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PREDICTION OF THE CUTTING RESISTANCE FORCE OF THE
SOIL CONTAINING STONY FRACTIONS

Abstract. Soils containing stony inclusions can be represented as a soil-stone mixture with a different
content of stony inclusions. This mechanical mixture is mainly a source of generating random loads and
premature fatigue destruction of the metal structure of the earthmoving machine during its operation, increasing
the cost of soil development. In order to predict the strength of the cutting resistance has been developed
of the soil containing a spherical rocky inclusion, an analytical model based on the theory of the ultimate
equilibrium of the bulk medium, dimensional analysis of dependence parameters and similarity principles.
The principle of dividing the surface of a rocky inclusion is applied into elementary ball retaining belts, to
which components of passive ground pressure are applied. Stress zones are conditionally distinguished on the
surface of the cutting tool (homogeneous zone), and around the rocky inclusion (rocky zone). In the absence
of a rocky inclusion, the resistance force of a homogeneous ground to cutting is calculated. The value of the
resistance force of the soil is influenced by the strength parameters and the geometry of the cutting of the soil,
the size of the rocky inclusion and the quantitative content of stones in the soil.

The types of soil destruction with rocky inclusion are determined depending on the coordinate of the action
of the cutting element. The correctness of the developed model is evaluated in comparison with experimental
data. A computational analysis is carried out of the dynamics of the cutting resistance force arising from
the heterogeneity and structural randomness of soils containing rocky inclusions. With an increase in the
content of stones in the soil, the values of the angle of friction of the soil against the working body and the
specific cohesion of the soil increase, which ultimately cause an increase in the strength of resistance of soils
containing stony inclusions to cutting.

It should be noted that the geometric shape of stony inclusions in the soil array varies randomly, and
the above technique allows us to develop a model for predicting the strength of resistance to cutting of soil
containing various stony inclusions, for example ellipsoid shape.

Key words: Soils containing stony fractions, stony fractions, cutting resistance force, analytical model,
theory of the limiting equilibrium of a loose medium, dimensional analysis, structural state, heterogeneity,
structural randomness.

Introduction. There is a tendency in the world to automate the process of digging soil with earthmoving
machines [1] - [2]. The effective implementation of the plan for the development of heterogeneous soils by
earthmoving machines mainly depends on taking into account the ground conditions and power constraints on
the working equipment [3]. It is known that soils contain stony fractions in different amounts, their geometric
shape and size, and the depth of their occurrence in the soil mass change randomly. Soils containing stony
fractions can be represented as a soil-stone mixture with a different content of stony fractions by mass.

The metal structure of the working equipment of earthmoving machines undergoes random loading
processes during operation. The structure of these random processes depends mainly on the presence of solid
large rock fragments in the ground — stony fractions. The area of stony soils in the Kyrgyz Republic only in
the zone of agriculture is about 3809 thousand hectares, including: slightly stony — 1477 thousand hectares;
medium stony — 1495 thousand hectares; strongly stony -10.4 thousand hectares [4].

Methods for determining the parameters of both homogeneous soil and soil with rocky inclusions
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have been developed to predict the strength of soil resistance, modeling the trajectories of the excavator’s
working equipment in automatic mode [5] - [7]. The soil containing stony fractions is a type of uneven
loose sedimentary material consisting mainly of stone, fine-grained soil, water and pores, which is located
between the homogeneous soil and the fractured rock mass of the Quaternary period. The strength and
deformation characteristics of the stony fractions are directly affected by its structural state: the number,
location, shape, cementation of block stones and porosity. On the basis of three-dimensional modeling, a
mesostructural model of a stony fractions was developed and used to model shear strain curves [8]. In [9] the
deformation characteristics of the shear zone and the movement of block stones in stony fractions are studied
experimentally.

Analytical [10] - [13] and numerical models [14] - [19] have been developed to predict the strength of soil
resistance to cutting. In the work [11], the cutting resistance force is determined without taking into account
the effects of the angle, cutting width, and features of the normal and tangent components of the passive
ground pressure of a homogeneous and rocky zone. The volume of the soil is determined based on the pre-set
values of the shear angles of the central and lateral parts of the fracture slot.

Based on the Poisson distribution of random events (components of the drag force) in the half-space of the
bulk material Z. Korzen [12] established a mathematical regression dimensionless model of the resistance of
inhomogeneous rocks to cutting with a curved cutting tool. To establish the coefficients of the mathematical
model, active orthogonal experiments were carried out involving the cutting geometry, humidity, velocity,
and average size of mineral rock particles. The regression model does not take into account the cohesive and
frictional properties, which are the main factors that affect the strength of the resistance of the soil containing
stony fractions to cutting.

The aim of the study is to develop an analytical model for predicting the cutting resistance of soil containing
stony fractions.

Physical characteristics of the dimensional cutting space of soils with stony fractions. The first
necessary step is to determine the variables that significantly affect the soil-cutting element system. The
relevant characteristics of the soil are those that have a fairly direct relationship to the forces or movements.
According to the generally accepted notation, the set of parameters that affect the process of mechanical
cutting of soil containing stony fractions can be expressed as follows:

P, =f(6,.7,.7.C.0.0,, p.v. g . ., R,), (1)

where: 6, and T — normal components of the passive ground pressure, y - volume weight, C - adhesion,
¢ - angle of internal friction, @ - angle of external friction, p - loading, v - cutting speed, g - acceleration of
gravity, o - cutting angle, h_- cutting depth, b_- cutting width, R_- radius of the stony fractions.

