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MareMaTHueCKOe MOAEAUPOBAHNE U SKCIIEPUMEHTAABHOE U3yUEHHE IIpoIecca
3A€KTPOMATHUTHO-KOHBEKTUBHOM CYIIKU PACTUTEABHBIX MATEPHAAOB

Cranucaas ITaBaoBuu Pyaobarnrra,

A
(@)

Poccuiickuii rocymapcTBeHHbIH arpapHbiii yHuBepcuTeT — MCXA umenn K.A. Tumupssesa, Mocksa, Poccuiickas
®enepanus T
Pegpepam. IIpoananusuposanvt pabomel no 3ﬂel<mpomaegumyoﬁ cyuwike ¢ n00BOOOM MENIOMbl K BbICYULUBAEMOMY
mamepuany ¢ npuMeHeHueM mMoKo8 6biCOKOU U ceepxebzcgkod yacmomol U 8 UHPPAKPACHOM OUANA30He YACHOm —
npu ocyuanupyrouiem noogooe snepzuu. (Llenv uccredosanus) I[lpedocmagumes anarumuyeckue mamemamuieckue
MoOenu, pasgumvle asMopPom ¢ COMpPYOHUKAMU, 0N ONUBUHUA OCYULTUPYIOWel] INeKMPOMASHUMHO-KOHBEKIMUBHOU
CYWKU MAMEPUANos, a makdice cnocoda Cyuiku cemsan OGROUIHbIX KyIbmyp, HempaouyUoOHHbIX U peOKUX pacmeHull,
BbI3LIBAIOWUX VIYUULIEHUE UX NOCeeHblX Kadecms. (Mamgpuanvt u memoowt) Ilonyuunu pewenus 3adau Hazpesa
mamepuana ¢ NOMOWDIO  AHATUMUYECKO20 — MEMQOd  UHMEZPANbHbIX — npeobpaszosanui. — Beinonnuau
9KCNEPUMEHMANbHbIE UCCIe008AHUSA NO ocuwzzmpyiou;ez%/I UHPAKpaAcHOUl cywKe HA CeMeHax O080WHBIX KYAbINYP,
HempaouyuoHHulX U peokux pacmenutl. (Pesyremamvr u obcysxcoenue) Paccmompenu kombunupogarmyio
91EKMPOMASHUMHO-KOHGEKMUBHYIO CYWKY MAmepuanos, Hpu KOMOPOU IHep2us HaA CYWKY NOO0GOOUMCS C
UCNOTB306AHUEM DNEKMPOMASHUMHO20 NOJISL U KOHEEKMUEHO C NOMOWbIO NPEO6APUMETbHO HASPEMO20 CYUUTLHOLO
azenma. Ilpoananusuposanu mamemamuieckue Mooeau, CRUCLIBAIOWIe OCYULTUPYIOWUT HaA2pes mell Pa3HOU hopmbl
(HeocpanuuenHas n1acmuna, OecCKOHeY HbLU YUIUHOP, APk 8 YCI06UAX KOHGeKMuGHoU cywiku. [Ipueenu pezynbmamoi
YUCTEHHO20 MOOCIUPOBAHUA NPOYECca OCYUTUPYIOWEHl UHPPAKPACHOU CYWKU CeMAH JIYKA pendamozo 8
NCeB000JNCUIICEHHOM  CTI0e, KOMOpble NOKA3bIGAIOM, YO MEMOOOM HUCICHHO20 MOOEIUPOGAHUS HA OCHOBE
NOIYYEHHbIX MOOeell MONHCHO HAX0OUMb He0OX0OUMbIL MeXHOI02UYeCKull pexcum cywku. (Beigoost) I[Ipedcmasunu
MamemamuyecKue MoOenu, Komopbvle no380AI0M OCYWEeCMEIAMb YUCIEHHOe MOOeTUPOsanue I1eKmpoMacHUMHO -
KOHBEKMUBHOU CYWKU U HAXOOUmMb mpebyemoe ai%{napamypﬂo—mexymaeuqecxoe ogopmnenue npoyecca.
Onpedenunu, 4mo ocyurupylowas unpaxpacnas cywrdt cemsan 060UHBIX KyIbnyp, HempPaOUYUOHHbIX U PEOKUX
pacmeHull npu Ko1eOaHuu memnepamypsl cemMan om tminy= 34 epadycos Lleabcus 00 tmax = 40 epadycoe Lenvcus
6bI3bI6AC CIMUMYNIAYUIO CEMAH, KOMOpas NpOoAGIAemcdi 6 YGeIuyeHuu SHepeuu Npopacmanus U 6CX0JHCecHu.
Boissunu, umo y cemsn 080uHbIxX Kyibnyp 6cxodcecms sogpacmaem na 11-24 npoyenma (om KoOHmpoas), a snepaust
npopacmanus — Ha 12-73 npoyenma, y cemMsaH HemMpaouyuoHHbIX U peOKUX pacmeruli coomgemcmeerHo Ha 13-24
npoyenma u na 14-82 npoyenma. -
Kniouesvie cnosa: mamemamuueckoe MOOEIUPOBAHUE, INEKMPOMAZHUMHBIL Hazpes, UH@pakpacnas cywka,
CIUMYIAYUSL, CeMEHA. p
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Mathematical Modeling and Experimental Study of the Process
of Electromagnetic-Convective Drying of Plant Materials

Stanislav P. Rudobashta,
Dr.Sc.(Eng.), professor, e-mail; rudobashta@mail.ru

Russian State Agrarian University — Moscow Timiryazev Agricultural Academy, Moscow, Russian Federation

Abstract. The work on electromagnetic drying with heat supply to the dried material using high and ultrahigh
frequency currents and in the infrared frequency range — with oscillating energy supply is analyzed. (Research
purpose) The research purpose is in analytical mathematical describing the oscillating electromagnetic-convective
drying of materials, as well as the method of drying seeds of vegetable crops, non-traditional and rare plants that
improve their sowing qualities. (Materials and methods) Obtained solutions to the problems of heating the material
using the analytical method of integral transformations. Experimental studies were carried out on oscillating infrared
drying on seeds of vegetable crops, non-traditional and rare plants. (Results and discussion) The combined
electromagnetic-convective drying of materials was considered, in which the energy for drying is supplied using an
electromagnetic field and convectively using a preheated drying agent. Mathematical models describing the digitizing
heating of bodies of different shapes (unlimited plate, infinite cylinder, ball) under conditions of convective drying



were analyzed. The results of numerical modeling of the process of oscillating infrared drying of onion seeds in a
fluidized bed are presented, which show that the necessary technological drying mode can be found by numerical
modeling based on the obtained models. (Conclusions) Presented mathematical models that allow numerical
modeling of electromagnetic-convective drying and finding the required hardware and technological design of the
process. It was determined that oscillating infrared drying of seeds of vegetable crops, non-traditional and rare plants
when the seed temperature fluctuates from tmin = 34 degrees Celsius to tmax = 40 degrees Celsius causes seed
stimulation, which manifests itself in an increase in germination energy and germination. It was found that the
germination of vegetable seeds increases by 11-24 percent (from control), and the germination energy — by 12-73
percent, seeds of non—traditional and rare plants, respectively, by 13-24 percent and 14-82 percent.

Keywords: mathematical modeling, electromagnetic heating, infrared drying, stimulation, seeds.
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?’ed;epam. Ipusedenvt OanHvle aHANU3A NPUMEHEHUS. IIEKMPOPUIULECKUX B030elicmeuti U 000CHO8AH GblOOp
UCNONL30BAHUSA MUKPOBOIHOB020 NONA OJid UHMEHCUDUKAYUU MeniomMacconeperHocd, pe3yibmamsl YUCIeHHO20
9KCHepUMeHmMa no pacnpoCcmpaHeHuio MUKpO8OIHO8020 NOIA U PACCEUBAEMOL MOWHOCHU 8 NIOMHOM 3ePHO80M ClI0e
[ipu PA3IUYHOL  BIANCHOCU MAMepuana npu noosode MUKDOBOIHOBOU SHepIuu uYepe3 enesvle U3Lydament,
coemeuennvie ¢ 8030YX08000M 8EHMUNAYUOHHOU YCMAHO8KU. Paspabomka pesxcumos KoMOUHUPOBAH HOUL CYWKU 3ePHA
g naommom HeNnooBUICHOM Clloe mpeOyem yuema NpeoeibHblX YPOGHel OO0NYCMUMO20 HAZpe8d U KApMUHbL
pacnpocmpanenus meniogvix nozneil 8 npoyecce ozoeucmeus. (Llenv uccnedosanus) Pazpabomams KOHCMPYKYuio
NepPeHoCHOU  C8ePXBbICOKOUACMOMHO-KOHBEKMUBHOU YCMAHO8KU Ol  CYWKU 3€pHA, XPAHAWE20Cs HACLINIO.
Wamepuaﬂbz u  memoow) Ilpedcmasunu  moodenb  NEPEHOCHOU  YCMAHOBKU — OAs  KOMOUHUPOBAHHOU
geepxebzcoKouacmomHo-KOHe‘eKmuenoﬁ obpabomxku. Ilpugenu mooenv 601HO600a-uU3YUamMenss Ol NPOBEOEHUs.
yuciennozo mooenuposanus. (Pesynomamut u obcyscoenue) [Ipogenu uucienHviii IKCHEPUMEHM NO ONPeOesieHUr0
RACHPOCMpANenus. MUKPOGOIHOG020 OIS 6 ClOE NileHulbl pasauunoll eraxchocmu. (Bvieoowvl) Buiasuau, umo
pesynomanl MOOeUPoBarUs pacnpeoeienus HAnPsHCeHHOCMU MUKPOBOIHOB020 NOJISL 8 3ePHOBOU MACce MO2Ym Dbinb
Ucnonb306ambl 0Nl paspabomxu  pexcumos KOMOUHUPOBAHHOU CYWIKU 3epHa ¢ yuemom ocobenHocmell
RACHPOCPAHEHUs MENTO6bIX noznetl, pacceugaemol MOWHOCMuY U pabomsl ucmounuxog noid. Ilokazanu, umo @
favecmse unmeHcupuyupyroue2o hakmopa npoyeccos menioMacconepenoca 0l HenoOBUNCHO20 3ePHOBO2O CNOA
geﬂecoo@mgno NPUMEHAMb MUKPOBOIHO80€ NOLe 8 UMNYIbCHOM pedcume pabomvl, coemeujaemoe ¢ aKmueHbiM
EHMUIUPOBAHUEM. YCMAHOBUNU, UYMO C Yeablo 6030elicmeus HA 3epHOBOU ClOoU HeoOX00UMO UCHONIb308AMb
Mukpogonnosoe nore uacmomou 915 Meeazepy, oonaxko omcymcmeue CeputiHo BbINYCKAEMbIX UCHMOYHUKOB
MUKpo60aH06020 noast mowrocmuio 200-1000 eamm ¢ 6030V UHbIM OXAANHCOCHUEM 02PAHUYUBACH MY 603MOICHOCNID.
ane()eﬂuﬂu, umo npumeHeHue 8 Kauecmee MUKPOBOIHOB020 MO UCMOYHUKO8, pabomarowux Ha yacmome 2,45
f ueazepy, B603MOJCHO NpU yuyeme pA3PAOOMKU UMNYIbCHBIX —PENCUMO8 NOOAuU MUKPOBOIHOBO20 MNOJS.
é(oucmamupoecmu, 4Mo UCNOIb308aHUe 8030YX0800A C UleNeBbLIMU UZNYUAMENAMU NO3805em 0becneyums no0800
/knquOBOﬂHoeoﬁ 9Hepeuu Ha mpebyeMmblil ypo8eHb No @blcone 00pabamvi8aemMoeo Ciosl.
{(moueeble crosa: dnekmpogpusuyeckue 8030elicmeusl, nocieybopounas o0opabomra, MUKpOBOIHOBOe NoJe,
PAGHOMEPHOCIb PACIPOCHPAHEHUS.
)
Fna uutupoBaHusa: byagHukos [.A., BacunbeB A.H., Lllapko A.A. Hay4yHble OCHOBbI MpOEKTUpOBaHUsi nepeHocHon CBY-
gOHBeKTMBHOVI YCTaHOBKM ANS CYLLKV 3epHa NPY XpaHEHUW HackInbto // nekmpomexHonoauu u anekmpoobopydosaHue 8 AlNK. 2023.
I. 70. N1(50). C. 10-17. DOI 10.22314/2658-4859-2023-70-1-10-17. EDN CWYYNU.
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Developing of a Portable Microwave Convective Drying Plant for Grain Stored
in Bulk

Dmitriy A. Budnikov,
Dr.Sc.(Eng.), chief researcher, e-mail: dimm13@inbox.ru;
Aleksey N. Vasil’ev,
Dr.Sc.(Eng.), professor, chief researcher;
Anton A. Sharko,

leading engineer, postgraduate
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The data of the analysis of the application of electrophysical influences are presented and the choice of
using a microwave field for the intensification of heat and mass transfer is justified; the results of a numerical
experiment on the propagation of a microwave field and dissipated power in a dense grain layer at different material
humidity when microwave energy is supplied through slit radiators combined with the duct of a ventilation
installation. The development of combined grain drying modes in a dense stationary layer requires taking into account
the maximum levels of permissible heating and the pattern of propagation of thermal fields during exposure.
(Research purpose) The research purpose is developing the design of a portable ultra-high-frequency convective
installation for drying grain stored in bulk. (Materials and methods) Presented a model of a portable installation for
combined ultrahigh-frequency convective processing. A model of a waveguide-emitter was given for numerical
simulation. (Results and discussion) A numerical experiment was conducted to determine the propagation of the
microwave field in a layer of wheat of different humidity. (Conclusions) It was revealed that the results of modeling
the distribution of the microwave field intensity in the grain mass can be used to develop modes of combined grain
drying, taking into account the peculiarities of the propagation of thermal fields, power dissipation and the operation
of field sources. It has been shown that as an intensifying factor of heat and mass transfer processes for a stationary
grain layer, it is advisable to use a microwave field in a pulsed mode of operation combined with active ventilation.
It was established that in order to influence the grain layer, it is necessary to use a microwave field with a frequency
of 915 Megahertz, however, the absence of commercially available microwave field sources with a power of 200-
1000 watts with air cooling limits this possibility. It was determined that the use of sources operating at a frequency
of 2.45 Gigahertz as a microwave field is possible taking into account the development of pulsed modes of microwave
field supply. It was stated that the use of an air duct with slit radiators allows for the supply of microwave energy to
the required level in the height of the treated layer.

