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DEVELOPMENT OF CONTROL SUSPENSION
OF ATTACHMENT OF A BULLDOZER

Abstract. Analysis of research in the field of improving the working equipment of the bulldozer showed that
the applied kinematic schemes of the bulldozer attachments do not allow changing the cutting angles in accordance
with ground conditions, in connection with which the possible reduction of soil resistance to cutting and energy
consumption of earth-transport vehicles is not ensured. There is a methodology of settling the definitions of rational
parameters of hanging equipment of bulldozer, which provides depth of the tool with the angle of cut a=55"60° and
is next automatical decreace till a=20"25° at definite thickness of shavings, dependent on the category of cultivated
soil. Change of angle of cut and its characteristics will be settled according to definite analytical dependence. It
lowers the energy capacity to 8.R67.8% because of the increase of shaving thickness or rising the working speed
and creates conditions for lowering the working expenditures 17.5%, the basic cost of works - 18.8%, specific
investment of the machine - 15.6% and given expenditures - 18.5%.
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Introduction. The bulldozer is a widespread earth-moving transport vehicle (EMM) due to its
simplicity of construction, versatility and relatively low cost. To ensure the penetration of the blade into
the ground, it is installed with a cutting angle of 55-60°, which reduces the resistance when buried, but
creates additional resistance when cutting the soil. Improvement of the construction of the suspension of
the working equipment (WE) of the bulldozer, which ensures the adaptation of its cutting angle in the
process of digging, depending on the indices of the physical and mechanical properties of the soil and the
operating mode, is a promising direction that increases the efficiency of EMM.

The creation of a suspension, which will ensure a synchronous change in the angle and depth of
cutting, improves the technical and economic indicators and simplifies the construction of the WE
bulldozer. Therefore, the rationale for the rational kinematic parameters of the WE suspension of a
bulldozer with a variable cutting angle is an urgent task.

The purpose ofthe work is to increase the efficiency of EMM by reducing the energy consumption of
the cutting process of soils by adapting the cutting angle when the blade is buried, taking into account the
soil category provided by the parameters of the bulldozer's WE suspension [17,18].

Scientific novelty of work consists in justifying the parameters of the bulldozer RO suspension with
synchronous change of the angle and depth of cutting, depending on the category of the ground being
developed, which significantly reduces the energy consumption ofthe EMM [1,4,11].

Methods. The considered resistance to penetration of the bulldozer knife with a stationary machine.
Deepening of the working body of the bulldozer into the ground is represented as pressing into an array of
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a stamp having a complex shape, on which the force developed by the drive mechanism acts. Under the
action of the gravity of the working element and the force developed by the drive, a stress occurs in the
soil massif on both sides of the knife edge (front and rear), the size and distribution of which depend on
the load, the geometric parameters of the knife and the parameters of the soil. The forces acting on the
edge ofthe knife with indentation are determined by the method of S.S. Golushkevich.

An increase in the cutting angle reduces the size of the projection of the implanted part of the blade to
the horizontal plane, and, accordingly, reduces the area of contact with the ground and the volume of the
prism of the bulging. As a result, the specific vertical pressure of the knife on the ground increases and its
resistance to the introduction of the blade decreases. Consequently, the burial of the working body of the
bulldozer into the ground with a stationary machine must be carried out with a large cutting angle.

Deepening the working body of the bulldozer into the ground while the machine is moving ahead of
the cutting blade creates a strained ground condition on only one side, located in front of the knife in the
course of travel. Therefore, the resistance to burial of the blade when driving the machine is less than
when the machine is stationary. Thus, this allows the blade to be embedded in the ground with smaller
cutting angles. From this it follows that the most rational trajectory of the working motion of the blade of
the suspension to be investigated is the one that, at the moment of its introduction into the ground, the
cutting angle has a maximum value and then decreases it, which is optimal by minimizing the energy
consumption of the cutting process.

This can be realized by the WE suspension of the bulldozer with a hinged brace. When the blade is
buried, the cutting angle in this case will automatically change, which will simplify the construction of the
WE bulldozer and significantly reduce the fatigue of the driver. Reduction of the cutting angle when the
blade of the bulldozer WE suspension is buried is determined by the coordinates of the points of
attachment of the hinged brace to the tractor base and on the dump, the length of the splitting a and the
depth of the dump, and does not depend on the parameters of the physical and mechanical properties of
the soils [1,2,3,4].

