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Peghepam. O3onuposanue a61siemcsa nepCnekmugHbIM MemoooM 0e3UH8A3UU CIOYHBIX 800 CelbCKOXO03ANUCTMBEHHbIX
npeonpusmuil, 0OHAKO e20 NpaKmuieckoe npumeHeHue 3ampyoOHeHO U3-3ad CNONCHOU HeNUHEUHOU 3ad8UCUMOCTNU
agpghexmusnocmu om psoa mexwonocuseckux napamempos. (Llenv uccredosanus) Pazpabomamv, npoepammmo
peanu3oeams U anpoodUposams YHUEEPCANbHBIN NPOSPAMMHbIU KOMAAEKC 0I5l CKBO3HO20 MOOeIUPOBAHU NOIHO20
MEeXHOI02UYEeCK020 YUKIA O30HOBOU 0OpabOmMKU U ONMUMUZAYUU e20 NaApamempos NO KPUmepuio MUHUMYMA
anepeozampam. (Mamepuanvt u memoowt) Ocrosoti npoepammuozo komniexca « OzoneSimulay saensemcs cucmema
CBA3AHHBIX MAMEeMamu4eckux Mmooeiel, peanu308aHHvlx Ha sizvike Python 3.9. Komnnexc unmezpupyem mpu
B3AUMOCBA3AHHbIX  MOOYIIA: MOOYIb 2eHepayuu O030Hd, OCHOBAHHBLLL HA MoOeiu 0apbepHo2o paszpaoa,
napamempu3zyemuiii MOOYib MACCONEPEHOCA U KUHeMUKU, MOOYIb 6UoyuoHo20 delicmaus. Bepugukayus nposedena
Ha npumepe Hemamoowvl Ascaridia galli. (Pesynomamul u obcyxcoenue) Tlonyuenvr pezyrbmamel MoOeruposanus
npoyecca 030H0801 06pabomKU B0OHOU CYCNeH3UU. Y CMAHOBIEHO, Yo MUHUMATbHAS S pekmuenas 003a 030Ha O
docmuowcenuss 99 npoyenmuoii  eubenu nonyaayuu cocmasisiem <105000 muniuepamm-cexynoa Ha aump.
Peanusosannviii ancopumm onmumuzayuy no360aun CHU3UMb yoenvHvle dHepzozampamsi Ha 20 npoyenmos npu
coxpanenuu mpebyemou spgexmusnocmu. (Bvisoowt) Pazpabomannolii npocpamMmublil. KOMIIEKC, NPOUuLeOuul
20CYOApPCMBEHHYI0 pecucmpayuro, npeocmasgisem cooou UHCMpymMeHm 0Ji nepexooa om IMIUPUYECKO20 No0bOpa K
HAYYHO O0OOCHOBAHHOMY NPOEKMUPOBAHUIO U ONMUMUSAYUU DPENCUMOE O030HOB0U 0OpabOMKU CMOYHBIX 800 8
aAz2poNpOMbIULIEHHOM KOMNIEKCe.

Knroueevie cnosa: o3on, mamemamuueckoe MoOeIUpo8aHue, nNpozpamMmuposanue, Oe3uH8a3Us, ONMUMUIAYUA,
CMouHbie 800bl, NPOZPAMMHBIN KOMIIEKC.
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Abstract. Ozonation is a promising method of disinvasion of wastewater from agricultural enterprises, but its
practical application is difficult due to the complex nonlinear dependence of efficiency on a number of technological
parameters. (Research purpose) The research purpose is developing, implementing and testing a universal sofiware
package for end-to-end modeling of the full technological cycle of ozone treatment and optimization of its parameters
according to the criterion of minimum energy consumption. The basis of the OzoneSimula software complex is a
system of related mathematical models implemented in Python 3.9. The complex integrates three interrelated
modules: ozone generation module based on the barrier discharge model; parameterizable mass transfer and kinetics
module; biocidal action module. Verification was carried out on the example of the nematode Ascaridia galli. (Results
and discussion) The results of modeling the ozone treatment process of aqueous suspension are obtained. It has been



established that the minimum effective dose of ozone to achieve 99 percent population death is =105,000 milligrams-
seconds per liter. The implemented optimization algorithm allowed to reduce specific energy costs by 20% while
maintaining the required efficiency. (Conclusions) The developed software package, which has passed state
registration, is a tool for transition from empirical selection to scientifically based design and optimization of ozone
treatment modes for wastewater in the agro-industrial complex.
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Pegpepam. Ilo Ooannvim Poccmama, 6 2024 200y 6 Poccuu 6vino npouszgedeno 12220 meicau moun maca u
CYOnPOOYKMos, 4mo ceUdemeIbCmsyem 0 nOJ0ICUMENbHOU OUHAMUKE 8 OMPACTU U 0OYCI0IUBAEH AKMYATbHOCHIb
paspabomxu 3pHekmueHvIX Memooo8 nepepabomki. Yckoperue npoyeccos npu mepmooopadomke cyonpooyKmos
npU MACCUPOBAHULU 8 YCIOBUSX (PEPMEPCKUX XO3AUCME C COXPAHEHUEM NOMPeOUMENbCKUX CBOUCHE U CHUICEHUEM
IKCHILYAMAYUOHHBIX 3AMPam  s6JIsemcs. aKkmyaivHot Hayunou 3aoauei. (Llenw uccredosanus) Paszpabomamo
nabopamopuyio CBY-ycmanoexky ons mepmoobpabomku cybnpodykmos na azponpeonpusmusx. (Mamepuanet u
memoovr) [[na peanusayuu nocmasnenHou yeau 6 npoepamme Komnac-3D V17 evinonneno mpexmeproe
MOOenuposanue 00beMHbIX PE30HAMOPO8 PAIUYHO20 KOHCMPYKYUOHHO20 UCNOIHEHUs — CIEPICHEB020 YUIUHOPA,
mpyouamo2o yuruHopa u YUauHOpU4eckoUu eMKOCIuU ¢ NepemMetusaiomum Mexanusmom. s kaxcoou KOHCmMpYKyuu
paspabomanvl onepayuoHHo-mexHoro2udeckue cxemul. (Pesynomamul u obcyscoenue) Haubonee sgppexmusrvim
NpU3HaKH YUIUHOPUYECKUU wjenesoll pe3oHamop-oapaban u3 cmepichel, pasmMeueHubill 6 YUTUHOPUUECKOM
IKpAHUPYIOWEM Kopnyce, Ymo obecneuugaem 31eKmpOMASHUMHYIO Oe30nachocms. Hcmounukom 6036yaicoenus
INEKMPOMASHUTNHOZ0 NOJSL CLYICUTN MASHEMPOH BO30YUHO20 OXIANCOCHUS, YCTNAHOBNIEHHDIIL C OMKPBIMO20 MOPYQ
bapabana. Bo30yscoenue 6 koakcuaibHOM pe3oHamope nPouUcXo0um 3a cuem U3iydeHus yepes weiu, 4mo no3eosem
HOBMOPHO  UCNOAL30BAMb  INEKMPOMASHUMHYIO  MowHocmb.  Onpedenenvt  pacuemuuvle  pedicumvl  padomvl
1a6OpAmMopHOLL YCMAaHOBKU: RPou3600umensHocms — 10 kuioepammos 6 uac, yoernvhas mowHocms — 1,6 eamma Ha
2pamm, NpoOOINCUMENbHOCHb 00pabomKku — 00uH yac npu KoHyempayuu coau 12,88 npoyenma, yoenvhuvie
anepeemuueckue zampamvl — 0,165 xurogamm-yaca Ha KUIOSPAMM, YACMOMA BPAUEHUsL pe30HAmMopa-bapabana —
23 obopoma 6 munymy. (Bei6o0si) [Ipednosicennasn mexnono2us, 06veOuHAOWAs MACCUPOBAHUE U MEPMOOOPADOMKY
6 eOUHOM YUKTE, NO3BOJISLem YCKOPUMb MEXHOI0SUHECKULL NPOYECC, YIYYUUMb 6NUMbIEAHUE NOCOLOYHbIX GEUIECE U
HOLYYUMb NPOOYKIM C YIYYUEHHbIMU ROMPEOUMENbCKUMU XAPAKMEPUCTIUKAMU.

Kniouesvie cnoea: ceepxgvicokouacmomuas YCmamogKka, J1aOopamopuvlli  obpazey, mepmoodopabomra
cybnpooyKkmos, macomaccaxicep.
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Abstract. According to Rosstat, in 2024, 12,220 thousand tons of meat and offal were produced in Russia, which
indicates a positive dynamic in the industry and determines the relevance of developing effective processing methods.
Acceleration of processes during heat treatment of by-products during massaging in farm conditions with
preservation of consumer properties and reduction of operating costs is an actual scientific task. (Research Purpose)
The research purpose is developing a laboratory microwave unit for the heat treatment of by-products at agricultural
enterprises. (Materials and methods) To achieve this goal, the Compass-3D V17 program performed three-
dimensional modeling of volumetric resonators of various designs — a rod cylinder, a tubular cylinder and a
cylindrical container with a mixing mechanism. Operational and technological schemes have been developed for each
design. (Results and discussion) The most effective one is a cylindrical slot resonator — a drum of rods placed in a
cylindrical shielding housing, which ensures electromagnetic safety. The source of excitation of the electromagnetic
field is an air-cooled magnetron installed at the open end of the drum. Excitation in the coaxial resonator occurs due
to radiation through the slits, which makes it possible to reuse electromagnetic power. The calculated modes of
operation of the laboratory unit are determined: productivity — 10 kilograms per hour, specific power — 1.6 watts per
gram, processing time — one hour at a salt concentration of 12.88 percent, specific energy expenditure — 0.165
kilowatt-hours per kilogram, rotation frequency of the resonator drum — 23 revolutions per minute. (Conclusions)
The proposed technology, combining massaging and heat treatment in a single cycle, makes it possible to speed up
the technological process, improve the absorption of salting substances and obtain a product with improved consumer
characteristics.
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Pepepam. [na noeviuenus KOHKYPEHMOCHOCOOHOCMU aAZPONPOMBIULIEHHO20 KOMANEKCA Heo0X00UMbl NOCMOAHHOE
gHeOpeHle UHHOBAYUOHHBIX MEXHONOZUll U YUPPOBLIX CUCHEM, MOOEPHU3AYUA CDEOCME MeXAHU3AYyul, 6 MoM yucie 8
MONOUHOM  dicugomHnosoocmee. Takue mexnuueckue pewienus O00NHCHbL 001a0AMb QUHAHCOBOU OOCMYNHOCbIO Ol
OONLUUHCINGA XO3ACME, A MAKMHCE BbICOKOU IPPEKMUSHOCBIO U OMHOCUMENLHO HPOCHON KOHCMpPYKyuell. Ykasanuvimu
npeumyuwecmeamy 8 OONbUIUHCIGE CBOeM 001a0arm onmuyeckue memoosvl Ouaenocmuky. Onmuyeckue mexHuuecKue
peuieHus  (MyTbmucnekmpanbivle U CHeKMpPOCKONUYecKue Memoodl, HAHOCEHCOPbl) NPUMEHAIOm Ofs  OUACHOCTUKY
JACUPHOCIIU U HATUNUS GHMUOUOMUKOS 6 MOJOKe, BbISAGNEHUS MACMUMA HA PAHHUX CMAOUAX Y CeNbCKOXO3AUCTNEEHHbIX
acusommuix. (Llenv ucciedosanus) ObocHosams SKCNIyamayuontvle napamempul (HeodXooumvii 00vem npoodsl, epems
pabomsl) 1a60pamoproeo cmeroa sk PomonOMUHeCyeHmHou ouazHocmuxu monoka. (Mamepuanvt u memoowt) Iloxkazanu,
ymo uccredyemas 1aOOPAMOPHAS YCMAHOBKA 6KIOYdem 6 cebs onmuueckuil OIOK ¢ 80CEMbI) C8emooUodamu Cco
36€30000pA3HbIM NONOJICEHUEM U YemblpbMa pomoduodamu 6 yewmpe. Hccredosanu monoxko «Muuypunoy, umeioujee
arcupHocms 2,5 npoyenma. (Pesynomamol u 06cyscoenue) Ilocmpounu 05 pacuema OnmMuMaibHO20 8peMeHy U KOIU4ecmad
usMepeHull TIOMUHeCYeHyuy MOI0KA 2pauKy 3a8UcUMocmu abCoTIOMHOL NOZPEUHOCIII 0N KOAUYeCmea usmepeHuil npooul
Monoka. Paccuumanu 014 HaxoxcoeHus ONMUMATbHBIX NAPAMEMPO8 PedcuMos pabomsl 1a00pamopHo2o cmeHoda npu
OemeKmuposanuy aHmudUOMUKo8 8 MOIOKe ONMUMATLHBIL 00beM HATUBAEMO20 MONOKA 8 KIOBEMY, NOIYYULU ONMUMATbHOE



