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IMPROVING THE EFFICIENCY OF USING DUMP TRUCKS
UNDER CONDITIONS OF CAREER AT OPEN MINING WORKS

Purpose. Increasing the efficiency of road transport by changing the structure of slopes of transport inclines in
open-cast mining of mineral deposits.

Methodology. The paper uses a theoretical analysis based on the theory of the use of the acting inertia forces of a
moving dump truck to overcome the elevated slopes of the traffic route. The analysis and generalization of the ana-
Iytical method for solving the kinematics equations of uniformly variable (equally accelerated or equally slow) motion
of dump trucks was used to confirm the theoretical results and accepted assumptions.

Findings. The paper attempts to generalize, develop and offer more complete solutions to the problems of rational
use of dump trucks by using the inertia forces of a moving dump truck to overcome the elevated slopes of the career
roads. There is given an analytical solution of traction and braking problems when trucks overcome the slopes of
transport inclines in open field mining. It is shown that these solutions are the simplest for practical use when design-
ing new career routes, while exploiting transport inclines of deep quarries.

Originality. Mathematical models of dynamic processes occurring during the implementation of the tangential
traction force of a motorized dump truck developed on elevated slopes of career paths are developed. They differ from
those known by the fact that inertia forces resulting from acceleration during the motion of a dump truck are used to
overcome elevated gradients in the transport inclines of quarries. As a result of numerical simulation, the regularities
of changes in the speed of movement of dump trucks with alternating horizontal and inclined road sections depending
on their length and slope angles were established. This allows improving the process according to the criterion of
surmounted elevated slopes of open pit transport inclines, cutting their length almost by half, reducing the time of
movement of dump trucks and improving performance during transportation of rock mass.

Practical value. The results obtained in the work, presented in the form of calculation formulas, make it possible
to reasonably calculate the routes of transport inclines for the open mining of mineral deposits at the quarry design
stage. This ensures reduction of the size of the quarries cutback in the development of deep quarries.

Keywords: dump truck, slope, tangential traction force, friction coefficient (adhesion), open pit mining

Introduction. The indisputable development trend of
the world mining industry in the foreseeable future is con-
sidered to be a stable orientation to the open method of
mining, as providing the best economic indicators. It ac-
counts for up to 73 % of total mining in the world (83 % in
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the United States, and about 70 % in the CIS countries).
Over the past 40 years, there has been a steady growth in
the extraction of virtually all solid minerals by open pit
mining [1]. If we take into account that as the depth of
quarries grows, the share of costs for open pit transport
reaches 55—60 % of the total cost of mining, it is quite
obvious that the issues of developing and improving open
pit mining are among the main ones for open pit mining.
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Statement of the problem. The main factors deter-
mining the development of career transport are system-
atically worsening mining-geological and mining-tech-
nical conditions of production. It is known that the de-
velopment of an open method of development is accom-
panied by an increase in the concentration of produc-
tion, an increase in the depth and spatial dimensions of
the quarries, and the distance and complexity of trans-
portation of the rock mass. The determining factor is the
depth of the quarries.

Automobile transport, as transport of the working
area of the open-pit mine, is the most exposed to the
effects of mining conditions that are more complex with
depth. The main limitation of the use of road transport
in deep quarries is still the high cost of transportation of
the rock mass. In addition, career road transport is the
main source of negative anthropogenic environmental
impact during open pit mining.

In order to expand the field of application of auto-
motive vehicles in deep quarries, increase its efficiency,
the search for new technological schemes, as well as
ways of its development and improvement, continues.

In recent years, the need for accelerated preparation
of new horizons, as well as for new equipment that could
operate at a higher rate of lowering mining operations,
has opened up with access to new deep-seated reserves
of raw materials. No less important is the extension of
the service life of quarries that have reached their design
depth, due to their deepening with a minimum separa-
tion of boards and an increase in the volume of overbur-
den works.

