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Pegpepam. Memoo aocopbyuu nosgonsem ¢ 00abwON IPHeKmueHocmoio peceHepuposams mpaHc@HoOpMamopHoe
MAco, npu 3MoM HeoOX00UM NOCMOSIHHbIIL KOHMPOL 3a e20 napamempamu. Ilepcnexmugen Memoo onmu4eckou
CHeKmpanbHOU NloMuHecyenmmuot ouaznocmuxu. (Llenv uccneoosanus) H3yuums chekmpanvubie 110OMUHeCYeHmHble
Xapaxkmepucmuxku mpancg)opmMamopHo20 Macia pasiuyHozo  npoyecce e2o ouucmiu. (Mamepuanvl u memoouwt)
Boinonnunu ucciedosanue cnekmpaibHuIX JTIOMUHECYECHMHBIX XAPAKMEPUCTIUK MPAHCHOPMAMOPHO2O MACAA HA
MHO20Q)YHKYUOHATbHOM npubope cnekmpogayopumempe «Darwoopam-02-Ilanopamay ¢ ycmanogieHHbIM HA
HOymOyKke npozcpammusbim obecnevenuem Panorama Pro u enewnei memnou kamepou 0iist UCCAeO08aHUsL 0OpA3YO8
macaa. Ilpogenu usmepenue cCnekKmpaibHbIX XapakmepucmuKk 8030yxicOeHUs U TIOMUHeCYeHYUl ompabomaHHo20 U
pezenepupogannozo mpancgopmamoprozo macia I'K na ougpaxyuonnom cnexmpoguyopumempe. Paccuumanu
UHMezpanbHble SHepeemuyecKue U cmamuyeckue napamempvl cnekmpos. (Pesynomamuvr u  o0b6cyscoenue)
Onpedenunu, 4mo npu peceHepayuu Macid CyuwecmeeHHo YBeaudu8aomcs MaKCumMymMbl CReKmpa 6030Yi4cOeHus Ha
onunax eoan 355, 396 u 443 wuanomempos. Ilokaszanu, 4mo HAUOOILUWAA NO2LOWAMENbHASL CHOCODHOCMb
ommeuaemcs Ha yyacmke 370-428 nanomempos. Yemarnosunu, umo 01 As = 396 HaHOMEmMpos MOMUHECYEHYUSL
ouyuugenHo2o macia boavuie, wem npu Ay = 355 Hamomempos. Buviaguau, umo cmamucmuueckue napamempul
HeOUUWEeHHO20 MACAAd 3AMemHO OMIUYAIOMCA OM NApamempo8 pe2eHepUpOBaHHbIX Mdacel (OaHHdas meHOeHyus
Habooaemcst Kaxk OJisi CREKMpos8 8030yxcOeHUs, MaK u OJisi CNeKMpos8 (POMOIOMUHECYESHYUU), CIMAMUCMUYECKUe
napamempul pe2eHepuUpo8AHHO20 MACAA He3HAYUMENbHO pasiudaomcs mexcoy cobou. Ommemunu, umo 6ce
CneKmpbl  UMeIom  NPAGOCMOPOHHION  acummempuio.  (Bvisoowr)  Vxaszanu, umo  gomontomunecyenyus
MPAHCHOPMAMOPHO20 MACIA 8 Npoyecce OYUCMKU Npu ONUHe BONHbI 8030ydcoeHuss 396 nanomempos Haubonee
nooxooawas oasa ouaznocmuxuy. Koncmamuposanu, umo nonyuenuvie pe3yibmamosl MO2ym 0bims UCHONb308AHbI NPU
paspabomie onMUKO-31eKMPOHHOU CUCEMbL KOHMPOISA KA4eCmed O4UCmKU mpaHc@opMamopHo2o macia.
Knoueevle cnosea: onmuueckas CneKmpanbHas OUASHOCMUKA, MPAHCHOPMAMOpHOe MAClo, peceHepayus,
domontomunecyenyus, uHmMespaIbHLle U CIMAMUCTIUYECKUe NAPaAMempbl.

Ons untnpoBanua: benskos M.B., CamapuH I".H., Matyenkos [.C. JlloMnHecLeHTHbIE CBOMCTBA TpaHcdopMaTopHOro Macna npu
ero ouucTke // SnekmpomexHonoauu u anekmpoobopydosaHue 8 AlK. 2023. T. 70. N3(52). C. 3-11. DOI 10.22314/2658-4859-2023-
70-3-3-11. EDN MIYPLC.
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Abstract. The adsorption method makes it possible to regenerate transformer oil with great efficiency, while constant
monitoring of its parameters is necessary. The method of optical spectral luminescent diagnostics is promising.
(Research purpose) The research purpose is studying the spectral luminescent characteristics of various transformer



oil during its purification. (Materials and methods) A study of the spectral luminescent characteristics of transformer
oil was carried out on a multifunctional spectrofluorimeter device «Fluorat-02-Panoramay with the Rapogama Rgo
software installed on a laptop and an external dark camera for the study of oil samples. The spectral characteristics
of excitation and luminescence of spent and regenerated GC transformer oil were measured using a diffraction
spectrofluorimeter. Integral energy and static parameters of the spectra were calculated. (Results and discussion) It
was determined that during oil regeneration, the maxima of the excitation spectrum at wavelengths of 355, 396 and
443 nanometers significantly increase. It has been shown that the greatest absorption capacity is observed in the area
of 370-428 nanometers. It was found that for /i, = 396 nanometers, the luminescence of the purified oil is greater than
for Jy = 355 nanometers. It was found that the statistical parameters of crude oil differ markedly from the parameters
of regenerated oils (this trend is observed for both excitation and photoluminescence spectra), the statistical
parameters of regenerated oil differ slightly among themselves. It was noted that all the spectra have a right-sided
asymmetry. (Conclusions) Indicated that photoluminescence of transformer oil during purification at an excitation
wavelength of 396 nanometers is the most suitable for diagnostics. It was stated that the results obtained can be used
in the development of an optoelectronic quality control system for transformer oil purification.

Keywords: optical spectral diagnostics, transformer oil, regeneration, photoluminescence, integral and statistical
parameters.
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Pegpepam. Pena xopnennoOnas umeem 6biCOKYIO NUMAMENbHYIO YEHHOCHb U 8bIpAdCEHHbIU 6KYC. B ee cocmase
npucymcmeyom 0uonosuvecku akmugnvle KomMnowenmol. Ha oannviii momenm nedocmamouno ungopmayuu o
BLIPAUUBAHULU PEeNnbl KOPHENIOOHOU 8 3aKpblMmbIX azposkocucmemax (Ha eudponouuxe). (Llenv uccredosarnus)
Boinonnums cpagHumenbublli AHANU3 GbIPAWUEAHUS DEenbl 6 3aKPLIMOU pecyiupyemol azpodKocucmeme u 6
OMKPLIMOM 2pyHme, blasums ocobennocmu gecemayuy. (Mamepuanst u memoost) Buipawusanu peny copma Jlyna
8 3aKpbIMOU a2POIKOCUCHEME CO CBEMOOUOOHBIM OONyHeHueM Ha 08yX cmeniaxcax obwel niowaovio 5,2
K6aOpamuuix mempa, 060py008aHHbIX 2UOPONOHHBIMU CUCEMAMU NEPUOOULECKO20 3aMONIeHUs, U 6 OMKPLINOM
epyume na naowaou 40 keadpammuvix mempos. Onpedenunsu MAaccy cblpo2o 6ewjecmed HAO3EMHOU, NOO3EeMHOU
uyacmeti, omHOCUmMeNbHOE codepiicanue Xa0poduina 6 6omee;, Maccy cyxo20 6eujecmed; COOepICanue HUumpamos,
KOHYEHMpAayuu caxapos u Opyeux meepovix pacmeOpPeHHbIX Beuecms 6 KOPHenio0ax. Beinoanuiu snemenmublii
ananu3 Kopueniooos ons wemvipex snemenmos (Ca, K, Mg, Na). Ipumenunu memoovl CUCmeMHO20 N00X00d.
(Pesyrbmamul 1 06cyscoenue) Ycemanosunu, 4mo culpds mMacca NOO3eMHOU YAacmu penvl, 6blPAWEHHOU Ha
2UOPONOHUKE U 6 OMKDPLIMOM SPYHMe, He UMeNa CMAmuCmuiyecku 3HaYUMblX pasiudull;, Cyxas macca eeuwjecmsa,
cooepoicanue caxapog u Opy2ux meepovix 6eujecme 6 KOPHeniooax, GblpaujeHHbIX 6 OMKPbIMOM cpyHme, OblLiu
oonvwe na 14 npoyenmos. Buisagunu, umo cooepoiicanue HUMpamos 6 KOpHeni00ax, GblpaujeHHuIX 6 OMKpPbIMOM
2pyHme, MeHbule Ha 57 RPOYEeHmos no CpagHeHuIo ¢ cudpononukou. Iloxazanu, umo unmeHcusHocms obayuenus 180
MUKPOMONb 8 CEeKYHOY HA KBAOPAMHIIL Memp CMald OCHOBHbIM O02PAHUYUBAIOWUM (PAKMOPOM OISl HAKONJEHUS.
nUMamenbHolX Geujecms 6 KOPHenio0ax penvl Ha 2udponoHuxe. (Bvieoowvy) Koncmamuposanu 603MO*CHOCHb
BLIPAUUBAHUS PeNnbl KOPHENTOOHOU HA 2UOPOnOHUKe npu unmencusHocmu oonyyenus 180 mukpomons 6 cekynoy Ha
Kkeadpamuuiti memp. Ilpusenu 06a nymu nogblienus NUMamenibHol YeHHoCmu, YAYYUeHUs 6KYCOBbIX Kauecms u
VMEHbUEHUSL COOEPICAHUS HUMPAMOE 6 KOPHen100ax penvl 6 3aKpulMmoll azpodsKocucmeme. yeenuyeHue
UHMEHCUBHOCIMU c6ema U Gomonepuooq.



Kniouesvie croea: 3axpvimas azposkocucmemd, 2UOPONOHUKA, UCKYCCMEEHHOe 0DIyYenue, (pumoceemoouoost, pena
KOPHENI0OHAsL.
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Abstract. Turnip root has a high nutritional value and a good taste. It contains biologically active components. At the
moment, there is not enough information about the cultivation of turnips in closed agroecosystems (on hydroponics).
(Research purpose) The research purpose is performing a comparative analysis of the cultivation of turnips in a
protected agroecosystem and in the open ground, identifying the features of vegetation. (Materials and methods)
Turnips of the Luna variety were grown in a closed agroecosystem with LED irradiation on two racks with a total
area of 5.2 square meters equipped with hydroponic systems of periodic flooding, and in the open ground on an area
of 40 square meters. The mass of the crude substance of the aboveground and underground parts was determined;
the relative content of chlorophyll in the tops; the mass of dry matter, the content of nitrates; concentrations of sugars
and other solid dissolved substances in root crops. Elemental analysis of root crops was performed for four elements
(Ca, K, Mg, Na). We applied the methods of a systematic approach. (Results and discussion) It was found that the
raw mass of the underground part of turnips grown on hydroponics and in the open ground had no statistically
significant differences; the dry mass of the substance, the content of sugars and other solids in root crops grown in
the open ground were 14 percent higher. It was found that the nitrate content in root crops grown in the open ground
is 57 percent lower compared to hydroponics. It was shown that the irradiation intensity of 180 micromoles per
second per square meter has become the main limiting factor for the accumulation of nutrients in turnip root crops
on hydroponics. (Conclusions) The possibility of growing turnips on hydroponics at an irradiation intensity of 180
micromoles per second per square meter was stated. There are two ways to increase the nutritional value, improve
the taste qualities and reduce the nitrate content in turnip roots in a closed agroecosystem: an increase in light
intensity and photoperiod.

