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Summary. Raising of problem. Possibility of optimization geometrical parameters telescopic working organ bulldozer to 
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bulldozer depending on the ground terms and hauling-coupling descriptions of base machine. Conclusions. On the basis of hauling 
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criterion optimization TING depending on engine of base machine and physical and mechanical properties of the developed 

environment power. 
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AKTyaJJLHiCTh npo6JJeM11. Mm1orn.aicTh aAamau.ii' 

po6oqHX opraHiB JeMJiepHHHO-TpaHcnopTHHM MaIDHH 

(3TM) AO piJHOMaHiTmm: !'p)'HTOBHX }'MOB Ta 

TeXHOJiori'lHHX onepau.iH A03BOJIHTb pau.ioHaJibHO 

BRKOpHCTOB)'BaHI nlfOB0-3'-liTIHi xapaKTepttCTI-IKH 

Mammrn, niABHIIJ;IITH 'ii npOJzyKTI-IBHiCTb Ta 

)'HiBepcaJibHicTh. 
AuaJJiJ ny6JJiKa1,du. IT!naHIDIM nlTOBHX 

p03paxyHKiB 3TM npttCB51'leHi po6orn 

M. r. ,[(oM6pOBCbKOfO [5], A. M. 3eJieHiHa [6, 7], 
B. I. EanoBHrna, I. TT. KepoBa [2, 3], H. JJ. Xapxyrn, 

M. I. KanycTitta, B. TT. CeMeHoBa, T. M. EBeHToBa [4], 
A. M . Xonon.oBa [13, 14], T. B. AneKcrrnoi', 

K. A. ApTeMhEBa, A. A. EpoM6epra [I], JI. A. XMaptt [8, 
9], l0.0. BETPOBa [10], ane IDIMH He p03rmlttyTi 

mnaHIUI BTTJIHBY 3MiHH reoMeTpH'-IHHX napaMeTpiB 

po6oT.J.oro opratta Ha rnroBo-JT.J.inHi xapaKTepHCTHKH 

3TM, a TaKO)I( He BHKOHaHo OITTlfMiJa1..(iiiHHH 

p03paX)'HOK po6011oro opraHa AIU! pi3HHX rpyHTOBHX 

}'MOB. 

MeToro cTaTTi r p03po6Ka anropHTMY 

OTITHMiJal(ittHoro p03paxyHxy reoMeTPH'lHlfX 

napaMelJ)iB BiABaJia 6yJihA03epa TenecKoniqHoro THTIY 

Ja y3aranbHeH1fM KpHTepiEM OTITHMiJau.i'i llNG Ha OCHOBi 

JaranbHHX Teopm B3aEMOAii' BiABUJibHHX po60'-!lfX 

oprattiB 3 cepC)J,OBHII(eM B 3aJie)l(HOCTi BiA rpyHTOBHX 

}'MOB Ta rnroB0-3'-limrnx xapaKTepHCTHK 6ynbA03epa. 

0CHOBHHH MaTepiaJJ. TTpou.ec B3aEMOAii' 3 

rpYflTOM, rno po3p06JDOETbCll - OAHH i3 BH3HaT.J.aioqlU( 

ljlaKTopiB po6oqoro lJ.H.KJI)' MarnHH ,llIDl JeMnepHRHo

TpattcnopTHHX po6iT. XapaKTep npoxotl)l(eHIDI npou:ecy 

JAiikmor cyTTEB!ffl Bruurn ua KOHCTPYKU.iJO 3TM. 

TTpoXOA)l(eHHll npou.ecy BJaEMOAii' po6oT.J.oro opraey 

MalllHHH 3 !'pYflTOM 3aJie)l(HTb BiA TeXHOJIOri'-IHOfO 

npH3Ha'leHIDI MaUJHHH, T06TO Bia Blfll.Y po6iT, rno 

BRKOHyIOTbCll MaUIHHOJO, cpiJHKo-MexaHi'-l'HHX 

BnacT!fBocTef% rpyHTy Ta cnoco6y noro pyfuiynamui:, 

reoMeTplf'-!HHX napaMeTPiB po6ot.Joro opraHa, 

napaMeTPiB pe)KlfMY KonaHIDI (rJIH6HHH piJamui:, KyTa 

piJaHIUI, KYTa ycTaHOBKH po6o'-!oro opraHa e ruTaHi i 
T,11.,), }TI(j BHJHa'!aJOTb CHJIOBi Ta eHepreTFl'IHi napaMelJ)H 

po6oqoro npou.ecy MaIDHHH. 

EyJihA03epH KJiaCHQ)iKYJOTb Ja npmHa4eHHlfM, 

HOMiHaJJbHOMY rnroeoMy 3ycHJIJI10 rn pi3HHx 
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KOHCTPYKTHBHHX cxeMax [ I O]. 3a npmttaYeHIUIM 

po3pi3IDl10Th 6yJihA03ep11 JaranhHoro nplf3Haqemui: Ta 

cneu:ian1,Hi. Eym,AoJepH Jaranhttoro npmHaqeHHll 

BHKOttyJOTh nomapoBe piJaHIDI, tta6ip Ta nepeMirn;eHIDI 

rpyHTiB, nopi,n Ta MaTepianiB cepeAHbOi' MiU.HOCTi y 

cepeAHix KJiiMaTFl'IHHX }'MOBax (noMipmm KJiiMaT 3 

TeMneparypoIO BiA -40° C AO +40° C). 
EKOHOMit.JHO BHri,nua cepeAIDI AaJihHiCTh 

TpaHcnopT)'BaHHll !'p)'HTY 6yJihA03epaMH Jaranhuoro 

npH3HaqeHIDJ JBWrnfum He nepeBmn;yr 60 M. lJacTime 

BCboro TaKi 6ynb,n:03epH o6naAHaHHi HenoBopoTHHM B 

ropH30HTaJibHiH nnorn11ui BiABaJIOM. 

EynhA03epH cneu.ianbHoro nplf3Ha'-!eHIDI 

BH1COpRCTOBYJOThCll 11.m1 BHKOHaHIDI OKpeMHX BHAIB 

po6iT: npoKJiaAeHHll ruJUIXiB Ta Aopir, 3rpi6aHHll Topqiy, 

po3piBHJOBaHIDJ KaBan1,rpiB, niAJeMHOI Ta ni,nBOAHOi' 

po3po6KH MaTepianie, po3po6KH Ta nepeMiw,eHHR 

nerKHX i CHnyT.J.lfX MaTepianiB rnny Byrimu1 Ta iH., a 

TaKO)K ,ll.llil po60TH B oco6JIHBHX KJiiMaTlf[IHHX }'MOBax 

(ttanpmmaA, np11 HH3bKHX TeMneparypax 11.0 -60° C, y 

cyxoMY Ta )l(apKoMy KJiiMaTi nycTeJib, y Tponi'-lttiif 

Micu.eBOCTi, y He6eJne'lHHX Ta 3araJOBaHHX MiC[(l!X, Ha 

!'pYflTaX 3 TTOHH)KeHOJO Hecy'-IOJO 3AaTHiCTJO i T.A,), Ha 

cneu.iaJibHHX 6yJihA03epax BCTaHOBJIJOIOTbCll: 

pi3HOMaHirni TlfTIH eiABaJiiB. 

