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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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Ob HCKAKEHUAX UMITYJbCHOI'O CBETOBOI'O ITYUKA
B CPEJE C CUWJIBbHO AHU3O0TPOIIHBIM PACCESAHUEM

PazpaboTan meron aHaiIM3a HCKaKCHWH NPOCTPAHCTBEHHO-BPEMEHHOH CTPYKTYphl HM-
ITyJBCHOTO ITy4YKa CBETA IIPH €r0 PACIPOCTPAHEHUHN B CTPATH()UIIMPOBAHHONW MyTHOM Cpesie ¢
Y3KOW MHIUKATPUCON paccesHus (B YaCTHOCTH, MOPCKOH Boje). 3 HecTanmoHapHOTO ypaB-
HEHHS TIEPEHOCA M3IYUYCHUS] B «yTOYHEHHOM MaJIOyTJIOBOM» TPHOJIVMKEHUHN TTOJTyYeHa CHC-
TEMa ypaBHEHMH TSI TPOCTPAHCTBEHHBIX MOMEHTOB MMITYJIbCHOTO TIOJISI M3JIy4EeHUs], KOTO-
past CTpOro pemaeTcsi B OTJIMYUE OT aHATOTUYHON CHCTEMbI YPaBHEHHUH JUIS €0 BPEMEHHBIX
MOMEHTOB. HaliieHbl peKyppeHTHBIE COOTHOLICHUS, MO3BOJISIOIIUE MOCIEAOBATEIFHO BbI-
YUCIISTh MOMEHTHI Pa3IMYHOTO MOPSIKa HauMHas ¢ HyseBoro. [lomyueHs! BBIpaKeHUs IS
TpeX MOMEHTOB paclpeelieHHs1 00ITyUeHHOCTH, XapaKTepU3yILIX cpeiHee (10 [UIMHE UM-
MyJibca) 3HaAYCHUE, PACCTOSTHUE MEXIY NMepeHUM (PPOHTOM M «IEHTPOM» MMITYJIbCa U IIPO-
JIOJIBHBINA MaciiTal ero pa3MbITHs B MyTHOH cpenie. [TpuBenensr GpopMysbl uist onpeaeneHus
BPEMEHHBIX XapaKTEPUCTHK UMITYJIbCA MO €ro MPOCTPAHCTBEHHBIM MOMEHTAM.

KaroueBble ciioBa: J'IaBepHLIﬁ HUMITYJIbC, MYTHas CpcJia, paCCCAHNUC CBCTA, YPABHCHUC IIEPCHOCA U3ITYUCHHNA, UM~
MMYJIBCHOC CBCTOBOC IOJIC, METOL MOMCHTOB.

AHanuTUYeCKrue MOJENIN PaclpOCTPAHEHHUS! MMITYJIbCHBIX Iy4YKOB CBETa B MYTHBIX Cpe-
JlaX C CUJILHO aHM30TPOMHBIM paccesiHueM [ 1—8] ucnoap3yoTcss B TEOpUHU MOABOIHOTO Ja3ep-
HOTO BUJCHHS, TUAAPHOTO 30HIUPOBAHMS OKeaHa u aTMocdepsl [9—12], a Takke ISl pereHus
3a/1a4 onTU4YecKoil Tomorpaduu Ouotkaneit [13]. OTu Moaenu cTpoaTcs Ha OCHOBE HECTALIMO-
HapHOTO ypaBHeHUs mnepeHoca uznydenus (YIIN), ynpomieHHOro ¢ y4eToMm OmpeereHHBIX
MPEIOJIOKEHUN O CTPYKTYPE UCCIIETyEMOTO TOJIS U3ITyUeHUSI.

