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Pegpepam. Ha meppumopuu Pazanckoii obracmu 6 Hacmosiwyee epems QYHKYUOHUPYIOM NAMb
INEKMPOCMAHYULL C YCMAHOBLEHHOU 3lleKmpuieckou mowpocmoto 3759 meeasamm. M3 Hux Oge
2a30mypouHHble TENI0IIeKMPOYESHMPANU YACMUYHO UCHONb3VION ANIbMEPHAMUBHOE OUOMONIUBO
nepe02o NOKoeHUsl — O102a3, NOTYUEHHbI U3 NePepabOmMAanHbIX Op2aHU4ecKux omxo008. Ilpogoosmcs
IKCHEPUMEHMbL N0 NEPegody  IHEP2OYCMAHOBOK — 2A30MYPOUHHBIX — DNEKMPOCMAHYULL  HA
anemepHamusHvle 6uobl monauea. (Llenv uccredosanus) Onpedenumsv 6aranc MowHocmu U
nokazamenu HAOEHCHOCMU IHEP2OYCMAHOBOK HA OCHOBE BO300HOBNAEMbIX 6U008 IHEPIUU 8
anepeocucmeme Pszanckoeo pecuona. (Mamepuanvt u memoowsr) Hccnedosanu 0e sHep2oycmanosKu
2a30MypOUHHBIX MenaodeKmpoyenmpaiei 6 cocmage Pszanckoil snepeocucmemvr — ¢ Cacoso u
Kacumose. Paccuumanu noxazamenu HaodexicHocmu 000py008aHus 2a30mypoOuHHoOl CMAaHyuu.
(Pesynomamel u obcyscoerue) 3a cuem 6600a mopoil ouepedu 2a30mypOUHHOU INeKMPOCNAHYUYU 8
Cacoso u nepegooa ee Ha anbmepHaAMUGHbLE UCTNOYHUKU NPOSHOZUPYEM YEeTUuYeHue pocma 2eHepayuu
anexmpuyeckol dnepeuu. Paccmompenu cucmemnylo HadedcHocmv  2a30mypOUHHOL  CMAHYUU.
(Bvigoovl) Ananuz 6anamncog MOwWHOCMU U INEKMPOIHEP2UU  IHEP2OYCMAHOBOK HA  OCHOBE
60300HOGISIEMBIX 6UO08 IHEP2UU 8 dIHEp2ocucmeMe Psa3anckoeo pecuona nokasai, wmo ux 00/s 6 ooujetl
8bIpAOOMKe INEKMPOIHEP2UU He npesviliaem 00H020 npoyenma. Onpedenunu, 4mo 6eposmHOCHb
be3omkasHoll pabomvl 31eKkmpoobopyoosanus aexcum 6 npedenax om 0,9 0o 0,98. Vemarnosunu
8eposmHocms 6e30mKasHol pabomuvl y 000py008aHUsl, EX00SUWE20 8 COCMAG PACHPEOeUMenIbHO20
yempoucmea 8vicokozeo HanpsisceHus (10 xunosonom) nudce Hopmamuguot — oo 0,93. Buvisgunu
6bICOKYIO 8ePOSIMHOCMb  De30mKa3Hol pabomsl nogvluarowux mpawcgopmamopos — oo 0,99,
KOMMYMAYUOHHO20 U 3AUUMH020 000PYO0BAHUSL 8 COCMABE PACHPedeIumesnbHo20 YCmpoucmed
Huzko2o Hanpsoicenuss — om 0,93 0o 0,98. Onpedenunu, umo nepesod 2a30mypOUHHbIX CIMAHYULL HA
ATbMEPHAMUBGHOE MONIUBO — OU02A3, NOTYYEHHBI U3 NEPEePAOOMAHNBIX OPLAHUYECKUX OMX0008, HE
8bI306EM  CHUJICEHUSI HAOEICHOCMU INEKMPOCHADICEHUs, MAK KAK pAcHemHdas 8eposimHOCHb
bezomrasnotl pabomsl 060PYO0BAHUL COOMEEMCMEYEN ULU NPEeSblulden HOPMAMUBHOe 3HAYEHUEe —
0,95 omHocumenvHol eQuHUYbL, A 8PEMsL BOCCMAHOBUMEbHBIX pabom He npegviiuaem 2,82 uaca.
Kniouegvie cnosa: snepeocucmema Psazanckoil oonacmu, eenepayus, 60300H061s1eMble 8UObL IHEP2UU,
buoeas, omxoovl, AbMEPHAMUSHOE MONIUBO, OANAHC MOWHOCIU, HAOEHCHOCTb INEKMPOCHAOICEHUS,
2a30MypoOUHHASE MENLODTIEKMPOYEHMPALb, NPOSHO3 INEKMPONOMpedIeHUs.
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Abstract. On the territory of the Ryazan region, there are currently five 5 power plants with an installed
electric capacity of 3,759 megawatt, including two gas turbine thermal power plants, which partially
use an alternative fuel of the first generation (biogas) obtained from recycled organic waste through
their processing. Experiments on conversion the gas turbine power plants to alternative fuels are being
carried out. (Research purpose) The research purpose is to determine the power balance and reliability
indicators of power plants based on renewable energy in the power system of the Ryazan region.
(Materials and methods) Authors have investigated two gas turbine thermal power plants in the Ryazan
power system in Sasovo and Kasimov. The reliability indicators of the gas turbine station equipment
were calculated. (Results and discussion) Due to the commissioning of the second stage of the gas
turbine power plant in Sasovo and its transfer to alternative sources, authors predict an increase in the
growth of electricity generation. Authors considered the system reliability of the gas turbine station.
(Conclusions) Analysis of power and electricity balances of power plants based on renewable energy
in the power system of the Ryazan region showed that their share in the total electricity generation does
not exceed one percent. It was determined that the probability of failure-free operation of electrical
equipment lies in the range from 0.9 to 0.98. It was found that the probability of failure-free operation
of the equipment included in the high voltage switchgear (10 kilovolts) lies below the standard and is
up to 0.93. It was revealed a high probability of failure—free operation of step—up transformers up to
0.99, switching and protective equipment as part of a low voltage switchgear from 0.93 to 0.98. It was
found that the transfer of gas-turbine stations to alternative fuel (biogas) obtained from recycled
organic waste, will not cause a decrease in the reliability of power supply, since the estimated
probability of failure-free operation of the equipment corresponds to or exceeds the normative value of
0.95, and the recovery time does not exceed 2.82 hours.

Keywords: power system of Ryazan region, generation, renewable energy, biogas, waste, alternative
fuel, power balance, reliability of power supply, gas turbine heat and power plant, forecast of power
consumption.
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Pegpepam. Obocnosanue @usuueckoll cyuwHOCMU NPOYECCd CLONCEHUS MOWHOCMEN MASHEMPOHHBIX
2eHepamopos 8 GOAHOB00E YCMPOUCMBA, OYEHKA INEKMPOMASHUMHBIX CE0UCME 00beKmos 6e3
9KCHEPUMEHMANLHOU NPOBEPKU  KOHMPOJIbHO-USMEPUMENbHBIMU  NPUOOPAMU, NPOBEPKA  HAYYHO-
MEXHUYEeCKUX 2unome3s Ha a0eK8amHoOCMy 0e3 cO30aHUA MAKEMHBIX U ONBIMHBIX 00PA3Y08 BO3MONCHY



nymem Mo0enuposanus pacnpeoeienus anekmpomaziumnozo noaa 6 npoepamme CST Studio. (Llenv
uccneoosarus) Cmooenuposams pacnpeoeienue 3AeKmpOMASHUNHOZ0 NOJA 8 YCIMPOUCNEGe CLOHCEHUS.
MowHOCMeEl  MASHeMpPOHO8 Cc8epxgbicokoll uacmomul. (Mamepuanvt u  memoowvt) Ilpumenunu
npocpammuoe  obecnewenue CST  Studio ona  paspabomku  moldeneil  pacnpedenierus
INEKMPOMASHUMHO20 NONA 6 YCMPOUCMEe CIOMHCEHUs. MOWHOCMEN  C8EPXEbICOKOYACTNOMHBIX
MaeHemponos.  (Pesynomamul  u  obcyocoenue)  Paspabomanu — moldenu — pacnpeoeneHus:
INEKMPOMASHUMHO20 NOJISL 8 YCIPOUCMEE CLOMCEHUs MOWHOCTEU MACHEMPOHO8 CBEePXBLICOKO
yacmomul npu nomowu npozpammel CST Studio. Onpedenunu, ymo npu padbouux wacmomax 1; 3; 4; 5
Tucazepy nomyuennoe pacnpeoenenue INEKMPOMASHUMHO20 NONA  PASIUYHOU  NIOMHOCHBIO
paccpedomoueHo no 6cemy 00vemy 60IHOB00A, HMO He MNO360J4em UCHOAb308AMb B0IHOBOO
COOMBEMCMEYIOWUX PA3MEPO8 OISl 8bINOJHEHUA OCHOBHBIX YHKYULl nepedauu u pacnpeoeneHusl
SHepeull C8epXevbiCOKOU Yacmomvl, mozda Kax Ha paboueil uacmome 2 [ucacepy cobriodaromes
OCHOBHbIE YCNOBUA pabombl 60AHOB00d. Buiagunu, umo 6 epanuyax 601H0800A pa3pabOmMAaHHO20
YCMPOUCMEa CUunogble JTUHUU SNeKMPOMASHUMHO20 NOASL PACHPOCPAHAIOMCS OM NOGEPXHOCHIU
uznyuameneii 8 NPOCMPAHCIBO BOIHOB00A, OMPANHCAIOMCI OM CIEHOK, PACNPeOensIOmcs no 06vemy
60IHOB00A U YCMPEMIAIOMCA 8 BbIXOOHOU OmKpblmulli mopey. (Bvisoos) Ycmawnosunu, umo
2eHepupyemule UMNYIbCbL MOWHOCTNU NOTMOKA I1eKMPOMASHUMHOU IHEP2UU CBEPXBLICOKOT YACMONIb
HOMOKA 08YX MACHEMPOHO8, coomeemcmayrowue eenudune 116 Bonom-Amnep na keadpammvlii memp,
PAacnpocmpanaacy, no 8cemy ob0veMmy 80IHO800A 8 PA3IUUHbIe OMPE3KU 8PeMeHU CO2NACHO paboyel
yacmome, NPUHUMAIOM OOHOCMOPOHHUU KYPC O8UNCEHUS CBOUX DNEKMPOMASHUMHBIX CUTOBbIX TUHUL
OM KOPOMKO3AMKHYMO20 MOPYA 6 HANPAGNeHUU OMKPLIMOL YACMU 601HO800A, JOKANUZVIOMCA C
Hauborvbulell KOHYeHmpayueil 8 BIXOOHOM PYROPHOM MOpYe 0IHO800d, YN0 0ObACHAEMCA AGIEHUAMU
CNIOdHCEHUA MOWHOCIU 868U0Y obecneuenus be2yweli 80IHbL 34 CHem CONACO8AHHOCU METNPUEeCKUX
PaA3Mepo8 80IH0B00A U pabouell ONUHbL BOJIHbL.

Kntouesvie cnosa: 8010600, MOWHOCHb NOMOKA, HANPANCEHHOCMb, NPOMUBOPA3HOe GKIIOUeHUe,
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Abstract. Substantiation of the physical nature of adding the power of magnetron generators in the
device’s waveguide, assessment of the electromagnetic properties of objects without experimental
verification, testing of scientific and technical hypotheses for adequacy without creating prototypes are
possible by modeling the distribution of the electromagnetic field in the CST Studio program. (Research
purpose) The research purpose is to simulate the distribution of the electromagnetic field in the device
for adding the power of microwave magnetrons. (Materials and methods) CST Studio software was used
to design models of the distribution of the electromagnetic field in the device for adding the power of
microwave magnetrons. (Results and discussion) Models of the distribution of the electromagnetic field
in the device for adding the power of microwave magnetrons was designed using the CST Studio
program. It was found that at operating frequencies of 1, 3, 4 and 5 GHz, the distribution of the
electromagnetic field of different densities is dispersed throughout the volume of the waveguide, which



does not allow the use of a waveguide of the appropriate size to perform the basic functions of
transmission and distribution of microwave energy, while at the operating frequency of 2 GHz the basic
operating conditions of the waveguide are observed. It was found that, within the boundaries of the
waveguide of the developed device, the force lines of the electromagnetic field propagate from the
surface of the emitters into the space of the waveguide, are reflected from the walls, distributed over
the volume of the waveguide, and rush to the output open end. (Conclusions) It was found that the
generated pulses of the power flow of electromagnetic energy of an ultrahigh frequency of the flux of
two magnetrons, corresponding to a value of 116 Volts-Amperes at square meter, propagating
throughout the volume of the waveguide at different time intervals according to the operating frequency,
take a one-way travel of their electromagnetic field lines from short-circuited end in the direction of the
open part of the waveguide, are localized with the highest concentration in the output horn end of the
waveguide, which is explained by the phenomena of power addition after providing traveling wave due
to the coordination of the metric dimensions of the waveguide and the working wavelength.

Keywords: waveguide, flow power, density, antiphase switching, force lines, pulse frequency.
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Pegpepam. CoepemenHvlii  ypoGeHb  CENbCKO20 — XO3AUCMBA  XAPAKMEPU3YEeMcs  GHeOpeHUeM
60300H08IAEMbIX UCIOYHUKO8 dHepeuu. B sxcniyamayuro 8800amcs 002c0e8aIbHble MAUlUHbL HOB020
HOKOAEHUs], 8 CUCTeMe NUMAHUSL KOMOPLIX UCTIONb3YIOMCA conHedHble bamapeu. Ooun u3 ¢paxmopos,
He2amueHo BIUAIOWUX HA NPOU3BOOUMENbHOCMb COTHEeUHbIX Oamapeli 8 OMKpPbIMOM noje, — Ux
3anvlieHue, obpasyoueecss 6 pezyavbmame nwliegvlx Oypv, eempa. Ouuwenue nanenei damapet
npo8OOUMCS  PA3IUYHBIMU CROCOOAMU. DYYHLIM, NOAYABMOMAMUYECKUM U ABMOMAMUYECKUM.
Oyucmky om Rbliu GKIOYAIOM 6 COCMA8 MmexHuuecko2o obcayscusanus. (Llenv uccaedosanus)
Onpedenums yCcro8usi MexHU4ecko20 00CIYHCUBAHUSA, KOMOPOe 3aKII0UAeMCs 8 OUUCINKE COTHEeYHbIX
bamapeii 6 nonesvix ycaosusix. (Mamepuaner u memoowvr) Ilpumenunu meopemuyeckue (ananus,
nocmpoexue eunomes), SMuUpudeckue (HAOAOOeHue, MeCMUposanue), IKCHEPUMEHMATbHbIE
(KoHcmamupylowuii SKcnepumenm) memoowl. (Pezynomamor u obcysicoenue) Beenu napamemp oyenxu
yposHsa 3aepasHenus. Iloxkazamenv nomepvb MOWHOCMU YKA3bIAem OMHOUlEHUe MOWHOCMU
3a2PSI3HEHHO20 MOOYIISL K MOWHOCMU Yucmozo Mooyns. Ha enennanosoe mexuuueckoe obcuyscuganue
eusem YOAIeHHOCMb COJTHeYH020 MOOYIA OM NYHKMA PeMOHmMd, MOWHOCHb COTHEYHO20 MO0V,
nomepu Ha 3azpsi3HeHue, NePUOOUYHOCMb OOCIYHCUBAHUSL U CTMOUMOCHHbLE noKazamenu. (Beieoovl)
Yemanosunu  3asucumocmv  mexHuueckoeo 0OCAYHCUBAHUS COTHEUHO20 MOOYIA 00HCOeBANbHOU
Mawiunsl om YOaieHHOCMU 00JCOEBAILHOU MAUWLUNBL, NYHKMA MEXHUYECKO20 O0OCIYICUBANHUS U



pemMonma, Kodgh@uyuenma nomepv MOWHOCMU NPU 3A2PAZHEHUU COTHEYHO20 MOOYIS, CMOUMOCMU
BbINOIHEHUS. MEXHUYEeCKO20 O0OCIYHCUBAHUA, 4 MAK}Ce UYACTNOMbL GbINOIHEHUs U NepUoOUYHOCHU
mexnuueckozo oocayxcueanus. Onpedenunu epanuybl 6b160pa PelCUMA IKCHIYAMAayuu 00ANCOe8aNbHOl
MAWUHBL MeNHCOY BHENJIAHOBbIM MEXHUYECKUM OOCIYHCUBAHUEM 0N OYUCMKU COIHEUHO20 MOOYIA U
npuHsmuem OONOIHUMENbHOU MOWHOCIU CUCTNEMbL IHEP200DeCneyenust 00AHCOeBANbHOU MAWUHBL HO
KpUmepuro MUHUMATbHBIX IKCNILYAMAYUOHHBIX 3ampam.

Knrouessle cnosa: conneynviii MoOYIib, UCHOYHUK NUMAHUSL, INEKMPUDUYUPOBAHHASL D0HCOEBATbHAS
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Abstract. The modern level of agriculture is described by the introduction of renewable energy sources.
New generation sprinkler machines are being put into production, in the power system of which solar
panels are used. One of the factors that negatively affect the performance of solar cells in an open field
is their dusting, which is formed as a result of dust storms and wind. Cleaning of the battery panels is
carried out in various ways: manual, semi-automatic and automatic. Dust cleaning is included in
maintenance. (Research purpose) The research purpose is to determine the conditions for performing
the maintenance, which consists in cleaning solar panels in the field. (Materials and methods)
Theoretical (analysis, hypothesis design), empirical (observation, testing), experimental (ascertaining
experiment) methods has been used during research. (Results and discussion) The article describes an
introduced parameter for estimating the level of dusting. The power loss indicator shows the ratio of
the power of the dusted module to the power of the clean module. Unscheduled maintenance is affected
by the distance of the solar module from the repair point, the power of the solar module, the loss from
dusting, the frequency of maintenance and cost indicators. (Conclusions) It has been found the
dependence of maintenance period of the solar module of the sprinkler machine on the distance to the
sprinkler machine, to the point of maintenance and repair, the power loss coefficient in case of dusting
of the solar module, the cost of performing maintenance, as well as the frequency of maintenance.
Article describes the boundaries of the choice of operating mode of the sprinkler between unscheduled
maintenance for cleaning the solar module and the acceptance of additional power of the sprinkler
power supply system according to the criterion of minimum operating costs.

