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MATHEMATICAL MODELS OF DYNAMICS OF WHEELED TRACTOR
ACCELERATION

AHRHOTAUHA

HznoxeHsl METOABI COCTaBNEHUS MaTEeMAaTHYECKHX MoJened NUHAMHMKH pa3roHa KOJECHOTO TpakKTopa
4x2 u 4x4 c KpIOKOBOH HAarpy3Koi, OCHOBaHHBIE Ha DETYJATOPHBIX XapaKTePUCTHKaX IBHUIaTelNs, Macco-
TEOMETPHYECKUX MapaMeTpax, YNpYroAUCCHMATHBHBIX XapaKTEPHCTHKaX IMWH H ITOABECOK IIPOCKTHPYEMBIX
KOJIECHBIX TPAkTOpOB. MeTOxbl HEOOXOMMMBI Uil ONpEeIeIeHUs] Macc KOJECHBIX TPAaKTOPOB M IEepeJaTOYHBIX
OTHOMICHHH TPAaHCMHCCHH, BEIOOPa XapaKTEPUCTHK JBUraTens, o0ecreduBalomuX TpedyeMylo JUHAMUKY pa3ro-
Ha M TOIUVIUBHYIO 5KOHOMHYHOCTh ABHTATENS HA CTaJHH NPOCKTHPOBAaHUA KOJECHOTO TPAKTOpa COOTBETCTBYIO-
miero kinacca. Ilpu pa3paboTke MaTeMaTHUECKHX MOJEed HCIOMb30BaHbl METONBI aHATMTHYECKOH MEXAHHKH,
NO3BOJIAIOIIHNE pEIIEHHE NPAMBIX M 0OpaTHBIX 33/1a4 JUHAMHKH — OTNIpeAeeHHe KHHEMAaTUIEeCKUX 1apaMeTpOB
CHJI B KOHTAKTE KOJIEC KOJIECHOTO TPAKTOPa C OTIOPHOH MOBEPXHOCTHIO C PA3IUYHBIMU 3HAUYEHHAMH HX K03(hdu-
IIMEHTOB CLUEIJICHHS.

Kiaiouenble ¢jioBa:

MaTeMaTH4ecKass MOJEIb, KPIOKOBas HArpy3ka, peryjsaropHasd XapaKTepUCTHKa, OEpeAaTO4YHOE OTHO-
HIEHHE, 3a4a4d [AWHAMHKH, KHHEMaTHYECKHE INapaMeTphl, pacueTHas MOJelb, YNPYTOTUCCHIIATHBHEIE
XapaKTCPUCTHKHU.

Abstract

The paper deals with the methods for making mathematical models of the dynamics of acceleration of 4x2
and 4x4 wheeled tractors with a hook load, which are based on using regulatory characteristics of the engine,
mass and geometry parameters, elastic-dissipative characteristics of tires and suspensions of the deigned wheeled
tractors. These methods are needed to determine weights of wheeled tractors, gear ratios of their transmission,
and to select engine characteristics providing the required dynamics of acceleration and fuel efficiency at the
design stage of a wheeled tractor of the corresponding class. While developing the mathematical models,
methods of analytical mechanics have been used which solve direct and inverse problems of dynamics, namely
determine kinematic parameters and forces in the area of contact between tractor wheels and the bearing surface
with different values of their friction coefficients.

Key words:

mathematical model, hook load, regulatory characteristics, gear ratio, dynamics problems, kinematic
parameters, design model, elastic-dissipative characteristics.

s mccnemoBaHWs TATOBOH AMHa- XapakTepuCTHKa 3TOr0 PeXHMa BO MHO-
MHKH KOJECHOTO TpaKTopa HeoOXoauma rOM 3aBHCHUT OT PEryIATOPHOM XapakTe-
pa3paboTka MaTeMaTHIECKOH MOJIENH €ro PUCTHKH JBUTATEIS.