The scheme [5,6,7,15] of the suspension of the WE bulldozer is represented in the form of a flat
mechanism consisting of links connected by hinges. In this case, the suspension is a four-link shunting
arm ofthe ABCD (figure 1, a) in the form of a closed four-link chain with one degree of freedom, in which
the driving link AB (brace), the connecting rod BC, the distance between the points of fastening of the
bracing and the pushing bar on the dump) and the fixed link AD distance between the points of attachment
of the brace and the pushing bar on the base machine). In mechanisms with one degree of freedom, one
generalized coordinate completely determines the position of all links of the mechanism. By changing the
slope angle ¢ of the DC link, it is possible to determine the slope angle w of the department link AB, and
also vice versa, knowing the position ofthe master DS and the follower AB links, determine the angle X of
the turn of the connecting rod link BC. For this purpose, in the scheme of the four-link mechanism we
select conditionally the parallelogram ABBD. From the BCE and DCE , by the cosine theorem we
determine the length ofthe CB:

/ICB'/=L2+12-2L1cosA ; /ICB/ =R2+r2-2Rr cos(p - )

where L - is the length ofthe fixed link AD; I - length of the connecting rod ofthe aircraft; X - is the angle
of rotation ofthe connecting rod link BC to the fixed link AD ;R - is the length of the D C link; r - length of
the driven link AB; & - is the angle of inclination ofthe DC link to the vertical axis; w - is the slope angle
ofthe follower link AB to the vertical axis.

Equate the value /CB / and converting the resulting expression, we find the value ofthe angle X:

fl2+12 R2+r2 Rr J1
S = arccos cos @ -Ww) (1)
2L1 2L1 LI y
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Figure 1- Suspension scheme (a) with articulated luxury and determination of cutting angle (b)

The angle of rotation ofthe crank arm on the articulated four-link diagram corresponds to the angle of
rotation ofthe blade ofthe bulldozer under actual conditions when its position changes.

The main angles /1, COr, f 0, that characterize the suspension but also the structure ofthe dump will
be transferred to the point O1 of the intersection of the line connecting the points of fastening of the

pushing beam and the brace on the base machine, with the line of fastening of the same elements on the
dump (figure 1, b). The cutting angle will be:

a =co-f —r —n, (2)

where - is the angle between the line connecting the upper edge of the dump surface with the cutting
edge of the blade knife and the dummy blade element, 0 = 160° T - is the angle between the line
connecting the points of fastening of the bracing and the pushing bar on the base of the tractor, and the
horizontal axis:

cy —y >
r=arctg ' YO
VX —Xoy

where X t,Y - are the coordinates of point A; X 0,Y0 - are the coordinates of point D; f 0- is the angle

between the line connecting the points of fastening of the bracing and the pushing beam on the dump, and
the line connecting the upper edge ofthe dumping surface with the cutting edge of the middle knife blade,
Po = 19 n 21°.

We setthe angles /1, O, r, f 0 in equation (2) and obtain:

a = 141° —arctg 0 _arccos H-----cos{<p —" ) (3)

2L1 2L1 Ll

The value ofthe cutting angle a in expression (3) is determined by the points of fastening ofthe brace
on the base of the tractor and on the dump, i.e. the length of the brace, and also the depth of the blade
(with the value of ¢pand 7). Thus, the obtained expression makes it possible to determine the cutting angle
ofthe WE bulldozer for all intermediate values (the thickness ofthe cut chips).

During the operation of the bulldozer, the soil resistance to digging is composed of the main parts:
soil resistance W p, resistance to movement of the chip along the blade Wc and resistance to movement of
the prism ofthe inclusion wnp [8,9,10,12].
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Wk = WP + Wc + Wnp 4)

Resistance of cutting the soil taking into account the cutting angle on the basis of the results of
research by A.N. Zelenin and N.G. Dombrovsky looks like this:

Wp = KaKpbh (5)
where K a - is a coefficient that depends on the cutting angle; Kp - specific resistance to cutting; b - length

ofblade; h - depth of cut.