Keywords: solar module, power source, electrified sprinkler machine, dust removal, solar energy,
dusting.
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Pegpepam. Knaccuueckue meniosvie cnocodbl CywKy 3epHa OMiudaioncst 8blCOKOU IHEP2OEMKOCMbIO.
Hccnedosanue pescumos 06pabomiu 3epHa ¢ npumMeHenuem 31eKmpomexHoao2uti NO360asem CHU3UMb
cebecmoumocmo cywiku. Ilpu paspabomxe Heo6X00UMO YUUMbIEAMb MEXHOA0UYECKUe MPebosanust K
06pabamvieaemMomy Mamepuary, GUObl INEKMPOMEXHOL02ULL, PedHCUM padbombl UHMEHCUDUYUPYIOUe20
000py008aHUs (NOCMOAHHBIU, UMNYIbCHBIU U Opyeue). (Llenv uccredosanus) Ionyuums 3asucumocmu
9HEP20IPDEKMUBHOCTNU CYWIKU 3ePHA NUEHUYbL C NPUMEHEHUEM IHEPSUU MUKPOBOTHOB020 N0 NPU
PaziuunbLIX  cocmosnusax cinos.. (Mamepuanst u memoowt) Hcnonvzosanu cxemy 1ab6opamopHot
YCmMaHo8Ku. Beinonnunu sxcnepumeHmanbhbvie UCCIC008aHUSL NO ONPEOeNeHUI) KpUBblX CYWKU U
9HEP20eMKOCMU CYWKU 00pabamuleaemozo ciosa 3epua nuienuyvl. (Pezynemamer u obcyscoenue)
Ilposenu 08yxghaxmopuwilli IKChepUMeHm No OnpedeneHulo GAUAHUS MOWHOCIU B030€lCMBYIOWe20
HOJIsL U NIOMHOCMU 3EPHOBOL HACHINU HA IHEPLOEMKOCHb npoyecca cCywiku 3epHa. Paccmompenu
ucxomvie 3asucumocmu. (Bvigoowvy) Ionyuunu dannvie 6 pezynrvbmame npoeedenus IKCNepUMenma no
CYWiKe 3epHOB020 CN0s, HAX00AUe20Csk 8 NIOMHOM, NCEBOOONCUNCEHHOM U B36CULCHHOM CllO€ NOO
delicmeuem MUKPOBOJIHOB8020 NOJsL NPU HAYAIbHOU e1axcHocmu 3epra 17 npoyenmos. Buissuiu, umo
npUMEHeHUe CBEPXEbICOKOYACHIOMHO20 NOISL 8 NPOYECCe CYUWKU 3ePHOBLIX KYIbMYp YeaecooopasHo npu
BI1AJNCHOCMAX 00pabamviéaemoco mamepuaia OIUKUX K KOHOuyuouwou (17-18 npoyenmos Ona
nuenuyst). Onpedenunu, umo UCHOIb308AHUE CEEPXELICOKOUACMOMHO20 NOJAL Odem 803MONCHOCHb
UHMEHCUGUYUPOBAMb NPOYECC CYUKU 8 0OIACMSX GLANCHOCMU OIU3KUX K KOHOuyuonHou ¢ 3-4 pasa,
CHU3UMb 0OUWYI0 IHEP2OEMKOCb NPOYECCd CYWKU 8 0ONACHAX BANCHOCMU OIUZKUX K KOHOUYUOHHOU
Ha 20-40 npoyenmos. Ycmarnosunu, umo OAs NOBblUleHUs OOCHOBEPHOCHU OAHHBIX mpebyemcs
yeenuuums nposedeHue IKCNePUMenmos Ha MACUMAaOHbIX MOOEISIX, NO360NAIOWUX NPOSHOZUPOBAMNb
IHEP2OEMKOCTb CYUIKU 8 NPOMBIULIEHHBIX YCMAHOBKAX.

Knwuesvle cnosa: suepzoemkocmv, cucmema Ynpasienus, 1eKmMpo@usudeckue 8030elicmaeus,
nocneybopounas 06pabomia, UCHbIMAHUAL.
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The Results of Studying the Energy Efficient Modes of Grain Drying Using
MicrowaveRadiation

Dmitriy A. Budnikov,
Ph.D.(Eng.), leading researcher

Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. Classical thermal methods of grain drying are characterized by high energy intensity. The
study of grain processing modes using electrical technologies allows to reduce the cost of drying. When
studying, it is necessary to take into account the technological requirements for the processed material,
types of electrical technologies, and the operating mode of the intensifying equipment (constant, pulse,
and others). (Research purpose) The research purpose is obtaining dependences of the energy efficiency



of drying wheat grain using the energy of the microwave field for different states of the layer. (Materials
and methods) A diagram of a laboratory installation has been used. Experimental studies were
performed to determine the drying curves and the energy intensity of drying the layer of wheat grain.
(Results and discussion) The two-factor experiment was conducted to determine the effect of the power
of the field and the density of the grain mound on the energy intensity of the grain drying process. Article
presents the required dependencies. (Conclusions) Data has been obtained as a result of an experiment
on drying a grain layer located in a dense, fluidized and suspended layer under the influence of a
microwave field at an initial grain humidity of 17 percent. It was found that the use of an ultra-high-
frequency field in the process of drying grain crops is advisable when the humidity of the processed
material is close to the standard one (17-18 percent for wheat). It was found that the use of an ultra-
high-frequency field makes it possible to intensify the drying process when humidity is close to the
standard by 3-4 times and reduce the overall energy consumption of the drying process in areas of
humidity close to the standard by 20-40 percent. It was found that in order to increase the reliability of
data, it is necessary to increase experiments on large-scale models that allow predicting the energy
intensity of drying in industrial plants.

Keywords: energy consumption, control system, electrophysical effects, postharvest treatment, tests.
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Pegpepam. Ilpu pemonme u 3amene 31eKmMponpo8oOKU HA NPEONPUAMUAX OCHOBHAS CONCHOCHb —
omecymemaue uiu HU3Koe Kawecmeo OOKYMEHMAayuu, niaHo8 Npoxiaoku npoeooHuxos. Paznuuenue
npo6o0oos (kabenell) u ux JHcUl HO ygemy 000I0YeK ULU C NOMOUBIO 3AKPENJIeHHbIX HA KOHYAX OUpOK
3ampyOHUMENbHO, eciu 000I0UKU UMEIOm 00UHAKOBbII Yeem, a bupku omcymcemayiom. Ycempoiicmea
U MEXHUYECKUE PEeUeHUsl, C NOMOWbLIO KOMOPBIX NPOU3E0OUMCS UOSHMUDUKAYUS NPOBOO08 U Kabenel,
He NO380JAI0M PACNO3HABAMb NPOGOOHUKU Oe3 PA3pbied SJIeKMPUUEeCKOl Yenu, CHAMuUs U30IAYUU,
obecmouuganus cemu. Iouck HeobX00uUM020 NPOBOOHUKA — MPYOOEeMKAsL ONepayusl, 3aHUMAIOUAsL
npoooncumenvroe epems. (Llenv uccnedosanus) Pazpabomams HoB0e MUKPOKOHMPOLIEPHOE
YCmpotcmeo udeHmupuKayuy nPo8odos ¢ UCNOIb308AHUEM AKYCMUYecKo2o cuenand. (Mamepuansl u
Memoowt)  IIpoananusuposany — aumepamypHvle  UCMOYHUKU,  YCMPOUCMEa  udeHmudurayuu
npoeoonukos. (Pezyiemamer u obcyscoenue) Ilpeonodxcunu cnocob, npeononazarnowuii nooawy 6
NPOB0OO AKYCMUYECKO20 CUSHANA 8 OOHOU MOYKe U €20 YIA6IUsanue 6 Opy2ot, ¢ Yeavlo pacno3HaA6aHus.
uckomo2o nposooa. Ilpedcmasuiu pe3yibmanul CpagHenust paspabomanHo20 MUKPOKOHMPOLLEPHO2O
ycmpoticmea  u0eHmuurkayuy  npo8oOHUKO8 € UCHONb308AHUEM —AKYCIUYECKO20 CUSHANA C



U3BECHBIMU  YCMPOUCTNBAMU U  MEMOOAMU PACNO3HABAHUS NPOBOOHUKOS. (Bvleoovl) Buiasunu
HeO00CmAamKu Cyuecmayouux cnocobos u cpedcmas uoeHmupurayuu npoeooos u kabeneil. Boinoanunu
meopemuueckuti pacyem 36yK068020 0asneHus 8 NPOBOOHUKe HA 3A0aHHOM paccmosnuu. Paccuumanu
CKOPOCMb PACAPOCMPAHEHUS AKYCMUYECKUX B0JH 6 NPOBOOHUKAX C PA3TUYHBIMU THUNAMU US0TAYUU.
Paspabomanu muxpoxonmpoaneproe ycmpoiicmeo uoeHmugurkayuu npo8ooOHUKOS8 ¢ UCTIONb308AHUEM
AKYCU4ecKo20 CueHaia u npogeau e2o ucnvimanus. Onpedenunu, Ymo yCmpoucmeo nogvluidem
be3onacnocms pabom, cokpawjaem 3amMpamvl HA IKCAAYAMAYUIO SHYMPEHHUX INEKMPONPOBOOOK U
epems npogedenus UOeHMUpUKAyuY, UCKIoYaem HapyuleHue usorayuu npogood, HeobXooumocmbs
OMKNIOYeHUs.  nekmponpuemuuxos. Ilokazanu — cxooumocms — meopemuyecKux —pacuemos  u
IKCNEPUMEHMATLHBIX OAHHBIX.

Knrouesvle cnosa: MuxkpokoHmpoiep, uldeHmu@ukayus nposooda, udenmupurayus rabens,
2EHePAmop 38YK0B020 CUSHAAA, NPUEMHUK 36YK0B020 CUSHALA, BUOPAYUOHHDBIL OUHAMUK, Nbe300AMYUK,
971eKMPOnPoBooKda.
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Abstract. When repairing and replacing electrical wiring in enterprises, the main difficulty is the lack
or poor quality of documentation, plans for conductors laying. Distinguishing wires (cables) and their
cores by the color of the shells or using tags attached to the ends is difficult if the shells have the same
color and there are no tags. Devices and technical solutions used to identify wires and cables do not
allow recognizing conductors without breaking the electrical circuit, removing insulation, and de-
energizing the network. Searching for the right conductor is a time-consuming operation. (Research
purpose) The research purpose is developing a new microcontroller device for identifying wires using
an acoustic signal. (Materials and methods) Literature sources has been searched for devices for
conductors identifying. (Results and discussion) The article proposes a method that involves feeding an
acoustic signal to a wire at one point and capturing it at another, in order to recognize the desired wire.
The article presents results of comparison of the developed microcontroller device for identifying
conductors using an acoustic signal with known devices and methods for conductors recognizing.
(Conclusions) The article reveals the shortcomings of existing methods and means of identifying wires
and cables. Authors performed a theoretical calculation of the sound pressure in the conductor at a
given distance. The article presents the calculation of speed of acoustic waves in conductors with
different types of insulation. Authors designed a microcontroller device for identifying conductors using
an acoustic signal and tested it. It was determined that the device increases the safety of work, reduces
the cost of operating internal wiring and identification time; eliminates the violation of wire insulation,
the need to disable electrical receivers. The convergence of theoretical calculations and experimental
data was shown.

Keywords: microcontroller, wire identification, cable identification, audio signal generator, audio
signal receiver, vibration speaker, piezo sensor, wiring.

For citation: Vinogradov A.V., Bukreev A.V. Mikrokontrollernoye ustroystvo identifikatsii provodnikov s
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Peghepam. AxmyanorHocms pabomul 00ycl0871eHa NOGbIULEHUEM PO IEKMPOCMAMUYECKOU SHepeUul 8
CBA3U C HAYATOM MACCOBO20 NPOU3BOOCTNBA UOHUCHOPOS, UCNOAb3YEMbIX, 8 YACMHOCMU, 8 cucmeme
nUMaHusl 21eKmpomoounetl, U HeobXo0OUMOCMbIO pazsumust meopemuieckoeo obvecnevenus. (Lleav
uccnedosanus) Ilogvicums  KOppeKMHOCMb — DIEKMPOCMAMUYECKUX — PACYEINO08,  UCKIIOYAIOUWUX
B03MOJCHOCMb  NONYYEHUs HeOOCMOBEPHLIX — pe3VIbmamos 6 euoe 0OecKoHeuHo  60nbuiol
anekmpocmamuyeckot snepeuu. (Mamepuanvt u memoost) Hcnonvzosanu memoosbt Mamemamuieckozo
MOOEUPOBAHUsL U AHAU3A, UCCTe008ANU MAMEMAMUYECKYI0 MOOelb — IKEUBALEHN 00beKmd,
ompadicarwul 8 MamemMamuyeckol opme Gaxjcreluue e2o0 CeoUCmed — 3aKOHbLL, KOMOPLIM OH
HOOUUHAEMCSs, U C6A3U, Npucywue cocmagisiowum e2o dacmsm. (Pezynomamvr u obcyocoenue)
H3yuunu snexmpocmamuueckoe nojie, CO30aHHOE CUCMEMOU O8YX OOHOUMEHHBIX UNU PA3SHOUMEHHBIX
3aps006. Bulnoinunu pacuemovt 0151 3apsi0o8, PACNOLONCEHHBIX 8 MENaX, UMewux opmy wapos.
Yemanosunu, umo nonyuennvie pesynomamol mozym 0b60owamocs Ha 1iodvle opmvl 3apAAHCEHHbIX
o0bvexmos. Jlanu mpu onpedenenus: nepeoe, NOAHAsL 3aNACAeMdst SHePIUsi — IHePIUsi CUCIeMbl U
00beKma, pasHas MaKkCUMAIbHOU pabome, KOMOPYIO CUCMEMA U 0OBLEKM MOJCEN COBEPUUMb, eCiU
el unu emy npedoCmasumb MAakKylo 803MONCHOCMb. Bmopoe, ycnoenas peanusyemas 3anacaemas
9HepeUus — Yacmo NOIHOU 3aNACAEMOU IHepeUU CUCHeMbl Ul 00beKma, pasHas pabome, KOMOpPYio
cucmema unu 06beKm MOJNCem NPOU3BECMU, OZPAHUYEHHASL YCL0BUEM, UCKTIOYAIOUUM B03MOICHOCHIb
COBEPUIEHUS CUCTEMOU UTU OOBEKMOM MAKCUMANLHOU pabombl, KAKOGYIO cucmema uiu obvexm
2unomemuuecku modcem cosepuiums. Tpemove, ycio6Has Hepeanusyemas 3anacaemas IHepeusi — 4acmo
NONHOU 3anacaemol SHepeuU CUCmeMbl UlU 00beKma, pagras pabome, KOMOPYIO CUCMeMa Uil 0o6vexm
He MOJicem COoGepulumyb, O02PAHUYEHHAS. VCIOGUEM, UCKIIOYAIOWUM BO3MOICHOCTL COBEPULEHUSL
cucmemoll Uiy 006bEKMOM MAKCUMATLHOU pabombl, KAKOBYI0 CUCEMA UU 00beKm 2Uunomemuyecku
Mooicem cosepuiums. Jloxkazanu nsme meopem. (Bvieoowr) Yemanosunu, umo enaenulii HeOocmamox
cywecmayioweti (popmynvl NOMEHYUATLHOU IHEPUU — OECKOHEYHO 60IbUI0E B03PACAHUE IHEPSUL NPU
r — 0. Dmoe2o Hedocmamka 1uwensbl NOAyYeHHble PopMyabl O 3anaACAeMOl INEKMPOCAMUYECKOl
9Hepeuu.

Knrouesvle  cnosa:  nonnas,  ycioenas — peanusyemas, — Hepeanuzyemds, — 3anacaemas,
NEKMPOCMAMU1eCcKdst SHepausl, 0OHOUMEHHbLE, PAZHOUMEHHbLE 3aPs0bl.
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The Energy of the Electrostatic Field
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Kurgan State Agricultural Academy named after T.S. Maltsev, Kurgan, Russian Federation

Abstract. The work is actual due to the increased role of electrostatic energy in connection with the
beginning of mass production of ionistors used in the power supply system of electric vehicles, and the
need for the development of theoretical support. (Research purpose) The research purpose is in
increasing the correctness of electrostatic calculations that exclude the possibility of obtaining
unreliable results in the form of infinite electrostatic energy. (Materials and methods) Authors have
used methods of mathematical modeling and analysis, studied the mathematical model as the equivalent
of an object that reflects in mathematical form its most important properties, such as the laws that it
obeys, and the relationships inherent in its constituent parts. (Results and discussion) Authors have
studied the electrostatic field created by a system of two charges of the same name or different names.
The article presents calculations for charges located in bodies that have the shape of balls. It was found
that the results could be generalized to any form of charged objects. They gave three definitions: first,
the total stored energy is the energy of the system or object, equal to the maximum work that the system
or object can do if it is given such an opportunity. Second, the conditional realized stored energy is a
part of the total stored energy of the system or object, equal to the work that the system or object can
produce, limited by a condition that excludes the possibility of the system or object performing the
maximum work that the system or object can hypothetically perform. The third is a conditional
impossible reserved energy as a part of a complete stored energy system or an object that is equal to
the work system or object can do and limited by the condition, which excludes the possibility of making
a system or object maximum work that target system or object could hypothetically do. Five theorems
were proved. (Conclusions) It was found that the main drawback of the actual potential energy formula
is an infinitely large increase in energy at radius tending to 0. The obtained formulas for stored
electrostatic energy are devoid of this drawback.

