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DETERMINATION OF ENERGY CONSUMPTION OF HIGH-SPEED ROCK DIGGING

Abstract. Increasing the productivity of continuous machines with increasing volumes of overburden and
mining of rocks is one of the most urgent tasks. The complicated mining conditions required the development
and application of advanced technologies based on the introduction of high-performance high-capacity
equipment, which would improve the technical and economic performance of open operations. In this regard,
the working body of a full-turn rotary excavator must satisfy the following requirements arising from the
process of its interaction with rock: to have a low specific energy intensity of cutting, to ensure the required
lumpiness of rocks and insignificant dynamics of external load.

All these tasks can be solved by the use of new effective methods for the development of rocks by
excavation machines with an inertial lower unloading rotor (ILUR).

In the present work, the authors present the results of studies of high-speed digging and propose a method
for determining the energy consumption of the process of transportation of rocks by an inertial rotor (IR)
taking into account the influence of speed.

The work shows a graph of the specific energy intensity of the digging process against the speed during the
development of the face. It can be seen from the graph that within the limits of rotor speed variation from 2 to
9 m/s the specific energy intensity of the digging process (two rows of knives) increases by 84%, the cutting
process (one row of knives) increases by 58%.

In the work, the authors also proved that the most promising working tool is ILUR, the OS advantage of
which is the development of an array when rotating the rotor “from top to bottom” with a hoop of cut rock.
Theoretical dependencies of determination of power consumption for transportation of rocks by inertial rotor.

Key words: Bucket rotor, Duck less rotor, Knife rotor, Inertial rotor, Cutting and transport elements,
Excavation machines, Digging energy capacity.

Introduction. One of the most important directions of the development of the open method of mining
rocks at the present stage is the expansion of the field of application of continuous operation technology using
high-performance rotary excavators, reloaders, landfills and conveyors. The use of this equipment allows to
ensure the conditioning lumpiness of the mineral, a significant increase in labor productivity, rhythmicity and
better organization of work at the enterprise. Therefore, today there is a tendency to use rotary excavators for
the development of stronger, stronger rocks and coals without explosive preparation at the quarries of mining
and open pits in Kazakhstan and Russia /1,2/.

Increasing the speed of the main working processes is one of the promising ways to achieve the highest
productivity of mining machines. In this regard, in recent years, work has been underway to create working
bodies of these machines that allow working at increased speeds.

However, the issues of the influence of speed on the main indicators of the process of digging rocks have
not yet been studied enough. Research results show that with increasing speed, the specific energy intensity
of the rock digging process also increases. But at the same time, the nature of this dependence, established
by various researchers, varies. In addition, most studies have been carried out with simple cutting elements
and their results cannot be extended to the working organs of machines /3,4/. The energy costs of the digging
process in most studies are considered as a whole, without dividing into constituent elements, which does not
allow to identify the degree of influence of individual factors on the digging process. Existing methods for
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separately determining the energy costs of the digging process are mainly limited, not accurate enough and
not widespread /5,6/.

Digging of rocks is a complex process, all the factors of which theoretically it is not yet possible to take
into account. With high-speed digging, there are additional influencing factors that make it even more difficult
to study the digging process. This problem is even more complicated when operating at higher speeds, when
choosing rational shapes of cutting elements (teeth, knives), and even more so when investigating the effect
of cutting speed on the wear of cutting edges /7,8/.

Depending on the properties of the materials, the cutting and transport elements (RTE) of the inertial
rotors (IR) are made bucket and sheave-free (knife) (Figure 1). Special calculations have established that
the reserve of kinetic energy cut by the rotor (falling down) of the excavated rock is not enough to move the
latter “gravity” through the receiving device to the conveyor. Based on this, and taking into account the low
connectivity of many bulk rocks, determined by low humidity (less than 5 6%), it is more advisable to provide
bucket rotor structures. This should take into account the scale factor - the possibility of using the height of
the cutting elements, at which some limitation can be used in the supply of rock movement to the conveyor
(in the case of a seamless rotor), as was observed when studying machines with centrifugal working elements
/9,10,11,12/.

a) b) c)
Br_

Fe

Figure 1 - Diagrams of bucket (a) and bucket-free (b and c) inertial rotors for excavation of bulk (b) and
dense (c) rocks.

The speed digging proposed by the authors of the IR, unlike the existing ones, rotates, cuts the rock “from
top to bottom” partially communicating it. Under the action of centrifugal force, excavated rock enters the
belt conveyor located under the rotor. A receiving tray is installed at the end of the conveyor, which constantly
contacts the developed face and prevents rock spilling.

In the IR in question, the buckets are replaced by a pair of knives located at an angle of 65 67 degrees to
the generatrix shell. The main advantages of the new inertial rotor in comparison with the traditional design
of gravitational, direct-flow and centrifugal rotors include /13,14/:

- possibility of carrying out the working process in a large speed range and obtaining high productivity;

- significant reduction of specific energy intensity of the digging process, in which oblique cutting occurs
with chipping and partial collapse of cut rock;

- small weight of inertial rotor and reduction of total weight of excavator (due to change of reaction
direction from cutting forces), which allows to reduce overturning moment and main loads on excavator;

- automatic cleaning of knives by cut rock;

- a significant initial rate of rock discharge from the rotor in the direction of the belt movement of the
receiving conveyor.

