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MaremaTHueCcKoe MOACAUPOBAHNE U SKCIIEPUMEHTAABHOE U3yUE€HHE IIporecca
3A€KTPOMATHUTHO-KOHBEKTUBHOM CYIIKU PACTUTEABHBIX MATEPHAAOB

Cranucaas ITaBaoBuu PyaoGamrra,
AOKTOP TEXHUYECKHUX HayK, I1podeccop, e-mail; rudobashta@mail.ru

Poccuiickuii rocynapctBeHHbI arpapHbiid yHuBepcuteT — MCXA umenu K.A. TumupszeBa, MockBa, Poccuiickas
Odeneparnus

Pegpepam. IIpoananusuposanvl pabomul no 1eKMPOMASHUMHOU CYUWKe ¢ NOOBOOOM MENIOMbl K BbICYULUBACMOMY
Mamepuany ¢ npuMeHeHuem moKo8 8blCOKOU U C8EPXBbICOKOU YACHMOMbL U 8 UHPPAKPACHOM OUANA30He YACHOM —
npu ocyuanupyroujem noosode snepeuu. (Lleav uccnedosanus) I[lpeocmasums ananumuyeckue mamemamuiecKue
MOOenU, pazsumule asmopoM ¢ COMPYOHUKAMU, OISl ONUCAHUSL OCYUTIUPYIOWEli DIeKMPOMASHUMHO-KOHEEKMUGHOLL
CYWIKU MAMEPUANOs, A MaK’ce Cnocoda CyuK CeMaH 08OUHBIX KYIbMYp, HEMPAOUYUOHHBIX U PeOKUX pACMeHUl,
BbI3BIBAIOWUX YIIVUULIEHIE UX NOCe8HbIX Kauecms. (Mamepuanvt u memoowl) [lonyuunu pewenus 3adau Hazpesa
mamepuana ¢ NOMOWbIO  AHATUMUYECKO20 — MemoOd  UHMeSpANbHbIX — npeobpazosanuti.  Buimoanunu
IKCNEPUMEHMANbHBIE UCCIEO08ANUSL NO OCYUWILIUPYIOUel UHPPAKPACHOU CYyWKe HA CEMEHAX OB0UIHbIX KYIbMyp,
Hempaouyuonnuvlx u peoxkux pacmenui. (Pezynomamer u ob6cyscoenue) Paccmompenu xombunuposanuyio
INEKMPOMACHUMHO-KOHBEKINUGHYIO CYWKY MAMepuanos, npu KOMOpPOU JHepeus HA CYWKY HOOB0OUMCs ¢
UCNONBL30BAHUEM INIEKMPOMASHUMHOZ0 NOJISL U KOHBEKMUBHO ¢ HOMOWbIO NPEOBAPUMENbHO HAZPEMO20 CYUUTLHOO0
azenma. Ilpoananusuposanu mamemamuyeckue MoOeau, ONUCLIBAOUUE OCYUITUPYIOWUL Hazpes meil pa3HOl (hopmbl
(HeocpanuyeHHasl NAIACMUHA, GECKOHEUHbLI YUIUHOP, WAP), 8 YCL08USLX KOHEEKMUGHOU cywiku. [Ipusenu pe3ynivmamol
YUCTEHHO20 MOOETUPOBAHUSL NPOYECcd OCYULIUPYIOWel UHGPAKPACHOU CYWKU CeMSH JYKAd penyamozo 6
NCEeBA00IICUNCEHHOM  Cl0e, KOMOPble HOKA3bIGAION, YMO MEMOOOM YUCIEHHO20 MOOeNUPOBAHUsS HA OCHOBE
NOJYYEHHBIX MOOeIel MOJCHO HAX0OUMb HE0OX0OUMbIL MeXHOI02UYeCcKull pedicum cywku. (Bvieoowt) [Ipedcmasunu
Mamemamuyeckue Mooenu, Komopbole N0360JION OCYUECMETIMb YUCIEHHOE MOOEIUPOSAHUE INEKMPOMACHUNHO-
KOHBEKMUBHOU CYWKU U HAXOOUMb mpebyeMoe annapamypHo-mexHoao2udeckoe ogopmienue npoyecca.
Onpedenunu, Ymo oCYUIIUPYIOWas UHGPAKPACHAs CYWKA CEMSIH 0BOWHBIX KYIbMYpP, HEMPAOUYUOHHBIX U PEOKUX
pacmerull npu KoJIebanuu memnepamypsbl CeMsH om tmin = 34 epadycos Leavcus 00 tmax = 40 epadycos Llenvcus
BbI3BIGACTL CIMUMYTIAYUIO CEMSIH, KOMOpAsi NPOSIGISAEMCsl 8 YECIUYeHUU SHePSUU Npopacmanus U 6CX0NCECHU.
Boisisunu, umo y cemsin 080WHbIX KYIbMYP 6CX04cechb go3pacmaem Ha 11-24 npoyenma (om KOHmpos), a snepeus
npopacmanus — Ha 12-73 npoyenma, y cemsiH HeMpPAOUYUOHHBIX U PEOKUX pacmenuti coomeemcmeenno Ha 13-24
npoyenma u na 14-82 npoyenma.

Knrouesvie cnosa: mamemamuueckoe MOOCIUPOSAHUE, INEKMPOMACHUMHBIL HASpes, UHOPAKPACHAA CYUWIKA,
CMUMYIsYuUst, CeMeHd.
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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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Pegpepam. Ilpusedenvt Oanmvlie ananusza npuMeHeHusi 91eKmpoPU3UYecKUx 6030eicmeuti 1 000CHO8aH 6b100D
UCNONB306AHUSL MUKPOBOIHOB020 N0 ONsl UHMEHCUDUKAYUU TENLIOMACCONEPEHOCa; pPe3yIbmanvl YUCLEHHO20
9IKCHEPUMEHmMa no pacnpoCcmpaneruio MUKPOBOIHOBO20 NOJISL U PACCEUBACMOT MOWHOCTU 8 NIOMHOM 36PHOBOM CllO€
npU  PA3IUYHOU GNANCHOCTIU MAMepuana npu nooeode MUKDOGOIHOBOU IHepeuu uepe3 ujeiesble U3Iyyamein,
coemeuennbie ¢ 8030YX08000M GEHMUIAYUOHHOU YCMAHO8KU. Paspabomka pescumos KoMOUHUPOBAHHOU CYUWIKU 3ePHA
8 NIOMHOM HENOOBUICHOM Clloe mpedyem yyema npedeibHblX YPOGHel OOnyCmuMo20 HaA2peéd U KapmuHbl
pacnpocmpanenus menioswlx noieil 6 npoyecce ozoeticmeust. (Llenv uccneoosanus) Paspabomanms KOHCMPYKYUIo
NePEeHOCHOU  C8ePX8bICOKOUACTNOMHO-KOHBEKIMUBHOU  YCMAHOBKU OISl CYWKU 3€PHA, XPAHAWE20CA  HACLINGIO.
(Mamepuanet  u  memoowt) Ilpedcmasuiu  mooeib  NEPEHOCHOU — YCMAHOBKU — 0Nl KOMOUHUPOBAHHOU
CBEPXBLICOKOYACHOMHO-KOHEEKMUBHOU 00pabomku. Ilpusenu moodens 601H0600a-uznyyamens 015 NPOGEOeHUs.
yycienno2o mooenuposanus. (Pesyromamor u obcyacoenue) Ilposenu uucieHuwill dKCnepuMenm no onpeoeienuio
PACnpocmpaHenus MUKpOBOIHOB020 NOJIL 8 Cloe NWEeHUYbl pasiuyHol eradxcHocmu. (Buieoowl) Bwiseunu, umo
Pe3VIbMambl MOOEIUPOBAHUSL PACTPEIENeHUsl HANPAICEHHOCMU MUKPOBOIHOB020 NOJISL 6 3¢PHOBOL MACCe MO2YI Oblmb
UCNONL306AHbL  ONIsL  pA3pAbOMKU  PEHCUMOE  KOMOUHUDOBAHHOU —CYWIKU 3epHA € YY4emoM O0cobeHHocmell
pACnpOCMpanenuss menioswix noietl, pacceusaemol MOwHoOCmu u pabomvl ucmounukog noisi. Ioxasamu, umo 6
Kawecmse uHmMeHCUuUyupyowe2o Gaxmopa npoyeccos meniomacconepenoca 0iisk HenoOBUNCHO20 3ePHOBO20 ClLOS
YenecoobpasHo NPUMEHAMb MUKPOBOIHOB0E HOAE 6 UMNYIbCHOM pedicume pabomvl, coemeujaemoe ¢ aKmugHblM
BEHMUIUPOGAHUEM. YCMAHOBUIY, YMO C Yelbio 6030€liCmEUsl HA 3ePHOBOU CNOU He0OX00UMO UCHONb306AMb
MUKPOBONIHO60e nore uacmomou 915 Meeaeepy, o00Haxo omcymcmeue CeputiHo 6binYCKAEMbIX UCHOYHUKOS
MUKPOBOIH06020 noas mouwHocmyio 200-1000 eamm ¢ 8030yuiHbIM 0XAANCOEHUEM OSPAHUYUBACT IMY BO3MOICHOCHD.
Onpedenunu, ymo npumeHeHue 8 Kayecmee MUKPOBOIHOBO2O OIS UCMOYHUKOG, pabomaiowux Ha uacmome 2,45
Tucazepy, 603MOdCHO npu  ydueme pa3pabOMKU UMRYILCHBIX —PENCUMO8 NOOAYU MUKPOBOIHOBO20  NOJIAL.
Koncmamuposanu, umo ucnonvzosanue 6030yx0600a ¢ weiegbiMu U3IYYAMeENIMU no360siem obecnedums nodgoo
MUKPOBOIHOBOU IHEP2UL HA MPebyeMblil YPO8eHb HO 8blconie 00pabamvieaemo2o Cios.

