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[IpuBeneHb! pe3ynbTaThl UCCIENIOBAHUI TI0 WHAKTHBAIMM MHUKPOOPTaHU3MOB Ha OTKPBITBHIX ITIO-
BEPXHOCTAX NMTUIEBOAYECKHUX ITOMEIIECHHI C NCIIOIb30BaHNEM HU3KOTEMIIepaTypHOi HepaBHOBECHOM
IU1a3Mbl. B KauecTBe ee MCTOUHMKA UCIIOb30BaH IEKTPOMCKPOBOI pa3psa IEPEeMEHHOIO TOKA IPU
armMoc(epHOM JaBieHud. TUTIBI pa3psia — CTpUMEpHBIH, (pakenpHBINH. PaccMOTpeHO OTHOBpEMEHHOE
BO3JICHCTBUE JIEKTPOMArHUTHBIX MOJIEH, 3apsSDKEHHBIX YACTHLl M XMMUYECKH aKTHBHBIX COCIMHEHUH,
00pasyoLMXCs IPH AIEKTPOUCKPOBOM paspsizie, Ha 3PPEeKTUBHOCTh WHAKTUBAIIMN ITaTOT€HHON MU-
Kpo(IIophl 71 pa3IMYHBIX MOBEPXHOCTEH (aKPUIIOBBIN IPYHT, STIOKCHIHASI CMOJIa, JIaK SXTHBIH, Oe-
ToHHO-TpauToBas cMech). ObpabdaTsiBaeMblil MaTeprall (OMOJIOTUYECKUI MaKeT MOJICTHIIOYHON TT0-
BEPXHOCTH 110J1a B ITUYHUKE C HAHECEHHBIM 3aIUTHBIM CJI0€M) YCTAaHOBJICH II0CJIE IEKTPOUCKPOBOI
Ppa3pAgHOI KaMepsl, IPOAYBaeMOH I1a3M000Pa3yOLIM Ia3oM (aTMochepHbli Bo3ayX). OCHOBHBIMU
MOpakaloIUMH (PaKTOpaMH SIBISIOTCS] aKTHBHBIC XUMUUECKUE COSIMHEHNUS: 030H; CBOOOHBIC pajiu-
kaiel (OH, O, O,), ynerpaduosnerosoe usnydenue B auanasone 750-1600 TT'n, sneKTpoMarHuTHOE
n3nyuenue ot 50 ['n mo 980 MI'n, 3apskeHHbIe YacTUIIBI U KojeOaTeIbHO BO30YKICHHBIE MOJIEKYJIBI
azoTa u kucaopoxaa. [lomyueHsl XapaKTepUCTHKH MIIOTHOCTH MOTOKA 3JIEKTPOMArHUTHOTO M3ITy4eHUS
TIPH DIIEKTPOUCKPOBOM paszpsize. [1o pe3ynprataM ncciaenoBaHuii MakKCHMAaTLHBIA 3P exT 00padboTku
OTKPBITHIX TOBEPXHOCTEH HU3KOTEMIIEPATyPHON HEPABHOBECHOM MIa3MOM JOCTUTAETCS IPU UCTIOJNb-
30BaHMHU B KAUECTBE 3AIIMTHOIO Marepuaa MOBEPXHOCTEH SMOKCUIHONW cMoibl. KomnuecTBo nHak-
TUBUPOBAHHBIX MHUKPOOpPraHn3MoB npu skcnosunuu 10-20 ¢ gocruraer 100%. Ilpun nnaktuBanuu
MHUKPOOPTaHU3MOB, HAXOASALIMXCS Ha OTKPBITHIX MOBEPXHOCTSX, [UIUTENFHOCTh SKCIIO3UIIUHA YKOHO-
MHUYECKH HelenecooOpa3Ho mpuHuMars 6osee 20 ¢. B nccienoBanusax He BBISBICHO CYIIECTBEHHOTO
pasyinyuus P UCIOJIB30BAHUM CTPUMEPHOTO WX (PAKEIBHOIO Pa3psiioB AJIsi 00pabOTKU OTKPBITHIX
MIOBEPXHOCTEN MOMEILLIEHU.

