXx kak [onbdcrpum. [loatomy «Becay,
C KOTOPBIMU aCCUMWJIHPYIOTCS pa3iMyHble OKeaHOrpauuecKue HaOIIOACHUS, JOIKHbI
CYILIECTBEHHO 3aBUCETh OT TOTIO, B KaKUX YaCTAX MUPOBOTO OKEaHA MPOU3BEACHBI ITH
HaOJIFOIEHUS.

KoneuHo, npocTpancTBeHHas HEOJAHOPOJHOCTh MHOIZA NPUCYIA U IMOJSM B ar-
Mocdepe, HalpuMep, B OKPECTHOCTIX aTtMoc(epHbIX GpoHTOB. OTHAKO OOBIYHBIE CXEMBbI
OA MeTeopOoIoruuecKux Mojieid, NPUMEHSIEMbIE B LEISAX YUCIEHHOIO KPaTKO- U CpEIHE-
CPOYHOTO TIPOTHO3a MOTOBI, €IIle MPEHEOPEraroT ITHM 00CTOATEILCTBOM, HOO HIar mpo-
THOCTUYECKUX Mojiesiei oOmieil MupKymsiuu arMoc(hepsl BCe ele COCTaBIsIeT MopsaKa
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COTHH KHWJIOMETPOB TI0 TOPU30HTAIN. ATMOC(HEpHBIMU (PPOHTAMU MIPU TAKOM IIAre eIie
MOXHO npeHedperars. Eciu xke 3aHMMaThCsl Me30MacIiTaOHBIM MOAETHMPOBAHUEM U ITPO-
THO3UPOBaHMEM, UTO celuac CTAaHOBUTCS Bce O0Jiee akTyaabHbBIM, TO TAKOE ITPEeHeOpexe-
HHE, KOHEYHO, HeBO3MOKHO. [Toatomy mst OA armMocdepHbIX (POHTOB HA/IO MCTIONB30-
BaThb COBCEM JIPYTHE CXEMBbl, KOTOpbIe He OyIyT 00CYXKIaThCsl B JTaHHOU paboTe.

Henpto Hacrosmeil paboThl sABISETCS yKaszaTh, YTO KaJMaHOBCKasl (hUIIbTparus
B YHCTOM BHJI€ HE MOXKET OBITh peanu3oBana npu OA ruapodu3nyeckux moiei mno npu-
YHHE NMPOCTPAHCTBEHHON HEOJHOPOJHOCTH ATHUX IOJIEH, KOTOpas BIIEUET HEeNpeoaoiiu-
MbI€ BBIUHCIUTEIbHBIE CII0)KHOCTH, MO0 JUIsl yueTa 3TOW HEOAHOPOIHOCTH KaJIMaHOBCKas
(buibTpanys JoKHa ObITh peatn30BaHa Ha OCHOBE CHCTEMbl YPaBHEHHUH B YACTHBIX IIPO-
U3BOJHBIX, OMUCHIBAIONIMX JTUHAMUKY OK€aHa ¢ HaJUIeXkKallUMH HEOAHOPOIHBIMHU YCIIO-
BUSIMU Ha OOKOBBIX IPAHUIIAX OKEaHa.

YcBoeHue TaHHBIX METEOPOJIOTHYECKUX HAOII0eHu i
B KOHTEKCTEe KAJIMAaHOBCKH (PMIbTPaLlUN

CyTbh KamMaHOBCKOH (uibTpanuu ceiuac mupoko u3BectHa (Aoku, 1971; 3ane,
He3oap, 1970; Jlunmep, Llupses, 1974; [Ipoxopos, Caynbses, 1977). Ee mogpoOHoe onu-
caHMe MOXXHO HaiTu maxxe B Bukunenuu. [1oaToMy HET HEOOXOIUMOCTH MPUBOIHTDH B
JTAHHOM CTaThe BCE OTHOCAILIMECS K HEH MaTeMaTUyeCKUe BbIKIAJAKU. YIIOMSHEM TOJIBKO,
YTO NEPBOHAYAJIbHO (PUIBTpaIUs, YUUTHIBAIOIIAS J[BAa UICTOUHHKA HH(OPMALIUU O COCTO-
STHUM paccMaTpUBaeMOM CUCTEMBI (ITPEIBAPUTEIbHBIN IPOTHO3 3TOTO COCTOSIHUS U BHOBb
MOCTYMHBINKE HaOmoneHus) Obuta pennoxkena P.O. Kamvanom (1960) nns oneHku co-
CTOSIHUSL JUCKPETHOM JIMHEHHOM CHCTEMbl aBTOMATHYECKOIO YIPABJICHUS [0 JAHHBIM
JMCKPETHBIX HAOMIOACHUH, OTATOIIEHHBIX I'ayCCOBCKUM CIIy4alHBIM IIyMOM. MMeHHO
9Ta pabora u3BecTHa ceiuac kak ¢GunbTp Kanmana. Ouenka cocTosiHus 11000# cucrte-
MBI, TaBaeMasi STUM GuiabTpom, mogodno OU NanauHa, sBIsETCS, B CyIIHOCTH, MHOXeE-
CTBEHHOM JIMHEWHOH perpeccueil. EnnHcTBeHHBIM ee ominuneM oT OU aBnsercs To, 4To
«BECay MEePEeCUUTHIBAIOTCS 3aHOBO MPU KaKJIOM KOHKPETHOM YCBOCHUHU JaHHBIX HaOIIO-
JI€HUH, TOCKOJIBbKY TOYHOCTh MPEABAPUTEIBHOIO MPOTHO3a B KaXKIbIi pa3 pazauyHa. Me-
POl 3TOM TOYHOCTH CIYKUT KOBapHallMOHHAs MaTpHIA HEONPEIAEICHHOCTH COCTOSHUSA
paccmarpuBaemMoil cucteMbl. [l oueHku 3Toil MaTpuubl ¢GunsTp Kanmana conepxur
CIEMAJIbHOE Pa3HOCTHOE 110 BPEMEHH ypaBHEHHUE.

[Toutu cpasy e ObLI0 caenano 0o6o6menue ¢unprpa Kammana (m3BecTHOE TETephb
kak ¢uibTp Kanmana-berocu) /Ui HENPEepbIBHON 110 BPEMEHU JIMHEHHON CHUCTEMBI aB-
tomaruueckoro ynpasienus (Kalman, Bucy, 1961). O1oT ¢punerp ananoruuen Gpuistpy
Kanmana ¢ TeM TONbKO OTIIMYHEM, YTO 00a €ro ypaBHEHUs (YpaBHEHHE OLIEHKH TEKYIIETO
COCTOSIHUSI CUCTEMBI U YpaBHEHHE OLIEHKH KOBAPUAIIMOHHOM MaTpuIlbl HEOIPEIEIeHHO-
CTH 9TOH OIICHKH) SIBJIAIOTCS HE Pa3HOCTHBIMU 110 BpeMEHH, a 1npdepeHIInalbHbIMU.

Heckonpko mo3xe MOSBUIMCH pa3iuyHble 000OIIEHHs] KaJIMaHOBCKUX (UIBTPOB
JUIsL HETMHEMHBIX CHCTEM aBTOMAaTUYECKOTO YNPAaBIEHMSI, OMMCHIBAEMBIX Pa3HOCTHBIMU
[0 BPEMEHU ypaBHEHMUSMHU, OOBIKHOBEHHBIMHU TU(PPEpEeHIMATbHBIMI YPABHEHUSMH U

54



Oxeanonorunueckue ucciemosanusd. 2018. Tom 46. Ne 3. C. 51-66

Jla’Ke YpaBHEHUSMH B YaCTHBIX MPOU3BOAHBIX (Aoku, 1971; 3ane, He3o3p, 1970, Jlumn-
uep., upses, 1974, Ilpoxopos, CaynseB, 1977). SIcHO, 4TO B NPUIOKEHUH K TaKUM
CUCTEMaM KaJIMaHOBCKasi (pUIbTpanusi MOXKET ObITh TOJBKO CyOONTHMAaIbHOU, T.K. OHA
IPEATOJIATaeT, YTO BCE MPOCIIEKUBAEMBIE TTOCIIE0BATEILHOCTH COCTOSIHUN paccMarpu-
BAaE€MOM TMHAMUYECKOW CHCTEMBI HE CHIIBHO OTIIMYAIOTCS OT HEKOeW OMOpPHOM Mocieno-
BaTEeIHLHOCTH. DTO MO3BOJSIET MPOCIICKUBATh TaKHE MOCIIEAOBATEIFHOCTH C TIOMOIIIBIO
JMHEApU30BaHHOW CUCTEMBI YPABHEHHUI, B JTyUIlIeM clTydae T00aBsisl YICHBI BTOPOTO TI0-
psiKa JUTsl y4eTa CUCTEMaTHYeCKOTO OTKJIOHEHHS JIMHEapU30BaHHOTO MPOTHO3a OT OIOop-
HOM IIOCJIETOBATEIILHOCTH.

NMeHHO B Takoii MOCTAaHOBKE KaJIMAaHOBCKAs (PUIIbTpalvs OblIa UCTIOIB30BaHA [T
OA mMeTteoposornueckux nosei B nuonepcko padore (Coneukun, 1973). [Ipudem Obu10
SBHO yKa3aHO Ha CyOONTUMabHOCTh Takoro OA, MOCKOJIBKY BBIBOJ YPaBHEHHUM (PHIIb-
tpa Kanmana-baiieca Ob1 cienaH Ha OCHOBE BEPOSTHOCTHOTO (0aliecOBCKOTr0) Moaxoaa
K CTaTUCTHKE, YeTo He ObUI0 B MuoHepckoi myonukanuu Kanmana (Kalman, 1960).

BriBog ¢punsrpa Kanmana Ha ocHOBe 0alieCOBCKOTO MOAX0a 0OBIYHO HE TIPUBOIUT-
csi. 3a pyOeKoM 3TOT BBIBOJI BIIEPBBIE ObLT OITyOJIMKOBaH TOJIbKO B pabote (Lorenc, 1986).
OpHako ATOT BBIBOJ Ba)XEH AJIsS MOHUMAaHHS TOTO, OTKY/Aa MPOMCTEKAIOT OTPAaHUYCHUS
¢wmbTpa Kanvana. [TosTomy npuBeneM onucanne 0aiieCOBCKOTO TTOIX0/a, CIeAys pado-
tam (Coneukun, 1973; Coneuxun, 1974; Coneukun, 1976, Coneuxun, 2000). Bekropom
u(t) 6ynem o603HaUaTh MPU ATOM UCTHHHOE (OIICHUBAEMOE) COCTOSTHUE aTMOC(EpPHhI B MO-
MmeHT t, 1 BektopoM X(t) = G[u(t)] + &(t) — HaOIFOAEHUSI TOTO COCTOSIHUSI, OTSATOLICHHBIC
Cily4aiHbIMK OlIMOKaMu. 3aKOH pacrpesiesieHusi OuOOoK HabmoneHni Oynem npeo-
nararth u3BecTHbIM. Bexropom U(t) = F Cl(t—At)] OyzneM 0003Ha4YaTh MPOTHO3 COCTOSHHUS
armocdepbl Ha MOMEHT t, cocTaBieHHbIH 0 AaHHBIM OA Ha MOMEHT (¢ — At), KoTOpbIe
Oynem 00o3HayaTh JBOMHON KPBILLIEUKOM Kak ﬁ(t — At) . BemmumeMm ¢opmyity, CBA3bIBato-
Y0 YCIOBHBIE (YCIOBHSI IEPEUHCIICHBI MTOCTIE 3HAUKA /) alpUOPHBIC U allOCTEPUOPHBIE
BEPOSTHOCTH HACTYIIJICHUS COOBITUH (TIEPEUNCIICHBI Yepe3 3allsTy10) B BUJIE:

o(u(t) /G(t), x(t)) = PUOAM. (D) _ p(u(®).a() p(x(1)/u(®).at) _

(G X(1)) p(I(t) X(1) O
P(UC)/A(L)) PCA(L) PXA/U().H(H)
p(0(t)) P(X(D/G(D)

Y4uuTeIBas HE3aBUCUMOCTH OIIMOOK HAOIOACHHIA OT OMTUOOK MTPOTHO3a HA MOMEHT
3TUX HaOmoxeHui, moaydaem, yro P(X(t)/u(t) U(t) = p(x(t)/u(t) . Iosromy okoHya-
TEJILHBIA BUJI aIlIOCTEPUOPHON BEPOSTHOCTH COCTOSTHHSI aTMOC(EPhl B MOMEHT BpeMEHH {
MOYKHO 3aITiCaTh B BUJIC:

10, x(1) = PLUO/AD) PO u(t)
P /60, x(0) = PR R, e

YTO TpeNCcTaBIsAeT coO00i n3BecTHYIO hopmynny baiieca MareMaTn4eckoil CTaTUCTUKH, B

KOTOPOH B KaueCTBE alPUOPHON OLEHKU COCTOSHHUS PAcCMaTPHUBAEMOU CHUCTEMBI (UTY-
pHUpYeT MPOrHO3 ATOTO COCTOSHUSI.
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y‘-II/ITBIBaSI, YTO CHUCTEMaA S5BOJIFOIIMOHHBIX ypaBHeHI/Ifl TUAPOTCPMOJUHAMUKHN aT-
MOC(I)epBI ABIIACTCA ,[[eTepMHHI/IPOBaHHOﬁ, MOXXHO 3aIliicCarb:

p(u(t) /act)) = p(u(t) / x(0),..., X(t - At)),

. 3
p(u(t) / G(t), x(t)) = p(u(t) / x(0),..., X(t — At), x(t)) ®)
Torma (2) mepenuchiBaeTCs B BUAC PEKYPPEHTHOTO COOTHOIIICHHUS:
p(u(t)/ X (t)) = p(u(t) / x(0),...,x(t)) = const- p(u(t) / x(0),...,x(t = At)) p(x(t) /u(t)) =
const- p(u(t) / X (t=At)) p(x(t) / u(t)), (4)

B koTopoM Marpuiieil X(t) o60o3HaueHa BCsI MOCIEN0BATENLHOCTD HAOMIONEHUH, Ipeie-
CTBOBABIIHMX HAOITIOACHUSIM B MOMEHT BpeMeHH .

3a pesyasrar OA Ha MOMEHT BpeMEHHU ! €CTeCTBEHHO MPUHUMATh TO COCTOSHUE
aTMocQephbl, anoCcTepuopHasi BEPOSATHOCTh KOTOPOTro MakcuMaibHa. HeoOxoaumbIil s
3TOTO pacyeT BEPOATHOCTEW BCEX BO3MOKHBIX COCTOSHHMU MPAKTUYECKH OCYIIECTBUM
JMILB B cyyae, korja purypupytoiue B (3) u (4) ycaoBHbIE BEPOSITHOCTH UMEIOT KOHEU-
HOMEpHBIE JOCTATOYHbIE CTATUCTUKHU H, O0Jiee TOro, Habop 3TUX CTATUCTUK HE MEHSETCS
CO BpeMeHeM. JTo Oy/JIeT TaK, TOJIBKO €CJIM BCE YCIOBHBIE pacIipeaeIeHus] BEPOSITHOCTEH
TI0 THITY SIBJISTFOTCSI CAMOBOCITPOM3BOISIIIMMUCS. J{JIsl TAKMX pacTpe/ie]IeHnii BEIYMCIICHUE
BCEX aloOCTEPUOPHBIX BEPOSITHOCTEH MOXKHO 3aMEHSTHh BBIUYMCIEHHEM CTATUCTHUK ATHUX
pacrpesieneHuil Mo M3BECTHBIM CTaTUCTUKAM almpUOPHOTO pacnpeneneHus. M3 uwmcia
MHOTOMEPHBIX pacnpeaeaeHnii TpeOyeMbIM CBOMCTBOM 00J1a/1aeT TayCCOBCKOE pactpeie-
nenue N(u, R). Ero craructuku (cpenHee W 1 kKoBaprallMoOHHast MaTpuna R) coxpansioTcs
npeobpazoBanusiMu (3) u (4) MpU yCIIOBUM, YTO TMIPOTHOCTUYECKASI MOJCIb U OTIEPATOP
HaOronenuit muHernsl: U(t) = Au(t - At), x(t) =Gu(t) +£(t).

CornacHo 6aiieCOBCKOMY MOAXOMY M B IMPEAINOI0KEHUHN TayCCOBOCTH pacipe/erie-
HHS OLIMOOK, BEPOSITHOCTH MOIY4UTh HaOmroaeHue X(t) mpu ycloBUH, YTO HCTHHHOE CO-
CTOSIHUE CUCTeMbI ecTh U(t), MOXKeT ObITh 3amncana Kak:

p(x(t)/u(t)) = const-exp{—O.S[x(t)—G (t)u(t)]/ R_l(t)[x(t)—G (t)u(t)]}, (5)

rae R™' — oOparHast koBapuallMOHHAs! MaTpUIla OMHOOK HaOmoneHui. [Ipu ToM BeposT-
HOCTb UCTUHHOT'O COCTOSIHUSI aTMOC(eEphl B MPEIIeCTBYIOMUI MOMEHT BpeMeHH (1—At)
MOYKHO IPE/ICTaBUTh KaK:

p(u(t=At)/ X (t—At)) = const-exp{—O.S[u(t—At)—ﬁ(t—At)]l z‘l(t-At)[u(t-At)-G(t-At)]}, 6)

rae X' — oOparHasi KOBapUalMOHHAsI MaTPUIa BO3MOXKHBIX COCTOSIHUI aTMOC(ephl B MO-
MEHT BpeMeHH (f — At) npu yCIIOBHM, YTO HICTUHHOE COCTOSIHUE IIPECTABICHO HabIro/Ie-
HusiMu X(¢ — At) . U3 (5) u (6) nonydaercs, 4To pacupeesIeHue BEPOSITHOCTEN OIINOO0K
JIMHEHHOTO MPOTrHO3a, BO3HUKAOLIHMX 32 CYET OIIMOOK HauaIbHBIX JAHHBIX ﬁ(t - At) , TOXKE
SBJISIETCS T'ayCCOBCKUM U PaBHBIM:
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p(u(t)/ X(t-At)) =

const -exp{—O.S[u(t)— Aﬁ(t—At)]’ [AZ(t-at) A ]‘1[u(t)- AO(t—At)]}, 7

a aroCTEPUOPHBIE PACTIPEACIICHHS BCEX BOZMOXKHBIX COCTOSIHUM U(t) CHCTEMBI B MOMEHT
BPEMEHHU t UMEIOT BU:

p(u(t)/ X (1) =

_0.5[u(t)- AG(t—At)]’ [As(t-at) A ]_1[u(t)— Aﬁ(t-At)]- )

const-exp

O.S[X(t)—B(t)u(t)]R_l(t)[x(t)—B(t)u(t)]

YtoO0bI MAaKCUMH3UPOBATH 3TO I'ayCCOBCKOC PACTIPCACIICHUEC, TOCTATOYHO MUHUMU-
3UPOBATH IMOKA3aTCJIb €I0 SKCIIOHCHTHI:

!

J= [u(t)- Ad(t - At)] Ml‘l[u(t) ~Al(t- At)] +[x()- B(t)u(t)]’ M;*[x(t) - B(t)u®)]» ()

rae Ml'l(t)=[A2‘.(t—A'[)A’]_l 1 M;'(t)=R™(t). 3amMeTHM, YTO B MOSBHUBLIMXCS B KOHLE
XX B. Tak Ha3bIBAEMBIX BaPHAIIMOHHBIX METO/IaX ACCUMUIISIINU JAHHBIX CPa3y BBITUCHI-
BaeTcs GpyHkimona tumna (9). MHoraa B Hero 100aBIIsSFOTCS JOTIOTHUTEIBHBIC ClIaracMbIe,
YUUTBIBAIOIINE CBOMCTBA PACCMATPUBAEMOM MMPOTHOCTHYECKOW Moaenu. Harpumep, eciiu
MOJIETb OCHOBaHA Ha MOJIHBIX THIPOCTATUYECKUX YPABHEHUSIX, TO 3TH JOTIOJHUTEIHHBIC
4iIeHbl TPeOyIOT, YTOOBI pe3ynbraT OA yIoBIETBOPSUT YCIOBUSAM THAPOCTATHKY.

Jst noctmkenust MunuMyma (9) Haio onpeeTuTh U MOJI0KUTH PAaBHOM HYJIIO Ba-
PHAIIMOHHYIO TPOU3BOHYIO 3TOr0O yHKIMOHaNA 1o U(t). B kauecTBe OlleHKH COCTOSTHUS
arMocdepbl B MOMEHT BpEMEHHU 1 pu 3TOM MOJTy4aeTcs:

((t) = G(t) + K (0 [ x(t) - BE) Gt)] (10)

IJIe MaTpuIla, KOMOMHUPYIOIIAsi HEBSI3KY HOBBIX HAOMIONEHUHN C MPOTHO30M HA MOMEHT
3TUX HAOMIONEHUH, UMEET BU/I:

K(t) = AZ(t- At) A B'(1)[B() AZ(t - At) A B'(1) + R(1)] (11)

3aBHUCSIIENH OT TOUHOCTH OLIEHKH COCTOSIHUS aTMocdepbl Ha MPEIbIIyIeM are mo Bpe-
MeHu 2(t—At). TounocTs nocnenHel Ha MOMEHT BpeMeHHU t J0JKHA IEPEeCUUTHIBATHCS 110

bopmyie

2(t) =[1 - K(®)B(t)] AZ(t - At) ATl - K (t) B(t)] +K({)RHK'(1), (12a)
€CJIM JaHHbIE YCBAUBAIOTCS C OOJBIIKM IIAaroM 10 BpeMeHU (00br4HO 6 uiau 12 yacos).

57



.M. ConeukuH

Ecnu xe YCBOCHHUC IMMPOU3BOJUTCA HA KAKAOM HIAre 1o BpEMCHU HpOFHOCTH‘ICCKOﬁ MO-
ACJIU, TO JISL 3TOTO HA/I0 UHTCIPUPOBATH KBAAPATUIHO HEJIUHEHHOE YpaBHCHUC:

di—ft) = AZ(t)+2(t) A +Q(t)+ (1) B R®)[X(t) - G(u )] (t) . (126)

[ToBTOpHuM, uTO TiepecyeT (12a, 6) — 3TO €NMHCTBEHHOE, YTO MPUHIIUITHAIBHO OTIIH-
yaet ¢unsTp Kanmana ot OU, u6o npu OU koBapraiimoHHasi MaTpHUIia MOJIsL, CIIYKaIIero
nepBbIM npubmmkenueM OA, 3a1aercs pa3 U HaBcerna. BakHo, 4To mpu 3TOM Tepecue-
T€ HE HAKJIAJbIBAECTCS TEX JKECTKUX OIPAaHUYEHUN IPOCTPAHCTBEHHOW OIHOPOAHOCTH U
M30TPONHH, KOTOPBIE JEUCTBYIOT MPHU pacueTe MPOCTPAHCTBEHHBIX KOBapHallUil aHaJIM-
3UpPYEMOro MoJjsl N0 apXUBHBIM AaHHbIM Ipu OU ["anuHa.

B mpunoxenusix k OA ruzpomereoponorndeckux mnoneid marpuma Z(f) umeer
OTPOMHYIO pa3MEpHOCTh, Tak uTo mepecder (12a,0) sBiseTcss KpaitHe 0OpeMEHHUTEIb-
HBIM B BBIYHMCIUTEIILHOM OTHOLIeHHH. KpoMe Toro, oH siBIsieTCS MpUOIMKEHHBIM, HOO
YpaBHEHHUS TUAPOTEPMOJUHAMUKHU aTMoc(epbl HenuHelHbl. CrenoBarenbHO, HAJ0 HC-
moJib30BaTh Moaudukanuio ¢puisrpa Kanvana-berocu. OHa COCTOUT B 3aMEHE MaTpPHIIBI
A Ha marpuiy A(t) = aF(t)/ au(t) — SKOOMaH HEeIMHEHHOW MPOrHOCTUYECKONW CHCTEMBI,
KOTOPBI HEOOXOAMMO OIPEEIsTh 3aHOBO HAa Ka)KJIOM Illare YCBOCHHUS JAHHBIX ISl KO-
HEYHO-PA3HOCTHOM anmpOKCUMAIIUKA CUCTEMBI IPOTHOCTHYECKUX YPAaBHEHUM. DTO OYEHB
CIIOKHO CJIeNaTh, MO0 OOBIYHO AJIsI TIOCTPOCHHS TAaKUX KOHEYHO-PA3HOCTHBIX aIIpOK-
CUMAalll{ UCIOJIb3YIOTCSl HESIBHBIE CXEMBbI MHTErpHpoBaHusa. Kpome Toro, kak nmokasanu
YHUCIIEHHBIC SKCIIEPUMEHTHI (TSI aTMOC(HEpPHBIX MO 3TO OBUIO TIPOIEMOHCTPUPOBA-
Ho B (Beiinb., Kopazaxus, MamkoBuy u ap., 1975), nuHeapru30BaHHBIN y4eT TUHAMHUKH,
KaK MMPaBUJIIO, 3aBBIIIAET PEATIbHYI0 TOUHOCTh OLIEHKH TEKYLIEro COCTOSIHUS pacCMaTpH-
BaeMOM cUCTeMBbl. B koHIlEe KOHIIOB, Marpulia X(1) TepseT MOTOKUTENbHYIO ONpEIeIeH-
HOCTb, M IOTOMY OIIEHKa cOocTOsiHHsI atMocdeprl punbsTpom Kanmana-brerocu pacxoaurcs
C UCTUHHBIM €€ COCTOSTHUEM.

Jiist 60pb0OBI ¢ 3TUM siBnieHUeM B (CoHeukuH, 1974) ObIIO MPEATIOKEHO UCIIONB30-
BaTh SMIIUpPHUECKYI0 Moaudukanuio OaiiecoBckoro noaxoaa (Po66unc, 1964). Bmecrto
Matpuubl (1) u ee nepecuera o ¢popmynam (12a, 0), mpu 3TOM HUCIIONIB3YyETCSl MaTpULa
HEBS30K TEKYIINX HAOMIOMEHUI ¢ MPOTHO30M HAa MOMEHT 3TUX HAOIIOACHUIA:

rne dF(u(t))/ou(t) — sxkoOmaH HCIIOJIB3yeMOW HEIMHEHHOW TPOTHOCTUYECCKONH MOJIETH
G(t) = F(u(t - At) . Marpunia M(t) mepecunThiBaeTCs Ha KaIOM IIare 1o BPEMEHH IO

bopmyre:

M (£) = M (t = At) +y(t) [x(t)- F@) Gt —At)][x(t) —F@)t —At)] -M@E-ADE (g
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BaxxHo, 4TO pa3MepHOCTh ATOM MaTPUIIbl MHOTO MEHBIIIE, YEM Pa3MEPHOCTh MaTpH-
bl Z(t). Hanpumep, ecian ycBauBaTh HOBbIE HAOMIOICHHS 110 OJHOMY, TO Marpura M (t)
Oyner npocro ckansgpoM. Koadpduumuent 0<y(t) <1l mombupaercs Tak, Kak 3TO PEKo-
MEHJIOBAaHO B METOJ/IaX TaK Ha3bIBaeMOM cToXacThueckod anmpokcumanuu (HesenbcoH,
XacpMHuHCKHH, 1972). ITpu 3TOM BK1a161 OLIEHOK (15) Ha mpeAIIecTBYOIINX BPEMEHHBIX
nIarax yMEHbIIIAIOTCS C AKCIIOHEHIIUAIbLHON CKOpocThio. B padore Kopmzaxus (1976) B
NPUMEHEHUHU K IPOCTOH KBa3UreoCcTpoUIeCcKoi Mosienn atMoc(epsl ObLIO MPOIEMOH-
CTPUPOBAHO, YTO ATOT MPUEM MPEIOTBpaIaeT pacxoauMocTh GpuiusTpa Kanmana-briocu.

3apyOexxHble MeTeoposoru npuun k ¢uistpy Kanmena kak cpenctsy OA wme-
Teoposorndeckux nojeit uimb B Hadane 1980-x rr. (Ghil, Cohn, Tavantzis et al, 1981,.
Le Dimet, Talagrand, 1986; Lorenc, 1986). CTonkHyBIIHCH ¢ IpOoOIEMON PACXOIUMOCTH
¢dbunsTpoB Kanmana-berocu, oHHM e111e 1M03Ke MPHIILIN K TaK Ha3bIBAEMBIM aHCAMOJIEBBIM
¢unbTpam Kanmana (Dee, 1991; Evensen, 1994), B KOTOpBIX Ha MOMEHT MOCTYIUICHUS
HOBBIX HAONIOATEIbHBIX JaHHBIX MPOAYIUPYETCS HE OIUH, a HECKOJIbKO (aHCAMOIIb)
MPOTHO30B. 3aT€M BBIYHCIISICTCS KOBapHWAIIMOHHASI MAaTPUIlA PACCESTHUS ITUX MPOTHO-
30B, KOTOpasi UCIoib3yercst BMecTo Matpuilbl (). [lo cymecTBy Takoi croco0 oreH-
ku Matpuibl X(t) nemaer stor Metoq OA OmuskuMm k OU. Vkaxkem, yTo aHcaMOlieBbie
KaJIMAHOBCKHE (DUITBTPHI UMEIOT U3bsTH, XOPOIIIO N3BECTHHIN B MMPAKTHUKE UCTIOIH30BAHUS
aHCaMOJIEBBIX KPaTKO- U CPETHECPOUHBIX MPOTHO30B MOToAbl. OH COCTOUT B TOM, HYTO
U3MEHEHUS PeaslbHOM MOTro/Ibl 3a4acTyI0 MPOUCXOAST COBCEM HE TaK, KaK YKa3bIBaeT aH-
camM0Jb M3-3a TOTO, YTO MPOTHOCTHYECKass MOJeNb He uieanbHa. Tak 4Tro manoe pac-
cesiHue aHcaMOJIIs MPOTHO30B HE TapaHTUPYET UX TOYHOCTh. TeM CaMbIM PacXOIUMOCTh
aHcamb6meBbIx ¢punbTpoB Kanmana-briocu He nckioyaercs.

TeMm He MeHee, pa3IuyHble TPAKTHYECKHEe MO (UKALINK aHCAaMOJIEBOM KaJIMaHOB-
CKOM (pUIIBTpAllMU MIUPOKO HCTIONB3YIOTCS ceifuac 3a pyOekoMm AJist oOecriedeH s YICIIeH-
HBIX CXEM MPOTHO3a MOTO/IbI, a TAKXKE pe-aHAIN30B apXUBHBIX THIPOMETEOPOIOTHYECKUX
naHHbIX. [[puMepoM MOKET CITy>KUTh CXeMa, KOTopasi UCII0Ib30BaHa B EBporeiickoM 11eH-
Tpe cpeaHecpodHbIX mporuo3oB morojsl (Dee, Uppala, Simmons et al., 2011), koTopsbrit
CUMTACTCs celvac OJHUM U3 JydIuX [ pe-anannsza ERA-Interim.

YcBoeHMe TaHHBIX 0 COCTOSTHUU OKEaHAa
UToOB! B TIOJTHOM Mepe peannu30BaTh KOHIICTIIHIO HETPEPHIBHOTO YETHIPEXMEPHOTO
YCBOEHHUS JaHHBIX HAOMIONEHUH 32 COCTOSIHUEM OKeaHa, Ha/l0 YYUTHIBATh, YTO TUHAMHUKA
OKE€aHa OMHUCHIBAETCS] YPABHEHUSIMU B YACTHBIX MTPOU3BOIHBIX:

#ﬂ(u@,tww(u@,t)we D (15)

C COOTBETCTBYIOIIMMH HAYAJIbHBIMHU W KPacBbIMH YCJIIOBUSAMMU. B Tom YUCJI€, UMCIHOTCS
TOPHU3O0HTAJIBHBIC KPACBBIC YCIOBUS:

H(u ¢, t)=v(g,t),p €D (16)
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Cnaraemoe W(U, ¢, t) B (17) BBeaeHO I yueTa OTIIMYUNA MOJEIH OT PeasbHOU
JTUHAMUKH.

Habnronenus cocTosiHUSL OKeaHa MPOU3BOAATCS HE TOJIBKO BHYTPH, HO ¥ Ha TPaHH-
1ax o6JacTH U, BOOOIE TOBOPS, HEMPEPHIBHO 110 BPEMEHHU:

X(, 1) =G(ut,¢)+e(p,t), pED=D+0D. (17)

[Mostomy B mpumenenuu k (15)—(17), ¢unsrp Kanmana-berocu Takke momxeH
3aMUCBIBAThCS C MOMOIIBIO AU(depeHInanbHbIX YPaBHEHUH B YACTHBIX NMPOU3BOIHBIX.
[Ipennoxenns, kak 3anucars GunbTp Kanmmana-betocu 11s pacripeesieHHbIX, T.€. OIH-
CBhIBAEMBIX YPaBHEHUSIMH B YaCTHBIX IPOM3BOJIHBIX, CUCTEM aBTOMAaTUYECKOTO yIIpaBJie-
HUs1, ObUTH onyOnukoBaHsl eme B 1970-e rr. Hekotopsele u3 3Tux padot (Hampumep, Arte,
Lamba, 1972; Lamont, Kumar, 1972; Mendel, 1975) y>e 0b1111 ricnionb30Banbl B CoHeu-
kuH (2000). OnHako npy NpaKkTUUECKON peann3anuu cucteMbl OA METEOpOIOTHYECKUX
nosnieti B ['mnpomernentpe CCCP (Kazanmxkan, Coneuxun, 1978; Kazanmxan, COHEUKHH,
1982; Coneuxun, Kazanmxan, 1982) Obu10 MCHONB30BAHO Pa3IOKEHNE aHATU3UPYEMbBIX
noJei o cepuueckuM GyHkuusM. Tem cambiM ypaBHeHus: Guiabrpa Kanmana-beiocu
YAAJIOCh CBECTH K 00j1ee MPOCTOI B BHIYUCIUTEIBHOM OTHOLIEHUH CHCTEME OOBIKHOBEH-
HBIX 1U(pepeHnanbHbIX YPaBHEHUH.

K coxanenuto, Takoe yrporieHue HeBO3MOKHO 1pu OA okeaHorpagpuyeckux gaH-
HBIX, [TOCKOJIBKY OKEaHbl OTPAHUYEHBI 110 TOPU3OHTAIN U CBOWCTBA TMAPO(PU3INUECKUX
noJieil okeaHa KpaliHe HEOJHOPOJHBI B MPUOPEKHBIX palloHaX MO CPAaBHEHUIO C OTKPbI-
TBIM OKeaHOM. HeoTHOpOAHOCTh M HEM30TPOIHS aHATU3UPYEMBbIX IOJIEH BEJIMKU TaKKe
B OKpeCTHOCTSIX [0nb(cTprma 1 APYriuX OCHOBHBIX OKEAHHMUECKUX TeUeHUH. [ paHn4HbIe
ycioBust (16), BOoOIIIe TOBOPSI, MEHSIFOTCSI BO BPEMEHH 3a CUET PEYHOTO CTOKA M TasTHUS
JI€THUKOBBIX LIIUTOB AHTApKTU/bI U [ peHIanuu.

Mexay TeM, HacKOJIIBKO M3BECTHO aBTOPY AAHHOW CTaTbU, BCE peaIM30BaHHbIC
K HaCTOSIIIEMY BPEMEHH 3a pyOeKOM CHCTEMbI aCCUMWIILIUU OKEaHOTpapUIeCcKuX J1aH-
HBIX UTHOPUPYIOT 3TH 00CTOsITENbCTBA. OHU TaK)Ke HTHOPUPYIOTCS B TEOPETUUECKUX pa-
00Tax Mo 3TOMY BOIIPOCY, HauMHas ¢ muoHepckoil myonukanuu (Ghil, 1989) u Brutots 110
nyOJIMKanui NOCIeIHUX JIET y Hac U 3a py0dexxom (cMm., Hanpumep, Aromkos, Mnarosa,
3anecHsiit u ap., 2010; Kusim, Kopotaes, Mustok u ap., 2012; Ghil, 1989; Chassignet,
Hurlburt, Metzger et al., 2009). B npunnune, yuet 3Tux o0CTOATEIbCTB, KOHEYHO, BO3-
MokeH (cM., Hanpumep, Taillandier, Echevin, Mortier et al., 2004). Ho 1o cux nop oH He
peanu3oBaH B MpakTHueckux cxemMax OA rupopu3nuecKux 1nojieil MUpoBOro OKeaHa.

B pesynbrare, HecMOTps Ha aHOHCUPOBAHHBIE YCIIEXH B SKCIIEPUMEHTAX I10 YCBOE-
HUIO OKeaHOTpapUUECKUX JaHHBIX, ONEPATUBHBIM aHAJIN3 MOJIe TeMIepaTypbl IOBEPX-
HOCTH MUPOBOTO OKe€aHa, MoMeniaeMblii Ha caiite [ mapomernentpa Poccun, npogomkaer
OCHOBBIBAaThCSI Ha MHTEPIOJSALNHU, AHAIOTUYHON TOHM, uTO ciayxkuT st OA meteoposo-
TMYECKUX JaHHbIX. [IpocTpaHcTBEHHASI HEOAHOPOIHOCTh THAPOPU3NIECKUX XapaKTepu-
CTMK OKE€aHa UTHOPHUPYETCS TaKKe B HEJABHO Pa3pabOTaHHOM B Hallell cTpaHe cucteme
yCBOEHUS JaHHBIX Aperdyromux Oyes-npodunemepon Apro (Jlebenes, 2016). [Tockonb-
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Ky 9Ta cucteMa umeeT 1einbio OA TOIBKO KpyITHOMACIITAOHBIX 0COOCHHOCTEH THAPOGU-
3MUYECKHX MOJIeH OKeaHa, TAKOe UTHOPUPOBAHUE, BEPOSTHO, AOMYCTUMO.

Kpureprem kauecTBa ONTUMAIILHOW CHCTEMBI YCBOCHHSI OKeaHOTpa(hUIeCKUX JTaH-
HBIX JIOJDKHA OBITh B3BEIICHHAS] CyMMa KBAIPATOB CJICAYIOIINX OMIHOOK:

— OIIMOKY HAOIIOAEHUI

&(t¢)=x(t¢)-G(ut¢). <D, (18)

— IMHAMUYECKOM OmuOKH BHYTpH obnactu D

ez(t,q;):w_p(u,t,qs),qseo, (19)

— IMHAMUYECKOW OmMOKY Ha rpanuiie obiaactu 0D

&(t.¢)=H(t¢)-v(ut¢), ¢ ED. (20)

DTOT KpUTEpU UMEET BUJ KBaIpaTUYHOTO (PyHKI[MOHATA:

I=[[[et.o)R (to.w)etw)dpdydt+ [ [ [e(t.))R7 (Lo y)e,(ty)dgdydi+

" to D D o t0 9D oD (21)
[ [ [e,t.0)Q7 t.g.w)e,(t.y)dpdydt+ [ [ [ei(t,9) P (t.g,w)e,(tw)dgdyat,
t0 D D t0 9D oD

rae R(t, ¢,v), Qt, ¢,v), P(t,¢,y) — koBaprannoHHbBIE MATPHIIBI OIIMOOK HAOIIOACHHUN U
rHIPOPU3NIECKIX IIIYMOB BHYTPHY M HA TPaHUIAX OKeaHa, a t0 u t1 — BpemeHHo# nHTEp-
BaJI, HAOJIIOZICHNUS BHYTPU KOTOPOTO AaCCUMMIIUPYIOTCS OJHOBPEMEHHO (IIIar M0 BpeMEHHU
MOJIENTA OKEaHa).

Pemrenue 3aaun MUHUMHU3AIMHA KpUTEPHs KadecTBa (21) MOXKeT OBITh TOCTUTHYTO
pasHbIMH crioco0amu. B 3Tom criocobe ruapoMeTeoposiornueckrie myMbl paccMaTprBa-
I0TCS1 KaK HOBbIE IIEpEMEHHBIE, Hapsiay ¢ U(g, t), 1 TOCTpOeHUE HENPEPHIBHOTO 10 BpeMe-
a1 QusTpa Kanmana-berocu cBOIUTCS K MUHUMHU3AIMH KBaIPATUYHOTO (DyHKIIMOHATIA,
BKJIFOYAOIIIETO OTPAaHUYEHNUS TUIIA PABEHCTBA. DTH OTPAHUYEHHS BO3HUKAIOT IIPU YUETE
TuHamMuueckux omuook (19), (20). Cmpica 3TUX OrpaHUYEHHH B TOM, UTO MOJIy4aroIas-
Csl OLIEHKA COCTOSIHUSI OKEaHa YJIOBJIETBOPSET yPaBHEHUSAM HCIIOIb3yEMON MOJIENIH OKea-
Ha. [loaTOMy Iipy IPOTrHO3€ N0 HaYaJIbHBIM JaHHBIM, COOTBETCTBYIOLIUM 3TON OLIEHKE HE
BO3HUKACT HUKAKUX IMOKOBBIX d3PPEKTOB.

[Ipu ucnonp30BaHUU JHOOOTO M3 BO3MOXKHBIX CHOCOO0B MUHMUMM3auuu (21) mo-
JTy4arouvecs: ypaBHEHMs JUISl OLEHKHM COCTOSHMSI OK€aHa M OLEHKH TOYHOCTU 3TON
OLIEHKH JJOBOJIbHO TpoMOo3AKHU. VX o0muii Bua, OCHOBaHHBIM Ha MPUHIUIIE MaKCUMyMa
JI.C. Ilontpsiruna, Beinucan B pabore Coneukun (1976). Peanuszanus 3Tux ypaBHEHUH,
Jla’ke ¢ MIOMOIIBI0 Han0o0J1ee MOIIHBIX COBPEMEHHBIX BEIUUCIUTENbHBIX CPE/ACTB, IPAKTHU-
4yecKkH HeBO3MOykHa. [1o aToil mpuunHe npaktuuyeckuii OA JTaHHBIX O COCTOSIHUM OKEaHa
NoKeH ObITh Bee emie ocHoBaH Ha OW. Ho B Hell Hajlo sIBHO yYUTBIBaTh pa3inyus B
MIPOCTPAHCTBEHHBIX KOBapUALUAX IUAPOPU3NUECKUX MOJIeH BOINU3H OeperoB v B OKpecT-
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HOCTSIX OCHOBHBIX TEUEHHI IO CPAaBHEHMIO C OTKPBITHIM OKeaHOM. lIpenBapuTenbHBIM
YCIOBHEM 3TOTO JIOJKHO OBIThH MOJIyY€HHE JOCTATOYHO JOCTOBEPHBIX CTATHMCTUYECKHUX
JAHHBIX 00 U3MEHYMBOCTH THAPOPHU3NUECKUX NIOJEH B Pa3HBIX YaCTAX MUPOBOI'O OKEaHa.
Pabora Bemonnena no ['ocynapcrBennoii mporpamme Ne 149-2018-0002 u ipu va-
CTMYHOH (prHaHCOBOM nojaep:kke Poccuiickoro Hayunoro ¢onaa (rpant 14-50-00095).
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The question is considered how it is possible to assimilate the data which are necessary to
determine the initial conditions for integration of the general oceanic circulation models. The
fundamental difference of such assimilation in comparison with similar assimilation of the
data on the initial atmospheric condition is specified. This difference results from an essential
spatial inhomogeneity of the oceanic processes in coastal zones and in vicinities of the main
oceanic currents in comparison with the open ocean.
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Numerical simulation of circulation and internal waves in a basin requires the knowledge
of bottom topography, defined as a continuous and continuously differentiable field (un-
less there are known features of the relief to justify the opposite), which is, unfortunately,
not always available with sufficient resolution and coverage. In this article we review ex-
isting techniques for producing regularly gridded field from scattered bathymetry data —
in our case raw field data measured by a boat equipped with an echo sounder and GPS — and
propose a new one, which we believe is the most optimal for this situation. The technique
essentially goes along the line of approach of Sandwell (1987) using Green functions
to construct biharmonic spline interpolation, which we augment by adding coastline and in-
troduce special preprocessing of measured data to identify and eliminate (by averaging out)
potentially contradictory and unreliable measurements which may cause spurious oscillations
of biharmonic spline.

Keywords: reconstruction of gridded field from scattered data, biharmonic spline
interpolation, data quality control, regional oceanic modeling system

Introduction

The subject of this study is lake Shira, located at 54°3038 N, 90°1209"E in Republic
of Khakassia, Russia. The lake is approximately 9.5 km long and 5 km wide, it is salty, and,
despite the fact that it is relatively shallow, 25 m deep, it is stratified in both temperature and
salinity. During the last several years a significant, multidisciplinary research program was
undertaken, including observations and measurements of physical and biological/ecosystem
processes. Historically the lake was classified as meromictic, however in fall 2014 there were
observations of complete mixing of water mass throughout the entire water column, which
was not observed in all several decades. So one the primary concerns is the rate of exchange
of its hypolimnion water with the upper layers, and ultimately, surface. Velocity measure-
ments using ADCP show the presence of detectable internal waves (Kompaniets et al., 2017),
which is expected to provide a more efficient vertical mixing mechanism than diffusion
(Lemckert and Imberger, 1998; Wuest and Lorke, 2003). A more recent analysis in situ
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data es-tablished pattern of circulation (Volodko et al., 2017). In summer 2018 GPS-
tracked drifters were used to further study circulation. In its turn, these developments
stimulate the need for numerical modeling of lake Shira, echoing some past experience
of monitoring and modeling ecological impact on lake Baikal decades earlier (Penenko,
1989), and more advanced in sea of Azov (Shabas , 2014).

One of the first task on the path to hydrodynamic numerical simulation is to set
up suit-able bathymetry, which implies having is as a continuous 2D field, realistically
accurate, but should respecting the necessary precautions associated with terrain following
coordinates, (Beckmann and Haidvogel, 1993; Shchepetkin and McWilliams, 2003). The
bathymetry of lake Shira was measured in summer 2010 from a boat equipped with GPS
and an echo sounder, traversing the lake by making 9 nearly parallel passes in NE-SW
direction, approximately 1 km apart from each other, as well as some randomly placed
measurements along the way, Fig. 1. Thes coastline for lake Shira is available from ESRI
(a shape file .shp in its proprietary format), it contains 578 data points, and it provides
resolution in tens of meters, which is more than sufficient for our goal. The area around
the lake, and presumably, its bottom relief are characterized by rather gentle topography.

Fig. 1. Coastline of lake Shira and location of points where the bottom topography was
measured. The dots are connected by thin line which is simply sequence of the points within the
file — presumably along the trajectory of the boats, but some erratic zig-zags and crossings are
hard to explain.

The task of reconstructing continuous field from irregularly scattered point data is
very common in numerical modeling and engineering, resulting in abundance of numerous
meth-ods. Yet, there is no tendency to converge toward one or few universal approaches.
This is mostly explained by the speculative nature of the problem — essentially, in addition
to the available data one should utilize some a priori knowledge about the properties of
the object being modeled, and use it as a guideline to select or construct an algorithm.
From this mo-ment the problem can no longer be viewed as purely mathematical
interpolation, but rather as making a physical model. In mathematical terms this is often
formulated through a variational principle: postulation the desired properties of the field
to be reconstructed, and expressing it in terms of an integral functional which needs to be
minimized. It is equivalent to formulation a goal or penalty function, and, because this
can be done in a non-unique way, this leads to variety of methods.
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Overview of existing techniques

Perhaps by far the most common technique to handle interpolation of scattered data
is De-launay triangulation followed by some interpolation algorithm — in the simplest
case linear within each triangle, but there are other options as well. They are readily
available in Matlab as griddata function, so it would be natural to explore them first.

Fig. 2. Topographic data from Fig. 1 augmented by the coastline points, where the depth is
expected to vanish. The data was also inspected for coincident points and three of them were
removed. There are total of 839 points here, 578 of which belong to the coastline. This data was
used for all the comparisons performed in this section.

An immediate restriction of triangulation-based methods is that they cannot provide
any values outside the convex area connecting the points, and because there are too few
measurements near the coast, so it is natural to augment the available bathymetry data with
points on the shoreline where the depth is presumed to be zero (or set to a user-specified
minimum value). At this stage we made an algorithm to scan the entire combined data
set to identify and exclude potentially contradictory data: either because of GPS errors
or echo sounder errors, when the depth is measured again in nearly the same location
(perhaps a later time, or on different/return pass by the boat), the measured value does
not repeat itself exactly. Such data entries were averaged (including their coordinates and
measured values) and merged into single point. In addition, one measured point ended up
on land and was discarded. The placement of combined data is shown in Fig. 2. Once the
data is extended, triangulation can cover the entire lake.

A note of caution related to the selection of an appropriate coordinate system in
which interpolation is performed: because griddata interprets its input arguments as
Cartesian coordinates, it computes distances simply as

d= (X, =% )2 +(y, - ¥,)*

and uses them for deciding which points are connected into triangles. As the result, an
innocent-looking

zout = griddata(zlon, zlat, z, rlon, rlat);
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results inavery erroneous triangulation, if zlon, zlat are geographical longitude and latitude
coordinates of scattered data points expressed in degrees; and so do rlon, rlat — longitude
and latitude of the nodes of regular grid. This is illustrated in Fig. 3. Although this seems
to be obvious — e.g., at 60°N the distance in north-south direction corresponding to 1°
increment in latitude is twice as much to the distance in east-west direction corresponding
to 1° increment in longitude — there are still numerous Matlab scripts circulating within
the ROMS modeling community where griddata has is used directly in lon-lat coordinates
in such manner. The remedies are readily available: An intuitive way to correct the situa-
tion is to conformally transform the horizontal coordinates (both ROMS grid and data
points) into flat Cartesian coordinates: in the simplest case of very small domain just to

O 0 | e
25 R0 15 10 5 0

Fig. 3. Triangulation (left column) and bottom topography (right column) of lake Shira recon-
structed from scattered data by linear interpolation within each triangle shown on the left side
in the corresponding row. Upper row — applying Matlab function griddata(...,’linear’) directly
in geographical lat-lon coordinates; lower row — after conformally transforming coordinates to
flat-plane Cartesian system. White dots in each panel on the right indicate the location of the
actual data points.

multiply longitude by cosine of the median latitude; a more diligent way would be to use
Lambert conformal conical projection with its two standard latitudes optimally chosen
for the particular modeling domain (minimum distortion). For large grids (the size of the
domain becomes comparable with the radius of the Earth) the distances can no longer
be accurately compared on a conformal projection map, however it is possible to create
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ROMS grid with perfectly isotropic resolution: local metric factors pm = pn everywhere,
despite the fact both pm and pn change significantly along the entire grid. In this case a
natural approach is to use grid-index coordinates of ROMS grid, and, correspondingly,
express the locations of measured data points in terms of indices on ROMS grid and
fractional parts of indices for the precise location within each cell. In essence, this relies
on the property of conformal grids which locally are almost Cartesian.

While the version of interpolated topography shown the bottom row of Fig. 3 is
technically correct, it is clearly not acceptable for the purpose of numerical modeling: it
1s nonsmooth, has jagged contour lines, and some of its features — notably the kink next to
coastline close to the upper-left corner are questionable and potentially spurious. Besides
“linear”, griddata supports three other potentially viable options: “cubic®, “natural*, and
“v4*. Their outcomes are shown in Fig. 4.

In each row shown on the right is pointwise Laplacian computed from the field
on the left. The absolute scale does not matter, but the scale in exactly the same on all
plots presented here. Computing pointwise Laplacian is useful to expose discontinuities
of first and second derivatives, and this way evaluate the quality of interpolation. Also
it is possible to track down both resolution/placement of the initial source data, as well
as the algorithm itself (if unknown). Thus, in the case of “linear”, Laplacian vanishes is
exactly inside each triangle, but because of the discontinuity of the first derivatives at the
edges, computing discrete Laplacian yields large values there, exposing the triangulation
itself, with color intensity of line proportional to the discontinuity in the first derivatives
(essentially angle of bent between to flat facets).

In the case of “cubic*, the facets are no longer flat, but the triangulation lines are
still clearly visible. This indicates discontinuity of the first derivatives. Overall there is no
notice-able improvement in comparison with “linear®: the contour lines are still jagged
sharply at the lines connecting discrete points.

The natural neighbor (“natural) is another triangulation-based algorithm, but it
produces no triangulation lines in its Laplacian, and the resultant field is continuously
differentiable, except at the data points themselves. One obvious artifact is that that
the data points act like tension points resulting in reverse curvature of the contour lines
between the points, and sharp kinks at the points themselves (a very similar pattern would
occur if one solves Laplacian equation Vf = 0 everywhere, except a set of discrete points
f, = f(x.. ¥,), where the function is forced to have the prescribed value). All nine ship
tracks in NE-SW direction are clearly identifiable in Laplacian, and in the bathymetry
itself.

The last option, “v4“, is biharmonic spline interpolation. It produces continuous
and continuously differentiable field, which is smooth everywhere including at the data
point locations. Its drawback is that, in comparison with other methods, and to a much
stronger degree than they, it has tendency to produce artificial bumps and holes, which
we believe are spurious. Thus, on the bottom-left panel in Fig. 4, the bump next to the
northern coast, and the hole in deep area next to it, are more pronounced than in all other
plots, and close examination of placement of the data points (indicated by white dots in all
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cubic interpolation

natural neighbor

biharmonic spline (via griddata (..., ’'v4’)
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Fig. 4. Comparison of commonly available techniques to interpolate scattered data onto regular
grid: left column: resultant bathymetry; right: point-wise Laplacian of the field on the left shown
here as a measure of its smoothness. White dots in the left panels indicate the location of the
actual data points.

panels in this figure) reveals that neither bump, nor hole have any measurements inside to
confirm that the extrema are real. Similar, although not as dramatic, observations can be
made about some other extrema found in this panel.
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So far, none of the techniques considered by us produced an acceptable version of
bottom topography suitable for hydrodynamic modeling of lake Shira. In the next section
we examine this algorithm in more detail with the intent to understand the causes of this
behavior, and ultimately to eliminate them.

Biharmonic spline interpolation

The last technique shown on Fig. 4, biharmonic spline interpolation, was successfully
applied by Sandwell (1987) to create gridded fields from altimetry data from Geos-3
and Seasat altimeter satellites. Because satellites produce measurements with higher
resolution along the track, while having sparse coverage in perpendicular direction, and
because in addition to that ascending and descending track yield approximately 60-degree
criss-cross patterns, the data placement is similar to that of irregular triangular grids. With
some modifications to control the undesired oscillating, this technique was applied by
Smith and Wessel (1990) to produce gridded bathymetry for from ship measured data.

Sandwell (1987) procedure is outlined as follows:

Similarly to one-dimensional cubic spline, which satisfies the variational principle
of being a continuous function having the minimum possible integral of the square of its
second derivative, while at the same time, constrained by the condition of be equal to the
prescribed value at every data point, the two-dimensional interpolation is constructed as
a 2D function f = f(&,n) such that it has minimum possible integral of the square of its
Laplacian,

&= ff (V2f)2d&dn vzzi+i (1)
’ & o’

while at the same time it assumes all the given values at data points,

f(x,y)="f., V =1.,K. 2)

The 2D integral above over the entire computational domain. In its turn, variational
derivative of such integral with respect to the function is bilaplacian (Laplacian of
Laplacian) of the function itself,

s Vb ©)

e.g., Briggs (1974). Then, we demand that the bilaplacian is equal to zero everywhere,
except the data points, where it is delta function.

Vi =0, En=E.n) k=1l..K. (4)

This leads to Green function

G(E,m) = (& +n2)'[|n\/§2 p? —1] (5)
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which is continuous, and has its first derivatives continuous at & = 0, # = 0 as well, despite
having &2 + 52 under logarithm,

g
a8
and its bilaplacian is zero everywhere, except in £ = 0, n = 0, where it is delta function.
The interpolation f is therefore constructed as

G —0,

G
~0, | ~0, 6)
(&m)—(0,0) (&m)—(0,0) an (&m)—(0,0)

f(Em)=Yw,-GE-&n-n), (7)

where (&J., 7 ) are the data points. Weights w. are determined from the set of conditions
that f(§, #7) assumes prescribed values at every data point, f, = f(§, 7,), or

K
f=>w, -G -§m -n), Yk=1..K, (8)

j=1
where within the summation one should skip j = k to avoid singularity of logarithm, math-
ematically it does not matter because G — 0 as (& #) — (0, 0). Therefore the problem
reduces to solving a full-matrix linear system of equations matrix size KxK. The matrix of
the system is symmetric. It is expected to have some of the coefficients very large, others
be very small resulting in the need for special care to avoid accumulation of errors when
solving this system. Direct solution of 8 requires O (K3) operations. The interpolation
itself, requires computing and adding up K Green functions at every point of the modeling
grid (e.g., ROMS grid), hence needing O (NE N, -K) operations more.

This clearly indicates the limits of practical applicability of Sandwell’s method.
Specifically for this problem we designed a version of fully-pivoted Gauss-Jordan linear
solver, where the criterion for selecting pivot (both in raw and column) not just the largest
by absolute value element, but the one which yields the maximum ratio of the largest by
absolute value element within the raw to the next largest within the same raw, and then
maximum over all raws. Other than that, the solver generally follows guideline of Press
et al. (1992, see Sec. 2.1 there), and in addition to this it is parallelized for multi-threaded
shared-memory environment via Open MP. In practice this solver can handle systems
resulting from several thousand data points — well beyond the needs to the data set for
lake Shira we have ( 1000 points, topography + coastline).

The other noticed drawback of Sandwell’s method is the tendency to produce
spurious oscillations when applied to rough data. In fact, Sandwell himself discusses the
approach to relax the requirement that interpolation function exactly reproduces values
at all the data points, proposing to allow some tolerances and use a least-square fit. Of
course, an immediate dilemma on this path is how to assign weighs to each difference —
effectively decide which measured values to be trusted more, and which less.

To address the spurious oscillations Smith and Wessel (1990) proposed to replace
the biharmonic equation (4) with
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AV*f +BVZE =0, (Em)=(En,), k=1...K. ©

which is motivated my the concept of splines under tension, and is equivalent to another
form of functional to be minimized

= [ {A(V*f)*+B(Vf )Z}dgdn, (10)
EneD

where the addition of pure Laplacian in the first- and (Vf)2 term in the second equation
indicates that the interpolation function should not me just a surface with minimum
possible curvature, but should also go from one data point to the next with as uniform
ascend/descend rate as possible. In the absence of V¥-term pure Laplacian produces
surface which satisfies the monotonicity principle, however this also results in sharp kink
in slope at every data point. Including V2f-term smoothes the kink to a degree, depending
on the selected values of weights A,B. In the general case A,B # 0 no analytical forms of
Green function are known, and furthermore, Smith and Wessel (1990) not even interested
in such, because they pursued approach of solving (9) numerically with the expectation
that the data set they intent to deal with is too big for the Green function approach be
useful due to the inherent O (K3)-operation barrier.

It should be noted that although Smith and Wessel (1990) state that in the case of
B = 0 their approach reverts back to Sandwell’s, strictly speaking it does not: as a mater of
fact, Green function for the relevant differential operators are defined only for a specified
sets of boundary conditions. Green function (5) corresponds to the infinite domain. This
also makes it translationally invariant, and therefore universal: it does not depend on the
point (§, 77,) around which it is centered. If, in addition to equation (4), G(&, #) must also
satisfy boundary conditions at the outer edge of the domain, then each data point (&k,;yk)
should have its own unique form of Green function.

Because of the highly scale-selective nature of biharmonic operator, common relax-
ation techniques are too inefficient to solve (9). Smith and Wessel (1990) pursue multigrid
appro, which is also openly available,

http://gmt.soest.hawaii.edu/doc/latest/surface.html

The optimal A,B-weighting is still to be determined empirically as a compromise
be-tween smoothness of the resultant interpolated field and robustness of the method,
with no adaptativity to local conditions in mind.

Biharmonic spline with pre-processed scattered data

In this section we revisit Sandwell (1987) approach to identify the causes of spurious
oscillations with the intent to prevent them by preprocessing scattered data.

By the construction biharmonic spline assumes all the prescribed values at the data
points. The interpolated values at a given location are essentially weighted sums of data
points, and because of Green function spatial structure, the weights decreasing with as
inverse second power of the distance. As the result, if there is a pair of data points close
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to each other, while all other surrounding data points are further away in comparison with
the distance between the two, then the local gradient of the interpolant is set by the ratio
of the difference between the values at the two points and the distance between them.
This may yield very erroneous gradient because the distance is affected by the errors in
GPS coordinates, and the smaller the distance, the less reliable are the measurements.
Linear methods do not produce oscillations, but in response to such data entries the tend
to produce discontinuities — almost vertical walls in the interpolated field. Indeed, visual
inspection of Fig. 3 reveals the presence of such pairs of «bad» points.

To address the issue, we implemented a procedure to inspect to identify the pairs
which are closer to each other than a user-specified threshold, and reconcile them: the two
points are replaced with one having the half-and-half averaged coordinates and measured
value. In practice it is a bit delicate because of the inherent data dependency: if three or
more points come too close to each other, the location of the averaged point may change
the status of logical condition of whether or not some of the source points should be
averaged — in may end up at some distance further away from its neighbor. To resolve
this, the procedure begins with a very small threshold — only a fraction of user-specified

Fig. 5. Preprocessed data. In this case the threshold value for the minimum allowed distance was set
to dLmin = 150 m which caused averaging out 39 pairs, hence eliminating same amount of points out
of total of 264 where topography was measured (points on the coastline were not affected).

value, and gradually increasing it until reaching the user-specified value. This way, only
two-point averaging takes place at any stage. An example of data preprocessed this way is
shown in Fig. 5. Perhaps visually indistinguishable from Fig. 2, close comparison shows
only few instances where close points from Fig. 2, were replaced with single ones, but
obviously, there is no overall decimation of data.

The effect of averaging with progressively increasing threshold of minimum allowed
distance dL . between the data points is illustrated in Fig. 6. It is significant: bumps-and-
deeps which we believe spurious disappear. Fig. 7 shows this in detail: by comparing
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no averaging 25m
50m 100m
150m 200m
T AR T T
25 20 15 10 5 0

Fig. 6. Sensitivity of reconstructed bottom topography to the threshold of minimum allowed
distance below which the data points are merged, left-to-right, top-to-bottom: no averaging, 25 m,
50 m, 100 m, 150 m, and 200 m. Note progressive disappearance of pairs of adjacent deep and
shallow spots as the threshold increases.
locations of the data points (indicated by white dots) from one panel to the next, it is
possible to identify which pair of close points causes appearance of each spurious feature.

However, after exceeding dL_. = 100 there is also noticeable removal of useful
data points, which is, obviously, undesirable. This motivates us to design a more selective
criterion for identifying unreliable data: not only by the distance, but by the measured
values as well. After some experimentation we came up with

2
Z. -7 2 2
j k 2 2 2 — _ -
(—dz ) +di, >dl where  dL=(x-x, ) +(y;-y,) (11)

max
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where dL_. is minimum allowed distance, and dZ__ is maximum allowed topographic
slope. The rationale is that if two data points indicate that point-wise slope
-2l g (12)
dL max ’

exceeds some limit dZ_ beyond which it is considered unrealistic, then the pair X; and
X, should replaced with a single one,

X=(x+x)/2  7,=(@+2)/2, (13)
no averaging 100m
150m 250m

Fig. 7. Detailed view explaining the appearance of spurious topographic features due to closely-
placed data points in the case of bi-harmonic spline interpolation: on all panels the white dots
indicate location of the actual data points which were used for reconstruction of 2D field in each
particular case — these are the remaining points after imposing the constraint of minimum
distance. In the case of raw data (top left) the presence of the bump and hole in the upper-left
corner is solely due to the presence of two data points between them at a very small distance
from each other. A small discrepancy in measured values in these two points, and the fact that
the interpolated field assumes exactly the two values, causes assume steep gradient between the
points, and the smoothness of the spline causes it to produce bump and hole. Because neither
bump, nor hole contain any data points recording their extremal values, these features should
be considered as spurious (at least, their existence are not established by the data). Once the
two points are merged into one (right panel on top, and both panels below), the bump and hole
disappear. A similar bump-and-hole pair pattern on the shallow area close to the right edge in
top two panels, reduces to just an indent once the minimum allowed distance is set to 150 m),
and can be considered as spurious as well, however pattern in the deep part contains some data
points close to the extrema, and can be considered as realistic.
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i.e., averaged. This does not mean that the data is discarded completely — the averaged point
still contributes to the calculation of interpolated bathymetry, but it no longer affects the local
gradient of the interpolant. The other threshold, minimum allowed distance dL_. , is related to
the accuracy of GPS, and should be chosen to be at least an order of magnitude larger in order
to make sure that relative distances between the data points are computed reliably. Again, if
two points are found too close to each other, computing gradient is considered unreliable, but
their averaged value should be taken into account. The combined criterion essentially acts
like a penalty function, taking into account both the distance and the slope, with both
factors are contributing toward decision to treat data is not reliable.

Fig. 8, top panel shows a version of reconstructed topography obtained by using
com-bined criterion. In comparison with Fig. 6 we note that all spurious features have
been removed, but this is achieved at much lesser price of of removing potentially useful
data: setting dL _. =50 mand dZmaX = 0.04 leads to removal of only 13 points, however,
using purely minimum distance criterion requires dLmin = 100 — 150 to remove hole-
and-bump feature on the upper-right corner on the corresponding panels in Fig. 7, and at
this point decimation of useful data points becomes already noticeable.

The remaining artifact on Fig. 8, top is the noticeable wavy patterns in the isolines
which can be visually correlated to the location of data points: e.g., tracing the contour
lines going along the north-eastern coast, where the bathymetry is shallow and smooth,
an can get an impression that the lines are forced go closer to the coast in the vicinity of
a each data point, causing them to make a turn with a small radius, then relax back away
from the coast in between, only to make tight turn again near the next point. This is related
to the non-analytical behavior of Green functions (5) at the data points: while the G =
G(& #) and its first derivatives are continuous, the Laplacian is not. This artifact can be
counteracted by applying biharmonic smoothing,

F M = f M) _ g AES g () (14)

where A¢ is horizontal grid spacing (in our case the horizontal grids are designed in such
a way that resolution is locally the same in both directions, A& = Ay at every location,
despite the fact that grids are curvilinear, and resolution is nonuniform), and V*f =
V2(Vf) where V2 is discrete 9-point Mehrstellen Laplacian operator,

, . 1/6 2/3 1/6
AE?*-V?P==-V2+Z.V2=| 2/3 -10/3 2/3 |, (15)
8 3 1/6 2/3 1/6

which has the property that its leading-order truncation error can be expressed as Laplacian
of Laplacian. As the result, if applied to a discrete field fi’j obtained by sampling an analytical
function at grid points, and Laplacian of this function is zero, then the discrete Mehrstellen
operator vanishes with fourth-order accuracy, while the conventional 5-point cross +
orxLaplacians only with the second. Another notable property of (15) is that it is the
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Fig. 8. Top panel: Bathymerty of lake Shira reconstructed from scattered data using combined
criterion (11) with minimum allowed distance dL, . = 50 m and maximum topographic slope
dZ_ =0:04. In this case only 13 points from the original data set of 264 were removed by av-
eraging. Bottom: Same as above, but after applying 120,000 biharmonic smoothing iterations.
The most noticeable difference is lesser wavy pattern in the isolines along the north-eastern
coast. In the upper version this clearly corresponds to the locations of the data points visually
«pushing» the isolines toward the coast.

most isotropic combination of + or Laplacians, hence, if used as a smoothing operator
on a discrete grid, it yields in the best possible isotropy of the spread of the field being
smoothed. The bilaplacian is computed by repeated Laplacian. Using M = T, = (3/16)2
corresponds to the exact cancellation checkerboard mode as every iteration. Twice as much,
M = 2t = 2(3/16)2, is the maximum beyond which the iteration becomes unstable, if it
is applied at every step m. To accelerate the iterations, we use spread spectrum approach,
by setting different for consecutive m in a repeated sequence, M = Ty 2Ty Ty 4T, Ty
21, ... The result is shown in Fig. 8 bottom panel, where we have performed 120,000
iterations. The reason why so many iterations are needed before any change becomes
noticeable is because by the construction, bilaplacian of a field reconstructed as sum
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of Green functions (5) has its bilaplacian equal to zero everywhere, except at the data
points. As the result, the primary effect of smoothing (14) occurs in the vicinity of data
points, where it restores analyticity of the field at the expense of some departure from the
measured values. Bathymetry field in Fig. 8 panel is continuously differentiable and its
Laplacian (not shown) no longer exposes the location of data points.

Conclusion

Realistic data always contains a certain amount of erroneous entries. Properly
identifying and eliminating them is a nontrivial algorithmic dilemma, very specific to
the nature of the data. However, it is also the most efficient way to address the cause of
errors at the earliest possible stage, at «source», rather than deal with filtering out the
consequences later. In this article we develop and tested a technique for reconstructing
bottom topography of an enclosed basin from sparse scattered measurements.

The approach we found successful consist on augmenting scattered bathymetry
data with the coastline, where the depth is presumed to vanish or to go to some user-
specified minimum value. Doing so eliminates the possibility of admitting potentially
inaccurate ex-trapolated values near the coast, where measured data is typically not
available, and provide robust side boundary conditions for the slops when interpolation
interior data. This augmentation is followed by an automatic inspection of the combined
data in order to identify and eliminate potentially contradictory values which may trigger
spurious oscillations of the subsequent biharmonic spline interpolation onto regular grid.
In essence, this implies averaging of selected data points which are too close to each
other, so minor errors in their coordinates cause significant relative errors in distance
between them, resulting in potentially erroneous values of bathymetric slope. At the same
time, we try to keep preprocessing of the raw data at minimum in order to avoid excessive
departure from the measurement.

Overall, this approach is a drastic departure from the usual ROMS modeling prac-
tices which mostly rely on gridded data from major data sources (Etopo, GEBCO, and
SRTM30 PLUS, Becker et al., 2009), and use some degree of smoothing of topography:
in the case of lake Shira the data is simply too sparse to make any smoothing undesirable.
The technique developed in this article was implemented as software completely free of
using any proprietary or license-restricted software, and is made publicly available to
ROMS modeling community.
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YroObl MOJENMPOBATh TEUCHHsI U BHYTPEHHHE BOJIHBI B BOJOEME HEOOXOIMMO 33/1aTh €ro
penbed 1Ha B BUjIe HENPEPBIBHOM, JKEJIATENbHO HENPEPbIBHO TUddepeHimpyeMoii GpyHKIu
(ecnu, KOHEYHO, HE CYIIECTBYeT (PU3MUECKUX OCOOECHHOCTEH OMpeaemsionux odpaTrHoe).
K coxanenmio, naHHBIE penabeda C TOCTATOYHBIM IPOCTPAHCTBEHHBIM pa3pelICHHEM
CYIIECTBYIOT AAJICKO HE BCET/A.

B 37011 cCTaThe MBI PACCMOTPUM paHee H3BECTHBIC METO/IbI TOCTPOCHHUS MOJIEH Ha PEryasIpHBIX
CeTKax M3 MPOCTPAHCTBEHHO-Pa30POCAHHBIX JAHHBIX — B HAIIEM CIIydae 3TO TOmorpadus
JTHa, N3MEpEHHast 3X0JI0TOM C KaTepa, obopyaoBanHoro GPS — u mpeactaBuM MeTOI, KOTOPHIi
MBI CUUTAEM ONITUMAJILHBIM JUISI HAIlIeH cuTyariy. Hair moaxos B 11eJIOM CIIeAyeT METOTUKE
pa6otsl (Sandwell, 1987), KOTOPBIi MPEIIIOKUIT UCIIOIB30BATH OUTAPMOHHUYCCKUE CILTANHBI,
BBIpaXEHHBIC uepe3 GpyHKmu ['puHa U1 HHTEPIONIAINHN JaHHBIX CITyTHUKOBBIX H3MEPEHUI
reodu3nyeckux nosuei. B HameM mMerose Mbl JIOMOJIHUIIM U3MEPEHHBIE TOIOrpaduuecKue
JaHHbIe OeperoBOil TUHMEH, IOCIIE Yero IMOABEPIIN MOMYYUBIINIACS MAaCCHB CIICI[HATBFHON
00paboTke, YTOOBI BBISIBUTH U UCKITFOYUTH IIPOTHBOPEYHMBHIC U/WITH HEHA/IC)KHBIC JAHHBIE, TAK
YTOOBI BIOCIIEACTBUU TPEIOTBPATUTH HEXKEATENIbHbIC YHCICHHBIE 3 (EKThI (OCIMIIISIINN)
OUrapMOHHUYECKHX CIIJIAHOB.

KiroueBble cjioBa: MoCTpoeHUE CETOUYHON (YHKIMHU M3 pa3OpOCaHHBIX TaHHBIX,
OurapMOHMYECKasi CIUTIAifH WHTEPIIONSINS, BBISIBICHUE U OTOPaKOBKA HEOCTOBEPHBIX H
HCHAACKHBIX JaHHBIX, pPETHOHAJIBHOC MOACITIUPOBAHHUEC OKCaHA
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JlBa Bupma pwio-iomyraeB (Scarus psittacus v S. rivulatus) BUEpBbIC OBUTH OTMCUCHBI
MUTAONIUMUCS Ha OyphIX KOPAJUIOBBIX MECKaX BO BPEMs MHIICBON MUTpAIMK BIOJbL puda
0-Ba MyH B 3an. Hsuanr. HauGonee WHTEHCUBHOE MUTAHUEC THX BUJOB HA MECKaX OBLIO
3adukcupoBaHO B auana3oHe riyOuH 8—10 M, XOTS OTHCIbHBIC K3EMIUISIPHI MUTAIHUCH 10
mIyOouHbl 15 M. BeHTHueckue MUKpPO(MUTHBIC cO00mIeCTBa (MUKPOPHUTOOCHTOC), OOHIBLHO
Pa3BUBAIOIINECS HA MOBEPXHOCTH KOPAJUIOBOTO TMECKa B MECTaX MUTAHUS PhIO-TIONMYTacs,
NPUIAI0T My XapaKTepHYr Oypyro okpacky. B unTepBane ryoun 8—10 M ObLT OTMEUCH
MEPEeXoll OT BEPXHECYOIUTOPATBHBIX IIEHO30B, C(OPMUPOBAHHBIX IMPCUMYIICCTBCHHO
MenKUMH (OopMaMM JIMaTOMEH, K IEeHO3aM CpEeAHEH CyOiauTOpaid, Tie BEAyIIUe poiv
MPUHAIICKAIA KPYIHBIM BuaaM. Kpome TOro, BO BCEX M3YUYCHHBIX COOOIIECTBAaX OBLIHM B
W300MJIMN OTMEUCHBI KPYITHOTPUXOMHBIC ()OPMBI IIHAHOTIPOKAPHOT. MaCIISIHUCTBIN XapaKkTep
MSITCH OOYCJIOBIICH BBIICJICHUEM OOJBIIOrO KOJUYCCTBA HECHTPATBHBIX JUIHIOB U3 KICTOK
JUaTOMEH, OTMHpPAIOIIUX B PE3YJbTaTe BBICOKOM KOHKYPCHIIMH, MOCKOJIBKY IUIOTHOCTH
pa3BUTHS MUKPO(HTOB 3/IeCh OYCHB BBICOKA. [loe/ast mecok U3 Takux OypbIX MSTCH, PHIObI-
MOITyTau 3ariIaThIBAIOT €0 BMECTE C OTPOMHBIM KOJHUCCTBOM JHATOMEH U IUAHOOAKTCPUH,
MPEICTABIISIFOIIUX JJIs1 HUX CYIICCTBCHHYFO MUIIECBYFO ICHHOCTH (PBIOBI MUTAOTCS «CaIaTOM)
U3 MHKPOBOJIOPOCIICH, OOraThIM TUATOMOBBIM MACJIOM M OCIIKaM¥ ITHAHOTIPOKAPHOT). Takum
00pa3oM, 30Ha HauOOJice MHTCHCUBHOTO MHTAHUS PBIO-MOMYraeB Ha OYphIX KOPaJUIOBBIX
neckax (8—10 M) xapakTepu3yeTcss HauOOINBIIIMM BUOBBIM U Pa3MEPHBIM Pa3HOOOpa3ueM
MUKPO(GHUTOB M BEICOKON MX KOHIICHTPAIIUCH.

KawueBble  cjioBa:  mnuraHme — peiO-momyraeB,  Scaridae,  amaromewn,
ITUAHOIIPOKAPUOTHI, MUKPOPUTOOCHTOC, KOPAJIJIOBBIE TIECKH, 3a1. HauaHT, BreTHAM

PriObI-niomyrau (cem. Scaridag) oTHOCATCS K OHOMY U3 6 KITFOUEBBIX WHIUKATOP-
HBIX ceMeiicTB pudoBbix peid (Allen, Werner, 2002; Allen, Adrim, 2003). ITpeacraBute-
JIM 3TOTO CEMENCTBA XapaKTEPU3YIOTCS CPOCIIMMHUCS B 4 TUTACTHHBI YETTFOCTHBIMU 3y0aMu
(y pona Calotomus 3yObl cpacTaroTcs HE MOJHOCTBIO M BUAHBI C HAPY>KHOW CTOPOHBI
3yOHBIX IUIACTHH), MOIIHBIMH MOJIIPOBHIHBIMH IJIOTOYHBIMU 3y0amu, MpenHa3Ha-
YEHHBIMH TS TEPETUPAHUS KATbIU(UITIPOBAHHOTO MaTepHaa, OTCYyTCTBHEM KETyIKa U
o4eHb JUIMHHBIM KunrednukoM (Bellwood, 1994, 2001). [Turanue peib-mnomyraes BecbMa
crnenupuYHO: B MUIIEBONH paluoH Hauboliee KPYIHBIX IpeICTaBUTENeH cemeiicTBa
(Bolbometopon muricatum v KpyIHbIE TEPMUHAIIbHBIE CAMIIBI APYTHX POJOB) BXOISAT MSIT-
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KHE TKaHW CKICPAKTHHHEBBIX KOPAJUIOB BMECTE C ()parMEeHTaMH M3BECTKOBOTO CKeJeTa
(Choat, Randall, 1986; Bellwood, 1994); B 0cHOBHOM 3K€ paIiiOHbI pbIO-TIOMYTaeB COCTOST
U3 BOJIOPOCJICH pa3HbIX IPYIII, BKIIOYas TAJUIOMHBIC (Sargassum SPP. v 1Ip.), HHKPYCTH-
pyIoIlie KOPaJUTMHOBBIE W HUTYATHIC, C MIPUMECHIO KAJBIIUTHOTO MaTepHala, JeTpUTa
u cequmentoB (Harmelin-Vivien et al., 1992; Wilson et al., 2003; Wismer et al., 2009;
Chong-Seng et al., 2014; Steneck et al., 2017). HexoTtopsie BubI (Hatpumep, Leptoscarus
vaigiensis) CIEIUATU3UPYIOTCS TPEUMYILIECTBEHHO HAa MUTAaHUM MOPCKUMU TPaBaMHU U,
B MEHbIIIEH CTeneHu, capraccoBbiMu Bomopocisamu (Chong-Seng et al., 2014). ITutanue
pBIO-TIONTyTaeB OyphIMH KOPAJUIOBBIMH TIECKaMH, COJCPIKAIIMMH OOJIBIIOEC KOJTHIECTBO
OJTHOKJICTOYHBIX BOJOPOCIICH C BBICOKHM COJCPKAHHEM IOJIMHEHACHIICHHBIX JKUPHBIX
KUCJIOT U IIHaHOOAKTEPUSMHU, B JIUTEPATYPE HE OTMEYAIIOCh.

MarepuaJ 1 METOAUKH

HaGmronenus 3a mporieccom nutanus U pororpadupoBaHre pa3TuIHBIX BUIOB PhIO-
TIOITyTaeB MPOBOMIUCH EPBBIM aBTOPOM BOIOJIA3HBIM METOJIOM B paMKaX MPOTPAMMBI
n3yueHust puQoBbIX poI0 3anuB Hauanr Poccuiicko-BbeTHaMCKOTO TPOIIMUECKOr0 HayYHO-
HCCIIEIOBATENILCKOTO UM TEXHOJIOrn4eckoro nentpa B Mmae—utone 2008 r., B mae 2010 & u
B utoHe 2018 . B utone 2018 1. mepBsIM aBTOPOM OBLTH OTOOPAHBI TPOOBI KOPAJIIIOBOTO
necka Ha rmyOuHax 8.1, 8.6 u 10.0 M Boonb ceBepHOro modepexbs 0-Ba MyH, B TOUKax,
rJe OBUTO OTMEYEHO MAcCOBOE MUTAHHE PHIO-TIONMyraeB Ha OypBIX KOPAJIOBBIX TECKAX.
[ToBepXHOCTHBIH CIOW IpyHTa B TOYKaxX OTOOpa MPEACTABISsLI COOOW CMECh CpeaHe- U
MEJKOPa3MEpHOTO PAKYIIEYHO-KOPAJJIOBOTO TECKa C HHU3KOM CTENEeHbIO 3auICHUs.
[IpoGr1 oTOMpann B MecTax JOKaJIW3aluu OyphIX MATEH METOJOM 3a00pa TOpJbIIIKOM
0anku u3 [I19TD nopoxku mecka IIMHON 5 cM ¢ 3artyoneHueM B rpyHT Ha 0.5-1.0 cm.
banku 3aBMHUMBAIM KPBIIIKAMU Cpasy e, Ha MOBepXHOCTU rpyHTa. Ha Oopty cymHa
Marepuai GukcupoBaiu 96% pacTBOpoM 3TaHONA U Aaliee XPaHWIA B TEMHOM MECTe.

Kamepanbnas o60paborka mnpo06 B VHCTUTyTE OKEaHOJOTMHM U OIUCAHHE
MUKpO(UTOOCHTOCA OBUTM TMPOBEJACHBI BTOPHIM aBTOPOM. B maboparopuu mpoObI
TpYyHTa, CoepiKaIIie U30BITOK KUIKOCTH, MITKO TIepeOaIThIBaIIM, a 3aTEM IMOBEPraliud
o0pabotke ynsrpa3BykoM (35 k1, y/3 BanHa «Candup») Ha poTspkeHun 10 muH. Takum
00pa3oM MPOBOMWIM JE3UHTETPAIUI0 MUKPO(PHUTOB OT YaCTHI[ OCajKa. 3areM MpoObI
MEPEeHOCHIN U3 OAHOK B KOHHMYECKHE KOJObI 00beMOoM 250 MII M OTHENSUIH TSDKEIYIO
MUHEPAIBHYIO (PpaKlMIO JOHHOTO OCaJKa OT JIETKOW M OpraHMYecKOr0 KOMIIOHEHTa
METOJIOM 3TEPALMOHHON JEKaHTALNH.

[TomyyeHHyt0 B3BeCh OT KaXAOH MpPOObI, COAEPIKAIIYI0 IPEUMYIIECTBEHHO
JIeTKHE KOMIIOHEHTBI OCaJiKa, BKJIOYas MHUKPO(UTOB, IMO-OTAEIHLHOCTH TIIATEIHHO
MEePEeMEeIINBAIA U Cpa3y Pa3IMBad 1O KOHHYECKHUM IMpoOupkam oObeMoMm 18 mur u
ocakaanyu nueHTpudyruposanuem (26 muH. npu ckopoct 1700 o6oporos/muH.). Ocagok
13 TpoOupok nepeHocutr B 6anky [T u qonuBanu qucTULUISITOM 10 oObema 22 M,
a 3aTeM CHOBA MEPEMEIINBAJIH, JTOBOAS 0 COCTOSIHUS MAKCUMAJIbHO TOMOTE€HHOH B3BECH.
B cBoto ouepesib, 3TOT 00bEM B3BECH JICTTHIIN HA IBE YACTH.
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W3 oHOI YacTu Jenany ChIpble Tperaparsl Ui y4eTa KIETOK, OBIBIIIX KUBBIMU
B MOMEHT (puKcanuu npoOsl B Mope. V3 BTopoil 4acTu Jenanu MmoCTOSHHBIE Tpenaparhbl
JUIS aHAJIM3a TAKCOHOMHUYECKOW MpUHAIIeKHOCTH auaTtoMmeil. [Ipu stom 11 mu B3Becu
pasBoauin 5%-HeiM pactBopoM H,O, B IByX KOHMYECKUX MPOOMPKaX, T0BOJA 10 00beMa
18 mu1, 1 OCTaBIISUIA HA CYTKH JUIsl OCYIIECTBICHUS PEaKIUH OKUCIEHHUS] OPraHUYeCKON
COCTABIIAIOIIEH KJIETOK. 3areM COJEpKUMOE NPOOMPOK UEHTpUyrupoBamu yxe
PacCMOTPEHHBIM BBIIIE METONOM, YOHpaaud HAA0CAJOYHYIO >KMJIKOCTb, a OCal0K
pPa3BOAMIIM CBEXKEH BOJOM, THIATENBHO MEPEMELINBAIN, MPOAYyBas B3BECh C MOMOIIbIO
onHopa3zoBoii [19 nunerku. [locne yero nenTpudyruposanu cHoOBa.

