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ANDDEPEHUMAJIBHOE YPABHEHUE ABW)KEHUA
KOJIECHOIO TPAKTOPA C NEPEMEHHOW HAIPY3KOW

Bcmamuvepaccmampusaemcesdeuiicerue K0LeCH020 mMPaKmopa . c nepemMeHoil Hazpy3Koil
Ha KpoKe no degopmupyemoil nogepxrHocmu noas u vieodumcsa Ou@@epenyuanvHoe
ypasHeHue ezo OsudxceHus. [as e6vieoda cucmembl Ou@@epeHyuanbHblX YPABHEHUlL,
onucviganuwux O08uNdCeHUe KOJeCH020 mpaxKkmopa no O0epopmupyemoill no8epXHOCMU,
npedcmagJena pacyemuas cxema mpaxmopa, npedcmagisanou,as coooil epynny c6sA3aHHbLX
pasauunbim obpazom macc. B evieedennoii cucmeme Oup@epeHyuanbHblX YPABHEHUIL,
Jegble yacmu npedcmagasiom u3 cebs CJAONHbLE 3ABUCUMOCMU UCKOMbLX @QYHKYUILL,
nosmomy kaxdas yvacmHas 3adaua 00AHHA peuwlamves UHOUBUOYANbHO Memodom
nocnedosamenvHulx npubaudcenuii. Ommeuwaemes, umo 04 onpedeseHus NaApamempos
Jsuicenus KOJeCH020 MpPAKmopa ¢ nepemeHHOoll HAZPY3KOlU HA KpPHKe U3 NOLY1LeHHOU 6
uccnedosanuu cucmemb. Heo0x00UMO 3HAMb 3AKOH U3MEHEHUs KPYmsau,ezo MOMeHma
no epemenu, moixawwue ycurusa F_ Hna eedywux rosecax, MOMEHMbL CONPOMUBLEHUS
08UINCEHUIO KOJLeC CMUHAeMOl nouge,8eslUdURY Kodppuuuenma Oykcosanus deuxcumedlell,
degpopmayuio WUH U NOuUBbL, @ MAKIE MACCOBble XApaKmepucmuku mpaxmopa (macca
mpaxkmopa, npueedennuvliL. MOMEHRM UHEePUUU MPAHCHMUCCUU, MOMEHMbL UHEPUUL 6e0YUUX
u gedombLx Kosec mpaxkmopa). B cmamve paccmompeno dguixernue KosiecH020 mpaxKmopa
no Odegopmupyemoii. nogepxHocmu noss, npedcmasasiouee coboil 08uxdceHUe zpYnnbul
CBA3AHHBLLX DA3AULHLIM 00pPA30M MAcCC, U 8bleedeHo Ju@epenHuuanbHoe YpagHeHue ezo
osucenus.

Tpaxmop, dugpeperyuanvrhoe ypasHeHue, Hazpy3Kka HA KPHOKe MPAKmopa, MOMeHm
uHepyuu, gedomoe u gedyuiee K0Jeco.

The article there is considered a movement of the wheeled tractor with a variable load
on the hook on the deformable field surface and a differential equation of its movement
is derived. For developing a system of differential equations describing a movement of
the wheeled tractor on the deformable surface there is given a design model of the tractor
which is presented as a group of masses connected in a different way. In the derived
scheme of differential equations left parts are complex dependences of unknown functions,
therefore every particular problem should be solved individually by a method of successive
approximations. It is stated that for determination of the movement parameters of the
wheeled tractor with a variable load on the hook from the received during the investigation
system it is necessary to know the law of torque change with time, pushing force Fk
on driving wheels, moments of the crushable soil resistance to the wheels movement,
coefficient value of the mover skidding,deformation of tires and soil as well as tractor
weight characteristics (weight of the tractor,equivalent moment of inertia of transmission
of driving and driven wheels of the tractor). The article considers movement of the wheeled
tractor on the deformable field surface which is a movement of a group of connected
differently masses and a differential equation of its movement is derived.

