*okickk H3 BEC THS Pk

HH>XHEBOAXCKOIo ArPOYHHBEPCHTETCKOI'O KOMIIAEKCA:
HAYKA H BBICIIEE IPOPECCHOHAABHOE OBPA30BAHHE

N 2 (74), 2024

3. Saymbetov A., Nurgaliyev M., Kuttybay N., Abdullozoda M., Dosymbetova G., Tukymbekov D. Design of au-
tonomous mobile PV system for remote regions. 16th International Conference on Engineering of Modern Electric Sys-
tems (EMES). Oradea, Romania, 2021. Pp. 1-4.

4. Grigorash O. V., Daus Y. V., Denisenko E. A., Kolomeitsev A. E. Structural and Schematic Solutions of Solar
Autonomous Inverters. Proceedings of the Nizhnevolzhsky Agro-University Complex: science and higher professional
education. 2023. Ne 2 (70). Pp. 439-450.

5. Kashin Y. M., Kopelevich L. E., Samorodov I. B., Kim V. A., Artenyan K. Z. Wind-Solar Generator and lIts
Characteristics. Electronic network polythematic journal "Scientific Works of KubSTU". 2019. Ne 6. Pp. 201-214.

6. Lavrik A. Yu., Zhukovsky Y. L., Lavrik A. Yu., Buldysko A. D. Features of Choosing the Optimal Composition of
a Wind-Solar Power Plant with Diesel Generators. News of Higher Educational Institutions. Energy problems. 2020.
V. 22. Ne 1. Pp. 10-17.

7. Kapustin I. V., Lukashenko A. A. Analysis and Research of Control Systems for Autonomous Voltage Inverter.
Proceedings of Tula State University. Technical Sciences. 2019. I. 1. Pp. 118-125.

8. Kou G., Le Chen, VanSant Ph., Velez-Cedeno F., Liu Y.Fault Characteristics of Distributed So-
lar Generation. IEEE Transactions on Power Delivery. 2020. V. 35. |. 2.

9. Grab R., Hans F., Mariano lvan Rojas Flores, Schmidt H., Soenke Rogalla, Engel B. Modeling of Photovolta-
ic Invertor Losses for Reactive Power Provision. IEEE Access. 2022. V. 10.

10. Serban E., Pondiche C., Ordonez M. Modulation Effects on Power-Loss and Leakage Current in Three-
Phase Solar Invertor. IEEE Transactions on Energy Conversion. 2019. V. 34. I. 1.

11. Uskov A. E. Selection of the optimal reserve source of power supply. Rural machine operator. 2022. Ne 1.
Pp. 36-38.

12. Izmailov A. Yu., Didmanidze O. N., Asadov D. G., et al. Technical Operation of Mobile Electric Units. Mos-
cow: OO0 "Triada", 2016. 320 p.

13. Didmanidze O. N., Solntsev A. A., Parlyuk E. P., Pulyaev N. N. Fundamentals of Effective Use of Energy
Storage Devices in Traction Vehicles. Moscow: Russian State Agrarian University - Moscow Timiryazev Agricultural
Academy, 2020. 200 p.

WHdopmaums o6 aBTopax
Fpuropaw Oner BnagummpoBuY, JOKTOP TEXHUYECKUX HayK, Npodeccop, 3aBeayoLwnii kadeapon «OneKTpOTEXHUKU, Tenno-
TEXHWKU 1 BO30OHOBMSEMbIX UCTOYHUKOB 3Heprum», PIrBOY BO «KybaHckuin rocyaapCTBEHHbIV arpapHbii YHUBEPCUTET UMEHN
W. T. Tpybununa» (Poccuitckas Penepaums, 350044, r. KpacHoaap, yn. KanuHuHa, a. 13), e-mail: grigorasch61@mail.ru
Aayc lOnua BnagumupoBHa, kaHauAaT TEXHUYECKUX HayK, OOLEHT Kadeapbl «ONeKTPOTEXHUKMN, TENNOTEXHWUKA 1 BO30OOHOB-
NSieMbIX UCTOYHUKOB 3Heprum», PrBOY BO «KybaHCkuin rocynapCTBeHHbIN arpapHblil yHuBepcuteT umenn U. T. TpybunuHa»
(Poccuiickas dPepepauns, 350044, r. KpacHopap, yn. KanuHuHa, . 13), zirochka2505@gmail.com
HeHnceHko EBreHun AnekcaHApoBMY, KaHAMAAT TEXHUYECKUX HayK, AOLEHT kadeapbl «ONEeKTPOTEXHUKU, TEMNOTEXHUKN 1
BO306HOBNSIEMbIX UCTOYHMKOB aHeprumny», PrB0Y BO «KybaHckuii rocynapcTBeHHbI arpapHbin yHuBepcuteT umenn W. T. Tpy-
6unuHa» (Poccuiickas ®enepauus, 350044, r. KpacHogap, yn. KanunuHa, 4. 13), e-mail: denisenko_88@mail.ru
KonomewnueB AnekcaHap dayapAoBMY, conckatenb Kadeapbl «ONeKTPOTEXHUKU, TENMOTEXHWUKUN 1 BO30OHOBNSEMbIX UCTOY-
HVKOB aHeprumn», KybaHckuii rocyaapcTBeHHbIN arpapHbin yHuBepcuteT um. WU.T. TpybunuHa (Poccuiickas Penepauus, 350044,
r. KpacHopap, yn. KanunuHa, a. 13), e-mail: kpn2601@yandex.ru

