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3. KynycoaeB bekmyxaHb6eT — TeopeTHIECKOE€ 00OCHOBAHHE TTaPaMETPOB;

4. KynycoaeB Anma3z bexkmyxaH0eToBHY — 0030p JUTEpaTyphl, MATEHTHBIA ITOUCK,
pa3paboTka KOHCTPYKLIUU MYJIbYMPOBATEIIS;
5. bekna3zapoB J[layier PaxmaryioeBu4 — 0030p JUTEpaTyphl, MAaTEHTHBIA TOMCK,

pa3paboTKa KOHCTPYKLUU MYJIbUYMPOBATEIS.
6. Carpi0aii Barbipxan KalipaTyJasl — 0030p nuTepaTypsl, IaTEHTHBIH TOUCK, pa3paboTka
KOHCTPYKLUU MYJIbYHPOBATEIS.
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THE INFLUENCE OF PULSED LOWFREQUENCY ELECTROMAGNETIC FIELD
ON WHEAT SEEDS

Abstract

The article investigates the influence of low-intensity pulsed radiation electromagnetic fields
on the cell structure of spring wheat seeds. The study reveals that exposure to this electromagnetic
field prior to sowing in a controlled laboratory setting significantly enhances various growth
parameters. Specifically, it increases the germination rate and overall germination success, as well as
the mass of both sprouts and roots when compared to a control group that did not receive the
treatment.

Data collected through optical microscopy from sections of both irradiated and unirradiated
seeds, alongside results from differential scanning calorimetry, illustrate that the application of the
electromagnetic field induces notable changes in cellular structure. Additionally, alterations in the
mineral composition within the grains are observed, leading to the formation of associates and unique
crystal structures of starches. These modifications enhance the rate of water diffusion through cell
membranes, thereby accelerating seed germination and promoting more robust plant growth. This
research underscores the potential of using electromagnetic fields as a beneficial tool in agricultural
practices.

Keywords: electromagnetic field of pulsed low-frequency radiation, irradiation mode, grain
structure, optical microscopy

Introduction

To date, among the scientific community and specialists of agriculture there is no consensus on
the effectiveness of the treatment of biological systems by different types of electromagnetic radiation
[1-4]. These facts prevent the introduction of physical stimulation of seeds of agricultural crops in
industrial technology.

The ambiguity of the results of plant growth stimulation is associated with many factors that
determine the nature of the impact of electromagnetic radiation. The main among them are: the nature
of the biological object of influence, the type of source of energy impact, technological parameters
of impact. Of great importance is the high sensitivity of plant cells to frequency characteristics,
intensity, radiation dose, exposure time [8]. The quantum of light incident on plants, the energy
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received and processed by them, vary depending on the wavelength of radiation and depend on the
cellular composition and structure [5-7]. At the same time, depending on whether the electromagnetic
field is constant, variable, pulse, etc., the mechanism of energy perception and its transmission to the
entire plant body can change. These factors determine the changes in the biochemical photochemical
and oxidative processes occurring in the plant, forming the basis of life. Currently, there are no
systematic studies devoted to the analysis of the mechanism of influence of pulse fields on the life of
plants.

The aim of the work is to study the features of the effect of a pulsed traveling magnetic field on
the structure and properties of grains and to establish a connection between these parameters and the
growth rate of wheat seeds.

Experimental studies were carried out on the seeds of spring wheat varieties “Omskaya- 18”
(harvest 2016 Open Company “Ulanskaya MTS”, East Kazakhstan). Seed treatment was carried out
by a traveling pulsed magnetic field using a magnetic therapy device ALMAG -01.

Seed sowing parameters were determined in accordance with GOST 12038-84. Germination
energy was determined on the fifth day, germination — on the 8th day after sowing.
Morphophysiological parameters of seedlings: plant mass, germ and root were determined for 10
days.

Experimental data were processed with the help of dispersion and correlation analysis according
to the program “AGROS -2.02”.

The structural organization of the grains, the morphology of the inner part of the grain was
determined using a polarization optical microscope Axio Imager Z2m, Carl Zeiss with software Axio
Vision (manufactured by CarlZeiss). at 50, 200, 500x magnification in transmitted and reflected
light. Longitudinal sections with a thickness of ~1, 3, 5 mm were analyzed.

The method of differential scanning calorimetry studied thermophysical properties of the initial
and irradiated grains, obtained curves of thermograms of water evaporation and thermal degradation
of carbohydrate-containing products. Thermograms were obtained on the DSC device (model DSC-
204 F1 of Netzsch, Germany) at a heating rate of 10 deg/min in the temperature range 30-300°C in
the argon current. To accurately determine the temperature of the characteristic peaks used standard-
indium (melting point Tm = 156,7°C). The accuracy of temperature parameters of DSC was +2°C.