Keywords: closed agroecosystem, hydroponics, artificial lighting, phyto-LEDs, turnip.
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Pegpepam. Onpedenenue mecma nospexncoeHust 8 pacnpederumenbHuix daekmpuyeckux cemsax 6-10-35 kunrosonvm —
akmyanvHas npobdrema. [annvle cemu 3KCRIYAMUPYIOMCA C U30TUPOBAHHOU HEUMPAIbIO U HOIMOMY 8 HUX MPYOHO
VCMAHOBUMb  ABAPULIHbIE PENCUMbl € 3AMBIKAHUAMYU HA 3eMII0 U oOpvieamu. [{isi 2mMo2o UCHOIb3YIOMCS
oucmanyuonuvle U monozpaguueckue Mmemoowvl. Tonoepaguueckue memoovl mpedyiom 06x00a AUHUL.
Cywecmeyrom OUCMAaHyUOHHble Memoobl U NPuboOpvl OnpedeseHus Mecma Nno-8pexcoenus 05 8blCOKOBOIbINHLIX
cemetl knacca 110 kunosonrvm u eviwe. 3adaua onpedeieHus Mecma NOGPENCOCHUs. 8 IMUX CEMSX PeuleHd, NOMOMY
YUMo OHU IKCHIYAMUPYIOMCA C 21YX03A3eMAEHHOU HeUMPAIbIO, U 8Ce MeXHCOYPa3sHble 3AMbIKAHUA U 3AMbIKAHUS HA 3eMILI0
— MO KOpOMKUE 3AMbIKAHUSL, 4MO 00je2uaem HAX0NICOeHUue paccmosanus 00 agapuu 600ab Oaunvl aunuu. (Llens
uccnedosanus) M3yuyums GnuAHUE IMAUPUYECKUX Kpumepued 8 (Da3HbIX KOOPOUHAMAX, KOOPOUHAMAX Mmpex
CUMMEMPUYHBIX COCMABIAIOWUX U 0O0OWEHHBIX KPUMEPUES HA MOYHOCMb ONpeOeieHUs Mecma NoGpexdcoeHus 8
anekmpuueckux cemsax 10 kunogonem npu 08yxcmoponuem 3amepe. (Mamepuansl u memoowt) Beinoanunu uccie0o8anus
C UCNOTBL30BANHUEM (DA3HBIX KOOPOUHAM U KOOPOUHAM Mpex CUMMempuuHwvlx cocmasnirowux. (Pezynbmamor u
obcyxcoenue) Paccmompenu cnyuaii yemanosku npubopog usmepeHus 0OHOBpeMeHHO 8 Haudie U 8 KOHYe JUHUU, MO
ecmb 08YXCMOPOHHUL 3amep. Bvlsagunu, 4umo noepewHocmy 8 npoyenmax npu Qasnvix KOOpOUHAmMax He npeguluam
0,38 npoyenmos, npu KOOPOUHAMAX mpex cummempuunsix cocmasagiowux — 1,31 npoyenm, npu obobwennvix — 0,18
npoyernmos. Ilokasanu, umo nocpewnocms 0000UeHHbIX KpUumepued no CPASHEeHUIo ¢ Qa3HbIMU KOOPO UHATNAMU U NO
CPABHENUIO C KOOPOUHAMAMU MPeX CUMMEMPUYHBIX COCMABIAIOWUX MHO20 MeHbuie. (Bvisoow) Yemanosunu, umo
paspabomarnvie Kpumepuu 8 hazHvIX KOOPOUHAMAX, KPUMepuu 8 KOOPOUHAMAX Mpex CUMMEMPUUHBIX COCMABTAIOUWUX
u 0600ueHHbLe KpUmMepuu npu 08yXCMOPOHHeM 3amepe P hexmusHol 05t cemeti 10 Kunogonvm.

Kniouesvie cnosea: asapuiinblii pedicum, onpeoeneHue Mecma ROBPEeNCOeHUs, dNeKmpudecKue cemu, mMemoobl,
Kpumepuu, noZpeutHocnb.
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Abstract. Locating the damage in distribution electrical grids of 6-10-35 kilovolts is an urgent problem. These
grids are operated with an isolated neutral and therefore it is difficult to establish emergency modes with ground
faults and breaks in them. Remote and topographic methods are used for this purpose. Topographic methods
require traversing the line. There are remote methods and devices for locating the damage for high-voltage
networks 110 kilovolts and higher. The problem of locating the damage in these grids has been solved, because
they are operated with a grounded neutral, and all phase-to-phase and ground faults are short circuits, which
makes it easier to find the distance to the accident along the length of the line. (Research purpose) The research
purpose is studying the influence of empirical criteria in phase coordinates, coordinates of three symmetrical
components and generalized criteria on the accuracy of locating the damage in electrical grids 10 kilovolts with
two-way measurement. (Materials and methods) Studies were performed using phase coordinates and
coordinates of three symmetrical components. (Results and discussion) We considered the case of installing
measuring instruments simultaneously at the beginning and at the end of the line, that is, two-way measurement.
It was found that the percentage errors at phase coordinates do not exceed 0.38 percent, at the coordinates of
three symmetrical components — 1.31 percent, at generalized — 0.18 percent. It was shown that the error of the
generalized criteria in comparison with the phase coordinates and in comparison with the coordinates of the
three symmetric components is much smaller. (Conclusions) It was established that the developed criteria in
phase coordinates, criteria in the coordinates of three symmetrical components and generalized criteria for two-
way measurement are effective for 10 kilovolt grids.

Keywords: malfunction, damage locating, electrical grids, methods, criteria, error.
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Pegpepam. Ananusz capmonuneckozo cocmasa HanpajiceHus Ha noocmanyuu Mpkymckoii ooaacmu nokazvléaem, 4mo
07151 6cex mpex haz cpeonue 3HaueHuss KOIPPUYUEHMO8 2apMOHUYECKOU COCABIIOWEN HANPANCEHUs. OISt CHeKMpPA
eapmornuxk om 2 0o 9 npesviwaiom coomeemcmsyrowue I'OCTy HopmanvHo oonycmumvle 3nayvernus. Pesyromamul
UBMEPEHHBIX 3HAYEHUL MOKO8 NPOOEMOHCMPUPOBANY, YMO YPOBEHb 2APMOHUK 3AGUCUM OM BETUYUHbL HAZPY3KU.
(Lenv uccnedosanus) Hzyuume mooenu NpOSHOZUPOBAHUA NAPAMEMPO8 HeCUHYCOUOANbHOCMU HA NUMAIOUUX
nooCMaHyusax cpeoHe20 HaANPANCEeHUs U Y3N08bIX HanpsxceHul Ha noocmanyuax 0,4 Kunoeonvm, ceA3aHHbIX 0OHOU
cemvio; Onpedenums cenaxcusauue QyHKYUOHAIbHbIE 3A8UCUMOCTU, He0OX00UMble 01 pACHemd Pexcuma cemell.
(Mamepuanvt u memoowt) I[lpeocmasunru Oaumvie usMepeHull noxazamenei Kaiecmea dNeKMpodIHepeUU Ha
noocmanyuu «HoBONCUIKUHOY U ee NPUCOeOUHeHUAX, Nposenu anaius 8uvlopocos. Ocywecmsuny MoOeIupo8aHue
pedicumos pabomsi ¢ nomowpio naxkema Google Colaboratory. (Pesynemamsr u 06cyscoenue) Ilposepunu eunomesy
0 MoM, Umo KOIpDuyuenm HecunycoudaIbHOCU HANPANCEHUSL HA OOHOU U3 CEA3AHHBIX NOOCTANYUL MOdICem Oblmb
CNPOCHO3UPOBAH C NPUEMAEMOL MOYHOCMbI) NPU U3BECMHBIX NOKA3AMENSAX HANPSJCEHUs U Kodgdduyuenmos
HeCUHYCoUOAIbHOCMU HANPANCEHUS HA 20JI06HOU U OPY2UX CEA3AHHLIX noocmanyuax. Ilpoananusuposanu eb10pocsl
U nocmpoenue 8uU3yaru3ayull N0 OAHHbIM USMEPEHUl Ha NUMauell NOOCIAHYUU U OMXOO0AUUX NPUCOEOUHEHUSX,
nocmpounu mampuyy Koppensyuu. Tlonyuunu 3KCnepumMenmanbHelM nymem npocHO3Hble OaHHble KOd(hduyuenma
HEeCUHYCOUOAIbHOCMU C XAPAKMEPUCMUKOU pAaccestus, KOmopas 018 6cex NOOCMAHYUll CUCeMbl COCMAsisien
nopsoka 0,7. Onpedenunu, ymo pe3yibmamvl NPoeHo3a Ha 6aze mooenel MAWUHHO20 00yUenuUs KOppeaupyiom ¢
OaHHLIMU U3BMepeHUll 6 3NeKkmpuyeckux cemsax. (Bwisoowsi) I[Ipeonoscunu memodonozuio 3@gexkmuenocmu
NPOCHO3UPOBAHUS HECUHYCOUOANbHOCIIU HA OCHOBE CYUWECM8YIoWux mMooenell MAWUHHO20 00yYeHus, Komopvle
N0360IAI0M GHEOPUMb ABMOMAMUYECKULL pacyem 05l peuleHus 3a0a4u, npogecmu KOppeKyuio mooeetl, y8eauyums
MOYHOCHb NPOSHOZUPOBAHUS 8 YCI08USX Heonpedenennocmu. Tlokasanu s¢hphexmusnocms npeoroAiceHHo20 nooxood
Ha npumepe peasibHblX IKCNEPUMEHMATbHBIX OAHHBIX HA NOOCMAHYUAX YeHMPALbHbIX cemell UpKymckoil obnacmu.
Knroueevle  cnoea:  npocHo3uposanue,  HECUHYCOUOANbHOCMb — HANPAXCEHUs,  MAwluHHOe  oOyueHue,
pacnpeodenumenbHole cemu, IKCNEPUMEHMATIbHbIE UCCIE008AHUS.

Onsa uutupoBaHus: TpetbsikoB A.H., Kyapswes [.C. lMporHo3 M3MeHeHVWs HeCHHYCOMAanbHOCTU HamMpsPKEHNs Ha OCHOBe
anropyTMOB MalUVMHHOTO 0byyeHus // GnekmpomexHonoauu u snekmpoobopydosaHue 8 AlK. 2023. T. 70. N3(52). C. 28-34. DOI
10.22314/2658-4859-2023-70-3-28-34. EDN VQJPVK.

Prediction of Non-sinusoidal Voltage Changes Based on Machine Learning Algorithms
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Abstract. The analysis of the harmonic composition of the voltage at the substation of the Irkutsk region shows that
for all three phases, the average values of the coefficients of the harmonic component of the voltage for the harmonic
spectrum from 2 to 9 exceed the corresponding GOST normally permissible values. The results of the measured values



of the currents demonstrated that the harmonic level depends on the magnitude of the load. (Research purpose) The
research purpose is studying the models for predicting non-sinusoidal parameters at medium-voltage power
substations and nodal voltages at 0.4 kilovolt substations connected by a single grid and determining the smoothing
functional dependencies necessary for calculating the grid mode. (Materials and methods) Presented data on
measurements of electricity quality indicators at the Novozhilkino substation and its connections, conducted an
analysis of measurement emissions. The simulation of operating modes was carried out using the Google
Colaboratory package. (Results and discussion) We tested the hypothesis that the non-sinusoidal voltage coefficient
at one of the connected substations can be predicted with acceptable accuracy at known voltage indicators and non-
sinusoidal voltage coefficients at the head and other connected substations. Emissions were analyzed and
visualizations were constructed based on measurement data at the supply substation and outgoing connections, and
a correlation matrix was constructed. The predicted data of the non-sinusoidal coefficient with a scattering
characteristic, which is about 0.7 for all substations of the system, were obtained experimentally. It was determined
that the results of the forecast based on machine learning models correlate with the data of measurements in electrical
networks. (Conclusions) Proposed a methodology for the effectiveness of forecasting non-sinusoidality based on
existing machine learning models, which allow to implement automatic calculation to solve the problem, to correct
models, to increase the accuracy of forecasting under uncertainty. The effectiveness of the proposed approach was
shown by the example of real experimental data at substations of the central networks of the Irkutsk region.

