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Abstract

The article presents methods and technologies that are used in the system of protection of garden plants from insect pests.
The analysis of technologies and electro-optical installations in the system of protection of garden plants from insect pests
indicates the prospects of using optical radiation for these purposes.

Electro-optical converters, which are a component of the electrical technology of protecting garden plants from insect pests,
have the disadvantage that they are all based on the use of radiation with a positive phototaxic effect and do not use radiation
with a negative phototaxic effect. At the same time, electro-optical converters with negative phototaxis do not contain a damaging
device, are simple and can significantly reduce the cost of installation, therefore, reduce costs in the protection system of garden
plants while maintaining the quality of protective measures.
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_HCITIOJb30BAHUE ITPOTUBONIOJIOKHOI'O ®OTOTAKCUCHOI'O
AEACTBUS JIEKTPOOITUYECKHX YCTAHOBOK B CUCTEME 3AIIIUTDI
CAOBBIX PACTEHUU

Hayunas crates

AHHOTAUMSA

B crathe mpuBeneHBI CIOCOOBI M TEXHOJIOTHUH, KOTOpPBIC MPUMEHSIOTCS B CHCTEME 3aIIUTHl CAJOBBIX PACTCHHUH OT
HACEKOMBIX-BpeuTeNied. AHaIU3 TEXHOJOTUH U JIEKTPOONTHUUECKUX YCTAHOBOK B CHCTEME 3alIMTHI CAJOBBIX PACTEHUH OT
HACEKOMBIX-BpeUTeIeH CBUAECTEILCTBYET O MEPCIEKTUBHOCTH UCIIOIB30BAHUS ONTUYECKOTO U3IIYUEHUS B 3TUX LEJSX.

DNEKTPOONTHIECKHE MPe0OPa30BaTEIIH, SIBISIONINECS COCTABISIONMICH AIICKTPOTEXHOIOTHHN 3alIUThI CAI0BBIX PACTCHUN OT
HACEKOMBIX-BpEIUTEINCH, 00Iaaf0T TeM HEIOCTATKOM, YTO BCE OHU OCHOBAHBI HA WCIIOJIb30BAHUH U3JIYYCHUS O0aJaromero
MIOJIOKUTECIIbHBIM q)OTOTaKCI/ICHI)IM B03JICI\/'ICTBI/IGM U HEC HMCHOJIB3YIOT H3JIYUYCHHE C OTPUIATCIIBHBIM q)OTOTaKCI/ICHBIM
BO3JIeHiCTBHEM. BMecTe ¢ TeM 3JeKTpOoONTHIECKHE MPeodpa3oBaTeNid ¢ OTPUIATENHLHBIM (DOTOTAKCHCHBIM BO3JCHCTBUEM HE
coJiepKaT MOPaXKaroIIero yCTPONCTBA, IPOCTHI U TIO3BOJISIOT 3HAYUTEIILHO YMEHBIIIUTh CTOMMOCTh YCTaHOBKH, CIIE0BATENbBHO,
CHU3UTH 3aTpaThbl B CUCTEMEC 3allIUThI Ca/I0BBIX paCTeHHﬁ IpU COXPAaHCHUHN KAa4Y€CTBA AU THBIX MGpOHpHS{THﬁ.

KioueBble ciaoBa: crmocoObl 3alIWTBl CaJOBBIX PACTEHHM, DJEKTPOONTHYECKHE YCTAHOBKH, IIOJOXKHUTEIBHOE U
oTpHUIaTeNbHOE POTOTAKCHCHOE JACHCTBUE, HACEKOMBIE BPEIUTEIIH.
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1. Introduction

One of the tasks that arises in the development of a system for the protection of garden plants is to develop a set of measures
and technical means that ensure effective protection of garden plants from insect pests, and as a result, provide an increase in
yield by reducing crop losses.

In the system of plant protection against pests, four main methods are distinguished: agrotechnical, mechanical, biological
and chemical. At various stages of scientific and technological progress, the role of these methods in the overall package of pest
control measures has changed significantly and each of the methods has various kinds of shortcomings [7, P. 199-200].

Currently, the integrated plant protection system is increasingly used, as it involves special tactics for the use of exterminative
means: chemical means of protection are used only when the number of insect pests exceeds the economic threshold of
harmfulness, that is, when the costs of crop protection are compensated by its increase or compensation for losses.