To establish the diffusion parameters of water through cell membranes of grains obtained
kinetic curves of seed swelling in distilled water at a temperature of 22° C. Tests were carried out on
samples containing from 10 to 50 seeds for 10 repetitions of each. Dry samples of seeds were placed
in vessels with distilled water. At 1 cm? of the sample surface had at least 100 cm?® of liquid. The
liquid with the seeds placed in it was mixed by rotating the vessel. After that, the samples were
removed from the vessels and placed on a clean filter and removed moisture from the surface. Then
weighed on electronic scales. The degree of water absorption was calculated by the formula:

a; = |(m; —m,)/m,].100% 1)

where mq is the initial mass of the sample, mr is the mass of the sample after saturation with
water during a, . The time intervals were 15 to 30 minutes. For the maximum degree of swelling of
seeds, the mass of the sample reached before the appearance of the germ seedling was taken. When
determining the maximum degree of swelling in the water, the equilibrium was considered to be
achieved if the difference between the mass of the seed samples did not exceed 1% . The standard
deviations of the experimental values of the diffusion parameters were within 10%.

Methods and materials

Spring wheat seeds ("Omskaya-18") were treated using a pulsed low-frequency electromagnetic
field generated by the ALMAG-01 device (6 mT, 16 Hz) for 3, 6, 9, and 20 minutes. Germination
energy and seedling growth parameters were assessed in laboratory conditions according to GOST
12038-84. Structural changes were analyzed using optical microscopy (Axio Imager Z2m, Carl
Zeiss). Thermal properties were studied by differential scanning calorimetry (DSC-204 F1, Netzsch).
Water diffusion kinetics were evaluated via seed swelling tests, and data were analyzed using
dispersion and correlation analysis (AGROS-2.02 software).
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Analysis of the mineral content in wheat seeds showed that irradiation of seeds for 9 minutes
did not change the content of various groups of compounds. The water content is 11-11.2%, protein
is 14.9-15%, starch is 66-68%, gluten is 36-38%. The amount of dispersion in determining the content
of substances is +2% [11]. It is obvious that the change in the position of the peaks on the thermogram
of destruction is due not to a change in the content of functional groups in the grains, but to a change
in the structure of the minerals contained in the seed. With regard to the problem of increasing the
shelf life of grain, a particularly important issue is the question of the structural features of water in
irradiated seeds. To answer this question, it is necessary to establish the nature of the change in the
process of moisture evaporation under the influence of EMF. The evaporation mechanism was studied
using the process parameters, such as activation energies and preexponents of hydrogen bond decay
in vapors [7]. For this purpose, a thermogenetic analysis of the exothermic evaporation peak obtained
in a non-isothermal mode at a constant heating rate of a grain sample equal to 16 degrees/min was
used.

Description of the design of the ALMAG-02 device. The device consists of a power supply and
control unit and three types of radiators. The main radiator contains a flexible radiating surface
consisting of 4 flexible radiating lines with 4 inductors each. The radiator in the form of a separate
flexible radiating ruler contains 6 inductors. The local radiator contains two inductors. The design of
the radiators in the form of a flexible radiating surface and a flexible radiating ruler allows them to
be wrapped around the working body of the transported grain material or deployed when exposed to
a fixed grain layer. A local radiator in the form of a "washer" provides only a local, concentrated
effect. The pulsed magnetic field generated by a local radiator has a greater penetration depth than
the field generated by other radiators. The following controls and indications are located on the
control panel of the power supply and control unit (Fig.1):

AJAMAI-02 NPOrPAMMA
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Figure 2 — Controls and indications
1 - Power switch; 2 — buttons "<" "—" - setting the program number (in the direction of decreasing / increasing
the number); 3 — button "START /STOP" - turning on /off the magnetic therapeutic effect; 4 — LED indicator, which,
depending on the operating mode, displays either the program number or the exposure time according to the selected
program, or a fault code; 5 is an indicator of the magnetic therapeutic effect.
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The device allows you to change the programs that determine the modes of grain irradiation.
Three main programs were implemented. No. 7, No. 22 (B= 6 mTs, f=3 Hz) and No. 23 (B=6 mTs,
f=16 Hz). The device provides the formation of continuous and intermittent pulsed magnetic fields
(traveling, stationary), differing in configuration, intensity, direction and speed of movement of the
magnetic field in space. The ability to simultaneously affect relatively large areas and combine planar
effects with local ones increases the effectiveness of the device. The device has a simple, intuitive
user interface (just two buttons to select the program number and a button to start the program).