Kaxxayro npoOy oTMbIBaIM AMCTUIUIATOM IO TpU pasa. Ilocie 3Toro nomydeHHbII
0Ca/IOK, MAaKCHUMaJlbHO OCBOOOXKICHHBIH OT MPOAYKTOB OKHUCICHHUS OPraHuYeCcKUX
KOMIIOHEHTOB, CHOBa pa3BOAWIM JTUCTWILIATOM J0 o0bemMa 10 My, THIaTENbHO
nepemMenuBanu U Hanocwin [19 nuneTkoid Ha MOKpoBHBIE cTekiia. CylIKy MpenaparoB
npoBow Tipu Temreparype 70—75°C mo OGenoi oKpacKH CyXOro ocajka Ha CTEeKIIe.
[Ipenaparsl dukcupoBaau cBeTonpeaomisitomei cpenor «Kanudomsy. B otnmuuue or
TPaJMLIMOHHO UCIOJIb3yEeMbIX B 3THX Lemsx cpel «Kananckuii 6anb3am» u Wnbsiesa,
«Kanudonp» Tak mpeaomMisieT CBET, MPOXOIAIINI depe3 KOHIEHCOpP MHKPOCKOIMA, YTO
MaHIUPU TUATOMEH BRIMISAAAT O0siee 00beMHBIMU. 3a CUET UTPBI CBETA U TEHU CTAHOBUTCS
BO3MO)XHBIM YBUJIETh MHOXKECTBO TOHKHUX MTPU3HAKOB.

ChIpble ¥ TIOCTOSIHHBIE MPenapaThl MUKPOCKOMUPOBATIH U (POTOJOKYMEHTHUPOBAIH
C MMOMOIIBIO CBETOBBIX MHKpockonoB Leica DMLS u Leica DM 2500, ripu yBennueHUsX
400x u 1000x. [lnst chemku mpemnapaToB Takxke Obu1 ucnonab3oBan COM ZEISS EVO,
000 «OIITOK».

Nnentuduxanuioo BUIOBOW MPUHAIICKHOCTH MHUKPOPUTOB MPOBOIUIN C
MCITI0JIb30BAaHUEM COBPEMEHHBIX TUTEPATYPHBIX UCTOYHUKOB, B TOM UHUCIIE UHTEPAKTUBHBIX
(Witkowskiy, 2000; Krammer, Lange-Bertalot, 1986, 1988, 1991a, 1991b; Krayesky et
al., 2009; Fuerte et al., 2010; Martinez, Siqueiros-Beltrones, 2018; Al-Yamani, Saburo-
va, 2011; Desikachary, 1988; Al-Kandari, 2009; Sterrenburg, 2014; Wachnicka, Gaiser,
2007; Byoung et al., 2017; Danielidis, Mann, 2002; Komarek, Anagnostidis, 1999, 2005).

Pe3ynbrarsl n 00cyx1eHune

®dayna peIO-onyraeB 3anvMBa HsiuaHr dpe3BbIYaiiHO OoraTta W HACUYHTHIBACT
28 BumoB (AcrtaxoB, HeomyOJMKOBaHHbIC naHHbie). Ha pudax o-sa Myn (Astakhov,
2010, fig. 1) ppIObI-TIONTyran OTMEYAIUCh BO BCeX PU(OBBIX 30HAX, TJIE TOMABISIONICE
OOJBIIMHCTBO BUAOB IMUTAJIOCh BOJOPOCIEBEIMU O0pPACTAHUSIMH KOPAJIIOBBIX KOJIOHUI
(puc. 1) 1 KOPAJLTIOBOM ITUTHI (pHC. 2).

Bmecte ¢ TeM HamMu OBUIM OTMEYEHBI IMHINEBBIC MUTPAIMU B YTPCHHHE YaChl
HEKOTOPBIX BHIIOB pbIO-mionyraeB (Scarus psittacus w S. rivulatus) ¢ pudoB ceBepo-
BOCTOYHOTO TI0OEpekbsi 0-Ba MyH Ha Oypble KOpaJUIOoBBIE Tecku (pHc. 3) ceBepo-
3aragHoro moOepekbs ITOro ocTpoBa. Ha sTux yuactkax pud 3akaHduBascs Ha TITyOuHE
5—6 M U jajiee MPOCTUPATHCH CJIa00 3auJIEHHBIE KOPAJUIOBBIE TIECKHU, OKPAIlICHHBIE B Oy-
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Puc. 1. Pei6a-norryraii (Chlorurus bowersi) o0rpbI3aeT BOIOPOCIEBYIO JCPHUHY HA MEPTBOM
Kopae, rmyouna 6 m (dorto [I.A. Acraxosa).

Puc. 2. Peiba-nonyraii (Scarus schlegeli) crppi3aeT KOPKOBbIE KOPaJNTMHOBBIE BOAOPOCIIH,
MOKPBITHIC CJIOEM CEJIMMEHTOB, C KOPAJUIOBOM TUIHTHI, IyonHa 7 M (poto J[.A. AcraxoBa).

Puc. 3. Cras pei0-ionyraes (Scarus psittacus u S. rivulatus) Hag OypsIMH KOPaJIOBEIMHU
MECKaMH, TIOKPBITHIMH OJIHOKJIETOUHBIMU BOJOPOCISIMU U IMAHOOAKTEPUAMHE, TITyOHHA 8 M
(doto II.A. Acraxosa).
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pble TOHA pa3IMYHONW MHTEHCUBHOCTH. PBIOBI-IONyTan (Scarus psittacus u S. rivulatus)
MUTAINCh HAa ATHX TPyHTaX, 3aXBaThiBas 3yOHBIMU IJIACTHHAMH M TPOINIATHIBASI TOPIIUU
oyporo necka (puc. 4). Hanbospliiee KOJTHUECTBO PHIO-TIONMYracB KOPMHUIOCH HA OypBIX
KOpaJUIOBBIX TIECKax B Auana3oHe ryouH 8—10 M, OTHAKO B MEHBIITUX KOJIMYECTBAX OHU
OTMEYAJIUCh KaK Ha MEHBIIUX (6—7 M), TaKk U Ha OONBIIKX TIyOnHax (10 15 M).

Puc. 4. Peiba-nionyraii (Scarus psittacus) nataercs OypbIM MaCJITHUCTBIM KOPAJIJIOBBIM ITECKOM,
COZICPIKAIIMM OTHOKIICTOYHBIC BOJOPOCIH U IMaHOOaKTepuH, IryouHa 10 M
(doto JI.A. Actaxosa).

Amnanus npo0 MukpoduTOOSHTOCA HA TIECUAHBIX TPYHTAX, N3yUYEeHHBIX Ha TITyOMHAX
8.1, 8.6 u 10.0 M, MO3BONMI BBISIBUTH CYIIECTBOBAHHE B ITUX OHOTOINAX €IWHOTO MH-
KpoduTHOTO 1IeH03a. B CBOIO ouepenp, Ha pa3HbIX ITyOMHAX, HEB3UPAs HA TIPAKTHICCKH
OJTMHAKOBBIN TPYHT, ObUTH TPOSIBJIICHBI TPU BapUaHTa 3TOTO 1IEHO03a, OTIUYAIOIINUECS 10
KOJTMYECTBEHHON CTPYKTYpE U, B HE3HAYUTEIILHOM CTENEHH, 10 BUI0BOMY cocTaBy. CMe-
Ha BapHaIuii 3TOro COOOIIECTBA, 110 CYTH, MaPKUPYET MEPEX0 ] OT BEpXHEH CyOIuTopan
K OoJiee mTyOOKHUM 00JIacTsIM CKJIOHA.

Enunblii 1eH03, 00MITEHO Pa3BUBAIOLIUIICS HA TOBEPXHOCTH MECKA, COCTOSLT U3 Oojiee
yeM 50-Tv BUZIOB TMAaTOMEH M 9-TH BUIOB IMAHOTIPOKAPHOT. Bo Bcex Tpex MecTooOUTaHMIX
pa3BHUTHE [IEHO3a TPOUCXOIUIIO CTOIb OOMIBHO, 9TO MUKPO(MUTHI CO3/1aBaH OyphIe MATHA
Ha TIOBEPXHOCTH JHA. Bypas okpacka MATeH B JaHHOM ciTydae 00yCIIOBICHA MUTMEHTAMHU
JTUATOMEH, TAKUMH KaK KCaHTO(DHIUTBI, THATOKCAHTUH, TUAIMHOKCAHTHH, BUOJIAKCAHTHH,
AQHTEpAaKCAaHTUH M 3C€aKCAaHTHH, a MACISHUCTBIM XapakTep IMOBEPXHOCTH TMATEH —
MacJomo00HBIMU BEIIECTBAMHU, OOMIIBHO BBIJACISIEMBIMU OTMHUPAIOIIMMH JHATOMESIMHU
B Cpey OOWTaHHS IPU MX MACCOBOM Pa3BUTHH, KOT/Ia YacTh 0COOEH THOHET BCIICIACTBHUE
WHTEHCUBHOW KOHKypeHIMH. [Ipu 3TOM OfHU U3 AMAaTOMEH JKUIU HETOCPEICTBEHHO Ha
TeCYMHKAX, IJIOTHO MPUKPEIUISASICH K UX MTOBEPXHOCTU M 00pasys snurcamMmod. Jpyrue
0o0UTaIN B MHTEPCTUIIHAIBHBIX TIPOCTPAHCTBAX MEXKIY NECUMHAKAMHU, aKTHBHO IO HUM
MepeMenasch, ¥, B COBOKYITHOCTH, (GOPMUPOBAIIN HHTPOTICAMMOH.

K nepBoiM 31€ch OTHOCHINCH BUIBI Amphora, Halamphora, Seminavis, Thalassi-
ophysa, Cocconeis, Rhopalodia, Synedra, Cocconeiopsys, Mastogloia, a Takxe menkue
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(mo 15(18) mxMm o Haubombeit ocu) Buabl Fallacia, Lunella, Delphineis, Pseudostau-
rosira, Opephora, Cocconeis, Cocconeiopsis n Psammoneis. K 3Toii 5xe rpyIimne ycioBHO
OTHOCHJIMCH MeNKue BHbI Navicula u Nitzschia — ¢ yueTom cooTHOIIEHHST pa3MepPOB UX
MaHIUPEH ¥ MEeCYMHOK, WX MEPEeMEICHHUsT MOIIH MPOUCXOJUTh HA TaKOM CyOCTpare B
OCHOBHOM TIO TIOBEPXHOCTH OT/IE/IbHBIX MHHEPAIBHBIX YACTHUII, C PEAKUMHU MUTPALIAIMH
MEKTy HEMH.

Bropas aganTuBHas rpyIa BKIoyalia npeacraBureneit pogos Donkinia, Rhoico-
sigma, Pleurosigma, Lyrella, Plagiotropis, Trachyneis, Auricula, Caloneis, Petroneis,
Gyrosigma, cpennepasmepnbie (=(18)20—40(45) MxM 1o HanOONBIIIEH OCH) M KPYITHBIE
(cBbrire (45)50 mxMm o Haubombiiedt ocu) Buabl Nitzschia, Cylindrotheca, Navicula n
Fallacia, a Taxxe Diploneis u Psammodictyon. TIpu 5ToM caMblii BEpXHHUI CIIO# mecKa
ObUT (PAKTUYECKH «apMHUPOBaH» OTHOCUTEIBHO TOJICTHIMU (1825 MKM mIMpUHON) Tpu-
XOMHBIMH (hopMaMu aHoONpokapuoT, Takumu kak Oscillatoria limosa, Lyngbya majus-
cula, a Taxxe 6osee Toukumu (1o 10 mxm mupunoit) Oscillatoria bonnemaisonii, Phor-
midium ambiguum w Komvophoron schmidlei. 3mecs e BCcTpedaanch — ¥ 4eM iyoiKe,
TEM Yallle — KOJIOHHAIbHBIE XPOOKOKKOBBIE IIMAaHONPOKApHOThl Gomphosphaeria salina,
Merismopedia aff. punctata, Aphanocapsa aff. roseana w Chroococcus turgidus (puc. 5).

Puc. 5. lluanonpokapuotsl, popmupyrorire GoHOBYO rpyniy MUKpohuToOeHTOCa OYPBIX
nsateH Ha nyoune 10,0 m: a, 0, B, T, 1, € — Oscillatoria limosa; x, 3 — Phormidium ambiguum;
u, K - Lyngbya majuscula; n — Croococcus turgidus; m — Merismopedia aff. punctata; u,0 -
Gomphosphaeria salina; 1 — Komvophoron schmidlei. lllkana: a, 1, e, 3, 1, M — 20 MkM, 0, 1, K,
u, H, 0, 1 — 10 MKM, B, K — 5 MkM (poto @.B. CanoxxHHKOBA).

Ha myOoune 8,1 m Oypple msaTHa Ha mecke ObUTM C(HOPMHUPOBAHBI B OCHOBHOM
MEJIKUMHU SUTICAMMUYECKUMHU (POpMaMU THATOMEH, TUIOTHO TOKPHIBABIITMMH [TECUMHKH.
3neck nmpeolnajgany U BCTpedalluch B Macce Amphora vadosini, A. pseudotenuissima,
Halamphora subsalina, H. sardiniensis, H. tenerrima (puc. 6, 7), H. obscura, Cocco-
neis neothumensis, C. neodiminuta, Cocconeiopsis patrickae, Opephora burchardtiae,
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Puc. 6. [lanumpy MEIKUX MUNICAMMUYECKHUX JHATOMEH, MaCCOBO U YaCTO BCTPEUAIOLIMXCS
B cOCTaBe OyphIX MATEH Ha Mecke, Ha mryonHax 8.1-8.6 M: a, 6 — Amphora vadosini; B, T, 1,
e — Halamphora tenerrima (Ha 1 Taxoke npucytctByet Nitzschia soratensis); x — Halamphora
sardiniensis; 3 — Fallacia schoemaniana (poto ®.B. CanoxH1KOBa).

O. oslenii, Pseudostaurosira clavatum, Psammoneis japonica, Fallacia schoemaniana,
Nitzschia inconspicua, Nitzschia soratensis u Nitzschia frustulum.

Yacto Berpevanuck Lunella bisecta, Amphora helenensis, A. aff. profisa, A. male-
tractata var. constricta, A. staurophora, A. arcana, Cocconeis discrepans, Halamphora
salinicola, H. nuwukiana, H. subturgida, H. punctata, H. dubiosa, H. moelleri, Psam-
moneis obaidii, Opephora pacifica, Navicula taraxa n N. cancellata. B 6onbpimHcTBe
CBOEM ATH BHUJIbI OTHOCHJIUCH K KATETOPUH MEITKUX M BEJTU IPUKPETUICHHBIH 00pa3 )KU3HHU.

Kpymubie u cpennepasmepnsie GopMbl, Takue kKak Psammodictyon panduriforme,
Amphora hyalina, A. spriggerica, A. abludens, A. proteus, A. ostrearia, A. arenicola, Tab-
ularia sp. 1, Seminavis strigosa, S. basilica, Nitzschia angularis, N. angularis var. affinis,
Gyrosigma reversum, a Taxxe Buasl Mastogloia spp., Diploneis spp., Plagiotropis lepi-
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Puc. 7. [TaHuMpH MENKUX 3MUIICAMMUYECKUX THUATOMEN, MAaCCOBO M YaCTO BCTPEUAIOLINXCS B
cocTaBe OypBIX ISITCH Ha TTecke, Ha TimyouHax 8,1-8,6 m: a, 0 — Pseudostaurosira clavatum,
B, T — Cocconeis neothumensis; 1, e — Cocconeiopsis patrickae; x, 3 — Nitzschia soratensis

(poto @.B. CarnoxHukoBa).

doptera, P. lepidoptera var. delicatula, Auricula intermedia v Donkinia carinata (puc. 8),
BCTPEYAJIMCh B TOM OMOTOIE OTHOCUTEIHHO PEAKO U OYCHB PEIIKO.

B ouenp 6nu3koM 1O Xapakrepy IpyHTa 6uorone Ha riyoune 8,6 M, Oypble maTHa
Ha Tiecke ObLIM C(HOPMHUPOBAHBI y)KE, B OCHOBHOM, KPYITHBIMH U CpPEIHEPa3MEPHBIMH
dhopmamu quaromeit. 3aech peodaaaanu BUIbLI Seminavis SPP. (aie Bcero S. ventricosa
u S. strigosa), Mastogloia spp., Navicula cancellata, N. flagellifera, N. flebilis, Nitzschia
spathulata, Psammodictyon constrictum, P. panduriforme, Amphora archibaldii, Halam-
phora cymbifera, H. caroliniana, H. subangularis w Rhopalodia aff. Irimotensis. Maio-
pa3MepHbBIii KOMIIOHEHT COOOIIECTBAa OBLI MPEICTABICH B TOM K€ KOMOWHAIIUY, YTO U B
npeapyieM ouotone. OHAKO MOJTHBIM COCTABOM STH BUJBI yXKe HE CO37aBalii (JOHO-
BOIi rpymiibl coodmecTBa. B uncino maccoBbix Bonwn toisko C. neodiminuta, H. subsa-
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Puc. 8. Kpymusie HHTpoTIcCaMMUYeCKHe JUATOMEH, 00pasyromie (POHOBYIO TPYTIITY
MUKpPO(QHUTOOECHTOCA B CTPYKTYpE OyphIX IATECH, NOKPHIBABIINX MTeCYaHOe THO Ha TiryOuHe 10,0
M: a — Donkinia carinata; 6 — Plagiotropis longa; B — Donkinia recta; v — Amphora lineolata,
I — Auricula intermedia; e — Trachyneis aspera. lllxana: a,0,8,e — 20 MM, T,1 — 10 MKM
(oo @.B. CarnoxkHuKOBA).

lina, H. sardinensis, H. tenerrima, H. sardiniensis, H. obscura, A. vadosini, N. soraten-
sis, F schoemaniana u P. clavatum. BolbIIMHCTBO e MEIIKHUX SITHUIICAMMHUYECKHX BH/IOB
HMEJH 3/1eCh CTaTyC YaCcTO BCTPEUAIOILIUXCS.

Takoke B cOOOIIECTBE YaCTO BCTPEUATUCH KPYITHbBIC U cpeaHepasmepHbie Nitzschia
angularis, N. angularis var. affinis, N. distans, N. reversa, Cylindrotheca closterium, Am-
phora hyalina, A. spriggerica, A. maletracta var. constricta, A. ostrearia, Halamphora
eunotia, H. costata, H. borealis, Lyrella spp., Cocconeis disculus u C. discrepans.

Takue ocoOeHHO KpymHbIe BUIbI, Kak Donkinia recta, D. carinata (puc. 8), Pla-
giotropis spp., Gyrosigma reversum, Amphora arenaria, A. spectabilis u Caloneis
liber var. linearis, a Takxe Apyrue KpymnHbie (OPMbI B JUAla30HE Pa3MEpPOB CBBIIIC
60 MKM BCTpeyaIuCh MO-NPEKHEMY €IUHUYHO.

Wepapxus obunuii pasHOpa3MepHbIX (opM auaToMeit eie OOoJblle M3MEHUIACh
B Onotone Ha TiryouHe 10 M. 31ech B CTPYKType OyphIX MATEH OTYETIUBO MPEeodIaiaim
BEChbMa KpYITHBIC, B OOJBIIMHCTBE CBOEM HMHTpOICAMMHUYECKHE BUbL. D10 Obutn Pla-
giotropis longa, P. gibberula, P. lepidoptera, P. lepidoptera var. delicatula, Auricula in-
termedia, Donkinia recta, D. carinata, Pleurosigma cuspidatum, Gyrosigma reversum,
Staurophora salina, Diploneis crabro, Nitzschia reversa w Trachyneis aspera (puc. 8).
OnuncamMmmudeckue GopMbl Takke ObUIM B Macce IMPeICTaBICHbl KPYMHBIMH BHUIAMH,
TaKuMU Kak Amphora arenaria, A. lineolata (puc. 8, 9), Seminavis ventricosa, S. mac-
ilenta, Thalassiophysa hyalina, Mastogloia erythraea v Halamphora costata. 13 uucna
(hopM cpemHepa3MepHBIX MaccoBO BeTpedanack Navicula cancellata (puc. 9).

B coo0OmiecTBe aTOro OMOTOMNA BCsl OCTaIbHAS AMATOMOBAs (hiiopa, OTMCaHHasl BHIIIIE,
TaKXXe MPUCYTCTBOBAJIA, OTHAKO ObLIIa TIPE/ICTABICHA B KAYeCTBE MUHOPHOTO KOMITOHEHTA.
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[To cyTu KOCTSIK MHTPOIICAMMHUYECKOM IPYIIIBI 3/I6Ch 00pa30Baid BeChbMa KPYITHBIC BUIIBI
C TMponeuiepoBUIHON (hopMoil maHuups, Omarogapsi KOTOPOHl OHM CIIOCOOHBI JIETKO
MepeMeNiaThCss B MHTEPCTUIMATBHBIX MPOCTPAHCTBAX C HE3HAYMTEIbHBIM 3aUICHUCM.
A ToCKONBKY Takux (opM B cooOmecTBe ObUIO OONBIIMHCTBO, TO, B COBOKYIHOCTH C
KPYIHBIMH STHUIICAMMUYECKAME BHIAMH M KPYTMTHOTPUXOMHBIMH [THAHOTPOKAPUOTAMH
Oscillatoria limosa u Lyngbya majuscula, onn hopMupoOBajIH 3€Ch MOIIHYIO OHOMAacCy,
COJZIEpIKALIYI0 OOJIBIIOE KOJIMYECTBO IMMOJUHECHACHIIICHHBIX KUPHBIX KUCIIOT.

Puc. 9. Kpymasie u cpenaepasMepHbIe HHTPOIICAMMHUYECKHE JHATOMEH, 00pasyromntiue (OHOBYIO
rpyniy MEKpo(UTOOCHTOCA B CTPYKTYpe OypbIX siTeH Ha myoune 10.0 m: a — Amphora
arenaria; 6 — Plagiotropis gibberula; 8 — Navicula cancellata; v — Plagiotropis lepidoptera;

1 — Caloneis liber var. linearis; e — Pleurosigma cuspidatum; x — Diploneis crabro. IlIkama:
a, 0,1, 11, e — 20 MmkM, B — 10 MKM, 3k — 5 MM (hoto @.B. CanoxHHKOBA).

Takum o00pazom, 30Ha HaumOojee WHTEHCHUBHOTO THUTAHHS PHIO-TIONYraecB Ha
OypbIX KopayioBbIX neckax (8—10 M) npuypodyeHa K JUAaTOMOBO-IIMAHOIPOKAPHUOTHOMY
coo01ecTBy, oOpa3yolieMy 31ech HauOoJee EHHYIO i HUX KOPMOBYIO 0a3y B BUIE
OypbIX MaCIISIHUCTBIX MSITEH Ha TOBEPXHOCTH IIECKA. DTO TMATOMOBO-IIHAHOIIPOKAPUOTHOE
cO0OIIECTBO XapaKTepHU3yeTcss HAaOONBIIMM BUIOBBIM M Pa3MEPHBIM pa3zHOOOpasueM
MUKPO(HUTOB U BBICOKON UX KOHIICHTPAIHEH.

PaGora BeImoHeHa mpu noaaepkke Tembl roc3ananus Ne0149-2018-0008.
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FEEDING OF SOME SPECIES OF PARROTFISHES (SCARIDAE)
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Two species of parrotfishes (Scarus psittacus and S. rivulatus) were first observed feeding on
brown coral sands during the food migration along the reef of Mun Island in the Nha Trang
Bay. The most intensive feeding of these species on sands was recorded in the depth range
of 8—10 m, although some specimens were fed up to a depth of 15 m. Benthic microphytic
communities (microphytobenthos), abundantly developing on the surface of coral sand in the
places of feeding of parrotfishes, give it a characteristic brown color. In the interval of depths
of 8-10 m, there was a transition from upper sublittoral coenoses, formed mainly by small
forms of diatoms, to coenoses of middle sublittoral, where the leading roles belonged to large
species. In addition, large-trichome forms of cyanoprokaryotes were abundantly observed in
all the studied communities. The oily nature of the spots is due to the release of a large number
of neutral lipids from diatom cells, which die off as a result of high competition, since the
density of microphytes development is very high here. Eating sand from such brown spots,
parrot fish swallow it together with a huge number of diatoms and cyanobacteria, which
are of significant nutritional value for them (fish feed on “salad” from microalgae, rich in
diatom oil and cyanoprokaryote proteins).Thus, the zone of the most intensive feeding of
parrotfishes on brown coral sands (8—10 m) is characterized by the greatest species and size
diversity of microphytes and their high concentration.
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B crarbe nmpencraBieHsl 1 00CYKIAIOTCS Pe3yIbTaThl H3YUCHHUS BIMSHUS aOHOTHYECKUX (PaKTOpoB
Ha MPOAYKIHMIO, OMOMACCY M CE30HHYIO CYKLECCHIO (PMTOINIAHKTOHA Ha CTAHLUH, PACIIONIOKESHHON
B OeperoBoil 30He poccHiickoro cektopa ImaHeckoro Oacceitna banrtuiickoro mops B 2007—
2008 rT. Becennmit MaKcHMyM TIEPBUYHON MPOAYKIINHU JHATOMOBEIX BOIOPOCIEH M TUHO(IIATeIIIAT,
OTMEUAOLINiics B HCCIEIOBAHHOM pailoHe B arpelie, OrpaHMYMBaeTCsS KOHIEHTpALMeil HUTPaToB.
Ilocme cHWKEHHS KOHLEHTPALMKM HUTPATOB M YBEIMYCHHS KOHIEHTPAUUH aMMOHHHHOIO
a30Ta, BCIJICJACTBHE Hayaja MUHEPAIU3ALUHM OPraHMYECKOro BEINECTBA, POCT (HTOILIAHKTOHA
mumuTHpyeTcs hocdaramu. B nioHe-MIoNe KOHIEHTpAIMs HUTPAaToB H (Gochopa mpudmmkaeTcs
K anamuTHaeckomy MuHMMyMmy (0,07 mxr-ar/m NO,, 0,06 mxr-at/m PO,). MarepukoBblii CTOK,
MaKCHMYM KOTOPOTO IPHXOAMIICS Ha NEPHUOJ BECEHHE-JIETHETO CHIDKCHHS pocTa (GUTOINIAHKTOHA
B Mae—HMIOHE, OKa3bIBACT yMEPEHHOE IOJIOKUTEIBHOE BIMSHUEC Ha NEPBUYHYIO NMPOIYKLHIO: e
TOJI0Bas BEJIMYMHA B IIEPHO HAOIIONCHNH qocTrTana 3BTpodHOro yposHs (290 rC-M2-rox!), omHako
CE30HHBII X0/ OBUT THIIMYHBIM IJIst ME30TPO(HBIX BOJ YMEPEHHBIX LIHPOT CEBEPHOTO MOJYIIAPHSL.

KuroueBble cioBa: bantuiickoe mope, OeperoBas 30Ha, NEPBUYHAS MPOIYKLNS,
(DUTOIUIAHKTOH, XJIOPOPHUILT «a», OUOTEHHBIE HIEMEHTHI

BBenenue

B cBs3u c coxpaHsmolencs MHOTHE JECATUIETHS NpOoOIeMOoi 3BTpOPUKALUN
banTuiickoro Mopsi, uccienoBaHUs NMPOAYKTUBHOCTH BOJ U COCTaBa (PUTOIIAHKTOHA
OCTAIOTCSI YPE3BBIUAHO aKTyaJlbHBIMU. B OonbmmHCTBE paiioHOB banTuiickoro mops
(UTOIUIAHKTOH HMMEET JBa YETKO BBIPAKEHHBIX MAaKCHMyMa CE30HHOTO pPa3BUTHSA
(Ouepku..., 1984; I'mapomereoponorus..., 1994). Bo Bpems BeCEHHEro «IBETEHUs» Ha
co3/laHue OMmoMacchl 3B(UTOIIIAHKTOHA OBICTPO PACXOAYIOTCSI OMOT€HHBIE DJIEMEHTHI,
HAKOIUIGHHbIE B (DOTUYECKOM CJIO€ B TEUEHHE 3UMBI. JICTHMH MakCUMyM pa3BUTHS
(UTOIUIAHKTOHA OCHOBAaH Ha pereHepanuyd OMOTEHHBIX 3JIEMEHTOB, BBICBOOOXKIAO-
LIUXCS PYU MUHEpAIU3alUi OPraHUYEeCKOro BelllecTBa B 3BPOTUUECKOM clioe. B cBs3u
C YBEJIMYEHHEM KOJMYECTBA OMOTEHHBIX DJIEMEHTOB, BHIHOCUMBIX C PEYHBIM CTOKOM,
BO 2-i1 mosioBuHe XX B. B banTuiickoM Mope 0TMeUaanuch M3MEHEHHUS XapaKTepa CE30HHOM
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nuHamuku nepBuyHoi npoxaykuuu (IIIT). B wactHOCTH, B 30HE JlaTCKMX NHpPOJIMBOB B
1950-1960-x rr., Benmmuunsl 1111 Mano pasnnyannce B Te4UEHHE BET€TAllMOHHOIO IIEPUOAA
(MapT—oKTSIOpBh), a y)ke B 1980-2000-x TT. 31€Ch HAONIOMATUCh YETKO BBIPAKCHHBIN
makcumyM I1I1 B MapTe, a Takke BTOpoit MakcuMyM B utoje—ceHTssOpe (Rydberg et al.,
2006). U3menenue xapakrepa ce3oHHOro xoaa I1I1 Takke oTMeuanock B F0r0-BOCTOUHOM
yacTtu bantuiickoro Mops, rie BKJIaJ BECEHHEro ce30Ha B exkero/inyto Bennuuny 111 cran
CYIIIECTBEHHO OoJbIie BKiIaaa etHero nepuoza (Kaczmarek et al., 1997).

OnHoBpemMeHHO B bantuiickoMm Mope NPOUCXOAMIM HM3MEHEHHs B CTPYKType
¢uTonnaHkToHa. JloMHUHUPOBaHKE TUATOMOBBIX BOJOPOCIIEH BECHOM ObLIO TUITUYHBIM JIJIS
MCTOPHYECKOTO Psijia AAHHBIX, MOTy4eHHbIX 10 1980-x r. (Wasmund et al., 2017). 1990-¢
IT. XapaKTepU30BaJINCh CHUKEHUEM POJIH JMATOMOBBIX: B IEPHO]I BECEHHETO MAaKCUMyMa
B Onomacce ¢urorankroHa npeobnagamm auHodnaremsatel. C 2001 r. HameTuiach
TEHJEHLUs K BOCCTAaHOBIICHHIO DPOJIU JUATOMOBBIX BOJOpocied. Bropoi JerHui
MaKCHUMyM pa3BUTHs GUTOIUIAHKTOHA B banTuiickom Mope HauMHaeTcs ¢ UHTEHCUBHOTO
pa3BUTHS MPECHOBOJHBIX IO IMPOUCXOXKACHUIO, 3€JIEHBIX U CHUHE3EJIEHBIX BOJOPOCIEH,
YTO 00YCJIOBJICHO CYIIECTBEHHBIM BIMSIHUEM MarepukoBoro croka (Hukomaes, 1961). 13-
MEHEHMsI KOHLIEHTPAllUU U COOTHOLIEHUS! OMOTE€HHBIX IEMEHTOB B PEUHOM CTOKE BO 2-i
nosoBrHe XX B. 00yCJIOBWIN 3HAYUTEIbHOE YBEIMYEHHUE MOBTOPSIEMOCTH aKKyMYJISLIUU
CUHEe3elIeHbIX Bofopocieii B etHuii nepuon (HELCOM, 2009).

MarepuaJjibl 1 MeTOABI

Paiion pabor xapakTepusyercs H3MEHUMBBHIMU THIPOJIOTHUYECCKUMH YCIOBUSIMHU
Cpeabl M OTHOCHUTENBHO TIOBBIIIEHHBIMU KOHILIEHTPAIMsIMH OHMOT€HHBIX 3JIEMEHTOB,
HNOCTYHAIOUIMMH C MaTEPUKOBBIM CTOKOM U M3 TOUEYHBIX UCTOUHUKOB, PACIIOIOKEHHBIX
Ha ceBepHOM MoOepexbe CamOuiickoro nomyoctpoBa (Haropuosa, 2012; Kynpsiuesa,
Anekcannpos, 2019). B mepuon mpoBeAeHHS HCCIEIOBAHUN €KEMECSYHO C ampelis
2008 r. o ampenb 2009 1. 5—10-TH TUTPOBBIMU IIACTMACCOBBIME OaToMeTpamu HuckuHa
otOupanu mpoOsl co cTaHAapTHBIX ropuzoHToB 0, 5, 10, 15, 20, 30 M Ha cranuuu 24
rryouHoi 35 M, pacmnosnoxeHHOM B 11 KM oT ceBepHOro mobepexns CamOHICKOTOo
nonyoctpoBa (puc. 1). Hcmonb3oBanu CTaHJApTHBIE METOAbI  OMpEAENCHUs
KOHIIeHTpanuu  ¢opMm azora, ¢Gocdopa u kpemuHus (PykoBomcrBo..., 1993;
PykoBozctBo..., 2003). Conepxanue xjaopoduiia «a» MPOBOIUIOCH MO CTaHIAPTHOU
MeTonuke cnekrpodoromerpuueckuM merogom cormacio ['OCT 17.1.04.02-90 na
cnekrpodoromerpe LEKI SS 2109 UV (Metoauka..., 1990). [Ipo6s1 Boas! humsTpoBain
yepe3 MmeMOpaHHble GuiIbTpbl MDPAC-MA Ne6 ¢ nuamerpom nop 0,3 mxm. IlepBuunyto
MPONYKIMIO U3MEPSIN PaJUoyIIepoAHol Moaudukanueil ckistHouHoro mMeroaa (Stee-
mann Nielsen, 1952). Cknsauku ¢ pactBopom NaH"*CO, o6bemom 310 M1 uHKyOupoBanm
Ha TOPU30HTaxX OTOOpa MpoOkI (Ha TIyOmHEe 25 M cMemaHHas mpoda ¢ ropu3oHToB 20
n 30 M) Ha MoIUlaBKaX, YCTaHOBJIEHHbIX B Mope B 10—11 u yTpa u H3BIEUEHHBIX
U3 BOJIBI 32 4Yac JO OKOHYaHHs CBETOBOro nHs (dkcmosunus 5—8 uacoB). [locne
MHKyOauuu mpoObl (GuasTpoBand 4Yepe3 KampoHOBbIE (QUIBTPbI auameTpoM 47 mMm
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Puc. 1. Paifon maOmtoneHnii u ero nonoxkeHue B bantuiickom mMope.

u ¢ pazmepom mop 0,2 Mmxm (OOO «Karexon Xpom»). 3ateM (GUIBTpHI cMaunBaIn
1% pacTBOpOM CONSIHOW KHCIOTHI Ui YHajJeHHs OCTarkoB u3oToma. M3mepe-
Hue akTuBHOCTH QuibTpoB mnpousBoaunun B MHMU PAH (MockBa) Ha cueTyuke
«Packard TRI-Carb TR». IlpoOsl ¢uToruiankrona oobemMoM 1 11 KOHCEPBHPOBAIH
pactBopoM Jlrorons. CryuieHre npoO MPOBOIWIM CEAUMEHTAIIMOHHBIM METOAOM JI0
5—10 M B 3aBUCHMOCTH OT KoJnm4ecTBa ¢utoriankrona (Meronuka..., 1978). Kommue-
CTBEHHAas 00pabOTKa 0caKa, BKOTOPOMIIPUCYTCTBYIOT KJIETKH pazmepoM oT0,5—2,5 MKM 10
60—-100 wmkm, BBINIOJIHEHA B CUETHOM Kamepe Ttuna «HoXoTTa» ¢ MOMOIIbIO
MHBEpTUpPOBaHHOTO MHUKpockona «Olympus [X51» Ha yBenuuenun x400 (Mertoauxka...,
1978; JmutpueBa, 2017). 3a cyeTHyr0 €OUHMIY NPUHUMAIH: TPHUXOM, HUTh
pasmepom 100 MM mias HuTuathix Bomopocieii (Oscillatoria sp., Aphanizomenon sp.
u gp.), xomouuto (Woronichinia sp., Scenedesmus sp. u [Ip.) WK KJIETKY B KOJOHUHU
(Aulacoseirasp.u ap.). buomaccy puTomnIaHKTOHa BBIMHCIISIIA METOI0OM F€OMETPUYECKOTO
nonobwus. [lepecuer Gmomacchl (UTOTUTAHKTOHA B YIJIEPO OMOMACChI ObLIT BBITTOJIHEH 10
AJUTOMETPUIECKUM (opMyiiam, IpuBeIeHHBIM B pabote (Menden-Deuer, Lessard, 2000).
CpenHeB3BelIeHHbIE BEIMYMHbBI HAOMIONAEMbIX [TOKa3aTelel COCTOSHUS MOPCKO cpelibl
BBIYHUCIISUTH METOJIOM TPATICIIHH.

Jnist monyueHusi mpeAcTaBiIeHu 00 OO0My4YeHHOCTH M OPUEHTHPOBOYHOTO YHUCIIA
(GOoTOHOB, mamaroImux 3a 1 CeKyHAy Ha MOBEPXHOCTh | M2, WMCIOJB30BaH HA3EMHBIH
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mokeMerp TKA-JIFOKC (nuamason wusmepennit 400-700 HM) M mepecyeTHbII
koaddunuent 19,5 mx monb-m?¢! (Toomunr, I'yisteB, 1967; Li-Core.., 1986).

Pe3yabTarsl

Habnronenus Ha cranmuu 24 ObpL1M HauaThl B cepeaune anpeiis 2008 1. mociie Terioi
3umbl (Wasmund et al., 1998; Mopo3oB u ap., 2007), B KOHIIE KOTOPOM, MO JaHHBIM
IKCIIETUIINN B POCCUHCKOM CEKTOPE F0T0-BOCTOYHOM YacTu bantuiickoro Mmopsi, mpoduim
TEMIEPATYPhbl XapaKTEPU30BAIUCH BBICOKOH OJHOPOAHOCTHIO OT MOBEPXHOCTH JI0 JHA
(Kynpsiuesa, Anekcanapos, 2019). B anpene 2008 1. B Touke HaOMIOACHUN pacciIoeHHE
BOJI TIO TemIepaType Takxke OTCyTcTBoBaio (puc. 2; tabm. 1). C Mas mo ceHTsI0phb
2008 1. ce30HHBINH TEPMOKIHH omyckaics Ha rTyOuHbl 20-30 M. OceHbl0 IPOMCXOIUIIO
OXJIQXKICHHE BOJIHOM TOJIIIH U BEIPABHUBAHKE TEMIIEPATYPHI 110 BepTukaiu. B pespane u B
mapte 2009 1. oxynakaeHue BO/l y MOBEPXHOCTH JOCTUTAJIO TEMIIEPATYPbl MaKCUMaIbHON
wiotTHocTH (2,3-2,4°C). DTO NMpUBOIWIO K BO3HUKHOBCHHIO KOHBEKTHBHOTO (pOHTA
B BepxHeM 20-m crnoe. B ornuune nHavana Becusl 2008 1. B ampene 2009 r. B paiione
HaOmrofeHnit popMHUpoBaIach BhIpakeHHast CTpaTH(UKanus Bo Ha TiryouHax 10—15 m.

3umoit 2008-2009 rT. OMOTeHHBIX 3JIEMEHTOB OBLIO JOCTATOYHO JUIS Hadaja pocTa
¢urornnankrona(1,0£0,5 mxr-ar/nPO,; 5,8+1,7 mxr-ar/nNO,; 121+20 mxr-ar/n SiO,). Onnako

Puc. 2. BeprukansHoe pacnpenesneHre abnotuueckux (GakTopoB MOPCKOH cpelibl ¢ anpeist
2008 . mo anpens 2009 . CTpenkamu Moka3aHbl CPEAHsISI CKOPOCTh U HallpaBJIEHUE BETpa 3a
3—6 gacoB 10 Hadaja oroopa mpoo.
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BCJICZICTBHE HEOOIBIION MPOAOIKUTEIHHOCTH CBETOBOTO JIHS U ClTa00i OCBEIIEHHOCTH B
teueHue aHs (65+4,8 monbm?-cyt') Bermuunbl 111 He npebianu 42+3 mrC-m?-cyt .
B sTOT nepuon ocHOBHas 4acTh MPOAYKLUMU M OMoMacchl (PUTOMIIAHKTOHA CO3/1aBaIach
KOMILIEKCOM BHUIOB, Pa3IHYAIONINXCS M0 3KOJOTHH U MpoucxoxaeHuto: Coscinodiscus
granii, Gymnodinium sp., Teleaulax amphioxeia, Tetrastrum glabrum u Planctonema
lauterbornii (Tabmn. 2, puc. 3).

B cepenune mapra 2009 r. co3maBaiuch ycIOBHsA, OJIaronpusTHbBIC IJIs Hadanaa
WHTEHCUBHOW Beretanuu (uromnankrona. CpenHue B OpoaykTuBHOM 20-M cioe
KOHIIEHTpaIust xjaopodumia «a» (2,8+0,3 mr/m?) u oOmias 6uomacca GUTOIIIAHKTOHA
(11011 wmrC/m*), mnpencraBieHHas B OCHOBHOM KOMIUIEKCOM —MEITKOKJIETOYHBIX
BugoB  auatoMoBeix  (Cyclotella  choctawhatcheeana, — Chaetoceros  simplex,
Skeletonaema costatum, S.subsalsum), a taxxe muHopnarenstramu (Gymnodinium
helveticum w Peridiniella catenata), BO3pOCTU OTHOCUTEIILHO 3WMHHUX 3HAUYCHUI
(42426 wmrC/™* u 1,4+0,2 mMr/m® COOTBETCTBEHHO). 3a CYCT TMOBBIIICHHUS OOWIIHS
(buUTOIUTAaHKTOHA HAMETHIach TeHaeHIus K yBenuuenuto [T (219 mrC-m2-cyt!). Onnako
MakCUMajibHOE accuMuiIAnnonHoe uuciao (A4 1,1 mrC-mrXor'-u') coorseTcTBOBaIO
sumHeMy ypoBHIO (1,1£0,2 MrC-mMrXm'-g'), HeCMOTpsl Ha CyIIECTBEHHOE yBEIHYCHUE
(hOTOCHHTETHYECKH AaKTUBHOM paJualvy, MPUXOAALIEH K MOBEPXHOCTH MOPS 3a JCHb
(DAP; 228 monb'M?2-cyT ).

B anperne B uzyuaemom paiione HaOI01as1Cst HEPBbI T0JJ0BOM MAaKCUMYM Pa3BUTHUS
¢durormankTona. B anpene 2009 1., B 3aBepiaromuii nepuoj HaOIOIeHU Ha CTAHIIUH,
AU CylecTBEHHO BO3POCIIO 0 cpaBHEHHIO ¢ MapToM (4,4 MrC-mrXir'-u'). Bennuuna
ITIT (2153 mrC-m2-cyt!) mocTurana MakCHMabHBIX 3a BpeMsi HAOIIOICHUN 3HAUYCHH.
Konnentpamust xjmopodpumia «a» u obmas 6umomacca (UTOIUIAHKTOHA, OCPEIHEHHBIC
B MPOAYKTHUBHOM CJIO€, TaKXe ObLTHM BBHICOKUMH M COCTaBISUIM COOTBETCTBEHHO 11,0+
3,9 mr/m® 1 5424347 mrC/v?. Tlpu aTOM 110 Gromacce mpeooi1aaan KOMIUIEKC aBTOTPOGHBIX
BUJIOB (pUTOIIAaHKTOHA: nuHOMmareusiTel Pcatenata v G.ostenfeldii u nuaromoBas
BOJIOPOCIIb S.hantzschii.

Puc. 3. Cezonnas quHamMuKa 6rmoMacchl (PUTOTUTAHKTOHA B BepXHEM 15-M cioe.
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Tabnuua 2. KoMIuieke JOMHUHUPYIOLIUX BUO0B (DUTOIIAHKTOHA U 00IIIee KOJIMUECTBO BHIOB,
0OHAPYKEHHBIX B TIEPHO CHEMKH

Bcero | Bunel, somuHMpyomue no Bunel, noMunupyomue mno
Mecay BunoB | uuciensoctu (>10 % ot % ouomacce (>10 % ot Guomaccsl %
(140) | uncieHHOCTH (HUTOIIAHKTOHA) ¢GuTOIIAHKTOHA)
SIHBaph 46 Komma caudata 20 | Coscinodiscus granii 18
Teleaulax acuta 14 Tetrastrum glabrum 15
Teleaulax amphioxeia 12 Teleaulax amphioxeia 11
Gymnodinium sp. 10
beBpaipb 42 Komma caudata 26 Gymnodinium sp. 34
Teleaulax amphioxeia 12
Gymnodinium sp. 11
Skeletonaema costatum 10
MapT 46 Cyclotella choctawhatcheeana 37 Gymnodinium helveticum 17
Skeletonaema subsalsum 25 Cyclotella choctawhatcheeana 14
Skeletonaema costatum 14
Cyclotella sp. 10
16 anpens 43 Heterocapsa rotundata 31 Peridiniella catenata 26
2009 r. Peridiniella catenata 20 Gymnodinium ostenfeldii 17
Stephanodiscus hantzschii 18 Stephanodiscus hantzschii 12
16 ampens 34 Chrysochromulina sp.* 43 Peridiniella catenata 30
2008 r. Gymnodinium sp. 19
Chrysochromulina sp.* 11
Maii 30 Chrysochromulina sp.* 34 | Gymnodinium sp. 29
Chrysochromulina spp.* 24 Monoraphidium contortum 13
Gymnodinium sp. 11 | Chrysochromulina spp.* 10
Eutreptiella gymnastica 10 Pyramimonas grossii 10
HIOHb 56 Chrysochromulina sp.* 36 Heterocapsa triquetra * 15
Planktolyghya limnetica 20 Tetrastrum glabrum 12
Chrysochromulina spp.* 10 Planktolygbya limnetica 10
HIOJTb 47 Komma caudata 22 Woronichinia compacta * 16
Woronichinia compacta * 13 Dictyosphaerium pulchellum 14
13 aBrycra 40 Woronichinia compacta * 21 Monoraphidium contortum 31
2008 r. Monoraphidium contortum 19 Woronichinia compacta * 19
Teleaulax acuta 14 Oocystis lacustris 13
19 aBrycra 54 Woronichinia compacta * 36 Pyramimonas grossii 30
2008 r. Komma caudata 14 Coscinodiscus granii 19
Teleaulax acuta 17 Oocystis lacustris 10
CEHTAOPD 29 Eutreptiella gymnastica 54 Eutreptiella gymnastica 39
Komma caudata 20 Gymnodinium sp. 25
Peridinium sp. 15
OKTAOPb 56 Komma caudata 15 Chaetoceros brevis 13
Teleaul acuta 14 Pyramimonas grossii 13
Chaetoceros brevis 12
Pyramimonas grossii 11
Cyclotella choctawhatcheeana 10
JIeKabphb 58 Monoraphidium contortum 23 Monoraphidium contortum 22
Woronichinia compacta * 16 Oocystis lacustris 13
Skeletonaema costatum 11 Tetrastrum glabrum 14
Woronichinia compacta * 10
Scenedesmus quadricauda * 10
Planctonema lauterbornii 10

*IMOTEHIIMAILHO TOKCUYHBIN BUI 110 JaHHBIM caiita http://www.marinespecies.org/hab/index.php
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B anpene 2008 r., B HauanbHBINA MEepUOJ HAOMIONEHUN HAa CTAHLIMU, NPU APYTUX
YCIIOBUSIX CpeNbl, (PUTOIUIAHKTOH XapaKTePU30BAICS 3HAYUTEIHHO OONBIINMH, YeM
B 2009 r., BenmmuuaamMu 6uomacchel (1835+1297 mrC/m*) u KoHIEHTpanuu Xjaopoduiia
«a» (12,7+£5,3 mr/m*) ocpemHEHHBIMH B TNPOMYKTUBHOM CJIO€, MPH OTHOCHUTEIBHO
nuskux BemuuuHax M1 (1596 mrC-m2-cyt™) u nesbicokux AY (1,8 mrC-mrXo'-u).
OcHoBy OmoMacchl (PUTOIUTAHKTOHA Takxke cocTaBisia P.catenata. OnHAKO IPYTrUMU
JOMUHHPYIOLTHMMH 10 OnoMacce BiIaMu Obutn rereporpodubie Gymnodinium sp. 1 Mmenkue
¢naremnsitel Chrysochromulina sp. Buomacca aBrotpodHoit nupy3opun Myrionectarubra
ObL1a corocTaBuMa ¢ 0omiieM Boiopociieir. Kpome toro, Bu1oBoe pasHooOpas3ue B anpese
2008 1. 6b110 cymiecTBeHHO HIKe (34 Buna), uem B anpesie 2009 1., korna ObLTo BEISIBICHO
43 Bupa. ['ugpoxumuyeckue ycinoBusi Takxke paznuyanuch. B 2008 r. B nponyKTUBHOM
cJ10€e HaOJIIoAAINCh BBICOKME KOHIIEHTpAllMu aMMOHUITHOTO a3oTta (1,7+0,3 Mkr-at/in) npu
HU3KUX KoHIeHTpausx HutpatoB (0,1+0,3 mxr-at/m) u ¢pocdaros (0,46+0,1 mMkr-ar/mn).
B 2009 r. Hao6opor koHueHTpaius ¢ocdaroB ocrtaBanach Bbicokoi (1,0+0,4 MKr-
ar/i), Torja Kak KOHIEHTpal|s a30Ta CyiecTBenHo cumsunach (0,2+0,1 mxr-at/n NO,,
0,7+0,4 Mxr-ar/n N_ ).

[Teprox BpeMeHH, COOTBETCTBYIOIIMK KOHIy BECHBI — Hayaly OHOJIOTHYECKOTO
JeTa, XapakTepu3oBajiCs JajdbHEWIIUM CcHWxeHueMm BenumuuH 11 go 494+
63 MrC-m2-cyT' 1 KOHIICHTpaK XJjJopoduiia «a» 1o 3,2+0,7 Mr/mM> B IpOIyKTUBHOM
cioe. [To 6momacce npeodnananu rereporpodHbie 1 MEKcOTpodHBIe Buabl (Gymnodinium
sp., Chrysochromulina spp., Heterocapsa triquetra). OTHOBpeMEHHO OTMEUAIOCh YBEIIN-
YeHHe OOWITHS TPECHOBOIHBIX METKOKIIETOYHBIX 3€JIEHBIX Bogopocieh (Monoraphidium
contortum, Pyramimonas grossii, T.glabrum), cBf3aHHOE C NOHM)XEHUEM COJECHOCTH
BOJ. B nione cpenusisa koHueHTtpauus pocdaroB B MPOAYKTHBHOM CJIO€ OIyCKajaach JI0
0,3+0,1 wmxkr-ar/m, Ha OTAENBHBIX TOPU3OHTAX (5 M 15 M) HWKE JIUMUTHPYIOLICH
koHueHntparuu (0,15 MKr-ar/im) s OTHOCUTEIBHO MporpeTsix Boj. [Ipu sToM, Kak u B
anpesie 2008 1., KOHIIEHTpaIsl aMMOHHUIHOTO a30Ta Obl1a Beicokoit (1,8+0,8 mkr-ar/im).

Craguss JIeTHETO MakCMMyMa pa3BUTHs (UTOIUIAHKTOHA HaOIIOganace IpU
MaKCUMAaJIbHOM TPOTPEBE BOJIbI, YTO CBSI3aHO C YCKOPEHHEM IPOIIECCOB pereHeparun
OMOTEeHHBIX 3JIEMEHTOB. B HIo/e Ha OTJENbHBIX TOPU30HTAX KOHLIEHTpAllMM HUTPATOB
u (docdaroB omyckanuch OnM3ko K aHanutuiyeckomy Hymo (0,07 mkr-ar/m u 0,06
MKTr-at/in  cooTBeTcTBeHHO). Bemwuunbl III1 Bospociu mo 1748 wmrC-m2-cyr! u
COXpaHsUTUCh Ha BBICOKOM YPOBHE BILTOTH 70 Hauaja okTsiopst (1259+307 mrC-m2-cyt?).
Konmentpamuu xiopoduiia «a» B MPOAYKTUBHOM CJIO€ B 3TO BPEMsl BapbUPOBAIUCH
B mpexenax 7,24+3,3 wr/m. A (4,282, 4mrC-mrXor'-a!) B eTHMH  nepuos
JOCTUTAM TOMOBOTO MaKCHMyMa. VICKITIOUE€HHE COCTaBISUT TEPUOJ TPOXOXKICHUS
(pOHTaTBHBIX Pa3eiioB, COMPOBOKIAEMBIX JOXKISIMU U ycuiieHHeM BeTpa 10 8—10 m/c
B [1IEPBOM [IOJIOBUHE aBIYCTa, KOIIa A‘{maX CYILIECTBEHHO CHIXKAIHCH (10 1,8 MrC-mrXom!-ut).
Bo Bpems Broporo snerHero makcumyma I1I1 B Gnomacce mpeoOimagany mpeacTaBuTeTn
otaenoB Chlorophyta (Dictyosphaerium pulchellum, M.contortum, P.grossii, Oocystis
lacustris) u Cyanophyta (Planktolygbya limnetica, Woronichinia compacta). YcuneHue
BETpa B IEPBOM IOJIOBHHE aBrycTa OOYCIOBHJIO TIOSBICHUE CPEIH JIOMHHUPYIOIIHX

106



Oxkeanonorunyeckue ucciemoBanud. 2018. Tom 46. Ne 3. C. 99-115

BUJIOB KPYITHOKJIETOUHBIX JIHUATOMOBBIX Bojopocieir C.granii. B ceHTsiOpe B CBS3H ¢
PE3KUM IMOBBILICHUEM COJICHOCTH BOJ HA0JI01a710Ch MHTEHCUBHOE pa3ButHe Eutreptiella
gymnastica u pe3koe cokpaiieHie BUA0BOro pasnooopasus (29 umo). Bo Bropyio dasy
nera oOmrast Omomacca (pUTOMIIAHKTOHA CYIIECTBEHHO CHU3MJIACH U OCTAaBaJlaCh TAKOBOM
710 KOHIIa 3UMBI.

B tabnuue 3 npencraBieHbl K03()pPUIMEHTHI 1€TEePMUHALINN MEXAY MPOAYKIIMOH-
HBIMHU XapaKTEPUCTHUKAMH (PUTOTIAHKTOHA U a0MOTHYECKUMU (paKTOpaMH, OCPETHEHHbI-
MM 10 BepXHEMY 15-M cI1010, I7ie B TeUEHHE r0/1a CO3JaBajloCh OCHOBHAS 4aCTh IIEPBUYHOM
MPOMYKIMH B CTONI0E BOABI. 13 Hee BUIHO, YTO TIEPBUYHAS IPOIYKIIHS U KOHIIEHTPAITUS
XJI0pouIIIa «a» HAXOAATCS B KOPPEIALMOHHON B3aUMOCBSI3H JIPYT C IPYTOM U C KOHIICH-
Tpauueil Hutparos. [locnenHss oTpuLaTeabHO CBsi3aHa ¢ Temneparypoil Boasl. Craru-
CTMYECKM 3HaYnMas cBsi3b AU C OCTaJbHBIMU NTAPaMETPaMK HE OOHApyKEHa.

Tabmuua 3. Ko duueHTsl qeTepMUHALIMNA MEXKTY TPOAYKIIMOHHBIMH XapaKTEPUCTHKAMHE
(1)I/ITOHJ'IaHKTOHa nu a6I/IOTI/I‘IeCKI/IMI/I IIOKa3arciIsiMu, OCpe}Z[HeHHBIMI/I B BerHeM 15-M CJI0€;
n=13; p<0,008

T |S | P |POs| NO3 | NHy | Nyw | SiO4 | TIIT | B® | Xt «a» | AUpax
®AP | - |- | - | - - - - - 043 - - -
T - - - -0,47 - - - - - - -
S - - - - B B B - B -
Pran - - T - T -1 -1 - -
PO, - - -
NO; - |o78] - |-053] - | 046 | -
NH,4 - - - - - -
NMI/IH - - - - -
SiOy - - R
TIT1 - 0,67 -
b® - -
XI1 «a» -

Obcyxaenne

Cuutaercsi, 4yTO TeMIEPaTypHBIA (AKTOp OKa3bIBa€T KOCBEHHOE BIHUSHHE Ha
[T, BO3AEHCTBYSl Kak Ha CE30HHYIO JMHAMHUKY (DUTOIUTAHKTOHA, TaK M Ha CKOPOCTH
uX OMOXUMHUYECKHUX IPOIECCOB, a TaKKe OOyCIaBIMBas MJIOTHOCTHYIO KOHBEKIIHIO B
XOJIONIHBIN MepHO rofia U cTpatudukanuio B Teruibiii. CTaTUCTUYECKU 3HAYMMas CBS3b
mexay 111 u Temneparypoit Boabl 0OHapy>KMBAETCS TOJILKO B CITy4ae COBIAACHUS KPUBBIX,
ONMCBHIBAIOIIMX UX CE30HHBIM XOI. B 4acTHOCTH, Takas CBSI3b OTMEUAETCS B paliOHax C
OJTHUM CE30HHBIM MaKCHMYMOM IEPBUYHON MPOIYKIMH, HApUMEpP, B OIUTOTPOHHOM
boranyeckom 3amuBe (Wikner, Hagstrom, 1999). B BricokonponyktuBHOM Kyprickom
3aJIMBE BCJICJCTBUE AKKYMYJSIIUU OOJBIIOrO KOJIMYECTBA OWOTEHHBIX 3JIEMEHTOB
OCHOBHBIMM II€PBHYHBIMU MPOAYLEHTAMH OPraHWYECKOTO BEIEeCTBA  SABIISAIOTCS
cunesenenble Bogopocin (Anekcanapos, 2010; Aleksandrov, 2010). Hactymnenue
MaKCUMyMa MX CE30HHOIO pa3BUTUS M MakcuMyMa cosnaBaemou umu IIII B 3amuse
LIEJTMKOM 3aBUCHUT OT YPOBHSI IPOIPEBA BOABI B JAHHOM TOJTY.
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N3menenus B Teuenue rosna ypoHsa GAP Takke mpoucxosaT MO0 OJHOBEPIIMHHOMN
KPUBOH, MOATOMY KOA(POHUIMEHT AETEPMUHALMU C MPOAYKIHMOHHBIMU IOKa3aTelsIMU
cnabpiii. CBeTOBOM (DakTOp OTpaHUUYMBACT PA3BUTHE (PUTOILNIAHKTOHA, B OCHOBHOM, B
3UMHMN TIEPUOJT U OCEHBIO 3@ CUET COKPALIEHMSI IPOAOJIKUTEIIBHOCTU CBETOBOTO JIHA U
yBEJIUYEHUs yuciia 001adHbIX AHel B peruone (I'mapomereoposnorus..., 1992). B nepuon
MaKCUMyMa COJTHEYHOM aKTMBHOCTH B KOHIIE BECHBI — Hayajie JieTa SIPKO BbIPAKEHHOTO
spdexTa «CBETOBOrO HMHrHOMpOBaHUS» (OTOCHHTE3a B NPUOPEKHBIX BOJAX HE
ormeuaercs. Jlump B Mae BenuuuHsbl [1I1 1 accumunsnuonHble yncna Ha 5 M m1yOuHe
ObLIH OJIM3KHU K 3HAUEHUSIM, HaOII0JaeMbIM Ha TIOBEPXHOCTH.

Pesynprarhl MaTemaTuyeckoil 00pabOTKU JTaHHBIX CBUAECTEIBCTBYIOT O HAJHYUU
JBYX MaKCUMYMOB pa3BUTHs (PUTOIUIAHKTOHA, KOTOPHIE CBSI3aHBI, MO-BHAMMOMY, C
CE30HHBIMHU IHUKJIAMH KOHIEHTPAIIMU OCHOBHBIX OMOTEHHBIX 3JE€MEHTOB (Tadim. 2, 3).
[Ipy TUMUTHPYIOMIKUX B XOJOJHBIX MOPSIX CEBEPHOTO MOJYyIIAPHs KOHIEHTpauusix 1—
2 mxr-ar/n NO, (Thomas, 1970) B uccnenyemom paiione Npo0JKAETCA HHTEHCUBHBIH
¢dorocuHTe3. VYrHereHue pocTa (UTOIUIAHKTOHA OTMEYAeTCs IMpU CHUKEHHUH
KOHILIEHTpauy HUTpaToB HIKE 0,1 MKr-at/11. DTO OTHOCHUTCS KaK K IEPUOLY BECEHHETO
MaKCUMyMa, KOT/a JIeJI€HHE IUATOMOBBIX M aBTOTPO(HBIX BHUIOB JAMHOQIIATEIIAT,
aKTUBHO NOTPEOJAIONIMX HUTPAThl, 3aBeplIaeTcs, Tak W K NepBod (asze JeTHero
MaKCUMyMa, B TOM CJIy4ae, €CJId YCIOBUS MOPCKOM Cpe/bl elie He OIaronpusTCTBYIOT
MacCOBOMY Pa3BUTHIO BH/I0OB CHHE3EJIEHBIX BOJOPOCIIEH, CIOCOOHBIX aCCUMUIUPOBATh
N, (Aphanizomenon flos-aquae, Nodularia spumigena, Anabaena spp.; Stala et al.,
2003). B nepuox BoCCTaHOBIICHMSI KOHIIEHTPALIMM HUTPATOB KOHLIEHTpauus ¢pocdaron
MPOAOJDKAET CHUXKAThCS: BECHOM 10 3HaueHud Hmwxke 0,4—0,6 MKr-at/i, B Hauaje jera
no 3Hauennii Huxke 0,14-0,3 mxr-at/n (Thomas, Dodson, 1968). C mnoBsimeHueM
Temneparypsl Boabl A0 16 °C 1 HauaaIoM WHTEHCUBHOM BeTeTallu a30T(PHUKCHPYIOMINX
nuaHoOakTepuii, oOycnaBnuBatomel Hawano JserHero nuka IIII, B poccuiickom
CEKTOPE OTMEUAETCA XapaKTEPHOE ISl FOKHBIX pailoHOB banTHiicKOro Mopsi CHUKEHHE
KOHIIEHTpalMi OMOr€HHBIX IEMEHTOB [0 AHAJIMTHYECKOrO Ipejesia: HUTPATOB 10
0,07 mkr-at/n, pocdaros g0 0,06 mkr-ar/ia (Wasmund et al., 1998; Nausch et al., 2008;
Van Beusekom et al., 2009; Wielgat-Rychert et al., 2013).

B uccnenyemom paiioHe B TeIUIbIM mepwon rojga OoJblias 4acTh JOCTYIHBIX
(UTOIUIAHKTOHY MUTATENbHBIX BEIIECTB BKIIOYAETCS B JIOKAIbHbBIM OMOreOXMMHUYECKHM
KkpyroBopor. O6 stom cBuaerenscTByer pacuer [III mo coorHomenwuro Pendumga
C:N:P = 106:16:1 (Redfield, 1934), ucxons u3 yObIBaHUS CpeIHEWH KOHLEHTpAIMH
OMOTEHHBIX J3JIEMEHTOB BO BpPEMs BECEHHEIO «IBETEHUS» B IPOIAYKTUBHOM CIIOE,
KOTOpBIN JaeT Onu3kue BenuduHbl: 548 MrC-m* 3a Tpu Mecsia MCXOAsS M3 CHIDKCHUS
KOHIIeHTpauu HuTtparoB u 474 wmMrC-m® 3a Tpu Mecsia UCXOAs M3 CHUKCHUS
KoHIeHTpaluu GocdatoB. Bo Bpemst moinoBobs Manbix pek CaMOuiicKoro nmosryocTposa,
COBIMA/IAIOIIET0 BO BPEMEHH ¢ nepuooM TumutrpoBanus [111 6rnoreHHbIME 351eMeHTamu,
HECMOTpPSI Ha TMPHUTOK JOTOJHUTEIBHBIX KOJMUYECTB OMOTEHHBIX 3JEMEHTOB C CYIIH,
OTMeuaeTcsl CHWKEHHE NMPOAYKUMH W Ouomacchl (utorutankroHa. Ilo-Buaumomy, mo
OTHOILIEHUIO K DJIEMEHTY, OCTaroniemMycs B U30bITke, OydepHast posib OeperoBoil 30HbI
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HECKOJIbKO CHIDKAETCsl. B XONOMHBIN TIepro/] rofia IOCTYIUICHNE MUTATEIBHBIX BEIICCTB
C MOOEPEXbsl U U3 OTKPBITBIX MOPCKUX PAOHOB 3aBUCHUT UCKIIOUUTEIHHO OT CIOXKHBIX
TUAPOJMHAMHYECKHUX IPOLIECCOB, MpOTEKalolux B OeperoBoil 3oHe. [lapannenbHbie
Oepery BeTpa reHepHpYIOT BIOJILOEPErOBO MOTOK, a MONepeuHbIe K Oepery — CrOHHbIE
WJIM HaTOHHBIE BETpa 00YCIaBIUBAIOT MEPEXO/1 MPeoOIa alonuX NPUOPEKHBIX TeUSHUN
K peXKUMY aIrBeJUTHHTA WK JayHBEJUTHHTA. 3UMON CMEHA «TIPECHOBOTHBIX» M «MOPCKUX)
YCIIOBUH B KICCIIEYEMOM PAOHE YETKO MTPOCIIEKUBACTCS 110 OOJILITUHCTBY HAOIIOaeMBIX
nokasarenei (tabm. 2, 3; puc. 2).

BrIsBIICHHBIE CE30HHBIC HM3MCHEHHUS JOMHUHHPYIOMIETO KOMIUICKCA BHUOB
(DUTOTUTAHKTOHA OMPEIETISITUCH CE30HHBIMU H3MEHEHUSIMH (PH3NYECKUX U XUMHUECKUX
YCJIOBHM MOPCKOW CpeJibl, a TAKkKe BHICOKUM YPOBHEM 3BTPO(HUPOBaHUS MTPUOPEKHOM
30HBI. CBHUJCTEIHCTBOM IIOCJICIHETO0, B YAaCTHOCTH, CIIY)KHT JOMHHHDPOBAaHUE B
Havalle BECHbl MEJIKOKJIETOYHBIX JHATOMOBBIX Bojpopociein Skeletonaema sp. m
C.choctawhatcheeana cnocoOHBIX TOTPeOATH moaudocdarel, MTPUCYTCTBYIOIIHE
B 3aMETHBIX KOJIMUECTBaxX B 3arpsi3HEHHbIX NpuoOpexHbiXx Bogax (Olli et al., 2008).
OO6HapyXeHHbIE B MepUoj HAOMIOAECHUI BUABI COOTBETCTBOBAIU aJIbroduiope H0KHOM
yactu banrmiickoro mopst (Gasiuunite et al., 2005). YpoBeHb pa3BUTHS 3€ICHBIX
(M.contortum, Scenedesmus spp.) u cuneseneHbix (Woronichinia spp.) ObL1 comocTa-
BUM C qpyrumu aanabiME (Gasiuunite et al., 2005; Jlanre, 2017). JlocTaTo4HO BBICOKHE
KOJIMYECTBEHHbIE XAPAaKTEPUCTUKU B OTIEIbHBIC IMEPUOABI MMEIH MOTEHUIHAIbHO-
TokcuuHble Bunbl H.triquetra, W.compacta, Chrysochromulina sp., Scenedesmus
quadricauda.

PesynbraTel HAOMIOIEHUH COTTIACYIOTCS C OOIIMMHU IS FOXKHOM YacTu bantuiickoro
Mopsl TEHACHIMUAMHU Npeoliaganus AuHoduaressaT BecHol. Ha mpumepe ['otnanackoro
OacceifHa ObUIO MOKa3aHO, YTO CHIDKEHUE POJIM TUATOMOBBIX BECHOU OOYCIIOBIICHO
yBEJIMYEHUEM 3UMHEH TemmepaTypbl BoIbl. BiusHue kiumarnyeckux (HakTopoB
NPOSIBISUIOCH HE dYepe3 YrHEeTEHUE pa3BUTHS JUATOMOBBIX IYyTEM OCIAOICHUS
KOHBEKTHBHOTO (DpOHTA, BOSHHUKAIOMIETO MPU TEMIIEpaType MaKCUMaJbHOU IIIOTHOCTH
BOJIbI, a 3a cueT Ouonormyeckux wmexaHuzMoB (Wasmund et al., 2017). Msrkue
3UMBl  OOyCJIaBIUBAIOT 0oJiee BBICOKYIO OHMOMAcCCy 300IUIAHKTOHA, TMOEAIONIETO U
M3MEJTBYAIOIIET0 KIETKH TUATOMOBBIX. JTO MPUBOAMT K 3aM103aHUIO Haualia UX BECEHHETO
«IBETCHUS» ¥ IIOHWKCHHBIM KOJIMYECTBEHHBIM OIICHKaM MX OMOMACCHI.

JlumuTHpOBaHME pOCTa  JUATOMOBBIX  (DU3UKO-OMONOTHYECKUM  (paKTOpaMu
MOXET CYILIECTBEHHO CKa3bIBaThCSl HA KPYroBOpPOTE KpeMHHUs B peruoHe. IIpoBeneHHbie
UCCIICIOBAHUS TIOKa3alM, 4YTO W3y4aeMblii palOH XapaKTepu3yeTcs BBICOKUMHU
KOHIICHTpAIlUSAMUA KpPEeMHHUs B TedeHHe rofa (Tabn. 2). DTO OTHOCHUTEIBHO XOPOIIO
COMIACyeTCsl ¢ JaHHBIMH, KOTOpbIE MpUBOAWINCH B 1980-¢ IT. 10 30HE CMeElIEeHUs BOJ
p.- Bucna ¢ mopckumu Bogamu [ aHbCkoro 3anuBa bBanTHiiCKOrO MOpsi, OMBIBAIOIIETO
3anaaHoe nodepexne Cambuiickoro nosyocrposa (10 249 mkr-ar/xn SiO,). 3a npenenamu
9TON 30HBI TUAPOPPOHTA, TIE€ WHTCHCHUBHO PAa3BUBAIMCH JAHATOMOBBIC, COACPIKAHUE
KPEMHHUSI CHIKAJIOCh B 4—6 pa3, B T.4. BO BPeMsl BECEHHETO «I[BETEHUS» KOHIICHTPAIHs
kpeMuusi cHmwkanmach no 0,3-2,2 mxr-ar/n (Nowacki, Jarosz, 1998; 3epnona, IlleB-
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yeHko, 2001). B uccnexyemoM paiioHe KOHIEHTpalMsi KPEMHUS HE OITyCKajach HIDKE
50 mkr-ar/n. Takum 00pa3zoM, MOTyYeHHbIE JaHHBIE TUIIHUN pa3 CBUAETEIbCTBYIOT O TOM,
YTO CHM)KEHHUE POJIM JMATOMOBBIX BECHOM HE CBSI3aHO C JE(PHUIIUTOM KPEMHUS B PETHOHE.

lTomnas Bemuuuna III1 (Ttabn. 4) B paifoHe HaOMONEHUN ObLIa BBINIC
cpennemuorosietiedt Benmuunubl [T 237 rC-m2rox! i BCEro poCCUICKOrO CeKTopa
FOrO-BOCTOYHOM YacTu banTuiickoro Mopsi, 4TO MNOJATBEPKIAET CHCJIIAHHBIE paHEe
3aKJTFOYEHUS O OOJIBIIIEM YPOBHE IBTPOPUPOBAHHOCTH BOJ JAHHOTO paiioHa MOPSI, B TOM
YHClIe TIOJ] BIUSHUEM MaTepUKOBOTO CTOKA U ()OPMUPOBAHUS CHIEIIU(PUIESCKUX THAPOTIOTO-
ruapoxumudeckux yciosuil (Kyapssuesa u ap., 2011; KynpsiBueBa, AnexcanHapos,
2019). Ilomy4yeHHass BEIWYMHA COTIIACYETCS C JAPYTUMHU TIOKa3arelsiM TPOPUUIECKOTO
cTaryca BOJ: CPEIHEroI0BOM BEIMYMHOW OMoMacchl (UTOIIAHKTOHA, CPEIHEN 3a rof
KOHIIEHTpaIen xjaopoduiuia «a», 3MMHEeN KOHIIeHTpamueil GocdaToB B 3BHOTHIECKOM
cioe (Wasmund et al., 2001). 3uMHsIs KOHIIEHTpAIHs CyMMbI MUHEPAIBHBIX (POPM a30Ta
YKa3bIBA€T HA MEHBIIYIO MOTEHUUAIbHYI NPOAYKTUBHOCTh M3y4aeMOro panoHa. ITo
MOXXET OOBACHSTHCS TEM, YTO B 3UMHHMX BOJIaX OMPEIEIUICS HE BECh a30T, IOCTYITHBIN
¢uTomnankTony. KoHIIEHTpalst MOYEBUHBI B BOJIE U MOJICKYIISTHBIHM 30T, BKIIIOYaeMbIi B
OMOreOXUMUYECKUN IIMKII CHHE3EJIEHBIMHU BOJOPOCIISIMHU, TTOTYYAIOIIUMU TPEUMYIIECTBO
B Pa3BUTHH, JIUIIb JIETOM HE YUYUTHIBAIHCH.

Tabnuua 4. [Tokazarenu TpohUIECKOTo cTaTyca BOj paiioHa HaOJIIOIeHU I
(Wasmund et al., 2001).

IToka3zaTenp Omurotpodusnii | Me3orpodHbIit OBTpOdHBII Crannus 24
IIT, rC-m 2 rox™ <100 100-250 250-400 290
B®, mrim® <500 500-2000 20004000 2296
X «a», mriv® <0,8 0,8-4,0 4,0-10 5,7
PO,, Mkr-at/n <0,2 0,2-0,8 0,8-3,0 0,9
Ny, MKT-aT/71 <2,0 2,0-10 10-60 7,8
3akiarouenue

B 3akmrouenue xorenoch Obl OTMETUTh, 4YTO MPOBEIEHHBIE HAOIIOACHUS
TIO3BOJIMJIM TIOIPOOHO OMMCATh XapaKTep CE30HHBIX M3MEHEHUN MEPBUYHON MPOTYKIHH
U CcyKleccuio (pUTOMIaHKTOHAa B OeperoBoil 30HE poccUicKoro cextopa [maHbCcKoro
Oacceiina bantuiickoro Mopsi, a Tak’e OLIEHUTh UX CBSI3b C THPOMETEOPOIOTHUECKIUMH 1
THJIPOXUMHUYECKUMU YCIOBUSIMH. Bemynmm hakTopom, peryinpyromnM ce30HHbIN UK
MEPBUYHON MPOAYKIIUU B UCCIIEyeMOM paiioHe, sIBIAIOTCS HUTpaThl. COCTaB U CE30HHAS
CyKIlecCHsl (PUTOIUIAHKTOHA COIVIACYIOTCS C OOIIMMM TEHACHLMSIMH, BbISIBICHHBIMU
B banruiickom mope B 2000-x rr. (Gasiuunite et al., 2005; Jlanre, 2017; Wasmund et
al., 2017). YpoBeHb NPOIYKTUBHOCTH OEPETOBOM 30HBI COOTBETCTBYET KOHIIEHTPAIIUU
OMOTeHHBIX EMEHTOB ((PocdaTroB) B MOPCKHUX BOJIAX M HAXOAUTCS HA HUYKHEH TpaHUIle
3BTPO(HOTO YPOBHSL.

ABrtopsl Omarogapst k.r-m.H. B.B. CukoBa (AO MO PAH) u 1.6.1. H.B. Ilume-
HoBa (®UILl buorexnonoruun PAH) 3a mpenocraBieHue BO3MOXKHOCTH Jis MPOBENE-
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Hus uccienosanuid, k.r.H. JK.M. CroHT 3a MeTeoponoruueckue nanueie, A.B. Kpeka 3a
OpraHM3aINI0 dKCIEeAUIMOHHBIX BhIX0A0B (Bce AO MO PAH), A.B. I'ycea 3a ot6op
po0 (AtnanTHUPO). ABTOpEI HCKpEHHE MPU3HATEIBHBI PEIICH3CHTaM 3a 3aMEUYaHUus U
KOHCYJBTAINN, HAIPABJICHHBIC HA YIYUYIIICHHE CTAThH.
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From April 2008 to until April 2009 we investigated the seasonal dynamic of primary
production in the coastal zone of the south-eastern Baltic Sea. The predominant limiting
factor for diatoms and dinoflagellates spring bloom was nitrate. During the nitrate-limited
period, increase of ammonium due to mineralization of organic matter can temporarily
change the prevailing N-limitation for phytoplankton grows into a P-limited phase. Nitrate
and phosphate concentrations reached minimum values in mid-summer, almost below
detection limits (0,07 mmol/m*NO,, 0,06 mmol/m®PO,). Moderate influence of continental
run off with the peak runoff during of the spring-summer minimum of phytoplankton
grow on primary production was observed: its annual value reached to the eutrophic level
(290 gC-m2-year'), however the seasonal dynamic type was typical for mesotrophic waters
of northern middle latitudes.

Keywords: Baltic Sea, coastal zone, primary production, phytoplankton,
chlorophyll «a», nutrients
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B pabore paccMOTpeHBI pe3ynbTaThl HCCIEAOBAHUS MHUKPOOMOTHI MeNardaid FOXHOH
OKOHEYHOCTH >kenoba CB. AHHBI B KOHIIE BereTanmnoHHOro mepuoma B 2007 u 2011 rr
Bbun mpoaHanu3upOBaHbl YMCIEHHOCTh, OMOMacca M MPOAYKIHsS OaKTepHOIUIAHKTOHA, a
TaKke oOWmIMe M BHIOBOM cocTaB rerepoTpodHbIX (uaremtst u uHby30puid. Bemmauner
o0mIMs M TPOAYKIWU OaKTepwil, HaOMIOmaBIIMECS B )KeIo0e, ObUTH CYIIECTBEHHO HIDKE
3HAUCHNH, XapaKTePHBIX U MOBEPXHOCTHOTO PACIPECHEHHOTO CIIOS BOIBI HAJ MIEIb()oM
Kapckoro mopsi. BennunHbl 4ncieHHOCTH GaKTEPHUOIUIAHKTOHA BEPXHETO IPOTPETOTO CIIOS
B 2007 r. ObT B HeckoibKo pa3 Hmke, yeM B 2011 r. (10—60 teic.kim/mm u 24—147 ThIC.
KJI/MJI COOTBETCTBEHHO). B miyOkenexammx ciosX BOABI 3T Pa3HUIA HUBEJINPOBAIACH.
MeKroioBble pa3Inydus B BEJIMUMHAX IPOLYIINH OAKTEPHOIIIIAHKTOHA TaKXKe ObUTH Hanbosee
SIPKO BBIpaXkeHBI B BepxHeM 60-metpoBoMm cioe: 0-0.17 u 0.05-0.87 mrC/m® B CyTKH B
2007 u 2011 . cootBeTcTBeHHO. Ha pacmnpenencHne oOmmms reTepoTpodHBIX (IIareiisiT 1
MH(Y30pHil CYIIECTBEHHOE BIMSHHE, 110 BCEH BHIMMOCTH, OKA3bIBAJIIO KOHTYPHOE TEUCHHUE
BJIOJTb CKJIOHA jkenoba. B obmactu ero BnusHusE B 2007 T. BRICOKHE 3HAUYCHUS YHCICHHOCTH
¢maremat (154429 xir/M) OBUTH OTMEUEHBI IO BCEH TONIE BOTHOTO CTONOA, TOTHA Kak
B 2011 r. oHM OBUIM MPHYpPOUYCHBI K BepXHEMY 50-METPOBOMY CIIOFO, TIPEBBIMIAS ITOYTH B
JIBa pa3a aHAJIOTWYHBIC TOKa3aTeNu Ha cocemHux craHmmsax (810+102 m 481+£61 wi/mn
COOTBETCTBEHHO).

Pesynbrarsl MynbTH(AKTOPHOTO aHAIM3a IIOKA3aJIHM, YTO YHCICHHOCTh TeTEPOTPO(HBIX
(rareiuAT, a TaKXKe YHCIO BHJOB MPOCTEHIIMX CHIKAINCh C TIIIyOWHOH, OJHAKO B
9B(OTHYCCKOM CJI0¢ HaOIoanach pasHMIAa MEXTy ABYMs rogamu HaOmonenwmit: B 2007 T.
o0me moTpeOuTeNeil 3aBHCEN0 OT COCTOSHMS INEPBHYHBIX IPOAYLEHTOB, TOTJAa Kak B
2011 r. oOcCHOBHBIM (PaKTOPOM, OKA3HIBAIOIIMX BIHSHHUE Ha OOWITHE MIOTPEOUTEICH, SIBISITACH
YHCIEHHOCTh OaKTepuil. AHalW3 paclpeeieHUs] BHIOBOTO COCTaBa TeTEPOTPO(HBIX
(raresuIAT TO3BOJISET TPEAIONOKNATh, YTO CIOKHAS BEPTHKAJIbHAS THUAPOQHU3MUECCKas
CTPYKTypa BOJHOHM TOJIIM paccMaTpUBAEMOTO paiiOHAa HE OKA3bIBACT OMPEIEIISIOIIETO
BIIMSHHUSL HA MUKPOOMOTY 3TOro paifoHa. OJHAKO MOXKHO IMPOCIETUTH BIMSHUE OCHOBHBIX
TEYeHNI paccMarpuBaeMoil 00JacTH Ha paclpeieieHHue OOWIMS M BHJOBOTO COCTaBa
reTepoTPO(PHBIX MUKPOOPTaHU3MOB.

KiroueBnble cjioBa: OaKTEpUOIUIAHKTOH, MUKPOTETEPOTPOQBI, HH(Y30pUHU, HAHO-
¢mnarennaTel, Kapckoe mope

BBenenue
bakrepun, rerepoTpodHBIN HAHO- U MUKPOIUTAHKTOH, (DOPMHPYIOLTHE KMHKPOOHYIO
IICTIIIO», SABIIAKOTCSA Ba)KHefIHIHM KOMIIOHCHTOM IIJIAHKTOHHOTI'O COO6HICCTBa,

o0ecreynBaoNMM PEMUHEPATH3AINI0 Opranndeckoro Bemiectsa (Azam et al., 1983;
Fenchel, 2008). B moispHbIX 95KOCHCTEMaX 3HAYCHHE MUKPOOHOM KOMIIOHEHTHI ITAHKTO-
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Ha elnre 0oJiee BO3paCTaEeT, MOCKOIbKY B T€UCHHUE TOJIYTo/1a pa3BUTHE (DOTOCUHTEIUPYIO-
IIMX OPTraHU3MOB OTPAaHUYCHO HEJIOCTATKOM CBEeTa. B MOZOOHBIX YCIOBUIX OCMOTPO(dHBIE
MHKPOOPTaHU3MBI, CIOCOOHBIE A((HEKTUBHO YCBaWBaTh PACTBOPECHHOE OPTaHHYECKOE
BEI[ECTBO, CTAHOBSITCS OCHOBOW MUIEBOM 1enu. CBeJACHUS O COCTaBE M MEXaHU3Max
pEryasiuu MUKPOOHOW KOMIOHEHTHI MJIAHKTOHHOTO COOOIIECTBA apKTHUECKHX PEru-
OHOB KpaiiHe ckymubl (Sorokin, Sorokin, 1996; Boras et. al., 2010; Jiang et al., 2013;
Maranger et. al., 2015; Kombsuios u sip., 2012, 2015, 2016), 4Tto 3HAYUTEIBHO 3aTPYIHS-
€T OIEHKY YCTOWYMBOCTHU SKOCHCTEMbI U MPOTHO3UPOBAHKUE €€ U3MEHEHHI B YCIOBUAX
MEHSIIOIIETOCS KJIuMaTa U pacTyIlell aHTPONOreHHOW Harpy3ku. [lanHas paboTa mocBs-
IIeHa PACCMOTPEHUIO CTPYKTYPHBIX M IPOAYKIIMOHHBIX XapaKTEPUCTUK reTepoTpoPHOTrO
MTUKO-, HAHO- U MUKPOIUIAKTOHA, a TAaK)KE aHaTu3y (DaKTOPOB Cpeibl, CIIOCOOHBIX BIUATH,
Ha 3TH TPYIIBI OPTaHU3MOB B BO/IaX KXKHOW OKOHEYHOCTH keynoba CBaATol AHHBI. JTa
o0acTh UMEET MPUHIUITUATBHOE 3HAYCHHE, TTOCKOJIBKY SIBIISIETCSl BAKHEUIIUM 3BEHOM
BomooOMeHa Mexay Kapckum mopem u LleHTpanbHbIM ApPKTHUECKHM OacceiiHOM
(Pavlov, Pfirman, 1995).

