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Pedepar. Ommcamu ycoBust, HeOOXOIMMEIE TS PABHOMEPHOH 00paOOTKH TIOYBHI Ha 3aaHHyI0 TTyOuHy. [lokasamm, 4to omop-
HbIE Koneca MoyBoo0pabaThIBAIOMINX MAILIMH JIOJKHBI OBITH IIOCTOSHHO MPIKATHI K OBEPXHOCTH T04BHI. [loaTBepanm Heobxo-
IMMOCTB OTIpE/IeTICHNUs ONTHMAIBHOTO 3HAYCHHUS BEPTHKAIBHON CHIIBI HaBIEHHS OTIOPHBIX KoJiec Ha mouBy. (Llens ucciedosanis)
BhISBUTE BOBMOXKHOCTH 00ECIEUeHHS 3aJaHHOH TTyOHHBI U TPpeOyeMol paBHOMEPHOCTH 00pabOTKHU MOUBEI HA PUMEPE HABEC-
HOTO IITyTa C OIOPHBIM KoJtecoM. (Mamepuans u memoost) [IpoBen HCcaeqoBaHus ¢ HCIIOMb30BaHHEM METOIOB TEOPETHYECKON
¥ 3eMJICICITBYECKON MEXaHHKH, a TAKKE aHAUTHIECKOH reoMeTprit. COCTABILIN CXEMY CHII, IEHCTBYIONINX HA ILIYT B IpoOLecce
Benatku. (Pesyrsmamst u 06cysicoenue) I1omyduny aHATMTHISCKYIO 3aBHCUMOCTD IS ONPE/IeIeHHS BEPTHKANBHON CUIIBI 1aB-
JIeHHS OTIOPHOTO KONeca HABECHOTO TUIyTa Ha TIOYBY € YIETOM pa3MepOB U IapaMeTPOB MEXaHM3Ma HABECKU TPAKTOPA, @ TAKKe
HaBECHOTO YCTPOMCTBA Iyra. I paguueckuM METooM ONpeAeniIn ONTUMAIbHbIE 3HAYEHUS PACCTOSHUS 110 BEPTUKAIH OT ONOp-
HOH TUIOCKOCTH IUTyTa JI0 €T0 HIKHUX MPHCOSANHUTEIBHBIX TOUeK. BEIUHCITIIN ONTHMAaIBHBIC YHCIICHHBIC 3HAYCHHS YIUTHIBaC-
MBIX TTAPAMETPOB: PACCTOSHHE TI0 BEPTHKAIH OT OIOPHOH ITIOCKOCTH TPAKTOPa IO TOUKU KPEIUICHHS HIDKHUX TAT €10 MEXaHH3Ma
HaBecku — 0,6 MeTpa; YMCII0 KOPIIYyCOB, YCTAHOBIECHHBIX HA ILIYT, — 4 IITyKH; Macca OQHOTO KopIyca miyra — 250 KunorpaMMos;
K03 punuenT noesnoro jeiicteus miyra — 0,7; miyouna Benaniku (00padotku) — 0,3 MeTpa; paccTOSHHE 110 TOPU3OHTAIH OT
HIDKHUX [PUCOEIVHUTENbHBIX TOUEK ITyra J0 HOCKa JeMexa mepBoro xopmyca — 0,45 MeTpa; MpofoIbHOE PacCTOSHUE MEXLY
Koprycamu turyra — 1,0 MeTp; muprHa MoJIeBoi Tocku miyra — 0,2 MeTpa; KodQQUIMEHT COMPOTHBICHHUS MEPEKAThIBAHHMIO OTIOP-
HOro Kojeca ruryra — 0,2; inamerp onopHoro koieca — 0,5 Metpa u apyrue. (Bsigoost) YCTaHOBIIIH, YTO U1 00eCTIeYeH s 3a1aH-
HOH ITyOHMHB! ¥ TpeOyeMoi paBHOMEPHOCTH BCHAIIKK PACCTOSHUE 110 BEPTUKATH OT OTNIOPHBIX IIOCKOCTEH YETHIPEXKOPIYCHBIX
IUTYTOB, arperaTupyeMBIX ¢ KOJECHBIME TPAKTOpaMH Ki1acca 3-4, 10 HIKHHX TPHCOSIUTENHHBIX TOYEK JOJKHO OBITh B Ipeenax
0,703-0,771 metpa.

