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Pegpepam. B Poccuu nabniodaemca pocm npouzeoocmea maca: ¢ 2024 200y obvem npoussodcmea cocmagun 12,22
MULTUOHO8 MOHH, umo Ha 2-3 npoyenma 0oivue npedvbidywezo 200d. Ilpouzsodcmeo maca nmuyvl 6
CeNbCKOXO3AUCMBEHHBIX OP2AHU3ayusx 0ocmueio 5,53 Muiiuona monn (6 scueom sece) 3a aneapv-oxkmsops 2023 200a, ¢
npoeHo3om pocma 00 6,7 MUIIUOHO8 MOHH N0 UMO2AM 2004. AKmyanbHocmb ucciedosanus o00yciosnena
Heo0X00UMOCHbIO NOBbIUEHUA PEeHMADeTbHOCIU NPOU3BOOCMEA MACHBIX CYONPOOYKMO8 Hymem ux peamusayuu 6
nepepadomannom sude. Paboma nanpasenena na paspabomxy unnosayuonnou CBY-ycmanosxu ons mepmoobpabomxu u
Mmaccuposanus cyonpodykmog 6 paccone. (Lleav uccredosanus) Paspabomams paduozepmemuunyio CBY-ycmanosxy ona
mepmoodpadomxu cyonpooykmos 6 npoyecce MAcCUpOBAHUA 8 paccoe, NO3BONAIOUYIO VAYUUUMb NompedumensexKue
€80lICmMEa MACHO20 NPOOYKMA NPU CHUNMCEHHbIX IHepeemudeckux 3ampamax. (Mamepuansv: u memoout) Ilpogenu ananus
Qusuueckux  npoyeccog Npu  INEKMPOMASHUMHOM — BO30eliCMBUl, — paspabomany  MmexHoNo2Ul0  CoBMeweHus
mepmoodpabomky U  MACCUPOBAHUSA, CO30ATU MPeXMepHyl0 MoOenb pesonamopa-bapabana. (Pesyrvmamuvr u
obcyacoenue) Tokazanu ocrnoenvie napamempuvl pazpabomanHol yCmanogku — npousgooumenvhocms. 10 kunoepammos
6 uac, yoenbHas MowHocmb: 1,6 éamm Ha epamm, npodondicumenbHocms obpabomku. 60 munym (6 6a3060m ucnorHenuu
90 munym), xonyenmpayua conu: 12,88 npoyenma; snepeemuueckue 3ampamoi: 0,185 xunosamm-uac Ha KUI02pam,
yacmoma epawenua: 23 obopoma 8 munymy. Beiagunu, umo pesyrvmamvl eHeOpeHuUs MeXHOI02UU Oan YCKOpeHue
mepmoobpadomku Ha 33 npoyenma u noxyueHue npooyKma ¢ YayuueHHbIMU HOMmpeoUumesbCKuMy XapaKmepucmuKkamu.
(Boigoowl) Hccnedosanu mowmnocmu nomoxa usayuenuti CBY-ycmanosku ¢ wenegoim pezonamopom-bapabanom 6
IKPAHUPYIOUjeM KOpHyce ¢ OMKPbIBAIOWUMCA JIOKOM Ol 3A2PY3KU Cbipbs U 6biepysKiu npodykma. Onpedenunu, 4mo
OMUMENbHOCb NPeObl8aHUs. NEPCOHANA 6 30HAX GIUAHUSL UCTHOYHUKA U3TVYeHUs OYeHUBANACh MO dHepeemute Kol
axcnosuyuu. Koncmamuposanu, umo paspadomannyto CBY-ycmarnosxy no 6esonachoii Hopme CBY-usnyyenus moxcro
obcryxcusams Ha paccmoanuu 0,5 mempa 8 meuerue pabouezo OHA.

Knrwouessle cnosa: cyonpooykmel, mepmooopabomxa @ 31eKmpoMacHUmHOM HOJE C8EPXBbICOKOU YACOMbL, Wene6otl
DPE30HAMOP, MACCUPOBAHUE, IHOOLEHHBIL HASPES.
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Abstract. In Russia, there is an increase in meat production: in 2024, the production amounted to 12.22 million tons,
which is 2-3 percent more than the previous year. Poultry meat production in agricultural organizations reached 5.53
million tons (live weight) in January-October 2023, with a forecast of growth to 6.7 million tons for the year. The
relevance of the study is due to the need to increase the profitability of the production of meat by-product by selling
them in a processed form. The work is aimed at developing an innovative microwave plant for heat treatment and
massaging of by-products in brine. (Research purpose) The research purpose is developing a radio-isolated
microwave unit for heat treatment of offal during massaging in brine, which allows to improve the consumer
properties of the meat product at reduced energy costs. (Materials and methods) We analyzed physical processes
under electromagnetic influence, developed a technology for combining heat treatment and massaging, created a
three-dimensional model of the resonator-drum. (Results and discussion) They showed that the main parameters of
the developed unit: performance: 10 kilograms per hour, specific power: 1.6 watts per gram, processing duration:
60 minutes (in the basic version 90 minutes), salt concentration: 12.88 percent; energy costs: 0.185 kilowatt-hour per
kilogram, rotation frequency: 23 revolutions per minute. It was found that the results of the technology
implementation gave an acceleration of heat treatment by 33 percent and the production of a by-product with
improved consumer characteristics. (Conclusions) We studied the radiation flux capacity of the microwave plant with
a slot resonator-drum in the shielding case, with an opening hatch for loading raw materials and unloading the
product. It was determined that the duration of staff stay in the areas of influence of the radiation source was estimated
by energy exposure. It was stated that the developed microwave plant at a safe rate of microwave radiation can be
serviced at a distance of 0.5 meters during the working day.

Keywords: by-products, heat treatment in an electromagnetic field of ultrahigh frequency, slot resonator, massaging,
endogenous heating.
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Peghepam. B ceazu c peanusayuei npozpamm 3ieKmpudurayuu yOaieHHblX U CeNbCKUX Meppumopuill 6
pacnpedeaumenvbHvle cemu Hanpaxcenuem 6-10 Kunosoabm, USHAYAILHO 6bINOJIHEHHbIE N0 PAOUATLHOMY NPUHYUILY
C OOHOHANPABNEHHBIM NUMAHUEM, UHmezpupyromcs Gomosnekmpuieckue cmanyuu. Iloserenue o06pamubvix
nepemoKo8 aKMueHOU MOWHOCHY, NOPOHCOAEMbIX COTHEUHOU ceHepayueli, 6cmynaem 6 Hpomusopeyue ¢
aneopummamy mpaouyUOHHLIX YCIMPOUCMS PeletiHol 3auumsl U A8MOMAMUKY, CO30A8051 YePO3Y HAOeHCHOCHU
INeKMpocHadICeHUs: cenbekux nompeoumeneu. O6vekm ucciedo8anus — cenbCKue pacnpeoeiumenshble cemu 6-
10 xunosonvm, codepoicawyue PomosiekmpuiecKue CManyuy, KOMNIEKC pPeNelHOU 3auumsl U asmoMamuKiy,
obecneuusarowuil ux ycmouiuusoe Qynkyuonuposanue. (Llenv uccnedosanus) Ipoananusuposams cneyuguueckue
6bI306bl, BOZHUKAIOWUE NPU UHMeZPaAYUU HOMOIIeKMPULeCKUXx Cmanyuili 6 pacnpedenumenvHvie cemu 6-10
KUTOBOAbI CENbCKUX MEPPUMOPUlL, NpedNiodNCUmMb HAYYHO 00O0CHOBAHHbBIE NOOX00bl K A0Anmayuu peneliHoll
3auumsl U ABMOMAMUKY, yHumuléaouwjue ocobeHHocmu 0anno2o muna cemei. (Mamepuansl u memoout) Yrazanu,
YUmo MemoouKa UCcie008anusi OCHOS8AHA HA AHANU3E QUUYECKUX NPOYecco8 6 INEeKMPUYECKUx Ccemsix,



cucmemamuzayuy 0ecmaduIusupyiowux cyeHapues u 0000WeHUU OmMeyecm8eHH020 U 3apybedcHo2o onvima
aKcnyamayuu pacnpedenumenvHulx cemeti 6-10 u 35 kunosonvm ¢ pacnpedeneHHol eeHepayuell, 8 Mom Yucie 8
cenvckoi mecmuocmu. (Pezynemamul u o0Ocyscoenue) Yemanosunu nsamv MUROGLIX CYEHAPUEs HAPYULeHUs
@DYHKYUOHUPOBAHUSL 3aWUm: ROMEPS CeNeKMUBHOCTNU HeHANPABICHHBIMU MOKOGLIMU 3AWUMAMU,; HepA3TUudeHue
pabouezo u asaputino2o oopamno20 MoKa HANPAGIEHHbIMU 3aWUMAMU, OWUDOYUHOE Pe2yIUpOBaAHUE HANPSIIICEHUs.
YCMpOCmMeamu pezyiuposaniuss N0 HA2py3KOoU, 4YacCmMOMHbII PA320H 8 HENPEOHAMEPEHHBIX OCIPOBHBIX PENCUMAX,
dezpadayus napamempos HACMPOUKU 3auum om 0OHOPA3HBIX 3aMbiKanull Ha 3emio. TIpednosicunu 0ns Kaxrcoo2o
cyenapusi mexHuyecKue mepul, GKaOUarOWue nepexod K HANpasieHHbiM 3auWumam, eHeopeHue pene cKopocmu
UBMEHeHUsl HaCmOmbl, KOPPEKYUio YCMAsoK ¢ NpUGieyeHuemM OaHHbIX PeabHbIX USMePeHUll U a0anmayuio 102UKu
agmomamudeckux —pezyiamopog Hanpsowcenus. (Bvigoowy) [lokazanu, umo nomyuenHvie pe3yrbmamol
OpUEHMUPOBAHBL HA NPUMEHEHUEe INEKMPOCEeMeSbIMU OPSAHUSAYUAMU U NPOCKMHBIMU UHCIMUTYMAMU NpU
MOOepHU3ayuY  peieinol  3auumel CEIbCKUX —pPACnpedeumenbHblX cemell 6 YCI08USAX —MACumadHOo20
npucoeourenus pomoanexmpuyeckux cmanyui. Koncmamuposaiu, umo Heobxooumuvl 00HO6GIEHUE HOPMATNUBHO -
MEXHUYeCKOU OOKYMEeHMAYUU U NOGbIUEHIUE K8ATUDUKAYUU IKCIITYAMAYUOHHO20 NEPCOHAA.