KONMUYeCme0 UsMepeHull U @pems usmepeHutl 00HOU npobvl Monoka. (Bwieoowr) Onpedenunu onmumanvHoli 0bvem
HAIUBAEMO20 MOIOKA 6 Kiogemy, Komopbwii cocmasisem 17,7 muinuaumpa. Yemanosunu, umo O MUHUMATbHOU
abCONIOMHOU NOSPEUHOCIU NPU NOJYYEHUU CUCHANA TIOMUHECYeHYUU MONOKA 0N 6cex nap ceemoouod — omoouoo
Heobx00umo konuvecmeo usmeperuti 7000-13 000, npu 3mom épems usmeperuii cocmagisem 25-41 cexyHowL.

Kniouesvie cnosa: JIIOMUHeCyeHyus, onmumusayus, SJZEKmle‘teCKuIZ CUcHaml, mamemamudecKkas 06]?6160]711(61.
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Abstract. To increase the competitiveness of the agro-industrial complex, continuous introduction of innovative
technologies and digital systems, modernization of mechanization facilities, including in dairy farming, are necessary.
Such technical solutions should have financial accessibility for most farms, as well as high efficiency and relatively
simple design. These advantages are mostly possessed by optical diagnostic methods. Optical technical solutions
(multispectral and spectroscopic methods, nanosensors) are used to diagnose fat content and the presence of
antibiotics in milk, to detect mastitis in the early stages in farm animals. (Research purpose) The research purpose is
substantiating the operational parameters (required sample volume, operating time) of a laboratory installation for
photoluminescent diagnostics of milk. (Materials and methods) It was shown that the laboratory installation under
study includes an optical unit with eight LEDs with a star-shaped position and four photodiodes in the center. Milk
«Michurinoy, having a fat content of 2.5 percent, was examined. (Results and discussion) To calculate the optimal
time and number of measurements of milk luminescence, the dependence of the absolute error on the number of
measurements of the milk sample were studied. In order to find the optimal parameters of the operating modes of the
laboratory stand when detecting antibiotics in milk, the optimal volume of milk poured into the cuvette was calculated,
the optimal number of measurements and the measurement time of one milk sample were studied. (Conclusions) The
optimal volume of milk in the cuvette was determined, which is 17.7 milliliters. It was found that for the minimum
absolute error in receiving the milk luminescence signal for all LED— photodiode pairs, the number of measurements
7000-13 000 is required, while the measurement time is 25-41 seconds.
Keywords: luminescence, optimization, electrical signal, mathematical processing.
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Pepepam. Onmumusayus pencumos 1eKmpoumMnyibCHOU NPOROIKU NPpedcmasisem coool akmyaibHyo npoonemy,
NOCKOMbKY OGHHbIL MemoO BbICHYRAem JKOIOSUYHOU albIMepHAMUGOU NPUMEHEHUIO 2epouyudos, a eHeopeHue
cucmem OUOUMNEOAHCHOU OUASHOCMUKU —CO30dem  GO3MOJICHOCHb HAXOOUMb ONMUMAIbHbIE Napamempbl
8bICOKOBOIIMHO20 8030€UCMBUsL, MUHUMUUPYS IHEPSO3AMPAMbl MOOUNILHBIX CEbCKOXO03SUCTNEEHHbIX NAAM@POPM.
(Llenv uccreoosarnus) Paspabomams 6cmpoeHHblll MUHU-MOOYIb OUOUMNEOAHCHOU OUACHOCMUKIY COPHBIX PACHEHU
U aneopumm  AO0ANMUBHO20  YAPAGIeHUs  NAPAMEeMmpamMu  2NeKMPUYecko20  6030elUCmeus Hd  OCHOBe
NeKMpodusuieckux xapaxmepucmux pacmenuti. (Mamepuanet u memoost) B ocnosy annapamnozo pewieHus ne2nu
Ccneyuanu3uposantslil npeobpasosamensy umnedanca AD5933 u muxpoxonmponnep cemevicmea STM32. Oyenxa
CcOCMosAHUsL OUO0OBEKMO8 NPOBOOUNACL MemOdoM chekmpockonuu 8 duanasone 1-100 xunoeepy. Ilpednosicennas
apxumexmypa cucmemsi YnpagieHus eKka0yaem OuazHOCmMu4eckull KOHmyp 0/ NpeosapumenbHo20 CKAHUPOBAHUS.
COPHbIX pacmenull U UCHOIHUMENbHbIL 6bICOKOGOIbMUbIL ON0OK. [[ia obecnevenuss MOYHOCMU 6 YCIOBUSX
MeHswelcs cpeobl NPUMEHEH aleOPUmM Nepuoouyeckou Kaamubpoexku no peghepencHou epynne (n=>5),
akmusupyemulii yepes Kadicovle 20 mempos nymu uiu Apu U3YANbHO (UKCUPYEMOM USMEHeHUU MUNd NOYGbl.
(Pe3ynomamul u 06cysicoenue) IKCnepumeHmanvbrvle Uccie0o8anus npo8oOUIIUCy HA 0OPA3YAX COPHLIX pPACMEHUl
(ocoma nonesoeo) npu KOHMAKMHOM UMEPEHUU C UCHOAb308AHUEM INEeKMPOO08 C 30J10MbIM NOKDPBIMUEM.
Yemanoeneno, umo umnedanc pacmumenvroti mxkanu ymenvuiaemcs ¢ 22-23 kunoom Ha yacmome 1 xunozepy 0o 4-
5 kunoom npu wacmome eviuie 80 xkunoeepy. Ha ochosanuu cnexmpanbHozo ananuza 000CHO8AH 8b100p ONOPHOU
yagcmomul 50 Kunoeepy, npu KoOmopou 00CMuUeAemcss MAKCUMATbHLIL KOHMPACM Medcoy Mmunamu mraueu 8
ouanasone 20-150 kunoom. Pazpaboman ancopumm ebi60pOUHOU KANUOPOSKU, NPEeOYCMAMPUBAIOWUT USMEPEHUE
buoumneoanca 02paHU4eHHO20 HUCIA PACMEHUL C NOCAEOYIOWUM PACYEMOM ONMUMATBHO20 HANPANCEHUS U
ONUMENbHOCIU UMNYAbCA 8030elicmeust. (Bvigoovl) Pesynrbmamvl M00enuposanus NOKA3AAU, YMO HPUMEHEHUE
PazpabomannHo20 MUHU-MOOYIA U A0ANMUBHO20 ANROPUMMA YIPAGIEeHUs. NO380JIem CHUUMb SHep2onompedieHue
8bICOKOBOILMHOU nOOCUcmembl Ha 35-40 npoyenmog npu coxpanenuu mpeoyemor dPHexmusHocmu YHUYmMOoN Cenus
copHou pacmumenvHocmu. Ilonyuenuvie pe3yrbmamevl HOOMBEPHCOAIOM NEPCHEKMUBHOCMb  UCNONb308AHUS
OUOUMNEOAHCHOU OUAZHOCMUKY 8 CUCIEMAX MOYHO20 3eMaedenus U d8MOHOMHOU A2pOpOOOMOMEXHUKH.
Kniouesvle  cnosa:  21eKMpouMnyibCHas — Nponoaxa, — buoumnedamc,  azpopodbom,  STM32, AD5933,
9Hepeo3phexmusHocms, adanmugHoe ynpasiexue.
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Abstract. Optimization of electric pulse weeding modes is an urgent problem, since this method acts as an
environmentally friendly alternative to the use of herbicides, and the introduction of bioimpedance diagnostics
systems makes it possible to find the optimal parameters of high-voltage exposure, minimizing the energy consumption
of mobile agricultural platforms. (Research Purpose) The research purpose is developing a built-in mini-module for
bioimpedance diagnostics of weeds and an algorithm for adaptive control of electrical exposure parameters based
on the electrophysical characteristics of plants. (Materials and methods) The hardware solution is based on a



specialized impedance converter AD5933 and a microcontroller of the STM32 family. The assessment of the state of
biological objects was carried out by spectroscopy in the range of 1-100 kilohertz. The proposed control system
architecture includes a diagnostic circuit for preliminary scanning of weeds and an executive high-voltage unit. To
ensure accuracy in a changing environment, an algorithm of periodic calibration according to the reference group
(n=5) was applied, activated every 20 meters of the path or with a visually recorded change in soil type. (Results and
discussion) Experimental studies were carried out on samples of weeds (scar weed) during contact measurement
using gold-coated electrodes. It was found that the impedance of plant tissue decreases from 22-23 kiloohms at a
frequency of 1 kilohertz to 4-5 kiloohms at a frequency above 80 kilohertz. Based on the spectral analysis, the choice
of a reference frequency of 50 kilohertz is justified, at which the maximum contrast between tissue types in the range
of 20-150 kiloohms is achieved. A selective calibration algorithm has been developed that provides for the
measurement of the bioimpedance of a limited number of plants, followed by the calculation of the optimal voltage
and duration of the exposure pulse. (Conclusions) The simulation results showed that the use of the developed mini-
module and adaptive control algorithm reduces the energy consumption of the high-voltage subsystem by 35-40
percent while maintaining the required efficiency of weed destruction. The results obtained confirm the prospects of
using bioimpedance diagnostics in precision farming systems and autonomous agro-robotics.