Ku1roueBble cjioBa: HU3KOTEMIIEpaTypHasi HEPABHOBECHAS IJ1a3Ma, JIEKTPOMCKPOBOM paspsiz, MuU-
KpOOpraHU3Mbl, HHAKTHBALMI, HATOTeHHAsi MUKpogIiopa
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The results of research on inactivation of microorganisms on open surfaces of poultry houses

using low-temperature non-equilibrium plasma are presented. AC electrospark discharge at
atmospheric pressure was used as its source. Discharge types are streamer, flare. The simultaneous
effect of electromagnetic fields, charged particles and chemically active compounds formed by
electrospark discharge on the efficiency of pathogenic microflora inactivation for various surfaces
(acrylic primer, epoxy resin, yacht varnish, concrete-graphite mixture) is considered. The material
to be treated (a biological model of the bedding surface of the floor in the poultry house with the
applied protective layer) is installed after the electrospark discharge chamber blown with plasma-
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forming gas (atmospheric air). The main affecting factors are active chemical compounds: ozone; free
radicals (OH, O, O,), ultraviolet radiation in the range of 7501600 THz, electromagnetic radiation
from 50 Hz to 980 MHz, charged particles and vibrationally excited nitrogen and oxygen molecules.
Characterizations of electromagnetic radiation flux density at electrospark discharge are obtained.
According to the research results, the maximum effect of treatment of exposed surfaces with low-
temperature non-equilibrium plasma is achieved when epoxy resin is used as a surface protection
material. The number of inactivated microorganisms at exposure of 10-20 s reaches 100%. When
inactivating microorganisms on exposed surfaces, it is not economically feasible to take exposure time
longer than 20 s. The studies found no significant difference when using streamer or flare discharges

to treat outdoor facility surfaces.

Keywords: low-temperature nonequilibrium plasma, electrospark discharge, microorganisms,

inactivation, pathogenic microflora
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INTRODUCTION

The transition from agricultural production to
an industrial basis is primarily associated with
an increase in the density of livestock and poul-
try in production facilities. This circumstance
necessitates the creation of highly effective tech-
nical systems for disinfecting materials and me-
dia used in the production processes of goods.

Electrophysical methods for inactivating
pathogenic microflora (direct and indirect), cur-
rently employed, typically utilize electromag-
netic radiation (EMR) within a specific frequen-
cy range of varying intensity [ 1-3]. Comprehen-
sive research results on electrophysical methods
for microorganism inactivation are available in
previous works [4-9]. The geometric dimen-
sions of microorganisms and their electrophys-
ical characteristics, which determine the degree
of lethality when processed in electromagnetic
fields, exhibit sufficiently large ranges of varia-
tion. It seems advisable to employ EMR across
the entire spectrum - from radio frequencies to
hard ultraviolet radiation (UVR) [10].

One possible way to implement such an ap-
proach is the use of non-equilibrium low-tem-
perature plasma (NE LTP) generated during an
electric spark discharge [6—8]. To assess the ef-

fectiveness of using NE LTP, it is necessary to
determine the spectrum and radiation flux den-
sity generated during an electric spark discharge
across the entire electromagnetic wave scale,
while evaluating the degree of microorganism
inactivation present in the air and on exposed
surfaces (floor, walls) [11, 12].

The purpose of research is to determine the
effectiveness of using low-temperature plasma
in the inactivation of pathogenic microorgan-
isms on various protective surfaces in indoor
poultry facilities.