Knroueevte cnosa: pomosnexmpuueckas cmanyus, ceabckas pacnpedeiumenvhas cemsv 6-10 kB, obpamnas
MOWHOCHD, pelelinas 3auuma, MaKCUMAIbHds MOK08As 3awuma, Hanpaeiennas sawuma, PITH, dyeozacswuil
peakmop, 00HopasHoe 3aMbIKaHUe Ha 3eMI0, YACMOMHBILL PA32OH, INEKMPUDUKAYUS CeTbCKUX MEPPUMOPUIL.
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Abstract. In connection with the implementation of electrification programs for remote and rural areas, photovoltaic
stations are integrated into distribution grids with a voltage of 6-10 kilovolts, originally made on a radial principle with
a unidirectional power supply. The emergence of reverse overflows of active power generated by solar generation
contradicts the algorithms of traditional relay protection devices and automation, creating a threat to the reliability of
electricity supply to rural consumers. The object of the research is rural distribution grids of 6-10 kilovolts containing
photovoltaic stations, a complex of relay protection and automation that ensures their stable functioning. (Research
purpose) The research purpose is analyzing specific challenges arising from the integration of FPPs into distribution
grids of 6-10 kilovolts rural areas; proposing scientifically based approaches to the adaptation of relay protection and
automation, taking into account the features of this type of grids. (Materials and methods) The research methodology is
based on the analysis of physical processes in electrical grids, systematization of destabilizing scenarios and
generalization of domestic and foreign experience in the operation of 6-10 and 35 kilovolt distribution grids with
distributed generation, including in rural areas. (Results and discussion) Five typical scenarios of violation of the
functioning of protections were established: loss of selectivity by undirected current protections; non-distinguishment
of working and emergency reverse current by directed protections, erroneous regulation of voltage by control devices
under load; frequency acceleration in unintentional island regimes, degradation of the parameters of protection settings
against single-phase circuits on the ground. For each scenario, technical measures were proposed, including the
transition to directed protection, the introduction of a frequency change rate relay, the correction of settings with the
involvement of real measurement data and the adaptation of the logic of automatic voltage regulators. (Conclusions)
They showed that the obtained results are focused on the use
of electric grid organizations and design institutes in the modernization of relay protection of rural distribution grids in



the conditions of large-scale connection of photovoltaic stations. It was noted that it is necessary to update the regulatory
and technical documentation and improve the skills of operational personnel.

Keywords: photovoltaic power plant, rural distribution grids of 6-10 kV, reverse power, relay protection, maximum
current protection, directional protection, RPN, arc extinguishing reactor, single-phase earth fault, frequency
acceleration, electrification of rural areas.
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Pegpepam. [lepexoo anexmpuueckux cemeti K 0OCIYHCUSAHUIO NO QAKMUUECKOMY MEXHUYECKOMY COCHMOSAHUIO
BMECMO HCECMKUX MEHCPEMOHMHBIX UHMEPBATI08 OCLONCHACMCA CIMOXACMUYHOCHIBIO 0eheKmo8 U MHONCECTNEOM
snuAlowux pakmopos. Knaccuueckue anarumuyeckue MoOeiu 6 MAKUX YCio8uax pabomarom nioxo, Nnodmomy
socmpedosanvl  2UOPUOHbIE UHMELIEKIYalbHble NO0X00bl, couemarowue 00padomKy OIKCHEPMHbIX 3HAHULL U
yucnennvix oannvix. (Lleav uccnedosanus) Beinonnume cunmes mamemamuueckux mooeneil u cneyuanu3uposaHHblx
AN2OPUMMOS  TIOSUYECKO20 6bI800A, NO360IANWUX TPAHCHOPMUPOBAMb OaHHbIE O MEKYUUX NOBPEHCOCHUAX
KOHCIPYKIMUBHBIX INEMEHM08 MepPUMOPUATbHBIX dIeKmpudeckux cemeti ¢ 000CHOBAHHbIE PEKOMEHOAYUUu no
sv100py pemonmuvix cmpamezuti. (Mamepuanvt u memoowsr) Hcnonv3osanu annapam Heuemkoul 102UKU Ha Oase
MaxcumunHou aneeopul JI 3ade ona popmanusayuu nPpoOyKYUOHHBIX NPABUTL 8 UOE OUZBIOHKINUBHBIX HOPMALbHBIX
@opm. Ilokazanu, ymo 6xo0Hble nepemMeHHble — MO MEeXHOI02UYecKUe 0epeKmul noOcuUcmem onop, NPOBOOHUKO8 U
HOOCMAHYUOHHO020 000pYO008aHUs, UX MeKywue 3HAYeHUs U KPAmKOCPOUHbLIL NPOSHO3 NOJYYAIOMCA  yepes
UCKyCcCcmBeHHble HellpOoHHble cemu ¢ nociedyroujeti Hopmupogkou Ha ompe3ok [0; 1]. Peanuzosanu mexaHusm 8b1800a
no moouguyupogannoii cxeme Cyeeno nepeozo nopsaoka, 00HOMA3HblL KOHMYp Ok 0OHOPOOHBIX NOOCUCTEM U
08YX¢hasHbill — 051 CMEULAHHBIX, 20€ YHUMBIBAECA B03MONCHOCHIb 3AMEHbL COBOKYNHOCIIUL TOKANbHBIX PEMOHMO8
00HUM KanumaneHuvim. (Pesynbmamol u obcyscoenue) Paspabomanu 08yxgasmwiil aneopumm n02utuecko2o 6v1600d,
npedcmagnenusiti 8 ude BPMN-Ouacpammvl, Ha nepsoli aze oyenugaemcs HeoOX0OUMOCMb KANUMATbHOZ0
pemonma no omoenbHoOMy npasuiy. eciu nopoe (0 = 0,7) npesviuten, cucmema oaem OUPEeKIMUBHYI PeKOMeHOAYUio,
6 NPOMUBHOM CIyHae 3anycKaemcs 6mopas (hasa, 20e onpedenaemcst 6eKmMop aKnyaitbHOCMU JTOKATbHBIX PEMOHNOS,
COPMUPYemcs u 8bI4UCTACMCSA UHMeSPATbHbLI hhexm HAKONIeHHbIX deekmos. Buiasuau, umo npu Kpumuieckom
MHOJICECTBE METKUX NOBPENCOCHULL UMO208bIli NOKA3ameb 00Cmu2aem eOuHUYbl, Ymo Oeaaem J10KalbHble PeMOHMbL
Heyenecoobpaznvimu. Ycmanosuau nopoz omoopa 10KaIbHuIX Meponpusamuti smnupuiecku. (Boisoowl) Ilpednoscunu
Mamemamuyeckuli  annapam, KOMOpblll Nepesoount KayeCmeeHHble Peciamenmvl O00CIyiCUBAHUs cemel 6
Gopmanusosannvie uiyucaUmMenbHble arcopummbl. Onpedenunu, umo coyemauue Heupocemeso2o NpocHo3d U
HeuemKoll 102UKYU NOsbLuaAen a0anmueHOCHb OYEHOK, 08YX(hA3HbI MEXAHU3M NO360Aem 00bEeKMUBHO Onpedesimy
epanuyy, 3a KOMopoll HaAKONAeHUe MeIKUX OeeKkmos mpebyem He IOKAIbHO20, d KANUMAIbHO20 PEMOHMA, YMOo Odem
ONMUMUZAYUIO 3ATPA.



Knwueesvle cnosa: netipo-neyemkuii 6u1600, cemv Cy2eHO, UCKYCCMBEHHAS HEUPOHHAS CeMb, MAKCUMUHHbIE
onepayuu,  NIAHUPOBAHUE  PEMOHMO8,  JOKAAbHAA  JKCNEPMHAs. — CUCeMd,  MeXHU4YecKkoe  COCMOAHUE
INEKMPOOOOPY008ANUSA, DNIEKMPUHECKUE CEMU, HAOEHCHOCHb INEKMPOCHADIICEHUS, NPOCHOZUPOBAHUE ABAPUTIHOCTIU.
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Abstract. The transition of power grids to service on the actual technical condition instead of rigid repair intervals is
complicated by stochasticity of defects and many influencing factors. Classic analytical models work poorly in such
conditions, so hybrid intellectual approaches combining the processing of expert knowledge and numerical data are
in demand. (Research purpose) The research purpose is performing a synthesis of mathematical models and
specialized algorithms of logical inference, which allow transforming data on current damage to structural elements
of territorial power grids into reasonable recommendations for choosing repair strategies. (Materials and methods)
The apparatus of fuzzy logic based on the maximinal algebra of L. Zadeh was used to formalize production rules in
the form of disjunctive normal forms. It was shown that input variables are technological defects of subsystems of
supports, conductors and substation equipment, their current values and short-term forecast are obtained through
artificial neural networks with subsequent normalization by a segment [0; 1]. The output mechanism according to
the modified Sugeno scheme of the first order, a single-phase circuit for homogeneous subsystems and a two-phase
one for mixed ones were implemented, which takes into account the possibility of replacing a set of local repairs with
one capital one. (Results and discussion) A two-phase logical inference algorithm was developed, presented in the
form of a BPMN diagram, in the first phase, the need for overhaul is estimated according to a separate rule: if the
threshold (6 = 0.7) is exceeded, the system gives a directive recommendation, otherwise, the second phase is launched,
where the vector of relevance of local repairs is determined, the integral effect of accumulated defects is sorted and
calculated. It was revealed that with a critical set of minor damages, the final indicator reaches one, which makes
local repairs inexpedient. We set the threshold for selecting local events empirically. (Conclusions) We proposed a
mathematical apparatus that translates high-quality rules of grid maintenance into formalized computational
algorithms. It was determined that the combination of neural network forecast and fuzzy logic increases the
adaptability of estimates, the two-phase mechanism allows to objectively determine the boundary beyond which the
accumulation of small defects requires not local, but major repairs, which provides cost optimization.

Keywords: neuro-fuzzy inference, Sugeno network, artificial neural network, maximin operations, repair planning,
local expert system, technical condition of electrical equipment, electrical grids, power supply reliability, failure
forecasting.
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Paboma evinonnena 6 pamkax eocyoapcmeentnozo 3a0anus Munobpuayxu Poccuu FGUN-2025-0015.

