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DETERMINATION OF THE ELECTROMAGNETIC SEDIMENT INITIATION FIELD DURING
RADIOACTIVE AND CHEMICAL SUBSTANCES DEPOSITION FROM THE ATMOSPHERE
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Purpose. To reduce the zone of pollution in case of accidents with chemical emissions and radioactive substances,
artificial intensification of precipitation in the emission area is used. As ions are the most active drop formation centers,
increasing of the free ions concentration in the atmosphere by the high-frequency electromagnetic radiation for artificial
precipitation intensification is proposed. Methodology. The single source power reducing is accomplished by the using
of multiple radiation source with focusing of the electromagnetic field in the area of impact. Results. The energy and
geometrical characteristics of the electromagnetic radiation focus area in the area of atmospheric pollution at various
geometry of the placement of the emitters and their performance are considered. Originality. The calculations showed
that the greatest amount of the focusing area is achieved with a compact footprint sources. To increase the impact area
atmosphere scanning method applying is proposed. Practical value. Thus, for the artificial initiation of precipitation
over the area of emission of hazardous chemical substances you can apply existing sources of electromagnetic radiation,
which when operating in the scan mode will provide the necessary intensity of precipitation. References 7, tables 1,
figures 2.
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BU3HAYEHHS OBJACTI EJJEKTPOMATHITHOI IHIIIIAIIL OITAIIB ITPY OCAJIKEHHI
PAJIOAKTUBHUX TA XIMIYHUX PEYOBHH 3 ATMOC®EPU
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Jlist 3HMOKEHHST 30HM 3a0pyQHEHHS MpH aBapisx 3 BUKWAOM XIMIYHHX Ta paJiOaKTHMBHUX PEYOBHH IIPOIOHYETHCS
BUKOPHCTaHHS IITy4HOI iHTeHcudikamii omamiB B 30HI BHKuAY. Tak SK HaHOIIBII aKTUBHAMH LEHTPAaMHU
KpaIwIeyTBOPEHHs € 10HH, TO JUISI IITYYHOI iHTeHCH(iKamii ommaiB MPOITOHYETHCS IMiABUITYBATH KOHIICHTPALIIO BIIBHUX
ioHIB B aTMoc(epi 3a paxyHOK BHCOKOYACTOTHOTO EJIEKTPOMArHITHOTO BHIIPOMIHIOBAHHS. 3HIDKCHHS ITOTYXKHOCTI
OJIMHUYHOTO JKepelia JOCATAETHCS IMIISIXOM BUKOPHCTAHHS MHOKHHHOTO JKepesia BUIPOMIHIOBAHHSA 3 (DOKYCyBaHHIM
@JIEKTPOMATHITHOIO TOJIsI B 007acTi BIUIMBY. PO3MIISHYTI €HepreTWdHi i TeOMETpHYHI XapaKTEepUCTHKH 00mnacTi
(oKycyBaHHS €JIEKTPOMArHiTHOIO BHIPOMIHIOBaHHSA B 30HI aTtMocdepHOro 3a0pygHEHHS TNpH pi3HIH TreoMerpil
PO3MIIIIEHHS BUITPOMIHIOBAadiB Ta iX poOouiil XxapakrepucTuii. Po3paxyHkn moka3any, Mo HanoimbpImii oocsar odmacti
(OKyCyBaHHS JIOCSATAETHCS TP KOMITAKTHOMY pO3MilleHHI mkepen. Jlnst 301ibLIEHHS BIUIMBY MPOIIOHYETHCS
3aCTOCOBYBAaTH METOJ CKaHyBaHHS aTMochepu. Takum 4uHOM, /UTS IITYYHOTO iHILIIOBAHHS ONA/iB HaJ 30HOI0 BUKUIY
XiMIYHO HEOE3MeYHNX PEeUYOBHH MOKHA 3aCTOCOBYBATH ICHYIOUI JDKEpesa eeKTPOMArHiTHOTO BUIIPOMIHIOBAHHS, SIKI B
IIpY pOOOTI Yy peXXUMi CKaHYBaHHS JI03BOJIITH 3a0€3MeUNTH HEOOXIJHY IHTEHCHBHICTb OMa/IiB.