To satisfy the similarity principles based on the pi-theorem [20] and the ratio of forces to gravity form
dimensionless groups of parameters:

2
P o0 € PV L oal 2)
A T\ AL L L gl

In (2), each group is dimensionless, does not depend on any particular parameter, and to ensure similarity
between the parameters of the prototype of the nature — Pt . and the model — Pt__, the scale value -k, is
introduced:

Pl‘”} = kLi Pf”/ (3)

In this case, the process of cutting soil with stony fractions is described by the same differential equations
of equilibrium, continuity conditions, stress state equations based on the general provisions of the theory of
elasticity and the theory of plasticity. The cutting speed, which varies in the range (observed in production
conditions), does not significantly affect the value of the sand cutting force [21]. The determination
of the cutting resistance of the soil containing the stony fractions is based on the theory of the limiting
equilibrium of a loose medium [22]. The design scheme of the soil resistance acting on the cutting element
of the earthmoving machine is shown in Fig. 1, where it is possible to conditionally distinguish the stressed
zones of homogeneous soil and the zones around the stony inclusion in compliance with the condition of
geometric similarity. Surface of the cutting element (bucket tooth) and stony fractions are represented by a
set of elementary retaining walls and to follow them accordingly elemental powers of resistance of the soil
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cutting dP_ homogeneous zones (zone I) and the resistance of the soil around the stony dP_ (zone II, zone
III). The destruction of the soil occurs when the maximum stress state is reached on the sliding surfaces. For
elementary retaining walls, to determine the force of resistance to cutting, you can apply the forces of ground
resistance [22]. The cutting force of the soil containing the stony fractions is balanced by the forces of the
resistance of the soil to cutting:

Fs=Fs. (4)

The soil containing the stony fractions has a complex stress state. Taking into account the many factors
that affect the process of cutting the soil, for practical calculations, an approximate determination of the
resistance force of the soil containing the stony fractions is carried out.

The P_ force includes the ground resistance force on the surface of the cutting element P, and the resistance
force on the surface (around) the rock particle P, as well as the force of pushing the stone to the surface of
the P,

P =P +P +P,

Fig. 1. Calculation scheme for determining the resistance of soil containing spherical stone activation:
1 — cutting element, 2 - stony fraction, 3 — ground, 4 — basic retaining wall (ball belt), B is the angle of
inclination of the surface of the cutting element from the vertical, h_— depth of the stony fraction, ds —
height retaining walls, I, I, III — coverage of passive earth pressure.

In the absence of a stony fraction, when R =0, forces P =0, P_ =0, we have only a homogeneous soil: P
= P,. The resistance force of a homogeneous ground zone to cutting is defined as [23]:

P, = \/(A — Hh, [sin a)z + (A tan @, )2 sin (0! + 9 )bsn%. >’ (©)

where ‘4=a, (0,57 2 + ph, +th/sin a, H = Cctgo, ay — the slope coefficient of the retaining walls, n
spatiality coefficient.

Depending on B, the elementary ball belts facing the day surface (zone II) will be located in steep,
intermediate and flat areas, and the ball belts that face deep into the ground mass (zone III) are located in
the so-called broken areas. The coefficient a; is defined in [22]. The position of the elementary ball belts
determines the rotation of R by an angle p. with a given step, relative to the oa axis (Fig. 1b).

The curved surface of the elementary ball belts is approximated by a straight surface, and the approximation
error depends on the size of the split step (Fig. 2). The depth of the detrital-stone particle in the soil mass is
determined by the expression

/73 = h+ kh/g’ (7)

where k, is the depth coefficient of the stony fraction, h - cutting depth of homogeneous soil.

Depending on the value of k;, the soil can be destroyed with intensive (k, = 0...0.25), with extensive
removal of stone from the massif (k, = 0.25...1.75), and with the indentation of the stony fraction into the soil
massif (k, > 1.75) [24]. In our case, k, =0, then h = h.

Next, we consider the acting forces on the example of one elementary retaining wall (Fig. 2b) with an
angle of p.

- the
ps

N

Fig. 2. Scheme for determining the resistance force on the surface of a stony fraction: 1 — elementary
retaining wall, dE — elementary resultant ground pressure, dE_ - vertical and dEg — horizontal components of
dE.
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The range of variation of the angle of rotation R from the oa axis towards the day surface and deep into
the soil mass is 0 ... /2 with a given step - n. The spht step is defined by the expression:

u=rl2n, (®)
where n is the total number of partitions into elementary strips.
The inclined height is a constant value in all elementary walls, and is determined by the expression:

ds=2R sin /2 9)

The angle ¢ is determined by the sine theorem:

£=sin" (R sin ,u/ds) (10)

The point of intersection of the secant plane with the particle surface determines the position of the
clementary retaining strip relative to the oa axis (Fig.1b), characterized by the angle 0., which is determined
by the expression:

0 =iy, wherei=0,1,2,3...n (11)
moreover 0, = 0.
Determine the angles Q, and f.:

Q =r-0-¢, wherei=0,1,2,3...n (12)
moreover Q, = n/2.

B, =7/2-0Q,,,wherei=0,1,2,3...n (13)

moreover 3 = 0.

