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'HMpkyTckuii HAIMOHATBHEIN UCCIEN0BATENBLCKUM TEXHUYECKUI yHUBEpCUTeT, UpkyTck, Poccuiickas ®enepanys;
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Pegpepam. Obecneuenue 6odocHabicenuem NPeORPUAMULl  CeNbCKOXO3AUCIBEHHO20 —HA3HAYEHUA OMAUYAemCs  Om
8000CHAOICEHUS NPOMBIUIEHHbIX NPeOnpuAsmutl. B 3agucumocmu om mexnonocuueckozo npoyecca mpedyemcs obecneuenue
80001 COOMBEMCMEYIOWe20 Kayecmea ¢ HeoOX00uMou memnepamypol. B ceasu ¢ mem, umo cenbckoxossiicmeeHHoe
npou3800Ccmeo nompeodisiem O0Ibloe KOIUUecmso no0o2pemol 600blL i OHO UMeen NepuooutecKull Xapaxmep, npumeHeHue
KIACCUYecKux YCmpoicme Hazpesa 800bl HeljenecoodpasHo uz-3a Huzkol sggexmusnocmu. (Lenv uccredosanus) Uzyuums
IHeP20dPPeKMUBHOCIb NPOMOUHO20 6000HASPESAMENs PANUYHLIX KoHcmpyKyuil. (Mamepuanvt u memoowt) Paccmompenu
HazpesamenbHble SNeMeHMbl, KOMOopble NPUMEHAIONCA 8 YCMpoUucmeax Hazpesa 600bl. Hcnonv3osanu 01 uccie008anus
MeMNepaAmypHbIX HAPAMEMPO8 BOCOMUKAHATbHYIL usMepumensy memnepamypol gupmvi OBEH VKT38 ¢ xomniexmom
mepmonap, 0751 KOHMPOA I1eKMpohusuyeckux napamempos — npubop «Iuepeomepy mapku MT4014 u myromumemp B7-35.
(Pezynvmamol u obcyscoenue) Ilokazanu, umo noaynpoBOOHUKOGble HAZPEBAMENbHbIE DIEMEHMbl, U320MOBIEHHbIE NO
mexHono2uu, npedcmasienHol 6 namenme Ne 172386, npesocxooam mpyduamele HacpegamenvHvle dNeMeHNbl HO MAKUM
napamempam Kax HadexnCcHocmy u dexmusnocms. Onpedenunu IKCHePUMEHMANLHO, YMO HPU ONUMELbHOU IKCATYAMayuu
meMnepamypa Ha 2perujem dieMeHme Y mpyouamozo HAzpesameibHO20 dIeMeHMa HAX0OUMCs 8 NpeoelbHOM 3HAYEHUU.
Yemanosunu, umo npomounvie nacpesamenu 600bl ¢ OGHHLIMU HASPEBAMENLHBIMU NEMEHMAMU MOSYM UCHONb308AMbCA
MOIbKO 8 NOBHOPHO-KPAMKOBDEMEHHOM pedcume pabomvl. Bulachunu, umo npu onumensHoU SKCRAYAmMayuy memMnepamypa Ha
2peloujeM dnemenme y NONYNPOGOOHUKOB020 HAZPEBAMENbHO20 INleMeHma He MeHAemcsa U He npesviuudem HpeoenbHblX
3HaueHull, pexcuM pabomvl NPOMOUHBIX Hazpesameiell 800bl C NOLYNPOBOOHUKOBbIMU HASPEBAMENbHbIMU dleMeHmamu —
HOBMOPHO-NPOOOANCUmMenbHbLl. (Bbi600bl) Bviasunu, umo npumeHenue HoBbIX MEeXHUYECKUX petueruti U HOBbIX MeXHOI02Ull 0Jis
obecneuenus 2opaue20 6000CHADICEHU HA NPEONPUAMUSX CeTbCKOXO3AUCMBEHHO20 HAZHAYEHUS NOMONCen NOBbICUNb
HAOEICHOCb U IPPEKMUBHOCHIb RPUMEHSLEMO20 000PYOOBAHUSL.

Kniouesvie  cnosa: npomounvlii  8000HAZpe8AMENb,  NOAYNPOGOOHUKOGYINL  HAZPEBAMENbHBIN  IAEMEHM,
aHepaocbepedicerue, copsauee 8000CHADICEHUE, CeNbCKOXO3AUCMBEHHbIe 30AHU.
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1l SnekmpomexHonoeauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67. N4(41). C. 3-8. DOI 10.22314/2658-4859-2020-67-4-3-8.

Energy-Efficient Design of an Instantaneous Water Heater

Igor’ Yu. Shelekhov!,
Ph.D.(Eng.), associate professor, promteplo@yandex.ru;
Igor V. Altukhov?,
Dr.Sc.(Eng.), professor;
Vadim D. Ochirov?,
Ph.D.(Eng.), chief of the chair

YIrkutsk National Research Technical University, Irkutsk, Russian Federation;
2Irkutsk State Agrarian University named after A.A. Ezhevskiy, Molodezhnyy settlement, Irkutsk district, Irkutsk region,
Russian Federation

Abstract. Water supply for agricultural enterprises differs from water supply for industrial enterprises. Depending

on the technological process, it is necessary to provide water of the appropriate quality with the required temperature.
Because agricultural production consumes a large amount of heated water and it has a periodic nature, the use of
classical water heating devices is impractical due to low efficiency. (Research purpose) The research purpose is in



studying the energy efficiency of a flow-through water heaters of various designs. (Materials and methods) Authors
reviewed the heating elements that are used in water heating devices. An eight-channel ARIES UKT38 temperature
meter with a set of thermocouples was used to study the temperature parameters, and an Energomer device of the
MT4014 brand and a V7-35 multimeter were used to control the electrophysical parameters. (Results and discussion)
Semiconductor heating elements manufactured using the technology presented in patent No. 172386 are superior to
tubular heating elements in such parameters as reliability and efficiency. During long-term operation, the
temperature on the heating element at the tubular heating element is in the limit value. Flow-through water heaters
with these heating elements can only be used in repeated-short-term operation mode. During long—term operation,
the temperature on the heating element of the semiconductor heating element does not change and does not exceed
the limit values, and the operating mode of flow water heaters with semiconductor heating elements is repeatedly-
continuous. (Conclusions) The use of new technical solutions and new technologies for providing hot water supply at
agricultural enterprises will help to increase the reliability and efficiency of the equipment used.

Keywords: instantaneous water heater, semiconductor heating element, energy saving, hot water supply, agricultural
buildings.

For citation: Shelekhov I.Yu., Altukhov I.V., Ochirov V.D. Energoeffektivhaya konstruktsiya protochnogo vodonagrevatelya [Energy-
efficient design of an instantaneous water heater]. Elektrotekhnologii i elektrooborudovanie v APK. 2020. Vol. 67. N4(41). 3-8 (In
Russian). DOI 10.22314/2658-4859-2020-67-4-3-8.
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ITepcrexruBa npumenenus coocrseHHon TOC aag sHeprocHab keHUA
arpouH>keHepHOro nearpa BMIM

Basentnr Asexcanaposuu I'ycapos,
AOKTOP TEXHUYECKUX HAVK, TAABHBIH HAYIHBII COTPYAHHK, e-mail: cosinys50@mail.ru

®denepanpHBIA HAYYHBIN arponHkeHepHbIi neaTp BUM, Mocksa, Poccutickas @enepanus

Pegpepam. Ilo mepe pacuwupenus npoMululieHHO20 NPOU3BOOCMEA, PA3GUMUA UHDPACMPYKIMYPbL, 66004 8 CMPOTL
HOB020 MEXHON02UHeCcK020 000PYO06aANUs, YEENUYUBAIOMCA NOMPEOHOCHU 8 IHEP2UL, d 3HAYUM, 803DACMAEm POJlb
HAO0eICHO20 DHEP2OCHAbIICeHUss npombluieHHbIx npeonpusmui. C ROMOWbBIO 2NeKMPOIHEp2UY NPOUIBOOUMCS
oceewjenue meppumopuy npeonpusmus, yexos, 1abopamoputl, RPUEOOAMcs 6 Oelicmeue CIMAHKu U MexXaHusmbl,
OCYWeCmaIAemcs asmomMamuyeckoe ynpasienue meniocHaddicenuem nomeujeHull u OpyeumMu MmexHos02U4ecKumu
npoyeccamu. Om ypoeHs HadedcHocmu U 0e30nacHOCHU NOCMAGOK MEeNAd U JJeKMpOIHePIUU 3a6UCUM
CMabuIbHOCMb pabomsl npeonpusmus U e20 SKOHomuueckas sgpgexmuenocms. (Llenv uccreoosanus) Onpedenumeo
IKOHOMUHECKYIO IPPEKMUSHOCHb OM NPUMEHEHUSA COOCIMBEHHOU MENA0IIeKMPOCMAHYUY HA Da3e 2a30MyPOUHHO20
anepeoazpecama. (Mamepuanvr u memoowy) I[lokazanu npeumywecmea om UCHOTL308AHUA COOCMBEHHOU
mennosiekmpocmanyuy, pabomarowel Ha npupoonom e2asze. Ilpuseru Haubonee dppexmusHvlii  Oanamc
npou3600cmea menyiogou u ieKkmpuieckoil suepeuu. (Pesyromamuol u o6cyscoenue) Ipednroscunu cmpoumenbcmso
COOCMBEHHOU  MEeNI0INIeKMPOCMAanHyuy  Olisl  MenI0INeKMPOCHAOIHCEHUs. ONpeOdesieHHbIX NPOeKMOoM 30aHUll U
coopyoacenutt Ha meppumopuu DHAL] BUM. Paccmompenu Hamemuguiyiocsi MeHOEHYUo Cmpoumenbcmed
NPOMBIUACHHBIMU NPEONPUANUAMU COOCMEEHHBIX INEKMPOCMANYUL, KOMOopble 0aiom 603MOICHOCHb 00eCcnedtéams
cebst Meniom u INeKmpuuecmeom CamoCcmosmenbto, U 2apanmupylom oonee HadexiCcHoe QYHKYUOHUposanue yexos
U noopasoeneHull 3a cuem CHUICEHUs. NPOCMOEE U CPbIEOE MEXHONI02UYECKUX npoyeccos. (Bvigoowt) Ycemanosunu,
4mo npumeHeHue MmeniodieKmpoCmanyuy Ha o6aze 2a30mypoUHHO20 dHep2oazpe2ama No360aUm NOLYYUMb 20008YI0
npubsbLib,  obecneyum — IHEPSOHE3AGUCUMOCIb,  NOBbICUM  HAOEICHOCMb — IHEP2OCHAOIICeHUs,  YEeaudUm
penmabdenbHoCcmy npou3Bo00Cmed. Boiasunu, umo mMHozue Kpynuvie npeonpusimus, npeciedys IKOHOMU4ecKue yeiu,
Hapady ¢ cobcmeennbiM obecnedeHuem I1eKmpodIHepauel, OCyWeCmeaaom nocmagKy «UsiuwHely Hepeuu
YEHMPATUZ0BAHHbIM CEMAM, 3a4ACTYI0 YPOGEHb NOCMABKU IHEPSUU «HA IKCHOPMY 3HAYUMENbHO NPEeBOCX0OUM
YPOGeHb COOCMBEHHO20 NOMPEDeHUS.

Kniouesvie cnosa: 2azomypOounHas menyiodneKmpoCcmanyus, menjiogas 9dHepeus, JIeKmpUdecKas >dHepaus,

9KOHOMUYECKASL P PEeKMUBHOCIb, 2000801 PAcX00 MENI080U dIHEPeUlU, 2000801 PACX00 ILEKMPOIHEPUU.



Onsa yutupoBaHus: Nycapos B.A. [NepcnekTnBa npumeHeHust cobcTBeHHon TOC ans aHeprocHabXXeHUst arpOUHXEHEPHOTO LieHTpa
BWUM /I SnekmpomexHonoauu u anekmpoobopydosaHue g AlK. 2020. T. 67. N4(41). C. 9-16. DOI 10.22314/2658-4859-2020-67-4-
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The Prospect of Using Own TPP in Power Supply of Federal Scientific Agroengineering
Center VIM

Valentin A. Gusarov,
Dr.Sc.(Eng.), chief researcher, e-mail: cosinys50@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. As industrial production expands, infrastructure develops, and new technological equipment is put into
operation, energy needs increase, which means that the role of reliable energy supply to industrial enterprises
increases. Electricity is used to light the territory of the enterprise, workshops, and laboratories, operate machines
and mechanisms, automatically control the heat supply of premises and other technological processes. The level of
reliability and security of heat and electricity supplies determines the stability of the enterprise and its economic
efficiency. (Research purpose) The research purpose is in studying the economic efficiency of using own thermal
power plant based on a gas turbine power unit. (Materials and methods) The article presents the advantages of using
own thermal power plant that runs on natural gas. The most efficient balance of heat and electric energy production
was determined. (Results and discussion) The article presents the construction of thermal power plant for the heat
supply of buildings and structures defined by the project on the territory of the Federal Scientific Agroengineering
Center VIM. The article considers the emerging trend of industrial enterprises building their own power plants, which
make it possible to provide themselves with heat and electricity independently and guarantee more reliable operation
of workshops by reducing downtime and disruptions of technological processes. (Conclusions) The use of a thermal
power plant based on a gas turbine power unit will allow to get an annual profit, ensure energy independence,
increase the reliability of power supply, and increase the profitability of production. Many large enterprises, pursuing
economic goals, along with their own electricity supply, supply «excess» energy to centralized networks, often the
level of energy supply «for exporty significantly exceeds the level of their own consumption.

Keywords: gas turbine thermal power plant, thermal energy, electric energy, economic efficiency, annual heat
consumption, annual electricity consumption.
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Pecpepam. Ilpusedenvl pe3ynomamol meopemuieckux UcCCie008anull pacuema napamempos KOpOHHO20 paspsaoa npu
3awume meppumopui NOOCMAHYULL 0N NPSIMbIX YOap08 MOIHUU C UCNOTb308AHUEM MYTbMUNPOCOBOL MOTHUEIAUUMDL.
Hapamempul KOPOHHO20 PaA3PA0A UMEIOM 8AICHOE 3HAUEHUE NPU PAcyeme Nomepb SHepull 8 NPOBoOaAx 8030YUHOU
JUHUU d7IeKmponepeoayu 8 nioxyio nozody. (Llenv uccrnedosanus) Paspabomams pacuemuyro mooenv u npogecmu



auanus npoyeccos npu MoaHue3awume noOCManyuu nymem pasmeuerus Hao Hell NapaLielbHbIX 3a3eMIeHHbIX MPOCo8,
NOOBEWEHHbIX HA ONOPAX, KOMOpble BbIHECeHbl 3a npedeivl meppumopuu noocmanyuu. (Mamepuanvt u memoowi)
THonoowcunu 6 0cHOBY pewleHus U38eCHOe COOMHOWEHUe 0N MUNUYHOU OUNONbHOU MOOeU 3apANCEeHHOU AYelKu
2po3osozo  obnaxa. (Pezynemamer u obcyscoenue) Ilpusenu pacuemmuvie meopemudecKue 3a8UCUMOCHIU,
MamemMamuyeckylo nOCMAaHo8Ky U Ai20PUmMM YUCIEHHO20 pacyema O08YMepHOU 3a0ayl, COCMAasiowue 0CHO8Y 0/
pacuema MyIbmMUmMpOCO80t MOTHUE3AWUMbL, d MAKd)iCe pPe3YIbmamsl pAaciemos mpoCcosol MOTHUEIAUUNbL
mpaucgopmamopHol NOOCMAHYUU HA OCHOBE OB8YMEPHO20 YUCIEHHO20 MOOeIUPOBAHUS U CPABHEHUe pe3Vibmamos
pacuemog no aHATUMUYECKUM BbIPANCEHUIM C Pe3VIbMamam 08YMEPHO20 HUCIEHHO20 MOoOenupoganus. Buisgunu,
umo, HecCMOMps HA 3AMemHOe pAasiuyue Mexcoy NpedebHbIMU MOKAMU, PACCYUMAHHLIMU DASHLIMU Memoodmu,
OMaUYUE OM HUX CPEOHE20 MedHCOY HUMU MOKA HEBENUKO NO CPABHEHUIO C CAMUMU MOKAMU, ROIMOMY Ol OnpedeneHus
akmuuecko2o mMoKa MONCHO UCNONb30BAMb €20 CpeoHee apumemuyeckoe 3Hayenue. (Bvigoowr) Iloxazanu, umo
NONYYeHHble  Pe3yNbMmambl  NO3GONAIOM  VYUMbIEAMb USMEHEHUe Napamemposg KOpoubl, Qopmupyiouelcss 6
NEKMPUYECKOM NOJe 2P03068020 001aKd, 8007b e20 ONUHbL MPOca U3-3d €20 Nposecd, MAK KaK maxue usmeHeHus
BXOOHBIX NAPAMENPOE OKA3LIBAIONT 3AMEMHOE 6IUSHUE HA KOPOHHBIU NPOYECC, 8 HEKOMOPBIX CIYYASX OHO OKA3bIBAEHICS]
bonee cyuecmeeHHbIM N0 CPABHEHUIO C 8IUAHUEM, CBA3AHHBIM C PealbHbIM HPO8ECOM MPOCO8.