MaTepna.ﬂ bl 1 ME€TOAbI

Jlist  GakTepHOIOrMYECKOro M MPOTO300JIOTMYECKOrO aHajau3a Marepuan Obul
cobpan B xoze 54-ro u 59-ro peiicoB HUC «Axkagemuk Mctucnas Kennpin B Kapckom
Mope B aBrycre—ceHTsi0pe 2007 u 2011 rr. (puc.1). l'opuzoHTH 0TOOpa IPOO OMpEACIIsIN
Ha ocHoBe CTD-30HIupOBaHus, yUUTHIBas MPOMUIN TEMIEPaTyphl, COIEHOCTH (dJeK-
TPOTIPOBOTHOCTH) U (hITyOPECIICHITHH.

st yueTta oOIel YMCIEHHOCTH OaKTepHil MCIOIB30BAIM METOJ] MPSMOTO CYeTa
KJIETOK, OKpauleHHbIX (uryopoxpomoM DAPI, mon JIOMHHECLEHTHBIM MHKPOCKOIIOM
Leica DM-5000B (Porter, Feig, 1980). Jluneiinbie pa3Mepbl KJICTOK H3MEPSUTH TPH T10-
MOIIHM OKYJIAp-MUKpoMeTpa npu yBenumueHuu %1000 mnm mporpaMmsl aHanmsa n3o0pa-
xeanit «ImageScopeColor My. bakrepuaiibHyr0 6roMaccy B yIIIEpOIHBIX €IUHHUIIAX Pac-
cuuteiBasiu 1o (Pomanosa, Caxus, 2010). [Ipoxykuuto Gakrepuii onpenessuii nNpsMbIM
METOJIOM C HCIOJb30BAaHUEM AHTUOMOTHKOB-WHTMOMTOPOB OaKTEpPHUAIbHOIO pPOCTa B
MoIU(HKALIMN IJIs €CTeCTBEHHBIX MecTooOuTanuii (Sherr et al., 1986; Weisse, 1989).

Hns  ydera reTepoTpodHBIX HaHO(IArelsIT W HMHQY30pHHA HMCIIOIB30BAIN
METON JIFoMUHeCHleHTHOH Mukpockornuu (Sherr, Caron, Sherr, 1993) B coOcTBeHHOI
moudukanuu (Sazhin et al., 2007). ITpo6sr 06beMOM 50 M HEMOCPEACTBEHHO TOCTIE
orOopa OKpamuBajiM MPUMYIUHOM, (GukcupoBanu 3.6% pacTBOPOM TIIOTAPOBOTO
auanpaeruaa U 10% mmnepuHa, ocakIand Ha 4epHbie siaepHbie GuibTpsl «Nucle-
pore» ¢ nuamerpoM mop 0.4 mxm. [Ipenapats! npocmarpuBaiu 1Moji MUKpockorom Leica
DM-5000B. OO0beM KIJIETOK pPAaCCUMTHIBAIHM, HCXOIs U3 00BEMa COOTBETCTBYIOIIMX
cTepeoMeTpuueckux guryp. buomacca B yrieponiHoM 3KBUBaJIEHTE OblL1a IepecunTaHa
ucxomas u3 oobemoB opranu3moB (Menden-Deuer, Lessard, 2000).

Jlnist BBISIBICHHUS KOPPEISIMA MEXIy MOKa3aTeIsIMU XapaKTEPUCTHUK COOOIECTB
paccuuThiBanu Ko3pduuueHT paHroBoil koppemsuuu CrupmeHna. s BblaesneHUs
(akTopoB, BIMSIONIMX Ha M[apaMeTpbl MHUKPOOHOIr0 COOOILECTBa, HCIIOJIb30BaIU
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Puc. 1 Kapra-cxema pacronoXKeHus CTaHITHH.

MOLIArOBBII  MHOKECTBEHHBIM  PETPECCHOHHBIM  aHAIWM3  METOAOM  MPSIMOTO
MIOCTIeIOBATENIFHOTO 0TOOpa 3HAUUMBIX TiepeMeHHBIX (P < 0.05). B manbHeiimem Tekcre
Ut 00o3HaueHus kKoddduiieHTa nmapHoi KOppeNnsiuyd Mbl UCTIOIB30BAIU I, 2 MHOXeE-
cTBeHHOU — R. PacueTsl mpoBomiu ¢ momonisio makera nporpamm PAST 3.14 u STATIS-
TICA 6.0. Jlnst o1ieHKH CXOKECTH TOUeK Ha OCHOBAHUU BHJIOBOTO COCTaBa TeTepoTpod-

HBIX HaHO(]IIareJIsT UCHOIb30BAIM METOA MHOTOMEPHOTO HIKAJMPOBAHUS B IIpOrpamMme
PRIMER 6.

PesyabTarbl

Paiion Hammx wWcclenoOBaHUM BKIIIOYACT JBE YACTH: OOJNIACTh BHEIIHETO Ieibda
Kapckoro mopsi, HEMOCPeJACTBEHHO TpaHHYalIylo ¢ kenoOooM CBATOM AHHBI, a TaKkKe
CKJIOH W IOHYIO OKOHEYHOCTH XeyioOa. Baonbs 3amamHoro ckioHa skenoda CsToi
Annel B Kapckoe Mope MpOHHKAIOT TpaHC(HOPMHUPOBAHHBIE ATIAHTHYECKHE BOJBI.
Jlanee mo xenoly ariaHTUYecKas BOAA MPOHHUKAET J0 CeBepHOM okoHeyHocTH HoBoit
3emiu (MBanos, Hemmeperor, 1999; Shauer et al., 2002; Banenun u ap., 2010). Do
KOHTYpHOE TEUCHHE HMMEET «BO3BPATHBII» XapakTep: BOJBI, PACHpPOCTPAHSIONIHECS
Ha IOTO-BOCTOK BJOJIb 3allaJHOTO CKJIOHA, TIOBOPAUYMBAIOT OOpAaTHO Ha CEBEPO-3arial
BIOJIb BOCTOYHOTO CKJIOHA JkeyoOa. PacmpocTpaHeHHe aTaHTHYECKOW BOIBI B IOTO-
3anagHyr0 4acth Kapckoro mopsi orpaHuuuBaeT (h)poHTaIbHAs 30HA, PACIIONOKEHHAS
HaJ TOIHATHEM MeXAy kemobom CB. AHHBI 1 HoBo3eMenbckoit kKoTa0BUHOM. B 3TOM
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(GpoHTaATFHOW 30HE NPOUCXOAWT CTOJKHOBEHHWE M B3aWMOJACWCTBUE TEUEHHS XKeaoda
Cs. AHHBI 1 otpeiBaromierocs or Hosoit 3emiin Boctouno-HoBo3emenbckoro teueHusl.
Ocenpio 2007 1. 9Ta ke (ppoHTATBHAS 30HA OTPAaHMYHMBAIA TIPOHMKHOBEHUE HA CEBEP BOI
MIOBEPXHOCTHOTO OIPECHEHHOTO CJI051, 00pa30BaHHBIX MO/ BIUSHUEM PEYHOTo cToka O6H
u Enuces (3auenus u ap., 2010). B 2011 1. cTpyst KOHTYpHOTO T€YEHHs OTpaHUYMBajIaCh
ITOYTH BEPTUKAIBHOM PO CIONKON OUE€HB XOJIOAHBIX BOJI C OTPULATENILHON TEMITEPATYPOH,
HUMEIoIUX KapckoMopckoe npoucxoxaenue (Kpemenenkuii, 2011).

bakTeproniaHKTOH

B 2007 r. B roxHOM uacTH >xenob6a CB. AHHBI oOuiHMe OaKTEpUOIUIAaHKTOHA B
BEPXHEM MPOTPETOM CJI0€ BOJIBI (TONIIMHON 0K0J10 60 M) Konebaoch ot 10 10 60 Thic.Ki1/MIL
B moBepXHOCTHOM clioe pacrpecHEeHHON BOJbI (ITyOMHOM 10 15 M) Haj mpuiiekanmum
menbGoM 3TOT mapameTp ObUT MOYTH Ha TOPSAIOK Bbimie, coctaBiuss 104-370 Teic.
Ki/mi. B mmyOskenexxammx CIosX BOABI YHCICHHOCTH OakTepwil kojedamach OoT 7 10
50 Teic.k/MI. buomacca OakTepHOIUIAHKTOHA B IOKHOW uacTu >kenoba B 2007 r
U3MEHsIACh MOUTH Ha mopsaaok: ot 0.22 1o 2.64 mrC/m3. Ene 6osiee BHICOKHE 3HAYCHHMS
OBUIM OTMEYEHBI B BEPXHEM CJIO€ PACIIPECHEHHOW BOJBI HAJ MPHJIETAOIIUM HIeTb(oM:
4.33-6.76 mrC/m*. Cpenauii 00beM KIETOK KOJICOAIICst B TOCTATOYHO OOJIBIINX MPEIeiax:
ot 0.03 10 0.17 mxm®. B Mopdonorndeckom coctaBe OaKTepHOIUIAHKTOHA TOMHUHHPOBA-
JI1 KOKKOMJTHBIE (hOpMBI: UX J10J1sI Kostebanach oT 80 10 98% o01ieit uncieHHOCTH.

B 2011 r. oOunue Oakrepuil B 10KHOW yacTH *keynoba CB. AHHBI B BEpPXHEM
MporpeToM cioe (TONIUHONW Takke okoilo 60 M) CHIKaIoCch ¢ TIIyOMHOH c 58—
147 THIC.KJI/MJI B TIOBEPXHOCTHOM cJio€ 0 24—69 THIC.KJI/MJI Ha TIyO)KeIeKalux
ropu3oHTax. B To jxe Bpems oouire 6akTepHii B pacipeCHEHHOM MOBEPXHOCTHOH BOJIE HAJ[
npunexaieM menbde grocturano 549 teic.kin/miu. Ha rmyOunax 6omnee 60 M 4HMCIEHHOCTD
Oakrepuii konebanmack B mpenenax 13-49 teic.kin/ma. buomacca GakTepHOIIaHKTOHA
B IIOBEPXHOCTHOM CJIO€ BOJBI M3MEHsIach B mpexenax ot 2 go 3.15 mrC/m3, a B pac-
NPECHEHHOW BOJie Bo3pacrana Oosiee 4ueM B jiBa pasa (6.35 mrC/m®). Iiybke 3HaUeHHs
OuoMacchl 0aKTepUOTUTAHKTOHA OBUTM 3aMETHO HIDKE M Kojiebanuch B mpenenax 0.39—
1.65MrC/m3. Cpenunii 06beM KireTok u3Mensuics ot 0.02 1o 0.05 mxm®. B Mmopdosornye-
CKOM COCTaBe 0aKTepUOIIaHKTOHA TaKXKe JTOMHUHHUPOBAIIA KOKKOUIHBIE ()OPMBI, COCTaB-
nsist oT 54 no 81% oOmielt yncaeHHOCTH KJIeTOK. [Ipu 93ToM MHUHMMAaNbHBIX 3HAUCHUM
(54-58%) »TOT MOKa3areiab JOCTUraj B IIOBEPXHOCTHOM CJIOE BOJbI HA TPEX CEBEPHBIX
crannusx (5045-5047).

B 2007 r. BenuuMHa NpoAyKIMK OAKTEPUOIJIAHKTOHA B KHKHOM YacTu >Kenoda
Cs. Amnnbl BappupoBana ot 0 mo 2.72 mrC/m® B cytku. Munumanbhblie 3uadeHust (0—
0.17 mrC/m3 B cyTKH) HaOMIOMAIUCh B BepxHeM S50-METpOBOM Cllo€ BOAbL. BennunHa
yAeTbHON MPOAYKIIMK Ha 3TUX ropu3oHTax cocrasisuia Bcero 0-0.28 cyt?. Tomapko Ha
caMoil CeBEepHOM CTaHIUU pa3pe3a Ha rayomHe 10 M mpomykiwsi OaKkTepUOIUIAHKTOHA
Bo3pacrana 10 1.33 mrC/m® B cytku (P/B xoaddurment cocrasmst 0.58 cyt?). Ha ry-
ounax Oosee 50 MeTpoB BeMMUMHA OaKkTepUaIbHON mpomykiuu konebdanack ot 0.13 mo
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0.55 mrC/m®B cyTkH, a Ha ryouHe 60 M caMoii CeBEpHOM CTAHIIMU pa3pesa JOCTHTraa
2.72 mrC/m® B cyTku. BennunHa ynenbHOM NPOAYKIUHE HA 9THX TOPU30HTAX COCTABIISIA
0.23-0.6 cyrt u 1.5 cyT! cooTBETCTBEHHO.

B 2011 1, B ommume or HaOmomenudd 2007 1., BeTUYMHA TPOSYKIHUU
OaKTepHOIUIaHKTOHA B BepxHeM 20-MeTpOBOM CllIo€ B CpeAHeM Obla BbIIIE, YEM B
nryokenexkamux ciaosx Bogsl (0.05-0.87 u 0.02-0.43 mrC/m® B CyTKH COOTBETCTBEHHO).
VnenbHast MPOLYKIKs, COOTBETCTBEHHO, cocTaBisiia 0.02—1.35 n 0.04-0.45 cyt?. Tem He
MeHee, 3TU BEJIMYMHBI ObLIIM HA MOPSIOK HUXKE, YeM 3HAYCHHS B BEPXHEM CJI0€ pacrpec-
HEHHOM BOJbI HaJl MIPHUJIEratolieM 1meiabpoM, rae OakTepraabHas NPOAYKLHUs T0CTUTala
7.38 mrC/m* B cytku nipu Benuanae P/B koadduimnTra 1.16 cyt.

I'erepoTpodHblii HAHOIJIAHKTOH

B 2007 r. obunue rerepoTpodHbIX HaHOQUIATEIUIAT HA pa3pes3e BAOJb keinola
CB. AHHBI Koste6anock ot 9 10 424 ki/mi1. B o6nactu pacnpocTpaneHus pacipecHEHHBIX
BOJI BBICOKHME TOKazarenu ux obwmus (6omee 100 ThIC.KI/7T) HAOMIONATUCH TOJIBKO B
BepxHeM 20-30 metrpoBoM cioe. [Ipu 3ToM Ha KpailHel F0)KHOW CTAHIIUH B CIIO€ BOJBI
¢ cosneHOCThIO 17-20 psu 3TOT MoKa3areab JOCTUTall CAMBIX BBICOKMX 3HaueHuil: 307—
369 ki/mMn. MakcuMalibHBIE BETMYMHBI OMOMACCHl OBLTH TAaK)Ke OTMEYEHBI Ha FOXKHOM
CTaHI[MK B PacIpeCHEHHOU Bojie coieHocThio MeHee 20 psu (7-10.2 mrC/m®), B octass-
HBIX CJTy4asx 9TOT [OKasareb He npesbiman 3.8 MrC/me. B 06acTu BIUSHKS KOHTYPHOTO
teueHus: (cranuuu 4987 u 4988), Hecymiero BOJbI aTIIAHTUYECKOTO MPOUCXOXKICHUS
(Bamenuan u  ap., 2010), BBICOKME TMOKa3aTeJd YHUCIEHHOCTH TeTepOTPOPHBIX
KT'YTUKOHOCIIEB HAOMIOAAINCh BO BCeM CToiOe Bombl: 154+29 kn/mn wmm 1.61+
0.45 mrC/m®. Ha craHumsix, pacroyioXEHHBIX CEBEPHEE KOHTYPHOTO TEUCHUS, OTHOCH-
TETbHO BBICOKME BEIWYHHBI OOWIWS ObUIM MPUypOUYEHBI K BepxHeMy 80-MeTpoBOMY
cioro: 218436 xi/mi (2.75+0.64 MmrC/m®). B miryGokeneskaiux CIosx BOAbI OTOT [TOKa3a-
Teb B cpeaneM coctaBista 3316 ki/mi (0.34+0.13 mrC/vd).

O6unue wuHdy30puii mocTUrano Haubonee BBICOKUX 3HAYCHMN Ha DITyOMHAX
10 50 M Kk rory or KoHTypHoro TtedeHus (B cpemnem 307+250 xn/m wm 0.48+
0.39 MrC/m?®), a Taxske B BepxHeM 80-METPOBOM CIIO€ Ha CTaHIIUAX K CEBEPY OT Hero (B cpeji-
HeM 108+33 1/ miu 0.39+0.19 MrC/m3). ImyOke grcieHHOCTh HH(Y30pHii B a0COTFOTHOM
OOJBIIMHCTBE ClTydaeB He mpesbimiaia 40 ki/i, a ouomacca — 0.04 mrC/me. Makcumaib-
HbIE 3Ha4YeHUs oOmns MHQY30puil HAOMIONANNCH Y IOKHOW CTAaHIIMK Ha Kparo menbgo-
BOIf 4acTU MOpsi: B BEpPXHEM CJIO€ PACIPECHEHHBIX BOJA UX Ouomacca mocturana 1.99—
2.89 mrC/m3 Gmaromapst BRICOKOMY BkIany Laboea strobila, a TiyOxe Ha ropusoHTe 48 M
3HAYEHUS YUCICHHOCTH BhIpacTanu 110 2180 ki1/n 3a cuer paszsutus Telonema subtilis.

OcHOBHOM BKJIaJ] B YUCICHHOCTh reTepoTpodHbIX (raremnar (6onee 65%) BHOCHIH
HE TIO/TAI0IIHecs onpeneneHnto Gopmel. Cpenu onpeeieHHBIX BHIOB TETEPOTPOGHBIX
(hmarenaT Ha FOXKHOM CTAHITUU 110 YUCIICHHOCTH JOMUHUPOBAIU Bogopociu Gyrodinium
spirale n Protoperidinium bipes. Gyrodinium spirale ToMAHAPOBAI TAKXKE U IT0 OMOMAcCe.
Ha ocTaynbHbIX cTaHIHAX B a0COTIOTHOM OOJIBIITMHCTBE CITy4aeB M 10 YUCIEHHOCTH, U T10
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ouomacce npeodaanan Gyrodinium sp.1. Ha Bcex craHmusx paspesa ObUIO OTMEUEHO 5
BUJIOB reTepoTpodHbIX )KryTrKoHocues: Gyrodinium sp.1, Gyrodinium spp., Gyrodinium
spirale, Leucocryptos marina, n Monosiga marina. Amphidinium sphaenoides n
Amphidinium sp. ObUTH OTMEUEHBI TOJILKO Ha KpalHeH 10KHOM cTaHuuu. Protoperidinium
brevipes Taxke HaOIIOMAICS TOJBKO HAa FOKHOM CTaHIMU U OBLT MPUYpPOUEH K CIIO0
pacnpecHeHHOi Boabl. Pactipoctpanenue Telonema subtilis, HanpoTuB, ObLJIO IPUYpOUE-
HO K CEBEPHBIM CTAHIIMSAM pa3pesa.

N3-3a manoii unciaeHHocTy nHEGY30puii TOBOPUTH O BUIOBOM pacpeielieHuH BAOIb
paspesa B 2007 1. 1ocTaTouHO CA0KHO. Yncno BuoB MH(GY30pHil HAa pa3HBIX CTaHIMSIX
Koe0aioch OT IeCTH a0 TpuHaauatu. Ha OonpmmHCTBE cTaHIMK paspe3a ObLIH
MPEJICTABIICHBI TOJIBKO OJIMTOTPUXUHBI Strombidium spp., Strombidium wulfii, Laboea
strobila. TuatuaauAa Parafavella acuta Opina HaiiieHa y CEBEPHBIX CTAHIIUMA paspesa.
Tintinnopsis parvula, Lohmanniella sp. u Acineta tuberosa ObUM OTMEYEHBI TOJIKO Ha
KpaiiHeil I0)KHOM CTaHIIMU B BEPXHEM PACIIPECHEHHOM CIIO€ BOJBI.

B 2011 . Ha pa3pese B 10:xHOM yacTH kenoda CB. AHHBI OTHOCHTEIIBHO BBICOKHE
3HAYCHHSI OOWIIUSI TeTepOTPO(MHOTO HAHOIUIAHKTOHA HAOIIOAANCEH BIUIOThH J0 TITyOMHBI
150 M. MakcumanbHasi YUCIEHHOCTh M OMoOMacca reTepoTpOoHBIX HaHO(IATEIIIST
ObUTa OTMEYEHA B IMOBEPXHOCTHOM CIIO€ CaMOH IOKHOM CTaHIIUHM pa3pe3a, 3HAYCHHS
9TUX MapamMeTpoB 0Oojee ueM B JIBa pa3a NPEBBIIAIN HAOIIONABIIMECS Ha JIPYTHX
TOPU30HTAaX M CTaHUusAX, coctaBiss 2842 ki/mia u 33.2 mrC/m® coorBercrBenno. Ha
cranusax 5049 u 5048, pacnonoKeHHBIX B OOJIACTH BIMSHUS KOHTYPHOTO TEUEHUS,
HECylIero BOAbI arinaHTHdeckoro mnpoucxoxkaeHus (Kpemeneuxuit, 2011), oOunue
reTepoTPO(HBIX KIYTUKOHOCIEB B BepXHEM 50-METpOBOM ciioe ObIJIO 3aMETHO BBIIIE,
yeM Ha cocemHux craHmusax: 810+102 u 481+61 xin/ma coorBeTcTBeHHO. [Ipm 3TOM
O6uromacca rerepoTpoHBIX KT'yTHKOHOCIIEB OCTaBajIach MPAaKTUIECKH HEM3MEHHOM: 5.2+
0.52 MmrC/v2.

YucnenHocTh nH(QY30pHii Ha paspese BaoJib xesnoda CB. AHHbI B 2011 1. B BepxHEM
150-meTpoBom cnoe m3mensttack ot 0 mo 1.9 xn/nm; Guomacca komebamacy ot 0 110
9.5 MrC/m3, 1 TOJIBKO B TIOBEPXHOCTHOM cjioe Ha CT. 5046 ee 3HAUYCHHE YBEIUUYUIOCH
1o 42.7 mrC/m3® 3a cuer MOMHHUpPOBaHHS KPyHHBIX (GopMm (pasmepom Oomee 110 MKM)
Laboea strobila.

OCHOBHYI0O MacCy TIeTepOTpPO(HBIX KIYTHUKOHOCIEB TAaKXe COCTaBsUIM He
MoJJaroIMecs: onpeneieHnio KieTku. Ha Bcex cTaHiusx paspesza ObUTM OTMEUEHBI
CeMb BUOB IreTepoTpodHBIX KryTuKoHocues: Gyrodinium lachryma, Gyrodinium sp.1,
Gyrodinium spirale, Gyrodinium spp., Leucocryptos marina, Monosiga marina, Telonema
subtilis. Gymnodinium sp., Gyrodinium fusiforme n Protoperidinium bipes BcTpedanch
TONBKO B IOKHOW YacTW paspesa, Torna Kak Protoperidinium conicum ObUI OTMEUYEH
TOJBKO Ha KpaiiHeil ceBepHO#l cranuuu. Cpenu ompeneNeHHbIX BUIOB reTepoTPOPHBIX
KTYTHKOHOCIICB Ha BCEX CTaHIMAX pa3pe3a W IO YHCICHHOCTH, M IO Omomacce
nomurupoai Gyrodinium sp.1 (24-66% uucienHoctr). Ha ceBepHoii cTaHiuu paspe-
3a Takxke JOMUHUpPOBal Bun Leucocryptos marina (27% uucnennoct). OTHOCUTENBHO
BBICOKHM Ha BCEX CTAHIMAX OBLI BKJIAJ B OOIIYI0 YHCICHHOCTH XT'yTHKOHOCIICB
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Monosiga marina (13-36%). B moBepXHOCTHOM ONPECHEHHOM CJIOE€ BOJIBI U TI0 YUCIICHHO-
CTH, ¥ 110 Oromacce JoMuHupoBal Bua Telonema subtilis (68% 1 45% COOTBETCTBEHHO).

Yucno BuAOB WHOY30pHMi Ha pa3HBIX CTAHIUSAX KOJNEOaJoch OT CEeMH J0
yetelpHanuatu. Laboea strobila, Strombidium spp. n tuaTUHHHNA Acanthostomella
norvegica (WM €€ IyCTble JOMHKH) OBUITM OTMEYECHbI Ha BCEX CTAHIHUAX paspesa.
Tintinnopsis beroidea u Leprotintinnus pellucidus BcTpedanuch TOJBKO Ha IOTe Keyooa,
torna kak Lohmanniella spiralis, Ha060pOT, HE BCTpeUyanach Ha JIBYX FOXKHBIX CTAHIIUSX
pa3pesa BIUIOTh IO TPAaHHIIbI KOHTYPHOTO TCYCHHUSI.

AHaIu3 n oﬁcym,ueﬂne pe3yJabTaToB

AHanu3 pacrpeneneHuss 6aKTepUOIUIaHKTOHA SB(QOTHUECKOTO CI0sl IXKHON 4acTh
xenoba Ce. AaabI B 2007 T. (32 UCKITIOYEHUEM TOYEK C PACTIPECHEHHOM BOJOM) TTOKa3aJl,
YTO 00MIMe OaKTepHil CHIXKAeTCs ¢ IIyOMHOI M BO3pacTaeT B CEBEPHOM HAIPABICHUU
(R = 0.57). Pasmep kiIeTOK OaKTEpPHOIJIAHKTOHA YBEIUYHUBACTCS C BO3PACTaHHEM OHO-
Macchl TeTepOTPOGHBIX HAHOMIATEIUIAT W yBETWYEHHUEM KOHIEHTPAIMH aMMOHUS
(R=10.67).

Ha rnyOunax Gonee 50 M Ha BceM MPOTSHXKEHUHM pa3pe3a TakKe HAOII0NaIoch
yBEeIMYECHUE OaKTepHaTbHOW YHWCIEHHOCTH II0 Mepe TPOIBIKEHHS Ha CeBep U
CHIDKEHHUE ATOro mokasarens ¢ nryounoi (R = 0.59). Pa3mep kineTox yMeHbIIAICS IO
Mepe MPOJBUKEHUS Ha CEBEep M BO3pacTaj C NIyOWHOMH, YBEIHMUMBAsACH MPH CHIKEHUU
koHUeHTpauuu pocdaros (R =0.59, Maxkkasees, 2007)

Takoke 10 Mepe MPOABIKEHHS Ha CEBEP M CHIKEHHS TEMIIepaTyphl BOAbI YMEHb-
n1agach 1071 KOKKOMAHBIX (opM B MOP(OIOrHUECKOM COCTaBe OaKTEpHUOIUIaHKTOHA
(R =0.8). Emie Oonee HU3KHUiT BKJIal KOKKOMIHBIX KJIETOK MO0 CPABHEHHUIO C pacCMarpu-
BaeMbIM PAaiOHOM ObUI OTMEUYEH B OOJIACTH CEBEPHONH OKOHEYHOCTH IITYyOOKOBOJTHBIX
*)enoboB Kapckoro Mopsi, HaJi KOHTUHEHTaIBHBIM CKJIoHOM (PomanoBa, 2012).

UwucneHHOCTh reTepoTpo(HBIX HaHO(IATEIUIAT N 1ajia ¢ TyOMHON M yMEHBIIICHUEM
temneparypsl BoAbl (R = 0.82), Toraa kak CHIKEHHE UX OMoMacchl ObLIO MPUYPOUYEHO
K YBEITUYCHHUIO COJIEHOCTH M KoHIleHTparuu docdaros (R = 0.84). [Ipu ananmze 3Bdo-
THYECKOTO CJIOSI OOHapyXuiaach oOpaTHasi CBsI3b YMCIEHHOCTH HaHOQIIAreJUIsAT C coJie-
HOCTBIO BOJIBI U KOIleHTpanuel ¢heodputuna (R = 0.77), Torna Kkak Ha pacrpeneieHne ux
O6uomacchl OoJblllee BIUSHUE OKa3blBalla TeMIeparypa, coaepxanue geodurnna (Mo-
mrapos, 2010) u Heopranudeckoro gocdopa (R = 0.83). B pacnpenenenun uHdpy3opuit
3HAYMMBIX 3aBUCUMOCTEN 00HAPYKEHO HE OBLIO.

[Ipu ananuze ganubix 2007 T. ¢ TOMOIIBIO MYJIBTH(AKTOPHOTO aHATN3a HU OJTHOM
U3 PACCMOTPEHHBIX XapaKTEPUCTHK OaKTEPUOIUIAaHKTOHA HE ObUIO cpenu (akTopoB,
OTIPE/ICTSIONMX HW3MEHEHHE TeTepoTpodHOro HaHOIMJIaHKTOHA. Tem He MeHee,
Obl1a oTMeueHa ciabas Koppessius MexJy oOmiueM norpeduteneid u Ounomaccoit
6akrepuoriankToHa: » = 0.43, p < 0.05 kak 1y uHpY30pUid, TaK U JUIS TeTePOTPOPHBIX
HaHodumareat. [loqoOHast koppensmnus Obliia OTMEUEHA M JJI COOOIIeCTBa MPUAOHHON
Bonbl (Pomanosa u ap., 2013).
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B 2011 r. yucieHHOCTh OAKTEPUOIUIAHKTOHA B FOXKHOM YacTu kenoba CB. AHHBI
CHIDKAJNach IO MEpEe YBEIUYEHHUs COJIEHOCTH M ObUla TECHO CBsi3aHa ¢ OHoMaccoii
Hano(naremwT (R = 0.87). B cBoto ouepenpb, OmoMacca rerepoTpodHBIX KI'YTUKOHOCIIEB
U3MEHSJIaCh BMECTE ¢ OOMIMEM OaKTEepHOIUIAHKTOHA M CHUXKAJach 10 Mepe BO3pacTa-
HUsI KOHLIEHTpaIMK Heopranuyeckoro ¢ocgopa (R =0.91). buomacca undyzopuii Taxxe
KOoppenupoBaja ¢ oounuem OakTepuil, a Takke CHUXKaJlach 10 Mepe MPOJBHKEHUS Ha
BOCTOK (R = 0.72), 94TO BO3MOXHO OOBSICHSICTCS BIUSHUEM KOHTYPHOTO TEUEHHS BIOJb
ckiona xkenoba CB. Aunsl (Kpemenenkuit, 2011). YUucno BugoB uHdpy30pHii TaKxkKe yBe-
JUYUBAIOCH C POCTOM OaKTepuaIbHOM OMoMacchl U maaio ¢ nryouHoi (R = 0.72), Torma
KaK YHUCIIO BHJIOB TeTepoTPO(HBIX HAHO(IATEIUIAT CHUXKAJIOCh C IIIYOMHON M 10 Mepe
npoABMKeHUs Ha BOCTOK (R = 0.72). ITpu paccMoTpenn# 3BPOTHYECKOTO CI10si HaOmro1a-
J1aCh TeCHast CBsI3b 00Ut HH(Y30pUi C YUCICHHOCTHIO K 00BEMOM OaKTEPUOTIIAHKTOHA
(R =0.76).

Bennunna GaktepuanbHON NMPOAYKIMH B 00a rona Oblia MPUMEPHO HA OJHOM
YPOBHE, OIHAKO CTOUT OTMETHUTD Pa3INuKs B BEPTUKAIBHOM PaCIpeIeICHUHN €€ 3HaUCHU .
B 2007 r. B TOBEpXHOCTHOM CJIO€ BOJABI HAJ[ KEIOOOM CB. AHHBI, 3TOT MOKa3aTeib ObLI
KpaiiHe HU30K HE TOJBKO M0 CPAaBHEHHIO C PACTIPECHEHHBIM CIIOEM BOJIbI HAJl IENIb(OoM,
HO M JJa)K€ [0 OTHOLIEHUIO K IIyOrkesexkamuM ciaosM Bonbl. B To xe Bpems, B 2011 .
HaAOIOANIOCh CHUKCHHE BEIWYUH OaKTepUadbHOW MPOMYKIUU OT MOBEPXHOCTU KO
nay. Ilo Bceil BUAMMOCTH, 3Ta pa3HHUIA CBSi3aHA C PAIMYUSAMHU B THIpOdU3NUECKOit
CTpyKType Tpanuibl menbda u xenoda. B 2007 1. B aToit obnactu Obiia copMupoBaHa
SIPKO BBIpAKCHHAs (PpOHTaIbHAs 30HA, 0Opa3oBaHHAs KOHTYPHBIM TEUEHHUEM Kenoba
Bnoib ckioHa CB. AuHBEI 1 Boctouno-HoBozemensckoro teuenus. B 2011 . momo0HOI
TpaHMIIBI, OTPAHUYHMBAIONIEH paclpoCcTpaHeHHe IeNb(POBBIX BOA HAa CEBEpP B MOMEHT
Hamwux padot He Habmonanock (Kpemeneuxwuii, 2011).

B 2011 r. Oplma Takxke MpoaHAIM3WPOBAHA JOJII AKTHBHBIX KJIETOK OaKTepuo-
maHkToHa (Momaposa, Momapos, Uneunckuii, 2017). [{ons KIeTOK ¢ NOBPEXAEHHON
MeMOpaHO# Obljia HEBBICOKA U Kosebanach B mpezenax oT 3 10 24% KIeToK, IpU 3TOM
BenuuuHbl Oonee 10% Obutu npuypouensl k myounam 60—120 m. Takum oOpa3oMm, Ha
[TyOMHAX ¢ OTHOCUTEIHHO BEICOKMMH TIOKA3aTeIIsIMU OOMITHS OaKTePUOIIIIAHKTOHA, BKIIA]]
KJIETOK C TIOBPEKJIEHHON MeMOpaHOW ObLIT 3aMeTHO HUXke. [[ons OakTrepuii ¢ akTUBHOMN
MEKTPOH-TPAHCIIOPTHOM IIENBIO COCTaBIIsIA OT 6 10 64% 0011IeH YNCTIEHHOCTH OAKTEPHIA.
MaxkcuMmanbHble BEIMYMHBI 3TOTO ToKazaTens (49-64% oOmieit YuCIeHHOCTH) OBLIN
PUYpPOUYCHBI K TIIyOrHaMm 710 60 M Ha KpaliHel ceBepHOM cTaHIuu paspesa (Mormaposa,
Moapos, Unbunckuii, 2017).

AHanu3 BUOBOTO COCTaBa TeTepOTPOHBIX HAHO(IATEIUIAT C MOMOIILI0 METOAA
MHOTOMEpHOTO ImKanupoBaHus (mds-ananu3) B 2007 T. HE TMO3BOJWI BBIICIUTH
onpeneneHHble rpynmnbl cTaHiuil. OO0COOMEHHO HAXOASTCS TOYKH, PACIIOJIOKEHHbBIS
Ha Kparo menbda, a Takke OT/IeIbHbIe TTyOOKOBOAHBIE TOPU30HTHL. OHAKO, CTAHIIUH,
pacIoJIOKeHHBIE Ha CKIIOHE ’KeJ100a, ObUTH 1alIeKO HEOJHOPOIHBI IO COCTaBy COO0IIEeCcTBa
HaHo(maremwar (puc. 2a). B 2011 1. 6bUT0 BBISBIEHO YETHIPE TPyNIBI TOUYEK (pHC. 20).
UeTko BbIAENSAETCS COOOIIECTBO PACIPECHEHHOTO CJIOS BOABI Ha TpaHHIE Ienbda

123



H.JI. PomanoBa, A.®. Caxun

Kapckoro mopsi. Coo01iecTBo BEpXHET0 CTOMETPOBOTO CJIOSI CAMOW CEBEpHOW CTaHIIUHU
OBLIIO CXOJHO C COOOINECTBOM B BEPXHEM CJIO€ APYTUX CEBEpHBIX cTaHImi. Eme onny
000c00IeHHYI0 TPy 00pa30Bajy HWKHUE TOPU30HTHI Ha cTaHIuu 5044. OctanbHbIe
TOYKH OBUTH CXOKU MEXKITy COOOH.

Puc. 2. MDS-auarpamMMa cxojicTBa ToueK 0TOOpa mpood, MOCTpOSHHAsI HA OCHOBAHUY JJAHHBIX I10
BHIOBOMY cocTaBy HaHoduareuisit B 2007 1. (a) m B 2011 1. (6). B 0603HaueHNH TOUEK yKa3aHa
rTyOnHa 0TOOpa Mpoo.

3akJiaroueHue

ComnocrasiieHue TaHHBIX HAOIIOAEHUH, IPOBOJUBILIMXCS B OJJUH CE30H Pa3HbIX JIET,
MO3BOJISIOT MPEANOTI0KHUTH, YTO OCHOBHASI pA3HHUIIA B CTPOSHUU MUKPOOHOTO COOOIIIECTBA
I0’KHOW OKOHEYHOCTH ke100a CB. AHHBI B OCEHHUH Mepro 00yCI0BIeHA HATMYUEM UITU
OTCYTCTBHEM (POHTATHHON 30HBI, OTPAaHUYHBAIOIICH PACTIPOCTPAHEHHUE ITOBEPXHOCTHBIX
pacnpecHeHHbIX Boa. B 2007 1. pacnpeneneHue OaKTepHUOIIaHKTOHA B FOXKHOW YacTH
xeno6a CB. AHHBI OBLTO MaJIO CBA3aHO C KOJIMUECTBOM €0 MOTpeOuTeseH, n HabIonanach
TEH/ICHIIUS YBEJIMYEHUS €r0 OOUIINS B CEBEPHOM HAIMPABICHUU M CHUKCHHSI C TITyOHHOM.
B 2011 r., xorga menbhoBble TOBEPXHOCTHBIE BOIBI MPOHUKAIN HA CEBEP, HA TIEPEITHUM
IUIaH BBIXOAMJIA COJIEHOCTb, C BO3PAaCTaHUEM KOTOPOM CHIDKajach OakTepuasbHas
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YUCIIEHHOCTh. CXOACTBO B paclpe/ieIecHHH OAKTepuil i reTepoTPO(HBIX KI'YTUKOHOCIIEB
CKopee Bcero oOycCIIOBIEHO JMOO HMX 3aBUCUMOCTBIO OT OJHUX (PAKTOPOB (Mpexkie
BCETO, TIIYOMHBI MECTOOOMTAHUSI M COJICHOCTH), JIMOO peryisiuei oOmnus ¢uaresuist
«CHU3Y» — JOCTYIMHOCTBIO IHUIIEBOTO pecypca. BemuuumHbl NpomyKuuu OaKkTepuo-
IUTAHKTOHA B BEPXHEM MPOTPETOM CIIOE, MO BCEH BUAMMOCTH, TaK K€ OMPEAEIsINChH
HaJM4YMeM MU OTCYTCTBHEM (PpOHTANIbHOI 30HBI Ha TpaHulle xenobda. B 2007 r., korna
OHa ObLJIa SIPKO BBIPAYKEHA, 3HAYCHUS OaKTEPHATbHON MTPOAYKIIUH B TOBEPXHOCTHOM CIIO€
ObLTM KpaitHe HU3KH, Torna Kak B 2011 1. BepXHUN TPOTPEThIi CJIOH XapaKTepU30BaJICs
MaKCHUMaJbHBIMU BETUUMHAMU NPOAYKIIMH B cTOJI0€ Bozbl. KoinuecTBeHHbIE TOKa3aTean
rerepoTpodHbIX (uareuaT U MHQY30pHid CHIDKaIHCh ¢ TIyOuHOH. B sBdoTHueckom
cioe HaOmoJanach pasHHUIA MEXKIy AByMs rogamu HaOmronenwmit: B 2007 1. oOumune
norpedureneil 3aBUceno OT (PU3MOJIOIMYECKOr0 COCTOSHUS MEPBUYHBIX MPOTYLIEHTOB
(otHOmIeHHEe (eodutuHa K xnopodumty), Torna kak B 2011 r, korma mpomyKius
0aKTepUOIIAaHKTOHA B BEPXHEM IMEPEMEIIAHHOM CJIO€ I0CTUTaNIa OTHOCUTENIbHO BBICOKUX
BEJIMYMH, YUCIIEHHOCTh OaKTepuil cTana OHUM U3 (PAKTOPOB, OKA3bIBAIOLIUX BIUSIHUE HA
o0wine noTpeduTeneH.

AHanu3 BHEpBbIE IMOJYYEHHBIX [JAHHBIX [0 BHUJOBOMY COCTaBy HaHO- U
MHUKPOTE€TEPOTPO(HBIX OPTraHU3MOB BOJ[ FOKHOH OKOHEYHOCTH >kenoba CB. AHHBI
HE T03BOJIICT BBILACIUTH TPYIIBI, IPUYPOUCHHBIE K PA3IUYHBIM YCIOBUSM CPENbI, B
NEPBYIO0 OYepelb, M3-32 OTHOCUTEIHHO HHU3KOM YHCICHHOCTH MHUKPOOPTraHU3MOB U
MaJIOTO KOJIW4YecTBa BUAOB. [lo BHIOBOMY cOCTaBy TeTepOoTpO(HBIX HaHO(IATEIIISAT
CYIIECTBEHHO OTJIMYAIOTCS TOJIBKO PACIPECHEHHBIE BOJBI M OT/EIbHbIE TITyOOKOBOAHBIE
ropu3oHThl. Crio)KHasi BEpTUKaJIbHAs CTPYKTypa BOIHOI TOJIIM FOKHOM OKOHEUHOCTH
*eso0a CB. AHHBI HE OKa3bIBAET ONPEACIISIONIETO BIUSHUS HA MUKPOOHUOTY 3TOTO paiioHa.
OnHaKo MOXKHO THPOCIIEANUTh BIMSHUE OCHOBHBIX TEUEHUH paccMaTpuBaeMoil oOnacTu
Ha pacrpezeneHue oOWiIHs U BUAOBOTO COCTaBa reTepOTPOPHBIX MUKPOOPTraHU3MOB.
OTMEUYEeHHBIE KOPpEISIUN MEXIy OaKTepuaabHONH YHCICHHOCTBIO U  OOHMINEM
notpebureneil OakTepuil CBUAETEIBCTBYIOT, MO BCEH BUIUMOCTH, O BBIPAKEHHOMN
3aBUCHUMOCTH MOCIIEAHUX OT MUILEBOTO pecypca.

COop marepuaia BBIIOJIHEH B paMKaX roCylapCTBEHHOI0 3afaHus MuHHcTepcTBa
Hayku U BbIciiero oOpazoBanust Poccun (tema Ne 0149-2018-0035); sxcriepumeHTalib-
HbIe pabOTHI BHINIOIHEHBI TpU (pruHaHCOBOM moaepxkke rpanta PODU Ne 16-04-00375
A; MUKpOCKOTIUs IPpO0O BHITIOJIHEHA TP (PMHAHCOBOM moziepxkke rpanta PODU Ne 18-
05-00326 A; craructudeckasi 00paboTka MaTepraia BBIIMIOJHEHA TPH (PUHAHCOBOH MO~
nepxke rpanta POOU Ne 18-05-60069 (Apkruka).
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The paper concerns the pelagic microbial community of the southern part of the St.Anna
trough in the late vegetation period. in 2007 and 2011. The abundance, biomass and
production of bacterioplankton, as well as the abundance and species composition of
heterotrophic flagellates and ciliates were analyzed. The abundance and bacterial production
values observed in the trough were significantly lower than the values typical of the surface
brackish water layer above the Kara Sea shelf. The bacterioplankton abundance values of the
upper warm layer in 2007 were several times lower than in 2011 (10-60x10% cells/ml and
24-147%10% cells/ml, respectively). In the deeper water layers, this difference diminished.
The interannual differences in the values of bacterioplankton production were also most
pronounced in the upper 60-meter layer: 0-0.17 and 0.05-0.87 mgC/m® per day in 2007 and
2011, respectively. The distribution of the abundance of heterotrophic flagellates and ciliates
is significantly influenced by the contour current along the slope of the trench. In the area
of its influence in 2007, high values of the number of flagellates (154 = 29 cells/ml) were
observed throughout the water column, whereas in 2011 maximal values were confined to the
upper 50-meter layer, exceeding almost twice the abundance at neighboring stations (810 =
102 and 481 + 61 cells/ml, respectively).

The results of multifactor analysis showed that the number of heterotrophic flagellates, as
well as the number of protozoan species decreased with depth. However in the euphotic
layer there was a difference between two years of observations: in 2007, the abundance of
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consumers depended on the state of primary producers, whereas in 2011 the main factor
affecting their abundance was the number of bacteria. Analysis of the species composition
of heterotrophic flagellates suggests that the complex vertical hydrophysical structure of the
water column does not affect substantially the microbial community of the region. However
the influence of main currents of the area under consideration may be traced regarding the
distribution of the abundance and species composition of heterotrophic microorganisms.

Keywords: bacterioplankton, microheterotrophs, ciliates, nanoflagellates, Kara Sea
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COBMECTHBII aHaJN3 PE3yJIbTaTOB I'€0JI0ro-reo(U3NIECKUX HCCIIeJOBAaHUH OKeaHHMYEeCKOU
mutocdepbl ¥ COBPEMEHHBIX MOJENel TEOPETHUYECKOH MO JMHAMHUKH TI03BOJISIET BBIICIUTD
TP OCHOBHBIX THIIA THAPATallMK TUIEpOa3HTOB BEPXHEH MAaHTHH OKEAHCKOW BOIOH € MX
nocieyomei cepnentTruHn3anueil. K mepsomy Tuiry oTHOCUTCSl pOHTaIbHAS THIpATALHS,
OuiaTepaiibHasi 110 OTHOLICHHUIO K OCEBBIM 30HAaM CPEIMHHBIX XpeOTOB Ha MX (hraHrax mo
cHCTeMe MUKPOTPELINH, KOTopast IPUBOJUT K (POPMUPOBAHHIO B HU3aX KOPBI IIACTHYHOTO
CEPIEHTHHUTOBOIO CJIOSI MOIIMHOCTBIO OKOJIO 2 KM. DTO NPHUBOIUT K OOpa30BaHMIO B
30HAaX CXKATUsl NOKPOBHO-HAJBUIOBBIX CTPYKTyp. BTOpoil TN CBsI3aH C NIPOHUKHOBEHHEM
OKEAaHCKOH BOABI B 30HaX PACTSHKEHUS 110 KPYIHBIM CKBO3bKOPOBBIM TPELIMHAM B BEPXHIOO
MaHTHIO, IJIe CepIIEHTHHU3ALNS JIMMUTHPYETCsl NTyOMHON M30TepMbl Xecca. B aTtom ciryuae
B Ooprax pa3noMoB (GOPMUPYIOTCSI CyOBEpTHKaIbHBIC NPOTPY3UH U CHILIBL. [loHMKEeHHas
IUIOTHOCTh CEPHEHTHHUTOB CTHMYJIUPYET CyOBEPTHKAJIbHBIH ITOABEM BBIIICIEKAIINX
6110K0B KOpBL. K TpeTbeMy THITy OTHOCHTCS CIOXKHBIIH poriecc 00pa3oBaHust CEPIIEHTHHUTOB
B 30HaX CyOIyKIMH B IIOIOABMIAIONICHCS IUIUTE TNPH THUApATAllMU OKEAHCKOW BOIOM
CBEpXy U B HAQJBMraloIlEiCs IUIMTE B pe3yibTraTe Aeruaparanuu cHusy. Jleruaparanus
MOJOABUTAIOIENCS OKEaHCKOH IUIUTBI JENIAET €€ XPYIKOI U MOXKET CTUMYJIUPOBATh CUIIbHBIE
3emiteTpsiceHnsi. CepreHTHHUTOBBIE 0Opa30BaHUSI MMEIOT BHICOKYI0 HAMarHMYEHHOCTb M
BHOCST CyIIECTBEHHBIN BKJIA/I B aHOMAJIbHOE MarHUTHOE T10JI€ B OKEAHWYECKUX 00JIacTsIX.

KuarueBbie cioBa: TexkroHuka, BepXHss MaHTHS, OKEaHWYECKas Kopa,
runepOa3uThl, CEPIEHTHHU3ALUS, CPEAUHHBIE XpeOThl, TpaHC(POPMHBIE pa3IOMbI, Mar-
HUTHOE I10JI€, II0JIE€ CHJIBI TSDKECTH, TEIUIOBOM MOTOK, MATHUTHOE MOJEIMPOBAaHUE, 30HBI
CyOyKIIMH, U30CTa3Us

CormacHoO  COBpPEMEHHBIM  TE€OJMHAMUYECKUM  MozeisM  (opMHUpPOBAHUS
okeannueckoit mutochepsl (JlookoBckuit, 1988), Biporiecce cpeAnHTa, IPH MPOHUKHOBE-
HUU OKEAHCKOW BOJIBI IO TPEIIMHAM B 00JI1aCTh XapaKTepUCTUYECKUX n30TepM Xecca (350—
400°C), HaunHAETCS CePIICHTUHU3AIMS TUTIEPOA3UTOB BEPXHEH MaHTUH C 00Opa30BaHUEM
AHTUTOPUTOBOH U JIM3apIUT-XPHU3ATUIOBON MOTUPHUKAIINN CEPIICHTUHUTOB. 30TOMHBII
aHaM3 BOJbI B O()MOIUTOBBIX KOMILIEKCAX TOKA3bIBAET, YTO OKEAHCKAas BOJa MPOHUKAET
B MaHTHUIO cBepxy. [7yOuHa ee MPOHMKHOBEHUS JUMHUTHPYETCS IIyOMHOW 3ajeraHus
MOBEPXHOCTHU XPYNKO-IJIACTUYECKOT0 IIEPEX0/1a, I71€ BELIECTBO CTAHOBUTCS IIACTUYHBIM.
B Hem mpoucxonuT noariaBlieHne MUKPOTPEIINH, 1 OHO CTAHOBUTCS HETPOHUIIAEMbBIM
JUISL BOZIBI M TIapa. DTOT MEPEXO/1 U3 XPYIKOTO B MJIACTHYECKOE COCTOSIHUE MTPOUCXOIUT B
uHTepBaie nasinenuid 150-260 Mlla npu temneparype oxono 350°C.

CoBMecCTHBINM aHalW3 PE3YJIbTAaTOB TIeoJOro-reopu3nYecKux HCCIeTOBAHUMA
OKEaHHYEeCKO auToc(hepbl M COBPEMEHHBIX MOJAENEH TEOPEeTUUYECKOM TIeOAMHAMHMKU
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MO3BOJISIET BBIJCAUTh TPU OCHOBHBIX THIIA THApATAlMM BEPXHEW MaAHTUU U €€
CEepIEHTUHU3AIIH.

[lepBbIit ¥ OCHOBHOW THN — (pOHTaANBHAS OwaTepasibHAs CEPIICHTHHHU3AINS
IpU TUAPATUPOBAHUHM OKEAHCKOW BOJOH MOJIOJOW HOBOOOPA30BAHHOW JHUTOCHEPHI MO
CUCTEME MHUKPOTPELINH Ha (JIaHTax CPEIUHHOTO XpeOTa M B MPUMBIKAIOUIEH KOTIOBUHE
(puc. 1). Ilerenpuatast CTPyKTypa HOBOOOPA30BaHHBIX CEPIEHTUHUTOB OTpa)kaeT
CHIOKOWHBIE TEKTOHMYECKHE YCIOBHS WX (OPMHPOBAHUS B OJHOPOIHOH cpene,
YTO COOTBETCTBYET OKEAHMYECKOW InuTocdepe, HE HAPYIIEHHOM TEKTOHMYECKUMU
nedopmarusmu. Ha  mryOumHe mnopomBel rabOpoBOro ciiosi JaBi€HHE MPUMEPHO
150 MlIla, a naBinenue 260 Mma, cBsi3aHHOE C 3aKyNOPUBAHMEM MHUKPOTPEILUH B
MeTEeNBbUaThIX CEPIEHTHUHUTAX, COOTBETCTBYET TpaHMIIE, PACIONOKEHHOW Ha 2 KM
rryoxe. Takum oOpaszom, k ciioro radopo (7) mMoIpKeH HapaliuBaThCsl CHU3Y CIIOM cep-
MEHTUHUTOB MOIIHOCTBhIO TpuMepHO 2 kM (10). OH MONHOCTHIO HENMPOHUIAEM IS
BOJIBI, ¥ TIO3TOMY €0 MOIIHOCTH Jaiee He yBenuuuBaeTcs (Hukonaesckwuii, 1979). Ilpu
ATOM PE3KO TOHMKAETCS TUIOTHOCTH IUIACTUYHOTO CepHeHTHHUTOBOrO cios (ot 3,3 10
2,6 r/cM*) U CKOPOCTH MPOXOXKICHHS CEHCMHUYECKUX BOJH (6,2—6,8 KM/C), 9TO MMEeT
Ba)KHbIE TEKTOHUYECKUE CIIEJICTBHUS.

[TockOMbKY HMKHUH CEPIEHTHHUTOBBIA CJIOM OKEaHWYECKOW KOPBI SIBISETCS
TPYIHOJOCTYIIHBIM JJII T€0JIOTMYECKOTO HW3y4Y€HHUs, €ro Hajluuue B HHM3aX KOpBI, HE
HApYIICHHOH pa3jioMaMu, MOXKET OBbITh IMarHOCTUPOBAHO reO(PU3NIECKUMU METOAMHU.
Tak mosjoxeHue o HapalUMBaHUM OKEAHWYECKOW KOpPbI C BO3PACTOM IMOJATBEPKIACTCS
CEeCMMUYECKMMU JIaHHBIMU O €€ yrouieHud Ha 1,5-2,0 km B untepBasie 0—40 MIIH. JIeT.
B psine paitonoB Tuxoro okeana, B Tom ymciie Ha umte Kokoc, B HU3aX KOpbl 0OHApYKeH
CITOW TMOHMKEHHBIX CEHCMHUYECKHX cKopocteit (6,8 km/c) ¢ momHoCThIO 2 KM (Levis,

Puc. 1. Cxema poHTaNbHOM OMIIaTepaIBHON TUIpaTallii BEPXHEH MAaHTHH HA CKJIIOHAX
CPEIMHHOTO XpedTa U B MPUMBIKAIOIIEH KOTJIOBUHE: OJIOKU | — IpsIMOHaMarHu4eHHbIE, 2 —
0o0paTHO HaMarHW4YeHHbIE, 3 — cTabOMarHUTHBIE 1 HEMarHUTHBIE, 4 — TOIIENTOBEIE 0a3aJIbThI,
5 — mepexojiHas 30Ha, 6 — TaHKOBBIM KOMILJICKC, 7 — H30TPOIHBIC Ta00PO, 8 — KyMYJISITUBHBIC
rab0po 1 pacCIIOEHHBIN KOMIUIEKC, 9 — MepuaoTUTHL, 10 — ceprieHTHHN30BAHHBIC IEPUIOTUTHI.

1978). Ilo nanupiM @okca u Anjaiika, KOTOpble aHAJTU3UPOBAIN BEJIMYMHBI celicMuye-
CKHX CKOpPOCTEH B HM3aX KOpbI AJIs IIaBHBIX KOTJIOBUH MupoBoro okeana, u3 243 omnpe-
JiefIeHu O6osiee MOJI0BUHBI U3MEPEHHBIX ONPEAEICHUNH CKOPOCTEH HaXOAUTCSl B UHTEpBa-
1e 6,2—6,8 km/c (Fox, Opdyke, 1973).

131



A.M. l'oponnuuxkuit, H.A. llumkuna

bunarepanbHas ¢GpoHTaNbHAs CHMMETpPUS THApAaTallid BEpPXHEH MaHTHU
OKEaHHUYeCKOM TUToC(hepbl OTHOCUTEIBHO OCEH CPeMHHBIX XPEeOTOB MOATBEPIKIACTCS
TaKke reoMarHuTHeIME JaHHbIME (I'opauH, [oponaunkuii, 1994, Hazaposa, ['oponnuii-
kuii, 1986). Kak mokasbIBaloT pe3ysiabraTbl T€OMAarHUTHBIX CHEMOK, JUUISI OKEAaHUYECKOM
autocdepst ¢ BozpactoMm 30 MIH. JIeT U Oosiee HaOMoAaeTcsl 3aKOHOMEPHOE YBEIHUEHUE
pa3mMaxa JIMHEHHbIX aHoMaluil. IleTpoMarHUTHBIE HCCIIEIOBAHUS OKEAHMYECKHUX
0a3aqbTOB M3 CEHCMHUYECKOTO €0 2A CBHUICTEIBCTBYIOT O TOM, YTO MX IEpBUYHAS
HAMarHWYeHHOCTh C BO3PAcTOM pe3Ko CHikaercs. llpoucxogut sTo B pesyibrare
MPOHUKHOBEHUS B BEPXHUN 0a3aJIbTOBBIM CJIOW OKEAHCKOW BOJBI, YTO MPUBOIUT K
HU3KOTEMIIEpaTypHOMY OHO(MA3HOMY OKHCIEHUI0 THTAHOMArHeTHTa. YBEIHUEHHE
pa3Maxa MarHUTHBIX aHOMAJIHUN MOATOMY MOXKET OBITh CBSI3aHO C CEPIIEHTUHUTOBHIM
cinoeM. Tak B HaubOoJsee gpeBHel 1o Bo3pacty auTtocheprl CeBepo-3ana Hoi KOTIIOBUHE
Tuxoro okeaHa ycTaHOBJIEHA BHICOKAsI UHTEHCUBHOCTD JIMHEWHBIX MATHUTHBIX aHOMAJIUI
ME3030MCKON IIKallbl, HECMOTPs Ha MaJlyl0 BEJIMYMHY HAaMarHMYEHHOCTH 00Opa3lloB,
otoOpaHHbIX U3 OaszanpToBOrO ciosi (JIunbkoBa, PaiikeBuu, 1989). CymectBoBanue
B HM3aX KOPbl MArHUTHOT'O CEPIIEHTUHUTOBOIO CJIO0S IOATBEPKIAETCS TaKKE NIPUBEIEH-
HBIMU BBIIIE PE3yJbTaTaMUd MAarHUTHOTO MOJECIHMPOBAHMS B INTyOOKOBOIHBIX KOTJIOBH-
HaxX U Ha aCeWCMUYHBIX MOJHATHUSAX, KOTOPbIE CBUIETEILCTBYIOT O TOM, YTO MOIHOCTh
MarHUTOAKTHBHOTO CJIOSl B OKEAaHMYECKOH JTUTOC(hEpe COOTBETCTBYET MOIIHOCTU KOPBI.
(ITpupona MarHUTHEIX aHOMaui, 1996).

WNuTencuBHas (poHTanbHAs CEPICHTUHHU3AIMS TUNEPOA3UTOB BEPXHEH MaHTHU
Ha (anrax CpennHHO-ATIAHTUYECKOTO XpeOTa Halllia MOATBEP)KICHHE B pe3ylbTarax
WHTEPIPETANN PE3yJIBTaTOB TrpaBUMETprudeckux cheMok (Iopomuunikuii, demoposa,
1991). Kak mokazano IJIOTHOCTHOE MOJEIMpPOBaHUE, OMIarepaibHOE YBEJIMUECHUE pa3-
Maxa JIMHEHHBIX MarHUTHBIX aHOMaaui ¢ 30 MIIH. JIET COIIPOBOKIAETCS NOHMKEHUEM
CpeAaHeN pacyeTHON MHTETPajIbHOM MIIOTHOCTH KOPBI.

CepneHTUHUTOBBIN CJIOM B HU3aX KOPbI, B HEHAPYIIEHHBIX pa3jioMaMH y4yacTKax
OKeaHHUYeCKo nuTocdepbl, OblT 0OHAPYKEH MPH TITyOOKOBOTHOM OypeHHH OypoBOTO
cynHa «['momap Yemnenmkep» B 30He CAX (37 u 45 peiicer). B ckBaxkune 395, x 3anany
oT CpeauHHO-ATIaHTUYECKOTO XpeOTa, B 30HE JIMHEHHOW aHoManuu 4, Ha 23°c.11., oj
59-meTpoBoii ToMIIeH 6a3aibTOB, OBLIO BCKPHITO CEPIIEHTHUHUTOBOE TEJIO MOIIHOCTHIO
HECKOJIBKO METpPOB. B 30HaX aceCMHYHBIX NOJHITUN M BHYTPUIIUTOBBIX THUCIOKAUN
TaK)KE€ YCTAHOBJIEHBI HEITOCPEICTBEHHBIE BBIXO/IbI MATHUTHOTO CEPIIEHTUHUTOBOTO CJIOS
K TOBEPXHOCTH, TaM, TJ€ B peXKuUMe CKaTusi (HOPMUPYIOTCS MOKPOBHO-HAJIBUTOBHIE
CTPYKTYPBI IT0 MEXaHU3MY JABYyXbApycHOU TeKTOHUKH (JIoOKkoBckuid, 1994).

Bropoli TMN cepneHTMHM3alMM CBS3aH C THUApAaTalUedl BEpXHEH MaHTHUU 110
KPYIHBIM CKBO3bKOPOBBIM pa3jioMaM M TpEIIMHaM, K KOTOPBIM OTHOCATCS PU(TOBHIE
JOJIMHBI MEJICHHO-CIIPEMHIOBBIX XpeOTOB M TpaHC(hOpMHBIE pa3inombl. [iyOmHa
THJIpaTalliyi B 3TOM CIIy4ae 3HAYMTEIbHO OOJbIIE U JTUMHUTUPYETCS TOJIBKO TIIyOMHHBIM
noyiokeHrueM u3otepMbl Xecca, (1o 30 kMm). DTO MOXET NPHUBOIUTH K 00Opa3oBa-
HUIO TIIYOMHHBIX «CEPIIEHTHHHUTOBBIX KOpPHEI» B Tporax TpaHC(OPMHBIX pPa3IOMOB
C TaHTCHIMAJILHBIM PACKPBITHEM, a TaKKe CEPIEHTUHUTOBBIX MPOTPY3W U CHIIJIOB
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B OOpTax KpyIHBIX pa3ioMOB U pu(TOBOM A0nKHbL. Hannune ceprneHTHHUTOBBIX KOpHE
KOCBEHHO MOJTBEPKIAECTCS JAHHBIMU T€OMArHUTHOW U TPAaBUMETPUUECKON CHEMOK B TEX
30HaX TPAaHC(HOPMHBIX PA3IOMOB ATIAHTUYECKOTO M THXOT0 OKeaHOB, TJI€ OTMEYaeTCs
CIBUT C TAHTEHIIUAJILHBIM PACTsDKEHHEM (puc. 2).

K HuM otHOCsTCH TpanchopmHble pa3ioMbl KeitH 1 ATnaHTuC B ATIIaHTHYECKOM
okeaHe, Xu3eHa 1 MeHgocuHo B Tuxom okeane (MarauutHoe nojie okeana, 1993). Ilox
HUMH OOHApYKMBAIOTCS PA3yIUIOTHEHHBIC CEPIICHTUHUTOBBIE MAarHUTHBIE KOPHU O
ryouH 12—15 kv (JIunbkoBa u 1p., 1982).

Puc. 2. Cxema m1yOMHHOM rupaTaluy M0 KPyIHBIM
CKBO3BKOPOBBIM TPEUIHMHAM C 00pa30BaHUEM
«CEPIEHTUHUTOBBIX KOPHEW»
(TpandopmHBIi pa3nom XuzeHa, TUXuil okeaH).

CeprneHTHHHUTOBBIE IPOTPY3UH HETIOCPEACTBEHHO B pu(TOBOI noiuHe CperuHHO-
AtnanTuueckoro xpeOra ObuIM OOHApPYXKEHbI MPU MOTPYKEHUAX MOJBOJHOIO armnapara
«Mup» B 1988 I. mpu u3ydeHun oceBoil yactu xpedra mexay 24 u 26°c.u1. (3oHeHaiH
u 1p.,1989).

dopMupoBaHME KpPYMHBIX PaA3yMJIOTHEHHBIX CEPIEHTHHUTOBBIX MACCHBOB
B OopTax pu(TOBOIl TOMUHBI B psijie CIy4yaeB MPUBOJIUT K aCUMMETpPUHU €€ OOpTOB MpHU
M30CTaTUYeCKO KommeHcanuu. Tak aeranbHble uccienoBanus B paiione TAG (Trans
Atlantic Geotravers) ycTaHOBWIH, YTO BOCTOUHBIN O00pT prdTOoBOI H0aMHBI CpeIuHHO-
AtmanTaeckoro xpedra npumepHo Ha 900 M BBIIIE 3aMaHOTO ¥ 3HAYUTEIHHO OOJIbIIE
pacwieHeH. B BocTouHoM Gopty pudrTa oOHakaroTCs ITyOMHHBIE CJIOUW OKEaHHYECKOM
KOpBI, MOJHATHIE IPUMEPHO Ha 1 KM 110 OTHOILEHUIO K 3anagHoMy OOpTy B pe3ysbTare
noabeMa KopoBoro 610ka. MOIIHOCTh 0a3aJIbTOBOTO cIosi 371€ch He npeBbimaet 600 M.
VHTeHcuBHAs aHOMAUsl MArHUTHOTO I10JIs1, 3a(pMKCUPOBaHHAas HaJl BOCTOYHBIM O0OpPTOM,
OYEBM/IHO, BbI3BaHA CEPIICHTUHUTOBON IPOTPY3HEH, BBISABICHHON IPU MOABOAHBIX Ha-
omonennsax (Bamsmko u np. 1994). HamaranueHHOCTH 00pa31oB, 0TOOpaHHBIX U3 00Ha-
KEHUS CEpIEHTUHUTOB, cocTaBiseT oT 4 10 12 A/m. Ilo-Buaumomy, noybeM BOCTOYHOIO
0opTa 1o OTHOLIEHUIO K 3allaJHOMY CBSI3aH C CEPIIEHTUHUTOBOW MPOTPY3UEH.

CornacHO JaHHBIM TPaBUMETPHUH, B IpeOHEBOH yacTn CpennHHO-ATIAHTHYECKOTO
xpebTa pu(TOBBIE TOPHI M30CTATUYECKH CKOMIIEHCHPOBAaHBbI Ha YPOBHE 3€MHOM KODBI,
1 HauOosiee BEPOSTHBIM TIPOLECCOM, MPHUBOMANIMM K WX BO3IBIMAHHIO, SBIISETCS

133



A.M. l'oponnuuxkuit, H.A. llumkuna

CEpIIEHTHHU3AIUS TUTIEpOA3UTOB, MTPU KOTOPOH MX IUIOTHOCTh YMEHbIIAeTcs oT 3,3 1o
2,7 r/cm®. Kak mokaspiBaeT pacyer, JJisl TOro, 4TOObI MOTHATH OJIOK KOPbI MOIIHOCTBIO
4 XM ¢ MWIOTHOCTBIO 2,7 T/cM?, Ha BBICOTY | KM, HY)KHA CEPIICHTHHHU3AIUS CIIOS
rurnep0a3uTOB MOIIHOCTHIO HE MeHee 2 KM. MO)KHO CUUTATh MO3TOMY, YTO HA OOpTax u
¢nanrax CpeAMHHO-ATIAaHTHYECKOTO XpeOTa, Cy/s M0 MOAbeMY KPYITHBIX OJIOKOB KODBI,
CEPIIEHTUHU3ALIMS OXBAaThIBAET 3HAUUTEJIbHbBIE 00JIACTH.

Oco0Oble ycioBUSL Ui THIApATallid BEPXHEW MAaHTUHM M CEPIEHTHHU3ALUU
NEPUTOTUTOB BO3HUKAIOT B MEJICHHO-CIPEAUHIOBoM CpeanHHO-ATIaHTHYECKOM
xpeote. ([Ipupoma MaraHuTHBIX aHoManui, 1996). 3neck rumparamnus BepxHEH MaHTUU
CBsI3aHa C IMCKPETHBIM XapaKTEepPOM CIIPEHHTa, KOTrJja MarMaTndeckast 3pynTuBHas Qasa
CMEHSIETCSl CyXOl TeKkToHW4YecKou. [Ipu TopMokeHUH criperHra U CMEHE 3PYNTUBHOI
(ha3bl Ha TEKTOHUYECKYIO, TPOMCXOIUT TUIPATALNS OKEAHCKOW BOIOW THIIEpOA3UTOB 1O
pUPTOBOMY YIIETBIO B OCEBOM YacTH XpeOTa, 4TO MOATBEPHKACHO HETIOCPEACTBEHHBIMHU
HaOmoneHussMu B 30H¢ TAG (3onenmaiin u ap. 1989). Ilpu sToM ceprieHTUHHU3AIUN
TIOZIBEPTAIOTCST HE TOJBKO MOPOJBI B PHQTOBON 30HE CPEIUHHOTO XpeOTa, HO M B 30HAX
nepecedeHusi ero TPaHC(HOPMHBIMH DPA3IOMaMHU. DTO TMOATBEPKIACTCS pPE3yJIbTaTaMH
reoJIOruueckoro oocaenoBaHms 30H epecedeHus xpeoTa ¢ paznomamu Pomanin u Buma.
Hapsny c atum, no mepe ynanenust 010koB HOBOOOpa30BaHHOM KOpBI OT OCH XpeOTa, Ha
ero ¢aHrax IPOMCXOIUT CEPIICHTUHU3ALUS 110 IEPBOMY THILY C HapallluBaHUEM B HU3aX
KOPBI CEPIIEHTUHUTOBOTO CIIOSL.

B mpenenax Kanapo-baramckoro reorpaBepca st OONBIIMHCTBA YYacTKOB
KOpBI, M0 JaHHBIM MAarHUTHOTO MOJEIMPOBAHUS MO OMOPHBIM pa3zpe3am, HaOIIOIAeTCs
OTYETIUBAs CBS3b MEXKIY JaTepalibHbIM yBeInueHneM 3(pGeKTHBHOI HAMarHUYeHHOCTH
KOPBI M YMEHBIIICHHEM €€ HHTErpalibHOU IIIOTHOCTH (Actadyposa u ap. 1996). O6parHas
KOPPETSIUs MAaTHUTHBIX M TPAaBUTAIIMOHHBIX aHOMaNui Ha (aHrax xpedra B mpeaenax
Kanapo-baramckoro reorpaBepca MO3BOJSIET MPEANOJIOKUTH, YTO HEMOCPEACTBEHHO B
pUQTOBOI TOTMHE MOTYT (POPMHUPOBATHCS Y3KUE CEPIIEHTUHUTOBBIE IIPOTPY3UH U CUILITHI,
KOTOPBIE OTOJIBUTAIOTCSL MEJIEHHBIM CIPEUHIOM (puc. 3).

OTO0 NpUBOAUT K (POPMHUPOBAHHUIO MPOTIKEHHOIO MPUPA3IOMHOrO XxpeldTa U
HOAHATUIO KPYIHBIX OJIOKOB KOpBL. BEposiTHO, MMEHHO TUApaTanys BEepXHEH MaHTHH
u o0pa3oBaHHME CEPHNEHTHHHUTOBBIX MAaCCHBOB, KOHTPOJIHPYEMBIE B MEJJICHHO-
CTIPEIMHTOBBIX XpeOTaX M3MEHEHHEM CKOPOCTH M TOPMOXKEHHEM CIIPEIUHTa, CO3A0T
OunarepajgbHble aHOMAJIUU peibeda, MarHUTHOTO MO U aHoMaiuii byre na ¢uanrax
CpenunHo-ATtnantuueckoro xpe0ra. Hannume cyOBepTHKAaNbHBIX CEPHEHTHUHUTOBBIX
POTPY3Ull KOCBEHHO TOATBEPXKIAACTCS OOpPATHON 3aBUCHMOCTBIO MEXKIY BEITUIHHOMN
9 }exTUBHON HAMarHMYEHHOCTH U CKOpOCThIO crpenuHra (Acradyposa u np. 1996).
MoXHO BBICKa3aTh NPEANOIOKEHHE, 4TO (OPMUPOBAHUE CEPIEHTUHUTOBOTO CIIOS
B OKEaHMYECKOW KOpe BBI3BIBACT JIaTepaIbHOE M3MEHEHHE penbeda, KOTopoe paHee
CBSI3bIBAJIOCH C (ha30BbIMHM mepexopaMu B Touuie Jutocheps (Iopomuuukwmii, 1985).
AHaJOrM4Has CUTyallus MOXKET CKIAAbIBaThCSl U B JAPYTUX MEAJIECHHO-CIPEIUHTOBBIX
xpebrax — CpeauaHo-VHaniickom u xpedre [akkens.
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Puc. 3. Teodusuueckuii paspe3 uepe3 CpeauHHO-ATIAHTHUSCKUN XpeOeT BI0JIb
28,5° c.11. @ — MHTErpajbHask IIOTHOCTH (IIYHKTHP) ¥ A (EeKTUBHAS HAMArHUYEHHOCTh
(crmonrHast TuHMA); 6 — aHOManus byre (MyHKTHpP) M aHOMaJIbHOE MarHUTHOE 110J1e (CIUIONIHAS
JUHUA); 8 — CEHCMUYIECKHN pa3pes3 ¢ MOJIOKEHUEM TpaHull cioeB 2A, 2B, 3 no qanasiv MOB
OI'T (3areMHEeHHE OTMEUEHBI YUYaCTKH OTCYTCTBHS OTpasKarolyX rpanui). Lndpsl Ha pucyHke —
HOMepa JIMHEWHBIX MATHUTHBIX aHOMaJIMH. BepTHKanbHBIMU TMHUSMHU HAHECCHO BEPOSITHOE
MTOJIOKEHNE CEPIIEHTHHUTOBBIX MPOTPY3HH.

Uro kacaercs TpaHC(HOPMHBIX pa3jIOMOB, TO B HUX YLIEIbIX MPAKTHUYECKU
MOBCEMECTHO OOHApPYXEHbl CEPIIEHTUHU3HPOBAHHBIE TUNEPOA3UTHl C  BBICOKOM
HAMarHWYeHHOCTbI0. DTO OTHOCHUTCS K KpPYHMHEHIIMM THXOOKEAHCKUM pas3jioMam
Mennocuno, Meppeii, Knapuon, Xuzena, Ontanud u ap. (Bamsmko u ap. 1993).
MarautHoe MOAEIUPOBAaHUE CBUAETEIBCTBYET O BO3MOYKHOCTH CYIIECTBOBAHUS IOJ
TpPOraMH 3THUX Pa3IOMOB INIyOMHHBIX CEPIIEHTUHUTOBBIX KOpHEH (puc. 2). B psaae ciy-
4yaeB 3TO BbI3bIBAECT (POPMUPOBAHUE MPUPA3TOMHBIX XPEOTOB U ACUMMETPHUIO B BBICOTE
O0OpTOB Pa3IOMOB, MPEBBHIIIAIOLIYI0 UX PACUETHYIO PA3HUILY 3a CUET pa3IMyus Bo3pacTa
compuKacaromuxcs 6J10koB auToceps! (paznoMm Xu3eHa).

AHanu3 JaHHBIX T'eOJIOTO-TeO(PU3NIECKOTO U3yUEHHSI OCHOBHBIX MOP(OCTPYKTYp
OKEaHCKOTO JIHA IOKa3bIBaeT, YTO NpHU NEpBOM THUME (PPOHTANBbHOM OunarepanbHOM
TUpaTaliy BepXHe MaHTUM U HApallMBAHUU JIByXKUJIOMETPOBOIO CEPIIEHTUHHUTOBOIO
CJIOSI B HU3aX KOPBI, CJIOW 3TOT, 00JIAAAI0NINH [IACTUYHOCTBIO U MEHBIIEH BA3KOCTHIO,
JieJ1aeT BO3MOXKHBIM CyOTOPH30HTANIbHOE MEPEMEIIEHUE 110 HEMY OJIOKOB BhIIIEIEKAIIEH
KOpbI, B COOTBETCTBUU C MEXaHU3MOM JIByXbsIpyCHON TeKTOHUKH (JloOkoBckmii, 1988).
B ycnoBusix cxxatust 3T0 MpUBOAUT K (POPMUPOBAHHUIO TTOKPOBHO-HABUTOBBIX CTPYKTYP
U IIApBsKEH, CO3AAI0IINX BHY TPUILIIUTOBbIE aceiicMuuHbIe noaHATus. [Ipumepamu Takux
TIOHATHI SBJISIOTCS TOABOAHBIN Xpebetr [oppunmx B CeBepHoil ATiiantuke (puc. 4),
u aceiicMuuHas auciokauus B llentpansHo-Unnuiickoi kotinoBuHe (I'opogHUIKUN U
ap., 1988, 1993).

MoxHO BBICKa3aTh MPEANOJIOKEHHE, YTO acehdcMuuHble noaHsaTHs B C-3 yactu
Tuxoro okeana, — BO3BBIILIEHHOCTh 1I[aTcCKoro u BO3BBILIEHHOCTh X€ECCA, TAKKE UMEIOT
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Puc. 4. Teousuueckuii pa3pes uepes
TTOBOMHEIN Xpedet [oppuHIK 1
cXeMa HaJ[BUTOBOM CTPYKTYphI: 1 —
ocajiku, 2 — rab0po u 0a3aibThl, 3 —
CEpIIEHTHHU3NPOBAHHBIE TUTIEPO3UTHI,

4 — Bepxuss ManTus. Luppamu ykazanst
pacuéTHbIE IIIOTHOCTH MOPO B T/CM?.
Crpernkoii MoKa3aHO HAIPABJICHUE CHKATHS.

TEKTOHMYECKOE IMPOUCXOXKACHUE M ObLIN CcPOpPMHpPOBAHBI B OOCTAHOBKE CIKATHs Kak
IIOKPOBHO-HA/IBUTOBbIE CTPYKTYpbl. KOCBEHHBIM IOATBEPKIEHUEM 3TOTO MOTYT SIBJISITHCS
BBICOKHE 3HaYEHUS IJIOTHOCTH TEIUIOBOTO IOTOKA 0OHAPYKEHHBIE B 30HE BO3BBILLIEHHOCTH
[Hatckoro. IIpu Oonbuioi MomHocTH auTocdepsl (I'oponnunkuii, 1985) u orcyrcTBUM
MIPU3HAKOB MOJIOJIOTO BYJIKAaHM3Ma, OHU MOTYT OBITh BBI3BAHBI TOJBKO JUCCHITATHBHBIM
pasorpeBoM npu (OpMUPOBAHUN TOKPOBHO-HAJBUTOBBIX CTPYKTYp. He uckitoueHo, 4ro
KpYyIHbIE OKEaHUYECKHE BYJIKaHOTE€HHbIE XpeOThl, Takue, kak Bocrouno-Unauiickuii B
WNunniickom okeane u Mmmeparopckuii B TUXOM OkeaHe, MOJ KOTOPHIMU OOHApYKEHO
YTOJIILEHUE KOPBI, TAKKE UMEIOT CMEUIAHHOE TEKTOHO-BYJIKaHUYECKOE MPOUCXOXKICHUE
1 c()OpMHUPOBaHbI B 0OCTAHOBKE CKaTUsl KaK TIOKPOBHO-HA/IBUTOBBIE CTPYKTYPBI.

Bropoii Tun rugparauuu runep0a3uTOB BEpXHEH MaHTUM 4Yepe3 IIIyOoKue
CKBO3bKOPOBBIE TPEUIMHBI NPUBOAUT K (POPMHUPOBAHUIO MACCUBHBIX CEPIIEHTUHUTOBBIX
o0pa3oBaHMii, CHIIJIOB M TMPOTPY3Ui, KOTOPHIE CO3/[AIOT T'PABUTALMOHHYIO HEYCTOM-
YUBOCTh U CTUMYJHMPYIOT CyOBEpTHKaJbHbIE IMEPEMEIIECHUS BbIIIEIESKAIINX OJOKOB
OKEaHHUYECKOM KOpbl. DTO TaK)Ke BBI3BIBACT pacujieHeHHe pesbeda AHa, Kak B pUPTOBOI
nonuHe CpennHHO-ATIaHTHYECKOTo XpeOTa, Tak U B 60pTax TpaHC(HOPMHBIX pPa3IOMOB.
(MaruauTtHOE 110JI€ OKeaHa, 1993).

CeprnieHTUHUTOBBIE CyOBEpPTUKAJIbHBIE MTPOTPY3UH MOTYT 00pa30BbIBaTh JUAMHPHI
U BBIXOIWUTh HA NOBEPXHOCThH JIHA B BHJIE JIOKAJIBHBIX MOAHITHA M CEPIEHTHUHUTOBBIX
rop. Takue ropsl oOHapyxeHbl Ha nepudepun Mna3y-bonuHckoro xemoba B Tuxom
okeane (Maekava et al., 2001). CeprneHTHHUTOBBIC TOPBI SBISIOTCS MPOIOIKEHUEM
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CEPIIETUHUTOBBIX KIIMHBEB B BEpXHE MaHTUH Ha TiTyOuHe 25—-30 kM. OHM MOTYT BKJIFOUATh
BYJIKAHUYECKHE KCEHOJUTHI U MOJHUMATh MX HaJ OKPYXAIOIIUM OKEaHWYECKUM JTHOM
(Stokking et al., 1992).

Tperuii TMN rUxpaTanUy TUNEPOA3UTOB BEpXHEH MAHTHM CBSI3aH CO CIIOKHBIMHU
TEKTOHUYECKUMU MPOLECCaMU B 30HAaX MOAJIBUTA U OCTPOBOJYKHBIX CUCTEMaX, B 4acT-
HOCTH B CE€BEpO-3araHoN yacTH THXOro okeaHa, IJie OKeaHCKas IUIUTa TTOIOBUTACTCS
1oJi KOHTHHEHTaNnbHY0. Ha okeanckoii nepugepun Kypuno-Kamuarckoii u AneyTckoit
OCTPOBHBIX AYyI' OOHApy>KeHbl MPOTSKEHHbIE 30HBI MArHUTHBIX AHOMAJIHM, MMEIOIUX
oOpaTHyr0 Kopensiuio ¢ anomanusmu byre (puc. 5).

CoBMeCTHBIN aHaIM3 30H aHOMAJIBHOTO MAarHUTHOTO IOJS B OCTPOBOAY>KHBIX
cucreMax THXOro okeaHa ¢ pe3ylbTaTaMU I'PaBUMETPHUUYECKUX ChEMOK, CEHCMMUYECKUX
UCCIIeIOBAaHUN 1 IETPOMAarHUTHOTO U3yUYEHUS ITOPOJI, 1a€T BO3MOKHOCTD ITPEIION0KUTh,
YTO 3TH 30HBI CBSI3aHBI C CEPIIEHTHHUTOBBIMH TEJIaMH, 00Pa3yIOMIUMUCS B pe3yJbTaTe
THJpaTallid TMEePUJOTUTOB BEpPXHEH MaHTHM OKEaHCKOM BOAOH, NPOHUKAIOMIEH 10
CHUCTEME TPEIIMH B MOAOABUTAEMO TIJIUTE HA €€ M3JI0Me Ha KpUTHUYECKOH riryonHe 20—
30 kM B mpotiecce nogasura (puc. 6). [lpu qoctmxeHnn u30TepmMbl Xecca MPOUCXOIUT
ceprieHTHHU3alus ¢ obpaszoBanuem marHeturta (Blakely et al., 2005) u gopmupyercs
MarHUTHBIN «CEPIEHTHHUTOBBINA mosicy (puc. 5). Tepmuueckas monens (Oleskevich et
al., 1999) noka3spiBaeT, 4TO BO MHOTHX TaKMX 30HAX TEMIIepaTypa Huxe Touku Kropu st
MarHeTuTa — INIaBHOTO MarHUTHOTO MUHEpasa CepPIeHTUHUTOB.

Puc. 5. MaruuTHbIi cepreHTUHUTOBBIN NOSC B 30HE AJieyTckoil nyru. KapTel anHomanbHOro
MarHUTHOTO TIOJIs (2) U aHOMAJIMiA CHJIBI TSKECTH B penykuuu byre (6)
[http://bgi.omp.obs-mip.fr/data-products/Grids-and-models/wgm?2012].
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Hapsiny ¢ rugparanueil momoiBUraeMol IUIMTBI OKEAHCKOM BOJOM IO CHCTEME
TPEUIMH CBEPXY BHU3, IPU €€ JajJbHEUIIEM MOTPYKEHUU U AETUJIpaTaliii IPOUCXOIUT
TaK)Ke TUIpaTalnys BbIIAPUBAIOLIEHCS BOAOW MOPOJ MAHTHUU «HAJBUTAOLLEHCS»
IUINTHl CHU3Y BBepX. B pesynbrare Ha MopoIIBE BEpXHEH IUIMTHI TaKke 00pasyercs
HAMarHU4eHHbIA CEPIIEHTUHUTOBBIN KIIMH, KOTOPbIA OTMEUYaeTCs MOHUKEHUEM OIS
CHJIBI TSDKECTH M CKOpOCTEeH ymnpyrux BoyiH (puc. 6). B cBoto ouepenp, nmomoaBuraemas
auTocgepHas IUINTA, Tepsisk BOLY, CTAHOBHUTCS XPYTIKOH M JIOMKOH, M IMEHHO 3/1€Ch MOTYT
JIOKAJTM30BaThCs AMUIIEHTPBI Hanbosee cuiIbHBIX 3emiteTpsicennid. (Kirbi et al., 1996).

Puc. 6. Cxema runparanuu BepXxHeil MAaHTUH
1 CEPIICHTHHU3AINN B 30HE CYOTyKIHH.
KpecTukamu noka3zaHbl SIIUIICHTPHI
3eMJIETPSICEHUIA.