Materials and methods. This work presents the results of further studies of high-speed digging of rocks
and proposes a methodology for determining the energy consumption (specific energy intensity) of the
digging process by an inertial rotor of lower unloading (IRNR) taking into account speed.

Considering the features of IR operation on the principle of “top-down” with collapse of cut rock and
its transportation along the face surface by paired rows of knives with continuous flow, it can be assumed
that at any moment of time the volume of excavated rock from angle 5, to jF can be constant. Then this
volume of rock cut and transported by the rotor can be considered as a solid, which is influenced by gravity
and friction of the rock against the surface of the developed layer, so the theorem on changing the moment of
the amount of motion /14,15/ can be applied. The volume of rock transported by the rotor will be broken into
two parts from By, to 7 and from 7 to By, r, and the parameters related to these parts, respectively, are marked
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with numbers 1 and 2 and we define their centers of gravity. Given that this volume of excavated rock is a
constant value, it is sufficient to determine the center of gravity of the flat figures in the plane of rotation of
the rotor (Figure 2).

In Figure 2, we select the elementary site and define its area as

ds, =C(P)R,dp (1)
Then the elementary volume of the detachable chips in the natural state dl/can be compared with the

elementary volume in the stress-free state d/, through K, the loosening factor: dV, = dV,K,;
B.R ,dB.(C(B))= K v,dtS, sin fd;
Where di=.

w,
From where:

KVS
C(p)=—Lr="sin pdp,
R(‘Bcwp (2)

where: B -average distance between cutting elements (RE); V- rotor lateral feed; S,- maximum thickness

of detachable chips; w, - rotor angular rotation speed; K- rock loosening factor.
Using the expression (2) for C(8), we obtain:

S, = Rpe[sinﬂ/ +(7r—ﬂ/ )cosﬁ/]; 3)

where e= I/bS;(RpBC Wp)’1 — dimensionless factor.

1-rotor; 2-knife; 3-tray; 4-conveyor
Figure 2- Diagram of development (a), transport of rock cut by knives with a steam less (b) inertial rotor
and diagram of RTE in plan (c)

Then, in the polar coordinate system, the center of gravity of the transported rock in the area from £’ to
(3) can be defined as:

" :ﬁrkc(ﬂ)deﬁ}Sl“ and 5. {I[mdf]c(ﬂ)&dﬂ}sl‘ @
[ |

7
where r, and (m%j - coordinates of the center of gravity of the elementary site.

c(p)

=R, -—.

Substituting the expressions of all values included in formula (4) and integrating, we obtain:

r, =R l—l~e~0’75'Sin2ﬁl+(”‘ﬂ’)‘(0,5+coszﬁ’) "
T2 sin 8+ (7 — B)-cos 5’
1+ p'sinf'+ {1.4.()’5 . [ﬁ2 _(ﬂ,)Q]}' cos '
B = , _
sinf'+(7 - ) -cos g’ ) -
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In the second section from 7 to §, rock with a center of gravity C, is thrown onto a tray with a constant
height c(z), so we have:

r,=R,-05C(z);  p,=(8,-705 S, =C(z)R,(B,p-7) (7

Thus, in this case, the expressions for the moments of gravity and friction are simplified and have the form:

My =-y-B R -e-[sinf'+(z—f')-cosf')-r.-sin B, ;
My, =-y-B,-R) -e~[1—0,5-e~(1+cos,8’)](ﬂp —ﬂ)-(l+cosﬁ')~cos(0,5~ﬂp);
M, =y-B,-R ~e~[sinﬂ'+(7r—ﬁ')~cosﬁ’](Rp g +cosﬂ.);

My, ==y-B.-R) ~e-(ﬂp —ﬁ)~(1+cosﬂ')-[Rp g +sin(0,5~ﬂp)].
Substituting all these obtained values into the expression of the theorem on changing the kinetic moment,

we obtain a formula for determining the total torque on the rotor shaft spent on transporting excavated rock
with an inertia-no-roof rotor:

M,=-y-B.-R, -e<[sinﬂ'+(ﬂ—ﬂ')cosﬂ']- [Asin | +(c0s LR, -0 -g'l) ,,]+(ﬂp —ﬂ)-(l+cosﬂ)><
x {1-05¢(1 +cos f)|cos 0,54, - (sinO,Sﬂp +R, @) g'l)- wi+ R ol g ! [1-05e(l+cos )] - (1+cosp) (8)

where 4=1-0,5¢- [0,75 sin® B’ +(7r—,8')(0,5 +cos’ ,B’)]- [sing'+(z— B )cosp]".