Peghepam. B ycrosusax pazeumusn yugpoeoco moyHozo 3emnedenus u MOHUMOPUH2A CeNbCKOXOAUCTNBEHHBIX Y20O0Ull
yeenuuenue NOIEMHO20 6peMeHU OeCHUIOMHBIX 6030YWIHBIX CYO08 02PAHUYUBAEMCA YOeNbHOU IHEP20eMKOCMbIO
MPAOUYUOHHBIX TUMUL-NOTUMEPHBIX AKKYMYAAMOpos. Bodopoonvie monnusnvie snemenmol obecneuusaiom 0o namu
paz bonee BbICOKYIO IHEP2OEMKOCMY, OOHAKO OMCYMCMEUEe CEePULIHbIX MUHUAMIOPHBIX KOHMPONEPO8 NUMAHUA U
HecmabunbHOCMb  BLIXOOHBIX hapamempos BTD npu Ounamuueckux Hazpyskax mpedylom npeosapumenbHO20
mooenuposanus. (Llenv uccredosanus) Pazpabomame nabopamophuiii cmeHO 0Ji1 OYeHKU pabouux XapaKmepucmux
PEM-membpan u memooom macumaduposanus 060cHosams napamempul snepeoycmanosku bBC ¢ pasmepom pamui
750 munnumempos. (Mamepuanvt u memoow) Paspabomanu nabopamopueii cmend, exkaouarowui PEM-
anekmponusep, Jnadopamopnyio aueiixy c¢ PEM-memopanoi, snexmpoosucamens u usmepumenvhvlie Hpubopb.
Bvinoanunu na ocmoge sonvmamnepnvix xapakmepucmux PEM-membpanst macwmabuposanue nokasamenei 0.
onpedenenus napamempos MonIUHoOU YCmMano8ku noo yeieavle mpedo8anHus AKKyMyIAmopHol bamapeu 6ecnuiomuuvlx
8030VUIHbIX cy008. (Pe3ynomamaol u 06cyscoenue) Yemarnosunu TUHEHYI0 3a8UCUMOCHb dIEKMPULECKUX noKasamenel
Auelku om uHmencugHocmu 000ysa. Ilokazanu, umo npu nirowaou npooysourozco okna 149,76 keadpamuvix
MuauMempos docmueHymo nanpscenue 0,6 eonvm. Onpedenunu 6 xooe pacyema, ymo 015 RUMAHUA OOPMOBOL cemu
OecnuiomHbIX 8030YUWHBIX CY008 Hanpsdicenuem 25,2 601bm Heobxoduma coopka uz 42 nocie0osamenbHo cOeOUHEHHbIX
syeex cymmaphou niowaovio 0,19 keadpamuvix mempa. Buiseunu, umo niowjads 060ysa 0OHOU SUelKy cocmasisem
4,49 - 1073 xeadpamuvix mempa 01a obecnedenus MaxcumansHol moxoomoayu 40 amnep; npu nromuocmu moxa 0,89
amnep na K6aopammwlii canmumemp Heobxooum pacxoo eodopooa 1,95 - 107 kybuueckuii memp 6 cexyndy. (Boreodet)
Paspabomanu nabopamopuviii cmeno, KOmMopwlil HO360J1€m OYeHUmMs pabomy 000pOOH020 MONIUCHO20 INEMEHMA U
€20 cnocobHocmyv obecnedusams I1eKMpPodIHepeuell KOMNOHEHMbl OeCHUNIOMHBIX B030YWHbIX CY008 Memodom
macwmaduposanus noxazameneti raabopamopuoi PEM-membpanvl. Koncmamuposanu, 4umo noiyuennvie napamempol
MONAUBHO20 dJEMEHMA POPMUPYION OCHOBY ON1A NPOEKMUPOBAHUA KOHMPOLTEPA RUMAHUA OOPMOBOL cemu NUTMAHUL.
Kniouesvie cnosa: BBC, 6000poouvlie moniusHvie 3nemeHmul, 1aO0pamopHvie UCCIeO008aHUs, 1A00PAMOpPHbILL
cmeno, gonbmamnepHuie xapakmepucmuxu, PEM-uembpanvl.
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Abstract. In the context of the development of digital precision agriculture and monitoring of agricultural land, the
increase in the flight time of unmanned aircraft is limited by the specific energy intensity of traditional lithium-
polymer batteries. Hydrogen fuel cells provide up to five times higher energy intensity, but the absence of serial
miniature power controllers and the instability of HFC output parameters under dynamic loads require preliminary
modeling. (Research purpose) The research purpose is developing a laboratory stand to assess the performance of
PEM membranes and, by scaling, substantiate the parameters of a UAV power plant with a frame size of 750 mm.

(Materials and methods) A laboratory stand was developed, including a PEM electrolyser, a laboratory cell with a
PEM membrane, an electric motor and measuring instruments. Based on the voltage-current characteristics of the
PEM membrane, scaling of indicators was performed to determine the parameters of the fuel plant for the target
requirements of the battery of unmanned aircraft. (Results and discussion) We have established a linear dependence
of the electrical parameters of the cell on the intensity of the blowing. It was shown that with a purge window area of
149.76 square millimeters, a voltage of 0.6 V was achieved. It was determined during the calculation that to power
the onboard network of unmanned aircraft with a voltage of 25.2 Volts, an assembly of 42 consecutively connected
cells with a total area of 0.19 square meters is necessary. It was found that the area of blowing one cell is 4.49 x 10~
3 square meters to ensure maximum current output of 40 amperes; with a current density of 0.89 amperes per square
centimeter, hydrogen consumption is required 1.95 x 10~* cubic meters per second. (Conclusions) We have developed
a laboratory stand that allows us to evaluate the operation of the hydrogen fuel cell and its ability to provide electricity
to the components of unmanned aircraft by scaling the laboratory PEM membrane. It was stated that the obtained
parameters of the fuel cell form the basis for the design of the power controller of the onboard power supply network.

Keywords: UAV, hydrogen fuel cells, laboratory studies, laboratory test bench,voltage-current characteristics of a
PEM membrane.
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Peghepam. Ocroenoii snemenm KOMIIEKMHBIX PACHPeOeUMeNbHbIX YCIMPOUCME — KOMMYMAYUOHHAS, annapamypa,
CAYACAWAR OIS KOMMYMAYUU U 2AWEHUS OYeU NPU NEPEKTIOUEHUAX U OMKIIOYEHUAX 8 CyYde KOPOMKUX 3AMbIKAHULL
Komnnexmuoie pacnpedenumenvhvie ycmpoucmea HAPY’CHOU Ycmanosku 35 kunosorem noocmanyuti 35/0,4
KUTOBOMbIN  OCHAWAIOMCA NPEOOXPAHUMENAMU U BbIKIIOYAMETAMU HASPY3KU. AKMYaTbHbIM 0CMAemcs 60npoc
COBEPULEHCMBOBAHUA 3AUUMbL OM KOPOMKUX 3AMBIKAHUL MPAHCHOPMAMOPO8 OAHHBIX NOOCMAHYUU 34 Ccuem
peanuzayuu cnocoba eauwieHus Oyeu ¢ CUHXpOHU3Ayuell 6 npedoxpaunumene u Oye02acUmMenbHol Kamepe
KOMRIEKMHO20 pacnpedenumenvrozo ycmpotcmea 35 kunosonom. (Lenv uccaedosanus) Iogvicume HadesicHocmy u
aphexmusrHocms pabomul 1eKkmMpPoo6OPY08aHUs HA NPUMepe NPeOdazaeMo20 6apUAHNA MOHMANCA KOMIIEKIMHO20
pacnpedenumenbHo2o ycmpoticmea Hanpsiscenuem 35-110 xunosonem, usyyums eapuanm sauienus (OMKIOYeHus)
MOKA aeapuu nymem CUHXPOHUZAYUU NPOYECCO8 8 NAMPOHAX KEapyesvlx nNpedoxXpanumeseli Hanpscernuem 35
KUIOBOMLI U 80 6GHeWHUX Oyeozcacsuux kamepax. (Mamepuaner u memoodwvy) Hcnonv3oeanu ceedenus u3
JUMEPATYPHBIX UCTOYHUKOS 00 UMEIWUXCA PeUeHUsX N0 U320MOBNEHUI) U OCBOCHUI0 OMedeCmEeHHbIX U
3apyOedHCHbIX KOMNIEKMHBIX PACNPeOeUMenbHbIX YCIMpPOicme 35 Kuno8obm 01 MpaHcHopMamopHuix HOOCMAaHYull



35/0,4 kunogonvm. Ipumenunu odweHayurvle Memoobl UCCAEO08AHUS, AHATU3 CYUeCMBYIOUUX PeUeHULl U CUHME3
HOBbIX 3HAHULL 8 YACU COBEPULCHCTNBOBAHUSL 3AWUM 8 KOMNIIEKMHbIX PACHpeOequmenbHbix ycmpotcmseax 35
xkunosonem. (Pezynomamor u o6cyscoenue) Paspabomanu cnocob eawenus Oyeu ¢ CUHXPOHU3ayuel 6
npedoxpanumene u 0y202aCUMeNbHOU Kamepe KOMWIEKIMHO20 PAcnpedeiumenphozo ycmpoiucmea 35 Kuiogonvm.
Tlpusenu 6 npeonacaemom mexnuyeckom peuwrenuu npumep ucnoanenus KPYH 35 xunosonom, 6 cocmag komopo2o
6X00UM npuMeHeHue npedoxpanumerell 01 3auumyl CUIOBbIX MPAHCHOPMAMOPO8 MOWHOCHbBIO 00 630 K080 M-
amnep. Ilpednoscunu memoo ecautenust 0yeu 8 0Y202acUmenbHol Kamepe U UCNOIb308aHUe MUKPONPOYECCOPHOU
penetinol 3auumul 0Ji COKpawenus: 6pemMeny cpabamvleanus pazmvikaiouje2o Konmaxkma. (Bvieoowt) [Ipeocmasunu
pewenuss Nno  COBEPUICHCMBOBAHUIO  3AWUMbL  OM  ABAPULIHBIX — PEJNCUMOB U  BAPUAHMbBL  KOMNLEKIMHO20
pacnpeodenumenbHo20 YCMpoUcmea ¢ Ux peamuzayuel, Komopwvle Ccnocoocmeyiom pazgumulo  CUcmembl
anexmpocnabcenuss noocmanyutl Hanpsaicenuem 35/0,4 Kunogonvm, u NO3GOAAIOM NOBLICUMb HAOEICHOCD
INEKMPOCHADICEHUSL CENLCKUX nompedumennell.