Kniouesvie cnosa: snexmpousuueckue 6030eticmsus, Nocieyoopoundas 006pabomka, MUKpOBOIHOBoe NoJe,
PABHOMEPHOCHb PACAPOCHPAHEHUSL.
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Developing of a Portable Microwave Convective Drying Plant for Grain Stored
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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.
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Pepepam. Onucana paspabomannas Memoooro2usi NpoeKmupo8anHus YCmMaHo8OK €O CEEPXEbLCOKOUACHOMHbIM
9HEP2On00B00OM  ONid  MepmMoobpabomku  cuipbst  acponpeonpuamuil. Hayunas npobrema —  Huskas
IHEP2OIPPEKMUBHOCTNL  YCMAHOBOK, NPEOHAZHAYEHHBIX Ol MEPMOOOPAOOMKU CbIPbsL NAPOBOOSHOU CMEChbIO
KOHBEKMUBHBIM NOOB000M MeENd, OMCYMCMEUe YCmano80OK HeNnpepbleHO-NOMOYH020 Oelicmaus O (hepmMepcKux
X0351cme, 0becheuusawux COXpaHeHue NOMPeOUMENnbCKUX CE0UCME MepmMooopabomannozo npooyKma npu
CHUDICEHHbIX IKCHIyamayuonnvlx 3ampamax. (Llenv ucciedosanusy) Pazpabomamsb HaAyYHO-MEXHUYECKUE OCHOBbL
VCMAHOBOK €O  CBEPXBLICOKOUACMOMMHBIM ~ IHEP2ONO0BO00M  Olisl  NepepabomKu  Cbipbsi  A2PONPeOnpusmuil.
(Mamepuanvt u memoowr) IIpogeru mpexmepnoe MOOeIUPOBAHUE KOHCMPYKYUOHHOZ0 UCHOJHEHUsI YCMAHOBOK 8
npoepamme Komnac 20, onpedenunu 1eKmpoouHamuieckue napamempuvl CUCeMbl «2eHepamop-pe3oHamopy 6
npoepamme CST Microwave Studio. (Pe3yromamsr u ob6cyscoenue) Paspabomanu pe3onamopvl pasHo2o
KOHCMPYKYUOHHO20 ~UCNOJHEHUs Ol  PA3HbIX 6UO08 Cbipbs, 6 HUX IINeKMpoMAasHUmMHas 0Oe30nacHoCmb
obecneuugaemcs 3anpeoeibHbIMU  80THOBOOAMU, 3AMEONIOWUMY  CUCIEMAMU 6 GUOe YENOYKU CESI3AHHbIX
PE30HAMOpOs, 2pebeHKU, YUTUHOPUYECKOU CRUPANU, KOAbYA-CMEpPIICHs, GCmpeyHblx wmuvipel. HMcnonvzosanu 6
PE30HAMOPAx ¢ KPUBOIUHEUHLIMU HOBEPXHOCHISAMU HECKOIbKO MASHEMPOHO8 OOUHAKOBOU YACMOMbL UMY
pabomarowue Ha OIUKUX YACMOMAX ¢ OUCCEKMOPAMU OISl USMEHEHUS YACTNOMbl 2eHEPaAmopa U YEeaudeHus: Yyucid
6U008 KONeOaHUll, U NepeMeuusalouue, MpAHCNOPMUPYIOWUe MEXAHUIMbL, NO3GONAIOWUE  BLLOEPICUBAMb
CKBAJICHOCMb MeXHOI02UYecK020 npoyecca menee 0,5 u cobmodams pazmepuvl Culpbsi 8 COOMBEMCMEUU C 2YOUHOT
NPOHUKHOBEHUSL 6OHbl. YCMAHOGUNU, YMO NPU NPUMEHEHUU HECKONbKUX MASHEeMPOHO8 KOHYEHMpAyus dHepeuu
INEKMPOMASHUMHO20 NOJISL 8 0ObeMe PE30HAMOPA U YMEHbULEHUE NOMEPDL HA U3TYYeHUe OOCMULSAIOMCSE ¢ NOMOULIO
Kepamuyeckux ompasicamenei. Onpedenunu O1s OYEHKU MEPMUUECKO20 KOIPPuyueHma none3Ho2o Oelicmeus
3HaueHuss cobcmeennvix dobpomuocmetl pe3oHamopos. (Bwieoodwvt) [lokazanu na npumepax pamoparicusamelis
MONO3UBA HCUBOMHBIX, MCHOBEHHO20 NACMEPUIAMOPA MOIOKA U MPEXCEKYUOHHOU XMENECYWUTKU C MACHEMPOHAMU
6030YUIHO20 OXNANCOCHUSL Pedanu3ayuio HAYYHO-MEXHUYECKUX OCHO8 NPOEKMUPOBAHUSI CE8EPXGbICOKOUACMOMHOL
mexnHuKu 0Jis nepepabomKu Colpbs azponpeonpusmuil. Bolaguiu, 4ymo onu npedycmampuaiom nymu 00CHudICeHus
HeNnpepviBHO20 pexcuma pabomuvl 000py008anus ¢ COOMOOeHUeM IIeKMPOMASHUMHOU bOe3onacHocmu  0e3
IKpAHUPYIOWe20 KOpHyca nymem peanusayuu Memaiio0udeKmpuieckux pe3oHamopos ¢ 3aMeOnsouumu
cucmeMamu U KepamudecKumu Ompancamensmu npu OnMUMAIbHOM PACHOLOICEHUU BOTHOBOO08 ¢ MASHEMPOHAMU
6030YUIHO20 OXAAINCOEHUS. HA KPUBOTUHEUHOU NOBEPXHOCTU PE30HAMOPO8.

Knrouesuvie cnosa: memooonozus u kpumepuu npoexmuposanusi, CBU-snepeono0eoo, cobcmeennas 006pomHocmo
PE30HAmMOpPA, 6bICOKAL HANPANCEHHOCMb DJIEKMPULECKO20 NOJIsl, HENPepbleHbll PEeNCUM, PAOUO2EPMEMUUHOCHIb,
PAa3MOpadlcusamenb MOL03UEA HCUBOMHBIX, XMENECYILUIKA, NACMEPU3AMOP MOJOKA.
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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 npouzsoocmee OCHOGHASL HAYUHAS NpOOAeMd — HU3KAS dHep2odpghexmueHocms
XMeNeCyWUnoK ¢ KOHGEKMUBHbIM NOOBOOOM MENIA U OMCYMCMBUE MAL02AOAPUMHBIX NEPEOBUINCHBIX XMELECYUUTOK
HenpepbiBHO-NOMOYHO20 OeUcmeus Olid PepMepCKux Xo3ANUCms, 00ecneuusarowux coXpaneHue nompeoumenbCKux
CBOLCME XMesi NPU CHUIICEHHBIX IKCHIYAMAYUOHHBIX 3ampamax. J{isi CHUdMCeHUs: IKCHIYAMAYUOHHbIX 3ampam Ha
CYWIKY Xmensi 6eOymcs pabomol, HANPAGLEHHbIE HA YIMOUYHEHUE PEeNCUMO8 CYWKU, CHOCOOCMEYIOWUX HAULyYuLell
COXPAHHOCMU NOMPEOUMENbCKUX XAPAKMEPUCTIUK, U COBEPULEHCIBOBANUE MEXHOIOSU U MEXHUYECKUX CPedcms,
KOmMOopble NO360UNU Obl CHU3UMb IKCIIYAMAYUOHHbIE 3amMpambl. 3ACIyicusaem GHUMAHUSL HOBbIU CROCOO CYUKU
XMels  C8epXEbICOKOYACMOMHBIM — 3Hepeonoogooom. (Llenv  uccnedoeanus) Beiseumv  3¢hexmusnocmo
CBEPXBHICOKOYACMOMHOLU  KOHGEKMUBHOU ~XMENeCYWUIKYU HENPEePbIGHO-NOMOYH020 Oelicmeusi nymem OYeHKU
PazpaboOmanHblX KOHCMPYKYUOHHBIX UCHOIHEHUU XMENeCyWUloK ¢ MemauiooudIeKmpuiecKumu pe3oHamopami,
obecneuusaoWUMU PAGHOMEPHYIO CYWKY U 00e33apadiCuganue CeeliceyOpaHHo20 XMeisi U INeKmpOMACHUMHYIO
bezonacHocmes  Oe3 IKPAHUPYIOWe20 KOPHyca Npu CHUNCEHHbIX OKCHIYAMAYUOHHLIX 3ampamax 6 YCI08UsX
xmenesooueckux xosscms. (Mamepuanvt u memoowt) Ilposenu mpexmeprnoe MoOOeIUposaHiue KOHCMPYKYUOHHIX
UCnoaHeHull xmenecymunox 6 npoepamme Komnac 20, onpedenunu 31ekmpoounamuieckue napamempuvl cucmembol
«eenepamop-pezonamopy 6 CST Microwave Studio. (Pe3yaemamet u obcyscoenue) Pewunu 3adauy onmumuzayuu
KOHCMPYKYUOHHO20 UCHOTHEHUS U PA3MEPOS MEMAIOOUIIEKMPULECKUX pe3oHamopos. Tlokasanu, ymo oCHO8HbIMU
KpUmMepusiMu CIyjcam nPAasuibHO CO2IACOBAHHbIE NAPAMEMPbL INEKMPOOUHAMUYECKOU CUCHEMbl «2eHepamop-
pe3oHamopy:  cobcmeennas 00OPOMHOCMb — PEe30HAMOpPd,  HANPSICEHHOCMb  INEKMPUYECKO20  NOsl, €20
PABHOMEPHOCIb  pacnpedenetus, MOWHOCMb HOMOKA UsiydeHuil, obvem pesonamopa. Ilpoananusuposanu
anexmpoouHamudeckue napamempvl 11 XMerecywuniok ¢ pasHbiMu  KOHCMPYKYUOHHBIMU — UCHOJIHEHUSMU
PE30HAMOPO8. ¢ NOIYChHeputecKum, NOIYYUTUHOPUUECKUM, YUTUHOPUYECKUM, MOPOUOATbHbIM, NPUSMAMUYECKUM,
QNAUNCOUOHBIM U Opyeumu. (Bvisoosi) Ycmanosunu, umo maxcumanvHou cobcmeenHol 0obpomuocmoro 0o 8000
obaadaom mopoudanvhsill u noxychepuveckuti pezonamopul. Onpedenunu 8 Xo0e OYyeHKU OMKIOHEHUsI OM CPeOHe20
3HAYEHUs] UHMEPBATIO8 GAPLUPOBAHUSL KpUMeEpUes, 4mo >(Pekmushbl XMeneCyWUulKu ¢ pe3oHamopamu 6 6uoe
napabonouoa u eunepooiouda, u NOIYYUIUHOpU4ecKue.