KioueBble ci10Ba: mouBooOpadoTKa, ITyONHA 1 paBHOMEPHOCTH BCIIATIIKH, HABECHOM IUTYT, BEPTHKAIBHAS CHIIA TABICHIS OTIOp-
HOTO KoJeca.

I Ins uutupoBanusi: TyxrakysueB A. ObeciieueHre paBHOMEPHOCTH IIIyOHHBI 00paboTku 04BEI // Cenbckoxo-
3atcmeennvle mawiunst u mexuonozuu. 2019. T. 13. N3. C. 34-38. DOI 10.22314/2073-7599-2019-13-3-34-38.
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Abstract. The authors have described the required conditions for uniform soil tillage at a given depth. It has been shown that
depth wheels of tillage machines should be constantly pressed to the soil surface. The study has confirmed the need to determine
the optimal value of the vertical pressure force exerted by the depth wheels on the soil. (Research purpose) To determine ways to
ensure the given depth of tillage and the required uniformity using a mounted plow with a depth wheel. (Materials and methods)
The authors conducted theoretical studies using methods of theoretical and agricultural mechanics, as well as analytical geometry.
They made a diagram of forces acting on the plow in the process of plowing. (Results and discussion) The authors obtained an
analytical relationship to determine the vertical pressure force exerted on the soil by a depth wheel of a mounted plow taking
into account dimensions and parameters of a tractor mounting system as well as a plow mounting linkage. The optimal values
of vertical distance from the plow supporting plane to its lower connecting points were graphically determined. The authors
calculated the optimal numerical values of the parameters taken into account: the vertical distance from the tractor's supporting
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plane to the attachment point of the lower links of its attachment mechanism is 0.6 meters; the number of bodies installed on a
plow —4; the weight of one plow body is 250 kilograms; the plow efficiency — 0.7; plowing (tillage) depth — 0.3 meters; horizontal
distance from the lower connecting points of the plow to the share point of the first body — 0.45 meter; longitudinal distance
between the plow bodies — 1.0 meter; plow landside width — 0.2 meters; coefficient of rolling resistance to the depth wheel of the
plow — 0.2; the diameter of the depth wheel — 0.5 meters etc. (Conclusions) It has been established that in order to ensure a required
plowing depth and uniformity, vertical distance from the supporting plane of four-body plows coupled with 3-4 class wheeled
tractors to the lower connecting points should be within 0.703-0.771 meters.

Keywords: soil tillage, plowing depth and uniformity, mounted plow, vertical pressure of a depth wheel.
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TyOWHA U PABHOMEPHOCTH 00PaOOTKY IMOYBBI CIIY’KAT OCHOBHBIMH MTOKA3aTeNIIMU pa0OTHI BCEX IMOYBOOOpa-
OarpiBaromux MamuH. Ux obecriedueHue mo3BoiseT Co31aTh OJaronpUsSTHEIC YCIIOBHSI AL POCTa U Pa3BUTHUS
pacTeHuH, MOIyUYEeHHS BRICOKOTO ypoxas IPpH OHOBPEMEHHOM co3peBanuu [1-3].