Results and Discussions

Treatment of wheat seeds was carried out by a pulsed traveling magnetic field with a pulse
frequency of 16 Hz and an amplitude of magnetic induction of 6 MT at a duration of exposure of 3,
6, 9 and 20 minutes. Before sowing, the irradiated seeds were stored for two weeks to achieve their
equilibrium state. In the laboratory, irradiated and unirradiated (control) seeds were germinated in
vessels filled with moist sand. The number of seeds in the sample was 50 pieces, repeat - four times.
Their energy of germination and germination, biometric indices of morphological organs of seedlings,
weight of stems, leaves and root system were determined.

The data obtained are presented in tables 1 and 2. As can be seen from the table.1. the treatment
of seeds leads to increasing the germination energy and germination of seeds of even short exposure
to the air. And as the optimal mode of irradiation should be considered - 9 minutes. The same data
are derived from a table.2. It should be noted the tendency to the greatest influence of the magnetic
field in relation to the development of the root system.

Table 1 - Germination energy and germination of spring wheat seeds, varieties "Omskaya-18",
exposed to electromagnetic pulse low-intensity magnetic field (6 mT, 16 Hz)

Measurable characteristic Control Magnetization time, min.
6 9 20
The energy of germination of seeds, average | 70.0 80.0 90.0 86.0
values for three 78.3 88.0 91.0 89.0
parties', % 75.7 83.0 83.0 86.0
Seed germination, average values for three | 77.0 89.0 89.0 92.0
batches, % 79.3 91.0 92.0 92.0
77.7 86.0 86.0 89.0
Deviation from control, %
For seed germination energy - 14.3 28.5 22.9
- 12.4 16.2 13.7
- 9.6 9.6 13.6
For germination - 15.6 15.6 195
- 14.8 16.0 16.0
- 10.7 10.7 14.5

Table 2. Morphophysiological parameters of spring wheat seedlings, varieties "Omsk-
18x»,exposed to electromagnetic traveling pulse low-intensity MP (6 mT, 16 Hz)

Measurable Control* Magnetization time, min.
characteristic
3 6 9 20
The mass of the plants, | 0.078+0.01 | 0.081+0.01 0.091+0.01 0.096+0.01 0.0940.01
g
The mass of the | 0.053+0.01 | 0.056+0.01 0.062+0.01 0.074+0.01 0.059+0.01
seedling, g
The mass of the root, g | 0.020+0.01 | 0.021+0.01 0.025+0.01 0.023+0.01 0.030+0.01
Deviation from control, %

For the mass of the | - 3.4+3.8 16.7+25.0 20.4+55.9 13.6+47.0
plants
For the mass of the | - 4.7+7.0 14.3+67.4 33.3+95.3 9.5+60.5
seedling
For the mass of the root | - 4.5+63.1 25.0+84.2 15.0+73.7 50.0+110.0

* Control experience. The given data are obtained for 100 seeds

522



I3aenicrep, Hotmxkenep — MccnenoBanust, pesynbratsl. Ned (108) 2025, ISSN 2304-3334

Comparison of micrographs of slices of irradiated and control grains obtained with an optical
microscope (Fig. 1a,b) shows a change in the cell morphology of seeds under the action of a magnetic
field.

A noticeable change is found in the structure of mineral substance included in the cell structure
of seeds (Fig.2 a,b). If a mass of small white crystals is observed in the control sample (Fig. 2 a),
apparently, from starch grains, in the sample treated by a magnetic field, the size of these grains
increases markedly (Fig. 2b). In this case, instead of an even mass of starch crystals covering the
endosperm of the grain, there are areas containing clearly enlarged crystal formations - associates
(Fig.3).

The presence of rearrangements in the structure of mineral substance of irradiated seeds is
confirmed by changes in their thermal properties compared to the control ones. Thermograms

of differential scanning calorimetry (DSC) of control and field-treated seed samples were
obtained. As shown in Fig.4, thermograms of each of the samples contain exothermic peak of water
evaporation and endothermic peak of thermal decomposition of carbohydrates.

When comparing the control and irradiated grains, it can be seen that their thermograms differ
markedly. On the thermograms of magnetized samples first exothermic peak is strongly shifted into
high temperature region in comparison with the control sample. The shape of the endothermic peak
changes. Its intensity decreases with a strong broadening towards high temperatures, and the more,
the more processing time (Fig.4). It is important to note that the change in the shape of endothermic
peaks occurs without a noticeable change in the heat of the process. The observed character of
changes in thermograms for samples treated with a magnetic field means an increase in the heat
resistance of grains, which can be explained by the formation of associated carbohydrate structures
in the grain. This is also indicated by the shift of the exotherm of water evaporation to the high-
temperature region, which means the transition of water molecules from the free state to the
associative one.

b
Figure 3 - Micrographs of cell structure of spring wheat grains before (a) and after (b)
exposure to LF EMR
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-
Figure 4 - Micrographs of the longitudinal seed cut surface for the reference sample (a) and
for the magnetized seed (b)

-

Sos "% 100 ym

Figure 5 - Micrograph of starch grains in the agntized grain, localized in the endosperm
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Figure 6 - Thermograms of water evaporation (1,2,3) and thermal degradation of
carbohydrate-containing components (1*,2*,3*) initial control (1,1*) and irradiated for 9 (2,2*) and
20 (3,3*) min seed samples.

