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Pegpepam. [lna nonyuenus MONOKA BbICOKO20 KAYecmed CUCMEMAMUYECKU NpPOGOOUMCA €20 aHAIu3 Ha
MONIOUHOMOBAPHBIX hepmax, dma UHOOPMAYUs UCHONLIYEeMCa NPU YRPAeIeHuU RPOUu3e00CmMEoM, OUASHOCIUKU
3a0051e6aHUll U KOPPEKMUPOBKU PAYUOHOE KOPMAEHUS JcUu6omHbIX. Texnuueckue peuieHus 3KCnp ecc-aHanu3amopos
MONOKa pabomaiom Kax usmepumenvHvie npudopuvl, NO380NA0UWUE NOIYHUMb PaKkmuyecKue Oannvle no Kaxcooll
npobe nymem cbopa ceéedenuii Nocpedcmeom 0amuuxos. Ipumensaiomes npubopvl aHaIu3a MOJIOKA, OCHOBAHHbIE HA
ONMUYECKUX Memooax (NO8epXHOCMHbIN NIASMOHHBIU PEe30HANC, KONOpUMEmpUs, Quyopecyenyus, pamaHoscKas
cnekmpockonus u opyeue). Pazpaboman memoo ¢homonomunecyenmnozo ananusa Moaiokd ¢ NOMOWbIO c8emo- U
domooduoodos. (Lenv uccaedosanus) Onmumuzupogams pacnonodiCeHue UCHOYHUKA U NPUEMHUKA U3TY4eHUs, d
MaKoice BpeMeHHbIX Napamempos pabomol CmeHoa 0Ji POMOaOMUHECYEHMHOU OUASHOCMUKU Moloka. (Mamepuanet
u memoowt) I[lokaszanu, umo ucciedyemvlii CHMEHO BKIIOYAEM B0CeMb C8emoou0d08 U yemvipe Gomoouooa 6
ceemonenponuyaemom kopnyce. Mcnonvzosanu 6 kawecmse 06vexma usmepenuti Moioko azpogupmul « Muuypunoy,
umerowe2o JHcupHocms 2,5 npoyenma; obvem npodvl coomeemcmeosan obvemy Krogemvi 13-15 munnunumpos.
(Pezynomamur u obcysxcoenue) Ilposenu 01 onmumusayuu pabomsl 1aOOPAMOPHOSO CMEHOA €20 HACMPOUKY,
BKNIOUAIOWYIO De2YIUPOGAHUE GbICOMbL UCMOYHUKOE U NPUEMHUKOG UBNYYEHUs OMHOCUMENbHO U3MEPAEMO20
00veKkma, noobop ONUMENbHOCMU UMRYILCA CEEMOOU00d 0Nl B030VHCOCHUS UCCedYeMO20 MOA0KA, HO0O0p
3a0epoHcKU  BKIIOUEHUs  omoouoda Ona peaucmpayuu JoMuHecyeHyuu monoxa. Ilpeocmasunu Kpumepuu
ONMUMU3AYUY — MUHUMATILHBII TMEMHOB0U CUSHAI, MUHUMANBHYIO NOSPEUWHOCTIb ONpeoeleHUsi NOMOKA U3LYUeHUs,
MUHUMANbHOE 6peMs uzmepeHus. (Boieoowvr) Onpedenunu, umo ORMUMANbHOE PACCMOAHUE MeHCOY UCTHOYHUKAMU,
NPUEMHUKAMU UBTYYEHUs U USMEPAEMbIMU 0DbeKmamu cocmaegisem Ol c8emoouodos 4,5 canmumempos, O
¢domoouodos 2,3 cammumempa. Ycmawosunu, umo OnmuMdanbHAs ONUMENbHOCHb UMNYIbcad paeHsemces 19
MUKDOCEKYHOaM, 01a200aps uemy yoanocb MUHUMUSUPOBAMb NAPASUMHBINL MeMHO80U cuenal. Buviseunu, umo
ONMUMANbHAA 3A0ePIHCcKa neped 8KIYeHueM Gomoouoda cocmagnsem 1 MUKpoceKyHOy.
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Abstract. To obtain high-quality milk, its analysis is systematically carried out on dairy farms, this information is
used in production management, disease diagnosis and adjustment of animal feeding diets. Technical solutions of
express milk analyzers work as measuring instruments that allow obtaining actual data on each sample by collecting
information through sensors. Milk analysis devices based on optical methods (surface plasmon resonance,
colorimetry, fluorescence, Raman spectroscopy and others) are used. A method of photoluminescent analysis of milk
using light and photodiodes has been developed. (Research purpose) The research purpose is optimization of the
location of the radiation source and receiver, as well as the time parameters of the stand for photoluminescent
diagnostics of milk. (Materials and methods) It was shown that the test bench includes eight LEDs and four
photodiodes in a light-tight enclosure. The milk of the Michurino agrofirm, having a fat content of 2.5 percent, was
used as an object of measurement; the sample volume corresponded to the cuvette volume of 13-15 milliliters. (Results
and discussion) In order to optimize the operation of the laboratory stand, its adjustment was carried out, including
adjusting the height of radiation sources and receivers relative to the measured object, selecting the pulse duration
of the LED to excite the milk under study, selecting the turn-on delay of the photodiode to register the luminescence
of milk. Optimization criteria were. the minimum dark signal, the minimum error in determining the radiation flux,
and the minimum measurement time. (Conclusions) It was determined that the optimal distance between radiation
sources, receivers and measured objects is 4.5 centimeters for LEDs and 2.3 centimeters for photodiodes. It was found
that the optimal pulse duration is 19 microseconds, thanks to which it was possible to minimize the parasitic dark
signal. It was found that the optimal delay before switching on the photodiode is 1 microsecond.

Keywords: LEDs, photodiodes, optimization, luminescence, mathematical processing.
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Pecpepam. Pazpabomxra 3¢ppekmugnuix pescumos pabomul 3epHOCYUUILHO20 000PYO08aHUs Mpedyem CeCmOpOHHe20
yuema OuHamMuku Hazpesa, obwell 3¢pgexmusnocmu pabomel 0GHHO20 000PYO0BAHUS NO CKOPOCHU 1A20YO0ANeHUs,
IHEP2OEMKOCHIU CYWIKU, BOZMOICHBIX HOMEPb NPU HEOOCMAMOYHOU NPOU3E0OUMEIbHOCTIU NPUMEHACMOU MEXHOI02UU
u ee Haoedchocmu. TIpugedenvl danuble aHAIU3A dHEP2eMUUecKoll 3P heKxmueHocmu 3epHOCYWUIbHO20 000PY00BAHS
DA3IUYHBIX KOHCIMPYKYUIL U NPOU3EOOUMETbHOCTU; NAMEHMHO20 HOUCKA CUCMEM YNPAGLeHUs 3ePHOCYUUTbHbIM
060py00saHueM, 8 MOM Hucie ¢ NPUMEHEeHUeM 3INeKMPODUIUYECKUX 6030€UCmeull U 6 MOOYIbHOM UCHOTHEHUU,

PaspabomanHvlil aneopumm 0Ji UCCIe008aHUS U paA3padOmMKU P OHEKMUBHBIX PeAHCUMO8 PAdOMbl 3ePHOCYULUTLHBIM



obopyoosanuem (n1abopamopuvie MoOUIbHBIE U NepeHocHwvle ycmanoeku). (Llenv uccredosanus) Obocnosamb
HeobxXoouMocmy  pazpabomku 000pyO008aHUs U YHPAGIEHUS 3ePHOCYUUTbHLIM 0b0opydosanuem. (Mamepuanvl u
Memoowt) [Ipedcmasunu pe3yibmamsl aHAIU3A IHEPLOEMKOCIU 3ePHOCYUUTLHO20 000PYO08AHUA, PACCUUMAHHbIE HA
OCHOBe 3A800CKUX U NACHOPMHLIX OAHHLIX PACCMOMPEHHBIX MoOeiell, d Makdxice pe3yibmamvl HAMEHMHbIX
ucciedosanuii  060pyoosanus 0N YNPAGIEHUs. 3EPHOCYUUTLHOU MEXHUKOU, NOoKA3aswiue NepcnekmugHoCcnb
paspabomox 6 danHom Hanpagienuu. (Pezynomamul u obcyscoenue) Ilposenu ananusz pabomvi 3epHOCYUUTLHOLO
0060py008aHUA PATUYHOU NPOU3BOOUMENLHOCTU U IHEP2OeMKOCIU npoyecca cywiku 3epua. Tlpugenu pesyivmamol
CPABHenUsi U AHATU3A CUCMeEM YAPAGIEHUs. 3ePHOCYWUTbHBIM 000py008aHUEM, 6 MOM Yucie ¢ HpUMeHeHUueM
anexmpouszuyeckux sozoeticmeui. Cosdan anrzopumm @GYHKYUOHUPOBAHUS CUCHIEMbl KOHMPONS U YNPAGIeHUs
IKCNEPUMEHMATLHOU  3ePHOCYWUNLHOU  YCMAHOBKOU Ol UCCIe008aHUSL U  pA3pabOmKU  pedxcumos pabomol
o0bopyoosanus. (Bvlgoowl) Ananus pe3yibmamos nAmMeHMHO20 MNOUCKA CUCHeEM YHPABIeHUs 3ePHOCYULUTbHbIM
000py008aHIeM BbIABUL HEOOCAMOK IHeP20IPPEeKMUBHBIX DPeHCUMO8 pabomvl 8 CYUWecCmyIUuUx MexHUUecKux
PpeuteHusax u noo0meepousl 8biCOKYIO 3HepeoeMKocms npoyecca cyuku — 3,6-7,0 meeadoxcoyneti. B ceéaszu ¢ smum cmana
AKMyanibHoU 3a0a4a COKPAujeHus >HepeonompeObieHuss 8 npoyecce CyWKU 3epHA 3d cuem paspabomxu HO8020
000py008aHUA U AN20PUMMOB €20 PAOOMbL.

Knroueevie cnosa: axmueHoe 6eHMUIUPOBAHUE, MUKPOBOIHO80E 6030elicmaue, annapamypa YnpasieHus,
anekmpogusuiecxkue 8030elicmaus, nocneybopounas obpabomka, PABHOMEPHOCHb obpabomxu,
OHEP20IPPekmusHOCmb, pedcum pabomol.
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Abstract. The development of effective modes of operation of grain drying equipment requires comprehensive
consideration of the dynamics of heating, the overall efficiency of this equipment in terms of moisture removal rate,
drying energy intensity, possible losses in case of insufficient productivity of the applied technology and its reliability.
The data of the analysis of the energy efficiency of grain drying equipment of various designs and performance; patent
search for grain drying equipment control systems, including those using electrophysical effects and in modular
design; developed algorithm for the study and development of effective modes of operation of grain drying equipment
(laboratory mobile and portable installations). (Research Purpose) The research purpose is substantiating the need
for equipment development and management of grain drying equipment. (Materials and methods) Presented the
results of the analysis of the energy intensity of grain drying equipment, calculated on the basis of factory and passport
data of the models considered, as well as the results of patent studies of equipment for controlling grain drying
equipment, which showed the prospects of developments in this direction. (Results and discussion) An analysis of the
operation of grain drying equipment of various capacities and energy intensity of the grain drying process was carried
out. The results of comparison and analysis of control systems of grain drying equipment, including those using
electrophysical influences, are presented. An algorithm for the functioning of the control system of an experimental
grain drying plant for the research and development of equipment operating modes has been created. (Conclusions)
Analysis of the results of the patent search for grain drying equipment control systems revealed a lack of energy—
efficient operating modes in existing technical solutions and confirmed the high energy intensity of the drying process
- 3.6-7.0 megajoules. In this regard, the task of reducing energy consumption in the process of drying grain through
the development of new equipment and algorithms for its operation has become urgent.