Author’s Information

Grigorash Oleg Vladimirovich, Doctor of Engineering Sciences, Professor, Head of the Department of Electrical Engineering,
Heat Engineering and Renewable Energy Sources, Kuban State Agrarian University named after |. T. Trubilin (Russian Federa-
tion, 350044, Krasnodar, Kalinin str., 13), e-mail: grigorasch61@mail.ru
Daus Yulia Vladimirovna, Candidate of Engineering Sciences, Associate Professor of the Department of Electrical Engineer-
ing, Thermal Engineering and Renewable Energy Sources, Kuban State Agrarian University named after |. T. Trubilin (Russian
Federation, 350044, Krasnodar, Kalinin str., 13), e-mail: zirochka2505@gmail.com
Denisenko Evgeny Aleksandrovich, Candidate of Engineering Sciences, Associate Professor of the Department of Electrical
Engineering, Heat Engineering and Renewable Energy Sources, Kuban State Agrarian University named after . T. Trubilin
(Russian Federation, 350044, Krasnodar, Kalinin str., 13), e-mail: denisenko_88@mail.ru
Kolomeitsev Aleksander Eduardovich, PhD Candidate of the Department of Electrical Engineering, Heat Engineering and
Renewable Energy Sources, Kuban State Agrarian University named after I. T. Trubilin (Russian Federation, 350044, Krasno-
dar, Kalinin str., 13), e-mail: kpn2601@yandex.ru

DOI: 10.32786/2071-9485-2024-02-39
SIMULATION OF THE CONTROL SYSTEM OF THE FRUIT AND VEGETABLE CHOPPER

"Lebed N. ., 2Tseplyaev A.N., "Tokarev K. E., "Khanin Yu. ., '"Fomin S. D.

) 1Volgograd State Agrarian University
All-Russian Research Institute of Irrigated Agriculture —
branch of the Federal State Budgetary Institution "FNC’s VNIIGiM named after A. N. Kostyakov"
Volgograd, Russian Federation

Corresponding author E-mail: nik8872@yandex.ru
Received 01.06.2023 Submitted 27.02.2024

Abstract
Introduction. The article is devoted to the digital adaptation of equipment for the processing industry by
developing and justifying a simulation model of an automated process control system. Materials and re-
search methods. The development and modeling of the automated control system for the shredder was
carried out in the CAD environment “Proteus 8.15 ISIS”, where the selection of the main elements of the
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control system and their connection to the microcontroller was carried out. The project code was built in the
integrated development environment "Arduino IDE" in the programming language «C++». Research re-
sults and conclusions. A functional diagram of the proposed automated control system for chopping fruit
and vegetable products has been developed. The inputs and outputs of the microcontroller board are repre-
sented by fourteen signals and are divided according to the controls of the fruit and vegetable raw material
chopper into three groups: rotor controls; dispenser; ensuring automatic operating mode. Information about
the state of all input and output signals of the automated control system is visualized on the LCD display. A
control system for an automated fruit and vegetable chopper was modeled on the basis of AVR / ARM Cor-
tex M microcontrollers using the C++ programming language, and its performance was tested in the Pro-
teus 8.15 ISIS CAD system, which proved its performance and efficiency. To implement numerical modeling
of the cutting process, specialized software has been developed, the source code of which is compiled in
the “Object Pascal’ programming language in the «Lazarus» IDE.

Keywords: fruit choppers, microcontrollers, knife machine, simulation modeling, numerical modeling.
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YAK 631.171
MOAOEJIMPOBAHME CUCTEMbI YNPABJIEHUA USMENBYAUTENA
nnoaoBooOBOLLHOU NMPOAYKLUNU

'Ne6enb H. U., OOKMOP MexHUYECKUX HayK, npogheccop
Ll,ennneB A.H, OOKmop Ce/IbCKOX035UCMBEHHbIX HayK, npogheccop
ToxapeB K E., kaHOudam 3KOHOMUYECKUX HayK, doyeHm
"XaHuH 10. W., kaHOudGam mexHu4Yeckux Hayk, OoOueHm
'®omuu C. ., OOKMOP MexXHUYECKUX HayK, rnpogeccop

"®re0y BO Bonzoepadckui FTAY
Bcepoccuucxuu Hay4Ho-uccredosamersibCKUU UHCMUMym opowaemoz0 3emredenusi — chunuarn
OrBHY «®HL| BHUNIuM um A. H. Kocmsikoea»
2. Boneoepad, Poccutickas ®edepayusi