KarwuoBi ciaoBa: jkepeno BHIIPOMIHIOBAaHHS, (JOKYyCyBaHHS BHIIPOMIHIOBaHHS, JiarpaMa CIPSMOBAHOCTI,
KOeiIi€HT CIIpSIMOBAaHOI Jii.

PROBLEM STATEMENT. The main objective of As the most active teardrop centers are charged
radioactive and chemically dangerous substances particles (ions, ionic clusters) [l], creation of
sedimentation from the atmosphere is ensuring of sufficient concentration of the condensation loaded
necessary intensity of fine water stream giving over a centers in the field of influence is one of effective
certain area. Considering the sizeable area of polluting methods of artificial influence on atmospheric
substances distribution in the atmosphere, the aerosols [2]. One of ways of ions sufficient
resolving of this task causes great difficulties. As at concentration creation in the atmosphere by
the expense of convective atmospheric streams microwave radiation influence is considered in the
dangerous substances can rise by 10 km altitude, study [3]. The theory of electromagnetic fields
artificial sedimentation of rainfall can be one of interaction created by various radiators is considered
effective ways of atmosphere cleaning on all in [4-7]. However determination of RSS focusing area
distribution area., One of perspective among other parameters  depending on performance capabilities
atmospheric processes impact methods is artificial and the radiators configuration wasn't carried out.
rainfall initiation by the electromagnetic radiation EXPERIMENTAL PART AND RESULTS
(EMR). One of the problems for solving is OBTAINED. The study purpose is to determinate of
determination of EMR focusing realized area power and geometrical parameters of electromagnetic
parameters in the atmosphere created by the radiation focusing area in case of various radiators

radiation sources set (RSS).
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placement
capabilities.
Let coordinates of any radiator in RSS be defined

geometry of and their performance

by a vector R
(fig. 1).

The field supervision point in the zone of artificial
ionization is determined by a vector T .

Then in case of N radiators in RSS the vector of
intensity of the resultant electric field observed in any
timepoint t in a point T taking into account
polarization of radiators can be presented in the form:

in rectangular system of coordinates

n
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where ¢ ,P ,G, a vector of radiated waves
polarization, power of radiation and coefficient of the

directed action for n-radiator; k — wave number; f —
n

n-radiator radiation frequency; ¢,, T, — an initial
phase and radiation delay time for n-radiator.
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Figure 1 — Geometry of the task of artificial
troposphere area ionization by on-off system of
radiators

Generally the following parameters can be
operated RSS parameters: ¢, ,P ,G, ,fn, ¢, and T,.
For a special case when the field of rainfall formation
is in distant zone RSS (|f| >>§n, n=1...,N) we
will believe that conditions are satisfied: ¢, =e,

f =f , P,G,=PG and 2nft, +¢, =2nft, +¢, =0.
Taking into account that, following (1), for any
direction o, = o and any axial placement of radiators

(El,ﬁz) the resultant intensity square in any point of
the field Q of rainfall formation will be defined as

— 2 240-P-G
|E2(I‘,t1 :SX(rx’rz):ﬁX
rl 41 ,(2)
x cos’ (kcos(rx /T2 +1)(R, + Rz)/2)
where k ,k— the vector T corresponding
coordinates.
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According (2) the square of resultant intensity
doesn't depend on time and it’s defined by coordinates
of radiators and points of supervision or angle size

a=rt, /4] +1’ . Therefore in the field of supervision

periodic nature of change of a square of intensity takes
place. Maxima of intensity are defined by coordinates
of the supervision point (direction o) and a half of
axial distance between radiators (system base).

Coordinates I, and T, also have impact on the

general weakening of power and intensity change
nature.

However in case of determination of radiation
zone geometrical parameters it’s necessary to
consider a type of radiators directional patterns
(fig. 2).