Keywords: active ventilation, microwave exposure, control equipment, electrophysical effects, post-harvest
processing, uniformity of processing, energy efficiency, operating mode.
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Pepepam. Cospemennoe pasgumue  acponpoMbIUIEHHO20 KOMNIEKCA CONPOBONCOAEMCs  BO3pACMAaloweli
nOMpPeOHOCMbI0 8 KOMNAKMHBIX U 8bICOKOMEXHOIOSUYHBIX YCIMPOUCMEAX OISl KOHMPOIUPYEMO20 BblPAUUBAHUSL
pacmenuil. Ilpu paspabomke HOGbIX MEXHUHECKUX peuleHUll O3HUKAem npobiema 0ObeKMUeHOU OYEHKU UX
pabomocnocoOHOCmU, NOCKOIbKY 6ANMCHA He MOIbKO CHOCOOHOCMb NO00epHCUBAms 3A0aHHble napamempbi
MUKDOKIUMAMA, HO U KOHEUHbL ASPOHOMUYECKUll pe3yibmam. AKmyanbHOCmb ucciedo8anusi 00yclogieHd
HeoOX00UMOCbIO NPOBEOeHUs. ONbIMHBIX UCNbIMAHULL, HOOMBEPIHCOAOUUX KAK pAbOmMOCNOCOOHOCHb OPUSUHATLHOU
KOHCIMPYKYUU MHOLONPOPUILHO20 KOMNAKMHO20 QUIMOMPOHA, MAK U €20 AZPOHOMUYECKYIO IP@DeKmusHoCcmy,
sbIpadiceHblx 6 uucnogulx  geauuunax.  (Llenv  uccneoosanus)  Ilomyyums  uuciemmnvie  nokazamenu
pabomocnocobrocmu pazpabomanHo2o umompona npu evipawusanuu Heboavwux pacmenuti. Ilocmaeunu 01
docmudicenus yeau 3a0aqu: paspabomams MemoOuKy nposedeHus Uccie008anus U GblNOIHUMb IKCNEPUMEHM C
nociedyrowel 00pabomxol U AHAIU3OM NOIYHUEHHLIX OaHublx. (Mamepuanvi u memoowv)) Hccredosanu
PaspabomaHtvlil. MHO2ONPOMUIbHBIN KOMINAKMHLIL QUIMOMPOH C  OPUSUHAILHOU KOHCMPYKYUEU Pa30eieHUs.
6030YUIHO20 00BEMA KAMEPDL HA 30HY HAZPE6A NOYEbL U 30HY pOCcma 3elleHu. Boibpau ¢ kauecmee svipawusaemuix
pacmeHnull Mukposeiensb amapanma osoujpoeo copma Kpenvuu (Amaranthus hypochondriacus L.) u pocmxu
nopmynaxka Kpynuoygeemkogozo copma Koponesckuii (Portulaca grandiflora). Ilpumenunu O0nsi cpagHeHus
MPAOUYUOHHBLE CXeMbl GbIPAUSUBAHUS 8 PACCAOHBIX 20PUIKAX C UCHOTIb308AHUEM (PUMONIAMN CUHE-KPACHO20 U 61020
cnekmpos.  OyeHunu a2pOHOMUYEcKyio dpekmusHocms no  MOpHOMempuyeckumM NOKA3AMensiM POCHKOS.
(Pesynomamul u 06cysicoenue) Bolnoinuiu skcnepumenmabHble uCcie008anus, KOmopbole GKA0YALU NAPALIELbHbLE
HedelbHble YUKIbL GbIpayueanuss 6 umompone u 6 00blunblx ycroeusx. Ilonyuunu 3uauenus co80KYRHOU
azpoHomuueckou appexmusnocmu. 213 npoyenmos O mukposenenu amapauma u 273 npoyenma 0jisi pOCMKO8
nopmynaxa. Ycmawosunu, umo mexHuueckue NnoKazamenu NpoOeMOHCIMPUPOBATU YCMOUYUBOe NOO0EPIHCAHUE
MEMNEPAMYPHLIX PENCUMO8 CO CMAMUYECKOU OWUOKOU U KOACOAHUAMU, He NPesbluaiowuMu +5 npoyenmos.
(Bbi600b1) Tloomeepounu npo6edeHHbIMU UCCIeO08AHUAMU ASPOHOMUYECKYIO IPHexmusHocms 1 npuemiemoe
Kauecmeo pezyiuposaniisi MUKPOKIUMAMA 6 pa3pabomanHom umompone, 4mo 060CHO8bI8AEn 803MONCHOCTD €20
npUMeHeHUst 05l blPAUSUSAHUS MATIO2ADAPUMHOU PACHMUMENbHOT NPOOYKYUL.

Knroueevie cnosa: gumompon, evipawusanue pacmeHuil, amapawm, HOPMYIAK, CO30AHUe MUKPOKIUMAMA,
YCKOpeHue pocma, Hazpes.
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Abstract. The modern development of the agro-industrial complex is accompanied by an increasing need for compact
and high-tech devices for controlled plant cultivation. When developing new technical solutions, the problem of an
objective assessment of their performance arises, since not only the ability to maintain the specified microclimate
parameters is important, but also the final agronomic result. The relevance of the study is due to the need to conduct
experimental tests confirming both the operability of the original design of the multi-purpose compact phytotron and
its agronomic efficiency, expressed in numerical values. (Research purpose) The research purpose is obtaining
numerical performance indicators of the developed phytotron when growing small plants. We set the following tasks
to achieve the goal: to develop a research methodology and perform an experiment with subsequent processing and
analysis of the data obtained. (Materials and methods) The developed multi-profile compact phytotron with an
original design of dividing the air volume of the chamber into a soil heating zone and a green growth zone was
investigated. The microgreens of amaranth of the vegetable variety Krepysh (Amaranthus hypochondriacus L.) and
purslane sprouts of the large-flowered Royal variety (Portulaca grandiflora) were chosen as cultivated plants.
Traditional schemes of growing in seedling pots using phytolamps of blue-red and white spectra were applied for
comparison. Agronomic efficiency was assessed by morphometric indicators of sprouts. (Results and discussion)
Experimental studies were performed, which included parallel weekly growing cycles in a phytotron and under
normal conditions. The values of total agronomic efficiency were obtained: 213 percent for amaranth microgreens
and 273 percent for purslane sprouts. It was established that the technical indicators demonstrated stable
maintenance of temperature conditions with static error and fluctuations not exceeding +5 percent. (Conclusions)
The conducted studies have confirmed the agronomic efficiency and acceptable quality of microclimate regulation in
the developed phytotron, which substantiates the possibility of its use for growing small-sized plant products.
Keywords: phytotron, plant cultivation, amaranth, purslane, microclimate creation, growth acceleration, heating.
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Pepepam. C yenvio obecneuenuss 31eKmMpoOCHAOICEHUs CENbCKUX nompebumenetl, NUMAeMbIX Om dIeKMPULeCcKUx
cemetl JHCene3HbIX Q0PO2, 80 BPEMsL PEIAMEHMHBIX PabON HA PelbCOBLIX NYMAX UMEEMCSL 603MONCHOCHIb NEPe8oId
mpancgopmamopnuvix noocmanyuti 25/0,4 kunosonvm cucmemsl «08a OONOIHUMENLHBIX NPOBOOA — PENLCY 8 PEIHCUM
C UCNONBb308AHUEM 3eMAU 8 KAuecmee (azHo20 NPOBOOHUKA BbICOKO20 HANpsdiceHus. Dmo mpedyem nepecmompa
MemoOuKU paciema 3azemisowezo yempoicmea makux noocmanyuil. (Llenv uccaiedosanus) Ycogepuwencmgosams
MEmOOUKy pacuema KOHMYpA 3d3eMAeHUs C Y4emom O0cobeHHocmell IKCHAYAMAayuu 31eKmpuyeckux cemet
JICENIE3HBIX O0pPO2 U pa3pabomams KOHCMPYKYUI0 KOHMypa 3azemienus mpaucgopmamopuuvix noocmanyuti 25/0,4
KULOBOILI CUCTNEMBL «08A OONOJHUMENLHBIX NPOB0JA — penvcy. (Mamepuanvl u memoowt) [Ipumenuiu oowenayynvle
MemoObl UCCIeA06aHUs, 0630 TUMEPAMYPHBIX UCMOYHUKOS8, MEMOObl pacyema 1 NPOEKMUpOBaAHUsL 3a3eMISTIOUUX
yempoticms.  (Pezyniomamul u  06cyscoenue) Ycosepuiencmeosanu Memoouxky paciema KOHMYpa 3a3emieHus



noocmanyuti 25/0,4 Kuno6o1bm, NUMAarOWux celbCKux nompeoumenei om 31eKmpudeckoll cemu Hceie3Hou 0opoau.
Ipeonosicunu 6 memoouke npu pacHemax NPUMEHsIMb IKGUGATICHMHOE YOeIbHOe CONPOMUBTIEHUE MHO2OCIOUHOT
3eMAU NONOCbl OMB0OA dcele3noi dopoau. Ilpedcmasunu mexnuyeckoe peuleHue Onsi U32OMOGLEHUS KOHMYpa
sazemnenusi noocmanyuu 25/0,4 Ku106016m ¢ UCNOIL308AHUEM 3EMIU 8 KAYECMEe (PAa3H020 NPOBOOHUKA 8bICOKO20
Hanpsicenust. (Bvigoow) Obochosanu mexnuyeckue u d1eKmpuyeckue napamempuvl npeodnazaemozo 3a3emMsionezo
yempoucmea noOCmanyuu, Komopule cmozym obecnedums Heodxo0uMblll pexcum pabomel noocmanyuu. Ilokazanu,
4mo npu pacieme CONPOMUBIEHUs. PACMEKAHUIO 3A3eMIAI0WE20 YCMPOUCMEA 3eMII0 HEODXOOUMO PACCMAMPUBATID
KaK MHO2OCNIOUHYIO CMPYKMYpy U 6 OdlbHelieM NpUMeHsmMb 9KEUBAIEHIMHOE YOelbHOe CONpOmusieHue
MHO2OCTOUHOU 3eMaU. Ycosepuencmeosanu MemoouKy paciema CRONCHbIX KOMOUHUPOBAHHLIX 3a3emMaumencii 3a
cuem UCnonb308a s 8 pacyeme 6oee MOYHBIX XAPAKMEPUCMUK 3eMIU.

Knrwouesvle cnosa: 3asemnawoiee yempoucmso, 31eKmpooe3onacHocms, «08a 0ONOIHUMENbHBIX NPOBOOd — Penbry,
YOelbHOe CONpomugieHue 3eMal, 9IKEUGAIEHMHOe YOelbHOe CONPOMUGIeHUe MHOLOCIOUHOU 3eMIu, pacyem
3A3eMAAI0UIe20 YCMPOUCMEA, BePMUKATbHBLU 3A3eMAUMENb, 20PU30HMATbHBIIL 3A3eMIUMETb.

Ona uutupoBanusa: Knpunnos C.B., BuHorpagoB A.B. Metoguka pacyeta 3asemrnsioLero yCTponucTBa TpaHCHOpMaTOpHOM
NMOACTaHUMU MUTaHUSA CENbCKOXO3SANCTBEHHbIX MOTpebutenen oOT ceTell xeneaHwbix popor /I 3nekmpomexHomoeuu U
anekmpoobopydosaHue 8 AlK. 2026. T. 73. N1. C. 25-34. DOI: 10.22314/2658-4859-2026-73-1-25-34. EDN: CMKJMR.
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Abstract. In order to provide power supply to rural consumers powered by electric grids of railways, during routine
maintenance on rail tracks, it is possible to transfer transformer substations of 25/0.4 kilovolts of the «two additional
wires — raily system to a mode using the earth as a high-voltage phase conductor. This requires a revision of the
methodology for calculating the grounding device of such substations. (Research purpose) The research purpose is
improving the methodology for calculating the grounding circuit, taking into account the specifics of the operation of
electric railway grids, and developing the design of the grounding circuit of transformer substations of 25/0.4 kilovolts
of the «two additional wires — raily system. (Materials and methods) Applied general scientific research methods, a
review of literature sources, methods of calculation and design of grounding devices. (Results and discussion) The
methodology for calculating the grounding circuit of the 25/0.4 kilovolt substation feeding rural consumers from the
railway power grid has been improved. It was proposed in the methodology to use the equivalent resistivity of the
multilayer earth of the side way of the railway in the calculations. A technical solution was presented for the
manufacture of a 25/0.4 kilovolt substation grounding circuit using earth as a high-voltage phase conductor.
(Conclusions) The technical and electrical parameters of the proposed grounding device of the substation were
substantiated, which will be able to provide the necessary operating mode of the substation. It has been shown that
when calculating the spreading resistance of the grounding device, the earth must be considered as a multilayer
structure and subsequently apply the equivalent resistivity of the multilayer earth. The methodology for calculating
complex combined earthing devices has been improved by using morve accurate characteristics of the earth in the
calculation.

