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Abstract. According to the long-term observations of the FAO, losses of plant-based agricultural products are
estimated to be between 10 and 30 %. The main causes of these losses are plant pathogens, spoilage microorganisms,
and insect pests. The study discusses the problems of ensuring phytosanitary safety of agricultural products and
proposes the use of radiation technology instead of chemical treatment. Radiation technology has a long history
of research and application, spanning over 75 years. The most extensive and detailed data on the application
of this technology have been obtained for gamma installations, which use natural radioactive isotopes. Low-
energy (less than 300 keV) electron accelerators were invented relatively recently, so the question of their use
in agriculture is relevant. Treatment with low-energy electron radiation combines all the advantages of radiation
treatment of food and agricultural products with gamma radiation, and at the same time, significantly reduces
the risk of damage to biological structures inside the irradiated object due to the low penetrating power of
the radiation. This study notes that low-energy electron accelerators can be successfully used to combat plant
infectious diseases, reducing the amount of plant pathogens on seeds, without affecting their growth parameters.
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The use of low-energy electron irradiation to prevent microbiological spoilage is also discussed. The nutritional
qualities of irradiated products are not significantly altered. The method of radiation disinfestation (control of
insect pests) using low-energy electron radiation has also proven to be effective. However, it should be noted
that additional research is necessary to determine the optimal doses of low-energy radiation for each type of
product and to ensure safety for human health and the environment. Generally, the use of radiation technology in
agriculture has great potential and can become an effective means of improving productivity and food safety. This
method of food processing has been recognized as safe for human health by several authoritative international
organizations, including the UN (FAO), WHO, IAEA, and others.

Keywords: food irradiation, radiosensitivity, microbiological safety, crops, phytosanitary safety, insect-pest,
sowing quality of seeds, food quality, shelf life
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Introduction

The main reasons for the loss of agricultural products of plant origin during storage
are pathogenic microflora and insect pests. About 50 species of microorganisms are found
on seeds, but the number of species is not so significant. The basis of the microflora
of cereals is the non-spore-bearing bacillus of the genus Pseudomonas, micrococcus,
lactic acid fermentation bacteria, and a small number of fungi. During storage, the
typical microflora characteristic of benign grain changes significantly. The dominant
components of the fungal microflora are Penicillium and Aspergillus («mould fungi»)
and other pathogens that cause seed spoilage [1, 2].

Traditionally, in the system of protective measures against phytopathogens of grain,
an important place is given to treat seeds and vegetative plants with chemical agents.
This method of plant protection mainly leads to the pollution of agricultural products
and the environment [3-5]. Radiation technologies are one of the ways to improve the
methods of combating plant pathogens.

Radiation technologies in agriculture and food industry have been used for more
than 75 years [6—8], mainly for the destruction of insects, suppression of pathogens,
increasing shelf life of products, preventing germination of seeds and root crops [9].
According to the IAEA recommendations, for radiation processing of foodstuffs, it is
considered safe to use: gamma-irradiation facility with such radionuclides as ®Co or
137Cs; electron irradiation with energy not exceeding 10 MeV; bremsstrahlung with energy
no more than 5 MeV [10-12]. Each of these types of radiation has both advantages and
disadvantages [13].

The radiation parameters of gamma-irradiation facilities are limited by the
characteristics of the radionuclides used in them. Electron accelerators make it possible
to change the intensity and energy of the radiation. Therefore, the time of electron
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irradiation takes several seconds, compared to minutes and even hours, in the case of
using gamma radiation sources. In addition, electron accelerators in an inoperative (off)
state are safe due to the absence of a radioactive source, which means that they do not
require additional physical protection for the service personnel [14, 15].

