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HNCHOJUB30BAHUE UHTEHCUBHOTI'O QJIEKTPOMATHHUTHOT O ITOJISA
JJI IPEAIIOCEBHOM OBPABOTKH CEMSH PEJIbKH MACJIUYHON

AnHOTanms. B paboTe npuBeeHb! JaHHBIE HCCIICIOBAHUS ACHCTBHS SK30T€HHOH 00pabOTKH MHTEHCHBHBIM JICKTPO-
MarHuTHBIM TosieM (OMII) Ha mpopacTaHue ceMsH peAbKH MacIudHOU (Raphanus sativus L. var. oleifera Metzg.). Jlano
OIUCAHHE YKCIICPHMEHTAIBHOTO CTEH I JJISl HCCIIEAYEMOii 3JIEKTPOMarHUTHON 00pabOTKM CEMSIH, METOJUKH U PE3yJIbTaTOB
SKCHEPUMEHTOB 110 00paboTKe CeMsH pelbku MacauyHou. [lokazano, uTo 06paboTKa cCeMsH HHTEHCUBHBIM 3JICKTPOMArHHT-
HBIM TIOJIEM pelIbKU MaciauuHoi (Raphanus sativus L. var. oleifera Metzg.) B TeueHne 2 ¢ CyIIECTBEHHO CTUMYIUPYET POCT
KOpHEH ¥ 1MoOeroB, IIPH TOM BBIPA)KEHHOT'O ISHCTBUS Ha BCXOXKECTh He OKa3biBaeT. OOpaboTKa ceMsH HHTEHCUBHBIM JJIEK-
TPOMAarHUTHBIM IOJIEM B TeUCHHE 4 C TIOBBIIIACT BCXOXKECTh UCCIEAYEMON KYIbTyphI Ha 8 % U CTUMYJIHPYET POCTOBEIE Mapa-
MeTpbl. TakuM 00pa3oM, pa3IHyHbIe SKCIO3UIMU UCCIIEYEMOr0 BO3ACHCTBHS MOTYT OBITh HCIIOIb30BAHbI ISl PA3HBIX LeJIeit:
00paboTKa 2 ¢ — JIs CTUMYJISILIIH POCTOBBIX NAPAMETPOB, 4 ¢ — U1 CTUMYJISALMH BCXoxkecTH. [IpHBeaeHbI JaHHbIC 3aMEPOB
COIEPXKaHMs OKCHJIOB a30Ta Ha BBIXOJIE M3 PEaKHMOHHOMN 30HbL. OTMeueHo, uTo copepxanue NO, cocrauio 44 ppm, T. €.
KOHIICHTpAIMs OKHCIIOB a30Ta Ha BeIXojie peakTopa coctasisieT 0,44 %. [loka3aHo, 4TO UCIIOIH30BAHUE OITUCAHHOIO CIIOCO-
0a MO3BOJIMIIO YBEIMYUTH BCXOXKECTh CEMSIH H CKOPOCTh UX POCTA, IIPH 9TOM JI0CTATOYHOE BpeMsl 00pabOTKU CEMSH COCTa-
BHJIO 2 ¢, B TO BPeMs KaK HCIOJIb30BaHHE TPAAMIHOHHBIX CIIOCO00B 00pabOTKU ceMsiH mperycMarpuBaeT Bpems ot 5 1o 30 c.
DTO 3HAYUTEIBHO CHHIKACT SHEPro3aTparsl mporecca 00paboTKU CeMSH HHTEHCUBHBIM HJIEKTPOMATHUTHBIM IOJIEM B CPaB-
HEHHUHM C MPOTOTHIAMHU. FICIIonb30BaHNe ONMCAHHON TEXHOJIOIMH TI03BOJISICT MOBBICUTH KaueCTBO JIEKTPOMArHUTHON 00pa-
OOTKH CEeMSIH PEAbKH MAaCIUYHOU, MOBBICUTH TIPOU3BOIUTEIBHOCTD (32 CUET CHIIKEHUSI BpEMEHH 00pabO0TKH), CHU3UTD yeiIb-
HBIE 3Hepro3arpaTsl (3a cyer Gosiee Beicokoro KII/I TeXHOJIOrMH IO CPaBHEHUIO C TEXHOJIOTHSIMH, PEaTH3YIOMIMMU HHOH
croco6 renepuposanus OMII).

KimroueBble cji0Ba: 3JIEKTPOMArHUTHOE M3y YEHHE, UIa3MEHHBIII TeHepaTop, CeMeHa paCTeHUH, INPKaHHYaJIbHbIC PUTMBI
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USAGE OF AN INTENSE ELECTROMAGNETIC FIELD FOR PRE-SOWING TREATMENT
OF OIL RADISH SEEDS

Abstract. The paper presents data from a study of the effect of exogenous treatment with an intense electromagnetic field
(EMF) on the germination of oil radish seeds (Raphanus sativus L. var. oleifera Metzg.). Description of the experimental
stand for the studied electromagnetic seed treatment, methodology and results of experiments on treatment of oil radish seeds is
presented. It has been shown that treatment of oil radish seeds (Raphanus sativus L. var. oleifera Metzg.) with an intense elec-
tromagnetic field for 2 seconds significantly stimulates the growth of roots and shoots, while having no pronounced effect on
germination. Treatment of seeds with an intense electromagnetic field for 4 seconds increases the germination of the studied
crop by 8 % and stimulates growth parameters. Thus, different exposures can be used for different purposes: a 2 second treat-
ment to stimulate growth parameters, a 4 second treatment to stimulate germination. Data from measurements of the content
of nitrogen oxides at the outlet of the reaction zone are presented. It was noted that the NO, content made 44 ppm, i. e. concen-
tration of nitrogen oxides at the reactor outlet is 0.44 %. It was shown that the described method made it possible to increase
the germination of seeds and the rate of their growth, and the sufficient seed treatment time was 2 seconds, while the use
of traditional methods of seed treatment require 5 to 30 seconds. This significantly reduces the energy consumption for seed
treatment process with an intense electromagnetic field in comparison with prototypes. The described technology makes
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it possible to improve the quality of electromagnetic treatment of oil radish seeds, increase productivity (by reducing processing
time), and reduce specific energy costs (due to the higher efficiency of the technology compared to technologies that imple-
ment a different method of generating EMF).
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Beenenue. [IpoGiiema Bo3/IeiCTBHSI HEMOHU3UPYIOIIMX AJICKTPOMArHUTHBIX U3ITy4YeHUH Ha OMOJI0-
THYECKUE 00BEKTHI U3yYaeTcs JOCTaTOYHO JIABHO, OJJHAKO IIUPOKOTO MPAKTUIECKOT0 TPUMEHEHUS IS
MOBBIILICHH S BCXOXKECTU CEMSIH KYJIBTYPHBIX PACTEHUH TaK U HE moiyuuia. [loJokuTensHoe BIUsHUC
MaJbIX 7103 M3JIyYEHHs Ha BCXOXKECTb, IPOPACTAHUE U YPOKAHHOCTh CEMSIH PACTCHUH CENIbCKOXO03SH-
CTBEHHBIX KyIbTYp m3BecTHa [1-3]. [lmazMenHast TEXHOIOTHS 00pabOTKH ceMsH ObLTa BIICPBBIC UCITHI-
TaHa POCCUICKMME y4YEHBIMH, HHKEHEpaMH, TeXHOJIoraMu, ouonoramu B Jlenunrpane (HpiHe CaHKT-
[MetepOypr) B 1990 1. [locne yero Obina anmpoOupoBaHa B Ipyrux ropoaax Poccuiickoir denepanum,
a takke B bemapycu, Kazaxcrane, CILA, HOxunoit Kopee u T. 1. O6paboTka niaa3Mol MPOUCXOAUT
B CIICIMAJIbHOI I'a30BOM cpene ¢ MOHMKEHHBIM aBieHueM. «Ilna3menHble ceMeHa» (Tak NPUHSTO Ha-
3pIBaTh 00padOTaHHBIC TIA3MOM CeMEHA) yIKe He TIEPBBIM IoJ] aKTHBHO MPOAAIOTCS Ha MEK Ty HAPOTHOM
PBIHKE M XOPOIIO ceOs 3apeKOMEH TOBAIIH.