Keywords: forecasting, non-sinusoidal voltage, machine learning, distribution grid, experimental research.
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®Denepanus

Pegpepam. Vcxooa uz moeo, umo pocm yem HA KOMMYHATbHble ycayau 8 Poccuu npoucxooum kaswcowiti 200 6
CcOBpeMeHHOM 0Ouecmee mak dice, KaK 8 NPOU3BOOCMBEHHOU cghepe, IKOHOMUSL BbIXOOUM HA Nepsblll nian. B smoil
c6s13U dhhexmusnoe npuMeHeHue dNeKMpPOIHePSUU CIMAHOBUMCSE OOHUM U3 8ANCHBIX NOKA3AMENEH, NOCKONbKY MO
dopocoll  pecypc, KOMOpblLL  MOJcem — npugecmu K — cepbe3ubiM  3ampamam. Paccmompenvl  gonpocol
OHEP20IPPeKmuUsHO20 NPOU3BOOCMEA U IKOHOMUU IAeKmpodnepauu. TIpobremamuka 3aKmo4aemcsi 6 mom, 4mo
npoU3BOOCMeEeHHble NPEONPUSIMUSL CIAPAIOMCSL YMEHLUUMb CB0U PACX00bl HA INEKMPOIHEP2UIO, CLeOUMb 30 8CEMU
chepe2aiouuMu HOB0BEEOCHUSIMU U NPUMEHSMb UX 6 ceoell dessmenvrocmu. [Ipeonpusimust GulHYHCOEHbl IKOHOMUND
Ha 91eKmposnepeull, no-0py2omy um NPoCmo HA KOHKYPEHMHOM PblHKE He Gblocumb. B ocnosHom opeanuzayuu
UCRONBL3YION OOHU U Me Jice MEXHOL02UU 015 IKOHOMUU dliekmposnepeu. (Lenv uccnedosanus) Ipoananusuposamo
npUMeHeHUe A8MOMAMUUPOSAHHOU CUCEMbL NO MEXHUUECKOMY YUemy IHEP2emuyeckux pecypcos, KOmopdsl
npU36ana NOMOYb RPEONPUSIMUIO NEPEPACHPEESIMb HAZPY3KY U3 OCHOBHO20 8PEMEHU, K020a Mapugul 6blCOKU, HA
HOuHOe, Ko20d yeHa umeem HaumeHvuiue noxazamenu. (Mamepuanvt u memoowt) Ilpednosxcuiu memoo, KOmMopwiii
3aKIOHAemcss 6 MOM, 4moO Olsl  GbISIGIEHU. OAHHLIX HA NPOU3BOOCMEE YCMAHAGIUBAIOM  CREYUALbHYIO
ABMOMAMUZUPOBAHHYIO UHPOPMAYUOHHO-UMepumenvhylo cucmemy. (Pezyrsmamot u o6cyacoenue) Ioxazanu, umo
6HEOpeHUe FMUX MUnos eKmpoodguzamenel NO360AUM CIKOHOMumMs 6oiaee 40 npoyenmos 3ampam na nompeonenue
9Hepeuu. Ycmanosunu, ymo uUcnoab308aHue CUCMeMbl Ad8MOMAMUUPOBAHHBIX JJIEKMPONPUEOO08 Odem HeMAable
npeumyujecmea u He mpedoyem ocoowvix ycunuil. (Bvigoovl) Buisiguau, umo npeonodiceHnHas cucmema omrpuleéaem
8apuanmul 051 IKOHOMUU INEKMPUUECKOU IHEP2UU NPU NPUMEHEHUU COBPEMEHHBIX YCMPOUCMS U MAMEPUANOs Ois
docmudicenusi NOCMABNIEeHHbIX Yeilell.



Knrouesoie ciuoea: 9Hep2039b¢el<mueyocmb, JJIEKMPOIHEpcUsl, BJZEKWIPOHPMGOO, OKOHOMUA oHepeuu,
asmomamu3supo6aHHble CUCTIEMbL, MACHUMHbIE U 3Jlel<mp0np060@;zu4ue mamepuaisl, dJ1eKmpent.
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Abstract. Based on the fact that the increase in prices for utilities in Russia occurs every year in modern society, as
well as in the production sector, savings come to the fore. In this regard, the efficient use of electricity becomes one
of the important indicators, since it is an expensive resource that can lead to serious costs. The issues of energy-
efficient production and energy saving are considered. The problem lies in the fact that manufacturing enterprises
are trying to reduce their electricity costs, monitor all saving innovations and apply them in their activities.
Enterprises are forced to save on electricity, otherwise it simply cannot survive in a competitive market. Basically,
organizations use the same technologies to save electricity. (Research purpose) The research purpose is analyzing
the use of an automated system for technical accounting of energy resources, which is designed to help the enterprise
redistribute the load from the main time, when price is high, to the night, when the price is low. (Materials and
methods) Proposed a method, which consists in the fact that a special automated information and measurement system
is installed in production to identify data. (Results and discussion) It has been shown that the introduction of these
types of electric motors will save more than 40 percent of energy consumption costs. It has been established that the
use of an automated electric drive system gives considerable advantages and does not require much effort.
(Conclusions) It was revealed that the proposed system opens up options for saving electrical energy when using
modern devices and materials to achieve the set goals.

Keywords: energy efficiency, electric power, electric drive, energy saving, automated systems, magnetic and
electrically conductive materials, electret.

For citation: Kudaev Z.R., Baragunov A.B., Kumakhov A.A., Kushaev S.Kh. Pokazateli energoeffektivnogo proizvodstva v voprosakh
ekonomii elektroenergii [Indicators of energy-efficient production in matters of energy saving]. Elektrotekhnologii i elektrooborudovanie
v APK. 2023. Vol. 70. N3(52). 35-40 (In Russian). DOI 10.22314/2658-4859-2023-70-3-35-40. EDN JCWJBI.

YIK 631.227.2:628.93 DOI 10.22314/2658-4859-2023-70-3-41-47

KpureprnaspHas olleHKa OITUMAABHOI'O PACIIOAOYKEHHA IIPOACABHBIX AMTHUM
CBETUABHHMKOB IIPY HAIIOABHOM COAEPKAaHUU IITULBI

Tarbana Parmuposaa I'aaasmoBa,
KAHAMAQT TEXHUYECKUX HayK, AoueHT, e-mail: trgalll 1@yandex.tu

Y AMypTCKUil TOCYAapCTBEHHBIN arpapHblil yHUBEpPCUTET, I. xkeBck, Poccuiickas @enepanus

Pegpepam. Paccmompen nmudnux cmanOApmHoOl WUPUHbL ¢ HANOLLHLIM COOePICAnUeM Nmuy, O1s OCEeUleHuUs.
KOMOPO20 UCHOAL3YIOMCL NPOOOIbHbIE JUHUU C8EMOOUOOHBIX CeemunbHuKos. Heobxooumocms noeviuieHus:
NPOOYKMUBHOCIU — NMUYbL  NPUGOOUM K  aKMYAIbHOU  npobieme  cO30anus  Haubolee  PABHOMEPHO20
9Hepeochbepezarowezo oceewenus pabouell niowaou oobvexma. Ilpu pewenuu npodremvl 03HUKAEM 3a0a4d OYeHKU
ONMUMATLHO20 PACCMOSHUSL MENCOY TUHUSMU CGEMUNLHUKOG Lonr. Ee peutenue 603M0CHO npu noMowu Kpumepust
onmumanviocmu. Tpyonocmu yuema OmMpAdMNCEHHO20 c6ema CAYIHCAM NPUYUHOU Ol NOUCKA Kpumepus, He
3asucsaweco om ompadicennou cocmasasiowel. (Llenv uccaedosanus) Oyenums ONMUMATLHOE PACCIOSHUE MENCOY



NPOOOTLHLIMU TUHUSMU CEEMUTLHUKOG OJisl NMUYHUKO8 CMAHOAPMHOL WUPUHBL HA OCHO8E KDUMEPUS], He 3AGUCU|e20
om ompadxcenHoll cocmasnaiowel ocsewennocmu.  (Mamepuanvr 1 memoosy) Onpedenunu HeOOCMAMKU
peKoMeHOayull, ROTYYEeHHbIX HA OCHO8e Memooa Koapguyuenma ucnoavzosanus. Ipednoscunu 0 npeoooenus
He00uemos yuumvleams WUPUHY NMUYHUKA U OYeHusamv Lonr moyeunvim memooom. Illpumenunu moodens
oughgysnoco ompascenus ceema. Ob60cHO8aNU Kpumepuli ONMUMATbHOCMU U  pA3pabOmanyu aieopumm
KomnvlomepHot oyenku Lonr. Mcnonvzosanu paspabomannviii aneopumm O0is NIMUYHUKOS CMAHOAPMHOU WUPUHDL.
(Pesynvmamol u obcysicoenue) Hccnedosanu nmuunuky wupunoi b, kpamnou 6 mempam npu nOCMOSHHOU ONlUHe
Kaxc0020 nmMudHuKa a, = 78 mempos 01 gblcom nooseca cgemunvruxos Hy = 3,0 mempa, H, = 3,5 mempa u Hz =
4,0 mempa. Ilpeocmasunu pezynomamor oyeHku Lomr 6 6ude mabauyvl. Bouissunu, umo 3agucumocmsv Lom(b) —
Kkeéaopamuunas. (Bvigoowvl) Yemarnosunu, umo oyeHky Lone MO*CHO 8bINOIHAMb 8 MOOenu OuPpy3Ho2o ompasicerus
c8ema Ha OCHOBe KpUMepusi, He 3a8UCSe20 0N OMpadceHHol cocmagnaoweli oceeujeHnocmu. Ommemuau, 4mo npu
PACNONOJCEHUU TUHULL CBEMUTLHUKOS, CO2NIACHO Mabauye, YMEHbUAemc s PUCK HeCAHKYUOHUPOBAHHO20 CHOCA iUy
nmuyet, Ymo cnocooCcmeyem YIyYueHuo Kavyecmea NoJyYeHHbIX AuYy U NOGLIUEHUI0 NPOOYKMUSHOCMU NIMUYbL.
Koncmamuposanu, umo pezynomamvi oyeHku Logr MOJICHO peKomendoseams cneyuaiucmam nmuyedadpux Ons
KOPPEKMUPOBKU YIce CYWecmeyrouell cucmemvl oceeujeHuss uiu neped ee npuobpemenuem OJis NIAHUPOBAHUS.
IHEP20IPPEKMUBHO20 PACHONONCEHUSL CEEMUTLHUKOS.

Knrouesvie cnosa: nmuunux, c6emoouooHoe oceewjetue, 0CeeweHHOCmb, dHep2ocbepedicenue, HepasHOMEPHOCb
oceeuenusl, He3a8UCUMbLIL KPUMEPUL, MUHUMYM (QYHKYUU.

Ans untnposanua: annavosa T.P. KputepnanbHas oLeHka onTMmMansHOro pacnosioXeH s MPOAOMbHbBIX IMHUIA CBETUIIbHUKOB NPy
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Optimal Arrangement of the Longitudinal Lines of the Lamps
at the Floor Poultry Keeping
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Abstract. A standard-width poultry house with outdoor poultry keeping is considered, for which longitudinal lines of
LED lamps are used for lighting. The need to increase the productivity of poultry leads to the urgent problem of
creating the most uniform energy-saving lighting of the working area of the facility. When solving the problem, the
problem arises of estimating the optimal distance between the lines of lamps of the Lop. Its solution is possible using
the optimality criterion. Difficulties in accounting for reflected light are the reason for searching for a criterion
independent of the reflected component. (Research purpose) The research purpose is evaluating the optimal distance
between the longitudinal lines of lamps for poultry houses of standard width based on a criterion independent of the
reflected component of illumination. (Materials and methods) The shortcomings of the recommendations obtained on
the basis of the utilization factor method were identified. It was proposed to take into account the width of the poultry
house to overcome the shortcomings and evaluate the Lo, by the point method. A model of diffuse light reflection was
applied. The optimality criterion was substantiated and an algorithm for the computer evaluation of Lo, was
developed. We used the developed algorithm for poultry houses of standard width. (Results and discussion) Poultry
houses with a width b, a multiple of 6 meters, were studied with a constant length of each poultry house al = 78
meters for the height of the suspension of lamps Hi = 3.0 meters, H, = 3.5 meters and H3 = 4.0 meters. Presented the
results of the assessment of the protected areas in the form of a table. It was revealed that the dependence of Lop(D) is
quadratic. (Conclusions) It has been established that the assessment of Loy can be performed in a model of diffuse
reflection of light based on a criterion independent of the reflected component of illumination. It was noted that with
the arrangement of the lighting lines, according to the table, the risk of unauthorized demolition of eggs by poultry
decreases, which contributes to improving the quality of the eggs obtained and increasing the productivity of poultry.
1t was stated that the results of the Lo, assessment can be recommended to specialists of poultry farms to adjust the
existing lighting system or before purchasing it to plan an energy-efficient arrangement of lamps.