Keywords: grounding device, electrical safety, «two additional wires — raily, earth resistivity, equivalent resistivity

of multilayer earth, calculation of grounding device, vertical earthing device, horizontal earthing device.
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3aBHCHMOCTB MEXKAY IIEPHOAMYHOCTBIO IIPOBEPOK U YIIPEIKAAFOIITAM AOITyCKOM Ha
IIapaMeTp TEXHUYECKOIO0 COCTOAHUA OOMOTOK JAE€KTPOABUTATEAA

Baaaumup AuapeeBuu Byropun,
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FOxHO-Ypanbckuii rocy1apcTBEHHBIH arpapHslil yHuBepcuTeT, YensOuHckas o0nacts, . Tpoutk, Poccuiickas ®eneparus

Peghepam. Ananuz ycrosuii dxcniyamayuu 2iekmpoogueamencti 8 CeNbCKOM XO03AUcCmee YKa3vleaem HA UX HUSKYIO
Haoexcrhocmy. OOun u3 nymeil nOGvlueHUs paboOmMoCnOCOOHOCHU eKmpoosuzameneli — CO8ePUIeHCNBO8AHUE PeXCUMA
npogurakmuyeckux pabom npu UCHONb30BAHUU CMPAMe2Ul OOCIYHCUBAHUS NO MeXHuyeckomy cocmosanut. (Llenv
uccneooganus) Onpedenumsv 3a6UCUMOCIL NEPUOOA MeHCOY OUASHOCMUYECKUMU NPOSEPKAMU dlleKmpodgueamenetl u
YHpexcOarwum 00NYCKOM HA Ux napamemp mexnuyeckoeo cocmosanua.  (Mamepuanvi u memoowt) [Ipumenunu napaoy
¢ Qyukyueil pacnpedenenus HAPAOOMKU HA OMKA3 ANOCMEPUOPHYIO UHPOPMAyuio 0 MeKyuwem COCmosHuU
paccmampugaemvix diekmpoosucameneti. Yunu npu 060CHOBAHUU B3AUMOCEA3U MeXHCOy NaApamempamu cmpameuu
00CIYIHCUBAHUS RO COCIOSAHUIO 8030€TICMBUE 3HAYUMETBHO20 YUCTA PAKIMOPO8, OKAZBIBAIOWUX CHIOXACTUYE CKOe GTUsSHUE
Ha onpeoensiowutl napamemp COCMOSAHUL dNeKmpoogueameneli, 4mo 0alo 603MOICHOCHb HPUMEHEeHUs NpedebHOuU
meopemol A.U. Jlanynoea, Ha O0CHOBaHUU KOMOPOU OMKA3bL IJIeKmpoosuzameneli He HPOMUBOPeUAMm ONUCAHUIO
HOPMANbHBIX 3AKOH08 pacnpedenenus. [lokasanu, 4ymo 8mopwim yciosuem 6bl00pa 63auUMOCBA3U MeHCOY Napamempamu
cmpamezuut 00CTYHCUBAHUS CINANLA HEUSMEHHOCMb 3aKOHA pacnpedeienus napamempa cOCmosaHusa s1eKkmpodgueameinetl
8 meyeHue ux Hapabomxu. Anpobuposanu paspabOMAHHYI0 3ABUCUMOCHb 63AUMOCEA3U HA NEKMPOOSUAMENX
AUP80A4, ucnonvzyemvix 011 mopyesoi genmuiayuu nmuynukos Yersbunckou nmuyepabpuku. (Pesynomamer u
obcysicoenue) Yemanogunu ucxoonvle OaHHble 05l ONpeOefieHUs 63aUMOCEA3U MedxcOy Napamempamu cmpameuu
06CIYHCUBAHUA NO COCMOAHUIO HA PA3PAOOMAHHOM CMeHOe YCKOPEHHbIX UCNbIMAHUU 21eKkmpoosuzamenei u u3
mexuudeckou aumepamypol. (Bvigoovl) Ommemuau, umo YCMAHOBNEHHAS 3A8UCUMOCIL  MeXHCOY Nepuodom
OUAZHOCMUYECKUX NPOBEPOK U 3HAUEHUEeM YNpexcoauje20 0OnycKa HA KOHMPOIUPYeMblll napamemp mexHuueckoeo
COCMOAHUSL NPU 3A0AHHOU 8ePOAMHOCIU Oe30MKA3HOU pabomvl obecheyusaem GHedpenue 6 cucmemy MexHUuecKou
IKCHIyamayuyu diekmpoogueamencti COBPEMEHHYI0 CMpamecuio Ux OOCAVHCUBAHUA NO TEXHUYECKOMY COCHMOAHUIO.
Koncmamuposanu, umo ucnonvsosanue cmpamezuu npugooum K y8eiuyeHuio HA0eldCHocmu dieKkmpoogueameneil u
COKPAUeHUI0 KOTUYECMEd HeHYHCHbIX COOPOK U pa3dopoK.

Kniouesvle cnosa: HadedxcHocmv dnekmpoosuzamenetl, GepOSMHOCIb OE30MKA3HOU pabombl, YRPeNcOAouuti
00Ny CK, KOHMPOIUPYeMblil napamemp.

Ans uutupoBaHusa: BytopuH B.A., Llapes W.b., Mnewakoea A.l0. 3aBucumoctb Mexay nNepvoauMYHOCTbIO MPOBEPOK U
ynpexaalroLwwym [OoMNyckoM Ha napaMeTp TeXHMYeCKoro COCTOsiHMS OBMOTOK anekTpopsuratens // OnekmpomexHonozauu u
anekmpoobopydosaHue 8 AlK. 2026. T. 73. N1. C. 35-41. DOI: 10.22314/2658-4859-2026-73-1-35-41. EDN: DFPRRW.
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Abstract. Analysis of the operating conditions of electric motors in agriculture indicates their low reliability. One of
the ways to improve the efficiency of electric motors is to improve the preventive maintenance when using a
maintenance strategy based on technical condition. (Research purpose) The research purpose is determining the
dependence of the period between diagnostic checks of electric motors and the pre-emptive tolerance for their
technical condition parameter. (Materials and methods) Applied, along with the failure time distribution function, a
posteriori information about the current state of the electric motors under consideration. When substantiating the
relationship between the parameters of the maintenance strategy according to the condition, we took into account the
impact of a significant number of factors that have a stochastic effect on the determining parameter of the state of
electric motors, which made it possible to apply A.I. Lyapunov’s limit theorem, on the basis of which the failures of
electric motors do not contradict the description of normal distribution laws. It was shown that the second condition
for choosing the relationship between the parameters of the maintenance strategy was the invariance of the
distribution law of the state parameter of electric motors during their operation. The developed relationship
dependence was tested on AIR80A4 electric motors used for end ventilation of poultry houses of the Chelyabinsk
poultry farm. (Results and discussion) The initial data were established to determine the relationship between the
parameters of the maintenance strategy as of the developed stand of accelerated testing of electric motors and from
the technical literature. (Conclusions) It was noted that the established relationship between the period of diagnostic
checks and the value of the proactive admission to the controlled parameter of the technical condition for a given
probability of fail-free operation ensures the introduction into the system of technical operation of electric motors of
a modern strategy for their maintenance according to the technical condition. It was stated that the use of the strategy
leads to an increase in the reliability of electric motors and a reduction in the number of unnecessary assemblies and
disassembly.

Keywords: reliability of electric motors, probability of fail-free operation, proactive tolerance, technical condition
parameter.
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Pegpepam. Ilosviuenue snep2odghghexmusnocmu CyuKy cenbCKOX03AUCMBEHHOU NPOOYKYUU, 8 MOM YUCLe CeMAH
3epH000606bIX KVIbMYP, ¢ COXPAHEHUEM UX DUOLOSUYECKOU YEHHOCIU — AKMYAIbHASL 3A0a4d A2PONpOMbIULIEHHO20
xomnnexca. Cywecmsylowue mMemoovl CYUKY, GKIIOUAS. KOHBEKMUBHbIE U MUKDOBOLHOBbLE, HEPEOKO NPUBOOSIm K
nepezpesy, GblCOKUM IHEP2O3AMpPamanm Uil NOSPeNcOeHUur0 Cmpykmypol cemsn. Ilepcnexmugnvim HanpagieHuem
A6EMCsL NPUMEHEeHUEe UHDPAKPACHO20 U3LYHeHUsl, IDPEeKMUGHOCHb KOMOPO2O ONpedesiemcs CneKmpailbHblM
coenacosanuem uziyyamens u mamepuaia. (Lens uccnedosanus) Paspabomxa HayuyHo 000CHOBAHHBIX
PEKOMEHOQYUTL O 8bLOOPY ONMUMATBLHO20 MEMAEPAMYPHO20 PENCUMA MPYyOuamlx d1eKmponazpesameneti OJis
UHPPAKPACHOU CYWKU CeMSIH 3ePHOO0008bIX KYIbMYP HA OCHO8E AHANU3A UX CHEKMPAIbHBIX XAPAKMEPUCTUK.

(Mamepuaner u memoost) Hccnedosanust nposoounucsy Ha cemenax 3epHobo608vix Kyavbmyp. Memooduka exmouana



COBMECMHbIL  AHAU3 CNEeKMPATbHbIX XAPAKMEPUCMUK UHPPAKPACHBIX u3iyuameneli U NO2L0WAMeNbHOU
cnocobonocmu  ceman. O@pgdexmusHocms npoyecca OYeHUBAIACh, UCNONbL3YS dPpekmusnvlll KodPPuyuenm
N0AE3H020 OeliC8Usl, PAcCUUmbléaeMblli Ha OCHO8e UHMe2paad Om NPou3eedeHUs CHeKmpaib Holl IHepeemuieckKou
ceemuMOCmuy U3y4amens U OMHOCUMENbHOU CNeKMPALbHOU YY8CMEUMENbHOCU CeMAH 8 OUuand3oHe ONUH 80JIH
2,5-5,0 muxpomempog. bvinu 5SKCnepUMEHMANbHO CHAMbL CNEeKmpanbHble XaApaKkmepucmuku mpyouamozo
aneKmpoHazpesamens Hpu pasiuuHelx memnepamypax. (Pezynomamer u obcyocoenue) Cpasnumenvhvii ananus
nokasan, 4mo mpybuamuelli dneKkmponazpeeameny npu memnepamype 964 Kenveuna umeem Onuny GOHbL
MAKCUMYMA U3TYYeHUs 3 MUKpoMempd, 4mo COOmMEemcmeyem o001acmu MAKCUMALbHOU HOAOUAMENbHOU
cnocobnocmu ceman. IIpu smom cnekmpanvhas nioOmHOCMb dHepeemuyeckou cgemumocmu docmueaem 12000-10~*
Bamm/(mukpomemp-memp?).  Hzomepmwr  npu  0Oonee  Huzkux memnepamypax (5357-827  Kenveunos)
0eMOHCIMPUPOBATU IHepeemuieckyo ceemumocms 8 2-3 pasza Hudce, a npu 8vicoxkou memnepamype (1584
Kenveuna) onuna 6onmel maxcumyma usnyueHus cMewaracs 8 oonacms 2,5 MuKpomempd, 6bix00s 3d 2paHulbl
appexmusHoco nozioweHus, Ymo Modxcem Hpusecmu K pPUCKY nepezpeséa u nomepu 3SHepzuu. (Bvieoodwi)
Yemanoeneno, umo ons cywku ceman 3epnob60606biX KYibmyp ONMUMATbHbIM AGNAEMCA MeMNepamypHblll pexrcum
mpy6uamoeo snekmponazpesamensn 964 Kenveuna, obecneuusarouyutl cnekmpaibHoe co21aco8anue 8 unmepsae 3-
4 muxpomempa. JlauHvlil pedxcum no360isem OOCHMUYb MAKCUMAIbHOU 3¢gekmusnocmu 3Hepzonepedau,
COKpamums 8pems CYWKU U MUHUMUZUPOBAMb IHEP2O3AMPAMbl, COXPAHIL KAYECMBO CEMIH.

