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Summary. Deformation and Strength Characteristics of Polymer Mesh Belts under
Combined Loading: Experimental and Mathematical Modeling.

This paper presents the results of a study on the mechanical behavior of glass
fiber and polyester mesh belts under combined tensile and bending loading. Cali-
bration relationships of force versus displacement and multifactor models of rela-
tive elongation were developed, and the ultimate material characteristics were
determined. The analysis reveals that glass fiber mesh exhibits rigid, nonlinear
behavior and fails instantaneously, whereas polyester mesh demonstrates greater
ductility and stability. The obtained linear and multifactor regression models (R?
> 0.95) adequately describe the material behavior under various loading condi-
tions. A closed mathematical model is proposed to predict both the elastic defor-
mation region and failure conditions. The results can be applied in the design of
belt conveying systems, including those for flax shive cleaning processes.
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MATI'HUTO-ABPABUBHASA OBPABOTKA B COBPEMEHHOM
CEJIbCKOXO3SIMICTBEHHOM MAIIIMHOCTPOEHUA

AHHOTamusA. B cratee paccMarpuBalOTCS TEPCHEKTHBHl U 3(PQPEKTHBHOCTH
NpUMEHEHUs  MAarHuTHO-aOpa3suBHOH  0o0pabOTKM B IIPOM3BOACTBE  JeTaleH
CEIIbCKOXO3IHCTBEHHOTO  MAIIMHOCTPOCHUSI. OnuCHIBAIOTCS  TEXHOJIOTUYECKHE
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0COOCHHOCTH METOJa, MO3BOJSIOLIME JTOCTHIaTh BBICOKOTO KauyeCTBA IIOBEPXHOCTEH
CIOXKHOM (OPMBI M MOBBIIIATH KAYeCTBO M3/eNHil. Peann3anus JaHHOH TEXHOIOIHMH
CIIOCOOCTBYET 3HAYUTEIBHOMY YBEIMYCHHUIO H3HOCOCTOMKOCTH M JOITOBEYHOCTH Y3JIOB
COBPEMEHHOI arpOTEeXHHUKH.

Abstract. The article examines the prospects and efficiency of using magnetic-
abrasive processing in the production of agricultural engineering parts. The technologi-
cal features of the method are described, allowing to achieve high-quality surfaces of
complex shapes and improve the quality of products. The implementation of this tech-
nology contributes to a significant increase in the wear resistance and durability of mod-
ern agricultural machinery components.

KimoueBble cjoBa. MarHutHo-aOpasuBHas 00paboTka, HMHIYKTOpP, MAarHWUTHas
MHAYKLHS, MarHUTHOE TIone, Ansys Maxwell.

Keywords. Magnetic abrasive finishing, inductor, magnetic induction, magnetic
field, Ansys Maxwell.

COBpEMEHHOE CEIILCKOXO3SICTBEHHOE MAIIMHOCTPOEHHE XapaKTepU3YeTCs
BBICOKHMH TpPEeOOBaHWSIMH K HAACKHOCTH, pecypcy W  TOYHOCTHBIM
XapaKTepUCTHKaM pabOYMX OPraHoB MamivH. JleTaau mo4BooOpadaThIBAIOMIMX,
MOCEBHBIX M yOOPOYHBIX arperatoB (JIe3BHsS HOXCH, JHCKH, JIambl
KYyIBTHBAaTOPOB, BBICEBAIOLINE alNaparhl) paboTaloT B YCIOBUSIX HHTCHCHBHOTO
W3HOCA, YAAPHBIX ¥ LHKIAYECKHX HArpy30K. TpaJuIMOHHBIE METOIbI
¢uHMImHON  00paboTKW, TakMe Kak  [OUIHMQOBaHWE,  MOIUPOBAHHE,
9NEKTPOXUMHUYECKUE CIIOCOOBI, HE Bcerna o0ecrneynBaroT Tpedyemblie Gpu3uKo-
MEXaHHYECKHE CBOWMCTBA MOBEPXHOCTH, TAKHX KaK BBICOKAas MHUKPOTBEPAOCTD,
OTCYTCTBHUE MPIDKOTOB U OCTATOYHBIX PACTATUBAIOIINX HAMPSKESHUH.

