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Pedepar. Obecnieuenre Ka4eCTBEHHOIO I0CEBA U PABHOMEPHOCTH BCXOHOB CEMSH 3aBHCHUT OT NPEINIOCEBHON MOATOTOBKH I10-
YBBI: pa3paBHUBAHMUS IOBEPXHOCTH MOJIEH, YILIOTHEHHS TOYBHI 0 TpeOyeMoii CTerieH! 1 00pa30BaHUs METKOKOMKOBATOTO MYJIb-
YHPYIONIETO CIIOS HA €€ TIOBEPXHOCTH. JIJI BBIONHEHHS THX OIEpanuii pa3paboTany BRIpaBHIBATEb-PEIXIATENS. (Llens uc-
cnedosanusi) OGOCHOBATh YINBI 3a0CTPEHUS, JIMHBI U IIUPHHBI MEXKIYCICIUS PEKYIIUX HOXKEH BBIPABHHBATEIS-PHIXIUATEISL.
(Mamepuanst u memoost) TIpoBeny TeopeTHYECKHE UCCIEAOBAHNS C IPUMEHEHHEM METOIOB BBICIICH MaTeMaTHKH U TEepeTHde-
ckoii Mmexanuku. [lonyunnn aHanuTHYecKue 3aBUCUMOCTH, ONPEENIONINE PALOHAIbHbIE 3HAYSHHUS YTl 3a0CTPEHUS PEKYLLIX
HOXeH M IMmpuHy ux Mexaycnenus. (Pesyniomamer u obcyscoenue) Tlokazanu, uto nepepHss 4acTh BEIPABHUBATENS YCTPAHSET
HEPOBHOCTH [OBEPXHOCTH I10YBBI, a 33HASA YacTh YIUIOTHAET. KoMKH, Haxo[siyecs Ha IOBEPXHOCTH T10YBbI, YACTHYHO U3MeEJIb-
YAIOTCS PeKYIIMMH HOKaMHU M YaCTHYHO BIABIMBAIOTCA B 0UBY. DOpMUpyeTCS MyIBUUPYIOLIME CI0H TONIIMHOM 4-6 caHTHMe-
TpoB. [IpuHsIM ATMHY HOXEH paBHOM TTyOMHE TOCeBa CEMsH XJomuaTHUKa. ONPENeNiin yroi 3a0CTPEHHS HOXKEH U3 YCIOBUS
OTCYTCTBUS CTPY)KMBAHUS IOYBHI NIEpe]] HUMH M UCKITIOUEHHS 3alIUIIaHus ee Ha ux paboueii moBepxHoCTH. (Bvi6o0sr) BeisBuiy,
4TO JUIs 00ECIIeyeHHs! KaueCTBEHHON TTOTOTOBKH TOYBHI K CEBY IIPH MHHUMAIIBHBIX 3aTpPaTax 3HEPrUU IOl 3a0CTPCHHUS PEXKY-
X HOXEH BBIPABHUBATEIS-PBIXJINTENS JOJDKEH OBITh B TIpeesax 54-66 rpamgycoB. YUHTBIBas, YTO BRIPABHUBATEIb-PHIXIHTENh
TPUMEHSIOT B OCHOBHOM IIPU MOATOTOBKE TIOYBHI MOJ] TI0CEB XJIOMYATHHUKA, a 3a/IENIKy CEMSIH XJIOMYaTHUKA IPOBOAAT Ha TIYOHHY
4-6 caHTUMETPOB, TIPSO TIPUHATH JJIMHY HOXKEH PaBHOM 5 caHTHMETpaM. Paccuutani, 4To MUpHHA MEXIYCIEIUs PEKY-
IUX HOXeEH He IOJDKHA TpeBbIlath 10 caHTUMETPOB.

KitoueBble c10Ba: BHIpaBHUABATENb-PHIXIIUTENb, IPEANOCEBHAS 00pa0OTKa MOYBBI, PEKYIINN HOXK, YTOJ 3a0CTPEHHUS, [IHPHUHA
MEXTyCIeus, [TyOnHa 00pabOTKH MOYBEI, CKOPOCTD ABHKCHHSL.

I Ins uurupoBanus: A6aynxaes X.I, Xaauinor M.M. O6ocHOBaHHE MapaMeTPOB HOXKEH BHIPABHUBATEIS-PBIX-
nutens // Ceavckoxosaticmeennvle mawunsl u mexnonozuu. 2019. T. 13. N3. C. 44-47. DOI 10.22314/2073-7599-2019-

13-3-44-47.