Keywords: electrophysical effects, post-harvest treatment, microwave field, uniform distribution.

For citation: Budnikov D.A., Vasil’ev A.N., Sharko A.A. Nauchnye osnovy proektirovaniya perenosnoy SVCH-konvektivnoy ustanovki
dlya sushki zerna pri khranenii nasyp’yu [Developing of a portable microwave convective drying plant for grain stored in bulk].
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Pegpepam. Onucana paspabomannas memooono2us NpoeKmuposanusi yYCmMaHo80K CO CBEPXBbICOKOYACTHOMHbIM
9HEep2ono08oo0oM 01  mepmoobpabomku  culpvbia  azponpeonpusmuu. Hayumaa npobrema —  Huskas
IHEP20IPPEeKMUEHOCb  YCMAHOBOK, NPEOHASHAUEHHBIX Ol MepMOooOpabomKY Cblpbi NAPOBOOAHOU CMECHIO
KOHBEKMUBHLIM NOOB0OOM MeNnad, OMcymcmeue YCmaHo8oK HeNnpepuisHO-NOMOuH020 Oelicmeus O ghepmepcKux
xo3sticme, obecneuusarnwux coXpaHenue NOMPeOUMENbCKUX CE0UCHE MePpMOoOPAbOMAHHO20 NPOOYKmMA npu
CHUICEHHbIX dKCnIyamayuonnvix sampamax. (Llens uccnedosanus) Paspabomamy nayuno-mexuuyeckue OcHOGbl
VCMAHOBOK €O CEEPXBBICOKOUACTIOMHBIM ~ IHEP2ONOOB00OM ONiA  NepepabomKu  Cbipbsi  ASPONPeOnpUsmuil.
(Mamepuanvr u memoowt) Ilposenu mpexmeproe mooenuposanue KOHCMPYKYUOHHO20 UCNONHEHUs YCAHOBOK 6
npoepamme Komnac 20, onpedenunu 21eKmpoOUHaAMuieckue napamempvl CUCHeMbl «2eHEpaAmop-pe3oHamopy 8
npozpamme CST Microwave Studio. (Pesyromamur u obcyscoenue) Paspabomanu pe3onamopvl pasHozo
KOHCMPYKYUOHHO20 ~UCHONHEHUs OAsl PA3HbIX 6UO08 Cbipbs, 6 HUX INeKMPOMASHUMHASA Oe30NACHOCHb
obecneyusaemcs 3anpeoesbHbIMU  BOIHOBO0AMY, 3AMEONAIOUUMU  CUCTIEMAMU 8 6UOe YeNnOouKU CEA3AHHbIX
De30HaAmopos, 2pebeHKy, YUTUHOPUUECKOU CRUPAY, KOIbYA-CMEPAHCHA, BCmpeunblx wmuvipei. HMcnonvzosanu 6
Dpe3oHamopax ¢ KpUGOAUHEUHbIMU NOBEPXHOCMAMU HECKONIbKO MAZHEMPOHO8 OOUHAKOBOU HACMOmbl U
pabomarowjue Ha OIUSKUX YACMOMAX ¢ OUCCEKMOPAMU OJiA USMEHEHUs. YACTOMbL 2eHepamopa U YEeaudeHus yucid
6U006 KONebaHuu, U nepeMewiusarouue, MpPAHCNOPMUPYIOWUe MEXAHUIMbL, NO360TAIOWUE  8bIOEPIHCUBAND
CKBANCHOCMb TheXHONI02UYecKk020 npoyecca menee 0,5 u cobdnodams pasmepsi Colpbsi 8 COOMBEMCMBUU C NYOUHOU
NPOHUKHOBEHUSL GONIHbI. YCMAHOBUAU, YMO NpU NPUMEHEHUU HECKOIbKUX MASHeMPOHO8 KOHYEHMpAyus SHepeuu
INEKMPOMASHUMHO20 NOJIA 8 00beMe Pe30HAMOPA U YMeHbUeHue Nomeps HA U3TYHeHue OOCMUSAIOMCA ¢ NOMOWBIO
Kepamuueckux ompasicamenei. Onpedenunu 01 OYEHKU MEPMUYECKO20 KOIDPuyueHnma nonesHo2o Oeucmesus
3Hauenuss cobcmeennvix dobpomuocmeti pe3oHamopos. (Bwieoowvy) [loxazanu na npumepax pazmopasxicusamens
MONIO3UBA HCUBOMHBIX, MCHOBEHHO20 NACMEPU3AMOPA MOJOKA U MPEXCEKYUOHHOU XMeNeCYUUTKU ¢ MASHEMPOHAMIU
B030VUHO20 OXNAXHCOCHUS Peanu3ayulo HAy4HO-MEeXHUYEeCKUX OCHO8 NPOEeKMUPOBAHUS CEEPXBbICOKOYACTNOMHO
MeXHUKU OJiA nepepabomKu colpbs acponpeonpusmuii. Buisaeuiu, umo oHu npedycmMampusarom nymu 00CMudiCeHus
HenpepuisHo20 pexcuma padomvl 060py008anus ¢ coOn00eHuemM INeKmpomMasHumHol bOesonacnocmu 0Oe3
IKPAHUPYIOWE20 KOpNyca NymeM peanu3ayuu  MemanioOudIeKmpuieckux pe3oHamopos ¢ 3amMeOnsiomumu
cucmemami U Kepamuieckumu Ompaxicamenimu npyu OnMmuManbHOM PACHONIONCEHUU 80THOB0008 ¢ MASHEMPOHAMU
8030VUIHO20 OXNIANCOCHUS HA KPUBOTUHETIHOU NOBEPXHOCIU PE30HAMOPOS.

Kniouesvie cnosa: memooonozus u kpumepuu npoexmuposanusi, CBU-snepeono0eoo, coocmeennas 006pomnocme
De30Hamopa, 6bICOKAS HANPAAICEHHOCMb INEKMPUYECKO20 NOJA, HENpepbleHbIll PEeXCUM, PAOUO2EPMEMUYHOCD,
PasmMopadcusament MoJI03UBA HCUBOMHBIX, XMELeCYUUTKA, NACMEPUZAMOP MONOKA.

Ons uutupoBaHusa: Hosukosa I.B., CtopuyeBoin B.®., MpocsupsikoBa M.B., Epwosa W.I"., FopsiveBa H.I'. Hay4Ho-TexHW4eckue OCHOBbI
paspabotkn yctaHoBok C CBY-sHepromogBogom [Ansi nepepaboTku Cblpbsi  arponpeanpusaTwii /| OnekmpomexHonoauu U
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Abstract. The developed methodology of designing installations with microwave power supply for heat treatment of
raw materials of agricultural enterprises is described. The scientific problem is the low energy efficiency of



installations designed for heat treatment of raw materials with steam—water mixture, convective heat supply, the
absence of continuous-flow installations for farms that ensure the preservation of consumer properties of the heat-
treated product at reduced operating costs. (Research purpose) The research purpose is developing the scientific and
technical foundations of installations with microwave power supply for processing raw materials at agricultural
enterprises. (Materials and methods) Carried out three-dimensional modeling of the structural design of the
installations in the Compass 20 program, determined the electrodynamic parameters of the “generator-resonator”
system in the CST Microwave Studio program. (Results and discussion) Resonators of different structural designs
have been developed for different types of raw materials, in which electromagnetic safety is ensured by forbidden
waveguides, decelerating systems in the form of a chain of connected resonators, comb, cylindrical spiral, rod ring,
counter pins. In resonators with curved surfaces, several magnetrons of the same frequency or operating at close
frequencies with dissectors were used to change the frequency of the generator and increase the number of types of
vibrations, and mixing, transporting mechanisms that allow maintaining the well of the technological process less
than 0.5 and observing the dimensions of the raw materials in accordance with the depth of penetration of the wave.
It was found that when using several magnetrons, the concentration of the electromagnetic field energy in the
resonator volume and the reduction of radiation losses are achieved using ceramic reflectors. The values of the
intrinsic Q-values of the resonators were determined to evaluate the thermal efficiency coefficient. (Conclusions)
Using the examples of an animal colostrum defroster, instant milk pasteurizer and a three-section hop dryer with air-
cooled magnetrons, the implementation of the scientific and technical fundamentals of designing microwave
equipment for processing raw materials of agricultural enterprises was shown. It was revealed that they provide ways
to achieve a continuous mode of operation of the equipment in compliance with electromagnetic safety without a
shielding housing by implementing metal-dielectric resonators with decelerating systems and ceramic reflectors with
an optimal arrangement of waveguides with air-cooled magnetrons on the curved surfaces of the resonators.
Keywords: methodology and design criteria, microwave power supply, resonator Q-factor, high electric field
strength, continuous mode, radio leakage, animal colostrum defroster, hop dryer, milk pasteurizer.
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Pepepam. B xmenesooueckom npoussoocmee OCHOBHASL HAYYHAS NPOOAEMA — HUSKASL IHEP20IPPEKMUSHOCb
XMENECYUUNOK C KOHEEKMUBHBLM NOOBOOOM MENIA U OMCYMCMEUE MAT02AOAPUMHBIX NEPEOBUINICHBIX XMENECYUULOK
HENpepbIBHO-NOMOUHO20 OCUCMBUs OTsL (YePMEPCKUX XO3AUCMS, 0OECNeUUsaIUUx COXPAHEHUEe NOMPeOUMENbCKUX



CBOUCNG XMEJIAL NPU CHUICEHHBIX IKCNIYAMAYUOHHBIX 3ampamax. [Isi CHUMICeHUs SKCNIYAMAYUOHHbIX 3aMpam Ha
CYWIKY XMensi 6e0ymcsa pabomvi, HANPAGIeHHble HA YIMOUHEHUE DPeNCUMO8 CYWIKU, CHOCOOCMEYIOuUX Haumyduiel
COXPAHHOCMU NOMPeOUMENbCKUX XAPAKMEPUCTNUK, U COBEPUIEHCINBOBAHIE MEXHON02U U MEXHUYECKUX CPeoCcms,
KOMopble No360auUU Obl CHUSUMb IKCNIYAMAYUOHHBIE 3ampambl. 3acayicueaenm SHUMAHUA HOBbLL CNOCOO CYWKU
XMelsi  CBePXBbICOKOUACTOMHbIM — 9HEPeono0sodom.  (Llerv  uccredosanus)  Boisisums  agpexmuenocmo
CB8EPXBbICOKOUACMOMHOU  KOHBEKMUBHOU XMENeCYWUNIKY HEeNPepbl6HO-NOMOYHO20 Oelicmeus nymem OYeHKU
paspabomantblx KOHCMPYKYUOHHBIX UCHONHEHUL XMEeNeCYUUIoK ¢ MemaniooudleKmpuieckumy pe3oHamopamu,
obecneyusaiowuMu pagHoOMepHylo CYWKy U obe3sapadcusanue ceexceyopanHo20 Xmeis U 1eKmpOMASHUMHYIO
OesonacHocmv  0e3 IKPAHUPYIOWE20 KOPNYCaA NpPU CHUMNCEHHBIX IKCHIYAMAYUOHHBIX 3amMpamax 6 YClo8UsX
xmenegooueckux xossiicms. (Mamepuanvt u memoou) Ilposenu mpexmeproe MoOeruposanue KOHCMPYKYUOHHBIX
UCRONHeHULl Xmenecywunox 6 npoepamme Komnac 20, onpedenunu s1ekmpoounamuyeckue napamempsl cucmemsl
«eenepamop-pezonamopy ¢ CST Microwave Studio. (Pe3ynemamui u obcyscoenue) Pewunu 3adauy onmumuzayuu
KOHCMPYKYUOHHO20 UCTIONIHEHUS U PA3MEPO8 MemalIo0UINeKmMpUuieckux pesonamopos. [lokasanu, ymo oCHOBHbIMU
Kpumepuamu Ciyxcam HpaguibHO CO2NACO8AHHbIE NAPAMEMPbl INEKMPOOUHAMUYECKOU CUCTHEMbl «2eHepamop-
Dpe3oHamopy»:  coOOCMmBeHHass  O0OPOMHOCMb — PE30OHAMOPA,  HANPA’CEHHOCMb  dAEKMPUYECcKo20 NOJs,  e20
DABHOMEPHOCMb  pACHpeOeNenus, MOWHOCMb NOMoKa u3iyyeHuti, obvem pezonamopa. IIpoananuzuposanu
InekmpoouHamuyeckue napamempuvt 11 XMerecywunox ¢ PpAasHeiMU  KOHCMPYKYUOHHLIMU — UCHOJTHEHUAMU
De30Hamopos: ¢ Noxyc@epuieckum, NOIYYUTUHOPUYECKUM, YUTUHOPUHUECKUM, MOPOUOATbHBIM, NPUSMAMUYECKUM,
IAAUNCOUOHBIM U Opyeumu. (Bvigoowl) Yemamnosunu, umo maxcumansHou cobcmeenHou oobpomuocmsio 0o 8000
obaadarom mopoudanvhsill u noxycghepuveckull pezonamopul. Onpedenunu 6 X00e OYeHKU OMKIOHEHUs. O CPEOHe20
SHAUEHUs UHINEPBATIO8 6apbUPOBANUs KpUmepues, 4mo dQ@exmuenvl XMeaecyWulKy ¢ pe3oHamopami 8 euode
napabonouda u eunepoonoudd, u NOIYYUIUHOpU4ecKue.

