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NCCIEAOBAHUE ABU/KEHUSA KOJECHOI'O TPAKTOPA HA CKJIOHE
STUDY OF WHEEL TRACTOR MOVEMENT ON SLOPE

B cratpe mpemmaraercs METOAMKA MOJEIHPOBAHUSA Ipolecca OYKCOBaHMS JIBHIKHMTEIEH
TpPaKTOpa IPU BEPOATHOCTHOM XapaKTepe BHEIIHUX BO3JAECHCTBUIA.

B ycnoBusix ropHoro 3emuienenusi mnpu o0paOOTKe CKIOHOBBIX 3€MeNb, MMEIOIUX YKIIOH
9...10°, wyame Bcero HCHOIB3YIOTCS KOJECHBIE TPAKTOPbl C ITHEBMAaTUYECKMMHM IIUHAMM.
TexHonornmueckuii mporecc ux pabOThl HA CKIOHOBBIX 3€MIISIX, KaK M TPAKTOPOB C T'YCEHHYHBIM
JBUKUTENIEM, OTPAHUYEH KaK HAJIMYMEM ONACHOCTH ONPOKHUIBIBAHUSA, TAK U 3aMETHBIM CHUKCHHEM
paboTOCIIOCOOHOCTH BCIEICTBHE YXYALICHUS CHEIICHUS C TOYBOI.

HauOonpiiee BHUMaHue ciefyeT oOpamarh Ha Ipolecc paboThl KOJIECHBIX TPAKTOPOB IMPH
HaJIM4uu OOKOBOTO KPEHa, TaK KakK B 3TOM Cllydyae Ha HUX OKa3bIBAET BIMSIHHE JIEHCTBUE OOKOBOM
CHJIBI, BBI3BAHHON BECOM TPAaKTOpa.

N3BecTHO, 4TO KECTKOE KOJIECO B CIydae, KOrAa UMEET MECTO OOKOBasl CUJIA, IEPEKATHIBACTCS
B IUIOCKOCTH CBOETO BpallleHHs 10 TeX IOop, MOKa 3HaueHue OOKOBOW peaKkUMH IOYBBl HE
CpaBHSETCS ¢ CHJIOW creruieHus. [[HeBMaTnieckoe e KoJeco, KOTopoe o0iagaeT Takke OOKOBOU
JIACTUYHOCTBIO, IEPEKaThIBACTCSA IIOJ YIJIOM K IUIOCKOCTM CBOErO BpAlICHUs Jaxe IpHU
MUHUMAaJIbHON OO0KOBOM cuie. J[aHHOE sIBIEHUE XapaKTepU3yeTcsl TAKUM MOHITHEM, KaK «OOKOBOM
YBOJI KOJIECA».

XOTsl mpu AKCIUTyaTallil TPAaKTOPHBIX arperatoB OOKOBOM YBOJA KOJEC M HE MOCTOSIHHO
neucTByomuil  Gakrop, 3TO SABJICHHWE M €ro BIMSHME Ha JBM)KEHHE TPAaKTOPHOIO arperara
UCCIIEIOBAHO J0BOJIbHO I1yO0Ko. bokoBast cuia, KOTopast BbI3bIBAET OOKOBOH yBOJ KOJIEC TPAKTOPA
— 9TO, TJIaBHBIM 0O0pa3oM, LEHTpoOeXHas cuja HHEpLUH, KOTOpas BO3HHMKAaeT B Ipolecce
JBUKEHMSI TPAKTOpa Ha MOBOPOTE, WM MO/ IeHCTBUEM OOKOBOTO BETpA.

PaGota TpakTopHOro arperata ¢ OOKOBBIM KPEHOM IpH JKCIUIyaTalldd B YCIOBUSX
CKJIOHOBBIX 3€MeJlb — 3TO AKCIUTYyaTal[MOHHBIN PEKUM C MOCTOSHHBIM JIEHCTBHEM OOKOBOW CHJIBI.
[Tonmy4eHsl 3aBUCUMOCTH JJIsl pacdyeTa CHUJI, KOTOpbIE BBI3BIBAIOT OOKOBOH YyBOJ KoOJieC MepeaHel u
3aJIHEN OCH TPAKTOPA IIPH DKCIUTyaTalluu B YCIOBHUSIX CKIIOHOBBIX 3€MEIIb.