Keywords: full, conditional realized, unrealized, stored, electrostatic energy, charges of same name,
charges of different names.
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Cucrema orornaeHusa o00bekToB AIIK ¢ ncnoap3oBanmemM n30BITOYHOIO TEIIAA
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Pecpepam. B cunosvix mpancgopmamopax nomepu duepeuu 8 gude menia COCMAasiaion okoao 2
NPOYEHMO8 UX HOMUHATLHOU MOWHOCMU, d 68 MPAHCHOPMAMOPAX KPYNHLIX YEHMPO8 NUMAHUL
oocmuzaiom comen kunogamm. Tenno omeooumcs 6 oKpyxcaiowylo cpedy u Hazpesaem YauuHblil
6030yx. Ilosmomy ecmb HeoOXoOumMocmv nompedOieHUss OAHHOU MENni080lU HSHepeul 6 Kayecmee
UCIMOYHUKA MENNOCHADICEHUS PACHONOHCEHNBIX nobausocmu obvexkmos. (Lenv uccredosanus)



Paspabomamv ~ cnocobvr  u  cpedcmea  UCNOABL308AHUA  UOLIMOYHO20 ~ MENAd  CUNOBbIX
MPAHCHOPMaAmopos ¢ ycosepuIeHCME08aHUeM KOHCMPYKYUY UX cucmembl oxaaxcoenus. (Mamepuanv
u Memooul) IIpumenunu Memoosl: ananus, cunmes, cpagHenue, MOHOSPAPuUUeCKull, Mamemamuieckuil
u Opyeue. IIpoaHanuzupoeaiu pasziuuHvie cnocodbl nompebneHus u30blMoOYHO20 MeNnLd CUNOBbIX
mpancgopmamopos. Onpedenunu nooxoosawue UCMOYHUKU MENIOCHADNCEHUS CPedU  CUNOBbIX
MPancoopmamopos U  603MONCHLIX nompebumeneii menia. HM3yuunu npuuunsl 006paz0e8anus
U30BLIMOYHO20 MENNA 8 CUNOBLIX MPAHCHOPMAMOPAX U HAWAYU NYMU COXPAHEHUS. IMO20 Menaa Ol
nosviuienus spgpexmusnocmu e2o ombopa. (Pesyremamer u obcysxcoenue) Paspabomanu
VCOBEPUIEHCTNBOBANHYIO KOHCIPYKYUIO CUCHEMbl OXIANCOEHUs CUN08020 MpaHchopmamopa ousl
coemewerus PyHKyull mpanchopmayuu HanpsiceHus u snekmponazpesa. Iposenu sxcnepumenmsl no
npogepke d¢hpexmusHocmu NPUHAMBIX peuteruti. Boinoanunu mexHuko-sKoHomudeckoe 000CcHo8anue
6HeOpeHUsl paspabomaHHoOU cucmemsl Ha npumepe cunogozo mparcgopmamopa TMI-1000/10/0,4.
(Bo1600b1) [lonyuunu HOGbLIL CROCOO UCNOIL306AHUSL U3OLIMOYHO20 MENIA CUTOBLIX MPAHCHOPMAMOPOs
6 yensax obozpesa 06vekmos AIIK. Onpedenunu, 4umo ycogepuleHCme08aRHAs KOHCMPYKYUS CUTO8020
mpancgopmamopa u e2o Cucmemvl OXIAHCOEHUs ¢ NPpUMeHeHueM paspabomanHblX peuleHuti oaem
B03MOJCHOCT  MAKCUMUSUPOBAMb  KOAUYECME0 Omoupaemozo menia 0e3 nomepu Kauecmed
mpancoopmayuy HanpANCeHUs.

Kniouesvle cnosa: cunosou mpaucopmamop, u30bimouHoe menno, meniooOMeHHUK, Menio8ol
HAcoc,  MEennogoll  aKKyMynamop, — aemomamusayus, — omonnenue, AIIK,  sxonomuuecxas
aghgpexmugHocmb.
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Abstract. In power transformers, energy losses in the form of heat are about 2 percent of their rated
power, and in transformers of large power centers reach hundreds of kilowatts. Heat is dissipated into
the environment and heats the street air. Therefore, there is a need to consume this thermal energy as
a source of heat supply to nearby facilities. (Research purpose) To develop methods and means of using
excess heat of power transformers with improvement of their cooling system design. (Materials and
methods) The authors applied following methods: analysis, synthesis, comparison, monographic,
mathematical and others. They analyzed various methods for consuming excess heat from power
transformers. They identified suitable heat supply sources among power transformers and potential
heat consumers. The authors studied the reasons for the formation of excess heat in power transformers
and found ways to conserve this heat to increase the efficiency of its selection. (Results and discussion)
The authors developed an improved power transformer cooling system design to combine the functions
of voltage transformation and electric heating. They conducted experiments to verify the effectiveness
of decisions made. A feasibility study was carried out on the implementation of the developed system
using the example of the TMG-1000/10/0.4 power transformer. (Conclusions) The authors got a new
way to use the excess heat of power transformers to heat the AIC facilities. It was determined that the



improved design of the power transformer and its cooling system using the developed solutions made it
possible to maximize the amount of heat taken off without quality loss of voltage transformation.
Keywords: power transformer, excess heat, heat exchanger, heat pump, heat accumulator, automation,
heating, agriculture, economic efficiency.
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Peghepam. Odpabomra nyka-cesxa u knybHeul kapmodgens neped nocaokoli nposooUmcs 60 usdexicanue
HU3KOU BCX0JICECU, NOPAdICEHUsI DAKMePUsAMY, UHMEHCUBHO20 CIMPENKOB8AHUS JyKa-ceeka. M3eecmHo
HeMano cnocobod o00pabomxu, 00HAKO OHU UMelom psad Hedocmamxos. (Llenv uccredosanus)
Paspabomame ycmanoexy ceepxevicokoii uacmomvl co chepuyeckumu pe3oHamopamu O
npeonocadounol obpabomku oeowell (MyKa-ceska u KiybOHeill kapmogens) ¢ peanuzayuell
KOMAAEKCHO20 B8030€lcmaust dekmpogusuueckux @axkmopos. (Mamepuanvl u memoowst) Hzyuunu
OUHAMUKY HAZPEBA CbIPbsL C YHeMOM USMEHEHUsT OUINEKMPULECKUX U MENIOPUIULECKUX NAPAMEMPO8
JIYKa-ceera u KiyoHell kapmoghens 8 npoyecce 8030€UCmEust d1eKMpOMASHUMHOZ0 NOJISL C8EPXBbICOKOU
yacmomul. (Pezynomamul u obcyscoenue) Ilpeonoscunu oopabameieames cemena 080UHbBIX KYAbMYP
nepeo nocaoKoll KOMIIEKCHbIM 8030eUCmEUeM 2NeKmpoPU3UYecKUX haKxmopos: 31eKmpoMacHUmMHbIM
HOJIeM C8ePXBbICOKOL H4aACMOMmMbl U KOPOHHBIM PA3PSIOOM, 00eCneyusarouum UOHU3AYUI0 6030yXd U
030HUpOBAHUE. YCmaHOBUIU, 4MO peanu3ayus KOMHIEKCHO20 B030elCmBUs 91eKmpopuuiecKux
(akmopos Ha cvipbe 8 HENPEPLIBHOM PENCUME BO3ZMOINCHA 8 YCMAHOBKE C8EPXBLICOKOU YACMOMbL CO
chepuneckuMU Pe30Hamopam, COOePICAWUMY GMOPONIACMOBbLe OUCKU U 3aNpPedeibHble 60IHOB800bI,
obecneuugarougue cooaOO0eHUe INEKMPOMASHUMHOU 0e30NACHOCIU NPU NEePeosUNCeHUU Cbipbs C
HOMOWbIO Wemok uepez cepuyeckuil pesonamop. Onpedenunu, 4mo yYCmMawnoeka obdecnevusaem
KOMNJIEKCHOE B030€liCMEUe 1eKMpoOMACHUMHO20 NOJISL C8EPXGbICOKOU 4ACMOmbl, OAKMEPUYUOHO20
HOMOKA YIbMPApUONIEMOBbIX JyUell U 030HUPOBAHHO20 8030yXA HA cbipbe. (Bbisooul) Buissunu, umo 6
PazpabomanHoti KOHCMpPYKYuu 00bEMHO20 PE30HAMOPA CbiPbe HAZPeBAem(Csi PABHOMEPHO ba2o0aps
PABHOMEPHOMY PACNPEOeNeHUI0 BNIeKMPOMASHUMHO20 NOJsL CBEPXBbICOKOU Hacmomel 6 cepe,
obaadaroueli 8bICOKOU COOCMBEHHOU 00OPOMHOCMBIO U 3a CYem NepeMetu8anusl C NOMOWbIO WemKuU,



KOMOpAs., O0OHOBPEMEHHO C8OUMU NPOBOOAWUMY  BOPCUHKAMU NOOOEpIHCUBAem  KOPOHUPOBAHUE
INEKMPO2A30paA3PAOHOU  JIAMNbI. Cuippe  nodgepeaemcsi ~ KOMNIEKCHOMY — BO30€UCMEUIO
INeKMpoPu3U4ecKux haxmopos, 8ciedcmeue 4e2o IHO02EHHO HAZPEe8aAemcs U 00e33apadtCueaemcs.
Kniouesvle cnosa: cepuueckue pe3oHamopwvl, INEKMPO2A30PA3PAOHbIE JAMNbL, MACHEMPOHbI,
2eHepamopbl C6ePXEbICOKOU YaCmOmbl, UCOYHUKY KUTI02EPYOEOTU YaACTNOMbI.
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Abstract. Processing of onions and potato tubers before planting is carried out in order to avoid low
germination and bacterial damage. Many processing methods are known, but they have a number of
drawbacks. (The research purpose) The research purpose is in developing an ultra-low frequency
installation with spherical resonators for pre-planting processing of vegetables (onions and potato
tubers) with the implementation of a complex effect of electrophysical factors. (Materials and methods)
The authors have studied the dynamics of heating of raw materials taking into account changes in the
dielectric and thermal parameters of onions and potato tubers in the process of exposure to an
electromagnetic field of ultrahigh frequency. (Results and discussion) The article proposes to process
vegetable seeds before planting with a complex effect of electrophysical factors: an ultrahigh frequency
electromagnetic field and a corona discharge that provides air ionization and ozonation. It was found
that the implementation of complex effects of electrophysical factors on raw materials in a continuous
process is possible in the installation of ultrahigh frequency with spherical resonators containing
fluoroplastic disks and below-cutoff waveguide that ensure compliance with electromagnetic safety
when moving raw materials using brushes through a spherical resonator. It was found that the plant
provides a complex effect of the ultra-high frequency electromagnetic field, the bactericidal flow of
ultraviolet rays and ozonated air on the raw material. (Conclusions) The article reveals that in the
developed design of the volumetric resonator, the raw material is heated evenly due to the uniform
distribution of the ultrahigh frequency electromagnetic field in a sphere that has a high intrinsic q-
factor and due to mixing with a brush, which simultaneously supports the corona of the electro-gas
discharge lamp with its leading fibers. Raw materials are subjected to complex effects of electrophysical
factors, resulting in endogenous heating and disinfection.

Keywords: spherical resonators, electro-gas discharge lamps, magnetrons, ultrahigh frequency
generators, kilohertz frequency sources.

For citation: Kotin A.l,, Kazakov A.V., Kirillov N.K., Zaytsev P.V. Ustanovka dlya predposadochnoy obrabotki
ovoshchnyh kul'tur kompleksnym vozdeystviem elektrofizicheskih faktorov [Plant for pre-treatment of vegetable crops
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Pegpepam. Cozoanue u nooodepoicanue MUKpOKIUMAMA 6 NOMEUEHUSX OISl COOEPIACAHUS HCUBOMHBIX —
9HEP2OeMKUL MEeXHOA02UYeCKUll npoyecc, Ha Komopwill 3ampayusaemcs 00 70 npoyenmos menniogoi
oHepeuu, nompebnsemoll Ha ¢hepmax Kpynnozo poeamozo ckoma. CoeepuieHcmeosanue cucmem
OmonyieHusl U 6EHMUIAYUL, HANPAGIEHHOE HA CHUJICEHUE pacxodd dHepeuu, — aKmyaibHas 3a0ayd.
(L{env uccnedosanus) llpoanaruzuposams meopemuyeckue mooenu O pacyema 6030YUHbIX 3d6eC U
OYeHUMb B03MOJCHOCHb UX NpUMEHeHUs 011 00beKmos cenvxo3npouzeoocmea. Onpedenums
nepcnekmueHbvle HanPagaeHus 6 paspabomKe KOHCMPYKMUGHBIX PEUEHUL THENI08bIX B030VIULHbIX 3d8eC,
OPUEHMUPOBAHHLIX HA  cenbCKux nompebumeneti. (Mamepuarst u memoowvy) Paccmompenu
meopemuueckoe 00OOCHO8AHUEe U pacuem menioswvix 3asec. Hccaedosanu gusuyeckyro mooenn
63AUMOOCUCMEUsL B030YUIHBIX CMPYU 8 NpPOeMax, KOMOpasi CLYJICUn OCHOBOU MAmMeMamuiecko2o
pacuema 6030VUIHbIX MENJI08bIX 3A6eC 8 UHIICEHEPHOU NpaKkmuke. Boiasuiu 0cobenHocmu npumeHeHs
UCXO0OHbIX MoOeeli pacyema 6030VUIHbIX 3a8eC Ol  CeNbCKOXO3AUCNBEHHbIX 00beKmos u
9HepeemuyecKue napamempol 3a8ec 8 3a6UCUMOCIU 0N KOHCIMPYKIMUBHBIX XAPAKMEPUCTUK U 6HEULHUX
¢axmopos cpedvi.  (Pezynemamer u obcyscoenue) H3yuunu enuanue 6030yuwiHOU 3asecvl HA
9Hepeemuueckue xapakmepucmuxu nomewjenus. Koncmamuposanu neobxooumocms onpedenenus
Mmuna B030VWHOU 3a8ecbl, KOMOPAs ONMUMANLHO NOOX00um Ol 3aujumsl npoema 60pom, ¢
noooepegom uiu be3 nodozpesa 8030yxXa 3a6ecvl. YCmManosuiu, Ymo UHMICEHEPHble Menmoobl paciemad
OCHOBAHbL HA PA3TUYHBIX ONLIMHBIX OAHHBIX, YMO HPUBOOUN K PACXONCOEHUIO PE3YIbMAamos OYeHKU
aghgpexmusHocmu pabomsi CnPOEKMUPOBAHHOU 3A8EChl, 3AGbIUCHUIO €€ IHEPSOeMKOCIU U MOUHOCTILL.
Buisacnunu, umo pacuem mennoswix 3asec, pexicumos pabomuvl OO0MICEH NPOBOOUMbBCSL C VHUEmOM
NEPEeMEHHbIX 8030€liCBUll GHEWHUX QuU3UYeCKUX Gaxmopos, 000py006aHue COOMBEENCmMBEo8anms
KOHKpemuoMmy nomeujenuro. (Boigoovl) Onpedenunu, umo ucnonv3osauue 8030VUIHBbIX 3d8eC
coKpawaem Uy YCMpaHusem HpOpPbl8 HAPYICHO20 XON0OHO020 B030YXA GHYMPb NOMEWEHUs yepe3
npoeMbl OMKPLIMbBIX HAPYHCHBIX 8OPOM, Mpedyemcs MeHbuiull 00vem 8030yxd, noodasaembvlii 3a8ecoll,
NO CPABHEHUIO C MACCOU 8PLIBAIOWE20CS 8030YUHO20 NOMOKA.

Knrouessle cnosa: cenvcrkoe xo3icmeo, MoOeb, 6030YWHAsL MENI08Asl 3a6ecd, IPHexmugHocmu.
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Abstract. Creating and maintaining a microclimate in animal housing is an energy-intensive
technological process that consumes up to 70 percent of the thermal energy consumed on cattle farms.
Improving heating and ventilation systems aimed at reducing energy consumption is an urgent task.
(Research purpose) The research purpose is to analyze the theoretical models for calculating air
curtains and evaluate the possibility of their use for agricultural production facilities and to identify
promising directions in the design solutions for thermal air curtains aimed at rural consumers.
(Materials and methods) The article considers the theoretical justification and calculation of air
curtains. The authors studied the physical model of interaction of air jets in openings, which serves as
the basis for mathematical calculation of air curtains in engineering practice. The article describes the
features of using the models for calculating air curtains for agricultural objects and the energy
parameters of the curtains depending on the design characteristics and external environmental factors.
(Results and discussion) The effect of the air curtain on the energy characteristics of the room has been
studied. It was found that it is necessary to determine the type of air curtain that is optimally suitable
for protecting the gate opening, with or without heating the air curtain. Authors have found that the
engineering methods of calculation are based on different experimental data, which leads to a
discrepancy in the results of evaluating the effectiveness of the designed curtain, overestimating its
energy intensity and power. The calculation of heat curtains, operating modes should be carried out
taking into account the variable effects of external physical factors, the equipment should correspond
to a specific room. (Conclusions) The use of air curtains reduces or eliminates the penetration of
external cold air into the room through the openings of external gates, requires a smaller volume of air
supplied by the curtain, compared to the mass of the incoming air flow.

Keywords: agriculture, model, air heat curtain, efficiency.
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Pecpepam. IIpouszso0cmeo manvlx 6empoycmanogox mpebdyem NOCMOAHHOU MOOuGuUKayuu ux
KoHcmpykyuil. OOuH U3 OCHOBHBIX Kpumepues 3pPexmusHocmu — MOWHOCHYb 8empoycmanosku. OHa
oaem B803MONCHOCb OYEHUMb IKOHOMUHECKUUl dQ@exm 6 npocmvlx Kame2opusx u npoCmblMU
cpedcmeamu. (Lenv uccneoosanus) Paspabomame ynpoujeHHYO cxemy OyeHKU NOmoKo8 MOUWHOCU &
6empoycmanogke 01 OnpedeneHuss ee OCHOSHbIX  MEXHUKO-IKOHOMUYECKUX noxasameiel.
(Mamepuansl u memoowt) Onpedenunu OCHO8HbBIE PEAHCUMBL PADOMbBL MANBIX YCIMAHOBOK, COOMHECTU UX
co ckopocmamu eempa. Hcnonvsosanu 8 kavecmee ucxoono2o oopasya 0 npoeeoenus UCHolmaHuil
MAnyr0 8empoyCMAHOBKY ¢ pecyiuposanuem yend amaxu aonacmu mowHocmvio 1,8 xunosamm c
HOMUHANLHOU  CKOpocmbvlo eempa 8 Mempog 6 cekynoy. Ilomyuunu 3asucumocms MOwHOCHU
Oeticmayoweti Manoi 6empoyCMAHO8KY OM CKOPOCMU 8empd, KOMOPYIO NPUMEHUNU ONSL CO30AHUL
mamemamuyeckou mooenu. (Pezynomamot u oocyscoenue) Ipeononocunu, wmo s¢hgpexmusnocmos Ha
HOMUHATILHOU CKOPOCMU 6€MPA MAKCUMATbHA, d HA CIAPMOBOL CKOPOCTU 8empa OHA OIU3KA K HYJIO.
IIpedcmagunu Mooenb MOWHOCU 8 8UOE CYMMbL MOWHOCMEN: MOWHOCMU HA 8bIX00e, CIAMUYECKUX
nomepb, OUHAMUYECKUX NOMEPb U AIPOOUHAMUYECKO20 O02paHudeHus. Buviseumu, umo mowHoCmb
ouHamuyeckux nomepv 3asucum om obwel dpgexmusnocmu eempoycmanosku. Ilpusenu
epaguyeckoe u300padxicenue COOMHOUIEHUS  VKA3AHHbIX NOmMoKo8. (Bwigoow) Yemawnosunu
mMeopemu4eckylo 3a8uUCUMOCms NOMOKO8 MOWHOCHEN 6empoyCMAHO8KY, KOMOpAs npedcmasisem
coboil npocmotl cnocob ux onpedeieHus 6 oOelicmeyrowel eempoycmanoske. Ommemunu, yYmo
OCHOBHblE XAPAKMEPUCTIUKY MOOeNU MO2ym Oblmb NOAYYeHbl U3 3A6UCUMOCIIU MOWHOCIU OM
CKOpoCmuU 8empa, 4mo pacuupsaen 03MONCHOCIU ee NPUMEHEHUs Ol OATbHeUMUX UCCIe008aAHUIL.
Boiacuunu, umo mooens Mmodcem uUCnONb306amvCsa OAsl OYeHKU IPHEKMUSHOCU NpoeKmupyemor
KOHCMPYKYUU UAU USMEHEHUL 8 Hell.