Let suppose that the directional pattern on power
for n-radiator is described by Gaussian function [5]:

G, =G0(fn)exp —(1n2){(2—(pJ +(2—9J ] ,(3)
?, 0,

where G, — directed action coefficient of the
radiator in the direction of the vector; r, @, 8 — the
angles counted from the direction T in the vertical and
horizontal plane; ¢;, 6, — the angles determining ray
width in the vertical and horizontal plane.

Figure 2 — Geometrical parameters of the RSS
radiation zone

Generally for radiation zone sizes determination
it’s necessary to calculate the volume of N cones
crossing area. According [5], in case of two radiators
the volume of area of their crossing is defined as

rIZrZZOIOZ(pl(pz . l
Jioi +12¢?) sinb,

On condition of using of radiators with identical
directional patterns of needle type (¢,=0,=¢0,=0,=B)
correspondence (4) take the form of

V =1,206

(4)
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It’s difficult to get similar correspondence for any
number and an arrangement of radiators. Therefore
it’s more convenient to find the crossing area volume
numerical, for example, using the Compass package.

Results of calculation of crossing area volume
received by crossing of rays from N sources with base
of an aperture L at various tilting angle o are
presented in table 1.

Data is obtained for width of rays of radiators 2°
(stations 1RL141, 1RL132) with the center of their

V =1206

©)

crossing zone at distance of |f| =1000 m and the top

limit on a vector of |f| =5000 m.

It’s apparent from table 1 that the most compact
placement of radiators provides the maximum volume
of the crossing zone. Compact placement of radiators
also simplifies management of radiators. In this case
RSS can be considered as elements of an antenna
lattice for which effective control systems are known.

Table 1 — Volume of the rays crossing zone (10° m’) at various geometry of microwave radiation sources

placement
Geometry of sources a LM

placement 50 100 500 | 1000 | 2000 | 3000 | 5000

L 30° | 234 19,5 102 |77 3.8 1,6 0,8

45° | 20,7 173 | 8,6 5.9 32 12 0,6

Cb—C‘[) 60° | 18,1 158 |73 42 2.7 0,8 0,3

90° | 16,3 132 |57 35 1,9 0,6 0,2

300 | 21,8 176 |92 6,4 3,1 1,4 0,6

L 45° 20,2 156 | 7,4 52 2.3 1,1 0,4

é @ @ é 60° | 17,6 13,5 |61 3,7 1,6 0,7 0,2
90° | 15,6 11,8 |43 2.9 0,8 0,5 0,05

L 30° | 22,4 18,7 |9, 6,4 31 1,3 0,6

45° | 20,5 168 |83 5.4 2.7 1,1 0,5

- 60° | 17,9 152 |72 3,7 1,8 0,7 0,4

O 90° | 16,1 123 |56 2.1 11 0,5 0,2

30° | 205 184 |93 5.4 32 12 0,7

: L C [ 450 188 164 |81 4.4 2.8 0,8 0,6

@ 01010, d) 60° | 17,3 153 |75 3,8 1,7 0,6 0,4

90° | 15,0 129 |58 2,6 1,3 0,5 0,2

L 300 | 21,7 188 |9, 5.8 3,9 1,6 0,8

45° 203 17,6 | 83 43 2.8 12 0,6

ot 60° | 18,1 16,5 | 7,6 3.8 2.3 0,9 0,5

0 90° | 16,3 142 |58 2.7 1,5 0,7 0,3

30° | 19,1 154 |83 4.4 2.8 1,3 0,6

‘ L ‘ 45° | 17,7 13,6 |73 35 1,9 0,8 0,4

OOHOOOOOO e 16,3 12,1 5,9 2,7 0,9 0,7 0,3
90° | 13,9 10,7 | 42 1,6 0,7 0,5 0,05

L 30° | 203 168 |94 5,7 4.1 2.7 0,7

™ 45° | 18,6 154 |78 6,6 3,6 1,8 0,6

60° | 17,2 139 |67 4.5 2.8 1,1 0,4

8@@ e 90° | 15,8 12,1 |47 2.4 1,1 0,7 0,1

Calculations results (table 1) show that if we use
IRL141, 1RL132 stations with any geometry of
their placement it is impossible to provide the volume
of the zone of active impact on rainfall formation area
more than 23,4 m’.