Analysis of the recent research and publications. One
of the methods for using road transport in deep quarries
is the development of special zigzag roads for the export
of harvested rock [2]. The need to change the traditional
transport schemes for motor vehicles in open-pit mining
is caused, on the one hand, by the increasing depth of
the quarries, and on the other hand, it is caused by the
heightened environmental situation in deep quarries,
due to the large gas content of the quarry space; in some
cases equipment downtime reaches 1000—1500 hours
per year. One of the ways to solve this problem is to in-
crease the capacity of mining dump trucks, which allows
reducing the number of cars [3].

But due constructive solutions to improve of the cars
design [4] this problem can’t be fully solved. Based on
this, some researchers believe that the load on vehicles
should be reduced and redistributed between it and the
railway [5] or conveyor transport [6]. It is time to move
from transport systems with discrete cargo flows to sys-
tems with combined cargo flows created by dump trucks,
railway transport and belt conveyors, which is already
observed in a number of quarries in Russia, Ukraine,
Uzbekistan and Kazakhstan [7, §].

It should be noted that in Poland, at one of the larg-
est open-pit mines in the world for the extraction of
brown coal, the most widely used is the converter meth-
od of transporting the mined products [9, 10]. Technol-
ogy engineering is being continuously improved in the
direction of increasing the productivity and energy effi-
ciency [11, 12].
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In recent years, there have also been intensive
searches for more progressive solutions associated with
the use of steeply inclined belt conveyors, which allow
transporting crushed hard rocks and ores at an angle of
30—45° or more, i.e. increasing the angle of inclination
in comparison with the used conveyor lifts (usually no
more than 16°) by two or more times.

At the same time, taking into account that a very sig-
nificant modernization of career vehicles has recently
occurred — dump trucks began to be produced with the
best traction-dynamic and ecological characteristics,
this allows us to hope that the rational area of their ap-
plication can be expanded. One of the ways to expand
the rational field of use of mining dump trucks can be the
use of inertial forces of a moving dump truck to over-
come inclines. The principal differences of the process
under consideration from the existing one as follows.

The objective of the article is to improve the efficien-
cy of motor vehicles while changing structures of slopes
of transport inclines in the context of open pit mineral
mining.

Presentation of the main research. At present, the
process of transporting the rock mass by dump trucks is
carried out by creating a dump truck wheels of the tan-
gential traction force (Fig. 1). The tangential traction
force, in turn, is determined by the power, the torque
developed by the engine, the transmission ratio (gear-
box, final drive and wheel transmission) and the rolling
radius of the wheels. But regardless of the above, the
maximum value of the tangential traction force is limit-
ed in adhesion (the friction force between the tire of the
wheel and the surface of motion). It is a well-known
situation when the wheels of a car on a section with a
low coefficient of friction (for example, an icy surface)
begin to slip, unable to move the car from a standstill.

In addition, one of the drawbacks of overcoming
large inclines due to the implementation of the tangen-
tial traction force of the drive wheels is that by realizing
the tangential traction force on the inclines, the drive
wheels move with slipping (the more the slope, the more
slip). As a result, the driving wheel tires are subject to
intense wear. For comparison, the wear of the front tires
is not leading (slave) wheels several times less than tires
of driving wheels.

It is these two factors (engine load with transmission
[13] and tire wear) that now determine the rational
amount of steering bias in the transport inclines of mod-
ern quarries. According to the requirements of the USR
(Uniform Safety Rules) [14], its value is 8—10 %.

Let us consider the forces causing the acceleration of
a given body, and the forces of inertia resulting from ac-

Fig. 1. The existing scheme to overcome the slope by the
dump truck
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celeration. They are always equal in magnitude and op-
positely directed. Consequently, the forces of inertia
with the existing scheme of the movement of dump
trucks are harmful forces, for overcoming which addi-
tional energy of the engine is expended and fuel is con-
sumed during movement and braking.

The analysis of the laws of physics shows that, as ap-
plied to career road transport, with proper organization
of motion schemes, these inertia forces can also have a
positive effect if these forces are directed at overcoming
resistances to the motion of a dump truck.