Kntouesvie cnoea: 6empoycmanogxa, MAmeMamuieckds Mooenb, MOWHOCMYb, dP@Pekmusnocms,
a3poOUHaAMUKA.
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Abstract. The production of small wind turbines requires constant modification of their designes. One
of the main criteria for efficiency is the power of the wind farm. It makes it possible to evaluate the
economic effect in simple categories and by simple means. (Research purpose) The research purpose is
to develop a simplified scheme for estimating power flows in a wind farm to assess its main technical
and economic indicators. (Materials and methods) The article describes the main operating modes of
small wind power plant and correlates them with wind speeds. A small wind turbine with a capacity of
1.8 kilowatt with attack angle control with a nominal wind speed of 8 meters per second was used as
the initial sample for testing. The dependence of the power of an operating small wind farm on the wind
speed are presented in the article and was used for creating a mathematical model. (Results and
discussion) It has been suggested that the efficiency at the nominal wind speed is maximum, but at the
starting wind speed it is close to zero. The article presents a power model, the total power output of the
installation, the static power loss dynamic power loss of power and aerodynamic limitations. In this
case, the power of dynamic losses depends on the overall efficiency of the wind turbine, which is a



function of the wind speed. The article presents graphical representation of these power flows.
(Conclusions) The theoretical dependence of wind turbine capacity flows is a simple way to determine
them in an existing wind turbine. The main characteristics of the model can be calculated from the
dependence of power on wind speed, which significantly expands the possibilities of its application for
further research. The model can be used in evaluating the effectiveness of the designed structure or
changes in it.

Keywords: wind turbine, mathematical model, power, efficiency, aerodynamics.
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WHCTUTYT arpOMHKEHEPHBIX U KOJOTHYECKUX INPOOJIEM CEeTBCKOXO3SHCTBEHHOTO MPOM3BOACTBA — (prmman
®denepanpHOTro arponHxkeHepHoro nearpa BUM, Cankrt-Iletepbypr, Poccuiickas ®eneparust

Peghepam. [lapamempuvl paouayuoHHOU cpeobl OKA3bIBAIOM 6GAUAHUE He MOAbKO HA OMmOelbHble
buoxumuieckue peaxyuu u QuU3UOLOZUYECKUE NPOYECChl, NPOUCX00AuUe 8 PACMEHUU, HO MAKI’Ce
noseonawm 0obumvca cmadburbHocmu pazeumusi pacmenusi 6 yeiom. (Llerv uccredosanus)
Paspabomams cnocob, mexnuyeckue cpedcmea u MemoOUKy KOIUYECMBEHHOU OYeHKU Oelticmaus
ONMUYECKO20 UBNYHEHUsL HA PACHEHUSs,, NPUMEHEHUE KOMOPO20 0becneduaem sHepeodhGexmusHocmpy
U DKONOSUYHOCTL NONYYAeMol npoOyKyuu 3a cuem 6v100pa Haubosee ONMUMALIbHO20 UCHOYHUKA
ceema. (Mamepuanvl u memoowt) [Ipooemoncmpuposanu, Ymo cmabuIbHOCHb PA36UMUsL PACHIEHUS.
MOJICHO XAPAKMepu308ams HOKA3AMENIMU  QAYKMyupyloweti acumMmempul, 6eiuduHbl KOMOPbIX
Gopmupyem HepaAGHOMEPHOCHTb ONMUYECKOL RIOMHOCIU HA 00eux cmoponax aucma. Paspabomanu u
U320MOBUNU IKCNEPUMEHMATbHBIN 00pa3zey ycmpoucmea Oisk U3MepeHUst ONMUYecKoll NIOMHOCU
aucmoes. Hccnedosanu ozypey (Cucumis Sativus L.) cpeonepanneco eubpuda Caghaa muxc Fl.
Hcnonvzoeanu 0ns coxpawjenus cpoka IKCHEPUMEHMA pPACMeHUs 6 108CHUTbHOM 603DACHHOM
COCMOSIHUU, ThO eCMb ¢ MOMEHMA NOSIBNIEHUsL NEPEO20 U 00 NOsAGLEeHUs 6Mopo2o aucma. (Pezyibsmamoi
u obcydcoenue) Boiasunu, 4mo Omauyus Mexncoy napamempamiu pacmeHull, Gbipauju8aemvix noo
ucmoynukamu ceema Nel u Ne2 He 3Hauumvl. B3anu 018 cpasHenus napamempwvl pacmeHutl,
8bIPAWYEHHBIX NOO ucmoyHuxamu ceéema Ne I u Ne 3. Onpedenunu, umo >3mu UCMOUHUKU UMEIOM
NPUMEPHO 0OUHAKOBble 00U NOMOKA 6 cuHem ouanasoHe (27,4 u 26,2 npoyenmos). Bviacuuiu, umo
donu nomoxa 8 KpacHom ouanasone omiaudaiomcs (34,4 u 49,5 npoyenmos), umo onpedenuno
paznuunsle sHavenusi coomuoutenust R:B (1,3 u 1,9). Koncmamuposanu, umo 3uaueHnust COOMHOUEHUs
R:FR (4,1 u 16,3) maxoce paznuunsl. (Boisoowt) [Ipednosxcunu memoo oyeHku 0eiucmeus usiyueHus Ha
pacmenust 1o CMAOUILHOCMU UX PA36UMUs. YCMAHOBUNU, 4mMO NpPUMEHEeHUue OAHHO20 Memood K
PACMEHUSM, BbIPAUUBAEMBIM 8 YCILOBUSX CEEMOKYIbINYPbI, NEPCREKMUBHO OJisl KOMNIEKCHOU OYEHKU
Kauecmea c8emosoll cpedvl, c030A8AeMOU UCHOYHUKAMU UBIYYEHUsl;, NO360sem 8blopams Hauboee
ONMuUMAanbHble UCTOYHUKU CEEMA.

Knrouesvie cnosa: ceemoxynomypa, aucm, nuemenmol, QryKmyupyowas acummempus, onmu4eckdas
NIOMHOCHb, CMADUTLHOCHb PA3GUINUSL.



Ansa umtupoBanus: PakyTteko C.A., PakyTbko E.H. KonnyectseHHas oueHka 4encTBUS M3nyyYeHns no ctabunbHocTv
pa3BuTUs obry4aeMbIx pacTeHWIA B CBETOKYNbType // nekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2020.
T. 67. N1(38). C. 64-70. DOI 10.22314/2658-4859-2020-67-1-64-70.

Quantification of the Radiation Effects on the Stability of the Irradiated Plants
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Abstract. The radiation environment parameters affect not only individual biochemical reactions and
physiological processes occurring in the plant, but also make it possible to achieve stable plant
development as a whole. (Research purpose) To develop a method, technical means and methodology
for the quantitative assessment of the optical radiation effect on plants, the use of which ensures energy
efficiency and environmental friendliness of the resulting product by choosing the most optimal light
source. (Materials and methods) The authors demonstrated that the stability of plant development can
be characterized by fluctuating asymmetry indices, the values of which form uneven optical density on
both sides of the leaf. They developed and manufactured an experimental model of a device for
measuring leaves’ optical density. They studied the cucumber (Cucumis sativus L.) of the Safa mix F1
mid-early hybrid. They used plants in a juvenile age state to reduce the duration of the experiment, that
means from the appearance of the first to the appearance of the second leaf. (Results and discussion)
The authors found that the differences between the parameters of plants grown under light sources Ne
1 and Ne 2 are not significant. They took the parameters of plants grown under light sources Ne 1 and
No 3 for comparison. It was determined that these sources have approximately the same flow shares in
the blue range (27.4 and 26.2 percent). They found out that the flow shares in the red range are different
(34.4 and 49.5 percent), which determined different values of the ratio R:B (1.3 and 1.9). It was noted
that the values of the ratio R: FR (4.1 and 16.3) are also different. (Conclusions) The authors proposed
a method for assessing the effect of radiation on plants by the stability of their development. It was
established that the application of this method to plants grown under conditions of light culture is
promising for a comprehensive assessment of the quality of the light medium created by radiation
sources, allows to choose the most optimal light sources.

Keywords: light culture, leaf, pigments, fluctuating asymmetry, optical density, development stability.
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Peghepam. Ilposedennvlii dHepeoayoum no UCHOIbI0OGAHUIO MONIUGHO-IHEPLEMUUECKUX PeCypCcos 6
cervckom  xozsticmee Tambo6ckol obracmu NOKA3GN, UYMO IHEPLO3AMpamvl 6 CebecmoumMocmu
npouU3800CMEa CenbCKOXO3AUCTNBEHHOU NPOOYKYUU 8 3AGUCUMOCTNU OM 8UOA GbINYCKAEMbIX HPOOYKMO8
(MOOKO, MSLCO, 080U, BbIPAUYEHHBIE 8 MENAUYAX, U OPY20e) U MEXHOLOUU UX NPOU3B0OCIBA DOCTNULAIOM
15-50 npoyenmos. C yenvio npouszgoocmea KOPMO8 HA KPYRHBIX HCUBOMHOB0OUECKUX (hepmax cmposm
KOpMoyexa u MexcpationHvle KoOMOUKOpMOgble 3a800bl. [l hepMepCKux u AUUHbIX HOOCOOHBIX X035UCE
NPUMEHSIIOM 8 OCHOBHOM 2d30UCNONb3YIOWUEe 8APOYHble KONl MAIoU npousgooumenvrocmu (40-250
Kunoepammos 6 uac). (Lenv ucciedosanus) Paspabomams cucmemy ypagHenuii 0iia MamemMamuiecko2o
ONUCAHUA  MENJIOIHEPLEMUUECKO20  OANAHCa  2A30UCHONbL3VIOWE20  KOPMOBAPOYHO20 — KOMIA — C
Camope2yiuposanuemM MOWHOCMU ONsl  GbIABNEHUSI IHEP2OIPDEKMUBHBIX DPENHCUMO8 €20  pabombl.
(Mamepuaner u memoowr) Ilpumenunru memoovl cucmemHo20 awanuza u cunmesda. (Pesynomamuvr u
obcyocoenue) Ilposeru meopemuyeckuil aHAIU3 MENIOIHEPLEMUYECKUX NPOYECCO8, NPOUCXOOAUUX 8
cucmeme 9Hep2o0becnedeHus 8apoyHo20 KOmaa ¢ camopezyiuposaruem mownocmu. Obocnosanu u
8bleeN pacuentvle Gopmyvl Olsi onpedesieHus NONE3HOU MenIombl Ha Pa302pes NPOOYKMA 6 8apOUHOl
eMKOCHU, Menionomeps Ha HAZpe8 MemailOKOHCMPYKYUtl, Om 02pancoaruux KOHCMpPYKyui Komid 8
OKPYHCAIoOWyio cpedy, ¢ YX00AuumMu ompabomanHbiMu 2a3amu, om Xumuyeckoeo nedogced. (Bovisooul)
Paspabomanu cucmemy ypasnenuil, no3goasiowyio MAMeMamuyecku ORUCAmMb HPOYeccvl Menio- u
MaccoobMena 8 2a30UCnONb3YIouemM KOPMOBAPOUHOM KOMJE C CAMOPe2yIupOSaHuemMm MOWHOCHU Oisl
8bIAGICHUS.  Haubonee  SHepeOIPOeKMUGHbIX — pedxcumos e2o0  pabomsl.  Ycmanosunu, — umo
COBEPUIEHCMBOBAHUEM CUCTEMbL IHEP200DEeCneueHUsl KOPMOBAPOUHIX KOMIO8 30 CYem NPUMEHEHUs.
cnocoba pezynupoeanus 2aza NpONOPYUOHANbHO HOMPEOIEMOMY MENI080MYy NOMOKY BOZMOICHO
docmueams dxoHomuu dHepeuu 00 40-50 npoyenmos.

Kniouesvie cnosa: snepeemuueckue pecypcvl, HPUpOOHbIl 2d3, 2A30UCHONL3YIOWUN  KOMEN,
camope2ynupoganile, meniosol OANAHC, YPAGHEHUs, MENI080U NOMOK, NOMepy Meniomsl, 0asleHue
napa.
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Abstract. The energy audit conducted on the use of fuel and energy resources in agriculture in the

Tambov region showed that energy costs in the cost of production of agricultural products, depending
on the type of products produced (milk, meat, vegetables grown in greenhouses, etc.) and their
production technology, reach 15-50 percent. On large livestock farms, forage shops and inter-district
feed mills are being built for the feed production. Gas-fired cooking cauldrons of low capacity (of 40-
250 kilogram per hour) are mainly used for small and private farms. Analysis of low-power cooking
boilers has shown that it is possible to improve their energy supply system by applying a method of
regulating gas in proportion to the consumed heat flow. Energy savings can reach 40-50 percent.
(Research purpose) The research purpose is in designing an equation system for mathematical
description of the heat and energy balance of a gas-using cauldron with self-regulation of power to
identify energy-efficient modes of its operation. (Materials and methods) Methods of system analysis
and synthesis has been used. of knowledge existing in the field of ongoing research on the development
of a gas-using digester with self-regulation of power. The methods are based on the theory of heat and
mass transfer. (Results and discussion) The article presents a theoretical analysis of heat and power
processes occurring in the power supply system of a cauldron with self-regulating power. The authors
have designed a heat balance equation describing the processes of heat and mass transfer in a cauldron
to identify effective modes of operation of such a power supply system. The article presents derived
Sformulas for determining the useful heat for heating the product in the cauldron, heat loss for heating
metal structures, from the enclosing structures to the environment, with outgoing exhaust gases, and
from chemical underburning. (Conclusions) The article presents a system of equations that allows to
mathematically describe the processes of heat and mass transfer in a gas-using cauldron with self-
regulation of power to identify the most energy-efficient modes of its operation. It was found that by
improving the power supply system of cauldron by applying a method of regulating gas in proportion
to the consumed heat flow, it is possible to achieve energy savings of up to 40-50 percent.

Keywords: energy resources, natural gas, gas cauldron, self-regulation, heat balance, equations, heat
[flow, heat loss, steam pressure.
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Pegpepam. B ycrosusix konmunenmanvnozo kaumama FOocnozo Ypana panc evieo0no omauuaemcs: om
MHOZUX KOPMOBLIX U MPAOUYUOHHBIX CUTOCHBIX KYIbIYD 8bICOKUM COOEpICanUeM 6eaKa u adanmugHbiMu
ceoticmeamu. Bozoenvieanue panca capanmupyem noiyuenue cobcmeennvix ceMsi, 0o 40 npoyenmos
macna, 60 semovixa u 98 npoyenmos pancosou myxu. (Llenv uccredosanus) Iosvicums s¢pghexmuenocme
6030€NbIBANUS. PANCA U PAYUOHATbHO20 NPUMEHEHUSI CEMSIH PAncd, Panco8oil MyKu U MACia 6 YCIOGUSIX
CeNbCKOX03UCMEEeHH020 npoussodcmea Yensdbunckou obracmu. (Mamepuanvt u memoowt) Onpedenunu
GNUSIHUE PAZTUYHBLX NPEOUECMBEHHUKOG HA NPOOYKMUBHOCTLb U KAYECHBO CEMSIH P0BO20 PANCA 8 36EHbBIX
3epHONAPOBbIX  ce80000pomos cegepHoll  necocmenu  Yeasiounckou obnacmu. Ilpoanaruzuposanu
XUMUHECKULL COCMAG NOYBbL U CEMSIH POBO20 PANCA NOCILE PA3IUYHBIX NpedulecmeeHHuKos. (Pesytbmamoi
u obcyscoenue) Ilpednoocunu OnsL COKpawjeHuss 3ampam SHepeuu Npu  OmicuMe U CHUICEHUs.
0CMAMOUHO20 MACIA 8 JHCMbIXe NOCIe NPeOSAPUMENbHO20 USMENbYEHUs. CEMSIH PANCA CNOCOOOM pe3aHusl
C UCNONb306AHUEM YEHMPOOENICHO-POMOPHO20 usmervuumens. Tlokazanu, umo pancoeas Myka umeem
XOPOWYIO ColNYYecmy, J1e2KO CMEWUBAemcs ¢ Opy2uMy Kopmamu. Ycmanoeunu, ¥mo 4acmudnas 3amend
KOHYEeHmMpamosg pancogou Mykou 6 obveme 8-12 npoyenmos om odweil Maccol 8 payuore J1aKmupyouux
KOPO8 CHOCOOCIBYem NO8bIULeHUI0 MOOUHOU npodykmughocmu Ha 1,1-1,8 kunoepammos 6 nepecueme na
MOn0KO 4-npoyenmuoil scuprocmu. (Buieoowr) Beissunu, umo 015 nOGblueHUs YPOHCAUHOCHIU U KAYecmed
CeMSIH SIPOBOU PANC HEOOXOOUMO PA3Mewamsy no Iyuuum npedutecmeennuxam. Koncmamuposanu, umo
npu cMewueanuy 75 npoyenmos pancogozo Macia ¢ 25 npoyenmamu Ou3eibHo20 moniuea nouay4aemcs
OU0OU3eIbHOE MONUBO, NO IHEPeMUUECKUM NOKA3AMENIM He YyCmynalouee ouzenvHomy. JJokaszanu, ymo
npu 8o30envléanuu panca noo cemena Ha niaowaou 100 cexkmapoe modcHo npousgodums 94,5 monn
ouoouzenvrozo monausa, 106,0 moun dcmvixa c cooepaicanuem macia 5 npoyenmos u 8,4 mouwHvl omcmos
Macia, npu ux peanuzayuu pacuemuslii SKoHomuyeckull spghexm cocmasum 3 813 325 pyoaeil.
Knroueswle cnosa: panc, mexnono2us 8030e1bl8aHUSA, USMENbYUCHUE CEMAH, PANCO8As MYKd, PANcogoe
macno, buoouzenrbHoe Monauso, 3QPPexmusHocme.
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Abstract. In the continental climate of the southern Urals, rapeseed compares favorably with many

forage and traditional silage crops with a high protein content and adaptive properties. The cultivation
of rapeseed guarantees the production of its own seeds, up to 40 percent of oil, 60 percent of cake and
98 percent of rapeseed flour. (The research purpose) The research purpose is in improving the
efficiency of rapeseed cultivation and rational use of rapeseed seeds, rapeseed flour and oil in the
agricultural production in the Chelyabinsk region. (Materials and methods) The influence of various
forecrops on the productivity and quality of spring rape seeds in the links of grain-pair crop rotations
in the Northern forest-steppe of the Chelyabinsk region were studied. Authors have analyzed the
chemical composition of the soil and seeds of spring rape after various forecrops. (Results and
discussion) The article proposes to reduce energy costs during pressing and reduce residual oil in the
cake after pre-grinding of rapeseed by cutting method using a centrifugal-rotary shredder. The article
shows that rapeseed flour has a good flowability and is easily mixed with other feeds. It was found that



partial replacement of concentrates with rapeseed flour in the amount of 8-12 percent of the total weight
in the diet of lactating cows contributes to an increase in milk productivity by 1.1-1.8 kilograms in terms
of milk of 4 percent fat content. (Conclusions) It has been revealed that in order to increase the yield
and quality of spring rape seeds, it is necessary to place them on the best forecrops. It was found that
when 75 percent of rapeseed oil is mixed with 25 percent of diesel fuel, the obtained biodiesel is not
inferior to diesel in terms of energy indicators. The article proves that when cultivating rapeseed for
seeds on an area of 100 hectares, it is possible to produce 94.5 tons of biodiesel fuel, 106.0 tons of cake
with an oil content of 5 percent and 8.4 tons of oil sludge, the estimated economic effect after sale is of
3,813,325 rubles.