Electron accelerators are conventionally divided into three groups: low-, medium-
and high-energy [15]. The critical feature of electron accelerators is the relatively shallow
depth of penetration into the irradiated object. The radiation dose generated in the
surface layer of an object depends on the electron energy, the distance to the irradiated
object, and the duration of the irradiation. In the case of irradiation of plant seeds with
low-energy electrons (with an energy of 70 to 300 keV), the radiation does not reach
the embryo and therefore does not violate their growth qualities.

The work aims to assess the possibility of introducing low-energy (up to 300 keV)
electron accelerators into the agro-industrial complex.

Design and principle of operation of a low-energy electron accelerator

The initial element of any accelerator is an injector, which contains a source (emitter)
of a directed flux of low-energy particles (electrons), as well as high-voltage electrodes
and magnets that extract the beam from the source and form it. The basic scheme of the
electron acceleration process involves three stages:

(1) beam formation and injection;

(2) beam acceleration;

(3) beam extraction to the target [14].

Many works have been devoted to the design of modern electron accelerators.
Accelerators are used for cross-linking of polymers, purification of liquids and gases,
surface sterilization, plasma heating during thermonuclear fusion, radiation treatment
(disinfection) of food products, and prevention of the germination of agricultural
products [15-17].

Depending on their design, accelerators can be classified into linear (i.e. flat cathode)
and scanning. The principle of operation of a linear accelerator is based on a typical linear
cathode generator. The principle of operation of an electron generator is that when a flat
linear tungsten cathode (length from 0.15 to 2 m) is heated, electrons are emitted from
this cathode due to thermionic emission. The energy of the emitted electrons depends
on the accelerating voltage applied to the cathode. Typically, this voltage varies from
120 to 300 kV. For 70 % of the depth dose, the acceptable range of the processed mass
varies from 1 to 380 g/m? (300 kV). The upper limits of the above range are 120, 180
and 270 g/m? for voltages of 175, 200 and 250 kV, respectively. In modern generators
with a wide beam zone, two to four parallel cathodes are installed. These cathodes
operate at high voltage, while the anode, which forms the outer shell of the accelerating
chamber, is grounded.

The electrons formed in the accelerating chamber are directed to a tungsten target
with a thickness of about 12 mm. The target is a foil designed to align the beam and
form a rectangular electron field. At the same time, the unit has a cooling system based
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on nitrogen circulating in it. The cooling system is designed to provide heat dissipation
from the constantly heating target.

The accelerator head is housed in a protective casing that completely protects against
any radiation. The average annual dose for personnel is about 16.3 mrem, that is, about
10 % of the dose from Earth’s natural background radiation. The accelerator head is
located directly above the conveyor for faster and more uniform food and agricultural
products. The throughput of the accelerator for a dose of 10 kGy depends on the type
of machine and ranges from 450 to 1600 cm/min.

Several works [18-21] use a unique rotating grain device, which allows the irradiated
samples to rotate, simultaneously shaking and vibrating. This technique was developed
specifically for radiation treatment of seeds and cereals. It allows achieving a higher
uniformity of irradiation when processing the product with low-energy electrons.

This was experimentally confirmed in [22]. It used indicator beads made of paraffin
wax and a radiation-sensitive dye (methyl yellow) to visualize the absorption of electron
energy by changing colour (from yellow to red). When the balls were treated with
electrons at different accelerating voltages on the rotator tray, the colour of the surface
of the balls changed uniformly at all voltages, indicating that the surface of the balls was
uniformly exposed to the electron radiation. When the balls were cut, the interior remained
yellow, indicating that low energy electrons can only reach a limited (outer) portion
of the balls. The penetrating power depends on the energy of the electrons. Electrons
with an accelerating voltage of 200 keV penetrated only a few hundred micrometres
of the surface. In comparison, electrons with an energy of 1500 keV could penetrate to
the centre of the ball. Likewise, the distribution and penetration of electrons have been
demonstrated for rice grains coloured with methyl yellow.