Knrouesvie cnosa: monnuesauuma, Mooeauposanie, KOpoHHbIU paspsio, 2po30mpoc, KOPOHUPOBAHUe.
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Calculation of Corona Discharge Parameters for Multi-Wire Lightning Protection

Sergey V. Vendin,
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senior lecturer;

Alexey O. Yakovlev,

senior lecturer
Belgorod State Agricultural University named after V.Ya. Gorin, Belgorod, Russian Federation

Abstract. The article presents the results of theoretical calculating the parameters of a corona discharge when
protecting the territory of substations from direct lightning strikes using multi-drop lightning protection. The
parameters of the corona discharge are important when calculating the energy losses in the wires of overhead power
lines in bad weather. (Research purpose) The research purpose is in developing a computational model and analyze
the processes of lightning protection of a substation by placing parallel grounded cables suspended on supports that
are placed outside the substation territory. (Materials and methods) The solution is based on a well-known relation
for a typical dipole model of a charged thundercloud cell. (Results and discussion) The article present the calculated
theoretical dependences, mathematical formulation and algorithm for numerical calculation of the two-dimensional
problem that form the basis for calculating multi-wire lightning protection, as well as the calculation results of cable
lightning protection of a transformer substation based on two-dimensional numerical modeling and comparison of
the results of calculations using analytical expressions with the results of two-dimensional numerical modeling.
Despite the noticeable difference between the limit currents calculated by different methods, the difference between
the average current between them is small compared to the currents themselves, so one can use its arithmetic mean
to determine the actual current. (Conclusions) The obtained results allow to take into account changes in the
parameters of the corona formed in the electric field of a thundercloud along its cable length due to its sag, since
such changes in the input parameters have a noticeable effect on the corona process, in some cases it is more
significant than the effect associated with the actual sag of the cables.

Keywords: lightning protection, modeling, crown discharge, lightning bolt, corona.

For citation: Vendin S.V., Solov'ev S.V,, Kilin S.V., Yakovlev A.O. Raschet parametrov koronnogo razryada dlya mul’titrosovoj
molniezashchity [Calculation of corona discharge parameters for multi-wire lightning protection]. Elektrotekhnologii i
elektrooborudovanie v APK. 2020. Vol. 67. N4(41). 17-28 (In Russian). DOI 10.22314/2658-4859-2020-67-4-17-28.
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PesonancHas cucrema IepeAadn SAeKTPO3Heprun Aas cospanua Wi-Fi
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AnToH ITaBaoBuu Cropos,
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Pegpepam. Pesonancuvie cucmemsl nepeoayu d1eKmpodIHepu npeoHasnaiensl 0s d1eKmpoCcHadlIcenus y0aie HHbIX
aeKmponompedbumeneti. Maiou U cpeoHell MOWHOCMU, A MAaKdlce Ol OC6CUJeHUsi NOMEWeHUTl U Meppumopuil.
Cucmemvl 8K1I0UAIOM YCMPOUCMEA NPeodPA306AHUS YACHOMbL, TUHULU ITEKMPONEPeOayu u yempoucmea 06pammozo
npeodpaz0eanus HanpsJICeHUusi 8 HeoOXoouMoe HanpsiceHue nompebumenio. /Jannas cucmema MON*Cem CIydICUmb
01 nepedauu 31eKMpoOIHepeUU No JUHUAM daeKkmponepeday K moukam oocmyna Wi-Fi. (Lleav uccredosanus)
Ilposecmu ananuz LPWAN-cemei. Paspabomams komniekm 000py0osanusi OJil PE30HAHCHOU nepedaiu
INEKMPOIHEP2UL, PACCUUMAMb CHIOUMOCTb NPOEKMd, ONUCaAmb pPaboOmy KOMWIEKMA PE30OHAHCHOU CUCHEMbL.
(Mamepuanvt u memoowt) Hcnonvsosanu mamepuansl, 060pydosanue u npudopsbl. mpexgaznolii 8bINPSMUmMens ¢
KOHOEHCAMOPHBIM (UTbMPOM, DNIEKMPOHHYIO CXeMY YNPAGIeHUs. Nepedadl, CUNLO8bIX KoYl U PEe30HAHCHO20
KonebamenvHo2o Konmypa (mpancgopmamopa). (Pezyromamor u ob6cyocoenue) [ns paspabomru u uzeomoesienus
VCMAHOBKU NPUMEHUNU NPUHYUN PAOOMbL PE30HAHCHOU CUCEMbL ILEKMPONEpedayl, OCHOSAHHbLI HA UCHOIb308AHUU
08YX MPanchopmamopos, pabomarouwux Ha nogvluleHHOU yacmome 5-15 kunoeepy, u 00HORPOBOOHOU TUHUU MEHCOY
HUMU ¢ Hanpsicenuem aunuu 1-10 xkunoeamm npu pabome 6 pPE3OHAHCHOM pedcume, HA KOMOPOM CUCHeMd
pabomaem na wacmome 7-9 Kunoeepy, u npu HanpsiceHuu 8 auHuu dnekmponepedauu 1500 éonbm nosgonsem
nepedasams INEKMPOIHEPSUIO NO OOHONPOBOOHOU JUHUU dlekmponepedayu mowHocmvio 0o 8000 eamm Ha
paccmosanue 0o 1,5 xunomempos. Ilposenu anamus ocobennocmeir LPWAN-cemu. Paspabomanu rxomniexm
000py008aHUSA ONI5l pe30HAHCHOU Nepedayl INeKMpoIHep2UlU, nepedarouue u npuemHele 010ku. (Boisoost) Iokazanu
HayyHoe U NpAKMUYecKoe 3HAYEeHUe pe3yIbMamos GblNOIHEHHbIX UCCIe008AHULL: NPeOCmAGUIY  KOMNIEKM
PE3OHAHCHOU CUCMEMbL NEPedadl INEKMPOIHEPSUL, PACCUUMATY CIOUMOCTb NPOEKMA, ONUCANU RPUHYUN pabonbl
cucmembi.

Knroueevie cnosa: pesonanchas cucmema, nepedaud 3Hepeul, 3NeKMPOCHAOJICeHUe, 3IeKmpOoCHAbi CeHue
nompebumenei, cucmema d1eKmponepeoayll.
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Resonant Power Transmission System for the Creation of Wi-Fi Information Networks
and Receiving of Information from Housing and Communal Services

Leonid Yu. Yuferev,
Dr.Sc.(Eng.), chief researcher, e-mail: leouf@yandex.ru;
Anton P. Sporov,
master’s student, engineer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Resonant power transmission systems are designed for power supply to remote consumers of small and
medium power, as well as for lighting of premises and territories. The systems include frequency conversion devices,
power lines, and reverse voltage conversion devices to the required voltage for the consumer. This system can be used
for transmitting electricity via power lines to Wi-Fi access points. (Research purpose) The research purpose is in



analyzing LPWAN networks, developing a set of equipment for resonant power transmission, calculating the project
cost and describing the operation of the resonant system set. (Materials and methods) During the study, the next
materials, equipment, and devices were used: a three-phase rectifier with a capacitor filter, an electronic transmission
control circuit, power switches and a resonant oscillating circuit (transformer). (Results and discussion) To design
and manufacture the installation, authors used the principle of operation of the resonant power transmission system
based on the use of two transformers, operating at a frequency of 5-15 kilohertz, and single-wire line between them
with a line voltage of 1-10 kilovolts when operating in a resonant mode at which the system operates at a frequency
of 7-9 kilohertz, and the voltage in the transmission line of 1500 volts allows to transmit electricity through the single-
wire transmission line with a capacity of up to 8,000 watts at a distance of 1.5 kilometers. Authors analyzed the
features of the LPWAN network and developed a set of equipment for resonant power transmission, transmitting and
receiving units. (Conclusions) The scientific and practical significance of the results is in: a set of resonant power
transmission systems, calculated the cost of the project, and the principle of operation of the system.

Keywords: resonance system, power transmission, power supply, power supply to consumers, power transmission
system.

For citation: Yuferev L.Yu., Sporov A.P. Rezonansnaya sistema peredachi elektroenergii dlya sozdaniya Wi-Fi informatsionnykh
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Pegpepam. Hcnonvzosanue snekmpogpusuyeckux 6030eticmsutl O npeonocesHoll oopaboOmKu CeMsAH CYICUN
apexmusnviM cnOCOOOM NOBLIUEHUA UX NOCESHBIX Kayecms. [Ipumenenie smux mMemooos 0epaHuieHo mem, 4mo
0N ux peanuzayuu mpedyemcsi HO8oe MexHoIo2uueckoe 000pyoosaHue 6 TUHUAX obpabomxu 3epua. /lannas
npobnema pewaemcs npowe, K020a 0as NPeOnoCesHol 00pabomKu UCHONb3YIOM YCMAHOBKU OISl AKMUBHO2O
senmuauposarus u cywku 3epua. (Lleav uccneoosanus) Onpedenums ¢ NOMOWBIO KOMNBIOMEPHO2O MOOETUPOBAHUS
B03MOMHCHOCTG UCHONB306AHUA YCIMAHOBOK AKIMUBHO20 BEHMUNUPOBAHUA U CEBEPXBLICOKOUACNOMHBIX KOHBEKMUBHBIX
3EPHOCYWUNOK OJisL NPEeONOCe8HON 00pabomKu 3epua u oyenums 3¢pexmusHocmes makou oopabomru. (Mamepuanvl
u memoowvr) Koncmamuposeaau, 4mo npu @HeuiHem 8030eliCmeuy Ha cemMeHd, PACNON0NHCeHHble 68 NIOMHOM CIOe,
Heobx00umo obecneuums pasHomepnocms ux obpabomku. Ocywecmsuiu npeonocesnyio obpabomxy cemsan Ha
PeanvHblX yCmaHmoskax. Beicesanu obpabomanmnvie cemena Ha IKCHEPUMEHINATLHLIX O€NAHKAX U OYEHUBAIU
pesynomamvl  0opabomku. (Pezynomamor u obcyocoenue) Ilonyuunu epaguru usmeneHus memnepamypvl u
GIAJICHOCMU 3epHA 8 npoyecce oopabomxu. [lposenu 051 NpogepKu peanuzyemocmu npeonocesHou 0opabomxu
MOOeNUPOBanUe NPoYecco8 8030YUIHO-MENNIOB0U U CBEePXGbICOKOUACMOMHOU KOHBEKMUBHOU 0OPAOOMKU CEeMSH.
[lokasanu no umozam noieevix IKCHEPUMEHINO0S, YMO 8030VUIHO-MENN06As 0OpabOmMKa CIMUMYIUPYem pazsumue
6MOPUYHBIX  KOPHell pacmeHutl, CcnOCO6CMEyem UHMEHCUGHOMY NPUPOCMY  3€leHOU  MAccbl  PacmeHull;
CB8EPX8bICOKOUACMOMHAS, KOHBEKMUBHASL 00pabOmMKa CeMAH NO360IAEM YEeIUYUMb KOIUUECTNBO NPOOYKIMUBHBIX
cmebnel y pacmeHull, KOIUYeCm80 KOA0Cbe8 y 00H020 pacmenus. (Bvieoowl) Yemanosunu, umo mexnonocuyeckoe
000pyoosanue, npedHa3HaAueHHoe OISl CYWIKU, AKMUBHO20 BEHMUNUPOSAHUS 3epHA ekmusHo modicem Ovimb

UCNONBL308AHO OJIS I’lpe()l’lOCESHOﬁ 06pa6oml<u cemsan. Bviseunu 6 xooe noneswvix IKCNepUMerHmos, 4mo, NPUMeHss



pasiuuHble ULl GHEWHE20 B030€lCMEUsl HA CeMeHd Npu Ux npeonoceéHol obpabomie, 603MONICHO YNPAGISND
CIMPYKMYPOIL YPOA*CASL.

Knroueevie cnosa: cemena, npeonocesnan obpadbomka, CBY-xoneexmusnas obpabomxa, 6030yuiHO-mennogas
06pabomKa, KOMRbIOMEPHOE MOOETUPOBAHIUE.

Onsa untupoBaHus: Bacunees A.A., Bacunbes A.H., BygHukos [.A., Wapko A.A. MogenuposaHue n pesynbTaTtbl NPeAnoCeBHON
CBM 1 koHBeKTMBHO-TeMnoBou 0bpaboTku cemsiH // SnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67. N4(41). C.
35-43. DOI 10.22314/2658-4859-2020-67-4-35-43.

Modeling and Experimental Verification of Air-Thermal and Microwave-Convective
Presowing Seed Treatment

Aleksey A. Vasil’ev,
Ph.D.(Eng.), leading researcher;
Aleksey N. Vasil’ev,
Dr.Sc.(Eng.), professor, e-mail: vasilev-viesh@inbox.ru;
Dmitriy A. Budnikov,
Ph.D.(Eng.), leading researcher;
Anton A. Sharko,
engineer
Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The use of electrophysical influences for pre-sowing treatment of seeds is an effective way to increase their
sowing quality. The use of these methods is limited by the fact that their implementation requires new technological
equipment in grain processing lines. This problem is solved more easily when pre-sowing processing is performed
using installations for active ventilation and grain drying. (Research purpose) The research purpose is in determining
the possibility of using active ventilation units and ultra-high-frequency convective grain dryers for pre-sowing grain
processing and to evaluating the effectiveness of such processing using computer modeling. (Materials and methods)
It is necessary to ensure the uniformity of processing with external influence the seeds placed in a dense layer. Authors
carried out pre-sowing treatment of seeds on real installations. Treated seeds were sown in experimental plots and
the results of treatment were evaluated. (Results and discussion) The article presents graphs of changes in grain
temperature and humidity during processing. To check the feasibility of pre-sowing treatment, authors performed
modeling of air-heat and ultra-high-frequency convective seed treatment processes. Based on the results of field
experiments, air-heat treatment stimulates the development of secondary plant roots, contributes to an intensive
increase in the green mass of plants; ultra-high-frequency convective seed treatment allows increasing the number of
productive stems in plants, the number of ears in one plant. (Conclusions) Technological equipment designed for
drying and active ventilation of grain can be effectively used for pre-sowing seed processing. In the course of field
experiments, it was revealed the possibility of controlling the structure of the crop using different types of external
influence on seeds during their pre-sowing processing.

Keywords: seeds, pre-sowing treatment, microwave-convective treatment, air-heat treatment, computer simulation.