OmHUM W3 TEPCIEKTHBHBIX METOMOB TOBBIIICHHUS HKCILTyaTallMOHHOMN
CTOMKOCTH JeTalied sBIseTcs MarHuTHo-aOpasuBHas obOpaborka (MAO),
COBMEIIAIOIIAass MEXaHUIECKOEe MUKPOPE3aHUe ¢ IeHCTBUEM MArHHUTHOTO IOJS.
B npOMBINIEHHOCTH 3TOT METOX JOKa3al CBOK 3((PEKTUBHOCTD I YUCTOBOM
00pabOTKH  CIOXHOMPO(UIBHBIX ~JeTalleld, ONHAKO €ro NPHMECHEHHE B
CEIIbCKOX03HCTBEHHOM MAIIMHOCTPOCHUH MONTYYHIIO Malloe pa3BUTHe. [1]

Crnexys u©3 D3TOro IEIbI0 JaHHOH paboThl sBisieTcss 00OCHOBaHWE
TEXHONOTHYECKUX  IapaMeTPOB  MAarHUTHO-aOpa3suBHOH  00pabOTKH s
00paboTKH JeTaNeH CeIbCKOX03IHCTBEHHOTO Ha3HAYCHHUS.

MarunTtHO-abpa3uBHast obpaborka (MAO) mpexncraBinser coboif crocod
a0pa3MBHOTO pe3aHus, B KOTOPBIX AJIS YIPABICHUS PEXYIIUM HHCTPYMEHTOM
UCIIONB3YETCsl MarHUTHOE IONe, co3JaBacMoe B 30HE 00paboTku jaerand. B
OTIMYME OT TPaJULHUOHHBIX METONOB LUIM(OBAaHHA, IAe aOpasHB IKECTKO
3aKpeluileH Ha cBsi3ke, npu MAO pombp HMHCTPYMEHTa  BBIIONHSET
(beppoMarHuTHBIN abpa3sHBHBIA MOPOLIOK, YaCTHIBI KOTOPOTO MOX JeHCTBHEM
MAarHUTHOTO TIOJISI OPHEHTUPYIOTCS B paboueM 3a30pe.

[lpomecc chema MeTayla CcodeTaeT JBa MEXaHU3Ma: MEXaHHYECKOe
MHKpOpe3aHie aOpasMBHBIMH 3€pHAMH M IUIACTUYECKOE Je(OpPMHpPOBAHUE
MHKPOHEPBHOCTEH MOBEPXHOCTH MON JACHCTBHEM JABMKYIUCHCS MarHUTHOM
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IeTKH. AOpasuBHBIC YACTHIIBI, YAEPXHMBAacMble B IIOPOLIKE MAarHUTHBIMHU
CHJIaMH, COBEPIIAIOT CIIOXKHOE JBW)KEHHE OTHOCHUTEIBHO 00pabaThiBacMOit
MIOBEPXHOCTH, 4YTO 0OecleYnBaeT paBHOMEPHYIO 00paboTKy nHaxe Ha
TPYZHOAOCTYITHBIX y4acTKax.

OJeKTpOMarHUTHBIE  MHIYKTOPHl  ITO3BOJSIIOT  IIABHO — PETYJINPOBAThH
MarHUTHYIO MHIYKIHUIO B paboueM 3a30pe IIyTeM U3MEHEHHUS TOKa B KaTyIIKaX.
OnmHako OHM WMMEIOT CYIISCTBEHHBIE HEAOCTATKH: OonbIine rabdapHThl,
HEOOXOMMOCTh B MCTOYHUKE MMUTAHUS, CIOKHOCTh T'E€PMETHU3AINN TIpH padboTre
¢ COX u 3HaunTENbHBIE TOTOKU PACCEMBAHUSL.

Y HHIYKTOPOB Ha NOCTOSIHHBIX MAarHWTax HET 3THX HEJOCTATKOB: OHH
ABTOHOMHBI, KOMIIAaKTHBI, HAJEKHBI M HE TPeOyIOT BICKTPOIHUTAHUS.
KoHCTpykTHBHO Takod MHIYKTOp COOMpaercsi M3 AIEMEHTapHBIX MAarHUTHBIX
sTYEeK, I7Ie OJMHAKOBBIC TOJIFOCA COCEAHUX MAarHUTOB OOpAIIEHbI APYyT K APYTY, a
CTaJIbHBIC MarHUTOIIPOBOBI HANPABIISIOT MarHUTHBIHM IOTOK B pabouyro 30Hy. [3]

KiroueBbie npenmymectsa MAO nepen TpaAULIMOHHBIMA METOAAMU:

1. OtcyrcTBHE IKECTKOTO 3aKpeluleHWs abpa3WBa - HMHCTPYMEHT
aJanTupyercs K TeOMETPHH JICTaJH, YTO MCKII0YAeT PHCK «3aBaja» KPOMOK U
obecrieunBaeT 00paboTKy (paCOHHBIX MOBEPXHOCTEH.

