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MAJIOITAPAMETPUYECKHUE MOJAEJIN
HNEPBUYHBIX ONITUYECKNX XAPAKTEPUCTHK MOPCKOM BOJIbI

[TpoBenen 0030p M aHAM3 MaAJIONIAPAMETPUYECKUX ONTHYECKUX MOJENEH MepBUYHBIX THIPO-
ontudeckux xapakrepuctuk (I11'X). Moaenu monpa3neisitoTcs Ha KOppersiyuontbvle U CmpyK-
mypHuie. KoppelsMOHHbIE MOJEIH YCTAHABINBAIOT CBSA3U MEXKIy 3HAYECHUSMU JAHHOM Xapak-
TEPUCTHKN B PA3IMYHBIX TOYKAX CHEKTpa (cnexmpaibHble MOIENN) WIA MEXIy 3HaUYCHUSIMU
pasmmunabix [1I'X B ¢pukcupoBaHHO! ToUKe criekTpa. [lokazaHo, 9TO KOppEsIIHOHHBIC 3aBICH-
MOCTH MEXIY NOKa3aTeNIsIMU pacCesHIs, OCTIa0IeHNs 1 00paTHOTO PACCEsSHUS Ha JUTHE BOJIHEI
550 HM crpaBeUIMBHI I OOJIBIIMHCTBA IPHOPEKHBIX M OTKPHITBIX palOHOB MHUpOBOTroO OKea-
Ha. OHH, B 9aCTHOCTH, MOTYT OBITh HCIIOJIb30BAHBI [UIS pacueTa MmapaMeTpoB CHCTEM ITOABOJI-
HOTO HaOJo/ieHuns, paboTaloMMX B 3TOi obnacTu criekrpa. KoppensunoHHble MOJIENH O3BO-
JSIOT onpenenuTs 3HaueHus [1I'X o BceMy BUAMMOMY CHEKTPY, €CIIH W3BECTHA OJHA BEJIUYU-
Ha — MoKa3aTenb ocnabnenus B Touke 550 um. CTpykTypHBIE MOzeu Bhipaxarot [1I'X uepes
KOHIICHTPALK ONTHYECKH akTUBHBIX BemecTB (OAB) — ¢uTomiankrona, MHHEpaIbHOMN B3Be-
CH U PacTBOPEHHOT'O OpraHUYEecKOro BemiecTBa. Iloka3zaHo, 4TO 3TH MOJEIH AOCTATOUYHO MHO-
roo0pa3Hbl, 4acTO MPOTUBOPEUYMBEI, 00JACTh UX NMPUMEHEHUS OrpaHUYEeHa U TOYHOCTh HE BCe-
I7la U3BECTHA. TeM He MeHee, OHH MO3BOJSIOT OLICHUTh JUANa30H BO3MOXKHOTO U3MEHEHHS CO-
crapistromux [I'X m1st 3agaHHbIX KoHLEeHTpauii OAB.

KaroueBrble ciioBa: MaJIOmapaMeTpUICCKUC ONITUYCCKUC MOJCIIN; IEPBUYHBIC THAPOONTUYCCKHUEC XapaKTCPUCTUKHU,
I1I0Ka3aTCJIv IIOTJIOIICHU, OCJ'Ia6J'ICHI/I$I, paccesaHus u 06paTHOFO paccesaHus; (I)I/ITOHJ'IEIHKTOH;
MHUHEpPAJIbHAsA B3BCCh; PaCTBOPCHHBIC OPraHNYCCKUE BEIIECTBA.

Cpemu MHOXeCTBa MPOOJIEM M acleKTOB, KOTOPHIMU 3aHUMAETCSl ONTHKA OKEaHa, WU
THJIPOOTITHKA, MOKHO BBIJICIUTH HECKOJIBKO OCHOBHBIX HAIPAaBJICHUI: pacpOCTpaHEHHE CBETA
B MOpE ¥ U3yUYCHHE MapaMEeTPOB TOBOHOTO CBETOBOTO TOJISI OT €CTECTBEHHBIX U UCKYCCTBEH-
HBIX MCTOYHHKOB M3IYYCHHUS; AUCTAHIIMOHHBIC METOJIbI UCCIICIOBAHMS OKEaHa C IEIbI0 TOJY-
YeHUs1 HHPOPMAIIMK O PACTBOPEHHBIX M B3BEIICHHBIX B BOJIC BEILECTBAX, ONMPEIEIISIONUX OHO-
NPOJAYKTHBHOCTh U 3KOJOTMYECKOE COCTOSHUE BOJOCMA; BUACHUE MOJABOJAHBIX OOBEKTOB C TO-
MOIIbI0 KOPAOETbHBIX U aBUAIIMOHHBIX CHUCTEM IOJIBOJHOTO HAOJIIOJCHHUS; U3YUYCHUE (U3UUC-
CKHX TPOIIECCOB, MPOUCXOASAININX B TOJIIE BOIBI C MMOMOIIBIO JTA3€PHBIX JIOKAIHOHHBIX CUCTEM
(;mumapoB). Jlst penieHus BCeX ATHX MPoOJieM HEOOXOAMMO 3HATh MEPBHYHBIC THIPOOIITHYC-
CKHE XapaKTEPUCTHKH MCCICIyeMOro pailoOHa OKeaHa, IIOATOMY M3YYEeHHE STHX XapaKTEPHUCTHK
SIBJISICTCSI OCHOBHOM 3a/1a4ei THIPOOTITHKHY.

[MepBuunbiME ruapoonTHYeCKMMHU Xapakrepuctukamu (I1I'X) (ot anrn. water inherent
optical properties (IOP)) Ha3bIBatOT XapaKTEPUCTUKH, MPUCYIIUE MOPCKOMN BOJIC KaK TAaKOBOW.
VX BenwunHa ISl Ka)K0M JUTHHBI BOJHBI 3aBUCHT TOJIBKO OT COJIEPIKAIIUXCS B BOJIE BEIIECTB U
HE 3aBHUCUT OT YCIIOBHH OCBEIICHHUS, B OTJIMYME OT BTOpu4HbIX (OT aHri. apparent optical
properties (AOP)), Takux kak KO3 HIIMEHTH 0CIa0ICHHS TTOABOAHON 00IyIEHHOCTH WIIH SIP-
KOCTH U KO3(PHUIIMEHTHI OTpaskeHUs (ab0e10) BOJIbI, 3aBUCAIIMX OT YCIOBHiA ocBereHus. Oc-
HoBHbIE [1I'X, ucnonb3yembie B ONTUKE OKeaHa, — 3TO MOKA3aTeNy MOTJIONIEHUS &, PacCesTHUs
b, mpou3BoaHbBIC OT HUX — MOKa3aTeb ociaalIeHus C = a + D U BEpOSITHOCTh BBIKHBAHUS (O-
ToHa g = b/C, a Taxxe uHAMKaTpuca paccesHus X(Y), OMMCHIBAIOMIAS 3aBHCHMOCTh HHTEHCHB-
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HOCTHU pacCCiaHUsA OT yrila y MCKAY HAIIPABJICHUSAMHU PACCCAHHOI'O U MAJAOIICTO Ha 3JICMCH-

TapHBI 00bEM CBETOBOTO My4yKa. B Teopun pacnpocTpaHeHus CBETa U TEOPHH MOJIBOJHOTO BU-
J€HUS U JTUCTAHLMOHHOIO 30HJUPOBAHUSA OOBIYHO HMCIIOJIB3YKOTCSI BMECTO MHAMKATPHUCHI pac-
CEsIHUs €€ UHTErPAJIbHBIC IIapaMETPBI:

— CpPEHUH KOCUHYC yIJla PaCCEsIHUS:

< COSY >= % I cosy X(y)sinydy ;
0
— JIMCTICPCUsl MHAUKATPUCHI (CPETHUI KBAJApAT yriia pacCesHus):
1% .
<y?>= > I v? X(y)sin ydy ;
0

— JIUCIEpCUs MaOYTI0BOM YacT MHAUKATPUCH paccesHus (0 <y <45°):

/4 /4

<¥is>= [ ¥ x(p)sinydy/ [ x(y)sinydy ;
0 0

— BEpOATHOCTH 00paTHOro paccesuus (ot anrit. backscattering probability) — mons cse-
Ta, PACCESIHHOTO B 3a/IHIOI0 NOTychepy B DIIEMEHTAPHOM aKTe PACCESHHUS:

- 1 .
bb=§j X(y)sinydy;

/2

— BEPOATHOCTD paccesiHus Ha yribl 45° <y <180°:

- 17 o
b == [ x(rysinydy;

n/4

— ToKasaTeb oopatHoro paccesiaus (ot anrit. backscattering coefficient):
b, =bb, ;
— K03()(PUIIMEHT aCUMMETPUU UHIUKATPUCHI PACCESHUS:
k,.=(b=Db,)/b,= b," -1 €y

u BBeaeHHbIN JI. C. [JonuneM [1] napamerp ( annmpokcHUManuu NEpeAHEN YacTH MHIUKATPUCHI
dynxumeii exp(—qy)ly.

Ilepeunciiennsie I1I'X BXOAAT B TEOPUIO CBETOBOIO IOJIsA, TEOPUIO BUJIECHUS U IUCTAHIIU-
OHHOT'O 30HJMPOBaHMS, U 0€3 UX 3HAHHS HEBO3MOXKHO PELIEHHE OCHOBHBIX TMAPOONTUYECKUX
3amad. Xots usydeHuro pacupenenenus I1I'X B MupoBoM okeaHe IOCBSIIEHO OIPOMHOE KOJIH-
4eCcTBO PaboT (yKaxkeM TOJbKO Hanboliee u3BecTHbIE MOHOTpaduu [1—9]), mameko He Bceraa B
JIUTepaType MOXHO HailTH nHpopmanuio o [1I'X B 3amaHHOM MOpckoM paifoHe. [ToaToMy oueHb
BaYKHBI MaJloTIapaMEeTPUUYECKUE ONTHUYECKHUE MOJEINH, KOTOPhIE CBS3BIBAIOT MEXAY cO00M pa3-
auusble [II'X ¥ 1o3BONAIOT, U3MEPUB OJIHY «OIOPHYIO» XapaKTEPUCTUKY, ONPEAEIUTh Psf
IpyTUx. DTON «OMOPHOI» XapaKTEpPUCTUKOMN Yallle BCEro CIYXKUT MOKa3aTelb OclablieHus, oT-
HOCHUTEJIBHO JIETKO U3MEepsieMbIi U ToTOMY Hanbosee nu3ydenHsid u3 I[1I'X.

Hacrosmas o030pHasi cTaThsi CTaBUT CBOEW LIE€JBI0 PACCMOTPETh M MPOaHATIM3HPOBAThH
OCHOBHBIE MajionapaMerpuyeckue onruyeckue mogenu I1I'X.

Knaccupukanusa ontuueckux mopgesaeid III'X. Manonapamerpuyeckue ONTHUYECKHE
Mozenu [1I'X MOKHO yCIIOBHO pa3JeIUuTh HA KOPPENAYUOHHBIE U CIPYKIYPHbIE.



MaJjionapaMeTpudyecKue MOJIEJH ...