Knrouesvie cnosa: cywika, CHeKmMpaibHas XapaKxmepucmuxda, UHGPAKpacHvlii uziyyamens, ONUHA BOIHbI,
aphexmugnbvlil nOMOK, mpyoyamvlil S1eKMpPOHAZPeBAMENb.
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Abstract. Improving the energy efficiency of drying agricultural products, including leguminous seeds, while
preserving their biological value is an urgent task of the agro—industrial complex. Existing drying methods, including
convective and microwave, often lead to overheating, high energy consumption or damage to the seed structure. A
promising direction is the use of infrared radiation, the effectiveness of which is determined by the spectral matching
of the emitter and the material. (Research purpose) The research purpose is developing scientifically based
recommendations for choosing the optimal temperature regime of tubular electric heaters for infrared drying of
leguminous seeds based on the analysis of their spectral characteristics. (Materials and methods) The studies were
carried out on seeds of leguminous crops. The technique included a joint analysis of the spectral characteristics of
infrared emitters and the absorption capacity of seeds. The efficiency of the process was evaluated using the effective
efficiency factor calculated on the basis of the integral of the product of the spectral energy luminosity of the emitter
and the relative spectral sensitivity of the seeds in the wavelength range of 2.5-5.0 micrometers. The spectral
characteristics of a tubular electric heater at various temperatures were experimentally read. (Results and discussion)
Comparative analysis has shown that the tubular electric heater at a temperature of 964 Kelvin has a maximum
radiation wavelength of 3 micrometers, which corresponds to the region of maximum absorption capacity of seeds.
At the same time, the spectral density of the energy luminosity reaches 12000 -10~* Watts/ (micrometer-meter 2).

Isotherms at lower temperatures (557-827 Kelvin) showed an energy luminosity 2-3 times lower, and at high



temperatures (1584 Kelvin) the wavelength of the maximum radiation shifted to the region of 2.5 micrometers, going
beyond the limits of effective absorption, which can lead to the risk of overheating and energy loss. (Conclusions) It
has been found out that the optimal temperature regime for drying leguminous seeds is a tubular electric heater of
964 Kelvin, which provides spectral matching in the range of 3-4 micrometers. This mode allows you to achieve
maximum energy transfer efficiency, reduce drying time and minimize energy consumption while maintaining seed
quality.

Keywords: drying, spectral characteristic, infrared emitter, wavelength, effective flow, tubular electric heater.
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MoaeanpoBaHIEe KOHBEKIIMOHHOI'O HAarPeBa YCTPONCTBA AAA IIUKAA KyABTUBHPOBAHUA U
coprupoBku AmunHOK G. mellonella

Baaamncaas BacuabeBuu Cokoaosl,
IIPEIIOAABATEAB-UCCACAOBATEAD, e-mail: vladislav-sokolov-92@mail.ru;
Baaanmup Bennamuuosuu Kacarkus!,

AOKTOP TEXHUYECKUX HayK, IIpodeccop;

Huna ®epoposra CBuHIOBa?,

KAHAHAAT TEXHUYECKUX HAYK, AOLICHT

'V iMypTCKuii rocy1apCTBEHHBII arpapHbIi yHHBEPCHTET, T. MxeBck, Poccuiickas denepanus;
2V iMypTCKUiA TOCYIapCTBEHHBIN YHUBEPCUTET, T. VhkeBck, Poccuiickas Denepanus

Peghepam. Texnonozus Kyabmusupo8anus u COpmuposKu auduHok 6onvuiori eockosoli monu G. mellonella ¢ nomowwio
Memoda KOHBEKYUOHHO20 HA2pesa Ompadomana Ha ONbIMHbIX KOHCIMPYKYUsIX ux eocnpousgoocmea u cooepoicanus. C
Yenvlo anpobayuu KOHCMPYKMoPCKol MO0 ¢ 08yMsi OMCEKAMU OISl JCUSHEOESIMENbHOCMU TUYUHOK U UX COPMUPOGKU
HeobX00UMO OYeHUuNs abUOmMuIecKue YCiogus (memMnepamypy u OmHOCUMEIbHYI0 BIANCHOCMb), GIULIOUjUE HA RPOYECChbl
arcusnedesmenvhocmu. (Llens uccredosanus) Cmoderuposams YCmpoucmeo ¢ HenpepbleHbLM MEeXHOLOSULEeCKUM YUKTOM
Kyavmusuposanus u copmuposxu auuunok G. mellonella npu danvuetiviem npumeneHuy 8 azponpOMbLULIEHHOM KOMALEKCE
0715 ygenuyeHuss npoOyKMugHoCmuU nmuy u pelb, a maxxce NOAYueHus OUONO2UYecKU aKmusHol 000agku K nuuje.
(Mamepuanvt u memoowt) Ilposenu uccredo8anus uUMazo IUYUHKYU 8 Koauyvecmge camyos u camok no 20 ocobeii
KOHMPOAbHOU U IKCnepumenmanvrou epynn. CMo0enuposaiu onvimuoe yYCmpoucmeo KOHCMpyKyuu ouopeaxmopa 01s
KYIbMUBUPOBAHUS U COPMUPOBKY TU4UHOK. Onucanu cxemy KOH8EKMUBHO20 MENI000MeHA 8 OUOPeaKrmope ¢ YKa3anuem
IKBUBANEHIMHBIX MENTOBbIX CXeM YCMPOUCME ¢ NPULeLAOUUMU K CIMEHKe NIAACIUHAMY, ¢ NIOMHO NPULeLarouumMu K
CmenKe NAACMUHAMY, DACUWUPEHHLIM NPOMENCYMKOM MedncOy NIACMUHAMU U nepe2opookou. (Pesyrvmamvi u
obcyacoenue) Boinonnunu cpagrenue Ol KyIbMUGUPOGAHUsST KOHMPOIbHOU U IKCHEPUMEHMANbHOU 2DYRN TUYUHOK.
Tokazanu, umo mMexHoNO2Us. KYLbMUSUPOSAHUSL 8 KOHMPOIbHOU U IKCNEPUMEHMAIbHOU KOHCMPYKYUU NPU PABHBIX
AbUOMUYECKUX YCILOGUAX ONIUYANACH NPOCMPAHCHMBEHHbIM (DAKMOPOM pPACnoNodcenuss audunok. Onpedeaunu no
pe3yIbmamam KyJibmusuposanusi 00CMOBepHoe YEeaudeHue MAccol, ONUHbL JUYUHOK U pa3Mepa 20108HOU KANCYbl 8
IKCHEePUMEHMANLHOU 2pYNnne. Bolsaguiu no umozam skCnepuMenmaibHblX OAHHbIX, YN0 ONMUMALLHASL MeMnepamypa ons
copmupoeku cocmasnsiem 355 epadycog Llenvcust npu sxcnosuyuu 6ozoeicmeus 20 mMunym, npu 3mom 6ce IUYUHKU
nepexoo0sm 6 XonooHoe omoeieHue 8He 3A8UCUMOCIU Om UX Koauuecmsd. (Bvisodwl) Yemanosunu, umo nonyyenmvie
IKCHEPUMEHMATbHBIE OAHHbIE NO380AIONT 000CHOBAND MEXHOIOSUYECKUE PENCUMbL PADOMbL YCMPOUCMEa, NOOmMeepounts
KOPPEKMHOCMb MOOENUPOBAHUsL KOHBEKMUBHO20 HAZpe8a Olsi NPOYeccd KyIbMUGUPOBAHUs U COPMUPOGKU TUYUHOK.
Hokasanu, umo paspabomannas Mooeib Odem GO3MOJNCHOCMb CO30AMb ONMUMAIbHIE DeXCUMbl Haepesa Onisi
KYIbMUBUPOBAHUSL U COPMUPOBKU TUYUHOK.

Knrouegwie cnosa: muuunxu, G. mellonella, kongekyuonnulil Hacpes, COpPmMUpPOBKa, KyIbmueuposanue, memnepamypa,

ONMHOCUmMENbHAA 8lIANCHOCMb.
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Simulation of Convection Heating of a Device for the Cycle
of Cultivation and Sorting of G. Mellonella Larvae
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Abstract. The technology of cultivation and sorting of larvae of the large wax moth G. mellonella using the method of
convection  heating has been  worked out on experimental designs of their reproduction
and maintenance. In order to test the design model with two compartments for the vital activity of larvae and their
sorting, it is necessary to assess the abiotic conditions (temperature and relative humidity) affecting the vital processes.
(Research purpose) The research purpose is simulating a device with a continuous technological cycle of cultivation
and sorting of G. mellonella larvae for further use in the agro-industrial complex to increase the productivity of birds
and fish, as well as obtaining a biologically active food additive. (Materials and methods) Larval imago studies were
conducted in the number of males and females of 20 individuals of the control and experimental groups. An
experimental device for the construction of a bioreactor for the cultivation and sorting of larvae was modeled. A scheme
of convective heat transfer in a bioreactor was described with an indication of equivalent thermal schemes of devices
with plates adjacent to the wall, with plates tightly adjacent to the wall, a widened gap between the plates and the
partition. (Results and discussion) A comparison were performed for the cultivation of control and experimental groups
of larvae. It was shown that the cultivation technology in the control and experimental design, under equal abiotic
conditions, differed in the spatial factor of the location of the larvae. Based on the results of cultivation, a significant
increase in the mass, length of larvae and size of the head capsule in the experimental group was determined. Based
on the results of experimental data, it was found that the optimal temperature for sorting is 55 degrees Celsius with an
exposure of 20 minutes, while all larvae go into the cold compartment regardless of their number. (Conclusions) It was
established that the obtained experimental data make it possible to substantiate the technological modes of operation
of the device, to confirm the correctness of modeling convective heating for the process of cultivation and sorting of
larvae. It has been proved that the developed model makes it possible to create optimal heating modes for the
cultivation and sorting of larvae.