2. Hwuskass Temmeparypa B 30HE pe3aHHS - OTCYTCTBHE IPIIKOTOB M
MHUKPOCTPYKTYPHBIX ~W3MEHEHHH. OTOT MYHKT BaX€H IS JeTaleH,
paboTaomuX oA NMKINIECKUMH Harpy3KaMH.

3. Bo3moxHOCT, 00pabOTKM IIMPOKOTO CIEKTpa MAaTepHajoB - OT
KOHCTPYKIIMOHHBIX CTaJled O TBEP/BIX CIUIABOB M HEMArHUTHBIX MaTEPUaJIOB.

COBpEMEHHOE  CEIIbCKOXO3IHCTBEHHOE MAIIMHOCTPOCHHE  IPENbSIBISIET
cnemuduiyeckne TpeOoBaHMS K 00pabaTHIBAEMBIM [ETANsAM, KOTOPBIE MOTYT
ObITh 3(h(hexTHBHO peanu3oBanbl ¢ momombio MAO. Hanbonee nepcrnekruBHbIC
HarpasieHus At BHeapernss MAO npencraBieHbl HIKe.

[NouBooOpabaTkIBaroIast TEXHUKA - PadOIre OpraHbl MOYBOOOPAOATHIBAIOIINX
MalliH paboTaloT B yCIOBUSAX MHTEHCUBHOIO a0pa3MBHOTO M3HOCA, BBI3BIBAEMOTO
TpeHHEM pabouymx dYacTe O TII0YBY C COAEP)KAaHHMEM KBapLEBBIX YACTHIL.
TpamiOHHbIE METOABI YIPOYHEHWs, TaKHe KaK HaIUlaBKa, TEPMHUYECKas
obpaboTka, He Bcerma OOSCHEYMBAIOT  TPeOYeMBId  pecypc  H3-3a
HEpaBHOMEPHOCTH YIPOYHEHHOTO CIIOSl MJIM CHIIKEHUSI BA3KOCTH MaTepuara.

[TouBooOpabaThIBatoIasi TEXHWKA BKIIOYACT INHPOKHHA CIIEKTp paboumx
OpraHoB, UMEIOIINX MPSMOI KOHTAKT C ITIOYBOM:

Jlamel KynbTHBATOpPOB (CTpENBYATHIC, AOMOTOOOpa3HbIE, PHIXJIUTENbHBIC) -
paboraroT Ha TiIyOmHe 5-25 cM mpu ckopocTsx 1o 12-15 km/4. [ucku GopoH
(cthepuueckue, BBIpE3HBIE) — HCIBITHIBAIOT 3HAKOIIEPEMEHHBIE HATrPYy3KH HpHU
BpalllecHWd M yiapbl O KaMHH. HOXH JAWCKOBBIX JIYIIMJIBHUKOB - YHCTO
PEeXYIIUI MHCTPYMEHT C BBICOKOM KOHIIEHTpalWeH HampssKeHHH Ha KPOMKE.
Jlomora u peIXJIMTENN TTyOOKOPEIXJIUTENEH - padoraroT Ha mrydonHax ao 50-60
cM. COLIHMKH TOCEBHBIX KOMIUIEKCOB - UCITBITHIBAIOT COBMECTHOE BO3ZICHCTBHE
abpa3WBHOTO M3HOCA M KOPPO3UH OT MHUHEPAIBHBIX YIOOpCHHH.
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Jns oOpabOTKM ITUCKOBBEIX paboyux opraHoB Hambonee 3(Q(eKTHBHBI
POTOpHBIE YCTAHOBKH C KOJBIIEBBIMH WHAYKTOpaMu, oOpadaTrhiBaromiue o0e
CTOpOHBI JMCKa OnHOBpeMeHHO. OOpaboTka cTpenpdaThiX Jiarm  Tpelyer
UCTIONB30BaHUS HMHIYKTOPOB C HCIIONB30BAHHEM MHOTOOCEBBIX CHCTEM,
o0ecneYnBaloIUX JOCTYI K BHYTPSHHUM YITIaM M PAJANYCHBIM ITEPEX0aaM.