Due to the complexity of the derived dependencies, more simplified formulas are needed for practical
application. Taking into account the experience of operation of rotary excavators and their calculation
methodology, values can be taken f=60"; B,= 125°; coefficients of internal and external friction ¢ =, =0,7,
as well as taking dimensionless coefficients

e:VbSU(BC.a)p.RaTI:Sa.thD'Bgl7 (9)
and

1 _
C,=7;(ek,) =R, -0} g
after transformations of formula (8) we obtain:

M, =—1B.R[1,08- 0,98~ 2.844,C, — 2,224, +C, -(1,52 - 3,4e+2,54¢> +0,64¢ )| (10)

Results. Experimental studies of a number of machine models in production conditions found z=8+12
that with pairs of knives with angles of installation 7, =15°+16°, cutting 7, =7°+8°, as well as their height
coefficient K, =1,35+1,4, which determines the ratio of rotor radius to RE height, almost all rock cut by knives
is taken by them to the receiving conveyor. At the same time, (85 95)% - filling of the volume between
paired knives was observed, determined by the coefficient of geometric capacity of RTE IR K, =0,85+0,95
(less value is determined for connected rocks, more - for disconnected ones). Therefore, to determine the
dimensions of RTE and their placement on the rotor shell, it is necessary to proceed from the equality of the
geometric volume between the knives to the volume of shredded chips with the coefficient of rock loosening

K,=135+15:
B.h 1k, =S,bhk, (11)
where 4_and /,,—respectively height and length of pairs of knives diverging at an angle 90" -2z, towards
rotor rotation; b and A,— width and maximum height of cut chips, respectively.

Having accepted /,=15R,; S, =0,8h_; b= 27erVb(zvp )’1 and performing transformations can be written
according to the figure 2,c:

-1
B, = 247K Rigz, (21K, )", (12)

ipmin = 27R 187, [2(0g 7, +187, )] (13)

The value (13) should be increased by 2 2,5 times, since almost by this value it can exceed the calculated
one as a result of oscillatory movements of the boom in the horizontal plane during the development of dense
rocks.

Using the experimental data obtained K, K, T, and 7, knife sizes can be determined for rocks /7/:
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for two-row knives:

B =(021+031)D,; 1,=(021+032)D, and B, =(0,22+034)D,;

for three-row knives:

B, =(022+032)D,; 1,=(021+032)D, and B =(0,23+035)D,; (14)

where a smaller value is taken for z=12 at K, =4; and more for z=8 at K, =2. Then the values of the
dimensionless coefficient e=0,06 at K, =4 and e=0,08 at K, =2.

Using formulae (8 and 14) and experimental data (9), considering the transport stream as a constant mass
on the tray cutoff surfaces, we obtain:

-at K, =R, -h;' =4,0 and €=0,06

M,, =B, Re(0.57+0,59C, ) (15)
-at K, =R, -h' =2,0 and e=0,08
M,, =y-B,-R,el0,58+0,6C, ) (16)

Thus, by performing a number of transformations, with some assumptions, a simple formula is obtained
for determining the torque for transporting the cut rock with isotope knives, dimensional values and the
location of RTE on the rotor shell for preliminary engineering calculations.

In addition, the expression for the specific energy intensity of the digging process by the inertial rotor,
taking into account the influence of speed, can be obtained in the form

E, =K, E,+E,; a7
and
E, szEpiEb+Emp+EW+Em, (18)

where E; — specific energy consumption by cost elements.

The k, values obtained from these rock experiments are shown in Table 1.

Discussion. Description of benches, measurement system, list of used equipment and procedure of
experimental studies are given in works /13,14/ and are not given in this article.

In these works, the development of the face was carried out with vertical chips “from top to bottom” when
working with two rows of knives (16 pieces), the excavated rock was transported along the face and unloaded
along the rotor, when cutting with one row of knives (8 pieces), the cut rock collapsed to the bottom of the
face.

Table 1 - Factor to take into account the effect of cutting speed
Cutting speed v 1 2 3 4 5 6 7 8 9

p

Factor to account for the effect of cutting| 4, |1,00]1,0011,07|1,09|1,22]1,29|1,39|1,48| 1,58
speed

Studies were carried out at the same size of chips in rocks with a natural humidity of 23 25%, a volume
weight of 1.95 t/m®an angle of internal friction of 20 °.

The obtained experimental curves of dependence of specific energy intensity of the process and its
components on rotor speed are described in the form

y=Ax + Bx+C. (19)

which corresponds to the results of studies by other authors.

As can be seen from Figure 3, within the limits of the rotor speed variation from 2 to 9 m/s, the specific
energy intensity of the digging process (two rows of knives) increases by 84%, the cutting process (one row
of knives) increases by 58%, (curves 1 and 2).

Considering that the inertial rotor output increases in proportion to the increase in the digging speed, the
productivity of the rotor can be substantially increased by increasing the rotor rotation speed with a slight
increase in specific energy costs and thereby achieving a more efficient use thereof.
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y=a+snz+  45x +46,5
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Zone of dispersion
of experimental poinis
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Specific energy intensity of digging process, e,
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S 2

"

3 4 5 [ 7 8 9
Digging speed v.':'—
1 - rotor with two rows of knives; 2-rotor with one row of knives; 3 - rotor with two rows of knives minus
power consumption for transportation of cut rock, obtained analytically.
Figure 3 - Dependence of specific energy intensity of digging process on speed during face development.