Knrouesvie cnosa: xmenecywuiKu, pe3oHamopvl pazHo20 KOHCMPYKYUOHHO20 UCHONIHEHUSs, JJIeKMPOOUHAMUYECKUEe
napamempbl, CpAGHUMENbHbIN AHAU3Z XMENECYILUTIOK, KPUMEPUU ONMUMUZAYUU.
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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.
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Peghepam. Ipumenenue onmuieckux cneKmpaibHbiX Memo008 MOHCEM NOMOYb 8 peuleHul npod.ieM, 803HUKAIOUWUX
npu nepepabomie MOLOKA U MOAOUHBIX NPOOYKMos. Tpaduyuonnvie anarumuyeckue memoosl (Hanpumep, Qusuxo-
XumMuuecKkue usMepeHusl, CeHCOPHbIL AHANU3, XPOMAMO2papust) — OMHOCUMENbHO 0opocue, mpydoemKue u mpeoyom
XUMUYECKUX GeWeC8 U CLOJCHO20 AHAIUMUYECKO20 000pY008aHUs, A MAKdiCe KEANUDUYUPOBAHHO20 NEPCOHAA.
Cywecmeyem neobxooumocms @ pazpabomre 6onee ObICMPbIX U MeHee 3aMmPAamubiX Cnoco608 mouHO020 KOHMPOJs
UBMEHeHUTI Kaiecmea MONOKA U OpYy2Ux MOJIOYHBIX NPOOYKMOS8 6 npoyecce nepepabomxu u xpauweuus. Muoeue
Hepaspywiaiowue U HeUHGAUBHbIE UHCMPYMEHMAIbHble Menoobl OOCHYNHbL Olsl 6CMPOEHHO20 U OMJIAUH-
MoHumopunea nuwjesblx uzoenuti. K uum ommuocames ¢ayopecyenmmnas cnekmpoCcKoOnus, OmpascamenbHdsl
CREeKMPOCKONUsL CpedHe20 U OUNCHE20 UHPPAKPACHO20 OUANA30HA, SOEePHbLIL MACHUMHbLI PE30HANC U MAK Odjlee.
(Ljenv uccnedosanus) Hzyuums homomomMunecyeHmmble Xapakmepucmuku U napamempvl MOIOKA pAa3iudHOU
arcupHocmu npu ezo ckucanuu. (Mamepuanwvl u Memoost) Bolnoanunu usmepenus CneKmpaibHblX Xapakmepucmux
8030yocoenus monoxa 6 ouanasone 200-500 nanomempog na cnekmpognyopumempe «@aroopam-02-Ilanopamay.
(Pesyromamul u obcyscoenue) Ommemuny yseruuenue UHMEHCUBHOCHU JIOMUHECYEHYUU NpU OJUHE BOIHbI
6030yocoenusn 442 nanomempa u ee ymeHvuienue npu 262 HAHOMEMPO8 NO NPOXOHCOEHUIO 3A0AHHO20 OMPe3Kd
spemenu ons ocuprocmu 3,2 npoyenma. Onpedenunu, umo oas dcuprocmu 1,5 npoyewma npu OauHe GOJHYL
8030yocoenusn 262 HaHoMempa MeHOeHYUs COXPAHAemcs, HO npu OluHe B0JHbL 8030ycoeHus 442 nanomempa,
HAnpomug, NpoOUCXOOUm YMEHbUEeHUe UHMEHCUBHOCU  JIOMUHECYEHYUY, 4mo mpebyem YMOYHAIOWUX
akcnepumernmos. (Bvlgoowt) Ilokasanu, umo nomyduenuvle pe3yibmamsl YKA3bIGAIOM HA 3A6UCUMOCTb CKUCAHUS
MONOKA U USMEHEHUsI UHMEHCUBHOCIU TIIOMUHecyenyuu 60 epemeru. Koncmamuposanu, umo oannoe Habmiooenue



Modicem Oblmb OCHOBOU OJis1 OAIbHEUWUX UCCTIe008AHUL 8 0ONACU KOHMPOIS KAYecmed MOJIOUYHbLIX NPOOYKMO8
Hepaspyuaowum KOHmMpoiem, OCHOBAHHbIM HA ONMUYECKUX MEMOOAX.

Knroueevle cnoea: Mon0KO, KUCIOMHOCMb, CHEKMp QOMOMOMUHECYEHYUY, NOMOK (DOMOIIOMUHECYeHYUU,
JHCUPHOCTL MOTIOKA, CIMAMUCIMUYECKUE NAPAMEMPDI.
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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.
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Pegpepam. Paccmompenvl cospemenHvle MeHOEHYUU pa3GUMUs NEKMPUYECKUX PACNPeOeumenvHblx cemeil Ons
00BEKMO8 A2PONPOMBIUIEHHO20 KOMIIEKCA, CES3AHHbIE ¢ 6HeOpeHUueM Doiee CILOJNCHBIX MeXHONO2ULl NPOU3800Cmaa,
YyeenuueHuem Hazspy30Kk nompeoumens u yjicecmoueHueM mpeboeanHuli N0 HAOEHCHOCMU U IHepeodIpdekmusnocmu
cemetl. B ycnosusix CexmopaibHbIX OZPAHUYEHUIl NOCMABOK U  HEOOXOOUMOCHU  3AMEeUjeHuss UMNOPMHBLX
KOMRJIEKMYIOWUX Npe0Ccmasienbl 803MONCHOCHU Peanusayuu Ha Oaze ome4yecmeeHHoU MexHuKY U UHHOBAYUOHHBIX
Memooo8 npeumywecmsea pacnpeoesieHHol JIEeKMpOIHEPLeMUKY 8 UOKOM dHeP2o0beCheyeH Ul azpOnpPOMbIULTIEHHbIX U
coyuanvhuix 00wvexkmos. (Llenv uccaiedosanusn) Texuwuuecku nooddepaicamv NpUMeHeHUe CUCmeM pacnpeoeseHHol
2eHepayul U NPOAHATUZUPOBATNL BO3MOJICHBIE NPOOIEMbl, KOMOpble MO2YH BOZHUKHYMb 6 npoyecce uHmezpayuu 6
INEKMPULECKYVIO CUCHEMY AZPONPOMBIULIEHHO20 KOMNIEKCA UCIOYHUKO8 pacnpedenenoll cenepayuu. (Mamepuanvr u
Memoowr) Hcnonvzosanu cmamucmudeckue CGeOeHUsi AHAIU3A 0DeCneyeHHOCMmU 00beKMOo8 aAePONPOMbIUIEHHO2O
KOMNJIEKCA CPeOCmeamu pacnpedeieHHoul daexkmposnepeemuxu. (Pesynomamol u obcyscoenue) Ilokazanu, umo 6
ACPONPOMBIUIEHHOM KOMHLEKCe Npeobaadaiom 00beKmyl, YOleHHble HA O0nbuue pacCmosHus om yeumpa
9HEp2eMUUECKOl CUCHEMb, C INEKMPO0OOPYOOSAHUEM, MOPATLHO U MEXHUYECKU YCMAPESWUM, YMo CKA3bIGAEMC sl Ha
HAOEJICHOCMU DNIeKMPOCHADIICEHUsT U Kavecmse dnekmpodnepeuu. Onpedenunu, ymo 015 6HEOPEHUs UCTOYHUKOB
pacnpedeneHHol  2eHepayuu mpedyemcs MOOepHU3ayus Ui OOHOBLEHUe OCHOBHO20 IAeKMpPooOOPYyO08aHUs
pacnpederumenvHolx HYHKmMo8 wuiu nodcmanyutl. Ilpednoswcunu anbmepHamueHvie MeXHUUeCKUe peweHus no
HOBBIUUEHUIO KAYeCcm8d NOCmagsieMol NOmpeoumensm 1eKmposHepeull U HAOEICHOCMU CUCTEM dLeKMPOCHAOIICeHUs,
OPUEHMUPOBAHHBIE HA MAKCUMATbHOE NPUOTUIICEHUE UCTOYHUKA NUMAHUSL K NOMPeOUmenio nocpeoCmeom pasmeuenus
UCMOYHUKO8 PACNPedeNleHHOl 2eHepayul 60aU3U 00beKMog asponpoMbLULIEHHO20 Komnaekca. [Ipusenu Konkpemuvie
cxXeMbl cucmem dNEeKMPOCHADICEHUS,, Pe3YIbMamyl MEXHUKO-IKOHOMUYECKO20 AHANU3A U 6APUAHMbL UCNOLb3YEMbIX
MPAOUYUOHHBIX U BO300HOBNAEMBIX UCTNOYHUKOS aeKkmpodHepeuu. (Bvisoow)) Koncmamuposanu, umo OanvHetiuiee
pazeumue 00beKmog azpoOnpOMbIUIEHHO20 KOMNIEKCA CE53AHO ¢ NOGBIUEHUEM YPOBHS IHEPLEMUUECKO20 00eCneyeHus,
HAOECHOCMUL, IHEP2OIPDEKMUBHOCHIU U IKOIOSULHOCIIU CUCTEM INEKMPOCHAOIICEHUS NymeM 6HEOPEHUS. COBPEMEHHBIX
cucmem pacnpedeneHHoll ceHepayuy Ha 6aze MpaouyuoHHbIX, 60300HOGISEMbIX U KOMOUHUPOBAHHBIX UCTOYHUKOB
IeKMPOIHeP2UL.

