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Axexceii BaaepreBuu bykpees,
MAQALLIIH HAYIHBIH COTPYAHHK, e-mail: alexziend@gmail.com;
AaexcasAp Baaanmuposuu Bunorpaaos,
AOKTOP TEXHIYECKUX HAYK, AOLICHT, TAABHBIH HAYYIHBIN COTPYAHHK

®denepanbHBIA HAYYHBIN arponHxkeHepHbIi nenTp BUM, Mocksa, Poccuiickas @eneparus

Pecpepam. Hecmomps na mo, umo onepayus uoeHmupuxayuu npo8oOHUKO8 KaAAHCemcs N1eKOU U 21y00K0 U3yueHHOU
MeMOll, OHA MOXNCem OKA3AMbCs MPYOOeMKOU U3-3a OOIbUO020 KOTUYECMEa HeuOeHMUPUYUpOSaHHbIX NPOBOOHUKOE
(kabeneil). IIpeonazaemcs mMemoo, OCHOBAHHBI HA UCNONL306AHUU AKYCIMUYECKO20 CUSHANA 6 KAYecmee HOCUMEIs,
no360A0OWULL 0ONe2UUMb U YCKOPUMb npoyecc uoeHmuguxayuu nposoonuxos. Panee paspabomana memoouxa
pacuema 38yK08020 0a6lleHUs 8 NPOBOOHUKAX NpU UX UOeHMuurayuu, 00HAKo OHA umeem ps0 HemouyHOCMell.
Tlosmomy npeonodcena ycogepuieHcmeo8anHas Memoouka paciema 36yK06020 0aeieHus 6 nposoonuxax. Ilo
NPUBEOEeHHOU MemoOuKe PaccHumvl8ancs ypogeHb 38YKOB020 OAGLEHUs 6 3A6UCUMOCTIU OM ONPeOeleHHOU ONUHbL
NPOBOOHUKA, ceueHuss NposooHuxa u muna usonayuu. IIpogedennvie pacuemuvl 6blAGUNU BO3MOHCHOCTHL
uoeHmuukayuy - NPOBOOHUKO8  AKYCMUYECKUM — MemoOooM. (Lenv  uccnedosanusy)  Paspabomamo
YCOBEPUIEHCTNBOBANNYIO  MEMOOUKY —pAacyema Nnapamempos pacnpoCmMpanenus aKyCmMu4yeckux CueHanos 8
INEKMPUYECKUX NPOBOOHUKAX U UX UBOTAYUYU NPU UOeHMuUpuKayuu npoeoodos u Kabeiell aKyCmuyecKum mMemoooM.
(Mamepuanet u memoowt) Ilpoananusupoeanu JaumepamypHvie UCMOUHUKU U CYUecmeyiowmue Memoovl
uoeHmupurayuu nposooHUKos. Packpuliu cyms akycmuyecko2o memooa uoeHmuguxayuu nposodos. (Pezyromamor
u obcyxcoenue) Onucanu MamemMamuyeckylo MoOeib PACHPOCMPAHEHUs 38YKA 6 NPOBOOHUKAX U USONAYUU.
Beinonnunu pacuemuvt 0na onpedenenust yposHs 36yK08020 OABNEHUs 8 3AGUCUMOCHIU ONl ONPEOEeNeHHOU ONuUHbL
NPOBOOHUKA, NONEPEYHO20 CeueHUsi NPoBOOHUKA u muna uzorayuu. (Beigoowl) Buiasuiu Hedocmamyu
cywjecmeylomux  cnocobos u cpeocme 0asa  udeHmuurkayuu npoeoonuxos. Ilposenu mmozogaxmopmulil
IKCNEPUMEHm, 6 KOMOPOM YAPAGIAEMbIMU U KOHMPOIUPYEMbIMU Gakmopamu Obliu: ceueHue npoeoOHUKd,
paccmosmue MoK UOeHMUGUKAYUU OMm UCMOYHUKA 38VKA, YACMOmMA axycmuueckoeo cueHana. Ilomyuunu
VpasHeHue pezpeccull; NOGEPXHOCMU OMKIUKA YPOGHS 36YK06020 OAGNIeHUs 6 NPOBOOHUKAX NpU Hdcmome
akycmuyeckoeo cuenana 80 I'epy.

Kniouesvie cnosa: uoenmuuxayus nposoOHUKA, AKyCIMUYECKULl CUSHAI, pACnpOCMpanerue 36yKa 6 NPOBOOHUKAX U
U30TAYUU, YPOBEHD 36YKOB020 0ABIeHUsl, YCMPOUCTEO UOSHMUPUKAYUU NPOBOOHUKOS.

Ona uutupoBaHusa: bykpeeB A.B., BuHorpagoB A.B. YcoBeplueHCTBOBaHHasi MeETOOMKA pacyeTa 3BYKOBOMO [aBMEHWUsi B
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Advanced Method of Calculating Sound Pressure in Conductors when They are
Identified by Acoustic Method

Aleksey V. Bukreev,
junior researcher, e-mail: alexziend@gmail.com;
Aleksandr V. Vinogradov,
Dr.Sc.(Eng.), associate professor, chief researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Despite the fact that the operation of identifying conductors seems to be an easy and deeply studied topic,
it can be time-consuming due to the large number of unidentified conductors (cables). A method based on the use of
an acoustic signal as a carrier is proposed, which makes it easier and faster to identify conductors. Previously, a
method for calculating the sound pressure in conductors during their identification was developed, but it has a number
of inaccuracies. Therefore, an improved method for calculating sound pressure in conductors is proposed. According
to the above method, the sound pressure level was calculated depending on the specific length of the conductor, the
cross section of the conductor and the type of insulation. The calculations carried out revealed the possibility of
identifying conductors by the acoustic method. (Research purpose) The research purpose is developing an improved
methodology for calculating the parameters of acoustic signal propagation in electrical conductors and their



insulation when identifying wires and cables by acoustic method. (Materials and methods) Analyzed literature sources
and existing methods of identification of conductors. Revealed the essence of the acoustic method of wire
identification. (Results and discussion) A mathematical model of sound propagation in conductors and insulation was
described. Calculations were performed to determine the sound pressure level depending on the specific length of the
conductor, the cross-section of the conductor and the type of insulation. (Conclusions) The shortcomings of existing
methods and means for identifying conductors have been identified. A multifactorial experiment was conducted in
which the controlled and controlled factors were: the cross section of the conductor, the distance of the identification
point from the sound source, the frequency of the acoustic signal. The regression equation was obtained; the response
surfaces of the sound pressure level in the conductors at an acoustic signal frequency of 80 Hz.

Keywords: conductor identification, acoustic signal, sound propagation in conductors and insulation, sound pressure
level, conductor identification device.
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Pegpepam. Ha ouaznocmuposanue monausHou annapamypul Ou3eib-HO20 O08u2amens 3ampaisusaemcs MHO20
epemenu. bonvuuncmeo ee memodos npeononazaem uyacmuuyHyr paszOoOpKy Oeueamens, YMO Yee-Iuyuedem
cebecmoumocmov pabom. Ilosmomy pazpabomra HOBbIX MeMOO08 OUACHOCMUPOBAHUs — aKkmyaivhas 3aoada. Ha
OCHOBe DONbUIO2O IKCHEPUMEHMATLHO20 MAMEPUANA NOKA3AHA BO3MONCHOCHb NPUMEHEHUST 8UOPOAKYCIMUYECKUX
Xapaxkmepucmux Oasi OUACHOCMUPOBAHUs (DOPCYHOK U MONIUBHO20 HAcoca 60 epems pabomwel ousens. (Llenw
uccnedoganus) Boisigums deexmuvl MONIUGHOU annapamypbi ¢ NPUMEHEHUeM Memood nocied08amenbHO20 AHAIU3A
no gubpoaxycmuyeckum xapaxmepucmuxam. (Mamepuanvt u memoowr) Iloxkazanu, umo eubpoOaKycmuyecKuii Memoo
OUACHOCMUPOBAHUSL OCHOBAH HA Pe2UCMPAYUU NAPAMEMPO8 YRPY2Uux Koaeoanutl, 603HUKAIOWUX 8 MEeXAHUBMAX Npu
coyodapenuu demarneti 80 8pems pyrnkyuorupoganus. Q6ciedosanu 0s NOIyUeHUs: IKCHEPUMEHMATbHO20 MaAMepuand
boaee 10 ouzenvHbiX 0gueameneli ¢ pasHvLIM CPOKOM IKCHIYAMAYULU: HOGble MPAKIMOPbl, MPAKMOpPvl ¢ HAPAOOMKOU
300 yacoe u mpaxkmopwi ¢ gpemenem Hapabomku obonee 8000 yacog b6e3 kanumanvHozo pemonma. (Pesyromamuol u
obcyocoenue) Cocmasunu ¢ yenvio onpeoenetus 8epoamHoCmy OUdeH0308 MemoooM NOCIe008aMeNbHO20 AHAIU3A
OUASHOCIMUYECKYI0 Mampuyy MONIUGHOU annapamypsl, CQOPMUPOBAHHYIO HA OCHO8E 3KCNEPUMEHMANbHOZ0
mamepuana. Tonyuuiu 6 umoee pacuemos, OCHOBAHHBIX HA OUASHOCMUYECKOU Mampuye MoniueHol annapamypbl,
credyrouue pe3yibmamol. NPUSHAK HU3KAs aMnaumyoa na vacmome 73 eepy ceudemenbcmeyem 0 Haauduu OUdeHo3a
D, — 3axokcosannocme coniosvblx omeepcmuil npu HAIUMUY, HU3KAsL amnaumyoa Ha wacmome 137 eepy npusnax
ouaenosa D1 — crudicenue ynpyzocmu npyscunsl. (Bvisoost) Yemanosunu, umo npumenenue 8ubpoaxycmuyeckozo
KOMABIOMEPHO20 USMEPUMENIbHO20 KOMNJIEKCA NO380JSAen 80 8pemMsi pabombvl OU3eIbHO20 O8ucamens NOJYYUMb
cnexkmpul ubpayuu 6 ouanazore om 5 0o 5000 eepy monaueHol annapamypsbl NPU PATULHBIX PEACUMAX pabomul,
NpUsHaK Huzkas amnaumyda Ha uacmome 137 eepy (OCHOBHOU NPU3HAK HEUCHPABHOCMU MONJIUBHO20 HACOCA
8bICOKO20 0dQ6JIeHUsl) OKA3blédem 6GIUAHUe HA CHUNCEHUe YNpy2ocmu npyxcunvl. Buiagumu, umo npu nanuuuu
CIMAmMuUCmMu4ecKo20 Mamepuaia no oepexmam moniueHoOU annapamypvl Memoo nocied08amelbHO20 AHANU3A Odem
803MOJCHOCHIb NOBBICUMB OOCIOBEPHOCINb NPU OUASHOCIIUPOBAHUU U NPOSHOZUPOBAHUU MEXHUYECKO20 COCTNOAHUAL.
Kniouesvie cnosa: monnugnas annapamypd, OUAZHOCMUPOSAHUE, OU3eNb, Mmoo NOCIe008AMENIbHO20 AHAU3A,
BUOPOAKYCMUYECKUE XAPAKMEPUCTNUKU.

Ansa untupoBanus: Kupauwes [.B. MNpumeHeHne meToda nocnefoBaTenbHOMO aHanvaa npy BbisiBIeHUM AedeKTOB TOMMMBHOMN
annapartypbl ausens // SnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2022. T. 69. N4(49). C. 12-17. DOI 10.22314/2658-
4859-2022-69-4-12-17. EDN IVUZZO.



Method of Sequential Analysis in the Defect Detection in Diesel Fuel Equipment
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Abstract. The checking of a fuel equipment of a diesel engine takes a lot of time. Most of methods involve partial
disassembly of the engine, which increases the cost of work. Therefore, the development of new diagnostic methods
is an urgent task. TAP the possibility of using vibroacoustic characteristics for diagnosing injectors and fuel pump
during diesel based on a large experimental material. (Research purpose) The research purpose is identifying defects
in fuel equipment using the method of sequential analysis of vibroacoustic characteristics. (Materials and methods)
The vibroacoustic diagnostic method is based on recording the parameters of elastic vibrations that occur in
mechanisms when parts collide during operation. More than 10 diesel engines with different service life were
examined to obtain experimental material: new tractors, tractors with an operating time of 300 hours and tractors
with an operating time of more than 8000 hours without major repairs. (Results and discussion) In order to determine
the probability of diagnoses by the method of sequential analysis, a diagnostic matrix of fuel equipment formed on
the basis of experimental material. As a result of calculations based on the diagnostic matrix of fuel equipment, the
following results were obtained: low amplitude at a frequency of 73 hertz indicates the diagnosis D2 — coking of nozzle
holes; low amplitude at a frequency of 137 hertz is a sign of a diagnosis D1 — decrease in spring elasticity.
(Conclusions) The use of a vibroacoustic computer measuring complex allows to obtain vibration spectra in the range
from 5 to 5000 hertz of fuel equipment under various operating modes during the operation of a diesel engine; the
sign of low amplitude at a frequency of 137 hertz (the main sign of a malfunction of a high-pressure fuel pump) affects
the reduction of spring elasticity. The method of sequential analysis makes it possible to increase the reliability in
diagnosing and predicting the technical condition on statistical material of fuel equipment defects.