The design of the scanning accelerator is described in [23]. Scanning accelerators
use a linear tungsten filament as an electron emitter. The essence of this method is that
the formed thin beam, with the help of a system of bending magnets, scans the irradiated
product. Thereby, due to the time spent by the beam at one point or another in space,
the desired dose is accumulated in the product. Works [20-27] were carried out using
this method of irradiation.

Radiation surface disinfection of seeds of agricultural plants.
E-ventus technology

E-ventus technology is an environmentally friendly method of seed disinfection
without chemicals, in which seeds are processed by low energy electrons (less than
300 keV). In Germany, this technology was developed at the Fraunhofer Institute for
Organic Electronics, Electron Beam and Plasma Technologies. E-ventus technology
aims to eliminate seed pathogens in the early stages [28, 29].

The principle of operation of the e-ventus installation of EVONTA — Service
GmbH [30] is as follows. The installation has two generators of electrons, which are
located opposite each other. Passing through the irradiated area, the seeds are exposed
to ionizing radiation during the free fall of the grain. At the same time, electrons have
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sufficiently low energy to penetrate the depths and reach the embryo of seeds [9, 30].
Due to this, the materials are exclusively surface treated. The penetrating power of
electron radiation depends on the energy of the particles and the density of the processed
product. Thus, for wheat and barley treated with an energy of 145 keV, the penetration
depth is 0.066 mm and 0.12 mm, respectively, and for maize with an electron energy of
125 keV —0.06 mm [28, 29].

The e-ventus method of EVONTA — Service GmbH technology has shown an
effective result in the fight against stone smut (Tilletia caries) in winter wheat. In the
period from 2000 to 2001, the germination of some crops was determined: winter
wheat, barley, rye and triticale (a hybrid of wheat and rye). They have been processed
with chemicals and e-ventus. It was found that the yield of grain processed by e-ventus
technology is the same as that of chemical processing [30].

In 2000, a mobile unit for e-ventus was put into operation. In a stationary installation,
electrons with an energy of 105...145 keV, with a capacity of 30 t/h, are used. With
an average income of 50 euros per ton of treated seeds, cost recovery is achieved with
a production of about 5000...7500 t/year, with large volumes, a profit is generated. The
e-ventus seed treatment plants are located in the seed trading centres in Hainichen and
Magdeburg (Germany) [9].

The advantages of the e-ventus method, as described on the EVONTA — Service
GmbH website [30], are:
environmentally friendly method,;
faster germination of seeds and better plant vitality;
lack of resistance of pathogens;
can be used not only for cereal seeds but also for all types of seed raw materials;
farm animals do not use chemical fungicides together with the seed.

Radiation disinsection

An industrial-grade electron accelerator manufactured by Nissin High-Voltage Co.
Ltd. (Japan) is used to control insect pests. Irradiation at a dose of 3 kGy with electrons
with an energy of 80 keV (accelerating voltage 150 kV, current 4.4 and 6.4 mA, at
a distance of 5 cm) effectively disinfects brown rice grains previously infected with corn
weevil (Stiophilus zeamais Motchulsky) and Indian flour moth (Plodia interpunctella),
as well as adzuki beans infected with weevil [25].

It has been shown that electron irradiation has a different effect on insect pests
at different stages of development [20]. Adult specimens of the rust-red flour beetle
(T. castaneum) and Indian meal moth (P. interpunctella), which damage rice, turned out
to be more resistant than their larvae and pupae and were inactivated by irradiation at
a dose of 4.8 kGy and 7.2 kGy, respectively (electron accelerator Van de Graaff, Nissin
High Voltage Engineering Co. Ltd, Japan; accelerating voltage 150 kV, current 4 pA,
distance 15 cm, dose rate 0.48 kGy/min, time 1...15 min, electron energy 60 keV).
The larvae of the Chinese weevil (Callosobruchus chinensis L.) inside the adzuki bean
partially survive after electron irradiation [20].
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The dose required for disinsection (7.2 kGy; 170 kV, 4 pA, 15 min) is 1/3 of the
dose for surface radiation disinfection of rice (21.6 kGy; 170 kV, 4 pA, 45 min) [31].