The data obtained do not contradict the literature. It is known [9] that the action of the
electromagnetic field (EMF) is directed to the macromolecules of starches, proteins included in cell
structures. In a living cell all biomacromolecules are present in solvated form (covered with a shell
of water molecules). A significant role of water in magneto biological effects is known [10]. Exposure
to EMF can lead to the formation of starch associates and alter the structure of the solvate shell of
biopolymers localized in cells, and as a result, can change their functional activity [11].

On the other hand, according to the data of [11] at external exposure to EMF with low amplitude
and frequency close to the natural frequency of damped oscillations of the cell membrane, a resonant
response is observed in the system, which can lead to a change in its permeability. Changes in
membrane permeability should lead to changes in seed swelling in the aquatic environment due to
changes in the diffusion of water from the environment through the endosperm to the embryo.

The work studied the kinetics of swelling of seeds. The swelling curves of the studied samples
have a typical form of the process with an accelerated initial stage and a stationary site. The kinetics

of swelling in water is described by the equation [7]:
dx

a =K (max — a7) (2)
k = Ly Gmax 3)
T Amax— At

where Kk is the constant of the swelling rate

a, - degree of swelling by time;

max — maximum degree of swelling,

Equations (1,2) were used to determine the values of water diffusion coefficients through the
mineral component of the grain. The data obtained are presented in table. 3. As can be seen from the
table, the irradiated samples have smaller water diffusion coefficients, respectively, higher process
speed.
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Table 3 - Swelling of wheat seeds in distilled water at 22°C

Sample Magnetization The value of the maximum degree | The value of the rate constant
time, min. of swelling, max for diffusion of water,
k, ht
spring wheat 0 0.37+0.03 0.190+0.02
spring wheat 3 0.50+0.03 0.295+0.02
spring wheat 6 0.49+0.03 0.363+0.02
spring wheat 9 0.47+0.03 0.383+0.02
spring wheat 20 0.61+0.03 0.340+0.02

It is important to note that the change in the water diffusion coefficient correlates with data that
indicate the restructuring of the starch component in the irradiated grains. The maximum degree of
seed swelling correlates with the increase in the time of their treatment by the pulse field, the diffusion
coefficient correlates with the data on the values of seed germination and germination energy.

Conclusion

It is known that the effect of low-intensity pulse electromagnetic field on the cellular structure
of biological systems is due to dissipative resonance - the phenomenon of increasing the amplitude
of oscillations due to the ordering of the system structure under the periodic action of weak external
forces. The ability of biological objects to maintain the homeostasis of the internal environment under
changing external conditions, as well as adequately respond to external signals, is largely due to the
functioning of cooperative systems with threshold response. According to the mathematical model,
the behavior of the cooperative system can change significantly as a result of minimal changes in the
number of activated molecules [7]. As a result of the weak external influence is enough to cause the
system state switching. If we consider the effect of weak EMF on the cell within the framework of
the hypothesis of dissipative resonance, we can assume that the impulse, periodic (frequency) effect
of low-frequency EMF causes synchronous rearrangements of many protein channels, which can lead
to a synergistic effect with the formation of complex associated structures in the membrane, and as a
result to an increase in its permeability. This hypothesis is confirmed by the results obtained in the
work. Thus, under the influence of the magnetic field on the cell inside the seed, the diffusion of
water molecules from the external environment is accelerated, as a result, the rate of initial chemical
reactions in the cells of these seeds increases. Water entering the grain from the external environment
takes part in the chemical reaction of hydrolysis of carbohydrates in the endosperm, initiating the
development of the embryo. As a result, a short-term impact of the pulse field on wheat seeds is
enough to achieve high efficiency in relation to the rate of their germination and development.

Thus, the biological effect achieved by the action of a pulsed magnetic field on wheat seeds is
due to the change in the structure of starch in the cell, the increase in the permeability of cell
membranes. As a result, the diffusion of water to the embryo is accelerated, increasing the enzymatic
activity that triggers the growth processes in the cell. This leads to the acceleration of germination of
the embryo and the formation of the root system.

