Saenko A.V. UNIVERSAL STAND FOR DEFINITION OF COEFFICIENT OF FRICTION AND
COEFFICIENT OF ROLLING RESISTANCE OF THE TRACTOR

Stand refers to devices using, determine the coefficient of friction tractor tires with soil coefficient of
rolling resistance of the tractor, the ratio of slipping wheel elements of the tractor.

In modern agricultural production with acquisition of soil-cultivating units questions arise as to what
tractor to use with a particular agricultural machine, or Vice versa, which agricultural machine to use with a
particular tractor. Often in a production environment, this problem is solved by trial and error.

Calculation methods of determination of coefficient of rolling resistance and coefficient of friction are
based on the analyses of processes of interaction of wheels with the soil and require the collection and pro-
cessing of a significant amount of information about the soil and the tire. Empirical formulas do not provide
sufficient accuracy of calculations in connection with a wide range of values of coefficients of adhesion ¢ and

rolling resistance f for a given agricultural conditions found in the literature.
The proposed stand allows for a specific soil fertility empirically to determine with sufficient accuracy

the value:
* the coefficient of friction ¢ ;
« coefficient of rolling resistance f

« coefficient of slipping propulsion of the tractor é.

With the stand it is possible to determine based on the listed parameters of the air pressure in the tire

and the magnitude of wear and tear.

The stand consists of a frame that rests on the ground. To the frame is fixed on the spring rails, in
which the moving support shaft. On the shaft through the hub fixed the tire with the disc. On the shaft on
both sides of the hub of the fixed drums. On the drum are wound the cables leading to the loads.

To determine the parameters of the stand set on the soil in the laboratory or in the field.

Create a force which presses the wheel to the ground. The rolling resistance coefficient is determined
by setting a certain amount of cargo, which through the pulley creates a torque on the wheel. Increase the
value of the goods before the movement of the wheel. The amount of torque created by the load, is directly
proportional to the force of rolling resistance Pf, and accordingly, the rolling resistance coefficient f.

To determine the coefficient of friction set the vertical wheel load and simulate the torque and traction.

Keywords: stand, wheel mover tractor, traction coefficient, rolling resistance coefficient, coefficient of

slipping propulsion of the tractor.
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AOCNIAXEHHA AKICHUX TA EHEPTETUYHUX MOKA3HUKIB POBOTU
'PYHTOOBPOBHOI TEXHIKU

C. |. BoHAapeB, K.T.H., AOLIEHT,
B. B. KoTan, ctyoeHT

HauioHanbHui yHiBepcuTeT GiopecypciB Ta NPUPOAOKOPUCTYBaHHSA YKpaiHu

lposedeHo yukn docnidxeHb Mo8’a3aHuli 3 8U3HaYEHHSIM SIKICHUX ma eHepaemuyHuUl roka3HukKie po-
6omu rpyHmMoobpobHOI mexHiku npu 36irbWeHHi 3amyrieHHs1 KDOMOK iX pobo4ux opaaHie.
Knro4voei cnoea: rpyHmoobpobHa mexHika, 06pobimok rpyHmy, 3HOWEHHS poboYuUX opaaHie , siKicmb

06pobimky rpyHmy, eumpamu Ha o6pobimok rpyHmy.

MoctaHoBka npo6nemu. LLUBnake 3HOLLIEHHS
pobo4nx opraHiB MawuH Ans 06pobiTKy rpyHTY no-
ripwye Sk eHepreTWyHi, Tak i SKICHIi MOKa3HUKM iX
poboTtu. [JooaTkoBi eHepreTuyHi BUTpaTu, AKi BUHU-
KaloTb BHACNIQOK 3HOLWIEHHA pobouynx opraHis, Mo-
XyTb caratm 20-25% Big 6a3oBMx BUTpAT, a TaKOX
BOHU SBMSAKOTLCA BiAYYTHUM TArapem diHaHCOBUX
BUTPAT Npu o6pobiTKy rpyHTY. Ane cyTTEBUMU BTpa-
TamMM B [JaHOMy BWMagdKy € MOriplWeHHs SKOCTI
06pobiTKy I'pyHTY, sIke MpM3BOAMTbL OO BTpaT BpO-
xato Big 15 0o 25% npu TMNOBUX NOrogHUX yMOBaXx.
OTxe, OCHOBHMM 3aBOAHHAM BWKOHAHUX [O-
cnimpkeHb nepenbadeHo BU3HAYEHHs OOMYCTUMOI
BEMNYMHN 3HOLLUEHHA PoBOYMX OpraHiB rpyHTO06-