ABHxkeHus. 1IpH uccriemoBaHUN AUHAMUKH C H3BECTHBIMH JONYIICHUSAMH pac-
JBWDKEHMS TpakTopa o0coboe BHHMAaHHE CMOTPHM pacueTHYI0 MOJAEIh TPaKTOpa,
ofpainaercsl Ha PeXHMM Pa3roHa TPAKTOPA. NpeACTaBICHHYIO Ha puC. 1.
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Maremaruueckas MOAENTb ABHKECHUS
TPaKTOpa ONHCHIBA€TCA INECTBIO 0000-
IIEHHBIMH KOoOpauHaTamu: X; — KOOpIH-
HaTa [OCTYNAaTEeIbHOTO  IEPEMELICHUA
KopIyca TpakTopa; Z. — KOOpJHUHaTa BeEp-
THKQJIBHOrO NEPEMEIIEHU KOpITyca Tpak-
TOpa; ¢ — KOOpIUHATa YIJOBOro IepeMe-
IIEHUs KOpITyca TPaKTOpa OTHOCHTEIBHO
HeHTpa ero Macc (TaJolMpOBaHHE);
@nx — KOOpAMHATA BPaNIATEIbHOTO ABHIKE-
HMs NEpEAHEro Kojieca TPaKTopa OTHOCH-
TEBHO €ro TeOMETPUYECKOTO LEHTPA;
(sx — KOOpIHHATA BPAIIATEILHOIO JBHXKE-
HHUs 3aJlHETO KOJleca TPaKTopa OTHOCH-
TEJIbHO €ro TIeOMETPUYECKOTO ILEHTPA;
Z;y — KOOpIWHATa BEPTHKAIBHOI'O IIEpe-
MEIEHHA [EHTpa MacC MEPEeJHET0 MOoCTa
TpaKTOopa.

Maccsl TpakTOpa CBSI3aHEI MEXAY
¢000# YIPYTOMUCCUIIATUBHBIMH CBS3AMH,
HMCIOT  CIIEAYIOIIHE  XapaKTEPUCTHUKH:
O — MPHUBEIEHHBIN K03QPULIUEHT BA3KOTO
COIIPOTHBIICHHS MEPEIHUX aMOPTU3aTOPOB
MOJBECKH IIEpEJHET0 MOCTa TPaKTOpa;
Cn — MPUBEACHHEIH KO3(Q(PHIMEHT KECTKO-
CTH YNIPYTHX 3JI€MEHTOB IOJBECKH NEPEH-
HEro MOCTa TPaKTOPa; Cly) — IPABEACHHBIH
KO3()HUIMEHT BA3KOr0 COINPOTHBICHHSA
MEPESIHUX IIMH TPAKTOPa; Oy — IpUBe-
JCHHBIH KO3 (HUIHMEHT BA3KOTO CONPOTHB-
JICHHS 3aJHUX IIMH TPaKTOpA; Cu — MpPH-
BEACHHBIN KOX(DQHLUUEHT KECTKOCTH IIe-
pEeIHMX IIMH TPaKTOpa; Cyz — IPHUBEAEH-
HBI KO3((PUIMEHT  KECTKOCTH 3aqHUX
IIMH TPaKTopa.

Puc. 1. Pacuernast cxeMa Tpakropa

Kak u3BecTHO, JI00as KOJECHas Ma-
IIHHA OTHOCHTCA K KJIACCY HETONOHOMHBIX
MEXaHHYECKHMX CHCTEM C HAJIOXKEHHBIMH Ha
HUX KHHEMaTH4eCKUMHM CBA3IMH [1-6].

Mawunocmpoenue
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Mertoasl COCTaBJICHHS ypaBHEHHMH KHHe-
MaTHYECKHX CBA3€H KadeHHs KOJIECa 3aBH-
CAT OT NOCTAHOBKU 3aAay HCCIICJOBAHHM.
Tak, HanmpuMep, eclii pemaercs obpaTHas
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3aJaya JAWHAMHKH, TO HCIIOJb30BaHHE
YpaBHEHHH HETONIOHOMHBIX CBS3CH SBILA-
€TCA BBIHYXIEHHOH HE0OXOJHUMOCTBIO.
ITomo6HOTO poOma HCCICAOBaHHS B Ha-
CTOfIlleE BpeMs HMEIOT OOoNblIyI0 mep-
CHeKTUBY [1], # cBA3aHO 3TO C CO3AaHHUEM
CHCTEM aBTOMAaTHYECKOTO YIPaBIICHUSA
PEXUMaMH JBH)KECHUS KOJIECHBIX MAIIIHH.

Ha camom niene HauGonee agexBaTHas
UACHTHUKALMA JHHAMHYECKOTO COCTOS-
HHS KOJIECHOM MAIMHEI BO3MOXKHA TOJIBKO
Ha OCHOBE CHJIOBOM MAEHTH()UKAIHH.