Ha paccrostHusIX OT MCTOYHUKA, TJI€ HANPABJICHHAs COCTABIISAIONIAs TOJIS U3IYUYEHUSI Be-
JIMKa M0 cpaBHEHUIO ¢ uddy3HOM, Mpoliece yIUPEeHHsI CBETOBOTO MyUYKa XOPOILIO OMKCHIBACT-
cs «manoyrioBeim» YIIN, koTopoe uMmeeT crporoe ananuTudeckoe peuienue [14, 15], Ho ur-
HopHpyeT 3¢ ¢ekTsl pazdpoca HoTOHOB 10 npoderaM. Yuer 3Tux 3pPeKToB B paMKax Majnoyr-
JIOBOTO MPHUOIIKEHHS JOCTUTAETCS 3a CYET Oosiee TOYHOM 3amucu g depeHuanIbsHOro ore-
paropa YIIN [3, 4, 16-18]. Onnako «yTouHeHHOE» MajnoyrioBoe YIIW npubnmxenue (¢ uHTe-
rpaJIOM CTOJIKHOBEHHIA) CTPOTO HE PEIIAETCs, a €ro MPUOIMKEHHOE pelIeHHe NMEET JOBOJIEHO
cinoxHbId BUA [4]. [losTOMYy BIMsiHUE Cpe/l C CUIIBHO aHU30TPOITHBIM PACCESHUEM Ha XapakTe-
PUCTHKU HECTAllMOHAPHBIX CBETOBBIX I0JE€M B OCHOBHOM HCCIIEJOBAJIOCh B MaJjOyIJIOBOM
mubdy3noHHOM npubamxenud [5, 6, 17, 18] ¢ moMoipio ypaBHEHUs, KOTOPOE MOTYYaeTCs U3
yTOYHEHHOTO MajoyrioBoro YIIW myTem 3aMeHBI €ro WHTETPAIBHOTO orepartopa Ha audde-
pPEHIMANBHBIA. JTO NMPUOIMKEHHE SBISETCS BEChbMa IpyOBbIM, XOTS €r0 MCIOJIB3YIOT ISl Olle-
HOK pa3pelaronield cnocoOHOCTH JTa3epHBIX CHCTEM IIOJIBOJHOTO HAOIIOACHUS U 000CHOBaHHS
TpeOOBaHUI K MX MapaMeTpam.

B nHacrosmieit pabore npemiaraercs 0ojiee TOYHBIM METOJ] aHAIN3a CTPYKTYPhI HMITYJIhC-
HOT'O CBETOBOTO IMy4YKa B CTPATU(UIIUPOBAHHON MYTHOM cpeie. MeToa OCHOBBIBAETCS Ha CBe-
JIEHUN «yTOYHEHHOro Manoyriosoro» YIIM k cucreme ypaBHEHMH UIsl IPOCTPAHCTBEHHBIX
MOMEHTOB MPOJOJIBHOTO pacCHpe/eleHus SPKOCTH B UMIYyJIbcHOM oObeMe. Ilokazano, yTo
YpaBHEHHUS JUIsl 3TUX MOMEHTOB pelIatoTcsl TOYHO (B oTiauuue oT ucxonHoro YIIM) m nosso-
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00 nckakeHUusAxX HUMITYJbCHOI'0 CBE€TOBOI'0 IMy4Ka...

JSIFOT TIOCJIEIOBATEIbHO HaXOAUTh MOMEHThI Pa3IMYHOro MOpsiAKa HauuHas ¢ HyJeBoro. llpu-
BOJISITCSL COOTHOIICHUS JIJIsl OTIPEICIICHUSI BPEMEHHBIX MOMEHTOB MMITYJIbCA IO €T0 MPOCTPAH-
CTBEHHBIM MOMEHTaM, (hOopMyJsbl [JIs pacuera TpeX MEPBbIX MPOCTPAHCTBEHHBIX MOMEHTOB
UMITYJILCHOTO TIOJIsi OOJIy9eHHOCTH M OICHKH 3 (eKTa MPOJOIBHOTO «PAa3MBITHS» HUMITYJIbCA
IIPU €r0 PACIPOCTPAHEHUH B BOJIE.