BicHuk CymcbKOro HauioHanbLHOro arpapHoOro yHiBepcutety

pobHMX MawwuH (KynbTUBATOPHI fanu), npu SKin
AKICHI NOKa3HWKM poboTM MalMH 3HaxoaATbCs B
JianasoHi BigxuneHb Big arpOTEXHIYHUX BUMOr BU-
POLLYyBaHHS CinbCbKOroCnoaapChkux KynbTyp.

AHani3 ocTtaHHix gocnigxeHb i nyonikauin.

KynbTuBaTopm BigHOCATLCSA A0 HaWbinbw no-
LWMPEHUX T'PYHTOOOPOGHUX MawunH. OCHOBHUMU
poboyrMn opraHamm KynbTUBaTOpPiB € CTpinyacTi
nanu, siki BUKOPUCTOBYIOTLCA SIK ANs nepeanociBHO-
ro obpobiTky, Tak i ona gornsgy 3a pocrvHamMun B
npoueci ix Beretauii. FonoBHo BUMOrow oo pobotu
KyNnbTMBATOPHMX Nnan € 3abes3neyvyeHHs1 SKiCHOro Bu-
KOHaHHS TEXHOJTOMYHOro Mnpouecy npu MOXIMBO
MiHiMaIbHUX eHeproBuTparax.

19

Cepisa «MexaHizauia Ta aBToMaTusauis BUpobH4mMx npouecisy, sunyck 10/2 (30), 2016



[ns BM3HAYeHHS JONYCTUMOrO CnpauoBaHHS,
siKe MOXHa BupasuTn obpobneHow nnoweto abo
NPONOEHMUM LUNSAXOM, HEOOXIOHO 3HATW, SK BNIUBAaE
CTYNiHb CNpautoBaHHA Ha OCHOBHI MOKa3HMKN pobo-
™M nan. HaseHicTb Takol iHgopMauil 403BONUTb
0oOrpyHTYBaTM ONTUMAanbHUA HApPOOITOK nan Ao 3a-
MiHX MOrO Ha iHLWWN HOBUI (BIAHOBMEHWNA) KOMMMEKT,
TO6TO Hanbinbw edeKTMBHO BMKOPUCTATU KynbTu-
BaTOPHI nanu, WO i NiATBEPOXYE aKTyanbHiCTb A0C-
NigpKeHb.

PopmynoBaHHSA Linen crarTti. 3a ymoB, SKi
cknanuck B YKpaiHi 3a OCTaHHI POKW WOAO0 BMKOPUC-
TaHHSA 3aco0iB XiMIYHOro 3axMCTy POCIVH ANs BU-
poLLyBaHHS BinbLIOCTI CinbCbKOroCnoAapChbKnx Ky-
NbTYP, NMUTAHHS eKONoril i BUPOLLYBaHHSA eKONpoayK-
TiB (ocobnmBa kaTeropisi - 4iTW | anepriki) cTae Bce
Oinbl akTyanbHMM He nuwe B Halil KpaiHi, ane n
3a KopgoHoMm. Tomy, 3amiHa 3acobiB 3axXMCTy POCINH
Ha «MexaHiYHMM pornaa» 3a MOCIBHUMKU Mnowiamu
ABNSAETLCA €OUHUM NpaBunbHUM Bubopom. OTxe,
OCHOBHOI MeTOH poboTu € MiABULLEHHA edeKTUB-
HOCTi pOBOTW KyNMbTMBATOPHMX CTpinYacTux nan
LUASAXOM BW3HAYEHHs JOMYCTMMOro HapobiTky npu
SAIKOMY arpoTexHiYHi BUMOIN He NOpYLUYHOTHCS.