Tractor, differential equation, load on the tractor hook, moment of inertia, driven
and driving wheel.
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MamuuoTpakKTOpHOMY arperary mOpu
BBIIIOJTHEHUM  PA3JIUYHBIX CEJIbCKOXO3AMH-
CTBEHHBIX Pa0OT IPUXOAUTCS IIepeMeI[aThbCs
II0 PasHBIM OIIOPHBIM IoBepxHOCTAM. OT
THUIIA OIIOPHON ITOBEPXHOCTHM BO MHOTOM
3aBUCAT TATOBBIE IIOKA3aTeJNN TPaKToOpa
u arperata B ImeaoMm. CiemoBaTesbHO U
rmapaMeTpbl, ONpeAessaIoNine  ABUIKEHUE
KOJIECHOTO TpakKTopa TII0  Pal3JIMYHBIM
IIOYBEHHBIM (poHaM, OYAyT pasHbIe.

PaccmoTpeHo BUKeHUE KOJIECHOTO
TpakTopa c IepeMeHHOI HarpysKoil Ha KpIio-
Ke 1o neopMUPYyeMON ITOBEPXHOCTY TOJIA.
BriBeneno puddepenHnuanabHOoe ypaBHEHUE
ero nBUKeHUA. s yOpoIeHWs TPUHATHI
caenyoolue AOMYIIeHUA:

1. [IBusKeHMe KOJIECHOTO TPaKTopa mpo-
WCXOIUT II0 TOPU30HTAJBLHON IIOBEPXHOCTH.

2. Kpyramiuii MOMEHT aBUraTejsd, Iie-
peramoiuiica Ha BeAylue IIOJYOCHU, pacipe-
IejisgeTcsa OMUHAKOBO IO KoJjJecaM TpaKTopa.

3. [IBumiKeHuMe TpaKTOpa HTPOUCXOIUT
CTPOTO IO MPSAMOI JIMHUU, T.€. OTCYTCTBYIOT
OOKOBBIE CHUJIBI.

4. NsmeHeHMe Harpy3KuW Ha KpIOKe
TpaKTOpa IIPOUCXOAUT II0 TapMOHUUECKOMY
3aKOHY:

c 6Kp
P, =P, |1+—-cosmt|.

5. JIuHuA nelicTBUS TATOBON HArpys-
KU COBIIaJla€T C TOPUBOHTAJHHBIM HallpaBJie-
HUEeM JBUKEeHUSA TPaKTopa.
Hina BeiBoga cucteMbl Aud@epeHIIalb-
HBIX YPaBHEHWMH, ONMUCHIBAIOIINX IBUKEHUE
KOJIECHOTO TpakTopa 1o medopMupyemoit
OIIOPHOM  IOBEPXHOCTU, WCIOJH30BAJIACh
pacueTHas CXeMOM TpaKTopa, IpeJCcTaBIeH-
Has Ha pucyHke 1.

n

4$..+ - .
an XPjn Xk Pkajk

Puc. 1. IIpencraBieHume mMacc KOJECHOTO
TpakTopa: I — wmacca [gBurartensa c
TpaHcmuccueii; II — macca ocToBa TpakTopa;
IIT — macca Bemyiiero koJieca; IV — macca
BEIOMOT'O KoJieca

Kax BugHO M3 cXeMbl KOJIECHBIA TpaK-
TOD IPEACTaBJISAET CO00 TPYNITY CBA3aHHBIX
pasaumuHBIM oOpas3oM wMacc. Ilepemelenue
KasKJI0ll MAacChl IPOUCXOMUT II0 PABTIUUHBIM
3aKOHAM, U ONMCHIBAIOTCA pas3HbIMU Audde-
PeHIINaJIbHBIMHY YPaBHEHUAMMN.

Huddepernuanibuoe ypaBHeHUE Bpa-
IIIeHnd KOJIeHYaToro BaJa JABuUuraregasda cC
BPAMIAOMIMMUCA JEeTAJIMH TPAHCMUCCUU
MOKXHO HaIlMCcaThb Ha OCHOBaHUM IIPMHIIMIIA
Hanambepa B ciaenqyiomieM BUIE:

2M dw

Bey
Moo= e
lTp

e M}I — KPYTAIIUN MOMEHT aBuraress, Hw; Mm —
MOMEHT, IPUJIOKEHHBIH K BeIYIeMy KOJIeCYy TPaKTopa
c yuetom KIIJ] tpamcmuccuu, Hwm; iTp — IepefaToOdYHOE
OTHOIIIEHVE TpaHcMuccuu; I — IPUBENEHHBINI MOMEHT
WHEPIINY MaXOBUKa M TPAHCMUCCUU TPAKTOPa K OCU KO-
JIEHUaTOro Baja 0e3 ydyeTa MOMEHTa MHEePIuHu KoJec (Mo-
MEHT WHEPIUHM KOJIeC He YUUTHIBAETCS IIPUBENEHHBIM
MOMEHTOM WHEPIIUY TPAHCMUCCHUUM TPAKTOpa B CBA3U
C TeM, UTO IIPU HKCIEPUMEHTAX OOBIYHO ITPOM3BOAUTCS
3aMMCh KPYTAIEro MOMeHTa mojayocu), Hme?; dw/dt —
VIJIOBOE YCKOPEHUE KOJIEHYATOro Bajia JABUTATeJs , M/c.

HuddepeHnranbHoe ypaBHEHUE A
IOCTyHaTeJbHO ABUMKYIIIUXCA MacC TPaKTO-
pa MOMKHO IIOJYYUTHh M3 IIPOEKIIUH BcexX
CIJI, MEeNCTBYIOIINX Ha OCTOB TpPaKTOopa, Ha
HaIlpaBJeHNEe IBUIKEHUI:

1)

dw
—, (2
odt (2)

rpge F , F, — TonKalollee yCujve CO CTOPOHBI OJHOTO
Kojieca (COOTBETCTBEHHO B3aJHET0 U IIepegHero) Ha
0CTOB TpaxkTopa,kKH; PKp — TATOBadA HarpyskKa TpakTopa,
kH; dw/dt -snuneiiHOe yCKOpeHHE IOCTYIATEJIHHO
IBUIKYIlelicss Macchl TpakTopa, M/c?; iTp — Macca
TpakTopa, KI.

CoriacHO NIPUHATOMY OIPEeIeHUIO
IPUBEIEHHOT0O MOMEHTA WHEPIIUU TPAHC-
MUCCHUH TPaKTOpa Ha pucyHKe 1 Kakgoe Ko-
Jieco MOJIXKHO paccMaTpUBATHCA B KauecTBe
OTAEeJIBbHON MaccChl. [[BMIKYIIIUM MOMEHTOM,
IIPUJIOMKEHHLIM CO CTOPOHBI IBUTATENS K Be-
IyIeMy KoJjecy, obra M sorx (puc. 2a).

o
2F, -2F, - P2 |1+ ;p cosmt |=m

Puc. 2. Cxema cuax u MOMEHTOB, [IeiCTBY-
IOIUX HA ITHEBMATHYECKOe KO0Jeco: a —
BeIyIero KoJjeca; 6 — BeIOMOTO KoJeca
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Huddepenuanbuoe ypaBHEHIE ABUMKE-
HUA JI000T0 BEIYIIEero KoJieca MPeICTaBIeHO:

dv
MBen—FKr P r' _I a (3)
TIe FKr;l — TATOBBIE MOMEHT KoJjieca, Hw; r.o-

AWHAMUAYIECKUH Daguyc KadeHus Koneca, M; P, — cuia
CONIPOTHUBJIEHNUS TE€PEKATHIBAHUIO BeAYIIeTO KoJjeca,
kH; I — MOMEHT umHepI UM BeAyllero Kojeca, Hwme?.
HuddepennmanbHoe ypaBHeHUe [IBU-
"KeHHusA JI00T0 BeJOMOI'O KoJieca aHaJIOTHU4-

HO IIpeacTaBJIEHO B BUE:

dov 1

Fnrn - Pfﬂ n = I - (4)
dt r,

roe an — CuJja COHpOTI/IB.TIeHI/IH HepeKaTLIBaHI/IIO Be-

nomoro kojueca, kH; r — pagmyc KaueHUs BeZOMOTIO
KoJieca, M; In
Hwmec?.

Ha mouBy, HaxoaAIyoca Me:KIy 3allera-
MU, TeHICTBYeT B KauecTBe Ie(DOPMUPYIOIIErocs
YCuiinsA TOJIKAIoIasad CHujia KoJieca F x 1 B Kaue-
CTB€ CHJIBI COIIPOTUBJICHUA IIOYBBI TOPM30HTAJIb-
HOW nmedpopMaruu RK, YUYUTHIBAA COIIPOTUBJIEHUE
IIOYBBI TOPU30HTAJIBHOMY CMATHUIO, YaCTHUYHO
cpe3y M TPEHMIO IIOYBO3AIEeIloB O MmouBy. Hud-
depeHIIAIbHOE ypaBHEHWE T'OPU30HTAIBLHON
TIOUBLI OyIeT MMeTh CJIeAYIOIIUI BUI:

— MOMEHT HHEepIIMK BEeJOMOI'0 KoJieca,

do_.