Based on the graph proposed by Yu.A. Vetrov, for describing the changes in the cutting force going
to overcome the frontal resistance of the knife for different ranges of the cutting angle, expression (5) can
be expressed by the following spline function:
at a cutting angle of 45° <a<60°:

W =Kbh]|l- 0.033(60° - a)\ (6)
at an angle of 37° <a<45°
Wp =0,5Kpbh|l - 0.029(450-a)\; 7
at a cutting angle of 20° <a<37.5°
W =0,35K pbh|l- 0.019(37,50-a)\; (8)

Forces to overcome the resistance to displacement of the prism of drawing is determined by the
formula:
bH 2

Wnp = PpgU2, ©)
2K mp

where g - is the acceleration due to gravity; H - blade height without visor; Kmp- coefficient depending on
the characteristics of the soil and the shape of the blade; pzv - is the density of the groove; /n2- is the

coefficient of internal friction of the soil.
Forces to overcome the resistance to movement of chips on the dump is determined by the formula:

Wce = PpCasalnr? (10)

where - is the coefficient of external friction of the soil.

Thus, the components of the digging forces of the displacement of the prism and chips are
approximately conserved on other soils. This is because the parameters of gravity and friction of loosened
soils vary in relatively small limits. Only the cutting depth that the bulldozer can provide for pulling force
is significantly changed.

Results. The results of experimental studies of the effect of attachment points and articulated brace
on the cutting angle, depth of cutting and resistance to digging. Experimental studies were carried out for
various variants of attachment of a hinged brace, one end of which is set from the top downwards along
the height of the botulinum on its rear side (points 1,2,3,4,5,6,7,8 and 9). The other end is fixed on the
tractor base: on the horizontal line from right to left on the side of the engine frame (points 1, 2', 3", 4', 5,
6 'and 7) or on the vertical line from the bottom up the side of the engine cooler (points 1", 2", 3", 4", 5",
6" 7"), while the points 3 and 3" are combined [7,8].

The change in the position ofthe suspension bracket WE when the dump is buried is accompanied by
a change in the angle ofthe inclination ofthe pushing bar (figure 2).

The displacement of the pushing bar downward to a certain angle is accompanied by an increase in
the cutting depth to a certain value, further angular displacement of the pushing bar is accompanied by a
sharp turn of the blade, which leads to a deepening of its cutting edge and a decrease in the depth of
cutting. Such a change in depth of cut is retained when the hinged brace is attached to the tractor base both
horizontally and vertically. In both cases, the point of change in the cutting depth is characteristic, after
which the cutting edge is deepened, is determined by the length ofthe brace. Its increase when moving the
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fixing point of the brace on the back of the blade from point 1to point 9 leads to an increase in the
thickness ofthe chips, at which a sharp turn ofthe blade occurs.

Processing of the results of experimental studies allowed to establish the maximum depth of cutting,
at which the cutting edge extends depending on the parameters of the suspension, the RO bulldozer with a
hinged brace:

hm =-1.6103+2.210 4.2 +5.009¢10 4(1 +r)2+5.7824 10 12(/ + r)2 LL. (12)

This dependence simplifies the calculation of the maximum depth of cutting of the bulldozer, since
the value of the coordinated parameters is averaged. Therefore, the expression obtained can be used for
any kinematic suspension parameters with a hinged brace [9,10].

a, b, ¢ - attachment points on the side of the engine frame, respectively 5, 6
and 7; 1,2,34,5,6,7,8, and 9 - points of attachment on the blade
Figure 2 - The relationship between the angle of inclination of the pushing beam
and the depth of cut when the coordinates of the points of attachment of the hinged brace change

When the dump is buried, the enlarged pendant WE of the bulldozer increases the cut-off chips and
reduces the cutting angle. When a certain critical depth of cut is reached, it begins to decrease with a
leading tendency to reduce the cutting angle. The change in the depth and angle of cutting is determined
by the coordinates of the points of attachment of the hinge brace (figure 3).

The suspension of the bulldozer WE controls the spatial movement of the blade with simultaneous
changes in the depth and angle of cutting. This leads, in turn, to a change in the resistance to cutting, the
movement of chips along the dump surface, the displacement of the prism of drawing, and the resulting
resistance to digging. Therefore, the evaluation of the effectiveness of the coordinates of different points
of attachment of the hinge brace can be carried out only from the standpoint of energy indicators. In this
regard, consider the emerging resistance when using the bulldozer's WE suspension and changing the
coordinates ofthe points of attachment ofthe hinged brace for I, I, 11l and IV soil categories.