Keywords: rapeseed, cultivation technology, grinding seeds, rapeseed flour, rapeseed oil, biodiesel

fuel, efficiency.
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Pegpepam. OcHosnas npuyuHa UCNONBL30BAHUA MPAKMOPO8 C OOIbUUM 8eCOM — BbICOKAA
9HEP2OHACBIWEHHOCHb COBPEMEHHOU  CeNbCKOXO3SUCMEEHHOU mexHuKku. [[ns nonnou peanusayuu
MOwHOCmU 08ucamelis mpedyemcsi, Y¥moowvl mpakmop 061aA0AL GbLCOKUMU MALOSbIMU NOKA3AMETSIMU.
Hogviwarom mseogvle ycunus OALIACMUPOBAHUEM, COBAUBAHUEM BeOYWUX KOEC, MPAHCHOPMHO-
mexHonozuyeckumu mooyaamu. (Lens uccreoosanus) Onpedenumes ONMUMAibHbINL CHOCOO NOBbIULEHUS
mszo6o20 ycunus. (Mamepuanwvl u memoowvt) Paccuumanu dasnenue osusicumeneii mpaxmopa Terrion
3180 nazpysicennozo 6anacmusiMu 2py3amu U A2pecamupo8anHo20 MmpaHCHOPMHO-MeXHOIOSUYECKUM
mooynem MOC-300 na nougy ¢ noMOWbI0 MAMeMamuieckozo Mmooeauposanus. Ommemunu, 4mo
OagneHue na noygy Ha 38 npoyenmos menvuie npu UCNOAb308AHUU MPAHCIOPMHO-MEXHOL02ULECKO20
MOOYJS, NpUu MAKUx oice RNoKazamensx ms2o6020 ycunus. (Pesynomamer u  o6cyscoenue)
Ipoananusuposanu koncmpykyuu MIC-300. Boviagunu, umo 011 yayuuieHus pabomovl mpaHcnOpmMHO-
MEXHON02UYEeCKO20 MO0V HeoOX00UMO CHU3UMb Gec. YCmawnosunu, 4mo npu npumMeHeHuu
MPAHCROPMHO-MEXHOL02ULECKO20 MOOVISL Ol NOGBLIUEHUSL MSA206020 YCUNUSL MPAKMOPA PACXO0
monauea yseauuugaemcs 8 cpeowem Ha 3 npoyemma. Ilokazanu, 4mo CHU3UMb pacxoo MOICHO C
HOMOWbIO YCOBEPULIEHCNBOBAHUSL MPAHCMUCCUL, KOMOPAsl 8bINOTIHEHA HA Oase 6edywe2o Mocma om
mpaxmopa T-150K. Bvisachunu, umo pe3yivmamueHas cxema npueood — UHOUBUOYATbHBIL NPUBOO
6E0YWUX KOLEC, NO3GONSIOUWULL COBMECMUMb NOAOICUMETbHbIE CIOPOHbL OughpepenyuanvbHozo u
JrcecmKo2o0  npugooa.  Buimonnunu - mamemamuyeckoe — MoOeaupogamue — mMpaHCHOPMHO-
MEXHON02UHECKO20 MOOYIISL C PA3TUYHLIMU MUNAMU MPAHCMUCCUU (MEXAHUYECKOU, 2UOPOOOBLEMHO,
anexmpuyeckott). Koncmamuposanu, 4mo 2uopoodvemMuas mpaucMucCus — cambviil dQhGexmusHvitl mun
MPAHCMUCCUU C MOYKU 3PeHUs MONIUBHOU SKOHOMuyHocmu.  (Bwieoosl) Omnpedenunu, umo
mooepruzayuss MOC-300 nocpedcmeom npumeHeHust MpancMuccul ¢ UHOUBUOYATbHBIM NPUBOOOM HA



Kax)cooe Koneco umeem NOJONCUMENbHbIE pe3YIbmamsl. UMeHeHue MOWHOCMU U MOMeHmd,
no0asaemMoc0 Ha KANcO0e KONeCO, CHUMCEeHUe KUHeMAMUYecKo2o0 HeCcOOMEemcmeus U YupKyiayuu
MOWHOCIU; NOBbIWIEHUE MONAUSHOU IKOHOMUYHOCHIU.

Kniouesvile cnoea: oannacmuposanue, UHOUBUOYANbHBIL NPUBOO, MPAHCHOPMHO-IMEXHOI0LUYECKUTI
MOOYJIb, AKMUBHYLI NPUBOO, MALOBO-CYeNHble CEOUCMBA, OasieHue OsuxcUmenel Ha nous).
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Abstract. The main reason for using heavy tractors is the high energy saturation of modern agricultural
machinery. For the full engine power realization, the tractor must have high traction performance.

Ballasting, the drive wheels doubling, transport and technological modules increase traction. (Research

purpose) To determine the best way to increase traction. (Materials and methods) The authors
calculated the propulsors pressure of the Terrion 3180 tractor loaded with ballast weights and
aggregated by the MES-300 transport and technological module on the soil using mathematical
modeling. It was noted that the pressure on the soil is 38 percent less when using the transport and
technological module, with the same traction. (Results and discussion) The authors analyzed the design
of the MES-300. It was revealed that to improve the transport and technological module operation, it
was necessary to reduce weight. It was found that when using the transport and technological module
to increase the tractor traction, fuel consumption increased by an average of 3 percent. The authors
showed that it was possible to reduce consumption by improving the transmission, which was based on
the drive axle from the T-150K tractor. They found out that the effective drive scheme was an individual
drive of the drive wheels, which allowed to combine the positive sides of the differential and hard drive.

They performed mathematical modeling of a transport and technological module with various types of
transmission (mechanical, hydrostatic, electric). It was stated that hydrostatic transmission was the
most efficient type of transmission in terms of fuel economy. (Conclusions) The authors determined that
the modernization of the MES-300 through the use of a transmission with an individual drive on each

wheel had positive results: a change in power and torque supplied to each wheel; reduction in kinematic
mismatch and power circulation; increase fuel efficiency.

Keywords: ballasting, individual drive, transport and technological module, active drive, traction
properties, propellant pressure on the soil.
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Pegpepam. Cospemennviii  ypoGeHb MEXHUHECKO20 pA3GUMUS U  OOCMYRHOCMb  NO360J5I0M
paccmampugams Oecnuilomusle l1emameibHble annapamvl 6 Kauecmee HAOeNCHO20 UHCMpPYMeHma
ONEpamusHo20 MOHUMOPUHEA  CENbCKOXO3AUCMBEHHbIX Y200ull. Jponsl CnocobOHbl NpPOBOOUMb
HaOMOO0eHUs: 3a MEPPUMOPUIMU, KOMOpble HeOOCMYNHbL Oisl 6EPMOJIEMO8 U HeDOILULUX CAMOJIEMO8.
Ipumenenue 0ecNUNOMHUKOE CONPOBONCOAEMCA  ONPEOCeHHLIMU — PUCKAMY, GIUAIOWUMU  HA
besonacnocmsy nonema. (Lenv uccaedosanus) Cocmasumsv peKOMeHOAyuUu Nno NPeonoemuol
noozomoeke OecnulomHbIX jlemamenvhulx annapamos. (Mamepuanet u memoowvt) Hcnonvzosanu
HayuHylo aumepamypy, 0030pHble Mamepuaibl OMeYeCmEeHHbIX U 3apyOedCcHbIX A8mopos, 8eb-catinvl
npoussooumeinei  OeCNUIOMHLIX  JleMmamenvHblX  annapamos. (Pezyiemamer  u  obcyocoenue)
Pacemompenu éonpocel pecucmpayuu 6ecnunomuuxa, Kioyesvie napamempul, euusiowue Ha coop
O0aHHbIX U obecneuugalowue Oe30nacHoe NpogedeHue MOHUMOPUHEA: DKCHIYamayuio U XpaweHue
AKKYMYTIAMOPO8 OPOHA, GU3YAILHYIO NPOBEPKY OECNUNOMHUKA, KATUOPOBKY OAmuuxos, HACMPOUKY
MOYKU «68036pam 00MOU» u npoeepky cuexara kavecmso ceasu GPS/ITTIOHACC, mecmosviii nonem,
3anpeujennvie nolemuble 30Hbl U NO200HbIE YCao8us. (Bvieoovl) Ycemanosunu, ymo npeonoremmas
NnO020MOBKA  OeCNUIOMHO20 — JIeMAMeNbHO20  Annapama —  GAJICHbIL  9Man  MOHUMOPUH2A
CeNbCKOXO3AUCMBEHHBIX NOJEl, 8KA0YAIOWAs 8 cebs psad onepayuii, Komopbsle NPo8OOAMCA C Yelblo
bezonacHocmu onepamopa u OecnuiomHo20 1emamenbHO20 annapama, a maxce 01 NOLYUeHUs.
KAYeCMEEeHHbIX Mamepuanos aspogomocvemku. Onpedenunu, 4mo OeCHUIOMHbII emamenbHbill
annapam éecom om 250 epammos 00 30 Kunoepammos noodaedxicum yuemy. Boissuiu Heobxooumocmo 6
CReYUanu3UpoOBaAHHOM NPOSPAMMHOM ObecneueHul, GbINOIHEHUU NPABUL IKCILYAMAYUY U XPaAHeHUs.
AKKYMYNIAMOPO8, MUAMeENIbHOM GU3YAIbHOM OCMOmpe OpOHA, KAIUbpOoKe KOMNAca; nposepke
HAcmpouKy mouku 6ozepama na navano mapuwipyma, yposuss GPS/I'TIOHACC cuenana, nposedenuu
mecmoeoeo noaema, HAOAOOEHUU 3a NOKA3AHUAMU UHEPYUATbHO20 UMEPUMEenbHo20 010Ka U
HO200HBIMU YCIOBUSMU, NPOBEPKE 30HbL 3ANPEUEHHBIX NONEMOB.

Kniouesvie cnosa: becnunommbiii 1emamensHulil annapam, MOHUMOPUHS, CEbCKOe XO35UCMBO, OPOHbI,
npeonoaemHasn no020mosKa, a’3poPomocvema.

Ona uutupoBaHusa: KypbaHoe P.K., 3axapoBa O.M. PekomeHgmaumu no npepnoneTtHoi noprotoBke BMJIA //
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Recommendations for UAV Pre-Flight Preparation
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Abstract. The current level of technical development and accessibility allows to consider unmanned
aerial vehicles as a reliable tool for operational monitoring of agricultural territories. Drones are able
to observe territories that are inaccessible to helicopters and small aircrafts. The use of drones is



associated with certain risks that affect flight safety. (Research purpose) To make recommendations on
the preflight preparation of unmanned aerial vehicles. (Materials and methods) The authors used
scientific literature, survey materials of domestic and foreign authors, websites of UAV manufacturers.
(Results and discussion) The authors examined the issues of a drone registration, key parameters that
influence data collection and ensure safe monitoring: operation and storage of drone batteries, visual
inspection of a drone, sensors calibration, setting the “return home” point and checking the signal
GPS/GLONASS communication quality, test flight, restricted areas and weather conditions.
(Conclusions) It was established that UAV pre-flight preparation was an important stage in monitoring
agricultural fields, which included a number of operations that were carried out with the aim of
ensuring the safety of the operator and the unmanned aerial vehicle, as well as to obtain high-quality
aerial photography materials. The authors determined that an unmanned aerial vehicle weighing from
250 grams to 30 kilograms was a object to be registered. They identified the need for specialized
software, compliance with the rules of operation and storage of batteries, a thorough visual inspection
of the drone, calibration of the compass; checking the setting of the return point to the beginning of the
route, the GPS/GLONASS signal level, conducting a test flight, monitoring the readings of the inertial
measuring unit and weather conditions, checking the zone of prohibited flights.

Keywords: unmanned aerial vehicle, monitoring, agriculture, drones, preflight training, aerial
photography.
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Pegpepam. [llepoxosamocmv 8 NOOWUNHUKAX KAYeHUsi uepaem 6adxichyio poias. Ilosviuenue
HAO0eiCHOCMU mpywuxcs oemainel mexXHuKU — akmyanvras 3a0aya. B kauecmee 006000uHbIx onepayuii
UCNONB3YIOMCsL  (uUHUWUPOBaHUe, cynepuHuwuposanue u nanuneoganue. (Lleav uccredosanus)
Onpedenums @ruAHUe PATUYHBIX 81008 O0B000UHLIX ONepayull HA 00J208€YHOCHb U20TLYAMO20
nOOWUNHUKA KapoanHo2o wapHupa. (Mamepuanvl u memoowsr) Hcenoavsosanu ueonvuamele
noowunuuxu mooeau 1113 704702K (nomunanvhoil OuHamuveckol epy3onodvemuocmu 160
Kuousviomon). 1Iposoounu ucnvlmanusi Ha UCHLIMAMENbHOU YCMAHOBKE NO YemblpeM CMAKAHaM U
WUNam NOOWUNHUKOS, BbINOIHEHHBIX U3 8bICOKOY2NePOOUCTIOU XPOMUCTOL NOOWUNHUKOBOU CMALU
20XBI'. Ilpusenu pesynrvmamvl 3amepa uiepoxosamocmuy 8 0CesoM HANPAsLeHuu wuna u padoue
HOBEPXHOCIU NOOWUNHUKA, OCYWECMEIEHHO20 ¢ NOMOWbIO NEPEHOCHO20 NOJYASMOMAMULECKO20
npubopa Ons usmepenus wepoxosamocmu nogepxwocmu 11000 basic xknacca mounocmu 1.
(Pesynomamul u obcysicoenue) [lokazanu, umo no mepe ysenuyenusi wepoxosamocmu 00pON’CKU
KaueHusi CpoK CLyHcobl ROOWUNHUKA cHudicaemcst. Ommemunu pasHuyy 6 nosbleHUy memnepamypbol
HOOWUNHUKA 6 3ABUCUMOCIU ONl UEPOXOBAMOCMU NOBEPXHOCMU OOPONCKU KAYEHUsT U Memoodos
Qunuwuposanus. ¥ obpasya, no0gepeHymozo cynephuHUMUpOSAHUIo U 1anUHe08aHUIO, NOBbILUEHUE
memnepamypsl OKa3a10Ch HAUMEHbWUM U HAOMI00aNach MeHOeHYUsl K NOGbIULEHUIO TeMNePamypbl
NOOWUNHUKA N0 Mepe NOGbIUUEeHUs. NOBEPXHOCMHOU wepoxosamocmu. (Bvieoowt) Ycemanosunu, yumo
Uepoxo8amocms OOPONCKU KAUEHUs. UMeen MECHYIO CB513b CO CPOKOM CIYIHCObl, NPU YMEHbUUEHUU
wepoxoeamocmu  Cpox  cayacovl  yeeruuugaemcsi npumepno 6 1,8 pasa. Beiasuau, umo



cynepunumuposanue Uy 1anUH208aHUe WKYPKOU nocie QUHUWMUPOSAHU 00 ONpedeneHHou
wepoxosamocmu Hyax = 3 mukpomempa winugosanuem, bonee sgpgpekmusro, uem oopabomra posHoii
nogepxHoCmu  MoAbKo  uwinugosanuem. Onpedenuny, uymo npu YMeHbUIEHUU NOBEPXHOCTHHOIL
WEPoXo8amocmu 00POACKU KAYEHUSL CHUNCAECS. MeMNepamypa noowunHuxd.

Kntouesvie cnoea: Quuuwinas onepayusi ONOpHviX NOGEpPXHOCMEU, CynepQuHuwHas onepayus
ONOPHBIX NOBEPXHOCMEU, NPUMUPOUHAS ONePAYUs ONOPHBIX NOBEPXHOCMEL].

AOna uuTtupoBaHusa: banyyros E.B. BnusHue @uHMWHON 06paboTkm Ha Ccpok cnyxbbl nopwwunHuka //
AnekmpomexHonoeauu u anekmpoobopydosaHue 8 AlK. 2020. T. 67. N1(38). C. 99-103. DOI 10.22314/2658-4859-
2020-67-1-99-103.

The Influence of Finish Treatment on the Service Life of the Bearing

Evgeniy V. Balchugov,
postgraduate, jon88(@yandex.ru

Krasnoyarsk State Agrarian University, Krasnoyarsk, Russian Federation

Abstract. Roughness in rolling bearings plays a very important role. Improving the reliability of rubbing
parts of equipment is an urgent task. Finishing, superfinishing and laping were used as finishing
operations. (Research purpose) The research purpose is in investigating the effect of various finishing
operations on the durability of the needle bearing of the cardan joint. (Materials and methods) Needle
bearings of the GPP 704702K model (with a nominal dynamic load capacity of 160 kilonewtons) were
studied. Tests were carried out on a test rig for four cups and spikes of bearings made of 20KhVG high-
carbon chromium bearing steel. The article presents the results of measuring the roughness in the axial
direction of the spike and the working surface of the bearing, carried out using a T1000 Basic portable
semi-automatic device for measuring surface roughness of first accuracy class. (Results and discussion)
As the roughness of the raceway increases, the bearing life decreases. It has been noted a difference in
the increasing bearing temperature depending on the roughness of the raceway surface and finishing
methods. The sample subjected to superfinishing or laping had the smallest temperature increase and
there was a tendency to increase the bearing temperature as the surface roughness increased.
(Conclusions) The roughness of the raceway has a close relationship with the service life, with a
decrease in roughness, the service life increases by about 1.8 times. It was found that superfinishing or
lapping with a sand paper after finishing to a certain roughness nmach = 3 micrometers by grinding is
more effective than processing a smooth surface by grinding alone. It was found that when the surface
roughness of the raceway decreases, the bearing temperature decreases.