_ ni
F.-R,=m, 1 ()
roe m"i — IIpuBeJeHHasd MaccCa IIOUYBbI, YUAaCTBYIOIIad B

nedopmanuu, Kr; v, — CKOPOCTH JedopMaluu MOYBEL,
m/c.

Takum oOpasoM mpeacTaBIeHHas Ha
pucyHke 1 rpynmna cBA3aHHBIX MEXKIYy CO00I
Macc (KOJIECHOTO TPaKTopa) B 00IIeM ciiydae
onmchIBaeTcAa cucrteMonn wu3 auddQepeHn-

aJIbHBIX ypaBHeHI/Iﬁi

2M
Mu_‘—m:Id_w;
Iy dt
. o dw
2F, -2F, - P |1+—cosmt |=m, —;
dt
dv
M, —-Fr —-Pr =1 — 6
BEex dt ( )
Fnrn _an n _I @l’
dt r,
FKi_RKi :mni dvni *
dt
Ecnu yuects, uto V. = oV  (rme 6 —

Koo uIimeHT OyKCOBAHUS BEAYIIUX KOJIEC,

a V, = wpr, - TeopeTH4ecKad CKOPOCTh
IBV)KEHUA TPAKTOPA), TO IOJYUUM:
dv. dv_ d6

e el A (7)
dt dt dt

B mocnemnem ypaBHeHUs cucTteMbl (6)
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F_+ R v yCKOpeHMAMMU, IOJyIaeMbIMU Ya-
CTUIIaMM IIOUYBBI OT BpAIllaloIIero KoJjeca,
MO:KHO mpeHebOpeub. Torma cucrema gudde-
PeHIIuANLHBIX ypaBHeHU# (6) mpumer Bum:

2M,
M, - Z e - v,
Iy dt
2F, —-2F, - P2 |1+ —"cosmt |=
dw dd
= My gy T T gy W0 (8)
M, —Fr -P,r, =1, ld—w
dt
Fnrn _I)fnrn = In r_d&d_w'
dt
3akaroueHue

s ompenmeseHusa ImapaMeTPOB ABUKE-
HUSA KOJIECHOTO TpPakKTopa C IIepeMEeHHON
Harpy3KOi Ha KpPIOKe "3 JAaHHOH CHCTEeMbI
HeoOXOAMMO  3HATh  3aKOH  UBMEHEHU:d
KPYTAIIEr0 MOMEHTA II0 BPEMEHM, TOJTKAIOIITHIE
yeunusa F, Ha BeAyIuX KOJeCaX, MOMEHTBI
COIIPOTUBJIEHUS NBUKEHUIO KOJIEC CMUHAEMOT
TIOYBe, BeJMYNHY KoddhduruenTa OyKCOBaHMA
IBUKUTENEHN, nedopManuio MIMH U TOYBHI, a
TaKsKe MAacCOBble XapaKTEePUCTUKU TPaKTopa
(macca TpakTOpa, IIPUBENEHHBI MOMEHT
WHEPIIUN TPAHCMUCCHUYM, MOMEHTHI WHEPIIUU
BeOyIIIUX U BEIOMBIX KOJIEC TPAKTOpa).

IIpu periernny cucTemMbl (8) OTHOCUTEIHLHO
COIIPOTUBJIEHUS TEPEKAThIBAHUIO TPaKTOpa
P, nonyuaerca saBucumocts P, = f(f) mpm
IepeMeHHOl  Harpyske Ha KpPIOKe Pxp.
Cucrema B KOHEYHOM BHJIe HE PEIIaeTcs, TaK
KaK JIeBble YaCTH YPABHEHUI IIPEACTABJIAIOT
u3 cebs CJIOKHBIE 3aBUCUMOCTU WCKOMBIX
(GYHKIIUHA, 1 TTI09TOMY KasKaas JyacTHad 3a7adya
IOJIPKHA peIaTbcA MHANBUAYAJIBHO METOOM
IIOCJIeJOBATEIbLHBIX TPUOJIMKESHNIN.
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