As a result of the processing of the machine experiment, the equation of regression of resistance to
cutting of soil ofthe first category, in kN:

W =10,193 + 32833ah (12)

The graph of this dependence for various attachment points of the hinged brace is shown in figure 5
from which it is evident that when the blade is lowered, an increase in chip thickness results in an increase
in the cutting resistance to a certain depth, further lowering of the blade results in its intensive rotation,
which is accompanied by a deepening of the cutting edge with a sharp decrease in the cutting angle. As a
result, the resistance to cutting is reduced and its dependence on depth in graphical form is expressed in
the form of a loop.

The resulting resistance to cutting is not the determining energy indicator of the process of soil
development, so it is advisable to analyze the total resistance to digging. The nature of the change in
resistance to digging for I, Il, Il and IV soils is similar to the described dependence of the change in the
cutting force, and the absolute values increase. Because the power plant power of a particular basic
machine.
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Constant, then increasing the emerging resistances digging the ground leads to a decrease in chip
thickness. From this it follows that it is necessary to find the position of the coordinates of the points of
attachment ofthe hinges of the brace, which would satisfy the requirements of all categories of soils.

Analysis of the influence of the coordinates of the points of attachment of the hinged brace on
changes in the angle and depth of cutting, resulting in the resistance to cutting and digging, showed the
multiplicity of solutions to the variants of the brace. The category of soil affects the location of the brace,
for practical conditions it is necessary to have a minimum number of permutations of the brace on the
blade and the base tractor. The processing of experimental data by mathematical statistics allowed us to
establish the relationship between the parameters of the WE suspension of a bulldozer with a variable
cutting angle and digging resistance for I-1V soil categories, which has the form in kN:

W, =27,17 +5,21K ah (13)

This dependence makes it possible to determine the resistance to digging with a variable cutting angle
depending on the kinematic parameters of the bulldozer's WE suspension. It is valid for any suspension
parameters.

a, b, ¢ - attachment points on the side of the motor frame, respectively,
5,6"and 7; 1,2,3,4,5,6,7,8 and 9 - fixing points on the blade.
Figure 3 mThe relationship between the angle and the depth of cut when changing the coordinates of the hinge brace

Increasing the thickness ofthe chip to be cut increases the resistance to digging, the rate of increase is
somewhat lower than that of chip thickness, due to the reduction in the cutting angle. So, for example,
when one end ofthe brace is set at point 7 and the other end of the brace is moved from point 6 to point 3,
the maximum depth increases from 25 cm to 47 cm, i.e. 1.88 times, and resistance to digging increases in
this case for the I category from 62 kN to 105 kN (1.69 times), for the IV category from 229 kN to 373 kN
(1.63 times). This leads to a disproportionate distribution of the cost of resistance to digging for 1 cm of
the thickness of the cut chips.

In real conditions, the thickness of the chips cannot increase indefinitely, since the power of the
power plant of a particular tractor is constant, assume that the pulling force of the basic T-130 tractor is
fully realized on digging the soil, on the basis of this assumption, we determine the maximum possible
depth and resistivity for digging for different variants of points fixing the brace taking into account the soil
category [13,14,15,16].

Analysis of the variants of the braces with the minimum values of the resistivity to digging shows
that the braces with fastening along the vertical line of the base tractor have higher specific indicators.
This indicates that in these cases, the suspension does not ensure proper minimization of the cutting angle,
which leads to higher values of the resulting resistances. Therefore, such options for fastening the hinge
brace are excluded from further analysis.

To assess the effectiveness of the adopted options for fastening the hinged brace, we determine the
deviation from the best value ofthe energy index and the depth of digging. With a pulling force of 100 kN
for the 1st category of soil, the minimum value ofthe specific resistance to digging and the maximum chip
thickness is provided by the variant of the brace 7'-4. Recommended brace 5'-3, which increases energy
consumption by 9.3% and reduces the maximum depth by 12.5%. For category I, the best option is the
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6-6 variant of the brace, the recommended option for paccos 5-5 raises energy costs by 0.4%, but
increases the maximum depth by 5.3%. For category Ill, the best value corresponds to a brace - 4'-6, the
recommended brace 5'-7 raises energy consumption by 3.1% and reduces the maximum depth by 9.1%.
The greatest deviation corresponds to the IV category of the soil, because the chip thickness is small
(5 cm) and its deviation even by 1cm is expressed by a large number of percentages

Comparative analysis by the energy cost criterion and the maximum digging depth of the most
effective variants of attaching the hinged brace and the unified recommended version of the brace shows
that the deviations are within the accuracy ofthe engineering calculation.