Close coincidence of specific energy intensity of transportation calculated analytically (curve 3) with
experimental values confirms correctness of proposed method of calculation of energy consumption for
transportation taking into account variability of mass of excavated rock.

As in field studies, the analysis of curves 1, 2 and 3 shows that the experimental costs of the specific energy
intensity of the excavated mass transportation process by the inertial rotor are significant and account for 20
33%of the total energy consumption of the company and confirm the acceptability of analytical methods for
calculating these dependencies proposed by the authors.

The obtained calculation values show that the power consumption increases significantly with increasing
speed and diameter of the rotor. Thus, the minimum percentage of discrepancies calculated above (2 0,5)% is

observed at the diameter of the rotor D, =(4+6) m, V, = (4+5) m/sand K, =2,0, and the maximum - at the
same parameters is respectively (6 2,9)%. Such small discrepancies between them indicate that the method
produced for determining the energy consumption for transporting excavated rock with an inertial rotor is
acceptable for practical use.

Conclusion. The results of the studies make it possible to draw the following conclusions:

- it was established that the most promising working tool is ILUR, the main advantage of which is
considered the development of the array when the rotor rotates “from top to bottom” with the collapse of the
cut rock;

- theoretical dependencies of determination of energy consumption of rock transportation by inertial rotor,
dimensional values and location of RTE on rotor shell are established;

- studies of a number of machines in production conditions have established that when excavating rocks
to a speed of 2,0 m/s, its specific energy intensity practically does not depend on the digging speed. Further
increase in digging speed leads to an intensive increase in specific energy intensity, which should be taken
into account when selecting engines and calculating the energy costs of excavation machine drives.

Koszoarapos P.A.", Kycynos K.A.!, Kanues E.B.!, Ecenraiaues M.H.!, KoueTkoB A.B.2

! JlorrcTrKa sK0HE KOIIK akaaeMuschl, Anmarkl, Kazakcram;
’10.A. Tarapun atbigarsl CapaTtoB MEMIICKETTIK TEXHUKAIBIK YHIBepcuTeTi, Caparos, Pecei.
E-mail: ryctem 1968@mail.ru

TAY KBIHBICTAPBIH KbIJIJAM KA3YJbIH DQHEPI'US LIbIFbBIHIAPBIH AHBIKTAY

AnHoTanus. Tay XBIHBICTApBIH aplly >KOHE OHIIPY >KYMBICTAPBIHBIH KOJEMi ©CKEH CallblH Y3MIKCi3
KYMBIC ICTEHTIH MallMHAIapJbIH OHIMALIITIH apTThIPY €H ©3eKTi MaceneiepniH Oipi Oonbin TaObLIabl.
Kypaeni taykeH-TeXHUKaIBIK JKaFJaiiiap alibIK >KYMbICTapbIH TEX HUKAIBIK-OKOHOMHKAJIBIK KOPCETKIIITEPiH
KakcapTyra MYMKIHIIK OepeTiH >KOFapbl KyaTThl opi JKOFapbl ©OHIMJI TEXHUKaHBI E€HTI3y Heri3iHjae
IIPOrPECCUBTI TEXHOIOTHUSIIAP/IbI d3IpJICY/ll KOHE KOJIaHyiabl Tajan eremi. OchiFaH OalIaHbICTBI, TOJBIK
aifHaJIMaJbl POTOPIIBI KCKaBATOPBIH KYMBIC OPT'aHbI OHBIH Ty KBIHBICBIMEH ©3apa OpeKeTTeCy MpOoLEeciHie
TYBIHJAUTBIH KeJieci TananTapibl KaHaraTTaHIBIPYbl KEPEK: KECyHiH TOMEH JHEpPTHs ChIABIMIBLUIBIFBIHA
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e 0oy, Tay JXBIHBICTAPBIHBIH KAKETTI KECEKTUIIriH JKOHE CBIPTKBl KYKTEMEHIH JIWHAMUKAIBUIBIFBIH
KaMTaMachI3 €Ty.

Bapnbik ocbl Mocenenepii Tay JKBIHBICTAphIH TOMEH Kapall Ka3aThlH HHEPIVSUIBIK pPOTOpPHI  Oap
AKCKaBAIMIIBIK MallTHHAIAPMEH OHJIEY/IiH jKaHa THIM/II 9/IiCTEPiH KOJIJaHy apKbUIBI IIENIyTe OOIa bl

Byn xyMbIcTa aBTOpIAp KBUIAM Ka3y[abl 3€PTTEY HOTIIKENEpiH KeNTipeli >KOHEe >KbUIIaMJIBIKTHIH
OCEpiH eCKepe OTBIPHII, Tay KBIHBICTAPBIH HHEPIUSIBIK poTopMmeH (MP) Tackimangay mporieciniH 3HepTus
IIBIFBIHAAPBIH aHBIKTAY O/TiCTEMECIH YChIHATBI.