3a HOMiHaJibHlfM TllrOBlfM 3YCHJim!M 6yJibA03epH 

niAp03AiJil!IOTbCll: Ha HaAB8)1(Ki (3 HOMiHaJibHHM rnroBHM 

3yc11nnll:M 6iJibUie 300 KH Ta nory)l(HiCTJO 6iJibme 

300 KBT), Ba)l(Ki (BiATIOBiAHO 200 ... 300 KH rn 

184 .. .300 KBT), cepeAHi (135 ... 200 KH rn 118 ... 183 KBT), 

JierKi (25 ... 135 KH rn 43 ... 117 KBT) Ta MaJiora6apHTHi 

(BiAnoBiAHO MeHrne 25 KH Ta MeHrne 43 KBT). 

3a KOHCTPYKTHBHHMH 03HaKaMH 6yJibA03epH 

KJiaCHqJiKYJOTh 3a THTIOM XOAOBOI T.J.aCTHRH, po60'-llfX 

opraHiB, paM Ta ynpaBJiiHHll:. TTo rnny XOAOBOi' T.J.aCTHHH 

p03pi3HKJOTb 6ynhA03epH rycettwrni Ta KOJJiCHi. ,[(Jill 

p03p06KM MiU.HHX rpYflTiB BHKOpHCTOBYJOThCll: 

ryceHHT.J.Hi 6ynbA03eplf. TTo rnny po6oqoro opraHa 

6yJibA03epH po3pi3I-UIJOTb (pHC. I): 
- 3 HeITOBOpOTHHM (npHMlfM) BiABaJIOM, l!KHH 

BCTaHOBJiemm: Ha 6yJibA03epi nepneHAHKYJil!pHO 

TIOB3AOB)l(Hif% oci MaIDHHH (KYT Jaxeary piBHHM 90°); 
- 3 ttenoBopoTHHM HaniBcljlepH'-IHRM si,n:eanoM, 

BHTHyri 6oKOBi ll.lHTKM rn HO)Ki ll:KOro BCTaHOBJieHi niA 
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HeBeJHIKHM K)'TOM AO 1106oaoi' TIOBepxHi; 
- 3 HeITOBOpOTHHM ccpepwrnHM BiABaJIOM, mo 

c1rnaAa€Tl,C.R 3 TpbOX rrp116mnHO piBHHX -qacTHH, 
BCTaHOBJleHHX rriA KYTOM 6ml3hKO 15° OAHH AO OAHOro; 

- 3 He ITOBOpOTHMM KOpOTKHM Bi.D:BaJlOM, 
o6naAHaHHM aMOpTH3aTOpaMH AJl.R 3MettmeHmr yAapHHX 
HaBaHTa)l(em, rrp11 IDTOBXaHHi CKpenepiB; 

- 3 noeopOTID!M BiABaJJOM, .RKHR MO)l(Ha 
BCTaHOBJllOBaTH B ropH30HTaJJbJUH TTJlOmHHi niA KYTOM B 

(I 

a 

{; 

b 

-"",,, 

({ 

C 

o6HABi CTOpOHH AO Tl0B3,!J:0B)l(Hb01 oci MaT.DHHH a6o 
nepneHAHKYIT.RpHO AO He"t; 

- yttiaepcarri,Hi (mJUIXonpoxiAHHKH) 3 mapttiptto-
3qnettoBaHRM BiABaJTOM iJ LI_BOX qaCTHH; KO)l(tty qacn1tty 
q],[ o6HABi pa30M MO)l<Ha BCTaHOBJllOBaTH B 
ropH30HTaJlbHiM TTJlOIIlHHi rriA KYTOM AO Tl0B3A0B)l(Hb01 
oci MaumHH '111 neprreHAHKYIT.RpHO AO He"i. 

d 

() 

e 

Puc. I. KoHcmpyKl/ii 6yRb003epHu:x eiaeClJlie (euo 36epxy): a - HenoeopomHuii J106oeuu eiOeaJl; 6 -noeopomHuu 6 nl/aHi eioeaJ1; 6 -
Haniec</JepU'IHUU 6i06aJl; 2 - c</JepU'IHUU 6i06ClJI 6€JIUKOi' HaKOnU'IY6ClllbHOi' 30amflocmi; i) -yHi6epCaJlbHUtl utapHipH0-3'L~eH06aHUll 

6i06ClJI (l,UJIRXOnpoxiOHUK) 

Fig. I. Constructions of bulldozer dumps (kind from above): a -irrevocable frontal dump; b -turning in a plan dump; c
semispherical dump; d -spherical dump of large story ability; e - universal joint - arthrous dump (wayshaft) 

Hanisccpepwmi rn ccpepw-rni si.n:sarrH 
xapaKTepH3YJOTbC.R BeJlHKOlO YTPHMY10qo10 3AaTHiCTlO Ja 
paxyttoK nepeMimeHHH rrpH3MH aonoqiHHH 36im,wettoro 
o6'eMy, mo A03B0Jl.R€ piJKO ITiABmr(HTM npoeyKTJIBHiCTI, 
6ynhA03epa npH po3po6u,i MaJTOMiJJ,HHX rpyHTiB. Bci 
BKa3aHi THOM 6yJ1bA03epiB MO)l()'Tb MaTH npHCTpiii AJlll 
nonepe'-IHOro rrepeKocy BiABarry. TTepeKic BiABarry 
nonerwye p03po6Ky Mill.HHX rpyHTiB Ta nopiA, Hapi3KY 
KaHaB Ta KIOBeTiB. Eym,A03epH 3 BiABaJlaMH nepumx 
TpbOX nmiB iHKOJlH MfilOTh perymoBaHHll KYTa piJaHH.R 
IIIJUIXOM TIOBOpOT)' (ttaxHJry) BiABaJIY snepeA Ta Ha3aA. B 
TenepiwHiH 4.ac 3Ae6ini,moro BHKOpHCTOBYJOTbC.R 
6ynhA03ep11 3 HaniaccpepH'-1.HHM HeITOBOpOTHHM 
BiABaJIOM Ta npHCTp0€M wur nepeKocy. TaKi 6yJlbA03epH 
MO)KHa ecpeKTHBHO BHKOpHCTOByBarn AJl.R p03po6neHIUI 
6iJlbillOCTi rnniB rpyHTiB. A,rnl p03WHpeHH.R o6naCTi 
BHKOpHCTaHH.R 6yJJbA03epiB Ha BiABaJl HaBiwynhCll 
llIBHAK03'€MHe po6oqe 06naAHaHH.R: riApOKepoBaHHH 
m:enerrmrti 3axsaT 3 e11cryna10qHM cepeAHiM HO)l(eM [2], 
pyJnylII)'BaJThHi 3y6u,i, BHnot.J.Hi 3axBarn, rriAHOMIDlfr 
KplOK i T.A. TTo THtty paMH po3pi3Hfil0Tb 6ym,,LJ;03epH 3 
06xonmo10qoro Ta BHYTPilllHbOIO paMoIO. B TenepimHiH 
4.aC BH)'Tpiwnro paMy BHKOpHCTOBYJOTb TiJJbKH wur 
6ym,A03epiB-WTOBXa4.iB, )l(OpCTKiCTh po604.0ro 
06JlaAHaHH.R KOT{mX TIOBHl-lHa 6yr11 Tii!(BHmeHOlO. flo 
THrlY MexaHiJMy KepyeaHH.R p03pi3mt10Tb 6y111,,n:03epH 3 
ri,n:paBJJi4Hl1M Ta KaHan-10-6no'IHHM KepysaHHJIM, 
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np1140MY OCTaHHiH Tl1Tl KepyBaHH.R see 6iJJbllie BHXO.ll,11Tb 
j3 BHKOp11CTaHH.R. 