Keywords: larvae, G. mellonella, convection heating, sorting, cultivation, temperature, relative humidity.
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Pepepam. Tennoodmen mexncoy opeanHuzmMom JCUBOMHO20 U OKPYIICaoueti Cpeooll — CLONCHBIIL NPOYeCc, 3a6UCAUUL
om paoa axmopos, a e2o MoOenuposanue cnocoOCMeyem UsyueHuio 3aKOHOMePHOCeN U ONMUMU3AYUY YCA08UT
CO0EPACAHUSL CENbCKOXO3ANUCEEHHBIX JHCUBOMHBIX. B Mmecmax codepoicanus cenbCKoXo3AUCIMEEHHbIX HCUBOMHBIX
BADICHO €030A8aMb  ONMUMATbHBIE MEN0sble YCA08US, A UHMEHCUBHOCHb JYYUCO20 U KOHBEKMUBHOZO
MenI00OMeHa 3a6UCUm oOm 2eoMempuyecKux napamempos dxcugomuwix. Cywecmeyem omobOpadxceHue mexcoy
2e0MEMPUYECKUMU NAPAMEMPAMYU DASTUYHBIX HCUBOMHBIX, UX go3pacma u eeca. (Lleav uccneoosanus) Paspabomxka
OONOTHUMETLHBIX — POPMATUIMO8,  CEA3AHHLIX ¢  AHATUMUYECKUM NPeOCmagieHueM @usudeckux mooenei
CEeNbCKOXO3AUCMBEHHBIX — HCUBOMHBIX, U  OYEHKA  BO3MOMCHOCMIU UX  UHIMEZPUPOBAHUA 8 COBPEeMeHHble
svryucIumenvuvle Komnaexcol. (Mamepuanvt u memoowt) [Ipusedenvi cnocobvl npedcmagienus 2eoMempuiecKux
napamempos pasiuiHblx U008 CebCKOXO3AUCMBEHHBIX HCUBOMHBIX. Paccmompenvl modenu, omobdpadicaioujue ces13b
MEACOY 8ECOM HCUBOMHO20 U e20 2eoMempuieckumy napamempamu. Ilpeonodcena gusuueckas Mooensb HCUOMHO20
8 6ude YUMHOpuyecko2o umu cepuveckoeo men. Paccmompen cnocob ananumuuecko2o npeocmasnenus
@usuueckoli MoOenu cenrbCKOXO3AUCTNBEHHBIX JHCUBOTNHBIX MEMOOOM HAUMEHbUIUX KEAOpamos npu obpabomxe
KOuuecmeennvix usmepenuii. I[lpumenenue cmamucmuyeckux memooos nosgonsem 0Oonee NOIHO UCHONb308AMb
unghopmayuio, npuobpemaemylo u3 npakmuyeckux Haomooenutl. Ilpumenumenvno K paccmampugaemou 3adaue
annpoxcumayuro QYHKYuu 08yxX nepemMeHHbiX MemoooM HAUMEHbUUX K8AOPAMO8 NPedCcmasuiu 8 8uoe nPou38eoeHus
cmenenuvix @yukyuil. (Pesynemamol u obcysxcoenue) I[lonyuunu anarumuueckoe npeocmagieHue Qusuueckou
MOOenu meieHKa 01l OYeHKU €20 MACChl U NAOWAOU NOBEPXHOCIU MenaioobmeHa. Onpedenuniu YucIeHHble 3HAYEeHUs.
K03 uyuenmos, 6xo0auux 6 annpoxcumupyrowyo gyukyuro. (Boieoowt) [lokasanu dhynkyuonanenyro ceazv maccoi
HCUBOMHO20 U €20 2e0MEeMPUUECKUX PAZMEPO8, BKIIOUASL NOBEPXHOCMb MenaioodmeHa. [1o0uepkHyma 603moicHoCmy
ONUCAHUA MACCHL CeNbCKOXO3AUCTNBEHHBIX HCUBOMHBIX 8 3ABUCUMOCIU O UX 2eOMeMPUYecKux noxazamenei Ha
0CHOBE eOUH020 MEMOO0NI02UYeCcK020 no0xoda. Ilpednoscena gusuieckas Modensb pacuemno2o HCuUeomHoz0 6 8ude
cpepuneckoeo U YUIUHOPUYECKO20 mell U OnpedeleHvl e20 Xapakmepucmuyeckue pasmepul, No380aA0ujue
AHAnUMUYECKU PACCYUmMams MAccy HCUBOMHO20 U NOBEPXHOCTb €20 med, YHACMEYIOuyio 8 meniooomene.
Knioueswie cnosa: gusuueckas moodens, meniooOMeH, 6eC HCUBOMHO20, 2e0MeMpUiecKie napamempsl HCUBOMHBIX,
NOBEPXHOCIb MENI00OMeNa, aHarumuyeckoe npedcmagienie, meiama.
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Abstract. Heat exchange between the animal’s organism and the environment is a complex process depending on a
number of factors, and its modeling contributes to the study of patterns and optimization of the conditions of keeping
farm animals. In places where agricultural animals are kept, it is important to create optimal thermal conditions, and
the intensity of radiant and convective heat exchange depends on the geometric parameters of animals. There is a
mapping between the geometric parameters of different animals, their age and weight. (Research purpose) The
research purpose is developing additional formalisms related to the analytical representation of physical models of
agricultural animals, and assessing the possibility of their integration into modern computing complexes. (Materials
and methods) The ways of representing the geometric parameters of various types of agricultural animals are given.

Models showing the relationship between the weight of an animal and its geometric parameters are considered. A



physical model of an animal in the form of a cylindrical or spherical body is proposed. The method of analytical
representation of the physical model of farm animals by the method of least squares in the processing of quantitative
measurements is considered. The use of statistical methods makes it possible to more fully use the information
acquired from practical observations. In relation to the problem under consideration, the approximation of the
function of two variables by the least squares method was presented as a product of power functions. (Results and
discussion) An analytical representation of the physical model of the calf was obtained to estimate its mass and the
surface area of the heat exchange. The numerical values of the coefficients included in the approximating function
were determined. (Conclusions) The functional relationship between the mass of the animal and its geometric
dimensions, including the surface of the heat exchange, was shown. The possibility of describing the mass of
agricultural livestock depending on their geometric indicators based on a single methodological approach is
emphasized. A physical model of the calculated animal in the form of a spherical or cylindrical body is proposed and
its characteristic dimensions are determined, which make it possible to analytically calculate the mass of the animal
and the surface of its body involved in heat exchange.

Keywords: physical model, heat exchange, animal weight, geometric parameters of animals, analytical
representation, calves.
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Peghepam. Heobxooumocms obe33apadxcusaniis noygocmecell 8 3auuyéHHom pyume 00yCcio8iena psaoom Kiiouesolx
axmopog: npedomepawerue 3a001e6anUll pacCmeHull; Yayuuenue Yciosuii 0 ux pocma, CmaHoapmu3ayus u
aKoI02UYeCKAst Oe30NACHOCHb; 60PLOA ¢ ONACHBIMU MUKPOOP2AHUSMAMU, 0DecneveHue NOSMOPHOU U PAYUOHATbHOT
akcnayamayuu nouswl. Obezzapadicuéanue novgocmecell 6 3AUUWEHHOM ZSPYHMeE NPeOdlodCeHO HNpo8oOUns
ungpaxpacnvim obryuenuem. Mzyuenue pacnpocmpanenius memMnepamypol npu UHGPAKPACHOM HAZPEse — 6ANCHASL
yacmb ONMUMU3AYUL NPOYECCO8 MENN08ol 0bpabomku, Komopas obecneyugaem hpexmusrnoe umu ynpasienue,
nogbluaenm Kauecmeo KOHEYHO20 pe3yibmamd U Cnoco6Cmeyem pAa3eumulo HO8bIX MEXHON02Ull 6 obnacmu
ungpaxpacnvix cucmenm. (Lenv uccnedosanus) Pazpabomxa mamemamuyeckoi MoOeu MemMnepamypHo20 nojisk npu
ungpakpachom nazpese u 06e33apadicusaHUU NOYOCMecU Ha ienme Koueeiepa. (Mamepuanvl u memoowt) [ns
MAMEMAMUYECKO20 MOOETUPOBAHUsL MEMNEPATNYPHO20 N0l NPU 00e33apadCUBAHUL NOYEOCMECU MePMUYECKUM
CnOCOOOM NPUMEHSIIOMCSL PA3IUYHbIE YUCTIEHHbIE MEMOObl, YUUMbIBAIOUWIEe MHOICECTNBO (AKMOPO8, GIUSIOWUX HA
MENIONepPeHoc, — Memo0 KOHEUHbIX INEMEHMOs8, Memod KOHeuHulX paznocmell. Kpome moco, npumensiomcs



cmamucmu4eckue Memoovl MOOeIUPOBAnUs Ol ONPeOdeNleHHbIX CAyYaes, Ko2oa mpeOyemcst yyumuvléanmbs
HeonpeoeiéHHOCMU, MAaKue KaK UsmMeHeHue 6HeuwHUX YCA08Ull Ul HecmabuibHOCb NOMoKa 8030yxa. (Pezyismamoi
u obcyscoenue) s paspabomku mMamemamuieckol Mooenu UHGpakpacrHoeo Hazpesa npu 00e33apadcuéaHuul
nougocmecu NpuUMeHeH AHATUMUYECKUll Memoo peuteHus (pasoeieHus nepeMeHHbIX) VPABHeHUs KOHBEeKMUBHO20
mennoobmena Hasve-Cmoxkca. I[locmpoen epagpux memnepamypHozo nois u e2o JUHuU ypoeHs. 8 cpede naKemd
npoepamm  Maple. I[lonyuennoe pewenue modcem Oblmb  UCHOIB306AHO 015l pA3PAOOMKU  CUCTHEMbL
ABMOMAMUYECKO20 KOHMPONS U YHPAGIEHUs NPOYeccoM UH@DPAKPACHOU 00pabomKu npu pasiudHuiX QUIUKO-
2eomempuyeckux napamempax ycmpoucmea 0as  obezsapadicusanus nousocmecu. (Bvieoow)) Paspabomana
Mamemamuyeckas Mooeib meMnepamypHo2o nojs 8 pabouell Kamepe, KOMopas mMoxcem Oblmb UCHONb30BAHA 8
cucmeme KOHMPOISL U YNPAGLeHUs. NPU NPOEKMUPOBAHUU YCMAHOBOK UHPPAKPACHBIM 00IYHEeHUEM NOY80CMECU 8
MOHKOM ClI0e HA KOHBellepe pA3IUYHbIX MUNopasmepos, obecneyusaiouell pagHOMepHbll ee Hazpes (He
npesviuiarowull memnepamypy 95+5 epadycos Llenvcus) u maxcumanvHoe 06e33apaxicusaHue.
Knroueevie cnosa: obeszzapasicusanue novgocmecu, UHPPAKPACHBIL Hazpes, MamemMamuyeckds MoOenb,
memnepamypHoe noie, meniooodMeH, KOHgelep.
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Abstract. The need to disinfect soil mixtures in protected ground is due to a number of key factors: prevention of plant
diseases; improvement of conditions for their growth, standardization and environmental safety; control of dangerous
microorganisms, ensuring repeated and rational use of the soil. Disinfection of soil mixtures in protected ground is
proposed to be carried out by infrared irradiation. The study of temperature propagation during infrared heating is
an important part of optimizing heat treatment processes, which ensures their effective management, improves the
quality of the final result and contributes to the development of new technologies in the field of infrared systems.
(Research purpose) The research purpose is developing a mathematical model of the temperature field during
infrared heating and disinfection of soil mixtures on a conveyor belt. (Materials and methods) Various numerical
methods are used for mathematical modeling of the temperature field during disinfection of the soil mixture by the
thermal method, taking into account many factors affecting heat transfer — the finite element method, the finite
difference method. In addition, statistical modeling methods are used for certain cases when it is necessary to take
into account uncertainties, such as changes in external conditions or instability of the air flow. (Results and
discussion) To develop a mathematical model of infrared heating during soil mixture disinfection, an analytical
method for solving (separation of variables) the Navier-Stokes convective heat transfer equation was applied. A graph
of the temperature field and its level line in the Maple software package is constructed. The obtained solution can be
used to develop a system for automatic monitoring and control of the infrared treatment process at various physical
and geometric parameters of the device for disinfection of soil mixtures. (Conclusions) A mathematical model of the
temperature field in the working chamber has been developed, which can be used in the monitoring and control system



