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OcobeHHocTu 6opo3poobpa3oBaHuA poTaLLUOHHBIMU
U CTpenb4aTbiMU paboyuMu opraHamm

0.A. beniox, P./. KpaByeHKo

KocTtaHaickui permoHanbHbiv yHuBepcuteT MeHu A. bantypcbiHoBa, KocTaHai, KasaxctaH
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O6ocHoBaHue. [louBoobpabaTbiBalolMe MalUMHbI M OPYAWA, OCHALLEHHblE POTALMOHHBIMM pabouMMmM opraHamu,
3pdEeKTUBHO MCMOMb3YIOTCA Ha OMepaLuAX NOBEpPXHOCTHOWM 06paboTkM nousbl. OpHako Bompockl 60po3n006pa3oBaHuMA
pOTaLMOHHBIMK pabouvMM OpraHaMu He PackpbIThl B NMOJTHOM MEPE, YTO ABJIAETCA aKTyanbHOM 3afayel 4N1A UccnefoBaHNA.

Llenb paboTbl — pacKpbiTMe 3aKoHOMepHoOCTel 60po31006pa3oBaHWA PoOTaLMOHHBIMKU PabounMmM opraHaMm C pewy-
MMM HOXaMWU, BbINOSIHEHHBIMU MO MJIMMTUYECKOM NIMHUM, K NNIOCKOCTM BpalleHus pabodyero opraHa.

Matepuanbl u MeToAbl. B cTatbe npefcTasneH rpao-aHanuTUYeCKU cnocob Ans onpefeneHus napaMeTpoB 6opo3-
Abl, popMupyeMoii cnefyioLMMM TUNAaMX POTaLMOHHBIX paboumx OpraHoB: CHEpPUYECKUIA IUCK CO CMIIOLLHOM MOBEPXHO-
CTbl0, KOMbLIEBOM pabounin 0praH 1 poTaLMOHHBIN pabounii OpraH C PeyLLMMU HOMKaMK, BbIMOSHEHHBIMM MO 3MIMNTUYE-
CKOW JIMHUW, YCTaHOBNEHHBIMU NOA OCTPLIM YIIOM K 0CM BpaLLEeHWA. KCNepUMEHTbI NPOBeLEHbI B 1ab0paTopHbIX YCOBUAX
€ (pU3nYecKoM MoLenbio POTaLMOHHOr0 paboyero opraHa C pexyLLuMmM HOXaMu, BbINOSIHEHHBIMU N0 3IIMNTUYECKOW JiN-
HUM B KOHTPOIMPYEMBIX YCIIOBMAX B NOYBEHHOM KaHane, 3anojIHEHHBIM YBNaXHEHHLIM NecKoM. [py npoBeaeHUM 3Kcnepu-
MEHTOB yron atakum coctasnan 20—40 rpagycos c waroM 10 rpagycoB, a KUHEMaTUYECKWIA KO3QPULIMEHT, NpeLcTaBAAI0-
LUMIA cobOoM OTHOLLEHWME OKPYMHOM CKOpOCTM K MOCTYnaTeNbHOW, NPUHUMan credyowme 3Havenus: 1; 1,4; 1,8 n 2,2,

Pe3ynbTatbl. Perylume HOXKM poTauMOHHOrO paboyero opraHa, BbIMOSHEHHbIE MO MMNTUYECKON NMHUM, 06pasyioT
KopoTKue 60po3fbl, MMeloLLME B NOMNEPEYHOM CEYEHUM (OPMY 3MIUNCA, W, NPU STOM OTKNOHEHbI OT HaNpaBNeHWUs OBUHKe-
HUA Ha yron 20-40°, KOTOPbIN NPUHMMAET YKa3aHHbIe BENIMUMHBI B 3aBUCMMOCTU OT YrNa aTaku U KMHEMATMYECKOro Koad-
¢uumenTa. Mpym 310M PopMupyeMele paboumm opraHoM 6opo3abl Npy BUAe CBEPXY NPeACcTaBNAT cobov napannenorpamm.

3akntoueHue. [paKTnyecKan LLEHHOCTb UCCNEA0BaHMI 3aKNI0YaeTCA B packpbiTuK ocobeHHocTel 60po3noobpasoBaHmn
POTaLMOHHBIMK paboyunMMK OpraHaMm C PeYLLMMU HOMKaMK, BbIMOSHEHHBIMU M0 3ANIMNTUYECKOW IMHAW, C Lenblo CO03Aa-
HWA poBHOro AHa bopo3abl, HeobxoaUMOro AnA NoceBa 3epHOBbLIX KYNbTYP.

Kntoyesble cnoaa: ducKosbili paboyuli opeaH; pomayuoHHbIl paboyqull opaaH; 3/UNc; pexcywiutl Hoxc; 60po30a; WUPUHA U O/UHa
bopo3del; HanpassieHue 6opo30bl.
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Features of furrow formation with rotary
and arrow-headed working bodies

Oleg A. Benyukh, Ruslan I. Kravchenko

Kostanay Regional University named after A. Baitursynov, Kostanay, Kazakhstan

ABSTRACT

BACKGROUND: Soil-cultivating machinery and tools equipped with rotary working bodies are effectively used at operations
of surface tillage. However, the subject of furrow formation with rotary working bodies is unaddressed to the full extent that
makes it a relevant issue for the study.

AIMS: Revealing the patterns of furrow formation with rotary working bodies equipped with the cutting blades made along
the elliptical line at the angle to the working body rotation plane.