[lepBonauansHO 00pabOTKa XOJIOJHOH M7Ia3MON B OCHOBHOM CIY>KWJIa JJIsI CTEPUITH3AIlMH 1y BCTBHU-
TEIBHBIX K TEMIIEpaType MaTepuaiosB [4, 5], 9yTh Mmo3ke OB OTMEYEH MOJOKUTENbHBIN dPHEKT HHAK-
THBAaIUU MATOTCHHBIX MUKPOOPTaHU3MOB B ITHIIEBOM TTPO-

MBIIIJIEHHOCTH, OnoMeTuIinHe [6—8], B TTocaeaHee mecs-
TUJICTHE TJIa3MEHHAs HeTepMuyeckas o0paboTka craja ]
AKTHBHO MTPUMEHSITHCS B CEIBCKOM XO35HCTBE. L

L]env 0annoii pabomvl — MCCACIOBAHUE ICHUCTBUSI IK30-

TeHHOW O0pabOTKM CEeMSH WHTCHCHBHBIM DJIEKTpOMAr- ‘
HUTHBIM HU3JTYYCHUEM Ha BCXOXKECTH U IIEPBUYHBIC POCTO- h|||||| manne
BbIE TIapaMeTPhl PEAbKU MaciIuuHol (Raphanus sativus L.

var. oleifera Metzg.). 1 5

Onucanue IKCHepUMEHTAJbHOr0 cTenaa. B uccie- \“\\ e
JOBaHWUU JIJISl TIONYYEHHUsI JCKTPOMATHUTHOTO H3IIyde- bt ‘
HUS UCIIOJIb30BaIach TEXHOJIOTUS IEKTPOTEPMHUUECKOIO
TMICEBIOOKMKEHHOTO (KUIsiiero) [9] cnost, moaaep:xupae-

MOT'O 3JIEKTPUUYECKUM Pa3psiioM. ITO MO3BOIMIIO OABEP-
rath MCCIEAyeEMbIE 00pa3ibl TPOMHOMY (KOMILIEKCHOMY) [
BO3JICHCTBHUIO AKCTPEMAIbHBIX (aKTOPOB: a0pa3HMBHOMY
BO3JICWCTBUIO Ha 00pa3Iibl (CEMEHa) KHUIISIIETO CIIOs, KpaT-
KOBPEMEHHOMY BO3JIEHCTBHIO TOBBILIEHHOW TeMIIepaTy-
pbI (B BepxHeil uacTu padboueit kameps! 10 300 °C) u Bo3-

I[efICTBHIO SJICKTPOMar HUTHBIX HOHeP'I, IE€HEPUPYEMBIX B KU- Puc. 1. CxeMa 9KCIIEPUMEHTAIBHOTO CTEHA
AmeM CJIOC MpHU HAJIMYUH BBICOKOBOJIBTHOTO IIOJISA IO SJIEKTPOTCPMHYECCKOIO KUIISIIETO CJIOS JIJIsI
BOSIIefICTBHeM MHKPOpPa3pAa0B U CTPUMEPOB. NOJyHdCHMS IJ1a3Mbl TIICIOLICTO pa3psaaa

¢ obpa3oBanneM HHTeHCHUBHBIX DMII 3a cueT
IIPOLIECCOB B JAUCIIEPCHOM CJIO€
[IPY BHICOKOBOJIBTHOM HAIPSKEHUHN

Jlnist mpoBeIeHH ST SKCTIEPIMEHTAIBHBIX HCCIICOBAHNI
MarepuasoB Ha 0ase (PU3MKO-TeXHHYECKOU J1abopaTropuu
WuctutyTa aaepusix npodiem bI'Y 6b11 pazpaboTan U n3-

. 1 Fig. 1. Layout of the experimental stand of the
TOTOBJICH JKCIIEpUMEHTANBHBIN cTeHa [10], mpuHuMIu-

electrothermal fluidized bed for obtaining glow

allbHasl CxeMa KOTOPOro NpHUBE/CHa Ha puC. 1. discharge plasma with the formation of intense
DKCIIepUMEHTANBHBIN CTEHJ COCTOUT M3 YCTaHOB- EMF due to processes in the dispersed layer
JICHHOW BepTHUKAJIBHO paboueit kamepbl / (M3 KBapLeBOro at high voltage