In turn, the height of the elementary strips is determined by the expressions:
in the direction of the day surface of the ground

=(h, =R, )-dscos . i=0.1.23..n  (14)
moreover z,=h —R;
to the side deep into the ground mass

=(n,-R, )+dscos,8i, i=0123.n  (15)
moreover z,=h —R_.
The area of an elementary strip is defined by the following expression:

dF,=dv ds where i=0,1,23..n (16)

where dv is the average length of the generators of the elementary strip.

At the time of the limit equilibrium cutting force is balanced by the passive soil pressure applied on the
surface of the cutting element (zone I, Fig. 1,2), and passive pressure acting on the surface of stony fractions,
viewed in the direction of cutting (zones II, III, Fig. 1,2). In this regard, the expression for determining dv_
takes into account part of the length of the generators of the elementary strip:

dv, =7(R,+R.,)/2, wherei=0,1,2,3...n (17)

R,=R, cosf,, wherei=0,12,3...n (18)
moreover R, =R..

dF, = 7R? sin £ (cos 6, + cos 0

Then; 9 =& s 5 (cos6 +cosd,) _where i=0,123..n. (19)

The elementary force of the cutting resistance on the surface of the stony fraction is equal to:
apP, = dE, df; (20)

In turn, the tangent of the pressure component to the ground cutting path is defined as:

dE, =dE, cosg,, 21
Where dE, is the resultant of the passive ground pressure.
The value of the angle & is determined by the expressions:
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£E=1/2-0 -9, if(Q+q,) <2 (22)

§=0+0-71/2,if (Q+q)>mn/2. (23)
The resultant of the ground pressure is determined by the dependence:

dE, =,/ aj{ + ri . 24)

The normal (as hydrostatic) ground pressure on the elementary strips [22] is determined by the formula:

o=z +p+Ha,-H =123 n, (25)
where, z'is the height of elementary spherical strips on the surface of a stony fraction;
and the tangential ground pressure on the elementary strips [22] is determined by the expression:

7, =0, +H)tang,, i=1,23..n. (26)
The tangential drag force is equal to the sum of the elementary ground cutting resistance forces dP_

J=4 i=n
P=33p b, @7
j=1i=1
where j =1 is a steep area, j = 2 is an intermediate area, j = 3 is a flat area, and j = 4 is a polyline area.
Now substituting in (27) the expressions (19), (24) we get the formula for the resistance force to cutting
the soil on the surface of the stony fraction:

j=4 i=n
P, :Z[”RSZ sin gZdEi(cosQ, +cos 0i+1)cos 51} (28)
Jj=1 i=1
3
P, =47R’y,f,/3 29)

where y_is the volume weight of the stone, and f is the coefficient of friction of the stone with the ground.

Thus, on the basis of formulas (5) and (6), taking into account formulas (28) and (29), we obtain a
generalized dependence for calculating the cutting resistance force of a soil containing a spherical stony
particle under a steady state, with a sharp cutting element:

Prs = \/(A - Hhs/sm a)z + (A tan q)O )2 Sin (a + q)O )bsﬂxps +

j=4 i=n
+ 3 [ﬂRf sin gZdEi(cose,. +cos @, )cos ;} +4R’y f./3

i=1

, (30

J=1

where i=1,2,3...n,j=1...4,4=a, (0,57/13 + ph, +Hhs)/sin a,

The analysis of the dependence (30) shows that the cutting resistance force is influenced by the parameters
of the strength and cutting of the soil, the radius of the stony fraction, and the influence of the latter on the
cutting resistance force occurs according to a quadratic dependence.

When (h, — R) <R, the rocky inclusion begins to protrude beyond the day surface of the ground, a
“passive part” of the stone appears and the boundary of its appearance is determined by the critical value of

l“lcr'

{ycr =asin[(h, — R, /R, )lwhen (h, — R,)> 0

H, =a sin [(Rs - hs /Rs )],when (hs - Rs ) <0 (3 1)
The change in the cutting width when the rocky inclusion protrudes beyond the cutting width is determined
by the expression:

; (32)

s

b, whenb>2cot(y, R, /cosy,, —R,)
2 COt(wVS XRS /COS WSS - RS )’ When b S 2 COt(WSS XRS /COS WSS - RS )

where b is the cutting width of a homogeneous ground, y_ — lateral angle of destruction.
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N AN 3

Fig. 3. Scheme for determining the volume of the destroyed soil with a rocky inclusion: 4 - graph of the
change in the resistance force of the soil, L - cutting length (experimentally determined), F, F, F, F, F.—
the area of the parts of the destruction.

The volume of the soil of the central part and the lateral destruction (Fig.3) calculated by the formulas:

Vi =h[0.5h, co@)b, ]V, = b (L4, )V, = b [0.5h, cot(y, )b, 1.V, = h,[0.25R% (2e0,, —sin 2@, )],

o, =asin(0.5b,R )V, = h[(05R, cosa, +L,)-1,, /3]s R, = [ [(cot@) + cot(w, )]+ L, | +(0.55,)  (33)
The spatiality coefficient is defined by the expressmn.
o8] .

where n_= 0, with the free cutting, n_= 1, when polubarinova cutting, n_= 2, at locked cuts.
Experimental work was carried out on cutting the soil containing stony fractions on the stand [25] (Table 1).