The magnitude of the force of inertia depends on the
mass of the body and the acceleration of its movement.
Considering that mining dump trucks have a large mass
(tens of tons), then with an average speed of movement
of 4.2 m/s, the inertial force can reach significant values
(tens, and even hundreds of kN). These forces can be
directed to overcome the slopes in the transport inclines
(Fig. 2).

Equations of kinematics of uniformly variable
(equally accelerated or equally slow) motion in the pro-
jection on the axis OX have the generally known form

X=X+ V- t+a, t2/2;
I/x= VX0+ax-t,

where x is the distance traveled by the body; X, is initial
body position; V), is initial translational velocity at a
point x,; 7 is body movement time; a, is acceleration of
body movement.

For example, we’ll conduct a simplified calculation,
according to the well-known method, of the main pa-
rameters of the movement of the BelAZ 7547 dump
truck, under the specified conditions: loading capaci-
ty — 45 t; own weight — 33.1 t; power plant power
368 kW; maximum torque (at 1600 rpm) 1815 Nm; gear
ratios: 1 —3.84;2 —2.27; 3 —1.50; 4 — 1.055; 5 — 0.625;
total gear ratio of driving bridge — 20.5; wheel radius —
1 m. We will assume that the movement is carried out on
haulage roads with crushed stone coating (the coeffi-
cient of specific ground resistance is w,= 40 N/kN).

Consider the possibility of overcoming the transport
inclines, the slope of which is 30 %, by a truck. The
greatest tangential traction force F, (N), necessary to
overcome the total resistance to movement for the case
of movement of a loaded car in a transport inclines, can
be determined from the relation

F2Y W =W, W, +W, +W,

where Z is total resistance to movement; W, is main
resistance to movement, N; W, is resistance from road

Fig. 2. Overcoming large slopes of small extent due to in-
ertia forces
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slope, N; W, is resistance on curved paths, N; W, is re-
sistance of inertia forces, N

W,=0, P-g=40-78.1-9.8=30615.2,

where P is weight of the loaded car, t; g is acceleration of
gravity, m/s’

P:Pa+Pl:45+33'1 :78-]5

where P, is empty car weight, t; P, is the mass of the car-
go in the back of the car, t

W,=i-P-g=300-78.1-98=229614,
where i is transport inclines slope 30 %
W,=P-g-w,=78.1-9.8-225=17221.05,
200-R

where ®, =30- =22.5 is resistivity on curved

road sections, N/kN; R = 50 is the radius of the road
curves, m.

W,=102-P-g-(1+y)-a=
=102-78.1-9.8-(1+0.03) - 0.1 =7830.3,

where v is the coefficient taking into account the inertia
of the rotating masses of the car (y =0.01—0.03); o is car
acceleration or deceleration, m/s? (o = 0.1-0.2).
F2Y W =W, W, +W, +W,=306152 +
+229614+17221.05+7830.3=285280.55.

If we represent the dump truck as a moving body of
translation, then the equation of the dynamics of transla-
tional motion, projected on the axis OX, can be written

Pa,-YF,

Since the mass of the loaded dump truck is known to
us, as well as the resistance forces, we can determine the
amount of deceleration of the dump truck when it is
moving up

a,=F,/P=285280.55/78 100 = -3.65.

If we consider the kinematics equation of uniformly
varying body motion moving progressively in the pro-
jection on the axis OX, we can obtain

x=x0+VxO-t—ax-t2/2. (])

Let us set the initial speed of the loaded carto 6.9 m/s
and according to the equation

I/szxO_ax'tﬂ (2)

we can determine the time after which the car will stop
on the slope

t=Vy/a,=6.9/3.65=1.9.

Substituting the obtained value of time into equation
(1), we determine the distance traveled by the car to a
full stop on the slope

x=0+6.9-19-3.65-1.9%/2=6.6.