Kniouesvte cnosa: xmenecyuiunxy, pe3oHamopuvl pasnoco KOHCMPYKYUOHHO20 UCTIONHEHUS, INeKmPoouHamuyecKue
napamempbl, CpAGHUMENbHBLI AHATU3Z XMEAECYUWULOK, KPUMepuu OnmuMu3ayuu.

Ona uutupoBaHua: lNMpoceupsikoBa M.B., Ctopuesoin B.®., Nopsiuea H.I'., Muxannosa O.B., Houkosa I'.B., YmaHckuii .M.,
CyuyroB C.B. CpaBHuTenbHas oLeHKa KOHCTPYKLMOHHOIO ucnonHeHnst CBY-koHBEKTUBHBIX XMenecyLnnok // SnekmpomexHonoauu
u anekmpoobopydosaHue 8 AlK. 2023. T. 70. N1(50). C. 28-36. DOI 10.22314/2658-4859-2023-70-1-28-36. EDN GTUDIY.
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Abstract. In hop production, the main scientific problem is the low energy efficiency of hop dryers with convective
heat supply and the absence of small-sized mobile continuous-flow hop dryers for farms that ensure the preservation
of the consumer properties of hops at reduced operating costs. In order to reduce the operating costs of drying hops,
work is being carried out aimed at clarifying the drying modes that contribute to the best preservation of consumer
characteristics, and the improvement of technologies and technical means that would reduce operating costs. A new
method of drying hops by ultra-high-frequency energy supply deserves attention. (Research purpose) The research
purpose is revealing the effectiveness of an ultrahigh-frequency convective hop dryer of continuous-flow action by
evaluating the developed structural designs of hop dryers with metal-dielectric resonators that ensure uniform drying



and disinfection of freshly harvested hops and electromagnetic safety without a shielding housing at reduced
operating costs in the conditions of hop farms. (Materials and methods) Carried out three-dimensional modeling of
the structural designs of hop dryers in the Compass 20 program, determined the electrodynamic parameters of the
”generator-resonator system in CST Microwave Studio. (Results and discussion) Solved the problem of optimizing
the structural design and dimensions of metal-electric resonators. It was shown that the main criteria are the correctly
agreed parameters of the electrodynamic system “generator-resonator®: the intrinsic Q-factor of the resonator, the
voltage of the electric field, its uniformity of distribution, the power of the radiation flux, the volume of the resonator.

The electro-dynamic parameters of 11 hop dryers with different designs of resonators were analyzed: hemispherical,

semi-cylindrical, cylindrical, toroidal, prismatic, ellipsoid and others. (Conclusions) It was found that toroidal and
hemispherical resonators have a maximum intrinsic Q-factor of up to 8000. It was determined during the evaluation

of deviations from the average value of the intervals of variation of the criteria that hop dryers with resonators in the

form of a paraboloid and hyperboloid, and semi-cylindrical, are effective.

Keywords: hop dryers, resonators of different design, electrodynamic parameters, comparative analysis of hop

dryers, optimization criteria.

For citation: Prosviryakova M.V., Storchevoy V.F., Goryacheva N.G., Mikhailova O.V., Novikova G.V., Umanskiy P.M., Suchugov
S.V. Sravnitel'naya otsenka konstruktsionnogo ispolneniya SVCh-konvektivnykh khmelesushilok [Comparative evaluation of the
structural design of microwave convective hop dryers]. Elektrotekhnologii i elektrooborudovanie v APK. 2023. Vol. 70. N1(50). 28-36
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Anexcauap Cepreesuu Kyapssresl,
| HAYYIHBIM COTPYAHHUK
<I>eJ:[ep1anLHLH71 HAY4HBbII arpouHxeHepHbIi neHTp BUM, Mocksa, Poccuiickas @enepanus;
HauH%HanLHLH‘/‘I uccleqioBaTeNbckuid yauBepceuteT « MOy, Mocksa, Poccuiickas @eaeparust

£’e¢1)epam. Tpumenenue onmuueckux cnekKmpaibHbiX MEMOO08 MONCEM NOMOYb 8 peuleHul nPoOieM, 603HUKAIOUUX
ypu nepepabomie MOIOKA U MOAOUHBIX RPOOYKMOS. Tpaduyuonnvie anarumuieckue Memoovl (Hanpumep, usuxo-
Yumuveckue usmepenus, CEHCOPHBIIL AHATIU3Z, XPOMATNOZPAGDUSY) — OMHOCUMENLHO O0po2ue, MpyooemKue u mpedyiom
JUMUYECKUX 6eUeCs U CTOXCHO20 AHATUMUYECKO20 000py008anuUs, a Maxdice KEAIUGUYUPOBAHHO20 NEPCOHAINA.
gywecmeyem Heobxoo0umocmo 6 paspabomke bonee ObICMPbIX U MeHee 3aMPAMHbIX CNOCOO08 MOYHO20 KOHMPOJIsL
}BmeHeHmZ Kauecmeda MONOKA U Opyeux MONOYHBIX NPOOYKMOo8 8 npoyecce nepepabomku u xpanenus. Muocue
yepaspywialowue u HeUHEA3UGHbIE UHCIPYMEHMATbHbIE Memoobl OOCMYNHbL Ol 8CMPOEHHO20 U OHJIAUH-
Lonumopunea  nuugespix uzdenutt. K num ommuocamcs ¢nyopecyenmuas CcnekmpocKonus, OmMpad;CamenvbHds
gnexmpockonus cpeonezo u OAUICHe20 UHPPAKPACHO20 OUANA30HA, SO0EPHbIL MACHUMHbLL PE3OHAHC U MaK Odjee.
glleflb uccreooganusy) Hzyuume omonomunecyenmuvle Xapakmepucmuku U napamempsbl MOIOKA pPA3TUHHOU
aicuprnocmu npu e2o ckucanuu. (Mamepuanst u memoost) Boinoanunu uzmepenus CReKmpaibHblx XapaKmepucnux
ﬁo36y9;c¢)eﬂuﬂ monoka 6 ouanasone 200-500 nanomempog na cnekmpodpnyopumempe «@moopam-02-Ilanopamanr.
gPe3yﬂbmambl u obcyxcoenue) Ommemunu ygeiuueHnue UHMEHCUBHOCIU JIOMUHECYEHYUU Npu OJUHe BOJIHbI
gosﬁyofcdeﬂuﬂ 442 nanomempa u ee ymeHvutenue npu 262 HAHOMEMPOE NO NPOXOHCOEHUIO 3A0AHHO20 OMPE3Kd
emenu 0t ocuprocmu 3,2 npoyenma. Onpedenunu, umo Ons dxcupHocmu 1,5 npoyenma npu OnuHe GOJHGI
6030ydicoenuss 262 Hanomempa meHOeHyusi COXpAHaemcs, HO npu OauHe 60Hbl 8030Yyicoenus 442 nanomempa,
éanpomu@, npoucxooum  yMeHbUuleHue UHMEHCUBHOCIU  TIOMUHEeCYEeHYUY, 4mo mpebyem YMOUHAIOUWUX
grenepumenmos. (Boi6oowt) Iloxazanu, umo ROIYYeHHble Pe3Vabmambl YKA3bl8arom HdAd 3Ad8UCUMOCMb CKUCAHUS
YONIOKA U USMEHEHUS UHMEHCUGHOCIIU UIOMUHECYCHYUL 60 DEMEHI. Koncmamuposanu, ymo oannoe nabarooerue
Yroocem ObIMb OCHOBOU Ol OANLHEUUUX UCCIEO08AHULL 8 00AACTU KOHMPOIS KAYeCcmea MOJIOUHbIX NPOOYKINO8
HEPaspYUaIouuM KOHMPONEM, OCHOBAHHBIM HA ONMUYECKUX MEMOOax.
Kmiouesvie cnosa: monoxo, kucrommocms,  cnexmp Gdomontomunecyenyuy, nNOmMox QomMoarOMUHeCcyeHYuu,
JeupHOCL MOTOKA, CINAMUCTUYECKUE NAPAMEMPDL.
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Ons untupoBaHusa: benskos M.B., CamapuH I.H., EcdpemenrkoB U.1O., Kyapssues A.C. JlloMVHeCLEHTHbIE CBOWCTBa MOJIOKa
PasnNMYHOW XXUPHOCTU NMpu ckucaHun // SnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2023. T. 70. N1(50). C. 37-44. DOI

Luminescent Properties of Milk of Different Fat Content During Souring
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Abstract. The use of optical spectral methods can help in solving problems that arise during the processing of milk
and dairy products. Traditional analytical methods (for example, physico-chemical measurements, sensory analysis,

chromatography) are relatively expensive, time—consuming and require chemicals and sophisticated analytical
equipment, as well as qualified personnel. There is a need to develop faster and less costly ways to monitor changes

in the quality of milk and other dairy products during processing and storage. Many non-destructive and non-invasive
instrumental methods are available for embedded and online monitoring of food products. These include fluorescence
spectroscopy, reflective spectroscopy of the middle and near infrared range, nuclear magnetic resonance, and so on.

(Research purpose) The research purpose is studying the photoluminescent characteristics and parameters of milk of
various fat content during its souring. (Materials and methods) Measurements of the spectral characteristics of milk
excitation in the range of 200-500 nanometers were performed on the Fluorat-02-Panorama spectrofluorimeter.

(Results and discussion) An increase in luminescence intensity was noted at an excitation wavelength of 442

nanometers and its decrease at 262 nanometers after a given period of time for a fat content of 3.2 percent. It was

determined that for a fat content of 1.5 percent at an excitation wavelength of 262 nanometers, the trend persists, but
at an excitation wavelength of 442 nanometers, on the contrary, the luminescence intensity decreases, which requires

clarifying experiments. (Conclusions) The obtained results indicate the dependence of milk souring and changes in

luminescence intensity over time. It was stated that this observation can be the basis for further research in the field
of quality control of dairy products by non-destructive testing based on optical methods.

Keywords: milk, acidity, photoluminescence spectrum, photoluminescence flux, milk fat content, statistical
parameters.

For citation: Belyakov M.V., Samarin G.N., Efremenkov |.Yu., Kudryavtsev A.S. Lyuminescentnye svoystva moloka razlichnoy
zhirnosti pri skisanii [Luminescent properties of milk of different fat content during souring]. Elektrotekhnologii i elektrooborudovanie
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cemel. B ycnosusx ceKmopanbHuIX —O0ZPAHUYEHUll NOCMABOK U HeOOXOOUMOCHU  3aMEUjeHUss UMNOPMHbIX
KOMIAEKMYIOWUX NPeOCMABIeHbl B03MONCHOCU Pealu3ayuu Ha b6ase omeyecmeeHHOU MeXHUKU U UHHOBAYUOHHBIX
Memoo08 npeuMyuecmed pacnpeoeieHHou dNeKmpoIHePemuKu 6 SUOKOM IHepe00becnedeHuy azponpOMbIULIEHHbIX U
coyuanvhvix 00wvexkmos. (Llenv uccnedosanus) Texnuuecku noodepocamv HPUMEHeHUe CUCeEM PACHIPeOereHHOl
2eHepayuy U NPOAHATUSUPOSAMb B03MOICHbIe NPOOIEeMbl, KOMOPble MO2YM GO3HUKHYMb 6 npoyecce UHmMezpayuu 6
INEKMPUHECKYVIO CUCHIEMY AZPONPOMBIUIEHHO20 KOMIIEKCA UCMOYHUKO8 pacnpedeneniol cenepayuu. (Mamepuanst u
Memoovy) Hcnonvzosanu cmamucmuyeckue ceedeHusi ananuza 00ecneyeHHOCmU 00beKmos8 aAzponpoMbIUIEHHO20
KOMIIEKCA CPeOCmeaMu pacnpeoesieHHou anekmposnepeemuky. (Pesynemamor u obcyoscoenue) Iokazanu, umo 6
AZPONPOMBIUAEHHOM KOMNLEKCe Nnpeobaadaiom obvekmul, yodieHHble HA Ooabuiie pPACCMOSHUS OM  YeHmpa
9HEPeeMUYEeCKOll CUCIEMbL, C NEKMPO0OOPYOOSAHUEM, MOPATILHO U MEXHUYECKU YCIMAPEeSUUM, Ymo CKA3bl6Aemcs Ha
HAOeNHCHOCMU 2NeKMPOCHAOXCeHUs U Kavecmee 3aekmpodnepeuu. Onpedenunu, umo 015 6HeOpPeHUs UCHOYHUKOS
PAacnpeoesieHHoU  2eHepayuu  mpedyemcss MOOepHU3ayus Uuiu OOHOGIEHUEe OCHOBHO20 3INeKMPOoOOPYO08aHUs
pacnpedeiumenvHblX NYHKmMos uiy nodcmanyui. I[Ipednodcunu anbmepHamusHvle MexXHUYecKue peuenus no
NOGLIULEHUIO KAYeCMEa NOCMAGISIeMOll NOMPeOUMeNsiM JIeKMPOIHEP2ULL U HAOEHCHOCIU CUCEM INEeKMPOCHADICEHUS,
OPUEHMUPOBAHHbIE HA MAKCUMATbHOE NPUOTUIICEHUE UCMOYHUKA NUMAHUSL K NOMPeOUmenio nocpeocmaom pasmeyenust
UCMOYHUKO8 PACNPeOeNeHHOU 2eHepayuu 01u3u 00beKmos azponpomblullenHo2o Komniekca. Ilpueenu KoHkpemHbie
cxXeMbl cucmem dNEeKMpPOCHADICEHUSL, Pe3VIbMAambl MEXHUKO-DKOHOMUYECKO20 AHANU3A U GAPUAHNBL UCNOLb3YEMbIX
MPAOUYUOHHBIX U 80300HOGISEMBIX UCHOYHUKOG djekmposHepeuu. (Bvleoodw) Koncmamuposanu, umo Odanvhetiuiee
paseumue 06beKmo8 azponpOMbIUIEHHO20 KOMIIEKCA CE53AHO C NOBLIUEHUEM YPOGHS IHEPLEMUUECKO20 0becneueHus,
HAOEICHOCMU, IHEP20IPDEKMUBHOCHIU U IKOTOLUUHOCIIU CUCHIEM IIIEKMPOCHADICEHUS. YMEM BHeOP HUSL COBPEMEHHBIX
cucmem pacnpeoenenHoll 2eHepayuu Ha Oaze mpaouyuoHHLIX, 0300HOGNIAEMbIX U KOMOUHUPOBAHHBIX UCHOYHUKOS
INEKMPOIHEP2UL.