! VeTpolicTBO [1st mONTyUeH sl [Ia3Mbl TICIOEro paspsa: espas. nar. 037157 / B. M. Mapreiniok, B. A. 3enenun,
C. ®. Cenbko, . C. beraenok, A. I'. Jlrooumos. Ony6:. 12.02.2021.
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BBICOKOTEMIIEPATYPHOT'O CTEKJIA), B HUYKHEH YacTH KOTOPOH CMOHTHPOBAHBI pelieTka 2 (BBIIOJIHEHA U3
tutada — 50 X 50 MKM ¥ cITy>KUT HHXKHUM 3JIEKTPOIOM JJIS TIO/Ia4H BEICOKOTO HAIIPSKEHHST) C PaCIIOIO-
JKEHHBIM Ha Hel MopomkoM 3 (MCIOJb30BaH 3JIEKTPONPOBOISIIHN MOPOIIOK JKejIe3a C pa3MepoM ya-
ctur < 1 MM), COBMECTHO 00pa3yrolie KaTo/, a B BEPXHEH 4acTH PachoyioyKeH aHo/ 4 (BBITTOJTHEH B BHJIE
METaJNINYECKOTO CTEP)KHS € METaJUIMYECKON PEeIIeTKOW MM IJIOCKOW IUIaCTHHON (3JEKTPOIOM) Ha
HIKHEM Topre). Ha pemeTky 2 u aHox 4 mojgaeTcs HalpsHKeHHe OT HCTOYHHUKA BHICOKOBOJIBTHOTO DJIEK-
TponuTaHus 5. B kauecTBe NCTOYHMKA BBICOKOTO HAIPSsKEHUS UCIOb30BaH HcTouyHUK nutanus bI1-100
(c HampskeHHeM Ha BbIxoze 110 7 kB). Pabounii ras nmomaercs gepe3 mryIep mopaqu rasa 6, pacroio-
JKCHHBIN B HUIKHEH yacTu paboueit kamepsl /. [y mogaun peareHTa (BO3AyXa) ISl OXKHUKCHHS CIIOS
OBIJT MCIIONTb30BaH MITATHBIA Oe3MacisTHBIN KoMmIpeccop. 1'a3 ynansercs u3 padoueii kamepsl [ depes
HITYyLIEp OTBO/A Ta3a 7. Bo u3bexaHue B mporecce paboThI IeperpeBa TOHKOW peleTKy 2 oHa CHaOxKe-
Ha MacCCHBHBIM METAJJTMYECKUM OCHOBaHHUEM &, CITyKaIll[UM TETUIOOTBOAOM. B BepxHei yacTu paboyeit
KaMepbl pacrojokeHa ceTka 9, MpemsTCTBYIONIas BRUIETY CeMsH 3a Ipeaeisl padboueit 30Hb1. CeMeHa
pacTeHU# CKaIIMBAIOTCS MO ATOW CETKOM, MOIeP)KHBAEMbIe TIOTOKOM ra3a, HAarHETaeMOTro KOMITPEC-
copom. Jliist mogavyu ceMsiH Ha BEpXHEM Toplie paboueil kKaMepbl pacrojokeHa Kpbimka /0.

Pabora Ha sKCnIeprMEeHTaIFHOM CTEH/Ie TPOBOMIIACH CIETYIONINM 00pa3oM. Permerka 2 mpucoenu-
HAJIACh K OTPUIIATEIBHOMY 3JIEKTPOJY MCTOUHHKA DJIEKTPONUTAHUS, a aHOJ 4 — K MOJIOKHUTEIHHOMY.
BxorroueHreM BBICOKOBOJIBTHOI'O UCTOYHHUKA DIIEKTPOIMTAHUS 5 Ha DIIEKTPOJBI MOJaBalioch pabouee
HaIpsKeHHe, IOPOIIOK 3 TIPH 3TOM 3apsHKaJIC OTpULIaTeIbHO. [I0CKOIBKY pacCTOSTHUE MEXKY peleT-
KOH 2 cO cj0eM TopoIiKa 3 ¥ aHOJIOM 4 B 3TOT MOMEHT OBLIIO BEITMKO, TOK Yepe3 yCTPOMCTBO HE MPOTe-
KaJ. 3aTeM uepes IMITYIep Moaadu ra3a 6 B pabodyio kaMmepy / IMycKau BO3ayX U3 kommpeccopa. [lox
JIeMCTBIEM MTOTOKA BO3yXa MOPOLIOK 3 MCEBA00KIKAIICSA, PACCTOSTHUE MEXKAY MOPOIIKOM 3, HECYIIUM
OTPULIATEIBHBIN 3aps[l, H AaHOIOM 4, 3aps>KEHHBIM TMOJIOKUTEIHFHO, 3HAYUTEIFHO COKPAIaioch, U B pe-
3yJIbTaTe BO3HUKAJ JCKTPUUYCCKUH TPOOOH, KOTOPHIH HOHU3UPOBAJ Ta30BbI MPOMEXKYTOK. B cieny-
IO MOMEHT BPEMEHH BCIIEJCTBHUE JABHHHON MOHHM3AIMH Ta3a B MEXIJIEKTPOIHOM IPOCTPAHCTBE
paboueii kamepsl / 3aropanach mia3Ma. 3aTeM OTKPbIBalu KPHIIKY /() Ha BEpXHEM Tople padouei Ka-
MepBI M CeMEHa pacTeHUH 3achllaiy B pabouyro kamepy. Tak Kak ceMeHa MMEIOT MEHBITYIO0 TIOTHOCTh
(mMenbie 1 r/cM?), 4eM YaCTHIIBI HIEKTPOMPOBOSIIETO CII0s (HACHITHAS MJIOTHOCTH MOPOIIKA JKeye3a —
1,66 r/cM?), TO MOTOKOM BO3yXa CEMEHA MOJAHUMAJINCh U CKATUIMBAIIUCH B BEPXHEH yacTh paboueii Ka-
Mepbl (1Mo]1 crieuajibHON OTpaHUYMBAIOLICH CETKOIM), Te cCoBepLIai HHTCHCUBHBIE KOeOaTeIbHbIE
Y BpallaTelbHbIe JIBIKEHUS (HaOJfoaeMble BU3YaJbHO MIPH BBIKJIIFOYEHHOM BBICOKOBOJIBTHOM HCTOY-
HUKe anekTponuTanus). [a3 (Bo3ayx) cBoOOAHO BBIXOAWNI yepe3 mtyuep 7. [lo ucreuenun BpemeHw,
TpedyeMoro aist 00paboTKM, ICTOYHUK IMUTAHUS OTKITIOYAIA U CEMEHA M3BJIEKAJUCh U3 PEaKTopa.