when designing installations by infrared irradiation of soil mixture in a thin layer on a conveyor of various sizes,
ensuring its uniform heating (not exceeding the temperature of 95+5 degrees Celsius) and maximum disinfection.
Keywords: soil mixture disinfection, infrared heating, mathematical model, temperature field, heat exchange,
conveyor.
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Pegpepam. Paccmompena axmyanbhas npodiema ymunu3ayuy nmuibe2o NOMemd, npeocmasisiiomeco cepbesHylo
aKonozuveckyio yeposy. Iuponus nmuuveco nomema npedcmagisiem co60U Nepcnekmughblilt Memoo nepepadomxu
OP2aHUYECKUX OMX0008 HCUBOMHOBOOUECKUX XO3AUCME. DMOm npoyecc no3eosem npeodpazosvleams Omxoovl 8
none3Hvle NPOOYKMbl, MaKue Kax OUOMONAUBO, YOOOpeHust U Xumuyeckue COeOuHeHus. Ynpasienue nuporuzom
nmuubeco nomema mpebyem 0006020 GHUMAHUAL K O0emaiiM U COOMOO0EeHUs. ONPeOeleHHbIX NPUHYUNOS.
Asmomamuzayus NUPOIUSHBIX YCMAHOBOK HANPAGIEHA HA YIAYYUeHue IKCHIYAMAYUOHHbIX XAPAKMEPUCTUK,
nosviulenue 6e30nACHOCmU U CHUNCeHUue uzoepaicex npoussoocmea. (Leav ucciedosanus) Obecnevums cmaduibHoe,
bezonacnoe u anep203hphexmugrnoe npomeKanue MexHoNI02U-4eCK020 NPOYeCcca NUPOIU3A NMUYbE20 NOMemd 3d Cuem
Paspabomxu KOMILEKCHOU CUCIEMbl ABMOMAMUYECK020 YNPAGIEHUsl IHEPLeMUYEeCKOU YCMAaHo8Koi. (Mamepuanvl u
memoovt) Ilpumenunu memoobl KOMHbIOMEPHO20 HPOSPAMMUPOSAHUSL, OCHOBHbLE 3AKOHbL MENI08020 bananca u
mamemamuxu. [lpednosxcunru 6 kauecmee peuleHus UCNONb306AHUE NUPOIU3A — MEPMUUECKO20 PA3IOJNCEHUs 6
beckuciopoonoll cpede. YOenunu OCHOBHOe GHUMAHUE pa3pabomKe cucmemvl ABMOMAMUYECKO20 YNpAasieHus O
IHepeemuyecKkoll yCmanosku nuponusa. (Pesyromamor u obcycoenue) Onucaru munogyio yHKYUOHATbHYIO CXEMY
asmomamu3zayuu, Kioyegvie KOHMpOIupyembvle napamempsvl u ynpasnsouue 6ozoeticmsus. Ilposenu cpasnumenvhoe
uccredosanue pabomocnocoOHOCmMU YCMAHOBKU 00 U NOCAEe GHEOPEHUsl CUCTNEMbl ABMOMAMUYECKO20 YNPAGIeHUs,
NPOOEMOHCIMPUPOBABUIee  3HAYUMENbHOE —NOBblueHUue  dPdexmusnocmu, 0Oe30nACHOCMU U CMAOUILHOCU
mexHonocuyeckoeo npoyecca. (Bvigoodwl) Iloxazanu, umo OanbHetwum pazeumuem CUCHEMbL MOICEN CMAamb
8HeOpeHe NOOCUCTEMbL NPEOUKMUBHO20 AHAU3ZA U ONMUMUZAYUU HA OCHOBE MEMO008 UCKYCCMBEHHO20 UHMELIEeKMA
0ns  adanmayuu K USMEHSIOWUMCS.  XApaKkmepucmukam cuipvs. Onpedenunu, umo 6HeOpeHue CUcmembl
ABMOMAMUYECKO20 YNPAGIEHUsL NO360JsIem 0becneyums CmaduIbHOCHb MEXHON02UHECKO20 PeNCUMA, VIVUULUMb
Kauecmeo yeneeoll npoOyKyuu, 00CMuYb IHEPLeMuU4ecKoil A6MOHOMHOCIU YCMAHOBKU U CYUECNEEHHO NOGbICUMb
VPOGeHb NPOMBIULIEHHOU OE30NACHOCTU.

Kniouesvle cnosa: nupoaus, nmuyduil  nomem, VMUAU3AYUS, CUCMEMA — ABMOMAMUYECKO20 YNPAGIeHUs,
OHepeemuuecKas yCmano8Ka, Ouoy2oib, CUHME3-2a3, IKOAOUSL.
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Abstract. The paper considers the actual problem of disposal of bird droppings, which poses a serious environmental
threat. Pyrolysis of bird droppings is a promising method of processing organic waste from livestock farms. This

process allows waste to be converted into useful products such as biofuels, fertilizers and chemical compounds. The
management of pyrolysis of bird droppings requires special attention to detail and adherence to certain principles.

Automation of pyrolysis plants is aimed at improving operational characteristics, increasing safety and reducing
production costs. (Research purpose) The research purpose is creating the stable, safe and energy-efficient
technological process of pyrolysis of bird droppings through the development of an integrated automatic control
system for the power plant. (Materials and methods) Computer programming methods, basic laws of thermal balance
and mathematics were applied. The use of pyrolysis, thermal decomposition in an oxygen-free environment, was
proposed as a solution. We focused on the development of an automatic control system for a pyrolysis power plant.

(Results and discussion) A typical functional automation scheme, key controlled parameters and control actions were
described.

A comparative study of the plant’s operability was conducted before and after the introduction of the automatic
control system, which showed a significant increase in the efficiency, safety and stability of the technological process.

(Conclusions) It has been shown that the further development of the system may be the introduction of a subsystem of
predictive analysis and optimization based on artificial intelligence methods to adapt to changing characteristics of
raw materials. It was determined that the introduction of an automatic control system makes it possible to ensure the
stability of the technological regime, improve the quality of the target products, achieve the energy autonomy of the
installation and significantly increase the level of industrial safety.

Keywords: pyrolysis, poultry manure, recycling, automatic control system, power plant, biocoal, syngas, ecology.
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Pegpepam. Tenno — 00un u3 Kknouesvix pakxmopos pocma pacmenutl, 6IUAIOWUN HA AKMUBHOCMb 3e]leHU U KOPHe8oU
cucmemvl. Ilpu npoekmupoganuu ycmpoucme Oisi 8blpAWUBAHUsL PACMEHULL 8 3AKPLIMOM 2PYHMe, 6 MOM YUCLe
Gumomponos, He0OXOOUMO COOMBEMCMBYIOWUM 0OPAZOM HACTNPOUMbL CUCHEMY ABMOMAMULECKO20 Pe2yIUpOBanUs
memnepamypsl. Ha nacmosiwuil momenm Hem YHUBEPCANbHO20 MemMOOd OnpeodesieHuss napamempos HacmpouKu
cucmembl  aBMOMAMUYECKO20 Pe2YIUPOBAHUsST MEMNEPAMYPbl, NOIMOMY O/l pa3pabamvléaemozo @Gumompona
mpebyemcs nposedenue Uccied08aHusi nO HAcmpolike e20 asmomamuyeckou cucmemvl. ([lenv uccredosanus)
Boinoanums  nepsuunylo  npogepxy  pabomocnocobHocmu - pazpadamvléaemMol  HA2PeSAMEeNbHOU — CUCHEMbL.

(Mamepuanvt u memoowsy) Yxasanu, ymo 6 0CHOGe CUCHEMbl ABMOMAMUYECKO20 pecynuposanus aexcum [TH/]-



pezynamop, e2o Kodghduyuenmsl HACMPOUKU oOnpedenunu 8 npoyecce ucciedoganus. Hcnonvzosanu 014
MOOeUPOBANUSL TENNIOBbIX U B030VUWIHbIX npoyeccos npocpammuoe obecneuenue COMSOL Multiphysics c¢
unmepeticamu Laminar Flow u Heat Transfer. (Pesynbmamul u obcyscoenue) Iloxazanu, umo ocHosHbie
napamempul KOMANbIOMEPHOU MO0, 8KAIYAL MOWHOCMb 2NeKMPOHAZpesames, ceoMempuyeckue pasmepsl u
npuMeHsiemMble MaAmepuabl, COOMEEnCcmayiom paspadamoigaemomy npomomuny. Ilonyuunu npu mooenuposanuu
epaghuxu uzMeHeHus memnepamypuvl 8030yxXa U NouYbl 0 mpex eapuanmog Hacmpotiku IIHJ[-peeynisimopa.
Ipoananuzuposanu napamempuvl Kawecmea CUCMEMbl AGMOMATUYECKO20 PeYIUPOSAHUSI IEMNEPAMYPbl 6030YXd U
memnepamypsl nouevl npu mpex eapuaumax uacmpouxu I[IH/-pecynsmopa. (Bwvieoodw) Ycmanoeunu, umo
MOOeupogane npPoOeMOHCMPUPOsaI0  pabomoCcnOCOOHOCHb — CUCHEMbl  ABMOMAMUYECKO20  Pe2yIUupOBaHUs.
memnepamypsl 6030yxa u noygwl. Beibpanu 6 xooe ananusa npuemnemviti sapuanm nacmpouixu I1H/[-peeynssmopa co
credyrowumy  Kodgpuyuenmamu. 01a  NPONOPYUOHANbHOU U  uUHmMezpanvHolu cocmasasaiowux 0,2,  0Ona
ougpgpepenyuanvrou cocmasnaowen 0,4. Buviaguau, umo OanHbIll 8APUAHM UMeem B8bICOKYIO MOYHOCHb
DpezyIuposanus ¢ ypogHem Cmamuieckol omuoKku 8 npoyeHmos 0Jid nougvl, 6 npoyeHmos 0is 6030yxa u ypoeHeM
OMHOCUMENbHbIX cmamudeckux Koaebaunuti 1 npoyenm 011 nougwl, 4 npoyenma 01 6030yXd, 4MO 3HAYUMENLHO
MeHblUle  OMHOCUMENbHOU — YCMAHOBLEHHOU  30Hbl  HEYYBCMBUMENbHOCMU  CUCTNEMbl  ABMOMAMUYECKO20
pezyruposanus.

Knrouesvie cnoea: rxomnviomephoe modenupoganue, mepmoournamuxa, gumompon, COMSOL Multiphysics,
aABMOMAMUKA.
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Abstract. Heat is one of the key factors of plant growth, affecting the activity of greenery and the root system. When
designing devices for growing plants indoors, including phytotrons, it is necessary to adjust the automatic
temperature control system accordingly. At the moment, there is no universal method for determining the settings of
the automatic temperature control system, therefore, a study on tuning its automatic system is required for the
phytotron being developed. (Research purpose) The research purpose is performing a primary health check of the
heating system being developed. (Materials and methods) Indicated that the automatic control system is based on a
PID controller, its tuning coefficients were determined during the study. COMSOL Multiphysics software with
Laminar Flow and Heat Transfer interfaces was used to simulate thermal and air processes. (Results and discussion)
It was shown that the main parameters of the computer model, including the power of the electric heater, the geometric
dimensions and the materials used, correspond to the prototype being developed. Obtained by modeling graphs of
changes in air and soil temperature for three options for setting the PID controller. The quality parameters of the
automatic air temperature and soil temperature control system were analyzed with three options for setting the PID
controller. (Conclusions) It was established that the simulation demonstrated the working ability of the automatic air
and soil temperature control system. During the analysis, we selected an acceptable option for setting the PID
controller with the following coefficients: for the proportional and integral components 0.2, for the differential
component 0.4. It was found that this option has a high adjustment accuracy with a static error level of 8 percent for
soil, 6 percent for air and a relative static oscillation level of 1 percent for soil, 4 percent for air, which is significantly
less than the relative insensitivity zone of the automatic control system.