MATERIAL AND METHODS

The object of the study is the system for inac-
tivating pathogenic microorganisms in a poultry
facility. The microorganisms under investigation
include Bacillus subtilis, Staphylococcus au-
reus, Staphylococcus albus, E. coli, and others.
The microorganisms were applied to segments
of standard ceramic tiles measuring 48 x 48 mm.
Various protective surface layers are applied to
the tiles as a substrate. The options for protec-
tive layers included acrylic primer, epoxy resin,
yacht varnish, and concrete-graphite mix.

Total microbial count (TMC) was determined
according to MG 4.2.734-99 "Microbiological
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Monitoring of the Production Environment".

A plasma torch was used as the NE LTP
source (see Fig. 1). The setup parameters are
presented in Table 1.

Measured parameters:

—spectrum and flux density of electromagnet-
ic radiation in the range from 3000 m to 100 nm;

— processing time of the test material;

— quantity of positive and negative air ions;

— ozone concentration and percentage of mi-
croorganism inactivation.

Controlled parameters:

— air temperature;

— air humidity;

— plasma-forming gas temperature.

Measurement instruments used:

— air ion counter MAC-01;

— multi-functional instrument Testo 435-2;

— universal gas analyzer GANK-4;

— multi-channel spectrometer "Kolibri";

— radiometer of UV-range (a, b, and ¢ sub-
ranges) TKA-PKM;

— infrared radiation density measuring instru-
ment "MK-meter";

— temperature measurement - infrared ther-
mometer with switchable optics Testo 845, Kel-
vin Compact 1200/175 pyrometer.

Experimental Procedure

The treated material (a biological model of
the floor bedding surface in a poultry house with
an applied protective layer) was installed after
the electric spark discharge chamber, which
was purged with plasma-forming gas (ambient
air). The main damaging factors include active
chemical compounds: ozone, free radicals (OH,
0, 02), ultraviolet radiation in the range of 750—

Taoua. 1. [Tapamerpsl 2EKTPOUCKPOBOI YCTaHOB-
KH 7151 TEHEPALUH TL1a3MBbl

Table 1. Parameters of the electrospark unit for
plasma generation

Parameter Value
Voltage of high-voltage source, kV 12
Air velocity in the discharge chamber, m/s 14
Cross-sectional area of the discharge 80110
chamber, mm?
Maximum power consumption
of the installation, W 1500-3000
Calculated electric field strength
in the discharge gap, V/m 450 000
AC frequency, kHz 20

1600 THz, electromagnetic radiation from 50 Hz
to 980 MHz, charged particles, and vibrationally
excited nitrogen and oxygen molecules.

The exposure to NE LTP during the discharge
in gas was varied from 5 to 300 seconds. Upon
removing the opaque screen from the surface of
the quartz tube, the effectiveness of electromag-
netic radiation exposure in the radio and ultravi-
olet ranges was additionally assessed.

The evaluation was based on the reduction in
bacterial contamination of the bedding material
in the experimental sample compared to the con-
trol. For this, 5 grams of the combined sample
from each experimental exposure were weighed
and added to 50 ml of sterile saline solution (di-
lution 1:10). The flask with the suspension was
placed on a shaker at a frequency of 100 oscil-
lations/minute and allowed to stand for 30 min-

Puc. 1. YcranoBKka JUIsl TeHEpAIMKA HU3KOTEMIIEPaTyPHOH ITa3MblI (COCTaBIeHA aBTOPAMH)
Fig. 1. Installation for low-temperature plasma generation (compiled by the authors)
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utes at room temperature of 8 °C. Then, the sus-
pension was centrifuged at 3000 rpm to separate
large particles. Subsequently, successive dilu-
tions were prepared from the obtained superna-
tant using the EasySpiral spiral seeding device.
Each dilution was seeded in triplicate on Petri
dishes with meat-peptone agar, with each dish
receiving 100 pl. After 20 hours of incubation
at 37 °C, the grown colonies were counted using
the Scan 500 device. The arithmetic mean of the
cups was taken as the final result. The microbial
contamination of the investigated substrate was
determined. The presence of growth of individu-
al microorganism species was assessed on selec-
tive nutrient media.