[poBe/ieHHbIE MPEIBAPUTEIBLHBIE UCCIIENOBAHUS! TIOKA3a/Id HAJMYKE IMUPOKOro crekrpa IMIT
B nHTepBaiue yactot oT 0,3 10 40 I'T'. B aT0#i cBs3M 11emecooOpa3Ho MpruMeHeHHEe TAHHOW TEXHOJIOTHH
MOJTy4YEeHUsI HHTEHCUBHBIX JIEKTPOMArHUTHBIX MOJIEH B OTVIMYKE OT TPAAUIIHOHHONW TEXHOJIOTUH ITOJTY-
yerns: DOMII, ncnonsizyemoii B padorax [11, 12] (manmpumep, rereparop «buopurm-1»). [peamaraemsrii
croco6’ noapasymeBaet 0ojiee MHUPOKUN CIEKTP (PU3MYECKUX SBJIEHUN B KOMIIJIEKCHOM BO3/ICHCTBUM
Ha OHoJIornYecKre 00OBEKTHI (CEMEHA CeIbCKOXO3SUCTBEHHBIX KYIBTYP), @ HMEHHO: YIBTPa(pHOIeTOBOE
uznydyenne, CBY, TepareproBoe u3nydeHue, MOBBIIICHHAs TEMIIEpaTypa, HaJu4due 030HA, TPajUeHT
BBICOKOBOJITHOT'O TIOTEHI[HAJa, a0pa3uBHOE BO3/ICHCTBHE B NHTEHCUBHOM TIOTOKE Ta3000pa3HOTO HO-
cutens (Bo3ayxa) u ap. B padore [11] aBTOpbI COOOIIAIOT, YTO MHHMUMAIbHOE BPeMs O0JIyUSHHUs CEMSH
coctaBisieT 12 4, HO B MPEAJIOKEHHOM CIIOCOOE BpeMsl BO3/ICHCTBUS Ha CeMEHa UCUUCIISCTCS CeKyHIa-
MU, YTO SIBJISICTCS CJIECJICTBUEM KYMYISTHBHOTO 3P QeKTa MepeurciIeHHbIX BbIIIe PU3NUECKUX (HakTo-
poB BozaelcTBUS. BO3MOXKHO, 3HAUNTEIBHBIN BKJIaJ B MHTCHCU(PHUKAIIMIO TPOPACTAHUS CEMSH BHOCUT
CBY-uznyuenue® [13], HO HE UCKIIIOUEHO ONPEENSIONIEE BO3ACHCTBIE U3ITyUeH sl KpailHe BBICOKOYA-
crorroro (KBY) nuanasona, Hajqu4gue KOTOPOrO YCTAHOBIIEHO SKCIIEPUMEHTAIBHO®,

! Crioco6 reHepanuy M3IyYeHUs HIEKTPOMATHUTHBIX BOJH IIMPOKOTO M HEMOCTOAHHOTO crekTpa: mat. BY 23960 /
B. U. Mapreiatok, H. H. I'punrunk, C. @. Cenbko, H. B. JIro6enkuii, O. I. Maptunos, . C. Beraenok, C. ®@. MakcuMeHKo,
B. A. 3enenun, B. H. Iporos. Omy6m. 28.02.2023.
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2002. 224 c.
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Puc. 2. [Iporuecc 06paboTk 00pa3ioB (CEMEHHOTO MaTepuaa)
C MCII0JIb30BAHKUEM DIICKTPOTEPMHUUECCKOTO KHUIISIIETO CIIOS

Fig. 2. Process of sample (seed material) treatment using
an electrothermal fluidized bed

MartepuaJjbl 1 MeTObI UccIe0BaHusl. B kauecTBe 00bEeKTa HCCIIEIOBAHMS UCTIONB30BAIHCH Ce-
MeHa peiibku Maciau4aHol (Raphanus sativus L. var. oleifera Metzg.), KoTOpbie OABEPrajinch 00paboT-
Ke IJ1a3MOH C UCIOJIb30BaHUEM dKCIIEPUMEHTaIBHOTO cTeH a (puc. 1) B Teyenue 2 u 4 ¢. Ha puc. 2 npen-
craBiieHa (poTorpadus mpormecca 00pabOTKH CEMSH ¢ UCIIOIBb30BaHUEM DKCIIEPHUMEHTAIBHOTO CTEH/IA.

BusyanbHble HabII0CHMS 32 TTpolieccoM 00pabOTKH CEMSH TIOKa3aji, YTO CEMEHa YBIIEKAIOTCS T10-
TOKOM BO3/1yXa B BEPXHIOIO YaCTh PEAKTOPa U COBEPIIAIOT BpaLaTeIbHbBIC U KOJICOATEIbHBIC IBUKCHHUS
B BO3/YIIHOM MOTOKE MO OTPaHMYNBAIOLICH CETKOM.

Oco0eHHOCTh OMMUCAHHOTO CTI0c00a 00Pa0OTKH CEMSH 3aKII0YAaeTCS B TOM, YTO CEMEHA HE TPUCYT-
CTBYIOT B IIJTA3M€ BBICOKOBOJIFTHOTO AJIEKTPUUECKOTO Pa3psiaa, a HAXOISITCS Ha ero nepudepu, B OTO-
Ke BO3/1yXa MO/ BEpXHEW CEeTKOM, CIIy’Kallled MpersiTCTBUEM MX YHOCY 3a Mpeneibl paboyeil 30HBI.
CemeHa He TIOMAJAIOT B 30HY MJIA3MEHHOT'O pa3psiaa, HO B MOJHON Mepe MOITYy4YaloT COMPOBOXKAAIONINE
TIJIa3MEHHBIN pa3psa GU3nYecKue NeHCTBUS, 4 UMEHHO: 1) TOBBIICHHYIO TEMIEPaTypy BOCXOJSIIETO
MTOTOKA Ta3a; 2) o0ydeHne yapTpaduoseToM OT HU3KOTEMIIepaTypHOU TIa3MbI; 3) BO3JICHCTBHE 030-
HOM; 4) HTHTEHCHBHOE MUKPOBOJHOBOE M3JIyUeHHE, BOSHUKAIOIIEE B MCEBAOOKMKEHHOM cJioe (MHKPO-
paspsabl MeXAY YacTULAMU MTOPOLIKA, KPaeBble SIBJICHUS HA OCTPHUSIX, JIOKAJIbHBIC SIBJICHUS YCKOPEHHS
1 TOPMOXXEHHUSI HOHOB U SJIEKTPOHOB B I10JI€ BBICOKOTO I'paJueHTa HanpspkeHHs). COBOKYIHOCTh 3TUX
(hakTOpOB U co3maet TpedyeMblil APPEKT — CTUMYITUPOBAHHUE BCXOKECTH CEMSH M TIEPBUYHBIX POCTO-
BBIX ITAPaMETPOB.