Kniouesvle  cnoea:  cunogoli  mpancopmamop,  dNeKmMpuueckull  NpedoXparumens,  KOMHIEKMHOe
pacnpedenumenbHoe YCMPOUCMEO HAPYICHOU YCMAHOBKY, KOMWIEKMHAS MpaHchopmamopuas noocmanyus,
BBIKIIOYUAMENb HASPY3KU, KOMIAEKNbL MUKPORPOYECCOPHOU 3aUUMbi.
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Abstract. The main element of complete switchgear is switching equipment, which serves for switching and
extinguishing the arc during switching and disconnecting in the case of short circuits. Complete switchgears of the
outdoor installation 35 kilovolts of substations 35/0.4 kilovolts are equipped with fuses and load switches. The issue
of improving protection against short circuits of transformers of these substations by implementing a method of
extinguishing the arc with synchronization in the fisse and arc-extinguishing chamber of a complete switchgear of 35
kilovolts remains relevant. (Research Purpose) The research purpose is increasing the reliability and efficiency of
electrical equipment on the example of the proposed option of mounting a complete switchgear with a voltage of 35-
110 kilovolts, studying the option of extinguishing the current of the accident by synchronizing processes in the

cartridges of quartz fuses with a voltage of 35 kilovolts and in external arc-extinguishing chambers. (Materials and
methods) We used information from literary sources about available solutions for the manufacture and development
of domestic and foreign complete switchgear 35 kV for transformer substations 35/0.4 kV. We applied general
scientific research methods, analysis of existing solutions and synthesis of new knowledge in terms of improving
protections in complete switchgear 35 kilovolts. (Results and discussion) Developed a way to extinguishing the arc
with synchronization in the fuse and arc chamber of the complete switchgear of 35 kilovolts. In the proposed technical
solution, an example of complete switchgear 35 kilovolts was given, which includes the use of fuses to protect power
transformers with a power of up to 630 kilovolt-amperes. A method of extinguishing the arc in the arc chamber and
the use of microprocessor relay protection to reduce the time of operation of the opening contact was proposed.

(Conclusions) We presented solutions to improve protection against emergency modes and options for a complete
switchgear with their implementation, which contribute to the development of a power supply system for substations

with a voltage of 35/0.4 kilovolts, and allow to increase the reliability of power supply to rural consumers.



Keywords: power transformer, electric fuse, complete switchgear, complete transformer substation, load switch,
microprocessor protection kits.
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Paboma evinonnena 6 pamxax eocyoapcmeennoco 3aoanusi Munobpuayxu Poccuu ona @I'BFHY ®HAIL] BUM FGUN-
2025-0004.

Pegpepam. [Ipu svibope cnocoba menno- u 8030yxopacnpedeneHus HCUOMHOB0OUECKUX noMeweHuti HeooXxooumo
obecneuums 3a0aHHbI 8030VUIHO-MENTOB0U PeXCUM 6 paboyeli 30He PACNONONCeHUs HCUSOMHBIX. B kauecmese
UCmo4HuKa 060zpesa nomewenuti MeJAmHUKa PasiuiHo20 HA3HAYEeHUs 603MONCHO UCNONb306AMb INEKMPUUECKUe
MeNOAKKYMYIAYUOHHBIE YCMAHOBKU KOHeekmueno2o muna. (Llenv uccreoosanus) Hzyuums s¢hgpexmusnocmy
cucmemvl  menioobecneyenus Ha  6aze  KOMOUHUPOBAHHO20 — DNEKMPUYECKO2O — MENIOAKKYMYIAYUOHHO2O0
0bozpesamensi U NOMOIOUHO20 BEHMUNAMOPA O 0002peda HUBOMHOB00UecK020 nomewenus. (Mamepuanvl u
Mmemoost) Paspabomanu obugyto memoouxy npogeoenus IKCHePUMEHMATbHBIX UCCIe008AHULI MENI08020 Peicumd
paccmampueaemo20 noOMewjeHus ¢ Xapakmepucmukol KOHMPOIUPYeMbIX Napamempos npu e2o0 o00ozpese
INEKMPUUECKOll CUCEMOtl Ha 6a3e KOMOUHUPOBAHHO2O IJIEKMPUYECKO20 MENIOAKKYMYIAYUOHHO20 000epesames
COBMECHHO ¢ NOMONOYHBIM 6eHMUAMOpom. (Pesynomamvl u obcysxcoenue) Ilpusenu vipasicenus ona pacyema
MeNIOGUIUYECKUX  XAPAKMEPUCIMUK  NOMeWweHuss npu  e20 o0bozpese KOMOUHUPOBAHHBIM  INEKMPUUECKUM
MeNIOAKKYMYTAYUOHHBIM 0002pesamenem COBMECHHO ¢ NOMOIOYHBIM BEHMUTAMOPOM U 8b100D €20 MOWHOCHIU OIS
obecneuenus KolebaHus memnepamypvl nomeujenus 6 npedenax =2 epadyca ILlenvcusa. (Bvigoowi) Buiasuau
apphexmusnocms O00NONHUMENLHO20 OHeBHO20 3apsaoa KOMOUHUPOBAHHO2O INEKMPUYECKO20
MenI0aKKyMyIAYUOHHO20 obozpesamens 8 meueHue 2-4 uacoe nocie 6-8 uaco8 pabomwvl 8 pedscume omoayu
menaomol. [lokazanu, 4mo 5mo no3601UM YMEHbUUMb CYMMAPHOe 8pemMs pabombl 6CIMPOeHH020 Kaniopugepa 610Kka
OONONIHUMENbHO20 HA2Pe8a 8030YXa KOMOUHUPOBAHHO20 INEKMPULECKO20 MENIOAKKYMYIAYUOHHO20 0002pesames 8
seuepnee U HouHoe 6pemsa Kak munumym Ha 20-30 npoyenmos, a makdice obecneuum memnepamypy
MENNOAKKYMYIUPYIOWe20  CepoeyHuKa  KOMOUHUPOBAHHO20 — DJEKMPUUECKO20 — MENI0AKKYMYIAYUOHHO2O
oboepesamerns 8 Konye pexcuma 3apsaoa 600-650 epadycos Llenvcus 0na s¢ghgpexmugrnoco meniocvema ¢ cepoedHuKa
6 peoicume omoauu meniomel. Koncmamuposanu, umo ucnonv3oganue KOMOUHUPOBAHHOZO INEKMPULECKO20
MEeNI0AKKYMYAYUOHHO20 0002pesameisi COBMECMHO C NOMOJIOYHBIM BeHMUIAMOPOM OISl Hazpesa 6030yXa npu
YCR08UU yuema neKkmposnepauy no mapug)y, ouggpepenyupo ~6anHoMy 8 meyenue Cymox, RPUGOOUM K CHUINCEHUIO
MEeKYWUx 20008bIX 3aMpam y nompeoumens Ha ONIAMY dAeKMpodIHepauu 00 25 npoyeHmos, a maxice obecnevusaem
BbIPAGHUBAHUE MEeMNepamypbl 6030yXa N0 GbICOME NOMEWEeHUs U NO3605Aem NOBLICUMb MEeMNepamypy 8030yXd 6
paboueii 30He 0bozpesaemozo nomewjerus Ha 2-3 epadyca Lenvcus.

Knwueesvle cnosa: snexmpuueckuii  menioaKKyMYJIamop, 21eKmpoobozpes, Menjiogoll pexicum HOoMeweHus,
NOMONOYUHBLI GEHMUSINOP, PEHCUMbL PADOMbL.
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Abstract. When choosing the method of heat and air distribution of livestock premises, it is necessary to ensure the
specified air-thermal regime in the working area of the animals. As a source of heating in the calf premises, it is
possible to use electric heat storage units of convective type. (Research purpose) The research purpose is studying the
efficiency of the heat supply system based on the combined electric heat storage heater and ceiling fan for he ating the
livestock room. (Materials and methods) We developed a general methodology for conducting experimental studies of
the thermal regime of the room under consideration with the characteristics of the controlled parameters when it is
heated by an electric system based on a combined electric heat storage heater together with a ceiling fan. (Results and
discussion) Expressions were given for the calculation of the thermal physical characteristics of the room when it is
heated by a combined electric heat storage heater together with a ceiling fan and the choice of its power to ensure the
temperature fluctuations of the room in the range of £ 2 degrees Celsius. (Conclusions) The effectiveness of the
additional daily charge of the combined electric heat storage heater for 2-4 hours after 6-8 hours of operation in the
heat recovery mode was revealed. It was shown that this will reduce the total operating time of the built-in heater of
the additional heating unit of the combined electric heat storage heater in the evening and night by at least 20-30
percent, and also provide the temperature of the heat storage core of the combined electric heat storage heater at the
end of the charge mode of 600-650 degrees Celsius for effective heat removal from the core in the heat recovery mode.
It was stated that the use of a combined electric heat-accumulation heater together with a ceiling fan for air heating,
provided that electricity is taken into account at a tariff differentiated during the day, leads to a decrease in the current
annual cost of electricity for the consumer up to 25 percent, and also ensures the leveling of air temperature in the
height of the room and allows you to increase the temperature in the working area of the heated room by 2-3 degrees
Celsius.