For citation: Vasil'ev A.A., Vasil’ev A.N., Budnikov D.A., Sharko A.A. Modelirovanie i rezul’'taty predposevnoy SVCh i konvektivno-
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FOaua AsexcanapoBHa AomaTuHa,
HAYYHBIN COTPYAHHK

®enepanbHbIA HAyYHBIN arponHxkeHepHbIil neHTp BUM, Mocksa, Pocculickas @enepanus

Pepepam. Ocnoenasi 3a0aua 6 pazpaboOmMKax KOHYECHMPUPYIOWUX CUCMEM — CHUdICEHUE HEeOOHOPOOHO20
pacnpedenenus 0C8ewWeHHOCMU N0  (POKATbHOMY HAMHY, onpedensioujee pacnpeoeiieHue Ha NPUEeMHUKE
KOHYEHMPUPOBAHHO20 U3IYHEHUsl, YmO eausem Ha I gexmuenocms menio- u gomonpeobpaszosameneti. (Llenv
uccneoosanus) Iposecmu mooenuposanue 0ns pacyema, MexHOI0SUU U320MOBIEHUSL KOHCIMPYKYUU U UCCTIe008AHUS
Xapaxmepucmux — meniogomoseKmpuuecko20  Mooyasi € 340AHHbIMU — DHEPLeMUYECKUMU — NapaMempamu.
(Mamepuanwsl u memoowt) Paccmompenu Hogble menioghomosiekmpuyeckue MOOYau, 8Kuouarouue homonpuemMHuxu
U KoHyewmpamopwl, obecneyugarouue Ip@exmusnoe npeobpazoeanue coaneyHol suepeuu 6 mennogyi. Ocnogy
UCCIe008AHUTI  COCMABUIU — NPUEMbL  MAMEMAMUYECK020  MOOCIUPOBAHUsL € UCHOIb306AHUEM — 3AKOHO8
Gomosnexmpuuecmesa, ceomempuyeckol ONMuKY, a maKdce menio- u maccooomena. Hcnonvzosanu 0as co30anust
MOOenu ONbIMHO20 00PA3YA COTHEUHO20 MOOYIISL CUCTIEMY A8MOMAMU3UPosanHo2o npoekmuposarus KOMITAC-3D,
6 Kauecmge uzeomosnenus nonyuenuvix CAD-moodeneii 3adeticmeosanu mexnonoeuio 3D-newamu FDM. [Ipogenu
cmenoosbie U HAMypPHbIe UCNBIMAHUS KOMIOHEHMOS8 U KOMWIEKCO8 COTHEUHbIX JHEP2OCUCEM C YElbl0 YIMOYHEHUs
pacuemnvlx napamempos. (Pesynomamor u obcyxncoenue) Hccnedosanu pazpabomarnmwiii COMHEUHBI MOOYIb C
napaboroYUIUHOPULECKUM KOHYESHMPAMOPOM U TUHEUYAMbIM (OMONPUEMHUKOM C HECUMMEMPUUHbIM NPODULEM,
CHABIICEHHBITL CUCTEMOL NPOMOKA MENIOHOCUMENS, PUIUKO-MAMeMamuiecKue Mooeiu, Ha OCHOBAHUU KOMOPbIX
paccuumanu: KOHCMpPYKmMueHble Nnapamempvl MOOYs, pAcnpedeieHue KOHYEHMPayuu CONHeYH020 U3NLYYeHUs No
wupuHe HOMONPUEMHUKA, 3AGUCUMOCIU PACHPeOeNeHUs MeMnepamypbl Hazpesa MmMenioHoOCUmens no npo@uiio
¢omonpuemnuxa. Cnpoexmupoganu Mmaxkem 64a308020 MENIOPOMOINEKMPULECKO20 MO0V, 6 KOMOPOM
CKPY2NeHHAsl HUICHSSL YACMb NOBOPOMHOU CIMOUKU, 3AKPENIEHHOU HA OCU, NO3605Iem CO30A68ANMb NOBOPOM 6 0CEB0M
Hanpagnenuu depoicamenei pomonpuemnura 6 npedeiax 20 2padycog ¢ MeXaHusMOM KpenjieHus I0CmuposaHHo20
nonogicenus. (Bvigoowl) Buisgunu, umo Ha O0CHOBAHUU NPOBEOEHHOU HA CMeHOe 0CMUPOBKU COXPAHAEemCs
UOEHMUYHOE — PACHONIOJICEHUE NPUEMHUKOS  KOHYEHMPUPOBAHHO20 — COIHEYHO20 — UZNYYEHUs OMHOCUMENbHO
KOHYEHMPAMOopos 8 YCmanogKe.

Knroueevie crrosa: mennogomosnexmpuyeckue Mooy, COIHEYHOe U3TyYeHue, KOHYEHMPAmopbl, 2eOMempUyecKas
onmuxa, npuemnux, 3D-neuamo, FDM, KOMIIAC-3D, CAD-mo0ens.

Ona untupoBaHusa: Maiiopos B.A., Ceupugos A.C., lNonatuHa KO.A. TexHomnorus cb6opku 6a3oBbix mogynen TOS Ha ocHoBe
NpUMEHeHNs agauTUBHBIX TeXHonorui // AnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67. N4(41). C. 44-50. DOI
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Assembly Technology of PVT-Modules Based on 3D-Technologies
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Dr.Sc.(Eng.), leading researcher, e-mail: solatlab@mail.ru;
Aleksey S. Sviridov,
junior researcher;
Yuliya A. Lopatina,
researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation
Abstract. The main task in the development of concentrating systems is in reducing the inhomogeneous distribution

of illumination over the focal spot, which determines the distribution of concentrated radiation on the receiver, which
affects the efficiency of heat and photo converters. (Research purpose) The research purpose is in modeling for
calculation, construction manufacturing and research of characteristics of a thermal photovoltaic module with
specified energy parameters. (Materials and methods) The article considers new thermal photovoltaic modules that
include photodetectors and concentrators that provide efficient conversion of solar energy into heat. The research is
based on mathematical modeling techniques using the laws of photoelectricity, geometric optics, and heat and mass
transfer. The computer-aided design system COMPASS-3D was used to create a prototype model of the solar module,
and the FDM 3D printing technology was used to produce the resulting CAD models. Authors conducted bench and
field tests of components and complexes of solar power systems in order to clarify the design parameters. (Results
and discussion) During the study of a developed solar module with parabolic concentrators and a discrete



photodetector with asymmetric profile, with a system of the coolant flow, physical and mathematical models on the
basis of which was calculated: the structural parameters; the distribution of concentration of solar radiation across
the width of the photodetector; dependences of the distribution of the heating temperature of the coolant over the
profile of the photodetector. Authors designed a layout of the basic thermal photovoltaic module, in which the rounded
lower part of the rotary rack fixed on the axis allows to create a rotation in the axial direction of the photodetector
holders within £20 degrees with a mechanism for fixing the adjusted position. (Conclusions) Based on the alignment
carried out on the stand, the identical location of the receivers of concentrated solar radiation relative to the
concentrators in the installation is preserved.

Keywords: thermoelectric modules, solar radiation, concentrators, geometric optics, receiver, 3D printing, FDM,
KOMPAS-3D, CAD-model.
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Pepepam. B ciepe snepeocnabocenus 006beKkmos azponpoOMbIUIEHHO20 KOMNIEKCA 603pAcmaent UHmepec K
paspabomie KOHCMPYKYULL U UHICEHEPHBIX CUCEM C UCHONIb308AHUEM B0300HOBIAEMbIX UCIOYHUKOB SHEPSUL, 8 MOM
YUCTEe CONHEYHBIX KOHYEHMPATNOPHBIX MENL0-QOMOINEKMPULECKUX MOOYIEl, 00beOUHSTIOUUX 8 OOHOU KOHCIPYKYUU
domosnekmpuueckue MOOyIU U CONHeUHble KOIeKmopul. [IpumeHenue mexHono2uu KOHYEHMPAMOPHLIX Menio-
gomoanexmpuueckux mooyneil 0aem 03MOHCHOCIb NOBLIULAMYb INEKMPUUECKVIO NPOU3BOOUMENbHOCHb COIHEYHbIX
INEMEHMOB 3a CYem UX OXAANCOeHUs. Npu SKCHIYAMAayuu, No36075em 3HAYUMENbHO CHU3UMb HOMPeOHOCmb 6
YeHmpanu308aHHOM DJeKMpo- U MenI0CHAOIHCEHUYU NPeonpusmull azponpomvluiieHHo2o Kkomniexca. (Llens
uccaeoosanus) Ilpousgecmu yucieHHOE MOOEIUPOBAHUE MENJO8bIX NPOUECCO8, NPOMEKAWUX 6 COTHEUHOM
KOHYeHmpamopHom menno-gomosniekmpuieckom mooyne. (Mamepuanst u memoowt) Hcnonv3oeanu ananumuieckue
Memoobl  MAMeMAMu4ecKko20 MOOeIUPOBAHUSL CONIHEYHO20 KOHYEHMPAMOPHO20 Mena0-(omosiekmpuiecKozo
Mooyas. Peanuzosanu mamemamuyeckyio Mooeib COIHEYHO20 KOHYEHMPAMOPHOZO MENIo-(hOomodIeKmpuiecko2o
Mo0yns 8 komnviomeprou npoepamme ANSYS Fluent. lonyuunu konmypsi pacnpedenenus memMnepamypul, 0aeieHus
menioHocumens 8 Kauanie MOOVISA NPU PA3TUYHLIX 3HAYEHUAX pacxood menionocumens Ha 6xode. Ilpoussenu
sepuurayuio pazpadomanHol mMooenu Mooyis HAd OCHOBAHUU OAHHbIX, NOLYYEHHLIX AHATUMUYECKUM HYymeM.
(Pe3ynomamur u obcysicoenue) Onpedenunu, 4ymo pe3yivmamovl CPAGHEHUS PACUEMHbIX OAHHbIX C Pe3yTbmamamu
KOMABIOMEPHO20 MOOETUPOBAHUST NOKA3bIBAIOM GbICOKYI0 CXOOUMOCHb NOJYYEHHBIX ¢ NOMOUbIO KOMNbIOMEPHOU
MoOenu ceedeHUll — OMHOCUMENbHAS NOSPEUHOCTNbL HAXOOUMCSl 8 OONYCMUMBIX npedenax. (Bvieoodwt) Buisguau, umo
paspabomannas  KOHCMPYKYUsL — COJIHEYHO20 — KOHYEHMPAMOPHO20 — Men10-QOomosieKmpuieckoeo  MoOYis
obecneuusaem s¢gexkmusnoe oxnaxcoenue gomonpeobpaszoeameneii (memnepamypa Gomonpeobpazosameneil
Haxooumcs 6 pabouem Ouanazone) npu cpoxe caysucovi MO0y He MeHee 08adyamu nAmy jem. Ycmanosuiu, 4mo
UCNONb308AHUE HCATIOULIHO20 2eTUOCMAMA 8 PA3pAbOMAHHOU KOHCMPYKYUU COJIHEYHO20 KOHUEHMPAMOPHO20
Menno-ghomosieKmpuuecko2o MoOyis N0360Jsien 8 08a pasd NOBbICUNMb HPOU3E0OUMETbHOCHb KOHYEHMPAmopa.
Knrwouesvie cnosa: conneunsiti KOHYeHMPamopHblii Menio-gomodieKmpuieckuti Mooyib, KOHYEHMPAmop CONHEYHOU
SHepaUU, CONHEYHAsl IHEPLEMUYECKAsl YCMAHOBKA, JHCANIOIULHBIN 2eIUOCTIANI.
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Results of the Performance Numerical Simulation of a Solar Concentrator Module with a Thermal-
Photovoltaic Receiver

Dmitriy S. Strebkov?,
Dr.Sc.(Eng.), academician of the Russian Academy of Sciences, professor, scientific adviser,
e-mail: nauka-ds@mail.ru;
Natal’ya S. Filippchenkova?,
Ph.D.(Eng.), leading engineer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;
2JSC “United Energy Company”, Moscow, Russian Federation
Abstract. In the field of energy supply to agro-industrial facilities, there is an increasing interest in the development

of structures and engineering systems using renewable energy sources, including solar concentrator thermal and
photovoltaic modules that combine photovoltaic modules and solar collectors in one structure. The use of the
technology of concentrator heat and photovoltaic modules makes it possible to increase the electrical performance of
solar cells by cooling them during operation, and significantly reduces the need for centralized electricity and heat
supply to enterprises of the agroindustrial complex. (Research purpose) The research purpose is in numerical
modeling of thermal processes occurring in a solar concentrator heat-photovoltaic module. (Materials and methods)
Authors used analytical methods for mathematical modeling of a solar concentrator heat and photovoltaic module.
Authors implemented a mathematical model of a solar concentrator heat and photovoltaic module in the ANSYS
Fluent computer program. The distribution contours of temperature and pressure of the coolant in the module channel
were obtained for different values of the coolant flow rate at the inlet. The verification of the developed model of the
module on the basis of data obtained in an analytical way has been performed. (Results and discussion) The results
of comparing the calculated data with the results of computer modeling show a high convergence of the information
obtained with the use of a computer model, the relative error is within acceptable limits. (Conclusions) The developed
design of the solar concentrator heat and photovoltaic module provides effective cooling of photovoltaic cells (the
temperature of photovoltaic cells is in the operating range) with a module service life of at least twenty-five years.
The use of a louvered heliostat in the developed design of a solar concentrator heat and photovoltaic module can
double the performance of the concentrator.

Keywords: solar module, solar concentrator, solar power installation, louver heliostat, thermal receiver.
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V306ekucrad, TakeHT, Y30SKUCTaH;

2MenepanbHblii Hay4HbIH arpouHKeHepHslii nenTp BUM, MockBsa, Poccuiickas ®enepanus;

3Poccuiickuii ynuBepcuTeT Tpancnopra, Mocksa, Poccuiickas ®enepanus

Peghepam. [[ns nosviuenus sppexmusnocmu pabomul CONHEYHBIX YCMAHOBOK, 8 MOM HYUCTE COTHEUHBIX KONNEKMOPOs
(6000Hazpesament, 86030yXOHAzpegamenu, CyYWUIKU), He0OX0OUMbl AKKYMYAAmopul suepuu (menia). O0na uz 3a0ay
KOHCMPYUPOBAHUS AKKYMYIAMOPO8 menia — obecneuenue e2o MUHUMAIbHLIX menionomeps. Paccmompena 3adava
onpeoeneHus pacnpeoeneHus memMnepamyp u meniogvix NOmepb KOHeeKyuell u UsnydeHuemM CUcmemvl meniou3onAyusl
— aKKymynupyioujee meio (600a) 0nia Wapo8o20 AKKyMYIAMOpa Menia npu CUMMEmPUUHBIX PAHUYHBIX YCIO0BUSX.
3adaua pewiaemcs HuCIeHHO NO Npozpamme, paspaboOmMaHHOl HA OCHOBE NPEONONHCEHHO20 «Memood 3a30posy. (Llerv
uccnedosanus) Onpedenums menyogvie nomepu KoHgeKyuell U usiyienuem 08yXCaoliH020 Waposo2o akKyMyramopa
menia ¢ CUMMEMPUUHBIMU SPAHUYHbIMU ycroguamu. (Mamepuaner u memoowt) Hcnonvsoganu ypasHeHue
menaonposoonocmu Pypve 01s cepuueckux men. Beiacnunu epanuynvie u HAuanbHule YCA08UA ONA MeN U UX
nosepxnocmeii. (Pesynemamot u obcyscoenue) Yemanosunu, umo Ha OUHAMUKY U 6eTUYUHB] MENIONOMEPL 6IUAION
MONWUHA MENIoU30AAYUU U 00veM akkymyiamopa menna. Kowcmamupoeanu,, umo spgexm om yeenuueHnus
MONWUHBL  MENOUZ0NAYUU YMEHbUAEMCA ¢ Yy6eruuenuemM ee MONWUHbL, HAYUHASL ¢ HEKOMopoz2o o006vemda
axkkymyaamopa menia uau ¢ R > 0,3 mempa mennogvie nomepu 80 8pemeHy USMEHAIOMCA NPAKMULECKU JTUHEHO.
Iloxazanu, umo OUHAMUKA MENTONOMePy C yeeauyeHuem CpoKa Xpanenus ymeHbuaemcs, 00HaKo nomepu 0Cmaromecs
oonvuumu. (Boioodsr) Pazpabomanu memoouxy u npocpammy YUCIeHHO20 pacyema menionomeps u memMnepamyp 60
speMen 8 Waposom 08YXCIOUHOM AKKYMYIAMOPe MEenad ¢ CUMMEMPUYHBLMU SPAHUYHBIMU YCIOSUAMU, YHUMbIBATOWUE
Kak naoawoujee, max u coOCmMeeHHOe u3iyueHue. BuviAsunu, umo npeoOnroNHCeHHAs MemoOuxa No360sem
VHUDUYUPOBAMb 2panUYHbIe YCA06UA MeHCOY KOHMAKMUPYIOWUMU THENAMU.

Kniouesvie cnosa: conneunvie mennogvie YCMAHOBKU, AKKYMYJIAMOPbL MENid, HUCIEHHble Memoobl, YPAGHEHUe
MenIonpo8oOHOCHIU.