Oo6paboTka npousBoauiack B Mucturyte siaepubix npodiiem BI'Y. HeoOpaboTanHbie cemena city-
JKUITA KOHTPOJIEM.

DKCIIepUMEHTHI OBIITN 3aJI0KEHBI B TJA00PaTOPHBIX YCIOBHAX C TPEXKPATHON TOBTOPSEMOCTHIO JIIIS
Kaxaoro BapuanTta. CeMeHa peIpbKH MACIMYHOM MpopaiuBaiy B damkax [leTpu Ha yBIaKHEHHOU
¢unsTpoBanbHOI Oymare. VX BbIICpKUBAIH TIEPBbIE TPU THS IPOPACTaHUs IPH MOHMIKEHHOW TeMIIe-
parype (5 °C), nanee no 14-ro gus pocta — npu temmneparype 20—21 °C u e:xeTHEeBHO MPOU3BOIUIIH 3a-
Mepbl. Kakiast mapTust KOHTPOJIBHBIX 1 00pabaTeiBaeMbIX 00pa3ioB coneprkaia mo 100 ceMsiH.

Cornacuo ISTA (International Seed Testing Association) PHEpTHIO MPOPACTAHUS CEMSH PEAbKH
MAaCIUIHON ONpenesuTh Ha 7-i IeHb pOCTa, a BCXOXKECTh — Ha 14-it nens. [Ipopocmmmu cautanu mpo-
KJIIOHYBILIMECS CEMEHA C 3apOJIBIIIEBBIM KOPEIIKOM OKOJIO 2 MM.

Mopdomerpuueckrue nmapameTpsl (IJIMHY M MacCcy KOpPHEH M MOOEroB) HCCIIENYeMOH KYJIBTYpPbI
onpenensnu Ha 14-i nens pocra [14].

Pe3yabTaThl HccJieioBaHUI M UX 00cy:KAeHUe. B pe3ynbraTe MpoBeIeHHBIX HCCIIEJOBAHUH yCTa-
HOBJICHO, YTO IMpenoceBHasi 00paboTKa CeMsIH HHTEHCHBHBIM AJIEKTPOMATHUTHBIM TI0JIEM B TEUYECHHUE
4 ¢ MaKCHMAJIbHO TIOBBIIIAJIa BCXOXKECTh PEAbKH MAacIUYHOU Ha 8 % B yCIOBHSX JIAOOPATOPHBIX OIIbI-
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Puc. 3. Bnustnue 06paGoTKH CeMsIH HHTEHCHBHBIM 3JIEKTPOMAarHUTHBIM IT0JIEM Ha SHEPTHIO IPOPACTaHMUS
M BCXOXKECTh pelIbKU Maciu4yHoit (Raphanus sativus L. var. oleifera Metzg.)
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Fig. 3. Effect of seed treatment with an intense electromagnetic field on the germination energy
and germination speed of oil radish (Raphanus sativus L. var. oleifera Metzg.)
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Puc. 4. Bnustnue 00pabOTKH CeMsTH HHTEHCHBHBIM JIEKTPOMArHUTHBIM TOJIEM Ha JJINHY KOPHEH PeAbKH MacTHIHON
(Raphanus sativus L. var. oleifera Metzg.) B 1aOopaTOpPHBIX OIBITAX
(* pa3nu4us CTAaTUCTHYECKH AOCTOBEPHBI 110 CPABHEHHUIO ¢ KOHTpoJeM, p < 0,05)

Fig. 4. Effect of seed treatment with an intense electromagnetic field on the length of the roots of oil radish
(Raphanus sativus L. var. oleifera Metzg.) in laboratory experiments
(* differences are statistically reliable compared to the control, p < 0.05)

ToB (puc. 3). [Ipu 3TOM Hccnenyemast 0OpadoTKa HE OKa3bIBaja BBIPAXKEHHOT'O JICHCTBHS Ha SHEPIHIO
MpOpacTaHus.

Takue MoppomeTpruUecKkre napaMeTphl, Kak JITHHA KOPHEH W MPOPOCTKOB, U3MEHSIIUCH CIIEIYyTO-
M o6pazom. [lpenmnoceBHOEe BO3AEHCTBIE HHTCHCUBHBIM AJIEKTPOMArHUTHBIM TIOJIEM C KCTIO3HUITUECH
2 ¢ MOBBIMIAJIO UTMHY KOpHs Ha 285 %, a Bo3elcTBUe ¢ dkcnosuiueii 4 ¢ — Ha 134 % (puc. 4).

JirHa moOeroB M3MEHsUIach aHAJOTMYHO JUIMHE KopHel. O0paboTka ceMsiH MHTEHCUBHBIM 3JIEK-
TPOMarHUTHBIM I10JIEM IOBBIIIANA AaHHBIH napameTp Ha 400 % nocine Bo3aelicTBus 2 ¢ u Ha 212,5 % —
ocJie 00JIyUeHUsI ¢ DKCIIO3UIue 4 ¢ (puc. 5).

B pesynbrare npoBeAeHHBIX UCCIEOBAaHUN BUHO, YTO 00pabOTKa CEMsIH pelbKi MacIMYHON HH-
TEHCHUBHBIM 3JICKTPOMArHUTHBIM II0JIEM € DKCIIO3MLMEH 2 C CYIIECTBEHHO CTUMYJIHPYET POCT KOp-
HEH ¥ POPOCTKOB, TIPU 3TOM BBIPAKEHHOTO JICHCTBUS HA BCXOXKECTh HE OKa3bIBacT. BO3MOXKHO, HMe
MecTO d(PPEKT KOMITIEHCAITUH 3a CUET TOT0, YTO BCXOXKECTh HE MOBBIIIAIACH, & CYIIECTBEHHO BO3pACTaIH



Becui HanpisinaneHait akagomii HaByk benapyci. Cepsist arpapusix HaByk. 2024. T. 62, Ne 3. C. 238-245 243

4c

KoHTponb

0 1 2 3 4 5 6
AnuHa noberos, cm

Puc. 5. Binsinue 06paboTKU CeMSH HHTEHCHBHBIM 3JIEKTPOMATHUTHBIM TIOJIEM Ha JUTMHY M0OET0B PEIbKH MaCIMYHON
(Raphanus sativus L. var. oleifera Metzg,) B 1aGopaTOpHBIX OIBITaxX
(* pa3nu4us CTATHCTHYECKHU JOCTOBEPHBI IT0 CPABHEHUIO ¢ KOHTpoIeM, p < 0,05)