Keywords: electric thermal storage setup, electric heating, thermal regime for premises, animal, ceiling fan,
operating modes.
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Paboma evinonnena 6 pamxax eocydapcmegennozo 3adanus Munobpuayxku Poccuu ona @I'BHY ©HAL] BUM FGUN-
2025-0013

Peghepam. Obecneuenue cmadUuIbHbIX RAPAMEMPOS MUKDOKIUMAMA 8 HCUBOMHOBOOYECKUX KOMNIEKCAX — 9MO
@yHoamenmanvHoe yCiogue COXpAHeHUs QUIUOI0SUUECKO20 20Me0CHA3d, MUHUMU3AYUU MENI08020 cmpecca U
MAKCUMUZAYUYU MONOYHOU NPOOYKMUBHOCIU KPYRHO20 po2amozo ckoma. Tpaduyuonnvie memoobl KAUMAam-KOHmMpos
HeO0CmamoyHo OnepamugHo peazupyiom Ha OUHAMUYecKue usMenenus cpedvl, mpebys nepexood K UHMeLIeKmyaibHblM
adanmuenvim pewenusam. (Llenv uccredosanus) Pazpabomamo ancopummpl yHKYUOHUPOBAHUS TAOOPAMOPHO20 0bpazya
A6MOMAMUZUPOBAHHOL CUCTNEMbL KOHMPOISL U Pe2yIUposaHus napamempos MUKpOKIUMAMA JHCUBOMHOBOOUECKUX
nomewerull 011 Kpynhoz2o pozamozo cxkoma. (Mamepuanet u memoow) Paboma nposoounace Ha 6aze
cneyuanuzuposantoll 1abopamopuu yu@posvix cucmem monumopunea DHAL] BUM c¢ npumenenuem memooos
CMPYKIMYPHO20 MOOENUPOBAHUSL, AHANUZA HOPMAMUBHBIX OOKYMEHMO8 U NPOSPAMMHOU BU3VANUAYUU JLOSUKU YIPAGLEHUS.
(Pesynvmamoui u obcyscoenue) B xode uccredoganus Obliy CHPOEKMUPOBAHbL WeCMb NOCIEO08AMENbHBIX PENCUMOB
DYHKYUOHUPOBAHUSL CUCTEMbL: IKCNPECC-CAMOOUASHOCMUKY, YUKIUYECKO20 MOHUMOPUHEA 0amUuuUKo8, aHAIUMUYecKol
00pabomKU OAHHBIX, UHMELTEKMYAIbHO20 8blO0PA UCTIOTHUMENbHBIX MEXAHUIMO8, UX OUDDEPeHYUPOBAHHO20 BKIIOUEHUS
U KpUMUYecKo2o peazuposanust. nmezpuposana MoOepHU3UPOBAHHAs MOOLb PACYEMA MeMnepamypHo -6LANCHOCHHO20
UHOeKcd, OONONHEHHA KOI(DQUYUEHMOM GIANCHOCIU KOPMOS, HMO NO36OIUNO NOKAIUZ08ANb 30HbL MENI0B020
ouckomghopma. Onpedenenvt HOpMamusHvle HOPO2U CPAdAMBIEAHUsE 000PYI08AHUS. Ycmanogieno, Ymo npednodceHHas
AN2OpUMMUYECKAs apXUmeKmypa obecnevusaem adanmusHoe ynpagienue MUKpoxaumamom. (Boieoowt) Pazpabomannvie
anzopummsl  0becneuusaiom MHOLOMAKMOPHYIO ONMUMUZAYUIO MUKPOKIUMAMA, MUHUMUSUPYIOM  DYYHOU Mpyo
nepcoHand u co30aiom MmexHoI02UYeCKuti (PyHoamenm OJisk BHeOPEHUs. CUCTEM MOYHO20 JCUBOMHOBOOCMEA, 2APAHMUPYS
coomeemcmeue 3002USUeHUNECKUM CIMAHOAPMAM.

Knroueevle cnosa: monounoe HCUBOMHOBOOCHBO, MUKPOKIUMAM, ANI2OPUMMbL (DYHKYUOHUPOBAHUS, YRPAGIeHUE
000pydosanuem, KpynHwill poeamolii CKOM, MOYHOE HCUBOMHOBOOCMEO, HCUBOMHOBOOUECKUE NOMEUJCHUSL.

Onsa untupoBaHua: JosnaTtos U.M., Komkos W.B., BygHukos [.A. PaspaboTtka anroputmMoB (OyHKLIMOHUPpOBaHUs nabopaTopHoro
obpasLa cucTeMbl KOHTPOIS NapameTPoB MUKpPOKNMarTa // drnekmpomexHosnoauu u anekmpoobopydosaHue 8 AlNK. 2026. T. 73. N3.
C. 48-55. DOI: 10.22314/2658-4859-2026-73-3-48-55. EDN: ODPOOZ.

Scientific article

Development of Algorithms for the Functioning of a Laboratory Sample
of a Microclimate Parameter Monitoring System

Igor M. Dovlatov,
Ph.D.(Eng.), senior researchert, e-mail: dovlatovim@mail.ru;
Ilya V. Komkov,
postgraduate, junior researcher, e-mail: ilyakomkov10@yandex.ru;
Dmitriy A. Budnikov,
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Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

The work was performed within the framework of the State Task of the Ministry of Education and Science of Russia for
FSBSI FSAC VIM FGUN-2025-0013.

Abstract. Ensuring stable microclimate parameters in livestock complexes is a fundamental condition for maintaining
physiological homeostasis, minimizing heat stress and maximizing the dairy productivity of cattle. Traditional
methods of climate control do not respond quickly to dynamic changes in the environment, requiring a transition to
intelligent adaptive solutions. (Research Purpose) The research purpose is developing algorithms for the functioning
of a laboratory sample of an automated system for monitoring and managing the microclimate parameters of livestock



premises for cattle. (Materials and methods) The work was carried out on the basis of a specialized laboratory of
digital monitoring systems of FSAC VIM using methods of structural modeling, analysis of regulatory documents and
software visualization of management logic. (Results and discussion) In the course of the study, six sequential modes
of functioning of the system were designed: express self-diagnostics, cyclic monitoring of sensors, analytical data
processing, intelligent selection of actuators, their differentiated work and critical response. Integrated modernized
model of calculation of temperature and humidity index, supplemented by feed humidity coefficient, which allowed to

localize zones of thermal discomfort. Regulatory thresholds for the operation of equipment are defined. It is
established that the proposed algorithmic architecture provides adaptive control of the microclimate. (Conclusions)

The developed algorithms provide multifactorial optimization of the microclimate, minimize manual labor of
personnel and create a technological foundation for the implementation of precision animal husbandry systems,

ensuring compliance with zoohygienic standards.

Keywords: dairy farming, microclimate, functioning algorithms, equipment management, cattle, precision animal
husbandry, livestock facilities.
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Tenaodusngyeckas MOAEAb BBIMEHH KOPOBBI
KaK 00bEKTA TeEPMOrpaUIeCKOro KOHTPOAA

HNean UBanosuu I'mpynikmiil,
AOKTOP TEXHUYECKUX HAYK, AOLCHT, e-mail: gir 50@mail.ru;
Anppeii I'puropsesnu CenpkoB?,
KAHAMAQT TEXHIYCCKUX HAYK, AOIICHT;
1
Aennc Amurpuesnu Canmaxos!l,
aCIIIpaHT

'Benopycckuii rocyapcTBEHHBIN arpapHbI TEXHUYECKHI YHUBEPCUTET, T. MuHCK, Pecry6nmka benapycs;
’[lentp pannorexnuku HanmonanbHoit akagemun Hayk benapycu, r. Munck, Peciy6nuka Benapych

Peghepam. Vcnonvzosanue mennogusopoé 6 mexHuxe u npOMbIUIEHHOCIU UMeem MHO20IemHION ucmopuio. B
nocieoHue 2006l NPOBEOeHbl MHOCOUUCTEHHbIE UCCICO08AHUA NO NPUMEHEHUIO MEpMoSpaguu Kax HeUuH8asusHo2o
Memooa  OUACHOCTMUKU — BOCNATUMENbHBIX NAMOA02UU Y CeNbCKOXO3AUCMEEHHbIX  JHCUBOMHBIX.  H3Meperue
memnepamypsl 8 6emepUHApUU — BANXCHASL MEXHUKO-MEXHON0SUYECKds 3a0ayd, KOMOopylo HeoOX00umMo peulams,
00513amenbHO NPUHUMAS 80 BHUMAHUE OUOI02UYECKUe OCOOEHHOCIU CeTbCKOXO3AUCTBEHHBIX JHCUBOMHBIX U 0OAACTU
NpaKmu4eckol OUASHOCMUKU 3a001e8anull, O KOMOPbIX OOJAHCHbI NPo8ooumsbcsa makue usmeperus. Ocoboe
SHAYEHUe UMEIN B0NPOCHl OUAZHOCMUKU MACMUMA KOPO8 8 YCA08UAX NOMOYHO20 npouseodcmea moaoka. Ha
Pe3VAbIMAam aHaIu3a mepmoepaguieckoeo CHUMKA 8bIMEHU ¢ HaTuduem u 6e3 60CNaIumenbHOl Namoa0euy 6IUsiom
paznuuno2o poda eosmyweHus (nomexu). (Lenv uccnedosanus) Ilposecmu amanuz u o0606wenue moodenet
mennooomMena 01 OUOMEXHUHECKUX CUCEM U CUHME3Upo8amsv PAYUOHATLHYIO MEMOOUKY OYEHKU USMEHEeHUs
MEPMOOUHAMUYECKOU  MEeMNepamypbl  HOBEPXHOCMU KOXCU  6bIMEHU 6 3d8UCUMOCTU OM  MeMNepamypHo-
GNIANCHOCTHHBIX NAPAMEMPO8 NPOU3BOOCHIBEHHO20 NOMEWEHUs ¢ MenI108U3UOHHOU ycmanoskou. (Mamepuaner u
Mmemoov) Paccmompenu cocmasnarowue ypagHeHus MeniooOMeHa OCHOBHO20 A0pA 6bIMEHU Hepe3 KOXCYy C
OKpYdHCcaroujeli Cpedoll ¢ 603MOHCHOCHIBIO KOIUUECTNBEHHOU OYEHKU BKAA0A PA3TUYHBIX COCTNABTAIOWUX MENI000MeHA
HA U3MEHeHUe MEePMOOUHAMUYECKOU MeMNepamypsbl NOBEPXHOCU KOXMCU 6bIMeHU Kopogul. (Pezyrvmamul u
obcysicoenue) Cunmesuposanyu 6 C6a3U € OMCYMCMBUEM pPe3yIbMmamos IKCNePUMEHMAIbHbIX UCCAe008aAHUL
Menio0OMeHA BbLMEHU KOPOBbl 8 YCIOBUAX NPOU3BOOCNBEHHO20 NOMEWEHUs, HANPUMED, OOUTLHO20 34d, YPABHEHUe
Menno8o20 OANAHCA 0151 BbIMEHU KOPOBbL nymem 0000ujeHUs CYWecmeYIouWUX UCCied08aHUll, KII0YAS UCCIe008aHUS
no menioobMmeHy uenoseueckoco opeanusma. (Buieoowy) I[lomyuunu 3aeucumocmu u KOAUYECMEEHHblE OYEHKU
prykmyayuii. mepmMoOUHAMUYECKOU MeMReEpamypbl HOBEPXHOCHU KOMNCU BbIMeHU Ol yiema 6 aneopummax
OUACHOCMUKU BOCNATUMENbHBIX 3a001e6anull (Macmuma) Ha baze mepmozpaguyeckozo memooa. Onpedenunu, 4mo



napamempol MoOoenu HeobXO00uMoO YMOYHSAMb NYMeM HAKONIAEHUS U CIMAmMUCmMu4eckol oopabomku OaHHBIX Ol
VCIIOBULL KOHKPEMHO020 MOIOUHOMOBAPHO20 KOMNIEKCA.
Kniouesvle cnosa: mennoobmen, evims, KOposa, meMnepamypa, mepmopagus.