This value of 6.6 meters represents the distance that
the dump truck will travel by inertia, with the engine off.
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If at this site the traction force developed by the engine
is used, the distance should increase.
The dependency to determine it will be

P'aszk_Fca (3)

where F, is tangential traction force developed by dump
truck wheels.

szMk'Rkv

where M, is torque developed by the dump truck wheels;
R, is wheel rolling radius.

In turn, the value of M, is determined by the rota-
tional speed of the engine crankshaft and the transmis-
sion ratio. If we take the maximum torque of the engine
at 1600 rpm M, = 1815 Nm, then with different gear ra-
tios of the gearbox, the desired tangential thrust force
will be equal to:

Igear My=M,-i,-i,=1815-3.84-20.5=142876.8;
F,=142876.8-1=142876.8 N.

2gear M,=M,-i,-i,=1815-2.27-20.5=84461.025;
F,=84461.025 - 1 =84 461.025 N.

3gear My=M,-iy-i,=1815-1.50 - 20.5 = 55 811.25;
F,=55811.25-1=55811.25 N.

dgear My=M, i,-i,=1815-1.055-20.5 = 39 253.9;
F,=39253.9-1=39253.9 N.

Sgear My=M,-is-i,=1815-0.625-20.5 =23 254.7;
F,=23254.7-1=232547.

Consequently, depending on the transmission, the
acceleration of the dump truck developed on a slope will
be (3)

a, = (142 876.8 — 285 280.55)/78 100 = —1.82;
a,=(84461.025 — 285 280.55)/78 100 = —2.57,
a;=(55811.25 - 285 280.55)/78 100 = - 2.94;
a,=(39253.9-285280.55)/78 100 = — 3.15;
a5 =(23254.7-1285280.55)/78 100 = — 3.36.

Thus, we see that when driving on all gears, the ac-
celeration takes on a negative value, and the dump truck
will not be able to overcome the long slope of 30 %.

But we are talking about protracted slopes. As for the
slopes of a relatively short length, a dump truck can
overcome them. Above, we calculated that even with the
engine completely disconnected, the dump truck run
out on a 30 % slope is 6.6 meters.

If we assume that the reduction in speed when over-
coming a slope should not be less than 10 km/h, then
the dump truck run-down time when driving on a slope
at 2 gears at a speed of 25 km/h to a speed of 10 km/h in
accordance with equation (2) will be

h=Vo—Vd/ag
1,=(6.9-2.8)/2.57=1.6,
during this time the dump truck will overcome
x=Vg-th-a, /2=
=6.9-1.6-2.57-1.6*/2=1.75.

Thus, taking into account the fact that the length of
the slope being overcome is 7.75 meters, the height of
the slope will be 2.325 meters respectively.

ISSN 2071-2227, Naukovyi Visnyk NHU, 2019, N° 2

To overcome the next bias, the dump truck should
increase the speed in a horizontal section from 10 to
25 km/h. To determine the length of the section where
the dump truck reaches a speed of 25 km/h, the follow-
ing relationships should be used

F2YW=W,+W, +W, =
=30615.2+ 17 221.05 + 7830.3 = 55 666.55.

Substituting the obtained value into dependence (3),
we obtain the acceleration value with which the dump
truck will move along a horizontal surface with second
gear

ac=(F,— F)/P=
= (84 461.025 — 55 666.55)/78 100 = 0.37.

With known acceleration, we can determine the time
and length of the horizontal section where the dump
truck can reach a speed of 25 km/h to overcome the next
ledge

t=Vy-V)/a=(6.9-2.8)/037-11.1;

x=Vy-t—a, t?/2=
=2.8-11.1+0.37-11.12/2 =8.29.

Thus, the transport incline when climbing 23 meters
should have 10 benches, with slopes of 30 % and a slope
length of 7.75 m, as well as horizontal sections of 8.5 m
length (Fig. 3).

The overall slope of the transport incline will be 15 %,
which is much higher than recommended (8§—10 %).