This method of plant protection involves the collection of information on the number of populations of both harmful and
beneficial insects in the array of the entire garden, determining the numerical ratio of harmful and beneficial insects (biotic
index), determining the timing of insect harmfulness, deciding on the need for protective measures and planning the timing of
their implementation. To account for the number of some pests, various kinds of attractive traps are used. Subsequently,
pesticides are selected that act only on insects that are in the harmful phase.

In our country, there are several ways to monitor the summer of insect pests: a method of monitoring using satellite imagery,
monitoring with the help of unmanned aerial vehicles, monitoring based on the use of electro-optical converters. Each of these
methods has its advantages and disadvantages [1], [4], [8].

The disadvantages of monitoring using satellite imagery include the fact that images need to be ordered in advance; such
pictures do not provide the necessary accuracy, and on certain days associated with weather conditions, the quality of shooting
leaves much to be desired; services for satellite imagery are quite expensive [1, P. 626-627].

Methods of monitoring with the help of unmanned aerial vehicles and electro-optical converters have become more widely
used. The basis for monitoring is the patterns of changes in species diversity and dynamics of the number of insects of pests of
crops, the cyclical nature of their appearance in a certain region and the features of distribution [1, P. 629], [4, P. 150].

Corresponding to the required qualitative scientific and methodological level in forecast systems, electrophysical plant
protection devices against insect pests are used to collect information, which make it possible in the forecast system to have
reliable information about the number of populations of all insects included in the agrobiocenosis of an industrial garden, have
a stable attractive effect, the maintenance of these devices does not require large labor costs, their work can be automated.

When analyzing existing methods of plant protection, it was revealed that the electrophysical method is applicable at any
stage of plant development and its use makes it possible to register sharp outbreaks of the population of individual species of
insect pests and adjust the timing of protective measures.

Based on this, two methods of electrophysical plant protection have arisen: the use of electro-optical converters for direct
control of insect pests and for determining the dynamics of the summer of insects allowing the use of chemical means of
protection only when the number of insect pests exceeding the economic threshold of harmfulness is reached, the use of selective
means of controlling insect pests, taking into account and using natural regulatory mechanisms insect abundance.

The main advantage of the electrophysical method of insect pest control is the reduction of the amount of residual pesticides
and their metabolites in the product and soil. Reducing pollution by chemicals applies to the entire sphere of habitat of living
organisms, including humans [4, P. 149].

However, the insufficient knowledge of the behavior of insects in the field of optical radiation, of influence of various
parameters of optical radiation on the attraction of insects and the fight against diseases of garden plants, the lack of effective
methods for using electro-optical converters in the plant protection system necessitate the continuation of work on the creation,
improvement and research of installations for electrophysical protection of garden plants and methods of their use.

The relevance of the work is due to the insufficient elaboration of the use of electro-optical converters for the comprehensive
protection of garden plants from insect pests and diseases.

The purpose of the study is to determine the measures and the choice of technical means that ensure the effective protection
of garden plants from insect pests and diseases.

2. Research material and methodology

Devices for electrophysical protection of plants against insect pests make it possible in the forecast system to have reliable
information about the number of populations of all insects included in the agrobiocenosis of an industrial garden, have a stable
attractive effect, the maintenance of these devices does not require large labor costs, their work can be automated [6].

The principle of operation of existing electro-optical converters for the control of insect pests is as follows: at night, insect
pests are attracted by optical radiation that has a positive phototaxis effect, then they fall into the zone of action of the striking
device and are destroyed.

According to the type of striking device used, installations can be divided into the following types: installations with an
aerodynamic striking device; installations in which a high-voltage grid serves as a striking organ; installations with passive
screens.

But it should be noted that the efficiency of the installations is affected not only by their design features, but also by the
layout of the installations in the garden array.

The results of assessing the quality of protection of garden plants using electro-optical converters, depending on the method
of their location, are given in the works of Gazalov V.S. Three options for the location of electro-optical converters were
investigated: on the tops of the rhombus, in the line and a double line with displacement [3], [11], [12].
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Analysis of dependencies showed that the least lesion of the fruits by apple moth is achieved by placing electro-optical
transducers on the tops of the rhombus. But when performing these works, the properties of optical radiation sources with
negative phototaxis action were not taken into account.