JKympicTa Ka3zy TMpOIECiHIH MEHIIKTI SHEPrusi CHIBIMIBUIBIFBIHBIH Ka30aHbl OHICY Ke3iHJeri
KBUIIaMIBIKKA TOYEIITITiIHIH TpaduriH yChIHBUTFaH. byl rpaduKTeH pOTOp KBUINAMIBIFBIHBIH 2-JCH
9 M/cek-Ka JeliH e3repyl apalbIFbIHIA Ka3y NPOIECiHIH (TBIIIAKTap €Ki Karaplibl) MEHIIIKTI dHepTHUs
CBHIMBIMABUTBIFBIHBIH 84% - Fa, Kecy mpoueciHig (mbeimakrap 0ip katapnel) 58% - Fa apTaThIHBIH Kepyre
OoJIaabl.

ABTOpIIAp XKYMBICTA €H MEePCIEKTHBAIBI KYMBIC OpTaHbI JKOFapbIlaH TOMEH Kapad KazaTblH VP ekeHin
JIOIIENJIe/ i, OHBIH OacThl apTHIKIIBLIIBIFEI - POTOPIBIH KOFApbIJaH TOMEH alfHaIlybl Ke3iHJe KeCUITeH Tay
YKYMBICTAPBIH JKalllail KyJ1aTy apKblIbl MAacCHBTI oHJey Ooibi Tabbuiazpl. Kymbicta conbiMeH Oipre MP-
MEH Tay KbIHBICTAPBIH TachIMaJIIay/la SHEPTUsl IIBIFBIHIAPBIH aHBIKTAY/IBIH TEOPHSIIBIK TOYEIILUTIT OepiireH.

Ty#ingi ce3nep: Lllemimri portop, lemimciz potop, IlsmmakTel porop, Mueprwusiier potop, Kecy-
TackIMallay AIIEMEHTTEP1, DKCKaBaIUsIbIK MalinHanap, KazyabH SHEeprusi ChIAbIMIIbIIBIFBI.

Ko36arapos P.A.", Kycynos K.A.!, Kaaues E.B.!, Ecenrasmes M.H.!, Kouerkos A.B.”
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ONPEAEJEHUE DQHEPT O3ATPAT CKOPOCTHOI'O KOITAHMSA I'OPHBIX ITOPO/I

AnHortanus. [loBbIIIeHHe TPOU3BOIUTEIFHOCTH MAIlIMH HETIPEPHIBHOTO JIEHCTBHSI ITPH BO3PACTAOIUX
00beMax BCKPBIIIHBIX U JIOOBIYHBIX Pa0OT TOPHBIX TOPOJ SBISETCS OJHOM M3 CaMBIX HEOTIOKHBIX 3aiad.
YCnoXHSIONMMECsT TOPHO-TEXHUUYECKHUE YCIOBHS TPeOYIOT pa3paboTKy W NPUMEHEHHUS MpPOTPECCHUBHBIX
TEXHOJIOTUH Ha OCHOBE BHEAPEHHsSI BBICOKOTPOM3BOAMTEIHHON TEXHHKH OOJBIIOH MOIIHOCTH, KOTOpas
MTO3BOJIUT YITYYIIUTh TEXHUKO-DKOHOMHUYECKHE MTOKA3aTEIH OTKPBITHIX paboT. B cBsi3u ¢ 3TuM pabounii opran
MTOJTHOTTOBOPOTHOTO POTOPHOTO AKCKABaTOpa JODKEH YIOBIETBOPUTH CICAYIOIINE TPEOOBAHUS, BRITEKAIOIITHE
13 TIpoliecca B3aMMOJICHCTBUS €T0 C TOPHOM MOPOIOW: UMETh HU3KYIO YISIBbHYIO SHEPrOEMKOCTh PEe3aHus,
obecrnieuynBarh TpeOyeMyI0 KyCKOBAaTOCTh MIOPOJI M HE3HAYUTEIHHYIO0 TUHAMUYHOCTh BHEIIHEH HArpy3KH.

Bce aTi 3a1aun MOTyT OBITH pEIICHBI MPUMEHEHUEM HOBBIX 3((EKTUBHBIX METOJIOB pa3pabOTKH TOPHBIX
MTOPOJT PKCKABAlIMOHHBIMY MalllMHAMHU C HHEPIIMOHHBIM POTOPOM HIXkHeH pasrpysku (UPHP).

B Hactosimield pabGoTe aBropaMu TMPHUBOISATCS PE3YNBTaThl HCCIEIOBAHWN CKOPOCTHOTO KOMAaHHS W
mpejyiaraeTcss METOIUKA OINPENCICHHUS DJHEpro3arpar Ipolecca TPAaHCIOPTHPOBAHHUS TOPHBIX TOPOJ
WHEPHIUOHHBIM potopoM (MP) ¢ yueTom BIUSHUS CKOPOCTH.