The levels of electric and magnetic field in-
tensity generated by low-temperature plasma, as
well as radiation flux density, were measured at
a distance of 20 cm from the surface of the glass
tube of the plasma torch. Measurements were
taken at fixed frequencies using the ATE-8507
device. The distance between the electromagnet-
ic radiation flux density sensors and the electric
spark chamber was 0.4 m.

RESULTS AND DISCUSSION

The parameters of electromagnetic radiation
(EMR) generated during the electric spark dis-
charge are presented in Table 2.

The flux density of EMR in the range of 190—
400 nm is presented in Table 3.

The ozone concentration in the air stream was
7-8 mg/m°.

The calculation of the electric field intensity
in the interelectrode space was carried out us-
ing the ELCUT program. The maximum elec-
tric field intensity was 400,000-500,000 V/m.
The general distribution of equipotential electric
fields in the gas discharge chamber is shown in
Fig.2.

To study the dynamic characteristics of the
electric spark discharge, oscillography and high-
speed video recording of the discharge current
and voltage on the electrodes were performed
in the modes of electric spark and streamer dis-
charges (see Fig. 3, 4). The spectrum of NE LTP
radiation in the range of 600—1500 THz is shown
in Fig. 5.

Ta6ua. 2. 3naueHUs HAPSYKEHHOCTH IEKTpUYE-
CKOT'O TIOJISI ¥ TUIOTHOCTH 1foToka OMMU 1o auana-
30HaM 4acTOT

Table 2. Values of electric field strength and

electromagnetic radiation flux density by frequency
ranges

EMI frequency 153:551;)%}& Flux density, W/m?
100 kHz 270 148
200 kHz 149 62
500 kHz 128 45

1 MHz 174 84
10 MHz 192 98
13,56 MHz 158 67
100 MHz 138 60
900 MHz 0,93
1,8 GHz 0,7
2,4 GHz 0,5 0

Ta6a. 3. [InoTHOCTH MOTOKA 2IEKTPOMArHUTHOTO
U3IYYEHUS B YABTPa(UOIETOBOM CIEKTPE

Table 3. Electromagnetic radiation flux density in
the UV spectrum

UV range EMI flux density value, mW/m?
UVA 48
UVB 50
uvC 130

Puc. 2. PactipenieneHre HaNpsHKEHHOCTH ANIEKTpUYe-
CKOT'0 TIOJISI B MPUAJIEKTPOAHOM IPOCTPAHCTBE I171a3-
MOTpOHa

Fig. 2. Distribution of electric field strength in the
near-electrode space of the plasmatron
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The results of microorganism inactivation by
electromagnetic radiation and chemically active
compounds of NE LTP for various protective
surfaces are presented in Table 4, and the results
of the effectiveness of microorganism inactiva-
tion for streamer and torch discharges are in Ta-
ble 5.

-1.2000us L 8.00mvV [}

Puc. 3. Ocrmmmorpamma ¢GakeasHOTo paspsiaa (TOK,
HaIPSKCHIIE)

Fig. 3. Oscillogram of the electrospark discharge
(current, voltage)

Based on the research results, the maximum
effect when treating open surfaces with low-tem-
perature non-equilibrium plasma was achieved
when epoxy resin was used as the protective
material. The assessment of the effectiveness of
yacht varnish requires additional research.