METHODS: The grapho-analytical method is presented in the article and used for defining the parameters of a furrow
formed with the following types of rotary working bodies: a spherical disk with a closed surface, an annular working body and
a rotary working body with the cutting blades made along the elliptical line and set up at the acute angle to the rotation axis.
The experiments were carried out in controlled laboratory conditions with a physical model of the rotary working body with
the cutting blades made along the elliptical line in a soil channel filled with dampened sand. During the experiments, the attack
angle was 20-40° with a step of 10° and the kinematic coefficient, which is the ratio of circumferential velocity to transverse
velocity, had the following values: 1, 1.4, 1.8 and 2.2.

RESULTS: The cutting blades made along the elliptical line form short furrows with the ellipse-shaped cross-section
and with the angle of inclination from the movement direction of 20-40° depending on the attack angle and the kinematic
coefficient. Meanwhile, the furrows formed with the working body have the form of a parallelogram at the top view.

CONCLUSIONS: The practical value of the study lies in revealing the features of furrow formation with rotary working
bodies equipped with the cutting blades made along the elliptical line aimed to making a flat bottom of a furrow necessary
for grain planting.

Keywords: disk-shaped working body, rotary working body, ellipse, cutting blade, furrow, furrow width and length, furrow
direction.
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3KOHOMIKA, OPTAHMSALYA
N TEXHONOM /A TIPOM3BOACTBA

BBEOEHWUE

MoBepxHocTHaA 0bpaboTKa no4Bbl — 06paboTKa NouBbI
Ha rnybuHy He 6onee 8 cM pasnnMyHbIMM No4BoO6GPabaThI-
BAIOLLMMM OPYOMAMM C LIENbI0 ee PbIXSIEHUA, NPOBOKALUM
M YHUITOXEHWUA COPHAKOB M BbipaBHUBAHWA MOBEPXHOCTU
nons [1]. BaxkHoe MecTo B pecypcocbeperaioLmx TexHoso-
rMAX 3aHUMaeT npefnoceBHas obpaboTka MoyBbl, ABNA-
LIAACA OAHOW M3 onepauuii NOBEPXHOCTHOM 06paboTku
noyBbl, KOTOpPaA B CBOK ovepefb 06ecneymBaeT Hamnyy-
LKe ycnoBuaA gna nocesa ceMaH. OQHWMM M3 TakMX YCNOBUM
ABNAETCA BbIPOBHEHHOE, YMIOTHEHHOE OHO 6opo3fbl. 370
obecneunBaeT 0QHOBPEMEHHbIE U PaBHOMEPHblE BCXObI.
[nA obecneyeHns ykazaHHOro TpeboBaHWA UCMOMb3YIOTCA
TEXHUYECKME CPEeJICTBa C PasfNyHbIMM pabourMm opraHamu.
MalumHbl M opyaus, OCHALLEHHble OUCKOBLIMU pabouvmu
OpraHamu, B CpaBHEHUM C OPYAMAMU CO CTPeSIbYaTbIMM pa-
604MMM OpraHaMm, Kak M3BECTHO, UMEIOT MeHbLUee TAroBoe
COMPOTMBIIEHNE W, BMECTE C TeM, 60bLLYI0 NPOM3BOANTENb-
HocTb [2, 3]. B T0 e BpeMs, 0HM paboTocnocobHbl Ha bonee
BNaKHbIX, 3aCOPEHHBIX MOYBaX M He 3abuBaloTcA npm pabo-
T€ Ha MONAX C BbICOKOW CTEPHEN W HaNMuMeM MENKUX Ky
conoMbl. 0gHaKo, AMCKoBble paboune opraHbl Co Cr/IOLLIHOW
U BbIPE3HOW MOBEPXHOCTAMU 06/1a1al0T Cepbe3HbIM Hefno-
CTaTKOM — Ha MOBEPXHOCTM AMCKOB (OPMUPYIOTCA NOYBEH-
Hble 06pa30BaHuA, KOTOpble MPUBOAAT K 3aTpaTaM SHeprum
1 OQHOBPEMEHHOMY CHUMKEHMIO KaYecTBa BbIMOIHEHMA TeX-
HoMormyecKoro npouecca 06paboTku nouskl [4]. YnCTHKM
He cnocobHbI NpeoTBpaTUTL AaHHoe ABneHue. Uccnegosa-
HWA 3apybeXKHbIX yYeHbIX NOCBALLEHbI ONPEAEeNeHMI0 napa-
MeTpoB 60po3bl, popMUpYeEMOii AUCKOBLIM pabouunM opra-
HOM CO CNNOLHOM noBepxHocTbio [5]. CoBepLueHcTBOBaHUE
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AVCKOBbIX paboumx opraHoB MyTeM pa3feneHmna CNOLLHOMo
PeXKyLLEro NosioTHa AUCKA Ha OTAENbHbIE YacTU — PEXKY-
LLME HOMM M MOBOPOT UX MOJ Yr/IOM K MIOCKOCTU BpalLie-
HWA, 0becneymBaeT yCNoBWA AN1A CTabUIBHOIO CKOMbKEHUA
nouysbl No pabouen nosepxHocTy [6]. OgHakKo, Bonpockl 60-
po3foo6bpa3oBaHnA NofobHbIX pabounx opraHoB OCTaloTCA
Masiou3y4eHHbIMM.

Lenb uccnepoBaHui — packpbiTUe 3aKOHOMEPHOCTEN
6opo3a006pa3oBaHUA POTaLMOHHBIMM PaboynMM opraHamm
C PEXKYLUMMM HOXaMU, BbIMOSTHEHHBIMU MO IMMTUYECKOH
JIMHWW, K NAIOCKOCTM BPaLLeHnsa paboyero opraHa.

