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Pedepar. B mouBoo6pabaThIBAIOIINX MAIIMHAX IIMPOKO UCTIONB3YIOT JUCKOBBIE CheprIecKue paboure opraHsl, KOTOpPhIE
CITyXKaT 3JIEMEHTHO! 02301 KOMOMHIPOBAHHBIX arPeraToB M IUCKOBBIX OOPOH, B TOM YHCIIE MHOTOPSITHBIX C IUCKAMU HA
WHIMBUIYAIbHBIX cToMKax. Opyaus MPUMEHSIOT MPH BHIOIHEHUH TPAAULIMOHHON TEXHOJOTHH HA OCHOBE OTBAIBHON
BCIAIIKU TIPU MENKOH 00paboTke Mocie Mo31HO YOpaHHBIX MPEAIIEeCTBEHHIKOB, HAITPUMED, KYKYPY3bl, OICOTHEUHHKA,
a Taxxe B TexHoJorusax NO-TIL. (I]ens uccnedosanus) O60CHOBATH pa3MeleHne pabovInx OpPraHoB Ha paMe JTUCKOBON
00poHBI, 0becreunBarolee yMEHbIIEHIE He0OX0IMMOTO KOJIMYECTBA JUCKOB U MOBBIIIEHUE KaUeCTBa 00PaOOTKH TOYBHI.
(Mamepuanvt u MemoOsr) BEIOTHUIN aHATTM3 Pa3MEIIEHHsT TICKOBBIX paboYnuX OPraHoB OOPOHBI M BBISBIIIN HX PAIHO-
HaJIbHOE PACIIONIOKEHNE U B3ANMHYIO OPHUEHTAINIO B PSaX, YBENMUMBAIONINE IUPHHY 00pabOTKM CMEXHBIX MOIIOC MO-
YBBI, YIYUIIAOMINE TIOTHOTY MOAPE3aHNS U PHIXJICHNS IUTACTA 110 BCEH MMpPUHE 3aXBaTa IPU YMEHBIIIEHUH HEOOXOUMOTO
KOJIMYECTBA AUCKOB. (Pesyrsmamsl u 00cyxcoenue) YCTAaHOBIIN TaKOe B3aMMHOE pa3MelleHne IMCKOB B UX psaax, Mpu
KOTOPOM YJIy4IIAETCs CABUT [TOYBBI, MOBBIIAETCS KOIMYECTBO MONOCOK, 00PabaThIBAEMbIX B CBAJT CMEKHBIMU TUCKAMH.
[Mokazamm, 4To pasMenieHre pabourx OPraHOB MOCIEAYIOMETo PSAaa ¢ YUYETOM OPHEHTAIIMH CMEXHBIX TUCKOB MPEIbITY-
IIETO MO3BOJISET MPH MOJIHOM TOAPE3aHUH MOYBHI [0 BCEl MIMPHHE 3aXBaTa IUCKOBOW OOPOHBI 3KOHOMUTH OJIMH pabodmit
opras Ha xaxpie 400 MITUMETPOB MIUPUHBI e¢ 3aXBaTa. (Bvigodsr) BeIsBIIHM, 4TO IpU 00pabOTKE MOUBBI AUCKOM C HEpe-
MEIIIEHNEM €€ B CTOPOHY yKe 00pab0TaHHO! CMEKHOM TOTOCHI TEXHOJIOTHYecKas IMPHHA 3aXBATa IMCKA YBEINUNBALTCS
3a CUeT MPOSBIICHHS Ie)OPMAIIU OTPHIBA U CABHUIA OYBBL. [1peyIoxKMIN MOPSAIOK PACIONIOkKEH!s CHEPUUCCKUX TUCKOB U
WX B3aUMHYI0 OPHUEHTAIIHIO, OBBIMIAIONIHE Ka4eCTBO 0OPaOOTKY MOUBHI, OJHOTY MOAPE3aHNS M0 BCEH IMMPUHE 3aXBaTa,
a TaKXKe BO3MOXXHOCTh YMEHBILIEHUS UX KOJIMYECTBA.