Hdns cocraBnenus auddepeHmans-
HBIX YpaBHEHUH BOCIOJb3yeMCi YpaBHE-
HueMm Jlarpanxka 1-ro poma ¢ Heompele-
JEHHBIMH MHOXWUTeIIMU [1-4], mo3Bo-
JISFOIIMM HCKITIOUHTh PEaKLHH CBsA3eH Me-
WY JIEMEHTaMHU MAaIlIUHBI;

dfor)_or _
dt\ dq; ) 9q;
of.
AL 00 Tiey s ()
9q; 9q; '0g; :

rae T — KHHeTHYeCKas SHEPTHs CHCTEMBI;
I1 — noreHUMalbHAs JHEPTHA CHCTEMBI;
@ — JuCCHIIATHBHAs SHEPrUs CHCTEMBI;
qi — 0000IIeHHBIE KOOPAHHATEI MAacC CHC-
TeMbl; (]; — 06OGIICHHBIE CKOPOCTH MacC

cucteMsl; fj — ypaBHEHHE KHHEMATHICCKUX
CBs3€ll Kolec C OMOpPHOHM IOBEPXHOCTHIO;

}\'i — HCOIIPCACICHHBIC MHOXHTCIIH Jla-

rpamxa, qu — 0606LICHHEBIE CHIIBL.

YpaBHEHHA HHTETPHPYEMBIX KHHE-
MaTHYECKHX CBsi3ed KadeHHs Kojeca s
paccMaTpHBaeMOW MOJEIH MOXHO 3aru-
carTh B CIEIYIOMIEM BHJE:

Xe = Qs = 0’
ARG @
Xe 7 Qpe = 0.

Jna  nomydeHHMs — QUHAMHYECKUX

YpaBHEHHH IBIKEHHS KOJECHOH MaIIMHBI
JUIA TIPHHATOM pacyeTHOH CXeMbl (CM.
puc. 1) Bocnonb3dyeMcs ypaBHeHueM Jla-
rpawxka 1-ro pona.

Mawunocmpoenue
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OnpenenuM KOMIIOHEHTHl YPaBHECHHS
Jlarpanxa 2-ro poza.
Kunernyeckas 3HEprus CHCTEMBI

.2 .2

M, -X;+J.-¢" +
+M_-2Z2+ M, 22+
le’l kyel c [HY% oM , (3)
2 +J6M.¢§M+Jnl(.¢fﬂ(+

»2
+ Jsx .(pBK

rae X, — CKOpOCTb NOCTYNATEIBHOrO Iie-
peMelIeH s KOpIlyca TpakTopa;, (b — yron
IIOBOPOTa KOpIyca TpakTopa (TalomMpo-
BaHKE); (s, — Yrol MOBOpOTa Gainku me-
PENHEro MOCTa TPaKTopa; Z, — CKOPOCTH
BEPTHKANLHOTO IEPEMEIEHAS IIEHTpa
Macc KOpIyca TpaKTopa; Zgy — BEPTH-
KalbHAs CKOPOCTH Oankm MocTa; Mgy —
Macca GalKe IEpelHEro MOCTa TPaKTopa;
J. — MOMEHT MHEpPIIHH KOpIyCa TPaKTopa
OTHOCHTENILHO OCH, NPOXOAAIIEH yepes
ero IEHTp MacC; Joy — MOMEHT MHEPIHH
GaIku HepeaHero MOCTa TPAKTOpa OTHOCH-
TENLHO OCH, IIPOXOJANIEH Uepe3 ero NeHTp
macc; Ju« — IPUBEICHHEI MOMEHT HHEp-
IHM TIEPENHUX KOJEC TPaKTOpa OTHOCH-
TENBHO OCH, TPOXOAANICH 4Yepe3 LEHTP
macc; Jy — NpHBEIEHHBIH MOMEHT MHEp-
MM 33JHMX KOJIEC TPAKTOPa OTHOCHTENb-
HO OCH, IPOXOJAIIEH Yepe3 EHTP Macc.

[MoTeHIMaNbHAS 3HEPIHA CHCTEMEI
TIIpY HMCMOIBE30BAHMU YIPYTOrO 3JIEMEHTA,
YCTaHOBJICHHOTO HAa OCH IIapHHMpa 6amaH-
CHPHO}# GaJIKH IIepeTHEr0 MOCTa TPAKTOpa,
OnpeenteTca Kak

Cmm( (fmc - Zﬁn )2 +

HIZ% +cn(Z6.n+a'(p_Zc)2+ ’ (4)

+Ce (fu —b-0=Z.)

