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CT m - CpC,111CC llOpM<LlbHOC 1rnnpRn<CHl1e, paBHOC r11ilpOCT3Tl1'1CCKOMY il3BJ1CIHllO. 

flepsb1c ;isa •1ne11a B npasoii •rnc111 ypas11rn1rn Bb1pan<a101 ynpyrne 06bcM11b1e 11 rns11ro­
Bb1e necpop~rnu1111, rpernii - 11,1aCT11YecK11e. TarnM o6pa30'1, n.n cnocs 1111n<e I 0 c" pa601a ilC­
cpopMau11ii 6yne1 onpenenRTbCH nepsb1M11 ilB)MH cnaraeMbIMH 

Bbwodbt 

I B peWJJbHTC npose:ieHHbLX JJa6opa1op11b1X 11cc11e!lOBa1111ii 6b1,1 113y•1e11 xapaKTep npo­

H>1K11ose1111H ,1e~lopMau11ii B rn)611HY CilOH flO'!Bbl B 33811CHMOCTll OT ucn0,1b3YCMblX Wl1H H se.111-
Yl1Hbl HarpV3Kl1 Ha UJTaMn. 
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Summary: In the article there is considered the interaction of lateral surface of a spherical disk 

agncultural machines on the ground. Ohtamed mathematical dependences for the estimation of the denslt) 

and the stress state 111 the contact area dcpendmg on the geometry and properties of the soil 

B npocKrHrxrnaH1111 1i pac 1l.c1e cooTBt:TCTsy101u11x ~texaHwB.10s ueo6xo;rHMO ylI1nL1saTL H\. 

BO.Llt:i1C'IBlH? Ha JH)lJ.By. KOlOpoe. c O,J.HOfi ClOpOHbL He ,10.n/KHO npCBLIU13Tb ,1onycn1Moe, a c ;rpy­

rofi - HC ClL1hHO pa·3y1LlO'I H51Tb nOYBY' llCK.1K)ll351 B01!vtOiKHOCTb yxoaa yr.11epo.:ia B a·1 MOC<flt.?py 

Cne;1yeT OT.\tc1ir1h. lno pewt:HHhix ·:1a;ia~1 o wia11.\10,1cficTBHH cc..rthCKO.\.O'l51CicTBeHHhtx MawHH u 
opy.;:uin c IIO'IHOil HC T3K Y* !\1Hnro. a H.\ rcopirn Tpc6ycT .;13.lbHCilLU(TO pa1BHllHI B CBWHI npo6,1c­

Ma.\111 ncpey!IJl(rJ HCHl1.5l (!H?,10y1uo1 HC'HWl) ll04B . .\10ilCp1-unaw1en Te.\IWJlOntH 11.\. o6pa60TKl1 J1 

y 11e-1a 1Ko.1onJ11ccK1t\ llpoueccos UeJlh J.3HHOfi pa6oTbl 3aK.r11-ol1a:1acb B onpcaencHIHt Hallp}!ii\CH-

1wro COC1051Hlrn B 06:1aCTl1 KOHTaKTa cq)ep11 11ecKoro t1llCKa c flOl!BOfl 
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npHMCHefH-ft! 110rIO.HHHTe.HbHblX ycTpoHCTB B KOHCTPYKUHHX n.1)'LOB nffrnonHeT onTHMaJTLHO 

J1COQ,1b10B3Tb BpCM.Sl noµ,roTOBKH nOYBbl K noceBy, COB~teCTJ1Tb arpOTCXHWteCKl1e npHeMbl ll.H.Sl 6o­

p6661 c llOTep•'rn nO'IBCHHOH Bllanl, COKpan!Tb Oi!HY KV,%THBaUHIO npH o6pa6oTKax n048 11ernoro 

MexaHw1ecKOro cocrnsa, CHH3HTb 3aTpaT61 1Heprn11 Ha npose11cHHe nocne11y10lUHX no•rnoo6pa6a­

Tbrna1-0wux 011epau11i1 nOY.:B T.SliKCJ10fO MCX3HWleCKoro COCTaBa. TaKHMH ycTpoHCTBaMH .SIBHHI-OTC.Sl 

l\aTKOBbre npHCT3BKH, no3B0.1.SllOU~l1e K3l{eCTBeHHO BblllOJIHHTb nosepXHOCTHYfO o6pa6oTKY fIQll­