Keywords: poultry house, LED lighting, illumination, energy saving, uneven lighting, independent criterion, minimum
function.
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®DenepanbHblil HAy4HBIH arponHkeHepHbli nenTp BUM, Mocksa, Poccuiickas @enepanus

Pegpepam.  Bwinonnen amanuz HAy4HuIX UCCIE008AHUL, 6 KOMOPBIX NpPEeOCMAGieHbl MepMOINeKMpuyecKue
MEeXHON02UY HA OCHOBE CONIHEUHOU IHEPeUU, CHOCOOHbIE YO0BAEMBOPAMb HE MOIbKO NOMPEOHOCHb 8 NPOU3B0OCEE
INIeKMPOIHEPSUU, HO MAKICE CNOCOOCMB08AMb dHepeochepedcenulo U 3awjume OoKpyxcaiowel cpeovl. (Llens
uccnedosanus) Paspabomames cmpyKmypuyio cxemy YCMAHOSKU IN€KMPOCHADICEHUS C MEPMOINEKMPUYECKUMU
2eHepamopamu 0iis YOANeHHbIX CeNbCKUX NOCeNeHUll U 00beKMo8 azponpoMbIUIEeHHO20 KOMNIEKCA C COTHEYHbIM
KOHYEHMPAMOPOM U MEePOOMENbHbIM MENI08bIM AKKYMYIAMOPOM, 8bINOIHUMb PACHEN OCHOGHBIX XAPAKMEPUCTNUK
INIEMEHMO8 NPEONIOHNCEHHOU YCMAHOBKU C COTHEUHLIM MepMOINeKmpudeckum cenepamopom. (Mamepuanvr u
Mmemoowt) [Iposenu namenmuwiil nouck no caumam Eepazuiickoii namenmuoii opeanuszayuu, Pocnamenma u Google
Patents. Ilpoananusupoeanu umerowjuecs pacuemHvle 3a6UCUMOCU OJiA ONpeoeNeHUs OCHOGHLIX MeN06blX
Xapakmepucmuk — 21eMeHmo8  NPeONONCEHHOU  CIMPYKMYPHOU — CXeMbl  YCHAHOBKU — DJIeKMPOCHAOICEHU.
IIpooemoncmpuposanu pesyibmamol MeOPemMu4eckux U IKCHEPUMEHMANbHBIX UCCIe008aAHUL, NOCEAUEHHBIX
paspabomke cucmem I1eKMPOCHAOICEHUs HA 6Oaze MEPMOIIEKMPUUECKUX 2eHepAmopo8 6 KOMOUHaAyuu ¢
GomosnekmpuueckuMy NAHENAMU, CONHEUHbIMU KOHYEHMPAMOpamu U MmeniosbiMu mpyoKamu, no3601ai0uue
coenams 6bl600 00 AKMYANLHOCMU CO30AHUS CONHEUHbIX MEPMOINIEKMPULECKUX 2eHepamopos. (Pezynomamor u
obcyacoenue) Paspabomanu KoOHCMPYKYuio u npedCmaguny onucanue pabomol YCmaHo8KY 21eKMpPOCHAOI’CEHUsL C
COHEYUHBIM MEPMOINEKMPULECKUM 2EHEPAMOPOM U MENT0BLIMU MPYOKAMU, NEPeOaioWUMU MENL0BYI0 IHEPSUIO OM
COIHEYHO20 KOHYEHMPAmMopa uepe3 meepoOOmenbHblil Meni060t akKyMYAmop mepMOINeKMPULeCcKOMy 2eHepamopy.
(Bvigoowt) Ilpeonosicunu cmpyKmypHylo cxemy YCMAHOGKU CONHEYHO20 MEPMOINEKMPUUECcKo20 2eHepamopa O
VOQNEeHHbIX NOCeNeHUll 8 KOMOUHAYUYU ¢ MBEPOOMENbHBIM MENA08bIM AKKYMYIAMOPOM U MENI08bIMU MPYOKAMU,
KOmopble nepeoarom Mmenjiogylo dHepaulo Om COJIHEeYH020 Konyenmpamopa. [Ipueenu evipasicenuss Onia pacuema
OCHOBHBIX MENIOBbIX XAPAKMEPUCUK DEMEHNO08 NPEONOINCEHHOU YCMAHOBKYU C CONHEUHbIM MEPMOINEKMPULECKUM
2eHepamopom  (CONHeYHO020 KOHYEHmMpamopa U meepoOOmeNbHO20 Menio8o20 aKKYMYIAmopa), a makoice
Kod(hPuyuenm nonesnozo  Oelcmeusi U BLIXOOHOU  INEKMPUYECKOU MOWHOCMU — MEPMOINEKMPULECKO20
a/leKmpo2enepamopa.

Kniouesvie cnosa: conmeunvili mepmModIeKMPU4ecKull eeHepamop, CONHeUHblll KOHYESHMPAmop, meepoomenbHblil
MEnno80U akKyMyIsamop, meniosvie mpyoxu, yoanenHvle ceabckue nocenenus u oovexmul AIK.
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Abstract. The analysis of scientific research, which presents thermoelectric technologies based on solar energy,
capable of satisfying not only the need for electricity production, but also contribute to energy conservation and
environmental protection, is carried out. (Research purpose) The research purpose is developing a structural diagram
of an electric power supply installation with thermoelectric generators for remote rural settlements and objects of the
agro-industrial complex with a solar concentrator and a solid-state thermal accumulator, calculating the main
characteristics of the elements of the proposed installation with a solar thermoelectric generator. (Materials and
methods) Conducted a patent search on the websites of the Eurasian Patent Organization, Rospatent and Google
Patents. The available calculated dependences were analyzed to determine the main thermal characteristics of the
elements of the proposed structural scheme of the power supply installation. The results of theoretical and
experimental studies devoted to the development of power supply systems based on thermoelectric generators in
combination with photovoltaic panels, solar concentrators and heat pipes have been demonstrated, which allow us
to conclude that the creation of solar thermoelectric generators is relevant. (Results and discussion) A design was
developed and a description of the operation of an electric power supply unit with a solar thermoelectric generator
and heat pipes transmitting thermal energy from a solar concentrator through a solid-state thermal accumulator to
a thermoelectric generator was presented. (Conclusions) Proposed a block diagram of the installation of a solar
thermoelectric generator for remote settlements in combination with a solid-state heat accumulator and heat pipes
that transmit thermal energy from a solar concentrator. Expressions were given for calculating the main thermal
characteristics of the elements of the proposed installation with a solar thermoelectric generator (solar concentrator
and solid-state thermal accumulator), as well as the efficiency and output electrical power of a thermoelectric power
generator.

Keywords: solar thermoelectric generator, solar concentrator, solid-state thermal storage, heat pipes, remote rural
settlements.
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KabapnuHo-bamkapckuii rocynapcTBeHHBIH arpapHbIii yHEBepcuTeTr uMmeHH B.M. Kokxosa, r. Hampumk, Poccuiickas
Oeneparnus

Ped)epam. PaCCMompeHa np06/zeMa 606/1€UECHUS 8 XO3SUCMBEHHbI 060p0m cANIeYHUKOBbIX 3eMejlb C YyYemom moco,
umo azpomexnuxka CeNbCKOX035UCNBEHHBIX KyJlomyp HA mMAakux 3emjisiX umeem ceou ocobennocmu. Pso0 snemenmos
MeXHON02UU B030e1bl8AHUS Kyniemyp u yxoda 34 HUMU omauvaemcs ont 9J1eMERmo6 acpomexHuKku Ha 00ObIYHBIX
nousax. Inasuvim ¢Cle0p0M, onpedeﬂﬂ}omww HeoOX00UMOCmb NPpUMEHEeHUsl 6 IMmux YCl06UsX cneuuaﬂbnoﬁ
MexHOoN102UU, CAYIHCUM BbICOKAA CKENemHOCNnb NOoY602PYHNMOSE. Paznuunasn MOWHOCMb  KOJlbMamayuoOHHO20



20pU3OHMA, MECIAMU €20 OMCYMCIEUE, A MAKHCE PA3TUYHASL CMeneHb 0002aUujeHHOCTU 2ANEYHUKOBBIX ONIONCEHUTI
MenKko3eMucmoul paxyuei o IPoPuUIIo co30al0m HEOOUHAKOBblE YCL08US MECMORPOUSPACTNANHUS PACMENUl U,
npesicoe 6ce20, 6 OMHOULEHUU 06ECneYeHHOCHU NOCIeOHUX NOYGEHHOU 61A20U U 3ANACAMU NUMAMETbHbIX 6eUleCNS.
[ npusedenus ycnosuii cpedvl 8 COOMEEMCmSUe ¢ HOMPEOHOCMAMU CENbCKOXO3ANUCTNBEHHbIX KYIbMYp,
BLIPAWYUBAEMBIX HA NOYBOSPYHMAX C PAZIUYHBIM COOEPICAHUEM 6 HUX MeKo3eMd, mpebyemcs: npumeHeHue
oughepeHyuposantoll acpomexHuKu U Hoeblx mexHuveckux peutenull. (Llens uccnedoeanus) Paspabomamo
mexHono2udecKue U mexHuyeckue peuienusi 01s 6030ebl6anus N100060-1200HOU NPOOYKYUU HA 2ANeYHUKOBbIX
semnsix. (Mamepuanst u memoowvt) Hcnonv3oeanu pesyibmamsl QYHKYUOHUPOBAHUSL MEXHUYECKUX CPedCcms 6
VCIOBUSAX UHMEHCUBHO20 cad06800cmea. [Iposenu meopemuuecKkue UCCie008aHUs C NOMOWBIO MEMOO008 PUULECKO20
U MAMeMamu4ecKo20 MOOeIUPOBaAHUsl, ONMUMUZAYUY NPOYECCO8 U Mamemamudeckol cmamucmuxu. (Pezyromamol
u obcyscoenue) Paspabomanu ycmpoiicmeo, npumenenue KOMOPO2O HO pe3yabmamam npou3800CmEeHHbIX
UCILIMAHULL NO3GOIUNL: B0GILEUD 6 CElbCKOXO3SIUCIMBEHHOE NPOU3BOOCEO 2AICHHUKOBbLE 3eMIU, HeYO0Obsi, BpOcosble
VUACMKY, HAPYUIEHHbIE 3eMIU, YYACMKU 3eMelb CO CIONCHLIMU 2eOMOPPON0UYECKUMYU YCI08UAMU. (BbisoObl)
THoxkazanu, wmo npu peanusayuu npeodLa2aemMo20 YCMpOUCmMEa 6 UHMEHCUBHOM cadosodcmee (0o 10 muicsu
KOJIOHOBUOHBIX NII000BLIX 0ePesbed Ha 0OHOM 2eKmape) ¢ 00H020 2eKmapa s6J10He8020 cada MOJICHO noxyqums 50-
160 monn Ha eekmap 2K0102UYECKU YUCMOU NPOOYKYUU, 8 2000800CMBe HA OOHOM MOOYJie MONCHO BbIPACMUMb OM
40 0o 60 kycmos knybruxu u noayuyums ypoosicati 120-180 monn na eexkmap, umo 6 1,8-2,7 pasza boavue ypoosicas,
NOIYHEHHO20 NPU UCHOb308AHUU MPAOUYUOHHOU MEXHOIOSUU.

Kniwoueevie cnoea: 3emenvhbie pecypewl, cad0800CMB0, NOYBA, 2ANEYHUKOGble 3eMU, OpOCo8ble 3eMil,
UCNONb308AHUE, AZPOMEXHUKA, IPPeKmUBHOCTb.
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Abstract. The problem of involvement in the economic turnover of pebble lands is considered, taking into account the
fact that agricultural technology of agricultural crops on such lands has its own characteristics. A number of elements
of crop cultivation and care technology differ from elements of agricultural technology on conventional soils. The
main factor determining the need for the use of special technology in these conditions is the high skeletality of soils.
The different thickness of the colmatation horizon, its absence in places, as well as the different degree of envichment
of pebble deposits with a fine-grained fraction along the profile create different conditions for plant growth and,
above all, with regard to the provision of the latter with soil moisture and nutrient reserves. To bring environmental
conditions in line with the needs of agricultural crops grown on soils with different content of fine-grained soil in
them, the use of differentiated agricultural machinery and new technical solutions is required. (Research purpose)
The research purpose is developing technological and technical solutions for the cultivation of fruit and berry
products on pebble lands. (Materials and methods) Used the results of the functioning of technical means in conditions
of intensive gardening. Conducted theoretical research using methods of physical and mathematical modeling,
process optimization and mathematical statistics. (Results and discussion) A device has been developed, the use of
which, according to the results of production tests, will allow: to involve pebble lands, inconveniences, waste areas,
disturbed lands, land plots with complex geomorphological conditions in agricultural production. (Conclusions) It
was shown that when implementing the proposed device in intensive gardening (up to 10 thousand columnar fruit
trees per hectare), 50-160 tons per hectare of environmentally friendly products can be obtained from one hectare of