The radiation sensitivity of the Chinese weevil (Callosobruchus chinensis L.), the
primary pest of the adzuki bean (Vigna angularis), decreased with increasing age. The
eggs of the Chinese weevil were highly susceptible to electron radiation, while the
18-day stage (adult insect) was the most resistant. The death of 80 % of adult insects
occurs at a dose of 10 kGy (Van de Graaff electron accelerator, Nissin High Voltage
Engineering Co. Ltd, Japan; accelerating voltage 170 kV, current 2 pA, time 20 min).
Electron irradiation at this dose does not affect the germination of adzuki [27].

The study of brown rice grains by the magnetic resonance method showed that most
of the larvae of the corn weevil (Stiophilus zeamais Motchulsky) are concentrated on the
periphery of the grain and only a few in the centre [26]. Therefore, most of both larvae of
insect pests and adults die after electron irradiation at a dose of 30 kGy (Van de Graaff
electron accelerator, Nissin HighVoltage Engineering Co. Ltd., Japan, accelerating voltage
170 kV, current 4 pA, distance 15 cm, time 30 min, dose rate 1 kGy/min). In [26], the
possibility of an effective combination of electron irradiation and sparing fumigation
with phosphine was shown to control insect pests.

Radiation surface disinfection of agricultural products.
The quality of irradiated food

Microorganisms are located on the surface of seeds, which means that electrons
with low energy (up to 300 keV) can deactivate microorganisms without deteriorating
the sowing qualities of seeds [32].

Brown rice, wheat and buckwheat were exposed to electron irradiation (electron
accelerator Van de Graaff, Nissin High Voltage Engineering Co. Ltd., Japan) at various
modes: 180 kV, 8 pA, 30 min; 200 kV, 14 pA, 15 min; 225 kV, 22 pA, 4 min; 250 kV,
40 pA, 2 min; 300 kV, 40 pA, 2 min; 500 kV, 40 pA, 2 min; at a distance of 17 cm from
the irradiated object. The results show that at an accelerating voltage of 180-225 kV,
the microbial contamination of the grain decreases to 100 CFU/g. The deterioration in
the quality (degradation of starch) of the grain was insignificant [33].

According to [19], the electron energy required to reduce microbial contamination to
a level below 10 CFU/g is 60 keV — for brown rice, 75 keV — for wheat, 100 keV — for
white pepper, coriander and basil, 130 keV — for buckwheat, 160 keV for unprocessed
rice and 210 keV for black pepper. Irradiation with such parameters did not significantly
affect the quality of the products (Van de Graaff electron accelerator, Nissin High Voltage
Engineering Co. Ltd., Japan; accelerating voltage 180...250 kV, current 8...90 pA,
distance 17 cm, time 1...30 min).

Doses of electron irradiation (electron accelerator EBC-150-50—45; accelerating
voltage 130 and 150 kV) of wheat and brown rice to reduce microbial contamination
to a level of 100 CFU/g were 14 and 12.5 kGy, respectively, and did not cause starch
degradation [24].
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Lipid oxidation in brown rice was not detected when exposed to low energy electronic
radiation (Van de Graaff electron accelerator, Nissin High Voltage Engineering Co. Ltd.,
Japan; accelerating voltage: 170...200 kV, current 4...14 pA, distance 17 cm, time
60 min). The total microbial number under such irradiation was 10 CFU/g [31].

Electron irradiation up to 200 keV (dose 10 kGy) did not reduce the germination
percentage of seeds of adzuki beans and mustard, while in mungo beans, this indicator
was reduced [32]. The energy of electrons on the surface of seeds (distance 15 cm from
the irradiation source) at an accelerating voltage of 170...200 kV ranges from 60 to
100 keV (Van de Graaff electron accelerator, Nissin High Voltage Engineering Co. Ltd,
Japan). The number of seeds studied decreased by less than 10 CFU/g. Similar effects
were observed in [34] for seeds of spring wheat cv. Irgin (wide-area electron accelerator
Duet, ISE SB RAS, Tomsk, Russia). With an increase in the electron energy to 305 keV,
an improvement in the disinfecting effects is observed.