Table 1 - Initial experience data

R,m C Ia |y,n/m’|¢,° [¢,° |0, [h,m |b,m Ny k,

s

Ground
Sandy loam |0.064-0.108 [ 15500{19790 |32 [25.6 |45 [0.15 |[0.15 1.589...1.663(0...0.05

Figure 4 shows a comparative analysis of the cutting resistance force according to different methods and
experiments.

B Authors B Kravtsov B Experiment
Error rate: Authors-experiment M Error rate: Kravtsov-experiment —
n O
(%3]
m m m X = =
CIE @ 3 A o
@ o] o, =]
o & m 9 "o
_ "o m g 5 4 Fig. 4
m~ < ~ Comparative
-4 .
o analysis of the
cutting resistance
A A 3 AT Ao force according to
- 5 . ==} L .
4 @ ¥ @ < ?ﬁ o ?# different methods

and experiments
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The analysis shows that the discrepancy between the values of the resistance force according to the
methods of the authors and E. Kravtsov is in the range of 30.29...40.32% when cutting sandy loam containing
stony fractions with an average radius of 0.064...0.108 m. Obviously, this error is caused by the fact that in
[11] the cutting resistance force is determined without taking into account the effects of the angle, cutting
width, features of the normal and tangent components of the passive ground pressure of a homogeneous and
rocky zone. The error in the forces of resistance to cutting soil with stones between the authors  method and
the experiment is -5.21...9.53%, and between the method of E. Kravtsov and the results of the experiment —
32.79...37.69%. It should be noted that the discrepancy in the resistance force determined by the E. Kravtsov
method increases with the increase in the size of the stone and the cohesive properties of the soil.

According to the data [9], a computational analysis of the dynamics of the cutting resistance force as a
function of the number of stony fractions in the ground is carried out (Fig.5).

m Dsr=0.015 m D=r = 0.025 m Dsr=0.045 m

5187.11

3608.28

= Fig. 5. Computational analysis

- o of the change in the cutting

Z resistance force depending on

. I the content of stones in the
- CDI:_:E-P-IC_, % )

PRS, N

21960

-~

5.01
1031.14

ground

5]
3

The analysis shows that with an increase in the content of stones, the values of the angle of friction of the
soil against the metal and the specific cohesion of the soil increase, which ultimately cause an increase in the
resistance force of the soil-stone mixture to cutting.

Conclusions the perspective of the methodology application. Soils containing stony fractions can be
represented as a mechanical mixture of soil with stony fractions. The heterogeneity and random content
of rock particles in the soil have a significant impact on the strength of the soil resistance to cutting. The
similarity principles allow the use of passive ground pressure components to develop an analytical model of
the cutting resistance force. Its value is influenced by the strength parameters and the cutting geometry of the
soil, the radius of the stony fractions and the structural effect. The influence of the radius of the stone on the
strength of the resistance to cutting occurs according to the quadratic dependence.

The above methodology allows us to develop methods for predicting the strength of resistance to cutting
of soil containing stony fractions of ellipsoid geometric shape.

Typrymoaes K. JK.", Typryu6aes M.C.

M. Pa33akoB arbiHAarel KbIPFbI3 MEMIICKETTIK TEXHUKABIK YHUBEPCHUTETI, bikek, KbIprbi3cTan;
*Tamac MEMJIEKETTIK YHUBepCHUTETI, Tanac, KeIpFeI3cTaH.
E-mail: jenishtur@gmail.com

TACTbI KOCBLJIbICBI BAP TOIIBIPAKTBI KECYI'E KAPCbI TYPY KYIIIH BOJI’KAY

AnHoTanus. TacTel Kocmanapbl 6ap TONBIPAKTap bl 9p TYPIIi TACTHI KOCHAIAPhI 0ap TOMBIPAK-TAC KOCTIACK
peTiHme KapacTeipyFa Oojajbl. By MexaHMKaJbIK KOCHA KypaMbl HETI3IHEH Ke3JIEHCOK >KYyKTeMeepIiH
naizia O0Jybl JKep Ka3zy MallWHACHIHBIH METaJI KOHCTPYKIHUSICBIHBIH Mep3iMiHEH OYpBIH ICTCH IIBIFYbIHAH,
OHBI NaMaJIaHy Ke31H/Ie TOMBIPAKTHIH KYHBIH apTTHIPYBI OOJIBIIT TAOBLIA B

TacThl KOCBIHBLTAPHI 0ap TOMBIPAKTHI KeCyre KApChl TYPY MaKcaThIHa O0DKay YIIiH OOPIBUIIAK OPTAHBIH
IIEKT1 TeTe-TeH/IIK TEOPHSICHI, TOYSIILTIK MapaMeTpIIepiH oJIIeM/Il Taliay HeTi3iHae aHATUTHKAIBIK MOJIEITb
xacaipl. Kecy a71eMeHTiHIH OpeKeT eTy KOOpIMHAThIHA OaIaHBICTHI TACThI KOCHLTYMEH TOITBIPAKTHIH OY3bLTY
TypJepi aHbIKTaLbl. TokKIpHOENIK MAIIMETTEPMEH CAJIBICTBIPFAH/IA J3IPJICHTCH MOJCIbIIH JYPBICTHIFBI
OaranaH/pl. [eTepOreHAUIIKTEH JXOHE TaCThl KOCBIHJBLIAPHI 0ap TOIBIPAKTHIH KYPBLIBIMIBIK alaThlHaH
TYBIHIAUTHIH KECYTe KapChUIBIK KYIIiHIH TUHAMUKACHIHA €CENTEY Taaaybl >KYPTi3imi.
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Tyiiinai ce3mep: TacTbl KOCY, TACTBI KOCY KECYI'e TO3IMJIUIIK KYIIIi, aHATMTUKAJIBIK MOJICIb, OOPIIBUIIAK
OPTaHBIH MIEKTi TeTe-TeHIIK TEOPHSCHI, ONIIEM I Tal/ay, KYPhUIBIMIIBIK KYH, T€TepOreHAUTIK, KYPBUTBIMIBIK
amar 6ap TOMBIPaK.
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INPOI'HO3UPOBAHUE CHUJIbI COITPOTUBJIEHUA PE3AHUIO I'PYHTA
COIJEPKAINEI'O KAMEHUCTOE BKJIIOUEHUE