an apple orchard, in berry growing, 40 to 60 strawberry bushes can be grown on one module and a harvest of 120-
180 tons per hectare can be obtained, which is 1.8-2.7 times more than the yield obtained using traditional technology.
Keywords: land resources, horticulture, soil, pebble lands, waste lands, use, agricultural technology, efficiency.
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Pecpepam. Llenv pazoenenus (cenapuposanus) cmeceil ceman — Hauboaee noaHoe vloeienue Gpaxyutl no NPUsHAKAM,
Komopuvle obecneuugaiom mpedyemoe Kayecmeo NONYYAeMO20 KOHEYHO2O0 HPOOYKMA NPU HAUMEHbUEM YUCie
onepayutl. Dmu NPUSHAKU VUUMBIGAIOMC NPU  CO30AHUU NPUHYURUATBHBIX CXeM  3€PHO-OYUCHUMETbHbIX U
COpMUPOBATLHLIX Mawiun (cenapamopos). Ilpedcmasunu pe3ynvmamol UCCIe008AHUSL NO ONPEOENeHUI0 NOKA3AMENs
OYEHKU MEXHONIO2UUECK020 IPphexma cenapuposanus Ha npumepe pasoesieHus CEMEHHbIX cMecell 8 80CX00sujem
6030YUIHOM NOMOKe NHEBMOCOPMUPOBANbHbIX Mawun. (Llenv uccnedosanus) Pazpabomams memod pacuema
noKasamens OYeHKU MeXHOI02UYecKo20 Ipdexma cenapuposanusi Ha npumepe pas0eieHust CEMEeHHbIX CMecell 8
80CX00S1UYEeM 6030V ULHOM NOTOKE NHEBMOCOPMUPO8ANbHbIX MawuH. (Mamepuanv u memoowt) [Iposenu uccredosanue
HA OCHOBE YPABHEHUsl NO2UCMbL U Memoo08 mamemamuyeckol cmamucmuku. (Pezyiomamor u o6cyscoenue)
Paccmompenu nocucmuueckoe ypagnenue (ypasnenue Depxionbcma no umeHu 6nepgvie ChHOpMyIuposasuieco e2o
6enbeUTICK020 MAMEMAMUKQ), KOMOPOE USHAYATLHO NOSGULOCH NPU U3YYEHUU MOOENU POCTA YUCTEHHOCIU HACENEHUSL.
Vemanosunu, umo pesyibmam uzmepenuti  (pusUKO-MeXAHUYECKUX CE0UCME CeMsH (NPU3HAKO8 pa3delieHisl)
BbIPANCACMCS UNU 8 BAPUAYUOHHBIX PAOAX, ULU 8 BAPUAYUOHHBIX KPUBBLX, ONPEOeISIOWUX YACHOMY Mo20 Ul UHO20
pasmepa cemsiH Kakou-iubo cogoxkynnocmu. Iloxkazamu, umo u3 coOnocmagienusi 3mux OAHHbLX, NOLYYEHHBIX 05
Ka#c0020 KOMHOHEHMA 8 OMOEIbHOCU, MOJICHO GbISABUMb, KAKUE PA3MEPbI OCHOBHO20 3ePHA OKA3bIBAIOMC S Hauboiee
PA3IUYHBIMU MO CPABHEHUIO ¢ MaKogblmu dice y npumeceil. (Bvioodwt) [lonyuunu ¢opmyny nokazamens oyenku
MEXHONOSUYECKO20 IPhexma cenapuposanus na npumepe pazoenenus CeMEHHbIX CMecell 8 60CX005eM 6030VULHOM
nOMOKe NHEEMOCOPMUPOBATILHBIX MAUWIUH, ONUIUYAIOWYIOCS MeM, YMO OHA YYUMmbledem CKOPOCMb GUMAHUS
paszoensiemblx KOMROHEHMO8 KAK NPUSHAK PA30eNeHUs.

Knrouesvie cnosa: cenapuposanue cmecel CeMsH, Cosl, 3ePHOOUUCTUMENbHbIE MAWUHbL, COPMUPOBATIbHbIE MAWUUHDL,
6030YVUIHbLIL CENnapamop, acnupayuoHHbll KAHaL, 8030YWHble CBOUCMEA 3ePHA, pa3deieHue 3epHA 8 NHEGMOKAHAE,
VpasHeHue HOPMUPOBAHHOU lo2ucmel, ypasHenue Depxionbema.
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Abstract. The purpose of separation of seed mixtures is the most complete separation of fractions according to the
characteristics that ensure the required quality of the resulting final product with the least number of operations.
These features are taken into account when creating schematic diagrams of grain-cleaning and sorting machines
(separators). Presented the results of a study to determine the indicator for assessing the technological effect of
separation by the example of separation of seed mixtures in the ascending air flow of pneumatic sorting machines.
(Research purpose) The research purpose is developing a method for calculating the indicator for assessing the
technological effect of separation on the separation of seed mixtures in the ascending air flow of pneumatic sorting
machines. (Materials and methods) Conducted a study based on the logistician equation and methods of mathematical
statistics. (Results and discussion) We considered the logistic equation (the Ferhulst equation by the name of the
Belgian mathematician who first formulated it), which initially appeared when studying the population growth model.
It was established that the result of measurements of the physico-mechanical properties of seeds (signs of separation)
is expressed either in variational series or in variational curves that determine the frequency of a particular seed size
of any aggregate. It was shown that from the comparison of these data obtained for each component separately, it is
possible to identify which sizes of the main grain are the most different in comparison with those of the impurities.
(Conclusions) We obtained a formula for evaluating the technological effect of separation by the example of
separation of seed mixtures in the ascending air flow of pneumatic sorting machines, characterized in that it takes
into account the soaring speed of the separated components as a sign of separation.

Keywords: separation of seed mixtures, soybeans, grain cleaning machines, sorting machines, air separator,
aspiration channel, air properties of grain, grain separation in the pneumatic channel, normalized logistics equation,
Ferhulst equation.
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Pegpepam. Pazsumue mexnonocuti MAWUHHO20 00eHUs mpebyem co30anus Memooux OyeHKY napamempos blMeHu U
COCKO8 MOIOUHBIX HCUBOMHBIX OJisl OYEHKU UX NPUSOOHOCMU K MauwunHomy doeruro. Ceéepmoutble HellpoHHble cemu
UCRONB3YIOMCS 6 pabome KaK UHCIMPYMEHIM HAXONCOCHUSL U YCIMAHOGNIeHUsL 00bEeKMO8, BKII0UAs. ONpedeieHue 2Panuy
COCKO8, U MO2ym Oblmb a0anmupoeanvl O/l GbISGNEHU MUNA CMPOECHUSI COCKO8 GblMeHu dcusomuvix. (Llenw
uccrneoosanus) Paspabomame ceepmounyio Heupocems, NO360JAI0WYI0 HPOGOOUNb AGMOMAMUUECKYIO OYEHKY
JHCUBOMHBIX NO MUNY CMpOeHust cockog. (Mamepuanvt u memoowr) [lokazanu, umo ucnoib3yemas Heupocems
NOCMPOEHA HA OCHOGe C8epMOUYHOU HeupoHnou cemu VGG-16 — smo apxumekmypa ceepmouHou Helpocemu OJis
PACnO3HABAHUSL 0OBLEKMOE 8 CIMAMUYECKUX U OUHAMUYECKUX cyeHax. Mcnonb308anu O yCMAaHOGIeHUst MUNA COCKO8
Kkraccugurayuro, paspabomannyro 6 ®HAL] BUM ¢ onpedenenuem wiecmu munos cockos, pacnpedeieHue munos
Hepasrnomeproe. Croppexmupoganu o0yuaiowyto 6bl00pKy 0151 ObICMPO20 8b100PA HCUBOHBIX, NOOXOOAUUX OISl
MAWUHHO20 O0EHUsL, NPU IMOM 6Ce MPU MUNA COCKO8 BLLMEHU, PACCMAMPUBAEMBIX 8 UCCIEO08ANUU, HOOXOOAM O



neeo. (Pesynomamut u 0o6cyscoenue) Cobpanu maccue oannwix 110 uzobpasxicenuii cOCKO8 bLMEHU JHCUBOMHBIX MPeX
8bI0panHbIX Munog. Ipumenunu npu pacno3nasanuu u300pajiceHull mecmogyio 6bl00pky 40 uzobpasicenutl, cpeousis
mounocms cocmasuia 87,5 npoyenmos. Ycmanoguu, ymo moyHocms cocmaguia 92 npoyeHma npu pacno3Ha8anuu
U300padicenull, cooepICAuUx nepewlii Mun CmpoeHUst COCK08 8bIMeHU, 78 NPoYeHmos Oisi 6Mopo20 Muna Cmpoenus
COCKO8 8bIMeNU U 83 npoyenma Oisi Wecmo20 muna Cmpoenus COCKos bimeHu. (Bvleoowt) Bulseuiu, umo noiyuennvle
pe3yibmamyl UCCIE008AHUSL MOJICHO NPUMEHUMb Ol N00OOPA COCKOBOU pe3uHbl U pe2yIUposKU KOMIEKMOpo8 8
OdounvHom 3ane. Koncmamuposanu, umo npasunvhvlii noobop COCKOBOU pe3uHbl UCKIIOUUM BOZHUKHOBEHUE
MACMUMHBIX 3a0601e6aHUll OM PUIUYECKO20 NOBPEICOCHUS. GbIMEHU, C8edem K MUHUMYMY HPeNCOesPEeMEHHOe
naoenue OOUNbHBIX CMAKAHO8, YMO He HAPYWUM NPoYecc 00eHUs.

Knroueevie cnosa: Mon0uHOE HCUBOMHOBOOCHIBO, POOOMUIUPOBAHHOE OOEHUe, NAPpAMempbl 8bLMeHU, Helupocemb,
OecKOHMAaKmHas, OYeHKa.
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Abstract. The development of machine milking technologies requires the creation of methods for evaluating the
parameters of udders and teats of dairy animals to assess their suitability for machine milking. Convolutional neural
networks are used in the work as a tool for finding and establishing objects, including determining the boundaries of
the nipples, and can be adapted to identify the type of structure of the udder nipples of animals. (Research purpose)
The research purpose is developing a convolutional neural network that allows automatic assessment of animals by
the type of structure of the teats. (Materials and methods) It was shown that the neural network used is based on the
convolutional neural network VGG-16 — this is the architecture of a convolutional neural network for recognizing
objects in static and dynamic scenes. The classification developed in FNAC VIM with the definition of six types of
nipples was used to establish the type of nipples, the distribution of types is uneven. The training sample was adjusted
to quickly select animals suitable for machine milking, while all three types of udder nipples considered in the study
are suitable for it. (Results and discussion) We collected a data array of 110 images of udder nipples of animals of
three selected types. A test sample of 40 images was used for image recognition, the average accuracy was 87.5
percent. It was found that the accuracy was 92 percent when recognizing images containing the first type of structure
of the udder nipples, 78 percent for the second type of structure of the udder nipples and 83 percent for the sixth type
of structure of the udder nipples. (Conclusions) It was revealed that the obtained results of the study can be used for
the selection of nipple rubber and the adjustment of collectors in the milking parlor. It was stated that the correct
selection of nipple rubber will exclude the occurrence of mastitis diseases from physical damage to the udder, will
minimize the premature fall of the milking cups, which will not disrupt the milking process.