Hcxoanbie ypaBHeHus. [lonaraem, 4to «IeapTa-uMMIYJIbCHBINY ITy4YOK CBETA C MOIIHO-
cTeio P(t) =WJ3(t) nmamaer B HaNpaBJICHUU OCH z Ha TPaHMIly MyTHOU cpeapl (z =0) ¢ chilb-

HO AaHU3OTPOMNHBIM PACCCAHHUEM U CIIOMCTO-HCOAHOPOAHBIMH OINITUYCCKUMHU XAPAKTCPUCTUKAMHA
— IOKa3arejieM IOTJIomeHusT a(z), ToKa3aTelieM paccessHust b(z), mokasaTelieM OociaadaeHUs

c(z) = a+b n uHaUKaTpuco paccestHus P,(z,Y), KOTOpas MOXET ObITh IIPEJCTaBICHA B BHJC
CYMMBbI OCTpPOHAINpaBlIeHHOW P (Yy) ¥ M30TPONHOI MHAMKATPUC C COOTBETCTBYIOIIMMHU BECO-

BbIMU MHOXHUTCIIAMU.

P(z7)=(1-2p,(2) B +2p,(2), p,(2)=(1/2) [ B(z,y)siny dy.

31ech Y — yroi paccesiHus, p, — BEPOSATHOCTb OOPAaTHOIO paccesHus ([0Js CBETa, pac-

CEeMBAEMOTI0 3JIEMEHTapHbIM 00BEMOM Cpelibl B 3a/HI0N0 nonycdepy). MHnukarpuca manoyr-
JIOBOT'O PacCesHus yJOBIETBOPSET CIAEAYIOLIUMHU YCIOBUAM:

(1/2) [ R(y)sinydy<<p,, (1/2)[B(y)sinydy~(1/2)| B(y)ydy =1.

/2 0

Jlist pacyera HoJjist U3JIy4eHHsl B cpejie BOCIIONb3yeMCcs YPaBHEHHEM MIEPEHOCa U3TyYEeHUS
B «YTOYHEHHOM» MaJIOyTJIOBOM MpHOIMKEeHNH [4] —

2
19 v +[1-212 ) I(rL,z,Ql,t):Mﬁl(rl,z,ﬂl,t)PQQL—Q’L|)dﬂl,(1)
2 )é 4r

v Ot z

rne [ — ApKOCTh M3IY4EHHUS B TOYKE I' B HANPABICHUM €AMHUYHOTO BEKTOpa £2 B MOMEHT
BPEMEHH ; V — CKOPOCTb CB€Ta B cpene; I, (x,y), (€2 ,Q ) — cocTaBIAIOIIUE BEKTOPOB

r,Q B Imiockoctu z = const; Q V, =Q §+Q}, 82 , by =b(1-2p,) — nokazarenu Majoyr-
X v
JIOBOTO paccesHus. SIpKOCTh MaJAOLIEro Ha Cpeay U3IyUYeHHUs 3a/1aIuM B BUJIE
[(I‘L,O,Qi,t):]_(l‘i,ﬂi)ﬁ(t) (2)

(I — «HaKOIUIEHHAs» SPKOCTh UMITYJIbCA).
Ilepexons OT NEpEMEHHBIX £,z K HOBBIM IIEPEMEHHBIM [3 ]

u=vt, C=vt—z 3)

U TIpeamnojaras, YTo0 XapakTepHbId MaclTad HEOJHOPOAHOCTH TOKA3aTeNs PACCESTHUS BEIIUK
[0 CPaBHEHUIO C TMPOAOJIBHBIM pa3MepoM (Az) cBeToBoro myra, s (QyHKIUH
L(r,,0,Q ,u)=1(r ,u—-CQ ,u/v) n3(l),(2) nomyunm ypaBHEeHHE

0 Q’ 0 b (u) , , ,
au TRV e L LR =5 ﬂ L(r L@ ,u)P(Q, -Q[)d, 4

U TPAaHUYHOE YCIIOBHE

L(rpcvgpo) = VT(rL’QL)S(C) .
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3amMeHa nepeMeHHbIX (3) COOTBETCTBYET MEPEXOaY B «COMPOBOMKIAONIYI0» CUCTEMY KO-
OpJIMHAT: BEIMYMHA U — ITO PACCTOSHHUE, HA KOTOPOE yIAIWICS MEPEIHUN (PPOHT MUMITYJIbCa
OT IpaHUIlbl Cpefibl, a { — PacCTOSIHUE MEKIY MEepPeIHUM (POHTOM HMMITyJIbCa M TOYKOW Ha-
omroneHus.