Keywords: electric pulse weeding, bioimpedance, agricultural robot, STM32, AD5933, energy efficiency, adaptive
control.
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Pegpepam. Boszoywnvie nunuu snekmponepedadu 0,4 Kunogonvm 8adxCHol 01 DJIEKMPOCHAONCEHUA CeNbCKUX
meppumoputi, 0OHAKO NOOBEPHCEHbI YACMBIM NOBPEHCOCHUAM U3-30 KIUMAMUYECKUX 8030€liCMBULl, USHOCA U 8HEUHUX
@axmopos. B llanunckom paiione Yeuenckoii Pecnyonuxu ciodjcHvle KiuMamuyeckue yciosus YCUuiuearom npoobiemy
asaputinocmu. Tpaouyuonusie Memoosl OUAeHOCMUKYU He 0becneyudarom 0oCmamouHoU MOYHOCHU NPOSHO3UPOBAHUS,
umo obycraenusaen HeobXOOUMOCHb NPUMEHEHUS. COBPEMEHHbIX N00X0008 MAUUHHO20 O00YYeHus, 8 YACHMHOCMU
HeUPOHHBIX cemell, 0151 nepexo0da K npOoaKmueHoOMY 00CIYHCUBAHUIO U NOBbIUIEHUIO HadedxcHocmu. (L]enb uccredosanus)
Paspabomams pecpeccuonnyro moodenv Ha O0CHO8e HEUPOHHOU cemu, NPeOHASHAUEHHYIO Olsi NPOZHO3UPOBAHUS
KOIUYecmea u munda nogpedicoeHull, 603HUKAWUX Ha 8030VuHblx aunusax 0,4 xunosonsm 6 yciosusax Lllanunckozo
pationa. (Mamepuanvl u memoowr) IIpumenunu 015 00yueHus U 8aIUOAYUY MOOETU CIMPYKMYPUPOBAHHbIE OAHHbLE O
nogpesicoenusx 6030yuwnbix aunull 0,4 kunoeonom 3a 2018-2023 200v1 u3 H#cypHALO8 PALIOHHBIX INEKMPULECKUX cemell.
Paspabomanu nonnocessnyio netpouuyio cemov ¢ 08YMsi CKPLIMbIMU CLOSAMU, UCHOTbIYVIOWUMU DYHKYUIO AKMUBAYUU
ReLU, u 6b1x00HbIM cloem U3 ceMu HelpoHos8 01a pezpeccuu. llpogenu obOyueHue c nomMowbio OnmMuMu3amopad
RMSProp, mempuxu cpeoneii abcomomnou owmuoku (MAE) u mexuuxu paunetl ocmano8ku 01 NpeodomepaujeHus
nepeobyuenus. (Pesynomamul u 00cyacoenue) [lokazanu, 4umo 6 Xo0e IKCNEPUMEHMOE ¢ PASTULHBIMU APXUMEKMYPAMU



HeUPOHHBIX cemetl Haunydwue pe3yrbmamol 00CMuUeHymbl 01 MOOEIU ¢ 08YMSsL CKPLIMbIMU CLOAMU, codepoicawyumu 16
u 64 netipona coomeemcmseenHno. Ycmanosunu, umo sma KOHGueypayus npoodeMoHCmpuposana cpeoriorn abcoromuyo
owubry MAE na yposue 0,20, umo cayacum npuemiemvim noxazamenem Oas Oaunoti 3adauu. Ommemunu, 4mo
VBeluyeHue CRONCHOCMU apXUmeKmypsbl He 6ce20d NPUBOOULO K YIAVYUEHUIO NPOSHOCMUYECKOU CROCOOHOCMU,
noomeepacoasn HeodX00UMOCHb ORMUMUZAYUY CMPYKMYPbl. Boiaguau, umo naubonee sHauumvle paxmopsl, eausioujue
Ha asaputinocmsv 8030ywiHblX Aunull 0,4 Kuno8onem, — cCpoK dKCHLyamayuy JUHUU U Memeoporo2uyeckue yCiogusl.
(Bbi600b1) Koncmamuposanu, ¥mo papabomanHas Hetpocemesas Mooeib CNOCOOHA NPOSHO3UPOBAMb KOIUYECME0 U
mun nogpexcoenuti 8030yuwHvlx aunutl 0,4 Kuio8oibm ¢ npueMiemol MouYHOCMbIO;, UOSHMUDUKAYUS KITIOYEBbIX
Gaxmopos asapuiinocmu no38osem yeaeHanpasieHHo NIAHUPO8AmMb MEPONPUAMUA NO NOBLIUEHUIO HAOEHCHOCHIU.

Knroueevie cnosa: meiiponHvle cemu, pezpeccuonHas modenv, nunuu 0,4 kB, npoznosuposanue nogpescoenui,
MawunHoe 0byueHue, JNeKmpudecKue cemu, Ha0eHCHOCMb JeKMPOCHAOICEHUS, NPOSHOZUPOBAHUE ABAPULIHOCHIU.

Onsa uutupoBaHus: 3uHues LL.3, Kaprux B.A., KpoTtos L.B, Maromagos P.A-M. Pa3pa6oTka 1 npumMeHeHve HEMPOCETEBOM Moaenu
Ons  NpOrHO3WpPOBaHWsi aBapUMHOCTU B CenMbCKMX pacnpegenuTenbHbix cetax 0,4 kB //  OnekmpomexHonozuu u
anekmpoobopydosaHue 8 AlK. 2026. T. 73. N2. C. 33-39. DOI: 10.22314/2658-4859-2026-73-2-33-39. EDN: DWEIKY.
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Abstract. Overhead power lines of 0.4 kilovolt are important for power supply in rural areas, but are subject to frequent
damage due to climatic influences, wear and external factors. In the Shalinsky district of the Chechen Republic, difficult
climatic conditions exacerbate the problem of accidents. Traditional diagnostic methods do not provide sufficient
prediction accuracy, which necessitates the use of modern machine learning approaches, in particular neural
networks, transition to proactive maintenance and improving reliability. (Research purpose) The research purpose is
developing a regression model based on a neural network designed to predict the number and type of damage occurring
on 0.4 kilovolt overhead lines in the Shalinsky district. (Materials and methods) For training and validation of the
model, structured data on damage of 0.4 kilovolt overhead lines for 2018-2023 were applied from the journals of
regional electric grids. We have developed a fully connected neural network with two hidden layers using the ReLU
activation function and an output layer of seven neurons for regression. We conducted training using the RMSProp
optimizer, the average absolute error metric (MAE) and the early stop technique to prevent overfitting. (Results and
discussion) It was shown that during experiments with various neural network architectures, the best results were
achieved for a model with two hidden layers containing 16 and 64 neurons, respectively. It was found that this
configuration demonstrated an average absolute MAE error of 0.20, which is an acceptable indicator for this task. It
was noted that an increase in the complexity of the architecture did not always lead to an improvement in predictive
ability, confirming the need to optimize the structure. It was found that the most significant factors affecting the accident
rate of 0.4 kilovolt overhead lines are the service life of the line and meteorological conditions. (Conclusions) It was
stated that the developed neural network model is able to predict the number and type of damage of 0.4 kilovolt
overhead lines with acceptable accuracy; identification of key accident factors makes it possible to purposefully plan
measures to improve reliability.

Keywords: neural networks, regression model, lines of 0.4 kV, fault prediction, machine learning, electrical grids,
power supply reliability, accident rate prediction.
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Peghepam. Buedpenue cpedcms yoanenHo2o ynpasienus 1ekmpoooopy0osanuem (INeKmponpuemMHukamu) npugooum K
Heo6X00UMOCmuU NOOMEEPIHCOeHUS (PAKMOB UX GKIIOUEHUS, OMKIIOUEHUS, ONPeOeNeHUs MEKYWe20 COCMOSHUS (8KTIOUEHO,
OMKNIOYEHO). DMO C6A3AHO C MeM, YUMo UCHOAb3YyeMble CPeOCmed ONnpedeieHus COCMOAHUSL IAeKMPo0OOPYO06aHUs.
ONUPAIOMCs. HA UHGOPMAYUI0 O COCMOSHUYU KOHMAKMOE KOMMYMAYUOHHBIX YCMPOUCMSE, HANPUMED, MAZHUMHBIX
nyckameiuei, uepe3 Komopoie 0Cyuwecmesiiomcs: 6KNIOUEHUE U OMKIIOUeHUe KOHMPOIUPYEMO20 INeKMmPo0Oopyd08anus.
O0Hako — cocmosiHue KOHMAKMO8 OAHHBIX  YCMPOUCME He 8ce20d  O00BeKMUBHO — Ompadcaenm  COCMOsHUe
anexmpoobopyoosanus. Hanpumep, npu obpuviee npooda nocie KOMMymMayuOHHO20 YCMPOUCMBA 603HUKAEM CUMYAYUsl,
npu KOMOpOU CUSHAT Oucnemuepy npuxooum o mom, Ymo 31eKmpoobopydosanue 6 padome, a Qaxmuiecku OHO
omioueno. AxmyanvHa 3adava paspabomKu  YCMpoUucms, HO3GONAIOWUX O0OBLEKMUBHO ONpedetsinb COCMOSHUE
obopydosanus. (Llenv uccnedosanus) Boinonnums pacuem napamempos u MOOeIUposanue YCmpoucmea onpeoenenus
COCMOsSIHUSL DNEKMPOOOOPYOOBAHUSL € BO3MOICHOCIbIO Nepedayu ungopmayuu no numarowei cemu. (Mamepuanvr u
Memoowt) [Ipumenunu obweHayunvle Memoobl UCCIe008aHUS, 0030p TUMEPATHYPHBIX UCMOYHUKO8, MEMOoObl pacyema u
npoexmuposanus ycmpoticme nepedauu ungopmayuu no numaiowei cemu 380/220 sonvm. (Pesynvmamui u obcyscoenue)
Ocywecmeuii nPOeKMuPOSAaHUe CXembl YCMpoUcmed, nepeoaiouje2o OarHble 0 COCMOSHUU ILeKMPO0BOPYO0BAHUs Hepe3
anekmpuyeckyto cemv 380/220 eonem. Ilposenu pacuem 31eKmMpOHHBIX KOMHOHEHMO8 CXeMbl NPUEMHUKA U Nepedamuura
unghopmayuu no cemu 220 6onvm, npouzsenyu MOOeIUPOSaHue pabomvl COOMEEMCMEYIOUWUX ILEKNPOHHBIX V3I08.
(Bvieoowl) [lonyuunu pesynomamer mooenuposanus 6 npoepamme NI Multisim, a makdce ucnvlmanuil peanbHo20
Paspabomanio2o ycmpoucmea nepeoayu UHGopmMayuu, Komopwvle HOKA3bIAION, YMO 00eCHeuUBalmcs HAOeHCHbI
npuem u 0ekoouposaHue coodweHul, a CmabulbHOCMb pabomul YCMpOUCmMEa NPAKMU4ecKy He 3agUcum om Koauvecmed
U 8UO08 DNIEKMPOOOOPYIOBAHUSA 8 CET.