Keywords: dairy farming, robotic milking, udder parameters, neural network, non-contact evaluation
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Peghepam. Obecneuenue yoanennozo MOHUMOPUHEA NPUYCAOEOHBIX, OAUHBLIX YUACMKO8 NO380AEM COKDATNUMDb
KOIUYECME0 6b1e30068 OJsl UX OOCIYICUBAHUSA, CBOEBPEMEHHO NOLYHAMb UHPOPMAYUIO O 3apACMAHUU MePPUMOPUL,
CO3pesanul bIpaUBaeMblx Ni0008, HeCaHKYUOHUPOBAHHBIX NOCEWEeHUAX yuacmka. Ynpasienue 060pyoosanuem
yuacmka oaem 603MOICHOCHIL OCYWECMEAAMb MOHUMOPUHE NOIUSA PACTEHUY, BKIOYEHUe U OMKIOUEeHUE HAPYIHCHO20
oceewenus, GulnoIHAMb Opyzue onepayuu. Ha ocnoge amanusa cywecmeylowux pewieHutl, ux npeumyuecmes u
HeAdoCmamxo8 paspabomana CMpyKmypHas cxema CUCTHEMbL YOQNIEHHO20 MOHUMOPUH2A MeppUumopu npuycadedrHo2o
yuacmka u ynpaeienus e2o obopyoosanuem. (Llenv uccredosanus) Paspabomams cmpyKmypHylo cxemy CUcmembl
YOaneHHo20 MOHUMOPUH2A MEPPUMOPUY NPUYCAOEOHO20 YUACMKA U YRPABTIeHUs e20 000pY00BAHUEM C NPUMEHE HUEM 8
Hell gomosanekmpuyeckou ycmanosku. (Mamepuanvr u memoowt) Ilpoananusuposanu aumepamyprvle UCHOUHUKY,
umelowuecss cnocodvl U YCMpOoUcmed MOHUMOPUHSA NPUYCAOEOHbIX YYACMKOE U YAPAGLEHUA CUCMEMAMU UX
aHepeoodecneuenus. Mcnonvsosanu obuenayunvle Memoobl, Memoosl paspabomxu cmpykmypHulx cxem. (Pesynomamoi
u obcyscoenue) Ipednoscunu cmpykmypy cucmemsl YOaieHH020 MOHUMOPUH2A MEPPUMOPUL NPUYCAOEOHO20 YUACMKA
u ynpasnenus e2o 000py00GaHUEM C NPUMEHEHUeM 6 Heli (POmMOINEKMPUYECKOU YCMAHOBKY, NO3BONAIOWYVIO 6
ABMOMAMULECKOM PeXHCUMe U C NOMOWbLIO NPUNONCEHUA 0N MeNehoHa, KOMNbIomepa, ocywecmensims yOaieHHblll
Mounumopune u ynpasienue. Onpedenunu, ymo peaiusayus CMpyKmypHOU cxembl cUcmembl NO3605em COKPAMUmy
3ampamul Ha 0OCAyHCUBANUE NPUYCAOEOHO20 YHACIKA, NO8blUlaem IPPeKMUSHOCb e20 UCnonb308anusl. (Bvigoou)
Buisigunu, umo cywecmeylowue cnocobvl u mexmuyeckue cpeocmed YOaneHHO20 MOHUMOPUH2A MePPUMopuU
npuycadebHo2o yuacmka u ynpasienus e2o 000py008aHueM HOCAM PA3PO3HEHHbIN XapaKmep U He 00beOUHAIMCA 8
eounyio cucmemy.  Paspabomanu cmpykmypuylo cxemy cucmemvl YOQIeHHO20 MOHUMOPUHSA MEPPUmMopul
npuycadebHo2o yuacmka u ynpagienus e2o 000py0osanuem ¢ npumMeHeHuem 6 Hell YomodNeKmpuiecKoll yCmaHoeKu.
Ilokazanu, umo 6 cucmeme peanu3ylomcs Hogvle CHOCOObL MOHUMOPUH2A, UCNONb3YEMCs Helipocemb 05 00pabomKu
noayyaemot ungopmayuu.

Kniouesvle cnosa: cucmema yoaneHH020 MOHUMOPUHZSA U YNPAGLEHUs, NpuycadebHblll y4acmox, CmpyKmypHas
cxema, pomoanexmpuieckas yCmano8Ka, UCNOIb308AHUE HEUPOCen.

Ons uutupoBaHua: BuHorpagos A.B., KoHkuH [.B., Bykpees A.B., BuHorpagoBa A.B. CTpykTypHasi cxema CUCTEMbI yAaneHHoro
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anekmpoobopydosaHue 8 AlK. 2023. T. 70. N3(52). C. 73-79. DOI 10.22314/2658-4859-2023-70-3-73-79. EDN AAHHYF.
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Abstract. Providing remote monitoring of homestead, suburban areas allows you to reduce the number of trips for
their maintenance, to receive timely information about the overgrowth of the territory, the ripening of cultivated fruits,
unauthorized visits to the site. The management of the site equipment makes it possible to monitor the watering of
plants, turn on and off outdoor lighting, and perform other operations. Based on the analysis of existing solutions,
their advantages and disadvantages, a block diagram of a system for remote monitoring of the territory of a household
plot and management of its equipment has been developed. (Research purpose) The research purpose is developing
a block diagram of a system for remote monitoring of a household plot and control of its equipment with the use of a
photovoltaic installation. (Materials and methods) Analyzed literature sources, available methods and devices for
monitoring household plots and managing their energy supply systems. We used general scientific methods, methods
of developing structural schemes. (Results and discussion) We proposed the structure of a system for remote
monitoring of the territory of a household plot and management of its equipment with the use of a photovoltaic
installation in it, which allows for remote monitoring and management in automatic mode and using an application
for a phone, computer. It was determined that the implementation of the structural scheme of the system allows to
reduce the maintenance costs of the infield, increases the efficiency of its use. (Conclusions) It was revealed that the
existing methods and technical means of remote monitoring of the territory of the household plot and management of
its equipment are of a disparate nature and do not combine into a single system. We have developed a block diagram
of a system for remote monitoring of the territory of a household plot and control of its equipment with the use of a
photovoltaic installation in it. It was shown that new monitoring methods are being implemented in the system, a
neural network is used to process the information received.

Keywords: remote monitoring and control system, household plot, block diagram, photovoltaic installation, use of
neural network.

For citation: Vinogradov A.V., Konkin D.V., Bukreev A.V., Vinogradova A.V. Strukturnaya skhema sistemy udalennogo monitoringa
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Pepepam. Maznummuvie sxcudkocmu npeocmaginiom coboll UCKyCCMEEHHBI MAmMepua, KOmopomy CEOUCMEeHHA
meKy4uecmy U CNOCOOHOCHb CULLHO HAMASHUYUBAMbCS 8 MASHUMHBIX NoJsiX. OHU COCMOSIM U3 KOJUIOUOHbIX Yacmuy
Geppu- unu  peppomaznemuxa, Hecyujeil HCUOKOU Cpedbl U NOBEPXHOCHHO-AKMUEHO20 geuwjecmsa. (Lleaw
uccrnedosanus) Onpedenumsv napamempvl MASHUMHBIX JHCUOKOCMEU 08 pa3padbomanHHo20 d1eKmponyIbcamopa.
Bulbpanu mMaznumosicuokocmuoe ynjiomuenue Oas Y3ia YWIOMHEHUs. 8 HOB0U KOHCMPYKYUU DIeKMPONnyibcamopd
JOUIbHO20 — annapama,  y3el — MASHUMONCUOKOCMHO20 — YWIOMHEHUs. — YOepicusaenm  wmox  JUHEUHO20
INEKMPOOBUSAMENSL 6 CMPO20 0CEBOM NONONCEHUU, UCKIIOUAsL NEPEKOChl, CMONOpeHue U GUOPayuio, Hmo
obecneuugaem cmabuibHOe BbINOJHEHUE 3A0aHH020 pedcuma doenus. (Mamepuanvt u memoowt) Ilokazanu, ymo
PazpabomanHblii y3en MAcHUMONCUOKOCIMHO20 YNIOMHEHUs PACNOAA2Aemcsi 8 nase, 3aNOJHEHHOM MAZHUMHOU
arcuoxocmoio. Onpedenunu, 4mo ymeuky MAeHUMHOU JHCUOKOCMU 8 Na3e UCKIYden mopoudaibHblll NOCTNOSHHbLU
Maznum, oegpanuyennvii uxcamopom. Hcnonvzosanu 6 paspabomanHom y3ie MazHUMOACUOKOCIMHOZ0 YINIONMHEHUs
636€Ch  GbICOKOOUCNEPCHBIX YACMUY MASHEMUMa 6 KepocuHe, CMAOULUSUPOSAHHBIX HPU NOMOWU ONEUHOBOU
xucaomul. (Pesynomamut u obcysicoenue) Ioayuunu ons mpex ob6pazyo8 MASHUMHOU JHCUOKOCMU C PA3TUYHOU
KOHyenmpayuel meepooll  hazvl  IKCNePUMEHMANbHbIE — 3A6UCUMOCIU  HAMACHUYEHHOCIMU OM  BEIUYUHbI
NPUNONCEHHO20 MACHUMHO20 NOsl, d MakKdce Kodpduyuenma menionposoOHOCHU Om MeMNepamypbl.
Obnapyarcunu, 4mo 6ce 00pa3ybl UMEIOM TUHENHbII XAPAKmep 3d6UCUMOCIU HAMACHUYEHHOCMU 8NI0Mb 00 3HAYEHUTI
HANPSACEHHOCMU GHEUIHEe20 MASHUMHO20 NOJis OKON0 35 Kunoamnep Ha memp. Buvissunu, umo namacnuyennocmo



Hacblyenusi MasHUMHOU dcuokocmu gospacmaem om 21 0o 24 xunoamnep na memp ¢ poCMOM KOHYEHMpAyuu
MaeHumnou gaszvl ¢ 8 0o 12 npoyenmog 6 obpazyax. ¥Ycmanosunu 6 xooe pacuema, ymo nepenao 0asieHus, KOmopbolil
svloepoicueaem paspadomanusiii ysen, cocmaegigem om 104 0o 106 nackan. Obocrosaru meopemudecku, Ymo
Kpumu4eckuii nepenao Oaeienusi y8eiudyusaemcs npu YMEHbUEHUU 3a30pa Menc0y WMOKOM U QUKCAmopom.
(Bb1600061) H3yuunu mpu obpasya MasHUMHOU HCUOKOCMU U ONpedenuy 2u0poOUHamMudecKue, meniogusuyecKue u
opyaue napamempuvl MASHUMHBIX JHCUOKOCHEU, NOMEHYUATLHO NPUMEHUMBIX O UX UCHOIb308AHUS 8 Kayecmee
YRAOmMHUmMenell 8 Y31ax MAcHUMONCUOKOCIMHO20 YNIOMHEHUs: pa3pabomanHo2o d1eKmponyibcamopa.

Knioueevie cnosa: macHumuas jHcUOKOCb, MAZHUMONICUOKOCMHOE YRIOMHEHUe, INEKMPONYIbCAmop, KIANAHHbll
MeXanu3M, OOUNbHBI ANNAPAMm, TUHEUHbLI DNeKMPOOUaAmeb.

Ona uutupoBaHusa: Hukutenko [.B., [puHyeHko B.A., AHoBckui A.A. ¥Y3en MarHUTOXWOKOCTHOrO YMMOTHEeHWs Ansi
anekTponynbcaTopa AOMNbHOro annapara // nekmpomexHonoauu u arnekmpoobopydosaHue 8 AlK. 2023. T. 70. N3(52). C. 80-88.
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Abstract. Magnetic fluids are an artificial material that is characterized by fluidity and the ability to be strongly
magnetized in magnetic fields. They consist of colloidal particles of a ferri- or ferromagnet, a carrier liquid medium
and a surfactant. (Research purpose) The research purpose is determining the parameters of magnetic fluids for the
developed electric pulsator. We chose a magnetofluidic seal for the sealing unit in the new design of the electric
pulsator of the milking machine; the magnetofluidic seal assembly holds the rod of the linear electric motor in a
strictly axial position, excluding distortions, locking and vibration, which ensures stable performance of the specified
milking mode. (Materials and methods) It was shown that the developed magnetofluidic sealing unit is located in a
groove filled with magnetic fluid. It was determined that the leakage of magnetic fluid in the groove excludes a toroidal
permanent magnet limited by a retainer. A suspension of highly dispersed magnetite particles in kerosene stabilized
with oleic acid was used in the developed magnetofluidic compaction unit. (Results and discussion) Experimental
dependences of magnetization on the magnitude of the applied magnetic field, as well as the coefficient of thermal
conductivity on temperature, were obtained for three samples of magnetic fluid with different concentrations of the
solid phase. It was found that all samples have a linear dependence of magnetization up to the values of the external
magnetic field strength of about 35 kiloamps per meter. It was found that the saturation magnetization of the magnetic
fluid increases from 21 to 24 kiloamps per meter with an increase in the concentration of the magnetic phase from 8
to 12 percent in the samples. It was established during the calculation that the pressure drop that the developed unit
withstands is from 104 to 106 pascal. It was theoretically proved that the critical pressure drop increases with a
decrease in the gap between the rod and the retainer. (Conclusions) Three samples of magnetic fluid were studied
and hydrodynamic, thermophysical and other parameters of magnetic fluids potentially applicable for their use as
seals in the nodes of the magnetofluidic seal of the developed electric pulsator were determined.

Keywords: magnetic fluid, magnetofluidic seal, electric pulsator, valve mechanism, milking machine, linear electric
motor.
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apparata [Magnetofluidic seal assembly for electric pulsator of milking machine]. Elektrotekhnologii i elektrooborudovanie v APK.
2023. Vol. 70. N3(52). 80-88 (In Russian). DOI 10.22314/2658-4859-2023-70-3-80-88. EDN DSTOPV.

