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KaszakcmaH Pecniybnukacel ¥immbiK fbliibiM akademusicbl "KP ¥FA Xabapnapbi. [eonozausi xoHe
MmexHUKarbIK FbiribiMOap cepusicbl” fbinbIMU XKypHanbiHbiH Web of Science-miH xaHanaHfFaH Hyckachl
Emerging Sources Citation Index-me uHOekcmernyze KabbindaHraHblH xabapsaldel. byn uHdekcmerny
b6apbiceiHOa Clarivate Analytics komnaHusicel XypHandel odaH opi the Science Citation Index Expanded,
the Social Sciences Citation Index xeHe the Arts & Humanities Citation Index-ke kabbinday maceneciH
Kapacmbipyda. Webof Science sepmmeywinep, aesmopnap, 6acnawhbinap MeH MekeMmesriepee KOHmMeHm
mepeHdiei MeH canacbiH ycbiHalbl. KP YFA Xabapnapbi. [eonoeusi XeHe MeXHUKasbIK fblibiMOap
cepusicbl Emerging Sources Citation Index-ke eryi 6i30iH KoramOacmbiK YWiH eH e3ekmi xoHe 6edesnodi
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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 0=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 8.1+67.8% 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%.

Key words: bulldozer, suspension, knife, cutting angle, brace, ground.

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 of the 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 of the 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 of the 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 of the ABCD (figure 1, a) in the form of a closed four-link chain with one degree of freedom, in which
the driving link 4B (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 4D 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 y of the department link AB, and
also vice versa, knowing the position of the master DS and the follower AB links, determine the angle 4 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 BCB' and DCB', by the cosine theorem we
determine the length of the CB:

/CB'/=L*+1%-2Llcos A; /CB/ = R*+r*-2Rrcos(p-y)

where L - is the length of the fixed link AD; [ - length of the connecting rod of the aircraft; A - is the angle
of rotation of the connecting rod link BC to the fixed link AD; R - is the length of the DC link; r - length of
the driven link AB; ¢ - is the angle of inclination of the DC link to the vertical axis; y - is the slope angle
of the follower link AB to the vertical axis.

Equate the value /CB'/ and converting the resulting expression, we find the value of the angle A:

A = arccos L2+12—R2+r2+ﬁcos( —y) 1
YT Y7 TR e M
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a) b)

¥ ¥

Figure 1 — Suspension scheme (a) with articulated luxury and determination of cutting angle (b)

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

The main angles 4,®,7, ﬂo , that characterize the suspension but also the structure of the dump will

be transferred to the point O; 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=w-p,-1-1, 2

where w- 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, ® = 160°; 7 - 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:
Y,-Y,
T=arclg ———
X, - X,

where X ,,Y, - are the coordinates of point 4; X ,,Y, - are the coordinates of point D; f3, - 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 of the dumping surface with the cutting edge of the middle knife blade,
B, =19 + 21°.

We set the angles A, @, 7, 5, in equation (2) and obtain:

Y-Y I’+1> R*+r* Rr
a =141 —arctg| —/—2— |—arcco — +—-cos(p — . 3
g{){ —Xoj { TSRS TR el ®

i

The value of the cutting angle a in expression (3) is determined by the points of fastening of the 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 ¢ and ). Thus, the obtained expression makes it possible to determine the cutting angle
of the WE bulldozer for all intermediate values (the thickness of the cut chips).

During the operation of the bulldozer, the soil resistance to digging is composed of the main parts:
soil resistance Wp, resistance to movement of the chip along the blade Wc and resistance to movement of
the prism of the inclusion Wnp [8,9,10,12].
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W, =W,+W,+W, (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:

W, =K,K bh (5)
where K, - is a coefficient that depends on the cutting angle; K), - specific resistance to cutting; b - length

of blade; 4 - 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, =K ,bh[1 -0.033(60° — | 6)
at an angle of 37° <a<45°
W, =0,5K ,bh|l-0.029(45° — o ); )
at a cutting angle of 20° <a<37.5°
W, =0,35K ,bh|l -0.019(37,5° - ; ®)

Forces to overcome the resistance to displacement of the prism of drawing is determined by the

formula:
2

w, = P.,8H, )
np ep
2K,

where g - is the acceleration due to gravity; H - blade height without visor; K, - coefficient depending on
the characteristics of the soil and the shape of the blade; p,, - is the density of the groove; 1, - 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:

bH* M+ U
W.=——p cosa| ——2 10
cTog P [ 2 (10)

np
where L, - 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 of the suspension bracket WE when the dump is buried is accompanied by
a change in the angle of the inclination of the 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 of the brace. Its increase when moving the
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fixing point of the brace on the back of the blade from point 1 to point 9 leads to an increase in the
thickness of the chips, at which a sharp turn of the 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:

b =-1.6-10°+22-10"*-I* +5.009- 107 (I + ) +5.7824-10"*(I + ) - L*.  (11)