Knroueevie cnosa: acponpomvliuieHHblll KOMNHAEKC, CUCMEMbl DJeKMPOCHAONCeHUs, HAOeHCHOCMb, KAYecmso
NEKMPOIHEP2UY, PACNPEOETICHHASI IHEP2eMUKd, 2eHepupyiowue MOWHOCMU, 60300HOGIsIeMble  UCHOYHUKU
INEKMPOIHEP2ULL.
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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.
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AAanITUBHOE ABTOMATHUYECKOE PETyAUPOBAHNE HAIIPSKEHHUA B IAEKTPUYECKOI CETH C
IIPUMEHEHUEM OAHO(PAZHBIX AMHEHHBIX PETYAATOPOB HAIIPAKECHUA
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Pepepam. Obecneuenue mpedyemo2o yposHs HANPAICEHUS 8 CENbCKUX INEKMPULECKUX Cemax — He0OX00UMoe YCogue
aghpexmusnoll  pabomvl CeNbCKOXO3AUCMBEHHBIX NPeONPpUAMuUl U Kom@opma cenbckoeo oOvima. 3aeviuiennas
NPOMANCEHHOCHb CENbCKUX TUHULL ITIeKMPOonepedaiu npUooUm K C6epXHOPMAMUSHbIM OMKIOHEHUSM HANPAICEHUS HA
6600ax nompebumeneu. Cywecmayoujue cnocodwl U mexHuyecKue cpeocmea pe2yiuposanus HANPsNCeHUus: He 80 6cex
CYHAsX NO360JAI0M 0becneuums HeoOX00UMbll YPo8eHb Hanpsidcenus ¢ cemu. (Llenv uccneoosanus) Paspabomameo
Cnocob u ycmpoicmeo no(azHo20 ABMOMAMUYECKO20 DPe2yIUPOSAHUs. HANPSNCEHUs. 6 DIeKMPUYECKol cemu ¢
UCNONB30BAHUEM JTUHEUHBIX PESYISIMOPO8 HANPSICEHUS, NPOULTIOCIPUPOBATNL BO3MONCHOCIU €20 NPUMEHEHUS.
(Mamepuanvt u memoowst) Hcnonvzosanu oduenayunvie mMemoosbl UCcied08anus, Memoovl: IUmepamyprHo2o 0o3opa,
meopuu agmoMAamu4ecko20 ynpasienus, snekmpomexuuxu. Ipoananuzuposanu iumepamyphvle ucmoynuku. Mzyuunu
CnOCobbl U MeXHuUecKue cpeocmed pecyiuposanus HAnpsadcenus 6 siekmpuyeckux cemsx. (Pesyromamor u
obcyaicoenue) Ilpednodicunu MO8 CNOCOO U YCMPOUCMBO AOANMUBHO20 ABMOMAMUUECKO20 PecyIUpOoBaHus
HANPAJICEHUs. 8 CEeNbCKOU INIeKMPUYECcKoll Cemu ¢ HpUMeHeHueM paz0enbHoU NOQpA3HOU YCMAHOKU JUHEHHBIX
pezynamopos Hanpsidcenus. Paccmompenu npumep peanuzayuu cnocoba 6 CenbCKoU INEKMPUYECKOU cemu ¢
HepasHOMePHOU Hazpy3Koul no gazam. (Bvleoowt) Beissunu 6 npoyecce 0630pa cnocobo6 pe2yiuposanus HanpsiceHus,
YUMo NEPCneKMueHbl CHOCOObL AOANMUBHO20 ABMOMAMUYECKO20 Pe2YIUPOSanus, Npeonorazaiowue KOHMpOoIlb
OMKJIOHEHUS. HANPSNCEHUS HA 8600AX NOmpebumenell u onpeoeieHue Ha OCHO8e IM020 KOIPhuyuenma pecyiuposanus.
Onpedenunu, 4mo UCHOIb308aHUe NPEdNA2aeMo20 CHOCObA U yCmpoucmea obecneuusaen HOpMUPOBAHHOE 3HAYEHUE
HANPAJICEHUs. HA 8600aX nompedumenel nocpeocmeom adanmueHO20 A8MOMAMULECKO20 NOPAZHO20 Pe2yaupo8anUs
HANPSDICEHUsL 8  JJIeKMPUYECKOl  Cemu  paz0eibHo NopAasno  YCMAHOGIEHHbIMU  TUHEUHbLIMU — Pe2ysimopamu,
VAPAGAAEMbIMU  CUCMEMOU A0ANMUBHO20 ABMOMAMULECKO20 PeYIUPOBAHUs. HANPAICCHUS, PopMUpYIOUell KOMAHOb
VApasieHus Ha 0CHO8e 0OPADOMKU OAHHBIX ¢ OAMYUKO8 HANPAICEHUS, YCIMAHOBIEHHBIX 8 KOHMPONbHbIX MOYKAX Cemu,
6 MOM YUCAEe HA 8600aX nompeodumenel.

Kniouesvie cnosa: nunelinslii pe2yisamop HANPANCeHUs, CUCHeMA a0anmugHo20 a8MoMamuyeckKo20 pecyiuposanus
HANPSIICEHUs!, KAYeCmE0 JJ1eKMPOIHEPSUL, CeNbCKUE DNeKMPULeCKUe Cemu, pe2yiupo8anue Hanpsa’CeHusl.

Ons uutupoBaHus: lonukoB W.O., BuHorpagoB A.B., BuHorpagoBa A.B. ApanTuBHOe aBTOMaTMyeckoe perynupoBaHue
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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 1.0., Vinogradov A.V., Vinogradova A.V. Adaptivnhoe avtomaticheskoe regulirovanie napryazheniya v
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DKcrnepuMeHTAABHOE HCCAEAOBAHUE AATIYNKOB TOKA KAacca HanpspkeHu: 0,38 kB B Tpex
pexuMax paboThI IACKTPUIECKOM CETH
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Pepepam. Paboma cywecmeyrouwux ycmpoucme peneiHou 3awjumsl OCHO8AHA HA UMepeHUsIX noxasameneu
INEKMPUYECKOU cemu (Hanpsidicenusl, Yacmonmul, MOKa), GbINOTHAEMbIX C HOMOWbIO OAMYUKOS, YCIMAHOGIEHHbIX 8
anexmpuyeckoi cemu. K damuukam moka npedvsasnaom evicokue mpedosanust no blXOOHbIM OAHHbIM 6 PA3IUYHBIX
pedcumax pabomul dnekmpudeckou cemu. B xavecmee damuukoe moka 6 snexmpuyeckou cemu 0,38 xunogonom
WUPOKoe pacnpocmpanerue NOJAYYUIU: MPAHCHOPMAmMopsl MOKA, MPAHCPEAKMOPHble OAMYUKU, PEe3UCTIUGHDLE
oamuyuxu, damyuxu moka Ha s¢pgpexme Xonana. (Lenv uccredosanus) IKCnepumMeHmanrbHo U3yuums 0amyuKu moka
PAa3IUYHbIX MUNO0G, NpuMeHsemvix 8 dnekmpudeckux cemsax 0,38 xunosonvm. (Mamepuanvr u memoowt) Ilposenu
1abopamopHvle UCCIe008AHUSL HA NOO20MOBIEHHOM 1AO0PAMOPHOM CMEHOe PATUYHBIX OAMYUKO8 MOKA 6 mpex
pedcumax pabomoei: YCMAHOBUBUULICS PENHCUM, KOMMYMAYUOHHBLU PEXNCUM C HAYATbHbIM MASHUMHBIM NOMOKOM,
KOMMYMAYUOHHBII pedtcum 6e3 HauaibHo20 MasHumHuo2o nomoka. (Pesynsmamul u o6cyscoenue) Ioxazanu, umo ne
6ce 6UObl OAMYUKO8 MOKA 603MOJICHO NPUMEHSINb 8 KAYecmee UCMOYHUKA ONOPHBIX OAHHbIX NpU NOCMPOEHUU
bvicmpodelicmgyrowux 3auum no moxy. Onpedeaunu, Ymo Oam4uKu MmpauchopmamopHoo muna Mo2ym 6HOCUMb



CYUeCMBEHHYI0 NOSPEUHOCNb 8 PAOOMY PeleliHOl 3auWumsl N0 NPUYUHAM SHAYUTNETLHOU Y2080l NOSPEUHOCTU,
SI6HO GLIPAJNCEHHBIM NPOYECCam HAMASHUYUBAHUSA U NEPEMAHUBAHUSA 8 KOMMYMAYUOHHBIX PedcuMax. Ycmanosunu,
4mo 0amuuKu, OCHOBAHHbIE HA MUNAX MPAHCPEAKMOPHO20 U Ha P gexme Xoana, umerom HAUMEHbULYIO Y2l08)I0
HOZPEeUtHOCb U YCTNOUYUBOCIIb K KOMMYMAYUOHHBIM pedcumam. (Bvieoodwr) Buiseunu, umo npu evibope oamuuxos
MoKa 6 Kauwecmee UCMOYHUKA ONOPHLIX OAHHBIX clledyem YYUmsléams He MobKO NACHOPIMHbLE XAPAKMEPUCUKU, HO
u aabopamopuvie ucciedosanusi. Koncmamuposanu neobxooumocms yyema SKCNAYAMAYUOHHOU HAPAOOMKU U
UHOYKMUBHOCMU OAMYUKA TWOKA, Y2080 NOSPEUWHOCMU U hOPpMbL KPUBOU MOKA MOPULHOU Yeni.