Ona uutnpoBanua: mpyukun U.W., CeHbkoB A.l'., CnumakoB [.[. Tennocdumsuyeckass mogenb BbIMEHU KOPOBbl Kak OObekTa
Tepmorpaduyeckoro kKoHTpons // SnekmpomexHonoauu u anekmpoobopydosaHue & AllK. 2026. T. 73. N3. C. 56-64. DOI:
10.22314/2658-4859-2026-73-3-56-64. EDN: OINHRI.

Scientific article
Thermophysical Model of the Cow’s Udder as an Object
of Thermographic Control

Ivan. I. Girutskiyl,
Dr.Sc.(Eng.), associate professot, e-mail: git_50@mail.ru;
Andrey G. Senkov?,
Ph.D.(Eng.), associate professor;
Denis D. Slimakov!,
postgraduate

'Belarussian State Agrarian Technical University, Minsk, Republic of Belarus;
?Radio Engineering Center of the NAS of Belarus, Minsk, Republic of Belarus

Abstract. The use of thermal imagers in engineering and industry has a long history. In recent years, numerous studies
have been conducted on the use of thermography as a non-invasive method of diagnosing inflammatory pathologies
in farm animals. Temperature measurement in veterinary medicine is an important technical and technological task
that must be solved, taking into account the biological characteristics of farm animals and the areas of practical
diagnosis of diseases for which such measurements should be carried out. Of particular importance are the issues of
diagnosing mastitis of cows in the conditions of stream milk production. The result of the analysis of the
thermographic image of the udder with and without inflammatory pathology is affected by various kinds of
disturbances (interference). (Research purpose) The research purpose is conducting an analysis and generalization
of heat exchange models for biotechnical systems and synthesis a rational methodology for assessing the change in
thermodynamic temperature of the udder skin surface depending on the temperature and humidity parameters of the
production room with a thermal imaging installation. (Materials and methods) The components of the heat exchange
equations of the main udder core through the skin with the environment were considered with the possibility of
quantifying the contribution of various components of heat exchange to the change in thermodynamic temperature of
the skin surface of the cow udder. (Results and discussion) In connection with the lack of results of experimental
studies of heat exchange of cow udders in a production room, for example, a milking hall, the thermal balance
equation for cow udders was synthesized by generalizing existing studies, including studies on heat exchange of the
human body. (Conclusions) Dependencies and quantitative estimates of fluctuations of the thermodynamic
temperature of the udder skin surface were obtained for accounting in the algorithms for diagnosing inflammatory
diseases (mastitis) on the basis of the thermographic method. It was determined that the parameters of the model
should be clarified by accumulating and statistically processing data for the conditions of a particular dairy complex.
Keywords: heat exchange, udder, cow, temperature, thermography.

For citation: Girutskiy I.I., Senkov A.G., Slimakov D.D. Thermophysical model of the cow’s udder as an object of thermographic
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Pegpepam. B nacmoswyee spemsa sneopenue asMOHOMHBIX INEKMPUPUYUPOBAHHBIX ¢ AOANMUSHBIMU YUDPOBLIMU
cucmemamy ynpagieHus mpaHcnopmHeix cpeocms, obecnequsaoujux Oecnuiommylo 00CmasKy u nepemeujeHue
2py308, 6 MOM UUCHe 6 OSPAHUYEHHBIX 00beMax CKIA008 U XPAHUIULY, CIAYHCUM 3A1020M PeOTOYUOHHO2O0
COBEPUIEHCMBOBANHUA  TOSUCTMUKU — NEPEBO30K 6  CEeNbCKOXO3AUCMBEHHbIX — NPeONpUAmMUAX U NOGbIUIEHUs
apexmusnocmu ompacau 6 yeaiom. llpumepom npumenenuss OaHHbIX MPAHCNOPMHBIX CPEOCNE MOYM. CIYIHCUMb
becnunromunas 0ocmaska yooopeHuti u cpeocms 3auumnl pacmeHull Ha nos, asmoMamusUpo8antbvlil coop ypoxcas
6 cadax u meniuyax, MpaHCNOPMUPOBKA KOPMO8 HA HCUBOMHOBOOUECKUX KOMNUAeKcax. [ adekeamuozo
DyHKYuOHUpOBaHUA  A0ANIMUSHBIX YUPPOBLIX CUCTNEM YNPAGIeHUs MPAHCHOPMHBIMU CPEOCmeaMu  3a0ayd
ONMUMATLHO20 B0CCIMANHOBNEHUS. HENPEPLIBHBIX KPUBLIX, HANPUMED, MPAEKINOPUU 08UICEHUSA, HASPY3KU NPUB0OA U
O0p., MO UMEIOWUMCA OUCKPEMHbIM 3HAYEHUAM JIEeMEHMAPHO pPewlaemcs HA OCHO8e AN2OPUMMOS CHIAUHOB020
unmepnoauposanus @yukyuil. Ilpu smom noxazamenu Kauwecmea padbomvl AOANMUBHBIX YUPDPOBLIX cucmem
VAPAGIEHUS. MPAHCTIOPMHBIMU CPEOCMEAMU — MOYHOCHb, ObICTNPOOeliCMEUe — HAXO0AMCA 8 NPAMOU 3A8UCUMOCTNUL
OM NOSPeUtHOCIU UHMEPNOIUPOBAHUA (00beMA BLIYUCTUMENLHOU pabOmbl) U ONPeOensIomcsa MUNoM 6bl0PAHHBIX
cnaatinos. (Lenv uccreoosanusy) Onpedenums mun CHIAUHO8, 0DeCneyusarowuil, npu CONOCMAGUMOLL N0 00beMy
BBLIYUCTIUMENLHOU  pabome, MUHUMATbHYIO NOSPEUIHOCMb U JAVUULYIO MOYHOCMb  NPUOTUNMCEHUS  NOTYYeHHbIX
CHAAUHOBBIM UHMEPNOUPOBAHUEM KPUBBIX K DAKMUYECKUM MPAEKMOPUAM MPAHCNOPMHbIX cpedcms. (Mamepuanst
u memoowvy) Ilpednoscenvt u UYUCTEHHO UCCIE008AHYI, ONpedensiowue Ka4ecmeo UHMepnoIuposanus, nAams
MeCmosbIX KpUgblx O1A 3A0aHHBIX U XAPAKMEPHBIX 8 NPAKMUKe 3aKOHOMEPHOCMel O8UNCEHUS MPAHCTIOPMHBIX
cpeocms. [lpedcmagnen obwuil aneopumm paciema 2apaHmupo8aHHOl MOYHOCU UHMEPROIUPOSAHUS TUHEIHBIMU,
KeaopamuunblMu U Kybouveckumu cniaunamu. (Pesynomamwr u  obcyocoenue) Cpasnenuem nokazameneil
UHMEPNOIUPOBAHUA NO ANCOPUMMY 2APAHMUPOSAHHOU MOYHOCMU ROKA3AHO, UMO HAUMEHLULYIO NOZPEUHOCHIb
DPe3VIbMamos 8bluUCIeHuli obecneuusarom Kybudeckue unmepnorayuouHvie cniaiinel Peperoccona. (Bwigoowr)
Hokasano, umo unmepnonayus KycouHol anzebpaudeckou Kpugol Kyoudeckumu cnaatinamu Peperoccona
nogviuiaem, 8 CpasHeHuu co cnaatimamu Jlasgpamsca, 2apanmuposanHyio MoYHOCMb pacyema, HO npeonoaazaen
yeenuueHue OpUeHmMUPO8OYHo 8 1,7 pasa epluuCIUMeNbHbIX 3aMpam Ha onpedeieHue Ko3p@uyuenmos 6 CpasHeHuu
€ OanHBIM MUNOM CIIIAUHOB.

Knrwouegsle cnosa: aoanmusnas agmomamusupo8anHds cCucmema ynpasieHus, UHMepnoayus, napamempul Mooeau,
cuHme3 ynpasnanue2o eosodeticmsus, cnaan Jlaspansica, cnaatin @epeioccona, moytoe 3emaeodenue, 6eCnuIomubie
MEXHONO2UY, CENbCKOXO3ANUCMEEHHAS POOOMOMEXHUKA, ABMOMAMU3AYUA CENbCKO20 XO3AUCNEA, INeKMPONPUEOO

CeNbCKOXO3AUCMEEHHOU MEXHUKU.
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Abstract. Currently, the introduction of autonomous electrified vehicles with adaptive digital control systems that
provide unmanned delivery and movement of goods, including in limited volumes of warehouses and storages, is the
key to revolutionary improvement of transportation logistics in agricultural enterprises and increasing the efficiency
of the industry as a whole. An example of the use of these vehicles can be the unmanned delivery of fertilizers and
plant protection products to fields, automated harvesting in gardens and greenhouses, and the transportation of feed
to livestock complexes. For the adequate functioning of adaptive digital vehicle control systems, the problem of
optimal recovery of continuous curves, for example, motion trajectories, drive loads, etc., according to the available
discrete values, is elementary solved on the basis of algorithms for spline interpolation of functions. At the same time,

the performance indicators of adaptive digital vehicle control systems — accuracy, speed — are directly dependent on
the interpolation error (amount of computational work) and are determined by the type of selected splines. (Research
Purpose) The research purpose is determining the type of splines that provides, with a comparable amount of
computational work, the minimum error and the best accuracy of approximating the curves obtained by spline
interpolation to the actual trajectories of vehicles. (Materials and methods) Proposed and numerically investigated,

determining the quality of interpolation, five test curves for the given and characteristic in practice patterns of
movement of vehicles. A general algorithm for calculating the guaranteed accuracy of interpolation by linear,

quadratic and cubic splines is presented. (Results and discussion) By comparing the interpolation indicators using
the guaranteed accuracy algorithm, it is shown that the smallest error in the calculation results is provided by cubic
Fergusson interpolation splines. (Conclusions) It is shown that the interpolation of a piecewise algebraic curve by
cubic Fergusson splines increases, in comparison with Lagrange splines, the guaranteed accuracy of the calculation,

but assumes an increase of approximately 1.7 times the computational costs for determining the coefficients in
comparison with this type of splines.