Fig. 5. Effect of seed treatment with an intense electromagnetic field on the length of shoots of oil radish
(Raphanus sativus L. var. oleifera Metzg.) in laboratory experiments
(* differences are statistically reliable compared to the control, p < 0.05)

MopQoMeTpruIecKHe napaMeTpsl. A 00padoTKa CeMsiH HHTCHCUBHBIM 3JICKTPOMArHUTHBIM IIOJIEM C KC-
no3unueil 4 ¢ NoBhIIIAeT J1a00PaTOPHYIO BCXOKECTh UCCIETyeMON KyJIbTypbl HA § % M CTUMYJIUpPYET
pocToBbie TapaMeTpsl (puc. 6). Takum 00pa3oM, pa3IudHbIC SKCIO3UIIUU UCCIICIYEMOr0 BO3JICHCTBHS
MOT'YT OBITH UCIIOJIb30BaHBI JJIsl pa3HbIX Lieseii: 00paboTka 2 ¢ — 1l CTUMYJISILIUK POCTOBBIX Mapame-
TPOB, 4 C — JUIsl CTUMYJISIIIUUA BCXOXKECTH.

B xone paboThl SKCIIEpUMEHTAIBHOTO CTEH 1A TOMIOJHUTEIEHO TPOBOAMIINCH OLICHKH HAMPSKEHHO-
CTH 3JIEKTpHUUecKoro moyist B B/M B nHTepBane gactot ot 0,3 10 40 I'T' ¢ mOMOIIIbIO U3MEpPUTEIS IICK-
TpOMarHuTHEIX n3nydeHui [13-31 cuapysxu paboueii kamepsl. B kauecTBe 4yBCTBUTEIHLHOTO dJIEMEHTA
UCIIONIb30BaJIach N30TPOMHASI aHTEHHA THHA A-1 M3 KOMIIJIEKTa U3MEPHUTENs, YyBCTBUTEIbHAS K IUIOT-
HOCTH TIOTOKA SHEPruH. YpoBeHb Genoro myma 615 B/mM!. DTu u3MepeHus MOKa3bIBAIOT, YTO BHYTPH
paboueil 30HBI YpOBEHb 3JCKTPOMATHUTHOIO H3JIy4YeHMsI MO KpailHeld Mepe Ha TMOpSAJOK BBIIIE.
B UnCcTHTyTe simepHbix mpobdnem BI'Y Obinu npoBeneHsr n3mepenus (B aexadbpe 2022 r.) comepkaHus
OKHCIIOB a30Ta C UCIIONIb30BaHUEM mTaTHOro npudopa Testo 340, mpenocrasieHHoro LlenTpom KoJiek-
TUBHOrO nosb3oBanus Mucruryra snepretuku HAH benapycu. Conepxxanne NO, coctaBuio 44 ppm,
T. €. KOHIIEHTpAIUsl OKMCIIOB a30Ta Ha BbIXoze peakTopa coctasisieT 0,44 %. HyXHO OTMETHTH, 9TO
B IIeJIsiX Oe30macHOCTH MpUOopa M MepcoHaia, BBUAY HaJIMYHUs BBICOKOTO HampsikeHus — 7 kB, 3a00p
IPOOBI OTXOISMIIMX Ta30B OCYIIECTBIISIICS C UCIIOIb30BAaHUEM M30JIMPYIOIIETo naTpyoka aynHoi 0,5 M.
To ecth cnemyeT oxumath, 4TO peanbHas KOHIEHTpauus okucios azora (N,O, NO, N,O,, NO, N,O,,

a

Puc. 6. ®otorpadun xoutpoasraoro (1) n o6padorannoro (II) obpasmnos Ha 7-i neHb pocTa (a) u Ha 14-if neHs pocta (b)

Fig. 6. Photos of control (I) and treated (II) samples on the 7" day of growth (@) and on the 14™ day of growth (b)

TTatent BY Ne 23960.
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N,O;) na nopsanok Beime [15]. Hanuune okucaoB a30Ta CBUAETENBCTBYET, YTO B paboyei 30He mpouc-
XOIUT MHTEHCUBHOE 00pasoBanue O; U aTOMapHOro KUCI0PO/a, HEOOXOAUMBIX (C OONIBIIMM BECOM) IS
obOpa3zoBaHuUs OKHUCIIOB [15].

3akJirouenue. M3 1aHHOTO MCCIIEIOBAHUS CIIEAYET, UTO 00pabOTKa CEMSIH MHTCHCUBHBIM 3JIEKTPO-
MarHUTHBIM IOJIEM MOXKET YCKOPSITh MPOpAacTaHue CEMSIH U YBEIMYMBATH JJIUHY IPOPOCTKOB PEIbKH
MaciauaHou (Raphanus sativus L. var. oleifera Metzg.). Ucionb30BaHNE OMUCAHHOTO CIOCO0A MO3BO-
JUJI0 YBEIMYHUTH BCXOXKECTh CEMSH M CKOPOCTh UX POCTa, MPH STOM JOCTATOYHOE BPEMs 00pabOTKH
CEeMSH COCTaBMJIO 2 C, B TO BpeMs KaK HCIOIb30BaHHWE TPAAUIIMOHHBIX CIIOCOOOB 00pabOTKH CEeMSH
npeaycMarpuBaeT BpeMs oT 5 10 30 ¢. DTo 3HAUYMTENBHO CHUYKAET DHEPro3arpaTsl mporecca o0padoT-
KM CEMSIH MHTEHCHBHBIM 3JIEKTPOMAarHUTHBIM TI0JIEM B CPABHEHUH C TPOTOTUIIAMH.

Kax BuHO U3 IPUBEIEHHOTO BHIIIIE HCCIIEIOBAHMS, HCIIOIB30BaHUE MPEAIaraeMoi TEXHOJIOTHH T10-
3BOJISIET TIOBBICHTH KAYECTBO DJICKTPOMATHUTHON OOpaOOTKH CeMSIH PEbKH MACIUYHOH, YBEITUIUTh
MIPOU3BOUTENIBHOCTD (32 CUST CHUIKCHUS BPEeMEHHU 00paboTKH), CHU3UTH YACIbHBIC SHEPro3aTparsl (3a
cuet Oonee Bbicokoro KIIJ[ TexHOIOrnu no cpaBHEHUIO ¢ TEXHOJIOTUSIMH, PEAIU3YIOIIMMH HHOM CIIO-
co0 renepupoBanusg OMII).