Pesynbtatn pocnigxeHb. [lutaHHiO B3ae-

—_—

Mogii poboumx opraHiB 3 'pyHTOM NPUCBSAYEHI BigoMi
pocnigxkeHHa lMNopsadkiHa B.I1., XXenuroscbkoro B.A.,
CiHeokoBa [I.H., Mauenypo M.H., 3eneHiHa A.H.,
KywHapboa A.C., Oemugka M.O., ly6posiHa O.B.,
l'ykoBa A.C., LleBueHko I.A., Cupgopuyka O.B. Ta
psgy iHWux pocnigHukiB. AHania BMBYEHMX pPOOGIT
CBiAYMTb, LLO BNAUB CMpaLioBaHHA Ha TAroBU onip
JocnigxyBanu, Sk aHaniTUyHO, TaK i eKkcnepumeH-
TanbHo. OTxe, TEOPETUYHO PO3rNAHYTI ABa Niaxoau:
nepwun, npodinb cnpaubOBaHOroO fesa nanu
3aMiHIOBanM BEPXHbOK Ta HWXKHBOK (3aTUIbHOK)
dackamu; gpyruin,a npodinb NpunManu, K YactuHy
Ayrm kona BnucaHoro B npodinb nesa. BignosigHo
00 nepLuoro nigxogy - npouec, sk BigbyBaeTbca y
pesynbTaTi B3aeMOoAil BEpXHbOI hackm 3 'pyHTOM 3a
lopsiukiHmm B.T1., CiHeokoBum .M. Ta ix nocnigos-
HMKamMKn nonsrae B HacTynHomy. Ha wnsaxy / Big6y-
BAETbCA 3MMHaHHSA T'pyHTY. [Mpn OOCArHEHHI cunu
onopy neBHOI BenuunHu ckuba BigpmBaeTbcs. Ce-
peaHivi onip BM3HAYaeTbCs Yepes poboTy 3MUHaHHS
Ha Wwnaxy / nogineHin Ha cymapHun wnsx [+L. Onip
HWKHBOI backu LOPIBHIOE OMOPY 3MWHAHHSA. Hop-
MarbHa cura BU3HAYaETbCS PIBHAHHAM, @ FOPU30H-
TanbHi CKNagoBi OMNOPY PiBHAHHAMM, BigNOBIgHO
AKMX nobyaoBaHi rpadpiyHi 3anexHocTi (puc. 1).

s

V=

Puc. 1. Cxema cvn, WO AiloTb Ha BEPXHIO Ta 3aTunbHy dackym BOrPaHHOIO KINHY

A3M ( 1 )

cp LG.C. + 13,14

B th2 -sin- (3 +¢)

Ny
Z'tgg3

R, = ‘I&ubl'gwg iga 'Sin(a +¢l)
A= (3)
6.C. + 13.’1/! )COS@l
2 .
R -, = qSMbh -Sln(83 + ¢l) (4)
* 2tge3C0Sp,
A€ Qav — KOedilieHT 06’€EMHOro 3MWHAHHA T'PYHTY,
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H/icm3; @ — kyT TepTs; b - LUMPUHA 3axBaTy KIVHY,
CM; lsy - WNSX gedopmadii, cM; L- 0OBXWUHA CKUbM,
CM; & - KYT BEpXHbOi MMOWMHN dacku; &£3 - KyT

HWXHbLOT MNOLWWHN hacku; h - Bucota 3aTwnbHOI
dacku

BapTto 3a3HaunTtK, Wo y poboTax iHWuX Ao-
cnigHWKiB BpaxoByBaBCs OMip NULLIE HUXHBOT dhacku.
Onip TpurpaHHOMY KNWHY BW3HaYeHW 4yepes cunm
TEPTH, HOPMarbHi CUNKU Ta HanPsAMHiI KOCUHYCK (puc.
2).
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Puc. 2. Cxema TpurpaHHOro KnvHy Ta po3nofin Ailoymx cun

3
am 'b'l&w ‘ga
6- (Lg_c_ + ZW)COSgD -siny

Ry =

2

__Yam b-h
2-tgez-Siny

2x

ae qg - koediuieHTa OB’€EMHOrO 3MWHaHHS Mpu

WBMAKOCTI Bnn3bkin JO Hyns; k, - KoedilieHT
nponopuiHocTi, H c/cm® m; V - wBuakictb ne-
peMiLLeHHs

Hwxkdye npuBegeHa cxemy 3 po3noAifiom cun i
aHaniTMYHY 3anexHiCTb OMnopy Bi4 OCHOBHUX Napa-

sina -siny +

singz-siny +

fl(sinza-sinz 7—1)
2

1-sin a-sin27

fl(sin2 £3-sin?y —1)