Ona untnpoBanua: Kneives L.U., BaxpamoB C.A., XapyeHko B.B., MaH4yeHko B.A. [InHamuka TennoBblX NOTEPb KOHBEKUMEN U
n3ny4yeHnem cepmnyeckoro akkyMynstopa Temnmna ConHeYHbIX YCTaHOBOK // QnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK.
2020. T. 67. N4(41). C. 57-62. DOI 10.22314/2658-4859-2020-67-4-57-62.
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Dynamics of thermal losses by convection and radiation of the spherical heat
accumulator of solar plants
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Dr.Sc.(Phys.-Math.), academician, scientific consultant;
Valeriy V. Kharchenko?,
Dr.Sc.(Eng.), professor;
Vladimir A. Panchenko? 2,
Ph.D.(Eng.), associate professot, senior researcher, e-mail: pancheska@mail.ru

IScientific and Technical Center with a Design Bureau and Pilot Production of the Academy of Sciences of the Republic of
Uzbekistan, Tashkent, Uzbekistan;

2Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation;

3Russian University of Transport, Moscow, Russian Federation

Abstract. There are needed energy (heat) accumulators to increase the efficiency of solar installations, including
solar collectors (water heaters, air heaters, dryers). One of the tasks of designing heat accumulators is to ensure its
minimal heat loss. The article considers the problem of determining the distribution of temperatures and heat losses
by convection and radiation of the heat insulation—accumulating body (water) system for a ball heat accumulator
under symmetric boundary conditions. The problem is solved numerically according to the program developed on the
basis of the proposed «gap methody. (Research purpose) The research purpose is in determining heat losses by
convection and radiation of a two-layer ball heat accumulator with symmetric boundary conditions. (Materials and



methods) Authors used the Fourier heat equation for spherical bodies. The article presents the determined boundary
and initial conditions for bodies and their surfaces. (Results and discussion) The thickness of the insulation and the
volume of the heat accumulator affect the dynamics and values of heat loss. The effect of increasing the thickness of
the thermal insulation decreases with increasing its thickness, starting with a certain volume of the heat accumulator
or with R > 0.3 meters, the heat losses change almost linearly over time. The dynamics of heat loss decreases with
increasing shelf life, but the losses remain large. (Conclusions) Authors have developed a method and program for
numerical calculation of heat loss and temperature over time in a spherical two-layer heat accumulator with
symmetric boundary conditions, taking into account both falling and intrinsic radiation. The proposed method allows
to unify the boundary conditions between contacting bodies.

Keywords: solar thermal installations, heat accumulators, numerical methods, heat conduction equation.

For citation: Klychev Sh.l., Bakhramov S.A., Kharchenko V.V., Panchenko V.A. Dinamika teplovykh poter’
konvektsiey i izlucheniem sfericheskogo akkumulyatora tepla solnechnykh ustanovok [Dynamics of thermal
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HccaeaoBaHUE TIpomecca OUYMCTKHA OHMOra3a OT CEPHUCTBIX COEAMHEHUHM
C MCIIOAB30BAaHUEM aIllIapaTa BUXPEBOI'O CAOA

Amutpuii Asexcanaposuu Kosaaes,
KaHAHAAT TEXHUYECKUX HAyK, BEAYIIHI HAYIHBINA COTPYAHHUK, e-mail: kovalev_da80@mail.ru;
Anpapeii Aaexcaapposuu Kosaaes,
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®denepanpHBIA HAYYHBIN arponHkeHepHbIi neaTp BUM, Mocksa, Poccutickas @eneparus

Peghepam. Hcnoavsosanue buozaza 01 pabomul ymuiuzayuoHHo20 000py008aHUs 8 YUCHOM 6U0e HeNnPUeMIeMO
U3-3a  BbICOKO20 COOEPAHCAHUSI CEPHUCMBIX COCOUHEHUN (ceposodopooa), Hmo Npueooum K KoOppo3uu
KOHMAKMUPYIOWux ¢ 6u02a3oM Memaiiudyeckux yacmet 000pyO008aAHUsl U CHUIICEHUIO €20 CPOKA CIYiCcObL.
Paccmompenu paznuunvie cnocobwt ouucmru buoeaza om cepuucmuix coeounenuil. (Llenv uccaedosanus) Uszyuumeo
npoyecc ouuCmKU Ouo2a3d Om CEePHUCHbBIX COCOUHEHU NymeM CYIbupoeanus 6 annapame GUXpeo2o CJosl.
(Mamepuanvt u memoowr) Cozoanu 8 1abopamopuu GUOIHEPSEMUUECKUX U CBEPXKpUMuUueckux mexuonocui BUM
IKCNEPUMEHMANLHYIO YCMAHOBKY — annapam 6uxpeeozo MacHumuozo caos. Ilpumenunu ungopmayuonuvie
MemoObl UCCIe008aHU, GKIIOUASL CINMAHOAPMHbIE AHATUMUYECKUE MemOoObl COBPEMEHHO20 CUCTNEMHO20 N00X00d,
obpabomxu u ananuza. (Pezynomamut u obcyacoenue) Yemanosunu, ymo xoauwecmeo cepogooopooa 8 buozasze
PE3KO CHUIICANOCH U NPU 8peMenU Npedbleanus 2a3a 6 pabouell Kamepe YCmManosku 5 muwym He npegviuiano 20
yacmel Ha MUIIUOH. Buiseunu, umo KoHyemmpayus YeneKucio2o 2a3d CHUJCANACh He3HAYUMENbHO.
Koncmamuposanu, umo 600a, naxolswascs 6 paboueill kamepe YCMAHOGKU, CLYICUM pacmeopumenem Ois
NOCMYRawux 2a308, a @QeppoMacHUmHble Hacmuybl UCMUpPAsich, oopaszyiom monxkooucnepcuvitl (20-50
MUKDOMEMPO8) NOPOULOK Jicelie3d, KOMOPbLL 6CIMYRAenm 6 XUMUYECKYIO PEAKYUIO C PACMBOPEHHBIM CePO80O0POOOM
¢ obpazosanuem cymvguoa ouceneza. Buiscuunu, umo Ovicmpospawaiowuecs heppomasHumHusle Yacmuybl
€o30aiom O6OALULYIO NOBEPXHOCIb KOHMAKMA JHCUOKOCMU U 2434, YN0 YIyuuidenm no2loueHue cepogooopooa u
yenekucio2o 2asza. (Bwieoowr) [loxazanu NpuHyuUnuaibHyio 603MONCHOCMb OYUCMKU OU02A3a OM CEPHUCTNBIX
coedunenuti nymem cyivbuposanus 6 annapame suxpeso2o cios. Ilpednosxcunu cnocob ycogepuieHcmeosanus
npoyecca OYUCmKU nymem nOGblule sl OABNIeHUS U CHUNCEHUS MeMnepamypbl 600bl 8 pabouell Kamepe annapama
BUXPEBO20 CILOSL.

Knrwouesvie cnosa: 6uozas, cepogooopoo, cyivuposarue, annapam uxpesozo clos, 04ucmKka buo2asa.

Ona uutupoBaHusa: Kosanes [.A., Kosanes A.A. MlccnegoBaHue npouecca o4McTkM Buorasa OT CEePHUCTbIX COEAUHEHWIA C
MCNonb30BaHWEM annapara BUXpeBoro cnosi // dnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67. N4(41). C. 63-
67. DOI 10.22314/2658-4859-2020-67-4-63-67.



Research of the Process of Cleaning Biogas from Sulfur Compounds Using
the Vortex Layer Apparatus

Dmitriy A. Kovalev,
Ph.D.(Eng.), leading researcher, e-mail: kovalev_da80@mail.ru;
Andrey A. Kovalev,
Ph.D.(Eng.), chief researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The use of biogas for the operation of recycling equipment in its pure form is unacceptable due to the high
content of sulfur compounds (hydrogen sulfide), which leads to corrosion of metal parts of the equipment contacting
with biogas and reduces its service life. The article considers various ways of cleaning biogas from sulfur compounds.
(Research purpose) The research purpose is in studying the process of biogas purification from sulfur compounds by
sulfonating in the vortex layer apparatus. (Materials and methods) The laboratory of bioenergetic and supercritical
technologies of VIM created an experimental device of a vortex magnetic layer. Authors used information research
methods, including standard analytical methods of modern system approach, processing and analysis. (Results and
discussion) The amount of hydrogen sulfide in the biogas was sharply reduced and when the gas stayed in the working
chamber for 5 minutes, it did not exceed 20 parts per million. The concentration of carbon dioxide decreased slightly.
The water in the working chamber of the installation serves as a solvent for incoming gases, and the ferromagnetic
particles, when worn out, form a fine (20-50 micrometers) iron powder, which reacts chemically with dissolved
hydrogen sulfide to form iron sulfide. Fast-rotating ferromagnetic particles create a large contact surface of liquid
and gas, which improves the absorption of hydrogen sulfide and carbon dioxide. (Conclusions) It is possible to purify
biogas from sulfur compounds by sulfonating in the vortex layer apparatus. The article proposes a method for
improving the cleaning process by increasing the pressure and reducing the temperature of water in the working
chamber of the vortex layer apparatus.

Keywords: biogas, hydrogen sulfide, sulfonating, vortex layer apparatus, biogas purification.

For citation: Kovalev D.A., Kovalev A.A. Issledovanie protsessa ochistki biogaza ot sernistykh soedineniy s ispol'’zovaniem apparata
vikhrevogo sloya [Research of the process of cleaning biogas from sulfur compounds using the vortex layer apparatus].
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MHoroypoBHeBasA ONITHUKO-IACKTPOHHAA CUCTEMA KOHTPOASA )KU3HEAECATEABHOCTH
co0oAet
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Ky0aHckuii TocyaapcTBeHHbIH arpapHblii yauBepcuteT uMm. U.T. Tpyoununa, Kpacnonap, Poccuiickas ®eneparus

Pegpepam. Cobone cuumaemcs cumgonom Poccuu. LLkypku nyunozo 36epsi 000b18anuch OXOMHUYbUM NPOMBICLOM.
Omo cmano OCHOBHOU NPUHUHOU YMEHbUICHUS YUCICHHOCMU 36€psl, KOMOPLLU NPAKMUYECKU Obll ucmpeOieH.
[lepenomunu OaHHYIO CUMYAUUIO YYEHHbIE-0XOMO0BEObl, HAYAGUIUE PA3BOOUNb €20 6 NUMOMHUKAX U GbINYCKAMD.
Poccust — audupyrowas cmpana, nocmasisaiowas WKypKu Ha MUpogotl pulHok. Bascno npasunvho cnpoexmuposams
epmy 0ns cobonss, yuumvieas Hayuuvie pazpabomru 6 OOCMUNCEHUU IKOHOMUYECKOU NpUbbLIU, He HAPYULAs
nonyasyuu 38epvkos. Haubonvwiee pacnpocmpanenue noayuuila mexmono2us pazeedeHust coboell KiemouHo2o
Hazemnozo muna. QOHAKO OAHHASL MEXHOA02Usl UMeem psi0 Hedocmamkos. [losmomy pazpabomxa onmumanrbHOU
MEXHON02UU  PA36e0eHUsl COOO0ACU ¢ MAKCUMAIbHLIM IKOHOMUHECKUM IPPexmom U HUSKUMU 3ampamamu
yenogeuecko2o mpyoa — aKmyaibHas npobdiema ompaciu no npou3eodcmey nywnunul. (Llenv ucciredosanus)

Ilposecmu  ananumuueckuti 0030p CYWecmsyloWux MexHoNo2ull pasgedenusi coboned u paspabomame



MHO20YPOBHEBYIO ONMUKO-I]IEKMPOHHYIO CUCMEMY KOHMPOTsL JHCUZHEOesImeNbHOCmU coboeti npu noo3eMHOM
KAIemoyHoM cooepcanuu. (Mamepuanst u memoos) Paccmompenu ocHOGHble npeumyujecmea u HeOOCMAmKu
UMEIOWUXC TMEeXHOA02Ull coOepaicanus u paseedenus cobdoneu. (Pezyromamvr u obcyscoenue) Ilpeorosicunu
MEXHON02UI0 NOO3EMHO20 KAEMOYHO20 COOEPIHCAHU COOOel C ABMOMAMUYECKUM KOHMPOLEM MUKPOKIUMAMA U
JHCUBHEOCSIMENLHOCIU JCUBOMHBIX C UYETbI0 NOGBIUEHUs. KAYecmea NYUIHUHbL U COKpAWeHUs 3ampam mpyod.
Onpedenunu 603MOACHOCHb PEATUZAYUY ONMUMATLHBIX YCI08UL OJis HOPMALLHOU JHCUZHEDesmeIbHOCIU coboel He
MOILKO 8 YCIOBUSIX Ceepd, HO U 6 PecUOHAX C GblcOKOou memnepamypoi. (Bvisoowl) Paspabomanu cxemy
MHO20YPOBHEBOU NOO3EMHOU COOOIUHOU (hepMbl  KIemOUYHO20 MUNA ¢ ONMUKO-3IeKMPOHHBIM KOHMPOLEM
MUKDOKIUMAMA U JICUZHEOESIMEeNbHOCMU  JCUBOMHBIX. Bblnoinuiu ananumuyeckoe Onucanue COOMHOULeHUs.
OCHOBHBIX NAPAMEMpPO8 U al20pumma pabomvl MHO20YPOGHESOU ONMUKO-INEKMPOHHOU CUCMEMbl KOHMPOIs
JHcU3HedessmenbHOCmuU coboell.

Knrouesvie cnosa: coboonw, epma, noozemuas, onmuKo-31eKmpoHHbII KOHMPOJib, WEPCHb, NAPAMEMPbL, PEdCUMbL
pabomul, agmomamuzayus, Kamepd.

Ansa uvtupoBaHus: Jlebenes [.B., PoxkoB E.A. MHOroypoBHeBasi ONTUKO-3MEKTPOHHAsA CUCTEMA KOHTPONS XU3HEAEATENbHOCTM
cobone // GnekmpomexHonozuu u anekmpoobopydosaHue & AlNK. 2020. T. 67. N4(41). C. 68-74 DOI 10.22314/2658-4859-2020-
67-4-68-74.

Multi-Level Optical-Electronic System for Monitoring the Vital Activity of Sables

Dmitriy V. Lebedev,
Ph.D.(Eng.), associate professot, e-mail: dm.lebedev(@mail.ru;
Evgeniy A. Rozhkov,
postgraduate

Kuban State Agrarian University named after I.T. Trubilin, Krasnodar, Russian Federation

Abstract. Sable is considered a symbol of Russia. Animal furs were obtained by hunting. This was the main reason
for the decrease in the number of the animals, which was almost exterminated. This situation was changed by hunting
scientists who started breeding it in nurseries and releasing it. Russia is a leading country that supplies furs to the
world market. It is important to design a sable farm correctly, taking into account scientific developments in achieving
economic profit without disturbing the animal population. The most widespread technology is the breeding of ground-
type cellular. However, this technology has a number of disadvantages. Therefore, the development of optimal
technology for breeding with maximum economic effect and low costs of human labor is an urgent problem in the fur
industry. (Research purpose) The research purpose is in conducting an analytical review of existing technologies for
breeding sables and develop a multi-level optical-electronic system for monitoring the vital activity of sables in
underground cell content. (Materials and methods) The article considers the main advantages and disadvantages of
existing technologies for keeping and breeding sables. (Results and discussion) Authors propose a technology for
underground cell keeping of sables with automatic control of microclimate and animal life in order to improve the
quality of furs and reduce labor costs. The article determines the possibility of implementing optimal conditions for
the normal life of sables not only in the North, but also in regions with high temperatures. (Conclusions) The article
presents a scheme for a multi-level underground sable farm of a cellular type with optoelectronic control of the
microclimate and vital activity of animals. The article presents an analytical description of the main parameters and
the algorithm of operation of a multi-level optical-electronic system for monitoring the vital activity of sables.
Keywords: sable, farm, underground, optoelectronic control, wool, parameters, operating modes, automation,
camera.