Koppenayuonnvie Mmoenu co3qaroTcs Ha OCHOBE OoJibIux cepuid u3mepennit [1I'X B ec-
TECTBEHHBIX YCJIOBMSX, NO3BOJIAIOIINX YCTAHOBUTH CBSI3U MEXIY 3HAYEHMSIMM JIaHHOM Xapak-
TEPUCTHKHU B PA3JIMYHBIX TOUYKAX CHEKTpa (cnekmpanbHule MOJENIN) WIM MEXAY 3HAUYCHUSIMU
pasnmuusbiX [1I'X B puKCHpOBaHHOI TOUKE CHIEKTpa. MoAemH, YCTaHABINBAOIINE CBSI3b MEXKIY
pasnnyabiMu [1I'X B pUKCHMpPOBAHHOM TOUKE CIIEKTPa, B YACTHOCTH, BaXKHBI JUIsl TEOPUH BUJIE-
HUS U JUCTAaHLIMOHHOTO 30HIMPOBAHNS, HAIIPABJIEHHON Ha pacyeT XapaKTEpUCTUK TEIEBU3UOH-
HBIX U JIMJAAPHBIX CHUCTEM HAOJIIOJCHMS U JIOKALUU MOABOAHBIX 00beKTOB. Takue cucremMsl ya-
11e Bcero paboTaroT B 00JacTH crieKTpa okoso 550 HM, re HabI0gaeTcss MaKCUMYM IMpo3pad-
HOCTU MOPCKOM BOJbI B HauOoJiee BaXKHBIX C MPAKTUYECKOM TOYKHM 3pEHMs BoJax THIA 2 IO
kinaccupukanun Mopenst (mpuOpexHble pailonsl MHpPOBOTO OkeaHa M BHyTpeHHHE Mopsi). B
9TOM CJIy4ae KOPPESILIMOHHBIE COOTHOILEHHS MEXY IT0Ka3aTeNIIMU OCJIabJIeHUs C, PACCEsTHUS
b, nornomienus a, oopatHoro paccesiHus Dp, BEPOSATHOCTH BBDKMBAHUS (POTOHA (g M BEPOSTHO-

CTH O6paTHOFO pacCesIHusA bb JJIA AJITMHBI BOJIHBI 550 HM, a TAKXKC KOPPCIALUOHHBIC COOTHO-

2

HICHUST MEXIy Dp W JApyrMMU TapaMeTpaMH HHAWKATPUCHI paccesHus (<cosy>, <7y >,
) ~

<Yu >, b5, Q), KOTOpBIE B IEPBOM IPUOIMKEHUN MOKHO CUATATh HE3aBUCUMBIMU OT JUIMHBI

BOJIHBI, MO3BOJISIFOT, U3MEPUB WM B3sIB M3 JIUTEpaTyphl 3HAUCHUE IMOKa3aTensi ociabieHus ¢
(550 um), naiiti Bce apyrue [II'X B obmactu criektpa okosio 550 um. Ecin ke u 3HadYeHue ¢
(550 HM) B HY)XHOM paiiOHE HEW3BECTHO, MOKHO MPHOJIMKEHHO OMPEACIUTh €ro, MOJIb3YICh
pesynbraramu Teopun aucka Cekku, cBsspiBatonied ¢ (550 HM) ¢ MPO3pavyHOCTBIO BOJBI 110
mucky Cekku Zg [10, 11], 1 kapTamu pacnpeienieHus BeTUIUHbI Zg B MupoBoM okeane [6, 12].

Cmpyxkmypusie Moaenu BoipaxkaroT [1I'X depe3 KOHIEHTpaIMi ONTUYECKA aKTUBHBIX Be-
niectB (OAB), B3BEIICHHBIX U PACTBOPEHHBIX B MOPCKOM Boje. DTO (PUTOIUIAHKTOH, MUHE-
paibHasl B3BECh U pacTBOpEHHble opranuuyeckue BemectBa (POB, nam «kenToe BEIIECTBO»).
OcHoBHast 005acTb NPUMEHEHHUS CTPYKTYPHBIX MOJENeH — 3TO MpobiieMa HCHOJIb30BAHUSA
CIyTHUKOBBIX CKaHEPOB I[BE€Ta W MYJbTHUCIEKTPAIbHBIX CHUCTEM BUICHMS JI OIpeIeIeHUS
KOHIIEHTpauuii, conepxamuxcs B Boge OAB. Jlns obecnieueHnss MakCUMaJIbHOM TOYHOCTH BOC-
cTaHoOBJIeHUS! KoHLeHTpauuii OAB u3 curHajaoB mpUeMHHKa CUCTEMbl BUACHUS WM CKaHepa
[[B€Ta HEOOX0AMMO 3HaTh cOOTHoIIeHus Mexay I1I'X, oT KOTOpBIX 3aBUCSAT 3TH CUTHAIbI, U
koHUeHTpanusiMu OAB.

Koppeasinnonnsie mMojesi, yCTAHAB-

JUBAKOIIHE CBSA3b MEKIAY Pa3JIn4YHbIMU <cosy>

III'X B (GUKCHPOBAHHOM TOYKEe CIIEKTpA. 10

371ech Mbl pacCMOTPUM KOPPENIALIMOHHBIE CO- - .:,:('..;", 5 .

OTHOLLIEHUA MEXAY MapaMeTpaMH HHIUKAT- éy‘%‘f.-“?:-

PHUCBHI paccestHUsl, B IEPBOM MPHUOIMHKEHUN HE .Q:b e
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L)

L]

]

L)

I

I

R e T Al Al IO

.
o .

JHcOy napamempamu uHOuKampucwl paccesa- 0.8
nus. Ha puc. 1 [13] npuBenena skcrepuMeH-
TaJlbHas 3aBUCUMOCTb MEXIy CPEJIHUM KOCHU-
HYCOM < COSY >H K0d(p(UIImeHToM acummer-

0.7 | |

| |
puu kac HHIUKATPUCBI paCCCiIHUs. Touku Ha 20 60 100 140 kac

PUCYHKE COOTBCTCTBYHOT JaHHBIM I/IBMepCHI/Iﬁ

294 MHIUKATPUC pacCesHHMs B Pa3IMYHBIX Prc. 1. Ceasb ety cpejiuM KOCHHYCOM
pailonax ATtnantuueckoro u Muawmiickoro 1 K05 ULHEHTOM aCHMMETPHH HHMKATPHCHI

N paccestaus [13].
okeaHoB, CpeauszemHoro u YepHoro mopeil.
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BuHo, 4TO KOppensuus MexIy <cosy > u K, mocratodno Beicokas. [Ipu 5ToM nmonapisoniee
GOJIBIIMHCTBO YKCIIEPUMEHTATBHBIX TOYEK JIeKUT B obnactu K, = 18—70 (b, =0.053—0.014),
a 3nauenne K, <15 m > 80 Bcrpeuarorcs peako. Kpupas Ha puc. 1 COOTBETCTBYET SMITMpHYe-

ckoii 3aBucumoctr < C0SY >=1-2.9/(1+K_.), u3 koropoii ¢ yuerom coornomenus (1) cnemyer:
<cosy>=1-2.9h . 2)
Ha puc. 2 u 3 mokasaHbl SMIIMPHYECKUE 3aBHCHMOCTH MAapaMETPOB, XapaKTEPHU3YIOUINX

MaJIOYTJIOBYIO YaCTh MHAUKATPUCHI PACCCAHHA, OT €C CPpCAHCIO KOCHHYCA. Ot napameTpbl —
JUCIICPCHUA MaHOYFHOBOﬁ YaCTH HMHIUKATPHCHI <74215 > W BCPOATHOCTh PACCCAHMA HaA YIJIbI

45°<y < 180° 645 — WIPaOT BaXXHYIO POJIb B TEOPUU MOABOIHOIO BUAeHUS. Toukn Ha pucyH-

Kax cooTBeTcTBYIOT 70 mHaukarpucam, uzmepeHHsiM O. B. KoneneBuuem [15] B paznnuHbix
paiionax MupoBoro oxeana. I[IpsiMble, OCTpPOEHHBIE IO METOJY HAMMEHBIIUX KBAJPATOB,
MIPEJICTABISIOT CO00M perpecCUOHHBIE 3aBUCUMOCTH

< ij >=0.285-0.264 < cosy >= 0.76565b +0.021, (3)
b,s =0.880—0.885 < cosy >=2.566h, —0.005 . 4)
B 2
45— <Ys5>
0.10~
0.18
0.08
0.14
0.10 0.06
0.6 0.04
0.2
| | 1 ! | 0.02 5,50
075 080 085 090 095 <cosy> 075 080 0.85 : 095  <cosy>
Puc. 2. 3aBucUMOCTB BEPOSTHOCTH paccesHUsI Puc. 3. 3aBucuMocTb Aucriepcry MaoyriIoBOH
Ha yribl 45°<y <180° ot cpeaHero KocuHyca 94acTu HHIMKaTpHChl paccesaus (0 <y <45°) or
WHJUKATPUCHI paccesiHus [1]. CpPEIHEr0 KOCUHYCA MHANKATPUCHL paccestHus [1].

IMapametp JlonmHa (] CBA3aH C < Y4 > U < COSY > COOTHOIIEHHEM:

g2/ <y > =(0.142—-0.132 < cosy >) 2 = (0.3830, +0.01) 2. (5)

Takum O6p3.30M €CJIM U3BCCTHA OJHA U3 XAPAKTCPUCTHUK I/IHI[I/IKanI/ICBI HaHpI/IMep, KO-

sbdumment acummerpun K, , octambHbie mapameTphl (<cosy >, <Y’ >, <y >, bb, b45, o))

ac?
MOTYT OBIThH C }IOCTaTO'-IHOI\/’I CTCIICHBIO TOYHOCTH HaI/IJIeHI)I C ITIOMOIIBIO 3aBHCHMOCTEH pHuc. 1—
3 u cootHomenwii (2)—(5).

Koppenauyuu mesxncoy nepsuunvimu 2uopooOnRmuuecKUMu Xapakmepucmukamu 6 oo-
nacmu cnekmpa okono 550 um. Kak yxe rosopuiocs, [II'X B o6mactu ciektpa okoso 550 Hm
MIPEJICTaBISIOT OCOOCHHBIN MHTEpecC Al MPOoOJIeMbl BUACHHUS, TOCKOJIBKY B 3TOM 00J1acTH CHEK-
Tpa pa60TaeT 60JII>IJ_II/IHCTBO CUCTCM BUACHUA U JIMAAPOB, MPCAHA3HAUCHHLIX JJI UCIIOJIB30Ba-
HUS B MPUOPEKHBIX BOAaX M Boaax BHyTpeHHUX Mopert (Case 2). IIpu 3ToMm, ecnu JaHHBIX O
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nokazareje ocnadnenust ¢ (550 HM) 1 0COOEHHO O MPO3pauHOCTH 1O AUCKY CEKKH Zg B pa3ind-
HBIX pailoHax MHpPOBOTO OKeaHa BBUY CPAaBHUTEIILHOM JIETKOCTH MX U3MEPEHUS B JINTEPATYpE
OTHOCHUTEIIbHO MHOT'O, TO pe3yibTaToB usMepenus apyrux [1I'X, Bxoagimmx B TeOpuio BUICHUS,
SIBHO HEOCTATOYHO. [109TOMY OBLTH HCCIEIOBAHBI KOPPEISAIIMOHHBIC CBSI3U MEXKIY Pa3TUIHBI-
mu [II'X B o6xactu 550 HM C 11e1bI0 BBIAICHHTH BO3MOXKHOCTH ompezeneHus Beex [1I'X, Hyx-
HBIX JUISI TCOPHH BUJCHUS, 10 H3MepeHHOu Bennunte ¢ (550 HM), & pu OTCYTCTBHUHU JAaHHBIX 110
C — 1o riryOuHe BUANMOCTH aucka CeKkH Zg.

Coomuowenus medxcoy nokazamenamu 0CiaOaeHuUsl, paccesaHus U no2noweHus O ONUHb
gonnvl 550 um. VI3BECTHO, YTO M3MEHYMBOCTH MTOKA3aTeIIsl MOTJIOMICHUS MOPCKON BOJIBI BOJIM3H
JUTMHBI BOJHBI A = 550 HM OTHOCUTENBHO Majia, ¥ BapUallMK MMOKa3aTels ociaabieHus ¢ ompe-
JICTSIFOTCSL TIIaBHBIM 00pa3oM BapualMsMu okasareis paccesiuus b [14]. Benencrue atoro B
YKa3aHHOHM 00JIacTH CHEKTpa CIeAyeT 0XHAATh JOCTATOYHO BBHICOKOW KOPPENSIUN MEXAY C U
b (uau MEXIy C U BEpOSATHOCTHIO BbDKHMBaHUs (oTOHA Mg = b/C). [lelicTBuTeNbHO, 00pabOTKa
JaHHbIX n3MepeHuit B 70 Toukax MupoBOro okeana rmokasana, 4ro okosio 550 HM cyliecTByeT
YCTOWYMBAs KOPPEISAIIMOHHAs CBSI3b MEXKAY C U b B quanasone ¢ = 0.08—0.6 M ' [15].