Knroueevie cnosa: cucmema MOHUMOpUH2d, cOCMA8 pabomaroueco 21eKmpoobopyoosanus, uoeHmupurayus,
INEKMPONPUEMHUK, UHBEPTNOP, MPAHCHOPMAMOP, PE3OHANC.
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Abstract. The introduction of remote control of electrical equipment (electric receivers) leads to the need to confirm
the facts of their switching, determination of the current state (on, off). This is due to the fact that the means used to
determine the state of electrical equipment are based on information about the state of contacts of switching devices,
for example, magnetic starters, through which the controlled electrical equipment is turned on and off. However, the
state of contact of these devices does not always objectively reflect the state of electrical equipment. For example,
when the wire breaks after the switching device, a situation arises in which the signal to the dispatcher comes that
the electrical equipment is in operation, but in fact it is turned off. The task of developing devices that allow objectively
determining the state of the equipment is urgent. (Research purpose) The research purpose is calculating the
parameters and modelling the device for determining the state of electrical equipment with the possibility of
transmitting information over the power grid. (Materials and methods) General scientific research methods, a review
of literary sources, methods for calculating and designing information transmission devices over the 380/220 volts
power grid were used. (Results and discussion) We designed a device that transmits data on the state of electrical
equipment through an power grid of 380/220 volts. Calculated the electronic components of the receiver and
information transmitter circuit over a 220 volt grid, simulated the operation of the corresponding electronic nodes.
(Conclusions) We obtained the results of modeling in the NI Multisim program, as well as tests of a real developed
information transfer device, which show that reliable reception and decoding of messages are provided, and the
stability of the device is practically independent of the number and types of electrical equipment in the grid.
Keywords: monitoring system, operating electrical equipment, identification, electrical receiver, inverter,
transformer, resonance.
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Pegpepam. B nacmoswee epemsa u3gecmuvl 08¢ OCHOBHble CUCMeMbl Nnepedauy INeKMpUyYecKoll dHepeuu Ha
HOCMOSIHHOM U NepeMeHHOM Hanpsicenuu ¢ yacmomou 50 I'y. Hzeecmmno, umo ucnonv3oganue nOGbIULEHHO20
Hanpsicenust Ol nepeoayu  dNeKMpOIHePSUU  SAGIAEMCs  IKOHOMUYECKU bleoOHbiM.  Hcxo0s u3z  amoeo,
8bICOKOBOIbMHASL IUHUS HA NOCMOSHHOM HANPSJICeHUU Haubonee 3(ppHekmuena, NOCKOIbKY cO0epAuCUm MOTIbKO 08d
npoeoda, a 6 AuHUuU HAOMOOAIOMCs UCKIIOYUMENbHO OMUuYecKue nomepu. B mo owce epemsi uzeecmmno, umo
cywecmeyem NPUHYURUAAbHASL 603MOJICHOCb Nepedayll IHEP2ULL NO CEEPXOANbHUM TUHUAM NOLY80IHO8020 MUNA,
HACMPOEHHBIX HA RONYEOHY dnekmponepedayu. (Lenv uccredosanus) Ioxkazames 603MONCHOCMb U NPEUMYUECMEA
nepeoauu dNeKmpodIHeP2UL 8 NOTYBOIHOBOM pedcume. (Mamepuanvt u memoowt) [Iposeden ananus omeuecmeeHHbIX
U 3apYOENCHBIX HAYYHBIX TUMEPAMYPHBIX UCHIOYHUKOS U NAMEHMO08 NOCPEOCMEOM ACNEKMHO20 MENo0a, ONpedeleHbl
OCHOBHbLE MEXHUYECKUE U MEXHOIOSUYECKUE 803MOICHOCMU NOBGBIULEHUSL DD EKMUBHOCTIU TUHUL INEKMPONEPeOayu,
pabomanowux 6 NOLYEOIHOBOM pedicume, a maKdice 0OOCHOBAH NPUHYUN OeUCmEUs NOJYBONHOBbIX JUHULL
pabomaiowux 6 ouanazome nosviuieHHol yacmomol. (Pezynomamol u oocysicoenue) Cocmasnena cxema 3ameuyeHus
HOLYBOIHOBOU TUHUL IEKMPONEPeoayu, onpeoeieHvl napamempuvl pabodei mouku, 060CHO8AHA AKMYAIbHOCb
npUMeHeHUs1 OAHHBIX CUCmeM nepedaiu Os MaroMOwWHbIX nompebumenet. (Boisodwst) Janvreuuue ucciedosanus u
pazpabomxa Nomy80IHOBLIX MALOMOUWHBIX JUHULL dlekmponepedadu O 3IeKMPOCHAONCEHUSE PACTIONONCEHHBIX



goaneke cadoBo0YeCKUX MOBAPUUIeCE, MOP206bIX MOYEK, MAIbIX NPeOnpusmutl, Kommeoicel, epmepcKux
X0351Cme U Op. 8 Hacmosiujee 8peMsi SIGISIOMCSL 6ECbMA AKTY ATbHLIMU.

Knrouesvle cnosa: nonysonHosas AuHus 91eKmponepedauu, dNeKMpPOCHAONCeHUe  CelbCKOXO3AUCMGEHHbIX
nompebumeretl, NOGbIULEHHAS YACMOMA, CXeMAd 3aMEUeHUsl, COOPYICEHUSL U PEKOHCMPYKYUS PACAPEOeUMeNbHbIX
cemell.

Ons untnposanma: HOdepes J1.10., PowmH O.A. OgHonpoBoAHasA NOMyBONHOBAasA pe30HaHCHas nepefaya 3rekTPO3Heprin Ha
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Single-wire Half-wave Resonant Transmission
of Electricity at an Increased Frequency
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Ph.D.(Eng.), leading specialist
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Abstract. Currently, there are two main systems for transmitting electrical energy at direct and alternating current with
a frequency of 50 Hz. It is known that the use of increased voltage for the transmission of electricity is economically
advantageous. Based on this, a high-voltage line of direct current is the most efficient, since it contains only two wires,
and only ohmic losses are observed in the line. At the same time, it is known that there is a fundamental possibility of
transmitting energy over ultra-long half-wave lines tuned to a half-wave power transmission. (Research Purpose) The
research puspose is studying the possibility and advantages of transmitting electricity in half~wave mode. (Materials
and methods) The analysis of domestic and foreign scientific literature sources and patents by means of the aspect
method is carried out, the main technical and technological possibilities of increasing the efficiency of power
transmission lines operating in half-wave mode are determined, and the principle of operation of half-wave lines
operating in the high frequency range is substantiated. (Results and discussion) A half-wave power transmission line
replacement scheme has been drawn up, the parameters of the operating point have been determined, and the relevance
of using these transmission systems for low-power consumers has been substantiated. (Conclusions) Further research
and development of half~-wave low-power power transmission lines for power supply to horticultural associations, retail
outlets, small businesses, cottages, farms, etc. located in the distance currently are very relevant.

Keywords: half~-wave power transmission line, power supply for agricultural consumers, increased frequency,
replacement scheme, construction and reconstruction of distribution grids.
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Pegpepam. Hccredyemcess 6HeOpenue UHMENIEKMYANbHOU CUCMEMbl YIPAGIEHUs HA  OCHOBE UCKYCCMBEHHOZ0
UHmMeNNeKma Oisi NOGbIUEHUS IHePeO3PPEeKMUBHOCMU MHOSOAPYCHbIX 2UOPONOHHBIX YCMAHOBOK 6 VCIOGUSX
20podckozo epmepcmea (cumu-gpepmepcmea). Paspabomannas apxumexmypa cucmemvl unmezpupyem 010K coopa
OaHHBIX ¢ 0amuukog (KOHmpoib memnepamypul, eraxciocmu, pH, EC u oceewennocmu), 610k obpabomxu Ha
muxpoxonumponnepe (Raspberry Pi/ESP32), MoOynb npunsmus peweHuii Ha 0CHO8e Al20PUmMMO8 MAUUHHO20 00YYeHUs
(MHO20CHIOUHbIE NePYEnmpPoHbl, PEKYPPEeHmHble HeUpoHHble cemu) U ONOK YAPAGIeHUss UCHOIHUMENbHbIMU
MexaHusmMam (ceemoouoonoe ocseeujerue, HACOCHl, BeHMUAAMopsl). Yoenunu ocoboe GHUMAHUE ONMUMUAYUU
cucmeMbl OC8eUeHUsl 3a cuem NONAPHOU YCMAHOBKU TAMNI pa3Ho2o cnekmpa (nanpumep, Quantum Board Samsung
LM301IB 5000K + xpacuvie céemoouodvt 660 nanomempos u NAA3MEHHblE AAMNbL), UHMEHCUBHOCMb U CHEeKmp
KOMOPbIX OUHAMUYECKU Pe2YIUPYIOMCs MOOYIeM UCKYCCMBEHHO20 UHMELIEKMA 6 3a8UCUMOCU om (haswl pocma
pacmenus. (e uccneoosanus) Iosvicumos dnep2odppexmuenocms  cumu-ghepmepcmea  uepe3 UHMe2PAYUIo
UCKYCCMBEHHO020 UHMELIeKMA 6 YAPAGIeHUe 2UOPONOHHBIMU YCIMAHOBKAMU U CUCMEMAMU OPOULeHUs. PACHEHUI.
(Mamepuanvt u memoowt) [Iposenu sxcnepumenm Ha YemvlpexvapyCHO NPOMOYHOU 2Uu0PONOHHOU yemanoske (Nutrient
Film Technique — NFT) obweil niowaodvio svipawusanus 3 keaopammusix mempa ¢ meyenue 30 cymok. Paccmompenu
Kynemypy — canam, copm Pykxona. (Pesyremamuvl u o0cyscoenue) Beinonnunu cpagnenue 3¢gexmusnocmu
VAPAGLEeHUsL ¢ UCKYCCMBEHHBIM UHMELIeKMOM U 8pyunyio. [lpoanaruzuposanu memoovl noobopa uckyccmeeHHO20
oceeueHus pacmenuti nymem noobopa 1amn, UsmMepeHuss MOWHoOCmel, paccmosHul Mexcoy HUMU Ha 0OHOU NIOCKOCTU,
KOIUYeCmea 0C8eujdemMblX 3eleHHbIX paACmenutl, OIUMerIbHOCmU pabomsl U nodbopa Yukios ycmanosku. (Bvigoowl)
Buissunu cnudicenue snepeonompebnenus na 30 npoyenmosg (co 120 0o 84 kunoeamm-uac 3a yuxnu), yeeruuenue
ypoorcatinocmu Ha 25,6 npoyenmos (¢ 8,2 do 10,3 kunoepammos) u cyuecmaenuyio cmaburusayuio pH numamensnoeo
pacmeopa (£0,1). Iokazanu, umo sxoHOMuYecKuil 3hgexm 3a 00UH YUK 8bIpAUBAHUS. COCMAasul okono 846 pybael,
umo noodmeepcoaem BbICOKUN nomenyuanr macwimadbupoganus pewenus. Koncmamuposanu 3¢hgexmusnocmo
UHmezpayuu  UCKYCCMBEHH020 — UHMEIEKMA U A0AnmueHO20  OCeeujeHuss Ol CO30aHUsl  ABMOHOMHUBIX,
pecypcoIpekmuHbIX 20pOOCKUX A2POCUCEM.

Kniouesvle cnosa: uckyccmeenHulli unmeniekm, OGOUHOe oceeujeHue, cumu-gepma, dHepeoddhdexmusHocmo,
agmomMamu3ayusi, Heupocemu, MUKpOKIUMAM.
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Ph.D.(Eng.), associate professor

'Vernadsky Russian State University of National Economy, Balashikha, Russian Federation;
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Abstract. The introduction of an intelligent control system based on artificial intelligence to improve the energy
efficiency of multi-tiered hydroponic installations in urban farming (city farming) is being investigated. The developed
system architecture integrates a sensor data acquisition unit (temperature, humidity, pH, EC and light monitoring),
a microcontroller processing unit (Raspberry Pi/ESP32), a decision-making module based on machine learning
algorithms (multilayer perceptrons, recurrent neural networks) and a control unit for actuators (LED lighting, pumps,
fans). We paid special attention to optimizing the lighting system by installing lamps of different spectra in pairs (for
example, Samsung LM301B 5000K Quantum Board + 660 nanometer red LEDs and plasma lamps), the intensity and
spectrum of which are dynamically adjusted by the artificial intelligence module depending on the growth phase of
the plant. (Research purpose) The research purpose is improving the energy efficiency of urban farming through the
integration of artificial intelligence into the management of hydroponic plants and plant irrigation systems. (Materials
and methods) Conducted an experiment on a four—tiered flow hydroponic installation (Nutrient Film Technique —
NFT) with a total cultivation area of 3 square meters for 30 days. We examined the culture — lettuce, Arugula variety.
(Results and discussion) We performed a comparison of management efficiency with artificial intelligence and
manually. The methods of selecting artificial lighting for plants by selecting lamps, measuring capacities, distances



between them on the same plane, the number of illuminated green plants, the duration of operation and the selection
of installation cycles were analyzed. (Conclusions) A decrease in energy consumption by 30 percent (from 120 to 84
kilowatt-hours per cycle), an increase in yield by 25.6 percent (from 8.2 to 10.3 kilograms) and a significant
stabilization of the pH of the nutrient solution (£0.1) were revealed. It was shown that the economic effect for one
growing cycle amounted to about 846 rubles, which confirms the high scaling potential of the solution. The
effectiveness of the integration of artificial intelligence and adaptive lighting for the creation of autonomous,
resource-efficient urban agricultural systems was stated.