The results presented in Table 5 allow the
conclusion that streamer and torch discharges
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Puc. 4. Ocuyiiorpamma CTpUMEPHOTO paspsija
(TOK, HaIIpsIKEHUE)

Fig. 4. Oscillogram of the streamer discharge
(current, voltage)
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Puc. 5. Cnekrp uznyuenusa HHII B nuanazone 6001500 TT i
Fig. 5. Emission spectrum of the LNP in the range of 600-1500 THz
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Taoa. 4. Ouenka nHakTuBaMu MuKpooprannzmos HHII Ha pa3nnyHbIX 3alIUTHBIX TOBEPXHOCTSIX

Table 4. Evaluation of inactivation of LNP microorganisms on various protective surfaces

Sample number, Number of bacteria, CFU/ml Bacteria .
substrate material Ezposure inactivation rate, . ]ia ctf'na o
(primer coat) ime, S before treatment | after treatment relative units Inactivation, 7o
Control (uncoated tiles) 1,30E + 06 1,30E + 06 1,00 0,00E + 00
Uncoated
) 5 2,00E + 05 6,50 85
Uncoated tiles 10 1,30E + 06 5 00F + 05 6.50 85
. 5 3,00E + 05 4,33 77
Epoxy coating 10 1,30E + 06 0.00E + 00 100
, 0
. ) 5 2,00E + 05 6,50 85
Acrylic coating 10 1,30E + 06 0.00E + 05 144 1
. ) 5 0,00E + 00 00 100
Tiles with flecks of metal 10 1,30E + 06 0.00E + 00 100
5 (e 0]

Note. The distance to the plasma flare (L) was 30 mm.

Taoba. 5. Pe3ynsrarel nunaktuauu MukpoopranuzmMo HHIT niist pa3nuyHbix BUIOB 37€KTPOUCKPOBOTO

paspsina
Table 5. Results of inactivation of LNP microorganisms for various types of electric spark discharge
Number of bacteria . .
Discharge . . before . Bactgrla . Ba(':terl_a
characteristic Substrate material | Exposure time, s treatment after treatment inactivation rate inactivation
CFU/ml relative units %
S Uncoated 5 8,60E + 05 4,30E + 05 2,00 50,00
S 10 1,00E + 04 86,00 98,84
S 20 3,00E + 04 28,67 96,51
F 5 3,40E + 05 2,53 60,47
F 10 6,00E + 04 14,33 93,02
F 20 1,50E + 05 5,73 82,56
S Yachting var- 5 6,10E + 05 1,20E + 05 5,08 80,33
S nish 10 1,00E + 04 61,00 98,36
S 20 3,30E + 05 1,85 45,90
F 5 0,00E + 00 0 100,00
F 10 3,60E + 05 1,69 40,98
F 20 6,10E + 05 1,00 0,00
S Epoxy resin 5 7,10E + 05 2,00E + 04 35,50 97,18
S 10 0,00E + 00 ) 100,00
S 20 0,00E + 00 o0 100,00
F 5 1,00E + 04 71,00 98,59
F 10 0,00E + 00 ' 100,00
F 20 0,00E + 00 ) 100,00
S Graphite, yacht 5 6,60E + 05 1,00E + 05 6,60 84,85
S vamish on top 10 9,00E + 04 7,33 86,36
S 20 3,00E + 05 2,20 54,55
F 5 7,00E + 04 9,43 89,39
F 10 1,00E + 04 66,00 98,48
F 20 1,70E + 05 3,88 74,24

Note. S - streamer, F - flare.
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are approximately equivalent in terms of mi-
croorganism inactivation effectiveness on open
surfaces.

The number of inactivated microorganisms
with an exposure time of 10-60 s and the use
of epoxy resin as a protective coating reached
100%.

When inactivating microorganisms on open
surfaces, it is not economically advisable to use
an exposure duration of more than 20 s.

Free radicals (hydroxyl group, etc.) were re-
corded in the plasma emission spectrum. The
assessment of the impact of free radicals on mi-
croorganism inactivation requires further study.

In the future, it is necessary to assess the con-
tribution of each of the damaging factors (elec-
tromagnetic radiation in the radio range, ultra-
violet radiation, charged particles, ozone) to the
degree of inactivation for different groups of mi-
croorganisms.