Knroueevie cnoea: azponpomvluiienHblll KOMAAEKC, CUCMEMbL JIeKMPOCHAOICEHUS, HAOEHCHOCMb, KAuecmeo
INEKMPOIHEP2UL,  PACAPEOCTEHHASL IHEP2EMUKA, —2eHepUpyiowue MOWHOCMY, 60300HOGIsIeMble  UCHOYHUKU
INEKMPOIHEPSUL.

Ans untnposanua: MNMogwwmeanos E.C., Kpiokos O.B. NepcnekTuBbl pa3sutusa cuctem anekTpocHabxernns obbektoB AlK Ha 6ase
pacnpeneneHHon aHepreTukn /| GnekmpomexHonozauu u anekmpoobopydosaHue 8 AlMK. 2023. T. 70. N1(50). C. 45-52. DOI

Prospects for the Development of Power Supply Systems for Agricultural Facilities
Based on Distributed Energy Supply

Egor S. Podshivalov,
postgraduate, e-mail: e.podshivalov-ten-nn@yandex.ru;

Dr.Sc(Eng.), associate professor

TSN-electro LLC, Nizhny Novgorod, Russian Federation

Abstract. Modern trends in the development of electric distribution networks for agro-industrial facilities related to
the introduction of more complex production technologies, increased consumer loads and stricter requirements for
reliability and energy efficiency of networks are considered. In the conditions of sectoral supply restrictions and the
need to replace imported components, the possibilities of implementing the advantages of distributed electric power
in flexible energy supply of agro-industrial and social facilities on the basis of domestic technology and innovative
methods are presented. (Research purpose) The research purpose is considering the technical support of distributed
generation systems and analyzing possible problems that may arise during the integration of distributed generation
sources into the electrical system of the agro-industrial complex. (Materials and methods) Used statistical data to
analyze the availability of agro-industrial facilities with distributed electric power. (Results and discussion) It has
been shown that the agro-industrial complex is dominated by objects that are far removed from the center of the
energy system, with electrical equipment that is morally and technically outdated, which affects the reliability of
power supply and the quality of electricity. It was determined that the introduction of distributed generation sources
requires modernization or updating of the main electrical equipment of distribution points or substations. Alternative
technical solutions have been proposed to improve the quality of electricity supplied to consumers and the reliability
of power supply systems, focused on the maximum approximation of the power source to the consumer by placing
distributed generation sources near the objects of the agro-industrial complex. They gave specific schemes of power
supply systems, the results of technical and economic analysis and options for using traditional and renewable sources
of electricity. (Conclusions) It was stated that the further development of the agro-industrial complex facilities is
associated with an increase in the level of energy supply, reliability, energy efficiency and environmental friendliness
of power supply systems through the introduction of modern distributed generation systems based on traditional,
renewable and combined sources of electricity.



Keywords: agro-industrial complex, power supply systems, reliability, quality of electricity, distributed energy,
generating capacities, renewable sources of electricity.

For citation: Podshivalov E.S., Kryukov O.V. Perspektivy razvitiya sistem elektrosnabzheniya obektov APK na baze raspredelennoy
energetiki [Prospects for the development of power supply systems for agricultural facilities based on distributed energy supply].
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IPe([)epam. Obecneuenue mpedyemo2o yposHa HANPANCEHUs. 8 CETbCKUX INEKMPULECKUX Cemax — HeobXooumoe ycnosue
gd)d)ekmueﬂoﬁ Dpabomvl  CenbCKOXO3ANUCMEEHNBIX NPeOnpuAmull U KoMgpopma cenvbckoeo Ovima. 3asviuiennast
JIPOMAIICEHHOCINb CeTbCKUX JIUHUL 21eKmponepeoai NPUeoOUm K C6epXHOPMAMUGHBIM OMKIOHEH UAM HANPAICEHUS HA
(éeodax nompebumernetl. Cywecmsyiouue cnocobbl U mexnHuueckue cpeocmea pecyiupo8anus HANPANCEHUs He 60 8Cex
(yuasx no3eosom obecneuums HeoOX00UMbIL Ypo8eHb Hanpsdicernus 6 cemu. (Llenv ucciedosanus) Paspabomame
({noc06 U YCmpoucmeo nogasHozo aAsMOMAMUYECKO20 Pe2yIUPOSanUs HANPANCEHUA 6 DIeKMPUYecKol cemu ¢
UCNONb306AHUEM  TUHELHBIX | PeYISMOPO6  HANPANCEHUS, TPOULTIOCHPUPOSAMb  603MONCHOCU €20 NPUMEHEHUS.
gMamepuaﬂbz u memooul) Hcnonvsosanu obwenayunvie Memoowvl UCCIe008aHUsA, Memoobl: TUmepamyprozo 003opa,
MeOpUU AEMOMAMUYECKO20 YNPAGICHUS, HTEKMPOMEXHUKL. Ipoananuzuposanu tumepamypruie ucmourHuxy. Mzyuunu
nocoObl U MexHuyecKue Ccpeocmeda pecyauposanus Hanpaxcenus 6 dnekmpuueckux cemsax. (Pesynvmamuvi u
86cy:)fc0eﬁue) Ilpeonooicunu  HOGwlll CHOCOD U YCMPOUCMEO dAOANMUBHOZ0 ABMOMAMUYECKO20 Pe2yIUPO8aAHUS]
Hanpsicenus 6 CeNbCKOUl DNEeKMPUYECKOl cemu ¢ NpuMeHeHueM pasz0envHoll NogasHol YCMAHOSKU NUHElHbIX
PeyIAmopos  HanpAdICeHus. Paccmompenu npumep peanuzayuu cnocoba 6 ceabCckol INeKMpU4eckoll cemu ¢
gepaenoxwepuoﬁ Haepyskot no gasam. (Bwieoowr) Beiasuau 6 npoyecce 00630pa cnocob606 peyiupoeanust HanpsiceHus,
umo  nepcnexmueHol CnoCoObl  A0anMuUGHO20 ABMOMAMUYECKO20 DPe2yIUPoGanUs, npeonoiazarouue KoOHmMpoib
OMKNOHEHUS HANPSACEHUS. HA 6800ax nompebumeneil u onpeoeierue Ha OCHO8e IMO20 KOIPuyuenma pe2yrupo8anusl.
aOnpeOerwm, Ymo UCHONb30GAHUE NPEONA2aeMo20 cnocoba u ycmpolcmea obecneyugaem HOPMUPOBAHHOE 3HAYEHUE
HANPAJICEHUs HA 6600ax nompebdumeneti NOCPEOCMEOM AOANMUBHO20 ABMOMAMUYECKO20 NOPAZHO20 Pe2yIuUpOoBaAHUs
nanpsicenus 6 INIEKMPUYECKOU cemu pas’oenvHO NOQPA3HO YCMAHOGNEHHLIMU JUHEUHLIMU  Peyamopamu,
ynpasasiempimu cucmemol a0anmusHo20 A8MOMAMULECKO20 Pe2yIUPOBAHUsL HANPANCEHUS, PopMUpyloweti KoMaHobl
YRApasieHus Ha 0CHoge 00pabomKy OaHHbIX C OAMYUKOE HANPANICEHUS, YCIMAHOGICHHBIX 8 KOHMPOIbHBIX MOYKAX CemU,
6 Moy uucne na 6800ax nompebumeretl.
Kniouesvie crosa: nunelinslii pecyiamop HAnpadlCeHus, CUcmema aoanmueHo20 agmoMamuiecko20 pe2yiupoanus
HANpsDICeHUsl, Ka4ecmeo dNeKmpOIHEPeUl, CelbCKUe JNEKMPULECKUE Cemil, PeyiupOSanue HaNPAlCEHU.
P
ﬂ,nﬂ uutupoBanus: [onukoB W.O., BuHorpagoB A.B., BuHorpagoBa A.B. AganTvBHOe aBTOMaTU4eckoe perynmpoBaHue
HanpsPKeHWsi B 3NEeKTPUYECKO CETU C NPUMEHEHWNEM OHOMa3HbIX NIMHEWHbLIX PETYNATOPOB HaNpshKeHus // SnekmpomexHonoauu u
éneKmpoo6opydoeaHue 8 AlK. 2023. T. 70. N1(50). C. 563-59. DOI 10.22314/2658-4859-2023-70-1-53-59. EDN HYSLHN.

Aéiaptive Automatic Voltage Regulation in the Electrical Grid Using Single-phase
2 Linear Voltage Regulators
3
Igor’ O. Golikov!,
Ph.D.(Eng.), associate professor;
Aleksandr V. Vinogradov?,
Dr.Sc.(Eng.), professor, e-mail: winaleksandr@gmail.com;



Alina V. Vinogradova?,
Ph.D.(Eng.), leading researcher

!0rel State Agrarian University named after N.V. Parakhin, Orel, Russian Federation;
2Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Ensuring the required voltage level in rural electric grids is a necessary condition for the efficient operation
of agricultural enterprises and comfort in rural life. The overstated length of rural power transmission lines leads to
excessive voltage deviations at consumer inputs. The existing methods and technical means of voltage regulation do
not in all cases allow to provide the necessary level of voltage in the grid. (Research purpose) The research purpose
is developing a method and device for phase-by-phase automatic voltage regulation in the electrical grid using linear
voltage regulators, to illustrate the possibilities of its application. (Materials and methods) Used general scientific
research methods, methods: literary review, theory of automatic control, electrical engineering. We analyzed the
literary sources. We have studied the methods and technical means of voltage regulation in electrical grid. (Results
and discussion) A new method and device for adaptive automatic voltage regulation in the rural electrical grid with
the use of a separate phase-by-phase installation of linear voltage regulators have been proposed. We considered an
example of the implementation of the method in a rural electrical grid with an uneven load in phases. (Conclusions)
It was revealed during the review of voltage regulation methods that adaptive automatic control methods are
promising, involving control of voltage deviation at consumer inputs and determination of the regulation coefficient
based on this. It was determined that the use of the proposed method and device provides a normalized voltage value
at consumer inputs by means of adaptive automatic phase-by-phase voltage regulation in the electrical grid with
separately phase-by-phase linear regulators controlled by an adaptive automatic voltage regulation system that
generates control commands based on data processing from voltage sensors installed at control points of the grid,
including at consumer inputs.

Keywords: linear voltage regulator, adaptive automatic voltage regulation system, quality of electricity, rural electric
grid, voltage regulation.