(6)
,Il—sinz &3 -sin? y

MeTpiB, Konu copmy cnpalboBaHOro nesa npunma-
nn y BUMMSAi Kona BMMcaHoro B MNpodifib KPOMKK
nesa. Onip nesa 3anexuTb Big pagiyca nesa r, nu-

TOMOrO OrMopy CTUCHEHHA O, KyTa TepTa ¢, Ta
KyTa po3TuHy y (puc. 3).
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[e cymapHuit onip nesy MoXHa BU3HAYMTU K

rzqu (7 —2¢p—sin2¢p) co{% _ %J
(7)

R,=2rbo,sinp+ 2005
Cnig BigMiTMTK, WO U MOAENb 3acToCco-
BYETLCA [AOCMiAHMKAMW B OCHOBHOMY MpW pi3aHHi
MatepiasniB pOCIIMHHOIO MOXOLKEHHS.
YMOBM nigpi3aHHa KopeHiB Oyp’sHiB  go-
cnifpKyBanu TEOpPeTUYHO |  eKcnepuMeHTanbHo.
PosrnaHemo cxemy npouecy (puc. 4).

BicHuk CymcbKOro HauioHanbLHOro arpapHoOro yHiBepcutety

Puc. 4. Cxema po aHanisy npouecy
nigpi3aHHsa KopeHiB byp’sHiB
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KyneTnBatopHa nana 1 nepemillyeTbCcsa Ha
rmMubuHi ho. [Oia kpomkn nesa nanu Ppi; Ha KOPiHb
CMPUYMHAE BUHUKHEHHSI cunu onopy R. lpun ne-
pemileHHi nann cuna onopy R 3pocTae n gocsrae
BENMWYMHKN, ska 3abesnedye po3pi3aHHA KOpEHs.
OcTtaToyHe pynHYyBaHHS KOPEHiB BigbyBaeTbCcsA npu
YMOBI R> Ppl-3 .
YaCTUHY KOPEHS NPUIUManu 3a >XOPCTKUM Baxinb i3
WwapHipom y Touyui O, a onip rpyHTY — NPOMNOPLIAHNM
nepemilleHHI0 KOPeHs, y LbOMY BMNaAaKy iHTEHCUB-

[ns BU3HAYEHHA cunM R HWXHIO

HICTb omopy ¢; MaTuMe FiHiHY 3anexHicTb Bif

Bucotm h. Y Touui O ¢;=0, a y Touui A —
q; =49imax - Ha DOBINbHIN BUCOTI h IHTEHCUBHICTL

Onopy BU3HAUYNTLCS:
EnemMeHTapHU/n MOMEHT CunAM Onopy Ha
AinsHui dh BU3HavaeTbcs piBHAHHAM (ansa Ry):

dMy=h-q-dh, Ae q1 — IHTEeHCUBHICTb
onopy.
Micng iHTerpyBaHHS ANs HWXKHLOT YaCTUHK
1

Mlzgqmax'hlz’ (8)

Len MomMeHT gopiBHioe Mr=R1h1, 3Bigkn
1 : 1
R, = gq,maxhl’ R= 3 Jimax/n (9)

[HTEHCMBHICTL OMNOpPY I'PYHTY § MOXHa BU3Ha-
YMTK Yepes TBepAiCTb I'PYHTY L Ta AiaMeTp KOpeHsi

dk AK g =p-d . BpaxoBywoun fjto nuwe LeH-
TpanbHOi YacTUHW JiameTpy dk sin ®,

R:%xdk-/yhl-sin(pz (10)

PosrnaHyTi ABi yMOBU pyMHYBaHHSA KOPEHIB —
BHacCnifoOK 3MWHaHHS i po3pisaHHs (3cyBy). 3a yMOBU
pedopmMalii  KopeHiB BHacnigok 3MWHaAHHA cuna
pi3aHHs OOpiBHIOE

P, =2r-d -o;-sing-siny, (10)

a BHacnigok 3pi3aHHs (3CcyBY) cuna pisaHHS
BM3HAYUTbCH:

2
- dyg
Riz=——-x0

yaal (11)