Keywords: finishing operation of support surfaces, superfinish operation of support surfaces, lapping
operation of support surfaces.
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Peghepam. BreOpeHue memooos ceoespemMeHHOU OUazHOCMUKY O08ueameinell 8HYMpeHHe20 C2OpaHUsl
n0360J5em NO00EPICUBAMNb IKOIOSUYECKUEe NOKA3AMENU a8MOMOOUTLHOZ0 NAPKA HA MAKCUMATLHO
svicokom yposne. (Lenv uccnedosanus) Ilogvicums 00cmosepHOCMb OUAZHOCMUPOBAHUA 08Uuzamenell
BHYMPEHHE20 C2OPaHUsl NYymeM UCHONb308AHUS OAHHBIX, NOJYYEHHBIX NPU CENeKMUBHOM Memooe
ombopa npobvl ompabomaswiux 2azos. (Mamepuanvt u memoowt) Ipumenunu ungopmayuonuovie,
mMamemamuyeckue U IKCHEPUMEHMANbHble — MemOoObl  UCCIe008aAHUL,  GKIIOUAS — MemoObl
cmamucmuyeckoll 06pabomxku pe3yibmamos U aAHaniu3a OAHHBIX, NONYUEHHLIX 8 X00e Npo8edeHus
akcnepumenmos. (Pezynomamer u obcyscoenue) Onpedenunu OCHOGHbIE CUCHEMbI, GIUAIOWUE HA
9KoN02UYECKUe NoKazamenu 0gueamenel 6HympeHHe20 C2OPanUs: CUCmeMa nooadu Moniued, Cucmema
sadcueanus,  cucmema — Heumpanusayuu — ompabomasuux — 2azos.  Cosoanu  0600weHHYIO
MamemMamuyeckylo Mooeib Olsi  pacyema Xapakmepucmuk —ompabomaswux 2azo8. Ilposenu
IKCHILyamayuoHHble UCRbIMmanus Ha 35 06uzamensx GHYMPEHHe20 C2OpAHUs ¢ 0OOCHOBAHUEM UX
YUCTEHHOCMU — CO2NACHO — CMAHOapmHbiM — Memooukam. IIpeobpazoeanu  peaivhvie 3HaueHue
OUASHOCMUYECKUX ~NAPAMEmMpPO8 6 OMHOCUMENbHble NPOYEHMHble GeaUdUnbl Ol  HOIYYeHUs.
HOMO2pamMMbl. B3sinu Hynesoe snavenue npu SMaioHHOM COCIMOSHUL INEMEHMO8, YKA3AHHOM 346000M
useomosumenem. (Bvigoovl) Ycmawnosunu, umo Oomunupyoujee uucio Omrazo8 APUXoOUmcsi Hd
oguzamenu GHYMPEHHE20 C2OPanusl: cucmema 3asxcueanus — 15-25 npoyenmos, cucmema numarnus —
30-44 npoyenmos, cucmema svinycka — 10-15 npoyenmos. Koncmamupoeanu, ymo 051 0OHO3HAYHOU
uoeHmupurayuu 000U KOMOUHAyUU Gaxmopos HeodX00UMO UMEMb BLIXOOHbLE 3HAYEHUST MUHUMYM
mpex OyeHOUHbIX Kpumepues. Buvlsigunu, umo Haubonee 4yecmeUumenbHbIMU NAPAMEempamy OYeHKU
MEXHUYECKO20 COCMOSIHUSL MPEX CUCMEM CIYIHCAM. U3MEHEHUe YaCHOombl 8PAUeHUsl KOLEHYAMO20 8dld
dgueamens, napamempsi mokcuunocmu ompadomaswiux eazoe — CO, CO,, CH, O> npu obecneuenuu
Mecmosvix pexicumos (paboma Ogucamens euympennezo ceopanusi na 1 yuarunope npu 20 u 40
npoYeHmax Omkpulmusi OPOCCENbHOU 3aCcionKy). Paspabomanu 0ns peanuzayuu OUaeHOCMUYECKUX
PEdCUMOB U KOHMPOIST OUACHOCMUYECKUX NAPAMempos 002pyicament 0eH3UH08020 O8uzamers,
nosgonsiowuti ¢ moynocmoio 0,1 npoyenma co30a6amv IKCHIYAMAYUOHHBLE HAPY3KU.

Knwouesvle cnosa: Osucamenv GHYMPEHHE20 C2OPAHUS,  CUCTNEMA  3ANCUSAHUSL, — CUCHEMA
MONIUBONOOAYU, KAMATUMUYECKUL HEUMPATU3Amop, OUAHOCIMUKA.

Ana uutupoBaHus: [puueHko A.B., CanumoHenko [.H., Hasapos M.B. Paspabotka cnocoba TectoBoro
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Abstract. The introduction of methods for timely diagnostics of internal combustion engines allows
maintaining the environmental indicators of the car fleet at the highest level. (Research purpose) The
research purpose is in increasing the reliability of diagnostics of internal combustion engines by using
data obtained by selective sampling of exhaust gases. (Materials and methods) Informational,
mathematical and experimental research methods, including methods for statistical processing of
results and analysis of data obtained during experiments were used during the study. (Results and
discussion) The main systems that affect the environmental performance of internal combustion engines
has been identified: the fuel supply system, the ignition system and the exhaust gas neutralization
system. The article describes a generalized mathematical model for calculating the characteristics of
exhaust gases. Authors conducted operational tests on 35 internal combustion engines with justification
of their number according to standard methods. The actual value of diagnostic parameters was
processed into relative percentages for drawing a nomogram. A zero value has been set for the reference
state of the elements specified by the manufacturer. (Conclusions) It was found that the dominant
number of failures accounted for internal combustion engines, in detail: the ignition system produces
15-25 percent of failures, the power system produces 30-44 percent, the exhaust system produces 10-
15 percent. It was found that for unambiguous identification of any combination of factors, it is
necessary to have output values of at least three evaluation criteria. It was found that the most sensitive
parameters for evaluating the technical condition of the three systems are: changes in the engine
crankshaft speed, the parameters of exhaust gas toxicity, CO, CO2, CH, O2 when providing test modes
(operation of the internal combustion engine on 1 cylinder at 20 and 40 percent of the throttle opening).
The article describes designed a gasoline engine loader for the implementation of diagnostic modes and
control of diagnostic parameters, that allows to create operating loads with an accuracy of 0.1 percent.
Keywords: internal combustion engine, ignition system, fuel supply system, catalytic converter,
diagnostics.
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Peghepam. Ooun u3z ocHOBHLIX hakmopos, onpedensaouux CMotuKoCms Je38ULHbIX pado4Uux OpeaHo8
NPOMUB  NOBPENCOCHUSL 6 YCAOBUAX OUHAMUYECKUX HASPY30K, IMO UX CONPOMUBILEMOCHb
NIACMUYECKOMY CMAMUIO, XPYNKOMY WU YCMALOCMHOMY paspyuieruro. Teepovle cniasvi, KOmMopulmu
VIPOUHAIOM J1e36Usi noueoodpabamulsaiowux oemaineil, Oojee XpynKue Mamepuanvl, Yem CMal,
NO3MOMY 3amynieHue ux KpOMoK 00YCl1081eHO 00pa308anHuemM Mpeujut, NOCMeNneHHbIM UX POCIMOM UlU
BLIKPAWUBAHUEM 0AJICE OM BO3MONCHO20 eOUHUYHO20 YOapa meepoo2o eKioueHus 6 nouse. Hapsoy ¢
OOBIYHBIM XPYNKUM pa3pyuieHuem meepobiX CNia8os 8 YCI08UaX YUKIUYECKUX YOAPHBIX 8030elicmaeull
npoucxooum  paspyuieHue — ycmaiocmuozo — xapaxmepa. (Llenv  uccrneooeanus) — Bwissumo
3AKOHOMEPHOCMb PA3PYULeHUS KPOMKU 1e38Usl NOYBOPENCYUUX Oemdaell 1eCOX035UCNEEHHbIX MAUUH
u meopemuyecku 000CHOBAMb ANCOPUMM OYEHKU NPOYHOCMU C Yelbio OnpedeieHusi payuoHaibHOl
MOWUHBL USHOCOCHOUKO020 NOKpbImus npu ynpounenuu. (Mamepuanvt u memoowt) Ilpugenu ocnognblie
3aKOHOMEPHOCIU BNIUAHUSL CBOUCME MAMEPUANA U 2eOMEMPULECKUX NAPAMEMPO8 Ne38Usl HA PAOUYC
saxpyenenus. (Pesynomamuvl u obcyscoenue) Hcecnedosanu npoyecc paspyuieHuss KPOMKU J1e36Us
VIPOUHEHHbIX pAbOuUX 0p2anog Jecoxosstcmeenuvix mawun. ObocHoganu ymeepoicoenue, yYmo
3amynJieHue Jie368ull 21A8HbLIM 00PA30M CBA3AHO C e20 paspyulenuem, a He ¢ usnocom. Paspabomanu
MEMOOUKY — OYEHKU  NPOYHOCHU  OUMEMANIUYecKux — JNe36Ull  NOYGOpedcywux  Oemanei
JIeCOXO3AUCMEEHHbIX MAWUH. Boulacnunu, umo 3amynienue 1e36us HPOUCXOOUmM 8 pe3yibmame
KPOMOUHO20 pa3pyuweHuss 8 npoyecce MHO2OKPAMHBIX YOAPHLIX B030eliCmEUll mMeepobiX BKIIOYEHUL
nousvl nNo Kpomke ne3gus. (Bvigoowt) llokazanu, umo paspyuieHue KpOMKU Ne36Us NpUsooum K
3AMYNIEHUI0 NOYBOPENCYWUX Oemdaell, YMmo CKA3bI8Aemcs Ha UX pabomocnocobnocmu. Yemanosuiu,
YUMo  OCMpoma  CAMO3AMAYUBAIOU|e20Cs  YNPOYHEHHO20  J1e36Usl  ONpeoeisemcs  MOAUUHOU
apmupyroue2o ciost u e20 CHOCOOHOCMbIO CONPOMUBTAMBCS PAPYUEHUIO NPU YOAPHBIX 6030€UCMEUSX.
Knrouesvle cnosa: nousopedcywee nesgue, paspywienue, yoapras RPOYHOCMb, OUHAMUYECKUE
Hazpy3Ku.
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Abstract. One of the main factors that determine the resistance of blade working bodies against damage
under dynamic loads is their resistance to plastic crumpling, brittle or fatigue failure. Hard alloys that
strengthen the blades of tillage parts are more brittle materials than steel, so the blunting of their edges



is caused by the formation of cracks, their gradual growth or microchipping, even from a possible single
impact of a solid inclusion in the soil. In addition to the usual brittle fracture of hard alloys, fatigue
failure occurs under cyclic impact conditions. (Research purpose) The research purpose is in
identifying the pattern of destruction of the blade edge of soil-cutting parts of forestry machines and
theoretically justifying the algorithm for assessing the strength to determine the rational thickness of
the wear-resistant coating during hardening. (Materials and methods) The article presents the main
regularities of the influence of material properties and geometric parameters of the blade on the radius
of rounding. (Results and discussion) The process of breaking the edge of the blade of hardened working
bodies of forestry machines has been studied. The claim that the blunting of the blades is mainly due to
its destruction and not to wear has been proved. The article presents a method for evaluating the
strength of bimetallic blades of soil-cutting parts of forestry machines. It was found that the blunting of
the blade occurs as a result of edge destruction in the process of multiple impacts of solid soil inclusions
along the edge of the blade. (Conclusions) The article shows that the destruction of the edge of the blade
leads to blunting of soil-cutting parts, which affects their performance. It was found that the sharpness
of a self-sharpening hardened blade is determined by the thickness of the reinforcing layer and its ability
to resist destruction under impact.

Keywords: soil cutting blade, destruction, impact strength, dynamic loads.
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Pegpepam. Hccrneoosanu usnoc 06pasyos 1e36uti nousopexcywux demaneti Ha 1a00pamopHoM CmeHoe,
N0360AI0UeM MOOeTUPOBAms YCA08Usl, OIU3KUe K pedaibHol nouseHHou cpede. (Llenv uccredosanus)
Oyenums 803MOACHOCHb MOOETUPOBANUSA USHAWUBAHUA 00PA3YO8 8 KPY20BOM NOUEEHHOM CmeHOe U
uccnedosamy  GIUAHUE KOHCMPYKMUBHBIX U MEMALI08edyeckux napamempos oopasyos-mooeneil
NOYBOPENCYWUX N1e36Ull HA UHMEHCUBHOCMb UX usHawueanus. (Mamepuanvt u memoowt) Ilposenu
UCCIeO08AHUA C UCNONLI0BAHUCM NOYBEHHOU MACCH, BKII0OYAIOUWell K8apyesblll NecokK, YeladiCHeHHYIO
enuHy u webenv. (Pesynemamer u obcysicoenue) Ycemanoeunu, umo ¢ ygeruueHuem meepoocmu
OCHO6HO20 Mamepuana (CMmanu) CHUNCAemcsa paziudue 8 UHIMEHCUBHOCTU USHAUWUBAHUS MeXHCOy
Haubonee U HauMeHee HAZPYICEHHbIMU OMOENbHbLIMU 30HAMU pabouux Odemanel. Bviasuiu, umo c
yeenuueHuem meepoocmu cmanu 651" om 20 0o 40 eounuy no wixane Poxeenna uznoc 6 naubonee u
HauMeHee HA2PYIHCEHHBIX 30HAX COCMABUN COOMBEMCMEEHHO 7,5 U 5,5 MUnIumMempa, mo echv CHU3UICA

na 13,5 npoyenma. Onpedenunu, umo y@eiuyeHue mMOMUUHbI MEEPO020 CNIABA CNOCOOCMEYem



CONUDICEHUIO  PABTUYUST MEHCOY USHOCOM MAKCUMAILHO U MUHUMAILHO HASPYHCEHHBIMU 30HAMU.
Buisacnunu, umo npu monwune naniasku 8 0Our muiiumemp cmanu 651, saxanennoii 0o 40 edunuy no
Poxsenny, paszmuuue 6 usznoce coomsemcmsyowux 30n cocmasuio 4,0 u 4,4 munnumempa (1,10
npoyenma), a npu moawure Haniasku 2,5 munnumempa — 3,5 u 3,7 munnumempa (1,057 npoyernma).
(Bbi6o0bt) Jlokazanu, wmo ¢ NOGbIUUEHUEM MBEPOOCMU OCHOBHO20 Mamepuala U yeeiudeHuem
MONWUHBL HANAABKY NPOUCXOOUM COUIICEHUe SHAYEHUL USHOCA 8 30HAX HAUOOILUUX U HAUMEHbULUX
HA2PY30K BCIe0CmBUe POCMa CONPOMUGIEHUSI MeHee HASPYNCEHHOU 30Hbl N0 CPAGHEHUI0 ¢ 0Oojlee
HA2PYHCEHHOU, NPU NOCTNOSAHCMEE CEOLCME ADPA3UBHOU CPeObL.

Knrouesvie cnosa: nousoobpabomra, nousopedicywee je3gue, iemex, U3HOCOCMOUKOCMb padouux
0p2eaHo08, YnpouHeHue NIa3MeHHOU HanlasKoll, abpa3ueHoe USHAWUBAHUe, YNPOUHAOUee HOKpbImUe.
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Abstract. The authors studied the wear of soil-cutting parts blades samples on a laboratory bench,

which allowed simulating conditions close to real soil environment. (Research purpose) To evaluate the
possibility of the samples wear modeling in a circular soil bench and to study the structural and
metallurgical parameters influence of soil-cutting blades model samples on the intensity of their wear.
(Materials and methods) The authors conducted research using soil mass, including quartz sand,
moistened clay and crushed stone. (Results and discussion) It was found that with an increase in the
base material (steel) hardness, the difference in wear rate between the most and least loaded working
parts individual zones decreased. With an increase in the hardness of steel 65G from 20 to 40 units on
the Rockwell scale, wear in the most and least loaded zones amounted to 7.5 and 5.5 millimeters,
respectively, so it decreased by 13.5 percent. It was determined that an increase in the thickness of the
hard alloy promoted the difference approximation between the wear of the maximum and minimum
loaded zones. With a thickness of one-millimeter 65G steel, hardened to 40 Rockwell units, the
difference in a wear of the respective zones was 4.0 and 4.4 millimeters (1.10 percent), and with a
surfacing thickness of 2.5 millimeters — it was 3.5 and 3.7 millimeters (1.057 percent). (Conclusions)
The authors proved that with an increase in the base material hardness and an increase in the surfacing
thickness, the values of a wear in the zones of the highest and lowest loads came closer due to an
increase in the resistance of the less loaded zone compared to the more loaded zone, with the properties
of the forming medium being constant.