Keywords: fuel equipment, diagnostics, diesel, sequential analysis method, vibroacoustic characteristics.
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Pegpepam. Ommemunu, umo, npumensisi Oupgepenyuposannoe 6HeceHue NeCMUYUdO8 6 cucmeme MmMoYHO20
€a00600cmea u MoOUIbHbIe POOOMUUPOSAHHBLE ONPLICKUBAMENU, d MAKIICEe ONPLLCKUBAMENU C UHMELIEKNYALbHbLM
VIpABIeHUeM, MONCHO o0becneuums 3A0aHHbIL YPOGEeHb 3AUUMHBIX MEPONPUSIMULL 8 Cad0800cmee, OOabULYIO
IKOHOMUHHOCID U IPPEKMUSHOCb UX NPOBLOCHUS, MUHUMUSUPOSAMb DUCKU 3A2PSI3HEHUST OKPYICaiouel cpedvl
necmuyuoamu. Ha cmaouu pa3pabomku HOGbLX ONpuICKUGAmMenel HeodX00UMo NPOBOOUMb CPABHEHIEe MPAOUYUOHHBIX
U UHHOBAYUOHHBIX MEXHUYECKUX CPeOCmE NO PA3IUYHBIM  KPUMEPUSAM, 6 HUACHOCHU, IKOHOMUYECKUM,
NPUMEHUMENbHO K PEeanbHbIM NPOUZBOOCHBEHHBIM VCIOGUAM Olsl OYEHKU IPPeKmUsHOCmuU MOOEPHUIUPOBAHHOO
MEXHUYECK020 PeUuleHUst U OnpedeieHus IKOHOMUHECK020 dpgexma om e2o ucnonvzosanus. (Lleav ucciedosanus)
[Iposecmu cpagnumenbHblil AHANU3 IKOHOMUHECKOU I DEeKMUBHOCIU NPUMEHEHUSI BEHMULANOPHO20 ONPLICKUBAMENs
o0ns ughpepenyuposannoeo memooa eHeceHus NeCmuyud08, CMOHMUPOBAHHO20 HA MOOULLHOM PO DOMUUPOBAHHOM
9Hepeocpedcmee, U AHANOSUYHO20 YCMPOUCMEA KIACCUYECKOU KOMNOHOGKU Ol CHIOUHO20 ONPBICKUBAHUS,
azpezamupyemo2o ¢ mpakmopom. (Mamepuanvl u  memoowl) Bwlnoinunu — cpasHeHue  IKOHOMUUECKOU
appekmusHoCmU, PACCUUMBIEAs. OCHOBHbIE NOKA3AMENU NO CMAHOAPMUSUPO GAHHBIM MEMOOUKAM, COOepICAHUe



KOMOPbIX ~ Pe2NAMEHMUPYEmcs:  OMPACIe8biMU  HOPMAMUBHO-MEXHUYeCKUMU  JoKymenmamu. (Pesyromamer  u
o6cyacoenue) Tpusenu nepeuenv UCXOOHBIX MEXHUKO-IKCHIYAMAYUOHHBIX NOKA3Ameell CPABHUBAEMbIX a2pe2amoas.
Honyyunu 3nauenus nokazamesneu, nO360JsI0WUe ONPEOEIUmMb IKOHOMUUECKVIO dPDEKMUBHOCHb NPUMEHEHUST 08YX
8APUAHMOE MEXHUYECKUX CPeOCm8 U NPOU3GEeCMU UX CPAGHUMENbHYIO OYEHKY, 8 UYACMHOCMU: NoKd3amenu
IKCNIIYAMAYUOHHBIX 3AMPAm, UX IKOHOMUIO, 200080U SKOHOMUYECKUll 3¢hgexm, pazmep u CpoK OKynaemocmu
OONOTHUMENbHBIX KANUMATbHBIX 810dCceHull. (Bvisoowvl) Yemanosunu, umo npu ucnonv308anuu GeHMUISMOPHOLO
onpvickugamens O0ns Ou@epenyuposanno2o GHecenus, MOHMUPYEMO20 HA POOOMUSUPOBAHHOM MOOUTLHOM
9Hepaocpedcmee, IKCHIYaAmayuonnsle 3ampamul CcHudxcaiomess Ha 25,03 npoyenma, 00HAKO €20 CMeHHAs.
npou3BooUmenbHoCmb bonee yem 6 8 pas Huoice, 4em y ananocuyno2o pewenus ¢ npumerenuem MT3-80. Paccuumanu,
UmMo OKYnAemocms OONOIHUMENbHbLX KANUMATbHBIX GLONCEHU, 3aMPavu8aemMvlx Ha NPUOOpeneHie UHHOBAYUOHHO20
mexHuueckoeo pewenusi, cocmasum 2,19 2ooa.

Knioueevie cnoea: onpvickusamenu GeHMUNSMOPHBLL, POOOMUSUPOBAHHBIL, IKOHOMUYECKAS IPperxmugrnocmo,
oughgepenyuposantoe Hecenue, ONPLICKUBAHUE, NeCMUYUObL
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Efficiency of Pesticide Application by Mechanized and Robotic Sprayer
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Abstract. By differentiated application of pesticides in the precision gardening system, mobile robotic sprayers and
sprayers with intelligent control, it is possible to ensure a high level of protective measures in gardening, greater
efficiency of their implementation, minimize environmental pollution with pesticides. At the development stage, it is
necessary to compare traditional and innovative technical means according to various criteria in relation to real
production conditions in order to assess the effectiveness of the upgraded technical solution and calculate the
economic effect of its use. (Research purpose) The research purpose is conducting a comparative analysis of the
economic efficiency of using a fan sprayer for a differentiated method of applying pesticides mounted on a mobile
robotic chassis and a similar device of classical layout for continuous spraying aggregated with a tractor. (Materials
and methods) The article presents the main indicators for standardized methods, the content of which is described by
industry regulatory and technical documents. (Results and discussion) The article presents a list of initial technical
and operational indicators of the compared units. To assess the economic efficiency of the use of two variants of
technical means, their comparative assessment was made: indicators of operating costs, their savings, annual
economic effect, the size and payback period of additional capital investments. (Conclusions) When using a fan
sprayer for differentiated application mounted on a robotic mobile power facility, operating costs are reduced by
25.03 percent, but its shift performance is more than 8 times lower than that of a similar solution using MTZ-80. The
payback of additional capital investments spent on the innovative technical solution will be 2.19 years.

Keywords: fan sprayers, robotic, economic efficiency, differentiated application, spraying, pesticides.
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Pegpepam. [Jocmuuv mpebyemuix nokazamenei KA4ecmed CeMEHHO20 MAmMepuand 803MOICHO NpU COPMUpOEKe
3EpPHOBOT MACCHL KAK NOCie YOOPKU Ypodicas, mak U nepeo blCeBoM CelbCKOXO3AUCMEEHHbIX KYIbMyp HA NOJIAX.
Haubonee s¢hgpexmusnviii memoo ouucmxu 3epra om npumeceli — ONMUKO-DNEKMPOHHASL COPIMUPOBKA 3A cUem
NPpUMEHeHUs WUPOKO20 CHeKmpa CeNeKmusHbvlx npusnaxos. OOun u3 21asnuix noxasameneil dQ@exmueHocmu
ONMUKO-DNIEKMPOHHOU  YCIMAHOGKU 0Nl  COPMUPOBKU CEMEHHO20 Mamepuanra — NOAYYEeHHbId 6 pe3yivmame
9KOHOMUYECKOU OYeHKU noaoxcumenvHulil 3¢pgpexm. (Llenv uccnedosanus) Oyenums pazmep ywepba om Oonesnen
pacmenuil, NPUYUHACMbIIL XO3AUCMEAM, U PACCUUMAMb IKOHOMUYECKUL dhdeKkm om UCNOoNb306aHUSL COBPEMEHHBIX
ONMUKO-DNIEKMPOHHBIX THEXHONO2UN MAWUHHO20 3peHusi Ol 6bIAGIeHUs UMONAmMonocull Ha pauHeli cmaouu
paseumusa  ceman nuweHuysl. (Mamepuanet u memoowvy) Onpedenunu dKOHOMUYECKylo 3pgexmusrHocmo
paspabomannozo 8 Kybanckom eocyoapcmeennom azpapnom ynusepcumeme umenu H.T. Tpybunumna onmuxo-
NEKMPOHHO20 ycmpoticmea 0 copmuposku cemsan 8 coomeemcmeuu ¢ TOCT P 57330-2016 «Cucmemsi
npomvluienHol agmomamuzayuu u unmezpayus. Cucmemvl mexuuuecko2o obcayscusanusn u pemonma. Knouegoie
nokazamenu IQhGekmusHocmu» U y4emom cnpasounvix oaumwix. Iloxazanu, 4umo 00CMOBEPHOCMb Pe3yIbmamos
noomeepicoaemcss  MHO2OKpAMHOU — NOBMOPHOCMbIO  UCCIE008AHUN U BOCNPOUIBOOUMOCBIO  NOJYYEHHBIX
pe3yibmamos, UCHONb306AHUEM OOWENPUHAMBIX Memo008, Npubopos U Mamemamuieckol o0opabomkoil
IKCREPUMEHMANbHBIX OaHHbIX. (Pesynomamul u 0Ocyscoenue) Yemanosunu, 4mo npu ucnoab308aHuu O0s 6blcesa 6
nONAX paxkyuu omcopmupoOBaAHHbIX ONIMUKO-IJIEKMPOHHOU YCTNAHOBKOU CEMAH C 8bICOKOU BCXOHCECBIO, MOHCHO
cokpamums Hopmy gvicesa 03umou nuieHuysl ¢ 192,1 0o 182,2 xunoepamm na cekmap, a yoenvHvlil IKOHOMULECKUL
aghpexm ¢ oonoeo cexkmapa cocmasum 198 pybneii. Boissuiu, umo wucmas 20006as npubsiie ¢ 1200 eexmap om
6HeOpeHUsT ONMUKO-3IeKMPOHHOU YCMAHOBKU 0J11 NPeONnoCegHol copmuposku ceman cocmasum 237 600 pyboneii,
CPOK oKynaemocmu npeoiazaemou ycmanoeku — I 200 3 mecaya. (Bvigoow)) Koncmamuposanu, umo Onmuko-
INEKMPOHHASL YCMAHOBKA Olisl COPMUPOBKU CEMAH PA3NUUHBIX CelbCKOXO3AUCMBEHHBIX KYIbmyp d¢gexmuena c
IKOHOMUHECKOU MOYKU 3PEHUs KAK HA 3ePHOOYUCTHUMETLHBIX NPEeONPUATNUAX, MAK U 8 1aD0PAMOpUax no aHaIu3y
Kauecmea 3epHo8oll RPoOYKYUU.

Knrouesvle cnosa: sxonomuueckas @hgekmusHocmv, CpoK OKynaemocmu, npubbiib, COPMUPOSKA, CeMeHd,
KOHMPOIb, ONMUKO-INEKMPOHHOE 3peHUe.
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Economic Efficiency of the Optoelectronic Installation for Sorting Seeds
of Various Agricultural Crops

Evgeniy A. Rozhkov,
senior lecturer, e-mail: zhenyacool31@yandex.ru

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

Abstract. It is possible to achieve the required quality indicators of seed material when sorting the grain mass both
after harvesting and before sowing crops in the fields. The most effective method of grain purification from impurities
is optoelectronic sorting due to the use of a wide range of selective features. One of the main indicators of the
efficiency of an optoelectronic installation for sorting of seed material is the positive effect obtained as a result of an
economic assessment. (Research purpose) The research purpose is assessing the damage caused by plant diseases to
farms and calculation the economic effect of using modern optoelectronic technologies of machine vision to identify
phytopathologies at an early stage of wheat seed development. (Materials and methods) The economic efficiency of
the optoelectronic device for seed sorting developed at the Kuban State Agrarian University named after I.T. Trubilin
was determined in accordance with GOST R 57330-2016 «Industrial automation systems and integration.
Maintenance and repair systems. Key performance indicatorsy and taking into account reference data. It was shown
that the reliability of the results is confirmed by the multiple repetition of studies and the reproducibility of the results
obtained, the use of generally accepted methods, instruments and mathematical processing of experimental data.
(Results and discussion) It was found that when used for sowing in the fields of a fraction of seeds sorted by an
optoelectronic installation with high germination, it is possible to reduce the seeding rate of winter wheat from 192.1
to 182.2 kilograms per hectare, and the specific economic effect per hectare is 198 rubles. It was revealed that the
net annual profit per 1200 hectares from the introduction of an optoelectronic installation for pre-sowing sorting of
seeds will amount to 237,600 rubles; the payback period of the proposed installation is 1 year 3 months. (Conclusions)



It was stated that an optoelectronic device for sorting seeds of various agricultural crops is effective from an economic
point of view both at grain cleaning enterprises and in laboratories for analyzing the quality of grain products.
Keywords: economic efficiency, payback period, profit, sorting, seeds, control, optoelectronic vision.
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Pegpepam. Pacuem msaco6uix ycunuil, GO3HUKAIOWUX NPU 83aUMOOCUCINBUYU pADOUUX OP2AHO8 NOCEBHO20 depecama Ha
base camoxoOH020 Waccu ¢ NOYBOU, C YHEmOM AZPOMEXHUYECKUX MpebOoBAHULl K GbINOIHEHUIO MEXHOI0SUYECKOU
onepayuu CerekyuoHHO20 Noceda No360aUm 060CHOBAMb NAPAMEMPbL PAOOUUX OP2AHO8 U BbIOOP ONMUMALLHBIX
pabouux ckopocmeti 0gudicenus azpecama. (Lenv uccredosanus) Oyenums msacoe0e conpomugieHue, 803HUKarujee
npu 83auUMO0eUCmaulL pabouux opeaHos NOCesHO20 azpeeama Ha base camoxoonozo waccu BT3-30CILL ¢ nousoil.
(Mamepuanvl u memoost) [Iposenu pacuem mac08020 conpomugieHus NOCeBHO20 azpe2ama Ha baze camoxo0H020
waccu, UCNnonb3ys mexHuueckue Xapakmepucmuxu, CnpagoyHvie OAHHble U MamemMamuyeckue 3a8UCUMOCHU.
(Pe3ynvmamul u obcyscoerue) Boinoinunu ¢ yeibro KOMRIEKMOBAHUS MAUUHHO-MPAKMOPHO20 azpe2ama pabouumu
Oopeanamu AHaIUMUYecKuil paciem mse08020 CONPOMUBIEHUsL NOCEGHO20 dzpe2ama HA 6a3e camoxo0H020 WAcCu
BT3-30CLL ons nocesa 3epHo8bIxX, 3¢pHOOOOOBLIX U MACIUUHBIX KYIbMYD 8 OUANa30He pabodux cKopocmeil uaccu ¢
YUemom azpomexHuyeckux mpeboeaHull K mexHoI02UYecKol onepayuu ceiekyuonnoz2o nocesa. Iloxasanu, ymo
noueeHmvlll (o — none, NOO2OMOBIEHHOe NOO CeleKYUOHHbLL noces. Paccuumanu ons onpedenenus sampam
MeXaHu4ecKol dHep2uY CeleKYUOHHOU CesIKU Ha 6a3ze camoxo0H020 uaccu mazo80e ConpomuesneHue, 803HuKaujee
npu 83auMo0eucmeul paboyux OpeaHo8 ¢ No4eol, U MexaHuyeckue nomepu 6 azpecame. (Bvisoowr) Buiasuau, umo
OYEeHKa MA208020 CONPOMUBIIEHUs pAbOUUX OP2aHo8 O/ NePsoll, MOpPoll U mpemvell nepeday cocmasisem 0o 20
NpOYEHMO8 OMm HOMUHANLHO20 MA208020 YCUNUL CAMOXOOHO020 WACCU UMY CIeneHU 3a2py3KU CaMoX00H020 WACCU.
Koncmamuposanu, umo nposedenHvle pacuemvl maco8blx HA2PY30K HOCEGHO20 azpe2ama 0yOym UCHONb308aAHbl OJis
000CHO8AHUA NAPAMEMPO8 pPAbOUUX OP2AHO8 CENeKYUOHHOU CesNKU 0N NOCe8a 3ePHOBbIX KYIbMYp C UYeablo
CHUDICEHUSL MAMEPUATLHBIX 3AMPan.

Knroueevie cnosa: cenekyuonnas cesnxa, pabouue opzamvl, napamempbl, pexcumvl padomvl, NOCe8 3epHOBbIX,
ms2080€ CONPOMuUeGIeHUe.
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Traction Loads of a Seeding Unit Based on a Self-propelled Chassis
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Abstract. The calculation of the traction forces arising from the interaction of the working bodies of the sowing unit
based on a self-propelled chassis with the soil, taking into account the agrotechnical requirements for performing the



technological operation of selective sowing, will allow to justify the parameters of the working bodies and the choice
of optimal working speeds of the unit. (Research purpose) The research purpose is evaluating the traction resistance
arising from the interaction of the working bodies of the sowing unit based on the self-propelled chassis of the VTZ-
30SSH with soil. (Materials and methods) Carried out the calculation of the traction resistance of the sowing unit
based on a self-propelled chassis, using technical characteristics, reference data and mathematical dependencies.
(Results and discussion) In order to complete the machine-tractor unit with working bodies, an analytical calculation
of the traction resistance of the sowing unit based on the VTZ-30SSH self-propelled chassis for sowing cereals,
legumes and oilseeds, in the range of operating speeds of the chassis, taking into account the agrotechnical
requirements for the technological operation of selective sowing. It was shown that the soil background is a field
prepared for selective sowing. In order to determine the mechanical energy costs of a selective seeder based on a
self-propelled chassis, the traction resistance arising from the interaction of working bodies with the soil and
mechanical losses in the unit were calculated. (Conclusions) It was found that the evaluation of the traction resistance
of the working bodies for the first, second and third gears is up to 20 percent of the nominal traction force of the self-
propelled chassis or the degree of loading of the self-propelled chassis. It was stated that the calculations of the
traction loads of the sowing unit will be used to justify the parameters of the working bodies of the breeding seeder
for sowing grain crops in order to reduce material costs.

