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Annomayun. /[ 4ucienHo2o ucciedo8anus d@gexma anomManrbHo20 0O0paAmHO20 paccesanus npeonodtceHa
onmuyeckas Mo0eib cpedvl, coCmoswyas u3 niockux uacmuy. Ilpedcmasnenvl pe3yiomamovl YUCIEHHO2O
UCCne008anusl, UIOCMPUPYIOWUE SPKO  GbIPANCEHHYIO CHEKMPATbHYIO  3A8UCUMOCTNG  9XO-CUSHANLA  OM
ONMUYECKUX U MUKPOQDUIUYECKUX Napamempos cpedvl. [lokazana 603MONCHOCMb OYEHKU ONMUYECKUX U
MUKPODUIUUECKUX COUCME CPedbl NO OAHHbIM AHOMANLHO20 06pamHozo paccesnusi. Komniexc npocpamm,
peanuzyiouuil.  ONMuUYecKylo Mooeib cpedvl Ol pacyema Xapakmepucmux Kodgguyuenma o0pamuozo

paccesinus 0isi RIOCKUX U chepuyecKkux yacmuy 0wl paspabomar Ha kpocceniamgpopmerntot cpede Qt .

During the observation of atmospheric crystal faiores and water surface, a bright reflected ligin often
be noticed. A number of optical effects occurrimngniature, such as sunlight columns, false sunphbtgsor
bright flares at water surface, can be explainethkyinteraction of sunlight (or moonlight) withetfiat surface
of water or crystals [1-3]. The high-amplitude lidaturns research is prosperous due to the fattréflective
property is primarily found in oriented particlesithw flat faces as well as unperturbed water surface
Additionally, during the remote laser sensing ahkégnplitude signal can occur due to reflection framter
surface which has large radius of curvature. Definihe parameters of medium component that proaite
anomalous backscattering can be used as a traeealitatehe physical properties of the tedtject.

To calculate the anomalous backscattering coefficie are using the following equation [2]:

Br=[S:@IN(@)da, 1)

where 3, — backscattering coefficient,-S backscattering cross section for a particle, N(a) — function of the
particle size distribution. Using the method phgbigptics while considering the incident light pagation, the

derived equation can be used to calculate the batiksing cross section [4]:

I
S = WE(M11+I_2M12+_3M13+|_4M E (2
I1 I1 l 1
where; (i=1, 2, 3, 4) — Stokes vector parameters for indidight, M; — Mueller matrix elements. The W

multiplier is determined by wavenumber and angtecfion that is Fraunhofer diffraction equation.
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As a separate scatterer, let's take a round pléte awadius andd thickness. The particle has a complex

refraction index¥e= n+ilx (n— refraction indexy— absorption index). Since the particle distribntican be

adequatelyiescinedby @ modified gamma-function [2], we will use flolowing equation:

+ H
N(a) = CE—IL[-ILEEi) cexp[ H Eaj : 3)
GH+D) ay | a A

Formula (3) includes the following parametefs: plate concentratior,, — plate radius corresponding to the

N(a) maximum,u— dimensionless parameter, characterizing the stsspof the function maximum, @+1) —
gamma-function. Additionally, the dependency betwpkate radiusa and its thicknessl is taken in account as
following: d=2.02aRa) >**[2].

With the normal (orthogonal) plate crystal positretative to ray direction, we can simplify (1)falowing:

B(8 =180°)=| (@ 1y (@ 1)° K¥j N@)4 da, ) (4

where$ is diffusion anglek- wavenumberk=2a/A, A- wavelength of incident radiation).
We have done a numerical research of anomaloussbaitkring coefficient for the light reflected frotime
system of plate crystals using (4). For the catouts, the following input parameters were usedvelength
(A), particle geometrical dimensiona, ¢l), complex diffraction index value®,(y), parameters for particle size
distribution (C,u, @), considering (3)a =an(1+14v).

The fig. 1a displays the calculation results for anomaloukbeattering coefficient depending on incident
radiation wavelength at the different values ofaefion index. It is clear that material opticabperties have
significant influence on the reflected light intéapsChanging the real part of refraction index@fraction of a

unit leads to increase [} by an order of magnitude.
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Fig. 1. (a) Dependencg (1) for different n: n=1.21 (curve 1); n=1.31 (cun®; n=1.71 (curve 3); n=1.91
(curve 4); @a=100 um, C=1 I', u=5, »=10™ (b) Dependencg,(.) for different aand x: @ =100 um, u=5

(curve 1); @=200 um, x=5 (curve 2); @ =100 um, x=1 (curve 3); @ =100 um, x=10 (curve 4); C=1f,
¥ %02 [5]; n=n(1) for ice (curve 5).
Figure b displays spectral dependencepgih) at 86 R0 for ice [5] with different parametera andyp.

The curve 5 at fig. i shows the relation between real part of compldracdon index of pure ice and
wavelength. At fig. 2 it is shown thgf(L) curves have features similarr.). Moreover, such features are most
pronounced fo3,()). Particle size distribution parameters have ai@ant influence on thg,. Clearly, an

increase in the dimensional paramet@r/X) leads to increase in the reflected light amp#tu@espite the
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unified change tendencies §f\) change with the varying distribution parameteas C, u), they have different
influence during the data analysis with fixed wavejth.

An uncertainty during the anomalous backscattemwgluation can be eliminated by taking a priori
information in account as well as considering tbenmalized characteristics. It should be noted thagarching
the reflected light properties while consideringassibility of small-angle scanning and using listaensing
scheme can allow to receive informative data fdrigh-probability calculation of optical, microphgai and
dynamic environment properties despite having astalobe and wavy surface. Our general researchtidiners
related to development of ways to use optical ne#thto determine the physical parameters of the unedi
Currently, the following task becomes relevanttfe ranged surveillance of water surface layerantbsphere
crystal formations to find solutions for ecologigabblems, to study the light transfer through tagemedia
containing primarily oriented plate particles.

As a part of this work, a software complex was giesd to employ the optical environment model. The
project was creating using the C++ programming lagg and Qt cross-platform framework, which all@asy
compilation for any of the modern operation systemsiobile platforms. The software displayed at figand

fig. 3 utilizes the functions necessary for caltiolaof anomalous backscattering coefficient fonesg and plate
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Fig. 2. Application graph window Fig. 3. Application database window
particles using a wide array of input data. Addititty, the program uses a database with tablescitratiin
refraction index spectral dependency on the wawgtterof incident radiation for a specific materiah (
particular, for ice, gypsum, and oil).
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