Cnucok ucnoJjib30BaHHBIX HCTOUYHHKOB

1. UccnenoBanue SHEPruyM MPOPACTAHUS M BCXOXKECTH CEMSH T'OPYHIBI NpH cylnke UMITynbcHbIM WK-cmocobom /
H. A. 3yes [u np.] // Becta. DI'OYBIIO «Mock. roc. arpounxenep. yH-T uM. B. I1. Topsaknnay. — 2011. — Ne 2 (47). — C. 7-10.

2. [lymkwuna, H. B. Bnusane npeanoceBHON 00paOOTKU CEMsH 3JIEKTPOMATHUTHBIM IIOJIEM CBEPXBBICOKOYACTOTHOTO
JMana3oHa Ha CTPYKTYpPHO-(QyHKIIMOHAIFHOE COCTOSIHIE MPOPOCTKOB KyKypy3sl / H. B. Tlymkuna / MexayHap. Hayd.-HuC-
cien. )KypH. — 2016. — Ne 4 (46), u. 5. — C. 32-34. https://doi.org/10.18454/1RJ.2016.46.265

3. PanuannoHHbIe TEXHOJIOTUHU B CEIILCKOM XO3SUCTBE 1 nuiieBoil mpombiiuieHHocTH / I B. Ko3emuH [u ap.]; moa o6,
pen. I. B. Ko3smuna, C. A. I'epacskuna, H. . Camxaposoit. — O6uunck: ®T'BHY BHUNPAD, 2015. — 399 c.

4. Kopres, U. U. HuskoremnepaTypHble METOABl CTEPHIIM3AINH B MPODHIAKTUKE XHUpPyprudeckoil mHpexauu /
WU. 1. Kopues, I. A. bapanos, B. . YabssauoB / Xupyprus. Xypn. um. H. U. [Tuporosa. — 2011. — Ne 6. — C. 43—47.

5. Low-temperature sterilization using gas plasmas: a review of the experiments and an analysis of the inactivation mecha-
nisms / M. Moisan [et al.] // Int. J. Pharm. — 2001. — Vol. 226, Ne 1-2. — P. 1-21. https://doi.org/10.1016/S0378-5173(01)00752-9

6. 1*t International Workshop on Plasma Agriculture (IWOPA-1), May 15"-20% 2016, USA [Electronic resource] / Plasma
Inst. in Camden; ed. A. Drexel. — Mode of access: http:/www.iwopa.org/program/IWOPA-1%20Abstracts.pdf. — Date
of access: 10.03.2023.

7. Thirumdas, R. Cold plasma: a novel non-thermal technology for food processing / R. Thirumdas, C. Sarangapani,
U. S. Annapure / Food Biophys. — 2015. — Vol. 10, Ne 1. — P. 1-11. https://doi.org/10.1007/s11483-014-9382-z

8. HccrenoBanne BINSHUS HEPAaBHOBECHOH HHM3KOTEMIICpAaTYpPHOH IIIa3MBbl HAa CTPYKTYpY JepMBbl Hosydadpukara nu3
IIKYP PEYHBIX pbIO: ca3ana u cynaka / U. I1I. AonysmuH [u np.] / Bectr. Kaszan. rexnon. yu-ta. — 2014. — T. 17, Ne 1. — C. 75-77.

9. 3abpoackuii, C. C. BricokoTemnepaTypHble YCTAHOBKH C IICEBIO0KMKEHHBIM CIOEM: O0IINe BOMPOCH pa3paboTKH
u ucxoxusie 3akonomeproctu / C. C. 3abpozackuii. — M.: Dueprus, 1971. — 328 c.

10. Pa3paboTka SKCIepHMEHTAIBHOTO CTEHa SJIEKTPOTEPMUIECKOT0 KHIISIIEro CIIOS JJIsI HCCIIE0BAHNUs BBICOKOTEMITE-
paTypHBIX IIPOIEcCOB B ra3oBbIx norokax / C. B. Bacunesnu [u np.] / ABuarn. BectH. — 2020. — Ne 2. — C. 12-15.

11. Ilpumenenne CBY TexHOIOrMM CBEpXHM3KOW MHTEHCHBHOCTH B CEIIBCKOM XO3AHCTBE [DIEKTPOHHBIA pecypc] /
A. A. TaBpunosa [u np.] // XKypa. pagrosnexktpoHuku. —2014. — Ne 11. — Pexxum nocrtymna: http://jre.cplire.ru/jre/nov14/14/text.
pdf. — lata noctyna: 10.03.2023.

12. Huxynun, H. P. ®usuueckne mexanusmsl Bo3jeicTBus CBU-u3iryueHns HU3KOH HHTEHCHBHOCTU Ha OMOJIOTNYECKHe
00BEKTHL: aBTOpEd. AHC. ... KaH[. ¢us.-mat. Hayk: 01.04.04; 03.00.02 / H. P. Huxynun; Bonrorp. roc. TexH. yH-T. — Bonrorpan,
2004. - 18 c.

13. Bernxknit, O. B. CoBpeMeHHBIC MPEACTABICHUS O MEXaHH3ME BO3/CHCTBUS HU3KOMHTEHCHBHBIX MIUITHMETPOBBIX
BOJIH Ha Ouonorudeckue oobvekTsl / O. B. benknii, H. H. JleGenesa / MunnnuMeTpoBble BOJTHBI B OMOJIOTHH U MEIULIMHE. —
2001. — Ne 1. - C. 5-19.

14. Handbook of vigour test methods / ed.: J. G. Hampton, D. M. TeKrony. — 3" ed. — Zurich: ISTA, 1995. — 119 p.

15. 3enpnoBuy, 1. b. ®u3nka ynapHBIX BOJH U BBICOKOTEMIIEPATYPHBIX THAPOIMHAMUYecKUX sBiieHuid / S1. b. 3enpno-
Buy, lO. I1. Paiizep. — 2-e u3x., non. — M.: Hayka, 1966. — 686 c.

References

1. Zuev N. A., Rudobashta S. P., Zotova E. Yu., Zueva G. A. Study on mustard seed germination and sprouting force
in pulse infrared drying. Vestnik Federal 'nogo gosudarstvennogo obrazovatel nogo uchrezhdeniya vysshego professional 'nogo
obrazovaniya “Moskovskii gosudarstvennyi agroinzhenernyi universitet imeni V. P. Goryachkina” = Vestnik of Federal State
Educational Establishment of Higher Professional Education “Moscow State Agroengineering University named after
V. P. Goryachkin”, 2011, no. 2 (47), pp. 7-10 (in Russian).