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].

angle of inclination of the angle of inclination of the ©) angle of inclination of the
a) pushing bar, degree b) pushing bar, degree pushing bar, degree
70 75 80 85 90 @ 707580 8590 ¢ 7075 80 8590 o
5 0 5 0 5 0 (1%
g 10 g 10 g 10 \
g 20 'g 20 'EEg 20 :
3 30 ~ 30 = 430
3 40 3 40 3 40
= 50 2 50 2s0*
a - = =
8 60 & 60 % o 60¢
h A h 2 h

a, b, ¢ - attachment points on the side of the engine frame, respectively 5', 6'
and 7'; 1,2,3,4,5,6,7,8, 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 of the points of attachment of the hinged brace for I, II, III and IV soil categories.

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

W, =10,193 +328,33ah (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, II, III 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 of the 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-IV 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)  cutting angle, degree b) cutting angle, degree €)  cutting angle, degree
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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 — The relationship between the angle and the depth of cut when changing the coordinates of the hinge brace

Increasing the thickness of the 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 of the 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 of the energy index and the depth of digging. With a pulling force of 100 kN
for the 1st category of soil, the minimum value of the 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 II, 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 IlI, 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 1 cm 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 of the 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 55°.

Changes in the productivity of the 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-II 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 of the 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
Ist category for 13.2% of category II, 38% for the III 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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BYJBJAO3EPAIH ACBIHAbI )KABJIbIF'bIHBIH BACKAPMAJIbI ACITACBIH 93IPJIEY

AHHoTanus. bynpno3epiep TOMBIpakTsl KabaTHeH Ka3yFa apHANFaH KOHE OHBI KeWiHHEH KalbIpMa KYpeTiHiH
aNJBIHIA KepYCTi OOMBIHINA IIAFBIH KAIIBIKTHIKKA JKbUDKBITaMbl. OWBIK TMEH YHIHAI caily, TpaHIIes MEH Ka3aH
HIYHKBIPABI KaiiTa jxaly, »ep OeTiH KaraH jocrapiay, KUFall Teppaca cajly, CyChIMajbl )KYK ©HJEY »KOHE OPHBIH
ayBICTBIPY, JKEKEJIETeH aralll KyJaTy, Tac ko010, OETiH KOKBICTaH, KapAaH Ta3apTy, aplly )KyMbICTapbIH/Aa, COHIai-aK
UTEPrilll CKpenepiiep peTiHje mainanaHpuiaibl. Byibo3ep sKYMBICBIHBIH THIMIUIITT Oa3ajiblK TPAaKTOP OTKI3Till-
TITiHE KOHE OHBIH TapTy-TIpKey KacHeTTepiHe OaiIaHbICTHI.

Bynpmo3epmiH KYMBIC JKaONBIFBIH KETUIAIPY CANachIHAAFBl 3EpTTEYNEpHi Tangay OyJbIO3epIiH acraibl
JKaOIBIFBIHBIH KOJIAAHBUIATBIH KMHEMATHKAJBIK CXeMallapbl TONBIPAK JKarnaiiapelHa coifkec Kecy OypbIIITapbIH
e3repTyre MYMKIiHIIK OepMeHTIHIH KOpCeTTi, OChIFaH OailIaHBICTHI TOBIPAK KeJAEePriCiHiH KeCy jKOHE JKep Ka3y-Tachl-
Manjgay MalluHaJapbIHBIH YHEPTUs IIBIFBIHBI KAMTAMACHI3 €TIIMEHTIHIH OalKATTHI.

Bynbnosepaid KyMBIC KaOIbIFBIH acChIHABICHIHBIH KHHEMAaTHKAJIbIK IapaMeTpJiepiHe OallaHbICTBI TONBIPAK
CaHATTapbIH €CENKe ana OTHIPHIN KeCy OYpBHINIBIH €CenTey YIIiH TeHIeY YCHIHBUIARL. byn TeHxmeyni Tanmay YHiHI1
KO3FaJIBICBIHBIH €H YTHIM/Ibl TPACKTOPHSICHI €HIi3y Ke31HJe KeCyliH €H XKOFaprbl OyphIbH (0=55+60°) KaMmTaMachI3
eTeTiH, KeiliHHEH OHBI a3aiity (0=20+25°).