BCl!llblX nnaCTos, 06pa1osaHH6IX KOpnycaMH nnyros (p11c 1) Pa60•111MH opra1rnM11 11aHH6IX np11-

crnuoK •BJJBIOTCB !!HCKH pa1JJl14H61X KOHCTp) Klll1H 

6 

l 4 l 

f'uc Cxer.ta Kor.1611u11posaHHoro naxoTttoro arperaTa { 1] 
l - n~1yr. 2 - par.ta: 3 - 6a.1Ka. -l, 5 - KpOHlllTCH.Hbl. 6 - fHJlp0UHJU1HJlpa. 7 - paMKa: 

8 - CCKWUI pa6o(rnx opraHOB 

PaccMoTpHM 1a!!a•1y o s·ia1rno;ieiicrn1111 !1HCKa KaTKosofi np11crnsrn, npe;iHa'!HaYe11110'1 !!Jrn 

pa1pb1Ba, nosepXHOCTHOro pbIA.ilt:Hl1.Sl lf )'IlJIOTHeH~f.Sl fll)l!BCHHOro nnacTa, CXO,ilHWero c OTBarra 

KOpnvca o6opOTHoro nnyra, c no•rnofi Cqiepw1ecKa• nosepxuocTb !lHCKa npH nosepxHOCTHOH o6-

pa6oTKe lffpacr pOJTb yn;10THJ1Te.1H no1rnbl, fl0)T0\1Y OT KOHCTPYKTHBHblX napaMt.."TpOB H MaCCbl 

;1l!CK3 'l3BllCH npOrH01HpyeMa• IL10THOCT6 II nop11CTOCTb nO'IBb[ llOCJlC o6pa60TKl1 [2]. 
OtteBH,'lHO, lfTQ HaH60J1bWee yrLlOTHCJH1t: Ha no 1rny OKa'~b!BaCT nosepXHOC1 b OCHOBaHH.Sl 

LIHCKa, KOTopa.Sl 6yncr H3,l0)f{t:Ha fHliK~. B J{aHHOM 11cc.1e,10BaHHH (tCnOJ1b3Yt:M nOllX0;1, H1JlOJKeH­

Hblii a pa6ornx [3, 4] Pacc.\IOTPH'I paa11m1epHoe 11epc,1ewcHHC ;rnCKa !!HaMeTpa BC no nosepx-

11ocrn no•JBbl BilOJlb oc11 Ox (pHc. 2) 

c 

A 
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CY1naeM JH1CK a6comoTHO *eCTKHM Te;1o~L norpyiKeHHF.tM B nolrny Ha noCTOHHH)'lO rJTy­

fotHy h nosepXHOCTb n11cKa BAO, norpy"'e1rny1D s no•rnv_ MOlKHO pa1611Tb 11a J:1eMeHTap11b1e 

nnoma;irn. Ha KalKnoii 1n aaHHblX n,10111a;ioK 6v;ie-r ,1eBcrnosaTb 1ne,1eHl·apHaH rnna dP, KOTO­

PYKl MO;KHO npe!!CTaBHTb KaK 

(I) 

f;'lC dP,, - HOpM3.lbHaH COCTa8JlHKllU3H 1.1eMeHTapHoii CH.lhl dP, 
dP, -TaHreHUHa.lbH3H (KacaTejlbHaH) COCT3B11HKllll3H 1.1e\1e11rnp11oi1 Cl1Jlbl dP. 

TaK KaK !!HCK 1arny6.1H~'TCH Ha 11e60,1!.111yf0 s cpasHeH1111 c ero mrnMe-rpoM rny6irny 

(4-8 CM), TO Cl1.13Ml1 conpOTHB,leHHH CO CTOpOHhl nO'!Bhl MO;KHO npCHC6pe'lb. CTo 1TOH ;Ke npH'lH­

He MOlKHO c•111TaTh, •no yro.n, 01ceYeHHb1ii 01 sepwHHhl ccjiephl n.1ocKOCThKl BC H caMoii nosepx­

HOCThfO BAC, 6yacT np11MepHo paseH yrny '1e;Knv rnnoii dP 11 ce TaHreHuH3JlhHOi1 conasJJHK)WCi1 

dP, 11 paseH a Torna MO;KHO 1an11caTh 

dP, = dPcosa; dPn = dPsin Q (2) 

AHan111 cjiopMy,%1 (2) noKa1hIBacr, '!TO c vse.1w1eH11eM yrna a KacaTeJJhHhle CHJlhl yMeHh­

waKnc.st, a HOpMaJlbHbJe yaeJll1lfHB3lOTC.st. ~:ho MO:iKeT 6b1Th rneHO npH oueHKe CTJlOTHOCTH n04Bbl 

KoHTaKTHaH nosepx11ocTb !ll1CKa c no•rnoii 6y,ie-r coc1aa_nHTh •1crnepTyKl '!aCTh nnowa;i11 nosepx-

