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An experimental study to determine the activation effect of low-energy laser radiation on the physi-
ological parameters of bean sprouts, affecting their root system. To conduct the experiment, a laboratory
stand was built, which included: a control panel, a tank with nutrient solution and a holder for growing
beans, sources of artificial lighting of plants and the design of their installation, aeration unit and laser
installation. The tank with nutrient solution and holder was a hydroponic installation based on the method
of hydrogen culture and floating platform system. The biostimulation solution itself contained a set of
certain chemical elements and their concentrations for growing beans. The operation of the laboratory
stand began with the supply of power to the control panel, and from it commands were given to turn on
the sources of artificial lighting of plants, the aeration unit of the nutrient solution and the laser device.
The technology of laser treatment of bean sprout roots was also developed, which was based on division
of 30 sprouts into 3 groups of 10 units, the first and second groups were irradiated with a laser with
appropriate parameters of wavelength and dose, and the third was control. The sprout was taken from
the appropriate row and placed in a glass container over which was the emitter at a height of 0.01 m,
while clearly affecting the suction zone of the root system, and then returned to its original position.
According to the results of the experiment, a set of data was obtained that testifies to the effectiveness
of laser stimulation of bean roots.

Keywords: laser, hydroponics, irradiation dose, floating platform, stem height, diameter of stem,
wavelength

Problem statement and its urgency.
Protected soil structures must provide the population

a number of methods and systems that have their
advantages and disadvantages and differ in

with vegetable products in the off-season (winter-
spring) period of the year. Growing vegetables in
greenhouses is associated with significant energy,
material and labor costs, therefore, to increase the
efficiency of greenhouse vegetable growing requires
study, generalization and application of new growing
technologies, scientific and technical achievements
to intensify physiological processes in biological
objects, which prolongs the period receipt of
products and improves its quality [1, 2].

Analysis of the results of recent research
and publications related to the problem. The
analysis of scientific and technical literature shows
that to increase the productivity and quality of crops
grown in protected soil structures, use the
hydroponic method, which is based on growing
plants without the use of soil. This method includes
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application depending on the type of culture.
Recently, it is widely used both in our country and
abroad. However, with the available advantages, it
does not meet the needs of vegetable products in
full. Scientists are developing technologies to
increase plant yields in hydroponic plants based on
the addition of mineral fertilizers of different
concentrations to the nutrient solution, but they all
lead to chemical contamination of fruits. Therefore,
there is a need to find new environmentally friendly
technologies to intensify plant development in
hydroponics [3].

The purpose and statement of the problem.
Experimentally determine the effect of laser radiation
on the activation of physiological processes in beans
variety "Saharnaja", which is grown hydroponically,
with wavelengths and radiation doses 4; = 405 nm,



W, =0,1Jand 1, = 658 nm, W, = 0,4 J. Achieving
the goal is related to the following tasks: construction
of a laboratory stand for the experiment, develop-
ment of devices and irradiation system for the root
system of beans.

The main material. To conduct an experimental
study, a laboratory stand was created, consisting of:
control panel 1; a tank with a nutrient solution and a
holder for placing cultivated plants in it 2; sources of
artificial lighting of plants and the design of their in-
stallation 3; the aeration unit of the nutrient solution
4; laser installation 5.

The control panel included: circuit breaker
named iC60N with parameters B6A 2P, designed for
connection to the network and protection against
short circuit and overload currents; automatic switch
series BA47-29 with technical parameters B 6A 1P,
which performs the function of power supply to the
control circuit and its protection against abnormal
operating modes; signal lamp named LS47M (230 V,
0.5 W) in the amount of two units to signal the pres-
ence of power in the power circuit and control circuit;
electromagnetic contactor of the KMI-11210 series
(230V, 12 A), intended for switching of a power sup-
ply circuit of lighting; push-button post for three
places with two contacts of the N/ O + N/ C type
and a signal lamp, which provides manual switching
on and off of the electromagnetic contactor; elec-
tronic time relay named TM41 (240 V, 16 A), which
is necessary for automatic switching on and off of ar-
tificial lighting of plants in certain periods of the day;
multipole switch named PKP10 (230 V, 10 A), re-
quired for switching manual and automatic lighting
control mode; two sockets (230 V, 16 A), for connec-
tion of the aeration unit and laser installation; input
cable with plug for general power supply to the re-
mote control, as well as wires for connecting electri-
cal devices.