AHHoTanms. [pyHTBI, cofepiKaliie KaMEHHCTBIe BKIIIOYEHHS MOXKHO TPEACTaBUTh, KaK TPYHTOBO-
KaMEHHYI0 CMECh C Pa3HbIM COAEPKAaHMEM KaMECHMCTBIX BKJIIOUCHUI. YKa3aHHasi MEXaHM4YEeCcKas CMECh
IIaBHBIM 00pPa3oM SIBISETCS. MCTOYHHUKOM T€HEPALUM CIIydalHbIX Harpy>KeHHH M IPekKAECBPEMEHHbIX
YCTaJOCTHBIX Pa3pyLICHUH METaJUIOKOHCTPYKLHMH 3E€MJICPOMHON MalllMHbBI B IPOLIECCE ee SKCIUTyaTaluu,
MOBBIILICHHUS CE0ECTOMMOCTH Pa3pabOTKK TPYHTOB.

C 1enpl0 MPOTHO3UPOBAHMS CHJIBI CONPOTUBICHHS pE3aHMIO TPYHTA, COJEPIKaIlero KaMEHHCThIe
BKJIIOYEHHS pa3paboTaHa aHAJIMTHYECKas MOJENh Ha OCHOBE TEOPUH IPEEIbHOTO PABHOBECHUS CHIMydei
Cpenbl, Pa3MEpHOro aHajau3a I[apaMeTPOB 3aBUCHUMOCTH. YCTaHOBJICHBI BHUIbBl pa3pyLICHUS TPyHTa C
KaMEHHUCTBIM BKJIIOYCHHEM B 3aBUCHMOCTH OT KOODAMHATHI JAEHCTBHS pexyuliero siaemeHTa. OLeHeHa
KOPPEKTHOCTb Pa3pabOTaHHONW MOJENH B CONOCTABJICHHM C KCIEPUMEHTANbHBIMU NaHHBIMH. lIpoBenen
BBIUMCIIMTEIbHBIN aHAJIN3 IMHAMUKHU CHIIBI COTTPOTUBIIEHUS PE3aHUI0 BO3HUKAIOIIEH OT HEOAHOPOIHOCTH U
CTPYKTYPHOH cITy4yalfHOCTH TPYHTOB, COAEPIKALIUX KAMEHUCTHIE BKITFOUEHMS.

KuaroueBble ciioBa: TpyHT, cojepiKalluil KaMEHHCTOE BKJIIOYEHHE, KaMEHHCTOE BKJIIOUEHHE, CHIIa
COMPOTHUBIICHNS PE3aHMIO, AaHAIUTHYECKass MOJeNb, TEOPHs IMPEIeIbHOTO PaBHOBECHS CHINTyuel cpenpbl,
pa3MepHBI aHanN3, CTPYKTYPHOE COCTOSIHHE, HEOTHOPOJHOCTh, CTPYKTYpHAs CIIy4aifHOCTb.

Information about the authors:
Turgumbayev Jenishbek Jumadylovich — Doctor of Technical Sciences, Professor, Professor of the
Department of Mechanics of the I. Razzakov Kyrgyz State Technical University, Kyrgyz Republic; jenishtur@
gmail.com, https://orcid.org.0000-0002-6151-3083;
Turgunbayev Melisbek Syrgabayevich — Candidate of Technical Sciences, Associate Professor,
Associate Professor of the Department of Technologies of Technical Processes of the Talas State University,
Kyrgyz Republic; melis.turgunbaev08@gmail.com, https://orcid.org/0000-0003-2128-6100.

REFERENCES

1. A. Gurko, O. Sergiyenko, J.I.N. Hipélito, I. Kirichenko, V. Tyrsa and J.D.D.S. Lopez. (2015) Guaranteed
control of a robotic excavator during digging process, in Proc. 12th Int. Conf. Informat. Control, Autom.
Robot., vol. 2, Jul. 2015, pp. 52-59 (in Eng).

2. Z.Zou,J. Chen and X. Pang. (2019) Task space-based dynamic trajectory planning for digging process of
a hydraulic excavator with the integration of soil-bucket interaction, Proc. Inst. Mech. Eng. K, J. Multi-
Body Dyn., vol. 233, no. 3, pp. 598-616, Sep. 2019. (in Eng).

3. Turgunbayev M.S. (2020) To the question of the law of distribution of mineral particles of soil. [K voprosu
zakona raspredeleniya mineral’nyh chastic grunta] High technologies in the construction complex.
Scientific and technical journal. No. 1, 2020. pp. 134-141. www. ttmko.ru. ISSN 2618-9054 (in Russian).