J11s1 BRIIOJTHEHUSI STUX YCIOBUH OMOPHEIE KOJIeca II0YBO0OOPadaTHIBAIOIINX MAIIUH JTOJDKHBI OBITH TIOCTOSTHHO
MPUKATHI K MOBEPXHOCTH TIOYBBL. BepTukanbHas criia UX JaBJICHUS Ha TOYBY UMEET ONPENEICHHOE 3HAUYCHHE:

QZ :QOHT’
rae O, — BepTUKaJIbHAs CUJjia JaBJICHHS OMOPHBIX KOJEC Ha MTOYBY;

Qonr — ONTUMATBHOE 3HAUCHHE BEPTUKAJIBHON CHUIIBI TABJICHUS OMOPHBIX KOJIEC Ha TIOYBY.

Ipu Q0,<Q,,; ONOPHEIE KoJEeca IIOYBOOOPAOATHIBAIOIINX MAIIMH HEAOCTATOYHO KAYECTBEHHO KOITHPYIOT HEPOB-
HOCTH TIOBEPXHOCTH TOJIA U B pe3yJIbTaTe He 00ECIIeYNBAIOT HEOOXOAUMYI0 PABHOMEPHOCTD IITyOUHBI 00pabOTKH
MOYBEI, a TpU Q> TPATUTCS U3JIHIIHSISA U OCIIONIe3Hast SHEPT U Ha UX NiepekaTsiBanue [1, 4, 5].

B panee mpoBeICHHBIX UCCIIEAOBAHUSX BONIPOCHI obecneueHus! yeaoBUs O, =0, UCCICIOBAHBI HEOCTATOYHO,
B YaCTHOCTH, OTCYTCTBYIOT KOHKPETHBIC PEKOMEHIAITIH 110 00ECTICUYCHHIO STOT'0 YCIOBHS C yIETOM TapaMeTPOB Me-
XaHU3MOB HABECOK TPAKTOPOB M HABECHBIX YCTPOMCTB MOYBOOOPpaOaTHIBAIOIIMX MAIlWH. HacTosmue ucciaenosa-
HUSI IPOBEJICHBI I BOCIIOJIHEHHU I 3TOTO Tipoderna [4, 6-11].

LIEnb NCCNEAOBAHUS — BBISIBUTH BO3MOXKHOCTH 00ECIIeUeH S 3aIJaHHOM TTyOHHBI U TpeOyeMOoil pABHOMEPHOCTH
00pabOTKH MOYBHI HA IPHMEPE HABECHOT'O IUTYTa C OIIOPHBIM KOJIECOM.

MATEPMANBI M METOABI. MccieioBanus MPOBENH C HCTIOIb30BAHUEM METOJO0B TEOPETHIESCKOHN U 3eMJleeIbue-
CKOM MEXaHMKH, a TAKXKE aHATUTUUECKOI FeOMEeTPUU.

PE3YNLTATBI N OBCYXAEHME. TT0oab3ysCch CXEMOIA, ONpeIeNIiM BEPTHKAJIBHYO CHITY AaBJICHHUS OIIOPHOT0 KOJIe-
ca miyra Ha nouBy (puc. 1):

0,=N,= Mg(Xn+IG)+RXZ(X,,+e+nk_1L+ 'sz Vsinyy, — Ry, (Hy + Z;) %
2 sinyy,

XcosWy, — I (H +Z; —0,5by)

XTC +lN —,U(Hl +ZT[ —h—O,SdT)

rae N, — BepTUKaIbHasl COCTABIIONIAs peakuu N OBkl Ha OMOpHOE KoJieco, H;

M —macca nnyra, Kr;

g — yCKOpeHHe cBoOOoIHOro naaenus, 9,81 m/c?;

X, Z; — COOTBETCTBEHHO, MTPOJIOJILHOE M BEPTUKAIHLHOE PACCTOSIHUS OT HH)KHUX MPUCOETUHUTEIHHBIX TOUEK
nnyra 10 €TO MI'HOBCHHOT O ueHTpa BpameHm{ TB HpOHOHLHO—BCpTHKaHLHOﬁ IIJIOCKOCTH, M,

g — paccTostHUE TI0 TOPU3OHTAIH OT HUKHUX MPUCOSAMHUTEIBHBIX TOUEK ITyTa JI0 €ro ICHTPA TAKECTH, M;