Takum 06pa3oM, MarHUTHBIE AHOMAJIMH, BBISIBIICHHBIE B 30HAX MOJIBUTA, SBIISIOTCS
Ba)KHBIM INarHOCTUYECKUM ITPU3HAKOM 30H aKTUBHOM FMIpaTallii MAHTUH COTPEeIbHON
KOHTMHEHTAJIbHOM IUIUTHI BOCXOMSIIEH BOJOM, BBIIIAPUBAEMOM M3 IMOAOABUIAaEMOM
wnTel. Koppensaius aHoManuii MarHuTHOTO TOJs C MOHW)XEeHHueM aHomanuii byre mo
JAHHBIM I'PaBUMETPUH SIBIISETCS 3/1€Ch BAXKHBIM JUATHOCTUYECKUM MTPU3HAKOM HAJINUMSI
(pOHTOB aKTHBHOM CEPIIEHTUHHU3AIINN B 30HAX IMOJ|/IBUTA.

[IpucyTcTBUE CEPIIEHTUHUTOB B 30HE CYOJYKLUH MMEET Ba)KHbIE TEKTOHMUYECKUE
CJIEICTBUS AJIsl OONBIINX U TUTAHTCKUX 3€MJIETPSICEHUH, B TOM YHUCIIE IlyHAMUTCHHBIX

1. OO0e3BOXXKMBaHME IO0BUra€MONM IUIMTHI PEAKTUBHU3UPYET pa3jIOMbl MU
npuBOAMT K 3emiierpsicenusiM BHyTpH twumThl (Kirbi et al., 1996). Ilpu stom B psne
cilydaeB HaONIOaeTcss MPOCTPAHCTBEHHAS CBSI3b MEXAY SMULEHTPaAMH 3eMJIETPSCEHUN
Y MarHUTHBIMHA aHOMAJTUSIMU,,

2. B 30He moajBura camsle pa3pyLIMTEIbHBIE 36MJIETPSICEHUS BBI3BIBAIOTCS IEp-
BbIM CTOJIKHOBEHMEM IIOOJIBUTA€MON IUIUTBI C CEPIEHTHMHU3UPOBAHHOM MaHTHEH
(Oleskevich et al., 1999). Tak katacTpodudeckue IyHaMAreHHbIe 3emiterpsicenust 2009 r.
Ha CyMaTpe CBs3aHbI C 30HAMH MHTEHCUBHBIX MOBBIIIEHHBIX MATHUTHBIX U TTOHM>KEHHBIX
IpaBUTALlMOHHBIX aHOMaluil. Hanuuue ceprneHTMHH3MPOBAaHHONW MAaHTHUM OTMEYaeTCs
3[I€Ch TaK)Ke MOHIKESHUEM CKOPOCTeH ynpyrux BojH [Bostock et al., 2002].

3. CoBMECTHBIN aHAJIU3 MAaTEPUAJIOB MAarHUTHON ChEMKH, U3MEPEHUH OIS CUIIbI
TSDKECTH, TEPMUUYECKOTO MOZEIMPOBAHUS U U3ydeHUs celicMuueckoil akTuBHOCTH B Ky-
puno-KamuarckoM pernone, Ha AseyTckoil octpoBHOM nyre, B FOxxHolt Amepuke, SAno-
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HuU U B FOxxHOU AJIsICKe, MOKA3bIBAET, YTO MAarHUTHAsI ChbEMKa MOXKET OBITh YCIEIIHO
WCIOJIb30BaHa /Ul KapTUPOBAHUS THAPATUPOBAHHON MaHTHH U BBISIBICHUS NTOTEHIMAIIb-
HBIX 04aroB pa3pyIIUTENIbHBIX 3€MIIETPACEHUI.

Takum  o0Opa3om, reonoro-reopuanvyeckoe  HM3y4eHHE  CEPIEHTUHUTOBBIX
0o0pa3oBaHMii B OCHOBHBIX MOP(OCTPYKTypax AHa MHUpPOBOro OKeaHa, MeTPOMAarHUTHOE
M3y4eHHe 00pa3IoB CEPIEHTUHU3UPOBAHHBIX TUIIEPOAa3UTOB, MArHUTHOE U TNIOTHOCTHOE
MOJICIMPOBaHKME, HADIAJHO I[IOKAa3bIBalOT, 4YTO THUApaTalus BEPXHEM MaHTUU
U (OpPMHUPOBAHUE CEPIETUHUTOBBIX MACCHBOB OKa3bIBAIOT CYLIECTBEHHOE BIIMSHUE Ha
re0JIOrMYeCKOe CTPOCHHUE U TEKTOHUKY OKEaHUYECKOU KOPBI.

Pabots! BeimonHens! npu noanaepxkke PODU rpant Ne 18-05-00316 u temsl roc-
oromxkera Ne 0149-2018-0005.
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The joint analysis of the results of geological and geophysical studies ofthe oceanic lithosphere
and modern models of theoretical geodynamics allows us to distinguish three main types of
hydration of the upper mantle with ocean water and their subsequent serpentinization. The
first type includes frontal hydration, bilateral with respect to the axial zones of the middle
ridges on their flanks along the system of microcracks, which leads to the formation of a
plastic serpentinite layer with a thickness of about 2 km in the bottoms of the crust. This
leads to the formation of cover-thrust structures in the compression zones. The second type
is associated with the penetration of ocean water in the zones of stretching along large crust
cracks into the upper mantle, where the depth of the Hess isotherm limits serpentinization. In
this case, subvertical protrusions and sills are formed in the sides of the faults. The reduced
density of serpentinites stimulates a subvertical rise of the overlying blocks of the cortex. The
third type is the complex process of the formation of serpentinites in the subduction zones in
the moving plate during the hydration with ocean water from above and in the coming plate
as a result of dehydration from the bottom. At the same time, the dehydration of the moving
ocean plate makes it fragile and can stimulate strong earthquakes. Serpentines formations
have a high magnetization and make a significant contribution to the anomalous magnetic
field in oceanic areas.

Keywords: Tectonics, upper mantle, oceanic crust, hyperbasites, serpentinization,
middle ridges, transform faults, magnetic field, gravity field, heat flux, magnetic modeling,
subduction zones, isostasia
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On the basis of the average long-term parameters of the marine environment (temperature,
light intensity, transparency of water, photoperiod, natural biogenic load and anthropogenic
load), the quantitative data were obtained for the characteristics of the biohydrochemical
portrait of the White Sea areas using the hydro-ecological CNPSi-model. Main indicators
of this portrait are the calculated concentrations of organic and mineral forms of N and P,
the biomass of the organisms of the lower trophic links (heterotrophic bacteria, three groups
of phytoplankton, herbivorous and predatory zooplankton) and macrophytes, that change
during a year and which participate in the transformation of nutrients. The values of positive
and negative internal and external nutrient fluxes that characterize the conditions for the
nutrient transformation during a year are also calculated. The task of this study was to obtain
information on the annual balances of N and P forms on the basis of the calculated values of
internal and external nutrient fluxes for different areas and the White Sea as a whole.

Keywords: White Sea ecosystem, biogenic substances, heterotrophic
bacterioplankton, diatom phytoplankton, herbivorous and predatory zooplankton,
macrophytes, detritus, trophic chaines, CNPSi biotransformation model of biogenic
substances (BS), biogeochemical portrait of the White Sea, balance of internal and
external N and P fluxes for the White Sea

The hydro-ecological CNPSi-model (Leonov, 2012) was used as an instrument
for the analyses of oceanological information at the studying of the biotransformation of
biogenic substances (BS) in the marine environment in nine regions of the White Sea (1. the
Kandalaksha Bay, 2. the Onega Bay, 3. the Dvina Bay, 4. the Mezen’ Bay, 5. the Solovetskie
Islands, 6. the Basin, 7. the Gorlo, 8. the Voronka, 9. the Chupa Bay) (Leonov et al., 2004,
2005, 2006, 2018). The main forms of N and P, considered in the CNPSi-model, in this
study are: detrital N (ND) and P (PD), dissolved organic N (DON) and P (DOP), mineral
forms P (DIP) and N (ammonium, nitrite and nitrate — NH,, NO, and NO,, respectively),
N of urea (UR) in water environment, as well as mineral components of N (NH,s, and
NO,s) and P (DIPs) in the upper layer of bottom sediments. The conditions for the BS
biotransformation are determined by the morphometry of regions, the parameters of the
marine environment state (temperature, light intensity, transparency of water, photoperiod,
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natural biogenic load, anthropogenic load), water regime data (atmospheric precipitation,
water exchange, river runoff) and activity of «living matter» — organisms of lower trophic
links (bacteria, phytoplankton, zooplankton) and macrophytes (Leonov, 2012).

The CNPSi-model reproduces the processes of substance biotransformations on
the basis of modern concepts of the BS recycling/turnover: organisms of lower trophic
links form their biomass (or the «living matter») with the simultaneous consumption of
individual substances, and their metabolite excretions, and detritus formation. These pro-
cesses affect on the composition of components in marine environments. The following
sequence of the behavior and development of organisms is formalized in the CNPSi-mod-
el: the heterotrophic bacteria B1 consume detritus and organic fractions of N and P in
their growth and release of mineral components of N and P into the water environment;
the phytoplankton F1, F2, F3, and macrophytes MK consume consume mineral forms of
N and P, forming a pool of organic substances; the herbivorous herbivorous zooplankton
Z1 consumes consumes detritus and phytoplankton, and the predatory zooplankton Z2
consumes detritus and biomasses of bacteria, phytoplankton, herbivorous zooplankton;
metabolic excretions of the zooplankton in the form of proportional parts of organic and
mineral components of N and P support their concentration in the marine environment.

Calculations on the CNPSi-model allow us to identify differences in the conditions
of BS biotransformation and in the features of the dynamics of BS concentrations and
biomasses of organisms depending on the complex conditions of the marine environ-
ment and the peculiarities of the White Sea, in particular. For example, the White Sea is
characterized by a decrease in the thickness of the productive layer, a sharp increase in
the values of biomass and production of phytoplankton, as well as an increased role of
macrophytes production in the BS dynamics (Kuznetsov, 1960). That is why macrophytes
MK were introduced into the CNPSi-model as an important biological link in regulating
the BS dynamics during a year.

In this study, the results of previous calculations of the intra-annual dynamics of
BS concentrations and biomass of organisms participating in their transformation have
been partially used (Leonov et al., 2004, 2005, 2006). These calculations allow us to get
the first experience in the compile of balances for external and internal fluxes of organic
components (DON, ND, DOP and PD) within the different regions of the White Sea (Le-
onov et al., 2005), and for all BS forms — for the Chupa Bay (Leonov et al., 2006).

In the subsequent calculations, to obtain data on the biohydrochemical portrait of
the White Sea, the concentrations of BS in the waters of the main tributaries of the White
Sea were refined (by the results of the Hydrometeorological Service and the data from the
XVII-XX conferences «Geology of the Seas and Oceans» by measurements of dissolved
organic C (DOC), forms of N, and P in the rivers Severnaya Dvina, Onega, Kem’ and
Mezen’ (Leonov et al., 2017, 2018), and also the possible BS inputs to the marine envi-
ronment with sewage runoff to different regions of the White Sea were estimated.

The adequacy of the calculated data obtained with the help of the CNPSi-model is shown
by some facts known from direct observations that characterize the conditions in the develop-
ment of the diatom phytoplankton F1 dominating in the White Sea (Leonov et al., 2017, 2018):
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— both calculations and observations reflect the features of seasonal changes
in BS concentrations (in summer, the most part of N and P are represented by organic
fractions — their share reaches 80-90% of their total content);

— the changes in the N-limiting development of F1 occurs both in the water areas
of the bays and in the open waters of the White Sea;

— the activity of the F1 vegetation occurs in the first half of April, and the largest
their number is recorded in May;

— the correspondence of the estimated and measured rates of biomass F1 growth
in the waters of the Chupa Bay (respectively 0.056 and 0.05 day) for summer conditions;

— the aggrement of calculated and measured values of F1 abundance in different
surveys in separate years;

— the high degree of conformity of the compared values of the F1 production,
evaluated by different ways (measurements were estimated by analytical methods, and
calculated values were obtained on the base of BS flux values for F1 estimated with the
help CNPSi-model);

— correspondence of primary production (PP) rates: the measured summer rates
of PP in the Kandalaksha Bay varied from 7-126 to 17-374 mg C/(m?xday), and the
calculated PP rate for this region was 126 mg C/(m?xday);

— the correspondence of the annual production rates of F1 in the White Sea: the
range of measured values is 1.5-3 million tons of C for a vegetation period (180 days),
and calculated values are ~2.0 and 3.5 million tons of C for the considered vegetation
periods of 150 and 180 days respectively.

Analysis of the results of the last series of calculations allow us to estimate the values
of internal and external fluxes of organic and mineral BS for each month and for a whole
year, and then to obtain additional information on the indicators of the biohydrochemical
portrait of the sea — the annual balances of the total forms of Nand P (N and P ) for the
nine regions and for the White Sea as a whole. These findings are presented and discussed
below.

INPUT CONSTITUENTS IN BALANCES OF N AND P

The positive components of the BS balance in the marine ecosystem are formed by
next processes:

— entering of organic and mineral BS to the water environment as a result of vital
activity of the community of organisms (their metabolic excretions and detritus forma-
tion) at the simultaneous transformations of BS and the formation of «living» biomasses
during repeated recycling/turnover of BS;

— receipt of organic and mineral BS with river runoff and with atmospheric precip-
itations in different regions of the sea;

— BS transfer from neighboring water areas during water exchange through the
boundaries of the identified marine regions;

— BS supplies from the Barents Sea to waters of Voronka area of the White Sea;
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— BS input with anthropogenic pollution source (discharged sewage and wastes
components) to marine environment;

— additional formation of dissolved organic components (DON and DOP) at the
development of the corresponding destruction of suspended N and P forms (ND and PD).

The computed data on the annual N and P balances are shown in tables 1 and 2,
respectively. These values are presented in two dimensions: per unit of the water volume
(in g Element/(m3xyear)) — to compare the flux values in different regions, and per the
total water volume of marine area (each regions and the White Sea as a whole) (in thou-
sand tons of Element) — to have quantitative data on the values of total masses of N and P
circulating in the marine environment.

Inputs of organic and mineral BS to water environment by
vital activities of organisms

The main stock of BS important for the biochemical potential of sea water is
maintained in the marine environment by internal BS recycling and circulation, provided
by the metabolic excretory activity of organisms and their formation of detritus.

Organic and mineral components of N and P, as well as the detritus formed by
organisms, are involved in the continuous turnover by marine organisms, they serve as
integral additional nutrient components continuously circulating in the common BS pool
due to their repeated cycling during the period of the production activity of organisms.

The number of N (N ) released by organisms during an year into the water
environment is represented in two dimensions: in g N/m?® and in thousand tons of N.
Then, according to the values of the N fluxes, the regions of the White Sea can be
arranged in the following order: the Dvina Bay (0.7245, 326.0) — the Chupa Bay (0.4646,
0.5) — the Mezen’ Bay (0.4018, 23.7) — the Onega Bay (0.3568, 48.7) — the Kandalaksha
Bay (0.3560, 25.3) — the Solovetskie Islands (0.3511, 89.8) — the Voronka area (0.3494,
470.6) — the Gorlo area (0.2859, 96.7) — the Basin area (0.1958, 78.1). The activity of
the metabolite excretion by organisms varies considerably through the sea regions. The
quota of N released in g N/(m3xyear) in the form of metabolites by the three most
active organisms varies widely in the sea regions: the heterotrophic bacteria BIN has
the variation of this fraction in a range of 8.4-37.5%, the herbivorous zooplankton,
Z1N —in arange of 20.1-38.7%, and macrophytes MKN - in a range of 19.8-51.7%. The
contribution of other organisms (F1N, F2N, F3N, and Z2N) into the N,  release is small
(or <5%) (Table 1).

The amount of the metabolic release of N (g N/(m®xyear)) varies among the
most active organisms in the following ranges: MKN — from 0.0693 to 0.1839, Z1N -
from 0.0646 to 0.1765, and BIN — from 0.0299 to 0.1637. DON, NH, and UR are the
main components of metabolic excretions of organisms in the total mass of N_. At the
same time, the share of major components allocated for a year and their quantity varies
among organisms in different marine areas. In the zooplankton Z1N, the fraction of DON
released is 80% of N . (among sea areas, the amount of DON released varies within
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0.0606-0.1412 g N/(méxyear)), in macrophytes MKN, this fraction is lower (65%) with
fluctuations in DON released in sea areas from 0.0451 to 0.2172 g N/(m?® x year), and in
the heterotrophic bacteria B1N this proportion is even lower (55%), and the fluctuation of
DON released by the bacteria is 0.0165— 0.0900 g N/(m?3xyear).

Ammonium N (NH,) is the second most important metabolic product. In
heterotrophic bacteria B1N, its share in the release is 30% of N, which corresponds
to annual NH, excretion, varying in the sea areas within 0.0090-0.0491 g N/(m*xyear).
In macrophytes MKN and zooplankton Z1N, the fraction of released NH, is only 5% of
N, and therefore it is not evaluated here. The second most important metabolite is UR:
its share in MKN and Z1N is 30 and 15% of N_, respectively. The total amount of UR
released into the water in different marine regions fluctuates in macrophytes MKN and
zooplankton Z1N, respectively, within 0.0208-0.1002 and 0.0114-0.0265 g N/(m3xyear).
In bacteria B1N, the fraction of UR in the excretions is small (15% of N, ), and the range
of fluctuations of the UR among the sea regions is 0.0045-0.0245 g N/(m3xyear).

On the unit of water volume, the smallest values of the N-containing products
released by the the bacteria B1N, the zooplankton Z1N and macrophytes MKN are noted
in different regions (respectively in the Onega Bay, the Basin and the Voronka), and the
largest ones are in the Dvina Bay (bacteria have also increased the release of N-containing
metabolites in the waters of the Chupa Bay) (Table 1).

By the amount of the metabolic total P (P ) released per year (in two dimensions
— g P/m3 and thousand tons of P), the White Sea regions can be arranged in the following
sequence: the Dvina Bay (0.4861, 218.7) — the Solovetskie Islands (0.2573, 65.8) — the
Chupa Bay (0.2518, 0.3) — the Kandalaksha Bay (0.2514, 17.9) — the Mezen’ Bay (0.2454,
14.5) — the Onega Bay (0.2210, 30.2) — the Basin (0.1620, 64.5) — the Gorlo (0.1525, 51.6)
— the Voronka (0.1459, 196.5). The share of P_, calculated in the form of metabolites in
g P/ (m3xyear), varies for different sea regions in the most active groups of organisms
within the range: 5.0-11.9% in the bacteria B1P, 9.7-40.8% in the diatom phytoplankton
F1P, 23.5-42.3% — in the herbivorous zooplankton Z1P, and 29.6-47.7% in macrophytes
MKP. The contribution of other organisms, F2P, F3P and Z2P, to metabolic excretions of
P, Is <3% and therefore is not discussed here (Table 2).

Among the sea regions, the metabolic excretions of P_ (in g P/(m?xyear)) vary from
0.0432 to 0.2251 in macrophytes MKP, from 0.0529 to 0.1407 in the zooplankton Z1P,
from 0.0238 to 0.0660 in the phytoplankton F1P, and from 0.0076 to 0.0438 in the bacteria
B1N. DOP and DIP are the main components of metabolic excretions in the whole mass
of P_.. Their proportions in the general amount of P_ vary in organisms: in the bacteria
B1P — the ratios of DOP and DIP are 80% and 20%, respectively; in the phytoplankton
F1P - 60 and 40% of P_; in the zooplankton Z1P - 50 and 50% of P_; in macrophytes
MKP - 80 and 20% of P_.. In the sea regions, the amount of DOP, released by the bacteria
B1P, varies between 0.0061-0.0350 g P/(m3xyear)); in the phytoplankton F1P, this range is
0.0238-0.0378, in the zooplankton Z1P —0.0265-0.0704, in macrophytes MKP —0.0346—
0.1801 g P/(m3xyear). The amount of DIP, released as metabolites by the bacteria B1P,
varies in the sea regions in the range 0.0015-0.0088 g P/(m3xyear); in the phytoplankton
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F1P this range is 0.0095-0.0247; in the zooplankton Z1P it is 0.0265-0.0704, and in
macrophytes MKP — 0.0096-0.0450 g P/(m3xyear). Among the sea regions, the lowest
values of P-containing components released by the bacteria B1P are noted for Gorlo; by
the phytoplankton F1P — Onega Bay, by the zooplankton Z1P and macrophytes MKP —
region of Voronka. The greatest release of P-containing substrates is recorded mainly
in the Dvina Bay, but the increased release of DOP and DIP by the phytoplankton F1P
occurs also in the waters of the Chupa Bay and the Basin.

The formation of detritus, including particulate forms of N (ND) and P (PD),
serves as a significant internal resource for replenishing BS in the marine environment.
Detritus includes the dead biomass of organisms of the whole community involved in
the transformation of N and P compounds. According to the amount of ND formed per
year (and calculated in g N/m? and in thousand tons of N), the White Sea regions form
the following series: the Dvina Bay (2.8220, 1269.9) — the Chupa Bay (1.6691, 1.9) —the
Mezen’ Bay (1.4971, 88.3) — the Kandalaksha Bay (1.4743, 105.0) — the Solovetskie
Islands (1.4410, 368.6) — the Onega Bay (1.1159, 152.3) — the Gorlo (1.0298, 348.3) —
the Voronka (1.0232, 1378.1) — the Basin (0.7278, 290.3). The share of ND, calculated in
g N/(m3xyear), accounts from 37.5 to 56.5% of total N receipts from the considered
external and internal sources (the smallest part characterizes the Basin area, and the
largest one — the region of the Solovetskie Islands) (Table 2).

The most significant contribution to the formation of detritus ND is made by
the diatom phytoplankton F1N, two groups of zooplankton (Z1N and Z2N), as well
as macrophytes MKN. The contribution of these organisms to ND, estimated in
g N/(m3xyear), varies among the sea regions: in the phytoplankton F1N it is between 7.3—
24.9%, in zooplankton (Z1N, Z2N) and macrophytes MKN — these ranges are 3.4-41.7,
12.1-33.4, and 26.3-62.8%, respectively. The smallest contribution to the formation of
ND by the phytoplankton F1N was noted for the region of the Solovetskie Islands, by
the zooplankton Z1N — in the Onega Bay, by the zooplankton Z2N — in the Chupa Bay,
by macrophytes MKN — in the region of the Voronka. The largest contribution of the
phytoplankton F1N to the formation of ND is recorded in the waters of the Chupa Bay,
by zooplankton Z1IN and Z2N - in the waters of the Basin, and by macrophytes MKN -
in the waters of the Onega Bay.

Formed for the year, the general mass of PD (in g P/m?® and in thousand tons of P) in
the regions of the White Sea can be traced in the following series: the Dvina Bay (1.1921,
536.4) — the Solovetskie Islands (0.6089, 155.8) — the Kandalaksha Bay (0.6087, 43.3) —
the Onega Bay (0.5886, 80.3) — the Mezen’ Bay (0.5583, 32.9) — the Chupa Bay (0.5396,
0.6) — the Gorlo (0.3822, 129.3) — the Basin (0.3374, 134.6) — the Voronka (0.3336,
449.4). The share of the generated PD, calculated in g P/(m? x year), is 48.1-59.9% of all
recorded P inputs from external and internal sources (the smallest is in the Basin, and the
largest is in the Gorlo).

A significant contribution to the formation of PD, estimated in g P/(m®xyear),
is made by the diatom phytoplankton F1P, two groups of zooplankton (Z1P and Z2P), and
macrophytes MKP. For the sea regions, the contribution of these organisms to the total
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PD pool varies significantly: for F1P — in the range 2.9-19.8%, for Z1N, Z2N and MKN -
these ranges are 20.7-39.4, 16.1-39.7, and 34.8-55.9%, respectively. The smallest amount
of PD is formed by the phytoplankton F1P in the Onega Bay, by the zooplankton Z1P —
in the Mezen’ Bay, by the zooplankton Z2P — in the Kandalaksha Bay, by macrophytes
MKP — in the region of the Voronka. The greatest amount of PD is formed by the
phytoplankton F1P, zooplankton Z1N, and Z2N in the waters of the Basin, and by
macrophytes MKP — in the waters of the Kandalaksha Bay.

Input of BS to sea waters with river flow

Among the numerous tributaries of the White Sea, the main ones are identified,
their runoff maintains the water balance and ensures the flow of organic and mineral BS
to selected areas of the sea: in the Kandalaksha Bay — the Niva River, in the Onega Bay —
the Onega River, in the Dvina Bay — the Northern Dvina River, in the Mezen’ Bay — the
Mezen’ River, in the Solovetskie Islands — the Kem’ River, in the Chupa Bay — the Keret’
River. The average annual freshwater flow of rivers in the White Sea is according to
various estimates — from 180-189 to 200-220 km? (Oceanographic conditions ..., 1991;
Tolstikov, 2016). It provides not less than 88% of fresh water intake to the sea (Elisov,
1997). The maximum river flow occurs in the spring during the flood period (in May-
June, 40-50% of the annual runoff occurs), and the minimum runoff is in February-
March (Zalogin, Kosarev, 1999). River runoff brings to the White Sea ~48 million tons
of solid particles, ~25 million tons of mineral and 5-6 million tons of organic solutes
(Neveski et al., 1977).

River runoff determines the conditions for seasonal desalination of the surface
waters of the White Sea and serves as the main source of pollution of the White Sea, as
rivers carry to the coastal waters the polluted substances from enterprises of the pulp and
paper industry, the Ministry of Energy, housing and communal services, vessels of river
and marine fleet (Kotova et al., 2016). Therefore, the water areas of river mouths undergo
the maximum anthropogenic influence (Tolstikov, 2016).

An increase in the inter- and intra-annual variability of the concentrations
of N- and P-compounds were noted with increasing load on the rivers of the White Sea
basin (Bryzgalo, lvanov, 2002). With the regime of rivers flowing into the White Sea,
the significant intra-annual variability of runoff and outflow of BS into the sea regions
is associated. The greater the load in the sea area for the removal of BS, the higher the
dispersion values of their concentrations (Lisitsyn, 2010).

The flux of BS into the marine environment with the river runoff (R, ) is calculated
in the CNPSi-model by the equation:

R.,, = QWin (i, j) x Cin (k, i) / V (i, j), g Element/(m3*xmonth),

where i, j, k are the CNPSi-model counters for the selected water areas (i = 9), layers (j = 1)
and components (k = 29); QWin (i, j) — water flow at the outer boundaries of the tributaries
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in the relevant sea area, km*/month; Cin (k, i) is the average monthly concentration of the
considered BS in the inflowing waters entering the studied area of the sea, mg Element/L;
V (i, j) is the volume of water in the considered sea area, km®. To estimate the annual flux
of BS with river runoff to the studied area of the sea, the R, values computed for each
month are added. The actual flux of BS with river water depends on the ratio of water
discharge of the river to the volume of sea water in the area under consideration. As a rule,
for most months these rations are small, only in May-June (during the flood period) they
are increased.

In different regions of the White Sea, the annual BS input with the river runoff is
significantly various. For example, fluctuations in the arrival of P_ are within the limits
of values exceeding 400 times (0.0003-0.1207 g P/(m3xyear) (Table 2), the difference in
N, is much less (in 6.6 times — 0.0350-0.2308 g N/(m*xyear) (Table 1).

There is a significant difference in river runoff and its input of individual fractions
of biogenic elements in the White Sea water area. For example, the greatest input of DIP
with runoff of the Niva River is 0.0316 g P/(méxyear) or 2.3 thousand t of P, while a
very small amount of DIP (from 0.0002 to 0.0044 g P/(m3xyear)) is to other regions of
the sea. Input of DOP with river runoff is increased into the waters of the Mezen’ Bay
(0.1145 g P/(m3xyear), 6.8 thousand tons of P). For other areas it is in low ranges —
0.0001-0.0021 g P/(mixyear). In the waters of the Onega and Mezen’ bays, the input
of PD with river runoff is respectively 0.0025 and 0.0018 g P/(m3xyear) (or 0.3 and 0.1
thousand tons of P), while in other areas of the White Sea it is lower (within <0.0001-
0.0013 g P/(m?3xyear)).

The greatest income of N with river runoff occurs in the waters of the Dvina,
Chupa, and Mezen’ Bays (respectively 0.2308, 0.2276 and 0.2155 g N/(m3xyear) or
103.9, 0.3, and 12.7 thousand tons of N), and the smallest amount — in the waters of
the Kandalaksha Bay (0.0157 g N/(m3®xyear), 1.1 thousand tons of N) (Table 1). Input
of DON and NO, with river runoff is increased to the Dvina Bay (respectively 0.1705
and 0.0129 g N/(m3xyear) or 51.5 and 5.8 thousand tons of N). Inputs of DON, NH,
and UR to the waters of the Mezen’ Bay with river runoff are 0.1145, 0.0520 and 0.0231
g N/(m3xyear) or 6.8, 3.1, 1.4 thousand tons of N, respectively. Inputs of ND, NH,, NO,
and UR to the Chupa Bay waters with river runoff are respectively 0.0529, 0.0847, 0.0156
and 0.0388 g N/(m3xyear) or 0.1, 0.1, 0.02 and 0.04 thousand t of N.

Water flow of the Northern Dvina River is the largest (it accounts for 69.3% of the
total water flow of the rivers surveyed and 63.9-84.8% of the various BS inputs). The
shares of BS inputs with the river flows of Onega, Mezen, Niva and Kem’ are respectively
3.8-13.7,6.3-22.5, 1.2-5.3, and 9.4-6.2% of the total mass of BS, calculated in g Element/
(m3xyear). In May—June, when the river runoff of the Northern Dvina River is the largest,
and the share of annual inputs of a number of BS in the sea is also increased, in particular
DIP to 45%, DOP and PD to 76.6%, DOC, DON and ND to 53.8%, DISi to 43.6%, O, to
50.2 %. Increased input of NH, by waters of the Northern Dvina to the Dvina Bay is in
April (11.6%), July (19.8%), and September (31.7%), NO, - in January (10.8%), May-
June (39.0%), and December (13.6%), NO, — in January—March (27.6%), and April-May
(52.4%) (Leonov, Chicherina, 2004; Leonov et al., 2018).
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Input of BS with atmospheric precipitations

In comparison with river runoff, the ratio of moisture entering the studied
marine area with atmospheric precipitation to the volumes of the upper layer water is
much lower. In the CNPSi-model, the calculations of the BS input rates to the marine
environment with atmospheric moisture (Ac(r)) are performed using the equation:

A= fl(k) x (Qpr/V(i)) x C(r) , g Element/(m*xmonths)

where Qpr — monthly values of the atmospheric precipitation, km3/month; V(i) — water
volume in the studied marine area, km?; C(r) is the average annual concentration of BS
(ND, DON, NH,, NO,, NO,, PD, DOP, DIP) in atmospheric moisture, mg Element/L;
fl(k) is a parameter for regulating the transfer of BS by the water flow (C(r) participates
in the transfer at fl(k) = 1, and does not participate with fl(k) = 0). The values of Acpare
calculated for each month, and they are summed up when calculating the annual arrival
of BS in the studied marine area.

The amount of atmospheric precipitation varies in the regions of the White Sea:
it is the smallest in the middle part of the Voronka area and in the Basin (<300 mm), near
the coast it increases to 450-500 mm, and it is the largest — in the Dvina and Onega bays
(500-600 mm). In summer and autumn (June-October), the amount of precipitation is
greatest. In the northern part of the Voronka, the greatest precipitation (50-75 mm) is in
October, in other regions — in September (due to the greatest cyclonic activity in these
months). The smallest precipitation (15-24 mm/month) is recorded at the end of winter—
early spring (February—March) with a decrease in cyclonic activity in these months. Only
in the northern part of the Voronka the smallest precipitation (19 mm) is in April. This
feature is for waters bordering with the ocean areas, characterized by the continental
type of annual distribution of atmospheric precipitation. For the warm period of the
year (April-October), the quota of precipitation is 60—-75% of annual one, and for the
cold season — 25-30%. In the form of rain, precipitation dominates in June-September
(41-53% of annual precipitation). Precipitation in the form of snow makes up 25-46%,
mixed precipitation accounts for 13-20% of annual precipitation (Leonov et al., 2004).
The average content of BS in atmospheric moisture was taken from the data given in
(Meybeck, 1982).

The N, annual input with atmospheric precipitation in the regions of the White Sea
is 0.0025-0.0384 g N/m? (total for the sea as a whole — 16.207 thousand tons of N, or
0.2% of the N, input); in the form of DON and NO, comes to regions of 18%, ND and
NH, — respectively 36 and 27%. The annual input of P_ is 0.0001-0.0104 g P/m? (in the
sum for the sea — 0.792 thousand tons of P, or <0.1%); in regions 1-7 and 9, the inputs
of DOP, DIP and PD with atmospheric precipitation are respectively 33.3%, and for the
\oronka area — DOP and DIP for 8.6% and PD for 82.8%.
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Transfer of BS at the water exchange through the boundaries of regions

Water exchange across the boundaries of the selected areas of the White Sea and
the Barents Sea smooths possible gradients of the substance concentrations in neighboring
marine areas and serves as a natural mechanism for supporting concentrations of BS
at insufficient their inputs from external sources. The intensity of BS input at the water
exchange is determined not only by the number of water-borne areas transported across
region boundaries, but also by differences in BS concentrations in neighboring water
areas between which water exchange takes place. Calculations show that the role of water
exchange, as a source of replenishment of the N_and P,_, concentrations, differs significantly
in the regions of the White Sea. The relative contribution of water exchange as a source
of replenishment of N and P varies according to the sea areas, respectively, within 0.1-
15.9% and 0.2-5.8% (the smallest contribution is typical for the Voronka region, and the
largest contribution is in the Basin (for N, ) and in the Mezen’ Bay (for P, ).

The total amount of N,  transported by the water masses in the regions of the White
Sea varies considerably. The sea areas according to the water exchange N, calculated
in g N/(méxyear) and in thousand tons of N, can be arranged in the following order: the
Basin (0.3079, 122.8) — the Mezen’ Bay (0.1792, 10.6) — the Gorlo (0.0994, 33.6) — the
Solovetskie Islands (0.0414, 10.6) —the Onega Bay (0.0318, 4.3) — the Chupa Bay (0.0283,
0.03) - the Kandalaksha Bay (0.0268, 1.9) — the Dvina Bay (0.0112, 5.04) — the Voronka
(0.0033, 4.4) (Table 1). According to the water supply of P (g P/(m*xyear) and thousand
tons of P), the sea areas can be arranged in the following row: the Mezen’ Bay (0.0672,
4.0) — the Chupa Bay (0.0438, 0.05) — the Basin (0.0337, 13.4) — the Gorlo (0.0256,
8.7) — the Onega Bay (0.0150, 2.0) — the Dvina Bay (0.0104, 4.7) — the Solovetskie
Islands (0.0102, 2.6) — the Kandalaksha Bay (0.0085, 0.6) — the Voronka (0.0015, 2.0)
(Table 2). The smallest contribution of water exchange in the input of N_ and P,
calculated in g Element/(m3xyear), was obtained for the Voronka area, and the largest
for the Basin (according to N ) and the Mezen’ Bay (according to P,_). The share of
the substances transport as a source of replenishment of biogenic elements varies for
different regions of the sea: according to N, in the range of 0.2-15.9% (it is the lowest
for the Dvina Bay and the largest for the Basin), and for P,_ — the range of fluctuations is
0.2-5.8% (the smallest share is for the Voronka area and the largest for the Mezen’ Bay).

An important feature of water exchange, as a mechanism of natural replenishment of
BS stocks, is the unequal participation of N and P chemical and biological variables in the
sea areas in the spatial transport of water masses between different water regions. When
calculating the CNPSi-model for each variable (chemical and biological), the amount
of substances transferred by the water masses at each time step was calculated separately
for water exchange for each area. Then these quantities were added to obtain information
on the transfer of substances for each month and year for all areas. The basic chemical
forms of N, actively involved in transport by the water masses, are DON and ND (the
transfer of mineral forms of N due to low concentrations is negligible).
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The relative contribution to the DON transport by the water masses, estimated in
g N/(m3xyear), in regions 1-9 is correspondingly 60.6, 18.8, 50.4, 31.5, 50.0, 29.6, 38.2,
2.2, and 48.7%. The contribution to the ND transfer for the specified areas gives the
following values: 22.1, 60.9, 30.1, 60.4, 22.4, 47.7, 47.5, 7.6, and 21.6%. The relative
contribution of the transferred total biomass in units of N for regions 1-9 is 17.0, 16.9,
18.8,7.6, 13.9, 10.1, 13.2, 43.1, and 28.6%, respectively. It should be noted the increased
role of individual biomass in the transfer of forms of N: the phytoplankton F1N in areas —
the Kandalaksha Bay (7.0%), the Dvina Bay (18.3%), the Solovetskie Islands (6.7%), the
Gorlo (5.4%), and the Chupa Bay (11.8%); the phytoplankton F3N in the Voronka area
(6.1%); the zooplankton Z1N — in the Onega Bay (7.4%), the Basin (4.3%), the Chupa
Bay (7.1%); the zooplankton Z2N — in the Voronka (11.3%) and Chupa Bay (8.3%).

The basic chemical forms of P (DOP, PD, and DIP) are actively involved in the
transport by water masses across the boundaries of regions. However, the relative
contribution of these forms in the spatial transport of P_, calculated in g P/(m®xyear),
differs significantly in the sea regions: its share is the largest for DOP (23.6-84.2% )
(low for the Basin, and high for the Mezen’ Bay); for PD — the share in the transfer
is 0.2-34.2% (the lowest for the Gorlo, the largest for the region of the Solovetskie
Islands); for DIP, this share ranges from 0 to 24.9% (there is no transfer of DIP in the
Mezen’ Bay, and a high proportion is for the Gorlo area).

The role of individual biomass in the transfer of P forms has been increased:
the phytoplankton F1P in the Kandalaksha Bay (22.1%), the Dvina Bay (21.2%),
the Solovetsrie Islands (17.5%), the Gorlo (8.2%), the Chupa Bay (7.7%); the zooplankton
Z1P — in areas of the Onega Bay (7.8%), the Basin (16.9%), the Voronka (18.4%);
the zooplankton Z2P — in the Basin (8.5%) and the Voronka (12.9%).

BS input to the White Sea (the Voronka area) at water exchange
with the Barents Sea

River runoff in the White Sea is a significant factor in the formation of a constant
water exchange between the White and Barents Seas (Nadezhin, 1966). This water
exchange is carried out in the upper layer (40-50 m thick) because of the underwater
threshold located at the outlet of the Gorlo. During water exchange, ~2200 km? of water
flows from the White Sea to the Barents Sea annually, and ~2000 km?* from the Barents
Sea back to the White Sea (Zalogin, Kosarev, 1999). Based on CNPSi-mode calculations,
the influence of the water exchange between the seas is assessed as the BS arrival to the
White Sea and their removal. The water of the Voronka area distinguishes from other
regions of the sea the values of the arrival of certain forms of N and P from the Barents
Sea: the N, input is 0.0986 g N/(m*xyear) (or 132.8 thousand tons of N) (Table 1); the
DON and NO, input in — to 0.0258, and on the UR is 0.0347 g N/(m3xyear) (34.8 and
46.7 thousand tons of N), and the receipt of P is 0.0253 g P/(m?xyear) (34.1 thousand
tons op P) (Table 2); for DIP, DOP, and PD, respectively, 0.0121, 0.0119 and 0.0014
g P/(m3xyear) or 16.3, 16.0 and 1.9 thousand tons of P.
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Input of BS with components of marine pollution

Under anthropogenic impact, the regions of the White Sea are undergo the various
pollution of the marine environment. Several criteria for this impact have been singled
out: 1. weak (characteristic for open water areas far from the coast, it is a consequence
of the natural transport of dissolved and suspended substances by currents, their supply
to the marine environment with atmospheric precipitation); 2. moderate (noted in zones
of influence of currents, in frontal areas and in water areas near river mouths — usually
in these areas, increased pollution of sea water, uneven changes in space and in time
of indicator concentrations of the sea water state are registrated); 3. strong (it is fixed
with a sharp increase in marine pollution in offshore areas, river mouths and estuaries,
areas of intensive fishing and development of offshore hydrocarbon fields); and 4. great-
ly strong (it is manifested in areas directly influenced by anthropogenic factors that act
separately or together and bring the ecosystem out of the normal mode of operation for
different periods of time) (Tolstikov, 2016). However, these criteria do not have enough
quantitative values, which will eventually appear.

Anthropogenic impact on the ecosystem of the White Sea associated with the pol-
lution of the marine environment by BS, is a direct result of discharges to the offshore
waters of sewage (domestic, agricultural and industrial). It is the pollution of sea water
by BS (forms of N and P) that is of greatest interest for this study, since the inevitable
consequence in the increasing of BS concentrations in sea waters is the intensification
of eutrophication trends in the marine environment.

Discharge of sewage from enterprises of cities and towns in coastal areas and riv-
er mouths is a significant source of the pollution of the White Sea waters (Kotova et al.,
2016). The state of ecological stress is expressed for the water areas of the Arkhangelsk
and Solombala pulp and paper plants, where the sewage is to discharged (Zabelina et al.,
2006). However, it is quite difficult to identify any trend in the time of discharge of waste-
water from the available information. For example, in the waters of the Karelian and Pomor
shores of the White Sea, the discharges of sewage (million m?) were: in 2006 — 83.45; 2009
—71.75; 2011 - 64.80; 2012 — 73.28; 2013 — 54.47 (the average is ~70 million m?) (State
report ..., 2012, 2013, and 2014). The contamination of suspended solids with wastewater
into the marine waters is estimated at 1000 tons, ammonium N — 202.89 tons, phosphates —
135.65 tons, nitrite — 100.91 tons, petroleum products — 21.6 tons (Tolstikov, 2016). In the
Kandalaksha Bay of the White Sea, discharges of sewage (million m3) were: in 2008 — 10.8
(without purification 4%); in 2009 in the mouth of the Onega River, and the Kandalaksha
and Dvina bays — 1.133, 10.5 and 254.5, respectively (0.7, 4.9 and 6.6% without purifica-
tion); in 2010 — in the same water areas — 1.074, 10.8 and 278.7 (without purification — 0.7,
4.0 and 4.8%); in 2012 — 1.084, 7.135 and 235.75 (discharges without purification into
the Onega and Dvina Bays were decreased respectively to 0 and 0.6%). The discharge of
wastewater without purification remained high in the the Kandalaksha Bay — in 2011 and
2012 —respectively 44.9 and 27.8%. In total, in 2012, the amount of sewage discharged unto
the White Sea was 237-244 million m? (1.4% without purification) (Leonov et al., 2017).
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To calculate the effect of wastewater discharges on the content of BS in the wa-
ters of different regions of the White Sea, it is necessary to have data not only on the
amount of wastewater discharged, but also on the concentrations of the N and P forms
in wastewater. These data make it possible to estimate the total number of incoming BS in
wastewater discharges (or BS loading) per unit of time, and then by dividing the load by
the volume of sea waters, it is possible to estimate the total BS flux rate into the marine
environment for a specific time.

In the White Sea, zones of anthropogenic impact on the marine waters area have
been identified (in particular, on the Kandalaksha Bay — zone of influence of the Kola
Peninsula; on the bays Onega, Dvina, and Mezen’ — the zone of influence of the North-
Western catchment area of the White Sea) (Moiseenko, 2010). From the watersheds of the
Pomory coast (the river Kem’), pollution of the sea water with ammonium N is carried
out, from the Zimnij coast — with easily oxidizable organic substances (the Mudyuga
River), and ammonium nitrogen (the Zolotitsa River); from the Tersky and Kandalak-
sha coasts — nitrate N (the Sosnovka and the Varzuga Rivers); from the Abramovsky
Coast — easily oxidized organic components (the Mezen’ River) (Bryzgalo, Ivanov, 2002;
Tolstikov, 2016).

According to the terms of nature use, the water areas of the Dvina and Kandalaksha
bays are subject to the greatest anthropogenic impact (Kadashova, 2011). On the complex
map of anthropogenic impact on the catchment area of the White Sea, taking into account
the urbanization of the territory, population density, plowing of land, technogenic impact
(Ecological ..., 2002), the pollution areas — Dvina and Onega Bays, and the right (Zim-
nij) coast of the Gorlo area, as well as the least anthropogenic impact — the waters of the
left coast of the Gorlo artea (Tersky shore) and the right coast of the Voronka (Kaninskii
shore) (Tolstikov, 2016). A special role in anthropogenic pollution of the coastal waters
of the sea belongs to the territories of individual ports (Arkhangelsk, Severodvinsk, Bel-
omorsk, Kem’, Kandalaksha, Onega, Mezen’, Vitino). For the territories of seaports and
adjacent routes of intensive sea transport, the pollution of the marine environment by oil
products and petroleum hydrocarbons is typical (Tolstikov, 2016; Leonov et al., 2017).

The input of BS with wastewater is directly related to the development of commu-
nal services on the coast. This index is recognized as significant in assessing the ecologi-
cal status of the waters of the Kandalaksha, Onega, Dvina and Mezen’ Bays. For the water
areas of these bays, as well as for the Basin, Gorla and Voronka, the input of BS serves
as a significant factor in the ecological problem of the formation of seawater productivity
(Kadashova, 2011).

Thus, at present, the established fact is the anthropogenic impact on the White Sea
and the manifestation of the consequences of this impact on the ecological state of indi-
vidual marine areas of the sea. The results of a number of generalizations of available
anthropogenic impact indicators, the analysis of the location of pollution sources and data
on the quality of river waters on the White Sea catchment clearly show that the Dvina Bay
— the water area of the maximum impact of incoming pollutants into its waters and with
wastewater discharges, and with river runoff. There is also strong anthropogenic impact
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on the waters of the Kandalaksha Bay, the water area of the Pomor and Zimnij Shores
of the White Sea (Kadashova, 2011; Tolstikov, 2016).

The content of N_ in the domestic wastewater is 50-60 mg/L (Yagov, 2008). If we
focus on this concentration of N and the values of wastewater discharges in 2012 in the
waters of the Kandalaksha and Dvina bays (7135.31x10% and 235750.13x10° m3/year
respectively (Leonov et al., 2017)), the design load by N_. will be for these water areas
accordingly 356.0-428.1 (average 392.0) and 11787-14145 (12966) tons of N/year.

The calculated load of 356.0-428.1 tons of N/year is close to the calculated values
of N_ input with the runoff of the Niva and Keret’ Rivers, whose annual runoff as a whole
is insignificant (4.2-0.72 km?®). The increased value of the load of 11787-14145 tons
N/year corresponds to the values determined by the flow of the rivers Kem’, Onega and
Mezen’ (Table 1), their annual runoff is 6.7, 15.1 and 20.5 km?®/year, respectively. Here,
however, it is not the flow value itself that is important, but the ratio of water runoff to the
volume of water in a particular region where the river flows. This ratio varies throughout
a year due to fluctuations in river flow. For example, in the Niva River (empties into the
Kandalaksha Bay), this ratio is 0.0056 at the spring maximum, and 0.0037 at the small-
est flow (February) (difference is only 1.5 times). In other rivers this excess is higher:
in the Kem’ River (the Solovetskie Islands) — 2.7 times (with fluctuations in the ratio of
0.0032-0.0012), in the Keret’ River (the Chupa Bay) — 4.3 times (0.1140-0.0263), and
even higher in the Northern Dvina (the Dvina Bay) — 20 times (0.0822-0.0041), Mezen’
(the Mezen’ Bay) — 20.5 times (0.1207-0.0059) and Onega (the Onega Bay) — 27.5 times
(0.0385-0.0014) (Leonov, Chicherina, 2004). With such large fluctuations in the values
of ratio between the water flow/volume marine waters during a yeatr, it is clear that the
main effect of the water runoff on the content of BS in marine waters is manifested in the
spring, when both the river runoff and the BS concentration in it significantly exceed their
values in other months.

At the same time, it is important that two factors of BS inputs in a year to the marine
areas (with river runoff and effluent discharges) can have the same effect on the marine
environment in terms of their influence, intensity and expression of manifestation. It is
permissible that, depending on the ratio of water flow/volume of sea water, the anthro-
pogenic impact of these load sources can be either moderate or strong according to defi-
nition (Tolstikov, 2016). Thus, the influence of these load sources should be considered
as relatively comparable in terms of the annual average values. This means, that at the
estimating the BS arrival in the White Sea, one can rely on the values obtained in calcu-
lations on the CNPSi-model based on the actual long-term monthly BS concentrations
in river waters and rates of the water exchange.

It should be noted that it is not so simple to be guided by the available data on river
runoff. The influence of river flow is significantly higher in the spring period (in different
rivers for the spring it is ~20-35% of annual water runoff, and for the removal of BS — up
to 45—-77% of their annual removal). In addition, river waters are characterized by differ-
ent proportions between mineral and organic forms of N and P, and between the content
of these fractions and their total concentrations (Leonov, Chicherina, 2004).
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At the same time, there is a reason to believe that in comparison with the river run-
off, the influence of which is significant in the spring period, wastewater discharged to
the sea (as an external source of BS) is more significant for the summer period. During
this period, their discharge is preferable taking into account the more favorable conditions
in the marine environment for the transformation of BS contained in the wastewater.

Thus, in this study, the N_- and P_-load in the sea area provided by wastewa-
ter discharges was estimated indirectly: the BS input rates for the summer period
were selected by comparison in a series of numerous calculations with estimated val-
ues of BS inputs with river runoff in the spring period. The following N . receipts
(in g N/(mixyear), thousand tons of N) were estimated for anthropogenic influence
of sewage discharges in waters of regions 1-9 of the White Sea respectively: 0.1422,
10.1-0.1545, 21.1 - 0.1593, 71.7 — 0.1545, 9.1 - 0.1473, 37.7 — 0.3280, 130.8 — 0.3280,
110,9-0.3307, 445.4 - 0.1352, 0.2 (tabn. 1), as well as the receipt of P_ (g P/(m3xyear),
thousand tons of P) to the specified sea regions: 0.0133, 1.0 — 0.0150, 2.1 — 0.0150,
6.7 — 0.0127, 0.8 - 0.0187, 4.8 — 0.0020, 0.8 — 0.0086, 2.9 — 0.0055, 7.4 — 0.0187, 0.02
(Table 2). In general, the relative contribution of the annual sewage discharge as a BS
load source is comparable to the load provided by river runoff in regions 1-5 and 9 of the
White Sea, where the rivers (Niva, Onega, Severnaya Dvina, Mezen’, Kem’ and Keret’
respectively) flow to the sea regions. It should be noted that in general, river flow ac-
counts for 0.5-7.5% and 0.3-10.4% of total annual inputs of N and P, respectively from
all other sources. The load determined by wastewater discharges accounts for 3.0-6.6%
and 0.6-1.9% of the total annual supply of N, and P, respectively, that is comparable
to the load formed by river runoff. Some distinctions may be considered as unimportant
due to generally low contributions of these sources to the estimated total BS load on the
marine areas (Tables 1, and 2).

Amount of DON and DOP formed at the decay of detritus (ND and PD)

The detritus present in the water environment and formed during the biomass death
are the componentthat participate in the continuous cycling of BS in the water environment.
One of the ways of this cycle is the decomposition of detritus (ND and PD), depending
on the temperature of the water environment, to the dissolved components containing
N (DON) and P (DOP). These internal fluxes of BS were the subject of research: for all
areas of the White Sea, their numbers in the implementation of the CNPSi-model were
calculated at each time steps, and by adding them — for each month and then for a year.

The amount of DON formed in the decomposition of ND (in g N/(m®xyear) and
thousand tons of N) in the White Sea regions can be represented by the following sequence:
the Gorlo (0.2914, 98.6) — the Basin (0.3723, 148.5) — the Voronka (0.4219, 568.3) —
the Chupa Bay (0.4850, 0.6) — the Onega Bay (0.5284, 72.1) — the Solovetskie Islands
(0.5314, 135.9) — the Mezen’ Bay (0.5379, 31.7) — the Kandalaksha Bay (0.7318, 52.1) —
the Dvina Bay (1.4271, 642.2) (Table 1). A similar series for the DOP (g P/(m3xyear) and
thousand tons of P) formed during a year is characterized by the following sequence of
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regions: the Gorlo (0.0692, 23.4) — the Voronka (0.0886, 119.3) — the Chupa Bay (0.1010,
0.1) — the Mezen’ Bay (0.1538, 9.1) — the Basin (0.1660, 66.2) — the Onega Bay (0.1956,
26.7) — the Solovetskie Islands (0.2028, 51.9) — the Kandalaksha Bay (0.2881, 20.5) —
the Dvina Bay (0.5012, 225.5) (Table 2).

There are some differences in the sequence of regions in the middle part of these
series, characterizing in g Element/(m3xyear) the estimated amounts of organic components
(DON and DOP) formed during a year in the detritus decay. However, the flanks in the
constructed rows occupy the same regions: on the left — the Gorlo region, and on the
right — the Kandalaksha and Dvina bays. This indicates that there are some differences
in the sea regions in the BS transformations and inputs, but there are no principal trends
that could significantly affect the intra-annual BS transformations and the changes in the
most important internal fluxes of replenishment of BS over the sea regions: and according
to N, and according to P, the picture of the formation of the smallest and largest internal
resources of BS among the sea regions is virtually the same.

OUTPUT CONSTITUENTS IN BALANCES OF NAND P

The formation of the components in the expenditure parts of the N and P balances
determine the internal processes that develop in the water environment, and in particular:

— BS consumption by the community of organisms — the heterotrophic bacteria B1,
three groups of phytoplankton (F1, F2 and F3), two groups of zooplankton (Z1, Z2) and
macrophytes (MK);

— the sedimentations of particulate BS forms (ND and PD);

—the removals of BS and biomass of organisms during the water exchange between
neighboring regions of the White Sea;

—the BS removal from the White Sea to the Barents Sea during the water exchange
(across the boundary of the Voronka area — the Barents Sea) (Tables 1, and 2).

Total consumption of BS by the community of organisms

The main costs of BS are provided by the total impact of the community of
organisms using BS for biomass construction during the active period of its development.
The following series shows the values of the total annual consumption of N
(in g N/(m®xyear) and in thousand tons of N) by the community of organisms (the
bacteria B1, the phytoplankton F1-F3, the zooplankton Z1-Z2, macrophytes MK)
in the sea regions: the Dvina Bay (3.4307, 1543.8) — the Chupa Bay (2.0860, 2.4) —
the Mezen’ Bay (1.8684, 110.2) — the Kandalaksha Bay (1.7799, 126.7) — the Solovetskie
Islands (1.7687, 452.4) — the Onega Bay (1.7530, 239.3) — the Gorlo (1.2783, 432.3) —
the Voronka (1.2385, 1668.3) — the Basin (0.5025, 200.0) (Table 1).

Sequence of sea areas according to annual consumption by the community
of organisms P _ (in g P/(m*xyear) and thousand tons of P) is represented by the
following series: the Dvina Bay (1.7048, 767.2) — the Kandalaksha Bay (0.8690, 61.9) —
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the Solovetskie Islands (0.8595, 219.9) — the Onega Bay (0.8227, 112.3) — the Mezen’
Bay (0.8179, 48.3) — the Chupa Bay (0.8147, 0.9) — the Gorlo (0.5529, 187.0) -
the Voronka (0.4848, 653.0) — the Basin (0.3714, 147.8) (Table 2).

Note that in these two series (for N and P), the same regions are located on the flanks
in terms of the consumed amounts of N and P (in g Element/(m3xyear)) — on the left with
maximal consumption (of N or P), and in the right — with minimal consumption (of N
or P). In the central part of the series, the region transpositions are possible, indicating
changes in the biomass development in these regions due to differences in the conditions
of input and transformation of BS. Thus, regions on the flanks presumably characterize
extreme conditions for the development of biomass of organisms. On the basis of a system
analysis of the conditions in the dynamics of the N and P forms, the same regions are
identified — the Dvina Bay on the left flank (with the most favorable conditions and active
development of biomass) and three regions (the Gorlo, the Voronka, and the Basin) on the
right flank (with the least favorable conditions for the development of biomass). On the
basis of a more detailed analysis of the internal N and P fluxe values, the differences in the
features of the biomass development of individual groups of organisms and, in particular,
in their consumption of various forms of N and P can be determined for the sea regions.

BS consumption by the heterotrophic bacteria B1

According to the regions of the White Sea, the relative losses of N and P for
consumption by the bacteria B1 are respectively 2.2-16.4% and 1.7-8.0% (the largest
in the Basin, and the least in the Onega Bay (for N) and in the Gorlo (for P). In the
regions of the White Sea, the annual consumption of N by the bacteria B1 are in range
0.0500-0.2744 g N/(m3xyear) (Table 1). The bacterial composition of N forms includes
DON and ND. The amount DON consumed by the bacteria B1 is 0.0189-0.1762, and
ND is 0.0099-0.1159 g N/(m3xyear). The smallest bacterial consumption of all N forms
was noted in the Onega Bay, and the largest consumption was recorded in the Chupa Bay
(for of N, and DON) and in the Voronka area (for ND).

The consumption of P_ by the bacteria B1 varies over the sea regions in the
range of 0.0104-0.0593 g P/(m3xyear) (Table 2). In the sea regions, the concentration
ranges of DOP and PD consumed during a year by the bacteria B1 varies respectively
within 0.0009-0.0297 and 0.0087-0.0310 g P/(m3xyear). The lowest consumption of P
components was observed in the Gorlo area, and the largest — in the Dvina Bay. Also
increased consumption of DOP is in the Solovetskie Islands region, and PD — in the
waters of the Chupa Bay.

In general, the different sequence of the White Sea regions according to the varied
amount of N and P compounds consumed by the bacteria B1 is noted. This is evidence
of the changeable conditions for the development of bacteria B1 biomasses — in the input
of N and P forms from external sources, as well as significant differences in the internal
recycling of N—and P—containing BS in the marine waters in sea areas.
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BS consumption by the phytoplankton F1

In the regions of the White Sea, the relative losses of N and P on the phytoplankton
F1 consumption vary respectively within 5.6-42.6% and 4.8-38.1% (the largest values
are in the Basin, and the smallest ones — in the Onega Bay). The consumption of N by the
phytoplankton F1 varies in the various regions in the range 0.1251-0.5097 g N/(m3xyear)
(Table 1). NO,, UR and NH, — are the most preferable N forms for the phytoplankton
F1. In the regions of the White Sea, the amounts of NO,, UR and NH, consumed for a
year by the phytoplankton F1 vary respectively in ranges 0.0750-0.2231, 0.0304-0.1434,
and 0.0186-0.1816 g N/(m3xyear). The region with the lowest uptake of N forms by the
phytoplankton F1 — the Onega Bay, and the regions with the largest consumption are the
Chupa Bay (N, NO, and NH,) and the Dvina Bay (UR).

Annual consumption of P_ by the phytoplankton F1 fluctuates in the regions of the
White Sea in the range 0.0470-0.1668 g P/(m*xyear) (Table 2). For the phytoplankton
F1, the dissolved forms of P (DIP and DOP) serve as the P substrates. In the regions
of the White Sea, the amounts of DIP and DOP consumed by the phytoplankton F1
per a year DIP and DOP varies respectively within 0.0166-0.0501 and 0.0251-0.1167
g P/(m3xyear). Regions with the lowest consumption of P forms by the phytoplankton
F1 are the Onega Bay (P, , DOP) and the Gorlo (DIP), and the greatest consumption was
noted in the Basin area.

The analysis of the activity of BS consumption by the phytoplankton F1 in the
regions of the White Sea was shown that the consumption of mineral forms of N and P
is the least active in the Onega Bay, and their greatest activity is changing: for N forms,
it occurs on the Chupa Bay and the Dvina Bay and for the P forms — in the Basin area.

tot?

BS consumption by the phytoplankton F2 and F3

The annual BS consumption by the phytoplankton, not related to the diatom phy-
toplankton F1, is the least in comparison with the consumption by other organisms. This
is confirmed by the direct hydrobiological observations showing the low activity of dif-
ferent groups of phytoplankton in the transformations of BS and organic matter (OM) in
comparison with the diatom phytoplankton F1 (llyash et al., 2003). For the regions of the
White Sea, the changes in the relative losses of N and P, estimated on the consumption by
the phytoplankton F2, are 0.2-2.3% and 0.1-1.3% respectively, and for F3 — 0.2-2.7%
and 0.1-1.3% (the lowest values are in the Basin, and the largest one — in the Onega
Bay). Calculations showed that the mass of N and P, consumed during a year by the
phytoplankton F2, varies in the regions of the White Sea in the ranges 0.0012-0.0511
g N/(m3xyear) and 0.0003-0.0131 g P/(m3xyear) (Table 1, and 2). The consumption of N
forms by the phytoplankton F2 varies considerably in the regions of the White Sea: NH,
accounts for 8.4-27.3% (the lowest in the Kandalaksha Bay, and the largest — in the Ch-
upa Bay), NO, - 7.6-33.5% (the lowest in the Gorlo area, and the largest — in the waters
of the Solovetskie Islands), and UR — 53.8—-78.4% (the smallest is in the Chupa Bay, and
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the largest — in the Gorlo and Voronka areas). In the regions of the White Sea, the propor-
tions of the P forms (DIP and DOP) uptaken by the phytoplankton F2 are also changed:
for DIP — 24.1-30.9% and for DOP - 69.1-75.9%.

In the regions of the White Sea, estimates of the activity of the annual consumption
of N_ and P by the phytoplankton F3 fluctuate respectively in the ranges 0.0014-0.0615
g N/(m3xyear) and 0.0002-0.0121 g P/(m3xyear) (Table 1, and 2). The proportions of N
forms consumed by the phytoplankton F3 are: NH, — 9.9-31.3% (the lowest is in the
Kandalaksha Bay, and the largest is in the Chupa Bay), NO, is 5.3-42.0% (the lowest is
in the Gorlo area, and the largest is in the Onega Bay), UR — 44.7-86.7% (the lowest —
in the Onega Bay, and the largest — in the Dvina Bay). The share of DIP uptaken by the
phytoplankton F3 varies in the sea regions within 14.4-35.5%, and DOP — 64.5-85.6%.

Thus, the amount of combined consumption of N and P_ by the phytoplankton
F2 and F3 was lower than the consumption by the diatom phytoplankton F1 by 4-83
and 7-94 times respectively.

BS consumption by the herbivorous zooplankton Z1

In the regions of the White Sea, the relative loss of N on the consumption by the
herbivorous zooplankton Z1 is estimated in the range 12.5-23.9% (it is the lowest in the
Mezen’ Bay, and the largest — in the Gorlo area). The annual consumption of N,_ by the
zooplankton Z1N (g N/(m3xyear) and in thousand tons of N) decreases in the regions of
the White Sea in the following order: the Dvina Bay (0.7105, 319.7) — the Solovetskie
Islands (0.4584, 117.3) — the Chupa Bay (0.4544, 0.5) — the Gorlo (0.4435, 150.0) —
the Onega Bay (0.4011, 54.8) — the Kandalaksha Bay (0.3726, 26.5) — the Mezen’ Bay
(0.3260, 19.2) — the Voronka (0.2419, 325.8) — the Basin (0.0856, 34.1) (Table 1).

Detritus ND is the most important N substance consumed by the zooplankton Z1:
the proportion of its consumption, calculated per unit of the water volume, in the regions
of the Kandalaksha Bay, the Onega Bay, the Dvina Bay, the Solovetskie Islands, and
the Gorlo area is 91.3-94.6%, in the Mezen’ Bay, the Chupa Bay, and the Voronka area
— 84.8-88.6%, and in the Basin — 46.1%. The consumption of the phytoplankton F1
biomass by the zooplankton Z1 is increased: in the Basin area (43.3%), the Mezen’ Bay
(11.4%), and the Chupa Bay (9.2%).

In the regions of the White Sea, the amount of ND, biomasses B1, F1, F2, and F3,
consumed forayear by the zooplankton Z1 varied respectively inthe ranges 0.0395-0.6508,
0.0054-0.0451, 0.0188-0.0451, 0.0001-0.0010, and 0.0001-0.0008 g N/(m*xyear). The
smallest amount of N compounds is consumed in the Basin area (N, BIN), the Gorlo
area (F1N), and the Voronka area (F2N, and F3N), and the largest amount — in the Dvina
Bay (N, ND, F1N), and the Onega Bay (F2N, and F3N).

In the regions of the White Sea, the consumed amount of P_ by the zooplankton
Z1P (in g P/(m3xyear) and in thousand tons of P) can be traced along in the following
series: the Dvina Bay (0.3916, 176.2) — the Chupa Bay (0.2328, 0.3) — the Solovetskie
Islands (0.2119, 54.2) — the Gorlo area (0.1972, 66.7) — the Onega Bay (0.1747, 23.9) —
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the Kandalaksha Bay (0.1712, 12.2) — the Mezen’ Bay (0.1576, 9.3) — the Voronka area
(0.1473, 198.4) — the Basin area (0.0935, 37.2). The relative losses P uptaken by the
zooplankton Z1 vary in the regions of the White Sea in the range of 15.7-35.0% (Table 2).

The largest amount of P, the zooplankton Z1 derives from the consumption of PD:
its share in the total mass of the consumed P, calculated per the unit of water volume,
is 71.3% in the Basin area, and 90.8-94.9% in the remaining regions of the White Sea.
The share of consumed other P substances varies in the range 0.1-6.4% in the regions
of the White Sea.

The total amount of P compounds (PD, and biomasses B1P, F1P, F2P, and F3P)
uptaken by the zooplankton Z1N fluctuates respectively in the range 0.0667-0.3665,
0.0027-0.0112, 0.0055-0.0207, 0.0001-0.0007, and 0.0001-0.0005 g P/ (m3xyear) in the
regions of the White Sea.

The smallest amount of the P substances, the zooplankton Z1N consumes in the
Basin area (P, ,, PD, F2P, F3P), the Gorlo area (B1P), and the Onega Bay (F1P), and the
largest amount — in the Dvina Bay (P,,, PD, and B1P), the Basin area (F1P), the Chupa
Bay (F2P), and the Mezen’ Bay (F3P).

BS consumption by the predatory zooplankton Z2

According to the annual consumption of N _ by the predatory zooplankton Z2
(in g N/(méxyear) and in thousand tons of N), the White Sea regions form the following
series: the Dvina Bay (0.3385, 152.3) — the Solovetskie Islands (0.2061, 52.7) — the
Chupa Bay (0.1605, 0.2) — the Onega Bay (0.1588, 21.7) — the Mezen’ Bay (0.1527,
9.0) — the Gorlo area (0.1263, 42.7) — the Kandalaksha Bay (0.1246, 8.9) — the Voronka
area (0.0992, 120.2) — the Basin area (0.0665, 26.5) (Table 1). In quantitative terms, the
relative N losses for N consumption by the zooplankton Z2 are small (4.5-11.3%) per unit
of the water volume in the regions of the White Sea.

Detritus ND is the main N substance consumed by the zooplankton Z2: its share in
the consumption of N is 54.5-90.1% per unit of water volume in different sea regions. In
some areas, the share of the «living biomass» of N compounds uptaken by the zooplankton
Z2 are increased: for the phytoplankton FAN (up to 10.5% in the Chupa Bay, 10.8% in the
Kandalaksha Bay, 12.6% in the Mezen’ Bay, and 18.8% in the Basin area), as well as for
the zooplankton Z1N (up to 10.1% in the Kandalaksha Bay, 10.2% in the Onega Bay, and
18.9% in the Basin area). The consumption share of other N compounds varies within the
range of 0.2-9.2%.

The amount of ND consumed per a year is higher than that of «living biomasses»
(BIN, FIN, F2N, F3N and Z1N), and ranges from 0.0362 to 0.2771 g N/(m3xyear) in sea
regions (the largest is in Dvina Bay and the smallest — in the Basin area). The amount of
«living biomasses» consumed by the zooplankton Z2 in the sea regions varies within the
following values: BIN — 0.0017-0.0109; F1N — 0.0050-0.0275; F2N — 0.0001-0.0015;
F3N - 0.0001-0.0020; Z1N — 0.0027-0.0219 g N/(m3xyear). The smallest amount of
N compounds is consumed by the zooplankton Z2 in the Basin area (N, and ND), the

tot?
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Onega Bay (B1N), the Gorlo area (F1N), the Voronka area (F2N, F3N, and Z1N), and the
largest amount — in the Dvina Bay (N, , ND, BIN, F1N, and Z1N), and the Onega Bay
(F2N, and F3N) (Table 1).

The consumed amount of P_ by the zooplankton Z2P (in g P/ (m*xyear) and in
thousand tons of P) is characterized by the following values for the sea regions: the Dvina
Bay (0.2636, 118.6) — the Solovetskie Islands (0.1406, 36,0) — the Onega Bay (0.1151,
15.7) — the Chupa Bay (0.1144, 0.1) — the Mezen’ Bay (0.1079, 6.4) — the Kandalaksha
Bay (0.1033, 7.4) — the Gorlo area (0.0821, 27.8) — the Basin area (0.0754, 30.0) — the
\Voronka area (0.0686, 92.4) (Table 2). The relative losses of P to the zooplankton Z2
consumption, calculated per unit of the water volume, are 10.8-17.2% for the regions of
the White Sea.

The zooplankton Z2 obtained a significant amount of P as a result of the PD
consumption: its share in the P consumption varies in the sea regions in the range of
75.3-91.8%. The consumption of «living biomass» by the zooplankton Z2 is increased:
the phytoplankton F1 — up to 13.1% in the Basin area, as well as the zooplankton Z1 — up
to 11.2% in the Basin area, up to 10.9% in the Gorlo area, and up to 10.7% in the Voronka
area). The share of the uptake of other P compounds is 0.1-9.7%.

The amount of the P compounds (PD) and «living biomasses» of organisms,
consumed by the zooplankton Z2, are significantly different in the sea regions. The total
range of consumed P forms (in g P/(m3xyear)) for the sea areas are: PD — 0.0568-0.2419,
B1P — 0.00001-0.0002; F1P-0.0004-0.0.0099; F2P — 0.00001-0.0007; F3P — 0.00001-
0.0007; Z1P - 0.0066-0.0162. The smallest uptake of the P forms by the zooplankton Z2
are in areas — the Voronka (P, B1P, F1P, and F3P), the Basin (PD, F2N), the Onega Bay
(Z1P), and the largest ones — in the Dvina Bay (P, ., PD, B1P, F1P, and Z1P), the Chupa
Bay (F2R, and F3P), and the Onega Bay (F3P).

tot?

BS consumption by macrophytes MK

The annual consumption of N, and P, by macrophytes MK were calculated for all
regions of the White Sea except for the deep-water Basin. In the regions of the White Sea,
the total ranges in the annual consumption of N, and P, are respectively 0.3568-1.6876
g N/(m3xyear) and 0.1687-0.8653 g P/(m3xyear). The smallest quantities of consumed
N, and P_ are noted in the Voronka area, and the largest — in the Dvina Bay (Table 1, 2).
Thus, the relative losses of N, and P, for the consumption by macrophytes MK are the
largest in the regions of the White Sea, they vary between 20.4-44.3% in N and 30.4-
48.8% in P (the smallest — in the Voronka area, and the largest — in the Kandalaksha Bay).

The components of the water environment (DON, NH,, NO,, and NO,) as well
as the mineral N forms from the bottom sediments (NH,s, and NO_s) are consumed by
macrophytes MK. The total amount of DON, consumed during a year by macrophytes
MK, in the sea regions varies within 0.2978-1.5980 g N/m?, the ranges of other N
compounds are: NH, — from <0.0001 to 0.0040, NO, — from <0.0001 to 0.0008,

NO, — from <0.0001 to 0.0452, NH, s — from 0.0059 to 0.0288, and NO,s — from 0.0407
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to 0.0739 g N/(m3xyear). The smallest consumption of DON and NH,s by macrophytes
MK were observed in the Voronka area; NH,, NO,, and NO, - in the Gorlo area, and
NO.s — in the Chupa Bay. The greatest consumption of DON by macrophytes MK
is recorded in the Dvina Bay, and NH,, NO,, NO,, and NO_,s — in the Onega Bay;
and NH,s — in the Mezen’ Bay.

The P components for macrophytes MK are the dissolved in water forms (DOP, and
DIP) and DIP in bottom sediments (DIPSs). In the sea regions, the ranges of the P compounds,
uptaken by macrophytes MK during a year vary: for DOP — 0.1087-0.6782, for DIP —
0.0226-0.0891, and for DIPs — 0.0374-0.1042 g P/(méxyear). The lowest consumption
of P components was noted in the Voronka area, and the largest — in the Dvina Bay.
The consumption of DIPs in the Onega Bay and the Mezen’ Bay are also increased.

Sedimentation of ND and PD

The amount of detritus, annually deposited from the aquatic environment to the
bottom, varies quite significantly in the sea regions. The N losses (as ND) to the sediments
(in g N/(m3xyear) and in thousand tons of N) of different sea regions are presented in the
following row: the Chupa Bay (0.7708, 0.9) — the Mezen’ Bay (0.7024, 41.4) — the Onega
Bay (0.4822, 65.8) — the Dvina Bay (0.4420, 198.9) — the Gorlo area (0.4326, 146.3) — the
\oronka area (0.4183, 563.4) — the Solovetskie Islands (0.3234, 82.7) — the Kandalaksha
Bay (0.3025, 21.5) — the Basin (0.0375, 14.9) (Table 1).

The similar line for the values of PD losses on the sedimentation (in g P/(m3xyear)
and in thousand tons of P) give the next position of sea regions: the Mezen’ Bay (0.1673,
9.9) — the Onega Bay (0.1461, 19.9) — the Chupa Bay (0.1243, 0.1) — the Dvina Bay
(0.1131, 50.9) — the Solovetskir Islands (0.0928, 23.7) — the Kandalaksha Bay (0.0838,
6.0) — the Voronka area (0.0511, 68.8) — the Basin area (0.0248, 9.9) — the Gorlo area
(0.0015, 0.5) (Table 2). There is a small rearrangement of the same sea regions on the left
flank in these rows, where the losses of N and P to detritus sedimentation are greatest.

The relative losses N for detrirus ND sedimentation, calculated per unit of the wa-
ter volume, over the sea areas 1-9 are 14.2%, 21.4, 11.0, 26.9, 15.1, 6.3, 23.3, 23.9, and
26.1% of the total losses N, respectively, and the relative losses of P by the PD sedi-
mentation in these areas is lower — respectively, 8.7%, 15.0, 6.2, 16.7, 9.6, 5.6, 0.3, 9.2,
and 13.2% of the total losses of P. The losses of N and P for detrital sedimentation are the
least, respectively, in the Basin and Gorlo areas, and the largest in the waters of the Chupa
Bay and the Mezen’ Bay.

Thus, the largest amount of ND per year settles in the Chupa Bay, and in relative
units, the ND loss is higher in the Mezen’ Bay. Also in the Mezen’ Bay, the greatest losses
of PD are recorded. The smallest losses of ND (together with the relative losses) are fixed
for the Basin area, and the lowest losses of PD are typical for the Gorlo area.
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Output of N and P to neighboring regions at the water exchange
through the region boundaries

In quantitative terms, the relative losses of N and P during the water exchange
across the boundaries of areas in comparison with other processes are small: according to
N, and P, they fluctuate in the ranges of 0.6-8.5% and 0.1-9.6% (the least relative con-
tribution is fixed for the Onega Bay (according to N, ) and for the Chupa Bay (according
to P_), and the largest for the Basin (N and P, ).

The following row shows the N,  losses in the regions of the White Sea during the
water exchange (in g N/(m3xyear), thousand tons of N): the Gorlo area (0.1445, 48.9) —
the Dvina Bay (0.1371, 61.7) — the Chupa Bay (0.0939, 0.1) — the Solovetskie Islands
(0.0573, 14.7) — the Kandalaksha Bay (0.0537, 3.8) — the Basin area (0.0499, 19.9) — the
Mezen’ Bay (0.0378, 2.2) — the Voronka area (0.0296, 39.9) — the Onega Bay (0.0146,
2.0) (Table 1).

The location in a line of regions with the P_ losses during the water exchange
(g P/(m3xyear), thousand tons of P) looks somewhat different: the Basin area (0.0421,
16.8) — the Dvina Bay (0.0205, 9.2) — the Solovetskie Islands (0.0148, 3.8) — the Mezen’
Bay (0.0146, 0.9) — the Gorlo area (0.0089, 3.0) — the Kandalaksha Bay (0.0087, 0.6) —
the Voronka area (0.0023, 3.1) — the Onega Bay (0.0019, 0.3) — the Chupa Bay (0.0011,
0.001) (Table 2).

Thus, the process of water exchange across the region boundaries ensures the input
of N and P forms in each region, and their output by the water masses. These counter
flows, estimated per unit of the water volume, are calculated separately, and it is possible
to compare the net effect of water exchange for each region. The ratios of annual input
and loss values of N_ and P_, which are provided by the water exchange through the
boundaries of each region with neighboring areas of the White Sea, were estimated. The
excess of the N, input during the water exchange through the borders of neighboring
regions is higher than its losses for the Basin, the Mezen’ Bay and the Onega Bay (re-
spectively in 6.2, 4.7, and 2.2 times). For the other regions, the ratio value of the annual
input to the loss of N at the water exchange is <1 (for the Gorlo area, and the Solovetsky
Islands — by 0.7; for the Kandalaksha Bay — 0.5; for the Chupa Bay — 0.3; for the Dvina
Bay, and the Voronka area — by 0.1).

Excess of the P, input of over its losses during the water exchange takes place for
the Chupa Bay, the Onega Bay, the Mezen’ Bay, and the Gorlo area (respectively, in 39.8,
7.9, 4.6, and 2.6 times). For the Kandalaksha Bay, the ratios of the annual P input and
output at the water exchange are equal, and for other regions the ratio of these P, fluxes
is < 1 (for the Basin — 0.8, the Solovetskie Islands and the Voronka area — 0.7, and the
Dvina Bay - 0.5).

Different components (both chemical BS forms and biomass of organisms includ-
ing N and P) participate in the transfer at the water exchange through the boundaries of
the regions. The contributions of these variables, estimated per unit of the water volume,
as well as in the input and output through the region boundaries at the water exchange are
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different. The relative contribution to the loss of DON during the water exchange through
the boundaries of regions 1-9 are, respectively, 9.1, 6.4, 37.0, 3.9, 29.4, 7.1, 58.1, 26.6,
and 33.9%. Similar contributions to ND losses for the same regions are 53.5, 0.3, 43.5,
7.6,43.4,43.8, 25.8, 53.3, and 54.0%. The relative losses of NO, in the water exchange
through the boundaries of some regions have been increased and equal: 21.8% in the Kan-
dalaksha Bay, 66.1% in the Onega Bay, 47.8% in the Mezen’ Bay, 11.8% in the Chupa
Bay, 32.7% in the Solovetskie Islands, and 8.2% in the Gorlo area. The relative losses of
biomass in the water exchange are: FIN — 9.8% in the Basin area; F2N — 11.0% in the
Onega Bay; F3N — 12.2% in the Mezen Bay; and Z1N - 6.3% in the Gorlo area.

Significant differences are noted in the relative loss of P forms during the water
exchange across the region boundaries. So, in the Kandalaksha Bay, the losses of DOP,
PD, and DIP are 36.1, 15.9, and 27.3%; in the Dvina Bay — 28.3, 32.2, and 11.6%; in the
Solovetskie Islands — 32.2, 20.3, and 25.4%; in the Basin area — 48.2, 17.2, and 18.9%.
The water exchange defines the significant losses of DIP (49.7%) in the Onega Bay; DOP
and DIP (23.3 and 38.6%) in the Mezen’ Bay; DOP and PD (16.8 and 27.2%) in the Gorlo
area, and (7.8 and 62.2%) in the Voronka area. It should also be recognized that the role
of P output in the biomasses of organisms is significant: for the phytoplankton F1 —in the
\oronka area (14.2%); in the Basin area (11.6%), and in the Gorlo area (8.6%); for the
phytoplankton F2 and F3 — in the Chupa Bay (43.9, and 21.9%), and in the Onega Bay
(24.3, and 13.5%); for the zooplankton Z1 — in the Gorlo area (33.4%), the Chupa Bay
(27.2%), and Dvina Bay (14.5%); and for the zooplankton Z2 — in the Dvina Bay (14.5%),
in the Mezen’ Bay (11.7%), and in the Gorlo area (11.4%).

BS removal at the water exchange from the White Sea (Voronka area)
to the Barents Sea

The estimated annual outputs of N and P_, during the water exchange across the
border of the White Sea (the Voronka area) with the Barents Sea are respectively 0.0633
g N/(m3xyear), 85.3 thousand tons of N) and 0.0167 g P/(m3xyear), 22.5 thousand tons
of P) (Table 1, and 2). Thus, the Barents Sea serves as a source of BS for the White Sea:
the annual influx of N, and P, from the Barents Sea to the White Sea, calculated per unit
of the volume in the Voronka area, is 1.5 times higher in water exchange than the loss of
substances during removal by the water masses from the White Sea to the Barents Sea.

The distribution of the main losses of the N compouns (g N/(m3xyear)) during the
water exchange between the White Sea with Barents Sea is represented by the following
indicators: DON -0.0342 (or 54.0%), ND — 0.0105 (16.6%), FIN - 0.0039 (6.1%), NO,
and B1N — 0.0037 (5.8% each), Z1IN — 0.0034 (5.4%). The remaining forms of N are
0.0002-00017 (0.4-2.7%). Calculations show that output of the main forms of N (DON
and ND) during the water exchange from the White Sea to the Barents Sea is 1.3 and 4.8
times higher, respectively, than their input with a reverse water flow. However, the net
effect of the water exchange in forms of N shows the excess of its supply from the Barents
Sea (by 0.0353 g N/(m3xyear), by 46.7 thousand tons of N).
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For the P forms, the loss pattern (in g P/(m3xyear), thousand tons of P) in the
water exchange from the White Sea to the Barents Sea is characterized by the following
indicators: DOP and DIP - (0.0038, 5.1) (22.5% each), PD — 0.0055, 7.4 (32.8%), Z1P
and Z2P - 0.0016, 2.2 (9.8% each); the remaining P forms are 0.2—-0.9%. The comparison
shows that the input of dissolved forms of P (DOP and DIP) when exchanged from the
Barents Sea to the White Sea is higher than their losses when removed from the White
Sea by a counter water flow.

BALANCES OF N AND P COMPOUNDS IN THE
REGIONS OF THE WHITE SEA

Based on the results of calculations of the incoming and outgoing parts of the N and
P fluxes, the values of their balances per unit of the water volumes were calculated (in g
Element/(m3®xyear)) and for the whole water volume (in thousand tons of Element/year)
of regions and in the White Sea as a whole (Tables 1 and 2).

In regions 1-9 of the White Sea, the calculated values of the annual input / output
of N (in g N/(m3xyear), thousand tons of N) were in: the Kandalaksha Bay (2.7678,
197.1/2.1361, 152.1) — the Onega Bay (2.3219, 316.9 / 2.2498, 307.1) — the Dvina Bay
(5.3774, 2419.8 / 4.0098, 1804.4) — the Mezen’ Bay (3.0044, 177.3 / 2.6086, 153.9) —
the Solovetskie Islands (2.5512, 652.6 / 2.1494, 549.8) — the Basin area (1.9404, 773.9 /
0.5898, 235.2) —the Gorlo area (2.0402, 690.0/ 1.8553, 627.5) — the Voronka area (2.2308,
3004.9/1.7497, 2356.9) — the Chupa Bay (3.0482, 3.5/ 2.9507, 3.4). For the unit of the
water volume, the largest annual N input and output were recorded for the Dvina Bay, and
the lowest ones - for the Basin area (Table 1).

For the regions 1-9 of the White Sea, the estimated discrepancies in the balance of
N per unit of the water volume (in g N/(m3xyear),%) are: the Kandalaksha Bay (0.6317,
22.8) — the Onega Bay (0.0722, 3.1) — the Dvina Bay (1.3675, 25.4) — the Mezen’ Bay
(0.3959, 13.2) — the Solovetskie Islands (0.4018, 15.7) — the Basin area (1.3506, 69.6) — the
Gorlo area (0.1849, 9.1) — the Voronka area (0.4811, 21.6) — the Chupa Bay (0.0974; 3.2).
The range of the calculated residual of the N balance for the regions of the White Sea
is 3.1-69.6% (the lowest is for the Onega Bay, the largest one for the Basin area). The
average discrepancy in the N balance for all sea regions is 20.4% (Table 1).

Estimated input / output of P (g P/(m®xyear), thousand tons of P) in regions 1-9
of the White Sea are: the Kandalaksha Bay (1.2032, 85.7 / 0.9616, 68.5) — the Onega
Bay (1.0618, 144.9 / 0.9746, 133.0) — the Dvina Bay (2.2118, 995.3 / 1.8394, 827.7) -
the Mezen’ Bay (1.1586, 68.4 / 0.9998, 59.0) — the Solovetskie Islands (1.0983, 280.9 /
0.9689, 247.8) — the Basin are (0.7013, 279.7 / 0.4383, 174.8) — the Gorlo area (0.6383,
215.9 / 0.5633, 190.5) — the Voronka area (0.6007, 809.1 / 0.5549, 747.4) — the Chupa
Bay (0.9686, 1.1/0.9401, 1.1). For a year, the inflow and losses of P are greatest for the
Dvina Bay, the lowest — for the Basin area (Table 2).