Reducing the cutting angle with the burial of the dozer blade reduces the digging resistance, which
allows increasing the thickness of the cutter chip at a constant power of the base tractor engine or
increasing the cutting speed of the ground. In both cases, the productivity of the proposed equipment is
increased in comparison with the basic cutting angle 550.

Changes in the productivity ofthe proposed basic equipment - DZ 27C (table 1) in the construction of
the embankment of a 1.0 m high road in real conditions of the WE bulldozer suspension in comparison
with the base leads to an increase in productivity for the 8.1 and 13.2%, respectively, of the I-1lI ground
categories, up to 38.0 and 67.8 % on soils of Il - IV categories and gives a significant reduction in labor
costs by 17.5%, a decrease in the prime cost of soil development - 18.8%, unit investment in a complex of
machines - 15.6% and a reduction ofthe reduced costs - 18.5%.

Conclusion. The proposed suspension of the working equipment of the bulldozer provides the
adaptation of the cutting angle in the conditions of changing ground background, which increases the
productivity of the machine complex by building embankments from side reserves by 8.1% for soils of the
1st category for 13.2% of category Il, 38% for the Il category and for reducing labor costs on 17.5%,
prime cost of working out of a ground 18.8%, specific investments on a complex of cars of 15.6% and the
resulted expenses of 18.5%.
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BYNbAO3EPAL ACbIHAbI XXABAbLITbIHbLL BACLAPMAJBI ACTTACBIH 331PJ1IEY

AHHoTauua. bynbgo3sepnep ToNbIpakTbl kabaTreH Kasyra apHaaraH >KaHe OHbl KeLUHHEH KaiibipMa KypemnHLy,
angplHaa >xepYCTi 60MblHILIA LArblH KalbIKTBIKKA >XbUDKbITaabl. OMblK neH YRiH4i cany, TpaHLies MeH KasaH
LUYHKbIPAbI KaliTa xaby, >xep GeTLl KaTaH >Kocnapnay, Kurall Teppaca Cany, CyCbIMasbl XXYK €HAeY X3HE OpHbIH
aybICTbIPY, YXEKeNereH arall KynaTty, Tac o, 6eTLU KOKbICTaH, KapfaH Ta3apTy, apLuy >XyMbICTapblHAa, COHAali-aK
UTepnLl CKperepnep penHae navifanaHbinagpl. Bynbao3ep >XYMbICbiHbIH TIUMALIN 6a3aiblk TPAKTOP eTLU3ML-
TTHE XX3He OHbIH TapTy-MpKey KacueTTepLUe 6aiinaHbICTbI.

By/bgo3epAL, XyMmbiC >KabAbITbIH HKETINAIpY canacbliHAarbl 3epTTeynepai Tangay OynbAosepAll acnasbl
XabAbIrbiHbLY, KO/AaHbINATLIH KUHEMATVKANBIK CXemanapbl TOMbIpakK karfjaiinapbiHa Caiikec Kecy OypbilLTapbiH
esrepTyre MyMLUHAK 6epMelinHLL KepceTTy OCbiraH 6alifiaHbICTbl TOMbIPaK KeAEPMCLLLL KeCY X3He Xep Kasy-Tacbl-
Mangay MallvHanapbiHbIH 3HEPTUS WbIrbIHbI KAMTaMachI3 eTIIMENTIHIH 6alikaTTbl.

BynbaosepaiH XyMbIC KababIrblH acblHAbICbIHBIH KMHEMAaTWKa/bIK napameTpreplle 6alifaHbICTbl TOMbIPaK
caHaTTapblH ecernke ana OTbIpbIn Kecy OypbilbiH ecenTey YLUiH TeHAEY YCbiHbILbl. Byn TeHgeyai Tangay YiiHgi
KO3ra/ibICbIHbIH €H YTbIM/bl TPAEKTOPUACKI eHTi3y Ke3iHAe KecyAiH eH xoraprbl 6ypbilbiH (a=55"60°) kamTamachI3
eTeTL, KeliHHEH OHbI asaiTy (a=20"25°).