The article proposes a technique for simulating the process of towing tractor propellers under
the probabilistic nature of external impacts.

In mountain farming, wheeled tractors with pneumatic tyres are most often used in the
processing of 9 lands with a slope of... 10 °. The technological process of their operation on slope
lands, as well as tractors with a caterpillar propulsor, is limited both by the presence of danger of
rollover and by the marked decrease of operability due to deterioration of adhesion with the soil.

Most attention should be paid to the operation of wheeled tractors in the presence of a side
roll, as in this case they are influenced by the side force caused by the weight of the tractor.

It is known that the hard wheel, in the case where lateral force occurs, is rolled in the plane of
its rotation until the value of the lateral reaction of the soil is equal to the adhesion force. The
pneumatic wheel, which also has lateral elasticity, rolls at an angle to the plane of its rotation even
with minimal lateral force. This phenomenon is characterized by the concept of "side wheel
recovery."

Although in the operation of tractor units, the lateral withdrawal of wheels is not a constant
factor, this phenomenon and its impact on the movement of the tractor unit has been studied quite



deeply. The lateral force that causes the side discharge of the tractor wheels is mainly the
centrifugal force of inertia that occurs during the movement of the tractor at a turn, or under the
influence of lateral wind.

Operation of tractor unit with side roll during operation under conditions of slope lands is
operational mode with constant action of side force. Dependencies are obtained for calculation of
forces, which cause lateral discharge of wheels of front and rear axes of tractor during operation in
conditions of slope lands.

KnaiwueBbie cjioBa: CKIOH, TPAaKTOp, JABMKCHHUE, CKOJbKCHUE, OOKOBOM YBOJ, JABHXKHTEINb,
OyKcoBaHHE.
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BBenenue. D (HEeKTUBHOCTH UCTIOJIB30BaHUS KOJICCHBIX TPAKTOPOB B 3a/IaHHBIX
YCIOBHUSAX B 3HAYMTEIBHOM CTEIEHW 3aBUCUT OT TMOKa3aTelel, XapaKTePpH3YIOIINUX
TSTOBO-CIICTTHBIX CBOMCTB TpakTopa [1-3]. DTu mnokaszarenu SKCIUTyaTal[MOHHbBIX
CBOMCTB TpaKTOpa OMPEACISIOT MO0 PE3yibTaTaM €ro TATOBBIX HCMbITaHUN. OIHAKO
noyiygaemasi mpu 3ToM uHGOpMaIs He 0000MIaeTCs M0 YPOBHS MaTeMaTHUYECKUX
MOJIeJIel, YTO HE TIO3BOJISIET MCIIOJIB30BaTh €€ 3a IpejejaMud  YCJIOBUH,

CONYTCTBYIOLINX IKCIEPUMEHTY [4-8].
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Pabota TpakTOopa ¢ OOKOBBIM KPEHOM B TOPHBIX MECTHOCTSIX IMPEACTaBISET
AKCIUTyaTallMOHHBIA PEXUM, IPU KOTOPOM OOKOBasi cuja ACHCTBYET Ha TPaKTOp
IIOCTOSIHHO. bOKOBOM yBOJI THEBMAaTUKOB OTPHIIATENIEHO BIUSAET HA YyCTOWYUBOCTH B
HAallpaBJICHUM  JBWKEHMS W HAa  YIPABILIEMOCTh  TPAKTOpPa,  BBI3BIBACT
JOTIOJTHUTENBHBIA PAaCXOJl SHEPIHH, B CBA3M C 4YEM YXYALIAECTCS TOILIMBHAS
AKOHOMUYHOCTh. ClieoBaTesbHO, OOKOBOM yBOJ KOJIEC JUIsl TPAKTOPOB HMMEET HE
MEHEE BA)KHOE 3HayeHue, yeM sl aBTomoOmieil. HecMoTpst Ha 3TO, B Hacrosiee
BpeMsl IaHHOM Mpo0sieMe He YIEIEHO J0CTaTOYHOI'0 BHUMAaHUSI.

