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Abstract.The article raises the problem of the safe implementation of new technologies using super high
frequency electromagnetic fields. Growing global population requires more food production. Traditional crop
cultivation technologies do not solve this problem. Modern agricultural production has been undergoing
qualitative changes. New technologies using various electro physical factors have often been proposed to
introduce in recent decades. One of these proposals is the use of super high frequency electromagnetic fields.
Technologies are recommended for implementation, but implementation in real agriculture is not observed. The
reason is that safe working conditions for the person managing this production have not been developed. The
operation of a SHF installation cannot be narrowed down only to compliance with the rules for maintenance of
electrical equipment. The proposed technologies require additions to the existing labor safety requirements. To
this end, a hazard assessment of agricultural SHF technologies has been carried out. The study has been carried
out in two directions: energy flux density at the workplace of the operator serving the installation for pre-sowing
seed treatment; reflection coefficients of various agricultural materials. The analysis of the proposed SHF
technologies has made it possible to present the SHF technologies classification, which has shown that the most
dangerous option with an open radiating device is proposed for use in agriculture. The established frequency
dependences of various agricultural materials at different sample moisture have shown a significant decrease in
reflection coefficients at the lowest moisture. Therefore, from a safety standpoint, it is most preferable to process
materials with a SHF electromagnetic field in combination with drying.
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Introduction

The rapid population growth of the planet constantly requires an increase in food production.
According to the United Nations forecasts, the world’s population will have reached 9 billion people
by 2050. The ever-growing demand for food is forcing the transformation of existing agriculture. At
the moment, for successfully competing agricultural production, the usual resources, namely, land and
water, are no longer enough. Efficient production implies more products produced using less
resources, in other words new technologies are required.

An acute shortage of energy resources simultaneously with the inevitability of the emergence of
new technologies entail serious qualitative changes in the use of electric energy. The proportion of
electricity spent on thermal processes should be constantly reduced. In this regard, advanced
technologies are being developed using electromagnetic fields of various frequencies. It is proposed to
use SHF energy (super high frequency) in crop production for processing seeds of various crops
before sowing, for weed control, for disinfecting greenhouse soil, for drying tea and medicinal herbs,
in animal husbandry — for treating animals, stimulating milk flow, etc. It is possible to use SHF
heating in the processing of agricultural products [1].

Technologically proposed methods are well developed. The question of safe work of people
serving the production lines remains unexplored. The operation of a SHF installation cannot be
narrowed down only to compliance with electrical safety rules. Compared to traditional technological
heating equipment, SHF installations require additional knowledge and skills from personnel.

The state policy of Russia in the field of labor safety is determined by the basic principle of
“recognition and ensuring the priority of the life and health of workers in relation to the results of
production activities of the enterprise” [2]. It establishes the right of each person to have a “workplace
protected from harmful or hazardous production factors that could cause work injury, occupational
disease or a decrease in working capacity”. Moreover, “the development and production of capital
goods, the introduction of technologies that do not meet the requirements for labor safety, is not
allowed.”

DOI:10.22616/ERDev.2020.19.TF119 525




ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 20.-22.05.2020.

Materials and methods

The purpose of the study is to assess the danger of agricultural SHF technologies and develop
measures to reduce it.

Electromagnetic waves were predicted by Maxwell in 1873 and experimentally discovered by
Hertz in 1888. In 1926 V.I. Vernadsky wrote: “Around us, in ourselves, here, there and everywhere,
without interruption, forever alternating, coinciding and colliding, is radiation of a different wave...
We are beginning to recognize its diversity, to understand the fragmentary and incomplete nature of
our ideas about the world of radiation that surrounds us and penetrates us in the biosphere, about its
main significance in the processes surrounding us.”

Living organisms have been exposed to electromagnetic waves throughout their existence.
Sources of electromagnetic radiation are all cosmic bodies, primarily the Sun, and electrical processes
occurring in the atmosphere. A huge impact on living organisms has static and magnetic field of the
Earth.

In turn, all living objects are sources of electromagnetic waves in a wide range of frequencies,
since any living organism consists of many cells, each of which contains atoms, molecules, charged
particles.

