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MJIABHbIX MOBOPOT NYCEHU4YHOIO TPAKTOPA

Paccmompena 3adava no onpedenenuto KoopouHam yeHmpa 8pauleHus U 3HAYeHue Mo-
MEeHma CuJl CONPOMUBACHUS NPU NJABHOM NOBOPOMe 2YCeHUYHO020 mpakmopa (omemarnuias
MmeJsledKa 8blKJI0UeHA,HO He 3AMOPMONCCHA) HA 20PU3OHMAJbHOM yyacmie,0e3 KpK0O8oil HA-
epy3ku. Koopdunamot yenmpa 8pauieHus mpaKmopa U 3Ha4eHue pe3yibmupyou,ezo MomMeHma
CUJL cOnpomuaJieHus onpedejersbl U3 Ycao8us MUHUMAALHOCMU NPUHYNICOeHUS 0L COBePULEHUS
nosopoma. Buisgneno,umo 0as udeanibHozo mpaxmopa (ueHmp msdcecmu cognadaem ¢ zeome-
mpuyecKum yeHmpom ) MOMEHNM CONPOMUBJIEHUs NOBOPOMa npuobpemaem MUHUMALLHOE 3HA-
yeHue,k020a yuenmp nogopoma coenadaem co ciedom yenmpa msaxcecmu. Bvieedeno ypasuenue
MOMEHMA CUJL CONPOMUBJEHUS 8PAULCHUI0 MPAKIMOPA,z0e NOMUMO MAKUX Napamempos Kak aec,
npodonvHas 6a3a U KoIPGuuuenm conpomusieHus nogopoma,yumoléaemcs maxice 8ausHue
nonepeuHoil 6asbt mpaxmopa (wWupuHvl Kozeu). IIpu nodcmaHo8ke 8 ypasHeHUe 3HAUCHUE
WUPUHBL KOJleU PABHOLL HYJLI0,0H0 MPAHCHOPMUPYEmCs 8 00ULeU38eCMHY0 (OPMYLY MOMEHMA
conpomuaJieHus nogopomy,komopas cnpasediusa 01s 00HOl zyceHuuHOol menexcku. I1pogede-
HAQ CPABHUMEIbHAS OUCHKA MOMEHMO8 CONPOMUBJLeHUS NOBOPOMA,PACCUUMAHHbLE BHOBb BblEe-
OJeHHOU U cywecmayouweil Gopmyaamu, Komopas noKasaia,4¥mo no CPaAHeHUr ¢ NOLYLEeHHOU
asmopom cyuecmayrouas Gopmyaa daem owWubKYy 8 CMOPOHY YMEHbULeHUS MOMEHMA CONpo-
muasnernus om 180 do 210 % 6 3asucumocmu om 3HAUEHUS COOMHOULCHUS UWLUPUHbL KOJeU HA
npodoavHytlo 6a3y mpaxkmopa. AHAJIUIOM Bbl6e0CHHOU 3A8UCUMOCMU YCMAHOBJEHO, YO Npu
JaHHOM 3HAYeHUU NPOoOOSIbHOlL 0A3bl MPAKMOPA YeMm MeHblUle OMHOULeHUe KoJleu Ha 6a3y,mem
MeHbuLe MOMEHM CONPOMUBLEeHUSL U MPAaKmop 60Jee MAHeBPEeHHbLL.

T'ycenuyHBLI MPaKmop,nogopom, yeHmp 8pauleHus, NOAIC NOBOPOMA, MOMEHM CONPO-
MmueJaeHuUs nogopoma.