13K

IA€ Cynx — NMPUBEACHHAS KECTKOCTh IIMH
NEpPEAHHUX KOJIEC TPAKTOpa; Cumx — IpUBE-
JCHHas JMXECTKOCTh INMH 3aJHHX KOJeC
TPaKTOpa; C; — IPHBEACHHAS XECTKOCTh
nepeAHed MOABECKH TpakTopa; Zg; — KO-
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OpAWHATa IepEMEIEHNA LEeHTpa Macc
Oanku nepeaHero MocTa.

Jns mpocTpaHCTBEHHOH MOJENM Tio-
TEHLMAJIbHas SHEPTHA CUCTEMBI IIPH HAJTU-
4YMHA TIOABECKHM HAa KaXOOM YIIPABIIEMOM
KolleCe ¢ IIapHUpHOM OanmaHcupHOH Oai-
KOH NepeAHero MocTa TpaKTopa paccdu-
THIBAETCSA CJIEOYIOIUM 00pa3oM:

[ f —Zﬁ.n— ’ ]

Jilizeied

c +
KT _l‘(PGM +a-Q

fllIl'll(JI_ZC+
+1-9g, +a-0

+ cmax(fsx —b'(P—Zc)z

2

®)

+

-

1
~ + cmmcn
2

L .

T€ Cunxkn — KOI(PDHUIMEHT KECTKOCTH Tie-
peaHedl IMOJBECKH JIEBOTO YIIPaBJIIEMOTO
KOJIECa TPAKTOPa; Cumkn — KOIGHHIHUCHT
KECTKOCTH IepeaHeH IOABECKH NPaBoro

yIpaBISEMOro KoJjeca TPaKTOpa;
fuma — CiydaliHOe BO3MYIIECHHE Ha JIEBOE
YIPaBJIIEMOE KOJIECO TPaKTopa;

fumm — cIy4aliHOe BO3MYIICHHE Ha MpaBoe
yIPaBILeMOe KOJIECO TPAKTOpa.

HuccunatuBHas QyHkuus koneba-
TEILHOH CHCTEMEI ¢ COBMCIICHHOH TIOJ-
BECKOM Oaliku MOCTa TpaKkTopa

K (fmnx - Zﬁ.n) +
(Dlz_;- +an.(26n+a.(.p)+ s (6)
O e (fzx -b- (p - 'Zc )2

rae O, .. — HPHBEACHHBIA KO3GPHUUHMEHT
BA3KOTO COIPOTHBJICHHS INEPENHUX IIIHH
TpakTopa; OL . — NPHUBEIECHHBIH K03hdHu-
IUEHT BA3KOIO CONPOTHBICHHUA 3aJHHUX
IIMH TpakTopa; O, — KO3} HUIMEHT Ba3-
KOTO CONPOTHBIIEHHS TNPHBENECHHOH NOA-
BECKH TpakTopa; f,__ — CKOPOCTb CIydaii-
HOTO BO3MYIIECHHS Ha IEepelHHE Koieca
TPaKTOpa; f3K — CKOpOCThb CJIy4aiHOro

BO3MYIIEHUS Ha 3aJJHHE KoJieca TpaKTopa.

MamunocmpoeH ue
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JuccunaruBHas QyHKUHSA C TOIBeEC-
KaMH YTIpaBJISIEMBIX KOJIEC OTPEHEIACTCS
KaK

e = Z =

_l.aG.M+a.(.p)2+

LK ( MK

f . —Z + (M

BImKn ( mnkK

+ O
+l'¢6M +a'(b)2+
+ a’max(fax _b,('p_zc)2

Hanee mpu UccleNOBaHUH JUHAMHKH
U YCTOWYMBOCTH IIBHXKEHUSA TPaKTOpa 0CO-
6oe BHUMaHUe OYyIeT yAEneHO BepTHKAIb-
HBIM PEaKIUIM OMOPHOM IOBEPXHOCTH Ha
Koneca.

Cratuueckue peaxiliu OMOPHON Io-
BEPXHOCTH Ha KOJI€Ca TPaKTopa Ompeie-
JSAIOTCA U3 YCIIOBUM:

ZMOIZ ;
_Mrp'b'g. _
" a+b 2

>M,, =0; (8)

MTp-a-g.