CxeMa rrpou,ecy BJaeMo,ni·i 6yn1,,n03epnoro 
o6na,n:HaHH.R 3 rpymoM rrp11 ycrnttoell,i ei,naarry B rrnatti 
rri.n rrpRMHM KYTOM ,no Tl0B3.ll,0B)l(HbO"i oci 6y111,,n:03epa 
rrp11Be,neHa Ha p11cyHKY 2. TTp11 KonaHHi rpyHTy 
ai,n6yaanbc.R tta6ip rpymy nepe.n: 6yJlh,n:03epHHM 
81.11,BaJlOM Ta QJOPMYBaHHll npH3MH BOJlO'IiHHJI AO 
TTO'laTKY CTaJJOro pe)KHMY KOTlaHHll, KOJlH KillbKiCTh 
rpytt'I)', mo rrocrynae B rrpmMy aonoqiHHll, piaHa 
KinhKOCTi rpyHT)', KOTp11tt BTpa4.a€TbCH Bi.11,BaJlOM y 
60KOBi BaJlKH. EKcrrepHMeHTaJlbHO BCTaHOBJJeHO [3], mo 
CTpy)l(Ka, KOTpa BiAAiJJ.R€TbC.R Bi.II, MaCHBY, Ha 
ITO'laTKOBOMY ernni ni.n Ai€IO BiATIOpy rpyHT)' pyxanbC.R 
ssepx no BiABaJJY. Ha ocTaHHix ernnax pi3aHHll y 
eepxttiH <racTHHi ai.a:sany CTPY)l(Ka pyttHY€TbC.R Ha 
OKpeMi cpparMeHrn, HKi na,naIOTb BHH3 Ha wap11 rpyttry, 
IUO 3HOBY BHpi3aroTbC.R Ta yTBop10IOTb nptt3MY 
BOJlO'liHH.R. 

Po3pi3H.RIOTb Tp11 30HH (p11.c. 2), mo 
xapaKTepmyion, rrpOL1ec BJaeMo,niY BiABany 3 rpyHTOM 
[ 6]. 3otta cpopMyaamui cTpy)KKH I, mo p03TallIOBY€ThC.R 
6in.R pi)KY40ro KpaIO Bi,nBany. 3oHa 2, lllO 
xapaKTepH3ynbc.R pyxoM nnacry rpymy rro si.nsany. 
3otta 3 BH3Ha'!a€TbC.R HK 30Ha pyttHyBaHHJI nnacry 
rpyHTy Ta yreopeHHJT npH3Mll BOJl04iHHJI. 

IettyroTb pi3Hi Teopii". IUO OTIHCYIOTb npoueCH 
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pi3aHIDI rpymy IlJIOCKHM HO)KeM Ta KonaHHR rpyttTy 

si;ulanoM 6yJTbA03epa. lliHpOKO BHKOpliCTOByYOTbCR npH 

BITTHalfeHHi 3YCHJib KOTTaHIDI rpymy BiABaJlbHJl.Mli 

po6o'Ill.Mli opraHaMtt qJOPMY.ITTf, OTpHMaHi aKaAeMiKOM 

1 

a 
a 

3 

B. n. ropir'IKiHll.M, 
IO. 0. 8E:TpOBHM, 
A. A. 51pKiHHM Ta iH. 

6 
b 

npocpecopaMH B. l. EanoBHEBHM, 

A. M. 3eneHiHHM, K.T.H. 

I 

Puc. 2. CxeMa pyxy rpyHmy nepeo BiOBaJ/OM 6yJZb003epa: a -36 'mHuii rpyH1n; 6 - He36 °mHuii zpyHm; I - JOHa rpopMyBaHHR 

cmpy:J1CKU; 2 -3oHa pyxy Y/Jlacma rpyHmy no BiOBaJ/y; 3 -3oHa pyiiHyBaHHR Y/Jlacma rpyHmy ma ymBopeHHR npU3MU BOJZO'liHHR 

Fig. 2. Chart motion of soil before dump of bulldozer: a - coherent soil; b - incoherent soil; I - zone of forming shaving: 2 -zones 

motion layer of soil are on dump; 3 -zones destruction layer of soil and formation prism dragging 

AKaAeMiKOM B. n. ropw-iKiHI1M 6yna 

3anporroHoBaHa cpOPMYJTa AJIB BmHalfeHIDI 3ycHJIJU1 

pi3aHHR J"pyHTy [12): 
2 

T =G·f+K·a·b+c·a·b·-9 
p M ' 

Ae G - c1ma TR)KiHm1 ruzyra; J - Koecpiu,irnT 

Teprn HO)Ka no rpyHTy; K - ffilTOMHii onip pi3aHHIO, 

HKI-IH 3aJTe)KHTb BiA MiUHocTi rpyHTy; a, b - siArrosiAHO 

nrnforna Ta mttpl-'H3 pi3aHHK; 

£ - KOecpiu:i€HT rrponopu:iiiHOCTi ; -9 M IIIBHAKicTb 

pi3aHHR. 
TTeprnl-lH 'l:JleH cpopMYJIB xapaKTepmyE rrpou:ec 

Teprn, Apymii lfJTeH - rrpou,ec pylittyBaHHR MacHBy 

rpyHTy, TpeTiH crneH - iHepu,iHHi CHJTH rrepeBepTaHIDI Ta 

BiAKHAaHHK rmacry rpymy. l-(aHa cpOPMYJTa npH3HalfeHa 

AM po3paxyttKy ciJTbCbKOfOCIIOAapcbKHX IIJTYfIB i3 

cepeAHbOIO rJTH6HHOIO pi3aHHJI a= 0,15 ... 0,2 M Ta 

crriBBiAHomeHHKM reoMeTPHCJHHX napaMeTPiB pi3aHHR 

b = 1,5 · a, m;o o6Me)Kye MO)KJTHBicTb i"i BHKOpHCTaHIDI 

AM pmpaxyHKY 3yc11.JTb KorraHIDI rpyttTY po6olfHMH 

opraHaMH 3eMJTepHHHO-TpaHCTIOpTHHX MamHH. 

Ha pHCYffKY 3 noAaHa pmpaxyHKoBa cxeMa AM 

BH3HaCJeHIDI orropy KonattIDI rpyttry HenosopoTHI1M 

BiABaJTOM 6yJTbA03epa Ha KiHUeBOMY ernni KOITaHHH, 

3anponoH0BaHa A.T.H., rrpoqiecopoM B. J. EanoBHEBHM 

[3]. 

Puc. 3. Po3paxyHK06Q cxeMa 0/lfl 6U3HGIJeHHfl onopy KOtlaHH/0 rpy11my 6i06GJlOM 6yJZb003epa 

Fig. 3. Calculation chart/or determination resistance digging ofsoil by the dump bulldozer 

31 
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fopH30HTaJ!bHa CKJTa,'lOBa onopy KOITaHHIO l!JUI 
nJJOCKOro HO)I<a 3 UHTliH,ri:p11qHHM BillBaJJOM nocTittHO'i 
Kp1IBH3Hl1 Ha OCHOBi npHHHlJTO'i cxeMl1 B 3aram.HOMY 
BM,'li BmHaCJaCTbClJ 3a <jJopMyJJOIO: 

Pr = PP + P,zp + Pzop , 

ne PP - onip pi3aHJ-IlO 3 epaxYBaHHHM onopy pyxy 

nnacrn ITO BiJlBany Ta onopy 60KOBMX HO)KiB; pnp -

onip npH3Ml1 BOJJoqiHHlI 3 BpaxYBaHHHM BTIJJIIBY 
ropH30HTaJJbHO'i CKJTaJJ,OBO'i Cl1Jl, mo 3rH6aIOTb TIJJaCT 

