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Abstract. The article considers the conditions for the full absorption of
ultraviolet radiation to create energy-saving radiation technology. The purpose of the
research is to obtain the dependence of the relative irradiance of cylindrical layers of
the medium under different absorption coefficients.

The paper analyzes the technological schemes of radiation, which will increase
the energy efficiency of irradiation of liquid media. The conditions of irregularity of
absorption of radiation had been investigated. An expression that takes into account the
optical properties of the medium and the geometry of the beam is obtained and allows
us to determine the general principles of the layout of the technological scheme of
volume irradiation.
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Introduction. To create an energy saving technology for irradiation of liquid
media by an ultraviolet stream, it is necessary to embody it in a condition in which the
radiation energy is completely absorbed by the volume of the irradiated medium. It is
advisable to carry out an analysis of the irradiator, based on observance of the principle
of ensuring uniformity of irradiation.

Analysis of recent researches and publications. The irregularity of absorption
of radiation in case of volumetric irradiation is due to the exponential dependence of the
intensity of radiation penetrating into the volume on the depth of penetration. [1, 2]. In
order to increase the uniformity of volumetric absorption, regulate the thickness of the

irradiated layer or the section of the channel where the irradiated liquid moves; perform
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the selection of geometry of the system of emitters of a submerged type; using different
mixing devices [3, 4].

Purpose — to investigate the dependence of relative irradiance of cylindrical
layers of the medium at various absorption coefficients for an irradiator.

Methods. The paper uses methods of optical analysis within the limits of
quantum-mechanical theory.

Results. The measures described in [2] allow in practice to provide high quality
and uniformity of volume radiation of the medium, however, the ability to compensate
for the attenuation of radiation in the medium is to increase its spatial density by
reforming the beam geometry. We will show such an opportunity by analyzing the
Helmbholtz wave equation in which the refraction index is adopted as a complex
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where u(x, y, z, t) — a function that describes the amplitude and phase of the radiation
wave; o — frequency of oscillations; n — refractive index.

The imaginary part of the refractive index determines the attenuation of radiation
in the medium. The substitution of the solution of this equation in the form u =U -e™"*
allows us to obtain, using the method of asymptotic approximations, the usual

differential equation
—}:—2-11]-(0-110, (2)

where ¢ — an indicator defining the direction of the wave front; d/d{ — derivative along
the beam of radiation; I' — geometrical divergence of the radiation beam.
The general solution of this equation has the form
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where A — constant value; M,, M — points on the beam axis.
Given that the intensity of the wave I=U°, d&/ny=dl (where dI — element of the
path length of the beam), a=2wn;,
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The resulting expression takes into account the optical properties of the medium
and the beam geometry (the solution of this functional equation relative to / for the
constant @ and a given function I'(/) satisfying the restrictions on the deviation /). The
expression allows us to determine the general principles of the layout of the
technological scheme of volume irradiation: the spatial flow density on its path in the
material must be formed in such a way as to compensate for its attenuation through
absorption.

We will analyze the basic properties of technological schemes.

The ring volumetric irradiator directs the radiation flowing to the center to the
volume of the irradiated liquid flowing in the quartz tube.. External radius of fluid flow
—r; flux of radiation — @,,.

To estimate the change in irradiation within the volume of the treated medium,
we will take into account the values of the surface of elementary cylinders of the
medium with radius »,(r,<r) and height 5. Radiation of the outer surface of the cylinder
of fluid Ey=®@y2nrb.

The radiation flux falling on the surface of an elementary cylinder with radius 7,
decreases in comparison with @, due to absorption in the layer of liquid in the thickness

r—r, and will make
D, =D, -, )
Therefore, irradiation is defined as
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Taking the correlation of two boundary irradiances and introducing the

designation k=r/r, we obtain

o )
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Let's analyze the dependence of the irradiance ratio E,/E, on the ratio r/r, to
determine the most effective depth (radius of the tube) of uniform irradiation of the
solution.