The obtained research results and a literature
review of works by other authors [5-9] on this
topic allow us to conclude the presence of a syn-
ergistic effect of the impact of damaging factors
of low-temperature non-equilibrium plasma on
the studied microorganisms.

Compared to the traditional method of surface
treatment for air disinfection in a room (ozone
treatment), the use of a low-temperature plasma
generator allows achieving the required inacti-
vation parameters and significantly reducing the
exposure duration by simply changing the geo-
metric dimensions of the electric spark chamber.

CONCLUSIONS

1. The maximum effect of treating open
surfaces with low-temperature non-equilibrium
plasma is achieved when epoxy resin is used as
the protective material. The number of inacti-
vated microorganisms with an exposure time of
10-20 s reaches 100%.

2. When inactivating microorganisms on
open surfaces, it is not economically advisable
to use an exposure duration of more than 20 s.

3. There is no significant difference ob-
served when using streamer or torch discharges
for treating open surfaces in rooms. Energy con-

sumption is significantly lower for streamer dis-
charge with comparable technological effects.

In further research on this topic, it is advis-
able to test the developed plasma torch proto-
type in production conditions with the presence
of real microbial populations and assess the
contribution of each of the damaging factors to
the degree of inactivation for different groups
of microorganisms.

CIHIUCOK JIUTEPATYPbI

1. Axuwee FO.C. HuskoremmeparypHas Iula3Ma
TpU aTMOC(HEPHOM JIaBICHUH U €€ BO3MOKHOCTH
JUTs TIpuiioykeHuid // M3BecTust By30B. XUMHS U
xumuueckas texHosorus. 2019. T. 62. Beim. 8.
C. 26-60.

2. Zhitong Chen, Richard E. Wirtz. Technology
and applications of cold atmospheric plasma
(CAP) // General lectures on mechanical engi-
neering. 2021. Vol. 6 (2). P.i-191. DOI: 10.2200/
SO1107ED1VO01Y202105MECO035.

3. Koichi Takaki, Katsuyuki Takahashi, Daisuke
Hamanaka, Riichiro Yoshida, Toshitaka Uchi-
no. Plasma and electrostatic function to pre-
serve the quality of agricultural products at the
post-harvest stage // Japanese Journal of Ap-
plied Physics. 2021. Vol. 60 (1). P. 010501. DOI:
10.35848/1347-4065/abec13.

4. Gulyaev Yu.V., Taranov LV, Cherepenin V.A.
The use of powerful electromagnetic pulses for
influencing bacteria and viruses // Reports of the
Russian Academy of Sciences. 2020. Vol. 493.
P. 15-17.

5. Zakirova A.R. Protection of electrical person-
nel from the harmful effects of electromagnetic
fields: monograph. Yekaterinburg: Publishing
house of USUPS, 2017. 188 p.

6. Koichi Taki, Katsuyuki Takahashi, Nobuo Ha-
yashi, Dong Wan, Takayuki Okima. The use of
pulsed energy in agriculture and the food indus-
try // Reviews of Modern Plasma Physics. 2021.
Vol. 5 (1). DOI: 10.1007/s41614-021-00059-9.

7. Lin Zhang, Yongtao Guo, Jianfeng Te, Zheng-
hui Yao, Zi hao Feng, Xiong Wu, Xinxin Wang,
Haiyun Luo. Recalculated DBD program for
air disinfection: characteristics of dosage and
dose-dependent action // Journal of Hazar-
dous Materials. 2023. Vol. 447. P. 130780. DOI:
10.1016/j.jhazmat.2023.130780.

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe

127

CHOMPCKHUIT BECTHHK CEIIbCKOXO3SIHCTBEHHOM HayKH © 2023 « 53 « 11



The use of low-temperature plasma for disinfection
of open surfaces of industrial premises

Delyagin V.N., Leonov S.V., Nekrasov M.Yu.,
Kondratiev A.A., Karzanov A.N.

10.

11.

12.