KuroueBbie cioBa: 06paboTKa MOUBHIL, AMCKOBAS OOPOHA, pa3MeIeHNE TMCKOB, COKPAIIEHHE KOTMYECTBA TUCKOB, OTHOTA
MOJIPE3aHNS TTOUBBI.
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Abstract. Disk-type spherical working tools are widely used in soil-cultivating machines, where they serve as an element
base for combined units and disk harrows, including the multi-row ones with disks on individual racks. The tools are used
in the implementation of traditional technologies based on reversible plowing, with surface tillage after late-harvested
predecessors, for example, corn, sunflower, and also in NO-TIL technologies. (Research purpose) To determine the
arrangement of working tools on the disk harrow frame, which reduces the required number of disks and improves the
quality of soil cultivation. (Materials and methods) The authors have analyzed the arrangement of disk harrow working
tools and determined their rational arrangement and mutual positions in the rows, which increases the tillage width
between adjacent soil strips, thus improving the completeness of soil shearing and loosening over the entire operating
width with simultaneous decreasing of the required number of disks. (Results and discussion) The authors have determined
the interrelated arrangement of disks in their rows, aimed at improving soil shearing, so that the number of strips tilled
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into a ridge by adjacent disks increases. It has been shown that the arrangement of working tools of the consecutive row
determined by the orientation of the adjacent disks of the previous row, allows to economize one working tool for every 400
mm of its operating width when shearing the soil all the way across the entire width of the disk harrow. (Conclusions) It has
been established that when soil is tilled with a disk and moved toward the already processed adjacent strip, the technological
width of the disk coverage increases due to the deformation of soil tearing and shearing. The authors have proposed the
arrangement order of spherical disks and their mutual orientation, which improves the quality of soil cultivation, the
completeness of soil shearing along the entire operating width, and leads to a reduction in the number of disks.

Keywords: soil cultivation, disk harrow, disks arrangement, reduction of the number of disks, completeness of soil shearing.