Keywords: breeding seeder, working bodies, parameters, operating modes, grain sowing, traction resistance.
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Pepepam. Paccmampueaemcs anaiumuieckas, pacuyemuas G03MOINCHOCMb peanuzayuu noobopa epysa nocie
YOOPKU CO CHAOUIHBIX NOCE608 NUMOMHUKOE NPEOSAPUMENbHO20 PA3SMHONCEHUST CELEKYUOHHBIX CEeMSIH 3EPHOBIX
KYIbIMYp HEe3a8UCUMO OM Pabombl CeleKYUOHHO-CEMEH0800UeCK020 Kombauna. OmauyumenvHas 0COOEHHOCHb
He3a68UCUMO20 N00DOPA 2py3d 8 RUMOMHUKAX NPe08APUMENbHO20 PA3MHONCEHUS. — SHAYUMENbHbLE RAOWAOU YOOPKU,
€ KOMOPBIX NEPeso3Ka yaice hacoeano2o ypodicas mpedyem QuKCUpoSanHblx NOOX0008 K NOCHMPOCHUIO MAPUPYmMa
0151 MUHUMUZAYUY 3HAYUMETLHBIX NePenpo6e208, KOIUYECmE0 6aPUaAHmMo8 KOMOPbLX ONPedesiemcst (pakmopuaibHol
3agucumocmyio. (Llenv uccredosanusy) Hayuno obocnogams cnocodwvl nepedguiceniss mpaHCnopmHuulx cpeocms 6
noie npu pyuyHoM RoO0bOpe Meukomapvl 8 YCIOGUX MEXHOIOSUYECKU HEe3A6UCUMOL YOOPKU CHIOUIHBIX NOCE808
CeNeKYUOHHBIX CeMsIH 3epHO8bIX Kynomyp. (Mamepuanvi u memoowt) Hcnonv306anu uzgecmiuvie cnocobvl 08UNCEHUS
MAUUHHO-MPAKMOPHO20 azpe2ama, KOmopble 603MONICHO A0AnmMuposams nod no0Oop 3anoaHEeHHbIX Om KOMOAlHA
npob 3epHa. Bvisgeunu, ymo pacuemuoe peutenue 3a0avu Modicem noopazymesams Haubonee yooonyo adanmayuro
2enepamopa Nepecmano8oK uucel noo pacuem Kpamuauwiux mapuipymos. (Pezynomamwi u  o6cyoicoenue)
[Ipednodcunu anarumudeckue cnocobvl Kpy208020 OBUNCEHUSI MPAHCHOPMHO20 CPEOCmEd U YEeTHOYHO20, Npu
HeobxooumMocmu  CoOMOO0e U  NOCAe008AMENbHOCU  bINOJHEHUS.  MEXHOIOSUYeCKOU  onepayuu  yYOOpKu.
IIpeocmasunu npu Haruduu pacuemuou 6a3vl Cnocod 08udICeHUs Yepes daudicaliuiue Mmouky, a npu HeoodXO0OUMOCmu
COOMI0OEHUsL ROCIEO0BAMENbHOCTIU 8bINOJIHEHUS. MEXHOLO2UHECKOl onepayuu y6opKu — yepes noCied08ameibHOCHb
mouex. (Bvisoowt) Yemanosunu, umo naruyue pacuemuoi 6a3vl Mapuipymos npoxodicoeHuem OIUNCAUUUX mouex
cokpawaem npobez 6 1,27-2 paza no cpasHeHuro ¢ AHAIUMUYecKUM Cnocooom Kpyeogozo osudicenus. Onpedenuiu,
YUMo npUMeHeHue pacuemuoi 6a3vl OAHHBIX MAPUPYIOE NPOXOAHCOCHUEM NOCIe008AMEbHOCMU MOYeK COKpAudaen
npobez nO CPAGHEHUI0 C AHATUMUYECKUM YeTHOUHbIM cnocobom 6 2,19-3,23 paza. Ilokazanu, umo uacme
napamempos OKpyeisemcs 8 OONbUYI0 CMOPOHY, NOIMOMY HA IMOM IMane PeKOMeHOYemcs UCHOIb308AMb
NOYyYeHHble OaHHbBLE 8 PAMKAX UHICEHEPHBIX PACUENO8 YUKLOPEeLcd MPAHCIOPIMHO20 CPEOCmEa.



Knroueevie cnoea: nepsuunoe cemeHo800Cm80, noie, MPAHCNOPMHOE CPeOCmeo, Ho0bop 2py3d, Kpamyauuul
Mapuipym, eeHepamop nepecmaHo8ox.

Ansa uutnpoBaeuns. YannoirvH M.E., Yynkoe A.C., CtenaHoB K.A. Cnoco6bl NnepeaBwkeHWsi TpaHCMOPTHOrO CPpeacTBa B rnone npu
noabope rpysa // AnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2022. T. 69. N4(49). C. 37-43. DOI 10.22314/2658-4859-
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Abstract. The analytical, calculated possibility of realization of the picking of cargo after harvesting solid crops of
breeding seeds, regardless of the operation of the selection and seed harvester, is considered. A distinctive feature of
independent cargo selection in pre—breeding is significant harvesting areas, from which the transportation of already
packed crops requires fixed approaches to route construction to minimize significant over-runs, the number of options
of which is determined by factorial dependence. (Research purpose) The research purpose is scientifically
substantiate the methods of movement of vehicles in the field with manual selection of sacks in conditions of
technologically independent harvesting of continuous crops of breeding seeds of grain crops. (Materials and methods)
Used well-known methods of movement of the machine-tractor unit, which can be adapted to the selection of grain
samples filled from the combine. It was revealed that the computational solution of the problem may imply the most
convenient adaptation of the number permutation generator for the calculation of shortest routes. (Results and
discussion) Analytical methods of circular movement of the vehicle and shuttle, if necessary, compliance with the
sequence of the technological operation of cleaning, were proposed. Presented, if there is a calculation base, a method
of movement through the nearest points, and if necessary, compliance with the sequence of the technological cleaning
operation — through a sequence of points. (Conclusions) It was found that the presence of a calculated base of routes
by passing the nearest points reduces the mileage by 1.27-2 times compared to the analytical method of circular
motion. It was determined that the use of a calculated database of routes by passing a sequence of points reduces
mileage in comparison with the analytical shuttle method by 2.19-3.23 times. It was shown that some of the parameters
are rounded up, so at this stage it is recommended to use the data obtained in the framework of engineering
calculations of the vehicle’s cycleway.

Keywords: primary seed production, field, vehicle, cargo selection, shortest route, permutation generator.
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Pepepam. Paccmompenvl 0cobenHOCmU NPABOB0O20 De2yIUpPOSaHUsl INeKMPOHHO20 OOKYMEHmMO0DOpOmda Ha NOLEeBbIX
pabomax no yoopke 3epua. Ilpugedenvl 603MONHCHbIE PUCKU HA OAHHOM BUIe PADOT, NPEONOANCEH MEXAHUIM UX MUHUMUZAYUU
¢ npumenenuem RFID-mexnonoeuu. /lana oyenka 603MONACHOCIU NPUMEHEHUS CUCTEM DIEKIMPOHHO20 OOKYMEHmMO0000poma
8 PAMKAX 3aKOHOOamenbcmea o npociexcusaemocmu 3epHd. (Llenv uccnedosanus) Usyuums 3axoHooamenvHylo 6asy ons
NpUMeHeHUs S1eKMPOHHBIX OOKYMEHIO8 npu nepeodaie YOopouHol uHgopmayuyu ¢ nois, a maxdyice HAmuy ONMUMAIbHOE
MexHuYecKoe peuiexue Ol OCywjeCmeieHus 6e30nacHou nepedayu maxux Oauuwlx. (Mamepuaner u memoowt) Onucanu
anzopumm 63auMooeticmaus y4acmuuxog npoyecca. Obocrhosanu popmam u Cmpykmypy paziudHblX munog OaHHbIX, 8 Mom
yucie gpemMeny U KoopouHam onepayuu, ois ooMena coobwenuamu medicoy ynamu. IIpoananusuposanu cyuwjecmsyrowue
Kpunmoepaguueckie ai2opummbl, KOmMopvle MOJCHO NPUMEHUMb Osl peulenuss NOCMAGIEHHbIX 3A0ay 8 02PAHUYEHHbIX
B03MOJICHOCAX NPOSPAMMHO-ANNApamuo2o komniexca. (Pesyrvmamot u obcyscoenue) Chopmynuposanu mpebosanus K
aAnnapamuoll yacmu HOCUMeNsk JNEKMPOHHOU ROONUCU U K MOOyIIo wugposanus. [Ipusenu Oelicmsyrowue mpebosanus K
npumensiemvim  wu@pam. Onpedenunu OCHOBHbIe KpUMepuu CUCEMbl. dACUMMEMPUUHOe WUppPosanue Ha O0CHO8e
J102apUGMUPOBAHUS IIAUNMUYECKUX KPUBBIX C PAZMEPOM Kuioua 256 bum, annapammuoe cpeocmeo Kpunmozpapuueckou
3auumol ungopmayuu ¢ 06vemom namsmu ve menee 1 xunobatima, ucnoanenue e2o 8 gopm-gaxkmope kapmoi ¢ RFID-
unmepdeticom. IIpednoscunu 01 npuMeHeHus annapanitble KOMIIEKCbl KPUNMOZpaghuueckoi 3awumol uHpopmayui,
omeeuaiouue 0003HAUEHHLIM MPebOBAHUAM U OOCIYNHbLE HA POCCULICKOM PblHKe 8 Hacmosiuee pemst. (Bvisoow) Toxaszanu,
umo gHedpeHue pazpabomanHol CUCMEMbL NO360UNL HE MOIbKO YCKOPUMb OOKYMEHMO0OOPOn npu NONeEblX pabomax, Ho
makaice nPedomepamun RPOMUEONPAGHbLe OCUCMEUsL U CIAHEN OCHOBOU OISl INEKMPOHHO20 OOKYMEHMO0b0poma, 6 mom
yuciie nepeuUtHbIX OOKYMEHMOB.

Knrouesvie crosa: npocnexcusaemocms 3epHa, yuem 3epHa, yoopka 3epHa, onpedenieHue mecmononodrcerus, RFID,
yugposoe cervbckoe xossicmeo, yupposuzayus, kpunmozpagus, npasosoe pezyauposanue AIIK, snexmponnas
noonucs, OI0KUelH-MeXHOI02Ul, LeKIMPOHHBIL OOKYMEHMO0O0pon.
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Absrtact. The features of the legal regulation of electronic document management in field work on grain harvesting
are considered. Possible risks in this type of work are presented, a mechanism for minimizing them using RFID
technology is proposed. The assessment of the possibility of using electronic document management systems within
the framework of grain traceability legislation is given. (Research purpose) The research purpose is studying the
legislative framework for the use of electronic documents in the transmission of harvesting information from the field,
as well as to find the optimal technical solution for the safe transmission of such data. (Materials and methods)
Described the algorithm of interaction of participants in the process. The format and structure of various types of
data, including the time and coordinates of the operation, for the exchange of messages between nodes were justified.
We analyzed the existing cryptographic algorithms that can be applied to solve the tasks in the limited capabilities of
the hardware and software complex. (Results and discussion) We formulated the requirements for the hardware of
the electronic signature carrier and for the encryption module. The current requirements for the ciphers used were
given. The main criteria of the system were determined: asymmetric encryption based on the logarithm of elliptic
curves with a key size of 256 bits, hardware for cryptographic protection of information with a memory capacity of
at least 1 kilobyte, its execution in the form factor of a card with an RFID interface. We have proposed hardware
complexes for cryptographic protection of information that meet the specified requirements and are currently
available on the Russian market. (Conclusions) They have shown that the implementation of the developed system
will not only speed up the document flow during field work, but also prevent illegal actions and will become the basis
for electronic document management, including primary documents.



Keywords: grain traceability, grain accounting, grain harvesting, location determination, RFID, digital agriculture,
digitalization, cryptography, legal regulation of agriculture, electronic signature, blockchain technologies, electronic
document management.
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Peghepam. Ilpobnema onmumuzayuu vlpawyuéanus menam 6 nepevle OHU JHCUSHU, 8 MOM HYUCIe UX BbINOUKU,
ocmaemcs 00HOU U3 2NA8HbIX. Buinolika menam mono3ueom mamepu c0€6peMenHo U 8 00CMAMOYHOM KOIUYecmee
— NPUHYUNUATIBHO 8AHCHA OJIs1 300P0B8020 HAUANA HCU3HU meneHKa. Omceaedcusanue blnoUKU mesam MamepuHcKum
MONO3UBOM 803MONCHO ¢ nomougvio RFID-mexuonocuti. OHu axmyanvhvl ce200Hs ¢ NOsAGIeHUeM 6ce OO0buLe2o
KOIUYECMBA HOBbIX KOHMEKCHO8 NPULONCEHUT U Hoee IPHEKMUBHBIX MEMOK U UHMESPAYUL HOBbIX 803MOICHOCMEIL.
(Llenv uccnedosanus) Paspabomams cucmemy uHOUSUOYATbHOU GbINOUKU MeNsM MOA03UBOM HA ocHose RFID-
mexnonocutl. (Mamepuanvi u memoowt) Ilpumenunu memoovl, bazupyiowuecs Ha ompabomke CMadUILHOU pabomoi
KOMAAEKMYIOWUX U NPOSPAMMHO20 00eCneyersl, C Yeabio UMUmayuu pabomsl CUucCmembl 8 1d00PAMOPHLIX YCIOBUSIX.
(Pe3ynomamut u obcysicoenue) Ipednodcunu cxemy pacnpeoenenus Haoos MOaA03U8A NOCPEOCMEOM UCHONb30BAHUS
cpedcme 0ocmasKku HA OCHO8e poOOMU3UPOBAHHO20 MOOYAA. llokazanu, ymo mexHono2us 0acm G03MOMCHOCMb
0e30uuboyHo 00CMAsIAMb MAMEPUHCKOE MONO3UB0 K MENEeHKY, A8MOoMamu3upogams npoyecc Oe3 npumeHenus
CONCHBIX KOMMYHUKAYUOHHBIX CUCTEM, MPebyIowux 601buux 3ampam u CL0XCHOCMel nPU yCmaHoeKe Ha hepmax.
Co30anu npomomun agmomamu3upO8aHHOL CUCIeEMbL, NO380A0WUI pecucmpuposams RFID-ywemku ¢ 6aze Oantbix
ons danvueuwel obpabomku ungopmayuu. Pazpabomanu npocpammmnoe obecneyenue ¢ yeavlo NOAYHEHUS U
0b0buenus Oanuvlx ¢ RFID-memox, nOmyYyeHHbIX ¢ Npomomund aemoMamu3upo8aHHou cucmemsl. (Bvigoowl)
Pexomenoosanu  ucnonvsosanue  HUSKOUACMOMHLIX ~ MeMOK, MAK KAk  OWu  obnadarom  jayuuieu
NOMEX03aUWUUEeHHOCIbIO, YCIOUYUBLL K 8030€UCMEUI0 JCUOKOCMeEll 1 Memanios. Buiasuiu, umo 3a cuem manozo
paccmosnus demekyuu (Komopoe u mpebyemcs,) yMeubuaemcs 6epOSMHOCMb OUUOOYHO20 CYUMBIBANUsL COCeOHell
MemKu.