Kang Wang, Siyi Lu, Zhiwei Zhang. Inactivation
of airborne bacteria using various ultraviolet
light sources: modeling efficiency, energy use,
and endotoxin degradation // General Environ-
mental Science. 2019. Vol. 655. P. 787-795.
DOI: 10.1016/j.scitotenv.2018.11.266.

Hao Wang, Liyan Zhang, Haiyun Luo, Xin-
xin Wang, Jinfeng Te, Zhe Ren. Sterilization pro-
cesses and mechanisms for the treatment of E.
coli with plasma with a dielectric barrier // Ap-
plied and Environmental Microbiology. 2019.
Vol. 86 (1). DOI: 10.1128/AEM.01907.

Angela Luengas, Astrid Barona, Cecile Hort,
Gorka Gallastegui, Vincent Platel, Ana Elias.
Review of indoor air purification technologies.
Reviews in Environmental Science and Bio //
Technology. 2015. Vol. 14 (3). P. 499-522. DOI:
10.1007/s11157-015-9363-9.

Lu Song, Jianfeng Zhou, Kang Wang, Ge Meng,
Yunfei Li, Mourinho Yarin, Jian Wu, Xing Xie.
Airborne pathogenic microorganisms and the
development of air purification technology:
an overview // Journal of Hazardous Materi-
als. 2022. Vol. 424. P. 27429. DOI: 10.1016/j.
jhazmat.2021.127429.

Joseph P. Wood, Bolden Charles Adrian. Over-
view of disinfection methods for the detection of
Bacillus anthracis and other microorganisms as-
sociated with sterile preparations, methylamines
and other armed material // Environmental Sci-
ence and Technology. 2019. Vol. 53 (8). P. 4045-
4062. DOI: 10.1021/acs.est.8b05274.

REFERENCES

1.

Akishev Y.S. Non-thermal plasma at atmospheric
pressure and its opportunities for applications.
Izvestiya vuzov. Khimiya i khimicheskaya
tekhnologiya = Russian Journal Of Chemistry
And Chemical Technology, 2019, vol. 62, is. §,
pp. 26—60. (In Russian).

Zhitong Chen, Richard E. Wirtz. Technology and
applications of cold atmospheric plasma (CAP).
General lectures on mechanical engineering,
2021, vol. 6 (2), p. i-191. DOI: 10.2200/
SO01107ED1V01Y202105MECO035.

Koichi Takaki, Katsuyuki Takahashi, Daisuke
Hamanaka, Riichiro Yoshida, Toshitaka Uchi-
no. Plasma and electrostatic function to pre-
serve the quality of agricultural products at the
post-harvest stage. Japanese Journal of Applied
Physics, 2021, vol. 60 (1), p. 010501. DOI:
10.35848/1347-4065/abec13.

4.

10.

11.

12.

Gulyaev Yu.V., Taranov 1.V., Cherepenin V.A.
The use of powerful electromagnetic pulses for
influencing bacteria and viruses. Reports of the
Russian Academy of Sciences, 2020, vol. 493,
pp. 15-17.

Zakirova A.R. Protection of electrical person-
nel from the harmful effects of electromagne-
tic fields. Yekaterinburg: Publishing house of
USUPS, 2017. 188 p.

Koichi Taki, Katsuyuki Takahashi, Nobuo Ha-
yashi, Dong Wan, Takayuki Okima. The use of
pulsed energy in agriculture and the food indus-
try. Reviews of Modern Plasma Physics, 2021,
vol. 5 (1). DOI: 10.1007/s41614-021-00059-9.
Lin Zhang, Yongtao Guo, Jianfeng Te, Zheng-
hui Yao, Zi hao Feng, Xiong Wu, Xinxin Wang,
Haiyun Luo. Recalculated DBD program for
air disinfection: characteristics of dosage and
dose-dependent action. Journal of Hazardous
Materials, 2023, vol. 447, p. 130780. DOI:
10.1016/j.jhazmat.2023.130780.