4. Mamytova D.A. (1998) Natural and agricultural zoning and use of land resources of the Kyrgyz Republic
[Prirodno-selskohozjajstvennoe rajonirovanie i ispolzovanie zemelnyh resursov Kyrgyzskoj Respubliki]:
Author of the dissertation of the Doctor of Agricultural Sciences: Bishkek: NAS KR, 1998. - 35 p.
URL:http://earthpapers.net/preview/35594/. (in Russian).

5. Yuming Zhao, Jian Wang, Yi Zhang and Chao Juo. (2020) A Novel Method of Soil Parameter Identification
and Force Prediction for Automatic Excavation. Digital Object Identifier 10.1109/ACCESS.2020.2965214.
(in Eng).

168



ISSN 2224-5278 Series of Geology and Technical Sciences 5. 2021

10.

I1.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Uday K.V., Padmakumar G.P., Singh D.N. (2013) Some studies on morphology of the coarse-grained
soils. Eng. Geol. 2013, 152, 48-55. [CrossRef] (in Eng).

Chang W.J., Phantachang T. (2016) Effects of gravel content on shear resistance of gravelly soils. Eng.
Geol. 2016, 207, 78-90. [CrossRef] (in Eng).

XuW.J., Wang S., Zhang H.Y., Zhang Z.L. (2016) Discrete element modeling of a soil-rock mixture used
in an embankment dam. Int. J. Rock Mech. Min. Sci. 2016, 86, 141-156. [CrossRef] (in Eng).

Zhiqing L., Feng H., Shengwen Q., Ruilin H., Yingxin Zh. and Yawei B.(2020) Deformation Characteristics
of the Shear Zone and Movement of Block Stones in Soil-Rock Mixtures Based on Large-Sized Shear
Test. Appl. Sci. 2020, 10(18), 6475; https://doi.org/10.3390/app10186475 (in Eng.).

Chechenkov M.S. (1987) Development of strong soils [Razrabotka prochnyh gruntov] - L.: Stroyizdat,
1987, 231p. (In Russian).

Kravtsov E.A. (1988) Intensification of working processes of earthmoving machines [Intensifikacija
rabochih processov zemlerojnyh mashin]. Training manual . - M. MADI, 1988, 91 p. (In Russian).
Korzen Z. (1985). Studia Geotechnica et Mechanica, Vol. 7, No. 1, 27-54. (in Eng).

Mendekeyev R.A., Turgunbaev M.S. (2015) To determine the strength of resistance to the destruction
of a rock containing a stony inclusion by the working body of an earthmoving machine [K opredeleniju
sily soprotivlenija razrusheniju porody, soderzhashhej kamenistoe vkljuchenie, rabochim organom
zemlerojnoj mashiny] // Mechanization of construction. - 2015. Ne 8. P. 24-26. http://ms.enjournal.net/
article/11870/ (In Russian).

Nureddin Bennett, Ashwin Walawalkar, Meike Heck and Christian Schindler. (2016) Integration of
digging forces in a multi body-system model of an excavator. Reprints and permissions: sagepub.co.uk/
journals Permissions.nav DOI: 10.1177/1464419315592081 pik.sagepub.com. (in Eng).

Ovsyanko V., Petrovsky A. (2014) The computer modeling of interaction between share moulboard
surface of plough and soil J. Res. Appl. Agric. Eng. 59 100-3. (in Eng).

Lysych M.N. (2019) Review of numerical methods for modeling the interaction of soil environments
with the tools of soil tillage machines. Journal of Physics: Conference Series 1399 (2019) 044014 10P
Publishing doi:10.1088/1742-6596/1399/4/044014 1. (in Eng).

Chen Y., Li B. (2017) Measurement and modelling of soil displacement from sweeps with different
cutting widths Biosyst. Eng. 161 1-13. (in Eng).

Ucgul M., Saunders C and Fielke J.M. (2018) Comparison of the discrete element and finite element
methods to model the interaction of soil and tool cutting edge Biosyst. Eng. 169 199-208. (in Eng).

S.F. Azam, P. Rai. (2020) Finite element-based simulation and analysis of dragline bucket in static and
dynamic loading condition, Current Sci., vol. 116, no. 4, p. 612, Jan. 2020. (in Eng).

Balovnev V.I. (1994) Modeling of processes of interaction with the environment of working bodies of
road-building machines: textbook. manual for universities [Modelirovanie processov vzaimodejstvija so
sredoj rabochih organov dorozhno-stroitel’'nyh mashin] 2 nd ed., pererab. - M.: Mashinostroenie, 1994.
432 p. (In Russian).

L.W. Saperstein, R.N. Franklin (1971) An investigation into the forces on bodies dragged through sand
// Journal of Terramechanics, Pergamon Press Printed in Great Britain. 1971, Vol. 8, No. 2. P. 29-37. (in
Eng).

Sokolovsky V.V. (1954) Static bulk media [Ctatika sypuchej sredy]. M.: Gostekhteoreizdat. (In
Russian).

Turgumbayev J.J., Turgunbayev M.S. (2021) Predicting the resistance force of homogeneous ground
to cutting / News of the Natonal Academy of Sciences of the Republic of Kazakhstan. Series of
geology and technical sciences. ISSN 2224-5278 Volume 4, Number 448 (2021), 91-98. https://doi.
org/10.32014/2021.2518-170X.86. (in Eng).