Keywords: adaptive automated control system, interpolation, model parameters, control action synthesis, Lagrange
spline, Ferguson spline, precision agriculture, unmanned technologies, agricultural robotics, agricultural
automation, electric drives for agricultural machinery.
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Pepepam. Lupposusayus, moderuposanue 31e6amopa ¢ UHMEHCUDUKAMOPOM Cenapayui noussl  Oaiom
B03MOJCHOCb PeUleHUss OYeHKU NompeOisemMol MOWHOCMU CUl MPAHCHOPMUPOBAHUS U Cenapayuu niacma Ha
kapmogeney6opounvix Kombaiinax. Komnuexc ocywecmensem agmomMamuieckuii pacuem MOWHOCMU U CUTOBbIX
XAPAKmepucmuKk Ha OCHO8e 8800UMBIX HOb306AMENEM MEXHOLOSUYECKUX NAPAMEMPO8 U HALTAOHBIX 2papuuecKux
MoOenetl, pazpabomanHvlx no mexHuweckomy 3adanuio. (Llemv uccreoosanus) Oyenums  3pexmunocme
MOOeIUPOBAHUS NAPAMEMPOS DNEEAMOPA C UHMEHCUDUKAMOPOM Kapmogeneybopounoeo kombaina. (Mamepuanv u
memoowr) [Ipedycmompenu 015 peuienus 3a0ay MOOIUPOBAHUL UHMYUMUSHO NOHAMULKbII epapuyeckull unmepelic
¢ nomAMU 6600 U KHONKOU 3aNyCKa GbIYUCTIEHUN. YCMawosuau, umo cucmema obecneuusaem GuU3yaru3ayuio
DPe3yIbmanios pacuema 6 eude uemvlpex aHaiumuyeckux epaguxos. Onpedenunu, umo >ggexm om npuMeHeHus
APOSPAMMHO20 KOMIIEKCA COCMOUM 8 COKDAUJeHUU 6PEMEHHbIX 3ampPam HA pacyen napamenpos Kauecmed cenapayuu
6 5-7 pas, nogvleHuyu MOYHOCMU ONPeOeleHUsl KPUMUYECKUX DedCUMO8 padomuvl 060py008aHus, OnepamueHoM
aHaIU3e GIUAHUS MEXHONIOSUYECKUX NApamMempos Ha dHepeemuyeckue nokazamenu. (Pezymomamul u 06cysicoenue)
[Ipeonoocunu yugposoii npooykm, pearusyiowuti QyHKYuu adcCUCmenma no co30anuio u eoeHulo 6asvl OaHHbIX, 05
OYeHKU IPPEKMUSHOCIU MOOCTUPOBAHUSL NAPAMEMPOE IAeBAMOPA C UHMEHCUDUKAMOPOM KAPMOpeneybopouno2o
kombaina. (Boigoow) [loxazanu, umo paboma npocpammvl GbICMPOEHA 8 COOMEEMCMEUU ¢ MpebGosaHusMu
COBPEMEHH020 3AKOHOOAMENbCMBA 8 Chepe CeNbCKO20 X03AUCMEA U IKOI02UU. Bolagunu, umo npeoioicentbvlil 6apuanm
ABMOMAMUUPOBAHHO20 Yuema YOObeH U Npocm 6 UCNOLb308AHUU, NPUMEHUM Ol YCMAHOBKU HA CMAPMPOH, umo
NO360J5€M IKOHOMUNMb 6PEMs CHEYUATUCA, 8e0yuje20 yuen, NOGbluds MeM CAMbIM NPOU3E00UMENbHOCHb MPYydd, d
makaice obecneuusas docmyn K ungopmayuu ¢ mobou momenm epemenu. Ilokazanu, umo 6 6Gyoywjem npoepamma
Modcem Oblmb YCOBEPUIEHCMBOBARA U OONONHEHA GYHKyuel gopmuposanus u nodauu online — omuemnocmu 6
cucmemy omuemos Munucmepcmea cenvcko2o xoszsaticmea P®.

Knroueesvle crnoea: yugposoe modenuposanue, paciem napamempos, UHMeHCUDUKAmop, 21e6amop, cenapayus
nousbl, IPHEKMUBHOCHL MOOETUPOBANUSL.
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Abstract. Digitalization, modeling of an elevator with a soil separation intensifier, make it possible to assess the power
consumption of the transport and separation forces of the formation on potato harvesters. The complex automatically
calculates power and power characteristics on the basis of user input technological parameters and visual graphical
models developed according to the technical specification. (Research purpose) The research purpose is evaluating the



effectiveness of modeling the parameters of the elevator with a potato harvester intensifier. (Materials and methods) To
solve modeling problems, an intuitively conceptual graphical interface with input fields and a start button for calculations
was provided. The system provides visualization of the calculation results in the form of four analytical graphs. It was
determined that the effect of the application
of the software complex consists in reducing the time costs for calculating the parameters of the quality of separation by
5-7 times, increasing the accuracy of determining the critical modes of operation of the equipment, and promptly
analyzing the impact of technological parameters on energy indicators. (Results and discussion) We proposed a digital
product that implements the functions of an assistant for creating and maintaining a database to assess the effectiveness
of modeling the parameters of an elevator with a potato harvester intensifier. (Conclusions) The work of the program
was built in accordance with the requirements of modern legislation in the field of agriculture and ecology. We found
that the proposed version of automated accounting is convenient and easy to use, applicable for installation on a
smartphone, which saves time for a specialist who keeps records, thereby increasing labor productivity, as well as
providing access to information at any time. In the future, the program can be improved and supplemented with the
function of forming and submitting online reports to the reporting system of the Ministry of Agriculture of the Russian
Federation.

Keywords: digital modeling, parameter calculation, intensifier, elevator, soil separation, modeling effectiveness.

For citation: Gadzhiev I.P., Limarenko N.V., Uspenskiy I.A., Gadzhiev P.l., Ramazanova G.G. Evaluation of the efficiency of modeling
the parameters of an elevator with a potato harvester intensifier. Electrical Technologies and Equipment in the Agro-Industrial Complex.
2026. Vol. 73. N3. 73-80 (In Russian). DOI: 10.22314/2658-4859-2026-73-3-73-80. EDN: WCKROV.

END: ZCEUBC Hayunas crarbs
DOI: 10.22314/2658-4859-2026-73-3-81-86 YJK 614.48: 614.94

MaremaTHueCcKas MOAEAB ABIDKEHHA POOOTU3NPOBAHHOMN NMAAT(OPMBI
AAAL A€3TH(EKITUH )KUBOTHOBOAUECKHUX IIOMEIITEHUM

Aeonua HuxoaaeBuu IIpokornnes,
acumpant, e-mail: leonid_prokopev_2000@mail.ru;
ITerp AeornmpaoBuy Aekomiies,

AOKTOP TEXHIYECKUX HayK, IIPOdeccop

Y amypTckuii ToCyIapCTBEHHBIN arpapHbIi YHUBEPCHTET, T. VxkeBck, Poccuiickas @enepanus

Peghepam. Buvicoxas niomnocms co0epuCcanus no20108bs co30aem 01a20Npusmusle YCioeus 01 pacnpocmpaneHus
NAMO2eHHOU MUKPODAOPYLI, 4MO CMAHOBUMCA NPUYUHOU CHUMNCEHUS NPOOYKMUBHOCTU CelbCKOXO3AUCH8EHHbIX
scusomuvix Ha 15-20 npoyenmos. B Hacmoswee epems mpaouyuoHHvle CMAYUOHAPHbIE CUCTNEMbl CAHUMAPHOU
00pabomky IKOHOMUYECKU HeyenecoobpasHel, 6 C6A3U C IMUM 6 Kadvecmee Ip@ekmusnou arbmepHamugyl
npeonazaromces MOOUTbHBIE POOOMUSUPOBAHHBIE KOMNIEKCHl, 2eHepupyroujue U PAGHOMEPHO pachnpedersioujue
anekmpoasposzonu. (Lenv uccredosanusn) Paspabomka mamemamuyeckou mooenu 08UdCeHus podOmusuposaHHol
0e3UHpeKYUOHHOU NAAMPOPMbL ¢ Y4EMOM OUHAMUKY paA3PAOA akKymyasmopHol 6amapeu. (Mamepuanvl u menmoosl)
Mooenv nocmpoena Ha ocroge NeKMPOMEXAHUUECKUX YPABHEHUT MA20602 0 NPU0Od. B3aumoceasv snekmpuyeckux u
MEXAHUYeCKUx napamempos onucvigaemcs 0e3 yuéma UHOYKMUBHOCTU OOMOMKU, uepe3 CONpomusieHue, Mok,
koHcmanmy npomugo-3/C u yenosyio ckopocms. Cuna mseu Ha KOAEcax 6blpaxceHd yepe3 NOCMOAHHYI0 MOMEHMA
ogueamens, paouyc Koieca u nepedamouroe uucio pedykmopa. Knwouesas ocobennocms moodenu — urmezpayus
0000WénH020 ypagnenus llelikepma, onucvisaiowezo npoyecc paspsaod aKKyMyIamopd, ¢ YPAGHeHUueM O8UNCEHUs
poboma. Hanpsadcenue Oamapeu npeocmaeieHo 6 6ude JUHEUHOU annpoxcumayuu 6 pabouem ouanasoHe. B
pe3yibmame NOIYHEHA CUCEMA HeAUHElHbIX 0ObIKHOBEHHVIX OupgepeHyuarvhvix ypagnenui. (Pesyismamuvt u
obcyacoenue) Hcnvimanus u pacuémol noxaszaiu, ymo niamgopma evixooum Ha pabouyro ckopocme 0,13-0,15
Mempog 8 CeKyHOy 3a 2-3 MuHymol, nocie ue2o pedcum cmabumusupyemcs. Hzeecmno, umo Hau6oIbULYI0
YCMOUNUBOCmb U CKOPOCMb obecneyugaiom aumuii-scene3o-gocghamuvie bamapeu (LiFePO4), moeda kax aumuii-
uonnvie (Li-ion) OemoHcmpupyrom HecKOIbKo cHudcenHvle nokazamenu. Ilo mepe npoosusicenus niamgopmul
HANpAdCeHUue NIAGHO CHUNCAETNCS, YMO 6bl3bledeNm He3HAuumenbHoe yMeHbueHue ckopocmu. [lpu npeodorenuu
oucmanyuu 80 mempos nadenue HanpsdiceHus He npesviuiaem 11-12 npoyenmos, umo noomeepaicoaem mexHuecKyo
00CMAmMoOYHOCMb  8bIOPAHHOU EMKOCMU 01 NOAHO20 Yukia obpabomku. (Bvigoodwi) Bredpenue agmoHoMHbIX



POOOMUSUPOBAHHBIX  KOMNIEKCO8 CHOCOOCMBYem PAYUOHATUZAYUY MEXHOL0ZUYECKUX NpOYeccos, Nosvluldem
KO3hpuyuenm uUCnONb308aHUA  OC3UHDUYUPYIOWUX NPenapamos, MUHUMU3UpYem Ouoio2uyeckue pucku 0is
NepCOHANA U NO2008b3, A MAKJce CO30aém YCo6us 01 YCmouuugo2o pazeumus ompaciu. Pasp abomannas mooens
noomeepaicoaem, umMo AKKYMYALmop émkocmvlo 2 Amnep-uaca ROIHOCMbI) HOKpbiAem JHepeemuueckue
nompebrocmu niamgopmol.