The above calculations of the length of the horizon-
tal and inclined sections do not take into account the
value of the wheelbase of the dump truck. Taking into
account the wheelbase, the length of the horizontal and
inclined sections should be longer. In turn, an increase
in the length of sections by the size of the wheelbase will
lead to a slight increase in the magnitude of the total
gradient. For example, considering that the base of the
BelAZ-7547 dump truck is 4.2 meters, the length of the
slope to be overcome will increase to 11.95 meters
(Fig. 4), and the height of the slope will be 3.59 meters
respectively.

Taking into account the base of the dump truck, the
length of the horizontal section will also increase to
12.49 meters (Fig. 5).

Thus, the length of the exit incline in the presence of
10 ledges, with slopes of 30 % and a slope length of 12 m,
as well as horizontal sections of 12.5 m length (Fig. 6)

150.5

Fig. 3. Scheme of slopes for transport incline
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12.49

Fig. 5. Movement at the horizontal part

227

Fig. 6. The proposed scheme tilt exit incline

will be 230 m, and the exit incline height of 36 m will be
16 %.

Conclusions and recommendations for further re-
search. Mathematical models of dynamic processes de-
veloped during the implementation of the tangential
traction force of a motorized dump truck developed on
elevated slopes of career paths, differing from those
known by the fact that inertia forces resulting from ac-
celeration during the motion of a dump truck are used to
overcome elevated gradients in the transport inclines of
quarries. Overcoming the increased slope of transport
incline for open pit mines due to the use of inertial forc-
es developed by the dump trucks during movement on
horizontal sections makes it possible to halve the length
of the transport incline, correspondingly, reduce the
time it takes to move the dump trucks and increase pro-
ductivity when transporting rock mass. In addition, the
presented solution will reduce fuel consumption, tire
wear and ultimately reduce the cost of mining. More-
over, the proposed scheme of the transport incline route
and the mode of movement of dump trucks change the
very technology of the development of mineral deposits
by the open method, since increasing the slopes of the
exit trenches will reduce the size of the side walling when
developing deep quarries.

It is shown that these solutions are the simplest for
practical use and can be made in the design of new ca-
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reer routes, as well as for exploited transport inclines of
deep quarries.
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Merta. IligBuiieHHsT eeKTUBHOCTI poOOTHU aBTO-
MOOITBHOTO TPAHCMOPTY MLLISXOM 3MiHU CTPYKTYpH
YXUJIiB BUI3HUX TPaHILE Ha BITKPUTUX TiPHUIUX PO3-
poOKax poaoBUIL KOPUCHUX KOIAJIWH.

Metoauka. Y poOOTi BUKOPUCTAHO TEOPETUUYHUM
aHaJli3, 3aCHOBaHMIT Ha MeToHaX TeOpii BUKOPUCTAHHS
JIIOYMX CWJI iHEPLIiT pyXOMOTO aBTOCAMOCKHUIY JUIST T1O-
JIOJIAaHHS MiABUILIEHUX YXWJIiB Tpacu pyxy. AHaJi3 i y3a-
rajJlbHeHHSI aHaJITUYHOTO CHOCOOY BUpIillleHHS piB-
HSHb KiHEMaTUKU PiBHO3MIHHOTO (PiBHOTIPUCKOPEHO-
ro abo piBHOCMHOBIJILHEHOI0) PyXy aBTOCAMOCKMIIiB
BUKOPUCTOBYBAJIMCSI 3 METOIO MiATBEPIKEHHSI Teope-
TUYHUX PE3YJIbTATiB i MPUAHSATUX TPUITYIIEHD.

