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Luchinin A.G. On Underwater Imaging Systems with Complex Modulated Beams of [llumination....

A scheme of construction of imaging systems based on a complex modulated illuminating beam and the re-
ceived echo signal processing is proposed, which involves the extraction of the modulated component and its
matched filtering is discussed. The approached model of a signal taking into account the effect of surface
waves and multiple scattering in water is constructed. The system limiting longitudinal and transverse resolu-
tions determined by random light refraction on the surface and scattering in water are estimated. Characteris-
tics of imaging systems with extremely high frequency of beam modulation are estimated.

Key words: underwater imaging, modulated beams of light, dispersion of modulation waves, compression of
complex signal, random refraction, wavy surface hydrodynamically rough.

Likhacheva M. V., Sheberstov S.V., Kopelevich O.V. Modified Algorithm of Atmospheric Correction
for MODIS Satellite Data..........c.ooouiiiiiiiii e

New approach to MODIS data processing, joined of algorithm for sun glint area and low-parametric algorithm
of atmospheric correction is presented. Software package processing MODIS imagery has been developed.
Validation of this algorithm with in situ measurements of the water radiance reflectance p(A) in most cases
shows better accuracy then the SeaDAS 6.1 data as in the presence of sun glint and without glint. As a result
of applying of new algorithm, the area of solving the inverse problem increased.

Key words: atmospheric correction, sun glint, ocean color sensors.

Trees C., Pennucci G. About the Distrotions of the Pulsed Light Beam in the Medium with Strongly
ANISOLTOPIC SCAETITIZ . .« .t ettt et ettt et e e e eeeaae s

One of the principle advantages of gliders is that they provide high-resolution measurements at small temporal
and spatial scales. They also autonomously operate 24/7 under a variety of weather and sea-state conditions,
they increase sample measurement densities (shipboard sampling 87 profiles day-1 as compared to 665 pro-
files day-1 from a glider), they are relatively low cost, easily re-locatable and finally, they have low power
requirements for extended deployment periods. The goals of this study were (1) to determine the radiometric
uncertainty of downwelling irradiance (Ed) measurements made from gliders, (2) to apply the Submerged Re-
mote Sensing (SRS) technique for calculating mean K's (average K over some depth interval from just below
the surface to the sensor depth) from validated glider Ed data and (3) to invert mean K's to local K's (K over
some smaller depth increment ~1-2 m to generate a vertical profile of K) under varying incident solar fluxes
(cloud cover/atmospheric conditions).

Key words: slocum gliders, underwater irradiance, vertical attenuation coefficient.

Dolin L.S. About the Distrotions of the Pulsed Light Beam in the Medium with Strongly Anisotropic
N0 1171 51070

The method for analysis of spatially - temporal distortions of a pulsed light beam in the stratified turbid me-
dium with narrow scattering phase function (in particular, sea water) is developed. It is shown that the radia-
tive transfer equation in the refined small-angle approximation is reduced to a set of equations for longitudinal
moments of a pulsed light field which is solved rigorously unlike the analogous equations for temporary mo-
ments of pulse. Recurrence relations, which permit to calculate the moments of the higher order based on the
zero moment, are obtained. The formulas for calculating the first three moments, defining the average radiance
(or irradiance), the distance between the leading front and the “centre of gravity” of pulse as well as the longi-
tudinal scale of its smearing, are given. Formulas for definition of time characteristics of pulse from its spatial
moments are obtained.

Key words: laser impulse, turbid medium, light scattering, radiative transfer equation, light field, a method of
the moments.
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Rodionov M., Dolina 1., Levin I. Correlations Between Depth Distributions of Water Attenuation
Coefficient and Density in the North Seas ...

The paper contains the data on measurements of depth distributions of attenuation coefficient and fluid density
in the Barents, White and Kara Seas together with results of analysis the correlations between these distribu-
tions. We founded that in many cases correlations between parameters of the functions used for distributions
approximation are rather high, namely, between the horizons of maximal change of attenuation coefficient and
the pycnocline depth, between widths of pycnocline and the layer of attenuation coefficient jump, as well as
between the gradient of ¢ and the buoyancy frequency.

Key words: correlations, depth profiles, attenuation coefficient, fluid density.

Vasulia S.V., Kopelevich O.V. Comparative Estimates of the Budget of Photosynthetic Available
Radiation (PAR) in the Barents, White, Kara and Black Seas Derived From in situ and
Satellite Data. ... ..o e

The comparative assessment of all components of the PAR budget (incident on the sea surface, reflected from
the rough sea surface, penetrating to the different depth in the water column, water-leaving and absorbed in
water) made by using satellite and in sifu data in the Barents, Black, Kara, and White seas is presented. Water
quality is varied from clear with the diffuse attenuation coefficient K,(555) ~ 0.13 m ' to very turbid with
K4555) = 0.42 m'. These differences cause the essential discrepancy of components of the PAR budget in
different seas. An agreement between the estimates of PAR penetration in the upper layer derived from in situ
and satellite data is quite satisfactory.

Key words: photosynthetic available radiation, PAR budget, satellite data.