Turgunbaev M.S. (2017) On the question of the features of the destruction of the soil containing detrital-
stone inclusions by the working body of the earthmoving machine [K voprosu osobennosti razrushenija
grunta, soderzhashhego oblomochno-kamennye vkljuchenija rabochim organom zemlerojnoj mashiny].
Online Journal “Naukovedenie”, volume 9, No. 3 (2017), Article URL: htpp://naukovedenie.ru/
PDF/98TVN317.pdf (In Russian).

Turgunbaev M.S., Shamuratov K.T (2010) Stand for studying the process of cutting soil [Stend dlja
issledovanija processa rezanija gruntov] Patent for a utility model of the Kyrgyz Republic [Patent na
poleznuju model” Kyrgyzskoj Respubliki] No. 113 dated 30.08.2010. (In Russian).

169



MA3MYHBI-COAEP KAHUE-CONTENTS

Abuova R.Zh., Ten E.B., Burshukova G.A.

STUDY OF VIBRATION PROPERTIES OF CERAMIC-METAL NANOSTRUCTURAL
TIN-CU COATINGS WITH DIFFERENT COPPER CONTENT 7 AND 14 AT. % ON
CHROMIUM-NICKEL-VANADIUM STEELS ...ttt e 6

Abetov A., Kudaibergenova S.
INTEGRATED RESEARCH OF SUFFOSION AND KARST PROCESSES AT THE KOGCF
BY GEOLOGICAL AND GEOPHYSICAL AND GEODESIC METHODS.........ccccccceviininiinnnne 14

Amangeldykyzy A., Kopobayeva A.N., Bakyt A., Ozhigin D.S., Blyalova G.G.
MINERALOGY AND GEOCHEMISTRY OF THE SHUBARKOL DEPOSIT
JURASSIC COALS ...ttt s sttt 23

Dikanbayeva A.K., Auyeshov A.P., Satayev M.S., Arynov K.T., Yeskibayeva Ch.Z.
RESEARCHING OF SULFURIC ACID LEACHING OF MAGNESIUM FROM
SERPENTINES. ...ttt sttt eae 32

Duisen G.M., Aitzhanova D.A.
NATURAL RESOURCE POTENTIAL OF KAZAKHSTAN AND CENTRAL ASIAN

COUNTRIES: PROSPECTS OF USE......coiiiiiiiiiiiiieeeteeeeeeeeete et 39
Edygenov E.K., Vassin K.A.

ELECTROMAGNETIC VEHICLE WITH AUTOMATED CONTROL SYSTEM FOR

SURFACE MINING OPERATIONS . .....c.oooiiiiiiiiiieceeeee sttt 47

Ismailov B.A., Dossaliev K.S.
TECHNOLOGICAL REGULATIONS OF CONDITIONS IN PRODUCTION
OF FERTILIZER MIXTURES “ZHAMB-707......ooi ittt 54

Issagaliyeva A.K., Istekova S.A., Aliakbar M.M.
GEOPHYSICAL DATA COMPLEX INTERPRETATION TECHNIQUES FOR STUDIES
OF THE EARTH CRUST DEEP HORIZONS IN THE NORTH CASPIAN REGION.................. 61

Mekhtiyev A.D., Soldatov A.l., Neshina Y.G., Alkina A.D., Madi P.Sh.
THE WORKING ROOF ROCK MASSIF DISPLACEMENT CONTROL SYSTEM................... 68

Mustafayev Zh.S., Kozykeeva A.T., Tursynbayev N.A., Kireychev L.V.

APPLIED MODEL OF ENVIRONMENTAL SERVICES - DEVELOPMENT OF ECOLOGICAL
AND ECONOMIC DRAINAGE SYSTEM OF TRANSBOUNDARY RIVER BASINS

(on the example of the Talas river Basin)..........cccoviiiieiiiiiiiiie e 77

Petr Hajek, Baimaganbetov R.S.
GEOSTABILIZATION OF ECOLOGICAL EQUILIBRIUM AS A RESULT
OF FOREST FIRES ..ottt sttt 84

Salikhov N.M., Pak G.D., Shepetov A.L., Zhukov V.V., Seifullina B.B.
HARDWARE-SOFTWARE COMPLEX FOR THE TELLURIC CURRENT INVESTIGATION
IN A SEISMICALLY HAZARDOUS REGION OF ZAILIYSKY ALATAU.....ccccoeeevviieeeeenee. 94



Saukhimov A.A., Ceylan O., Baimakhanov O.D., Shokolakova Sh.K.
REDUCING POWER AND VOLTAGE LOSSES IN ELECTRIC NETWORKS OF OIL
FIELDS USING THE MOTH FLAME OPTIMIZATION ALGORITHM..........ccccoevvvvveiieiieinnn, 103

Soltanbekova K.A., Assilbekov B.K., Zolotukhin A.B., Akasheva Zh.K., Bolysbek D.A.
RESULTS OF LABORATORY STUDIES OF ACID TREATMENT OF
LOW-PERMEABILITY ROCK CORES.......ooii ettt vee e e e e 113

Surimbayev B., Bolotova L., Shalgymbayev S., Razhan E.
RESEARCH OF THE COMPLEX STAGE-BY-STAGE SCHEME OF GRAVITY
SEPARATION OF GOLD ORE.......ccocoiiiiiiiiiiiiiiieicceeseee ettt 124

Temirbekov N.M., Los V.L., Baigereyev D.R., Temirbekova L.N.