There is considered a task on determination of the coordinates of the rotation center and
the value of the moment of resistance forces at the smooth turn of the caterpillar tractor (the
lagging cart is disconnected but not braked ) on the horizontal part,without a hook loading. The
coordinates of the rotation center of the tractor and value of the resultant moment of resistance
forces are determined from the condition of the minimal compulsion for making a turn. It is
revealed that for an ideal tractor (the center of gravity coincides with the geometric center)
the moment of turn acquires the minimal value when the center of turn coincides with the
trace of the gravity center. There is derived an equation of the moment of resistance forces to
the tractor turning where besides such parameters as weight,longitudinal base and coefficient
of turn resistance there is also taken into consideration the influence of the transversal base of
the tractor (rut width ). When inserting into the equation the rut width value is equal to zero.
It is transformed into the well-known formula of the turn resistance moment which is suitable
for one caterpillar cart. A comparative assessment of moments of rotation resistance calculated
by means of the new one and existing formulas which showed that in comparison with the new
one derived by the author,the existing one makes a mistake in the direction of lessening of the
resistance moment from 180 to 210 % depending on the value of the ration of the rut width on
the longitudinal tractor base. The analysis of the derived dependence established that under
the given value of the longitudinal tractor base the less the ratio of the rut on the base the less
the moment of resistance and the tractor is more maneuverable.

Caterpillar tractor, turn, center of rotation, pole of turn, moment of turn resistance.
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OmnpeneneHbl  KOOPAWMHATHL  ITEHTPA
BpallleHnA U 3HAUeHWe MOMEHTa CHJI
CONPOTHUBJIEHUA MPU ILJIABHOM IIOBOPOTE
T'YCEHUUHOTO TpaKTOopa (orcrarormiasa
TeJIe’KKa BBIKJIIOUEHA, HO HE 3aTOPMOXKEHa)
Ha TOPU3OHTAJIBHOM YyYacTKe, KOrma IIeHTP
BpaIlleHNA MOJYKEeT HaXOIUTCA TOJHLKO BHY-
TPpU KOJIEWM TpaKTopa W OyAeT pacrioJjaraTh-
cs B TaKOM TOYKE, OTHOCUTEJIHHO KOTOPOI
Pes3yJIbTUPYIOIIUY MOMEHT CUJI COIIPOTHUBJIE-
HUS MMeeT MUHUMAaJbHOEe 3HAUeHUe.
HomycTuM IIeHTPOM BpAIeHUS SABJIA-
erca Touka C (puc. 1) ¢ KoopauHaramMu X, 1
Y, ¥ TPAKTOD COBEPIIAET IOBOPOT B JIEBYIO
cropony. Ciaemom IleHTpa TAMKECTU TPAKTO-
pa ABifercsa TouKa I] ¢ KoopAMHATAMU X
= L/2,y, = B/2. B saBucumoctu or op-
Mbl U WHTEHCHUBHOCTHU PaCIIPeNeJeHUSA CUJI
COIIPOTUBJIEHUN MEXKAY I'YCEeHUIIAMU U OTIOP-
HOM TOBEPXHOCTHI0O MTIHOBEHHBIA I[EHTP
Bpamrenus C saBiaseTcsa OMy:KIaloIieil Todu-
KO BHYTpU IpaAMOyroJbHUKa BxL. OgHako
Opy JaHHOU KapTUHE pacupeleeHUs CUJI
conmporuBieHnda Touka C mmeeT (GUKCUPO-
BaHHOE PACIIOJIOKEeHUNEe C IOCTOAHHBIMU KO-
opauHaTamu x = const u y = const.
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OmnpenesieHbl pafgmyc-BEKTOPBI p; [JIA
OTJeJILHBIX YyYacTKOB rycemuil. M3 pwuc. 1
caemyer:

nist uaTepBasia 0 < x < x_

p1 = (e —x)* +y2;

ps =\ (x¢ — x)2 + (B-yo )P, (1)

@

Ay uHTepBana X < x < L
2 2
pg = (xc —x) +Yes

2 2
p4=\/(xc—x) +(B-yc) > (2)
PesyabpTupyromimii
COIIPOTUBJIEHUN OymeT:

MOMEHT CHJI

M, I bg.pdx + I bq.pydx + I bgypsdx +

Xe
+ I bgyp4dx.
Xe

Nmess BBUAY, YTO IPU OTCYTCTBUU
KPIOKOBOM Harpysku ¢ = Gu/(2Lb),rme q, —
yIeJbHAA CUJIA TPEHUSA, TOTHA:

M, =bq _[1/ +ycdx+

+I\/x xc +(B- yc) dx}.