Ficek D., Meler J., Zapadka T., Ston-Egiert J. Modelling the Light Absorption Coefficients of Phy-
toplankton in Pomeranian Lakes (Northern Poland) ...............cccooooiiiiiiiiiin,

In 2004-08 the absorption properties of phytoplankton was measured in 15 northern Polish lakes of different
trophicity. At the same time the concentrations of optically active substances in these lakes were also meas-
ured. These data were used to test the model of the absorption properties of phytoplankton, derived by Bricaud
et al. for case 1 oceanic waters (hereafter referred to as Bricaud's parameterisation), to predict the spectra of
light absorption by phytoplankton a,, for lakes in Pomerania. This study shows the limitations of this model to
lacustrine phytoplankton; and the reasons for them are discussed. In addition, an analogous model of light ab-
sorption by phytoplankton in the investigated lakes was derived on the same mathematical basis as Bricaud's
model, but with different values of the relevant empirical parameters. For the sake of simplicity, the analysis
covered the coefficients of light absorption only by surface water phytoplankton. The results were compared
with those obtained for case 2 waters by other authors using similar models.

Key words: phytoplankton absorption spectra, lakes, bio-optical modelling.

Pennucci G., Alvarez A., Trees C. A Satellite Covariance-Based Method to Support AERONET
Ocean Color Validation ACHIVITIES .....vevtirtireirtiteteiteteiteiterrerereeenriree e

The objective is to determine the location(s) in any given oceanic area during different temporal periods where
in situ sampling for Calibration/Validation (Cal/Val) provides the greatest improvement in retrieving accurate
radiometric and derived product data (lowest uncertainties). A method is presented to merge satellite imagery
with in situ samples and to determine the best in situ sampling strategy suitable for satellite Cal/Val efforts.
This methodology uses satellite acquisitions to build a covariance matrix encoding the spatio-temporal vari-
ability of the area of interest. The covariance matrix is used in a Bayesian framework to merge satellite and in
situ data providing a product with lower uncertainty. The best in situ location for Cal/Val efforts is retrieved
using a design principle (A-optimum design) that looks for minimizing the estimated variance of the merged
product.

Key words: satellite images, field measurements, calibration-validation, merged product.

Tolkachenko G.A., Kalinskaya D.V., Smirnov A.V., Prohorenko Y.A. Evalution of Spatial Scales of
Aerosol Atmosphere over the Black Sea .............ccooiiiiiiiiiiiii e

Results of researches of spatial correlation of atmosphere optical heterogeneities above the Black sea are pre-
sented. Measurements of aerosol optical thickness are carried out by two spaced sun photometers. The spatial
correlation radius of aerosol optical thickness is estimated and constitutes in order of 160 km. Possibility of
revealing the absorbing aerosols properties above the sea is shown on a concrete examples. The recommenda-
tions on application of portable photometers in sub-satellite measured experiments are given.

Key words: acrosol, correction atmosphere, spatial correlation, undersattelite experiment.
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Levin I., Darecki.M., Sagan S., Kowalczuk P., Zdun A., Radomyslskaya T., Rodionov M. Can the

Commonly used optical models of natural waters have been analyzed in the context of their applicability in the
Baltic Sea. By use of a large data set collected at the Baltic, we found that published before relationships be-
tween scattering, attenuation and backscattering coefficients at wavelength 550 nm in ocean waters are valid
for Baltic as well. When the same data were used for validation of the relationships connecting absorption and
scattering coefficients of the chlorophyll and absorption coefficients of Colored Dissolved Organic Matter
(CDOM) with chlorophyll concentration, the result shows a large discrepancy, disqualifying them in the com-
plicated environment of the Baltic Sea.

Key words: inherent optical properties, phytoplankton, yellow substance.

Sukhorukov A.L., Titov M.A. Use of Gliding Effect for Motion of Underwater Vehicles ................

This study defines hydrodynamic characteristics of underwater gliders based upon numeric solution of Rey-
nolds-averaged Navier-Stokes equation. The characteristics were compared with experimental data and it was
shown that it is possible to use numeric methods of viscous fluid dynamics for development of a shape of such
objects. Mathematical model of glider's motion was designed. Feasibility of its use as a towing vehicle for
another underwater object was studied. Analytical estimations of glider motion parameters were obtained at
steady-state modes with and without account of towing force.

Key words: underwater vehicle, glider, numeric methods, mathematical model of motion, towing, excessive
buoyancy.
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CPABHUTEJIBHBIE OHEHKHU BAJIAHCA
®OTOCUHTETUYECKHA AKTUBHOM PAITMAIIMA B BAPEHIIEBOM,
BEJIOM, KAPCKOM U YEPHOM MOPAX I10 JAHHBIM CYJAOBBIX
W CITY THUKOBBIX U3MEPEHUI

[IpencraBneHsl CpaBHUTENIBHBIE OLEHKH OCHOBHBIX COCTaBILIOIIMX OanaHca (OTOCHHTETH-
yecku akTUBHOHM paauaruu (PAP) (maparomieit, oTpakeHHOH U BBIIEIIEH U3 BOJHON TOJI-
1K) ¥ OOBEMHOTO IOTJIOUICHUS] COJIHEYHOTO M3JIy4eHUs] B NPUIIOBEPXHOCTHOM cioe B ba-
penueBoM, Yepnom, Kapckom u benom Mopsx Mo JaHHBIM CYJOBBIX M CIIyTHHKOBBIX H3Me-
penuil. OnTHYecKUEe CBOMCTBA BOJA 3HAYHMTENBHO pPa3IMYaINCh, B YAaCTHOCTH, MOKa3aTelb
muddysHoro ocnabnenust moaBoHON 00mydeHHOCTH K(555) M3MeHsuIcs npuOIN3NTEIbHO
ot 0.13 M ' 110 0.42 M ', D1H pasnuums 06YCIOBIMBAIM CYIIECTBEHHYIO PA3HUIY B COCTAB-
nsrorux Oananca @AP B pazHbix Mopsix. CoBIaieHHE OLIEHOK XapaKTEPUCTHK IPOHUKHOBE-
HUSI COJTHEYHON pajinanyy 1o CYAOBBIM U CITyTHUKOBBIM JJaHHBIM B ITPHIIOBEPXHOCTHOM CJIO€
BITOJTHE YAOBIICTBOPUTEIIBHOE.