The dependences E,/E,=f(r,) are calculated for seven values of a (0; 1/2r; 1/r;
1/0,75r; 1/0,5r; 1/0,257; 1/0,1r). It was established that at a depth from r to 0,37 the
irradiance varies relatively little in the range of 0,7.E)...1,35E). This provides the basis
for the appropriate selection of parameters of a volume illuminator () depending on the
properties of the medium (a) to expect the uniformity of its processing in depth.

Discussion. Irradiating the liquid medium in the considered technological scheme
with the absorption coefficient a, which lies in the range from 1/0,57 to 1/0,75r, or close
to it, it is possible to achieve a fairly uniform treatment of the medium by ultraviolet

flow of processing in depth.
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HNIABUIIEHHSA E@PEKTUBHOCTI YJABTPA®IOJETOBOI'O
OITPOMIHEHHA PIINH
T. C. Knuosicka, O. 1. Pomanenko, C. M. Ycenko

AHoTanis. VY cmammi poszenamymo ymosu 014 NOBHO20  NOSTUHAHHA
yaempagionemosozo 8UNPOMIHIOBAHHA O/l CMBOPEHHs eHepeo30epiearodoi mexHono2ii
onpominenHs. Memorw nposedenux 00CiONHCeHb € OMPUMAHHSA 3ANEHCHOCMI IOHOCHOI
ONPOMIHEHOCMI  YUNIHOPUYHUX —wlapie cepedosuwya npu pizHUX Koeghiyienmax
NO2TUHAHHAL.

Y pobomi npoeedeno ananiz mexumonociyuHux cxem onpoMiHeHHs, WO 00380UMb
nioguWUMUY  eHepeemudHy  eqeKmusHicms  ONPOMIHEHHS  PIOKUX — cepedosuly.
Jlocniooicerno ymosu HepieHOMIPHOCIE NOSTUHAHHS BUNPOMIHIO8aHHA. Ompumano eupas,
AKUL 8pAX08YE ONMUYUHI 81ACMUBOCMI CepedosUyd Ui 2e0Mempilo NYYKa ma 00380.JI€
BUSHAYUMU 3A2ANbHI NPUHYUNU KOMNOHYBAHHA MEXHON02IYHOI cxemu 00'€eMHO20
ONPOMIHEHHSL.

KuawuoBi caoBa: yasmpaghionemose onpominenns, enepzoszdepercenns,
eHepzemuuHa eheKmueHicms ONPOMIHEHHA

OOTOMETPHUYECKHUE OCHOBbBI COBEPHIEHCTBOBAHUS
KOJIBIIEBOI'O OBJIYYATEJIA
T. C. Knuosicka, O. H. Pomanenxo, C. H. Ycenko

AHHOTAmUsA. B cmamve paccmompenvl yciogus 01 NOIHO20 HO2NOWEHUs
VAbMpahuonemosozo U3yueHus 01s CO30anus dHepeochepecarowjeli mMexHoI02Uul
obnyyenus. Llenvlo npoedeHHbIX UCCIe008AHULL ABNIAEMC NOLYYeHUe 3a8UCUMOCTIU
OMHOCUMENLHOU  0OJYUeHHOCMU  YUTUHOPUYECKUX CN0e8 Cpedbl NpU  PAa3IUdHbIX
Ko3¢hhuyuenmax no2nowjeHus.

B pabome npoeeden ananus mexnorocuyecKux cxem OOJyYeHUs, YMo NO360] UM
NOBLICUMb IHEP2eMUYeCcKYI0 IghghexmusHocms 00ayueHus Hcuokux cpeo. Mccnedosamnl
yenosusi HepasHomepHocmu  noenowenus. Ilonyueno e@vipasicenue, yuumvléaroujull
onmuyecKue C80UCMBA CPedbl U 2eOMempulo NyuKd, U no3eojisaem onpeoeiums ooujue
NPUHYUNBI KOMNOHOBKU MEXHOI02UYECKOU CXeMbl 00beMHO20 00yYeHUS.

KuawueBble ciaoBa: yasmpaguonemosoe oo0ayuenue, 3Inepzocoepercenue,
IHepzemuueckasn IPhekmuenocms 00ayUeHUA.
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