YpaBHeHusl JUIsi MPOCTPAHCTBEHHBIX MOMEHTOB SIPKOCTH. [IpOIOIBHYIO CTPYKTYPY
UMITyJIbca OyIeM XapaKTepu30BaTh MPOCTPAHCTBEHHBIMU MOMEHTAMHU

L, Q@ ,u)= [CLr,0Q wds = [(u—2)"1(r,z,Q ,ulv)dz, n=0]2..,
0 0

KOTOpbIe BBeNeHbI ¢ yuyeroM ycnoBusi L(L<0)=0. Jnsg atux MoMeHTOB u3 (4) mosydaercs
CHCTEMA ypaBHEHUN

8 b ’ ’ !
[E +Q\V, + C(”):|Ln (r,Q ,u)- 14(:) .[:!-Ln (rpgwu)PﬂgL —-Q) )dQL =

2
_ n€Y

L, (r,Q,u), )

KOTOpas A0JDKHA pCIIAThCA IMTPHU CIACAYIOIMMNX HAYAJIbHBIX YCIOBHUAX!
Ly(r ,Q ,00=vI(r,Q), L _,(r,2 ,0)=0.

VYpaBHenus (5) MO3BOJISIOT PACCUYUTHIBATH MOMEHT ITPOM3BOJILHOTO TOPS/IKA 7 110 HaM-
JEHHOMY MOMEHTY mopsaka n—1. Bce ypaBHeHHS UMEIOT OJUHAKOBBIA BUJ U OTIHUYAIOTCS
TOJIBKO IIPABOM 4aCThIO. 3aMEHOM # — z OHM CBOAATCS K ManoyrioBoMmy YIIW mis mons us-
Jy4eHUs CTAllMOHAPHBIX (HE 3aBUCALIUX OT BPEMEHM) UCTOYHUKOB M MOTYT OBITH CTPOTO pe-
mensl [ 14].

3ameTuM, 4TO eciu (popMa UMITYJIbCa MaJIO0 MEHSETCS MPU €ro CMEIIEHWH Ha COOCTBEH-
HYI0 JUIMHY ( Az ), TO BpEMEHHbIE MOMEHTBI TIOJIS U3y YSHHS

0
I,(r,z,9,)= [ 'I(r,,2,Q,,1)dt (6)
z/v
MOXHO BECbMa IIPOCTO BBIPA3UTh YEPE3 €r0 MPOCTPAHCTBEHHBIE MOMEHTHI L, (7,2 l,u) s

9TOro A0CTAaTOYHO CHayalia HepeI/ITI/I B (6) K HOBOM HepeMeHHOI/I HHTCIPpUPOBAHUA C =vi—-z U
npeaACTaBUTL BPEMCHHBIC MOMCHTEI B BUIC

1

n+1

I(r,z,Q )= z+C ,Z,Ql,(z+C)/v)dC:

O'—.S

1 N —mOo m
=Vn+IZC):”Zn J‘C I(I'L,Z,QL,(z-i-C)/V)dC’

m=0 0

a 3aTeM BOCIIOJIb30BATHCS NPUOIMKEHHBIM COOTHOIICHHEM
I(r,z,Q,,(z+0)/v)~I(r,z-(,Q ,z/v)=L(r,,,Q ,z),

MOJICTAHOBKA KOTOPOTO MO/ 3HaK MHTErpaja NpUBOAUT K (hopmyrie

1 < n!
I (r,z,Q )= z""L (r ,Q ,z),
n( 1 L) VnJrl;(l’l—m)!m! (L L )

32



00 nckakeHUusAxX HUMITYJbCHOI'0 CBE€TOBOI'0 IMy4Ka...