B pabore mpuBeneH rpaduk 3aBUCHMOCTH yAEITHHOW SHEPrOEMKOCTH IPOIlecca KOMaHUS OT CKOPOCTH
npu pazpadotke 3a00s. M3 rpaduka BuaHO, 9TO B Ipeesiax U3MEHEHHS CKOPOCTH poTopa oT 2 10 9 M/cek
MTPOUCXONT YBEIIHMUSHHE YIEIbHON YJHEPTOEMKOCTH IIpoliecca KonaHusl (J1Ba psijia Hoxel ) Ha 84 %, nporiecca
pe3anus (OHUM PsAIOM HOXel) - Ha 58%.

B pabote aBTOpHI TakXke JOKa3alld, 4TO HanOosee MepCreKTUBHBIM padounmM opranom sisisiercs IPHP,
OCHOBHBIM JIOCTOMHCTBOM KOTOPOTO SIBIISIETCS pa3padOTKa MacCHBa IMPHU BPAIICHUH POTOPA «CBEPXY BHH3Y
C OOpyIlIeHHeM Cpe3aHHOH Moponbkl. B paboTe yCTaHOBIEHBI TEOPETHUECKHE 3aBUCUMOCTH OIIPEEICHHUS
9HEPro3aTpaT Ha TPAHCIOPTHUPOBAHKUE TOPHBIX TIOPOJ MHEPIIMOHHBIM POTOPOM.

KuaroueBbie ciaoBa: poTop KOBIIOBBIH, pOTOp OECKOBIIOBEIA, POTOP HOXKEBOH, MHEPIIMOHHBIA POTOP,
PEeXKYIIe-TPaHCIIOPTHBIE JTEMEHTHI, YIKCKaBAIIHOHHBIE MAIITUHBI, SHEPTOEMKOCTh KOTIAHWSI.

Information about authors:

Kozbagarov R.A. — Candidate of technical sciences, associate Professor, Department “Automobiles, road
equipment and standardization”, Academy of Logistics and Transport, Almaty, Kazakhstan; ryctem 1968@
mail.ru; https://orcid.org/0000-0002-7258-0775;

Zhussupov K.A. — Candidate of technical sciences, associate Professor, Department “Automobiles, road

91



NEWS ofthe Academy of Sciences of the Republic of Kazakhstan

equipment and standardization”, Academy of Logistics and Transport, Almaty, Kazakhstan; kenes atabai@
mail.ru; https://orcid.org/0000-0002-2842-6447,

Kaliyev Y.B. — Candidate of technical sciences, associate Professor, Department “Automobiles, road
equipment and standardization”, Academy of Logistics and Transport, Almaty, Kazakhstan; kaliyev.ye(@mail.
ru; https://orcid.org/0000-0002-1961-4809;

Yessengaliyev M.N. —Candidate of technical sciences, associate Professor, Department “Automobiles, road
equipment and standardization”, Academy of Logistics and Transport, Almaty, Kazakhstan; m.esengaliev@
mail.ru; https://orcid.org/0000-0002-6905-5208;

Kochetkov A.V. — Doctor of technical Sciences, Professor, Department “Traffic Facilities Construction”,
Yuri Gagarin State Technical University of Saratov, Saratov, Russia; soni.8 1 @mail.ru; https://orcid.org/0000-
0002-6523-6095.

REFERENCES

[1] Volkov D.P., Krikun V.Ja., Totolin P.E., Gaevskaja K.S., Nikulin P.I. (2012) Earthmoving machines.
Moscow “Mashinostroenie”, Russia. ISBN: 5-217-01973-5.

[2] Docenko A.IL., Karasev G.N., Kustarev G.V., Shestopalov K.K. (2012) Earthmoving machines —
Moscow: Bastet, Russia. ISBN: 978-5-903178-28-5.

[3] Berezhnoi Y.I. Stability of rotary mining excavators used in the extraction of refractory raw materials
from deep strata. Refractories 20 (1979), 697—699. https: //doi.org/10.1007/BF01400275 (in Eng.).

[4] Kuznetsova V.N., Savinkin V.V. More efficient rotation of excavator platforms. Russ. Engin. Res. 37
(2017), 667-671. https://doi.org/10.3103/51068798X1708010X (in Eng.).

[5] Hartlieb P., Bock S. Theoretical Investigations on the Influence of Artificially Altered Rock Mass
Properties on Mechanical Excavation. Rock Mechanics and Rock Engineering (2018) Volume 51, Number 3
(2018), 801-809. DOI: 10.1007/s00603-017-1355-3(in Eng.).

[6] Taviti naidu P., Anbarasan A., Tendulkar M., Bimalrai M., Mohanraj R. (2020). Performance and
analysis of bucket wheel excavator in Indian coal mine. International Research Journal of Engineering and
Technology (IRJET). Volume 07, Number 6, 3475-3481 (in Eng.).

[7] Labutin V.N., Mattis A.R. & Zaitseva A.A. Blast-Free Mining of Coal Seams by Excavators Equipped with
Rotary Dynamic Buckets. J Min Sci 41(2005), 143—150. https.//doi.org/10.1007/s10913-005-0076-2 (in Eng.).