Keywords: computer modeling, thermodynamics, phytotron, COMSOL Multiphysics, automation.
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Pepepam. B nacmoawee 8pemsa yugposuzayus npouukaem 60 6ce cghepbl O0esAmenbHOCMU Yeno8eka u
aA2ponpoMblULIEHHbIT KOMIIIEKC He uckuouenue. Ipumenenue yupposuix mexHono2ul 8 paznvlx ceKmopax CenbCKo2o
xoszsiicmea paznuuno. Hanpumep, eciu 6 sicusomuosoocmee Habniooaemes: HAUOOIbWUL uHmepec Kk pobomusayuu
hepm, mo 6 pacmenuegodcmee 60IbUIOE GHUMAHUSL YOTAEMCS UCHOTb308ANHUI0 OECRULOMHbIX cucmeM. [l nOIHOU
mpancopmayuu  CenbCKOX035UCMEEHHOU  OMpPaciyu  HeoOXo0uMo IPherxmurnoe UCNOIb306aAHUE  PAZTULHBIX
uncmpymenmos yugposuzayuu. (Llenv uccredosanus) Bvibpams naubonee payuonanbHbie snemMeHmbl yupposwix
MEXHON02Ull 8 COOMBEMCMBUL C NOMEHYUALLHLIMU HOMPEOHOCMAMU  ASPAPHO20 CEKMopa HA  npumepe
MEXHON02UHeCKo20 npoyecca pacmenuegoocmed. (Mamepuanvt u memoowt) Ilposenu ananus mexHoio02U4ecKo2o
YUKIIA NPOU3600CMBA pACMUMENbHOU CElbCKOX03SUCMEEHHOU NPOOYKYUU OJis OnpedeneHus Hauboiee payuoHaIbHbIX
UHCMPYMEHMO8 YUPPOBbIX MeXHONI02Ul OISl Kaxcoo2o e2o smana. (Pezyiemamor u obcysxcoenue) Paccmompenu
KAIOYe8ble UHCMPYMEHMbL YUPPOBbIX MeXHOI02ull. Buissuau, umo Ha smane npeonocesrou 06padomru HaubobuuL
appexm umeem npumenenue OECNUIOMHBIX MPAKMOPHBIX A2Pe2amos (ONUCAHbI UX OCHOBHbIE OOCMOUHCMBA U
npeumywecmea). Onpedenunu, umo npu nocege OONLUYIO NOMOWDb MOJNCEM OKA3aMb  UCNOIb306AHUE
UCKYCCMBEHHO20 UHMELIEKMA, NO360SI0ue20 00pabampléams 3HAYUMENbHbLL 00beM OaHHbIX. YCmanosuiu, 4mo
Ha smane yxooa 3a pacmenusmu npeonoymenue omoaemcs 6ecnuiomubiM 1emamelbHblM annapamam (0aHa ux
Kiaccugurayusi u pexomenHoayuu no npumenenuto). Iloxazaiu, umo Ha cmaouu YOOPKU YPOICAsL XOPOULO
3apeKxomeH008au cebsi acpobombsl ¢ MexXHU4eCKuM 3peHuem (npugedena ungopmayus no mexuonozuu Agro-Iot u
BHEOPEHUI0 NPOSPAMMHO20 obecneuenus 01 NOAHOU pobomusayuu npoyecca). (Bvieoodv) Ommemunu, umo ananus
MEXHON02UHEeCKO20 — Npoyecca  GulA6UN,  4MO  HA — PA3HBIX — dMANAx  Npou3gooCmed  pacmumenbHoll
CENbCKOXO3ANUCBEHHOU  NPOOYKYUU  CYUWECMBYIOM  NOMPEOHOCMU 6 PA3TUYHBIX UHCMPYMEHMAX Yupposvix
mexnonozuti. Koncmamuposanu, 4mo noanas yugposas mpaHc@opmayusi azponpoMblulenHo20 KOMNIeKca
HO3604UM 3HAYUMETLHO NOBLICUMb IPHEKMUBHOCTID NPOU3BOOCMEA CENbCKOXO3AUCTNBEHHOU NPOOYKYUU.
Knwuesvle cnosa: decnunromuuiii mpakxmop, azpooom, 6ecnuiomuuvli 1emamenbhbill annapam, UcKyccmeeHHbll
unmennexm, Agro-lot mexunonoeus, asmomamusayusi u pooOMuU3AYUsL.
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Abstract. Currently, digitalization is penetrating into all spheres of human activity and the agro-industrial complex
is no exception. The use of digital technologies in different sectors of the agro-industrial complex is different. For
example, if in animal husbandry there is the greatest interest in robotization of farms, then in crop production much
attention is paid to the use of unmanned systems. Effective use of various digitalization tools is necessary for the
complete transformation of the agricultural sector. (Research purpose) The research purpose is selecting the most
rational elements of digital technologies in accordance with the potential needs of the agricultural sector using the
example of the technological process of crop production. (Materials and methods) Carried out an analysis of the
technological cycle of production of plant agricultural products to determine the most rational tools of digital
technologies for each of its stages. (Results and discussion) We reviewed the main tools of digital technologies. It was
found that at the stage of pre-sowing processing, the use of unmanned tractor units has the greatest effect (their main
advantages are described). It was determined that the use of artificial intelligence, which allows processing a
significant amount of data, can be of great help when sowing. It was established that at the stage of plant care,
preference is given to unmanned aerial vehicles (their classification and recommendations for use are given). It has
been shown that agrobots with technical vision have proven themselves well at the harvesting stage (information on
Agro-lot technology and software implementation for complete robotization of the process is provided). (Conclusions)
It was noted that the analysis of the technological process revealed that at different stages of the production of plant
agricultural products there are needs for various digital technology tools. It was stated that the complete digital
transformation of the agro-industrial complex will significantly improve the efficiency of agricultural production.
Keywords: unmanned tractor, agrobot, unmanned aerial vehicle, artificial intelligence, Agro-lot technology,
automation and robotics.
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Pegpepam.  Cospemennoe MonouHoe  HCUBOMHOBOOCMSO — XAPAKMEPUIYEMCA  BbICOKOU  MEXHON02UHEeCKOl
CTIOJHCHOCMDBIO, 8 KOMOPOU KA4ecmso MONOKA Gopmupyemcss noo GIuUsHUeM MHO2OMEPHBIX OUONOUYECKUX U
mexHnono2uieckux npoyeccos. Cywecmeyioujue mMemoovl AHAIU3A MOIOKA OPUEHIMUPOBAHBL NPEUMYUJECTNBEHHO HA
nabopamophvle YCI08Us U He YUUMbIGaIom NnogeoeHue MOJIOKOBO30YUWHOU cmecy 6 OuHamuieckom nomoxe. (Llens
uccneoosarnus) Ilpogecmu oyeHKy KIouegblx KOHYEeNMYaabHbIX NPpobenog: OmCymcmeus Qu3uUKo-MamemMamuieckoll
MOOenu POMOTOMUHECYEHYUU KAZCUHOBLIX MUYEl, HeOOCMAMOYHOU MeopemuiecKkol 6asbl N0 83auMO0eticmeuio
ONMUYECKUX, DNEKMPOXUMUHECKUX U 2UOPOOUHAMUYECKUX NPOYECCO8, A MAKHCe OMCYMCMEUA UHMESPATbHOU PAMKU,
CNOCOOHOU  onucamv NOMOK MOJIOKOBO30VWMHOU CMecU KaKk HenuHelnyo, mypoOyIieHmHyo u CMmMpyKmypHO
HeoOHOpoOHy cucmemy.  (Mamepuanvr u memoowt) Ilpumenunu Kiaccuueckue memoovl cobopa, usyyeHus,
cucmemamuzayuy U 00pabOMKU HAYUHOU UHPOPpMAYUY, IKCNEPMHBIX OYEHOK, MEemOOUYEeCKUXx pPYKO8OOCMS,
PeKoMeHOayull, MAamepuanos  CHeyuarusupoOSaHHbIX  BbLICMABOK,  NATNEHMHO-TUYEH3UOHHBIX — UCHOYHUKOS,
UHHOBAYUOHHBIX — pa3pabomox — ee0yuwux npoussooumeneli mexHuku u obopy0osanus Oni  MOJOYHO20
HCUBOMHOBOOCIBA, ONBIMA UCNONLIOBAHUS COBPEMEHHBIX MEXHON02ULl U UHHOBAYUOHHOU MEXHUKU 8 Nepedosbix
xossticmeax Poccuu u 3apybescnuvix cmpan. (Pesynomamol u 0b6cyscoenue) Ipednoscunu KOHYenmyaioHyo Mooeis
NOMOYHO020 AHATUZAMOPA KAYeCMBA MOIOKA, OCHOBAHHYIO HA MOOYbHOU APXUMEKMYpe U MHO2ONAPAMEMPULEeCKOM
nooxooe. Onucany mpu aHaIUMU4eckux Mooy, CeA3bI8AIWUX ONMuYecKue, INeKmpoxumuyeckue u buonrozuiecKue
MEXHONo2UY 6 eOUHYIO CcucmeMy ONepamueHoll OYeHKUu Kavecmea Monoka. Paccmompenu npumenumocmy
UHMENIEKMYAIbHO20 YCIMPOUCMEA 6 PA3TUYHBIX MEXHOT02UHECKUX KOHPUIYpayuax 00eHus, a maxice 0coOOeHHOCmu
€20 uHmezpayuu 8 yugpposwvle cucmemvl ynpasienus cmaoom. Ilokazanu, ¥mo ¢ ucnonb308anuem adanmupo8aHHo2o
nO0X00a A8CMPULICKOU WKOIbl IKOHOMUKU NPEOTIONHCEHA KOHYENINYANbHASL MOOETb NPOU3BOOCHEEHHOU CIPYKINYPbl
HCUBOMHOBOOUECKOT (hepMbl, OeMOHCIMPUPYIOWASL GTUAHUE MEXHON02UL NOMOYHO20 AHAIU3A HA nepepacnpedeneHue
Kanumana mexcoy cmaousmu npouzsoocmed. (Beieoosi) Onpedenunu, umo @HeOpeHue aHAIU3AMOPA YOIUHAEm
NPOU3B0OCMEEHHYIO CIPYKIMYPY, Y8ETUUUBAEH CYMMAPHBII MEXHOI02UYECKUY, YIPAGIeHUeCKUll i MOHUMOPUH208bllL
Kanuma u nogvluiaem nomeHyuaitbHoe npeoiodHceHue MOIOKA 3a CYem Yayyuenus nPUHAMUs peuleHutl U CHUMCEeHU
06opomHmbvix uzdeprcex. Koncmamuposanu, umo npednazaemas KoHyenyus popmupyem meopemuieckyio 0CHO8Y 0
CO30aHUA BLICOKOMOUHBIX NOMOKOSbIX AHATUZATNOPO8 U OANbHeUuux Ucciedosanuti 8 obracmu yugposusayuu
MONIOUHO20 HCUBOTNHOBOOCHEA.

Kniouesvie cnoea: nomoumvlii anaiuz MoaoKd, CHEKMPOCKONUs, KOHOYKIMOMEMPUs, HepeoIhhexmusHocmy,
MHO20NAPaAMEempuieckas MoOeib, MOOYIbHAS APXUMEKTNYPA, YUPPOSUIAYUS HCUBOMHOBOOCMEA, NPOU3BOOCIBEHHAS.
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Abstract. Modern dairy farming is characterized by high technological complexity, in which the quality of milk is formed
under the influence of multidimensional biological and technological processes. The existing methods of milk analysis
are focused mainly on laboratory conditions and do not take into account the behavior of the milk-air mixture in a
dynamic flow. (Research purpose) The research purpose is assessing key conceptual gaps: the absence of a physical
and mathematical model of the photoluminescence of casein micelles, insufficient theoretical basis for the interaction
of optical, electrochemical and hydrodynamic processes, as well as the absence of an integral framework capable of
describing the flow of milk-air mixture as a nonlinear, turbulent and structurally heterogeneous system. (Materials and
methods) Applied classical methods of collecting, studying, systematizing and processing scientific information, expert
assessments, methodological manuals, recommendations, materials of specialized exhibitions, patent and licensing
sources, innovative developments of leading manufacturers of machinery and equipment for dairy farming, experience
in the use of modern technologies and innovative equipment in advanced farms of Russia and foreign countries. (Results
and discussion) A conceptual model of a milk quality flow analyzer based on a modular architecture and a
multiparametric approach has been proposed. Three analytical modules have been described that link optical,

electrochemical and biological technologies into a single system for operational evaluation of milk quality. The
applicability of the intelligent device in various technological configurations of milking was considered, as well as the
features of its integration into digital herd management systems. It was shown that using the adapted approach of the
Austrian School of Economics, a conceptual model of the production structure of a livestock farm was proposed,

demonstrating the influence of flow analysis technologies on the redistribution of capital between production stages.