The tank with nutrient solution and a holder for
placing plants in it, had the form of a container meas-
uring 0,29x0,71x0,18 m and a volume of 40 liters,
which was filled with biostimulation solution with a
set of the following macronutrients: nitrogen (NH2)
7,5 g/l , phosphorus (P20s) 5 g/l, potassium (K20) 5
g/l, zinc (Zn) 0,24 g/l, copper (Cu) 0,22 g/l, molyb-
denum (Mo) 0,024 g/I, cobalt (Co) 0,012 g/l; trace el-
ements: boron (B) 0,25 g/l, iron (Fe) 0,31 g/l, man-
ganese (Mn) 0,25 g/I; vitamins: (B1) — 48, (C) — 134,
(PP) — 115; humates: 11 g/l, succinic acid 96 mg/l;
amino acids: methionine-40, glycine-40, lysine-134,
tryptophan-48, necessary for the growth of beans,
and expanded polystyrene plate size
0,3x0,73x0,015 m with holes with a diameter of 0,04
m in the amount of 30 units, in 3 rows 10 units each,
with a gap between the holes of 0,06 m and a row
spacing of 0,1 m, in which gauze was fixed and a
bean sprout was installed. The first row was treated
with a low-energy laser radiation with parameters
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A, =405nm, W, =0,1Jand A, =658 nm, W, = 0,4
J —was a control sample.

The installation for illumination consists of 4 flu-
orescent lamps like LB 20-1 with technical data of 20
W of 1060 Im; starting and regulating equipment:
choke type 2UBI-20/220-VPP-110-UHL4 (20 W 220
V), in the amount of 2 units; starter name 4-22 W
220-240 V ~ Series with parameters 4-22 W 220-240
V, in the amount of 4 units; 2 compensating capaci-
tors and a metal structure of their placement with the
sizes of 0,5x0,99x0,5 m. The framework was estab-
lished over the tank with the grown beans.

The aeration unit of the nutrient solution was
composed of an oxygen compressor hamed Sonic
9908 with (220 / 240 V 6 W 480 | / h), necessary to
provide oxygen to the root system of beans, which is
in the nutrient solution of the hydroponic plant; a rub-
ber branch pipe for oxygen transfer from the com-
pressor to an air sprayer; a non-return valve that pre-
vented the leakage of water from the tank through
the compressor and the 0,6 m long mineral stone
spray itself, which created a uniform oxygen satura-
tion throughout the volume of the solution.

As a laser installation, the device "Lika-terapevt"
was used, which was equipped with an electronic unit
with the following technical parameters: the number
of simultaneously operating channels 1; frequency of
modulation of laser radiation 0,1-99,9 Hz + 10 %; ra-
diation time from 1 min to 99 min 59 s; recorded radi-
ation dose 0,01-99,9 J + 20 %, power consumption
15 W; power supply 220 V 50 Hz; remote handles
type VRV1 with data: optical range — violet, wave-
length 405 nm, maximum radiation power 50 mW;
VRV5 with data: optical range - red, wavelength 658
nm, maximum radiation power 250 mW.

According to the classification of hydroponic
plants [2], a tank with a nutrient solution and a holder
for holding beans, we refer to the method of hydro-
gen culture and floating platform system. The study
began with filling with a nutrient solution, with a cer-
tain set of chemical elements and their concentra-
tions listed above, the tank. On the water surface of
the tank was installed a holder with holes in which
were placed the sprouts of beans germinated for 3
days on a cotton pad. Next, the general power sup-
ply was supplied to the control panel and the iC60N
circuit breaker was switched on, which supplied volt-
age to the power circuit. Multi-pole switch PKP10,
was installed in the position of automatic control of
the plant lighting system and selected the necessary
parameters of the electronic time relay TM41 to cre-
ate the desired light regime of the crop. The BA47-
29 circuit breaker, which supplied voltage to the con-
trol circuit, was switched on. The presence of voltage
in this circuit made it possible for the time relay
through its control contact to turn on the electromag-
netic contactor KMI-11210 and thus create power to
the plant lighting lamps, while providing 18 hours of
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daylight, and then unlock it over time. The accepted
cyclicity was repeated for 7 days. Then, from the re-
mote control, the aeration unit was turned on, which
sent oxygen through a pipe to the spray available in
the nutrient solution for oxygen enrichment of the
root system of beans.