YIK 631.17 DOI 10.22314/2658-4859-2023-70-3-89-95

Pa3paboTka TEXHOAOIUHM ABTOMATUYECKOM OLEHKH YIIMTAHHOCTH
MOAOYHBIX KOPOB

Amurpnii FOpresnu IlaBkuH,
CTAPIIMI HAYIHBIH COTPYAHUK, e-mail: dimqaqa@mail.ru;



Cepreii Cepreesuu FOpouxka,
CTAPIINI HAYIHBIM COTPYAHHK;
Cemen Cepreesuu Py3sus,
MAQAIITHI HAYIHBIA COTPYAHUK;
Hrops AnaroaseBuu Ilexassckuii,
BEAYIIIUI HAYIHBIH COTPYAHHK;
Aprem PycramoBry XakuMos,
MAQAIITHI HAYIHBIA COTPYAHUK;
Anexcasppa AsekcaaapoBHa IToankaHoBa,
CHEITHAANCT

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

Pegpepam. Muposas menoenyus pazgumus MOJIOUHO20 IHCUBOMHOBOOCMEA HANPAGIEHA HA ASMOMAMU3AYUIO U
pobomusayuro MexHoI02UHeCKUX Npoyecco8 npou3eo0cmea Moaoka Ha mogapHou ¢gepme. (Llenv ucciedosanus)
Paspabomamsv cucmemy oyenku 6ania ynumanHoCcmu MOJIOUHBIX KOPO8, KOMopas 6yoem npumenuma Oas cucmem
MAWUHHO20 3PEeHUsl U NO36OUM ABMOMAMUUPOBAMb PAHHION OUASHOCMUKY (QU3UOIOSUYECKO20 COCMOSHUS,
npedynpedicoeHue pazeumus 3a4601e6aHull, KOPPEKMUPOSKY PAYUOHA KOPMIEHUS, NPUHAMUE PEeUleHUli 0 nepesooe
JHCUBOMHBIX 8 Opyeue MEXHONOSUHeCKUe 2pynnvl U OYEHKYy o00ue2o @QU3U0I02ULecKo20 COCMOSIHUL CMAdd.
(Mamepuanvt u memoowt) Chopmuposanu 015 oyeHky 0ALIA YAUMAHHOCMU NO MeCmy cOOpaA OAHHBIX IKCHepiHble
2PYnnbl, KOMOPbLE COCMOSLIU NO MEHbULEU Mepe U3 08YX He3A8UCUMBIX GeMEPUHAPHBIX 8payell, 08YX CREYUANUCIO8 C
npogunvubim obpazosanuem. I[lpouseenu coop namypueix oannvix ¢ aseycma 2020 200a no Hosops 2022 200a Ha
mpex ¢epmax, obwuil Habop danuvix codepacan 486 cnumros om 182 scusomuvlx ¢ banramu ynumarwnocmu om 1
00 5 (no oyenxe sxcnepmuoii epynnst). (Pesyiemamet u obcysxcoenue) Paspabomanu memoouxy onpedenenus 6aiia
VRUMAHHOCIMU, KOMOPAsi AKYEHMUpPYemcs Ha NOJIYYEeHUU JIUHEUHbIX paszmepos 5 obnacmell CHuMbl. MAKIAKU,
20NI00HAsL AMKA, KPecmosas C6s3Kd, GbINYKIOCMb OCIMUCMBIX U NONEPeyHblX NO0360HK0S. [lokaszanu, umo
Mamemamuyeckas Mooenb NPUMeHsem TUHEHYI0 pespeccuro Olis oyeHKu obnacmeti unmepeca. Mooeprusuposanu
MemOOUKy OYeHKU IKCNEPMHOU ePYNNOU OJisl BO3MONCHOCU NPUMEHEHUSI CUCTNEMOL MAWUHHO20 3peHus. (Bvisodbt)
Paspabomanu cucmemy oyenku ynumaHHOCMU MOJIOYHBIX KOPO8, NPUMEHUMYIO 05l pabombl CUCHEMbl MAUWUHHO20
3penusi; memood onpedeienus Oaiia ynumauwocmu ¢ wazom 0,25 6anna no 5-0annvHou wiKkaie; MemoouxKy
npogederus Uccied08aHull U cOOpa HAMypPHbIX OAHHLIX, 8 MmedeHue 08yX jlem coOpalu MAccu8 OAHHLIX, KOMOPbLil
cooepacum 486 cnumrog om 182 scusommuvix ¢ barramu ynumannocmu om 1 00 5 ¢ waeom 0,25 b6anna (17 xnaccos).
Ipusenu aneopumm asmoMamuyeckoll OYeHKU YHUMAHHOCMU JHCUBOMHBIX C NOCAEOVIOWUM ONpedeneHuem ux
Quzuonozurecko2o cocmosHusL.

Kniouesvle cnoea: MmonouHvle KOpPObl, UCKYCCMBEHMbIU UHMEIeKm, UuHOeKc Maccel mena, 3D-xamepa,
beckoHmaxkmuas oyeHKa, onpeoeienue 001acmu uHmepecd.
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Abstract. The global trend in the development of dairy farming is aimed at automating and robotizing the
technological processes of milk production on a commodity farm. (Research purpose) The research purpose is
developing a system for assessing the fatness score of dairy cows, which will be applicable for machine vision systems
and will automate early diagnosis of the physiological state, prevention of disease development, adjustment of the
feeding diet, decision—making on the transfer of animals to other technological groups and assessment of the overall
physiological state of the herd. (Materials and methods) Expert groups were formed to assess the fatness score at the
place of data collection, which consisted of at least two independent veterinarians, two specialists with specialized
education. Full-scale data was collected from August 2020 to November 2022 on three farms, the total data set
contained 486 images from 182 animals with fatness scores from I to 5 (according to the expert group). (Results and
discussion) We have developed a methodology for determining the fatness score, which focuses on obtaining the linear
dimensions of 5 areas of the back: maklaki, hungry fossa, cruciate ligament, convexity of spinous and transverse
vertebrae. It was shown that the mathematical model uses linear regression to evaluate areas of interest. The
evaluation methodology was upgraded by an expert group for the possibility of application by a machine vision
system. (Conclusions) Developed a system for assessing the fatness of dairy cows, applicable to the operation of a
machine vision system; a method for determining the fatness score in increments of 0.25 points on a 5-point scale; a
methodology for conducting research and collecting field data; for two years, a data array was collected that contains
486 images from 182 animals with fatness scores from 1 to 5 in increments of 0.25 points (17 classes). The algorithm
of automatic assessment of fatness of animals with the subsequent determination of their physiological state was
given.

Keywords: milking cows, artificial intelligent, Body Score Condition (BCS), 3D TOF sensor, non-contact assess,
recognize area of interest.
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Pepepam. B nacmoswuii mMomenm pPuIHOK Gempodnepeemuku Poccuu nonvzyemcs eemposunepeemuyeckumu
VCMAHOBKAMU, Y KOMOPLIX €CMlb C80U OUANA30H Napamempos u xapakmepucmuk. Cyuecmsyiom maxice paziuinvle
MemoouK, 61a200apsi KOMOPLIM MOICHO PACCHUMAMb GbIPADOMKY INEKMPOIHEPSUU NO HOMUHATLHOU MOWHOCHIU U
OaHHBIM 8EMPOBO20 NOMeHYUaNa Ol NIOWAOKU, 20e NIAHUPYEMCsl COOpYIceHUe empodekmpocmanyuu. Ho ons
IMO20 HEOOXOOUMO HAIUYUE XAPAKMEPUCTIUKY MOUWHOCMU Olsi KOHKPEMHO 635MOU  8empOIHePemuiecKoll
yemanosku. Qacmo 0151 ee nocmpoenust UCHONb3Yemcs: HOMUHANbHAS ckopocmb gempa. (Llenv uccaedosanust)
IIpoananuzuposanmsv memoovl MOOENUPOBAHUSL XAPAKMEPUCMUKU MOUWHOCTU 0151 6EMPOIHEPLEMUYECKUX YCMAHOBOK
C pasnuuHbIMU cucmemamu ynpasienus.. Paccmompenu ciyyau ons cucmem ynpasnenus pitch control u stall control.
(Mamepuanvt u memoowt) [lpumenunu ananumuyeckue u paciemuvie Memoobvl, 8 YHACMHOCTU Memo0 OUHO8 U MemOO
auHelnou unmepnoasyuu. (Pezynomamor u obcyscoenue) Ilpusenu gopmynvt 0ns paciema ckopocmu eempa u
AKMUBHOU MOWHOCIMU 05l NOCMPOEHUs. XAPAKMEPUCMUKU MOWHOCMU npu nomowu memooda ounos. Onucanu
NnOOX00bl K MOOEIUPOBAHUIO XAPAKMEPUCMUKYU MOWHOCIMU U ee annpoKcumayuu. Yumu npu 3mom ocobenHocmu
cucmem YnpagieHus MOWHOCMb10, KOMopble NOOpaA30eisiomcss Ha aKMugHvle, NACCUGHble U KOMOUHUPOBAHHbLE.
Ilpedcmasunu 6 mabauyHoM Gude pe3yIbmamvl pacyemos, CeUOemerbCmsaylowue, Ymo npu HACCUBHOU U
KOMOUHUPOBAHHOU CUCMEMAX YNPAGIeHUs. KyOuyecKue noiuHoOMbl He Mo2yn Oblmb UCNOLb308AHbL U3-3a DONLULOL
NOZPEeUHOCIU annpOKCUMAYULU; SMO CEUOEMENbCMBYem 0 MOM, YMo PACnpOCMpaHeHHble Memoobl OnpedeneHus
MOWHOCIU U BbIPAOOMKU He 6ce20a Oalom mounvle pezyavmamel. (Bvigoowt) IIpodemoncmpuposanu HecKoIbKo



mamemamudeckKkux Modeﬂeﬁ, UCnojib3yemuvlx o1 ananusa xapakmepucmuxk MOowHocmu e6emposHepecemuiecKux
YCMAHOBOK. HOKCBLUZM, umo OHU mozcym Obimo UCnoJjib306amrbsl, umoowvl CnpocHo3upoeams ebzpa6omky 07151 3A0AHHBIX
I’ZJZOIMCIOOK C U36ECNHBbIM 86eMPOBbIM PEHCUMOM.

Knwuesvle cnosa: 6emMpoOIHepeemu4decKas YyCcmaHoeKa, mamemamudecKkas MO()@Jlb, 6MH, Xapakmepucmuka
MouiHocmu, annpoKcumayus.
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Abstract. At the moment, the Russian wind energy market uses wind power plants, which have their own range of
parameters and characteristics. There are also various methods by which it is possible to calculate electricity
generation by nominal capacity and wind potential data for the site where the construction of a wind farm is planned.
But for this, it is necessary to have a power characteristic for a particular wind power plant. The nominal wind speed
is often used for its construction. (Research purpose) Applied analytical and computational methods, in particular
the Binov method, the method of approximation of the function — linear interpolation, this is a way to calculate the
intermediate value of the function from its already known several values. (Materials and methods) Applied analytical
and computational methods, in particular the Binov method and the linear interpolation method. (Results and
discussion) Formulas for calculating wind speed and active power for constructing power characteristics using the
Binov method were given. Approaches to modeling the power characteristic and its approximation are described. At
the same time, we took into account the features of power management systems, which are divided into active, passive
and combined. The results of calculations were presented in tabular form, indicating that cubic polynomials cannot
be used with passive and combined control systems due to a large approximation error; this indicates that common
methods for determining power and output do not always give accurate results. (Conclusions) Several mathematical
models used to analyze the power characteristics of wind power plants have been demonstrated. They have shown
that they can be used to predict production for given sites with a known wind regime.

Keywords: wind power turbine, mathematical model, bin, power characteristic, approximation.

For citation: Bekirov O.S., Bekirov E.A., Voskresenskaya S.N. Metody matematicheskogo modelirovaniya kharakteristiki
moshchnosti vetroenergeticheskoy ustanovki [Methods of mathematical modeling of the power characteristics of a wind turbine].
Elektrotekhnologii i elektrooborudovanie v APK. 2023. Vol. 70. N3(52). 96-102 (In Russian). DOI 10.22314/2658-4859-2023-70-3-96-
102.EDN KYRTOC.