Treatment of spring barley with Vladimir voltage at doses of 30...150 kGy and
voltages of 130 and 160 kV (wide-range electron accelerator Duet, Russia) revealed
a reduced formation of chlorophylls and carotenes in barley leaves [35]. In the phase
of manifestation of tillering, the development of infection of plants with Bipolaris
sorokiniana is observed with a simultaneous decrease in tillering.

Presowing treatment of seeds of the spring barley cv. Vladimir with low-energy
radiation at a voltage amplification of 160 kV and a dose of 4...8 kGy (wide-scale
electron accelerator Duet, Russia) with a high degree of susceptibility and disease of
seedlings [36].

Presowing treatment with electron radiation with an energy of 100 keV and an
absorbed dose of 15 kGy (wide-area electron accelerator Duet, Russia) of spring wheat
improves the morphometric parameters of seedlings [37].

While the electron irradiation of 130 keV led to the inhibition of growth rates.
Treatment of seeds of cucumber varieties Nezhinskie and Izyashchnye under the same
irradiation regimes led to a decrease in the degree of seedling damage by Fusarium [38].

It was found in [39] that the pre-sowing treatment of spring wheat seeds with
low-energy radiation (below 300 keV) at doses of 1...8 kGy (wide-angle parametric
electron accelerator Duet, Russia) is exposed to reduce the prevalence and severity of
the manifestation of Bipolaris sorokiniana on seedlings of spring wheat.

To sterilize (kill all microorganisms), soybeans required a dose of 20 kGy of gamma
radiation and 26 kGy of electron irradiation (Van de Graaff electron accelerator, Nissin
High Voltage Engineering Co. Ltd., Japan) with an energy of 60 keV. Electron irradiation
at these doses did not affect the germination of irradiated seeds, while gamma irradiation
disrupted growth processes [21]. Unlike gamma irradiation, electronic radiation causes
slight lipid oxidation at the surface of the beans.

Disinfection with low-energy (60 keV) electrons (Van de Graaff electron accelerator,
Nissin High Voltage Engineering Co. Ltd, Japan; accelerating voltage 170 kV, distance
15 c¢m, time 3.3-10 min) improves the quality of soybeans for processing them into soy
milk and tofu (bean curd). After heat treatment (92 °C), the preservation (up to 5 days at
35 °C) of soy milk obtained from irradiated (170 kV, 10 min) soybeans improves [40].
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Low-energy electron irradiation is also used to treat seeds to increase their shelf life.
In [41], the seeds of pumpkin (Cucurbita ssp. L.) and flax (Linum usitatissimum L.) were
treated with electron radiation with an energy of 200 keV and doses of 8 and 10 kGy
(electron accelerator at Biihler AG with auxiliary equipment Laatu, Uswil, Switzerland),
as a result of which a decrease in the microbiological load was observed, while the
organoleptic properties did not change. The number of volatile aldehydes in the studied
seeds increased. In pumpkin seeds after irradiation with a dose of 10 kGy, a decrease in
linoleic acid and an increase in oleic acid are observed.

Of course, the problem of contamination of food products of plant origin with bacteria
pathogenic for humans is essential. Such infections are often caused by enterohemorrhagic
E. coli O157: H7, Salmonella enterica of various serotypes, Salmonella enteridis, Shigella
sonnei and others. Infections caused by these pathogens can be associated with the
consumption of tomatoes, watermelons, unpasteurized orange and apple juices, alfalfa
sprouts, clover and beans, and nuts [42].