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rpoTeXHUYecKue TpedboBaHUs K 00paboTKe Io-
YBBI JUCKOBBEIMH OOPOHAMU 3aBUCST OT €€ Ha-
3HAYECHUS: IPEIIOCEBHAS TIOCIIe OTBAIBLHOMN
BCHAILIKH, OCHOBHAS MeKas win Apyroe. [Ipu stom
Ba)KHelIIIee TpeboBaHME K TUCKOBOH OOpOHE — ITOJTHO-
Ta MOJPEe3aHus, CABUra IIOYBEHHOTO I1JIACTA 10 BCe
IIUPUHE ee 3aXBaTa. ITOMY TPEOOBAHUIO TOJIKHBI OT-
BeYaTh MHOTOPSITHBIE OOPOHBI C PPOHTATHHO PACIIO-
JIO’)KEHHBIMH TVICKAMU HA UHANBUIYAJIBHBIX CTOHKAX.
ITapameTpsl pa3MenieHNs JUCKOB B TAKUX OOpOHAX
MOAOMPAIOT DKCIEPUMEHTAIBHO. YBEIUYCHUE KOJIU-
YecTBa JUCKOB HAa SMMHUITY IITUPUHEI 3aXBaTa TOBBI-
[IaeT UX CTOUMOCTH 110 CPABHEHHIO C TPAIULIMOHHBI-
MU O0poHaMu GaTapelHOro THMa, yXyAIIaeT yCTO-
YUBOCTH UX PaOOTHI HA CHITBHO 3aCOPEHHBIX MOJISX.
LLENb NCCNEOOBAHUS — MOBBIIIIEHHUE KAYECTBA 00-
paboTKY ITOYBHI M YMEHBITICHIE HEOOXOTMMOTO KOJIH-
YeCcTBA AUCKOBBIX pabouUX OPraHOB 3a CUeT KOPPEK-
Y UX pa3MeIeHus Ha paMe OOPOHEL.
MaTePuAnbI n METOAbI. [Tpu paboTe IMI0CKOro AUC-
Ka C YIJIOM aTaKHu o I0YBa BOCIIPUHUMAET Aedopma-
IIATO COKATHS U CIIBUTA, @ OT KOHYCHOTO HJIH cpeprye-
CKOT'0 TUCKAa, OTKJIOHEHHOTO OT BEPTUKAIBHOH ILJIO-
CKOCTH TIOJT YTJIOM f3, — mepopMaIiiio OTphIBa U CIABU-
ra. [1pu aToM obGiteryaeTcs mogbeM IiacTa BBEPX 1O
ceprueckoMy UM KOHYCHOMY TUCKY. OTACITBbHBIN
JTUCK, KaK MTPaBUIIO, PBIXJIUT MOHOJIUTHYIO ITOYBY TOJb-
KO Ha IIMPUHY BbIPE3aeMOii B HEel TIOJIOCHI CEYCHUEM B
BH/JIE CErMEHTA JJLIHTICA C XOPIOH Ha yPOBHE MOBEPX-
HocTu nouBsl (puc. 1) [1-3]. OnHako 6OKOBBIE HATIPS-
JKEHUSI OTPBIBA U CABUTA, CO3aBAEMbIe JUCKOM, MO-
T'YT pa3pylINTh JOMOTHUTENBHYIO ITOJIOCKY ITOYBHI, 00-
Pa30BaHHYIO BIIEPEIH UIYIIIUM THUCKOM MEXTY oOpa-
GaTpIBaeMoii 1 yxe 00paboTaHHON OYBOW [4, 5].
J1Ha 371eMeHTOB CTPYKKH, 00pa3yIoluXcs B pe-
3yJIbTaTe OTPBIBA M CIIBUTA, 3aBUCUT OT I PUHEBI ITOY-
BEHHOU ITOJIOCKH MEXY IOJIOCOU, BBIPE3aHHOMN JUC-
KOM B MOHOJIUTE, ¥ IIOYBOM CO CTPYKTYPOU, HAPYIIEH-
HOU BIIEpeIN UAYIINM JUCKOM, 00pabaThIBAIOIIUM
CMEXHYIO TIOJIOCY. DTa JJIUHA HOJIXKHA ObITh MEHbIIIE
CpenHel JIMHBI CTPYXKKH, TaK KaK JTUCK JIBIKETCS B
MPOJOJIBHOM HaIlpaBJIEHUH, a GOKOBOE pa3pylleHUe
JIOTIOJTHUTETLHOM TTOJIOCKH TTOYBHI ITPOUCXOIUT TOJIb-
KO B pe3yJIbTaTe BpEMEHHOT'O JeUCTBHS HOPMAJIbHBIX
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Puc. 1. @opma svipesa nousvl u3 MOHOIUMA Cepuveckum ouc-
KOM ¢ Y2NIOM amaxu o. U Y2JioM HAKJIOHA Om 6ePMUKAIbHOU No-
sepxnocmu B (e — enyouna oopabomku)