Gratitude. The authors would like to thank the anonymous reviewer for his helpful comments
and the editor of the journal "Research, Results" for organizing, analyzing, and editing.
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UMITYJIbCTI TOMEH KULIIKTI DJJIEKTPOMATHUTTIK OPICTIH BUJIA
TYKBIMbIHA 9CEPI

Anoamna

Maxkanana TeMeH KapKbIHIbl HMMITYJIBCTIK 3JIEKTPOMArHUTTIK OPICTEPAIH >Ka3JblK Oujgai
TYKBIMAAPBIHBIH ~ (DU3HOJIOTUSJIBIK  JKOHE  KYPBUIBIMIBIK ~ KACHETTEpiHE ocepl  KaH-KaKThl
KapacTbIpbUIFaH. JKypri3uireH 3eprrey HoTHKesepi ce0y anIbIH/1a MyH/1all OHICY/1H TYKbIMHBIH OHY
MIPOLIECIH KeJIeNCTETIHIH JKOHE Kbl OMOJIOTHSIIBIK OSJICEHIITIKTI KYIEeHTeTiHIH KopceTTi. ATan
ailfiTKaHga, O0aKpUIay TOOBIMEH CANIBICTBIPFAHAA COYJICJICHIeH TYKBIMIAp OJeKaiia JKplijaMm opi
KOFaphbl MalbI30€H eHel. OCKiHAep MEH TaMbIpJapblH Maccachl €9Yip apThIll, 6CIM/IIK JaMybIHBIH
QITFaITKbl Ke3CHIH/IE )KUHAKTAJIATBIH SHEPTHsI KOPBI KYIIeHe TyCeIi.

OnTuKanblK MUKPOCKOMHMS SICI apKbLIbl allblHFaH JepekTep AuddepeHunanipl ckaHepiey
KaJIOPUMETPUSICHIHBIH HOTHIKEJIEPIMEH TOJBIKTBIPBUIBIN, JJIEKTPOMArHuTTIK OpICTIH jKacylla

527


https://www.researchgate.net/publication/242231656_Effect_of_PAR_and_UV-B_Radiation_on_the_Quality_and_Quantity_of_the_Essential_Oil_in_Sweet_basil_Ocimum_basilicum_L
https://www.researchgate.net/publication/242231656_Effect_of_PAR_and_UV-B_Radiation_on_the_Quality_and_Quantity_of_the_Essential_Oil_in_Sweet_basil_Ocimum_basilicum_L
https://www.researchgate.net/publication/242231656_Effect_of_PAR_and_UV-B_Radiation_on_the_Quality_and_Quantity_of_the_Essential_Oil_in_Sweet_basil_Ocimum_basilicum_L
https://cyberleninka.ru/article/n/otsenka-effektivnosti-perspektivnyh-sposobov-predposevnoy-obrabotki-semyan-ozimoy-pshenitsy-na-osnove-analiza-sostoyaniya-posevov-i
https://cyberleninka.ru/article/n/otsenka-effektivnosti-perspektivnyh-sposobov-predposevnoy-obrabotki-semyan-ozimoy-pshenitsy-na-osnove-analiza-sostoyaniya-posevov-i
https://library.kpi.kharkov.ua/files/Vestniki/2022_2_hymyya_tehnologyya.pdf
https://www.researchgate.net/publication/337203596_Change_of_sowing_seed_quality_of_rye_seeds_after_treatment_in_magnetic_field
https://www.researchgate.net/publication/337203596_Change_of_sowing_seed_quality_of_rye_seeds_after_treatment_in_magnetic_field
https://cyberleninka.ru/article/n/posevnye-kachestva-semyan-myagkoy-yarovoy-pshenitsy-triticum-aestivum-l-pri-raznyh-rezhimah-vozdeystviya-nizkochastotnym
https://cyberleninka.ru/article/n/posevnye-kachestva-semyan-myagkoy-yarovoy-pshenitsy-triticum-aestivum-l-pri-raznyh-rezhimah-vozdeystviya-nizkochastotnym
https://cyberleninka.ru/article/n/modeli-lineynogo-rosta-rasteniy-v-usloviyah-okislitelnogo-stressa-vyzvannogo-deystviem-uf-v-radiatsii
https://cyberleninka.ru/article/n/modeli-lineynogo-rosta-rasteniy-v-usloviyah-okislitelnogo-stressa-vyzvannogo-deystviem-uf-v-radiatsii
https://journalarrb.com/index.php/ARRB/article/view/397
https://doi.org/10.31548/energiya2021.01.017
mailto:aigerim-kaz@mail.ru
mailto:aigerim-kaz@mail.ru
mailto:misha2728@yandex.ru
mailto:mizambek.zhetpeisov@kaznaru.edu.kz
mailto:sadykov_50@list.ru
mailto:yerbol.sarkynov@kaznaru.edu.kz
mailto:lyudmila.shibryaeva@yandex.ru