Knroueevie cnosa: oamuyux moka, mMpancopmamop moKa, pe3sucmusHulii damuux moxda, 3¢gexm Xonia,
nepexoomwill npoyecc.
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Experimental Study of Current Sensors of 0.38 kV Voltage Class
in Three Modes of Operation of the Electrical Grid
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Ph.D.(Eng.)
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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.
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Pegpepam. [lokazanu, umo  hPekmusHoCmb — UHICEHEPHBIX — CUCMEM  CO30aHUs — MUKPOKIUMama Ha
JHCUBOMHOBOOHECKUX 0OBLEKMAX ONPEOeemcss G03MOICHOCMbIO OP2AHU3AYUL MPeOyeMblX MENI08bIX YCI08ULL 80
63AUMOOCUCMEUU  C  GHEWHUMU MEMNEPAMYPHbIMU — Napamempamu  ozpasicoaiowux Koucmpykyuu. (Leaw
uccneoosanus) Paspabomams memod pacuema u BbINOIHUML MOOEIUPOBAHUE MENL0BO20 PENCUMA 8 30He
HAXO0JICOEHUsI NOPOCAM NPU UCNOTb306AHUU UHPPAKPACHOU 0bayYamenvHou naweiu 6 cucmeme ou@pysno
HOIOWAIOWUX U UBLYHAlowux nogepxrocmei. (Mamepuanvt u memoowvt) Paccmompenu ycnogus Kom@opmnozo
MENN08020 pencuma Oasi MONOOHAKA, DUIUUECKYI0 MOOelb NOPOCEHKA, YCaosusi mennoodmena. llpeocmasunu
obnacmu uzmeHeHuss memnepamypvl 0oayualouell NaneIu U GIUsHUe KOHGUIypayuu onmudeckux XapaKmepucmur
060104KU CUCMeEMbl NPU CO30AHUU KOMPOPMHBIX YCA0BUL COOEPACANUS NOPOCAM 8 3A6UCUMOCIU OM 603paAcma U
MEMNEPAmypPHbIX NAPAMEMPO8 02PaNCOAouux Koncmpykyuti. (Pesynemamul u obcyoicoenue) Yemanosunu, umo
pacuemnas Mooenb Meni00OMeHa JHCUBOMHO20 HA NpuUMepe NOPOCEHKA 6 cucmeme U30MepMuYeckux oug@ysno
HOIOWAIOWUX U UBTYHAIOWUX NOBEPXHOCMEN CIYICUM PACUWUPEHUEM CYWECMEYIOWUX DACYEMHbIX MEnO0008.
(Bvisoowt) [lokazanu, umo mamemamuyeckas MoOelb Meni000MeHa JCUBOMHO20 6 cucmeme Ou@pysno
NOGIOWAIOWUX U UZTYYAIOWUX NOGEPXHOCmell 0ojlee NONHO Omobpajdcaem G3aUMOCGA3U 6  DIeMEHmMAx
OUOmMeXHUUeCKOU cucmemvl, MO N0360J5em 0ojlee MOYHO GOopMUpoeams U HOOOEPAHCUBAMDb 3A0AHHbIE
memnepamypHuie YCiogust Oisi KOMGBOPMHO20 COOEPICAHUSL MOLOOHAKA dHcusomuwix. Tlonyuunu @yHKyuonanbmyio
MOO€eb, OMPadNCAoWYIo 3d6UCUMOCTIU MENT0B020 COCMOAHUSL NOPOCAM C YYEMOM UX 803pACHA OM MeMnepamypul
oKpydicaroujell cpedbl, KOHCMPYKMUGHBIX NAPAMEMPO8 USTYYAIOWel NAHeIU U ee MeMnepamypbl Ha NOBEPXHOCHU.
Bovisisunu ocHogHble COOMHOWEHUS], CEA3bIEAIOWUE YCA0BUSL MENT0B020 KOMMOPMA NOpOCsIm ¢ memMnepamypoi
uznyyarowel no6epxXHOCMU NaHeu, ¢ MemMnepamypoll U ONMUYECKUMU CEOUCMBAMU 02PAINCOAIOWUX KOHCIPYKYULL
nomewenusi. [lpusenu cxemy aneopumma 0iis paciema memMnepanmypsl ROGePXHOCMU yuucmotl nanenu. Onpedenunu
obnacme 3HAYEHUT MeMnepamypvl NOGEPXHOCMU NAHEU 6 3ABUCUMOCHU OM MEMNEPAmypbl 02PaAdNCOAIOUUX
KOHCIMPYKYUU 0151 YCI0GUSL KOMGDOPMHO20 MENI08020 COCMOSHUSL JICUBOMHBIX 8 30He 0002pesa ¢ YUemoM ux
so3pacma.

Kniouesvie cnosa: modens, 060zpes, codepacanue HOpocsim, 0OIYUAIOWAs NAHelb, MeMnepamypd, meniosou
banauc, 1yyucmolil meniooOMeHn.
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Simulation of the Thermal Mode in the Piglets’ Location Area when Using an IR
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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.
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Pegpepam. Yenexucioma, Hapsoy ¢ nUmamenbHbIMU 6eUeCm8aMU, CGeMOoM U 000U, CAYICUTN OOHUM U3 BANCHEUULUX
Gaxmopog onsn evipawusanus pacmenutl. Ho yenexkuciozo easa, codepocawge2ocss 6 ammocgepe, Modcem He
xeamamov. B coepemennom pacmenueeodcmee 6ce Oonbule CKIOHAIOMCS K UCHONb308AHUI0 OONOTHUMENLHOZO
000py008aHUs, C NOMOWDBIO KOMOPo2o ocyujecmensiemcs: nookopmka pacmenuti CO,. Ilpu smom ynyywaemcs
KOHMpOAb HAO npoyeccamu eecemayuu u yeemenus (niodonwoutenust). (Lleno uccnedosanus) Cozdamo
IKCNEPUMEHMATLHYIO YCMAHOBKY U Nposecmu IKcnepumenmul. Onpedenums GHewnue napamempul, eIusiiouue Ha
noodepoicanue Heobxooumoeo yposus CO,. Hailimu cnocobvl KOHMpONs KOHYEHMpayuu yeneKuciozo e2dsd,
Hezagucauue om eHewHux ycrosuti. (Mamepuanvt u memoowt) IIpoananuzuposanu omeuecmeeHnyIo u 3apyoeicnyio
aumepamypy, 0CHOBbIBASICL HA COOCMBEHHBIX pabomax no 0aHHOU meme, npogeau sxcnepumenmol. CMOHMUPOBAU
IKCNEPUMEHMANLHYIO  YCMAHOBKY PACHbLICHUS. Y2IeKUCI020 2da3a 8 o00bveme, UMUMUpYIowem CoopydiceHue
sawguujernoeo epynma. (Peszynomamul u ob6cysicoenue) Boinoanunu 4 3amepa c¢ pasHuyell no épemenu 2 uaca.
Hokazanu, ymo IKCHePUMEHMANbHAL YCMAHOBKA HA OCHOBE COCMABNIEHHO20 AN2OPUMMA HUBEIUPYEm GIUSHUE
6HewHux Qaxkmopog u yodepxcugaem 3adannoe 3uauenue CO, (600 ppm). CHsiu nokaszavus ¢ OaAmMYUKos,
PACRONIOJHCEHHBIX 8 30HE PACHbLIEHUS 00IAKA Y2NeKUCTI020 2A3d, KOPPEKMUPOBKU OCYWeCMBUNU nymem 6030etiCmaus
Ha pabomy 31eKkmpoopcyHoK. (Bvigoowvl) Ycecmanoeunu, umo pewtumsv npooOaeMy HEXBAMKU YeAEKUCIOMbL NpPU
BbLIPAWYUBAHUU PACMEHUL 8 COOPYICEHUU 3AUUWEHHO20 2DYHIMA B03MOXUCHO. TIpednodicunu 0ist 5mo2o UChoIb3068ams
VCMAHOBKU NOOAYU YeIEKUCTIO20 2430 HENOCPEOCMBEHHO K PACMEHUSIM, CHOCOOHbIE YYUMbLEANb U KOPPEKMUPOBAb
O08udICeHUe 2a3a 8 COOPYICEHUU 3auuuenno2o epyuma. Tlpedcmasunu pe3ynrbmamol nPOGEOEHHbIX IKCNEPUMEHMOB
pabomwl 31eKkmpoobopy008anusi NOOKOpMKY pacmenutl 3auuwennozo epynma CO;.