In the regions of the White Sea, the estimated discrepancies in the P balance
(in g P/(m3xyear), %) are: the Kandalaksha Bay (0.2416, 20.1) — the Onega Bay (0.0637,
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6.1) — the Dvina Bay (0.3734, 16.9) — the Mezen’ Bay (0.1588, 13.7) — the Solovetskie
Islands (0.1313, 12.0) — the Basin area (0.2630, 37.5) — the Gorlo area (0.0750, 11.8) —
the Voronka area (0.0457; 7.6) — the Chupa Bay (0.0285, 2.9). The total range of the
calculated discrepancies of the P balance for the regions of the White Sea is 2.9-37.5%
(the smallest in the Chupa Bay, and the largest — in the Basin area). The mean discrepancy
in the P balance in all the sea regions is 14.2% (Table 2).

For each sea region, the same ranges of the balance residuals are obtained in the
total water volumes as well as the values per unit of the water volume.

When calculating the balance of N and P for the White Sea as a whole, the transfer of
the N and P forms was not taken into account for the water exchange between neighboring
sea areas since the fractions N and P participating in the transport are within the total sea
area (Table 1).

The total N income in the input component of its balance was equal to 8042.1
thousand tons of N/year. This amount includes the contributions of the following processes
(thousand tons of N/year):

— receipt of the N forms with the river runoff (144.1) and from the Barents Sea
(132.7) — the total income is 276.8 (or 3.4% of total revenues);

— formation of detritus ND — 4002.6 (or 49.8%);

— transformation of detritus ND to DON - 1750.0 (or 21.8%);

— metabolic N excretion by the organisms of community — 1159.5 (or 14.4%);

— receipt with anthropogenic pollution sources — 837.0 (or 10.4%);

— receipts with atmospheric precipitation — 16.2 (or 0.2%).

The total N losses in the output component of its balance was equal to 5996.5
thousand tons of N/year, and this number includes estimated losses as a result of the
following processes (thousand tons of N/year):

— consumption by the bacteria BIN — 511.9 (or 8.5% of all losses);

— consumption by the phytoplankton F1N — 890.1 (or 14.8%);

— consumption by the phytoplankton F2N — 40.8 (or 0.7%);

— consumption by the phytoplankton F3N —41.9 (or 0.7%);

— consumption by the zooplankton Z1N — 1047.9 (or 17.5%);

— consumption by the zooplankton Z2N — 420.6 (or 7.0%);

— consumption by macrophytes MKN — 1822.2 (or 30.4%);

— sedimentation of the detritus ND — 1135.9 (or 19.0%);

— removal to the Barents Sea from the Voronka area (the White Sea) -

85.2 (or 1.4%).

The residual of the N balance for the White Sea as a whole is 2045.4 thousand tons
of N/year (or 25.4%) (Table 1).

The total income of P in the input side of the balance sheet equal to 2839.7 thousand
tons of P/year, and it includes the contributions from the following processes (thousand
tons of P/year):

— receipt of P forms with river runoff (13.0) and from the Barents Sea (34.1) —
the total income is 47.1 (or 1.7% of total revenues);
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— formation of the detritus PD — 1562.6 (or 55.0%);

— metabolic P excretion by the organisms of community — 660.0 (or 23.3%);

— transformation of detritus PD to DOP — 542.8 (or 19.1%);

— receipt with anthropogenic pollution sources — 26.4 (or 0.9%);

— receipts with the atmospheric precipitation — 0.8 (or <0.1%).

The total P losses in the output part of its balance equal to 2411.0 thousand tons
of Plyear, taking into account the calculated values of the P losses for the following
processes (thousand tons of P/year):

— consumption by the bacteria B1P — 91.9 (or 3.8% of all losses);

— consumption by the phytoplankton F1P — 281.7 (or 11.7%);

— consumption by the phytoplankton F2P — 8.9 (or 0.3%);

— consumption by the phytoplankton F3R — 6.6 (or 0.3%);

— consumption by the zooplankton Z1P — 578.4 (or 24.0%);

— consumption by the zooplankton Z2P — 334.4 (or 13.9%);

— consumption by macrophytes MKR — 896.9 (or 37.2%);

— sedimentation of detritus PD — 189.7 (or 7.9%);

— P removal to the Barents Sea from the Voronka area (the White Sea) — 22.5 (or 0.9%).

The residual of the P balance for the White Sea as a whole is 428.4 thousand tons
of P/year (or 15.1%) (Table 2).

CONCLUSIONS

Mathematical modeling based on system analysis is the most promising modern
methodology for studying the state and the functioning of marine ecosystems. This study
is an example of obtaining a new information for a marine reservoir based on accumu-
lated long-term oceanographic data with the help of the CNPSi-model (for nine differ-
ent regions of the White Sea with a given horizontal water exchange between adjacent
regions, the flow of river runoff into six marine bays, the bilateral water exchange with
the Barents Sea and a single-layered vertical structure of the marine environment for all
regions of the White Sea).

According to calculations on the CNPSi-model of the dynamics of individual forms
of N (DON, ND, NH,, NO,, NO,, BIN, FIN-F3N, ZIN-Z2N, MKN) and of P (DOP, PD,
DIP, B1P, F1P-F3P, Z1P-Z2P, MKP), the annual balances of the external and internal BS
fluxes were compiled, which were taken into account in the model calculations to reveal
their role in the BS dynamics (compounds of N and P). Since the uniform dimensions
for the concentrations of the N compounds (mg N/L) and the P compounds (mg P/L) are
used, it is possible to compare their common N and P fluxes, related to their inputs and
outputs in calculating the balance of the elements. The balances are expressed as total
values of the N_ and P fluxes for different regions of the White Sea, estimated from the
results of calculations, which allowed us to obtain the final annual picture of the effect of
the total fluxes of elements on the BS dynamics in different regions and the White Sea as
a whole.
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The components of the annual values of N and P, balances are estimated in two
dimensions — 1. per unit of the water volume (in g N/(m3®xyear) and g P/(m3xyear)), and 2.
for the entire volume of the water column (thousand tons of N/year and thousand tons of
P/year). Dimension 1 allows us to compare the values of balances for individual regions
of the sea, and dimension 2 — illustrates the real BS fluxes taking into account the water
volumes in each region and in the White Sea as a whole.

The input component of the BS balance takes into account the revenues to each
sea area of N, and P from the external sources (river runoff, atmospheric precipitation,
anthropogenic pollution, from the Barents Sea), and also due to internal processes in the
ecosystem (N and P transformations, their circulation / repeated recycling in the marine
environment due to the products of vital activity — metabolic BS excretions and the detri-
tus formation). The share of N fluxes, determined by external sources, on average in the
sea regions ranges from 0.5-8.1%, and by internal ones — 13.8-49.9%; for these P fluxes
the ranges are respectively 0.2-4.2% and 22.9-53.8%.

The most significant sources of N and P__input are internal BS fluxes associated
with the vital activity of the organisms of community — with the formation of detritus,
its subsequent transformation to organic components (DON and DOP) and the total met-
abolic BS excretions into the marine environment. For each area of the White Sea, the
relative contribution of these processes to the common pool of the BS stock in a unit of
water volume has its own characteristic values. For example, the share of the detrite ND
formed in a year is the largest in the total contribution of other processes, and for regions
1-9 it is 53.3%, 48.1, 52.5, 49.8, 56.5, 37.5, 50.5, 45.9, and 54.8%, respectively, and for
PD -50.6%, 56.7, 53.9, 48.2, 55.5, 48.1, 59.9, 55.5, and 56.0%. The smallest proportion
of the ND and PD formed is in the Basin area, and the largest — in the Chupa Bay (ND)
and the Onega Bay (PD).

The proportion of DON in the ND transformation in the mass of the N, , formed is
somewhat lower: 26.4%, 22.7, 26.5, 17.9, 20.8, 19.2, 14.3, 18.9, and 15.9% respectively
in the regions 1-9; and for the DOP — 23.9%, 18.8, 22.7, 13.3, 18.5, 23.7, 15.3, 14.8, and
10.5% of the mass of the P formed. The smallest proportion of DON formation is in the
Gorlo area, and the largest — in the Dvina Bay, and according to DOP — respectively on
the Chupa Bay and the Kandalaksha Bay.

The relative contribution of the excreted metabolites to the internal stock of N,
and P (or the proportion of N-containing metabolites in the regions of the White Sea)
is changing within 10.1-15.7% (the smallest in the Basin area and the largest — in the
\oronka), and the proportion of P-containing metabolites — is in the range of 20.9-26.1%
(the lowest — in the Kandalaksha Bay and the largest — in the Chupa Bay).

The relative contribution of other sources of N, and P, to the regions of the White Sea
is generally small. The share of the river runoff in the N input is 0.5-7.5% (the low value
falls on the Kandalaksha Bay, and the high one — on the Chupa Bay), while in the P_, it is
0.03-10.4% (the lowest — for the Solovetskie Islands and the largest — for the Mezen’ Bay).

The load on N, and P, to the regions of the White Sea due by the anthropogenic
impact (wastewater discharges) was estimated from the results of various calculation op-
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tions in comparison with the received BS data with river runoff in the spring. The relative
contribution of the annual discharge of sewage, as a BS load source, is comparable to the
load provided by river runoff in the regions of 1-5 and 9 of the White Sea. In general, the
BS input from wastewater discharges accounts for 3.0-6.6% and 0.6-1.9% of the total
annual supply of N and P_, respectively, from all other sources (the lowest value is in
the Dvina Bay, the largest one — in the Basin area (according to N) and in the Chupa Bay
(according to P).

The comparison of the contribution values of the river runoff and the water ex-
change through the region boundaries in the BS supply: the share of the water exchange
in the N load varies within 0.1-15.9%, and in P load — 0.2-5.8% (the lowest in the Voron-
ka area, and the largest — the Basin (for N), and in the Mezen’ Bay (for P)). The relative
contribution of the BS input from the Barents Sea to the White Sea (the BS load for the
\oronka area) is comparable to the greatest impact of river runoff on the BS removal: for
N, this contribution is 4.4%, and for P, — 4.2%.

For the regions of the White Sea, the relative contribution of atmospheric precip-
itation, as a source of BS, is the lowest of all sources and it is: for the N _ — <0.1-1.3%
and for the P, — <0.01-1.1%. The smallest relative contribution of this source is fixed
according to the N — for the Mezen’ Bay, and to the P — for the Basin and Gorlo areas, and
the largest — for the Chupa Bay (for N and P).

The greatest impact on the reduction of total concentrations of N and P_, in the
regions of the White Sea is provided by a community of organisms that actively partici-
pates in the BS transformations. The main losses of organic and mineral forms of N and
P occur at the BS consumption processes, as a result of which the organisms form their
biomass and maintain it in the active state during a year. In the regions of the White Sea,
the intensity of the biomass formation by organisms and their activity depends on the in-
fluence of external factors of the environment (temperature, light intensity, transparency
of water, BS input from the external sources).

The general characteristics of the expenditure part of the N, and P, balances in-
cludes estimates of contributions of individual processes to the relative BS losses in re-
gions of the White Sea. The greatest contribution to the relative losses of N and P_ is
caused by macrophytes MK and the living organisms in the water environment (B1, F1,
F2, F3, Z1, and Z2). Since the effect of macrophytes MK is not taken into account in the
deepwater Basin area, one can imagine their relative contribution to the consumption of
individual N and P forms separately for other regions of the sea: in relation to the total
N, losses, this contribution varies from 68.9-71.6% (in the Gorlo area, the Chupa Bay,
the Voronka area, and the Mezen’ Bay) to 77.9-85.6% (in the Onega Bay, the Solovetskie
Islands, the Kandalaksha Bay, the Basin area, the Dvina Bay). The relative contribution of
the P consumption to the total losses of P varies from 30.4-33.5% (in the Voronka area,
the Chupa Bay, and the Gorlo area) to 40.2-48.8% (in the Solovetskie Islands, the Mezen’
Bay, the Onega Bay, the Dvina Bay, and the Kandalaksha Bay).

Without taking into account the role of macrophyte MK, the relative contribution
of the organisms of the lower trophic links to N loss for the some sea regions varies from

176



Oxkeanonorunyeckue uccienoBanus. 2018. Tom 46. Ne 3. C. 144182

57.7-63.3% (the Mezen’ Bay, the Gorlo area, the Onega Bay, the Chupa Bay, and the Vo-
ronka area), and to 70.1-85.2% (the Kandalaksha Bay, the Solovetskie Islands, the Dvina
Bay, and the Basin area), and to the P loss — from 68.6—72.9% (the Mezen’ Bay, and the
Onega Bay), to 80.4-86.3% (the Chupa Bay, the Kandalaksha Bay, the Solovetskie Islands,
the Voronka area, the Basin area, and the Dvina Bay), and up to 97.2% (the Gorlo area).

The sedimentation of detritus forms (ND and PD) is a significant process affecting
the relative losses of N,_and P,_. According to the regions of the White Sea, the relative
role of this process varies: for ND — from 6.4% (the Basin area) to 11.0-15.1% (the Dvina
and Kandalaksha Bays, and the Solovetskie Islands), and to 21.4-26.9% (the Onega Bay,
the Gorlo and Voronka areas, the Chupa and Mezen’ Bays), and for PD — from 0.3% (the
Gorlo area) to 5.6-6.2% (the Basin area, and the Dvina Bay), to 8.7-9.6% (the Kandalak-
sha Bay, the Voronka area, and the Solovetskie Islands), and to 13.2-16.7% (the Chupa,
Onega and Mezen’ Bays).

A less significant process, which determines the relative losses of N and P,
is the current transfer of different forms of N and P into neighboring regions of the sea.
The relative losses in the removal of N forms are increased in the Gorlo and the Basin
areas (7.8-8.5%), and the P forms in the Basin area (9.6%). In other regions, these relative
losses are significantly lower: for N — 0.6—-3.4%, and for P —0.1-1.6%. The relative losses
of N and P due to the water transfer in the Barents Sea from the White Sea (\Moronka area)
are also small: 3.6 and 0.9% of the total losses of N and P, respectively.

For the White Sea as a whole, the balance of N and P is calculated on the basis
of the components estimated for individual sea regions (respectively, in thousand tons
of N and thousand tons of P). The smallest supply of N and P in the sea is provided for
a year by atmospheric precipitation — 16.2 thousand tons of N and 0.8 thousand tons of P
(or <0.1% of total N and P receipts from all sources). To the different regions of the sea,
the annual BS inputs with the river runoff were 144.0 and 13.0 thousand tons of N and P
respectively (or 1.8% of N_ and 0.5% of P_). From the Barents Sea to the White Sea, the
N input is 132.7 thousand tons of N (or 1.7% of N, from all sources), and the P input —
34.1 thousand tons of P (or 1.2% of P, from all sources).

Total amounts of N and P, entering to the marine environments with polluted
sewage waters, are respectively 837.0 and 26.4 thousand tons of N and P respectively
(or 10.4 and 0.9% of total inputs of these elements to the sea water). The main quantity
of N and P is formed by organisms as a result of the recycling and repeated BS turnover
in the water environment: by metabolic excretions — 1159.5 thousand tons N (14.4%) and
660.0 thousand tons P (23.3%), as well as the detritus — 4002.6 thousand tons of detrital
N (49.8%) and 1562.6 thousand tons of detrital P (55.0%).

The main losses of N and P are provided by the organisms of the lower trophic
links (bacteria, phytoplankton and zooplankton) and macrophytes using the N and P com-
pounds as sources of nutrition and energy for the biomass creation.The contribution of
different organisms to the N and P uptake is different (thousand tons of Element, % of total
uptake): the bacteria B1 uptake of N — 511.9, 8.5; and of P — 91.9, 3.8; the diatom phyto-
plankton F1 uptake of N —890.1, 14.8; and of P — 281.7, 11.7; the zooplankton Z1 uptake
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of N-1047.9, 17.5; and of P — 578.4, 24.9; macrophytes MK uptake of N — 1822.2, 30.4;
and of P—896.9, 37.2. The remaining organisms (F2, F3, Z2) consume 40.8-420.6 thou-
sand tons of N (0.7-7.0%) and 6.6—344.4 thousand tons of P (0.3-13.9%). Losses of N
and P on the sedimentation of detritus (ND and PD) are 1135.9 thousand tons N (19.0%)
and 189.7 thousand tons P (7.9%), respectively. The BS losses at the water transfer from
the White Sea to the Barents Sea are 85.2 thousand tons of N (1.4%) and 22.5 thousand
tons of P (or 0.9%).

The total N and P supply from all the sources considered in the White Sea is es-
timated at 8042.1 thousand tons N and 2839.7 thousand tons P, respectively, with the
N: Pratio of 5.1:1. The total losses of N and P for the White Sea are generally estimated in
5996.5 thousand tons of N and 2411.0 thousand tons of P (ratio of removal N:P = 2.5:1).
In general, for the White Sea, the residual balance for N is 2045.6 thousand tons N/year
(or 25.4%), and for P — 428.4 thousand tons P/year (or 15.1%).

However, the data analysis using mathematical modeling has its limitations,
and not every marine water body can be investigated on the basis of the mathematical
modeling methodology. These limitations are connected, on the one hand, with the
available research data (or with the study of the marine object), and, on the other hand,
the capabilities of the mathematical model (not all features of the marine ecosystem can
be investigated using a specific model). The capabilities of the CNPSi- model are related
to the study of the development of intra-annual biotransformation of BS, which are regu-
lated by the values of the morphometric parameters of the studied water system, the fac-
tors of the marine environment (temperature, light intensity, transparency, nutrient load-
ing, the impact of anthropogenic sources) and water regime indicators. The maximum
permissible in this model is the simultaneous study of 10 regions of the sea, two lay-
ers along the vertical and the upper layer of bottom sediments, that is possible with an
appropriate study of the water body.

Using the simplified description of the vertical structure, the results of calculations
on the CNPSi model revealed differences in the characteristics determining the biohydro-
chemical portrait of the ecosystem of the White Sea (by the example of its nine regions),
namely, in the intra-annual dynamics of concentrations of BS and biomass of organ-
isms participating in their biotransformation. According to the calculated parameters of
external and internal BS fluxes, balances of N and P compounds for individual regions
and the White Sea as a whole were compiled for such a simplified description of the ver-
tical structure of the marine environment.

In the future, it is planned to repeat this study with the specification of horizontal
transfer conditions for the two-layer vertical structure of the White Sea. The long-term
plan for the improvement of the CNPSi model involves the introduction of a horizon
cycle so that it can be used as a tool to study the features of the variation over a year of
the vertical distribution of chemical and biological variables, depending on the complex
of factors affecting different regions of the sea.

This study was carried out within the framework of the state task of the Shirshov
Institute of Oceanology Russian Academy of Sciences (theme No. 0149-2018-0015).
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Ha ocHOBe cpeiHeMHOT0JIETHHX MTOKa3aTeNIel MOPCKOH cpeibl (TeMIepaTypa, OCBEIEHHOCTb,
NpPO3pavHOCTh BOJBI, (DOTOIEPHO, €CTECTBEHHAs OMOreHHas Harpys3ka, Harpyska Ipu
BO3JICHCTBUU aHTPOINOIEHHBIX HCTOYHHUKOB) C IIOMOIIbIO THapodkonorndeckod CNPSi-
MOJIENI TIOJIyYeHbl JJIsl JIEBSITH PalloHOB benoro Mopsi KoNMYeCTBEHHbIE JaHHbIC JUIst
XapaKTEePUCTUKU OMOTHAPOXUMUYECKOro moprpera Mopsi. Ero ocHOBHBIE mokaszarenn —
M3MEHSIOIUECS B TEUCHUE TO/1a PACUSTHBIC KOHIIEHTPAIIMK OPraHUYECKUX U MUHEPAIIbHBIX
¢dopm N u P, Gmomacchl OpraHn3MOB HHM3LIMX TPO(PHUYECKUX 3BEHBEB (IeTepoTpOdHBIC
OakTepuH, TPH TPYNIbl (UTOMIIAHKTOHA, PACTUTEIBHOSIHBIM W XHIIHBIH 300IJIaHKTOH,
Makpo(UTHI), KOTOPbIE YYacTBYIOT B TpaHc(opMaluy OMOTeHHBIX BELIECTB. BbhIUKCIEHBI
TaKKe JIOTOJHUTENbHbIC TMOKa3areJd TIOpTpeTa — 3HAUCHUS TIOJIOKUTEIBHBIX H
OTPHUIATEILHBIX BHYTPEHHHUX W BHEIIHUX [TOTOKOB OMOT€HHBIX BEIIECTB, XapaKTepHU3yOIIHe
B TEYCHHUE T0fla YCJOBUSI Pa3BUTHSI OPTaHM3MOB M TPaHC(HOPMAINU OMOTEHHBIX BEIIECTB.
3aja4ya TaHHOTO MCCJICOBAHUS COCTOsUIA B MMOJYYEHHH MH(POPMAIIMU O TOAOBBIX OaaHcax
¢opm N u P Ha 0CHOBE pacueTHBIX 3HAUYCHUI BHYTPEHHHUX M BHEIITHUX [TOTOKOB OMOT€HHBIX
BEILIECTB JJIsl Pa3HBIX paiiloHOB U besoro Mops B 1enoM.

KuroueBble cioBa: sxocuctema beroro Mopst, OnoreHHble BeliecTBa, reTepoTpo-
(bHBII OaKTEPHUOTUTAHKTOH, AMATOMOBBIH (DUTOTIAHKTOH, PACTUTEIBHOSIHBIA U XUIIHBIH
300IUIAaHKTOH, MakpOQUTHI, AeTpUT, Tpoduyeckas 1enb, CNPSi-monens Guorpancdop-
Malu OMOTEHHBIX BellecTB, OMOTrHAPOXUMHUYEcKHii mopTpeT benoro Mopsi, Oananc BHY-
TPEHHHX U BHEUIHNX NOTOKOB opMm N u P nst neBsitu paitonoB u benoro mops B neiaom
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B mosznHeueTBEepTHYHOE BpEMsl CTPYKTYpPHO-TEKTOHMYECKHH penbed IpeBHEro JIoxka
SMMKOHTHHEHTANBHOTO benmoro Mops OblT CyIIECTBEHHO NPEOOpa3oBaH 3SK30TCHHBIMU
mporeccaMy  JISJHUKOBOTO T€HE3HMca, a TakkKe 10 BO3ACHCTBHEM  HOBEHIINX
HEOTEKTOHMUYECKUX [BIDKeHMH. Ha ero pHe IMpOKO pPacmpOCTPaHEHBI JIEIHHKOBO-
9K3apalOHHBIE W JIE[HUKOBO-aKKyMYJISITUBHBIE (hopmbl penbeda, chopMupoBaHHBIE BO
BpEMs1 OJIEAICHEHUH, BKITFOUAsl IPSABI M XOJIMBI OOKOBBIX M KOHEUHBIX MOpeH. [loBepXHOCTb
nHa bemoro Mopst paccedeHa MHOTOYMCIICHHBIMH JIOKOMHAMHM Pa3HOTO TeHE3Hca,
KOTOPBIE YacTO HACIEAYIOT CYIIECTBYIOIINE TEKTOHHYECKHE pa3pbIBHbIE HAPYIICHUS.
CymecTBeHHYIO poib B (POPMUPOBAHUN COBPEMEHHOTO peibeda JHAa HTPaoT MPHINBHO-
OTJIMBHBIE TEUEHHs, OOpa30BaBIINE IIECUYAHBIC BOJIHBI W TPAABl W JPyrHe HPHIUBHO-
OTJIMBHBIE WJIM «TOPPEHTOTCHHBIE» aKKyMYJISITHBHBIE M SPO3HOHHBIE (OPMBI pesibeda qHa
B «l'opne» n «Boponke» B ceBepHOit wacTi bemoro mopsi. C OABOIHBIMHU TPOJODKCHUSAMUI
BITIA/IAI0INUX B Hero pycen CeBepHOi [IBUHBI U IPYyTUX PEK CBsI3aHbI (NIIOBHAIBHBIE (DOPMBI
penbedpa mHA. BbICOKOpaspemaromas CeMCMOAKyCTHYECKass ChEMKa, BBINOJTHEHHAs B
Bbenom mMope MHCTUTYTOM OKEaHOJOTUH C y3KOJIyYEBBIMU MAPAMETPUIECCKUMH 3XOJI0TAMH-
npodumorpadamu  «Parasound» u «SES-2000 standard», cymiecTBeHHO MOTMONHWIA |
YTOYHWIIA TPEJICTABIEHHS O Tporeccax perabe(ooOpa3oBaHusl B I03IHEUETBEPTUIHOEC
BpeMsI.

KuaroueBbie cioBa: bemoe wmope, nHO, penbed, MOphOCTPyKTypa, JEIHUK,
AKKyMYJISTUBHBIN, YPO3MOHHBIN, CEHCMOAKyCTHYECKUIA TPO(HITb, TPHUITMBHO-OTINBHOM,
TeCYaHbIe BOJHBI

BBenenune

OnuKOHTHHEHTalbHOE benoe Mope — BHyTpeHHee Mmope Poccun, KOTopoe BXOIUT
B CHUCTEMY apKTHYECKHX Moped. YacTMYHO OHO MEpEeKphIBAET JIPEBHUE CTPYKTYpPHI
bantuiickoro mmwura, yactuuHo Boctouno-EBpomneiickoit mardopmel. J[Ho benoro
MOps MpPEJCTaBIsIeT COOOM CTyNEeHYaTyl0 NEHYNAalMOHHO-aKKyMYJISITUBHYIO PaBHUHY,
c(hOopMHPOBaHHYIO Ha MOTPYKEHHBIX KPYIHBIX OJOKax JOKeMOpHIiCKOTO (hyHIaMEHTA.
dopmupoBaHe COBpeMeHHOTo b6accelina benoro Mopst BO MHOTOM CBSI3aHO C DBOJIOIUEH
naneopuPTOBBIX CTPYKTYp JOpeBHEro (yHIaMEHTa W IIEJIOYHBIM MarMaTU3MOM B
naneo3oe (bamyes, Xypasnes, 2017). B crarbe 3THX aBTOPOB MOAPOOHO PacCMOTPEHBI
re0JIOTUYECKOE CTPOCHUE M TEKTOHUKA JI0YETBEPTUYHOrO Jioka banTuiickoro mops,
MIpOaHaIN3UPOBAHBI 3aJI0KEHNUE U TOCeAyIoUIas JUINTEIbHAs IBOJIIOLUS €r0 OCHOBHBIX
CTPYKTYPHBIX JJIEMEHTOB, YTO B LEJIOM OOYCIIOBUJIO CTPYKTYpPHO-TEKTOHHUYECKUI
xapakTep Oaccelina bemoro mops.
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[lo3nHeueTBepTUYHAS HMCTOPHUS Pa3BUTHS OKas3aja HaAWOOJbIIEe BIUSHUE HaA
tdopmupoBanue penveda mHa bemoro mops (IlaBmumuc u np., 1996). Ilocnemnss
BaJJlaiiCKas 3I0Xa OJIEJICHEHMS, 3aKOHYMBLIASCA TasHUEM JIEAHUKOBOIO IOKpPOBA,
CMEHWIACH [TOCJIeTICIHUKOBOU TpaHCcTpeccueil. Tpancrpeccus yCrinBaiach KOJeOaHUSIMH,
CBSI3aHHBIMU C TEKTOHUYECKUMH JBUKEHHUSIMH BCIIEICTBUE 00111ero noauaTus Konbckoro
MOJIyOCTPOBa B IOCIJIENEIHUKOBBIA Tnepuoa. DopMHpOBaHHE COBPEMEHHOIO peibeda
Benoro Mopst mporcxoauao moj BO3ACHCTBHEM JISTHUKOBOTO U MOPCKOTO MOpdorenesa
Kak BeAyuux pakTopoB penbepoodpazoBaHus U aKTUBHBIX HOBEHIIINX HEOTEKTOHUYECKUX
newkennit (Hesecckuit u p., 1977). Paznomel, pazaenstoniue pa3HOMOPSIKOBBIC OIOKH,
COXpaHWIM aKTHBHOCTh JO HACTOSIIETO BPEMEHH, YTO TMOATBEpKIaeT Halmromaemast
COBpEMEHHasi CECMUYHOCTh. TakuM 00pa3oM, OTYETIIMBO MPOSBISETCS TECHAs CBA3b
penbeda benoro Mopst ¢ IpEeBHUMH CKJIaT4aThIMHA U PA3PBIBHBIMU CTPYKTYPaMH.

OcHoBHbIe MOpdocTPYKTYpPHI JHA besioro mops

JlHo benoro Mopst mpeacTaBisieT co0oi CTyNneHYaTyIo ACHYIalnOHHO-aKKyMYIIs-
TUBHYIO PaBHUHY C KPYMHBIMH O10KaMu JokeMOpHiickoro ¢pyHaamMeHTa, BIoIb APEBHUX
TEKTOHMYECKHX U MEXOJIOKOBBIX IIOBHBIX 30H pa3BUTHI pudrorenHsie nporuds (Huku-
¢dopoB u ap., 2017). JIns Hero xapakTepHbl YepThl, CBOMCTBEHHBIE PUDTOTEHHBIM 00-
JacTaM, pa3BUTHIM Ha JpeBHEW MarepukoBoi kope. CI0KHOE CTPYKTYpPHOE CTpOEHHUE
Oacceiina benoro Mopst onpeaenuiao KOHTPACTHYIO U AU(PPEpeHIHPOBaHHYIO, B 00LIEM
JarepaibHyl0, pacWIEHEHHOCTh penbeda ero nua. Cpeanss rryouna benoro mops 67 M,
a MakcuMalbHas — opszika 340 M B paiione M. Typbero (Kanmanakiickuii 3aimuB).

C ceBepo-3amnaia Ha FOr0-BOCTOK YEPE3 BCIO aKBATOPHIO beoro Mopst poTsaruBaercs
Kannanakuicko-/[BuHcKkoi rpabeH, KOTOPHIHA MO MPOCTUPAHUIO PA3AeIIsAeTCs Ha TPU KPYII-
HBIX cerMeHTa. MeIKoBo/IHasl KyToBasi 4acTh KaH/janakIickoro 3ajinBa JIEKUT B 00JIaCTH
nepexosa OT MOPCKOW 4yacTH IrpabeHa K CTPyKTypaM cylid. MHOXECTBO JIOKaJbHBIX
MOP(OCTPYKTYp CO34aET MO3aUUHBIN pebed ITOr0 MEJIKOBOIHOTO CETMEHTA, B KOTOPOM
ocTpoBa U JMHEWHbIe moaBoAaHble moaHsATHS C3-FHOB npoctupanus pasnenstorcs
KOPOTKUMH BINaJiHaMu cOpocoBoi mpuponsl. OCHOBHas LeMOYKa BIAIWH, TIIyOMHA
KOTOpbIX yMeHbIaercss or 160 M 10 5070 M K OKOHYaHHIO 3alMBa, NPOTITHBACTCS
Bnonb Kanmamakmickoro Oepera Kombckoro momyoctpoBa. B mpeaenax HermyOOKoro
1 6oJ1ee MOJIOToro I0r0-3a1a{HoTo MOIBOJJHOTO CKIIOHA 3aIiBa B0 Kapenbckoro Oepera
Pa3BUTHI HEOOJIBIIIME MTOTHATHS M BIAAUHBI aMITATyA0u 10 20-30 M.

MenkoBOIHBIH CErMEHT OTAEsIeTCss COpPOCOBBIM YCTYNOM BblcOTOM 240 M
oT Hanbonee rTydokoBoHOM yacTu Kannanakiicko-/[BuHckoro rpadena. M3-3a HeTUITUYHO
OoNbIIKX 14 eb(a NTyOuH STOT CETMEHT B BHUJIE CyOrOPHU30HTANIBHON aKKyMYyISTUBHOM
CJTa00PACWICHEHHOW paBHHUHBI CO cpeqHuMu DryomHamu 200-260 M U MaKCHMaIbHON
343 M oTHOCHT K cy00aTnansHO BriaguHe. J{anee B iTyOOKOBOIHOM CETMEHTE BhIIEIISIOTCS
eI1e TpU KPYITHbIE BIAAWHBI cO cpeHuMHu rmyonHamu 200280 m. B 1ienom nieHTpansHas
yacTh benoro Mopst uMeeT acCUMMETPUYHOE CTPOEHUE C TMOJIOTUM CTYTIEHYAThIM CEBEPHBIM
6opTom B0k Tepckoro 6epera 1 KpyThIM F0XKHBIM B0k Kapenbsckoro 6epera. [locnennuii
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u3pe3aH y3KMMH, BAAIOLUIMMHCS JAJeKO B CyIIy, 3aJMBaMU-(HOPIAMH C MHOKECTBOM
OCTpOBOB.

[loctenenHo k Ory mo HampapieHUIO K J[BUHCKOMY 3ajuBy DNyOMHa JHA
ymenbmaetcs 10 110—150m, a penbed qHA TOCTETIEHHO CTAHOBUTCSI MEHEE PACUIICHEHHBIM
U TepsieT TMHEWHBIN XapakTep. J|BUHCKOM 3amuB sIBIIETCSA MEPEXOTHONM 30HON OT Oojee
mTyOOKOM TeHTpabHOW YacTu benoro mops k MenkoBogHOU nensre CeBepHOU JIBUHBI.
B Mopckoii yactu 3TOro cermeHta penabed 1Ha MOHOTOHHO CIIOKOHWHBIN C OTAECIbHBIMHU
HeOonbmuMu 6ankamu BeicoToi 10-20 M. Ero mpuOpexkHyio 4acTh 3aHUMaeT O0IIUpHast
aBaH/EJbTa.

Camprit MmenkoBoaHBIM OHEX)CKUH 3anuB (T1yOouHb! 0T 5 10 20-50 M) pacnonoxeH
B IOKHOHM yactu bemoro mMops, OT HEHTpaJbHOW YacTH KOTOPOTO €ro OTAENsET Ipsjla
ConoBenkux OCTpoBOB. Menko pacujieHeHHBIN penbed adpa3smoHHO-IK3apallMOHHOTO
IIXEPHOTO MEJIKOBO/bS CO3/al0T HEOOIbIINE JIOKaIbHbIe BraguHbl U nogusatus C3-OB
MPOCTUPAHUS aMIUTUTY0M 0T 5 710 20 M, MHOTOYHCIIEHHbIE OCTPOBA, KAMEHUCThIE OAHKHU
U MEJIH.

Cesepnas yacth benoro Mops, koTopasi BKJIIOUaeT Tak Ha3biBaeMyro «BOpoHKy»
1 Me3eHCKHI 3aluB, COEOUHSETCA C €ro I0KHOM YacThl0 y3KMM IIPOJMBOM, Tak
Ha3biBaeMbIM «lopiom». BmecTe oHM 3aHMMaiOT Hanbosiee MEIKOBOAHYIO aKBaTOPHIO
benoro mops ¢ mryounamu 2040 M. Tonbko Ha camom ceBepe «BopoHku» B paiione
cmusiHus ¢ bapenneBeiM Mopem m1younbl pocturator 60—80 M. Taxxke rmTyOMHBI 110
100 M oTMEYarOTCsI IO OCH JIMHEWHOTO Kell00a, KOTOPBIA MPOTATUBACTCS BIOJb BCETO
Konbckoro Oepera. HepoBHbll penbed OHA 37€Ch CO3JAIOT BBHITSHYTHIE JIMHEHHbBIE
MOJIBOJIHBIE AKKYMYJISITUBHBIE TPSAbl U SPO3HOHHBIE KelIo0a CTPYKTYpPHOIO T'eHe3uca
BMECTE€ C OTACJIbHBIMU M30METPUYHBIMU TOJHATUAMH M BHaguHaMU. Paznuunbie
MPUIMBHO-OTIUBHBIE (DOPMBI KOHTPOIUPYIOT CUJIBHO pacuJieHEHHBIH Me30penbed aHa
«l'opna» n «BOpoHKM», KOTOpBIE XapaKTEPHU3YHOTCS AKTUBHBIM THIPOJUHAMHUYECKUM
pesxxumom (JleBuenko, Lllepbakos, 1999; 2000).

MeTtoauka uccjaen0BaHni

Jlnisl 1eTallbHOTO MCCIIEOBAaHUS CTPOSHMsS JHA aKBaTOpHM — ero mopdosoruu u
BHYTPEHHEW CTPYKTYPBI MOJIOJIBIX TIPUOHHBIX OTIOKEHHIA, HCTIOIB3YIOTCS Y3KOTYIEeBBIE
JIByXKaHaJbHbIE aKyCTHYECKHE CHUCTEMBbI, B KOTOPBIX pEalM30BaH MapaMeTpUUYCCKUit
b exTHenmHEIHOM aKy cTHKY. [TapameTpudeckuii axonoT-npoduiorpad padoTaeTB IByX
YaCTOTHBIX JIMaNa30Hax. BEICOKOYACTOTHBIN KaHa (TIEpPBUYHAS YACTOTA) MCIIOIB3YETCs
KaK 3X0JIOT /U1l U3MEPEHHUs IITyOMHBI BOJIbl, HU3KOYACTOTHBIN KaHa (BTOPHUYHAS YacTOTA)
pabotaer kak mpoduiorpad ocaakoB nox JHoM. B peiicax MHctutyTa OkeaHosnoruu
uM. ILII. IlIupmoa PAH B benom Mope uCHOIB30BAINUCH JBE TAaKUE CHCTEMBI
npousBonctBa OPI': «Parasound» (mepBuunas gyacrora 18-23.5 xI['u, Bropuynas 2.5-5.5
k[ 11, BepTukansHOe pazpemenue 0.5—1.0 m) u «SES-2000 standard» (100 kI, 8—10 kI
u 5-15 cM cooTBeTcTBEHHO). briaronapst 607bI1110M YacTOTE MOBTOPSEMOCTH U3TyYEHUIN
(HECKOJIbKO JIecATKOB B ceKyHIy), «SES-2000 standard» xapakTtepusyercsi Takxke H
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BBICOKOW TOPHU30HTAIBHOU (JIaTepaibHOMN) pa3pemaromieil crmocoOHOCThIO, 00ecTIednBast
BBICOKYO IUIOTHOCTh HAOJIOICHHA.

B 1997 . B 11 u 12 peiicax HUC «Axanemux Cepreii BaBuioB» ¢ CymoBbIM
sxonoroM-nipodusiorpapom «Ilapacaynm» OBLIO BBITOJHEHO BBICOKOpa3peLIAIOIIEE
ceficMoaKycTu4ecKoe mpouIupoBaHue AHa BOCToUHOU yacT benoro mops ([IBuHCKO#
3anmB, «[opno» u «Boponkay») (Jleuenko, Illepbakos, 1999; 2000). B 2010 u 2011 rr.
B bermom Mope TpOBOAMIOCHE  BBICOKOpa3pellaroniee  CeHCMOaKyCTHYECKOe
npodunupoanue Ha HUC «Okonor» ¢ saxonoroM-nipodunorpadom «SES-2000 standard»
(I1IeBuenko u ap., 2011a; 20116).

[Tpu ananmusze penveda qHa benoro mMops 3a OCHOBY B3siTa MOJCPHU3UPOBAHHAS
U JIeTQIM30BaHHAs CIELUAIbHO JUIl AapKTHYECKUX MOoped MopgoreHeTndeckas
kinaccudukanus dopm u TunoB penbeda (Nikiforov, 2010). TI'enesuc penbeda nHa
paccMaTpuBaeTcs KakK pe3yJbraT CIOXKHOTO B3aUMOACHUCTBHS PA3IHUHBIX HPUPOIHBIX
(bakTOpoB M maneoreorpauYecKuX H5K30T€HHBIX IPOLECCOB COBMECTHO C YYETOM
CTPYKTYPHO-T€0JIOTHIECKOW IIPUHAICKHOCTH, KOTOPBIE ONPEIEIISIOT IPOUCXOKICHHIE H
MOpP(OJIOTHUECKYIO BBIPAXKEHHOCTh pa3InyHbIX (opM penbeda aHa. B kmaccuduxanum
OXapaKTepU30BaH OCHOBHOM KOMIUIEKC SHJOTE€HHBIX (CTPYKTYPHBIX) M 3K30T€HHBIX
(wmu CKyNBNTYpHBIX) (OpM penbeda C ydyeToM HX chenu(uyecKux ocoOSHHOCTEH
(hopMHpOBaHUS U Pa3BUTHA B OJISIPHON 30HE.

OCHOBHBIMU MOP()OMETPUUYECKUMHU E€AMHUIAMM, KOTOpBIE XapaKTepHbl IS
penbeda nHa benoro Mopst SBIAIOTCS: Makpopenbed (MPOTSHKEHHBIE PABHUHBI, KPYITHBIE
CTPYKTYpHBIE TOIHATHS W JENPECCUH, KaK IMPaBHJIO, CTPYKTYPHO OOYCIIOBJICHHBIE,
TUTIUYHBIN pa3Mep — COTHH KM); Me3openbed (9k30reHHble (OpMBI penbeda, pexe
CTPYKTypHBIE, (OPMHUPOBAHHE U pa3BUTHE KOTOPBIX CBS3aHO C OCOOCHHOCTSIMH
najeoreorpa)uueckiux U COBPEMEHHBIX MPOLECCOB, TUIMUYHbBIN pa3Mep ACCITKH KM) U
MHUKpopenbed (IK30reHHBIN penbed, CBsI3aHHbBIN C TPOSBICHUEM COBPEMEHHBIX MPOIIEC-
COB, BOJIHOBBIC 3HAKH PsiOM, OMOTYpOAIMH | T.1T., THITMYHBIN pa3Mep — METPbI U CAHTUMETPHI).
MopdomeTrpuueckue napameTpsl penbeda aHa npoBoxsates no (Huxkudpopos u ap., 2017).

IMo3aHeueTBepTHYHBIE pPelibed)o0dpasyonIne MPOIecchl

HaubGonbiiee BiusHue Ha (opMHUpOBaHUE COBpEeMEHHOro penbeda nHa benoro
MOpSsI OKa3aJio mocienHee (BIOpMCKOe) oJieIEHEHHE, KOTOPOe OCTaBHIIO CBOM CJIE/bI IIpe-
MMYIIECTBEHHO Ha mienbde 3anaaHoi yactu Poccutickoit Apkruku (Hukudopor u ap.,
2017). bnaromapst BO31€HCTBHIO MOKPOBHBIX JIEIHUKOB Ha MEPBUYHbIE TEKTOHUYECKUE
Y 3pPO3UOHHBIE (POPMBI pebeda, MHOTHE MOP(OCTPYKTYpHI CYIIECTBEHHO U3MEHWINCH,
chopmupoBanuchk GUOPIOBBIE W IIXEpHBIE Oepera, MOABOMHBIE (PUOPAOBBIC JOIHHBI,
OKpauHHBIE ke100a 1 T.11. B HacTosImee BpeMst Ha MPUOPEKHOM MEITKOBOABE (ITOBOIHOM
OeperoBoM CKJIOHE) OCHOBHBIMU penbe(ooOpa3yromuMu  MPOLEcCaMH  SIBISIOTCS
BOJIHOBBIE, @ Ha 0OJiee MOPHUCTBHIX Yy4acTKaX JOMUHHUPYIOT IMPOLECCHl aKKyMYJSLHUU.
Haubonee xapakTepHBIMH €CTECTBEHHBIMU SK30T'€HHBIMHU (CKYJIBITYPHBIMH) (OpMaMu
penbeda gHa benoro Mops SBISIOTCS: JIETHHUKOBO-3K3apallMOHHBIE M JIEJHUKOBO-
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aKKyMYJSITHBHBIC, BOJHOBbIE aOpa3sHMOHHBIE M AaKKyMYJSTHBHBIE, TOPPEHTOTCHHBIC
9PO3UOHHBIE M  AKKyMYJSITUBHBIE (C()OPMHUPOBAHHBIE MOLIHBIMH  TEUCHHSIMH),
¢uroBHasbHBIE, (MIIOBHO-IISALMAIBHBIC M [PAaBUTALIMOHHBIE.

B nmo3aHeueTBepTHUHOE BpeMs CeBEpHas U I0KHas oOmactu benoro Mops, kaxnaas
XapaKTepU30BaAJIaCh CBOUM T'HAPOANHAMUYECKUM PEKUMOM, UICTOUHUKAMU ITOCTYTIIICHUS
0CaJIOYHOI0 MaTrepuajia M IporeccaMu ceaumeHTanuu. IOxHas noayu3oanpoBaHHas
BIIQ/IMHA TIOJTY4YaeT B OCHOBHOM pEYHOE MUTAHHE, B COCTaBE KOTOPOTO IMpeodianaeTt
IJIMHUCTBIM  B3BCIICHHBIM Marepuai. BcenemcrBue cnaboil  THAPOAMHAMHYECKOM
aKTUBHOCTH, OCaJKOOOpa3oBaHUE UAET IO THUIYy MEUIEHHOTO OCAXKICHHsS B3Beceil
B IICHTPAJIbHON YaCTH BIIAJMHBI U BOJHOBOHU MepepabOTKH MaTepHaa 1o ee nepugepun.
[ToaToMy cymiecTBEHHYIO poiib B ()OPMHPOBAHUHM COBPEMEHHOTO penbeda qHa UrparoT
pa3JInYHbIE TEYEHUS W IOABOAHBIM PEYHON CTOK. AKTHBHAs LUPKYJALUSA IPUIOHHOU
BOJbl TPHUBOAMT K OSPO3UM JHA C OOpa3oBaHMEM MPOMOMH U JIOKOUH, pPa3MbIBY
U [IEPEOTIIOKEHHUIO OOHAXKAIOLIMXCS Ha €r0 IOBEPXHOCTH PETUKTOBBIX 0Ca0UHBIX OPOJ
n MosoabIx ocaakoB. [IoBepxHOCTh AHA benoro mMops paccedeHa MHOTOYMCIICHHBIMH
JO)XKOMHAMU Pa3HOTO reHe3nca (J0KOMHBI JIeTHUKOBOTO BBITAXUBAHMS, SK3apallMOHHbIE
60p0o371bl, pycia peuHbIX 0JUH U BPEMEHHBIX BOJOTOKOB) (pUc. 1), MHOTHE U3 KOTOPBIX
HacJeqyloT CHCTEMY TEKTOHMUYECKHX pa3pblBHBIX HapyiieHuid (Bapeituyk u np.,
2012). ®mroBuanbHble (popMbl penbeda AHA CBA3aHBI C MOABOAHBIMU MPOAOJIKEHUSIMHU
pycen BIAaJaloUIMX B HETO PEK, HalpuMmep pedHbiM pycioM CeBepHOH [IBUHBI Ha JHE

Puc. 1. Dposuonnsie popmel penbeda, BrajuHbl Ha JHE J|BUHCKOTO 3amuBa. OparMeHThI
ceficmoakyctuueckux npoduieit «SES-2000 standardy. [TosioskeHre 3TUX U PUBEIACHHBIX
nanee GparMeHTOB TIOKA3aHO Ha puc. 6.
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JIBunckoro 3anuBa (puc. 2). Ha gae benoro Mopst mmpoko pacnpocTpaHeHbI JIETHUKOBO-
9K3apallMOHHBIE U JIETHUKOBO-aKKyMYJIATUBHBIE (hOpMBI penbeda, chOpMUPOBAHHBIE BO
BpEMS OJICICHEHUH, BKITIOYAsk TPSIIBI M XOJIMBI OOKOBBIX M KOHEYHBIX MOpEH (puc. 3).
CeBepHass oOTKpbITas oOmacte bemoro Mops Xapakrepusyercs aKTHBHBIM
THAPOAMHAMHYECKHM PEKUMOM, YTO MPHUBOJUT K MHTEHCHBHOW a0pa3uu OeperoB u
JTHa, a TaKKe K rnepepaboTKe U COPTUPOBKE 0OJIOMOYHOIO MaTepuaia ¢ 00pa3oBaHUEM

Puc. 2. ®moBuanbHbie GOpMEL penbeda B TOABOHOM mnaneopycie CeBepHoli J[BUHBI.
®parment npodmist «SES-2000 standardy.

Puc. 3. JlenHuKOBO-3K3apaliiOHHbIE U JICIHUKOBO-aKKYMYJIITUBHbBIE (DOPMBI peibeda, rpsabl U
XOJIMBI OOKOBBIX M KOHEUHBIX MOpeH. @parmentsl npoduist «SES-2000 standard».
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OOLIMPHBIX MOJIEH OTHOPOIHBIX IIECUAHBIX OCA/IKOB. 3/1€Ch HAa MOPCKOE JTHO BO3/1EUCTBYIOT
pasinyHble TEYEeHUs, B TMEPBYIO Ouepedb, NPUIMBHO-OTIMBHBIE, (HopMUpYOIIHE
XapaKTepHbIE aKKyMYJISTUBHbBIE 0CaI04YHbIe 00pa30BaHus U MOP(POCTPYKTYPbI MOPCKOTO
nHa. HanOonee akTMBHBIMM THAPOAMHAMUYECKUMHU pailoHaMu benoro mMopst sBisitoTCst
«l'opno» u «BopoHKa», TA€ CKOPOCTh HPWIMBHO-OTIMBHBIX TEUEHUH MPEBBIIIAET
2,5 m/c (HeBecckuii u p., 1977 u ap.). OHu GopMUpPYIOT TaM XapaKTepHbIe MPUIUBHO-OT-
JIMBHBIE WM «TOPPEHTOTCHHBIE» aKKyMYJSITUBHBIE U SpO3HOHHBIE (POpMBI penbeda THa
(puc. 4 u 5). B «I'opne» u «Boponke» bernoro Mmopsi BbISBIEHO 6 TUIIOB aKKYMYJISTUBHBIX
(acuMMeTpUYHbIE M CUMMETPUYHBIE T€CUaHBbIE BOJIHBI, IE€CYaHbIE TPAIbl, MECUAHbIE
MacCCUBBI, TIECUaHbIe PUQENN, «ITaJIKHe TMECKU») U 2 THUIa 3po3uoHHBIX (V-00pa3Hbie
BpE3bl, TPSAIOBBIE BBIXOJBI PETUKTOBBIX OCAJOYHBIX TOpoA) ¢opMm Mezopenbeda
(JIepuenko, lllepOakos, 1999; 2000).

Puc. 4. IlpunuBHO-OTIMBHBIE WM «TOPPEHTOTCHHBIC» aKKYMYJSITHBHBIC ()OPMBI peibeda
nua B «['opne» benoro Mopsi: ciMMETpUUHBIE TT€CUaHbIE BOJIHBI, IIECYAHAs! TPSAbI, IPsIOBBIN
necyaHblii MaccuB, necyansie pudenu. @parmentsl npoduist «SES-2000 standardy.

Puc. 5. Ilecuansle Tpsapl B «BopoHke» benoro Mopsi: mecyanble rps/ibl, 00pa3yIomire MecYaHbli
MaccuB, U «ragkue neckuny. ®parments! npoduist «Pfrasoundy.
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Puc. 6. ®parment xaptsl benoro mopst (Hukudopos u np., 2012) ¢ pacnonoxeHuem pa3pesos,
JIEMOHCTpUpYOIUX GopMbl penbeda, mpeicTaBiIeHHbIC Ha puc. 1—4.

ITecyanbie BOJHBI BBICOTOM /10 5—6 M U mUpPUHON B ocHOBaHUU 10 400 M, Kak
MPaBUIIO, BCTPEUAIOTCSI HE 000C00IeHHO, a00pa3ytoT cepru 10 30 0TAeIbHBIX 00pa30BaHUIA
(puc. 4). bonee xkpynHble necyanbie Tpsiabl BbicoTol 6onee 10 M (Mectamu 0 20 M) 1
mupuHON B ocHOBaHUU oT 600—700 M mo 1,5 kM vamie GopMUpPYIOTCS Kak OTUHOYHBIS
aKKyMYJISTHBHBIE (pOopMBI perbeda nHa (puc. 5). MectaMu HECKOJIBKO TaKUX CIIMBIIIHXCS
B OCHOBaHUU TPsii 00pa3yroT Oojiee KPYIMHBIE MOJIOKUTETbHBIE AKKyMYJIITUBHBIE (DOPMBI
BbICOTOM /10 30 M M IMPUHON B OCHOBAaHUHU 710 10 KM — MecyaHbIe MACCUBBI. 3/1€Ch TAKKe
Pa3BUTHI TPOTSHKEHHBIC 10 5 KM OOIIMPHBIE TMOJS crenupuieckunx GopMm penbeda —
necuansix pudeneit Boicotoit 1-1,5 M u mmpunoit 50-60 M.

3akjaoueHmne

Pesynprarel  BbIlOHEHHOW B benom Mope MHCTUTYTOM — OKEaHOJIOTHH
BBICOKOPA3pEIIAIOIIEN CEMCMOAKyCTUUECKOM CBHEMKH C Y3KOJIYYEBBIMH 3XOJOTAMU-
npodwmiorpadpamu «Parasound» u «SES-2000 standard» xopormio coracyrorcs c
NPEICTaBICHUAMHU O penbede ero JHa Kak B yacTH (OPMUPOBAHUS U PACIIPOCTPAHEHUS
COBPEMEHHBIX, TaK M PEIUKTOBBIX MOP(POCTPYKTYp, BKIIIOUAs TO3IHEYETBEPTHUUHBIC
JIeIHUKOBBIE U HOBEHIINE ToppeHToreHHble (popmbl penbeda (Hampumep, Bapeituyk u
ap., 2012), cymmecTBEHHO TOMOHSS U YTOUHSS UX.

Cratbs HanMcaHa B paMkax rocyaapcteHHoro 3aganust Ne 0149-2018-0005.
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FORMATION OF BOTTOM TOPOGRAPHY OF THE WHITE SEA IN
THE LATE QUATERNARY
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Bottom relief of the ancient epicontinental White Sea generated mostly by tectonics was
significantly transformed during the Late Quaternary by exogenous processes primarily
of glacial genesis. Recent neotectonic movements also significantly affected him as well.
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Glacial-exaration and glacial-accumulative landforms formed during glaciations such as
ridges and hills of the lateral and final moraines are widespread over the White Sea bottom.
Its surface is dissected by numerous scours and furrows of different genesis, which inherit
often the existing tectonic faults. In the Northern White Sea, the tidal currents play significant
role in formation of modern bottom topography generating sand waves and ridges and other
tidal or «torrentogenic» accumulative and erosion landforms in the «Gorlo» and «Voronkay.
The fluvial forms of the bottom relief are associated with underwater extensions of channels
of the Northern Dvina and other rivers. The fluvial landforms are associated with continuing
submarine riverbed of the Severnaja Dvina and others.High-resolution survey carried out by
Shirshov Institute of Oceanology in the White Sea with acoustical narrow-beam parametric
sonar-subbottom profilers «Parasound» and «SES-2000 standardy» supplemented and clarified
significantly the ideas about formation its relief during the Late Quaternary.

Keywords: White Sea, bottom, topography, landforms, glaciations, accumulative,
erosional, seismoacoustical profile, tidal, sandy waves
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I9PO3NOHHO-AKKYMWIATUBHBIE TPOLECCHI B CEBEPHOM
CEKTOPE KOHTYPUTOBOM CUCTEMbI KOHTUHEHTAJBHOI'O
CKJIOHA ITATAI'OHUM

HN.0. Mypamaa, A.I. Pocasixos, /I.I. Bopucos
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[{ukor U3 ABYX cTaTei MOCBSIIEH U3YYEHHIO IIPOIIECCOB APO3HH JHA U AKKyMYJISALIUH OCAIKOB
B CEBEPHOM CEKTOPE paHee BbIICIICHHOW KOHTYPUTOBOM CHCTEMBI KOHTHHEHTAJILHOTO CKIIOHA
[Mararonun, Ha 46—42°10.111., Ha TiTyOmHax ot 2100 mo 5200 m. B mepBoii cTtarbe HaHHOTO
LUKJIA TPHUBEICHA TEHETHYECKas WHTEPHPETALMs] OPUTHHAIBHBIX CEHCMOaKyCTHYECKUX
npoduiell BHICOKOTO Pa3peIeHHs, TTOJyYEeHHBIX C MOMOIIBIO TapaMeTPHYECKOTO X0JI0Ta-
npodurnorpada «SES 2000 deep» npu NpOHMKHOBEHHH aKyCTHYECKOTO CHTHAJA B TOJIILY
OCAJIKOB C IMPEANOIOKUTEIBHBIM BO3PACTOM JIO MTO3JHET0 MUOLEHA, Ha MIyOuHYy 10 60 M
HIDKE TTOBEPXHOCTH JHA. BhInenensl ceificModanyun KOHTYPUTOB M T'PAaBUTUTOB, & TAKXKeE
9PO3HOHHBIE CTPYKTYPBI, BBIPHITHIC MO ACHCTBUEM BJIOJIBCKIOHOBBIX KOHTYPHBIX TCUCHUH
1 TPaBUTALMOHHBIX ITOTOKOB, CTEKAIONIMX BHU3 IO CKJIOHY MO TOJBOAHBIM KaHbOHAM IOJ
JeWCTBHEM CHIIBI TSDKECTH. [loka3aHo, 4TO TPaBUTHUTHI, OTJIOKECHHBIE I'PaBHTAIlMOHHBIMH
MTOTOKaMH, CIIy’KaT MCTOYHMKOM OCa/JI0YHOTO MaTepualia Ul HaKOIUICHHS KOHTYPHUTOBBIX
apudroB. Ilpeobmamanme 5po3uM  HaX aKKyMyJSIIMEH HAa HM3YYCHHOM  Yy4acTKe
KOHTHHEHTAJIHOTO CKJIOHA 0OBACHSETCS Ae(PUIIMTOM MOCTYIAIOLIETo C CYIIN TEPPUTEHHOTO
Marepuasa 1 OOJIbIION HHTEHCHBHOCTBIO IMHAMUKH NPHOHHBIX BOJ, BKJIIOYAsi KOHTYpHbIC
TEYECHNUs], BHYTPEHHHE BOJIHBI, OCHTHUECKHE IITOPMBI, & TAK)KE TPABUTALMOHHBIE TIOTOKH 110
KaHbOHAM.

KuaroueBsble cioBa: celicMonpodmirpoBanue, ceiicModarmu, JiatepaabHas ceIu-
MEHTAIM, IPUIOHHBIC TEUCHHS, KOHTYPUTOBAs Teppaca, IpuQT, KOHTHHEHTAILHOE MO/~
HOXKHME, KAHbOHBI, APr€HTUHCKAas KOTJIOBMHA, ATJIAaHTUYECKUI OKEaH

BBenenune

B pesynbrate MHTEHCHBHBIX I€0J0r0-re0(pU3NYeCKUX MCCIEIOBAHUHN MOCIeTHUX
NECATUIIETUN KJIacCHUYecKasi CXeMa MacCHBHBIX KOHTHHEHTAJbHBIX OKpPaWH, BKIHOUYAIO-
mast menb@, KpyToil KOHTHHEHTAIBHBIA CKIIOH, IMOJIOTO€ OCaJOYHOE TEJI0 KOHTHHEH-
TAJBHOTO MOTHOXMUSA (continental rise) ¥ MPUKOHTHHEHTAJIbHbIE a0KUCCaTbHbIE pAaBHUHBI,
npeTepriena cymniectBeHnble n3mMeHeHus: (Hernandez-Molina et al., 2008; Rebesco et al.,
2014; Herndndez-Molina et al., 2016). Boissicamiioch, 4to MOp(hOJIOTHS BCEX AIIEMEHTOB
9TOM CXEMBbI CYIIECTBEHHO OCJIOKHEHA KaK 3PO3MOHHBIMU (IIOABOJIHBIE KaHBOHBI, IIPO-
TSKCHHbBIC KOHTYPUTOBBIE KaHAJbl, KOPOTKUE PBBI, TEPPACHI), TAK U aKKyMYJIATUBHBIMU
(OT moelt 0caJOYHBIX BOJH JI0 TUTAHTCKUX OCA/I0YHBIX BaJIOB U XpeOTOB) hopmamu pe-
abeda. [IpenmyiiecTBEHHO OcajouHas NMPUPOJA PACUWICHEHHOTO pelibeda MacCUBHBIX
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KOHTHHEHTAJIBHBIX OKPaWH TENeph YK€ XOpOIIo 000CHOBaHA OOIIMPHBIM (haKTHUIECKIM
MaTepHajIoM U TEOPETHYECKUMHU TOCTPOCHUSMHU KOHTYPUTOBOM Mapagurmsl. Poib TekTo-
HUKH CBOJUTCS, B OCHOBHOM, K CO3/1aHHIO ()yHJaMEHTa, Ha KOTOPOM pa3BOPAYUBAIOTCS
rpaBUTAIMOHHBIC (TIONIEPEK CKIIOHA, MO ICHCTBUEM CHIIBI TPABUTALIMH ) M KOHTYPHUTOBBIE
(BmoNb CKIJIOHA, TOA JEUCTBHUEM MPHUAOHHBIX TEUEHUI) MPOIECCHl IPO3HUH, TPAHCTIOPTA
Y OTJIOKEHHSI OCAIKOB. POJIb ceiCMIUECKHUX TOYKOB, PEAKMX HA TTACCHBHBIX OKpaWHaXx,
3[1€Ch HE PacCMaTpPHUBAETCSI.

KontunenrtanbHas okpanHa ApPreHTUHBI, MeKIy ManbBUHCKUM (DONKICHICKUM)
mato Ha ore (49°10.11.) 1 42°10.111. Ha ceBepe, OblIa IETAIBHO UCCIIeI0OBaHa Teodu3nye-
CKHMH METOJIaMU, HaunHas ¢ 70-X IT. IpOLIIOro BEKa, Kak IPKUI IPUMEP OIHOM U3 KpyI-
Helmux B MUpOBOM OKeaHe 3pO3HOHHO-aKKYMYIISITUBHBIX KOHTYPUTOBBIX CUCTEM, MPH-
YPOUEHHBIX K [TACCUBHBIM KOHTHHEHTaIbHbIM OKkpanHaMm (Hernandez-Molina et al., 2009,
2010; Mudoz et al., 2012, 2013; Preu et al., 2013). Ha ee npumepe ObuI0 TOKa3aHO, KaK
noclie OTKPBITUS mponuBa J[peiika M ycTaHOBIEHUS TTyOOKOBOIHOM HUPKYMMOISPHOM
AQHTAPKTHYECKOW CHCTEMBI TEUCHHUI B CPEHEM MHOIICHE, pa3BUBAIACh CYIIECTBYIOMIAS B
HACTOsIILIee BpeMs KOHTYPHUTOBas cUcTeMa. [ TaBHBIM ee TUHAMUYECKUM (hakTopoM ObLITH
U OCTalOTCS JBMKYIIMECS Ha CeBEep MPUIOHHBIE MOTOKU PAa3HBIX BOJA aHTAPKTHUECKOTO
MIPOUCXOXKICHHUS, IPUKAThIE K CKIIOHY criioi Kopruonuca. YacTHbIe KOHTYPUTOBEIE TTOI-
CHCTEMBI COYETAIOTCSI C I'PAaBUTHUTOBBIMH CHUCTEMaMH, TJIABHBIM 00pa3oM, CIyXKallUuMH
UCTOYHUKAMH TEPPUTEHHOIO MaTepuaia Jjisi KOHTypUTOB. Pexxe BcTpeuaroTcs HEOOIb-
IIA€ CAaMOCTOSITENIbHBIE TeJla TPAaBUTHTOB.

[To GatumeTpruecKUM JaHHBIM U pe3yjbTaTaM MHOTIOKaHAJbHOM CeHCMHYeCKOn
ChEMKH KOHTYPUTOBAsI CHCTEMa KOHTHHEHTAJILHOTO CKJIOHA ApPTeHTHHBI JICITUTCS TPH-
MepHO 1o 46° 1o.1m1. Ha 1Ba cextopa (Herndndez-Molina et al., 2010). FOxHbIit cekTop,
KOTOPBIH B JAHHOH CTaThe HE paCCMAaTPUBACTCS, MOXKHO YCIIOBHO Ha3BaTh «TEPPACOBBIMY,
MIOCKOJIBKY TaM HarOoJiee BRIPa3uTeIbHBIMU KOHTYPUTOBBIMU MOP(OCTPYKTYpaMH SIBJISI-
FOTCS SITh KOHTYPUTOPBBIX Teppac (cM. puc. 1). CeBepHbIi «KaHbOHHBII» CEKTOP, KOTO-
pOMY TOCBsIIIIEHa HACTOSIIAsT paboTa, PAacIoI0KeH, B OCHOBHOM, MEKIY TapaiessiMu
46 n 42° 1o0.m. OH XapaKTepU3yeTcs HAJIMUYMEM HECKOJIbKUX KPYIHBIX CIIOKHO pa3BeET-
BJICHHBIX MOABOAHBIX KAHFOHOB M MHOXKECTBA MEJIKUX KAHbOHOB, a TAK)KE BHIKIIMHUBAHU-
€M Teppac IKHOTO CEKTOpPa, Pa3BUTHEM KOHTYPHUTOBBIX APU(PTOB M KaHANOB. Ha3zBaHus
KpynHbIX ¢opM penbeda o0oux cekTopoB npuseaeHsl Ha puc. 1 (mo Herndndez-Molina
et al., 2010).

B nepBoii crathe HacTOALIEro LMKIA JaHa TeHeTHYecKas MHTeprnpeTaunus Qpar-
MEHTOB CEMCMOaKyCTUYECKUX MpOGuUIei BHICOKOTO pa3pelleHus, AeMOHCTPHUPYIOIIUX
pa3HbIe TIPOSBICHUS YPO3UOHHO-AaKKYMYJIITUBHOHN J€ATEIBHOCTH BAOJIBCKIOHOBBIX KOH-
TYPHBIX T€YEHHUH U CITyCKAIOMIMXCS M0 KaHbOHAM IPaBUTAIIMOHHBIX TOTOKOB. Bo BTOpOit
CTaThe IaHHOTO IMKJIA PACCMOTPEHBI BOTIPOCHI JINTOJIOTUU M OHOCTpaTUrpaduu BepxHe-
ro (4eTBEpTUYHOI0) CJI0Sl JOHHBIX OTI0KEHUH, BCKPBITBIX YETBIPHMsI KOJIOHKaMHU B 37-M
petice HUC «Axanemuk Nodde». [lenarorcs BEIBOIBI 0 TIpolieccax JarepaabHON ceau-
MEHTAILUU B CEBEPHOM CEKTOpPE KOHTYPUTOBOM CUCTEMBI.

B33-m(2010r.),37-M (2012 1) 1 53-Mm (2017 1) peticax HUC «Akanemux Modde»
C TIOMOIIBIO BBICOKOPA3PEIIAIOIIEro MapaMeTpHIECKOro 3X0JI0Ta-cercmornpodunorpada
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Puc. 1. Dpo3noHHO-aKKyMYJISTHBHAS KOHTYPUTOBAs CHCTEMa KOHTHHEHTAIHHOTO CKIIOHA
[Tararonuu. (A) @parMeHT yInpomeHHOH reoMop(hoI0rHIecKOi CXeMbl KOHTUHEHTAIBHON
OKpaWHbI Ha FOro-3armaje ApreHTHHCKol KoTiaoBuHbI (1o Hernandez-Molina et al., 2010 ¢
m3meHenusiMu). (b) batumerpudeckuii mpodnins mo mapupyty 37-ro peiica HUC «Axanemuk
Hodde» (1o naHHBIM BbICOKOUacTOTHOTO KaHana npoduiorpada «SES 2000 deep»), ¢
pacrpeieseHueM HeHTpaIbHOM IIIOTHOCTH BOJI 110 pa3pe3y Boanoit tommum (World Ocean
Atlas, 2009). KBagparamu Ha 6aTnMeTprUIecKoM ITpodriie ToKa3aHo MOJI0KEeHHE PparMeHTOB
ceficmonpoduieii, mpeacTaBaeHHbIX Ha puc. 2—11. [TonoxkeHne paiioHa HccaeI0BaHUs
MOKa3aHO Ha BPEe3Ke CIIPaBa BBEPXY.

«SES-2000 deep» ObLIM TIOTYyYEHBI CEHCMOAKYCTUUYECKHE TTPO(HIIN BBICOKOTO pa3periie-
HUA, OPpUCHTHPOBAHHBIC HpI/I6JII/I3I/ITCJIBHO B0JIb KOHTHUHCHTAJILHOI'O CKJIOHA CECBCPHOIO
ceKkTopa KOHTypuToBO# cuctemsl [lataronuu (cm. puc. 1). [Ipodunm npoxoast B auamna-
3oHax mryoun 2100-5200 M. B manHO# paboTe paccMOTPEHBI XapaKTEPHBIE MPUMEPHI
ceficMuyeckux (anuii SpO3HOHHBIX M AKKYMYJISATUBHBIX (POPM JIaT€pabHON CeIUMEH-
Talliu, BHYTPEHHSS aKyCTHUYECKasi CTPYKTypa KOTOPBIX HE PacKpbITa MPU paHee MpoBe-
nennoMm (Hernandez-Molina et al., 2009, 2010) mHOTOKaHATBFHOM CceiicMOTpOdUIUPOBa-
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HUHM MEHBIIEr0 BEPTUKAIBHOTO pa3peuieHus. JTO TMO3BOJMIO PACKPBITH HOBBIC JETAJH
MexaHu3Ma (POPMUPOBAHUS OTHOCUTEIBHO MOJIOJBIX, PEANOI0KUTEIEHO HEOTEHOBBIX
U 4EeTBEPTHYHBIX, celicMo(ariii BTOPOTO MOPSAAKA OCIOKHSIIONINX CTPYKTYPY KPYITHBIX
¢bopm, n300paskeHHBIX Ha KapTe puc. 1A, monudunmrposantoii u3 (Herndndez-Molina et
al., 2009, 2010).

COBpeMeHHaﬂ TAAPOJOTrHIECKasd 00CcTaHOBKA

[ToBepxHOCTHBIE, TPOMEKYTOUHbIE U TIIyOUHHBIE BOJbI B pailOHE HCCIIEJOBAHUS
UMEIOT aHTAPKTUYECKOE MPOUCXOKICHUE U JBIKYTCS B TCHEPATHLHOM HAIPABJICHUU HA
ceBep BOMM3M KOHTHMHEHTAJIBHOTO CKIIOHA. [loBepXHOCTHAS MUPKYIALNUS KOHTPOJIUPYET-
cst ManpBuHCKHM / DOTKICHACKUM T€UEHUEM, KOTOpoe B paitone 3anuBa Jla-Ilnara cran-
KHBAETCS C TEIUTBIM bpasuibckuMm TeueHueM. B 30He ux crnusHust GopMupyercs: 00Ib-
110€ KOJMYECTBO MOIIHBIX BUXPEH, SJHEPTUs KOTOPHIX MOXKET MepeIaBaThCsl Yepe3 BCIO
BOJIHYIO TOJIILY, YTO MPUBOIUT K OEHTHYECKUM ITopMam (Harmp., Piola, Matano, 2001).
PesynbraroMm OEHTHUYECKUX IITOPMOB MOXKET OBITH ITyOOKast 9po3usi TOHHBIX OTIIOXeE-
HUH, B3MyuuBaHue U nepeorioxkeHue ocankoB (Thran et al., 2018). ITonoxenue 30HbI
caussHus bpasmibckoro 1 MallbBUHCKOTO T€UEHUN MEHsieTca B mpeaenax 35—45°w.u.
[TpoMexyTouHbIC U TTyOMHHBIC BOABI MIPEICTABICHBI COOTBETCTBEHHO AHTAPKTHYECKOM
npoMexxyTouHoi Bogon (AAIIB), Bepxueii (BIIIIB) u Huxuelt [{upkymnonspHoi BO-
ot (HUTIB) u I'myGunnoit Bomoit mopst Yamnenna (YI'B) (Reid, 1989; Reid, 1996).
YCiioBHBIE TPAHUIIBI MEX]Ty BOJIAMU COOTBETCTBYIOT M30JIMHUSM HEHTPATBbHOU TIOTHO-
ctu 0 = 27.6, 27.9, 28.11, 28.26 xr/mM3 (Morozov et al., 2010) u mpociie’)KUBarOTCsT Ha
mryounax ~800, 1500, 2500 u 4000 m cootBercTBeHHO (pHc. 1B, cormacHo World Ocean
Atlas, 2009 (Locarini et al., 2009; Antonov et al., 2009). Teuenne AAIIB aBu»)eTCs BIOJIb
CKJIOHA MpuMepHO 110 40°10.111., a 3aTeM MOBOpPAYMBACT HA BOCTOK, (popMupyst O0nbIIon
AHTULMKIIOHUYECKUM KpyroBopoT. [{lupkymnoisapueie Boasl 1 YI'B pacnpoctpassaroTcs
Ha CEBEP B CIOXKHON CUCTEME KPyTOBOPOTOB.

Metonnka ceiicMOaKycTH4eCKOIo Npo(uinpoBaHus

CelicMoakycTHYeCKOe TIPOPUINPOBAHHE, PE3YIBTaThl KOTOPOTO HCIOIH30BAHBI B
JaHHOM paboTe, BRINOIHAJIOCH MOMYTHO B MEPEroHHbIX peiicax 33, 37, 53 HUC «Axkane-
muk Modde» uz EBpomnsl mnu Kananaer B Yiryaiist (AprentuHa) 1 00paTHO ¢ MUHUMAIb-
HBIM OTKJIOHEHHEM OT PeKOMeH0BaHHOTO MapiipyTa (Mypamaa u ap., 2012; Jlepuenko,
Mypamaa, 2013). BeiOpannbie i u3ydeHus: GpparMeHTsl npoduiaeil OpHeHTUPOBAHbI
IPUMEPHO BAOJIb CKJIOHA, a HEOOJbIINE TOMEpPEYHble OTPE3KH CHATHI, B OCHOBHOM, C
[ENBbI0 BEIOOpA TOYEK CTaHIMA Ui 0TOOpa KOJMOHOK. [IpoduimmpoBaHne BBITOIHSIIOCH
C HMCIIOJIb30BAHUEM Y3KOJIYYEBOIO MapaMeTpuyecKoro npoduiorpada BHICOKOTO paspe-
menust «SES-2000 deep» mpousBoactea «Innomar Technologie GmbH» (I'epmanus).
OCHOBHBIE TEXHUYECKHE XapaKTePUCTUKH Npoduiorpada IpuBeIeHBI B IPEAIIECTBYO-
mMX myonukanusax (Hamp., Mypamaa u ap., 2012; Jleuenko, Mypamaa, 2013). [lyOuna
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UCCJIEZIOBAHUS (HIDKE JHA) COCTABIISET, IO JOKYMEHTaluu npudopa, 10 200 M, HO MeHs-
€TCsI B 3aBUCUMOCTHU OT (PM3MUECKUX CBOIMCTB 0caikoB. DaKTUYECKH B Mpejeiax paiioHa
paboT MPOHUKHOBEHUE B TOJIILY OCAIKOB COCTABIISIIO OT HYJIA (3kecTKoe AHO) 10 S0-60 M
(HEKOHCONMMAMPOBAHHBIE TOHKO3EPHUCTHIE Wb ). BepTukanbHoe paspemienue — 10 15 cM,
YTO MOATBEPXkAeHO Halel npakTukoil (Murdmaa et al., 2012). CkopocTs 3ByKa B Bojie U
B HEKOHCOJIUJIMPOBAHHBIX OCaKax mpuHsTa paBHou 1500 m/c.

[Ipu comoctaBneHnn (HparMeHTOB CEHCMOAKYCTHYECKUX MpoQuiIell Ha pHUCYH-
kax 2—11, ciegyer oOpaTuTh BHUMaHHE Ha pa3iMyle MaciiTaboB, MOJOOPAaHHBIX C Iie-
710 OOJIBIIEH HAMIATHOCTH H300paskeHus: reomMopdonornyeckux oobekToB. [lockonb-
Ky OTHOILIIEHHE BEPTUKAIBHOTO MaciiTaba K TOPU30HTAIBHOMY BE3/I€ PE3KO YBEINYECHO
(1o 50 pa3), yKIOHBI JHA HA PUCYHKaX UCKaK€HbI COOTBETCTBEHHO.

CeiicMoakycTnueckue panuu

[TockonbKy cTporasi reHeTH4ecKass MHTepIIpeTalusl CeHCMOaKyCTHYEeCKUX Npodu-
JIel BBICOKOTO pa3pemieHusl (10 MEePBBIX JIECATKOB CAaHTUMETPOB) IITyOOKOBOJIHBIX OT-
JIOKEHUI TIOKa He pa3zpaboTaHa, Mbl pEeLINIIN NMpU XapakrepucTtuke 3anuceid «SES 2000
deep», MoyueHHBIX HA KOHTUHEHTAJIBLHOM CKJIOHE [laTaroHnu, moib30BaTbesi TEPMHUHOM
celficmoakyctuueckue Qamuu (cokparieHno ceiicmodanun). [lon ceiicmodanueii moxu-
MaeTcs 000011eHHbIH 00pa3 HabM0AaeMoi 3an1cu, OTIIMYHBIN OT coceIHeH 1o MPoduITo
win B paspese. [lonsarue «celicModanus» yBs3bIBaeT MEXIY CO00 0COOEHHOCTH BOJIHO-
BOW KapTUHBI HA CEHCMUUYECKUX Pa3pe3ax ¢ JIUTOJIOIMUECKUMH U GU3NYECKMHU apame-
TpaMy U3y4aeMbIX OCAJOYHBIX TONII. Pa3zHbie THMBI ceficModanmii (T.e. aKyCTHIECKHX
00pa30oB JOHHBIX OTJIOKEHUH) OTIMYAIOTCS KOH(PHUTypareid OTpakaloliX T'PaHHII, WX
YaCTOTHBIMU U aMIUIUTYIHBIMU XapaKTePUCTUKAaMHU. ECTECTBEHHO MPEAINONOKHTh, YTO
narepajibHas celicModanuanbHas U3MEHYUBOCTh OTPAXKaeT M3MEHEHHUS! KaKoro-HUOYIb
napameTpa Wi COBOKYITHOCTH MapaMeTpOB OOCTAHOBKU OCAIKOHAKOIUICHUSI.

BeprukanbHas cMeHa ceiicModanuii B pa3pe3e BblpakaeT U3MEHEHUS peKUMa ce-
auMeHTanuy. [Ipy 3ToM Haflo UMETh B BUY, YTO OTpaXkarolllue IpaHULIbI B pa3pese (31ech
Y HIDKE Ha3BaHHBIE pe(IEKTOPaMH ) HE BCET/]a COOTBETCTBYIOT IPaHUIIAM Pa3HBIX JIUTOJIO-
THYECKUX THIIOB OCAJIKOB WM CTpaturpapuueckuM pyoexam (Harmpumep, nepepbiBam).
Pecdnexkropsl MOryT OBITH OOYCIIOBICHBI MajlOo3aMETHBIMU U3MEHEHUSMHU (PU3UUECKUX
CBOWCTB OCaJIKOB, CBSI3aHHbIE C AMAr€HE30M WU Jjake MHTephepeHIel aKyCTUUECKUX
CUTHAJIOB, OTPA’KEHHBIX TOHKOCJIOMCTHIMU (JJAMUHUPOBAaHHBIMM) TeKcTypamu. [loatomy
TEPMUH «aKyCTUYECKH cTparhuduuupoBaHHas» Toima (ceiicModanus) He 00s3aTeNbHO
OTPaKaeT peabHyI0 CIOMCTOCTb, XOTS YaCTO COBIAIAET C HEHl B 0000IIIEHHOM BUJIE.

JlBa mepBbix (hparmenta npoduist AM-37 xapakTepusyloT, COINIACHO Halleld MHTep-
MIpeTaIyy, ro-3anaHblii CKIOH (puc. 2), rpedeHb U CeBEpPO-BOCTOUHBIN CKIOH (pHC. 3)
TI0JIOTOro BajIo0OPa3HOTO KOHTYPUTOBOIO ApHdTa. OH pacrookeH MEeX Ty AByMS BETBIMHU

TJIaBHOTI'O BAOJIBCKIIOHOBOI'O KOHTYPHUTOBOI'O KaHaJIa 1 BO3BBIIIACTCA HAl IOBCPXHOCTBIO TCP-
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Puc. 2 ®parment celicMoakycTruaeckoro mpoduist AV-37, moka3sIBAIOINI FOT0-3aaTHBIN
CKJIOH KOHTYPHUTOBOTO ApU(Ta Ha Teppace Deitnbepra ¢ 3a4aTOUHBIMK 0CaTOYHBIMU
BOJIHAMH, B KOTOPBIX COUCTAIOTCA aKyCTUUYCCKU ITPO3pavHbIC I'PABUTUTOBLIC U IMAPAJIICIIBHO
cTparuuIIpoBaHHBIC KOHTYPUTOBBIE ceficModaruu. [lonoxenue GpparmenTa cMm. Ha puc. 1.

Puc. 3. ®parment ceficMoakycTraeckoro npoduis AW-37, moka3sIBaromuii rpebeHb U CeBepo-
BOCTOYHBIH CKIIOH TOTO k€ JApU(Ta, KOTOPHI Ha puc. 2. UepHO! MITPUXOBOH JIMHUEH BHIJIEICHA
9PO3MOHHAs MOBEPXHOCTh, HA KOTOPOM 3aJIETAET TEJO OMOJI3HEBBIX OTIIOKeHHH. KpacHbIMuI
IITPUXOBBIMH JINHUSIMH TTOKA3aHBI MIpe/nojaraeMbie pa3peIBHbIE HapyieHus. [lonoxenne
¢dparmenTa cm. Ha puc. 1.

pacsl Oetinbdepra (cM. puc. 1) Ha OTHOCUTENBHYIO BBICOTY 0KOJI0 60 M. CyOMepuaAHOHAIEHO
BBITSHYTBIN JpUQT niepecedeH npoduiieM, BEpOsITHO, THArOHAILHO, 1107 HEOOJIBIITUM YIJIOM
K €ro IPOCTUPAHUIO, YTO CO3/AET JIOXKHOE BIICUATIIEHUE O IIOJIOTOCTH €0 CKIIOHOB.

Bo BHyTpeHHEeM cTpoeHuu Apu(Ta YeTKO BBIACTSETCS BEPXHIS aKyCTUYECKHU CTpa-
TU(HUIMpOBaHHAs MTauka MOITHOCTRIO 20—-30 M, 3aieraromas CorJIacHO ¢ pesibe)OM JTHA U
coJieprKaIias IeCATOK PeIeKTOPOB, BBIEPIKAHHBIX BIOJb MPOQUIIS B TpeOHEBOM YacTH
npudra. PaccTosiHus mexay pedraekTopaMu MUHUMAIbHBI Ha rpeOHe (0KOJIo 2 M) U yBe-
JUYUBAIOTCS K TIOAHOXKUIO (710 3 M wim Oosiee).
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[ToBepXHOCTh FOTO-3aMIaIHOTO CKJIOHA IpuU(Ta OCIOKHEHA IBYMS HEOONBIIMMU
(3ayaroyHbIMH?) Ocal0YHBIMU BoTHaMu (puc. 2). Mx Beicota MeHee 10 M, a paccTosiHUE
Mexay BepmmHamu coctaiser 3400 m. dopma U BHyTpEHHEE CTPOECHUE ACUMMETPUY-
Hbl. CKJIOHBI, OOpallieHHbIe BHU3, T.€. IPOTHUB MPEAIOIIaraéMoro NpUAOHHOTO TEYEHUS,
MIOJIOTUE M CIIOXKEHBI aKyCTHUECKH MPO3PAYHBIMU OCAIKAMHU, TaK e KaK JOKOUHBI MEXK-
Iy BOJIHAMH, BO3MOXKHO, OIOJ3aBIIMMHU. boiee KpyThie CKIOHBI, OOpalieHHbIE BBEPX,
T.€. 110 TEUEHUIO, MPEJCTaBICHBl OOpbIBKaMH (POHOBOM CTpaTU(PUIIMPOBAHHON, BEpOAT-
HO, KOHTYpUTOBOMH ceiicmodanuu. [lepexon OT akycTHYeCKH Mpo3padyHoi (OMOI3HEBO?)
ceficModanuu K cTpaTUPUIMPOBAHHON (KOHTYPUTOBOM?) pe3Kuil, HATOMUHAET IPO3HOH-
HBIA. BO BHYTpEeHHEM CTPOECHUU BOJH MPOCIESKUBACTCS UX CMELIEHHE BBEPX IO CKIIOHY
npudTa, TATUIHOE I KOHTYPHUTOBBIX 0calouHbIX BOJH (Rebesco et al., 2014).