MeTtoabl  HpoOBeJeHHs  MCCJIEAOBAHUM  BKIIOYAIOT:  TEOPETUUYECKHE
MCCJIEI0OBaHMs Mpouecca paboThl KOJECHOTO TPAKTOpa Ha CKIOHOBBIX 3€MIISIX CO
CJIOKHBIM peIbe()OM MECTHOCTHU C UCIOIb30BAaHUEM MATEMAaTHUYECKOTO aHAIM3a.

Pe3yabTarbl HcciaegoBaHMs M MX oOcyxaenue. llpu MonenupoBanun
mpouecca ABW)KEHUS KOJIECHBIX TPAKTOPOB IO CKJIOHY HapaMeTpbl OyKCOBaHMS
JABVOKUTENS MOJIPA3eIIsiIOTCs HA OCHOBHbBIE (4acTOTa BpAILEHUs Baja JBUraTens o,

4acoBOM pacxoll TommBa G, MOKa3aTelb OyKCOBAHHMS O U (PAKTUYECKHHA pajinyc
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[Ipu aBMXKEHUU C OOKOBBIM KPEHOM JIEHCTBYIOIAs HAa TPAaKTOp OOKOBasi cuiia

G sina (puc. 1) pacupenensercst o 0CsiM TpaKTopa CIeAYIOIMKUM 00pa3oMm:
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Pucynox 1 — JIBuxkenue TpakTopa ¢ O0KOBBIM KPEHOM

- MIEPEIHSS OCh:
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I7I€ OL — YI'OJI CKJIOHA.
[lox nelicTBHEM yKa3aHHBIX CHJI BOBHHKAeT OOKOBOM yBOJI KOJIEC.
JUis ynpouieHust 10InycKaem, 4To yriibl O0OKOBOIO YBOAA BEAYLIUX U MEPETHUX

kosec pasHbl. [Ipu 3TOM, yros 6okoBoro yBona (J,) BeAylmMX Kojec OoJblIe yria
O0okoBoro ysoaa (0;) HmepegHHX Kojec:d, >9;.B arom ciydae Tpakrop HayHeT

JABUI'aTbCA HpﬂMOJ’IHHCﬁHO IIOIICPCK CKIIOHA ITOCJIC TOI'0, KaK 3aIHUC KOJICCA TPAKTOpa

NOBEPHYTCS K HANpaBJICHUIO JABUKEHUs HA Yyrol J,, a IepeAHue Kojieca — BHU3 IO
CKJIOHY Ha yroi ©=6,-6, (puc. 2). Ilpu stoM Ha yron OokoBOro ysoma o,

IMOBCPHETCA U ITPOAOJIbHAA OCh TPAKTOpPA.

Pucynok 2 — JIBmxeHue Tpaktopa ¢ 00KOBBIM YBOJIOM

[Tpu o, > &, nepenHue Koseca CieayeT MOBEPHYTh BBEPX MO CKIOHY Ha yroi
O=05,-0,.

B neiicTButenbHOCTH, Yyrojl 60KOBOTO yBOJA 55 HIDKHETO KoJieca 3aJHell OCcH
MEHbIIIe yria OOKOBOTO yBOJa &, BEPXHETO KOJIeca TOM K€ OCH, a IS MepeaHuX

Kojiec O; <o;. B atom ciayyae yron nmoBopota mpoAoibHONH OCH TPAKTOpa HE MOXKET



PaBHATHCS JIBYM pa3HbIM yriaM OOKOBOTO yBOJA 3aJHUX KOJIEC U YroJl MOBOpoTa 6
NepeHUX KOJIEC TaKKe HE MOKET COOTBETCTBOBATH ABYM yriaM OOKOBOTO yBOJa TeX
&Ke Kosiec. BBuay 3Toro, KaueHHe KOJEC COINPOBOXKIACTCA CKOJIbKEHUEM, YTO
BBI3BIBAECT YBEJIIMYEHUE COINPOTHUBIICHHS JABUKEHUS TPAKTOpa IMpPHU IMEPEMELIECHUU C
KPEHOM.