Knrouesvie cnosa: cucmema ynpagienus, YeneKUCavlll 2a3, COOPYICEHUs 3AUWUWEHHO20 SPYHMA, A8MOMAMU3AYUSL,
IKCHEPUMEHMANbHASL YCMAHOBKA.

Ons umtnpoBanus: BnaapikvH U.P., MBaHoB M.A. ViccnenoBaHve pexxmmoB paboThbl arekTpoobopyaoBaHNs NOAKOPMKM pacTeHui
YrMeKNCcnbIM ra3oM B 3alLMLLEHHOM rpyHTe // QnekmpomexHonoauu u anekmpoobopydosaHue & AlK. 2023. T. 70. N1(50). C. 75-80.
DOI 10.22314/2658-4859-2023-70-1-75-80. EDN DDFKNS.

Investigation of the Operation of Electrical Equipment for Feeding Plants
with Carbon Dioxide in Protected Soil

Ivan R. Vladykin,
Dr.Sc.(Eng.), professor;



Maksim A. Ivanov,
postgraduate, e-mail: mitim1995@mail.ru

Udmurt State Agricultural University, [zhevsk, Russian Federation

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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Pegpepam. Ilouck nymeil suepeocOepedcenuss HA HCUBOMHOBOOUECKUX NPEONPUAMUSAX — OOHA U3 AKMYATbHbIX
npobnem. Paspabomxa kawecmeennozo 3dHepeocbHepezarOwezo 0ceeujeHusT NOMeUWeHUll Nnpu  BbIPAUUGAHUU
CEeNbCKOXO3ANUCNBEHHBIX HCUBOTHBIX — OCHOBA YCHEUIHO20 PA3BUMUSL AZPONPOMbIUULEHH020 KoMNIeKkca. OnpedeneHo,
Umo npeonocwiIKoU 015l pa3pabomKu HOBO20 AI2OPUMMA U MEMOOUKU CIVHCUM eNCe2OOHbI POC CIOUMOCHU
Pecypcos 31eKmpodIHepeUuU, 4mo HPUGOOUM K NOBLUUEHUIO CeOeCmOouUMOCmu NPOOYKYUU IHCUBOMHOBOOCHEA.
Iapamempwbi océemumensHbix npUOOPOS, NPUMEHAEMBIX OJis OCEEUWEHUS HCUBOMHOBOOHUECKUX NOMEWeHUl, He 8ce20d
000CHOBANDL, BCIEOCMBUE 4e20 NOBLIUACTICS CIOUMOCTIG CUCHEMbl OCBCUJCHUS], CHUIICAeMCsl ee IPhHerxmusnocmo.
(Llenv uccnedosanusi) Paspabomame memoouxy u aneopumm pabomel npocpammvl pacyema 3QhexmusHoll
cucmemvl oceewenus. (Mamepuanvl u Menmoost) Beibpanu napamempor océemumenvHo2o npubopa, obecneyusarougue
HauMeHbuee OMKIOHEHUe MAKCUMATbHOU OC8EWEHHOCMU U HEPABHOMEPHOCU OCBeUjeHUsl OM UX 3A0AHHbIX
BHAYEHUL 8 JHCUBOMHOB0OUECKOM nomeujeruu. TIokazanu 00un uz 6apuaHmos nPocPecCUBHbIX HaAYYHO-MEXHUYECKUX
Pazpabomox MemoouKu U aieopumma pabomvl RPOSPAMMbL C Yeablo peanusayuu dHepeocoepezaiouje2o pexcuma
numaHusl. Yemanwosunu, umo paspabomxa npospammuvl HO3GOIUM PACCHUMAMb KOHCMPYKMUGHblE NaApaMenmpbl
0C6EMUMENbHBIX  YCMAHOBOK HA OCHOBE CBEMOOU0008, 0becneyums Kauecmeo oceeujeHusi Ha paboyet
20PUBOHMANLHOL NOBEPXHOCIU 8 JCUBOMHOB0OYECKOM nomeweHuu. [Iposenu meopemuueckue uUcciedo8anus Ha
OOHOM U3  JHCUBOMHOB00YecKUX npeonpusmuil. (Pesynemamer u  obcyscoenue) Onpedenunu OCHOBHble



KOHCMPYKmMuUeHbvle napamempsbl 0CeemunteiibHoco npu60pa ons KOHKpemHozo HCUBOMHOBOOUECKO2O nomeuieHus, npu
Komopulx obecneuusaemcs HoOpma oOcCBeweHHoCcmu U UcCKinodaemcs HepasHOMEPHOCNb OCBEULCHUS. (Bbl@Oabl)
Koncmamupoeaﬂu, umo npebﬂowcemtaﬂ KOHCMPYKYUs C8emoOUOOHO20 OCBEMUMEILHO20 ycmpoﬁcm@a ceemujibHuKa
npueedem K CHUJ{CEHUIo 3H€p20n0mpe6ﬂ€HHﬂ, Nno6blIUEHUIO aqbqbeicmueﬂocmu UCNOJIb306aHUA 3.7l€KmpM‘{€CKOL‘Z
dHepeUuu U CcoomeeniCmeeHHOo noeblULeHUNo npodykmuenocmu IHCUBOMHOBOOCMEA. HOKCL?CIﬂM, umo npumeHerue
paspa60maHH020 npoecpammnozco obecneuenus 0acm 803MONCHOCIb NOGLLCUND Sd)dJEKmu@HOCmb pacdemoes.

Knwuesvte cnosa: KOHCMPYKYUs oceemuneilbHoco npu60pa, oceeujerue, ceemoduod, cucmema oceeuleHusl.
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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 TocyaapcTBeHHBIN arpapHbiii yHuBepcuteT mMeHH B.M. Kokoma, r. Hampumk, Poccwuiickas
Oenepanus

Pegpepam. Oona uz npodrem, ¢ KOMoOpou CMAIKUBAIOMCA NPOU3BOOUMENYU 8 YCIOBUAX CKIOHOB020 CA00800CMEd, —
omcymemaue CneyuanrusupoBaHHol MexHuKy, npueooHot O OCYWeCBeHUs. HeOOX00UMbIX pabom, CEA3AHHbIX C
YX000M 3G NPUCIBOTLHLIMU HOJOCAMU NI0008bIX Oepesbes. Koncmpykmughvle ocobennocmu meppac Hakaaobleaiom
ocpanudenus Ha YCao6us QYHKYUOHUPOBAHUS CEeNbCKOXO3SAUCHBEHHbIX A2pecamos, cpedu HUX ciedyem 6bl0enumsb
B803MOJICHOCb NO0X00A K JUHUU pAda 075 0OpabomKu pacmeHuii. moabKo ¢ 0OHOU Ccmopouvl. Boabuuncmeo
€ca008004eCcKUX XO3AUCME pacnoidaeaem 6 OCHOBHOM MEXHUKOU, NPeOHA3HAYeHHOU Ol pabomvl 6 YCIOBUSX
PABHUHHO20 CA00800CMEA, KOMOPAs 3AYACMYH) HenpueoOHA OAs YX00a 3d MNI0008bIMU HACANCOCHUSIMU,
PACRONONCEHHBIMU HA meppacax. AKmyanbHvl UCCIe008aHUsl, HANPAGIEHHbIE HA PA3PAOOMKY CelbCKOXO3SUCMEEHHOU
MeXHUKU 015l 00pabomKu MexHcOypAOUll U NPUCMBOJIbHBIX KPY208 N10008bix Oepesbes 3a 00un npoxoo. (Llenv
uccnedosanust) O60CHOB8AMb OCHOBHbIE KOHCIMPYKMUGHBLE NAPAMEMPbL U PENCUM PAOOMbL KOCUIKU 0I5l CKAUUBAHUS
PACMUmMeNbHOCMU ¢ NPOCMPAHCMEA 80KPY2 wmambda niod08o2o oepesa be3 nospedlcoeHus NocieoHe20 3a 0OUH
npoxoo. (Mamepuanet u memoowvt) Hcnoawvsoeanu pesyrvmamvl QYHKYUOHUPOBAHUA MEXHUUECKUX CPeoCcm8 8
VCNIOBUAX 20PHO20 CA00BOOCMBA NOCPEOCMBOM J02UdecKo2o0 ananusa. Ilposeiu meopemuueckue UcCcie008aHUsL C
HOMOWBIO U3BECMHBIX 3AKOHO8 MAMEMAMUYECK020 aHAIU3A U Mmeopemudeckol Mmexanuxu. (Pesyismamol u
obcyacoenue) Paccmompenu pabomy pedcywezo annapama KoCuiku 6 npoyecce CKAWUBaHus. pacmumenbHOCmu 8
30He NPUCMBOALHO20 Kpyed. (Bwigoowl) Hzzomosunu onvimubwill 06pazey KOCUIKU, NPOU3BOOCHEEHHBLE UCHBINANUS
Komopoti (npu ckopocmu nepedgudicenusi 1,89 kuiomempos 6 uac, KOIu4ecmee pomopos ¢ percyuuM cecmeHmamu
2 wmyku, OnuHe pedcyweo ceemenma 42 munnumempa, yacmome gpaujerus pomopos 2000 munym 6 Munyc nepeotu
cmenenu) noomeepounu, Ymo OHa ¢ npouzgooumenvHocmvio 0,36 cekmapos 6 uac obecneyueaem CKAUUBAHUE
PACMUmMeNbHOCMU ¢ NPOCMPAHCMEA 80KPY2 Wmamoda niod08o2o oepesa b6e3 nospedlcoeHus NocieoHe20 3a 00UH
npoxo0d. Onpedenunu, Ymo 3a cuem CO30aHUsi MyTbUUPYIOWe20 Closi RPOUCXOOUM YIYYUEeHUe COCHOSIHUSL OY6bI,
3awuma meppac om 3PO3UOHHBIX NPOYECCOB U CHUICEHUE 3AMPAmM HA eOUHUY)Y NPOOYKYUU.