Knrouesvie cnosa: cucmema uoenmugpuxayuu, gvinotika menam, RFID-mexnonocuu.

Ona untnpoBanma: CamapuH .H., Kyapssues A.A., Benskos M.B. PaspaboTka cucteMbl MHOMBUAYaANbHOW BbINOWKN TENST Ha
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on RFID Technologies
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Abstract. The problem of optimizing the breeding of calves in the first days of life, including their drinking, remains
one of the main ones. The drinking of calves with colostrum of the mother timely and in sufficient quantity is
fundamentally important for a healthy start of their life. Tracking the drinking of calves with colostrum is possible
with the use of RFID technologies. They are relevant today with the emergence of an increasing number of new
application contexts, more effective labels and integration of new features. (Research purpose) The research purpose
is developing a system of individual drinking of calves with colostrum based on RFID technologies. (Materials and
methods) During the research the methods based on testing the stable operation of components and software were
used in order to simulate the operation of the system in laboratory conditions. (Results and discussion) The article
presents a scheme for the distribution of milk colostrum through the delivery vehicles based on a robotic module. This
technology will make it possible to deliver maternal colostrum to the calf, automate the process without the use of
complex communication systems of high costs and difficulties when installed on farms. The article described a
prototype of an automated system that allows registering RFID tags in a database for further information processing
and software to obtain and summarize data from RFID tags obtained from a prototype of an automated system.
(Conclusions) The use of low-frequency RFID-tags is preferred, as they have better noise immunity, resistant to
liquids and metals. Due to the small detection distance (which is required), the probability of errors during reading
of the neighboring label decreases.

Keywords: identification system, calf drinking, RFID technology.
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Pepepam. Coepemennviti  yposenv pazeumus 00bEKMo8 MeENiodHepeemuKy mpedyem 6biCOKOU CHmeneHu
agmomMamu3ayuy U 3NeKmpoOMexaHu3ayuy nPouU3800CMEEHHbIX NPOYECcos, CNOCOOHbBIX 0Decneuu8ams HA0e’CHOCHb
cucmembsvi, 6e30nACHOCMb paboMbl OOCIYHCUBAIOWE20 NEPCOHANA, CHUNCEHUE 3ampam Ha nompedieHue menioeoul
9Hepaul, Ymo 0CODEHHO 8AHCHO 011 0OBEKMO8 CeNbCK020 Xo3aticmed. K mexuuueckum cpedcmsam agmomamuzayuu
OMHOCAMCS 8Ce YCMPOUCMEa, 6X00suue 8 CUCeMy YNpAGIeHUs U NPeOHA3HAYeHHble OIS npuemd, nepeoaiu u
XpaueHus ungopmayuu, a maxKHce 8blNOJIHEHUs YRPABAIOUUX, KOHMPOIUPYIOWUX U Pe2YIUPYIOUUX 8030eliCMBEUll Ha
npoyecc @vipabomku menia u e2o nodauu nompedoumensm. (Llenv uccnedoeanus) Paspabomamv cucmemy
ABMOMAMUYECKO20 YNPABNEeHUs. HACOCHLIM 000pYy006aHuemM 6 KOMeIbHOU Oas o0becneyeHuss HeobdXoouMou
HaoedxcHocmu  000pYO008aHUSA, VAYUUIEHUs. YCIO8ULL  pabombl  0OCHYHCUBAIOUWE20 NEPCOHANA U  CHUIICEHUs
cebecmoumocmu mennogou dnepeuu. (Mamepuanvl u memoost) Paccmompenu 803MOMCHOCHb ABMOMAMUYLECKO20
VIPAGIEHUs. CUCMEMOU YAPABLeHUs HACOCHBIM 000py008aHUeM 6 KOMENbHOU C MAKCUMANIbHO GO3MONCHBIM
UCNONb308AHUEM COBPEMEHHLIX MUKDOKOHMPOILIEPO8 POCCULICKO20 NPOU3BOOCMBA C 8neyamisarouell IKoOHoMuel
sampam. (Pesynemamur u o6cysicoenue) Ilpednoocunu 0ns peanuzayuu npoekma npuobpemenue npubopos u
cpeocme asmomamuzayuu komnanuu OBEH, a maxoce npoepammnoe obecnewenue OWEN Logic, npeonasnauenmnoe
OJ151 RPOSPAMMUPOBAHUSL RPUOOPOS, OMHOCIUWUXCS K KILACCY «NPOocpamMmupyemuix peney. (Bvieoowt) Onpedenunu, umo
8 C653U C COKpAWEeHUeM 3ampam Ha d1eMeHmbl 000PYO0BAHUS, 3AMEHACMbIX NPU PEMOHIMAX, U 3apabOmMHOU NAAMbl
PEMOHMHO20 NePCOHANA, CPOK OKYRAeMOCmU Nped8apumenbHO COCMASUM Om 08yX 00 uemvlpex Jem npu
ouckoHmuposanHol cmaske Llenmpanvroeo 6anka Poccuu, pagroti Ha ceco0Hswnuil Oendv 10 npoyenmos. [lokazanu,
YUMo NPeONoNCeHHAs cucmema YNpAaesieHus HACOCHbIM 000py008anuem Moxcem Oblmb UCHONb308AHA 8 KOMENbHbBIX,



NPeOHA3HAYEHHBIX 0151  MEeNAOCHAOdNCEHUss nompedumenei NPOMbIUIECHHBIX —NPEONPpUsmull,  npeonpusimuil
aAzZPONPOMBIULIEHHO20 KOMNLEKCA U HACENEHHBIX NYHKMOG.

Knroueevie cnoea: meniosHepeemura, demomMamuzayus, npocpammHoe obecneuenue, CpoK OKYHAemMocmi,
mexHuuecKue cpeocmad.

Onsa untupoBaHua: Ctepxosa T.H., LUuxosa H.A. Pazpa6oTka cucTeMbl aBTOMaTUYECKOTO YPaBrieHNst HACOCHLIM 0GopyaoBaHNEM
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Automatic Control System for Pumping Equipment in a Boiler Room
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Abstract. The current level of development of heat power facilities requires a high automation and
electromechanization of processes to ensure the reliability of the system, the safety of maintenance personnel, reduce
the cost of heat energy, which is especially important for agricultural facilities. Automatic technical means include
all devices in the control system and intended for receiving, transmitting and storing information, as well as
performing control and managing of the process of heat generation and its supply to consumers. (Research purpose)
The research purpose is developing an automatic control system for pumping equipment in a boiler room to ensure
the reliability of equipment, improve the working conditions of service personnel and reduce the cost of thermal
energy. (Materials and methods) The article considers the possibility of automatic control of the pumping equipment
control system in the boiler room with the maximum possible use of modern Russian-made microcontrollers with
impressive cost savings. (Results and discussion) For the implementation of the project, authors proposed the OWEN
devices and automation tools, as well as OWEN Logic software designed for programming devices belonging to the
class of programmable relays. (Conclusions) Due to the reduction in the cost of equipment elements being replaced
during repairs and the wages of repair personnel, the payback period will be from two to four years at a discounted
rate of the central bank of Russia equal to 10 percent today. The proposed control system of pumping equipment can
be used in boiler houses intended for heat supply to consumers of industrial enterprises, enterprises of the agro-
industrial complex and settlements.

Keywords: thermal energy, automation, software, payback period, technical means.
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Petj)epam. Bsoo 6 IKcniyamayuro uz0enutl U3 HO8bIX KOMNO3UMHBIX mamepuanoe 3HAYUmenlbHO CHUualcaem eec
KOHCMPYKYUU, YMO CILYIHCUM BAdICHEIMUM noKazamesnem npu mpancnopmocmpoeHuu U u32onoeieHuu cneuuaﬂbﬂoﬁ
MEexXHUuKu, MC‘I’lO]lb.')’yEMOIJ 6 cenvbckom xosslicmae. Tak, Hanpumep, CHUMCeHue eeca MauHvl Ha 1 ke sxonomum oo 100
aumpoe moniuea 6 200. Cyu;ecmeyiomue np06/Z€Mbl OéyC]lOG]leHbl onpeéeﬂeHueM CUl pe3aHus, Ce6A34HHbLX C



omeymemeuem IKCNEPUMEHMANbHbIX 3HAYeHUull psoa Kod(hGuyuenmos, ucnonv3yemulx npu paciemax. (Llenw
uccneoosanus) Paspabomams ycmpoiicmeo no usmepenuio Cuil pe3anusi U deMOMAmMu3UpoOSaAHHOU CUCHeMbl
VAPAsNeHuUst npoyeccom KOHmpos, nepedadu u xpanenus ungopmayuu. (Mamepuanwt u memoowt) I[lokazanu, umo
pewenue OaHHOU NPoOIeMbl HOCMPOEHO U NOOMBEPOUTIOCH HA OCHOBE UCNOTb30BAHUSL MEMOOA PEeUHICUHUPUHRA
cywecmeyioweti. KOHCMpYKYuy  OUHAMOMEMPA ¢ 86000M HEOOKYMEHMUPOBAHHBIX BO3MOICHOCMEN OCHOBAHUS
OUHAMOMEmPA NO OnpedeseHuio CUll pe3anusi no ecem mpem Koopounamam Py, Py, P; u kxpymsawezo momenma,
8o3HUKaIOWe20 8 npoyecce pesanus. (Pesynomamol u o6cyocoenue) Ipusenu pesyismamol 66160pa NOIUMEPHOZO
Mamepuana 3a20MmoeKU U a0OUMUBHOU MeXHOI02UU NPU U320mosaeHuU ounamomempa. ObocHosanu Memoo 66160pa
damuukos KOHmMpoJis Oepopmayuu u paspadbomanu Memoouxky HACMPOUKU U KATUOPOSKU cucmemvl cobopa u
KOHmpOoAsi OanHbiX. Pazpabomanu asmomamuzuposannyio cucmemy YApagieHus YCmpoucmeom no UsMepeHuio Cu
pesanus, obpabomku, nepeoauu u XxpaHeHusi uH@opmayuu. (Bvieoowl) Bweiseunu, umo npogedewHvie
IKCNEPUMEHMANLHO-NPOMBIUTICHHbLE UCCIEO08AHUS  KOHCMPYKYULL  OUHAMOMEMPOE NO360IULU  pA3PAOOmMams
010021cemnoe yCmpoucmeo Oisk UsMEPenUst CUIL Pe3aHUs ¢ A8MOMAMUUPOBAHHOT CUCMEMOU YNPAGLEHUS NPOYECCOM
KOHMPOJIS, nepedayu u XpaHeHusl, Y¥mo 0aen 603MOICHOCIb ONMUMUSUPOBATb NPOUZEOOCHIB0, COXPAHUNb PECYPCbl
000py008anUs U UHCIPYMEHMA.

Kniouesvie cnosa: ounamomemp, pacuem Cuivbl pe3anusi, npubop Ol uUMepeHust CUibl npu Ope3eposanuu u
ceepneHuu.

Ansa uutnpoBaHus: dununnenko H.I., NMuewuy A.B. ABTomMaTM3aums npoLecca KOHTPONS AaHHbIX AMHAMOMETPUM CUM pe3aHus Npu
dpesepoBaHun 1 ceeprieHun // SnekmpomexHonoauu u anekmpoobopydosaHue 6 AlNK. 2022. T. 69. N4(49). C. 64-69. DOI
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Automation Monitoring of Cutting Forces During Milling and Drilling
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Abstract. Commissioning of products made of new composite materials significantly reduces the weight of the
structure, which is an important indicator in the transport construction and manufacture of special equipment used
in agriculture. For example, reducing the weight of the car by 1 kg saves up to 100 liters of fuel per year. Nevertheless,
there are problems associated with the measuring of cutting forces associated with the absence of experimental values
of a number of coefficients used in calculations. (Research purpose) The research purpose is developing a device for
measuring cutting forces and an automated control system for measuring, transmission and storage of data.
(Materials and methods) The solution to this problem was constructed on the basis of the method of reengineering
the existing dynamometer design with the introduction of undocumented capabilities of the dynamometer base to
determine the cutting forces at all three coordinates Py, Py, P, and the torque that occurs during cutting. (Results and
discussion) The article presents the polymer material and the additive technology used to manufacture the
dynamometer. The method of selection of deformation control sensors was substantiated and a methodology for
setting up and calibrating the data collection and control system was described. The article presents an automated
control system for measuring cutting forces, processing, transmitting and storing information. (Conclusions) The
experimental and industrial studies of dynamometer designs made it possible to develop a cheap device for measuring
cutting forces with an automated control system for monitoring, transmission and storage, which makes it possible to
optimize production, and save equipment and tool resources.

Keywords: photopolymer, additive technologies, automation, controlled parameters.
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Pegpepam. Hcnonv3oganue HOBbIX COBPEMEHHLIX KOHCMPYKYUOHHBLIX MAMepUanos, Komopvie HO360IUNU Obl
VAVUWMUMb  (PUSUKO-MeXaHUYecKue CBOUCmea usoenutl, azpe2amog u Y3108 CeNbCKOXO3AUCMEEHHbIX MAULUH,
NOMOICEM COKPAMUMb MACCOBYIO 00MI0 MEMANN08 8 UX KOHCmpyKyuu. Onpedenunu, 4mo npumeneHuio d0OUmueHsIX
MexXHON02Ull 8 MAWUHOCTNPOCHUY NPENAMCMEyem HU3Koe Kauecmeo NpOOYKyuu, CeA3aHHOe C OMCYMmcmeuem
aA8MOMAMU3UPOBAHHO20 KOHMPOS Npoyecca noaumepusayuy npu npousgodcmee 3D-uzoenuil. (Lleav uccredosanus)
Paspabomams  ancopummuueckoe peuwienue npoyecca A8MOMAMUUPOSBAHHO20 YHPAGNEHUS  MeEXHON02Uel
us2omognenus npooyKyuu u3 omonoaumepos. (Mamepuanwi u memoowt) OOOCHOBANU KOMNIEKC KOHMPOIUPYEMBIX
napamempos npoyecca QOMoOnOIUMEPUIAYUY NpU  U3L0MoeLeHuU Oemanei ¢ HpUMEHeHUeM a0OUMUBHBIX
MexXHoNo2Ull, 8 Kayecmee KOMOPbIX NPUHALU. 8PeMs NOTUMEPUZAYUU U OUHAMUKY MEMNepanypHbIX U3MEHeHUll 6
mamepuane. (Pesyromamur u obcyxcoenue) Ilpusenu pesynomamvl UCNOTAbI08AHUSL  ABMOMAMUIUPOSAHHOZO
npoyecca ¢homonoaumepusayuu U NPoGeU €20 AHAU3 HA NpUMepe MUnogoco MeXHON0SUUECKO20 npoyecca
nonyyenus oopasyos NOTUMEPHLIX KOMHO3UMOS, CXOOHBIX ¢ HPUPOOHBIMU Op2anuyeckumu mamepuaiamu. Onucanu
Mennosvle s6/1eHUsl, NPOAGIAIOWUECS NPU B030UCMEUU YIbMPAPUONIENO8020 U3TYUEHUS 8 NPOYecce NOTUMEPUIAYULL.
Boinoanuau  9KCHepuUMenmanrbHo-npoMbluIeHHble  UCNLIMAHUA — QUIUKO-MEXAHUYECKUX — CBOUCME  OA3UCHBIX
omonoaumepHvIX CMOJI, KOMOPbLE HA NPAKMUKE NO3GOIUNU UCCE008aNb PAOOMY AN2OPUMMA CUCTEMbL YNPABTIeHUS
npoyeccom u coenamv 3aKmOYeHUue, 4mo 6ce NOKA3amenu UCHbIMAHHBIX 00pA3y08 Npeeocxoosim no Kauecmey
3HAueHUs 00PA3Y08 U3 AKPULOBbIX NAACIMACC, U320TOEIEHHBIX MPAOUYUOHHBIM CHOCOOOM. (Bblgoowr) Paspabomanu
aneopumm  A8MOMAMUZUPOBAHHOU CUCEMbL  IKCMPEMATbHO20 YAPAGLEHUS MEXHONOSUYECKUMU NpOYeccamu
U320MOBNEHUA U30ETUU C NOMOWDBIO AOOUMUBHBIX MEXHONO2UU C UCNOTb308AHUEM QOMONOIUMEPOS U UX
KoMno3umos. Moenmugpuyuposanu 6 asmomamuieckom pexcume Hauaio U OKOHYAHUe npoyecca noaumepusayu,
no8viCU8 Mexanuyeckue xapakmepucmuxu uzoeauii. Iloxazanu, umo npu npousgodcmee demaineti MAuiuHOCMpoeHus
U, 8 YACTHOCMU, CEeNbCKOXO3AUCTNBEHHO20 MAUUHOCTPOCHUS, 803MONCHO NPUMEHEHUE A0OUMUBHBIX MEXHONOSULL.