Ha puc. 4 Toukamu nokasaHbl JaHHbIE U3MEPEHUN B ATIaHTHYeCKOM U THXOM okeaHax, a
KpUBasi COOTBETCTBYET PETPECCHH, TIOCTPOSHHOW 1O JaHHBIM HU3MEPEHUH METOJIOM HAaUMEHB-
[IMX KBaJPaTOB:

b=cw,=0.944c—-0.048 . (6)

N3 (6) cnenyroT Gopmyisl, BEIpaXaroIIke MOKa3aTelb OCIa0ICHHs C Yepe3 BEpOSTHOCTh
BbDKUBaHUsI (POTOHA ¢ U MOKA3aTeNb MOTJIOIICHUS a:

0, =0.944-0.048/ c, @)
a=c—b=0.056c+0.048 . 8)

CpenHekBaapaTHIYHOE OTKIOHEHHE DKCIIEPUMEHTABHBIX TOUEK OT 3aBUCHMOCTH (6) pas-
70 0.024 M ' mpu ¢=0.08-0.1m" u ¢=0.1-02m"; 0.02m "' mpn ¢=0.2-0.3m"; 0.023 m ™"

npu c=0.3-0.6m""; CPEIHEKBAIPATUYHOE OTKJIOHEHHE 3THUX TOYEK OT 3aBUCHUMOCTH (7) paB-
HbI, cooTBeTcTBeHHO, 0.002, 0.0036, 0.005, 0.01. CooTBercTBytomMe K03(hULIMEHTHI BapHua-
M B TIEPEUYMCIICHHBIX JMara3oHax s 000MX COOTHOIIEHUW COCTaBIsOT 6, 3.8, 2.6, 2.7 %.
Pasymeercs, peasibHasi OTHOCHTEJIbHAS MOTPEITHOCTh onpeaeacHus b u oy OymeT HeCKOIbKO
0oJIbIIIe, YeM MPHUBEICHHBIC 3HAYCHUS KOAP(QUITMSHTOB BapHAIIUH, 32 CYET OTHOCHUTEIBHOH IT0-
TPEUTHOCTH B U3MEPEHHUH CaMOU BETUYHMHBI C, KOTOpasi TeM OOJIbIIIE, YEM MEHbIIIE C.

®opmyisl (6)—(8) MOryT OBITH pacpPOCTPAHEHBI M Ha OOJiee MyTHBIC BOJIBI B JIMAITa30HE
0.6M '<c<25m . W3mepenus mokaszaTeneil ocnabieHusT U TOTJIOIICHUS, TpoBeieHHbie Ha-
UOHANBHBIM MHCTUTYTOM okeaHorpaduu Wuamu (NIO) B nByx Toukax ApaBHIlCKOrO MOps
[16], nanu cnexyrouue 3HaueHus: ¢ = 1.02 M, b=0.902 M, o =0.886 wis MepBOM TOUYKU U
c=2.56 M_11 b=2.32m", my=0.908 — mus BTOpoii. Pacuer mo gpopmynam (6), (7) naet coot-
BETCTBEHHO JJIsl IepBOW 1 BTopoi Touek b = 0.913 M_l, ®y=0.897 u b=237 M_l, mg = 0.924,
KOTOPBIC COTJIACYIOTCS C BBIIICTIPUBEICHHBIMH 3HAYCHUSIMHU C TOUHOCTBIO 1—2 % (puc. 4, 6).

Tem He MeHee, cooTHomieHus (6)—(8) He cieayeT MPUMEHSTH Il THIEPIPOTYKTUBHBIX
BOJI C TOBBIIICHHBIM COJEPKAHUEM XJIOpOPUIIa, T. K. ONTHYECKHE XaPAKTEPUCTUKU, UCTIONb-
30BaHHBIC JUTS ITOJIYICHHUS STUX 3aBUCHMOCTEH, He OXBaThIBAIOT TAKHE BOJIHI.

3ameTuM, 4TO MO W3MepeHusMm [17], B IKCTpeMaabHO MYTHBIX MPHOPEKHBIX M PEUYHBIX
Boaax (BIioTh 10 ¢ = 20 Mil) otnomenue b/a He mpepsiaer 16. IT0 03HAYAET, YTO MAKCH-

ManbHOE BCTpedalolleecs B €CTECTBEHHBIX Bojoemax smauenme ®,=(b/a)/(1+b/a)=0.94,

9TO COOTBETCTBYET 3HAUCHHIO (g, ONyUaromemycs u3 (7) s 3HadeHns ¢ = 20 M
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Puc. 4. 3aBHCHMOCTb NOKA3aTelsl PaCCEsHUS OT MOKa3aTels ocnadIeHus Ha JUIMHE BOIHBI 550 HM
B quanaszonax C=0.08—-0.6 m ' (a)u ¢=0.08—-3 m"' (6).

Touku — pe3ysbTaThl H3MepeHnii B ATiiantnaeckoM 1 Tuxom okeanax ( © ) u B Apasuiickom mMope ( A ).

3aBucumoctu b(c) mis A =550 um (6) ObuH cpaBHEHHI [15] ¢ TaHHBIMU U3MEPEHHH IPYTHX

aBTopoB [18, 19], mpoBeneHHbIX B okeannyeckux [ 18] u nmpubpexusix [19] Bogax. CpaBHeHHE TO-
Ka3aJ0, YTO PACXOKICHUE ITUX JaHHBIX C (6) He npeBbiaet 10 % (B cpemHem okoio 4 %).

Bbu10 Taxke MpoBENEHO COMOCTABICHHE KOPPETSALMOHHON 3aBucuMocTu (6)—(8) ¢ nan-
HBIMH HU3MepeHui, nposeneHHbIMU MTprOopom AC-9 B bantuiickom mope [20]. Ha ocHoBanumn
460 n3MepeHuil B pa3nUuHBIX paifoHax banTuiickoro Mops Ha AsuHE BOJIHBI 555 HM Oblia mo-
Jy4yeHa perpeccus

b =0.9393c—0.0774, (9)

BOOOIIE TOBOps, oTinyaromascs ot (6). CpenHekBapaTHUHOE OTKJIOHEHHE HKCIEPUMEHTANb-
HBIX TOYEK OT 3aBucuMocTH (9) paBHO 8.2 X 107 M, cpenHnii Ko PHUIMEHT BapuaIid OKOJIO
1 %, xodunmeHT Koppensiun r’ = 0.9994. Buaso, 4to Koppensiius Mexay b u ¢ B banruii-
CKOM MOpE€ 3aMeTHO BbIlIe, 4eM B (6)—(8), uro ecrectBeHHO. OJIHAKO €ClIM CPAaBHUTh U3MEpe-
Hus B bantuiickom Mope ¢ «okeaHckoi» perpeccueit (6) (puc. 5), TO OKa3bIBaeTcs, 4TO TOY-
HOCTh (6) B BantuiickoM Mope He HAMHOTO HU)XE, YeM TOYHOCTH (9): cpeTHeKBapaTHIHOE OT-
KJIOHEHHE IKCIIEPUMEHTAILHBIX TOYEK, NOJTYUYeHHBIX B bantuiickom Mope, oT 3aBucuMoctH (6)
paBHo 0.033 M ', r* = 0.9899, cpenanii K03hOUIIMEHT BapHaIli — HECKOJIBKO MPOIEHTOB. TOT
¢axT, uTo 3aBUCUMOCTH (6), MOTyYeHHas! IO U3MEPEHUSAM B THXOM U ATIAHTUYECKOM OKeaHe U
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B ApaBUIICKOM MOpE, C JIOCTATOYHO BBICOKOW TOUYHOCTBIO COOTBETCTBYET M3MepeHUsM B bai-
TUHCKOM MOpE, HECMOTPsI Ha pa3HbIE MOPCKHE PAMOHBI M pa3HbIe H3MEPUTEIbHBIC MPUOOPHI,
CBUJIETEILCTBYET O HAJICKHOCTU M YHUBEPCATIbHOCTU KOPPEISILIMOHHBIX COOTHOLIEHHH (6)—(8).
B 1ie1om, MOJKHO CUMTATh, YTO 3aBUCUMOCTH (6)—(8) mpubImKeHHO (C TOUHOCTBIO HE XYKE
5—10 %) omuCHIBaIOT CBsA3b MEXIy C ¥ b mim Mexmy C u wo st Boj tura Case 1 u Case 2 B 1ua-
nazone € 0.1—3 M | u wp 0.5—0.94. DU 3aBHCUMOCTH MOT'YT OBITh UCTIOJIb30BAHbI M JIJISI OIICHKU
3Ha4YeHUH C U g B O6osee uncThiX Boaax (C = 0.08—0.1 Mﬁl, wo = 0.3—0.5), ogHako, B 3TOM Juara-
30HE C IMOTPEIIHOCTh OIICHKHU 3HAUCHHU# D 1 o Bo3pacTaeT n3-3a MmorpenHocTd u3MepeHuii C.
BaxxHo momyepkHyTh, 4TO, Kpome
YHHUBEpCaIbHOrO cooTHoteHus (6)—(8), 3
CYILIECTBYIOT U aHAJIIOTUYHbIE (OPMYIIBI
JUIsl KOHKPETHBIX MOPCKHX DPalioHOB (B I &
yacTHOCTH, cooTHomeHue (9) musa ban-
Tuiickoro Mopsi). EcrecTBeHHO, 4TO B
OTHX CIly4asX CJENyeT TIONb30BaThCA g '
«MECTHBIMH» COOTHOUICHHSIMH, a He < A
obeit popmyoii (6)—(8), koTopyro pe- 1.5} / 1
KOMEH/IYETCSI MCIIOIh30BaTh B TE€X CIIY-
qasix, KOrja JUIs WHTEPECYIOIIero Hac 1k 4 ]
palioHa «MECTHBIX» 3aBHCUMOCTEH Me-
x1y C u b mer. C apyroit cTopoHsl, pas-
JTUYAE MEXKIY <(JIOKATBHBIMHY» W YHH-
BepCalbHBIM  cOOTHOIIeHHeM (6)—(8),
KaK MbI BUJIEJIM Ha npuMepe bantuiicko- 0 0.6 1 1.5
ro mMopsi, HeBenuko. Eme oguH mpumep
MO>KHO TPUBECTH, UCTIONB3YS PEICH3UIO
Ha cratbio [20], B KOTOpOH conepika-
JIOCh YTBEPXKACHHE 00 YHUBEPCATHHOCTH
dopmyisr (6)—(8). Perenszent, monemu-
3UPYSI C TUM YTBEPKJICHUEM, TPUBOJIUAT
«MecTHYIO» popmymy

Puc. 5. 3aBucuMOCTh TIOKa3aTens paccestHus OT MOKa-
3atens ocnadneHus. Toukn — pe3ynbTaThl H3MEPEeHUs
Ha JUIMHE BOJHBI 555 HM B Bantuiickom mMope, npsi-
Masi — 3aBUCHUMOCTH (6) (A = 550 um).

b =0.984c —0.070 (10)

s Cpemmsemuoro mops. Ho ecmn cpasuuts (10) ¢ (6) B amamasonax ¢ =0.1—25m ' n
c=027—058m ", B KOTOPBIX TMOJIyUY€HbI COOTBETCTBEHHO 3aBUcuMocTH (6) u (9), oka3biBaeT-
cst (tabr. 1), uto B muamnasome 0.27—2.5 M ' pasunuma B b npu pacuere mo (10) u (6) He npeBbI-
maer 5 %. Yro xe kacaercs GOIbIIOH pasuuibl mpy ¢ = 0.1 M |, 9Ta BeTMYMHA OTHOCHTCS K
CaMbIM YHCTBHIM OKEaHCKHM BOJIaM M HAXOJWTCS 3a TpejaeiaMu auama3oHa ¢ B CpenuzeMHOM
Mope, moatoMy opmyna (10) ams Takux ¢ HeMpUMEHHUMA.