For citation: Golikov 1.O., Vinogradov A.V., Vinogradova A.V. Adaptivnoe avtomaticheskoe regulirovanie napryazheniya v
elektricheskoy seti s primeneniem odnofaznykh lineynykh regulyatorov napryazheniya [Adaptive automatic voltage regulation in the
electrical grid using single-phase linear voltage regulators]. Elektrotekhnologii i elektrooborudovanie v APK. 2023. Vol. 70. N1(50).
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Ped)epam. Paboma cywecmeayrowux ycmpoucme peneiHou 3awumsl OCHOSAHA HA U3MEPEHUsX noKazameneu
INEKMPUYECKOU cemu (HanpsidiceHust, Yacmonibl, MOKa), 6bINOJIHAEMbIX ¢ NOMOWbLIO OAMYUKO8, YCIMAHOGIEHHbIX 6
anexmpuueckou cemu. K oamuuxam moxa npedvasisiom 6vlCoKue mpebo8anusl no 8bIXOOHbIM OAHHbIM 8 PA3TUYHBIX
Beafcwwax pabomwl dnexmpuyeckol cemu. B xauecmee damuuxos moxa 8 snexkmpuueckou cemu 0,38 Kunogonvm
UpoKoe pPacnpoCcmpaneHue NOIYYUIU. MPAHCHOPMAMOpsbl MOKA, MPAHCPEAKMOPHbIE OAMYUKU, PE3UCTUBHbIE
Bamuuru, oamuuxu moxa na agpgpexme Xonna. (Lenv uccnedosanus) IxcnepumeHmanbHO U3yuums 0amuuKy moxa
PA3IUYHBIX MUNOG, NPUMEHseMbIX 6 dnexkmpuueckux cemsx 0,38 xunosonom. (Mamepuanst u memoow) Iposenu
}lla6opam0pub1e uccnedo8anus Ha NO020MOGIEHHOM AAOOPAMOPHOM CMeEHOe PA3IUYHbIX 0AMYUKO8 MOKA 6 mpex
Beocumax pabomer: yemarnosuswuiics pescum, KOMMYMAYUOHHBLL PEACUM C HAYATLHBIM MAZHUMHBIM NOMOKOM,
KOMMYMAYUOHHBIL pedcum 6e3 HauanrbHo20 Mazuumuozo nomoka. (Pesynomamot u o6cyacoenue) [loxazanu, umo e
Bce 6uObl OaMUUKOE MOKA BO3MOIICHO NPUMEHAMb 6 KAUECMEE UCMOYHUKA ONOPHBIX OQHHBIX NPU NOCMPOEHUU
gblcmpodedcmsyiomux sawum no moky. Onpedenunu, ymo 0amyuuKy mpaHchopmMamoprHo2o muna Mo2ym eHOCUMb
Bywecmeennyio nozpewinocms 6 pabomy peneiiHoil 3auumel N0 NPUYUHAM 3HAUUMETLHOU Y210601 NOSPEUHOCIL,
6HO BbIPANCEHHBIM NPOYECCAM HAMACHUYUBAHUS U NEPEMAHUBAHUSL 8 KOMMYMAYUOHHBIX pedcumax. Ycemanosunu,

$mo damuuxu, ocnosanmvie na munax Mpancpeaxmoprozo u Ha s@gexme Xouna, umeiom HAUMEHbULYIO Y2L08YVI0
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ROZPEUWHOCb U YCMOUNUBOCHb K KOMMYMAYUOHHBIM pexcumam. (Bvigoodsl) Beissunu, umo npu évibope 0amuuxos
MOKA 6 Kauecmae UCMOYHUKA ONOPHBIX OAHHBIX Clle0yen YUUmsléams He MOJIbKO NACNOPMHbLE XAPAKMEPUCUKU, HO
u nabopamopruie uccredosanus. Koncmamuposanu HeoOX00UMOCmb yuema 3KCHIAYAMAYUOHHOU HAPAbGOmMKU u
UHOYKIMUBHOCU OAMYUKA THOKA, Y2080 NOSPEUHOCHIU U (POPMbI KPUBOU MOKA 8MOPUYHOLU Yenll.

Knrouegvie cnoea: oamuux moka, Mpanchopmamop mMoKa, pe3ucmusHolii 0amuux mokda, 3¢gexm Xoana,
nepexoomwiil npoyecc.

Onsa uutuposanusa: NMonos [O.C., OnuH [.M. 3kcnepumeHTanbHoe uccrnegoBaHve AaTyMKOB TOKa knacca HanpsbkeHus 0,38 kB B
TPeX pexumax paboTbl areKTpuieckon ceTu // SnekmpomexHonozauu u anekmpoobopydosarue 8 AlK. 2023. T. 70. N1(50). C. 60-
65. DOI 10.22314/2658-4859-2023-70-1-60-65. EDN BQRSSR.

Experimental Study of Current Sensors of 0.38 kV Voltage Class
in Three Modes of Operation of the Electrical Grid

Dmitriy S. Popov,
postgraduate, e-mail: popovvds@yandex.tu;
Dmitriy M. Olin,

Ph.D.(Eng.)

Kostroma State Agricultural Academy, Kostroma region, Kostroma district, Karavaevo, Russian Federation

P=

Abstract. The operation of existing relay protection devices is based on the measurement of electrical network
parameters (voltage, frequency, current) performed using sensors installed in the electrical network. Current sensors
are subject to high requirements for output data in various modes of operation of the electrical network. As current
sensors in the 0.38 kV electrical grid, the following are widely used: current transformers, transreactor sensors,
resistive sensors, Hall effect current sensors. (Research purpose) The research purpose is experimentally studying
current sensors of various types used in electrical networks of 0.38 kilovolts. (Materials and methods) Conducted
laboratory studies on a prepared laboratory stand of various current sensors in three operating modes: steady-state
mode, switching mode with initial magnetic flux, switching mode without initial magnetic flux. (Results and
discussion) It has been shown that not all types of current sensors can be used as a source of reference data in the
construction of high-speed current protection. It was determined that transformer-type sensors can introduce a
significant error in the operation of relay protection for reasons of significant angular error, pronounced processes
of magnetization and enticement in switching modes. It was found that sensors based on the types of transreactor and
Hall effect have the lowest angular error and resistance to switching modes. (Conclusions) It was revealed that when
choosing current sensors as a source of reference data, not only passport characteristics, but also laboratory studies
should be taken into account. The necessity of taking into account the operational operating time and inductance of
the current sensor, the angular error and the shape of the current curve of the secondary circuit was stated.
Keywords: current sensor, current transformer, resistive current sensor, hall effect, transient.

For citation: Popov D.S., Olin D.M. Eksperimental’noe issledovanie datchikov toka klassa napryazheniya 0,38 kV v trekh rezhimakh
raboty elektricheskoy seti [Experimental study of current sensors of 0.38 kV voltage class in three modes of operation of the electrical

9
r

d
]
MoaeAnpoBaHE TEIIAOBOTO PEXKHMA B 30HE HAXOKACHUA IIOPOCAT
E npu ucnoab3opannu MK o6ayuareabHOI naHeAn
; Aaexceii BacuapeBnu Ky3smuues,
k HAYYHBII COTPYAHHK, e-mail: alkumkuzm(@mail.ru;
t Amurpuii AHaroapeBuu TuxomMupos,
r AOKTOP TEXHUYCCKHUX HAYK, TAABHBIN HAYIHBIA COTPYAHHK;
© Axexceit Bukroposuu XumeHKo,
; KAHAHMAQT TEXHUYECKHUX HAYK, CTAPIIHI HAYIHBIH COTPYAHUK

k
(I)eﬂep%HBHBIf/'I Hay4dHBbIN arponHxeHepHbId neHTp BUM, Mocksa, Poccniickas ®enepanust

n

o
/
o



Pegpepam. Iloxazanu, umo 3QPPexmusHocmb  UHICEHEPHBIX — CUCHeM  CO30aHUs  MUKDOKIUMAama  Ha
HCUBOMHOBOOUECKUX 0OBEKMAX ONPeOensiemcs 603MOHCHOCIBIO OP2AHU3AYUY MPeOyeMblX MeNnaio8biX YCI06Ull 60
83aUMOOCUCMEUY  C  GHEWHUMY MEeMNEePAMYPHLIMU — napamempamy  ozspaxcoaiowux Koucmpykyuil.  (Lens
uccredosanus) Paspabomams memod pacuema u BbINOIHUMb MOOEIUPOBAHUE MENT08020 PENCUMA 8 30He
HAXOMCOeHUs NOPOCAM NpPU  UCNONL308AHUU UHDPAKPACHOU 00NyYyamenviou nauenu 6 cucmeme Ou@gysno
NO2IOWAIOWUX U usIydarnwux nosepxnocmeti. (Mamepuanvt u memoowvr) Paccmompenu yciogus KOM@OPMHOZO
Mennoso20 pexcuma Ol MONOOHAKA, PUIUUECKVIO MOOelb NOPOCEeHKd, YCaogus mennoobmena. llpeocmasunu
obnacmu usmeHenus memnepamypuvl o0IyuaIowel naneny u enuAHUue KOHGuaypayuu onmuyeckux Xapakmepucmux
00010uYKU cucmembl NPU CO30AHUU KOMPDOPMHBIX YCA08UL COOEPAHCAHUA NOPOCAM 8 3A6UCUMOCINU OM 803DACTNA U
meMnepamypHvix napamempos ozpaxcoaiowux koncmpykyui. (Pesynomamul u obcysxcoenue) Ycemanoguau, umo
pacuemnas Mooeib Menio00MeHd HCUBOMHO20 HA NpUMepe NOPOCEHKA 8 cucmeme U30mepMuyeckux oug@ysmo
NO2NOWAIOWUX U UBTYHAIOWUX NOBEPXHOCHEN CAYICUM PACUWUPEHUEM CYWeCMBYIOWUX PACUeMHbIX Memooos.
(Boioowt) Ilokazanu, umo mamemamuyeckas Mooeib mMenjioooMeHd MHCUBOMHO20 8 cucmeme OugpgysHo
NO2NOWAIOWUX U UBTYHAIOWUX NOGepXHOCmell 6oee NOMHO OmoOpajcaem 63aUMOCEA3U 6 INeMEeHmMAx
OUOmexHuYecKol cucmemvl, 9Mo N0380jsAem 0o0fee MOYHO DOPMUPOBAMb U NOOOEPHCUBATNL 3A0AHHbIe
memnepamypuvle yciogus 0N KOMGOPMHO20 cOOeprHcanus MOIOOHAKA HCUBOMHBIX. TIoyuunu GyHKyuonansHyio
MOOeNb, OMPANHCAIOWYIO 3ABUCUMOCTIU MENL08020 COCMOSAHUA NOPOCAM C YUemOM UX 803PACHA 0Nl MeMRepamypbl
oKpydHcaroujeli cpedsi, KOHCIMPYKMUBHBIX NAPAMEMPO8 Unyuaiowell Naneau u ee memMnepamypsl Ha NOGEPXHOCHIU.
Buissunu ocnosuvie coomuoutenus, ceasvigaiowue YCio8us Meniogoco KoMpopma nopocim ¢ memnepamypoil
uzIyUarOwel NOGEPXHOCIU NAHENU, C MEeMNEPAmYpPOll U ONMUYECKUMU CEOUCTNBAMU 0SPANCOAIOWUX KOHCIMPYKYULL
nomewenus. Ilpugenu cxemy aneopumma O1s paciema memnepamypsl nogepxnocmu ayuucmoii naneau. Onpedenunu
obnacmy 3HayeHull meMnepamypvl NOBEPXHOCMU NAHEAU 8 3AGUCUMOCIU OM MeMNepamypbl 0PaAHCOAUUX
KOHCMPYKYuil ONa YCI08UA KOMPOPMHO20 MENI08020 COCMOAHUA IHCUBOMHBIX 6 30He 0002pesa ¢ YY4emom ux
so3pacma.

Kniouesvie cnosa: modenv, obocpes, codepiicanue nopocam, oOIyuaiowas Nnamenv, Memnepamypa, meniooll
banawc, 1yuucmolil meniooOMeH.

Onsa untnpoBaHua: Kysbmuyes A.B., Tuxommpos [.A., XumeHko A.B. MogenvpoBaHue TENNOBOro pexmma B 30HE HaxXOXAeHWs
nopocsaTt npu ucnonb3oBaHun UK obnyyatensHon naHenu // SnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2023. T. 70.
N1(50). C. 66-74. DOI 10.22314/2658-4859-2023-70-1-66-74. EDN GVDVBS.

Simulation of the Thermal Mode in the Piglets’ Location Area when Using an IR
Irradiation Panel

Aleksey V. Kuzmichev,
researcher, e-mail: alkumkuzm@mail.ru;
Dmitriy A. Tikhomirov,
Dr. Sc.(Eng.), leading scientist;
Aleksey V. Khimenko,
Ph.D.(Eng.), senior researcher
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. It has been shown that the efficiency of engineering systems for creating a microclimate at livestock facilities
is determined by the possibility of organizing the required thermal conditions in interaction with external temperature
parameters of enclosing structures. (Research purpose) The research purpose is developing a method for calculating
and modeling the thermal mode in the piglets’ location zone using an infrared irradiation panel in a system of diffusely
absorbing and radiating surfaces. (Materials and methods) Considered the conditions of a comfortable thermal
regime for young animals, the physical model of a piglet, the conditions of heat exchange. The areas of temperature
change of the irradiating panel and the influence of the configuration of the optical characteristics of the system shell
when creating comfortable conditions for keeping piglets, depending on the age and temperature parameters of the
enclosing structures, were presented. (Results and discussion) It was found that the computational model of heat
transfer of an animal on the example of a piglet in a system of isothermal diffusely absorbing and radiating surfaces
serves as an extension of existing computational methods. (Conclusions) It has been shown that the mathematical
model of heat exchange of an animal in a system of diffusely absorbing and radiating surfaces more fully reflects the
interrelationships in the elements of the biotechnical system, this allows more accurately forming and maintaining
the specified temperature conditions for the comfortable maintenance of young animals. We have obtained a
functional model reflecting the dependences of the thermal state of piglets, taking into account their age, on the
ambient temperature, the design parameters of the radiating panel and its temperature on the surface. The main
correlations linking the conditions of thermal comfort of piglets with the temperature of the radiating surface of the



panel, with the temperature and optical properties of the enclosing structures of the room were revealed. The scheme
of the algorithm for calculating the surface temperature of the radiant panel was given. The range of panel surface
temperature values was determined depending on the temperature of the enclosing structures for the conditions of a
comfortable thermal condition of animals in the heating zone, taking into account their age.

Keywords: model, heating, piglet keeping, irradiating panel, temperature, thermal balance, radiant heat exchange.