MallmHabIK 3KCMEPUMEHT HITUXKECIHE Perpeccus/ibiK TeHAeY anblHAbI, XXYMbIC OPHbI aCMAaCbIHbIH KUHEMaTU-
KanbIK NapaMeTpiepiHeH Kecy TepeHAIri oraH XeTKeH Ke3fe YLUHALIL, KeCeTiH XWeriH TepeHaeTweay 6yn Tonblpak-
Tl 33ipniey Y/epiCiHiH 3HEPT WS CbIAbIMABIIBINbIH a3aiTy bl XK3He 6ynbAo3ep eWMALNH opTawa 8°17%-ra apTTbl-
pyZbl KaMTaMachbI3 eTefi.

MaLlumHa/bIK 3KCNepyMEeHT JepeKTepLl CTaTUCTUKAIbIK eHAEY HITWXKeCiHAe Kewwipyre TOMbIK KeAepriHi aHbIK-
Tay 6oWbIHLIA perpeccust TeHAeyi anbiHApbl, 0N 1-1V caHaTTbl TOMbIpakka apHairaH XYMbIC Xababirbl acrnacblHbIH
napaMeTp/epLL OHTannaHabIpyra MYMKIHAIK TYrbi3agbl.
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BAn ymbicTa 6ynbfo3epaly, acnabl XxababIrbiHbIH YAnecivai enemaepiH aHbikTay 3ficTemMeci 6Gepinre.
Yinecimgi napametpnep a=55-60° kecy 6”pbiwbl 6Gap KaliblpMaHbl TEPEHAETY >K3He XKep KabaTblHbIH eHpey
KaTeropuscbiHa, 6enrini 6ip KanbIHAbIKTa KECIZITEH XaHKara 6aiilaHbICTbl KabipMaHbIiH Kecy 6 pbiwbl a=20-25°-Ka
JeliiH asainTbinagbl. Kecy 6/ pbilWbIHbIH €3repici XaHe OHbIH cunatTamachl 6enrini 6ip aHaMTUKaNbIK Tayenginik
apKblibl aHblKTalafpbl. YKaHKaHbiH KeneMiH YNKelTy Hemece X“MbIC XblNgaMAbirbiH apTTbipy apKblibl Kecy
YepiCiHiH 3HeprocbIfibIMAbIIbITbIH a3aiiTyra XsHe ewmawnH 8.1-67.8%-ra kebelityre 6Gonagpl, 61 eHb6ek
KYLWiHIH WbIrbIHbIH 17.5%-ra, >XYMbICTbIH €3iHAIK K¥HbliH 18.8%-ra, MawuHaHbIH KYPOeni Kapxxbl 6eny YneciH
15.6%-ra, KenTipinreH WoirbiHabl 18.5%-ra a3ainTyra MYMKiHAiK Gepesi.

TywH ce3gep: 6ynbao3ep, acbiHAbl, Mbillak, Kecy 6™pbillibl, KUMa, TOMbIPaK.
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PA3PABEOTKA YTMPABIAWEW NOABECKOW HABECHOIO OBOPYJOBAHWA BY NIbAO3EPA

AHHOTauua. bynbhosepbl MNpefHasHayeHbl Ans MOCMOMHOW pa3paboTKM TPYHTOB C WX MOCMedyHoLLmMM
nepeMeLLieHMeM nepes paboynm opraHom (OTBa/IOM) MO MOBEPXHOCTU 3eM/IM Ha HeboMbluve paccTosHma. WX
MCMOMbL3YHOT NPY COOPY>XEHNU BbIEMOK W HacbIMeli, 06paTHO 3acbinke TpaHLLER 1 KOTN0BaHOB, rpy6oii MiaHNpoBKe
3eM/1SHO/ MOBEPXHOCTYW, YCTPOICTBE Teppac Ha KOocoropax, LUTabenupoBaHUy U MepeMeLLEHUI ChiMyynX rpy30B,
NOArOTOBUTE/bHBIX PAbOT /151 BafKN OTAE/NbHbLIX JEPEBLEB, YAANEHUA KaMHE, pacuMCTKM NOBEPXHOCTM OT MYCOpa,
CHera, Ha BCKPbILWHbIX paboTax, a TakxKe B Ka4ecTBe TOMKayeil ckpenepoB. (eKTUBHOCTL paboThbl 6yNbA03epoB B
3HAUYNTENbHON Mepe 3aBUCUT OT MPOXOAMMOCTM 6a30BOro TPAKTOPA U ero TAroBO-CLEMHbIX CBOMCTB.