JlaHHBIN TpUMep MOATBEPKAAET YHUBEPCATBHOCTH (GopMyIibl (6)—(8), XOTS HE OTMEHSET
CIICJIaHHOTO BBIIIE BBIBOJIA, YTO KOTJa €CTh «MECTHAs» 3aBUCUMOCTb D(C) Uit JaHHOTO y4acTKa
MODsI, €€ CIeAYeT MPEANOUYECTh 3aBUCUMOCTH (6)—(8).

Tabauya 1
CpaBHeHHe pacyeToB nokasaTtes paccesiuusi b (M) mo dpopmyam (10) u (6)
c 0.1 0.27 0.58 2.5
(10) b 0.028 0.196 0.50 2.39
(6) b 0.046 0.207 0.50 2.31
Pazuwra, % 60 5 0 3
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Coommnowenus medxncoy nokasamenem ocnabieHus U 6epoOAMHOCMbIO PACCesHUA HA3A0 Ol
OnuHblL 80aHbL 550 HM. TUAPOONITHYECKON XapaKTEPUCTUKOM, HEOOXOAMMOM ISl PELICHUsT MHO-
I'MX 3aJa4 BUJECHUS U JMJAPHOTO 30HJUPOBAHUS BOJHOM TOJIIH, SBISETCS BEPOATHOCThH pac-

cessHus Hazan b, =b, /b (b, — mokasarens paccesHus Ha3ax), Tak Kak CBET, PACCESHHBIA B

3aJIHIOI0 TToTyc(epy, ONpeneseT MOJe3HbI CUTHAI B CIIydae JUCTAHIIMOHHOTO 30HANPOBAHUS
TOJIIIM BOJBI U TMApa3sUTHBIA CUTHANl MOMEXU B cucTteMax BuaeHus. [loaToMy BakHO HaWTH
CBSI3b MEXJY b, M IOKa3aTenaeM ocnabiIeHus c.

Ecnu BbIpa3uTh IOKa3aTellb pacCesiHUs B BHUJE CyMMBI IIOKa3aTelled pacCesHUs YUCTOU
mopckoii Boasl (by) u B3Bemennoro Bemectsa (bp):

b=b, +b,, (11)
Y aHAJIOTHYHO T0Ka3aTeb 00PaTHOTO PACCESHUS:

b, =bb, =b, +b, =b b

bm

+b,b (12)

bw?
rac bbm u bbm — IIOKa3aTCJIb paCCCAHHA Ha3dad U BCPOATHOCTL PaCCCAHNA Ha3ald B3BCHICHHOI'O

Bemiectsa, b, u D, =0.5— 10 e s umcToit Mopckoit Boasl, To u3 (11) u (12) ¢ yuerom

snauenus by(550 um) = 0.0019 v [21] u BeIpaxkenus (6) a1 mokasarens paccesnus b cie-
JyeT COOTHOIICHHE:

b, (550) =b,,, +0.0019(0.5-b, )/ (0.944c—0.048). (13)

Jlns Benmaunbt D, B muTeparype wacto ucrnons3yercs snavenne b, =0.019, monyuennoe

[TeToNba0M IS AJMHBI BOJHEI 514 M [22] i O1M3KHE K HEMY 3HAYEHUS Bnm =0.018-0.020

[9, 23—27]. Bo BcsikoM ciydae, OONBITMHCTBO MCCIIEIOBATEICH COTJIACHBI B TOM, YTO JIJIS TIPH-
opexHbix BoJ (Case 2), B KOTOPBIX KOHIIEHTpAIMs MUHEPAILHOW B3BECH 3HAUUTEIBHO TPEBBI-

IIA€T KOHIIEHTPALMIO YaCTHI OMOJOTHYECKOTO MPOMCXOKICHHUS, T.e. D, >>bc (by u be—

TIOKa3aTeNll PACCeSHNs MUHEPAIBHOIM B3BECH U OMOTeHHBIX wacTuil, Dy, =D, +D,), 3nauenue
IleTonnna bm =0.019 sBnsercs agexkBatHbIM [28].

[ToacTaHOBKA BEINYHMHBI Bm =0.019 B ypasuenue (13) ¢ yuerom (7) mIPUBOAUT K MPOCTO-

MY BBIPaKEHUIO

@y Wy
W, 3aMeHss oo Ha b/c, a Eb Ha byp/b,
b, =0.018c. (15)

Pasymeercsi, 3nauennel, =0.019 u dopmyna (15) HenpuMeHHMBI B BOJAX OTKPBHITOTO
okeana. Hanpumep, ToT ke IleTIonba B UMCTBIX OKEAHCKHX BoJax BOMM3M baramckux octpo-
BoB (b =0.037 M ') momyumn b, =0.011.

Ecnmu B 00miem ciaydae mokasaTellb pacCesiHHUs B3BEIICHHOTO BemiecTBa Dy MOKHO Tpe-
CTaBUTh KaK CyMMY IOKa3aTeJel paccessHus OMOoJIornyeckoi B3Becu b, m MuHepaibHOI B3BecH
bx, To B Bogax oTkpbITOro okeana (Case 1) KoHIIEHTpaus OHOJOTMUECKUX YACTHIL 3HAUUTEIb-

HO NPEBHIIIAET KOHIIEHTPALMI0 MUHEPAIbHON B3BecH, M by = b, b, = Ebc. OLeHKy BeIu4u-

10
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HbI bbc AJi1 BOJ OTKPBITOT'O OK€aHa MOKHO IMOJIYYHUTh, UCITIOJIB3Ys OMIIMPUICCKOEC COOTHOIICHHUE

JUISL BEPOSITHOCTU pACCESTHUSI HAa3aJl B3BEIICHHBIX YAaCTHUI] B 3aBUCUMOCTU OT KOHIEHTpPALUU
xsopoduiuta C, TOTy4eHHBIX MopereM ¢ CoaBTOpaMu Ha OCHOBE MHOTOYHCIICHHBIX H3MEPEHUN
B Pa3lIMYHBIX paiiloHax MHpPOBOro okeaHa, MPOBOAUMBIX B Teuenue 8 net [28, 29]:

B, =0.002+0.01(0.5-0.25log,, C). (16)

KonnenTpanus xmopodwiia B Bojgax MUPOBOro OKeaHa M3MEHSETCS B MIMPOKKUX TpeJie-
nax: C = 0.01—100 mr-m > [30]. st oxeanckux Box C = 0.01—1 mr-m >, 1 1o (16) Bbm = Dy,
=0.007—0.012. IIpumeMm cpennee 3Ha4eHHE I YUCTHIX Box Tuma Case 1 Bbm =0.01. Dta

BCJIIMYMHa COrjlaCy€TCda M C BBILMICYIIOMSAHYTBIMH HU3MCPCHUAMU HCTI_IOJ'IBI[a B YHMCTBIX OKCaH-
CKHX BOAax.

Jns Bbm =0.01 u3 dopmyn (13) u (6) cnenyer:
b, =0.0183/ w, —0.0094 . (17)

3aBucumocTt (14) u (17) nokazansl Ha puc. 6.
N3noxeHHbple pesyibra-
Thl COTJIACYIOTCS M C Hauobo- 0.05
jee oOmied MOJENbI0 CBETO-
pacceuBarolIuX CBOMCTB MOP- 0.04
ckoit Bozbl O. B. Konenesuua
[31, 32], B KOTOpO# paccMart- 0.08 1
puBaroTCs 1Be (Qpakmuu MOp-  ~
CKOM B3BecH, OJJHA U3 KOTO-
PBIX — MEJIKHE MUHEpaJIbHbIE G4
qyacTullbl  (paauyc MEHbIIE
1.3 MKM, OTHOCHTEJBHBIN IO- 0.01
Kazarenp npeaomieHus 1.15),
Jpyrasi — KpPYIHbIE YaCTHIIBI
OMOJIOTHYECKOTO  MTPOUCXOXK- o 0k 0.6 67 08 0%
neHust  (paamycsl  OoJble (O
1.3 MKM, OTHOCHUTEILHBIN I10-
Kazatenb npenomieHus 1.03), Puc. 6. BepossTHOCTS 0OpaTHOTO paccesTHus

a XapaKTEePUCTUKHU pacCEIHU KakK (l)yHKLII/ISI BCPOATHOCTU BBIXKUBAHUSA q)OTOHa.

MOPCKO#1 BOJIbI 3aBHCSAT JIHIIIb 1 — 3aBucumocTs (14) — mpuOpeKHBIE BOJEI,
2 — 3aBUCHMOCTH (17) — BOJBI OTKPBITOTO OKEaHa.

wh

0T OOBEMHBIX KOHIIEHTpALUi
3TUX (PpaKiuil.

B eJIoOM, MOKHO CHUTATh, YTO IJIA BOA OTKPBLITOI'O OKCAHA TUIIMYHOC 3HAYCHUC bbm paB-

HO ~0.010, B BBICOKOIIPOAYKTHBHBIX Bojiax OHO yMeHblaercs A0 0.007, a B mpuOpeXHbIX BO-
Jlax ¥ BoJlax BHYTpEeHHHUX Mopei Bo3pacTaet a0 ~0.020.

Takum 00pa3oM, NMpHBEICHHBIE KOPPEISIIMOHHBIC 3aBUCHMOCTH MEXIY ITOKa3aTeIsIMU
paccesHUSL M OcCJia0JIeHusl, BEPOSITHOCTAMU BbDKMBAaHUS (POTOHA U OOpPATHOTO paccesHus Ha
JUIMHE BOJHBI A = 550 HM B JuamazoHe mokaszatens ocnadiaenus ¢ = 0.08—2.5 m | CTIpaBe]|TH-
BBI U151 OOJIBIIMHCTBA MPUOPEKHBIX U OTKPBITHIX paiiloHOB MupoBoro okeana. OHU HE MpUMe-
HUMBI JIJIsI THIIEPIPOTYKTHBHBIX BOJI (TaKuX, Kak y moOepexbs [lepy) u ast BOJ ¢ TOBBIIICH-
HBIM COJIEp)KaHUEM MBUIEBBIX YACTHI], XapaKTEPHBIX JUIsI PailOHOB 0JIOBOI'O BBIHOCA BOJIU3U
MYCTbIHb. DTH COOTHOILEHHSI MOT'YT ObITh HEMOCPEACTBEHHO MCIOJIb30BaHbI IPU PacyeTe CUC-
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TEM IIOJIBOJTHOTO HAOIIOACHUS ¥ JIOKAIIUH MPH €CTECTBEHHOM M UCKYCCTBEHHOM (B TOM YHCIIE
Ja3epHOM) OCBEIICHUH, paboTaroMKX B 00JaCTH CIIEKTpa 0K0JI0 550 HM.

Cunekrpanabubie Moaean III'X. XoTs OOJBIIMHCTBO CHCTEM BUACHUS M JIUJAPHOTO 30H-
aupoBaHus pabotaeT B o0aacTu cnekTpa BOim3u A = 550 HM (B MakcuMyMe MPO3pavHOCTH BOJI
tumna 2), 3Haaue [II'X B apyrux oOjacTsAx crekTpa HEOOXOAUMO MPHU pacueTe TaKUX CHUCTEM,
MpeIHa3HAYEHHBIX I paboThl B OTKPBHITOM Okeane (A < 550 M) win, Ha000pPOT, B OYCHD MYT-
HBIX BOJIaX, HAIlpUMeEp, B MOPTOBBIX akBaTtopusax (A > 550 uM). PaccMoTpuM M3BECTHBIC CHIEK-
TpajbHbIE MaJjoMapaMeTPUUYECKUE MOJIENU, KOTOPBIE MO3BOJISIIOT paccunuTarh crekTpol [1I'X mo
WX U3BECTHBIM 3HAYCHHAM B 00sacTu 550 HM.