KiroueBble cjioBa: pOTOCHHTETHUECKHN aKTHBHAS paauanis, 6amanc @AP, ciyTHUKOBbIE JaHHBIE.

ConHedHOE M3Ty4YeHHE BUAUMOTO JHara3oHa — (OTOCHHTETUYECKH aKTUBHAS paHaIis
(DAP) — cnocoOHO mpoHUKATh B BOJHYIO Toiity. bamanc ®AP Ha moBepxHOCTH MOpS M B
BOJIHOM TOJIIE 3aBUCUT OT YCJIOBUM OCBEUIEHUS M ONTHUYECKUX CBOMCTB MOPCKOM BOIbI. Ero
KOJIMYECTBEHHAs OIIEHKa MMeeT OOJIbIIOe 3HAUEHHUE JUIsl UCCIICOBAHMS YTUIN3AUN COJIHEY-
HOTO WM3JIYYCHHS MPHU CO3JAAHUU MEPBUYHON MPOAYKIHMH (PUTOIUIAHKTOHA, a TAKXKE BIUSHUS
00BEMHOT0 TOIJIOIICHHS B BOJAHOM TOJIIIIE HAa TEPMUYECKYIO CTPYKTYpPY U TEIUIOCOJEp:KaHue
MOBEPXHOCTHOTO cJos. [y BBIMOMHEHUS TaKOM OLIEHKM HEOOXOIUMBI JaHHbIE O BEIMYMHAX
DAP, namaronield Ha MOBEPXHOCTh MOPSA, BOCXOASIIEH OT MOBEPXHOCTH M MPOHHUKAIOIIECH Ha
pa3nuyHble TIyOuHBI B BOAHOM Toje. Takue u3MepeHus B CyJOBBIX SKCIIEAULIUAX MPOBOISIT-
Csl PEeIKO, OJHAKO I ATOM IIeJIM MOKHO HCIIOJIb30BAaTh JaHHbIE CITyTHUKOBBIX H3MEPEHMHIA,
KOTOpBIE MO3BOJISIIOT, B YACTHOCTH, OLIEHUTh IPOCTPAHCTBEHHYIO U BPEMEHHYI0 U3MEHYMBOCTD
yrunusupyemoit AP, uccnenoBaTh BIUsSHAE HA HEE Pa3IuYHBIX (PaKTOPOB.

B Jlabopatopuu ontuku okeana MOPAH co3nian KOMIIEKC alropuTMOB ISl pacyeTa 1o
JAHHBIM CITyTHUKOBBIX CKaHEpOB LIBETa OCHOBHBIX cocTaBiisitomux Oananca ®AP (magaromias,
OTpakKCHHAas W BBILIEAIIAS M3 BOJHOM TOJIIM) HA YPOBHE NOBEPXHOCTU Mops [1] m ouenku
00BbEMHOT'0 TIOTJIONMICHUSI COJIHEYHOTO HM3JIYyUeHHUs B MPHUIIOBEPXHOCTHOM cioe [2, 3]. IIpume-
HUMOCTb pa3pa0OTaHHBIX ATOPUTMOB JIJIsi MOPEH BHICOKHMX IIUPOT ObLIA MOKa3aHa Ha MpUMe-
pe bapennesa mops [1]. Ommbku pacuera coctapistomux 6ananca @AP, Mo naHHBIM CITy THH-
KOBBIX CKaHEPOB I[BETa, B OCHOBHOM OOYCIIOBJICHBI HETOUHOCTBHIO BXOJHBIX MApaMETPOB pac-
4yeTa U3-3a OIMOO0K aTMOC(EpHON KOPPEKIIMH CITy THUKOBBIX JTaHHBIX [3].

Hwxe nanbl cpaBHuTenbHble oleHkU Oananca @AP B bapenuesom, Yepnom, Kapckom u
benom MOpsiX 1O AaHHBIM CYJIOBBIX U CIYTHUKOBBIX H3MepeHuil. CynoBble U3MepeHus ObLIn
nposeneHsl B bapenueBom Mope B peiicax HUC «Axanemux Cepreii BaBuio», aBrycr
1998 r., B Kapckom u benom mopsix B perice HUC «Akanemuk McrucnaB Kennpin, ceHTAOph
2007 r., u B Yepnom mope B peiice HUC «Axanemuk IIpodeccop LTokman», mapt 2009 r.
bonee noapoOuas nndopmanus npuBeaeHa B Tadin.1. Bce HaTypHble H3MepeHUs! BBIIOIHEHbI
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npu 6e3061auHoM Hebe u BbicoTe CosHia MeHbIne 40°. OnTHuueckue CBOMCTBa BOJ BapbUpO-
BaJINCh B IIMPOKOM JIMAMA30HE: OT YHCTHIX BOJ| C MOKazareneM nuddy3HOro ocnadlieHus Mmoa-
BOJHOH 0011ydeHHOCTH CBepXy K4(555) ~ 0.13 M ™' 10 oueHb MyTHEIX B Bemom mope (Ki(555) =
0.42m ) u bapennieBom mope Ha cranumu 1112 (K4(555) =0.35 M.