It has been shown [43] that electron irradiation at a dose of 12 kGy with an efficiency
of 80 % disinfects seeds of fenugreek, clover and mung beans artificially seeded with
E. coli strain K12 (electron accelerator REAMODE, Fraunhofer Institute for Electron
Beam and Plasma Technology, Germany; accelerating voltage 140 kV, current 5 pA,
distance 100 mm; conveyor speed from 87 mm/s (for a dose of 12 kGy) to 250 mm/s
(for a dose of 4 kGy)). This did not affect germination, growth, and the final mass of
seedlings of three types of seeds. Irradiation of the bean seeds did not change the seedling
morphology, i.e. curl, or seedling colour.

Conclusion

Irradiation with low-energy (up to 300 keV) electron radiation is one of the most
effective methods of disinfection (disinfection and disinfestation) of dry food ingredients
(except for powdered products) such as cereals, dehydrated vegetables, spices, and legumes
with a slight deterioration in their quality. Parts of the grains irradiated with electrons
are removed in husks and bran during peeling and grinding; therefore, they do not enter
human food. The organoleptic properties and chemical composition of irradiated food
products practically do not change.

Irradiation of seeds of agricultural plants (for example, cereals, legumes) with electron
radiation with an energy below 300 keV in disinfecting doses does not significantly affect
germination, growth, weight, or morphology of seedlings.

Thus, low-energy (up to 300 keV) electron irradiation can be successfully used
to combat insects and pathogenic microflora of plants, solve problems of agricultural
products’ safety, food safety for humans and animals, and solve environmental problems
associated with the use of chemical plant protection products.
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MupoBoW ONbIT NPUMEHEHUSA 06/TyYeHUs
HU3KO3HEpPreTUYECKMMMU INIEKTPOHAMMU B CeJIbCKOM XO3AINCTBE

0.B. Txopuxk , B.A. Xap/siamoB g’ N.B. ITonrsakoBa ~,
H.H. JIoin ', ML.I. ITomacoea ~, B.W. IlInmko

Bcepoccuiickuil HayuHO-MCC/Iel0BaTeIbCKANA HHCTUTYT PaJMOI0TAX U arpO3KO/I0THH
HarmoHa5HOTr0 UCC/Ie0BaTeIbCKOTO LieHTpa «KypuaToBCKU HHCTUTYT», 2. OGHUHCK,
Poccutickas ®edepayus
< kharlamof @gmail.com