I3nenicrep, votmwkenep — Mccnenosanus, pezynbratsl. Ned (108) 2025, ISSN 2304-3334

KYPBUIBIMBIH/IA aWKBIH e3repicTepre ceden OonaThIHBIH Iomenaeiai. by esrepicrep kKpaxman
TYHIPILIKTEPiHIH )KaHa KPUCTAIABIK (hOpMalIapbIHBIH TY31IyIMEH jKOHE epeKIIe acCOLUaIUsIIap IbIH
KaJbIITACYBIMEH CHIATTaNaAbl. MyHAaldl KyYpbUIBIMIBIK KalTa Kypyjidap MeMOpaHalap.IbiH
OTKI3TIITINH KYIICHTIN, Cy MOJIEKYJIAlIapblHBIH JKacylla illiHe TapajdyblH >KEHUIIETENIl.
Hotmxkecinme TYKbIM Te3ipeK 1CiHII, OHY1 XKbIIAaM XYpei.

ConpiMeH Oipre, MUHEpalIAbl Kypamjaarel e3repictep aAe Oaiikamanel. On  eciMik
JKaCyIIajJapbIHBIH OMOXUMHUSIIBIK TeIe-TEHITTHE OH ocep eTil, (U3HOJIOTHSIBIK YAepIiCTepaiH
Oencenainirin aprreipaabl. JKanmel anranga, Oyl 3epTTey AJIEKTPOMArHUTTIK epicTepii aybll
apyanbUIbIFBl  TOXKIPUOECIHAE THIMAI Kypasl peTiHIAe NaiganaHyablH Oojaliarbl 30p C€KEHiH
AlKbIHAANIBI.

Kinm ce30ep: MIyJIbCTIK TOMEH KUUIIKT1 COYJICIICHY/IIH AIEKTPOMArHUTTIK Opicl, COyJIeIeHY
PEeXUMI, TYHIPIIIKTI KYPBUIBIM, ONITHKAJIBIK MUKPOCKOITHUS

A.C.Anvuuméaesa', JI.C.IHIuopaesa?, M.E.Yannvizun?,
M.T.JKemneiicog, K.C.Caovixos’, E.Capkvinos*

! Kasaxckuii nayuonanvuuiii azpapuviii uccnedosamensckuii yuueepcumem, Aimamot,
Kaszaxcman, aigerim-kaz@mail.ru, misha2728@yandex.ru, mizambek.zhetpeisov@kaznaru.edu.kz ,
sadykov_50@list.ru, yerbol.sarkynov@kaznaru.edu.kz
2 @edepanvubiil uccredosamenvckuii aspoundicenepusiii yenmp "BUM", Mockea, Poccus,

Ilyudmila.shibryaeva@yandex.ru
BJIMAHUE UMITYJBbCHOI'O HU3KOYACTOTHOI'O JIEKTPOMAT'HUTHOI'O
MMOJIsS1 HA CEMEHA ITIIEHUIIbI

Annomauus

B cratbe moapoOHO paccMaTpuBaeTCs BIUSHUE HHU3KOUHTEHCHBHOTO HWMITYJIBCHOTO
ANEKTPOMArHUTHOTO M3IYYeHHs] Ha KJIETOUYHYIO CTPYKTYPY CEMSH SPOBOM MIIEHUIBI MU HA HX
¢dusnonorndeckoe pazpurue. [lomydeHHBIE B J1a0OPATOPHBIX YCIOBHSIX PE3YJIbTAaThl YOCIUTEIBHO
CBUCTEIHCTBYIOT O TOM, YTO MpPEIBAPUTEIILHOE OOJydeHHE CEeMsIH Iepel MOCEBOM OKa3bIBaeT
BBIPOKCHHOE TOJIOKHUTEIHHOE BO3JICUCTBHE HAa WX OWMOJIOTHYECKHE XapaKTepUCTUKH. B mepBytro
ouepe/b 3TO MPOSIBISIETCS B YBEIIMYECHUH CKOPOCTH M YCIICITHOCTH IPOPACTAHUS, a TAK)KE B IIPUPOCTE
OroMacchl Kak POCTKOB, TaK M KOPHEBOUW CHCTEMBI 10 CPaBHEHHUIO ¢ KOHTPOJIbHBIMU 00pa3iamu.