AxtyanbHocTb. CTaTbs MOCBSALLEHa LMPpPOBON adanTaumn TEXHUKM AN nepepabaTbiBatoLlen npo-
MbILUMIEHHOCTM MyTEM Pa3paboTku U OBOCHOBAHUS VMUTALMOHHOW MOAENVM aBTOMAaTU3VPOBaHHOW CUCTEMBbI
yNpaBrieHns TEXHOMOrM4YeCckMM npoeccoM. Marepuanbi U meToabl uccnepoBaHuMi. Paspabotka n mogenu-
POBaHMSI CMUCTEMbI ABTOMATU3UPOBAHHOIO YMpaBrieHus wuamenbuuTenem npoussogunnce B cpege CAIP
«Proteus 8.15 ISIS», rge ocyliecTBAANcA Noadop OCHOBHBIX 3/IEMEHTOB CUCTEMbI YMPABEHUS U UX NMOSKIoYe-
HMEe K MUKPOKOHTpossepy. MocTpoeHre NporpamMmmHOro koga npoekTa NpoM3BoAMnach B MHTErPUPOBAHHOW Cpe-
e paspabotku «Arduino IDE» Ha a3blke nporpammupoBaHus «C++». Pe3ynbTarbl uccneaoBaHU U BbIBO-
Abl. PagpabotaHa dyHKLUMOHanbHas cxema npegnaraemon CY msmensuutens nriogo0BOBOMLLHON NPOAYKLIMK.
Bxoab! 1 BbixoAbl Nnatbl MUKPOKOHTPOSIIEPa NpeacTaBneHbl YeTbipHaALAaTLI0 CUrHanaMmm u Aensarcsa no opra-
HaMm ynpaBrieHUs M3MEeNbYMTENS MIIO4O0BOLLHOMO ChipbA HA TP rPyNMbl: OpraHbl YNpaBfieHUs pOoTOpoM; Ao3a-
TOpOM; 0BGecnevYeHns aBTOMaTUYECKOrO pexmma paboTebl. MHdopMaums 0 COCTOSIHUM BCEX BXOAHBIX W BbIXOO-
HbIX curHanoB CY Buayanuaunpyetcs Ha YKK-gucnnen. CMogenupoBaHa Ha OCHOBE MUKPOKOHTponnepoB AVR /
ARM Cortex M-apxuTekTypbl, C MPUMEHEHVEM $3blka MPOrpaMMupoBaHus «C++» cucteMa ynpaereHust aBTo-
MaTU3NPOBaHHBIM M3MESIbYUTENEM NIIOAOOBOLLHON NPOAYKLIMK, MPOM3BEAEHA €€ MPOBEPKA Ha paboTocnocod-
HocTb B CATIP «Proteus 8.15 ISIS», gokasaBLuei ee pabotocnocobHocTb M adhheKkTMBHOCTL. s peanusaumm
YWCIIEHHOTO MOZENVPOBaHME MpoLecca pe3aHus paspaboTaHo crneumanavpoBaHHOe MporpammHoro obecre-
YeHUs, UCXOOHbIV KOA KOTOPOro COCTaBMEH Ha A3blke nporpammupoBaHus «Object Pascal» B IDE «Lazarusy.

KnroueBble cnoBa: uamesnbyumernu niodos, MUKPOKOHMPOJIIEPhkI, HOXeaouU arnnapam, umumauu-
OHHOe ModeruposaHue, YucneHHoe ModesnuposaHue.

LUutnpoBanue. Jlebenp H. U., Llennsiee A. H., Tokapes K. E., XanuH 0. N., domun C. [. MogenvpoBaHue
CUCTEMbI YNpaBneHust U3MenbYUTEnsa MNNoAOBOOBOLLHON npoaykuun. Mssecmus HB AYK. 2024. 2(74).
323-331. DOI: 10.32786/2071-9485-2024-02-39.

ABTOpCKMﬁ BKnaa. ABTOpr HacTodLwero nccrnegoBaHna HenocpencTtBeHHO y4acTBOBalriM B MOCTAHOBKE I'Ip06J'IeMbI,
nnaHnpoBaHU nccnenosaHnda, aHannie, B U3N0XXeHN BbIBOAOB U NOAroToBKe I'Ipe/J,J'IO)KeHMVI npon3BoACTBY. ABTOpr
HaCTOFlUJ,eIZ CTaTtb N3y4unnum un O,ELOGpI/IJ'II/I I'Ipe,ELCTaBJ'IeHHbIVI B OKOH4YatenbHOM BuMae BapuaHT CTaTbMW.