N, €))

a+b

B peanbHbIX YCIORHMAX JBMXKEHHSA
TPaKTOpa, B TPAHCIIOPTHOM HIH TATOBOM
peXuMax JBHXEHHS, CO CTOPOHBI OIOPHOH
MIOBEPXHOCTH Ha KOJIECAa TPAaKTOpa BO3ICH-
CTBYIOT HOPOXHBIC HEPOBHOCTH, KOTOPBIE
MOTYT OKa3bIBaTh CYIIECTBEHHOE BIHAHHE
Ha HOpMaJbHbIE peakiiuu Ny u Na.

C yyeToM JOpOXHBIX BO3MYILIECHHH
BEPTHKAIbHBIE PEAKIIUU

r
N _Mpbg Pyohyg

1 +
a+b a+b
<+ cmn'(fn;zn); (10)
M. -a- P_-h
N, =—2" S T

at+b a+b
[+ Cs (£, —=b-0~-2,),

rae f,, f; — cnydaliHeie BO3MyIICHHMS Ha
KoJieca epeHeN 1 3aJHEH OCEil TpaKTopa.

IlpenensHO BO3MOXHBIE 3HAYEHHUS
KacaTeIbHBIX CIJI B KOHTaKTE€ KOJeC C
OTIOPHOW MOBEPXHOCTHIO MO YCJIOBHSAM HX
CLIETITIEHHSA
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PKI =N1 '(pcul;
PK2 = N2 “Oenz-

(11)

JlaHHble mpencibHBIE 3HAYCHUS Ka-
carenbHBIX cun P, # P, Ha Bemymmx

KOJieCax CIpaBeIIMBBl HPHA OTCYTCTBHH
ONOKMPOBKM CHMMETPHYHBIX auddepes-
[IMaJIOB NIEPEIHEr0 U 3aAHETO MOCTOB.

CooTBeTcTBYIOIIME NPENENbHBIE MO~
MEHTBI, KOTOpBIE MOXKHO TPHJIOXHTD K Be-
AyIIAM KoJlecaM, OTPENENsAIOTCS U3 yCJo-
BUS WX CICIUIEHHS C OMOPHOH IOBEpX-
HOCTEIO:

Mxl = Nl *Ocmt " Tn1s
M, =Ny Qyp *Thn-

(12)

YCI0BUS MakCHMAaIbHOTO HCIIONB30-
BaHHUSA MOMEHTA JIBUTATENs IO CUEIUICHUIO
KOJIEC C OIOPHOMH ITOBEPXHOCTHIO, MEpeaa-
Ba€MOI'0 JBMTaTeJIeM K BELyIIUM KoJiecaMm,
3anMIIyTCs B BUIE

M,Il .lTpl

MII 'lsz

=MK1;
(13)
=MK2’

rae M, — MOMEHT, pa3BUBaeMbli nBUIa-

TCIICM, i — NEPCAATOYHBIC YHUCIA

1> lip2
TPaHCMHCCHH.

B MoMeHT TporaHHMs TpakTOpa 4ac-
TOTa BpPAaIECHUS ABHUTaTEls PacCUHTHIBA-
erca no gopmyne

®, (2+3,)
O, =———
)

p

; (14)

rac Sp — CTEII€EHb HEPaBHOMEPHOCTH DPC-

TyJfTopa, Sp =0,08...0,06 ; ®, — HOMH-
HaJbHAs YacTOTa BPALICHHUS JBUTATEIA.
Tax, nanpumep, nmpa ®, = 178 ¢'u

8p = 0,07 4yacToTa BpallEHHAA XOJIOCTOTO

Xo0Ja

Mawunocmpoenue

_178-(2+0,07)
0,07

=229,62 ¢ ..

XX

CrnenoBaTensHO, Pa3sHOCTb YTJIOBBIX
CKOopocCTeit

O — 0, =229,62-178=51,62 ¢ .
Tornma ckopocTh HapacTaHUs MOMEHTA
M, 0848

tga = i =
& o, —o, 51,62

=0,01643,

rae My — HOMHHAJILHBIH MOMEHT JBHUTATEIN.
3aKOHOMEPHOCTb M3MEHEHHSA CKOpO-
CTH HapacTaHWs MOMEHTa [BHUTrarens B
Oonbliieli CTEMEHH 3aBHCHT OT XOJIOCTBIX
o0OpPOTOB ¥ OKa3kIBaeT 3HAYHUTEIBHOE
BIUSHHUE Ha IHHAMHKY pa3roHa TpakTopa.
IIpu TeopeTHYEeCKHX HCCICAOBAHHAX
BEJIMYAMHA MOMEHTA JBHUTaTeId B MOMEHT
JBHKEHUA TpAKTOpa OIpEACNIseTCs M0

dbopmyne
M, =(o, —0)-iga, (15)

rge tgo — CKOpOCTh HapacTaHUsA KpyTH-
HIETO MOMEHTA JABHraTelif; () — TEKyIlee
3Ha4YeHHE YIJIOBOH CKOPOCTH BpalECHHS
JBUTATCISA.