For citation: Kuzmichev A.V., Tikhomirov D.A., Khimenko A.V. Modelirovanie teplovogo rezhima v zone nakhozhdeniya porosyat pri
ispol’zovanii IK obluchatel’noy paneli [Simulation of the thermal mode in the piglets’ location area when using an IR irradiation panel].
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Vnmyptekuit rocyaapcTBEHHbII arpapHblil yHHBEpCUTET, T. VhkeBck, Poccuiickas Deneparius
g
Te(pepam. YVenexucnoma, napady ¢ numamenvrvimu geujecmeami, C6emMom u 000U, CAYHCUN OOHUM U3 BANCHEUULUX
ﬁbakmopoe ona evipawueanus pacmenuti. Ho yenexucnoeo easa, cooepacawjecocs 6 ammocghepe, modxcem e
xeamamso. B cospemennom pacmenuesoocmee 6ce Oonvule CKIOHAIMCA K UCHONb308AHUI0 OONOIHUMENbHOZ0
b60py006anwz, ¢ nOMOWbI0 KOmopozo ocywecmansemcs nookopmxa pacmenuu CQO,. Ilpu smom ynyuwaemcs
KOHMpOAb HAO npoyeccamu eecemayuu u yeemenus (niooonowenus). (Llenv uccredosanus) Cozoame
Skcnepumenmansuyio yemanoexy u npoeecmu sxcnepumenmul. Onpedenums 6HewHue napamempyl, eIUsiouue Ha
hoddepofcaﬁue Heobxooumoeo yposus CO, Haiimu cnocobvl KOHmMpOAsi KOHYEHMPAyuu YeleKucio2o 2asd,
fiesasucawue om enewnux ycnosuti. (Mamepuanvt u memoost) Ilpoananusupoeanu omevecmeennyio u 3apybedicyio
5umepamypy, OCHOBbI8AACH HA COOCMBEHHBIX pAbOMAxX No OaHHOU meme, nposenu dKchepumenmol. CMOHMUPOBANU
KCHEePUMEHMATbHYIO  YCHIAHOBKY PACHbLIeHUs VeleKUCI020 2d3a 6 obveme, UMUMUPYIOWEM COOpYiCeHue
Sawpuwennozo epynma. (Pesyromamvt u obcyxcoenue) Bumonnunu 4 3amepa ¢ pasuuyeii no épemenu 2 uaca.
Plokazanu, wmo sxcnepumenmansvuas YCmanoeKka HA OCHOGE COCMAGIEHHO020 AI2OPUMMA HUGETUPYem GUSHUE
Snewnux gaxmopos u yoepocueaem 3adammoe smauwenue COz (600 ppm). Cuanu noxasanus ¢ OamMuuKos,
ﬁacnoxzoofceuﬂblx 6 30He pacnvlieHus 001aAKA Y2NeKUCI020 2a3d, KOPPEKMUPOBKU OCYWeCmEUNU Nymem 6030eliCmaus
fla pabomy snexmpogopcynox. (Bvieodv) Yemanosunu, umo pewums npobremy HeXeamiu YeleKuciomvl npu
boipawueanuu pacmenuii 6 coopyscenuu sauuenozo pynma 603modicto. Ilpednosicunu 01a 9mozo ucnonb306anb
Yemanosru nooauu yenexucnozo 2asa nenocpedcmeenno Kk pacmenusm, cHocobHble YUUMbIEAMb U KOPPEKMUPosanms
Beuoicerue 2asa 6 coopydceruu 3auunjenno2o epyuma. Ilpedocmagunu pesyrvmamol NPOEEOeHHbIX IKCHEPUMEHMOE
Babomul anexkmpoobopydoeanus nookopmru pacmenuii sauuuennozo 2pyuma CO.
Kniouesvie cnosa: cucmema ynpaenenus, yenexucnviii 2az, coopysicenus 3auumenno20 spyma, agmomMamuzayus,
Jxcnepumenmanvhas ycmanoska.
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Abstract. Carbon dioxide, along with nutrients, light and water, serves as one of the most important factors for
growing plants. But the carbon dioxide contained in the atmosphere may not be enough. In modern crop production,
they are increasingly inclined to use additional equipment, with the help of which the CO; fertilization of plants is
carried out. At the same time, control over the processes of vegetation and flowering (fruiting) improves. (Research
purpose) The research purpose is creating an experimental setup and conduct experiments. Determine the external
parameters that affect the maintenance of the required CO- level. Find ways to control the concentration of carbon
dioxide, independent of external conditions. (Materials and methods) Analyzed domestic and foreign literature, based
on their own works on this topic, conducted experiments. An experimental installation for spraying carbon dioxide in
a volume simulating the construction of protected soil was installed. (Results and discussion) We performed 4
measurements with a time difference of 2 hours. It was shown that the experimental setup based on the compiled
algorithm levels the influence of external factors and keeps the set value of CO, (600 ppm). Readings were taken from
sensors located in the area of carbon dioxide cloud spraying, adjustments were made by affecting the operation of
electric nozzles. (Conclusions) It was found that it is possible to solve the problem of lack of carbon dioxide when
growing plants in the construction of protected soil. For this purpose, it was proposed to use carbon dioxide supply
units directly to plants, capable of taking into account and correcting the movement of gas in the construction of
protected soil. The results of the experiments carried out on the operation of electrical equipment for feeding plants
of protected soil with CO, were presented.

Keywords: control system, carbon dioxide, protected ground structures, automation, experimental installation.
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Peepam. TTouck nymeii snepeochepescenus Ha HCUBOMHOEOOUECKUX NPEONPUSIMUAX — OOHA U3 AKMYATbHBIX
Apobrem. Paspabomxa Kauecmeennozo smepzocbepezaioujeco oceewenus NnoMewenull npu  EbPAWUEAHUL
benbckoxossticmeenbix HeUBOMHbLX — OCHOBA YCNEUIHO20 PA3GUMUS A2PONPOMBIUTIEHHO20 KoMnieKcd. Onpedeleno,
9mo npeonoceiikoii 015 paspabomxu HOE020 AN2OPUMMA U MEMOOUKU CILYICUN eHCe200HbIl POCH CIMOUMOCTIU
Pecypcos onexmposnepauu, umo npusodum K noSbIUEHUIO CEOECMOUMOCMY NPOOVKYUU JICUEOMHOB00CME.
TMapamempuor oceemumensnbix npubopos, npumensiemvix 015 0CEEUEHUS HCUBOMHOBOOUECKUX NOMEUEHIT, HE 6Ce20d
b6ocrosanv, 6cnedcmeue uezo NOBLILACMCA CMOUMOCTb CUCEMbL OCECUCHUS, CHUICAEMCA ee ddekmuHocme.
(Lenv uccnedosanus) Paspabomames memoouxky u aneopumm pabomel HpoSPAMMbl paciema IP@HexmusHol
bucmemor oceewenus., (Mamepuanvl u memoowt) Bulopanu napamempul oceemumenvHo2o npubopa, obecneuugaroujue
HauMeHbuee OMKIOHEHUe MAKCUMATLHOU OC8EWEHHOCU U HEPABHOMEPHOCMU OCBEUfeHUsl OM UX 3A0aHHbIX
Snauenuii ¢ acusomnosooueckom nomewenuu. Iloxazans 0Oun U3 6apPUAHMOE NPOSPECCUBHBIX HAYYHO-TNEXHULECKUX
baspabomox memoouxu u ancopumma pabomer npospammvl ¢ yeIvIo pearuzayUL FHEP2OCOEPELAIOUE0 PEHCUMA
Aumanua. Ycemanosuau, umo paspabomxa npozpamvmvl RO3EOIUM PACCHUMAMb KOHCMPYKMUGHbIE NAPAMENpbl
Bceemumenvnvix  yemanosox ma ocnose ceemoouodos, obecnewums Kauecmeo oceewjenus na pabouell
Lopusonmanvroii nosepxnocmu 6 scusomnogodueckom nomewenuu. Ilposeru meopemuueckue ucciedo8anus Ha
bonom us  ocueomnoeooueckux npeonpusmuii.  (Pesymbmamovr u  obcyscdenue) Onpedenunu  OCHOGHbIE
Roncmpyxmuenvie napamempol océemumensiozo npubopa Ons KOHKPEmHo20 JcUBOMHOE004ECKO20 NOMeWeHUS, NPU
Romopwix obecnewusaemcss nopma oceewjeHHOCHU U UCKTIOYAEMCA HEPAGHOMEPHOCMb oceewjenus. (Boioost)
Ronemamuposanu, umo npeonoocennas konempyxyus ceemoouodnozo oceemumensrozo ycmpoiicmea céemuibHuKa

ﬁpueebem K CHUJMCEHU 9Hep20nompe6ﬂeﬂuﬂ, Nno6blULEHUIO 3([)¢ekmueﬂocmu UCNOJIb306AHUA 3]l€Kmpull€CK011
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dHepeuu u CcoomeemcmeeHHO NOBblIULEHUIO npodykmueHocmu JHCUBOMHOBOOCMEA. HOKa3anu, umo npumeHeHue
pa3pa60maHH020 npoecpammHoco obecneuenus 0acm 803MONCHOCHb NOBLLCUNb 3q‘b¢el<mueyocmb pacdemos.
Knrwuesvie cnosa: KOHCMPYKYUs oceemumenlbHoco npu6opa, oceeujernue, ceemodtmd, cucmema oceeulerHusl.
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The Genetic Algorithm of LED Lighting Systems for the Agro-Industrial Complex
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Abstract. The search for ways to save energy at livestock enterprises is one of the actual problems. The development
of high-quality energy—saving lighting for the cultivation of farm animals is the basis for the successful development
of the agro-industrial complex. It is determined that the prerequisite for the development of a new algorithm and
methodology is the annual increase in the cost of electricity resources, which leads to an increase in the cost of
livestock products. The parameters of lighting devices used for lighting livestock premises are not always justified,
as a result of which the cost of the lighting system increases, its efficiency decreases. (Research purpose) The
research purpose is developing a methodology and algorithm for the calculation of an effective lighting system.
(Materials and methods) We selected the parameters of the lighting device that provide the smallest deviation of the
maximum illumination and the unevenness of illumination from their set values in the livestock room. They showed
one of the variants of progressive scientific and technical developments of the methodology and algorithm of the
program in order to implement an energy-saving power supply mode. It was established that the development of the
program will allow to calculate the design parameters of LED-based lighting installations, to ensure the quality
of illumination on the working horizontal surface in the livestock room. We conducted theoretical studies at one of
the livestock enterprises. (Results and discussion) We determined the main design parameters of the lighting device
for a specific livestock room, in which the illumination norm is ensured and uneven lighting is excluded.
(Conclusions) It was stated that the proposed design of the LED lighting device of the lamp will lead to a reduction
in energy consumption, an increase in the efficiency of using electric energy and, accordingly, an increase in the
productivity of livestock. They have shown that the use of the developed software will make it possible to increase
the efficiency of calculations.
Keywords: lighting device design, lighting, LED, lighting system.
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KabapauHo-bankapckuii TocynapcTBeHHBIH arpapHblii yHuBepcuteT wMmeHn B.M. KokoBa, r. Hampumk, Poccuiickas
®enepanus

Pegpepam. Oona u3z npobnem, ¢ KOMoOpoUu CMAIKUBAIOMCS NPOU3BOOUMENY 8 YCIOBUAX CKIOHOB020 CAO0800CMEA, —
omcymcmeue cneyuanusupoSaHHol MexXHUKY, NpUeoOHOU O OCYWecmeneHus HeOOX00UMbIX padom, CEA3AHHBIX C
VX000M 3G NPUCMBONLHBIMU NOTOCAMU NI0008LIX 0epesbes. KoncmpykmugHble 0cOOeHHOCIU MepPac HAKAA0bI8AIOM
02paHuieHus Ha YCio8us QYHKYUOHUPOSAHUS CEbCKOXO3ANUCMEEHHbIX aspe2amos, cpedu Hux ciedyem 6bloenums
B03MOXCHOCHbL NOOX00A K JUHUU pAOd 071 00paboOmKu pacmeHull moabko ¢ O0OHOU cmopoHbl. Bonvuuncmeo
€a00800UeCKUx X03AUCME pacnonazaem 6 OCHOSHOM MEXHUKOU, NpeOHA3HayenHou Oid pabomuvl 6 YCI0BUAX
PABHUHHO20 Cca00800CMBA, KOMOPAS 3a4ACmMyl0 HenpueooHa O yX00d 3d HNI0008bIMU  HACANCOEHUIMU,
PACNON0JCEHHBIMU Ha meppacax. AKmyanbhsl ucciedo8anus, Hanpagientvle Ha paspadomxy cenbCKOX03alCMEeHHOl
MeXHUKU 0151 00pabomKu MexHcOypaouti U NPUCMBOTbHLIX KPY208 Nilo00sbix Oepesbes 3a 00un npoxoo. (Llens
uccneoosarnus) O60CHO8aMb OCHOBHBIE KOHCIPYKMUBHbIE NAPAMEMPYL U PEHCUM PAbOMbl KOCUTKU Ol CKAUUBAHUA
PACMUMEeNbHOCMU ¢ NPOCMPAHCIMEA BOKPY2 UWMamba nio0o6ozo depesa Oe3 NOGPENCOeHUs NOCIeOHe20 3a 00UH
npoxoo. (Mamepuanet u memoowt) Hcnoavsosanu pe3yromamol (QYHKYUOHUPOBAHUA MEXHUYECKUX CPeoCcms 6
YCIOBUAX 20PHO20 CA00800CMEA NOCPEOCMBOM N02UecKo2o ananusa. llposenu meopemuyeckue uccredo8anus ¢
NOMOWbBIO U3BECHBIX 3AKOHO8 MAMEMAMUYECKO20 aHAAU3A U meopemuueckol Mmexanuxu. (Pesynomamur u
obcyacoenue) Paccmompenu pabomy pexcyujezo annapama KOCUIKU 8 Npoyecce CKAWUBAHUsA pACMUMEeNIbHOCU 6
30He NPUCMBONILHO20 Kpyad. (Bvigoodvr) Hzeomosunu onvimublii 06pasey KOCUIKU, NPOU3BOOCMEEHHbIE UCHbIMAHU
Komopoii (npu ckopocmu nepedgudicenus 1,89 xunomempos 6 uac, KoIu4ecmee pomopos ¢ PexcyuuMu cesmenmamu
2 wmyku, OnuHe pedcywe2o ceemenma 42 munnumempa, yacmome epaujerusi pomopog 2000 murym 6 munyc nepeoi
cmenenu) noomeepouny, Ymo oHa ¢ npoussooumenvhocmoio 0,36 cexmapos 6 uac obecneuusaem CKAUUSAHUE
PpAcmumenbHOCMuU ¢ NPOCMPAHCMEA BOKPY2 Wmamba nio008020 oepesa Oe3 NO8pPex’cOeHUs NOCieOHe20 3d 0OUH
npoxoo. Onpedeaunu, 4mo 3a cyem CO30AHUS MYTLUUPYIOWe20 COS NPOUCXOOUM YIYYUuleHUe COCMOAHUA NOY8Yl,
3awuma meppac om dPO3UOHHBIX NPOYECco8 U CHUNCEHUE 3ampPam HA eOUHUYY NPOOYKYUU.