R,, — paBHOJEHCTBYOIAS CHII, ICHCTBYIONIUX HA JIEMEITHO-OTBAIBHYIO MOBEPXHOCTH KOPITyCOB Tutyra, H;

€ — PacCTOSIHHE 110 TOPU30HTAIU OT HUKHUX MPUCOSTUHUTEIBHBIX TOYEK TUTYTa JI0 HOCKA JIeMeXa MIepBOTo KOp-
myca, M;

N, — YUCJIO KOPITYCOB, YCTAHOBJICHHBIX Ha ILIYT, IIT.;

L — potofibHOE PACcCTOSHUE MEXKY KOPITyCaMHu ITyTa, M;

Pxz— PACCTOSHUE OT HOCKA JIeMeXa CpeAHero (MU yCIOBHO CPEIHETO) KOPITyca A0 JTUHUU NEHCTBUS CUITHI R, ,, M;

Wy, — YTOJl HAKJIOHA CHJIBI R, K TOPU30HTY, T'Pal.;
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Puc. 1. Cxema cun, oeticmgyowux Ha niye 8 npoyecce 6CNAWKU
Fig. 1. Diagram of forces acting on a plow in the plowing process

H, — paccTostHYE 110 BEPTHUKAIH OT OIMTOPHOM IIJIOCKOCTH ILTYTA JI0 €r0 HIDKHUX IIPUCOCTMHHUTEIBHUX TOYCK, M;

F, — paBHOEHCTBYOIIAs CHJI TPEHUS MOJIEBBIX JOCOK O CTEHKH 60po31, kKH;

b, — mmpuHa TONEBOH JOCKH IIITyTa, M;

4 —K03(D(DUIIUEHT CONPOTUBJICHUS TIEPEKATHIBAHUIO OMIOPHOTO KOJIeca IIyTa;

h —riryOuHa Benaniku (00paboTkH), M;

dr — TuaMeTp OMOPHOT0 KoJieca, M;

lN — PpaCCTOAHUC IO TOPU3OHTAJIN OT HUKHUX IMPUCOCAUHUTEIIbHBIX TOYECK IIYyTa 10 OCU BpalllECHUA €ro OIIOPHO-
r'o KoJeca, M.

Juist npunanus Bepakennio (1) obiero Buga u yao0cTBa MpoOBOAUMEBIX TI0 HEMY PacdeToB, MOIb3ysICh METO/a-
MU aHAJINTHYECKOH TeOMETPHH, PACCTOSHHE X; M Z, BEIPa3uM depe3 MapaMeTphl MeXaHu3Ma HaBECKU TPAaKTOpa U
HABECHOTO yCTpoiicTBa myra, a M, Is, R,,, F; u Iy — 4epe3 pu3nKo-MeXaHUYECKUE CBOWCTBA TIOYBHI M TAPAMET Pl
myra [1, 3]

Hz\/zg —0.25(1-c)> = (Hs +h _H1>2t\/zg —0.25(1-c)> = (Hy + h— H)* —XB}

X = ) 2 > > 2
(H2 _ZB)\/I6 —0,25(1—0) —(H3 +h—H1) —(H3 +h—H1)XB

Hy(Hy+h —Hl)[\/zg —025( - ) = (Hy + h— Hy)? —XB}

Zp= > > > 5 ©)
(Hz _ZB)\/IG —0,25(1—0) —(H3 +h—H1) —(H3 +h—H1)XB

M =namy; @
lg=e+ 1y, )
INn =e+(ne—1)L; (6)
R, - R, _ n Kb h : o
COSWxz COSYWxz
1 1
FX = ERX = gnKﬂKth, (8)

rne H, — paccTOsTHUE 0 BEPTUKAIU MEXKTY HUKHUMU U BEpXHEH TPUCOCTUHUTEIFHBIMH TOUKAMHY TUTYTa, M;