BignosigHO 00 uUMX ABOX BUNAAKiB pynHyBaH-
HA KOPEHiB YMOBW nepepidaHHs 3anuwyTbCs TakuM
YNHOM:
ansa gedpopmadii SMMHaHHSA:
1 . . .
ngK “p-hy-sing, =2r-dy -og3-sing, -siny (12)
ona gedopmadii 3pisaHHs:
1 , -d?
Z.d -p-h-sing, :Lxgp. (13)
3 4
[Ona KopucTyBaHHA OTPUMaHUM PIBHAHHAM
eKCNepuMEHTanbHO BU3HA4YeHi koedilieHTn TepTs
KOpeHiB Oyp’sHiB No matepiany nanuv (ctani) Ta no
I'PYHTY, @ TaKOX PYNHYHOYE Hanpy>XeHHA o, Bu3sHa-

Yanu TakoX pyrHiBHe HanpyXeHHs po3puBYy.
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3anexHicTb cripautoBaHHs nan KynbTuBaTopiB
Big, HapobiTKy JocnigKyBanu eKcnepuMeHTarnbHO.
[na uboro BMKOPWUCTOBYBanW Tpu arperatu ge Ha
KOXXHOMY KynbTuBaTopi 6ynv BCTAHOBIEHI HOBI KOM-
nnektn nan. Arperatu npauioBanu B OOHaKOBMX
ymoBax Ha nonsx. mMubuHa obpolbiTky cTtaHoBuna
10 cm. Micnga o6pobiTtky nnouwi (5, 25, 45 ra) KOXHUM
arperatoM KOMMMEKTW nan 3HiManu pobwunu rincosi
BioOGMTKM nNpocpinie nes. 3Hoc ouiHoBanNn pagiycom r
BMMCAHOro Kana y npodinb nan, BUCOTOK chackn h,
Ta KyTOM Haxuny 3aTunbHOI hacku.

3a OCHOBHi SIKICHI NOKa3HMKN HaMW NPUAHATO
3MiHY MUOWHKN KynbTWBaLi, PIBHOMIPHICTb FMUOWHK
Xo4y nan i 4Yacty He 3pi3aHux byp’sHiB. Pesynbta-
Tamu JocnigXXeHb BCTAaHOBMEHO, LLO i3 30iNbLUEHHAM
pagiyca nesa rnmbuHa o6pobiTKy 3MeHLWYETbCS, ane
il MOXXHa KOMMeHcyBaTK 306iNbLIEHHAM YCTAHOBIEHOI
rmMubuHa Ha 1-2 cM Npu 3pOCTaHHi TOBLLMHK fe3a Ha
0,1 Mm, nicnst HapobiTky L=25 kM. [NMOKa3HUKM piB-
HOMIPHOCTi i3 36inblIeHHAM cnpaulBaHHAM resa
NOripLWwyTLCSA. IX MOXHa BBaXaTu MPUAHATHUMU
npu 36inbleHHi ToBwwmHM nesa go 0,5 mm. CtyniHb
nigpisaHHa Oyp’sHiB Takox noripwyeTtsca. Ha po-
Oouin wewmnakocTi arperaTy 6nusbko 8 kM/roa. gony-
cTumui pagiyc nesa craHosutb 0,3-0,4 mm.

TaknMm 4nHOM, NO AKICHUM MOKa3HWKaM Oony-
ctumuin pagiyc nesa crtaHosutume 0,4 cm, Wo
BignoBigae npomnaeHii BiacTaHi 6nm3bko L=80 Km,
WO 3aJ0BiNbHO cnisnagae 3 TEOPETUYHUMU Moe-
nsMun.

HocnigpxeHHs nokasanu, wWo npu 30inbLUEHHI
pagiyca nesa Big 0,1 go 0,5 mm B gianasoHi wseua-
kocten 6...10 km/rog. nuTomui onip 3pocTae B ce-
peaHboMy Hal12%. NopiBHIOIOYM eKkcrnepyMeHTanbHi
OaHi 3 TEOPETUYHMMU BUSIBIIEHO, LLO €KCNepUMeEH-
TanbHi Ginbwe Ha 30...40 %. Tomy, oTpuMaHi
PIBHSHHA [OUINLHO BUKOPUCTOBYBaTU AN OLUHKM
XapakTepy BrfvBY OKpeMUX MOKa3HUKIB.