PesyabTaTu. Y po60oTi 3pobiieHa cripoba y3arajabHu-
TU, PO3BUHYTHU 1 3aMPOINOHYBATU OibII MOBHI pillleH-
HS 3agay pallioHaJbHOI 00JacTi 3aCTOCYBaHHS
Kap’€pHUX aBTOCAMOCKUIB 3a paxyHOK BUKOPUCTaH-
HSI CWJI iHepIil aBTOCAMOCKUILY, 1110 PYXA€ThCA IS TIO-
JIOJIAaHHS ITIBUIIEHUX YXWIiB Tpac Kap’€pHUX HOPir.
Hagenene aHaniTUuHe pillieHHS TSITOBUX i TAJIbMiBHUX
3aBIaHb IIPU TTOA0JaHHI aBTOCAMOCKHIAMM YXUJIiB BU-
{3HUX TpaHIIEW MPU BIIKPUTI po3poOLI POTOBMIILI.
Iloka3zaHo, 110 1i pillleHHS HaWOLIbII TPOCTi ISt
MPaKTUYHOTO BUKOPHUCTAHHS MPU MPOEKTYBaHHI HO-
BUX Kap €pHUX Tpac MpH eKCIUTyaTallii BUI3HUX TpaH-
et rmudoKux Kap’epib.

HaykoBa HoBu3Ha. Po3po06ieHi MaTeMaTU4Hi MoJie-
JIi TMHAMIYHUX TPOLIECIB, 1110 MPOTIKAIOTh MPU peati-
3allil JOTUYHOI CUJIU TSATU, 11O PO3BUBAETHCS ITBUTY-
HOM aBTOCAMOCKWIY Ha ITiIBUIICHUX yXWIaX Kap’ep-
HUX Tpac. BoHU BiIpi3HSIOTHCS BiJ BiTOMUX TUM, 1110 B
SIKOCTi OCHOBHOT'O MOJIEJIFOIOYOTO €JIEMEHTY BUKOPUC-
TOBYIOTbCSI CWJIM iHEpLiil, 110 BUHUKAIOTh YHACIiAOK
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MIPUCKOPEHHS TIPU PYCi aBTOCAMOCKMIY, SIKi MOXHa
HaIlpaBUTH Ha IMOIO0JIAHHS ITiABUINCHNUX YKIOHIB Y BU-
i3HUX TpaHIIesax Kap’epiB. Y pe3yiabTaTi YUCEITbHOTO
MOJIEIOBaHHSI BCTAHOBJIEHI 3aKOHOMIpPHOCTI 3MiHU
IIBUIKOCTI pyXy aBTOCAMOCKU/IIB TIpY 3MiHIOBAHHOCTI
TOPU3OHTAJIbHUX 1 TOXWJIMX AiJISTHOK JOPOTU B 3aJIeX-
HOCTI Bill iX MPOTSIKHOCTI Ta KyTiB Haxuiy. Lle mo3Bo-
JISIE BIOCKOHAJIMTH BUPOOHWUMIA TTPOIIEC 3a KPUTEPIiEM
MOJOJIAHUX TIABUILIEHUX YXWIIiB BMUIZHUX TpaHUIEH
Kap’epiB, Maiixxe BABiYi CKOPOTUTHU iX AOBXUHY, CKO-
POTUTH Yac pyxXy CaMOCKUIIB i MiIBUIIATYA MTPOTYKTUB-
HIiCTb IpM TPAHCHOPTYBAHHI TipChbKOI MacH.

IIpakTana 3HaYnMicTh. OTprMaHi B pOOOTi pe3yiib-
TaTH, TPEACTABICHI y BUIJISIAI PO3paxyHKOBUX (op-
MyJI, JO3BOJISTIOTH OOI'PYHTOBAHO ITPOBOIMTHU pPO3pa-
XYHKM Tpac BUi3HUX TpaHILIei MpY BiZKPUTIiil po3poOIli
PONOBUII KOPUCHUX KOTIAJMH Ha eTalli MPOeKTyBaHHS
Kkap’epiB. Lle 3abe3rneuye 3HUXKEHHS BETUUMHU PO3HE-
CEHHSI OOPTIB MpU pO3POOLII ITMOOKUX Kap’EPiB.