Keywords: artificial intelligence, dual lighting, urban farming, energy efficiency, automation, neural networks,
microclimate.
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HOxHO-Ypanbckuii rocy1apCTBEHHBIN arpapHblil yHUBepcuTeT, T. Tpoulik, YensOuHckas obnactb, Poccuiickas denepanus

Pegpepam. Tennoobmennvle annapamoi uepaiom GANCHYIO POJIb 8 PA3IUYHBIX MEXHOIOSUSX CelbCKOXO03SAUCMEEHHO20
npouszeodcmea. Hx 0071208e4HOCIb CAYHCUM OOHUM U3 KIHOUEBbIX (QAKMopos, ORpeoelstiouux HAOEHCHOCHb
obopyoosanus. (Llenv uccredosanus) Paspabomame 6eposimHOCMHO-CMAMUCMUYECKYIO MOO€Ib HAOEHCHOCHU
KOJCYXOMPYOHBIX MENI00OMEHHbIX annapamos O UCHONb308AHUS 8 CENbCKOXO3AUCMBEHHOM NPOU3BOOCHEE.
(Mamepuanvl u memoowvt) Yunu ocobenHocmu QYHKYUOHUPOBAHUsL pabOmMbl MENI00OMEHHUKA 8 O8YX PEeNCUMAX:
IKCHILYAMAYUOHHOM, K020d MEeNI000MEHHbII Annapam UCnoib3yemcs O NPIMOMY HAZHAYEHUIO, U CIOSHOYHOM, RPU
KOMOPOM €20 npuMeHeHue He npedycmompeno. Ilokazanu, umo cyMmapuas Hapabomrka menjiooOMeHHUKA 00 OMKA3a
00ycnoenena npeoeibHbiM 3HAYEHUEM KOPPOZUOHHO20 U3HOCA, CKOPOCMEU KOppO3UU, a MAaKdice KOHCMAHMOU,
xXapaxmepusyiowei pedxicumvl pabomvl mennooomennuxa. IIpunsiu 60 6HUMAHUe NPU NOLYUEHUU NIOMHOCMU
pacnpedenenus pecypca menio0OMeHHo20 annapamd, Ymo CKOPOCMU KOPpO3UU — CAYYAlHble GelUdUHbl C
HOPMATLHOU NAOMHOCIbIO pacnpedenenus. (Pesynomamur u obcyscoenue) Yemanosunu ucxoouvie danHvle O0Jis
onpeodeienusi NIOMHOCU PACHPedeNeHUss pecypca Menilo0OMeHHUKA Ha paspabomanHoM cmeHoe, K HUuM
OMHOCAMCA. MAMEMAMUYECKOE 0ACUOAHUE CKOPOCMU KOPPO3UU 8 Cllyude npumenenus no Hasnavenuro my = 0,0144
MUKDOMEMPO8 8 4ac, MAMEMAMUUECKoe ONCUOAHUE CKOPOCMU KOppO3Uuu 8 CmosiHouHom pedicume my = 0,0300
MUKDOMEMPO8 8 HAC, CPEOHEK8AOPAMUYEcKoe OMKIOHEHUE CKOPOCMU KOPPO3UU 6 Clyyde NPUMEHEHUs. NO
Hasnauenuro oy = 0,0043 muxpomempos 6 uac, cpeoHeK8adpamuiecKkoe OMKIOHEHUe CKOPOCHU KOppo3uu 6
cmosanouHom pesicume or = 0,0097 muxpomempog 6 uyac. Onpedenunu, 4mo KOPPO3UOHHbLL UBHOC He OONNCEH
npesoiuams 1,5 munaumempa.  Ipunsnu — kospduyuenm,  xapaxmepusyiowuti  pexcum  SKCHIyamayuu
mennoobmennuka, pasubim k= 23. [lpeocmasunu peanuzayuio NJIOMHOCMU PACHpPeOeNieHUs. pecypcd
MENni00OMEeHH020 annapama u e20 napamempwvl. Mmamemamuyeckoe oodcudanue mr = 51,4 mouicsuu uacos u
cpednexsadpamuyeckoe omkionenue or = 19,6 moicsu uacog. [pusenu Hekomopule 3HAUeHUs: 2AMMA-NPOYEHMHO20
pecypca. (Bulgoowt) Paspabomanu  6eposimHOCHMHO-CIMAMUCHMUYECKYI0  MAMEMAMU4ecKylo Modelb, KOmopas
NO3680J151em NPOSHO3UPOBANTL PECYPC MENI00OMEHHO20 ANnapama 6 e20 6eposmHOCIHOM ACHeKMme.

Knioueevie cnoea: menioobmenHvlil annapam, 6€pPOsSIMHOCHMHO-CIMAMUCTIUYECKAsT MOOeNb, PedlcuM pabomul,
0071208€4HOCMb.



Ons uutupoBanusa: bytopuH B.A., LapeB W.b., AHgpeeBa M.B. BeposTHoCcTHO-cTaTuCTMyeckass Mogenb OLEHKM pecypca
KOXyXOTPYOHbIX TeNnoobMeHHbIX annapaToB // QnekmpomexHonoeauu u anekmpoobopydosaHue 8 AlK. 2026. T. 73. N2. C. 63-68.
DOI: 10.22314/2658-4859-2026-73-2-63-68. EDN: PYPYZJ.

Scientific article

Probabilistic and Statistical Model for Estimating the Resource
of Shell-and-Tube Heat Exchangers
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Abstract. Heat exchangers play an important role in various agricultural production technologies. Their durability
is one of the key factors determining the reliability of the equipment. (Research purpose) The research purpose is
developing a probabilistic-statistical model of reliability of shell-tube heat exchangers for use in agricultural
production. (Materials and methods) The features of the functioning of the heat exchanger in two modes were taken
into account: operational, when the heat exchanger is used for its intended purpose, and stand-by, in which its use is
not provided. It was shown that the total hours to failure of the heat exchanger is due to the limiting values of corrosion
wear, corrosion rates, as well as the constant characterizing the modes of operation of the heat exchanger. It was
taken into account in obtaining the resource density of the heat exchanger that corrosion rates are random values
with a normal distribution density. (Results and discussion) The initial data were established to determine the density
of the distribution of the heat exchanger resource on the developed stand, these include: the mathematical expectation
of the corrosion rate in the case of application for the purpose mi = 0.0144 micrometres per hour, the mathematical
expectation of the corrosion rate in the stand-by mode my = 0.0300 micrometers per hour, the average square
deviation of the corrosion rate in the case of application for the purpose o1 = 0.0043 micrometers per hour, the
average square deviation of the corrosion rate in the stand-by mode o, = 0.0097 micrometers per hour. It was
determined that corrosion wear should not exceed 1.5 millimeters. The ratio characterizing the operating mode of the
heat exchanger is k = 23. Presented the realization of the resource density of the heat exchanger and its parameters.
the mathematical expectation mr = 51.4 thousand hours and the standard deviation or = 19.6 thousand hours. Some
gamma-percentage resource values were given. (Conclusions) We have developed a probability-statistical
mathematical model that allows us to predict the life of a heat exchanger in its probabilistic aspect.

Keywords: heat exchanger, probabilistic-statistical model, operating mode, durability.
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Pegpepam. Paccmampusaiomes cogpementbie pocCcutickue yugposwie pewienus Oisl ynpasieHus MOI0UHbIMU epmamu
U ux coomeemcmeue 2n00ANLHLIM MEHOEHYUAM. AKYeHmupyemcs 6HUMAHUe HA 3HAYUMOCMU MOJOYHOO
AHCUBOMHOB0OCMBA OJisL POCCUTICKO20 APONPOMBIULIEHHO20 KOMNIEKCd, d MAKHCce HA NpoOIeMax mpaouyuOHHbLX
Memo008 ynpasieHus U Npeumyuecmeax yu@pposuzayuu, noo0epiICUsaeMoi 20Cy0apCmeeHHbIMU NPOSPAMMAMIL.
(Lenw uccneoosanus) Ilpogecmu cpasHumenbHbill AHAAU3 COBPEMEHHBIX POCCUTICKUX CUCTEM YRPABTEHUS MOTOYHLIMU
depmamu (Musoft, APKA, M-Complex, « MOJIOKO 2.0», « Ymnas chepma 4.0») ons onpedenenus ux QQyHKYUOHATbHBIX
803MOJICHOCET, YPOBHS AGMOMAMUIAYUU U NPUMEHUMOCMU Ol XO35UCME PA3IUYHO20 Macumaba, a makdice
CPasHUMb ¢ 2100ANHBIMU AHAT02AMU OISl OYeHKU KOHKYpeHmocnocobrnocmu. (Mamepuanvt u memoowst) Beinonnuiu
AHAU3 ONUCAHUL CUCTMEM, HAYYHLIX NYOIUKAYUU U OMKPLIMBIX UCTMOYHUKOE O Mupogvlx niam@opmax (Afimilk,
DeLaval DelPro, VAS DairyComp 305, UNIFORM-Agri, GEA DairyNet Herd, MilkingCloud, AgriWebb).
(Pesynomamot u obcysicoernue) Ilpugenu 00630p xaxcoou poccutickoi cucmemvl. Musoft — ynusepcanvha 015 1106020
Mmacwimaba, Ho He unmezpuposana ¢ pobomamu; APKA — ucnonvzyem uckyccmeennvlil unmeniekn 0jisk MOHUMOPUH2A
300p0BbA U PUCKOB, OPUEHMUPOBAHA HA cpedHue u Kpynuole pepmoi; M-Complex — mooynvnas, ¢ akyeHmom Ha
naanuposanue u ynpasnenue pecypcamu;, «MOJIOKO 2.0» — obraunas cucmema ¢ y0oOHbIM 68000M OGHHBIX U
Qyukyueii eeneanocuu, « Ymuas gepma 4.0y — unmezpupogana ¢ poo6omu3upO8AHHbLIMU OOUTLHBIMU YCIMAHOBKAMU,
noOX00um O HebOMbWUX ABMOMAMUIUPOBAHHBIX PepM. YCemanosunu, 4mo cpaeHenue ¢ MedCOYHAPOOHbIMU
cucmemamu ulAsisem UX NPeeoCX00Cmeo 8 obnacmu unmepHema eewet u agmomamuzayuu (Hanpumep, DeLaval
DelPro u Afimilk), oonaxo poccutickue cucmemut 8610e1510MC OOCMYNHOCMbIO U adanmayuetl K MeCIHbIM YCI0GUAM.
(Bvigoowt) Ilokazanu, umo poccuiickue cucmemvl KOHKYPEHMOCNOCOOHbl 05l MANbIX (epm, HO HYICOAIOmcsa 6
MOOEPHU3AYUY C YETbIO COOMBEMCMEUs 2100ANbHbIM cmandapmam. Pexomen0osanu ebloupams cucmemy, Ucxoos u3
Macuimaba u pecypcog KOHKpemHo20 X035cmed.