Ha ceBepo-Boctounom ckioHe apudrta (puc. 3), B 6 KM K ceBepy OT ¢parMeHTa
npo¢uiIs I0ro-3amagHoro CKiIoHa (M300paKeHHOTO Ha pUC. 2), cTpaTU(UIMPOBAHHAS
ceficModanys HapylIeHa TUIMHYHON aKyCTHUECKOM CTPYKTYpOil CIloN3aHUs HEKOHCOIH-
JTMPOBAHHBIX OCAJKOB: MEIKHMHU HEYIOPSIOYEHHBIMH HEPOBHOCTSIMH MHUKpOpebeda
JTHA, XaOTHYHBIMH OOpBIBKAMHU HU3KOAMIUTUTYIHBIX PEICKTOPOB M HAJTHMYUEM TOACTHU-
JaroIIei MOBEPXHOCTH CKOJIbKEHHsS. B BepxHel Mo CKIOHY YacTH OMOJI3HEBOTO Tela,
IpeACTaBISIomEe co00i 30HY pacTsSHKEHHUs,, MOITHOCTh €r0 BCEr0 HECKOJIBKO METPOB,
TOTJIa KaK B TOJIOBHOM 4acTH (30HE C:kaTHsl) oHa JocTuraet 15-20 M.

HwoxHsas rpanumna ctparuuimpoBaHHON Tadyku (cericModaliun) ¢ HIKeIeKally-
MU aKyCTUYECKH MPO3PAYHBIMHU OTIOKEHHMSIMHA Y€TKasi, BOBMOXHO TPENICTABISAET COO0M
HOBEPXHOCTh HECOMIacHs U cTpaturpaduueckoro nepepsia. [lox Heil ¢ TpynoM MOKHO
pasmIsAeTb OOPBIBKH KaKUX-TO APeBHUX peduiekTopoB. He uckitoueHo, 4To OHM Hpu-
HaJIJIeKaT 3aXOPOHEHHBIM I1aJI€0TeH-HEOTEHOBBIM «TUTAaHTCKUM ApUPTaM», OMUCAHHBIM
B (Hernandez-Molina et al., 2010).

B nio6oM ciyuae, BBITSHYTBI HEMHOTO HAaMCKOCOK BJIOJIb CKIIOHA IPUQT mpea-
CTaBIsIET COOOM aKKyMYJISITUBHOE TEJIO MOCIIEJHErO JTana pa3BUTUS TeHEPATbHOW KOH-
TYpUTOBON CHCTEMbl KOHTHHEHTaJIbHOW oOkpauHbl [laTaronmn. OHO HaKarIMBalOCh
Omaromapsi MOCTYIUICHUIO OCAJI0YHOTO MaTepuaia TPaBUTAMOHHBIMHU (TJIOTHOCTHBIMH )
MOTOKaMHU 10 KaHbOHAM, Pa3rpyKaromuMcs JIM0o mpsiMo Ha Teppacy Deitnbepra, mubo
B OTPaHMYHUBAIOLINE €€ KOHTYPUTOBBIC KaHANBI C MOCIEAYIOIINUM BIOIbCKIOHOBBIM Tie-
PEHOCOM KOHTYPHBIMH NPHUIOHHBIMH TeueHUsiMH. Cy/st M0 COBpeMEHHOH TiTyOnHe Haj
rpebueM (3330 M), ApuUdT HaMbIBaeTCS MOTOKOM HM)KHUX IUPKYMITOJISIPHBIX aHTapKTHU-
YeCcKUX BOoA. B3MyueHHbIN 0calouHblil MaTepua, CKOpee BCero, HOCTynaeT CHU3Y, U3 3a-
NaIHOW BETBH KOHTYPUTOBOTO KaHaJa, SPOAUPYEMOTO IIOTHBIMH TITyOWHHBIMHU BOJAMH
Mops Yaanaemna (cm. puc. 1B).

OcHOBHBIE IPO3MOHHBIE MPOLECCHl B CEBEPHOM CEKTOPE KOHTYPHUTOBOM CHCTEMBI
CBSI3aHBI C TPABUTAIIIOHHBIMHU ITOTOKaMH, YCTPEMIISIOIIMMUCS BHU3 10 KOHTUHEHTAJIb-
HOMY CKJIOHY 4epe3 T'yCTYI0 CeTh MOJBOJIHBIX KaHbOHOB C MHO)KECTBOM «IIPHUTOKOB)
(cm. puc. 1A). Ha puc. 4 npuBeieH mpuMep 3pO3HUOHHBIX U COTIPSKEHHBIX aKKyMYIISITHB-
HBIX (OPM OJTHOTO M3 KAaHBOHOB, YCThE KOTOPOTO OTKphIBaeTCs Ha Teppacy Deitnbepra k
CeBepy OT OMUCAHHOTO BhIMIE ApUdTa.
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Puc. 4. ®parmenT cericmoakyctuaeckoro mpoduist AU-37, nokasbIBarOIInui 3p03UOHHBIH
Bpe3 (pyciio kKaHbOHA?) B TOIIIE CTPATU(HUITUPOBAHHON ceilicMO(aIii KOHTYPUTOB Y YCThS
KaHbOHA Ha Teppace Deiindepra. OcaouHOE 3aNOTHEHUE PYCIIa, MPEICTABICHHOE IPaBUTUTAMHU
¥ BO3MOXKHO KOHTYPUTaMH, CMEIICHO K CEBEPO-BOCTOYHOMY (IIPAaBOMY TI0 OTHOIIECHHUIO K
HaIpaBJICHHIO ITOTOKOB) OOpTy. B HEM BbIiessieTCs 1Be TIOBEPXHOCTH Hecornacust (I[BETHBIE
LITPUXOBBIC JTUHHUH ), BEPOATHO OTACIAIONINE IPYT OT APYTra OTIOKECHUS TPEX CTaaui cXoaa
TPaBUTAITMOHHBIX IOTOKOB. B apoarpoBaHHBEIX O0pTaxX pycia 00HAKAIOTCS TapaiIeIbHO
CTpaTU(QUIMPOBaHHBIE ceficModanuu KoHTypuToB. [lomoxenne ¢pparmenTa cMm. Ha puc. 1.

@parMeHT npoduiIs JeMOHCTPUPYET 3PO3HOHHBIN Bpe3 OTpora KaHbOHA OTHOCH-
TeabHOU rryonHoN 30—50 M ¥ MMPUHON HEPOBHOTO JHA (BIOJIb TPOQHIIS) OKOJIO 3 KM, B
6opTrax KoToporo oOHaxaercst poHOBasi cTpaTuPUIIMPOBaHHAS ceicMOdaliusi, BEPOSTHO,
KOHTYPHTOB. BomHOOOpa3Has reomeTpusi napaienbHbIX peIeKTOPOB B OCTAHIIE FOr0-3a-
naJHOro 6OpTa MOATBEPKAAET Takoe mpeAnonokenue. [log JHOM KaHbOHA BBIICISIFOTCS
JIB€ MAaYKU OCAJIOYHOTO 3allOJHEHUS, pa3esieHHble HEPOBHOM 3PO3HMOHHON MOBEPXHO-
CTBIO, CBUJICTEIBCTBYIONIEH O MPEPHIBUCTOCTH HAKOIIJICHUS I'PABUTHTOB, OTIOKEHHBIX,
CKOpEee BCETo, MOTOKAMHU MOTYKUAKOTO Uja, TH00 IMII0THOTO MPUIOHHOTO HE(ETONIHOTO
ciost. CXOIHbIE TPABUTUTHI C XaOTHYHBIMH HEPOBHBIMH OOpPBIBKAMH PEQIIEKTOPOB II0-
KPBIBAIOT CTPaTU(UIIMPOBAHHYIO ceiicModaliuio HaJ OpoBKOi OOPTOB, OTpaxkas mociel-
HUH 3Tal AeSITeTbHOCTH IPaBUTALIMOHHBIX TIOTOKOB 110 KAaHHOHY.

Jlanee Ha ceBep npoduiib NEPECceK TEI0 TPAaBUTUTOB C YBEJINUHMBAIOIIEHCS K CEBEPY
MourHOCThI0 OT 30 10 50 M 1 mMPHHOH (IO TPOPHITIO) OKOJIO 5 KM, C KPYyTHIMH CKJIO-
HaMH ¥ HEPOBHOH, MTOYTH TOPU30HTAIBHOM, BEPIIMHHON MOBEPXHOCTHIO (puc. 5). OHO
PE3KO HEeCOINIacHO 3aJieraeT Ha I10JION0 BOTHYTOM IVIaJIKOM NMOBEPXHOCTHU IMapajielbHO
cTpatuuuupoBaHHON ceficModaly npeanoiaraéMelx KOHTYpuToB. C 00€uX CTOpOH
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Puc. 5. Ocranen rpaBUTUTOB HECOTTIAHO 3aJICTAIONTNX Ha TJIaJKON TTOBEPXHOCTH
CTpaTU(QUIIMPOBAHHON celicMOo(]annu KOHTYPHUTOB, C 00EMX CTOPOH OrpPaHUICHHBIN
OPO3MOHHBIMHA BpE€3aMH, THO KOTOPBIX MOKPLITO MOBEPXHOCTHBIM CJIOEM aKyCTUUCCKHU
MIPO3pavHBIX TPABUTUTOB (BEPOSITHO CIIOJBIINXCS MATKHX ocankoB). [lomokenue gparmenTa
npodunst AU-37 cm. Ha puc. 1.

IPaBUTUTOBOE TENO (hallMaIbHO CMEHSETCS aKyCTHUECKH NMPO3PAYHBIMU OTIOKEHUSIMU C
OyrpucTOi OBEPXHOCTHIO, KOTOPBIE MBI HHTEPIPETUPYEM Kak Oroj3HeBble. OHU Takxke
3aJIeraloT HECOIVIACHO Ha 3POJMPOBAHHON MOBEPXHOCTH HIKEIEKALIUX CTPaTU(ULIIPO-
BaHHBIX KOHTYPHUTOB.

[To onHOMY IEepecedeHuIo TPYAHO CyAUTh O MOP(OJIOTHH Tella TPABUTUTOB, HO MbI
MpeArnoIaraéM, 4To 3TO OCTaHEIl, COXPAaHUBIIUNCS HA OOIMIMPHOM SPO3UOHHOU MOBEPX-
HOCTH OrMOAIOIIMX €ro rpaBUTALIMOHHBIX IIOTOKOB. BHYTpeHH:s aKycTHYeCcKask CTPYKTY-
pa ¢ HEpOBHBIMU OOPBIBAIOIIUMHUCA PEPIEKTOpPaMU, YACTUYHO CPE3aHHBIMH CEBEPHBIM
CKJIOHOM U MEHee SIBHO — IO’KHBIM, HE IPOTHBOpeuYaT Takol uHTepnperanuu. OHa ke
MOJATBEPKIAET TPABUTUTOBYIO NPUPOAY CAaMHUX OTIONKEHHUH, MOJBEPTIIMXCS MOCIENYIO-
HIeH APO3UU HA KAKOM-TO 3Tare Pa3BUTHUS SPO3UOHHO-TPABUTUTOBOM CUCTEMbI KAHBOHOB
Ha KOHTYpHUTOBOM Teppace Deitnbepra, ¢ MOCIEAYIOMNUMU MPOSBICHUSIMU ONOJI3aHUS HE-
KOHCOJIMIMPOBAHHBIX OCAJIKOB.

Heckonpko MHOE cOYeTaHHE YPO3UOHHBIX U aKKYMYJISITUBHBIX MPOILIECCOB BhISIBIIE-
HO ceiicmoakycTruaeckumu npodusimu AN-33 u AM-53 B cpeaneit yactu Tex ke KaHbo-
HOB BBIIIIE HA KOHTHHEHTAJIBLHOM CKJIOHE (CM. pucC. 1).

[Tpoduns AU-53 (puc. 6) mpoien KOco BHU3 BIOJIb TEPPACUPOBAHHOTO FOTO-BOC-
TOYHOTO OOpTa OTpOTa KPyIMHOTO KaHbOHA (CM. KapTy Ha puc. 1) oT OpoBKH Ha ITyOWHE
okoiio 2100 M o nokanbHOro neperuda penseda aHa Ha rryoune 2300 m. Kax BugHO
Ha Bpe3Ke K puc. 6, pycio KaHbOHA HaXOAUTCS MPUMEPHO Ha KuiomeTp riryoxe. Cepust
y3KUX Teppac Bpe3aHa dpO3Ueil TpaBUTAIIMOHHBIMU MOTOKAMHU B IOTO-BOCTOYHBIH OOpT
KaHbOHA, O YeM CBUIECTENIbCTBYIOT OOHAaXECHNUS MapalljIeNIbHO CTPAaTU(GUIIMPOBAHHOM ceil-
cModanuu, no-BUAUMOMY, KOHTypuToB. Cepus Teppac OTpa)kaeT MOCIEI0BaTEIbHOCTD
9TArNoB TOHHOM 1 60KOBOI 3po3un. Camasi BEpXHsisl Teppaca ciieBa Ha puc. 6, BO3MOXKHO,
IpEeaCTaBIISIONas OPOBKY I0r0-BOCTOUHOTO OOpTa KaHhOHA, 00Opa3oBaHa MAyKoW C JABY-
MSA—TpeMsl CUJIbHBIMU peduieKTopaMu o0Iieil MOITHOCThIO 6—8 M, KOTOpasi SKpaHupyeT
aKyCTHYECKHEe OTpakeHHs moj Hell. Bo3MOXHO, 4TO 3TH pedieKTophl MpeaCTaBICHBI
CIOsIMU Tiecka (Tiecuanbix KOHTypuToB?). [IprMeuarensHo, 9TO IpOodUiIb BCKPBLI CyM-
MapHbIH pa3pe3 MOABOAHOIO OOHAXKEHMsI aKyCTUYECKU CTPATU(UIMPOBAHHBIX OTIOXKE-
HUl 0011e# MouHOCTHIO 10 200 M.
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Puc. 6. ®parmenr ceiicmoakyctuueckoro npopuis AN-53 Boomib 10)KHOTO TEppacUPOBAHHOTO
OopTa KpyITHOTO KaHbOHA B CPEeJHEH YacTH KOHTMHEHTAJIBLHOTO CKIIOHA. bopT kaHbOHA Bpe3aH B
TOJIILY HapaJlIeIbHO CTPATU(PULIUPOBAHHON cericMO(ay KOHTYPUTOB BUIUMOIN MOIIHOCTBIO
6osiee 200 M. CoBpeMeHHbIE OCa/IKK Ha Teppacax NPaKTHYECKH OTCYTCTBYIOT, KpOMe OpOBKH
KaHbOHA M BO3MOYKHO HEOOJBIIOT0 BOTHOOOPA3HOTO Tejla Ha HIKHEH Teppace. [lonoxenue
(dbparmenTta cM. Ha puc. 1A.

Ha rmy6une oxomo 2500 M, Ha HE TeppacUPOBAHHOM YyYacTKE KOHTHHEHTaJIbHO-
TO CKIIOHA, MeXKIYy KaHbOHaMU, rpoduns AN-33 (cm. puc. 1) mepecek aBa OJHOTUITHBIX
MOJIOTO XOJIMOOOpa3HbIX KOHTYPHUTOBBIX IpudTa (puc. 7A, b). barumerpuueckas cxema
(Bpe3ka K puc. 7) OKa3bIBaeT, 4To 00a (hparMeHTa mpoQuiIsi OTHOCATCS K KParo OTHOCH-
TEJILHO TIOJIOTOM Teppaconoio0HOM MIoa K1 HaJ 6osiee KpyThIM cKiIoHOM. [1o rimyOune
9Ta MJI0IIAAKa MPUOIU3UTENBHO cOOTBETCTBYET Teppace [Ivenpa bysHa roxkHOTO cexTopa
KOHTYPHUTOBOM cucTeMBbI (cM. puc. 1b).

O06a npudra oTHENEeHBI OT KPYyTOro CKJIOHA MOJOTMM PBOM (aHIV. moat), IyOouHa
KOTOpOTro (OTHOCHUTENHHO BepminH ApudToB) coctaBiseT 40—50 m. He uckiroueno, 4to
9TO J[Ba MEPECEYSHHs OAHOTO U TOTO ke BasooOpasHoro npudra. CormacHo HHTEpIpe-
TAI[MM aBTOPOB, B3MYUYCHHBIH B NEPHOJIbl YCUIIEHUS! KOHTYPHOTO TEUEHHsI 0CAI0K mepe-
oTiarajics U3 pBa B TeJo Apu@Ta, HaIPaBo MO OTHOIIEHUIO K HAIIPABJIECHUIO MOTOKA (110
MeXaHU3MY SKMaHOBCKOTO nepeHoca). OJHaKo MpU3HAKU IITyOOKOW 3p0o3uu (C yIIIOBBIM
HEeCOIIaCueM) BBISIBJICHBI TOJIBKO Ha FXKHOM (pparmenTe npodust (cm. puc. 7A). Ha ce-
BepHOM (pparmenTe (cMm. puc. 7b) crparuduinmpoBanHas ceiicModariust MpoaoKaeTCs
oT apudTa yepe3 poB Ha OCHOBHOW CKJIOH, HO C YMEHBIICHHBIM PACCTOSIHUEM MEXY
peduiekTopaMu, 4TO, BEPOSTHO, YKA3bIBACT HA YACTUYHOE BBIMBIBAHUE OCAJKOB 0O€3 sB-
HOM1 3po3un. Kpome toro, cam npudt npuobperaer popMy miIacTepHOTO, a MO HUM BbI-
PHUCOBBIBAIOTCSL pe(IIEKTOPBI IPEBHETO XOJIMOOOPA3HOTO ApU(Ta, 3aXOPOHEHHOTO O]
iacTepHbIM. B 11e710M 3TO, CKOpee BCero, CBUAETEILCTBYET O MOCTENEHHOM ocliade-
HUM WHTEHCHBHOCTH 3POAMPYIOUICH NEATETPHOCTH KOHTYpHOTO TeueHus. Kpome Toro,
B IIPOILIECCE MEPEMbIBA OCAIKOB U3 PBa M MOJHOXKHS CKJIOHA UTPAIOT BaXKHYIO POJIb CHUJIa
Kopwuonuca, cuiia TpeHus, a Takke ykioH ckioHa (Preu et al., 2013).
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Puc. 7. JIBa KOHTYpHUTOBBIX IpU(Ta (MIH ABa IEPECEUSHHSI OTHOTO BAIT00OPa3HOTO
npudra), Ha ceficmoakycTrdeckom npoduiie AM-33 B cpeHel 4acTH KOHTHHEHTAIBHOTO
CKJIOHA, OTJEJICHHbIE OT KPyTOrO CKJIOHA TIOJIOTUM PBOM (moat). (A) — F0KHBIH (hparMeHT,
[IOKA3bIBAIOIIUM 30HY 3PO3UHM MEXIY PBOM U IpU(TOM, & TAKIKE [IEPEPHIBBI (II0BEPXHOCTU

HECOITIacHsl, OTMEUCHHBIEC ITYHKTUPHBIMH JIMHUSIMH) B aKKyMYJISITUBHOM Tenie apudTa. bomee
TyOOKOBOHBIN ceBepHbIi (hparmMeHT (B) 1eMOHCTpUpYeT HEMPEPHIBHYIO MOCIEI0BATEILHOCTD
PeQIIEeKTOPOB € YBEINUEHUEM PACCTOSIHUS MEXKAY HUMH OT CKJIOHA U PBa CJIE€BA K IIJIACTEPHOMY

IpudTy cripasa, o1 KOTOPHIM BBIPUCOBBIBAIOTCS] KOHTYPBI 3aXOPOHEHHOTO XOJIMOOOPa3HOro

npudTa. [lonoxenue pparmentos npoduinst ANU-53 cm. Ha puc. 1A.

[Ipopuns AU-37 nocne moBopora Ha ctanuuu AM-2609 npopomxaercs B ce-
BEPHOM HAalpaBJIEHUH, [I€PECEKAeT KOHTYPUTOBBIM KaHal U BBIXOAUT HA aKyCTUYECKHE
CTPYKTYpHI IJIacTepHbIX ApuGTOB, BeIIeneHHbIX B (Herndndez et al., 2009, 2010), koto-
pbIe pacceueHbl MOABOAHBIMU KaHbOHAMU (cM. puc. 1A). [Tocne ctaniun AU-2610 cynno
CJIEIOBAJIO C CEHCMOaKyCTUYECKUM ITPOMEPOM BIOJIb T0siCa MIIACTEPHBIX KOHTYPUTOBBIX
Ipu(TOB HAa CEBEPO-BOCTOK, Ha TTyOMHax oT 3350 M Ha OTHOCHUTENBFHO MOJIOTUX YdacT-
Kax 1Ha 10 4510 M B KaHbOHAX, OTHOCUTENbHAS ITyOMHA KOTOPBIX mpeBbimaeT 500 m.
K ceBepy ot cranuuu AM-2612 rmyOuna nocrenenHo yBenuuuaetcs 10 5200 m.

@parMeHT celcMOoaKyCTUYecKoro mpopuis (puc. 8) IEMOHCTPUPYET HEPOBHBIN
penbed MOBEPXHOCTH JTHA U HEYTIOPSAJOYEHHO BOJHUCTYIO BHYTPEHHIOK CTPYKTYpPY TOH-
KO CTpaTU(PUIIMPOBAHHOMN TOJIIY KOHTYPUTOB IIacTepHOro Apudra Ha youny a0 50 m
non iaoM. [Ipoduns nmpomren mo 3anaaHoi OpoBKe (MIPUPYCIOBOMY Bally?) S3pO3UOHHOTO
KOHTYPHUTOBOI'0 KaHajia yOuHol 6osee 550 M (Bpe3ka K puc. 8), OTpor KOTOPOro BUIEH B
neBoit yactu npoduist. Kondurypanus pedaekropoB Ha BOCTOUHOM OOPTY 3TOTO OTpOra
KaHaJla CBU/IETEJICTBYET 00 aKKyMYJISLIMM KOHTYPUTOB B IPUPYCIOBOM Bajse. JJOBOIBHO
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Puc. 8. HeynopsiioueHHO BOIHUCTAsE BHYTPEHHSSI aKyCTHUECKasi CTPYKTYPa TOHKO MapajuieIbHO
cTparu(UIMPOBAHHON celicMOdanu KOHTYPUTOB MOAHOMKUS KPYITHOTO IIaCTEPHOTO ApudTa,
BeIAeNieHHOTO 110 (Hernandez-Molina et al., 2010). [Tonoxenue ¢pparmenTa mpoduist
AW-37 cm. Ha puc. 1.

KPYTOH YKIJIOH JTHA M COTJIACHO 3aJIETAIOMINX C HUM PE(IEKTOPOB CTPATU(HUIIUPOBAHHOM
ceiicModaryu, BeposiTHO, yKa3bIBaeT Ha NiepecedueHue npouiieM HUKHEro (BOCTOYHOTIO)
CKJIOHA TUTaCTEpHOTO ApudTa.

Hanee npodpmis AN-37 mpoxoauT Ha CEBEPO-BOCTOK Yepe3 CepHUI0 IIacTEPHBIX
Ipu(TOB, paseNeHHbIX ABYMs KPYIHBIMU U HECKOJbKUMH MEJIKUMH KaHboHamu. Cre-
Karollye 10 KAHbOHAM I'DaBUTALIMOHHbIE IOTOKHU (CKOpee BCETro, IIOTOKU I'yCTOH CcyCIeH-
3UM WIN TOJYXXHJIKOTO MJIa) B KPYTHIX YYacTKaX CKJIOHA 3POAMPOBAIH JTHO, a B MOJO-
I'MX OTJIaraju rpaBUTUTHL. Hamm ceificMoakycTHueckrue npouiin BeISIBUIN 3PO3HOHHbBIE
MOBEPXHOCTH C TIIyOOKMMH BpE3aMHU TaK)Ke BHYTPH TPABUTHTOB, HHTEPIIPETUPOBAHHBIE
KaK IPaHUIIbl MEXY F€OJIOTHYECKH MTHOBEHHBIMU COOBITHSIMH CXO/a TPABUTALMOHHBIX
MOTOKOB (CcM. puc. 1).

[Tpumep STamoB YepemoBaHUs APO3UM W AKKYMYISIIUH KOHTYPUTOB IUTACTEPHO-
ro ApudTa npuBeneH Ha gparMeHTe celicMoakyctuueckoro npoduus AU-37 (puc. 9).
batumerpuueckuil ypoBeHb IUIACTEPHOro ApU(Ta CEBEPHEE JIBYX IMEPECEKAIOIUX €ro
KaHbOHOB 3HaunTEIbHO TiTyOske (3800-3860 M), yem B 1Or0-3amaJHON YacTH MOsIca ITUX
KOHTYPUTOBBIX CTPYKTyp. OOpariaer Ha ce0s BHIMaHKE Tiyookoe (6onee 60 M) MpOHUK-
HOBEHHUE aKyCTHUYECKOI'0 CUTHAJIA [0J] TOBEPXHOCTh JTHA, YTO yKa3bIBA€T HA OTHOCUTEIb-
HO TOHKO3EPHHCTBIN COCTaB OCAJIKOB CTPATH(PUUUPOBAHHON ceiicMO(paIiii KOHTYPHUTOB.

Ha puc. 10 npuBenen nmpumMep, BEpoATHO, KOHTYPUTOBBIX OCa/I0YHBIX BOJIH, 3aX0-
POHEHHBIX 1101 TOKPOBOM I'PaBUTUTOB N3MEHYMBOM MOIIHOCTH. barumerpuueckas cxema
(Bpe3ka k puc. 10) yka3piBaeT Ha BO3MOXKHOE ITPHCYTCTBUE 37€Ch HEOOIBIIOTO KaHbOHA,
BPE3aHHOTO B OTHOCUTEIBHO KPYTOH CKJIOH, 110 KOTOPOMY MOIVIM T€Ub I'PaBUTALIMOHHBIE
MOTOKH. [ PaBUTHTHI 3aJIeTal0T ¢ MPU3HAKAMHU APO3UH Ha MOBEPXHOCTH BOJHOOOPA3HO
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Puc. 9. IlapamnensHo cTparuduupoBaHHas ceiicModanusi KOHTYPUTOB MOAHOXHSI KPYITHOTO
wiacteproro apudra o (Hernandez-Molina et al., 2010), HapyiiieHHass 3p03UOHHBIMU
MMOBCPXHOCTAMUA HECOITIACUL (H.ITpI/IXOBBIe J'II/IHI/II/I), BKJIrO4ast COBpeMCHHLIﬁ 3p03PIOHHBII>i BpE3,
a TaK’KE€ HECOMTACHO 3aJICratoM aKyCTUUCCKHU MMPO3PAYHbIM TCJIOM OIIOJISHEBBIX OTJI0KCHUH B
1okHON vacTu npoduis. [Tonokenue GpparmenTa npoduis
AW-37 cm. Ha puc. 1.
3ajeraroniel cTparu(UIMPOBAHHON MaYKM KOHTYPUTOB MOIIHOCTBIO 15-20 M. Buy-
TPHU TPABUTUTOB BBIJCIACTCA dPO3HOHHAS TPaHUIIA, pa3lIesstonias ABa COOBITUS CXOaa
IPaBUTALIMOHHBIX OTOKOB. B 0CHOBaHMU akycTHdecKkoro paspesa Ha puc. 10 BbisgBIEHa
MOYTH TPO3payHasi TOJIIA C €/[Ba 3aMETHBIMU OOpBIBKAMH BOIHOOOPA3HBIX pedreKTo-
POB, IIO-BUUMOMY, COIIACHO 3AJIETAOIINX 10/ BBIIIENIEKANUMHU OTIIOKEHUSAMU. OTHAKO
YeTKas TPaHWIa C BBIIIEIekKalel cTpaTuUIMPOBAHHON MAaYKO yKa3bIBae€T HA PE3KOE
M3MEHEHHE aKyCTHYECKHUX CBOMCTB 0CaIKOB (YIUIOTHEHHE?). AKyCTUYECKH MPO3PAYHBII
y4acTOK B TOJIIE CTPAaTU(UIMPOBAHHBIX KOHTYPUTOB BEPOSITHO OTpakaeT ceilcmoda-

[IUIO OTOJI3aHUS ITUX K€ KOHTYPHUTOB.

[Mocnenuuit pparmenT paccmarpuBaemoro npoduist AN-37 (puc. 11) mokasbiBaeT
TI0JIOTO BBIMYKJIBIN IpUQT HA JTHE KOHTYPUTOBOTO KaHaia (TmyouHa 10 5200 M) Ha oHO-
UM KOHTHHEHTAJILHOTO CKJIOHA, IEPEXOSIIET0 B a0MCCATbHYIO PABHUHY. XapaKTepPHBIH
JUISL TACCUBHBIX KOHTUHEHTAJIBHBIX OKPAaWH OCAJ0YHBIN nuteid momHoxus (continental
riSe) 3/1eCh MOTHOCTHIO OTCYTCTBYET.

Puc. 10. Koarypurossie (?) ocagodHble BOJHEI Ha MIOAHOKHH KPYITHOTO TIACTEPHOTO IpU(Ta,
BeienieHHoro 1o (Hernandez-Molina et al., 2010), HecortacHO IepEKPBITHIE, BEPOSTHO,
ceiicModarueil 0TIIOKESHUH IPaBUTALIMOHHBIX OCAI0OYHBIX TIOTOKOB Tpex (a3 (udpsl B KpyKKax
1 — 3). LIBeTHO MITPUXOBOU TUHUEH IMOKa3aH 3PO3UOHHBINA BPE3 B MAYKY MMapalIeTHHO
CTPaTU(PHUITPOBAHHBIX KOHTYPUTOB MO/ TpaBUTUTamMu. CTperkaMu TOKa3aHbl TU(PaKIHOHHBIC
3¢ (eKThI B TPaBUTUTAX, O0YCIIOBIIEHHBIC HEPOBHBIM peibe)oM UX moBepXxHOCTH. [lonoxeHne
(dparmenrta npopuiast AU-37 cm. Ha puc. 1.
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Puc. 11. KoutyputoBslii IpuT Ha THE KaHANA, BBITSIHYTOTO BIOJb MOTHOKHUSI KOHTHHEHTAJIBHOTO
ckJioHa. bosee monoruii roro-3anaaHblii CKJIOH, MTO-BUAUMOMY, COJIEPYKUT IIJIOTHBIE CIIOH,
BBIpQ)KEHHBIEC B BUJIC JIBYX CHIIBHBIX PE(ICKTOPOB, HHTEPIPETHPOBAHHBIX KaK IIOBEPXHOCTH
9po3uH (IIBETHBIE IITPUXOBBIE JINHUN), KOTOPbIE SKPAaHUPYIOT aKycTHYeckue curaajisl. [lof
0oJ1ee KPYTHIM ITPOTHBOITOJIOKHBIM CEBEPO-BOCTOTHBIM CKIIOHOM IPHUQTA pa3BUTa IMapayjIeIbHO
cTparuuIMpOBaHHAs celicMOodaIysi BEPOSITHO MSTKUX TOHKO3EPHUCTHIX KOHTYPUTOB C
MIPOHUKHOBCHUEM aKyCTHYECKOI'0 CUTHANA Ha TIIyOuHy /10 S0 M OT MOBEPXHOCTH JIHA.

Ha puc. 11 scHO BuaHa acuMMeETpuUsi BHYTPEHHETO CTPOEHHUsI Opu(Ta, XOTs ero
MOp(OJIOTHs [0 OTHOMY IepecedeHuto npoduiaeM He BbisicHeHa. FOro-3anaaHblii CKIIOH,
oOpallleHHbI POTUB MPUIOHHOTO TeUeHHus, Oojiee MOJOTHM U OTIIMYAETCS] MEHBLINM
MIPOHUKHOBEHUEM B TOJIIY ocaakoB moa aHoM (1o 30 m). J[Ba cuiibHBIX pedrekTopa
Pa3feIsoT MOIyIPO3PAYHbIE TUIACTHI, BO3MOXKHO, TPABUTUTOB, 9PO3Hsl KOTOPHIX KOHTYP-
HBbIM TEYEHUEM MOIJIAa CIYUTh MUCTOYHMKOM OCAJ0YHOT0 MarepHualia JUIsl HAKOIIJICHHS
KOHTYPHUTOB Ha MPOTUBOIIOIOKHOM CKJIOHE. CeBepo-BOCTOUHBIN CKJIOH OoJiee KpyToH, a
0]l HUM 3aJIeraeT TUIMYHAs COIIacHas C MOBEPXHOCTHIO JHA MapasljiesbHO cTpaTugu-
UpPOBaHHAs ceiicModanys aKKyMYJISILIUH KOHTYPUTOB BUIMMON MOIIHOCTBIO 110 50 M.
Ha ceBepo-BocTOYHOM CKJIOHE Jpu(Ta 3aMETHO YITIOBOE HECOITIACHE CO Cpe3aHueM ped-
JIEKTOPOB PaHHEH reHepaly 3pO3MOHHOM ITOBEPXHOCTBIO B TMOIOIIBE MAUKU peQIIEKTO-
pPOB mo3HEN reHepanuyd. HepoBHBIN CHIIBHBINA peduieKTop, KOTOPBIM MPOCIIeKUBACTCS
Kak 00I1asi ’pO3UOHHAs TOBEPXHOCTh, YKa3bIBAET Ha JBE CTAJUM HAKOIJICHUS KOHTYpU-
TOBOTO Apu(Ta, pa3eseHHbIE NEPHOIOM SPO3UH, OYEBHUHO CBSI3aHHOM C YCUIIEHUEM
MIPUIOHHOTO (KOHTYPHOI'O) TEYEHHUS.

O0cy:kneHue pe3yJibTaTOB U 3aKJIKO4YEHH e

[IpoBenenHsbiit ananus ceiicModanuii mo GparMeHTaM ceHCMOaKyCTHYECKUX TIPO-
(useil BBICOKOTO pa3pelieHus MO3BOJSET A€TaaIu3upoBaTh MOP(HOIOTHIO TOBEPXHOCTH
U BHYTPEHHIOIO aKyCTUYECKYIO CTPYKTYPY HEKOTOPBIX KPYIHBIX 3JIEMEHTOB CEBEPHOIO
CeKTOopa APreHTUHCKON KOHTYPUTOBOM CUCTEMBI, BBISIBJICHHBIX B pe3yabrare OaTUMETpH-
YEeCKOW Ch€MKH Y MHOTOKaHAJILHOTO CEHCMOITPO(UINPOBaHUS MEHBIIETO BEPTUKATBHOTO
paspemenust (Herndndez-Molina et al., 2009, 2010). Tem cambIM y1anoch yTOUHUTH TI0-
CJIEIOBATEIBHOCTh U THIIOTETUYECKHE MEXaHU3Mbl (DYHKIIHOHUPOBAHUS KOHTYPUTOBBIX
U TPAaBUTUTOBBIX 3PO3HMOHHO-aKKYMYJSTUBHBIX CHUCTEM BTOPOTO IMOPSIIKA HAa BEPXHUX
HECKOJIBKHX JIECSATKaX METPOB pa3pe3a CTPYKTYp IEPBOIO MOPsIKA, NEPECEUEHHBIX Ha-
mumMu poduisimu (eM. puc. 1). K HuM otHOCcsATCs: 1) ceBepHas 4acTh OOMIUPHOM KOHTY-
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putoBoil Teppacsl Deitndepra Ha ryouHax 3300-3500 m (cm. puc. 2-5); cpeaHss 4acTb
KOHTHHEHTAJIbHOT'O CKJIOHA C PacCEKaoLIMMU ee KaHbOHaMH Ha mryounax 2100-2700 m
(cm. puc. 6-7A, B); 3) cepust TuIacTepHBIX KOHTYPUTOBBIX APU(PTOB € PaCCEKAIOIMUMH UX
kaHboHamu Ha T1yOmHax 3500—4000 m (cm. puc. 8—10) U KOHTYPUTOBBIN KaHAI BIOJTH
MOJTHOXKHSI KOHTUHEHTALHOTO CcKJIoHa Ha rryoune 5100-5200 m (cm. puc. 11).

OmnwucaHHbIC B TaHHOW CTaThe KOHTYPHTOBBIE CHCTEMBI (PYHKITHOHUPYIOT B HACTOS-
iee BpeMsl 1o/ IeHCTBHEM KOHTYPHBIX TEUCHUH BEPXHHUX U HIDKHUX IUPKYMIOJISIPHBIX
AaHTAPKTHUYECKUX BOJ] M IIYOMHHBIX BOJ MOps Yanaeiuia (cM. puc. 1B). Ilpunonnsle Teue-
HUS BCEX HA3BAHHBIX BOJ JIBMXKYTCS BAOJIb KOHTUHEHTAJIBHOTO CKJIOHA C FOro-3amaja Ha
CeBepO-BOCTOK. HeT HMKaKMX OCHOBAaHMI MpeArnoararb, 4TO 3TO FeHEpaIbHOE HaIlpaB-
JIEHWEe KOHTYPHBIX T€UE€HUI MEHAJIOCh B OTPE3Ke re0J0rMYeCKOro BpeMeHH, OXBaue€HHO-
TO HAIIUMHU CEHCMOAKyCTUIECKUMH TPOQHIISIMHU, BEPOSITHO, C KOHIIA MUOIICHA U TIOHBI-
He. OnHaKo, MOJYYEeHHbIE CEMCMOAaKyCTHUECKUE JAaHHBIE O CMEHE JTAaloB aKKyMYJISLUU
Y HPO3UH KOHTYPUTOB YKa3bIBalOT Ha PE3KHE U3MEHEHHSI CKOPOCTEH MPHIOHHBIX TeUEHHH
Ha BCEX PACCMOTPEHHBIX YPOBHAX IIyOMH. [loka HET NaHHBIX O BO3pAacTe 3TUX COOBI-
THI U UX CHHXPOHHOCTH WJIN TUaAXPOHHOCTH, HO caM (pakT yCTaHOBJICHUS HM3MEHYMBOCTH
CKOPOCTEH KOHTYPHBIX T€UEHUI coracyercs ¢ OOIUMHU TEOPETUYECKUMH MOT0KEHUSAMU
KOHTYpHUTOBOH mapaaurMel (Rebesco et al., 2014).

KanboHBI, cexylye KOHTYpUTOBBIE Teppachl U JIpU(THI, T€OJOTHUECKH MOJIOXKE
KPYIHBIX KOHTYPUTOBBIX CTPYKTYp. Bpems n ycioBust UX 3aj10/KeHUs B JTaHHOM paiioHe
HE M3BECTHBI, HO OOBIYHO MPUHATO CUUTATh, YTO SPO3HOHHBIE MPOIECCH Ha KOHTUHEH-
TaJbHOM CKJIOHE YCHJIMBAJIHMCh B 3MOXHM HU3KOTO IVISIIIMO-IBCTATUYECKOTO CTOSHUS YPOB-
Hs1 MuUpOBOTO OKeaHa, T.€. B JIEAHUKOBbIE MIEPUO/IbI MIIM TOYHEE — BO BpeMs AeTIAHALU.
Hackonpko Takasi 3aKOHOMEPHOCTH CIIpaBe/JIMBa JUlsl JaHHOTO peruoHa, HesicHo. Pere-
HUE MPOOIEeMbI BBIXOJHT 32 PAMKHU JIaHHOW CTaThH. 3716Ch BaXKHO OTMETUTh, YTO B HEJIaB-
HEM I'€0JIOTHYECKOM ITPOIIJIOM KaHbOHBI ObUIN ITyTAMU IIPOXOXKICHHS TPABUTALMOHHBIX
IIOTOKOB BBICOKOHM IUIOTHOCTH, CIYKUBIIMMHM MCTOYHUKOM OCAJOYHOIO Marepuana Juist
KOHTYpUTOB. B T0 e BpeMs TeKyIlasi BHU3 [0 pycily KAHbOHOB CYCIEH3HsI KaK «TshKenast
KHUJKOCTBY MOTIJIA CYIIECTBEHHO YCUIIMBATh SpOAUPYIONINi 3(h(HEKT MOLTHBIX, HO PEIKUX
T€0JIOTUYECKH MTHOBEHHBIX TPABUTAIIMOHHBIX MIOTOKOB BBICOKOH IUIOTHOCTH, OJarogapsi
UX IPAaKTUYECKHU HEIPEPhIBHOMN EATEIIBHOCTH B MaclITa0e reoJorn4eckoro BpeMeH .

CoracHO COBpPEMEHHBIM TPEICTABICHUSIM (CCHUTKM M3 aHTIMHCKOTO (hparMeHTa
BBIIIIE), TEPPACH] FOXKHOTO CEKTOPA T'eHEPaJIbHOM KOHTYPUTOBOM CHUCTEMBI CO3/1aHbl MO
JeCTBUEM IMPHUJIOHHBIX TEYEHUH, BO3MOXKHO, IIPU y4acTUU OEHTHYECKUX IHITOPMOB U
BHYTPCHHUX BOJIH Ha YCJIOBHBIX T'DAaHHIIAX BOIHBIX Macc B CTPATHU()UIIUPOBAHHOU MO
IUIOTHOCTH BOJHOM TojIie okeaHa. [Ipu 3ToM mpoayKThl 3p03uu NMEPEHOCHIIUCH KPYTO-
BOpPOTaMH TE€UEHUH B BU/IE€ CYCIIEH3HH U ITOCTENEHHO 3aOTHAIMN JOKOMHBI (PBBI) MEXK Y
JPEBHUMH TUTAHTCKUMU JAPUPTaMU U yCTylmaMu Teppac. Takas MoJenpb mporecca -
JIOCTPUPOBAHA, HANpUMep, Uit Teppacsl Deiindepra npoduaeM MHOTOKaHAIbHOTO CEi-
cmonpodunupoBanus (puc. 4 uz Hernandez-Molina et al., 2010). ITocne moctuxeHus
JMHAMHYECKOTO PABHOBECHS MEX]y 3pO3UEN U aKKyMYJISLMEN, 3p03usl CKIIOHA IIPEeKpa-
TWJIAaCh U Ha Teppace Hadadu (OpMHUpPOBATHCS HOBBIE XOIMOOOpPA3HblE KOHTYPHUTOBBIE
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Ipu( Tl BTOPOTO TOPSI/IKA, BO3BHIIAIOIIMECS HAJl €€ TI0JI0r0 HAaKJIOHHOW MTOBEPXHOCTBIO.
OnuH U3 Takux ApuQTOB nepeceueH HamuM rpopuneM AM-37 u Ha ero rpeGHe B peiice
46 HUC «Axkanemuk Modde» B3saTa komoHKa noHHBIX ocanakos (MBanosa u np., 2016).
[Tono6Hast Mozesnb MOXKET OOBSICHUTH IPOUCXOXKACHUE IPU(PTA HA CEBEPHOM MPOIOTDKE-
HUM Teppacel Deitnbepra (cM. puc. 2, 3). Kak BunHo Ha puc. 1b, B HacTosiiee Bpems
Teppaca OMbBIBAETCS HIKHUMHU LUPKYMIIOJISIPHBIMU aHTAPKTUYECKUMHU BOJaMU BOJIHM3U
UX HWKHEW TPaHMIbI C MOJCTUIAIOIIMME MTyOMHHBIMH Bojamu Mops Yamuemna (YI'B
Ha puc. 1b). B HemaBHEM reoioruueckoM MpoIuioM UMEHHO Ha YPOBHE 3TOW TPaHMIIBI,
BEPOSATHO, BbIpaldaThIBajIach cama Teppaca.

MOXXHO TIpennoiIKUTh, YTO HaloaeMasi MPUYpPOUYEHHOCTh Teppac K IpaHHIaM
BOJTHBIX MAacC C YBEJIMYCHHBIM T'PAJHEHTOM INIOTHOCTH 00YyCIIOBIIEHA CKOIIJICHHEM 3/1€Ch
TIOBBIIICHHBIX KOHIIEHTPAMK B3BeCH. Bo3HMKaromuii TakuM 00pa3oM TOHKHI MPUIOH-
HBIM CJI0M CYCIEH3UM MOBBIIIEHHOMN INIOTHOCTH U BSI3KOCTH, IpHKaThlil cuioi Kopuo-
JMCA K CKIIOHY CJI€BA M0 OTHOILIECHUIO K ABUKEHUIO MPUIOHHOTO TEUYEHHUS, JOKEH YCH-
nuBath 3(dexT 60koBOM 3po3un npu (HopMUpPOBaHUU Teppackl. Pazymeercs, 3To moka
TOJIBKO TUIOTE3a, TPeOyIolIast TCOPETUYECKOM U AKCTIEPUMEHTAIBHOM MTPOBEPKH.

Kpome apudra Ha Teppace Deitnbepra (cM. puc. 2, 3), mapauieabHo cTparudu-
LMpOBaHHbIE ceiicMo(dalny aKKyMyJIILIUKA KOHTYPUTOB CJIaratoT OCTAHLbI OT 3PO3UH Ha
TOM *ke Teppace (cM. puc. 4) U MOJICTUIAIOT B pa3pe3e rpaBUTUTHI (cM. puc. 5). OHu
BBISIBJICHBI HAa CpeIHEH 4acTH KOHTUHEHTAJIbHOTO CKJIOHA MEXIy KaHbOHaMHU (CM. pHC.
7) ¥ B 3pO3HOHHBIX CTYNEHSX OOpTa KPyMHOro KaHbOHA (CM. puc. 6). 31eCh KOHTYPUTHI
HAKOIIMJIUCh IO BIMSHHUEM ITOTOKOB BEPXHMX LIUPKYMIIOJISPHBIX aHTAPKTUYECKUX BOJ
(BUIIB na puc. 1b). KontypuroBas npupona npudra Ha JHE KaHAIA TIOJHOXKHUS KOHTH-
HEHTAJIBHOTO CKJIOHA (cM. puc. 11) Takke HecomMHeHHa. [[pudT HaKOMHICS, OYEBHJIHO,
10J] ACWCTBUEM NPUAOHHOTO TeUSHUs IITyOUHHBIX Bo Mops Yanaeiuia (YI'B va puc. 1b).

Haxkomnnenne KOHTYpUTOB B HECKOJIBKUX JIpU(TaxX NpepbiBajJIOoCh IpO3UeH, CBA3aH-
HOW C yCWJIEHHEM MPUIOHHBIX TeueHuil. OO0 3TOM CBHIETEIBCTBYIOT HEPOBHBIE APO3H-
OHHBIE TTOBEPXHOCTH BHYTPH KOHTYPUTOBOH ceficModainu, HHOTAA ¢ 3aMETHBIMU YIJIO-
BBIMU HECOINIACHUSMU U MPU3HAKAMM CPE3aHMsI CTPYKTYp HUKHEM Mayky MapaienbHO
CTpaTuUIIMPOBAHHON BepXHEW maukoit (cM. puc. 7, 11).

Opnnako, IposIBICHUS 3p0O3Hii, HaOMoqaemMble B pparMeHTax npoduiis Kak Ha Tep-
pace @einbepra, Tak U B APYTUX JIEMEHTaX KOHTYPUTOBOW CHCTEMBI, COITIACHO MHTEP-
IIpETAllMM aBTOPOB, B OCHOBHOM CBSI3aHbI C JI€ATEIbHOCTHIO IPAaBUTAL[MOHHBIX OCal04-
HBIX ITOTOKOB, CITYCKAKOIIUXCS IO IMOABOJHBIM KaHbOHAM. DPO3MOHHO-aKKYMYJIATUBHAsS
JESTENIbHOCTh I'PAaBUTALIMOHHBIX MOTOKOB HA KOHTMHEHTAJIBbHBIX CKJIOHAX MacCCUBHBIX
OKpauH XOPOLIO U3yueHa B paMKax TypOUAUTHOH (TpaBUTUTHOH B 00JIee IIUPOKOM CMBbIC-
Jie) MapaurMbl, TOCIOICTBOBABIIIECH B MOPCKOW CEAMMEHTOJIOTUH BO BTOPOM TMOJIOBUHE
IPOILIOTrO BeKa. 371eCh MBI OCTAHOBHUMCSI KPAaTKO TOJIBKO Ha HEKOTOPHIX OCOOEHHOCTSIX
IPAaBUTALIMOHHBIX MPOLIECCOB, CIICU(PUUHBIX I JAHHOTO PErMOHA UCCIIEOBAHUS.

XOTsI KOHTUHEHTAJIbHBIA CKJIOH B CEBEPHOM CEKTOPE M'€HEPATbHOW KOHTYPHUTOBOM
CHCTEMBI OyKBaJIbHO M3PE3aH CEThIO KPYMHBIX KAHBOHOB C MHOTOYHCIICHHBIMH IPHUTO-
KaM{ 1 MHOXXECTBOM MEIIKMX KaHbOHOB (CM. pHuC. 1A), MOP(OIOTHUECKH BBHIPAKEHHBIX
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($oHOB mepen uxX ycThsiMU HET. TypOuIauThl BOOOIIE HE OTMEUEHBI HU B JIUTEPATyPHBIX
HCTOYHMKAX, HU IIPU aHAJIU3€ MPEACTABICHHBIX 31€Ch CEHCMOAKyCTHUECKHUX JIaHHBIX.
Ocamounblil nUIeiQ Ha MOTHOKMKM KOHTMHEHTAJIBHOTO CKJIOHA (continental rise) mpak-
THYECKH OTCYTCTBYyeT. COBOKYIHOCTh MEPEUUCICHHBIX (PAKTOB NMPUBOAUT K BBIBOAY O
neuIuTe TEPPUTEHHOTO 0CAOYHOTO MaTepHana, MOJBEPraloIerocs MePeoTIOKEHUIO
KOHTYPHBIMH TE€UEHHUSIMU U TPAaBUTALMOHHBIMHU THoOTOoKamH. Bompoc Oyaer monpoOHee
pPaccMOTpPEH BO BTOPOM CTaTbe HACTOSLIETO LIUKJIA.

Bropas nmpuumnnHa cnaGoro pa3BUTHsS TPAaBUTUTOB HA JaHHOM Y4YacTKE KOHTHHEH-
TaJbHOTO CKJIOHA — BBICOKHE CKOPOCTH KOHTYPHBIX TEUEHHMH Ha BCEX PacCMOTPEHHBIX
0aTUMETPHUECKUX YPOBHSIX KOHTHUHEHTAJIBHOTO CKIIOHA. B pe3ynbrare, moutu Bech 61o-
TeHHO-TEPPUTeHHBIN 0CaOYHBIA MaTepHall, B OCHOBHOM TOHKO3EPHUCTHIH, BEIHECEHHBII
IPaBUTALMOHHBIMU [TOTOKAMU 10 KAHBOHAM, OBICTPO MEPEMBIBAETCS KOHTYPHBIMU TEUe-
HUSAMH U 1100 00pasyer HeOombIIne ApUQTHI, TMOO0 paccenBaeTcs B COCTaBE MPUIAOHHO-
ro HedeJTOUTHOTO CJI0s 3aMagHol YacTH APreHTHMHCKON KOTJIOBUHBI. TeM caMbIM KOH-
TYpUTOBas CUCTEMa KOHTMHEHTAJIBHOTO CkJIOHa [laTaroHuM BIOJHE ONpPAaBIBIBAET CBOE
Ha3BaHHE JJake Ha CEBEpHOM nepudepuu, r1e OHa BHIKITMHUBACTCS.

ABTOpPBI BBIpKAIOT 0JarofapHOCTh KallMTaHaM M dKunaxam peiicoB 33, 37 u 53
HUC «Axkanemux Modde» 3a moMoris B mpoBeeHNH ceiicMonpoGuInpoBaHus U 0TOopa
KOJIOHOK JIOHHBIX 0caJikoB. PaboTa BhINOMHEHA NpH Hoaaepxke Poccuiickoro Hay4yHoOro
dhonma no [Mpoexty Ne 18-17-00227, Brirodas aHaIM3 U TCHETHYECKYIO HHTEPIPETAINIO
ciicModanuii KOHTYPHUTOB, a TAK)KE TPABUTUTOB, XapaKTEPUCTHKY IPO3HOHHO-aKKyMYJIs-
TUBHOW KOHTYpHUTOBOH cuctemsl B 1ienioM (Mypamaa 1.O., bopucos JI.I). O6paboTka
CENCMOaKyCTHUECKUX MPoduiIel, moadop U U3rOTOBICHUE WIIIIOCTPALUNA BBHIITOJTHEHBI B
pamkax ['oczamanus Ne 0149-2018-0016 (PocasikoB A.TY)
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Series of two papers are dedicated to study of erosional and depositional processes in the
northern part of the previously distinguished contourite system on the Patagonian continental
slope between 46—42° at a water depth range of 2100-5200 m. The first paper is focused
on interpretation of high-resolution seiscmoacoustic data collected using the parametric
echo-sounder SES 2000 deep with acoustic penetration of 60 mbsf. Analysis of seismic data
revealed seismic facies of contourites and gravitites as well as erosional features formed
under the influence of gravity flows (gravity-driven processes) moving downslope through
the canyon system. It was demonstrated that gravitites deposited by gravity flows represent
a source of sediment material for contourite drift formation. Domination of erosion over
deposition in the study area might be explained by the intense dynamics of bottom waters,
including contour currnets, internal waves, benthic storms and gravity flows.

Keywords: seismic profiling, seismic facies, lateral sedimentation, bottom currents, contourite
terrace, drift, continental rise, canyons, Argentine basin, Atlantic Ocean
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O BBIBOPE HCTOYHHUKOB UCKYCCTBEHHOI'O OCBEHIEHU A
AJIAA BYKCUPYEMOI'O HEOBUTAEMOI'O IOABOAHOI'O
AIIITAPATA «BUAEOMO YJIb»
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Haxumoeckuii npocnexm, 0. 36, e-mail: anisimov.im@ocean.ru
Crares moctynmia B pemakmmio 14.08.2018, omodpena k mewaru 30.11.2018

Jlist monyyeHust KayeCTBEHHBIX (DOTO- M BUIEON300paskeHUH C TIOMOIIBIO CUCTEM ITOABOTHOTO
BUJICHHUSI OCOOCHHO Ba)KHBIM SIBJISIETCSI MPABHIIBHBIA BBIOOP MCTOYHHMKOB HMCKYCCTBEHHOTO
ocBeleHus. B paboTe npeiokeH pacuet, MO3BOJISIIONIUI OIEHUTh TapaMeTpbl HCTOUHUKOB
OCBEIICHHS JUIsl PEIICHNUS 3a1auy MO/IBOJHBIX HAONIOCHNIT B PE)KUME PEeabHOTO BPEMEHU
¢ noMolbIo Oykcupyemoro HeoouTaemoro noasoaHoro amnmapara (BHITA) «Buneomomyib.
IIpuBenensl mapamMeTpsl HCTOYHHKOB MOABOJHOTO OCBELICHMS, YAOBIETBOPSIOIINE
TpeOOBaHMSIM K OJKCIUTyaTallMH armapara. [IpeicraBiieHbl H300pa)KeHUs!, I[OJy4YEHHbIC
BO BpeMs pabOoThl IOJBOJHOIO ammapara B pelce Hay4HO-UCCIEN0BATENIbCKOIO CyIHa
«Axagemuxk Mctucnas Kensim, 1 mpoaHaJIHU3MPOBAHO UX KaueCTBO.

KioueBble cjioBa: TOIBOJHBIC allapaThl, CHCTEMBbI TIOBOIHOTO BHJICHHUSI,
YYBCTBUTEIHLHOCTh CEHCOpPA BHACOKAMEPHI, HCTOUHUKH HMCKYCCTBEHHOIO 3aJIMBAIOIIETO
cBeTa, ocnabiIeHne cBeTa B cpee

BBenenue

C noMompi0 cHUCTEM TOABOAHOTO BHJACHHS PEIIAIOTCS BaKHBIE 3a/1a4d
uccieoBaHui MUpOBOro OkeaHa, TaKu€ KaK MOHMTOPUHI U y4e€T OHOJIOTMYECKUX
MOJIBOAHBIX COOOIIECTB, OLIEHKa MOP(OJIOrMH MUKpopenbeda MOBEPXHOCTH JHA, TO-
WCK, UIEHTU(UKALUSI U MOCIEAYIOIUN eTalbHbI OCMOTP MOABOAHBIX TEXHOTCHHBIX
U TPUPOAHBIX O00BEKTOB. CHCTEMBI TOABOTHOTO BHUJIEHUS YCTAaHABIMBAIOTCS Ha
OOJIBIIMHCTBO MOJBOIHBIX AINMIapaTOB: aBTOHOMHbIE HEOOUTaeMble MTOJIBOTHBIC alaparhbl
(AHITA), reneynpasinsiemble HeoOnTaemble moAaBoaHbIe anmapars! (THITIA), Gykcupyembie
HeobOurTaembie oaBoAHble anmmaparel (BHITA), a Takke B KauyecTBE BCIIOMOTATEIbHBIX
CUCTEM Ha POOOOTOOPHUKH U 30HIBI. B 3aBUCMMOCTH OT MPUMEHEHHUS UCIOIb3YIOTCS
CUCTEMBI, OCYILIECTBISIONNE (POTO- WIH BUJEOCHEMKY.

B NO PAH 6511 pa3zpaboran BHITA «Buneomonyns» (puc. 1), npenHa3HaueHHbII
JUISL OCYIIECTBIICHUSI MAPIIPYTHBIX HAOMIOACHH 32 MOABOAHBIMU OOBEKTAMU B PEKUME
peaIbHOTO BPEMEHH C BO3MOXKHOCTBIO 3amucu (HOTO- M BUIEOM300pakeHUH. Ammapar
sKcIuTyaTupyetcst B Apkrudeckux skcnenuiusax MO PAH nns noucka u obcienoBaHust
MOTEHIIMAJIbHO OIMACHBIX OOBEKTOB, a TakKXKe JUIsl HAOIIONEHUN TOHHBIX >KMBOTHBIX
u pactenuid (PnuHT U Ap., 2016; Ilospkos u ap., 2017). BHITIA npeacrasnser coboit
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Puc. 1. BHITA «Buneomonynby.

IPOCTPAHCTBEHHYIO paMy U3 HEPKABEIOLIEH CTAIN, Ha KOTOPOH 3aKPEIIEHbl TEPMETUYHbIE
MIPOYHbIE KOpPIyca C JIEMEHTAMU MUTaHUs, YIPABISIOUIMMU 3J€KTPOHHBIMU OJIOKaMHu,
BUJICOKaMepaMH M HCTOUHUKAaMHU UCKyccTBeHHOTO 3anuBarotiero ceeta (M3C) (Ilponus,
2017). Anmapar ocHalleH Ja3epHbIMH MAacIITa0OHBIMH YKa3aTeJIsIMH IS ONpPEIeICHUs
pasmepa wuccieayeMbix o0bekToB. Jlanuwie, cobupaembie BHIIA, mepenatorcs Ha
CYIHO-HOCHUTEJIb 110 ONTOBOJIOKOHHBIM JKMJIaM KaOelb-Tpoca ¢ BHELIHEH Ipy30HecyIei
orieTkod. Jlis 3axBata M300pakeHUs Ha ammapare ycTaHOBJIeHa IudpoBas Kamepa
BBICOKOTO pa3pelleHus, I03BOJSIOIIAs B PEXUME pEaJbHOIO BPEMEHH I0JIy4aTh
Bueonszobpaxenue B popmare Full HD ¢ wactoroii 50 kagpoB B CeKyHY.

BaxubiM  axkTopoM 7S MOMy4YeHHMs] XOPOIIO YMTA€MOIO  IOJIBOJHOTO
M300paKeHHUs SBISCTCS MPABHIBHBIA BBIOOP KOHCTpYKIMH U napamerpoB M3C. BHITA
«Buzneomonynb» mpeaHazHaueH A7 paboT Ha OONBIIMX TITyOHHAX, Ky/la HE MPOHHKAET
€CTECTBEHHBIN COJIHEUHBbIN CBET, MOATOMY M3C ABISIOTCS €AMHCTBEHHBIM MCTOYHUKOM
OCBEIICHHS, 00ECIICUYNBAIOIINM BUAMMOCTh B 3THX yCIOBUAX. MICTOpHUECKH B KauyecTBe
N3C npumeHsnuch namnbl HaKaJUMBaHUSA, TaJOT€HHBIE JIAMIIbI, HATPUEBBIE, PTYTHBHIE,
ronno-taumessie u np. (Crommos, ['py3aes, 1985). Uctounuku pa3nudanvch Mo CBOUM
MEKTPUUECKUM XapaKTEPUCTHUKAM, BPEMEHU BKIIIOUEHHUs M LBerornepenade. C TOUKH
3peHusi CIieKTpa M3NyueHus: Hanbosee aJieKBaTHBIMU 3aJja4yaM MOJIBOTHOTO HAOIIOICHUS
SIBISUIACh ~ MOJHO-TAJJIMEBBIC  JIAMIIBI, CIEKTpajbHas XapaKTePUCTUKA KOTOPBIX
HAWJIy4IIAM 00pa3oM COOTHOCHUTCSI CO CHEKTPAIbHBIMH XapaKTEPUCTUKAMU MOPCKOM
Bonbl. HemocrarkoM HOMHO-TAUIMEBBIX JIaMIT SIBISIETCS HEOONBIION CpPOK CIyXKObI
1 IOpOroBH3HA B U3rorosiieHnu. Hanbosnpiee pacnpocTpaHeHUE B OJIBOIHBIX CBETOBBIX
prOOpax MOTyIHUITH KBAPIIEBhIE FAIOT€HHBIE JIAMITHI, TPEUMYIIIECTBOM KOTOPBIX SIBISETCS
YHHUBEPCAIBHOCTD 10 MUTAHUIO, OBICTPOTA BKJIIOUEHUS B PEKHUM PabOThI, TOCTYITHOCTh
U Xopomas nuseronepenada. M3 He1ocTarkoB MOKHO OTMETUTh HEBBICOKYIO CBETOOTAAUY
(mopsiaka 15 nm/Br).

C pa3BuTHEM MOJYIPOBOJHUKOBBIX TEXHOJIOTMM Ha4aJld IIMPOKO HPHUMEHATHCA
N3C Ha ocHOBE CBETOM3IIyYAIOUIUX JAMO/I0B. BONBIIMHCTBO COBPEMEHHBIX HMOJABOIHBIX
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anmaparoB OCHAIIEHbl MCTOYHHUKAMH OcBelieHus storo Tuma (Sheehan et al., 2016).
Onu o0nanarot BeIcoKo# cBerooTaayeit (10 200 1v/BT), a Takke KOHCTPYKTUBHO UMEIOT
00J1ee KOMITAKTHBIE pa3Mephbl [0 CPABHEHUIO C APYTUMU TUITAMU U3Ty4YaIOIUX SJIEMEHTOB,
YTO CYHIECTBEHHO YIPOIIAET 3a/ady MPOEKTUPOBAHUSI T€PMETHUHBIX KOPIYCOB JIf
N3C. ITomumo AMONOB MPUMEHSIOT ra30pa3psAaHbIC JIaMIlbl (KCEHOH), KOTOPHIE TaKKe
o0namaroT BhICOKOM cBetooTmaued (mopsaka 100 nm/BT), omHako OHM 3HAYUTEITHHO
YCTYIAIOT CBETOAMOIAM IO JIOJITOBEYHOCTH.

OcHOBBIBasAICh Ha HM3YYEHHOM OIBITe B cdepe MNPOSKTUPOBAHUS TOABOAHBIX
anmaparoB, B kauecTBe m3nmydaromux snementoB M3C nns BHITA «Buneomomynsy Obu10
MIPUHSATO PEIICHUE UCTIONB30BaTh CBETOM3IIyYalolue 1uoabl. B crarbe caenana oneHka
(dboromeTpudeckux M AnekTpudyeckux xapakrepuctuk M3C, obecneunBaromux paboTy
BHITA «Buneomonyiby.

MarepuaJjibl 1 MeTOABI

OCHOBHBIM MTapaMeTPOM, Ha KOTOPBIH CIIEyeT OMUPAThCS IIPHU BBIOOPE HCTOYHUKOB
IIOJBOJHOIO OCBCILCHMS, SBIAETCA MHUHUMAajbHAs OCBCIICHHOCTbH Ha CEHCOpe

BHJICOKaMephl (4yBCTBUTEIBHOCTh CEHCOpa) E . . mpu KOoTopoi MOKeT chopMUPOBATH-

min?
s BUAMMOE U300pakeHne. DTO 3HAYEHHE CBA3aHO ¢ APKOCThIO B, 0OmacTyu, BuaAMMON
B KaJpe BHJICOKAMEPbI, COOTHOLIEHUEM Emin:QO-BCAM, e QO — cBerocuia 00bEKTUBA
KaMmephbl. SIpKOCTh 00IaCTH, BUAMMOMN B KaJIpe, 3aBUCUT OT MOIITHOCTH HCTOYHUKOB OCBE-

HmIeHus, Ko PUIMEHTA OTPaKEHHS HCCIeyeMoro oobekTa R, a Takke XapaKTepUCTHK

OBJ?
OKpy>Karolei cpenbl. B ciydae BogHOM cpeibl 3a Hanboiee 3HaYMMYI0 XapaKTepPUCTUKY
cllelyeT PUHSTH T0Ka3aTesb 0Caa0IeHUs U3IyYeHUs €, KOTOPBII BapbUpyeTCs B 3aBUCH-
MOCTH 0T paiioHa MupoBoro okeana (Cromios, ['py3nes, 1985).

BHITA «Buneomonynb» OCHaIleH KaMepoil BBICOKOTo paspeuieHus Be-
ward BD3270Z ¢ KMOII-cencopoM ¢ paspelieHneM 2 Meranukceias U 0ObEKTHBOM
C MaKCUMAaJIbHBIM OTHOCHUTEJIbHBIM OTBEpCTHEM paBHBIM 1/1,2. CormacHO TEXHUYECKOMY
NacIOpPTy YCTPOMCTBA, CEHCOp KaMepbl uMmeeT dyBcTBUTENbHOCTH 0,0006 nk. JlaHHOE
3HaueHHe, Kak Oy/leT MOKa3aHO HMKE, HyKIaeTcs B JONOJHUTEIbHOW KOPPEKTHPOBKE.

OOBeKTHUB KaMepbl UMEET Yroi 003opa o, paBHbIN 46° (3HAUEHHE CKOPPEKTHUPOBAHO

CAM’
C YYETOM TI0Ka3aTellsl MPEIOMIICHHSI MOPCKOM BOJIBI).

B xauectBe H3JIydaromux S3JICMCEHTOB I IOABOJAHBLIX HCTOYHUKOB OCBCIICHHA
ObUTH BBHIOpaHBI MATPUYHBIE CBETOAMOIBI. MaTpUYHBIM CBETOAMOA MPEACTABIAET cO00i
Ha0Op KPHUCTAJIOB, Pa3MEIICHHBIX Ha OOIIEH MOIOKKE, 3aIUTBINA CIOEM JIFOMUHOpOpA.
OCHOBHBIMH XapaKTCPpUCTUKAMU MaTPUIHBIX TUOJ0B, KOTOPbLIC OBLIN MCIIOJIH30BAHBI npu
pacucTax, SABJIAIOTCA HOMUHAJIBbHBIA CBETOBOM MOTOK UCTOYHUKA (DS’ YTOJI U3JTydCHUA (X,S
W 2JICKTPUYECKas MOMHOCTh McTouHuKa P.. IToTok u3mydeHus B mpenenax TEIECHOTO
yria €, OrpaHUYEHHOTO YIJIOM 0, BOOOIIE rOBOPS, PACHPOCTPAHAETCS HEPaBHOMED-
HO, HO, IOCKOJIbKY YTOJI H3JTy4YCHUIA 6OJIBLHI/IHCTBa MaTpUYHBIX CBCTOAMOIOB MHOI'O
OoJIbIIIe 3aJIaHHOTO yIiia 0030pa KaMephl, TO B MpejesiaX 00IacTH BHIUMOCTU KaMephl
HEPAaBHOMEPHOCTHIO CBETOBOTO IMOTOKA (ISl YIIPOILIEHUS pacdyeTa) MOKHO TIPeHeOpeyb.
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B nanbHeiieM yron H3IydeHUsT MOXET OBITh CKOPPEKTHPOBAH IyTEM YCTaHOBKHU
oTpaxkareneii Ha mpouHbie Kopmyca M3C, 4To MOBBICUT YPOBEHb OCBEIIEHHOCTH 00JIACTH,
BUJIMMOM B KaJpe.

KAMEPA b NCTOYHMK OCBELLIEHMA

Acam :

7 7

Puc. 2. Cxema pacmonokeHust 3IEMEHTOB CUCTEMBI MOABOAHOTO BuaeHuss bHITA
«Bumeomonyiby: b— paccrosiHre oT Kamephl 10 HCTOYHHKA OCBEIIEHHs; [ — BRICOTA anmapara
HaJ 00bEKTOM/THOM; L — paccTosiHEE OT UCTOYHUKA JI0 TOUKH MEPECCUCHHS €r0 ONTHYCCKOM
OCH C ONTHYECKOH 0chio kKamepbl; SCAM — 1uiomaaps 001acTu 00beKTa/IHA, BUIUMON B KaJIpe;

Ooam — yroma 0630pa KaMEpBhbI; O — YTroJ u3J1y4€HHs UCTOYHHKA, (ps — YI'oJl HaKJIOHa UCTOYHHUKA

OTHOCHUTCJIIbHO BEPTUKAJIH.

l'eomerpuueckasi cxemMa pacHoJIOKEHHs SJIEMEHTOB Ha IIOJABOJHOM arlrapare
nokasaHa Ha puc. 2. VICTOYHUK OCBELICHUS PACIIONIOKEH O] YIJIOM (g OTHOCHTENILHO
BEPTUKAJIU TaK, YTOOBI IEHTP OCBEIIEHHOTO YyYacTKa UCCIIEyeMOro 0ObEeKTa COBMAIall C

[IEHTPOM 00JIaCTH TUIOIIAIBIO S BUJIUMOM B Kajipe. To eCTh ONTUYECKHE OCU HCTOY-

CAM?
HUKa M KaMephbl JOJIKHBI MEPECEKaThCsl B TOUKE, JIEKAalllel Ha MOBEPXHOCTH HCCIIETye-
MOro o0bekTa. B peanbHOCTH 3TH JBa IIEHTpa CMEIAIOTCS OTHOCUTENBHO APYT APYTa,
T.K. amnmapar OTKJIOHSETCS OT ONTHUMAIBHON BBICOTHI Haa JHOM Ipu OykcupoBke. Ho
npu pacyeTe OyaeM CUMTaTh UX COBMAJAIOMIMMU. VICTOYHUK OCBEIEHHUS PACIIONOKEH
Ha PACCTOSIHUM D OT KaMepbl BBICOKOTO Pa3pelICHUs C IEIbI0 YMEHBIICHUS BIHSHUS
MIOMEXH 00paTHOTO paccestHUs Ha onyueHHoe n3oopaxenue (omun, Jlepun, 1991).

HalijeM CHaualia

a

Jlnst pacdera SpkoCTH 00J1aCTH, OTPAHUYEHHOM MIIOMAABIO S, ,

CBETOBOM MOTOK @ MaJIaloIMKA OT UCTOYHUKA B MpEJeIax TeJIeCHOro ymia

CAM? CAM? H

001aCTh, OrPAHUYEHHYIO IIOMAIBIO S, .

M3 reoMeTpuveckoro pacroiOKEeHUS UCTOYHHKA OTHOCHUTEIBHO JHA HAXOIUM
TEJNECHBIN yrom Q- S

— —CAM
Q. TS Cos @,

rie L® u COS@, pacCUnTHIBAIOTCSA MCXOMS U3 TEOMETPHIECKOTO PACIIOI0KEHHUS JIEMEHTOB
anmnapara: L> = H? + B, cose,= H/L.

Ionuplil TenecHbId yroa HCTOYHUKA L2, PACCUUTHIBAEM Y€PE3 HOMUHANIBHBIH yron
W3JTyYCHHUS:
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(04
Q =2n(1- cos75).

[IpuHsB BO BHMMaHHE, YTO CHJa CBETa HMCTOYHHMKA B TpeJenax €ro MOJHOTO
TEJECHOI0 yIlla OCTAETCSl MOCTOSHHOM, HAXOAMM CBETOBOW IOTOK, OTrpaHUYECHHBIN
TEJIECHBIM yrioM Q.

D, S
o = S - —2M.cos ;.

QCAM
2(1-cos O;S)

B BonHO¥ cpenie CBETOBOM MOTOK 0CIalIAETCs COMIacHo 3aKkoHy byrepa @ =@ e, e
Z — pacctosinue. [IpuHrMas 3To BO BHUMaHUE U YYUTHIBAsA, UTO CBETOBOI MOTOK MCTOY-
HUKa OCBEILICHHs OciadeBaeT Ha PAacCTOSHUU OT MCTOYHMKA 10 oObekTa L, momyuyaem
BBIPXCHHE ISl CBETOBOTO TIOTOKA, MAJAI0IIEeT0 HAa OOBEKT:
de S
(pCAM - 2 o ' C/;M COS@s.
27r(1-cos 75)

Jlyist ympoIeHusi pacdeToB OyleM Tojiararh, 4To, Majas Ha OOBEKT/IIHO, TMOTOK
O\, OTPAXKAETCA PABHOMEPHO IO BCEH MUIOMIAMM S ., KaK OT Au((Py3HO OTpaKaromeH

MOBEPXHOCTH € Kod(hduimeHToM oTpakeHus R_. B Mpeaenax TeIeCcHOTO yria 27

OBJ
(BepxHsist mosrycdepa). Mcnons3ys kinaccuueckue opmysist B = |/S, I = ®/Q u yuutbiBas
ocabJIeHHe CBETOBOTO TIOTOKA HAa PACCTOSIHUU OT 00BEKTA JI0 KaMEphbl, HAXOAUM SIPKOCTh
007acTH, BUAMMON B Kaape:
458 e—E(L’fH)
By = " — COS Q.

CAM
Am*(1-cos O;S)

Kak ynomuHanocs Bellie, MUHIMaJIbHas OCBELIEHHOCTh Ha CEHCOPE BUACOKAMEPHI
(4yBCTBUTENIBHOCTH ceHcopa) E

nin= QO-BCAM. B cBow ouepenp, cBeTOCHIIa CBs3aHA C
OTHOCHUTEIIbHBIM OTBEPCTHEM OOBEKTHBA N, cooTHOUIEHHEM Q0=N02. Torma waxoaum

YCJIOBUC I MUHUMAJIBHOT'O CBETOBOI'O ITOTOKA UCTOYHHWKA OCBCIICHUA:

@S = 4(77:|_)2N2;. Emin (1_COS&)eE(L+H)'

o " Ross COSQs
Koadpumment orpakeHns BapbupyeTcs B 3aBUCUMOCTH OT HAOIIOaeMOT0 0OBEKTA.
ITockonbky ¢oHOM UIsI OOBEKTOB SIBISICTCS B IMOJABISIONIEM OOJBIIMHCTBE CIy4yaes

MOPCKO€ JHO, IeJecoo0pa3sHO TPHUCBOUTH R_.. 3HaYeHWEe cpeaHero koddduimeHTta

OBJ
OTPaKEeHHSI MOPCKOTO MJIMCTOTO JHA Kak HanOojiee TEMHOro (pOoHa, BO3MOXKHOTO IPH
MOJBOJIHBIX HAONMIONCHUAX. 3HaueHue Kod(PPHUIMEHTa OTpaKEHUS MOPCKOTO JHA
koneonercst B paiione 0,2 ([Jomun, Jleun, 1991). 3naueHue mokaszarens OcaaOIeHUS
M3MEHSIETCS B 3aBUCMMOCTU OT pailoHa MupoBoro okeana (Cromios, ['py3nes, 1985).

I[J'ISI OLCHKHU XapaKTCPUCTUK UCTOUYHHUKOB IMOABOAHOI'O OCBCHICHUA OBLIO UCIIOIb30BAHO
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3HaUEHUE Mokaszaresst ocnadnenus, pasuoe 0,5 m!' (Bypenkos u nip., 2010), xapakrepHoe
JUIsl pallOHOB UcCclleoBaHul, e skciuryarupyercss bHITA «Buneomonyns», a MMEHHO
Apxkruueckue mops: Kapckoe mope, mope JlanteBsix, Boctouno-Cubupckoe Mope.

OO0cyskaeHue pe3ybTaToOB

Kak Obuto ckazaHo Bbille, mapamerp E_. . ciykamuil OCHOBHBIM KpUTEpHEM

min’
Juis pacyeta cBeroBoro notoka M3C, Hykaaercs B JONOJHUTEIBbHON KOPPEKTHPOBKE.
OT10 CcBs3HO ¢ TeM, uTo 3Hauyenue E_. = 0,0006 1k, 3a1aHHOE B TEXHUYECKOM MACTIOPTE
BUJIEOKaMEPBhl, COOTBETCTBYET HIKCTPEMAJIbHBIM 3HAYEHUSIM HACTPOEK KaMephbl, a UIMEHHO:
OTHOCHTENbHOE OTBepCTHE OObeKkTHBa N = 1/1,2, CKOPOCTBH 3JIEKTPOHHOrO 3aTBOpa
S0 = 0,5 c. [Ipu gaHHBIX HACTPOMKaX HEBO3MOXXHO IOJIYYUTh YETKOTO MOJBOIHOIO
n3o0paxkeHus. CKOPOCTb SJIEKTPOHHOI'O 3aTBOpa HE JOJKHA IPEBBILATh 3HAYCHMS
B 1/50 ¢, yToOBI 0OEecieunTh CHEMKY NpHU yacToTe B 50 KaApoB B CEKyHy. MakcuMalb-
HOE OTHOCHUTEIBHOE OTBEPCTHE OOBEKTHBA CY)KaeT IIyOUMHY Pe3KOCTH M300pakaeMoro
npoctpanctea (I'PUII), uTo nNpuBOAMT K TOCTOSHHBIM KOPpPEKTHpPOBKaM (Qokyca
00bEeKTHBA [TPU M3MEHEHUH BBICOTHI allliapara HaJl 00bekToM (1HoM). [loaTomy nuadparmy
00bEKTHBA CIIeTyeT IPUKPBIBATh, yMEHbBIIIAsl, TAKUM 00pa3oM, OTHOCUTEIFHOE OTBEPCTHE,
BCJIEZICTBHE YETO MEHSIETCs CBETOCUIIA 00beKTHBA. OTHOCUTEIBHOE OTBEPCTUE OOBEKTUBA
U CKOPOCTb 3aTBOpA SIBJISIOTCS OCHOBHBIMH IapaMETPaMU ChEMKH, KOTOPbIE PEryIupy-
I0TCS B ITpoliecce paboThl MOJBOAHOTO anmapara. /lake mpu MakCUMalbHBIX HACTPOMKAX
KaMepbl U ocBeleHHocTH cercopa 0,0006 1K, ypoBeHb MOJIE3HOTO CUTHAIIA U300paXKeHHUSI
JIMIIL HEHAMHOTO TIPEBBIIAET YPOBEHD IyMa (oTHOmeHue curHan/mym SNR = 10 1b),
TOTJIa KaK MpHeMJeMoe OTHOIIeHHe curHan/uryM HaunHaercs ot 30 ab. C yuetom »Tux
3aMeuaHuil, BBeIEM IONpaBOYHblEe KOA(MGUIMEHTHl JUIsi MUHMMaJIbHON Tpelyemoit
OCBEIIIEHHOCTH CEHCOPA KaMEphI:

SNR-SNR, N 2 S
KSNR =10 *® ’KN = N_(.)z'Ks = ?0’

rae SNR, N, S — peanbHO UCTIONB3yeMble 3HAYEHUS TapaMEeTPOB KaMephl JIJIS TTOTydYeHUs
KaueCTBEHHOT'O N300paKeHMSL.

CKOppeKTHpOBaHHOE 3HAYCHWE MHHHUMAJIBHOW OCBEIIEHHOCTH CEHCOpa KaMephl,
Takum obpasom, pasro E . "=E . -K K -K . PacueTHble 3HaueHHs CBETOBOTO MOTOKA
MCTOYHHKOB OCBELICHUS ISl pa3HbIX 3HAaYEHUH OTHOCHTEIBHOIO OTBEPCTUSI OOBEKTHBA
N u ckopocTH 3aTBOpa S, MOyYEHHBIE C YYETOM BCEX KOPPEKTHPOBOK, MPEICTABICHEI B
tabmuue 1. {ms Beicotsl OykcupoBku BHITA Han o6bexToM (1HOM) M paccTosiHus ot U3C
710 BUJICOKaMePhI 3a1aHbl 3HaueHus H = 1,5 m, b = 1,6 M. Bricora OykcupoBkH BbIOpaHa
TakuM 00pa3oM, 4YTOOBI HCCIIEeIyeMble OOBEKTHI IEIMKOM ITOMEIIAINCh B 00IacTh,
BUAMMYIO B KaMepe, IUI0IIa b KOTOPOH, IIPH 33JJaHHOM yIyie 0030pa KaMephbl, COCTABISET
nopsiaka 1,5 M2 Takoro 3HayeHHs JOCTATOMHO MJisi HAONIONCHUS MHUKpopeibeda,
JIOHHBIX JKUBOTHBIX M pacTeHui. [y yria u3irydeHusi ICTOYHHUKA 33JJaHO THITUYHOE JIJIS
MaTPUYHBIX CBETOAMOIOB 3HAYEHHUE 0, CKOPPEKTHPOBAHHOE C YYETOM IOKas3aTess npe-
JIOMJICHUSI MOPCKOM BOJIBI.
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Tabnuua 1. PacueTHble 3HaY€HMsI CBETOBOTO ITOTOKA (JIM) HCTOYHHKOB OCBELICHUS JIJISI
pasnuIHBIX BeduH S (cTpoku) U N (cTomO1sr). TeMHBIM IIBETOM BBIIEICHBI 3HAYCHUS,
o0ecrieunBaeMble UCTOUHUKAMHU MOIITHOCTBIO 10 200 Bt

S,N 1/1,2 1/1,4 1/1,6 1/1,8 1/2

1/50 7333 9981 13037 16499 20370
1/100 14666 19962 26073 32999 40739
1/125 18333 24953 32591 41249 50924
1/150 21999 29943 39110 49498 61109
1/175 25666 34934 45628 57748 71294
1/200 29332 39925 52146 65998 81479
1/250 36665 49906 65183 82497 101848

[To ocsiMm oTMeUYeHBI TUMTMYHBIE 3HAYEHUSI OTHOCHUTEIBHO OTBEPCTHUS U CKOPOCTH
3aTBOpa, MpUMEHseMble MpH BuieocheMke. CormacHo TpeOOBaHUSAM K JKCILTyaTalluu
BHITA, OGykcupoBka MpOM3BOAUTCS HA CKOPOCTH cyaHa, paBHOW 0,5 y3ma (25 cMm/C).
[Ipu Takoi CKOPOCTH ISl TIOJIYYEHHS B KaXKJIOM KaJ[pe YETKOro M300paKeHUsI 3HAUCHHE
BBIICP)KKU HaxoauTcs B auanazone ot 1/100 mo 1/50 c¢. Ha mpaktuke CKOpOCTH
OYKCHPOBKH MOXET JAOXOIUTH 110 1,5 y31m0B (75 cM/C), Toraa 3Ha4eHUE BBIICPIKKH HEOO0-
xonuMo noHmkarth 10 1/300—1/200 ¢. 3HaueHne OTHOCUTEILHOTO OTBEPCTHS ONITUMATBHO
BBIIEPKUBATH B Tipenenax ot 1/2 no 1/1,6 nns obecnieduenHus J0CTaTOYHON TITyOHHBI pe3-
KOCTH, OJTHAKO MPU MaJIBIX BBIIEPKKAX M HEJIOCTATOYHOM YPOBHE OCBEIICHHS BO3HUKAET
HE0OXOMMOCTh IMOBBICHTH 3TO 3HAYCHUE.

MarpuyHble CBETONMOIBI, KaK ObUIO CKa3aHO BbIIIE, OONATAIOT BBICOKOM
ceeroornauerd (ot 50 mo 200 nM/BT B 3aBUCUMOCTH OT TEXHOJOTHU HM3TOTOBJICHUSA).
Bocnonp3oBaBmmcs Tabnuiei 1, s MaTpUYHBIX CBETOAMONOB CO CBETOOTHAuYEH
150 nm/BT HeTpyaHO paccyuTarh HEOOXOAWMYIO MOIMHOCTh. s oOecriedeHus
MaKCHMaJIbHOTO 3HaueHus cBeToBoro nmoroka (mpu N = 1/2 u S = 1/250 c¢) HeoOxoauMbl
N3C obmeit momrHoCTHIO 6071ee 700 BT, st Muammansroro (mpu N=1/1,2uS=1/50c)—
nopsiaka 50 Bt. Makcumanbsnas momHocTh M3C orpannieHa BO3MOKHOCTSMH CUCTEMBI
anekTpornutanus anmapara. bBHITA «Buupeomonynes» oOCHaleH akKyMyJITOPHBIMH
OarapesMu, MO3TOMY, NMOMHUMO OTPAHWYCHUH, CBA3AHHBIX C OJJIEKTPHUECKONH CXEMOH,
CYIIIECTBYET OTpaHUYECHHE, CBA3aHHOE C 00eCIIeueHUEM HEOOXOAUMOT0 BpeMEHHU padOoThI
anmapara. Mcxoms u3 93Tux cooOpakeHni, OblT ycTaHoBieH npeen Mmormaoctr U3C, paBHbIi
200 Br. 3HaueHus CBETOBOIO IOTOKA, KOTOPBIH MokeT obecreunts M3C MOIIHOCTEIO,
U3MEHSIEMOI B YCTaHOBJIEHHBIX Mpe/ieNiax, BhIJIETICHbI B Ta0IUIEe | TEMHBIM IIBETOM.