\/ +(B- yc) dx +

+Nx %, )

BrIpaskenue MoMeHTa CHUJI COITPOTUBJIE-
HuA (3) MOKeT OBITh IIPEACTABJIEHO B BHUE:
M =bgl=0bg(I, +1,+1,+1). 4)

Iloxcrasasisa otu 3uauenus I, [, I,, I
¥ YIIPOIAsi, MOYKHO IIOJYUUTD:

I =%{xcdx(2: +y§ +xm/x(22 +(B+yc)2 +
(L=x ) (L —xc ) + 92 +

(L= (Lo + (B-yo) +

[xc +\/x(2: +y(2:}

2
Ye

+(B-y,) dx . (3)

4

+ycln

(L—xe)” + (L) +u¢
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{xcﬂ/xc (B- yc)2]
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Kax Bugno wus3 ypaBHenua (H), I =
f(x, y,) saBrserca OGyHKIUWe# [AByX Ie-
PEMEeHHBIX ¥  HEeOOXOAMMO  BBISCHATH
Ipy KaKUX 3HAYEHUAX X, Yy, (QyHKOHA
f(x, y,) mpuoGperaeT MUHUMAJbHOE 3HA-
YyeHue, T. K. I[IPU TOBOPOTE TPAKTOP
OymeT BpalllaTbCs IIyTeM HaWNMEHBIIIEro
COIIPOTHUBJIEHU.

MosxHO BOCTIOIB30BATHCA MaTeMaTUUe-
CKUM MeTonoM AuddepeHIInpOBaHNA MO
3HAKOM MHTerpaJiaclipuMeHeHreM (OPMYJIbI

B(v) B(y)
d Y of(x,y)
d_y J. f(x,y)dx = I Tydx +

a(y) a(y)
y)-f[B(y).y]-o'(v)-f[a(y).v].  (6)

rre o(y) u B(y) — mpemensl wHTErpaia, 3aBUCAIIVE OT
apamMeTpoB X, Y, .

B manHOM ciydae miis uHTErpasios I, u
I, mapameTp x ABJISAETCA BEDXHUM IIPEIEJIOM
MHTerpupoBanud, T. e. f(y) = x, p'(y) = 1,
a(y) = 0,a’(y) = 0, a nna unrerpanos I, u I,
mapaMerp X, ABJIAETCA HUKHUM IIPENEeIOM
MHTerPUPOBaHUA, T. e. a(y) = x, a'(y) =
By) = L,B'(y) = 0.

Onpenenniu sKCTpeMaJbHbIE 3HAUEHU T
dysrnuu I = f(x, y, ).

s mapamerpa X , corjacHo (opmyie
(6) mosryueHo:

{ (xc—x)2+y(23}

X

oI,

on f T
f[B X¢)s ch:_yc+\]xc+yc+yc \/xc+yc (7)

AnajgornuyHsIM 00pasoM  IIPOUBBOISA
BBIUMCJICHUSA [JIs OCTAJNbHBIX HHTEIpaJioB.
CymMMupysa  IOJyYeHHbIe 3HAUEHUA U
IIpUpPaBHUBAA K HYJIIO, MOMKHO OJYUYNTh:

= \/x(z: +y§ —\/(L—xc)2 +y(2: +

6 C

+\/x(27 + (B - yc)2 - \/(L - xc)2 + (B - yc)2 =0. (8)
[lo mapamerpy Yy, coriacHo Qopmyie

(6) mosryueHo:

[L2, 2
oI, ) Xe +Xe + Yo
Jn———=—=.
OYe Ye
IIpousBensa aHAJIOTHUUYHBIE BHIUMCJIEHUS
IJIS OCTAJLHBLIX WHTErpajoB, CYMMUPYsS

MMOJIyYeHHbIe 3HAYEHUS, IPUPABHAB K HYJIO,
IIOJIyY€eHO:

9
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NPUPOJOOBYCTPONCTBO

[ w) el we < (5w

(B_yc)

=0. (10)

Nz cucremnbr ypaBuenuii (8) u (10)
BHUOHO, UTO YCJHOBMUS CHCTEMBI OyOyT
yaoByeTBopens! nipu X, = L/2,y = B/2.