Kniouesvie cnosa: cadosoocmeo, meppaca, pacmumensHOCHb, CKAWUBAHUe, NOY6d, NI000POOUe, KOCUTKA, PEIHCUM
pabombi.
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Abstract. One of the problems faced by producers in the conditions of slope gardening is the lack of specialized

equipment suitable for carrying out the necessary work related to the care of the trunk strips of fruit trees. The design
features of the terraces impose restrictions on the operating conditions of agricultural aggregates, among them it is



necessary to highlight the possibility of approaching the row line for processing plants from only one side. Most
horticultural farms have mainly equipment designed to work in conditions of plain gardening, which is often
unsuitable for the care of fruit plantations located on terraces. Research aimed at developing agricultural machinery
for processing row spacing and trunk circles of fruit trees in one pass is relevant. (Research purpose) The research
purpose is substantiating the main design parameters and operating mode of the mower for mowing vegetation from
the space around the stem of the fruit tree without damaging the latter in one pass. (Materials and methods) Used the
results of the functioning of technical means in the conditions of mountain gardening through logical analysis. We
conducted theoretical studies using the well-known laws of mathematical analysis and theoretical mechanics. (Results
and discussion) We examined the operation of the cutting machine of the mower in the process of mowing vegetation
in the area of the trunk circle. (Conclusions) A prototype mower was manufactured, production tests of which (at a
movement speed of 1.89 kilometers per hour, the number of rotors with cutting segments of 2 pieces, the length of the
cutting segment of 42 millimeters, the rotation speed of the rotors of 2000 minutes minus the first degree) confirmed
that it with a capacity of 0.36 hectares per hour provides mowing vegetation from the space around the stem of the
fruit tree without damaging the latter in one pass. It was determined that due to the creation of a mulching layer, the
soil condition is improved, terraces are protected from erosion processes and unit costs are reduced.

Keywords: gardening, terrace, vegetation, mowing, soil, fertility, mower, mode of operation.
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"
Pegpepam. IIpouzeoocmeennvlii Onvim nokazvléaem, Ymo pazgumue Cceibcko2o XO03AlUcmea uoem no nymu
asmomamuzayuy u pobomuzayuu mexunoiozuieckux npoyeccos. (Llenv uccredosanus) [Iposecmu mexnonocuyueckut
ananus poooOMu3UpOBAHHLIX YCMpPOUCcme Ons npuzomogﬂeguﬂ u/unu pasoasu KOpmMocmec el Ha HCUBOMHOBOOUECKUX
KOMIIEKCAX NO COOEPHCAHUIO KPYNHO20 po2amozo ckomds (Mamepuanst u memoowt) Hcnonv3osanu uncmpymenmel
MameMamuyeckol Cmamucmuky U npozpammHoe obecieyenue 0N GU3YAIUZAYUU DeE3YIbMAMO8 UCCIeO0B8AHUSL.
IIpoananusuposanu cavimel npouzsooumenel ASMOMAMWAECKUX CUCEM KOPMIEHUs, POCCULICKUe U 3apybedicHble
anlekmpoHHble bubnuomexu Hayunou aumepamypwl eLibraxy, Scopus, MDPI u opyzue. (Pesyromamui u 06cyicoenue)
IIpusenu knaccugpukayuio pe3yibmamos mMexHON02UHecKo2o ananuzda. IIpedcmasunu Ons penpe3eHmamugHoOCmu
8bI00PKU Nepeyenb MAWUH, CCOUIKU HA UCTMOYHUKU U GHATU3UpyeMble napamempsl 6 gude maobnuysl. Hccreoosanu u
cmamucmuyecku 06padomanu nonyuenyio ungopmayuio. Onpedenunu 3a 0CHOBY aHaIu3a ciedylowue napamempol:
mun 08uUdICUMENs; MUN IHEePLeMUYEeCKOoll YCMAHOBKYU U UCIOYHUKA NUMAHUA, HALuYue/omcymcmeue QyHKyuu
CMewueanus, KOHCMPYKYUs. y3ia CMewusanus, Haiuyue/omeymemeue @ynkyuu camosazpysku. (Boieoowt) Boiseunu,
Ymo 6 NUHelKe 8bINYCKAEMbIX POOOMUUPOBAHHBIX KOpMBpazoamuuxos 86 npoyenmos mooenei — MoOubHble, U3
xkomopuvix 50 npoyenmos — konechuvie, a 36 npoyeHmos nepemewaomcsi no NOOBECHbIM DeNbCOBbIM NYMAM.
Yemanosunu, umo 9 npoyenmos mobunvuwvix pobomos pabomaiom om Osucameneil HympeHHe20 ceopanus, 44
npoyenma — om snekmpocemu, 47 npoyenmog — om axkymyasmopHou oamapeu. Iloxkazanu, yumo 59 npoyenmos



MOOUTLHBIX POOOMOG BLINOAHAIOM GYHKYUIO cMewuanus, 41 npoyenm — moavko pazdavy 20mosvlx KOpmocmecet;
Hauboiee pacnpocmpanenvl KOHCmMpyKyuu pooomos obvemom 2-4 kyouueckux mempa. Ommemunu, 4mo 0OHUM U3
KI04eBblX (haKmopos, onpeoenaiomux KOHCMPYKYuo pobOMusUpoOSaHHO20 KOPMOPA3ZOAMYUKA, CAYICUM  TMUN
aA8MOMamMuYecKoll Cucmemvl KOPMIEHUs, 8 COCMA8 Komopou on exodum. Koncmamuposanu, umo Oanvbuetiuum
HANpasieHuem Uccie008anusi Cmanem paspabomra KOHYenmyaibHou MoOeiu asmoMAmuiecKol CUCmemMbl KOPMILeHUs.
0751 OMeuecmeeHHbIX PepM U KOMNIEKCO8.

Knrouesvie cnosa: xopmnenue KPC, pobomusupoganuwill KOpMOPA3ZOAMYUK, AGMOMAMUYECKAs CUCeMd
KOPMJIEHUSL.
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Abstract. Production experience shows that the development of agriculture follows the path of automation and
robotization of production processes. (Research purpose) The research purpose is conducting a technological
analysis of robotic devices for the preparation and/or distribution of feed mixtures at livestock complexes for the
cattle breeding. (Materials and methods) Used mathematical statistics tools and software to visualize the results of
the study. We analyzed the websites of manufacturers of automatic feeding systems, Russian and foreign electronic
libraries of scientific literature eLibrary, Scopus, MDPI and others. (Results and discussion) The classification of the
results of technological analysis was given. For the representativeness of the sample, we presented a list of machines,

links to sources and analyzed parameters in the form of a table. The obtained information was investigated and
statistically processed. The following parameters were determined as the basis of the analysis: type of propulsion,

type of power plant or power source; presence/absence of mixing function; the design of the mixing unit; the
presence/absence of a self-loading function. (Conclusions) It was revealed that 86 percent of the models in the line
of manufactured robotic feeders are mobile, of which 50 percent are wheeled, and 36 percent move along suspended
rail tracks. It was found that 9 percent of mobile robots operate from internal combustion engines, 44 percent — from
the power grid, 47 percent — from the battery. It was shown that 59 percent of mobile robots perform the function of
mixing, 41 percent — only the distribution of ready-made feed mixtures, the most common robot designs with a volume
of 2-4 cubic meters. It was noted that one of the key factors determining the design of a robotic feed dispenser is the
type of automatic feeding system that it is part of. It was stated that the further direction of the study will be the
development of a conceptual model of an automatic feeding system for domestic farms and complexes.

Keywords: feeding cattle, robotic feeders, automatic feeding system.
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Pegpepam. B nacmosiyee epems 6 pacnpeoeieHuvblx CUCMeMax YNpasieHus HenpepbleHbiMU MeXHOI02UYeCKUMU
npoyeccamu U NPOU3BOOCMBAMU 8 PA3TUYHLIX (ASPOKOMNIEKCAX U OMPACIAX HPOMBIUIEHHOCIU YCMOANACH
KAaccuveckas annapamuds apxumexmypa ux nocmpoenus. Ilooobnas apxumexmypa umeem pso He0OCMAmMKO8, 6
YACMHOCIMU HATUYUue DOLUO020 KOIUYECEA PASTUYHBIX CMAHOAPIMOE WUH nepedaiu OAHHbIX HA PA3HLIX YPOBHAX
apxumexkmypbol nAAM@OPMbL, YMO YACMO YCIONHCHACI Unmezpayuio omoenvhuix yacmei cucmemvlt. Cogpemennuie
cucmemuvl A8MOMAMu3ayuu ObICMpPo PaA38UEAIOMCsl, YMoO NPUBOOUM K NOMPEOHOCMAM 6 HOBOM QyHKyuoHaue
cucmem, KOMOPbIL KAACCUYECKAs apxumexmypa He modcem obecnewums. (Llenv uccnedosanus) Paspabomams
KOHYenyuto annapamHotl apxumexnypbl pacnpeoeieHHbliX cUcmeMm YnpasieHus HenpepbleHbIMU NPOMbIUIEHHLIMU
npoU3B00CMEAMYU U AZPOKOMINEKCAMU C UCNONb308AHUCM COBPEMEHHbIX MEXHON02ULl U NPAKMUK NPOMBIUIEHHOZO
unmepnema geweti. (Mamepuanvt u memoowt) Hcnonwv306aiu omxpuimsie UCTHOUHUKU MEHCOYHAPOOHBIX CO0OWecms
8 0bacmu asmomMamu3ayuy U NPOMbIUIEHHO20 UHMepHemd 6ewjell, omedecmeeHHbvle U 3apyOediCcHble HAYUHble
nyouxayuu. Ipumenunu memoovl. 0eKOMNOZUYUY NO YPOSHAM ASMOMAMU3AYUU, OeKOMNOZUYUY NO PYHKYUOHATY,
BBINOTHACMOMY OTNOETLHBIMU ANNAPAMHBIMY KOMIOHEHMAMU cUcmeMmbl, 0000wenus uHGopmayuu u3 cospemMeHHbIX
UCTOYHUKO8 N0 MeMAMUKe UCCIe008aHUsL; HOPMATUIAYUU ANNAPATMHOU CIPYKMYPbL 8 8U0e NPUHYUNUATLHBIX CXEM.
(Pesynomamer  u  obcyscoenue) Ilpednoxcunu  npunyunuarvuyio annapammuyio  cxemy 1loT naamgpopmor
pacnpeodeneHHOl cucmembl YApAsieHus Had OCHO8e MeXHOI02Ull npombluLieHHo2o unmeprema eewjeti 11oT. Coenanu
OCHOGHOU 8eKMOP NpU paspabomke aApXumexKmypvl HA UCNONL308aHUU WuHbl Oannvix Ethernet na ecex yposusx
niamegopmul, a makdice HA pearusayuro cospemeHHvix u Heobxooumwvix ¢yuxyuii IloT. (Bvisoowr) Iokazanu, umo
KAaccuueckas annapamuas — apXumeKmypd —pacnpeoesieHHbIX —CUCmeM  YAPAGIeHUs  azpOKOMHIeKcamu U
HenpepviBHbIMU NPOU3BOOCMBAMU XOPOULO Ccebsl 3apeKoMeH008and, O00HAKO NOMpeOHOCMb 6HEOPEeHUsI HOBO20
@ynryuonaia u ocosnamue HeoOXOOUMOCMU UCNONL306AHUA YHUDUYUPOBAHHBIX WUH Nepedaul OAHHbIX HA 8CeX
VDOGHAX RNpeOnpusmus NpugoouUm K paspabomke u NOCMeneHHomy nepexody K Hosvim IloT apxumexmypHbim
MOOeNaM NPOEKMUPOB8anUsl U CO30aHuI0 NOO0OHbIX cucmem. IIpoananuzuposanu umerwjuecs Muposbie meHOeHYuu 8
O0aHHOU obnacmu u NPeooNCUNY AKMYANbHYIO U COBPEMEHHYIO KOHYenyuio annapamuou apxumekmypwl IloT
pacnpeoeneHHbX CUCHeM.