In this regard, studies have been conducted on the technology of garden plant protection, which consists in the fact that the
series of electro-optical converters with a positive phototaxis effect alternate with a series of electro-optical converters with a
negative phototaxis effect. Insect pests from the area of operation of the electro-optical transducer with a negative phototaxis
effect was forced into the zone of operation of an electro-optical transducer with a positive phototaxis effect, equipped with a
damaging organ. The installations were evenly located at a distance of 80 meters from each other along a plot of garden area of
2.56 hectares (Figure 1). Electro-optical transducers were located on the tops of the diamond.
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Fig. 1 — Scheme of the location of installations in the garden
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The types by used of the electro-optical converters are shown in Figures 2 and 3b. Additionally, electro-optical transducers
with phototaxis exposure of the opposite direction were equipped with pulsed radiation devices. Electro-optical transducers with
positive phototaxis effects, equipped with devices with pulsed radiation were located at the edges of the test site, and in the center
of the test site were installed electro-optical converters with negative phototaxis effects, also equipped with devices with pulsed
radiation (Figure 3 a).

Rack

Radiation-source-with-
positive-phototaxis-
effect

Source-of pulsed-
infrared-radiation

High-voltage-
striking
grid

Power-wire

Fig. 2 — Electro-optical transducer with positive phototaxis action and striking organ [5]

Source of pulsed
radiation lamp
IFK-120

Source with negative
phototaxis action

Lamp power
supply IFK-
120

a b
Fig. 3 — Electro-optical converters
a — with pulsed radiation source [11, C. 7]; b — with negative phototaxis action

To power the installations of protection of garden plants from insect pests and diseases, it is possible to use both gasoline-
electric units and solar panels.

The first option for powering the installations requires the constant presence of maintenance personnel and significant costs
for fuels and lubricants. The second option (Figure 4) involves the use of a solar battery, which in the daytime charges the battery,
at night the energy stored in the battery through the inverter was used to power the installation of protection of garden plants
from insect pests.

Before harvesting, the lesions of the fruit by insect pests on the trees of the experimental site of the garden massif was
determined, and the distances from trees to electro-optical transducers were determined.

The data of the studies were compared with the data taken at the control site located next to the experimental one.
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Fig. 4 — Power supply unit of installations for the protection of garden plants from diseases and insect
3. Results of the study

In accordance with the methodology described above, studies were conducted, the results of the studies are shown in tables
land 2 and in Figure 5.

Table 1 — Dependence of the defeat of the fruit by apple moth on the distance from the electro-optical converter with a positive
phototaxis effect from the tree

Distance from electro-optical 4 6 9 13 17 215 24
transducer to wood, m
Average value of fetal lesions, % 0,4 0,15 0,3 0,5 0,95 1,37 1,8

Table 2 — Dependence of the defeat of the fruit by apple moth on the distance from the electro-optical converter with
a negative phototaxis effect from the tree

Distance from electro-optical 4 6 9 13 17 215 24
transducer to wood, m
Average value of fetal lesions, % 0,5 0,55 0,75 0,7 0,58 1,14 1,75
2 ’ ’
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Distance from the conditional tree, m
Fig. 5 — Dependence of the defeat of the fruit by apple moth on the distance from electro-optical transducer with negative and
positive phototaxis effect to wood

The resulting dependencies are described by second-order equations. The dependence of the defeat of the fruit by apple moth
on the distance from the electro-optical transducer with a positive phototaxis effect to the tree is as follows:
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y =0,0047x* —0,0554x +0,4406 )
The dependence of the defeat of the fruit by apple moth on the distance from the electro-optical transducer with a negative
phototaxis effect to the tree is described by the equation

y =0,0047x* —0,0832x + 08851 (2)

The quality of the obtained models can be judged by the value of the coefficients of determination. In the first case, R2=0,98,
in the second — R2= 0,85. Therefore, we can say that the obtained models can be used for forecasting.

Also, the analysis of the obtained dependencies shows that the average lesion of the defeat of the fruit by apple moth within
the radius of operation of the electro-optical converter for converters with a positive phototaxis effect is — 1,3%, for converters
with a negative phototaxis effect — 1,15%. At the control site, the incidence of apple moth fruit was 2,55%. At the same time, it
should be noted that with almost the same quality of protection of garden plants, electro-optical converters with negative
phototaxis exposure do not contain a damaging organ, which greatly simplifies the device and reduces the cost of a garden plant
protection system.

4. Conclusion

Analysis of plant protection technologies against insect pests allows us to talk about the prospects of using optical radiation
for these purposes, which improves the quality of plant protection, improves the ecological situation in gardens.

Electro-optical converters that displace insect pests from the coverage area do not require expensive damaging devices, are
easy to manufacture, and have a low cost. Therefore, the proposed electrotechnology of protecting garden plants from insect
pests using radiation with opposite phototaxis effects will significantly simplify and reduce the cost of the plant protection system
and increase the effectiveness of the protective measure.
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