Knioueswie cnosa: pomononumep, adoumushvle mexHoa02uu, agmomamu3ayus, KOHMmpoIupyemvie napamempo.
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Abstract. The use of new modern structural materials that would improve the physical and mechanical properties of
products, aggregates and components of agricultural machines will help to reduce the mass fraction of metals in their
design. It was determined that the use of additive technologies in mechanical engineering is hindered by poor product
quality due to the lack of automated control of the polymerization process in the production of 3D products. (Research
purpose) The research purpose is developing an algorithm to the process of automated control of the technology of
manufacturing products from photopolymers. (Materials and methods) A set of controlled parameters of the
photopolymerization process was substantiated in the manufacture of parts using additive technologies, which were
taken as polymerization time and the dynamics of temperature changes in the material. (Results and discussion) The
results of the use of an automated photopolymerization process were given and its analysis was carried out on the
example of a typical technological process for obtaining samples of polymer composites similar to natural organic
materials. Thermal phenomena that occur when exposed to ultraviolet radiation during polymerization are described.
We carried out experimental and industrial tests of the physical and mechanical properties of basic photopolymer



resins, which in practice allowed us to investigate the operation of the algorithm of the process control system and
conclude that all the indicators of the tested samples exceed in quality the values of samples from acrylic plastics
made by the traditional method. (Conclusions) We have developed an algorithm for an automated system of extreme
control of technological processes of manufacturing products using additive technologies using photopolymers and
their composites. The beginning and end of the polymerization process were identified automatically, increasing the
mechanical characteristics of the products. It has been shown that in the production of machine-building parts and,
in particular, agricultural engineering, it is possible to use additive technologies.

Keywords: photopolymer, additive technologies, automation, controlled parameters.
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Pa3paboTka aAropuT™Ma CO3AAHUA PETHOHAABHBIX PETUCTPOB arPOTEXHOAOTHH
Yeuenckoii Pecnybankn

Asan Cyaranosuy Maromaaos,
AOKTOP CEABCKOXO3AHCTBEHHBIX HAYK, IIPOdeccop;
Hyp6ex AomasueBuu Aaaes,
AOKTOp OHOAOIMYECKUX HAYK, 3aBEAYOIINI kadeApoit, e-mail: mr.adaev6l@mail.ru;
Acer I'anneBHa AmaeBa,
KAHAUAQT OHOAOTMYIECKUX HAYK, AOIICHT

YeueHckwii rocyaapcTBeHHBIN yHUBepcuTeT nMeHu A.A. Kaasiposa, T. ['po3usrii, Poccutickas @enepanys

Peghepam. Bazosvie mexnonozuu npou3go0Cmed cCenbCKOXO3AUCMEEHHBIX KYAbMYp OO0ANCHbL OblMb NPUBA3AHLL K
KOHKDEemHbIM YCIosuam azponanowagma. Ha ocrHosanuu smoil mMemooonocuu paspabamvi8aiomcs pecucmpbl
TMEeXHON02ULl  NpoUu3800Ccmea npodykyuu pacmenuegoocmsa. (Lenv uccnedosanus) Paspabomams peecmp
aA2pOMexXHoNocUll ¢ y4emom OYEeHKU COPMO8 N0 pe3yibmamam WUPOKUX HPOU3BOOCBEHHbIX UCHbIMAHULL,
9KOJIO2UYECKOU YCMOUYUBOCIU, VPOICAUHOCIU, KAYecmed NpoOyKYuu, IKOHOMUYECKOU d@dekmusHocmu npu
PA3IUYHbIX YPOBHAX UHmMeHcu@ukayuu ux goszoenviganus. (Mamepuanvl u memoowvt) Hccnedosanu 603MOHCHOCHb
CO30aHUsL NACNOPMA COPMOB 3EPHOBBIX KVALMYD U (POpMUpOSanusi peecmpa COpmog 3epPHOBbIX KYIbmyp OJis
Yeuenckoti PecnyOauku ¢ opmanuzo8anHbiMu 6 6ude MameMamuiyeckux HOKazamesell XapaxKmepucmuKaMmu.
Paspabomanu anzopumm coz0anus pecuoHanbubix pecucmpos azpomexuonocuti Yevenckoui Pecnybauxu u peecmp
azpomexnonocull 3epHosbix Kyabmyp. (Pesynvmamvl u obcyscoenue) Ommemunu, 4mo paspabomantsii pecucmp
azpomexnonocuti hopMUposaics HA OCHOBe U 6 OONOJIHEHUE PEeSUOHAILHOZ0 Peecmpd azpodK0N02ULEeCKUX U008
3eMenb u peecmpa pauoHUpPOBAHHbIX COPMOE CENbCKOXO3AUCMEEHHbIX Kynbmyp. Onucanu 36eHbs, 6J10KU U onepayuu
0a308bIX MEXHONOSUU U MEXHOLOSUYECKUX MOOYIIel 8030€Ibl8AHUS CeNIbCKOXO3AUCMBEHHOU KYIbMYpPbl C YKA3AHUEM
VCI08ULL UX NPUMEHEHUs, MEeXHOI02UYeCKUX MpeOOo8aHUL U 3aMpPam Ha YCJI08HbIN 2eKMAap OJ1A Yemvlpex Kame2opuul
UHMEHCUBHOCIU. IKCMEHCUBHBIIL — HOPMANbHBIL — UHMEHCUBHbII — mounblil. (Buigoowvl) Onpedenunu, umo npu
aA2pOIKON02UHECKOll NACNOPMUAYUU COPIO8 3EPHOBLIX NI0008bIX KYIbMYD BANCHEUWUM Kpumepuem CIYHCUM
OmMHOUleHUe pAcmeHull K 61a2000eCneueHHOCmU U 6 Nepeyly ouepedb UX 3dACYXOYCMOUYU80CMb, KOmopas
ycemanasaugaemces no 9-éannvuoti wkane. Ilokazanu, ymo omobOpaHHvle COpmMa uUMeom WUPOKUL NOMEeHYUua
pacnpocmpanenuss 6 Cegepo-Kaskasckom pecuone, 6 Yeuenckou Pecnybnruxe, o001radarwom — 6biCOKOU
NPOOYKMUBHOCHBIO, OM3bIUUBHI HA NOBbIUEHUE VPOBHA UHMEHCUpUKayuy mexHoao2ull 6030enviéanus. Buisgunu,
Mo 6 COCMAGIEHHOM peecmpe AcPOMEeXHONO2ULl COPMOE8 3ePHOBbIX KYIbMyp, PAllOHUPOBAHHbIX 8 Yeuenckoiu
Pecnybauxe, naubonee 3acyxoycmouuugvl u Xapaxmepusylomcs MeHbuum Kodpguyuenmom 600onompedieHus
copma o3umou nuenuyvl: Axmam, Tumupsaszesxa 150, Jlunum, bams.

Knrouesvie cnosa: arcopumm, peecmp, azpomexuoniocuu, COpmd, azpo3KoI0SUYeCcKUull NACROPM, YPOICAUHOCHIb.
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Abstract. The basic technologies of crop production should be tied to the specific conditions of the agricultural
landscape. On the basis of this methodology, registers of crop production technologies are being developed.
(Research purpose) The research purpose is building a register of agricultural technologies, taking into account the
evaluation of varieties based on the results of extensive production tests, environmental sustainability, yield, product
quality, economic efficiency at various levels of intensification of their cultivation. (Materials and methods)
Investigated the possibility of creating a passport of grain varieties and forming a register of grain varieties for the
Chechen Republic with formalized characteristics in the form of mathematical indicators. We have developed an
algorithm for creating regional registers of agricultural technologies of the Chechen Republic and a register of
agricultural technologies of grain crops. (Results and discussion) It was noted that the developed register of
agricultural technologies was formed on the basis of and in addition to the regional register of agroecological types
of land and the register of zoned varieties of agricultural crops. The links, blocks and operations of basic technologies
and technological modules of agricultural cultivation were described, indicating the conditions of their application,
technological requirements and costs per conditional hectare for four intensity categories: extensive — normal —
intensive — accurate. (Conclusions) It was determined that during agroecological certification of varieties of grain
fruit crops, the most important criterion is the ratio of plants to moisture availability and, first of all, their drought
resistance, which is set on a 9-point scale. It was shown that the selected varieties have a wide distribution potential
in the North Caucasus region, in the Chechen Republic, have high productivity, are responsive to increasing the level
of intensification of cultivation technologies. It was revealed that in the compiled register of agricultural technologies,
varieties of grain crops zoned in the Chechen Republic are the most drought-resistant and are characterized by a
lower coefficient of water consumption of winter wheat varieties: Akhmat, Timiryazevka 150, Lilit, Batya.

Keywords: algorithm, register, agrotechnologies, varieties, agroecological passport, yield.
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Pegpepam. Paspywenue cmpykmypvl nepeyniomHeHHbX NOY8 HA SUOPUPYIOWUX NOBEPXHOCMAX PADOUUX OP2AHO8
YUBETILHBIX 2/YOOKOPLIXAUMENEl, MO MeXHOL02UYeCKUll npoyecc, npoucxooawull dvicmpee u 6onee dgpexmusHo,
yem npu nepemewjeHuu paboyux 0peaHos uHuzeieltl Hympu cuinyuell cpeodvl 21yOOKOpvIXaumenell 6 CnoKouHoOM
cocmosnuu. Bascnoe 3navenue nonyuaiom eubpayuonHblie pejicumbl, OKA3bI6AEMble HA MEXHOL02UYeCKUll npoyecc,
nO360aAI0UUE BOCHPOU3E00UND KOLEOANHUS 3A0AHHBIX AMIAUMYO U NPU BLICOKOU Yacmome UOPAYUOHHBIX KOLCOAHUTI
8UOP0BO3OYOUMENs, Nepedasaemvlx Ha AKMUGHbIE YACMmU paboqux opeanos8 uusenvHblx enyboxopuixaumenei. (Lenw
uccnedosanus) Obocnosams u paspadbomams NPoSPAMMHO-ANNAPAMHbBLE U MeXHUYecKue cpedcmad 01 Yyuppoeozo
MOHUMOPUHEA, A8MOMAMU3AYUU U POOOMU3AYUU NPOOYKYUOHHBIX U MEXHOIOSUYECKUX NPOYECCO8 8 MEXHOIOUSX
6030enbl8anUs  X1eOHbIX 3epHosblx Kyaomyp. (Mamepuansr u memoowst) Hcnonvzosanu memoosl auaiuza u
MoOdenuposanus npoyecca. (Pesynomamor u o6cysxcoenue) Onpedenunu, ymo npumeHeHue uOPAYUOHHBIX KOJeOaHUll
07151 paspyulerus, AHMpPONO2EeHHOL NepeynIOMHEeHHOU NOYEbl NO360sIEem PA3PYUAnts NIOMHble (hpazMenmbl HO46bl U
npespawjams CIpyKmypy paspyuleHHot nousbl 6 Ni1000POOHbLIL CLOU, 8 KOMOPOM (PopmMupyemcst pa3gumas KOpHeeas
cucmema, npucoOnas Ol NOIYYEHUsL BbLCOKUX YPOdICAes. YCmanoguu, ymo uHmeHCUgHble MexXHOI02UU, nepedaiouue
subpayuonnvlie Konebauus Ha AaKMUGHuIU pabouull opean CelbCKOXO3AUCMEEHHOU MAWUHbL NOCPEICMBOM
UCNONB306AHUSL 8 BUOPAYUOHHOM MEXAHUZME HEYPABHOBCUEHHOU MACChL, UHMEHCUBHO 8PAUAEeMOU GHYMPU KOPNYCd
8UOPOBO3OYOUmMENsE OM GHEWH el CUIbl MPAKmopa, 6030yxcoalom eUudpAyuUoOHHble KoaebaHus, nepeodsdaemvie Hd
aKmusHwle pabdouue Opeanbl HUZETbHbIX MAWUH, 6030Yydcoalowue SUOPAYUOHHYIO 00OPAOOMKY AHMPONO2EHHO
nepeyniomHeHHol nougsl. (Boleodsl) Bulsaeuiu, 4mo K Yuciy uHMeHCUBHbIX MEeXHOI02UL, Nepedaiowux UOPAYUOHHbLE
KOIeOaHus Ha pabouuli Opean CenbCKOXO3SAUCMBEHHOU MAWUHBL, Cledyem OMHeCmU MAWUHbL ¢ HEeYPAGHOBEULEHHO
maccou, , Komopsie 8030yicoarom ubpaAyUOHHble KolebaHus, nepedasaemvle Ha paboyuil opeaw, 8030yxHcOAOUUL
subpayuonHyo obpabomky obpabameisaemol mexHoiocueckoll cpedol. Ilpedcmasuniu pacuemuvle 3HAYEHUS
npeobpazyemoil HeyPaGHOBEUEHHOU MACCHL, CPeOHell MOUHOCTU.

Knrouegvie cnosa: eubpayuontvie Mawiunsl, amMniumyoa u yacmoma Kojieoanuti ubposozoyoumens, Kojiedanus
NACCUBHBIX paboOyUX op2anos om 6ubpPo6o30youmens, Sudpayus Ha AKMUBHOU NOBEPXHOCMU PAOOHUX OpP2AHO8,
Konebanust subPo6o3OyOuUmes, pexcum eudpayuu, aMnaumyod u 4acmoma KoieOanuil, mexHoI02ULecKas onepayust
2NYOOKOPLIXIUMENEH, GIUSIOUAS HA CHUNCEHUE CUTL CYENTEHUSI U GHYMPEHHe20 MPEHUs. 6HYMPU HOYEGb.
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Abstract. The destruction of the structure of over-compacted soils on the vibrating surfaces of the working bodies of
chisel deep-diggers is a technological process that occurs faster and more efficiently than when moving the working
bodies of chisels inside the bulk medium of deep-diggers in a calm state. Of great importance are the vibration modes
exerted on the technological process, which allow reproducing vibrations of the specified amplitudes and at a high
frequency of vibration vibrations of the vibration exciter transmitted to the active parts of the working bodies of chisel
deep heaters. (Research Purpose) The research purpose is developing software, hardware and technical means for
digital monitoring, automation and robotization of production and technological processes in the technologies of
cultivation of grain crops. (Materials and methods) Used methods of analysis and modeling of the process. (Results
and discussion) It was determined that the use of vibration vibrations for the destruction of anthropogenic over-
compacted soil makes it possible to destroy dense fragments of soil and turn the structure of the destroyed soil into a
fertile layer in which a developed root system is formed, suitable for obtaining high yields. It has been established



that intensive technologies that transmit vibration vibrations to the active working organ of an agricultural machine
by using an unbalanced mass in the vibration mechanism, intensively rotated inside the body of the vibration exciter
from the external force of the tractor, excite vibration vibrations transmitted to the active working organs of chisel
machines, which excite the vibration treatment of anthropogenically over-compacted soil. (Conclusions) It was
revealed that among the intensive technologies that transmit vibration vibrations to the working body of an
agricultural machine, it is necessary to include machines with NM that excite vibration vibrations transmitted to the
working body that excites the vibration treatment of the processed technological medium. The calculated values of
the converted NM average power were presented.