KoHdnuKT nHTepecoB. ABTOpbI 3a8BMAIOT 06 OTCYTCTBUM KOH(NNKTA MHTEPECOB.
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BBepeHue. B HbIHELIHEN OCTPOW CUTyaumn ¢ 3anagHbIMU NapTHepamMm HeOOXOAMMO MakK-
CMManbHO ObiTb OT HUX HE3ABUCUMbBIMWU, YTO AWUKTYET pPa3BUTUE CODCTBEHHbLIX OTEYECTBEHHbIX
KOHKYPEeHTOCNOCOOHbIX pa3paboTok u umnoptosamelleHne. B otpacnsax AlNK paboTtaeTt Tonbko
4% TEeXHUKW, YOOBNETBOPSAOLLEN COBPEMEHHBIM MeXAyHapOAHbIM TpeboBaHMAM U CTaHZapTaMm.
HeobxoammbiM ycrioBnem ob6HOBNEHNS TEXHUKN AOMKHO ObiTb BHEAPEHWE aBTOMATU3MPOBaHHOM
1 poboTU3nMpoBaHHOM TexHUKK [1, 2, 3, 4].

Hanbonee 3HauyMMbiMM hakTOopamu, OKasbiBalOLLMMK BaXHENLee BrMSHUE Ha OTpacib
nepepabaTtbiBalOLLEeNn NPOMbILLNIEHHOCTU, B YaCTHOCTM MPOU3BOACTBA NPOAYKTOB U3 MNOA0B U
oBoLen, aensetca ahhekTUBHOCTE NPUMEHSAEMbIX TEXHOMOMMIA B COBOKYNMHOCTU C TEXHUYECKUMMU
CpeacTBamMu Afia Ux peanvaauuu.

Mpu xpaHeHUn NOAOB 1 OBOLLEN NoTepu ypoxkast coctaensatoT oT 20 go 30%. TpaHcnop-
TMPOBKE CBEXMX MMOAOB 1 OBOLLEN C MUHUMarbHbIMM MOTEPSIMU B OTAANEHHbIE PEMMOHbI CTPaHbI
NpenaTCTBYIOT 3HAYUTENbHbIE PACCTOSIHUA U MIIOX0e KadeCTBO LOPOXHOM ceTu. [pn aToM KoM-
nnekcHasa nepepaboTka 1 MUNMMOHA TOHH MIIO4OBOOBOLLHOIO Chipbsl Ha MULLEBbIE MPOAYKTHI C
MWUHUMaInbHbIM KOMMMYECTBOM OTXOLOB MO3BOMSAET YMEHbLUMTL MNOTEPU €ro Npu XpaHeHun Ha 83
TbICSAYN TOHH [5, 6].

Tarke BaxHOM ABNsieTca npobnema OONONHUTENbHBLIX 3aTpaT npwu paspaboTke N onTu-
MU3aLMN KOMMITEKCHBIX TEXHUYECKMX CUCTEM C UCMOSIb30BAHMEM B HUX SIEMEHTOB TOYHOM Mexa-
HUKK, @ TakKKe SMEKTPOHHbIX, 3NTEKTPOTEXHUYECKMX U KOMMBIOTEPHBIX KOMMOHEHTOB AN Lenen
pob6oTtumsaunn n astomatmsauumn AlK. MNpobnema pewaetca MetTogamu N CpeacTeamu MMmUTaLm-
OHHOro MOAENMPOBaHUSA, peanM3yemMoro ¢ NOMOLLb Habopa MaTteMaTU4ecknx cpeacTs, cnewm-
anbHbIX KOMMBKTEPHBIX NMPOrPaMM-CUMYIIATOPOB, MO3BOMSAIOLLMX CO34aBaTh MPOLIECChI-aHanorm,
C MOMOLLBK KOTOPbIX MOXHO MPOBECTU LefNeHanpaBneHHoe MccneaoBaHne CTPYKTYpbl U (PyHK-
LUWIA pearnbHOM CUCTEMbI B PEXMME €€ «MMUTaUMMN», OCYLLECTBUTb ONTUMM3aALMIO HEKOTOPbLIX ee
napameTpoB [7, 8, 9]. Heob6xoamm KOMMNEKCHbIN Noaxon nNpyv onTuMmMsauumn 3agad usnyeckon
MEXaHWKM N aBTOMaTM3MPOBAHHOIO ynpaereHus, 4To nobyxaaet paspabaTbiBaTb cneuvanmsaun-
poBaHHOE nporpaMmmMmHoe obecrnedeHme.

MaTtepuanbl u meToabl uccneaoBaHmMn. B kavecTBe oObekTa uccnegoBaHnn anga pas-
paboTKM cxeMbl aBTOMaTM3auum Obin BbiOpaH paspaboTaHHbLIA paHee WU3MenbYUTENb NIoao-
OBOLLHOM npoaykuum (pucyHok 1) [10].