For citation: Lebedev D.V., Rozhkov E.A. Mnogourovnevaya optiko-elektronnaya sistema kontrolya zhiznedeyatel'nosti soboley
[Multi-level optical-electronic system for monitoring the vital activity of sables]. Elektrotekhnologii i elektrooborudovanie v APK. 2020.
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HccaepoBanue 3¢ppeKTUBHOCTH O30HUPOBAHUA KyPUHBIX AUIT
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KyObaHckuii rocynapcTBeHHBIH arpapHblil yauBepcuteT uM. M. T. Tpybununa, Kpacuonap, Poccuiickas @enepanus

Pegpepam. Ilpouzeo0cmeo Kypunvlx auy 6 mupe, ne coasisis memnos, nepeutio sa I mpuniuon wmyk. B ycrosusax
HACHIWeHUs U NePEeHACHIEHUS MHO2UX MECIHBIX PbIHKOS CObIMA, nuwesvle Auya mpancnopmupyiomcs 6 opyeaue,
uH020a OMOANEHHble PeSUOHbl UNU 3ANEAHCUBAIOMCS HA CKAAOAX, NPULABKAX MA2A3UHOS8, MEPss CE0I0 CEeHcecmyb U
nuwegvle kavecmea. /i 00e33apadcusanus NOGEPXHOCMU KYPUHBIX AUY MOJICEM UCHONb306AMbCSA 030H, KOMOPbILL
nooagasiem mukpoopeanuzmol. OCHOBbIBAACL HA O€3UHEPEKYUOHHBIX U Oe3UHCEKYUOHHBIX CEOUCMBAx O030Hd,
npednazaemcsa 0opabamvieamy KypuHvle Auya O30HUPOBAHHLIM B030YXOM HOCAE UX COPMUPOSKU ORMUKO-
anekmpouHuim memooom. (Llenv uccnedosanus) Paspabomams memoo obe33apasxicuganus Nn08epXHOCMU U ONMUKO-
INIEKMPOHHOU  COPMUPOBKYU  KYPUHBIX NUWEELIX U XONOOUTbHUKOBBIX AUY, UCCIe008amb  IPHeKmusHocms
NPOBEOeHHbIX Onepayull No CPAGHEHUI0 ¢ MpaouyuoHHeiMu mMemooamu. (Mamepuaner u memoosi) Onpedenunu
apgexmusrnocms padbomvl ONMUKO-IAEKMPOHHOU CUCEMbl COPMUPOSKU U INEKMPOOIOHUPOSAHUSA KYPUHBIX AUY HA
basze nabopamopmnou ycmanoeku 6 Kybauckom I'AY. Jocmoeepnocme pesynvmamos noomeepiicoaemcs
MHO2OKPAMHOU NOGMOPHOCMbIO UCCIE008AHULL U BOCNPOUIEOOUMOCIbIO NOJYYEHHBIX CEE0eHUll, UCNONb306aAHUEM
oOulenpuHAmMbsIX  Memooos, Npubopos U MamemMamuyeckon oOpabomKoU  IKCHEPUMEHMANbHBIX — OAHHbBIX.
(Pesynomamur u obcyscoenue) Ilpogenu sxcnepumenmanvhoe ucciedosamue no onpeoeieHuio dp@exmuenocmu
INEKMPOO3OHUPOBAHUA KYPUHBIX AUY 1O CPAGHEHUIO ¢ MPAOUYUOHHLIMU MEMOOAMU. YCmano8uau payuoHaibHle
napamempvl U pexcumvbl pabomuvl ONMUKO-INEKMPOHHOU YCMAHOBKU ONsl KOHMPOJA CKOPAYNbL KYPUHBIX AUY.
(Bv1800bl) Buinonnunu anarumuieckoe Onucanue COOMHOUEHUS. OCHOBHBIX NAPAMEMPOS ONMUKO-DNeKMPOHHOU
YCMaHoeKu OJi KOHMPOs CKOPIYHbL KypuHelx auy. Paspabomanu npunHyunuanbhyio 31eKmMpudecKyio cxemy ho
UCCIe008AHUIO NAPAMEMPOS U PEeHCUMO8 pabomuvl YCMAHOGKU. Bwiasunu, umo nauborvwias s¢gexmusnocms
9/1EeKMPOO30OHUPOBAHUS KYPUHBIX AUY Oocmuzaemcsa hpu Kouyewmpayuu ozona 1000 muinucpamm na memp
Kyouueckuii u pemenu 030Huposanus 30 munym, ynuumoosicaemcsi 00 99 npoyenmos 6peoHbIx MUKpoOp2anusmMos u
6UPYCO6 HA CKOpIyne.

Kniouesvie cnosa: o30m, o6essapasicusanie, KOHMpPOb, ONMUKO-DIEKMPOHHOE 3peHUe, Kypunble Aliyd, napamempul,
pedicumbl pabomul, A6MOMaAMU3ayus, Kamepa.

Ona uutnpoBaHuna: Jlebeges [O.B., PoxkoB E.A. WccnepoBaHue 3dpeKTMBHOCTM O30HUPOBAHUS KypUHbIX sny  //
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Research on the Effectiveness of Ozonation of Chicken Eggs
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Abstract. The production of chicken eggs in the world, without slowing down, has passed for 1 trillion pieces. In
conditions of saturation and oversaturation of many local markets, food eggs are transported to other remote regions
or stored in warehouses, store shelves, losing their freshness and nutritional quality. The ozone can be used to
disinfect the surface of chicken eggs, which suppresses microorganisms. Based on the disinfection and disinsection
properties of ozone, it is proposed to treat chicken eggs with ozonated air after sorting them by opto-electronic
method. (Research purpose) The research purpose is in developing a method for surface disinfection and
optoelectronic sorting of food and refrigerator chicken eggs, studying the effectiveness of the performed operations
in comparison with traditional methods. (Materials and methods) Authors studied the efficiency of the optoelectronic
system for sorting and electrozoning chicken eggs on the basis of a laboratory installation in the Kuban State Agrarian
University. The reliability of the results is confirmed by a multiply repetition of research and reproducibility of the
data, the use of generally accepted methods, instruments, and mathematical processing of experimental data. (Results



and discussion) The article presents an experimental study to determine the effectiveness of electrozoning of chicken
eggs in comparison with traditional methods. The article describes rational parameters and modes of operation of
the optoelectronic installation for monitoring chicken egg shells. (Conclusions) The article presents an analytical
description of the ratio of the main parameters of an optoelectronic installation for monitoring chicken egg shells.
The article presents a basic electrical diagram for studying the parameters and operating modes of the installation.
The greatest efficiency of electrosonation of chicken eggs is achieved when the ozone concentration is of 1000
milligrams per cubic meter and the ozonation time is 30 minutes; up to 99 percent of harmful microorganisms and
viruses on the shell are eliminated.

Keywords: ozone, disinfection, control, optoelectronic vision, chicken eggs, parameters, operating modes,
automation, camera.
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Pepepam. B @edepanvrom Hayunom aspoundicenephom yeumpe BUM paspabomanvl mexnuueckue cpedcmea,
aneopummbvl QYHKYUOHUPOBAHU U NPOSPAMMHOE ODecnedeHue UHMeLIeKMYalbHOU CUCHeMbl Ad8MOMAMU4ecKo2o
ynpasnenus doeHuem Hcueomuuvix « Cmumyiy na O0UlbHoU ycmanoeke «Enoukay 6 mpex MooupuKayusx ucnoaHeHus.
Co30annas cucmema He umeem 6 C60eM COCMABE ABMOMAMUYECKUX CEeNIeKYUOHHLIX 80pom 0/ 3(PpeKmurno2o
YIpaeneHus: 300MexXHUYecKUM U 86eMepPUHAPHbIM 00CayHcusanuem sxcusomuuix. (Llenv uccnedoosanus) Pazpabomameo
UHMENIEKMY AIU3UPOBAHHBIL CIMAHOK A8MOMAMUYECK020 pa3oeieHus NOMOKO8 HCUBOMHBIX 01 OOCLYHCUBAHUS U
YIPasneHusi Cmaoom no 3a0auHuim npusnaxam. (Mamepuanvt u memoost) Ocywecmeunu pazpabomxy Ha OCHOB8e
KOHYEeNnmyaibHblX RPUHYUNO8 Yupposol mpaucopmayuu co30a8aemvlx CUCHIEM KOHMPOJA U YHPAGIeHUs 6
MONOUHOM JHCUBOMHOBOOCHEe. Peanuzoeanu xonyenyuio nocmpoenus yugpogoii cucmemvl ynpagienus Ha 6aze
MHO20Q)YHKYUOHATIbLHO2O NAHEeNbHO20 KOHmponepa. Tlokazanu, umo co30anuwill ONOK yNpasienus umeem nopm
nookmovenusi k cemu RS 485 u obecneuusaem noodepacky cemesvix Qynxyuii no npomoxony Modbus. IIposenu
npozpamMmuposanue OI0KA ynpagieHus 8 UHCmpymeHmanivHou cpede SMLogix, komopas nododepoicusaem s3biK
dynxyuonanvuwix o1oxo6 FBD. (Pesynomamul u oocysxcoenue) Paspabomanu unmennekmyaiu3uposantvlil Cmanox
ABMOMAMUYECKO20 pPa30eseHus NOMOKO8 JHCUBOMHBIX Ol OOCHYICUBAHUS U YINPAGIEHUS CMAOOM NO 3A0AHHbIM
NPpU3HAKAM ¢ YHUpukayuel annapammuvlx Ccpeocms, NpoSPaAMMHbIX MoOyied u unmepgeiica. Ycmanosuiu
HeobxX0OuMble napamempuvl 6A306020 KOMNOHEHMA CUCTEMbl YAPAGIEHU UHMELIeKMYATu3upO8aHH020 CMAHKA 015
Ppazoenenus HCUBOMHBIX NO 3A0AHHBIM NPUSHAKAM — ABMOMAMUYECKOU, OUCMAHYUOHHOU CUCmeMbl UOeHmupurayuu
orcusomuuix. (Bvigoowvl) Beiasunu, umo cmanox no3eossiem agmomamudecku uoeHmuguyuposams, pazoenims u
HANpaeisams H#CUBOMHbIX 8 3A0aHHbIe 30Hbl 01 UHOUBUOYATLHO20 0OCTYHCUBAHUA.

Knrouesvie cnosa: yugposuzayus u yugposas mpancopmayus ynpaeieHus. Npou3e00CMEOM 6 MOIOYHOM
HCUBOMHOBOOCBE, UMNOPMO3AMeujeHue, UHMEIeKMYalu3uUpoO8aHHbIL CMAHOK OiA  pasoeieHuss HNOMOoKO8

HCUBOMHBIX NO 3A0AHHBIM npU3HAaAKam.

Ansa umtnpoBaHus: Cenos A.M. PaspaboTtka UHTENNEKTyanM3MpoBaHHOIO CTaHka Ans pasaeneHnsi NOToKa XMBOTHBIX MO 3a4aHHbIM
npusHakam // dnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67. N4(41). C. 83-87. DOI 10.22314/2658-4859-2020-
67-4-83-87.



Development of an Intelligent Machine for Sorting Animals According to Specified
Criteria

Aleksey M. Sedov,
Ph.D.(Eng), leading researcher, e-mail: almihsedov(@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. The Federal scientific Agroengineering center VIM has developed technical tools, algorithms and software
for the intelligent automatic control system for milking animals “Stimul” on the “Herringbone” milking unit in three
versions. The created system does not include automatic selection gates for effective management of zootechnical and
veterinary services of animals. (Research purpose) The research purpose is in developing an intelligent machine for
automatic sorting of animals for servicing and managing the herd according to specified characteristics. (Materials
and methods) The article presents the development of control and management systems in dairy farming based on the
conceptual principles of digital transformation. The digital control system is based on a multifunctional panel
controller. The created control unit has a port for connecting to the RS 485 network and provides support for network
functions via the Modbus Protocol. The programming of the control unit has been made in the SMLogix tool
environment, which supports the FBD function block language. (Results and discussion) The article presents an
intelligent machine for automatic sorting of animal flows for servicing and managing the herd according to specified
characteristics with the unification of hardware, software modules and interface. The article describes the necessary
parameters for the automatic remote animal identification system, the basic component of the control system of an
intelligent machine for sorting animals according to specified characteristics. (Conclusions) The machine allows to
automatically identify, sort and send animals to the specified areas for individual service.

Keywords: digitalization and digital transformation of production management in dairy farming, import substitution,
intellectualized machine for sorting animal flows by specified characteristics.
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Konrenmusa cospannsa mudpoBoii CHCTEMBI YIIPABACHHA IIPOIIECCOM HOPMUPOBAHHOM
BBIAAYH KOHLIEHTPUPOBAHHBIX KOPMOB YKUBOTHBIM
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Pepepam.  Ilpumensiemvie 8  Hacmosujee 6pemMsa  CUCIEMbl  HOPMUPOBAHHOU  BbIOAYU  ICUBOMHBIM
KOHYEHMPUPOBAHHBIX KOPMOE HA 6a3e 00BEMHBIX 003aMOPO8 UMEIOM Psi0 HedOCMAMKO8, KOMOPble CHUNCATOM UX
@DYHKYUOHAbHBIE B03MOJICHOCIU U IPHEeKmueHocms Npakmuyeckoeo ucnoivzoganus. (Lenv uccaedosanus)
Paspabomamu konyenyuio u 0CHogHble KOMNOHEHNbL YUPDPOBOU CUCEMbL YIPABIEHUS. NPOYECCOM HOPMUPOBAHHOT
610U KOHYCHMPUPOBAHHBIX KOPMOG JHCUBOMHBIM C ABMOMAMUYECKUM 6ECO8bIM NOPYUOHHBIM O03UPOBAHUEM
UHOUBUOYALHBIX 003. (Mamepuanvt u memoowvt) I[Ipednosicunu Koumyenyuro cucmemvl YNPAGIEHUS NPOYECCOM
HOPMUPOBAHHOU 6bl0AYU KOHYCHMPUPOBAHHBIX KOPMOE JHCUGOMHbIM, KOMOPAsL 3aKNIOYAENCsl 8 A8MOMAMUYECKOM
pacueme uHOUBUOYATLHBIX 003 KOPMA C YYEMOM MACCHL HCUBOMHBIX, KOHMPOJIe NPOOYKMUBHOCMU, CPOKOG IAKMAYUU,
Kauecmea MONOKA U KOPMO8, (OPMUPOSAHUU YUPDPOBHIX OAHHBIX, COOMEEMCMEVIOWUM PACHEMHbIM OO03AM.
(Pezynomamut u oocysxcoenue) Obocrnosanu Konyenyuro nOCmpoeHus yugposoii cucmemvl Ynpasienus npoyeccamu
HOPMUPOBAHHOU 8b10AYYU KOHYEHMPUPOBAHHBIX KOPMO8 dcugomuvim. Co30anu ee CMpyKmypy u mexHoL02UYecKyio
cxemy. Paspabomanu pynkyuonanvHble U NPUHYUNUATbHBLE CXeMbl 6A308bIX KOMNOHEHMOS.: NPeodpasosames Kood
6 AHANO208bLIl NHEGMAMUYECKUL CUSHAN, CUCHEMbl AO0PECOBAHUSL NHEEMAMUHECKUX CUSHAL08, YCMPOUCMEa
CPABHEHUSI MOMEHMOS CUL, AN2OPUMMbL (YHKYUOHUPOBAHUS CUCIEMbL U CO30AHHBIX YHUDUYUPOBAHHBIX ee DA308bIX

KOMNOHEHRMO6. (Bbl@O()bl) YCmaHOBMJZM, 4mo cucmema asmomamuiecKkoco KOpMIeHusl KOHYenmpamamu no3eoJisient



obecneuums 601€€ MOUHOE COANAHCUPOBAHHOE KOPMILEHUE KANCO020 dHcugomHnozo. Onpedenunu, 4mo nopyuoHHasl,
6€C08a5L HOPMUPOBAHHAL BbIOAYA HCUBOMHBIM KOHYEHMPUPOBGAHHLIX KOPMO8 NO 2PAPUKAM, VCMAHABIUBAEMbIM
300MEXHUHECKUMU  CILyHCOaMU NPeOnpusmull, Ccnocobcmeyem pazeumulo Ux 2eHemu4ecko20 NOMeHyudald u
COXPAHEHUI0 300P06bsl  JCUGOMHBIX. Buigeunu, umo numauue u YNpasgiaoujue CueSHaIbl UHOUBUOVATIbHBIX
MEXAMPOHHBIX, 8ECOBIX, NOPYUOHHBIX 003AMOPO8 UMEIOM OUHYIO PUUUECKYIO NPUPOOY U YPOBEHb, YMO YNpoujdem
U nosuvlulaem HadexcHocms cucmemvl « Payuony.

Knroueevie cnoea: yugposas cucmema HOPMUPOBAHHOU 6b10AHU KOHYEHMPUPOBAHHBIX KOPMOB HCUBOMHBIM,
MEXampOHHbI, 8eCOB0U NOPYUOHHBLU O03AMOP KOHYEHMPUPOBAHHBIX KOPMOS.

Ona uutupoBaHusa: CegoB A.M. KoHuenuusi cosgaHmns LMPOBON CUCTEMbI YPaBreHUs NpPOLEecCOM HOPMWPOBAHHOW BblAauun
KOHLIEHTPVPOBaHHbIX KOPMOB XUBOTHBIM // OnekmpomexHomnoauu u anekmpoobopydosarue 8 AlK. 2020. T. 67. N4(41). C. 88-95.
DOI 10.22314/2658-4859-2020-67-4-88-95.