To irradiate the roots of beans grown in a hydro-
ponic plant, the following technology was created:
from the first row took a bean sprout and placed in a
glass container over which was placed emitter at
height h = 0,01 cm to create opportunities transfer of
the planned dose, influencing a zone of absorption
of a root, with parameters of the dose of electromag-
netic energy W, = 0,1 J, which were installed on the
electronic unit of the device and the wavelength of
electromagnetic radiation 1, = 405, which was pro-
vided by the type of handle VRVL1. After irradiation,
the sprout returned to the installation, and so se-
quentially for each of the 10 units in a row. Then, in
the same way, the second row was irradiated, but
with different dose parameters W, = 0,4 and wave-
lengths 4, = 658 nm number of 10 units in a row.
The third row performed the control function with the
same number of sprouts. The total sample of the
studied sprouts was 30 units. Irradiation occurred
once a day, at dinner, starting from the first day of
landing and lasted 7 days. The conditions of the pro-
cess of laser treatment of the roots of bean sprouts
are presented in fig. 1.

Fig. 1. Image of the process of laser treatment of
the root system of beans "Saharnaja”

On each day of the experiment, the values of to-
tal salt content per unit volume were monitored,
which should be equal to ppm = 300 and the degree
of acidity or alkalinity, which should be ph = 6,5 of
the nutrient solution. Activation of physiological pro-
cesses in beans was recorded by the average height
and average diameter of the stem. As a result of ex-
perimental research the data set on the basis of
which the histogram of dependence of average
height of a stalk was constructed was received
Xavernei. CM from the day of the experiment and the
constant parameters of electromagnetic radiation for
the first row of sprouts A, = 405, W, = 0,1, for the
second row of sprouts 4, = 658 and W, = 0,4, con-
trol fig. 2, as well as a histogram of the average di-
ameter of the stem x 0 qiam. €M from the day of the
experiment and the constants given above, fig. 3.
Excel 2013 information was used to build charts [3].
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Fig. 2. Histogram of the dependence of the aver-
age stem height on the day of the experiment
and the constant parameters of the electromag-
netic radiation for each row of sprouts
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Fig. 3. Histogram of the dependence of the aver-
age diameter of the stem on the day of the ex-
periment and the constant parameters of the
electromagnetic radiation for a number of sprouts
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Analyzing the above histogram, we can say that
with increasing duration of the experiment is majes-
tic xgper.nei. iINCreases and at the end of the experi-
ment is the largest of all groups of sprouts, however
Xaver-nei. SProuts, the roots of which were under the
influence of laser radiation are larger than the control
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sample, and the largest value xg,.rnei achieved
when A4; = 405 nm, W, = 0,1 J and falls. In addition,
the largest jump in values was observed during the
transition from the first to the second, and from the
second to the third day of the experiment for each
row. Considering this histogram, we can conclude
that, as in the previous one, increasing the day of the
experiment leads to a gradual increase x,per.giam. for
all studied groups of bean sprouts, with the available
constancy for 2, 3 days in the second row, 5, 6 days
in the second and third rows, as well as 6, 7 days in
the first row and control. Size X e giam. SProut where
the root was treated with laser radiation is larger,
compared with the control group, the largest
Xaver.aiam. aChieved on the 6th day of the experiment,
when 4, = 658 nm, W, = 0,4 J.