Keywords: tillage, soil-cutting blade, ploughshare, wear resistance of working bodies, plasma
surfacing hardening, abrasive wear, hardening coating.
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Pegpepam. Jlemex nougsoobpabamuieaiowezo opyous Oelcmeyem HA NOY8Y AHALOSUYHO KIAUH)-
poixaumento. Omo Hauboiee HAPYl’CeHHAs U Oblcmpo usHawusaemas Oemans. Jlesgue Kiuna-
poiXaumens npu  usHoce 00bIYHO ObICMPO 3AMYNIAEMCs, € MbLIbHOU CMOPOHLL 00pazyemcs
samvliounas acka. Ona cozdaem OONOTHUMENbHOE MS2080€ CONPOMUBTEHUE, NPEenImCmeyem
6HeOpeHUI0 N1e36Usl 6 06pabamvleaemyio cpedy, CHUNICAem nPpou3800UmelbHOCb U Ka4ecmso pabomol
semnedenvueckozo opyous. (Lenv uccreoosanus) Onpedenums 6IuUAHUE Y2Ad HAKIOHA 3AMbLIOYHOU
Gacku kruna-peixaumens: 6 unmepeaie 5-25 2padycos Ha XapakmepucmuKu pasHoo0eticmayioweli Cutbl
Hazpyoicenus. (Mamepuanvl u memoowt) [Iposenu nrabopamopvie UCHBIMAHUS IKCNEPUMEHMATLHBIX
00pa3Y06 KIUHA-PLIXIUMEIS], U32OMOBIEHHbIX C PA3HBIMU Y2laMu HAKIOHA 3aMbLIOYHbIX (DACOK Ha
MbUILHBIX CHIOPOHAX KPOMOK Je3sull. HMcnonb306anu ycmanosKy Oasi YCKOPEHHbIX UCHbIMAHULL
NOYBOpeNCYWUX Oemaineti U meH30uzMepumenbho2o obopyoosanusi. Ha ecex obpasyax ycmanoeunu
V20Jl HAKIOHA TUYeBOU NOBEPXHOCIU KIUHA-puIXAumens pasuwiil 30 epadycam. Mzmensiiu yenvl HakioHa
3amulIoYHoU packu om 5 00 25 epadycos. (Pesynomamol u obcyscoenue) Boisichunu, umo nepemena
Vena HaKIOHA 3AMbLIOYHOU (PACKU CONPOBOACOANACH USMEHEHUEM IHEPLEMUYECKUX NoKA3ameiell npu
€20 Osudicenul 8 necuanol cpede. Onpedenuniu, Ymo HUNCHUL CI0U NeCUaHol cpedbl 8 30He OeliCmausl
3ambLIOYHOU (PACKU He 8 NOTHOU Mepe 6MUHANCS 8 HUIICHUE CIOU, A NPU YEeIUdeHUU Y2nd HAKIOHA
3ambLIOYHOU PACKU YACMb NeCUAHO020 COSL C2PYIICUBANLACH Nepeod Jie3sueM U NONnaoduld Ha Juyesyio
HOBEPXHOCHb KIUHA-pblxaumens. (Bvleoodvl) Beiseunu, umo ¢ pocmom yena HAKIOHA 3AMbLIOYHOU
Gacku Ha KpomKe J1e36Usl YBETUUUBAETNCS. CONPOMUBTEHIE KIUHA-PLIXIUMENIS NPU NepeMewyeHul e2o 8
coinyuell cpede. YCmanogunu, 4mo 8 30He KOHMAKMA 3aAMbLIOYHOU (PACKU C HUNCHUMU CTOSMU
0b6pabamwieaemoll cpedbl Npu MAIbIX YeIax ee HaAKIOHA — 00 5 2padycos — nPoUCXooum CMsimue Cios,
a npu ygenuuenuu ya2aa 0o 25 epadyco8 Habnooaemcs OONOIHUMENbHOe CCPYICUBAHUE CPedbl nepeo
Jle36uUeM, Ymo nogvluiaen COnpomueienue pabodezo opeana u obwue 3Hepeo3ampamsl npoyecca
pabomel. [lokazanu, ¥mo 015t APAMO20 KIUHA-PLIXIUMEISL Y20 HAKIOHA 8eKMOpa pasHoOeticmsyioujen
cuel Kk 2opusonmanu ymenvuiaemces ¢ 20 0o 17 epadycos.

Kniouesvie cnosa: nousoodopabameisaiowue opyoust, KiuH-puliXaiumens, 3amullOYHAsA (acka, U3HOC
J1e36Utl paboyux Opeanos, YCKOPEeHHbLe UMUMAYUOHHbIE UCNBIMAHUSL, MEH30MEMPULECKUE 36EHbSL.
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Abstract. The tillage implement plowshare acts on the soil similarly to a wedge-ripper. This is the most
loaded and fast wearing part. The wedge-ripper blade when worn usually becomes dull quickly, and an
occipital chamfer is formed on the back side. It creates additional traction resistance, prevents the blade
introduction into the processed area, reduces the productivity and quality of agricultural implements
work. (Research purpose) To determine the occipital chamfer inclination angle influence of the wedge-
ripper in the range of 5-25 degrees on the resultant loading force characteristics. (Materials and
methods) The authors conducted laboratory tests of wedge-ripper experimental samples made with
different occipital chamfer inclination angle on the blades edges back sides. The authors used
installation for accelerated testing of soil-cutting parts and strain gauging equipment. On all samples,
the wedge-ripper front surface inclination was set to 30 degrees. They changed the occipital chamfer
inclination angle from 5 to 25 degrees. (Results and discussion). The authors found out that a change
in the occipital chamfer inclination angle was accompanied by a change in energy indices during its
movement in a sandy area. It was determined that the lower layer of the sandy area in the zone of the
occipital chamfer did not fully penetrate the lower layers, and with an increase in the occipital chamfer
inclination angle, a part of the sandy layer was unloaded in front of the blade and hit the wedge-ripper
front surface. (Conclusions) The authors found out that with an increase in the occipital chamfer
inclination angle at the blade edge, the wedge-ripper resistance increased when it was moved in a
granular area. It was found out that in the contact zone between the occipital chamfer and the lower
layers of the processed area at small inclination angles up to 5 degrees, the layer was crushed, and
when the angle was increased to 25 degrees, additional unloading of the area in front of the blade was
observed, which increased the working body resistance and the total energy consumption of the work
process. The authors showed that for a direct wedge-ripper, the vector inclination angle of the resultant
force to the horizontal decreased from 20 to 17 degrees.

Keywords: tillage implements, wedge-cultivator, occipital chamfer, working bodies blades wear,
accelerated simulation tests, strain gauge links.
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®DenepanbHbI HAyYHBIA IEHTp MUILEBbIX cucTeM uM. B.M. T'opbatosa PAH, Mocksa, Poccuiickas @enepauus

Pegpepam. Hayxoemxue cucmemvl NOOOEPIHCKU NPUHAMUSL DeUleHUll, OCHOBAHHble HA 3HAHUAX
9KCNEPmMos 8 001aCmU KOPMIECHUS JHCUBOMHBIX U CHIPO2O BbIGEPEHHbIIL MAMEMAMUYECKULl annapam,
0am B03MONCHOCHb NOBLICUMb NPOOYKIMUBHOCTNL  JHCUBOMHO20 U 0Oecneyums KauecmeeHHblll
HPOOYKM C 803MONCHOCBIO NPOCLEHCUBANUST MPOhonocutecKkoll yenu om noist 0o npunagka. (Lemw
uccreoosarnusi) Onpedenums MemooonocuuecKue nooxoovl O paspaboOmKu aieopummuiecKo2o u
HPOSPAMMHO20 0beCheueHUs OYEHKU U ONMUMUZAYUU PAYUOHA KOPMIEHUs Jcusomubix. (Mamepuanvl
u memoow) Cocmasunu cmpyKmypHO-napamMempuieckylo Mooeib KOPMAEHUs NPOOYKMUBHO20
HCUBOMHO20 8 6ule Kiemounou mampuysl. Omobpasunu 6ce MHO2000pasue CyUWecmeyIouux
U3BECMHBIX U HEU3BECMHBIX CBA3ell MeHcoy QaKkmopamu COCMOAHUS CENbCKOXO03AUCMBEHHO20
JHCUBOMHO20 U XAPAKMEPUCMUKAMU PAYUOHA KOPMAEHUS. YCmanogunu, 4mo npu (hopmuposaHuu
PAYUOHa KOPMIEHUSL HeOOXO0UMO OYEeHUBAMb CIMENeHb GUAHUSL HA NPOOYKMUBHOCIb He eOUHUYHBIX
UHOUBUOYANIbHLIX nOKA3amenell, a ux co8oKynHocmo. (Pezymbmamur u obcyscoenue) Paccmompenu
napamempuieckue ORUCAHUSA  CETbCKOXO3SUCMBEHHbIX — JICUBOMHBIX,  PAYUOHA KOPMAEHUS C
BbIOCIEHHBIMU  2PYRRAMU  nOKA3amenetl, xapakmepucmuk u ceoticms. Koncmamupoeanu, umo
napamempuieckoe OnUCaHue KOpMIeHUs cooepicum Habop napamempos ¢ yyemom ne menee 25
nokazameneti numamenvhocmu. Ilpedcmasunu mamemamuyeckuti annapam Oasi  OYEHKU U
onmumuzayuu payuona xopmuaenus. Onpedenunu, Hmo aA6MOMAmMuU3ayus npoyecca pacuema
CYMOYHO20 PAYUOHA HCUBOMHO20 NO3BOISIEIN USMEHAMb PAYUOHBL 8 3ABUCUMOCIIU O HATUYUSL KOPMOB
8 X035UCMEe U UX XUMUUECKO20 COCMABA 8 PedCUMe PednbHO20 8peMeHuU. Boiachunu, umo ysenuuenue
HPOOYKMUBHOCIU JHCUBOMHBIX U nmuybl Ha 30-50 npoyenmos 603MOACHO 3a cuem cOANAHCUPOBAHHO20
NOTHOYeHHO20 Kopmierus. (Beieoowt) [lokazanu cucmemmwiil n0OOX00 npu paspabomxe npoepammHo20o
obecneuenusi OYeHKU U ONMUMU3AYUU PAYUOHA KOPMIEHUSL JICUBOMHO20. Buiseunu, umo
KOMNbIOMEPHAsL CUCEMA 6 UHMEPAKMUSHOM PedCUMe NOMOJICem HAUMU ONMUMAIbHbIN 8APUAHM
PAYUOHA KOPMILEHUSL C YYEMOM MHO20PAKMOPHOCIU U OPAHUYEHU.

Knouesvie cnosa: yugpogvie mexnonozuu, cucmemvl NOOOEPIUCKU HPUHAMUA — peuteHul,
NPOOYKMUBHOCMb HCUBOTNHOZ0, NPOCLEHCUBAEMOCHIb.
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Abstract. High-tech decision support systems based on the knowledge of experts in the field of animal
feeding and a rigorous mathematical apparatus make it possible to increase the productivity of the
animals and provide a high-quality product with the ability to trace the trophological chain from the
field to the counter. (Research purpose) To identify methodological approaches for the development of
algorithmic support and software for assessment and optimizing the animals diet. (Materials and
Methods) The authors complied a structural-parametric model of a productive animal feeding in a cell
matrix form. They represented the whole variety of existing known and unknown relationships between
the factors of the farm animal state and the feeding ration characteristics. It was found that when forming
a feeding ration, it was necessary to assess the degree of influence on productivity of not individual
indicators, but its combination. (Results and discussion) The authors considered parametric descriptions
of farm animals; diet with selected groups of indicators, characteristics and properties. It was stated that
the parametric description of feeding contained a set of parameters taking into account at least 25
nutritional indicators. They presented a mathematical apparatus for evaluating and optimizing the
feeding ration. It was determined that the automation of the process of calculating the daily ration of an
animal allowed to change the diets depending on the availability of feed in the farm and their chemical
composition in real time. The authors found out that an increase in the productivity of animals and
poultry by 30-50 percent was possible due to balanced full-fledged feeding. (Conclusions) The authors
showed a systematic approach to the development of software for evaluating and optimizing the animal
feeding diet. It was revealed that a computer system in the online mode would help to find the best option
for a feeding ration, taking into account multifactor and limitations.

Keywords: digital technologies, decision support systems, animal productivity, traceability.
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Pegpepam. [[na onmumuzayuu  YposHs  UCNOAb308AHUA  MEXHOIOSUHECKUX — BO3MONCHOCMEl
CEeNbCKOXO3ANUCMBEHHBIX A2Pe2amos HeoOX00UMbl WUPOKAL AGMOMAMU3AYUSL NPOU3BOOCHIBEHHBIX
npoyeccos u pazeunmovle CUCMeMbl KOMIbIOMePHo20 ynpaesienus. (Llenv uccnedosanus) Paspabomamo
ANROPUMM PACNO3HABAHUSL KOOPOUHAM PACNOLO0NCEHUSL U CIMENEHb CREL0CU A200 3eMIAHUKU CAO0B01
6 PA3UYHBIX YCLOBUAX OCEEUWEHHOCIU U ONUCAMb MEXHOI0SUYECKULL NPOYECC UX YOOPKU 8 NOJIe8blX
VCIOBUSIX € NOMOWbIO POOOMUUPOBAHHO20 MAHUNYIAMOPA, YCMAHOBIEHHO20 HA CAMOXOOHOU
nramegopme. (Mamepuaner u memoost) Pazpabomanu camoxoouyro niamgopmy ¢ asmomamuieckum
MAHURYAMOPOM 0151 cOOpA YpodICass 3eMISHUKU CA0080U, BKIIOUAIOWYIO 6 ceOsl MAHUNYISAMOp C
wecmulo  cmenemsiMu  c800600bl, KOAKCUWIbHBIIL  3aX6am, Cepeonpugodst mg966r, Koumpoiiep
PCA9685, kamepy komnvromeprnozo 3penus Logitech HD C270, oononnamuwiii komnotiomep Raspberry
Pi 3 Model B+, naseprvie oamuuxu VL53L0X, pecynamop wnanpsocenuss SZBKO7 300W, numuii-
noaumepuwiti akkymyasmop Hubsan X4 Pro H109S. (Pesyremamot u o6cyscoenue) Co30anu Ha si3vike
npoepammuposanusi Python 3.7.2 ancopumm ynpasnenusi a8momMamudeckum MAHURYISIMOPOM,
srouaiowull 8 cebsi onepayuu no onpeoeienuro koopounam X u Y s1200vl, cmenenu ee 3penocmu, d
makoice no pacyemy paccmosHus 00 1200bl. Yemarnogunu, ymo 3¢ gekmusrHocms 0OHapyicerus 1200,
UX naowaou u epanuy ¢ nomowwio kamepsi u oudauomexu OpenCV npu oceewennocmu 300 nokcos
docmuzaem 94,6 npoyenma. Ilpu ysenuuenuu ckopocmu 08udicenusi pOOOMU3UPOSAHHOU NAAMPOPMbL
do 1,5 kunomempos 6 uac u oceewennocmu 300 n0KCco6 cpedHssi Naoujadb HAUOEHHBIX 5200
yMmeHvuunacy 00 95,1 keadpamuozo canmumempa, mo ecmv Ha 9 Npoyenmos, a NPu OCEEUWEHHOCMU
100 nroxcos smom nokazamensb cokpamuacsi Ha 36,4 npoyeHma no CPAGHEHUIO C PeanrbHOU NIOWAObIO
5200. (Bv16o0owl) O60CHO6GM MEXHONOUYECKUTI NPOYECC U pa3pabomany aizopumm YOOpKu 5200
3EMAAHUKU  CAOOBOU C NOMOWDIO POOOMUUPOBAHHO20 MAHURYISIMOPA, VYCMAHOBIEHHO20 HA
camoxooHoti niamopme. Jlokazanu, uymo YCio8usi OCBEUEHHOCU OKA3bIEAIOM CYUeCMBEHHOE
6lUsIHUE HA onpedefieHue NIoWaou, cpanuy U CReIOCmU 5200 3eMIAHUKU C NOMOWbIO KAMepbl
KOMNbIOMEPHO20 3PEHUSL.

Kniouesvie cnosa: manunyismop, pobomusuposanuas niamgopma, areopumm, KOMNbIOMEPHOe
3peHuUe, 3eMIHUKA CA008As], ABMOMAMU3AYUSL MEXHOLO2ULECKUX POYECCO8.

Ona uutupoBaHus: Xopt O.0., Kytbipes A.W., CmupHos W.I'., ®dununnos P.A., BepwuruH P.B. Paspabotka
anropuTMOB  CUCTEMbI  pPacro3HaBaHUS Aro4,  3eMMsSHUKUM  CafoBOM Mpu  poboTuampoBaHHOM cbope //
BnekmpomexHonoauu u anekmpoobopydosaHue e AlK. 2020. N1(38). C. 133-141. DOI 10.22314/2658-4859-2020-
67-1-133-141.
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Abstract. Technological capabilities of agricultural units cannot be optimally used without extensive
automation of production processes and the use of advanced computer control systems. (Research



purpose) To develop an algorithm for recognizing the coordinates of the location and ripeness of garden
strawberries in different lighting conditions and describe the technological process of its harvesting in
field conditions using a robotic actuator mounted on a self-propelled platform. (Materials and methods)
The authors have developed a self-propelled platform with an automatic actuator for harvesting garden
strawberry, which includes an actuator with six degrees of freedom, a co-axial gripper, mg966r servos,
a PCAY685 controller, a Logitech HD C270 computer vision camera, a single-board Raspberry Pi 3
Model B+ computer, VL53L0X laser sensors, a SZBK07 300W voltage regulator, a Hubsan X4 Pro
H109S Li-polymer battery. (Results and discussion) Using the Python programming language 3.7.2, the
authors have developed a control algorithm for the automatic actuator, including operations to
determine the X and Y coordinates of berries, their degree of maturity, as well as to calculate the
distance to berries. It has been found that the effectiveness of detecting berries, their area and
boundaries with a camera and the OpenCV library at the illumination of 300 Lux reaches 94.6
percent’s. With an increase in the robotic platform speed to 1.5 kilometre per hour and at the
illumination of 300 Lux, the average area of the recognized berries decreased by 9 percent’s to 95.1
square centimeter, at the illumination of 200 Lux, the area of recognized berries decreased by 17.8
percent’s to 88 square centimeter, and at the illumination of 100 Lux, the area of recognized berries
decreased by 36.4 percent’s to 76 square centimeter as compared to the real area of berries.
(Conclusions) The authors have provided rationale for the technological process and developed an
algorithm for harvesting garden strawberry using a robotic actuator mounted on a self-propelled
platform. It has been proved that lighting conditions have a significant impact on the determination of
the area, boundaries and ripeness of berries using a computer vision camera.