MATEPUAJIbI U METOAbI

[nAa onepauui TeXHONOrMYeCcKoro mpouecca noBepx-
HOCTHOM 06paboTKM MouBbl (MpeanoceBHOM U 06paboTKu
napa) NPMMEHSIOTCA MalUMHBI U OPYAMA, OCHALLEHHbIE nac-
CMBHbIMKM paboyMMK opraHamu, COBEpLUAIOLLMMM NPAMO-
NIMHENHOEe NOCTynaTeNbHoe ABUMKEHWE U POTaLMOHHBIMM
pabounMy opraHamu, COBepLUAIOLLMMM OJHOBPEMEHHO Mo-
cTynaTenbHoe 1 BpalaTtenbHoe ABuKeHue. OcHOBHbIE BUABI
MallMH U OpyaMI ONA NOBEepXHOCTHOW 06paboTKU NouBbl
npeacTaBneHbl Ha puc. 1.

MpennoceBHan o6paboTka NouBbl — OAWH U3 FNABHbLIX
U Haubonee 3¢¢EKTUBHLIX arpoOTEXHUYECKUX MPUEMOB
B 6bopbbe ¢ COpHOM pacTuUTenbHOCTbI0. [inA pe3ynbTaTme-
HoVi 60pb6bI C COpHAKaMM Ha riybuHy 3-5 cM HeobxoaMMo
NpoBOAMTbL NpefnoceBHylo 06paboTKy Ha 3agaHHyto riybu-
Hy, B TO BPeEMA KaK OpyAuA CO CTpenbyaTbiMu pabounmm
opraHamm crnocobHbl ycTOMYMBO paboTaTb NULWb Ha rAy-
6uHe He MeHee 8—10 cM B BMay OTCYTCTBMA NPOTUBOAAB-
nexus.

| MalwmHbl ¥ opyaua Ana noBepxXHOCTHOM 06paboTKM No4BbI |
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paboume opraHbl ana 6esoTBanbHol 06paboTKU NOUBbI

CTpenbyatbin KonbLieBoi pabounii
pabounit opraH (Kpotop) nareHt
opraH N¢ 2331178 C2 RU

QNCK C 3NIMNTUYECKNMM
UCNOJHUTENBHBIMU 3N1EMEHTaMM
nateHT N2 2057413 C1 RU

KonbLieBoii pabounii opraH
C aKTVBHBIM NPUBOSOM
K® TOO «HIL arpovHxeHepum»

M v

—_—

Puc. 1. Buabl MalMH 1 opyaui ona NoBepXHOCTHOM 06paboTKM NouBbI.

Fig. 1. Types of machines and tools for surface tillage.
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K ToMy e, cTpenbyatble paboume opraHbl b NOA-
pe3aloT COpHAKM, OCTaBNIAA KOPHW B C/10€ MOYBbI, MPU BCEM
3TOM NpUMKKMBAEMOCTb COPHAKOB COCTaBNAET MOpAQKa
10-12% [7]. BnpoueM, cTpenbyatble paboune opraHbl Xo-
POLLO CMpaBAAKTCA C 3afayel CO3[AaHUA BbIPOBHEHHOIO,
YNNoTHEHHOrO AHa 6opo3apl. Wx nessus nexar B ofHOW
MNOCKOCTW, U MOCTynaTeflbHOE [OBUMEHWEe obecneymBaeTt
nony4YeHWe poBHOro gHa 6opo3dbl. TeM He MeHee, B nep-
CMEKTUBE OCTAKTCA BOMPOCHI, CBA3aHHbIE C MOBbILIEHNEM
Ka4ecTBa CyLLECTBYIOLLMX arpoOTEXHUYECKMX npuemoB [8, 9.

B ycnoBuAX MmoBbILEHHON BIAXKHOCTM MOYBbI, CTPEfb-
yaTble pabouve opraHbl NOABEPKEHBI 3aMNAHMI0 MOYBON,
a Takwe 06BONaKMBaHWIO PacTUTENbHbIMKU OCTaTKaMM
W, KaK CNefCcTBuMe, pocTy TArOBOro conpoTusneHus. Benep-
CTBME 3TOr0 TpaKTopbl paboTakoT ¢ 60MbLIMM ByKCOBaHUEM,
TaK KaK noYBa B BECEHHUI NEPUOS HaX0[MTCA BO BNaXKHOM
COCTOIHUM U UMEET NJI0XMe CLEerHble KauecTsa.

[uckoBble paboumne opraHbl, MMeloLLMe bonbLIoe KoK-
YecTBO JOCTOMHCTB, HaX0MAT LUIMPOKOE NPUMEHEHUE B Ceflb-
CKOM X03AMCTBE BO MHOTUX CTpaHax Mupa.

B patonax ¢ noyBamm, noABepeHHLIMU BETPOBOM 3p0-
3WM, LUIMPOKO UCMONL3YIOTCA OPYAMSA C NPOPE3HLIMU NOBEPX-
HOCTAMM, T.€. C KoNbLIEBbIMM paboummu opraHamu. lpu pa-
boTe yKa3aHHbIX paboumx OpraHOB Yepe3 BbIpe3bl MeHay
0600M 1 CNMLLAMM NPOXOAAT NOYBA M PacTUTENbHbIE OCTaT-
Ku (puc. 2). MocnegHue paBHOMEpHO pacnpefenstTcs

Puc. 2. PoTaumoHHbIV paboumii opraH, peryLume ne3sus KOTopo-
0 BbIMNOIHEHBI N0 AIINNTUYECKON NMHUK: | — cTynuua, 2 — cnu-
L, 3 — peyLUMIA HOM; B — ron ataku paboyero opraHa, o, — yron
HaK/OHa peKyLLEero HoMa.