MO3BOJISIOIIEH ONpeNeNiaTh BPEMEHHbIE XapaKTePUCTHUKU HMITYJIbCHOTO CHUIHAjJa Ha BBIXOJE
paccemBaroUIero cjosl MO0 €ro MPOCTPAHCTBEHHBIM XapakTepucTUKaM. B udacTtHOoCcTH, Bpems

2
NPUXOJA «LEHTPA TAKECTU» UMITYJIbCA f, ¥ €r0 JUCIEPCHs f;” BBIPAXAIOTCS 4epe3 MPOCTpaH-

CTBCHHBIC MOMCHTHBI B BUJIC

o ) -1 ) ) -1 2
tO=J.tId{J.]dt} =%{z+%}, t12=J'(t—to)21d{J'1dt} =VL2[%—%} (7)
0 0 0

z/v z/v z/v z/v

MoMeHTbI SIPKOCTH B CHEKTPaJbHOM mpeactaBjieHun. C nomonipio Dypbe-
npeoOpazoBaHuit

L,(r, @ u) = [[ [[ F,(k,p,u)exp(iler, +ip@,)dkdp, R(Q,)=[[P(p)exp(ipQ,)dp

uHTerpo-auddepeHnanpabie ypaBHeHus (5) cBomATCsS K cucteme nuddepeHImaibHbIX ypaB-
HEHUN IJIg IPOCTPAHCTBCHHO-YTJIOBBIX CIICKTPOB NCKOMBIX MOMCHTOB:

|:ai - kvp + C(M) - bl (u) f(p)} qu (ka P, Ll) = _gApEz—l (ka P, u) ’
u

rae ku p — BeKTOpbI MPOCTPAHCTBEHHOM U YIJIOBOM YacTOT;

f(lp)=

rsfro o pn

A, — oneparop Jlannaca, neiCTBYIOIMHA 10 epeMeHHol p; J, — GyHKums beccens nepsoro

pona c HyneBbIM uHAekcoM, f(0)=1.
CnexTp MOMEHTa HyJIeBOTO HOPSIKA MPEACTABIIETCS B BUIE

F;)(ka pau) = F;)(kap + ku,O) €Xp [—'L'(M) + W(ka pau)] > (8)
)= [, ikpa) = [5,)f ([p+ k(=) ©)
\%

F,(k,p,0) = ﬂ ”Z(rl,ﬂl)exp(—ikrl —ipQ,)dr dQ, .

(2m)*

CrnexTpsl MOMEHTOB TIopsziKa 7 > () HaXOJATCA U3 PEKYPPEHTHBIX COOTHOIICHUI
F,(kpu)=~n/D[{[A F _ (kp+k(—u), u)] exp[~t(u)+
p n-
0

+1(u,) + w(k, p,u) — (K, p,u/u,)] } du,, (10)

rue
w(k,p,u/uj)zJ-/bl(u’)f(|p+k(u—u')|)du'. (11)

JUnst yrpolieHust AajdbHEHIINX pacyeToB Majarolluii Ha cpey MydoK cBeTa OyJeM CuM-
TaTh MapajielbHbIM, OJaras

L=W A(r,)8(%,), ” A(r))dr, =1

0
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(W — sHeprus najarouiero uMIyiabca, 4 — HOPMUPOBAHHOE paclpesieieHue 00yuYeHHOCTH B
MOTIEPEYHOM CEUEHUH yUYKa Ha TpaHulle cpeabl). B aTom ciayyae pyHkuus

Fo(k,p,m=Fo(k>=% I A expt-ir . (12)

BXOJSIIAst B IIPaByIo 4acTb (popmMyisl (8), HE 3aBUCUT OT P, YTO OOJIErYaeT pacueTsl (yHKIHIA
F, no ¢opmymnam (10), (11).

JU1st mapaielbHOTr0 UMITYJILCHOTO TTyYKa CIIEKTPBl MOMEHTOB SIPKOCTH TIEPBOTO U BTOPO-
IO MOpPSI/IKA BBIPAXKAIOTCS B BUZIE

1
Fi,z(k’pau) _F(k p’u) q)lz(k pau) q)l

5 [A\Vl (V\Vl)z:|dul’ (13)

o'—.:

u

1 u u 1

D, = ECI)I2 +I(u —ul)A[A\yl +(V\pl)2}dul +2I{VW1 .VI [A\yz +(V\|12)2]du2}dul ,  (14)
0 0 0

rae v, =y(k,p,u/u;) (em. (11)), A=A, V— rpagueHr o p.