Amnnoranus. 1o JaHHBIM MHOTO/IETHUX HabmoaeHnit ®AQ, MoTepu CeTbX03MPOAYKI[UUA PACTUTETLHOTO
niporcxoxeHust otjeHuBaroT oT 10 10 30 %. OCHOBHBIMY IIPUYHMHAMHU 3TUX MOTEPb SIBJISIIOTCS (DUTOIATOTeHE,
MUKPOOPTraHU3MbI [TOPUX U HaCEKOMbIe-BpejuTeNi. PaccMaTpuBatoTcs pobsieMsl obecrieyeHust GUTOCAHUTapHOM
6e3011aCHOCTH CebCKOXO035MCTBEHHOM NPOAYKIIMM 1 TIPeJI/IaraeTcst NCIoIb30BaHHUe Pa/jMalidOHHON TeXHONIOTUU
BMeCTO 00pabOTKH XMMHUUEeCKIMU peareHTaMH. PaiiallioHHble TEXHOJIOTUH UMEIOT [JABHIOK HCTOPHIO U3yUeHust
Y NIpUMeHeHus], AJAILytocs ke 6osee 75 yiet. Hanbonee MacirabHele v oipo6HbIe [JaHHbIe IPUMeHeHHs TeX-
HOJIOTYH TI0JTyUeHbl [JIsi TaMMa-yCTaHOBOK, B KOTOPBIX UCIIO/B3YIOTCS eCTeCTBeHHbIe PaIl0aKTHBHbIE U30TOIIbL.
YckopuTeny 37IeKTPOHOB ¢ HU3KoH sHepruel (Hiwke 300 k3B) n306pesiu 0THOCUTEbHO HeZJaBHO, T03TOMY BOIPOC
WX TIPUMEHeHHs B Ce/TbCKOM X035ICTBe akTyasneH. O6paboTka HU3KO3HEepreTHYeCKUM 3/IeKTPOHHBIM H3/Ty4YeHHeM
coyeTaeT B cebe BCe MPeMMYILeCTBA PaZMaLiMOHHOM 06pabOTKY MHUILEBBIX U CeMbCKOX03SHCTBEHHBIX TIPOAYKTOB
ramMa-HM3/yuyeHHeM, U B TO )K€ BPeMsl, 3a CUeT MaJIoil POHHUKAIOLel ClIOCOOHOCTH U3/Ty4eHus], 3HaUUMO CHH-
JKaeT pUCK MOBPeXXeHNs1 OUO/IOrHUeCKUX CTPYKTYP BO BHYTpeHHeM 06beMe obyuaeMoro o6bekTa. B naHHOM
paboTe OTMeUeHO, UTO HU3KOIHepreTUUYeCKre YCKOPUTE/TH 3/IEKTPOHOB MOTYT OBITH YCITELTHO MCII0/Ib30BaHEI
Zu1s1 60pb0BI ¢ MH(EKLMOHHBIMU 00/1€3HAMU PaCTeHUH, CHIKasl KOJIMYeCTBO (PUTOIaTOreHOB Ha ceMeHax. [Ipu
ITOM HapyllleHHe POCTOBBIX IIapaMeTPOB CeMsiH He HabmogaeTcsi. TakKe pacCMOTPeHO UCIIONb30BaHKue 061y-
YeHUs] HU3KOIHepreTHUeCKUMH 3/IeKTPOHAMU [iJ1s1 [TPeJJOTBPallieHHsl MUKPOOHOJIOrHuecKoii iopuu. [1uieBble
KayecTBa 00/1y4YeHHBIX [TPOAYKTOB CyIIIeCTBEHHO He MeHSIFOTCs. MeToy paZivaliioHHOMN Jje3uHCeKLuH (60pbObI
C HaCeKOMBIMU-BPe/IUTe/IsIMI) HU3KOIHepreTUYeCKUM 3/1eKTPOHHBIM H3/TyueHHeM Takke I0Ka3ajl CBO0 3(hdek-
TUBHOCTb. O/JHaKO, CTOUT OTMETUTb, UTO HEOOXOAUMBI /IOTIONHUTE/IbHBIE UCC/Ie/JOBaHMsI, YTOObI OIpe/je/IUTh
OITUMaJIbHbIE [103bl 00/TyueH sl HU3KO3HEepPreTUUeCKUM M3/TyueHHeM Jijisl KaXKZJ0ro BU/a TIPOAYKLIMU U obecrie-
ynTh 6e30MacHOCTb /17151 30POBbs UeJIOBEKa U OKpY>Karollieli cpefibl. B 11e/10M, UCIO/Ib30BaHHe Pa/jualiOHHOM
TEXHOJIOTUU B CEJIbCKOM XO035HCTBE UMeeT OOJIBbILION MOTeHIMal U MOXKET CTaTh 3(peKTUBHBIM CIOCOOOM I10-
BBbIILIEHHs] IPOM3BO/UTE/ILHOCTH ¥ 6e3011acHOCTH MHILEBBIX TIPOAYKTOB. [TaHHBIH MeToz 06paboTKU ITPOAYKTOB
MUTAHKS NIPU3HAH Oe30TacHbIM /1Sl 3/[0POBbs UeJIoBeKa PsiZiloM aBTOPUTETHBIX MeXK/[yHapOJHbIX OpraHu3aLuii:
OOCH (®AO), BO3, MATATD u gp.
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