(oCTaHHbOIO M0)l(Ha 3HexzyBarn); p 2op 

ropmOHTaJJbHa CKJlall0Ba onopy niJJ,HOMY nJJaCTy. 
f'pyHT, IIJ,0 BHpi3yeTbClJ TIJIOCKHM HO)KeM i3 MaCHBY 

(p11c. 3) y BlffJllIJJ,i CTp~Ktt, lJKa 3rttHa€TbClJ Ta 
nepeMillJ,yCTbClI eeepx no BillBaJJY, npoxo.11.wrn lfepe3 
npmMy eono4iHHR no WJJHXY HaHMemnoro onopy. 
TTacttBHMH Tl1CK 3 6oKy np113Ml1 BOJ!OCJiHHJI BH3Haciae lli!O 

Ha CTPY)KKY rpyttzy ttopMaJJbIDIX c11JJ M , 
p03ITOJlinemoc no noBepxHi TepTlI Ta, B CBOIO "fepry, 

xapaKTep113YJ0411 CHJIH Teprn I; Ta T2 . CYMapHa JJ,iR 

UHX CHTI Teprn Ta BJiaCHo'i earn C1'pY)KKl1 rpyttzy 

xapaKTepmye onip T pyxy CTPYlKKH eaepx TIO ei@any. 

O,'lHoCJactto onip T llie 3Bepxy y BITTJJHlli 

po3ITo,ri:inettoro THCKY P Ha eneMeHT rpyttzy, mo 
BiMiAAHbCil UJ!OCKHM HOJKeM Bill MaCHBY, iIKl1H 
HaMaraeTbCil 3JlBHHYTHCb Bnepell Ta BBepx IJiJJ, KYTOM 

3,'lBfrry 1// . TaKHM CJl1HOM, Cl1Jla IIepeMirn.eHIDI rpyHTy 

BBepx no BillBany OllHO"laCHO 3aBlla€ BUJTHB Ha Cl1IIY 
pi3aHHH (BiJJ,oKpeMJieHIDI rpyHTy Bill MacHBy). 

flp11 K = RI H ~ 0,9 .. .l,l, .11.e R - paaiyc 

KpHBH3HH ei.11.aany; H - BHCOTa BiJJ:BaJJY, MaeMo: 

Pp = (1 + ctga P • tgo ). A1 • B · h · [9,81 · r ~ h + ctgp + 

+9,81{':'.'.·r,•cos 2
p :' +r, H)l•H; 
2 B·H2 

Pnp = 9,81· Yp ·COS p·---, KH; 
2 

P = 2 · tg<S · A2 · 16 · h · (9 81 · y . h + 
wp ' 2 

+ctgp ·C), KH, 

JJ,e a P - KYT pi3aHHJI, rpaJJ,.; c5 - KYT 30BHinrnbOro 

Teprn, rpaJJ,. ; 8 - nmpHHa pi3aHHlJ J:l.)UI HeTIOBOpOTHOro 

Bi@a.lT)', piBHa .11.0B)KHHi BillBaJJY B , M; h - nm6mia 

pbaHHR, M; r - o6'eMHa Maca rpyttzy 3 He3pyirnoea1-1010 

CTPYKTYPOIO, T I M
3

; C 3cienneHHJ1 rpyHTy J 

He3pyttttoaattoIO C1'pyKTypo10, KH!M2; p K)'T 

BHyT~illIHbOro Teprn rpyttTy, mo po3po6JJIO£Tbrn, rpaa.; 

r," - o6 'eMHa Maca l'J)YHTY 3 He3pyttttoBaHoIO 

CTPYKTypoIO, T! M
3

; Hnp - BHCOTa np113Ml1 BOJJ0 1fiHHlI, 
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piBHa BJfCOTi BiL(BaJJbHO'i noeepXHi, M; lr, - urnpHHa 

6oKoeoro HoJKa, M; A1, A2, Kw - Koe<jJiuirnTtt, mo 

BM3Ha"faIOTbCil 3a <jJopMynaMH: 

l-sinp·cos2aP 
A1 = . ; 

1-smp 

cos <5 · ( cos 8 + .Jsin 2 p-sin2 8) 
----------------- X 

I-sin p 

( 
. sino) ri-2afcf' ,+o+arcsm-.- tgp 

X,, smp . - , 

7r 
0 <a1am~2 

.11.e e - OCHOBa HaTypanbHMX JJorapmpMiB, 

e = 2,7 i8; 1// =: -~ -KYT 3CYBY rpynzy, rpaJJ,; a 30 m 

- KYT 3aTyTIJJeHHJI pilKyqoro HO)Ka. 
HanplIMOK pyxy ITJJaCTY Ha KiHUeBOMy ernni He 

3aB)KJl.H 6y.11.e npoxo.11.11TH no noeepxni BiABany. Bitt 
B113Ha"faETbClJ BeJIWIJ1HOIO onopiB, mo BmrnKaIOTh Ha 
[[JJJJIXY M0lKJJJfBOro npOCYBaHHlJ, a TaKOlK MiUHOCHHMH 
BJJaCTl1BOCTlJMH CTPY)KKH, mo BHpi3aeTbCH. BBa)KalO"fH 
ITOBepxHIO KOB3aHHJI y BJfrJJlilli KpHBOJJiHiHHo'i rroaepxHi 
3 Jl,OCHTb BeJJJ,JKHM palliycoM KpHBH3HI1, p03paxyttKOBY 

<jJopMy.lT)' il:JllI B113Ha"feHHH Pr MO)l{Ha 3aITHCaTH B 

HaCTYTIHOMY cnporn.eHOMy BllfAA.11.i: 

Pr= (1 +ctgaP ·tgc5). A1 · B · h·[9,81 · y/ +ctgp· C + 

[
tgp 2 H

2 
)] +981· -·r ·COS p·-+r ·H + 

' K P h P 
VI 

(1) 

<PopMyna (1) OTpHMaHa Ha OCHOBi CTaTl1Kl1 
cm1yqoro cepeJJ,oBHma Ta JJ,03BoMe BHK0H)'BaTtt ouiHJ<y 
BiAHOCHO'i e<jJeKTHBHOCTi po60"fJfX oprattiB BiJJ,BaJJbHOro 

nmy npH p > c5 rn llIBl1J],KOCTi pi3aHHJI .9., ~ 1,5 Ml c [3]. 

P03paxyHoK 3a <jJopMyJJoIO (I) nepeJJ,6a4ae 
Heo6xiJJ,HiCTb 3HaHHH cpi31lliO-MexaHiciHHX BJiaCTHBOCTett 
rpyttzy, mo po3po6n10eTbCil no napaMe1'paM p , c5 , y, 

y P , C . ,ll;atta Teopi11 noKaJye xopowe cniBnaAiHHlI 3 

npaKTl14 HHMH pe3yJJoTaTaMtt Jl,JJH npoueciB KonaHHJI 
3B'il3HHX Ta He3B ' il3HJfX rpyttTiB Bi.11.HOCHO HeBeJJHKO'i 
MiUHOCTi Bi}],BaJJbHHMJ,J po6oCJJfMl1 opraHaMJf 
6yJJbll03epiB Ta aBTOrpettJ],epiB, a TaKOlK 
BHKOpHCTOBYETbCfl Jl,JJH p03paxynKy 3YCHJlh KOIIaHHH 
rpyttTy KOBI.IIOBHMH po60'lJfMl1 opraHaMH CKperrepiB, 

naeaHTaJKYBaqie ·i T.n. Po3paxyttoK Pr 3a <jJopMyJJOIO 

(1) JJ,ae BiJJ,HOCHy ITOMHJJKY 4 ... 25% [3]. 
8 npaKTMll,i p03paxyHJ<iB B11KOpHCTOBYJOTb 

eMnipH"fHi 3aJJe)KHOCTi npo<jJ. A. H. 3enenitta il:JllI 
BJf3Ha4eHWI onopy K0ITaHHJO rpyttzy BiABaJJOM 
6yJJb.!l03epa [7]. Ha pHCYHKY 4 noKa3aHa p03paxyHKoBa 
cxeMa npouecy B3a€MO}],i'i HeITOBOpOTHOro BiJJ,Bany 
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6yJlb)l03epa 3 (p)'HT0M B KiHl.J.i Ha6opy npl13Mll BOJIO'l.iHHll npH CTaJl0MY pe)l(J1Mi KonaHHll. 