Kniouesvle cnosa: pobomusuposannas niamegopma, Mamemamuieckas Mooen, NeKmpoaspo30ib, 0e3uHpeKyus
AHCUBOMHOBOOUECKUX NOMEUJCHUTL, AKKYMYTIAMOPHAs bamapes.
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Abstract. The high density of livestock content creates favorable conditions for the spread of pathogenic microflora,
which causes a decrease in the productivity of farm animals by 15-20 percent. Currently, traditional stationary
sanitary treatment systems are economically impractical, in this regard, mobile robotic complexes that generate and
evenly distribute electroaerosols are offered as an effective alternative. (Research Purpose) The research purpose is
developing a mathematical model of the movement of a robotic disinfection platform taking into account the dynamics
of the battery discharge. (Materials and methods) The model is based on electromechanical equations of traction
drive. The relationship between electrical and mechanical parameters is described without taking into account the
inductance of the winding, through resistance, current, counter-EMF constant and angular velocity. The traction
force on the wheels is expressed through the constant torque of the engine, the radius of the wheel and the gear ratio
of the gearbox. A key feature of the model is the integration of the generalized Paykert equation describing the process
of battery discharge with the robot’s equation of motion. The battery voltage is represented as a linear approximation
in the operating range. The result is a system of nonlinear ordinary differential equations. (Results and discussion)
Tests and calculations showed that the platform reaches an operating speed of 0.13-0.15 meters per second in 2-3
minutes, after which the mode stabilizes. It is known that the greatest stability and speed are provided by lithium-
iron-phosphate batteries (LiFePO4), while lithium-ion (Li-ion) show slightly reduced rates. As the platform moves,
the voltage gradually decreases, which causes a slight decrease in speed. When overcoming the distance of 80 meters,
the voltage drop does not exceed 11-12 percent, which confirms the technical sufficiency of the selected capacity for
a full processing cycle. (Conclusions) The introduction of autonomous robotic systems contributes to the
rationalization of technological processes, increases the utilization rate of disinfectants, minimizes biological risks
for personnel and livestock, and creates conditions for sustainable development of the industry. The developed model
confirms that the 2 Amp-hour battery fully covers the energy needs of the platform.

Keywords: robotic platform, mathematical model, electroaerosol, disinfection of livestock facilities, and rechargeable
battery.
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Pegpepam. Kombunayus conneuno2o KOIIeKmMopa u GomosieKmpuiuecKkozo MoOYis umeem pso NoA0ACUMETbHbIX
npeumywecms npu 00beOUHeHUU >3MuUx O08yX YCmMpOUcme 6 O00HO KOMOuHupogawHuoe. B nodobmozo pooa
ycmpoticmee  NpOUCXooum oxaaxcoenue Gomosiekmpuieckux npeodopazoeamenetl, 4mo yeaiudugaem ux
anekmpuueckylo  apgexmusnocmsb.  Omeodumoe menio nogviiaem oowyl IppekmusHocmsb  MaKo2o
KOMOUHUPOBAHHO20 MOOYIs. Paccmampugaromes moodenuposanue U U320MOGAEHUE CKIAOHO20 CONHEYHO20
MenIoGhomoINeKMpPUYECcK020 MO0Vl KOHYESHMPAMOPHOU KOHCMPYKYUU C O8YCIMOPOHHUM (DOMONPUEMHUKOM.
(Llenv uccnedosanusi) Cozoams mpexmepHyio mMooeib Mmenio@omodjieKmpuiecko20 Mooyasi ¢ 08YCMOPOHHUM
gomonpuemnukom 6 cucmeme asMOMAMUIUPOBAHHOZO NPOEKMUPOBAHUSL, CMOOEIUPOBAMb MENN0BOU PEeAHCUM
pabomoel pazpabomanHol Mooenu 6 cucmeme KOHEeUHO-INeMEeHMHO20 AHANU3A U U320MOBUMb paA3padomaHHblll
meniogpomosnekmpuyecku  Mooyiab. (Mamepuanvl u memoowt) I[lpumenunu OCHOBHbIE UHCMPYMEHMb
UCCne0o8anuss — Cucmemy asmomMamusuposannozo npoexkmuposanuss (Komnac 3D) u cucmemy Koneuno-
neMenmno2o ananusa (Ansys). Mzeomosunu KOMnoHeHmvl MOOYISL C ROMOWBIO ObICIMPO2O NPOMOMURUPOBAHUSL C
UCNONbL306AHUEM NOCIOUHOU NeYyamu NOAUMEPHbIM —MAMEPUAIOM, 2EePMEeMU3ayuio  homodIeKMmpUdecKux
npeobpaszosameneii  BbINOAHUIU — NOCPEOCMBOM — OBYXKOMHOHEHMHO20 — NOJUCULOKCAHOB020 — KOMNAYHOQ.
(Pesynomamul  u  obcysxcoenue) — Paspabomanu — mpexmepnyio  MoOenb  CKIAOHO20 — COMHEYHO20
MEeNI0POMOINEKMPUYECKO20 MOOYJIsL KOHYEHMPAMOPHOU KOHCMPYKYUU ¢ O8YCMOPOHHUM (DOMONPUEMHUKOM;
MeNnio6oe COCMOsIHUE, CKOPOCIU MENIOHOCUMENsL U €20 JUHUU TeYeHUsT 6U3VATUUPOBANY U NPOAHATUZUPOBAH,
nocie 4e20 U320MOGULU HPOMOMUN PA3PAOOMAHHO20 CKIAOHO20 COIHEYHO20 MENI0POMOINEKMPULECKO20
Mooynsi. (Bvieoowt) [loxasanu, umo pazpabomarnibslil CKAAOHOU COMHEYHBII MENI0POMOINEKMPUYECKUL MOOYTb
KOHYEHMPAmopHOU KOHCIMPYKYUU ¢ 08YCMOPOHHUM (OMONPUEMHUKOM RO380I5€M NPOUZE0OUMb A8MOHOMHOE U
MobunbHOe 9HepeocHabIcenue nompebumenel 0alU OM YEHMPAIU308AHHBIX cemel. Ycmanosunu, umo
UCNONb306AHUE  KOHYEHMPAMOpPAd  COAHEUHO20  U3NYYeHUsi U  OOHOBPEMEHHO O08YX  pabouux  CmMopoH
Gomosnexmpuyeckux npeobpazosameneti 0aem 603MONCHO CMb IKOHOMUNMb KPEMHULL GbLCOKOU CIENeHU OYUCTKU,
a 08ycmopoHHee oxiadcoenue omoriekmpuyeckux npeobpazosameneti obecneuueaem Oonee KauecmeeHHoe Ux
oxnascoeHue u NoyyeHue Ha 8bixooe Menjosoll IHepeUl 8 8uoe Hazpemo2o MmenioHOCUmens (600bl).

Knroueevle cnosa: cucmema agmomamu3upo8anHo20 NPOeKMUpOBAnUs, CUCHEMA KOHEUHO-9IeMEeHMHO020 aHAIU3a,
mpexmepras modenv, Komnac 3D, Ansys, npomomunuposanue, KOHYECHMPAMOP COIHEYHO20 U3TLYUEHUS,
08ycmoponHue omosiekmpuieckue npeoopaz0eamei, COIHeUHbll MeniophomoINEeKMpULecKuil MOOyb.
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Abstract. The combination of a solar collector and a photovoltaic module has a number of positive advantages
when combining these two devices into one combined unit. In such a device, photovoltaic converters are cooled,
which increases their electrical efficiency. The heat removed increases the overall efficiency of such a combined
module. The modeling and manufacture of a folding solar thermal photovoltaic concentrator design module with
a bilateral photodetector is considered. (Research purpose) The research purpose is creation of a three-
dimensional model of a thermal photovoltaic module with a two-side photoreseiver in a computer-aided design
system, simulating the thermal mode of operation of the developed model in a finite element analysis system and
manufacturing the developed thermal photovoltaic module. (Materials and methods) The main research tools
were used is the computer-aided design system (Compass 3D) and the finite element analysis system (Ansys). The
components of the module were manufactured using rapid prototyping using layer-by-layer printing with a
polymeric material, sealing of photoelectric converters was performed by two-component polysiloxane
compound. (Results and discussion) A three-dimensional model of a folding solar thermal photovoltaic module
of a concentrator design with a two-side photoreceiver was developed, the thermal state, the speed of the coolant
and its flow lines were visualized and analyzed, after which a prototype of a folding solar thermal photovoltaic
module was manufactured. (Conclusions) It was shown that the developed foldable solar thermal photovoltaic
concentrator design module with a two-side photoreceiver allows to produce autonomous and mobile power
supply to consumers away from centralized grids. It was established that the use of a solar radiation concentrator
and at the same time two working sides of photovoltaic converters makes it possible to save silicon of a high
purity, and two-side cooling of photovoltaic converters provides better cooling and obtaining thermal energy at
the output in the form of a heated coolant (water).

Keywords: computer-aided design system, finite element analysis system, three-dimensional model, Kompas 3D,
Ansys, prototyping, solar concentrator, two-side photovoltaic converters, solar photovoltaic thermal module.
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