Fig. 2. Rotary working body equipped with the cutting blades
made along the elliptical line: 7 — a hub, 2 — a spoke, 3 — a cutting
blade, § — working body attack angle, o, — cutting blade inclination
angle.
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M0 NOBEPXHOCTM MOAIA M 3aLLMLLAIOT NOYBY OT BETPOBOM 3p0-
31K, Perkylume HOMM OaHHbIX paboumx opraHOB SBAAIOTCS
CMIOWHLIMY U UMeloT HOPMY YCEUEHHOM0 KPYr/ioro KoHyca.

PoTauuoHHbIA paboumnii opraH C peryLUMMK HOMaMM,
BbIMOMIHEHHBIMW 10 3MIMNTUYECKON NMHMM, pa3paboTaH
Ha OCHOBE KofbLieBOro paboyero opraHa no cregyiolemy
MPUHLMNY: PEFYLLWIA HOXK pa3fesieH Ha YacTu, Noy4eHHbIe
YaCTW HOMKEMN OTKNOHEHDI OT NJIOCKOCTY BPALLEHWA Ha Yron o
(cM. puc. 2).

TexHonornyeckuni npouecc 0bpaboTKM NOYBLI OCYLLECT-
BNAeTCA crefylowmM obpasoM. PoTauuoHHble pabouve
opraHbl, cobpaHHble B 6atapeun (cM. puc. 2), 3arnybnasch
B MOYBY 3a cyeT BpaLleHna oT BOM, obpabartbiBaioT, ocy-
LLIECTBNAA €e PbIX/IEHME M NoApe3aHMe COpHAKOB.

[na obecneyeHna nocToAHHOW rny6uHLI 06paboTKK Mx
PENYLLMM KPOMKaM NpuAanu 3naMnTuyeckyo ¢opmy. Pe-
HYLLME KPOMKM HOXKEN COBMALalOT C NOBEPXHOCTBIO LIMNNH-
[pa C A1aMeTpoM, paBHbIM JMaMeTpy KoslbLieBOro paboyero
opraHa. [laHHaA KOHCTpyKumA pabouyero opraHa cnocobct-
BYET 06eCneyeHn0 CKOMbKEHUA MOYBbI MO NOBEPXHOCTAM
PEKYLLNX HOMKEN.

TexHonornyeckumii npouecc paboTbl yKazaHHbIM pabounm
OpraHoM, criefyloLLWii: poTaLMoHHbIe paboune opraHbl ¢ pe-
WYLUMM N1IE3BUAMM, BbINOSHEHHBIMU MO 3IMMTUYECKOM
NUHUWK, cobupaloTca B HaTapeto, ycTaHaBNMBAIOTCA B OAWH
PAQ Mo YriioM aTaku 3 M MMEIoT aKTMBHbIN NPUBOL OT Bana
oTbopa MoLuHocTH TpakTopa. Mpu 3ToM, 3arnybnsasck B no-
4YBY Ha 3aflaHHyI0 rny6uHy, AaHHBIA Pabounin opraH pbIXauT
ee, 0AHOBPEMEHHO NMOApPe3an COPHAKMU U BIHOCA MX Ha Mo-
BepxHocTb nona [10].

Y nepBbIx ABYX TMMOB paboumx opraHoB Ha Mx paboumx
MOBEPXHOCTAX MPOMCXOAMT HanunaHue nouysbl, U GopMu-
PYlOTCSl MOYBEHHblE 06pa30BaHUA, KOTOpbIE BEOYT K yXya-
LWEHMI0 KayecTBa paboTbl M YBENIMUYEHWUIO SHEPrOEMKOCTM
06paboTKM NOYBI.

PE3YJIbTATbl U ObCYHKAEHUE

Bopo3poobpasoBaHue AUCKOBLIMM U KofbLieBbIMU pabo-
4MMK opraHamu. [JUCKOBbIN paboumnii opraH co CMOLWHOM
¥ NpOpe3HoM noBepxHocTAMM popmupyeT 6opo3ay, cxeMa
KOTOpOW NpeAcTaBnieHa Ha puc. 3, rae ocb OX xapakTtepu-
3yeT HanpaBnieHWe ABUMEeHWA noyBoobpabaTbiBatoLLero
arperara.

Owurypa AECD npepncTaBnaeT coboit napannenorpamMm
U BUL cBepxy Ha b6opo3gy, ¢popMupyeMylo OUCKOBbIMU
pabounMm opraHamu co CMIOLLIHOW M NPOpe3Hoii NoBepx-
HocTAMM. OTpe3ku AE u DC — 6oKoBble CTOPOHLI 6opo3abl,
napannenbHble HanpaBneHWI0 OBUMKEHWA arperata, a ux
A/MHa paBHa AnuHe obpabaTtbiBaeMoi 3aroHKu. B npouec-
ce paboTbl AUCK 0HOBPEMEHHO COBEpLUAET NOCTynaTesb-
HOe W BpalLaTesbHOe ABMMKEHMEe. 3a CYEeT 3TOro Kamian
TOYKA NIe3BUA LMKINYECKM 3arnybnAeTcA B NOYBY U Bbl-
rnybnAeTcA U3 Hee Mo ONpefeneHHON KPUBOMHEWHON
TpaekTopum afd. Ee dopMy ¢ HebONbLLOM MOrpeLIHOCTbIO
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Puc. 3. K ¢popmumpoBaHmio cxeMbl 6opo3fbl, 06pasyemoit potaum-
OHHbIMW pabouMMK OpraHaMm €O CTIIOLLHOM M KOMbLIEBOM NoBEpX-
HOCTAMM NpU BUAE CBEpPXY: @ — CXeMa; b — [AMCKOBbIVA pabounii
opraH B paboTe; ¢ — KonbLieBOM pabounin opraH B pabote.