H; — paccrosiHHe IO BEPTHUKAIN OT OIIOPHOH MIOCKOCTH TPAKTOPA A0 TOUYKH KPETUICHHUS HUKHUX TAT €ro MexXa-
HU3Ma HABECKH, M;

ls — ANIMHA HUKHUX TAT MEXaHW3Ma HABECKH TPAKTOPa, M;

X3, Zg — COOTBETCTBEHHO PACCTOSIHIS IO TOPH3OHTAIH M BEPTHKAIH MEX Y MIAPHUPAMU KPETUICHUS HHKHUX U
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BEPXHEH TST MEXaHW3Ma HaABECKH TPAKTOPA, M;
| — monepeyHoe paccTOSHIE MKy HIDKHUMHU MPUCOSTUHUTETBHBIMU TOYKAMHU ILTYTa, M;
¢ — TIONIEPETHOE PACCTOSTHUE MEXAY MapHUPAMHU KPETJICHHSI HIKHUX TAT MEXaHU3Ma HaBECKH TPAKTOPa, M;
m, — Macca OJJHOTO KOopITyca ILTyTa, KT
R, — Ipo0IpHAs COCTABIAIONIAS CHIL, IEHCTBYIOMNX Ha JIEMEITHO-OTBAIBHYIO IOBEPXHOCTH KOPITYCOB IuTyTa, H;
7 — KO3 PHUIMEHT MOJIE3HOTO NCHCTBHUS ILTYTa;
K — YIeJIbHOE COMPOTUBIICHUE MTOYBbI TPH Bemnanike, [1a;
b, — mmpuHa 3axBaTa KOpIyca IIyTa, M.
C ydetom BelpaxkeHui (2)-(8) ypaBuenue (1) mpumeT cieqyromuii Bum:

gzzr = %:(’1K’11Kéz _F-’1k77’<lZw}Zté: ylxz ) X

)
H 2 =0.25(1—¢)’ —(H, + h—H,}* I —0.25( —¢)’ —(H, +h—H,)’ — X,
X
(Hy = Z W2 =0,25(1 =)’ —(H, +h—H,)* —(H,+h—H)X,

Hy(Hy+h —Hl)[\/zg ~0.25(1-¢)* = (Hy +h—H;)? —XB}
n, —1

7
- (g ny b h) +nemeg(e+ L)+ ©9)

(H, - ZB)\/I62 —025(-c)? —(Hy +h—Hy)? —(Hy+h—H)Xg

+ n,nxb, h ! [(e+n_1L+ 'p"z )siny  —H, cosy —I(HI—O,SbO)} :
cosy . |_ 2 siny 6

HZ\/zg ~0.25(1—c)? —(H3 +h—Hy)? wzg ~0.25(1—c)? —(H3 +h—Hy)? —XB}
+e+

(H, —213)\/162 —0,25(I—¢)? —(H3 +h—Hy)* —(H; +h—H,)Xp

Hy(Hy+h —Hl)[\/l% —0.25(1—¢)? —(Hy +h—Hy)? —XB}

+(ng =D)L+ pusH) + ~h—0,5d

(H, _zB)\/zg —025(1—c)? —(Hy+h—H)*> —(Hy+h—H;)Xp

Tak KaK B 3TOM BBIpaXeHUH 3HaueHUs Hs, Xg, Zp, Is, C 6000
3aJlaHbl U M3BECTHBI KaK MapaMeTphl TpakTopa, H, u / — OH
CTaHJAPTU3UPOBaHbl, M, Ig, I\, dr, e, L — npuHUMAIOTCA 500

B OCHOBHOM M3 YCJIOBHH HaJEKHOTO U KAYECTBEHHOTO
BBITIOJTHEHHSI [UTYTOM 33 JAHHOT'0 TEXHOJOT MYECKOTO IPO-
1ecca Ipu MEHUMAaJIbHBIX SHEpro3aTparax, TO yCIOBHE
0,=Qqu:, @ CEIOBATENBHO 3aJJaHHAS TTyOMHA U Tpelye- .