Conclusions. Application of low-energy laser
radiation with parametersi, = 405nm, W, = 0,1 J for
processing of root system of beans "Saharnaja" lead
on day 7 before xg,ernei. = 20,1 cm, which is 29 %
more than the control and x, e giam. = 0,4 €M, 5 %
more than control. Using parameters 1, = 658 nm,
W, = 0,4 J lead on day 7 before x e nei. = 22,1 cm,
which is 32 % more than the control and xg,er gigm. =
0,39 cm, 3 % more than control. That is the obtained
results show that the percentage of physiological in-
dicators of bean activation at different parameters of
electromagnetic radiation is different, with some pa-
rameters the average stem diameter is larger and
the average stem height is smaller, and with others
vice versa. Thus, it can be concluded that the use of
low-energy laser radiation increases the values of
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individual beans, but requires further experiments
and clarification of clear processing parameters for a
combined effect on all growth rates of beans.
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OnpepeneHne aKkTUBMPYHOLLEro BIIUSIHUS HU3KO3HEPruiyecKoro
nasepHOro usny4eHusi Ha KOpHeBYIO cucTemy cpaconum

B. B. CyxuH, H. J1. Jlucnyerko, M. A. YépHas

B naHHo cTaTbe NpeAcTaBreHo aKCnepUMeHTanbHoe uccriegoBaHne No onpeaeneHnto akTMBaLMoHHOTo
BMUSIHWASA HU3KO3HEPTeTUYECKOro NasepHOro ManyyeHns Ha guanosiornyeckmne nokasaTenn pocTKoB dpaconu,
BMUSIA HA UX KOpHEBYlO cucTemy. [ns npoBefeHus onbiTa Gbln NOCTpoeH nabopaTopHbIA CTeHd, KOTOopbIi
BKIoyan B cebs: NynbT ynpaBneHns, pesepByap C nuTaTeNbHbIM pacTBOPOM M AepKaTenem Ans pa3MeLleHunst
BblpalLBaemMoi gaconn, NCTOYHMKM UCKYCCTBEHHOTO OCBELLEHUS PACTEHWUI U KOHCTPYKLMIO MX YCTaHOBKW,
6ok aspauum 1 nasepHyto ycTaHoBky. PesepByap ¢ nutaTernbHbIM PacTBOPOM U AepKaTenieM npeacTaBnsn
cobol rMOpOMNOHHYI0 YCTAHOBKY, OCHOBaHHYI0 Ha MeTofe BOAHas KynbTypa U cucTeme nnasawolias nnat-
dopma. Cam BMOCTUMYNMPYIOLNIA pacTBOp, BKIOYan Habop onpeaeneHHbIX XMMUYECKUX SNTEMEHTOB U KX
KOHLEHTpauui Ans BblpalueaHus taconu. PyHKUMoOHMpoBaHMe NabopaTopHOro CTeHAa HauyMHaNoch ¢ no-
[Aauv MUTaHUs K NynbTy YNpaBleHusl, a ¢ Hero NoJaBanucb KOMaHAbl Ha BKIMKOYEHWE NCTOYHMKOB UCKYCCTBEH-
HOro OCBelLleHVsl pacTeHuit, 6rioka aspauuy NMTaTenbHOro pacTBopa 1 NasepHoro ycTpoicTea. Takke paspa-
6oTaHa TexHomnornsa nasepHoi o6paboTKN KOpHen pocTKOB hacornu, KoTopasi OCHOBbIBanach Ha pasgeneHum
30 pocTkoB Ha 3 rpynnbl no 10 WTYK, Nepeas 1 BTopasa rpynna obny4yanack na3epoM C COOTBETCTBYHOLLMMU
napameTpamMu ANvHbI BOMHbI U [03bl, @ TPeTbs NpeacTaenana cobor KoHTponb. PocTok 6pancs us cootsert-
CTBYHOLLErO psida U pasmellarncs B CTEKINAHHOW eMKOCTU, Had KOTOPOM Haxoauncs uanyyatesnb Ha BbicoTe
0,01 M, Npu 3TOM, YeTKO BO3[ENCTBYSA Ha 30HY BCAcblBaHUSI KOPHEBOWM CUCTEMBI, @ 3aTeM CHOBa Bo3Bpallarncs
B McxoaHoe nonoxeHue. Mo pesynbTaTam onbiTa nonyyYeHo Habop AaHHbIX, CBUAETENbCTBYOLME 06 achdhek-
TUBHOCTM NasepHOro CTUMYNMPOBAHUS KOpHel haconu.