Fig. 3. Formation of a diagram of the furrow made with rotary
working bodies with closed and annular surfaces at the top view:
a - a diagram; b — the disk-shaped working body in operation;
¢ — the annular working body in operation.

MOMHO CYMTaTb YacTbio anamnca. Mo Kpueow af npowuc-
X0AWT 3arnybneHune TOUKM Ne3BUA B NoyBY, a Mo fd — Bbl-
rnyénexue.

Karkgaa Touka MoBepxHOCTM e3BWA OUCKA [ABUraeTcA
B MoYBe N0 0AMHAKOBOW TpaeKTopuu. Bce TpaekTopuu Ha-
ymnHatoTcA no nMHum AE v 3asepuaiotca no OC. Otpe3ok AD
AIBNAETCA NPOEKLMEN TPAEKTOPUM TOUKM NE3BUA [MUCKa,
KOTOpan HauMHaeT o0bpabartbiBaThb NOYBY B HaYasne 3aroHKU.
Otpe3ok EC, npefcTaBnAeT NpOEKUMIO TPAEKTOPUM TOUKU
ne3BwA, 3aBepLUatoLLyto 06paboTKy NOYBbI B KOHLIE 3arOHKM.
3a cueT Npoxofa Bcex TOUEK f1e3BKA AMCKa B NoyBe GopMu-
pyeTcs 6oposga AECD [11].
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MonepeyHoe ceveHre boposabl (cM. puc. 3), npescrasnaet
coboit YacTb annunca. bonbluan ero nonyoch paBHa pagmycy
ancka R, a Manaa — R-sinf. bopo3aa xapakTtepu3syertca rny-
6uHOM h 1 WwupwmHon B. opMbl nonepeyHbIX cedeHmni bopo3g
3aBMWCAT OT KOHPUIypaLMmM KOHTYpa Ne3BUA AMCKA U OTKNO-
HEHWA NJIOCKOCTM BpaLLEHWA OUCKa 0T BepTUKanu. bopo3pa,
dopMupyeMan KonbLieBbIM (MPOpe3HbIM) pabounM opraHoM,
YaCTWUYHO 3aKpbIBAETCA NOYBOM M PaCTUTENbHBIMM OCTaTKaMM,
nepenycKaeMbIMU Yepes 0TBEPCTUA B paboyeM opraHe.

Bopo3foobpa3oBaHye poTaLMOHHLIM paboyunM opraHoMm,
PEeMyLLME HOXM (Ne3BWA) KOTOPOro BbIMOHEHbI MO 3MAMM-
TUYECKOM JIMHAM M HaKMOHEHbl K MJIOCKOCTU BPaLLEHUS:
Ha puc. 4a nokasaH Bup cBepxy Ha bopo3ay, dopMupyeMyio
OZHVM DEYLLIMM HOXOM 0T MOMEHTa 3arnybrieHus U 4o ero
nosiHoro Bbirnybnexua. benaa ctpenka ¢ HOMepoM onbiTa
MOKa3blBaeT HarpaBieHne MOCTYNaTeNbHOro ABUMKEHMA pa-
bouero opraHa. Otpesku AE” u DC’ npencTaBnAloT 60KoBble
CcTopoHbl 60po3abl AE’C’D v 0TKNOHEHBI OT HaNpaBEeHUs ABM-
eHuA. Ha puc. 4b npyBepeHo cxeMaTuyecKoe n3obpakeHne
BMOA CBepXy [aHHoW 6opo3gbl, MMetoLen dopMy napanne-
norpamma AE’C’D. Otpe3skn AE” n DC’ — 6OKOBbIE CTOPOHI
6opo3bl. OH1 napannenbHbl Apyr ApYry, paBHbl U OTKIOHEHDI
OT HanpaBneHWA OBMKEHWUA arperarta Ha yron &.

Ha puc. 5 npeactaBneHo nonepeyHoe ceyeHne 60po3fbl,
CPOPMMPOBAHHOW [BYMA CMEMHBIMU PEXHYLLMMU HOMAMM.
boposga nonyyeHa B pesynbTate GU3NYECKOro MOLENNPO-
BaHWs paboTbl poTaLMoHHOro paboyero opraHa [12].

Bo BpeMsA paboTbl peyLumMe HOMKM NonepeMeHHo 3ary-
bnAl0TCA B NoyYBY M BbIFNY6NAI0TCA U3 Hee. Ha nessum ogHo-
r0 HOXKa BbIAENIM NepeHIol TOUKY, KOTOpaA HauMHaeT 06-
paboTry nouBbl. OHa 3arnybnAeTcA B NouBy U BbIrnybnAeTcs
U3 Hee MO KPUBONMHENHOMW TpaekTopuu a’f’d’. Ee dopma
M napaMeTpbl MOEHTUYHbI TpaeKkTopumn afd, no Kotopoin
B MOYBE [BMIalOTCA TOUKM NIE3BMA OUCKOBLIX paboumx op-
raHoOB CO CM/IOLUHOM U NPOPE3HOI noBepxHOCTAMK. Kaxpdan

Puc. 4. Bup cBepxy Ha 6opo3ay, GopMMpyeMyio poTaLMOHHBIM PaboyumM OpraHoM, PEMYLLME HOMM KOTOPOTO BbIMOMHEHbI MO 3MAMNTH-
YECKOM NIMHWM U HaKJIOHEHbI K MIOCKOCTW BpalleHus: a — 06LmMiA BUa; b — cxeMa.
Fig. 4. Top view of the furrow formed with a rotary working body equipped with the cutting blades made along the elliptical line and

inclined to the rotation plane: a — general view, b — a diagram.
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Puc. 5. lNonepeyHoe ceveHne 6opo3abl, ChOPMMPOBaHHOM ABYMA
CMEMHBIMU PEYLLIMMU HOMaMM, BbINOSHEHHBIMM MO 3NIUNTUYe-
CKOM JIMHUM.