Fig. 1. The profile of the soil cut out of a monolith with a spherical
(concave) disk with an approach angle a and inclination angle
B(eis the depth of treatment)

HaNpsDKEHUH Ha CTEHKY MEPErOpOAKY 10 0Opa3oBa-
HUSI IEPBOTO 3JIEMEHTA CTPYKKU B OOKOBOM HaIlpaB-
neHuu (puc. 2) [5, 14].

IIupuHa JONOTHUTETLHO 06pabOTaAHHOM TOUBBI
The width of additionally cultivated soil strip

He o6paborano
Not cultivated

Tlousa ¢ npeBapuTENLHO
HapyIIEHHON CTPYKTYpoit
Soil with pre-fractured structure

JlvHust OTPBIBA M CABHTA MOYBBI
Line of soil shearing and shifting

Puc. 2. Veenuuenue wiupunvi obpadbamuiéaemoi OUCKOM NoJo-
Cbl 3a cHem ompwléa U cO8U2A MedHCOy NONOCAMU BbIPE3AeMOll U
63PbIXICHHOI NOYEHL

Fig. 2. An increase in the width of the strip tilled by the disk due
to tearing and shearing between the strips of tilled and already
cultivated soil

Taxum 00pa3oM, iBa IUCKA, PACIIOIOKEHHBIX OJTUH
3a APYTUM B Pa3HBIX psax, 00padaTeIBAIOT CMEKHBIE
MOJIOCKY MTOYBHI, ITPU 3TOM BTOPOI TUCK 0OpadaThiBa-
€T ITOYBY B CBAJI UJIKM OTBAJIMBACT ITIOYBY B TY K€ CTO-
POHY, UTO U NiepBbIit. Toraa npu ogMHAKOBBIX Tapame-
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Tpax 000UX AMCKOB BTOPOU MOXKET 00pabaThIBaTh IT0Y-
BY OOJIBIIIEH IIIMPUHBI, UEM MTEPBBIiA, HA BEIMUUHY JIJTU-
HBI OJTHOH CTpYXKH. [ITnHa ogHOTO ee hparmMeHTa 3a-
BUCHUT OT THUIIA U CTPYKTYPHI TIOUBBI, €€ BIAXXHOCTH,
TBEPAOCTH, HAJTUUUS KOPHEBBIX OCTATKOB, PEKUMOB
paboThI M MapaMeTPOB JUCKOBOTO Opyaus (TIIyOUHBI
00paboTKH, CKOPOCTH arperara, yrioB aTakKHu U HAKJIO-
Ha JIMCKa), 3HAYEHU T KOTOPHIX MEHSIIOTCS Ha OTHOM H
TOM e IT0JIe U HOCAT CIy4aiHbIi XapakTep [6, 7).

s yTOYHEeHH s MOMIpaBoOYHOTO KO3(pdumueHTa
IUTAHUPYEMOM IITMPUHBI 3aXBaTa IUCKOB B 3aBUCUMO-
CTH OT MX PACITOJIOKEHMSI OTHOCUTEIIBHO CMEXHBIX I1e-
PEIHUX IPOBEITH IKCIIEPUMEHTAIBHBIE HCCIIEOBAHUS
U peKOMEHIOBaJIU PAIlMOHATIBHOE pa3MenieHne pabo-
YUX OPTaHOB.

PE3YNbTATBI M OBCYXIEHME. JICKOBBIE OOPOHBI C
WHAMBUAYAIBHBIM KPEIJIEHHEM K paMe pabodux op-
TaHOB, HECMOTPS Ha MaJIoe MEeXyClIeue JUCKOB, Ha
IJIOTHOM MOYBE OCTABISIOT HEOOpabOTaHHBIE MOJIO-
ckH [8, 9]. DTo pe3yabTaT HEMPABUIBHOTO pa3Mellie-
Hus pabouux opraHoB Ha pame. lllupunHa monocsl b,
00pabaThIBaeMO OTIENBHO YCTAHOBIEHHBIM TUCKOM,
paBHa:

b= \/4eIl sin? 0(2Rcos B—ey) cos? B, D
Te e, — arpOTEeXHUYECKH IOMyCTUMASI BRICOTA MTPO-
JTOJIBHOTO TpebHs1, 00pa3yIoNIerocs Mex 1y CMEKHBI-
MU IIPOXOAAMU ABYX ITUCKOB; R — paamyc AUCKa; o —
YTOJI aTaK! TUCKA; ff — yTOJl HAKJIOHA JUCKA.

Ha pucynke 3a nokazaH ¢pparMeHT TEXHOJIOTHYE-
CKOM CXeMbI OOJTBIMTUHCTBA (PPOHTATHEHEIX MHOTOPSIA-
HBIX JJUCKOBBIX OOPOH C UHIUBHUIYaIbHBIM KPETUICHU-
eM pabounx OpraHoB U BAPUAHTHI B3aMMHOT'O PACIIO-
JIOXKEHU s Tap paboYux OpraHoB, 00padaThIBAIOIINX
CMEXXHBIE TIOJIOCHI MOYBHI (mapsl 1-2, 2-4, 3-4 1 1-3). Xa-
paKTepHON UX 0COOEHHOCTBIO SIBJISETCS TO, YTO JIUITH
B ogHOH nape (3-4), pacnoIoKeHHBIH ¢3aIH TUCK OT-
PBIBAET U CIBUTAET ITOYBY B CTOPOHY OOPO3IBI, OTKPHI-
TOH BIIEpEIH PACIIONIOKEHHBIM JICKOM 3TOM XK€ Maphl.
Takyro napy Ha3oBeM 3¢pdexTuBHON. B mpenmaraemoit
HaM¥ TEXHOJIOTMTYECKOH cXeMe pa3MelIeHns pabounx
opraHoB (puc. 3b) Tpu 3¢ dekTuBHBIX mapsr (1-4, 2-3,
1-2) u onna HeadpexTuBHas — (3-4).

