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HCCJEJOBAHUE MPOIIECCA B3AUMOJIEHCTBUS
KOJIECHOI'O JIBUKHUTEJIS C IBYXCJIOMHBIM I'PYHTOBBIM OCHOBAHUEM

B cBs3u ¢ POCTOM 3HCPrOHACBIIIEHHOCTH JICCHBIX MAallWH, TPAKTOPOB W TCXHHUKH CIEHHUAIBHOIO
Ha3HAYEHUsl BO3PACTAET UX Macca, CIEJOBATEIbHO, YBEIUMYMBAIOTCS HArpy3KU MX XOJOBBIX CUCTEM Ha
OINNOPHYIO MOBEPXHOCTb. Bo3HukaoT Takue HeraTuBHbBIE SABJICHUA, KaK NEPCYIUVIOTHECHUE IMMOYBOIPYHTA
BBILIE JOIMYCTUMBIX HOPM, ITOBBILIAOLIUE SHEPT03aTPATHl HA NIEPEIBHIKEHUE.

Jlist yyeta U3MEHEHHUsI CONPOTUBIICHHSI IPYHTOBBIX OCHOBAaHUI 10 Mepe Je(opMHUpOBaHHUS MOJb-
3YIOTCSl PACUETHBIMUA MOJIEISIMU, CXEMATU3UPYIOIIMMH 3aBUCUMOCTh MEXAY Harpy3Koi Ha rpyHTOBBIN
MacCHB M ero ocajakoi. Hanbombiee pacnpocTpaHeHHEe HMEET MOJIEIb JIMHEHHO-Ie(POPMHUPYEMOTO IM0-
JIyIpocTpaHcTBa. [ pyHT paccMaTpuBaeTcs Kak CIUIOIIHOE OTHOPOIHOE THHEHHO-IeQopMUupyeMoe Telo,
0ECKOHEYHO IPOCTHUPAIOIIEECS BIIIyOb U B CTOPOHBI M OTPaHUYEHHOE CBEPXY MJIOCKOCTHIO.

B neicTBUTENBHOCTH IPYHTOBOE OCHOBAHHE, KAaK MPABUIIO, SIBJISIETCS MHOTOCIIOHHON CTPYKTYpOil.
BepxHuii ciioii ©MeeT OrpaHMYCHHYIO TOJINUHY, a HIKHUU MPEICTABIIACT COOOW ympyroe MoIyIpo-
cTpaHcTBO. IlpencraBnenne rpyHTOB B BUJIE HECKOJIBKUX CJIOEB B MPEATNIOIONKEHUH OCTOSIHCTBA MOY-
JIS1 YIPYTOCTH JUIS KQXK/OT0 U3 HUX MO3BOJISIET OOJIee TOYHO Y4ECTh €CTECTBEHHOE CIIOKEHUE IPYHTOBO-
0 OCHOBAHHS.

B pesynbpraTe NpOBENEHHBIX UCCIEIOBAHUM MIOJIYyYEHO PELIECHUE, T03BOJISIONIEE OIPENEIATh BEIU-
YUHY U XapaKTep pachnpeiesieHUs] HAIpsDKEHUH, a Tak)Ke MOMEHT CONPOTUBIICHUS KauyeHHUIO Kojeca U
€r0 3aBHCHUMOCTb OT CBOMCTB B3aUMOJICHCTBYIOIIUX TEJl.
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RESEARCH OF THE INTERACTION PROCESS
OF THE WHEEL DRIVE WITH DOUBLE-LAYER SOIL BASE

In connection with the increase in the energy saturation of forest machines, tractors and special-
purpose equipment, their mass increases, therefore, the loads of their running systems on the supporting
surface increase. There are such negative phenomena as overconsolidation of the soil above the permis-
sible norms, which increases the energy consumption for movement.