KnroueBble cnoBa: s1asep, 2udporoHuka, do3a 0bryyeHus, niasarowasi ninamagopma, ebicoma cmebiis,
Quamemp cmebisisi, OriuHa 80JIHbI.
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AHoOTauiA
Bu3Ha4yeHHs1 akTUBYHOYOro BNSIUBY HU3bKOEHEPreTUYHOro
flasepHoOro BMNpPOMiHIOBaHHA Ha KOpeHeBY CUMCTeMYy KBaconi

B. B. CyxiH, M. J1. llucu4yenko, M. O. YopHa

MpencraBneHo ekcnepuMeHTanbHe AOCMIAKEHHS 3 BU3HAYEHHS aKTUBI3aLiNHOMo BNMAMBY HU3bKOEHepre-
TMYHOIO Na3epHOro BMNPOMIHIOBaAHHS Ha (i3ionorivyHi NOKasHMKM POCTKIB KBACOMi, BNMBAKOYM Ha iX KOPEHEBY
cuctemy. [ina nposeaeHHs gocnigy 6ys nobynoBaHui nabopaTopHui CTeHd, KM BKIoYaBs B cebe: nynbT
KepyBaHHs, pe3epByap 3 XXMBUNbHMM PO34YMHOM i TPUMaYeEM ANs pO3MilLeHHsI BUPOLLYBaHOI KBaconi, jxepena
LUTYYHOrO OCBITIIEHHSI POCITMH | KOHCTPYKLiO iX BCTAHOBIEHHS, 610K aepalii i nasepHy ycTtaHoBKy. PesepByap
3 XVMBUJIBHUM PO34YMHOM i TPMMayeM npeacTaBnsAB cobO rgpPONOHHY YCTAaHOBKY OCHOBaHy Ha MeTofi BOA-
HeBa KyrnbTypa i cuctemMi nnaeatoya nnargopma. Cam OIOCTUMYNALIMHUIA PO34YMH, BMiLLyBaB Habip neBHMX
XiMIYHMX €NTEMEHTIB i iX KOHUEHTpaUiln Ans BUPOLLYBaHHSA kBacosi. PyHKLiOHYBaHHA nabopaTopHOro cteHay
noYmMHamnocs 3 NofaYi >XMBMEHHS 00 NyfbTa KepPyBaHHS, a 3 HbOro NoA4aBanMcb KOMaHAM Ha BMUKaHHS [xepen
LUTYYHOrO OCBITIIEHHA POCNUH, 6rioKa aepaLii XXMBUMBHOIO PO34YUHY Ta NTa3epPHOro NPUCTPOID. Takox Po3pob-
neHa TexHonoria nasepHoi 06pobku KOpeHiB POCTKIB KBaCONi, Aka OCHOBYBarnach Ha po3gineHHi 30 pocTkisB Ha
3 rpynu no 10 ogunHuMup, nepLia i gpyra rpyna onpoMiHioBanack nasepom 3 BignoBigHMMK napaMeTpamu A0B-
XWHW XBWNi | JO3K, a TpeTs siBnsana coboto koHTponb. PocTok 6paBca 3 BignoBigHOro psgy i po3millyBaBcs B
CKMSHIA EMHOCTiI HaZ KO 3HaxogmBcsa BUMPOMiHoBaY Ha BucoTi 0,01 M, Npy LUbOMy, YiTKO BNAMBAKYM Ha
30HY BCMOKTYBaHHS1 KOPEHEBOI CUCTEMMU, @ NOTIM 3HOBY NOBEPTaBCH Y BUXigHE NONOXEHHS. 3a pesynbTatamu
pocrnigy oTpumaHo Habip gaHux, siki ceigyaTb NPo ePeKTUBHICTb Na3epHOro CTUMYJSOBaHHS! KOPEHIB KBacosi.

KnrouoBi cnoBa: n1asep, 2idpornoHika, do3a onpoMiHEHHS, nnaearoqa niamgopma, sucoma cmebna, dia-
memp cmebna, 008XUHa X8Uri.
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