Fig. 5. Cross-section of the furrow formed with two neighboring
cutting blades made along the elliptical line.

@J’ 0A M

Puc. 6. Bug cepxy Ha 6opo3gy A/1A COCTaBAEHWUA CXEMbI K Onpe-
LENeHWIo WMpUHbI 6opo3abl, 00pasyeMoi PeryLUM HOMOM
pOTaLMOHHOr0 paboyero opraHa, BbINONHEHHOrO MO ANUMTUYE-
CKOW NIMHUK: a — 0bLwmiA BUA; b — cxeMa.

Fig. 6. Top view of the furrow for drawing up a diagram
for determining the width of the furrow formed with the cutting
blade of the rotary working body, made along the elliptical line:
a - general view, b — a diagram.

DAl: https://doi.org/10.17816/0321-4443-188660
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TOYKa Ne3BMA OBUraeTCcA B MOYBE MO TaKOW TPAEKTOPUMK.
TpaeKTopMK OBUMKEHUA HAUYMHAKTCA MO NMHMKM AE” 1 3a-
BepLuaiotcA no — OC”. Otpe3ok AD ABnAeTcA NpoeKuuen Tpa-
EKTOpPUW NepefHen TOUKM Ne3BUA HOMKa, KOTOPaA HauMHaeT
obpabatbiBatb nousy. OTpesok E’C’ AaBnAeTCA npoekumen
TPaeKTOpUM ABUMEHWUA B MOYBE HA FOPU30HTANbHYIO Mo-
CKOCTb KpaWHel TOYKM Ne3BUS HOXKa, 3aBeplualoLein o6-
paboTky nousbl. TakuM 06pa3oM, TOUKU NIE3BUIA BCEX TPeX
TMNOB [OMCKOBbLIX paboynx OpraHoB, ABMralTCA B NouBe
Mo COBEPLUEHHO OAMHAKOBbIM TPAEKTOPUAM.

Otpe3kn AD wn E’C’ paBHbl, mapannesbHbl U OTKNO-
HeHbl OT HanpaBNIEHWA OBUMEHWUA Ha yron vy. YKasaHHoe
CBUAETENLCTBYET O TOM, YTO YrNibl Y ANA BCEX TPEX TUMOB
pabounx opraHoB paBHbl. [lonepeyHoe ceveHve 6opo3abl
m’t’n’ (cM. puc. 4b) npefcraBnsAeT cobow YacTb anamnca.
Ero 6onbluan nonyock paBHa paguycy Aucka R, a Manas —
R-sinfB-sin(y—&)/siny. Inybuxa 6opo3abl pasHa h, a wm-
puHa — B’. CxeMbl 60po3f, npuBefeHHble Ha puc. 3 1 4,
coBmecTuM no otpe3sky AD (puc. 6) [12].

13 puc. 6 cnemyer, uto WmprHa 6opo3abl B, dopmupye-
MOV POTaLMOHHBIM PpaboynM OpraHoM C peXyLLUMM HOMKa-
MW, BbINOSTHEHHBIMU MO 3/IMNTUYECKON JIMHUN.

06wmit BUL 60po3fabl, 06pa3yeMo PEMHYLLMM HOMOM
poTaLMOHHOro paboyero opraHa, BbINOSHEHHOTO MO 3ANWN-
TWUYECKOW NUHUK, NPeacTaBneH Ha puc. 7. OHa npeacTaena-
eT c0601 KpUBONMHENHYIO NPOCTPAHCTBEHHYIO NOBEPXHOCTb.
MpogonbHaa cTopoHa 60po3Abl OTKIOHEHA OT HanpaBneHUA
LBUKeHNUA nog yriom &.

[Ho 60po3Abl, 06pa3yeMoe peryLLMM HOXOM pPOTaLMOH-
Horo pabouero opraHa, npefcTaBnseT xenob. OHo popmu-
PYeTCA 3a CYET OABUMKEHUA KA [ON TOUKM PEMKYLLEr0 HOMa
B MoYBe.

Puc. 7. 06wmit Bua 6opo3abl, 06pasyemMoii pexyLumuM HoXKOM
POTaLMOHHOr0 paboyero opraHa, BbIMOSHEHHOMO MO MIUNTUYE-
CKOW IUHUN.

Fig. 7. General view of the furrow formed with the cutting blade
of the rotary working body, made along the elliptical line.




3KOHOMIKA, OPTAHMSALYA
N TEXHONOM /A TIPOM3BOACTBA

TakuM obpasoM, npu oamHakoBon rnybuHe obpaboT-
K1 MOYBbI PEMYLLMIA HOX POTaLMOHHOr0 paboyero opraHa
C PEXYLUMMM HOMaMMU, BbINOSHEHHBIMW N0 3MMMTUYECKOM
NIVHWW W YINOM HaKMoHa Ko JHy 6opo3abl, opmupyet 6o-
o3[y MeHbLUEN LUMPUHBI, YeM CMJIOWHbIE U MPOpe3Hble
[ICKOBble paboune opraHbi.