Jlnst MaTpu4HBIX CBETOAMOIOB MOIMHOCTRIO Oomee S50 Bt Tpelyercs cxema
OTBEJICHMSI TEIUIa, TaK KaK C YBEJIMYEHUEM MOIIHOCTH BO3PACTAET TEIIOBBIIEICHUE,
KOTOpOE MOXKET MPHUBECTH K HapyuieHuto pynkumonuposanus M3C. [ng cBeTonnonos
MOITHOCTBIO 710 50 BT oTBeieHuE TeT1a OCYIEeCTBUMO ITyTEeM MPUKPETIIICHUS TTOITIOAKKH
CBETOJIMO/Ia Yepe3 TEIIONMPOBOIAILYIO MACTY HA MPOUYHBIN KOPITYC, B KOTOPBIH 3aKIII0UEH
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U3Iy4aroumil aneMeHT. TakuM oOpas3oM, 11eaeco00pa3HO MPUMEHSATh HE OJJUH MOIIHBII
N3C, a coctaBnsate Habop M3C HeOOBIIO0N MOLTHOCTH, KOTOPBIE B CyMME 00€CIIeunBatOT
HEOOXOIMMBIN CBETOBOI IOTOK.

Puc. 3. Marpuunsrit cBetoguon Epistar XY-J45, 3ax1r04eHHbII B TEPMETHYHBIN TPOYHBII
Koprmyc (cleBa), ycTaHOBIIEHHBIE HICTOYHUKH TIOIBOTHOTO OCBelIeHus Ha pame BHITA
«Bungeomonynby (crpasa).

Ha ocHoBe npoBeIeHHBIX PacuyeToOB B KayeCTBE MCTOYHHMKOB OCBELICHMs ObLIN
BBIOpaHBI MaTpuuHble cBeTonmozab! Epistar XY-J45 (puc. 3), XapakTepuUCTUKH KOTOPBIX
IpUBECHBI B TabuLe 2. MaTpuyHble CBETOAMO/IbI 3aKIIIOUEHBI B TEPMETHYHBIN MOABOI-
HBIN KOPIYC M3 HEepXKaBeIIel cranu ¢ padoueit riryouHoir 6000 M, COOTBETCTBYIOIIEH
sKcIuTyaranroHHeIM napamerpam BHITA «Buneomonyney. MnmtoMuHaTOpBl KOPIyCOB
N3C BbINOAHEHBI W3 ONTHYECKOTO OPraHUYECKOTO CTEKNIa, KOTOpoe o0ecredynBaeT
MPOITyCKaHHE CBETOBOro MoToka, O0mu3koe k 100%. Jlns obecrieueHus: peryinpoBKU
HEOOXOIMMOTO OCBEILEHHsI Ha ammapar ycraHoBieHo 6 takux W3C, xoTopble MOTYT
BKJIIOYATHCS U BBIKJIIOYATHCA 1O OTAENBHOCTU. IIoMHMO perynnpoBKM MHTEHCUBHOCTH
OCBEIIICHUS, CXeMa BKJIIOYEHHS IO3BOJISIET OTKIIIOYATh JJIEKTPONHUTAHUE aBAPUIHBIX
N3C, B ToM umucie BBILEAININX U3 CTPOS BCIEACTBUE pa3repMETH3ALMU, HE Hapyllas
¢dbyakronupoBanus octanbHbIX N3C.

Tabnmma 2. XapakTepruCTHKA MaTPpUIHOTO cBeToamoaa Epistar XY-J45

[Torpebnenue, Bt 30
Hanpsoxenne, B 30-34
Makc. ipsIMOif TOK, MA 1050
CBeTOBOM TTOTOK, JIM 35004000

Emxocts akkymynsitopHoit 6arapen BHITA cocrasusier 50 A -4, HanpspkeHUe TUTa-
Hus — 12 B. DHepronorpebiaeHne ocTaabHbIX Y370B (YIPaBISIONIUE HIEKTPOHHbIE OJIOKH,
BHIeOKaMepa) coctarisieT nmopsiaka 40 Bt. Takum 06pa3oM, HETPYIHO paCCUUTATh BpEMs
paboTHI ammapara npu BCEX BKIFOYCHHBIX OCBETHTEIBHBIX MPUOOPAX — OHO COCTABIISET
2,7 gaca. Ecu OyKcHMpOBKa MPOUCXOIUT CO CKOpOCThIO 0,5 y311a, TO 3a 3TO BpeMsi MOKHO
BBINIOJIHUTH BUJIEOCHEMKY Ha pa3pe3e JIMHON 0KoJIo 1,3 MOPCKUX MUJIb.
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Puc. 4. Ilpumep n3o0pakenuit, momydeHHsIx ¢ nomombio BHITA «Buneomonyns» B xone 69-ro
peiica HUC «Axanemnk Mctucnas Kenasimn B Kapckom mope B 2017

Ha puc. 4 nmpuBenensl npuMepsl H300paKeHNI, TOTYUYEHHBIX C TTIOMOIIBIO armapara
TIPU PA3TMIHBIX YCIOBHSIX TOABOAHOM CheMKHU. CHIUMKH OBLTH BBITIOTHEHBI BO BpEMS paboT
B 69-M petice HayuHO-HccnenoBarenbckoro cynaa (HUC) «Akanemuk Mctucnas Kenmbimy
B Kapckom mope B 2017 1. Xopomio BUAHO, YTO MpHU BbICOTE OYKCUPOBKH, OIM3KOM K
1,5 m (4.1, 4.2), MBI IOJTy4aeM 4E€TKOE M XOPOIIIO ynTaeMoe n3o0paxenue. Korma Beicota
OyKCHPOBKH TpEBBIIIAET OoNTUMalibHOE 3HaueHue (4.3, 4.4), uzo0pakeHue CTaHOBUTCS
ONEKIIBIM BBUTY OCTA0NICHUS U3TYyUEHUs, a TAKKE MIOMEXU 00paTHOTO pacCesHus.

Jlyis TOBBINIEHUsT KadecTBa TMOABOAHBIX M300pakKeHUH MOTYT OBITh MPUMEHEHBI
METO/Ibl LIBETOBOW KOPPEKIIMH, HE paccMaTprBaeMble B JaHHON padoTe, KOTOpbIe MO3BO-
JISIFOT CYIIECTBEHHO IMOBBICUTh YWTAEMOCTh TOJYyYaeMbIX HM300pakeHU M 0OJIETrduTh
X Ja’dbHEeWIIyr0 HHTepnperanuto. HecMoTps Ha BO3MOXKHOCTH MOCTOOPabOTKH,
MepBOOUEPEIHON 3ajaueil SBISETCS IMOJMyYeHHE BBICOKOKAUECTBEHHOTO HCXOAHOIO
U300paKEeHUs, KOTOPOE TO3BOJSIET Cpa3y HIACHTU(PUIIUPOBATH OOBEKT B TPOIECCE
MOJIBOHOM ChEMKH M OLIEHUTH €T0 Pa3Mephl U CTPYKTYPY.

BriBoabI

Ha ocHoBe mpeniokeHHBIX pacyeToB ObUIM MOA0OpaHbI MapaMeTpsl Ui BbIOOpa
m3nyyaronux saeMenToB st U3C BHITA «Buneomonynb». Ilpu pacuere B kauecTBe
0a30BOI XapaKTEPUCTUKH MCTIOIH30BANIACh BEIMYMHA YYBCTBUTEIIHHOCTH BUICOKAMEPHI,
YCTAHOBJICHHOW Ha anmapare. bpiio moka3zaHo, 4TO JJaHHAs XapaKTepUCTUKA HYXIaeT-
Cs B JIOTIOJTHUTEIIBHONW KOPPEKTHUPOBKE, TaK KaK 3HAYCHHs] OTHOCUTEIILHOTO OTBEPCTHS U
CKOpPOCTH 3aTBOpa KaMmephbl, 3aJIaHHbIE TPU U3MEPEHUU YyBCTBUTEIBHOCTH, HEIIPUTOIHbI
JUTSL DKCIUTyaTalldd B PEaJIbHBIX YCIOBHUSAX. BBUT TakKe ydTeH NMpUEMJIEMBIH YpOBEHb
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nryma, Impu KOTOpOM H300pakeHHe OyIeT XOpoIlo uuTaeMbiM. B pesynbrare Oblia
MoJTyYeHa CBOJIHAS TaONuIIa JIJIs pa3IMYHBIX 3HAYEHHUI HACTpOeK nuadparMbl U CKOPOCTH
3aTBOpa KaMephbl, Ha OCHOBE KOTOPOH OBLIH ONpeeNIeHbI TpeOyeMble 3HaYSHHSI CBETOBOTO
MOTOKA UCTOYHUKOB MOJIBOTHOTO OCBEIICHHUS.

N3nyyaroniye 31eMeH Tl MICTOYHUKOB OCBEILIEHNU S BHIOPAHBI C yU€TOM XapaKTEPUCTUK
aKKyMYJISITOPHOM OaTrapeu MOABOAHOTO amnmapara. Paccuntano npuOian3uTeIbHOE BpeMst
paboTHI MIPU MOJTHOW 3IEKTPUUYECKON HAarpy3Ke, KOTOpOe yAOBIETBOPSAET TPeOOBaHUIM K
MIPOBEACHUIO MOIBOHBIX HAOMIONCHUH.

KauecTBo M300paXkeHUii MOBEPXHOCTH JHA M MOABOAHBIX OOBEKTOB, MOTYYSHHBIX
C HCIOJNBb30BAHUEM BBIOPAHHBIX HMCTOYHUKOB OCBEHICHHS, MO3BOJIAET A(PPEKTUBHO
BECTH JalIbHEUIyl0 00pabOTKy M MHTEpIPETAlMI0O B HHTEpecax OHUOJOTrHYeCKUX
U reoMOp(OIOrHUecKUX UCCIEIOBAaHUN, a Takke HaOMIoneH! pa3HOOOpa3HBIX
TEXHOTEHHBIX U MIPUPOAHBIX OOBHEKTOB.

Pabota BeImoHeHa B pamkax rocyaapctBeHHoro 3aganus PAHO Poccun (Tema
Ne 0149-2018-0010). Maker BHITA «BuaeoMoyib» NOCTPOEH 3a CUET CPEJICTB MPOEKTA
PH® Ne 14-50-00095.
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In order to receive high quality photo and video images with underwater vision systems an
important factor is to choose an appropriate artificial light source. We propose calculation
to estimate light source parameters to perform underwater surveillance in real time with
underwater towed camera. We provide underwater light source parameters to guarantee
high performance of underwater camera. We present images received during research vessel
«Academic Mstislav Keldysh» expedition and analyze their quality.
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Pa3paboraHa KOHCTPYKIMS W HW3rOTOBJICH MaKeT CTAllMOHAPHON CTAaHIUH IS
ABTOMATHUYECKOTO BEPTUKAJIBHOTO 30HIUPOBAHUS MPUOPEIKHONW 30HBI MOpell W JApyrux
BOZIOEMOB Ha OCHOBE JIOHHOI neOenku. JlaHHBI MakeT oOecredunBaeT MEepUOANYECKOe
uzMepenue npoduiieil Temrieparypbl ¢ IOMOIIBIO JaTYMKOB TEMIEpaTypbl U JaBJCHUs,
pa3MeIeHHBIX B 001IeM 00TeKaeMOM KopItyce (30H/¢) OT MPUIOHHOTO CJI0S /10 TOBEPXHOCTH
BOZIBI B IIPOrPaMMHPYEMOM peXHMe. 30HJ TOJCOSIMHEH TOHKHM IIPOYHBIM Kalelem K
JIOHHOMY OJIOKY CTaHIIMH, BKIIFOUAIOIIMM B ce0s JICOCIKY ¥ AJICKTPOHHBIH 010K, [1o aTOMYy
Ka0eJIt0 OCYIIECTBISIETCS AJISKTPOITUTAHNE IaTYMKOB 30H/a, Iiepesiada U 3alKch JJaHHBIX B
TBEP/OTENILHYIO NaMsITh CTaHIWU. M3HayanbHO Kabenb HaMoTaH Ha 6apadaH J1e0e/IKH, a 30H1
HaXOJMTCs BOJIM3H JJOHHOTO OJIOKA CTAaHIMH. 30H/1 00J1a/1a€T MOJI0KUTEILHOH IJ1aBy4eCThIO.
[Tpu BrITIOUEHHH JIeOeIKK Ha Pa3MOTKY KaOellsl, 30H]] HaYMHAeT NojHUMarhbes BBepx. [locie
€T'0 BbIXO/ia Ha TIOBEPXHOCTDL BOJAbI 1 KPATKOBPEMEHHOI'O Hpe6blBaHl/l$l Tam, ne6ezu<a BKJIFOHACT
oOparHbIil X0, TPOC HamarbiBaeTcsi oOparHO Ha OapabaH, a 30HJ 3aTSATMBAeTCS BHH3,
00paTHO K JJOHHOMY OJIOKY CTaHLMH. V3MepeHHs: nmapaMeTpoB MPOBOISTCS IIPH JABHIKEHUN
30HJa BBEPX U BHU3 C TOHKOCTPYKTYPHBIM BEPTUKAIbHBIM paspewieHueM. [Ipu mrarHoi
9KCILTyaTalyy cTaHiuu Ha akBatopun [lonurona «lenenpkuk» (MO PAH) na Yeprom mMope,
JaHHBIC M3MepeHHI7[ 6y]1yT HE TOJILKO 3allMCbIBATLCA B IMaMATb CTaHLIUK, HO U ONEPAaTHUBHO
nepeaaBaThcsi B OeperoBoii KOMMYHHUKAIMOHHBIH HEHTP C TIOMOIIBIO MTPOJIOKEHHOTO 10 JTHY
Mops kabenst. [To aTomy Kabesro OyneT OCyHIeCTBISTHCS TAKXKE AIEKTPOMUTAHHE CTAHLIUH.
HpOBeHeHbl na6opaT0prle U Ope€aABapUTCIILHBIC HAaTYPHBLIC HUCIBITAHUSA OCHOBHBIX Y3JIOB
cTaHiMu. B pa3paboraHHOM BapuaHTe CTaHLMS IpEJHa3HA4YeHA JUIS JJOJITOBPEMEHHOTO
MOHHUTOPHHIA I'MJPOJIOTUYECKOI CTPYKTYypbhl MOPCKOM NPHUOPEKHOW 30HBI B OIIEPATHBHOM
PEKUME. Bo3moxHO ee JJOOCHAIIICHUC 6I/IOOHTI/I‘-ICCKI/IMI/I 1 THAPOXUMHUYCCKUMU JaTYUKaMU
JUIS1 SKOJIOTHYECKOTO MOHUTOPHHTA BOJIOEMOB, ITyOMHA KOTOpBIX He npesbimaet 50—100 M.

KuroueBble ciioBa: [Ipubpexnast 30Ha Mopsi, THIPOJIOrHYEcKasi CTPyKTypa, CTaH-
ISl aBTOMATHYECKOTO BEPTUKAIBHOTO 30HAMPOBAHUS, JIOJITOBPEMEHHBIE H3MEPEHUs,
orepaTUBHas Mepeiava JaHHBIX

OnHoii U3 BaKHBIX MOTPEOHOCTEH COBPEMEHHOTO dTalra ONepaTuBHON OKeaHOTpa-
¢uu (Koportaes u ap., 2013), KOMIIIEKCHOTO MOHUTOPUHTa OKeaHOB U Mopeil (Zolich et
al., 2018), a Tak)e KPYIHBIX 03€p W BOJOXPAHWIIHIII, SBJISIECTCS BHEAPEHUE B MPAKTUKY
HAOTIONCHUH CTAIIMOHAPHBIX U MOOWJIBHBIX CTaHIMN aBTOMAaTHYECKOTO 30HIMPOBAHUS
BOJIHOHM TOMIIM. DT 3asKOPEHHBIE WM JApei]yromue CTaHIUU U3MEPSIOT BEPTUKAJIb-
HBIE TIPOQIITN KITFOYEBBIX MApaMETPOB CPENbl U OCYIIECTBIIIOT ONEPAaTHBHYIO Tepea-
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qy maHHbIX notpedutemo (3amenuH, OctpoBckuid, 2018). Takue cTaHIMK MMO3BOJSIOT
[I0JIy4aTh PETYJSAPHBIE PAAbl JAHHBIX M3MEPEHUN Ha MPOJOJKUTEIBHOM BPEMEHHOM
MaciuTade (0T HECKOJIBKUX He/eb 0 HECKOJIBKUX MECSILEB WM JIET), KOTOPbIE UMEIOT
OOJIBIIYIO [IEHHOCTH JJIsl M3Y4YEHHUSI HE TOJIHKO MacIITabOB M3MEHYMBOCTH MapaMeTPOB
Cpezbl, HO U JJIs BBIABICHUS MEXaHU3MOB, (POPMUPYIOLIMX 3Ty U3MEHYHUBOCTb (3allenH
u ap., 2018). Kpome Toro, nepenada JaHHBIX MOTPEOUTEIIO B PEaIbHOM BPEMEHH MO3BO-
JSIET UCTIOIB30BATh MOTYYaeMyr0 HH(POPMAIIUIO, HAPUMED, JJIs1 OBICTPOTo OOHAPY KEHUS
9KCTPEMaJIbHBIX SIBJICHUN U MPOBEJCHUS UX OMEPATUBHOIO MCCIEJOBAHUS, a TAaKXKe I
MpeIynpexaeHNs WM MUHUMHU3AlUU yIIepOoB OT IKOJIOTHUECKUX KaTacTpod.

OnuH U3 ONMBITHBIX 00Pa3I0B 3asIKOPEHHON aBTOHOMHOMH (B TOM YHCIIE, U 110 HJIEK-
TPOIUTAHUIO), MOOMJIBHOW CTAHIIMM 30HUPOBAHNS BOJHOM TOJIIIN C ONIEpaTUBHOM nepe-
nadeit Janabpix Mo GSM-kanamy cBsi3u pa3paboTaH KOJUICKTHBOM coTpymnaukoB O PAH
u ucnbitad Ha [lonurone «l'enenmxux» B 2017-2018 rr. (OctpoBckuit, 2018). B nan-
HOH cTaThe pedb UAET O JAPYIOM THIE CTAHLUHU aBTOMATUYECKOTO 30HJUPOBAHUS, TOXKE
C OlepaTUBHOM Nepeaueii JaHHbIX, HO M0 MOABOAHOMY Kabeito B OeperoBoil HEHTp, 110
KOTOPOMY TaK)X€ OCYILECTBISETCS NIEKTPONMUTAHUE CTAaHLUUU. DTOT THUIl CTAHLIMU, Me-
CTOIOJIOKEHHE KOTOPOH MPEAONpPEeAETIeHO PACONIOKEHHEM MOABOAHOIO Kabess, Oyaem
Ha3bIBaTh «CTAIlHOHAPHBIMY.

B 2018 1. ObIT U3rOTOBIEH MAaKeT CTALMOHAPHOM CTAaHIMM, NpeAHa3HAYaAIoLIeHcs
B JlaJIbHENIIIEM /IS JOJITOBPEMEHHOTO U, OTHOBPEMEHHO € 3TUM, OIIEPaTUBHOTO MOHHUTO-
pUHTa BEPTUKAIBHBIX pacrpeneeHuii THAPOPU3NIECKUX U OMOOTITHYECKHIX MTapaMeTPOB
BOJ uepHoMopckoro menbda Ha [lomurone «lenenmxuk» (MO PAH). Kak yxe orme-
4aJj0Ch BHINIE, CTallMOHAapHAs cTaHims 30HAMpoBaHus Boj (CC3B) momkna obecrieun-
BaThb MPOBEJICHUE PETYJISIPHBIX 30HIMPOBAHUN BOJHOW TOJIILIU A0 MOBEPXHOCTU MOpS U
nepeaavyy JaHHBIX M3MEPEHUil B pealbHOM BpeMeHu B OeperoBoil ueHTp. Ee mpeumy-
LIECTBOM I10 CPABHEHUIO C BBILICYTIOMSIHYTHIM THIIOM MOOWJIBHOM aBTOHOMHOMN CTaHLIUU
3oHupoBanus (OcTpoBckuii u 1ip., 2018) ABIIIETCS OTCYTCTBHE KECTKOTO OIPaHUYCHUS
10 YHEPToNOTPEOICHUIO0 U HEOOXOAUMMOCTH MIPEephIBaTh padOTy CTaHLIMU JJIs 3aMEHBbI Oa-
Tapel win nepes3apsaaku akKyMyasTopoB. HemocTarok 3akirouaeTcsi MPUBS3KE TOUKH €€
MIOCTAHOBKH K PACIIOJIOKEHUIO TIOABOIHOTO Kabesst, aBTOHOMHAsi MOOMIIbHAS CTAHIIUA HE
UMEET TaKOTro OrpaHUYEHUS.

JlaHHYIO CTaHIMIO TJIAHUPYETCS pPa3MECTHTh Ha JTHe UepHOro Mops Ha IIyOWHE
okosio 30 M Ha TpaBep3e ['omy0oii OyXThl Ha PacCTOSHUM MOJIYTOpa KUIOMETPOB OT Oe-
pera, TJie pacIoyIo)keH MHOTOKaHaJIbHBIN pa3BeTBuTedb (MP), moacoenMHeHHBIN K TIOI-
BOJTHOMY ONTOBOJIOKOHHOMY Ka0eto, cBsi3biBatoiieMy MP ¢ OeperoBbiM KOMMYHUKaIU-
oHHBIM IIeHTpoM. (bapanoB u 1p., 2018). DTOT 1IeHTp pa3MelleH B KOHTEITHEpe Ha KOHIIE
rmupca OO MOPAH B TI'omy6o0ii OyxTe. OH oOecrieunBaet aekTponuranne MP u 3anmch
MOCTYMAIOUINX 10 KaOellto JaHHBIX M3MEPEHUH C PACMOJIOKEHHBIX B MOpe MpHOOpOB
Ha KoMIbIOTep ¢ OonbpIUM 00beMOM TBepaoTenbHOM mamsatu. B 2019 1. maker CC3B
JIOJDKEH OBITh TIOJAKITIOYEH K OJHOMY M3 KaHaioB MP u maHHbIe ero m3aMepeHui, Kak
U IPYTHX, TOAKII0UeHHBIX K MP pu6opoB (3asKOpeHHbIE TEPMOKOCHI, JOHHAS CTAHIIHS
ADCP), Oynyt nepenaBarbCsi IO JMHUU ONTOBOJIOKOHHOM CBSI3U B PEAIbHOM BPEMEHHU
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B OeperoBoii ieHTp. B HacTos1IIee BpeMs MaKeT CTaHIIUH TPOIIIENT CTAIHIO JTa00PaTOPHBIX
WCTIBITAHUN U TIPEJBAPUTEIbHBIC HATYPHBIC UCIIBITAHMS.

O6mmit Bun makera CC3B B mabopaTopHBIX YCIOBHSIX H300pakeH Ha puc. I.
Ha npsimMoyrosnbHON IPOYHON CTaHWHE TOPU3OHTAIBHO KPEIUTCS HENOABUKHAS KaTylll-
ka — Oapaban nebenku quametpom 450 MM, Ha KOTOPOM B IVIaJIKOM MpPOpe3u MIUPUHOM
5 MM HaMOTaH B OJIH CJIOM KOaKCHaJIbHbII Kabeab AMaMeTpoM 4 MM, YCUJIEHHBIN U3HY-
TpH KeBIapoBOH HUTHIO. [IpouHocTs kabenst Ha pa3psiB cocrasiset 200 krc. [Tox Gapa-
0aHOM, TaK)Ke TOPU30HTAJIBHO, HA OJHOW M TOM K€ C HUM OCH PACIOJIOKEHA HMIMPOKAast
naryHHas mectepHs auameTpom 300 mm. OHa He cBsi3aHa ¢ 6apabaHOM MEXAaHHUYECKU U
BpalaeTcs BOKPYT 3Toi ocu. Ee MpuBOANT B IBMKEHHE HIIEKTPOIBUTATEND (IPUBOJ) T10-
CPEICTBOM UepBSYHOM nepenaun. [[puMeHnenue 4epBsuHOM nepenayu 1aeT BOZMOKHOCTh
HE WCIIONB30BATh CIIEIUAIBHBIX MEXaHW3MOB JJISI TOPMOKCHUS IECTEPHU JICOCIKU:
JUISL 3TOTO JIOCTATOYHO OCTAHOBUTH JIEKTpoJBUTaTenb. Ha mecrepHe ycTaHOBIECHO «BO-
JTII0», KOTOPOE BMECTE C Hel KOaKCHaJbHO BpaIlaeTcs BOKPYT KaTyIIKH M pa3MaTbIBaeT
WIM HaMaThIBaeT Ha Hee Kabenb. OTMETHM, YTO OH UMEET B BOJE TUIABYYECTh OJH3KYIO
K HEUTPAJILHOU.

[Ipu pabote nebeaku ee OapabaH HEe BpaliaeTcs, BHyTPCHHUI KOHEI KaOess Ha-
JIS)KHO 3aKperuieH Ha KaTylike 0e3 TOKOCheMHHKa M BEChMa MPOCTO, HO Te€PMETUYHO
MOJICOE/IMHEH K JIEKTPOHHOMY OJIOKY YIpaBlIeHHs U 3anKcH AaHHBIX. [lepenaya MoMmeH-
Ta BpalllEHUs JBUraTelis Ha YEPBSUYHBI MEXaHU3M OCYIIECTBISETCS Yepe3 MarHUTHYIO
My(TyY, 9TO TaKke W30aBISET OT PEIICHHs MPOOIIEMbI TePMETHU3ALMU BBIXOIHOTO Baja
MPUBOJIA. DTU MHHOBAIMM CYIIECTBEHHO YIPOLIAIOT YCIOBUS F€pMETU3ALUU OCHOBHBIX
y3JI0B TIOJIBOTHOM JICOCTKH.

Hamotka xaGest B OJJfH CJI0i UCKITIOUAeT ero «3aKychIBaHHE» Ha OapabaHe JIe0eaKH,
OJIHAKO, OTPAaHUYMBACT €ro 001yt uInHY. IMeHHO u3-3a 310ro, Uit HaMoTKH 50 M Kabes
(nmuHa, HEOOXoAMMAs AJ1s1 0OecTieueHus1 pabOThI JOHHOU JIEOSIKH MTPH TITyOMHE TTOCTAaHOB-
K1 0KoJ1o 30 M) IPUXOAUTCS UCTIONB30BaTh OapabaH Takoro OOJBIIOTO TUAMETPA.

[Tpu naGopaTopHbIX UCTIBITAHUAX JIEOETKU CBOOOIHBIN KOHEI] HAMOTaHHOTO Ha 0a-
paban kabesst ObUT MEPEKUHYT Yepe3 MOIBEIISHHBIN K MTOTOIKY KOMHATHI BPAITAIOIIANACS
OJI0K ¥ Mo/BsI3aH K MpoOHOMY Tpy3y (puc. 1). [Ipu BitoueHnn nebeKu Ha HAMOTKY Ka-
0enst OCyIIECTBIIIETCS MOJbEM IPy3a, Macca KOTOPOTO U3MEHSIACh OT OIbITa K OMNBITY. B
pe3ynbTare SKCIePUMEHTa YIaI0Ch YCTAHOBUTD, UTO JIeOeKa CIOCOOHA IIOTHUMATH T'Py3
BecoMm 110 10 kr.

[Tonpo6HOE n300pakeHne KOHCTPYKIIMU CTAHIIUU B BUJIE, TOTOBOM JJISl HATYPHBIX
UCTIBITAHNH, C ACHTU(HUKAIMEH ee OCHOBHBIX Y3JIOB IPUBEACHO Ha PUC. 2.

[Ipu mpoBeneHUU HATYPHBIX U3MEPEHUN «BHEIIHUI» KOHEI KaOels MoACOeTuHS-
eTcsl K OJIOKY M3MEPHUTENbHBIX 1aTYUKOB, Pa3MEIICHHBIX B MaKeTe 30H/a ¢ 00TeKaeMoil
(hopMOit M TOTOKUTENBHON TUIaBy4YeCThiO (puc. 3). MUHUMANBHBIA COCTaB JATYUKOB B
30H/I€ BKJIIOYaeT B ceOsl U3MEPUTENH AABICHUS U TeMIeparypsl Boabl. [lepBoHauanbHO
ka0beb TOJHOCTHIO HAMOTaH Ha OapabaH jeOenKH, 30H] HAXOMUTCS BOJIM3U JOHHOTO
0J70Ka CTaHIMK, TPUBOJ BHIKIIOUYEH. [TuTaHne Ha 30HI B 3TO BpeMsl HE MOAACTCS, H3-
MEpeHHe MapaMeTpoB Cpellbl He MPOU3BOAUTCA. B 3amaHHOe BpeMsi Ha 30H] MOJAeTCs
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Puc. 1. O6mmii Bux makera CC3B B 1a00paTOpHBIX YCIOBHUSIX.

Puc. 2. Ilogpo6Hoe nzodpakenne CAB3-C u ee y31moB: 1 — anekTpoaBuraress, 2 —
ANIEKTPOHHBIN OJIOK yrpaBieHus 1 coopa nHpopManum, 3 — KpersieHus OJI0KOB K CTaHHHE,

4 — marauTHast MyQTa, 5 — KapAaH, IeHTPUPYIOMNN TPUBOJI, 6 — MIeCTEepHs, 7 — YepBsIK, 8 —
cTaHWHA, 9 — «BomMIIO», 10 — HEeHTPHUPYIOIMINH Kabenb BRITYCKHOM MIKKUB, 11 — HETTOIBUKHBIN
TUIOCKUH OapabaH (KaTyIka) ¢ y3Koi Mpope3blo Ui HAMOTKH Kabest, 12 — cTolika Bonuia,
13 — croiika kperieHus 6J10Ka TePKOHOB, 14 — KONBITO KPETUICHUST OCHOBaHUS BOIMIa, 15 —
OCHOBaHHUE BOJIWIIA, 16 — BEpTUKAJIbHbIE HAPABISIOINE BAJIMKH — YKIAIUUKU Kabens, 17
YHOpHBIE TIaHKH, 18 — OJIOK TepKOHOB, 19 —KeBIapoBBI KOAKCHAIBHBIN Ka0eslb ¢ HEUTpaIbHOM
TIaBydecThbio, 20 — BBITYyCKAIOIMNN IIEHTPUPYIOMINN BaNIUK, 21 — MarHUTHBIN KiTfod, 22 —
IUIaBYYHM 30H]] HA BHELIHEM KOHIIE KaOes.
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Puc. 3. Maker 30H/1a C MTOIOKUTENBHON (2 KIC)
TJIaBYy4YC€CThIO.

JNEKTPONUTAHNUE, JATYMKU MEPEXOJAT B PEXKUM H3MEPEHHUs, IMOCIE 4YEro BKIIOYAET-
csl puBoJ JieOenKu. braromaps monoXHUTENbHOHN MIaBy4eCTH, 30H] KBa3UPaBHOMEPHO
MOJTHUMAETCsl K MOBEPXHOCTH BOJBI, CMaThiBasi kabenb ¢ Oapabana nedenku. CkopocTu
nobemMa 30H/a (30HIMPOBAHUS) U BPALLEHUS «BOJIUIIA», YIPABISIOUIETO CMaTbIBAHUEM
Ka0eJsl ¢ KaTyIIKu, SBJISIOTCS COTTIACOBAaHHBIMH ISl TOTO, YTOOBI 00€CTICUNTh IJIABHOCTh
JBUKEHUS 30H]1A U MPEIOTBPATUTH 3allyTHIBAHUE U 3alleTlIeHHE Kabess 3a KOHCTPYKTHB
nebeaxu. Bo BpeMsi 30HAMPOBAHMS OCYLIECTBISETCS M3MEPEHUE MapaMeTpPOB BOJHOM
Cpezbl U mepeaavya JaHHBIX Ha 3JIEKTPOHHBIN 010K nedeaku. B aTom 610ke nmpoBoguTcs
perucTpanysi rOpu30HTa MOJOKEHUS 30HAa U €ro U3MEHEeHHUsl BO BpeMeHu. [Ipu Hagex-
HOM JOCTMKE€HUH 30H]IOM MOBEPXHOCTH BOJIbI (OMpEAENseTcs MO MOKa3aHUsAM JaTyuKa
JIABJIEHUA U 10 OTCYTCTBHUIO TPEHJA B U3MEHEHUU FOPU30HTA), IOJAETCSI KOMaHAa OCTa-
HOBKH JIeO€IKM Ha 3apaHee 3allporpaMMUPOBAHHOE HEMPOAOKUTEIBHOE BpeMs. 3aTeM
nebenka MepeKIIIouaeTcsl Ha HaMOTKY KaOenst Ha OapabaH, a 30H/ CHOBA 3aTSTHBACTCS
BHU3 K 6apabaHy JOHHOTO OJioKa Je0eIK1 B PeXKUME MIPOBEIECHUS U3MEPEHUH.

UyTh HIKE 30H7a Ha Kabelie pacioiokKeH MarHUTHBINA K04 (puc. 2). Korma 3017
OITyCKaeTCs /10 YpOBHs OapabaHa JOHHOM JieOe 1K1, MarHUTHBIN KJIIOY OJXOJUT K OJIOKY
TepPKOHOB, 110J1aBasi CUTHAJ 3JIEKTPOHHOMY OJIOKY Ha OCTaHOBKY JIEOEIKU U U3MEPEHUH.
CraHnusi, MoJly4uB ATOT CUTHAJ, aBTOMaTHUECKH OCTaHaBIIMBAaeT HaMaThIBaHUE Kabers,
JaTYUKU U TIPUBOJT 00ECTOUMBAIOTCS, U PEKUM U3MEPEHUS NTPEKpaIlaeTcs 10 Hayasa cie-
JYIOILEro LMKJIA 30HAUpPOBaHMs. Bripouem MOXXHO He mpekpauniath U3MEpeHHe napaMe-
TPOB M B peXHME HAXOXJACHUS 30H]Aa B MPUJOHHOM CJIO€, €CIIU €CTh HEOOXOIUMOCTh
B [IOJIyYEHUU TaKUX JaHHBIX.

[Ipu npoBeneHUN MpenBapUTENbHBIX HATYPHBIX HCIBITAHUN MaKeT CTaHIUU OBLI
yCTaHOBJICH Ha AHO Mops y koHna npudaina KOO MO PAH na rybune 6.5 m. Ctanuus
YIpaBJIsIach MO AIMHHON JINHUU YEPE3 YEThIPEXKUIBbHBIN KaOellb, 10 HEMY TaKKe 10/1a-
BAJIOChH MEKTPONUTAHKE. B 3TUX HCTIBITAaHUSAX OBLIO YCTAHOBIECHO, YTO MIPH IJIABYYECTH
30H/1a, COCTABJISIIONIEH 2 KI'C, MOTPEOIeHNE YHEPTUH JIJIT HAMOTKHY KaOeJsl U 3aTATUBaHUS
30HAa BHU3 He npesbinaer 50 Br. [Ipu 3ToM ckopocTs nepeMenieHus 30H,1a COCTaBIIsIa
oxoso 10 cm/C.
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Kak yxe yka3pIBasoCh, 30H1 ObUT OCHAIIIEH TaTYUKAMH TEMIIepaTyphl U JaBICHHUS,
XapaKTepU3YIOLUIMMHUCS CIIEAYIOIUMU apameTrpamu (cM. Tabmuiy 1).

Tabnuia 1. OCHOBHBIE XapaKTEPUCTUKHU JIATYNKOB TEMIIEPATYPHI U JTaBICHUS

Jlnana3zoH u3MepsieMbIX 3HAYEHUH TeMIIepaTypbl —2°C++35°C
ToyHOCTH KaHaJIa TEMITepaTyphl 0.01 °C
Pazpemrenne kaHama TeMIepaTypsl 0.001°C
To4HOCTE HaT4YMKA JaBICHUS 0.1%
Paspemienune no riryOnHe 0.01 m
[TocTosiHHAst BpeMEHM JaTurKa TEMIIEPATYPbl 05c
[TocTosiHHAst BpeMeHM JaTuuKa JaBiIeHUs 0.05c

[Ipu vacrore onpoca natunkoB 5 'l U Takoil HEOONBLIONW CKOPOCTH MEpeMelie-
HUSI 30H]1a U3MEpeHue NpoQuiieii Temreparypsl IPOBOJMIOCH C BHICOKUM BEPTUKAIBHBIM
paspeleHueM.

OKCHEpUMEHT IPOBOAMIICS IMpPHU OJIAronpHUATHBIX MOTOAHBIX ycioBusx. Ha mope
CTOSIJI IITHJIBb. BBIIO BBITTOTHEHO HECKOIBKO Hp06HHX OUKJIIOB SOHHHpOBaHHﬁ. Pesynb-
TaThl OZIHOTO U3 HUX Mpe/CTaBlIeHbl Ha puc. 4. JlaHHble ObUIM yCpeIHEHBI HAa UHTEpBaJIe
BpeMeHH B 1 cekyHy. M3 pucyHka BUAHO, YTO MaKeT 30H]1a 00eCeynBaeT J0CTaTOYHO
HA/IKHOE M3MEpeHue Mpouis TeMIepaTyphbl BOABI C pa3pelIeHueM MOopsiaKa HECKOIb-
KHUX ThICSUYHBIX rpaxyca Llenscus no temneparype u 0.1-0.2 M — no Beprukanu. Mn-
BEpCHs TeMIIepaTypbl Ha Mpoduie Ha TOPU30HTE OKOJIO JIByX METPOB, BO3MOXHO, 00y-
CJIOBJICHA BIUSHUEM MPECHOBOJHOTO CTOKa p. Amamba, a yBeJIHM4eHHUE TeMIIepaTyphl C
[TyOMHOM HMKE 3TOT0 TOPU30HTA JIOJDKHO OBITH CKOMIIEHCUPOBAHO B INIOTHOCTH POCTOM
coJieHOCTHU. M3-3a 0TCyTCTBUSI H3MEPEHHBIX MPOQUIIEH COIEHOCTH 3T COOOpaKEHUS He-
BO3MO)KHO HU IOATBEPAUTH, HH OIIPOBEPIHYTh.

B xone npoBeneHus NpenBapuUTENBbHBIX HAaTYPHBIX UCIBITAHUN BBIIBUINCH HEKO-
TOpbIE KOHCTPYKTUBHBIE U MPOrpaMMHbIE HEA0UEThI paboThl cTanuuu. [locie ux ycrpa-

Puc. 4. Pe3ynbrarsl npeBapuTeIbHbIX HATypHBIX HcnbiTanuid MakeTa CCB3: u3mepeHHble
OpOQHIN TEMIIEPATYPbl HA OTHOM M3 LUKJIOB 30HAMPOBAHHSA — (@); N3MEHEHHE TITyOHHBI
IIOJIOXKEHHS 30H/a 10 [TOKA3aHUSIM JaTuMKa JAaBJICHUs B 3aBUCUMOCTH OT BPEMEHHU IIPU
BBITIOJTHEHUH IMKJIA 30HAUpOoBaHus — (0).
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Herus B 2019 r. OymyT mpoBeeHb! JonroBpeMenHble HaTypHble ucnbitanus CAB3-C, a
3ateM OHa OyneT noacoeanHeHa K MP M oNTOBOJIOKOHHOMY KaOellio M yCTaHOBJICHA Ha
CBOEM ILLITAaTHOM MECTE sl IPOBE/ICHUS JOJITOBPEMEHHBIX U3MEPEHUH.

B pesynbrare noakiI04eHns CTaHIIMH K OeperoBOMy KOMMYHUKAITMOHHOMY IICHTPY
MOCPEACTBOM JIOHHOTO KaOensi MOSBUTCS BO3MOXKHOCTH TUCTAHIIMOHHOTO YIpPaBICHHS
PEXUMOM ee paboThl — CKOPOCTHIO BEPTUKAJILHOTO IIEpEMEIEHHSI 30H1a, YaCTOTaMH 30H-
JMPOBAaHUS M OmMpoca JaT4ukoB. [Ipu 3TOM B JanpHEHIIEM MIaHUPYeTCs pa3MEeCTUTh B
iaBydeM kopiyce 3ou1a CTD — natunku, a Takxke GaryopuMeTp ¢ TypOUIUMETPOM ISt
MPOBEACHUS OMOONTUYCCKUX MCCIICTOBAHUM.

Crnenyet otmeTuth, uto B 2006-2007 1. Ha 6a3e OO MO PAH B akBatopuu Yep-
HOTO Mopsi, puiieratorieit k ['omy6oit Oyxre, ObUT pa3BEpHYT U MPOIIIET HaTYpHbIE HCTIbI-
TaHUsl MaKeT CTAlMOHAPHOTO OEPEroBOro KOMIUIEKCa, peaHa3HAYE€HHbIN 1JIs1 HEPEPbIB-
HOTO M3MEPEHUs TUAPOPHU3NUECKUX MapaMEeTPOB MOPCKOW CPeIbl U Ieperadn JaHHBIX
U3MEpEeHHI B peasbHOM BpeMeHHu 1o cetu MutepHeT notpedutensm (CBupuaos u ap.,
2010). K coxanenuto, B Te To/ibl JaHHAsi paboTa HE MOJydnsa JaJIbHEUIIEro pa3BUTHS.
Co3naBaemasi HbIHE CUCTEMa aBTOMATHUECKUX M3MEPEHHUH BEPTUKAIbHBIX pacmpesesne-
HUI mapaMeTpoB MOPCKOIl cpe/ibl Ha OCHOBE JOHHOM JIeOeIKU U OTIepaTUBHOMN Nepeaadn
JTAHHBIX 10 ONITOBOJIOKOHHOMY KaOeJto B O€peroBoOi LIEHTP SIBIISIETCSI CBOEOOPA3HBIM IPO-
JIOJDKEHUEM IIUTHPOBAHHOM BBIIIE PAOOTHI.

Pabora BemonHeHa B pamkax IIporpammer PAH 1.50 (tema rocOromkera
0149-2018-0022.
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A design was developed and a model of a stationary station was made for automatic vertical
profiling of the coastal zone of the seas and other water bodies on the basis of a bottom winch.
This model provides a periodic measurement of temperature profiles from the bottom layer
to the water surface in a programmable mode using temperature and pressure sensors placed
in a single streamlined body (probe). The probe is connected by a thin resistant cable to the
bottom block of the station, including a winch and an electronic unit. This cable provides
power to the probe sensors, and transmits data to the station’s solid-state memory. Initially,
the cable is wound on the winch drum, and the probe is located near the bottom block of the
station. The probe has positive buoyancy. When turning on the winch to unwind the cable,
the probe starts to go up. After it reaches the water surface and stays there for a short time,
the winch turns back, the cable is wound onto the drum, and the probe is pulled down until it
reach the bottom block. Measurements of parameters are carried out when the probe moves
up and down with fine-scale vertical resolution. During regular use of the station in the water
area of the IO RAS Gelendzhik Research Site on the Black Sea, the measurement data will
not only be recorded in the station’s memory, but also promptly transmitted to the coastal
center via a cable laid across the sea floor. This cable will also provide power to the station.
Preliminary laboratory and field tests of the main components of the station are conducted. In
the developed version, the station is designed for long-term monitoring of the hydrological
structure of the marine coastal zone in operative mode. It may be retrofitted with bio-optic
and hydrochemical sensors for environmental monitoring of reservoirs, the depth of which
does not exceed 50-100 m.

Keywords: Sea coastal zone, hydrological structure, automatic vertical profiling
station, long-term measurements, operational data transmission
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MOPCKUE KJIACTEPBI KAK UHCTPYMEHT
JOCTUXKXEHMUS IYP14 JIJIsI FOXKHBIX MOPEW POCCUH
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B crarbe paccmarpuBaeTcs BOZMOXKHOCTb HCHONB30BaHHMSI MOPCKUX KIIACTEPOB HA FOXKHBIX
Mmopsix Poccun (Yeprowm, AzoBckom 1 Kacnniickom) B KaueCTBE HHCTPYMEHTA JIs BEITTOTHEHHS
3agau Llenm ycroitumBoro pazsutus Ne 14 (I[YP14) mo coxpaHeHHIO M paliOHAIBLHOMY
HCHOJIb30BAaHUIO OKEAHOB, MOPEH M MOPCKHX PECYPCOB B HHTEPECAX YCTOWYMBOIO PA3BUTHUSI.
Jlaercst 0OBsICHEHHE TOHITHIO «KJIACTEP», PACCKAa3bIBAETCSI O €ro HpeHMYIIEecTBaX JUIs
JIOCTUKEHUS yCTOMUNBOro pa3BuTHsi. ONMHUCHIBAETCS MEXKIyHAPOAHBIN OIBIT UCIIOIb30BAHUS
MOPCKUX KJIACTepOB JUIsl JOCTIDKEHUs onpeneneHHbix 3agad  L[YP14: npuogstcs
KOHKPETHbIE NPUMEPbl MOPCKHUX KJIACTEPOB B pa3HbIX CTPaHAX U MX BKJIAJ B JOCTHXKEHUE
3anmau [{YP14. [larorcs pekoMeHIannu o 00pa3oBaHUIO MOPCKHX KIIACTEPOB HA POCCHIICKOM
mobepexbe UepHoro, AsoBckoro u Kacrumiickoro mopeit miist goctiokeHus 3amaqd [[YP14.
[Ipennaraercs BeLIeNUTS HIecTh KiaacTepoB: CeacTonoabekuil kiactep, Knacrep KOxnoro
Oepera Kprima, Pocrosckmii xiacrep, HoBopoccuiickuit xiacrep, Knacrep «bonbioit
Coum» m Actpaxanckuii kiactep. Co3JaHue Takux KJIAcTEpoB oOecrieduT Oojiee TecHoe
COTPYJHHYECTBO MEXKIY TIOCYJapCTBEHHBIMM M YACTHBIMU KOMIIAHUSIMHU, OpraHU3aLUSMU
1 00pazoBaTeIbHBIMU YUPESKACHUSIMH NPUMOPCKUX PETMOHOB PAacCMaTPHBACMBbIX IOKHBIX
Mopeii Poccun, uto OyzneT criocoO0CTBOBAThH HE TOJIBKO POCTY SKOHOMHKH B JTAHHBIX PETHOHAX,
HO 1 co3anuio 3G dekTHBHON TI1aTGOPMBI 1711 0OMEHAa MHEHHUSIMU M [TOWCKA ONTHMAJIbHBIX
peLIEHUH MO CO3[aHUI0 HOBBIX MPAKTUK, TEXHOJIOTUH U MEPONPUATHH AJS peleHHs 3aaa4
oyPp14.

KuroueBble ci10Ba: MOpCKUE KIacTepbl, yCTOWYMBOE pa3BuTue, Llenp ycrtoitunBoro
pazButus Ne 14, Yepnoe mope, A3zoBckoe Mmope, Kacnimiickoe Mmope

BBenenue

Pesomrorueit 70/1 «IIpeoOpazoBanue Hamero mupa: [loBecTka JHS B 00IacTu
ycroifunBoro passutus Ha nepuon 10 2030 r» I'enepansHoit Accambien OOH ot 25
ceHTsa0ps 2015 1. 6puTH IpoBO3MIamIeHsl 17 meneit u 169 3amad, kKoTopble MPU3BaHbI 00e-
CIEYUTH COATAHCUPOBAHHOCTh TPEX NEMEHTOB YCTOMUMBOTO Pa3BUTHSA: SKOHOMHUYECKO-
ro, couuanbHOro u 3xonorudeckoro. Lenp Ne 14 (IIYP14) npeanonaraer coxpaneHue
U palMOHAJIbHOE HCIIOJIb30BaHUE OKEAaHOB, MOPEW U MOPCKHX PECYpPCOB B MHTEpecax
ycroiuusoro pa3sutus (IIpeodpasosanue Hamero mupa, 2015).

Lens No14 prmrouaet cneaytroue 10 3anay (IIpeoOpazoBanue Hamero mupa, 2015):

* 14.1. K 2025 1. obecrieunTh MpeIOTBPAICHUE U CYIIIECTBEHHOE COKPAIIICHHE JTI0-
00ro 3arpsi3HEHHUs] MOPCKOM Cpe/ibl, B TOM YHCJIE BCIEICTBUE JEATEIBHOCTH Ha CYIIE,
BKJIIOUAs 3arpsi3HEHUE MOPCKUM MYCOPOM U NMUTATEIbHBIMU BEIIECTBAMU;
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* 14.2. K 2020 1. o6ecnieuyuTh palioHAILHOE HCIIOb30BAaHUE U 3AIIUTY MOPCKHX
Y IPUOPEKHBIX IKOCUCTEM C IIENIBbI0 MPEAOTBPATUTH 3HAYUTEILHOE OTPHUIIATEIHHOE BO3-
JIEHCTBHE, B TOM YHCJIE MIyTEM ITOBBIIIEHHS CTOMKOCTH 3TUX SKOCUCTEM, U IPUHATH MEPBI
110 UX BOCCTAHOBJICHHIO TSI 00ECTIEYSHHUSI XOPOLIETO YKOJIOTHIECKOTO COCTOSHUS U TIPO-
JTYKTUBHOCTU OKEaHOB;

* 14.3. MuHMMHM3UPOBATh U JTUKBUIMPOBAThH MOCJIEICTBUS 3aKUCICHUSI OKE€aHa, B
TOM 4Hciie O1arofaps pa3BUTHIO HAYYHOI'O COTPYIHUYECTBA HA BCEX YPOBHSX;

* 14.4. K 2020 r. o6ecrieunts 3(h(HeKTUBHOE PETyIMPOBAHUE JOOBIYU U MOJOKUTH
KOHEIl TIepeJioBy, HE3aKOHHOMY, HECOOOIIaeMOMY U HEpEryJIupyeMOMYy PBIOHOMY IpO-
MBICITY W TYOUTEIIbHON PBIOONIPOMBICTIOBOM MTPAKTHKE, & TAK)KE BHITIOJTHUTH HAYYHO 000-
CHOBAHHBIE TUTAHBI XO3WCTBEHHOU JEATeTbHOCTH, JIJIsl TOTO YTOOBI BOCCTAHOBUTH PHIO-
HbIE 3aIlachbl B KpaTdyalline CpokH, JOBEAS MX, MO KpallHEH Mepe, A0 TaKUX ypOBHEH,
KOTOpBIE CITOCOOHBI 00eCTIeYMBaTh MAKCUMATBHBIN 3KOJIOTUYECKHA PAIIMOHAIBHBIN YIIOB
C Y4eTOM OMOIIOTUYECKUX XapaKTEPUCTHK ITUX 3aIacoB;

* 14.5. K 2020 . oxBaTUTh IPUPOJOOXPAaHHBIMU MepaMu X0Ts 061 10% npubpex-
HBIX U MOPCKUX PaflOHOB B COOTBETCTBUHU C HAIIMOHAJIBHBIM 3aKOHOJATEIILCTBOM U MEXK-
JYHapOIHBIM IIPABOM M Ha OCHOBE HaWTy4Illel UMEIOIIeicst HaydHOU HH(pOpMAaIn;

* 14.6. K 2020 . 3anpeTuth HEKOTOpBIE (POPMBI CyOCH U /1711 pHIOHOTO TIPOMBICITA,
COJICHCTBYIOLINE CO3JaHUIO YPE3MEPHBIX MOIIHOCTEN U NEPETIOBY, OTMEHUTh CYOCHIUH,
COZICUCTBYIOIIME HE3aKOHHOMY, HECOOOIaeMOMY M HEPEryJINpyeMOMY pPhIOHOMY Mpo-
MBICITY, U BO3/I€PKUBATHCSA OT BBEJIEHUS HOBBIX TaKMX CYOCHIUMN, MpU3HABASI, YTO HaJ-
nexaiee U 3pQPeKTUBHOE NMPUMEHEHHe 0coboro u auddepeHInpoBaHHOTO peXnMa B
OTHOIIICHUH PA3BUBAIOIIMXCS U HAMMEHEE Pa3BUTHIX CTPAH JOKHO ObITh HEOTHEMIIEMO
4acThIO IIEPETOBOPOB I10 BOIPOCY O CyOCHIMPOBAHUU PHIOHOTO MTPOMBICIIA, KOTOPBIE BE-
IyTCsl B paMKax BceMHpHON TOProBOM OpraHu3aluy;

*14.7. K 2030 . NOBBICUTb SKOHOMHYECKHE BBITOJIbI, IMOJIYYaE€MbI€ MAaJILIMU
OCTPOBHBIMM Pa3BHUBAKOIIMMUCS FOCYIapCTBAMU U HAMMEHEE Pa3BUTBIMU CTPAHAMH OT
9KOJIOTUYECKH PallMOHAIBHOIO UCIIOJB30BAaHUSI MOPCKHUX PECYpPCOB, B TOM 4HUCIIE Onaro-
Japs YKOJIOTMYECKH PallMOHAIBHON OpraHu3aIiy PHIOHOTO XO3SMCTBA, aKBaKYIbTYpPhl U
TypU3Ma;

* 14.a. YBenuuuTh 00bEM HAYUHBIX 3HAHUMU, PACIIUPUTH HAYYHBIC UCCIICIOBAaHUS U
o0ecrneunTs mepeaady MOPCKUX TEXHOJIOTHM, MpUHUMas BOo BHUMaHue Kputepuu u py-
KOBOJIAIIME TIPUHIUIBI B OTHOIIEHUU TIEpeIadll MOPCKUX TEXHOJIOTHH, pa3paOoTaHHBIC
MeXIpaBUTEIbCTBEHHOM OKeaHOTpa(puuecKoit KOMUCCHEH, C TEM, YTOOBI YIYUIIUTh IKO-
JIOTHYECKOE COCTOSIHUE OKEAHCKOW Cpefibl U MOBBICUTH BKJIAJ MOPCKOTO OMOpa3zHoo0pa-
3Usl B DKOHOMHUKY Pa3BHBAIOLIUXCS CTPaH, OCOOCHHO MajbIX OCTPOBHBIX TOCYIapCTB U
HavMEHEe Pa3BUTHIX CTpaH;

* 14.b. ObecneunTh TOCTYI MENIKHX XO3SHUCTB, 3aHUMAIOIINXCS KYyCTapHBIM PbIO-
HBIM TIPOMBICJIOM, K MOPCKHUM PECYpPCaM M PhIHKAM;

* 14.c. Ynyumuth paboTy 110 COXpaHEHUIO U PALIMOHAIIBHOMY HCIIOJIb30BAHUIO OKE-
aHOB M MX PECYpPCOB MyTEM COOIONEHUSI HOPM MEXIYHAPOJAHOTO MpaBa, 3aKPETICHHBIX
B Konsennun Opranmzanun O0benuHeHHbIX Hanmii mo MopckoMy TpaBy, KOTopasi, Kak
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oTMeueHO B MyHKTe 158 mokymenTa «byyiiiee, KOTOPOTo MbI XOTHM, 3aKJIIbIBACT IOPHU-
JTUYECKYI0 0a3y JUIsl COXpaHEHHsI U PAllMOHATBHOTO MCTONIb30BaHUS MUPOBOTO OKeaHa U
€ro pecypcos.

Brimonmaenue 3aga4 [IYP14 umeer orpomHoe 3Ha4eHHE I 0OecTieueHus cOaaH-
CHPOBAaHHOIO COLMAJIbHO-IKOHOMUYECKOro paszButus Poccuiickorn ®@enepanuu. MHTEH-
cudukarms 100buM HE(DTHU U Ta3a U UX MEPEBO30K, PA3BUTHE MTOPTOB U TypHU3Ma HEU3-
0EKHO MOBBIIIAIOT PUCKHU 3arpsI3HEHUS] MOPCKOU cpelibl. J{eaTenbHOCTh 10 YBETUYCHHIO
HSKOHOMHYECKOM BBITO/IBI YACTO BXOAUT B MPOTHUBOPEUUE C MEPONPHUATUSIMU MO 3alIUTE
MOPCKHX 3KOCUCTEM, YTO MMPUBOIUT K pazHooOpa3HbIM kKoHuukTaM (Kanenuenko, 2009;
[Tanosanos, Koctsanas, 2018). ITosToMy Hapsay ¢ yCHJIEHUEM TEMIIOB SKOHOMHYECKOTO
pocTa MPUMOPCKHUX PETHOHOB HEOOXOAUMO CO3/1aTh HHCTPYMEHTHI, KOTOpPBIE OyAyT CIO-
coOCTBOBATh COXPAHEHNIO MOPCKOH Cpesibl U palliOHAIbHOMY UCIOJIb30BAaHUIO MOPCKUX
PECYpCOB U YyCTPAHSITh TaKUE MPOTUBOpeuusi. TaKUMU MHCTPYMEHTAMH MOXKHO Ha3BaTb
KOMIUIEKCHOE ympasiienue npudpexasivu 3oHamMu (KYII3) (Mikhaylichenko, 2006) u
Mopckoe mnpocTpaHcTBeHHoe IutanupoBanue (MIIIL; Marine Spatial Planning, MSP).
MIIII no3BosisieT aHATM3UPOBATH CYIIECTBYIOIINUE U INIAHUPYEMbIE BUJIbI ICSITEIIbBHOCTH,
3aTparvBarollie MOPCKHE PECypChl TEPPUTOPUH, YTO MOMOTAET AOCTUYhL cOANaHCHUPO-
BAaHHOTO KOHOMUYECKOTO, COIIMAIEHOTO U dKoJorndeckoro passutus (Schubert, 2018).
Eme onHMM HOBBIM MHCTPYMEHTOM JIOCTHKEHHUS LIE€H YCTOMUNBOTO pa3BUTHUSA SBISETCA
co371aHle MOPCKHX KitactepoB (ocean/maritime clusters) (Hansen et al., 2018).

Kuaacrepsbi

Cunraercsi, 9YTO TMOHITHE «KIJIACTEP» OBUIO TMOMYJISPU3HUPOBAHO AMEPUKAHCKUM
9KOHOMHUCTOM, TpodeccopoM Kadeaphl AETOBOTO aIMHHUCTPHPOBaHMs [ apBapackoit
mKojel OusHeca Maiikiaom Iloprepom. B cBoeli crarbe 1998 1. «Clusters and the new
economics of competition» («Kiactepsl 1 HOBast 5)KOHOMHKA KOHKYPEHIIUI») OH Ha3BaJ
KJIaCTePhl «reorpauuecKuMu KOHIICHTPAIMSIMUA B3aUMOCBSI3aHHBIX KOMITAHUH U yUPEK-
neHuid B omnpeneneHHon obmactu» (Porter, 1998; Cortright, 2006). IToprep nmanee mwu-
IIET, YTO KJIACTEPhI OXBATHIBAIOT MHOXKECTBO CBSI3aHHBIX JIPYT C IPYTOM OTpaciei u apy-
T'He CyOBEKTbI, BXKHBIC /Ui KOHKYpeHIIMU. K HUM OTHOCSITCSI, HApUMep, MOCTABIUKU
CIEIUATM3UPOBAHHBIX PECYPCOB, TAKUX KaK KOMIIOHEHTHI, 00OPYIOBAHUE U YCIYTH, U
MOCTABIIUKY CIICUATN3NPOBAHHON HHPPACTPYKTYpbl. KilacTepsl Takke 4acTo pacrpo-
CTPAHSIOTCSI M IO KIIMEHTOB, H OTIOCPEIOBAHHO IO MPOU3BOIUTEICH JTOTIONHUTEIBHBIX
MPOJYKTOB ¥ KOMIIAHHUI1 B OTPACIISAX, CBSI3AHHBIX 110 HABBIKAM, TEXHOJIOTHSAM HJIH OOIINM
pecypcam. HakoHel, MHOTHE KITacTephl BKIIOUAIOT B Ce0sl IPaBUTEIILCTBEHHBIC U JIPYTHE
YUPEKICHUS, TAKAE KaK YHHUBEPCHTETHI, YUPESIKICHUS 10 YCTAHOBJICHUIO CTaHIapTOB,
AQHAJIUTHYECKUE TICHTPHI, YUPEKICHHUS MPOPECCHOHAITBHO-TEXHUIECKOTO 00pa30BaHUS
Y TOPTOBBIE aCCOIMAINH, KOTOPBIE TPEIOCTABISIOT CIEIUATN3UPOBAHHYIO MTOATOTOBKY,
oOy4eHune, nHPOPMAIINIO, UCCICIOBAHUS M TEXHUIECKYIO TIOIICPHKKY.

OTIMYHUTENILHON YepPTOW KIIACTEPOB SIBIISICTCS BHYTPCHHSSI KOHKYPEHTHAS cpe/ia 1
CHJIbHBIC KOHKYPEHTHBIC TIO3UIIUM Ha MHUPOBOM phIHKE. [10CKOIBKY (UPMBI U OpraHu-
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3allM¥ BHYTPHU KJIACTEPOB CBSA3aHBI MEXy CO00M reorpadudecku, TO 3TO yBETUYUBAET
4acTOTYy B3aMMOAEHUCTBUs, CO37aBasi PEIIETKM MHOTOYMCIIEHHBIX B3aMMOCBS3EH MEXIY
HuMH. Kiactepbl 0ka3bIBalOT BIMSHUE HA KOHKYPEHTOCIIOCOOHOCTh SKOHOMUKH B CIIEAY-
IOLIUX TPEX HAIpaBICHUAX:

* OHU MOBBILIAIOT IPOU3BOJUTEIBLHOCTH pAOOTHI KOMIIAHUI U OTpacieii;

* OHU CO3/aI0T BO3MOXKHOCTH JJIs1 MHHOBALIMOHHOTO U MIPOU3BOACTBEHHOI'O POCTA;

* OHU CTUMYJIMPYIOT U 00J1erdatoT (opMHpPOBaHUE HOBOTO OM3HECA, KOTOPBIH MO~
JiepKMBaeT MHHOBALIMYU M pacluupeHue kiuacrepa (Yckosa, 2008).

D¢ heKTUBHOCTH KIACTEPOB MPUMEHUTEIBHO K MPUMOPCKUM PErMOHAM 3aKJIIoya-
€TCsl B TOM, 4TO KJIacTepbl MO3BOJISIOT MPEOA0JIEBATh Y3KOOTPACIEBYIO CIELUATU3ALINIO
MOPCKOTO X03siicTBa U (pOPMHUPOBATh MHOTOBEKTOPHBIN IUIaH JEHCTBUM I KOMILIEKC-
HOTO COIMAIbHO-DKOHOMUYECKOTO Pa3BUTHUSI peruoHa. KiacTepHblil moaXoa MOBbIIAET
3¢} PEKTUBHOCTH OCHOBHBIX BHJIOB MOPCKOW JESTEIBHOCTH, CIIOCOOCTBYS TE€M CaMbIM
KOMILIEKCHOMY pa3BUTHIO MOPEX03sICTBEHHOI0 NOTeHIMata. B pesynbsrare nocturaercs
3HAYUTETBHBIA POCT SKOHOMHMKH TPUMOPCKUX TEPPUTOPHIA, ITOBBIIIAETCS YPOBEHD O1aro-
cocrosiHus HaceseHus. OnHako 1t 3G PEeKTUBHOTO OCYIIECTBICHHS TAKOTO KJIACTEPHOTO
HOAXO0/a ciIelyeT ONUpaThcs Ha cucTeMooOpa3yroliye, 0a30Bble OTPACIU IPUMOPCKOTO
peruona. Omnepexaroliee pa3BUTHE TaKMX OCHOBOIIOJAralOIIMX CEKTOPOB AKOHOMHUKHU
MIPUBEZET K KOMIIJIEKCHOMY Pa3BUTHIO BCETO puUMopcKoro perrona (baryposa, 2012).

MexayHapoaHbIH ONBIT MPUMEHEHUS MOPCKUX KJIACTEPOB [IJIA
noctuxenus 3aaauy L{YP14

B despaine 2018 . opranmzanmeit World Ocean Council u Economic Transformations
Group ObuT OnMyONMMKOBaH HMH()OPMAIIMOHHBIN JAOKIal 00 MCIOIh30BAHUM OKEAHUYECKHUX
¥ MOPCKHX KJIACTEpPOB JUIS JIOCTYIKEHHS IIeJIed YCTOMYMBOTO Pa3BUTHS I0J] HA3BAHUEM
«Ocean/Maritime Clusters: Leadership and Collaboration for Ocean Sustainable Develop-
ment and Implementing the Sustainable Development Goals» (Hansen et al., 2018). Ero
aBTOPBI MOJYEPKUBAIOT, YTO COBPEMEHHBIC OW3HEC-IWACPHI BCE Hallle MPH3HAIOT MPEH-
MYIIECTBA COTPYIHHUYECTBA CPEIN KOMITAHUK M OTpaciied M aJanTaliy KIACTepHOW On3-
HEC-MOZIEM K YCTOHUMBOMY pa3BUTHIO. Takas MO3UIMS ONpPENessieTcsl KaKk KOHKYPEeHTO-
CIIOCOOHOCTBIO, TaK M CTPEMIICHHUEM K JOCTHKESHUIO LIEJICH yCTOWYNBOTO Pa3BHUTHSL.

busnec-coo0uIecTBO MOXKET UTpaTh 3HAYUTENBHYIO POJb B MPOJBMKEHUH TpPaK-
TUKHU 3PPEKTUBHOTO Pa3BUTHUS, 3aHUMASICh TIPOU3BOJCTBOM MPOAYKTOB M pa3padaThiBast
OM3HEC-MOJIENTH, KOTOPBIE BHEIPSIFOT KOHIENIIMA YCTOWYHBOTO Pa3BUTHS, TEM CaMBIM
YMEHBIIIas BO3JCHCTBHE HAa OKPYXKAIOIIYIO CPEIy M CO3[aBasi COLUAIBbHYIO LIEHHOCTb.
Coznanue X035 UCTBEHHBIX IIEMOYEK, COOTBETCTBYIOLIUX KOHIEIINH YCTOHYNBOTO pa3BU-
THSI, B OKEAHCKUX U MOPCKHUX OTPACISX SBISETCS KIIFOYEBBIM MPHOPUTETOM JIJISl 9YaCTHO-
ro cexropa. Kimacrepusanus criocoOCcTByeT 00beIMHEHUIO OU3HECMEHOB U CTUMYJIHPYET
NpUOBLIHHBIC HHHOBAIIMY. B OKEaHMYECKUX U MOPCKUX KJIACTEPaX OCHOBOTIOIATAFOIIIUMHU
CEKTOPaMH 3a4acTyIO SIBISFOTCS TIOPTHI, CY/I0XOIHBIE KOMIIAaHHUH, J00bIYa U TIepepadboTKa
PBIOBI 1 MOPENPOYKTOB, a Takke oddumopuas gesrensuocts (Hansen et al., 2018).
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CoTpyaHHUYECTBO MEXIy CEKTOpaMH OTpaciel MPUMOPCKOTO PErHOHa MO3BOJSET
co3JaBaTh NPEANPUHUMATEIBCKIE BOZMOXHOCTH, YBEJIMUMBATh 10X01 U pocT. [Ipexne
BCET0, OKCAaHNYECKHE M MOPCKHUE KJIACTEPhl MOTYT Pa3BUBATHCS B CTOPOHY YCTOHYMBOTO
pa3BuTHs OJarogaps yIyqlIeHUSIM B CYHIECTBYIOIIUX MPAKTHUKaX T0OBIBAIOIICH, TPOU3-
BOJICTBEHHOW M KOMMEPYECKOW JesATeTbHOCTH. Kpome 3Toro, Kiactephl Takke crocoo-
CTBYIOT Pa3BUTHIO TEPCIIEKTUBHBIX OBICTPOPACTYIINX BUIOB MOPCKOH IESTETHHOCTH,
KOTOpBIE OTBEYAIOT NMPHUHLUIIAM YCTOHYMBOTO Pa3BUTHSA, HAPUMEp, SKOJIOTMYECKU YH-
CTBIX T€XHOJOTHH. OKeaHNUeCKHe/MOPCKUE KIACTEPbl KOOPAUHUPYIOT JEHCTBUS MEXTY
OpTaHU3aIMsIMH, PAa3BUBAIOT MHTEIUICKTYAIBHBIA KalTUTall, 00€CTIeYMBAIOT HHCTHTYIIHO-
HAJIM3aLHUIO CTAaHJApTOB U nepenoBbix MetonoB (Hansen et al., 2018).

Hwke npuBeneHbl NpuMepsl KJIACTEPOB, OTHOCSIIUXCS K TEM MJIM MHBIM 3a/1a4aM
LIYP14.

14.2. K 2020 r. o0GecrieyuTh pandoHAIbLHOE HCIIONH30BAHUE M 3AIIUTY MOPCKHUX
U TPUOPEKHBIX SKOCHUCTEM C IEIBI0 MPEIOTBPATUTh 3HAYUTEIBHOE OTPHUIATEIIBHOE
BO3/ICHCTBUE, B TOM YHUCJIE MYTEM IOBBIIICHUS! CTOMKOCTU 3TUX PKOCHUCTEM, U MPHUHSITH
MEpBI 110 UX BOCCTAHOBJICHHIO ISl 00ECIIEUEHHUsI XOPOIIET0 HKOIOTHUECKOTO COCTOSTHUS
Y TIPOJyKTUBHOCTH OKEAHOB.

Hassanmue kiaacrepa: Mopckoii kiacrep byxra Heiabcona Manjensl
(Nelson Mandela Bay Maritime Cluster (NMBMC))

Mopckoii knactep byxra Henbcona MaHpensl sBiseTcsl 10OpOBOIBHBIM 00BEIH-
HEHUEM MPUOPEKHBIX 1 MOPCKUX 3aMHTEPECOBaHHBIX CTOPOH B Boctouno-Karickoii mpo-
BuHumu B FOAP. Kitactep siBisiercss coBMmecTHOM MHUIIMATUBOM YHuBepcuteta Henbcona
Masnnensl, myaurunanuteta byxra Henmbcona Manpaens: u 6usnec-manarsl byxter Heinb-
cona Manzensl. Kimactep 6601 ocHoBaH B 2012 1. 11 ynpasisiercs: PykoBoAsSIIIMM KOMHUTE-
toM. Kiactep cocrout u3 mectu cyoknactepon: Kiiactep KOHCyIbTaTUBHOTO KOMUTETA
noptoB, YHuBepcuteT Henbcona Manpensl, [TpuOpexHbIii 1 MOPCKO# KilacTep 3ajuBa
Anroa WESSA (the Wildlife and Environment Society of South Africa), Mopckoii 6u3-
Hec-kiactep byxtel Henbcona Mannensl, Knactep ppi0oioBcTBa U pridonepepaboTku
Byxte1 Henbcona Mannensl. CriocoOCTBYsI COXpaHEHHIO HA36MHOTO U MOPCKOTO Onopas-
HOOOpa3us «OONBIION CEMEPKU», COCTOSIIEH U3 KUTOB, OONBIINUX OCNBIX aKyll, CIIOHOB,
JbBOB, JICOMAP/A0OB, OyHBOJIOB U HOCOPOroB, B boiblioM HAallMOHAIBHOM MapKe CIOHOB
Anno B pernone byxtel Henbcona Manpensl, 10:xHOaPUKAHCKHUI KJIacTep JIBHKETCS B
HaNpaBJIE€HUU PA3BUTHUS UHIYCTPUH SKOJIOTUYECKOTO TypHU3Ma, CIOCOOCTBYIOIIEH YCTOM-
YUBOU YKOHOMUKE.

14.3. MUHUMHU3UPOBATH U JTUKBUAUPOBATH MOCIEACTBHSI 3aKUCIICHUS OKeaHa, B TOM
yucie 6arogapsi pa3BUTHIO HAYYHOT'O COTPYIHUYECTBA HA BCEX YPOBHSX.
Ha3panue kiaacrepa: NCE Maritime CleanTech
Knactep NCE Maritime CleanTech pacmonoxen Ha roro-zanajge Hopserun. Kia-
CTep CleLUalu3upyeTcs Ha pa3paboTKe YUCTHIX, SHEPro3(h(PeKTUBHBIX MOPCKUX pelle-
Huil. bnaronaps s dexruBHOMY coTpynHuyecTBY O6osee 50 ydacTHUKOB Ki1acTepa, OT Jie-
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JIOBBIX MAPTHEPOB JI0 HAYYHO-UCCIIEI0BATENBCKUX NUHCTUTYTOB, Y/1aJ0Ch CO3/1aTh HOBbIE
pa3pabOTKy [UIsl 3JEKTPUUECKUX U THOPUIHBIX PEILICHH IS Cy/10B. DTa HOBasi TEXHOJIO-
TUsl TO3BOJIIET YMEHBIIMTD BEIOPOCHI 3arPA3HAIOMINX BellecTs, BKmodas CO,. Onnum u3
CaMbIX BIEUATIISIOIIUX PE3yJIbTaTOB TaKOW pabOTHI SIBISIETCS apoM Ampere, paboTaro-
IIMH OT IMEKTPUUECKUX aKKYMYISATOPOB.
HasBanue kiacrepa: Mopckas 3enenas Uuunuarusa Cunramypa
(The Maritime Singapore Green Initiative (MSGI))

Knacrep 6bu1 cozgan B 2011 . MopckuM ¥ HOPTOBBIM yrpaBieHuem CuHramy-
pa (MPA). UaunmaruBa coctouT u3 Tpex mporpamm: [Iporpammer «3emeHbiit Kopaodib
(GSP), Ilporpammsr «3enensiii mopt» (GPP) u Ilporpammel «3enieHast TEXHOJIOTHUS»
(GTP). D10 10OPOBONBHBIE TPOTPAMMBI, TIPeAHA3HAYECHHBIC JIJIs1 CTUMYITHPOBAHUS MOP-
CKMX KOMIAHWW K MPHHATHIO SKOJOTHUYECKH UYUCTHIX TMPAKTHK CYTOXOJICTBA W BBIMOJ-
HEHHS YTBEpPKIEHHBIX TpeOOBaHMU dKonorndeckoil ycroiunoctu. C nmomomisio Ilpo-
rpaMMblI «3eneHblil kopabias» Mopckoe u mopToBoe yrpaninenue CHHranypa riaHupyeT
cokparuth BeIOpoch CO,. IIporpamma moompsieT cyna nox ¢uarom Cunramypa CoKpa-
TuTh BEIOpOCH CO, 1 okennoB cepol (SO,). Ha ocHoBannu Ilokasarens npoekTupyeMon
sHeproaddexruBHOCTH MexryHapoaHO Mopckoil opranuzanun (IMO) kBanuduxanu-
OHHBIE CyJ]a MOTYT MOJIy4aTh CKUAKHU 10 75% Ha HauyaJIbHYIO PETUCTPALIMOHHYIO MOILIHU-
HY U cKUIKYy B 50% Ha exxerofHbIil kopabenbHblil coop. B ntone 2016 1. 6omee 50% xBa-
AU(GUIMPOBAHHBIX CYJJOB UMEIH JIyUIlIne oKa3aTean YHepro3ppekTuBHOCTH, YEM ITOTO
TpeOyer MexyHapoaHasi MOpCKasi OpraHu3alius.

[Iporpamma «3eneHass TEXHOJIIOTHUS» HANpaBI€HAa Ha MOOIIPEHHE MECTHBIX MOp-
CKHX KOMITaHHH K pa3pabOTKe U BHEIPEHHIO «3€JIEHBIX» TEXHOIOTui. Mopckoe 1 mopTo-
Boe ynpasieHue CHHramypa npeocTaBiseT IpanThl A0 3 MUUIHOHOB AostapoB CIIA 3a
MIPOEKT /Il MOPCKUX KomMnanuii B CHHramype i IpUMEHEHHS Wi pa3padoTKu «3elie-
HBIX» TEXHOJIOTUH, KoTopble coKpalaroT Beiopockl SO, NO, u CO,. IIporpamMma, Takum
obOpasom, okazana coxaeiictBue Oosee 20 mpoekTaMm, B KOTOPHIX ydacTBOBajo Oomnee 60
cynoB. B 2015 . Mopckoe u noproBoe ynpasieHne CUHramypa BbIIEIUII0 Ha IPOrpaMMy
B o011eit cnoxkHoctu 50 musnonoB fosapoB CILIA. [Iporpamma yxe npuHecia rnojb3y
21 MOpPCKOI1 KOMITAHUH B OTPACISAX CyI0XOJICTBA, IOPTOBOM OTPACIIH, & MPOEKTHI MPUBEITHN
K PAMOMY CoKparenuto Bbiopocos CO, B pasmepe 285000 TonH B rof.

14.4. K 2020 r. o6ecnieunts 3pGEeKTUBHOE PETYIUPOBAHUE TOOBIYU U MOJIOKUTH
KOHEI IIePEeJIOBY, HE3aKOHHOMY, HECOOOIIaeMOMY U HEPEryJIUpyeMOMY PBIOHOMY IIpO-
MBICITy M TYOMTEIbHOH pPBIOONPOMBICIIOBON MPAKTHKE, a TAK)KE BBINOJHUTH HAayYHO
000CHOBAHHBIE IJIaHBlI XO3SMCTBEHHON NEATEIbHOCTU JJISi TOTO, YTOOBI BOCCTAHOBUTH
pBIOHBIE 3amachl B KpaTyaifiiiie BO3MOXKHBIE CPOKH, JOBENS UX, IO KpaiHel mepe, 10
TAaKUX YPOBHEH, KOTOpble CIOCOOHBI OOecreunBaTh MAaKCUMAaJbHBIA 3SKOJIOTMYECKU
paLMOHAJILHBIN YJIOB C yU€TOM OMOJIOIMYECKUX XapaKTEPUCTUK STUX 3aracoB.

Ha3panue kiaacrepa: Uciaanackuii okeanndyecknii kiaacrep (Iceland
Ocean Cluster (I0C))
Cocrosaumii U3 rpymnmnel SKCIEPTOB, UHKEHEPOB U MPEANPUHUMATENIECH B OTPACiIH
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1o 1o0biue U nepepaboTke ppIObl U MOPENPOAYKTOB, McmaHACKUI OKeaHWYEeCKUl Kiia-
CTep NPUMEHSET «roiayOble» TEXHOJOIMM B YHPABICHUU PHIOOIOBCTBOM U HUCHOIb3YET
coOpaHHOE ChIpb€ B MAKCHMaJIbHOM OOBbEME B XO3SHCTBEHHOH IIEMOYKE. YBEIUYHBAsS
710 MaKCUMyMa MCTIOJIb30BaHUE OeNoi TPECKH, KilacTep co3aail O0BIION MPUPOCT CTOU-
MOCTHU B pbIOOJIOBHOM oTpaciu. Yeunust Vcianackoro okeaHMueckoro Kjactepa Mo uc-
nosib30BaHui0 100% CBHIphs CTOCOOCTBYIOT YIEPKAHHUIO 3a11aCOB PHIOBI HA OUOJIOTHYECKU
YCTOMYMBOM ypoBHE. Vcnonb3oBanue Bcell pplObl IPUHOCUT IOJIb3Y KaK MOKyIaTEeNsM,
TaK U CaMUM PbIOOJOBHBIM NpoMmbIciaaM. [ToCKoNbKy MpeuMyIiecTBO CTOMPOLIEHTHO-
rO MCIIOJIb30BaHUSl MPOSIBIAETCS, KOTAAa MOCTABIIMK WM PbIOAKU 3aperucTpUpPOBAHBI
U CTAHOBSATCS B3aUMOCBSI3aHHBIMM B IIPOU3BOJCTBEHHOM LIENH KJIACTEPA, 9Ta KOHUEIIIH
CTOIIPOLIEHTHOTO MCIIOJIB30BAHUS MIOMOTAET YMEHBIIUTh HEJEeralbHbIE IPOMBICIIBI U TIE-
PENOB PHIOKL.

Ha3panue kiacrepa: UHHOBAUMOHHBIN KJIacTep MOPENPOAYKTOB

(NCE Seafood Innovation Cluster)

NHHOBaNMOHHBIN KJIacTep MOPENPOAYKTOB co3faH B Hopeerun. 3aHumMasichr yiyd-
HICHUEM YCTOMYMBOM MPOU3BOJACTBEHHOM LIENY, MHHOBAILIMOHHBIN KJIACTEP MOPEIPOLYK-
TOB TECHO COTPYIHUYAET C BaXHBIMU IIPOMBILUIEHHBIMU UTPOKAMU KaK BHYTPH, TaK U
BHE KJIacTepa JUlsd MOBBIIIEHHUs yCTOMYMBOCTH PBIOHBIX pecypcoB. Kiacrep npusHaeT
OTCYTCTBHE CTPATErMYECKUX MOIXOJ0B U MpHJIaraeT YCUIUs BEAyLIUMX OTpacieil mo ao-
Ob14e 1 00paboTKe PHIOBI U MOPENPOTYKTOB JJIsi TOTO, YTOOBl YMEHBIIUTh MACIITa0 He-
3aKOHHOTO U HEPETyJIUPyeMOro prl00JI0BCTBA. DTH MEPONPUATHS OObEAMHUIN YaCTHbBIE
KOMIIAaHWH B €IMHOE JIBIKCHHE B IIEIISIX COXPAHEHUsI MOPCKOTO OMOPa3HOO0pas3us myTeM
OTpaHUYEHUS] HE3AaKOHHOTO PhIOOJIOBHOTO MPOMBICIIA.

14.7. K 2030 r. noBbICUTh SKOHOMHMYECKHE BBITOJbl, I1OJIy4aeMbIE MajbIMU
OCTPOBHBIMM PA3BHUBAIOLIMMHUCSA TOCYIapCTBAMU M HAUMEHEe Pa3BUTBIMU CTpaHAMH
OT DOKOJIOTUYECKH pAIMOHAJIBHOTO HCIIOJIIb30BAaHUS MOPCKUX PpECypcoB, B TOM
yrcae Onarofgapsi SKOJOTHYECKH pPALMOHAJIBHOM OpraHM3aluu phIOHOTO XO3sCTBa,
aKBaKyJIbTYpbl U TYpH3MA.

HasBanue kiacrepa: Mopckoii kiaacrep byxra Henbcona Manaenbt
(Nelson Mandela Bay Maritime Cluster (NMBMC))

Paboras Hax co3naHueM OM3HEC-Cpebl B pETHOHE, KIacTep CTPEMUTCS Pa3BUBATh
TYPUCTHUECKYIO OTPacCib C MOMOIIbIO 3(PPEKTUBHBIX METOJIOB KJIaCTEPU3ALUU, YTO SIB-
JSIETCS yAAYHBIM IPUMEPOM HCIIOIb30BaHUS PETMOHAJIBHBIX PECYPCOB IIPU COXPAHEHUU
OKpy>Karollei cpebl U 6uopa3HooOpasus. B HalmoHnanbHOM mapke clIOHOB AZJ10, B KO-
TOPOM HJIET paboTa 110 COXPaHEHUIO CEMU Ba)KHBIX BU/IOB B PETHOHE, KJIACTEP CTPEMUTCS
CBSI3aTh MEJIKHE MPEANPUATHS U MaJI00OeCTIeueHHbIe COOOIIECTBa B MPUOPEIKHOM PETH-
OHE JJIsl YBEIMUYEHHUs SKOHOMUYECKHX BBITOJl U PACIIMPEHUS CYIIECTBYIOLIETO CEKTopa
MpUOPEKHOTO U MOPCKOTO TypU3Ma.

14.a. YBennuuth 00bEM HAy4YHBIX 3HAHUM, PACIIUPUTH Hay4yHbIE HCCIIEIOBa-
HUS U 00ecneuuTh mepeaady MOPCKHMX TEXHOJOTMH, MpuHUMas BO BHMMaHue Kpure-
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PUHM U PYKOBOASIIME MPHHIMUIBI B OTHOIICHWH TEpeaadyll MOPCKUX TEXHOJOTHM, pas-
paboranHble MeXIIPaBUTEIbCTBEHHON OKeaHorpaduyeckoil KoMUccHueH, ¢ TeM, YTOObI
YAYYIIUTH 3KOJIOTMYECKOE COCTOSIHHME OKEaHCKOH Cpellbl U MOBBICUTH BKJIaJ MOPCKOIO
O61opazHo00pasrsi B SKOHOMHUKY Pa3BUBAIOIIMXCA CTPaH, 0COOCHHO MaJbIX OCTPOBHBIX
roCyAapCTB U HAMMEHEe Pa3BUTHIX CTPaH.
Ha3panue kiacrepa: UHHOBAIIMOHHBIN KJIacTep MOPENPOIYKTOB
(NCE Seafood Innovation Cluster)

BromxeT Ha HayuHble HccieoBaHUs B KiacTtepe cocTaBiseT 400 MUIIIMOHOB HOP-
BEXKCKHUX KpOH (0Kko10 47,6 MusuinoHos fojutapoB CIHA), uto paBusiercss 60% ot ob1ie-
ro OromKeTa Hay4YHBIX uccienoBaHuii Hopeernu. B kiactepe 3aHMMaroTCsi Takxke pas-
JUYHBIMH TIPOEKTaMH, CBA3aHHBIMU C TexHonorusmu. Hampumep, mpoekt AquaCloud
HCIIOJNIb3YeT MCKYCCTBEHHBIM MHTEIIEKT B OopbOe ¢ Mopckumu Buiamu (sea lice). Uc-
CJIeIoBaTeNsiIM U PabOTHUKAM PHIOHOTO XO3SHCTBA ObLIA TPEIJIOKEHA TEXHOJIOTHUS IS
peleHus 3Toi MpoOIeMBbl.