MamHaIbIK SKCIIEPUMEHT HOTHIKECIHIE PErPEeCCHSIIBIK TEHACY AJBIHABL, )KYMBIC OPHBI aCIIaChIHBIH KHHEMATH-
KaJIbIK ITapaMeTpiIepiHeH Kecy TEPEeHIIr OFaH XeTKeH Ke3/ie YHIHIHIH KeCeTiH KHEeTiH TepeHaeTeai, Oy TobIpak-
THI 33ipJiey YIEPIiCiHIH YHEPTHs CHIMBIMABUIBIFBIH a3alTy bl XKoHE OyIIba03ep OHIMALIIrH oprama 8+17%-ra apTThI-
PYZABI KAMTaMachI3 eTell.

MammHaIbIK YKCIIEPUMEHT JePEKTEPiH CTATHCTHKAIBIK OHICY HOTIKECIHIE KOIIipyTre TOIBIK KelepriHi aHbIK-
Tay OOWBIHIIA perpeccHsi TeHACYi anblHIbl, oy [-[V caHaTThl TONBIpaKKa apHAIFaH >KYMBIC JKaOIBIFbl aCIIAChIHBIH
mapaMeTpIIepiH OHTaHIaHABIPyFa MYMKIHIIK TyFBI3a bl
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By xympicTa OyibpI03epIiH achanbl >KaOIbIFBIHBIH YHJIECIMIII OINMIeMIepiH aHBIKTay odIicTeMeci OepiireH.
Yiinecimai mapamerpiep o=55+60° kecy Oypblmel Oap KaWbIpMaHBI TEPEHIETY JXKOHE JXKep KaOaTHIHBIH OHICY
KaTeropusChIHA, OeNTiNi Oip KaTBIHIBIKTAa KeCUITeH JKaHKaFra OalTaHbICTHI KaWBIPMaHBIH Kecy Oyphimsl 0=20+25°-Ka
Jieidin azaitteiiaapl. Kecy OypbIIbIHBIH ©3repici )KOHEe OHBIH CHMATTaMachl Oerini Olp aHaJUTHUKAIBIK TIYENIUTIK
apKbUIBl aHBIKTaJanbpl. JKaHKAHBIH KeJIeMiH YJKEHTy HeMece >XYMBIC JKbULAAMIBIFBIH apTTHIPY apKbUIBI Kecy
YZEPICIHIH 3HEepProChIbIMABUIBIFBIH a3alTyFa oHe eHIMALIriH 8.1+67.8%-ra kebelityre Oomanpl, Oy eHOek
KYLIHIH WIBIFBIHBIH 17.5%-Fa, >KYMBICTBIH ©3iHIIK KyHbIH 18.8%-Fa, MallMHaHBIH Kypaesi KapXbl Oeiy yieciH
15.6%-ra, xenTipinreH WeFbIHAB 18.5%-Fa a3aiiTyra MyMKiHIIK Oepei.

Tyiiin ce3nep: Oynba03ep, aCbIHBI, MBIIIAK, KECY OYPBILIBI, KUMa, TOIBIPAK.

P. A. Ko36arapos', K. A. )Kycynonz, E. b. Kannes',
M. H. Ecenraimes’, A. B. Kouerkos®, H. C. Kam3anos>

'Satbayev University, Anmatsi, Kasaxcran;
? Kasaxckast akaJeMHs TPAHCIIOPTa H KOMMyHUKarii uM. M. Teiabinmaesa, AnMatsl, Kazaxcran;
*CapaToBCcKumii TOCY1apCTBEHHBII TeXHUUeCKni yHuBepeuteT uM. 1. A. Farapuna, Capatos, Poccns

PA3PABOTKA YIIPABJISIOIIENA NOJABECKO HABECHOI'O OBOPY/IOBAHUS BYJIbJIO3EPA

AnHoTanusi. Bynbnosepsl INpeiHazHaueHbl JJIsl TOCIOWHOM pa3pabOTKM TPYHTOB C HMX MOCIEAYHOLIHM
nepeMerieHreM rnepes paboyrM OpraHoM (OTBAJIOM) IO MOBEPXHOCTH 3eMJIM Ha HeOonbline paccrosHus. Mx
UCIIOJIB3YIOT IIPH COOPYKEHHH BBIEMOK M HachINeil, 00paTHON 3aChINKe TpaHUIeH 1 KOTIOBaHOB, IPy00ii IIaHUPOBKE
3eMJISTHOH INOBEPXHOCTH, YCTPOHCTBE Teppac Ha KOCOTOpax, INTaOeNMpOBAaHMU W NEPEMENICHUH CBIIyYnX I'Py30B,
MOJIrOTOBUTEIIBHBIX paboT ISl BAJIKK OTJIENIBHBIX AEPEBLEB, YIAICHHUS KaMHEH, paCUMCTKH TOBEPXHOCTH OT Mycopa,
CHeTa, Ha BCKPHIIIHBIX paboTaX, a TakKe B Ka4ecTBE TOJMKA4Yel CKpenepoB. DPPEeKTHBHOCTE pabOTHI OyIIbI03epOB B
3HAYUTEIBHON MEpe 3aBHCUT OT IIPOXOANMOCTH 0a30BOTO TPAKTOPA M €T0 TSATOBO-CIIEITHBIX CBOMCTB.