MUKpPOCKOTIMYECKOE  HCCIEAOBAaHUE CPE30B  CEMsIH, MOJBEPriIMXCS  BO3JACHCTBUIO
AJIEKTPOMAarHUTHOTO TOJIsl, B COINOCTAaBI€HMM C HeoOpaboTaHHBIMU O0pa3llaMHu  BBISIBUIIO
CYILIECTBEHHBIC Pa3IMyusl B OpraHU3alliu KIETOYHBIX CTPYKTYp. Pedynbrarel nuddepenimansuoit
CKaHMPYIOUIEH KaJOPUMETPUM TOATBEPAWIM HAIUYMe TIIYOOKMX H3MEHEHHH B TIpolleccax,
MIPOUCXOJISIINX HA YPOBHE KpaxMalICoep KaluX BKIIOYeHH. OTMedeHOo 00pa3oBaHHe acCOIAaTOB
U CcHenu(pUYECKHX KpUCTAIUIMYECKUX (OpM Kpaxmaja, 4YTO CIOCOOCTBYET WHTEHCU(UKALNU
OOMEHHBIX MPOIIECCOB.

N3menenns B MUHEpaIbHOM COCTaBE 3€pEH YCHUIUBAIOT AU Y3UI0 BOIBI UYepe3 KIETOUHBIE
MeMOpaHbI, 61arofaps yeMmy HaOyxaHue U IpopacTaHue MPOUCXOIAT OpicTpee. B cOBOKymHOCTH 3TH
MPOIIECCHI YCKOPSIIOT PaHHEE Pa3BUTHE PACTEHUH, MMOBHIIIAS UX YCTOMYUBOCTD U JKU3HECTIOCOOHOCTD.
Takum o00pa3oM, TMPOBENEHHOE UCCIEAOBaHUE JIEMOHCTPUPYET 3HAUYUTENbHBIH MOTCHIIMAT
WCIIOIB30BaHUS DJICKTPOMArHUTHBIX TIOJIEW B KayeCTBE WHHOBAIMOHHOTO WHCTPYMEHTA ISt
MOBBIIEHUS YPPEKTUBHOCTH CETHCKOXO03IHCTBEHHOTO MMPOU3BOJICTBA.

Knrouegvie cnosa: >neKTpOMarHUTHOE I0JIE MMITYJIbCHOIO HHM3KOYAaCTOTHOTO M3JIY4EHUS,
pEeXHUM 00ITydeHUsl, 3EPHUCTAsI CTPYKTYpa, ONTUYECKAsT MUKPOCKOITHUS

Authors' contributions: Conceptualization of Aigerim Alchimbayeva; Data curation of
Aigerim Alchimbayeva; Formal analysis of Ludmila Shibryaeva; Acquisition of financing Mikhail
Chaplygin; Investigation of Ludmila Shibryaeva; Methodology of Mikhail Chaplygin;
Administration of the project Zharylkasyn Sadykov; resources Mizambek Zhetpeysov; software
Mizambek Zhetpeysov; Supervision Sarkynov Yerbol; Verification Sarkynov Yerbol; Visualization
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TEXHOJOTMYECKH KOMILJIEKC MAIIIWH 151 BO3JAEJBLIBAHUSA U
YBOPKU CAXAPHOM CBEKJIBI B YCJIOBHUSAX IOT' A, IOTO-BOCTOKA
KA3AXCTAHA

AnHomayus

[IpoBeneH aHann3 UMEIOLIEHCS B X034MCTBAX TEXHUKH ISl BO3/IEIbIBAHUS CaXapHOU CBEKJIBI.
B roxHOM, roro-soctounor 30He Kazaxcrana cocpeqoTOYEHbI IOYUBBI, IMOJIBEPKEHHBIE HCCYIICHUIO,
CKJIOHHBIE K 3aIlJIbIBAHUIO M IOBBIIIEHHON TBEpAOCTU. B pesynbTate TpajaMIIMOHHAS TEXHOJOTHUS
BO3/IEJIBIBAHUS CaXapHOU CBEKJIbI B 3TUX YCJIOBUAX HE JAET 05KUJIAEMOT0 PE3yJIbTaTa: ONTUMAIbHYIO
TYCTOTY CTOSIHMSI BCXOJIOB, YCJIOBHS ISl pOCTa PACTEHUN U B KOHEUHOM CYETE BEIUYUHY YpOXKas,
00€eCTIeYNBAOIIYIO OKYITAaEMOCTh 3aTpar U MmojydyeHne npuosui. [Ipon3BoACTBO caxapHOM CBEKIIBI
COCpPEOTOYEHO, B OCHOBHOM, B MEJIKUX M CPEIHHUX XO3SIICTBaX, KOTOPHIE B CHILy SKOHOMHUUYECKHUX
OpUYMH HE MOTYT MPHOOPECTH JOPOTOCTOSIIIME IOYBOOOpPAOATHIBAIONINE, TIOCEBHBIE U
CBEKJIOYOOPOYHBIE arperarsl npejiaraeMble IPOU3BOIUTENSAMU 3apyOSKHBIX CTPaH.