Yro0BbI OmpeneuTh MAKCUMYyM HWJIHU
mMuHuMyM GyHrnuun [ = f(x, y) mupm
sHaueHusx x = L/2,y = B/2, BbIYUCIEHBI
COOTBETCTBYIOIIIIIE BTOPbIE IIPOM3BOIHBIE
f(x,, y,)-

Huddepennupys ypasuenue (9) moiy-
YeHO:

I X L-x,

2" 5 2+ 2

0 x; \/xc+yc \/(L—xc) +yl

+ Y =+
+(B-yc)

N L—x, ‘ _

2 2

L - B

N R
4L

=—>0;

VI? + B

PI Yo Ye _

e ik (L)

_ B-ye N

\/x§+(B_yc)2

+ L2_x° 2‘ =0.
L- B-

=+ (B-ve)'|, 1, o

ITocae onepamnuu nud@epeHITPOBAHNA
[IOJyYeHHBIX YPAaBHEHWI IO IapaMeTrpy Y.,

IIOJIyY€eHO:
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L _ L+NI’+B* L
Ove B VI + B
*I, | L+NI*+B® L
Ove B JI2 + B?
I | L+NI*+B> L
ove B VI2 + B2
L, | L+NI*+B® L
ye B JI2 + B?
3HauuT
71 _gqu LN B AL
oy2 B 2 p2
T VI + B
CocraBnasa
A B 113 r n 2
A:‘B c :{fxx = () } ’
X =

L, -B
2 2

¢ 9’ Y~

MOMHO IIOJIYUYUTH:
16 |, L+VI*+B* L
JI? + B? B JI? + B?

O6osnauuB n = B/L, nosy4eHo:

L+VyI’+B* L

f(m) =In B =

JIZ + B
:1n1+«/1+n2_ 1
n J1+12

s COBPEMEHHBIX I'YCEeHUUHBIX
TPaKTOPOB, B3HA4YeHWE 1 BapbUPyeT B
npegenax 0,55...0,97.

IIpu n = 0,5: f(n) = 1n4,24 - 1/1,12 =
=1,44 - 0,89 > 0.

IIpu n = 0,7: f(n) =1n3,16 — 1/1,22 =
=1,15-0,82 > 0.

Ipu n = 1,0: f(n) = In2,41 - 112 =
= 0,88 - 0,71 > 0.

IIpu n =1,2: f(n) =1n2,24 - 1/1,56 =
= 0,80 - 0,64 > 0.

Takum oOpasoM [ ITIPaKTUUECKU

A=

BO3MOYKHBIX 3HAUEHUH U3MeHEeHUs
coorHoleHus 1 = B/L, pyurmus f(n) > 0
u A > 0. CuemoBarenbHO (QYHKIIUS
I = f(x, y) npu sHavenusax x = L/2,
y, = B/2 mnpuobperaer MHUHUMAJbHOE
3HAUYEHUeE.