BbIBOAbI

1. TexHonormueckui npowecc 60po3aoobpasoBaHmA perky-
MM HOMOM pOTaLMOHHOrO0 paboyero opraHa, BbiNon-
HEHHOrO MO 3MIMNTUYECKON JIMHUM, XapaKTepu3yeTcA
nocnefoBaTenbHbIM 3arnybneHnemM U BbIrnybneHeM
BCEX TOYEK PEMYLLEro HOMXa.

2. Mpoekunsa 60po3abl Ha FOPU30OHTANbHYIO NNOCKOCTb
npeacTaBnseT napanjenorpaMM, a ee nonepevHoe ce-
YeHWe UMeeT GopMy YacTu amnca.

3. PexkylwiMe HOMM poTaLMOHHOro pabouero opraHa,
BbIMOSTHEHHDIE N0 AMIMMTUHYECKON IMHUK, 06pa3yIoT KOpOT-
KMe, Y3KWe W, OTKIIOHEHHbIE OT HaMpaBfeHWA OBUHKEHNA,
6opo3abl, B Npefenax LMpKUHbI 3axBaTa paboyero opraHa.

NOMO/THATEJIbHO

Bknap aBtopoB. O.A. bBeHiox — mnouck nybnuka-
UM Mo TeMe CTaTbM, YTBEPH[EHME (UHANBHOWM Bepcuw;

CMUCOK JIUTEPATYPbI

1. TOCT 16265-89. 3emnegenue. TepMuHbl 1 onpedenexna. M.:
V13g-Bo craHgaptos, 1991,

2. Vozka P. Comparison of alternative tillage systems [MSc Thesis]
Silsoe: Cranfield University, 2007.

3. Martent PK N2 7009 / 17.01.2022 Bion. N2 15. Beniox 0.A. uc-
KoBOe NMo4Bo0bpabaThIBaloLLEee opyaue.

4. Amantayev M., Gaifullin G., Kushnir V., et al. Soil body formation
in front of the rotary tillage tools // Biosciences, Biotechnology
Research Asia. 2016. Vol. 13, N° 4. P. 1983-1988.

5. Hettiaratchi D. The soil contact zones of concave agricultural
disc. Part 1. Theoretical analysis // J. Agric. Engng. Res. 1997.
P. 113-125.

6. Tartent PK N23772 / 26.10.2018. Bion. Ne 40. Fandynnmu .3,
AmaHTae M.A., KpaBueHko P./., n gp. Paboumin opraH ans obpa-
6OTKM NOYBBI.

7. NewneB 10.B. 06ocHOBaHWMe NapaMeTPOB KOMbLEBOr0 pa-
boyero opraHa opyauA OnA MOBEPXHOCTHOW 06paboTKM MouBb:
OWNC. ... KaHA. TexH. HayK. KoctaHaw, 2009.

REFERENCES

1. GOST 16265-89. Agriculture. Terms and Definitions. Moscow:
lzd-vo standartov; 1991. (in Russ.)

2. Vozka P. Comparison of alternative tillage systems [MSc Thesis]
Silsoe: Cranfield University; 2007.

3. Patent KAZ N° 7009 / 17.01.2022 Byul. N° 15. Benyukh OA.
Diskovoe pochvoobrabatyvayushchee orudie.

Tom 90, N2 2, 2023

DAI: https://doi.org/10.17816/0321-4443-188660

TpaHTODbI 1 CENTbXO3MalLMHBbI

P./\. KpaByeHKo — pedaKTMpoBaHMe TEeKCTa pyKonmcK, co3-
[aHve v306parkeHnin. ABTOpbI MOATBEPHOAIOT COOTBETCTBME
CBOEr0 aBTOPCTBA MerAyHapoAHbIM Kputepuam [CMJE (Bce
aBTOPbl BHEC/W CYLLIECTBEHHbIN BKNag B pa3paboTKy KoHLen-
Lmw, NpoBeeHMe UCCNef0BaHMA U MOArOTOBKY CTaTb, NPOY-
M 1 ogobpuny GrHanbHylo Bepcyio neped nybamkauuen).

KoHnuKT nHTepecoB. ABTOpLI AeKNapupyIoT OTCYTCTBKE
ABHBIX 1 NOTEHLMANbHBIX KOHBIMKTOB MHTEPECOB, CBA3aHHBIX
C Ny6nMKaLMeN HaCTOALLIEN CTaTbM.

MUcTouHMK  ¢uHaHcMpoBaHMA. ABTOpbl  3aABNAIT
06 OTCYTCTBUM BHELLHEr0 GMHAHCUPOBaHWA NPy NPOBELEHNN
“ccnefoBaHuA.

ADDITIONAL INFORMATION

Authors’ contribution. 0.A. Benyukh — search for
publications, approval of the final version; R.. Kravchenko —
editing the text of the manuscript, creating images. Authors
made a substantial contribution to the conception of the work,
acquisition, analysis, interpretation of data for the work, drafting
and revising the work, final approval of the version to be published
and agree to be accountable for all aspects of the work.

Competing interests. The authors declare that they have
no competing interests.

Funding source. This study was not supported by any
external sources of funding.