Tabauya 1
CTaHuum, MCNOJIb30BaHHbIE /ISl CPABHUTEIbLHBIX OLIEHOK 0ananca ®AP
3eHUTHBIN yron .
Mope Crannus JHara Koopnunats COMTHI, TpATyC K(555),m

bapenueso 1112 19.08.1998 69.09°c.1m1., 58.29°8B.11. 67.6 0.35

1131 24.08.1998 69.77, 56.28 63.3 0.13
benoe 4939 01.09.2007 65.75, 38.73 76.8 0.42
Kapckoe 4956 11.09.2007 71.25, 65.84 66.6 0.12
UepHoe 2 09.03.2009 43.37,36.7 51.0 0.13

Metonunka usmepenuii u pacueroB. Cyooguie usmepenus. Hatypuole namepenus B ba-
PEHIIEBOM MOpPE MPOBOAMIUCH B OCHOBHOM mocpeactBoM Y D-DAP—pannomerpa, nsmepssiie-
ro MOBEPXHOCTHYIO U TOABOJIHYIO OOJyYEHHOCTh B BUAMMOM M YJIbTPa(HOIETOBOM CIIEK-
TpaJbHBIX JHana3oHax. JTH JaHHbIE paHee y>Ke ObUIM UCIIOJIb30BaHbI Il IPOBEPKHU METOIUKU
orienku 6ananca ®AP [1-3].

B benowMm, Kapckom n UepHOM MOpSIX MOCPEACTBOM U3MEPUTENSI CBETOBOIO PEXKHMMaA Ha
MMOBEPXHOCTH M B BOJHOU TojIie E-metpa [4]. U3mepsmuck 001y4eHHOCTh CBEPXY Ha MOBEPX-
HOCTH MO Ed(0+) ¥ TIOJIBOAHASI OOJYYCHHOCTh B 3aBUCHMOCTHU OT TITYyOUHBI z (HUCXOSIIIAS
E4(z) m Bocxomsmias E,(z)) B 4eTbipex creKTpaidbHbIX KaHaax: 443, 490, 555, 625 um. Ilo
TUM JIJaHHBIM OIPENEIUTUCh BEIWYMHA OOJYYEHHOCTH CBEPXY, HEMOCPEACTBEHHO IOJ IO-
BepxHOCThIO MOps E4(0) u mokazatenb auddy3HOro ociaabiieHus: MOIBOTHON 00Ty4eHHOCTH
K,y 11 BbIIeyKa3aHHBIX JUIMH BOJTH. MeTouKa U3MEPEHH U pacueTa STUX BEIMYMH ONKMCaHA
B pabote [4]. 3aTeM ¢ MOMOIIBIO CHENUAILHO Pa3pabOTaHHBIX AJITOPUTMOB PACCUUTHIBATIUCH
CHEKTpaJIbHbIE BETMUYMHBI O0ITYyYEHHOCTH HA MOBEPXHOCTU U HEMOCPECTBEHHO 0] TOBEPXHO-
CThIO, TIOKa3zaTesb Aud@dy3HOro ociabiaeHus MOIBOJHON OO0JYYEHHOCTH, TOJBOJIHBIX OOJy-
YEHHOCTEH CBEpXYy M CHU3Y Ha pasHbIX ITyOMHax Bo BceM nuanasone ®AP. Ommbka pacuera
CHEKTPaJIbHBIX BEJIMYUH MOBEPXHOCTHON OOIYyYEeHHOCTH cocTaBiseT okojio 10 %, mokaszarens
Tuddy3HOTo 0cIadieH s MoABOAHOM 00IydeHHoCcTH — 6 Y% [4].

Cnymuuxosvie HabOnoo0eHus. JIs pacueToB HCIOJIb30BAJIUCH: 3HAYEHUS CHEKTPabHOMN
SPKOCTU BOCXOJSILET0 M3JIyueHHs] Ha BEpPXHEW rpaHulie aTMOC(epbl, U3MEPEHHbIE CITyTHUKO-
BeIMU ckaHepamu 11BeTa SeaWiFS (bapenneBo mope) u MODIS-Aqua (benoe, Kapckoe, Uep-
HOE€ MODP#); COMyTCTBYIOIINE MMapaMeTphl, BXOISIINE B KOMIUIEKT CITyTHUKOBBIX JTAHHBIX M He-
00XouMBbIe ISl POBOJMMBIX PAacueToB (Takue, HAIpPUMEp, KaK COAEpKaHHE O030Ha M CKO-
pocth Betpa). Jlanusie noyuens! u3 apxusa GSFC DAAC (http://oceancolor.gsfc.nasa.gov/).