Kniouesvie cnosa: npomviunennviii unmeprem eeweti, IloT, asmomamusayus.
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Abstract. Currently, the classical hardware architecture of their construction has been established in distributed
control systems for continuous technological processes and productions in various agricultural complexes and
industries. Such an architecture has a number of disadvantages, in particular, the presence of a large number of
different data bus standards at different levels of the platform architecture, which often complicates the integration
of individual parts of the system. Modern automation systems are developing rapidly, which leads to the need for new
system functionality that classical architecture cannot provide. (Research purpose) The research purpose is
developing a concept of hardware architecture of distributed control systems for continuous industrial production
and agricultural complexes using modern technologies and practices of the industrial Internet of Things. (Materials
and methods) Used open sources of international communities in the field of automation and industrial Internet of
Things, domestic and foreign scientific publications. The following methods were applied: decomposition by



automation levels; decomposition by functionality performed by individual hardware components of the system;
generalization of information from modern sources on the subject of research; formalization of the hardware structure
in the form of circuit diagrams. (Results and discussion) We have proposed a basic hardware diagram of the lloT
platform for a distributed control system based on IloT industrial Internet of Things technologies. We have made the
main vector in the development of the architecture based on the use of the Ethernet data bus at all levels of the
platform, as well as on the implementation of modern and necessary IloT functions. (Conclusions) It has been shown
that the classical hardware architecture of distributed management systems for agricultural complexes and
continuous production has proven itself well, however, the need to introduce new functionality and awareness of the
need to use unified data transmission buses at all levels of the enterprise leads to the development and gradual
transition to new IloT architectural models for the design and development of such systems. We analyzed the existing
global trends in this area and proposed an up-to-date and modern concept of the hardware architecture of IlloT
distributed systems.

Keywords: industrial Internet of Things, IloT, automation.
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Pegpepam. Ilpumenenue snepzemuueckux yYCMaHo8oOK, pabomaiowux Ha 60300HOGIAEMbIX UCHOYHUKAX dHepull, ONs
8nekmpocHabcenus peanvHblX O00bEKMO8 Bbi3bleaen NOBbIUEHHbI UHmepec cpedu YueHwvlx mupa. 3adaya
Becnepebolinozo u HAOEHCHO2O NeKMPOCHADICEHUs YOaleHHbIX nompedumenei akmyaivha. (Llenv uccredosanus)
3yuume pabomy cuOPUOHBIX IHEPEMUYECKUX KOMULEKCO8, PADOMAIOWUX HA HECKOILKUX 80300HOBIACMBIX UCTHOYHUKAX
9Hepeuu, 0 NoIyHeHus becnepeOOlHO20 U HA0eHCHO20 ucmoynuxka numanus. (Mamepuanst u memoowt) [Ipednooicunu
2amemMamuiecKkyro Mo0enb CUOPUOHO20 IHEPLEMUYECKO20 KOMILEKCA, COCIMOAUIe20 U3 COTHEYHO20 MOOYIIs, BEMPOBO2O
Mo0yna u Mooyna nakonaenus snepeuu. Illpedcmagunu mamemamuueckyio Mooetb COTHEUHO20 MOOYIIA, YHUMbIBAIOUL)IO
Memnepamypy oKpydcaioujeli cpeovl, 3aNbLICHHOCMb COTHEUHbIX NAHeNel, NPONYCKHYI0 CNOCOOHOCMb NOBEPXHOCTU HAO
domoonemenmamu; u MamemMamuyecxyio Mooe1b 6empo8o2o MOOYIs C YHemoM KodPhuyuenma noiesHozo Oelcmsus
SNMEKMPUYECKO20 CUHXPOHHO2O 2eHepamopa u pedykmopa. Onpedenunu CyMMApHyI0 MOWHOCHb, 8bIpadanmvlieaemyro
FrepeemuyecKuM KOMNIEKCOM 8 110001 Momenm epemenu 6 meuenue 2ooa. Cocmaguau ypagneHue 6a1anca MOuHOCMU
Qucmembl anekmpocrabcenus. [lokazanu Mamemamuieckyo Mooeib 6000poOHOl cucmemvl. Paccuumanu konuuecmso
9IeKMPOoIHepeUuU, HeoOX00umMou 013 npousgoocmea 1 Kunocpamma 6000pooa. Ycmauosuiu maccy 8000poda,
honyuenHo2o nymem anekmponusa. Tloayuunu 3a8ucuMocms Maccvl 6000po0a 6 Cucmeme XPAHEHUs 0Nl 6PEMeHU.
Paccuumanu d1ekmpuieckyio MOWHOCHb, KOMOPAs Modxcem Oblmb NOAyYeHd Om MONIUEHO20 dnemeHmad. Beenu
depanuuenus, pesynupylowue maccy 8000pooa, Xpausujeeoca 6 pesepeyapax. Paspabomanu cxemy pabombvi
OHepeemuyeckol ycmanoeku ¢ 6000poonou cucmemotl. (Pezynomamuvt u ob6cyscoenue) Ilpodemoncmpuposanu
Boryuennvill nymem NpAMbIX usMepeHull papux Hazpy3Ku dNeKMpONPUEMHUKO8 COOCMEEHHBIX HYHCO OBOMAHUYECcKo20
eaoa 3a 200 no mecayam. Ilodobpanu o0bopydosanue O0ns obecneueruss pabomuvl 2UOPUOHOLO DHEPSEMUYECKO20
fomnaexca. Ilonyyunu, ucnonb3ya 0auHvle 0 60300H0BIAEMbIX pecypcax 3a nocieonue 20 1em ¢ yuemom memnepanypul
RapysicHo20 6030yXa, 3ABUCUMOCb KOIUYECMEA BbIPAGOMAHHOU DINEKMPOIHEpeUU 3a 200 no mecayam. (Buvieoowr)
Buiaguau, umo sHepeemutecKuti KOMNIeKC ¢ MOOy1emM HAKONACHUA JHEP2UU, COCIOAUUM U3 DNEKMPOU3EPd, HAKONUMens
6000p00a U MONIUBHO20 IEMEHMA, CNOCODeH 0becneyums HA0edCHOe U becnepeboliHoe NIeKMPOCHADIICEHUe.
Knrouesvie cnosa: 60306H06158eMble UCTNOUHUKY 9Hep2ull, 2UOPUOHBI IHEPeeMmUUecKull KOMNIEKC, CONHeYHblll
MOOYJIb, CONHEUHAS NAHENb, B00OPOOHDLI MOOYIb, JNEKMPOIUZHASL YCIAHOBKA, MONTUGHBLIL ILEMEHN.
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Operation of a Hybrid Power Plant Powered by Renewable Energy Sources
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Abstract. The use of power plants powered by renewable energy sources for the power supply of real objects is of
great interest among scientists around the world. The task of uninterrupted and reliable power supply to remote
consumers is relevant. (Research purpose) The research purpose is studying the operation of hybrid energy complexes
operating on several renewable energy sources in order to obtain an uninterrupted and reliable power source.
(Materials and methods) A mathematical model of a hybrid energy complex consisting of a solar module, a wind
module and an energy storage module was proposed. A mathematical model of the solar module was presented, taking
into account the ambient temperature, the dustiness of solar panels, the throughput capacity of the surface above the
solar cells,; and a mathematical model of the wind module taking into account the efficiency of an electric synchronous
generator and gearbox. The total power generated by the energy complex at any given time during the year was
determined. The equation of the power balance of the power supply system was compiled. A mathematical model of
the hydrogen system was shown. The amount of electricity needed to produce 1 kilogram of hydrogen has been
calculated. The mass of hydrogen obtained by electrolysis was determined. The dependence of the mass of hydrogen
in the storage system on time was determined. The electrical power that can be obtained from the heating element
was calculated. Restrictions have been introduced regulating the mass of hydrogen stored in tanks. We have developed
a scheme for the operation of a power plant with a hydrogen system. (Results and discussions) The article presents
obtained by direct measurements the load schedule of the electrical receivers of the botanical garden’s own needs for
the year by month. Equipment was selected to ensure the operation of the hybrid energy complex. We obtained, using
data on renewable resources over the past 20 years, taking into account the outdoor temperature, the dependence of
the amount of electricity generated per year by month. (Conclusions) The energy complex with an energy storage
module consisting of an electrolyzer, a hydrogen storage device and a fuel cell is capable of providing reliable and
uninterrupted power supply.

Keywords: renewable energy sources, hybrid energy complex, solar module, solar panel, hydrogen module,
electrolysis plant, fuel cell.
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000CHO6ANUI0 IPPEKMUBHOCIU YCMAHOBKY BEMPO2EHEPAMOPA HA CENbCKOXO3AUCBEHHOM NPEONPUAMUL, UCX005 U3
UMEIOWUXCA OAHHBIX MOHUMOPUH2A CKOpocmu eempa 6 danuoul mecmuocmu. (Mamepuansr u memoowt) Ilpogenu
MOHUMOPUHE 6eMPOBOU HASPY3KU 6 meueHue 00H020 Mecaya 6 unuane npeonpuamus AO « Qyeawxnebonpodykmy —
Tropremuncroe xnebonpuemnoe npeonpusmue, Kosnoeckuii paiion Yysawickou PecnyOnuxu, cmanyus Troprema.
Tpunsnu 3a mamepuan uccied08anus 20PUOHMATLHYIO COCMABIAIOWYI0 08udicenus eempa. HMcnoavzoganu 07s
usmepenus ckopocmu eempa dauieunviil anemomemp MC-13. Bpems usmepenuti — 6 mapma — 8 anpens 2022 200a ¢
8:00 00 19:00 uacos exceonesno ¢ unmepsaiom 6 ooun yac. Obpabomanu dannvie 8 npoepamme Excel. Ilocmpounu
epauyeckue 3a8UCUMOCIIU CKOPOCTIU 6emMpPa OM 6peMeHu cymok u Oueti Hedenu. (Pesynomamur u obcyscoenue)
Yemanosunu, umo cpeonuil nokazamenb cKOpoCmu 8empa COCMAsUi 5 Mempog 8 ceKyHOy, MUHUMATbHOE 3HAYeHU e
ckopocmu eempa — 0,8 Mempog 6 cekyHOy, MAKCUMAanbhoe 3Haienue ckopocmu eempa — 19,4 mempa 6 cekynoy.
(Bvi8o0Ovl) Buiagunu, umo Hauboiee npugieKamenvHvle C MOYKU 3peHus 6emposoll Haepysku — Kosznosckuil,
Mapuuncko-Ilocadckui, Yebokcapcxuii u L{usunvckuil pationst Qysawckoi Pecnybnuxu. Onpedenunu, umo ¢ mouku
3peHus IghpexmusHocmu 8 HeOaneKkol nepcnexkmuge HAOO HO0AMb NPUHYUNUATLHO HOBLIX peuleHull 8 pazeumuu
semposnepeemuxu. Koncmamupoganu, ymo nepcnekmugHbiM npedcmasiaencs UCNoNb308aAHUe BUXPEGLIX D heKkmos
8 KOHCMPYKYUU 8empoyCmaHo80K, Ymo NO380JiiAen He MOAbKO HAYUHAMb 8blpabamsléams JHep2uio Ha 8empax co
cxopocmuio 3,0-4,0 mempa 6 cekyHOy, HO U 0ACH 603MOICHOCHb PAOOMbL OM 60CXO0AWUX MENTOBbIX HOMOKOE, d
makaice U30asUm OKpPYHCArowyio cpedy om HU3KOYACHMOMHBIX WYMOBBIX COCHABNAIOWUX, NPUCYUUX TT000 U TONACMHOU
8emMpoycmanogKe.

Knroueevie cnosa: anomeprHamusnvie UCOYHUKU IHEPSUL, 8eMeD, 8eMPO2eHepamop, CKOpOCHb 8empd, MOUWHOCMY,
INEKMPOIHEP2USL.
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Abstract. To reduce emissions of industrial gases, which are the main cause of global warming, the task is currently
being set to increase natural alternative energy sources: solar, wind, water, bioenergy. (Research purpose) The
research purpose is selecting the optimal parameters and justification of the efficiency of installing a wind generator
at an agricultural enterprise, based on the available data for monitoring wind speed in a given area. (Materials and
methods) Carried out wind load monitoring for one month in the branch of the enterprise of JSC
“Chuvashkhleboprodukt” — Tyurleminsky grain receiving enterprise, Kozlovsky district of the Chuvash Republic,

Tyurlem station. The horizontal component of wind movement was taken as the research material. A cup anemometer
MS-13 was used to measure wind speed. The measurement time is March 6 — April 8, 2022 from 8:00 to 19:00 hours
daily with an interval of one hour. Processed the data in Excel. Graphical dependences of wind speed on the time of
day and days of the week were built. (Results and discussion) It was established that the average wind speed was 5

meters per second, the minimum wind speed was 0.8 meters per second, and the maximum wind speed was 19.4

meters per second. (Conclusions) It was revealed that the most attractive from the point of view of wind load are

Kozlovsky, Mariinsko-Posadsky, Cheboksary and Tsivilsky districts of the Chuvash Republic. We determined that
from the point of view of efficiency in the near future, we must wait for fundamentally new solutions in the
development of wind energy. It was stated that the use of vortex effects in the design of wind turbines seems

promising, which makes it possible not only to start generating energy in the winds at a speed of 3.0-4.0 meters per
second, but also will make it possible to work from ascending heat flows, as well as rid the environment of low-
frequency noise components inherent in any blade wind turbine.
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