Kniouesvle cnosa: yupposusayus ceabcko2o Xo3alCmea, YnpasieHue MONOUYHLIMU QepMaMU, CPAGHUMENbHbLU
ananuz, HU 6 owcusomuosoocmee, pobomusuposannoe 000pyoosanue, poCcutickue Cucmemvl YnpaeieHus,
2n06abHble AHAOSU.
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Abstract. Modern Russian digital solutions for dairy farm management and their compliance with global trends are
considered. Attention is focused on the importance of dairy farming for the Russian agro-industrial complex, as well
as on the problems of traditional management methods and the advantages of digitalization supported by government
programs. (Research purpose) The research purpose is conducting a comparative analysis of modern Russian dairy
Jarm management systems (Musoft, ARKA, M-Complex, MILK 2.0, Smart Farm 4.0) to determine their functionality,
level of automation and applicability for farms of various scales, as well as comparing with global counterparts to
assess competitiveness. (Materials and methods) We analyzed the descriptions of systems, scientific publications and
open sources about global platforms (Afimilk, DeLaval DelPro, VAS DairyComp 305, UNIFORM-Agri, GEA
DairyNet Herd, MilkingCloud, AgriWebb). (Results and discussion) They gave an overview of each Russian system:
Musoft — universal for any scale, but not integrated with robots; ARKA — uses artificial intelligence to monitor health
and risks, focused on medium and large farms; M-Complex — modular, with an emphasis on resource planning and
management;, MOLOKO 2.0 — cloud system with convenient data entry and genealogy function, Smart Farm 4.0 —
integrated with robotic milking machines, suitable for small automated farms. It has been established that comparison
with international systems reveals their superiority in the field of the Internet of Things and automation (for example,
DeLaval DelPro and Afimilk), however, Russian systems stand out for their accessibility and adaptation to local



conditions. (Conclusions) We have shown that Russian systems are competitive for small farms, but need to be
modernized in order to meet global standards. It was recommended to choose a system based on the scale and
resources of a particular farm.

Keywords: digitalization of agriculture, dairy farm management, comparative analysis, Al in livestock, robotic
equipment, Russian management systems, global analogs.
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Pegpepam. Cneyuguxa cenvbckoeo Xxo3atcmea U HCUBOMHOB0OCMBA Npespaujaem npousgoo0Cmseo HCUBOMHOBOOUECKOU
NPOOYKYUU 8 00BeKm YNpAGIeHUus UCKIIOYUMeNbHOU cloxcHocmu. Paccmampueaemcs nocmpoenue Kay3anibHoll
nemiesol OUAzpamMmbyl, ONUCLIBAIOWEl YCuausaowue U Oarancupyiowue KOHMypul, 603HUKAIOWUe Npu 6HeOpeHuU
UCKYCCMBEHHO20 UHMENIEKMA 6 COYUANbHO-MPYO08YI0 U NPOU3BOOCMBEHHYIO cucmemy dicusomuosoocmed. (Llenw
uccneoosanus) Mzyuums cyujecmsyouuti Onvlm U 6eKmop MacutmadHo20 NPUMEHEeHUs MexXHOL02Ull UCKYCCMBEHHO20
UHMENLIeKMA 8 CEebCKOM XO3SUCMBe 8 PAMKAX NAMOU NPOMBIULEHHOU PegoNoYUl, O3MONICHbIE CHOCOObI GKIIOUEHUs.
UCKYCCMBEHHO20 UHMELIeKMA 6 CUCIeMy pPa30eleHus mpyod; onucams o0vembl 00pabamvleaemol uHgopmayuu, d
Makdice yposenv 3Hepeonompeodnenus, HeoOXo0uMblll 015 00YYeHUs: U NPUMEHEHUs. UCKYCCHBEHHO20 UHMEeLIeKmd.
(Mamepuanvr u memoowvy) Obpabomanu Gonosy0 anarumuueckyio ungopmayuio, 0606WUIU MHEHUS OMPACTIEBbIX U
axkademuyeckux dKcnepmos 6 obracmu yugposusayuu Ccerbcko2o Xo3AlCmed, HCUBOMHO800CMBA U 6HEOPeHUs
UCKYCCMBEHHO20 UHMENIEeKMA 8 NPOU3B0OCHIBEHHbIE U COYUANbHO-MPYO08ble cucmembl. (Pe3ynbmamol u obcyscoenue)
Tlokaszanu, umo ycunugaioujue KOHMypbl (POpMUPYIOMCA 3a cuem pocma obdvema CMPYKMYpUpoSaHHLIX OAHHLIX,
CHUMICEHUS YNPABILEHYeCKOU HeonpeoereHHOCU U Y8eaudeHs CmaouliHoCmy npou3e00CME8eHH020 KOHMYpd, moz20a KaKk
banauncupyrowjie nemiu ompaxcaiom mexHoIo2uyecKue, dHepeemuyeckue U OpeaHu3ayuoHHvle bapvepbl 8HeOPEeHUs.
Pacemompenu mpancopmayuro cmaduiinoti cmpykmypoi RpOU300CMEA HCUBOMHOBOOUECKOU NPOOYKYUL 8 YCI0BUSX
BHEOPEHUsL UCKYCCIMBEHHO20 UHMEILIEKMA, MeXCHepMeHHOU azpe2ayull OAHHbIX U Pe2UOHAbHOU KOOPOUHAYUY PeUuleHU].
(Bvigoowr) Hcnonvzoeanu Onsi aHanusza CMPYKMYPHLIX USMEHEHUU annapam HOPMUPOBAHHBIX eOUHUY Kanumaid,
NO36ONAWUL KOHYEeNMYAaIbHO OMpazums nepepacnpeoenerue U HPUpocm HPOU3BOOCHEEHHO20 NomeHyuala 6e3
NPUBA3KU K KOHKDEemHbIM YeHO8biM napamempam. IIpoussenu oyenKy sHepeemuyecko2o usmepenus yugdposuzayuu
JHCUBOMHOBOOCMBA. YCMAHOBUU HA OCHOBE OUEHOK 00beMd OAHHBIX, 2eHepUpyeMblX Ha YpogHe ¢hepmbl, U
nompeOHOCmel PecUOHANLHOU GbIYUCIUMENLHOU UHDPACMPYKIYPbL, YMO UCKYCCMBEHHbLI UHMELIEKM GbICMYnaenm
Kauecmee KAnumaibHo2o 0O1aza 6blCUUX NOPAOKO8, Mpedylowe20 OONOIHUMENbHbIX IHEPLEMUYECKUX Decypcos Ha
0anbHUX CMAOUAX NPOU3BOOCEA.

Knroueevie cnoea: x#ugomno8oocmeo, o06yes00cmeo, CMAOUliHASL CMPYKMYpa Npou3eo0cmed, UCKYCCMBeHHbIl
UHmMeIeKm, IHepeemudeckull bananc, snepeonompedienue, yupposuzayus AIIK.
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Abstract. The specifics of agriculture and livestock breeding make the production of livestock products an object of
exceptional complexity. The article considers the construction of a causal loop diagram describing the reinforcing and
balancing contours that arise when introducing artificial intelligence into the social, labor and production system of
livestock breeding. (Research purpose) The research purpose is studying the existing experience and vector of large-
scale application of artificial intelligence technologies in agriculture in the framework of the fifth industrial revolution;
possible ways to include artificial intelligence in the division of labor, describing the amount of information processed,
as well as the level of energy consumption necessary for training and application of artificial intelligence. (Materials
and methods) We processed background analytical information, summarized the opinions of industry and academic
experts in the field of digitalization of agriculture, livestock and the introduction of artificial intelligence in production
and social and labor systems. (Results and discussion) They showed that reinforcing loops are formed by increasing the
volume of structured data, reducing managerial uncertainty and increasing the stage of the production circuit, while
balancing loops reflect technological, energy and organizational barriers to implementation. We considered the
transformation of the stage structure of livestock production in the context of the introduction of artificial intelligence,
inter-farm data aggregation and regional coordination of solutions. (Conclusions) To analyze structural changes, the
apparatus of rationed capital units was used, which allows to conceptually reflect the redistribution and increase in
production potential without reference to specific price parameters. The energy dimension of livestock digitalization
was assessed. Based on estimates of the amount of data generated at the farm level and the needs of the regional
computing infrastructure, artificial intelligence acts as a capital good of the highest order, requiring additional energy
resources in the long-term stages of production.

Keywords: animal husbandry, sheep breeding, stage production structure, artificial intelligence, energy balance,
energy consumption, digitalization of the agro-industrial complex.
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CraBpoInoJibCKUI rocy1apCTBEHHBIN arpapHblii yHUBEpCUTET, I'. CtaBpornoiib, Poccuiickas @enepauus

Hacmoswas cmamvsa noocomosnena npu noodepoicke Munucmepcmea Hayku u gvicuieco odpazosanus Poccuiickoii
Deodepayuu (coenauenue Ne 075-15-2025-591) 6 pamxax peanuzayuu mMeponpusmuil npocpammbvl pa3eumust Hay4yHo2o
yenmpa Mupo6o2o ypogus «Aepoundicenepus 6yoywezo» Cmaspononvckoco I'AY, ymeepowcoennoi npomoxoiom

sacedanus npesuouyma Komuccuu no nayuno-mexuonozsuveckomy pazeumuio Poccuiickoii @edepayuu om 29.05.2025
Ne 3.

Pegpepam. B coepemennvix cucmemax 371eKmMponpueooa 6 NPOMbIUIEHHOCMU U CEeNbCKOM XOo3Alcmee 0N
ocyuwiecmenenuss MexHon02UIecko20 npoyecca WUpoKo NPUMEHSEeMCcs 4YACMOmHOe CKANAPHOe U GeKMOpPHOe
VHpasneHue ACUHXPOHHBIM DJIeKmpoOdgueamenemM npu NOMOwU npeobpazoeamens uacmomsl. s noddepicanus
300aHHbIX NAPAMEMPO8 MEXHOIOSUHECKO20 NPOYEcca UCHONb3VIOMCSA PA3TUYHbIE CUCTNEMbL ABMOMAMUYECKO20
ynpasnenus u pezynamopul. Illocmpoenue cucmemvl ynpasieHus OCHO8bIBACMCS HA TMEXHON0UYECKUX MPeOOBAHUSX
U YCOBUAX pAbOMbL MEXAHUMA, NO KOMOPBIM COCMABIIAEMCI ee MAMEMAMUYECKds MOOelb, 8 CMPYKIype KOMOopotl
Kaicovlil 9NeMeHm NpeoOCmaeieH 6 6ude 36eHa co ceoell nepedamouynou @yurkyuen. (Llerv uccredosanus)
Paspabomamoe u peanuzoeamv memoouxy 015 onpedeyienus nepe0amoyHol QYHKYuu npeobpazoeamelis Yacmomsl.
(Mamepuanvt u memoowt) Hcnonvzosanu 01 onpeoenenus nepedamoyHou Qyukyuu npeobpazosamens Yacmomol
CheKmpanbHoe «u3obpadicenuey» nepexooHo20 npoyecca npeoopasoeamens 4acmomsl COBMECMHO C ACUHXPOHHbIM
aeKmpoosucamesnem, NOAyYaeMoe no pe3yrbmamam Guauuecko2o mooerupoganus. Ilokazanu, ymo cnekmpanbroe
«usobpadicenue» nepexooHo2o npoyecca co30a6anu C UCNOAb30BAHUEM Obicmpo2o npeobdpasosanus Pypve c
KOBUNCYUWUMCAY NPAMOY20JIbHLIM OKHOM, Pedlu308anHoe Ha A3blke npozpammuposanus Python c npumenenuem
npoepammuvix oudbruomex NumPy, Matplotlib. Cpagnuuiu cnekmpanvhoe «uszobpasjicenuey nepexooHo2o npoyecca
npeobpazoeamens Hacmomyl ¢ UCKYCCMBEHHO CO30AHHbIM «U300padceHuem» nepexooHo2o npoyecca Oas 36eHa C
usgecmuou nepedamoyroii Qpynxyueil. Ilposenu cpagrernue no egxiud080My pacCmosHUO U paccmosHuro XaMmuHed.
(Pe3ynvmamul u o6cysicoenue) Ipumenunu paspabomannyo MmemoouKy K npeoopazosamento uacmomsl, npu 3Mom
BbIAGUNU BPEMA HAYALA NEePexoOHO20 Npoyecca NO 6XOOHOMY aHAn02080My cueHany. Ilpunaiu pasmep
«0BUIICYIE20CAY NPAMOY2ONLHOZO OKHA KAK OOUH Nepuod MUHUMAILHOU HACMOMbl 6bIXOOHO20 HANPAICEHUS.
npeobpaszosamens 4acmomsl. YcmaHogunu 6 pesyibmame NPUMEHEHUs MemoOUuKu nepeoamoyHylo @OYHKYuio
npeobpazoeameisi Hacmomol Kaxk anepuoouiec-kKoe 36eHo 1-20 nopsaoxa c 3adepackoil. (Bvisoow) Koncmamuposanu,
umo pazpabomannas MemoouKa no360saem onpeoeams nepedamoynylo QYHKyuo npeoopasoeamens 1acmomsol 8
YaCcMomHoU 0bacmu npu e2o nPeoCcmasieHull 36eHOM C RPAKMuUYecKy o000l nepeoamounol yHKyuetl.
Kniouesvie cnosa: npeobpaszosamenv uacmomovl, nepeoamounas (QyHKYus, nepexooHvlll npoyecc, KOMNIEKCHOe
bvicmpoe npeobpasosanue Pypve, 2apMOHUYECKUE COCMABNAIOWUe.
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This article was prepared with the support of the Ministry of Science and Higher Education of the Russian Federation
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Abstract. In modern electric drive systems in industry and agriculture, frequency scalar and vector control of an
asynchronous electric motor using a frequency converter is widely used to implement the technological process. To
maintain the set parameters of the technological process, various automatic control systems and regulators are used.