14.b. ObecnieunTh TOCTYI MEJIKHUX X03SMCTB, 3aHUMAIOIIMUXCS KyCTapHBIM PHIOHBIM
MPOMBICIIOM, K MOPCKHM PECYpPCaM M PhIHKAM.

Ha3Banue kuacrepa: MHMceaanackmii OKeaHUYeCKH#l — KJacrep
(Iceland Ocean Cluster (1I0C))

[Ipumep Mcnanackoro OK€aHMYECKOTO KJlacTepa MOKa3bIBAET, KaK KJIACTEPU3ALIMS
MOJKET CIIOCOOCTBOBATH YIIYUILIEHUIO PhIO0IIOBCTBA Oylaroapsi MHHOBAIMSM U TEXHOJO-
rusiM. COTPYIHHYECTBO MEXJYy WHXKEHEPAMH M PA3TUYHBIMU SKCIIEPTAMU ITO3BOJIUIIO
YBEJIMYUTH KOHKYPEHTOCIIOCOOHOCTh U cO37aTh A((EKTUBHOE YIPABIECHUE ChIPhEBHIMU
pecypcamu. Tpecka — caMblil MPOU3BOAUMBIN MOPCKOM pecypc B PETMOHE — HCHOJIb3Y-
ercst Ha 100%, 4T0 O0OecreunBaeT BCEM CBSI3aHHBIM C PHIOOJIOBCTBOM CTOPOHAM JIOCTYII
K PBIHKY 3a CYEeT MEHBIIEro oObeMa BbLIIOBA Ha YPOBHE YCTOHYMBOIO yloOBa. JTO yBe-
JUYUBAET MPUOBUTH B X03sKcTBeHHOU 1enn. [1o manabsiM McmaHackoro OKeaHM4eCKOro
KJIacTepa, KOJIMYECTBO TPECKH, NOMMaHHOW B Mcnanauu, 3HaUUTENBHO COKPATUIIOCH C
460000 toun B 1981 1. 1o 180000 ToHH B 2011 1. B TO k€ BpeMsi CTOUMOCTb HKCIIOPTa
pbi06I yBenuuunack ¢ 340 mumuoHoB gosiapoB CIIA (cTouMOCTh B HACTOSIITUX 1IEHAX )
B 1981 . 1o 680 mumronoB nomnapoB CILIA (croumocTs B HacTosMX 1eHax) B 2011 .

IIpuMeHeHHe onbITa HCIOIb30BAHUA MOPCKHUX KJIACTEPOB /I
I0;KHBIX Mopeii Poccnu

Poccuiickoe mobepexne Ha UYepHoM, AzoBckoMm u KacmmiickoM Mopsix oOnamaer
BBICOKUM IOTEHIMAIOM JUIsl 3(PEeKTUBHOTO pa3BUTHS MOPCKUX KiacTepoB. Ilepen stu-
MU MOPSIMH CTOSIT CEphE3HBIC KIIMMATHUECKUE, YKOJIOTHUECKHUE U TEXHOTCHHBIC BHI30BHI,
IpUYEM OJTHOW M3 TIIABHBIX MPOOJIEM SIBIIICTCS 3arpsi3HEHNE MOPCKOM cpeibl HeTenpo-
OyKTamMu. B mocneaHue necsiTh JIeT OTMEYAeTCsl yBEJIMYEHUE 3arps3HeHHocTH YepHo-
ro, Azosckoro u Kacrnimiickoro mopeii (Korshenko and Gul 2005; Matumos u ap. 2014;
Zonn and Kostianoy 2016; Carpenter and Kostianoy 2019). CoTpyaqHrIYecTBO MEXIY pa3-
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JMYHBIMU OTPACISIMH B OJHOM PErMOHE MOTIJIO Obl OKa3aTh 3HAYUTEIHHOE COICHCTBUE
pelLeHno mpobieM, CBI3aHHbBIX C UCIOJIb30BAHHMEM MOPCKHX PECYPCOB, a 3HAYUT, CIO-
coOCTBOBaJIO OBl COXPAaHEHHIO U PALlMOHAJILHOMY MCIOJIb30BaHUI0 YepHOro, A30BCKOTO
n Kacnimiickoro Mopei B MHTepecax yCTOMYUBOIO Pa3BUTHS.

C anBapa 2018 . B MucTuTyTe OKeanonoruu um. ILI1. Hlupmosa PAH Bemonss-
ercs mpoekT «Llenb ycroitunBoro pazsutus 14 Ilosectkn-2030 — «CoxpaHneHue u panu-
OHAJILHOE UCIOJIb30BAHUE OKEAHOB, MOPEl 1 MOPCKUX PECYPCOB B MHTEpPECAX YCTOMUH-
BOT'O Pa3BUTH» — B FOXKHBIX NPUMOPCKUX perruoHax Poccum». [IpoekT ocyuecTBusieTcs
1o rocynapcrBeHHOMY 3aanuto Ne 0149-2018-0024 B pamkax nporpammsl [Ipesnanyma
PAH Ne 52 «O6ecnieuenue ycroitunBoro pazsutus FOra Poccun B yciaoBusix kKiumaruye-
CKHUX, DKOJIOTMYECKHX U TEXHOTEHHBIX BbI30BOBY. Llenbio mpoekTa sBIsieTcs BHIpabOTKa
PEKOMEH/IaIMi JJIsl BBIMTOJTHEHHUST OCHOBHBIX 3a7a4 [[YP14 Ha roxubIX MOpsix Poccun —
UepnomMm, Azosckom u Kacnuiickom (Ilanosanos, Koctsnas, 2018). Onaum U3 UHCTPY-
MEHTOB 1151 AocTHkeHus 3ana4 L{YP14 sBnsercs opranuzanus MOPCKUX KJIAaCTEPOB Ha
poccuiickom nodepexbe YUepHoro, Azosckoro u Kacnuiickoro mopeii. [lpeaBapurensHo
IIpeIaraeTcs BbIAEIUTD CIAEAYIOLINE ECTh KIaCTEPOB:

CeBacTonoJibCKni Kjaacrep

B CeBacromnone oqHuMu U3 S1po00pa3yroIux oTpaciaeil MPOMBIIINIEHHOCTH SIBJIS-
10TCs1 pbI0O00BIBaAIOIIAs U pbIOOIEpepadaThIBAIOIIAsl TPOMBIIIIEHHOCTh, CYI0PEMOHT-
Hasi MPOMBIIIJIEHHOCTh U CYyAOCTPOUTEILCTBO, Typu3M. B3aumoBbironHas sddexruBHas
B3aMMOCBSI3b MEXIY 3THMU OCHOBHBIMM OTpaciiiMU HEOOXOAMMa JJIsl pelIeHus 3ajad
oyP14.

Kanacrep FOxknoro 6epera Kpsima (FOBK)

B nanHOM pernone TpaJuLMOHHO Pa3BUTHI TYPUCTHUECKAsI OTPACIIb M BUHOTpaaap-
cTBO. BenencTue 00mbI10i Harpy3ku pa3BUTUS TYPUCTUUYECKOM OTPACIH Ha SKOCUCTEMY
oOepeskbs, B TOM YHCIIe U HA MOPCKYIO Cpey, HEOOXOAUMO OPraHU30BaTh COTPYIHUYE-
CTBO MEXAY IPEACTABUTEIAMU TYPUCTUUECKOW OTPACIM U IKOJIOTMYECKMMH OpraHu3a-
UMM 17151 IPEAOTBPALEHUS U COKPAIEHUS 3arpsi3HEHUSI MOPCKOM Cpeibl, B TOM YHCIIE
BCJIE/ICTBUE JIEATEIBHOCTH Ha CyIlle, BKJIIOYasi TOPOACKHE CTOKH, 3arpsi3HEHNE MOPCKUM
MYyCOPOM U MUTATEIbHBIMU BEIIECTBAMH.

PocToBckuii kiaacrep

PocToB-Ha-J{oHY sIBIIIeTCS MOIIHBIM TPOMBIIIIEHHBIM U TPAHCIIOPTHBIM LEHTPOM
tora Poccun. Pacnionoxxennslil Ha pexe JloH, B 46 KM OT ee BaseHus B A30BCKOE MOpE,
TOpOJl C €ro pa3BUTON MPOMBINUIEHHOCTHIO MOXET OKa3bIBaTh 3HAYUTEIIBHOE BIIUSHUE
Ha COCTOsIHME MOPCKOM cpejibl A30BCKOro Mops. BeneactBue 3Toro cienyeT TIaTeabHo
CJIEAUTH 32 HE(TIHBIM 3arps3eHUEM, MyCOPOM U IUTATEbHBIMU BEIIECTBAMU, KOTOPHIE
rnonazgaroT B pexy JloH, MOCKOJIbKY 3TO MOXKET HETaTUBHO OTPA3UThCS HA MOPCKOM cpejie
A30BcKOro Mops, a Takxke YepHOro Mops.

HoBopoccuiicknii Kiaacrep

HoBopoccuiick siIBIS€TCS BaXXHBIM TPAHCIIOPTHBIM Y3JIOM HAa POCCHUHCKOM CEBe-
PO-BOCTOYHOM TOOepexkbe UepHOTo MOpPS M KpyIHEHIIUM 1opToM Ha rore Poccuu. Pac-
MOJIOKEHHE 37IECh BOGHHO-MOPCKO# 0a3bl UepHomopckoro ¢grora Poccun, maccakupcko-
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IO ¥ IPy30BBIX OPTOB, HEPTEHATUBHOTIO MTOPTA, 3aBOJIOB LIEMEHTHOW IPOMBILIIEHHOCTH
o0ycIiaBiIMBaeT HEOOXOAUMOCTh MOBBIIIEHHOTO BHUMAHUS K MEPOIPUSATHUAM 110 MPEA0T-
BPAILICHUIO 3arPSI3HEHUS] MOPCKOM CPEIbL.

Kaacrep «boabmoii Coun»

T'opon Coun siBisieTcst KypopToM (eaepasibHOro 3HaueHusi. OH sBJIseTCS BaKHBIM
JTUHAMHYHO Pa3BUBAIOIIMMCS SKOHOMUYECKHUM U TPAHCIIOPTHBIM IIeHTpoM. [IpoBenenue
3nech XXII 3umunx Onumnuiickux urp B 2014 r. caenano ropoa He TOIbKO MOPCKUM, HO
Y TOPHOJIBDKHBIM KypOpTOM. YuuThiBasi, 4To Couu sBJIsETCS NPUBJIEKATEIbHBIM 00bEK-
TOM JIJISl UHBECTULIUH, ATOT KJIACTEP CMOXKET 0OBEAMHUTDH TPAIUIIMOHHBIE OTPACIHU MPO-
MBIIIJIEHHOCTH ¢ HOBBIMM MEPEAOBBIMU TEXHOJIOTUSAMHU, YTO OYEHBb BAXKHO ISl PELICHUS
TaKUX MpoOsIeM 3arpsi3HEHHsI MOPCKOH cpefibl, KaK, HalpuMep, HeQTSIHOE 3arps3HeHue,
crounsle Bobl, BeIOpockl SO , NO, u CO,,.

AcTpaxaHCKHil Kj1acTep

AcTpaxaHb — KpyHEWIIUI TPOMBIIIJICHHBIA U TPAHCIIOPTHBINA 1IeHTp Ha Kacruu.
Benymee MecTo B 9KOHOMHMKE Iropojia 3aHMMAET TOILIMBHO-DHEPIeTUUYECKUI KOMILIEKC,
npencrasnennbiii 000 «JTYKOWJI-HukHeBomKCKHE(TE», KOTOPEIi BeeT Pa3paboTKy
HepTAHbIX MecTopoxkaeHui B CeBepHoii yactu Kacnuiickoro mopsi, 1 OOO «I"a3npom
no0brya AcTpaxaHby», KOTOPBIM pa3padaThiBacT AKcapaiiCkoe Ta30KOHIACHCATHOE Me-
cropokaenre. C COBETCKMX BPEMEH Pa3BUTHI MPENNPUATHS pbIOOTIepepadaThIBatoei
IPOMBIIIIEHHOCTH, HApaIlMBAIOT BBIIYCK MPOMYKIMH IJI0J00BOIIHbIE KOMOUHATHL. B
TOpO/Ie PACIONIOKEHbI CyA0CTPOUTEIbHBIE, CYJOPEMOHTHbIE, MAITMHOCTPOUTEIbHBIE U
XUMHYECKHe npeanpusatus. Yepes ropoa NpoXoAUT BayKHENIIAs TPAaHCIIOPTHAS apTepus,
coeaunAtomas noptsl Bonru u Kacniusa. B Mopckom nopty Actpaxanu padoraet 20 tep-
MHUHAJIOB, MPOITyCKHAsi CIOCOOHOCTh KOTOpPbIX cocTaBisieT 10 MiaH.TOHH B roa. MHTeH-
CHBHO pa3BUBAETCS KPyH3HBIH U PHIOOIOBHBIN Typu3M. HeoO6xoqMmMo rapMOHU3HPOBaTh
JEATEIIBHOCTh ITUX NMPEANPUATHI I COXPAaHEHHsI OKPY’KAIOLIEN cpelpl AeabThl Bosrn
u Cesepnoro Kacmusi.

['eHepanbHBIN TUPEKTOPAT 110 MOPCKHUM JIeJIaM B PhIO0JIOBCTBY EBpornelickoi Komuc-
crn (DG MARE) nopy4ust HECKOJIBKHM OpTaHH3alUsIM IPOAHATIM3UPOBATh CTaTyC U BO3-
MOYKHOCTH Pa3BUTHUSI MOPCKUX KiacTepoB B CpeanseMHoM U YepHoMm Mopsix. B utorosom
noxmane (De Vet et al., 2014) Obli BbIIECTCHBI ClieAyIonUe KiacTepbl: KoMMepueckwii
Mopckoil nmopt HoBopoccuiicka, Kommepueckuit mopckoii nopt Tyance, ITopt Coun, [lopt
Cesacronoib, Mopckue nponykrsl CeBactonosi. B oTHoIeHn# nocneHero 6610 oTMe-
YEHO, YTO ATOT KJIACTEP OPUEHTUPYETCS HA BAXKHYIO HUIIY JIJI1 MOPCKOM SKOHOMUKH, YTO OH
MUMEET YCTAaHOBUBIIYIOCS CTPYKTYPY MEXTYHApOIHBIX TAPTHEPOB U OOJBIION MOTEHIHAT
JUIs OyIyIIero pa3BuUTHs. Y 3TOTO KiacTepa TaKkKe OTMEeUaeTcs 3HAYUTETIbHBIN BKIIAJ] B CO-
3naHue pabounx MecT. M3 3Tux msaTH KiacTtepoB Tosbko Kinactep KomMmmepueckoro Mopckoro
nopra Tyarce OblIT Ha3BaH 3peIbIM, @ BCE OCTAIbHBIE — PACTYIIUMH. «PacTyIine» MopcKue
KJIACTEphl YACTO YBEJIIMYUBAIOT CBOM pa3Mep IyTEM BKJIFOUEHHUSI JOTIOJIHUTEIIbHBIX CPEAHUX
Y KPYIIHBIX MPEAIPUSATHA, KOTOPbIE MPUCOEAUHSIOTCS, KOTAa KIaCTEPHBI S5KOHOMUYECKUI
MOTEHIMAJ CTAHOBUTCS OoJiee MPUBJIEKATEIbHBIM. «3PEIbIe) MOPCKUE KIACTEPhl MOTYT
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MIOKa3bIBaTh SKCIOHEHIMAIbHBIN POCT, pa3BUBas MHHOBALIMHU, KOTOPbIE KalIUTAIU3HPYIOT-
Cs1 CHCTEMOM MaJIbIX U MUKPOIPEATIPUITUMN, IPEOCTABIISIFOIINX JOIOJHUTENIBHBIE YCIYyTH
JUTst camoro kinactepa. Takue kinactepsl coouparot ot 600 1o 1000 mpeanpusTHii, 1oCTUTas
MakcuManbHbIX 3HadeHni oT 2000 1o 3000, oqHAKO ATH TUQPHI HE 0053aTETHHO SIBIISIOTCS
MoKa3aTenbHbIMU. J[71s 11e71eli aHaIMTHYeCKOTo 0KIaaa aBropsl Opanu uudpy B 100 kom-
naHui Uit pactymux kiaactepo u 300 st 3penbix. Kommepueckuit Mmopcekoit nopt Tyarice
u ITopt CeBacToronb OTMEUEHBI KaK KJIACTEPhI CO CPETHUM MOTEHIUAIOM OyIyIIero pas-
BUTHSI, TOTJ]a KaK y OCTAIbHBIX MEPEUMCIICHHBIX BBIIIE KiIacTepoB oH Bbicokuil (De Vet et
al., 2014).

JlesTenbHOCTh MOPCKHX KJIACTEPOB CBsA3aHa KaK C KOHKYpPUPYIOLIEH SKOHOMHYE-
CKOM JesATENbHOCTBIO, TAK U C MOPCKOM cpeaoi. ABTOPHI JOKJIaJa MOAYEPKUBAOT HE-
00XOJIMMOCTh YBS3bIBAaTh JESTEILHOCTh MOPCKUX KJIacCTEPOB C MOPCKHUM IPOCTpaH-
CTBEHHBIM IIJITAHUPOBAHHEM U KOMIUIEKCHBIM YIIpaBJICHHEM MPUOpPExKHBIMH 30HaMU. Bee
BO3paCTaIOIIEe UCIOJIb30BAHNE MOPCKUX PECYPCOB MOXKET MIPUBECTU K HAMPSKEHHOCTU
1 60pbr0OE 3a MOPCKOE MPOCTPAHCTBO, YTO, B CBOIO OYEPE/b, OKAXKET HEraTUBHOE BO3/1EH-
CTBUE Ha MOPCKYIO cpeny. [loaToMy MOpckue Kiactepsl cielyeT BKIOYaTb B MOPCKOE
INPOCTPAHCTBEHHOE INIAHUPOBaHUE. MOpPCKHE KIIaCTEPhl TAKXKE SBIISIFOTCS OYEBUIHBIMU
napTHepamMH JJIs y4acTHs BO BCEX MHUIMATHBAX, KaCAIOLIUXCs KOMIUIEKCHOTO YIIpaBiie-
Hus npubpexxusiMu 30Hamu (De Vet et al., 2014).

3akjaoueHune

Msl cuntaeM, 4To 0Oojiee TECHOE COTPYIHMUYECTBO MEXAY IOCYIapCTBEHHBIMHU U
YaCTHBIMU KOMITAHUSIMHU, OpPraHU3alUsSIMU, HAYyYHBIMU M 00pa30BaTeIbHBIMU YUpexKie-
HUSIMH IIPUMOPCKUX PETHOHOB IOJKHBIX Mopeil Poccun OyneT crnoco6cTBOBAaTh HE TOIBKO
POCTY SKOHOMMKH B JIaHHBIX PErMOHAX, HO M CO3JaHMI0 3P PEeKTUBHON 1aTGopMBbl A7
oOMeHa MHEHHUSMHU M MOMCKAa ONTHUMAJBHBIX PEHICHUN MO CO3JaHUI0 HOBBIX NPAKTUK,
TEXHOJIOTUHA, MEPONIPUATHN 11 pelieHus 3anad L{YP14.

bnaromapnocrtu: PaGora BrinmonHeHa B paMkax npoekta «Llens ycroitumBoro pas-
Butus 14 IloBectkn-2030 — «CoxpaHeHHe M PAaLlMOHAIBHOE HCIIOJIb30BAHUE OKEAHOB,
MOpEN U MOPCKUX PECYpPCOB B MHTEPECAX YCTOMYMUBOIO Pa3BUTHS» — B KXKHBIX IPUMOP-
ckux peruoHax Poccum» Ilporpammel dyHnameHTanbHbIX uccaenoBanuil Ipesunnyma
PAH Ne52 «OGecneuenue ycroiumnBoro pasputusi FOra Poccun B ycinoBusix KiMmaru-
YEeCKHX, DKOJIOTHUYECKHUX M TEXHOTEHHBIX BBI30BOBY IO Toc3amannio Ne 0149-2018-0024.
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This article explores the possibility of using marine clusters in the southern seas of the Russian
Federation (Black, Azov and Caspian Seas) as a tool to achieve the targets of the Sustainable
Development Goal #14 (SDG14) on conservation and sustainable use of the oceans, seas
and marine resources for sustainable development. The article explains the concept of
“cluster” and its benefits for achieving sustainable development. Further the authors provide
information on the international experience of using marine clusters to achieve certain
objectives of SDG14: exact examples of marine clusters in various countries are given, as
well as their input in achieving SDG14. In the condunion, the authors give recommendations
on formation of marine clusters on the Russian coast of the Black, Azov and Caspian Seas
to achieve the objectives of SDG14. It is proposed to set up six clusters: the Sevastopol
cluster, the cluster of the Southern coast of Crimea, the Rostov cluster, the Novorossiysk
cluster, the cluster “Big Sochi”, and the Astrakhan cluster. The creation of such clusters will
ensure closer cooperation between companies, organizations and educational institutions of
the coastal regions of the southern seas of the Russian Federation under consideration, which
will not only promote economic growth in these regions, but also create an effective platform
for the exchange of views and search for optimal solutions for the creation of new practices,
technologies, and activities to achieve the objectives of SDG14.

Keywords: marine clusters, sustainable development, Sustainable Development
Goal #14 (SDG14), the Black Sea, the Sea of Azov, the Caspian Sea.
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Hcnonannocek 90 ner co nusa poxaenus lOpus MBanoBnya CopoknHa — BBIIAIOMIETOCS
MOPCKOTO MHKPOOHOJIOTra i MOPCKOTO0 AKoJIora. Ero nccnenoBanms 000raTiiIi OTe4eCTBEHHY O
Y MHPOBYIO OMOOKEaHOJIOTHIO UJISIMU, BO MHOTOM OIIPE/ICIMBIIMMH €€ Pa3BUTHE U YPOBEHb

CCroaHANIHECTO ITOHUMAaHUWA

CTPYKTYypHO-(OYHKIMOHATBHON OpTaHU3allMd  3KOCHCTEM

MOPCKOIl Tenarnaiy, MEeXaHW3MOB (OPMHUPOBAHHS OHMOJIOTHYECKON MPOAYKIMH U POIH
MHUKPOIUTAHKTOHA B TPaHC()OPMAIIH OPTaHHIECKOTO BEIIECTBRA.

Kurouessbie cioBa: FO.W. CopokuH, OMOOKEaHOIOTHsI, MOPCKask MEKPOOHOIOTHS,

OKOJIOT' U

BpeM}I I[MO-pa3sHOMY COXpaHACT IJIS1 HAC 06pa3LI JIIoAeH. O,Z[HI/I, Ka3aBIIHNECCA HaM

OONBIINMU IIpu KHU3HU, CO BPEMCHEM YMCHBIIAIOTCA, 4 MHOTJIa U BOBCEC HMCUC3AIOT U3

Hameil namaru. Jpyrue, Ha000pOT, CTAHOBSTCS OOJNBINIE U BaXKHEE, Mbl HAUMHAEM TITy0-
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K€ IIEHUTh TO, YTO Ka3aJI0Ch HAaMHU O0bI-
JICHHBIM TIPH WX JKU3HHU, [ICHUTH BpeMs
COBMECTHOW paboThI, OOIICHUS, Jae
MHUMOJIETHBIE Pa3roBopbl. IMEHHO Tak
mpoucxoautT ¢ MOMMU BOCIIOMHHAaHU-
smu o IOpum HBanoBuue CopokuHe.
MOXHO J0JIr0 MEePEeYUCiIaTh ero 00Jb-
mrue 1 MaJibl€ HAy4YHBIC OOCTHUIKCHUA,
NOpa3UTeIbHbIE 110 HOBU3HE HAY4YHbBIC
UJICH, KOTOPBIX XBATHUJIO ObI HA HECKOJIb-
KO OJIECTAIIUX HAYYHBIX Kapbep, HO Ce-
TOJIHS XOTEI0Ch ObI BCIIOMHHUTH O IJIaB-
HOM, YTO CBSI3aHO JJISI MEHS C IMaMSThIO
0 HEM.

Kamuartka, 1970 r. Bo Bpems uccnenoBanus
03epHbIX 3KocucTeM KamuaTku.
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[IepBoe — 31O ero miyOoKast U Bcelenas NMpelaHHOCTh HayKe. Takylo Mpe1aHHOCTh
MBI FOpa3zo Yallle BUJUM Y JIFOEN UCKYCCTBA U PEXKE Y JIFOAEH HayKu. DTa NPEAAHHOCTD
BBI3bIBAJIa OFPOMHOE yBaXkeHHe. M 3T0 yBaxkeHHe OblI0 0€3yCIIOBHBIM, HECMOTPS Ha JIeT-
KW KOMMYHHKa0enbHbIH xapakTep KOpus iBaHOBHYA M 04EHb €CTECTBEHHOE, TPOCTOE U
OTKPBITOE €0 MMOBEICHHE 1 OOIIEHHUE C JIObMH, HE3aBUCUMO OT UX ()OPMAJILHOTO CTaTy-
ca u Bo3pacta. «lOpka Copokun» npuexan, «lOpka CopokuH» MOWJIET C HAMH B peiic —
0 MHOTHX JI M3Tpax TaK roBopuiau? MHoOrue a1 MITpbI IO3BOJISIIM TaK TOBOPUTH? A 0
HEM FOBOPUJIY, U OH 3TO BOCIIPUHUMAJ C JIETKOCTBIO U YOBOJILCTBUEM, U IIPU ATOM OCTa-
Bajicsi MaTpoM ¢ O60IbII0M OYKBBI.

Ha Tautn. Dxcneaunms Ha «Butsasey», koner 1960-x ronos.

Bropoe — 310 danTacTuyeckas, mpoHeceH-
HasAg 4C€pe3 BCIO XU3Hb JKaXJa 3HaHHWA, CaMOTI'o
Pa3HOTO 3HAHMS, HE TOJIBKO OTHOCSIIETOCS K Ha-
YK€, ¥ TIOPOXKICHHAs STOW KA 10 BbIIAIOIIASCS
spynunusi. Ero 3HaHUs OBUIM HE «3aCTBHIBIIMMEY,
OHH TIOCTOSIHHO MCTIOJIB30BAIUCH MIPH (HOPMUPO-
BAHUU CYXACHUU, UJIEH U, TTIaBHOE, TAJIbHEHIIIEM
MMO3HAHUM OKpY’karoriero mupa. Pacckassr KOpus
HBaHoBu4a 0 moes3akax, MPUPONE KOPAJUIOBBIX
pudax, Mmy3esx, ICTOPUH, KHUTaX ObUIH HE MEHEe
MOJIHBIMHA M 3aXBaTbIBAOIIUMHU, YEM Pa3roBOPLI O
Hayke. CIeKTp MHTEPECOBABIIMX €r0 Bellel ObLI

Ha I'aBaiickux octpoBax. Dkcnenuuus Ha «Butsaze»,
Hagano 1970-x rogos.
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nopasuresnedH. OH MOT MPOBECTH HOUb y BOpOT cobopa Ilerpa u [1aBna B Pume, 4ro0Ob1
YBUJIETh €T0 IIPU YTPEHHEM OCBEIIEHHUH, HBIPATh HA TPONUYECKUX OCTPOBAX HOUBIO, YTO-
OBl MOCMOTPETh Ha YHHMKAJIbHOE CBEUCHHE KOPAJJIOBOTrO puda, U *KaJHO UCKATH HOBYIO
necHio Bricorkoro. M Bce 310 OBUTO HE paau JIEHCTBUS, a paau coaepxkanus. 1 pas-
roBop ¢ KOpuem VBanoBuuem Bcerna ObuT copepKaTeabHbIM. Sl 9T pa3roBOPHI MOMHIO
B JIETAJISIX Yepe3 MHOTO JIET U MOMHIO ¢ OyiarofiapHOCThio. O MHOTHX JIU JIFONISIX MBI Ce-
TOJTHSI MOXKEM Takoe ckazaTh? Takue pa3roBOpbl CTAHOBATCS CETO/IHS, B BEK O€CKOHEYHOM
CJIOBECHOI MacTypOaluu, orpoMHON peakocThio. PasroBop mpoien, a pedbeHouek He po-
muncs. A 'y FOpust IBanoBuya poxxnancs. Beerma, o uem Obl oH He ToBopmit. Boobie,
y Opust IBaHOBHYA OBLITO TO, UTO 51 OBI HA3BAJ «AYPOH OCMBICIIEHHOCTHY». DTO HE TOJIHKO
Moe omyiienue. B nmocnennue roasl xku3zHu FOpus BanoBuYa Mbl ObUTH C TOTAALUTHUM
mupekropom WHctutyTa okeanonoruu, Pobeprom MckannepoBuuem HurmaryauHbiM,
B lOxHOM oTnenennn MHCTUTYTA, M Y HUX COCTOSIIAch Oeceaa O TOM, YTO BaXKHO JeNIaTh
Hayke B YUepHom mope. [Tocne atoro Pobept Mckanaeposuu ckazan mue: «tOpuii MBa-
HOBUY — 3TO «CIIELIMAJIbHBIN» YesloBeK». BhIciias noxsaia 4yeinoBe4eCKOMY UHTEIUIEKTY
U XY B €r0 yCTax.

Peticoserit otaer. HUC «Axagemux Kypaatosy, 1982 1.

Ha teppace cBoero noma B I'enenmkuke, 1998 .
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TpeTbe, 0 ueM 51 Xouy BCIIOMHUTD CETO/IHS, — YHUKaJIbHAasl CIIOCOOHOCTh T€HEPHUPO-
BaTh U IIPU 3TOM PACCEUBATh, pa3faBaTh UAeH. MHOrMe U3 3TUX UJIeH JIEIIU B OCHOBY lie-
JIBIX HAIlpaBJICHUH B HAllleH HayKe, CTaIH COoJepKaHueM padoT OONBIIOTO YKCa YUYEHBIX
B TEUCHHUE MOYTH BCEH KHU3HH, Ipyrue ObLTH «3aKPBITHD», B TOM uucie, camum KOpuem
WBaHnoBuueM, HO MpU ATOM Bceraa paboThl MO 3TUM HIESIM JaBalld HOBOE 3HaHUE. 3a-
kpbiBan FOpuii UBaHOBHUY CBOM MU, €CIIM OHU OKa3bIBAJIUCh HECOCTOSITEILHBIMU, BECE-
70, 0e3 CoKaJeHHUs, CONPOTUBIICHHUS, OOBIYHO CBOMCTBEHHBIM COOCTBEHHHKAM B HayKe.
51 ObLI cBHUIIETENEM TOTO, KaK MO MOBOAY OJAHOM HEYAaYHON UJIeU OH MPUTOBapUBal, JaxKe
MIPUIIEBAJT KIIPOMAXHYJICS, IPOMaXHYJICS», YIIOTPEOIsis IPU ITOM O0Jiee EMKHE BhIpaxke-
Hus. CiocoOHocThIO FOpust IBaHOBHYA reHEpHpPOBATh HOBBIE UI€W MHOTHE IOJIb30Ba-
JMCh, UHOTJIA C COXPaHEHUEM aBTOPCTBA, yaile Oe3 storo. [lepexox GmookeaHOIOTHUU
B Halleil cTpaHe OT MHOTOJETHETO W3Y4YEHHs CTPYKTYPHBIX XapaKTEPUCTHK MOPCKUX
1 OKEaHWYECKUX COOOIECTB K IKOJIOIMYECKOMY MUPOBO33PEHUIO, UCCIIEAOBAHUIM (yHK-
[IUOHATILHBIX 0COOEHHOCTEH AKOCUCTEM, MPOIIECCOB CO3/IaHUSI OMOIOTUYECKON MPOIYK-
LIMH, TIOTOKOB BEILECTBA B 3KOCUCTEMAaX, BOBJICUECHUE B MCCIIEIOBAaHUE MOPCKUX IKOCHU-
CTeM MUKPOIUJIAHKTOHA KaK Ba)kKHEHIEeH cocTapisomeii — 0e3ycinoBHble 3acnyru FOpus
MBanoBu4a. ABTOPCTBO €r0 HE3AMETHO «YTEPSHO», HE3aMETHO MEPEKOYEBAIIO K IPYTUM,
1 3TO HECIPaBEIMBO. MBI JOJXKHBI IOMHUTD M YTUTh UICTUHHBIX aBTOPOB HAYYHBIX U
U paccKa3blBaTh O HUX TEM, KTO CETOAHS IPUXOIUT B Hallly HayKy. be3 atoro paspymaer-
Csl BAKHEWUIIMI NPUHIUI HAYKU — UCTUHHAS HAay4yHasl IPEEMCTBEHHOCTb.

N eme xoten Obl BCHOMHUTH 00 OYE€Hb BaKHOM (DYHAAMEHTAILHOM TPUHIIHIIE,
KOTOpBIH ObUI OCHOBOW HAay4HBIX HcCcienoBaHuM, MupoBo33penus HOpus VBanoBuua.
OH OBLT €CTECTBOUCIIBITATENb. JTOT MPUHIIUIT OPUTHHAJICH JIJII POCCUMCKONW HAyKH U
NIePEeBOJl HAa aHIIMHCKHIA s3bIK — «Naturalisty MmoJHOCTBIO BBIXOJALIMBAET €r0 CMBICIL.
Ha pa3HbIX MCTOPHUYECKUX 3Talax €CTeCTBOMCIIBITATENIMU OBbLIM HAIIM COOTEYECTBEH-
nuku: [Tannac u [pxeBanbckuii, bap n CeBepuossl, Bepnaackuii, CykayeB u 3eHKeBUY,
ceromus 3to Ham kosutera A.IL. Jlucuubia. Dto, naxe ckopee, Hay4as guinocodus, a He

[Tamstaas nocka FO.M. Copokuny B FOxunom otnenenuu 1O PAH.
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coOcTBeHHO Nox0/. OHa MO3BOJISIET YUEHOMY IOMEIIATh CBOU MCCIIEI0BAaHUS B IIUPO-
KUHA KOHTEKCT MPUPOJHBIX SBJICHUN U MO3TOMY JaeT Pe3yJbTaThl INIyOOKHE, 100 KUBY-
1K€ U BIUSAIONIME HA pa3BUTUE HAYKU. MOXKHO 1 3TOMY HayuuThcesi? He 3Haro. S numb
yBEpEH B TOM, YTO TaKOH MOAXOJ OBUT MPOJOJKEHUEM HEYEMHOM YKaXkK/Ibl TO3HAHUS, KO-
Topoit obnanan KOpuit BanoBuy.

S ¢ GraronapHOCTHIO U ITYOOKHM yBa)KEHHEM BCIIOMUHAIO U Oyay TOMHUTE FOpust
WBanoBuya u xouy nobmnarogaputs KOxHOE OTIeneHne 1 BcexX TeX, KTO OT/Aajl AaHb Ia-
MSATH HalleMy BbIJIAIOIIEMYCS KOJIJIETe, YCTAHOBUB Ha DKOJIOIMYECKOM KOpIyce, I1e OH
JIOJITO U JI0 MOCJEIHUX JHEN KU3HU paldoTal, maMsITHY0 T0cKy. O4eHb HaJelch, YTO
9Ta MaMsATHas J0cKa OyleT HAIlOMHHATh HAM O IPUHIIUIIE HAYYHOH MPEeeMCTBEHHOCTH U
00513aHHOCTH TIOMHUTH U YTUTh HAIIIUX 3aMe4aTeIbHbIX MPEAIIECTBEHHUKOB, HA UAESIX U
HCCIIEIOBAHUSIX KOTOPBIX CTOUT Hallla CETOHSIIIHSAS HayKa.

IN THE MEMORY OF OUTSTANDING BIOLOGICAL OCEANOGRAPHER
YURY IVANOVICH SOROKIN
(ON THE OCCASION OF THE 90-TH BIRTHDAY)

M.V. Flint

Shirshov Institute of Oceanology, Russian Academy of Sciences,
36 Nahimovskiy prospekt, Moscow, 117997, Russia, e-mail: m_flint@ocean.ru
Submitted 21.08.2018, accepted 19.11.2018

It is the 90-th birthday of Yury Ivanovich Sorokin — an outstanding marine microbiologist
and ecologist. His research enriched Russian and world biological oceanography with ideas
which in many respects defined its progress and today’s understanding of structural and
functional organization of marine pelagic ecosystems, mechanisms of biological productivity
and role of microplankton in transformation of organic matter.

Keywords: Yu.l. Sorokin, biological oceanography, marine microbiology, ecology
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PE3YJIBTATBI MEKAYHAPOJIHOI'O CUMIIO3UYMA
«ME3OMACHITABHBIE 1 CYBME3OMACIHITABHBIE ITPOLECCHI
BI'UIPOC®EPE U ATMOC®EPE» (MCII-2018)

A.I. 3anenun, A.U. I'mu3oypr, A.I. Kocrsinoii, C.A. CBupuaos

Hnemumym oxeanonocuu um. ILI1L lupwosa PAH, 117997, Mocksa,
Haxumoeckuii npocnexm, 0. 36, e-mail: msp-2018@ocean.ru
Cratbs noctymnmna B pegakiuio 02.11.2018, omodpena k mevatu 12.11.2018

B Wucturyre oxeanonoruu um. I[L.II. Iupmosa PAH ¢ 30 okrsiops mo 02 HosiOps
2018 r. mpoBeaeH MexayHapoJHbIH cuMIo3nyM «Me3omaciiTabHbie 1 cyoMe3oMacTadHbIe
npoueccsl B ruapochepe u armocdepe» (MCII-2018), nocssimenssii  90-netuto
BBIJIAIOIIErOCs yueHoro, wieHa-koppecrnonaeata AH CCCP, npodeccopa K.H. denoposa.
Jlist cnymiatenedt u yaacTHUKOB (0kosio 300 yuenbix) Obu1o npenctasieHo 120 mokianos, B
ToM uncne 20 npurameHHbIX, 59 yeTHeIX U 41 cTeHA0BBIN.

KiroueBsbie cioBa: npodeccop K.H. demopos, mMe3omacmtabHbie u cyOMe30-
MacmTaOHbIEe TPOLIECCHI M UX MOJCIMPOBAHUE, B3aUMOJICHCTBUE OKeaHa M aTMOC(EpHI,
(pOHTHI, TOHKAsI CTPYKTYypa BOJ OKeaHa, CTPYH M BUXPH, BHYTPEHHHE BOJHBI, TPUOpPEK-
HBIW aNBEJUTUHT, JHHAMHUKA BUXPEBBIX TUMOJNCH M BHYTPHTEPMOKIMHHBIX BUXpEH, 3a-
IpsA3HEHUS OKeaHa, JUCTAaHIIMOHHOE 30HIMPOBaHKE, Ta00paTOpPHOE MOJICTUPOBAHNE

C 30 okts16ps mo 02 Hosi0ps 2018 1. B UncTuTyTe oKeanonoruu uM. [1.I1. upmosa
PAH npoxomun MexayHapoaHbii cumnosnym «Me3omacmtaOHbie U cyOMe3omaciTa-
HbIE ITporecchl B ruapocdepe u armochepe» (MCII-2018). I'naBHOI 1enbI0 cUMITO3MyMa
ABJISTIOCH IPUBJICYCHNE BHUMAHMS YYEHBIX U MOJIOJABIX HAYYHBIX COTPYIHHUKOB K BAXKHON
TEME MCCIICIOBAaHUS ME30MaCIITAOHBIX M CyOMe30MacTaOHBIX MPOLECCOB, MPOTEKAIO-
KX B ruapocepe u armocdepe 3eMiu U MpUIaHusl HOBOTO CTUMYJIA [Tl U3yUEHUs! 3TOM
BaxkHOU 00nactu 3HaHui. Cumnosuym MCII-2018 6b11 nocssiiien 90-neTHemMy 00user0
BBIJIAIOIIETOCS COBETCKOrO yueHoro, uwieHa-koppecnonneHta AH CCCP, mpodecco-
pa K.H. ®enoposa, yeii BkiaJg B PU3HMUECKYI0 OKEAHOJOTHIO 3HAUUTENIHO PACIIUPUI
MIPEJICTAaBICHMSI O IPOLeccax MepeMEIMBaHNs B OKEaHe Ha PA3JIMYHBIX MPOCTPAHCTBEH-
HO-BpeMEHHBIX MaciTabax. Ha mpoTshkeHUH HECKOIBKUX JIECATHIICTHI OH ObLT OTHOM U3
KJIFOUEBBIX (PUTYp B MEXKYHAPOAHOM MOPCKOW Hayke, 0ObeINHSS MEKIIPABUTEIbCTBEH-
HbIE€ U HENPABUTEIbCTBEHHBIE OPTaHNU3ALMN U CIIOCOOCTBYSI HAyYHBIM KOHTAKTaM MEXI1y
OKEaHOJIOTaMM pa3HbIX CTPaH.

Temarndecku A0oKIabl OBUIN paclpeesieHbl 10 CIEAYIOUMM OCHOBHBIM Halpas-
JEHUSIM pabOThl CUMIIO3UYMa:

— ¢u3nyeckre U JUHaAMUYEeCKHe Me3oMaclTaOHble U cyOMe3oMacuTabHble Ipo-
1IeCCHI U SIBJICHUs B ruapocdepe u armocdepe;

— B3aUMOJIEHCTBUE THAPOChEpsl  aTMOchepbl: poslb Me30MacIITA0OHBIX TPOLIECCOB;
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— UCCIIEIOBAaHNE ME30MAaCIITA0HBIX M CyOME30MacIITaOHbBIX MPOIECCOB B THAPOC-
¢bepe u armocdepe MeToaaMu TUCTAaHIIMOHHOTO 30HIUPOBAHMS;

— YHUCIIEHHOE M Ja00paTOpHOE MOJACIMPOBAHUE ME30MACIITAOHBIX U CyOMe3oMac-
mTaOHBIX TIPOIECCOB | IBIICHUH B ruapocdepe u atmocdepe;

— OnepaTUBHAsE OKEAHOJIOT s U MHPOPMAIIMOHHBIE TEXHOJIOTUY;

— IpUOOPBI U METOJIBI UCCIIEIOBAaHUHN THAPOChEpPHI 1 aTMOC(EPHI.

JlokJaibl pOCCUHCKUX U 3apyOeKHBIX YUEHBIX OXBAaTBIBAIN MIUPOKUNA KPYT BOIIPO-
COB: BUXPU U CTPYH BO BHYTPEHHHMX MOpSX M B OKeaHE, OKeaHHMuecKue (PPOHTHI U UX
CBSI3b C OMOJIOTMYECKOW MPOMYKTUBHOCTHIO, UCCIEAOBAHNE CyOME30MacIITaOHBIX BHX-
pell U BHYTpEHHUX BOJH B Mopsx Poccum Ha OCHOBE JUCTaHIIMOHHOTO 30HIMPOBAHUS
U HaTypHBIX M3MEPEHMH, 3arpsi3HEHUE OKeaHa MHMKPOIUIACTMKOM U He(TenpoayKTaMH,
TOHKasi CTPYKTypa B IPUPOJHBIX CPEIax, U3SMEHUYUBOCTh THAPOXUMUYECKUX [TapaMETPOB
OKeaHa, MPOIIeCChl B3aUMOJICHCTBUS OKeaHa M aTMOC(Epbl, YUCIEHHOE MOJICIUPOBAHHUE
ME30MacCIITaOHbIX MTPOLECCOB, 30HIUPYIOIas anmnaparypa B OKEaHCKUX MCCIIeI0OBAHUAX
1 Jip. bplin HaMedeHbl NepCIeKTUBbI OyIy1ero COBMECTHOIO HAYYHOI'O COTPYAHUYECTBA.

[IpenBapuTenbHbIi aHAIN3 CONEPIKAHMS TOKJIAJ0B MTO3BOJISIET OTMETUTD OOMIBIION
IPOrpecc CIYyTHUKOBBIX METOJOB MPUMEHHUTEIBHO K HCCIIEIOBAHUIO ME30MAaCIITa0HBIX
U cyOMe3oMaciTaOHBIX MPOIECCOB U SIBICHUI B ruapocdepe u arMmocdepe. ITOT mpo-
rpecc BO MHOTOM OOYCJIOBJIEH MOSIBIEHUEM B OTKPBITOM JOCTYIE HH(POpPMALIUU CO CKa-
HEpPOB CPE/IHEro M BBICOKOro paspeuieHus. Ha ocHoBe 3Toil nH(popManuu mpoBOAsATCS
UCCJIEZIOBAHNS TOBEPXHOCTHBIX SIBJICHUN C MacIITaOOM BILIOTH JO HECKOJIBKUX JECATKOB
METPOB, BKJIFOUAIOLIUX ITOBEPXHOCTHBIE IIPOSBICHMSI BHYTPEHHUX BOJIH, & TAK)KE BETPO-
BBIX BOJIH U BOJIH 3bI0U. Takxke cieqyeT OTMETUTh YCIEXH B BBICOKOPA3PELIAIOIIEM YUC-
JIEHHOM MOJIEJIMPOBAHUM ME30MACIITAOHbIX M CyOMe30MaclITaOHbIX siBIeHUH. MOoXXHO
CKa3aTb, YTO HAYMHAET COBIBATHCA OHO M3 HayuHbIX npeasuaeHuit K.H. denopona, 3a-
KJIIOYaBLIEECsS B TOM, YTO «YMCIEHHbIE MOJIENIN CTAaHyT B OOJIbLIEH Mepe HHCTPYMEHTOM
UCCIICIOBAHMUS, HEXKEIH CPEICTBOM JEMOHCTPAIMH CIIOCOOHOCTH K BOCIIPOU3BEICHUIO
0COOEHHOCTEN IUPKYJSLMK BOJ OKeaHa». BmecTe ¢ TeM MPUXOAUTCS KOHCTAaTHPOBAaTh
SBHYIO HEJOCTaTOYHOCTh HATYypHBIX HCCJIEIOBaHHM CyOMe30MacHITa0OHBIX BHXPEBBIX
CTPYKTYp KOHTAKTHBIMH METOAAMHU, HEOOXOIUMOCTb COBOKYITHOI'O UCIIOJIb30BaHUs, BO3-
MOXHO, TOJIHOTO MHCTPYMEHTapHs B UX HCCIEAOBAaHMM (CIIyTHMKOBBIE METOJbI, KOH-
TaKTHbIE U3MepeHus, npudpexHas nomieposckas KB- u CBU-panuonoxarus, yucien-
HOE MOJICJIMPOBAHME C CyOMe30MacITa0HbIM pa3pelieHneM Ha N30paHHbBIX MOJUTOHAX).
Takke MOXKHO OTMETUTH HEITOJIHOTY TEOPETHYECKUX HCCIENOBAaHUN U J1aOOPaTOPHOIO
MOJIEJIMPOBAHUS C LIEIbI0 U3YUEHHS] MEXaHU3MOB (POPMHUPOBAHUS CyOMe30MacIITaOHbIX
BUXPEBBIX CTPYKTYp, ci1aboe MoHMMaHHe (U3MKH CyOMe3oMacIITaOHBIX MPOLECCOB,
B YaCTHOCTHU POJIM aTMOC(EPHOTO BO3AECHCTBHSI B 00pa30BAHUN KOT'€PEHTHBIX BUXPEBBIX
CTPYKTYp B BEPXHEM CJIO€ OKEaHa.

3a 4 pabounx aus CumnosuyMm nocetusio 6onee 140 rocrelt, cpeau HUX COTPYA-
HUKU aKaJeMHYECKUX M OTPACIEBBIX HayuyHbIX MHCTUTYTOB: MHcTuTyTa (Dusumku ar-
mochepsr M. A.M. Ob6yxoBa PAH, Mopckoro ruapodusndeckoro mHcruryra PAH,
Tuxookeanckoro okeanojgorudyeckoro nacrutyra um. B.1. Unsnuesa JIBO PAH, UucTu-
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tyTa npuknagHoi ¢usuku PAH, MacTuTyTa pobnem Mexanuku uM. A.1O. MnumHckoro
PAH, UncTtutyta BonHbix npobdnem PAH, MHCTUTYT BBIYMCIUTEIBHOTO MOJIEITUPOBAHUS
CO PAH, UHcTHTyTa BBIYMCIUTEILHON MAaTeMAaTUKH M MaTeMaTHYECKOW TeoU3NKH
CO PAH, Uucrutyra nunamuku reochep PAH, Muctutyta mpobnem HedTH u rasza
PAH, T'ocynapctBeHHoro okeanorpaguueckoro nacruryra uMm. H.H. 3y6oBa, a Taxxke
y4eHble U TpodeccopCKo-NpenoaaBaTeIbCKuil COCTaB BEAYLUIUX YHUBEPCUTETOB CTpa-
Hbl: MOCKOBCKOTO (DM3MKO-TEXHHUECKOTO HHCTHTYTa (yHHBEpPCHTETa), MOCKOBCKOTO
rocyznapcTBeHHoro ynusepcutera uM. M.B. JlomonocoBa, Cankr-IlerepOyprckoro ¢e-
JepajibHOTO YHUBepcUTeTa, bantuiickoro ¢eaepaibHoro ynusepcurera umenu M. Kan-
Ta, HanmoHanbHOTO MCCIe10BaTeNbCKOro TexHonorunyeckoro ynusepcurera « MUCuCy»
u Jip. B pabote cuMmnosuyma NpuHsIIM y4acTUE MOJIOJbIE YUCHbIE, aCIUPAHThI U CTY/ICH-
ThI CTapIINX KypCOB YHUBEPCUTETOB.

Jl1st TaHHOM KaTeropuy y4aCTHUKOB — MOJIOJBIX YYEHBIX M CIIYyILIATEIeH — JOKJIa-
Jbl BEYIUX YUYEHBIX M CIIEHUAINCTOB (PaKTHUECKU SBUIMCH JEKIUSIMHU M0 aKTyaJbHBIM
HCCIIEIOBAaHUSIM ME30MAacIITaOHbIX U CyOMe30MacIITa0HBIX MPOLECCOB B ruapochepe u
arMocdepe, a Takke MpodieMaM YHCICHHOTO MOJCIUPOBAHUSA U aCCUMWIALIMU HATyp-
HBIX JIaHHBIX.

®oto JI. ConoBreBa. Komtektnraoe oto yuactaukoB Cummoznyma MCII-2018.

Bcero B pabore cummo3myma ydactBoBasio okono 300 uenoBek, 260 U3 HUX —
3aperucCTpUpPOBAaHHBIE YYaCTHMKH, MAOKJIAAUUKM WIA COaBTOpbl. bblIo 3aciymiaHo
120 noxnaaoB y4aCTHMKOB CUMIIO3MyMa, U3 HUX 20 MpUmIalleHHbIX, 59 ycTHbIX U 41 cTeH-
noBelil. C mpuBeTCTBEHHBIM ci10BOM BbicTynuiau: BpMO aupekropa MHctuTyTa Okea-
nonoruu um. ILII. Hlupmosa PAH n.r.u. CokoB A.B., BpYIO nayyHOoro pykoBoauTENs
MO PAH akanemux PAH Hurmarynun P.U., akanemuk PAH T'omuupin [.C. Yyenuku u
cnonBmwkauku K.H. ®enopora — 3anenun A.l., ['mazoypr A.U., Koctsnoit A.I. — pac-
CKa3aiu O TBopueckoM IyTu wieHa-koppecnonaenta AH CCCP, npodeccopa K.H. Pe-
JIOPOBa, €ro0 HayYHBIX MCCIENOBAaHUAX U AOCTKEeHHsIX. C MPUIIAIIEHHBIMU JJOKJIaJaMu
BeICTynIN: wieHbl-koppecnioneHTsl PAH 3aBbsiioB 11.0. u @munr M.B., npodeccopa
Yammeukun FO./1., Komsko M.H., XKXmyp B.B., Kypbac B.M., a.¢.-m.H. Peznuk I'M.
U JIpyTHeE.
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B pabote cummoznyma NpuHSIN ydacTue 3apyOekHbie yueHsie u3 MHcTuTyTa MOp-
ckux Hayk bapcenonsl (Mcnanus), MHcTUTYTa NpUOpPEXHBIX MccaenoBaHuil ['epmanuu
(Institute of Coastal Research, Helmholtz Zentrum Geesthacht), ®uHcKoro MmeTeopono-
rugeckoro Mucruryra (Finnish Meteorological Institute), THCTUTYyTa MOPCKUX CHCTEM
TannuHCcKOrO TeXxHUYecKoro yHuBepcutera (T. TammuH, DCTOHMS) M APYTUX — BCETO
29 MHOCTpPaHHBIX YYaCTHUKOB.

[Mompo6nas IIporpamma pabotel cummozuyma MCII-2018 omyOnukoBaHa Ha
opunmansHom caiite MO PAH http://msp.ocean.ru/index.php/component/k2/item/26-
programma-simpoziuma.html. COopHUK TpyIOB CHMIIO3UyMa JOCTYNEH Ha caire:
http://msp.ocean.ru/

YuuTeiBas 007611101 HHTEpEC K TemaTtnke cummno3znyma MCII-2018, nposiBneHHbII
y4aCTHUKaMU, U BbIpakas UX noxenaHusi, OprkOMUTET NMPUHSIT PELICHHE O €KETOAHOM
MIPOBEICHUH MOAOOHBIX CUMITO3MYMOB IO TEMATHUKE, CBSA3aHHON C aKTyaJIbHBIMU IpoOIie-
MaMU B 00acTu reopu3ndecKoi rTuApoIuHaMuKu, pusuku atMocdepsl 1 okeaHa. Cpoku
MIpeJICTaBICHMSI JOKJIAJIOB U BpeMsI IPOBEIECHUS CIIEAYIOLIET0 CUMITO3uyMa OyayT pa3Me-
IIeHbl Ha caiite http://msp.ocean.ru/.

Buaronapuocrtu

bonbiioe BHMMaHue, MposiBIeHHOEe K MekayHapoaHoMy cumnozuymy «Meso-
MacmTabHble B cyOMe3omacimTabHbIe mporecchl B ruapocdepe u armochepe» (MCII-
2018) kaKk co CTOPOHBI COPAaTHUKOB, KoJuier U yueHukoB npodeccopa K.H. denoposa,
TaK U KOJUIET U3 IPYTrUX HAayYHbIX HHCTUTYTOB U YHHUBEPCUTETOB, IIPEXK/IE BCETO, BbI3Ba-
HO MHTEPECHOIN TEeMaTHUKOM, aKkTyaJlbHBIMU JIOKJIAJaMU BBICOKOTO YPOBHSI U OIEpaTUB-
HOM, ciakeHHOM paboToit Hayunoro u Opranu3aiiioHHOIO KOMUTETOB, BO3IJIABIISIEMBIX
coorBercTBeHHO 1.¢.-M.H. A.I. 3anenunaeim u C.A. CeupunossiM (MO PAH), cymes-
LIMX B CTOJIb OTPAaHUYEHHBIH CPOK (5 MecslEeB) OpraHU30BaTh COBPEMEHHbBIN YPOBEHb
MIPOBEICHUS] CHUMIIO3MyMa M OIEPaTUBHOCTh HMH(DOPMHUPOBAHUS IOCPEICTBOM cailta
http://msp.ocean.ru/index.php, pazpaborannoro AuapeeM MeTaabHUKOBBIM, 00€CTICUNB-
1Iero ruOKoCTh paboThl ¢ YYaCTHUKAMHM U aBTopamu JokjianoB. Komanna Otnena uH-
¢dopmannonnsix TexHonorui (UT) nmoxn pykoBoactsom 3aB. otaenoM C.A. CBupuioBa u
Penaxnus xypHana «OkeaHOIOTHYECKUE UCCIeI0OBaHM (ITTaBHBINA pelakTop — 1.¢.-M.H.
A.I'. KocTsiHOM, OTBETCTBEHHBIN peakTop U 3aBenyromuil penakuuei — C.A. CBUpuI0B)
o0ecrneynii oNepaTuBHY0 HH(OPMAILIMIO O CUMIIO3UYME U IEYaTHOE U3/1aHue cOOpHHUKa
TE3MCOB J0KJIAJ0B, IPEICTaBICHHbBIX Ha cuMIio3uyme. BepcTka cOopHHKa TOKIIA10B BbI-
nosiHeHa Haranuen [umkuHOM.

VYenex pa®oTbl cuMIo3uyma OOyCIIOBIIEH, MpEXAe BCero, moiuep:xkkoi Poccwuii-
ckoro (onnma QyHmameHTambHBIX UccienoBaHuid (rpaHT Ne 18-05-20108), xotopomy
OprrkoMHTET BBIpa)kKaeT CBOIO MIYOOKYIO NMPHU3HATEIBHOCTh M OiarogapHocTh. Jlesrens-
HOE€ y4acTHe B OpraHU3alMK U IPOBEJCHUH CUMIIO3nyMa IpuHsuin MHCTUTYT OkeaHo10-
run um. ILIL. Iupmosa PAH — BpUO nupexropa A.B. CokoB u MockoBckuil YHUBEp-
cutet uM. C.1O. Burre B ninne Pexropa Yausepcutera A.B. CemeHoBa.
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Heobxomumo oTMETHTh Oe3ynpedHyto paboTy TPYIIIEI PErHCTPAIIUH IO PYKOBO/I-
cTBoM cekperapsi Oprkomurera, K..-m.H. Haranpn CtenaHoBO#M, U BBICOKHIA mpodec-
CHOHAIM3M KOOPAMHAITMOHHOW paboueit rpynmbl OprkoMUTETa CUMITO3UYyMa: TJIABHOTO
cnenuanucta Hukons e na Kpys-u-Kapo, corpyaaukos Otaena UT Benymmx nnxie-
HepoB AHToHa CoxonoBa u Pomana Ilyiino, obecrieunBmnX (YyHKIIMOHUPOBAHUE BCEX
TEXHUYECKHUX CPEACTB, M MaBHbIX crienranuctoB Otaena UT Upunsl Ymanckoit u FOpust
HoBukoBa, 00ecreunBIINX pErUCTPAIN0 COOPHHUKA TPYJAOB CUMIIO3UYyMa B HHACKCHPYE-
MbIx 0a3ax gaHHbIx PUHI] u CrossRef.

Pabota BrImoHEeHA Tpu UHAHCOBOI MoIepkKe TeMbl [ ocOromkera Ne 149-2018-
0003 «MexaHu3Mbl (OPMUPOBAHHS HUPKYISALUOHHBIX CTPYKTYp MHpPOBOTO OKeaHa:
KJIFOYEBBIE MPOIECCHI B MOIPAHUYHBIX CJOSAX M UX POJIb B AMHAMUKE OKEaHa Ha OCHOBE
SKCIEULIMOHHBIX UCCIIEIOBAaHUM, JUCTAaHIIMOHHOTO 30HIUPOBAHUS, YUCIEHHOTO U J1a0o-
pPaTOPHOTO MOACIUPOBAHUS.

Jlureparypa

CoopHHK TpymoB MeXIyHapomHOTO CUMIIO3uyMa «Me3omMacmTabHble W cyOMe3oMacITaOHbIe
nporecchl B ruapocdepe u armochepe» (MCII-2018), mocsmenusiit 90-neturo npod.
K.H. ®enoposa» B 1 1.: c0. TpynoB // (coct.: 3auenun A.I, [unz0ypr A.U., Koctsnoit AT,
CeupunoB C.A.) / Uactutyt okeanonoruu um. [LI1. Ilupmosa PAH. M.: MO PAH, 2018.
429 c. DOI 10.29006/978-5-9901449-4-1-2018-1.

SUMMARY OF THE INTERNATIONAL SYMPOSIUM «MESOSCALE
AND SUBMESOSCALE PROCESSES IN THE HYDROSPHERE AND
ATMOSPHERE» (MSP-2018)

A.G. Zatsepin, A.L. Ginzburg, A.G. Kostianoy, S.A. Sviridov

Shirshov Institute of Oceanology, Russian Academy of Sciences,
36 Nahimovskiy prospekt, Moscow, 117997, Russia, e-mail: msp-2018@ocean.ru
Submitted 02.11.2018, accepted 12.11.2018

The International Symposium «Mesoscale and Submesoscale Processes in the Hydrosphere
and Atmosphere» (MSP-2018), dedicated to the 90th anniversary of the outstanding scientist
corresponding member of the USSR Academy of Sciences Professor Konstantin Fedorov
was held from the 30" of October to the 2" of November, 2018 in the Shirshov Institute
Oceanology of the Russian Academy of Sciences. About 300 scientists took part in the
Symposium event. 260 of them were registered as participants, speakers and co-authors of
reports, 120 reports were performed, including, 20 invited, 59 oral and 41 poster reports. The
Proceedings of the Symposium were published online http://msp.ocean.ru/index.php and in
printed version with DOI: 10.29006/978-5-9901449-4-1-2018.

Keywords: Professor Konstantin Fedorov, mesoscale and submesoscale processes
and their modelling, ocean—atmosphere interaction, fronts, fine structure of ocean waters,
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jets and eddies, internal waves, coastal upwelling, dynamics of vortex dipoles and
intrathermocline eddies, ocean pollution, remote sensing, laboratory modelling
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MEXIYHAPOJTHBINA KPYIJIBIN CTOJI «<BYIYIIEE KACITHS.
HAYYHBIE ITPOEKTBI 1 HCCJIEJOBAHUSA»

C.M. lllanoBajos, A.I'. KoctsiHOM

Hucmumym okeanonoeuu um. 1111 upwosa PAH,
117997, 2. Mocksa, Haxumosckuii np., 0. 36, e-mail: smshap@ocean.ru
Crarps noctynuia B pegakuuio 29.11.2018, onobpena k neuarn 14.12.2018

Mexaynapoausiii kpyrbsiil cton «bynymee Kacnus. HayuHble poeKThl U UCCIIEAOBaHU»
cocrosuicst 28-29 wHos0pst 2018 r. B UuctuTyTe Okeanonormu um. ILII. Hlupmosa
PAH (r Mocksa) OpranunzaropaMu MepoONnpHATHs ObulM MHCTUTYT OKEaHOJIOTHH
nm. ILIL. Iupmosa PAH (MO PAH), Poccuiickuii hona hyHIaMEHTAIBHBIX HCCIICI0OBAHUN
(P®DU) n Haumonaneuslil Hayunsiid ¢pounx Mpana (HHOU). YueHsiMu npHKacMHCKUX
rOCyJapcTB OBUIO MPEACTaBICHO 32 MOKJIA/a 10 pa3InuyHbBIM HANPABICHMSAM HCCIIETI0BAHIN
Kacnuiickoro mops.

KimroueBbie ciioBa: Kacriuii, Kacriniickoe Mope, Kiiumar, BOIHBIN OallaHc, YpOBEHB
MOpsi, IPUOPEKHBIN aNBEJTMHT, ME30MacIITa0HbIe U cyOMe3oMacIiTaOHbIe MPOIIECCHI,
9KOCHCTEMBI, OTIACHBIE SIBICHUS, OMOpa3HOOOpasue

28-29 nos6ps 2018 1. B Mockse, B MacTuTyTe okeanonoruu um. ILIT. Hluprmosa
PAH, cocrosinca Mexaynapoaubiii kpyribiid ctoll «bynyiee Kacnus. Hayunbie mpoekThl
U UCCEA0BaHUs». MeponpusITHE MPOULIO MO/ ATUI0M NEPCIEKTUB COTPYAHUYECTBA yUe-
HBIX BCEX MSATHU MPUKACTUHCKUX TOCYAAPCTB B 00IACTH U3YUCHHS ITPOLIECCOB M PECYPCOB
Kacnuiickoro Mopsi U penieHusi caMbIX OCTPBIX MPOOJIeM, CBSI3aHHBIX C peakIhel Ka-
CIIUICKOM 3KOCUCTEMBI Ha KJIIMMAaTHYE€CKUE U3MEHEHUS U aHTPOIIONEHHOE BO3/ICHCTBHUE.
Opranuzaropamu Kpyrioro croma Oetin MucTuTyT okeanonoruu um. [1I1. Hlupmro-
Ba PAH (MO PAH), Poccuiickuii dona ¢ynmamentansHbix uccienaoBanuii (PODU)
n Hannonanbueil Hayusbiit Goun Upana (HHON).
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C.M. lanosanos, A.I'. KocTtsanoiu

akagemuk PAH B.S. [lanuenko, npesunent HamumonansHoro HaywHoro ¢ouma Mpana
Hocparonna 3aprxan, Bunie-npe3uaeHT HanmonansHoi akageMun Hayk AszepOaiiakaHa,
akanmeMuk HAHA Wo6parum ['ynues. bonee 100 ydeHbIX M cenuaincToB U3 MOCKBBI,
Cankr-IlerepOypra, PocrtoBa-Ha-/loHy, AcTpaxanu, AsepOaiimpkanckoil PecmyOmuku
u Hcnamckoit PecniyOnuku Mpan ¢ GONbIIMM HHTEPECOM Y4acTBOBAIH B OOCYKICHHUH
pa3IUYHBIX BOMPOCOB, MPEACTABICHHBIX B Aokianax. [IpencraBurenn Kasaxcrana nme-
JU BO3MOXHOCTH YYacTBOBaTh B MEPOINPHUSTUH B PEXKHME HHTEPHET-KOH(EPEHIUH.
Ha 3acenanusx ncnonabp3oBanuch pycckuid, hapcu U aHIIMICKUH s3b1kH. bbin o0ecnieueH

Yuyacrtauku Kpyrioro crona

B pabore Kpyrioro croma mpunsum ydactue mnpencenarenb Coera PODU,

CUHXPOHHBIN I1IEPEBO/I.

260

IIporpamma Kpyriioro crosa cocrosijia u3 6 ceccuii:

1. Hayka g ycroitunBoro pa3sutus Kacnuiickoro peruosa.

2. Kacniuiickuii peruoH B YCIOBUSX TIOOATBHBIX U3MECHEHHM.

3. Aunamuka Kacnust B yClnoBUsAX I100aNbHBIX N3MEHEHUI.

4. Dxocucrema u 6uopecypcesl Kacnuiickoro Mopsi.

5. OnacHele sBieHUs B pernoHe Kacnuiickoro mops.

6. YIi1eBOI0OpO/IHbIE U pyTHE dHEpreTuYecKkue pecypcesl Kacnuiickoro peruosa.
Bnusinre ux 1006191 Ha COCTOSTHME MOPCKOM Cpe/bl.

beimo mpencraBneno 32 HayuHbIX goknmana. Cpeaw Apyrux paccMaTpuBaliuCh

TaKue BOIPOCHI, KaK:
DKoJOrMYecKue 1 SJKOHOMu4eckue mpooiemsl Kacnuiickoro mopsi.

YcroiunBoe pazsutHe pernoHa Kacnumiickoro mopsi.

Komnekcusie uccnenopanus Kacnuiickoro mMops.

KaprorpadupoBanue Kacnuiickoro pernosa.

PernonansHO€ M3MEHEHNE KIIMMATa.

Bonusrii 6ananc u yposens Kacnuiickoro mopsi.

Pasnomacmrabubie konebanust ypoBHs Kacnuiickoro Mopst ¥ IlyHaMH.
Betpo-BonHoBoii knumar Kacnus.

MesomaciutabHas auHamuka Boj Kacnuiickoro Mops.

DKCTpeMallbHbIE MPOSBICHUS THIPOIOIHYECKOro peskuma Kacrus.
I'uppoxumusa Kacrnimiickoro mops.

[TouBeHHBIN MOKPOB MOPCKUX paBHUH [IpHKacrniickoro peruoHa.
[Taneokeanorpadus Kacrus.

Hcropuueckue qaHHbie 0 CyI0XO0/ICTBE B MpuOpexkHoi 30He Kacnuiickoro Mopsi.
buopecypcst Kacnimiickoro mopsi.

Coxpanenue 61oaoruueckoro paznooopasus Kacous.

Bo3znelicTBue uepHOMOPCKHX BCENEHIIEB Ha AKocucTteMy Kacnmiickoro Mops.



Oxkeanonorunyeckue uccienoBanus. 2018. Tom 46. Ne 3. C. 259-261

Mopckue onacubie siBnieHus B FOxuom Kacnuu.

buorexHomornn 0310poBIEHNUSI MOPCKOI CpEabl.

OueHka yrieBoAopoaHoro noreniuana Kacous.

Dkonoruueckast 0e301MacHOCTh MOPCKHUX He(pTerazoBbIX MeCTOpoXIeHNH Ha Kacnmn.
DHepreTudeckas 6e30macHOCTh B Oacceitne Kacnmiickoro Mopsi.

TexHOreHHbIE 3eMIIETPSCEHUS HAa HEPTSIHBIX MECTOPOXKICHUSX.

Hosrle, Haubonee octpelie npodiaemsl Kacnus 1 nepcrneKTUBbI X PELICHHUS.

Bonbioil nHTEpec BBI3BAIM BOMpPOCH KoseOaHui ypoBHs Kacmus, cocrosHus
U COXpaHEHMs PBIOHBIX 3aIacoB MOPs, 3arpsi3HeHUss MOpckoi cpeabl. C 0coObIM BHU-
MaHUEM YYaCTHUKM 3acilyllalu JAOKJIaJd AupekTopa MpaHCKOro HallMOHAJIBHOIO HH-
CTUTyTa okeaHorpaduu u armocdepHbix Hayk bexpysza Abtaxu «Kacnuiickas cpena u
HOBBIE YIPO3bI», a TAKXKe JOKJIa/ HauyalbHUKA YIPaBICHHs IPOMBIIIICHHON 06e301acHo-
ctu u skonorun [TAO «JIVYKOWI» Anekcannpa AbammrHa 00 o0ecriedeHur IKOJIOTHYe-
KO} GE30MaCHOCTH MOPCKHX HeTera3oBbiX MectopoxaeHnii Kommanun «J 1YKOMII»
B Kacnmiickom mope.

Pa6ora Kpyrioro crona cornpoBox/iainach JBYXTHEBHON BBICTABKOI KHUT U apXHB-
HBIX MaTepuasoB, Kacaroumxcs pernona Kacnuiickoro Mopsi, OJAroTOBIEHHbBIX COTPY/I-
Hukamu MOPAH, Apxusa PAH u PO®U.

Kpyrblii cTon 3aBepiiniics IUCKyCCHUEH IO COCTOSIHUIO n3ydeHHocTH Kacnuiicko-
IO MOpsI U MEPCIEKTUBAM MEKIYHApOAHOIO COTpyaHHuYecTBa. YuacTHUKU Kpyriioro cto-
7a npuHsIU Pe3omtonuio, kKoropast OyAeT HampaBieHa B IPABUTENbCTBA MPUKACITHICKUX
rOCyJIapCTB U BO BCE BEJOMCTBA M CTPYKTYpPbl, OTBETCTBEHHBIE 3a MPUHITHE PELICHUN
[0 palMOHAJILHOMY HUCIOJIb30BaHMIO pecypcoB Kacnuiickoro Mopst 1 COXpaHEHHIO €ro
9KOCHCTEMBI.
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International Round Table “The Future of the Caspian Sea. Scientific projects and research”
was held on 28-29 November 2018 at P.P. Shirshov Institute of Oceanology RAS (Moscow).
The event was organized by P.P. Shirshov the Institute of Oceanology RAS, the Russian
Foundation for Basic Research (RFBR) and the Iran National Science Foundation (INSF).
Scientists of the Caspian states presented 32 reports on various areas of research of the
Caspian Sea.

Keywords: Caspian, Caspian Sea, climate, water balance, sea level, coastal
upwelling, mesoscale and submesoscale processes, ecosystems, hazardous phenomena,
biodiversity
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IPABHJIA O®OPMJIEHUS CTATEM B 2KYPHAJI
«OKEAHOJIOTHUYECKHUE UCCIIEJOBAHUSA»

YBaikaemble aBTOPbI, HA PACCMOTPEHHE [Tl TyOIUKAIIUH B KypHae « OKkeaHOTIOTHIECKUE
UCCJIEJIOBAHUSA» MPUHUMAIOTCS OPUTHHAIBHBIE PYKOMUCH OOUIMM 00BEeMOM (TEKCT,
PUCYHKH, CITUCKH JIUTEPATyphl U T.J1.) HE Oosee 35 cTpaHuIl I CTaTel TeMaTUu4eCKuX
paszenos, A 0030pHBIX cTareil — He Oonee 40 cTpaHull, [UIs KPaTKUX COOOLICHHH - HE
6onee 8 crpanuil. [IpaBuiia noAroTOBKY U O1a41 MaT€pPUAIIOB €IUHBI JIJIsl BCEX pyKOIUCEH
W Tpe/ICTaBJICHbI Ha caiiTe xypHauna: https://jor.ocean.ru/index.php/jor/navigationMenu/
view/authors. Kaxnast ctaresi 00s3aTeJIbHO J0JDKHA COACPIKaTh KPATKyH aHTIIMHACKYFO
4acTb, KOTOpass 0popMIISIETCS 110 aHAJIOTUU C PYCCKOM, 0(hopMIIEHHE CCBUIOK M CITUCKA
JUTEPATYPHI MOXKHO HAUTH 1O cchlike. CIUCOK JIUTEPaTyphl JOJKEH MPEJOCTABIATHCS B
nByx Bugax — TpaguiimonHom mo 'OCT P 7.0.5-2008 «bubnuorpaduyeckas cchlika» 1
B JIATUHULIE, TIPEIaraeTcsl ajJropuTM «IaTHHU3AUuW». ECiau 1uis «1aTHHU3UPOBAHHOW»
CTaTbl HMMEETCS €€ OIyOJIMKOBAHHBIA IEPEBOJ TEX K€ aBTOPOB, TO ATa CChUIKA B
«JTATHHU3AINI 3aMEHSETCS Ha CChUIKY MEepPeBOAHON padoThl. Hannumne KiIroueBbIX CIIOB
00s13aTeNIbHO. ITO HEOOXOAMMO TS MPAaBWIIBHOTO MHACKCUpoBaHus cchiiok B PUHIL u
JIPYTUX CUCTEMAX.

J1y1g moiauu cTaThy B XKypHAI HEOOXOIMMO 3apETUCTPUPOBATHCS HA CalTe )KypHalIa
B JIMYHOM KaOuHeTe, 1o ccwuike: https://jor.ocean.ru/index.php/jor/login u moaroroButh
cnenyromue (aiiapl, KOTOPbIE 3arpy3UTh Yepe3 HHTEPAKTUBHOE OKHO CaiTa )KypHala:

1.  ®aiin Tekcra crarbu B hopmare coBmectumom ¢ MS Word.
2. daiinbl ¢ pUCYHKaMH, €CIIM UMEIOTCS — KaXKAbII B OT/IEIbHOM IrpaduueckoMm ¢aiie.
3. Eciuu puCyHKHU CIIOXKHBIE, COCTOSIT M3 MOAPUCYHKOB (Hampumep la, 10), MOXHO

MPUCIIATh UX YaCTU OTIEINBHO, Ipu 3ToM B daiine pdf (cMm. m.4) HeoOXomuMo moka-
3aTh TaKME PUCYHKHU B COOpPAaHHOM BHJIC.

4. @aiin ¢ MOaNUCSIMHA K PUCYHKaM, €ClIi OHHM €CTh, B popmare coBMecTHMOM ¢ MS
Word.
5. daiin B popmare pdf, B opopmiicHrH, Kak BUAAT CTAThIO CaMH aBTOPBI, COAEpIKa-

IIMAA: TEKCT CTaThH, PUCYHKH M IOJIIMCH K HUM, BCTaBJICHHBIC B COOTBETCTBYIOIINE
mecra tekcta. [lepen rpanchopmarueii rexcra u3 MS Word B popmar pdf HeoOxo-
JIIMO CO3/1aTh CKBO3HYIO HyMEPAIIMIO CTPOK TEKCTA, YTO CYIIECTBEHHBIM 00pa3oM
obneruaet pabory perenzentoB. J[is atoro B pegakrope MS Word Heobxomumo
HaKaTh KHOTIKY «Pa3MeTka crpanulpl», 3ateM «Homepa cTpok» 1 BBIOpaTh OMIUI0
«HenpepbiBHOY. YOpaTh HyMepaIyio CTpOK MOKHO BBIOpaB omiuio «Hety.

6.  «JluneH3noHHOE coralieHue» 1Mo (Gopme, MpeacTaBIeHHON Ha caiTe: hitps://jor.
ocean.ru/index.php/jor/navigationMenu/view/authors.

7.  «Cornacue aBTOpOB Ha MyONUKALUIO» 10 (pOopMe, MPEACTaBICHHOM TaK¥Ke IO BbI-
HIECYKa3aHHOM CCBUIKE.

8.  PexomeHnmarenbHOE MUCHMO — JJIsi HEPE3UACHTOB M IKCIIEPTHOE 3aKIIOYCHUE IS
PE3UICHTOB.
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Oxeanonornyeckue ucciaemoBanug. 2018. Tom 46. Ne 3.

Bce ¢aiiner 70OmKHBI Ha36IBAaThCS TIO (PaMHITUH MIEPBOTO aBTOPA Ha PYCCKOM SI3BIKE.
Ecin y qaHHOTO aBTOpa HECKOJIBKO CTATEH, I7Ie OH MEPBbIii aBTOP, TO (ailyibl HAJI0 Ha3bI-
BaTh 10 (hamMmIMK MEPBOTO aBTOPA U IEPBOMY CJIOBY U3 Ha3BaHus. [Ipumep: Ivanovdima-
tology-text.doc, Ivanov- climatology-fig-1.tif, Ivanov-climatology-text.pdf u T.x.

Od¢opmiieHne TeKCTa CTATHU

Tekct crarhu 10MMKEH OBITH OATOTOBICH B hopmate coBmecTumMoM ¢ MS Word u mposepen ¢
nomotsto Spell Checker.

[TapameTps! opMaTHPOBAHUS CTPAHUIIBL: pa3Mep Oymaru - A4; OpHEeHTAINS — KHIKHAS; OIS
BepxHee — 3,5 cM; HUxKHee — 2,5 cM; JieBoe 1oJie — 3 ¢M; mpaBoe noje — 3 cM. CTpykTypa daiina Tekcra
CTaThU CIEAYIOILAs:

1. Temarmueckast pyopuka (Kom) — yKa3bIBaeTCs COINIACHO ICUCTBYIONICH HOMEHKIATYpPE CIICIH-
anpHOCTeH HaydHBIX paboTHHKOB (kox Y/IK wm/mmm 'PHTU) — mpudr Times New Roman

12 OOBIYHBIH.

2. HaspaHue craTb - ie4aTraeTcsi CTpOUYHbIMU OykBaMu, miprudTom Arial 14 oy XupHBIN, HHTEP-

BaJI OIMHAPHEIH, BEIPaBHUBACTCS I10 IICHTPY. ToUKa B KOHIIE HE cTaBUTCs. COKpaIIeHHs, KPOMe

OONICTIPUHATHIX, HE YIIOTPEOISIFOTCS.

3. damMuns ¥ THAIHATB! aBTOpa (-0B) mevaratores mpudroM Times New Roman 12 momysxup-
HBIM.
4. Addunmanyst — Ha3BaHNUE OpraHU3aIuy, ee aapec, E-mail, Tenedon; odopmnsercs mpudrom

Times New Roman 12 xypcuB, HHTEpBaJl ONUHAPHBIH, YKa3bIBACTCsI HA3BaHUE, TOYTOBBIH HH-
JieKc, TOpoJl, yauua, oM, e-mail u tenedoH aBTopa ykas3bIBaeTCsl uepes3 3amsiTylo Mmocie Ho-
YTOBOIO ajpeca. PexkoMeHyeTcs yka3plBaTbh KOPIOPATUBHBIE IOUYTOBLIE apeca U Teae(OHSbI,
MPeAOCTaBIsIEMble OpraHu3alKeil 1o MecTy paboThl IEPBOTO aBTOPA.

5. AmnHoTarus - neyaraercs mpudrtom Times New Roman 10, uHTepBaJI ONMHAPHBINA, BRIPaBHU-
BaeTcs 10 wupuHe cTpaHubl. CiioBo «AHHOTauusA» He nuiercs. [lepen anHoTanueil mpomy-
CTHUTB TyCTyI0 cTpoKy. O0beM He 6onee 300 croB.

6. Kimouessie ciioBa odopmisitorest mpudTom Times New Roman 10 0ObIuHBINA, HHTEPBAT OJTH-
HapHBIN.
7. TekcT craTbu — OCHOBHOU TeKCT nedaraeTcs mpugpToMm Times New Roman 12 o6brunbIil, HH-

TEpBaJl TOJYTOPHBIN, BhIpaBHUBAETCA MO MmupuHe. Kaxmplii a03aln HaYMHAETCS ¢ KpacHOU
ctpoku. Otcryn 1,25 cm; Haspanue pasnmena mewaraetrcst mpudtom Times New Roman 12
TIONYKUPHBINA, HHTEPBAJ OJAMHAPHBIN, BBIPABHUBAETCS IO LIEHTPY U OTAEISAETCS OT MPEIbITy-
LIero pasjena IByMs IIyCTBIMHU CTPOKAMH U OT MOCJIEAYIONIET0 TEKCTa OTHON MyCTOH CTPOKOM.
Touxka B KoHIIEe He cTaBuTcs. Ha3Banue noapazaena nedaraercs mwpudrom Times New Roman
12 xypcuB, HHTEpBaJI OJUHAPHBIHN, BEIPABHUBAECTCS [0 LEHTPY U OTAEISIETCS OT NPEAbIIYILEro
paszena AByMs IyCTBIMH CTPOKAMHU U OT MOCIJIEAYIOLIETO TEKCTa OIHOM mycToil crpokoit. Hy-
MepaLus pa3IesioB U MOAPa3/IesoB 10 JKEJIAHUIO aBTopa. Touka B KOHIIE HE CTaBUTCS.

8. Criucok JuTeparypsl — aHaJIOI'MY€eH 1.7, aBTOPBI BBIIEISIIOTCS KypCUBOM.

9. DopMyITel JOJDKHBI OBITH HAMMCAHBI B Tporpamme MathType.

10.  HasBanwue crarbu Ha annmiickoMm s3bike (Title in English).

11. ®davunus U WHUIMAIB aBTOpa (-0B) Ha aHIIHMIACKOM si3bike (Author(s)) — cHaganma mumrytces
HMHUIUAIIB aBTOPA, 3aTteM (amunus, mpudt Times New Roman 12 nmomykupHBbIi, HHTEpBaI
OJIMHAPHBIH, BRIPABHUBAHUE 110 LIEHTPY. Eciu Bce aBTOphI cTaThyl paboTaloOT WK y4yarcs B Of-
HOM YUpPEeXJICHUHU, HE HAJI0 YKa3bIBATh OTAEIBHO MECTO pabOoThI KaX10T0 aBTopa. Ecnu aBTopsI
Y3 pa3HbIX OpraHu3aluid, nocie paMuinii craButh 1, 2, 3 B BUE BEPXHETO UHIEKCA.
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12. Addunmanms — HazBaHWE OpraHU3aINH, €€ ajapec, e-mail, TeaeOoH Ha aHTIIMHCKOM SI3BIKE.

13.  AnHOTanMs Ha aHTJIMKCKOM si3biKe (Abstract) — popmar aHaIOTWYHBIH 11. 5.

14.  KiroueBsle ciioBa Ha aHIHiCKOM si3bike (Keywords) — popMaT aHamoru4aHbIi 11.6.

15. Cnucok smtepatypbl Ha jaruHuie (References), aBTopsl 1 iepruouecKue U3JaHMsI BBIIEIS-
FOTCSL KYPCHBOM.

[pumeuanue: CtaTtest MOXKET OBITH OITyONMKOBAaHA B JKypHaJe MOCIE TONyYCHUST OpuUruHaioB: JIu-
LIEH3HOHHOTO J0T0BOpa, «Corlacys aBTOPOB Ha IMyOJHMKAIIMIO CTAaTHM» M OKCIIEPTHOTO 3aKITIOUCHHUS
(aBTOPBI IPHUKIIAABIBAIOT CKAHMPOBAHHEIC KOITMH STHX JOKYMECHTOB Yepe3 JIMUHBIN KaOMHeT Ha caifte
JKypHAJIa, a OPUTHHAIBI JOKyMEHTOB OTIIPABIISIOT ITOYTOM B aJIpeC PelIaKIIiH).

He pe3uieHThI MpecTaBIsIIOT PEKOMEHAATEILHOE MTUCHMO.
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