IMoncrasnsas suavenus x, = L/2,y =
B/2 B ypaBHeHue (9), MO}KHO 3amucaTh:

[r2 2
=1, = %{L\/Lz + B+ B%n% . (11)

&

IlogcraBnass smauenue I B ypaBHeHUE
(4), momyuewHo BBIpA)KEeHNEe  MOMEHTa
CONIPOTHUBJIEHUA BPAIllEeHUWIO TpaKTopa B

cJeNyIOIeM BUue:
L++I? + B?
B

M, = MG 2+ B + B (12)
AL
nian
2
M, ZH?TL 1o +nfin 2VEEN | g5
n

IIpu n= 0, T. e. B= 0, ObIBaer cayuait
ONHOII TyceHHUIbI (TAaK paccMaTpUBaeTCs
IOBOPOT TpaKTOpa B  CYIIECTBYIOIIEH
auteparype). Ho kak moKkasbsIBaeT ypaBHeHUe
(13), Bropoi#t useH B ckoOKe mpu 1 = 0 maer
Heompegenenuocth Buza 0-oco. Packpbis
9Ty HEOIIPeAeIeHHOCTb, IPUMEHAS ITPaBUJIO
Jlonuraass, MOKHO 3aI1CATh:

[1n1+\/1+n2}
[ 2
lim {nzln ﬂ}

n
= lim
n
= lim

n—0 [ 1 J
2
n
2
_n
n—0 2 ,1 + n2
CrnemoBarenbHo u3 ypaBHeHus (12),
npu B = 0, MOXHO IIOJYUYUTH O0IIe3BECTHYIO
(bopmyy:
GL
M, ==
4
B dopmyne (14) He yuTeHO BIUAHUE
MIUPUHLI KOJIEW TPAaKTOPa Ha COIPOTUBJICHUE
IOBOPOTa, UTO, KOHEUHO, BJIEUET 3a Co0oi
0oJbIIIe HEeTOUHOCTH. YUTOObI yOemumTcsa B
39TOM, IIOCTPOUM TI'paduK PYHKIIUU

[ 2
F(n) =41 +n2 +n21nm.
n

n—0

90
2

(14)

(15)

F(n)
2,5

2,0

1,5

04 05 06 07 08 09 1,0 1,1 1,2
Puc. 2.
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3akaoueHue

Kax Bummo us pucyHkKa 2, ¢ yBeJIUYEHU-
eMm 1 yrrmua F(n) BospacTaer u Ajid IPaKTH-
veckux 3Hauenuit 1= 0,7...0,9 usmensaercs or
1,78 mo 2,12. 90 03HaUaAET, UTO, II0 CPABHEHUIO
¢ dpopmysont (12), popmyna (14) maer ormmubKy
B CTOPOHY YMEHBIIIEHIS MOMEHTA COIIPOTUBIIE-
Hua or 180 mo 210 %. CiemoBsaTesbHO, IJIs
OIIpeZieJIeHIsI MOMEHTA CHUJI COIPOTHBJICHUS
IIOBOPOTY TPAKTOPA HEJIb3sS OTPAHNUYUTCS Pac-
CMOTPEHIEM BpAIlleHUs OTHEJbHOM I'yCeHUITHI
BOKPYT CBOEro TOJIIOCa, T. K. IPU TaKoOil pac-
YeTHOI cxeMe ImpeHeOperaercs IMUPHUHA KOJen
TPaKTOpa, IIPOIIECC II0BOPOTA HE COOTBETCTBYET
IeliCTBUTEIHLHOCTH, UTO, KAK MOYKHO yOeIUTh-
csA 13 IIPUBENEHHOI'O BBIIIE AHAIN3A, BEJET K
OUeHb I'PyOBIM OITTHOKAM.