MODULE OF THE GEOINFORMATION SYSTEM FOR ANALYSIS OF GEOCHEMICAL
FIELDS BASED ON MATHEMATICAL MODELING AND DIGITAL PREDICTION
IMETHODS . ...t e e e e e e e e ettt e e e ettt e e e e eeeaaeeeeeeeareeeeeeetaaeeeeaaaes 137

Tileuberdi N., Zholtayev G.ZH., Abdeli D. Zh., Ozdoev S.M.
INVESTIGATION OF DRAINAGE MECHANISM OF OIL FROM PORES OF
OIL SATURATED ROCKS USING NITROGEN AT THE LABORATORY CONDITION........ 146

Tleulesov A.K., Suyundikov M.M., Shomanova Zh.K., Akramov M.B., Suiindik N.M.
ASSESSMENT OF QUALITATIVE AND QUANTITATIVE ELEMENTAL

COMPOSITION OF WASTE IN THE TERRITORY OF SLUDGE COLLECTOR

OF PAVLODAR ALUMINIUM PLANT ..o 153

Turgumbayev J.J., Turgunbayev M.S.
PREDICTION OF THE CUTTING RESISTANCE FORCE OF THE SOIL CONTAINING
STONY FRACTIONS. ...ttt sttt sttt 161

Uakhitova B., Ramatullaeva L., Imangazin M., Taizhigitova M., Uakhitov R.
ON THE STATE OF INDUSTRIAL INJURIES OF WORKERS IN INDUSTRIAL
ENTERPRISES OF THE AKTUBINSK REGION.......cccoiiiiiiiiiie et 170

Sherov K.T., Sikhimbayev M.R., Absadykov B.N., Karsakova N.Zh. Myrzakhmet B.
METROLOGICAL ENSURING ACCURACY OF MEASUREMENT OF ANGLES

V-SHAPED SURFACES GUIDE PARTS OF MACHINES FOR PETROCHEMICAL

AND GEOLOGICAL EXPLORATION INDUSTRY......cccoectiiiiiiiiiiinieneceneeeeeeeereieenne 176



Publication Ethics and Publication Malpractice
in the journals of the National Academy of Sciences of the Republic of Kazakhstan

For information on Ethics in publishing and Ethical guidelines for journal publication see http://www.
elsevier.com/publishingethics and http://www.elsevier.com/journal-authors/ethics.

Submission of an article to the National Academy of Sciences of the Republic of Kazakhstan implies
that the described work has not been published previously (except in the form of an abstract or as part of a
published lecture or academic thesis or as an electronic preprint, see http://www.elsevier.com/postingpolicy),
that it is not under consideration for publication elsewhere, that its publication is approved by all authors and
tacitly or explicitly by the responsible authorities where the work was carried out, and that, if accepted, it will
not be published elsewhere in the same form, in English or in any other language, including electronically
without the written consent of the copyright-holder. In particular, translations into English of papers already
published in another language are not accepted.

No other forms of scientific misconduct are allowed, such as plagiarism, falsification, fraudulent data,
incorrect interpretation of other works, incorrect citations, etc. The National Academy of Sciences of the
Republic of Kazakhstan follows the Code of Conduct of the Committee on Publication Ethics (COPE), and
follows the COPE Flowcharts for Resolving Cases of Suspected Misconduct (http://publicationethics.org/
files/u2/New_Code.pdf). To verify originality, your article may be checked by the Cross Check originality
detection service http://www.elsevier.com/editors/plagdetect.

The authors are obliged to participate in peer review process and be ready to provide corrections,
clarifications, retractions and apologies when needed. All authors of a paper should have significantly
contributed to the research.

The reviewers should provide objective judgments and should point out relevant published works which
are not yet cited. Reviewed articles should be treated confidentially. The reviewers will be chosen in such a
way that there is no conflict of interests with respect to the research, the authors and/or the research funders.

The editors have complete responsibility and authority to reject or accept a paper, and they will only
accept a paper when reasonably certain. They will preserve anonymity of reviewers and promote publication
of corrections, clarifications, retractions and apologies when needed. The acceptance of a paper automatically
implies the copyright transfer to the National Academy of Sciences of the Republic of Kazakhstan.

The Editorial Board of the National Academy of Sciences of the Republic of Kazakhstan will monitor and
safeguard publishing ethics.

[TpaBuna oopmiieHHs CTaThH ISl MyONHMKALMK B )KypHaJle CMOTPETh Ha calTax:

www:nauka-nanrk.kz

http://www.geolog-technical.kz/index.php/en/

ISSN 2518-170X (Online),
ISSN 2224-5278 (Print)

Penaxroper: M.C. Axmemosa, A. Bomanxwizwi, /[.C. Anenos, PJK. Mpsabaesa
Bepctka na xommnetotepe 1./ /Kadwviparnosa

ITonnucano B mevars 15.08.2021.
®opmar 60x881/8. bymara odcernas. [leuars — puzorpad.
4,6 .. Tupax 300. 3akas 4.

Hayuonanvnas akademus nayx PK
050010, Anmamuwr, ya. Lllesyenxo, 28, m. 272-13-19