OO6o0meHHas cuina Mo KOOpAHHATE
IIOCTYNaTEIbHOTO TIEPEMEILCHHA

qu=PK_Pf:
—®)-i_ -t
:(coxx ®) i ga_MTp.f’ 16)
r

A3

rae Pr — cuna compoTuBIEeHMA KadeHHIO
KOJIEC TpakTopa; P, — KkacaTrenbHas cuia
TATH Ha BEAyIMX KOJECaXx TpaKTopa;
f — xoa¢pduUIMEHT CONPOTHBIECHNA Kade-
HHIO; irps — MEPENATOYHOE OTHOLIEHHE OT
JBHraTels K BEAYIIMM KOlecaMm; I, — IH-
HAMHMYECKHMI paJdyCc KadeHHs BEAYUIUX
KOJIec.

Jis TpakTopa 3HadeHus f npusene-
HBl B Tabu. 1.
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Ta6n. 1. Kosdpduuuent comporuBieHus kadeHHIO f [ KOJECHBIX TPaKTOpOB Ha ITHEBMATHYECKHX

IIMHAX ¢ O/IHOH BexyIlieil 0ChI0

XapaxTep oBEpXHOCTH

3nauenue xo3bdaumenta f

IleMeHTOGETOHHOE NOKPBITHE:

B OTJHYHOM COCTOSIHHH 0,14...0,018

B YAOBJICTBOPHTE/IEHOM COCTOSTHUH 0,018...0,022
PoBHoe mebenyaToe uiM rpaBUHHOE TOKPBITHE:

0o6paboTaHHOE OpraHMYeCKUMH BSUKYIIMMH MaTepHajlaMH 0,02...0,025

HeoOpaboTaHHoe, ¢ HeGOMBIIUMH BEIOOHHAMH 0,03...0,04

BynepxHOE IOKPLHITHE

0,035...0,045

I'pynroBas nopora:

B yIOBJIETBOPHTEILHOM COCTOSHHH 0,03...0,05
HepOBHAsA M TpA3HAs 0,05...0,1
YkaraHHas CHEXHas JJopora 0,03...0,20
Cyx0if TUIOTHEIH IPYHT, 3aJI€3b, IUIOTHAd ITOYBa 0,03...0,06
CrepHA HOpPMAaJBHOW BJIQXXHOCTH, TIOJIE M3-TIOA KYKYpY3bl MIH MOACON- 0,10...0,15
HEYHMKA, CJIeXKABINAACS MallHs
Tlone, MOATOTOBIEHHOE IO IIOCEB, CBEXEBCIIAXaHHOE UIIH CBEXEeYOpaH- 0,16...0,2
HO€ H3-nox Kaprodens
BnaxxHsrii nyr 0,08...0,1
Tlecoxk:
BIAXKHBIH 0,08...0,1
cyxoH 0,15...0,3
KacarenpHas cuna taru P, He J0JDK- d( aT
Ha NPEBBIIIATL CHITY TATH 110 CLHCINICHHUIO "(‘i{ 6_ =
Pocy, KOTOpas I TPAKTOpPa C OJHHMM Be- ?s
AymliM  MOCTOM paccanHBaeTcx CJie- 5
IOyromuM obpasom: . 2 Iy
=0, Mm'rns"'_rz +J (18)
P(pcu - N3 . (pcu’ il

rae @, — KO3pGUUHCHT CUEIUICHHs, 3a-

BUCAIIMNA OT XapaKTePUCTHK ONMOPHOH MO-
BEPXHOCTH.

Ilpu pabote TpakTOpa Ha MATKHX
IpyHTax Ko3(pdHUIHEHT CONPOTUBIECHHUS
Ka4EeHUIO ik TPAKTOpa C YETHIPbMS BEXY-
muMH - Koinecamd Ha 10...15 % MeHbe,
4eM IS TPaKTOpa ¢ OHOH BEAYIIEH OCBIO.