KimouoBi ciioBa: asmocamockud, yxuns, domuuna cunra
mseu, koepiyicnm mepms (3uenieHus), 8i0Kpumi eipHuui
pobomu

IToBbimenne 3¢(HeKTUBHOCTH MCIOJIb30BAHUS
aBTOCAMOCBAJIOB B YCJIOBHUAX KapbepoB
HAa OTKPbITHIX FOPHbIX padoTax

A. B. Caadxoscku', A. E. Ymeeenosa®, A. /I. Koavea®,

C. E. laspuwes®, U. H. Cmoanosckux*, U. A. Tapan*
1 — Cute3ckuii TeXHMYECKUI yHUBepcuTeT, I. KatoBuile,
IMonwia, e-mail: aleksander.sladkowski@polsl.pl
2 — Kazaxckuii HallMOHaJIbHBIN UCCIIeT0BATEIbCKII TEXHM~
yeckuit yHuBepcuTeT, r. Anmatel, Pecniyonuka KaszaxcraH,
e-mail: asem_u_18@mail.ru; stolpovskih_i@mail.ru
3 — MarHuToropcKuii Tocy1apCTBEHHbIN TEXHUYECKUI YHU-
BepcuteT umenu I'. M. HocoBa, r. Maruurtoropck, Poccuii-
ckasg Denepanus, e-mail: kad-55@magtu.ru; ormpi-cg@
mail.ru
4 — HauuMoHaJIbHBIM TeXHUYECKUI YHUBEPCUTET ,,JIHEITPOB-
cKag rojiMtexHuka“, r. JInenp, Ykpauna, e-mail: taran7077@
gmail.com

Hean. [ToBbiieHUe 3 HeKTUBHOCTH pabOTHI aBTO-
MOOMJILHOTO TPaHCIIOpTa ITyTeM M3MEHCHMSI CTPYKTY-
PBI YKJIIOHOB BBIC3IHBIX TPAHIIEH HAa OTKPHITBIX TOPHBIX
pa3pabOTKax MECTOPOKICHU TTOJIE3HBIX NUCKOTIAEMBIX.

Metomuka. B paboTte ucosib30BaH TeOpETUYECKUIT
aHaJIN3, OCHOBAHHBIA HAa METOAAX TEOPUU UCIIOJIb30-
BaHUS ACHCTBYIOIIMX CUJI MHEPLUM IBUKYILIETOCS aB-
TocaMocBasIa JJISI TIPEOJOJIEHUSI MOBBIIIEHHBIX YKJIO-
HOB TPaccChl ABMXKEHUS. AHAIU3 U 00001eHUE aHATU -
TUYECKOTo crocoba peuieHus ypaBHeHU KMHeMaTu-
KW paBHOINEPEMEHHOTO (PaBHOYCKOPEHHOTO WJIU paB-
HO3aMEJUIEHHOTO) IBWXEHUS aBTOCAMOCBAJIOB WC-
TOJTb30BAIUCH C LIETbIO TOATBEPXKIECHUSI TEOpeTHIe-
CKHUX Pe3yJITaTOB U TIPUHSITHIX TOITYIICHMIA.

Pesynbratbl. B pabote cnenana momnbiTka 0000-
IIATh, PA3BUTD U TIPEIIOKUTD 00JIe€ TTOTHBIE PEIICHMS
3a/1a4y palMoOHaJbHOI 00JacTU MPUMEHEHUST Kapbep-
HBIX aBTOCAMOCBAJIOB 3a CYET MCIIOJb30BaHUSI CHII
WHEPLMU ABUXKYIIErocsl aBrocamocBaia Jisl Ipeoo-
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JICHUsI TIOBBIIICHHBIX YKJIOHOB TPacC KapbepHBIX IIO-
por. [IpuBeneHO aHATUTUYECKOE PEIIeHNE TSITOBBIX U
TOPMO3HBIX 3a1a4 IIPU MPEOTOJICHUM aBTOCAMOCBaja-
MM YKJIOHOB BBIE3AHBIX TPAHILEW IIPU OTKPBITOMU pas3-
paboTke MecTopoxneHuii. IlokaszaHo, 4TO 3TU pele-
HUs HauboJjiee MPOCThIe Il MPAKTUYECKOTO MCIOJIb-
30BaHUsI TIpU TPOCKTUPOBAHMU HOBBIX KapbepHBIX
Tpacc Mpu 3KCIUTyaTalliv BbIE3IHbBIX TpaHIIEH I1y0o-
KMX KapbepoB.