AHanun3 uccnefoBaHWin B 061acT COBEPLUEHCTBOBaHMA paboyero ob6opynoBaHus 6ynbao3epa nokasan, uto
MPYMeHAeMble KMHEMATUYECKWE CXeMbl HaBECHOro o6opyaoBaHWs OynbAo3epa He MO3BONAKOT WM3MEHATb Yr/bl
pesaHus B COOTBETCTBMU C FPYHTOBLIMW YCMOBUAMM, B CBA3WN C YEM He 00eCcneynBaeTCs BO3MOXHOE CHVDKEHUE
COMPOTUBAIEHUS TPYHTOB PE3aHMIO M 3HEPro3aTpaT 3eMepoNHO-TPAHCMOPTHBIX MaLLIVH.

MpefnoXkeHO ypaBHeHWe [/ pacyeTa yrna pesaHus B 3aBUCUMOCTU OT KMHEMATUYECKMX NapamMeTpoB NOABECKM
paboyero o6opynoBaHWsA Gynbfo3epa C YUYETOM KaTeropuil rpyHTOB. AHaan3 3TOr0 ypaBHEHUS MOKAa3blBaeT, YTO
Hanbosee pauvoHanbHOW TPaeKTopuWeld ABWKEHMA 0TBasIa ABNAETCS Ta, KOTOpas 06ecrneymBaeT MaKCUMasbHbIA Yron
pe3aHuns B MOMEHT BHeapeHus (a=55-60°) ¢ nocneaytowmm ero ymeHblueHnem (a=20-25°).

B pesynbTaTe MalIMHHOIO 3KCMEPUMEHTa MO/yYeHbl PErpecCHOHHbIE YPaBHEHMS, MaKCUManbHOW Fny6uHbI
pe3aHnsi 0T KMHeMaTW4eCcKMX napameTpoB MNofBeckyu pabouero 060pyaoBaHvs Gynbfosepa, Npy LOCTUXKEHWM
KOTOPOI MPOUCXOAUT BbIFYONEHNE PEXYLUEA KPOMKU OTBana, Y4TO 06eCrneyMBaeT CHWKEHWE 3HEPrOeMKOCTM
npouecca pa3paboTku rPyHTOB 1 NOBLILLEHNE NPON3BOAUTENBHOCTY ByNbAo3epa B cpegHeM Ha 8-17%.

B pesynbTaTe CTaTUCTMYECKOW 06pabOTKM AaHHbIX MALUMHHOFO 3KCMEpPUMeHTa N0 OMnpefeneHWt0 MOJIHOMo
COMPOTMB/IEHNA KOMaHWIO MO/yYeHO YpaBHEHWE perpeccuu, KOTOPOEe MO3BOMSET OMNTUMU3MPOBATL MapameTpsbl
NoABeCKM pabouero obopyaosaHua ansa rpyHTos I-1V kateropuii.

PaspaboTaHa MeTOAMKa OMpefeneHWs pauyoHa/IbHbIX NapameTpoB HaBeCHOro 060pyaoBaHMs 6ynbaosepa,
obecreumBarolLan rnyouHy pesaHuWs WHCTPyMeHTa C yriom a=55-60°, B nocnegytoweM asTOMATUYECKM
yMeHbLIaeTcst 40 a=20-25° npu OnpefeneHHON TOMWMHE CTPYXKKW, 3aBUCALLEA OT KaTeropum o6pabaTbiBaeMoro
rpyHTa. M3mMeHeHWe yrna pesaHus U ero Xapaktepuctuka 6yfeT onpefensTbCs Mo OnpefesieHHON aHanMTUYecKow
3aBMCMMOCTUN. JTO CHUXAET 3HepProemkocTb o0 8,1-67,8% un3-3a yBeAMYEHUA TONLLMHBLI CTPY>KKN UMW YBENUYEHUA
CKOPOCTM 06paboTKM 1 CO3LaeT YCOBUSA LN CHUMXEHWUSA TPYLOBbIX 3aTpaTr Ha 17,5%, cebecToMMOCTU pa3paboTKu
rpyHTa - 18,8%, yaenbHbIX KanuTasoBIOXEeHNA Ha MallnHy - 15,6% v nprBegeHHbIX 3aTpar - 18,5%.

KntoueBble cnosa: 6ynbAo3ep, MOTbIra, HOX, Yro pesaHus, CeyeHue, rpyHr.
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