The Concept of Creating a Digital Control System for the Process of Normalized
Distribution of Concentrated Animal Feed

Aleksey M. Sedov,
Ph.D(Eng), leading researcher, e-mail: almihsedov(@mail.ru

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Currently used systems for normalized distribution of concentrated feed to animals based on volumetric
dispensers have a humber of disadvantages that reduce their functionality and efficiency of practical use. (Research
purpose) The research purpose is in developing the concept and main components of a digital control system for the
process of normalized distribution of concentrated animal feed with automatic weight portion dosing of individual
doses. (Materials and methods) The article proposes the concept of a system for managing the process of normalized
distribution of concentrated animal feed, which consists in automatic calculation of individual feed doses taking into
account the weight of animals, monitoring productivity, lactation periods, milk and feed quality, and generating
digital data corresponding to the calculated doses. (Results and discussion) The article presents the concept of
building a digital system for managing the processes of normalized distribution of concentrated animal feed. The
article presents its structure and technological scheme. Author developed functional and schematic diagrams of the
basic components: a code converter to an analog pneumatic signal, a system for addressing pneumatic signals, a
device for comparing moments of forces; algorithms for the functioning of the system and its unified basic components.
(Conclusions) The automatic concentrate feeding system allows for more accurate and balanced feeding of each
animal. The portion, weight normalized distribution of concentrated feed to animals according to the schedules
established by the zootechnical services of enterprises contributes to the development of their genetic potential and
the preservation of animal health. The power supply and control signals of individual mechatronic, weight, and
portion dispensers have a single physical nature and level, which simplifies and increases the reliability of the
“Ration” system.

Keywords: digital system of normalized distribution of concentrated feed to animals, mechatronic, weight portion
dispenser of concentrated feed.
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CoBpeMeHHBIE IIOAXOABI K AaBTOMATHU3AIUH U HU(PPOBU3AITNN 000PYyAOBaHUA
IIPpU pa3pabOTKe TEXHOAOTUYECKUX AMHUN

Koncrantna Huxoaaesuu Copokus,
KAaHAUAAT TEXHUYECKUX HAYK, BEAYIITHII HAYIHBIN COTPYAHUK;



Huxoaaii Tumogeesuu Copokus,
AOKTOP 9KOHOMHYECKHX HayK, TAABHBIN CIIEITUAANCT, e-mail: n.sorokin.vnimsl3@yandex.ru;
E¢dum Baaumosuu Ilecrpsaxos,
IIPOIPAMMUCT

®denepanpHBIA HAYYHBIN arponHxkeHepHbIil nenTp BUM, Mocksa, Poccuiickas @eneparus

Pegpepam. Ilpu paspabomke u KChayamayuy RPOMbIULEHHBIX TEXHOL0SUUECKUX TUHUL, 20€ BbINOTHAIOMCA XUMUKO-
mexHono2UYecKue npoyeccvl nepepabomK OpeaHUYecKo20 Cbipba, UCKTIOUUMENbHOe 3HAUeHUe NPUOaemcs 60npocam
obecneuenusn Ha0elICHO20 KOHMPOIS HAO XO0OM MEXHOIO2UYecko20 npoyecca. s pewtenus 0antou 3a0auu Heodxo0uMbl
cospemennbvie Yupposvie npudOPsl U MUKPORPOYECCOPHBIE KOHMPOILEPbL, MO NO360AUNM YAPAGIANb NPOYECCOM Hepes
nepcoHanbHble NeKMPOHHO-6bIYUCTUMENbHbIe MAWMUHbL. Paccmompenbl no0Xo0bl no agmomMamu3ayuy mexHono02u4eckol
JUHUU U NPEONIONCEHUA ABMOMAMUIUPOBANIL 8bIO0D MOOYIbHO20 000pY008aHUA Ol ee U320MOGLeHUs HA OCHOBe
onpedenennvlx kpumepues. (Llens uccrnedosanus) Paspabomams npospammHblii KOMIIEKC YRPAGIEHUA CPeOCmeamu
asmomamusayui, YCMaHOBIEHHLIMU HA MOOYAbHOM 000PY008aHUU NPU CO30AHUU HOBbIX MEXHONOSUYECKUX JTUHUL MO
nepepabomKe Op2aHuiecKo2o Cbipbsa 8 NpoMulUIeHHbIX 00vemax. (Mamepuanvi u memoost) U3yuunu meopemuyecKue
OCHOBYI PA3GUMUS ABMOMAMU3AYUY HA COBPEMEHHOM Imane. Ucnoab306anu HayuHble MAmMepuansl U Cmambvii, 8 KOMopbix
paccmompenvl pasiuunbvle no0Xoobl K peuwtenuio npobrem agmomMamu3ayuy mexHon0U4eckux IuHull no nepepabomxe
opeanuyeckozo cuipbs. (Pesynvmamer u obcyacoenue) Ilpednoocunu aneopumm ynpagienus, (OYHKYUOHATbHbIE U
NPUHYUNUATLHBIE CXeMbl  A6MOMAMU3AYUY OCHOBHBIX MEXHONOSUYECKUX onepayull Ha MexHON02UYeCKoU IUHUU.
Onpedenunu aneopumm bl00pa MOOYIbHO20 000PY008aAHUs, AOANMUPOBAHHOZ0 K ABMOMAMU3AYUYU 015 pA3PAOOMKU U
COOPKU MEXHONO2UHECKUX TUHUL HA OCHOBAHUY MeXHUYeCKo20 3adanua 3axasyuka. [Ilpedcmasunu eapuanm mampuysl Ha
0aze UCNONL3YeMbIX NPOSDAMMHBIX MAMEPUANTO8 ¢ Yerbl0 paspabomxu npoekma  asmoMamusayuy OCHOBHBIX
mexHoNno2UYeckux onepayuli Ha mexuonouyeckoll aunuy. (Bvigoowr) Iokazanu, ymo nayynas HoUHA 3aKIIOYAEMCA 6
CO30aHUU UHPOPMAYUOHHO-NPOSDAMMHO20 ObecneueHus 0N CNeyudanucmos no paspabomxe a6MOMAmMusUpOSaAHHBIX
MEXHONOUYECKUX TUHULL C Yeblo NepepabomKu Opeanuiyecko20 Culpbs HA OCHOBE MHO208APUAHMHLIX PeuleHul]
(popmuposarus ee u3 ONMUMATLHOL0, UMEIOUIE20 HA PbIHKE 000PYO008AHI.

Knioueswie cnosa: asmomamusayus, mexnonoeu4eckas Iunus, MooyivHoe ooopyoosanie, npocpammHblil KOMNieKe
1O YNPAGLEHUIO CPeOCMEaMU agmomMamu3ayuu.

Ana untupoBanmsa: CopokuH K.H., CopokuH H.T., MecTpsikoB E.B. CoBpemeHHble noaxoapl K aBToMatm3aumm n umdposmsaumnm
obopynoBaHus npu pas3paboTke TEXHONOrMYECKUX NuHUA // QnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67.
N4(41). C. 96-103. DOI 10.22314/2658-4859-2020-67-4-96-103.

Modern Approaches to Automation and Digitalization of Equipment in the
Development of Production Lines

Konstantin N. Sorokin,
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Nikolay T. Sorokin,
Dr.Sc.(Econ.), chief specialist, e-mail: n.sorokin.vnims13@yandex.ru;
Efim V. Pestryakov,
programmer

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. When developing and operating industrial production lines where chemical and technological processes
for processing organic raw materials are carried out, exceptional importance is attached to ensuring reliable control
over the course of the technological process. To solve this problem, there are needed modern digital devices and
microprocessor controllers, which will allow to control the process through personal computers. The article considers
approaches to automation of the production line and proposals to automate the selection of modular equipment for
its manufacture based on certain criteria. (Research purpose) The research purpose is in developing a software
package for controlling automation tools installed on modular equipment when creating new technological lines for
processing organic raw materials in industrial volumes. (Materials and methods) Authors studied the theoretical
foundations of automation development at the present stage. Authors used scientific materials and articles that
consider various approaches to solving the problems of automation of technological lines for processing organic raw



materials. (Results and discussion) The article proposes a control algorithm, functional and schematic diagrams for
automating the main technological operations on the production line. Authors determined the algorithm for selecting
modular equipment adapted to automation for the development and assembly of production lines based on the
customer’s technical specification. The article presents a version of the matrix based on the software materials used
in order to develop a project for automating the main technological operations on the production line. (Conclusions)
The article shows that the scientific novelty consists in the creation of information and software for specialists in the
development of automated production lines for processing organic raw materials based on multivariate solutions for
its formation from the optimal equipment available on the market.

Keywords: automation, technological line, modular equipment, software package for managing automation tools.

For citation: Sorokin K.N., Sorokin N.T., Pestryakov E.V. Sovremennye podkhody k avtomatizatsii i tsifrovizatsii oborudovaniya pri
razrabotke tekhnologicheskikh liniy [Modern approaches to automation and digitalization of equipment in the development of
production lines]. Elektrotekhnologii i elektrooborudovanie v APK. 2020. Vol. 67. N4(41). 96-103 (In Russian). DOI 10.22314/2658-
4859-2020-67-4-96-103.

YK 504.064.38 DOI 10.22314/2658-4859-2020-67-4-104-110

Pa3paboTka HOPTATUBHOIO CIIEKTPOMETPA AAA OIIPEACACHUA CTPECCOBBIX COCTOAHUI
pacreHui

AxrexcasAp AnaToapeBrd CMHPHOB,
KAHAMAAT TEXHHYECKUX HAyK, CTAPIINI HAYIHBIH COTPYAHUK, alexander8484@inbox.ru;
FOpuii Asexceesnu ITpomkus,
KAHAMAAT TEXHUYECKUX HAYK, CTAPIIHII HAYYHBIA COTPYAHHK;
Hrope MameaapeBud AOBAATOB,
MAQAITTMI HAYYHBIH COTPYAHUK

®DenepanbHblil HAy4HBIH arponHkeHepHblil neHTp BUM, MockBsa, Poccuiickas @enepanus

Pepepam. Heunesazusnvie memoovl 0OHAPYICEHUS CMPECCOBbIX COCMOSHUL PACMEHULl — Memoo0 pecucmpayuu
(yopecyenyuu xropopuiia, sKuOYAOWUL 8 CeOs UsMEPeHue UHOYKYUU U CReKMPALbHbLIL AHANU3 (DIyopecyenyull,
U MEMOO CNEKMPANLHOL0 AHAU3A OMPAICEHHO20 Om aucmbes usnyyenus. Cywecmayrowue nopmamusHvie npubopsl
N0360IAI0M USMEPAMb MOIbKO 00UH U3 smux napamempos. (Llenv uccnedosanus) Paspabomame kombunupoganmoe
nopmamueHoe YCmpoucmeo OJisi ONnpeoeieHust CMpecco8blX COCMOSHULL PACMEHUll nymem pecucmpayuu
OMPANCAMENBHBIX XAPAKMEPUCTIUK TUCTbES, CNeKmpa U uHOyKyuu guyopecyenyuu xaopoguina. (Mamepuanwr u
Memoovt) Pazpabomanu nabopamopnuiil 0o6pazey ycmpoucmea 05 onpeodeieHusi Cmpeccosblx COCIMOSIHULL pacmeHull
U npogenu e2o UCHbLIMAHUS HA pacmerusx basunuxka cadosoeo (Ocimum basilicum) copma numonHwill, npu 3mom
yacms pacmenull N00BeP2aloCh 8030€lCMBUI0 CMPecco6020 akmopa 6 sude yibmpaguonenmogozo C-uziyyenus.
Ananuzuposanu cnekmp uyopecyenyuu Xiopopuiia npu 8030yAHCOeHUU PAZTUYHBIMU UCHOYHUKAMU UTYYEeHUs. U
cnekmp 06pamHo2o ompaiceHus npu 0oIyueHuu eanoeeHnol aamnou. (Pesynomamul u 006cyscoenue) Ycmanosunu,
UMO GIUSIHUE CIPeCcco8020 (Paxmopa nposieisiemcs 6 UsMeHeHuu Qopmvl cnekmpa Quyopecyenyul, a UMEeHHO 6
VMEHbUEHUU UHMEHCUBHOCIU (DIIyopecyeHyuu 8 ONUHHOBOIHOBOU yacmu cnekmpa. Koncmamuposanu, umo makoice
VMEHbULAEMCSL OMPANCAMENLHASL CNOCOOHOCIMb 8 3€NIeHOU U OAIbHEl KPACHOU 0OIACMAX CNEKmMpPa U YMEeHbUIAeMC sl
KpymusHa epaguxa npu nepexooe om KpAacHou K oanvbHell kpacHou obnacmu. (Bvieoods) Onpedenunu, umo 011
peaucmpayuu  cnekmpa  (pryopecyeHyuu Xaopopuiia ONMUMAIbHbIM 8APUAHMOM Ol 8030YHCOCHUSL CILYHCUM
npumeHenue 1a3epos ¢ OIuHamu 801 8 ouanazome 405+470 nanomempos. Boisiguau, 4mo 803M0ICHO 0OvbeduHeHue 8
00HOM ycmpoticmee QYHKYUIL CReKMPAIbHO20 AHAIU3A (DIyopecyeHyuu X10poQuila U OmMpaiceHH020 Om JUCTbES
UBTIYYEHUs], YO MOICEN NOBbICUNDb MOYHOCb ONPEOeNeHUsl CINPECCOBbIX COCMOSIHUL PACMEHUL.

Knrouesuvie cnosa: ¢nyopecyenyus xnopoguina, ompaxcamenbHas CnoCOOHOCMb JIUCMbES, CIMPecco80e COCMOsIHIULE,

yasmpaguoaem, cnekmpomemp.

Onsa untnposanua: CmupHoB A.A., MpowkumH KO.A., JosnatoB V.M. Pa3paboTka nopTaTUBHOIO CreKTpoMeTpa ANs onpeaeneHust
CTPECCOBbIX COCTOSIHUIA pacTeHui // QnekmpomexHonoeuu u anekmpoobopydosarue 8 AlK. 2020. T. 67. N4(41). C. 104-110. DOI
10.22314/2658-4859-2020-67-4-104-110



Development of a portable spectrometer for detecting plant stress conditions
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Abstract. Non-invasive methods for detecting plant stress conditions are a method for registering chlorophyll
fluorescence, including measurement of induction and spectral analysis of fluorescence, and a method for spectral
analysis of radiation reflected from leaves. Existing portable devices allow you to measure only one of these
parameters. (Research purpose) The research purpose is in developing a combined portable device for detecting plant
stress conditions by recording the reflective characteristics of leaves, the spectrum, and the induction of chlorophyll
fluorescence. (Materials and methods) Authors developed a laboratory sample of the device for determining the stress
states of plants and tested it on plants of garden basil (Ocimum basilicum) lemon varieties, while some plants were
exposed to a stress factor in the form of ultraviolet C-radiation. Authors analyzed the fluorescence spectrum of
chlorophyll when excited by various radiation sources and the back reflection spectrum when irradiated with a
halogen lamp. (Results and discussion) The influence of the stress factor is manifested in a change in the shape of the
fluorescence spectrum, namely, in a decrease in the intensity of fluorescence in the long-wave part of the spectrum.
the reflectivity in the green and far red regions of the spectrum also decreases, and the steepness of the graph
decreases when moving from the red to the far red region. (Conclusions) To register the fluorescence spectrum of
chlorophyll, the best option for excitation is the use of lasers with wavelengths in the range of 405470 nanometers.
It is possible to combine the functions of spectral analysis of chlorophyll fluorescence and radiation reflected from
leaves in one device, which can improve the accuracy of determining the stress states of plants.