Jly1s pacueToB MCIOJIB30BAJIUCH paHee BbIBEJACHHbIE PopMyJibl [1-3], IS crieKTpaibHbBIX
BEJIMYMH IOJIBOJHON OO0IYyYEHHOCTH CBEpXY E4(z) — SKCIIOHEHIIMATIBHBIN 3aKOH OCIa0JIEHUs C
TITyOUHOM:

Ei(z) = E«0) exp[—Kq z],

1€ JIUIsl TPOCTOTHI JUTMHA BOJIHBI A OITyIIEHA.
Benuunna E,(07) BIUUCIAIACH UCXOS U3 MPEANONOKEHHUSI 00 OTCYTCTBUU TOTJIOMICHUS
MIPU MPOXOKJICHUN U3ITYYCHHS Yepe3 MOBEPXHOCTh:

Ef0") — Ejop— Evv= E«07) — E,07). (1)

3nech Erer 1 E,, — 00JIy4€eHHOCTH CHU3Y HaJl MOBEPXHOCTHIO, CO37aBAEMbIE COOTBETCTBEHHO OT-
PaKEHHBIM M BBIIIEIIIMM W3 BOAHOW TONIIM MOTOKaMu u3nydenus; £,(0) — oOIydeHHOCTD
CHH3Y, HEMOCPEJCTBEHHO MO TIOBEPXHOCTHIO BOMBL. AJTOPUTMEI pacuera BenuunH E, (0") u
Eet, E\, IO CIyTHUKOBBIM JJAHHBIM MOIPOOHO onucaHsl B [1].
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CpaBHUTe/IbHBIE OIIEHKH 0ajiaHca ...

Benuuunna Eu(Z) pacCcUuThIBaIaCh 4€PE3 BEINUNHY Ed(Z) IOCPEACTBOM COOTHOUICHUS
Eu(Z) =R 'Ed(Z), (2)

rae R — koaddunueHT nuddy3Horo oTpakeHus BOJIHON TOJIIIIH.
[Ipennonaraercs, 4To BelIMYMHA R HE 3aBHCUT OT INIyOWHBI U PACCUMTHIBACTCS depe3
CIIEKTPATIBHBIN KO3(PGUIIMEHT IPKOCTU MOPS P:

R=p O/ 3)

3nauenuss Q A pa3TUYHBIX CIEKTPAIbHBIX KAHAJIOB B 3aBUCHMOCTH OT BBICOTHI COJIHIIA
Y KOHIIEHTPAIMHU XJIOPO(HIITIa MOKHO HAWUTH B [5].
U3 dpopmyn (1) u (2) cnenyer:

Ef07)=[E«0") = Eres— Ey J/[1 - R],

rae R paccuutbiBaetcs o hopmyse (3).
OOBemMHOE TIOTJIONIEHUE B BOJAHOU TONIE Fyps(AZ) BRIUMCIAETCS UCXOI W3 OajaHca JIy-
YHCTOM SHEPTUU B PACCMATPUBAEMOM CJIo€ Az = zp — z;:

Eaws(Az) = Ef(z1) — Ed(z2) + E(z2) — Ei(21),

rae Eq4z1), E4(z2) — BeMUMHBI 10ABOJHON 00JyUYEHHOCTH CBEPXY HAa FOPU30HTAX z| U 22; Ey(22),
E,(z1) — Benn4MHbI 00JYyYEHHOCTH CHU3Y Ha 3THX TOPU30HTAX.

CnexTpanbHbIi KOA(GOHUIHUEHT IPKOCTH MOPSL P ONPENENISIeTCS B pe3yIbTaTe aTMOC(hepHOi
KOPPEKIIMH CITyTHUKOBBIX JaHHBIX. [lomyaHamuTHaecknii OMOONTHYECKHUI aaroput™M [6] mo3Bo-
JISIET 10 CHEKTPAIbHBIM 3HAYEHUSM P PACCUUTATh CIEKTPAIbHbBIE ITOKA3aTENN IOIJIOWEHUS a U
paccesHus Ha3ax b, MOPCKOM BOJbL. 3aTeM BbIUMCIIseTCs BenuunHa Ky 1o popmyiam [7]

K, =1.04D,(a +b,),

0

D, =(1-g)/cosb,, +1.197g,

e O, — YroJ MPeIoMIICHUsSI TIPSIMBIX COJTHEYHBIX JIydel, g — ot TU(PPYy3HOro U3IIydeHus B 00-
IIEeM [TOTOKE M3Ty4eHUs], aJatoIlero Ha MoBepXHOCTb. [locaennsst BenuurHa onpeaensercs 1o pe-
3yJbTaTaM pacueToB MPOXOXKICHHS COTHEYHOTO U3ITy4eHHs B aTMOc(epe — CITyTHUKOBBIE JaHHBIE.

IIpu pacuere THEBHBIX SKCIO3MLMKA MapaMeTpbl arMoc(epsl U BOJbI MPENNOIarajiuch
HEM3MEHHBIMH B TEUEHUE BCETO JTHS; YUUTHIBAJIOCH JIUIIb U3MEHEHUE BbICOTHI conHua [1]. [Ipu
9TOM 4Yepe3 KaXKJblil 4ac PacCUUTHIBAIMCH MTHOBEHHBIE CIIEKTPAJIbHBIC BEJIMYMHBI IOBEPXHO-
CTHOU 0OJTyYeHHOCTHU Ed(0+), IIOTOKOB OTPAKEHHOTO FEref M BBILUIEAIIETO U3-I110J TOBEPXHOCTHU
u3inydeHus E,, a Takxke NOJBOJHONW 00Jy4EHHOCTH Ha Pa3INYHBIX FOPU30HTaX E4(z) U moriyo-
IIEHHOTO M3ITyYEHHS B Pa3HBIX CIOX Eyps(Az) ¢ pazpemienneM 20 M B auanazone ®AP (400—
700 HM). Pe3ynbraTel 3aT€M WHTEIPUPOBAIUCH MO CHEKTPY U 110 BPEMEHH, YTOObI MOJIYYUTH
3HAa4YeHUs JHEBHBIX 3KCIIO3ULMI BCEX BEJIMUYUH.