To take into account the change in the resistance of soil foundations during deformation, calcula-
tion models are used that schematize the relationship between the load on the soil mass and its settle-
ment. The most widespread is the model of a linearly deformable half-space. The soil is considered as a
continuous homogeneous linearly deformable body, infinitely extending in depth and to the sides and
bounded from above by a plane.

In reality, the subgrade is usually a multi-layer structure. The subgrade is usually a multi-layer
structure. The upper layer has a limited thickness, while the lower one is an elastic half-space. Repre-
sentation of soils in the form of several layers, assuming a constant modulus of elasticity for each of
them, makes it possible to more accurately take into account the natural composition of the subgrade.

As a result of the research, a solution was obtained that allows one to determine the magnitude and
nature of the stress distribution, as well as the moment of rolling resistance of the wheel and its depend-
ence on the properties of interacting bodies.

Key words: wheel mover, soil base, volumetric deformation, wheel load, rolling resistance moment.
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BBenenue. DKcIulyaTallMOHHBIE CBOMCTBAa KO-
JICCHBIX MAIIIMH TPU B3aUMOJICHCTBUH C ae(opMu-
PYEMBIM OMOPHBIM OCHOBAaHHMEM 3aBHUCIT OT Xapak-
TEPUCTHK OMIOPHOTO OCHOBAHHS U HA00OPOT, XapaK-
TEPUCTHKH J1e(HOPMHUPYEMOTO OMOPHOTO OCHOBAHUS
3aBUCAT OT PEKUMOB PAOOTHI U MMAapPaMETPOB TPH-
MeHsIeMBIX KoyiecHbIX MamuH [1-3]. IIpu paccmor-
pPEHUM TaKON B3aMMOYBS3aHHON CHCTEMBI pEIlICHUE
MOCTABJICHHBIX HCCIENIOBATEISIMU 3a7ad IPOU3BO-
JUTCSI C IPUMEHEHUEM MaTeMaTUYECKUX MOJIeTIeH u
MeToJ10B. UTOOBI yuecTh MHOTOOOpa3ue xapakrte-
PHUCTHUK OMOPHOTO OCHOBAHMSI, C OJJHOM CTOPOHEI, U
MOJIHEE OTPA3UTh BIHUSHUE KOJECHBIX MAIlUH Ha
OTIOPHOE OCHOBAHUE, C IpYroi, MIPUXOJUTCS CyILe-
CTBEHHO YCJIOXHATH MeTonnl pacueta [4]. Llensto
JAHHOTO WCCIICAOBAHMS SIBIISIETCS TEOPETUUECKUI
pacueT BENMYMHBI YCHIUH U MOMEHTAa CONPOTHUBIIE-
HUS KAUEHUIO KOJIECa U €ro 3aBUCHUMOCTh OT CBOMCTB
B3aMMOJCHUCTBYIOIMX Tel. [Ipeamerom U 00OBEK-
TOM HUCCJIEIOBAaHUHN SIBISICTCS B3AUMOJICHCTBUE KO-
JIECHOTO JIBMDKUTENSI C TPYHTOBBIM OCHOBAaHUEM.