Kang Wang, Siyi Lu, Zhiwei Zhang. Inactiva-
tion of airborne bacteria using various ultravi-
olet light sources: modeling efficiency, energy
use, and endotoxin degradation. General Envi-
ronmental Science, 2019, vol. 655, pp. 787-795.
DOI: 10.1016/j.scitotenv.2018.11.266.

Hao Wang, Liyan Zhang, Haiyun Luo, Xin-
xin Wang, Jinfeng Te, Zhe Ren. Sterilization
processes and mechanisms for the treatment of
E. coli with plasma with a dielectric barrier. Ap-
plied and Environmental Microbiology, 2019,
vol. 86 (1). DOI: 10.1128/AEM.01907.

Angela Luengas, Astrid Barona, Cecile Hort,
Gorka Gallastegui, Vincent Platel, Ana Elias.
Review of indoor air purification technologies.
Reviews in Environmental Science and Bio.

Technology, 2015, vol. 14 (3), pp. 499-522.
DOI: 10.1007/s11157-015-9363-9.

Lu Song, Jianfeng Zhou, Kang Wang, Ge Meng,
Yunfei Li, Mourinho Yarin, Jian Wu, Xing Xie.
Airborne pathogenic microorganisms and the
development of air purification technology:
an overview. Journal of Hazardous Materi-
als, 2022, vol. 424, p. 27429. DOI: 10.1016/].
jhazmat.2021.127429.

Joseph P. Wood, Bolden Charles Adrian.
Overview of disinfection methods for the
detection of Bacillus anthracis and other
microorganisms  associated  with  sterile
preparations, methylamines and other armed
material. Environmental Science and Technology,
2019, vol. 53 (8), pp. 4045-4062. DOI: 10.1021/
acs.est.8b05274.

128 Siberian Herald of Agricultural Science * 2023 « 53 « 11

Mechanisation, automation, modelling and dataware



Hcnonb3oBanue HI/ISKOTCMHepaTypHOfI I1a3MBI
JUTA 066333pa)KI/IBaHHﬂ OTKPBITBIX HOBerHOCTeﬁ
TIPOM3BOACTBCHHBIX TIOMENICHUN

JHensarun B.H., Jleonos C.B., Hekpacos M.IO.,
Konnparees A.A., Kap3anos A.H.

NP®OPMAIIUA OB ABTOPAX

) Jeassrun B.H., 1OKTOp TeXHMYECKHX HayK,
[JIaBHBIA HAay4YHBI COTPYIHHK; ajapec IJsl Tme-
pemncku: Poccus, 630501, HoocuOupckas o00-
nacTs, p.i. KpacHooOck, a/s 463; e-mail: valdel23@
yandex.ru

Jleonos C.B., crapmuii HayqHBIN COTPYAHHUK
HexpacoB M.IO., unxenep

Konaparbes A.A., uHxeHep

Kap3anos A.H., unxenep

AUTHOR INFORMATION

(<) Valery N. Delyagin, Doctor of Science in
Engineering, Head Researcher; address: PO Box
463, Krasnoobsk, Novosibirsk Region, 630501,
Russia; e-mail: valdel23@yandex.ru

Sergey V. Leonov, Senior Researcher
Mikhail Yu. Nekrasov, Engineer
Arkady A. Kondratiev, Engineer
Alexei N. Karzanov, Engineer

Jama nocmynnenust cmamou / Received by the editors 08.09.2023
Jlama npunsmus k nyoauxayuu / Accepted for publication 18.10.2023
Jlama ny6nuxayuu / Published 15.12.2023

MexaHu3a1wst, aBTOMATH3ALsl, MOZIC/IMPOBAHHE
1 nHOPMALMOHHOE OOecHeueHIEe

129

CHOMPCKHUIT BECTHHK CEIIbCKOXO3SIHCTBEHHOM HayKH © 2023 « 53 « 11