The  construction  of the control system is based on  the  technological  requirements
and operating conditions of the mechanism, according to which its mathematical model is compiled, in the structure of
which each element is represented as a link with its own transfer function. (Research purpose) The research purpose is
developing and implementing a methodology for determining the transfer function of a frequency converter. (Materials
and methods) Used to determine the transfer function of the frequency converter, a spectral «image» of the transient
process of the frequency converter together with an asynchronous electric motor obtained from the results of physical
modeling. It was shown that the spectral «image» of the transient process was created using a fast Fourier transform
with a «moving» rectangular window, implemented in the Python programming language using the NumPy and
Matplotlib software libraries. The spectral «image» of the transient process of the frequency converter was compared
with an artificially created «image» of the transient process for a link with a known transfer function. Make a
comparison of the Euclidean distance and the Hamming distance. (Results and discussion) We applied the developed
technique to the frequency converter, while revealing the start time of the transient process using the input analog signal.

The size of the «moving» rectangular window was taken as one period of the minimum frequency of the output voltage
of the frequency converter. It was found as a result of the application of the technique that the transfer function of the
frequency converter was determined as an aperiodic link of the st order with a delay. (Conclusions) It was stated that
the developed technique makes it possible to determine the transfer function of a frequency converter in the frequency
domain when it is represented by a link with almost any transfer function.

Keywords: frequency converter, transfer function, transient, complex fast Fourier transform, harmonic components.
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AHaAn3 IPpUMEHEHUA TUOPUAHBIX CHCTEM BO300OHOBAAEMOM 3HEPIETUKHI AAA
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Poccuiickuit rocynapctBenHblii arpapHbii  yHuBepcuteT — MCXA wumenn K.A. TummpsizeBa, MockBa, Poccuiickas
Oenepanus

Pepepam. Pasgumue cenvckoco xo3zaicmea 6 Poccuu HegosmooicHo 6e3  COBepUIeHCMBOBANUA  CUCHEM
aHepeocnHabcenus cenbckux nompebumenei. Oono u3 s¢pghekmuenbix pewreHuli — UCNOIb30BAHUE PACHPEOETeHHOT
2enepayull ¢ yuacmuem 80300HO6IAEMbIX UCIOYHUKOB IHEPSUU U, 8 NEPBYIO 04epeddb, COTHEUHOU 2eHepayull, Komopas 6
nocneonee 6pems YCnewHo pa3eusaemcs, 0COOEHHO 6 CelbCKOU MeCHHOCHU 10JiICHbIX pecuonos Poccuu. 3a pybesicom 6
CeNbCKOU  MEeCMHOCMU  AKMUBHO NPUMEHSIOMCS 2UOPUOHbBIE  CUCTEMbL  80300HOGIAEMOU  IHEPLEMUKU, KOMOpble

couemaiom 6 cebe HeCKONbKO PA3HBIX UCMOYHUKOB 60300H08JI51EMOl IHepecUuu, 4mo no3eoJjiaent nosvlCums noxkasameiu



HAOENCHOCIU U SIKOHOMUYHOCTU IHEPLOCHADIICEHUS CeNbCKUX nompebumenetl 21ekmpodnepeuu. Buedpenue u pazeumue
VAPasseMblX MUKpOCcemell ¢ MAKCUMATbHBIM UCNONIb308AHUEM MECHHbIX NPUPOOHBIX PECYPCO8 OACH 803MONCHOCTb
obecneuums HaodedcHoe u dppexmusrnoe dHepeocHabicenue nompedbumenel 8 CenbCKOXO3AUCMEEHHbIX PeUOHAX
Poccuu. (Llenv uccnedosanus) Hzyuumsv 3apybedicHviii Onbim U HAyuHble UCCIE008AHUSL NO PA3GUMUIO CUCTEM
NEKMPOCHAOIICEHUsI CEeNbCKUX nompebumenei ¢ yyacmuem pasHoOOPA3HbIX UCMOYHUKOE B0300HOGIAEMOU IHEP2UL,
OYeHUMb NPeuMyecmsa, nPooaeMbl U NEPCIEKMUBHL PA3GUMUS 2UOPUOHBIX MUKDOCUCTIEM 0I5l UCTIONIb308AHUS. HNO20
oOnvIMa ¢ Yenvio pasgumusi pacnpedeieHol 60300HOBIAEMOL IHEPLEMUKU 6 CElbCKOXO3AUCMEEHHbIX pecuonax Poccuu.
(Mamepuanvl u memoowt) Ipoananuzuposanu rumepamypHvle UCHOYHUKU HO GHEOPEHUIO SUOPUOHBIX MUKPOCUCTEM
60300HO06IEMOU IHEPLEMUKU 8 CELbCKOU MECHHOCIMU, 6 MOM Yucie Mamepuaivl MexcoynapooHo2o sHepeemuiecko2o
acenmcmea (IEA), Meocoynapoonozo acenmemaa no 80306n08asemot snepeuu (IRENA) u Meacoynapoonoeo anvsanca
no cenvckotl onexkmpugpuxayuu (ARE). (Pesynomamul u obcyscoenue) Yemanosunu, ymo 1eKmpupukayus cenbeKux
nompebumeineil ¢ NpUMEHeHUeM 2UOPUOHBIX CUCIEM B0300HOGNIAEMON IHEPLeMUKU U CO30AHUEM YNPAGIAEMbIX
MuKpocemeil No3801siem  00eCnedumb HAOEHCHOE U KAYeCMBEHHOe JJIeKMPOCHAONCEHUE CelbCKOXO3SUCTMEEHHbIX
nompebumesne, 6KIIOYASL OOMOXO3AUCMEA, (hepMepCKiLe NPOU3BOOCMEA U CebCKUE COYUATbHBLE U UHPPACMPYKIYPHbIE
opeanuzayuu. (Beieoowvr) [lokazanu, umo ycnewnoe @HeOpeHue 2UOPUOHOU MUKPO2EHepayuu ¢ 80300HOBIAEMbIMU
ucmouHuxamu sxepeuu 6 Poccuu 0ondcno conposodcoamuvcs noodepiickoil 2ocydapcmea 8 pasHo0OpasHbIX opmax:
3aKOHOOAMENbHOU, QUHAHCOBOU, HAYYHO-MEXHUHECKOU, 0byuaiowel, npoceewaiowel U npoyuMu Ccnocooamu
N000ePIHCKU HOBOU MEXHOIOZUYECKOU NIAM@BOPMbL 8 CLUCMeEME IHEP200beCneyeHUsl KOHeUHbIX nompebumeneti 8 CebCKol
MecmHOCHU.

Kniouesvie cnosa: pacnpedenennas 60300H061eMas IHEPUSL, MUKPOCEMb, CUDPUOHbIE CUCTEMbL 60300HOGNAEMOU
IHEP2eMUKU, CUCMEMA IHEPLOMEHEOICMEHMA, CENlbCKUe UHMEIEKIMYANbHbLE dNEeKMPOCemi.
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Abstract. The development of agriculture in Russia is impossible without improving the energy supply systems of
rural consumers. One of the effective solutions is the use of distributed generation with the participation of renewable
energy sources and, first of all, solar generation, which has been successfully developing recently, especially in rural
areas of the southern regions of Russia. Abroad, hybrid renewable energy systems are actively used in rural areas,
which combine several different sources of renewable energy, which makes it possible to increase the reliability and
efficiency of energy supply to rural electricity consumers. The introduction and development of controlled microgrids
with the maximum use of local natural resources will make it possible to provide reliable and efficient energy supply
to consumers in the agricultural regions of Russia. (Research purpose) The research purpose is studying foreign
experience and scientific research on the development of power supply systems for rural consumers with the
participation of various sources of renewable energy, assessing the advantages, problems and prospects for the
development of hybrid microsystems to use this experience for the development of distributed renewable energy in
agricultural regions of Russia. (Materials and methods) Analyzed literature sources on the introduction of hybrid
microsystems of renewable energy in rural areas, including materials from the International Energy Agency (IEA),
the International Renewable Energy Agency (IRENA) and the International Alliance for Rural Electrification (ARE).
(Results and discussion) It has been found out that the electrification of rural consumers using hybrid renewable
energy systems and the creation of controlled microgrids makes it possible to provide reliable and high-quality power
supply to agricultural consumers, including households, farm production and rural social and infrastructure
organizations. (Conclusions) It has been shown that the successful implementation of hybrid microgeneration with
renewable energy sources in Russia should be accompanied by state support in various forms: legislative, financial,



scientific and technical, educational, enlightening and other ways to support a new technological platform in the
energy supply system of end-users in rural areas.

Keywords: distributed renewable energy, microgrid, hybrid renewable energy systems, energy management system,
rural smart grids.
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Pepepam. Ilpu sxcniyamayuu GOmodIneKmpudeckux cmanyutl, 00ecnevusaiowux NeKmpuiecKoe numanue
nompebumennetl azponpoMbIUIEHHO20 KOMNLEKCA, HePeOKO NPOUCXOOUMm NOKPLIMUE UX HOBEPXHOCMEN CoeM b0d U
CcHeaa, a maxdice OHU NOOBEPeAIOMCA HENPEPLIGHOMY B030ELCNEUI0 NOMEHYUATbHO-UHOVYUPOBAHHOU 0ecpadayuu.
Hannvie s¢hpexmol, 6 mom uucie u KiumMamuyeckue, OKA3bIBAIOM CYWECMBEHHOE HE2AMUBHOe GIUSHUE HA
IHEP2OBLIPAOOMKY (POMOINEKMPUYECKUX MOOYel, MeM CAMbIM 02PAHUYUBAST B03MOICHOCIU nompedbumens. s
AHANU3A IKOHOMUUECKO20 (haKmMopa npeonodiCeHHbIX CHOCOO08 U YCMPOUCME NPO8edeHd OYeHKA CHUNCEHUst 00bema
HEO08bIpabomKy  omosiekmpuyeckux npeobpazosamenei, 0OnpagovIGAWUX 3ampayentvie pecypcewl. (Llenw
uccredosanusi) OyeHums HeP2OIPGEKMUGHOCHb NPEONONCEHHBIX CHOCOD08 U YCMPOUCMSE, HANPAGIEHHbIX HA
nodoepoicanue 3pdexmusHoil pabomsi homosiekmpuueckux Mooyuet, 00ecneyusaruux INeKMpULecKkoe NUMaHue
3epHo6020 mepmunana. (Mamepuanvt u memoowvt) Ilposeden ananuz npeonoNHceHHvlX CnocoHo8 u yCmpoucms,
nOSLIUAIOWUX — dHepeemu4ecKyro g gexmusnocms  pabomel  omonpeobpazoeameneu. (Pesyromamor  u
obcyacoenue) Ilposedena oyenka eenuuunbl yujepbd, HAHECEHHO20 3EPHOBOMY MEPMUHATLHOMY KOMMWIEKCY, U3-3d
OMCYymcmeust 2eHepayull 8Cle0Cmeue NONAOAHUsL CHe2a HA NOSEPXHOCMU (DOMOINIEKMPULECKUX MOOYIEH, d MAKICe
— oyenka ywepba om 3¢ pexma nomenyuanrbHO-UHOYYUPOBAHHOU decpadayuu omosrekmpuyeckux mooyaei ¢ 2015
no 2040 200. (Bvieoowvt) I[lonyuennvie pe3yibmamvl NOKA3AAU 3HAYUMENbHYIO IPDEKMUBHOCMb NPEOONCEHHBIX
€cnocobo8 u ycmpoucme agmoMAmMuyeckol OYUCKU CHe2a U pe2eHepayul (HOomodNeKmpuieckux Mooyel,
NOCMPAOABUUX OM HE2AMUBHO20 8030€liCMBUSL NOTNEHYUATbHO-UHOYYUPOBAHHOU 0ecpadayuu.