PucyHok 1 — Miamenbuntens nnogooBOLLHON NpoayKumm (06Lwui BUA)
Figure 1 — Chopper of fruits and vegetables (general view)
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M3menbunTtenb paboTaeT crneayowmm obpasom. Nepen 3arpyskort matepuana 3anycka-
nun anektpoasuratens 10 yctponctsa, 4Tobbl 3agaTb LEHTPOGEXHOMY poTopy 8 HeOOXOoANMYHO
yacToTy BpalleHus. ObpabaTbiBaeMbii MaTepman Yepes 3arpy3oudHbin OyHkep 3 1 gosatop ba-
pabaHHoro Tvna 5 noctynan B LeHTpobexHbIn poTop 8. lNMocpeacTsomM nepefayn KpyTALEero Mo-
MeHTa Barnom anektpoasuratens 10 ueHTpobeXxHbI poTop 8 paBHOMEPHO pacnpeaensn nnogo-
OBOLLHOW MaTepman no Tpem Hanpasnswowmm Tpybam 9. B pesynbTtate LeHTpobexHon cunbl Ma-
Tepuan yganancs B HanpasrneHun gyroobpasHbix Hoxen 12 Hoxeoro kopnyca 11 ¢ NUHENHON
CKOPOCTbH0, HEOOXO0AMMOW ANsi NMOMHOro paspesanHus. MNpu 3ToM NNOAOOBOLLHON MaTepuan npo-
HUKan CKBO3b OyroobpasHble HOXM 12, namenbyancsa Ha foMTUKM HeobXoaUMON TOMLWMHBI U Aa-
nee 4yepes oTpaxarenu 16 u BbirpyaHoe oteBepctue 19 noctynan B eMKOCTb Ansi coopa namenb-
YyeHHoro maTtepuana 18.

Mpeanaraembli U3MENbYMTEND NO3BONSAET OCYLLECTBUTL MPOLLECC M3MENbYEeHNs NIoaoB
N KopHennogoB 6e3 06MnbHOro cokoBblgenenns [11,12, 15] 1 3awemneHnss U3aMernb4YyaemMbiX Ma-
TepuanoB Mexgy HoXamuy nNpu MUHUMAaIbHbIX paspyLlleHuUsX ux CTpykTypbl [13, 14] ¢ NOHWXeH-
HbIMW 3HeprosaTpaTamu.

HepoctatkoM uamenbynTens SABnsnocb OTCYTCTBME CUCTEMbI YNPaBfeHus, YTo Cylle-
CTBEHHO CHWXamno yaobcTBO npu ero pabote, cnocobCTBOBaNoO yBENUYEHUIO Tpydo3aTtpaTt npu
3KCMyaTauun N CHUXXEHUIO Ka4yecTBa NPON3BOSMMON NPOAYKLUMM 32 CHET BNUSHUS YENOBEYECKO-
ro chaktopa.

Pe3synbTathl uccnegoBaHum n Mx obcyxaeHme. Hamn npegnaraetca aBToMatusn-
poBaHHasA cMcTeMa yrnpaBneHus n3aMenbymMTenem, NOCTpoeHHasa Ha 6ase MUKPOKOHTPONIEpoB
AVR / ARM Cortex M — apxuTekTypbl. Ha pucyHke 2 npencrtaeneHa (oyHKLMOHaNbHasa cxema
npegnaraemon ACY.
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PucyHok 2 — ®yHkumoHansHasa cxema CY npegnaraeMoro u3menbymTenst NiogooBOLLHON NPOAYKLMM
Figure 2 — Functional diagram of the control system of the proposed fruit and vegetable chopper

Bxoabl nnatbl MUKPOKOHTpONNepa NpeacTaBneHbl cUrHanaMm aHanorosoro 1 LiMdpoBoro
TMNa 1 ensiTca No opraHam ynpaBreHUs U3MENbUYUTENS NNOA00BOLLHOIO Chipbsi HA TPW rPYNMbl:
opraHbl ynpaereHnsi pOTOPoOM; 403aTOPOM; oGecrneyeHnst aBTOMaTUYEeCKOro pexuma paboTbl.
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OpraHbl ynpaBneHnsi pOTOPOM BKITHOYAKT BXOAHbIE CUrHanbl 1 1 2 — aHanoroBoro tmna u
undppoBon BxogHow curHan 3. BxogHow curHan 1 obecneynmBaeT KOHTPOMb Hynst ogHoda3HoM
3NEKTPUYECKON CETU NEPEMEHHOIO ToKa AN pacyéTta drasbl OTKpbIBAHUSA CMMUCTOPa NpK ynpas-
neHuu Harpyskon. CurHan 2 BbINOMHEH NOTEHLUOMETPOM WU NpeAHasHa4YeH Ans KOPPEKTUPOBKM
YacToThl BpalleHust npueoaa potopa. CurHan 3 obecnedmBaeT OTKNIOYEHUE / BKITHOYEHME NPUBO-
Aa poTopa C NMOMOLLbK TAaKTOBOW KHOMKW.

OpraHbl ynpaBneHnst 403aTOpoM NpeacTaBrieHbl aHanoroBbIM BXo40M 4 — NOTEHLUMOMET-
poOM, HeODXoAMMBIM N1 KOPPEKTMPOBKU 4acTOThbl BpalleHus npusoga posaTtopa. CurHan 5
obecneymBaeT OTKMOYEHME / BKITHOYEHME NpMBOAa Jo3aTopa.