Scientific progress has led to the widespread use in practice of a wide variety of wave processes.
Man has created and has been developing a powerful industry. Everyday life is “saturated with
electricity”. A huge number of devices and gadgets come into general use. Radio broadcasting,
television, radio navigation are all perceived as simple and obvious phenomena.

That is why people are increasingly asking questions of safe existence, the search for a
compromise between the comfort of modern life and the need to preserve the natural “electromagnetic
background”.

The object of the study is SHF processes and equipment used in agricultural production, namely:
energy flux density at the workplace of the operator serving the installation for pre-sowing seed
treatment; reflection coefficients of various agricultural materials.

Experimental studies were carried out in the late 90s in the agricultural company “Leto” of the
Leningrad Region, the Russian Navy Research Institute, at the Department of Labor Safety of the St.
Petersburg State Agrarian University. The work has been resumed and has been continuing at the
Electrical Power Faculty of the Stavropol State Agrarian University.

Dielectric heating is based on the displacement of charges and molecules associated with them,
when a substance is exposed to an alternating electromagnetic field. Maxwell’s theory presents the
electromagnetic field as an inextricable interaction of two components — electrical £ (V-m™) and
magnetic H (A-m™"). That is, an electromagnetic wave can be represented as a three-dimensional
model, where two plane monochromatic waves of the same frequency, linearly polarized in mutually
perpendicular planes, propagate in one direction [3-6].

In the technological process it is necessary to take into account the energy properties of an
electromagnetic wave. The energy that a wave carries per unit of time through a unit of surface area
located perpendicular to the direction of wave propagation is important for the developers. Making it
onto the interface between two working substances, part of the electromagnetic wave is reflected, and
part, being refracted, passes into the second working substance. The ratio of the intensities of the
reflected and incident waves is called the reflection coefficient. It is possible to have both: the full
reflection of the wave and the complete passage of the wave. The type of wave is largely determined
by the design of the elements of the SHF installation [6; 7].

To create safe working conditions for the person managing this technological process, not only
the energy properties of the electromagnetic field are important, but also its configuration [8; 9].
Analysis of the high-frequency equipment of the proposed technologies has been carried out according
to the following classification criteria [4; 5; 10; 11].

Firstly, the SHF technology can be classified by the power of the SHF generator.
Secondly, the degree of danger depends on the stationary or mobile design of the SHF installation.
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Thirdly, the classification can be carried out according to the design of the energy input device,
which can be such as: the open end of the waveguide, a horn, a truncated horn, a truncated waveguide,
a gap in a metal screen, etc. (Fig. 1).

Fourthly, when assessing the degree of danger of SHF technologys, it is important whether there is
a direct contact of the energy input device with the material being processed, or is it processed through
an air layer (Fig. 2) [4; 5].
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Fig. 1. Energy input device: a — pyramidal horn radiator; b — truncated wave guide radiator
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Fig. 2. Presence or absence of air gap between the energy input device
and the processed material: a — air layer; b — direct contact
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SHF installations for potential hazard posed to maintenance personnel are classified as follows
(Fig. 3).

Agricultural microwave
installations and technologies

v

Power of the microwave
Low power < —» Powerful Super-powerful
generator

Stationary ] Mobility > Mobility

Closed working chamber supply device waveguide, beam

Processing of the material
without air gap

Processing of the material
through the air gap

e - —— — e — — — — —— ——

<— Method of energy supply

C
|
] Design of the power _.IL Open type: resonator,
|
|
|
|
|
T
|

e e e e e e e e =

Fig. 3. Classification of SHF installations
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The study program. It is obvious that only the simplest installations can be an example for
considering only one classification feature [12; 13]. In order to experimentally verify the validity of
the presented classification, experimental studies have been carried out according to the following
program:

e study of the parameters of the electromagnetic field of super high frequency (SHF EMF);

® obtaining frequency characteristics of the standing-wave ratio (SWR) of various agricultural
materials;

e obtaining the values of the reflection coefficients G of various agricultural materials at
different moisture of the sample.