.. 
~ 

,q• .O,SR; ·,. 
·. R .. ·. .: .. 

Puc. 4. P03paxyHK06a cxe11w B3aeMooii' BiOBQJ/y 6yllb003epa 3 rpyHmoM B KiHlfi KonaHWI no A. H. 3elleHiHy 

Fig. 4. Calculation chart cooperation the dump bulldozer with soil at the end digging for A.N. Zeleninu 

y Bi)lTIOBi)lHOCTi 3 p03paxyHK0BOlO cxeM0IO (pHC. 4) 
ropH30HTaJlbHa CKJia)l0Ba onopy KOITaHHIO rpyHry 
6yJTbJJ;03epIDrM Bi)lBanoM BmHa'l.aeThC.!I h BHJ)aJY [7]: 

PT =Pp +R+Pnp, (2) 

.a;e PP - onip rpyttry pi3aHHIO; R - orrip 

3aIT0BHeHH.!I Bi)lBa.rry rpyttTOM B KiHl.J.i tta6opy npl13MH 

BOJIOtJ:iHH.!I; P,,p - onip nepeMim,eHHIO npmMH 

BOJIOtJ:iHHll rpyHT)' nepe.a; Bi)lBaJlOM. 

PP =9,81·C•h1
•
35(1+2,6·/)·(1+0,0l ·a), KH, (3) 

Ae C - KinhKiCTh y.a;apiB yt1,apHHKa AopH,[(I; 

h - rnw6wtta phaHHSJ, cM; I - ,!1,0B)l(HHa BiABa.rry, M; a 
- KYT pi3aHIDI, rpa)l. 

R = (R1 + R2)· cos b'c, KH 
,!l,e R1 - onip Brn.ctteHHIO CTPY)KKH B KiHl.J.i tta6opy 

TipH3MH BOJIOtJ:iHHll TiepeA Bi)lBanoM; 
R2 - onip Teprn cTpy)f(KH rpymy 06 rpyttT npl13MH 

BOJIOtJ:iHH.!I Ta TIO 6yJih,!1,03epHoMy Bi,!l,Ba.rry; Jc - KYT 

HaXHJIY CTPY)f(KH ,!l,0 ropmottry, rpat1,; c5c =a+ 5 ... 10°, 

a - KYT pi3aHHSJ:, rpat1,. 

R1 = i; · K= · /1 · h , KH, 
.a;e <; - KOeq>iu.iettT np:imaHTa)l(eHJUI, lil,0 3aJle)l(HTh 

BiA BMcorn 6yJihA03epttoro Bi)lBa.rry H ; c; = I npH 

H 5, 0,4 M; c; = 1,5 npH H = 0,4 ... 1,0 M; c; = 2 npH 

H ~ 1 M; KC.J/c - TIHTOMHii onip B,!l,aBJIIOBaHH.!I cTpy)f(KH 

B KH/cM2, BH6»paeThC.!I TIO rn6mm,i I [7]; /1 - ,!l,0B)f(MHa 

Bi)lBa.rry, cM; h - rn116HHa phaHIDI, CM. 

Ta6!lU1,fJl. l 

3Ha'l.eHHH UHTOMOro onopy B,!laBJJIOBaHHH CTpy:i1nrn rpynry K C)IC B JaJJexmoCTi Bill KiJibKOCTi yaapie yaapnmca J:(opHJ:(I 

Table I 

Value specific resistance pressing shaving of soil Kc:J/c is depending on the amount shots shock-worker DorNDI 

C 
KcJIC, KH/cM2 

C 
Kcx, KHICM2 

R2 = 2·H ·l •J•r·tg(p+J) 
2 ' 

1-2 
0,000686 

10 
0,004704 

,!l,e H - BHC0Ta Bi)lBa.rry, M; I - ,!l,0B)f(HHa Bi,!l,Ba.rry, 

M; /4 - ,!l,0B)f(HBa CTpy)f(J(H, A,= 0,25 ... 0,35 M; p -

KYT Teprn rpyttry 06 rpym, rpat1,.; c5 - KYT Teprn rp)'Hry 
06 MeTan, rpat1,. 

8 3B'.!I3KY 3 He3Ha'l.H0IO norpiUIHiCTIO 
nponottyeThCll np0B0AMTH p03paX)'H0K BeJlH'l.HHH R no 
cnpow.ettiii cpopMyni: 
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3 4 6 
0,001568 0,002156 0,00245 

16 30 
0,007056 0,01372 

R=i;·Kc:J/C·l1 ·h. (4) 

Onip pyxOBi npH3MH BOJlO'liHHll rpyttry M0)KHa 
npopax)"BaTH Ja cpopMyno10: 

pnp = 9,81-i~p · r·tgp, (5) 

tJ,e Vnp - cpaKTK'lHHH o6'eM npH3MH BOJIOtJ:iHHH B 

mim,HOMY TiJli, M3; y - o6 'eMHa Maca rpyHry B 

IIJ,iJibHOM)" TiJli,T/M3. 
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V = l ·H2 
np 2-K ' 

np 
(Sa) 

J.J,e I - ,!l0B)l(HHa BillBa.IT)', M; H - BHC0Ta Bi,!lBany, 

M; Knp - Koecjliu:ieHT, m:o Ja.JJe)l(HTb Bi,!l nmy rpyttry 

(B'll3KOCTi, KOecjliuieHTa po3nymeHHll) Ta Bill 

cniBBillHomeHHll H . 3ttaqeHHl! KoecpiuieHTa Knp Bill 
I 

cniBBi,!lHOIIleHHll !!_ Ta rnny rpyHTy (Ta6n. 1.2, [7]). 
I 

3 apaxyaaHHHM BHpaJiB (3), (4) Ta (5) cpopMyna (2) 
Man!Me Hacryrrmrn BJffJIHll: 

Pr= 9,81 · C · h1
'
35 

· (1 + 2,6 ·l)· (1 + 0,01 ·a)+ 
(6) 

+;:·K ·l1 ·h+98l·V ·r·tgp ':> C:JIC ' np . 

Ao He,!loniKiB eMnipwrno'i cpopMYm, ( 6) M0)l(Ha 

BillHecrn CKJlallHiCTb TQqHoro p03paXyHKy o6'eMY 

npH3MH BOJloqiHHll V,,p, l!KHH l!BJlll(TbCll BeJlWIHH0fO, 

m:o BITTHat:JaeTbCll eKcnepRMeHTaJibH0. KpiM Toro, 

cpopMYna cnpaBll)l(yeTbCll Ml! OllHOpi,!lHHX rpyHTiB i He 
M0)l(e 6YTR BlflC0pHCTaHa ,!lJlll rpyHTiB 3 KaMeHMCTHMH 

BKJlfOqeHlUlMH, OCKillbKH BemRHHa C BHJHaqaeTbCll 

y,!lapHmc0M )];opHAJ Ta M0)l(e BJ,[l!BMTHCll HeToqHoJO. 