AHanM3 WCCIeOBaHUI B OOJACTH COBEPIICHCTBOBAHHS pabodero oOopynoBaHUs OyibIo3epa IOKa3al, YTo
MPUMEHsEMble KMHEMAaTHYECKUE CXEMbl HAaBECHOTO 00OpymoBaHUs Oyib/l03epa HE IO3BOJSIOT W3MEHSATH YITIbI
pe3aHusi B COOTBETCTBUHU C I'PYHTOBBIMH YCJIOBHSIMH, B CBSI3M C 4EM HE OOECIICUMBAETCS BO3MOXKHOE CHI)KEHHE
COIIPOTHUBIICHHS TPYHTOB PE3AHHIO U HEPT03aTPAT 3EMIEPOHHO-TPAHCIIOPTHBIX MAIIHH.

[IpeanoxeHo ypaBHEHHUE JUIsl pacyeTa yIja pe3aHus B 3aBUCUMOCTH OT KHHEMaTHYECKUX I1apaMeTPOB MOJIBECKH
paboyero obopynoBaHusi Oyiblo3epa C YU4E€TOM KaTeropuil IpPyHTOB. AHAJM3 3TOr0 ypaBHEHHs IMOKa3bIBaeT, 4TO
HauOoJee palMOHANIBHON TPAaeKTOPHEH JBMKEHHS OTBaIa SIBISIETCS Ta, KOTOpas 00eCcreYnBacT MaKCUMaJIbHBIN YToi
pe3aHust B MOMEHT BHeApeHus (a=55+60°) ¢ mocieayonmmM ero ymeHbIeHueM (a=20+25°).

B pesysnbrare MammMHHOTO 3KCIIEPUMEHTa IIOJIyYEHBI PETPECCHOHHBIE YPABHEHHUSI, MAKCUMAJIBHOW TIIyOMHBI
pe3aHusl OT KMHEMAaTHYECKHX MapaMeTpoB IOABECKH pabodero oOopymoBaHUs Oynbao3epa, NPH JOCTHXKEHHH
KOTOPOH IPOHMCXOANT BBITIYOJCHHE DPEXYIIEH KPOMKH OTBaja, YTO OOECIICUMBAET CHIDKCHHE 3HEPrOEMKOCTH
nporecca pa3paboTKH I'PYHTOB U MOBBIILICHHE TPOM3BOANTEIHLHOCTH OyibJ03epa B cpeaHeM Ha 8+17%.

B pesynbraTe cTaTHCTHYECKOH OOpAaOOTKM MAHHBIX MAIIMHHOTO SKCIICPHMEHTa 110 ONPEIEIeHHIO MOIHOIO
COIPOTUBIICHHUS KOMAHUIO IOJIY4YEHO YpPaBHEHHE PETPEecCHH, KOTOPOE MO3BOJIIET ONTHMHU3HPOBATh I1apaMeTPhI
moJIBECKH pabodero obopyaoBanus it rpyHToB [-IV kareropuii.

Pa3zpaboTana Merojuka oOmpeneNieHus] palMOHAIbHBIX I[apaMEeTPOB HABECHOrO 00OpyHoBaHusi Oylibao3epa,
obecrieunBaromias INyOMHY pe3aHHs HWHCTpyMEHTa C yrioM o=55+60°, B mocienyiomeM aBTOMaTHYECKU
yMeHbInaercs 10 0=20+25° mpu OmpeneieHHOW TOJNIIMHE CTPYXKKH, 3aBUCSIICH OT Kareropuud oOpabaThIBAEMOro
rpyHTa. Vi3MeHeHne yriia pe3aHusi U ero XapakTepUCTHKa OyJIeT ONpenessThesl 10 ONpPEAEIeHHON aHaINTHYeCKON
3aBUCUMOCTH. DTO CHHXKAE€T PHEProeMKOCTh 10 &8,1+67,8% u3-3a yBEIUYEHUS TOJIMHBI CTPY>KKU WU YBEIUYECHUS
CKOpPOCTH 00pabOTKM M CO3/1aeT yCIOBUS JUIs CHWKEHHs TPYIOBBIX 3aTpar Ha 17,5%, cebecronMocTy pa3paboTKu
rpyHTa — 18,8%, yIenpHBIX KalUTAIOBIOXKECHUH Ha MaiHy — 15,6% 1 npuBeaeHHbIX 3aTpar — 18,5%.

KioueBblie ciioBa: Oyib103ep, MOTbBITa, HOX, YTOJI pE3aHus, CEUCHHE, TPYHT.
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