Keywords. vibration machines, amplitude and frequency of vibration exciter vibrations, vibrations of passive working
bodies from the vibration exciter, vibration on the active surface of the working bodies, vibration exciter vibrations,
vibration mode, amplitude and frequency of vibrations, the technological operation of subsoilers, affecting the
reduction of adhesion forces and internal friction inside the soil.
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Peghepam. B nocrednee spems 6 céa3u ¢ npoepeccom 6 00aacmu paspabomxy 6empozeHepamopos U CONHeUHbIX naneel
07151 HAOHCHO20 INEKMPOCHAOIHCEHUSA YOANEHHbIX NOCENeHUL UCHONb3VIOMCA A8MOHOMHbIE 2UOPUOHbIE dHEepeemuyecKue
cucmemvl Ha OCHOBE B030GHOGISEMbIX UCMOYHUKOE IHEP2UU, 8 COCMAGe KOMOPLIX pabomalom CONHeuHble NAHENU,
6empozenepamopbl U azpezamvl NUMAHUS. YA36uMoe Mecmo 2UOPUOHOU SHEP2OYCMAHOBKU — ee 3A6UCUMOCHIb OMm
GHEUHUX KIUMAMUYECKUX YCIO8UIL U azpezamvl numanus mpebylom moniuea. /i pewenus 3moi npobremvl
npeonazaemcst OONOIHUNb 2UOPUOHBIE CUCIEMbL NPUMEHEHUEM IHEPLOCUCEM HA OCHOGE NePendod memnepamyp OeHb-
Houb. Ce200Hs Hem pa3padoOmMaHHbIX CXEMHBIX PeUuleHUll CIMpPYKmypol 2UOPUOHO20 INEKMPOMEXHULECKO20 KOMNIEKCA HA
OCHOBE 80300HOGNIAEMBIX UCHIOYHUKOS IHEPUU C CUCEMOTL CYMOYH020 NEPEenadd memMnepamyp 8 e20 CoOCmase no cxeme
¢ obwetl wunou nepemennozo moxa. (Llenv uccnedosanus) Paspabomams d1eKkmpocxemvl a8MOHOMHOU 2uOPU OHOU
OHEP2OYCMAHOBKU HA OCHOBE 0300HOGNAEMbIX UCIOYHUKOS SHEP2UU C CUCIEMOU Nepenadda meMnepamyp ¢ y4emom
HA2PY3KU U OnpedeieHus 8peMeHU 6KIIoUeHUss OeH3uHo8020 eenepamopa. (Mamepuansl u memoowv) Paccmompenu
DNIEKMPOMEXHULECKUL KOMNIEKC 2UOPUOHO20 MURA C YemblpbMsi UCMOYHUKAMU IIeKMPUUECKOl dHEpeull, 8 COCmas
KOMOPO20 GKIIOUEHA CUCHeMd CYMOYH020 nepenada memnepamyp. (Pesyromanol u obcyscdenue) Paspabomanu cxemol
ABMOHOMHO20 2UOPUOHO20 DNEKMPOMEXHUUECKO20 KOMNIEKCA HA OCHO8E G0300HOGNAEMbIX UCHOYHUKOS IHEPIUU C
cucmemoll  nepenada  MmemMnepamyp U  WUHOU NEPeMEHHO20 MOKa 078  IJIeKMpPOCHAOdICeHUs  VOALeHHbIX
CeNbCKOXO03AUCMBEHHbIX  00bekmos. [lokazanu npobiemvl KOMRIEKCA NpU UCHONb308AHUU 6 CXEMe HECKONbKUX
UHBEPMOPO8, PAOOMAIOWUX HA OOHY WIUHY NEPEMEHHO20 MOKd, U NYMu Ux pewlenus. Boinoinunu pacuem Hazpy3ox no
KAxNCcOOU dHepeocucmeme U 6bleenU YClOGUe GKIIOUeHUs OeH3UH08020 dazpeeamd NUMAHUs Npu HeOLA2ONPUANHBIX
n0200HbIX yenosusx. (Buieoowt) Onpedenunu, 4mo pazpadbomarnmsie S1eKmMpudecKue cxemvl ¢ 610KOM KOHMPOIS HAZPY3KU
U 0OWUM 3a0aI0WUM 2eHepaAmopoM 2UOPUOHOT IHEP2EMUUECKOLl CUCHEMbl HA OCHO8E 80300HOGNAEMbIX UCTOYHUKOG
IHepeUl ¢ IHEPLOCUCTNEMOU hepenada memMnepanyp no3805I0M C030a8amb ONMUMATbHBII PEXCUM ee IKCRIYaAmayuu u
bonee r¢ghpexmusno ynpasiimo ecetl 2UOPUOHOU CUCTHEMOU.

Kniouesvie cnosa: cucmema ynpasienus, nepenao memMnepamyp, CenbCKoe XO3AUCmB0, dHepeocHabiceHue,
npeobpazoeamenb IHEP2UlL, IKOL02UECKAst ODe30NACHOCMb, CUCIEMA YNPAGIeHUs], CXeMd.
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Abstract. Recently, due to the progress in the development of wind generators and solar panels, autonomous hybrid
energy systems based on renewable energy sources, which include solar panels, wind generators and power units,
have been used for reliable power supply to remote settlements. The vulnerability of a hybrid power plant is its
dependence on external climatic conditions and power units require fuel. To solve this problem, it is proposed to
supplement hybrid systems with the use of power systems based on the day-night temperature difference. Today, there
are no developed circuit solutions for the structure of a hybrid electrical complex based on renewable energy sources
with a system of daily temperature difference in its composition according to a scheme with a common AC bus.
(Research purpose) The research purpose is developing electric circuits of an autonomous hybrid power plant based
on renewable energy sources with a temperature change system taking into account the load and determining the
turn-on time of the gasoline generator. (Materials and methods) Considered an electrical complex of hybrid type with
four sources of electrical energy, which includes a system of daily temperature difference. (Results and discussion)
We have developed schemes for an autonomous hybrid electrical complex based on renewable energy sources with a
temperature change system and an alternating current bus for power supply to remote agricultural facilities. The
problems of the complex when using several inverters operating on one AC bus in the circuit and ways to solve them
were shown. We calculated the loads for each power system and deduced the condition for switching on the gasoline
power unit in adverse weather conditions. (Conclusions) It was determined that the developed electrical circuits with
a load control unit and a common master generator of a hybrid energy system based on renewable energy sources
with a temperature difference power system allow creating an optimal mode of its operation and managing the entire
hybrid system more efficiently.

Keywords: control system, temperature difference, agriculture, energy supply, energy converter, environmental
safety, control system, circuit.
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Pegpepam. B nacmoswee epems nabniodaemcss akmusHOe UCHONb306AHUE INEKMPOMPAHCNOPMA, KOMOPbLL MOdicen
NPUMEHAMBCA 8 MOM HUCTE HA (hePpMaXx C Yelblo bINOTHEHUA MEXHON02ULECKUX NPOYECCO8, 6 NOMEWeHUAX Oisl COOePIHCAHU
HCUBOMHYIX U bIpaAUeanus pacmenuil. Tloseniemes HeoOX0OUMOCHIb USMEHEHUS MEeXHUYECKUX XaPAKMEPUCIUK MAK020
MPAHCNOpmMa, 8 YacmHOCmu, SKOHOMUY 3apa0a ma2080l bamapeu ¢ nomowwio pedxcuma nakama. (Lenv uccredosanus)
Onpedenumsv — 8O3MOXCHOCIU U NPOOIEeMbl  peXcuMa — HAKAMA — MOOUTbHO20 — MPAHCHOPMHOZ0 — Cpedcmed
CeNbCKOXO3AUCMBEHH020 HasHavenus. (Mamepuanvt u memoov)) Ycmawnosunu o0cHOGHble Y3ibl  INEKMPOMOOUNS
(MOOUTLHO20  MPAHCHOPMHO20 CPeOCMBa): waccu, msA208aa AKKYMyIAMOpHAA bamapes, KOHMPONbHO-3apA0Hoe
VCMPOUCMB0, 31eKmMPOnpUsoo, BKIOUAWUL MHO20CKOPOCMHble KOpoOku nepedau. (Pesymomamel u obcyxcoenue)
Paspabomanu cxemy nooknoyenus Osueamens K 4acmomHOMY HpeoOpA308amenio ¢ PelCUMOM HAKama u nposeiu
IKCHEpUMEHMANbHbIE UCCIed08anus. (Boi6oodbl) Boisichunuy, umo 015 obecneuenus peicuma Xoniocmo20 Xo0a MOOUIbHO20
MPAHCNOPMHO20 — cpeocmea Hpu  OMKNIOUeHUU Oeucamens OmM  YACMOMHO20 hpeobpazosamens HeoOX0OUMO
KOHMPOIUPOBANts PASHUYY YACIOM 08U2AMeNs U YACHOMHO20 npeodpazosamens, max Kax 00AbWAS PASHOCHb MO Cem
npugecmu K 3HAYUMENbHLIM —Nepespy3sKaM U  8blX00Y U3 CMpos 4acmomuozo npeobpaszosamens. IIposenu
IKCNEPUMEHMATbHbIE UCCIEO08AHUA 3ABUCUMOCTIY NYCKOBbIX TOKO8 ONl PA3HUYbI YACMONMbL npeobpazosamens u
anekmpuyeckozo dguzamens. [locmpounu epaguxu, komopuvie nNOKa3au, Ymo Ha 0CHO8e NPOBEOEHHbIX IKCEPUMENINOE NpU
UCNOTBb308AHUY D8U2AMENs MOWHOCHbIO 11 Kunoeamm 6 yac noxyyeHHvle 3HaueHus moxkos 0yoym 6 4 pasa bonvute, ymo
npugedem K nepezpyske uacmommno2o npeobpasosamens. lloxasanu, umo 6e3 00NOTHUMENLHBIX CNOCOO08 U NPUEMO8 MAKOU
pedcum npuMeHsmy OnacHo U He pekomenoyemcsa. Bviasunu eapuanm ymeHvbuienus nyckoeblx mokog — dmo yCmaHoeKd
OONOIHUMENbHOU UHOYKMUBHOCHIU MedcOy 0gueamenem U YacmomHblM npeodpaszosamenem, npu NPAGUILHOM ee n00bope
1o opmyie MONCHO YMEHLULUMD NYCKOBOU MOK 00 NPedeibHO OORYCIMUMOZO.

Kniouesvie cnosa: >nekmpomodbuns, 91eKmponpueood, MpaHCNOPMHOe CPeoCmeo C  INEeKMPONPUBOOOM,
aHepeemuieckoe obopy0osanue, acUHXPOHHbIL DNEKMPOOBUSAMENb, AKKYMYIAMOPbL.

Ans umtnposanua: Odepes J1.10., Nycapos B.A., Cnopoe A.l1. ViccneagoBaHve BO3MOXHOCTEN UCMONb30BaHNSA peXnma HakaTta B
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Abstract. There is an active use of electric transport, including on farms, for performing technological processes, in
premises for keeping animals and growing plants. There is a need to change the technical characteristics of such
transport, in particular, saving the charge of the traction battery using the coasting mode. (Research purpose) The
research purpose is studying the possibilities and problems of the coasting mode of a mobile agricultural vehicle.
(Materials and methods) The main components of an electric vehicle are: chassis; traction battery; charger; electric
drive, including multi-speed gearboxes. (Results and discussion) The article presents a circuit for connecting the drive
to a frequency converter with a coasting mode and results of experimental studies. (Conclusions) In order to ensure
the coasting mode of a mobile vehicle when the engine is disconnected from the frequency converter, it is necessary
to control the frequency difference between the engine and the frequency converter, since a large difference can lead
to significant overloads and failure of the frequency converter. Experimental studies of the dependence of starting
currents on the frequency difference between the converter and the electric motor were carried out. The article
presents the diagrams based on the experiments conducted using an 11 kilowatt motor, the current values will be 4
times greater, which will lead to an overload of the frequency converter. Without additional methods, such a mode is
dangerous to use and is not recommended. A variant of reducing the starting currents is the installation of an
additional inductance between the motor and the frequency converter, with justified inductance according to the
equation, the starting current can be reduced to the permissible values.

Keywords: electric vehicle, electric drive, electric vehicle, power equipment, asynchronous electric motor, batteries.
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Pegpepam. Bvibop u paspabomxa cxembl KOMIOHOBKU INEMEHMOE ABMOMAMUZUPOBAHHOZ0 YAPAGIEHUS U KOHMPOs
CEeNeKYUOHHOU CeSIKU HANPAGIeHbl HA NOBbIUEHUE MEXHUYECKO20 YPOBHS NOCEGHOU MAaulunbl 05l 0OecnedeHus.
mpebyemo20 Kauecmea nocesa Ha CENeKYUOHHBIX U CEMEHOBOOYECKUX OeNAHKAX, U YIyYlieHue YCIo8ull mpyod
onepamopa nocegnoz2o azpezama. Hcnonvzoganue s1eMenmos agmomMamu3upo8aHHO20 KOHMPONs U YNpAeieHus.
MEXHON02UHECKUM NPOYEeCccoM Npeonoidzdem AsmoMamu3ayulo pabomyl GblCcesarowmux annapamos, KOHmMpOb
npoiema Ceman 6 CeMANPo8oOax, IKCNIYAMAYUOHHBIX napamempos pabomuvl azpecama. (Llenv uccaedosanus)
Paspabomams cxemy KOMROHOBKU INEMEHMO8 AGMOMAMUIUPOBAHHO20 YNPAGIEHUs U KOHMPOIsS CeNeKYUOHHOU
cesiku 0na 2-3 amanos pabom, 0OeCcneyusarowux NosblueHUue Kavyecmea Noceéd 3epPHOBLIX, 3epHOO0008bIX U
Macauynelx  Kynemyp. (Mamepuanst u memoowt) Ilpogenu cpagHumenvbuviii AHAIU3 NEPEOOBbIX MEXHOIOSUL,
MEXHUYECKUX CPeOCM8, PA3IUYHbIX KOHCIMPYKMUBHBIX peuienull 05 bloopa Haubonee payuoHAIbHbIX dJIEMEHNO8
ABMOMAMUZUPOBAHHO20 YRPAGIEHUSL U KOHMPOIs pabombl celeKyuonHol cesiku. (Pesynomamol u o6cyscoenue)
Ilpednoarcunu cxemy pazmewenus cpedcmea agmoMamu3ayul CeleKYuoHHo cesnku Ha base waccu muna BT3-30CLL
01 NOCe8a 3ePHOBbIX, 3ePHOO0O0BLIX U MACIUYHBLIX KyTbmyp Ha 2-3 smanax pabom. Ilokazanu, ymo cpedcmea
ABMOMAMU3AYUY  CESIKU NPEOHA3HAYeHbl Ol KOHMPOs U YNPAGLeHusi pabomoll NOPYUOHHO20 BblCeBaIOue20
annapama u KaccemHo2o 3azpy304H020 YCmpoucmed, KOHMpOosi RPOLEMa CeMsH, d MAKI’Ce UHOUKAYUU HA MOHUMOpE
CKOpOCMU O08UJICEHUs U 8peMeHU pabomel azpe2amd, KOauuecmea 3acesiHHou niowjaou. (Beieoowi) Ilooobpanu
cpeocmea agmomamu3ayuy cerekyuoHnou cesnxku na 6aze waccu muna BT3-30CLL ¢ yeavio Konmpons @viceéa
CeMsIH, BPAUJEHUSI BbLCEBAIOULE20 BANd, CPEOCMEAd USMEPEeHUs U UHOUKAYUU IKCHIYAMAYUOHHBIX NAPAMEMPOSs:
CKOpOCMU OBUICEHUS,, KOIUYECMBA 3ACESIHHOU naowaou, eépemenu pabomoei azpecama. Paspabomanu cxemy ux
VCMAHOBKU HA CENeKYUOHHOU Ceslike Ha 6a3e CAMOX0OH020 WACCU.