B nHacrosmieit pabore Mbl He OyJieM IPOBOAUTE OoJiee NETANbHBIM aHATU3 MOMEHTOB SIp-
koctH. [lomyyennsie ¢popMybl OyAyT MCHOIB30BaHBI JIsl peuieHus Ooyee MpocToi 3a1auu —
pacdera MOMEHTOB pacIipeieJIeHHsI 00Ty9eHHOCTH B UMITYJIbCHOM 00bEMe.

MomeHThI 00,1y4eHHOCTH. B MaioyrioBom mpubImKeHnn 00JIyd4eHHOCTh CBSI3aHa C sIp-
KOCTbIO COOTHOIIIEHHEM

E(r,Gu)=[[L(r,,(,Q,u)dQ, .
MoMeHTHI MPOAOIBLHOTO pacupenesieH!s 00JTy4YeHHOCTH B UMITYJIbCHOM 00beMe
ru)= ¢ E(r,,Gu)dg
0

BBIPAXKAIOTCA 4EPE3 MOMCHTEI APKOCTU U UX CIICKTPBI B BUIC

(r,,u) = j j L(r,Q ,u)dQ, =(2n) j j F(k,0,u)exp(ikr, ) dk . (15)

Cornacho (15), mpocTpaHcTBEHHBIE MOMEHTHI 00JIyY€HHOCTH BBIUUCIIAIOTCS TI0 CIIEKTpaM
COOTBETCTBYIOIIMX MOMEHTOB sipkocTu Tipu p = 0. O6pamasicek k hopmynam (8), (9), (11)—(14)

Y UCTIONB3Ys 0003HAUCHUS
! d " 1 d
f(p)=i, S(p)= { Af(p)= f+——, P, =k(u—u,)

CIEKTPBI, HEOOXOMMBIE JUIsl PACYETa MOMEHTOB Ej ;| 5 , MOXKHO 3aIIMCaTh CIEIYIOIMM 00pa3oM:

Fy(k,0,0) = Fy (k) exp| —c) + [/ ) £ (1) | (16)
F,,(K,0,1) = %F(k 0,u)- @, ,(K,0,u), (17)

u ul
D, (k,0,1) = [ =1y )& () +2£'(p) [ B () du ]y, (18)
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06 MCKaKeHUSIX MMITY.IBCHOTO CBETOBOTO MyUKa. ..
D, (k,0,u) = %(@12) + %I(u - ul)zbl(ul)AAf(pl)afu1 +

)’y (ul)[Af'(poujbl (1) f(py)duty +

+ 2f”(p1)tf)lb1 () " (ps) ity + f'(poifbl (1) A" (py) dy 1 +

v 2&@ )by () /() dul} - &(u )by () (py) +

+ 2f"<p1)tf;b1 () /"(p2)duy +2f'(p)) Z'bl (uz)f”(p»duz)dul}—

—Ef)(u )2y ) /" (py) dul]ﬁbl w))Af"(py)duty +

#2:[by )/ (pr)di Ty (u»f”(pl)dul} +

+z{bl (ul){ (I) (w—11)7b, ()1 (p>) d“z}[Af'(Pl)Jr

" 2f"(p1>§b1 () f"(p2) dus + 2f’(p1)£b1 W) f"(py) duypduy.  (19)

XapakTepucTHKH 0€CKOHEYHO IIMPOKOro UMIYJIbCHOT0 IMy4Yka. MOMEHTHI pacrpese-
JeHusi 00Jy4eHHOCTH B OECKOHEYHO HMIMPOKOM ITyYKEe MOXKHO PacCUUTATh, 3a7aB MPOCTPAHCT-
BEHHBIH CIIEKTP HauaJIbHOIO paclpeiesieHus] «HaKOIJICHHON) 00Jy4eHHOCTH B BUJIE