8. TareHT PKN® 6167 / 17.04.2022. Bron. N° 8. bentox 0.A. Kynbtu-
BaTOp-TNyHOKOPLIXUTEN.

9. KywHup BT, Bertox 0.A. YcoBepLUEHCTBOBAHHBIA paboumit
OpraH KynbTuBatopa // TpaKTopbl U cenbxo3Matumtbl. 2013. T. 80,
N 3. C. 8-9. doi: 10.17816/0321-4443-65824

10. Fandynnmu 3., KpaeueHko P.M., AMaHTaeB M.A. ToBblilweHMe
KayecTBa 06pabOoTKM NOYUBLI POTALWOHHBIMM paboumMm opraHamu //
MHoronpodmnbHbIA Hay4HbIM HypHan KoctaHalcKkoro rocynap-
CTBEHHOrO YHMBepcuTeTa M. A. baiTypcbiHoBa «3i: intellect, idea,
innovation — UHTENNEKT, naes, HHoaumar. 2019. N2 2. C. 44-51.
11. KoHcTaHTtHoB MM, Tandynnuu I.3., KywHup B.I'., n gp. O6o-
CHOBaHWE 3aKOHOMEPHOCTEN M3MEHEHUA KOMMYECTBA HOMEW aK-
TMBHOMO POTaLMOHHOro pabayero opraHa AnA 06paboTkK nouBkl //
N3BecTva OpeHbyprckoro rocygapcTBeHHOro yHmBepcuteTa. 2017.
N2 5(67). C. 109-112.

12. Amantayev M., Gaifullin G., Kravchenko R., et al. Investigation
of the furrow formation by the disc tillage tools // Bulgarian Journal
of Agricultural Science. 2018. Vol. 24, N2 4. P. 704-709.

4. Amantayev M, Gaifullin G, Kushnir V, et al. Soil body formation
in front of the rotary tillage tools. Biosciences, Biotechnology
Research Asia. 2016;13(4):1983-1988.

5. Hettiaratchi D. The soil contact zones of concave agricultural
disc. Part 1. Theoretical analysis. J. Agric. Engng. Res.
1997:113-125.

185



186

ECONGMICS, ORGANIZATION
AND TECHNOLOGY OF MANUFACTURING

6. Patent KAZ Ne3772 / 26.10.2018. Byul. N° 40. Gayfullin GZ,
Amantaev MA, Kravchenko RI, et al. Rabochiy organ dlya obrabotki
pochvy.

7. Lezhnev YuV. Obosnovanie parametrov koltsevogo rabochego
organa orudiya dlya poverkh-nostnoy obrabotki pochvy
[dissertation] Kostanay; 2009.

8. Patent KAZ N2 6167 / 17.04.2022. Byul. N° 8. Benyukh OA.
Kultivator-glubokorykhlitel.

9. Kushnir VG, Benyukh OA. Improved
working  body of the cultivator. Tractors and
agricultural  machinery.  2013;80(3):8-9. (in  Russ.)

doi: 10.17816/0321-4443-65824

0b ABTOPAX

* beHlox Oner AHaTonbeBuu,

[OLEHT, KaH[. TEXH. HayK,

npodeccop Kadeapbl MalLMH, TPAaKTOPOB 1 aBTOMobUEw;
appec: Pecnybnuka KasaxcraH, 110000, KoctaHan,

yn. A. banTypcelHoBa, 4. 47;

ORCID: https://orcid.org/0009-0002-1905-9224;

eLibrary SPIN: 7169-4424;

e-mail: beolan@mail.ru

KpaBueHKko Pycnan UBaHoBuy,

noktop PhD,

11.0. aCCOLMMPOBAHHOM0 Npodeccopa Kadeapsl MaLLNH,
TPaKTOPOB 1 aBTOMOBMNEN;

ORCID: https://orcid.org/0009-0007-7456-9901;
eLibrary SPIN: 8479-4468;

e-mail: ruslan_kravchenko_15@mail.ru

* ABTOp, OTBETCTBEHHBINA 33 NEpPenmncKy

Vol. 90 (2) 2023

DAl: https://doi.org/10.17816/0321-4443-188660

Tractors and Agricultural Machinery

10. Gaifullin GZ, Kravchenko RI, Amantaev MA. Improving
the quality of tillage with rotary working bodies. Mnogoprofilnyy
nauchnyy zhurnal Kostanayskogo gosudarstvennogo universiteta
im. A. Baytursynova «3i: intellect, idea, innovation — intellekt, ideya,
innovatsiya». 2019;2:44-51.

11. Konstantinov MM, Gaifullin GZ, Kushnir VG, et al. Substantiation
of regularities of changes in the number of knives of an active
rotary working body for tillage. lzvestiya Orenburgskogo
gosudarstvennogo universiteta. 2017;5(67):109-112. (in Russ.)
12. Amantayev M, Gaifullin G, Kravchenko R, et al. Investigation
of the furrow formation by the disc tillage tools. Bulgarian Journal
of Agricultural Science. 2018;24(4):704-709.

AUTHORS’ INFO

* Oleg A. Benyukh,

Associate Professor, Cand. Sci. (Tech.),

Professor of the Machines, Tractors

and Automobiles Department;

address: 47 Baitursynov Street, 110000 Kostanay, Kazakhstan
ORCID: https://orcid.org/0009-0002-1905-9224;

eLibrary SPIN: 7169-4424;

e-mail: beolan®mail.ru

Ruslan I. Kravchenko,

PhD,

Acting Associate Professor of the Machines,
Tractors and Automobiles Department;

ORCID: https://orcid.org/0009-0007-7456-9901;
eLibrary SPIN: 8479-4468;

e-mail: ruslan_kravchenko_15@mail.ru

* Corresponding author



https://orcid.org/0009-0002-1905-9224
mailto:beolan@mail.ru
https://orcid.org/0009-0007-7456-9901
https://orcid.org/0009-0002-1905-9224
mailto:beolan@mail.ru
https://orcid.org/0009-0007-7456-9901