Mooenwv noxkazamens ocnaodnenusn. B pabore [33] Ha ocHoBanuu 6osiee 100 nusmepenuii B
9 toukax cnektpa (440, 450, 490, 520, 535, 550, 565. 630 u 670 HM) B pa3TMYHBIX OKCAHCKHUX U
MPUOPEKHBIX paiioHaX MPEATI0KEHO KOPPEISIIUOHHOE COOTHOIICHHE:

c()—c, (1) = (1.563 —0.001492)[c(490) —c, (490)], (18)

e Cy = ay + by — mokasarens ocmaGnenus cBeTa YMCTOM MOpcKoM Bomoi. Ilocnme mosacra-
HoBKH A = 550 u Beipaxkenus C(490)—c, (490) uepes c(550)—-c, (550), popmyna (18) mpeotd-
pasyercsi B COOTHOILIEHUE

c()—c, (L) =1.345(1.563—0.001490)[¢(550) — ¢, (550)], (19)

KOTOPOE TO3BOJISIET, UCIONb3Ys 3HaYeHUs ay U Dy u3 Tabn.2 u 3, Haiitu 3HaueHus c(\) 1Mo u3-
BecTHOMY ¢ (550).

Tabruya 2
Iloka3zaTeJib paccesiHusl YHCTON MOpPCKO#i Boaoi [21]
A, HM 400 410 420 430 440 450 460
by, M 0.0076 0.0068 0.0061 0.0055 0.0049 0.0045 0.0041
A, HM 470 480 490 500 510 520 530
by, M 0.0037 0.0034 0.0031 0.0029 0.0026 0.0024 0.0022
A, HM 540 550 560 570 580 590 600
Dy, M 0.0021 0.0019 0.0018 0.0017 0.0016 0.0015 0.0014
A, HM 610 620 630 640 650 660° 670
by, M 0.0013 0.0012 0.0011 0.0010 0.0010 0.0008 0.0008
Tabauya 3
Hoka3aTesib NOIJIOLIEHUS] YUCTON MOPCKOIl BOAbI KaK (yHKIMS JJIUHbI BOJHBI [34]
A, HM 400 410 420 430 440 450 460 470 480 490
Ay, M 0.0066 | 0.0047 | 0.0045 | 0.0049 | 0.0063 | 0.0092 | 0.0098 | 0.0106 | 0.0127 | 0.0150
A, HM 500 510 520 530 540 550 560 570 580 590
Ay, M | 0.0204 | 0.0325 | 0.0409 | 0.0434 | 0.0474 | 0.0565 | 0.0619 | 0.0695 | 0.0896 | 0.1351
A, HM 600 610 620 630 640 650 660 670 680 690
Auy M| 0.2224 | 0.2644 | 0.2755 | 0.2916 | 0.3108 | 0.340 | 0.410 | 0.439 | 0.465 | 0.516

Mooenu nokazameneii pacceanus u oopamnozo pacceanus. B padore [25] Ha ocHOBa-

Huu 100 u3mepenuii Ha 63 cranmusax npudopom AC-9 B 9 Toukax crnektpa (412, 440, 488, 510,
532, 555, 650, 676 u 715 HM) B pazIHUYHBIX OKEAHCKHX M MpHOpexHBIX paiioHax (Case 1 u
Case 2) B auamasone b(412) = 0.2—15 M ' npemioxkeHo KOppeIsSIHOHHOE COOTHOIICHHE:

b(}) = (1.6625—0.00131)b(550),

TOYHOCTH KOTOPOT'O OLIEHUBaeTCs aBTopamu B 6 %.

12
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Jlpyrast MOjieNb, BBIpaXKaroIias CIEKTPhI ToKasarels paccesaus b(L) u paccestHust Haszan
bp(A) gepes ux 3nauenus b(550) u bp(550) mpu 550 am npemnokena O. B. KoneneBuuewm [31]:

b(%) = bu(550) (550/A)*3 + by(550) (550/A)™, (20)
by(1) = 0.5 by(550) (550/L)*2 + byp(550) (550/A)™, (21)

rae by(550) u bp(550) — nokasaresnu paccesHUs: YUCTONH MOPCKOM BOIbI (TabI. 2) U B3BEIICHHBIX

B MOPCKO# Boze yacTHil; Dpw(550) u bpy(550) — cooTBeTCTBEHHO MOKa3aTeNny paccesHus Has3ajl

YUCTONW MOPCKOW BOABI U B3BecH. Ilokazarenu crenenu N1 u N2 npuusaTel paBHbiMH 1.0 u 1.45
-1

JUTSL BOJI OTKPBITOro okeana u 0 st mpuOpesxHbIx Boj, rae 3Hauenus b(550) > 1 m * [14, 31, 32].

3Hauenns b, (550) = b(550) b, (550) = c(550), (550) —b,,(550), b, (550) =

b, (550) —0.5b,, (550) = ¢ (550)w, (550)5D (550)—0.5b,,(550), HyxHbIE I pacyera Mo (Gopmy-
aam (20), (21), moryt ObITh BbipaskeHbl uepe3 ¢ (550 HM) Mo KoppenauoHHbIM Gopmyiaam (7),
(14), (17), npuBeACHHBIM B PEIBLAYIIIEM Pa3eie.

Mooenu nokazamens no2iowenusn. B moxaenu, npengoxeHHOW B [35], pacuer criek-
TPaJbHBIX 3HAYCHUH MMOKa3aTessl MOraonieHus a(A) MPOBOIUTCS Yepe3 ero 3HaYeHUe ISl JUTd-
HbI BOJIHBI 490 HM C IOMOIIBIO YPaBHEHUH PETPECCUU:

a()) = C1(1) a(490) + C(), (22)

rae a(490) — mokasatens moryomieHus Mopckoi Boabl mpu 490 Hm, Ci(A) u Cy(A) —
K03 HUIIMEHTHI perpeccud. ITH K03()PHUIMEHTHI TPUBEIACHBI B Ta0N. 4 JUIS IBYX JHAITa30HOB
sHauennit a(490): a(490) < 0.225 M ' u a(490) > 0.225 M '; naHHBIC M3MEPEHHIT MONTYIEHBI KaK
B OTKPBITHIX pailOHaxX OKeaHa, TaK M B MPUOPEKHBIX Bojax (Bcero 1914 criektpos); Kodduim-
eHThl Koppensiuun Mexay a(Ai) u a(490) mis 060MX MacCHBOB TOCTATOYHO BEITHKH.

Ecnu moacraButs B (22) A = 550 u Boipasuth a(490) uepes a(550), kak mpu mepexoje ot
(18) x (19), cnekTpanbHbIi MoKa3zaTens nortomeHus a(L) oynet pyukuueit a(550). Hanpumep,
mpu  a(490) <00.225 M ', wucmoms3ys 3Hauenms kodddummentos  C1(550) = 0.47 wu
C2(550) = 0.050 u3 seBoii MONTOBHHBI TA0J. 4, MOIy4IUM BMECTO (22):

a(h) = C1(1) [2.128 a(550) — 0.106] + Ca(L).

Tabruya 4
Koadpduuuentsi perpeccun Ci(A) u C,(A) ans pacuera a(A) uepes a(490) [35]

a(490) < 0.225 m”' a(490) > 0.225 m”'

7\4, HM C1(7\,) Cg(?\,) 7\4, HM Cl(k) Cz(?b) 7\, HM C1(7\‘) Cz(?\‘) 7», HM Cl(k) Cz()&)

400 2.70 -0.034 560 0.42 | 0.056 400 1.17 0.313 560 0.48 | 0.044

10 2.43 -0.030 70 0.39 | 0.065 10 1.25 0.250 70 0.47 | 0.048

20 2.21 -0.025 80 0.37 | 0.085 20 1.30 0.195 80 0.45 | 0.066

30 1.94 -0.019 90 0.34 | 0.131 30 1.37 0.128 90 0.44 | 0.110

40 1.76 -0.015 600 0.32 | 0.219 40 1.43 0.066 600 043 | 0.194

50 1.59 -0.010 10 0.30 | 0.261 50 1.34 0.054 10 041 | 0.234

60 1.41 -0.007 20 0.28 | 0.272 60 1.25 0.039 20 0.40 | 0.244

70 1.26 -0.005 30 0.26 | 0.289 70 1.16 0.024 30 0.38 | 0.257

80 1.12 -0.002 40 0.24 | 0.308 80 1.07 0.011 40 0.37 | 0.267

90 1.00 0 50 0.23 | 0.337 90 1.00 0 50 0.36 | 0.301

500 0.90 0.006 60 0.35 | 0.403 500 0.94 -0.006 60 0.60 | 0.329

10 0.81 0.018 70 0.45 | 0.427 10 0.90 -0.022 70 0.85 | 0.316

20 0.73 0.027 76 0.51 | 0.437 20 0.83 -0.015 76 1.03 | 0.299

30 0.65 0.030 80 0.45 | 0.453 30 0.76 0.001 80 0.90 | 0.325

40 0.56 0.036 90 0.28 | 0.510 40 0.67 0.013 90 0.59 | 0.418

50 0.47 0.050 700 0.15 | 0.622 50 0.55 0.033 700 0.29 | 0.572
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Jlesun .M.

B eme oHOM MOJenM CIEKTPAIbHOTO MOKa3zaTess norjiomeHus [31], npuMeHuMon TOJIb-
KO JUIsS BOJl OTKPBITOrO OKEaHa, MCIOJIb3yeTcs pasioxeHue a(l) mo cOOCTBEHHBIM BEKTOpaM
€ro KOBApUallMOHHON MaTPULIbL:

a()) = <a(l)> + C1us(M), (23)

rae <a(l)> u Up(A) — cpenHue 3HAYEHUS TOKAa3aTelis MOTJIOIICHUS M MEPBBI COOCTBEHHBIN
BEKTOp KOBapUAI[HOHHON MaTpHIbl. MX 3HAUCHHS, pacCYMTAHHBIC 110 H3MEPEHHUSIM B TIOBEPXHO-
cTHBIX Bojax Muauiickoro u Tuxoro okeanos (135 mpo0), mpuBeaeHsI B Ta0M. 5.

Tabauya 5
Cpennue 3HaYeHUsI TOKA3aTeNs MOTJIOIIEHUS
U MePBbI COOCTBEHHBII BEKTOP KOBAPHAIIMOHHOI MaTpuIbI [31]
A, HM 450 470 490 510 530 550 570 590
<a>, M | 0.044 0.033 0.026 0.02 0.03 0.04 0.05 0.15
Uy 0.326 0.261 0.194 0.121 0.087 0.065 0.050 0.039

3nas a(550 um), onpenernsem 1o (23) u Tabmn. 5 ko3 duruent pasnoxenus Cq, mocie ye-
ro pacnpeneneaue a(l) MOKeT ObITh BOCCTAHOBJICHO 110 BCEMY CIIEKTPY. TOYHOCTH TAKOTO BOC-
CcTaHOBJICHHS aBTOp oneHuBactT B 0.005—0.008 v .

Takum 00pa3oM, U3IIOKEHHBIC KOPPEISAIIMOHHBIE MOJICIIN TTO3BOJISIFOT ONPEICIIUTh 3HAYE-
aus [1I'X mo Bcemy BHIAMMOMY CHEKTPY, €CIM U3BECTHA OHA BEIMYMHA — ITOKA3aTeNlb 0CJIa0-
neHus B Touke 550 HM.

Crpykrypubie monesn III'X. Ctpykrypuble Moaenu, Boipaxkatouue I1I'X (nmokazarenu
TIOTJIOIEHHMSI, PACCESHUS ¥ 00paTHOrO paccesuus &, b u by) yepes xonnenrpaunn onruuecku
akTUBHBIX BemecTB (OAB) B OCHOBHOM HCIIOJIB3YIOTCSI B IPOOJIEME BOCCTAaHOBIICHUS KOHIICH-
Tpauuil copepxamuxcs B Bojie (UTOINIAHKTOHA, MUHEPAJIbHOM B3BECH U PAaCTBOPEHHOI opra-
HUKHU U3 CUTHAJIOB CKaHEPOB LIBETA U MYJIbTUCIIEKTPAIBHBIX CUCTEM BUIACHUS, KOTOPHIE 3aBUCST
ot atux I1I'X.