ABTOMATMYECKNI pexnm paboTbl 06ecneymBaeTcs aHanoroBbiMM BXOAHLIMM CUrHanamm
6, 7 — onsa ynpasneHusa nay3on BKOYEHe NpUBOA4a Ao3aTopa M OTKIOYEHWe nNpMBoda poTtopa m
LUMPOBBLIM CUTHANoM 8 — Ha BKIHOYEHUE/OTKIIOYEHNE aBTOMATMYECKOro pexuma paboTtbl no-
CPELCTBOM TakTOBOW KHOMKW. ANroputm paboTbl aBTOMATUYECKOrO pexmma paboTbl CyXuT ans
nocneaoBaTenbHOMO BKIHOYEHUA U OTKMOYEHMsSIe MPMBOLOB pOTopa WM Jo3artopa: npu 3anycke
n3menbunTensl — 3anyck npyMeBoga poTopa M C HEKOTOPOW May3on npueoAa AosaTopa; npu ocTa-
HOBKE M3MenbYMTens — OCTaHOBKa MpMBoAa Ao3aTopa M C HEKOTOPOW May3oln npueBoga poTtopa.
[aHHasa nocnepoBaTenbHOCTb HEOOXOAMMA AN1A UCKITHYEHMS neperpy3os 1 cboes Npu peanuvaa-
LMK TEXHOMOMMYECKOro NpoLecca pesaHus.

®PyHKUMOHanbHaa cxema ACY uamenbunTenem nriogoOBOLLHOWM MPOAYKUUKN NpeacTasre-
Ha CeMbH0 BbIXOAHbIMU CUrHanamm. BeixogHon curHan 1 BeINOMHEH B BUAE TBEPAOTENBHOIO pene
AN BKIIOYEHUA / OTKITYEHMSA NpyBoda potopa. CurHan 2 npeacTaBnieH onTonapon ¢ CUMUCTOP-
HbIM BbIXOAOM ANSA YNpaBreHus BbllleyKa3aHHOW Harpyskon. CurHanel 3, 4, 5, 6 npeacTaBneHbl
YeTbipbMsl MMHAMU MUKPOKOHTPOIMepa U npedHasHayYeHbl yrnpaBneHus LiaroBbiM ABuUratenem
(npuBOoA po3aTopa) MocpencTBOM annapaTHoro Apansepa. BbixogHow curHan 7 npeacraBneH
TBEPAOTENbHbIM perne Ans BKNoYeHns / OTKNoYeHUs npueoda gosaTtopa. MIHpopmaumusa o cocto-
SIHUN BCEX BXOAHbIX N BbIXOOHbIX curHanos ACY Buayanuanpyetcs Ha XKK-gucnnen.

[na paspaboTtkn anroputma paboTbl, CneLmanmM3npoBaHHOIoO NporpaMmmHoro obecneve-
HUS 1M nocneaywwen oTnagkm CUCTEMbl yNpaBneHWst aBTOMaTU3MPOBAHHBIM U3MENbYNTENEM
HaMy npeanaraeTca MMMTaUMOHHAA MoAenNb, NMOCTPOEeHHas Ha ©a3e MuKpokoHTponnepa AVR /
ARM Cortex M — apxuTekTypbl C MpUMEHEHMEM fA3blka nporpamMmmupoBaHma «C++» B cpeae
CAIP «Proteus 8.15 ISIS» (pucyHok 3).

B kauyecTtBe npuBoAa LEHTPOGEXHOrO poTopa BbICTYNaeT OoAHOMAa3HbIA KOMMEKTOPHbIN
anekTpogsuraTtenb, Ha pUcyHke 3 ANS WUIMCTPUPOBAHNS PEXUMOB paboThl NpMBoda ero 3ame-
HseT anemeHT «AC Volts» n namna «L1». Peannsaumsa pexmmoB paboTbl NyTEM M3MEHEHMSA Ya-
CTbl BpalleHMs aBuraTens BbIMNOSTHEHA KOPPEKTUPOBKON paboyero HanpsikeHNsa AeTEKTOPOM Hy-
nd, cobpaHHom Ha 6ase onTpoHa obLiero HasHavyeHusa 4N25 n gnogHoro mocta, paboTarLme Ha
annapaTHbIX NpepbIBaHNAX NocpeacTBOM nNHa D2 MMKPOKOHTponepa 1 nporpaMmMmHon 6ubnmo-
Tekn «TimerOne.h». OgH1M 13 pabounx BapnaHToOB CO34aHWs OEeTeKTopa HyNns ABNAeTcs cxema
¢ ontonapon PC814 — ona nucnonb3oBaHUA B LENAX NEPEMEHHOrO TOKa, OTCYTCTBYIOLLAA cpeam
KOMMnoHeHTOB cpeabl «Proteus 8.15 ISIS».