Tabauya 2
CpaBHeHHe BeJHYHH JHeBHBIX dkcno3unuii ®AP Ha moBepxHoCTH MOps,
paccuntanHbIx no anroputmy HACA u HOPAH
Mope . HA?A . : 2I/IO PIAH . : Pa3nu-
OdHmredH M “cyT | MJIx M “cyT | OiHmTedH M “cyT | MJDx M~ cyT uue, %
benoe (c1.4939) 324 7.03 333 7.23 2.7
Kapckoe (cT.4956) 21.8 4.73 22.4 4.86 2.6

3HaueHusi AHEBHBIX dkcno3unmii AP Ha MOBEPXHOCTH MOpSI PACCUMTHIBAIOTCS TaK K€,
KaK CTaHJApTHBIA MPOAYKT 0OpaOOTKH JAHHBIX CIYTHUKOBBIX CKAaHEPOB IIBETA, M JOCTYITHBI
yepe3 Unrepuer (http://oceancolor.gsfc.nasa.gov/). B 1abn.2 cpaBHMBaIOTCS pe3yJbTaThl pac-
yetoB 1o anroputMy HACA n MOPAH nns cranuumii B benom u KapckoM Mopsix; BeTMYMHBI
®OAP mnpencraBieHpl Kak KBaHTOBas (DWHINTEHH M2 cnyl), TaK M DJHepreTuyeckas
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(MJDx M2 cyT ') obaydenHocTH. s IepeBoa MepBBIX BO BTOPHIE HCIOTB30BAICS KO-
ueHT 4.6 M Jx/Oiamreitn (http://oceancolor.gsfc.nasa.gov/DOCS/seawifs par wfigs.pdf).

Kak BugHO 13 Ta611.2, COBNAjIEeHHE pacyeToB 110 pa3HbIM AJITOPUTMAM OYEHb XOpOILEe.

Pe3yabTaTsl n3Mepenuii u pacueros 0ananca ®AP. Ha puc.l npencraBieHbl pe3yiib-
TaTbl U3MEPEHMH OOJIyUeHHOCTH CBEpXy MAJs ueTbipex KaHanoB E-merpa B benom Mmope
(c1.4939) B cpaBHEHUU C aHAJIOTMYHBIMM JaHHBIMU, U3MEPEHHBIMHU TeM ke mpudopom B Kap-
ckoM Mope (cT.4956). Ha pucyHke Xopoli1o BUJHO, 4TO 00Jy4yeHHOCTh B berom Mope aiist Beex
JUIMH BOJIH YMEHbIIAeTcs ropaszio Oonee pesko, uem B Kapckom. HaGmromaemble pazmmuust
CBsI3aHBI B IIEPBYIO OuYepe/lb C O0JIee CHIIbHBIM MOTJIOLIEHHEM COJTHEYHOI0 U3JyYeHHs B BOJAX
benoro mops, kotopoe 00yCIOBICHO BBICOKHM COJCPKAHUEM OKPAIIEHHOTO OPraHHYECKOTO
BEIIIECTBA ((OKEITOE BEILECTBOY).

Ha puc.2 nokazano usmeHeHus ¢ riy- Hucxopawan 06nyueHHocTb E 4(z), BT M2 iu”
OMHOM  CIIEKTpaJbHBIX  pacmpeneieHuit o 0.001 0.01 0.1 1 10
TOJIBOIHON 0OJIy4EHHOCTH, PACCUMTAHHBIX R J'” o
0 pe3yJbTaTaM u3MepeHui in situ B bemom C 443 f——--'*; o%

u Kapckom mopsx. Bumno, xak B Benom 5 sl V. o
MoOpe C TIyOMHON pe3Ko «o0pe3aercsy Ko- :’49{: o s /':
POTKOBOJTHOBAsI 4acTh CIIEKTpa, M YK€ Ha - ¢ oo K 8 eke
riyOouHe 15 M mporeaiee colHEYHOEe U3- p g ¢ 4*/"( ;:
JTydeHue (paKTUUIEeCKH HAXOAMUTCS B JKENTO- [ Ve /‘ ﬂ;
3e51leHOM nHTepBatie cuekrpa 520—630 Hwm. E s —__:_‘F;E‘j /7855 a4

Ha puc.3 npeicTaBieHsl pesyIbTaThl L 29
CpaBHEHUs Mpoduieil crnekTpaabHOH 00- L s
JYYEHHOCTHU CBepXY E4(z), N3MEPEHHBIX in 20:_ oy 55?..;’490
Situ W PACCUYUTAHHBIX IO CHYTHUKOBBIM L
JaHHBIM 1714 ¢T.2 B YepHOM Mope. 25

Ha puc.4 cpaBHuBatoTCs pe3yabTaThl .
Puc.1. BepTukanbHoe pacrpe/ieieHue HUCXoasaen

pacyeTos BeNMMH Hucxonswed AP B 00JTy4eHHOCTH, U3MEPEHHOE B BoAax bemnoro

3aBHCHM09TH F)T TJIyOUHBI 110 JIAHHBIM U3- (c1.4939, Temusie 3Haukn) U Kapckoro (ct.4956,
MEPEHHUH in Sifu N MO CIyTHUKOBBIM JaH-  cperyple 3HAYKN) MOPEIi.