[8] Mattis A.R., Vasil’ev E.I., Zaitsev G.D. et al. Open and underground mining experience with and
prospects for use of excavators with vibratory buckets in quarries. J Min Sci 31 (1995), 383-390. https://doi.
org/10.1007/BF02046638 (in Eng.).

[9] Kozbagarov R.A., Zhussupov K.A., Kaliyev E.B., Yessengaliyev M.N., Kochetkov A.V., N.C.
Kamzanov. Development of control suspension of attachment of a bulldozer. News of the National Academy
of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences. Volume 4, Number
442 (2020), 166-174, https://doi.org/10.32014/2020.2518-170X.97 (in Eng.).

[10] Kozbagarov R.A., Taran M. V., Zhussupov K.A., Kanazhanov A.E., Kamzanov N.C., Kochetkov A.V.
Increasing the efficiency of motor graders work on the basis of working elements perfection. News of the
National Academy of Sciences of the Republic of Kazakhstan, Series of Geology and Technical Sciences.
Volume 1, Number 445 (2021), 98-105, https://doi.org/10.32014/2021.2518-170X.14 (in Eng.).

[11] Sharma D., Barakat N. Evolutionary Bi-objective Optimization for Bulldozer and Its Blade in Soil
Cutting. Journal of The Institution of Engineers (India): Series C, Volume 100, Iss 2, 295-310 (2019). https://
doi.org/10.1007/s40032-017-0437-z (in Eng.).

[12] Stéphane Blouin, Ahmad Hemami, Mike Lipsett. Review of Resistive Force Models for Earthmoving
Processes. Journal of Aerospace Engineering. Volume 14, Number 3 (2001), 102-11. https://doi.org/10.1061/
(ASCE)0893-1321(2001)14:3(102) (in Eng.).

[13] Kozbagarov R.A., Kamzanov N.S., Akhmetova Sh.D., Zhussupov K.A., Dainova Zh.Kh. Improving
the methods of milling gauge on highways. News of the National Academy of Sciences of the Republic of
Kazakhstan, Series of Geology and Technical Sciences. Volume 3, Number 447 (2021), 87-93, https.//doi.
0rg/10.32014/2021.2518-170X.67 (in Eng.).

[14] Nurakov S.N., Awwad T. Investigation on soil cutting by non-bucket bottom rotor end
chisels. International Journal of GEOMATE, Volume 16, Issue 53 (2019), 231 - 237, DOI: https://doi.
org/10.21660/2019.53.96902 (in Eng.).

[15] Bolukbasi N., Koncagul O., Pasamehmetoglu A.G., 1991. Material diggability studies for the
assessment of bucket wheel excavator performance. Mining Science and Technology, Volume 13. Arch. Min.
Sci. 62 (2017), 1, 73-82. DOI 10.1515/amsc-2017-0006 (in Eng.).

92



CONTENTS

Abetov A.E., Yessirkepova Sh.B., Curto Ma J.
GEOMAGNETIC FIELD TRANSFORMS AND THEIR INTERPRETATION AT EXPLORATION
FOR HYDROCARBON FIELD IN THE SOUTHERN PART OF THE USTYURT REGION...................... 6

Abdirova R.D., Mashekov S.A., Fedorov S.V., Absadykov B.N., Ibragimova R.R.

INFLUENCE OF THERMOMECHANICAL ROLLING SCHEDULES ON SCREW-SHAPED AND
FLAT ROLLS AND NITRIDING SCHEDULES ON THE STRUCTURE AND MECHANICAL
PROPERTIES OF P6MS STEEL CUTTERS.......oooiiiiiiee e e 15

Abdullaev A.U., Yessenzhigitova Y.Zh., Turabaeva Zh.
MEDIUM-TERM FORECASTING OF STRONG EARTHQUAKES BY ANOMALOUS VARIATIONS
OF THE GROUNDWATER REGIME........cciitiiiiiiiiieeee ettt sttt 23

Abishev K.K., Kassenov A.Zh., Mukanov R.B., Sembaev N.S., Suleimenov A.D.
RESEARCH OF THE OPERATIONAL QUALITIES OF A MINING MACHINE FOR THE
DEVELOPMENT OF MINERAL DEPOSITS.....coiiieeeeee et e 30

AKkhmetov S.M., Efendiev G., Akhmetov N.M., Iklasova Zh.U., Ikhsanov Ye.U.
INVESTIGATION OF THE INFLUENCE OF THE MODE PARAMETERS OF THE DRILLING
WELLS ON THE BIT SPEED INDICATORS ..ottt ettt ettt eae e eaee s 37

Begalinov A., Shautenov M., Medeuov Ch., Almenov T., Bektur B.
MECHANOCHEMICAL ACTIVATION OFTHE PROCESSING OF GOLD-BEARING SULFIDE
RAW MATERIALS. ...ttt sttt e st esttestaesetessaessaessaessaesssesssesssessaessaessaesssesssenssensansseens 46