<l>opMYJia (6) cnpaBe,!lJlHBa npH mBH,!lK0CTl!X pi3aHHH 

rpyttry ,9,, :-=; 1,5 Mlc, a TaK0)I( Ml! YM0B, npH HKHX 6y1rn 

oTpHMatti KoecpiuirnTM ~, K= Ta caMa q>OPMYJia. 

B npaKTmii po3paxyttKiB ropmoHTaJibH0'i 

CKJlallOBO'i onopy K0naHHJO BillBaJlOM 6yJlbll03epa B KiHU.i 

Ha6opy npM3MJ,[ BOJioqimu! BHK0pMCTOBYeTbCll 

p03paxyHK0Ba cpopMyna K.T.H. A. A . .HpKiHa (12]: 

Pr = PP + Pnp + ~ = K · l · h + 9,81 · Vnp · y · tgp + 

(7) 

lle PP - onip pi3attHfO; P,,p - onip npH3MM 

aonoqittHH; P. - onip nepeMim:eHHH rpyttTy BBepx no 

Bi,!lBany; K - nHT0MHH onip rpyttry no6oBoMy pi3aHHIO, 

KH!M2; cepe,!lHf 3HaqeHHl! K npM KyTi pi3aHIDI 

a= 45° ... 60° cKna,!lafOTb B KHIM2 (12]: 

- LlJlll rpyHTiB I KaTeropi'i - 70; 
- LlJlll rpyHTiB II KaTeropi'i - 11 O; 
- ,!lJlll rpymiB III KaTeropi'i - 170; 

- rrrnpHHa BillBa.JJY 6yJlbll03epa, M; h - rm16HHa 

pi3aHHll, M; Vnp - cpaKTH4.HHH o6'eM npR3MH BOJlO'IiHHll 

B UlillbHOMY Tini, Bll3Ha4.aeTbCll Ja qJOPMYJIOJO (Sa); r -
o6'rMHa Maca rpyttry B m:inbHOMY Tini, Kr/M3; tgp -

KoecpiuieHT onopy nepeMim:eHHJO npmMH B0JlO"'HHIDI 
rpyHTy no rpyHTi (12]: 

- LlJlll 3B'll3HMX rpyttTiB 

- ,!lJlll He3B'll3HHX rpymiB 

- (MaKCHMaJlbHe 3Ha'IeHHll 
> 

tgp =0,5; 

tgp =0,7; 

tgp =]); 

tgt5 - Koecpiu:irnT Teprn rpymy 06 MeTan: 

- ,!lJlH 3B'll3HHX rpyttTiB tgt5 =0,5; 
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- LlJlll He3B'll3HHX rpymiB tgt5 =0,7. 

<l>opMYna (7) BmcopHCTOBYfTbCll llllll opieHTOBHHX 

p03paxyHKiB, OCKiJlbKJ,[ 'IHCeJlbHi llOCJli,UHi KOecpiuirnrn 

K ' tgp ' tgt5 MafOTb npM6JlmKeHi 3HaqeHHll, 

cnpaBe,!lJlMBi 3HaqeHIDI TiJlbKH ,!lJlll K0HKpeTHllX 

rpymoBHX YM0B. 
O,!lHHH j3 cnoco6iB p03paxyHKy CHJl pi3aHHll 

rpyHTiB (pHC. 5) p03po6neHHH Ta 3anponoHOBaHHH 

npocp. IO.A. BnpOBHM (11]. BiH Billpi3HlleTbCll 

MO)l(JlHBiCTfO 0KpeM0 BpaxoByaaTH BITJlHB Ha CHJlH 

pi1aHHl! 0CH0BHHX cpaKTOpiB npouecy pi3aHHll Ta 

0CH0BY£TbCll Ha 3aKOHOMipHOCTl!X ru,oro npou:ecy llJlll 

rrpocTMX HO)l(iB, mo BiMiJlllJOTb cTpy)l(KY, i3 l!KHX 

3BH'IattHo yTBopmeTbcl! pbKYlJa qacTMHa po6oqHX 

opraHiB 3eMJiepMHHHX MaIIIHH. CHJla pi3aHHH np0CTHM 
roCTpHM H0)l(eM 3a.JJe)l(HTb Bi,!l Tpb0X 0CH0BHHX 

reoMel'pM'lHllX napaMel'piB: illHpliHH 3pi3y, T0BIIl,HHH 

3pi3y (rnM6MHJ,[ pi3aHHll) Ta KYTa pi3aHHH. 83a£MOJJ.ill 

H0)l(a 3 rpyHT0M H0CJ,[Tb npocTOp0BHH xapaKTep. 

CMny 6JlOKOBaHOfO pi3aH1UI p p03KJla,!lafOTb Ha 

TPH cKJia,!loBi: 

p = pc6 + p6oK + p601<.cp, (8) 

,!le Pc
6 

- cHJla, m:o noTpi6Ha Ml! non.011aHHH onopy 

rpyttry nepe,!lHb0JO rpaHHfO H0)l(a (rrponopuiHHa TTJiomi 

nepepi3y npopi3i rrepe,!l nepe,!lHb0IO rpaHHIO H0)l(a rn 
3aJie)l(MTb Bill Kym pi3aHHH Ta MiUHOCTi rpymy); p60K -

CHJla, m:o TTOTpi6Ha ,1lJlH IT0,!l0JlaHHll onopy rpyttry 

pyfittyaaHHfO B 60KOBHX po3mHpeHHl!X rrpopi3i 

(nponopuiHHa 'ix IlJlOIIJ,i nepeTHHY, 3a.JJe)l(MTb Bi,!l 

MiUHOCTi rpyttry Ta He 3a.JJe)l(J,!Th Bi,!l KYTa pi3aHHl! Ta 

illHpHHH 3pi3y); 

p 601<.cp - CHJla, Ul0 TI01'pi6Ha LlJlll IT0,!l0JJaHlUI onopy 

rpyttry 3pi3y 6oKOBHMH pe6paMH H0)l(a 6inll llHa npopi3i 

(nporropuii-l:Ha TOBW:lrni 3pi3y, 3a.JJe)l(MTb Bi,!l Mil(HOCTi 

rpyHry Ta He 3aJie)l(HTb Bi,!l KyTa pi3aHHH Ta !IlMpHHH 

3pi3y). 
.HKIIJ,O Hi)!( Mae ITJ1om:an,Ky 3H0!IleHHll qlf 

3aryTTJieHHll, TO BHHHKae ,!l0,!laTK0Ba CHJla pi3aHHl! p nfl.3H : 