HbIM B MOMCHT NPOBCACHHUA HATYPHBIX U3- B o0oux ciydasx riyOouHa Mops cBbiie 25 M. JlaHHbIe
MepeHI/If/'I. Yucna Y KPHBBIX ITOKa3bIBAIOT  HOPMUPOBAHbI Ha 00JIy4eHHOCTh, H3MEPCHHYIO Ha T0-
pasMuMs MEXIy CIYTHHKOBBIMH M Ha- BepxHOCTH MOpst £4(0"). LIudpbl y KPUBBIX — 3HAUECHHUS
TypHBIMH onerkamu DAP Y OBEpXHOCTH JUIMH BOJIH, HA KOTOPBIX IIPOBOJIMIINCH N3MEPEHHUSL.
M Ha HauOOJIbIIEH FHY6I/IHG HU3MCPCHUH. COBH&)ICHI/IG 9THUX OLCHOK MOXKHO IIPpU3HATH YAOBJIC-
TBOPUTENBHBIM, YUUTHIBAsI PA3IUUUs MEXAY JTAHHBIMH B TOUKE (HaTypHbIE U3MEpPEHHs) U, yC-
PEAHEHHBIMHU TIO TIJIOMIAIN TTUKCEIIS (CITy THUKOBBIE TaHHBIC).

B Tabn.3 npezacraBnieHs! pe3yabTaThl OLeHKH TayouH 1% u 0.1%-noit ®AP, oTHOCHTEIIEHO
MaJaroIIe Ha TOBEPXHOCTH 10 JAHHBIM CITYTHUKOBBIX U i# Situ N3MEPEHHUI B Pa3IMUHbBIX MOPSIX.

Tabnuya 3
Cayouna (B M) @AP no 1aHHBIM CIIyTHUKOBBIX M iR Situ W3MepPeHHii B Pa3THYHBIX MOPSIX
Mope 1%-nas AP 0.1%-nass ®AP
CITyTHUKOBBIC IaHHbIC | JaHHBIC U3MEPEHNUH [CITyTHUKOBBIC JaHHBIE| JAAHHBIC N3MEPEHUI
Benoe (cT.4939) 7 8.8 11.2 14.5
Kapckoe (c1.4956) 25.3 32.2 40.5 51
Yepnoe (cT.2) 26.3 29 42.1 45.7

Kak BugHo u3 1abn.3, ans riayous 1%- u 0.1%-noit ®AP B Uepnom u Kapckom mopsix
MOJIyYUJIUCh OJIM3KKE 3HAUYEHHUS U CWIIBHO OTJIMYAIOIIKE OT oleHOK 1 benoro mops. Kak yxe
YKa3bIBaJIOCh BhIIIE, HAOII0OJaeMble pa3IMyMsl CBsI3aHbI B IMEPBYIO ouepellb ¢ 00jiee CUIbHBIM
MOTJIOIIEHUEM COJIHEYHOTO M3IyYeHHs B BOAax bemoro mMopsi, 00yClIOBIEHHBIM BBICOKHM CO-
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ACPIKAHUEM OKPAIICHHOI'0 OPraHNMYCCKOro BCHICCTBA ()KCJ'ITO@). Cne,uyeT OTMCTHUTDb, YTO Pa3-

JUYXS MEXAY 3HAYEHMSIMH, MOJyYEHHBIMH I10 CIIyTHUKOBBIM U HATYpPHBIM H3MEpPEHUSIM, HE
npesbimatoT 25 % B besnom mope u Menbiie 10 % B UepHom.
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Puc.2. CriexTpanbHast 00Iy4eHHOCTD, CO3aBaeMasi HUCXOASAIINM ITOTOKOM, Ha pa3HbIX TOPU30HTAX,
paccunTaHHas 0 pe3yibTaTaM u3MepeHuii B benom (a, ct.4939) u Kapckom (6, c1.4956) Mopsx.
Hudps! y KpUBBIX — HOMEpa TOPU30HTOB.

Hucxopauwana obnydyeHHOCTb E 4(z), MKBT cm? Hm™!
1 10 100

0 T T T T Trrr T T T T rrrr T T T T 1T
e

fybuHa, m
T

Puc.3. CnextpanpHble BeTMYUHBI O0Iy4EHHO-
ctu B UepHoM Mope (cT.2).

CIUTOLIHBIC IMHUH — U3MCPCHHBIC 3HAYCHUSA, IITPU-
XOBBIC — PACCUNTAHHBIC IO CITYTHUKOBBIM JaHHBIM.
Kpyxku — 555, pomOuku — 443, kpecTuku —

625 HM.

o
I

16—

B Tabn.4 nmpencraBiieHbl pe3yJbTaThl PAacUE€TOB JTHEBHBIX SKCHO3MIMHA COCTaBIISIOLIUX
6anmanca GAP 1o CHyTHHKOBBIM JaHHBIM Ha Pa3IUYHBIX CTaHUUAX. s cpaBHEHHS JaHBI
cpenHemecsuHble 3Ha4YeHus B aBrycte 2000 r. [3].