OcHoBHasi 4acTh. Bo3neiicTBue KonecHOro
JBIDKUTENST XOA0BOM CUCTEMBI TPAHCIIOPTHOT'O CPE-
CTBa Ha JIe()OPMUPYEMYIO TPYHTOBYIO ITOBEPXHOCTh
BBI3bIBACT B TPYHTOBOM MACCHUBE HANpsHKEHHO-
nehopmupyemoe coctosiaue. [Ipu 5ToM B HeM mpo-
HCXOMAT CJIOXKHBIC IMPOLECCHI, CBSA3aHHBIC C Pa3py-
[ICHUEM YacTHUI] U CTPYKTYPHBIX arperatoB, BBIKH-
MaHHEeM BOJIbI M BO3dyxa u3 mop [5]. dmst pazHbix
TPYHTOB JOJS TOTO WX UHOTO SIBJICHUS 3aBUCUT OT
IJIOTHOCTH, BIAQXKHOCTU U APYTUX CBOMCTB IPyHTA.
Cxarne 3alieMIIeHHBIX 00bEMOB BO3IlyXa OIpeie-
ns10T ynpyrue nedopmanuu [6]. B obmem ciydae
TPYHT SIBISIETCSI BS3KO-YNPYTO-INIACTUYHBIM, aHU-
30TpOMHBIM TesioM. [Ipu KpaTKOBpeMEHHOM BO3EiH-
CTBHM TpeoOnaaroT ynpyrue aedopmarmn [7]. Kpome
TOTr0, TPYHTOBOE OCHOBAaHME, KaK IPaBUIIO, SIBIISIETCS
MHOTOCJIOMHBIM. BepxHuil cnoil MMeeT OrpaHuyeH-
HYIO TOJIIIMHY, a HIDKHUH MPEICTaBIsIeT CO00H yrpy-
roe MOJIYIPOCTPaHCTBO. Bo MHOTMX cydasix riryOuHa
pacrpocTpaHeHusI HAMPSDKEHUH MPEBBIIAET TOMIIUHY
BEPXHETO CJIOsl, TOT/Ia BIMsSHHE Ha Je(hOpMAaInio OKa-
3pIBaeT mozcTuiawoiiee ocHopanue [8]. Ilpu stom
MPUHIUI HENPEPHIBHOCTA MATCPUU  MOTHOCTHIO
OCTaeTcsl B CUJIC U OTICIBHO BBIJICIICHHEBIE CJIOU CO-
XpaHSIOT IJIOTHOE compukocHoBenue [9], [10]. Ta-
KUM 00pa3oM, MPEeCTaBJICHUE TPYHTOBOW 3aJIC)KU B
BUJIC HECKOJIBKUX CIIOEB, B MPEANOJIOKEHUU MOCTO-
STHCTBA MOJYJS YOPYTOCTH AN KaXIOrO U3 HUX,
MO3BOJIIET 00JIee TOYHO y4YeCTh €CTECTBEHHOE CIIO-
YKEHHE TPYHTOBOT'O OCHOBAHHUSI.

Ucxonubie nanuele:

Ry — pannyc xoineca;

B — nonoBuHa MIUPUHBI KOJIECA;

R, = R; — ay4 — ypaBHEHHE MPO(UIA HIUHBL
o = 0,00000077;

E — monyns nedopmanuu MaTepuana mepBoro
cios;

E* — Monynp nedopmaruu MaTepuana BTOPOTo
cos;

G — BEIMYMHA YTIPYTOro BOCCTAHOBJICHUS TPYHTa;

A, W — ko3¢ dunmenTs! JIsime mepBoro cios;

A, W — ko3 durimenTs! JlsMe BTOPOro CIIOs;

P,, — naBnenue Bo3yxa B ILIUHE;

¢ — K03 PUIHMEHT MOJATIUBOCTH [IMHBL;

H, — r1yObuna norpy>keHust Koyieca B TPYHT;

G — Harpyska Ha KOJIeco;

M/ — MOMEHT COITPOTUBIICHUS KAUEHHIO KOJIECa;

h — ToNIKHA MIEPBOTO CIIOS;

L, H — neproapl N3MEHEHMsI KOOPIAUHAT X U ) .

PacueTHas cxema

Ha pucyske nokazaHa pacueTHas CXeMa, HIKE
IpezcTaBlIeHa [10CIeJ0BaTeIbHOCTh PACYETOB.