PCB = Pc6 · FcB; p6oK = P6oK · F6oK; 

p6oKcp = P6oKcp · L6oK; 

pn.~.3H = Pnn.3H · L,rn.3H, 

n.e PcH , P6oK - ITHTOMi CJ,[Jl}I pyttttyBaHJJll rpyHTY 

Bi,!lilOBi,!lHO B cepen,HiH qacnrni Ta 60KOBHX 

p03w11peHHHX npopi3i; Fe«, F60 K - ru10m:i cepen,Hix Ta 

6oKOBHX 1Iacnrn nonepeqHoro nepepi3y npopi3i; 

p 60Kcp - TIHTOMa cMa 3pi3y rpyttry 6oKOBHMH pe6paM11 

H0)l(a; l 60K - CYMapHa ,!l0B)l(MHa niHii' 3pi3y rpyttry 

60KOBHMH pe6pa.Ml1 H0)l(a; Pn.u11 - mnoMa CHJla ,!lJlll 

non.onaHHll onopy rpyHTY Ha nnomaAu.i 3H0IIJeHHll 'TH 
3aTyrrneHHll HO)Ka, IU0 np11X0,!lHTbCll Ha 0llMHHUJO 

ll08)1(11HH pi)l(YlJOfO Kparo; L/1.1311 ,!l0B)l(J,fHa 

3aTyllJleHoro ~rn JHomettoro pi)l(YlJOro KpalO (rrp11 

6JlOKOBaHOMY pi3aHHi npocrnM HmKeM B0Ha piBHa 
IIlHpHHi 3pi3y). 
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Puc. 5. 30HU Oii" CKlla006UX CUJIU pi3aHIIJI 20cmpu.,w HOJ/CeM 

Fig. 5. Zones action constituents cutting force by a sharp knife 

<l>opM)'Jia (8) MO)l(e 6yrH BHKOpHCTaHa AJUI 3y6iB 

Koewie Ta po3nywyeaLtie. He.nou,i.nbttO 

Bl1KOpMCTOBYBaHHJI i"i AJUI BM3HaqeHHll onopy KO£IaHH10 

rpyHTy BiroianoM 6ynhll03epa, ocKi.nhKH aatta cpopM)'Jia 

He MiCTIITb qJieHiB, mo xapaKTepmyioTh CHJIH orropy 

3aTTOBHeHHll BiD:Bany rpymoM Ta rrepeMimeHHH rrpH3MH 

BOJioqiHHH rrepea BiD:BaJIOM. 
81-lJHaqaeThCll OITTMMaJibHa BH:COTa, ffiHpHHa 

BiD:Bany 6yJTbll03epa Ta llOB)l(lfHa TPaHCITOpTysaHIDI, rrpM 

lll<itt 6yae rIOBHiCTIO BHKOpHCTaHO nrroBe 3YCHJIJJ)l 

6a30BO°J' MaIDHHH, OTpHMaHa MaKCHMaJTbHO MO)KJIHBa 

npoeyKTl{BHiCTb, llOTPHMaHi YMOBH nepecysaHHll 

6yJJbll03epa 3 HenoeopoTITTIM BiD:BaJIOM no 3qerrneHHJO 

Ta MiHiMaJlbHOJO rJIH6lfHOJO piJaHHH B Ki~i KOITaHHH 

rpyttry, Heo6xin:Ha AJUI BiD:HOBJieHHH npM3MH BOJJoqiHHH 

npH HeMHHY'-HfX BTpaTax rpyttTY 1l 6oKOBi BaJIKH, 

Ja6eJneqeHHH MiHiMYM yJaraJihHeHoro Il0Ka3Hll:Ka 

etteproeMHOCTi Ta MeTaJIOE:MHOCTi. 
,[vur CKJiaaaHHH anropHTM)' O£IT11MiJau,ii" BHCOTJ,f Ta 

WllpH:HH Bi,a:eany BRKOpHCTOBYfOTbCll <pOpM)'JIJ,l TllfOBOro 

p03paxytt1<y 6yn1,,a:03epa, BH3HaqeHHH rrpoeyKTHBHOCTi, 

etteproeMHOCTi, MeTaJIOE:MHOCTi, rnll6MIDt pi3aHHJI Ha 

noqaTKY Ta B Kim~i KOITaHHll rpyHTy H imm,x 

napaMeTpie. 
3araJJbHlfH onip, mo aie Ha 6ynhao1ep np11 

TPaHcnopTysaHHi o6'eMy rpyttTy, mo 3HaxoaHTbCll 

nepe,a: eiroianoM, BmHa'-laeTbCH Ja cpopMynmo: 

(9) 

ae Wnp - onip nepeMimeHlflO npmMH eono11iHHll 

rpyttry nepea BiaBaJJOM, KH; W",;111P - onip nepeMimeHHJO 

rpymy BBepx no BiD:BaJIY, KH; wnep orrip 

rrepeMimettHJO 6yn1,ao1epa, KH. 

wnp = 9,81 · vnp · r·tgp, 

ae Jlnp - o6'eM llpH3MH BOJioqiHHH l'pyttry, M3
; 

r - o6'eMHa Maca rpyHry, TIM3
; p - KYT TepTll rpymy 

06 rpym. 

B-H 2 

V=--
np 2-K ' 

np 

ae H - s1-1c0Ta siroiany, M; B - umpMHa Bin:Bany, 

M; Knp - Koecpiu,ieHT, mo 3aJie)l(MTb Bill nmy rpyHTy 

(3B'H3HOCTi, Koecpiu,iema p03£I)'IIleHHH) Ta 

cniBBillHOIDeHHll H . 3Ha'-leHHH Koeqi~ieHTa Knp s 
B 

H 
3aJie)l(HOCTi Bill cniBBiJlHOllleHHll Ta rnrry rpyttry 

B 

npRBeaeHi B rn6nm.\i 2. 

Ta6J1Ul,/J1 2. 

3Ha'teHHH Koecj>illiCHTa npH3MH BOJlO'tiHHH rpyn-ry Knp 

Table 2. 

Value coefficient prism dragging of soil K np 

CrriBBiJlHOWeHHll HIB 0,15 0,2 

3B'.111tti il>YHTH I-Ill KaTeropii" 0,7 0,73 

He3B'.!!3Hi rpyHTH I, 15 1, 17 

~mp =9,81 · Vnp · y-cos2 a·tg5, 

ae a - Kyr piJaHHll, rpaa.; y - o6'f.MHa Maca 

TpyttTy, TIM
3

; t5 - K)'T TepTll rpyttry 06 MeTan, rpaa. 

Wnep =9,81-G-(r±i). 

ae G - Maca TpaKTopa Ta 6ym,D,o3epHoro 

o6JJaAHaHIDI, T; J - Koe<J>iuirnT onopy ncpeMimettttlO 

pyxyTpaKTOpa. /=0,1. .. 0,12; i -yKJJiH MicueBOCTi. 

35 

0,25 0,3 0,35 0,4 0,45 

0,77 0,8 0,85 0,9 0,95 

1,19 1,2 1,2 1,3 1,5 

3HaK ((IlJJIOC)) CTaBHTbC.!I rrpH po6oTi 6yJJbll03epa Ha 

niai-1oMax Ta 3HaK «Mittyc» - Ha CXHJiaX. ITpH Kyri 

H3XHJJY Micu,eBOCTi /QI0° (0,175 pan:) p03paxyHOK cnia 
npoBOLlHTH 3a 6iJJblll TOt:fHOJO <pOpM)'JJOJO: 

Wnep = 9,81 · G· (f · cos /J ±i · sin /J) 
npn /J = 0 MaeMo W,,ep = 9,81 ·G· f; 

G = Gm + G6 , (9a) 

.!l,e u,,, Maca 
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6y;1bn:01epttoro o6nanttamui, mo opiettTOBHO M0)Ke 6yn1 

Bl13Ha"!etta 1a cpopMynoro: 

H 
G -_L:::.:_.Gna4 ·K 

6 J+l - Hno 4 6. nun G.J+ l , 
mm 

.ue G6_
1
+1 - Maca 6yJJb.U03Cpttoro 0611an:ttatttt.11 rrpu 

16iJJb1IIeHitt BliCOTi sinsany 6yJib,U03epa, T; 

H j+I - 36iJibilleHa BliC0Ta BiJJ:Bany 6y11bno1epa B 

nopiBH.!IHHi 3 IT0t:IaTK0B0JO rrpmiH.!!TOJO BJ-IC0TOJO BiJJ:Barra 

6yJJbJJ:03epa, M: H~~~ - not.JaTK0B0 rrpl!HH.!!Ta s11c0Ta 

si ,n,sarry 6yrrh)I01epa, M; K« ;+I Koeqiiuinrr 

36irrbCnettH.!I Mac11 6yrrhn:01epttoro o6nanttaHH.!I, mo 

3aJie)KITTb BiJ.J, 36iJibilleHrnl BHCOTM Ta WHpHHl1 si.usarry, 

cnissin:ttoLIJeHH.11 H I B . 