Determining the Parameters of Leveler-Ripper Shanks
Khurshed G. Abdulkhaeyv, Mirkomil M. Khalilov,
senior research engineer, post-doc researcher, junior research engineer, post-doc researcher

e-mail: paytbaev@list.ru;
Uzbekistan Research Institute for Farm Mechanization, Tashkent Region, Republic of Uzbekistan

Abstract. In order to ensure high-quality sowing and smooth seed germination, the main task in pre-sowing soil preparation is
field surface leveling, soil compaction to the required degree and the formation of a mildly mulching layer on the soil surface. For
combined implementation of these operations, a leveler-ripper has been designed. (Research Purpose) Determination of cutting-
edge angles, the inter-leg length and width of the shanks of a leveler-ripper (Materials and Methods) Theoretical studies were
carried out using the methods of higher mathematics and theoretical mechanics. The authors obtained analytical dependences that
help determine the rational values of the cutting-edge angle of the shanks and their inter-leg width. (Results and Discussion) It has
been shown that the front part of a leveler aligns the unevenness of field surface, and the rear part compacts the soil. At the same
time, the lumps located on the soil surface are partially crushed with the shanks and partially pressed into the soil. As a result, a
mulching layer about 4-6 centimeters thick is formed. The shank length was taken equal to the sowing depth of cotton seeds. The
authors determined the cutting-edge angle of the shanks proceeding from the condition of no soil build-up in front of them and no
soil sticking to their working surface. (Conclusions) It has been revealed that to ensure quality soil preparation for sowing with
minimal energy consumption, the cutting-edge angle of the shanks of a leveler-ripper should be in the range of 54-66 degrees.
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Taking into account that a leveler-ripper is used mainly for soil preparation for cotton sowing, and cotton seeds are sealed at a
depth of 4-6 centimeters, the shank length can take an average of 5 centimeters. It has been calculated that the inter-leg width

should not exceed 10 centimeters.
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KaueCTBEHHOT'O TIOCEBAa U PAaBHOMEPHOCTH BCXO-

JIOB CEMSTH 3aBUCHT OT IIPEIIIOCEBHOI OATOTOB-
KU TIOYBBL: pa3paBHUBAHUS [IOBEPXHOCTH MOJIEH, YILIIOT-
HEHUS IMOYBHI JJ0 TPeOyeMOl CTENeHH U 00pa3oBaHUs
MEJIKOKOMKOBATOI'0 MYJIBYUMPYIOILETO CJI0S Ha €€ TOBEPX-
HOCTH. [[7151 3TOT0 MBI pa3paboTaiy BEIpaBHUBATEIb-PhIX-
mutens (puc. 1). OH COCTOUT U3 BEIpaBHUBATEIsS, 000PY-
JIOBaHHOTO PEXYIIMMHU HOXKaMU, U 3y04aToro KaTka, map-
HHUPHO MPUCOETNHEHHOTO K HeMY [1]. Arperar npumeHnsi-
10T IIPU TIOATOTOBKE MOJIEH K CEBY XJIOMYAaTHUKA, 3€PHO-
BBIX ¥ IOBTOPHBIX KYJIBTYp. 3a OMUH IIPOXOJ OH BEIPAB-
HUBAaeT MOBEPXHOCTH MOJIEeH, yNJIOTHIET MOYBY U 00pa-
3yeT MEJIKOKOMKOBATBIH CJION Ha €€ TIOBEPXHOCTH, TO ECTh
COBMEIIAET BCE TPH OTIEPALIHH.

LIEnb MCCNEQOBAHUS — 0GOCHOBATH YTJIBI 330CTPE-
HUS, JUTHHBI U U PUHBI MEKYCIEIbs PeKYIINX HOXEN
BBIPABHUBATEIS-PBIXIUTEISL.

MATEPMANBI M METOALI. TeopeTHUecKHe HCCea0Ba-
HUS IPOBEITU C IPIMEHEHHEM METOJIOB BEICIIEH MaTeMa-
THKHU U T€peTUUYECKOW MeXxaHuKH. [lonydunu aHaTuTu-
YeCKHe 3aBUCHUMOCTH, OIMCHIBAONINC PAI[HOHAIBHBIC
3HA4YEeHH S yTJIa 3a0CTPEHUS PEXKYIIUX HOXKEH U LTUPUHY
UX MEKTyCIEIHS.