VYkazanssle [II'X B CTpYKTYpHBIX MOJEIISAX IIPEACTABIIAIOTCS B BUJE:

aM=a,M+a,M+a, ) +a,Q),
b(A) =b,(A) +b, (M) +b,(A), (24)
b, (1) = 0.5by, (M) + Bbc be (M) + b by (V)

rae uagekcamu W, C, X U y OTMEYaroTCs MOKa3aTeNy MOIJIOUIEHUS U PacCesTHUSI COOTBETCT-
BEHHO YHUCTOW MOPCKOH BOJIbI, (PUTOIUIAHKTOHA, HEXJIOPO(PMIHHBIX B3BEIICHHBIX YacTHI] (KaKk
OMOJIOTMYECKOT0, TaK W MHHEPATBHOTO TMPOMCXOXKICHUS) U PACTBOPEHHOTO OPTaHUYECKOTO
semectBa (POB), b, u by — BeposTHOCTH 06paTHOrO paccesHus PUTOIIAHKTOHA U HEXJIO-
poduIIbHOI B3BECH, AJISL YUCTOM BOJIBI BEPOSITHOCTH OOPATHOTO paccesHus Bbw =0.5. Iloka3a-

tenb nornomenus POB u3zmepsiercss B oTpuibTpoBaHHOM OT B3BecH Boje. Ilpu sTom Bo Becex
CTPYKTYPHBIX MOJEISX KOHLEHTpaus xyuopoduiuia C HEMOCPEACTBEHHO U3MEPSETCs B Mr/m’,
KOHIIEHTpaLusl B3BeCH 00O03HauaeTcs depe3 X M BbIpaKaeTcs depe3 IM0Ka3aTellb PacCEestHUs
B3BecH Ha anuHe BosHbI 550 HM ( X = b, (550) [M']), a kommenTpammst POB 06o3HagaeTcs de-

pe3 Y u BwIpakaeTcs dyepe3 Tmokazatenb mnorjomenus POB na mmne Bomubl 440 HM
(Y =a,(440) [m ']).

14



MaJjionapaMeTpudyecKue MOJIEJH ...

HuTepecyrolire HaC CTPYKTYPHBIC MOJETH BhipaxkaroT Bxoasmue B (24) ITI'X ac(A), ax(L),
ay(A), be(A), bx(2), b,., b,, (BeposTHOCTU 0OpaTHOrO paccesiHUs GUTOIUIAHKTOHA U B3BECH CUU-

TAIOTCS HE 3aBUCALIMMU OT JJIMHBI BOJIHBI) uepe3 KoHueHTpauuu C, X u Y. DTU MoJenu B pas-
HBIX IyOJIMKaLUAX 4acTO OTJIMYAIOTCA, & MHOTAA U IPOTUBOpPEYAT IpYyTr Ipyry. Msl 31ech mpo-
BE€JIEM 0030p OCHOBHBIX MOJIEJIEH.

Mopaeau noryiomenusi. [lokazamenv noznowjenus nuemenmos gumoniankmona ag(A) B
paborax [36] u [37]

a (1) =0.06C"**a (1), (25)
a B Oosiee mo3Hel padore [38]

a ()= At~ BO, (26)

rae a)(h) — 3nadeHus a (1), HOpMaNM30BaHHBIE OTHOCHTENBHO JUIMHBI BOJHBI A = 440 HM
(a;(440)=1) u Tabynuposannsie B [36], A(\) u B(A) — Ko>(bUIHEHTEI, TabyIMPOBAHHBIE B
[38]. 3nauenus 8.: (M), B3stbie U3 [36], npuBencHbI B Tabun. 6, a 3naueHus A(L) u B(L), B3sTbIe

u3 [38], — B Tabx1. 7. B Tabn. 6 mpuBeICHBI TAKXKE 3HAYCHUS YACIbHBIX MTOKA3aTEICH MOTIIONIEe-
HUS HEXJIOPO(PHIBHOMN B3BECH a; (M) = a,(A)/a,(440).

Tabnuya 6
Hopmaiin3oBaHHbIe ClIEKTPaIbHbIE IOKA3aTeIH NOryIomeHust xJaopopuiia a (1)

u B3gecn a, (1) [36]

A, HM | 400 410 420 430 440 450 460 470 480 490
a: 0.687 0.828 | 0.913 0.973 1.00 0.944 | 0.917 |0.870 | 0.798 | 0.750
a; 1.892 1.726 | 1.534 1.274 1.00 0.868 | 0.691 | 0.589 | 0.522 | 0.483

A, HM | 500 510 520 530 540 550 560 570 580 590

0.668 0.618 | 0.528 0.474 0.416 | 0.357 |0.294 | 0.276 | 0.291 | 0.282

0.473 0.509 | 0.488 0.495 0.526 | 0.548 | 0.565 | 0.599 | 0.624 | 0.718

A, HM | 600 610 620 630 640 650 660 670 680 690

0.236 0.252 | 0.276 0.317 0.334 | 0.356 |0.441 | 0.595 | 0.502 | 0.329

a'C

a, 0.850 0.879 | 0.875 0.935 1.041 | 1.227 | 1528 | 1542 | 1542 | 1542
Tabauya 7

Koyppumuentsr A(L) u B(2) [38]

A, uM | 400 410 420 430 440 450 460 470 480 490

A 0.0263 | 0.0313 | 0.0356 | 0.0386 | 0.0403 | 0.0370 | 0.0350 | 0.0330 | 0.0301 | 0.0274

B 0.282 |0.284 |0.299 |0.317 |0.332 |[0.361 |0.365 |0.370 |0.377 |0.361

A, mM | 500 510 520 530 540 550 560 570 580 590

A 0.0230 | 0.0180 | 0.0143 | 0.0117 | 0.0097 | 0.0080 | 0.0062 | 0.0053 | 0.0053 | 0.0056

B 0.321 [0.260 |0.196 |0.140 |0.090 |0.052 |0.016 |0.009 |0.035 |0.073

A, M | 600 610 620 630 640 650 660 670 680 690

A 0.0054 | 0.0057 | 0.0065 | 0.0071 | 0.0077 | 0.0083 | 0.0115 | 0.0189 | 0.0182 | 0.0083

B 0.092 |0.072 |0.064 |0.078 |0.098 |0.124 |0.121 | 0.149 |0.155 | 0.086
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Ha puc. 7 npuBeneHsl cieKTpaibHbIC 3aBUCUMOCTH (25) 1 (26) npu KOHIIEHTpAIUU XJIO-
podmmna C =1 mr/M°. V Hac HeT OCHOBAHHIl CUMTATH OJIHY M3 3THUX 3aBUCHMOCTEH Oojiee TOU-
HOH. B GonbImHCTBE MyOIMKaIii HCIIONB3YIOT (26), Mo-BUIMMOMY, KakK 00Jiee O3 THIOHO.

B crnenyromiel myOnuKanuy Mo4Ty TeX ke aBTOPOB [39], MOCBSIIEHHOW UCKITIOYUTEIHHO
Bogam Tuna Case 1, oTaenbHO paccMaTpuBaeTCsl MoKa3aTellb MOTIOUICHUS HEXJIOPODUIbHBIMU
YaCTUIIAMU OMOJOTHYECKOTO TIPOUCXOXKICHUs (OMOTEHHBIM JETPUTOM H TeTepOoTPOPHBIMU Op-
raHn3MaMHu), 0003Ha4YaeMBbIi anap (OT aHIII. NAP — non-algal particles), munepanbHas B3BeCh He

YYHUTHIBACTCS, U BMECTO d¢ IIPEAIaracTCs UCI0JIb30BaTh ap =a; + anap, IIpu4eEM

Anap(h)=apap(440)exp[- S(L —440)], a,,,(440)=0.0124C%"**, (27)
rae S = 0.010—0.012.

¥ d B yactaocTH, mug A = 440 um

a,(440) = 0.052C"** n
a, (440) =0.0378C***",

T.€., 1o [39], nHampumep, s
A=440 am npu C =1 mr/v’® y4der
HEXJIOPOQMIbHBIX YaCTHULl YBEIH-
YKMBAET IOKa3aTelb MOIJIOIEHUs B
1.38 pa3. [Ipu stom B [39] yTBeEp-
*Knaercs, urto B [36] m [37] mo-
TIJIOLECHHE HEXJIOPO(UIbHBIMU
YyacTHULIaMU BKJIIOYEHO B II0Ka3a-
tenb nornomenus POB ay. [lefict-
BUTEJIbHO, KaK Mbl YBHJIHUM B cJe-

0 . .
400 450 500 550 600 650 ’
}L, HM AYIOIIEM IIYHKTEC, CICKTpPaJIbHbIN

X0l a,,(A) (27) Tako#t xe, kak
Puc. 7. 3aBucumoctn @ ot A mipu C = 1 mr/m>; ay(A) (cM. nmamee). OTo yTBEpXKIE-
(26) (cruromHas kpusast) u (25) (MyHKTHD). HUE, HECMOTpPSA Ha TO, 4TO B [37] u

B [39] omun aBtop (A. Morel) 06-
I, BBITJISAUT CTPAHHBIM, Tak Kak B [36], [37] HEOAHOKPATHO MOBTOPSIETCS, UYTO 8x(A) — 3TO
[OKa3aTesb MOMIOIIEHUS HEXJIOPO(UIBHBIMY YaCTHIIAMU, a ay(A) onpeaensercs B OTQUIbTPO-
BaHHOH MOPCKOH BoJie, TJIe¢ HET HUKAKWUX YacTHUIl. MBI HE MOXeM OOBSCHUTH 3TO MPOTHBOPE-
4Ke, U B KQKJIOM KOHKPETHOM Clly4ae MoTpeOuTelNb, O-BUAUMOMY, JOKEH BBIOMPATh TOT WU
MHOU BapHaHT UCXOAS U3 cOOCTBEHHOro mpeamnoureHus. Cienyer Takxke A00aBUTh, YTO pac-
CMOTpEHHBIE MOJIENI HE YHUBepcalibHbl. Tak, B bantuiickoM Mope, KOTopoe MpecTaBiseT co-
60i1 cneun¢uyeckuil BoAHBINA OacceliH ¢ cHiIbHBIM mnornomenuem POB u TeppurenHoil B3Be-
ChbI0, HU OJiHa M3 Mozenei (25)—(27) ne padotaer [40].
®opmynsl (27) MOTYYEHBI 0 U3MEPEHUSIM B OTKPBITOM OKeaHe. [|Jis BBISICHEHUS UX TIPH-
MEHHMOCTH B TPUOpEXHBIX Bogax Tura Case 2 Obutn MpoBeeHBl KOMIUIEKCHBIE W3MEPEHUS
MOTJIOMIAIONINX CBOMCTB BOJBI B Pa3IMUHBIX MPHOPEKHBIX BOJaX BOKPYr EBpoIibl, BKIIOYaIO-
mux Jlamanm, Anpuatudeckoe, banrtuiickoe, Cpenuzemuoe u CeBepHOoe MOps (BCETO OKOJIO
350 crannuit) [41]. U3smepenus nokazanu, uyto popmyna (27), a Takxke (26), ecinu B Heil BMECTO

ac ucrnonb3oBare A, =a; +a,,,, CupaBeUIMBLl U [l MPUOPEKHBIX BOJ, a BEJIMYMHA IMapa-

metpa S paHa 0.0123 = 0.0013. TIpu 5Tom BenmuuuHa 8,,, BKIIOYAET HOTJIOMIEHHE HE TOIBKO

HEXJIOPO(UIbHBIMU YaCTUIIAMH OHMOJIOTHYECKOTO MPOUCXOKICHHUS, HO 1 MUHEPAJIbHYIO B3BECh.
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Iloxaszamenv noznowenuss POB ay(\) MpakTUYECKH BO BCEX MU3BECTHBIX HAM MCTOYHHKAX
ornpenensercs GyHKIueH

a (=2, (440)exp[-S(~440)]

U pacXOXKICHUSI TOJILKO B BEJIMUMHE TapaMerpa S.

B Tedenme n0nATOrO BpEMEHM BCEMH HCCIIEIOBATENSIMU HCIOIb30BATOCH 3HAUYCHHE
$=0.014 uM ' (manpumep, [14, 36, 37, 42]). B pasinuuHbIX mMyOIHKALMSX MOCICIHUX JIET Be-
JNMYMHA S JUIS BCEX THIIOB BOJ B OCHOBHOM KoseGmercs o 0.011 10 0.019 M . Ha puc. 8 mo-
Ka3aH CIIeKTPaJbHBIN X0J Tokasarens moromnieHuss POB B atux mpemenax mapamerpa S. B
npuOpeKHBIX BoJaxX Mo u3Mepenusm Bokpyr EBpomsl [41] S = 0.0176 + 0.020. A B bantuiickom
mope [40] S = 0.016—0.023 co cpeanum 3nauenuem 0.020.