Pexymue ammaparsl yOOpPOYHOM TEXHHKH HCHBITHIBAIOT — BO3JICHCTBHSA
aOpa3sWBHOrO M3HOCA, YHAPHBIX HArpy30K M KOPPO3HMOHHOTO BO3/ICHCTBHS
PaCTHTEIBHBIX COKOB.

VYb6opouHast TexHHMKa (3epHOYOOpOYHBIC, KOPMOYOOpOUHBIC KOMOAWHHBI,
KOCHJIKH, CHJIOCOYOOpPOYHBIE KOMIUICKCHI) BKIIFOYAET OBICTPOM3HALIMBAIOIINECS
PEXYIINE ITEMEHTHI:

CerMeHThI HOXEH peXXyIINX armapaToB — TPEYTOIbHbBIE MM TpaNeleBUTHbIE
IUTACTHHBI C 3aTOYEHHBIMUA KPOMKaMH, COBEpIIAOIINE BO3BPATHO-IIOCTYIIATEINBHOC
IBrKeHue. [lamblbl peXyIMX anmapaTtoB — HEMOIBIKHBIE IPOTUBOPEXKYIINE
JIETaJIN, TI0 KOTOPBIM CKOMIB3SIT CEIMEHTHI. J[MCKOBbIE HOKM POTAMOHHBIX KOCHIIOK
- BpAIIAroTCs C OKPYKHOU cKkopocThio 10 70-100 m/c. BritbHBIE MOIOTKH APOOMIOK
— WCHBITHIBAIOT a0pa3sMBHO-yHapHOE BO3JICHCTBHE YacTHIl 3€pHA, COJOMBI,
MHUHEpaJIbHBIX TpuMeceil. Hoku m3MensauTeneil crioca — paboTaroT B 3€IEHOM
Macce ¢ BBICOKHM COJIepyKaHuEM KpeMHe3EMa.

IToceBHast TexHWKa paboTaeT B KOHTAKT€ C CEMEHHBIM MaTepHaIoM |
aOpa3WBHBIMH YacTHIAMH ITT04BHI. [lOBBIIIEHHBIE TPEOOBAHHS NPENBIBISIIOTCS
TaKkXe K KOPPO3MOHHOW CTOMKOCTH B YCJIOBHMAX KOHTAaKTa C MHHEPAIbHBIMH
YAOOp CHUSMH.

IToceBHBIE KOMIUIEKCHI (CESUIKM TOYHOTO BBICEBA, pSJIOBBIC CESUIKH,
CTEpHEBBIC CESUTKN IPSIMOTO IIOCEBA) COAEPIKaT OTBETCTBEHHBIE JIETANN:

BeiceBatomue aucku (ammaparbl) - CTAIBHBIE WIM MOJUMEPHBIC JUCKH C
sYeKkaMH U1l 3axBaTa CeMsiH. AOpa3WBHBIN M3HOC IIPUBOAWUT K W3MECHEHHIO
pa3Mepa sUEeK, IMOBBIIIEHUIO TPaBMHUPYEMOCTH CeMSH M HEpPaBHOMEPHOCTH
BbIceBa. BriceBaromue Karymkd (kenoO4arteie, pudui€Hbie) - paboTanT B
IIOTOKE CEMsIH C KyCOYKaMH TI04BHl M KaMHsAMH. CONIHHMKM (@HKEpHBIE,
JIICKOBBIC, ABYXJMCKOBBIC) - TIPH JBW)KEHHH B TIOYBE HMCIBITHIBAIOT TPEHHE O
TPYHT M KOppO3HOHHOE Bo3zeiicTBHe ynoOpenmil. HampaBurenn ceMmsH
(ceMsmpoBOIBI, COLIHMKOBBIE BKIAJBIIN) - JODKHBI HMETh IVIAJKYIO
MTOBEPXHOCTh C HU3KUM K03 (HUIIEHTOM TpeHHs. [2]

Hcxonst w3 aHanmu3a KOHCTPYKIMH HMHIYKTOPOB M OCOOEHHOCTEH
oOpabaTbIBaeMbIX JeTajel, MOXHO BBIICIUTH TPH OCHOBHBIE TEXHOJIOTHMYECKHE
CXEeMBbI, HauOolee MEPCIEKTHBHBIC UIS BHEIPEHHS B CEIBCKOXO3SHCTBEHHOE
MalIMHOCTPOCHUE:

Cxema 1. Poropnas o0paborka miockux neraneil. Mcmomb3yercs mmst
JIMCKOB OOPOH, HOXEH KOCHJIOK. JleTanb 3akperuisiercss Ha cTolle, a MHIAYKTOp
pacnonaraercsi Hag oOpabaThIBAEMOM MMOBEPXHOCTHIO. BO3MOXKHO mpuMeHeHue
JIBYXCTOPOHHEH CXEMBI C IBYMsI ONITO3UTHBIMU HHIYKTOPAMH.
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Cxema 2. IIpoxomnast oOpaboTKa JUIMHHOMEpHBIX aeraneid. [Ipumensercs
JUTS CETMEHTOB HOXKEH pPEXYIIMX ammapatoB. JleTanb MpoTATHBaeTCs depes
pabodyr0 30HY KOIBIEBOrO HHAYKTOpa. IIpemMymiecTBO — BO3MOXHOCTB
BKITIOUCHHS B TTOTOYHYIO JIHHHIO.

Cxema 3. OOpaborka (acoHHBIX ITOBEPXHOCTEH Ha MHOTOOCEBBIX
ycraHoBKax. /IJIs1 mITaMIOBaHHBIX AETaNeH CIOKHOW reoMeTpHd (CTpersdaThie
JIambl, KOpIyca BBICCBAMOIINX AaIlllapaToB) WCIONB3YIOTCS YCTaHOBKH C
WHAYKTOPAMH Ha TOCTOSHHBIX MAarHUTaX, 3aKPEIUICHHBIMHA Ha MOABHKHBIX
ronoBkax ¢ YIIY. Bo3MOXHOCTh mepeMelieHus] MO TPeM KOOpAMHAaTaM H
moBopora Ha 360° obecreynBaeT AOCTYH K JIFOOOH TOYKE ACTAJIH.
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Pucynox 1 — IIpumep cxeMsl ycTpoiicTBa Pucynok 2 — IIpumMep cxemsl ycTpoicTBa
s MAOQO, peanuzyemoii 1mo it MAQO peanusyemoii mo
TexHonornyeckoit cxeme 1 [5] TEXHOIOTHYECKOr cxeme 2 [4]

2
Pucynok 3 — IIpumep cxemsl ycrpoiictsa st MAO,
Ppeal3yeMoii 0 TEXHOIOrnuecKol cxeme 3 [6]

[IpenBaputenbHas oOlEHKa MOKa3blBaeT, 4ro npuMeHeHue MAO s
YHCTOBOM u YIIPOYHSIOIICH 00paboTKN pabounx OpraHOB
CeITbCKOXO3SIHCTBCHHON TEXHHUKH MO3BOJISICT TOBBICUTH Pecypc JeTaiei 3a cyer
KOMILICKCHOTO YIYUIICHUs] MHKpOpenbeda, MOBEPXHOCTHOW MHUKPOTBEPIOCTH
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U HalnpspKEHHOTO COCTOSHHSA, CHHM3HTh KOX(QUIMEHT TpeHHs O MOouBy H
pacTHTENbHBIE MaTepualbl, OOECIeUHTh CTAOMIBHOCTh T'€OMETPUYECKUX
IIapaMeTpoB MPU CEPUHHOM ITPOM3BOJCTBE.

MAO mno3BonmsieT  JOCTHYb  BBICOKOTO  KauecTBa  LIEPOXOBATOCTU
moBepxHocTH. [Ipu 3TOM Temmeparypa B 30He 00paboTKu He mpesbimaet 60-80
°C, Torma Kak mpH TpagunuoHHOM numrdoBanuu oHa mocturaer 200-300 °C.
OTO HCKIIOUaeT IOSBIECHUE MPHKOrOB, OTIHYCK MapTEHCHTa M JApYrHe
CTPYKTYpHBIE ~ HM3MEHEGHHSI B  IIOBEPXHOCTHOM  clO€  JeTajed  u3
tepmoynpounsieMsrx cranei (651, 30XI'CA, 40X), mmpoko NMpUMEHSEMBIX B
CeNbX03MalIMHOCTPOCHHH.
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Summary. The article examines the use of magnetic-abrasive finishing (MAF) for
agricultural machinery parts. Unlike traditional grinding, MAF uses a magnetic field to
control abrasive particles, ensuring low processing temperatures (60—-80 °C) and no
thermal damage. Three main processing schemes are described: rotary for flat parts (disc
harrows, mower blades), feed-through for long parts (segment knives), and multi-axis
for shaped parts (cultivator shares, seeding discs). The method is especially effective for
tillage, harvesting, and seeding equipment.
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