TpaguioHHas TEXHOJIOTUSL BO3/EIbIBAaHUSI CAaXapHOU CBEKJIbI BKIKOYAET BCHAILKY, HECKOIBKO
MIPEINIOCEBHBIX PHIXJICHUH MTOYBBI, BHIPABHUBAHUE, TIOCEB, MEXAYPSIAHYIO 00pa0OTKY Ha TTTyOUHY 10
l4cm u ybopky kopHemonoB. Ilpm 3ToM B pesynbTare pas3pblBa BO BpPEMEHU MEXKAY
TEXHOJIOTUYECKUMH OTIepalisiMi 1o o0paboTKe MOYBBI U MOCEBY MPOUCXOAUT HCCYIICHUE MOYBHI.
Kpome Toro, mouBooOpabaThiBarolue Opyausi AJis TMPEANOCEeBHOM 00paOOTKH € TMAaCCHBHBIMU
pabounmMu opraHaMu He OOeCHeyuBarOT HEoO0XOAWMOE KPOILIeHHWE MOYBBI JJIS MOCIEYIOIIEro
KaueCTBEHHOIO [TOCEBAa CEMSIH CaXxapHOM CBEKIIBI.

B pesynbpraTe cucTreMaTH4ecKUX MOJIMBOB U BBICOKUX TEMIIEPATYP B HIOJIE, aBI'YCTE TBEPAOCTh
MOYBBI B MEXIYPSAbSIX CaxapHOW CBEKIBI JOCTUTAET BBICOKMX 3HadeHuid 3-4 MIIA, uro
MPEMATCTBYET NMPOHUKHOBEHMIO BJIAaTW K KOPHSM CBEKJIbI U ra3oo0MeHy. CepuiiHO BBITyCKaeMble
MIpOMaIIHbIE KYyJIbTUBATOPbl 00pabaThIBAlOT MEXYPA/Ibs HAa HEIOCTATOUHYIO II1youny (12-14cm).

CreneHp TpaBMHpPOBAaHHOCTH KOpPHEH CaxapHOM CBEKJIBI HMMEIOIIMMHUCA B XO34HCTBax
CBEKJIOYOOPOUYHBIMU KOMOaifHaAMU MPEBBILIAET JOMYCTUMYIO BKIMUUHY.

B cBs13U ¢ BBIIIEN3I0KEHHBIM, 1IEIbI0 UCCIIE0BaHU sBIsIeTCS pa3paboTKa TEXHOIOTMYECKOTO
KOMIUIEKCa MallMH, 00ECIeUnBaIOIEro COKpalleHne MpoX010B MAIIMHHO-TPAKTOPHBIX arperaToB
(MTA) no nonio, COKpalleHHe pa3pblBa BO BPEMEHH MEXKJy TEXHOJOTHUECKHUMH OIepallsIMH,
BBICOKOE Ka4€CTBO KPOILIEHUS MTOYBBI U TIOCEBA CEMSH, ITYOOKYIO 710 25¢M 00paboTKy MeXIypsInuit
caxapHOM CBEKJIbl, YOOpKY KOpHEH CBEKJIbI C HU3KOW MOBPEXKIAEMOCTHIO.

Jlnsg nocTwkeHus IMOCTaBIEHHOM 1enn OyayT pa3paboTaHbl KyJbTUBATOpP BEPTHKAIbHO-
POTOPHBIN Uil TPeNnoceBHOU (pe3epHoil 00pabOTKM MOYBBI; CeslIka KOMOMHMpOBAaHHAs st
MIPENOCeBHON (hpe3epHOit 00paOOTKH IMOYBHI U TOYHOTO MIOCEBA CEMSIH; YHUBEPCAIBHBIN KYITBTHBATOP
st Menkoi o l4cm u ToyOoKoi 0 25¢M  00paboTKM  MEXIypsAMd  caxapHOW CBEKIIBL,
CBEKJIOYOOpOUHBIII KOMOaliH aanTHpPOBaHHBIN K MOYBEHHO-KIMMATUUYECKUM YCJIOBUSIM pPETHOHA U
o0ecreurBaroINi HU3KYIO TOBPEKIaEMOCTh KOPHEH.

Knioueevie cnosa: caxapnas ceexia, 8030enbl8anue, MpPAOUYUOHHASI MEXHOLO2Us,
KYIbMUBAmop 6epmuKaibHO-pOMOPHbILL, CesNIKA MOYHO20 8blCe8d, KYAbMUBAMOP 015 MeHCOYPAOHOU
00pabomku, yO60opKa KOpHel, no8pedcoaemocms KOpHell
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