B Tabn.5 nmpencraBieHbl BEIUYMHBI CyMMapHOTO alb0EI0 M €ro COCTaBIAIONIUX, 00y-
CJIOBJICHHBIX OTPaX€HHBIM OT MOBEPXHOCTH U3JIydeHHEM (aab0e/l0 MOBEPXHOCTU MOpS) U BbI-
HIEJIIMM M3 BOJABI M3Ty4yeHHEM (ainp0eso BOAHOM TOMIIM) JUIS Pa3sHbIX MOpEW. AHaIM3HUPYS
IPEJICTaBICHHbBIE PE3yJbTAThI, CIEAYET OTMETUTh OYEHb HU3KHE 3HAUEHUs anbOe0 BOAHOMU
tonu B benom mope Ha ¢1.4939 — Bcero 0.12 %. Jlia cpaBHEeHUsI — cpeHEe 3HaYEHUE HTOU
cocTaBIAONIeH anp0eno B cpenHeit yactu bapenneBoro mops pasusiiock 1.1 %, a B paiionax
KOKKOJINTO(opuHOro 1BeTeHus npessimaio 4 % [3].

Jlpyrasi uHTEpecHasi OCOOCHHOCTh — BBICOKME 3HAYCHHS alb0el0 MOBEPXHOCTH MOPS
Kapckoro (6onee 11 %). Takue 3HaueHUs BO3HUKAIOT M3-32 OYEHb HU3KOT'O COJIHIIA: BBICOTA
cosiHia B Kapckom mope He npeBbimaia 23.4° B TeueHue BCero JHs, Toraa kak B beirom mope
MaKCHUMAaJILHOE 3HaUY€HHE BBICOTHI COJIHIIA OBLIO Oostee 32°.

B Tab61n1.6 npencraBieHbl CyTOUHbIE BEeNIWYMHBI HoriomeHHol MAP B pa3HbIX crosx s
Ppa3JIMYHBIX MOPEH.
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Puc.4. U3menenus mucxopsieit ®AP ¢ riyou-
HO¥ 10 TAHHBIM U3MEPEHUH (CIUIONIHAS JTHHUS)
Y CIIyTHUKOBBIM JaHHBIM (LITPUXOBAsI JIUHUS).
a, 6 — bapennieBo mope, cT.1112, 1998 u 1131, 1998
COOTBETCTBEHHO; ¢ — benoe mope, ¢1.4939, 2007,

2 — Kapckoe mope, ¢1.4956, 2007; 0 — UepHoe mope,
ct.2, 2009.

Kak BuIHO M3 TaOIUIIBI, MPAKTUICCKU BCE COJIHEUHOE M3IIyUYCHHE, BoIIeiee B Boay be-
JIOTO MOps, TOTJIONIAETCs yKe B BepxHeM 10-MeTpoBOM ciioe, 4YTO 00YCIOBIECHO CHIIBHBIM IO-
TJIOIIEHUEM U3-32 BBICOKOW KOHIIEHTPAIIMK OKPAIIECHHOTO OPTaHUYECKOTO BEIIECTRA.
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Tabruya 4

Beim4uMHBI AHEBHBIX IKCNO3ULHUI coCTABISIOMMX fanaHca @®AP no cny THUKOBBIM IaHHBIM
HA Pa3jIMYHBIX CTAHIUSAX U cpelHeMecsiYHbIe 3HAYeHus B aBrycte 2000 r. [3]

JlneBHbIe dKcrio3uitn, MJIx M feHp !
Mope OAP
Betﬁ:&ﬂ; Cg;a;?ua najaroniasi | OTpa’kK€HHasl | BbIILIEIIIAs TIOTJIONIEHHAS
Benoe (cT.4939) 12.15 7.23 0.61 0.009 6.61
Kapckoe (c1.4956) 6.46 4.86 0.54 0.020 4.30
Yepnoe (cT.2) 9.49 7.61 0.47 0.066 7.07
Bapennieso (cp.u.) [3] 10.47 4.98 0.28 0.054 4.60
Benoe [3] 11.14 6.55 0.39 0.03 6.03
Tabauya 5

Besn4nHbl cyMMapHOro ajib0e10 M ero cocTABJISIOIMX (TIOBEPXHOCTH MOPS U BOAHAS TOJIIIA)
JUISl pa3HBIX MOpeH

Annbeno, %
Mope >

CYMMapHO€ IIOBEPXHOCTH MOPS BOJHOH TOJIIIHU
benoe (cT.4939) 8.5 8.4 0.12
Kapckoe (c1.4956) 11.5 11.1 0.4
Yepnoe (cT.2) 7.1 6.2 0.9
Bbapenneso (cp. 4.) [3] 6.7 5.6 1.1
Benoe [3] 6.5 6.0 0.46

Tabnuya 6
CyTouHble BeJIMYUHBI NorJiomeHHoit AP (Mx M JIeHb ') B Pa3IHUYHBIX CJI0SIX
AJISl pa3HbIX Mopeii
Mope Cnoii, m
0-1 1-2 2-3 3-5 5-10 10-15

Benoe (cT.4939) 3.66 1.46 0.70 0.55 0.23 0.01
Kapcxkoe (c1.4956) 1.11 0.75 0.53 0.68 0.75 0.28
YepHoe (cT.2) 1.74 1.21 0.87 1.13 1.27 0.47
Bapenneso (cp. 4.) [3] 0.93 0.65 0.48 0.65 0.86 0.42
Bemnoe [3] 2.31 1.19 0.72 0.79 0.68 0.20

Paboma evinonnena npu @unarcosou nodoepoicke epauma Ilpasumenvcmea P® (docosop PITMY
Ne 11.G34.31.0078) ons noddepaicku uccied08anuii NOO PYKOBOOCMBOM GeOYUUX YUEHBIX.
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