(Conclusions) It was determined that the introduction of the analyzer lengthens the production structure, increases the
total technological, managerial and monitoring capital and increases the potential supply of milk by improving decision-
making and reducing working costs. It was stated that the proposed concept forms the theoretical basis for the creation

of high-precision streaming analyzers and further research in the field of digitalization of dairy farming.

Keywords: in-line milk analysis, spectroscopy, conductometry, energy efficiency, multiparameter model, modular
architecture, digitalization of animal husbandry, production structure.
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Bamkupckwmii rocynapcTBEeHHBIN arpapHbIi yHEBEpcuTeT, Y da, Poccuiickas denepamus

Pegpepam. Cywecmsyiowue cucmemvl pynegoco YNPAGIeHUs HA OCHO8e 2UOPABIUYECKUX U CMAHOAPMHbIX
INEKMPOMEXAHUUECKUX YCUTUMeneli He 8 NOTHOU Mepe 0MmEeuaion mpedbosaHuam no MOYHOCMU NO3UYUOHUPOBAHUSA
u 6vicmpooelicmeuto 0ist OeCRUIOMHBIX MAWUHHO-MPAKMOPHBIX A2Pe2amos 8 YCl08UixX mouno2o 3emnedenus. (Llenw
uccrnedosanus) Paspabomka memoouku pacuema u 000CHOBAHUE NPUMEHEHU WLA208020 NIEKMPOOsUeamens 6
Kauecmee 8blCOKOMOUHO20 YCULUMENS PYLe8020 YNPAasNeHUs Ol OeCnUlomMHbIX MAWUHHO-MPAKMOPHBIX A2Pe2amog
Ha OCHOBe MOOUDUKAYUU CYUeCMBYIOUUX MeOPemUYecKux nooxo0os. (Mamepuanor u memoowr) Teopemuueckuii
AHANU3 HA OCHOBE 3AKOHO8 MEXAHUKU U MeopuU agmomMamuiecko2o YnpagieHus ¢ UCNONb308aAHUEM U PA3GUMUEM
Memoouk, npednodcennvix 6 pabomax QOzopoonosa C.M., Cmebrosa K.J[. u Opyeux asmopos. Ilposedeno
KomnviomepHoe mooenuposanue 6 MATLAB/Simulink. (Pesynomamor u obcyacoenue) Ilonyuensl anarumuieckue

3asucumocmu O pacuema momeHma uiacoe60co aﬂeKmpodeuzamerﬂ u yena KOppekmupoeKu. HOKGB’CIHO, umo



Wa2osblil DIEKMPOOBULAMelb NPegoCX00UNm mpaouyuoHHsle NPUEOObL HO MOYHOCU NOZUYUOHUPOBAHUA 8 CUCTNEMAX
€ pA3OMKHYymbIM KOHmMypoMm. Paspabomarna moouduyuposannas Mooens cymmapHo20 MOMEeHMa conpomueieHus ons
YCA08Ul pabomvl MAWUHHO-MPAKMOPHO20 azpezama. Pe3ynomamvl MoOeauposanus noomeepounu 803MOICHOCHY
obecneyenuss MOYHOCU NO3UYUOHUPOBAHUs +3 canmumempa npu ckopocmu 08udxcerus 0o 10 kuromempos 6 uac.
(Bvigoowl) [Ipumenenue wazo06020 d1eKkmpoosueameins aA61aemcs nepcneKmueHulM Hanpasienuem 0as cO30aHUs.
BbICOKOMOUHBIX U IHEP2OIPPEKMUBHBIX CUCEM ABIMOMAMULECKO20 BOMHCOEHUA MAUUHHO-MPAKIMOPHO20 azpeamd.
Ilpeonooicennas memoouxa pacyema no3eosAem KOPPEKMHO Onpedenums Napamempuvl YCUIUmMeNs Ha dmane
NPOEKMUpOBaAnUsL.

Knrouesvie cnosa: Gecnunommuvlii MawuHHO-MPAKMOPHBIL azpe2am, wazoeslll 31eKmpoosusamenb, yCUIUMens
DY1e6020 YNpaeieHus, mounoe 3emaedenue, Y201 KOPpeKyuu, MOMEHW CONpOMUGIeHus, MamemMamuiecKkoe
MoOenuposaHue.
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Abstract. The existing steering systems based on hydraulic and standard electromechanical amplifiers do not fully
meet the requirements for positioning accuracy and speed for unmanned machine-tractor units in precision farming
conditions. (Research purpose) The research purpose is development of calculation methodology and justification of
the use of a stepper motor as a high-precision power steering for unmanned machine-tractor units based on the
modification of existing theoretical approaches. (Materials and methods) Theoretical analysis based on the laws of
mechanics and the theory of automatic control with the use and development of techniques proposed in the works of
Ogorodnov S.M., Steblov K.D. and other authors. Computer simulation was performed in MATLAB/Simulink. (Results
and discussion) Analytical dependences are obtained for calculating the torque of a stepper motor and the correction
angle. It is shown that the stepper motor surpasses traditional drives in positioning accuracy in open-loop systems.
A modified model of the total moment of resistance for the operating conditions of a machine-tractor unit has been
developed. The simulation results confirmed the possibility of ensuring positioning accuracy of = 3 centimeters at a
speed of up to 10 kilometers per hour. (Conclusions) The use of a stepper motor is a promising direction for creating
high-precision and energy-efficient automatic driving systems for a machine-tractor unit. The proposed calculation
method allows to correctly determine the parameters of the amplifier at the design stage.

Keywords: unmanned machine-tractor unit, stepper electric motor, steering booster, precision agriculture, correction
angle, resistance moment, mathematical modeling.
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Pepepam. Ilpu skcnayamayuu Gomosnexmpuyeckux Mooynel 6 CyposblX KIUMAMUYECKUX YCIOGUSX HEPeoKo
B03HUKAEm CUMYayusi NOKPuIMUs UX NOGEPXHOCMeEU cloeM bod U CHeed. B ceasu c¢ smum 6vL10 nposedeno
uccnedoganue Gakmopos, OKA3bIEAIOWUX GIUAHUE HA OAUMENbHOCHb NAAGIeHUsI 160a U cHeed OJid YOdJIeHUs.
CHEIICHO20 NOKPOBA C NOBEPXHOCMU (POMOINEKmMpudeckux mooyiel. buln evlopan HeoOX00umMbll memnepamypHbiil
PEdNCUM  CONHEUHbIX MOOYIEH, NpU KOMOPOM CHEJICHbIL NOKPO8 He 3A0epIUCUBAEMCsl HA UX NOBEPXHOCMU NpU
ompuyamenvbHol memnepamype OKpydjcaiowel cpeovl. Bulnomnunu psao HAMYpHLIX IKCNEPUMEHMOE C O08YMsL
UOSHMUUHBIMU (DOMOINEKMPULECKUMU NAHETSAMU 0I5l OYEHKU 8PEeMeHU NIAGNEHUs Tb0d U CHe2d HA UX NOBEPXHOCHIU.
(Llenv uccredosanusy) HzmeHums memMnepamypHwiil pedcum HAKPLIMOU CloeM CHe2d U ab0d NOBEPXHOCMU
omosnekmpuyecko2o MO0y NPU €20 GKIOYEHUU 8 DIIEKMPULECKYIO Yenb C HANPANCEHUEeM NPIMOU NOISPHOCIU
npu PUKCUPOBANHBIX 8eTUMUHAX MOKA U Hanpsicenust. Ocyuecmeums A8MoMAamuiecKutl npoyecc NiaesieHus ib0d u
cHeza 6 meyenue cymok. (Mamepuanvl u memoowt) IIpogedenvl Hamyphvle UCHLIMAHUS U PA3PAOOMAHBL ANCOPUMMbL
ABMOMAMUYECKOU OYUCTKIL O CHENHCHO20 NOKPOBA U ABMOMAMUKYU 0I5l OCHAUWEHUsL (DOMO2ATbEAHUECKUX MOOY el
U uHeepmopos (npeobpaszosameneli NOCMOSHHO20 MOKA 8 NEPEMEHHbII ¢ NPoMbluLieRHoU yacmomou 50 eepy) npu
CO30aHUU YCI08ULl, He NO36ONAIOWUX OTUMENbHOE 8PEeMsi 3A0ePAHCUBAMBCS HA NOBEPXHOCU MOOYAEU CHENCHbIM
maccam, npensmcmsyouuM npomeKaHuio 0CHOBHO20 npoyecca — homoanekmpuueckoeo 3¢pgexma. (Pezynomamor
u obcyscoenue) Ilonyuenvt pe3yrbmamvl HAMYPHLIX UCHBIMAHUL, NPOBEOEHHbIX HA ONLIMHBLIX 00pA3YAX U
CBUOEMENbCMBYIOUUX, YMO HAZPEE NOBEPXHOCMEN CONHEUHBIX MOOYel, HAKPLIMbIX CHe20M NpU OMPUYAMETbHbIX
memnepamypax okpysicaroujell cpedsl, 603modicen be3 ocpanuyenull (6 cmonpoyenmuom ooveme). Ilpu smom nazpes
He CHudicaem SKCHLyAmayuoHHble NAPAMEmpbl, 3ds6leHHble 3a8000M-uszeomosumenem. (Bvisoowvy) Ionyuennvie
napamempbl HOKA3AIU OYEBUOHOE RPEUMYUeCBO NPEONONCEHHO20 AN20PUMMA ABMOMAMUYECKOU OYUCMKU U
HEeNnoCpeoCmeeHHO A8MOMAMuUKY, KOMopdas noeviuiaem dpdexmugnocms pabomvl U CHUdNCAEm  00beMbl
He008bIPAOOMKU, a MAKIHCe MUHUMUIUPYEem dKOHOMuyeckue nomepu. Ommemunuy, 4mo npeorodCeHHbll Cnocob
HOOMBEPIHCOEH IKCHEPUMEHMATLHBIMU PE3YIbIMAMAMU.
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Abstract. When using photovoltaic modules in harsh climatic conditions, the situation of covering their surfaces with
a layer of ice and snow often arises. In this regard, a study was conducted on the factors influencing the duration of
melting of ice and snow to remove snow cover from the surface of photovoltaic modules. The necessary temperature
regime of the solar modules was chosen, in which the snow cover does not linger on their surface at a below-zero
ambient temperature. A number of field experiments were performed with two identical photovoltaic panels to
estimate the melting time of ice and snow on their surface. (Research Purpose) The research purpose is changing the
temperature regime of the surface of the photovoltaic module covered with a layer of snow and ice when it is connected
to an electrical circuit with a voltage of direct polarity at fixed values of current and voltage, carrying out the

automatic process of melting ice and snow during the day. (Materials and methods) Field tests were carried out and



algorithms for automatic cleaning of snow cover and automation were developed to equip photovoltaic modules and
inverters (DC-to-AC converters with an industrial frequency of 50 hertz) while creating conditions that do not allow
snow masses to linger on the surface of the modules for a long time, preventing the main process — the photoelectric
effect. (Results and discussion) The results of field tests carried out on prototypes have been obtained, indicating that
heating of the surfaces of solar modules covered with snow at negative ambient temperatures is possible without
restrictions (in one hundred percent volume). At the same time, heating does not reduce the operating parameters
declared by the manufacturer. (Conclusions) The obtained parameters showed the obvious advantage of the proposed
algorithm of automatic cleaning and automation itself, which increases the efficiency of work and reduces the amount
of underwork, as well as minimizes economic losses. It was noted that the proposed method is confirmed by
experimental results.
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