Ilokazamenv  noenowenus

636ecu ay 1o [36, 37] B
a (1) =0.042b,(550)a (M), 1.8k
rme by(550) =X (cm. (24)) — L6[ \\
MoKa3aTelb PacCesiHUS B3Be- 14
cu — Oy/leT pacCMOTpPEeH HUXKE, §f i3
3HAueHHs & TIPMBEJEHBI BBINIE >
B Tab11. 6. 3 :
Ha puc.9 nokasana 3aBu- S 0.8
cumocTh ay(A)/by (550) or A mo 06
(28). B nIprOpeKHBIX BOAAX TUIIA '
Case 2, rae mpeoOnagaer Teppu- 0.4
TeHHAsI, WJTH MUHEpaJIbHAsT B3BECh, 0.2
00bIYHO MipuHUMaeTcs [31] 8 ' = e e
450 500 550 600 650
a, (A)=0. 400 A, HM
Mooenu pacceanusn. Ilo- Puc. 8. 3aBucumocrs a, (A)/a, (400) ot A
Kazamenvb — paccesHus  umo- s S =0.011 (1), 0.015 (2), 0.019 (3).
naankmona be(\) o [36, 37]
* * 0.08
be (M) = b (550)a,, (550) /a; (1) , (28)
b, (550) = 0.12C %42, 0:07
Bo MHOTHX 0OMEe TO3IHUX ﬁ 0.06
nyoimkanusix [25, 29, 42, 43— &
45] npuHUMaeTcs APYyroe 3Haue- é 0.05
Hue ko3 dunuenta npu C: <
0.04
be(550) =0.3c%%2.  (29)
ITo [29], dopmyna (29) oTHo- 0.03
CUTCS K OKCaHCKHM BOJIaM THIIa
Case 1, a uis IpUOPEKHBIX BOJ 0.02¢
(Case 2)
0.01 ' . L
b, (550) = 0.416C°7%6.  (30) 400 450 500 550 600 650

3ametum, yto HU (29), Hu (30)
Puc. 9. 3aBucumocTs a,(L)/by (550) ot A [36].
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HerpuMeHuMbl B bantuiickom mope [40]. B [29] u [46] BmecTO (28) npennaraercsi creneHHas
3aBUCHMOCTh

b, (1) = b, (550)(A/ 550)" . (31)
[Tokazarens crenenu v mo [29],
[46]
1.6
» v=0.015(log,, C—0.3), ecin
5 4 0.02<C <2;
2 1.2
3 3 v=0,ecmu C=>2,
3_0 g 2 (r.e., mpu C=0.02 v=—1, mpu
< C=1v=-0.15), a B [46] npenia-
0.6 raercsi cuutatb N =—0.5 He3aBuU-
0.4 cumo ot C. Jlus 4YMCTBIX OKeaH-
' ] ckux Boj (Case 1), rue oTcyrcTBy-
0.2 eT MUHEpabHas B3BECh, 110 [14]
0 - _
400 450 500 550 600 650 v=-03.
A, HM Ha puc. 10 nmokasansl 3aBu-
Puc. 10. 3asucimocts be(L)/by(550) ot & mo (28) [36, 37] —  cumoctn B (1) /0, (550) o (28) n
(1) mmo (31)[29,46] npuv=0 (2), 0.5 (3) u—1 (4). 1o (31) mpu pa3HBIX V.
V Hac HeT 0OBACHEHHS CTOJIb
_z CHUIILHOMY Pas3sIMUUI0 MEKIY MO-
x10~ , o nemsivu (28) u (31).
Iloxaszameny paccesnus
1 ] ez6ecu by(\) mo [36, 37]
10 b, (A) =b, (550)(550 /)"

g 2
Jns Box tuma Case 2, B KO-
8

TOPBIX HpeO6J'IaI[3.CT MUHCPAJIbHAA

<5 B3BEChH, 110 [14]
8 b, (1) = b, (550)(550/ )" .
4

5 . Bepoamuocmos ob6pammnozo

4 \ pacceanus QumonianKkmona u
636ecu CUUTACTCA NPAKTHYCCKU HE

310-1 10° : | 01 3aBUCAINIEH OT JUIMHEI BOJIHBI. Be-

C, Mr/Mm"

POATHOCTD O6paTHOFO paccesaHuna

N UTOIIJIAHKTOHA b A mo [36
Puc. 11. 3aBucumoctu bbc or C. b be (M) [36,

(34) u3 [47] — (1); (33) w3 [28] — (2); (35) w3 [46] — (3) 37]
u (32) u3 [36, 37] — (4). 60 ~0.005 (32)
ITo [28]
b,, =0.002+0.01(0.5-0.25IgC) . (33)
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ITo [47]
b, = 0.01(0.78—0.421gC). (34)
ITo [46] B cpennem
b,, =0.008. (35)

Ha puc. 11 nokasansi 3aBucumoctu (32)—(35).
BepositHOCTh 00paTHOTO paccesiHus B3BecH 1o [36, 37] an =0.015, a mo [15], xak yxe 00-

CYXKIAIIOCh BBIIIE, an =0.01 gns Bog Case 1 u Bbx =0.019 s Box Case 2.

KoppensinnonHblie cBA3M MeKIY COCTABJISIIOIIMMH CTPYKTYPHBIX MoaeJiei. [Tpu wnc-
HOJIB30BAaHUU CTPYKTYpHBIX Mozeneil [1I'X BakHO 3HATh, €CTh JIM KOPPEIALUOHHBIC CBSI3U Me-
xay KoHueHTpauusMu OAB — cocraBnsromumu 3tux mozenei. B [36, 37] npennonaranocs,
yro KoHIeHTpauuu C, X u Y He3aBucuMbl. OJIHAKO MO3/IHEE B HECKOJIBKUX MyOJIMKALUAX MOs-
BHJIMCH cooTHOMIeHUs, cBs3piBaronue Y u C. ITo [39] u [29]

Y =a, (440) = 0.2[0.052C°** +a,,(440)], (36)
ato [46]
Y =a, (440) =0.032C°*. (37)
ITo [48]
a, =a;C; exp(—k1)+a,C, exp(—k.2),
Cr = 1.74098 C exp(0.12327C); Cp, = 1.19334 C exp(0.12343C), (38)
at =35.959 m’/mr; af, = 18.828 m°/mr; k¢ =0.0189 um '; kp =0.01105 mm .

dopmyiel (36), (37) otHocsTes kK Bomam tuma Case 1, (38) — k oboum tunam (Case 1 u
Case 2). 3aBucumoctr (36)—(38) nmokazansl Ha puc. 12. K coxkaneHuio, TOYHOCTh 3TUX (op-
MYJT HeM3BECTHA.

(=}

1 AAAAH‘

1074
10° 1 0 1 107 -l i
10 LU 10 10 107 ol 10 10
Puc. 12. 3aBucumocts a,(440) ot C. Puc. 13. CooTHomIEHUE MEX Ty KOHIICHTPALUIMHU
(37) m3 [46] (1); (36) u3 [29, 39] (2); POB u xnopoduiia B baaruiickoMm Mope:
(38) m3 [48] (3). TOYKH — JaHHBIC DKCIIEPUMEHTOB, IIPSMbIC —

dopmynel (36) (1), (37) (2) u (38) (3).
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N3mepenns konneHTpanuu xjgopodmwina u POB Bo mHorux toukax bantuiickoro mops
[40] moka3zanu, yto B bantuiickom Mope koppemsuun mMexnay ay(440) u C mpakTHYecKH HET
(puc. 13). B coorBeTcTBUM C AaHHBIMU U3MepeHus ay(443) u C dpaHIly3cKuX HccienoBarenei
B 58 toukax banrmiickoro mops, no0e3Ho npencraBieHHbiMu aBTopy Malik Chami, koaddu-
[UEHT KOPPEISALHH r? mexay ay(440) u C pasen 0.19.

*k*k

[TpoBeneHHBIN 0030p MOKa3aj, 4TO, €CJIM U3BECTHA OJHA U3 XapaKTEPUCTUK UHIUKATPUCHI
paccesiHusI, HalpuMep, BEPOSTHOCTh OOPATHOTO PACCESTHUS, OCTAIBHBIE MapaMeTphbl HHIUKAT-
PHCHI, HCTIOJB3YEMbIE B TEOPUH MEPEHOCA U3ITYUYCHUSI K TEOPUH TIOIBOJTHOTO BUICHUS (CpeIHUN
KOCHHYC, JUCTIepCHs, KOAPPHUIIMEHT aCHMMETPUH H JIp.) MOTYT OBITh C IOCTATOYHON CTETIEHBIO
TOYHOCTH HAWJEHBI C MOMOILBIO NPUBEICHHBIX COOTHOIIEHUNU. KoppesiimoHHble 3aBUCUMOCTH
MEXTy TIOKa3aTeJISIMHA PACCESTHUS U OCIIA0JICHNs, BEPOATHOCTSIMH BbDKUBaHUS (POTOHA M 00paT-
HOTO paccestHus Ha JuHe BOHBI A = 550 HM, cripaBeyiuBbIe 71 OOJIBITMHCTBA TPHOPEKHBIX
U OTKPBITBIX PailoHOB MHUPOBOr0 OKeaHa, MOTYT OBITh HEMOCPEICTBEHHO HCIOJIb30BAHBI JIJIs
pacdyera CHCTEM IIOJBOJAHOTO HAOJIONECHUS W JIOKAIMHM, padOTaroIMX B OOJACTH CIEKTpa
550 HM TIpH €CTECTBEHHOM M UCKYCCTBCHHOM (B TOM YHCIIE JIA3PHOM) OCBEIIeHUH. B couera-
HHUM C 3TUMU 3aBUCHUMOCTSIMHU, IIPUBEICHHBIC CIEKTPAJbHbIC MOICIH MO3BOJISIOT ONPEACIUTh
3HauyeHus [1I'X mo Bcemy BHIMMOMY CIIEKTPY, €CIM M3BECTHA OJHA BEJIMYMHA — IIOKA3aTellb
ocnabnenust B Touke 550 M. CrpyktypHble Moaenu [1I'X mocrarouHo MHOrooOpa3HbI, 4acTo
MIPOTHUBOPEUYUBHI, 00JACTh WX MPUMEHEHUsI OrpaHUYEHa U TOYHOCTh HE BCEr/ia M3BECTHA. Tem
HE MEHEe, OHHM MO3BOJISIIOT OICHUTH JHAIla30H BO3MOXKHOI'O M3MeHEeHUs cocTapisrommx I1I'X
JUTSL 33JaHHBIX KOHIICHTPAIMA ONTUYECKH aKTUBHBIX BEIeCTB ((DUTOTUIAHKTOH, MUHEpAITbHASI 1
HexJIopouIbHAsS B3BECh U PACTBOPEHHBIE OpraHMYECKHUE BEUIECTBA), B PsAJAE CIydyaeB OIpeje-
JUTh MOJEJNb, HaUOOJIEEe MOIXOANIYIO JJII KOHKPETHOTO MOPCKOTO paiioHa M HMCIOJIb30BaTh
MMEIOIIUECS] MOJIENU TIpH olleHke TouHocTu moaenupoBanus [1I'X. Kpurepuu BeiOopa cTpyk-
TYPHOU MOJIEIH MOTYT OBITh Pa3IUYHBIMU U OOBIYHO BHIOUPAIOTCSI aBTOPAMHU B 3aBUCMOCTH OT
KOHKpeTHOM 3a1a4n. [I[puMepoM Takoro BEIOOpa MOXKET CIY>KUTbh, B YaCTHOCTH, PEIICHUE 3a/a-
YU OTpEIeTICHUsI KOHIICHTPALMK colep KaIuxcs B Boje (PUTOIIIAaHKTOHA, MUHEPAIHHOU B3BECH

Y PaCTBOPEHHOM OPTaHUKH C IOMOIIBbIO MYJIBTHCIIEKTPaIbHBIX cUcTeM BuaeHUs [49, 50].