Keywords: chlorophyll fluorescence, leaf reflectivity, stress standing, ultraviolet, spectrometer.
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Pegpepam. Coeounenus, obradarouue aHMUOKCUOAHMHBIMU CEOUCMBAMU, BbINOIHAIOM DPONb CMAOUIUIAMOPO8
OUONO2UYECKUX MEeMOPAH, NPEensmCcmeyIom pa3eumuio YenHvlx c60000HO-PAOUKATLHBIX APOYECcO8, NPUBOOSUUX K
pazeumuio maxcenvix 3aoonesanui. Kopoeve MOI0KO nposeisem aHmMuOKCUOAHMHYIO AKMUBHOCMb 0O1a200aps
cvigopomounvim beakam. Tennosas obpabomka, nNPUMEHAEMAs 8 MEXHOIOSUU NPOU3BOOCHBA MOJIOUHBIX NPOJYKNIOS,
Modicem no0aGIAms aHmMuoKcudanmuole ceolcmea 6enkoe monoxa. Coxpanenue nPUpoOHLIX CEOUCME MONOKA —
akmyanvHaa npooaema. (Lenv uccneoosanus) Onpedenumsv aHMUOKCUOAHMHYIO AKMUBHOCHb HAMUBHO20 (CbIPO20)

MOJIOKA U B8bIOCNICHHbIX U3 He20 DeNK08biX cﬁpakuud C OnNMuUMAlbHbIM COXpAHeHUem aKmueHoCmu Cbl6OPOMOYHbIX



oenxos. (Mamepuanvt u memoowt) Iloryuunu cvipoe MONOKO U3 UHOUBUOYATLHO2O Xossucmea I[lo0MOcKos8bs.
Yemanosunu usuxo-xumuueckue noxazamenu Monoxka u MOJIOYHOU CbIOPOMKU CIMAHOAPMUZOBAHHBIMU MEMOOAMU,
pakyuonnwiii cocmae 6eaKos — MemoooM GblCOKOIPPEKMUBHOU HCUOKOCIHOU XPOMAMOZPAPUU,; AHMUOKCUOAHHYIO
AKMUBHOCb  (CYMMApHOE cO0epiHcanUe B00OPACMBOPUMBIX AHMUOKCUOAHNO8) MONOKA U BbIOENEHHBIX U3 He20
benxosblx pparyuii — amnepomempuueckum memooom. Ilposeru xoazynsiyuto 6eIK08 MONOKA C UCHONb306AHUEM
CHIYYIACHO20 hepmenma u Xaopucmozo kanvyust. Ocyuecmeunu pazoeienue 6eiKo8ulx ppakyuti yeHmpugyauposanuem
(15 000 obopomos ¢ munymy) na npomssicenuu 90 munym. (Pesyromamor u o6cyxcoenue) Paccmompenu ¢usuko-
XumudecKkue noKa3ameiu Cblpo2o YenbHo20 U 00e3cupeHHo2o monoka. Mccredosanu QpakyuonHulil cocmag HamugHbIx
CbIBOPOMOYHBIX beNK08 ¢ npeodaadanuem bema-iakmoziobyruna. Ompabomanu Mmemoouxy gvloeneHus OeaKo8 MoaoKd
CHIYYIUCHO-KATbYUEBLIM MEMOOOM NPpU MUHUMATbHBIX memnepamypHuix 6o3zdeticmeusx 38-40 epadycoe Llenvcus.
(Bvieoowl) Hzyuunu cocmas cblpo2o monoxa. Pazpabomanu onmumanvhvie ycnosus evloesieHuss HAMUGHbIX OEIK08 U3
cbIp0o20o 0besdcupeno2o moroka. Onpedenunu aHMUOKCUOGHMHYIO AKMUBHOCMb CbIPO2O MOIOKA, KA3EUHOBOU PpaKyuu
U cblBOpomKY. Buvlseunu, umo 015 MAKCUMATbHO20 COXPAHEHUS. AHMUOKCUOAHMHOU AKMUBHOCHU OUONOUYECKU
AKMUBHBIX CHIBOPOMOUHBIX DEIKO8 HEODXOOUMO CHUNICAMb 0OUWenpUHSMble MeMNepamypbl nacmepusayuu Moroxa (75-
95 epadycos Llenvcus), npu 00HOBPEMEHHOM UZBICKAHUU HOBBIX MEMOO08 0033aPaNCUBANUSL MOTOKA O NOCMOPOHHEN
MUKpOopbL.

Kniouesvie cnosa: namusnoe MOJIOKO, AHMUOKCUOAHMHAS AKMUBHOCb, KA3EUH, CbIGOPOMOUHbIE OENKU, COIYYICHbIT
hepmenm, xnopucmolii KarbYULU.
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Abstract. Compounds with antioxidant properties act as stabilizers of biological membranes and prevent the
development of free-radical chain processes that lead to the development of severe diseases. Cow’s milk shows
antioxidant activity due to whey proteins. Heat treatment used in dairy production technology can inhibit the
antioxidant properties of milk proteins. Preserving the natural properties of milk is an urgent task. (Research purpose)
The research purpose is in studying the antioxidant activity of raw milk and protein fractions isolated from it with
optimal preservation of the activity of whey proteins. (Materials and methods) Authors received raw milk from an
individual farm in the Moscow region. The physicochemical parameters of milk and whey were assessed by
standardized methods; the fractional composition of proteins was assessed by high-performance liquid
chromatography; and the antioxidant activity (total content of water-soluble antioxidants) of milk and protein
fractions isolated from it assessed by amperometric method. Milk proteins were coagulated using rennet and calcium
chloride. Protein fractions were separated by centrifugation (15,000 revolutions per minute) for 90 minutes. (Results
and discussion) The article presents the physical and chemical parameters of raw whole and skimmed milk. The
fractional composition of native serum proteins with a predominance of beta-lactoglobulin was studied. The method
of milk protein isolation by rennet-calcium method was worked out at a minimum temperature of 38-40 degrees
Celsius. (Conclusions) The article presents the composition of raw milk. The article presents the developed optimal
conditions for isolation of native proteins from raw skim milk. The antioxidant activity of raw milk, casein fraction
and whey was assessed. To maximize the preservation of the antioxidant activity of biologically active whey proteins,
it is necessary to reduce the generally accepted pasteurization temperatures of milk (75-95 degrees Celsius), while at
the same time searching for new methods of decontamination of milk from foreign microflora.

Keywords: raw milk, antioxidant activity, casein, whey proteins, rennet, enzyme, calcium chloride.
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1Bcepoccuiickuii  HaydHO-MCCIIENOBATENLCKUI MHCTUTYT HCIIONB30BAHUS TEXHUKM W HEMTENPOIYKTOB B CEIBCKOM
xo3stiictBe, TamO0B, Poccuiickas ®eneparys;
2MenepanbHbIi HAYYHBIN arporHkeHepHsIi nenTp BUM, Mocksa, Poccuiickas ®enepanus

Pepepam. B xopmonpouzeoocmee O 3ameujeHust OeKa HCUBGOMHO20 NPOUCXONCOCHUSI YYeHble Npednazalom
UCNOIb308AMb  BLICOKOKAYECMBEHHYIO pacmumenvHyto Kyaomypy — cow. Cow Henv3s ckapmaugams 0Oe3
npeosapumenvHol menyiogol 0OpabomKu U3-3a HAAUYUA 8 Hell AHMUNUMAMeENbHuIX gewjecms. Anaius
cyuwecmeyrowell mexHuKy NOKas3al, 4mo 05 YOaleHUs aHMUNUmMamenlbHuixX 8eujecms npUMeHsIIom MUKpOHU3AYUIO,
HOOJCAPUBAHUE, CBEPXBLICOKOUACTNOMHYIO 00pabomKy, 2KCmpyouposauue, asmokiaguposanue u opyeue. Dmu
Cnocobbl 3Hepeo3ampamubvle U uMeom CR0dx4CHyr KoHcmpykyuro. (Llenv uccredosanus) Paspabomams cxemy u
delicmeylowull 0bpaszey YCmaHosKu Oas OXAANCOeHUs COU C NPUMEHEeHUeM 6ecnpu8ooHo2o BUOPAYUOHHO20
mpaxcnopmepa u npogecmu ucciedosanus e2o pabomul. (Mamepuanvt u memoost) Ipumenunu memoovl CUCHEMHO20
aHanusa U CcuHme3a Cywecmseyrowux 3HaHUll 8 O001ACMmU NPOBOOUMbBIX UCCNIe008aHUL NO  paspabomke
9Hepeochbepezaiouie2o 0X1a0umens cou, OCHOBAHHBIX HA NOJOJCEHUAX Meopuu menio- u maccoobmena. QObocrosanu
MEXHON02UHECKYIO  CXeMY OXIAdNCOeHUsi MEeMRepUpoOBanHoll Ccou. Ycmanosunu, umo Konebauus dicenoda
0ecnpugoOH020 MpaHcnopmepa 6 Kamepe OXAANCOeHUs. OCYWeCmeIAmcs Om 8UuOponpugoodd OCHOBHO20
mpaxcnopmepa 3a cuem UCNONb308AHUS PEAKMUBHOU dHepauu e20 npyacuHvl. (Pezynemamer u obcyscoenue)
Yemanosunu skcnepumenmanohviym nymem, 4mo 6 pecUOHAX ¢ yMEPEeHHbIM KIUMAMOM U MeMRepamypoll Hapy’CHO20
6030yxa 8-10 epadycos Llenvcus memnepuposanHyio cor MONCHO OXAAOUMb 00 HOPMUPYEMbIX 3HAUEHUl Npu ee
odguoicenuu 8 kamepe oxaaxcoenus 6 meyerue 105-140 cexyno. Onpedenunu, 4mo 6 pecuoHax CMpanbvl ¢ OAUMENbHbIM
nepuooom evicokux memnepamyp (20-25 epadycosg Ilenvcus) napysicrozo 6030yxa 3Qphekmuenocms 0Xaaxncoenus
memnepuposantol cou crudcaemces. (Bvigoowr) Hccnedosanu u 0b6ocrosanu KoncmpyKkmugHvle napamempul Kamepbl
oxXnaxMcoeruss cou 0Jis YCaosull menio2o kuumama. Paspabomanu u ucnwimanu oeticmeyiowuti oopazey yCmaHosKu.
Buisgunu, umo npeonosicennoe mexnuueckoe peuierHue 00ecneuu8aen CHUNICEHUE IHEPeO3Ampam no CPAGHEHUr ¢
MPAOUYUOHHO UCNOTB3YEeMbIM 000pyoosatuem 00 30 npoyenmos.

Kniouesvie cnosa: cos, memnepuposanue, CUcmema OXaaxicoeHust, KOMOUHUPOBAHHbLI HA2Pes, BUOPONPUBOO.
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Abstract. In feed production, scientists suggest using high-quality plant culture, soy, to replace animal protein. Soy
cannot be fed without pre-heat treatment due to the presence of anti-nutritional substances in it. Analysis of existing
technology has shown that micronization, roasting, ultra-high-frequency processing, extrusion, autoclaving, and
others are used to remove anti-nutritional substances. These methods are energy-intensive and have a complex design.
(Research purpose) The research purpose is in developing a scheme and a working sample of a plant for cooling
soybeans using a non-water vibrating conveyor and conduct research on its operation. (Materials and methods)
Authors applied methods of system analysis and synthesis of existing knowledge in the field of ongoing research on
the development of energy-saving soybean cooler, based on the provisions of the theory of heat and mass transfer.
The article presents flow diagram of the cooling of soy. The vibrations of the chute of a non-drive conveyor in the
cooling chamber are carried out from the vibration drive of the main conveyor due to the use of the reactive energy
of its spring. (Results and discussion) It was revealed experimentally that in regions with a moderate climate and an
outdoor temperature of 8-10 degrees Celsius, tempered soy can be cooled to the normalized values when it moves in
the cooling chamber for 105-140 seconds. In regions of the country with a long period of high temperatures (20-25
degrees Celsius) of outdoor air, the cooling efficiency of tempered soybeans decreases. (Conclusions) The article
presents the design parameters of the soybean cooling chamber for warm climate conditions. Authors developed and
tested a working sample of the installation. The proposed technical solution provides a reduction in energy
consumption compared to traditionally used equipment by up to 30 percent.

Keywords: soybeans, tempering, cooling system, combined heating, vibration drive.
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Peghepam. Kuiouesvle snemenmul cucmemvl NpU NPOSHOZUPOBAHUU INEKMPOMASHUMHO20 NOBPENCOCHUS —
INEKMPOMASHUMHBIN  UCMOYHUK U Ouoobwvexm. Komnnexc ananumuyeckux modeneil u npozpamm  Ois
NPOCHO3UPOBAHUSL NOBPENHCOAIOWUX U KPUMUYECKUX YCIOGULL INEKMPOMACHUMHO20 6030€licmBUs Ha 61U000beKkmbl, a
makdice  NPOZPAMMHLIE ~ KOMNOHEHMbI,  pearuzyiowue pazeumeie Mamemamuyeckue Mooeu  peaibHbIx

INIEKMPOMACHUMHBIX Npoyeccos, npoucxoaﬂumx 8 buono2uuecKux CMPYKmMypax Ha pa3HblX YPOBHAX OpcaHU3AYUU,



omcymemeyiom. (Lenv uccreoosanust) Paszpabomams cucmemy onpeoenenHus I91eKMpUecKux napamempos
NOYGEHHbIX U ODUOIOSUHECKUX 00BeKMO8 (0151 pazeumusi npedCmasieHull 0 nPoYeccax 6 CMmpyKmypax pasHvix yposHell
opeanuzayuu OUOI02UUEeCKUX 00BLEKMO8): 8 AcPOMeXHON0UAX — OAsl OUACHOCMUKU PACTUMENbHBIX 00beKmos u
nouevl; 8 1AOOPAMOPHBIX YCIOBUAX — KAK CPedbl Ol CO30AHUS U U3VUEHUSl HOBLIX JJIeKIMPOMEXHOI02UL, MemOOUK
aHanusa u obpabomku uHGopmMayuoHHbIX cucHanos. (Mamepuanvt u memodst) Memoo KOHMPOAA S1eKMPULEeCKUX
CBOUCME 3aKNIOUAEMCsl 8 NPULONCEHUU K DACMUMENIbHOMY 00BeKmYy HANPSJICeHUsS, UMeouje20 NOCMOSIHHYIO U
HU3KOYACTMOMHYIO COCIMABISIOWYIO, U 0OHOBPEMEHHOM USMEPEHUL NOCMOIHHO20 MOKA, eMKOCMHOU U PE3UCMUGHOU
KOMROHEHM HU3KOYACMOMHO20 umnedawnca. (Peszynomamul u o6cyscoenue) Ycemanosunu, umo npeonodiceHHas
cucmema  onpedeienusi INEKMPUYECKUX NAPAMEmpos8 pPACMUMENbHbIX  00BeKmo8 U  NOYGbl  NO36OJIAEN.:
BUZYANUZUPOBAMb UCXOOHDBIL CUSHAL, NPOBOOUMb paciem UHQOPMAMUBHBIX NAPAMEMPO8 U CMAMUCIUYECKYIO
06pabomKy UHGOPMAMUBHO2O CUSHANA PACMUMETLHO20 00BEKMA U NOYGbL (NOCMPOEHIUe 3AKOHO8 PACIPEOeleHUs,
BbIYUCTICHUE OUCNEPCUU, MAMEeMAMUYEcKo20 ONCUOAHUsL), BbIYUCIAMb CHEeKMpP UHDOPMAMUSHO20 CUSHANA,
BbINOJIHANMb 3ANUCH 3HAYEHUU 1106020 U3 YKAZAHHBIX UHDOPMAMUBHLIX NAPAMEMPOE KAK 6 PedlCUMe PedibHO20
6peMeHU, MAaK U 6 GblOPAHHBIL MOMEHM, CMPOUMb GPEMEHHbIE 3ABUCUMOCIMU UHQOPMAMUBHBIX NAPAMEMPOS
pacmumenvHblx 00beKkmos u nousvl. (Bvieoovl) Peanuzosanu pescumvl usmepenus 10KAIbHO20 CONPOMUBIEHUsL Ha
NOCMOSHHOM MOKe U KOHMPOIb eMKOCMHOU U PE3UCMUSHOU COCMABISIIOWUX 8 001ACTU JNEKMPULECKO20 KOHMAKMA
08YX U2l U OPY2UX USMEPUMENbHBIX DNEKMPOO08 C PACMUMENbHLIMU 00BEKMAMU 8 HUZKOYACMOMHOM OUANA30HE.
Kniouegvie cnoea: >1ekmpomexHoniocuieckue YCmMaHo6Ku, — JeKMpuyeckoe noepexcoeHue,  a1eKmpoob,
pacmumenvhbie U NOYEHHble 00BEKNbL, HANPSNCEHUE, MOK, CONPOMUGTEHUE.
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Abstract. The key elements of the system for predicting electromagnetic damage are the electromagnetic source and

the biological object. There is no complex of analytical models and programs for predicting damaging and critical
conditions of electromagnetic impact on biological objects, as well as software components that implement developed
mathematical models of real electromagnetic processes occurring in biological structures at different levels of the
organization. (Research purpose) The research purpose is in developing a system for determining the electrical
parameters of soil and biological objects (to develop ideas about the processes in the structures of different levels of
organization of biological objects): in agricultural technologies for diagnostics of plant objects and soil; in laboratory
conditions as a medium for creating and studying new electrical technologies, methods of analysis and processing of
information signals. (Materials and methods) The method for monitoring electrical properties consists in applying a
voltage with a constant and low-frequency component to a plant object, and simultaneously measuring the DC
current, capacitive and resistive components of the low-frequency impedance. (Results and discussion) The proposed
system for determining the electrical parameters of plant objects and soil allows to visualize the original signal; to
perform calculation of informative parameters and statistical processing of the informative signal of a plant object
and soil (construction of distribution laws, calculation of variance, mathematical expectation); to calculate the
spectrum of the informative signal; to record the values of any of the specified informative parameters, both in real
time and at the selected moment; to make time dependencies of informative parameters of plant objects and soil.
(Conclusions) Authors implemented modes for measuring local DC resistance and monitoring the capacitive and
resistive components in the area of electrical contact of two needles and other measuring electrodes with plant objects
in the low-frequency range.