However for effective washing away of dangerous
substances from the atmosphere isn’t enough therefore
it is necessary to apply or stations with petals of a
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bigger angle of an aperture that leads to decrease in
density of intensity of the field, or a method of the
rainfall formation zone scanning.

There is a mechanical of control scanning and
management of phase distribution. At a ray deviation
from a normal concerning aperture of the antenna due
to phase distribution of excitement there is an
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OINPEJIEJEHUE OBJIACTHU SJIEKTPOMATHUTHOM UHULIAUALIMU OCAJIKOB ITPHA
OCAXKIEHNUN PAIMOAKTUBHBIX U XUMNYECKUX BEIECTB U3 ATMOC®EPBI
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Jisi CHWKEHMSI 30HBI 3arps3HEHUS] TPH aBapHsIX C BBIOPOCAMH XMMHYECKHX W PaJNOAKTHBHBIX BEIIECTB
Ipe/uIaraeTcs HMCIOMb30BAaHUE HMCKYCCTBEHHOW HMHTEHCH(HKAIMM OcaJkoB B 30HE BbeIOpoca. Tak kak HamOoiee
AaKTHBHBIMU IIEHTPAMH KaruieoOpa3oBaHWs SBISIFOTCA HOHBI, TO JUIi HCKYCCTBEHHOW WHTEHCH(HKALMH OCaIKOB
npejaraeTcss IOBBIIATh KOHICHTPAIMIO CBOOOAHBIX HOHOB B arMmocepe 3a Cc4€T BBICOKOYACTOTHOTO
3JIEKTPOMAarHUTHOTO M3sydeHus. CHIKEHHE MOIIMHOCTH €AMHWYHOTO MCTOYHHKA JOCTHTACTCS ITyTEM HCIIOIb30BAHMS
MHO)KECTBEHHOTO HCTOYHHKA H3JIy4eHUS C (DOKYCHPOBKOH 3IIEKTPOMArHUTHOTO MOJNA B OOJAcTH BO3JICHCTBHSA.
PaccMOTpeHBI 3HEPreTHYECKHe W TEOMETPHUYECKHE XapaKTEPHCTHKH 007acTH (POKYCHPOBKH 3JIEKTPOMATHHUTHOTO
M3JTy4eHUs] B 30HE aTMOC()EPHOTO 3arpsiIsHEHUS NPH Pa3IMIHON T'€OMETPHH Pa3MEIICHHs M3ITydaTenel n ux pabounx
XapaKTepucTuKax. Pacuérel mokaszamu, 94To HaHOOIBIINA 00BbEM 00TacTi (POKYCHPOBKH JOCTHTACTCS MPH KOMITAKTHOM
pa3MelIeHNN MCTOYHUKOB. JI7si yBenWdeHUst 00nacTi BO3ACHCTBHA MpeularaeTcss NPHUMEHSITh METOJ CKaHHPOBaHMS
atMocepsl. Takum 00pa3om, 17151 HICKYCCTBEHHOTO HHUIIMUPOBAHMUS OCAIKOB HaJl 30HOM BBIOpOCAa XMMHIECKH OTACHBIX
BEIIECTB MOKHO NPHUMEHSTH CYLIECTBYIOIINME HCTOYHMUKU JIIEKTPOMArHUTHOTO HM3JIydEHUs, KOTOpbIE IpH padbore B
pEeXHMME CKaHMPOBAHMS TIO3BOJIAT 00ECIIEYNTh HEOOXOAMMYIO HHTCHCUBHOCTD OCaJKOB.

KnroueBble ca0Ba: NCTOYHHK M3TydeHHUs, (GOKYCHPOBKA M3ITydEHHs, THarpaMMa HalpaBiIeHHOCTH, KO3(DPHIHEHT
HAIIPABJIEHHOT'O JEHCTBUS.
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