C mpyroii cTOpoOHBI, TpauK (PYHKITINI

NPUPOJOOBYCTPONCTBO

F(n) nmokaswIBaeT, YTO IpU JAaHHOM 3HAYEHUU
6a3pl L TpaxkTopa, 4eM MeHbIIle OTHOIIIEeHU’e
n = B/L, TeM MeHbIlle MOMEHT COIIPOTUBJIE-
HUA U TPaKTop 0osiee moBopoTmB. IlosTomy
VISl YJIYUINIeHUsS MaHEeBPEHHOCTU TpPaKTopa
mpu gaHHOM L KoJielo TpaxTopa B ciemgyer
B3ATh II0 BO3MOXKHOCTM MeHbIIHM. OmHako,
Ias paboThl HA CKJIOHAX JIyYIlle MMeTh 00JIb-
11oe 3HaveHue B, 4uTo, KpoMme JIyUIIIero Iepe-
pacmpenesieHUs JaBJIeHUI II0 O0OpTaM Tpak-
TOpa, OyZeT IIPOTHUBOAEHCTBOBATL TaK:Ke ero
CaMOITPOM3BOJIbLHOMY OBOPOTY BHUA3 II0 CKJIO-
HY YU YJIYYIIUT YCTOMYMBOCTL Kypca OBUKE-
HUA.
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BJIMSTHUE YACTOTbI KOJIEBAHUN TArOBOW HAIPY3KU
HA COMNPOTUBJIEHUE NEPEKATbIBAHUIO KOJIECHOIO TPAKTOPA

B cmamve npedcmagienbl. 3A8UCUMOCTU CUJNbL CONPOMUBACHUS NEPeKamvl8AHUN
KOJLleCH020 MpaKmopa Om U3MeHeHUA 4acmombvl KOLeO0aHUsA HAZPY3KU HA KpIOKe HA PA3HbLX
noBepxHoCcmaAax, NONYUeHHble IKCNepuMenmanvhvim nymem. Ilokasano, wmo cyuwecmeeHHo
U3mMeHsemcs 6eaUudUHA 0eOPMAUUUOKA3bLEAIOULAS BAULHUE HA CONPOMUBJIEHUE NLOYEbL CHCATIUIO
u cosuzy,npu KonLe0ameLbHOM XapaKmepe NPULOXCeHUS YCUNUIL 6 Mmecme KOHMAKma KoJeca ¢
nouyeoil. Ommevaemcs, ¥mo KoJLe0AMENbHbLIL XapaKmep U3MeHeHUA MAZ06bLX CONPOMUGELEeHUIL
CeNbCKOXO03SUCMBEHHbLX MAULUH U OPYOUll 8bl3bl8aem KOJIeOAHUS KACAMENbHOU CUNbL Ms2U HA
8edyuux Koaecax mpaxkmopa. YCmaHo8aeH0Lmo ¢ POCMOM LAcmombL U amnaumyodvl KoJe0anHuil
msA208020 CONPOMUBJLEHUS NPONOPYUUOHANLHO YEEAUYUBACMCA LACMOomAa U aMnaumyoa Koaeb anuil
KacameavHoll cuavl mazu. Ommevaemcs, 4mo novlULeHUEe IPPEeKMUEHOCMU UCTONb306AHUA
MAUWUHHO-MPAKMOPHLLX Azpezamos A8asemcs 8axcHeliuleil 3adayeil 8 CenbCKOX03AUCMEEHHOM
npouseodcmee. Bee 6udbl cenvbckox03alicmeeHHblx padom XapaxKmepusyomcs HepasHoMepHOl
3a2py3K0il mpaKmopa u 603HUKHOBEHUEM OO0bULUX HAZPYSIOK.

Tpaxmop, wacmoma u amnaumyoa Koie6aruil, BUOPOBA3KOCMb, 0asleHue 8030Yxa 6 WUHAX.

In the article there are given dependences received experimentally of the resistance force
to rolling of a wheel tractor on the change of load vibration frequency on a hook on different
surfaces. It is shown that the deformation size changes significantly having an impact on
the soil resistance to compression and displacement under the oscillating character of efforts
application in the contact place of the wheel with soil. It is stated that the oscillating character
of changes of traction resistances of agricultural machines and implements causes oscillations
of the tangential force of traction on the leading wheels of the tractor. It is established that with
the growth of the frequency and amplitude of oscillations of traction resistance the frequency
and amplitude of oscillations of the tangential force of traction is proportionally increases. It
is noted that the most important task in the agricultural production is raising the efficiency
of using machinery-tractor aggregates. All kinds of agricultural works are characterized by an
irregular charging of the tractor and occurrence of large loading.

Tractor, frequency and amplitude of oscillations, vibro-viscosity, air pressure in tires.
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