Materials, methods and objects of the study. The study of the frequency characteristics of
agricultural materials has been carried out on a panoramic SWR meter P2-42, designed for panoramic
display on the oscilloscope screen and measuring the SWR values. The operating frequency range is
from 2.29 to 6.14 GHz, the waveguide section is 48 x 24 mm. The structural diagram of the SWR
measurement is presented in Fig. 4 [4; 5].

The basis of the SWR meter is the work of the reflectometer. The reflectometer detects the signals

of the wave which is incident from the generator and the wave is reflected from the measured object.
Two directional detectors connected in series carry out separate signal extraction.

SFG Indicator

—@ Indicator SFG Reflected—@
1 2 3
Automatic power /AR G_» _@
adjustment \_J Reflected
10

SHF Automatic power

adjustment C] 0 C] 0
Y Y
@, YooY

A - - ]
AT e 1 >< | >< ||8:]
] el B

Fig. 4. Structural SWR measurement circuit: 1 — swept frequency generator; 2 — cable;
3 —indicator SI2P-67; 4 — waveguide-to-coaxial adapter; 5 — attenuator; 6 — directional detector
“incident”; 7 — directional detector “reflected”; 8 — measured object; 9, 10 — connection cable

For each sample (seeds of wheat, barley, soy, corn, pea, tea, chicory, dried fruit, etc.) moisture has
been varied (10, 20, 30 %) and the SWR in units of SWR has been determined over the entire
frequency range with a step of 500 MHz, according to well-known formulas, the reflection coefficient
G has been calculated [4-6].

+|G[ (1)

Results and discussion

As a result of the experimental studies, the dependences of the SWR of a number of agricultural
materials have been obtained for various moisture samples in the frequency range from 2290 to
6140 MHz (Figure 5 and Table 1).

The study of the processes of electromagnetic field formation is necessary to determine safe

working conditions for people. The results of the study can be used in the main areas: in the
normalization, that is, the determination of the parameters of the acting factor and its maximum
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permissible values; in the control of an existing hazard; in the development of protective measures
[4-5].

SWR SWR
4 — 4
dBR N 200 %
N o A N 39 %
3 3 T
TN || | 1'0 % \__//_
1(q 7 \
[~
2 T — 2 ARy
1] ]}
1 F 1 F
SO0 OO S MHZ SO0 O DD S MHzZ
SSSSSISSESESS SSSSSSSSESS
a) SndSndndndnd b) SnonomoOdnodnd
— — AN NN N <t <t NN O — — AN NN N <t <t NN O
Fig. 5. SWRinfluence curves of agricultural materials samples: a — corn; b — pea
Table 1
Coefficients of standing wave SWR and reflection G of sunflower seeds,
measured in panoramic mode
Frequency, Test Sample moisture
MHz characteristics 10 % 20 % 30 %
SWR 2.3 3.2 4.8
2
000 G 0.6276 0.7237 0.8094
SWR 2.4 2.9 4.7
2500 G 0.6416 0.6979 0.8056
SWR 1.3 2.8 3.1
3000 G 0.3611 0.6882 0.7156
SWR 2 3 2.8
3500 G 0.5773 0.7071 0.6882
SWR 2 3.25 2.75
4000 G 0.5773 0.7276 0.6831
SWR 1.6 3.35 2.8
4
10 G 0.4803 0.735 0.6882
SWR 1.5 3 3.1
5000
G 0.4644 0.7071 0.7156
SWR 1.7 2.1 3.1
5500 G 0.5091 0.5956 0.7156
SWR 1.4 1.9 2.85
6000 G 0.4082 0.557 0.693
Conclusions

1. The above classification of SHF technologies has shown that the most dangerous option with an
open radiating device is proposed for use in agriculture.

2. The established frequency dependences of a large number of samples of various agricultural
materials at different sample moisture have shown a significant decrease in reflection coefficients
at the lowest moisture. Therefore, from a safety standpoint, the most preferred is the processing of
materials by SHF EMF in combination with traditional drying.
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3. Experimental studies of the frequency characteristics of agricultural materials in the frequency
range from 2290 MHz to 6140 MHz have shown that of the two frequencies allowed for use
(2450 MHz, 5800 MHz), 5800 MHz is safer.
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