OrmpenernsieM MOCTOSTHHBIE KOY(PQHUIMEHTHI U Tie-
PHOBI U3MEHEHUS KOOPIUHAT X U V: z = 4Ry, H=4B,

R LR | L B
(I1+0)(1-0) (1+0)1-0)
E \ E" Ao N
W=——— W =——— k=—; k =—;(2)
2(1+0) 2(1+0) w u
A:_k+1, A*Z—k*+l; (3)
k+3 k +3
=D F2) oy g
1+ A\ +2p) 4
Ipu k wi =1,2,3..., 10 Haxoaum:
Ly -3y,
eg(h)y=e " ;5 g(h)y=e = ; (5)

-n —2+le1
e(hy=e ' H ;e=271. 6)

Onpenensiem Buj GyHKIUH f (X, ¥) B aOCIIHCCHI
TpaHUI] ISITHA KOHTaKTa X()), X2()):

FOoy)=Hy =R (R, —ay* =x*;  (7)

()=~ 2(R, —op*)(H, — o )5 — (H, — oy '8 ;
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_ A2 p 2 Haxomum ¢ynkuuro ¢; (x, ¥, 0) u npu z = 0
% () \/(R" 0y")” = (R = Ho)™ (®) ctpouM (GOpPMY MOBEPXHOCTH KOHTAKTA:

HaxomnM k03 hHUITHEHTH pa3IoKeHUS B PSI

10
¢byuxamu f(x, y): 05(x,,0)= Z[AOici (D) + Bys:(0)]e; (2) +
i=1

1 x(y) B 0 10
a; ZEXI'([},) _Lf(xay)ck (x)dx - c,(y)dy; + ;;[Akick (x)c;(¥)+ Byc, (x)s;(1)]e(z) +
10
| + Y [c,08, (x)+ D, c, (x)]e, (2) +
bu=—— | [ fOone s () 2ler0si () + Diye (e (2
zH
a(y) -8 10 10
Y + 2 2 (05 (1) + Dys, (95 (D]e(2). - (11)
k=1 i=1
ay=— [ [ L) (x)dx- s, (y)dy;
zH X (y)-B OmpenenseM NaBlIeHUE B KOHTAKTE PZZO:
10
1 o)k P ==S'[Pc.(y)+P.s(y)]—
Bu=—> | /s @des0dr. ©) w0 =2 0)+ P ()
zH
x(y)-B 10 10
OnpenenseM Kod(pGUIUEHTH PA3TOKEHAS B _zg[Qlikck(x)ci(y)+Q2ikck(x)si(y)]_
10 10

pAz mocTosHHON M =0 4 op .
4 2 DBt (06 (1) + Eygesiy ()3, (1)] =

k=1 i=l1

oM B () 10
8 =" [ [ clx)dxle,(y)dy; —Y [Fici (0) + Fys ()] (12)
zH =y ) k=1
- M ]g [XZJ(‘y)c (O (s Haxonum Harpy3ky Ha kojneco G:
T k i >
H 25 i G=[[ p. dF. (13)
(F)
M B x(y) o
g, =— j [ j s, (X)dx]e, (y)dy; HP@I{CJ‘MGM MOMEHT COIIPOTUBIIEHUSA Kaye-
zH “5 ) HUIO M;:
Spp B 20 My = [[ P xdF. (14)
by =" [ 1] sc@adxks )y, (10) (")
B aw 3akawuenne. B pe3ynabTare NpPOBEACHHBIX

Haxomum ko3¢ GHUUMEHTHl pa3iokeHUs B Pl
byHKIIH Q3 (X, Y, 2).

ITockoneky 3Ta (YHKUUS SBIAETCS TapMOHU-
YECKOil, TO pelieHne yaoOHO MPEeICTaBUTh B BHIE
psana @ypsee [11].

HCCIIEIOBAaHUM MOJyYEHO pEIIEHHE, MO3BOJISIONIEE
ONPEAEIIATh BEIUUMHY U XapaKTep paclpeneieHus
YCUJIMW, a TaKK€ MOMEHT CONpPOTHUBJIECHUA Kaye-
HHIO KOJIECa M €0 3aBHUCHMOCTH OT CBOMCTB B3aH-
MOJENCTBYIOIINX TEJL.
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