Hayuynas HoBu3Ha. PazpaGotaHbl MaTeMaTu4yecKue
MOIEIN ITWHAMUYECKUX IIPOIIECCOB, ITPOTEKAIOIINX
TIpY pean3allii KacaTeIbHOM CHIIBI TSTU, pa3BUBAac-
MOl JBUTATEIeM aBTOCAMOCBaja Ha ITOBBIIICHHBIX
YKIIOHaX KapbepHBIX Tpacc. OHM OTIUYAIOIINXCS OT
HM3BECTHBIX TEM, YTO B KAUE€CTBE OCHOBHOTO MOJICINPY-
IOIIIETO 3JIEMEHTA MCITOIb3YIOTCS CHIIBI MHEPIIUU, BO3-
HUKAaIoIIMe BCJICACTBUE YCKOPEHUS TIPU ABUKEHUU
aBTOCaMOCBajia, KOTOPbIE MOXXHO HAIlPaBUTh Ha MIPeo-
JIOJIEHME TTOBBILIEHHBIX YKJIOHOB B BbIE3IHBIX TPAHIIIE-
sIX KapbepoB. B pesynbraTte YncieHHOro MoaeJIupoBa-
HUSI YCTAHOBJIEHBI 3aKOHOMEPHOCTU U3MEHEHMUST CKO-
POCTU ABMXKEHUSI aBTOCAMOCBAJIOB TMPU YepeaoBaHUU
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TOPU30HTAJIBHBIX M HAKJIOHHBIX YJACTKOB TOPOTU B
3aBUCUMOCTHU OT UX MPOTSKEHHOCTU M YIJIOB YKJIOHA.
DTO MO3BOJISICT YCOBEPIICHCTBOBATH ITPOU3BOIACTBEH-
HBII TIPOIIECC MO KPUTEPUIO TIPEOI0TICBAEMBIX ITOBBI-
IIEHHBIX YKJIOHOB BbIE3IHBIX TPAHIIIE KapbePOB, ITOY-
TU BIBOE COKPATUTh UX IUTMHY, COKPATUTh BPeMsl IBU -
JKEHUSI CaMOCBaJIOB U MOBBICUTh TTPOU3BOAUTEIBHOCTh
MPU TPAHCTIOPTUPOBKE TOPHOI MACCHhI.

IIpakTuyeckas 3HauumocTtb. [1oayyeHHbIe B paboTe
pe3yabTaThl, MpeacTaBleHHbIE B BUAE pacueTHbIX (pop-
MyJ1, MO3BOJISIIOT 000CHOBAHHO MPOU3BOAUTH PACUYEThI
Tpacc BBIE3AHBIX TPAHIIEH IIPU OTKPHITON pa3paboTKe
MECTOPOXICHUI TIOJIE3HBIX MCKOITAeMBIX Ha 3Talle
IMPOEKTUPOBAHUS KapbepoB. DTO 00ecIeunBaeT CHU-
XKEHHEe BEJIUYMHBI PAa3HOCKM OOpPTOB IpU pa3pabOTKe
[JIyOOKMX KapbhepOoB.

KioueBble ciioBa: asmocamocean, yKaow, Kkacamenb-
Has cuna maeu, Koagguyuenm mpenus (cuenierus), om-
Kpblmble 20pHble pabombl

Pexomendoseano do nybaikauyii doxm. mexH. Hayk
C. I. Yebepsurxom. [lama naoxooxucenns pykonucy 23.01.18.
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