YK 629.114.2 DOI 10.22314/2658-4859-2023-70-3-103-108
TpasHCIIOPTHO-TEXHOAOTHYECKUI MOAYAB C SIAEKTPOIPHUBOAOM KOAEC

Maxcum AsexceeBuu Kapnosl,
cryaerT, e-mail: karpovmaksim.ru@mail.ru;
AxexcasAp Baaanmuposuu AaBpos?,
KAHAHAQT TEXHUYICCKUX HAYK;
Maxcum Baaammuposuu Cupoposl,
KAHAHAAT TEXHUYCCKUX HAYK, AOIICHT;
Anacracus Baaaumuposua Cupoposal,
ACIIUPAHT



Kanyxckuit ¢punuan MOCKOBCKOrO TOCYIapCTBEHHOIO TEXHHYECKOrO yHUBepcutera uMenn H.D. Baymawna, r. Kanyra,
Poccuiickas ®enepanus;
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Pegpepam. Cenvcxoe xosavicmeo Poccuiickoui Dedepayuu mepnum o02pomMHble NOMEPU U3-3d OMCYMCMEUs
Heo0X00UMOU mexHuky 01 pabomul Ha NOYEAX ¢ HUKOU Hecywell cnocobnocmuio. B pesynsmame ybopka o3umvix
sanumaem Ooavuie 40 Oueii, nomepu ypoxcas cocmagusiiom 42 npoyenma. Ilpu enecenuu yoobpenuii okono 40
npoYenmo8 NOBEPXHOCHU NOYGLL YNIOMHACICA KOIECaMU CelbCKOXO3AUCMBEHHOU MeXHUKU. Ynaomuenue noqevl
sedem K NOABNEHUI0 KPYRHBIX U NIOMHBIX 21610 3eMAU Npu Chauike. B cocmase mpakmoprozo napxa KpecmuaHCKo-
Gepmepckux Xo3AUCmM8 NPUMEHAIOMCA Mpakmopvl ma2ogvix kiaccos 1,4-5. Takaa Homenxnamypa munadiceu
MpaKmopos npueooum K OONOIHUMENbHBIM 3AMPAMAM, CEA3AHHLIM C HUSKOU 2000601 3aepy3KOU mMpakmopos,
nepeyniomHeHuemM no4e mpaKmopamu 8blCoKUX msaeosvix kiaccos. (Lleaws uccreoosanus) Obocnosams npumenenue
MPAHCHOPIMHO-MEXHON02UHECKO20 MOOYIA € dAeKmponpueodom Koaec. (Mamepuanvt u memoowt) Ilpusenu
NPUHYURUATLHYIO CXeMY MOOYIbHO20 IHEPSOMEXHOI0SUHECKO20 CPeOCMEA U KUHEMAMUYECKYIO CXeMY NPUB00ad KoJiec
MPAHCHOPMHO-MexHoa02u4ecko20 mooyna. (Pesynomamur u  obcyscoenue) Paspabomanu mpancnopmmuo-
MEXHON02UHECKULl MOOYIb C INEKMPONPUBOOOM 6eOYWUX KOAeC Om 2eHepamopd, KOmopblll @ C60l0 ouepedb
spawaemcs 3a cuem 6ana 0moopa MOWHOCMU MPaxmopa, coeOuHenHo20 Kapoannou nepedayetl. Onpedenunu, 4mo
3a Heobxo0uMoe KuHeMamuueckoe COOMEemcmeue Mexcoy GeOyuuMy Korecamu mpaKkmopda u mpaHCHOpmHO-
MEXHON02UHEeCKO20 MOOYIIsL OMBEUAIOM INeKMPOHHbLIL OIOK YNpasienus u 0amyuky ckopocmu Koxec. Ycmanosunu,
umo Mo No360.19em UCKIIOYUMb HEe0OXOOUMOCHb CUHXPOHHO20 6ala ombOopa MOWHOCHU HA MPAKMOPE U, KaK
creocmeue, Oendem MEXHONOSUYECKUll MOOYIb YHUGepcanvHviM. (Beigoowl) I[loxasanu, umo ucnoavsosauue
MPAHCHOPIMHO-MEXHON02UHECKO20 MOOYIISL € INEKMPONPUBOOOM KONEC CYHCUM IPPeKmusHvim cnocobom peutenus
npobnemvl 6ANACTMUPOBAHUSL U Odem 803MONICHOCHb NOGLICUMb MEXHON02UHEeCKUe C8OUCTNBA MPAKMOPA 6MOpPO20
nokoaenus. Koncmamuposanu, umo npumenenue mpanHcnopmHo-mexHoI02U4ecKo20 MOOYJA C dNeKMPOnpuUoo0oM
KOJleC NO360AUM UCNONb308AMb MPAKMOP OISl GINONHEHUA MPAHCHOPMHBIX pabom, mpedyowux 60abwol ma2080u
CUbL, HA NOYEAX C HU3KOU Hecyujeli cnOCOOHOCMbIO, MAKUX KAK MPAHCNOPMUPOSKA 1ecd, HA803d 8 6eCEeHHel0 U
OCEHHEeI0 pacnymuyy u Opy2ux.

Knwouesvie  cnosa:  mpancmuccus,  MOOYIbHOE — IHEP2OMEXHONOSUUECKOe  CPeoCmeEo,  KUHeMAmuiyeckoe
Hecoomeemcmaue, 2NeKmponpusoo.
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Abstract. Agriculture of the Russian Federation suffers huge losses due to the lack of the necessary equipment to work
on soils with low load-bearing capacity. As a result, harvesting of winter crops takes more than 40 days, and crop
losses amount to 42 percent. When applying fertilizers, about 40 percent of the soil surface is compacted by the wheels
of agricultural machinery. Compaction of the soil leads to the appearance of large and dense blocks of earth during
plowing. Tractors of traction classes 1,4-5 are used as part of the tractor fleet of peasant farms. Such a nomenclature
of tractor types leads to additional costs associated with low annual loading of tractors, over-compaction of soils,
tractors of high traction classes. (Research purpose) The research purpose is justifying the use of a transport and
technological module with an electric wheel drive. (Materials and methods) Gave a schematic diagram of a modular
power-technological means and a kinematic scheme of the wheel drive of a transport and technological module.
(Results and discussion) We have developed a transport and technological module with an electric drive of the driving
wheels from the generator, which in turn rotates due to the tractor power take-off shaft connected by a cardan
transmission. It was determined that the electronic control unit and wheel speed sensors are responsible for the



necessary kinematic correspondence between the driving wheels of the tractor and the transport and technological
module. It was found that this eliminates the need for a synchronous power take-off shaft on the tractor and, as a
result, makes the technological module universal. (Conclusions) It was shown that the use of a transport and
technological module with an electric wheel drive serves as an effective way to solve the problem of ballasting and
makes it possible to improve the technological properties of a second-generation tractor. It was stated that the use of
a transport and technological module with an electric wheel drive will allow the tractor to be used to perform
transport work requiring a large traction force on soils with low load-bearing capacity, such as the transportation of
forests, manure in the spring and autumn thaw and others.

Keywords: transmission, modular power technology, kinematic mismatch, electric drive.
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Pegpepam. B nacmoswee epemsa Habniodaemcs aKmugHoe UCNONL308AHUE INEKMPOMPAHCHOPMA, KOMOPbill
npumensemcs Ha Qepmax, GLINOAHAAL PAO MEXHOIOUYECKUX NPOYecco8 NO COOEPHCAHUIO HCUBOMHBIX U
svipawyusanuio pacmenui. Ilosensiemcss HeoOX00UMOCMb USMEHEHUS MEeXHUYECKUX Xapakmepucmux mako2o
mpaucnopma, 6 YACMHOCMU, 9KOHOMUU 3apsaoa msA2060U Oamapeu ¢ HOMOwbio pedcuma evibeca. (Lenw
uccreooganus) Onpedenums 603MONCHOCMU U NPOOIEMbl pedcuMa 6blbezcd, NPUMEHAEMO20 HA MOOUTbHOM
MPAHCNOPMHOM CPEOCMEBE CEeNbCKOXO3AUCMEEHHO20 HAZHAUEHUS, 8 KaueCcmee KOmopo20 UCnoib3yemcs mpakmop T-
16 ¢ oanexkmponpusooom. (Mamepuaner u memoovt) Ycmanosunu ocHogHble 3wl mpakmopa T-16 ¢
INEeKMPONPUBOOOM.  WIACCU; MA206As  AKKYMYIAMOPHAS — bamapes,  KOHMPOJIbHO-3apA0HOe  YCMPOUCMEB0;
INEKMPONPUBOO, BKIIOUAIOUWUL MHO2OCKOPOCHHbLE KOPOOKU nepeday. (Pezyrvmamul u obcyscoenue) Paspabomanu
cxemy NOOKMIOYeHUs Oeucamens K HACMOMHOMY npeoopazoeamenio C pelCUMOM 6blbeca U Hpogenu
IKCHepUMeHmanvhvle uccredosanus. (Bvieoovl) Buischunu, umo 011 obecneueHus pexcuma Xoa0Cmo2o Xo0d
MOOUNILHO20 MPAHCHOPMHO20 CPEeOCmEa Npu OMKNIOYeHUU O8usamens Om HacmomHO20 npeodpasosamens
HeobX00UMO KOHMPOAUPOBAMb PAZHUYY HACOM 08U2AMEN U HACMOMHO20 npeobpazoeamens, max Kaxk 60abuasn
PAazHOCmb MOJICEn NPUGECIU K 3HAYUMENbHBIM Nepecpy3KaM U Nepesooy YaCmomHo20 npeobpasoeamens 6 pejicum
owubku. Ilpogenu sxcnepumenmanvHvie UCCIEO08AHUA 3ABUCUMOCINY NYCKOBLIX MOKOS OM PA3HUYbL YACHOMbL
npeobpasosamens u dnekmpuyeckoeo dgucamend. Ilocmpounu epaguxu, Komopvie NOKA3anU, 4Mo HA OCHOGE
NPOBEOeHHbIX IKCHEPUMEHMOE NPU UCNONb306AHUU Osucamens mowpocmuio 11 xunoeamm 6 uac noxyyeHHvie
3HaueHust moxog 6yoym 6 4 pasa bonvute, ymo npugedem K nepezpysKe yacmomuozo npeobpazosamens. Iloxkasanu,
umo 6e3 OONOIHUMENbHBIX CHOCOD08 U NPUEMOB MAKOU PedtCUM NPUMEHAMb ONACHO U He peKomMendyemcs. Boiasunu
BAPUAHTN YMEHbUUEHUS. NYCKOBbIX MOKO8 — 9O YCMAHOBKA OONOIHUMENbHOU UHOYKIMUBHOCTNU MedcOy dgueamenem
U YacmommwviM npeobpasosamenem, npu RPAGUILHOM ee N00bope No Gopmyie MOINCHO YMEHbUIUMb NYCKOBOT MOK 00
npeoenbHO OONYCMUMO20.

Knrouesvie cnosa: T-16 ¢ snekmponpusodom, 31eKmponpugoo, mpaHcnopmHoe cpeocmeo ¢ INeKmpOonpugoooM,
9Hepeemuueckoe 000py008aHIUe, ACUHXPOHHDBIU INEKMPOOBULAMENb, AKKYMYAAMOPbI.
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Abstract. Currently, there is an active use of electric transport, which is used on farms, performing a number of
technological processes for keeping animals and growing plants. There is a need to change the technical
characteristics of such transport, in particular, saving the charge of the traction battery using the run-out mode.
(Research purpose) The research purpose is studying the possibilities and problems of the run-out mode used on a
mobile agricultural vehicle, which uses an electric tractor T-16. (Materials and methods) Installed the main
components of the tractor T-16 with electric drive: chassis; traction battery; control charger, electric drive, including
multi-speed gearboxes. (Results and discussion) We developed a circuit for connecting the motor to a frequency
converter with a run-out mode and conducted experimental studies. (Conclusions) It was found out that in order to
ensure the idling mode of a mobile vehicle when the engine is disconnected from the frequency converter, it is
necessary to control the frequency difference between the engine and the frequency converter, since a large difference
can lead to significant overloads and the transfer of the frequency converter to error mode. Experimental studies of
the dependence of starting currents on the frequency difference between the converter and the electric motor were
carried out. Graphs were constructed that showed that based on the experiments conducted when using an 11
kilowatt-per-hour motor, the current values obtained would be 4 times greater, which would overload the frequency
converter. They have shown that without additional methods and techniques, such a regime is dangerous to use and
is not recommended. A variant of reducing the starting currents has been identified — this is the installation of an
additional inductance between the motor and the frequency converter, with its correct selection according to the
formula, the starting current can be reduced to the maximum permissible.

Keywords: T-16 with electric drive, electric drive, electric vehicle, power equipment, asynchronous electric motor,
batteries.
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