11ocrn Ko11yca c 06pa1y1Dwei1 s = BA 11 ocHosaH11eM pa:i11yca a. Tor,ia 1neMeHrnp11aH n.1owa!lh 

B3311M0;1eHCTBHH 6yne-r pasHa 

d4 = ndads 
4 

(3) 

Csoficrna no•rnh1 6y:icM Y'IHThlB3Th Kmcjicji11uHeHTOM o6be,rnoro CMHTHH g (a 1apv6clK11oi1 

JlHTepaType era 11H0fil3 H31h!B3KlT c11.1oii VJlC,lbHOro yn,lOTllCHllH), OT;iC,lbllble 1H3'1CHl1H KOTOporo 

np11se;ieHbl B rn6.111ue, B 13Bl1Cl1~10CTl1 OT arpocji11111'1eCKoro COCTOHHl1H nOYBbL 

]tta4eHHH g (ll/c"3
) B 'JaBHCHMOCTH OT COCTOHHllH nO'-IBbl 

Pb1x.1a51 nolrna Yn,10THCHHJJI noYBa -1 Yn,'101-~~~-a_H_n_o-,1-sa--1 -Y_n_rr_OT_H_e_H_H_a_H_c_y_xa-H~ 

cpe,:rnero ,\1exauw1e- 1 nrn-.enoro ~1exattw1e- no•rna TR)KeJmro Mexa-
CKOro COCTaBa CKOro COCT3B3 Hl14eCKOf0 COCTaBa 

0,5-1,5 ___ ~1 ____ 3_-_8 ___ ~ 6 - 10 12 - 20 

Yn:1orneH11e n04BhI h 11oi11 rn.1v P MO;KHO 011pe,1c.11nh 1n nonpoc1111oro n11cji<!JepeHu11<D1h-

11oro ypasHeHirn 

dP = dAg(h + h,, ), (4) 

r.1e ho - r..1y61rna nepswnwro yn.10THeH1rn. 

0TMeTl1'!, '!TO BC,ll1'111Hhl gh H gh, 11rpa1DT po_lb ;ieoCTAl'Klll!CfO HanpH;KCHl!H ll HanpH)f(C­

HHH nepa11'111oro yn.10111eHHH co c1op0Hb1 ;i11cKa. YpasHCHllC ( 4) '10;KHO 1an11CaTh TaKllM 06pa10M 

1I 1 u h 
P=----fdafg(h+h")dh (5) 

4 COS(.( o u 

CTocn:;: l!HTerp11poBaHJ15I no.1y1m\I B!.IpaiKClfHe ;:urn paBHOJeitCTBYIOWei1 CH.'lbl B BH.Je 

p = agh(h + 21~ 1 )rr (6) 

8cos'1 

HarrpsriKt.:H1rn ua KOHTaKTHOif riosep.xHOCTH .1HCKa c mYrnoH 6yay1 

a~gf/1+2~,l (7) 
8 

KaK ue;i1e·1 1n cjiop1y,1b1 (7), 1rnnpH)f(Clllle 61,JL'T ·ias11ce1b TOJJhKO OT rn1-G1rnbl norpvJKe­

HIHI. ,JHCKa ll rpa111'1CCKH\. CBOliCTB TIO'!BLL B TO Bpe~rn KaK ClCia p 'laBHCHT OT napat.te·1poa KOH­

T3KTHOi1 nosep\.HOCTH_ rny6m-Ibl norpyiKClHl}{ Jl1CK3. B llOlJB~ ll yr.1a (rCO\.lt.:TpWHXKOfi KOCTpyK­

lH1l1 ~1l1CK3.) J-fanpaB;JeHl1e Hanp5DKCHI1.H 0~,1L'T TaKH.\.t :iKC, K3.K 11 H3npas.1eHl1e CHJlbl p_ flO'HOMY 

YTOJl \teiK.1~ K3C3TeJ1hHhIM Hanp5DKCJ-HH:.\1 ()/ M IJ31Ip51iKCWteM (J OCTaHt::TCn TaKHM iKC, K3K Me:iK.JY 
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c11110H PH ee TaHreHUHaJTbHOH cocTaB,1H1oweH Pr. B TIOM c1yqae MO/KHO ·rnn11caTb BbrpaJKeHHSI ,_1nH 

11op'1U.lbl!Oro 11arrp•>KeH11", 11arrpas,1e1111oro rro 11opMa111 K rroscpx11ocrn !ll1CKa B pacntaTp11sae­

MOi1 ioqKe. H KaCaTeirbHOro - HanpaBJleHHOro 110 KacaTCJ16HOH K nosepxHOCTH B 10H /Ke TQlfKe. 