[na peanusaumm rmbkoro ynpaeneHnsa npueogom 6apabaHHoOro gosartopa npeanaraercs
LIaroBbI ANEKTPOABUraTENb NOCTOAHHOMO TOKa B cxeme ¢ gpaneepom L293D. Takas cxema nos-
BOMNSiET CO34aBaTb BapMaTMBHOCTbL PEXMMOB: HanpaBfeHne, CKOPOCTb BpaLLEeHNs, Yribl NOBOPO-
Ta, Nay3bl NpM Nogaep>KaHMmM yrina noBopoTa 1 Ap., HeobxoanMbIX AN oNTUMM3aumMm nogaym oob-
pabaTbiBaeMoro marepuana. B nepsoMm npubnuxkeHun nporpaMMHO peanuM3oBaHa cuctema Ha
6a3e nporpamMmmHon 6MbnnoTekn «Steppery», NO3BoNAOLLAA PErynNMpoBaTh YacToTy BpaLLEeHMS.

Cuctema ynpaBneHusi No3BonsieT OCYLLECTBNATb CNeayoLmne pexumMbl paboTbl SKCnepu-
MEHTanbHOM YCTAHOBKW: aBTOMATUYECKUA MOOYEpPenHbIA 3anyck M OTKMNOYEHWE MpMBOAOB (Ha
cxeme «Auto») ¢ ynpaBnaemMon 3a4epKKoM Ha MUX BKITOYEHME U OTKMoYeHne (Ha cxeme: «laysa
Ha OTKNOYeHWe Ans poTtopa, c; «llaysa Ha BKNKOYEHME [o3aTopa, C); HE3aBUCUMMOE BKITHOYe-
HMe/OTKMNoYEeHNe NprMBoda poTopa unu gosatopa (Ha cxeme: «On/off potop», «On/off gosaTop»);
yrnpaerneHme 4actoTon BpaweHne (Ha cxeme «CKOpOCTb BpallieHusa poTtopa, %», «CKopocTb
BpalleHus gosartopa, %») NpUBOAHbLIX MEXaHW3MOB. [na BM3yanu3auumn BblIOpaHHbIX PEXMMOB
npeaycmoTpeHa nHamkaumm Ha LCD-gucnnee. B kayecTBe opraHoB ynpaBfeHUs BbICTYNakT Tak-
TOBbI€ KHOMKN U MNOTEHLMOMETPSLI. MPMHYAMTENBHOIO OTKITIOYEHUS NPUBOLOB peann3oBaHoO 3ek-
TPOMEXaHNYECKUMUN pene, NOAKMIOYEHHBIMU KaK «BbIXOA» K MUKPOKOHTPOMEpPY.
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PucyHok 3 — MiMuTaumoHHas Mogerb CUCTEMbI YNpaBReHUst 3MenbYUTens Nio40BOOBOLLHOW NPOAYKLIMM
B MOMEHT CUMYTALNM
Figure 3 — Simulation model of an automated control system fruit and vegetable chopper
at the time of simulation
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Figure 4 — Software interface
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Ona ynobceTBa npu pacyeTax U AanbHEWLero YMCreHHOro MoAenupoBaHWMM npoLlecca
yAAPHOro pe3aHns MCMNonb30BaHO pa3paboTaHHOe paHee chneumanvanpoBaHHOE NporpaMmMHoe
obecneyeHne, NOCTPOEHHOE Ha sA3blke nporpammupoBaHusa «Object Pascal» B IDE «Lazarus».
Anroputm MO obecneumBaeT: BBOA HaYarnbHbIX YCNOBUN, NApaMeTPOB N XapaKTEPUCTUK LIEHTPO-
BGexHOoro poTopa M3MenbYUTENs NNOAOO0BOLLHOMO CbipbS; PACYET reOMETPUYECKUX U AMHAMUYe-
CKUX MapamMeTpoB LIEHTPOBEXHOIro poTopa U3MENbYUTENS; peanu3auunio YNCIEHHbIX 3JKCnepu-
MEHTOB MO OonpefeneHnio NnapameTpoB U PEXMMOB paboTbl YCTPOWCTBA; a Takke rpadou4eckyto
BM3yanusauuio 1 3KCnopT ee pesyrnbTaToB. Ha pucyHke 4 npeacrtaBneH nHtepdenc npegnarae-
mon nporpammel (Jlebeab H. L., Tokapes K. E. ABTomatMampoBaHHasi cuctema pacdeTta reomet-
pUYECKNX N AMHAMUYECKUX NapamMeTPOB LEHTPOBEXHOro poTopa U3mMenbYnTens NnogooBOLLHOMO
cbipbsl // CBMOETENLCTBO O perucrtpaumm nporpammbl and 3BM RU 2022684675, 16.12.2022.
3asBka Ne 2022684675 ot 06.12.2022).

BbiBogbl. [pegnaraemas cuctema ynpaBrieHWs aBTOMAaTUM3MPOBAHHOMO 3MEKTPoNnpMBOAA
N3MenbyYnTenst NIO4OOBOLLHON NPOAyKUMM obecrneyvBaeT aBTOMaTUYECKUA NMOOYEepPeaHbIA 3amnycK U
OTKITIOUEHME NPVBOAOB C YNPAaBMSAEMON 3a4epXKKOW Ha UX BKIIOYEHME U OTKMOYEHUE; HEe3aBMCUMOE
BKIOYEHME/OTKIMIOYEHE NpUBoAa poTopa UK Ao3aTopa; ynpaBneHne 4acToToW BpalleHne npuBoa-
HbIX MexaHu3MOoB. [ns Bu3yanusaumn BblOpaHHbIX PEXMMOB NpedycMoTpeHa uHaukauus Ha LCD-
avcrnee.