Keywords: electrotechnological installations, electric damage, electrodes, plant and soil objects, voltage, current,
resistance.
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Pegpepam. Paccmompenu cocmag KOMROHEHMO8 U3BECMHbIX KOPMOGbIX 0obasox. Couemanue UCNONb30BAHHBIX 6
KOpMO6OU  00DaeKe  KOMNOHEHMO8  NO3680Jsem  peuwlumb  npobiemy  SUMAMUHHOU U DHEP2emuyeckol
He00CMamo4yHOCMY, HOPMAIU3AYUL 0OMeHA 8euecms, 8bl8e0eHUsl HAKONIEHHbIX 8 JHCelyO0UHO -KUUeYHOM MpaKme
MOKCUYECKUX NPOOYKMO8, NOBbICUMb PE3UCIEHMHOCMb OP2AHUIMA MONOOHAKA U 83POCIbIX HCUBOMHBIX, U3Dedcams
nomeps MONOYHOU U MAcHOU npodykmugHocmu. Obwue HeOOCMAamKu KOpMOGbIX 000A8OK 3d KIIOUAKMCA 8 UX
MHO20KOMNOHEHMHOM COCMAge, 8bICOKOU mpyooemkocmu u OoaumenvHocmu noayuenus. (Llenv uccnedosanus)
Paspabomamv mexnonozuu npouzgoocmea KOpmMosol 000A8KU € WUPOKUM CNEKMPOM OUOI02UYeCKOl AKMUBHOCIU
Ha OCHOBe nepepadbomKu OKUCIEHHbIX OYPLIX Yenell Ha MO O0YIbHOU meXHoLo2udeckol tunuu. (Mamepuanv u memoowt)
Hzyuunu s¢pgpexmusnocmov pabomsl MOOYIbHOU MEXHOLO2UYECKOU TUHUU NO 00ecneyeHuo 2uOKOCMU 8 MexHOL02UU
nepepabomku 0ypozo yzisi ¢ yeiblo NONyYeHUs Kopmogou 0obasxu. Hcciedosanu npaxmuyeckue pe3yibmambl
NPOBEPKU 3A8UCUMOCHIU KAYECMBA NOIYYEHHOU KOPMOBOU 000ABKU OM RAPAMEMPO8 U PEHCUMO8 pabOMbl OMOETbHbIX
V3108 U acpecamos. (Pesynomamot u o6cyscoenue) Paspabomanu mexnonoeuio no npou3goocmay Kopmoeou 006asxu
01 kpynHozo pozamoeo ckoma. Ilposenu ucnvimanusn ¢ OO0 «Aundpeesckoe» Pecnybauxu Xakacus npednacaemoii
KOPMOBOU 006a6KU HA OUHOM cmade KPYNHO20 pO2amozo CKoma, 20e 0vliu chopmMuposansvl 08e epynnvl JICUBOMHBIX
no 20 2ono6 Kajcoas: KOHMPOIbHAs U onvimuas. HMcnvimanu 000a8Ky Ha ucxode 3uUMHe20 CHOUI08020 Nepuood.
(Bvi6oov) Ycemanosunu na npumepe OO0 «Andpeesckoey eausnue xopmosou o0obdasku «lymamul Xaxacuuy na
MONOUHYIO U MACHYIO NPOOYKMUBHOCHb KPYHHO20 po2amoeo ckomd. OnmuMu3upogany HOPMbl CKAPMAUGAHUS U
cocmag KoOpmogoti 006asKu Oist KPYNHO20 pO2amo2o CKOmMaA MOJIOYHO20 Hanpaesienus 8 yciogusx Pecnyoau ku Xaxacus.
Tpusenu pexomenoayuu no npumMeHeHur0 KOpmMosol 000a8KU 8 CHOULO8bIL NePUOO.

Knioueevte cnosa: xopmosass 0obaska 01si KPYNHO20 pO2AmMo20 CKOMd, COCMAE KOMNOHEHMOS8, MOOYJIbHAS
MEeXHOI02UYeCKAsl TUHUsL, OYPbLU Y20Tb.
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Abstract. The article presents the composition of known feed additives. The combination of components used in the
feed additive can solve the problem of vitamin and energy deficiency, normalize metabolism, remove toxic products
accumulated in the gastrointestinal tract, increase the resistance of young animals and adult animals, and avoid
losses of dairy and meat productivity. Common disadvantages of feed additives are their multicomponent composition,
high labor intensity and duration of production. (Research purpose) The research purpose is in developing the
technologies for the production of feed additives with a wide range of biological activity based on the processing of
oxidized brown coal on a modular production line. (Materials and methods) The article presents the study of the
efficiency of a modular processing line to provide flexibility in the technology of processing brown coal to obtain feed
additives. The article presents the practical results of checking the quality of the obtained feed additive on the
parameters and operating modes of individual units and aggregates. (Results and discussion) Authors developed a
technology for the production of feed additives for cattle. The proposed feed additive was tested in Andreevskoe LLC
of the Republic of Khakassia on a dairy herd of cattle, where two groups of animals of 20 heads each were formed: a
control group and an experimental group. Authors tested the addition at the end of the winter stall period.
(Conclusions) The article presents the influence of the “Humates of Khakassia” feed additive on the dairy and meat
productivity of cattle on the example of LLC «Andreevskoe». Authors optimized the feeding standards and the
composition of feed additives for dairy cattle in the Republic of Khakassia. The article presents developed
recommendations for the use of feed additives in the stable period.

Keywords: feed additive for cattle, composition of components, modular production line, brown coal.
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AmaAn3 O0Te4eCTBEHHBIX U 3aPy0EeIKHBIX TEXHUYIECKUX CPEACTB
AAA BO3AEABIBAHUA KapTO(heAsa U TONMHAMOypa Ha IPAAAX
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Pegpepam. Bozoenvisanue kapmogens mpebyem cepbe3rHoll NOO20MOBKU NOUEbL, OOHUM U3 PAKMOPos, GAUAIOWUX HA
ypodicail, cayxcum  8030yX0- U 61aconpoHuyaemocmsv noyewl. (Llenv uccredosanus) Ilposecmu ananusz
CYuecmeyouux omeuecmeeHHbIX U 3apyOedcHblX 06pa3y08 MEXHUYECKUX CPedCmea 05 6030€Ibl6aHUsL Kapmopes u
monunambypa Ha epsoax. (Mamepuanvt u memoowvy) Onucanu OOCMOUHCINGA U HEOOCMAMKU NPUMEHEeHUs.

B6EPMUKANbHBIX U 20PUBOHMANbLHLIX  Nouso0Opabamvisarowux @gpes. I[lpoanaruzuposaru  cywecmeyouue



omeuecmaennbvle U 3apydedxichvle noYsoodpabamuvisaiowue gpesvl, opyous u ooracms npumenenus. (Pesyromamuol u
obcyacoenue) [loxkazanu, ymo 0 KAYECMEEHHOU NPeONnoCcadoyHOU 0OPAOOMKU NOYEbL WUPOKO UCHONb3VIOM Ppe3bl
€ 2OpU3OHMANLHOU U 6EPMUKATLHOU OCbIO 8PAWEHUS, OISl PLIXACHUS HUMCHUX CTI0e8 NOY8bl NOO PAOKOM NOCAOKU
KIyOHel Ha (hpe3ax ycmanasiuearom pasiuiHvle 1anbl, ¢ Yeablo 8bINOIHEeHUs, OOHOU MAWUHOU HECKOIbKUX ONepayull,
6 HACMHOCU, CHAOUWIHO20 (PPE3ePOBAHUA C DbIXJIEHUEM HUNCHUX CI0€8 U NOJOCHO20 (hpe3eposaHus ¢ HApe3Koll
2pebuetl, omoenvbHble KOHCMPYKYUU 20PUSOHMANIbHBIX (dpe3 cooepicam CMeHHble U Kamok, U @apmyk-
epebHehopmuposamens, 3a cuem NPUMEHEHUS CMEHHbIX ONYUll 2OPU3OHMANbHLIE (hpesvl Ooabute, Yem
8epMUKANbHbIE, NPUCHOCOONEHbL 01 6bINOTHEHUS PASHBIX ONEPayull; payuoHaIbHas KOHCMPYKYUs Ky1bmueamopa
@peszeprozo 013 npeonocadounoll 00pabomKu NOUBbl OOJHCHA COOEPAHCAMb CMEHHble OpeaHbl OJid CHIOUHO20
Ppezeposanus u BLIPAGHUBAHUA 8EPXHE20 CIOS NOUEbL U HAPe3KU epebHell Ui GopMUuposanus epsao nepeod nocaokou
u npu yxode 3a nocaokamu kapmodghens u monunamoypa. (Bvigoowvt) Yemanosunu, umo npeonocadounas gpesepras
06pabomka nougsl nNoO Kapmodenvb Kavecmeenuee, yem mpaouyuonnas. Buiagunu, umo, HecMOmMps HA biCOKYIO
9HEpP20eMKOCb  npoyecca No020MOBKU NOHEbl NOO NOCAOKY Kapmogens, Kauecmeo pabomel dpesepHblx
KYIbmMuamopos npegocxooum azpomexnuiecKue nokazamenu pabomul 6ecnpusooHbIX MAUUH.

Kniouesvie cnosa: 6osoenviganue kapmoghens, 2011aHOCKASL MEXHONO2US, (hpe3epHble KYIbMUamopwl, a’spayus

noy4eul.
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Analysis of Domestic and Foreign Technical Means for the Cultivation of Potatoes and
Jerusalem Artichoke on Seed Plot
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Abstract. Growing potatoes involves extensive ground preparation. Factors affecting the crop are air and moisture
permeability of the soil. (Research purpose) The research purpose is in analyzing existing domestic and foreign
technical means for growing potatoes and Jerusalem artichoke on seed plot. (Materials and methods) The article
presents the advantages and disadvantages of using vertical and horizontal tillage cutters. Authors have analyzed
existing domestic and foreign tillage cutters and tools and their applications. (Results and discussion) For high-
quality pre-planting tillage there are widely used cutters with horizontal and vertical rotation axes; for loosening the
lower layers of soil under a seed plot there are used various paws installed on the cutters; in order to perform several
operations by one machine, in particular, continuous milling with loosening the lower layers and strip milling with
cutting ridges, separate designs of horizontal cutters contain replaceable both a roller and an apron-ridgeformer.
Due to the use of replaceable tools, horizontal cutters are more suitable for performing different operations than
vertical ones; a rational design of a milling cultivator for pre-planting soil treatment should contains replaceable
organs for continuous milling and leveling the top layer of soil and forming ridges before planting and when caring
for potato and Jerusalem artichoke plantings. (Conclusions) Pre-planting milling of the soil for potatoes is better
than traditional. Despite the high energy intensity of the process of preparing the soil for planting potatoes, the quality
of milling cultivators exceeds the agrotechnical performance of non-driving machines.

Keywords: potato cultivation, Dutch technology, milling cultivators, soil aeration.
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Pegpepam. Pazpabomka nopmamugos nompedHOCMU 6 MeXHuKe U MemoOuKu ux onpeodeneHus — aKmyanibHdsl
npobaema, peuterue KOMOpPol 0aAcm 603MOHCHOCHb OUPEKMUBHBIM OP2AHAM, A MAKHCE MOBAPONPOUIEOOUMEIAM
pewiams He MoabKO MeKyuue 3a0adu, CéA3aHHbIe ¢ OCHAWEHUEM NAPKA MAWUH, HO U ONPeOelsimb NepcneKmusHy0
nompebnocms 6 mexuuke ona Poccuu 6 yenom, pecuonos u xosaiicme ecex munos. (Llenv uccrnedosanus)
Paspabomamv  memoouxy pacuema HOpMAMUeHOU NOMPEOHOCMU 6 MeXHUKe OISl PACMeHUeBo0Ccmed ¢
UCNOTL308AHUEM KOIPPuUyUenmos nepesooa Gusudeckux eounuy mexHuku 8 IMAaioHHble eOUHUYbl, NO380IAI0Ujel
OYeHUMsb NOMEHYUATLHYIO 3PDEKMUEHOCHb NAPKA C Y4emOM OCHOGHbIX NOKA3amenell MexHu4ecKo2o ypOoeHs No
6cemMy munopasmepHoMy paoy MawuH Ha OCHO8e aKMyanu3upoSaHHblX OGHHBIX O MEXHOI0UAX U XAPAKMEePUCMUKAX
mawun. (Mamepuaner u memoowt) Ilposeru anaiuz cocmosHus MAWUHHO-MPAKMOPHO2O NAPKA, 6bIAGUIU
Hezamugnvle NpooONeMvbl C OCHAWEHHOCMbIO MAwlunamy Xxo3alcme pasnvix munos. Ob6obwuru  oowUPHbBL
cmamucmuyeckui  mMamepuar — no  OUHAMUKe — USMEHeHusi  nokasameneil  NPou3600CMEd  OCHOBHbIX
cenbeKkoxo3alicmeenHblx  Kynomyp. Hccnedosanu u  ymoununu  ycioguvle  (Imanonnvie) KodIp@uyuenmuol.
(Pesynomamul 00cyscoenue) H3nodxicunu 0CHO8Hble NON0dMCeHUs ucciedosanut, nposedennvix 6 OHAL] BUM, no
onpeoenenuo HOPMAMUGHOU NOMPEOHOCMU CeNbCKO20 XO3AUCmea 6 mexHuKe ¢ HpUMEHeHUeM YCI08HbIX
(3manonnvix) Ko3p@uyueHmos, Komopwvle MOSYM UCHOTb308AMbCA KAK CREYUATUCamu XO03aicme, max u
coomeemcemeyowumu munucmepemeamu. Ilokaszanu, 4umo npumenenue yCio8HuIX (IMATOHHBIX) KOIDPuyuenmos
NO0360AEM OYEHUNb CYuecmeyrouuli ypogeHb 00eCneyeHHOCU PeSUOH08 U CMPAHbL 8 YEeIoM HeoOX00UMbIMU
MaWUHaAMU U Oonpedeums HOPMAMUSHYIO NOMPEOHOCMb U KOAUYeCmE0 MeXHUKU PA3TUYHLIX MUnopasmepos,
Komopyio cnedyem npuobpecmu. (Bvisoodwvl) Ycmanosunu, umo npocHo3uvie OauHble OQlOM  OPUEHMUP,
NOKA3bI8AIOWUL HANPAGLEHUE PA3GUMUS MAUUHOCTPOCHUS U MEXAHUZAYUU CENlb CKOXO3SUCTNBEHHO20 NPOU3B0OCMEA.
Onpedenunu, 4umo no mepe usMeHeHus: CMpyKmypbl NOCeBHbIX NAOWAOel, a MAKX*Ce UX YEeTUYeHUs Ul YMEeHbUEeHUs]
nOmpeOdHOCmb 8 MEXHUKe OOINCHA KOPPEKMUPOBAMbCSL.

Kniouesvte cnosa: mexuuueckue cpeocmea, nompedHOCmb 8 mMpaKmopax, azpocpox, MmexHoa0eu4eckdas onepayus,
OCHAWEHHOCb, nomepu NPOOYKYUU, VCI08HbI (IMATOHHBIN) KOIDDuyuenm.
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Abstract. The development of standard requirements in the technique and methods of their determination is an urgent
problem whose solution will give the opportunity to policy authorities and producers not only to solve current
problems related to the vehicle fleet, but also to determine future needs for technology for Russia as a whole, regions,



and farms of all types. (Research purpose) The research purpose is in developing a methodology for calculating the
normative need for equipment for crop production using coefficients for converting physical units of equipment into
reference units, which allows us to assess the potential efficiency of the fleet, taking into account the main indicators
of the technical level for the entire type-size range of machines based on updated data on technologies and
characteristics of machines. (Materials and methods) Authors analyzed the state of the machine and tractor fleet and
identified negative problems with the equipment of different types of farms. The article presents summarized extensive
statistical data on the dynamics of changes in production indicators of major agricultural crops. The conditional
(reference) coefficients were studied and clarified. (Results and discussion) The article describes the main provisions
of the research carried out in the Federal Scientific Agroengineering Center VIM on determining the normative need
of agriculture in technology using conditional (reference) coefficients, which can be used by both farm specialists
and relevant ministries. The use of conditional (reference) coefficients allows us to assess the existing level of
provision of regions and the country as a whole with the necessary machines and determine the standard demand and
the number of equipment of various sizes that should be purchased. (Conclusions) The forecast data provide a
benchmark showing the direction of development of mechanical engineering and mechanization of agricultural
production. As the structure of acreage changes, as well as their increase or decrease, the need for equipment should
be adjusted.

Keywords: technical means, need for tractors, agronomic term, technological operation, equipment, product losses,
conditional (reference) coefficient.
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