L(,1" 11op'1a1b11oro 11arrp•>Ke1111" 11MeeM 

g(/1+1,,)sm a 
an= 8 

KacaTC.lbHOt: HanpKiKCIH-te 6yaeT HM:Llb BH,1 

g(h+h,,)cosa 
cr, = 8 . 

(8) 

(9) 

CoOTllOWe111rn (8) l1 (9) f!OKa1b1BaKJT, qTQ c yae;iw1e1111eM yrna a HOpMaJlbllblC 11arrp•lKe­

Hll" panyr, a cne.:iosa1e:1bHO, so1paCTaeT rrn0111oc-1b 110 1rnb1 norne npoxoila .:i11CKa. B TO >KC spe"" 

c yse.·Btt1eH11c.\1 yr.1a yMeHhwaercH s,1mrnHe 11a n04BY KacaTe.J1bHbIX Hanpsi:iKett11i1 

Cs"3b \1C>Kil)' KacaTe.%Hbl\111 11 11opMrulbHb1'111 11arrp">Kc1urnM11 s 1011e KOHTaKTa Bb1pa111M 

111BCCTHOH 1aBHCHMOCTblO 

r.:ic c - KO:Jijl<jrnu11e11T cuenne1111"; 

µ- )TOcl BHyrpeHHero Tpe111rn. 

a, =c+a11 tgcp=c+a 11 µ; (µ=rgcr). 

Bb1pa>Kc1111e (I 0) npe;iCTaBHM s JlOrap11ij:>M11qecKoii cttcTeMe KOOpilHHaT 

lgcr1 = lgc+µlgcrn 

(10) 

(JI) 

Ec.rn 1naecTHbl 11anp">Ke1111• B ilB) x pa3Hbrx 10 11Kax (I 11 2), TO MO>KHO rrp116,111>Ke11110 on­

pc,w.1111b Ko·iij:>cjrnuueHTbl cuen,1e1111• 11s11,-rpe1111ero1pe1111". 

K0'1ijlc~1rn11c11T BH\-rpe1111ero Tpemrn 6v,aeT 

lgcr
17 

-lgc\ 
µ = . . (12) 

lgcr,,, - lgcr,,
1 

L\.1" Ko1ij:><jrnu11e11Ta cuerrne1111" HMeeM Bb1paJKem1e 

lgc=0,5(lgcr
11 
+lgcr 10 )-~1(lgcr,,, -lgcr,,

1
): cr,,)cr,,

1 
(13) 

l:3 ~13Hl!Ofi ·m,J,a4C r.1asuo1e Hanp5liKeHHSI 0"1 11 u l 6y11)T ,1eliCTBOBaTb COOTBe'fCTBCHHO 

BJO.th oceli y 11 x. B 11n:-.1 ..:.1ylrae ttop:-.rn11hHb1e H Kacaie.1bHb1e HanpHiKemrn MOIKHO Bh1pa1H1b t1e­

pe1 I .laBHble 

CT 11 =CTI COS
2 8 + 0'3 sin 2 8; 

cr, =(cr1 -cr 3 )sin8cos8, 

ue fl= (90° -a) rrpM ycnoB'11111e60.1bworo1arny6,1c111rn ,111CKa s no•rny 

(14) 

Hanp>KeH11oe cocrn"1111c TO'IKH s 1011e KOHlJKTa (I 0) c Y'leT0'1 ( 14) s rncTc'1c KOOpilHHar 

Ll38Hbl.\. Hanpsi:iKeHHli 6y;ie-r 

( cr: - CT 3 ) sin 8 cos8 = c + ~1( cr 1 cos 2 8 + cr 3 sin 2 0) 

l1T\1t~HeHHe JLlOTHOCTH n(FlBbl p nocm~ npoxo.:.rn .JHCKa npe.JCTaBI-n1 B BIL1e 

p=--p-"--. 
1-ff__-H, 

H 

1 _:_ie p 0 - Hal1a.1ottasi: ruorttocrb n04BbI no npoxon.a .:r11cKa, 

(I 5) 

(16) 

I I - r·.1y61rna na:-..OTHOI o c.1051. 1L1H c1osi:, onpeae;rne.\1oro coo-r BeTCTB~ fOJUll.\t Tt:XHOJ1orw1e­

cKH.\t llra1c.\10.\IJ o6pa6ln KH, Ha1IpH.\1ep, n .. 1~~th'.Ha5I noJowsa: 