PaspaboTaHo cneuuwanvanpoBaHHoe nporpamMmmHoe obecnevyeHve Ans MOAENMPOBaHUst Mpo-
Lecca pesaHusa npeanaraeMbiM U3MenbymMTenemM nnogoosoLwHon npoaykuuun. Anroputm MO obecne-
YMBaeT: BBOA HayarnbHbIX YCIOBMWIA, NAapaMeTPOB U XapaKTEPUCTUK LLIeHTPODEXHOrO poTopa M3Menbyn-
Tens nMnoA4OOBOLLHOIO CbIpbs; PacyéT reoMeTpuyecknx U AMHAMUYECKUX NapamMeTpoB poTopa u3-
MenbYMTENS; peanunsaunio YNCMEHHBIX 3KCMEPUMEHTOB MO OMNPEAENeHM0 NapameTpoB U PEXMMOB
paboTbl YCTPOWNCTBA; a Takke rpachuyeckyto BU3yannsaumo 1 3KCNopT ee pesynbTaToB.

PaspaboTaHHble MeToabl, anropMTMbl pacyeTa, peannsoBaHHbIE B MporpaMMHOM obecneye-
HMK, MNO3BONSAIT KAYECTBEHHO OLEHUBATb ANMHAMWYECKOE COCTOsIHME obpabaTbiBaeMoro matepuana,
YTO faeT BO3MOXHOCTb aHanv3npoBaTb COCTOSIHME npeanaraemMoro obopyaoBaHust U 4OCTUYb paumo-
HarnbHbIX KOHCTPYKTUBHbIX MapaMeTPOB MU PEXMMOB paboThl.

Conclusions. The proposed control system of the automated electric drive of the fruit and
vegetable chopper provides automatic alternate start and shutdown of the drives with a controlled de-
lay for their switching on and off; independent on/off of the rotor or dispenser drive; control of the
speed of rotation of the drive mechanisms. To visualize the selected modes, there is an indication on
the LCD display.

Specialized software has been developed to simulate the cutting process of the proposed fruit
and vegetable chopper. The software algorithm provides: input of initial conditions, parameters and
characteristics of the centrifugal rotor of the fruit and vegetable chopper; calculation of geometrical
and dynamic parameters of the shredder rotor; implementation of numerical experiments to determine
the parameters and modes of operation of the device; as well as graphical visualization and export of
its results.

The developed methods and calculation algorithms implemented in the software make it pos-
sible to qualitatively assess the dynamic state of the processed material, which makes it possible to
analyze the condition of the proposed equipment and achieve rational design parameters and operat-
ing modes.
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Summary
The fruitfulness of the joint energy and ecological approach to greenhouse horticulture in obtaining scientific
knowledge is revealed.
Abstract

Introduction. The issues of energy saving, ecology and light culture are priorities in the practice and scientific
and technological development of the agro-industrial complex. The concept has been put forward that at the pre-
sent stage it is advisable to talk about the energy ecology of horticulture (EEH) as a new complex scientific direc-
tion based on taking into account the flows of substances that form the energy and environmental indicators of an
artificial bioenergy system. Object of the study is scientific activity and factors of scientific productivity of the spe-
cialized laboratory of the EEH of Institute for Engineering and Environmental Problems in Agricultural Production
(IEEP). The study aimed to reveal the fruitfulness of the joint energy and ecological approach to greenhouse
horticulture in obtaining scientific knowledge at the intersection of the mentioned subject areas. The history of
laboratory. It is noted that the scientific tradition of the IEEP has always been characterized by increased atten-
tion to problems in these areas. The relevance of the study of the experience of the formation and development
of the EEH laboratory was substantiated. Materials and methods. The study identified the main research areas
with the biggest publication activity of the laboratory experts. The study included a comparative scientometrical
analysis of publications in the laboratory and the institute. Results and conclusions. The study formulated the
paradigm of energy and ecology convergence in greenhouse horticulture as a new scientific field. The paper cites
the most important scientific results of the laboratory: energy saving and efficiency, the designing of phytoirradia-
tors, greenhouse irradiation installations, instrumentation and metrological practices; developing a teaching tech-
nology of energy saving for professionals; setting up special experiments in greenhouse horticulture; identifying
the properties of plants as elements of an ecosystem, their developmental stability, bioindication issues; applied
theory of energy saving, artificial bioenergy system; energy and eco-friendliness of greenhouse horticulture, en-
ergy and ecological auditing. The study revealed the important role of the institute in establishing and developing
the energy and ecology convergence in greenhouse horticulture as a scientific field. An important organizational
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