Jsist Toro, 4ToObl 00ECTIEUNTh NBUXKEHHUE TPAKTOpa B 3aJlaHHOM HaIpaBIICHUU
npu paboTe ¢ OOKOBBIM KPEHOM HAIpPAaBIIIONIME KOJIeca, CIEAyeT MOBEPHYTh BBEPX
WIK BHU3 Ha yroi (. TouyHO MOBEpPHYTH NEPEHUE Kojieca Ha TpeOyemblid yroin @
MIPAaKTUYECKH HEBO3MOXKHO. McXoAs M3 3TOro, MMEET MECTO HEJOCTATOUYHBIA WM
M3JIMIIHUE TOBOPOT. BenencTaue 3Toro, HE0OX0AMMO JOMOIHUTENBHO TOBOPAYMBATH
KOJIeCca TO B OJHY, TO B JIpYTYIO CTOPOHY. M3-3a 3TOro TpakTOp HAYMHAET BUJIATH,
NPUBOAS K YMEHBIIEHUIO €ro IO0Je3HOM padoThl BCIEACTBUE YMEHbBIICHHUS
K03 (ULIMEeHTa UCIIOIb30BAHMS IEHCTBUTEIBHON CKOPOCTH.

B ciyuae arperatupoBaHus TpakTopa C MPHUIEHOM, MOJA JACHCTBUEM OOKOBOMU
cunbl G, sina (G, — Bec mpuiena) UMeeT MeCTO OOKOBOW YBOJ KOJIEC IPHIEIA,

MPOJIOJDKAIOIIMICS A0 TEX IMOp, MOKAa OHM HE MOBEPHYTCSA HA Yroy OOKOBOTO yBOAA

(puc. 3).

Pucynok 3 — CxeMa KOJIECHOrO TPakTopa ¢ MPUIETIOM



[Ipu nBH>KEHUU C KPEHOM M3-3a YBOJIa KOJIEC 3HAYUTENIbHO BO3PACTAET IMPUHA
3axBaTta A TPaKTOPHOIO arperarta. Y CTAaHOBJICHO, YTO IIUPHUHA 3aXBaTa TPAKTOPHOTO
arperara Ha ckyione 10...12° yBenuuuaercs 10 40 cM, 4TO YCIOXKHSET €ro padoTy B
MEXKIYPSAABAX CEIbXO3KYIbTYP.

Ob6sacTh npuMeHeHUsI pe3yabTaToB. Pe3ynbTaThl UCCIeN0BaHUSI MOTYT OBIThH
UCIIOJIb30BaHbl CEJIbCKOX03MCTBEHHBIMU MPEAPUATHUSIMHU.

BoiBoabl. 1. Benumumaa yrima OOKOBOTO yBOJA OMpENEisieTCs Hapsay C
NeHCTBYIOIIEH OOKOBOM CHJIOM Takke H OOKOBOM JJaCTUYHOCTBIO Kojeca u
paguanbHOM Harpy3koil Ha kojeco. [lnsi kadeHuss kojec 0€3 CKOJbXEHUs
HEO00XO0IMMO 00ECIIEYUTh Pa3HbIC YIJIbl OOKOBOTO YBO/IA.

2. BokoBO#l yBOJ KOJIEC YBEIMYHMBAET CONPOTHUBIICHUE IBHKECHUIO U IIUPUHY
3axBaTa TPAKTOPHOTO arperara npu ero ABMKEHUU MOTMEPEK CKIIOHA.

3. BennuuHy GOKOBOTO yBOAa KOJIECa MOXXHO YMEHBIIUTH MYTEM YBEIMYCHUS

OOKOBOM JKECTKOCTH IITUHBI (YBGJ'II/I"II/IB JaBJICHHMC B HCM HNJIN 3aIIOJIHUB €€ BOIIOﬁ).
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