PE3YNbTATLI 1 OBCYXAEHME. B xo/1¢e uccienoBanuit
U3Y4UIIU apaMeTPhl PEKYIIUX HOXKEN BbIpaBHUBATE-
JSA-PBIXTUTEIIS:

2y — yrod 3a0CTpeHus, Tpa.;

o
o]
o

Puc. 1. Koncmpyxmusnas cxema 8blpagHuGamensi-pulxaumest

1 — pama c Hageckoii; 2 — ebipagHusamens, 3 — pexcyuyue Hoxlcu,;
4 —msea; 5 — 3y608biil Kamox

Fig. 1. Design scheme of a leveler-ripper

1 — a frame with an attachment, 2 — a leveler; 3 — shanks;

4 —arod; 5— atoothed roller
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a — WIUpUHA MEXIYCIEIUs, M;

h — nnuHa (BBICOTA), M.

YTroJ13a0CTpEHN S HOXKEN OPeNeIIsieM U3 yCIIOBUS OT-
CYTCTBUS CTPYKUBAaHUS IOYBBI IEPE]l HUMHU U UCKJITIOYE-
HUS 3aJIMTIAaHUS ee Ha MX pabodel moBepxHOCTH. [l 9T0-
ro He00XOJUMO BBITIIOJHUTH clleayoLlee yciosue [2, 4]:

/s

y<S-e )
r7e y — IOJIOBUHA yIJla 3a0CTPEHUS PEXKYIIEro HOXKa,
rpan.;

¢ — BHELIHUH YToJl TPEHUS [IOUBBI, I'PALL.

[Ipu BeImoONHEHUN ycnoBu (1) moa BIUsSHUEM HOP-
MAaJIbHOM CUIIBI Ny M CHJIBI TPEHHUS [y, IPUTIOKEHHEIX CO
CTOPOHHI paboyell HOBEPXHOCTH PEXYIIET0 HOXKA, YaCTH-
116l IOYBBI HA TOPH30HTAJIBHOM IJIOCKOCTH NIEpEMEAt0T-
Cs1 ITO HANIPABJICHHUIO UX PaBHOAEHCTBYIOIIEH R, CO CKO-
pocteto V, (puc. 2):

Vo1 siny

a

@

b
cos @

rje V' — cKopocTh arperaTa mpy NOCTYNaTEIbHOM JIBUXKE-
Huu. [Tonb3ysace cxeMoH, onpeaensieM NepHeH IUKYIIp-

Puc. 2. Cxema 0na onpedenenus yena 3a0Cmperus Hoxca 8blpas-
Husamens-poixaumens: N, — nopmanvnasn cuna; F, — cuna mpe-
nusa; R, — paénooeiicmsyiowas; M — wacmuya nousvl; 2y — yeon
300CMPenUst; (¢ — BHEWHUL Y20l mpeHus noussl, V — ckopocmo
nepemeujeHus Yacmuybl noYesl, V, — nepneHOUKyIsApHas cocmas-
JAOWASL CKOPOCTU, I — HOPMATIb, NPOBEOEHHAs. K paboyell nogepx-
HOCMU HOJICA

Fig. 2. Scheme for determining the cutting-edge angle of the
leveler-ripper shanks: N, — normal force; F, — friction force; R, —
resultant force; M — a soil particle; 2y — the cutting-edge angle;
@ — the external angle of soil friction; V — the speed of movement
of the soil particles; V, — a perpendicular component of the speed;
n — a normal line to the working surface of a shank
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HYIO K HAIPaBJICHHIO ABHIKEHHUS COCTABIISIONIY IO V; CKO-
poctu V, (puc. 2b):

V.=V cos(y + ). 3)
cos@

B Bripaskenuu (3) mpumem V' =2 m/c. [loctpoum rpa-
(GUKH U3MEHEHHS CKOPOCTH V B 3aBUCHMOCTH OT YTJIa
TIPH pa3HbIX 3HAYCHUIX ¢ (puc. 3). U3 rpadmkoB BHIHO,
YTO CKOPOCTH V B 3aBUCUMOCTH OT YIJIa Y U3MEHSCTCS
0 3aKOHY BBIITYKJIOW apa®oIIbl U IIPH HEKOTOPBIX 3Ha-
YCHUSX yIIIa Y MMEeT MAKCHMAJIbHOE 3HAUCHUE.

OdeBHIHO, UTO NTPH 3HAYCHUSX yTIa Y, COOTBECTBY-

0,65 4

0.55

05

045

0.4
zpad 45

1-p=25%2—¢=30°u3—p=35°

Puc. 3. Usmenenue ckopocmu V, 6 3agucumocmu om yena y npu
PA3HBIX 3HAYEHUAX BHEUIHE20 Y2ld MPEeHUsi NOYGbL ¢
1-25°2-30° 3—-45°

Fig. 3. Change in speed Vi depending on angle y at different values
of the external angle of soil friction ¢

1-25°2-30°3-45°

IOLUX MaKCUMAaJIbHON CKOPOCTHU V, BEPOSATHOCTH 3aJIU-
MaHUS MOYBBI HA paboyeii TOBEPXHOCTH HOXKEH BBIPaB-
HUBATEIS-PHIXJIUTENS U CTPYKUBAHHUS €€ Iepel HUMU
OyneT oueHb Maja. B pesynbrare obecreunBaeTcs Kaue-
CTBEHHOE BBHITIOTHEHHE TEXHOJOTHIECKOTO IIpoIiecca U
CHUKEHUE TSTOBOI'O COIPOTUBIIECHUS.