11; - paCCTOHf-!lle OT fl3\01HOJ 0 C.105! :10 TO'ft:K KOllT3KTa J111CKa c no 1m0Cl (TaK. B T()llKC B 

({ -111 = h ) 
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HTaK_ B CTaThC npcaCTaBJTCllhl 1aBWCH'v10CTH n.rrn oueHKH COCTO.RHlUI no 1rnhl B 30He ee KOll­

TaKTa c nosepxHOCTbl-0 ,'::U1CKa. 0T.\1eL£eHO, L£TO ·rnaL£emu1 HOpMa,1hllhlX H KacaTeJihHhL\. Hanp>DKeHHH 

3aBHCSlT HC TO.lhKO OT CBOHCTB no 1rn61, HO HOT rco~1LlpWfeCKH.X 11apaMe'rpOB .UHCKa. 

l10,1y'1eHb1 Bb1pa;i,:eH11• ilJlH onpe!le11eH11• Kcn¢cjmu11e1noa cuen,"e1111• 11 yr,1a aHyTpe1111ero 
TpeHH.R B 3aBHCl1.\10C1 HOT 3HalteHl1i1 Kaca1e,'lbHOfO i1 HOp.\1aJibHOf0 1rnnp.R)f(eH11H, npeLICTaBJleHHhlX 

B 11orapHcflMWICCKOf1 CHCTeMe KOopamrnT. 

npMB:.:J,Cllhl Bbipai-KCHlHI HOp.'v1aJTbHbfX ~i KaCaTt!JlbHbtX HanpHi-KeHHH B JaBHCHMOCTH OT 

rnaBHblX 11anpH;KCH11(t H-1~ rnvya~, KOr!la rnaBHble OCll coana;ialOT c BbI6paHHblMl1 11p~MOvfO,lb­
HblMl1 OCHMl1 Koop;i11HaT 

CT0,1y1ICllO Bb!pa)KClll1e il..1.R OUeHKH CTJIOTHOCTH f10 1!Bbl B 30He KOHTaKTa lU1CKa 11 flQlfBbl 

c7umepamypa 
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Keywords: deformation of the soil. oil-bearing crops, driving system of agricultural machinery. 
Summary: The article presents the method of determination of elastic and plastic relative 

deformations in terms of compaction of the soil propulsion systems and working bodies of the 
agricultural equipment. The approach is based on two models: the Boussinesq and ynpvroBWJKon­
nacT11•1ccmi1 modd with hardening. Full deformation depends on the rheological properties of Its 
change, the distance from the applied load to the point under study soil. 

8011pOCbl, CBH33HHble c COBepweHCTBOB3H!1e'1 ce.lbCKOXOJH(tc1BeHHblX MaWHH II TCXH0;10-
rni1. c1a11osnc• sec 60.1cc aKTya,1b11b1,111 B peweH1111 il3HHoi1 npo6,1c,1b1 1aMernv10 po,1b urpa10T 
1aaa1J.11 BJaH'.\l0 . ..1eftcTBlHI. ~1allil1H l1 opy;.111f1 c fl0 1IBOi1, OT CBOHCTB KOTOpoH JaBHClIT llC TOJlbKO 

ypo;i,:aii. HO 11 \CTO(t'!l1BOCfb paBHOBCCJIH 31 pO'lKOCl1CTe,1b1 f10110M\ pa3pa6oTKa 11 VCOBCp1UCHCT­
BOB3Hlte Ce,lbCKO.\:OTHi1CTBeffH.bl\. .\1311111H 11 Op) ill1i1 rlO.'l/KHbl BK.ll0lf3Tb BOnpOCbl. CB5113HHb!e C fl0-

ClC;JCTBl1H'll1 11x BOJ!leiicrn11• Ha no'IB\ [I] Jrn npe;i,:ile seem Bbl3BaHo npo6;1eMoi1 \'CKopeH11oi1 
.[ler1-:a.aau1111 !JQl!B, OilHOi1 113 1Ip11lfl1H K010poi1 HB.'1.RClOI. 11.\. nepeylUJOTHCHlte. J!Jrn. OUCHKll yrr.lOT­

HCHlt.R nolrn 11c1IOJlb'lyKn '.\1aTe'.\taT11Ko-.\1exaH11L£CCK11e .\10,Je.111 s·la11.\IO.ilei1cTB11.sI. Cywec-r ayer MH0-

1 0 pa3:ll1'11lb!:\ 110,1.\0,ilOB B oueHKe ) JJ:IOl HeHWI !IOl!B 0..JH3KO HCC npe,1.riaraeMhlC M0,1C.lll llOC.sIT 
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