N3 (2)...(7) c yderom xuHEMaTHYe-
CKHX CBA3CH

(N

p1i1}

Xc =¢3 "Tnss (bn = (17)

VYuuteiBas (17), onpenenuM KOMIIO-
HEHTHI ypaBHEHHs JlarpaHxa:

Mawunocmpoenue
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Torpa mudgepeHaTbHOE ypaBHe-
HHE BpAUICHHA BENYINEro Kojieca MOXHO
IIPEACTaBUTH B BHIE

M .
. A(g '(O)XX —0))'11]:) _
(pa—
J3K
~ (MTp 'a-g+PKp-th)x
1

(19)

X T Q-
@+b)-1, ™ T

Tporanue KOJECHOTO TpaKTOpa Ha-
YHHAETCA C MOMEHTA, KOIJia BBITIOTHAETCS
clenyrolee ycloBue:
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M .
A(g (0 —m)'ll‘p =
= (Mm-a-g+PKp-th)x
X (20)

__—..r .(p 2.
a+b ¥ N

Ilepexonuslit mpoiiecc 3aBepinaercs
IIPH YCIIOBHH, YTO

MH
A®

Ilpn BeImOnHeHuM ycnoBus (21)
JIATIbHEHIIINE PacyeThl IPOBOIATCA IO JOC-
THIKCHHSI JIBUTaTelleM TpaKkTopa MaKCH-
MAaJILHOr0 MOMEHTa Mpax.

M
(o, —0)i, =M__. (22)
Ad ( Xx ) Ny max

IIpu BeIMoONHEHUH ycnoBug (22) 3tan
IEPEXOJHOrO  MpoLEecca  3aBEplIaeTCH.
HanbHeHmmit mpomecc pasroHa TpebyeT
HEPEKTIoYeHNs KOpoOKH nepenad Ha BhIC-
IIyI0 CTYNEHb, H MPOLECC MOCJIEAYIOLIETO
MOZCTHPOBaHUS HAYMHAETCA 3aHOBO C HO-
BOH XapaKTEpUCTHKOW M3MEHEHHS MOMEH-
Ta ABUraTesns (MeTo]l IPUIIACOBLIBAHUS ).

MowmeHT aBUraTens Ha HOBOU Iepe-
Ja4ye pacCUUTHIBAETCs 1o popmyiie

M
M. =" (®
A1 Am(xx

“@) i (23)

Ha nanHoM ostame MOIOCIIUPOBAHUS
TEKyliasi 4aCToTa BPAIICHHAA KOJCHYATOro
Bajia ABUTaTCIsl U3MCHACTCA B Ipeaciuax oT
@, A0 3HA4YCHHUA HOMMHAJILHOM YaCTOTEI

BpaCHUA KOJICHIATOI'O Baja ®,.

Jlns HaxOMKEHHs YIJIOBOM CKOPOCTH
BpalllcHHs BEXYLUEro Kojieca MpH PasroHe
IIPOUHTErpPUPYEM mibdepeHnuaIEHOE
ypaBHEHuMe BpaiieHus konueca (19) mo Bpe-
MEHH:
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1
b = — 1. (24)
P, ;

3K

_X a+b.r’“'(p°“2_Pf ~rmJ

VYrioBas CKOPOCTh BpallleHHs Kojieca
cama 1o cebe HE ompenensieT ITUHAMHKY
pa3sroHa KOJIECHOTO TPAaKTOpa ¢ KPIOKOBOH
HArpy3Ko#, T. K. MOXET IPHUCYTCTBOBATh
IOJHOE €ro OYKCOBaHHWE M CKOPOCTH MMO-
CTYNAaTeNbHOr0 IBM)KEHHA OCTOBA MAIlM-
HBI paBHA HYJIIO.

VYciioBHE 4YHCTOTO KaudeHHS Kojleca
(kaueHue 0€3 CKONBXKCHHMS) MOXHO 3ailM-
caTh B CIIEyIOILEM BUIE:

¢, 1, =X,. (25)

HneansHoe ycnoBue pa3roHa KOpIy-
ca TPaKTOpa MOJKHO OIpPEIENUTb, PELIAB
auddepeHnaTsHOe YpaBHEHHE MOCTYyIIa-
TEJIBHOIO ABIXXEHHSA, KOTOPOE MOXHO 3a-
IMCATh B CIICAYIOIEM BHAE:

-

[(M,-a-g+P_-h_)x]]