Aemop npunocum 2nyboxyio 6aazodaprocms Malik Chami sa npedocmasnenue pezynomamos usmepenuil,
O. B. Konenesuyy  3a  n100omeopHoe  ob0cyscoenue  pesyismamos  pabomul, H. E. Iloxposcxoti,
T. M. Paoomvicavexou u M. A. Poouonosy 3a nomous 8 0popmieHuu cmamoiu.

Paboma svinonnena npu noodepicke PODU, npoexm Ne 13-05-00050.

References

1. Dolin L. S., Levin I. M. Theory of underwater vision. Leningrad, Gidrometeoizdat, 1991, 230 p. (in Russian).

2. lvanov A. P. Physical fundamentals of hydrooptics. Minsk. Nauka i tekhnika, 1975, 503 p. (in Russian).

3. Preizendorfer R. Hydrologic optics. Honolulu: NOAA, 1976, 1750 p.

4. Ivanov A. Introduction to oceanography. Moscow, Mir, 1978, 574 p. (in Russian).

5. Erlov N. G. Optics of the sea. Leningrad, Gidrometeoizdat, 1980, 248 p. (in Russian).

6. Optics of the ocean / Edited by A. S. Monin. Moscow, Nauka, 1983, 605 p. (in Russian).

7. Shifrin K. S. Introduction to the ocean optics. Leningrad, Gidrometeoizdat, 1983, 278 p. (in Russian).

8. Dera J. Marine Physics. Elsevier. Amsterdam, 1992, 516 p.

9. Mobley C. D. Light and Water: Radiative Transfer in Natural Waters. Academic Press. San Diego, 1994. 592 p.
10. Levin I., Radomyslskaya T. Secchi disk theory: a reexamination. In: Current Research on Remote Sensing, laser

Probing, and Imagery in Natural Waters / Edited by I. M. Levin., G. D. Gilbert, V. I. Haltrin and C. Trees. Pro-
ceeding of SPIE, 2007. V. 6615, 661500, 11 p.

11.Levin I. M., Radomyslskaya T. M. Estimate of water inherent optical properties from Secchi depth. lzvestiya,
Atmospheric and Oceanic Physics, 2012, 48(2), 214—221.

12.Simonot J.-Y., Trout H. A. A climatological field of mean optical properties of the world ocean. J. Geophys.
Res., 1986, 91(5), 6642—6652.

13. Mankovskiy V. I., Timofeeva V. A., Shemshura V. E. On relationship between integrated characteristics of light
scattering indecatrix of sea and ocean water. Optika morya. Moscow, 1983. 38—44.

20


http://link.springer.com/search?facet-author=%22I.+M.+Levin%22
http://link.springer.com/search?facet-author=%22T.+M.+Radomyslskaya%22
http://link.springer.com/journal/11485
http://link.springer.com/journal/11485
http://link.springer.com/journal/11485

MaJjionapaMeTpudyecKue MOJIEJH ...

14. Kopelevich O. V. Optical properties of sea water. In: Optics of the ocean / Edited by A. S. Monin. Moscow,
Nauka, 1983, 1, 150—234.

15. Levin I. M., Kopelevich O. V. Correlations between the inherent hydrooptical characteristics in the spectral
range close to 550 nm. Okeanologiya, 2007, 47 (3), 374—379 (in Russian).

16. Levin I. M., Desa Eh., Desa El., Suresh T., Radomyslskaia T. Can the Secci depth measurements be used for
determination of water inherent optical properties? / Proc. of 1 International Conference «Current Problems in
Optics of Natural Waters» (ONW'2001), St.-Petersburg: D. S. Rozhdestvensky Optical Society, 2001, 360—
366.

17.Sydor M., Arnone R. A. Effect of suspended particulate and dissolved organic matter on remote sensing of
coastal and riverine waters. Appl. Optics., 1997, 36(27), 6905—6912.

18. Morel A., Prieur L. Analysis of variations in ocean color. Limnol. Oceanogr., 1977, 22(4), 709—722.

19. Shoonmaker J. S., Hammond R. R., Heath A. L., Cleveland J. S. A numerical model for prediction of sublittoral
optical visibility / Ocean Optics XII. Bergen: Society of Photo-Optical Instrumentation Engineers, 1994, 2258,
685—702.

20. Levin 1., Darecki M., Sagan S., Radomyslskaya T. Relationships between inherent optical properties in the Bal-
tic Sea for application to the underwater imaging problem. Oceanologia, 2013, 55(1), 11—26.

21.Smith R. C., Baker K. S. Optical properties of the clearest natural waters (200—800 nm). Applied Optics, 1981.,
20(2), 177—184.

22. Petzold T. J. Volume scattering function for selected ocean waters. San Diego: Scripps Inst. of Oceanography,
1972, 79 p.

23.Lee Z., Carder K. L., Mobley C. D., Steward R. G., Patch J. S. Hyperspectral remote sensing for shallow wa-
ters: 2. Deriving bottom depths and water properties by optimization. Applied Optics, 1999, 38(18), 3831—
3843.

24.Gordon H. R. Dependence of the diffuse reflectance of natural waters on the sun angle. Limnol. Oceanogr.,
1989, 34(8), 1484—1489.

25.Gould R. W., Arnone R. A., Martinolich P. M. Spectral dependence of the scattering coefficient in case 1 and 2
waters. Applied Optics, 1999, 38(12), 2377—2383.

26.Kirk J. T. O. Dependence of relationship between inherent and apparent optical properties of water on solar
altitude. Limnol. Oceanogr., 1984, 29, 350—356.

27. Sathyendranath Sh., Platt T. Analytic model of ocean color. Applied Optics, 1997, 36(12), 2620—2629.

28. Morel A., Antoine D., Gentilu B. Biderectional reflectance of oceanic waters: accounting for Raman emission
and varying particle scattering phase. Applied Optics, 2002, 41(30), 6289—6306.

29.Morel A., Maritorena S. Bio-optical properties of oceanic waters: A reappraisal. J. Geophys. Res., 2001,
106(C4), 7163—7180.

30. Wozniak B., Dera J., Koblentz-Mishke O. J. Bio-optical relationships for estimating mpu mary production in the
Ocean. Oceanologia, 1992, 33, 5—38.

31. Kopelevich O. V. Low-parametric model of the optical properties of seawater. In: Optics of the ocean / Edited
by A. S. Monin. Moscow, Nauka, 1983, 1, 208—234. (in Russian).

32. Kopelevich O. V. The current low-parametric models of seawater optical properties / Proc. of the | International
Conference «Current Problems in Optics of Natural Watersy (ONW'2001), St. Petersburg:
D. S. Rozhdestvensky Optical Society, 2001, 18—23.

33.Voss K. J. A spectral model of the beam attenuation coefficient in the ocean and coastal areas. Limnol. Ocea-
nogr., 1992, 37(3), 501—509.

34.Pope R. M., Fry E. S. Absorption spectrum (380—700 nm) of pure water. Il. Integrating cavity measurements.
Applied Optics, 1997, 36(33), 8710—8723.

35.Barnard A. H., Pegau W. S., Zaneveld J. R. V. Global relationships of the inherent optical properties of the
oceans. J. Geophys. Res., 1998, 103(C11), 24,955—24,968.

36. Prieur L., Sathyendranath S. An optical classification of coastal and oceanic waters based on the specific spec-
tral absorption of phytoplankton pigments, dissolved organic matter and other particulate materials. Limnol.
and Oceanogr., 1981, 26(4), 671—689.

37.Sathyendranath S., Prieur L., Morel A. A three-component model of ocean colour and its application to remote
sensing of phytoplankton pigments in coastal waters. International J. of Remote Sensing, 1989, 10(8), 1373—
1394,

38.Bricaud A., Babin M., Morel A., Claustre H. Variability in the chlorophyll-specific absorption coefficients of
natural phytoplankton: Analysis and parameterization. J. of Geophysical Research, 1995, 100(C7), 13,321-
13,332.

39.Bricaud A., Morel A., Babin M., Allaly K., Claustre H. Variation of light absorption by suspended particles
with chlorophyll a concentration in oceanic (case 1 waters): analysis and implications for bio-optical models. J.
of Geophysical Research, 1998, 103(C13), 31,033—31,044.

21



Jlesun .M.

40. Levin I, Darecki. M., Sagan S., Kowalczuk P., Zdun A., Radomyslskaya T., Rodionov M. Can the Known Mod-
els of Seawater Optical Properties Be Applied to the Baltic Sea? Fundam. i prikl. gidrofiz., 2012, 5(4), 80—387.
(in Russian).

41.Babin M, Stramski D., Ferrari G., Claustre H., Bricaud A., Obolensky G., Hoepffner N. Variations in the light
absorption coefficients of phytoplankton, nonalgal particles, and dissolved organic matter in coastal waters
around Europe. Journal of Geophysical Research, 2003, 108(C7), P. 3211.

42. Morel A., Loisel H. Apparent optical properties of oceanic water: dependence on the molecular scattering con-
tribution. Applied Optics, 1998, 37(21), 4765—4776.

43.Gordon H. R., Morel A. Remote assessment of ocean color for interpretation of satellite visible imagery: A re-
view (Springer-Verlag), 1983.

44.Gordon H. R., Brown O. B., Evans R. H., Brown J. W., Smith R. C., Baker K. S., Clark D. K. A semianalytic
radiance model of ocean color. J. of Geophysical Research, 1988, 93(D2), 10,909—10,924.

45. Loisel H., Morel A. Light scattering and chlorophyll concentration in case 1 waters: a reexamination. Limnolo-
gy and Oceanography, 1998, 43(5), 847—858.

46. Morel A. Are the empirical relationships describing the bio-optical properties of case 1 waters consistent and
internally compatible? J. of Geophysical Research, 2009, 114(C01016).

47. Sathyendranath S., Cota G., Stuart V., Maass H., Platt T. Remote sensing of phytoplankton pigments: a com-
parison of empirical and theoretical approaches. International Journal of Remote Sensing, 2001, 22(2, 3),
249—273.

48. Haltrin V. Chlorophyll-based model on seawater optical properties. Applied Optics, 1999, 38(33), 6826—6832.

49. Levin I. M., Levina E. I. Effect of atmospheric interference and sensor noise in retrieval of optically active ma-
terials in the ocean by hyperspectral remote sensing. Applied Optics, 2007, 46(28), 6896—6906.

50. Levin I. M., Levina E. I. Errors in the retrieval of oceanic concentrations of optically active materials from mul-
tispectral sensor signals by observations through atmospheric layer. lzvestiya, Atmospheric and Oceanic Phys-
ics, 2012, 48(5), 608—616.

Cratps nmoctynmia B pegakiuro 20.01.2014 r. 3

© I. M. Levin
Saint-Petersburg Department of the P. P. Shirshov Institute of Oceanology of RAS, Saint-Petersburg, Russia
ocopt@yandex.ru

FEW-PARAMETER OPTICAL MODELS
OF SEAWATER INHERENT OPTICAL PROPERTIES

The paper reviews and analyzes few-parameters optical models of water inherent optical properties
(IOPs). These models are classified as correlational and structural models. Correlational models es-
tablish relations either between values of a single 0P at different wavelengths (spectral models) or
between values of several IOPs at the same wavelength. The correlations between attenuation, scat-
tering and backscattering coefficients at 550 nm were shown to be valid for the majority of open and
coastal regions of the World Ocean. In particular, they can be used to compute parameters of under-
water imaging systems operating in this spectral range. Correlational models make it possible to de-
termine the values of 10P for the whole visual spectrum on the basis of the value of the attenuation
coefficient at 550 nm. The structural models describe 10Ps in terms of concentrations of optically
active matters (OAM): phytoplankton, sediment and colored dissolved organic matter. We show that
these models are very diverse and often mutually contradictory; their domain of application is li-
mited and their accuracy is often unknown. Nevertheless, they make it possible to estimate a range
of possible IOP variation for given OAM concentrations.

Key words: few-parameter optical models, water inherent optical properties, absorption, attenuation, scattering
and backscattering coefficients, phytoplankton, sediment, colored dissolved organic matter.
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