Knrouesvie cnosa: cadosoocmeo, meppaca, pacmumenbHOCMb, CKAWUBAHUE, NOYEd, NI000POOUe, KOCUIKA, PENCUM
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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®denepanbHbIA HAyYHBIN arponHxeHepHbIi ienTp BUM, Mocksa, Poccuiickas denepanus

Pegpepam. Ilpouzsodcmeennviii Onvim HOKA3bIGACM, YMO pPA3GUMUE CelbCKo20 XO03aucmed udem no nymu
asmomamuzayuu u pobomusayuu mexnono2uieckux npoyeccos. (Llenv ucciedosanus) I[lposecmu mexunono2uueckuil
aHanuz poboOmMuU3UPOGAHHBIX YCMPOUCME 0I5l NPUSOMOGILEHUS U/UU PA30auu KOPMOCMeECel HA MHCUBOMHOBOOUECKUX
KOMNJIEKCAX N0 COOCPAHCAHUIO KPYNHO20 po2amoz2o ckoma. (Mamepuanst u memodst) Hcnoaw3oeanu uncmpymenmol
MamemMamuyeckoi CmamucmuKky U nPOSPAMMHOe obecneyeHue 0N GU3VALUIAYUU De3YTbMAmo8 UCCLe008aAHUS.
Tpoananusuposanu caiimel npousgoOumeneii agMoMamuecKux CUCmeM KOPMACHUs, POCCUCKUe U 3apybescHbie
neKmpoHuble Oubnuomexu Hayynou rumepamypot eLibrary, Scopus, MDPI u dpyeue. (Pe3ynomamul u 06cyscoenue)
Tpuseru xraccugpukayuio pesyibmamos mexHoro2u4ecko2o ananuza. Ilpedcmasunu Ons penpesenmamueHocmu
8bLO0PKU NepeyeHb MAWUH, CCLIKU HA UCMOYHUKU U AHATU3UpYyeMble napamempol 6 sude mabauysl. Mccnedosanu u
cmamucmuyecku 0opabomanu noayuennyio ungopmayuro. Onpedenunu 3a 0CHO8Y aHaIU3a cledylowue napamempol:
mun O8UNCUMENs;, MUN IHEPLCMUYCCKOU YCMAHOBKY UL UCTOYHUKA NUMAHUS, HATUYUe/OMCymcmeue (yHKyuu
CMEeWUBAHUSL; KOHCIMPYKYUS Y31A CMEWUBAHUSL, Haauyue/omcymemeue @yHkyuu camoszazpysku. (Bvigoos) Buissunu,



Umo 8 IUHElKe GbINYCKAEMbIX POOOMUUPOBAHHBIX KOPMOPA30AMUUK08 86 npoyenmos mooeneil — MOOUIbHbIE, U3
komopuvix 50 npoyenmos — konecHvie, a 36 NpoyeHmMos nepemewjaromcs Nno NOOBECHbIM PeNbCOBbIM NYHIAM.
Yemanosunu, umo 9 npoyenmoe mobunbhvlx pob6omos pabomaiom om dgueameneil eHympennezo ceopanus, 44
npoyenma — om snekmpocemu, 47 npoyenmos — om axkkymynamopHou oamapeu. Iloxazanu, umo 59 npoyenmog
MOOUNBHBIX POOOMOE BbINOIHAIOM PYHKYUIO cmewusanus, 41 npoyenm — moibKko pazoayy 20Mmogbix KopMocmecel,
Hauboree pacnpocmpanensbl KOHCMpPYKyuu pobomog o6vemom 2-4 kyouueckux mempa. Ommemunu, 4mo oOHUM U3
KI04€eBblX (haKmopos, ONpeoensaiowux KOHCMPYKYUo pOoOOMUUPOBAHHO20 KOPMOPA30AMUUKA, CAVICUM  TUR
ABMOMAMUYECKOl CUCmeMbl KOPMIEHUS, 8 COCMAs KOmMopou oH exooum. Kowcmamupoeanu, umo OanbHetuum
HANpasieHueM UCcie008anus cmanem pazpabomra KOHYenmyaibHo MOOeU dgMoMamuieckol Cucmembl KOpMIEeHUs.
07151 OMeueCmBeHHbIX (epM U KOMNIEKCOB.

Kniouesvie cnosa: xopmnenue KPC, pobomusuposanuulii KOPpMOpA30AmM4uK, aMOMAmMuyeckds cucmema
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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Pepepam. B nacmosiyee 6pems 6 pacnpedeienuvblx CUCeMax YNpAeieHusi HenpepblGHbIMU MeXHOIOSUYeCKUMU
npoyeccamu U NPOU3BOOCMBAMU 8 PA3TUYHBIX ACPOKOMHUIEKCAX U OMPACIAX NPOMBIUIEHHOCIU YCMOANACH
KIaccu4eckas annapamuds apxumexmypa ux nocmpoenusi. [1o000nas apxumexmypa umeem psi0 HeOOCMAmMKos, 8
YACMHOCMU HAUYUE DONLUIOZO KOAUYECBA PA3IUYHBIX CIAHOAPMOE WUH nepedayu OAHHbIX HA PA3HBIX YPOBHAX
apxumexmypol RAAM@OOPMbL, YMO YACMO YCIONCHIEM UHmezpayuio omoenvbhvix yacmeti cucmemol. Cospemenvie
cucmembl A8MOMAMU3AYUY OLICMPO PA3GUEATOMCA, YMO NPUBOOUM K NOMPEOHOCMAM 6 HO80M (QYHKYUOHALE
cucmem, KOMopwlll KIACCUHECKAsl apxumexkmypa He modcem obecneuums. ([leav uccnedosanus) Paspabomams
KOHYenYu1o annapamHuoll apxumekmypbl pacnpeoesieHHbIX CUCEM YRPABIeHUs. HeNnPePbl6HbIMU NPOMbIULIEHHBIMU
nPOU3BOOCMEAMU U AZPOKOMIIEKCAMU C UCHONb308AHUEM COBPEMEHHBIX MEXHOA02UN U NPAKMUK APOMBIULEHHO20
unmepnema gewjeil. (Mamepuanvt u memoowt) Mcnonwv3o6ani OmKpwbimvle UCHOYHUKU MENCOVHAPOOHBIX CO0DUecma
6 0baCmU A8MOMAMU3AYUU U NPOMBIULIEHHO20 UHMEPHEMA Gewell, omeyecmeeHHble U 3apybedcHble HayuHble
nybnuxayuu. Tpumenunsu mMemoobl: 0eKOMROZUYUYU NO YPOGHIM AGMOMAMU3AYUU, OeKOMNOZUYUU NO PYHKYUOHATY,
BbINONIHAEMOMY OMOETbHLIMU ANNAPAMHLIMU KOMNOHEHMAMU CUCMeEMbl; 0000WeHUs UHpOopMayuu U3 cO8PEMeHHbIX
UCTOYHUKOB O MeMAmuKe UCCLe008aHUsL, opMaTU3ayuu annapamuoi Cmpykmypbl 8 GUOe NPUHYUNUATLHBIX CXEM.
(Pesynomamol  u  o6cyscoenue) Ilpeonosicunu  npunyunuanvHyro annapamuyro  cxemy IloT niamghopmv
pacnpeoeneHHol cucmemvl YNpasieHusi Ha 0CHO8e MexXHOA02Uull npomviuiienno2o unmepnema eeweti IloT. Coenanu
OCHOBHOU 8EKMOp Npu paspabomxe apXUmeKmypuvl Ha UCHOAb308aAHUU wiunbl Oannbix Ethernet na ecex yposHsx
niamgopmul, a makdxice Ha peanusayuio cospemeruvix u Heobxooumwvix gyuxyuii IlloT. (Bvisoowr) Ilokaszanu, umo
KAaccuveckas —annapamuds — apxXumexmypa —pAcnpeoeieHHblX — CUCeM — VAPABIeHUsi  A2POKOMNIEKCaMu U
HenpepvleHbIMU NPOU3BOOCMBAMU XOPOWLO Ce0sl 3aPeKOMEHO08ANd, OOHAKO NOMPEeOHOCMb GHEOPEHUs. HOB020
@dyuKyuoHaia u ocosnanue HeobX0OUMOCMU UCHOIb306AHUS YHUDUYUPOBAHHBIX WUH Nepedayu OAHHbIX HA 8CeX
VDOGHSAX RNPeOnpusmus Npugooum K paspabomke u NOCmeneHHoMy nepexody k Hoevim IloT apxumexmyphvim
MOOEISIM RPOSKMUPOBANUSL U CO30aHUIO0 NOO0OHBIX cucmeM. [Ipoananuzuposanu umerowuecs Mupogbie meHOeHyul 8
O0aHHOU obnacmu u NPeoNoNCUNU AKMYATbHYIO U COBPEMEHHYIO KoHyenyuio annapammuou apxumexmypol IloT
PACRPeOeNeHHbIX CUCTEM.