Becui HanpisinanesHaii akagamii HaByk benapyci. Cepbist arpapabix HaByk. 2024. T. 62, Ne 3. C. 238-245

245

2. Pushkina N. V. Influence of pre-sowing seeds treatment by the electromagnetic field superhigh-frequency range on the
structurally functional condition corn rootlets. Mezhdunarodnyi nauchno-issledovatel’skii zhurnal = International Research
Journal, 2016, no. 4 (46), pt. 5, pp. 32-34 (in Russian). https://doi.org/10.18454/IRJ.2016.46.265

3. Koz’min G. V., Geras’kin S. A., Sanzharova N. 1. (eds.). Radiation technologies in agriculture and food industry.
Obninsk, All-Russian Research Institute of Radiology and Agroecology, 2015. 399 p. (in Russian).

4. Kornev 1. 1., Baranov G. A., Ul'ianov V. I. Low-temperature sterilization for the surgical infection prophylaxis.
Khirurgiya. Zhurnal im. N. I. Pirogova = Pirogov Russian Journal of Surgery, 2011, no. 6, pp. 43—47 (in Russian).

5. Moisan M., Barbeau J., Moreau S., Pelletier J., Tabrizian M., Yahia I’H. Low-temperature sterilization using gas
plasmas: a review of the experiments and an analysis of the inactivation mechanisms. International Journal of Pharmaceutics,
2001, vol. 226, no. 1-2, pp. 1-21. https://doi.org/10.1016/S0378-5173(01)00752-9

6. I* International Workshop on Plasma Agriculture (IWOPA-1), May 15"-20" 2016, USA. Available at: http:/www.
iwopa.org/program/IWOPA-1%20Abstracts.pdf (accessed 10.03.2023).

7. Thirumdas R., Sarangapani C., Annapure U. S. Cold plasma: a novel non-thermal technology for food processing.
Food Biophysics, 2015, vol. 10, no. 1, pp. 1-11. https://doi.org/10.1007/s11483-014-9382-z

8. Abdullin I. Sh., Tikhonova V. P., Rakhmatullina G. R., Akhverdiev R. F., Artem’eva O. V., Nizamova D. K. Study
of the influence of non-equilibrium low-temperature plasma on the structure of dermis of semi-finished products from the
skins of river fish: Eurasian carp and sander. Vestnik Kazanskogo tekhnologicheskogo universiteta [Bulletin of the Kazan
Technological University], 2014, vol. 17, no. 1, pp. 75-77 (in Russian).

9. Zabrodskii S. S. High-temperature units with a fluidized bed: general design issues and initial regularities. Moscow,

Energiya Publ., 1971. 328 p. (in Russian).

10. Vasilevich S. V., Stepanenko V. N., Martynyuk V. I, Sen’ko S. F., Shaporova E. A. Development of an experimental
stand for electrothermal boiling layer for research of high-temperature processes in gas flows. Aviatsionnyi vestnik = The

Aviation Herald, 2020, no. 2, pp. 12—15 (in Russian).

11. Gavrilova A. A., Egorashin V. G., Churmasov A. V., Krevsky M. A. The use of microwave technology of ultralow
intensity in agriculture. Zhurnal radioelektroniki = Journal of Radio Electroniics, 2014, no. 11. Available at: http:/jre.cplire.

ru/jre/novl4/index_e.html (accessed 10.03.2024) (in Russian).

12. Nikulin N. R. Physical mechanisms of low-intensity microwave radiation impact on biological objects. Volgograd,

2004. 18 p. (in Russian).

13. Betskii O. V., Lebedeva N. N. Modern ideas about the mechanism of low-intensity millimeter waves impact
on biological objects. Millimetrovye volny v biologii i meditsine [Millimeter Waves in Biology and Medicine], 2001, no. 1,

pp. 5-19 (in Russian).

14. Hampton J. G., TeKrony D. M. (eds.). Handbook of vigour test methods. 3" ed. Zurich, International Seed Testing

Association, 1995. 119 p.

15. Zel'dovich Ya. B., Raizer Yu. P. Physics of shock waves and high-temperature hydrodynamic phenomena. 2" ed.

Moscow, Nauka Publ., 1966. 688 p. (in Russian).

HUndopmanus 006 aBTopax

Ilywxuna Haoedxcoa Buxkmopoena — KaHauAaT OHOJIO-
IMYECKUX HayK, HAy4YHBII COTPYAHUK, THCTUTYT sIA€PHBIX
npobiem benopycckoro rocyaapcTBEHHOTO YHHUBEPCHTETa
(yn. BoOpyiickas, 11, 220006, Munck, Pecniyonuka bena-
pycs). E-mail: nadyapushkina@gmail.com

Mapmueiniok Bukmop Heanouu — HaydHbIM COTPYIHUK,
WHCTUTYT saepHbIX pobieM benopycckoro rocyaapcTBeH-
Horo yHuBepcurera (yn. bobpyiickas, 11, 220006, MuHck,
Pecrry6nmka Benapyce).

Bacunesuu Cepeeii Braoumuposuy — KaHIUIAT TeX-
Huuyeckux Hayk, WHctutyTt sHepretukun HAH benapycu
(yn. Axapemuueckasi, 15, kop. 2, 220072, Munck, Pecry0-
nuka bBenapyce); Bemymmii HaywHbI coTpyaHHK, beno-
pycckasi TocyapcTBEeHHast akaaeMus asuanun (yir. Y6ope-
Buya, 77, 220072, MuHck, Pecrrydnuka benapycs). E-mail:
svasilevich@yandex.ru

Information about the authors

Nadezhda V. Pushkina — Ph. D. (Biology), Researcher,
Institute for Nuclear Problems, Belarusian State University
(11, Bobruyskaya Str., 220006, Minsk, Republic of Belarus).
E-mail: nadyapushkina@gmail.com

Viktor 1. Martynyuk — Researcher, Institute for Nuclear
Problems, Belarusian State University (11, Bobruyskaya Str.,
220006, Minsk, Republic of Belarus).

Siarhei V. Vasilevich — Ph. D. (Engineering), Institute
of Energy of the National Academy of Sciences of Belarus
(2, bld. 15, Academicheskaya Str., 220072, Minsk, Republic
of Belarus); Leading Researcher, Belarusian State Academy
of Aviation (77, Uborevich Str., 220072, Minsk, Republic
of Belarus). E-mail: svasilevich@yandex.ru