Knrouesvle cnosa: cerekyuonnas cesika, noced 3epHOBbIX, dGMOMAMUUPOBAHHOE YNPAGLEHUE GbICEBOM, CPEOCMBA
ABMOMAMU3AYUL, CXEMA KOMIOHOBKU, 8blCE8aloujee YCmpoucmeo.
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Abstract. The development of the layout of the automated control of the breeding seeder are aimed at improving the
technical level of the sowing machine to ensure the required quality of sowing on breeding and seed plots, and
improving the working environment of the operator of the sowing unit. The use of automated control of the
technological process involves automation of the operation of sowing machines, control of the flight of seeds in seed
ducts, operational parameters of the unit. (Research purpose) The research purpose is developing a layout scheme
for the automated control of a breeding seeder for the second and the third stages of work that improve the quality of
sowing of cereals, legumes and oilseeds. (Materials and methods) The article presents a comparative analysis of
advanced technologies, technical means, various design solutions to select the most appropriate elements of
automated control of the breeding seeder. (Results and discussion) The article proposes a layout of automation tools
for a breeding seeder based on a VTZ-30SSH chassis for sowing grain, legumes and oilseeds at the second and the
third stages of work. The automation tools of the seeder are designed to monitor and control the operation of the
batch seeding machine and the cassette loading device, control the flight of seeds, as well as display the speed and
operating time of the unit, the sown area. (Conclusions) The article presents automation tools for a breeding seeder
based on a VTZ-30SSH chassis type in order to control seed sowing, rotation of the sowing shaft, measurement and
indication of operational parameters: movement speed, sown area, operating time of the unit. The article also presents
a scheme for their installation on a breeding seeder based on a self-propelled chassis.

Keywords: breeding seeder, grain sowing, automated seeding control, automation tools, layout scheme, seeding
device.
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Peghepam. Pocm yen na kommyHanvhwie yciyeu 6 Poccuu npoucxooum kaxicowltl 200, nOIMOMY 8 COBDEMEHHOM 00wecmae,
MAK Jice Kax 8 NPOU3B00CMBEHHOU chepe, IKOHOMUSA — 2NLAGHBLI NOKA3AMENb YCheuHo2o pazeumus. (Lleab ucciedosanus)
Tpoananuzuposamsv asMoMamu3upoOSAHHYI0 CUCHEMY NO MEXHUUECKOMY VUemy dHepeemuyecKux pecypcos, Komopas
NPU36aHA NOMOUb NPEONnPUSIMUIO NEPepacnpedeisims HA2PY3KY U3 OCHOGHO20 BDeMeHU, K020d Mmapughvl 6bicokue, Ha
HOUHOE, K020d YeHa umeem Haumenvwue noxkazameny. (Mamepuanwl u memoowt) Ilokazanu, umo npouseoocmeenHvie
npeonpusmus. Cmaparomes. yMeHbUUMb C80U PACX00bl HA INEKMPOIHEPIUIo, CLeOUmdb 3a 8CeMu cOepeLaouumu
HOB0BBEOCHUAMU U NpUMeHAmb ux 6 ceoell Odeameinvnocmu. (Pezynomamul u obcyscoenue) Onpedenunu, umo
npeonpusimue yCmaHasnueaem: icecmyie mpedoeanust KOHMpOs HAO PEHCUMOM 20PEHUs. O CBeMUMENbHBIX NPUOOPOE 80
6cem 30aHuu, NPUOOPbl AGMOMAMUYECKO20 OMKIIOYEHUs, NOCMOSHHO 00HOGIsiem o0bopydosanue. Buvissunu, umo
npeonpusmus 8 OCHOBHOM UCHOLb3YIOM OOHU U Me Jice MeXHON02UU 05l IKOHOMUU DNIeKMPOoIHepeul. Boisichuau, umo
HEKOMopbie NPeOnpPUsmusl UCNOLb3YIOM NPSIMYI0 IKOHOMUIO DJeKMPUYECKOU DHeP2Ull, YMO NPUBOOUN K YMEHbULEHUIO
pacxo0o8 3a cuem 060pyO06AHUs; YCMAHOBKA MAKO20 000PYOOBAHUSL MONCEM OCYUWECIMBISMbC MOIbKO NPU UMEIOUUXCS
OauHbIX dHepeonompedrenus. Ommemunu, y4mo 017 6bIAGIEHUS IMUX OAHHBIX HA NPOU3BOOCHBE DPA3MeUudion
CREYUANbHYIO A8MOMAMUSUPOBAHHYIO UHDOPMAYUOHHO-UIMEpUMENbHYIO cucmemy. (Bvisodwr) Yemanosunu, umo evibop
Kax#c0020 9NeKMponpusooa 0oadicer 0bimb UHOUBUOYATLHBIM, MOIbKO NPU COOAI00EHUU 3A0AHHBIX HAPAMEMPOS8 U
peanusayuu yeneti no IKOHOMUU NEKMPOIHEPUU, NPEONPUHUMAMENb MOJNCEM PACCYUMBIBAMb HA Gedyujue NO3UYUl Ha



KOHKYpeHmuom pbuinke. Koncmamuposanu, 4mo aemomamu3uposaHHas UHGOPMAYUOHHO-USMEPUMENbHAA cucmema
omKpuieaem pso NPeumMyuwjecme 0 IKOHOMUU INeKMPULECcKoll IHeP2UU.

Knroueevle  cnosa:  sHepeosppekmusHocmv, — dNeKMPOIHepeUs,  2NeKMponpusood,  IKOHOMUA — dHepeul,
ABMOMAMUZUPOBAHHBIE CUCEMbL, OCBEIUMENbHbIE NPUOOPbL, NPeobpa308ameny Yacnmonoi.
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Abstract. The increase in utility prices in Russia occurs every year. In modern society, as well as in the production
sector, saving are the main indicator of successful development. (Research purpose) The research purpose is
analyzing an automated system for the technical accounting of energy resources, which is designed to help the
enterprise redistribute the load from the main time, when the price is high, to the night, when the price is lower.
(Materials and methods) Manufacturing enterprises are trying to reduce their energy costs, monitor all saving
innovations and use them in their activities. (Results and discussion) The companies try to use: strict requirements
for control over the lighting in the entire building, automatic shutdown devices, constantly updates the equipment.
Enterprises mainly use the same technologies to save electricity. Some enterprises use direct savings of electric
energy, which leads to a reduction in costs due to equipment; installation of such equipment can only be carried out
with available energy consumption data. In order to get these data, a special automated information and measurement
system is used. (Conclusions) The choice of each electric motor should be individual, only if the specified parameters
are met and the goals for saving electricity are realized, an entrepreneur can count on leading positions in a
competitive market. The automated information and measurement system opens up a number of advantages for saving
electrical energy.

Keywords: energy efficiency, electric power, electric motor, energy saving, automated systems, lighting devices,
frequency converters.
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Pegpepam. B ycnosuax nocmoannozo pocma yen Ha nompediaemylo snepeuio u KOHKYpeHyuu Ha GHympeHHeM pblHKe Y
CenbCKUX MOBAPONPoOU3gooUmenell cyuecmayem npooiema no CHUMCEHUI0 3ampam Hepeull, maxk Kax oHu cOCMAagiam
3HAYUMENLHYIO 000 6 CeOeCOUMOCMU CenbeKoxXo3Alicmeennol npodykyuu. OcobeHHO 8enuKy 3ampamsvl sHepeul npu
2udpomepmuueckoli obpabomxe cenvxo3npodykyuu. CHu3UmMs 3ampamul HepuU Ha MenIo8ble Yeau MOHCHO 6MOPUYHBIM
0moOOPOM MenIomsl U NPUMEHeHUeM ee 8 KOHKpemHom mexronouieckom npoyecce. (Llenv uccnedosanus) Ilpeonoscums
KOHCHPYKYUIO U NpUecmu Memoouxy pacuema MNOEPXHOCHU MeNnI000MeHa YCHMpPOUCmea 6mopuuHozo omoéopa
Menombl, PACNONONCEHHO20 6 MENTOUSONUPOSAHHOM OyHuKepe — memnepamope. (Mamepuans: u memoowt) Ilpumenunu
MeMoObl CUCEMHO20 AHATU3A U CUHME3A CYWeCEYIoWuUX 3HAHUI NO pacyemy menioo OMeHHUKA, YCMAHOBIEHHO20 6
yempoticmee 015 memnepuposanua cou. Hcnonvzosanu 014 pacuema meniooOMeHHUKA 0CHOBHbLE NON0JNCEHUS Meopul
menionepeoauu. (Pesyromamor u o6cyxcoenue) Ilpednoscunu KOHCMPYKYUuo YCmpoucmed 6mopuiHo2o omoopa
menomsl — Meni000MenH020 annapamd, PAcholONCEHHO20 8 HUMNCHell HYACMU MeNnIouU30IUPOanHo20 OynKepa —
memnepamopa. Ycmarnosuau, ymo omoOpanHyo 8MOPULHYI0 MEnIOnY MOICHO NPUMEHAMb HA HA2pes 800bl, KOMOpas
mpebyemcs 0l YLAHCHEHUs. COU neped HAYaiom ee mepmuyeckol obpabomxu. Onpedenunu, 4mo coKpamums 6p ems
VBIAdCHEHUS COU 8 3-5 Paz MOJICHO ¢ NOMOUbIO nodocpemoti 0o 60-80 epadycos Llenvcus 6o0vi. Ilpugenu u anpodbuposanu
01 KOHKDEMHO20 CIyuds MemoOuKy pacyema Rnapamempos meniooOMeHHUKd, 00ecneyusaoujeco 6mopuiHoe
npuMeHenue meniomvl om mepmuvecku obpabomannoii cou. (Beigoov)) Obocnosaru u peanuzo8anu KOHCIMPYKYUIO
YCmpoUcmea 6mopuyHo20 omoopa meniomvl — MenI00OMEHHO20 Annapama 6 npoyecce MeMHEPUPOSAHUs COU,
DACNONONHCEHHO20 6 HUMNCHEl Yacmu Meniou30IuposanHozo 6ynkepa — memnepamopa. Ilpeonodcunu u anpobuposanu
MemoOuKy pacuema menioobMeHHO20 annapama. Buviagunu, 4mo emopuuHoe ucnoib308aHue menionvl 8 npoyecce
meMnepuposanus cou Ha Hazpes 600bl Osl YEIANCHEHUA COU CHUNCAEM 8DeMs YELANCHEeHUA NPOOYKMA U yMeHbuaem
3ampamsl Ha MeNi08y0 IHEPEUIO.

Kniouesvie cnosa: snepzozampamul, 3HepeocOepedcenue, mepmudeckas 00pabomka, memnepuposamue cou,
Menio00MeHHUK.
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Abstract. In the conditions of constant growth of prices for energy and competition in the domestic market, rural
producers have a problem of reducing energy costs, since they make up a significant share in the cost of agricultural
products. Energy costs are especially high during hydrothermal processing of agricultural products. It is possible to
reduce energy costs for thermal purposes by secondary heat extraction and its application in a specific technological
process. (Research purpose) The research purpose is constructing a method for calculating the heat exchange surface
of a secondary heat extraction device located in a thermally insulated hopper — temperator. (Materials and methods)
Methods of system analysis and synthesis of existing knowledge were used for the calculation of a heat exchanger
installed in a device for tempering soybeans. The main provisions of the theory of heat transfer were used to calculate
the heat exchanger. (Results and discussion) The article presents the design of a secondary heat extraction device
located in the lower part of a heat-insulated hopper — temperator. The selected secondary heat can be used to water
heating, which is required to moisten soybeans before starting its heat treatment. It is possible to reduce the
humidification time of soy by 3-5 times with the use of water heated to 60-80 degrees Celsius. A method for calculating



the parameters of a heat exchanger providing secondary use of heat from heat-treated soybeans was presented and
tested for a specific case. (Conclusions) The design of a secondary heat extraction device in the process of soybean
tempering, located in the lower part of a thermally insulated temperator hopper, was substantiated and implemented.
A method for calculating the heat exchanger was described and tested. The secondary use of heat in the soybeans
tempering for heating water to moisten soybeans reduces the time of humidification of the product and reduces the
cost of thermal energy.

Keywords: energy consumption, energy saving, heat treatment, soybean tempering, heat exchanger.
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Peghepam. B nacmosawee spems 6 pacnpeoenumenvhvie dnekmpudeckue cemu 0,4 Kuiosonbm 21eKmpocemesvix
xkomnanutl Ilybnuynvix akyuoneprvix ooujecms «Poccemu Llenmpy» u «Poccemu Llenmp u Ilpusondicvey eHedpensi
cucmembl HAKONIEHUs 2NEKMPOIHEPSUU, NPEeOHA3HAUeHHble O/ NOSblUeHUs Ka4ecmed dNeKMpUuiecKoll JHepeuul 8
cenvckux anekmpuueckux cemsx 0,4 xunosonom. QOyenxa 3¢pgexmusHocmu ux pabomvl npedcmasisiem
npaxkmudeckyio suawumocmo. (Llenv ucciredosanus) Ob6ocHosamv 3PHEKMUSHOCb UCTOTbIOBAHUSL CUCTEMbl
HAKONJIeHUsl 9NeKMPUUECKOl 9dHepeul, YCMAHOGNeHHOU 6 celbCcKou snekmpudeckol cemu 0,4 Kunogonvm.
(Mamepuanst u memoowt) Hcnoavsosanu dannvle no Koauuecmay sicaiob nompebumeneii 6 sniekmpuyeckux cemsx 0,4
KUJLOBONbI C HAKONUMENAMU neKkmpodxepeuu. IIpumenunu 0ns 00O0CHOBAHUSL IKOI0SUYECKOU 3Ppekmuenocmu
cBe0eHUsi N0 CYMOYHBIM YUKIAM pa3paod cucmem HAKOWIEHUS 2NeKMPOIHePIUll, KOIUYeCmey 6blOaHHOU UMU
INEKMPOIHEP2UU 3d NEPUOO IKCHLYAMAYUY, NPeOCmAsIeHHble 8 ONEPAMUBHO-UHGopMayuouHom Komniekce Systel
¢unuana IIAO «Poccemu Llenmpy «Opensnepeoy, a maxsce cymounsii epagpux evroauu mouwgnocmu Oprosckou
MenI091eKMpPoyeHmpanu, npedocmasnennvii cneyuarucmamu guruana IHAO «Keadpar-«Opnosckas cenepayusy.
(Pe3ynvmamul u ob6cysicoenue) Boisigunu, umo ucnonvsosanue cucmem HAKONIAEHUs INEKMPOIHEPSUL 30 8€Cb NEPUOO
UX IKCNIAYamayuu no380aUN0 COKPpAMUmMyb 8blOpocyl yenexkucioeo eaza wa 3130 u 4385 monu 6 3asucumocmu om
npumensiemoeo Ha Opro6cKol MenioINeKmpoyeHmpaiu nepsuuHoeo monausa. Onpedenunu Ha npumepe
IKCHAYAMayuu cucmemsvl HAKONIeHUus dnekmpoduepeuu 6 Oplo8CKOM patloHe 2NeKMpuyecKux cemeti, 4mo OHA
N036071em COKpAMuUmMb U30EPACKU IJIeKMPOCemesotl KOMAAHUY 0N HECOOMBENCMEUs KAYeCed IeKMPOIHePSUL Hd
8 500 076 pybaeu 6 200. (Bvisoowt) I[lokazanu, umo coyuanvusvlii d¢pghekm om uaxonumenel 31eKmpodIHepuu
3aKIIOYACMCS 8 CHUNCEHUU JHCAN00 nompebumenell Ha Kauecmao 31eKmposHepeul, d mexHu4eckuii — 6 obecneyeHuu
coomeemcmaus nokazamenel Kayecmeda d1eKmpodHepeuu mpeoo8aHusAM HOPMAMUBHBIX OOKYMEHMOS.