Jns onpeneneHus 3HaU€HUS yria y, Ipu KOTopoM V.
OyZIeT UMEeTh MaKCHUMaJbHOE 3HAUCHHE, HCCICyEeM BBI-
paxenue (3) Ha SKCTpEMyYM 110 y. J{1 3TOro onpeaenum
TIEpPBYI0 TPOU3BOAHYIO BRIPAKEHHUS (3) IO y U TOTyUeH-
HBIH pe3yJbTaT MpUpaBHAEM K HYIIO [5]:
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av, _ V cos (p[cos 7 cosy +@)—sin ysin(y + go)] =0 @)
Danu

cos(2y +¢)=0. ®)
W3 BeIpakeHus (5) MoIyduM:
T @

y="-Z

4 2 ©)

[loncTtaBnsist u3BecTHBIE 3HAUEeHUS ¢ (25-35°) B BBIpa-
skeHue (6), OIPEeITHIIN, 9YTO YOI § JIOJKEH OBITH B IIpe-
nenax 27-33° a yroJi 3a0CTpeHHUs HOXa BbIpaBHUBATE-
Ts-peIxyauTens 2y — 54-66° [6, 7].

JlmuHy HOKEH OTpee)TMM UCXO/S U3 NIy OMHBI Ioce-
Ba CEMSH, TaK KaK HOXH JOJKHBI 00pabaThIBaTh MOYBY
Ha 3Ty r1youny [8, 9].

Ecnu yuecTs, yTo pa3paboTaHHas MallHa IPUMEH -
€TCsl B OCHOBHOM ITPH HOJATOTOBKE MOYBHI IO/ TIOCEB XJIOT-
YaTHUKA, a TIOCEB CEMSH XJIOMMYATHUKA POBOAUTCS HA
r1yOouny 4-6 cM, TO INIMHY HOXEH MOXXHO NIPUHSATH B
CpemHeM paBHOM 5 cM.

[Mupuny Mexgyciaenns HoKel OIpeNeIuM U3 yCIIo-
BUsI 00eCIIeYeH N TIOJTHON OATOTOBKH 00padaThiBaeMo-
ro CJOos:

a<2htgyy, @)
T Y5 — yroJI OOKOBOTO CKaJIBIBAHUS TOUBEI, TPal.

PacueTsl, npoBeeHHbIE 11O BhIpaxkeHUto (7), Ipu
h =15 cM U s = 45° mokasaiy, 4TO IMHUPHUHA MEXKTyCIe-
IIHsE PEXYITIX HOKeH TomKHa OBITh He 6onee 10 oM [10-12].

BriBoabl. [Iist obecrieyeHns KaueCTBEHHOM MOATO0-
TOBKH IIOYBHI K CEBY ITPH MHHIMAJIEHBIX 3aTpaTax Hep-
THUU YTOJl 3a0CTPEHUS PEXKYILNX HOXKEH BhIpaBHUBATE-
TSA-PBIXITUTEIS, OPEACICHHBIN U3 YCIOBUS OTCYTCTBUS
CI'PYKUBaHHUS [TOYBHI [I€pPe]l HUIMHU U UCKIIIOUESHHU S 3aITH-
MaHUA ee Ha X pabovyo OBEPXHOCTH, a TAKKE 0Oecte-
YCHUST MAKCUMAJIBHOM CKOPOCTH ITEPEMETICHU ST YaCTHLIBI
MTOYBHI B TIOTIEPEYHOM HAIIPABJIEHUH, IOJKEH OBITH B IIpe-
nenax 54-66°. YuuTtsiBas, 4TO BEIPAaBHUBATEIb-PHIXJIH-
TeJb IPUMEHSIOT B OCHOBHOM ITPH TOATOTOBKE MOYBBI MO
MIOCEB XJIOITYATHHKA, a 3a/IeJIKY CEMSTH XJIOMYaTHUKA ITPO-
BOJISIT Ha TITYOHHY 4-6 CM, TIPEITIOKHUITN TPUHATD THHY
HOKel paBHOH 5 cM. PaccunTanu, 4To mupruHa MEXyc-
TeAns pexXyIInX HOXKEH He ToJKHA peBbimatsh 10 cm.
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