[ocnimkeHHss MexaHiYHMX BNacTUBOCTEM KO-
peHiB Oyp’sHiB NpoOBOAUNN B TEH30METPUYHIA nabo-
patopii. Onip pi3aHHIO KOpeHiB Oyp’siHiB BU3Ha4anu
npu ctatmyHux (3 nignopom Ha cteHai TYA-5) Ta
AvHamiyHnx (Ha masiTHukosomy komnpi MK-0,5, npu
WBKMOKOCTAX  pi3aHHsa  6...10 km/rog)  ymoBax.
KoediuieHT TepTa BM3Ha4anu Ha cnewjianbHO BUro-
TOBMEHiN ycTaHoBUi. [ocnigpkeHHsa npoBoaunu Ha
3paskax Oyp’sHiB 3i CTPMKHEBOK KOPEHEBO CUCTE-
MO0, TaK 9K JOCHIIKEHHSA nokasanu, Lo Taki noHaa
90% Oyp’stHK 3 TakoK KOPEHEBOK CUCTEMOK 3arnu-
watTbcsa Ha noni. BctaHoBneHo, LWwo i3 36inbluekx-
HAM pagiyca nesa Big 0,01 go 0,03 cm pywnHiBHe
Hanpy>XeHHs1 3MEHLLYETBLCS, a NOTiM CTabini3yeTbes.
Taky 3aKOHOMIPHICTb Ha Halwy AYMKY MOXHa Mosic-
HUTK TUM, LLO MPU MEHLWIOMY pagiyci pisaHHs Bigby-
BaeTbCH MPU MEHLLOMY TpaBMYyBaHHi MaTtepiany i, aK
Hacnigok, MEHLWOMY BUAINEHHI BHYTPILUHbOKMITUHHOI

PiAVHK, SiKa ICTOTHO 3MEHLUYE KyT TepTs ¢, .

BucHoBku. 3a pesynbTatamu Hawmx Ao-
CnifpKkeHb J0oMycTuMa BEeNMYMHA pagiyca 3HOLLEHOro
nesa nanuv NoBMHHa 3HaxoauTbcs B mexax 0,2...0,5
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Bondapee C.U. UCCIIEJOBAHUE KAYECTBEHHbIX U 3HEPETUYECKUX MOKA3ATEJIEA
PABOTbI NTOYBOOBPABATbLIBAIOLENA TEXHUKN

lposedeH yukn uccriedosaHull cesizaHHbIl ¢ onpedesieHUeM Ka4eCmeeHHbIX U 3Hepaemuyeckull rno-
kasamenel pabomsl noygoobpabamsigarouwieli MexHUKU Mpu ye8esu4yeHuUU U3HOca KPOMOK UX paboyux op-
2aHos.

Knrodeenie cnoea: noysoobpabameigatoujasi mexHuka, obpabomka rno4ebi, U3HOC rno4ygoobpabamai-
sarouux paboyux opeaHo8, Ka4ecmeo 0bpabomku roYebl, pacxodbl Ha 06pabomky Noyesbl.

Bondarjev S. RESEARCH OF QUALITY AND POWER INDICATORS OF OPERATION OF THE
SOIL-CULTIVATING EQUIPMENT

With the purpose of planning of production processes in agriculture and high-quality implementation of
works on till of soil theoretical and experimental researches are conducted on optimization of soil tillage tools
work on the criterion of minimum charges of facilities on additional energy, conditioned the increase of re-
sistance at the wear of blades of paws and to their renewal.

Quality cultivation of the soil is one of the few basic operations that provides a high yield of crops. Cul-
tivation of the soil is sufficiently power account operation and low wear blades working tillers organs lead to
cost overruns fuel and deterioration of quality indicators of their work. As part of the research we have con-
ducted a series of research on the study of the soil nature and the value resistance of worn blade tillage.

The analysis of the existing researches has shown prospects of search of the multicriteria task con-
nected with wear optimum admissible size determination of an paws edge considering the accounting of
quality and power indicators of their work.

Theoretical researches of process of a worn-out edge interaction of tillage tools with soil have estab-
lished the tape of wear influence on the soil resistance and the mathematical description of this process is
received.

The analysis and experimentally reasonable conditions for determination of admissible radius of an
edge depending on the hardness of the soil, a breaking point of a a weed, depth root of processing and the
roots friction angles on an edge and soils is executed.

Keywords: treatment of soil, tillage tools, soll tillage tools resource, treatment of soil of technique, op-
timum work, quality of soil treatment.
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