Fy(k) = (2m) *vIv3(k)

rae W, —sHeprus, najarouas Ha eJUHULYY IOBEPXHOCTH cpelbl. B 3TOM ciiydae nmpuBeICHHbIE
BbILIE (POPMYJIBI JAOT

u _1
0
e a; =c—b; = a+2bp, — >hdexTuBnbIi MOKasarens nornomenus cpenpl. Pynkuun O, , Ha-

xonarcs w3 (18), (19) ¢ momompio cootHomenuit f(0)=1, f'(0)=0, Af(0)=-<7y’>,
f"0)=—<y">/2, Af'(0)=0, AAF(0)=<7*>, <" >= éj.y”Pl(y)ydy . B pesynbrare mis
0

HOPMUPOBAHHBIX MOMEHTOB MPOJI0IBHOTO pacrpe/iesieHHs 00TyYeHHOCTH B UMITYJIbCHOM 00beMe

o0

€=T§Ed§/IEd§=El/EO, (20)

0

(ALY = [(c-L) Ede/ [ Ede=E,/E,~(E,IE,)

0

noyrygaemM opMyJibl
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C=o<y >j<u )b, (1)

(AQ *I(u u, |:<Y >Tb(”1)+<7 > Ty (”1)}61”19 z-b(“l)—J.b (uy)du, .

3aBucumoctu ((u), Al(u) ONMUCHIBAIOT MPOLECC OTCTaBaHMUA «LUEHTpA TSHKECTH» HM-

myJbca OT €ro nepeaHero (poHTa W yIMHEHHE UMITYJIbCAa C POCTOM PAacCTOSHUS U = VI,
NpoiiieHHOro nepeaHuM (POHTOM UMITYJbca B cpefie. BpeMeHHble XapakTepUCTHKH CUrHAjla
Ha 33J]aHHOM IIyOMHE z, a UMEHHO BpeMsl MIPUXO0/a IEHTpa TSHKECTH» UMITyJibca (4, ) U ero

TUCTIEPCHUIO (tlz), MOXXHO HailTu mnojctaHoBkor ¢yukuuii ((z) u A{(z) B ¢dopmynbl
t, = (z + E)/ v, t,=ACl/v (cm.(7)). Takas noacTaHOBKA MPUBOAUT K PE3yJIbTATY, MOIyYCHHOMY

panee B pabote [4].
PacnpocTpaHeHue B Bojie HMITYJILCHOIO My4YKa CBeTa KOHEeYHOH mmupunsl. [IpuBe-

JIeM Ul TIpUMepa pe3ysbTaThl pacuyera mapamerpa ((u) Ans mons u3iaydeHus, Koropoe dop-

MHUPYETCSl B BOJHOM Cpelie ¢ OOJHOPOJHBIMHA ONTUYECKUMH CBOMCTBAMU IIPU MPOXOKIECHUU Ye-
pe3 Hee «AeNIbTa-UMITYJIbCHOIO» ITy4Ka CBETa KOHEYHOM IIMPHHBL. MHAMKATpUCy paccesHus
BOJIbI U pacnpezieneHre 00Ty4eHHOCTH Ha ee TPaHulle 3a/1aluM B BUJIE

BN =2qy" exp(=qv)  Alr)=(mr’) exp(=r’/1) 21)

e g — napameTp MHIMKATPUCHI, CBA3AHHBIN C €€ AUCIepCHeil CooTHOIEeHneM g =2/ <y’ >;
7y — 3(dexTuBHBIA panuyc NagarolIero Ha cpely Iydka. YKa3aHHas MHIMKATPUCA HMEET

0.5
cnextp f(p)= (1+ ptlq* ) , JIOITyCKAIOUIUN BO3MOXKHOCTb IPEJCTABICHUS CIIEKTPOB [,

yepe3 aneMeHTapHble (GyHKuuu. IIpy 3ToM okasbiBaercsi, 4YTO Oe3pa3MepHbI Mapamerp MM-
IIyJIbCHOTO 00beMa

8=qb{
3aBHUCHUT TOJILKO OT O€3pa3MepHBIX KOOPAMHAT TOUKH ITPUEMa UMITYJIbCHOTO CHTHAJIa
O=qgr /u, t,=bu
1 0e3pa3MepHOro mapameTpa
Po=9br /2