Knrwouesvie crosa: pomosanexkmpuueckuii Mooyiv, sHepeoIhpexmusnocms, Hazpes homosneKmpuiecKkoeo mooyis,
Odezpadayusi.

Ons untupoBaHus: Apucdos A.M., bekupos 3.A., Odepes J1.H0. AHanu3 npumeHeHns cnocoboB 1 YCTPONCTB ANS MOBbLILLEHUS
3HeproadekTMBHOCTN POTOINEKTPUYECKMX Npeobpa3oBaTene // SnekmpomexHonoauu u anekmpoobopydosaHue 8 AllK. 2026.
T. 73. N2. C. 115-122. DOI: 10.22314/2658-4859-2026-73-2-115-122. EDN: UZDSGW.

Scientific article

Analysis of the Application of Methods and Devices to Improve the Energy Efficiency of
Photovoltaic Converters

Alim M. Arifov!,



postgraduate, e-mail: arifov.alim@inbox.tru;
Eskender A. Bekirov!,
Dr.Sc.(Eng.), professor, e-mail: bekirov.e.a@cfuv.ru;
Leonid Yu. Yuferev?,
Dr.Sc.(Eng.), associate professor, chief researcher?,
e-mail: leouf@yandex.ru

"Physics and Technology Institute «<KFU V.I. Vernadsky», Simferopol, Republic of Crimea, Russian Federation;
2Federal Scientific Agroengineering Center VIM, Moscow, Russian Federation

Abstract. During the operation of photovoltaic power plants providing electrical power to consumers of the agro-
industrial complex, their surfaces are often covered with a layer of ice and snow, and they are also exposed to
continuous exposure to potentially induced degradation. These effects, including climatic ones, have a significant
negative impact on the energy output of photovoltaic modules, thereby limiting the consumer’s capabilities. To
analyze the economic factor of the proposed methods and devices, an assessment was made of reducing the amount
of under-production of photovoltaic converters justifying the resources expended. (Research Purpose) The research
purpose is evaluating the energy efficiency of the proposed methods and devices aimed at maintaining the efficient
operation of photovoltaic modules providing electrical power to the grain terminal. (Materials and methods) The
analysis of the proposed methods and devices that increase the energy efficiency of photoconverters is carried out.
(Results and discussion) An assessment of the damage caused to the grain terminal complex due to the lack of
generation due to snow on the surface of the photovoltaic modules was carried out, as well as damage from the effect
of potentially induced degradation of photovoltaic modules from 2015 to 2040. (Conclusions) The results obtained
showed the significant effectiveness of the proposed methods and devices for automatic snow cleaning and
regeneration of photovoltaic modules affected by the negative effects of potentially induced degradation.

Keywords: photovoltaic module; energy efficiency, heating of the photovoltaic module; degradation.
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KomnberorepHOe MOA€AMPOBaHUE MHOTO(PA3HOM BETPOIHEPreTUIECKON YCTAHOBKH AAA
3AEKTPOCHAOKEHUA 00 BEKTOB
arpoOIPOMBIIIIA€HHOI'0 KOMIIAEKCA

Aprtyp BasepreBuu Maxusnos!,
accucrent, e-mail: artur28061998@mail.ru;
PoGepr Papuaosuu Carrapos!,
AOKTOP TEXHUYECKHUX HayK, IIpodeccop;
Aitnyp HpmaroBuy A3HaryAos?,
KAHAHAAT TEXHUYCCKUX HAYK, MAGAIINN HAYIHBIA COTPYAHHK

'V pumcknii rocyqapcTBeHHbIN HEPTAHOM TEXHUUECKHMI YHUBEPCHTET, T. Y (a, Poccuiickas Denepanus;
2BanIKUpCKuMii rocy1apCTBEHHBIN arpapHblii yHMBEPCHTET, T. Y pa, Poccuiickas Denepanus

Pepepam. Cospemennas sHepeemura azponpombileHH020 KOMIIEKCA OMAUYaemcs: yCmoudusol menoenyuel K
UHmMezpayuyu B0300HOBNIAEMbIX UCMOYHUKOS HSHEp2Uul, Cpeou KOMOpPbIX GeMpPO3HEPIemuKa 3aHumaenm OOHO U3
KIIOYEBbIX MeCm KaK CPeoCcme0 CHUICEHUs 3ampam U NOSbIUeHUs. IHEPIemuyeckol  He3a8UCUMOCTU
CenbCKOXo3AUCmeeHublx npeonpusmuil. Ilpeocmasnensvt pezyromamsi mooeauposanus 6 cpeoe MATLAB Simulink
MHO20GDA3HOU  8eMPOIHEP2EMUUECKOU  YCIMAHOBKU, NPEOHA3HAYEHHOU OAs  IAeKMpPOCHAbIICeHUsi 00beKmMo8
aAcpONPOMBIUAEHHO20 KOMNIIEKCA ((hepmbl, menauybl, HACOCHbIE CManyuu opowernus u opyaue). (Ljeav uccredosanus)
H3yuums 603MOACHOCHb CINAOUIUZAYUY 8HIXOOHO20 HANPSNCEHUSL MHO2OMA3HOT 6eMPOIHEPeMUUECKOU YCMAHOBKU
npu  HU3KUX cxopocmsx eempa. (Mamepuanwr u memoodwvr) Hcnonvzoeanu 6 kauecmee OCHOBHO20 Memood
uccnedosanus KomnviomepHoe mooenuposanue 8 cpede MATLAB Simulink, umo oaem 6o3moxcHocmo

Npoanaiusuposamsd pdasiudtsvle percuMbl pa6ombl KAk npu HU3KUX, maxK U HOPMAJIbHbIX CKoOpocmsx eempd.



(Pe3ynvmamul u o6cysicoenue) Paspabomanu u cmooenuposanu 6empoycmanosKy, RO360510UY0 CMAaduIu3uposams
BbLIXOOHOE HANpAJICEHUe K MEKVIeMy 6empogoMy NOMEHYUary U YPOGHIO HA2py3Ku nompebumenell
azponpomvlulienno2o Komniekca. Ilokazanu npu MoOenuposanuu mpu OCHOBHbIX pedcuma pabomvl: npu
HOPMANLHOU CKOPOCMU 6eMpa UCHONb3YEMCsl NAPAIEIbHOEe COeOUHeHUe Mpex GbnpsiMumenell; npu CHUNCEHUU
cKkopocmu 8 08a pasa cxema Nepekiioudemcss HA NOCied08ameNbHOe COeOUHeHUue O8YX GbINpsSMUmenei, npu
CHUDICEHUU CKOPOCMU 6 Hemblpe pa3a 3a0elicmeyemcsi Nociledo8amenbHoe COeOUHeHUe Mmpex GbInpsMumenei.
Iloomeepounu pesyriomamamu  MOOEIUPOBAHUsL, UMO NPEONONCEHHAs KOHDUISYpayus 8empoyCmaHosKu ¢
PeKOHuUYpUPYeMOtl CXeMOU 8bINPAMIEHUsL NO3BOJILEM IPHEKMUGHO CIMAOUNUZUPOBAMb HANPAICEHUE 8 WUUPOKOM
ouanaszone UIMEHEeHUll CKOpPOCU 6empd, NOBbIUUASL HAOEHCHOCMb U  IHEP2OIPHEKMUBHOCHb  ABMOHOMHBIX
IHEP2OCUCTNEM ACPONPOMBIULEHHO20 KOMNIAEKCA OISt KOPPEKMHOU pabombl dNeKMpPpOnpuUBoo0s, CUCHeM BEHMUNIAYUL,
00UNbHO2O 0O0PYOOBAHUSA, HACOCO8 U XOJIOOUTbHBIX YCMAHOBOK. (Bvisodvl) Koncmamuposanu nepcnekmusHOCmb
NPUMEHEHUsL  6eMPOIHEPLEMUYECKUX — YCMAHOBOK OISl YMEHbUIEHUST  3A6UCUMOCIU  CENbCKOXO03SUCTBEHHbIX
NPEOnpUsSIMULL OMm Ceme8o20 INEKMPOCHADIHCEHUS U MPAOUYUOHHBIX 6UO08 MONIUBA.

Knrouesvie cnosa: snepeoaghpexmusHocmn,  60300HOGNAEMble  UCMOYHUKU — DHEPSUU,  BEMPOIHEPLeMUKA,
6EMPOIHEPLEMUYECKAsSl  YCMAHOBKA, — CMAOUIU3AYUSL  HANPSJICEHUS],  MASHUMOINEKMPUYECKULL  2eHepamop,
A2PONPOMbIULIEHHBIT KOMNILEKC.
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Abstract. The modern energy sector of the agro-industrial complex is characterized by a steady trend towards the
integration of renewable energy sources, among which wind energy occupies one of the key places as a means of
reducing costs and increasing the energy independence of agricultural enterprises. The results of modeling in the
MATLAB Simulink environment of a multiphase wind power plant intended for power supply of agro-industrial
facilities (farms, greenhouses, irrigation pumping stations, etc.) are presented. (Research purpose) The research
purpose is studying the possibility of stabilizing the output voltage of a multiphase wind power plant at low wind
speeds. (Materials and methods) Used computer simulation in the MATLAB Simulink environment as the main
research method, which makes it possible to analyze various operating modes both at low and normal wind speeds.
(Results and discussion) We have developed and modeled a wind turbine that allows us to stabilize the output voltage
to the current wind potential and the load level of consumers of the agro-industrial complex. Three main operating
modes were shown during simulation: at normal wind speed, a parallel connection of three rectifiers is used,; when
the speed is reduced by two times, the circuit switches to a serial connection of two rectifiers; when the speed is
reduced by four times, a serial connection of three rectifiers is activated. Confirmed by the simulation results that the
proposed configuration of a wind turbine with a reconfigurable rectification circuit makes it possible to effectively
stabilize the voltage in a wide range of wind speed changes, increasing the reliability and energy efficiency of
autonomous power systems of the agro-industrial complex for the correct operation of electric drives, ventilation
systems, auxiliary equipment, pumps and refrigeration units. (Conclusions) The prospects of using wind power plants
to reduce the dependence of agricultural enterprises on mains power supply and traditional fuels were described.
Keywords: energy efficiency, renewable energy sources, wind energy, wind power plant, voltage stabilization,
magnetoelectric generator, agro-industrial complex.
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