Keywords: actuator, robotic platform, algorithm, computer vision, garden strawberry, automation of
technological processes.
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Perpepam. 3H€p206‘6€p€‘9/€€1—1u€ - Heomvemiemas uacmo cmpamecuu paszeumus
CeNbCKOX035UCNBEHHBIX OPZLIHMSCZL;MIJ. 3nauumenvroe sHuMamHue ydeﬂﬂemc;z Modepﬁumuuu u
asmomamuzayuu MmexHoaiocu4ecKux npoyeccos Ha CeNbCKOXO3AUCMBEHHbIX npednpzmmwzx, umo
noseossem Yayduiums Kayecmeo pa60mbl u ymenbvuiumo cebecmoumocmnb 8blnyCK616M011 npodykuuu



Hanpaenenue, 6 romopom ocywecmensiemcss mooepuuzayus, — COKpaweHue nompeoieHus
INEKMPUUECKOll  DHEPSUU 3  CHem  YCOBEPULEHCMBOBAHUA — CUCEMbl  8000NO020MOBKU 8
arcugomnogooueckux kommaexcax. C yenvlo cOKpauwjeHus nOmpeOnreHus 21eKmpudeckol dHepeuu,
udyweii Ha Hacpes 600bl, UCNOALIVIOM HEMPAOUYUOHHbIE U 60300HOGIAEMble UCTHOUHUKU
9NeKMPUYecKoll dnepeuy, 0oun u3 Hux — conneunas snepeus. (Lenv uccneoosanus) Onpedenums
nomeHyuan nompeOneHus CoaHeuHou 3Hepeuu Ha meppumopuu Huoweeopoockoii obracmu u
B03MOICHOCIU ee NpUMeHenus 0Jis Ha2pe6d 00bl 8 HCUBOMHOBOOYECKUX KOMNILEKCAX, IKOHOMUYECKYIO
IPDEKMUBHOCL UCNONBb308AHUSL YCMPOUCBA O HA2Pe8d 600bl 3a CHem COMHEHYHOU SHEPIUU.
(Mamepuanvt u memoowvr) Hcnonvzoeanu ycogeputencmegoganuwiti anrcopumm Iluxcepa u Jlacno,
npumenennwviii ¢ npoekme NASA «Surface meteology and Energy», nosgonsrowuil paccuumams
ONMUMATLHBII Y20l HAKIOHA YCcmpolcmeéa Ons Haspeéa 600bl. (Pesynomamuvt u obcyscoenue)
CKOHCMPYUpo8anu Maxkem HCUBOMHOB00HECK020 KOMNIEKCA ¢ YCMAHOBLEHHbIM HA KPblide CONHEeUHbIM
6000HAZpesamenieM, 3auWUWEHHbLI NAMeHmoM Ha uzoopemenue Ne 2672656. s npoenosuposarnus
pe3yaivmamosg pabomvl  YCMAHOBKU 6 PEeNCUMAX HEONUCAHHBIX IKCNEPUMEHMATbHBIM  Nymem
paspabomanu mMamemMamuieckyio mooeiv. (Bvieoodvl) Bulsgunu onmumanibHylo MOWHOCHb pabombl
Yyupryisayuornozo  Hacoca. Cocmasunu  mMamemMamuyeckyilo  Mooenv  pabomsl  YCMpOUcmed,
NO360AIOULYIO NPOSHO3UPOBAMD HAZPES 800bl 8 OnpedeneHHblll nepuoo epemenu. Iposenu pacuemul no
SHepeemu4ecKol U IKOHOMUUECKOU 3PDEKMUBHOCIU NPUMEHEHUS COHEYHO20 6000HAZPe8amels,
HOAYYUNU IKOHOMUIO INEKMPU4ecKol snepeur okono 30 npoyenmos, 8 IKOHOMUUECKOM IKGUBATIEHME
35 npoyenmos.

Kntouesvie cnosa: coameunas 9SHepeus, Hazpeg 80O0bl,  DIEKMPUYECKULl  BOOOHAZPE8ameny,
AHCUBOMHOBOOUECKOE NOMEUEHUE.

Onsa untnpoBanma: AnekcaHgposa A.A., XXyxuH M.C., Oynenosa KO.M. MogepHu13aums cuctemMbl BOAONOATOTOBKM
Ha CEeNbCKOXO3AWCTBEHHbLIX MPEeanpusATUsIX 3a CYET BHEAPEHUSI CONHEYHOW 3Hepruun /I QnekmpomexHosoauu u
anekmpoobopydosaHue 8 AlK. 2020. T. 67. N1(38). C. 142-147. DOI 10.22314/2658-4859-2020-67-1-142-147.

Modernization of Water Treatment System at Agricultural Enterprises Due to
Introduction of Solar Energy
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Abstract. Energy saving today is an integral part of the development strategy of agricultural

organizations. Considerable attention is paid to the modernization and automation of technological
processes in agricultural enterprises, which can improve the quality of work and reduce the cost of
production. The direction of modernization is to reduce the consumption of electric energy by improving
the water treatment system in livestock complexes. (Research purpose) The research purpose is to
determine the potential of solar energy used in the Nizhny Novgorod region and to determine the
possibility of its use for water heating in livestock complexes and to consider the cost-effectiveness of
using a device to heat water through solar energy. (Materials and methods) Authors used an improved
algorithm of Pixer and Laszlo, applied in the NASA project «Surface meteorology and Energy», which
allows to calculate the optimal angle of inclination of the device for heating water. (Results and
discussion) Designed a mock-up of a livestock complex with a solar water heater installed on the roof,
protected by patent for invention No. 2672656. A mathematical model was designed experimentally to
predict the results of the plant operation in non-described modes. (Conclusions) The article reveales
the optimal capacity of the circulation pump. Authors have created a mathematical model of the device
that allows to predict the water heating in a certain period of time. The article presents the calculations



on the energy and economic efficiency of using a solar water heater. An electric energy saving of about
30 percent, in the economic equivalent of 35 percent.
Keywords: solar energy, water heating, electric water heater, livestock room.
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Pegpepam. [[ns ycxopenus npoyeccos OuUCMKU CMOUHBIX 600 8 A3POOHBIX YCIOBUAX U ONMUMUZAYUU
npoyeccos anaspobHoU nepepabomKy CmoKo8 6 MEMAHNMEHKAX UCTLONb3YION MEeXHOL02UU UMMOOULU3AYUY
MUKPOOPeAHU3ZMO8 U (hepMenmos Ha meepobix Hocumensix. Kepamuueckue Hocumenu Ha 0CHoOBe
AIOMOCUTUKAMO8 U OKCUOA ATIOMUHUSL — OOHU U3 NEPCREKMUBHBIX HOCUMeNel OUOMACCbL HEOP2AHUYECKOT
npupoowl. (Llenv uccnedosanus) Usyuums cmpykmypy nopucmslx Kepamuyeckux Hocumeinel OUOMaccol
05l aHA3POOHOT NepepabomKu OP2aHUYECKUX OMX0008 U OYEeHUMb NEPCHEeKMUBbl UX NPUMEHEHUS.
(Mamepuaner u memoowvr) Cybcmpamom 01 ana’spoodHO20 COPANCUBAHUS CIYHCUNA CMECH O0CAOKOG
NepeUYH020 U BMOPUYHO20 OMCHOUHUKOS CIMOYHBIX 600 JII06Epeykux OYUCMmHBIX COOPYICEHUIL.
Hcnonvzosanu komouxopm KpynHozo pozamozo ckoma K-65 0ns obechevenus nocmosHcmed cocmasa
opeanuyeckux —gewjecms 8 cybcmpamax 6 Kawecmge Kocyocmpama. [lpumenunu  memoo
HUsKomemnepamypHou adcopoyuu azoma bprouepa-Ommema-Tennepa 0na uccredosanus nopogoi
CMPYKMYpbl U YOeNbHOU NOBEPXHOCMU MBepOoblx HOcumenell Ha aHAIu3amope y0enbHOU No8epXHOCMU
Quntachrome Autosorb-1. (Pezynomamel u obcyscoenue) Onpedenunu OCHOGHblE XAPAKMEPUCHUKU
(yOenvHas nogepxHocms, 00beM MUKpPO- U Me30n0p, NPEeUMyUeCmeeHHbIl paouyc nop, 6000N0210UeHUe U
opyeue) WamMomHo20 NeHONe2KOBeCd U BbICOKONOPUCION KOPYHOOB0U Kepamuku. Buiseunu, umo
Kepamuyeckue MAamepuanvl ¢ PA36UmMoN  NOBEPXHOCMbIO U DNEKMPONPOGOOAWUL  MAMEpUa
obecneuusarom noguvluierue gvixooa buozaza na 3,8-3,9 npoyenmog ¢ pocmom cooepircanisl 6 Hem Memand
6 cpednem Ha 5 npoyenmos.  (Bvieoow) Pe3yibmamvl aHa’pobHO20 CcOpajicuganus NOKA3AIU
NONONCUMENbHOE GIUAHUE KAK NPOBOOSAWe20 Hocumens, Max U 6blCOKONOPUCHbIX KepaMU4ecKux
Mamepuanos Ha npoyecc aHadpooHol OUOKOHBEPCUU OPeAHUYEeCKUX 0OmMX0008 6 buoezas. Llerecoobpasno
pacuupums dKCNepUMeHmMAIbHble UCCAeO08AHUSL NO NPUMEHEHUIO NPOBOOSUe20 HOCUMENsS. C PA36UMOT
NOBEPXHOCMbBIO HA OCHOBE 8bICOKONOPUCHION KEPAMUKU.



Knroueevie cnosa: sxcuokue opeaHuvdeckue OmXO()bl, aHa3p06Haﬂ nepepa6oml<a, nopucmas Kkepamuka,
Hocumeilb 6u0MaCCbl, neHoKkepamuka, adeucmas Kkepamukd.
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anekmpoobopydosarue e AlK. 2020. T. 67. N1(38). C. 148-155. DOI 10.22314/2658-4859-2020-67-1-148-155.

Perspective Biomass Carrier for Anaerobic Processing Systems
of Organic Waste AIC
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Abstract. To speed up the wastewater treatment under aerobic conditions and to optimize the processes
of anaerobic wastewater treatment in digesters, immobilization technologies of microorganisms and
enzymes on solid carriers are used. Ceramic carriers based on aluminosilicates and alumina are one
of the promising inorganic biomass carriers. (Research purpose) To study the structure of porous
ceramic biomass carriers for anaerobic processing of organic waste and evaluate the prospects for
their use. (Materials and methods) The substrate for anaerobic digestion was a mixture of sediments of
the primary and secondary sewage sumps of the Lyubertsy treatment facilities. K-65 cattle feed was
used to ensure the constancy of the composition of organic substances in substrates as a cosubstrate.
The authors used the method of low-temperature nitrogen adsorption of Bruner-Emmett-Teller to study
the pore structure and specific surface of solid carriers on a specific surface analyzer Quntachrome
Autosorb-1. (Results and discussion) The main characteristics (specific surface, volume of micro- and
mesopores, predominant pore radius, water absorption and others) of chamotte foam lightweight and
highly porous corundum ceramics were determined. It was revealed that ceramic materials with a
developed surface and electrically conductive material provided an increase in biogas yield by 3.8-3.9
percent with an increase in methane content by an average of 5 percent. (Conclusions) The results of
anaerobic digestion showed a positive effect of both a conductive carrier and highly porous ceramic
materials on the process of anaerobic bioconversion of organic waste into biogas. It is advisable to
expand experimental studies on the use of a conductive carrier with a developed surface based on highly
porous ceramics.

Keywords: liquid organic waste, anaerobic processing, porous ceramics, biomass carrier, foam
ceramics, cellular ceramics.
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Pegpepam. Buocencoprvle mexHoI02UU — MEHCOUCYUNTUHAPHOE HANPAGILEHUE, C8A3AHHOE C PA3BUMUEM
buonocuyeckux U - UHMOOPMAYUOHHBIX — HAYK, OCHOBAHHOE HA  CO30AHUU  YCMPOUCME  C
OUOBLIYUCTUMENLHBIMY — KOMHNOHEHMAMU, — 00pa3yIoWuMy  HeUpoOHHble — cemegble  CIpPYKMYpbl,
npumensiemMvle makdxce O0aa udeHmugpuxkayuu scueomuwix. (Llenv uccnedosamusn) H3zyuume u
CMPYKMYpUposams  UHGOpMayuio no NPUMEHeHUl0 OUOCEHCOPHBIX YCMPOUCMSE U CUcmem 8
JHCUBOMHOBOOCTBE, ONPEVETUNb OZMONCHOCU NOCEOVIOUEe20 BHEOPEHUSI 8 OMPACIEBYIO NPAKMUKY
IPPEKMUBHBIX  UHIICEHEPHBIX — PEUeHULl  UHMEIEKMYANbHbIX 3a0a4  pAcno3Hasanus obpasos,
a0anmueHo20 YNPAasieHus NosedeHuem HCUGOMHbIX U npouux onepayuu. (Mamepuanvt u memoowt)
Hcnonvzosanu memoowvt coopa, uzyuenuss, CUCMemMamu3ayuu U aHaiu3a UHGoOpMayuu, noiy4eHHou us
nepedosoll  HAYYHOU  NPAKMUKY, IKCHEPMHbIX — OYEHOK, COCNAHHbIX 6 COOMBEMCMEUU  C
MEXHON02UHECKUMU — Pe2NAMEHMaMU  HAYYHO-MEXHUYECK020  (OHOA,  NAMEHMHO-TUYEHIUOHHBIX
UCMOYHUKOS8, — UHHOBAUUOHHLIX — paA3pabomox — 8e0ywux  Qupm-npouzeooumeneii  mexHuku u
000py008anus 01 uOeHmupuKayuu KpynHo2o po2amoz2o0 MsiacHoeo ckoma. (Pesynemamor u
obcyocoenue) Teopus u npakmuka OUOCEHCOPUKU 8 JHCUBOMHOB0OCMSBE, OCHOBAHHLIE HA
buoOMeOUYUHCKUX uccredosanusx, ooxazanu, ymo yucio 1,0 x el0 — 1,0 x el2 omoenvubix K1emok-
CeHCopo8 obpazyem cOANAHCUPOBAHKYIO PABOMOCHOCOOHYIO cucmemy OUOCEHCOPHO20 KOHMPOTs, d
8peMeHU UMNyabca HeupoHa (om 2 00 5 muaucekyHo) 00cmamouno Oas onpedenenus eabumyca
JHCUBOMHO20, CKOPOCMU €20 08UIICEHUS], meMnepamypel meid. Bozmooicno onpedensms ungopmayuio
0 QU3UONOZUYECKOM COCMOSHUU JICUBOMHO20. NONOBYIO OXOMY, YNUMAHHOCHb, MECHOHAXOICOeHUE
UNU  UOEHMUPUKAYUIO HCUBOMHO20, KAYECBO CHEPMONPOOYKYUU, IMOPUOHOS8,  OOCMOBEPHOCHIL
NPOUCXONCOeHUsL U Npoyue napamempuvl no evloerenuvim obpasyam JHK ¢ nomowwro «yMHbIxX»
JIA3EPHbIX U YILMPA36YKOGbIX OUOOAMYUKOE, KOMOpble nepedaiom 3mu OaHHble 8 «YMHble» YUNbL.
Ioxazanu, umo nunelinvlie GuoIO02UYECKUE NApamMempsbl 00beKmd, NOIYYeHHble NPU NOMOUWU CEHCOPHBIX
0amuuKos, MONCHO nepesecmu paciemHviM nymem 6 HeluHellHbie, ¢ OanbHeliuel meiemMempuieckou
nepedaueil uHgopmayuyu Ha OUOYUN IICUBOMHOZ0 U CMAYUOHAPHOE NPUHUMAIOWee NPOZPAMMHOE
yempoticmeo.  buogvluuciumenvuvie ycmpoucmea cnocoouvl paccuumvléams U KOHMPOIUPOBAMb
U3MEHeHUue 803PACHbIX NOKA3AMeNell HCUBOU MACCHL Y HCUBOMHBIX PAZTUUHBIX HOPOO 00 6-MeCAUHO20
803pacma ¢ NONPAsKoll HA UBMEHYUBOCMb NPU3HAKd. Ycemarnosunu, umo kodgguyuenm eapuayuu Cv
docmueaem 1,5-2,5 npoyenmos, a no mepe 83pocieHus sHcueomuoco yxce 15-18 npoyenmos u max
Odanee. (Bvisoowl) Pewenue umoicenepnvlx 3a0au 8 HCUBOMHOBOOCHBE C NOMOWDBIO OUOCEHCOPO8 U
0amuyuKo8 HOB020 NOKOAEHUS 3A6UCUM OM OUOXUMUYECKOU NPUPOObL INEMEHMA PACNO3HABANHUS (€20
aAneopumm 0eticmeusi MOJCHO paccuumams). buogvluuciumenvuvie yempoucmea cnocooubl He mobKo
NPUHUMAmMb, HO U PACCUUMbBIBAMb, A 21d6HOe, KOHMPOAUPOBAMs pA3HO0OpA3HbLlE napamempsl
arcugomuwlx.  Hcnonvsosanue — uMICEHEPHLIX — OUOCEHCOPHBIX — UHMEIEKMYAIbHbIX — CUCTEM U
HelpoKUbEepHemMUKU 8  JICUBOTNHOBOOCMBE PACWUPSIEN  803MOJICHOCIMU  OMPACHY, Oendem ux
npUBIEeKAmMenbHbIMU OISl NPOU3800UMeNs U Oaem HOAbUIOU IKOHOMUUECKUL dhgherm.

Kniouesvie cnosa: buocencopwl, pacnosnasanue oopazoe HCUGOMHbLIX, 0AMUUKU HOBO20 NOKOIEHUS,
«yMHbley Ououunsi, udenmuguxayus no JJHK.
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Abstract. Biosensor technologies is an interdisciplinary science related to the development of biological
and information sciences, based on the creation of devices with biocomputing components forming
neural network structures, also used for the identification of animals. (Research purpose) The aim of
the study is studying and structuring information on the use of biosensor devices and systems in
livestock, find the possibilities for subsequent introduction into industry’s practice through effective
engineering solutions of pattern recognition, adaptive management of animal behavior, etc. (Materials
and methods) We have used methods of collection, study, systematization, analysis of scientific
information obtained from livestock practices, expert assessments made in accordance with the
technological regulations of the scientific-and- technical funds, patent and license sources, innovative
developments of leading manufacturers of machinery and equipment for the beef cattle identification.
(Results and discussion) Theory and practice of biosensor science in animal-based biomedical research
proved that a balanced, workable system of biosensor control reaches the value of 1,0 e10— 1,0 el2 of
individual cells-sensors. The pulse time of the neuron of 2-5 milliseconds is enough for evaluation of
the animal’s habitus, as well as speed of movement, body temperature. It is possible to determine
information about the physiological condition of the animal: rut, fatness, location or identity of animal,
quality of sperm, embryos, authenticity of origin and other parameters on selected DNA samples by
using smart laser and ultrasonic biosensors that transmit these data to smart chips. The article shows
that the linear biological parameters of the object obtained with the sensors can be converted by
calculation into nonlinear ones, with further telemetry transmission of information to the animal’s
biochip and stationary receiving software device. Biocalculation devices are able to calculate and
control the change in live weight of animals of different breeds up to 6 months of age, adjusted for the
variability of the trait. It was found that the coefficient of variation Cv reaches 1.5-2.5 percent, and as
the animal grows, it reaches of 15-18 percent. (Conclusion) The solution of engineering problems in
animal husbandry with the help of biosensors and sensors of a new generation depends on the
biochemical nature of the recognition element (its action algorithm can be calculated). Biocomputing
devices are capable not only to accept, but also to count and to control various parameters of animals.
The use of engineering biosensor intelligent systems and neurocybernetic in animal husbandry expands
the possibilities of the industry, makes them attractive to the manufacturer and gives a great economic
effect.

Keywords: biosensorics, animal image recognition, new generation biosensors, smart biochips, DNA
identification.
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