OpirnTOBHe Jttat.{eHH.11 Koecj>iuirnrn K<i ;+I s 

3aJie)KHOCTi BiJ.J, cnissin:ttomeHH.11 H I B npJ,fJje.ueHi s 

rn6mmi 3. 

Ta6J1U1/Jl 3. 

OpiEHTOBHi 3Hat.JeHHH KOe(j>iu.iEHTa 36iJJbWeHHH Mac11 6yJJb/l.03epttoro o6JJa[IHaHHH 

Reference values coefficient increase mass of bulldozer e ui ment 
Table 3. 

CnissiJ.J,HOI.IleHH.11 HIB 0, 15 0,20 

Koe it.dettT Kc; 1,00 1,02 

TipH H,+1 = H;fn4 
Ta KG.J+I MaCM0 

G Gnoe 
6J+I = 6. mm · 

Bmttal:faCMO T}ff0Be 3YCHJ1Jl.!I 6a30BO"i MaITIHHlf r 3a 

q>OpM)'JIOIO: 

T =0 9P = 0,9·Noe 
' KOii .!) 

p 
(10) 

.ue PK0 1, - Konose 3yc11nJI.11 Ha se.o,yqm< Konecax 

rnrat:ta a6o se,rzyq11x 3ipot.JKax rycettHtJttoro TPaKTopa, 

KH ; N,l8 
- nory)Ktticn, .UBHrytta 6rooso·i MallIJ-IHw, KBT; 

()p - 1.IIBHJ.J,KicTb pyxy 6ynbJ.J,03epa np11 KonaHHi rpyttry, 

9 P = 0,4 ... 0,5 Mic. 

BH3Ha'laCMO Heo6xi.utte T.!lrOBe 3YCHJIJJ.!I npH 

pi3atttti rpyttry Ha KiHUCBOM)' eTani KonaHH.11 

TP" = T - Wr = T -(W,,p + W::mp + Wnep). 

TosmHHa CTPY)KKH Ha KiHUeBOM)' ernni KorraHHR 

h2 BHJHat:IaCTbc.11 Ja cpopMy11010: 

TP/J h--
2- L-K' ( 11) 

D,e K - ml.TOMMH onip rpyttTy no6osoMy pi3aHHJO, 

KH/M2, ;1;rn rpyttry l KaTeropii" K =70 ... 100 KH/M2; II 

KaTeropi"i K = I 00 ... 180 KH/M2: m KaTeropi"i 

K = l 80 ... 200 KH/M2; L .U0B)KHHa LIImrxy 

TpattcrroprysaHHR rpyHry, M . 

,[vuI rnro, LU06 np113Ma rpyttry, lll,0 nepeMiLUYCTbC.11, 

non0BHIOBaJla CBitt o6' cM nptt BTparnx s 6oKOBi BaJIKH, 

Heo6xiJ.J,HO, LU06 .!lOTpHMysarracb yMoBa h2 2. h,a,, D,e 

hJG,' - BeJ1H'll1Ha 3arn11611eHH.!1 H0)Ka 6y.llbl).03epa Ha 

KiHl..(CBOMY ernni KOITaHIUl , np11 .!!KiH BiAHOBJJIOIOTbC.11 

BTpaTH rpyHTy B TPaHcrroprycMiM npH3Mi BOJJOt:fiHH.11 rrpH 

'ii nepexoni B 6oKosi sarrxH. 
8eJIJ1t.{HHY 3arm16neHH.H HO)Ka 6yJlb.!l03Cpa MQ)l(Ha 

BJ-13HaLJHTH 3a cjlopMynolO. 

(12) 

ne KHa, - Koeqiiu1 eHT, LUO xapaKTep1-nye sTpaT11 

0,25 0,3 0,35 0,40 0,45 

1,04 1,05 1,05 1,13 1.31 

,6 

rpyttry B 6oKOBi BaJIKH Ha J M IIIJJ.!IXY, K 6{1,1 = v,,a,, ; VBG.'I 

vii" 
- o6'cM rpyHry B 60KOBHX BaJIKax y mim,HOMY Tirri Ha 

1 M IDJI.!IXY, M3/ M. 

OpiCHTOBHO KoeqiiuicHT Kea,, MQ)l(Ha ITpHMHRrn 

piBHHM .!lJl.!I rpyHTis: 3B ' .!!3HHX K8
a

11 
= 0,025 ... 0,032; 

HC3B ' .!13HlfX K RGJI = 0,06 ... 0,07 . 

B113Hal:facMo onip rpYlfTY pi3aHHJO Ha KiHUeBOMY 

CTarri K0ITaHHR 

~ , =K ·h,a? · l . 

3ararrbHHH onip, LUO n.ic Ha 6yrrhn.01ep rrp11 iforo 

pyci Ha KiHUCBOMY ernrri KOITaHHR: 

LW = WP +W,,p +W,,111P +Wnep. (13) 

T.11rosHi1 p03paxyHoK nepen.6a'iac 6e3YJ\10BHe 

811.KOHaHH.!I YMOBH 

L w ~ G3,1 . rp ~ T ' 
.n.e T - rnrose 3yc111111.11 6a1oso"i MalllttHH, KH; G 

3" 

3t:tintta sara 6ynh.U03epa, pintta .!lJl.!I 6ynb!l03epiB Ha 

ITHeBMOKonicttoM)' xon.i sroi, mo rrpmm.uac Ha se,rzyqi 

KOJJeca, a J.J,Jl.!I 6yJibl).03epiB Ha ryceHl1t.{HOMY xoii:i, piBHa 

JararrhHiif sroi 6yJJbA03epa, G" = G ; ((} - KoecjliuicHT 

3t:fCl1JlCHH.!I, .11:Klftt MO)KC 6ynr ITpl1ttH.!!Tlitt piBHHM 0,9 .!lJl.!I 

ryceHHt:IHHX MaWHH Ta 0,6 - J.J,Jl.!I KOJJiCHHX MaWHH [ 13]. 

TTpoeyKrnBHiCTb 6yJ1bl).03epa rrpH pi1aHHi Ta 

nepeMiLUCHHi rpyHTY 8113Hat.JaCTbC.!I 3a cpopMyJlOIO : 

3600•Vnp · K8 ·Ky ·Kn 
II=--~--'--- (14) 

T;, ·KP 

n.e K. - KoeqiiuirnT BHK0pHCTaHH.11 6ynb)l03epa 3a 

4acoM, K8 = 0,8 ... 0,85; K, - KoecpiuirnT, LUO spaxosyc 

BTIJlHB yx11rry MiCUCBOCTi Ha rrpoii:yKTl1BHiCTb 

6ynhA03epa (rn6n..4); KY - KOecpiu.irnT p03nyLIICHHR 

rpyttry. 