Knroueevie cnoea: Haxonumens 21eKMPUYECKOlU 3IHepeuu, CelbCKue JleKmpudecKue cemu, Kaiecmeo
neKmpoaInepaul, IhdexmusHocms nNPUMeHeHUs HaKOnumenel 31eKmpoIHePIUlL.
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Abstract. Currently, electricity storage systems designed to improve the quality of electrical energy in rural power
grids of 0.4 kilovolts have been introduced into the distribution electrical networks of 0.4 kilovolt electric grid
companies of Public Joint Stock Companies Rosseti Center and Rosseti Center and Volga Region. Evaluation of the
effectiveness of their work is of practical importance. (Research purpose) The research purpose is calculation of the
efficiency of using an electric energy storage system installed in a rural 0.4 kilovolt electric grid. (Materials and
methods) Used data on the number of consumer complaints in 0.4 kilovolt electrical networks with electricity storage
devices. To substantiate the ecological efficiency, we applied information on the daily discharge cycles of electricity
storage systems, the amount of electricity issued by them during the period of operation, presented in the operational
information complex Systel of the branch of PJSC Rosseti Center « Orelenergoy, as well as the daily schedule for the
output of the Oryol thermal power plant, provided by specialists of the branch of PJSC Quadra-Oryol Generation.
(Results and discussion) It was revealed that the use of electricity storage systems for the entire period of their
operation allowed to reduce carbon dioxide emissions by 3130 and 4385 tons, depending on the primary fuel used at
the Orel thermal power plant. It was determined by the example of the operation of an electric power storage system
in the Oryol district of electric networks that it allows to reduce the costs of an electric grid company from a
discrepancy in the quality of electricity by 8,500,076 rubles per year. (Conclusions) It has been shown that the social
effect of electricity storage devices is to reduce consumer complaints about the quality of electricity, and the technical
effect is to ensure that electricity quality indicators meet the requirements of regulatory documents.

Keywords: electric energy storage, rural electric networks, electricity quality, efficiency of electric energy storage.
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Pegpepam. [lpu coz0anuu u cOBEPUIEHCMBOBAHUY CUCEM DNEKMPOCHAOICEHUs pacyemvl YCMAHOBUBUIUXCSL
PEdNACUMOB — CaMble PACNPOCTPAHEHHbIE, OHU COOePICAM HeUHElHble DIeMEHMbL 8 BUOE 2eHepamopo8 U HAZPY30K,
NOOMOMY UX YCMAHOBUBUUTICS. PEAHCUM ONUCHIBACMCSl HeIUHEHbIMU YpasHeHuamu. Peuenue no0odnvix ypagruenull
603MOJICHO MONLKO UMEPAYUOHHBIMU MEMOOaMU, YMO CESI3AHO C NPOOLeMOl CXOOUMOCMU UMEPAYUOHHO20
npoyecca. B ceésnzu ¢ nexomopvimu 0COOEHHOCMAMU DJIEKMPUHECKUX CUCTNEM, KOMOPble NPUCYWU 8 MOM YUce
cucmemam dMeKmpoOCHAOINCEHUs. A2PO- U JIeCHO20 KOMIIEKCA, CXOOUMOCTb UMEPAYUOHHO20 NPOYEcca Modicem Oblmb
3amednennou u daxce ne obecneyennou. (Llenv uccnedosanus) Paspabomams memoo paciema YCMAaHOBUBUUXCS
PEdNCUMO8  CUCmEM  JIIeKMPOCHAOIICEHUs,, OMBEUQIOWUTL  YCI08UI0  YOOOCMEA peanusayuu Ha 91eKmpOHHOU
BLIUUCTUMENBHOU MAWUHE U CHUMAIOWUL NPOOIEMY CXOOUMOCIU UMePayUoHH020 npoyecca cyema. (Mamepuanwl u
Memoowl) [Ipednosicunu npsamot memoo pacuema ¢ YuKIUYHOU KOPPEKMUPOBKOU UCXOOHOU OISl KAXHCO020 YUKILA
ungopmayuu ¢ yenvio yuema HeIUHeUHOCmU JAeMEeHmMOo8 cucmem diekmpocHabdcenus. (Pesynomamor u
obcyacoenue) Tpusedenvl pacuemmuvie Gopmynvt 015 onpedeneHuss cOOCMEEHHBIX U 63AUMHBIX CONPOMUGTICHUL,



KOmopule excam 6 OCHO8e Npedndzaemozo Memood, Ux 2lasHds 0CODeHHOCb 3aKNI04aAencs 6 WoM, Ymo OHU
ONpeOesIOMcst NPU GKIAIOUEHHBIX 8 V3/bl INEMEHMAX, COOMBEMCMBYIOWUX UCTOYHUKAM U HASPY3KAM, U NOJYYEHbl
agmopamu Kaxk pesyivmam npeoopazoeaHus u peulenus y3i106vix ypasHeHui. Memoo peanuzyemcs nocpeocmeom
pabomuvl  CreOYIOWUX — ANOPUMMOB:  pacuema COOCMBEHHbIX U G3AUMHBIX — CONPOMUGIeHull, paciema
moxopacnpeoenenus, mo ecimb onpeoeieHus MoK08 8 8eMmssaX cemil, pacyema HAnPAMCeHull 80 8Cex Y31ax CUCTHeMbl
INEKMPOCHADICEHUS; PACUema NOMOKOPACIPeOeleHUsi MOWHOCHEN ¢ Yelblo NOCAedyIowe20 onpedeneHuss nomeps
MOWHOCTIU U pACX00d 1eKmpuieckoll suepauu. (Boigoowt) Ipeonosicentvlii Memoo u peanuzyrouue e2o aieopummbl
CPABHUMENbHO J1e2KO NPOSPAMMUPYIOMCA U 00eCheyu8aom HeodX0o0UMyo 6bICMpPOmMY U MOYHOCMb GbIYUCTEHUL, OHU
npeoHasHauenvl 0N peuleHus NPaAKmuyeckux 3aay, CEA3aHHbIX C NPOEKMUposaHuem u dKChnayamayueu
CONCHO3AMKHYMBIX CUCMEM INEeKMPOCHADIHCEHUs, NOBLIUEHUEM UX HAOEHCHOCMU U IKOHOMUYHOCTIL.

Knrouesvie cnosa: snekmpuueckue cucmemvl, 21eKmMpoCHAbIICEHUe, AN2OPUMM PACHemad, YCmMaHOBUBUIUTICS PENHCUM,
HeluHelHble 21eMeHMbl, UMePayUoHHble Memoodbl, COOCMBEHHbIE U 83AUMHbIE CONPOMUBTEHUSL.
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Abstract. When creating and improving power supply systems, steady—state calculations are the most common, they
contain nonlinear elements in the form of generators and loads, therefore their steady-state mode is described by
nonlinear equations. The solution of such equations is possible only by iterative methods, which is associated with
the problem of convergence of the iterative process. Due to some features of electrical systems, which are inherent,
including power supply systems of the agro- and forestry complex, the convergence of the iterative process may be
slow and not even secured. (Research purpose) The research purpose is developing a method for calculating the
steady-state modes of power supply systems that meets the condition of convenience of implementation on an
electronic computer and removes the problem of convergence of the iterative counting process. (Materials and
methods) Proposed a direct calculation method with cyclic correction of the initial information for each cycle in order
to take into account the nonlinearity of elements of power supply systems. (Results and discussion) The calculation
formulas for determining the intrinsic and mutual resistances that underlie the proposed method are given, their main
feature is that they are distributed with elements included in the nodes corresponding to sources and loads, and
obtained by the authors as a result of the transformation and solution of nodal equations. It was established that the
method is implemented through the operation of the following algorithms: calculation of intrinsic and mutual
resistances; calculation of current distribution, that is, determination of currents in the branches of the network;
calculation of voltages in all nodes of the power supply system; calculation of power flow distribution in order to
subsequently identify power losses and electric energy consumption. (Conclusions) It was shown that the derived
universal calculation expressions can also be used for equivalence purposes. It was revealed that the proposed method
and the algorithms implementing it are relatively easy to program and provide the necessary speed and accuracy of
calculations; they are designed to solve practical problems related to the design and operation of complex closed
power supply systems, increasing their reliability and efficiency.

Keywords: electrical systems, power supply, calculation algorithm, steady state, nonlinear elements, iterative
methods, intrinsic and mutual resistances.
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Pepepam. Cucmemvr 31eKmpocHadICeHuss azponpoMbIUIEHHO20 KOMIIEKCA HACbIUEHbl 1eKMmpPoodopydosanueM,
mpebyowum 0 HOPMATbHOU pabomel numarowee Hanpsaxcenue, coomsemcmsyrouee I OCTy. Peocumvl pabomel,
BbI3BAHMBIC HANUYUEM HEIUHEUHOU HAZPY3KU, OKA3bIGAIOM He2amusHoe GlusHue Ha pabomy Cuilo8o2o
INEKMPOOOOPYOOBAHUS,  PENeUHbIX  3aUWum, 9AEMEHMO8 ACMOMAMUKU U KOMMYMAYUOHHbIX — ANNApamos.
Jonoanumenvhvle nomepu MOWHOCMU, CEA3AHHbBIE C BLICUUUMU 2APMOHUKAMU MOKA, NOAGIAIOMCA npu pabome 8cex
MUNo8 21eKmpoosuzameneti u 8 3J1eKmpoyCMAaHOBKAX 8 YCI0GUSIX HECUHYCOUOANbHO20 Hanpscenus. Texnuueckue
napamempvl  pabomul  IAEKMPOOOOPYOOBANHUs, A MAKICE KOAUUECMBEHHble U KAYyecmeeHHvle CE0Ucmad
nPOU380OUMOTL NPOOYKYUU 80 MHO2OM 3AGUCSM 0N KAYECMEA JNIEKMPUHECKOU IHEP2UU 8 CUCTEMAX INeKMPULECKO20
CHaboicenus npeonpusmull azponpomvluiieno2o cexkmopa. Ilpasunvhoe ucnonv3ogamnue memooog u cpeocms
NOBbLUUEHUST KAYeCmEd DIeKMPUHECKOl IHepeUuU NO360IUM MOYHee PACCHUMAmb IKOHOMUYECKull yujep6 om
HEeCUHYCOUOANbHBIX U HECUMMEMPUYHBIX — PENCUMO8 pabombl. ODmu  yciogus ciredyem Yuumeleams Hpu
NPOEKMUPOBAHUU U IKCHIYAMAYUU CUCMEM INEeKMPOcHabcenuss npeonpusmuil. Heobxooumocms onpedenenus
yiyepba 8osHuKaem npu paspabomre u KOppeKmupogKe HOpMAMUBHbIX OOKYMEHNO8 HA KA4eCmeE0 IJ1eKmMpPOIHep2Ull
npu  000CHOBAHUU NPeOeNbHbIX 3HAYeHUll noxazamenell xausecmea odnekmposuepeuu. (Llerv uccnedosanus)
Onpedenums — GuuUsiHUE — GLICUUUX 2APMOHUK HA  PedlCUMbl  pabomuvl  dAEKMPOoOOPYO0SAHUs 6  CEeNbCKUX
pacnpedenumenvhvix cemsax. (Mamepuanvt u memoow) Paccmompenu O0CHOGHbIE UCMOYHUKU UCKAICEHUS.
CUHYCOUOANLHOCIU  HANPSIICEHUS, NPOGeIU  pacyenm HNOmepb MOWHOCHU 6 PACHPedeumebHbIX — Cemsix
CenbCKOX03AUCMBeHHbIX nompedbumeneu. (Pezynomamvr u ob6cyocoenue) Ilpusenu pesyrvmamuvl uzmeperus
HEeCUHYCOUOAbHOCIU  HANPSJICEHUSL 8  PACHPEOeIUMENbHbIX CemsX CelbCKOXO3AUCMBEHHO20 NPEOnPUSIMUSL.
Yemanosunu npesviwienue koaghguyuenmos capmonuyeckux coCmasnaiowux 6 CneKmpe 2apMOHUK HANPANCEHUSL.
(Bb1800bl) Onpedenunu Hatuyue nomepb, CéA3AHHbIX C HUSKUM KAYECMEOM NUMAIOUe20 HANPSANCEHUs], 6bl36AHHbIX
INEKMPOMASHUMHBIMU U MEXHONOLUYECKUMU COCMABTSIOUWUMU.
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Abstract. The power supply systems of the agro-industrial complex are full with electrical equipment that requires a
supply voltage corresponding to GOST for normal operation. Operating modes caused by the nonlinear load have a
negative impact on the operation of power electrical equipment, relay protections, automation elements and switching
devices. Additional power losses associated with higher current harmonics appear during operation of all types of
electric motors and in electrical installations in conditions of non-sinusoidal voltage. The technical parameters of the
operation of electrical equipment, as well as the quantitative and qualitative properties of the products largely depend
on the quality of electrical energy in the electrical supply systems of enterprises of the agro-industrial sector. The
correct use of methods and means of improving the quality of electric energy will allow us to calculate more
accurately the economic damage from non-sinusoidal and asymmetric operating modes. These conditions should be
taken into account when designing and operating power supply systems. The need to determine the damage arises
during the development and adjustment of standard documents on the quality of electricity when justifying the limit



values of the quality indicators. (Research purpose) The research purpose is studying the influence of higher
harmonics on the operating modes of electrical equipment in rural distribution networks. (Materials and methods)
The article presents the main sources of voltage distortion, calculations on power losses in distribution grids of
agricultural consumers. (Results and discussion) The article presents the results of measuring the non-sinusoidal
voltage in the distribution grids of agricultural enterprises. The coefficients of the harmonic components in the voltage
harmonics spectrum is higher than it should be. (Conclusions) The losses associated with the low quality of the supply
voltage caused by electromagnetic and technological components.

Keywords: non-sinusoidal voltage, loss of electrical energy, production efficiency, methods, parameters of the electric
network.
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