5000

Masi paBHOMEPHOCTH BCIIAIIKH 3aBUCIT B OCHOBHOM OT 4500
paccrosiHus H,. JI5s onpeaeneHns ero onTUMaabHOTO
3HAYCHUS 110 BEIPAXKEHUIO (9) moCTporT rpaduuecKyro 4000 47

3aBucUMOCTE Q; = f(H)) (puc. 2). Y3 Hee 1o N3BECTHOMY
3HAUYEHUIO (J,;; BRIUUCIMIN ONTUMAJIBHOE 3HaUeHue H. 1500

CuuTtaeM, 9TO JJIs IPUMEHSAEMBIX B CEIbCKOXO035IH- 0.60 065 0707 075 0771 gg0
CTBEHHOM IIpou3BozcTBe PecnyOuuku Y36ekucTaH Ko- il
JIECHBIX TPAKTOPOB KJacca 3-4 U arperaTupyeMbIX C HU-  Puc. 2. 3asucumocmo 6epmukanvHoli Ciltbl 0a61eHUs OROPHO20 KO-
MU HaBECHBIX 4-KOPIYCHBIX ILJTYTOB C OMOPHBIM KOJIECOM  ieca niyea Ha nousy Q7 om paccmosnus no 6epmuKaii om onopHot
CIIPaBEUIMBBI CIIEAYIOIINE YACICHHBIC 3HAUCHUS NIAPA-  MI0CKOCHU NAY2d 00 €20 HUNCHUX NpUcoeOuHumenshux mouex H,
MeTpoB: H; = 0,6 Mm; Xg=0,3 M; Zg = 0,56 M; [ = 0,95 M;  Fig. 2. Relationship between the vertical pressure force of a depth
c=0,62m; H,=09 m; [= 1,04 m; n.=4 mrt.; m, =250 Kr;  wheel on the soil Q, and the vertical distance from the supporting
7 =07,k =10,9-10° TIa; b, = 0,45 m; g = 9,81 m/c, Px. = plane of a plow to its lower connecting points H,
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N

0,15m; w,, =12% h=030M;¢=0,45m; L=1,0m; b,=0,2 m; u =0,2; dr = 0,5 M. [ToncraBnss 3HaueHus Q. (5,0-
5,5 xH), onpenenum, 4to 1151 o0ecnieueHus NOCTOSSHHOM ri1yOuHbl Benamku 0,3 M BepTUKAIbHOE PACCTOSHHUE OT
OIIOPHBIX INIOCKOCTEH 10 HIPKHUX MPHUCOSTNHUTENBHBIX TOUCK 4-KOPITYCHBIX IIITyTOB, aTPEraTHPYEMBIX C KOJIECHBI-
MU TpaKTOpaMu Kiacca 3-4, moJnkHO ObITh B ipeaenax 0,703-0,771 m [4].

BbiBoabl. 3aganHas riryOouHa 1 TpedyeMast paBHOMEPHOCTh 00pabOTKH MOYBHI IIPH BCIIAIIKE HABECHBIM ILITyTOM
C OITOPHBIM KOJIECOM 3aBHCST OT BEPTHUKAIBHOTO PACCTOSHUS MEXK Y OTIOPHOH IIOCKOCTHIO U HIDKHUMH ITPHCOEIU-
HUTEIbHBIMHU TOYKAMU. YCTAHOBHUJIH, YTO Y 4-KOPITYCHBIX TUIYTOB, arPEraTUPYEMbIX C KOJIECHBIMHU TPAKTOPaMHU
kiacca 3-4, nis obecrieueHns 3aJJaHHOM NTyOUHBI H TpeOyeMol paBHOMEPHOCTH BCIIAITIKY ATOT MIOKAa3aTeNb JI0J-
JKeH HaxonuThes B npeaenax 0,703-0,771 m.
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