Knrouesvie cnosa: npomviunennsvii unmeprem eewetl, lloT, asmomamuzayus.
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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 IloT
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 IloT
distributed systems.

Keywords: industrial Internet of Things, IloT, automation.
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HccaepoBaHue paboThl THOPUAHOM SHEPIreTUYECKOM YCTAHOBKH, pabOTarOIIel Ha
BO300HOBAfAEMBIX HCTOUYHHUKAX SHEPIUH
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KAHAHAQT TEXHUYCCKHUX HayK, AOICHT, e-mail: mitser2002@mail.ru

OpeHOyprckuii rocyJapcTBEeHHbIN yHUBEepcuTeT, I. OpeHOypr, Poccuiickas Denepanus

Pegpepam. Ilpumenenue snepeemuueckux YCmMaHo8oK, pabomarowux Ha 60300HOGIAEMbIX UCTOYHUKAX dHepeul, OJis
INEKMPOCHAOIICEHUsT  PEaNbHbIX  00BEKMOB  6bI3bIBACHL NOBbIUIEHHBI UHMeEpec Ccpedu yuyeHvlx mupa. 3adaua
becnepeOoliHoe0 U HAOEINCHO2O0 IIeKMPOCHAbIICeHUs. YOaleHHblX nompebumeneli akmyanvha. (Llenv uccredosanus)
H3yyumo pabomy cubpuOHbIX IHEPLEMUYECKUX KOMILEKCO8, PADOMAUUX Ha HECKOIbKUX 80300HOGNIAEMbIX UCTOYHUKAX
9Hepauu, 0N noyyeHus becnepebolinozo u HadedcHo2o ucmoynuka numanus. (Mamepuanvl u memoost) IIpeonodcunu
MAMEMAMUYECKyIo MOOelb 2UOPUOHO20 IHEPLEMULECKO20 KOMNILEKCA, COCMOSWE20 U3 COIHEUHO020 MOOYIISl, GeMPOBO20
MOOYS U MOOYIA HAKONAeHUus sHepauu. Ilpedcmasunu mamemamuieckyro MoOeib CONHEUHO20 MOOYIA, YHUMbIEAIOWYIO
memnepamypy okpysicaioweti cpedbl, 3anbLIeHHOCHb CONMHEYHbIX NaHenel, NPONYCKHYIO CNOCOOHOCTb NOBEPXHOCMU HAO
Gomosnemenmamu; U MAMEMAMUYECKYIO MOOETb BeMPOBO20 MOOYIS C YUemoM KOIPhuyuenma noiesHo2o 0eiucmeaust
NEKMPUYECKO20 CUHXPOHHO20 2eHepamopa u pedykmopa. Onpedenunu CYMMApHyl0 MOWHOCHb, 8bIpAdAMbIEAeMyIO
9Hep2emu4eckuUM KOMIIEKCOM 8 1000t MoMeHm epemenu 6 medenue 200a. Cocmasuny ypasHenue 0aianca MOuWHOCMu
cucmemvl anekmpocrabicenus. Ilokaszanu mamemamuueckyio Mooeib 000poOHOU cucmemsl. Paccuumanu Konuuecmeo
9eKmMpOoIHepeuY, HeobXooumol 0ns npousgoocmea 1 kuroepamma 6000poda. Ycmauosunu maccy 6000pooa,
NONYYEeHHO20 nymeM dnekmponusa. Tlonyuunu 3a6UcuMocmes MAaccvl 8000p00a 6 CUCMeMe XPAHEHUs Om 6PeMeHU.
Paccuumanu snekmpuyeckyro MOWHOCHb, KOMOPAsi MOdJicen Oblmb NOIYYeHd Om MONAUBHO20 dNeMeHmd. Beenu
OcpaHuyenus, pezyrupylouue Mmaccy 6000pood, Xpanawezocs 6 pesepeyapax. Paspabomanu cxemy pabomul
9Hepeemuueckol YCMAHOBKU ¢ 6000pOOHOU cucmemoil. (Pesynomamer u ob6cyxcoenue) Ilpodemoncmpupoganu
NOJYYEHHBIT HYyMeM NPAMbIX USMEPEHUL epapuK HASpY3KU INeKMPONPUEMHUKO8 COOCMBEHHBIX HYHCO DOMAHUYECKO20
caoa 3a 200 no mecayam. Ilodobpanu o0b60pyoosanue 0 obecneyeHus pabomovl 2UOPUOHO2O DHEPIEMUUECKO20
Komnnexca. Homyuunu, ucnonb3ys OaHHble 0 60300H0GISEMbIX pecypcax 3a nocneouue 20 nem ¢ yuemom memnepamypol
HAPYIICHO20 6030YXd, 3AUCUMOCTIbL KOIUYECMBA GblpAOOMANHOU SJIeKmpodHepeu 3a 200 no mecsyam. (Bvisoowi)
Buvisigunu, umo snepeemuyeckuii KOMNIAEKC ¢ MOOYIEM HAKONLEHUSL IHEPSUL, COCMOAUUM U3 DNEKMPONU3EPd, HAKONUmMens
6000p00A U MONTUBHO20 dIEMEHMA, CNOCObEeH obecneuumsb HadedcHoe U becnepebolinoe deKmpocHadoicene.
Kniouesvie cnosa: 60300n06/15eMble UCTNIOYHUKY IHEPSUU, 2UOPUOHBILL DHEPIEMUYECKUll KOMNIEKC, COJNHeUHbl
MOOYIIb, CONHEYHAsL NAHETb, 8000POOHBIIL MOOYb, INEKMPONUZHASL YCMAHOBKA, MONLUBHBLU DTIEMEHN.
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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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Pegpepam. [{ns coxpawjenus 8b16p0CO8 NPOMBIUIEHHBIX 2A308, KOMOPbLIE CAYHCAM 2AABHOU NPUYUHOU 2100ATbHO20
nomenJieHus, 8 HacMosujee 8pemMs CIMasumcsa 3a40aya y8eiruteHus NPUPOOHLIX AlbMePHAMUSHBIX UCTHOYHUKO8 DHEPULL:
connya, gempa, 600bl, buosnepeemuxu. (Lenv uccreoosanus) Bvibpams onmumanvhvle napamempusl R0 MOWHOCMU U
060CHO8aHUIO IPDEKMUBHOCTNU YCIMAHOBKU BEMPO2EHEPAMOPA HA CENbCKOXO3AUCBEHHOM NPEONPULMUU, UCX005 U3
UMEIOWUXCST OAHHBIX MOHUMOPUH2A CKOpOCmU 8empd 6 danHoti mecmuocmuy. (Mamepuanst u memoost) Ilpogenu
MOHUMOPUHZ 8eMPOBOU HAZPY3KU 8 medeHue 00Ho20 mecaya 6 Gunuane npeonpusmus AO « Qyeauixnebonpodyxmy —
Tropremuncroe xnebonpuemuoe npeonpusmue, Koznoscxuii pation Yysawckoiu Pecnyoauxu, cmanyus Tioprema.
Ipunsnu 3a mamepuan ucciedo8anus 20PUOHMANLHYIO COCMABNAIWYI0 O0sudicenus gempa. HMcnoavzosanu 01
usmepenus ckopocmu gempa vauteunviti anemomemp MC-13. Bpems uzmepenuii — 6 mapma — 8 anpens 2022 2o0a ¢
8:00 00 19:00 uacos excednesro ¢ unmepeanom 6 oour yac. Obpabomanu danuvie 6 npoepamme Excel. Ilocmpounu
epaguueckue 3a8UCUMOCIU CKOPOCTIU 6empa Om 8pemMenu CymoK u Oueu Hedeau. (Pezyiomamul u obcysicoenue)
Yemanosunu, umo cpednuii noxasamens ckopocmu eempa cocmaguil 5 Mempos 6 ceKyHoy, MUHUMANbHOEe 3HaAYeHue
ckopocmu eempa — 0,8 mempog 8 cekyHOy, MAKCUMATbHOe 3HaAYeHue ckopocmu gempa — 19,4 mempa 6 cexyHOy.
(Bvigoovl) Bwisisunu, umo Haubolee npusiekameivbHvie ¢ MOYKU 3peHust eempogou Haepysku — Kosznosckuil,
Mapuuncko-Ilocadckuii, Yeboxcapcxuii u Lusunvckuii paiionst Yysauickoi Pecnybnuxu. Onpedeaunu, 4mo ¢ mouxu
3peHus IghpexmusrHocmu 8 HedaneKou nepcnekmuge HA00 HcOAmv NPUHYUNUATLHO HOBbIX peuleHUll 8 pa3eumuu
semposnepeemuxu. Koncmamuposanu, umo nepcnexmusHviM npeoCcmagisiemcst UCHOIb308AHUE 8UXPEGLIX I PeKkmos
8 KOHCMPYKYUU 8empOoyCMAaH080K, Mo NO380JAem He MONbKO HAYUHAMb 8blpabamuléams IHepeUr0 Ha 6empax co
cxopocmoio 3,0-4,0 mempa 6 cekyHOy, HO U 0ACH 8O3MOICHOCTNL PADOMbBL OM BOCXOOAWUX MENIO0GLIX HOMOKOS, d
Maksice U30aA8UM OKPYHCAIOWYI0 Cpedy Om HUSKOUACTOMHBIX ULYMOBLIX COCMABIAIOWUX, NPUCYUUX TH000T T0NACTIHOU
8empoycmaHoskxe.

Knroueevie cnosa: anvmepHamuguvie UCOYHUKU JHEPSUU, 8eMeD, 8eMPO2eHepamop, CKOpoCms 8empd, MOUWHOCHb,
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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