Pe3ynbraThl IPOBEIEHHBIX PACYETOB U IKCIIEPH-
MEHTAJIbHBIX UCCIICIOBAHUN MOKA3aJIH, YTO MIPHU yCTa-
HOBKE JVICKOB IamMeTpoM 560 MM Ha paCCTOSTHUU APYT
oT aApyra 400 MM B onHOM psiay 1o cxeme (1-4-3-2) Tex-
HOJIOTMYECKas M pUHA 3axBaTa 3(PpPEeKTUBHBIX ITap
JIMCKOB yBEJIMYIIIACH B cpeHeM Ha 50%.

IMupuna 3axBata 3¢(HEeKTUBHBIX AP OMpPeEIeIIseT-
sl BBIpa)KEeHHEM:

b= k\/4en sin? (2R cosff—ey) cos B, )

rae k — K03 HUIUECHT YBeTUUEHUS IMUPUHEI 0Opaba-
THIBAEMOH ITOJIOCHL.
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Hanpaenenue mBxeHna
Direction of movement

Hanpasnenne aprxenna
Direction of movement

a : b

Puc. 3. Opazmenmybl mexHONOZULECKUX CXeM OUCKOBbIX OOPOH:

¢ YoM amaxu OUCKO8, NPOMUBONONIONCHBIM Y2ily amdaKu 6 npe-
ov10yujem psoy (a), u ¢ 06pabomkoii noussl 8 pesyivmame ee de-
Gopmayuu ompuiea uau cosuea (b)

Fig. 3. Fragments of the technological schemes of disk harrows:
with the approaching angle, the disks opposite to the approaching
angle in the previous row (a), and with the soil tillage as a result
of its tear or shear deformation (b)

Iupuna 3axBata Ooblie, 4eM y OOBIYHBIX HEI(-
(heKTUBHBIX Map, ¥ 3aBUCUT OT ITOYBEHHBIX YCIIOBUM U
nmapameTpoB auckoB [10-12]. Ecniu TexHomornueckas
mupuHa b-TIOI0CH], 00padbaTeIBa€MO B MOHOJIUTE,
paBHa 80 MM, TO ¢ y4E€TOM OTPbIBA UJIU CABUTA B I1O-
MIEPEYHYI0 CTOPOHY Mapa JUCKOB OyaeT 00pabaThIBaTh
nonocy mupuHoi 100-130 My, To ects mmpe Ha 20-50
MM. 1151 MOTHOTO MOAPEe3aHuU sl TOUBBI IO BCEl LIMpU-
He 4-psaHON TUCKOBOW OOPOHON YETBIPEXMETPOBOTO
3axBaTa joctaTouHo 32 nucka BmecTo 40. I1pu ux tpa-
JUITMOHHOM Pa3MENIeHUH MTOJTHOE MOAPe3aHue MOY-
BEHHOI'O IJIACTa HEAOCTUXUMO, a IIPU PEKOMEHIye-
MOM — 00€CIeYnBAETCSI MEHBIIUM KOJIMUYECTBOM JIHC-
koB [13].

BuiBogbl

1. Ilpu pasmerieHun paboOINX OPraHoOB HA TUCKO-
BBIX OOpOHaX HEOOXOUMO YUUTHIBATH 3aBUCUMOCTD
TEXHOJIOTUUECKON MIUPUHBI 00pabOTaHHON MTOJIOCH
KaX6IM pabOYMM OPTaHOM OT B3aUMHOT'O PAcCITOJIO-
JKeHU S TApbl JUCKOB, 00pa0aThIBAIOLIUX CMEXHBIE ITO-
JIOCKH TTOYBBI.

2. ITpu 06paboOTKe MOYBHI TUCKOM C TIEpEMEIeHH-
€M €€ B CTOPOHY yXKe 00paboTaHHOI CMEXHOH OJI0-
CKM IIMPUHA 3aXBaTa JUcKa yBenuuyuBaetcs B 1,3-1,7
pasa3acuet nposiBiieHHs JeopMaluy OTPhIBa U CIBU-
ra TOYBHIL.

3. JJ1st LIMPOKO pacpOCTPAHEHHBIX 4-psIHBIX JUC-
KOBBIX OOPOH ¢ IUCKaMU AuaMeTpoM S60 MM IIpH yTIie
araku 18° yrie ux HakjioHa 10-11° konryecTBO TUCKOB
MO’KHO YMEHBIIUTH Ha 20%.
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