X

+c X 1
a+b ?ﬁ*'(%)

x({,-b-p—-2z)]x ™
\L ><(pcuZ—Pf

dJ

Hurterpupys ypaBHenue (26) 1o
BPEMEHH, NIOTy4UM

| [(M,,-a-g+P, -h_)x
XC=J X +C,, X X
a+b f
L x(fa_b'(p—zc)]'(‘pclﬂ_Pf
x—l—-t+C, 27
MTP

rae C — IOCTOsAHHAsA UHTErPHPOBAHU.
Pa3HOCTE CKOpOCTEH, MOJy4YEeHHBIX

no ¢popmynam (27) u (24), coorBeTcTBYET

OyKCOBaHHIO BEXYLIMX KOJIEC TPaKTOpa.
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PasHocTe CKOpoCTEH MOXHO 3aIH- AV-M,,
I —— fed . Y 31
caTh KaK Ne r > Nip = P X S
a3
AV = {I:(M'rp ‘a-g+P 'hxp) X PasnenuM unenst ypaBHenus (30) na
N, IOTyIuM
X +c , (f,—b-0—-2z)| x _
a+b ™ ° )] M =1—Ne —MNs—Mps  (32)
1
X Qo —Pf} -M—-t - rae M, — kprokosoit KIIJ[; Mg — xoad-
P bHuLMeHT, XapaKTepH3YIOIUWA HOTEepIo
M, (o, —©)-i_ - 3HEPrHM OT COIPOTHBJIECHHSA IBHXCHUIO;
-12-A0 T B N — K03HUIMEHT, XapaKTepH3YIOLIHi
—( M,-a-g+P,-h )x NIOTEPIO SHEPTUU OT OYKCOBAaHHUS BENYIIHX
KoJIeC.
x T, Qo — P .rm:|x Ypasuenus KIIJ[ ¢ yuetom ypaBHe-
a+b Huit (31) u (32) ang TpakTOpa ¢ BEAYILIUMH
1 3aJJHUMH KOJIECAMH MOXHO TIPEIACTaBHTE B
X—-t-1, . (28) BHIE
T 3K
MoiHoCTb, 3aTpadeHHas Ha MOTEPIO N = MTp -f- g X -Aw .
CKOpOCTH OT OyKCOBaHHSA BEAYIIHMX KOJEC f= o
p y Ay M, (0gy —®) - 1p, - Pyye
TpaKTopa,
AV-M,_ Ao
AV -M 1M = x — —.(33)
Ne= ——3&, (29) Tna M, - (@ — (0)-1Tp "Pak
T o .
3 M_ X Xx-A®
M = _ :
rae M, — MOMeHT Ha Beoymux Kolecax P M, (@g —©) 1y - Py
KOJIECHOT'O TPAaKTOpa. .
OGluee ypaBHEHHe OaNaHCa MOLI- ITo npeanaraemoit METOTHUKE MOXHO
HOCTH MOXHO IIPEACTABATH B BHIE TaKXKe ONpeJeNUTh KO3 (OUIHEHT UCTIONb-
30BaHHUS CLECIUICHHA.
N, =N; +N_ N, +Ng. (30) B nmpouecce MomeiuposaHus B

KaXABIH MOMEHT BpPEMEHH HaXOAAT KO3(-
GHLMEHT CLEIIeHHs C LENBI0 BO3MOX-

e Nix — MOIIHOCTD, IOABEAEHHASA OT IBH- "
AC Nax THH » UQIBER x HOCTH MaKCHMAJIbHOW €ro peaiusaluu 10

ratejil K BeQyIUHM KosecaM; N, — Mom-

bopmyne
HOCTh, HEOOXOImMMas Ui NpUAaHHS 3a- "
OAHHOH CKOPOCTH IBIDKEHHMS B Ipollecce Poy < LRYON . (34)
MHTEpBajla BpEMEHH Pa3roHa. N, 1,
KommoHeHTsl ypaBHeHus OanaHca
MOITHOCTH: TlonyuyeHnsle pe3ynbTarhl SABIAIOTCS
HEKOTOPBIM  YTOYHCHHEM  HM3BECTHBIX
M, . METOJIOB UCCIEIOBaHUA JUHAMHKH
N, = (Ogy — @) 1y - Py

* 7 Am pasroHa KOJIECHOTO TPaKTopa C 3aJHMMHM
. . HMH  KOJiecaM HYHH
Ne=Mp-f-g-% Np=Mg -&-x; BE/Ty IHME OJleCaMH NP Hal
P KPIOKOBO#M Harpy3KH.
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