Bekbasarov 1., Nikitenko M., Shanshabayev N., Atenov Y., Moldamuratov Zh.
TAPERED-PRISMATIC PILE: DRIVING ENERGY CONSUMPTION AND BEARING
CAPACTTY ettt ettt st et e st st et e st ese e s e b e st ese et e st eneesees e s ense st et et ensesees et ensentesessenseneesessenseneas 53

Zhalgasuly N., Kogut A.V., Estemesov Z.A., Ismailova A.A., Shaltabaeva S.T.
DEVELOPMENT OF TECHNOLOGIES FOR RECYCLING AND BIOTECHNICAL RECOVERY
OF ASH SLAGS WASTE.....coiee ettt sttt 64

Zhurinov M.Zh, Teltayev B.B, Amirbayev Ye.D, Begaliyeva S.T., Alizhanov D.A.
MECHANICAL CHARACTERISTICS OF ROAD COMPOUNDED BITUMEN AT
LOW TEMPERATURES. ..ottt sttt st st st sre e sne 71

Zapparov M.R., Kassenov M.K., Raimbekova Zh., Auelkhan Y., Abishev B.
MAIN CRITERIA DEFINING GLOF RISK ON THE TERRITORY OF ALMATY REGION,
KAZAKHSTAN ...ttt ettt et et sa e et e e sa e neshe e saeenneeaees 77

Kozbagarov R.A., Zhussupov K.A., Kaliyev Y.B., Yessengaliyev M.N., Kochetkov A.V.
DETERMINATION OF ENERGY CONSUMPTION OF HIGH-SPEED ROCK DIGGING...................... 85

Nurpeissova M., Menayakov K.T., Kartbayeva K.T., Ashirov B.M., Dai Huayang
SATELLITE OBSERVATIONS OF EARTH CRUSTAT ALMATY GEODYNAMIC POLYGON............... 93

Petukhova Zh., Petukhov M., Nikulin A., Pargachev A.

DEVELOPMENT OF AN INFORMATION AND ANALYTICAL SYSTEM “GEOTECHNICAL
MONITORING OF THE SOIL CONDITION OF RESIDENTIAL BUILDINGS AND

STRUCTURES ...ttt ettt e et e sttt e s bt e e st e e s aaee e seeesaseeasseesnseeanseeeanseeensseeanseesnsaeannseennns 102



Sedina S.A., Berdinova N.O., Abdikarimova G.B., Altayeva A.A., Toksarov V.N.
NUMERICAL MODELING OF THE STRESS-STRAIN STATE OF THE KURZHUNKUL
OPEN-PIT MINE. ... ..ottt et e e et e et e e ete e e te e e eateeeateeeaseeeseeeseeeesseeeaseas 110

Seitov N., Kozhakhmet K.
ASTHENOSPHERE AS AN INTERMEDIARY BETWEEN THE PLANET’S ENDOGENOUS
ACTIVITY AND THE TECTONIC AND MAGNETIC ACTIVITY OF ITS LITHOSPHERE................ 118

Skydan O.V., Fedoniuk T.P., Pyvovar P.V., Dankevych V.Ye., Dankevych Ye.M.
LANDSCAPE FIRE SAFE TY MANAGEMENT: THE EXPERIENCE OF UKRAINE AND

Tarikhazer S.A, Kuchinskaya 1.Y., Karimova E.J., Alakbarova S.O.
ISSUES OF GEOMORPHOLOGICAL-LANDSCAPE RISK (on the example of the Kishchayriver)....... 133

Tolegenova A.K., Akmalaiuly K., Skripkiunas G.
STUDY OF THE EFFECTIVENESS OF THE USE OF COMPLEX ADDITIVES MASTER
RHEOBUILD 1000 AND MASTER AIR ....cc.coiiiiiiiiieieee et 141

Tulegulov A.D., Yergaliyev D.S., Aldamzharov K.B., Karipbaev S.Zh., Bazhaev N.A.
QUANTITATIVE ESTIMATES OF THE TRANSIENT PROCESS OF THE NON-CONTACT
GYROSCOPE ROTOR ..ottt ettt ettt sttt ettt st sttt 147

Sherov A.K., Myrzakhmet B, Sherov K.T., Sikhimbayev M.R., Absadykov B.N.
GEAR PUMP QUALITY IMPROVING BY CHANGING THE DESIGN AND SIZE OF THE
SUPPORT BUSHINGS......oottitieieeet ettt sttt be e a et e bt e bt et e s e s bt eme et entesaeeneetenneas 155

Shevko V., Aitkylov D., Badikova A., Karatayeva G., Bitanova G.

CHLORINATION OF IRON PHOSPHIDE WITH CHLORINE AT THE PRESENCE OF OXYGEN
TO PRODUCE PHOSPHORUS (V) OXIDE AND IRON (II, IIT) CHLORIDES........cccccociniiniiniinienene 163

173



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 15.12.2021.
®opmar 60x881/8. bymara odcernas. [leuars — puzorpad.
4,6 .. Tupax 300. 3aka3 6.

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