CBSI3aHHOTO C IMIMPHHON MaJaI0LIero Ha Cpeay IMydka. 3aMeTHM, YTO B MajOyrJIOBOM HpUOIIH-
’KEHUHU OTHOILEHHE 7| /u — ATO MOJSAPHBIA Yroa TOYKH IpueMa curHaia (B pajuaHax), OTCUH-

THIBA€MbIN OT OCH My4Ka, a O — OTHOILIEHUE ITOTO yria K XapaKTepHO! MIHPUHE UHAUKATPUCHI
paccestaust. U3 (15)—(18), (20), (21) naxoaum:

7/ x —poix? /1
S(O,Ib)—% [X- de/fde X(0,7,,x) = x(x +V1+x? )" J,(6x)e ’
0
1 1 1 T ) .
Y, 0= - -2 arctg(x) - ——1n(x+ VT +57 )+
b S RUEE SNy Vi+x? 1+ x°

PesynbTarhl pacuera 3aBUCHMOCTH MapamMeTpa & OT Oe3pa3MepHbIX KOOPAMHAT TOUKH
npuema (0, t,) u 6e3pa3mMepHOil MIMPUHBI IIyYKa p, IIPEJCTaBIEHb! Ha puc.l.
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Huxe B Tabauie
NPUBEIACHbI  3HAYCHUS
JUIMHBL TyTH  (Vf), TpH
KOTOPBIX UMITYJILC CBETA,
3aperucTpUpOBaHHbIN Ha
OCH My4YKa C HAYaJIbHOU
mupuHou 10 cMm, pa3Mmebl-
BaeTCS TakKUM 00pa3om,
YTO €ro «UEeHTp TsxKe-
CTH» OTCTaeT OT Mepe-
Hero ¢pontra Ha 0.5 M.
[Ipu BeIMONHeHMM pac- Puc.l. 3aBucumocts d or O mpu p, =1 (a)u & or p, npu 0 =0 (6).
1€TOB BEPOATHOCTH BbI- Lubpsl Hajt KPUBBIME — 3HAYCHHS T, .

YKUBaHUS ¢dorona
A =b/c, a Taxke mapaMeTpsl ¢ U b, BbIpakaJUCh yepe3 IOKazaTeldb ociabieHus (c) ¢ no-

0 5 10 15 Po

Moiblo perpeccuii JleBuna—Konenesuya [19].

Paccrosinue 0T HCTOYHUKA (Vt), Ha KOTOPOM IapamMeTp g HMITYJIbCHOI'0 CUI'HaJIa

pocTuraer snadenus 0.5 M NpH yKa3aHHBIX 3HAYeHuAX ¢ U A

™! 0.1 0.2 0.3 0.4 0.6 0.8 1.0
A 0.47 0.70 0.78 0.82 0.86 0.88 0.90
Vi, M 230 65 36 25 16 12 9.5

B 3akmodeHne 3amMeTHM, 4TO OTrMOAaroasi MMITYyJIECHOTO CHTHAJIA HA 33JaHHOM TiryOuHe
Z HE BIOJHE TOYHO BOCIPOHM3BOIUT MPOJOJILHOE paclpe/ielieHue SPKOCTH B HUMITYJIHCHOM
o0beMe B MOMEHT NpPHX0Jia NepeaHero (GpoHTa UMITyJibca Ha TayOuHy z . MIMeHHO mosTomy
ypaBHEHHSI ISl IPOCTPAHCTBEHHBIX MOMEHTOB OTIIMYAIOTCS OT COOTBETCTBYIOIIUX YPaBHEHUH
JUTSE BPEMEHHBIX MOMEHTOB, KOTOpPBIE CTPOro He pemarorcs. [lo 3Tol ke nmpudrHe HE COBCEM
TOYHBIMHU SIBJISIFOTCSI COOTHOIIEHUS (7).

Asmop 6nazooapum A.I.Jlyuununa 3a 06¢cyscoeHUe ROTYUEHHBIX Pe3YIbMAamos.
Hacmoswass  paboma  evinonwena npu  nodoepoicke epawma  IIpasumerscmeéa P®  (0ozcoeop
Ne 11.G34.31.0048) u PODU (npoexm Ne 11-05-97022-p nosondicwve).
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